SUPERINTENDENCIA DE INDUSTRIAY COMERCIO :

MR NETARIAAREPRANR AR

a. 11-123611- -00000-

Fecha: 2011-09-24 16:56:50  Dep. 2020 DIRNUEVASCR
Tra. 11 PATENTEIVII Eve: 378 FASENACIONAL!
Act 411 PRESENTAGION  Folios: 694
Fecha’ 2077-06-21 16.56; A
Tr 11 PATENG G080 2020 DIR, R-
Act. 411 PRESENTACION <—Fofits, ACIONALI

Industria y Comercio
SUPERINTENDENCIA

DELEGATURA DE PROPIEDAD INDUSTRIAL

Division de Nuevas Creaciones

SOLICITUD
PATENTE DE INVENCION

21. EXPEDIENTE No.

54. TITULO _|Nvieinozes del. Uzus e (o
Ur@[?ﬁ(ﬂﬂb Q.

51. CLASIFICACION INTERNACIONAL _

71. SOLICITANTE bpsol- Mo Saues Comlaw.
U
DOMICILIO @b(DfDOc’a U;\JlOO@ D& AMZ&(A-

74. APODERADO _[\ n00 (00060 Qeondez -

22. BOGOTA, D.C., Spphpmens 4, 2041

(FORMA P-10)
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

1-123611- -00000-0000
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Tra. 11 PATENTE!YIl Eve: 378 FASENACIONALI
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SOLICITUD DE :

Patente de Invencién

| Patente de Modelo de Utilidad
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radicacion (del poder).

Capitulo |. [ ] Capituloll,
Nombre: BRISTOL-MYERS SQUIBB COMPANY
SOLICITANTE IDENTIFICACION
(71) Direccion: P.O. Box 4000 Route 206 and Provinceline Road
Princeton, New Jersey 08543-4000 (US)
cc. [ ] Nt ]
. Macionalidad o Domicitio: Estados Unidos de América
Lugar de Constitucién: C.E. 1:' Otro l:l
Teléfono; Fax: Cual
E-Mail Niimero
@ Nombre:  ALVARO CORREA ORDONEZ IDENTIFICACION
REPRESENTANTE | Direccitn: Avenida 82 No. 10-62 Piso 5 C.C. vt [ ]
O APODERADO CE D Olro D
Teléfono: 6341500 Fax: 3762211 Cual
E-Mail: alvaro.correa@bakermckenzie.com Nimero  79.143.366 Usaquén TP 20281
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INVENTOR (ES)
(72)

MNombre:

Direccion:

Nacionalidad o Domicilio:

BENDER, John A.; HEWAWASAM, Piyasena; KADOW, John F.; LOPEZ, Omar D.; MEANWELL,
Nicholas A.; NGUYEN, Van N.; ROMINE, Jeffrey Lee: SNYDER, Lawrence B.; ST. LAURENT, Denis
R.; WANG, Gan; XU, Ningning; BELEMA, Makonen.

P.O. Box 4000 Route 206 and Provinceline Road Princeton, New Jersey 08543-4000 (US)

Estados Unidos de América

(5) pcr (85)

Solicitud Internacional No,

PCT/US2010/028456

Fecha 24/03/2010

Publicacién Internacional No.

WOI2010M117635

Fecha 14/10/2010

@ Titulo (54)

INHIBIDORES DEL VIRUS DE LA HEPATITIS C

@ Clasificacidn Internacional {51) CO07D 40

3/04, AG1K 31/4178 , AB1P 31/14, COTD 403/14, CO7D 405/14.

. Prioridad (33) Pais de Origen {32) Fecha {31) Numerc de Solicitud
us 30/03/2009 61/164,531
SI| X NO us 23/03/2010 12/729,940
@ Comprobante de pago No. 10085021, 11-0087573, 11.0087575, 11:0082427. 1 Fecha 311982011, 01320110 1
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
NIT : 800.176.089-2

-/-

'l RECIBO DE CAJA

AR . No. 11 - 0085021
Industria y Comercio
SUPERINTENDENC (A Bogota D.C., Agosto 31 de 2011 - 16:33:02

RECIBIDO DE : BAKER & MCKENZIE NI 800.034.908

*** Soporte del Pago ***

TIPQ PAGO BANCO CUENTA No PAGO FECEA PAGO
CONSIGNACION BANCO DE BOGOTA 062754387 413165900 30/08/2011

43.498.000.00

7

*** Conceptos Pagados ***

CANT RENTISTICO CONCEPTO Ve UNDITARIO VM CONCEPTQ
1 50005-01-01 SCLICITUDES 1&%%&%% DE SOL. DE PATENTE DE 571.000.00 571.000.00

Cesmsrsmmmomsomecioo 357100000

SUPERINTENDENCIA DE INDUSTRIA ¥ COMERCIO
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o. 11-123611- -00000-00

VASCR
- . 2011.08-21 16:56:50 Dep. 2020 DIR.NUE
| ﬁ”?:h?i Z%QT(I)EQN%EWH Eve: 378 FASENACIONALI

Act. 411 PRESENTACION Folios: 694

e
Fecha: 2011-08-21 16:56:50 Dep. 2020 %?NNUEV SC

Tra. 11 PATENT ve: 3 .FA

Act. 411 PR NTACION Blios! -

S ———

Sede Cantre: Carrera 13 Ne, 27 - 00 Pisos 3,4,5 y 10 Bogots, D.C.- Colombia

Web: www.sic.gov.co o-mal: Info@sic.gov.co Conmutador: {571) 5870000 Fax: {571) 5870204 Linea: 018000-310165 Cali Center: {571) 6513240
. Agaslo 31 de 2011 + 16:33.07
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SUPERINTENDENCI!A DE INDUSTRIA Y COMERCIO
NIT : 800.176.089-2

-/-

;-
¢ -

L)
Industria y (,omer(:lo
SUPERINTENDENCU\

RECIBO DE CAJA

No. 11 - 0087573

Bogota D.C., Septiembre 07 de 2011 - 16:53:10

RECIBIDO DE : BAKER & MCKENZIE

NI 900.034.506

*** Soporte del Pago ***

TIPO PAGO BANCO CUENTA Na_PAGO _FECHAPAGO vk paco
CONSIGNACION BANGCO DE BOGOTA 062754387 325037790 07/09/2011 52.9%5.000.00
*** Conceptos Pagados *** i
CANT_RENTISTICO CONCEPTQ Ve UNDITARIO. Vr CONGEPTO
1 50005-01-09 OTROS SERVICIOS DE PROPIEDAD 99 OTROS SERVCIOS ADMINISTRATIVOS 6.000.00 600000
INDUSTRAL $6 000 00

SON: *"SEIS MIL PESOS MONEDA CORRIENTE***

Recibo de Caja Aplicado al Expediente No.

SUPERINTENDENCIA DE INDUSTRIAY COMERCIO

TR

1-123611- -00000-0
Fecha: 2011-00-21 16:56:50 _ Dap. 2020 DIR NUEVASCR

Tra. 11 PATENTEIYII

Act, 411 PRESENTACION

~T"No. 11-123611- ooom?mmb
Facha: 2011 09-21 16:56: . 020 DI

Tra. 41 PAT

Act, 411 PRESENTACION

—————
ORISR

Sade Centro; Carrera 13 No. 27 - 00 Pisos 3,4,5y 10 Bogotd, D.C.- Colombia

Wob:! www.sic.gov.co o-mai: info@sic.gov.ce Conmutador: {$71) 5870000 Fax: (571} 5870284 Linaa: 018000-910165 Call Conter: {571) 6513240

. Septlgmbre 7 de 2011 - 16:52:23

Eve: 378 FASENACIONALI
Folios: 694
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
NIT : 800.176.089-2

Q‘

Industrla v Lomerc:o
SUPER!NTENDENCIA

RECIBO DE CAJA

No. 11 - 0087574

Bogota D.C., Sepliembre 07 de 2011 - 16:53:10

RECIBIDO DE : BAKER & MCKENZIE

NI 900.034.906

TIPO PAGQO BANCO

*** Soporte del Pago ***

Nao. PAGO FECHA PAGQ —'Jf{ PAGQO

CONSIGNACION BANCO DE BOGOTA

325037790 07/09/2011 52§#25.000.00

CANT. RENTISTICO

*** Conceptos Pagados ***
CONCEPTO

VEUNDITARIO — Vr CONCFPTO

Recibo de Caja Ajlicado al Expediente No.

1 50005-01-09 OTROS SERVICIOS DE PROPIEDAD
NDUSTRIA

SON: **SEIS MIL PESOS MONEDA CORRIENTE***

f‘:)

Fies onsable:

99 OTROS SERVCIOS ADMINISTRATIVOS

6.000.00 6.000.00
$6.000.00

SUPERINTENDENCIA DE INDUSTRIA Y COMERGIO

-123611. -0000G-0000

Fecha: 201 1-09 21 16:56:50 Dep. 2020 DIR NUEVASCR

Tra. 11 PATENTEIYI! Eve: 378 FASENACIONALI
Act. 411 PRESENTACION Folios: 694

No. 11123611~ -00000-0000
Fecha: 2011-08-21 16.58; Dep. 2020 DIR,

Tra. 11 PATE Il Eve: NACIONALI
Act. 411 P ENTACION Blios: 687

Sede Contro: Carrern 13 No. 27 - 00 Pises 3,4,5 y 10 Bogota, D.C.- Calombia
Wab: www.sic.gov.co a-mai; info@sic.gov.co Conmutadar: (571) 5670000 Fax: (571} 5870284 Linea: 018000-310165 Cail Conter: {574) 6513240

. Septiembre 7 da 2011 - 16:53:23
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SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO

NIT : 800.176.089-2

-/-

Industria y Comercio

RECIBO DE CAJA

No. 11 - 0082427

SUPERINTENDENCIA Bogota D.C., Agosto 25 de 2011 - 06:44:36
RECIBIDO DE : BAKER & MCKENZIE N1 900.034.906
*** Soporte del Pago *** .zi/
TIPO PAGO BANCO Nn. PAGQO FECHA PAGO .VR PAGO
CONSIGNACION BANCQ DE BOGOTA 412132932 23/08/2011 f’.\‘fﬁo.OO0.00

*** Conceptos Pagados ***

Recibo de C

SON: *VEINTISIETE MIL PESOS MONEDA CORRIENTE*™

oy

dija Aplicado al Expediente No.

CANT. RENTISTICO CONCEPTO _ VrUNDITARIQ_ Mr CONCFEPTO
1 50005-01-09 mg&ﬁ, ?zﬁfo_V'Clos DE PROPIEDAD sgr s'a’iﬁ?ﬁ“mm DETALLADA DE UN 27.000.00 27.000.00

$27.000.00

SUPERINTENDENCIA DE INDUSTRIA ¥ COMERCIO

lllllllll!!ll!lflllllIIlIHIllIIIll!II

0. 11-123611- -000
Fecha: 2011-09-21 1g; 00-000

56:
Tre. 11 PATENTEIVI . Evn 37 cA Sl HUEVASCR

Eva:
Act. 411 PRESENTACION golafgg g&SENACIONAU

No. 11-123611- -.00000-0000 =

Facha: 2011-09-21 16.36: Dap. 2020 DIR.NU CR
Tra, 11 PATE i Eve378 FAS IONALI
Act.411 P ENTACION ollgs-

Sede Centro: Carrera 13 No. 27 - 00 Pisos 34,5 ¥ 10 Bogoté, D.C.- Colomhla
Web: www.slc.gav.co e-mal: info@@slc.gov.co Conmutador: (571) 5870000 Fax: (571) 5870284 Linea: 018000-910165 Call Center: {571} 6513240

. Agosto 25 de 2011 . D6:44:39
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i SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
NIT : 800.176.089-2

ol
5 .
_ _ RECIBO DE CAJA No. 11 - 0082444
Industria y Comercio
SUPERINTENDENCIA Bogola D.C., Agosto 25 de 2011 - 06:44:36
RECIBIDO DE : BAKER & MCKENZIE NI 900.034.906
** Soporte del Pago *™*

TIPG PAGO BANCO CUENTA No PAGQ FECHA PAGQ j‘;[R PAGO

CONSIGNACION BANCO DE BOGOTA 062754387 412132932 23/08/2011 .000.000.00

*** Conceptos Pagados ***
CANT RENTISTICO CONCEPTO VOUNDITARIO — Vr CONCERPTO

1 50005-01-08 PRORROGA DE TERMINOS 1808 N.CREACION PRORROGA DE TERMINOS 86.000.00 86.000.00

O PLAZO ADICIONAL $86.000.00

N: “*OCHENTA Y SEIS MIL PESOS MONEDA CORRIENTE***

sable: r)

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

lIIlIIllIIllIIIlIIIIIIIII|1II|III||III

No. 11-123611- -00000-000

- 2011-08-21 16:56:50 Dep. 2020 DIR. NUEVASCR
?’em?h% PATENTEIYI Eve: 378 FASENACIONALI

Act. 411 PRESENTACION  Folios: 694
No. 11-123611. -00000-0000

Fecha: 2011-09-21 1656 ap. 2020 D!R.ACISIQESR
Tra, 11 PAT :
Act. 411 PRESENTACIO

e -

Seda Centro: Carrera 43 Ne. 27 - 00 Pisos 3,45 y 10 Bogotd, D.C.- Colembia
Wab; www.sic.gov.co e-mal: Info@sic.gov.co Conmutador: {571) 5870000 Fax: (571) 5670264 Linea: 018000-311165 Call Center: (571) 6513240

, Aposto 75 de 2011 - DE:44:40
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NiT : 800.176.089-2
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* SUPERINTENDENCI!A DE INDUSTRIA Y COMERCIO

RECIBO DE CAJA

Industria y Comercio
SUPERINTENDENCITA

No. 11 - 0079819

Bogota D.C., Agosto 16 de 2011 - 16:59:22

RECIBIDO DE : BAKER & MCKENZIE

NI 800.034.906

*** Soporte del Pago ***

TIPO PAGO BANCO CUENTA Nn PAGO

"fg PAGC

FECHA PAGQO

CONSIGNACION BANCO DE BOGOTA 062754387 411692035

17/08/2011 82.2(/9000.00

{

“** Conceptos Pagados ***
CANT. RENTISTICO CONGEPTO

Ve UNDITARIO Ve CONCEPT(O

1 50005-01-03 CAMBIO DE MCDALIDAD Y MODIFICACIOMER N.CREACION CORRECCION A SOLICITUD
EN TRAMITE / MODOFICA

12 T3

Recibo de Caja plicade—al)Expediente Neo.

. Agosta 18 de 2011 - 16:53:44

SUPERlNTENDENC|A DE INDU

L
A

-56:50
Fecn? 3 zglpj%%gh]gryﬁi% Eve: 378 g&ssmcuomu
Ar:tl 441 PRESENTACION  Folios: B

F-———fwuﬁﬂ-rz:smﬂ*-—:uuuvo‘-dﬁﬁo“ T

' ha: 2011-09-24 16:56; ; JONALI
P “PATENT : 378 AC
Act. 414 NTAGION ~
—-_-____‘___,__..-——"——‘P_—-—__— -

Sede Centro: Carrera 13 No. 27 - 00 Pisos 3,4,5 y 10 Bogoth, D.C.- Colombia
Webh: www.sic.gov.co e-mal: info@slc.gov.co Conmutador: (571) 5870000 Fax: {571) 5870284 Linea: 018000-310165 Call Contar: {571) 6513240

118.000.00 118.000.00
$118.000.00

STRIA Y COMERCIO

Dep. 2020 DIR NUEVASCR







SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

Industria y Comercio TARJETA ARCHIVO PROPIETARIOS
SUPERINTENDENCIA PATENTE DE INVENCION PCT X MODELODE UTILIDAD __ DISENO INDUSTRIAL
{21} N” de solicitud: {22} Fecha de solicitud:

51) Clasificacién Intemacional :
{71)Solicitante(s) BRISTOL-MYERS SQUIBB COMPANY

{72) Inventor(es) BENDER, John A.; HEWAWASAM, Piyasena; KADOW, John F.; LOPEZ, Omar D.; MEANWELL, Nicholas A.; NGUYEN, Van N.;
ROMINE, Jeffrey Lee; SNYDER, Lawrence B.; ST. LAURENT, Denis R.; WANG, Gan; XU, Ningning; BELEMA, Makonen.

(74) Apoderado: ALVARO CORREA ORDONEZ

{30} Priordad {31} No. Prioridad 32) Fecha (33} Pais
61/164,531 30/03/2009 us
12/729,940 23/03/2010 us
(85) Fecha inicio fase nacional; 30/10/2011 {67) Publicacién internacional
(86) Datos relativos ala presentacion de la soficitud PCT Fecha: 14.10.2010
Fecha de presentacion de la solicitud: 24/03/2010 N*® publicacién; WO0/2010/117635

No. de solicitud PCT/US2010/028456
(54) Titute:  INHIBIDORES DEL VIRUS DE LAHEPATITIS C




f SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
. . DIVISION DE NUEVAS CREACIONES
Industria y Comercio TARJETA ARCHIVO TEMATICO
SUPERINTENDENCIA PATENTEDEINVENCION _ PCT X MODELODE UTILIDAD __ DISENO INDUSTRIAL
{21) N° de solicitud: (22) Fecha de solicitud:
{51) Clasificacion Internacional :
{71)Solicitante(s) BRISTOL-MYERS SQUIBE COMPANY
{72) Inventor(es) BENDER, John A.; HEWAWASAM, Piyasena; KADOW, John F; LOPEZ, Omar D.;
MEANWELL, Nicholas A.; NGUYEN, Van N.; ROMINE, Jeffrey Lee; SNYDER, Lawrence B.; ST. ! fe
LAURENT, Denis R.; WANG, Gan; XU, Ningning: BELEMA, Makonen. AV Nj/LN "
(74) Apoderado: ALVARO CORREA ORDONEZ R Hg,fl%_ -@‘-F““ ke
(30) Prioridad (31) No. Prioridad 32) Fecha  (33) Pais x WIS x
61/164,531 30/03/2009 us m
12/729,940 23/03/2010 us
(85) Fecha limite inicio fase nacional: 30/10/2011 (87) Publicacion intermacional:
(86) Dalos refatives a ta presentacion de la solic. PCT Fecha: 14/10/2010
Fecha de presentacion de la solicitud: 24/03/2010 No. Publicacion : W0/2010/117635
No. de solicitud PCTAJS2010/028456
(54) Tituto:

INHIBIDORES DEL VIRUS DE LA HEPATITIS C

(57) Resumen:
La presente divulgacion se refiere a compuestos novedosos de la Formula (1} tal como se definen en la memaria descriptiva y a las composiciones
que comprenden dichos compuestos navedosos. Estos compuestos son agenfes antivirales atiles, especialmente para inhibir fa funcién de la
proteina NS5A codificada por el virus de la hepatitis C (VHC). Por lo tanto, fa divulgacion también se refiere a un procedimiento de tratamiento de
enfermedades o afecciones relacionadas con VHC mediante el uso de estos compuestos novedosos o de una composicién que comprende dichos
compuestos novedosos.
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(l)
CONTINUA AL RESPALDO ..
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SUPERINTENDENC!A DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

Industria y Comercio EXTRACTO PARA PUBLICACION
SUPERINTENDENCIA , SOLICITUD DE PATENTE DE IN‘_VENCION
1) N° de soliitud: 1) Intcr

22) Fecha de solicitud: (71)Solicitante(s)  BRISTOL-MYERS SQUIBB COMPANY

(30) Prioridad (31} No. Prioridad 32) Fecha  {33) Pals

61/164,531 30/03/2009 us .

121729,940 23/03/2010 us (72) Inventor{es) BENDER, John A.; HEWAWASAM, Piyasena;

KADOW, John F.; LOPEZ, Omar D;

MEANWELL, Nicholas A.; NGUYEN, Van N

ROMINE, Jeffrey Lee; SNYDER, Lawrence B

ST. LAURENT, Denis R.; WANG, Gan; XU,
Ningning; BELEMA, Makonen,

(74) Apoderado;  ALVARO CORREA ORDONEZ

{54) Titulo;  INHIBIDORES DEL VIRUS DE LA HEPATITIS C

. Resumen:

La presente divulgacion se refiere a compuestos novedosos de la Férmula (1) tal como se definen en la

memoria descriptiva y a las composiciones que comprenden dichos compuestos novedosos. Estos
compuestos son agentes antivirales titiles, especialmente para inhibir la funcidn de la proteina NS5A codificada
por el virus de la hepatitis C (VHC). Por lo tanto, la divulgacién también se refiere a un procedimiento de
tratamiento de enfermedades o afecciones relacionadas con VHC mediante el uso de estos compuestos

novedosos o de una composicion que comprende dichos compuestos novedosos.
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wo 20107117635 A1 {I11 N IDE ORI O A

(12) INTERNATIONAL
{19) World Intellectual Property Organization

International Burean

(43) International Publication Date
14 October 2010 (14.10.2010)

APPLICATION I’UBLI’SHF]) UNDER THE PATENT COOPERATION TREATY (PCT)

||Il|lIIII|II|I!IIIIIIIIIIIIIIIIIIIIIIIIII|| T OO RO

(10) International Publication Number

WO 2010/117635 Al

(51}

@n

22)

(25)
(26)
(&)

()

(72)
(75)

International Patent Classification:

CO7D 403/04 (2006.01)  A61K 31/4178 (2006.01)
CO7D 403/14 (2006.01)  AG1P 31/14 (2006.01)
CO7D 405/14 (2006.01)

International Applicafion Number:
PCT/US2010/028456

International Filing Date:
24 March 2010 (24.03.2010)

Filing Language: English
Publcation Language: English
Priority Data:

61/164,531 30 March 2009 (30.03.2009) Us
12/729,940 23 March 2010 (23.03.2010) Us
Applicant (for all designated States excepr US): BRIS-

TOL-MYERS SQUIBB COMPANY [US/US]; P.O.
Box 4000, Ronte 206 and ProvinceLine Road, 'rincelon,
New Jersey 08543-4000 (US),

Inventors; and

Inventors/Applicants (for US enly): BENDER, John A,
{US/USY, c/o Bristol-Myers Squibb Company, 5 Research
Parkway, Wallingford, CcT 06492 (Us).
HEWAWASAM, Piyascna [US/US]; ¢/o Bristol-Myers
Squibb Company, 5 Research Parkway, Wallingford,
Connecticut 06492 (US). KADOW, John F. [US/USY; ¢/
o Bristol-Myers Squibb Company, 5 Research Parkway,
Wallingford, Comecticut 06492 (US). LOPEZ, Omar .
[AR/US]: c/o Bristol-Myers Squibb Company, 5 Research
Parkway, Wallingford, Connecticn 06492 (US). MEAN-
WELL, Nicholas A. [US/US]; ¢/o Bristol-Myers Squibb
Company, 5 Research Parkway, Wallingford, Connecticut
06492 (US), NGUYEN, Van N, [US/US]; ¢/o Bristol-
Myers Squibh Company, 5 Research Parkway, Walling-
ford, Connecticut 06492 (US). ROMINE, leffrey Lee
[US/US); cfo Bristol-Mycers Squibb Company, 5 Research
Parkway, Wallinglord, Connecticut 06492 (US)., SNY-

(74)

(81)

(84)

DER, Lawrence B. [US/US]; ¢/o Bristol-Myers Squibb
Company, 5 Research Parkway, Wallingford, Connecticut
06492 (US). ST. LAURENT, Denls R. [USAUS); clo
Bristol-Myers Squibb Company, 5 Resecarch Parkway,
Wallingford, Connecticut 06492 (1JS), WANG, Gan |[US/
US]; c/o Bristol-Myers Squibb Company, 5 Research
Parkway, Wallinglord, Connecticut 06492 (US). XU,
Ningning [CN/USY; ¢/o Bristol-Myers Squibb Company,
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HEPATITIS C VIRUS INHIBITORS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Serial
Number 61/164,531 filed March 30, 20009.

FIELD OF THE DISCLOSURE
The present disclosure is generally directed to antiviral compounds, and more
specifically directed to compounds which can inhibit the function of the NS5A
protein encoded by Hepatitis C virus (HCV), compositions comprising such

compounds, and methods for inhibiting the function of the NSSA protein.

BACKGROUND OF THE DISCLOSURE

HCV is a major human pathogen, infecting an estimated 170 million persons
worldwide - roughly five times the number infected by human immunodeficiency
virus type 1. A substantial fraction of these HCV infected individuals develop
serious progressive liver disease, inchiding cirrhosis and hepatocellular carcinoma,

The current standard of care for HCV, which employs a combination of
pegylated-interferon and ribavirin, has a non-optimal success rate in achieving
sustained viral response and causes numerous side effects. Thus, there is a clear and
Tong-felt need to develop effective therapies to address this undermet medical need.

HCV is a positive-stranded RNA virus. Based on a comparison of the
deduced amino acid sequence and the extensive similarity in the 5" untranslated
region, HCV has been classified as a separate genus in the Flaviviridae family, All
members of the Flaviviridae family have enveloped virions that contain a positive
stranded RNA genome encoding all known virus-specific proteins via translation of a
single, uninterrupted, open reading frame.

Considerable heterogeneity is found within the nuclectide and encoded amino
acid sequence throughout the HCV genome due to the high etror rate of the encoded
RNA dependent RNA polymerase which lacks a proof-reading capability. At least

six major genotypes have been characterized, and more than 50 subtypes have been
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described with distrtbution worldwide. The clinical significance of the genetic
heterogeneity of HCV has demonstrated a propensity for mutations to arise during
monotherapy treatment, thus additional treatment options for use are desired. The

possible modulator effect of genotypes on pathogenesis and therapy remains elusive.

The single strand HCV RNA genome is approximately 9500 nucleotides in
length and has a single open reading frame (ORF) encoding a single large polyprotein
of about 3000 amino acids. In infected cells, this polyprotein is cleaved at multiple
sites by cellular and viral proteases to produce the structural and non-structural (NS)
proteins. . In the case of HCV, the generation of mature non-structural proteins (NS2,
NS3, NS4A, NS4B, NS5A, and NSSB) is effected by two viral proteases. The first
one is believed to be a metalloprotease and cleaves at the NS2-NS3 junction; the
second one is a serine protease contained within the N-terminal region of NS3 (also
referred to herein as NS3 protease) and mediates all the subsequent cleavages
downstream of NS3, both in ¢is, at the NS3-NS4A cleavage site, and in trans, for the
remaining NS4A-NS4B, NS4B-NS5A, NSSA-NS5B sites. The NS4A profein
appears to serve multiple functions by both acting as a cofactor for the NS3 protease
and assisting in the membrane localization of NS3 and other viral replicase
components. The formation of a NS3-NS4A complex is necessary for proper
protease activity resulting in increased proteolytic efficiency of the cleavage events.
The NS3 protein also exhibits nucleoside triphosphatase and RNA helicase activities.
NS5B (also referred to herein as HCV polymerase) is a RNA-dependent RNA
polymerase that is involved in the replication of HCV with other HCV proteins,
including NS5A, in a replicase complex.

Compounds useful for treating HCV-infected patients are desired which
selectively inhibit HCV viral replication. In particular, compounds which are
effective to inhibit the function of the NS5A protein are desired. The HCV NS5A
protein is described, for example, in the following references: S. L. Tan, et al,,
Virology, 2@4:1 -12 (2001); K.-1. Park, et al., J. Biol. Chem.,30711-30718 (2003},
T. L. Tellinghuisen, et al., Naiture, 435, 374 (2005); R. A. Love,etal,,J Virol, 83,

22
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4395 (2009); N. Appel, etal., J. Biol. Chem., 281, 9833 (2006); L. Huang, J. Biol.

Chem., 280, 36417 (2005); C. Rice, et al.,, WO2006093867.
The present disclosure provides compounds which selectively inhibit HCV viral

replication, as characterized by Formula (J):

. RA RY RY. RY
RP%Y I&Rp,
D
R' HNeJ N LN R
x A T x
5 z 4
M,

or a pharmacentically acceptable salt thereof, wherein:

L is selected from ~O~, ~CH,CHy~, ~-CH=C[H-, -C=C-, -OCH;—, -CH,0—,

Y >

Z I3

_qug_ _g_/ | = ~ | _ Z
~CH20CH2—, \/ s x s }{ s and

10 ~ }LA“:E‘,

X 1s hydrogen () or halogen and Z is hydrogen; or

X and Z, together with the carbon atoms to which they are attached, form a
five- to eight-membered aromatic or non-aromatic fused ring optionally
containing one or two heteroatoms independently selected from nitrogen,

15 oxygen, and sulfur; wherein the five- to eight-membered ring is optionally
substituted with one, two, or three substitutents independently selected from
alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylsulfonyl, al”yl,'aiy]alkyl,
arylsulfonyl, carboxy, formyl, halo, haloalkexy, haloalkyl, hydroxy,
hydroxyalkyl, -NR*R®, (INR*R)alkyl, (NR*R®)carbonyl, oxo, and spirocycle;

20 X’ is hiydrogen (H) or halogen and Z’ is hydrogen; or
X' and 2°, together with the carbon atoms to which they are attached, form a
five- to eight-membered aromatic or non-aromatic fused ring optionally

containing one or two heteroatoms independently selected from nifrogen,

-3
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oxygen, and sulfur; wherein the five- to eight-membered ring is optionally
substituted with one, two, or three substitutents independently selected from
alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkyisulfonyl, aryl, arylalkyl,
arylsulfonyl, carboxy, formyl, halo, haloalkoxy, haloalkyl, hydroxy,
hydroxyalkyl, -NR®R®, (NR*RP)alkyl, (NR*R®)carbonyl, oxo, and spirocycle;
Y and Y’ are each independently ~-Cl1;-, -CH,CIH,-, or -CH;0-, wherein the
-CH,0- is drawn such that the oxygen atom is bound to the carbon atom
substituted with R and R%or RY and RY;

RP is hydrogen or C, to C4 alkyl;

R%is liydrogen, alkyl, or halo; or

R” and RS, together with the carbon atoms to which they are attached, form a
cycloaiky] ring;

RY is selected from hydrogen, alkyl, halo, and hydroxy; or

RY and RY, together with the carbon atom to which they are attached, form an
ethylenyl group or a cycloalkyl ring;

RP is hydrogen or C, to C4 alkyl;

RY is hydrogen, alkyl, or halo; or

R and RY, together with the carbon atoms to which they are attached, form a
cycloalkyl ring;

R" are independently selected from hydrogen, alkyl, halo, and hydroxy; or
R and RY, together with the carbon atom to which they are attached, form an
ethyleny! group or a cycloalkyl ring;

RY and R™ are independently selected from hydrogen and alkyl;

R' is hydrogen or ~C(O)RY;

R2 is hydrogen or ~C(O)RY; _

R™ and RY are independently selected from cycloalkyl, heteroaryl,
heterocyclyl, alkoxy, and alkyl, said alkyl being substituted by one or more
substituents independently selected from aryl, alkenyl, cycloalkyl,
heterocyelyl, heteroaryl, -OR?, -C(O)OR?, -NR*R®, and ~-C(O)NR°RY,

wherein any said aryl and heteroaryl may optionally be substituted with one ot

more substituents independently selected from alkenyl, alkyl, haloalkyl,
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arylalkyl, heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(O)ORY,
-OR®, -NR"R®, (NR?RY)alkyl, and (MeQ)YHO)P(0)O-, and

wherein any said cycloalkyl and heterocyclyl may optionally be fused onto an
aromatic ring and may optionally be substituted with one or more substituents
independently selected from alkyl, hydroxyl, halogen, aryl, -NR“R", 0xo0, and
~C(O)OR4;

R? js hydrogen, alkyl, or arylalkyl;

R* is alkyl or arylalkyl;

R’ is hydrogen, alkyl, or arylalkyl;

R® and R" are independently selected from hydrogen, alkyl, eycloalkyl,
arylalkyl, heteroaryl, -C(O)R®, -C(OYOR, ~C(O)NR°RY, and (NR°R%)alkyl, or
alternatively, R* and R”, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring structure,
wherein said five- or six-membered ring or bridged bicyclic ring structure
optionally may contain one or two additional heteroatoms independently
selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
substituents independently selected from C; to Cg alkyl, Cy to C4 haloalkyl,
aryl, hydroxyl, C, to Cg alkoxy, Cy to C4 haloalkoxy, and halogen;

R%is alkyl;

R’ is alkyl, arylalkyl, cycloalkyl, or haloalkyl; and -

R and R" are independently selected from hydrogen, alkyl, arylalkyl, and
cycloalkyl.

In a first embodiment of the first aspect the present disclosure provides a

compound of Formula (I} further characterized by Formula (Ia):

RV N X X' v
RILY ¢ AN
\iﬁ I I ﬂ>\<N
"R = L Ky’\ R
Z Z
(1a),

or a pharmaceutically acceptable salt or a tantomer thereof, wherein;

X is hydrogen or chloro (Cl) and Z is hydrogen; or
-5-
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X and Z, together with the catbon atoms to which they are attached, form a
six-membered aromatic or non-aromatic fused ring; -
X’ is hydrogen or chloro (Cl) and Z’ is hydrogen; or
X" and Z*, together with the carbon atoms to which they are attached, form a
5 six-membered aromalic or non-aromatic fused ring;

Y is -CHj;-, -CH,CHj-, or -CH,0-, wherein the -CH,0- is drawn such that the
oxygen atom is bound to the carbon atom substituted with RY and RY,
R is hydrogen or C; to C, alkyl;
RYis hydrogen, alkyl, or halo; or

10 R‘5 and RY, together with the carbon atoms to which they are attached, form a
cycloalkyll ring; and
RY is selected from hydrogen, alkyl, halo, and hydroxy; or
RY and RY, together with the carbon atom to which they are attached, form an
ethylenyl group or a cycloalkyl ring.

15 In a second embodiment of the first aspect the preseﬁt disclosure provides a

compound of Formula (T) further characterized by Formula (Tb):

X X
N N
CW \ [ y\(j
N ~ I N
N H || L= H N

(Ib),

20 or a pharmaceutically acceptable salt or a tautomer thereof.
In a third embodiment of the first aspect the present disclosure provides a

compound of Formula (1) further characterized by Formula (Ic):

X X
N N
N =X = N
N ORI e N—
HaC ‘R—[ H | _ L—¢ = H R2 - CHj

(Te),

25  or a pharmaceutically acceptable salt or a tautomer thereof.
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In a fourth embodiment of the first aspect the present disclosure provides a

compound of Formula (T) further characterized by Formula (Id):

N X XN
OO [~
N AN ~ N
N H | ——L—- H N
R o o R2

dd,
5 or apharmaceutically acceptable salt or a tantomer thereof.
In a fifth embodiment of the first aspect the present disclosure provides a
compound of Formula (Ja), or a pharmaceutically acceptablé salt thereof, wherein:
R is ~C(O)R%;
R? is ~-C(O)RY;

10 R* and R are independently alkyl substituted by at least one -NR*R®,
© characterized by Formula (A):
b
ra, R
N
8 -
R
RQ
{(A),
wherein:
15 misQorl;

R? is hydrogen or alkyl;
R? is selected from hydrogen, cycloalkyl, aryl, heteroaryl, heterocyelyl, and
alley! optionally substituted with a substituent selected from aryl, alkenyl,
cycloalkyl, heterocyelyl, heteroaryl, heterobicyclyl, -OR?, -C(Q)OR?, -NR*R®,
20 and -C(O)NR°RY,
wherein any said aryl and heteroaryl may optionally be substituted with one or
more substituents independently selebted from alkyl, haloalkyl, arylalkyl,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(O)OR“, -OR%,
NRR®, (NR*R®alkyl, and (MeO)YHO)P(0O)O-, and
25 wherein any said cycloalkyl and heterocyclyl may optionally be fused onto an

aromatic ring and may optionally be substituted with one or more substituents

_7.
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independently selected from alkyl, hydroxyl, halogen, aryl, -NR*R®, oxo, and

-C(OYORY; and

R, R%, RS, R%, RY, RS, and R? are defined as in Formula (1),

In a sixth embodiment of the first aspect the present disclosure provides a
compound of Formula (Ia) or a pharmaceutically acceptable salt thereof, wherein

m is 0;

R® is hiydrogen or C; to Cq alkyl;

R is selected from hydrogen, Cy to Cg alkyl optionally substituted with

-OR'%, C; to Cg cycloalkyl, allyl, -CH,C(O)NRRY, (NR°R®)alkyl,

(R'%), (R'), by %
I T A L R, %
N, 2w == RN
~“1: 10 7’%’ 10
(Rw) ( i (R™), (r; (R™)n
"ENAR ¢ P LAY
@Eﬁ; @% [
O X8 X8
(R, (R1%) (R10),
NN A RS )
x | ST 9 Nk (’)j | \ \(")/J.-L!L,
(Rm)n\
R10 . (R0, r__ §- w
( )\,._}{')T' E 11,N\_' \ x N) <
R11_N N R « =N 111
& X N , R , and
(Rw)n /“;ﬁ.

whereinjisQorl;

kisl,2,0r3;

n is 0 or an integer selected from 1 through 4;

each R'° js independently hydrogen, Cy to Cy alkyl, C; to C4 haloalkyl,
halogen, nitro, -OBn, or (MeO)(OH)P(O)O-; |

R is hydrogen, C; to C4 alkyl, or benzyl;

R'is hydrogen, C) to C4 alkyl, or benzyl;
. e
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R" is hydrogen or Cy to C, alkyl;
R% is C; to Cs allyl, Ca to Cg cycloalkyl, benzyl, 3-pyridyl, pyrimidin-5-yl,
acetyl, -C{O)OR”, or -C(O)NR°R;
R’ is Cito C4 alkyt or C; to C4 haloallyl;
5 R’ is hydrogen or C; to C4 alkyl; and
RY is hydrogen, Cy to Cq4 alkyl, or Cs to Cg cycloalkyl.
In a seventh embodiment of the first aspect the present disclosure provides a
compound of Formula (Ia) or a pharmaceutically acceptable salt thereof, wherein
mis 0
10 R%is hydrogen;
R’ is phenyl optionally substituted with one up to five substituents
independently selected from C; to Cg alkyl, C; to C4 haloalkyl, halogen, C; to
Cs aikoxy, hydroxyl, cyano, and nitro; and

NR®R® is a heterocyclyl or heterobicyclyl group selected from:

R®), (R,
13
3 /R, .%_N/—}(R )n _g_l\l/”/‘\N_R1 ) -§~N/—/\O

15 N\) n_/

i
1

I
VAN 13
§ R )n(\AZ
;@—(R”)n N
,and R™

whereinnis 0, 1, or 2;
each R* is independently selected from C; to Cg alkyl, phenyl,
trifluoromethyl, halogen, hydroxyl, methoxy, and oxo; and

20 R* is Cy to Cg alkyl, phenyl, benzyl, or -C(O)OR'® group, wherein R'® is C,
to Cy alkyl, phenyl, or benzyl.
In an eighth embodiment of the first aspect the present disclosure provides a

compound of Formula (Ia) or a pharmaceutically acceptable salt thereof, wherein

25 mis 1;
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I8 is hydrogen;
R? is C; to Cg alkyl, arylalkyl, or heteroarylalkyl;
R* is hydrogen; and
R® is —C(O)OR’, wherein R’ is C; to Cq alkyl.
5 In a nintli embodiment of the first aspect the present disclosure provides a
compound of Formula (Ia) or a pharmaceutically acceptable salt thereof, wherein
R' is —C(O)R%;
R? is -C(O)RY;

R* and R” are heteroaryl or heterocyclyl independently selected from:

(R™%), RE%  ®Y, 13 |
- (R i
e o " o
10 NT 8
R13} 12 1
0?7( " )”CL C[/(Rw
S AN (R, o o R o
,\«- N_.(R13 | 2 | N (R™h
-5 Ry TN “ \\’:"'-1'
S T R e G
o ! R"),
1 R Y (R™) PN 5
14 /—,}(Rﬁ)n n\mlﬂ n\mlﬂ t .;”-"51
\ 1 S\‘,//NS O\{/N) N 3
(R13)n R13
(R13) Vian, =y ) .RM h
" 2 N R
—Rl4 N N
| N-R . .
R14 N rf’r and R14 ,
15 wherein n is 0 or an integer selected from 1 through 4;

each R" is independently selected from hydrogen, C; to Cq alkyl, C; to Cs
haloalkyl, phenyl, benzyl, C, to Cg alkoxy, C) to Cs haloalkoxy, heterocyclyl,
halogen, NR°RY, hydroxyl, cyano, and oxo, where R® and R are

independently hydrogen or C, to C4 alkyl; and

-10 -
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R' is hydrogen (H), C, to C alkyl, benzyl, or —C(Q)OR", wherein R* is C; to
Ce alkyl.
In a tenth embodiment of the first aspect the present disclosure provides a
compound of Formula (Ia) or a pharmaceutically acceptable salt thereof, wherein
5 R'is -C(O)R%;
R? is —C{O)RY;
R* and R? are cycloalkyl independently selected from:

NRERE (R13)n\\ /NRaRb
G}{ | P \Q)k
G and RS ,
wherein
10 jis 0,.1,2, 01 3;

kis0,1,or2;
n is 0 or an integer selected from 1 through 4;
each R™ is independently selected from hydrogen, C, to Cg alkyl, Cy to Cs
haloalkyl, C, to Cs alkoxy, halogen, hydroxyl, cyano, and nitro; and
15 R* and R® are each independently hydrogen, C; to Cs alkyl, or -C(O)OR,
wherein R’ is C; to Cs alkyl.
In an eleventh embodiment of the first aspect the present disclosure provides a
compound of Formula ([a) or a pharmaceutically acceptable salt thereof, wherein
R' is —C(O)R%;
20 R? is ~C(O)R?;
R* and RY are independently arylalkyl, wherein aryl part of said arylalkyl may
optionally be substituted with (NR*R®)alkyl; and
R® and R” are independently hydrogen, C, to Cs aikyl, or benzyl, or

alternatively, R" and R®, together with the nitrogen atom to which they are
- . W
25 attached, form a five- or six-membered ring selected from ,

N ) N N-R" 4N 0 s
R N cand ~ \—/ , wherein R" is hydrogen, C; to
Ce alkyl, or benzyl.

-11-



WO 2010/117635 PCT/US2010/028456

In a twelfth embodiment of the first aspect the present disclosure provides a
compound of Formula. (Ia) or & pharmaceutically acceptable salt thereof, wherein

R! and R? are the same and are selected from the group consisting of:

O i L/
5 Ogn NH; 0 OH
4 ? » >
0
N
e
O O
N d
¢ N’F‘ or
//N HNTO\ A O 4
. N
Ph . © MeO™ “on , , and
/
Q
0
NH
0
Ry

wherein a squiggle bond () in the structure indicates that a stereogenic center to
which the bond is attached can take either (R)- or (S)- configuration so long as
10 chemical bonding principles are not violated.

In a thirteenth embodiment of the first aspect the present disclosure provides a
compound of Formula (), or a pharmaceutically acceptable salt thereof, wherein

R! is —C(O)R¥;

R is ~C(OYRY; and

-12-
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R* and R” are both t-butoxy.
In a fourteenth embodiment of the first aspect the present disclosure provides
a compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein

R! and R? are both hydrogen.

5 In a second aspect the present disclosure provides a compound of
Formula (I1}:
R4 RY
RP RP

ek

)

or a pharmaceutically acceptable salt thereof, wherein:

10 L is selected from —-O—-, -CH,CH»~, -CH=CH-, ~C=C-, ~OCHj~, -CH,0—,

_E/\llg

-CH,OCH,-, A , and %A\f"{ ;
X and X' are independently hydrogen (M) or halogen;
R? is hydrogen or C; to C, alkyl, and R is hydrogen, or alteratively, RP and
RY, together with the carbon atoms to which they are attached, form a

15 cyclopropyl ring;
RP is hydrogen or C; to C4 alkyl, and R is hydrogen, or alternatively, R™ and
RY, together with the carbon atoms to which they are attached, form a
cyclopropyl ring;
R! is hydrogen or -C(O)RY;

20 R?is hydrogen or -C(O)RY;
R* and R” are independently selected from cycloallyl, Ecteroaryl,
heterocyclyl, alkoxy, and alkyl, said alkyl being substituted by one or more
substituents independently selected from aryl, alkenyl, cycloalkyl,
heterocyclyl, heteroaryl, -OR?, -C(O)OR?, “NR*R®, and -C(O)NR°RY,

-13 -
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wherein any said aryl and heteroaryl may optionally be substituted with one or

more substituents independently selected from atkyl, haloalkyl, arylalkyl,

heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(O)ORY, -OR®,

NR®R®, (NR*RP)alkyl, and (MeQ)HO)P(0)O-, and

wherein any said cycloalkyl and heterocyclyl may optionally be fused onto an

aromatic ring and may optionally be substituted with one or more substituents

independently selected from alkyl, hydroxyl, halogen, aryl, -NR*R®, oxo, and

-C(O)ORY,

R? is hydrogen, alkyl, or arylalkyl;

R* is alkyl or arylalkyl;

R’ is hydrogen, alkyl, or arylalkyl;

R* and R are independently selected from hydrogen, alkyl, cycloalkyl,

arylalkyl, heteroaryl, -C(O)R, -C(OYOR?, ~C(O)NR°RY, and (NR°RYalkyl, or

alternatively, R* and R®, together with the nitrogen atom to which they are
attachéd, form a five- or six-membered ring or bridged bicyclic ring structure,
wherein said five- or six-membered ring or bridged bicyclic ring structure
optionally may contain one or two additional heteroatoms independently
selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
substituents independently selected from Cy to Cg alkyl, Cj to C, haloalkyl,
aryl, hydroxyl, C,| to C¢ alkoxy, Ci to C4 haloalkoxy, and halogen;

RCis alkyl;

R7 is alkyl, arylalkyl, or haloalkyl; and

R® and RY are independently selected from hydrogen, alkyl, arylalkyl, and

cycloalkyl.

In a third aspect the present disclosure provides a composition comprising a
compound of Formula (), or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, wherein Formula (T) is defined according to any
of the embodiments described above in the first aspect of the present disclosure.

In a first embodiment of the third aspect the composition further comprises at least

one addifional compound having anti-HCV activity.

- 14 -
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In a second embodiment of the third aspect at least one of the additional compounds
is an interferon or a ribavirin.

In a third embodiment of the third aspect the interferon is selected from interferon
alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha 2A, and
lymphoblastiod interferon tau.

In a fourth embodiment of the third aspect the present disclosure provides a
composition comprising a compound of Formula (I), or a pharmaceutically acceptable
salt thereof, a pharmaceutically acceptable carrier, and at least one additional
compound having anti-HCV activity, wherein at least one of the additional
compounds is selected from interleukin 2, interleukin 6, interleukin 12, a compound
that enhances the development of a type 1 helper T cell response, interfering RNA,
anti-sense RNA, I_miqimod, ribavirin, an inosine 5'-monophospate dehydrogenase
inhibitor, amantadine, and rimantadine.

In a fifth embodiment of the third aspect the present disclosure provides a
composition coniprising a compound of Formula (I), or a pharmaceutically acceptable
salt thereof, a pharmaceutically acceptable carrier, and at least one additional
compound having anti-HCV activity, wherein at least one of the additional .
compounds is effective to inhibit the function of a target selected from HCV
metalloprotease, HCV serine protease, HCV polymerase, HCV helicase, HCV NS4B
protein, HCV entry, HCV assembly, HCV egress, HCV NS5A protein, and IMPDH
for the treatment of an HCV infection.

In a fourth aspect the present disclosure provides a method of treating an HCV
infection in a patient, comprising administering to the patient a therapeutically
effective amount of a compound of Formula (I}, or 2 pharmaceutically acceptable salt
thereof, wherein Formula () is defined according to any of the embodiments
described above in the first aspect of the present disclosure.

In a first embodiment of the fourth aspect the method further comprises administering
at least one additional compound having anti-HCV activity prior to, after or
simultaneously with the compound‘ of Formula (I), or a pharmacentically acceptable

salt thereof.
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In a second embodiment of the fourth aspect at least one of the additional compounds
is an interferon or a ribavirin.

Int a third embodiment of the fourth aspect the interferon is selected from interferon
alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha 24, and
lymphoblastiod interferon tau.

In a fourth embodiment of the fourth aspect the present disclosure provides a method
of treating an HCV infection in a patient, comprising administering to the patient a

therapeutically effective amount of a compound of Formula (I), or a pharmaceutically

- acceptable salt thereof, and at Jeast one additional compound having anti-HCV

activity prior to, afler or simultaneously with the compound of Formula (J), or a
pharmaceutically acceptable salt thereof, wherein at least one of the additional
compounds is selected from interleukin 2, interleukin 6, intérleukin 12, a compound
that enhances the development of a type 1 helper T cell response, interfering RNA,
anti-sense RNA, Imiqimod, ribavirin, an inosine 5'-monophospate dehydrogenase
inhibitor, amantadine, and rimantadine.

In a fifth embodiment of the fourth aspect the present disclosure provides a method of
treating an HCV infection in a patient, comprising administering fo the patient a
therapeutically effective amount of a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, and at least one additional compound having anti-HCV
activity prior to, after or simultaneoﬁsly with the compound of Formula (I}, ora
pharmaceutically acceptable salt thereof, wherein at least one of the add_itional
compounds is effective to inhibit the function of a target selected from HCV
metalloprotease, HCV serine protease, HCV polymerase, BCV helicase, HCV NS4B
protein, HCV entry, HCV assembly, HCV egress, HCV NS5A protein, and IMPDH
for the treatment of an HCV infection.

The compounds of the present disclosure can be effective to inhibit the function of
the HCV NS5A protein. In particular, the compounds of the present disclosure can

be effective to inhibit the HCV 1b genotype or multiple genotypes of HCV.

~ Therefore, this disclosure also encompasses: (1) compositions comprising a

compound of Formula (I), or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier; and (2) a method of treating an HCV infection in
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a patient, comprising administering to the patient a therapeutically effective amount
of a compound of Formula (I), or a pharmaceutically acceptable salt thereof.

Other aspects of the present disclosure may include suitable combinations of
embodiments disclosed herein.

Yet other aspects and embodiments may be found in the description provided herein.
The description of the present disclosure herein should be construed in congruity with
the laws and principals of chemical bonding. In some instances it may be necessary
to remove a hydrogen atom in order to accommodate a substituent at any given
location.

Certain featires of the structure of Formula () are further illustrated below:

R RY RY. RY
R"% [ Y RY
RW N/I\F/N N‘.}]/l\N w
R b 4 th
Vo
- . . \._ v }
Pyrrolidinyl-imidazole _ Pyrrolidinyl-imidazole
(Left) Linker - (Right)
@.

In Formula (I), as depicted above, the “pyrrolidinyl-imidazole” moiety on the left side
of the “linker” is independent from the “pyrrolidinyl-imidazole™ moiety on the right
side of the linker group in respect to, e.g., (1) tautomer form of imidazole ring, (2)
absolute configuration of the stereogenic centers on the pyrrolidine ring, and (3)
substituents on the pyrrolidine nitrogen, i.e., R! and R? are independent from each
other, although in some circumsiances they are preferably the same,

It should be understood that the depiction of a pyrrolidine moiety on the “left” side or
on the “right” side is for illustration purpose only, which does not in any way limit
the scope of the disclosure.

In the linker group of Formula (I), the linkage between “I.” and the two benzene rings

encompasses all the following combinations:
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(para-para), {para-meta),
;-rr‘ 1
s S0 e 0
X1 5 L 2 o L
(meta-meta), "W (para-ortho),
e L ) L)
1 L o J‘J‘J 1 |
M (meta-ortho), and 1 ™ (ortho-ortho),

wherein the “para-para,” “para-meta,” and “meta-meta” linkages are preferred.

“

Likewise, in Formula (I), when L is a phenylene (_E SN E—) group, it can link to

the adjacent two benzene rings by the following manners:

2 3 L

J‘\"N q'qn
: 1z 2 1 2
{para), {meta), and (ortho),

wherein the “para” and “meta” arrangements are preferred, and the “para”
arrangement is the more preferred.
In Formula (T), when L is a vinylene (-CH=CH-) group, it can take either trans- or cis-

configuration, as depicted below:

/I_g_
T S \\\‘
P 3

| 4L
# (cis-), ; = (trans-).

‘E_:_

In Formuia (1), when L is a cyclopropylene (% 32) group, the two benzene

substituents can be either traus- or ¢is- to each other, forming one of the following

four configurations:

-18 -
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In a pyrrolidine ring of a pyrrolidinyl-imidazole moiety, the stereogenic carbon center

to which the imidazole group is attached can take either (R)- or (S)- configuration as

5  depicted below:

N N A
p X N
(R-) (S-)

When a cyclopropyl ring is fused onto a pyrrolidine ring of a pyrrolidinyl-imidazole
moiety, i.e., when (R?, RY) together is ~CHy-, the CH; group of the fused cyclopropyl
ring can take either o~ or B- position relative to the pyrrolidine ring, as depicted

10 below:

R! 3 R (@)

Thus, this disclosure is intended to cover all possible stereoisomers even when a
single stereoisomer, or no stereochemistry, is described in a structure.
In Formula (1), the linkage between a benzene ring of the linker group and an

15  imidazole ring of a pyrrolidinyl-imidazole moiety can take place in either the C-4 or
the C-5 position (see below) of the imidazole ring. As a person of ordinary skill in
the art would understand, due to tantomerization of the imidazole ring, a bonding of a
benzene ring to the C-4 position may be equivalent to a bonding of the benzene ring

to the C-5 position, as shown in the following equatijon:
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The sample principle also applies to substituent X or X'.
Thus, this disclosure is intended to cover all possible tautomers even when a structure

5  depicts only one of them.

In this disclosure, a floating bond {e.g., "““5') or a floating substituent (e.g., -R"*) on

a structure indicates that the bond or substituent can attach to any available position
of the structure by removal of a hydrogen from the available position. It should be
understood that in a bicyclic or polyeyclic ring structure, unless specifically defined
10 otherwise, the position of a floating bond or a floating substituent does not limit the
position of such bond or substituent fo a specific ring. Thus, the.following two

substituents should be construed to be equivalent:

. (R™)n

. NN g
N bR [ =5t
X0 and X0

It should be understood that the compounds encompassed by the present disclosure
15  are those that are suitably stable for use as pharmaceutical agent.
It is intended that the definition of any substituent or variable at a particular location
in a molecule be independent of its definitions elsewhere in that molecule. For
example, for substituent (R'%),, when n is 2, each of the two R'® groups may be the
same or different.
20 All patents, patent applications, and literature references cited in the specification are
herein incorporated by reference in their entirety. In the case of inconsistencies, the

present disclosure, including definitions, will prevail.

DEFINITIONS
25  Definitions have been provided above for each of the groups defined. In addition, the

following definitions shall be used.

-90 -
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As used herein, the singular forms “a”, “an”, and “the” include plural reference unless
the context clearly dictates otherwise.

Unless stated otherwise, all aryl, cycloalkyl, heteroaryl, and heterocyclyl groups of the
present disclosure may be substituted as described in each of their respective
definitions, For example, the aryl part of an arylalkyl group may be substituted as
described in the definition of the term “aryl.”

The term *“acetyl,” as used herein, refers to ~C(O)CHj.

The term “alkenyl,” as used herein, refers to a monovalent, straight or branched
hydrocarbon chain having one or more, preferably one to two, double bonds therein.
The double bond of an alkenyl group can be unconjugated or conjugated to another
unsaturated group. Suitable alkenyl groups include, but are not limited to, C; to Cyo
alkenyl groups, such as vinyl, allyl, butenyl, pentenyl, hexenyl, butadienyl,

pentadienyl, hexadienyl, 2-ethylhexenyl, 2-propyl-2-butenyl, 4-(2-methyl-3-butene)-

~ pentenyl. An alkenyl group can be unsubstituted or substituted with one or two

suitable substituents.

The term “alkoxy,” as used herein, refers to an alkyl group attached to the parent
molecular moiety through an oxygen atom. Representative examples of alkoxy group
include, but are not limited to, methoxy (CH30-), ethoxy (CH3CH,0-), and t-butoxy
((CH3%CO-).

The tenn “alkoxyalkyl,” as used herein, refers to an alkyl group subsiituted with one,
two, or three alkoxy groups.

The term “alkoxycarbonyl,” as used herein, refers to an alkoxy group attached to the
parent molecular moiety through a carbonyl group. |

The term “alky],” as used herein, refers to a group derived from a straight or branched
chain satureﬁed hydrocarbon by removal of a hydrogen from one of the saturated
carbons. The alkyl group preferably confains from one to ten carbon atoms,
Representative examples of alkyl group include, but are not limited to, methyl, ethyl,
isopropyl, and fert-butyl.

The term “alkylcarbonyl,” as used herein, refers to an alkyl group attached to the
parent molecular moiety through a carbonyl group. Representative examples of

alkylcarbonyl group include, but are not limited to, acetyl (-C(O)CH3), propanoyl
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(-C(O)CH,CH3), n-butyryl (-C{O)CH,CH,CHa), and 2,2-dimethylpropanoyl or
pivaloyl (-C(O)C(CHs)s).

The term “alkylsulfonyl,” as used herein, refers to an alkyl group attached to the
parent molecular moiety through a sulfonyl group.

The term “allyl,” as used herein, refers fo the -CHgCI-I=CH§ group.

The term “awlf’ ag used herein, refers to a group derived from an aromatic carbocycle
by removal of a hydrogen atom from an aromatic ring. The aryl group can be
monocyclic, bicyclic or polycyclic, wherein in bicyclic or polycyclic aryl group, the
aromatic carbocycle can be fused onto another four- to six-membered aromatic or
non-aromatic carbocycle. Representative examples of aryl groups include, but are not
limited to, phenyl, indanyl, indenyl, naphthyl, and 1,2,3,4-tetrahydronaphth-5-yl.

The term “arylalkyl,” as used herein, refers to an alkyl group substituted with one,
two, or three aryl groups, wherein aryl part of the arylalkyl group may optionally be
substituted by one to five substituents independently selected from C, to Cq alkyl, C,
to C4haloalkyl, C, to Cq alkoxy, halogen, cyano, and nitro groups. Represented
examples of arylalkyl include, but are not limited to, benzyl, 2-phenyl-1-ethyl
(PhCH,CHa-), (naphth-1-yl)methyl, and (naphth-2-yl)methyl.

The term “arylsutfonyl,” as used herein, refers to an aryl group attached to the parent
molecular moiely through a sulfonyl group.

The term “benzyl,” as used herein, refers to a methyl group on which one of the
hydrogen atoms is replaced by a phenyl group, wherein said phenyl group may
optionally be substituted by one to five substituents independently selected from
methyl, txi'ﬁuoromeflmy] (-CF3), methoxy (-OCHj3), halogen, and nitro (-NO,).
Representative examples of benzyl group include, but are not limited to, PhCHy-, 4-
MeQ-CgHsCHs-, and 2,4,6-tri-methyl-C¢H;CHo-.

The term “bridged bicyclic ring,” as used herein, refers to a ring structure comprising
a bridgehead between two of the ring members, wherein the ring and the bridgehead
optionally may independently comprise one or more, preferably one to two,
heteroatoms independently selected from nitrogen, oxygen, and sulfur. Illustrated

examples of a bridged bicyclic ring structure include, but are not limited to:
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The terms “Cap” and “cap,” as used herein, refer to the group which is placed on the
nitrogen atom of the pyrrolidine ring in the compounds of formula (I). It should be
understood that “Cap” or “cap”” can also refer to the reagent which is a precursor to
the final “cap” in compounds of formula () and is used as one of the starting
materials in the reaction to append a group on the pyrrolidine nitrogen that results in
the final product, a compound which contains the functionalized pyrrolidine that will
be present in the compound of formula (I).
The term “carbonyl,” as used herein, refers to -C(0)-.
The term “carboxyl,” or “carboxy,” as used herein, refers to -CO2H.

The term “cyano,” as used herein, refers to -CN.

~ The term “cycloalkyl,” as used herein, refers to a group derived from a saturated

carbocycle, having preferably three to eight carbon atoms, by removal of a hydrogen
atom from the saturated carbocycle, wherein the saturated carbocycle can optionally
be fused onto one or two other aromatic or nonaromatic carbocycles. Representative
examples of cyé]oalkyl groups include, but are not limited to, cyclopropyl,
cyclopentyl, cyclohexyl, and 1,2,3 4-tetrahydronaphth-1-yl.

The term “formyl,” as used herein, refers to -CHO.

The terms “halo” and “halogen,” as used herein, refer to F, Cl, Br, or L.

The term “haloalkoxy,” as used herein, refers to a haloalkyl group attached to the
parent moelecular moiety through an oxygen atom.

The term “haloalkyl,” as used herein, refers to an alkyl group substituted by at least
one halogen atom. The haloalkyl group can be an alkyl group of which all hydrogen
atoms are substituted by halogens. Representative examples of haloalkyl include, but
are not limited to, trifluoromethyl (CFs-), 1-chloroethyl (CICH,CHj3-), and 2,2,2-
trifluoroethyl (CF3CHz-).

The term “heteroaryl,” as used herein, refers to group derived from a monocyclic,

bicyclic, or polycyclic compound comprising at least one aromatic ring comprising
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one or more, preferably one to three, heteroatoms independently selected from
nitrogen, oxygen, and sulfur, by removal of a hydrogen atom from an aromatic ring
thereof. As is well known to those skilled in the art, heteroaryl rings have less
aromatic character than their all-carbon counterparts. Thus, for the purposes of the
disclosure, a heteroaryl group need only have some degree of aromatic character.
Hlustrative examples of heteroaryl groups include, but are not limited to, pyridyl,
pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl, imidazolyl, (1,2,3,)- and
(1,2,4)-triazolyl, pyrazinyl, pyrimidinyl, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, isoxazolyl, oxazolyl, indolyl, quinolinyl, isoquinolinyl, benzisoxazolyl,
benzothiazolyl, benzothienyl, and pyrrolopyridinyl.

The term “heteroarylalkyl,” as used herein, refers to an alkyl group substituted with
one, two, or three heteroaryl groups.

The term “heterobicyclyl,” as used herein, refers to a ring structure comprising two
fused or bridged rings that include carbon and one or more, preferably one to three,
heteroatoms independently selected from nitrogen, oxygen, and sulfur. The
heterobicyclic ring structure is a subset of heterocyclic ring and can be saturated or
unsaturated. Examples of heterobicyclic ring structures include, but are not limited to,
tropane, quinuclidine, and 7-azabicyclo[2.2.1]heptane.

The term “heterocyclyl,” as used herein, refers to a group derived from a monocyclic,
bicyelic, or f)olycyclic compound comprising at least one nonaromatic ring
comprising one or more, preferably one to three, heteroatoms independently selected
fromi nitrogen, oxygen, and sulfur, by removal of a hydrogen atom from the
nonaromatic ring. The heterocyclyl group encompasses the heterobicyclyl group.
The heterocyclyl groups of the present disclosure can be attached to the parent
molecular moiety through a carbon atom or a nitrogen atom in the group. Examples
of heterocyclyl groups include, but are not limited to, morpholinyl, oxazolidinyl,
piperazinyl, piperidinyl, pyrrolidinyl, tetrahydrofuryl, thiomorpholinyl, and indolinyl.
The term “heterocyclylalkyl,” as used herein, refers to an alkyl group substituted with
one, two, or three heterocyclyl groups. |

The terms “hydroxy” or “hydroxyl,” as used herein, refer to -OT.
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The term “hydroxyalkyl,” as used herein, refers to an alkyl group substituted with
one, two, or three hydroxy groups.

The term “nitro,” as used herein, refers to -NOa.

The term “-NR°R®,” as used herein, refers to two groups, R* and R®, which are
attached to the parent molecular moiety through a nitrogen atom, or alternatively R*
and R®, together with the nitrogen atom to which they are attached, form a 5- or 6-
membered ring or a fused- or bridged-bicyclic ring structure optionally containing
one, two, or three additional heteroatom independently selected from nitrogen,
oxygen, and sulfur. The term ““NR°R™ is defined similarly.

The term “,(NR“Rb)alkyl,” as used herein, refers to an alkyl group substituted with
one, two, or three -NR*R” groups. The term “(NR°R%)alkyl” is defined similarly.
The term “oxo,” as used herein, refers to =0,

The term “sulfonyl,” as used herein, refers to -SG»-.

The term “trialkyisilyl,” as used herein, refers to -SiRs, wherein each R is C, to Cy
a]k.yl or phenyl. The three R groups may be the same or different. Representative
examples of “trialkylsilyl” include, but are not limited to, trimethylsilyl (TMS), fert-
butyldiphenylsilyl (TBDES), tert-butyldimethylsilyl (TBS or TBDMS), and
triisopropylsilyl (TIPS). '
Asymmetric centers exist in the compounds of the present disclosure. These centers
are designated by the symbols “R” or “S”, depending on the configuration of
substituents around the chiral carbon atom. It should be understood that the
disclosure encompasses all stereochemical isomeric forms, or mixtures thereof, which
possess the ability to inhibit NS5A. Individual stereoisomers of compounds can be
prepared synthetically from commercially available starting materials which contain
chiral centers or by preparation of mixtures of enantiomeric products followed by
separation such as conversion to a mixture of diastereomers followed by separation or
recrystallization, chromatographic techniques, or direct separation of enantiomers on
chiral chromatographic columns. Starting compounds of particular stereochemistry
are either commercially available or can be made and resolved by techniques known

in the art.

295 -



WO 2010/117635 PCT/US2010/028456

10

15

20

25

30

Certain compounds of the present disclosure may also exist in different stable
conformational forms which may be separable. Torsional asymmetry due to
restricted rotation about an asymmetric single bond, for example because of steric
hindrance or ring strain, may perntit separation of different conformers. The present
disclosure includes each conformational isomer of these compounds and mixtures
thereof.

The term “compounds of the preseht disclosure”, and equivalent expressions, are
meant to embrace compounds of Formula (I), and pharmaceutically acceptable
enantiomers, diastereomers, and salts thereof. Similarly, references to intermediates
are meant to embrace their salts where the context so permits.

The present disclosure is intended to include all isotopes of atoms occurring
in the present compounds. Isotopes include those atoms having the same atomic
number but different mass numbers. By way of general example and without
limitation, isotopes of hydrogen include deuterium and tritium. Isotopes of carbon
include 1>C and 1*C. Isotopically-labeled compounds of the invention can generally
be prepared by conventional techniques known to those skilled in the art or by
processes analogous to those described herein, using an appropriate isotopically-
labeled reagent in place of the non-labeled reagent otherwise employed. Such
compounds may have a variety of potential uses, for example as standards and
reagents m determining biological activity. In the case of stable isotopes, such
compounds may have the potential to favorably modify biological, pharmacological,
or pharmacokinetic properties.

The compounds of the present disclosure can exist as pharmaceutically acceptable
salts. The term “pharmaceutically acceptable salt,” as used herein, represents salts or
zwitterionic forms of the compounds of the present disclosure which are water or oil-
soluble or dispersible, which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of patients without excessive toxicity,
irritation, a]lérgic response, or other problem or complication commensurate with a
reasonable benefit/risk ratio, and are effective for their intended use. The salts can be
prepared during the final isolation and purification of the compounds or separately by

reacting a suitable nitrogen atom with a suitable acid. Representative acid addition
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salts include acetate, adipate, alginate, citrate, aspartate, benzoate, benzenesulfonate,
bisulfate, butyrate, camphorate, camphorsulfonate; digluconate, glycerophosphate,
hemisulfate, heptanoate, hexanoate, formate, fumarate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, mesitylenesulfonate,
methanesulfonate, naphthylenesulfonate, nicotinate,; 2-naphthalenesulfonate, oxalate,
palmoate, pectinale, persulfate, 3-phenylproprionate, picrate, pivalate, propionate,
succinate, tartrate, trichloroacetate, trifluoroacetate, phosphate, glutamate,
bicarbonate, para-toluenesulfonate, and undecanoate. Examples of acids which can
be employed to form pharmaceutically acceptable addition salts include inorganic
acids such as hydrochloric, hydrobromic, sulfuric, and phosphoric, and organic acids
such as oxalic, maleic, succinic, and citric.

Basic addition salts can be prepared during the final isolation and purification of the
compounds by reacting a carboxy group with a suitable base such as the hydroxide,
carbonate, or bicarbonate of a metal cation or with ammonia or an organic primary,
secondary, or tertiary amine. The cations of pharmaceutically acceptable salts include
lithivm, sodium, potassium, calcium, magnesium, and alurﬁinum, as well as nontoxic
quaternary amine cations such as ammoniwm, tetramethylammonium,
tetracthylammonium, methylamine, dimethylamine, trimethylamine, triethylamine,
diethylamine, ethylamine, tributylamine, pyridine, N,N-dimethylaniline, N-
methylpiperidine, N-methylmorpholine, dicyclohexylamine, procaine, dibenzylamine,
N,N-dibenzylphenethylamine, and N,N'-dibenzylethylenediamine. Other
representative organic amines useful for the formation of base addition salts include
ethylenediamine, ethanolamine, diethanolamine, piperidine, and piperazine.

When it is possible that, for use in therapy, therapeutically effective amounts of a
compound of Formula (I), as well as pharmaceutically acceptable salts thereof, may
be administered as the raw chemical, it is possible to present the active ingredient as a
pharmaceutical‘ composition. Accordingly, the disclosure further provides
pharmaceutical compositions, which include therapeutically effective amounts of
compounds of Formula (I) or pharmaceutically acceptable salts thercof, and ene or
more, preferably one to three, pharmaceutically acceptable carriers, diluents, or

excipients. The term “therapeutically effective amount,” as used herein, refers to the
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total amount of each active component that is sufficient to show a meaningful patient
benefit, e.g., a sustained reduction in viral load. When applied to an individual active
ingredient, administered alone, the term refers to that ingredient alone. When applied
to a combination, the term refers to combined amounts of the active ingredients that
result in the therapeutic effect, whether administered in combination, serially, or
simuoltaneously. The compounds of Formula (I) and pharmacentically acceptable salts
thereof, are as described above. The carrier(s), diluent(s), or excipient(s) must be
acceptable in the sense of being compatible with the other ingredients of the
formulation and not deleterious to the recipient thereof. In accordance with another
aspect of the present disclosure there is also provided a process for the preparation of
a pharmaceutical formulation including admixing a compound of Formula (1), or a
pharmaceutically acceptable salt thereof, with one or more, preferably one to three,
pharmaceutically acceptable carriers, diluents, or excipients. The term
“pharmaceutically acceptable,” as used herein, refers to those compounds, materials,
compositions, and/or dosage forms which are, within the scope of sound medical
judgment, suita';ole for use in contact with the tissues of patients without excessive
toxicity, irritation, allergic response, or other problem or complication commensurate
with a reasonable benefit/risk ratio, and are effective for their intended use.
Pharmaceutical formulations may be presented in unit dose forms containing a
predetermined amount of active ingredient per unit dose. Dosage levels of between
about 0.01 and about 250 milligram per kilogram (“mg/kg”) body weight per day,
preferably between about 0.05 and about 100 mg/kg body weight per day of the
compounds of the present disclosure are typical in a monotherapy for the prevention
and treatment of HCV mediated disease. Typically, the pharmaceutical composifions
of this disclosure will be administered from about 1 ta about 5 times per day or
alternatively, as a continuous infusion. Such administration can be used as a chronic
or acute therapy. The amount of active ingredient that may be combined with the
carrier materials to produce a single dosage form will vary depending on the
condition being treated, the severity of the condition, the time of administration, the
route of administration, the rate of excretion of the compound employed, the duration

of treatment, and the age, gender, weight, and condition of the patient. Preferred unit
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dosage formulations are those containing a daily dose or sub-dose, as herein above
recited, or an appropriate fraction thereof, of an active ingredient. Generally,
treatment is initiated with small dosages substantially less than the optimum dose of
the compound. Thereafier, the dosage is increased by small increments until the
optimum effect ﬁndcr the circumstances is reached. In general, the compound is most
desirably administered at a concentration level that will generally afford antivirally
effective results without causing any harmful or deleterious side effects.

When the compositions of this disclosure comprise a combination of a compound of
the present disclosure and one or more additional therapeutic or prophylactic agent,
botl the compound and the additional agent are usually present at dosage levels of
between about 10 to 150%, and more preferably between about 10 and 80% of the
dosage normally administered in a monotherapy regimen.

Pharmaceutical formulations may be adapted for administration by any appropriate
route, for example by the oral (including buccal or sublingual), rectal, nasal, topical
{(including buccal, sublingual, or transdermal), vaginal, or parenteral (including
subcutaneous, intracutaneous, intramuscular, intra-articular, intrasynovial,
intrasternal, intrathecal, intralesional, intravenous, or intradermal injections or
infusions) route. Such formulations may be prepared by aﬁy method known in the art
of pharmacy, for example by bringing into association the active ingredient with the
carrier(s) or excipient(s). Oral administration or administration by injection are
preferred.

Pharmaceutical formulations adapted for oral administration may be presented as
discrete units such as capsules or tablets; powders or granules; solutions or
suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in-
water liquid emulsions or water-in-oil emulsions.

For instance, for oral administration in the form of a tablet or capsule, the active diug
component can be combined with an oral, non-toxic pharmaceutically acceptable
inert carrier such as ethanol, glycerol, water, and the like. Powders are prepared by
comminuting the compound to a suitable fine size and mixing with a similarly

comminuted pharmaceutical carrier such as an edible carbohydrate, as, for example,
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starch or mannitol. Flavoring, preservative, dispersing, and coloring agent can aiso
be present.

Capsules are made by preparing a powder mixture, as described above, and filling
formed gelatin sheaths. Glidants and lubricants such as colloidal silica, tale,
magnesium stearate, calcium stearate, or solid polyethylene glycol can be added to the
powder mixture before the filling operation. A disintegrating or solubilizing agent
such as agar-agar, calcium carbonate, or sodium carbonate can also be added to
improve the availability of the medicament when the capsule is ingested.

Moreover, when desired or necessary, suitable binders, lubricants, disintegrating
agents, and coloring agents can also be incorporated into the mixture. Suitable
binders include starch, gelatin, natural sugars such as glucose or beta-lactose, com
sweeteners, natural and synthetic gums such as acacia, tragacanth or sodium alginate,
carboxymethylceliulose, polyethylene plycol, and the like. Lubricants used in these
dosage forms include sodium oleate, sodium chloride, and the like. Disintegrators
include, without limitation, starch, methyl cellulose, agar, betonite, xanthan gum, and
the like. Tablets are formulated, for example, by preparing a powder mixture,
granulating or slugging, adding a lubricant and disintegrant, and pressing into tablets.
A powder mixture is prepared by mixing the compound, suitable comminuted, with a
diluent or base as described above, and optionally, with a binder such as
carboxymethylcé]lulose, an aliginate, gelating, or polyvinyl pyrrolidone, a solution
retardant such as paraffin, a resorption accelerator such as a quaternary salt and/or
and absorption agent such as betonite, kaolin, or dicalcium phosphate. The powder
mixture can be granulated by wetting with a binder such as syrup, starch paste, acadia
mucilage, or solutions of cellulosic or polymeric materials and forcing through a
screen. As an alternative to granulating, the powder mixture can be run through the
tablet machine and the result is imperfectly formed slugs broken into granules. The
granules can be lubricated to prevent sticking to the tablet forming dies by means of
the addition of stearic acid, a stearate salt, talc, or mineral oil. The lubricated fnixture
is then compressed into tablets, The compounds of the present disclosure can also be
combined with a free flowing inert carrier and compressed into tablets directly

without going through the granulating or slugging steps. A clear or opague protective
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coating consisting of a sealing coat of shellac, a coating of sugar or polymeric
material, and a polish coating of wax can be provided. Dyestuffs can be added to
these coatings to distinguish different unit dosages.

Oral fluids such as solution, syrups, and elixirs can be prepared in dosage unit form
so that a given quantity contains a predetermined amount of the compound. Syrups
can be prepared by dissolving the compound in a suitably flavored aqueous solution,
while elixirs are prepared through the use of a non-toxic vehicle. Solubilizers and
emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene sorbitol
ethers, preservatives, flavor additive such as peppermint oil or natural sweeteners, or
saccharin or other artificial sweeteners, and the like can also be added.

Where appropriate, dosage unit formulations for oral administration can be
microencapsulated. The formulation can also be prepared to prolong or sustain the
release as for example by coating or embedding particulate material in polymers,
wax, or the like.

The compounds of Formula (I), and pharmaceutically acceptable salts thereof, can
also be administered in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and multilamellar vesicles.
Liposomes can be formed from a variety of phopholipids, such as cholesterol,
stearylamine, or phophatidylcholines. _

The compounds of Formula (I) and pharmaceutically acceptable saits thereof may
also be delivered by the use of monoclonal antibodies as individual carriers to which
the compound molecules are coupled. The compounds may also be coupled with
soluble polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamidephenol,
polyhydroxyethylaspartamidephenol, or polyethyleneoxidepolylysine substituted with
palitoyl residues. Furthermore, the compounds may be coupled to a class of
bicdegradable polymers useful in achieving controlled release of a drug, for examiple,
polylactic acid, polepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates, and cross-linked or amphipathic
block copolymers of hydrogels.
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Pharmaceutical formulations adapted for transdermal administration may be
presented as discrete patches intended to remain in intimate contact with the
epidermis of the recipient for a prolonged period of time. For example, the active
ingredient may be delivered from the patch by iontophoresis as generally described in
Pharm. Res., 3(6):318 (1986).

Pharmaceutical formulations adapted for topical administration may be formulated as
ointments, c-reéms, suspensions, lotions, powders, solutions, pastes, gels, sprays,
aerosols, or oils.

For treatments of the eye or other external tissues, for example mouth and skin, the
formulations are preferably applied as a topical ointment or cream, When formulated
in an ointment, the active ingredient may be employed with either a paraffinic or a
water-miscible ointment base. Alternatively, the active ingredient may be formulated
in a cream with an oil-in-water cream base or a water-in oil base.

Pharmaceutical formulations adapted for topical administrations to the eye include
eye drops wherein the active ingredient is dissolved or suspended in a suitable carrier,
especially an aqueous solvent.

Pharmacentical formulations adapted for topical administration in the mouth include
lozenges, pastilles, and mouth washes.

Pharmaceutical formulations adapted for rectal administration may be presented as
suppositories or as enemas.

Pharmaceutical formulations adapted for nasal administration wherein the carrier is a
solid include a course powder having a particle size for example in the range 20 to
500 microns which is administered in the manner in which snuff is taken, i.e., by
rapid inhalation through the nasal passage from a container of the powder held close
up to the nose. Suitable formulations wherein the carrier is a liquid, for
administration as a nasal spray or nasal drops, include aqueous or oil solutions of the
active ingredient. '

Pharmaceutical formulations adapted for administration by inhalation include fine
particle dusts or mists, which may be generated by means of various types of metered,

dose pressurized aerosols, nebulizers, or insufflators,
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Pharmaceutical formulations adapted for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams, or spray formulations.
Pharmaceutical formulations adapted for parenteral administration include aqueous
and non-aqueous sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats, and soutes whicl_l render the formulation isotonic with the blood of the
intended recipient; and aqueous and non-aqueous sterile suspensions which may
include suspending agents and thickening agents. The formulations ma}} be presented
in unit-dose or multi-dose containers, for example sealed ampoules and vials, and
may be stored in a freeze-dried (lyophilized) condition requiring only the addition of
the sterile liquid carrier, for example water for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared from sterile
powders, granules, and tablets.

It should be understood that in addition to the ingredients particularly mentioned
above, the formulations may include other agents conventional in the art having
regard fo the type of formulation in question, for example those suitable for oral
administration may include flavoring agents.

The term “patient” includes both human and other mammals.

The term “treating” refers to: (i) preventing a disease, disorder or condition from
occurring in a patient that may be predisposed to the disease, disorder, and/or
condition but has not yet been diagnosed as having it; (ii) inhibiﬁng the disease,
disorder, or condition, i.e., atresting its development; and (ii1) relieving the disease,
disorder, or condition, i.e., causing regression of the disease, disorder, and/or
condition.

The compounds of the present disclosure can also be administered with a cyclosporin,
for example, cyclosporin A. Cyclosporin A has been shown to be active against HCV
in clinical trials (Hepatology, 38:1282 (2003); Biochem. Biophys. Res. Commun.,
313:42 (2004); J. Gastroenterol., 38:567 (2003)).

Table 1 below lists some illnstrative examples of compounds that can be
administered with the compounds of this disclosure, The compounds of the

disclosure can be administered with other anti-HCV activity compounds in
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combination therapy, either jointly or separately, or by combining the compounds into

a composition.

Table !
Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target

NIMS811 Cyclophilin Novartis Debiopharm

Debio-025 inhibitors

Zadaxin Immunomodulator SciCione

Suvus Methylene blue Bioenvision

Actilon (CPG10101) TLRY agonist Coley

Batabulin (T07) Anticancer B-Tubulin inhibitor | Tularik Inc., South
San Francisco, CA

ISIS 14803 Antiviral Antisense ISIS Pharmaceuticals
Inc, Carlsbad, CA /
Elan Pharmaceuticals
Inc., New York, NY

Summetrel Antiviral Antiviral Endo Pharmaceuticals
Holdings Inc., Chadds
Ford, A

GS-9132 {ACH-806) | Antiviral HCYV inhibitor Achillion / Gilead

Pyrazolopyrimidine | Antiviral HCV inhibitors Arrow Therapeutics

compounds and salts Lid.

From

WO 2005/047288

May 26, 2005

Levovirin Antiviral IMPDH inhibitor Ribapharm Inc., Costa
Mesa, CA

Merimepodib Antiviral IMPDDH inhibitor Vertex

(VX-497) Pharmaceuticals Inc.,
Cambridge, MA .
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Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target
XTL-6865 Antiviral Monoclonal antibody | XTL
(XTL-002) | Biopharmaceuticals
Ltd., Rehovot, Israel
Telaprevir Antiviral NS3 serine proteage | Vertex
(VX-950, inhibitor Pharmaceuticals Inc.,
LY-570310) Cambridge, MA / Eli
Lilly and Co., Inc.,
Indianapolis, IN
HCV-7%6 Antiviral NS5B replicase . Wyeth / Viropharma
inhibitor
NM-283 Antiviral NSSB replicase Idenix / Novartis
inhibitor
GL-59728 Antiviral NS5B replicase Gene Labs / Novartis
inhibitor
GL-60667 Antiviral NS51B replicase Gene Labs / Novartis
inhibitor
2’CMeA Antiviral NS5B replicase Gilead
inhibitor
PSI6130 Antiviral NS5B rephicase Roche
inhibitor
R1626 Antiviral NS5B replicase Roche
inhibitor
2'C Methyl Antiviral NS5B replicase - Merck
adenosine inhibitor
JTK-003 Antiviral RdRp inhibitor Japan Tobacco Inc,,
‘Tokyo, Japan
Levovirin Antiviral Ribavirin ICN Pharmaceuticals,
Costa Mesa, CA
Ribavirin Antiviral Ribavirin Schering-Plough
Corporation,
Kenilworth, NJ
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Brand Name Physiological Class Type of Inhibitor or | Source Company
Target
Viramidine Antiviral Ribavirin prodrug Ribapharm Inc., Costa
Mesa, CA
Heptazyme Antiviral Ribozyme Ribozyme
Pharmaceuticals Inc.,
Boulder, CO
BILN-2061 Antiviral Serine protease Boehringer Ingelheim
inhibitor Pharma KG,
Ingetheim, Germany
SCH 503034 Antiviral Serine protease Schering-Plough
inhibitor
Zadazim Immune modulator Immune modulator  { SciClone
Pharmaceuticals Inc.,
San Mateo, CA
Ceplene Immunomodulator Immune modulator | Maxim
Pharmaceuticals Inc.,
San Diego, CA
CELLCEPT® Imrounosuppressant | HCV IgG F. Hoffmann-La
immunosuppressant | Roche LTD, Basel,
Switzerland
Civacir Immunosuppressant | HCV 1gG Nabi
immunosuppressant | Biopharmaceuticals
Inc., Boca Raton, FL,
Albuferon - o Interferon Albumin IFN-o2b Human Genome
Sciences Inc.,
_ Rockville, MD
Infergen A Interferon IFN alfacon-1 InterMune
Pharmaceuttcals Inc.,
Brisbane, CA
Omega IFN Interferon IFN-t Intarcia Therapeutics
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Brand Name Physiological Class Type of Inhibitor or | Source Company
Target
IFN-f and EMZ701 | Interferon IFN-3 and EMZ701  } Transition
Therapeutics Ine.,
Ontario, Canada
REBIF® Interferon I'N-fla Serono, Geneva,
Switzerland
Roferon A Interferon T N-u2a F. Hoffmann-La
Roche LTD, Basel,
Switzerland
Intron A Interferon IFN-02b Schering-Plough
Corporation,
_ Kenilworth, NJ
Intron A and Zadaxin | Interferon IFN-02b/o] -thymosin | RegeneRx
Biopharma. Inlc.,
Bethesda, MD /
SciClone
Pharmaceuticals Ingc,
San Mateo, CA
Rebetron Interferon IFN-02b / ribavirin | Schering-Plough
Corporation,
Kenilworth, NJ
Actimmune Interferon INF-+y InterMune Inc.,
Brisbane, CA
Interferon-§ Interferon Interferon-B-1a Serono
Mutltiferon Interferon Long lasting IFN Viragen / Valentis
Wellferon Interferon Lymphoblastoid IFN- | GlaxoSmithKline plc,
anl Uxbridge, UK
Ommniferon Interferon natural IFN-q; Viragen Inc.,
Plantation, FL
Pegasys Interferon PEGylated IFN-¢2a | F. Hoffmann-La

Roche LTD, Basel,

Switzerland
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Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target
Pegasys and Ceplene | Interferon PEGylated IFN- Maxim
a2a/immune Pharmaceuticals Inc.,
modulator San Diego, CA
Pegasys and Interferon PEGylated IFN- F. Hoffmann-La
Ribavirin a2a/ribavirin Roche I.TD, Basel,
Switzerland
PEG-Intron Interferon PEGylated IFN-02b | Schering-Plough
Corporation,
Kenilworth, NJ
PEG-Intron / Interferon PEGylated IFN- Schering-Plough
Ribavirin a2b/ribavirin Corporation,
Kenilworth, NJ
P-501 Liver protection Antifibrotic Indevus
Pharmaceuticals Inc.,
Lexington, MA
IDN-G6556 Liver protection Caspase inhibitor Idun Pharmaceuticals
Inc., San Diego, CA
ITMN-191 Antiviral Serine protease InterMune
{R-7227) inhibitor Pharmaceuticals Inc.,
Brisbane, CA
GL-59728 Antiviral NS5B replicase Genelabs
inhibitor
ANA-971 Antiviral TLR-7 agonist Anadys
Boceprevir Antiviral Serine protease Schering-Plough
inhibitor
TMS-435 Antiviral Serine protease Tibotec BVBA,
inhibitor Mechelen, Belgiom
BI-201335 Antiviral Serine protease Boehringer Ingelheim
inhibitor Pharma KG,

Ingelheim, Germany
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Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target '
MK-7009 Antiviral Serine protease Merck
inhibitor
PF-00868554 Antiviral Replicase inhibitor | Pfizer
ANASI8 Antiviral Non-Nucleoside Anadys
NS35B polymerase Pharmaceuticals, Inc.,
inhibitor San Diego, CA, USA
IDX375 Antiviral Non-Nucleoside | Idenix
replicase inhibitor Pharmaceuticals,
Cambridge, MA, USA
BILB 1941 Antiviral NS5B polymerase Boehringer Ingelheim
inhibitor Canada Ltd R&D,
Laval, QC, Canada
PSI-7851 Antiviral Nucleoside _ Pharmasset,
polymerase inhibitor | Princeton, NJ, USA
VCH-759 Antiviral NS5 polymerase ViroChem Pharma
inhibitor
VCH-91¢6 Antiviral NS5B polymerase ViroChem Pharma
inhibitor
GS-9190 Antiviral NS5B polymerase Gilead
inhibitor
Peg-intetferon lamda | Antiviral Interferon ZymoGenetics /

Bristol-Myers Squibb

The compounds of the present disclosure may also be used as laboratory reagents.

Compounds may be instrumental in providing research tools for designing of viral

replication assays, validation of animal assay systems and structural biology studies

to further enhance knoWledge of the HCV discase mechanisms. Further, the

compounds of the present disclosure are useful in establishing or determining the

binding site of other anfiviral compounds, for example, by competitive inhibition.

The compounds of this disclosure may also be used to treat or prevent viral

contamination of materials and therefore reduce the risk of viral infection of
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laboratory or medical personnel or patients who come in contact with such materials,
e.g., blood, tissue, surgical instruments and garments, laboratory instruments and
garments, and blood collection or transfusion apparatuses and materials.

This disclosure is intended to encompass compounds having Formula () when
prepared by synthetic processes or by metabolic processes including those occurring
in the human or animal body (i vivo) or processes occurting in vitro.

The abbreviations used in the present application, including particularly in the
illustrative ei{amples which follow, are well-known to those skilled in the art. Some
of the abbreviations used are as follows: TFA for trifluoroacetic acid; min or min. or
mins for minutes; MeCN or ACN for acetonitrile; LDA for lithium diisopropylamide;
DMSO for dimethylsulfoxide; h or hr or hrs for hours; Boc or BOC for tert-
butoxycarbonyl; HATU for O-(7-azabenzotriazol-1-y1)-N,N,N',N"-
tetramethyhironium hexafluorophosphate; RT or Rt or rt for retention time or room
temperature (context will dictate); Me for methyl; DMF for N,N-dimethylformamide;
PA(Ph;P)4 for tetrakistriphenyl phosphine palladium; MeOH for methanol; MeOD for
CD4OD; TEA for triethylamine; Ph for phenyl; TBDPS for tert-butyldiphenylsilyl;
Et;N or TEA for triethylamine; DMAP for N,N-dimethylaminopyridine; EtOAc for
ethyl acetate; TBAF for tetrabutylammonium fluoride; THF for tetrahydrofuran;
DIEA or DIPEA or iPr;NEt for diisopropylethylamine; NCS for N-
chlorosuccinimide; NBS for N-bromosuccinimide; DCM for dichloromethane; SEM
for 2-(trimethylsilyDethoxymethyl; DCE for 1,2-dichloroethane; EDCI for 1-ethyi-3-
(3-dimethylaminopropyl)carbodiimide; DBU for 1,B—diazabicyclo[s.4.0]undec-7-ene;
Pd(t-Bu3P), for palladium bis(tributylphosphine); HMDS for hexamethyldisilazide;
TMSCHN; for trimethyisityldiazomethane; H-D-Ser-OBzl for D-serine benzyl ester;
i-PrOH for isopropanol; LiIHMDS for lithium hexamethyldisilazide; DIBAL or
DIBALH for diisobutylaluminum hydride; TBDMS for tert-butyldimethylsilyl; CBz
for carbobenzyloxy; Bn for benzyl; DEAD for diethyl azodicarboxylate; mCPBA for
meta-chloroperoxybenzoic acid; TMSCN for trimethylsilyl cyanide; dpppe for 1,5-
Bis(diphenylphosphino) pentane; TMEDA for tetramethylethylenediamine; OAc for
acetate; DM A for N,N-dimethylacetamide; and d for days.
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The present disclosure will now be described in connection with certain embodiments
which are not intended to limit its scope. On the contrary, the present disclosure
covers ail alternatives, modifications, and equivalents as can be included within the
scope of the claims. Thus, the following examples, which include specific
embodiments, will illustrate one practice of the present disclosure, it being
understood that the examples are for the purposes of illustration of certain
embodiments and are presented to provide what is believed to be the most useful and
readily understood description of its procedures and conceptual aspects.

Starting materials can be obtained from commercial sources or prepared by well-

established literature methods known to those of ordinary skill in the art.

EXAMPLES
Unless noted otherwise, purity assessments were conducted on Shimadzu LC
system, and retention time (R,) determination and low resolution mass analysis were
conducted on a Shimadzu LC system coupled with Waters MICROMASS® ZQ MS

system. It should be noted that retention times may vary slightly between machines.

Condition 1
Column = PHENOMENEX®, C18, 3.0 X 50 mm, 10 pim
Start YaB=0

Final %B = 100

Gradient time = 2 min

Stop time =3 min

Flow Rate = 4 mL/min

Wavelength = 220 nm

Solvent A = 0.1 % TFA in 10% methanol/90% water
Solvent B =0.1 % TFA in 90% methanol/10% water
Condition 2

Column = XTERRA®, C18, 3.0 x 50 mm, §7

Start %B =0 |

Final %B = 100
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Stop time = 3 min

Flow Rate = 5 mL/min

Wavelength = 220 nm

Solvent A = 0.2 % HyPO4 in 10% methanol/90% water
Solvent B = 0.2 % H;PO4 in 90% methanol/10% water

Condition 3

Columm = PHENOMENEX®, C18, 3.0 X 50 mm, 10 um
Start %B = 0

Final %13 = 100

Gradient time = 3 min

Stop time =4 min

Flow Rate = 4 mL/min

Wavelength =220 nm

Solvent A = (.1 % TFA in 10% methanol/90% water
Solvent B = 0.1 % TFA in 90% methanol/10% water

Condition 4

Column = XTERRA®, C18, 3.0 x 50 mm, S7

Start %B =0

Final %B = 100

Gradient time = 10 min

Stop time = 11 min

Flow Rate = 5 mL/min

Wavelength = 220 nm

Solvent A = 0.2 % H3PO4 in 10% methanol/90% water
Solvent B = 0.2 % H3PO4 in 90% methanol/10% water

Condition 5

Column = PHENOMENEX®, C18, 3.0 X 50 mm, 10 um
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Start %B =0

Final %B = 100

Gradient time = 4 min

Stop time = 5 min

Flow Rate = 4 mL/min

Wavelength = 220 nm

Solvent A = 0.1 % TFA in 10% methanol/90% water
Solvent B'= 0.1 % TFA in 90% methanol/10% water

Condition 6

Column = Phenomenex-Luna, C18, 4.6 X 50 mm, S10
Start %B =0

Final %B = 100

Gradient time = 3 min

Stop time =4 min

Flow Rate = 4 mL/min

| Wavelength = 220 nm

Solvent A =0.1 % TFA in 10% methanol/90% water
Solvent B = 0.1 % TFA. in 90% methanol/10% water

Condition 7

Column = Phenomenex-Luna, C18, 3.0X 50 mm, S10
Start %B = 0

Final %B = 100

Gradient time = 2 min

Stop time = 3 min

Flow Rate = 4 mL/min

Wavelength =220 nm

Solvent A = 0.1 % TFA in 10% methanol/90% water

Solvent B = 0.1 % TFA in 90% methanol/10% water
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Condition &

Column = Waters Sunfire, C18, 4.6X150 mm, 3.5 um
Start %B = 10

Final %B = 50

Gradient time = 20 min

Stop time = 25 min |

Flow Rate = 1 mL/min

Wavelength = 220 & 254 nmn

Slovent A = 0.1% TFA in 5% CH,CN/95%H,0
Solvent B =0.1% TFA in 95% CH3CN/5% H,0

Condition 92

Same as Condition 9 with the exception that Stop time = 35 min

Condition 9a.1

Column = Waters Sunfire, C18, 4.6X150 mm, 3.5 jim
Start %B =30

Final %B = 100

Gradient {ime = 20 min

Stop time = 25 min

Flow Rate = 1 mL/min

Wavelength = 220 & 254 nm

Slovent A =0.1% TFA in 5% CH3CN/95%I,0

| Solvent B = 0.1% TFA in 95% CH:CN/5% H,O

Condition 10

Colunin = Waters Xbridge phenyl, C18, 4.6X150 mm, 3 pm

Start %B =10
Finat %B = 50
Gradient time = 20 min

Stop time = 25 min
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Flow Rate = 1 mL/min

Wavelength = 220 & 254 nin

Slovent A =0.1% TFA in 5% CH3CN/95%H,0
Solvent B = 0.1% TTFA in 95% CH;CN/5% H,0

Condition 10a

Same as Condition 10 with the exception that Stop time = 35 min

Condition 10a.1

Column = Waters Xbridge phenyl, C18, 4.6X150 mm, 3 |tim
Start %B =40

Final %B = 100

Gradient time =20 min

Stop time = 25 min

Flow Rate = 1 mL/min

Wavelength = 220 & 254 nm

Slovent A = 0.1% TFA in 5% CH,;CN/95%H,0

Solvent B =0.1% TFA in 95% CH3;CN/5% H,0

Condition 10b

Column = Sunfire, C18, 3.0 X 150 mm, 3.5 pm
Start %B = 10

Final %B = 40

Gradient time = 15 min

Stop time = 18 min

Flow Rate = 1 mL/min

Wavelength 1 =220 nm

Wavelength 2 = 254 nm

Solvent A =0.1 % TFA in 5% MeCN/95% water
Solvent B = 0.1 % TFA n 95% MeCN/5% water
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Condition 10c

Column = Xbridge Phenyt, C18, 3.0 X 150 mm, 3.5 um
Start %B =10

Final %B = 40

Gradient ﬁmc =15 min

Stop time = 18 min

Flow Rate = 1 mL/min

Wavelength 1 =220 nm

Wavelength 2 = 254 nm

Solvent A =0.1 % TFA in 5% MeCN/95% water
Solvent B = 0.1 % TFA in 95% MeCN/5% water

Condition 10d

Column = PHENOMENEX®-Luna, C18, 2.0 X 50 mm, 3 ptm
Start %B = 0 '
Final %B =100

Gradient time = 4 min

Stop time = 5 min

Flow Rate = 0.8 mL/min

Wavelength = 220 nmn

Solvent A =0.1 % TFA in 10% methanol/90% water
Solvent B = 0.1 % TFA in 90% methanol/10% water

Oven temp. =40 °C

Condition 10e (Agilent 1200 series LC system)

Column = Xbridge phenyl, C18, 4.6X150 mm, 3.5 pm

Solvent A = Buffer: CH3CN (95:5)

Solvent B = Buffer: CH;CN (5:95)

Buffer = 0.05% TFA. in H,O (pH 2.5, adjusted with dilute ammonia)
Start %B =10

Final %B = 100
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Gradient time = 12 min
Isocratic time = 3 min

Stop time = 23 min

Flow Rate = | mL/min
Wavelength = 220 & 254 nm

Condition 10f (Agilent LC-1200 series coupled with 6140 single quad. mass
spectrometer, EST +ve mode)

Column = Zorbax SB, C18, 4.6X50 mm, 5 um
Slovent A = MeOH (10%) -+ 0.1% TFA in H;0 (90%)
Solvent B = MeOH (90%) + 0.1% TFA in H,O (10%)
Start %B =0

Final %B = 100

Gradient time = 3 min

Isocratic time = 1 min

Stop time - 5 min

Flow Rate = 5 mL/min

Wavelength = 220 nm

Condition 10g (Agilent LC-1200 series coupled with 6140 single quad. mass
spectrometer, ESI +ve mode)

Column = Ascentis Express, C-8, 2.1X5 mm, 2.7 um

Slovent A = CII;CN (2%) + 10 mM NH,COOH in H,0 (98%)
Solvent B = CH1CN (98%) + 10 mM NH4COOH in H,0 (2%)
Start %B =0

Final %B = 100

Gradient time = 1.5 min

Isocratic time = 1.7 min

Stop time =4 min

Flow Rate = 1 mL/min

Wavelength =220 nm
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Condition 10h

Column = PHENOMENEX®-Luna, C18, 4.6 X 30 mm, S10
Start %B =0

Final %B = 100

Gradient time = 3 min

Stop time = 4 min

Flow Rate = 4 mL/min

Wavelength = 220 nm

Solvent A = 0.1 % TFA in 10% methanol/90% water
Solvent B - 0.1 % TFA in 90% methanol/10% water

Condition 11

Column = PHENOMENEX®-Luna, C18, 50X2 mm, 3um

Start %B =0

Final %B =100

Gradient time = 4 min

Stop time = 5 min

Flow Rate = 0.8 mL/min

Wavelength = 220 nm

Solvent A=5% methandl/%% water : 10 mM ammonium acetate
Solvent B = 95% methanol/5% water : 10 mM ammonium acetate

Oven temperature = 40 °C

Condition 12 (Waters Acquity HPLC with Waters PDA UV-Vis detection and Waters

SQ MS-ESCI probe)

Column = Waters Acquity BEH, C18, 150 X 2.1 mm ID, 1.7 pm (at 35 °C)

Mobile phase A = 0.05% TFA in water
Mabile phase B = 0.05% TFA in acetonitrile

Solvent system: Hold 10%B: 0-1min; 10-98%B: 1-32min; Hold 98%B: 32-35 min;
08-10%B: 35-35.3 min; hold 10%B: 35.3-40 min

Flow rate = 0.35 ml/min

- 48 -

PCT/US2010/028456



o

WO 2010/117635 ~_ PCT/US2010/028456

10

15

20

UV detection = 335 nm
EXAMPLES

Example OL-1
O
H
N /\§,/© N ;‘-
IV R W \ ;\f: N
L N
/N\
Example OL-1, step a

AT

4 4'-Oxybis-(benzoic acid) dimethyl ester (1.5 g, 5.24 mmol) was added to a solution
of chloroiodomethane (3.05 mL, 41.92 mmol) in tetrahydrofuran (50 mL) and the
resulting solution was cooled to -78 °C. A 1.8M solution of LDA (29 mL, 52 mmol)
in tetrahydrofuran was added dropwise and the resulting brown suspension was
stirred at -78 °C for 15 min. A solution of glacial acetic acid in tefrahydrofuran (10
mL in 50 mL) was then added slowly and the brown mixture was stirred at -78 °C for
10 min. before allowing it to reach room temperature. The mixture was taken up in
ethyl acetate and brine (1:1, 50 mL) and the organic layer was then separated, washed
with a sat. solution of sodium bicarbonate and brine, dried (MgSQ,), filtered, and
concentrated in vacuo. The residue was submitted to flash chromatography (silica
gel; 15 % ethyl acetate/hexanes) to provide OL-1a as a pale brown solid (0.6 g). 'H
NMR (500 MHz, DMSO0-dg) 8 ppm 5.17 (s, 4 IT), 7.22 (d, J=8.85 Hz, 4 H), 8.06 (d,
J=8.85 Hz, 4 H). LC (Cond. 2): RT = 1.53 minutes, 97% homogeneity index; LCMS:
Anal, Caled. For (M-H)* C16H,,C1;05: 321.01; found: 321.30.
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Example OL-1, step b

0.

O oHel - ©
A mixture of OL-1a (0.6 g, 1.85 mmol} and sodivm diformylamide (0.42 g, 4.45
mmol) in acetonifrile (20 mL) was heated to reflux for 4 h. The solvent was the
removed under reduced pressure and the remaining residue was redissolved in a 5%
ICl solution in ethanol (30 mL) and heated to reflux temperature for 2 h. The
mixture was cooled in an ice-water bath and the resulting precipitate was filtered,
washed with ethano! and ether and dried in vacuo. The recovered pale brow solid
was used without further purification (0.66 g). "H NMR (500 MHz, DMSO-dg) § ppm
4.54 (s,4 1), 7.25 (d, 1=8.85 Hz, 4 H), 8.11 (d, J=8.55 Hz, 4 H), 8.52 (br. 5, 6 H).
LC {Cond. 1): RT = 1.24 min; LRMS: Anal. Calcd. For (M+H)" C16H7N;04 285.12;
found: 285.19.

Example OL-1, step ¢

0 ° 0
e 0
N, Moo o " n
Boc Boc

N,N-Diisopropylethylamine (1.13 mL, 6.47 mmol) was added dropwise, over 15
minutes, to a heterogeneous mixture of N-Boc-L-proline (0.8 g, 3.73 mmol), HATU
(1.48 g, 3.88 mmol), OL-1b (0.66 g, 1.85 mmol) and dimethylformamide (15 mL),
and stirred at ambient condition for 4 h. Most of the volatile components were
removed in vacuo, and the resulting residue was partitioned between ethyl acetate (30
mL) and water (20 mL). The organic layer was washed with water (20 mL) and
brine, dried (MgSO4), filtered, and concentrated in vacuo. A silica gel mesh was
prepared from the residue and submitted to flash chromatography (silica gel; 65-85 %
ethyl acetate/ hexanes) to provide OL-] ¢ as a pale brown solid (0.7 g). "H NMR (500
MHz, DMSO-d.g) 8 ppm 1.39/1.34 (rotomers, s, 18 H), 1.70 - 1.91 (m, 6 H), 2.00 -
2.25 (m, J=8.55 Hz, 2 H), 3.22 - 3.33 (m, 2 H), 3.32 - 3.47 (10, J=10.68, 10.68 Hz, 2
-50 -
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I1), 4.08 - 4.26 (m, 2 H), 4.56 (ddd, J=36.93, 18.16, 5.34 Hz, 4 H), 7.19 (d, I=8.85
Hz, 4 H), 8.06 {d, J=7.93 Hz, 4 H), 8.11 - 8.24 (m, J=5.49 Hz, 2 H). LC (Cond. 1):
RT = 2.55 min; LRMS: Anal. Caled. for (M+H)" C3sHsrNsOy 679.33; found: 679.44.

Example OL-1, step d
0
"' N=J)
' HN NH ]
Boc Boc

A mixture of OL-Ic (0.7 g, 1.025 mmol) and ammonium acetate {(0.79 g, 10 mmol) in
xylenes (5 mL) was heated in a sealed tube at 140 °C for 1.2 hours under microwavé
radiation. The volatile component was removed in vacuo, and the residue was
partitioned carefully between ethyl acetate and waler, whereby enough saturated
sodium bicarbonate solution was added so as to make the pH of the aqueous phase
slightly basic after the shaking of the biphasic system. The layers were separated, and
the aqueous layer was extracted with additional ethyl acetate. The combined organic
phase was washed with brine, dried (MgSQOy), filtered, and concentrated in vacuo.
The resulting material submitted to a flash chromatography (silica gel; 15-25%
acetone/dicﬁloromcthane) to provide OL-1d (0.13 g). "TH NMR (500 MHz, DMSO-dg)
& ppm 1.17/1.48 (rotomers, s, 18 H), 1.76 - 1.93 {m, 4 H), 1.93 - 2.06 (m, J=10.07
Hz, 2 H), 2.10 - 2.30 (m, 2 11}, 3.32 - 3.39 (i, 2 H), 3.45 - 3.62 (m, 2 H), 4.69 - 4.80
(m, 1 H), 4.83 (d, I=7.02 Hz, 1 H), 6.97 (4, J=7.93 Hz, 4 1), 7.00 - 7.22 (m, 1 H),
7.40/7.62 (rotomers, m, 2 H), 7.73 (d, I=8.55 Hz, 3 H), 11.74/11.81/12.07 (rotomers,
s, 2 ). LC (Cond. 2): RT = 1.53 minutes, 93% homogeneity index; LCMS: Anal.
Caled. for (M+H)" C3sH44NgOs: 641.34; found: 641.50.

BExample OL-1, stepe
O

vy )
H

N
y AN 4 HCI
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To a solution of OL-1d (0.13 g, 0.2 mmol) in 30 mL dichloromethane was added 1
mL of a 4.0M solution of HCl in dioxane. The reaction was stirred for 2 hours at
room temperature and concentrated under reduced pressure. The resulting residue
was redissolved in a minimum amount of methanol and the desired product was
triturated with ether, filtered and dried in vacuo. A pale tan solid (0.11g) was
recovered and used without further purification. ' NMR (500 MHz, DMSO-dg) 3
ppm 1.92 - 2.07 (m, 2 1), 2.12 - 2.25 (m, 2 H), 2.37 - 2.47 (m, 4 H), 3.30 - 3.47 (m, 4
H), 4.90 - 5.02 (m, 2 1), 7.15 (d, ]=8.55 Hz, 4 H), 7.91 (d, J=8.24 Hz, 4 H), 7.97 (s, 2
H), 9.74 (br. s, 2 H), 10.25 (br. s, 2 H). Note: the gignal of the imidazole NH was too
broad to assign a chemical shift. LC (Cond. 1): RT = 1.68 min; LRMS: Anal. Calcd.
for (M+H)" Ca6H2oN0 441.24; found: 441.30,

Example OL-1
HATU (52 mg, 0.137 mmol) was added to a2 mixture of OL-1e (35 mg, 0.06 mmol),
diisopropylethylamine (58 ul., 0.33 mmol) and Cap-1 (22 mg, 0.12 mmol) in
dimethylformamide (3 mL), and the resulting mixture was stirred at ambient for 3 h.
The volatile component was removed in vacuo, and the residue was purified by a
reverse phase HPLC system (water/methanol/TFA) to provide the TFA salt of
Example OL-1 as an off-white solid (32 mg). 'H NMR (500 MHz, DMSO-Dq) & ppm
1.82-1.93(m, 2 H), 1.94 -2.08 (m, 4 H), 2.14 - 2.24 (m, 2 H}), 2.29 - 2.40 {(m, 4 H),
2.83(s,4 H),2.97-3.07 (m, 4 H), 3.97 (, J=8.24 Hz, 2 H), 4.89 - 5.20 (m, 2 H), 5.34
-5.73 (m, 2 H), 7.00 - 7.22 (m, 6 H), 7.49 - 7.64 (m, 9 H), 7.70 - 7.89 (m, 5 H), 10,20
(brs, 2 H). LC (Cond. 1): RT = 2.48 min; LRMS: Anal. Caled. for (M+H)"
CagHs1NgO3 763.41; found: 763.56; HRMS: Anal. Caled. for (M+H)" CagHs N5Os
763.4084; found: 763.4109.
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Examples OL-2 and OL-3

A f””

Examples OL-2 and O1-3 were prepared as TFA salts by substituting the respective

R

acids for Cap-1 using the same method described for Example OL-1.

Example 0 RT (L.C-Cond.); MS data
R/kaf
Acid
OL-2 0 RT=2.92 min. LC (Cond. 2); L.CMS: Anal, Calcd. For
Ph ﬁ/lkgs (M+HY' C2HaNeOs 709.31; Found: 709.41, HRMS:
- HO Anal. Caled. for: CoH4yNgOs 709.3138; Found:
Mandelic acid | 709 3147 (M+H)*
QL-3 0 RT=3.65 min). LC (Cond. 2); LCMS: Anal. Calcd, for
P“\;/lkss (M+H)" CasFLeNgO; 823.35; Found: 823.66, HRMS:
HNYO\ Anal. Caled, for (MeHH)* CagHsNO- 823.3568; Found:
0 8233574
Cap-4

Example OL-4

TETOTR YL
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Example OL-4, step a

Methyl 3-bromobenzoate (5 g, 23.2 mmol), methyl 4-hydroxybenzoate (5.3 g, 34.87
mmol), cesium carbonate (15.12 g, 46.4 mmot), copper (I) iodide (0.44 g, 2.32 mmol}
and N,N-dimethyl hydrochloride (0.97 g, 6.96 mmol) were combined in dioxane (100
ml) in a sealed tube and the resulting mixture was heated to 90 °C for 15 h. The
solvent was removed under reduced pressure and f.he residue was taken up in ethyl
acctate/water (1:1, 200 mL). The organic layer was washed with saturated aq. sodium
carbonate, water and brine, dried (MgSOy), filtered and concentrated in vacuo. The
resulting material was purified by {lash chromatography (silica gel, 5% ethyl
acetate/hexanes) to provide OL-4a as a clear oil that solidified upon standing (5.8 g).
'H NMR (500 MHz, DMSO-dg) & ppm 3.83 (s, 6 H), 7.10 (d, J=8.55 Hz, 2 H), 7.43
(dq, 1=8.09, 2.59 Hz, 1 H), 7.56 (s, 1 H), 7.61 (t, J=7.93 Hz, 1 M), 7.81 (d, J=7.63 Hz,
1 H), 7.98 (d, J=8.55 Hz, 2 H). LC (Cond. 2): RT = 1.53 minutes; LCMS: Anal. |
Caled. for (M+1)"CsH;505: 287.01; found: 287.23.

Example OL-4, step b

Cl E/Q/O@)\/Cl

OL-4b was prepared from OL-4a, according to the same procedure used for the
preparation of OL-1a, 'H NMR (500 MHz, DMSO-ds) 8 ppm 5.14 (s, 2 H), 5.20 (5, 2
H), 7.13 (d, J=8.85 Hz, 2 11), 7.43 - 7.49 (m, 1 H), 7.64 (1, 1=8.09 Hz, 1 H), 7.66 -
7.68 (m, 1 H), 7.85 (d, 1=7.93 Hz, 1 H), 8.02 (d, ]=8.85 Iz, 2 H). LC (Cond. 1}: RT
=1.51 min; LRMS: Anal. Caled. for (M+H)" C sH3Cl1,0; 323.02; found: 323.07.

.54 -
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Example OL-4, step ¢
O

o\©/u\/rsu—|2
0 2 HCl

OL-4¢ was prepared from Example OL-4b, according to the same procedure used for

the preparation of Example OL-1b, 'H NMR (500 MHz, DMSO-dg) § ppm. 4.52 (s,

2 H), 4.56 (s, 2 H), 7.16 (d, J=8.85 Iz, 2 I1), 7.51 (dd, J=8.24, 2.44 Hz, 1 H), 7.68 (1,

J=1.93 Hz, 1 H), 7.71 - 7.75 (mm, 1 H), 7.91 (d, J=7.63 Hz, 1 H), 8.07 (d, J=8.85 Hz, 2
H), 8.60 (s, 6 H), L.C (Cond. 2): Anal. Caled. for CygH2N,03 (M-+H)" 285.12; found:
285.15.

Example Ol-4d

o Bbc\N
o O\QJVHW(O
O/H\H .0
N, O
Boc

Example OL-4d was prepared from Example OL-4c, according to the same procedure
used for the preparation of Example OL-1c. 'H NMR (500 MHz, DMSO-d¢) 6 ppm
1.38/1.33 (rotomers, s, 18 H), 1.69 - 1.91 (m, 6 H), 1.95 - 2.19 (m, 2 H), 3.20 - 3.3]
(m, 2 H), 3.32 - 3.47 (m, 2 H), 4.08 - 4.23 (m, 2 H), 443 - 4.68 (m, 4 H), 7.10 (d,
J=8.55 Hz, 2 H), 7.42 (d4, 1=8.09, 1.98 Hz, 1 H), 7.57 - 7.70 (m, 2 H), 7.86 (d,
J=7.02 Hz, 1 H), 8.03 (d, J=7.93 Hz, 2 H), 8.08 - 8.24 (m, 2 H}. LC (Cond. 1): RT=
2.53 min; LRMS: Anal. Calcd. for C3gH4N4Qo (M+H)" 679.33; found: 679.42.

-55.
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Example OL-4e

Boc

Example OL-4e was prepared from Example OL-4d, according to the same procedure
used for the preparation of Example OL-1d. "H NMR (500 MHz, DMSO-ds) § ppm
1.14/1.17 /1.38/1.40(rotomers, s, 18 H), 1.71 - 2.06 (m, 6 1), 2.09 - 2.28 (m, J=25.79,
13.89 Hz, 2 H), 3.31 - 3.40 (im, 2 H), 3.51 (s, 2 H), 4.65 - 4.89 {m, 2 H), 6.80 (t,
J=8.39 Hz, 1 H), 6.91 - 7.10 (m, 2 H), 7.28 - 7.55 (m, 5 H),.7.58 - 7.80 {m, 2 H),
11.66 - 12.21 (m, 2 H). LC (Cond. 1): RT =2.98 min; LRMS: Anal. Calcd. for
C36H4sN0s (M+H)* 641.34; found: 641.39.

Example OL-41
s3]

4 HCI

Example OL-4f was prepared from Example OL-4e, according to the same procedure
used for the preparation of Example OL-le. "H NMR.(500 MHz, DMSO-dg) § ppm
1.94 - 2.06 (m, 2 H), 2.09 - 2.23 (m, 2 H), 2.28 - 2.38 (m, 1 H), 2.37- 2.47 (m, 3 1),
3.27 - 3.50 (m, 4 H), 4.90 (br. s, 1 H), 4.99 (br. 5, 1 H), 7.00 (d, J=7.93 Hz, 1 H), 7.13
(d, J=8.55 Hz, 2 H), 7.49 (t, J=7.93 Hz, 1 H), 7.62 (s, 1 H), 7.69 (d, ]=7.63 Hz, 1 H),
7.92 (d, J=8.55 Hz, 2 H), 7.99 (s, 2 H), 9.58 (br. 5, 1 H), 9.84 (br. 5, 1 H}, 10.25 (br.
d, J=22.28 Hz, 2 H). Note: the signal of the imidazole NI was too broad to assign a

chemical shift. LC (Cond. 1): RT = 1.72 min; LRMS: Anal. Caled. for CygHz9NgO
(M+H)" 441.24; found: 441.29.
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Example OI.-4
Example OL-4 was prepared from Example OL-4f according to the same procedure

used for the preparation of Example OL-1. 'H NMR (500 MHz, DMSO-ds) 5 ppm

1.83 - 1.92 (m, 4 H), 1.95 - 2.09 (m, 8 H), 2.11 - 2.23 (m, 4 H), 2.75 - 2.88 (m, 2 H),

2.92 (5,1 H),2.96 - 3.12 (m, 2 H), 3.97 (t, J=8.39 Hz, 2 H), 5.14 (dd, I1=17.70, 7.02
Hz, 2 H), 5.41 (s, 2 H), 6.91 - 7.11 (m, J=49.75 Hz, 2 H), 7.14 (4, J=7.93 Hz, 2 H),
7.44 - 7.68 (m, 12 H), 7.79 (d, J=8.54 Hz, 2 H), 7.84 - 8.02 (m, J=9.16 Hz, 2 H),
10.21 (s, 1 H). Note: the signal of the imidazole NH was too broad to assign a

chemical shift. LC (Cond. 1): RT = 1.78 min; LRMS: Anal. Calcd. for C4gHs;NgO5

(M+H)" 763.41; found: 763.56. HRMS: Anal. Caled. for CagHsiNgO3 (M+H)"
763.4084; found: 763.4067.

Examples OL-5 and OL-6

N
N
0 ’ ﬁhmj
o=

R

N =
9 N-NH
S
L/

Examples O1.-5 to OL-6 were prepared as TFA salfs by substituting the respective

acids for Cap-1 according to the same method described for Example OL-4.

PCT/US2410/028456

Example 0 RT (LC-Cond.); MS data
R/LSS '
Acid
OL-5 0 RT=1.78 min. LC (Cond. 2); LCMS: Anal. Calcd. for:

o \_/u\g CaoHyiNeOs (M+H)" 709.31; Found: 709,42, HRMS:

Mandelic acid 709.3130

Anal. Caled. for: CagHyaNgOs (M+H)* 709.3138; Found:

-57 -
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Example 0 RT (LC-Cond.); MS data
R’lkyf
Acid
OL-6 0 RT=1.96 min. LC (Cond. 2); LCMS: Anal. Calcd. for:

il \./U\Ss CasH4sNgO7 (M+H)" 823.36; Found: 823.51, HRMS:

YO\ Anal. Caled. for: CagHs7NsO7 (M+H)* 823.3568; Found:
0 823.3588

Example OL-7

s,
N

O N g
\ \)Q—@O 'Jj\/\’l\p
5 Example OL-7a

HQ
Oy
I8,
OH

To a solution of 4-(chloromethyl)benzoic acid (8.53 g, 50 mmol) and sodium

hydroxide '(] 0 g, 0.25 mot) in water (40 mL) was added a solution of 4-

hydroxybenzoic acid (6.9 g, 50 mmol) and sodium hydroxide (6 g, 0.15 mol) in water
10 (50 mL). The resulting mixture was heated to reflux temperature for 15 h and, after

cooling to room temperature, it was filtered and acidified with a solution of sulfuric

acid in water (1:1, 200 mL). The resulting precipitate was filtered off, washed with

water and dried in vacuo. The off-white solid (9.3 g) was used without further

purification. 'H NMR (500 MHz, DMSO-de) & ppm 5.27 (s, 1 H), 7.10 (d, J=8.85
15 Hz, 2 H), 7.56 (d, J=8.24 Hz, 2 H), 7.89 (d, J=8.85 Hz, 2 H), 7.96 (d, J=8.24 Hz, 2

H), 12.36 (br. 5, 2 H). LC (Cond. 2), Note: The molecule did not ionize well in the

L.C/MS system and therefore an exact mass was not obtained.
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(Diazomethyl)trimethylsilane (15 mL, 30 mmol, 2 M in hexanes) was added dropwise
to a suspension of Example OL-7a (2.04 g, 7.5 mmol) in methanol (30 mL) at 5 °C
(ice-water bath). When the addition was complete, the cooling bath was removed and
the mixture was stirred at ambient overnight. The solvent was removed under
reduced pressure and the remaining residue was faken up in ethyl acetate, washed
with water, sodium bicarbonate and brine, dried (MgSOy), filtered and concentrated
in vacuo. The resulting material was purified by flash chromatography (silica gel,
10% ethyl acetate!\hexanes) to provide Example OL-7b as white solid (1.5 g). 'H
NMR (500 MHz, DMSO-dg) 8 ppm 3.80 (s, 3 H), 3.85 (s, 3 ), 5.29 (s, 2 H), 7.13 (4,
J=8.85 Hz, 2 H), 7.59 (d, J=8.24 }z, 2 ), 7.91 (d, J=9.16 Hz, 2 H), 7.98 (4, J=8.24
Hz, 2 H). LC (Cond. 1): RT = 2.56 min; LRMS: Anal. Calcd. for Cy7HsOs (M+H)"
301.11; found: 301.22.

Example OL-7c

FO o

C!
Example db7c was prepared from Example OL-7b, according to the same procedure
used for the preparation of Example OL-1a. "1 NMR (500 MHz, DMSO-dg) § ppm
5.09 (s, 2 1), 5.18 (s, 2 H), 5.34 (s, 2 H}), 7.15 (d, J=8.85 Hz, 2 H), 7.62 (d, J=8.55
Hz, 2 H), 7.95 (d, J=9.16 Hz, 2 H), 8.00 (d, J=8.55 Hz, 2 H). LC (Cond. 1): RT =
2.36 min; LRMS: Anal, Caled, for Cy7H;sCh0s (M+H)" 337.04 found: 337.09.

_50 -
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Example OL-7d

C}f@‘t@_{’

HoN
Example OL-7d was prepared from Example OL-7¢, according to the same procedure
used for the preparation of Example OL-1b, ' NMR (500 MHz, DMSO-ds) 8 ppm
4,49 (s, 2 H), 4.57 (s, 2 1), 5.38 (s, 2 H), 7.19 (d, J=8.85 Hz, 2 H), 7.66 (d, ]=8.24
Hz, 2 H), 8.00 (d, J=6.85 Hz, 2 H), 8.05 (d, J=8.24 Hz, 2 H), 8.45 (5, 6 ). LC
(Cond. 1): RT = 1,26 min; LRMS: Anal. Caled. for 71 ,oN1,0; (M+H)* 269.14
found: 299.19.

Example OL-7¢

"Bog

Example OL-7e was prepared from Example OL-7d, according to the same procedure
used for the preparation of Bxample OL-lc. 'H NMR (500 MHz, DMSO-dg) § ppm
1.30 - 1.47 (m, 18 H), 1.65 - 1.89 (m, 6 H), 2.01 - 2.20 (m, 2 H), 3.24 - 3.34 (m, 2 H),
3.34 -3.43 (m, 2 H), 4.09 - 4,25 (;n, 2 1), 4.44 - 4.68 (m, 4 H), 5.33 (s, 2 H), 7.13 (d,
J=8.85 Hz, 2 H), 7.60 {d, J=8.24 Hz, 2 H), 7.99 (dd, ]=20.29, 8.09 Hz, 4 ), 8.04 -
8.22 (m, J=31.74 Hz, 2 11). LC (Cond. 2): RT = 1.53 minutes, 97% homogeneity
index; LCMS: Anal. Caled. for Cs3HapN4Og (M+1) 693.35; found: 693.32.
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Example OL-7f

%,N 7\ -/>
AN A= 0~ }—({\L\‘(\NB
NH B0C

Example OL-7f was prepared from Example OL-7e, according to the same procedure

used for the preparation of Example OL-1d. '"H NMR (500 MHz, DMSO-dg) 3 ppm
5 1.06-1.52(m, 18 H), 1.69 - 2.08 (m, 6 H), 2.08 - 2,30 (m, 2 H), 3.33 - 3.43 (m, 2 H),
3.52(s,2 1), 4.75 (s, 1 H), 4.83 (5, 1 H), 5.06 (s, 2 H), 6.92 - 7.10 (n, J=7.63 Hz, 2
H), 7.20 - 7.33 (m, 1 H), 7.40 (d, J=7.63 Hz, 2 H), 7.46 (d, J=8.55 Hz, 1 H), 7.64 (4,
J=7.63 Hz, 2 H), 7.75 (4, I=7.93 1z, 2 H), 11.47- 12,18 (m, 2 H), LC(Cond. 1): RT
=2.94 min; LRMS: Anal. Caled. for C37H47NgQ3 (M+H)" 655,36 found: 655.39.
10 |

Example OI-7g

(Hx"“ 7
s O
O H

Example OL-7g was prepared from Example OL-7fe, according to the same

procedure used for the preparation of Example OL-le. "H NMR (500 MHz, DMSO-
15 de) & ppm 1.93 - 2.07 (m, 2 H), 2.13 - 2.26 (m, 2 H), 2.40 - 2.48 (m, 3 1), 3.31 - 3.52

(m, 5 H), 4.91 - 5.09 (m, 2 ), 5.21 (s, 2 H), 7.17 (d, J=8.85 Hz, 2 H), 7.57 (d, ]=8.24

Hz, 2 H), 7.87 (d, J=8.85 Hz, 2 H), 7.93 (d, ]=8.24 Hz, 2 1), 8.03 (d, J=16.79 Hz, 2

H), 9.78 (s, 1 H), 9.95 (s, 1 H), 10,31 (5, 2 H). Note: the signal of the imidazole NH

was too broad fo assign a chemical shift. LC (Cond. 2): RT = 0.62 minutes; LCMS:
20 Anal. Calcd. for Cy7Ha NGO (M+1)" 455.26; found: 455.34,

Example OL-7
Example OL-7 was prepared from Example OL-7g according to the same procedure
used for the preparation of Example OL-1. 'H NMR (500 MHz, DMSO-ds) 8 ppm
25  1.90(d, I=2.44 Hz, 2 1), 2.04 (d, J=3.66 Hz, 4 H), 2.21 (s, 2 H), 2.36 (d, J=1.83 Hz,

2 H),2.42-2.46(m, 4 ), 2.83 (br. 5, 4 I1), 2.99 - 3.11 (m, 2 H), 3.98 (d, J=7.02 Hz,
- 61 -
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2H), 5.18 (s, 4 H), 5.42 (d, I=8.55 Hz, 2 H), 7.08 - 7.28 (m, 3 H), 7.50 - 7.67 (m, 11
H), 7.73 (d, J=7.32 Hz, 2 1), 7.80 (d, J=7.93 Hz, 2 H), 7.85 - 7.98 (m, J=10.38 Hz, |

H). Note: the signal of the imidazole NH was too broad to assign a chemical shift.

LC (Cond. 3): RT =2.94 min; LRMS: Anal. Calcd. for C47Hs5,NgO; (M+H)" 777.42

5 found: 777.51; HRMS: Anal. Calcd. for Ca7Hs3NgO3 (IVH-H)+ 777.4241 found:

777.4265.

10 Example OL-8 was prepared as TFA salt by substituting the respective acid for Cap-1

Example OL-8

S S YA TNy P

according to the same method described for Example OL-7.

Example 0 RT (LC-Cond.); MS data
R/u\sS
Acid
OL-8 0 RT =370 min. LC (Cond. 4); LCMS: Anal. Calcd. for

P“\./u\ss CarHasNsO7 (M+H)* 837.37; Found: 837.54. HRMS:

I
=z
Q

15

\n/ . | Anal. Calcd. for: C4sHisNgO7 (M+H)" 837.3724; Found:
0 837.3715
Cap-4
Example OL-9

J\

-62 -
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Example OL-9a

_ZO_

Palladium on carbon (10%, 300 mg) was added to a solution of dimethy] 4,4'-(ethene-
1,2-diyl)dibenzoate (2g, 6.76 mmol) in methano! (100 mmL). The suspension was

5 purged with N, placed under 1 atm of H; (balloon) and stirred at ambient overnight.

The mixture was then filtered through a plug of diatomaceous earth (CELITB®)a11d
the solvent was concentrated under reduced pressure. A white solid was recovered
(1.42 g) and used without further purification. "H NMR (500 MHz, CDCl;) § ppm
2.98 (s, 4 H), 3.90 (s, 6 H), 7.18 (d, I=7.32 Hz, 4 H), 7.93 (d, 1=7.32 Hz, 4 H). LC

10 (Cond. I): RT =2.65 min; LRMS: Anal. Calcd, for CigH;604 (M+H)* 299.13 found:
299.21.

Example OL-9b

15 Example OL-9b was prepared from Example OL-9a, according to the same procedure
used for the preparation of Example OL-1a. 'H NMR (500 MHz, CDCl3) § ppm 3.02
(s, 4 H), 4.67 (s, 4 H), 7.25 (d, J=8.24 Hz, 4 H), 7.86 (d, J=8.24 Hz, 4 H). LC (Cond.
2): RT = 0.62 min; LCMS: Anal. Caled. for CgH7Cl,0, (M+1)" 335.06; found:

335.12,
20
Example OL-9¢
H,N '
O P
: W
NH;
2 HCI

Example OL-9¢ was prepared from Example OL-9b, according to the same procedure
used for the preparation of Example OL-1b. 'H NMR (500 MHz, DMSO-d¢) 8 ppm

-63 -
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3.03 (s, 4 H), 4.51 (s, 4 H), 7.43 (d, J=8.55 Hz, 4 1), 7.92 (d, J=8.24 Hz, 4 H), 8.50
(s, 6 ). LC (Cond. 3): RT = 1.90 min; LRMS: Anal. Calcd. for C;3H; N30,
(M+H)*297.16 found: 297.24, |

Example OL-9d

Boc.,

N ,
0
PP
CKLkN ’
N 1o
Boc

Example OL-9d was prepared from Example OL-9¢, according to the same procedure
used for the preparation of Example OL-lc. 'H NMR (500 MHz, CDCl3) & ppm 1.38
- 1.56 {m, 18 H), 1.83 - 2.00 (m, 4 ), 2.08 - 2.38 (m, 4 H), 3.01 (s, 4 H), 3.32 - 3.65
{n, 4 H), 4.28 (br. s, 1 H), 4.39 (br. 5, 1 H), 4.63 - 4.71 (m, 2 H), 4.72 - 4.84 (m,
J=4.58 Hz, 2 H), 7.01 (s, | H), 7.18 - 7.33 (m, 4 H), 7.47 (s, 1 H), 7.87 (d, ]=7.93 Hz,
4 H). LC (Cond. 1): RT =2.56 min; LRMS: Anal. Calcd. for C3sHsNsOg (M+H)"
691.37, Tound: 691.48.

Example OL-%¢

QFN />
Bo¢ / Q NN

BExample Ol.-9¢ was prepared from Example OL-9d, according to the same procedure
used for the preparation of Example OL-1d. '"HNMR (500 MHz, DMSO-de) & ppm
1.15/1.3%(rotomers, s, 18 H), 1.75 - 1.92 (m, 3 H), 1.96 (s, 3 H), 2.09 - 2.27 (m,
J=32.04 Hz, 2 H), 2.81 - 2.90 (m, 4 1), 3.31 - 3.40 (m, 2 1), 3.52 (s, 2 H), 4.66 - 4.88
(m, J=35.40 Hzl, 2H),7.14(d, J=7.02 Hz, 4 H), 7.21 (s, 1 H), 7.31 - 7.41 (m, 1 H),
7.51 (d, J=6.41 Hz, 1 H), 7.61 (d, J=7.93 Hz, 3 H), 11.62 - 12.08 (m, 2 H). L.C
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(Cond. 1): RT = 2,20 min; LRMS: Anal. Caled. for C33H4NsO4 (M+H)" 653.38,
found: 653.47.

Example OL-9f

NH

Example OL-91 was prepared from Example OL-%e, according to the same procedure
used for the preparation of Example OL-le. "M NMR (500 MHz, DMSO-d;) & ppm
1.92 - 2.05 (m, 2 H), 2.11 - 2.25 (m, 2 H), 2.40 - 2.47 (m, 4 H), 2.89 - 3.03 (m, 4 ),
3.32-3.39 (m, 2 H), 3.40 - 3.49 (m, 2 1), 5.02 (t, J=7.78 Hz, 2 H), 7.32 (d, I=8.24
Hz, 4 H), 7.80 (d, J=8.24 Hz, 4 H), 9.91 (s, 2 H), 10.32 (s, 2 H). Note: the signal of
the imidazole NH was too broad to assign a chemical shift.. LC (Cond. 5): RT =2.52
min; LRMS: Anal. Calcd. for CogH33Ng (M+H)+ 453,28, found: 453.31.

Example OL-9
Example OL-9 was prepared from Example OL-9f, according to the same procedure
used for the preparation of Example OL-1. "H NMR (500 MHz, DMSO-ds) § ppm
1.82 - 1.95 (m, 2 H), 1.97 - 2.10 (m, 4 H), 2.15 - 2.27 (m, J=4.58 Hz, 2 H), 2.28 -
245 (m,4 H), 2.72 - 2.88 (in, 4 H), 2.94 (5, 5 H), 2.98 - 3.07 (m, 2 H), 3.97 (t, ]=9.77
Hz, 2 H), 5.17 (d, J=6.10 Hz, 2 H), 5.41 (s, 2 H), 7.12 (s, 1 H), 7.38 (d, I=7.32 Hz, 4
H), 7.51 - 7.62 (m, 9 H), 7.69 (d, I=7.93 Hz, 4 H), 7.93 (s, 2 H). Note: the signal of
the imidazole NH was too broad to assign a chemical shift. LC (Cond. 5): RT =2.87
min; LRMS: Anal. Caled. for C4gHssNgO, (M+H)" 775.44 found: 775.51; HRMS:
Anal. Caled. for CagHssNgQy (M+H)" 775.4448 found: 775.4454,

Examples OL-10 to OL-13
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Examples OL-10 to OL-13 were prepared as TFA salts by substituting the respective

acids for Cap-1 according to the same method described for Example OL-S.

Example

0 RT (LC-Cond.); MS data
ka
Acid _
OL-10 0 RT=2.64 min. LC (Cond. 4); LCMS: Anal. Calcd. for:
P“\;/[kg CasHisNoOs (M#H)" 721.35; Found: 721,42, HRMS:
HO Anal. Caled. for CasHasNeOs (MHED)* 721.3502; Found:
Mandelic acid | 791 3518
OL-11 0 RT=2.88 min. LC (Cond. 4); LCMS: Anal. Calcd. for:
o \;)J\Ss CasHsiNOg (M+H)* 835.39; Found: 835.49, HRMS:
HNW/O\ Anal. Caled. for: CqgHsoNgOg (M-+H)Y' 835.3932; Found:
o $35.3939
Cap-4
OL-12 O RT=4.20 min. LC (Cond. 4); LCMS: Anal. Calcd. for:
PR N | CooHsiN1g04s (MHH)' 861.45; Found: 861,50, HRMS:
Hﬂ\fo Anal, Caled, for: CsgHsN1oO (M+H)*861.4564;
r““ Found: 861.4562
Cap-46
OL-13 0 RT=5.11 min. LC (Cond. 4); LCMS: Anal. Calcd. for:
"“\;/U‘,fi Cs6HeaN 1004 (MHH)* 941.52; Found: 941.71, HRMS:
HN \fo Anal. Caled. for: CsgHgsN 1404 (M+H)" 941.5190;
O/”H Found; 941.5162
Cap-48
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Example OL-14

& f '\i
o o

Example OL-14a

0 0
@)
5

Triethyl silane (5.84 mL, 36.55 mumol) was added dropwisc; to a solution of methyl 4-
formylbenzoate (5 g, 30.46 mmol) and bismuth tribromide (0.273 g, 0.61 mmol) in
acetonitrile (75 mL) and the opaque solution was stirred at ambient for 15 min.
Volatiles were removed under reduced pressure and the remaining residue was taken

10 upin ethyl acetate. The organic layer was then washed with water and brine, dried
(MgSOy), filtered and concentrated in vacuo. The recovered solid waé then submitted
to flash chromatography (silica gel; 10-20% ethyl acetate/hexanes) to provide OL-14a
(3.05 g). "HNMR (500 MHz, CDCl3) 3 ppm 3.84 (s, 6 ), 4.65 (s, 4 H), 7.51 (d,
J=8.24 Hz, 4 H), 7.95 (d, ]=8.24 1z, 4 I1). 1.C (Cond. 2): RT = }.68 min; LCMS:

15 Anal. Caled. for C1gH 905 (M+H)" 315.12; found: 315.26.

Example OL-14b

Example OL-14b was prepared from Example OL-14a, according to the same

20  procedure used for the preparation of Examyple OL-1a. 'H NMR (500 MHz, DMSO-
de) 6 ppm 4.67 (5, 4 H), 5.19 (s, 4 1), 7.55 (d, J=8.24 Hz, 4 H), 7.98 (d, J=8.24 Hz, 4
H). LC (Cond. 5): RT =3.85 min; LRMS: Anal. Caled. for C1sH17Ch0O5 (M+H)*
351.05, found: 351.06.
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Example OL-14c

HO O
NHnOmH2

2 HCI

Example OL-14c was prepared from Exampie OL-14b, according to the same
procedure used for the preparation of Example OL-1b. TH NMR (500 MHz, DMSO-
de) & ppm 4.55 (s, 4 H), 4.69 (s, 4 1), 7.57 (4, J=8.24 Hz, 4 H), 8.02 (d, J=8.55 Hz, 4
H), 8.53 (s, 6 H). LC (Cond. 1}: RT =1.29 min; LRMS: Anal. Caled. for

C1sH2 N2 (M+H)Y 313,15, found: 313.21.

Example OL-14d

A2 08 <Wsag g

Example OL-14d was prepared from Example OL-14c, according to the same
procedure used for the preparation of Example OL-1c. 'H NMR (500 MHz, DMSO-
de) & ppm 1.34/1.40 (rotomers, s, 18 ), 1.70 - 1.92 (m, 6 H), 1.99 - 2.20 (m, 2 H),
3.24 -3.33 (m, 2 H), 3.35 - 3.44 (m, 2 1), 4.11 - 4.25 (m, 2 H), 4.50 - 4.65 (m, 4 H),

4.66 (s, 4 H), 7.53 (d, J=8.24 Hz, 4 1), 7.99 (d, ]=7.93 Hz, 4 H), 8.0 - 8.23 (m, 2 H).

LC (Cond. l)f RT = 2.49 min; LRMS: Anal. Caled. for C3sHs N,Oo (M+H)" 707.36
found: 707.50.

Example OL-14e

T o

Example OL-14e was prepared from Example OL-14d, according to the same
procedure used for the preparation of Example OL-1d. "H NMR (500 MHz, DMSO-
dg) 8 ppm 1.14/ 1.39 (rotomers, s, 18 H), 1.76 - 2.06 (m, 6 H), 2.08 - 2.30 (m, 2 H),

3,31 - 3.41 (m, 2 H), 3.52 (s, 2 H), 4.49 (s, 4 H), 4.70 - 4.78 (m, 1 H), 4.79 - 4,90 (m,
- 68 -
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1 H), 7.29/7.35 (rotomers, d, J=7.93 Hz, 4 H), 7.40 - 7.54 (m, 2 H), 7.71/761
(rotomers, d, J=7.93 Hz, 4 H), 11.72 - 12.19 (m, 2 ). LC (Cond. 1): RT =2.14 min;
LRMS: Anal. Caled. for C3gHeoNgOs (M+1) 669.38, found: 669.53,

Example OL-14f

HN NH
O

Example OL-14f was prepared from Example OL-14e, according to the same
procedure used for the preparation of Example OL-1e. 'H NMR (500 MHz, DMSO-
de) 6 ppm 1.94 - 2.06 (m, 2 H), 2.11 - 2.25 (m, 2 H), 2.38 - 2.48 (m, 4 H), 3.32 - 3.50
(m, 4 H), 4.60 (s, 4 1), 4.92 - 5.06 (m, 2 1), 7.48 (d, J=7.93 Hz, 4 H), 7.89 (d, J=7.93
Hz, 4 H), 8.04 (s, 2 H), 9.78 (s, 2 H), 10.28 (8, 2 H). Note: the signal of the imidazole
NH was too broad to assign a chemical shift. LC (Cond. 1): RT =1.69 min; LRMS:;
Anal. Caled. for CogH33NsO (M+H)" 469.27 found: 469.34.

Example OL-14 '
Example OL-14 was prepared from Example OL-14f, according to the same
procedure used for the preparation of Example OL-1. "H NMR (500 MHz, DMSO-
dg) 6 ppm 1.82 - 2.11 (m, 6 H), 2.18 (d, J=6.10 Hz, 2 H), 2.31 - 2.47 (m, 4 1), 2.98 -
3.10 (m, 2 H), 3.92 - 4.07 (m, 2 H), 4.59 (s, 4 H), 5.10 - 5.22 (m, 2 H), 5.42 (5, 2 H),
7.07-7.13 {m, 2 H), 7.40 - 7.51 (m, 4 H), 7.54 - 7.67 (m, 10 H), 7.75 (d, J=7.32 Hz,
4 H). Note: the signal of the imidazole NH was too broad to assign a chemical shift.
The signals for the Me groups of the cap fell underneath the sotvent peak. LC (Cond.
4): RT = 1.83 min; LRMS: Anal. Calcd. for CagHssNgO3 (M+H)" 791.44; found:
791.60. HRMS: Anal. Caled, for CagHssNgOy (M+H)™ 791.4397; found: 791.4406.
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Examples OL-15 to OL-19

a N o
E&acWognt
R>Q © > i OZ(R

Examples OL-15 to OL-19 were prepared as TFA salts by snbstituting the respective

acids for Cap-1 according to the same method described for Example OL-14.

Example o] RT (LC-Cond.); MS data
R/LKSS
Acid
OL-15 0 RT=2.86 min. LC (Cond. 4); LCMS: Anal. Caled. for:
P \;)l\ys CasHasNGOs (MHH)" 737.34; Found: 737.38, HRMS:
HO Anal. Caled, for: CagHesNgOs (M) 737.3451; Found:
Mandelic acid | 737 3452 '
OL-16 o RT=3.45 min. LC (Cond. 4); LCMS: Anal. Calcd. for:
Ph\;)J\Ss CagHsNgO7 (M+H)* 851.39; Found: 851.40, HRMS:
HNYO\ Anal. Caled. for: C4gl15:NgO7 (M+H)" 851.3881; Found:
o 851.3910
Cap-4
OL-17 0 RT=1.16 min, I.C (Cond. 2); LCMS: Anal. Calcd. for:
Ph\;/u*ﬁ CagHsaN 05 (M+ED)" 849.42; Found: 849.61, HRMS:
Hﬂ\(o Anal. Caled. for: CagHs:N1oOs (M+H)' 849.4200; Found:
ANH 849 4182
Cap-45a
OL-18 0 RT=1.24 min, LC (Cond. 2); LCMS: Anal. Calcd. for:
P"\;)L,i CsoHseN1oOs (M+H) 877.45; Found: 877.70, HRMS:
H“\(O Anal. Calod. for: CsgHsN16Os (M+HD)* 877.4513; Found:
rNH 877.4506
Cap-46
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Example o] RT (LC-Cond.); MS data
R’“\SS
Acid
OL-19 RT=1.43 min. LC (Cond. 2); LCMS: Anal. Caled. for:

10

0
*’"\.)Lﬁ CseHesN 1005 (M+H)" 957.51; Found: 957.84. HRMS:
Anal. Caled. for: CsstesN1oOs (M+H)* 957.5139; Found:

Of“” 057.5142

Cap-48

NN 5 e

Example OL-20
/

l

~

N—
/

prid

Example OL-20a

O .
O O
O

Sodium hydride (0.76 g, 18.95 mmol, 60% wt) was slowly added to a solution of

methyl 4-(hydroxymethyl)benzoate (3 g, 18.05 mmol) in dimethylformamide (25

mL). The resulting dark blue solution was stirred at ambient for 15 min and methyl

3-(bromomethyl)benzoate (3.76g, 16.41 mmol) was added in one portion. The

resulting yellow solution was stirred at ambient for 1 h and then the volatiles were

removed under reduced pressure, The residue was taken up in ethyl acetate and

washed with water and brine, dried (MgSQ,), filtered and concentrated in vacuo. The

residue was submitted to flash chromatography (silica gel; 20 % ethyl
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acetate/hexanes) to provide Example OL-20a as a clear oil that solidified upon
standing (2.49 g). "H NMR (300 MHz, CDCL) 8 ppm 3.91 (d, J=1.83 Hz, 6 H), 4.61
(d, J=2.56 Hz, 4 H), 7.39 - 7.49 (m, 3 H), 7.54 - 7.61 (m, 1 H), 7.93 - 8.00 (m, 1 H),
7.99 - 8.07 (m, 3 H). LC (Cond. 1): RT =2.56 min; LRMS: Anal. Calcd. for

C1gH 1905 (M+H)" 315.12 found: 315,22,

Example OL-20b
0]

Example OL-20b was prepared from Example OL-20a, according to the same

Cl
)

procedure used for the preparation of Example OL-1a. 'H NMR (500 MHz, CDCls)
S ppm 4.65 (d, J=4.58 Hz, 4 H), 4.69 (d, 1=3.36 Hz, 4 H), 7.47 - 7.54 (m, J=7.63,
7.63 Hz, 3 H),7.62 (d, J=7.63 Hz, 1 1), 7.89 (d, J=7.93 Hz, 1 H), 7.93 - 8,00 (m, 3
H). LC (Cond. 1): RT =2.34 min; LRMS: Anal, Caled. for CgH,7C1L,0; (M+H)"
351.05 found: 351.12.

Example OL-20c
o :
HoN
0
NH,
2 HCl ©

Example OL~20c was prepared from Example OL-20b, according to the same
procedure used for the preparation of Example OL-1b. 'H NMR (300 MHz, DMSO-
de) 8 ppm 4.57 (4, J=2.93 Hz, 4 H), 4.68 (d, J=5.85 Hz, 4 H), 7.52 - 7.67 (m, J=8.60,
8.60 Hz, 3 H), 7.73 (d, }=7.68 Hz, 1 H), 7.90 - 8.10 (mn, 4 H), 8.53 (5, 6 H). LC
(Cond, 1): RT =1.32 min; LRMS: Anal. Calcd. for C;gH3N,04 (M+H)+ 313.15
found: 313.24.
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Example OL-20d

H O
5\] \)m/ @] I?oc
Boc 0 O
O

Example OL-20d was prepared from Example OL-20c, according to the same
procedure used for the preparation of Example OL-1c. "H NMR (500 MHz, DMSO-
ds) 8 ppm 1.39/1.34 (rotomers, s, 18 H), 1.69 - 1.95 (m, 6 H), 2.00 - 2.18 (m, J=23.80
Hz, 2 H), 3.23 - 3.33 (i, 2 H), 3.34 - 3.43 (m, 2 H), 4.11 - 4.23 (m, 2 H), 4.50 - 4.63
{m, 4 ), 4.65 (d, I=6.71 Hz, 4 H), 7.48 - 7.56 (m, 3 H), 7.66 (d, I=7.63 Hz, 1 H),
7.89 - 8.02 (m, 4 H), 8.06 - 8.25 (m, 2 H). LC (Cond. 1}; RT =2.53 min; LRMS:
Anal, Caled. for C3gHsN4Oy (M+H)" 707.36 found: 707.44.

Example CL-20e

?OC H
N N
By
= N

0 N

=]
N N
H Boé'

Example OL-20e was prepared from Example OL-20d, according to the same
procedure used for the preparation of Example OL-1d. '"H NMR (500 MHz, DMSO-
dg) & ppm 1.14/1.39 (rotomers, s, 18 H), 1.76 - 2.07 (m, 6 H), 2.08 - 2.29 (m, 2 H),
3.31-3.40 (m, 2 H), 3.52 (br. s, 2 1), 4.44 - 4.59 (m, J=8.55 Hz, 4 H), 4.75 (br. 5, 1
133, 4.83 (br. 5, 1 H), 7.08 - 7.23 (m, 2 H), 7.30 (d, }=7.63 Hz, 2 H), 7.34 - 7.50 (m, 2
H), 7.53-7.67(m, 1 H), 7.68 - 7.79 (m, 3 H), 11.70 - 12,22 (m, 2 H). LC (Cond. 1):
RT =2.19 min; LRMS: Anal. Calcd. for CigHsgNgOs (}'\/IH*I)+ 669.39, found: 669.40.
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Example OL-20{

Mool
' O\vf[::I\I:N R
| ﬁhﬁ\/'

Example OL-20f was prepared from Example OL-20e, according to the same
procedure used for the preparation of Example OL-1e. "TH NMR (500 MHz, DMSO-
D6) & ppm 1.94 - 2.08 (im, 2 H), 2.12 - 2.24 (m, 2 H), 2.39 - 2.48 (m, J=5.19 Hz, 4
H), 3.27 - 3.49 (m, 4 ), 4.61 (d, J=4.88 Hz, 4 H), 4.94 - 5.09 (m, J=7.93 Hz, 2 H),
7.38 (d, J=7.32 Hz, 1 H), 7.45 - 7.53 (m, 3 H), 7.83 (d, ]=7.63 Hz, 1 H), 7.90 (d,

=7.02 Hz, 3 H), 8.07 (s, 2 11), 9.86 (br. 5, 2 H), 10.33 (br. 5, 2 H). Note: the signal
of the imida;olc NH was too broad to assign a chemical shift. LC (Cond. 1): RT =
1.75 min; LRMS: Anal. Calcd. for CogH3aNgO (M+H)" 469.27, found: 469.23.

Example OL-20
Example OL-20 was prepared from Example OL-20f, according to the same
procedure used for the preparation of Example OL-1. "H NMR (500 MHz, DMSO-
dg) 8 ppm 1.84 - 1.95 (m, J=5.19 Hz, 2 I1), 1.95 - 2.09 (m, J=8.24 Hz, 4 H), 2.15 -
2.28 (m, 2 H), 3.02 (q, J=7.73 Hz, 2 H), 3.93 - 4.05 (m, 2 H), 4.61 (br. s, 4 H), 5.12 -
522 (m, 2 H), 5.42 (br.s, 2 H), 7.12 (br. s, 1 H), 7.39 (s, 1 H}, 7.45 - 7.51 (m, J=7.32
Hz, 3 H), 7.53 - 7.64 (m, 9 H), 7.66 - 7.82 (im, 4 H), 7.96 (s, 2 H). Note: the signal of
the imidazole N was too broad to assign a chemical shift. The signals for the Me
groups of the cap fell underneath the solvent peak. LC (Cond. 4): RT = 1.93 min;
LRMS: Anal. Caled. for CagldssNgO3 (M+H)" 791.44; found: 791.57. HRMS: Anal.
Cailcd. for CagHssNz0D; (M-I-H)'*. 791.4397; found: 791.4373.
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Examples OL-21 to OL-25

R0
T i
S
SN
o N &
NH .
Ay

Examples OL-21 to OL-25 were prepared as TFA salts by substituting the respective
acids for Cap-1 according to the same method described for Example OL-20.

Example 0 RT (L.C-Cond.); MS data
R/U\_SS
Acid
OL-21 RT=2.97min. LC (Cond. 4); LCMS: Anal. Calcd. for:

O
i \/1 kss CueHesNGOs (MHH)' 737.34; Found: 737.46, HRMS:

HO Anal. Caled. for: CasHasNgOs (M+H)* 737.3451; Found:
Mandelic acid 737.3459

oL22 5 RT=3.59 min. LC (Cond. 4); LCMS: Anal. Caled. for:
PN NS | CaglsNgO7 (M+H) 851.38; Found: 851,50, HRMS:
"’F"YO\ Anal. Caled. for: CygHsNgOy (M+H)* 851,3881; Found:
0 851.3893
Cap-4
OL-23 0 RT=1,15 min, LC (Cond. 2); LCMS: Anal, Calcd. for:
P“\_.)J‘;‘i CagHsaN 905 (VFH)" 849.42; Found: 849.46, HRMS:
MO | Anal. Caled. for: CagHisiNioOs (M+1)" 849.4200; Found:
ANH 1 849.4185
Cap-45a
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Example 0 RT (1.C-Cond.); MS data
RJ J\SS
Acid
OL-34 0 RT=1.24 min. LC (Cond. 2); LCMS: Anal. Calcd. for:
| F’h\;)‘;i CsoHseN1oOs (M+H)" 877.45 Found: 877,69, HRMS:
N0 | Anal. Caled. for: CogHrNigOs (M+H)* 877.4513; Found:
[/NH 877.4510
Cap-46
OL-25 RT = 4.89 min. LC (Cond. 4); LCMS: Anal. Calcd. for:
P“\:)Lﬁ CsHeaN1Os(M+H)" 957.51; Found: 957.82, HRMS:
HN. 20 | Anal. Calcd. for: CssHesN Qs (M+H)* 957.5139; Found:
G/NH 957.5150
Cap-48

Example D-1

O/

2TFA
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' Example D-1, step a

Br
@Yf pos
B
H

O

N, N-Diisopropytethylamine (18 mL, 103.3 mmol) was added dropwise, over 15
minutes, to a heterogeneous mixture of N-Boc-L-proline (7.14 g, 33.17 mmol),
HATU (13.32 g, 35.04 mmol), the 1{CI salt of 2-amino-1-(4-bromophenyl)ethanone
(8.13 g, 32.44 mmol), and DMF (105 mL), and stirred at ambient condition for 55
minutes. Most of the volatile component was removed in vacuo, and the resulting
residue was partitioned between ethyl acetate (300 mL) and water (200 mL). The
organic layer was washed with water (200 mL) and brine, dried (MgS0O,), filtered,
and concentrated in vacuo. A silica gel mesh was prepared from the residue and
submitted to flash chromatography (silica gel; 50-60 % ethyl acetate/hexanes) to
provide D-1a as a white solid (12.8 g). "H NMR (500 MHz, DMSO-ds) & ppm
1.40/1.34 (two app br s, 9 H), 1.90-1.70 (m, 3 H)}, 2.18-2.20 (m, 1 H), 3.30-3.23 (m, 1
H), 3.43-3.35 (m, 1 H), 4.22-4.12 (m, 1 H), 4.53 (dd, /=18.1, 5.6, 1 H), 4.61 (dd,
J=18.3,5.7, 1 H), 7.75 (br 4, J=8.6, 2 H), 7.92 (br d, J=8.0, 2 H), 8.25-8.14 (m, 1H).
LC (Cond. 7): RT = 1.70 min; LRMS: Anal. Caled. for (M+Na)" C1sHaaBiN;NaOy:
433.07 found 433.09.

Example D-1, step b

0§y
B"”@_{'j\]/\ Ni%oc

A mixture of D-1a (12.8 g, 31.12 mmol) and NH,OAc (12.0 g, 155.7 mmol) in
xylenes (155 mL) was heated in a gealed tube at 140 °C for 2 hours. The volatile
component was removed in vacuo, and the residue was partitioned carefully between
ethyl acetate and water, whereby enough saturated NaHCO; solution was added so as
to make the pH of the aqueous phase slightly basic after the shaking of.the biphasic
system, The layers were separated, and the aqueous layer was extracted with

additional ethyl acetate, The combined organic phase was washed with brine, dried
-77-
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(MgSQ,), filtered, and concentrated in vacro. The resulting material was
recrystallized from ethyl acetate/hexanes to provide two crops of imidazole D-1b as a
light-yellow, dense solid, weighing 5.85 g. The mother liquor was concentrated i
vacuo and submitted to a flash chromatography (silica gel; 30% ethyl
acetate/hexanes) to provide an additional 2.23 g of Example D-1b. "H NMR (500
MHz, DMSO-dg) 6 ppm 1.40/1.15 (app br s, 9 H), 2.30-1.75 (m, 4 H), 3.36 (m, 1 H),
3.52 (app br s, 1 H), 4.86-4.70 (m, 1 H), 7.72-7.46/7.28 (1, S H), 12.17/11.92/11.86
(m, 1 H). LC (Cond. 7): RT = 1.71 min; LRMS: Anal. Calcd. for IM+H]"
CigHy3BrN304: 392.10; found 391.96; HRMS: Anal. Caled. for [M+H]"
C1sHzBrN;0O,: 392,0974; found 392.0959.

The optical purity of the two samples of Example D-1b was assessed according to the
chiral HPLC conditions noted below (ee > 99% for the combined crops; ee = 96.7%
for the sample from flash chromatography):

Column: Chiralpak AD, 10 um, 4.6 x 50 mm

Solvent: 2% ethanol/heptane (isocratic)

Flow rate: 1 mL/min

Wavelength: either 220 or 254 nm

Relative retention time: 2.83 minutes (R), 5.34 minutes (5).

Example D-1, step ¢

PA(Ph3P)4 (469 mg, 0.41 mmol) was added to a pressure tube containing a mixture of
D-1b (4.01 g, 10.22 mmol), bis(pinacolate)diboron (5.42 g, 21.35 mmol), potagsium
acetate (2.57 g, 26.21 mmol) and 1,4-dioxane (80 mL). The pressure tube was purged
with nitrogen, capped and heated in an oil bath at 80 °C for 16.5 hours. The reaction
mixture was filtered and the filtrate was concentrated in vacuo. The crude residue
was partitioned carefully between CH,Cl, (150 mL) and an aqueouns medium (50 mL
water and 10 mL saturated NaHCQ; solution). The aqueous layer was extracted with

CH,Cl,, and the combined organic phase was dried (MgSOy), filtered, and
-8 -
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concentrated in vacuo. The resulting material was purified with flagh
chromatography (sample was loaded with eluting solvent; 20-35% ethyl
acetate/CH,Cly) to provide Example D-1¢, contaminated with pinacol, as an off-white
dense solid; fhe relative mole ratio of Example D-1¢ to pinacol was about 10:1 ('H
NMR). The sample weighed 3.925 g after ~2.5 days exposure to high vacuum, 'H
NMR (500 MHz, DMSO-d(,) § ppm 1.45-1.10 (m, 2119}, 2.27-1.77 {m, 4H), 3.36 (m,
1H), 3.52 (app br s, 1H), 4.86-4.70 (m, 1H), 7.79-7.50/ 7.34-7.27 (m, SH),
12.22/11.94/ 11.87 (m, 1H). LC (Cond. 7): RT = 1.64 min; LRMS: Anal. Calcd. for
[M-+H]" Ca4HssBN30y: 440.27; found 440.23.

Example D-1, step d

oy

OO0

\fo

<

Tetrakistriphenylphosphine palladium (17.5 mg, 0.015 mmol) was added in one
portion to a stirred suspension of D-1c (320 mg, 0.85 mmol), 1,4- diiodobenzene (100
mg, .30 mmol) and sodium bicarbonate (180 mg, 2,18 ﬁlmol) in dimethoxyethane
(2.4 mL) and water (7 mL) and heated to 90 °C for 2 h. The reaction was diluted with
ethyl acetate and washed with saturated soditm bicarbonate. The organic layer was
dried over sodinm sulfate, filtered and concentrated in vacuo. The filtrate was taken
up in methanol, filtered through a nylon syringe filter and then purified by preparative
HPLC to provide D-1d as a white solid (101.1 mg, 20% yield). "H NMR (500 MHz,
DMSO-ds) 6 ppm 1.17 (br's, 3 H), 1.41 (brs, 9 H), 1.80 - 2.06 (m, 4.H), 2.13-2.32
(m, 4 H), 3.35 - 3.43 (m, 2 H), 3.56 (br. 5., 2 H), 4.80 (br s, 2 H), 7.54 (d, J=10.07 Hz,
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2 H), 7.73 (d, J=7.63 Hz, 4 H), 7.79 (s, 4 H), 7.83 (d, J=8.24 Hz, 4 H). LC (Cond. 6):
RT =2.55 min; HRMS: Anal, Caled. for (M-+H)" Ca2Hs9NsO4 701.3815; found:

701.3790.
5 Example D-1, stepe
' HN
1y O-O-OLL
CT/&HN \-NH
NH -

D-1e was prepared from D-1d, according to the same procedure used for the
preparation of OL-1e except that methanol (1 mL) was used instead of
dichloromethane. This gave D-1e as a tan solid and as a hydrochloride salt (101.5

10 mg, 96 % yield). 'H NMR. (500 MHz, DMSO-dg) 8 ppm 1.93 - 2.30 (m, 9 H), 2.32 -
2.44 (m, 3 H), 4.69 - 4.86 (m, 2 H), 7.68 - 7.87 (m, 12 H), 7.90 (d, 7= 8.24 Hz, 2 H),
9.48 -9.75 (m, 2 H). LC (Cond. 6): RT =1.99 min; HRMS: Anal. Calcd. for
(M+H)" C3,Ha3Ng 501.2767; found: 501.2753.

15 Example D-1
Example D-1 (TFA salt) was prepared from D-1e, according to the same procedure
used for the preparation of Example OL-1. This gave Example D-1 as a tan solid
(37.8 mg, 54 % yield). 'H NMR (500 MHz, DMSO-dg) & ppm 2.05 (d, J=8.55 Hz, 8
H), 3.49 - 3.57 (m, 10 H), 3.94 (br s, 2 H), 5.52 (d, /=7.63 Hz, 2 H), 7.31 - 7.47 (m,
20 10 H), 7.72 (d, J/=7.02 Iz, 2 H), 7.87 - 8.01 (m, 12 H). LC (Cond. 6): RT = 2.41 min;
HRMS: Anal. Caled. for (M-!-Hfr Cs2HsN3O6 883.3932; found: 883,3947.
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Example D-2
/
AN
0" "N
O~ et
C[/E-N N\ NH
N -0
N
!

Example D-2 (TFA salt) was prepared from pyrrolidine D-1e, according to the same
procedure used for the preparation of Example OL-1. This gave Example D-2 asa

5  light yellow solid {15.4 mg, 38 % yield). "H NMR (500 MHz, DMSO-ds) 8 ppm
2.50-1.70 (m, 14 ), 2.98-2.62 (m, 6 H), 4.05-2.98 (m, 4 H), 5.79-5.12 (m, 4 H),
8.20-7.10 (m, 24 H), 10.25 (br s, 2 H). Note: The signal of the imidazole NH was too
broad to assign a chemical shift. LC (Cond. 6): RT = 2.08 min; HRMS: Anal. Caicd.
For (M+H)* CsyHgsNgO, 823.4448; found: 823.4467.

10
Example D-3

oﬁ/ox

WNH
g

Example D-3, step a

Br
: ;1 Br

15 e
A solution of bromine (683 pL, 13.33 mmol) in acetic acid (7 mL) was added

dropwise to a cold (10 °C) solution of 6-bromo-3,4-dihydronaphthalen-1(2H)-one

-81-
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(purchased from J & W PharmLab, LLC) (3.00 g, 13.33 mmol) and 48% hydrogen
bromide (20 pL, 13.33 mmol) in acetic acid (120 mL). The mixture was allowed to
warm up to tt after the addition was complete and allowed to stir at rt for 1 h before it
was diluted with dichloromethane and washed with water (3x), saturated sodium
bicarbonate solution, dried over anhydrous sodium sulfate and concentrated. There
was isolated D-3a (4.19 g, 97% vield) as a colorless oil which solidified on standing
under high vacunm to a white solid. This material was used without further
purification. 'H NMR (500 MHz, DMSO-ds) & ppm 7.85 (1 H, d, J=8.5 Hz), 7.71 (1
H,s), 7.62 (1 H, dd, J=8.5, 1.8 Hz), 5.06 (1 H, dd, /=6.1,3.7 Hz),2.93 - 3.15 2 H,
m), 2.55-2.64 (1 H, m), 2.32 - 2.42 (1 H, m). RT = 2.67 min (Cond. 6); LC/MS:
Anal. Caled. for [M+H]" CioHo " Br,0: 304.90; found: 304.91.

Examples D-3b1 and D-3b2 (step b)
D-3b1 and D-3b2 were prepared from D-3a and the appropriate Boc-protected
prolines according to the same procedure used for the preparation of Example M3,

step g.

RT=3.00 and 3.19
min (Cond. 3);

D-3b1 LC/MS: Anal.
Br\© 0] Boc .
O)R‘N) Caled. for [M+Na]"
© C20H2579B1‘N052
460.08; found:
460.10.

RT =299 and 3.17

Br )0 Boc min {Cond, 3),
D-3b2 : ;‘o kL“’(XH LCMS: Caled for
H CZIH2579BTN05

[M+Nal" 472.07;
found: 472,10
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Examples D-3¢1 and D-3¢2 (step ¢)

D-3cl and D-3¢2 were prepared from D-3b1 and D-3b2 respectively

according to the same procedure used for the preparation of Example M3, step h.

D-3¢c1

o0

N
HNJS
-rff
Boc"N\)

From D-3b1

"H NMR (500 Mz, MeOD, imidazole
N-H missing) § ppm 7.32 - 7.43 (3 H, m),
4,86 -4.97 (1 I-I; m), 3.63-3.74 (1 H, m),
3.47-3.57(1 H, m), 2.98 - 3.07 (2 H, m),
2.83(2H,d,/=82Hz),2.25-245(1 H,
m), 2.00-2.11 (2 H, m), 1.93-1.99 (1 H,
m), 1.25 - 1.48 (9 1, 2s). RT = 2.24 niin
(Cond. 3); LC/MS: Anal. Caled. for
[M+H]" Caolas " BrN:Oy: 418.13; found:
418.10. HIRMS: Anal. Caled. for
[M+H]" Cp1Has " BrN;O,: 430.1125;
found 430.1124.

D-3c2

HN-4
..”
-N_ A,
Boc \-,A’H

H

From D-3b2

RT = 2.28 min (Cond. 3); LC/MS: Anal.
Caled. for [IM+H]" CayHas " BrN3O,:
430.11; found:. 430.16.

HRMS: Anal. Caled. for [M-+H]"
Ca1Has " BrN304: 430.1125; found
430.1123.

D-3¢3

BrN
HNJS-'H
Boc‘Nd

Prepared from D-3¢2
according to the same
procedure used for the

preparation of D-3gl

RT = 2.06 min (Cond. 3); LC/MS: Anal.
Caled for Gy Has" BIN30, (MAH)*
430.10; found: 429.98,
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Example D-3d1 (step d)

ZN
HN—4

Boc‘N:B

Ethynyltrimethylsilane (0.59 mL, 4.25 mmol) was added to a solution of D-1b (1.5 g,
3.82 mmol), triphenylphosphine (0.20 g, 0.77 mmol), diethylamine (4.25 mL, 40.70
mmol), copper (I) fodide (40 mg, 0.21 mmol) and trans-dichloro(bis-
triphenylphosphine)palladium (I1) (149 mg, 0.21 mmol) in dry DMF (1.4 mL) at rt in
a microwave vessel, The vessel was capped and irradiated for 25 min at 120 °C,
Two identical 1.5 g reactions were run in tandem. The reaction mixtures were diluted
with ether and ethyl acetate, combined and shaken with 0.1N HC1. After standing for
20 min, the suspension was suction-filtered and the pad was washed with ether and
ethyl acetate. The organic phase was then separated, washed with brine, dried over
sodjum sulfatf_:; and concentrated. There was isolated the crude product (4.2 gy as a
brownish-red foam which was taken up in dichloromethane and added directly to a
Thompson 110 g silica gel column. Gradient elution of the residue with 20% ethyl
acetate in dichloromethane to 100% ethyl acetate furnished D-3d1 (2.8 g, 40% yield)
as a yellow solid after evaporation of the eluant which was taken forward directly.
RT = 2.37 min (Cond. 3); LC/MS: Anal. Caled for Cy3Ha3N30,8i [M+H]" 410.23;
found: 410.12.

D-3d2 to D-3d4 were prepared according to the procedures described for -
3dl.

3

S RT = 2.34 min (Cond. |-
\©\r,m | 3); LC/MS: Anal. Caled
D-3d42 N
‘ Y

HN‘S for CyqH32N30,8i
Boc‘N\{ [M+H]" 422.22; found:
421.85.

From M3, step h

S84 .
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N
s RT =2.43 min (Cond.
3); LC/MS: Anal, Caled
D-3d3 S
ﬂ ) for CagH3aN:0,Si
B°°’Nxﬂ n | [M+H] 448.24; found:
H
448.82.
From D-3c2 48.82
|
s RT =2.51 min (Cond,
3); LC/MS: Anal. Caled
D-3d4 A
for Czﬁ]’I:ijjOzSi
‘3"“’”}% M| (M+H)* 446.23; found:
46.05.
I'rom D-3¢3 446.05

Example D-3el (step )

=

“ N

HN-
“Hf

Bog-N

Potassium carbonate (91 mg, 0.66 mmol) was added in one portion to a stirred

5  solution of D-3d1 (2.7 g, 6.6 mmol) in MeOH (60 mL) at rt. The mixture was stirred

for 1 h before it was concentrated down in vacio. The residue was taken up in

dichloromethane and added directly to a 130 g Thompson silica gel column. Gradient

elution of the residue with 15% ethyl acetate in hexanes to 100% cthyl acetate

furnished D-3el (2.04 g, 87%. yield) as a yellow foam after evaporation of the eluant.

10 A small amount (approx. 20 mg) of the product was then subjected to preparative
HPLC to afford a purer sample of D-3el as an off-white solid. "H NMR (500 Mz,
MeQD, imidazole N-I1 fnissing) dppm 7.68 (2 H, d, /=7.9 Hz), 7.46 (2 H, d, J=8.2

- Hz), 7.34 - 7.40 (1 H, m), 4.89 (1 H, m), 3.64 - 3.73 (1 H, m), 3.49 (1 H, m), 3.49 (1
H,s),3.31-3.34 (1 H,m), 2.25 - 2.44 (1 I, m), 1.99-2.11 (3 H, m), 1.25 and 1.47
15 (98, 2s). RT = 1.63 min (Cond. 3), LC/MS: Anal. Caled for C;0H24N30; (I\f.l'+]-1')+

338.19; found: 338.12.

-85 -
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D-3e2 to D-3e5 were prepared according to the procedures described for

alkyne D-3el.

=
\©\(\ RT = 1.65 min (Cond. 3);
7N

D-3e2 HNJS LCMS: Anal. Calcd for
o
Boc‘Nd C1HaaN304 [NH*H]+
350.19; found: 350.10.
From D-3d2
A
RT = 1.81 min (Cond. 3);
N
D-3e3 HNJS LC/MS: Anal. Calcd for
..hl
B°°"N\§:§"/H CaaHa6N2 O, [M+H]+
H
376.20; found: 376.20.
From D-343
-.';}
O RT = 1.88 min (Cond. 3);
N
D-3e4 HN\’S * LC/MS: Anal. Calcd for
a
B""’”\A‘m C3HaaNa 0, (M)
: 374.19; found: 374.04.
From D-3d4
= 5
A
BN
gj 1‘/ RT = 1.75 min (Cond. 3);
D-3e5 ="} LC/MS: Anal. Caled for

Prepared from D-3e4 and Cap- CosHyNLO5 [M+]
51 using the procedures 431.21; found: 431.09.
outlined for D-3h1 and

Example OL-1

Example D-3f1 (step )

h}/ O = O HJ\N\D

5 Boc”
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Tetrakis(triphenylphosphine)palladivm (83 mg, 0.072 mmol) was added in

one portion to a stirred, argon-degassed mixture of Example D-3¢1 (300 mg, 0.717

mmol), D-3el (315 mg, 0.932 mmol), triethylamine (0.40 ml,, 2.87 mmol) and

copper(l) iodide (13.7 mg, 0.072 mmol) in anhydrous DMF (6 mL) at rt in a thick-

walled, screw-top vial. The mixture was stirred at it for 16 hand at 40 °C for 16 h
before additional Cul (10 mg), TEA (0.4 mL) and PA(PPhs), catalyst (40 mg) were
added since the reaction was not complete after 32 h as judged by LCMS. The

mixture was stirred further at 60 °C for 10  before it was cooled to rt, diluted with

ethyl acetate, THF and water and suction-filtered. The organic phase of the filtrate

was separated, washed with saturated sodium bicarbonate solution and brine prior to

drying over anhydrous sodium sulfate and evaporation. The residue was taken up in

dichloromethane and added directly to a Thompson 80 g silica gel column. Gradient

elution of the residue with 30% ethy! acetate in hexanes to 100% ethy! acetate

followed by 0% methanol in ethyl acetate to 20% methanol in ethyl acetate furnished

D-3f1 (366.7 mg, 68% vyield) as a golden brown foam after evaporation of the eluant.

A small amount (approx. 20 mg) of product was then subjected to preparative HPLC

to afford a purer sample of Example D-3f1 as a tan solid. 'H NMR (500 MHz,

MeOD, imidazole N-H's missing) 6 ppm 7.73 (2 H, d, /=8.2 Hz), 7.47 - 7.57 (4 H,
m), 7.41 (2 H, brs), 4.96 - 5.09 (1 H, m), 4.89 - 4.56 (1 H, m), 3.69 (2 H, brs), 3.54
(2 H,brs), 3.04-3.13 (2 H, m), 2.83 - 2.94 (2 H, m), 2.30 - 2.50 (2 H, m), 1.94 -
2.17 (6 H, m), 1.27 - 1.49 (18 H, 25). RT = 2.06 min (Cond. 3); LC/MS: Anal. Caled
for C4gH47Ns04 (M+H)" 675.37; found: 675.26.

D-3{2 to D-34 were prepared according to the procedure described for D-3f1.

Y\: N Bac

RT = 2.12 min
(Cend. 3); LC/MS:
Anal. Calced for

D-312
Boc: CapHasNgO4
D-3¢2 and D-3¢3 [M+H]" 697.35;
found: 697.25.
D-33 RT = 2.14 min
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\z Boc (Cond. 3); LC/MS:

Q Anal. Caled fi
/ Q Q nal. Calcd for
. /k\ l\ CaqHaoNgO4

[M+H]" 725.38;
found: 725.25.

From D-3e3 and D-3c2

Y\ .Boc LCMS: 2.18 min

\’ Q ”)\\l\ (Cond. 3); LC/MS:

D-34 Anal. Caled for
O}L H\ Cqu 43N705
+
From D-3¢3 and D-3¢5 M+ 778.37;

found: 778.22.

Example D-3g1 (step g)
.Boc
Gl N N
B-O=—Ct
Boc

Activated manganese dioxide (2.0 g, 23.12 mmol) was added in one portion to
a stirred solution of D-3f1 (260 mg, 0.39 mmol) in dry dichloromethane (5 ml.). The
suspension was stirred at rt for 6 h before additional activated manganese dioxide (1.0
g) was added. The suspension was stirred further for 14 h at rt before it suction-
filtered through a pad of Celite with MeOII and the pad was washed with additional
MeOH several times. The filtrate was then concentrated in vacuo to yield D-3gl
(225.1 mg, 82% yield) as a yellow solid. A small amount (approx. 20 mg) of the
product was then subjected to preparative HPLC to afford a purer sample of D-3gl as
a light tan solid. '"H NMR (500 MHz, MeOD, imidazole N-H’s missing) & ppm 8.43
(1H,d,/=8.5Hz),8.19 (1 H,brs), 7.68 - 7.78 (5 H, m), 7.62 (2 H, d, /=8.2 Hz),
7.54 (1 H,s),4.90-527 (2 H,m), 3.76 - 3.85 (1 H, m), 3.66 - 3.74 (1 H, m), 3.51 -
3,66 (2 H,m), 2.35-2.60 (2 H, m), 1.94 - 2.21 (6 H, m), 1.49 (6 H, brs), 1.27 (6 H,
brs), 1.14 (6 H, brs). RT = 2.12 min (Cond. 3); LC/MS: Anal. Caled for CagHasNeOs
(M+T)" 673.35; found: 673.30.
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D-3p2 was prepared according to the procedure deseribed for D-3g1.

D-3g2

Y\ .Boc

From D-313

Oy
=0

LCMS: 2.27 min
(Cond. 3); LC/MS:
Anal. Caled for
CaaHasNgO4
(M+H)" 721.35;
found: 721.25.

Example D-3h1 (step h)

D-3h1 to D-3h6 were prepared from D-3f1, D-3g1, D-312, D-3f3, D-3g2 and

D-314, respectively, according to the same procedure used for the preparation of OL-

le except that methanol (1 mL} was used instead of dichloromethane. This gave D-

3h1 to D-3h6 as hydrochloride salts (or TFA salts when purified further with

preparative HPLC) upon concentration of the solvent(s) in vacuo.

D-3h1

(

§ o e,

HN

From D-3f1

RT= 1.44 min (Cond. 3);

I.C/MS: Anal. Calcd for

CsoHa Ng [M+H]" 475.26;
found: 475.16.

D-3h2

Y-

From D-3gl

'H NMR (500 MHz, MeOD,
ilﬁidazolc N-H’s missing) &
ppm 8.46 (1 H, 4, J=8.5
Hz), 8.21 (1 H, s), 7.84 (2
H, d, /~8.2 Hz), 7.70 - 7.80
(4H,m),7.64 (211, d,/=8.5
Hz), 5.15 (1 H, 5), 497 (1
H, s), 3.62 - 3.70 (1 H, m),
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3.56 (3H,5),2.65-2.75(]
H, m), 2.55- 2.64 (1 H, m),
2.17 - 2.53 (6 H, series of
m). RT = L.61 min (Cond.
3); LC/MS: Anal. Calcd for
CigHaoNg (M+H)* 473.25;
found: 473.13.

D-3h3

RT = 1.62 min (Cond. 3);

LC/MS: Anal. Caled for

CyHaoNg (M+H)" 497.25;
found: 497.13.

D-3h4

RT = 1.62 min (Cond. 3);

LC/MS: Anal. Caled for

C34Ha3Ng [M+H]" 525.28;
found: 525.13.

D-3hS

LCMS: 1,78 min (Cond. 3),
LC/MS: Anal. Caled for
CieHasNg (MHH)* 521.25;

found: 521.13.

D-3h6

From D-3f4

LCMS: 1.95 min {Cond. 3);
LC/MS: Anal. Calcd for
Cq1HaaN;05 (M+H)
678.32; found: 678.45.
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Example D-3 to D-11 (final step)-

O

Oy
)INH

)L
~o H

Examples D-3 to D-11 were prepared from D-3h1 to D-316 and the

appropriate acids according to the same procedure used for the preparation of

Example OL-1. This gave Examples D-3 to D-11 as TFA salts after HPLC

purification,

D-3

(NN'*\'

o

cj\\
X
e m

B \‘i>
N

From D-3hl and Cap 51

RT = 1.80 min (Cond. 3);
LC/MS: Anal. Calcd for
C14H53NgOg [M+H]"
789.41; found: 789.27. 'H
NMR (500 MHz, MeOD,
imidazole N-H’s missing) &
ppm 7.86 - 7.91 (1 H, m),
7.73 -7.80 (2 H, m), 7.64 -
7.71 (2 H, m), 7.50 -7.59
(3 H,m), 5.59-5.65and
5.16-5.31 (2 H, 2m), 4.21
-4.29 (2 H,m), 4.06 - 4.16
(2H,m),3.81-3.93 (2 H,
m), 3.67 (6 H, 5), 3.15 -
3.24 (2 H, m), 2.95-3.07
(2 H, m), 2.51 -2.65 (2 H,
m), 2.25 - 2.37 (2 H, m),
2.14-223(4 B, m), 1.99 -
2.11 (2 H, m), 0.09 — 0.95

2901 -
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(12 H, m), 0.97 - 1.05 (2
H, m).
O
pe
RT = 1.88 min (Cond. 3);
pa | YW LC/MS: Anal. Caled for
N7 =\ N ) CsoHaoNgOs [M+H]"
N
0° - 857.38; found: 857.31.
\O)LH ®

From D-3h1 and Cap 4

D-5

Oy
QINH
ey

From D-312 and Cap 4

RT = 1.94 min {Cond. 3);
LC/MS: Anal. Caled for
CspHasNgOg [M+H]"
855.36; found: 855.28.

D-6

o]

%
0=

RT = 1.88 min (Cond. 3);
LC/MS: Anal. Caled for
CaaHs1NgOg [M+H]*
787.40; found: 787.30.

RT = 1.93 min (Cond. 3);
LC/MS: Anal. Caled for
CagHsiNgOg [IM+H]*
811.40; found: 811.26.

\0>
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From D-3h3 and Cap 51
O O
h® |
Y\N o RT = 2.01 min (Cond. 3);
D-8 “UK],’E Q — QO E\’ LC/MS: Anal. Caled for
N - N R\
H Nl\ CsHeNgOg [MAH]*
0
“‘O)LE\Q 879.36; found: 879.25.
From ID-3h3 and Cap 4
OYO\
N RT = 1,93 min (Cond. 3);
D-9 ‘ZT”\,?:} ) LC/MS: Anal. Caled for
) —— 4
NN H}\l CagHssNgOg [MHHT"
N
oop 839.43; found: 839.26.
“‘O}Lﬁ\
From D-3h4 and Cap 51
OO
d?N,H
\Z‘N a _ RT = 2.07 min (Cond. 3);
D-10 W'\Nrrj Q — O _/N{‘f N LC/MS: Anal. Caled for
) NV | CosHsN0s T
o
JINS 835.40; found: §35.26.
~q iltl'
From D-3h5 and Cap 51
Oy O
Y\N 0 RT = 1.99 min (Cond. 3);
D-11 w-\r f\ 1.C/MS: Anal. Caled for
N - N A
Q H NA - CsoH5aNgO; [M+H]
0
\O)LH\- §77.41; found: 877.63.
From D-3h6 and Cap 170

-93 .
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Example M1

5
.
I
<
T

Example M1, Step a

)
O |

Pd(Ph3P)4 (0.078 g, 0.067 mmol) was added to a DMF (5 mL) solution of (S)-tert-
butyl 2-(5-(4-bromophenyl)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate(D-1b)
(0.675g, 1.721 mmol) and 1,2-bis(trimethylstannyl)ethyne (0.3134 g, 0.891 mmol) in
a pressure tube, the mixture was flushed with nitrogen for 1 min and then heated at 90

10 °C for 15 h. The volatile component was removed in vacuo and the residue was
directly submitted to a BIOTAGE® purification (110 g; EtOAc) to afford alkyne M1a
as a yellowish orange foam containing unidentified impurity and residnal solvent
(430 mg). 'H NMR (DMSO, & = 2.50 ppm, 400 MHz): 12.23/11.98/11.91 (three br s,
2H), 7.80-7.35 (m, 10H), 4.84-4.76 (in, 2H), 3.54 (m, 2H), 3.39-3.33 (m, 2H), 2.28-

15 1.78 (m, 8H), 1.40 (brs, 7.54H), 1.16 (br s, 10.46H). LC/MS: Anal. Calcd. for
{M+H]" C3HasNgOq: 649.35; found 649.27. '

Example M1, Step b

N :/>

N, </ \}..: <:> CSH

N SN = \NH
CE

20  HCl/dioxanes (4N; 8 mL, 32.0 mmol), CH,Cl; (1 mL) and MeOH (1.0 mL) were
added to bis-carbamate Mla (0.427 g, 0.658 mmol), and the heterogeneous mixture
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was stirred for 5 hr. The volatile component was removed in vacuo, and the residue
was exposed to high vacuum to afford M1b (4HCI) as an off-white solid (452 mg),
which was submitted to the next step as such. 'H NMR analysis indicates that the
sample may contain residual dioxane (~1 mol equiv). '"H NMR (DMSO, 6 =2.50
ppm, 400 MHz): 10.29 (br s, 2H), 9.73 (br 5, 2H), 8.11 (s, 2IH), 7.96 (d, ] = 8.3, 4H),
7.67 (d, J = 8.6, 4H), 4.97 (br m, 2H), 3.47-3.31 (m, 4H), 2.50-2.36 (*m" partially
overlapped with solvent signal, 4H), 2.23-2.14 (m, 2H), 2.07-1.95 (m, 2H). LC/MS:
Anal. Caled. for [M+H]" CogTT5oNy: 449.25; found 49.23.

Example M1
HATU (0.069 g, 0.181 mmol) was added to the DMF solution of pyrrolodine
M1b/4T1CI (70.5 mg, 0.103 mmol), (8)-2-(methoxycarbonylamino)-3-methylbutanoic
acid (36.3 mg, 0.207 mmol) and DIEA (0.1 mL, 0.573 mmol) and stirred at room
temperature for 70 min. The volatile component was removed in vacuo and the
residue was dissolved in MeOH and submitted to a reverse phase HPLC puriﬁcation
(MeOHAvater/TFA) to afford the TFA salt of Example M1 as an off-whife foam
(68.9 mg). LC (Cond. 9 and 10): >95% homogeneity index. LC/MS (Cond. 3): Ry=
1.78 min. "M NMR (DMSO, & = 2.50 ppm, 400 MHz): 8.10 (br s, 21), 7.88-7.83 (i,
4}, 7.71 (d, ] = 8.3, 3.91H), 7.34 (d, T = 8.5, 2H; NHCO,), 6.92 (app br s, 0.09H),
5.52 (br m, 0.17H), 5.12 (app t, 1.93H), 4.11 (app t, 2H), 3.89-3.77 (m, 4H), 3.54 (s,
5.52H), 3.33 (s, 0.48H), 2.41-2.33 (m, 2H), 2.21-1.93 (m, 8H), 0.89 (app t, 0.91H),
0.83/0.79 (two overlapping d, J = 6.8/6.8, 11.09 H). LC/MS: Anal. Caled. for
[M+H]" CapHsN3Og: 763.39; found 763.33. '

Example M2 to M2.1
Example M2 to M2.1 were prepared as TI'A salts from pyrrolidine M1b and
appropriate acids according to the procedure described for the preparation of Example

M1 with a modifted purification protocol noted in the table below.

-95.
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L -O—=C0O<
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Example R Analytical data

M2 JHh Purified using two different reverse phase

4 NHCO,Me HPLC conditions (Column: Phenomenex Luna,

30x100 mm, S10; MeOH/water/TFA) and
(Waters Sunfire, 30x100 mm, S$5;
CH;CN/walet/TFA). L.C (Cond. 9 and 10):
>95% homogeneity index. LC/MS (Cond. 3):
R =2.04 min. LC/MS: Anal. Calcd. for
[M+H]" C4gHe7NgOq: 831.36; found 841.41.
M2.1 0 Purified using two different reverse phase
HPLC conditions (Column: Xbridge, 19x100
mm, S5; MeOH/water/TFA} and (Waters
Sunfire, 30x100 mm, $5; CHsCN/water/TFA).
LC (Cond. 9 and 10): 95% homogeneity index.
LC/MS (Cond. 10d): R, = 2.82 min. LC/MS:
Anal, Caled. for [M+H]" CasHssNgOg: 847.41;
found 847.25.

=\

o) HCOMe

Example M3

51
{5
—Z
Z G
i

2
3
T

x
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Example M3, Step a

-0
TBDPS™ ™\, \.-&
\ N 0

H
To a solution of (S)-5-(hydroxymethyl)pyrrolidin-2-one (10 g, 87 mmol) in CI,Cl;
(50 mL) was added tert-butylchlorodiphenylsilane (25.6 g, 93 mmol), Et:N (12.1 mL,
87 mmol) and DMAP (1.06 g, 8.7 mmol). The mixture was stirred at room
ternperature uﬁtil the starting pyrrolidinone was completely consumed, and then it
was diluted with CH,Cl, (50 mL) and washed with water (50 mL), The organic layer
was dried (INaySQy), filtered, and evaporated in vacuo, and the crude material was
submitted to flash chromatography (silica gel; 30 to 100% of EtOAc/hexanes) to
afford ether M3a as a colorless oil (22.7 g, 74% yield). 'H-NMR (400 MHz, DMSO-
de, 6 = 2.5 ppm) 7.69 (br s, 1H), 7.64-7.61 (m, 411), 7.50-7.42 (m, 6H), 3.67-3.62 (m,
1H), 3.58-3.51 (m, 2H), 2.24-2.04 (m, 3H), 1.87-1.81 (m, 111), 1.00 (s, 9H). LC/MS
(M-+H)" = 354.58.

Example M3, Step b

-0 |
TBDPS~ “~ \p&
W0

|
Boc

Di-tert-butyl dicarbonate (38.5 g, 177 mmol) wag added in portions as a solid over 10
min to a CHyCl (200 mL) solution of silyl ether M3a (31.2 g, 88.3 mmol), EizN
(8.93 g, 88 mmol), and DMAP {1.08 g, 8.83 mmol) and stirred for 18 h at 24 °C,
Most of the volatile material was removed in vacuo and the crude material taken up
in 20% EtOAc/Hex and applied to a 2 L funnel containing 1.3 L of silica gel and then
eluted with 3 L of 20% EtOAc/hex and 2 L of 50% EtOAc). Upon concentration of
the desired fractions in a rotary evaporator, a white slurry of solid formed which was
filtered, washed with hexanes and dried in vacuo to afford carbamate M3b as a white
solid (32.65 g, 82% yield). "H-NMR (400 MHz, DMSO-d, 8 = 2.5 ppm) 7.61-7.59
(m, 2H), 7.56-7.54 (m, 2H), 7.50-7.38 (m, 6H), 4.18 (m, 1H), 3.90 (dd, J = 10.4, 3.6,
1H), 3.68 (dd, ] =10.4, 2.1, 1H), 2.68-2.58 (m, 1H), 2.40-2.33 (m, 1H), 2.22-2.12 (m,

1H), 2.01-1.96 (m, 1H), 1.35 (s, 9H), 0.97 (s, 9H). LC/MS. (M-Boc+H)" = 354,58,
-97-
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Example M3, Step ¢

TBDPS"'O\\\\-Z 3
N

|
Boc

A three-necked flask equipped with a thermometer and a nitrogen inlet was charged
with carbamate M3b (10.05 g, 22.16 mmol) and toluene (36 mL), and lowered into -
55 °C cooling bath. When the internal temperature of the mixture reached -50 °C,
lithium triethylborohydride (23 mL of 1.0 M/THF, 23.00 mmol) was added dropwise
over 30 min and the mixture stirred for 35 min while maintéining the internal
temperature between -50 °C and -45 °C. Hunig’s base (16.5 mL, 94 mmol) was
added dropwise over 10 min. Then, DMAP (34 mg, .278 mimol) was added in one
batch, followed by the addition of trifluoroacetic anhydride (3.6 mL, 25.5 mmol) over
15 min, while maintaining the internal temperature between -50 °C and -45 °C. The
bath wag removed 10 min later, and the reaction mixture was stirred for 14 h while
allowing it to rise to ambient temperature. It was diluted with toluene (15 mL},
cooled with an ice-water bath, and treated slowly with water (55 mL) over 5 min.
The phases were separated and the organic layer washed with water (50 mL, 2x) and
concentrated in vacuo. The crude material was purified by flash chromatography
(silica gel; 5% EtOAc/hexanes) to afford dihydropyrrole M3c as a colorless viscous
oil (7.947 g, 82% yield). LC/MS (Cond. 7): R, = 2.41 min. "H-NMR (400 MHz,
DMSO-ds, & = 2.5 ppm) 7.62-7.58 (m, 4H), 7.49-7.40 (m, 6H), 6.47 (br s, 1H),
5.07/5.01 (overlapping br d, 1H), 4.18 (brs, 1H), 3.89 (br s., 0.49H), 3.69 (br s,

1.51H), 2.90-2.58 (br m, 2I1), 1.40/1.26 (overlapping br s, 9H), 0.98 (s, 9H). L.C/MS:
[M+Na]" = 460.19,

Example M3, Step d

TBDPS’O\W-Z y

N
[

Boc

M3d-1: trans-isomer
M3d-2: cis-isomer
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Diethylzinc (19 mL of ~1.1 M in toluene, 20.9 mmol) was added dropwise over 15
min to a cooled (-30 °C) toluene (27 mL) solution of dihydropyrrole M3c (3.94 g, 9.0
mmol). Chloroiodomethane (stabilized over copper; 3.0 mL, 41.2 mmol) was added
dropwise over 10 min, and stirred while maintaining the bath temperature at -25 °C
for 1 h and between -25 °C and -21 °C for 18.5 h. The reaction mixture was opened
to the air and quenched by the slow addition of 50% saturated NaHCOs sclution (40
mL), and then removed from the cooling bath and stirred at ambient temperature for
20 min. It was filtered through a filter paper and the white cake was washed with 50
mL of toluene. The organic phase of the filtrate was separated and washed with water
(40 mL, 2x)}, dried (MgS0Oy) and concentrated in vacuo. The crude material was
purified using a BIOTAGE® system (350 g silica gel; sample was loaded with 7%
EtOAc/hexanes; eluted with 7-20% EtOAc/hexanes) to afford a mixture of
methanopyrrolidines M3d-1 and M3d-2 as a colorless viscous oil (3.69 g, 90.7%).
[Note: the exact cis/trans-isomer ratio was not determined at this stage]. LC/MS
(Cond. 7): R, = 2.39 min "H-NMR (400 MHz, DMSO-dg, 8 = 2.5 ppm) 7.62-7.60 (m,
4H), 7.49-7.40 (m, 6H), 3.77/3.67 (overlapping br s, 3H), 3,11-3.07 (m, 1H), 2.23
(app br s, 11}, 2.05-2.00 (m, 1H), 1.56-1.50 (m, 1H), 1.33 (very broad s, 9H), 1.00 (s,
9H), 0.80 (i, 1H), 0.30 (m, 1H). LC/MS: [M+Na]" = 474,14,

BExample M3, Step e

HO
\w(—y
N

!
Boc

M3e-1: trans-isomer
M3e-2: cis-isomer

TBAF (7.27 mL of 1.0 M in THF, 7.27 mmol) was added dropwise over 5 min to a
THF (30 mL) solution of sily! ether M3d-1/-2 (3.13 g, 6.93 mmol) and the mixture
stirred at ambient temperature for 4.75 b, After the addition of saturated NH,Cl
solution (5 mL), most of the volatile material was removed in vacuo and the residue
partitioned between CH,Cl; (70 mL) and 50% saturated NH4Cl solution {30 mL).

The aquebus phase was extracted with CH,Cl, (30 mL), and the combined organic
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phase was dried (MgSO,), filtered, concentrated in vacuo and then exposed to high
vacuum overnight. The crude material was purified using a BIOTAGE® (silica gel;
40-50% FtOAc/hexanes) to afford a mixture of alcohols M3e-1 and M3e-2,
contaminated with traces of a lower R¢ spot, as a colorless oil (1.39 g, ~94% yield),
[Note: the exact cis/trans isomer ratio was not determined at this stage.] 'H-NMR
(400 MHz, DMSO-dg, 5 = 2.5 ppm) 4.70 (t, T = 5.7, 1H), 3.62-3.56 (m, 1H), 3.49-
3.44 (m, 1H), 3.33-3.27 (m, 1H), 3.08-3.04 (m, 1H), 2.07 (br m, 1H), 1.93-1.87 (m,

1H), 1.51-1.44 (m, 1H), 1.40 (s, 9H), 0.76-0.71 (m, 1H), 0.26 (m, 1H). LC/MS
(M+Na)" = 236.20.

Example M3, Step f

HO \\'Z P
b N
0 Boc

M3f-1: trans isomer
M3f-2: cis isomer

A semi-solution of NalQy (6,46 g, 30.2 mmol) in H,0 (31 mL) was added to a
solution of alcohol M3e-1/-2 (2.15 g, 10.08 mmol) in CH3CN (20 mL) and CCl, (20
mkL). RuCl; (0.044 g, 0.212 mmol) was added immediately and thé heterogeneous
reaction mixture was stirred vigorously for 75 min. The reaction mixture was diluted
with H,0 (60 mL) and extracted with CH,Cl; (50 mL, 3x). The combined organic
phase was treated with 1 mL MeOL, allowed to stand for about 5 min, and then
filtered through a pad of diatomaceous earth (CELITE®). The CELITE® was
washed with CHyCl; (50 mL), and the filtrate was concentrated in vacuo to afford a
light charcoal-colored solid. 'H-NMR analysis of this crude material indicated 4
1.00:0.04:0.18 mole ratio of trans acid M3f-1:cis acid M3{-2:presumed side product,
tert-butyl 3-oxo-2-azabicyclo[3.1.0Thexane-2-carboxylate. The c;ude material was
dissolved in FtOAc (~10 mL) with heating and allowed to stand at ambient
temperature with seeding. About 15 min into the cooling phase, a rapid crystal
formation was observed. About 1 h later, hexanes (~6 mL) was added and the

mixture refrigerated overnight (it did not appear that additional material precipitated
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out). The mixture wag filtered and washed with ice/water-cooled hexanes/BtOAc
(2:1 ratio; 20 mL) and dried under high vacuum to afford the first crop of acid M3f-1
(off-white crystals, 1.222 g). The mother liquor was concentrated in vacuo, and flie
residue dissolved in ~3 mL of EtOAc with heating, allowed to stand at ambient
temperature for 1 h, and then 3 mL hexanes was added and stored in a refrigerator for
~15 h. A second crop of acid M3f-1 was retrieved similarly (grey crystals, 0.133 g),
for a combined yield of 59%. Acid M3£-1: Rt = 1.48 min under the following HPLC
conditions: Solvent gradient from 100% A : 0% B to 0% A : 100% B (A = 0.1% TFA
in 1:9 M.eOi"IfngO; B =0.1% TFA in 9:1 MeOH/H;0) over 3 min; detection @ 220
nm; PHENOMENEX®-Luna 3.0X50 mm $10 column. MP (dec.) for the first crop =
147.5-149.5 °C. "H-NMR (400 MHz, DMSO-dg, § = 2.5 ppm) 12.46 (s, 1H), 3.88
{(app br s, 1H), 3.27 (app br s, 1H; overlapped with water signal), 2.28 (brm, 1H),
2.0;/‘ (app br s, 1H), 1.56 (app s, 1H), 1.40/1.34 (two overlapped s, OH), 0.71 {m, 1 H),
0.45 (m, 1H). PC-NMR (100.6 MHz, DMSO-ds, 8 = 39.21 ppm) 172.96, 172.60,
154.45, 153.68, 78.74, 59.88,.59.58, 36.91, 31.97, 31.17, 27.77, 27.52, 14.86, 14.53,
13.69. LC/MS .[M-i-N?L]+ =250.22. Anal. Caled. for C; H7NO,: C, 58.13; H, 7.54;
N, 6.16. Found (for first crop): C, 58.24; H, 7.84; N, 6.07. Optical rotation (10
mg/mL in CHCly): {ti]p = -216 and -212 for the first and second crop, respectively.

Example M3, Step g

0 O <
o— ) = D>
0 N

Bod
DIEA (1.3 mL, 7.44 mmol} was added dropwise over 2 min fo a semi-heterogeneous
mixture of acid M3f-1 {1.697 g, 7.47 mmol) and 2-bromo-1-(4-
bromophenyl)ethanone (2.01 g, 7.23 mmol) in CH3CN (30 mL) and stirred at room
temperature for 8 hr. The volatile component was removed in vacuo and the residue
was taken up in CH>Cl; (100 mL), washed with water (30 mL), dried (MgS804) and
concenirated in vacuo to afford ketoester M3g as an off-white viscous semi-foamy o
(3.076 g). "H-NMR (400 MHz, DMSO-dg, & = 2.5 ppm): 7.92 (d, J = 8.3, 2H), 7.78
(d, J=8.5,2H), 5.61-5.42 (m, 2H), 4.16 (m, 1H), 3.34 (‘m" partially overlapped with
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water signal, 1), 2.40 (m, 2H), 1.63 (m, 1H), 1.41/1.35 (two overlapped ‘s’, 9H),
0.74 (m, 1H), 0.53 (m, 1H). LC/MS: Anal. Caled. for [M+Na]" CjoHp," BrNNaOs:
446.06; found 446.06.

5 Example M3, Step h

g 57
Bl"‘@—@\l(\ r\!B()(;

A 350 ml pressure tube was charged with keto-ester M3g (3.07g, 7.24 mmol),
ammonium acetate (5.48 g, 71.1 mmol) and Xylene (70 mL), capped and heated with
an oil bath (140 °C) for 4.5 hr. The reaction mixture was allowed to cool to room

10 temperature and the volatile component was removed in vacuo. CH;Cl, (100 ml) and
50% saturatéd NaHCO; solution (30 ml.) were added to the residue, vigorously
stitred until gas evolution ceased, and the phases were separated. The organic layer
was dried (MgSQy), concentrated in vacuo, and purified with a BIOTAGE® (240 g
silica gel; sample was loaded with CH,Cly; 40-80% EtOAc/hexanes}) to afford

15 imidazole M3h as a dark yellow foam (2.40 g). 'H-NMR (400 MHz, DMSO-d;, 6 =
2.5 ppm): 12.21 (s, 0.11H), 1.93 (s, 0.89H), 7.69 (d, J = 8.8, 1.8H), ‘?.62-7.55 {(m,
0.4H), 7.53 (brd, 1=2,0.87H),7.49 (d, J = 8.5, 1.8H), 7.29 (br d, T = 1.6, 0.13H),
4,59 (m, 1I0), 3.41 (m, 1H), 2.37-2.17 (br m, 2H), 1.62 (m, 1H), 1.21 (very broad ‘s’,
9H), 0.75 (m, 1H), 0.54 (m, 1H). LC/MS: Anal. Calcd. for [M+H]}" C1oHas* BN O3

20 406.10; found, 406.14.

Example M3, Step i

-O=0<%"
N’ N NH
_.'_'_ .

Pyrrolidine M3i (4HCI) was prepared from bromide M3h according'to the procedure
25  described for the synthesis of pyrrolidine M1b (.4HC!) from bromide D-15. "H-NMR
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10

15

(400 MHz, DMSO-dg, 8 = 2.5 ppm): 10.51 (app br s, 4H), 8.08 (s, 2H), 7.92 (d, I=
7.8, 41), 7.66 (d, J = 8.5, 4H), 4.78 (m, 2H), 3.42 (m, 2H), 2.65 (m, 2H}, ~2.53 (‘m’
partially overlapped with solvent signal, 2H), 1.94 (m, 2H}), 1.10 (m, 2H), 0.86 (im,
2H). LC/MS: Anal. Caled. for [M+H]" CaoHaoNs: 473.25; found 473.21.

Example M3 (and Examples M4-M7)
Example M3, along with its analogs Examples M4-M7 highlighted in the table
below, were prepared as TFA salts from pyrrolidine M3i ((4HCI) by employing the
procedure described for the synthesis of Example M1 and appropriate acids. In the
case of Example M7 an equimolar mixture of (S)-2-(methoxycarbonylamino)-3-
methylbutanoic acid and (8)-2-(methoxycarbonylamino)-2-(tefrahydro-2H-pyran-4-
ylacetic acid was employed for the coupling step and the resultant statistical mixture
of products was separated by the HPLC technique described for Example M1.
Example M3: LC (Cond. 9 and 10): >95% homogeneity index. LC/MS (Cond. 3): Ry
=1.89 min. LC/MS: Anal, Caled. for [M+H]" C4qHs;NgOg: 787.39; found 787.40.

H [
O N \“I N
R N7 —
{ L O=A N Jw
H .

L

Example R \{0 R ‘{O R, (Cond. 3); % homogeneity index
o = (Cond. 9 and 10%; LC/MS data
M4 O/ 0/ 1.74 min; >95%; LC/MS: Anal.
HN)%g " o | Caled. for [M+H]" CapHiNzOg:
R L | 759.36; found 759.35
(L | 8
M5 g S 1.98 min; >95%; LC/MS: Anal.
y N)Qo " N)*o | Caled, for [M+H]" C4sHs\N3Os:
P 2P| 811.39; found 81137
=N
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Example R R R, (Cond. 3); % homogeneity index
\iﬁ p (Cond. 9 and 10); LC/MS data
M6 g o 1.67 min; >95%; LC/MS: Anal.
HN)bo oSO | Caled. for [MH]" CagHasNsOg:
P > /P | 871.41; found 871.20
sfaiels
0 )
M7 g e 1.78 min; >95%; 1L.C/MS: Anal.
HN’&% HN:/\&QO Caled. for [M+H]* CagHysNsO1:

; \(\{ £29.40; found 829.53
ot |+
O

Examples M&-M9

MeochNﬁ, g Q]/\N})\
N N z
= Example M8 (R = H) Cl

Example M9 (R = Cl)

NCS (0.0195 g, 0.143 mmol) was added to a DMF (2 mL) solution of the fiee base

5  form of Example M3 (obtained from the TTA salt via a standard MCX free-basing
protocol; 0.109 g, 0.139 mmol), and stirred at room temperature for 16 hr and at 50°C
for 25 hr. Most of the solvent was removed in vacuo, and the residue was dissolved
in MeOIT and submitted to a reverse phase HPLC purification (MeOIl/water/TFA) to

afford the TFA salt of Example M8 (50 mg) and Example M5 (17.5 mg).
10

Example | R; (Cond. 3); % homogeneity index (Cond. 9a and 10a);
LC/MS data ‘

M8 | 2.42 min; »95%; LC/MS: Anal. Caled. for [M+H]" C4qHsoCINgOp:
821.35; found 821.31
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Example | R; {Cond. 3); % homogeneity index (Cond. 9a and 10a);
LC/MS data

M9 2.95 min; >95%; LC/MS: Anal, Caled. for [M+H]" CsqlLsoCloNgOg:
855.32,; found 855.24

Example M9.1-M9.2

MeO,CHN.

H NHCO,Me
0 = Example M9.1 (R=H) ©
Example M8.2 (R = Cl)

NCS (0.021 g, 0.158 mmol) was added to a DMF (1.5 mL) solution of the free
5  base form of Example M6 (oblained from the TFA salt via a standard MCX free-
basing protocol; 0.1059 g, 0.122 mmol), and stirred at 50°C for 24 hr. The reaction
mixture was diluted with MeOH (2.5 mL) and submitied to a reverse phase HPLC
_puriﬁcation condition (XTERRA, 30X100 mm, SS; MeOH/water/TFA). The

resultant sample was repurified with a different reverse phase HPLC condition

10 (Waters-Sunfire, 30X100 mm, S5; acetoniirile/water/TFA) to afford Example M9.1
(38.8 mg) and Example M9.2 (32.6 mg) as TFA salts.

Example | R, (Cond. 3); % homogeneity index {Cond. 9a and 10a);
LC/MS data |

M9.1 2.26 min; >95%; LC/MS: Anal. Caled. for [M+H]" CagHssCINgOs:
905.38; found 905.44
M9.2 | 2.78 min; >95%; LC/MS: Anal. Caled. for [M+H]" C4qHs3ClNzOg:
939.34; found 939.40
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Example M9.3

Examplie M9.3, step a

|

To a cooled (0°C) CH,Cly (22 mL) was added diethylzinc (IM in hexanes,

60.5 mL, 60.5 mmotl) under nitrogen followed by the dropwise addition of
trifluoroacetic acid (5.1 mL, 66.2 mmol) in 10 mL CH,Cl, over 15 min. The

reaction was stirred for 15 min, and then ditodomethane (5.4 mL, 66.9 mmol) in 10

10 mL CHyCly was added dropwise to the reaction. The reaction was continued to stir

at 0 °C for 1 hr, and then (E)-1,2-diphenylethene (2 g, 11.10 mmol) in 10 mL

CI{2C12 was added. The mixture was removed from the cold bath and stirred at

~25 °C undér nitrogen for 20 I. The reaction was quenched with 0.1N HCI (50 mL),
the layers were separated, and the aqueous layer was extracted with hexanes (2 x 100

15 mL). The combined organic phase was washed with saturated NaHCO1 (aq) (50 mlL)
and brine (50 mL), dried over MgS0Oy, filtered, and concentrated in vacuo. The

residue was submitted to a silica gel flash chromatography (hexanes) to afford

biphenyl M9.3a as a colorless oil (1.6 g). 'H NMR (400 MHz, CDClé) 3 ppm 7.34-

731 (m, 4H), 7.24-7.17 (m, 6H), 2.22-2.18 {m, 21), 1.51-1.47 (m, 2H).
20
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Example M9.3, step b

M9.3b1 M3.3h2
To a solution of biphenyl M9.3a (3.3 g, 16.99 mmol) in 1,2-dimethoxyethane
5 (197 mL) and water (82 mL) was added NBS (12.09 g, 67.9 mmol). The reaction
flask was covered with aluminum foil and stirred at room temperature for 51 hr. The
reaction was partitioned between diethy] ether and water, and the organic layer was

washed with brine, dried over MgSQy, filtered, and concentrated in vacuo. The '

residue was submitted to a flash chromatography (sample was loaded with

10 chloroform; eluted with hexanes) to afford a stereoisomeric mixture of dibrominated
product as a white solid (3.1 g). The stereoisomeric mixture was separated by chiral
SFC (Chiral pak AD-H column, 30X250 mm, 5 im; 80% CO,-20% EtOH; 35 °C;
150 bar; 70 mL/min for 20 min; 220 nm) to isolate two enantiomers: M9.3b1 (white
solid, 1.1 g); "H NMR (400 MHz, CDCl3) & ppm 7.43 (d, } = 8.6 Hz, 4H), 7.02 (4,1

15 =8.6 Hz, 4H), 2.12-2.09 (m, 2H), 1.47-1.43 (m, 2H); OR: +361.79,3.15 mgin 1 mL
CHCl,, A = 589 nm, 50 mm cell. M9.3b2 (white solid, 1.2 g); "H NMR (400 MHz,
CDCl3) & ppm 7.43 (d, J = 8.6 Iz, 4H), 7.02 (d, J = 8.6 Hz, 4H), 2.12-2.09 (m, 2H),

1.47-1.43 (m, 2H); OR: -376.70, 3.03 mg in 1 mL CHCl4, A = 589 nm, 50 mm cell.

20 Example M9.3, Step ¢

O
O

To a solution of dibromide M9.3b1 (0.8806 g, 2.501 mmol) and tributyl(1-
ethoxyvinyl)stannane (2.71 g, 7.50 mmol) in 1,4-dioxane (17 mL) was added
dichlorobis(triphenylphosphine)-pailadium(II) (0.105 g, 0.150 mmol). The reaction
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wag thoroughty flushed with nitrogen, sealed, and heated at 80 °C for 16 h. The
reaction was removed from the heat, IN HCI (aq) (17 L) was added, and the
mixture was stirred for 4 h. The mixture was diluted with water (20 mL) and
extracted with BtOAc (3 x 50 mL). The combined organic layer was dried over

5  MgS0,, filtered, and concenirated in vacuo. The residue was purified with a flash
chromatography (35% ethyl acetate/hexanes), and the retrieved sample was triturated
with hexanes (3 x 50 mL) to afford ketone M9.3¢c as an off-white solid (412.5 mg).
' NMR (400 MHz, CDCl3) & ppm 7.92 (d, J = 8.5 Hz, 4H), 7.23 (d, ] = 8.6 Hz, 4H),
2.61 (s, 6H), 2.32-2.28 (m, 2H), 1.67-1.63 {m, 2H). LC/MS: Anal. Calcd. for

10 [M+H]" CioH1904: 279.14; found 279,13,

Example M9.3, Step d

Br 0
Q e Q
O Br
To a solution of ketone M9.3¢ (0.4072 g, 1.463 mmol) in THF (7 mL) was
15 added phenyltrimethylammonium tribromide (1.10 g, 2.93 mmol), and the reaction
mixture was stirred at ~25 °C for 15 h. The volatile component was removed in
vacuo, and the residue was partifioned belween water (25 IﬁL) and Ci,Cl; (100 mL).

The organic layer was dried over MgSO4, filtered, and concentrated in vacuo 10

afford dibromide M9.3d, which was used without further purification. LC/MS: Anal.
20 Caled. for [M+H]" CioHyy PBry02: 434.96; found 434.98.

Example M9.3, Step e

) O
))LD—-( O
N 0 Q Bog
Boc Q ur 0 N
d m_ﬁ
Q

To a solution of dibromide M9.3d (~1.463 mmol) and acid M3fl (0-.698 £,

25 3.07 mmol) in acetonitrile (10 mL) was added N,N-diisopropylethylamine (0.537 mL,

3.07 mmol), and the reaction was stirred at ~25 °C for Sh. The volatile component

was removed in vacuo, and the residue was taken vp in chloroform (4 mL) and loaded
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10

15

20

25

onto a silica gel column and eluted with 8% ethyl acetate/methylene chloride over
1296 mL solvents to afford diketoester M9.3e as a light yellow foam containing
unidentified impurities (0.723 g). "H NMR (400 MHz, DMSO-dg) 8 ppm 7.90 (d, J =
8.0 Hz, 4H), 7.37 (d, ] = 8.3 Hz, 4H), 5.59-5.40 (m, 3H), 4.24-4.09 (m, 2H), 3.37-
3.25 (m, 2H), 2.47-2.36 (m, 5H), 1.87-1.80 (m, 2H), 1.72-1.68 (m, 2H), 1.57-1.49 (m,
2H), 1.41 (s, 7H), 1.35 (s, 11H), 0.80-0.67 (m, 211}, 0.58-0.48 (m, 2H). LC/MS:
Anal. Caled. for [M+H]" C4Hug N2 Na O 10: 751.32; found 751.55.

Example M9.3, Step f
ﬁj/iw;
: | :
B NN </ \>MN Boc
oc\N \)!:{;?,, B r |

A mixture of diketoester M9.3¢ (0.723 g, 0.992 mmol) and ammoninm acetate
(1.529 g, 19.84 mmol} in xylene (10 mL) in a sealed reaction vessel was heated at
140 °C {or 2.5 h. After the reaction was allowed to cool to ambient condition, the
volatile component was removed in vacuo. The residue was taken up in 20%
MeOH/CHCI; (50 mL) and treated with saturated NallCO; (ag) (20 mL), stirred and
the layers were separated. The aqueous layer was extracted further with 20%
MeOH/CHCI; (2 x 50 mL), and the combined organic phase was dried over MgSQ,,
filtered, and concentrated in vacuo. The residue was taken up in CHCl; (4 mL),
loaded onto a silica gel column and eluted with 45% ehtyl acetate/methylene chioride
over 1296 mL to afford imidazole M9.3f as an orange solid (261.7 mg). 'H NMR
(400 MHz, DMSO-de) 8 ppm 12.08 (s, 0.5I1), 11.81 (s, 1.5H), 7.64 (d, J = 8.3 Hz,
3H), 7.55(d, ] = 8.3 Hz, 1H), 7.41 (d, T = 1.7 Hz, 1.7H), 7.19-1.17 (m, 1.3H), 7.11
(d, I = 8.3 Hz, 3H), 4.59 {app br s, 2H), 3.41 (app brs, 2H), 2.37-2.14 (m, 61}, 1.68-
1.57 (m, 2H), 1.48-1.40 (m, 2H), 1.40-0.95 (br s, 18H), 0.79-0.69 (m, 2H), 0.59-0.48
{m, 2H). LC/MS: Anal. Caled. for [M+H]" C41H40 Ng O 41 689.38; found 689.43.
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Example M9.3, Step g

Praravast
LF 0

A solution of carbamate M9.3f (0.2391 g, 0.347 mmol) in 25% TFA/CH2Cl2

(1.7 mL) was stirred at ~25 °C for 1h. The volatile cornpoﬁent was removed in vacuo
S to afford the TTA salt of pyrrolidine M9.3g as a tan foam (328 mg). 'H NMR (400
MHz, DMSO-dg) & ppm 10.01 (br s, 2H), 7.70-7.68 (m, 6H), 7.20 (d, ] = 8.6 Hz, 4H),
4.63-4,58 (m, 2H), 3.37-3.33 {m, 2H), 2.51-2.42 (m, 6H), 2.24-2.20 (m, 2H), 1.93-
1.86 (m, 2H), 1.51-1.47 {(m, 2H), 1.16-1.09 (m, 2H), 0.084-0.78 (m, 2H). LC/MS:
Anal. Caled. for [M+HT" Cs31Hiz Ng: 489.28; found 489.26.
10 |
Example M9.3
To a solution of pyrrolidine M9.3g/TFA salt (0.0834 g, 0.088 mmol), (S)-2-
{methoxycarbonylamino)-3-methylbutanoic acid (0.034 g, 0.194 mmol), and N,N-
diisopropylethylamine (0.123 mL, 0.706 mmol} in DMF (1.5 mL) was added HATU
15 (0.070 g, 0.185 mmol), and the mixture was stirred at 25 °C for 4h. The reaction
mixture was diluted with MeOH (2.5 mL) and submitted to a reverse phase HPLC
purification (XTERRA, 30X100 mm, S5; MeOH/H,O/TFA) to afford Example M9.3
as an off-white foam (58 mg). 'H NMR (400 MHz, DMSO-ds) & ppm 14.90-14.20
(bs, 3H), 8.00 (br s, 2H), 7.68 (d, ] = 8.3 Hz, 4I), 7.34 (d, ] = 8.6 Hz, 4H), 7.25{d,J
20  =8.6 Hz, 2H), 5.00-4.96 (m, 2H), 4.42-4.39 (m, 2H), 3.79-3.69 (m, 2H), 3.54 (s, 61),
2.38-2.31 (m, 5H), 2.16-2.07 (m, 2H), 1.95-1.88 (m, 2H}, 1.61-1.58 (m, 2H), 0.97-
0.90 (m, 8H), 0.80 (d, J = 6.5 Hz, 8H). R¢= 1,96 min (Cond. 3); >95% homogeneity
index (Cond. 9 and 10); LC/MS: Anal. Caled. for [M+H]" CasHss Ny Og: 803.42;
found 803.43.
25
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Example M9.4

—

)‘NH \1/\ )\\Q

(j N\/LN O " HN‘/(
0 A/

Example M9.4 was prepared from pyrrolidine M9.3g/TFA salt and (S)-2-
(methoxycarbonylamine)-2-(tetrahydro-2H-pyran-4-yl)acetic acid according to the
5  same procedure used for the preparation of Example M9.3. "H NMR (400 MHz,
DMSO-dg) § ppm 15-14 (bs, 6H), 7.98 (br s, 2H), 7.66 (d, J = 8.3 Hz, 4H), 7.34-7.32
(m, 5H), 4.98-4.94 (m, 2H), 4.50-4.46 (m, 2H), 3.84-3.78 (m, 6H), 3.54 (s, 6H}, 3.32-
3.18 (m, 4H), 2.39-2.29 (m, 4H), 2.11-1.97 (m, 21}, 1.97-1.88 (m, 2H), 1.60-1.57 (m,
2H), 1.51-1.26 (m, 8H), 0.99-0.87 (m, 2H), 0.84-0.72 (m, 2H). R;= 1.77 min (Cond.
10 3);>95% homogeneity index (Cond. 9 and 10); L.C/MS: Anal. Calcd. for [M+H]"
CasHisoNgOg: 887.45; found 887.50. |

Examples M9.5 and M9.6
N
N a :.4 \K\
R NN Q £) )\\
R\k{q \)L'ﬁi HNN(

s

15 Examples M9.5 and M9.6 were prepared as TFA salts starting from dibromide
M9.3b2 according to the procedures described for the preparation of Examples M9.3

and M9.4 from the corresponding stereoisomer dibromide M9.3b1.

Example R R (Cond. 3); homogeneity index (Cond. 9 and |.
10); LC/MS data
M9.5 2, 1.98 min; >95%; LC/MS: Anal. Caled. for
Y IM+H]" C4sHssNgOg: 803.42; found 803.43
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MO9.6 1.77 min; >95%; LC/MS: Anal. Caled. for

33 77 i Al .
U [l\lj-i-H]+ CsoHsoNgQOg: 887.45; found 887.60

Example M9.7

Example M9.7 (TFA salt) was prepared from dibromide M9.3d and acid
5 M12.2¢ according to the procedures described for the preparation of Examples M9.3.
"M NMR (400 MHz, DMSO-d;) 8 ppm 14.90-14.42 (br s, 4H), 8.02 (br s, 2H), 7.70
(d, J = 8.5 Hz, 4M), 7.36 (d, ] = 8.6 Hz, 4H), 7.25(d, J = 8.3 Hz, 2H), 5.07 (dd, J =
10.7 Hz/7.1 Hz, 2H), 4.18-4,13 (app t, 211), 4.12-4.08 (app t, 2H), 3.55 (s, 6H), 3.42-
3.37 (app 1, 21-1), 2.49-2.39 (m, 2H), 2,37-2.31 (app t, 2H), 2.02-1.93 (m, 2H), 1.87-
10 L7 {(app q, 2H) 1.62-1.59 (app t, 2IT), 1.14 (d, J = 6.3 Hz, 611), 0.82 (d, J = 6.5 Hz,
6H), 0.77 (d, T = 6.8 Hz, 6H). R, =3.12 min (Cond. 10d); >95% homogeneity index
(Cond. 9 and 10); LC/MS: Anal. Calcd. for [M+H]" CysHsy Ny Og: 807.46; found
807.45.

15 Example M9.8

Example MS.7 (TFA salt) was prepared from dibromide M9,3d and acid

M12.2¢ according to the procedures described for the preparation of Examples M9.4.
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R, = 3.01 min (Cond. 10d); >95% homogeneity index (Cond. 9 and 10); LC/MS:
Anal. Caled. for [M+H]" C4oHg3NgOs: 891.48; found 891.52.

Example M10

D "Me
i j“ N NHCOMe
MeQ,CHN N )\;\
H

e"

Example M10, Step a

The title compound, containing a diastereomeric impurity, was prepared in 5 steps
10  from (S)-methyl 5 —oxopyrrolidine-2-carboxylate by employing the procedure
described J. Med. Chem., 49:3520-3535 (2006) for the synthesis of its efhyl ester
analog. 'H NMR (CDCl;, 400 MHz): 4.35 (m, 0.5H), 4.25.(111, 0.511), 4.05 (m,
0.5H), 3.90 (m, 0.5H1), 3.73 (s, 3H), 2.20 (m, 1H), 2.00 (m, 2H), 1.65 (m, 1H),
1.50/1.40 (two overlapping br s, 9H), 1.31 (d, ] = 6.0, 31).

15

Example M10, Step b

OH
HaC N
)

Boc ©
A solution of lithium hydroxide (0.23g, 9.62 mmol) in water (5 mlL) was added
dropwise to a solution of ester M10a (1.8g, 7.4 mmol} in ethanol (10 ml.), and stirred
20 at room temperature for 17 hr, Most of the solvent was evaporated, and the residue
was diluted with water, 1 N HCI was added dropwise to bring it to pH 3. Tt was
extracted with ethy] acetate (20 mL, 4x), dried (Na,S0O4) and evaporated in vacuo to
afford a colorless oil, which yielded crystals when dissolvéd in EtOAc/hexanes

solvent system and allowed to stand at room temperature. The white solid was
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filtrated and dried in vacuo (1.42g). "H NMR (CDCl3, 400 MHz, d = 7.24 ppm): 4.35
(m, 1H), 3.95 (m, 1H), 2.35 {(m, 1H), 2.05 (i, 2I1}, 1.70 (m, 1H), 1.50 (br s, 9H),
1.25(d, J=7.1, 3H).

5 ' Example M10, Step ¢

0
H3C’£;H \)L©\Br

Boc ©
To a solution of acid M10b (2.16 g, 9.42 mmol) and 2-bromo-1-(4-
bromophenyl)ethanone (2.62 g, 9.42 mmol) in acetonitrile (50 mL}) was added slowly
diisopropylethylamine (1.645 mL, 9.42 mmol), and the reaction mixture was stirred at

10 room temperature for 5 hr, Solvent was removed in vacuo, and the residue was
partitioned between ethy! acetate and water (1:1, 100 mL), The organic layer was
washed with sat. NaHCOs3, dried (Na;S0Q4) and concentrated in vacuo to afford
ketoester MlOé as white solid (3.9g), which was used in the next step without further
purification. "H NMR (400 MHz , DMSO-ds, 8 = 2.5 ppm): 7.92 (d, J = 8.3, 2I1),

15 7.78 (d, J=8.5, 28), 5.6-5.4 (m, 2H), 4.35 (m, 111), 3.85 (m, 1H), 2.25 (m, 1H), 2.05
{(m, 2H), 1.60 (m, 1H), 1.5/1.4 (two overlapping brs, 9H), 1.18 (d, J = 6.6, 3H).
LC/MS: Anal. Caled. for [M+Na]” C|91'12481B1'NaN051 450.07; found: 450.00.

Example M10, Step d
N

N

H .
‘Boc

N
20 H,C
To a solution of ketoester M10¢ (3.9 g, 9.15 mmol) in xylene (60 mL) in a 500 mL
pressure iube, ammonium acetate (7.05 g, 91 mmol) was added. The reaction vessel
was sealed and heated at 140 °C for 5 hr. The solvent was removed in vacuo, and the
residue was partitioned between CH;Cl, (100 m1.} and water (100 mL). The organic
25  layer was washed (Sat. NaliCO3), dried (Na;SOy), and evaporated in vacuo. The

resulting crude material was purified with flash chrométograph (30-100%
-114 -



WO 2010/117635 PCT/US2010/028456

10

15

20

25

EtOAc/Hexane) to afford bromide M10d as a brown foam (3.0 g, yield 81%). 'H
NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz): 11.77 (s, 1H), 7.70 (d, ] = 8.5, 2H), 7.52
(brs, 1H), 7.50 {d, J = 8.5, 2H), 4.80 {m, 11}, 3.85 (m, 1H), 2.10 (m, 3H), 2.70 (m,
1H), 1.5/1.3 (overlapping br s, 9H), 1.20 (m, 3H). LC/MS:; Anal. Calcd, for [M+H]"
C19Has BrN;0,: 406.11; found: 406.18.

Example M10, Step e

“iMe
TN
j\ |

5 L-O—=
Mel " H

Pyrrolidine M10e (HCI salt) was prepared bromide M10d according to the

=X

procedure described for the synthesis of pyrrolidine M1b (HC] salt) from bromide
Dlb.

Example M10
Example M10 (TFA salt) was prepared from bromide pyrrolidine M10e (HCI salt)
according to the procedure described for the synthesis of Example M1 from
pyrroldine M3i (HCl salt). "H NMR (DMSO-ds, § = 2.5 p;ﬁm, 400 MHz): 8.05 (s,
2H), 7.85 (d, T = 8.1, 4H), 7.69 (d, ] = 7.6, 4H), 7.56 (d, T = 8.0, 2H), 5.5 (m, 0.41), |
5.0 (m, 1.6H), 4.75 (1.6H), 4.10 (m, 0.411), 3.95 (m, 2H), 3.50 (s, 6H), 2.50-2.30 (m,
4H), 2.10 (m, 2H), 1.85 (m, 4H), 1.46 (d, J = 6.6, SH), 1.20 (d, ) = 6.8, 1H), 0.9-0.9
(m, 7.2H); 0.74 (d, ] = 6.8, 4.8H). L.C (Cond. 9 and 10): >95% homogeneity index.
LC/MS (Cond. 3): Ry = 2.03 min. LC/MS: Anal. Caled. for [M+H]" C4qHssNgOs:
791.42; found: 791.39.

Examples M11-M12
The TFA salts Examples M11-M12 were prepared according to the procedure

described for Example M10 and by employing appropriate acids.
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“"Me
R\( \l“ 3\
Ho=0d3

Example _/<0 R (Cond. 3); % homogeneity index (Cond. 9 and 10);
R
Y LC/MS data

M11 | g 1.89 min.; >98%; LC/MS: Anal. Caled. for [M+H]"
H N/\to Ca2Hs NgOg: 763,39, found 763.40.
< O
(L
M12 o 1.82 min.; >98%; LC/MS: Anal. Caled. for [M-+H]"
HN)Q% | CagHsoNgOg: 875.45; found §75.42.

Example M12.1

IIMe
OO0 g
Meli: O

To a solution of pyrrolidine M10e/HCl salt (119 mg, 0.191 mmol), (S)-2-
{methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-yDacetic acid (49.0 mg, 0.226
mmol) and (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (40.9 mg, 0.233
mmol) in DMF (5 mL) was added DIEA (0.200 mL, 1.147 mmol) and HATU (148
mg, 0.390 mmol), and the mixture was stirred at room temperature for 1 hr. Solvent
was removed in vacuo and the residue was dissolved in methanol and purified with a
reverse phase HPLC (MeOH/TFA/Water) to separate the statistical mixture of
products, one of which was Example M12.1 (TFA salt; light yellow foam; 55 mg).
"H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz): 8.09-7.82 (m, 6H), 7.68-7.55 (m, 6H),
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5.00 (mm, 2H), 4.64 (app t, 2H), 4.21-3.75 (m, 6H), 3.53 (m, 6I1), 3.17 (m, 2H), 2.33-
2.21 (m, 6H), 1.85 (m, 3H), 1.62-1.17 (overlay of *d” and ‘m’, J for 'd’ = 6.6 Hz, 9H),
0.88 (m, 3.6H)', 0.74 (d, } = 6.8 Hz, 2.4H). LC (Cond. 9 and 10): >25% homogeneity
index. LC/MS (Cond. 10h): R, = 1.92 min, LC/MS: Anal. Caled. for [M+H]"

5  C4Hs7NgOq: 833.44; found: §33.40.

Example M12.2

~
a0
-

O

MeO,CHN H
- O=0- -
O NHCO,Me
10 Example M12.2, Step a
. . O ]
0 (io 0 ~‘&O s N
N g 1k
0 Boc O Boc
M12.2a-1 M12.25-2 Mi2.2a-3

The above three esters were prepared from (S)-1-tert-butyl 2-methyl 5-
oxopyrrolidine-1,2-dicarboxylate according to the procedure described in Tetrahedon
Letters, 2003, 3203-3205.

15
Example M12.2, Step b

N
N

/‘H&‘"Q

|
Q Boc

Borane-methyl sulfide complex (5.44 mL, 10.88 mmol) was added to a
solution of ester M12.2a-2 (1.4 g, 5.44 mmol) in THF (25 mL), and the reaction
20  mixture was heated at 40 °C for 7 hr. The volatile component was removed in vacuo

and the residue was partitioned between EtOAc and water (50 mL. each). The

-117 -



WO 2010/117635

10

15

20

25

PCT/US2010/028456

aqueous layer was extracted with EtOAc (30 mL}), and the combined organic phase
was dried with Na;SO4, and concentrated in vacuo. The resultant colorless oil was
purified with a flash chromatography (0-50% EtOAc/l—Iexaﬁe) to afford ester M12.2b
as a colorless il (0.77 g). "H NMR (CDCls, 8 = 7.24 ppm, 400 MHz): 4.29-4.18 (m,
1H), 3.78-3.66 (m, 4H), 2.99 (app t, 1= 10.1, 1H), 2.43-2.97 (m, 1H), 2.43-2.37 (m,
1H), 2.30-2.18 (m, 1H), 1.60-1.52 (m, 1H), 1.47/1.42 (two *s’, 9H), 1.08-1.05 (i,
3H).

Example M12.2, Step ¢

N
~
-~

HOW«'O

A
O Boc

To a solution of ester M12.2b (1.69 g, 6.95 mmol) in ethanol (10 mL) was
added solution of LiOH (0.250 g, 10.42 mmol) in water (5.00 mL), and the reaction
mixture was stirred at room temperature for 5 hr. The organic solvent was
evaporated in vacuo and the residue was diluted with water (10 mL) and washed with
ether (10 mL). It was chilled in ice-water bath, and acidified to a pH range of ~2 with
IN HCI. It was then extracted with EtOAc (20 mL, 3x). The organic layer was dried
with Na,;SO4 and concentrated in vacuo to afford acid M12.2¢ as a colorless oil,
which became a white solid upon extended exposure to high vacuum (1.38g). 'H
NMR (CDCls, 8 = 7.24 ppm, 400 MHz): 4.39-4.22 (m, 11}, 3.80-3.69 (m, 0.91H),
3.59-3.35 (m, 0.181), 3.03-2.8% (m, 0.91H), 2.51-2.22 (m, 211), 1.98-1.91 (m,
0.71H), 1.68-1.60 (0.29H), 1.50/1.44 (two *s’, 9H), 1.09 (app m, 3H).

Example M12.2, step d

00
I\{ @]
Boc

To a solution of M12.2¢ (1.38 g, 6.02 mmol) and 2-bromo-1-(4-
bromophenyl)ethanone (1.673 g, 6.02 mmol) in acetonitrile (35 mL) was added DIEA
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(1.051 mL, 6.02 mmol). It was stirred at room temperature for 5 hrs, The solvent
was evaporated in vacuo and water (50 mL) and EtOAc (70 mL) were added, organic
layer was separated and washed by sat, NaHCO; (30 mL), dried with Na;SOq,
evaporated in vacuo to give crude M12.2d as a red o1l (2.71 g), which was used in the
next step without further purification. "H NMR (DMSO-dg, § = 2.5 ppm, 400 MHz):
7.91 (m, 211), 7.78 (d, J = 8.5 Hz, 2H), 5.60-4.90 (m, 2I1), 4.29 (app t, 1H), 3.61 (m,
1H), 2:85 (m, 1H), 2.35-1.80 (m, 2IT), 1.65 (m, 1H), 1.40-1.32 (two s, OH), 1.02 (d, ]
= 6.5 Hz, 3H). LC/MS: Anal. Calcd. for [M+Na]" CioHz4 ' BrNNaOs: 450.07; found:
450.11.

Example M12.2, step e

To a pressure tube containing a solution of ketoester M12.2d (2.57 g, 6.03
mmol) in xylene (50 ml was added ammonium acetate (4.65 g, 60.3 mmol). The
vessel was capped and heated at 140 °C for 5 hrs. The volatile component was
removed in vacuo and the residue was partitioned between DCM (50 mL) and water
(40 mL). The organic layer was dried with Na,SQu, and concentrated in vacuo. The
resulting crude mixture was purified witl: flash chromatograph (30-100%
EtOAc/Hexane) to afford imidazole M12.2.e as a brown so]id (1.24g). "TH NMR
(DMSO0-dg, &=2.5 ppm, 400 MHz): 7.69 (d, ] = 8.5 Hz, 2H), 7.58-7.48 (m, 3H), 4.70
(m, 1H), 3.65 (m, 119), 3.02(m, 1H), 2.37 (m, 1H), 2.22 (in, 1H), 1.74-1.54 (m, 1H),
1.37-1.08 (two s, 9H), 1.03 (d, J = 6.3 Hz, 3H). LC/MS: Anal. Caled. for [M+H]"
CioHas PBrN30;: 406.11; found: 406.18.
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Example M12.2, step f

o >
N N o Nj\“' N
O=L T
oWy NN
"
Pyrrolidine M12.2f (HCI salt) was prepared bromide M12.2¢ according to the
procedure described for the synthesis of pyrrolidine M1b (HCI salt) from bromide

- Dlb.

Example M12.2

To a mixture of pyrrolidine M12.2f /HCI salt (200 mg, 0.321 mmol} and (S)-
2-{methoxycarbonylamino)-3-methylbutanoic acid (124 mg, 0.707 mmol) in DMF (5
mL) were added DIEA (0.337 mL, 1.928 minol) and HATU (250 mg, 0.659 mmaol),
and the mixture was stirred at room temperature for 2 hrs. The volatile component
was removed in vacuo and the residue was purified with a reverse phase HPLC
(Phenomenex-Luna 30X100mm, S10 Axia, MeQH/TFA/Water). The resultant
sample was repurified with a different reverse phase HPLC (Water-Sunfire
30X 100mm S5, ACN/TFA/Water) to afford the TFA salt of Example M12.2 asa
light yellow foam (77.1 mg). 'H NMR (Methanol-dy, & = 3.29 ppm, 400 MHz): 7.90
(s, 2H), 7.74 (d, J = 8.6 Hz, 4H), 7.67 (d, ] = 8.5 Hz, 4H), 5.18 (m, 2H), 4.30 (app t,
211), 4.18 (d, J= 7.3 Hz, 2H), 3.63 (s, 6H), 3.38 (m, 2H}, 2.63 (m, 2H), 2.51 (m, 2H),
1.98 (m, 2H), 1.81 (m, 211), 1.21 (d, ] = 6.3 Hz, 6H), 0.83-0.90 (m, 12H). LC (Cond.
9 and 10): >95% homogeneity index. LC/MS (Cond. 10h): R, = 2.01 min. LC/MS:
Anal. Caled. for [M-+H]" C4aHss NgQg: 791.42; found: 791.46. |

-120 -



WO 2010/117635

10

15

20

124

PCT/US2010/028456

Example M12.3

~

(f 000435

NHCOZMe

Example M12.3 (TFA salt) was prepared from pyrrolidine M12.2f /HCl and
(8)-2~-(methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-yl)acetic acid according to
the procedure described for the preparation of Example M12.2. RT: L.C (Cond. 9 and
10}: >95% homogeneity index. LC/MS (Cond. 10h): R = 1.89 min, LC/MS: Anal.
Caled. for [M+H]" CasHsoNgOs: 875.45; found §75.42.

Example M12.4-M12.5

MeOCHY o [ H D
- O =00 -
L. N
Q H d NHCO,Me

Example M12.4 (R = H)
Example M12.5 (R =Cl)

4,"’

-~
-~

To a solution of Example M12.2 (free-based using MCX column and 2N
NH3/MeOH) (80 mg, 0.101 mmol) in DMF (5 mL) was added NCS (17.56 mg, 0.131
mmol), and heated at 50 °C for 3 hrs. Additional NCS (5 mg, 0.037 mmol) was
added to the mixiure and heating was continued for 5 more hours. The volatile
component was removed in vacuo and the residue was dissoled in MeOH and
submitted to a reverse phase HPLC condition (MeOH/TFA/Water) to afford Example
M12.4/TFA salt (light yellow foam, 24 mg) and Example M12.5/TFA salt (light
yellow foam, 28 mg). Example M12.4/TEA salt: "I NMR (DMSO-ds, 3 = 2.5 ppm,
400 MHz): 8;17(5, 1H), 7.83-7.73 (m, 6H), 7.66 (d, ] = 8.6 Hz, 2H), 7.30 (d, ] = 8.3
Hz, 1H), 7.22 (d, I = 8.3 Hz, 1H), 5.05 (m, 1H), 4.85 (m, 1H), 4.16-4.02 (in, 4H),
3.52 (s, 6H), 3.37 (m, 1H), 3.23 (m, 1H), 2.54-2.24 (m, 4H), 1.87-1.63 (m, 4H), 1.13-
1.08 (m, 6H), 0.85-0.74 (m, 12H). LC (Cond. 9a.1 and 10a.1); >95% homogeneity

index. LC/MS (Cond. 11): Ry = 4.26 min, LC/MS: Anal. Caled. for [M+H]"
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Cyalls4CINGOs: 825.39; found: 825.50. Example M12.5/TFA salt: (DMSO-ds, 6=
2.5 ppm, 400 MHz): 7.79 (d, ] = 8.4 Hz, 4H), 7.66 (d, I =8.4 Hz, 4H), 7.22 (d, ] =
8.3 Hz, 2H), 4.85 (m, 2H), 4.13 (app t, 2H), 4.04 (app t, 2H), 3.53 (s, 611), 3.24 (app
t, 210}, 2.39 (m, 2H), 2.26 (m, 2H), 1.90 (m, 2H), 1.66 (m, 2H), 1.09 (d, I = 6.5 Hz,

5 6H), 0.85(d,J = 6.8 Hz, 6H), 0.80 (d, J = 6.5 Hz, 6H). LC (Cond. 9a and 10a.1):
>05% homogeneity index. LC/MS (Cond. 11} R, = 4.44 min. LC/MS: Anal. Caled.
for [M+H]" C44H5:C1:NgQs: 859.35; found: 859.30.

Example M12.6-M12.7

0/
d\{ \ / \ \
O .
Example M12.6 (R=H) 0
10 Example M12.7 (R=Cl) /

Example 12.6 - 12.7 were prepared as TFA salts from Example M12.3

according to the procedure described for the preparation of Example 12.4 - 12.5,

Example | RT (Cond. 12); % homogeneity index (Cond. 12); MS data

13.68 min.; >95%; LC/MS: Anal. Caled. for [M+H]" CagHssCINgOq:
M1i2.6 909.41; found 909.8

17.12 min; >95%; LC/MS: Anal. Caled. for [M+H]" CygHs7ClNgQs:
M12.7 943.37; found 943.7

Example M12.8

NHCOMe

MeOCHN , H C;Q
P OO S
O' H °

13 F
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Example M12.8, stepa

~
o
~

MeO,CHN H O
S - O=0R0
To a mixture of pyrrolidine M12.2{/HCI salt (120 mg, 0.193 mmol) and (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid (35.1 mg, 0.200 mmol) in DMF (2
5 mL), were added DIEA (0.168 mL, 0.964 mmol) followed by HATU (70.4 mg, 0.185
mmol), and the mixture was stirred at room temperature for 1 br. The volatile
component was removed in vacuo and the residue was dissoled in MeOH and
submitted to a reverse phase HPLC condition (MeOH/TFA/Water) to isolate the TFA
salt of pyrrolidine M12.8a as yellow solid (36mg). The sample was free based (MCX
10 column; MeOH wash; 2 N NH; /MeOH elution) to afford a yellow solid (22.3 mg).
LC/MS: Anal. Caled. for [M+H]" C37HygN705: 634.35; found: 634.35.

Example M12.8
To a solution of pyrrolidine M12.8a (22.3 mg, 0.035 mmol) and (S5)-2-

15 (methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-yl)acetic acid (12.99 mg, 0.060
mmol) in DMF (2 mL) were added DIEA (0.018 mL, 0.106 mmol) and HATU (13.65
mg, 0.036 mmol), and the mixture was stirred at room temperature for 2 hrs. The
volatile component was removed in vacuo and the residue was dissoled in MeOH and
submitted to a reverse phase HPLC condition (Column: Phenomenex-Luna

20 30X100mm, S10 Axia; MeOIH/TFA/Water). The resulting sample was repurified
with a second reverse phase HPLC (Column: Water-Sunfire 30X100mm S35;
ACN/TFA/Water) to afford the TFA salt of Example M12.8 as a light yellow foam
(16 mg). "H NMR (Methanol-dy, & = 3.29 ppm, 400 MHz): 7.92 (d,J= 5.0 Hz, 2H),
7.77 (d, ] = 8.5 Hz, 4H), 7.72-7.69 (m, 4H), 5.21 (m, 2H), 4.39-4.22 (m, 4H), 3.92

25 (m, 2I9), 3.67 (s, 6H), 3.47-3.28 (m, 411), 2.68 (m, 2H), 2.54 (m, 2H), 2.06-1.85 (m,
4H), 1.25 (d, T = 6.5 Hz, 6H), 0.93 (d, ] = 6.7 Hz, 3H), 0.91 (d, J = 7.3 Hz, 6H). LC
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(Cond. 9 and 10): >95% homogeneity index. LC/MS (Cond, 10d): R, =3.10 min.
LC/MS: Anal. Caled. for [M+H]" CagHs7 NgOs: 833.44; found: 833.47.

Example M12.9

Example M12.9, Step a

\
A2 \
Boc
To a solution of mixture of M12.2a-1 and M12.2a-2 (4.75g, 18.46 mmol) was
added Superhydride (19.20 mL, 19.20 mmol) dropwise at -50 °C in a dryice/acetone
10 bath for 10 min. Hunig's base (13.58 mL, 78 mmol) was added, and stirred for 10
min and DMAP (0.122 g, 0.997 mmol) was added as a solid, stirred for 15 min, and
trifluoroacetic anhydride (2.98 mL, 21.08 mmol) was added dropwise over 15 mins
Then the dryice/acetone bath was removed, and the reaction mixture was stirred for 4
hr while allowing it to thaw to room temperature. The reaction mixture was washed
15 with water (50 mL), sat. NaCl (30 mL), and concentrated in vacuo. The resulting
crude material was purified with flash chromatography (8-60% EtOAc/Hexane) to
afford ester M12.9a as a yellow oil (2.85 g). "H NMR (CDCl3, 400 MHz): 6.36 (s,
0.5H), 6.25 (s, 0.5H), 4.70-4.57 (m, 1H), 3.78 (s, 3H), 2.96 (m, 1H), 2.54 (m, LH),
1.70 (s, 3H), 1.50 (s, 4.5H), 1.44 (s, 4.5H).
20
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Example M12.9, Step b

VN bl
O Boc Boc
M12.9b-1 ‘M12.9b-2

Diethylzinc (1.1 M in toluene, 59.1 mL, 65.0 munol) was added dropwise over
20 min to a cooled (-23 °C) toluene (60 mL) solution of ester M12.9a (5.23 g, 21.68
mmol), and stirred for 10 min. Chloroiodomethane (9.44 mL, 130 mmol) was added
dropwise over 10 min, and the reaction mixture was stirred at 21 °C for 16 hr. Sat.
NaHCO; (60.mL) was added to the reaction mixture, the cooling bath was removed,
and the mixture was stirred for 10 min. It was then filtered, and the filter cake was
washed with toluene (50 mL). The filterate was partitioned, and the organic layer
was dried with NaySOq, and concentrated in vacuo. The resulting crude material was
purified with flash chromatography (2-10% EtOAc/Hexane) to afford ester ester
M12.9b-1 (first elute; colorless oil; 2.88 g) and ester M12.9b-2 (second elute;
colorless oil; 1.01g). Relative stereochemical assignment was made based on NOE
studies. Ester M12.9b-1: 'H NMR {(CDCls, 400 MHz): 4.65-4.52 (m, 1H), 3.72 (s,
3), 3.28-3.17 (m, 1H), 2.44-2.32 (m, 1H), 2.16-2.10 (m, 1H), 1.51-1.42 {two s, 9H),
1.24 (s, 3H), 1.07 (m, 1H), 0.69-0.60 (m, 1H).

Example M12.9, Step ¢

HO [—g"
)a
O

' K
Boc
To a solution of M12.9b-1 (2.88 g, 11.28 mmol) in Ethanol (20 mL) was
added a solution of LiOH (0.324 g, 13.54 mmol) in water (10,00 mL), and the
mixture was stirred at room temperature for 6 hr. Most of the volatile component
was removed in vacuo, and the residue was partitioned between water (20 mL) and
ether (20 mL), The aqueous Jayer was chilled in an ice-water bath, acidified with a

1N HCl to a pH region of 2, and extracted with EtOAc (30 mL, 4x). The combined
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organic phase was dried with Na;SOs, evaporated in vacuo to give acid M12.9c as a
sticky solid (2.55g). "H NMR (CDCls, 400 MHz): 4.64 (m, 1H), 3.25 (appt s, 1H),
2.70-2.40 (m, 1H), 2.14 (m, 1H), 1.54-1.44 (m, 511}, 1.27 (s, 3H), 1.10-0.80 (m, 1H),
0.67 (m, 1H).

Example M12.9, Step d

To a solution of acid M12.9¢ (2.05 g, 8.50 mmol} in Acetonitrile (50 mL) was
added 2-bromo-1-(4-bromophenyl)ethanone (2.361 g, 8.50 mmol) followed by DIEA
(1.484 mL, 8.50 mmol), and the reaction mixture was stirred at room temperature for
16 hr, Most of the volatile component was removed in vacuo, and the residue was
partitioned between EtOAc (50 mL) and water (50 mL). The organic layer was
washed with sat. NaFICO; (30 mL) and saf. NaCl (20 mL.), dried with Na;SOy, and
evaporated in vacuo to afford ketoester M12.9d as white foam (3.5 gj. LC/MS: Anal.
Caled. for [M+Na]" CagHas* BINNaOs: 462.07; found: 461,91,

Example M12.9, Step e

I\}’\>—~®—Br

N\Eloc |

To a mixture of ketoester M12.9e (3.5 g, 7.99 mmol) and xylene (§0 mL) in a
pressure tube was added ammonium acetate (6.16 g, 8¢ mmol), and the reaction
mixture was capped and heated at 140 °C for 4.5 hir. The volatile component was
removed in vacuo and the residue was partitioned between DCM (70 mL) and water
(70 mL). The organic layer was washed with sat. NaHCO; (30 mL), and concentrated
in vacuo. The resulting crude material was purified with flash chromatograph (40-
100% BtOAc/Hexane) to afford imidazole M12.9¢ as a brown solid (2.8 g). "H NMR
(DMSO0-ds, & = 2.5 ppm, 400 MHz): 7.68 (m, 2H), 7.57-7.49 {m, 3H), 5.08 (m, 1H),
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3.20 (m, 1H), 2.45-2.09 (M, 2H), 1.69-1.52 (m, 1H), 1.42-1.16 (m, 12H}, 0.62 (m,
1H). LC/MS: Anal. Caled. for M+H]" CaoH,sS BN O,: 420.11; found: 420.02.

Example M12.9, Step f

Boc\N

5 Boc

To a pressure tube containing a solution of bromide M12.9¢ (0.354 g, 1.007
mmol) and 1,2-bis(trimethylstannyl)ethyne (0.354 g, 1.007 mmol) in DMF (15 mL)
was added Pd (PhyP)s (0.070 g, 0.060 mmol), and the reaction mixture was degassed
for 10 min and the reaction vessel was capped and heated at 90 °C for 14 hr. Most of
10 thevolatile component was removed in vacuo, and the residue was partitioned
between DCM (60 mL) and water (40 mL). The organic layer was dried with
Na,S04, and evaporated in vacuo. The resulting crude material was purified with
flash chromatograph (40-100% EtOAc/hexanes) to afford alkyne M12.9f as a red
solid (0.3 g). LC/MS: Anal. Caled, for [M+H]" C42H49N604: 701.38; found: 701.43,
15

Example M12.9, Step g

HN
N
BT

4N HC in dioxane (3.90 mL, 128 mmo!} was added to carbamate M12.91 (0.3
g, 0.428 mmol), and the mixture was stitred at room temperature for 5 hr. The
20  volatile component was removed in vacuo and the residue was dried under high
vacuum overnight to afford the HCI salt of pyrrolidine M12.9g as a yellow solid (0.27
g). LC/MS: Anal. Caled. for [M--H]" C3,H33N;: 501.28; found: 501.22.
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Example M12.9
To a mixture of M12.9g/HCI salt (60 mg, 0.093 mmol) and (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid (35.8 mg, 0.204 mmol) in DMF (2
mL) were added DIEA (0.097 mL, 0.557 mmol) and HATU (72.7 mg, 0.191 mmoal),
5  and the reaction mixture was stirred at room temperature for 2 br.” The volatile
component was removed in vacuo and the residue was dissoled in MeOH and
submitted to a reverse phase HPLC purification (Phenomenex-Luna 30X100mm, S10
Axia, MeOH/TFA/Water). The resulting sample was repurified with a second reverse
phase HPLC (Water-Sunfire 30X150mm OBD, ACN/TFA/Water) to afford the TFA
10 salt of Example M12.9 as light yellow foam (37 mg). LC/MS (Cond. 10d): R, = 3.08
min. LC (Cond. 9 and 10): >95% homogeneity index. LC/MS: Anal. Caled. for
[M+H]" CasHssNgOg: 815.42; found: 815.46,

Example M13
MeQ,CHN

d \ H
~ 4 O~ 4 :p\
H \ =
5 AJ NHCO,Me

Example M13, Step a

Br Boc\
N N ":
Oy
N

{SEM regiochemistry was not determined)
To a solution of bromide M3h (1.0 g, 2.47 mmol) in DMF (25 mL) was added
20  sodium hydride (60%; 0.109 g, 2.72 mmol), and the reaction mixture was stirred at
room temperature for 20 min. Then (2-(chloromethoxy)ethyltrimethylsilane (0.482
mL, 2.72 mmol) was added dropwiée, and the reaction was stirred for 21h. The
volatile component was removed in vacuo, and the residue was partitioned between

ethyl acetate (25 mlL) and water (25 mL). The aqueous layer was extracted with ethyl
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acetate (2 x 25 mL), and the combined organic phase was washed with brine (25 mL),
dried over MgSQy, filtered, and concentrated in vacuo. The residue was taken up in
CHCl3 (2 mL) and loaded on a Thomson’s silica gel cartridge eluting with 25% ethyl
acetate/hexanes to afford bromide M13a of unknown regio-chemical make up as light
yellow foam (1.171 g). 'H NMR (DMSO-ds, § = 2.5 ppm, 400 MHz): 7.71 (s, 1H),
7.69 (d, I=8.6,2H), 7.52 (d, J = 8.6, 2H), 5.62-5.31 (brs, 1H), 5.26 (d, = 10.8,
1H), 4.84-4.66 (app br s, 1H), 3.57-3.36 (app br s, LH), 3.50 {t, J=8.1, 2H), 2.44—
2.20 (app brs, 2H), 1.77-1.60 (app brs, 1H), 1.52—-1.23 (br 5, 4H), 1.23-0.96 (br s,
5H), 0.92-0.79 (m, 2H), 0.78-0.69 (m, 1H), 0.64- 0.55 (app br s, 1H), 0.00 (s, 9H).
LC/MS: Anal. Caled. for [M+H]" CasHa7" BrN;05Si: 534.18; found: 533.99.

Example M13, Step b
= Boc\

N~,..
[y~
N\
SEM

(SEM regiochemistry was not determined)

To a solution of bromide M13a (0.5542 g, 1.037 mmol) and triethylamine (0.434 mL,
3.11 mmol) in 2-propanot (2.000 ml.) and water (1 mL) in a sealed reaction vessel
was added potassium vinyltrifluoroborate (0.181 g, 1,348 mmol) followed by 1,1
bis(diphenylphosphino)ferrocene-palladium(Il)dichloride dichloromethane complex
(0.085 g, 0.104 mmol). The reaction mixture was flushed with nitrogen, capped and
heated at 100 °C for 17h. The volatile component was renioved in vacuo, and the
residue was partitioned between ethyl acetate (25 ml.) and water (25 mL), and the
aqueous phase was extracted with ethyl acetate (2 x 25 mL). The combined ofganic
phase was dried over MgSOy, filtered, and concentrated in vacuo. The residue was
taken up in CHCl; (4 mL) and loaded onto a Thomson’s silica gel cartridge eluting
with 25% ethyl acelate/hexanes to afford alkene M13b as a light yellow viscous oil
(345.4 mg). "H NMR (DMSO-de, 8 = 2.5 ppm, 400 MHz): 7.71 (d, J = 8.3, 2H), 7.67
(s, 1H), 7.45 (d, = 8.3, 2H), 6.72 (dd, T = 17.6,11.1, 1H), 5.8 (dd, ] = 0.8, 17.6, 1H),
5.60-5.29 (app brs, 1H), 5.26 (d, J = 10.8, 1H), 5.22 (d, J=11.8, 1H), 4.83-4.67
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(app brs, 1H), 3.59 —~ 3.35 (app brs, 1H), 3.51 (1, I =8.1, 2H), 2.41-2.23 (app br s,
2H), 1.76-1.59 (app br s, 1H), 1.51-1.22 (app br s, 4H), 1.22-0.97 (app br s, SH),
0.93-0.80 (1, 2H), 0.80-0.71 (m, 1H), 0.65-0.56 (app br s, 1H), 0.00 (s, SH).
LC/MS: Anal. Caled. for [M+H]+ CyyHaoN;0551: 482.28; found: 482.24.

Example M13, Step ¢

SEM. Boc,
N N\
e aSavy A
& \
VAN N,
"Boc SEM

(SEM regiochemistry was not determined)

To a solution of alkene M13b (0.748 g, 1.552 mmol) in CH,Cl; (2 mL) was added
Grubbs 2nd Generation Catalyst (0.132 g, 0.155 mmol), and stirred at room
temperature under nitrogen for 18 hr. The reaction was loaded onto a Thomson’s
silica gel cartridge eluting with 30% ethyl acetate/hexanes to afford M13c as a tan
foam (0.50 g). "H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz): 7.74 (4, J = 8.4, 4H),
7.68 (s, 2H), 7.58 (d, J = 8.3, 4H), 7.22 (5, 211), 5.72-5.34 (bs, 3H), 5.34-5.21 (m,
2H), 4.94-4.63 (app brs, 3H), 3.52 (t, ] = 7.8, 4H), 2.45-2.20 (app br s, 4H), 1.88-
1.57 (app brs, 2I1), 1.57-1.26 (br s, 8H), 1.26-0.98 (br s, 10H), 0.93-0.80 (m, 4H),
0.80-0.69 (m, 2H), 0.69 -0.51 (app bs, 2H), 0.00 (s, 18H).

Example M13, Step d

C’EE%Q

4N HCl/Dioxane (13 L)) was carefully added to a flask containing M13c (0.4799 g,

0.513 mmol) that was cooled with an ice/water bath. A mixture of water (4 mL) and

12N HCI (2 mL) was added to the above mixture and the cooling bath was removed

and stirring of the reaction mixture continued for 24h. MeOH (2 mL) was added to

the reaction, and stirring was continued for 17h. All solvents were removed in vacuo

to afford pyrrolidine M13d (AHCI) as a yellow/tan solid (317 mg). "H NMR (DMSO-
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dg, & = 2.5 ppm, 400 MHz): 10.78-9.87 (very br s, ~3H), 8.01 (s, 2H), 7.87 (d, ] =
8.4, 41D, 7.71 (d, T = 8.6, 4H), 7.35 (s, 211}, 4.76 (app t, ] = 8.8, 2H), 3.43 (app t, I =
5.1, 2H), 2.64 (m, 2H), 2.55-2.52 (m, 2H), 1.95 (m, 2H), 1.16-1.05 (m, 2H), 0.86 (m,
2H). LC/MS: Anal, Caled. for [M+H]" CagH3Ng: 475.26; found; 475.26.

Example M13

The TFA salt of Example M13 was prepared from pyrrolidine M13d (4HCI) and (S)-

2-(methoxycarbonylamino)-3-methylbutanoic acid according to the procedure
described for the preparation of Example M1. 'H NMR (]jM_SO-dG, o = 2.5 ppm,
400 MHz): 8.14-7.95 (br s, 2H), 7.80-7.74 (m, 81), 7.40 (5, 2H), 7.25 (d, I = 8.3,
2H), 5.0 (app t, J = 7.3, 2H), 4.41 (app t, ] = 7.6, 2H), 3.81-3.67 (m, 2HI), 3.54 (s,
6ID), 2.57-2.46 (overlapped with DMSO-4) (m, 2H), 2.44-2.31 (m, 2H), 2.19-2.05

(m, 2H), 1.98-1.87 (m, 2H), 1.02-0.89 (m, 7.5H), 0.89-0.70 (in, S.SI—I). LC (Cond. 3):

R, = 1.92 min; LC/MS: Anal, Caled, for [M+H]" C4qHs3sNgOg: 789.41; found:
789.46.

Examples M14-M15
Example M14 (TFA salt) was prepared from pyrrolidine M13d and appropriate acid
by employing the procedure described for the synthesis of Exaniple M1. In the case
of Example M15 an equimolar mixture of (S)-2-(methoxycarbonylamino)-3-
methylbutanoic acid and (S)-2-(methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-
yDacetic acid was employed for the coupling step and the resultant statistical mixture

of products was separated by the HPLC technique described for Example M1,

Example Ry R; R (Cond. 3); % homogeneity index
(Cond. 9 and 10);
LC/MS data

-131 -

|4



WO 2010/117635

PCT/US2010/028456

: ; 873.43; found 873.48
0 0

Example Ry R, R (Cond. 3); % homogeneity index
(Cond. 9 and 10);
LC/MS data-
M14 g g 1.72 min,; >98%; LC/MS: Anal.
H'!)h% | HN)Q% Caled, for [M+H]" CygHiszNeOg:

M15 d O/ 1.82 min.; »98%; LC/MS: Anal.
N o HN/\:\“O Caled. for [M+H]" C4sHssNgOy:
P /P | 831.42; found 831.47
g
¢
Example N1

F

MeO,CHN.

/KF
- OO
\(\{“\/{W NN
"k
Example N1, Step a

0O

/@)J\/NHBOC
5 Br

To a suspension of 2-amino-1-(4-bromophenyl)ethanone, HCI (4.0 g, 15.97
mmol} in DCM (50.0 mL) was added sodium bicarbonate (4.02 g, 47.9 mmol). Then
Boc-anhydride (3.89 mL, 16,77 mmol) was added to the solution and the reaction
mixture was warmed to rt and stirred for 18 hrs. Then DIEA (3 mL, 17.18 mmol)

10 was added and the reaction mixture was stirred at rt for 2 hrs, LCMS showed that the
reaction was complete. The reaction mixture was diluted with EtOAc and water, the
organic phase was washed with 5% citric acid, water and sat. NaCl, dried over

anhydrous Na,SOy, filtered and concentrated fo yield bromide N1A (5.0 g) as a

-132-
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yellow solid, which was used in the next step without further purification. "H NMR
(400 MHz, MeOD) ppm 7.82 (2 H, m), 7.68 (2 I1, m, /=8.53 Hz),4.52 (2 H, 5), 1.38 -
1.51 (9 H, m). LC/MS (Cond. 10d): R, = 3.56 min. LC/MS: Anal. Caled. For
[M+Na]" C;3H,sBrNaNO;: 336.03; found: 335.97.

Example N1, Step b

M=
BocHN NHBoc

To a solution of carbamate Nla (2.0 g, 6.37 mmol) in DMF (5 ml.) was added
1,2-bis(trimethylstannyl)ethyne (1.119 g, 3.18 mmol). The reaction mixture was
degassed, tetrakis(triphenylphosphine)palladium(0) (0.184 g, 0.159 mmol) was
added, and the mixture was heated at 90 °C for 4 hrs. The crude reaction mixture was
charged to a 90 g silica gel cartridge which was eluted with a 20 min gradient of 0-
60% EtOAc in hexane. Alkyne N1b (0.83 g) was collected as a yellow solid. LC/MS
(Cond. 10d): Ry = 4.1 min. LC/MS: Anal, Calcd. For [M+Na]" Cy3H3NaN,Og:
515.23; found: 515.10,

Example N1, Step ¢

HO—=X
H,N NH;

To a solution of alkyne N1b (1.13 g, 2.294 mmol) in 1,4-dioxane (5 ml.) was
added 4 M HCl in dioxane (4 mL, 16.00 mmol). The reaction mixture was stirred at
rt for 2 irs. The reaction mixture was concentrated to dryness to yield a yellow solid.
The solid was washed with hexane and EtOAc, then dried {0 vield aminoketone Nlc,
2 HCI (0.508 g). '"H NMR (400 MHz, MeOD) ppm 8.10 (4 H, d, /=8.53 Hz), 7.78 (4
H, 4, /=8.53 Hz), 4.64 (4 11, s). LC/MS (Cond. 10d): Ry = 1.94 min. LC/MS: Anal.
Caled. For [M+H]" CjsH37N205: 293.12; found: 293.07.
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Example N1, Step d
F
F 0 Q . 0 Q ﬁ%’
sk HO=03
N A
) o
PSS S
To a mixture of (S)-1-(tert-butoxycarbonyl)-4,4-diflucropyrrolidine-2-
carboxylic acid (0.25 g, 0.995 mmol), aminoketone Nlc, 2 HC] (0.182 g, 0.498
mmol), HATU (0.189 g, 0.498 mmoa!) in DMF (2 mL) was added DIEA (0.521 mL,
2.99 mmol). The reaction mixfure was stirred at rt for 3 hrs. The crude mixture was
charged to an 80 g silica gel cartridge which was eluted with a 20 min gradient of (-
100% EtOAc in hexane, ketoamide N1d (0.12 g) was collected as a yellow solid,
LC/MS (Cond. 10d): R, = 4.08 min. LC/MS: Anal. Caled. For [M+H]"
C33H43F4N403 : 759.29; found: 759.03.

Example N1, Step ¢

Boc\N £
| = '
s -O=0C
N

Boc

In a sealed tube, a mixture of ketoamide N1d (0.12 g, 0.158 mmol) and
ammonium acetate (0.122 g, 1.582 mmol) in xylene (2 mL) was heated at 140 °C for
4 hrs. The reaction mixture was partitioned between EtOAc and water, the organic
layer was washed with sat. NaHCOj; and sat. NaCl, dried over anhydrous Na;SOq,
filtered and concentrated. The residue was dissolved in a small amount of methylene
chioride and charged to a 40 g silica pel cartridge which was eluted with a 20 min
gradient of 0-100% EtOAc in hexane, Imidazole Nle (0.054 g) was collected as a
yellow solid. LC/MS (Cond. 10d): R, = 3.3 min. LC/MS: Anal. Caled. For [M+H]"
CigHaFalNgOy: 721.3; found: 721.10.
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Example N1, Step f

To a solution of imidazole Nle (0.054 g, 0.075 mmol) in 1,4-Dioxane was
added 4 M HC] in dioxane (0.5 mL, 2.0 mmol) plus a few drops of MeO. The
reaction mixture was stirred at rt for 4 s, and concentrated to yield pyrrolidine N1f,
4 HC1 (0.055 g) as a pale yellow solid. LC/MS (Cond. 10d): Ry = 2.94 min. LC/MS:
Anal. Caled. For [M+H]" CygHysF4Ng: 520.2; found: 521.10.

Example N1

To a mixture of (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (0.014
g, 0.079 mmol), pyrrolidine N1f, 4 HC1 (0.025 g, 0.038 mmuol), HATU (0.030 g,
0.079 mmol) in DMF (2 mL) was added DIEA (0.039 mL, 0.225 mmel). The
reaction mixture was stirred at rt for 18 hrs, diluted with MeOH, filtered and purified
by reverse phase HPLC to yield TFA salt of Example N1 (0.026 g) as a white solid.
LC (Cond. 10b and 10c¢): >95% homogeneity index. LC/MS (Cond. 10d): R, =3.11
min. LC/MS: Anal. Caled. For [M+H]" C4aHarF4NyOg: 835.35; found: §35.16.

BExample N2

e

%\S@Wf@

HN
Example N2: (S, S) ) \(
F ¢ Example N3: {5, R}
Example N4: (R, R)

Pyrrolidine N1f was coupled with 2-(methoxycarbonylamino)-2-(tetrahydro-
2H-pyran-4-yhacetic acid by employing the procedure described for the synthesis of
Example N1. The resultant three diastercomers (TFA salts) were separated by
employing the following condition: Column = Waters-Sunfire 30 X 100 mm S5; Start

%B = 0; Final %B = 32; Gradient time = 25 min; Stop time = 25 min; Flow Rate =40
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mL/min; Wavelength = 220 nm; Solvent A = 0.1 % TFA in 10% MeCN/90% water;
Solvent B = 0.1 % TFA in 90% MeCN/10% water.

Example | Analytical conditions

N2 LC (Cond. 10b and 10c): >95% homogeneity index.
LC/MS (Cond. 10d): Ry = 2.90 min, LC/MS: Anal.
Caled. For [M+H]" CagHs1F4NzOs: 919.37; found:
919.41.

N3 LC (Cond. 10b and 10c): >95% homogeneity index.
LC/MS (Cond. 10d): Ry = 2.96 min. LC/MS: Anal.
Caled. For [M+H]" CaHs1FaNgOs: $19.37; found:
919.41.

N4 LC (Cond. 10 and 10c): >95% homogeneity index.
LC/MS (Cond. 10d): Ry = 3.00 min. LC/MS: Anal.
Caled. For [M+H]" CasHsi F4NgOg: 919.37; found:
919.41.

5 Example N5-N7
Example N5-N7 (TFA salt) were prepared starting from aminoketone Nic and
appropriate starting materials, obtained from commercial sources, by employing the

procedures described for the synthesis of Example N1.

=Y

R Lﬁ
Example | R Analytical conditions
N5 -0 LC (Cond. 10b and 10¢): >95%
-1%/5“‘,“j homogeneity index. LC/MS (Cond.

OJIH‘H’O\ 10d): R, = 3.05 min, LC/MS: Anal.

Caled. For [M"‘H]+ C4H51NgOg:
795.38; found: 795.23.
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Né _/j LC (Cond. 10b and 10c): >95%
N H homogeneity index. LC/MS (Cond.
N._O._ .
0 hig 10d): R, = 3.23 min. LC/MS: Anal.
Q

Caled. For [M+H]" CaqHssNgOs:
791.42; found: 791.54.

N7 OH LC (Cond. 10b and 10c): 93%
/> homogeneity index. LC/MS (Cond.
'sz/‘“N
W 10d): Ry = 3.06 min. LC/MS: Anal.
= O
HN~¢ Caled. For [M+H]" CapHsiN3Os:
O
795.38; found: 795.4.
N7.1 : LC (Cond. 10b and 10c): 97%
. P homogeneity index. LC/MS (Cond.
/ 10d): R; == 3.056 min. LC/MS: Anal.
% P
\g Caled. For [M‘H'Ir CasHs1NgOg:
787.39; found: 787.4.
N7.2 OH LC (Cond. 10b and 10c): 98%
‘/S homogeneity index, LC/MS (Cond.
‘zll/“ ~N
)\)\ 10d): R, = 2.878 min. LC/MS: Anal.
o = 0 N
HN~¢ Caled. For [M+H]" CayHsiNgOs:
O
795.38; found: 795.41.
Example N8

| Y
Meo)\\\ﬂf\f]u”\ Q = O \ﬁ\lu(\o N n\«ohﬂe
L0 i
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Example N§, step a

Pyrrolidine N8a (HC! salt) was prepared staring from aminoketone N1c and
(1S,38,58)-2-(tert-butoxycarbonyl)-2-azabicyclo[3.1.0Jhexane-3-carboxylic acid (for
its preparative method, see W0O2004/052850) according to the procedures described
for the preparation of pyrrolidine N1f. 'H NMR (MeOD, § = 3.33 ppm, 400 MHz):
7.98 (s, 211 ), 7.87 (d, Y = 8.4, 4H), 7.69 (d, J = 8.4, 4H), 5.59 (dd, J = 10.2, 5.4, 2H),
3.61-3.56 (m, 2H), 3.03-2.98 (m, 2H), 2.67 (dd, ] = 14.2, 5.4, 2H}, 2.20-2.14 (m, 2H),
1.28-1.22 (m, 2FD), 1.19-1.13 (m, 2H). LC/MS: Anal. Caled. for [IM+H]" C3oHaeNe:
473.24; found 473.2.

Example N8

Example N8 was prepared from pyrrolidine N8a according to the procedure
described for the preparation of Example N1 with the exception that the purification
was conducted under a modified reverse phase HPLC condition
(ACN/water/NH4OAc). Example N§ was retrieved as a pale-yellow solid. LC (Cond.
10e): >99% homogeneity index. LC/MS (Cond. 10f): Ry=2.21 min, "H NMR
(DMSO, & =2.50 ppm, 400 MHz): 12.33 (5, 0.28H), 11.86 (5, 1.72H), 7.74 (d, ] =
8.4,3.42H), 7.65 (d, I = 8.4, 0.58H), 7.55 (d, ] = 8.4, 0.58H), 7.51 (s, 2H), 7.49 (d,J
= 8.4, 3..42H), 7.31 (d, T = 8.8, 2H), 5.3% (app d, 0.15H), 3.34 (dd, T=10.8, 2.4,
3.85H), 4.29 (app t, 2H), 3.90 (br m, 2H), 3.55 (s, 6H), 2.64-2.56 (m, 2H), 2.17 (app
d, 2H), 2.08-1.98 (m, 2H), 1.79-1.74 (m, 411), 0.92-0.83 (m, 14H). LC/MS: Anal,
Caled. for [M+H]" CaaHs51NgOs: 787.39; found 787.8.
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Example N9
0

.\l_\‘.
o, | 0 w
W O = O L
med” H NN N g 0
-

o]
Compound N9 (TFA salt) was prepared from pyrrolidine N8a and (S)-2-
(methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-yl)acetic acid according to the
5  procedure described for the preparation of Example N1 with the exception that
ACN/water/TFA solvent system was employed in its purification. LC (Cond. 10e):
>07% homogeneity index, LC/MS (Cond. 10g): R, = 1.82 min. LC/MS: Anal. Calcd.
for [MH]* CaglissNeOy: 871.41; found 871.6. |

10 Example J1 to J1.1
0
S

S

Example J1, step a
1N
4‘()\(0 ° Br
1 )\O/
PN
3o

DIPEA (2.8 mL, 16 mmol) was added to a slurry of acid M3f(2.00 g, 8.80

15

mmol) and 2-bromo-1-(3-bromophenyl)ethanone (2.22 g, 8.00 mmol) in acetonitrile
-139 -
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(25 mL) and the reaction mixture was stirred overnight at rt. The reaction mixture
was concentrated and purified with a Biotage Horizon (80g S10,, 10-25%
EtOAc/hexanes) to yield ketoester J1a (3.37 g) as a viscous light yellow oil.

LC-MS retention time 1.853 min; m/z 423 and 425.98 (1:1) (MH+). LC data was
recorded on & Shimadzu LC-10AS liquid chromatograph equipped with a Waters
Xterra MS 7u €18 3.0x50mm column using a SPD-10AV UV-Vis detector at a
detector wave Jength of 220nM. The elution conditions employed a flow rate of 4
mL/min , a gradient of 100% solvent A / 0% solvent B to 0% solvent A / 100%
solvent B, a gradient time of 2 min, a hold time of 1 min, and an analysis time of 3
min where solvent A was 5% MeOH / 95% H,0 / 10 mM ammonium acetate and
solvent B was 5% H20 / 95% MeOH / 10 mM ammonium acetate. MS data was
determined using a Micromass Platform for LC in electrospray mode. " NMR (400
MHz, CDCl;) 8 ppm 8.04 (t, /=1.8 Hz, 1H), 7.83 (d, /=7.8 Hz, 1H), 7.75 (d, /=8.0
Hz, 1H), 7.38 (t, /=7.9 Hz, 1I1), 5.33 - 5.59 (m, 1H), 5.13 - 5.32 (m, 1H), 4.22 (br s,
1H), 3.40 - 3.63 (m, 1H), 2.52 - 2.63 (m, 1H), 2.46 (dd, J/=13.1, 9.3 Hz, 1H), 1.63 -
1.73 (m, 1H), 1.47 (br s, 9H), 0.86 (br s, 1H), 0.51 (br s, 1H).

Example J1,step b
-_E_lh.

N-_-
[#]
><‘§ —NH Br

A solution of keto.cstcr J1a (3.33 g, 7.85 mmol) in xylene (75 mL}) was added

to ammonium acetate (5.94 g, 77 mmol) in a pressure vessel and the reaction mixture
was stirred under nitrogen for 5 min. The reaction vessel was sealed and then placed
into an oil bath which had been preheated to 140 °C and the reaction was held at that
temperature for 6h, The reaction was cooled to 11, stirred overnight and reheated at
140 °C for 5 hr. Additional ammonium acetate (3.0g) was added and the reaction
was stirred at 145 C for 8 hrs, cooled to 11 and concentrated under high vacuum to a
brown oil. The oil was partitioned between DCM (~ 200 mL) and 1/2 sat. sodium

bicarbonate (~200 mL). The organic layer was dried (MgSOa), filtered and
- 140 -
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concentrated. The crude orange solidified foam was purified on a Biotage Horizon
(20-50% BtOAc/hexanes, 160 g Si0;) to yield imidazole J1b (2.03 g) as a yellow
solidified foam.

LC-MS retention time 2.450 min; m/z 404 and 406.06 (1:1) (MH+). LC data was
recorded on a Shimadzu LC-10AS liquid chromatograph equipped with a
Phenomenex-Luna 10u C18 3.0x50mm column using a SPD-10AY UV-Vis detecior
at a detector wave length of 220 nM. The elution conditions employed a flow rate of
4 mL/min , a gradient of 100% solvent A / 0% solvent B to 0% solvent A / 100%
solvent B, a gradient time of 3 min, & hold time of 1 min, and an analysis time of 4
min where solvent A was 5% MeOH / 95% HyO / 10 mM ammonium acetate and
solvent B wag 5% H,0 / 95% MeOH / 10 mM ammonium acetate, MS data was
determined using a Micromass Platform for LC in electrospray mode. 'H NMR (400
MHz, MeOD) 8 ppm 7.89 (br s, 1H), 7.65 (d, J=6.5 Hz, 1H), 7.32 - 7.44 (m, 2H),
7.26 (t, /=7.8 Hz, 1H), 4.66 (br s, 1H), 3.52 - 3.63 (m, 1H), 2.51 (dd, /=13.1, 8.8 Hz,
1H), 2.25 - 2.37 (m, 1H), 1.66 - 1.75 (m, 11, 1.29 (br s, 9H), 0.84 (ddd, J=8;2, 6.0,
5.8 Hz, 1), 0.56 - 0.63 (m, 1H).

Example J1, step ¢

Nitrogen was bubbled through a stirred solution of bromide J1b (854 mg,
2.18 mmol} and 1,2-bis(trimethylstannyl)ethyne (403 mg, 1.15 mmol) in DMF (10
mL) for 10 minutes. Then Pd(PPhs)s (79 mg, 0.069 mmol) was added, nitrogen was
bubbled through the reaction for 1 min and then the reaction was heated at 90 °C
under nitrogen for 17h. The reaction mixture was cooled to rt, concentrated to a
viscous oil and purified on a Biotage Horizon (40 g SiO,, 70-100% EtOAc/hexanes,
loaded with DCM)) to vield alkyne Jic (500 mg) as a yellow solidified foam.
LC-MS retention time 2.876 min; m/z 649.51 (MH+). LC data was recorded on a
Shimadzu LC-10AS liguid chromatograph equipped with e; Phenomenex-Luna 10u

- 141 -



195

WO 2010/117635 PCT/US2010/028456

10

15

20

25

C18 3.0x50mm column using a SPD-10AV UV-Vis detector at a detector wave
length of 220 nM. The elution conditions employed a flow rate of 4 mL/min , a
gradient of 100% solvent A / 0% solvent B to 0% solvent A / 100% solvent B, a
gradient time of 3 min, a hold time of 1 min, and an analysis time of 4 min where
solvent A was 5% MeOH / 95% H,0 / 10 mM ammonium acetate and solvent B was
5% H,0 / 95% MeOH / 10 mM ammonium acetate, MS data was determined using a
Micromass Platform for LC in electrospray mode. 'H NMR (400 MHz, MeOD) 8
ppm 7.89 (s, 2H), 7.67 - 7.74 (m, 2H), 7.35 - 7.44 (m, 6H), 4.85 - 5.04 {m, 2H), 3.64 -
3.74 (m, 2H), 3.47 - 3.56 (m, 2H), 2.29 - 2.45 (m, 210), 1.90 - 2.13 (m, 6H), 1.48 (br
s, GH), 1.26 (br s, 12H).

Example J1, step d

HN

NH

- TFA (3 mL, 38.9 mmol) was added to a stirred solution of carbamate Jlc
(238 mg, 0.367 mmol) in DCE (7 mL) and the reaction was stirred at rt for Ih. The
reaction mixture was concentrated under vacuum to yield a TFA salt of pyrrolidine
J1d (260 mg) as a yellow solid. _ .

LC-MS retention time 2.505 min; m/z 449,22 (MI1+). LC data was recorded
on a Shimadzu LC-10AS liquid chromatograph equipped with a Phenomenex-Luna
10u C18 3.0x50mm column using a SPD-10AV UV-Vis detector at a detector wave
length of 220 nM. The chution conditions employed a flow rate of 4 mL/min , a
gradient of 100% solvent A / 0% solvent B to 0% solvent A/ 100% solvent B, a
gradient time of 3 min, a hold time of 1 min, and an analysis time of 4 min where
solvent A was 5% MeOH / 95% 1,0 / 10 mM ammonium acetate and solvent B was
5% H,0 / 95% MeOH / 10 mM ammonium acetate. MS data was determined using a
Micromass Platform for LC in electrospray mode. "H NMR (400 MHz, MeOD) &
ppm 7.96 - 8.00 (m, 2H), 7.79 (dt, J=6.6, 2.1 Hz, 2H), 7.65 (s, 2H), 7.41 -7.48 (m,
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4H), 4.91 (t, J=7.8 Hz, 21), 3.44 - 3.61 (m, 4H), 2.51 - 2.62 (m, 2H), 2.27 - 2.45 (m,
4H), 2.16 - 2.24 (m, 2H).

LExample J1 to J1.1

HATU (61.8 mg, 0.162 mmol) was added to a stirred solution of a TFA salt of
pyrrolidine J1d (110 mg, 0.12 mmol) and (S)-2-(methoxycarbonylamino)-3-
methylbutanoic acid (28.5 mg, 0,162 mmol) in DMF (0.7 mL) and Hunig'sBase (0.10
mL, 0.54 mmol). The reaction mixture was stirred at tt for 3 hours and then
concentrated under a stream of nitrogen. The reaction was purified in two injections
by preparative HPLC (MeOH/water /10 mM ammonium acetate) to yield Example J1
(31.5 mg) as a light yellow solid and Example J1.1 (41.1 mg) as a a light yellow
solid.

Example J1: LC-MS retention time 2.605 min; m/z 763.36 (MH+). LC data
was recorded on a Shimadzu LC-10AS liquid chromatograph equipped with a

Phenomenex-Luna 10u C18 3.0x50mm column using a SPD-10AV UV-Vis detector

at a detector wave length of 220 nM. The elution conditions employed a flow rate of

4 mL/min, a gradient of 100% solvent A / 0% solvent B to 0% solvent A / 100%
solvent B, a gradient time of 3 min, a hold time of 1 min, and an analysis time of 4
min where solvent A was 5% MeOH / 95% H,0O / 10 mM ammonium acetate and
solvent B was 5% H,0 / 95% MeOH / 10 mM ammonium acetate. MS data was
determined using a Micromass Platform for LC in electrospray mode. The "H NMR
presents as a 4 :1 mixture of rotamers. The major rotamer is: "H NMR (400 MHz,
MeOD) & ppm 7.86 (s, 2H), 7.64 - 7.70 (m, 2H), 7.36 - 7.43 (m, 4H), 7.34 (s, 2H),
5.17 (dd, J=7.8, 5.3 Hz, 2H), 4.24 (d, J/=7.3 Hz, 2H), 3.95 - 4.04 (m, 2H), 3.84 - 3.92
(m, 2H), 3.66 (s, 6H), 2.17 - 2.42 (m, 6H), 2.00 - 2.13 (m, 4H), 0.96 (d, /=6.8 Hz,
6H), 0.91 (d, /=6.8 Iz, 6H).

Example J1.1: LC-MS retention time 2.620 min; m/z 606.23 (MH-+). LC
data was recorded on a Shimadzu LC-10AS liquid chromatograph equipped with a
Phenomenex-Luna 10u C18 3.0x50mm column using a SPD-10AV UV-Vis detector
at a detector wave length of 220 nM. The elution conditions employed a flow rate of

4 mL/min , a gradient of 100% solvent A / 0% solvent B to 0% solvent A / 100%
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solvent B, a gradient time of 3 min, a hold time of 1 min, and an analysis time of 4
min where solvent A was 5% MeOH /95% H,0 / 10 mM ammonium acetate and
solvent B was 5% H,0 / 95% MeOH / 10 mM ammonium acetate. MS data was
determined using a Micromass Platform for LC in electrospray mode. The 'H NMR
presents as a 3 :1 mixture of rotamers. 'H NMR (400 MHz, MeOD) & ppm 7.94 (s,
1H), 7.87 (s, 1H), 7.74 (ddd, ./=5.6, 3.4, 1.8 Hz, 1H), 7.65 - 7.70 (m, 1H), 7.51 (s,
1H), 7.36 - 7.44 (m, 6H), 7.35 (s, 1H), 5.18 (dd, /=7.7, 5.4 Hz, 1), 4.68 (1, J=7.8
Hz, 1H), 4.24 (d, J=7.5 Hz, 1H), 3.95 - 4.06 (m, 1H), 3.85 - 3.92 (m, 1H), 3.66 (s,
3H), 3.35 - 3.52 (m, 2H), 2.01 - 2.50 {m, 9H), 0.96 (d, /=6.8 Hz, 3H), 0.91 (d, /=6.8
Hz, 3H).

Example 12

et e

HATU (118 mg, 0.310 mmol) was added to a stirred solution of a TFA salt of
pyrrolidine J1d (93.4 mg, 0.103 mmol) and (8)-2-(methoxycarbonylamino)-2-
(tetrahydro-2H-pyran-4-yl)acetic acid (67.3 mg, 0.310 mmol) in DIPEA (0.18 mL,
1.0 mmol) and DMF (1 mL) and the reaction was stirred at rt for 2h. The reaction
was concentrated under a stream of nitrogen, dissolved into MeOH and purified by
preparative HPLC (MeOH/water 10 mM ammonium acetate) to yield Example 12
(18.1 mg) as a light pink solid

LLC-MS retention time 2.428 min; m/z 847.39 (MH+). 1.C data was recorded
on a Shimadzu LC-10AS liquid chromatograph equipped with a Phenomenex-Luna
10u C18 3.0x50mm column using a SPD-10AV UV-Vis detector at a detector wave
length of 220 nM. The elution conditions employed a flow rate of 4 mL/min , a
gradient of 100% solvent A / 0% solvent B to 0% solvent A / 100% solvent B, a
gradient time of 3 min, a hold time of 1 min, and an analysis time of 4 min where
solvent A was 5% MeQI1/ 95% H,0 / 10 mM ammonium acetate and solvent B was
5% H,0 / 95% MeOH / 10 mM ammonium acetate. MS data was determined using a
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Micromass Platform for LC in electrospray mode. The "H NMR exhibits as a 4:1
mixture of rotamers. The major rotamer is : 11 NMR (400 MHz, McOD) 6 ppm 7.83
(s, 2H), 7.62 - 7.67 (m, 2H), 7.33 - 7.42 (m, 6H), 5.15 (dd, /=7.5, 5.5 Hz, 2I1), 4.32
(d, J=8.3 Hz, 2H), 3.89 - 4.08 (m, 6I1), 3.66 (3, 6H), 3.33 - 3.50 (m, 6H), 2.23 - 2.40

5 (m, 4H), 2.13 - 2.22 (m, 2H), 1.92 - 2.10 (m, 4H), 1.61 - 1.71 (m, 4H), 1.32 - 1.56 (m,
4H).

Example J3

10
Example J3, step a
i
E H Br
N N
0’& N' Y,
A °
Bromide J3a was prepared from acid M3f according to the procedure
described for bromide J1b.

15

Example I3, step b

Nitrogen was bubbled through a stirred solution of bromidic J3a (825 meg,
2.041 mmol) and 1,2-bis(irimethylstannyl)ethyne (378 mg, 1.074 mmol) in DMF (10
20  mL) for 10 minutes. Then, Pd(PPhs)s (74.5 mg, 0.064 mmol) was added fo the
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reaction mixture, nitrogen was bubbled through the reaction for 1 min and theﬁ the
reaction was heated at 90 °C under nitrogen for 17h. The reaction mixture was
cooled to rt, ccﬁwenh-atad to a thick black oil, diluted with DCM and purified on a
Biotage Horizon (40 g Si0,, 60-100% EtOAc/hexanes) to yield alkyne J3b (312 mg)
as a yellow solid.

LC-MS retention time 2,800 min; m/z 671.53 (MH-)., 1.C data was recorded on a
Shimadzu LC-10AS liquid chromatograph equipped with a Phenomenex-Luna 10u
C18 3.0x50mm column using a SPD-10AV UV-Vis detector at a detector wave
length of 220 nM. The elution conditions employed a flow rate of 4 mL/min , a
gradient of 100% solvent A / 0% solvent B to 0% solvent A / 100% solvent B, a
gradient time of 3 min, a hold time of 1 min, and an analysis time of 4 min where
solvent A was 5% MeOH / 95% H,0 / 10 mM ammonium acetate and solvent B was
5% H,0 / 95% MeOl / 10 mM ammonium acetate. MS data was determined vsing a
Micromass Platform for LC in electrospray mode. 'H NMR (400 MHz, MeOD) §
ppm 7.89 (s, 2H), 7.70 (ddd, J=5.86, 3.3, 1.9 Hz, 2H), 7.38 - 7.43 {m, 6H), 4.69 (brs,
2H), 3.59 (br s, 2H), 2.53 (dd, /=13.2, 8.9 Hz, 2H), 2.28 - 2.39 (n, 2H), 1.68 - 1.77
(n, 2H), 1.29 - 1.31 (m, 18H), 0.85 (dt, /=8.5, 5.8 Hz, 2H), 0.58 - 0.64 (m, 2H).

Examiple J3, step ¢

TFA (3 mL, 38,9 mmol) was added to a stirred solution of carbamate J3b (316
g, 0.470 mmol) in DCE (7 mL) and the reaction was stirred at st for 1h. The
reaction mixture was concentrated under vacuum to yield a TFA. salt of pyrrolidine
J3¢ (360 mg) as a yellow solid.
LC-MS retention time 2.71 1min; m/z 473.24 (MH+). LC data was recorded on a
Shimadzu LC-10AS liquild chromatograph equipped with a Phenomenex-Luna 10u
€18 3.0x50mm column using a SPD-10AV UV-Vis detector at a detector wave
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length of 220 nM. The elution conditions employed a flow rate of 4 mL/min , a
gradient of 100% solvent A / 0% solvent I3 to 0% solvent A / 100% solvent B, a
gradient time of 3 min, a hold time of 1 min, and an analysis time of 4 min where
solvent A was 5% MeOH / 95% H,0 / 10 mM ammonium acetate and solvent B was
5% H20/ 95% MeOH / 10 mM ammonium acetate. MS data was determined using a

Micromass Platform for LC in electrospray mode.

Example J3

HATU (69.6 mg, 0.183 mmol) was added to a stirred solution of a TFA salt of
pyrrolidine J3¢ (56.7 mg, 0.061 mmol) and (8)-2-(inethoxycarbonylamino)-3-
methylbutanoic acid (32.1 mg, 0.183 mmol) in DMF (0.7 mL) and Hunig'sBase (0.11
ml, 0.61 mmol) and the reaction mixture was stirred at rt for 3 h. The reaction was
concentrated under a stream of nifrogen, dissolved into MeOH and purified in two
injections by preparative HPLC (MeOH/water 10 mM ammonium acetate) to yield
Example J3 (31.8 mg) as a light yellow solid.

LC-MS retention time 2.605 min; m/z 787.36 (MH+). LC data was recorded
on a Shimadzu LC-10AS liquid chromatograph equipped with a4 Phenomenex-Luna
10u C18 3.0x50mm column using a SPD-10AV UV-Vis detector at a detector wave
length of 220 nM. The elution conditions employed a flow rate of 4 mL/min , a
gradient of 100% solvent A / 0% solvent B to 0% solvent A / 100% solvent B, a
gradient time of 3 min, a hold time of 1 min, and an analysis time of 4 min where
solvent A was 5% MeOH / 95% H,0 / 10 mM ammonium acetate and solvent B was
5% Ha0 / 95% MeOH / 10 mM ammonitnm acetate. MS data was determined using a
Micromass Platform for LC in electrospray mode. 'H NMR (400 MHz, MeOD) §
ppm 7.87 (s, 2H), 7.65 - 7.71 (m, 2H), 7.37 - 7.43 (m, 4H), 7.36 (s, 2H), 5.16 (dd,
J=8.8, 4.8 Hz, 2H), 4.59 (d, /=6.5 Hz, 2H), 3.67 (s, 6H), 3.63 - 3.68 (m, 2H}), 2.49 -
2.58 (m, 2H), 2.37 - 2.45 (m, 2H), 2.10 - 2.21 (m, 211}, 1.98 - 2.07 (m, 2H), 1.12
(ddd, /=8.7, 5.6, 5.5 Hz, 2H), 1.01 (d, J=6.8 Hz, 6H), 0.93 (d, /<6.8 Hz, 6H), 0.78 (br
s, 2IH).
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Example J4

HATU (120 mg, 0.317 mmeol) was added to a stirred solution of a TFA salt of
pyrrolidine J3¢ (98 mg, 0.106 mmol) and (8)-2-(methoxycarbonylamino)-2-
(tetrahydro-2H-pyran-4-yacetic acid (68.8 mg, 0.317 mmol) in DIPEA (0.18 mL,

1.1 mmol} and DMF (1 mL) and the reaction was stirred at rt for 3h. The reaction
was concentrated under a stream of nitrogen, dissolved into MeOIl and purified in by
preparative HPLC (MeOH/water 10 mM ammonium acetate) and then repurified by
prep HPLC (MeOH/water 0.1% TFA) to yield a TFA sait of Example J4 (18 mg) as a
white solid.

LC-MS retention time 2.463 min; m/z 869.40 (MH-). LC data was recorded
on a Shimadzu L.C-10AS liquid chromatograph equipped with a Phenomenex-Luna
10u C18 3.0x50mm column using a SPD-10AV UV-Vis detector at a detector wave
length of 220 nM. The elution conditions employed a flow rate of 4 mL/min, a
gradient of -lbO% solvent A / 0% solvent B to 0% solvent A./ 100% solvent B, a
gradient time of 3 min, a hold time of ! min, and an analysis time of 4 min where
solvent A was 5% MeOH / 95% H,0 / 10 mM ammonium acetate and solvent B was
5% H,0 / 95% MeOH / 10 mM ammonium acetate. MS data was determined using a
Micromass Platform for LC in electrospray mode. 'H NMR (400 MHz, MeOD) &
ppm 7.89 - 7.92 (m, 2H), 7.87 (s, 2H), 7.74 (dt, J/=7.8, 1.5 Hz, 2H), 7.61 - 7.66 (m,
2H), 7.54 - 7.60 (m, 2H), 5.11 (dd, /=9.0, 7.0 Tz, 2H), 4.59 (d, J=7.5 1z, 2I1), 3.91 -
3.99 (m, 4H), 3.83 (t, /=4.8 Uz, 2H), 3.67 (s, 6H), 3.33 - 3.45 (m, 4H), 2.67 (dd,
J=13.7,9.4 Hz, 2H), 2.43 - 2.52 (m, 2H), 2.02 - 2.14 (m, 4H), 1.39- 1.63 (m, 8H),
1.03 - 1.11 (m, 2H), 0.83 - 0.90 (m, 2H).
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Example J5
o]}
D,
- HN \ N \\‘
\({ O O-O—=C-< ));\
. HK
0

Example 5, Step a

Nitrogen was bubbled through a stirred solution of (8)-tert-butyl 2-(4-(4-
bromophenyl)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (bromide D-1b) (400 mg,
1.02 mmol), 4-ethynylphenylboronic acid (149 mg, 1.02 mmol} and sodium
bicarbonate (214 mg, 2.55 mmol) in DME (8 mL) and water (2 ml.} for 15 min.
Then Pd(PPhs)q (58.9 mg, 0.051 mmol) was added and the nitrogen bubbling was
continued for 5 min. before the reaction vessel was sealed and heated at 90 °C
overnight. The reaction was cooled, diluted with THF, washed with brine and
concenirated to dryness. The residue was purified by Biotage Horizon (60-90%
EtOAc/hexanés) to yield carbamate J5a (85 mg) as a yellow solid.

LC-MS retention time 2.911 min; m/z 723.64 (MH-). LC data was recorded
on a Shimadzu LC-10AS liquid chromatograph equipped with a Phenomenex-Luna
10u C18 3.0x50mm column using a SPD-10AV UV-Vis detector at a detector wave
length of 220nM. The elution conditions employed a flow rate of 4 mL/min , a
gradient of 100% solvent A / 0% solvent B to 0% solvent A / 100% solvent B, a
gradient time of 3 min, a hold time of 1 min, and an analysis time of 4 min where
solvent A was 5% MeOH / 95% H,0 / 10 mM ammoniuni acetate and solvent B was
5% H,0 7 95% MeOH / 10 mM ammonium acetate. MS data was determined using a
Micromass Platform for LC in clectrospray mode, 'H NMR (400 MHz, MeOD) &
ppm 7.78 (d, J=8.0 Hz, 2H), 7.72 (d, J/=8.0 Hz, 2H), 7.64 - 7.69 (m, 4H), 7.58 (d,
J=8.3 Hz, 2H), 7.52 (d, /=R.3 Hz, 2H), 7.31 - 7.41 (m, 2H), 4.86 - 5.03 (i, 2H),
3.68 (brs, 2I1), 3.46 - 3.57 (m, 2H), 2.37 (br s, 2H), 1.89-2.13 (m, 6H), 1.47 (brs,
6H), 1.25 (brs, 12H).
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Example IS, Step b
4\:;2.

TFA (250 pL, 3.24 mmol) was added to a solution of carbamate J5a in DCE
(1 mL) and the reaction was stirred at rt for 1.5 hr. The reaction was concentrated
under a stream of nitrogen to provide a TFA salt of pyrrolidine J5b (45 mg).
LC-MS retention time 2.928 min; m/z 52532 (MH+). LC data was recorded ona
Shimadzu L.C-10AS liquid chromatograph equipped with a Phenomenex-Luna 10u
C18 3.0x50mm column using a SPD-10AV UV-Vis detector at a detector wave
length of 220nM. The elution conditions employed a flow rate of 4 mL/min , a
gradient of 100% solvent A / 0% solvent B to 0% solvent A / 100% solvent B, a
gradient time of 4 min, a hold time of 1 min, and an analysis time of 5 min where
solvent A was 5% MeOH / 95% H,0 / 10 mM ammonium acetate and solvent B was

5% 20 / 95% MeOH / 10 mM ammonium acetate. MS data was determined using a

Micromass Platform for LC in electrospray mode.

Example J5

HATU (53 mg, 0.14 mmol) was added to a solution of a TFA salt of J5b (45
mg, 0.046 mmol) and (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (24.2
mg, 0.138 mmol) in DMF (0.7 mL) and TEA (0.038 mL, 0:28 mmol) and the reaction
was stirred for 30 min. The reaction was diluted with MeOH, filtered and purified by
prep HPLC (MeOH/water with 10 mM ammnonium acetate) to yield Example J5 (14,7
mg) as a light yellow solid. LC-MS retention time 2.728 min; m/z 839.57 (MI+).
LC data was recorded on a Shimadzu LC-10AS liquid chromatograph equipped with
a Phenomenex-Luna 10u C18 3.0x50mm column using a SPD-10AV UV-Vis
detector at a detector wave length of 220nM. The elution conditions employed a flow
rate of 4 mL/min , a gradient of 100% solvent A / 0% solvent B to 0% solvent A /
100% solvent B, a gradient time of 4 min, a hold time of 1 min, and an analysis time
of 5 min where solvent A was 5% MeOH / 95% H,0 / 10 mM ammonium acetate
and solvent'B was 5% HyO 7 95% MeOH / 10 mM ammonium acetate. MS data was
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determined using a Micromass Platform for LC in electrospray mode. 'H NMR (400
MHz, MeOD) 8 ppm 7.73 - 7.78 {my, 2H), 7.65-7.71 (m, 6H), 7.57 - 7.62 (m, 2H),
7.52 (d,./=8.5 Hz, 2H), 7.33 - 7.36 (m, 2H), 5.18 (dt, /=7.6, 5.2 Hz, 211), 4.21 -
4.27 (m, 2H), 3.96-4.05 (m, 2H), 3.84 - 3.92 (m, 2H), 3.66 (s, 6H), 2.17-2.42 (m,
6H), 2.00 - 2.13 (m, 4H), 0.95 (dd, J=6.8, 1.3 Hz, 6H), 0.91 (dd, J/=6.8, 1.0 Hz,
6H).

Synthesis of common caps
Compound analysis conditions: Purity assessment and low resolution mass
analysis were conducted on a Shimadzu L.C system coupled with Waters Micromass
ZQ MS system. It should be noted that retention times may vary slightly between
machines. Additional LC conditions applicable to the current section, unless noted

otherwise.

Cond.-MS-W1

Column =XTERRA 3.0 X 50 mm 57

Start %B =0

Final %B =100

Gradient time =2 min

Stop time =3 min

Flow Rate =5 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%I1,0
Solvent B = 0.1% TFA in 90% methanol/10% H,0

Cond -MS-W2

Column = XTERRA 3.0 X 50 mm S7
Start %B =0 |
Final %B =100

Gradient time =3 min

Stop time =4 min
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Flow Rate
Wavelength
Solvent A
Solvent B

Cond.-MS-W35
Column

Start %B
Final %B
Gradient time
Stop time
Flow Rate
Wavelength
Solvent A
Solvent B

Cond.-D1
Column

Start %B
Final %B
Gradient time
Stop time
Flow Rate
Wavelength
Solvent A
Solvent ‘B

Cond.-D2
Column
Start %B
Final %1B

=4 mlL/min

=220 nm

=(),1% TFA in 10% methanol/90%I1,0
= ().1% TFA in 90% methanol/10% H,O

= ¥THERRA 3.0 X 50 mm S7

=)
=30
= 2 min
=13 min
=5 mL/min

=220 nm

=0,1% TFA in 10% methanol/90%H,0
=0.1% TFA in 90% methanol/10% H,0

=XTERRA C18 3.0 X 50 mm S7

== ()
=100
=3 min
= 4 min
=4 mL/min

=220 nm

=(0.1% TFA in 10% methanol/90%H,0
= (,1% TFA in 90% methanol/10% H,0

= Phenomenex-Luna 4.6 X 50 mm S10

=
=100
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Gradient time =3 min
Stop time =4 min
Flow Rate =4 ml/min
Wavelength =220 nm
5 Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B ={.1% TFA in 90% methanol/10% H,0
Cond.-MD1
Column = XTERRA 4.6 X 50 ram S5
10 Start %B =()
Final %B =100
Gradient time =73 min
Stop time = 4 min
Flow Rate =4 mL/min
15  Wavelength =220 nm
Solvent A =(3,1% TFA in 10% methanol/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H,O
Cond.-M3
20 Column = XTERRA C18 3.0 X 50 mm S7
Start %B =)
Final %B =4{)
Gradient time =2 min
Stop time =3 min
25 Flow Rate =5 mL/min
Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,C
Solvent B = {(.1% TFA in 90% methanol/10% H;0
30 Condition OLI
Column = Phenomenex-Luna 3.0 X 50 mm S10
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Gradient time =4 min

Stop time =5 min

Flow Rate =4 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0

Solvent B ={.1% TFA in 90% methanol/10% H,0
Condition OL2

Column = Phenomenex-Luna 50X 2 mm 3 u
Start %B = ()

Final %B =100

Gradient time = 4 min

Stop time =5 min

Flow Rate = 0.8 mL/min

OvenTemp =40°C

Wavelength =220 nm

Solvent A = 0.1% TFA in 10% Acetonitrile/90%IH,0
Solvent B = (.1% TFA in 90% Acetonitrile/10% H,0

Condition I

Column = Phenomenex-Luna 3.0 X 50 mm S10
Start %B =0

Final %B =100

Gradient time =2 min

Stop time =3 min

Flow Rate =4 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B ={.1% TFA in 90% methanol/10% H,O
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Condition IT
Column = Phenomenex-Iina 4,6 X 50 mm S10
Start %B . =0
Final %B = 100
5  Gradient time =2 min
Stop time =3 min
Flow Rate =5 mL/min
Wavelength =220 nm
Solvent A = 0.1% TFA in 10% methanol/90%H,0

10 SolventB =0.1% TFA in 90% methano)/10% 11,0

Condition II
Column = XTERRA C18 3.0 x 50mm S7
Start %B = ()
15  Final %B =100
Gradient time =3 min
Stop time =4 min
Flow Rate =4 mL/min

Wavelength =220 nm
20 Solvent A = 0.1% TFA in 10% methanol/90%H,0

Solvent B =0.1% TFA in 90% methanol/10% H,0
Cap-1
Bt
7 OH
AN
25 A suspension of 10% Pd/C (2.0g) in methanol (10 mL) was added to a

mixture of (R)-2-phenylglycine (10g, 66.2 mmol), formaldehyde (33 mL of 37% wt.
in water), 1N HCI (30 mL) and methanol (30 mL), and exposed to Hj (60 psi) for 3
hours. The reaction mixture was filtered through diatomaceous earth (Celite®), and

the filtrate was concentrated in vacuo. The resulting crude material was recrystallized
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from isopropanol to provide the HCl salt of Cap-1 asa white needle (4.0 g). Optical
rotation: ~-117.1° [¢=9.95 mg/mL in H,0; =589 nm]. 'H NMR (DMSO-de, 8=2.5
ppm, 500 MHz): § 7.43-7.34 (m, 5H), 4.14 (s, 1H), 2.43 (s, 6H); LC (Cond. I):
RT=0.25; LC/MS: Anal. Caled. for [M+H]" C oHsNO; 180.10; found 180.17;
HRMS: Anal. Caled. for [M+1]" C1H4NO;, 180.1025; found 180.1017.

Cap-2
O
7 OH
M
NaBH;CN (6.22g, 94 mmol) was added in portions over a few minutes to a
cooled (ice/water) mixture of (R)-2-Phenylglycine (6.02 g, 39.8 mmol} and methanol
(100 mL), and stirred for 5 minutes. Acetaldehyde (10 ij was added dropwise over
10 minutes and stirring was continued at the same cooled temperature for 45 minutes
and at ambient temperature for ~6.5 hours. The reaction mixture was cooled back
with ice-water bath, treated with water (3 mL) and then quenched with a dropwise
addition of concentrated HCl over ~ 45 minutes until the pH of the mixture was ~ 1.5
—2.0. The cooling bath was removed and the stirring was continued while adding
concentrated HCI in order to maintain the pH of the mixture around 1.5-2.0. The
reaction mixture was stirred overnight, filtered to remove the white suspension, and
the filtrate was concentrated in vacwo. The crude material was recrystallized from
ethanol to afford the HCI salt of Cap-2 as a shining white solid in two crops (crop-1:
4.16 g; crop-2: 2,19 g). "H NMR (DMSO-dg, 52.5 ppm, 400 MHz): 10.44 (1.00, br
s, 1TH), 7.66 (m, 211}, 7.51 (m, 3H), 5.30 (s, 1H), 3.15 (br m, 21T}, 2.98 (br m, 2H),
1.20 (app br's, 6H). Crop-1: [0 -102.21° (c=0.357, H;0); crop-2: [0 -09.7°
(c=0.357, H,0). LC (Cond. I): RT=0.43 min; L.C/MS: Anal. Caled. for [M+H]"
CizH1gNO;: 208.13; found 208.26.
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Acetaldehyde (5.0 mL, 89.1 mmol) and a suspension of 10% Pd/C (720 mg)
in methanol/H,0 (4mL/1 mL) was sequentially added to a cooled (~ 15 °C) mixture
of (R)-2-phenylglycine (3.096g, 20.48 mmol), 1N HCI (30 mL) and methanol (40
mL). The cooling bath was removed and the reaction mixture was stitred under a
balloon of Hs for 17 hours. An additiona) acetaldehyde (10 mL, 178.2 mmol) was
added and stirring continued under H, atmosphere for 24 hours [Note: the supply of
H, was replenished as needed throughout the reaction]. The reaction mixture was
filtered through diatomaceous earth (Celite®), and the filtrate was concentrated in
vacuo. The resulting crude material was recrystallized from isopropanol fo provide
the HCI salt of (R)-2-(ethylamino)-2-phenylacetic acid as a shining white solid
(2.846g). 'H NMR (DMSO-ds, 8=2.5 ppm, 400 MHz): § 14.15 (br s, 1H), 9.55 (brs,
2H), 7.55-7.48 (m, 511), 2.88 (br m, 1H), 2.73 (br m, 1H), 1.20 (app 1, /=7.2, 3H).
LC (Cond. I): RT=0.39 min; >95 % homogeneity index; LC/MS: Anal. Calcd. for
[M+H]* CyoH14NO,: 180.10; found 180.18.

A suspension of 10% Pd/C (536 mg) in methanol/H.0 (3 mL/1 mL) was
added to a mixture of (R)-2-(ethylamino)-2-phenylacetic acid/HCl (1.492g, 6.918
mmol), formaldehyde (20 mL of 37% wt. in water), IN HCI (20 mL) and methanol
(23 mL). The reaction mixture was stirred under a balloon of H; for ~72 hours,
where the Hy supply was replenished as needed. The reaction mixture was filtered
through diatomaceous earth {Cel ite®) and the filtrate was concentrated in vacuo. The
resulting crude material was recrystallized from isopropanol (50 mL) to provide the
HCI salt of Cap-3 as a white solid (985 mg). 'H NMR (DMSO-ds, 8=2.5 ppm, 400
MHz): § 10.48 (brs, 1), 7.59-7.51 (m, 5H), 5.26 (s, 1), 3.08 (app br s, 2H), 2.65
(br s, 3H), 1.24 (br m, 3H). LC (Cond. I): RT=0.39 min; >95 % homogeneity index;
LC/MS: Anal. Caled. for [M-I-H]“L C11H NO3: 194.12; found 194,18; HRMS: Anal.
Caled. for [M+H]" Cy HgNO2: 194.1180; found 194.1181.
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CICO;Me (3.2 mL, 41.4 mmol) was added dropwise to a cooled (ice/water)
THF (410 mL) semi-solution of (R)-tert-butyl 2-amino-2-phenylacetate/HC] (9.877 g,
40.52 mmol) and diisopropylethylamine (14.2 mL, 81,52 mmol) over 6 min, and
stirred at similar temperature for 5.5 hours. The volatile component was removed in
vacua, and the residue was partitioned between water (100 mL) and ethyl acetate (200
mL). The organic Jayer was washed with 1IN HCI (25 mL) and saturated NaHCOj
solution (30 mL), dried (MgSQq), fiitered, and concentrated in vacro. The resultant
colorless oil was triturated from hexanes, filtered and washed with hexanes (100 mL)
to provide (R)-tert-butyl 2-(methoxycarbonylamino)-2-phenylacetate as a white solid
(1.7 @). 'HNMR (DMSO-ds, 5=2.5 ppm, 400 MHz): 7.98 (d, J=8.0, 1H), 7.37-7.29
(m, 510), 5.09 (d, /=8, 1H), 3.56 (s, 3H), 1.33 (s, 9H). L.C (Cond. I): RT=1.53 min;
~90 % homogeneity index; LC/MS: Anal. Caled. for [M+Na]™ C1aH19NNaQ;:
288.12; found 288.15.

TFA (16 mL) was added dropwise to a cooled (ice/water) CH,Cl, (160 ml.)
solution of the above product over 7 minutes, and the cooling bath was removed and
the reaction mixture was stirred for 20 hours. Since the deprotection was still not
complete, an additional TFA (1.0 mL) was added and stirring continued for an
additional 2 hours. The volatile component was removed in vacuo, and the resulting
oil residue was treated with diethyl ether (15 mL) and hexanes (12 mL) to provide a
precipitate. The precipitate was.ﬁltered and washed with diethyl ether/hexanes (~1:3
ratio; 30 mL)-and dried in vacuo to provide Cap-4 as a fluffy white solid {5.57 g).
Optical rotation: -176.9° [e=3.7 mg/mL in 1;0; =589 nm]. 'H NMR (DMSO-ds,
5=2.5 ppm, 400 MHz): & 12.84 (br s, 1H), 7.96 (d, J=8.3, 11), 7.41-7.29 (m, 5H),
5,14 (d, J=8.3, 1H), 3.55 (s, 3H). LC (Cond. I): RT=1.01 min; >95 % homogeneity
index; LC/MS: Anal. Caled. for [M+H]" CypH;,NO, 210.08; found 210.17; HRMS:
Anal. Calcd. for [M+H]" C1pH2NOy4 210.0766; found 210.0756.
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Cap-5

QX
~" “OH

N

U

A mixture of (R)- 2-phenylglycine (1.0 g, 6.62 mmol), I,4-dibromobutane
(1.57 g, 7.27 mmol) and Na;CO; (2.10 g, 19.8 mmol) in ethanol (40 mL) was heated
at 100 °C for 21 hours. The reaction mixture was cooled to ambient temperature and
filtered, and the filtrate was concentrated in vacwo. The residue was dissolved in
ethanol and acidified with 1N HCI to pH. 3-4, and the volatile component was
removed in vacuo. The resulting crude material was purified by a reverse phase
HPLC (water/methanol/TT'A) to provide the TFA salt of Cap-5 as a semi-viscous
white foam (1.0 g). 'H NMR (DMSO-ds, §=2.5, 500 MHz) § 10.68 (br s, 1H), 7.51
(m, 5H), 5.23 (s, 1H), 3.34 (app br s, 2H)}, 3.05 (app br s, 2H), 1.95 (app br s, 4H);
RT=0.30 minutes (Coud. 1); >98% homogeneity index; LC/MS: Anal. Caled. for
[M+H]" C)5HjNO,: 206.12; found 206,25,

Cap-6
O
Y TOM
N
S
The TFA salt of Cap-6 was synthesized from (R)-2-phenylglycine and 1-
bromo-2-(2-bromoethoxy)ethane by usitig the method of preparation of Cap-5. 'y
NMR (DMSO-dg, 8=2.5, 500 MHz) § 12.20 (br s, 1H), 7.50 (m, SH), 4.92 (s, 1H),
3,78 (app br s, 4H), 3.08 (app br s, 2H), 2.81 (app br s, 2H); RT=0.32 minutes (Cond.

1); >98%; LC/MS: Anal. Caled. for [M+H]" C1,H)sNO3: 222.11; found 222.20;
HRMS: Anal. Caled. for [M+H] C2H gNO5: 222.1130; found 222.1121.
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Cap-7

O
OH

N Cap-7a: enantiomsr-1
[ j Cap-7b: enantiomer-2
N
1

A CH,Cl; (200 mL) solution of p-toluenesulfonyl chloride (8.65 g, 45.4
mmol) was added dropwise to a cooled (-5 °C) CH.Cl, (200 mL) solution of (S)-
benzyl 2-hydroxy-2-phenylacetate (10.0 g, 41.3 mmol), triethylamine (3.75 mL, 41.3
mmol) and 4-dimethylaminopyridine (0.504 g, 4.13 mmol), while maintaining the
temperature between -5 °C and 0 °C. The reaction was stirred at 0 °C for 9 hours,
and then stored in a freezer (-25 °C) for 14 hours. It was allowed to thaw to ambient
temperature and washed with water (200 mL), 1N ICI (100 mL) and brine (100 mL),
dried (MgS0y), filtered, and concentrated ir vacuo to provide benzyl 2-phenyl-2-
(tosyloxy)acetate as a viscous oil which solidified upon standing (16.5 g). The chiral
integrity of the product was ﬁot checked and that product was used for the next step
without further purification. 'H NMR (DMSO-ds, §=2.5, 500 MHz) 8 7.78 (d, J=
8.6, 2H), 7.43-7.29 (m, 10H), 7.20 (m, 2H), 6.12 (s, 1H), 5.16 (4, /=12.5, 1H), 5.10
{d, J=12.5, 1H), 2.39 (s, 3H). RT=3.00 (Cond. HI); >90% homogeneity index;
LC/MS: Anal. Caled. for [MA+H]" Capl2oNa0sS: 419.09; found 419.04.

A THF (75 mL) solution of benzyl 2-phenyl-2-(tosyloxy)acetate (6.0 g, 15.1
mmol), 1-methylpiperazine (3.36 mL, 30.3 mmol) and N,N-diisopropylethylamine
(13.2 mL, 75.8 mmaol) was heated at 65 °C for 7 hours. The reaction was allowed to
coo] to ambient temperature and the volatile component was removed in vacuo. The
residue was partitioned between ethylacetate and water, and the organic layer was
washed with water and brine, dried (MgSQ,), filtered, and concentrated in vacuo.
The resp]ting crude material was purified by flash chromatography (silica gel, ethyl
acetate) to provide benzyl 2-(4-methylpiperazin-1-yl)-2-phenylacetate as an orangish-
brown viscous oil (4.56 g). Chiral HPLC analysis (Chiralcel OD-H) indicated that
the sample i3 a mixture of enantiomers in a 38.2 to 58.7 ratio. The separation of the

enantiomers were effected as follow: the product was dissolved in 120 mL of
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ethanol/heptane (1:1) and injected (5 mL/injection) on chiral HPLC column (Chiracel
0J, 5cm ID x 50 cm I, 20 pum) eluting with 85:15 Heptane/ethanol at 75 mL/min,
and monitored at 220 nm. Enantiomer-1 (1.474 g ) and enantiomer-2 (2.2149 g) were
retrieved as viscous oil. 'H NMR (CDCl, 8=7.26, 500 MHz) 7.44-7.40 (m, 2H),
7.33-7.24 (m, 6H), 7.21-7.16 (m, 2H), 5.13 (d, J=12.5, 1H), 5.08 (d, J=12.5, 1H),
4.02 (s, 1H), 2.65-2.38 (app br s, 8H), 2.25 (s, 3H). RT=2.10 (Cond. HI); >98%
homogeneity index; LC/MS: Anal. Caled. for [M+H]™ CyoHasN20,: 325.19; found
325.20. |

A methanol (10 mL) solution of either enantiomer of benzyl 2-(4-
methylpiperazin-1-y1)-2-phenylacetate (1.0 g, 3.1 mmol) was added to a suspension
of 10% PA/C (120 mg) in methanol (5.0 mL). The reaction mixture was exposed 10 a
balloon of hydrogen, under a careful monitoring, for <50 minutes. Immediately after
the completion of the reaction, the catalyst was filtered through diatomaceous earth
(Celite®) and the filtrate was concentrated in vacuo to provide Cap-7, contaminated
with phenylacetic acid as a tan foam (867.6 mg; mass is above the theoretical yield).
The product was used for the next step without further purification. '"H NMR
(DMSO-d, &-»ﬁ.S, 500 MHz) § 7.44-7.37 (m, 2H), 7.37-7.24 (m, 3H), 3.92 (5, 1H),
2.63-2.48 (app. brs, 2H), 2.48-2.32 (m, 6H), 2.19 (s, 3H); RT=0.31 (Cond. 1D);
>00% homogeneity index; LC/MS: Anal, Caled. for [M+H]" Ci3H1oNz0,: 235.14;
found 235.15; HRMS: Anal. Caled, for [M+H]" Cy3H,5N,05: 235.1447; found
235.1440,

The synthesis of Cap-8 and Cap-9 was conducted according to the synthesis of
Cap-7 by using appropriate amines for the SN, displacement step (i.e., 4-
hydroxypiperidine for Cap-8 and (S)-3-fluoropyrrolidine for Cap-9) and modified
conditions for the separation of the respective stereoisomeric intermedites, as

described below,
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8h: enantiomer-2
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The enantiomeric separation of the intermediate beﬁzyl 2-(4-
hydroxypiperidin-1-yl)-2-phenyl acetate was effected by employing the following
conditions: the compound (500 mg) was dissolved in ethanol/heptane (5 mL/45 mL).
The resulting solution was injected (S mL/injection) on a chiral HPLC column
(Chiracel OJ, 2 cm 1D x 25 cm L, 10 pum) eluting with 80:20 heptane/ethanol at 10
ml./min, monitored at 220 nm, to provide 186.3 mg of enantiomer-1 and 209.1 mg of
enantiomer-2 as light-yellow viscous oils, These benzy! ester was hydrogenolysed
according to the preparation of Cap-7 to provide Cap-8: 'H NMR (DMSO-ds, =2.5,
500 MHz) 7.40 (4, J=7, 2H), 7.28-7.20 (m, 311), 3.78 (s 1I1), 3.46 (m, 1H), 2.93 (m,
1H), 2.62 (m, 11}, 2.20 (m, 211), 1.70 (m, 2H), 1.42 (m, 2H). RT=0.28 (Cond. II);
>08% homogeneity index; LC/MS: Anal, Caled. for [M+H]" C13H1sNO;3: 236.13;
found 236.07; HRMS: Caled. for [M+H]" Ci3HeNO;: 236.1287; found 236.1283.

Cap-9
Q
OH
N 9a: diastereomer-1
( z 9b: diastereomer-2

F

The diastereomeric separation of the intermediate benzyl 2-((S)-3-
fluoropyrrolidin-1-y1)-2-phenylacetate was effected by employing the following
conditions: the ester (220 mg) was separated on a chiral HPLC column (Chiracel OJ-
H, 0.46 cm ID x 25 cm L, 5 um) eluting with 95% CO,/ 5% methanol with 0.1%
TFA, at 10 bar pressure, 70 mL/min flow rate, and a temperature of 35 °C. The
HPLC elute for the respective stereoisomers was concentrated, and the residue was
dissolved in CH;Cl; (20 mL) and washed with an aqueous medium (10 mL water + 1
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ml. saturated NaHCO; solution). The organic phase was dried (MgSQy), filtered, and
concentrated in vacuo to provide 92.5 mg of fraction-1 and 59.6 mg of fraction-2.
These benzyl esters were hydrogenolysed according to the }Sreparation of Cap-7 to
prepare Caps 9a and 9b. Cap-9a (diastercomer-1; the sample is a TFA salt as a result
of purification on a reverse phase HPLC using F,O/methanol/TFA solvent): '"H NMR
(DMSO-dg, 6=2.5, 400 MHz) 7.55-7.48 (m, 5H), 5.38 (d of m, J=53.7, 1H), 5.09 (br
5, 11), 3.84-2.82 (br m, 4H), 2.31-2.09 {m, 2H). RT=0.42 (Cond. I); >95%
homogeneity index; LC/MS: Anal. Caled. for [M~I-H]+ Ci2H;sFNO,: 224.11; found
224.14; Cap-9b (diéstereomer-z): "H NMR (DMSO-ds, §=2.5, 400 MHz) 7.43-7.21
(m, 5H), 5.19 (d of m, J=55.9, 1H), 3.97 (s, 1H), 2.95-2.43 (m, 4H), 2.19-1.78 (m,
2H). RT=0.44 (Cond. 1); LC/MS: Anal, Caled. for [M+H]" C12H|sFNO,: 224.11;
found 224.14,

To a solution of D-proline (2.0 g, 17 mmol) and formaldehyde (2.0 mL of
37% wt. in Hz0) in methanol (15 mL) was added a suspension of 10% Pd/C (500
mg) in methanol (5 mL). The mixtare was stirred under a balloon of hydrogen for 23
hours. The reaction mixture was filtered through diatomaceous earth (Celite®) and
concentrated in vacuo to provide Cap-10 as an off-white solid (2.15 g). 'H NMR
{(DMSO-dg, 6=2.5, 500 MHz) 3.42 (m, 1H), 3.37 (dd, /=9.4, 6.1, I H), 2.85-2.78 (im,
1H), 2.66 (s, 3H), 2.21-2.13 (m, 1I), 1.93-1.84 (m, 2H), 1.75-1.66 (m, 1H). RT=0.28

(Cond. 1I); >98% homogeneity index; L.C/MS: Anal. Caled. for [M+H]" CeH2NOy:
130.09; found 129,96,

Cap-11

4
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A mixture of (25,4R)-4-fluoropyrrolidine-2-carboxylic acid (0.50 g, 3.8
mmol), formaldehyde (0.5 mL of 37% wt. in H»0), 12 N HCI (0.25 mL) and 10%
Pd/C (50 mg) in methanol (20 mL) was stirred under a balloon of hydrogen for 19
hours. The reaction mixtur}, was filtered through diatomaceous earth (Celite®) and
the filtrate was concentrated in vacuo. The residue was recrystallized from
isopropanol to provide the HCI salt of Cap-11 as a white solid (337.7 mg). 'H NMR
(DMSO-d;, 5=2.5, 500 Miz) 5.39 (d m, J=53.7, 1H), 4.30 (m, 1H), 3.90 (ddd,
J=31.5,13.5, 4.5, 1H), 3.33 (dd, /=25.6, 13.4, 1H), 2.85 (s, 3H), 2.60-2.51 (m, 1H),
2.39-2.26 (m, 1H). RT=0.28 (Cond. II); >98% homogeneity index; LC/MS: Anal.
Caled. for [M+H]" C¢H,1FNO,: 148.08; found 148.06.

Cap-12 (same as cap 52)
8

/OYH\E)LOH
o é
L-Alanine (2.0 g, 22.5 mmmol) was dissolved in 10% aqueous sodium

carbonate solution (50 mL), and a THF (50 mL) solution of methy] chloroformate
(4.0 mL) was added to it. The reaction mixture was stirred under ambient conditions
for 4.5 hours and concentrated in vacuo. The resulting white solid was dissolved in
water and acidified with 1N IICl to a pH ~ 2-3. The resulting solutions was extracted
with ethyl acetate (3 x 100 mL), and the combined organic phase was dried (Na;S0y),
filtered, and concentrated in vacuo to provide a colorless oil (2.58 g). 500 mg of this
material was purified by a reverse phase HPLC (H;O/methanol/TFA) to provide 150
mg of Cap-12 as a colorless oil . 'H NMR (DMSO;dg, &=2.5, 500 MHz) 7.44 (d,

J=7.3, 0.8H), 7.10 (br s, 0.2H), 3.97 (m, 1H), 3.53 (s, 3H), 1.25 (d, J=7.3, 3H).

Cap-13

| 0
N

A mixture of L-alanine (2.5 g, 28 mmol), formaldehyde (8.4 g, 37 wt. %), IN
HCI (30 mL) and 10% Pd/C (500 mg) in methanol (30 mL) was stirred under a

- 164 -

Y



WO 2010/117635 PCT/US2010/028456

10

15

20

25

hydrogen atmosphere (50 psi) for 5 hours. The reaction mixture was filtered through
diatomaceous earth (Celite®) and the filtrate was concentrated in vacuo to provide the
HCI salt of Cap-13 as an oil which solidified upon standing under vacuum (4.4 g; the
mass is above theoretical yield). The product was used without further purification.
'H NMR (DMSO0-dg, §=2.5, 500 MHz) 8 12.1 (br s, 1H), 4.06 (q, .J=7.4, 1H), 2.76 (s,
6H), 1.46 (4, J/=7.3, 3H).

Cap-14

©L002t~5u ©)\002t-8u —_— : l COH

Cap-14

Step I: A mixture of (R)-(-)-D-phenylglycine tert-butyl ester (3.00 g, 12.3
mmol), NaBH;CN (0.773 g, 12.3 mmol), KOH (0.690 g, 12.3 mmol) and acetic acid
(0.352 mL, 6.15 mmol) were stirred in methanol at 0 °C. To this mixtore was added
glutaric dialdehyde (2,23 ml, 12.3 mmol) dropwise over 5 minutes. The reaction
mixture was stirred as it was allowed to warm fo ambient temperature and stirring
was continued at the same temperature for 16 hours. The solvent was subsequently
removed and the residue was partitioned with 10% aqueous NaOH and ethyl acetate.
The organic phase was separated, dried (MgS0Os), filtered and concentrated to dryness
to provide a clear oil. This material was purified by reverse-phase preparative HPLC
(Primesphere C-18, 30 x 100mm; CH;CN-H,0-0.1% TFA) to give the intermediate
ester (2.70 g, 56%) as a clear oil. 'H NMR (400 MHz, CDCl3) § 7.53-7.44 (m, 3H),
7.40-7.37 (m, 2H), 3.87 (d, J=10.9 Hz, 1H), 3.59 (d, J/=10.9 Iz, 1H), 2.99 (t, J/=11.2
Hz, 1H), 2.59 (t, J=11.4 Hz, 1H), 2.07-2.02 (m, 2H), 1.82 (d, /=1.82 Hz, 3H), 1.40
(s, 9H). LC/MS: Anal. Caled. for C,7H2sNO,: 275; found: 276 (M+H)".

Step 2: To a stirred solution of the intermediate ester (1.12g, 2.88mmol) in
dichloromethane (10 mL) was added TFA (3 mL). The reaction mixture was stirred
at ambient temperature for 4 hours and then it was concentrated to dryness to give a
light yellow oil. The oil was purified using reverse-phase preparative HPLC
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(Primesphere C-18, 30 x 100mm; CH;CN-H20-0.1% TIFA). The appropriate
fractions were combined and concentrated to dryness in vacuo. The residue was then
dissolved in a minimum amount of methanol and applied to applied to MCX LP
extraction cartridges (2 x 6 g). The cartridges were rinsed with methanol (40 mL)
and then the-desired compound was eluted using 2M ammonia in methanol (50 mL).
Product-containing fractions were combined and concentrated and the residue was
taken up in water. Lyophilization of this solution provided the title compound (0.492
g, 78%)asa l_ight yellow solid. 'H NMR (DMSO-dg) § 7.50 (s, 5H), 5.13 (s, 1H),
3.08 (br s, 2H), 2.92-2.89 (m, 2H), 1.74 (m, 4H), 1.48 (br s, 2H), LC/MS: Anal.
Caled. for C,3H;;NOQ;: 219; found: 220 (M-H)".

Cap-15

[T T A oI
A B Q c Q

HO™ Mo HO™ "Me
{R)-Cap-15

Step I: (S)-luPhenylethyi 2-bromo-2-phenylacetate: To a mixture of ¢-
bromophenylacetic acid (10.75 g, 0.050 mol), (S)-(-}-1-phenylethanol {7.94 g, 0.065
mol) and DMAP (0.61 g, 5.0 mmol) in dry dichloromethane (100 mL) was added
solid EDCI (12.46 g, 0.065 mol) all at once. The resulting solution was stirred at
room temperature under Ar for 18 hours and then it was diluted with ethyl acetate,
washed (H,O x 2, brine), dried (NaySOy), filtered, and concentrated to give a pale
yellow oil. Flash chromatography (SiO,/ hexane-ethyl accté.te, 4:1) of this oil
provided the title compound (11.64 g, 73%) as a white solid. 'H NMR (400 MHz,
CDCl3) d 7.53-7.17 (m, 10H), 5.95 (q, J=6.6 Hz, 0.5), 5.94 (q, J/=6.6 Hz, 0.5H),
5.41 (s, 0.5H), 5.39 (s, 0.5H), 1.58 (d, /=6.6 Hz, 1.5H), 1.51 (d, J=6.6 Hz, 1.5H).

Step 21 (5)-1-Phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-yl)- 2-
phenylacetate: To a solution of (S)-1-phenylethyl 2-bromo-2-phenylacetate (0.464 g,
1.45 mmol) in THI' (8 mL) was added triethylamine (0.61 mL, 4.35 mmol), followed
by tetrabutylammonium iodide (0.215 g, 0.58 mmol). The reaction mixture was

stirred at room temperature for 5 minutes and then & solution of 4-methyl-4-
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hydroxypiperidine (0.251 g, 2.18 nﬁnol) in THF (2 mL) was added. The mixture was
stirred for 1 hour at room temperature and then it was heated at 55-60 °C (oil bath
temperature) for 4 hours. The cooled reaction mixture was then diluted with ethyl
acetate (30 mL), washed (H,0 x2, brine), dried (MgSOy), filtered and concentrated.
The residue was purified by silica gel chromatography (0-60% ethy! acetate-liexane)
to provide ﬂrst'thc (S,R)-isomer of the title compound (0.306 g, 60%) as a white solid
and then the corresponding (8,8)-isomer (0.120 g, 23%), also as a white solid. (S,R)-
isomer: '"H NMR (CD30D) § 7.51-7.45 (m, 2H), 7.41-7.25 (m, 8H), 5.85(q, J=6.6
Hz, 1H), 4.05 (s, 1H), 2.56-2.45 (m, 2I1), 2.41-2.29 (m, 2H), 1.71-1.49 (m, 4H), 1.38
(d, J=6.6 Hz, 3H), 1.18 (5, 3IT). LCMS: Anal. Caled. for CyH,7NO4: 353; found:
354 (M+H)". (8,8)-isomer: "H NMR (CD;0D) & 7.41-7.30 (m, 5H), 7.20-7.14 (m,
3H), 7.06-7.00 (m, 2H), 5.85 (q, J=6.6 Hz, 1H), 4.06 (s, 1H), 2.70-2.60 (m, 1H), 2.51
(dt, J=6.6, 3.3 Hz, 1H), 2.44-2.31 (m, 2H), 1.75-1.65 (m, 1H), 1.65-1.54 (m, 3H),
1.50 (d, J=6.8 Hz, 3H), 1.20 (5, 3H). LCMS: Anal. Calcd. for CqHyyNQO;5: 353;
found: 354 (M+H)".

Step 3. (R)-2-(4-Hydroxy-d4-methylpiperidin-1-yl)-2-phenylacetic acid: To a
solution of (8)-1-phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-y1)-2-
phenylacetate (0.185 g, 0.52 mmol) in dichloromethane (3 mL) was added
trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 2
hours. The volatiles were subsequently removed in vacuo and the residue was
purified by reverse-phase preparative HPLC (Primesphere C-18, 20 x 100mm;
CH3CN-H,0-0.1% TFA) to give the title compound (as TFA salt} as a pale bluish
solid (0,128 g, 98%). LCMS: Anal. Caled. for Ci4HoNOs: 249; found: 250
(M+H)".

Cap-16
9]
O]\ 1 O Me L
OH " Z o B = OH
A B ’

(R)-Cap-16
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Step 1: (8)-1-Phenylethyl 2-(2-fluorophenyl)acetate: A mixture of 2-
fluorophenylacetic acid (5.45 g, 35.4 mmol), (S)-1-phenylethanol (5.62 g, 46.0
mmol), EDCI (8.82 g, 46.0 mmol) and DMAP (0.561 g, 4.60 mmol) in CH,Cl, (100
mL) was stirred at room temperature for 12 hours. The solvent was then concentrated
and the residue partitioned with H,0-ethyl acetate. The phases were separated and
the aqueous layer back-extracted with ethyl acetate (2x). The combined organic
phases were washed (H;0, brine), dried (Na;SQ,), filtered, and concentrated in
vacuo. The residue was purified by silica gel chromatography (Biotage/ 0-20% ethyl
acefate-hexane) o provide the title compound as a colotless oil (8.38 g, 92%). ,iH
NMR (400 Mz, CD;0D) 6 7.32-7.23 (m, 7H), 7.10-7.04 (m, 2), 5.85 (q, J=6.5 Hz,
1H), 3.71 (s, 210), 1.48 (d, J=6.5 Hz, 3H).

Step 2: (R)-((S)-1-Phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate:
To a solution of (§)-1-phenylethyl 2-(2-fluorophenyl)acetate (5.00 g, 19.4 mmol) in
THF (1200 mL) at 0 °C was added DBU (6.19 g, 40.7 mmol) and the solution was
allowed to warm to room femperature while stirring for 30 minutes. The solution was
then cooled to -78 °C and a solution of CBrs (13.5 g, 40.7 mmol) in THF (100 mL)
was added and the mixture was allowed to warn to -10 °C and stirred at this
temperature for 2 hours. The reaction mixture was quenched with. saturated aq,
NH4C! and th§ layers were separated. The aqueous layer was back-extracted with
ethyl acetate (2x) and the combined organic phases were washed (H,0, brine), dried
(Na,S0s), filtered, and concentrated in vacuo. To the residne was added piperidine
(5.73 mL, 58.1 mmo]) and the solution was stirred at room temperature for 24 hours.
The volatiles were then concentrated in vacro and the residue was purified by silica
gel chromatography (Biotage/ 0-30% diethyl ether-hexane) to provide a pure mixture
of diastereomers (2:1 ratio by "HNMR) as a yellow oil (2.07 g, 31%), along with
unreacted starting material (2.53 g, 51%). Further chromatography of the
diastereomeric mixture (Biotage/ 0-10% diethyl ether-toluene) provided the title
compound as a colorless oil (0.737 g, 11%). 'H NMR (400 MHz, CD;0D) § 7.52
(ddd, J=5.4, 7.6, 1.8 Hz, 1H), 7.33 - 7.40 (m, 1), 7.23 - 7.23 (m, 4H), 7.02 - 7.23 (m,
419), 5.86 (q, J=6.6 Hz, 1H), 4.45 (s, 1H), 2.39 ~2.45 (m, 4H), 1.52 - 1.58 (m, 4H),
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1.40 — 1.42 (m, 1H), 1.38 (d, J/=6.6 Hz, 3H). LCMS: Anal. Caled. for C2;H4FNO;:
341; found: 342 (M+ID)".

Step 3: (R)-2-(2-fluorophenyl)-2-{piperidin-1-yDacetic acid: A mixture of
(R)-((S)-1-phenylethyl) 2-(2-fluorophenyi)-2-(piperidin-1-yl)acetate (0.737 g, 2.16
mmol) and 20% Pd(OH),/C (0.070 g) in ethanol (30 mL) was hydrogenated at room
temperature and atmospheric pressure (H; balloon) for 2 hours. The solution was
then purged with Ar, filtered through diatomaceous earth (Celite®), and concentrated
in vacuo. This provided the title compound as a colorless solid (0.503 g, 98%). 'H
NMR (400 Mz, CD;0D) 8 7.65 (ddd, J=9.1, 7.6, 1.5 Hz, 1H), 7.47-7.53 (m, 1H),
7.21-7.30 (m, 250, 3.07-3.13 (m, 4H), 1.84 (br s, 4H), 1.62 (bt s, 2H). LCMS: Anal.
Caled. for Cy3H gFNO,: 237, found: 238 (M+H)".

N
) () L
A B HO” ~Ph

(R)-Cap-17
Step 1: (S)-1-Phenylethyl (R)-2-(4-hydroxy-4-phenylpiperidin-1-yl)- 2-
phenylacetate: To a solution of (S)-1-phenylethyl 2-bromo-2-phenylacetate (1.50 g,
4.70 mmol) in THF (25 mL) was added triethylamine (1.31 mL, $.42 mmol),
followed by tetrabutylammonium iodide (0.347 g, 0.94 mmol). The reaction mixture
was stirred at room temperatuare for 5 minutes and then a solution of 4-phenyl-4-
hydroxypiperidine (1.00 g, 5.64 mmol) in THF (5 mL) was added. The mixture was
stirred for 16 hours and then it was diluted with ethyl acetate (100 mL), washed (H,0
x2, brine), dried (MgSQy), filtered and concentrated. The residue was purified on a
silica gel column (0-60% cthyl acetate-hexane) to provide an approximately 2:1
mixture of diastereomers, as judged by 'H NMR. Separation of these isomers was
performed using supercritical fluid chromatography (Chiralcel OJ-H, 30 x 250mmy;
20% ethanol in CO, at 35 °C), to give first the (R)-isomer of the title compound
(0.534 g, 27%) as a yellow oil and then the corresponding (S)-isomer (0.271 g, 14%),
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also as a yellow oil. (S,R)-isomer: 'H NMR (400 MHz, CD;0D) & 7.55-7.47 (m,
411), 7.44-7.25 (m, 10H), 7.25-7.17 (m, 1H), 5.88 (g, /=6.6 Hz, 1H), 4.12 {5, 1H),
2.82-2.72 (m, 1H), 2.64 (dt, /=11.1, 2.5 Hz, 1H), 2.58-2.52 (m, 1H), 2.40 (dt,

J=11.1, 2.5 Hz, 1H), 2.20 (dt, J=12.1, 4.6 Hz, 1H), 2.10 (dt, /=12.1, 4.6 Hz, 1H),
1.72-1.57 (m, 2H), 1.53 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd. for C2:H30NO;:
415; found: 416 (M+H)'; (S8.9)-isomer: H'NMR (400 MHz, CD;0D) § 7.55-7.48

(m, 2F), 7.45-7.39 (m, 2H), 7.38-7.30 (m, SH), 7.25-7.13 (i, 4H), 7.08-7.00 (m, 2H),

5.88 (g, J=6.6 Hz, 1H), 4.12 (s, 1H), 2.95-2.85 (m, 1), 2.68 (dt, J=11.1, 2.5 Hz,
1H), 2.57-2.52 (m, 1H), 2.42 (dt, J=11.1, 2.5 Hz, 1H), 2.25 (dt, J=12.1, 4.6 Hz, 1H),
2.12 (dt, J=12.1, 4.6 Hz, 1H), 1.73 (dd, /=13.6, 3.0 Hz, 1H), 1.64 (dd, J¥13.6, 3.0
Hz, 1H), 1.40 (d, J=6.6 Hz, 3H). LCMS: Anal. Calcd. for Cy;Ha9NO;: 415; found:
416 (M+H)".

The following esters were prepared in similar fashion:

Intermediate-17a \/@ Diastereomer 1: 'H NMR
OYO (500 MHz, DMSO-dg) §
N ppm 1.36 (d, J=6.41 Iiz,

ENJ 3H) 2.23-2.51 (m, 4H)
©/H(0 3.35 (s, 4H) 4.25 (s, 1H)
O 5 5.05 (s, 2H) 5.82 (d,
' J=6.71 Hz, 1H) 7.15-7.52
(m, 15H).
LCMS: Anal. Caled. for:

C23H30N204 458 .22;
Found: 459.44 (M+H)",

Diastereomer 2; 'H NMR
(500 MHz, DMSO-dg) &
ppm 1.45 (d, /=6.71 Hz,
3H) 2.27-2.44 (m, 4H)
3.39 (s, 4H) 4.23 (s, 1H)
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5.06 (s, 2H) 5.83 (d,
J=6.71 Hz, 1H) 7.12 (dd,
J=6.41,3.05 Hz, 2H)
7.19-7.27 (m, 3H) 7.27-
7.44 (m, 10H).

LCMS: Anal. Caled. for:
CagH30N204 458.22;
Found: 459.44 (M-+H)".

Intermediate -17h

Diasteromer 1: RT-11.76
minutes (Cond’n I);
LCMS: Anal. Caled. for:
Caol2oN203 338.16
Found: 339.39 (M+H)";
Diastereomer 2:
RT=10.05 minutes
(Cond’n II); LCMS: Anal.
Caled, for: CoplasNoOs
338.16; Found: 339,39
(M+H)".

Intermediate -17¢

Diastereomer 1: Tg=4.55 ‘

minutes (Cond’n I);
LCMS: Anal. Calcd. for:
Ca1HagN20O2 338,20
Found: 339.45 (M-+H)";
Diastereomer 2: Tr=6.00
minutes (Cond’n I);
LCMS: Anal. Caled. for:
Ca1HaN20;2 338.20
Found: 339.45 (M+H)"
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Intermediate -17d Diastereomer 1: RT=7.19

‘ minutes (Cond’n I);
LCMS: Anal. Caled. for:
N Cy7H29NO, 399.22
©/*kn/0 Found: 400.48 (M+H)":
o Diastereomer 2: RT=5.76
minutes (Cond’'n I);
[.LCMS: Anal. Caled. for;
CaqHloNO; 399.22
Found: 400,48 (M+11)".

Chiral SFC Conditions for determining retention time

Condition I

Colurmmn: Chiralpak AD-H Column, 4.62x50 mm, Sim
Solvents: 90% CO2-10% methanol with 0.1%DEA
Temp: 35 °C

Pressure: 150 bar

Flow rate: 2.0 mL/min.

UV monitored @ 220 nm-

Injection: 1.0 mg/3mL methanol

Condition IT

Column: Chiralcel OD-H Column, 4.62x50 mm, 5itm
Solvents: 90% CO2-10% methanol with 0.1%DEA
Temp: 35 °C

Pressure: 150 bar

Flow rate: 2.0 mL/min.

UV monitored @ 220 nm

Injection: 1.0 mg/mL methanol
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Cap 17, Step 2; (R)-2-(4-Hydroxy-4-phenylpiperidin-1-yl}-2-phenylacetic
acid: To a solution of (8)-1-phenylethyt (R)-2-(4-hydroxy-4-phenylpiperidin-1-yl)-2-
phenylacetate (0.350 g, 0.84 mmol) in dichloromethane (5 mL) was added
triffuoroacetic acid (1 mL.) and the mixture was stirred at room temperature for 2

5  hours. The volatiles were snbsequently removed in vacuo and the residue was
purified by reverse-phase preparative HPLC (Primesphere C-18, 20 x 100mm;
CHyCN-F;0-0.1% TFA) to give the title compound (as TFA salt) as a white solid
(0.230 g, 88%). LCMS: Anal. Caled. for CioHzNC3: 311.15; found: 312 (M+I—I)+.

10 The followiﬁg carboxylic acids were prepared in optically pure form in a similar

fashion:
Cap-17a RT-2.21 (Cond'n 1I);
Oyoﬁ 'H NMR (500 MHz,
[N] DMSO-dg) 8 ppm 2.20-
N 2.35 (m, 2H) 2.34-2.47
mOH (m, 2H) 3.37 (s, 4H)
O 3.71 (s, 1H) 5.06 (s,
2H) 7.06-7.53 (m,
10H). LCMS: Anal.
Calcd. for: CygHpaN204
354.16; Found: 355.38
(M+H)",
Cap-17b n o RT-0.27 (Cond’n II1);
[ T LCMS: Anal. Caled.
N oH for: C\sH14N,O5
m 234.,10; Found: 235.22
(M+ID)",
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Cap-17¢ fixl RT.0.48 (Cond’n II);
[ j LCMS: Anal. Caled,
N o for: Ci3H;sN2O;
©/j*\g 234.14; Found: 235.31
(M+H)".
Cap-17d RT=2.21 (Cond’n I;
LCMS: Anal, Calcd,
for: CyoHoyNO, 295.16;
N Found: 296.33 (M+H)".
., OH
oY

10

15

20

LCMS Conditions for determining retention time

Condition I

Column: Phenomenex-Luna 4.6 X 50 mm S10
Start % B=0

Fianl % B=100

Gradient Time=4 min

Flow Rate=4 mL/min

Wavelength=220

Solvent A=10% methanot - 90% H,0 - 0.1% TFA
Solvent B=20% methanol — 10% H,0 - 0.1% TFA

Condition 1L

Column: Waters-Sunfire 4.6 X 50 mm S5
Start % B=0

Fian] % B=100

Gradient Time=2 min

Flow Rate=4 mL/min

Wavelength=220
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Solvent A=10% methanol — 90% H,0 - 0.1% TFA
Solvent B=90% methanol — 10% H,0 - 0.1% TFA

Condition III

Column: Phenomenex 10j1 3.0 X 50 mm

Start % B=0

Fianl % B=100

Gradient Time=2 min

Flow Rate=4 mL/min

Wavelength=220

Solvent A=10% methanol — 90% H,0 - 0.1% TFA
Solvent B=90% methanol — 10% H,0 - 0.1% TFA

Cap-18
X ~NT SN
N OFt 2 N ogt 3 N OH
N O N 2~ 0 ‘ N ~ 0
A- X=H _‘l c : ~ cap-18
B: X=Br = 1

Step 1, (R,S)-Ethyl 2-(4-pyridyl)-2-bromoacetate: To a solution of ethyl 4-
pyridylacetate (1.00 g, 6.05 mmol) in dry THF (150 mL} at 0 °C under argon was
added DBU (0.99 mL, 6.66 mmol). The reaction mixture was allowed to warm to
room temperature over 30 minutes and then it was cooled to -78 °C. To this mixfure
was added CBrs (2.21 g, 6.66 mmol) and stirring was continued at -78 °C for 2 hours.
The reaction mixture was then quenched with sat. aq. NH4Cl and the phases were
separated, The organic phase was washed (brine), dried (Na,SOy), filtered, and
concentrated in vacuo. The resulting yellow oil was immediately purified by flash
chromatography (SiO,/ hexane-ethyl acetate, 1:1) to provide the title compound (1.40
g, 95%) as a somewhat unstable yellow oil. 'H NMR (400 MHz, CDCl) & 8.62 (dd,
J=4.6, 1.8 Hz, 2H), 7.45 (dd, /=4.6, 1.8 Hz, 2H), 5.24 (s, 1H), 4.21-4.29 (m, 2H),
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1.28 (t, J=7.1 Hz, 3H). LCMS: Anal. Caled. for CoH;oBrNO,: 242, 244; found:
243, 245 (M+1)".

Step 2; (R,S)-Ethyl 2-(4-pyridyl)-2-(N,N-dimethylamino)acetate; To a
solution of (R,S)-ethyl 2-(4-pyridyl)-2-bromoacetate (1.40 g, 8.48 mmol) in DMF (10
ml.) at room temperature was added dimethylamine (2M in THF, 8.5 mL, 17.0
mmol). After completion of the reaction (as judged by thin layer chromatography)
the volatiles were removed in vacuo and the residue was purified by flash
chromatography (Biotage, 40+M SiO; column; 50%-100% ethyl acetate-hexane) to
provide the title compound (0.539 g, 31%) as a light yellow oil. 'H NMR (400 MHz,
CDCl3) & 8.58 (d, J=6.0 Hz, 2H), 7.36 (d, J=6.0 Hz, 2H), 4.17 {(m, 2H), 3.92 (s, 1H),
2.27 (s, 6H), 1.22 (t, /=7.0 Hz). LCMS: Anal. Caled. for C;;H;sN,0;: 208; found:
209 (M+H)".

Step 3; (R,S)-2-(4-Pyridyl)-2-(N,N-dimethylamino)acetic acid: To a solution
of (R,S)-ethyl 2-(4-pyridy!)-2-(N,N-dimethylamino)acetate (0.200 g, 0.960 mmol) in
a mixture of THF-methanol-F,0 (1:1:1, 6 mL) was added powdered LiOH (0.120 g,
4.99 mmol) at room temperature. The solution was stirred for 3 hoﬁrs and then it was
acidified to pH 6 using 1N HCI. The aqueous phase was washed with ethyl acetate
and then it was Iyophilized to give the dihydrochloride of the title compound as a
yellow solid (containing LiC1). The product was used as such in subsequent steps.
"H NMR (400 MHz, DMSO-dg) & 8.49 (d, J=5.7 Hz, 2H), 7.34 (d, J=5.7 Hz, 2H),
3.56 (s, 1H), 2.21 (s, 6H). _

The following examples were prepared in similar fashion using the method

described above;

NMe, L.CMS: Anal. Caled, for
Cap-19 | \; CO,H CoH12N205: 180; found: 1817
N (MY,
LCMS: no ionization. 'H NMR
NMe, (400 MHz, CD;0D) § 8.55 (d,
Cap-20 N o J=4.3 Hz, 1H), 7.84 (app 1,
2N J=53 Hz, 1H), 7.61 (d, J=7.8
Hz, 1H), 7.37 (app t, J=5.3 Hz,
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1H), 4.35 (s, 1H), 2.60 (s, 6H).
NMe, LCMS: Anal. Caled. for
Cap-21 /[-\j)\COEH CoHyCIN, 0, 214, 2186; found:
cl N 215,217 (M+H)*.
NMe, LCMS: Anal. Caled. for
Cap-22 /lij CO,H CioH12N204: 224; found: 225
O,N (M+H)".
e LCMS: Anal. Caled. for
Cap-23 O CO4 C14H;sNO;: 229; found: 230
O M+H)*
NMe, LCMS: Anal. Caled. for
Cap-24 F3Cw£chozH C 1 H2F3NOg: 247; found: 248
(M-+1H)".
NMe, LCMS: Anal. Caled. for
Cap-25 @COEH C11H2F3NOy: 247; found: 248
CF3 (M-+H)".
NMe, LLCMS: Anal. Calcd. for
Cap-26 ©\/‘\ COuH CioH;2FNO,: 197; found: 198
F (M+H),
NMe, LCMS: Anal. Caled. for
Cap-27 F\©/kcozz-: C1oH;2FNO;: 247; found: 248
(M+D* .-
NMe, LCMS: Anal. Caled. for
Cap-28 c \@J\COQH C1oH)2CINO,; 213; found: 214
(M+I1)*,
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NMe; LCMS: Anal. Caled, for
Cap-29 @\)\COZH C1oH,CINO,: 213; found: 214
Cl (M+H)".
NMe, L.CMS: Anal. Calcd. for
Cap-30 /@'/‘\ COLH C10H;2CINOy: 213; found: 214
cl (M+H)",
NMe, LCMS: Anal. Caled. for
Cap-31 S’:JH\COzH CgH 15N;0,8: 200; found: 201
>/ (MAH). -
NMe, LLCMS: Anal. Caled. for
Cap-32 @)\COZ,H CgH,1NO,S: 185; found: 186
\s (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-33 Sj/l\COZH Cgl{NO,S: 185; found: 186
= (M+H)*.
NiMe, LCMS: Anal. Caled. for
Cap-34 Q{LC%H Cy1HaN,O4: 220; found: 221
o-N M+,
NMe, LCMS: Anal. Caled. for
Cap-35 Qw)\cozH Ci2Hi3NO,S: 235; found: 236
8 (M-+H)Y".
NMe, LCMS: Anal. Caled. for
Cap-36 ___<,N CO,H C12H14N20,8: 250; found: 251
S (M+H)",
5
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Cap-37
N™ ™= N '
| P 2 t P
OFEt 1
MBQN A QOFEt H
/\é( MezN MGQN ©
o) O
A - HC[
B
cap-37

Step 1, (R,S)-Ethyl 2-(quinolin-3-y1)-2-(N,N-dimethylamino)-acetate: A
mixture of ethyl N,N-dimethylaminoacetate (0.462 g, 3.54 mmol), K3PO4 (1,90 g,
5 8.95mmol), Pd(t-Bu;P); (0.090 g, 0.176 mmol) and toluene (10 mL) was degassed
with a stream of Ar bubbles for 15 minutes. The reaction mixture was then heated at
100 °C for 12 hours, after which it was cooled to room temperature and poured into
H,0. The mixture was extracted with ethyl acetate (2x) and the combined organic
phases were washed (H,;0, brine), dried (Na;S0Qy), filtered, and concentrated in
10 vacuo. The residue was purified first by reverse-phase preparative HPLC
(Primesphere C-18, 30 x 100mm; CH;CN-H,0-5 mM NH4OAc) and then by flash
chromatography (SiO»/ hexane-ethyl acetate, 1:1) to provide the title compound
(0.128 g, 17%) as an orange oil. 'H NMR (400 MHz, CDCl5) § 8.90 (d, J=2.0 Hz,
1H), 8.32 (d, /=2.0 Hz, 1H), 8.03-8.01 (mm, 2H), 7.77 (ddd, J=8.3, 6.8, 1.5 Hz, 1H),
15 7.62(ddd, J=8.3, 6.8, 1.5 Hz, 1H), 4.35 (s, 1H), 4.13 (m, 2H), 2.22 (s, 6H), 1.15 (¢,
J=7.0 Hz, 3H). LCMS: Anal. Caled. for CysHgN,0y: 258; found: 259 (M+H)".
Step 2, (R,S) 2-(Quinolin-3-yl)-2-(N,N-dimethylamino)acetic acid: A mixture
of (R,S)-ethyl 2-(quinolin-3-yl)-2-(N,N-dimethylamino)acetate (0.122 g, 0.472 mmol)
and 6M HCI (3 mL) was heated at 100 °C for 12 hours. The solvent was removed in
20 vacuo to provide the dihydrochloride of the title compound (0.169 g, >100%) as a
light yellow foam. The unpurified material was used in subsequent steps without

further purification. LCMS: Anal. Caled. for Cy3HaN,O,: 230; found: 231 (M+H)"

25
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Step I, (R)-((S)-1-phenylethyl} 2-(dimethylamino)-2-(2-flucrophenyl)acetate
and (S)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate: To a
5 mixture of (RS)-Z-(dimethy]amino)-2-(Z-ﬂuoropheny])aceﬁc acid (2.60 g, 13.19
mmol), DMAP (0.209 g, 1.71 mmol) and (S)-1-phenylethanol (2.09 g, 17.15 mmol)

" in CH,Cl, (40 mL) was added EDCI (3.29 g, 17.15 mmol) and the mixture was
allowed to stir at room temperaturs for 12 hours. The solvent was then removed in
vacuo and the residue partitioned with ethyl acetate-I;0. The layers were separated,

10 the aqueous layer was back-extracted with ethyl acetate (2x) and the combined
organic phases were washed (11,0, brine), dried (Na;S0y), filtered, and concentrated
in vacuo. The residue was purified by silica gel chromatography (Biotage/ 0-50%
diethyl ether-hexane). The resulting pure diastereomeric mixture was then separated
by reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH;CN-H,0-
15 0.1% TFA) to give first (S)-1-phenethyl (R)-2-(dimethylamino}-2-(2-
fluorophenyl)acetate (0.501 g, 13%) and then (S)-1-phenethyl (S)-2-(dimethylamino)-
2-(2-fluorophenyl)-acetate (0.727 g. 18%), both as their TFA salts. (8,R)-isomer:

'"H NMR (400 MHz, CD;0D) 8 7.65-7.70 (m, 1H), 7.55-7.60 {ddd, /=9.4, 8.1, 1.5
Hz, 1H), 7.36-7.41 (m, 2H), 7.28-7.34 (m, 5H), 6.04 (g, /=6.5 Hz, 1H), 5.60 (s, 1H),
20 2.84 (s, 6H), 1.43 (d, /=6.5 Hz, 3H). LCMS: Anal. Calcd. for Cysl;0FNO;: 301;
found: 302‘ (M-H+H)"; (S,8)-isomer: "H NMR (400 MHz, CDs0D) § 7.58-7.63 (m,
1H), 7.18-7.31 (m, 6H), 7.00 (dd, /=8.5, 1.5 Hz, 2H), 6.02 {q, J/=6.5 Hz, 1H), 5.60 (s,
1H), 2.88 (s, 6H), 1.54 (d, J/=6.5 Hz, 3H). LCMS: Anal. Calcd. for C;sHyoFNO;:
301; found: 302 (M+H)".
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Step 2; (R)-2-(dimethylamino)-2-(2-fluorophenyl)acetic acid: A mixture of
(R)-((S)-1-phenylethyl) 2-(dimethylamine)-2-(2-fluorophenyl)acetate TFA salt (1.25
g, 3.01 mmol) and 20% Pd(OH),/C (0.125 g) in ethanol (30 mL) was hydrogenated at
room temperature and atmospheric pressure (H; balloon) for 4 hours. The solution
was then purged with Ar, filtered through diatomaceous earth (Celite®), and
concentrated in vacuo. This gave the title compound as a célorless.solid (0.503 g,
98%). 'H NMR (400 MHz, CD;0D) § 7.53-7.63 (m, 2H), 7.33-7.38 (m, 2H), 5.36
(s, 1H), 2.86 (5, 6H). LCMS: Anal. Caled. for CyoH ,FNO;: 197; found: 198
(M+H)".

The S-isomer could be obtained from (8)-((8)-1-phenylethyl) 2-

(dimethylamino)-2-(2-fluorophenyl)acetate TFA salt in similar fashion.

Cap-39
Cl NH, ol N7
OH OH
: Y
cap-39 |

A mixture of (R)-(2-chlorophenylglycine (0.300 g, 1.62 mmol),
formaldehyde (35% aqueous solution, 0.80 mL, 3.23 mmol) and 20% Pd(OH),/C
(0.050 g) was hydrogenated at room temperature and atmospheric pressure {(H,
balloon) for 4 hours. The solution was then purged with Ar, filtered through
diatomaceous earth (Celite®) and concentrated in vacuo. The residue was purified by
reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH;CN-H,0-
0.1% TFA) to give theTFA salt of the title compound (R)-2-(dimethylamino)-2-(2-
chlorophenyl)acetic acid as a colorless oil (0.290 g, 55%). 'H NMR (400 MHz,
CD;0D) 8 7.59-7.65 (m, 211}, 7.45-7.53 (m, 2H), 5.40 (s, 1H), 2.87 (s, 6H). LCMS:
Anal. Caled. for CigH;2CINO,: 213; found: 214 (M+H)+.
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To an ice-cold solution of (R)-(2-chlorophenyl)glycine (1.00 g, 5.38 mmol)
and NaOH (0.862 g, 21.6 mmotl) in 1,0 (5.5 mL) was added methyl chloroformate
(1.00 ml, 13.5 mmol) dropwise. The mixiure was allowed to stir at 0 °C for 1 hour
and then it was acidified by the addition of conc, HCl (2.5 mL). The mixture was
extracted with ethyl acetate (2x) and the combined organic phase was washed (H;0,
brine), dried (Na;SO,), filtered, and concentrated in vacuo to give the title compound
(R)-2-(methoxycarbonylamino)-2-(2-chlorophenyl)acetic acid as a yellow-orange
foam (1.31 g, 96%). "H NMR (400 MHz, CD,0D) 5 7.39 ~ 7.43 (m, 2H), 7.29 —
7.31 (m, 2H), 5.69 (s, 111}, 3.65 (s, 3H). LCMS: Anal. Caled, for CigH;oCINO,:
243; found: 244 (M+H)".

Cap-41

Cl N

cap-41
To a suspension of 2-(2-(chloromethyl)phenyl)acetic acid (2.00 g, 10.8 mmol)

in THF (20 mL) was added morpholine (1.89 g, 21.7 mmol) and the solution was
stirred at room temperature for 3 hours. The reaction mixture was then diluted with
ethyl acetate and extracted with H;0 (2x). The aqueous phase was lyophilized and
the residue was purified by silica gel chromatography (Biotage/ 0-10% methanol-
CH.Cl,) to give the title compound 2-(2-(Morpholinomethyl)phenyl)acetic acid as a
colorless solid (2.22 g, 87%). 'THNMR (400 MHz, CD30D) & 7.37-7.44 (m, 3H),
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7.20-7.33 (m, 1H), 4.24 (s, 2H), 3.83 (br s, 4H), 3.68 (s, 2H), 3.14 (br 5, 4H). LCMS:

Anal, Caled. for C3H;7NOs: 235; found: 236 (M+H)".

The following examples were similarly prepaved using the method deseribed
5  for Cap-41:

LCMS: Anal. Caled. for

LCMS: Anal. Calcd. for

Cap-43 0 C13H7NQs: 219; found:
OH 220 (M+I—I)+. _

()
Cap-42 0 C14H1oNO;: 233; found:
OH 234 (M+H)".
»

M%‘Me LCMS: Anal. Caled. for
Cap-44 O C11H sNOy: 193; found:
6‘&' 194 (M+I)",
(\NMe
N \) LCMS: Anal. Caled, for
Cap-45 O C)4H20N;0,: 248; found:
WH 249 (M+H)".
Cap-45a
: Q H 0]
NH> HN._.0
« pTsOH salt _NH
Cap-415a

HMDS (1.85 mL, 8.77 mmol) was added to a suspension of (R)-2-amino-2-
10 phenylacetic acid p-toluenesulfonate (2.83 g, 8.77 mmol) in CH,Cl; (10 mL) and the

mixture was stirred at room temperature for 30 minutes. Methyl isocyanate (0.5 g,
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8.77 mmol) was added in one portion stirring continued for 30 minutes. The reaction
was quenched by addition of H2O (5 mL.} and the resulting precipitate was filtered,
washed with H,0 and n-hexanes, and dried under vacuum. (R)-2-(3-methylureido)-
2-phenylacetic acid (1.5 g; 82 %).was recovered as a whife solid and it was used
without further purification. 'H NMR (500 MHz, DMSO-dg) & ppm 2.54 (d, J=4.88
Hz, 3H) 5.17 (d, J=7.93 Hz, 1H) 5.95 (q, /=4.48 Hz, 1H) 6.66 (d, /=7.93 Hz, 1H)
7.26-7.38 (m, 5H) 12.67 (s, 11). LCMS: Anal.- Caled. for C10H12N203 208.08
found 209.121 (M+1-I)*; HPLC Phenomenex C-18 3.0 X 46 mm, 0 to 100% B over 2
minutes, 1 minute hold time, A=90% water, 10% methanol, 0.1% TFA, B=10%
water, 90% methanol, 0.1% TFA, RT=1.38 min, 90% homogeneity index.

Cap-46
Yo T "0
N, HN.__O
* pTsOH salt rNH

cap-46

The desired product was prepared according to the method described for Cap-
453, "H NMR (500 MHz, DMSO-ds) 5 ppm 0.96 (t, J=7.17 Hz, 311) 2.94-3.05 (m,
2H) 5.17 (d, /=71.93 Hz, 1H) 6.05 (t, J=5.19 Hz, 1) 6.60 (d, J=7.63 Hz, 1H) 7.26-
7.38 (m, SH) 12.68 (s, 1H). LCMS: Anal. Caled. for C;1H4N2O; 222.10 found
223.15 (M+H)". HPLC XTERRA C-18 3.0 x 506 mm, 0 to 100% B over 2 minutes,
1 minute hold time, A=90% water, 10% methanol, 0.2% H3;PO4, B=10% water, 90%
methanol, 0.2% H3PO4, RT=0.87 min, 90% homogeneity index.
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Cap-47

QL Ol . O
.o ‘

HNYO
B Cap-47

Step I; (R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate: To a stirred

solution of (R)-tert~butyl-2-amino-2-phenylacetate (1.0 g, 4.10 mmol} and Hunig’s
5 base(1.79 mL, 10.25 mmol) in DMF (40 mL) was added dirnethylc_arbamoyl chioride

(0.38 mL, 4.18 mmol) dropwise over 10 minutes. After stirring at room temperature
for 3 hours, the reaction was concentrated under reduced pressure and the resulting
residue was dissolved in ethy] acetate. The organic layer was washed with H,0, IN
aq. HCl and brine, dried (MgSOs), filtered and concentrated under reduced pressure.

10 (R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate was obtained as a white solid (
0.86 g; 75%) and used without further purification. 'H NMR (500 MHz, DMSO-dg)
& ppm 1.33 (s, 9H) 2.82 (s, 6I1) 5.17 (d, J=7.63 Hz, 1H) 6.55 (d, /=7.32 Hz, 1H)
7.24-1.41 (m, 5H). LCMS: Anal. Caled. for C)sH2N204278.16 found 279.23
(M+H)"; HPLC Phenomenex LUNA C-18 4.6 x 50 mm, 0 to 100% B over 4 minutes,

15 1 minute hold time, A=90% water, 10% methanol, 0.1% TFA, B=10% water, 90%
methanol, 0.1% TFA, RT=2.26 min, 97% homogeneity index.

Step 2; (R)-2-(3,3-dimethylureido)-2-phenylacetic acid: To a stirred solution
of ((R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate ( 0.86 g, 3.10 mmol) in
CH,Cl, (250 mL) was added TFA (15 mL) dropwise and the resulting solution was

20 stirred at rt for 3 hours. The desired compound was then precipitated out of solution
with a mixture of EtOAC:Hexanes (5:20), filtered off and dried under reduced
pressure. (R)-2-(3,3-dimethylureido)-2-phenylacetic acid was isolated as a white
solid (0.59g, 86%) and used without further purification. "H NMR (500 MHz,
DMSO-dg) 8 ppm 2.82 (s, 6H) 5.22 (d, J=7.32 Hz, 1H) 6.58 (d, /=7.32 Hz, 1H) 7.28

25 (1, J=7.17 Hz, 1H) 7.33 (t, J/=7.32 Hz, 2H) 7.38-7.43 (m, 2H) 12.65 (s, 1H). LCMS:
Anal, Caled. for Cy H 4N204: 222.24; found: 223.21 (M+H)+. HPLC XTERRA C-
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18 3.0 x 50 mm, 0 to 100% B over 2 minutes, 1 minute hold time, A=90% water,
10% methanol, 0.2% H3PQ,, B=10% water, 920% methanol, 0.2% 113P04, RT=0.75

nin, 93% homogeneity index.

Cap-48
0 =0 70
NH, HNYO HN._.O
A gNH gNH
B Cap-48

Step I; (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate: To a stirred
solution of (R)-2-amino-2-phenylacetic acid hydrochloride (1.0 g, 4.10 mmol) and
Hunig’s base (1.0 mL, 6.15 mmol) in DMF (15 mL) was added cyclopenty!
isocyanate (0.46 mL, 4.10 mmol) dropwise and over 10 minutes. After stirring at
room temperature for 3 hours, the reaction was concentrated under reduced pressure
and the resnlting residue was traken up in ethyl acetate. The organic layer was
washed with H,0 and brine, dried (MgSQy), filtered, and concentrated under reduced
pressure. (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate was obtained as an
opaque oil (1.32 g; 100 %) and used without further purification. 'H NMR (500
MHz, CD;Cl-D) 6 ppm1 1.50-1.57 {m, 2H) 1.58-1.66 (m, 2H) 1.87-1.97 (m, 214) 3.89-
3.98 (m, 1H) 5.37 {5, 1H) 7.26-7.38 (m, 5H). LCMS: Anal. Caled. for Cy3HpN;0;3
318.19 found 319.21 (M+H)"; HPLC XTERRA C-18 3.0 x 50 mm, 0 to 100% B
over 4 minutes, | minute hold time, A=90% water, 10% methanol, 0.1% TFA,
B=10% water, 90% methanol, Q,l% TFA, RT=2.82 min, 96% homogeneity index.

Step 2; (R)-2-(3-cyclopentylureido)-2-phenylacetic acid: To a stirred solution
of (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate (1.31 g, 4.10 mmol) in
CH,Cl; (25 mL) was added TFFA {4 mL) and trietheylsilane (1.64 mL; 10.3 mmol)
dropwise, and the resulting solution was stirred at room temperature for 6 hours. The
volatile components were removed under reduced pressure and the crude product was

recrystallized in ethyl acetate/pentanes to yield (R)-2-(3-cyclopentylureido)-2-
- 186 -
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phenylacetic acid as a white solid (0.69 g, 64%). "H NMR (500 MHz, DMSO-dg)
ppm 1.17-1.35 (m, 2H) 1.42-1.52 (n, 2H) 1.53-1.64 (m, 2H) 1.67-1.80 (m, 2H) 3.75-
3.89 (im, 1H) 5.17 (d, /=7.93 Hz, 1H) 6.12 (d, /=7.32 Hz, 1H) 6.48 (d, J=7.93 lz,
1H) 7.24-7.40 (m, 5H) 12.73 (s, 1II). LCMS: Anal. Calcd. for C;4HgN;03: 262.31;
found: 263.15 (M+H)', HPLC XTERRA C-18 3.0 X 50 mm, 0 to 100% B over 2
mimtes, 1 minute hold time, A=90% water, 10% methanol, 0.2% H3;PQ,4, B=10%
water, 90% methanol, 0.2% H3PO4, RT=1.24 min, 100% homogeneity index.

Cap-49

O — oy

cap-49

To a stirred solution of 2-(benzylamino)acetic acid (2.0 g, 12.1 mmol) in
formic acid (91 mL) was added formaldehyde (6.94 mL, 93.2 mmol). After five
hours at 70 °C, the reéction mixture was concenfrated under reduced pressure to 20
mL and a white solid precipitated. Following filtration, the mother liquors were
collected and further concentrated under reduced pressore providing the crude
product. Purification by reverse-phase preparative HPLC (Xterra 30 X 100 mm,
detection at 220 nm, flow rate 35 ml/min, 0 to 35% B over 8 min; A= 90% water, 10
% methanol, 0.1% TFA, B=10% water, 90 % methanol, 0.1% TFA) provided the title
compound 2-(benzyl(methyl)-amino)acetic acid as its TFA salt (723 mg, 33%) as a
colorless wax. ' NMR (300 MHz, DMSO-ds) 8 ppm 2.75 (s, 3H) 4.04 (s, 2H) 4.34

(s, 2H) 7.29-7.68 (m, 5H). LCMS: Anal. Caled. for: Cygl;3NO, 179.09; Found:
180.20 (M+H)", |

Cap-50

HNX( o - . K’/OH
| O
0 g\ | 5

Cap-50
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To a stimed solution of 3-methyl-2-(methylamino)butanoic acid (0.50 g, 3.81
mmol) in water ( 30 mL) was added K2COs (2.63 g, 19.1 mmol) and benzy! chloride
(1.32g,11.4 ﬁnmol). The reaction mixture was stirred at ambient temperature for 18
hours. The reaction mixture was extracted with ethyl acetate (30 mL x 2) and the
aqueous layer was concenirated under reduced pressure providing the crude product
which was purified by reverse-phase preparative HPLC (Xterra 30 x 100mm,
detection at 220 nm, flow rate 40 mL/min, 20 to 80% B over 6 min, A= 90% water,
10 % methanol, 0.1% TFA, B=10% water, 90 % methanol, 0.1% TFA) to provide 2-
(benzyl(methyl)amino)-3-methylbutanoic acid, TFA salt (126 mg, 19%) as a colorless
wax. 'H NMR (500 MHz, DMSO-dg) & ppm 0.98 (4, 3H) 1.07-(d, 3H) 2.33-2.48 (m,
1H) 2.54-2.78 (m, 3H) 3.69 (s, 1H) 4.24 (s, 2H) 7.29-7.65 (m, 5H). LCMS: Anal.
Caled. for: C13l3;9NO; 221.14; Found: 222.28 (M+H)".

Cap-51

0._..0
O

Na,COs (1.83g, 17.2 mmol) was added to NaOH (33 mL of 1IM/H;0, 33
mimol) solution of L-valine (3.9 g, 33.29 mmol) and the resulting solution was cooled
with ice-water bath. Methyl chloroformate (2.8 mL, 36.1 mmol) was added dropwise
over 15 min, the cooling bath was removed and the reaction mixture was stirred at
ambient temperature for 3.25 hr. The reaction mixture was washed with ether (50
mL, 3x), and the aqueous phase was cooled with ice-water bath and acidified with
concentrated HCI to a pH region of 1-2, and extracted with CH,Cl; (50 mL, 3x). The
organic phase was dried (MgSO,) and evaporated in vacuo to afford Cap-51 as a
white solid (6 g). 'H NMR for the dominant rotamer (DMSO-dq, 6=2.5 ppm, 500
MHz): 12.54 (s, 1H), 7.33 (d, J=8.6, 1H), 3.84 (dd, J=8.4, 6.0, 1H), 3.54 (s, 3H),
2.03 (m, 1H), 0.87 (m, 6H). HRMS: Anal. Calcd. for [M+H]" CyH|4NO4: 176.0923;
found 176.0922.
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Cap 51 (alternate route)

HN HN

DIEA (137.5 mL, 0.766 mol) was added to a suspension of (S)-tert-butyl 2-
amino-3-methylbutanoate hydrochtoride (75.0 g, 0.357 mol) in THF (900 mL), and the
mixture was cooled to 0 °C (ice/water bath)., Methyl chloroformate (29.0 mL, 0.375
mol) was added dropwise over 45 min, the cooling bath was removed and the
heterogeneous mixture was stirred at ambient temperature for 3 h. The solvent was
removed under diminished pressure and the residue partitioned between EtOAc and
water (1 L each). The organic layer was washed with 11,0 (1 L) and brine (1 L), dried
(MgS0,), filtered and concentrated under diminished pressure. The crude material was
passed through a plug of silica gel (1 kg), eluting with hexanes (4 L) and .15:85
EtOAc/hexanes (4 L) to afford (S)-tert-butyl 2-(methoxycarbonylamino)-3-
methylbutanoate as a clear oil (82.0 g, 99% yield). 'H-NMR (500 MHz, DMSO-d, § =
2.5ppm) 7.34 (d, J=8.6,1 H), 3.77 (dd, = 8.6, 6.1, 1 H), 3.53 (5,3 H), 1.94 - 2.05
(m, 1 H), 1.39 (s, 9 H), 0.83 - 0.92 (mm, 6 H). C-NMR (126 MHz, DMSO-d;, § = 39.2
ppm) 170.92, 156.84, 80.38, 60.00, 51.34, 29.76, 27.62, 18.92, 17.95. LC/MS:
[M+Na]" 254.17.

Trifluoroacetic acid (343 mL, 4.62 mol) and Et;SiH (142 mL, 0.887 mol) were
added sequentially to a solution of (S)-tert-butyl 2-(methoxycarbonylamino)-3-
methylbutanoate (82.0 g, 0,355 mol) in CHyCl, (675 mL), and the mixture was stirred
at ambient temperature for 4 h. The volatile component was removed under diminished
pressure and the resultant oil triturated with petroleum ether (600 mL) to afford a white -
éolid, which was filtered and washed with hexanes (500 mL) and petroleum ether (500
mL). Recrystallization from EtOAc/petroleum ether afforded Cap-57 as white flaky
crystals (54.8 g, 88 % yield). MP = 108.5-109.5 °C. '"H NMR (500 MUz, DMSO-d;, &
=2.5ppm) 12.52 (s, 1 H),731(d,/=8.6,1 H),3.83(dd,/=8.6,6.1,1 H),3.53 (5,3
H), 1.94 - 2.07 (m, 1 H), 0.86 (dd, /= 8.9, 7.0, 6 H). ’C NMR (126 MHz, DMSO-d;,
8 =39.2 ppm) 173.30, 156.94, 59.48, 51.37, 29.52, 19.15, 17.98. LC/MS: [M+H]' =
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176.11. Anal. Calcd. for C4H)3NO4: C, 47.99; H, 7.48; N, 7.99, Found: C, 48.17; 1,
7.55; N, 7.99. Optical Rotation: [of] p=-4.16 (12.02 mg/mL; MeOH). Optical purity:
>99.5 % ee. Note: the optical purity assessment was made on the methy! ester
derivative of Cap-51, which was prepared under a standard TMSCHN,
(benzenc/l\deOHj esterification protocol. HPLC analytical conditions: column,
ChiralPak AD-H (4.6 x 250mm, 5pm); solvent, 95% heptane / 5% IPA (isocratic); flow
rate, ! mL/min; temperature, 35 °C; UV monitored at 205 nm.

[Note: Cap 51 could also be purchased from Flamm. ]

Cap-52 (Same as Cap-12)

|
020

HN"-H I\OH

Cap-52 was synthesized from L-alanine according to the procedure described
for the synthesis of Cap-51. For characterization purposes, a portion of the crude
material was purified by a reverse phase HPLC (H,O/methanol/TTA) to afford Cap;
52 as a colorless viscous oil. 'H NMR (DMSO-dg, 6=2.5 ppm, 500 MHz): 12.49 (br
8, 1H), 7.43 (d, /=7.3, 0.88H), 7.09 (app br s, 0.12H), 3.97 (m, 1H), 3.53 (s, 3H),
1.25 (d, J=7.3, 3H).

Cap-53 to -64 were prepared from appropriate starting materials according to

the procedure described for the synthesis of Cap-51, with noted modifications if any.

Cap Structure Data

Cap-53a: "H NMR (DMSO-dg, 8=2.5 ppm, 500

(R) MHz): § 12.51 (brs, 1H), 7.4 (d, S = 7.9,

Cap-53D: h 0 0.9H), 7.06 (app s, 0.1H), 3.86-3.82 (m,

(S) /OertLOH 1H), 3.53 (s, 3H), 1.75-1.67 (m, 1H), 1.62-

© 1.54 (m, 1H), 0.88 (d, J=7.3,3H). RT=

0.77 minutes (Cond. 2); LC/MS: Anal.
Caled. for [M+Na]" C¢HiNNaOQ; : 184.06;
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found 184.07. HRMS Caled. for [M+Na]'
CgH; \NNaO,: 184.0586; found 184.0592.

Cap-54a:
(R)
Cap-54b:
(S)

"H NMR (DMSO-dg, 8 = 2.5 ppm, 500
MHz): § 12.48 (s, 1H), 7.58 (d, J = 7.6,
0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H),
3.36-3.33 (m, 1H), 1.10-1.01 (m, 1H),
0.54-0.49 (m, 1H), 0.46-0.40 (i, 1H),
0.39-0.35 (m, 1H), 0.31-0.21 (m, 1H).
HRMS Caled, for [M+HT" C;HoNO;:
174.0766; found 174.0771

Cap-55

"H NMR (DMSO-dg, § = 2.5 ppm, 500
MHz): § 12,62 (s, 1H), 7.42 (d,J = 8.2,
0.9H), 7.07 (app s, 0.111), 5.80-5.72 (m,
1H), 5.10 (d, J = 17.1, 1H), 5.04 (d, J =
10.4, 1H), 4.01-3.96 (m, 1H), 3.53 (s, 3H),
2.47-2.42 (m, 111), 2.35-2.29 (m, 1H).

Cap-56

"H NMR (DMSO-dg, § = 2.5 ppm, 500
MHz): 8 12.75 (s, 1H), 7.38 (d, J = 8.3,
0.9H), 6.96 (app s, 0.1H), 4.20-4.16 (m,
1H), 3.60-3.55 (m, 2I), 3.54 (s, 310), 3.24
(s, 3H).

Cap-57

"H NMR (DMSO-dg, § = 2.5 ppm, 500
MHz): 8 12.50 (s, 1H), 8.02 (d, J = 7.7,
0.08H), 7.40 (4, J = 7.9, 0.76H), 7.19 (d, J
= 8.2, 0.07H), 7.07 (4, J = 6.7, 0.09H),
4.21-4.12 (m, 0.08H), 4.06-3.97 (m,
0.07H), 3.96-3.80 (m, 0.85H), 3.53 (s, 3H),
1.69-1.51 (m, 2H), 1.39-1.26 (m, 2H), 0.85
(t,J =74, 3H). LC (Cond. 2): RT =1.39
LC/MS: Anal. Caled. for [M+H]
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C7H14N04 . ]76.09; found 176.06.

Cap-58

'"H NMR (DMSO-dg, 8= 2.5 ppm, 500
MHz): § 12.63 (brs, 1H), 7.35 (s,1H), 7.31
(d,J=82,1H),6.92 (s, 1H), 4.33-4.29
(i, 1H), 3.54 (s, 3H), 2.54(dd, J = 15.5,
5.4, 1H), 2.43 (dd, J = 15.6, 8.0, IH). RT
=0,16 min (Cond. 2); LC/MS: Anal.
Calcd, for [M+H]" CgHyjN,O5: 191.07;
found 191.14.

Cap-59a:
(R)
Cap-59b:
(5)

"H NMR (DMSO-ds, & = 2.5 ppm, 400
MHz): § 12.49 (br s, 1H), 7.40 (d, J = 7.3,
0.8911), 7.04 (br s, 0.11H), 4.00-3.95 (m,
3H), 1.24 (d, J = 7.3, 3H), 1.15 (t, J = 7.2,
3H). HRMS: Anal. Caled. for [M+H]*
Cgl,NO4: 162.0766; found 162.0771.

Cap-60

The crude material was purified with a
reverse phase HPLC (H,O/MeOH/TFA) to
afford a colorless viscous oil that
crystallized to a white solid upon exposure
to high vacuum. 'H NMR (DMSO-ds, & =
2.5 ppm, 400 MHz): 8 12.38 (br s, 1),
7.74 (s, 0.8211), 7.48 (s, 0.18H), 3.54/3.51
(two s, 31I), 1.30 (m, 2H), 0.98 (m, 2H).
HRMS: Anal. Caled. for [M+HT"
CsH1oNO4: 160.0610; found 160.0604,

Cap-61

"H NMR (DMSO-ds, 8= 2.5 ppm, 400
MHz): § 12.27 (br s, 1H), 7.40 (br s, 1H),
3.50 (s, 3H), 1.32 (s, 6H). HRMS: Anal.
Caled. for [M+H]" CsHysNO4: 162.0766;
found 162.0765.
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Cap-62

"H NMR (DMSO0-dg, 8= 2.5 ppm, 400
MHz): § 12.74 (br s, 1H), 4.21 (d, J = 10.3,
0.6H), 4.05 (d, J = 10.0, 0.4H), 3.62/3.60
(two singlets, 3H), 3.0 (s, 311), 2.14-2.05
(m, 1H), 0.95 (4, = 6.3, 3H), 0.81 (d, J =
6.6, 3H). LC/MS: Anal. Calcd. for [M-
H] CsH14NO;: 188,09; found 188.05.

Cap-63

\

o
o=
: prdn

o
I

[Note: the reaction was allowed to run for
longer than what was noted for the general
procedure.] 'H NMR (DMSO-dg, 5= 2.5
ppm, 400 MHz): 12.21 (br s, 1H), 7.42 (br
s, 1H), 3.50 (s, 3H), 2.02-1.85 (m, 4H),
1.66-1.58 (m, 4H). LC/MS: Anal. Caled.
for [M+H]" CsH 4NO4: 188.09; found
188.19.

Cap-64

[Note: the reaction was allowed to run for
longer than what was noted for the general
procedure.] 'H NMR (DMSO-dg, 6= 2.5
ppm, 400 MHz): 12.35 (brs, 1H), 7.77 (s,
0.82H), 7.56/7.52 (overlapping br s,
0.18H), 3.50 (s, 3H), 2.47-2.40 (m, 2H),
2.14-2.07 (m, 2H), 1.93-1.82 (m, 2H).

Cap-65

OH

Methyl chloroformate (0.65 ml, 8.39 mmol) was added dropwise over 5 min

5  toa cooled (ice-water) mixture of Na;COs (0.449 g, 4.23 mmol), NaOH (8.2 mL of

1M/H;0, 8.2 mmol) and (§)-2-amino-3-hydroxy-3-methylbutanoic acid (1.04 g, 7.81

mmol). The reaction mixture was stirred for 45 min, and then the cooling bath was
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removed and st.irring was continited for an additional 3.75 hr. The reaction mixture
was washed with CH,Cl,, and the aqueous phase was cooled with ice-water bath and
acidified with concentrated HC] to a pH region of 1-2. The volatile component was
removed in vacuo and the residue was taken up in a 2:1 mixture of MeQH/CH,Cl,

5 (15 mlL) and filtered, and the filterate was rotervaped to afford Cap-63 as a white
semi-viscous foam (1.236 g). 'H NMR (DMSO-ds, § = 2.5 ppm, 400 MHz): § 6.94
(d,/=8.5,09H),6.53 (brs, 0.1R), 3.89 (d, J = 8.8, 119), 2.94 (5, 3H), 1.15 (5, 3H),
1.13 (s, 3H).

Cap-66 and -67 were prepared from appropriate commercially available

10 starting malerials by employing the procedure deseribed for the synthesis of Cap-65.

Cap-66
y 0
/OYN,,, OH
O Ao
"H NMR (DMSO-dg, § = 2.5 ppni, 400 MHz): 6 12.58 (br s, 1H), 7.07 (d, J =
15 83,0.13H), 6.8] (d, J = 8.8, 0.67H), 4.10-4.02 (m, 1.15H), 3.91 (dd, J = 9.1, 3.5,

0.85H), 3.56 (s, 3H), 1.09 (d, J = 6.2, 3I1). [Note: only the dominant signals of NIH
were noted].

Cap-67

H O
O M N
0
20 OH
'"H NMR (DMSO-dg, 8 =2.5 ppm, 400 MHz): 12.51 (br s, 1H), 7.25 (d, J =

8.4,0.75H), 7.12 (br d, J = 0.4, 0.05H), 6.86 (br s, 0.08H), 3.95-3.85 (m, 2H), 3.54
(s, 3H), 1.08 (d, J = 6.3, 3H). [Note: only the dominant signals of NH were noted].

25
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Cap-66

o M,

o ~_.0
\(
0.

Bn

Methyl chloroformate (0.38 ml, 4.9 mmol) was added drop-wise to a mixture
of IN'NaGH (aq) (9.0 ml, 9.0 mmol), IM NaHCO; (ag) (9.0 m, 9.0 mol), L-aspartic
acid fi-benzyl ester (1.0 g, 4.5 mmol) and Dioxane (9 ml). The reaction mixture was
stirred at ambient conditions for 3 b, and then washed with Ethyl acetate (50 m, 3x).
The aqueous layer was acidified with 12N HCl to a pH ~ 1-2, and extracted with
ethyl acetate (3 x 50 ml). The combined organic layers were washed with brine, dried
(Na;S0y), filtered, and concentrated in vacuo to afford Cap-68 as a light yellow oil
(1.37g; mass is above theoretical yield, and the product was used without further
purification). 'H NMR (DMSO-dg, 8 = 2.5 ppm, 500 MHz): § 12.88 (br s, 1H), 7.55
(d, J =85, 1H), 7.40-7.32 (m, 5H), 5.13 (d, J = 12.8, 1H), 5.10 (d, J = 12.9, 1H),
4.42-4.38 (m, 1H), 3.55 (s, 3H), 2.87 (dd, J = 16.2, 5.5, 1H), 2,71 (dd, J =16.2, 8.3,

1). LC (Cond. 2): RT = 1.90 min; LC/MS: Anal. Caled. For [M+H]" C(3HsNOg:
282.10; found 282.12.

Cap-69a and -69b
\\ * Cap-69a: (R)-enantiomer
NN W)LOH Cap-69b: (S)-enantiomer

NaCNBH; (2.416 g, 36.5 mmol) was added in batches to a chilled (~15 °C)
water (17 mLYMeOH (10 mL) solution of alanine (1.338 g, 15.0 mmol). A few
minutes later acetaldehyde (4.0 mI., 71.3 mmol) was added drop-wise over 4 min, the
cooling bath was removed, and the reaction mixture was stirred at ambient condition
for 6 hr. An additional acetaldehyde (4.0 mL) was added and the reaction was stirred
for 2 hr. Concentrated HCI was added slowly to the reaction mixture until the pH
reached ~ 1.5, and the resulting mixture was heated for 1 hr at 40 °C. Most of the
volatile component was removed i vacuo and the residue was puriﬁed with a

Dowex® 50WX8-100 ion-exchange resin (column was washed with water, and the
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compound was eluted with dilute NH,OF, prepared by mixing 18 ml of NH,OH and
282 ml of water) to afford Cap-69 (2.0 g) as an off-white soft hygroscopic solid. 'H
NMR (DMSO-ds, & = 2.5 ppm, 400 MHz): 8 3.44 (q, J/ = 7.1, 1H), 2.99-2.90 (m, 2H)
2,89-2.80 (m, 2H), 1.23 (d, J = 7.1, 311), 1.13 (t, J = 7.3, 6H).

3

5 Cap-70 to -74x were prepared according to the procedure described for the

synthesis of Cap-69 by employing appropriate starting materials.

Cap-70a: . '"H NMR (DMSO-dg, 8 = 2.5 ppm, 400
(R) MBz): §3.42 (q,J = 7.1, 1H), 2.68-2.60
Cap-70b: (S) kn 0 (m, 4H), 1.53-1.44 (m, 4H), 1.19(d, J =

/\/NW)LOH 7.3, 3H), 0.85 (t, J = 7.5, 6H). LC/MS:
Anal. Caled. for [M+H]" CoHyoNOy:
174.15; found 174,13,
Cap-71a: "H NMR (DMSO-ds, § = 2.5 ppm, 500
R) MHz): & 3.18-3,14 (m, 1H), 2.84-2.77
Cap-71b: (S) ~ 0 (m, 2H), 2.76-2.68 (m, 2H), 1.69-1.54
\’N/\H OH (m, 2H), 1.05 (t,/=7.2, 6H), 0.91 (t,J
= 7.3, 3H). LC/MS: Anal. Calcd. for
[M+H]" CsHisNO,: 160.13; found
160.06. |
Cap-72 '"H NMR (DMSO-dg, = 2.5 ppm, 400
MHz): § 2.77-2.66 (m, 3H), 2.39-2.3]
~ 0 (m, 2H), 1.94-1,85 (m, 1H), 0.98 (t, J =
\/N/ﬁLoH 7.1, 6H),0.91 (d, J = 6.5, 3H), 0.85 (4, J
= 0.5, 3H). LC/MS: Anal. Caled. for
[M+H]" ColagNO,: 174.15; found

174.15.
Cap-73 o "H NMR (DMSO-dg, 8= 2.5 ppm, 500
\,N\_)LOH MHz): § 9.5 (brs, 1H), 3.77 (dd, J =
o 10.8, 4.1,1H), 3.69-3.61 ( m, 2H), 3.26

(s, 3H), 2.99-2.88 (m, 4H), 1.13 (t, J =
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7.2, GH).
Cap-74 'H NMR (DMSO-ds, § = 2.5 ppm, 500
MHz): § 7.54 (s, 1H), 6.89 (s, 1H), 3.81

~ ° t,J = 6.6, k,11), 2.82-2.71 (m, 4H),
NN A 2.63 (dd, J = 15.6, 7.0, 1H), 2.36 (dd, J
© =154, 6.3, 1H), 1.09 (¢, J = 7.2, 6H).
NH RT = 0.125 minutes (Cond. 2); LC/MS:
Anal. Caled. for [M+H]" Csl117N204
189.12; found 189.13.
Cap-74x ™ © .
AN OH LC/MS: Anal. Caled. for [M+H]
CioH22NO, : 188.17; found 188.21
Cap-75
N o0
\/Nf kOH
7
5 Cap-75, step a
\-]\Ifok o Bn
OH

NaBH;CN (1.6 g, 25.5 mmol} was added to a cooled (ice/water bath) water
(25 ml)Y/methanol (15 ml) solution of H-D-Ser-OBzl IICI (2.0 g, 8.6 mmol).
Acetaldehyde (1.5 ml, 12.5 mmol) was added drop-wise over 5 min, the cooling bath
10 was removed, and the reaction mixture was stirred at ambient condition for 2 hr. The
reaction was carefully quenched with 12N HCI and concentrated in vacuo. The
residue was dissolved in water and purified with a reverse phase HPLC
(MeOH/H,0/TFA) to afford the TTA salt of (R)-benzyl 2-(diethylamino)-3-
hydroxypropanoate as a colorless viscous oil (1.9g). 'H NMR (DMSO-ds, 8 =2.5
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ppm, 500 MHz): $9.73 (br s, 1H), 7.52-7.36 (n, 5H), 5.32 (d, J = 12.2, 1H), 5.27 (d,
J =125, 1H), 4.54-4.32 (m, 1H), 4.05-3.97 (m, 2H), 3.43-3.21 (m, 4H), 1.23 (1, J =
7.2, 6H). LC/MS (Cond. 2): RT =1.38 min; LC/MS: Anal. Caled. for [M+11]"
Ci14H2NO3: 252.16; found 252.19.

Cap-75

NaH (0.0727 g, 1.82 mmol, 60%) was added to a cooled (ice-water) THF (3.0
mL} solution of the TFA salt (R)-benzyl 2~(diethylamine)-3-hydroxypropanoate
(0.3019 g, 0.8264 mmol) prepared above, and the mixture was stirred for 15 min.
Methyl iodide (56 uL, 0.90 mmol) was added and stirring was continued for 18 hr
while allowing the bath to thaw to ambient condition. The reaction was quenched
with water and-loaded onto a MeOH pre-conditioned MCX (6 g) cartridge, and
washed with methanol followed by compound elution with 2N NIH;/Methanol.
Removal of the volatile component in vacuo afforded Cap-75, contaminated with
(R)-2-(diethylamino)-3-hydroxypropanoic acid, as a yellow semi-solid (100 mg). The

product was used as is without further purification,

Cap-76

)

NaCNBH; (1.60 g, 24.2 mimol) was added in batches to a chilted (~15 *C)
water/MeOH (12 mL each) solution of (§)-4-amino-2-(tert-butoxycarbonylamino)
butanoic acid (2.17 g, 9.94 mmol). A few minutes later acetaldehyde (2,7 ml., 48.1
mmol) was added drop-wise‘ over 2 min, the cooling bath was removed, and the
reaction mixture was stirred at ambient condition for 3.5 lr. An additional
acetaldehyde (2.7 ml, 48.1 mniol) was added and the react.ion was stirred for 20.5 hr,
Most of the MeOH component was removed in vacuo, and the remaining mixture

was treated with concentrated HC unitil its pH reached ~ 1.0 and then heated for 2 hr
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at 40 “C. The volatile component was removed in vacuo, and the residue was treated
with 4 M HCl/dioxane (20 mL) and stirred at ambient condition for 7.5 br. The
volatile component was removed in vacro and the residue was purified with Dowex
® 50WX8-100 ion-exchange resin (column was washed with water and the
compound was eluted with dilute NH4OH, prepared from 18 ml of NH,OH and 282
ml of water) to afford intermediate (S)-2-amino-4-(diethylamino)butanoic acid as an
off-white solid (1.73 g).

Methyl chloroformate (0.36 mL, 4.65 mmol) was added drop-wise over 11
min to a cooled (ice-water) mixture of Nay;CO5 (0.243 g, 229 mmol), NaOH (4.6 mL
of IM/H,0, 4.6 mmol) and the above product (802.4 mg). The reaction mixture was
stirred for 55 min, and then the cooling bath was removed and stirring was continued
for an additionaI 525 hr. The reaction mixture was diluted with equal volume of
water and washed with CH,Cl, (30 mL, 2x), and the aqueous phase was cooled with
ice-water bath and acidified with concentrated HCI to a pH region of 2. The volatile
component was then removed in vacuo and the crude material was free-based with
MCX resin (6.0g; column was washed with water, and sample was eluted with 2.0 M
NH3/MeOH) to afford impure Cap-76 as an off-white solid (704 mg). 'H NMR
(MeOH-d4, 8= 3.29 ppm, 400 MHz): §3.99 (dd, /= 7.5, 4.7, 1H), 3.62 (s, 3H), 3.25-
3.06 (m, 6I), 2.18-2.09 (m, 1H), 2.04-1.96 (m, 1H), 1.28 (1, J = 7.3, 6H). LC/MS:;
Anal. Caled. for [M+H]" CioHaiN,Qq: 233.15; found 233.24.

Cap-77a and -77b

.0
OH

N Cap-77a: enantiomer-1
;b Cap-77b: enantiomer-2
The synthesis of Cap-77 was conducted according to the procedure described
for Cap-7 by using 7-azabicyclo[2.2.1]heptane for the SNgrdisplacement step, and by
effecting the enantiomeric separation of the intermediate benzyl 2-(7-
azabicyclo[2.2.1]heptan-7-yl)-2-phenylacetate using the following condition: the
intermediate (303.7 mg) was dissolved in ethanol, and the resulting solution was
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injected on a chiral HPLC column (Chiracel AD-H column, 30 x 250 mm, 5 um)
eluting with 90% CO0,-10% EtOI at 70 mL/min, and a temperature of 35 °C to
provide 124.5 mg of enantiomer-1 and 133.8 mg of enantiomer-2. These benzyl
esters were hydrogenolysed according to the preparation of Cap-7 to provide Cap-77:
"H NMR (DMSO-dg, § = 2.5 ppm, 400 MHz): § 7.55 (m, 2H), 7.38-7.30 (m, 3H),
4.16 (s, 1H), 3.54 (app brs, 2H), 2.08-1.88 (m, 4 H), 1.57-1.46 (n, 4H). LC (Cond.
1): RT = 0.67 min; LC/MS: Anal. Caled. for [M-+H]" C4H,sNO,: 232.13; found
232.18. HRMS: Anal. Caled. for [M+H]" €41 ,NO,: 232.1338; found 232.1340.

Cap-78

NaCNBIH; (0.5828 g, 9.27 mmol) was added to a mixture of the HC! salt of
(R)-2-(ethylamino)-2-phenylacetic acid (an intermediate in the synthesis of Cap-3;
0.9923 mg, 4.60 mmol) and (1-ethoxycyclopropoxy)trimethylsilane (1.640 g, 9.40
mmol) in MeOH (10 mL), and the semni-heterogeneous mixture was heated at 50 °C
with an oil bath for 20 hr, More (1-ethoxycyclopropoxy)trimethylsilane (150 mg,
0.86 mmol) and NaCNBH; (52 mg, 0.827 mmol) were added and the reaction
mixture was heated for an additional 3.5 hr. It was then allowed to cool to ambient
temperature and acidified to a ~ pH region of 2 with concentrated HCI, and the
mixture was filtered and the filirate was rofervaped. The resulting crude material was
taken up in /-PrOH (6 mL) and heated to effect dissolution, and the non-dissolved
part was filtered off and the filtrate concentrated in vacuo. About 1/3 of the resultant
crude material was purified with a reverse phase HPLC (H;O/MeOH/TFA) to afford
the TFA salt of Cap-78 as a colofless viscous oil (353 mg). "H NMR (DMSO-dg, 6=
2.5 ppm, 400 MHz; after D,0 exchange): 8 7.56-7.49 (m, 5H), 5.35 (8, 1H), 3.35 (m,
1H), 3.06 (app br s, 1H), 2.66 (m, 1H), 1.26 (t, J =73, BI-Ij, 0.92 (m, 1H), 0.83-0.44
(m, 3H). LC (Cond. 1) RT = 0.64 min; LC/MS: Anal. Calcd. for [M-+H]"
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Ci3H1sNO2: 220.13; found 220.21. HRMS: Anal. Caled, for [M+HT" Cj3HsNO;:
220.1338; found 220.1343,

N
()

Ozone was bubbled through a cooled (-78 *C) CH,Cl; (5.0 mL) solution Cap-
55 (369 mg, 2.13 mmol) for about 50 min until the reaction mixture attained a tint of
blue color. Me;,S (10 pipet drops) was added, and the reaction mixture was stirred for
35 min. The -78 °C bath was replaced with a -10 °C bath and stirring continued for
an additional 30 min, and then the volatile component was removed in vacuo to
afford a colorless viscous oil.

NaBH;CN (149 mg, 2.25 mmol) was added to a MeOH (5.0 mL) solution of
the above crude material and morpholine (500 L, 5.72 mmol) and the mixture was
stirred at ambient condition for 4 lir. It was cooled to ice-water temperature and
treated with concentrated HCI to bring its pH to ~2.0, and then stirred for 2.5 hr, The
volatile component was removed in vacuo, and the residue was purified with a
combination of MCX resin (MeOJ1 wash; 2.0 N NH3;/MeOH elution) and a revetse
phase HPLC (H,0/MeOH/TFA) to afford Cap-79 containing unimown amount of
morpholine. '

In order to consume the morpholine contaminant, the above material was
dissolved in CH,Clz (1.5 mL) and treated with Et3N (0.27 mL, 1.94 mmol) followed
by acetic anhydride (0.10 mL, 1.06 mmol) and stirred at ambient condition for 18 lr.
THEF (1.0 mL} and HyO (0.5 mL) were added and stirring continued for 1.5 hr. The
volatile component was removed in vacuo, and the resultant residue was passed
through MCX resin (MeOH wash; 2.0 N NH;/MeOH elution) to afford impure Cap-
79 as a brown viscous oil, which was used for the next step without further

purification.
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Cap-80a and -80b

Cap-80a: 5/S-dijastereomer
Cap-80b: S/R-tiastereomer

H 0O
/OYN:,, o
o
e
S
\

SOCI; (6.60 mL, 90.5 mmol) was added drop-wise over 13 min to a cooled
(ice-water) mixture of (S)-3-amino-4-(benzyloxy)-4-oxobutanoic acid (10.04g, 44.98
mmol) and MeOH (300 mL), the cooling bath was removed and the reaction mixture
was stirred at ambient condition for 29 hr. Most of the volatile component was
removed in vacuo and the residue was carefully partitioned between EtQAc (150 mL)
and saturated NaHCOs solution. The aqueous phase was extracted with EtOAc¢ (150
ml, 2x), and the combined organic phase was dried (MgSOQy), filtered, and
concentrated in vacuo to afford (S)-1-benzyl 4-methyl 2-aminosuccinate as a
colotless oil {9.706g). 'H NMR (DMSO-dg, 8= 2.5 ppm, 400 MHz): § 7.40-7.32 (m,
SH), 5.11 (s, 2H), 3.72 (app t, J = 6.6, 1I1), 3.55 (s, 3H), 2.68 (dd, J = 15.9, 6.3, 1H),
2.58(dd, J=15.9, 6.8, 1H), 1.96 (5, 2H). L.C (Cond. 1): RT = D.§0 min; LC/MS:
Anal. Caled. for [M+H]" C1oHH4NOy: 238.11; found 238.22.

Pb(MNOs); (6.06 g, 18.3 mmol) was added over 1 min to a CH,Cl; (80 mL)
solution of (S)-1-benzyl 4-methyl 2-aminosuccinate (4.50 g, 19.0 mmol}, 9-bromo-9-
phenyl-9H-fluorene (6.44 g, 20.0 mmol) and Et;N (3.0 mlL, 21.5 mhml), and the
heterogeneous mixture was stirred at ambient condition for 48 hr. The mixture was
filtered and the filtrate was treated with MgSO4 and filtered again, and the final
filtrate was concentrated. The resulting crude material was submitted to a Biotage
purification (350 g silica gel, CH,Cl; elution) to afford (S)-1-benzyl 4-methyl 2-(9-
phenyl-9H-fluoren-9-ylamino)succinate as highly viscous colorless oil (7.93 g). 'y
NMR (DMSO-ds, &= 2.5 ppm, 400 MHz): 6 7.82 (m, 2H), 7.39-7.13 {m, 16H), 4.71
(d, /=124, 1H),4.51 (d,J=12.6, 1H), 3.78 (d, ./ = 9.1, NH), 3.50 (s, 3H), 2.99 (m,
1H), 2.50-2.41 (m, 2H, partially overlapped with solvent). LC (Cond. 1): RT =2.16
min; LC/MS: Anal, Caled. for [M+H]+ Ca1HaasNO4: 478.20; found 478.19.

LiHMDS (9.2 mL of 1,0 M/THEF, 9.2 mmol) was added drop-wise over 10
min to a cooled (-78 "C) THY (50 mL) solution of (S)-1-benzyl 4-methyl 2-(3-phenyl-
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9H-fluoren-9-ylamino)succinate (3.907 g, 8.18 mmol) and stitred for ~1 hr. Mel
(0.57 mL, 9.2 mmol} was added drop-wise over 8 min to the mixture, and stirring was
continued for 16.5 hr while allowing the cooling bath to thaw to room temperature.
After quenching with saturated NI14Cl solution (5 mL), most of the organic
component was removed in vacuo and the residue was partitioned between CH,Cl,
(100 mL) and water (40 mL). The organic layer was dried (MgSQy), filtered, and
concentrated in vacuo, and the resulting crude material was purified with a Biotage
(350 g silica gel; 25% EtOAc/hexanes) to afford 3.65 g of a 2S/3S and 2S/3R
diastereomeric mixtures of 1-benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-
ylamino)succinate in ~1.0:0.65 ratio ("H NMR). The stereochemistry of the
dominant isomer was not determined at this juncture, and the mixture was snbmitted
to the next step vL:ithout separation. Partial 'l NMR data (DMSO-dg, 8= 2.5 ppm,
400 MHz): major diastereomer, 6 4.39 (d, J = 12.3, 14 of CH,), 3.33 (s, 3H,
overlapped with H;O signal), 3.50 (d, J = 10.9, NH), 1.13 (4, J = 7.1, 3H); minor
diastereomer, 8 4.27 (d, J=12.3, 1H of CHy), 3.76 (d, J = 10.9, NH), 3.64 (s, 3H),
.77 (d,.J = 7.0, 3H). LC(Cond. 1): RT = 2.19 min; LC/MS: Anal. Calcd. for
[M+H]" Cal30NO4: 492.22; found 492.15.

Diisobutylaluminum hydride (20.57 ml of 1.0 M in hexanes, 20.57 mmol) was
added drop-wise over 10 min to a cooled (-78 "C) THF (120 mL) solution of (2S)-1-
benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)succinate (3.37 g, 6.86
mmol} prepared above, and stirred at -78 °C for 20 hr. The reaction mixture was
removed from the cooling bath and rapidly poured into ~1M H3PO4/H,0 (250 mL)
with stirring, and the mixture was extracted with ether (100 mL, 2x). The combined
organic phase was washed with brine, dried (MgSQy), filtered and concentrated in
vacuo. A silica gel mesh of the crude material was prepéréd and submitted to
chromatography (25% EtOAc/hexanes; gravity elution) to afford 1.1g of (28,3S)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate,
contaminated with benzyl alcohol, as a colorless viscous oil and (28,3R)-benzyl 4-
hydroxy-3-methyl-2-(9-phenyl-SH-fluoren-9-ylamino)butanoate containing the
(28,3R) stereoisomer as an impurity. The later sample was resubmitted to the same

colurnn chromatography purification conditions to afford 750 mg of purified material
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as a white foam. [Note: the (25, 3S) isomer elutes before the (25,3R) isomer under
the above condition]. (28, 3S) isomer: 'H NMR (DMSO-dg, 8= 2.5 ppm, 400 MHz):
7.81 (m, 211}, 7.39-7.08 (m, 16H),I4.67 (d, /=123, 1H),4.43 (d, J = 12.4, 1H), 4.21
(app t, J = 5.2, OH), 3.22 (d, J = 10.1, NH), 3.17 (m, 1R), 3.08 (m, 1H), ~2.5 (m, 1H,
overlapped with the solvent signal), 1.58 (m, 1H), 0.88 (d,J = 6.8, ?;Ii). 1.C (Cond.
1): RT = 2.00 min; LC/MS: Anal. Caled. for [M+H]* C31HagNO;: 464.45; found
464.22. (28, 3R) isomer; 'H NMR (DMSO-ds, 8 = 2.5 ppm, 400 MHz): 7.81 (d, J =
7.5, 2H), 7.39-7.10 (m, 16H), 4.63 (d, J=12.1, 1H), 4.50 (app t, J = 4.9, 1H), 4.32 (d,
J=12.1, 111), 3.59-3.53 (m, 2H), 3.23 (m, 1H), 2.44 (dd, J = 9.0, 8.3, 1H), 1.70 (m,
1H), 0.57 (d, J = 6.8, 3H). LC (Cond. 1): RT = 1.92 min; LC/MS: Anal. Calcd. for
[M+H]" C3HioNO;: 464.45; found 464.52.

The relative stereochemical assignments of the DIBAL-reduction products
were made based on NOE studies conducted on lactone derivatives prepared from
cach isomer by employing the following protocol: LIHMDS (50 pL of 1.0 M/THF,
0.05 mmol) was added 1o a cooled (ice-water) THF (2.0 mL) solution of (2S,38)-

benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (62.7 mg,

0.135 mmol), and the reaction mixture was stirred at similar temperature for ~2 hr.
The volatile component was removed in vacuo and the residue was partitioned
between CH,Cl, (30 mL), water (20 mL) and saturated aqueous NH,4Cl solution (1
mL). The orgz;hic layer was dried (MgSO,), filtered, and concentrated in vacuo, and
the resulting crude material was submitted to a Biotage purification (40 g silica gel;
10-15% EtOAc/hexanes) to afford (3S,48)-4-methyl-3-(9-phenyl-9H-fluoren-9-
ylamino)dihydrofuran-2{3 H)-one as a colorless film of solid (28.1 mg); {28,3R)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate was
elaborated similarly to (35,4R)-4-methyl-3-(9-phenyl-9H-fluoren-9-
ylamino)dihydrofuran-2(3H)-one. (3S,4S)-lactone isomer: 'H NMR (DMSO-dg, & =
2.5 ppm, 400 MHz), 7.83 (d, /= 7.5, 2H), 7.46-7.17 (in, 111), 4.14 (app t, J = 8.3,
1H), 3.60 (d, J = 5.8, NH), 3.45 (app t, J = 9.2, 1H), ~2.47 {m, 1H, partially
overlapped with solvent signal), 2.16 (m, 111}, 0.27 (d, / = 6.6, 3H). LC (Cond. 1):
RT = 1.98 min; LC/MS: Anal. Caled. for [M-+Na]" Ca4Ha NNaO;: 378.15; found
378.42. (3S,4R)-lactone isomer: 'H NMR (DMSO-ds, 8 = 2.5 ppm, 400 MHz), 7.89
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(d,J=16,1H),7.85 (d,./ = 1.3, IH), 7.46-7.20 (m, 11H), 3.95 (dd, /= 9.1, 4.8,
1H), 3.76 (d, ./ = 8.8, 1H), 2.96 (d, J = 3.0, NI), 2.92 (dd, J = 6.8, 3, NCH), 1.55 (m,
1H), 0.97 (d, J = 7.0, 3H). LC (Cond. 1): RT = 2.03 min; LC/MS: Anal. Caled. for
(M+Na]" CpaHa NN2aQ,: 378.15; found 378.49.

TBDMS-CI (48 mg, 0.312 mmol) followed by imidazole (28.8 mg, 0.423
mmol) were added to a CH,Cl; (3 ml) solution of (2S,38)-benzy! 4-hydroxy-3-
methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (119.5 mg, 0.258 mmol), and
the mixture was stirred at ambient condition for 14.25 hr. The reaction mixture was
then diluted with CH,Cl; (30 mL) and washed with water (15 ml.), and the organic
layer was dried (MgS0Oy,), filtered, and concentrated in vacuo. The resultant crude
material was purified with a Biotage (40 g silica gel; 5% EtOAc/hexanes) to afford
(28,3S)-benzy! 4-(tert-butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-
ylamino)butanoate, contaminated with TRDMS based impurities, as a colorless
viscous otl (124.4 mg). (25,3R)-benzyl 4-hydroxy-3-methyl-2-(8-phenyl-SH-fluoren-
9-ylamino)butanoate was elaborated similarly to (2S,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate.
(28,38)-silyl ether isomer: 'H NMR (DMSO-dg, § = 2.5 ppm, 400 MHz), 7.82 (d, J =
4.1, 1H), 7.80 (d, J = 4.0, 1H), 7.38-7.07 (m, 16 H), 4.70 (d, J = 12.4, 1H), 4.42 (d, J
=12.3, 1H), 3.28-3.19 (m, 3H), 2.56 {(dd, J = 10.1, 5.5, 1H), 1.61 (m, 1 H), 0.90 (d,J
= 6.8, 3H), 0.70 (s, 9H), -0.13 (s, 3H), -0.16 (5, 3H). LC (Cond. 1, where the run
time was extended to 4 min): RT = 3.26 min; LC/MS: Anal. Caled. for [M+H]"
CyHeNO;Si: 578.31; found 578.40. (2S,3R)-sily! ether isomer: 'H NMR (DMSO-
dg, &= 2.5 ppm, 400 MHz), 7.82 (d, J = 3.0, 111), 7.80 (d, J = 3.1, 1H), 7.39-7.10 (m,
16H), 4.66 (d, J = 12.4, 1H), 4.39 (d, / = 12.4, 1H), 3.61 (dd, J = 0.9, 5.6, 1H), 3.45
(d,J=9.5, 1H), 3.41 (dd, J = 10, 6.2, 111), 2.55 (dd, J = 9.5, 7.3, 1H), 1.74 (in, 1H),
0.77 (s, 9H), 0.61 (d, J = 7.1, 3H), -0.06 (s, 3H), -0.08 (s, 3H).

A balloon of hydrogen was attached to a mixture of (2S,38)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (836
mg, 1.447 mmol) and 10% Pd/C (213 mg) in EtOAc (16 mL) and the mixture was
stirred at room temperature for ~ 21 hr, where the balloon was recharged with Hj as

necessary. The reaction mixture was diluted with CH,Cl; and filtered through a pad
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of diatomaceous carth (Celite-545%), and the pad was washed with EtOAc (200 mL),
EtOAc/MeOH (1:1 mixture, 200 mL) and MeOH (750 mL). The combined organic
phase was concentrated, and a silica gel mesh was prepared from the resulting crude
material and submitted to a flash chromatography (8:2:1 mixlure of EtOAcfi-
PrOH/H,0) to afford (28,35)-2-amino-4-(tert-butyldimethylsityloxy)-3-
methylbutanoic acid as a white fluffy solid (325 mg). (28,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butancate was
similarly elaborated to (25,3R)-2-amino-4-(tert-butyldimethylsilyloxy)-3-
methylbutanoic acid. (28,3S)-amino acid isomer: 'H NMR (Methanol-d4, 6 = 3.29
ppm, 400 MHz); 3.76 (dd, J = 10.5, 5.2, 1H), 3.73 (d, J = 3.0, 1I1), 3.67 (dd, J =
10.5, 7.0, 1H), 2.37 (m, 1H), 0.97 (d, J = 7.0, 3H), 0.92 (5, 9H), 0.10 (s, 6H).
LC/MS: Anal. Calcd, for [M+H]" Cy Hz6NO:Si: 248.17; found 248.44, (28,3R)-
amino acid isomer: 'H NMR (Methanol-ds, & = 3.29 ppm, 400 MHz), 3.76-3.75 (m,
2H), 3.60 (d, /= 4.1, 1H), 2.16 (m, 1H), 1.06 (d, J = 7.3, 3H), 0.91 (s, 9H), 0.09 (s,
6H). Anal. Calcd, for [M+H]" Cy HygNO;Si: 248.17; found 248.44,

Water (1 mL) and NaOH (0.18 mL of 1.0 M/H;0, (.18 mmol) were added to
a mixture of (28,38)-2-amino-4-(tert-butyldimethylsilyloxy)-3-methylbutanoic acid
(41.9 mg, 0.169 mmol) and Na,CO; (11.9 mg, 0.112 mmol), and sonicated for about
1 min to effect dissolution of reactants. The mixinre was then cooled with an ice-
water bath, methyl chloroformate (0.02 mL, 0.259 mmol) was added over 30 s, and
vigorous stirring was continued at similar temperature for 40 min and then at ambient
temperature for 2.7 hr. The reaction mixture was diluted with water (5 mL), cooled
with ice-water bath and treated drop-wise with 1.0 N HCl aqueous solution (~0.23
mL). The mixture was further diluted with water (10 mL) and extracted with CH,Cl,
(15 mL, 2x). The combined organic phase was dried (MgS0,), filtered, and
concentrated in vacuo to afford Cap-80a as an off-white solid. (28,3R)-2-amino-4-
(tert-butyldimethylsilyloxy)-3-methylbutanoic acid was similarly elaborated to Cap-
80b. Cap-80a: 'H NMR (DMSO0-dg, § = 2.5 ppm, 400 MHz), 12.57 (br s, 1H), 7.64
(d,J=28.3,0.3H),7.19(d, J= 8.8, 0.711), 4.44 (dd, / = 8.1, 4.6, 0.3H), 4.23 (dd, J/ =
8.7, 4.4, 0.7TH), 3.56/3.53 (two singlets, 3H), 3.48-3.40 {m, 2H), 2.22-2.10 (m, 1H),
0.85 (s, 9H), ~0.84 (d, 0.9H, overlapped with t-Bu sign:cll), 0.79(d, /=17, 2.1H),
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0.02/0.01/0.00 (three overlapping singlets, 6H). LC/MS: Anal. Calcd. for [M+Na]*
CyaH7NNaQ;Si: 328.16; found 328.46. Cap-80b: "H NMR (CDCls, §=17.24 ppm,
400 MHz), 6.0 (br d, J = 6.8, 1H), 4.36 (dd, J = 7.1, 3.1, 1H), 3.87 (dd, J = 10.5,
3.0, 1H), 3.67 (s, 3H), 3.58 (dd, /= 10.6, 4.8, 1H), 2.35 (m, 1H), 1.03 (4, J = 7.1,

5 3H),0.90 (s, 9H), 0.08 (s, 6H). LC/MS: Anal. Caled. for [M+Na]" Cy3H;7NNaO;Si:
328.16; found 328.53. The crude products were utilized without further purification.

Cup-81
O

H
oo
o

_—

10 Prepared according to the protocol described by Falb et al. Synthetic
Communications 1993, 23, 2839.

Cap-82 to Cap-85
Cap-82 to Cap-85 were synthesized from appropriate starling materials
15 according to the procedure described for Cap-51 or Cap-13. The samples exhibited

similar spectral profiles as that of their enantiomers (i.e., Cap-4, Cap-13, Cap-51 and

Cap-52, respectively),

o N i | r!; OL o N i w
- \n, "‘HJ\OH - W) OH - \ﬂ/ OH /O\[]/NW)J\OH
O Ph o 0]
Cap-82 Cap-83 Cap-84 Cap-85
20 Cap-86
MeO,CHN
0
Hu.(\(
OMeOH

To a mixture of O-methyl-L-threonine (3.0 g, 22.55 mmol), NaOH (0.902 g,
22.55 mmol) in H,O (15 mL) was added CICO,Me (1.74 mL, 22.55 mmol) dropwise
at 0°C. Tlie mixture was allowed to stir for 12 h and acidified to pH 1 using 1IN HCI.
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The aqueous phase was extracted with EtOAc and (2x250 mL) and 10% MeOH in
CH,Cl; (250 mL) and the combined organic phases were concentrated under iz vacuo
to afford a colorless oil (4.18 g, 97%) which was of sufficient purity for use in
subsequent steps. 'HNMR (400 MHz, CDCl3) § 4.19 (s, 1H), 3.92-3.97 (m, 1H),

3.66 (s, 3H), 1.17 (d, J = 7.7 Hz, 3II). LCMS: Anal. Caled. for C7H3NOs: 191,
found: 190 (M-H)".

Cap-87
MeO,CHN |
HO/\/\gH .

To a mixture of L-homoserine (2.0 g, 9.79 mmol), Na,CO4 (2.08 g, 19.59
mmol) in H;0 (15 mL) was added C1CO;Me (0.76 mL, 9.79 mmo!l) dropwise at °C.
The mixture was allowed to stir for 48 h and acidified to pH 1 using IN HCl. The
aqueous phase was exiracted with EtOAc and (2X250 mL) and the combined organic
phases were concentrated in vacuo to afford a colorless solid (0.719 g, 28%) which
was of sufficient purity for use in subsequent steps. '"HNMR (400 MHz, CDCl3) &
423 (dd, J = 4.5, 9.1 Hz, 1H), 3.66 (s, 3H), 3.43-3.49 (m, 2H), 2.08 - 2.14 (m, 1H),
1.82 - 1.89 (m, 1H). LCMS: Anal. Caled. for C:H;5NOs: 191; found: 192 (M+H)".

Cap-88
/N \
= N.H 0

A mixture of L-valine (1.0 g, 8.54 mmol), 3-bromopyridine (1.8 mL, 18.7
mmol), KoCOs (2.45 g, 17.7 mmol) and Cul (169 mg, 0.887 mmol) in DMSO (10
mL) was heated af 100°C for 12h. The reaction mixture was cooled to 11, poured into
H,0 (ca. 150 mL) and washed with EtOAc (x2). The organic layers were extracted
with a small amount of H;0 and the combined aq phases were acidified to ca. pH 2
with 6N HC1. The volume was reduced fo about one-third and 20g of cation

exchange resin (Strata) was added. The slurry was allowed to stand for 20 min and
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loaded onto a pad of cation exchange resin (Strata) (ca. 25g). The pad was washed
with Hz0O (200 mL), MeOH (200 mL), and then NH; (3M in MeOH, 2X200 mL).
The appropriate fractions was concentrated in vacuo and the residue {ca. 1.1 g) was
dissolved in 11,0, frozen and lyophyllized. The title compound was abtained as a
foam (1.02 g, 62%). 'HNMR (400 MHz, DMSO-dg) & 8.00 (s, br, 1H), 7.68 - 7.71
(m, TH), 7.01 (s, br, 1H), 6.88 (d, J = 7.5 Hz, 1H), 5.75 (s, br, 1H), 3.54 (s, 1H), 2.04
—2.06 (m, 1), 0.95 (d, J = 6.0 Hz, 3H), 0.91 (d, J = 6.6 Hz, 3H). LCMS: Anal.
Caled. for CygH4N;05: 194; found: 195 (M+H)".

Cap-89

(-
NN 4
~( L

A mixture of L-valine (1.0 g, 8.54 mmol), 5-bromopyrimidine (4.03 g, 17.0
mmol), K;CO5 (2.40 g, 17.4 mmol) and Cul (179 mg, (.94 mmol) in DMSO (10 mL)
was heated at 100°C for 12h. The reaction mixture was cooled to RT, poured into
H,0 (ca. 150 mL) and washed with EtOAc (x2). The organic layers were extracted
with a small amount of H,O and the combined aq phases were acidified to ca. pH 2
with 6N HC1. The volume was reduced to about one-third and 20g of cation
exchange resin (Strata) was added. The slury was allowed to stand for 20 min and
loaded onto a pad of cation exchange resin (Strata) (ca. 25g). The pad was washed
with HpO (200 mL), MeOH (200 mL), and then NH; (3M in MeOH, 2x200 mL). The
appropriate fractions was concentrated in vacuo and the residue (ca. 1.1 g) was
dissolved in H,0, frozen and lyophyllized. The title compound was obtained as a
foam (1.02 g, 62%). 'HNMR (400 MHz, CD;0D) showed the mixture to contain
valine and the purity could not be estimated. The material was used as is —in

subsequent reactions, LCMS: Anal. Caled. for CoH3N304: 195; found: 196
(M+H)".
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Cap--90
CO,H
©/\/Me2

Cap-90 was prepared according to the method described for the preparation of

prd

Cap-1. The crude material was used as is in subsequent steps, LCMS: Anal. Caled.
5  for CyH;sNO3: 193; found: 192 (M-H)".

The following caps were prepared according to the method used for

preparation of cap 51 unless noted otherwise:

Cap Structure LCMS
Cap-91 NHCO,Me LLCMS: Anal. Caled. for
CO,H
©)\’ 2 Cy1H 3NOy: 223; found:
222 (M-H). .
Cap-92 NHCO;Me LCMS: Anal. Caled. for
: CO.H
©/\/ 2 Ci1H3NOy: 223; found:
222 (M-H).
Cap-93 ) LCMS: Anal. Caled. for

CmleNzOqI 224; found:
225 (M+H)".

H

Oy, 0
Y
N
N

I

Cap-94 LCMS: Anal. Caled. for
< CgH|1N3Q4: 213; found:
N

Cap-95 O LCMS: Anal. Caled. for

C]gHﬂNOqi 251; found:

0
OH
0
OH
HN. _O
b 214 (M+H)".
o)
\OJLNH 0
OH | 250 (M-HY.

<

\
N

v
H
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Cap-96 i LCMS: Anal. Caled. for
SOTTNR O C12HsNOy: 237; found:
OH 236 (M-H)",
Cap-97 )OL LCMS: Anal. Caled. for
07 NH (I:J)\ CoHjsNQy: 201; found:
~NOH 200 (M-H)".
Cap-98 JOL LCMS: Anal. Caled. for
SOTNH O CoHsNO4: 201; found:
OH 202 (M+H)".
Cup-99 )o]\ "HNMR (400 MHz,
07N CD;0D) § 3.88 — 3.94 (m,
1H), 3.60, 3.61 (s, 3H),
COH 2.80 (m, 1H), 2.20 (m 1H),
1.82-1.94 (m, 3H), 1.45
- 1.71 (m, 2H).
Cap-99a 9) "HNMR (400 MHz,
\o)LNH

CD;0D) & 3.88 - 3.94 (m,
1H), 3.60, 3.61 (s, 3H),
2.80 (m, 1H), 2.20 (m 1H),
1.82 — 1.94 (m, 3H), 1.45
~1.71 (m, 2H).
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Cap-100 O LCMS: Anal. Calcd. for
~OTNH O C12H1NOF: 255; found:
J\OH 256 (M+H)".
. :
Cap-101 O LCMS: Anal. Caled. for
\OJ\NH CyH13aNO4: 223; found:
5002H 222 (M-HY".
Cap-102 O LCMS: Anal. Caled. for
\O’U\w C14Hy3NOy: 223; found:
o, 222 (M-HY’
Cap-103 O LCMS: Anal. Caled. for
07NN CoH sN204: 224; found:
CoH 225 (M+H)".
Y
U
Cap-104 N _<:>_ COH "THNMR (400 MHz,
o= CD;0D) & 3.60 (s, 3H),
I 3.50 —3.53 (m, 1I1), 2.66
—2.69 and 2.44 — 2.49 (m,
1H), 1.91 - 2.01 (m, 2H),
1.62 - 1.74 (m, 4H), 1.51
—1.62 (m, 2H).
| Cap-105 " <:>_ o "HNMR (400 MHz,
o= CD;0D) 8 3.60 (s, 31),
s 3.33-13.35 (m, 1H,
partially obscured by
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solvent), 2,37 - 2.41 and
2.16-2.23 (m, 1H), 1.94
~2.01 {m, 411), 1.43 -
1.53 (m, 2H), 1.17-1.29
(m, 2H).
Cap-106 | ~\ —O"COzH "HNMR (400 MHz,
—/ CD;OD)  3.16 (g, J =
7.3 Hz, 4H), 2.38 - 2.41
Prepared from cis-4- (m, 1H), 2.28 - 2.31 (m,
aminocyclohexane 2H), 1.79 — 1.89 (m, 2H),
carboxylic acid and 174 (app, ddd J = 3.5,
acetaldehyde by 12.5, 15.9 Hz, 2H), 1.46
employing a similar (app dt J = 4.0, 12.9 ¥z,
procedure described for 2H), 1.26 (t, J = 7.3 Hz,
the synthesis of Cap-2, 6H)
The crude HCl salt was
passed through MCX
(MeOH/H,O/CH,Cl,
wash; 2 N NH3;/MeOH
elution) to afford an oil,
which was dissolved in
CH;CN/H,0 and
lyophilized to afford a
tan solid.
Cap-107 0 LCMS: Anal. Caled. for
QN]/\)LOH CsH;0N204S: 230; found:
57 MNSAOS 231 (M+H)".
O
Cap-108 0 LCMS: Anal. Caled. for
e:mgki ClusNgOiz 303; found:
or Tg’ 1304 (MHHY
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Cap-109 0 LCMS: Anal. Caled, for
\OJLQIH CioH12N2O4: 224; found:
SCOLH 225 (M+H)",
&
N
Cap-110 9 LCMS: Anal. Caled. for
~07NH CioH2N;04: 224; found:
CO,H 225 (M+H)".
]
SN
Cap-111 O LCMS: Anal. Calcd. for
\O)J\I;IH C1H ) eNOgP: 333; found:
: CO,H 334 (M+H)".
O\
I\ﬂeO'\p\:})_lI
Cap-112 0 JLCMS: Anal. Calcd. for
\O)LISH Ci3H 4N, 041 262; found:
oM 263 (M-+H)".
N
NH
Cap-113 o I.CMS: Anal. Caled. for
o7 N CigH;sNOs: 329; found:
' CO,H 330 (M+H)".
OBn
Cap-114 COzMe "HNMR (400 MHz,
: CoH CDCl3) § 4.82 — 4.84 (m,

1H), 4.00 — 4.05 (i, 2H),
3.77 (s, 3H), 2.56 (s, br,

-214 -
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2H)
Cap-115 \]/\002H "HNMR (400 MHz,
NHCOMe CDCly) § 5.13 (s, br, 1H),

4.13 (s, br, 1H), 3.69 (s,
3H), 2.61 (d, J = 5.0 Hz,
M), 1.28 (d, J =9.1 He,

3H).
Cap-116 "HNMR (400 MHz,
COH CDCly) § 5.10 (d, J = 8.6
NHCO,Me

Hz, 1H), 3.74 - 3.83 (m,
1H), 3.69 (s, 3H), 2.54 —
2.61 (m, 2H), 1.88 (sept, J
=7.0 Hz, 1H), 0.95 (d, J =
7.0 Hz, 61).

Cap-117 to Cap-123
For the preparation of Cap-117 to Cap-123 the Boc amino acids were
obtained from commercially sources and were deprotected by treatment with 25%
5  TFA in CH,Cly. After complete reaction as judged by LCMS the solvents were
removed in vacuo and the corresponding TFA salt of the amino acid was

carbamoylated with methyl chloroformate according to the procedure described for
Cap-51.

Cap Structure LCMS
Cap-117 O LLCMS: Anal. Caled.
\OJLNH o] for C12H;sNOy: 237;
OH found: 238 (M-+H)".
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WO 2010/117635

PCT/US2010/028456

LCMS: Anal. Caled.
for CmHuNOqS: 243;
found: 244 (M+H)".

LCMS: Anal. Calcd.
for C10H13NO;;S: 243;
found: 244 (M+H)",

LCMS: Anal, Caled.
for C]()H]gNOA;S: 243;
found: 244 (M+H)".

"HNMR (400 MHz,
CDCl;) 8 4.06 —4.16
(m, 1H), 3.63 (s, 3H),
3.43 (s, 1H), 2.82 and
2.66 (s, br, 1), 1.86 —
2.10 (m, 3H), 1.64 —

1.76 (m, 2H), 1.44 —

1.53 (m, 1H).

"HNMR profile is
similar to that of its

enantiomer, Cap-121.

Cap-118 O
N
0" 'NH O
OH
Cap-119
Cap-120° 0
NN
0" NH ©
OH
=R
\ S
Cap-121 Q
NN
0 l':\_JH
'O,cozH
Cap-122 0
N
0" 'NH
G.I\COZH
- Q
Cap-123 S O/
d -
9
() 0
o3

LCMS:; Anal. Calcd.
for Co7HaN2O¢: 474;
found: 475 (M+H)".
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Cap-124

O#H"- OH
o

The hydrochloride salt of L-threonine tert-butyl ester was carbamoylated
according to the procedure for Cap-51. The crude reaction mixture was acidified
with IN HClI to pH~1 and the mixture was extracted with EtQAc (2X50 mL). The
combined organic phases were concentrated in vacuo to give a colorless oil which
solidified on standing. The aqueous layer was concentrated in vacuo and the
resulting mixture of product and inorganic salts was triturated with EtOA¢-CH,Cly-
MeOH (1:1:0.1) and then the organic phase concentrated in vacuo to give a colorless
oil which was shown by LCMS to be the desired product. Both crops were combined
to give 0.52 g of a solid. 'HNMR (400 MHz, CD40D) 6 4.60 (m, 1H), 4.04 (d, J =
5.0 Hz, 1H), 1.49 (d, J = 6.3 Hz, 311). LCMS: Anal. Caled. for CsH;NO4: 145;
found: 146 (M+H)", |

Cap-125
/
BocHN OH

To a suspension of Pd(OH),, (20%, 100 mg), aqueous formaldehyde (37% wt,
4 ml), acetic acid, (0.5 mL) in methanel (15 mL) was added (S)-4-amino-2-(tert-
butoxycarbonylamino)butanoic acid (1 g, 4.48 mmol). The reaction was purged
several times with hydrogen and was stirred overnight with an hydrogen balloon
room temp. The reaction mixture was filtered through a pad of diatomaceous earth
(Celite®), and the volatile component was removed in vacuo, The resulting crude
material was used as is for the next step. LC/MS: Anal. Caled. for C;HpN,O4:
246; found: 247 (M+H)".

-217 -
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Cap-126

/—~NMe N \Me
N__. CICO,Me, NaHCO,4 =

HN"COH  HF/HZOZ0°C MeO,CHN™ “COZH
cj-25 cap-126

This procedure is a modification of that used to pfepare Cap-51. Toa
suspension of 3-methyl-L-histidine (0.80 g, 4.70 mmol) in THF (10mL) and H,O (10
mL) at 0°C was added NaHCO5 (0.88 g, 10.5 mmol). The resulting mixture was
treated with CICO,Me (0.40 mL, 5.20 mmol) and the mixture allowed to stir at 0°C,
After stirring for ca. 2h LCMS showed no starting material remaining. The reaction
was acidified to pH 2 with 6 N HC.

The solvents were removed in vacuo and the residue was suspended in 20 mL
of 20% MeOH jn CH,Cly. The mixture was filtered and concentrated to give a light
yellow foam (1.21 g,). LCMS and 'H NMR showed the material to be a 9:1 mixture
of the methyl éster and the desired product. This material was taken up in THF
(10mL) and H,0 (10inl), cooled to 0°C and LiOH (249.1 mg, 10.4 mmol) was
added. After stirring ca. 1h LCMS showed no ester remaining. Therefore the
mixture was acidified with 6N HC1 and the solvents removed in vacuo. LCMS and
"H NMR confirm the absence of the ester. The title compound was obtained as its
HCI salt contaminated with inorganic salts (1.91 g, >100%). The compound was
used as is in subsequent steps without further purification. "HNMR (400 MHz,
CD;0D) § 8.84, (5, 1H), 7.35 (s, 1H), 4.52 (dd, J = 5.0, 9.1 Hz, 1H), 3.89 (s, 3H),
3.62 (s, 3H), 3.35 (dd, J = 4.5, 15.6 Hz, 1 H, partiaily obscured by solvent), 3.12 {dd,
J=9.0,15.6 Hz, 1H).LCMS: Anal. Calecd. for CoH3N304: 227.09; found: 228.09
(M+H)".

Cap-127
MeN MﬁZN !
(\N \ CICOMe, NaHCO, N

HN" GO THE/H0/0°C MeO,CHN™ “CO,H

cj-26 cap-127
-218-
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Cap-127 was prepared according to the method for Cap-126 above starting
from (8S)-2-amino-3-(1-methyl-1H-imidazol-4-yl)propanoic acid (1.11 g, 6.56 mmol),
NaHCO; (1.21 g, 14.4 mmol) and CICO,Me (0.56 mL, 7.28 mmol). The title
compound was obtained as its HCI salt (1.79 g, >100%) contaminated with inorganic
salts, LCMS and "H NMR showed the presence of ca. 5% of the methyl ester. The
crude mixture was used as is without further purification. 'HNMR (400 MHz,
CD;0D) 8 8.90 (s, 1H), 7.35 (s, 1H), 4.48 (dd, J = 5.0, 8.6 Hz, 1H), 3.89 (s, 3H),
3.62 (s, 3H), 3.35 (m, 1H), 3.08 (m, 1H); LCMS: Anal. Calcd. for CoH;3N3O4:
227.09; found: 228 (M+H)".

Preparation of Cap-128

Ph—
Cbz-Cl/ DMAP _ N
Il crc,/Prnet | BBr/CuS0.-5H,0 |

sodium ascorbate
0°C
BooHN™ ™~CO,H BocHN” ™CO,8n  NaNa/DMF/H0  pocHN™™CO,Bn

¢j-27a ¢j-27b 65°C/12h oj-28
Ph““\
N HN
' Hy / PA-C ;
1) TFA/ CHyCly N, | 2T N, |
- N MeOH N
2) CICO,Me / NaHCO;4
THF-H,0 MeO,CHN" ~CO,Bn MeO,CHN™ ~CO,H
o cj-29 cap-128

Step 1. Preparation of (8)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (cj-
27b).

BocHN™ "CO,Bn
¢f-27h

To a solution of ¢f-27a (1.01 g, 4.74 mmol), DMAP (58 mg, 0.475 mmol) and
iPryNEt (1.7 mL, 9.8 mmol) in CH,Clz (100 mL) at 0°C was added Cbz-C1 (0.68 mL,
4.83 mmol). The solution was allowed to stir for 4 h at 0°C, washed (1N KHSO,,

brine), dried (Na;SO,), filtered, and concentrated in vacuo. The residue was purified

-219-
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by flash column chromatography (TLC 6:1 hex:EtOAc) to give the title compound
(1.30 g, 91%) as a colorless oil. 'HNMR (400 MHz, CDCls) 8 7.35 (s, SH), 5.35 (d,
br, J= 8.1 Hz, 1H), 5.23 (d, /= 12.2 Hz, 1H), 5.17 (d, 7 = 12.2 Hz, 1H), 4.48 - 4.53
(m, 1H), 2.68 - 2,81 (m, 2H), 2.00 (t, J = 2.5 Hz, 1H), 1.44 (5, 911). LCMS: Anal.
Caled. for C17H2NOy4: 303; found: 304 (M+H)",

Step 2. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-(tert-
butoxycarbonylamino)propanoate (cj-28). |
' Ph—
N
N, |

b

BocHN™ “CO,Bn
¢j-28

To a mixture of (S)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (0.50
g, 1.65 mmol), sodium ascorbate (0.036 g, 0.18 mmol), CuSO4-5H,0 (0.022 g, 0.09
mmol) and NaN; (0.13 g, 2.1 mmol) in DMF-H,0 (5 mL, 4:1) at rt was added BnBr
(0.24 mL, 2.02 mmol) and the mixture was warmed to 65°C. After 5h LCMS
indicated low conversion. A further portion of NaN; (100 mg) was added and
heating was continued for 12h. The reaction was poured into EtOAc and H,O and
shaken. The layers were separated and the aqueous layer extracted 3x with EtOAc
and the combined organic phases washed (H,0 x3, brine), dried (Na;S0,), filtered,
and concentrated. The residue was purified by flash (Biotage, 40+M 0-5% MeOH in
CH,Cly; TLC 3% MeOH in CH,Cl;) to afford a light yellow oil which solidified on
standing (748.3 mg, 104%). The NMR was consistent with the desired product but
suggests the presence of DMF. The material was used as is without further
purification, "HNMR (400 MHz, DMSO-d;) § 7.84 (s, 1H), 7.27 — 7.32 (m, 10H),
5.54 (s, 2H), 5.07 (s, 2H), 4.25 (m, 1H), 3.16 (dd, J = 1.0, 5.3 Hz, 1H), 3,06 (dd, J =
5.3,14.7 Hz), 2.96 (dd, J = 9.1, 14.7 Hz, 1H), 1.31 (s, 9H).
LCMS: Anal. Caled. for Cy4HasN4O4: 436; found: 437 (M+H)+.
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Step 3. Preparatjon of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-

{methoxycarbonylamino)propanoate (cj-29).

MeO.CHN™ "CO,Bn
¢j-29
A solution of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-2-(tert-

5 butoxycarbonylamino)propanoate (0.52 g, 1.15 mmol) in CH,Cl, was added TFA (4
mL). The mixture was allowed to stir at room temperature for 2h. The mixture was
concentrated in vacuo to give a colorless oil which solidified on standing. This
material was dissolved in THF-H,0 and cooled to 0°C. Solid NaHCO; (0.25 g, 3.00
mmol) was added followed by CICO;Me (0.25 mL, 3.25 mmol). After stirring for

10 1.5h the mixture was acidified to pH~2 with 6N HCI and then poured into H,0O-
EtOAc. The layers were separated and the aq phase extracted 2x with EtOAe. The
combined org layers were washed (HyO, brine), dried (Na;SO4), filtered, and
concentrated in vacuo to give a colorless oil (505.8 mg, 111%, NMR suggested the
presence of an unidentified impurity) which solidified while standing on the pump.

15 The material was used as is without further purification. "HNMR (400 MHz, DMSO-
dg) 8 7.87 (s, 1H), 7.70 (4, J = 8.1 Hz, 1H), 7.27 - 7.32 (m, 10H), 5.54 (s, 2H), 5.10
(d,J=12.7Hz, 1H), 5.06 (d, J = 12.7 Hz, 1H), 4.32 — 4.37 {m, 1H), 3.49 (s, 3H),
3.09 (dd, J = 5.6, 14.7 Hz, 1H), 2.98 (dd, J = 9.6, 14.7 Hz, 1H). LCMS: Anal.
Caled. for C2;HzaN4O4: 394; found: 395 (M+H)™

20
Step 4. Preparation of (S)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-
yhpropanoic acid (Cap-128).

HN

N, |
N

MeO,CHN™ “CO;H
Cap-128
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(S)-benzyl 3-(1-benzyl-1H-1,2,3-riazol-4-yl)-2-
(methoxycarbonylamino)propanocate (502 mg, 1.11 mmol) was hydrogenated in the
presence of Pd-C (82 mg) in MeOH (5 mL) at atmospheric pressure for 12h. The
mixture was filtered through diatomaceous earth (Celite®) and concentrated in vacuo.
(8)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-yl)propanoic acid was obtained
as a colorless gum (266 mg, 111%) which was contaminated with ca. 10% of the
methyl ester. The material was used as is without further purification. "HNMR (400
MHz, DMSO-dg) 6 12.78 (s, br, 1H), 7.59 (s, 1), 7.50 {d, J = 8.0 Hz, 1H), 4.19 —
4.24 (m, 1H), 3.49 (s, 3H), 3.12 (dd, J = 4.8 Hz, 14.9 Hz, 1H), 2.96 (dd, /= 9.9, 15.0
Hz, 1H). LCMS: Anal. Caled. for CoH,;oNsO;: 214; found: 215 (M-+H)".

Preparation of Cap-129

' | 'y

o v
,E-i HN N} 1} Hp Pd-C / MeOH N-/
CbzHN O CHyCN/B0°C CszN/[COZH 2) CICO,Me MeQ,CHN"™ ~CO,H

cap-129

Step 1. Preparation of (5)-2-(benzyloxycarbonylamino)-3-(1H-pyrazol-1-
yl)propaneic acid {¢j-31).

L

CbzHN™ ~CO,H
cf-31

A suspension of (S)-benzyl 2-oxooxetan-3-ylcarbamate (0.67 g, 3.03 mmol),
and pyrazole (0.22 g, 3.29 mmol) in CH;CN (12 mL) was heated at 50 °C for 24h.
The mixture was cooled to 1t overnight and the solid filtered to afford (8)-2-
{benzyloxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic acid (330.1 mg). The
filtrate was concentrated in vacuo and then triturated with a small amount of CH;CN
(ca. 4 mL) to afford a second crop (43.5 mg). Total yield 370.4 mg (44%). m.p.
165.5 - 168°C. litm.p. 168.5—169.5 [Vederasetal. J Am. Chem. Soc. 1985,
107, 7105]. 'HNMR (400 MHz, CD;0D) & 7.51 (d, J = 2.0, 1H), 7.48 (s, J = 1.5 Hz,

1H), 7.24 ~7.34 (m, SH), 6.23 m, 1H), 5.05 (d, 12.7 H, 1H), 5.03 (d, J = 12.7 Hz,
222 -
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1H), 4.59 — 4.66 (m, 2H), 4.42 ~ 4.49 (m, 1H). LCMS: Anal. Calcd. for
C14HsN304: 289; found: 290 (M+H)".

Step 2. Preparation of (8)-2-(methoxycarbonylamino)-3-(1H-pyrazol-1-yhpropanoic
acid (Cap-129).

L

MeO,CHN" “CO,H
cap-129

(S)-2-(benzyloxycarbonylamino)-3-(1 H-pyrazol-1-yl)propanoic acid (0.20 g,
0.70 mmo!) was hydrogenated in the presence of Pd-C (45 mg) in MeOH (5 ml.) at
atmospheric pressure for 2h. The product appeared to be insoluble in MeOH,
therefore the reaction mixinre was diluted with SmL H>C and a few drops of 6N HCI.
The homogeneous solution was filtered through diatomaceous earth (Celite®), and the
MeOH removed in vacuo. The remaining solution was frozen and lyophyllized to
give a yellow foam (188.9 mg). This material was suspended in THF-H,O (1:1,
10mL) and then cooled to 0°C. To the cold mixture was added NaHCOj3 (146.0 mg,
1.74 mmol) carefully (evolution of CO,). Afier gas evolution had ceased (ca. 15
min) CiICO,Me (0.06 mlL, 0.78 mmol) was added dropwise. The mixture was
allowed to stir for 2h and was acidified to pH~2 with 6N HCI and poured into EtOAc,
The layers wete separated and the aqueous phase extracted with EtOAC (x5). The
combined organic layers were washed (brine), dried (Na,SQy), filtered, and
concentrated to give the title compound as a colorless solid (117.8 mg, 79%).
'HENMR (400 MHz, DMSO-dg) 8 13.04 (s, 1H), 7.63 (d, J = 2.6 Hz, 1H), 7.48 (d, J =
8.1 Hz, 1H), 7.44 (d, J = 1.5 Hz, 1H), 6.19 (app t, J = 2.0 Hz, 1 H), 4.47 (dd, J = 3.0,
12.9 Hz, 1H), 429 — 4.41 (m, 2H), 3.48 (s, 3H). LCMS: Anal. Calcd. for
CsH1N304: 213; found: 214 (M+H)".
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Cap-130

O

AcHN™ ™CO,H
Cap-130 was prepared by acylation of commercially available (R)-

phenylglycine analgous to the procedure given in: Calmes, M.; Daunis, 1.; Jacquier,
5 R.; Verducel, J. Tetrahedron, 1987, 43(10), 2285.

Cap-131
o - OH
a b
I . 0
HN._.0
NH, HNYO ¥
Het No AN

Step a: Dimethylcarbamoyl chloride (0.92 mL, 10 mmol) was added slowly to
10 asolution of (S)-benzyl 2-amino-3-methylbutanoate hydrochloride (2.44 g; 10 mmol)
and Hunig’s base (3.67 mL, 21 mmol) in THF (50 mI.). The resulting white
suspension was stirred at room temperature overnight (16 hours) and concentrated
under reduced pressure. The residue was partitioned between ethyl acetate and water.
The organic layer was washed with brine, dried (MgSQ,), filtered, and concentrated
15 under reduced pressure. The resulting yellow oil was purified by flash
chromatography, eluting with ethyl acetate:hexanes (1:1). Collected fractions were
concentrated under vacuum providing 2.35 g (85%) of clear oil. ' NMR (300 MHz,
DMSO-ds) & ppm 0.84 (d, J=6.95 Hz, 311), 0.89 (d, J=6.59 Hz, 3H), 1.98-2.15 (m,
1H), 2.80 (s, 6H), 5.01-5.09 (m, J=12.44 Hz, 1H), 5.13 (d, J=12.44 Hz, 1H), 6.22 (d,
20 J=8.05 Hz, 1H), 7.26-7.42 (m, 5H). LC (Cond. 1): RT =1.76 min; MS: Anal.
Caled, for [M+H]" C;6H22N,03: 279.17; found 279.03.

Step b: To a MeOH (50 mL) solution of the intermediate prepared above
(2.35 g; 8.45 mmol) was added Pd/C (10%; 200 mg) and the resulting black
suspension was flushed with N (3x) and placed under ) abm of Hz. The mixture was
25  stirred at room temperature overnight and filtered though a microfiber filter to
remove the catalyst. The resulting clear solution was then concentrated under

reduced pressure to obtain 1.43 g (89%) of Cap-131 as a white foam, which was used
-224 -
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without further purification. "H NMR (500 MHz, DMSO-dg) § ppm 0.87 (d, /=4.27
Hz, 3I1), 0.88 (d, /=3.97 Hz, 3[1), 1.93-2.11 (m, 1H), 2.80 (s, 6H), 3.90 (dd, J=8.39,
6.87 Uz, 1H), 5.93 (d, /=8.54 Hz, 1H), 12.36 (s, 1H). LC (Cond. 1): RT = 0.33 min;
MS: Anal. Caled. for [M+H]" CsHsN;03: 189.12; found 189.04.

Cap-132
OH
L oen
.Bn Q
0
HN._.O
NH, D
HCI AN

Cap-132 was prepared from (8)-benzyl 2—aminoproﬁanoate hydrochloride
according to the method described for Cap-131. "H NMR (500 MHz, DMSO0-dg) §
ppm 1.27 (d, J=7.32 Hz, 3H), 2.80 (s, 6H), 4.06 (qt, 1H), 6.36 (d, /=7.32 Hz, 11I),
12.27 (s, 1H). LC (Cond. 1): RT =0.15 min; MS: Anal. Caled. for [M+H]
CsH1aN20O5: 161.09; found 161.00.

Cap-133
o) OH
NH, HN._.O
HC \('; o~
F

Cap-133 was prepared from (8)-tert-butyl 2-amino-3-methylbutanoate ‘
hydrochloride and 2-fluoroethyl chloroformate according to the method described for
Cap-47. 'H NMR (500 MHz, DMSO-dg) & ppm 0.87 (t, J = 6,71 Hz, 6H), 1.97-2.10
(m, 1H), 3.83 (dd, /=8.39, 5.95 Hz, 1H), 4.14-4.18 (m, 1H), 4.20-4.25 (m, 1H), 4.50-
4.54 (m, 1H), 4.59-4.65 (m, 1H), 7.51 (d, J = 8.54 Hz, 1H), 12.54 (s, 1H).

Cap-134
O OH
OH —_— o
NH, HN YO
o<

-225-



187

WO 2010/117635 PCT/US2010/028456

10

15

20

25

Cap-134 was prepared from (S)-diethyl alanine and methyl chloroformate
according to the method described for Cap-5/. "H NMR (500 MHz, DMSO-ds) 3
ppm 0.72-0.89 (m, 6H), 1.15-1.38 (m, 4H), 1.54-1.66 (m, 1 H), 3.46-3.63 (m, 3H),
4.09 (dd, J = 8.85, 5.19 Hz, 1H), 7.24 (d, J = 8.85 Hz, 1H), 12.55 (s, 1H). L.C (Cond.
2): RT = 0.66 min; LC/MS: Anal. Caled. for [M+H]" CoHisNO4: 204.12; found
204.02.

ZHN

A solution of D-2-amino-(4-fluorophenylacetic acid (338 mg, 2.00 mmol),
IN HCI in diethylether (2.0 mL, 2.0 mmol) and formalin (37%, 1 mL) in methanol (5
mL) was subjected to balloon hydrogenation over 10% palladium on carbon (60 mg)
for 16 h at 25 °C. The mixture was then filtered through Celite to afford the HCI salt
of Cap-135 as a white foam (316 mg, 80%). 'H NMR (300 MHz, MeOH-ds) § 7.59
(dd,J= 8.80',.5.10 Hz, 2H), 7.29 (t, J= 8.6 Hz, 2H), 5.17 (é, 1H), 3.05 (v br 5, 3H),
2.63 (v brs, 3H); Ry = 0.19 min (Cond.-MS-WS5); 95% homogenity index; LRMS:
Anal. Caled. for [M+H]" C1gH;FNO,: 198.09; found: 198.10.

Cap-136

N O
e

To a cooled (-50 °C) suspension of 1-benzyl-1H-imidazole (1.58 g, 10.0
mmol) in anhydrous diethyl ether (50 mL) under nitrogen was added n-butyl lithium
(2.5 M in hexanes, 4.0 mL, 10.0 mmol) dropwise. Afier being stirred for 20 min at -
50 °C, dry carbon dioxide (passed through Drierite) was bubbled into the reaction
mixture for 10 min before it was allowed to warm up to 25 °C. The heavy precipifate

which formed on addition of carbon dioxide to the reaction mixture was filtered to
-226 -
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yield a hygroscopic, white solid which was taken up in water (7 mL), acidified to pH

. =3, cooled, and induced to crystallize with scratching, Filtration of this precipitate

gave a white solid which was suspended in methanol, treated with 1N HCl/diethyl
ether (4 mL) and concentrated in vacuo. Lyophilization of the residue from water (5
mL) afforded the HCI salt of Cap-136 as a white solid (817 mg, 40%). "H NMR (300
MHz, DMSO'-d(,) 6 7.94(d, /= 1.5 Hz, 1H), 7.71 (d, J= 1.5 Iz, 11), 7.50-7.31 (m,
5H), 5.77 (s, 2H); R(= 0.51 min {Cond.-MS-W5); 95% homogenity index; LRMS:
Anal. Cale. for [M+HT Cy;H;3N;04: 203.08; found: 203.11, '

Cap-137

\CN

N

OH

Cap-137, step a

.\CN

=N

=

A suspension of 1-chloro-3-cyanoisoquinoline (188 mg, 1.00 mmol; prepared
according to the procedure in WO 2003/ 099274) (188 mg, 1.00 mmol), cesium
fluoride (303.8 mg, 2.00 mmol), bis(tri-tert-butylphosphine)palladium dichloride (10
mg, 0.02 mmol) and 2-(tributy15taﬁnyl)furan (378 ul, 1.20 mmol) in anhydrous
dioxane (10 mL) under nitrogen was heated at 80 °C for 16 h before it was cooled to
25 °C and treated with saturated, aqueous potassium fluoride solution with vigorous
stirring for 1 h. The mixture was partitioned between ethyl acetate and water and the
organic phase was separated, washed with brine, dried over Na;SQy, filtered and
concentrated. Purification of the residue on silica gel (elution with 0% to 30% ethyl
acetate’hexanes) afforded Cap-137, step a (230 mg, 105%) as a white solid which
was carried forward directly. R, =1.95 min (Cond.-MS-W2); 90% homogeneity
index; LRMS: Anal. Calc. for [M+H]+ CisHgN20: 221.07; found: 221.12.
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Cap-137
To a suspension of Cap 137, step a, (110 mg, 0.50 mmol}) and sodium
periodate (438 mg, 2.05 mmol) in carbon tetrachloride (1 mL), acetonitrile (1 mL)
and water (1.5 mL) was added ruthenium trichloride hydrate (2 mg, 0.011 mmol).
5  The mixture was stirred at 25 °C for 2 h and then partitioned between
dichloromethane and water. The aqueous layer was separated, extracted twice more
with dichloromethane and the combined dichloromethane extracts were dried over
Na;S0,, filtered and concentrated. Trituration of the residue with hexanes afforded
Cap-137 (55 mg, 55%} as a grayish-colored solid. R, = 1.10 min (Cond.-MS-W2);
10 90% homogeneity index; LCMS: Anal. Calc. for [MA+H]" C11HgN,05: 200.08;
found: 200.08.

Caps 13810 158

15 ° Synthetic Strategy. Method A.

H - o - o
Xy Neon N wmCPEA g TMSCN X} 5NNeOH ~
LN THF n oM ol TERAGH LN &G N
BMCL 2004,
17, 1685-1808, N COH
Cap-138
™o
SN
=N
COH

20
Cap-138, step a

a
N

To a stirred suspension of S-hydroxyisoquinoline (prepared according to the
procedure in WO 2003/ 099274) (2.0 g, 13.8 mmol) and friphenylphosphine (4.3 g,
25 16.5 mmol) in dry tetrahydrofuran (20 mL}) was added dry methanol (0.8 mL) and
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diethyl azodicarboxylate (3.0 mL, 16.5 mmol) portionwise. The mixture was stirred
at room temperature for 20 h before it was diluted with ethy] acetate and washed with
brine, dried over Na;SO,, filtered and concentrated. The residue was preabsorbed
onto silica gel and chromatographed (elution with 40% ethy! acetate/hexanes) to
afford Cap-138, step a (1.00 g, 45%) as a light yellow solid. 'H NMR (CDCls, 500
MHz) § 9.19 (s, 1H), 8.51 (d, J= 6.0 Hz, 1H), 7.99 (d, /= 6.0 Hz, 1H), 7.52-7.50 (m,
2H), 7.00-6.99 (m, 1H), 4.01 (s, 3H); R = 0.66 min (Cond.-D2); 95% homogeneity
index; LCMS: Anal, Calc. for [M+H]" C;oHoNO: 160.08; found 160.1.

Cap-138, step b

t :\
+
/N\O.-.

To a stirred solution of Cap 138, step a (2.34 g, 14.7 mmol) in anhydrous
dichloromethane (50 mL) at room temperature was added meta-chloroperbenzoic acid
(77%, 3.42 g, 19.8 mmol) in one portion. After being stirred for 20 h, powdered
potassium carbonate (2.0 g) was added and the mixture was stirred for 1 h at room
temperature before it was filtered and concentrated in vacuo to afford Cap-138, step b
(2.15 g, 83%) as a pale, yellow solid which was sufficiently pure to carry forward
directly. '"H NMR (CDCl;, 400 MHz) § 8.73 (d,J=1.5 Hz, 1H), 8.11 (dd, J =.‘7.3,
1.7 Hz, 1H), 8.04 (d, /=7.1 Hz, 1H), 7.52 (1, J= 8.1 Hz, 1H), 7.28 (d, J = 8.3 Hz,
1H), 6.91 (d, J = 7.8 Hz, 1H), 4.00 (s, 3H); Ry= 0.92 min, (Cond.-D1); 90%
homogenity index; LCMS: Anal. Calc. for [M+H]+ CioH oNO3: 176.07; found:
176.0.

Cap-138, step ¢

CN
To a stirred solution of Cap 138, step b (0.70 g, 4.00 mmol) and triethylamine

(1.1 mL, 8.00 mmol) in dry acetonitrile (20 mL) at room temperature under nifrogen
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was added trimethylsilylcyanide (1.60 mL, 12.00 mmol)., The mixture was heated at
75 °C for 20 h before it was cooled to room temperature, diluted with ethyl acetate
and washed with saturated sodium bicarbonate solution and brine prior to drying over
Na,S04and solvent concentration. The residue was flash chromatographed on silica
gel (gradient elution with 5% cthyl acetate in hexanes to 25% ethyl acetate in
hexanes) to afford Cap-138, step ¢ (498.7 mg, 68%) as a white, crystalline solid along
with 223 mg (30%) of additional Cap-138, step ¢ recovered from the filtrate. 'H
NMR (CDCl3, 500 MHz) & 8.63 (d, J= 5.5 Hz, 1H), 8.26 (d, /= 5.5 Hz, 1H), 7.88
(d, /= 8.5 Hz, 1H), 7.69 (t, /= 8.0 Hz, 1H), 7.08 (d, /= 7.5 Hz, 1H), 4.04 (s, 3H); Ry
= 1.75 min, (Cond.-D1); 90% homogeneity index; LCMS: Anal. Calc. for [M+H]"
C11HpN,0: 185.07; found: 185.10.

Cap-138

Cap-138, step ¢ (0.45 g, 2.44 mmol) was treated with 5N sodium hydroxide
solution (10 mL} and the resulting suspension was heated at 85 °C for 4 h, cooled to
25 °C, diluted with dichloromethane and acidified with 1N hydrochloric acid. The
organic phase was separated, washed with brine, dried over Na,SO4, concenirated to
Y volume and ﬁltered to afford Cap-138 (0.44g, 88.9%) as a yellow solid. 'H NMR
(DMSO-ds, 400 MHz) & 13.6 (br s, 1H), 8.56 (d, J= 6.0 Hz, 1H), 8.16 (d, J = 6.0
Hz, 1H), 8.06 (d, J= 8.8 He, 111}, 7.71-7.67 (m, 1H), 7.30 (d, J= 8.0 Hz, 1H), 4.02
(s, 3H); Ry = 0.70 min (Cond.-D1); 95% homogenity index; LCMS: Anal. Calc. for
[M+H]" CjI1;,NQ;: 204.07; found: 204.05,

Synthetic Strategy. Method B (derived from Tetrahedron Letters, 2001, 42, 6707).
| | |

8]
Xy KCN,dpppe © Xy 5N NaOH
N PO{OAC) N
o
TMEDA, 150°C 7 T
) {oluens N COzH

WO 2003/ 0949274

0
}a/;
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Cap-139, step a
-0 R
N

N

To a thick-walled, screw-top vial containing an argon-degassed suspension of
1-chloro-6-methoxyisoquinoline (1.2 g, 6.2 mmol; prepared according to the
procedure in WO 2003/ 099274), potassium cyanide (0.40 g, 6.2 mmol), 1,5-
bis( dipheny]pho.sphino)pentane (0.27 g, 0.62 mmol) and palladium (1) acetate (70
mg, 0.31 mmol) in anhydrous toluene (6 mL) was added N N,N’N’-
tetramethylethylenediamine (0.29 ml., 2.48 mmol), The vial was sealed, heated at
150 °C for 22 h and then allowed to cool to 25 °C. The reaction mixture was diluted
with ethyl acetate, washed with water and brine, dried over Na,SQy, filtered and
concentrated. The residue was purified on silica gel {(gradient elution with 5% ethyl
acetate/hexanes to 25% ethyl acetate/hexanes) to afford Cap-139, step a (669.7 mg,
59%) us a white solid. 'H NMR (CDCls, 500 MHz) § 8.54 (d,J= 6.0 Hz, 1H), 8.22
(d, J=9.0 Hz, 1H), 7.76 (4, J= 5.5 Hz, 1H), 7.41-7.39 (m, 1H), 7.13 (d, /=2.0 Hz,
1H), 3.98 (s, 3H); Ry= 1.66 min (Cond.-D1); 90% homogenity index; LCMS: Anal.
Cale. for [M- I‘H] C11HoN,O: 185.07; found; 185.2.

Cap-139
Cap-139 was prepared from the basic hydrolysis of Cap-139, step a with 5N
NaOH according to the procedure described for Cap 138. "H NMR (400 MHz,
DMSO-dg) & 13.63 (vbrs, 1H), 8.60 (¢, /= 9.3 Hz, 1H), 8.45 (d, /= 5.6 Hz, 1H),
7.95 (d,J=5.9 Hz, 1H), 7.49 (d, /= 2.2 Hz, 1H), 7.44 (dd; J=9.3,2.5Hz, 1H), 3.95
(s, 3H); Ry = 0.64 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" Cy HgNOj3: 204.07; found: 204.05.
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Cap-140, step a

Pl

o !

~N

N

To a vigorously-stirred mixture of 1,3-dichloro-5-ethoxyisoquinoline (482
mg, 2.00 mmol; prepared according to the procedure in WO 2005/ 051410),
palladium (11} acetate (9 mg, 0.04 mmol), sodinm carbonate (223 mg, 2.10 mmol} and
1,5-bis(diphenylphosphino)pentane (35 mg, 0.08 mmol) in dry dimethylacetamide (2
ml.) at 25 °C under nitrogen was added N,N,N’,N"-tetramethylethylenediamine (60
mL, 0.40 mmol). After 10 min, the mixture was heated to 150 °C, and then a stock
solution of acetone cyanohydrin (prepared from 457 pL. of acetone cyandhydrin in
4.34 mI. DMA) was added in 1 mL portions over 18 h using a syringe pump. The
mixture was then partitioned between ethyl acetate and water and the organic Jayer
was separated, washed with brine, dried over NaySO,, filtered and concentrated. The
residue was purified on silica gel (gradient elution with 10% ethyl acetate in hexanes
to 40% ethyl acetate in hexanes) to afford Cap-140, step a (160 mg, 34%) as a yellow
solid. R,= 2.46 min (Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Calec.
for [MAH]" C1aHyCIN,O: 233.05; found: 233.08.

Cap-i40
Cap-140 was prepared by the acid hydrolysis of Cap-140, step a with 12N
HCl as described in the procedure for the preparation of Cap 141, described below.
Ri = 2.24 min (Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C12H 1 CINO;: 252.04; found: 252.02.
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Cap-141

=N

O,H

Cap-141, step a

o F

=N
N
Cap-141, step a was prepared from 1-bromo-3-flucroisoquinoline {prepared

from 3-amino-1-bromoisoquinoline using the procedure outlined in J. Med. Chem.
1970, 13, 61 3) as described in the procedure for the preparation of Cap-140, step a
(vide supra). "H NMR (500 MHz, CDCl3) & 8.35 (d,J=8.5 Hz, 1H), 7.93 (d, /=
8.5 Hz, 1H), 7.83 {t, /= 7.63 Hz, 1H), 7.77-7.73 (m, 11, 7.55 (s, 1H); Ry= 1.60 min
(Cond.-D1); 90% homogenity index; LCMS: Anal, Cale. for [M-+H]" CoHsFN,:
173.05; found: 172,99,

Cap-141

Cap-141, step a (83 mg, 0.48 mmol) was treated with 12N HCI (3 mL) and
the resulting slurry was heated at 80 °C for 16 h before it was cooled to room
temperature and diluted with water (3 mL). The mixture was stirred for 10 min and
then filtered to afford Cap-147 (44.1 mg, 48%) as an off-white solid. The filtrate was
diluted with dichloromethane and washed with brine, dried over Na,SO,, and
concentrated to afford additional Cap-141 (29.30 mg, 32%) which was sufficiently
pure to be carried forward directly. "H NMR (DMSO-d;s, 500 MHz) & 14.0 (brs,
1H), 8.59-8.57 (m, 1H), 8.10 (d, /= 8.5 Hz, 1H), 7.88-7.85 (m, 2H), 7.74-7.71 (m,
1H); Ry = 1.33 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" CjoH,FNO,: 192.05; found: 191.97.
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Cap-142
()

=N

O,H

Cap-142, step a
'

R
s

5 CN
Cap-142, step a was prepared from 4-bromoisoquineline N-oxide as
described in the two-step procedure for the preparation of Cap-138, steps b and ¢. Ry
= 1.45 min (Cond,-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for
[MH+H]" CyoHsBrNy: 232.97; found: 233.00.
10

Cap-142, step b
)
()
=
N

N
To an argon-degassed suspension of Cap-142, step a (116 mg, 0.50 mmol),
potassium phosphate tribasic (170 mg, 0.80 mmol), palladium (II) acetate (3.4 mg,

15 0.015 mmol) and 2-(dicyclohexylphosphino)bipheny! (11 mg, 0.03 mmol) in
anhydrous foluene (1 mL) was added morpholine (61 fL, 0.70 mmol). The mixture
was heated at 100 °C for 16 h, cooled to 25 °C, filtered through diatomaceous earth
(Celite®) and concentrated. Purification of the residue on silica gel (gradient elution
with 10% to 70% ethyl acelate in hexanes) afforded Cap-142, step b (38 mg, 32%) as

20  ayellow solid which was carried forward directly. R, = 1.26 min (Cond.-MS-W1);

90% homogenity index; LCMS: Anal. Cale. for [M+H]" C14H 4N;0: 240.11; found:
240.13.
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Cap-142
Cap-142 was prepared from Cap-142, step b with 5N sodium hydroxide as
described in the procedure for Cap /38. R¢ = 0.72 min (Cond.-MS-W1); 90%
homogenity index; LCMS: Anal. Cale. for [M+H]" Cy4HysN2O5: 259.11; found:
259.08.

Cap-143

9

2N

O.H

Cap-143, step a

|/\o
o N\)
~N

Br

To a stirred solution of 3-amino-1-bromoisoquinoline (444 mg, 2.00 mmol} in
anhydrous dimethylformamide (10 mL) was added sodium hydride (60%, unwashed,
96 mg, 2.4 mmol) in one portion. The mixture was stirred at 25 °C for 5 min before
2-bromoethyl ether (90%, 250 L, 2.00 mmol) was added. This mixture was stirred
further at 25 °C for 5 h and at 75 °C for 72 h before it was cooled to 25 °C, quenched
with saturated ammonium chloride solution and diluted with ethy] acetate. The
organic layer was separated, washed with water and brine, dried over Na,80Oy, filtered
and concentrated. Purification of the residue on silica gel (gradient elution with 0%
to 70% ethyl acetate in hexanes) afforded Cap-143, step a (180 mg, 31%) as a yellow
solid. R,=1.75 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc.
for [M+I~I]+ Ci3H14BrN,O: 293.03; found: 293.04,

Cap-143
To a cold (-60 °C) solution of Cap-143, step a (154 mg, 0.527 mmol) in
anhydrous tetrahydrofuran (5 mL) was added a solution of s-butyllithium in hexanes
(2.5 M, 0.25 mL, 0.633 mmol). After 10 min, dry carbon dioxide was bubbled into
- 235 -
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the reaction mixture for 10 min before it was quenched with 1N HC! and allowed to
warm to 25 °C. The mixture was then extracted with dichloromethane (3 x 30 mL)
and the combined organic extracts were concentrated in vacuo. Purification of the
residue by reverse phase HPLC (MeOH/water/TFA) afforded Cap-143 (16 mg,

5 12%). Ry=1.10 min {Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Cale.
for [M+H]" C14HsN205: 259.11; found: 259.08.

Cap-144

\N/

Gl

COH
10
Cap-144, step a

\CI

~N
o
1,3-Dichloroisoquinoline (2.75 g, 13.89 mmol) was added in small portions to
a cold (0 °C) solution of fuming nitric acid (10 mL) and concentrated sulfuric acid (10
15 mL). The mixture was stirred at 0 °C for 0.5 h before it was gradually warmed to 25
°C where it stirred for 16 h. The mixture was then poured into a beélcer containing
chopped ice and water and the resulting suspension was stirred for 1 h at 0 °C before
it was filtered to afford Cap-144, step a (2.73 g, 81%) as a yellow solid which was
used directly. R¢=2.01 min (Cond.-D1); 95% homogenity index; LCMS: Anal.
20 Calc. for [M+H]" CoH;sClN,0,: 242.97; found: 242.92.

Cap-144, step b
Sy
cl
N

cl
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Cap-144, step a (0.30 g, 1.23 mmol) was taken up in methanot (60 mL) and
treated with platinum oxide (30 mg), and the suspension was subjected to Parr
hydrogenation at 7 psi Hj for 1.5 h before formalin (5 mL) and additional platinum
oxide (30 mg) were added. The suspension was resubjected to Parr hydrogenation at
45 psi Hj for 13 h befors it was suction-filtered through diatomaceous earth (Celite®)
and concentrated down to % volume. Suction-filtration of the ensuing precipitate
afforded the title compound as a yellow solid which was flash chromatographed on
silica gel (gradient elution with 5% ethyl acetate in hexanes to 25% ethyl acetate in
lhexanes) to afford Cap-144, step b (231 mg, 78%) as a pale, yellow solid. R, = 2.36
min (Cond.-D1); 95% homogenity index; 'I{ NMR (400 MHz, CDCl5) 8 8.02 (s,
1H), 7.95 (d, J = 8.6 Hz, 1H), 7.57-7.53 (m, 1H), 7.30 (d, /= 7.3 Hz, 1H), 2.88 (s,
6H); LCMS: Anal. Cale. for [MH—I]+ C1iHi1ClNg: 241.03; found: 241.02. HRMS:
Anal. Calc, for [M+H]" Cy;H;;ClI;Ny: 241.0299; found: 241.0296.

Cap-144, step ¢

\N/

SN Cl
=N
CN

Cap-144, step ¢ was prepared from Cap-144, step b according to the
procedure described for the preparation of Cap-139, step a. Ry= 2.19 min (Cond.-

_D1); 95% homogenity index; LCMS: Anal. Calc. for [M+H]" C,H; CIN3: 232.06;

found: 232.03. HRMS: Anal. Cale. for [M+H]" C oMy CIN3: 232.0642; found:
232.0631.

Cap-144
Cap-144 was prepared according to the procedure described for Cap-141. R,
= 2.36 min (Cond.-D1); 90%; LCMS: Anal. Calc. for [M+H]" C,H;CIN2O5:
238.01; found: 238.09.
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Caps-145 to 162 were prepared from the appropriate 1-chloroisoquinolines

according to the procedure described for the preparation of Cap-138 (Method A) or

Cap-139 (Method B) unless noted otherwise as outlined below.

Ry (LC-
Cond.);
%
Cap # Cap Method Hydrolysis homogen
eity
index;
MS data
1.14 min
(Cond.-
MS-W1);
90%;
S LCMS:
=N
Cap- COH Anal.
145 Prepared fom B 2N HCI Cale. for
commercially available 1,3- (MY
dichloroisoquinoline C1oH7Cl
NO3:
208.02;
found:
208.00.
SO 1.40 min
Cap- :0 NH (Cond.-
146 Prepare;derom A SN'NaOH oL
95% ;
commercially available 3- LCMS:
hydroxyisoquinoline Anal.
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Cale. for
[M+H]
CilN
Os:
204.07;
found:
204.06.

Cap-
147

o

=
N

GO,H
Prepared from
commercially available 1-
chloro-4-

hydroxyisoquinoline

SN NaOH

0.87 min
(Cond.-
D1);
95%,
LCMS:
Anal.
Calc. for
[M+HT
Ci1HoN
0;:
204.07;
found:
204.05,

Cap-
148

=

~ =N

COzH
Prepared from
commercially available 7-

hydroxyisoquinoline

5N NaOH

0.70 min
{Cond.-
D1},
95%;
LCMS:
Anal.
Calc. for
[M+H]"
CiIypN
O4:
204.07;
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found:
204.05,
0.70 min
{Cond.-
D1);
N 95%:
N LCMS:
Cap- N Anal.
149 o SNNaOH | Calc, for
Prepared from IM+HT
commercially available 5- LN
hydroxyisoquinoline Oy
204.07,
found:
204.05.
0.26 min
(Cond.-
DI)
w i 95%;
Y O, LCMS:
Cap- | Prepared from 8-methoxy- Anal.
150 1-chloroisoquinoline, which 12N HCl Calc. for
can be synthesized [MAH]
following the procedure in CitioN
WO 2003/ 099274 Oy
204.07;
found:
204.04.
Cap- o o 1.78 min
151 _h 12N HCI {Cond.-
O,H D1);
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Prepared from 5-methoxy- 90%;
1,3-dichloroisoguinoline, LCMS:
. which can be synthesized Anal.
following the procedure in Cale. for
WO 2005/ 051410. [M+H]
CyiHeCl
NO;:
238.03;
found:
238.09.
1.65 min
(Cond.-
D1);
O g 95%;
2N LCMS:
Cap- i Anal.
152 Prepared from 12NHCl | Cale. for
commercially available 6- [M+H]*
methoxy-1,3- C1(HyCl
dichloroisoquinoline NOs:
238.00;
found:
238.09.
T 1.18 min
O :N (Cond.-
OyH MS-W1);
Cap-
153 Prepared from 4- 6N HCI 95%;
bromoisoquinoline, which LCMS:
can be synthesized Anal.
following the procedure in Cale. for
WO 2003/ 062241 [M+H]"
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CoH;Br
NO»:
251.97;
found:
251.95.
0.28 min
(Cond.-
MS-W1);
J[:j::j 90%;
E 2N
CO.H L.CMS:
Cap- | Prepared from 7-fluoro-1- Anal.
154 | chloroisoquinoline, which B SNNaOH | Cale. for
can be synthesized [M+H]"
following the procedure in CoHFN
WO 2003/ 099274 0y
192.05;
found:
192.03.
0.59 min
(Cond.-
MS-W1);
> 90%;
¢ o LCMS:
COLH
Cap- Prepared from 1,7- Anal.
155 dichloroisoquinoline, which B SN NaGH Cale. for
can be synthesized [M+H]"
following the procedure in CrothCl
WO 2003/ 099274 NOs:
208.02;
found:
208.00.
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0.60 min
(Cond.-
MS-W1);
G
| ~ 90%:
2N
SoH LCMS:
Cap- Prepared from 1,6 Anal.
156 dichloroisoguinoline, which B 5N NaOH Cale. for
.
can be synthesized [M+H]
following the procedure in CioH,Cl
WO 2003/ 099274 NO::
208.02;
found:
208.03.
1.49 min
(Cond.-
, DI);
g 95%,
7 LCMS:
OH
Cap- Anal.
Prepared from 1,4-
157 B 12N HC! Calc. for
dichloroisoquinoline, N
[M+H]
which can be synthesized
CioH2Cl
following the procedure in
NO:
WO 2003/ 062241
208.02;
found:
208.00.
I 0.69 min
==
Cap- N (Cond.~
158 OzH B 5N NaOH MS-W1);
Prepared from 1,5- 50%;
dichloroisoquinoline, LCMS:
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which can be synthesized ‘ Anal.
following the procedure in Cale. for
WO 2003/ 099274 [M+H]*
CoH4Cl
NOg:
208.02;
found:
208.01,
0.41 min
(Cond.-
- MS-W1);
BN 90%;
7" LCMS:
OH
Cap- Anal.
Prepared from S-fluoro-1-
1359 L B 5N NaOH Calc. for
chloroisoquinoline, .
_ . [M-+H)]
which can be synthesized
_ . CioHyFN
following the procedure in o
WO 2003/ 099274 i
192.05;
found:
192.03.
0.30 min
F. ~ (COT]d.-
N ' MS-W1),
i‘;}; © | Prepared from 6-fluoro-1- 5 N NaOH LCMS:
: - aOF
chloroisoquinoline, Anal.
which can be synthesized Cale. for
following the procedure in (M+H]"
WO 2003/ 099274 C,oH,FN
Oy
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192.05;
found:
192.03.
0.70 min
(Condl.
DI);
~n"
95%,;
x
Z LCMS:
N ScoH
Cap- Prepared from 4- Anal.
161 o - - Cale. for
bromogquinoline-2-
o +H]"
carboxylic acid and (M+H]
dimethylamine (DMSO, CizthisNz
100 °C) Oz
217.10;
found:
217.06.
0.65 min
{Cond.-
M3);
SN
95%;
~o N >co,H °
LLCMS:
Prepared from m-anisidine
Cap- . Anal.
following the procedure
162 o - - Calc. for
described in J. Hetero.
[M+H]"
Chem. 1993, 17 and
CyiHygN
Heterocycles, 2003, 60,
03:
953,
204.07;
found:
203,94,
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Cap-163

OH
OH

O

To a solution of 2-ketobutyric acid (1.0 g, 9.8 mmol) in diethylether (25 m))
was added phenylmagnesium bromide (22 mi, 1M in THF) dropwise. The reaction
was stirred at ~25 °C under nitrogen for 17.5h, The reaction was acidified with 1IN
HCI and the product was extracted with ethyl acetate (3 x 100 ml). The combined
organic layer was washed with water followed by brine and dried over MgSO,. After
concentration in vacuo, a white solid was obtained. The solid was recrystallized from
hexanes/ethyl acetate to afford Cap-163 as white needles (883.5 mg). 'H NMR
(DMSO-dg, § = 2.5 ppm, 500 MHz): 12.71 {br s, 1 H), 7.54-7.52 (m, 2H), 7.34-7.31
(m, 2H), 7.26-7.23 (m, 1), 5.52-5.39 (brs, 1M}, 2.11 (m, 11}, 1.88 (m, 1H), 0.79
(appt, J=7.4 Hz, 3H).

Cap-164
0
CH
N
\

A mixture of 2-amino-2-phenylbutyric acid (1.5 g, 8.4 mmol), formaldehyde
(14 mL, 37% in water), IN HCI (10 mL) and 10% Pd/C (0.5 mg) in MeOH (40 mL)
was exposed to Hj at 50 psi in a Parr bottle for 42 h. The reaction was filtered over
Celite and concentrated in vacuo, the residue was taken up in MeGII (36 mL) and the
product was purified with a reverse phase HPLC (MeOH/H,0/TFA) to afford the
TFA salt of Cap-164 as a white solid (1.7 g). 'H NMR (DMSO-dg, 8 =2.5 ppm, 500
MHz) 7.54-7.47 (m, 5H), 2.63 (m, 1H), 2.55 (s, 6H), 2.31 (m, 1H), 0.95 (app t, J =
7.3 Hz, 3H).
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To a mixture of 2-amino-2-indanecarboxylic acid (258.6 mg, 1.46 mmol) and
formic acid (0.6 ml, 15.9 mmol} in 1,2-dichloroethane (7 mil) was added
formaldehyde (0.6 mi, 37% in water). The mixture was stirred at ~25 °C for 15 min
then heated at 70 °C for 8h. The volatile component was removed in vacuo, and the
residue was dissolved in DMF (14 mL} and purified by a reverse phase HPLC
(MeOH/H,0/TFA) to afford the TFA salt of Cap-165 as a viscous oil (120.2 mg). 'H
NMR (DMSO-dg, 8= 2.5 ppm, 500 MHz): 7.29-7.21 (m, 4 H), 3.61 (d, ] = 17.4 Hz,
2H), 3.50 (d, J = 17.4 Hz, 2H), 2.75 (s, 6H). LC/MS: Anal. Caled. for [M+H]"
C12H1gNOy: 206.12; found: 206.07.

Cap-166a and -166b

°L
Cap-166a: Diastereomer-1

Cap-166bh; Diastereomer-2

;“

Caps-166a and -166b were prepared from (18, 45)-(+)-2-methy}-2,5-
diazabicyclof2.2.1]heptane (2HBr) according to the method described for the
synthesis of Cap-7a and Cap-7b, with the exception that the benzy! ester
intermediate was separated using a semi-prep Chrialcel OJ column, 20 x 250 mm, 10
pm elufing with 85:15 heptane/ethanol mixture at 10 mL/min elution rate for 25 min.
Cap-166b: "H NMR (DMSO-ds, § = 2.5 ppm, 500 MHz): 7.45 (d, J = 7.3 Hz, 2H),
7.27-7.19 (m, 3H), 4.09 (s, 1H), 3.34 (app br s, 1H), 3.16 (app br s, 1H), 2.83 (d,
J=10.1 Hz, 1H), 2.71 (m, 2H), 2.46 (m, 1H), 2.27 (s, 3H), 1.77 (d, ] = 9.8 Hz, 1H),
1.63 (d, ] = 9.8 Hz, 1H). LC/MS: Anal. Calcd. for [M+H]" C14H,N,0;,: 247.14;
found: 247.11.
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Cap-167
N_

OH
8]

A solution of racemic Boc-1,3-dilydro-2I1-isoindole carboxylic acid (1.0g,

3.8 mrﬁol) in 20% TFA/CH,Cly was stired at ~25 °C for 4h. All the volatile

5  component was removed in vacuo. A mixture of the resultant crude material,
formaldehyde (15 mL, 37% in water), 1IN HCI (10 mL} and 10% Pd/C (10 mg) in
MeOH was exposed to H; (40 PS1) in a Parr bottle for 23 h. The reaction mixture
was filtered over Celite and concentrated in vacuo to afford Cap-167 as a yellow
foam (873.5 mg). "H NMR (DMSO-ds, & = 2.5 ppm, 500 MBz) 7.59-7.38 (m, 4H),

10 5.59(s, 1H), 4.84 (d, J = 14 Hz, 1H), 4.50 (d, J = 14.1 Hz, 111), 3.07 (s, 3H), LC/MS:

Anal. Caled. for [M-+-H]" CoH12NO,: 178.09; found: 178.65.

Cap-168
OH
NMEz

0

15 Racemic Cap-168 was prepared from racemic Boc-aminoindane-1-carboxylic
acid according to the procedure described for the preparation of Cap-167. The crude

material was employed as such.

Cap-169

O
OH
N—

20 !
A mixture of 2-amino-2-phenylpropanoic acid hydrochloride (5.0 g, 2.5

mmol), formaldehyde (15 1ﬁ1, 37% in water), IN HCI (15 ml), and 10% Pd/C (1.32 g)
in MeOH (60 mL) was placed in a Parr bottle and shaken under hydrogen (55 PSI) for
4 days. The reaction mixture was filtered through diatomaceous earth (Celite®) and

25  concentrated in vacuo. The residue was taken up in MeOH and purified by reverse
-248 -
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phase prep-HPLC (MeOH/water/TFA) to afford the TFA salt of Cap-169 as a viscous
semi-solid (2.1 g). 'H NMR (CDClL, 8 = 7.26 ppm, 500 MHz): 7.58-7.52 (m, 2 H),
7.39-7.33 (m, 3H), 2.86 (br s, 3H), 2.47 (br s, 311}, 1.93 (s, 3H). LC/MS: Anal.
Caled. for [M+H]" C;1H6NO: 194.12; found: 194,12,

Cap-170

&) O
l\OH
HN YO
0O

To (5)-2-amino-2-(telrahydro-2 H-pyran-4-yl)acetic acid (505mg; 3.18mmol;
obtained from Astatech) in water (15ml) was added sodium carbonate (673mg;

10 6.35mmol), and the resultant mixture was cooled to 0 °C and then methy]
chloroformate (0.26ml; 3.33mmol) was added dropwise over 5 minutes, The reaction
was allowed to stir for 18 hours while allowing the bath to thaw to ambient
temperature. The reaction mixture was then partitioned between 1N HC and ethyl
acetate. The organic layer was removed and the aqueous layer was further extracted

15 with 2 additional portions of ethyl acetate. The combined organic layers were washed
with brine, dried over magnesium sulfate, filtered and concentrated in vacuo to afford
Cap-170 a colotless residue. "H NMR (500 MHz, DMSO-dg)  ppm 12.65 (1 I, br
$), 7.44 (1 H, d, J=8.24 Hz),3.77-395 (3 H, m), 3.54 (311, 5), 3.11 - 3.26 (2 1§, m),
1.82-1.95(1 H, m), 1.41 - 1.55 (2 H, m), 1.21 - 1.39 (2 H, m); LC/MS: Anal. Caled.

20 for [M+H]" CoH ¢NOs: 218.1; found 218.1.

Cap-171
o 9
OLi
HN\fO
e
A solution of methyl 2-(benzyloxycarbonylamino)-2-(oxetan-3-

25  ylidene)acetate (200 mg, 0.721 mmol; Il Farmaco (2001), 56, 609-613) in ethyl
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acetate (7 ml) and CH,Cl; (4.00 ml) was degassed by bubbling nitrogen for 10min.
Dimethyl dicarbonate (0.116 mi, 1.082 mmol) and P&/C (20 mg, 0.019 mmol) were
then added, the reaction mixture was fitted with a hydrogen balloon and allowed to
stit at ambient temperature overnight at which time TLC (95:5 CH,Cl; / MeOH:
visulalized with stain made from 1g Ce(NH,)2SO4, 6g ammonium molybdate, 6m]
sulfuric acid, and 100ml water) indicated complete conversion. The reaction was
filtered through celite and concentrated. The residue was purified via Biotage® (load
with dichloromethane on 25 samplet; elute on 258 column with dichloromethane for
JCV then 0 to 5% MeOH / dichloromethane over 250ml then hold at 5% MeQH /
dichloromethane for 250ml; 9ml fractions). Collected fractions containing desired
material and concentrated fo 120mg (81%) of methyl 2-(methoxycarbonylamino)-2-
(oxetan-3-y)acetate as a colorless oil. 'H NMR (500 MHz, CHLOROFORM-D) &
ppm 3.29 - 3.40 (m, J=6.71 Hz, 1 ) 3.70 (s, 3 H) 3.74 (s, 3 H) 4.55 (t, J=6.41 Hz, 1
H) 4.58 - 4.68 (m, 2 H) 4.67 - 4.78 (m, 2 H) 5.31 (brs, 1 H). LC/MS: Anal. Calcd.
for [M+H]* CgHuNOs: 204.2; found 204.0.

To methyl 2-(methoxycarbonylamino)-2-(oxetan-3-yhacetate (50 mg, 0.246
mmol) in THF (2 mL) and water (0.5 mL) was added lithium hydroxide monohydrate
(10.33 mg, 0.246 mmol). The resultant solution was allowed to stir overnite at
ambient temperature. TLC (1 :1 EA / Hex; Hanessian stain [1g Ce(NH4);SQq, 6g
ammonium molybdate, 6ml sulfuric acid, and 100ml water]) indicated ~10% starting
materia} remaining. Added an additional 3mg LiOH and allowed to slir overnight at
which time TLC showed no starting material remaining. Concentrated in vacuo and
placed on high vac overnite providing 55mg lithium 2-(methoxycarbonylamino)-2-
(oxetan-3-yl)acetate as a colorléss solid. "H NMR (500 MHz, MeOD) & ppm 3.39 -
3.47 (m, 1 H) 3.67 (s, 3 H) 4.28 (d, /=7.93 Hz, 1 H) 4.64 (t, /=6.26 iz, 1 H) 4.68 (t,
J=7.02 Hz, 1 1) 4.73 (d, J=7.63 Hz, 2 H).

Cap-172
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Cap-172, step a

7N "'
cl){‘ o

The following diazotization step was adapted from Barton, A.; Breukelman,
S. P.; Kaye, P. T.; Meakins, G. D.; Morgan, D. 1. J. C. S. Perkin Trans I 1982,
159-164: A solution of NaNO; (166 mg, 2.4 mmol) in water (0.6 mL) was added
slowly to a stirred, cold (0 °C) solution of methyl 2-amino-5-ethyl-1,3-thiazole-4-
carboxylate (186 mg, 1.0 mmol), CuSO45H;0 (330 mg, 1.32 mmol), NaCl (260 mg,
4.45 mmol) and H,SO4 (5.5 mL) in water (7.5 mL). The mixture was stirred at 0 °C
for 45 min and allowed to warm up to room temperature whete it stirred further for 1
h before CuCl (118 mg) was added. This mixture was stirred further at room
temperature for 16 h before it was diluted with brine and extracted with ether twice.
The organic Jayers were combined, dried over MgSQOq and concentrated to give
methyl 2-chloro-5-ethylthiazole-4-carboxylate (i.e. Cap-172, step a) (175 mg, 85%)
as an orange oil (80% pure) which was used directly in the next reaction. R¢=1.99
min (Cond.—MDl); LC/MS: Anal. Caled. for [M+H]" CyHoCINO,S: 206.01; found:
206.05.

Cap-172

To a solution of methy] 2-chioro-5-ethylthiazole-4-carboxylate (175 mg) in
THF/H,0/MeOH (20 mL/ 3 mL/ 12 mL) was added LiOH (305 mg, 12.76 mmol).
The mixture was stirred at room temperature overnight before it was concentrated
down and neutralized with 1NV ICI in ether (25 mL). The residue was extracted twice
with ethyl acetate and the organic layers were combined, dried over MgSQ, and
evaporated to yield Cap-172 (60 mg, 74%) as a red solid which was used without
further purification. 'H NMR (300 MHz, DMSO-dg) § ppm 13.03-13.42 (1 H, m),
316 2H, q,/=74Hz), 1.23 3 H,t,J="7.5 Hz). R;=1.78 min (Cond.-MD1),
LC/MS: Anal. Caled. for [M+I-I]+ CgI-I7C1NOQS: 191.99; found: 191.99.
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Cap-173

The following diazotization step was adapted from Barton, A.; Breukelman,

S. P; Kaye, P. T.; Meakins, G. D.; Morgan, D, 1. J C. 8. Perkin Trans I 1982,
159-164: A solution of NaNO, (150 mg, 2.17 mmol) in water (1.0 mL) was added
dropwise to a stirred, cold (0 °C) solution of methyl 2-amino-5-ethyl-1,3-thiazole-4-

10 carboxylate (186 mg, 1.0 mmol) in 50% H3P0, (3.2 mL). The mixﬁ;re was stirred at
0 °C for 1 h and allowed to warm up to room temperature where it stirred further for
2h, After recooling to 0 °C, the mixture was treated slowly with a solution of NaOH
(85 mg) in water (10 mL). The mixture was then diluted with saturated NaldCO;
solution and extracted twice with ether. The organic layers were combined, dried

15 over Mg8Oy and concentrated to give methyl 5-ethylthiazole-4-carboxylate (i.e. Cap-
173, step a) (134 mg, 78%) as an orange oil (85% pure) which was used directly in
the next reaction. Ry = 1.58 min (Cond.-MD1); LC/MS: Anal. Caled. for [M+H]"
Cq1oNO,S: 172.05; found: 172.05.

20 Cap-173
To a solution of methyl 5-ethylthiazole-4-carboxylate (134 mg) in
THF/H,0/MeOH (18 mL/ 2.7 mL/ 11 mL) was added LiOH (281 mg, 11.74 mmol).
The mixture was stirred at room temperature ovemight before it was concentrated
down and neutralized with 1N HCl in ether (25 mL). The residue was extracted twice
25  with ethyl acetate and the organic layers were combined, dried over MgSQy4 and
evaporated to yield Cap-173 (90 mg, 73%) as an orange solid which was used
without further purification. "tI NMR (300 MHz, DMSO-ds) & ppm 12.74-13.04 (1
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H,m),3.20(2H, q,J=73 Hz), 1.25 3 H, t, J=7.5 Hz). R,=1.27 min (Cond.~
MD1); LC/MS: Anal. Calcd. for [M+H]™ CsHgNO,S: 158.03; found: 158.04.

Cap-174

I

SR
s CH
N

Cap-174, step a

e O804CFy

NN O

Triflic anhydride (5.0 g, 18.0 mmol) was added dropwise to a cold (0 °C)
solution of methy! 3-hydroxypicolinate (2.5 g, 16.3 mmol) and TEA (2.5 mL, 18.0
mmol}) in CH,Cl; (80 mL). The mixture was stitred at 0 °C for 1h before it was
allowed to warm up to room temperature where it stirred for an additional 1 h. The
mixture was then quenched with saturated NaHCOs solution (40 mL) and the organic
layer was separated, washed with brine, dried over MgSQ4 and concentrated to give
methyl 3-(trifluoromethylsulfonyloxy)picolinate (i.e. Cap-174, step a) (3.38 g, 73%)
as a dark brown oil (>95% pure) which was used directly without further purification.

'y NMR (300 MHz, CDC13) § ppm 8.72-8.79 (1 H, m), 7.71 (1 H, d, J= 1.5 Hz),

“7.58-7.65 (1 H, m), 4.04 (3 I, 5). R(=1.93 min (Cond.-MD1}; LC/MS: Anal.

Caled, for [M+H]" CgH,F3NOsS: 286.00; found: 286.08.

Cap-174
To a solution of methyl 3-(triﬂuoromethylsulfony}oxy)picolinaté (570 mg, 2.0
mmol) in DMF (20 mL} was added LiCl (254 mg, 6.0 mmol), tributyl{vinyl}stannane
{761 mg, 2.4 mmol) and bis(triphenylphosphine)palladium dichloride (42 mg, (.06
mmol). The mixture was heated at 100 °C overnight before a saturated solution of
KF (20 mL) was added to the reaction mixture at room temperature. This mixture

was stirred for 4 h before it was filtered through diatomaceous earth ( Ce]ite®) and the
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pad was washed with ethyl acetate. The aqueous phase of the filtrate was then
separated and concentrated down i vacuo. The residue was treated with 4N HCl in
dioxanes (5 mL) and the resulting mixture was extracted with methanol, filtered and
evaporated to afford Cap-174 {260 mg) as a green solid which was slightly
contaminated with inorganic salts but was used without further purification, 'H NMR
(300 MHz, DMSO-dg) 6 ppm 8.21 (1 H, 4, J= 3.7 Hz), ?.81-7.90 (1 H,m), 7.09 (1 H,
dd, J=17.7,4.8 Hz), 6.98 (1 H,dd, J=17.9,11.3 Hz), 5.74 (1 H, dd, /= 17.9, 1.5
Hz), 5.20 (1 H, d,/=11.0 Hz). R;=0.39 min (Cond.-MD1); LC/MS: Anal. Calcd.
for [M+H]" CsHgNO;: 150.06; found: 150.07.

Cap-175

RN
- H
N

Cap-175, step a

|

To a solution of methyl 3-(trifluoromethylisulfonyloxy)picolinate (i.e. Cap
173, step a) (570 mg, 2.0 mmol), an intermediate in the preparation of Cap-174, in
DMF (20 mL) was added LiCl (254 mg, 6.0 mmol), tributyl{vinyl)stannane (761 mg,
2.4 mmol) and bis(triphenylphosphine)pafladium dichloride (42 mg, 0.06 mmof).
The mixture was heated at 100 °C for 4 h before the solvent was removed in vacuo.
The residue was taken up in acetonitrile (50 mL) and hexanes (50 mL) and the
resulting mixture was washed twice with hexanes. The acetonitrile layer was then
separated, filtered through Celite, and evaporated. Purification of 'thc residue by flash
chromatography on a Horizon instrument (gradient elution with 25% ethyl acetate in
hexanes to 65% ethyl acetate in hexanes) afforded methy) 3-vinylpicolinate (i.e. Cap-
175, step ) (130 mg, 40%) as a yellow oil. "H NMR (300 MHz, CDCLs) & ppm 8.60

(1 H,dd, J=4.6, 1.7 Hz), 7.94 (1 H, d, J= 7.7 Hz), 7.33-7.51 (2 H, m), 5.72 (1 H, d,
- 254 -
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J=172Hz),547 (1 H,d,J=11.0 Hz), 3.99 3 H, 5). R¢= 1.29 min (Cond-MD1);
LC/MS: Anal. Caled. for [M+H]" CoH gNO,: 164.07; found: 164,06,

Cap-175, step b

Palladium on carbon (10%, 25 mg) was added to a solution of methyl 3-
vinylpicolinate (120 mg, 0.74 mmol) in ethanol (10 mL). The suspension was stirred
at roomn temperature under an atmosphere of hydrogen for 1 h before it was filtered
through Celite and the pad of diatomaceous earth (Ce]ite®) was washed with
methanol. - The filtrate was concentrated down to dryness to yield methyl 3-
ethylpicolinate (i.e. Cap-175, step b) which was taken directly into the next reaction.

Ry= 1.15 min (Cond.-MD1); LC/MS: Anal. Caled. for [M+H]+ CoH;sNO,: 166.09;
found: 166.09.

Cap-175

To a solution of methy! 3-ethylpicolinate in THF/H,O/MeOH (5 mL/ 0.75
mL/ 3 mL) was added LiOH (35 mg, 1.47 mmol). The mixture was stirred at room
temperature for 2 d before additional LiOH (80 mg) was added. After an additional
24 h at room temperature, the mixture was filtered and the solvent was removed in
vacuo. The residue was then treated with 4N HC! in dioxanes (5 mL) and the
resulting suspension was concenirated down to dryness to yield Cap-775 as a yellow
solid which was used without forther purification. 'H NMR (300 Mz, DMSO-dg) 8
ppm 8.47 (1 H, dd, /=48, 1.5 Hz), 7.82-7.89 (1 H, m), 7.53 (1 H, dd, /= 7.7, 4.8
Hz),2.82(2H,¢,J=73Hz),1.17 3 H,t,J="7.5 Hz). R;=0.36 min (Cond.-MD1);
LC/MS: A.ngl. Caled. for [M+H]" CgH1gNO;: 152.07; found: 152.10,

Cap-176
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Cap-176, step a
00
. 7 }N{/K/O\Q '
S

A solution of 1,4-dioxaspiro[4.5}decan-8-one (15 g, 96 mmol) in EtOAc (150
mL) was added to a solution of methyl 2-(benzyloxycarbonylamine)-2-
(dimethoxyphosphoryl)acetate (21.21 g, 64.0 mmol) in 1,1,3,3-tetramethylguanidine
(10.45 mL, 83 mmol) and EtOAc (150 mL). The resulting solution was the stirred at
ambient temperature for 72 h and then it was diluted with EtOAc (25 mL). The
organic layer was washed with 1N HC1 (75 mL), H,0 (100 mL) and brine (100 mL),
dried (MgS0Oy), filtered and concentrated. The residue was purified via Biotage (5%
to 25 % EtOAc/Hexanes; 300g column). The conibined fractions containing the
product were then concentrated under vacuum and the residue was re-crystallized
from hexane$/EtOAc to give white crystals that corresponded to methyl 2-
(benzyloxycérbonylamino)—}(1,4-d1'0xaspiro[4.5]decan-8-ylidene)acetatc 622 'H
NMR (400 MHz, CDCl3-d) d ppm 7.30 - 7.44 (5 H, m), 6.02 (1 H, br. 8.), 5.15 (2 H,
5),3.97 (4 H,s),3.76 (3H, br. 5.),2.84-2.92 (2 H, m), 2.47 (2 H, t, J/=6.40 Hz),
1.74 - 1.83 (4 H, m). LC (Cond. OL1): R,=2.89 min. LC/MS: Anal. Caled. For
[M+Na]" CyoH»NNaOg: 745.21; found: 745.47.

Cap 176, step b
0.0 0/\@
N/&O
O H

¢

- 256 -



WO 2010/117635 PCT/US2010/028456

10

15

20

25

Ester Cap 176, step b was prepared from alkene Cap 176, step a according to
the method of Burk, M. J,; Gross, M. F. and Martinez J. P. (J. Am. Chem. Soc.,
1995, 117, 9375-9376 and references therein): A 500 mL high-pressure bottle was
charged with alkene Cap 176, step a (3.5 g, 9.68 mmol) in degassed MeOH (200 mL)
under a blanket of N3. The solution was then charged with (-)-1,2-Bis((25,55)-2,5-
dimethylphospholano)ethane(cyclooctadiene)rhodium (1) tetrafluoroborate (0.108 g,
0.194 mmol) and the resulting mixture was flushed with N; (3x) and charged with Ha
(3x). The solution was shaken vigorously under 70 psi of I; at ambient temperature
for 72 h. The solvent was removed under reduced pressure and the remaining residue
was taken up in EtOAc. The brownish solution was then filtered through a plug of
Silica Gel and eluted with EtOAc. The solvent was concentrated under vacuum to
afford a clear oil corresponding to ester Cap 176, step b (3.4 g) .'H NMR (500 MHz,
CDCl3-d) & ppm 7.28 - 7.43 (5 H, m), 5.32 (1 H, d, ./=9.16 12), 5.06 - 5.16 (2 H, m),
4.37 (1 H, dd, J=9.00, 5.04 Hz), 3.92 (4 H, t, J=3.05 Hz), 3.75 (3 H, 5), 1.64 - 1.92 (4
H, m), 1.37 - 1.60 (5 H, m). LC (Cond. OL1): R,=1.95 min. LC/MS: Anal. Calcd.
For [M+H]" C1oHNOg: 364.18; found: 364.27.

Cap 176, step ¢
0.0 o
L0
Q

Ester Cap 176, step b (4.78 g, 13.15 mmol) was dissolved in THF (15 mL)
followed by sequential addition of water (10 mL), glacial acetic acid (26.4 mL, 460
mmol) and dichioroacetic acid (5.44 ml., 65.8 mmol). The resulting mixture was
stirred for 72 h at ambient temperature, and the reaction was quenched by slow
addition of solid Na;CO; with vigorous stirring until the release of gas was no longer
visible, Crude product was extracted into 10% ethyl acetate-dichloromethane and the
organic layers were combined, dried (MgS0,) filtered and concentrated. The
resulting residue was purified via Biotage {0 to 30% EtOAc/Hex; 25 g column) to
afford ketone Cap 176, step ¢ (3.86g) as a clear oil. 'H NMR (400 MHz, CDCli-d) 8

ppm 7.28 - 7.41 (5§ H, m), 5.55 (1 H, d, /=8.28 Hz), 5.09 (2 I, s), 4.46 (1 H, dd,
-257 - '
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J=8.16, 5.14 Hz), 3.74 (3 H, 5), 2.18 - 2.46 (5 H, m), 1.96 - 2.06 (1 H, m), 1.90 (1 H,
ddd, J=12.99, 5.96, 2.89 Hz), 1.4 - 1.68 (2 H, m, /=12.36, 12.36, 12.36, 12.36, 4.77
Hz). LC (Cond. OL1); Ry=1.66 min. LC/MS: Anal. Caled. For [M+Na]"'
C17Hz:NNaOs: 342.13; found: 342.10,

Cap 176, step d

_0._.0 o/\©
F E‘/&O

F

Deoxo-Fluor® (3.13 mL, 16.97 mmol) was added to a solution of ketone Cap

176, step ¢ (2.71 g, 8.49 mmo!l) in CH,Cl; (50 mL) followed by addition of a catalytic
ammount of EtOH (0.149 ml., 2.55 mmol). The resulting yellowish solufion was
stirred at rt overnight. The reaction was quenched by addition of sat. aq. NaHCO,
(25 mL) and the mixture was extracled with RtOAc (3X75 mL)). The combined
organic layers were dried (MgSOy), filtered and dried to give a yellowish oil. The
residue was purified via Biotage chromatography (2% to 15% EtOAc/Hex; 90g
column) and a white solid corresponding to the difluoro amino acid dilforide Cap
176, step d (1.5 g) was recovered. 'H NMR (400 MHz, , CDCl3-d) & ppm 7.29 -
7.46 (5 H, m), 5.34 (1 H, d, /=8.28 11z), 5.12 (2 H, s), 4.41 (1 H, dd, /=8.66, 4.89
Hz),3.77 (3 H,s),2.06-2.20 (2 H, m), 1.83 - 1.98 (1 H, m), 1.60 - 1.81 (4 H, m),
1.38 - 1.55 (2 {1, m). ""F NMR (376 MHz, CDCls-d) 8 ppm -92.15 (1 F, d, J=237.55
Hz), -102.44 (1 F, d, J=235.82 Hz). LC (Cond. OL1): Ry=1.66 min. LC/MS: Anal.
Calcd. For [2M+Na]" CisHy,F4N,NaQy: 705.28; found: 705.18.

Cap 176, step e
0.0
NH,

F
F

Difluoride Cap 176, step d (4 g, 11.72 mmel) was dissolved in MeOH (120
mL) and charged with Pd/C (1.247 g, 1.172 mmol). The suspension was flushed with
- 258 -
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N, (3x) and the reaction mixture was placed under 1 atm of Hj (balloon), The
mixture was stirred at ambient temperature for 48 h, The suspension was then
filtered though a plug of Celite and concentrated under vacuum to give an oil that
corresponded to amino acid Cap 176, step e (2.04 g) and that was used without
further purification. "H NMR (400 MHz, DMSO-ds) 8 ppm 3.62 (3 H, 5), 3.20 (1 I,
d, J=5.77 Hz), 1.91 - 2.09 (2 H, m), 1.50 - 1.88 (7 H, m), 1.20 - 1.45 2 H, m). "F
NMR (376 MHz, DMSO-ds) 6 ppm -89.39 (1 F, d, /=232.35 Hz), -100.07 (1 F, 4,
J=232.35 Hz). PCNMR (101 MHz, DMSO-ds) & ppm 175.51 (1 C, 5), 124.10(1 C,
t, /=241.21, 238.90 Hz), 57.74 (1 C, 5), 51.39 (1 C, 5), 39.23 (1 C, br. 5.),32.02 -
33.83 (2 C, m), 25.36 (1 C, d, /=10.02 Hz), 23.74 (1 C, d, /=9.25 Hz). L.C (Cond.
OL2): R¢=0.95 min. LC/MS: Anal. Caled. For [2M+H]" CigH3 FyN2Oy: 415.22;
found: 415.40.

Cap 176, step f

OO0 o

-

N~ O
F H
F
Methyl chloroformate (1.495 mL, 19.30 mmol) was added to a solution of
amino acid Cap 176, step e (2 g, 9.65 mmol) and DIEA (6.74 mL, 38.6 mmol) in
CH,Cl; (100 mL). The resulting solution was stitred at rt for 3 h and volatiles were
removed under reduced pressure. The residue was purified via Biotaéc (0% to 20%
EtOAc/Hex; 90g column). A clear oil that solidified upon standing under vacuum
and corresponding to carbamate Cap-176, step f(2.22 g) was recovered. "M NMR

(500 MHz, CDCls-d) & ppm 5.27 (1 H, d, J=8.55 z), 4.39 (1 H, dd, J=8.85, 4.88

Hz), 3.77 (3 1, 5), 3.70 (3 H, 8), 2.07 - 2.20 (2 H, m), 1.84 - 1.96 (1 H, m), 1.64 - 1.82

(4 H, m), 1.39 < 1,51 (2 H, m). ’FNMR (471 MHz, CDCl3-d) 8 ppm -92.55 (1 F, 4,
J=237.13 Hz), -102.93 (1 F, d, /=237.12 Hz). *C NMR (126 MHz, CDCl3-d) § ppm
171.97 (1 C, 5), 156.69 (1 C, 5), 119.77 - 125.59 (1 C, m), 57.24 (1 C, br. 5.), 52.48
(1C,br. s.), 5243 (1C,s),39.15( C,5),32.50-33.48 (2C,m), 2530 (1 C, d,

-259 -
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J=9.60 Hz), 24.03 (1 C, d, /=9.60 Hz). LC (Cond. OL1): R¢=1.49 min. LC/MS:
Anal. Caled. For [M+Na]" C;1Hy7F;NNaO4: 288.10; found: 288.03,

Cap-176

A solution of LIOH (0.379 g, 15.83 mmol} in Water (25 mL) was added to a
solution of carbamate Cap-176, step £(2.1 g, 7.92 mmol) in THF (75 mL) and the
resulting mixture was stirred at ambient temperature for 4 h. THF was removed under
vacuyum and the remaining aqueous phase was acidified with 1N HCI solution (2 mL)
and then extracted with EtOAc (2 X 50 mL). The combined organic layers were dried
(MgS0,), filtered and concentrated to give a white foam corresponding to Cap-176
(1.92 g). "H NMR (400 MHz, DMSO-ds) 8 ppm 12.73 (1 H, 5), 7.50 (1 H, d, J=8.78
Hz), 3.97 (1 1, dd, /~8.53, 6.02 Hz), 3.54 (3 1, 5), 1.92 - 2.08 (2 H, m), 1.57 - 1.90 (5
H, m), 1.34 - 1.48 (1 H, m), 1.27 (1 H, qd, J=12.72, 3.26 Hz). '’F NMR (376 MHz,
DMSO-dg) 8 ppm -89.62 (1 F, d, /=232.35 Hz), -99.93 (1 F, 4, /=232.35 Hz). LC
(Cond. OL2): R/=0.76 min. LC/MS: Anal. Calcd. For [M-H]' C;OH14F2N04:
250.09; found: 250.10.

BIOLOGICAL ACTIVITY

An HCV Replicon assay was utilized in the present disclosure, and was
prepared, conducted and validated as described in commonly owned
PCT/US2006/022197 and in O'Boyle et. al. Antimicrob Agents Chemother. 2005
Apr;49(4):1346-53. Assay methods incorporating luciferase reporters have also been
used as described (Apath.com).

HCV.neo replicon cells and replicon cells containing mutations in the NS5A
region were used fo test the currently described family of compounds. The
compounds were determined to have more than 10-fold less inhibitory activity on
cells containing mutations than wild-type cells. Thus, the compounds of the present
disclosure can be effective in inhibiting the function of the HHCV NS5A protein and
are understood to be as effective in cormbinations as previously described in
application PCT/US2006/022197 and commonly owned WO/04014852. Further, the

compounds of the present disclosure can be effective against the HCV 1b genotype.
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It should also be understood that the compounnds of the present disclosure can inhibit

multiple genotypes of HCV. Table 2 shows the ECsq (Effective 50% inhibitory

concentration) values of representative compounds of the present disclosure against

the HCV 1b genotype. In one embodiment, compounds of the present disclosure are

inhibitory versus la, 1b, 2a, 2b, 3a, 4a, and 5a genotypes. ECs values against HCV

1b are as follows A (10-350 nM); B (1-9.9 nM); C (0.1-0.99 nM); D (0.002-0.099

nM).

Compound
No.

Ib EC50
- (nM)

Range

Name

OL-1

(1R)-2-((28)-2-(4-(4-(4-(2-((25)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)- 1 H-imidazol-5-yl)phenoxy)
phenyl)-1H-imidazol-2-y1)-1-pyrrolidinyl)-N,N-

dimethyl-2-oxo0-1-phenylethanamine

OL-2

9.1

(IR)-2-{(25)-2-(4-(4-(4-(2-((2S)-1-((2R)-2-
hydroxy-2-phenylacetyl)-2-pyrrolidinyl)-1 H-
imidazol-5-yl)phenoxy)phenyl)- 1 H-imidazol-2-
yh)-1-pyrrolidinyl)-2-oxo-1-phenylethanol

OL-3

dimethyl (oxybis{4,1-phenylene-1H-imidazole-
4,2-diyl(28)-2,1-pyrrolidinediyl{{1R)-2-ox0-1-
phenyl-2,1-ethanediyl)))biscarbamate

Ol-4

0.07

(IR)-2-((25)-2-(4-(3-(4-(2-((25)-1-((2R)-2-
{dimethylamino)-2-phenylacetyl)-2-
pyrrolidinyl}-1 H-imidazol-4-yl)phenoxy)
phenyl)-1H-imidazol-2-y1)-1-pyrrolidinyl)-N,N-

dimethyl-2-oxo-1-phenylethanamine

OL-5

80

(1R)-2-((28)-2-(4-(3-(4-(2-((28)-1-((2R)-2-
hydroxy-2-phenylacetyl)-2-pyrrolidinyl)-1H-
imidazol-4-yl)phenoxy)phenyl)-1H-imidazol-2-
yl)-1-pyrrolidinyl)-2-oxo-1-phenylethanol
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Compound
No.

1b ECS0
(nM)

Range

Name

OL-6

methyl (1 R)-2-((28)-2-(4-(3-(4-(2-((28)-1-
((2R)-2-((methoxycarbonyl)amino)-2-
phenylacetyl}-2-pyrrolidinyl)-1H-imidazol-4-
yl)phenoxy)phenyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate

OL-7

(1R)-2-((28)-2-(4-(4-((4-(2-((2S)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-imidazol-4-yl)benzyl)oxy)
phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)-N,N-

dimethyl-2-oxo-1-phenylethanamine

OL-8

methyl ((1R)-2-((28)-2-(4-(4-((4-(2-((2S5)-1-
((2R)-2-((methoxycarbonyl)amino)-2-
phenylacetyl)-2-pyrrolidinyl)-1 H;imidazo! -4-
ylbenzyhoxy)phenyl)- 1 H-imidazol-2-y1)-1-
pyrrolidinyl)-2-0x0-1-phenylethyl)carbamate

OL-9

(1R)-2-((28)-2-(4-(4-(2-(3-(2-((25)-1((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)-1 H-imidazol-5-ylphenyl)ethyl)
phenyl)-1H-imidazol-2-yI)-1-pyrrolidinyl}-N,N-

dimethyl-2-oxo-1-phenylethanamine

0I-10

(IR,1'R)-2,2"-(1,2-ethanediylbis(4,1-phenylene-
1H-imidazole-4,2-diyl(25)-2,1-
pyrrolidinediyl})bis(2-0xo-1-phenylethanol)

OL-11.

dimethyl (1,2-ethanediylbis(4,1-phenylene-1H-
imidazole-4,2-diyl(2S)-2,1-pyrrolidinediyl
((1R)-2-oxo0-1-phenyi-2,1-ethanediyl)})

biscarbamate
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Compound
No.

1b EC50
(M)

Range

Name

OL-12

N',N"'-(1,2-ethanediylbis(4,1-phenylene-1H-
imidazole-4,2-diyl(25)-2,1-pyrrolidinediyi
((1R)-2-oxo-1-phenyl-2,1-ethanediy])))bis(1-

ethylurea)

OL-13

1-cyclopentyl-3-((1R)-2-((28)-2-(4-(4-(2-(4-(2-
((ZS)—1—((2R}—2—((cycio;aentylcarbamoy].)
amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
imidazol-5-yl)phenylethyl)phenyl)-1H-
imidazol-2-y1)-1-pyrrolidinyl)-2-oxo-1-
phenylethyljurea

OL-14

(IR}-2-((28)-2-(4-(4-(((4-(2-((25)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-imidazol-5-ybenzyloxy)
methyl)phenyl}-1H-imidazol-2-y1)-1-
pyrrolidinyl)-N,N-dimethyl-2-oxo-1-

phenylethanamine

OL-15

1.1

(1R)-2-((28)-2-(4-(4-(((4-(2-((28)-1-((2R)-2-
hydroxy-2-phenylacetyl)-2-pyrrolidinyl)-1H-
imidazol-5-yhbenzyl)oxy)methyl)phenyl)-1H-
imidazol-2-y)-1-pyrrolidinyl)-2-oxo-1-
phenylethanol

OL-16

dimethyl (oxybis(methylene-4,1-phenylene-1H-
imidazole-4,2-diy}(28)-2,1-pyrrolidinediyl
{(1R)-2-0x0-1-phenyl-2,1-ethanediyl)))

biscarbamate
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Compound

No.

1b EC50
(nM)

Range

Name

OL-17

[-methyl-3-((1R)-2-((28)-2-(4-(4-(((4-(2-((29)-
1-((2ZR)-2-({methylcarbamoyl)amino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-imidazol-5-
yl)benzyl)oxy)methyl)phenyl)-1H-imidazol-2-
yl)-1-pyrrolidinyl)-2-ox0- 1 -phenylethylJurea

OL-18

1-ethyl-3-((1R)-2~((28)-2-{4-(4-(({(4-(2-({28)-1-
((2R)-2-((ethylcarbamoyl)amino)-2-
phenylacetyl)-2-pyrrolidinyl)-1 H-imidazol-5-
vl)benzyl)oxy)ymethyl)phenyl)-1H-imidazol-2-
yD)-1-pyrrolidinyl}-2-0xo0-1-phenylethyl)urea

OL-19

1-cyclopentyl-3-((1R)-2-((28)-2-(4-(4-({(4-(2-
((2S)-1-((2R)-2-{{cyclopentylcarbamoyl)
amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
imidazol-5-yl)benzyl)oxy)methyl)phenyl)-1 H-
imidazol-2-yl)-1-pyrrolidinyl)-2-oxo0-1-
phenylethyljurea

01.-20

(1R)-2-((25)-2-(4-(3-(((4-(2-((28)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-imidazol-4-yhbenzyl)oxy)
methyDphenyl)-1H-imidazol-2-yl)-1-
pyrrolidiny])-N,N-dimethyl-2-oxo-1-

phenylethanamine

OL-21

(IR)-2-((25)-2-(4-(3-(((4-(2-((25)-1-((2R)-2-
hydroxy-2-phenylacetyl)-2-pyrrolidinyt)-1H-
imidazol-4-yDbenzyl)oxy)methyl)phenyl)-11H-
imidazol-2-yl)-1 -pyrrblidinyl)-Z-oxo-l -

phenylethanol
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Compound

No.

15 ECS0
(nM)

Range

Namme

OL-22

(methyl ((1R)-2-((28)-2-(4-(3-(((4-(2-((2S)-1-
((2R)-2-((methoxycarbonyl)aming)-2-
phenylacetyl)-2-pyrrolidinyl)- 1H-imidazol-4-
ybenzyl)oxyymethyl)phenyl)-1H-imidazol-2-
yI)-1-pyrrolidiny)-2-0x0-1-
phenylethyl)carbamate

OL-23

1-methyl-3-((1R)-2-((28)-2-(4-(3-({(4-(2-((28S)-
1-((2R)-2-((methylcarbamoyl)amino)-2-
phenylacetyl)-2-pyrrolidiny])-1H-imidazol-4-
ylbenzyDoxy)methyl)phenyl)-1H-imidazol-2-
yl)-1-pyrrolidinyl)-2-oxo-1-phenylethyl)urea

OL-24

1-ethyl-3-((1R)-2-((28)-2-(4-(3-(((4-(2-((28)-1~
((2R)-2-((ethylcarbamoylamino)-2-
phenylacetyl)-2-pyrrolidinyt)-1H-imidazol-4-
yhbenzyl)oxy)methyl)phenyl)-1H-imidazol-2-
yi)-1-pyrrolidinyl)-2-oxo-1-phenylethyl)urea

OL-25

1-cyclopentyl-3-((1R)-2-((28)-2-(4-(3-(((4-(2-
((28)-1-((2R)-2-((cyclopentylcarbamoyl)
amino)-2-phenylacetyl)-2-pyrrolidinyl)-111-
imidazol-4-ylhenzyl)oxy)methyl)phenyl)-1H-
imidazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-
phenyiethyljurea

D

dimethy! (1,1':4',1"-terphenyl-4,4"-diylbis(1H-
imidazole-4,2-diyl(25)-2,1-pyrrolidinediyl
((1R)-2-ox0-1-phenyl-2, 1-ethanediyi)))

biscarbamate
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Compound
No.

1b 3C50
(nM)

Range

Name

D-2

{1R)~2-((28)-2-(4-(4"-(2-((2S)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-imidazol-5-yl)-1,1":4',1"-
terphenyl-4-yl)-1H-imidazol-2-yl)-1-
pyrrolidinyl)-N,N-dimethyl-2-ox0-1-

phenylethanamine

0.006

methyl ((1S)-1-({((28)-2-(4-(4-((2-((25)-1-((2S)-
2-((methoxycarbonylamine)-3-
methylbutanoyl}-2-pyrrolidinyl)-4,5-dihydro-
1H-naphtho{1,2-d}imidazol-7-
yhethynyl)phenyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl}carbonyl)-2-

methylpropyl)carbamate

D-4

methyl ((1R)-2-((28)-2-(4-(4-((2-((28)-1-((2R)-
2-((methoxycarbonyl)amino)-2-phenylacetyl)-2-
pyrrolidinyl)-4,5-dihydro-1H-naphtho[1,2-
d]imidazol-7-yDethynyl)phenyl)-11{-imidazol-
2-yD)-1-pyrrolidiny?}-2-oxo-1-~
phenylethyl)carbamate

methyl ((1R)-2-((28)-2-(7-((4-(2-((28)-1-((2R)-
2-((methoxycarbonyl)amino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-imidazol-4-yl)phenyl)ethynyl)-
1H-naphtho{1,2-d}imidazol-2-y1)-1-
pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate
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Compound
No.

1b EC50
(M)

Range

Name

methyl ((18)-1-(((28)-2-(4-(4-((2-((28)-1-((2S)-
2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-pyrrolidinyl)-1H-
naphtho[1,2-d]imidazol-7-yl)ethynyl)phenyl)-
1H-imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

D-7

methyl ((18)-1-(((1R,38,5R)-3-(4-(4-((2-
((1R,3S,5R)-2-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-
2-azabicyclof3.1.0]hex-3-yl)-1H-naphthof 1,2~
d]imidazol-7-ylethynyl)phenyl)- 1 I1-imidazol-
2-yb)-2-azabicyclo{3.1.0thex-2-yl)carbonyl)-2-
methylpropy))carbamate

D-8

0.005

methyl ((1R)-2-((1R,38,5R)-3-(7-((4-(2-
((1R,38,5R)-2-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-
azabicyclo{3.1.0]hex-3-yl)-1H-imidazol-4-
yl)phenyl)ethynyl)-1H-naphthof 1,2-d]imidazol-
2-y])-2-azabicyclo[3.1.0]hex-2-yI)-2-0x0-1-
phenylethyl)carbamate

D-9

methy! ((18)-1-(((1R,38,5R)-3-(7-((2-
((1R,3S,5R)-2-{(2S)-2-
{((methoxycarbonyl)amino)-3-methylbutanoyl)-
2-azabicyclo[3.1.0]hex-3-y1)-4,5-dihydro-1H-
naphtho[1,2-dJimidazol-7-yljethynyl)-4,5-
dihydro-1H-naphtho[1,2-d)imidazol-2-yl)-2-
azabicyclo[3.1.0]hex-2-yh)carbonyl)-2-
methylpropyl)carbamate
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Compound
No.

1b EC50
(nM)

Range

Name

D-10

methyl ((18)-1-(((1R,38,5R)-3-(7-((2-((38)-2-
((28)-2-{(methoxycarbonyl)amino)-3-
methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-yl)-

1H-naphtho[1,2-d]imidazol-7-y)ethynyl)-1H- .

naphtho[1,2-d}imidazol-2-yl)-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-
methylpropyl)carbamate

D-11

methyl ((1S)-2-((1R,3S,5R)-3-(7-((2-
((1R,38,5R)-2-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-
2-azabicyclo{3.1.0Thex-3-y1)-1H-naphtho[1,2-
dlimidazol-7-yDethynyl)-1H-naphtho[1,2-
d)imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-yl)-
2-oxo-1-(tetralrydro-2H-pyran-4-
yDethyl)carbamate

M1

methyl ((18)-1-(((25)-2-(4-(4-((4-(2-((2S)-1-
((2S)—Z-((methoxycarbonyl)amino)-3»
methylbutanoyl)-2-pyrrolidinyl)- 1H-imidazol-4-
yhphenyl)ethynyl)phenyl)- 1 H-imidazol-2-yh)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)

carbamate

M2

0.24

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-
imidazole-4,2-diyl(2S)-2,1 -pyrrolidinediyl
((1R)-2-0x0-1-phenyl-2,1-ethanediyl)))

biscarbamate

M2.1

dimethyl (1 ,2—ethyncdiy1bisf4, 1-phenylene-1H-
imidazole-4,2-diyl(25)-2,1-pyrrolidinediyl((1S)-
2-oxo-1-(tetrahydro-2H-pyran-4-yl)-2,1-
ethanediyl)))biscarbamate

- 268 -
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Compound
No.

16 EC50
(nM)

Range

Name

M3

methy! ((18)-1-(((1R,38,5R)-3-(4-(4-((4-(2-
((1R,38,5R)-2-((28)-2-((methoxycarbonyl)
amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]
hex-3-yl)-1H-imidazol-4-yl)phenyl)ethynyl)
phenyl)-1H-imidazol-2-y1}-2-azabicyclo[3.1.0]
hex-2-yh)carbonyl)-2-methylpropyl)carbamate

M4

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-
imidazole-4,2-diyl(1R,38S,5R)-2-azabicyclo
[3.1.0Thexane-3,2-diyl((25)-1-0x0-1,2-
butanediyi)))biscarbamate

M5

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-
imidazole-4,2-diyl(1R,3S,5R)-2-azabicyclo
[3.1.0]hexane-3,2-diyl{(1S)-1-cyclobutyl-2-oxo-
2,1-ethanediyl)))biscarbamate

M6

0.0033

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-
imidazole-4,2-diyl(1R,3S,5R)-2-azabicyclo
[3.1.0)hexane-3,2-divi((1S)-2-0x0-1~
(tetrahydro-2H-pyran-4-yl)-2,1-
ethanediyl)))biscarbamate

M7

methyl ((18)-1-(((1R,3S,5R)-3-(4-(4-((4-(2-
((1R,38,5R)-2-((25)-2-((methoxycarbonyl)
amino)-2-(tetrahydro-2H-pyran-4-yl)acetyl)-2-
azabicyclo[3.1.0Thex-3-yl)-1 H-imidazol-4-
yhphenyhethynyl)phenyl)-1H-imidazol-2-yl)-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-

methylpropyljcarbamate
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Compound
No.

1b EC50
(nM)

Range

Name

M8

methyl ((18)-1-(((1R,38,5R)-3-(4-chloro-5-(4-
((4-(2-((1R,3S,5R)-2-((25)-2-
{{methoxycarbonyl)amino)-3-methylbutanoyl)-
2-azabicyclo[3.1.0]hex-3-y]}-1H-imidazol-4-
yhphenyl)ethynyl)phenyl)- 1 H-imidazol-2-y1)-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-
methylpropyl)carbamate

M9

methyl ((18)-1-({(1R,38,5R)-3-(4-chloro-5-(4-
((4-(4-chloro-2-((1R,38,5R}-2-((28)-2-
{({methoxycarbonyl)amino)-3-methylbutanoyl)-
2-azabicyclo[3.1.0Thex-3-y1)-1H-imidazol -5~
yhphenyljethynyl)phenyl)-1H-imidazol-2-yt)-2-
azabicyclo[3.1.0Thex-2-yl)carbonyl)-2-
methylpropyl)carbamate

MO.1

methyl ((18)-2-((1R,38,5R)-3-(4-(4-((4-(4-
chloro-2-((1R,3S,5R)-2-((25)-2-
{(methoxycarbonyl)amino)-2-(tetrahydro-2H-
pyran-4-ylacetyl}-2-azabicyelo[3.1.0Thex-3-y1)-
[ H-imidazol-5-yl)phenyl)ethynyl)phenyl)-1H-
imidazol-2-y1)-2-azabicyclo{3.1.0fhex-2-y1)-2-
oxo-1-(tetrahydro-2H-pyran-4-
yDethyhcarbamate

M9.2

dimethyl (1,2-ethynediylbis(4,1-phenylene(4-
chloro-1H-imidazole-5,2-diyl}{(1R,3S,5R)-2-
azabicyclo[3.1.0)hexane-3,2-diy}{(1S)-2-0x0-1-
{tetrahydro-2H-pyran-4-y1)-2,1-

ethanediyl)))biscarbamate
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Compound
No.

1b BC50
(nM)

Range

Name

MS%.3

methyl ((18)-1-(((1R,3S,5R)-3-(4-(4-((18,28)-
2-(4-(2-((1R,38,5R)-2-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-
2-azabicyclo[3.1.0Thex-3-yI)-1H-imidazol-4-
yhphenyl)cyclopropylphenyl)-1H-imidazol-2-
y1)-2-azabicyclof3.1.0]hex-2-yl)carbonyl)-2-
methylpropyl)carbamate

MS.4

dimethyl ({18,28)-1,2-cyclopropanediylbis(4,1-
phenylene-1H-imidazole-4,2-diyl(1R,3S,5R)-2-
azabicyclo[3.1.0]hexane-3,2-diyl{((1S)-2-oxo0-1-
(tetrahydro-2H-pyran-4-y1)-2,1-
cthanediyl)))biscarbamate

MS.5

methyl ((18)-1-(((1R,3S,5R)-3-(4-(4-((1R,2R)~
2-(4-(2-((1R,38,5R)-2-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-
2-azabicyclo[3.1.0Thex-3-yl)-1H-imidazol-4-
yDphenyheyelopropyl )phenyl)-1H-imidazol-2-
yl)-2-azabicyclo[3.1.0}hex-2-yl)carbonyl)-2-

methylpropyl)carbamate

M9.6

dimethyl ((1R,2R)-1,2-cyclopropanediylbis(4,1-
phenylene-1H-imidazole-4,2-diyl(1R,38,5R)-2-
azabicyclo[3.1.0Thexane-3,2-diyl({1S)-2-ox0-1-
(tetrahydro-2H-pyran-4-yl)-2,1-
cthanediyl)))biscarbamate
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Compound
No.

ib BC50
(nM)

Range

Name

M9.7

methyl ((18)-1-(((2S,48)-2-(4-(4-((15,28)-2-(4-
(2-((25,45)-1-((28)-2-~
((methoxycarbonyl)amino)-3-methylbutanoyl)-
4-methyl-2-pyrrolidinyl)-1H-imidazol-4-
yl)phenyl)cyclopropylphenyl)-1H-imidazol-2-
yl)-4-methyi-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

M9.8

dimethyl ((18,28)-1,2-cyclopropanediylbis(4,1-
phenylene-1H-imidazole-4,2-diyl((2S,4S)-4-
methyl-2,1-pyrrolidinediyl)((18)-2-ox0-1-
(tetrahydro-2H-pyran-4-y1)-2,1-

ethanediyl}))biscarbamate

M10

methyl ((18)-1—(((2S,58)-2-(4—(4—.((4-(2-
((28,59)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-5-methyl-2-pyrrolidinyl)-1 H-
imidazol-4-yl)phenyl)ethynylphenyl)-1H-
imidazol-2-yl}-5-methyl-1-pyrrolidinyl)
carbonyl)-2-methylpropyl)carbamate

M1l

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-
imidazole-4,2-diyl ((23,5S)-5-methyl-2,1-
pyrrolidinediyl)((28)-1-oxo0-1,2-butanediyl)})

biscarbamate

M12

dimethy! (1,2-ethynediylbis(4,1-phenylene-1H-
imidazole-4,2-diyl{(28,5S)-5-methyl-2,1-
pyrrolidinediyl}{((1S)-2-ox0-1-(fetrahydro-2H-
pyran-4-y1}-2,1-ethanediyl)))biscarbamate
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Compound
No.

1b BC50
(nM)

Range

Name

MI12.1

methyl ((18)-1-(((2S,58)-2-(4-(4-((4-(2-
((2S,58)-1-((28)-2-((methoxycarbonylamino)-
2-(tctrahydro-2H-py‘rén—4-yl)acctyl)-S-methy1-2~
pyrrolidinyl)-1H-imidazol-4-
ylphenyl)ethynyl)phenyl)- 1 H-imidazol-2-yl)-5-
methyl-1-pyrrolidinyl)carbonyl)-2-
methylpropyljcarbamate

M122

methyl ((15)-1-(((2S,48)-2-(4-(4-((4-(2-
((25,48)-1-((28)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-4-methyl-2-pyrrolidinyl)-1H-
imidazol-4-yl)phenyl)ethynyl)phenyl)-1H-
imidazol-2-yl)-4-methyl-1-
pyrrolidinyl)carbonyl)-2-
methylpropyl)cartbamate

M12.3

0.014

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-
imidazole-4,2-divi((2S,4S)-4-methyl-2,1-
pyrrolidinediyl)((15)-2-oxo0-1-(tetrahydro-2H-
pyran-4-yl)-2,1-ethanediyl)))biscarbamate

Mi2.4

methyl ((15)-1-(((28,45)-2-(4-(4-((4-(4-chloro-
2-((28,48)-1-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-
4-methyl-2-pyrrotidinyl)-1H-imidazol-5-
yphenyDethynyhphenyl)-1H-imidazol-2-yl)-4-
methyl-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate
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Compound

No.

1b EC50
(nM)

Range

Name

MI12.5

methyl ((18)-1-(((25,48)-2-(4-chloro-5-(4-((4-
(4-chloro-2-((25,45)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-
4-methyl-2-pyrrolidinyl)-1H-imidazol-5-
ylphenyl)ethynyl)phenyl)-1H-imidazol-2-y1)-4-
methyl-1-pyrrolidinyl)carbonyl)-2-

methylpropyl)carbamate

M12.6

methyl ((18)-2-((2S 4S)-2-(4-(4-((4-(A-chloto-
2-((25,4S5)-1-((25)-2-
((methoxycarbonyl)amino)-2-(tefrahydro-2H-
pyran-4-ylacetyl)-4-methyl-2-pyrrolidinyl)-1H-
imidazol-5-yDphenyl)ethynylphenyl)-1H-
imidazol-2-yl)-4-methyl-1-pyrrolidinyl)-2-oxo-
1-(tetrahydro-2I-pyran-4-yl)ethyl)carbamate

MI12.7

{1.061

dimethyl (1,2-ethynediylbis(4,1-phenylene(4-
chloro-1H-imidazole-5,2-diyl}((25,45)-4-
methyl-2,1-pyrrolidinediyl)((18)-2-oxo-1-
(tetrahydro-2H-pyran-4-y1)-2,1~

ethanediyl)))biscarbamate

M12.8

methyl ((18)-2-((25,48)-2-(4-(4-((4-(2-
((25,45)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-4-methyl-2-pyrrolidinyl)-1H- |
imidazol-4-yl)phenyl)ethynyl)phenyl)-1H-
imidazol-2-y1)-4-methyl-1-pyrrolidinyl)-2-oxo-
1-(tetrahydro-2H-pyran-4-yDethyl carbamate
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Compound
No.

1b BC50
(nM)

Range

Name

M12.9

methyl ((18)-1-{((18,35,58)-3-(4-(4-((4-(2-
((1S,38,58)-2-((2S)-2-
((methoxycarbonylamino)-3-methylbutanoyl)-
S-methyl-2-azabicyclo[3.1.0Thex-3-yl)-1 H-
imidazol-4-yl)phenylethynyl)phenyt)-1H-
imidazol-2-y1)-S-methyl-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-

methylpropyl)carbamate

M13

methy! ((18)-1-(((1R,38,5R)-3-(4-(4-((E)-2-(4-
(2-((1R,38,5R)-2-((2S)-2-((methoxycarbonyl)
amino)-3 -methylbutanoyl)—2-azabic§clo[3. 1.0]
hex-3-yl)-1H-imidazol-4-yl)phenyl)vinyl)
phenyl)-1H-imidazol-2-y1)-2-azabicyclo[3.1.0]
hex-2-yl)carbonyl)-2-methylpropyl)carbamate

M14

0.017

dimethyl ((E)-1,2-ethenediylbis(4,1-phenylene-
1 H-imidazole-4,2-diyl(1R,3S,5R)-2-azabicyclo
[3.1.0Thexane-3,2-diyl({15)-2-ox0-1-
(tetrahydro-2H-pyran-4-yl)-2,1-ethanediyl)})

biscarbamate

M15

methyl ((18)-2~((1R,38,5R)-3-(4-(4-((E)-2-(4-
(2-((1R,38,5R)-2-((28)-2-((methoxycarbonyl)
amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]
hex-3-yl)-1H-imidazol-4-y)phenyl)vinyl)
phenyl)-1H-imidazol-2-yi)-2-azabicyclo[3.1.0]
hex-2-yl)-2-oxo-1-(tetrahydro-2H-pyran-4-
ylethyl)carbamate
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Compound
No.

1b BC50
(nM)

Range

Name

N1

methyl ((1S)-1-(((2S)-2-(4-(4-((4-(2-((25)-4,4-
diftuoro-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-
4-yl)phenylethynyl)phenyl)-1H-imidazol-2-yi)-
4,4-difluoro-1-pyrrolidinyl)carbonyl)-2-

methylpropyl)carbamate

N2

dimethyl (ethyne-1,2-diylbis(4,1-phenylene-1H-
imidazole-5,2-diyl((2S)-4,4-difiuoropyrrolidine-
2,1-diyl)((15)-2-0x0-1-(tetrahydro-2H-pyran-4-
yl)ethane-2,1-diyt)))biscarbamate

N3

.25

methyl ((1R)-2-((28)-2-(5-(4-((4-(2~((28)-4,4-
diﬂuoro—l-((2S)—2—((1ilethoxycarbonyl)amino)»
2-(tetrahydro-2H-pyran-4-yl)acetyl)pyrrolidin-
2-yl)-1H-imidazol-5-yDphenylethynylphenyl)-
1H-imidazol-2-yl)-4,4-difluoropyrrolidin-1-y1)-
2-oxo-1-(tetrahydro-2H-pyran-4-
yDethyl)carbamate

N4

0.18

dimethyl (ethyne-1,2-diylbis(4,1-phenylene-1H-
imidazole-5,2-diyl((28)-4,4-difluoropyrrolidine-
2,1-diyl){(1R)-2-0x0-1-{tetrahydro-2H-pyran-4-
yDethane-2,1-diyl}))biscarbamate '

N5

methyl ((18)-1-(((3S)-3-(4-(4-((4-(2~((3S)-4-
((28)-2-({methoxycarbonyllamino)-3-
methylbutanoyl)-3 -morpholinﬂil)- [ H-imidazol-
4-yl)phenyl)ethynyl)phenyl)-1H-imidazol-2-y1)-
4-morpholinyl)carbonyl)-2-
methylpropyl}carbamate
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Compound
No.

1b EC50
(nM)

Range

Name

Né

methyl ((15)-1-(((28)-2-(4-(4-((4-(2-((25)-1-
((28)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-piperidinyl)-1H-imidazol-4-
yhphenylethynyl)phenyl)-1H-imidazol-2-y1)-1-
piperidinyl)carbonyl)-2-

methylpropyl)carbamate

N7

methyl ((18)-1-(((28,48)-4-hydroxy-2-(4-(4-((4-
(2-((28,48)-4-hydroxy-1-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-
2-pyrrolidinyt)-1H-imidazol-4-

yphenyDethynyl)phenyl)-1H-imidazot-2-y1)-1-

pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

N7.1

methyl ((1S)-1-(((2S)-2-(4-(4-((4-(2-((25)-1-
((25)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-4-methylene-2-pyrrolidinyl)-
TH-imidazol-4-yl)phenyl)ethynyl)phenyl)-1H-
imidazol-2-yl)-4-methylene-1-
pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

N7.2

methyl ((18)-1-(((28,4R)-4-hydroxy-2-(4-(4-
{(4-(2-((2S,4R)-4-hydroxy-1-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-
2-pyrrolidinyl)-1H-imidazol-4-
yl)phenyl)ethynyl)phenyl)-1H-imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate
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Compound
No.

1b EC50
(nM)

Range

Name

N8

methyl((18)-1-(((1S,3S,58)-3-(4-(4-((4-(2-
((15,38,58)-2-((2S)-2-
((methoxycarbonyljamino)-3-methylbutanoyl)-
2-azabicyclo[3.1.0]hex-3-y1)-1H-imidazol-4-
yl)phenyhethynyl)phenyl)-1H-imidazol-2-y1)-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-

methylpropyl)carbamate

N9

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-
imidazole-4,2-diyl(18,38,58)-2-
azabicyclo{3.1.0]hexane-3,2-diyl{((18)-2-0x0-1-
(tetrahydro-211-pyran-4-yl1)-2,1-

ethanediyl)))biscarbamate

I

methyl ((18)-1-(((28)-2-(4-(3-({3-(2-((28)-1-
((2S)-E-((meth_oxycarﬁonyl)amin0)-3-
methylbutanoyl}-2-pyrrolidinyl)-1 H-imidazol-4-

yDphenybhethynyl)phenyl)-1H-imidazol-2-yI)-1-

pyrrolidinylycarbonyl)-2-

methylpropyl)carbamate

J1.1

338.8

methy! {(1S)-2-methyl-1-(((25)-2-(4-(3-((3-(2-
((285)-2-pyrrolidinyl)-1H-imidazol-4-
yhphenyl)ethynyl)phenyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)propyl)carbamate

J2

0.12

dimethyl (1,2-ethynediylbis(3,]-phenylene-1H-
imidazole-4,2-diyl(2S)-2,1-pyrrolidinediyl((1S)-
2-ox0-1-(tetrahydro-2H-pyran-4-yi)-2,1-

ethanediyl)))biscarbamate
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Compound
No.

1b EC50
(nM)

Range

Name

J3 .

methyl ((18)-1-((1R,38,5R)-3-(4-(3-((3-(2-
((1R,38,5R)-2~((25)-2~
((methoxycarbonyl)amine)-3-methylbutanoyl)-
2-azabicyclo[3.1.0]hex-3-yl}-1H-imidazol-4-

yhphenyl)ethynyl)phenyl)-1 H-imidazol-2-y1)-2-

azabicyclo[3.1.0thex-2-yl)carbonyl)-2-

methylpropyl)carbamate

J4

dimethyl (1,2-ethynediylbis(3,1-phenylene-1H-
imidazole-4,2-diyl{1R,35,5R)-2-
azabicyclo[3.1.0]hexane-3,2-divl((1S)-2-0x0-1-
(tetrahydro-2H-pyran-4-yl)-2, 1-

ethanediyl)))biscarbamate

I5

methyl ((15)-1-{((28)-2-(4-(4'-((4-(2-((28)-1-
((2S)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-pyrrolidinyl)- 1H-imidazol-4-
yhphenyDethynyl)-4-biphenylyl)-1H-imidazol-
2-y)-1-pyrrolidinyl)earbonyl)-2-
methylpropyl)carbamate

The compounds of the present disclosure may inhibit HCV by mechanisms in

addition to or other than NS5A inhibition. In one embodiment the compounds of the

present disclosure inhibit HCV replicon and in another embodiment the compounds

5 ofthe present disclosure inhibit NS5A.

It will be evident to one skilled in the art that the present disclosure is not

limited to the foregoing illustrative examples, and that it can be embodied in other

specific forms without departing from the essential attributes thereof. It is therefore

desired that the examples be considered in all respects as illustrative and not

10 restrictive, reference being made to the appended clainis, rather than to the foregoing
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examples, and all changes which come within the meaning and range of equivalency

of the claims are therefore intended to be embraced therein.
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CLAIMS
WHAT IS CLAIMED IS:

5 L A compound of Formula (I):
Ra RY RV, RY

RD%Y >¥R
s A
R /, [y

HN*%L—"\ CNH R
TR
Z z
(D,

or a pharmaceutically acceptable salt thereof, wherein:

L is selected from ~O-, ~CH;CHz—, ~CH=CH~, ~C=C-, ~OCHy~, -CH,0~,

10 -CH,0CH -,

WA

]

, , .and

X is hydrogen (H) or halogen and Z is hydrogen; or
X and Z, together with the carbon atoms to which they are attached, form a
five- to eight-membered aromatic or non-aromatic fused ring optionally

15 containing one or two heteroatoms independently selected from nitrogen,
oxygen, and sulfur; wherein the five- to eight-membered ring is optionally
substituted with one, two, or three substitutents independently selected from
atkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylsulfonyl, aryl, arylalkyl,
arylsulfonyl, carboxy, formyl, halo, haloalkoxy, haloalkyl, hydroxy,

20 hydroxyalkyl, -NR*R?, (NR*RP)alkyl, (NR*RP)carbonyl, oxo, and spirocyole;
X’ is hydrogen (H) or halogen and Z’ is hydrogen; or
X' and Z’, together with the carbon atoms to which they are attached, form a

five- to eight-membered aromatic or non-aromatic fused ring optionally
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10

15

20

25

30

containing one or two heteroatoms independently selected from nitrogen,
oxygen, and sulfur; wherein the five- to eight-membered ring is optionally
substituted with one, two, or three substitutents independently selected from
alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylsulfonyl, aryl, arylalkyl,
arylsulfonyl, carboxy, formyl, halo, haloalkoxy, haloalkyl, hydroxy,
hydroxyalkyl, -NR'R®, (NR*RMalkyl, (NR*R")carbonyl, oxo, and spirocycle;
Y and Y are each independently -CH,-, -CH;CHj;-, or -CH,0-, wherein the -
CH,0- is drawn such that the oxygen atom is bound to the carbon atom
substituted with RY and R%or RY and RY;

RP is hydrogen or C; to Cq4 alkyl;

R%is hydrogen, alkyl, or halo; or

R” and RY, together with the carbon atoms to which they are attached, form a
cycloalkyl ring;

RY is selected from hydrogen, alkyl, balo, and hydroxy; or

R and RY, together with the carbon atom to which they are attached, form an
ethylenyl group or a cycloalkyt ring;

R™ is hydrogen or C; to Cq alkyl;

RY¥ is hydrogen, alkyl, or halo; or

R and RY, together with the carbon atoms to which they are attached, form a
cycloalkyl ring; |

R are independently selected from bhydrogen, alkyl, halo, and hydroxy; or
R” and R¥, together with the carbon atom to which they are attached, form an
ethylenyl group or a cycloalkyl ring;

R™and R™ are independently selected from hydrogen and alkyl;

R is hydrogen or ~C(O)R%;

R? is hydrogen or —~C(O)RY;

R* and RY are independently selected from cycloalkyl, heteroaryl,
heterocyclyl, atkoxy, and alkyl, said alkyl being substituted by one or more
substituents independently selected from aryl, alkenyl, cycloalkyl,
heterceyclyl, heteroaryl, -OR>, -C(OYORY, -NR*R®, and -C(O)NRRY,

-282-



WO 2010/117635 PCT/US2010/028456

10
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25

wherein any said ary} and heteroaryl may optionally be substituted with one or
more substituents independently selected from alkeﬁyl, aikyl, halealkyl,
arylalkyl, heferocyclyl, heterocyclylalkyl, halogen, cyano, nitro, ~C(0)OR4,
-OR’, -NRR®, (NR*R)alkyl, and (MeO)YHO)P(0)O-, and

wherein any said cycloalkyl and heterocyclyl may optionally be fused onto an
aromatic ring and may optionally be substituted with one or more substituents
independently selected from alkyl, hydroxyl, halogen, aryl, NR™R®, oxo, and
-C(O)ORY;

R? is hydrogen, alkyl, or arylalkyl;

R? is alkyl or arylalkyl;

R is hydrogen, alkyl, or arylalkyl;

R® and R” are independently selected from hydrogen, alkyl, cycloalkyl,
arylalkyl, heteroaryl, -C(O)R®, -C(OYOR", ~C(O)NR°RY, and (NR*R%Yalkyl, or
alternatively, R® and R®, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring structure,
wherein said five- or six-membered ring or bridged bicyclic ring structure
optionally may contain one or two additional heteroatoms independently
selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
substifuents independently selected from C, to Cg alkyl, Cy fo C4 haloalkyl,
aryl, hydroxyl, C, to Cq alkoxy, C; to Cq4 haloalkoxy, and halogen;

R® is alkyl;

R7 is alkyl, arylalkyl, cycloalkyl, or haloalkyl; and

R® and R® are independently selected from hydrogen, alkyl, arylaikyl, and
cycloalkyl.

The compound of claim 1, further characterized by Formula (Ia):
R4 H RA
Tl .
/ = '\,\ R2

(Ta),
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or a pharmaceutically acceptable salt or a tautomer thereof, wherein:
X is hydrogen or chloro (CI) and Z is hydrogen; or
X and Z, together with the carbon atoms to which they are attached, form a
six-membered aromatic or non-aromatic fused ring;
5 X’ is hydrogen or chloro (Cl) and Z’ is hydrogen; or

X’ and Z’, together with the carbon atoms to which they are attached, form a
six-membered aromatic or non-aromatic fused ring;
Y is «Cli3-, -C113;CH;-, or -CH;0-, wherein the -CH,0- is drawn such that the
oxygeﬁ atom is bound to the carbon atom substituted with R” and RY;

10 RP is hydrogen or C; to C, alkyl;
R%is hydrogen, alkyl, or haloalkyl; or
RP and RY, together with the carbon atoms to which they are attached, form a
cycloalkyl ring; and
R" is selected from hiydrogen, alkyl, halo, and hydroxy; or

15 RY and R, together with the carbon atom to which they are attached, form an

ethyleny! group or a cycloalkyl ring.

3. The compound of claim 2 further characterized by Formula (Ib):

. N~ X AN
w\ ij
N7 N XN
N h N
N VLI - e B,

(1b),
or a pharmaceutically acceptable salt or a tautomer thereof.

4, The compound of claim 2, further characterized by Formula (Ic):
Nowr X N
Q/J\O (3~
N ~ = N
N H || 5L H N
HiC | ! 2 CH
95 3 R? A = R 3
(Ic),
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or a pharmaceutically acceptable salt or a tautomer thereof.

5. The compound of claim 2, further characterized by Formula (Id):

N X X N
N X X N
N H || oL H N
R’i o s R2

5 (1),

or a pharmaceutically acceptable salt or a tautomer thereof.

6. The compound of claim 2, or a pharmaceutically acceptable salt or a tautomer

thereof, wherein;
10 R' is ~C(O)R¥;
R? is ~C(O)R%;
R* and RY are independently alkyl substituted by at least one -NR*R®,

characterized by Formula (A):

R4, ~
N

Rb
8 -
R - =
15 (A),
wherein:
misQorl;
R® is hydrogen or alkyl;
R? is selected from hydrogen, cycloalkyl, aryl, heteroaryl, heterocyclyl, and
20 alkyl optionally substituted with a substituent selected from aryl, aikenyl,
cycloalkyl, heterocyclyl, heteroaryl, heterobicyclyl, -OR%, -C(O)ORY, -NR°R®,
and -C(O)NR°R?,
wherein any said ary! and heteroaryl may optionally be substituted with one or
more substituents independently selected from a]kyi, haloalkyl, arylalkyl,
' 25 heterocyelyl, heterocyclylalkyl, halogen, cyano, nitro, -C(OYOR?, -OR?,
“NR'R®, (NR*RMalkyl, and (MeO)(HO)P(0)O-, and
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wherein any said cycloalkyl and heterocyclyl may optionally be fused onfo an
aromatic ring and may optionally be substituted with one or more substituents
independently selected from alkyl, hydroxyl, halogen, aryl, -NR*R®, oxo, and
-C(O)ORY; and

5 R’, RY, R?, R%, R%, R, and R® are defined as in claim 1.

7. The compound of claim 6, or a2 pharmaceutically acceptable salt or a tautomer
thereof, wherein:
mis 0;
10 R®is hydrogen or C, to C4 alkyl;
R’ is selected from hydrogen, C; to Cg alkyl optionélly substituted with
~OR'%, Cy to Cg cycloalkyl, allyl, -CH;C(O)NRRY, (NR°R%)alkyl,

(Rm)n (Rw)n 77.,; h‘z‘_-l-
Q}: E/\'\Mm’“ A YR, (Rm)"\“(g
i SN SS , SN
5 oo R10
(R19), ) R R )n N
I/ ‘\ / o .
Iy Cﬂfg [ e
0 | s | X8 ,
(Rm)n ( 10)n (Rw)n

15 ; , ) ,

whereinjisOor 1;
kis1,2,0r3;

20 nis 0 or an integer selected from 1 through 4;
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each R" is independently hydrogen, Cy to Cs4 alkyl, C to C4 haloalkyl,
halogen, nitro, -OBn, or (MeO)(OH)P(0)O-;
RY is hydrogen, C; to C4 alkyl, or benzyl;
R' is hydrogen, C; to C4 alkyl, or benzyl;
5 R® is hydrogen or C; to Cq4 alkyl; ,

RYis C; to Cq alkyl, C; to Cg cycloalkyl, benzyl, 3-pyridyl, pyrimidin-5-yl,
acetyl, -C(O)OR’, or -C(O)NRRY;
R7 is C to C4 alkyl or C; to Cy haloalkyl;
R° is hydrogen or C) to Cy4 alkyl; and

10 R¢ is hydrogen, C, to C4 alkyl, or Cs to Cg cycloalkyl.

8. The compound of claim 6, or a pharmaceutically acceptable salt or a tautomer

thereof, wherein:
m 1s 0;
15 R%is hydrogen;
R is phenyl optionally substituted with one up to five substituents
independently selected from C, to Cq alkyl, Ci to C4 haloalkyl, halogen,
C, to Cy alkoxy, hydroxyl, cyano, and nitro; and
NR®R® is a heterocyclyl or heterobicyclyl group selected from:

(R, (R*),
RS, s RS N N
N 4N ) N ) §N\__/N R §N\_/o

3 1 ] 3

whereinnis 0, 1, or 2;
each R" is independently selected from C; to Cg alkyl, phenyl,

triflaorotethyl, halogen, hydroxyl, methoxy, and oxo; and
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R'* s C, to Cg alkyl, phenyl, benzyl, or -C(OYOR " group, wherein R" is C;
to C4 alkyl, phenyl, or benzyl.

9. The compound of claim 6, or a pharmaceutically acceptable salt or a tautomer
5  thereof, wheresin:
mis 1;
R® is hydrogen;
R’ is C, to Cg alkyl, arylalkyl, or heteroarylalleyl;
R* is hydrogen; and
10 R® is ~C(O)OR’, wherein R’ is C; to Cg alkyl.

10.  The compound of claim 2, or a pharmaceutically acceptable salt or a tautomer
thereof, wherein: ‘ ‘
R! is -C(O)R%,;
15 R? is ~C(O)RY;
R* and RY are heteroary! or heterocyelyl independently selected from:

R1 3) R1 3 R‘! 3)

L] b 2

R13 13
q\)( ) R )n[\/:/l\ C[/(R13

'

.-N ‘
X '/’(Rm}n

o 2NN (RT3 S
NS N 13 @:/ n | N (R'3)
\@(2(R hSAY Yan "\~h
X S R14 R4
s - 1 ! R13)n
| (R‘IS) o (R13)_ \
wal 3 Then Tl U
20 N , \?N , \,//N , N ,
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R1 3)0

”‘””‘\@ [. E“g, ¥

, * ,and R
wherein n is 0 or an integer selected from 1 through 4;
each R is independently selected from hydrogen, C; to Cs alkyl, Cy to C4
haloalkyl, phenyl, benzyl, C, to Cg alkoxy, C,; to C4 haloalkoxy, heterocyclyl,

5 halogen, NR°RY, hydroxyl, cyano, and oxo, where R® and R? are

independently hydrogen or C; to C4 alkyl; and
R is hydrogen (H), C; to Cg alkyl, benzy!, or ~C(O)OR’, wherein R* is C, to
Cy alkyl.

10 11.  The compound of claim 2, or a pharmaceutically acceptable salt or a tautomer

thereof, wherein:
R' is ~-C(O)RY;
R? is ~C(O)R;
R* and R’ are cyc]oa]kyl independently selected from:
NR2Rb R13)n NRERP
& e
15 )
wherein
jis 0, 1,2, 0r3;
kis0,1,or2;
n is 0 or an integer selected from 1 through 4;
20 each R'? is independently selected from hydrogen, C; to Cg alkyl, C; to Cq
haloalkyl, C to Cg alkoxy, halogen, hydroxyl, cyano, and nitro; and
R® and R are each independently hydrogen, C to Cg alkyl, or -C(O)OR’,
wherein R7 is C; to Cq alkyl.

25 12.  The compound of claim 2, or a pharmaceutically acceptable salt or a tantomer

thereof, wherein:
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R' is ~C(O)RY,
R? is ~C(O)R’;
R* and R” are independently arylalkyl, wherein aryl part of said arylalkyl may
optionally be substituted with (NR*R®)alkyl; and
5 R* and R® are independently hydrogen, C, to C; alkyl, or benzyl, or

alternatively, R® and R®, together with the nitrogen atom to which they are
. . -§-N©
attached, form a five- or six-membered ring selected from

-g—ND -§-NCN-R‘5 ~§-N/—\O

, ,and N—/" wherein R" is hydrogen, C, to

b

Cs alkyl, or benzyl.
10
13, The compound of claim 2, or a pharmaceutically acceptable salt or a tautoner
thereof, wherein:
R' and R? are the same and are selected from the group consisting of:
QL t,
0 0
0 H
HN._©O H T O._N
o M o T, oyt
< S 3
NH \Iof ﬁk b #* \g/ NH,
0
Q;-Z , | , N4 , O ,
O
o O KI‘ o
o N B ¥ 4§
N NN A /O\”/N 4
e ° S
O.
15 Bn NFg o’ | OH |
X
o7 NH
*
0 8

o) .
- e m
T R
. N
P~ 0 MeO™ on O and
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wherein a squiggle bond (-~ ) in the structure indicates that a stercogenic center to
which the bond is attached can take either (R}- or (S)- configuration so long as

chemical bonding principles are not violated,

5
14.  The compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein:
R'is ~C(ORY;
R? is ~C(O)RY; and
10 R* and R” are both t-butoxy.

15.  The compound of ¢laim 1, or a pharmaceutically acceptable salt thereof,

wherein R! and R? are both hydrogen.
‘ g

15 16. A compound of Formula (IN):
R9 R4

RP RP

Ko

,

or a pharmaceutically acceptable salt thereof, wherein:

L is selected from —O~, ~CH,CH,-, —CIl{=CH~, ~C=C~, ~OCH;-, -CH,;0-,

H£H LA,

20 CH,OCH,, X ,and ~ >

]

X and X' are independently hydrogen (H) or halogen;
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R” is hydrogen or C; to Cq alkyl, and R%is hydrogen, or alternatively, R” and
RY, together with the carbon atoms to which they are attached, form a
cyclopropyl ring; ‘

RP is hydrogen or C; to C, alkyl, and RY is hydrogen, or alternatively, R™ and
RY, together with the carbon atoms to which they are attached, form a
cyclopropyl ring;

R! is hydrogen or ~C(O)R,

R? is hydrogen or ~C(O)R?;

R* and R” are independently selected from cycloalkyl, heteroaryl,
heterocyelyl, alkoxy, and alkyl, said alkyl being substituted by one or more
substit-.uents independently selected from aryl, alkenyl, cycloalkyl,
heterocyelyl, heteroaryl, -OR’, -C(O)OR®, -NR*R®, and -C(O)NR°R¢,

wherein any said aryl and heteroaryl may optionally be substituted with one or
more substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyelyl, heterocyclylalkyl, halogen, cyano, nitro, ~<C(OYOR*, -OR5,
NR*R®, (NR*R")alkyl, and (MeO)(HO)P(0)O-, and

wherein any said cycloalkyl and heterocyclyl may oi}tionai Iy be fused onto an
aromatic ring and may optionally be substituted with one or more substituents
independently selected from alkyl, hydroxyl, halogen, aryl, -NR*R", oxo, and
-C(OYORY

R?is hydrogen, alkyl, or arylalkyl;

R* is alkyl or arylalkyl;

R’ is :h.ydrogen, alkyl, or arylalkyl;

R* and R® are independently selected from hydrogen, alkyl, cycloalkyl,
arylalkyl, heteroaryl, -C(O)RS, -C(O)OR, —<C(O)NR°RY, and (NRRSalkyl, or
alternatively, R" and R®, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring structure,
wherein said five- or six-membered ring or bridged bicyclic ring structure
optionally may contain one or two additional hetercatoms independently

selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
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substituents independently selected from C, to Cg alkyl, Cy to C4 haloalkyl,
ary], hydroxyl, C; to Cq alkoxy, C; to C4 haloalkoxy, and halogen;

RS is alkyl;

R is alkyl, arylalkyl, or haloalkyl; and

R® and R® are independently selected from hydrogen, alkyl, arylalkyl, and
cycloalkyl.

17. A compound, or a pharmaceutically acceptable salt thereof, selected from the
group consisting of:
(1R)-2-((28)-2-(4-(4-(4-(2-((28)-1-((2R)-2-(dimethylamino)-2-phenylacetyl)-
2-pyrrolidinyl)-1H-imidazol-5-yl)phenoxy) phenyl)-1 H-imidazol-2-y1)-1-
pyrrolidinyl}-N,N-dimethyl-2-oxo-1-phenylethanamine;
(1R)-2-((28)-2-(4-(4-(4-(2-((28)-1{(2R)-2-hydroxy-2-phenylacetyl}-2-
pyrrolidinyl)-1H-imidazol-5-yl)phenoxy)phenyl)-1H-imidazol-2-y1)- 1 -pyrrolidinyl)-
2-0x0-1-phenylethanol;
dimethyl (oxybis(4,1-phenylene-1H-imidazole-4,2-diyl(28)-2,1-
pyrrolidinediyl((1R}-2-ox0-1-phenyl-2,1-ethanediyl)))biscarbamate;
(IR)-2-((25)-2-(4-(3-(4-(2-((28)-1-((2R)-2-(dimethylamino)-2-phenylacetyl)-
2-pyrrolidinyl)-1H-imidazol-4-yl)phenoxy) phenyl)-1H-imidazol-2-y1)-1-
pyrrolidiny!)-N,N-dimethyl-2-oxo-1-phenylethanamine;
(I1R)-2-((2S)-2-(4-(3-(4-(2-((25)-1~((2R)-2-hydroxy-2-phenylacetyl)-2-
pyrrolidinyl)-1H-imidazol-4-yl)phenoxy)phenyl)-1H-imidazol-2-y])-1 -pyrrolidinyl)-
2-oxo-1-phenylethanol;
methyl ((1R)-2-((28)-2-(4-(3-(4-(2-((28)-1-((2R)-2-
((methoxycarbonyl)amine)-2-phenylacetyl)-2-pyrrolidinyl)-1H-imidazol-4-
yl)phenoxy)phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-
phenylethylcarbamate;
(1R)-2-((25)-2-(4-(4-((4-(2-((25)-1-((2R}-2-(dimethylamino)-2-phenylacetyl)-
2-pyrrolidinyl)-1H-imidazol-4-yl)benzyloxy) phenyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)-N,N-dimethyl-2-0x0-1-phenylethanamine;
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methyl ((1R)-2-((2S)-2-(4-(4-((4-(2-((28)-1-((2R)-2-
((methoxycarbonylyamino)-2-phenylacetyl)-2-pyrrolidinyl}- 1 H-imidazol-4-
yhbenzyl)oxy)phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-
phenylethylcarbamate;

(1R)-2-((2S)-2-(4-(4-(2-(4-(2-((25)-1-((2R)-2~(dimethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-imidazol-5-yl)phenyDethyl) phenyl)-1H-imidazol-2-

~ yD)-1-pymrolidinyl)-N,N-dimethyl-2-oxo-1-phenylethanamine;

(1R,1'R)-2,2'-(1,2-ethanediylbis(4,1-phenylene- 1 H-imidazole-4,2-diyl(25)-
2,1-pyrrolidinediyl))bis(2-0x0-1-phenylethanol);

dimethyl (1,2-ethanediylbis(4,1-phenylene-1H-imidazole-4,2-diyl(25)-2,1-
pyrrolidinediyl ((1R)-2-oxo-1-phenyl-2,1-ethanediyl))) biscarbamate;

NN"-(1,2-ethanediylbis(4,1-phenyleng-1H-imidazole-4,2-diyl(28)-2,1-
pyrrolidinediyl ((1R)-2-0x0-1-phenyl-2, 1-ethanediyl)))bis(1-ethylurea);

1-cyclopentyl-3-({1R)-2-((28)-2-(4-(4-(2-(4-(2-((28)-1-((2R)-2-
((cyclopentylcarbamoyl) amino)-2-phenylacetyl)-2-pyrrolidinyi)-1H-imidazol-5-
ylphenyl)ethyl)phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-phenylethylJurea;

(1R)-2-((28)-2-(4-(4-(((4-(2-((2S)-1-((2R)-2~(dimethylamino)-2-
phenylacetyl}-2-pyrrolidinyl)-1H-imidazol-5-yl)benzylJoxy) methyl)phenyl)-111-
imidazol-2-y1)-1-pyrrolidinyl)-N,N-dimethyl-2-0xo-1-phenylethanamine;

(1R)-2-((2S)-2-(4-(4-(((4-(2-((2S)-1-((2R}-2-hydrox y-2-phenylacetyl)-2-
pyrrolidinyl)-1H-imidazol-5-yhbenzyloxyymethyl)phenyl)-1 H-imidazol-2-yl)-1-
pyrrolidinyl)-2-oxo-1-phenylethanol; :

dimethyl (oxybis(methylene-4,1-phenylene-1H-imidazole-4,2-diyl(25)-2,1-
pyrrolidinediyl ((1R)-2-oxo-1-phenyl-2,1-ethanediyl))) biscarbamate;

1-methyl-3-((1R)-2-((25)-2-(4-(4-(((4-(2-((25)-1-((2R)-2-
((methylcarbamoyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)- 1 H-imidazol-5-
yhbenzyloxy)methylphenyl)}-1H-imidazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-
phenylethyl)urea;

1-ethyl-3-((1R)-2-((28)-2-(4-(4-(((4-(2-((28)-1-((2R)-2- |
((ethylcarbamoyl)amino)-2-phenylacetyl)-2-pyrrolidinyt)-1 [-imidazol-5-
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yhbenzyl)oxy)methyl)phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-
phenylethylurea;

1-cyctopentyl-3-((1R)-2-{(28)-2-(4-(4-(((4-(2-((28)-1-((2R)-2-
{{cyclopentylcarbamoyl) amino)-2-phenylacetyl)-2-pyrrolidinyl)-111-imidazol-5-
yhbenzyloxy)methyDphenyl)-1 H-imidazol-2-yh)-1-pyrrolidinyl)-2-oxo-1-
phenylethyl)urea;

(IR)-2-((28)-2-(4-(3-(((4-(2-((2S)-1-((ZR)-2-(dimethylamino)-2-
phenylacetyl)-2-pyrolidinyl)- 1 H-imidazol-4-yl)benzyl)oxy) methyl)phenyl)-1H-
imidazol-2-yl)-1-pyrrolidinyl}-N,N-dimethy!-2-ox0-1-phenylethanamine;

(1R)-2-((28)-2-(4-(3-(((4-(2-((28)-1-((2R)-2-hydroxy-2-phenylacetyl)-2-
pyrrolidinyl)-1H-imidazol-4-yl)benzyloxy)ymethylphenyl)- 1 H-imidazol-2-y1)-1-
pyrrolidinyl}-2-oxo-1-phenylethanol;

(methyl {((1R)-2-((28)-2-(4-(3-(((4-(2-((28)-1-((2R)-2-
({methoxyearbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)- 1 H-imidazol-4-
yl)benzyloxyymethyhphenyl)-11-imidazol-2-y1)-1-pyrrolidinyl)-2-ox0-1-
phenylethylcarbamate;

f-methyl-3-((1R)-2-((25)-2-(4-(3-(((4-(2-((28)-1-((2R)-2-
((methylcarbamoyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1 H—imidazol-4-
yl)benzyloxy)methyl)phenyl)-1H-imidazol-2-y])-1-pyrrolidinyl)-2-oxo-1-
phenylethyljurea;

1-ethyl-3-((1R)-2-((28)-2-(4-(3-(((4-(2-((28)-1-((2R)-2- .'
((ethylcarbamoyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-imidazol-4-
yl)benzyl)oxy)methyl)phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-
phenylethyl)urea;

1-cyclopentyl-3-((1R)-2-({25)-2-(4-(3-(((4-(2-((28)-1-((2R)-2-
((cyclopentylcarbamoyl) amine)-2-phenyl acetyl)-z-p)n“rolidinyl)—IH-imidazol-tI-
yhbenzyl)oxy)methyl)phenyl)-1H-imidazol-2-y1)-1-pyrrolidinyl)-2-oxo-1-
phenylethyiurea;

dimethyl (1,1":4',1"-terphenyl-4,4"-diylbis(1 H-imidazole-4,2-diyl(25)-2,1-
pyrrolidinediyl ((1R)-2-ox0-1-phenyl-2,1-ethanediyl))) biscarbamate;
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(IR)-2-((28)-2-(4-4"-(2-((285)-1-((2R)-2-(dimethylamino)-2-phenylacety])-2-
pyrrolidinyl}-1H-imidazol-5-y1)-1,1"4',1"-terphenyl-4-yl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)-N,N-dimethyl-2-0x0-1-phenylethanamine;

methyl ((18)-1-(({28)-2-(4-(A-((2-((28)-1 -((25)-2~((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-4,5-dihydro-1H-naphtho{1,2-dJimidazol-7-
yhethynyl)phenyl)-1 H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate; '

methyl ((1R)-2-((25)-2-(4-{(4-((2-((25)- I-((2R)-2-((fnethoxycarbony‘l)amino)—
2-phenylacetyl})-2-pyrrolidinyl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-7-
yDethynyb)phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyt)-2-oxo-1-
phenylethyl)carbamate;

methyl ((1R)-2-((28)-2-(7-((4-(2-((28)-1-((2R)-2-((smethox ycarbonyl)amino)-
2-phenylacetyl)-2-pyrrolidinyl)-1 H-imidazol-4-yl)phenyl)ethynyl)- 1H-naphtho[ 1,2-
d]imidazol-2-y1)-1-pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate;

methyl ((1S)-1-(((25)-2-(4-(4-((2-((25)-1-((2S)-2-((methoxycarbonyl )amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-naphtho[1,2-d}imidazol-7-yl)ethynyl)phenyl)-
1 H-imidazol-2-yi)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((15)-1-(((1R,3S,5R)-3-(4-(4-((2-((1R,38,5R)-2-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-y1)-1 H-
naphtho[1,2-d]imidazol-7-yDethynyl)phenyl)- 1 H-imidazol-2-y1)-2~
azabicyclo{3.1.0Jhex-2-yl)carbonyl)-2-methyipropyl)carbamate;

methyl ((1R)-2-((1R,3S,5R)-3-(7-((4-(2-((1R,38,5R)-2-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-azabicyclof3.1.0]hex-3-y})-1H-
imidazol-4-yl)phenyl)ethynyl)-111-naphthof 1,2-dJimidazol-2-y})-2-
azabicyclo[3.1.0}hex-2-y1)-2-0x0-1-phenylethyf)carbamate;

methyl ((15)-1-(((1R,3S,5R)-3-(7-((2-((1R,38,5R)-2-((28)-2-
{(methoxycarbenyl)aming)-3-methylbutanoyl)-2-azabicyclo[3.1.0}hex-3-y1)-4,5-
dihydro-1H-naphtho[1,2-dJimidazol-7-yl)ethynyl)-4,5-dihydro- 1 H-naphtho[1,2-
d]imidazol-2-yl)-2-azabicyclo(3.1.0Thex-2-yl)carbonyl)-2-methylpropyl)carbamate;

methyl (18)-1-((1R,3S,5R)-3-(7-(2-((35)-2-((25)-2-
({methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-y1)-1H-
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naphtho(1,2-d]imidazol-7-yl)ethynyl)-1H-naphtho[1,2-d]imidazol-2-yl)-2-
azabicyclo[3.1.0]hex-2-yDcarbonyl)-2-methylpropyl)carbamate;

methyl ((18)-2-((1R,3S,5R)-3-(7-((2-((1R,3§,5R)-2-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-yl)-1 H-
naphthof1,2-d]imidazol-7-yl)ethynyi)-1 H-naphtho[ 1,2-d}imidazol-2-yl)-2-
azabicyclo[3.1.0}hex-2-y1)-2-ox0-1-(tetrahydro-2H-pyran-4-yl)ethyl)carbamate;

methyl ((18)-1-(((25)-2-(4-(4-({4-(2-((28)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidiny!)-1H-imidazol-4-
yhphenyDethyny)phenyl)-1H-imidazol-2-yl)- 1-pymrolidinyl)carbonyl)-2-
methylpropyl) carbamate;

dime.th'yl (1,2-ethynediylbis(4,1-phenylene-1H-imidazole-4,2-diyl(2S)-2,1-
pyrrolidinediyl ((1R)-2-oxo-1-phenyl-2,1-ethanediyl))) biscarbamate;

dimethy! (1,2-ethynediylbis(4,1-phenylene-1 I-I»i1hidazole-4,2-diyl (25)-2,1-
pyrrolidinediyl({15)-2-oxo-1 -(tetrahydro-211—pyraﬁ—4—yl)—2,1-
ethanediyl}))biscarbamate;

methyl ((18)-1-(((1R,3S,5R)-3-(4-(4-((4-(2-((1R,35,5R)-2-((2S)-2~
((methoxycarbonyl) amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0] hex-3-yl)-1H-
imidazol-4-yl)phenyl)ethynyl) phenyl)-1H-imidazol-2-yl)-2-azabicyclo[3.1.0] hex-2-
yl)carbonyl)-2-methylpropyl)carbamate;

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-inridazole-4,2-diyl(1R,3S,5R)-
2-azabicyclo {3.1.0Jhexane-3,2-diyl((25)-1-0x0-1,2-butanediyl)))biscarbamate;

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-imidazole-4,2-diyl(1R,3S,5R)-
2-azabicyclo [3.1.0]hexane-3,2-diyl((15)-1-cyclobutyl-2-0x0-2,1-
ethanediyl)))biscarbamate;

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-imidazole-4,2-diyl(1R,3S,5R)-
2-azabicyclo [3;. 1.0)hexane-3,2-diyl((1S)-2-oxo-1-(tetrahydro-2H-pyran-4-yl)-2,1-
ethanediyl)))biscarbamate;

methyl ((18)-1-(((1R,3S,5R)-3-(4-{4-((4-{2-((1 R,33,5R)-2—((28)—2—
((methoxycarbonyl) amino)-2-(tetrahydro-2H-pyran-4-yl)acetyl)-2-
azabicyciof3.1.0Jhex-3-yl)-1H-imidazol-4-yl)phenyl)ethynyl)phenyl)- 1 H-imidazol-2-
yl)-2-azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-methylpropyl)carbamate;
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methyl ((18)-1-(((1R,35,5R)-3-(4-chloro-5-(4-({4-(2-((1R,3S,5R)-2-((28)-2-
((methoxyearbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0Thex-3-y1)-1H-
imidazol-4-yl)phenyl)ethynyl)phenyl)- 1 H-imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-
yl)carbonyl)-2-methylpropyl)carbamate;

methyl ((18}-1-(((1R,38,5R)-3-(4-chloro-5-(4-((4-(4-chlore-2-((1R,38,5R)-2-
((25)-2-((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[ 3.1.0]hex-3-y1)-
1H-imidazol-5-yl)phenyl)ethynyl)phenyl)-1H-imidazol-2-y1)-2-azabicycio[3.1.0]hex-
2-yhcarbonyl)-2-methylpropyl)carbamate;

methyl ((15)-2-((1R,3S,5R)-3-(4-(4-((4~(4-chloro-2-({1R,38,5R)-2-((2S)-2-
((methoxycarbony])amino)-2-(tetrahydro—2H-pyran-4-y1)acétyl)—2-
azabicyclof3.1 .O]hex-S-yl)-lH-imidazol-S-yl)phenyl)ethynyl)phenyl)-i H-imidazol-2-
yl)-2-azabicyclo[3.1.0Thex-2-yl)-2-oxo- 1 -(tetrahydro-2H-pyran-4-yl)ethyl)carbamate;

dimethyl (1,2-ethynediyibis(4,1-phenylene(4-chloro-1H-imidazole-5,2-
diyl)(1R,35,5R)-2-azabicyclo[3.1.0hexane-3,2-diyl((1S)-2-0x0-1-(tetrahydro-2H-
pyran-4-y1)-2,1-ethanediyl)))biscarbamate;

methyi ((18)-1-({(1R,38,5R)-3-(4-(4-((18,25)-2-(4-(2~((1R,38,5R)-2-((28)-2-
((methoxycarbonyl)amine)-3-methylbutanoyl)-2-azabicyclo[3.1.0Thex-3-y1)-11-
imidazol-4-yl)phenyl)cyclopropyl)phenyl)-1H-imidazol-2-yl)-2-azabicyclo[3.1.0]hex-
2-yl)carbonyl)-2-methylpropyl)carbamate; '

dimethy! ((18,28)-1,2-cyclopropanediylbis(4,1-phenylene- 1 H-imidazole-4,2-
diyl(1R,35,5R)-2-azabicyclo[3.1.01hexane-3,2-diyl{(18)-2-ox0~1-(tetrahydro-2H-
pyran-4-yl)-2,1-ethanediyl)))biscarbamate;

methyl ((18)-1-(((1R,38,5R)-3-(4-(4-((1R,2R)-2-(4-(2-({1R,38,5R)-2-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo{3.1.0Thex-3-y1)-1H-
imidazol-4-y)phenyl)cyclopropyl)phenyl)-1H-imidazol-2-y1)-2-azabicyclo{3.1.0]hex-
2-yl)carbonyl)-2-methylpropyl)carbamate;, '

dimethyl ((1R,2R)-1,2-cyclopropanediylbis(4, 1-phenylene-1H-imidazole-4,2-
diyl(1R,38,5R)-2-azabicyclo[3.1.0]hexane-3,2-diy}((1S)-2-oxo-1-(tetrahydro-2H-
pyran-4-yl)-2,1-ethanediyl)))biscarbamate;

methyl ((18)-1-(((28,48)-2-(4-(4-((15,28)-2-(4-(2-((28,4S)-1-((2S)-2-
{{(methoxycarbonyl)amino)-3-methylbutanoyl}-4-methyl-2-pyrrolidinyl)-1 H-imidazol-
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4-yl)phenyl)cyclopropyl)phenyl)-1H-imidazol-2-yl)-4-methyl-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((18)-1-(((2S,58)-2-(4-(4-((4-(2-((25,58)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-S-methyl-2-pyrrolidinyl)-1H-imidazol-
4-yhphenyhethynyl)phenyl)-1 H-imidazol-2-y1}-5-methyl-1-pyrrolidinyl) carbonyl)-2-
methylpropyl)carbamate;

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-imidazole-4,2-diyl({(28,55)-5-
methyl-2,1-pyrrolidinediy])((2S)-1-0x0-1,2-butanediyl))) biscarbamate;

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-imidazole-4,2-diyl((28,58)-5-
methyl-2, 1-pyrrolidinediyl{((1S)-2-ox0-1-{tetrahydro-211-pyran-4-yl1)-2,1-
ethanediyl)))biscarbamate;

methyl ({1S)-1-({(2S,58)-2~(4-(4-((4-(2-((28,55)-1-((25)-2-
{(methoxycarbonyl)amino)-2-(tetrahydro-2H-pyran-4-yl)acetyl)-5-methyl-2-
pyrrolidinyl)-1H-imicazol-4-yl)phenylethynyl)phenyl)-1H-imidazol-2-y1)-5-methyl-
1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((18)-1-(((28S,48)-2-(4-(4-((4-(2-((28,48)-1-((2S5)-2-
({(methoxycarbonyl)amino)-3-methylbutanoyl)-4-methyl-2-pyrrolidinyl)}-1H-imidazol-
4-yl)phenyl)ethynyl)phenyl)-1H-imidazol-2-yl)-4-methyl-1-pyrrolidinyl)carbonyl)-2-
methylpropyl);‘.:'arbamate;

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-imidazole-4,2-diyl((2S,45)-4-
methyl-2,1-pyrrolidinediyl}({15)-2-oxo-1-(tetrahydro-2H-pyran-4-y1}-2,1-
ethanediyl)))biscarbamate; '

methyl ((1S)-1-(((28,45)-2-(4-(4-((4-(4-chloro-2-((2S,4S)-1-((2S)-2-
{(methoxycarbonyl)amino)-3-methylbutanoyl)-4-methyl-2-pyrrolidinyl)- 1 H-imidazol-
5-yDphenybhethynyl)phenyl)- 1H-imidazol-2-yl)-4-methyl-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methy] ((158)-1-(((28,48)-2-(4-chloro-5-(4-((4-(4-chloro-2-((28,48)-1-{(2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-4-methyl-2-pyrrolidiny})- 1 H-imidazol-
5-yl)phenyl)ethynyl)phenyl)-1H-imidazol-2-yl)-4-methyl-1-pyrrolidinyt)carbonyl)-2-
methylpropyl)carbamate; |
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methyl ((18)-2-((25,4S)-2-(4-(4-((4-(4-chloro-2-((28,45)-1-((28)-2-
((methoxycarbonyl)amino)-2-(tetrahydro-2H-pyran-4-yl)acetyl}-4-methyl-2-
pyrrolidinyl)-1H-imidazol-5-yhphenyhethynyl)phenyt)-1H-imidazol-2-y1)-4-methyl-
1-pyrrolidinyl)-2-oxo-1-(tetrahydro-2H-pyran-4-yl)ethyl)carbamate;

dimethy! (1,2-ethynediylbis(4,1-phenylene(4-chloro-1H-imidazole-5,2-
diyl)((28,45)-4-methyl-2,1-pyrrolidinediyl}((1S)-2-0xo0-1-(tetrahydro-2 H-pyran-4-yl)-
2,1-ethanediyl)))biscarbamate;

methyl ((15)-2-((28,48)-2-(4-(4-((4-(2-((2S,48)-1-((28)-2-
({(methoxycarbonyljamino)-3-methylbutanoyl)-4-methyl-2-pyrrolidinyl)-1H-imidazol-

4-yhphenyl)ethynyl)phenyl)-1 H-imidazol-2-yl)-4-methyl- l-pyrrohdmyl) 2-0x0-1-

(tetrahydro- 2H—pyran -4-yhethyl)carbamate; '

methyl ((18)-1-(((1S,38,58)-3-(4-(4-((4-(2-((18,38 SS)-Z ((28)-2-
((methoxycarbenyl)amino)-3-methylbutanoyl)-S-methyl-2-azabicyclo[3.1.0Thex-3-
yb)-1H-imidazol-4-yl)phenyl)ethynyl)phenyl)-1H-imidazol-2-y1)-5-methyl-2-
azablcyclo[B. 1.0Thex-2-yl)carbonyl)-2-methylpropyl)carbamate;

metliyl ((18)-1-(((1R,38,5R)-3-(4-(4-((E)-2-(4-(2-((1R,3 S,SR)—2—((2S)—2—

. ((methoxycarbonyl) amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0] hex-3-y1)-1H-

imidazol-4-yl)phenyl}vinyl) phenyl)-1 H-imidazol-2-y1)-2-azabicyé] 0[3.1.0] hex-2-
yhcarbonyl)-2-methylpropyl)carbamate;

dimethyl ((F)-1,2-ethenediylbis(4,1-phenylene-111-imidazole-4,2-
diyl(1R,38,5R)-2-azabicyclo [3.1.0]hexane-3,2-diyl((15)-2-oxo0-1-(tetrahydro-2H-
pyran-4-yl)-2,1-ethanediyl})) biscarbamate;

methyl ((18)-2-((1R,38,5R)-3-(4-(4-((E)-2-(4-(2-((1R,38,5R)-2-((28)-2-
((methoxycarbonyl) amino)}-3-methylbutanoyl)-2-azabicyclo[3.1.0} hex-3-yl)-1H-
imidazol-4-yl)phenyl)vinyl) phenyl)-11H-imidazol-2-y1)-2-azabicyclo[3.1.0] hex-2-yl)-
2-ox0-1-(tetrahydro-2H-pyran-4-ylethyl)carbamate,

methyl ((1S8)-1-(((2S)-2-(4-(4-({4-(2-((2S)-4,4-difluoro-1-((28)-2-
((inethoxycarbonyl)amino)-3-methylbutanoyi}-2-pyrrolidinyl)- 1 H-imidazol-4-
ybphenyl)ethynyl)phenyl)- 1 H-imidazol-2-yl)-4,4-difluoro-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;
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dimethyl (ethyne-1,2-diylbis(4,1-phenylene-1H-imidazole-5,2-diyl((28)-4,4-
difluoropyrrolidine-2,1-diyl)((1S)-2-oxo-1-(tetrahydro-2H-pyran-4-yl)ethane-2, 1 -
diyl)))biscarbamate;

methyl ((1R)-2-((2S)-2-(5-(4-((4-(2-((28)-4,4-difluoro-1-((2S)-2-
((methoxycarbonyl)amino)-2-(tetrahydro-2H-pyran-4-yl)acetyl)pyrrolidin-2-y1)-1H-~
imidazol-5-yl)phenylethynyl)phenyl)-1H-imidazol-2-yl)-4,4-difluoropyrrolidin-1-y1)-
2-oxo-1-(tetrallydro-2H-pyran-4-ylethyl)carbamate;

dimeihy! (ethyne-1,2-diylbis(4,1-phenylene-1H-imidazole-5,2-diyl((28)-4,4-
difluoropyrrolidine-2,1-diyl)((1R)-2-oxo0-1-(tetrahydro-2H-pyran-4-yl)ethane-2,1-
diyl)))biscarbamate;

methyl ((18)-1-(((3S)-3-(4-(4-((4-(2-((38)-4-((25)-2-
((metlloxyca.fbonyl)amino)-3-methylbutan0y])-3-m01pholinyl)-] H-imidazol-4-
yhphenyl)ethynyl)phenyl)-1H-imidazol-2-y1)-4-morpholinyl)carbonyi)-2-
methylpropylcarbamate;

methyt ((18)-1-(((28)-2-(4-(4-((4-(2-((2S)-1-((25)-2-
((methoxyecarbonyl)amino)-3-methylbutanoyl)-2-piperidinyl)-1H-imidazol-4-
yl)phenyDethynyl)phenyl)-1H-imidazol-2-y1)-1-piperidinyl)carbonyl)-2-
methylpropylcarbamate;

methyl ((18)-1-({(28,4S)-4-hydroxy-2-(4-(4-((4-(2-((2S,48)-4-hydroxy-1-
((25)-2-((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)- 1 H-imidazol-
4-yhphenyl)ethynyl)phenyl)-1H-imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
methylpropyljcarbamate;

methyl((15)-1-(((18,3S,58)-3~(4-(4-((4-(2-((1S,3S,58)-2-((25)-2-
({methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-yl)-1H-
imidazol-4-yDphenyl)ethynyl)phenyl)-1H-imidazol-2-yl)-2-azabicyclo{3.1.0Thex-2-
yhearbonyl)-2-methylpropylcarbamate; |

dimethyl (1,2-ethynediylbis(4,1-phenylene-1H-imidazole-4,2-diyl(18,38,58)-
2-azabijcyclo[3.1.0]hexane-3,2-diyl((18)-2-ox0-1-(tetrahydro-2H-pyran-4-y1)-2,1-
ethanediyl)))biscarbamate;

methyl ((15)-1-(((25)-2-(4-(3-((3-(2~((28)-1-((2S)-2-~
({m ethoxycarbonyl)amino)-3-methylbutanoyl)-2-py1‘rolidi nyl)-1H-imidazol-4-
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ylphenylyethynyhphenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ({15)-2-methyl-1-(((25)-2-(4-(3-((3-(2-((28)-2-pyrrolidiny)-1H-
imidazol-4-yl)phenyl)ethynyl)phenyl)-1 H-imidazol-2-yh)-1-
pyrrolidinyl)carbonyl)propyl)carbamate;

dimethyl (1,2-ethynediylbis(3,1-phenylene-1H-imidazole-4,2-diy}(2S)-2,1-
pyrrolidinediyl((1S)-2-oxo-1-(tetrahydro-2H-pyran-4-y1)-2,1-
ethanediyl)))biscarbamate;

methyl ((18)-1-(((1R,38,5R)-3-(4-(3-((3-(2H(1R,3S,5R)-2-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-yl)-1H-
imidazol-4-yl)phenylethynyl)phenyl)-1H-imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-
yDearbonyl)-2-methylpropyljcarbamate;

dimethyl (1,2-ethynediylbis(3,1 -phenylene—lI—I—_imid_azolé—4,2-diyl(1 R,38,5R)-
2-azabicyclo[3.1.0]hexane-3,2-diyl((1S)-2-0x0-1-(tetrahydro-2H-pyran-4-y1)-2,1-
ethanediyl)))biscarbamate;

dimethy! ((15,25)-1,2-cyclopropanediylbis(4, 1 -phenylene-1 H-imidazole-4,2-
diyl((25,45)-4-methyl-2,1-pyrrolidinediy!}((1S)-2-oxo-1-(tetrahydro-21{-pyran-4-yl)-
2,1-ethanediyl)))biscarbamate;

methyl ((18)-1-(((25)-2-(4-(4-((4-(2-((29)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-4-methylene-2-pyrrolidinyl)-1H-
imidazol-4-yl)phenylethynyl)phenyl)-1 H-imidazol-2-yl)-4-methylene-1-
pyrrolidinyh)carbonyl)-2-methylpropyl)carbamate;

methyl ((18)-1-(((25,4R)-4-hydroxy-2-(4-(4-((4-(2-((2S,4R)-4-hydroxy-1-
((25)-2~-((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-1 H-imidazol-
4-yDphenyhetliynyl)phenyl)-1H-imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((18)-1-(((28)-2-(4-(4"-({4-(2-((2S)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-1 H-imidazol-4-
yl)phenyl)ethynyl)-4-biphenylyl)-1H-imidazol-2-y1)-1-pyrrolidinycarbonyl)-2-

methylpropyl)carbamate; and corresponding stereoisomers and tautomers thereof,
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18. A composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

19. A method of treating an HCV infection in a patient, comprising administering
5  to the patient a therapeutically effective amount of a compound of claim 1, ora

pharmacentically acceptable salt thereof.
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INHIBIDORES DEL VIRUS DE LA HEPATITIS C
REFERENCIA A SOLICITUDES DE PATENTE RELACIONADAS
La presente soficitud de patente reivindica la prioridad de la solicitud de
patente provisional de Estados Unidos con numero de serie 61/164.531 presentada

el 30 de marzo de 2008.

CAMPO DE LA DIVULGACION
La presente divulgacion se refiere de forma general a compuestos antivirales,
y mas especificamente a compuestos que pueden inhibir la funcién de la proteina
NS5A codificada por el virus de la hepatitis C (VHC), composiciones que
comprenden dichos compuestos, y procedimientos para inhibir la funcién de la

proteina NS5A.

ANTECEDENTES DE LA DIVULGACION

El VHC es un importante patégeno humano, que se estima que ha infectado
a 170 millones de personas en todo el mundo - aproximadamente cinco veces el
nimero de personas infectadas por el virus de la inmunodeficiencia humano de tipo
1. Una fraccién sustancial de estos individuos infectados por VHC desarrolia una
enfermedad hepatica progresiva grave, que incluye cirrosis y carcinoma
hepatocelular.

El tratamiento de referencia actual para VHC, que emplea una combinacién
de interferén pegilado y ribavirina, presenta una tasa de éxito suboptima para
conseguir una respuesta virica mantenida y provoca numerosos efectos
secundarios. Por [o tanto, existe una clara necesidad, sentida desde hace mucho

tiempo, de desarrollar terapias eficaces para cubrir esta necesidad médica no
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VHC es un virus de ARN de polaridad positiva. Basandose en una
comparacion de la secuencia de aminoacidos deducida y la gran similitud en Ia
regién §' no traducida, VHC ha sido clasificado como un género diferente de la
familia Flaviviridae. Todos los miembros de la familia Flaviviridae presentan viriones
encapsulados que contienen un genoma de ARN de polaridad positiva que codifica
todas las proteinas especificas del virus conocidas mediante traduccion de un marco
de lectura abierto, ininterrumpido y Gnico.

Existe una heterogeneidad considerable en la secuencia de nucleétidos y de
aminoacidos codificados por todo el genoma de VHC debido a la alta tasa de
errores de la ARN polimerasa dependiente de ARN codificada que carece de
capacidad editora. Se han caracterizado al menos seis genotipos principales, y se
han descrito mas de 50 subtipos distribuidos por todo el mundo. La significacion
clinica de la heterogeneidad genética de VHC ha demostrado una propension a la
aparicion de mutaciones durante él tratamiento con monoterapias, por lo tanto es
deseable que puedan usarse opciones de tratamiento adicionales. El posible efecto
modulador de los genotipos sobre la patogénesis y terapia sigue sin entenderse.

El genoma de ARN monocatenario de VHC tiene una longitud de
aproximadamente 9500 nucledtidos y tiene un tnico marco de lectura abierto (ORF)
que codifica una (nica poliproteina grande de aproximadamente 3000 aminoacidos.
En las celulas infectadas, esta poliproteina es escindida en multiples sitios por
proteasas celulares y viricas para producir las proteinas estructurales y no
estructurales (NS). En el caso de VHC, la generacién de proteinas no estructurales
maduras (NS2, NS3, NS4A, NS4B, NS5A, y NS5B) es realizada por dos proteasas

viricas. Se cree que la primera es una metaloproteasa y escinde la unién entre NS2
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y NS3; la segunda es una serina proteasa contenida en la region del extremo N de
NS3 (también denominada en el presente documento proteasa NS3) y acttia de
mediadora de todas las escisiones posteriores aguas abajo de NS3, tanto en cis, en
el sitio de escision NS3 y NS4A, como en trans, para el resto de los sitios NS4A-
NS4B, NS4B-NS5A, NS5A-NS5B. La proteina NS4A parece realizar funciones
multiples, actuando tanto de cofactor para la proteasa NS3 como ayudando en la
localizacién en la membrana de NS3 y otros componentes de las replicasas viricas.
Para una actividad de proteasa adecuada es necesaria la formacién de un complejo
NS3-NS4A lo que supone una eficacia proteolitica mayor de los eventos de escision.
La proteina NS3 también muestra actividades de nucleésido trifosfatasa y ARN
helicasa. NS5B (también denominada VHC polimerasa en el presente documento)
es una ARN polimerasa dependiente de ARN que esta implicada en la replicacién de
VHC con otras proteinas de VHC, entre otras NS5A, en un complejo de replicasa.

Son deseables compuestos Utiles para tratar a pacientes infectados con VHC
que inhiban selectivamente la replicacion de! virus VHC. En particular, son
deseables compuestos que sean eficaces para inhibir la funcion de la proteina
NS5A. La proteina NS5A de VHC se describe, por ejemplo, en las siguientes
referencias: S. L. Tan, et al., Virology, 284:1-12 (2001); KJ Park, et al., J. Biol.
Chem., 30711-30718 (2003); T. L. Tellinghuisen, et al., Nature, 435, 374 (2005); R.
A. Love, etal, J. Virol, 83, 4395 (2009); N. Appel, etal., J. Biol. Chem., 281, 9833
(2006); L. Huang, J. Biol Chem., 280, 36417 (2005): C. Rice, et al., documento
W02006093867.

La presente divulgacion proporciona compuestos que inhiben selectivamente

la replicacion del virus VHC, caracterizados por fa Férmula (1):



o una sal farmacéuticamente aceptable de los mismos, en la que:

L se selecciona a partir de -O—, ~CH,CHy—, ~CH=CH-, —C=C—, ~

A @/ﬁi[ /©_§_
S SIS #
OCHy~, -CH,0—, -CH,OCHo~, § \/é , % ‘\[ ,’7'*/ ,
y }LAF'{;

X es hidrégeno (H) o halégeno y Z es hidrégeno; o

Xy Z, junto con los atomos de carbono a los que estan unidos, forman
un anillo condensado aromatico o no aromatico de cinco a ocho miembros
que opcionalmente contiene uno o dos heterodtomos que se seleccionan
independientemente a partir de nitrdgeno, oxigeno, y azufre; en la que el
anillo de cinco a ocho miembros esta opcionalmente sustituido con uno, dos,
o tres sustituyentes que se seleccionan independientemente a partir de
alcoxi, alcoxialquilo, alcoxicarbonilo, alquilo, alquilsulfonilo, arilo, arilalquilo,
arilsulfonito, carboxi, formilo, halo, haloalcoxi, haloalquilo, hidroxi,
hidroxialquilo, -NR?R®, (NR*R®alquilo, (NR®R®)carbonilo, oxo, y espirociclo;

X' es hidrégeno (H) o halégeno y Z’ es hidrégeno; o

X'y Z', junto con los atomos de carbono a los que estan unidos,
forman un anillo condensado aromatico 0 no aromatico de cinco a ocho

miembros que opcionalmente contiene uno o dos heteroatomos que se
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seleccionan independientemente a partir de nitrdgeno, oxigeno, y azufre; en
la que el anillo de cinco a ocho miembros esta opcionalmente sustituido con
uno, dos, o tres sustituyentes que se seleccionan independientemente a partir
de alcoxi, alcoxialquilo, alcoxicarbonilo, alquilo, alquilsulfonilo, arilo, arilalquilo,
arilsulfonilo, carboxi, formilo, halo, haloalcoxi, haloalquilo, hidroxi,
hidroxialquilo, -NR?R®, (NRaRb)anui[o, (NR?R")carbonilo, oxo, y espirociclo;

Y e Y' son cada uno independientemente -CHs-, -CH,CHa-, 0 -CH,O-,
en los que €l

-CH»O- se dibuja de tal forma que el atomo de oxigeno esté unido al
atomo de carbono sustituido con R’y R*o RY y RY;

R” es hidrégeno o alquilo C a Cy;

R% es hidrégeno, alquilo, o halo; o

R® vy RY, junto con los atomos de carbono a los que estan unidos,
forman un anillo cicloalquilo;

R" se selecciona a partir de hidrégeno, alquilo, halo, e hidroxi: o

R"y R, junto con el atomo de carbono al que estan unidos, forman un
grupo etilenilo o un anillo cicloalquilo;

R™ es hidrdgeno o alquilo Cq a Cq4;

RY es hidrogeno, alquilo, o halo; o

R™ y R, junto con los atomos de carbono a los que estan unidos,
forman un anillo cicloalquilo;

R se seleccionan independientemente a partir de hidrégeno, alquilo,
halo, e hidroxi; o

"R"y RY, junto con el dtomo de carbono al que estan unidos, forman un

grupo etilenilo o un anillo cicloalquilo;
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RY y RY se seleccionan independientemente a partir de hidrdgeno y
alquilo;

R' es hidrégeno o -C(O)R*:

R? es hidrégeno o —C(O)R":

R* y R’ se seleccionan independientemente a partir de cicloalquilo,
heteroarilo, heterociclilo, alcoxi, y alquilo, estando dicho alquilo sustituido por
uno o mas sustituyentes que se seleccicnan independientemente a partir de
arilo, alquenilo, cicloalquilo, _heterocic!ilo, heteroarilo, -OR3, -C(O)OR",
-NR?R®, y -C(O)NR°RY,

en los que cualguiera de dichlos arilo y heteroarilo puede estar
opcionalmente sustituido con uno o mas sustituyentes que se seleccionan
independientemente a partir de alquenilo, alquilo, haloalquilo, arilalquito,
heterociclilo, heterociclilalquilo, halégeno, ciano, nitro, -C{O)OR*, -OR®, -
NR?R®, (NR?R®)alquilo, y (MeO)(HO)P(0)O-, y

en los que cualquiera de dichos cicloalquilo y heterociclilo puede
opcionalmente estar condensado a un anillo aromatico y puede estar
opcionalmente sustituido con uno o mas sustituyentes que se seleccionan
independientemente a partir de alquilo, hidroxilo, halogeno, arilo, -NR*R®, oxo,
y -C(O)OR*;

R3es hidrégeno, alquilo, o arilalquilo;

R* es alquilo o arilalquilo:

R® es hidrégeno, alquilo, o arilalquilo;

R® y R® se seleccionan independientemente a partir de hidrégeno,
alquilo, cicloalquilo, arilalquilo, heteroarilo, -C(O)R®, -C(O)OR’, ~C(O)NRR?, y

(NR°R%alquilo, o de forma alternativa, R? y R’ junto con el atomo de
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nitrogeno al que estan unidos, forman un anillo de cinco o seis miembros o
estructura anular biciclica con puente, en la que dicho anillo de cinco ¢ seis
miembros o estructura anular biciclica con puente opcionalmente pueden
contener uno o dos heterodtomos adicionales que se seleccionan
5 independientemente a partir de nitrégeno, oxigeno, y azufre y pueden
contener uno, dos, o tres sustituyentes que se seleccionan
independientemente a partir de alquilo Cy a Cs, haloalquilo C1 a C,, arilo,
hidroxilo, alcoxi C1 a Cg, haloalcoxi C1 a Cy4, y halégeno;
R® es alquilo;
10 R es alquilo, arilalquilo, cicloalquilo, o haloalquilo; y
R® y R se seleccionan independientemente a partir de hidrégeno,
alquilo, arilalquilo, y cicloalquilo.
En una primera realizacién del primer aspecto, la presente divulgacién

proporciona un compuesto de la Férmula (I) caracterizado ademas por la Formula

15 (la)
X RY
N N
® >/< | »\(Y Rd
oL NN
/\/ I\JX R2 RP
7 Z
(fa),
o una sal o un tautomero farmacéuticamente aceptable del mismo, en la que:
X es hidrégeno o cloro (Cl) y Z es hidrégeno; o

20 Xy Z, junto con los atomos de carbono a los que estan unidos, forman

un anillo condensado aromatico o no aromatico de seis miembros;
X' es hidrégeno o cloro (Cl) y Z' es hidrégeno; o

X'y Z, junto con los atomos de carbono a los que estan unidos,



forman un anillo condensado aromatico o no aromatico de seis miembros;
Y es -CHg-, -CH;CHgz-, 0 -CH,0-, en los que el -CH,0- se dibuja de tal
forma que el atomo de oxigeno esté unido al atomo de carbono sustituido con
R"y R
5 RP es hidrogeno o alquilo Cq a Cy;
R% es hidrogeno, alquilo, o halo; o
RP y RY junto con los &tomos de carbono a los que estan unidos,
forman un anillo cicloalquilo; y
RY se selecciona a partir de hidrégeno, alquilo, halo, e hidroxi; o
10 RYy RY junto con el 4tomo de carbono al gque estan unidos, forman un
grupo etilenilo o un anillo cicloalquilo.
En una segunda realizacion del primer aspecto, la presente divulgacion
proporciona un compuesto de la Férmula (l) caracterizado ademas por la Formula
(Ib):
15

o N X N
Oy W=
I, 3
R‘I o o RZ

(1),
o una sal o un tautdbmero farmacéuticamente aceptable del mismo.
En una tercera realizacién del primer aspecto, la presente divulgacién

20  proporciona un compuesto de la Férmula (I} caracterizado ademas por la Férmula

(lc):
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X X' |
N N
™ W=
N N AN N
N g N
HBC \R‘I H I o L I / H R2 CH3
(lc),

0 una sal o un tautémero farmacéuticamente aceptable del mismo.
En una cuarta realizacion del primer aspecto, la presente divulgacién

proporciona un compuesto de la Férmula (l) caracterizado ademas por la Férmula

(Id):
R1 — o R2

(Id),

o una sal o un tautébmero farmacéuticamente aceptable del mismo.

En una quinta realizacién del primer aspecto, la presente divulgacion
proporciona un compuesto de la Férmula (1a), o una sal farmacéuticamente
aceptable del mismo, en la que:

R'es —C(O)R;
R? es -C(O)R,;
R* y R son independientemente alquilo sustituido por al menos un -

NR’RP, caracterizado por la Férmula (A):

b
Rz R
N

en la que:

225
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mes061;

R® es hidrégeno o alquilo;

R’ se selecciona a partir de hidrégeno, cicloalquilo, arilo, heteroarilo,
heterociclilo, y alquilo opcionalmente sustituido con un sustituyente que se
selecciona a partir de arilo, alquenilo, cicloaiquilo, heterociclilo, heteroarilo,
heterobiciclilo, -OR®, -C(O)OR*, -NR°R®, y -C(O)NR°R?,

en el que cualquiera de dichos arilo y heteroarilo puede estar
opcionalmente sustituido con uno o mas sustituyentes que se seleccionan
independientemente a partir de alquilo, haloalguilo, arilalquilo, heterociclilo,
heterociclilalquilo, halégeno, ciano, nitro, -C(O)OR?, -OR®,

-NR?R®, (NR*R"alquilo, y (MeO}HO)P(0)O-, y

en el gue cualquiera de dichos cicloalguilo y heterociclilo puede
opcionalmente estar condensado a un anillo aromatico y puede estar
opcionalmente sustituido con uno o mas sustituyentes que se seleccionan
independientemente a partir de alquilo, hidroxilo, halégeno, arilo, -NR?R®, oxo,
y -C(O)OR"; y

R’ R* R% R® R® Ry R"se definen como en la Férmula (1).

En una sexta realizacién del primer aspecto, la presente divulgacion

proporciona un compuesto de la Férmula (la) o una sal farmacéuticamente

aceptable del mismo, en la que

mes 0;

R®es hidrégeno o alquilo Cq a Cy;

R® se selecciona a partir de hidrégeno, alquilo Cy a Cs opcionalmente
sustituido con

-OR™  cicloalquilo C3 a Cg, alilo, -CH.C(O)NRRY, (NRR%Halquilo,

326
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(Rm)n\ (Rw)n\,\ (/,7}'7: (R10) ([f
N I "‘1; __J = !
@\}4}‘1’{ I;\N /'\(J)I/ S/\‘}/ (R, 3\va
171’ 10 1'1: 10
( 1U)n { (R™)n (i ( )n
g g 50
(R'), (R'0) | et |
NN e VAR . X \
| 24 Q 2
“ N/;M,” | o! < c’>j | N 4 |
(R“’)n\
10 - ~ >
(R‘lO)n\r:}/—)rE._ (R )n ”:\ ]g e I I?P\‘hﬁ_‘ (R10)n ,;-_._N/\I’;L
R1-N \ RN, _N : \K/‘
\’/’N , N , RH Y N !

enlasquejes06 1,

kes1,263;

n es 0 o un nimero entero que se selecciona desde 1 hasta 4;

cada R"% es independientemente- hidrégeno, alquilo C4 a C,, haloalquilo
C1 a C4, halégeno, nitro, -OBn, o (MeQ){OH)P{0}O-:

R" es hidrogeno, alquilo C; a Cs4, 0 bencilo;

R es hidrégeno, alquilo Cq a C4, o bencilo;

R es hidrogeno o alquilo Cy a Cq;

R® es alquilo C1 a Cq, cicloalquilo C3 a Cs, bencilo, 3-piridilo, pirimidin-5-
ilo, acetilo, -C(O)OR’, 0 -C(O)NR°RY,

R’ es alquilo C1a Cs 0 haloalquilo C; a Cy;

R° es hidrégeno o alquilo C1a Cy) y

R es hidrégeno, alquilo Cq a C,, o cicloalquilo C; a Cs.
En una séptima realizacién de.l primer aspecto, la. presente divulgacion

proporciona un compuesto de la Férmula (la) o una sal farmacéuticamente
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aceptable del mismo, en la que
mes 0;
Res hidrégeno;
R’ es fenilo opcionalmente sustituido con de uno hasta cinco
5 sustituyentes que se seleccionan independientemente a partir de alquilo Cq a
Cs, haloalquilo C4 a C4, haldgeno, alcoxi Cy a Cg, hidroxilo, ciano, y nitro; y
NR?R® es un grupo heterociclilo o heterobiciclilo que se selecciona a

partir de: :
(R, (R™),
/TR, : 7N\ AN

§N \) R -;—N ) TN N-RY -§-N\_/0

N
;/\5\//0?13)” N
10 oy R

enlasquenes0 162;
® cada R" se selecciona independientemente a partir de alquilo C; a C,
fenilo, trifluorometilo, halégeno, hidroxilo, metoxi, y oxo; y
R™ es alquilo C4 a Cs, fenilo, bencilo, o un grupo -C(O)OR", en el que
15 R'® es alquilo C1 a C4, fenilo, o bencilo.
En una octaba realizacion del primer aspecto, Ia. presente divulgacion
proporciona un compuesto de la Férmula (la) o una sal farmacéuticamente

aceptable del mismo, en la que

20 mes 1;

R® es hidrégeno;
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R® es alquilo Cy a Cs, arilalquilo, o heteroarilalquilo:
R? es hidrégeno; v
R° es —C(O)ORT, en el que R’ es alquilo C1 a Cs.

En una novena realizacion del primer aspecto, la. presente divulgacion
proporciona un compuesto de la Férmula (la) o una sal farmacéuticamente
aceptable del mismo, en la que

R' es -C(O)R";
R® es -C(O)R";
R* y R’ son heteroariic o heterociclilo que se selecciona

independientemente a partir de:

(R, (R™) R i3
, : n (R™), e
. =N X N/ \N) . S

; 2NN (RT3 2% ~(R")
N{* N (R13) \ l ()(R In \ | "/N " (R13)n A
? < R AN \al=
) N N RS
X g R14 R14 R N\%N
whnr I | (R'3,
|- R 7 R NN s
R4 /_|/B/(R13) ns\hlﬂN d\._lﬂ |§~ "/‘I'l""%
N~ N N
(R, R13
- - R14
R, P SO n
I\ N-R4 '.“) N 4
R g y R14

en las que n es 0 o un nimero entero que se selecciona desde 1 hasta

24



-14-

cada R™ se selecciona independientemente a partir de hidrégeno,
alquilo Cq a GCg, haloalquilo Cy a C4, fenilo, bencilo, alcoxi Cy a Cs, haloalcoxi
C1 a C4, heterociclilo, halégeno, NR°R?, hidroxilo, ciano, y oxo, donde R® y R
son independientemente hidrégeno o alquilo C;a Cy; y
5 R™ es hidrégeno (H), alguilo C; a Cs, bencilo, 0 ~C(O)OR* en el que

R* es alquilo Cy a Cg.

En una décima realizacion del primer aspecto, la presente divulgacién
proporciona un compuesto de la Férmula (la) o una sal farmacéuticamente
aceptable del mismo, en la que
10 R' es -C(O)RY;

R? es ~C(O)R;

R* y R’ son cicloalquilo que se selecciona independientemente a partir

de: N
NR?R" (R )n\\ /NRaﬁb
{}/}{ | P \Q)k
" y o~
15 en las que
jes0,1,263;
kes0,1062;
nes 0 0 un numero entero que se selecciona desde 1 hasta 4;
cada R" se selecciona independientemente a partir de hidrogeno.
20 alquilo C4 a G, haloalquilo Cy a Cy4, alcoxi Cy a Cs, halégeno, hidroxilo, ciano,
y nitro; y

R?y R® son cada uno independientemente hidrogeno, alquilo C; a Cg, 0
-C(O)OR’, en el que R’ es alquilo C; a C.

En una undécima realizacién del primer aspecto, la presente divulgacion

580
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proporciona un compuesto de la Férmula (la) o una sal farmacéuticamente
aceptable del mismo, en la que
R' es -C(O)R*;
R? es ~C(O)RY;
R*y R son independientemente arilalquilo, en los que 1a parte arilo de
dicho arilalquilo puede estar opcionaimente sustituida con (NR"‘Rb)anuilo; y
R*y R® son independientemente hidrégeno, alquilo Cy a Cs, 0 bencilo,
o de forma alternativa, R? y R®, junto con el atomo de nitrégeno al que estan

unidos, forman un anillo de cinco o seis miembros que se selecciona a partir

-§—NO N ) 4N NRt N D
de , / Y /", en la que R es

,
hidrégeno, alquilo C4 a Cg, 0 bencilo.
En una duodécima realizacién del primer aspecto, la presente divulgacion
proporciona un compuesto de la Férmula (la) o una sal farmacéuticamente
aceptable del mismo, en la que

R’ y R? son iguales y se seleccionan a partir del grupo constituido por:
g
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I
07 NH
)
o 0
N
«N g Q o
N HN\n,O\ 2,0 e
Ph"’/ O , MEO’l \OH ' 0 1y

e 4

en las que un enlace ondulado {~~) en la estructura indica que un centro
esteredgeno al que esta unido el enlace puede tomar la configuracion (R)- o (S)-
siempre que no se incumplan los principios del enlace quimico.

En una decimotercera realizacion del primer aspecto, la presente divulgacion
proporciona un compuesto de la Férmula (1), o una sal farmacéuticamente aceptable
del mismo, en la que

R' es —C(O)R%;
R? es —-C(O)R": y
R*y RY son ambos t-butoxi.

En una decimocuarta realizacién del primer aspecto, la presente divulgacion
proporciona un compuesto de la Férmula (1), o una sal farmacéuticamente aceptable
del mismo, en la que

R' y R? son ambos hidrogeno.
En un segundo aspecto la presente divulgécién proporciona un

compuesto de la Férmula (I1):

oL
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R4 Ra’

RP RP'

— --.._,_ N

HN \O QENH R2
~—L-—~ |

o una sal farmacéuticamente aceptable de los mismos, en la que:

L. se selecciona a partir de ~O—, -CH,CH;—, ~CH=CH—, -C=C~, —
_§_/\I_§_ JAN
SN y BT

Xy X' son independientemente hidrégeno (H) o haldgeno;

OCHz—, -CH20—-, -CH,OCH »~,

R? es hidrégeno o alquilo C; a C4, y RY es hidrégeno, o de forma
alternativa, R® y RY, junto con los atomos de carbono a los gue estan unidos,
forman un anillo ciclopropilo;

R™ es hidrégeno o alquilo Cy a Cs, y RY es hidrogeno, o de forma
alternativa, R™ y R™, junto con los atomos de carbono a los que estan unidos,
forman un anillo ciclopropilo;

R' es hidrégeno o —~C(O)R%;

R? es hidrégeno o ~C(O)R”:

R* y RY se seleccionan independientemente a partir de cicloalquilo,
heteroarilo, heterociclilo, alcoxi, y alquilo, estando dicho alquilo sustituido por
uno o mas sustituyentes que se seleccionan independientemente a partir de
arilo, alquenilo, cicloalquilo, heterociclilo, heteroarilo, -OR? —C(O)OR4.
-NR?R®, y -C(OINR°RY,

en el que cualquiera de dichos arilo y heteroarilo puede estar

opcionalmente sustituido con uno o mas sustituyentes que se seleccionan
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independientemente a partir de alquilo, haloalquilo, arilalquilo, heterociclilo,
heterociclilalquilo, halégeno, ciano, nitro, -C(O)OR?, -OR?,

-NRR®, (NR*R%alquilo, y (MeO)(HO)P(O)O-, y

en los que cualquiera de dichos cicloalquilo y heterociclilo puede
opcionalmente estar condensado a un anillo aroméatico y puede estar
opcionalmente sustituido con uno o mas sustituyentes que se seleccionan
independientemente a partir de alquilo, hidroxilo, haldgeno, arilo, -NRaR", 0XO0,
y -C(0)OR%;

R® es hidrégeno, alquilo, o arilalquilo;

R* es alquilo o arilalquilo;

R® es hidrégeno, alquilo, o arilalquilo;

R* y R° se seleccionan independientemente a partir de hidrogeno,
alquilo, cicloalquilo, arilalquilo, heteroarilo, -C(O)R®, -C(O)OR’, ~C(O)NR°R?, y
(NR°R%alquilo, o de forma alternativa, R? y R®, junto con el atomo de
nitrdgeno al que estan unidos, forman un anillo de cinco o seis miembros o
estructura anular biciclica con puente, en la que dicho anillo de cinco o seis
miembros o estructura anular biciclica con puente opcionalmente pueden
contener uno o dos heterodtomos adicionales que se seleccionan
independientemente a partir de nitrdgeno, oxigeno, y azufre y pueden
contener uno, dos, o tres sustituyentes que se seleccionan
independientemente a partir de alquilp Cy a Ce, haloalquilo Cy a C,, arilo,
hidroxilo, alcoxi C4 a Cg, haloalcoxi C a C,4, y halégeno;

R®es alquilo;

R es alquilo, arilalquilo, o haloalquilo; y

R® y R? se seleccionan independientemente a partir de hidrégeno,

pig
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alquilo, arilalquilo, y cicloalquilo.

En un tercer aspecto, la presente divuigacién proporciona una composicién
que comprende un compuesto de la Formula (1), o una sal farmacéuticamente
aceptable del mismo, y un vehiculo farmacéuticamente aceptable, en la que la
Formula (I) se define de acuerdo con cualquiera de las realizaciones que se
describen anteriormente en el primer aspecto de la presente divulgacion.

En una primera realizacién del tercer aspecto, la composicion ademas
comprende al menos un compuesto adicional que presenta actividad contra VHGC.

En una segunda realizacion del tercer aspecto, al menos uno de los
compuestos adicionales es un interferon o una ribavirina.

En una tercera realizacion del tercer aspecto, el interferon se selecciona a
partir de interferon alfa 2B, interferon alfa pegilado, interferon de consenso,
interferdn alfa 2A, e interferdn tau linfoblastoide.

En una cuarta realizacion del tercer aspecto la presente divulgacién
proporciona una composicién que comprende un compuesto de la Férmula (1), ouna
sal farmacéuticamente aceptable del mismo, un vehiculo farmacéuticamente
aceptable, y al menos un compuesto adicional que presenta actividad contra VHC,
en la que al menos uno de los compuestos adicionales se selecciona a partir de
interleucina 2, interleucina 6, interleucina 12, un compuesto que potencia el
desarrollo de una respuesta de linfocitos T cooperadores de tipo 1, ARN de
interferencia, ARN no codificante, Imigimod, ribavirina, un inhibidor de inosina 5'-
monofosfato deshidrogenasa, amantadina y rimantadina.

En una quinta realizacién del tercer aspecto, la presente divulgacién
proporciona una composicién que comprende un compuesto de la Férmula (), ouna

sal farmacéuticamente aceptable del mismo, un vehiculo farmacéuticamente
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aceptable, y al menos un compuesto adicional que tiene actividad contra VHC, en la
que al menos uno de los compuestos adicionales es eficaz para inhibir la funcién de
una diana que se selecciona a partir de metaloproteasa de VHC, serina proteasa de
VHC, polimerasa de VHC, helicasa de VHC, proteina NS4B de VHC, entrada de
VHC, ensamblaje de VHC, migracion de VHC, proteina NS5A de VHC e IMPDH
para el tratamiento de una infeccion por VHC.

En un cuarto aspecto, la presente divulgaciéon proporciona un procedimiento
de tratamiento de una infeccion por VHC en un paciente, que comprende
administrar al paciente una cantidad terapéuticamente eficaz de un compuesto de la
Férmula (1), o una sal farmacéuticamente aceptable del mismo, en la que la Férmula
(I) se define de acuerdo con cualquiera de las realizaciones que se describen
anteriormente en el primer aspecto de la presente divulgacion.

En una primera realizacién del cuarto aspecto, el procedimiento comprende
ademas administrar al menos un compuesto adicional que tenga actividad contra
VHG antes, después o simultdneo al compuesto de la Férmula (I), o una sal
farmacéuticamente aceptable del mismo.

En una segunda realizaciéon del cuarto aspecto, al menos uno de los
compuestos adicionales es un interferdn o una ribavirina.

En una tercera realizacién del cuarto aspecto, el interferén se selecciona a
partir de interferon alfa 2B, interferéon alfa pegilado, interferon de consenso,
interferén alfa 2A, e interferén tau linfoblastoide.

En una cuarta realizacién del cuarto aspecto, la presente divulgacion
proporciona un procedimiento de tratamiento de una infeccién por VHC en un
paciente, que comprende administrar al paciente una cantidad terapéuticamente

eficaz de un compuesto de la Férmula (1), o una sal farmacéuticamente aceptable
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del mismo, y al menos un compuesto adicional que tenga actividad contra VHC
antes, despues o simultineo al compuesto de la Férmula (I), o una sal
farmacéuticamente aceptable del mismo, en la que al menos uno de los compuestos
adicionales se selecciona a partir de interleucina 2, interleucina 6, interleucina 12, un
compuesto que potencia el desarrolio de una respuesta de linfocitos T cooperadores
de tipo 1, ARN de interferencia, ARN no codificante, Imigimod, ribavirina, un
inhibidor de inosina 5-monofosfato deshidrogenasa, amantadina y rimantadina.

En una quinta realizacién del cuarto aspecto, la presente divulgacion
proporciona un procedimiento de tratamiento de una infeccién por VHC en un
paciente, que comprende administrar al paciente una cantidad terapéuticamente
eficaz de un compuesto de la Férmula (1), o una sal farmacéuticamente aceptable
del mismo, y al menos un compuesto adicional que tenga actividad contra VHC
antes, despues o simultineo al compuesto de la Férmula (I), o una sal
farmacéuticamente aceptabie del mismo, en la que al menos uno de los compuestos
adicionales es eficaz para inhibir la funcién de una diana que se selecciona a partir
de metaloproteasa de VHC, serina proteasa de VHC, polimerasa de VHC, helicasa
de VHC, proteina NS4B de VHC, entrada de VHC, ensamblaje de VHC, migracion
de VHC, proteina NS5A de VHC e IMPDH para el tratamiento de una infeccion por
VHC.

Los compuestos de la presente divulgacion pueden ser eficaces para inhibir la
funcién de la proteina NS5A de VHC. En particular, los compuestos de la presente
divulgacion pueden ser eficaces para inhibir el genotipo 15 de VHC o multiples
genotipos de VHC. Por lo tanto, esta divulgacion también engloba: (1)
composiciones que comprenden un compuesto de la Férmula (I), o una sal

farmaceuticamente aceptable del mismo, y un vehiculo farmacéuticamente
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aceptable; y (2) un procedimiento de tratamiento de una infeccién por VHC en un
paciente, que comprende administrar al paciente una cantidad terapéuticamente
eficaz de un compuesto de la Férmula (1), o una sal farmacéuticamente aceptable
del mismo.

Otros aspectos de la presente divulgacion pueden incluir combinaciones
adecuadas de realizaciones descritas en el presente documeﬁto.

Todavia pueden encontrarse otros aspectos y realizaciones en la descripcion
que se proporciona en el presente documento.

La descripcién de la presente divulgaciéon en el presente documento debe
interpretarse de forma congruente con las leyes y principios de los enlaces quimicos.
En algunos casos, puede ser necesario eliminar un atomo de hidrégeno para
acomodar un sustituyente en cualquier lugar dado.

A continuacidn se ilustran ciertas caracteristicas de la estructura de la

Formula (1):

R9 RY RY. RY

7}\( Y.>$va,

W N/KI'.-/-N N‘.}%N Rw.
> 4 R2

¥y | L |
x LA TR x
Z z
i

Pirrolidinil-imidazol Pirrolidinil-imidazol
(izquierda) Enlazador (derecha)

/
/
(/
=
T

.
En la Formula (I), tal como se ilustra anteriormente, el resto “pirrolidinil-
imidazol’ a la izquierda del “enlazador” es independiente del resto “pirrolidinil-

imidazol” a la derecha del grupo enlazador en lo que respecta, por ejemplo a , (1)
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tautomero del anillo imidazol, (2) configuracién absoluta de los centros esteredgenos
del anilio pirrolidina, y (3) sustituyentes del nitrégeno de la pirrolidina, es decir, R’ y
R? son independientes el uno del otro, aunque en algunas circunstancias son
preferentemente iguales.

Debe entenderse que la representacion de un resto pirrolidina a la "izquierda"
o a la "derecha" es (nicamente ilustrativo, que en modo alguno limita el alcance de
la divulgacion.

En el grupo enlazador de la Formula (1), el enlace entre “L” y los dos anillos

benceno engloba todas las combinaciones siguientes:

DX D

(para-para), (para-meta),
e L 00
NN
(meta-meta), ™M (para-orto),
1 L o J‘r':‘ 1 L 1"
Y (meta-orto),y " (orto-orto),

en las que son preferentes los enlaces “para-para,” “para-meta,” y “meta-

meta”.

I/,\
|
(..;.._ .._g_

X * ), puede unirse a los dos anillos benceno adyacentes de la forma

siguiente:

2 3 S SYow
ity Ot O
1 ! (para), 3 (meta), y (orto),

en las que son preferentes las disposiciones “para” y “meta”, y la disposicién
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“‘para” es la mas preferente.

En la Férmula (1), cuando L es un grupo vinileno (-CH=CH-), puede tomar la
configuracién trans- o cis-, tal como se ilustra a continuacién:
7~ NES
X N P Y
P L

O
= E (cis-), % Z

_E_:

(frans-).
En la Férmula (1), cuando L es un grupo ciclopropileno ('/111.‘ 1), los dos

sustituyentes benceno pueden estar en posicion trans- o cis- el uno con respecto al

otro, formando una de las cuatro configuraciones siguientes:

(cis-),

T )
(trans-) E x 7 {trans-).

En un anillo pirrolidina de un resto pirrolidinil-imidazol, el centro de carbono

esteredgeno al que esta unido el grupo imidazol puede tomar la configuracién (R)- ¢

(S)- tal como se ilustra a continuacién:

(R-) (S-)
Cuando un anillo ciclopropilo estd condensado a un anillo pirrolidina de un
resto pirrolidinil-imidazol, es decir, cuando (R®, RY juntos son —CH,-, el grupo CH,
del anillo ciclopropilo condensado puede tomar la posicidon a- o B- relativa al anillo

pirrolidina, tal como se ilustra a continuacion:;
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A lg_ . N 15_
P %, A
N N ~N N
v, H v, H
R (B-), RO ()

Por lo tanto, se pretende que esta divulgacién abarque todos los
estereoisbmeros posibles incluso cuando se describa un Unico estereoisémero, o
cuando no se defina la estereoquimica, de una estructura.

En la Formula (1), el enlace entre un anillo benceno de! grupo enlazador y un
anillo imidazol de un resto pirrolidinil-imidazol puede tener lugar en la posicién C-4 o
la C-5 (véase mas adelante) del anillo imidazol. Tal como entederia una persona de
experiencia ordinaria en la técnica, debido a la tautomerizacién del anillo imidazo!, el
enlace de un anillo benceno a la posicién C-4 puede ser equivalente a la unién del
anillo benceno a la posicion C-5, tal como se muestra en la ecuacion siguiente:

1
1 R
4 Tautomerizacién B 3

R1
I AN . , F - 4‘1{
e — WLy, — O

s 1N 5:‘{‘ H

El mismo principio es aplicable también a un sustituyente X o X'.

Por lot anto, esta divulgacion se pretende que abarque todos los tautémeros
posibles incluso cuando una estructura represente sélo uno de ellos.

En esta divulgacién, un enlace flotante (por ejemplo, ““E‘) o un sustituyente
flotante (por ejemplo, -R13) en una estructura indica que el enlace o sustituyente
puede unirse a cualquier posicion disponible de la estructura por eliminacion de un
hidrégeno de la posicion disponible. Debe entenderse que en una estructura anular
biciclica o policiclica, a no ser que se defina de otra manera, la posiciéon de un
enlace flotante o de una sustituyente flotante no limita la posicién de dicho enlace o
sustituyente en un anillo especifico. Por lo tanto, debe interpretarse que los dos

sustituyentes siguientes son equivalentes:
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e iy
x O y X 0 .

Debe entenderse que los compuestos que engloba la presente divulgacion
son los que son adecuadamente estables para usar como agente farmacéutico.

Se pretende que la definicion de cualquier sustituyente o variable en una
localizacion particular de Ia molécula sea independiente de sus definiciones en
cualquier otra parte de esa molécula. Por ejemplo, para el sustituyente (R"’)n,
cuando n es 2, cada uno de los dos grupos R'° puede ser igual o diferente.

Todas las patentes, solicitudes de patente y referencias de la bibliografia
citadas en la memoria descriptiva se incorporan al presente documento por
referencia en su totalidad. En el caso de incoherencias, prevalecera la presente

divulgacion, incluidas las definiciones.

DEFINICIONES

Anteriormente se han proporcionado definiciones para cada uno de los
grupos definidos. Ademas, se usaran las siguientes definiciones.

Tal como se usa en el presente documento, las formas_ en singular “uno”,
‘una’, y “la” "el" incluyen las referencias en plurai a no ser que el contexto
claramente indigue lo contrario.

A no ser que se indique lo contrario, todos los grﬁpos arilo, cicloalquilo,
heteroarilo, y heterociclilo de la presente divulgaciéon pueden estar sustituidos como
se describe en cada una de sus definiciones respectivas. Por ejemplo, la parte arilo
de un grupo arilalquilo puede estar sustituida como se describe en la definicion del

término “arilo.”

El t&rmino “acetilo,” tal como se usa en el presente documento, se refiere a —
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C(O)CHs.

El termino “alquenilo,” tal como se usa en el presente documento, se refiere a
una cadena de hidrocarburo monovalente, lineal o ramificada que tiene uno o mas,
preferentemente uno a dos, enlaces dobles en ella. El enlace doble de un grupo
alquenilo puede no estar conjugado o estar conjugado a otro grupo insaturado. Los
grupos alquenilo adecuados incluyen, pero sin limitacion, grupos alquenilo C; a Cio,
como por ejemplo vinilo, alilo, butenilo, pentenilo, hexenilo, butadienilo, pentadienilo,
hexadienilo, 2-etilhexenilo, 2-propil-2-butenilo, 4-(2-metil-3-buteno)pentenilo.  Un
grupo alquenilo puede no estar sustituido o estar sustituido con uno o dos
sustituyentes adecuados.

El término “alcoxi,” tal como se usa en el presente documento, se refiere a un
grupo alquilo unido a un resto molecular progenitor mediante un atomo de oxigeno.
Los ejemplos representativos de grupos alcoxi incluyen, pero sin limitacion, metoxi
(CH30-), etoxi (CH3CH.0-), y t-butoxi ((CH3):CO-).

El término "alcbxialquilo," tal como se usa en el presente documento, se
refiere a un grupo alquilo sustituido con uno, dos, o tres grupos alcoxi.

El termino “alcoxicarbonilo,” tal como se usa en el presente documento, se
refiere a un grupo alcoxi unido a un resto molecular progenitor mediante un grupo
carbonilo.

El término “alquilo,” tal como se usa en el presente documento, se refiere a a
grupo derivado de un hidrocarburo saturado de cadena lineal o ramificada mediante
eliminacién de un hidrégeno de uno de los carbonos saturados. El grupo alquilo
preferentemente contiene de uno a diez atomos de carbono. Los ejemplos
representativos de grupo alquilo incluyen, pero sin limitacion, metilo, etilo, isopropilo,

y terc-butilo.
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El termino “alquilcarbonilo,” tal como se usa en el presente documento, se
refiere a un grupo alquilo unido a un resto molecular progenitor mediante un grupo
carbonilo. Los ejemplos representativos de grupo alquilcarbonilo incluyen, pero sin
limitacién, acetilo (-C(O)CH3), propanoilo (-C(O)CH.CH3), n-butirilo
(-C(O)}CHCH,CHs), y 2,2-dimetilpropanaito o pivaloilo (-C(O)C(CHs)s).

El término “alquilsulfonilo,” tal como se usa en el presente documento, se
refiere a un grupo alquilo unido a un resto molecular progenitor mediante un grupo
sulfonilo.

El término “alilo,” tal como se usa en el presente documento, se refiere al
grupo —CH,CH=CH,.

El término “arilo,” tal como se usa en el presente docu.mento, se refiere a un
grupo derivado de un carbociclo aromatico por eliminacién de un atomo de
hidrégeno de un anillo aromatico. El grupo arilo puede ser monociclico, biciclico o
policiclico, en el que en el grupo arilo biciclico o policiclico, el carbociclo aromatico
puede estar condensado a otro carbociclo aromatico o no aromatico de cuatro a seis
miembros. Los ejemplos representativos de grupos arilo incluyen, pero sin
limitacion, fenilo, indanilo, indenilo, naftilo, y 1,2,3,4-tetrahidronaft-5-ilo.

El término “arilalquilo,” tal como se usa en el presente documento, se refiere a
un grupo alquilo sustituido con uno, dos, o tres Qrupos arilo, en el que la parte arilo
del grupo arilalquilo puede estar opcionalmente sustituido por de uno a cinco
sustituyentes que se seleccionan independientemente a partir de grupos alquilo Cq a
Ce, haloalquilo Cy a C4, alcoxi Cq a Cg, haldbgeno, ciano, y nitro. Los ejemplos
representados de arilalquilo incluyen, pero sin limitacion, bencilo, 2-fenil-1-etilo
(PhCH2CHjy-), (naft-1-il)metilo, y (naft-2-iljmetilo.

El término “arilsulfonilo,” tal como se usa en el presente documento, se refiere

7
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a un grupo arilo unido a un resto molecular progenitor mediante un grupo sulfonilo.

El termino “bencilo,” tal como se usa en el presente documento, se refiere a
un grupo metilo en el que se ha reemplazado uno de los atomos de hidrégeno por
un grupo fenilo, en el que dicho grupo fenilo puede estar opcionalmente sustituido
por de uno a cinco sustituyentes que se seleccionan independientemente a partir de
metilo, trifluorometilo (-CF3), metoxi (-OCHs3), halégeno, y nitro (-NO3). Los ejemplos
representativos de grupo bencilo incluyen, pero sin limitacién, PhCHy-, 4-MeO-
CsH4CHz-, y 2,4,6-tri-metil-CgH4CH-.

El término “anillo biciclico con puente,” tal como se usa en el presente
documento, se refiere a una estructura anular que comprende una cabeza de
puente entre dos de los miembros del anillo, en el que el anillo y la cabeza de
puente opcionalmente pueden comprender independientemente uno o mas,
preferentemente uno a dos, heteroatomos que se seleccionan independientemente
a partir de nitrégeno, oxigeno, y azufre. Los ejempilos ilustrados de una estructura
anular biciclica con puente incluyen,|pero sin limitacion:

v
[EaTatats ]

A A

N
: ,y R

Los términos “Cap” y “cap,” tal como se usan en el presente documento, se
refieren al grupo que esta situado en el dtomo de nitrogeno del anillo pirrolidina en
los compuestos de la férmula (I). Debe entenderse que “Cap” o “cap” también
puede referirse al reactivo que es precursor de la “cap” final en los compuestos de Ia
formula (1) y se usa como uno de los materiales iniciales de la reaccion para unir un
grupo del nitrégeno de la pirrolidina que da como resultado el producto final, un

compuesto que contiene la pirrolidina funcionalizada que estara presente en el
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compuesto de la férmula (1).

El término “carbonilo,” tal como se usa en el presente documento, se refiere a
-C(O)-.

El término “carboxilo,” o “carboxi,” tal como se usa en el presente documento,
se refiere a -CO2H.

El término “ciano,” tal como se usa en el presente documento, se refiere a -
CN.

El término “cicloalquilo,” tal como se usa en el presente documento, se refiere
a un grupo derivado de un carbociclo saturado, que tiene preferentemente de tres a
ocho atomos de carbono, por eliminacion de un atomo de hidrégeno del carbociclo
saturado, en el que el carbociclo saturado opcionalmente puede estar condensado a
otro u ofros dos carbociclos aromaticos o no aromdticos. Los ejemplos
representativos de grupos cicloalquilo incluyen, pero sin limitacion, ciclopropilo,
ciclopentilo, ciclohexilo, y 1,2,3,4-tetrahidronaft-1-ilo.

El término “formilo,” tal como se usa en el presente documento, se refiere a -
CHO.

Los términos “halo” y “haldégeno,” tal como se usa en el presente documento,
se refierena F, Cl, Br, o l.

El término “haloalcoxi,” tal como se usa en el presente documento, se refiere
a un grupo haloalguilo unido a un resto molecular progenitor mediante un atomo de
oxigeno.

El término “haloalquilo,” tal como se usa en el presente documento, se refiere
a un grupo alquilo sustituido por al menos un atomo de halégeno. El grupo
halozlquilo puede ser un grupo alquilo del cual todos los atomos de hidrégeno estan

sustituidos por halégenos. Los ejemplos representativos de haloalquilo incluyen,
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pero sin limitacién, trifluorometilo (CF3-), 1-cloroetilo (CICH,CHz-), y 2.2.2-
trifluoroetilo (CF3CH,-).

El término “heteroarilo,” tal como se usa en el presente documento, se refiere
un grupo derivado de un compuesto monociclico, biciclico, o policiclico que
comprende al menos un anillo aromatico que comprende uno o mas,
preferentemente uno a tres, heterodtomos que se seleccionan independientemente
a partir de nitrégeno, oxigeno, y azufre, por eliminacion de un atomo de hidrégeno
de un anillo aromatico del mismo. Como es sabido por los éxpertos en la técnica,
los anillos heteroarilo tienen un caracter menos aromatico que sus homalogos con
todo carbonos. Por o tanto, para los fines de fa divulgacién, un grupo heteroarilo
solo necesita tener cierto grado de caracter aromatico. Los ejemplos ilustrativos de
grupos heteroarilo incluyen, pero sin limitacion, piridilo, piridazinilo, pirimidito,
pirazilo, triazinilo, pirroliio, pirazolilo, imidazolilo, (1,2,3,)- y (1,2,4)-triazolilo, pirazinilo,
pirimidinilo, tetrazolilo, furilo, tienilo, isoxazolilo, tiazolilo, isoxazolilo, oxazolilo,
indolilo, quinolinilo, isoquinolinilo, bencisoxazolilo, benzotiazolilo, benzotienilo, y
pirrolopiridinilo.

El término “heteroarilalquilo,” tal como se usa en el presente documento, se
refiere a un grupo alquilo sustituido con uno, dos, o tres grupos heteroarilo.

El término “heterobiciclilo,” tal como se usa en el presente documento, se
refiere a una estructura anular que comprende dos anillos condensados ¢ con
puente que incluyen carbono y uno o mas, preferentemente uno a tres,
heteroatomos que se seleccionan independientemente a partir de nitrégeno,
oxigeno, y azufre. La estructura de anular heterobiciclica es un subconjunto de
anillo heterociclico y puede estar saturado o insaturado. Los ejemplos de estructuras

anulares heterobiciclicas incluyen, pero sin limitacion, tropano, guinuclidina, y 7-
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azabicicio[2.2.1]heptano.

El termino “heterociclilo,” tal como se usa en el presente documento, se
refiere a un grupo derivado de un compuesto monociclico, biciclico, o policiclico que
comprende al menos un anillo no aromatico que comprende uno o mas,
preferentemente uno a tres, heteroatomos que se seleccionan independientemente
a partir de nitrégeno, oxigeno, y azufre, por eliminacién de un atomo de hidrégeno
del anillo no aromatico. El grupo heterociclilo engloba el grupo heterobiciclilo. Los
grupos heterociclilo de !a presente divulgacién pueden estar unidos a un resto
molecular progenitor mediante un atomo de carbono o un atomo de nitrégeno del
grupo. Los ejemplos de grupos heterociclilo incluyen, pero sin limitacién, morfolinilo,
oxazolidinilo, piperazinilo, piperidinilo, pirrolidinilo, tetrahidrofurilo, tiomorfolinilo e
indolinilo.

El término “heterociclilalquilo,” tal como se usa en el presente documento, se
refiere a un grupo alquilo sustituido con uno, dos, o tres grupos heterociclilo.

Los términos “hidroxi” o “hidroxilo,” tal como se usan en el presente
documento, se refieren a -OH.

El término “hidroxialquilo,” tal como se usa en el presente documento, se
refiere a un grupo alquilo sustituido con uno, dos, o tres grupos hidroxi.

El término “nitro,” tal como se usa en el presente documento, se refiere a -
NO..

El término “-NRaR"," tal como se usa en el presente documento, se refiere a
dos grupos, R?y R®, que estan unidos a un resto molecular progenitor mediante un
atomo de nitrégeno, o de forma alternativa R* y R, junto con el atomo de nitrégeno
al que estan unidos, forman una estructura anular biciclica condensada o con

puente de 5 6 6 miembros que opcionalmente contiene uno, dos, o tres
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heteroatomos adicionales que se seleccionan independientemente a partir de
nitrégeno, oxigeno, y azufre. El término ““NR°R™ se define de forma similar.

El término “(NRaRb)anuiIo," tal como se usa en el presente documento, se
refiere a un grupo alquilo sustituido con uno, dos, o tres grupos —~NR®R®. E! término
“(INR°R%alquilo” se define de forma similar.

El término “oxo,” tal como se usa en el presente documento, se refiere a =0.

El término “sulfonilo,” tal como se usa en el presente documento, se refiere a
-S0y-,

El término “trialquilsililo,” tal como se usa en ef presente documento, se refiere
a -SiRs, en el que cada R es alquilo C1 a C, o fenilo. Los tres grupos R pueden ser
iguales o diferentes. Los ejemplos representativos de “trialquilsililo” incluyen, pero
sin limitacion, trimetilsililo (TMS), terc-butildifenilsililo (TBDPS), terc-butildimetilsililo
(TBS ¢ TBDMS), y triisopropilsililo (TIPS).

Existen centros asimétricos en los compuestos de la presente divulgacion.
Estos ceniros se designan con los simbolos “R” o “S", dependiendo de la
configuracién de los sustituyentes alrededor del atomo de carbono quiral. Debe
entenderse que la divulgacion engloba todas tas formas isoméricas
estereoquimicas, o sus mezclas, que poseen la capacidad de inhibir NS5A. Pueden
prepararse estereoisomeros individuales de los compuestos sintéticamente a partir
de materiales iniciales comercialmente disponibles que contienen centros quirales o
por preparacion de mezclas de productos enantioméricos seguido de separacién
como por ejemplo conversién a una mezcla de diastereocisémeros seguido de
separacion o recristalizacion, técnicas cromatogréficas o separacion directa de
enantibmeros en columnas cromatograficas quirales. Los compuestos iniciales de

estereoquimica particular o bien estan comercialmente disponibles o pueden
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prepararse y resolverse mediante técnicas conocidas en la técnica.

Ciertos compuestos de la presente divulgacion también pueden existir en
formas con conformacion estable que puedan separarse. La asimetria de torsion
debida a una rotacion restringida en torno a un enlace tnico asimétrico, por ejemplo
debido a impedimentos estéricos o a tensién anular, puede permitir la separacion de
los diferentes conformeros. La presente divulgacién incluye cada isémero
conformacional de estos compuestos y sus mezclas.

El término “compuestos de la presente divulgacion”, y expresiones
equivalentes, se pretende que engloben compuestos de la Férmula (), y sus
enantiomeros, diasteredmeros y sales farmacéuticamente aceptables. De forma
similar, las referencias a los intermedios se pretende que engloben sus sales
cuando el contexto lo permita.

Se pretende que la presente divulgacion incluya todos los isétopos de los
atomos que aparecen en los presentes compuestos. Los is6topos incluyen los
atomos que tienen el mismo nimero atémico pero diferentes nimeros masicos.
Como ejemplo general y sin fimitacion, los isétopos de hidr()géno incluyen deuterio y
tritio. Los isGtopos de carbono incluyen °C y C. Los compuestos marcados
isotépicamente de la invencion generalmente pueden prepararse mediante técnicas
convencionales conocidas por los expertos en la técnica o mediante procésos
analogos a los descritos en el presente documento, usando un reactivo marcado
isotdpicamente apropiado en lugar de! reactivo no marcado que se emplea en otros
casos. Dichos compuestos pueden tener una variedad de usos potenciales, por
ejemplo como patrones y reactivos para determinar la actividad biolégica. En el
caso de los isotopos estables, dichos compuestos pueden tener el potencial de

modificar  favorablemente  propiedades  biolégicas,  farmacolégicas o
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farmacocinéticas.

Los compuestos de la presente divulgacion pueden existir en forma de sales
farmaceuticamente aceptables. El término “sal farmacéuticamente aceptable,” tal
como se usa en el presente documento, representa sales o formas zwiteriénicas de
los compuestos de la presente divulgacién que son solubles o dispersables en agua
o aceite, que sean, segun el alcance de! criterio médico leal, adecuados para usar
en contacto con los tejidos de los pacientes sin una excesiva toxicidad, irritacion,
respuesta alérgica u otro problema o complicacién correspondiente a una proporcion
beneficio/tiesgo razonable y que sea eficaz para el uso que se pretenda. Las sales
pueden prepararse durante el aislamiento y purificacion finales de los compuestos o
por separado haciendo reaccionar un atomo de nitrégeno adecuado con un Acido
adecuado. Las sales de adicién de acidos adecuadas incluyen acetato, adipato,
alginato, citrato, aspartato, benzoato, bencenosulfonato, bisulfato, butirato,
alcanforato, alcanforsulfonato; digluconato, glicerofbsfato, hemisulfato, heptanoato,
hexanoato, formato, fumarato, clorhidrato, bromhidrato, yodhidrato, 2-
hidroxietanosulfonato, lactato, maleato, mesitilenosulfonato, metanosulfonato,
naftilenosulfonato, nicotinato, 2-naftalenosulfonato, oxalato, palmoato, pectinato,
persulfato, 3-fenilproprionato, picrato, pivalato, propionato, succinato, tartrato,
tricloroacetato, trifluoroacetato, fosfato, glutamato, bicarbonato, para-
toluenosulfonato, y undecanoato. Los ejemplos de acidos que pueden emplearse
para formar sales de adicién farmacéuticamente aceptables incluyen Acidos
inorganicos como por ejemplo clorhidrico, bromhidrico, sulfirico y fosférico y acidos
organicos como por ejemplo oxalico, maleico, succinico y citrico.

Las sales de adicién béasicas pueden prepararse durante la etapa de

aislamiento y purificacion finales de los compuestos haciendo reaccionar un grupo
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carboxi con una base adecuada como por ejemplo el hidroxido, carbonato o
bicarbonato de un catién metalico o con amoniaco o una amina primaria, secundaria
0 terciaria organica. Los cationes de sales farmacéuticamente aceptables incluyen
litio, sodio, potasio, calcio, magnesio y aluminio, asi como cationes de aminas
cuaternarias no téxicas como por ejemplo amonio, tetrametilamonio, tetraetilamonio,
metilamina, dimetilamina, trimetilamina, trietilamina, dietilamina, etilamina,
tributilamina, piridina, N, N-dimetilanilina, N-metilpiperidina, N-metiimorfolina,
diciclohexilamina, procaina, dibencilamina, N,N-dibencilfenetilamina, y N,N'-
dibenciletilendiamina.  Otras aminas organicas representativas Utiles para la
formaciéon de sales de adicion de bases incluyen etilendiamina, etanolamina,
dietanolamina, piperidina, y piperazina.

Aunque es posible que, para usar en terapia, puedan administrarse
cantidades terapéuticamente eficaces de un compuesto de la Férmula (1), asi como
sus sales farmacéuticamente aceptables, en forma de la sustancia guimica en bruto,
es posible presentar el principio activo en forma de una composicién farmacéutica.
Por consiguiente, ta divulgacion proporciona ademas composiciones farmacéuticas,
que incluyen cantidades terapéuticamente eficaces de compuestos de la Formula (1)
o sus sales farmacéuticamente aceptables, y uno o mas, preferentemente de uno a
tres, vehiculos, diluyentes, o excipientes farmacéuticamente aceptables. El término
“cantidad terapéuticamente eficaz,” tal como se usa en el presente documento, se
refiere a la cantidad total de cada componente activo que es suficiente para
demostrar un beneficio significativo para el paciente, por ejemplo, una reduccion
mantenida de la carga virica. Cuando se aplica a un principio activo individual,
administrado solo, ef término se refiere a ese ingrediente solo. Cuando se aplica a

una combinacion, el término se refiere a cantidades combinadas de los principios
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activos que provoca el efecto terapéutico, ya se administren combinados, en serie o
de forma simultanea. Los compuestos de la Formula (I) y sus sales
farmacéuticamente aceptables, son tal como se describen anteriormente. Los
vehiculo(s), diluyente(s) o excipiente(s) deben ser aceptables en el sentido de que
sean compatibles con los ofros ingredientes de la formulacién y no sean
perjudiciales para el receptor de los mismos. De acuerdo con otro aspecto de la
presente divulgacion, también se proporciona un proceso para la preparacion de una
formulacion farmacéutica que incluye mezclar un compuesto de la Férmula (I}, o una
sal farmacéuticamente aceptable del mismo, con uno o mas, preferentemente uno a
tres, vehiculos, diluyentes, o excipientes farmacéuticamente aceptables. El término
“farmaceuticamente aceptable” tal como se usa en el presente documento, se
refiere a aquellos compuestos, materiales, composiciones, y/o formas farmacéuticas
que son, segun el alcance del criterio médico leal, adecuados. para usar en contacto
con los tejidos de pacientes sin una excesiva toxicidad, irritacién, respuesta alérgica
u otros problemas o© complicaciones, que corresponde a una relacién
beneficio/riesgo razonable, y son eficaces para el uso que se pretende.

Las formulaciones farmacéuticas pueden presentarse en formas monodosis
que contienen una cantidad predeterminada de principio activo por monodosis. Los
niveles de dosis de entre aproximadamente 0,01 y aproximadamente 250
miligramos por kilogramo (“mg/kg”) de peso corporal al dia, preferentemente entre
aproximadamente 0,05 y aproximadamente 100 mg/kg de peso corporal al dia de los
compuestos de la presente divulgaciéon son habituales en una monoterapia para la
prevencion y el tratamiento de la enfermedad mediada por VHC. Habitualmente, las
composiciones farmacéuticas de esta divulgacidon se administraran desde

aproximadamente 1 a aproximadamente 5 veces al dia o de forma alternativa, en
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forma de infusién continua. Dicha administracién puede usarse como terapia
cronica o aguda. La cantidad de principio activo que puede combinarse con los
materiales de vehiculo para producir una Unica forma farmacéutica variard
dependiendo de la afeccién que se esté tratando, de la gravedad de Ia afeccion, del
tiempo de administracion, la via de administracién, la velocidad de excrecion del
compuesto empleado, la duracion del tratamiento, y la edad, sexo, peso y afeccion
del paciente. Las formulacioneé monodosis son las que contienen una dosis o
subdosis diaria, tal como se indica anteriormente en el presente documento, o una
fraccion apropiada de las mismas de un principio activo. Generalmente, el
tratamiento se inicia con dosis pequefas sustancialmente por debajo de la dosis
optima del compuesto. Después, la dosis se aumenta en pequeinos incrementos
hasta que se alcanza el efecto optimo en las circunstancias dadas. En general, el
compuesto se administra, de |la forma mas deseable a un nivel de concentracion que
generalmente conseguird resultados antiviralmente eficaces sin provocar efectos
secundarios dafiinos ni perjudiciales.

Cuando las composiciones de esta divulgacion comprenden una combinacién
de un compuesto de la presente divulgacion y uno o mas agentes terapéuticos o
profilacticos adicionales, tanto el compuesto como el agente adicional habitualmente
estan presentes a niveles de dosis de entre aproximadamente 10 a 150%, Yy mas
preferentemente entre aproximadamente 10 y 80% de la dosis que normalmente se
administra en una pauta de monoterapia.

Las formulaciones farmacéuticas pueden adaptarse para la administracién
por cualquier via apropiada, por ejemplo por via oral (que incluye bucal o
sublingual), rectal, nasal, topica (que incluye bucal, sublingual o transdérmica),

vaginal o parenteral (que incluye inyecciones o infusiones subcutanea, intracutanea,

pal



10

15

20

25

-30-

intramuscular, intraarticular, intrasinovial, intrasternal, intratecal, intralesional,
intravenosa o intradérmica). Dichas formulaciones pueden prepararse mediante
cualquier procedimiento conocido en la técnica de la farmacia, por ejemplo
asociando el principio activo con los vehiculo(s) o excipiente(s). Son preferentes la
administracion oral o la administracién mediante inyeccion.

Las formulaciones farmacéuticas adaptadas para la administracién oral
pueden presentarse en forma de unidades separadas tales como capsulas o
comprimidos; polvos o granulos; soluciones o suspensiones en liguidos acuosos o
No acuosos,; espumas o batidos comestibles, emulsiones liquidas de aceite en agua
o emulsiones de agua en aceite.

Por ejemplo, para la administracién oral en forma de un comprimido o
capsula, el componente medicamentoso activo puede combinarse con un vehiculo
inerte, oral, no téxico farmacéuticamente aceptable tal como etanol, glicerol, agua y
similares. Los polvos se preparan moliendo el compuesto a un tamaiio adecuado y
mezclando con un vehiculo farmacéutico molido de forma similar tal como un
carbohidrato comestible, como por ejemplo, almidén o manitol. También puede
haber presentes aromas, conservantes, dis_persantes y agentes colorantes.

Las capsulas se elaboran preparando una mezcla en polvo, tal como se
describe anteriormente, y cargando vainas de gelatina formadas. Pueden afadirse
deslizantes y lubricantes tales como silice coloidal, talco, estearato de magnesio,
estearato de calcio o polietilenglicol sélido a la mezcla en polvo antes de la
operacion de llenado. También puede afadirse un agente disgregante o
solubilizante tal como agar-agar, carbonato calcico o carbonato sodico para mejorar
la disponibilidad del medicamento cuando se ingiere la capsula.

Ademas, cuando se desee o sea necesario, también pueden incorporarse
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aglutinantes, lubricantes, agentes disgregantes y agentes colorantes adecuados a la
mezcla. Los aglutinantes adecuados incluyen almidén, gelatina, aziicares naturales
tales como glucosa o beta-lactosa, edulcorantes de maiz, gomas naturales y
sintéticas tales como goma arabiga, tragacanto, o alginato sbdico,
carboximeti!celulo.sa, polietilenglicol y similares. Los iubricantes que se usan en
estas formas farmacéuticas incluyen oleato sddico, cloruro sodico, y similares. Los
desintegradores incluyen, sin limitacion, almidén, metilcelulosa, agar, bentonita,
goma xantana, y similares. Los comprimidos se formulan, por ejemplo, preparando
una mezcla en polvo, granulando o formando pepitas, anadiendo un lubricante y
disgregante y dandole forma de comprimidos. Se prepara‘ una mezcla en polvo
mezclando el compuesto pulverizado de forma adecuada con un diluyente o base tal
como se describe anteriormente, y de forma opcional, con un aglutinante tal como
carboximetilcelulosa, un alginato, gelatina, o polivinilpirrolidona, un retardante de la
solucion tal como parafina, un acelerador de la resorcién tal como una sal
cuaternaria y/o un agente de absorcién tal como bentonita, caolin o fosfato dicalcico.
La mezcla en polvo puede granularse humedeciendo con un aglutinante tal como
sirope, pasta de almidén, mucilago de acacia o soluciones de materiales celulésicos
o polimeéricos y haciéndolos pasar por un tamiz. Como alternativa al granuiado, la
mezcla en polvo puede pasarse por la maquina de comprimidos produciendo pepitas
de forma imperfecta que se descomponen en granulos. Los granulos pueden
lubricarse para evitar que se peguen al comprimido formando moldes mediante la
adicion de acido estedrico, una sal de estearato, talco o aceite mineral. La mezcla

lubricada se comprime después en forma de comprimidos. Los compuestos de la

presente divulgacion también pueden combinarse con un vehiculo inerte fluido y

darles forma de comprimidos directamente sin pasar por las etapas de granulado o

556



10

20

25

-41-

formacién de pellas. Puede proporcionarse un recubrimiento protector transparente
u opaco formado por una capa sellante de laca, un recubrimiento de azlcar o
material polimérico y un recubrimiento pulido de cera. Pueden afadirse tintes a
estos recubrimientos para distinguir entre [as diferentes monodosis.

Los liquidos orales como soluciones, jarabes y elixires pueden prepararse en
forma monodosis de forma que una cantidad dada contenga una cantidad
predeterminada del compuesto. Los jarabes pueden prepararse disolviendo el
compuesto en una solucién acuosa aromatizada de forma adecuada, mientras que
los elixires se preparan mediante el uso de un vehiculo no téxico. También pueden
afadirse solubilizantes y emulsionantes tales como alcoholes de isostearilo
etoxilados y éteres de polioxietilen sorbitol, conservantes, aditivos aromatizantes
tales como aceite de menta o edulcorantes naturales o sacarina u otros
edulcorantes artificiales y similares.

Cuando sea apropiado, pueden microencapsularse las composiciones
monodosis para la administracién oral. La formulacién también puede prepararse
para prolongar o mantener la liberacion como por ejemplo recubriendo o
embebiendo el material particulado en polimeros, cera o similares.

Los compuestos de la Férmula (1), y sus sales farmacéuticamente aceptables,
también pueden administrarse en forma de sistemas de administracion de
liposomas, tales como vesiculas unilaminares, vesiculas unilaminares grandes y
vesiculas multilaminares. Los liposomas pueden formarse a partir de una variedad
de fosfolipidos, tales como colesterol, estearilamina, o fosfatidilcolinas.

Los compuestos de la Férmula (1) y sus sales farmacéuticamente aceptables
también pueden administrarse usando anticuerpos monoclonales como vehiculos

individuales a los que se acoplan las moléculas de compuesto. Los compuestos
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también pueden acoplarse con polimeros solubles como vehiculos para farmacos
dirigibles. Dichos polimeros pueden incluir polivinilpirrolidona, copolimero de pirano,
polihidroxipropilmetacrilamida-fenol, polihidroxietilaspartamidafenol, o poli(éxido de
etileno)polilisina sustituido con restos palmitoilo. Ademas, los compuestos pueden
acoplarse a una clase de polimeros biodegradables de utilidad para lograr la
liberacion controlada de un farmaco, por ejemplo, acido polilactico, polépsilon
caprolactona, acido polihidroxibutirico, poliortoésteres, poliacetales,
polidihidropiranos, policianoacrilatos y copolimeros de bloque anfipaticos de
hidrogeles .

Las formulaciones farmacéuticas adaptadas para la administracién
transdérmica pueden presentarse en forma de parches separados para poner en
contacto intimo con la epidermis del receptor durante un periodo de tiempo
prolongado. Por ejemplo, el principio active puede administrarse con el parche
mediante iontoforesis tal como se describe de forma g'eneral en Pharm. Res.,
3(6):318 (1986).

Las formulaciones farmacéuticas adaptadas para la administracién tépica
pueden formularse en forma de ungientos, cremas, suspensiones, lociones, polvos,
soluciones, pastas, geles, sprays, acrosoles o aceites.

Para los tratamientos oculares o de otros tejidos externos, por ejemplo la
boca y la piel, las formulaciones preferiblemente se aplican en forma de un
unglento o crema topicos. Cuando se formulan en forma de ungiiento, el principio
activo puede emplearse con una base de un ungiiento parafinico o miscible en
agua. De forma alternativa, el principio activo puede formularse en una crema con
una base en crema de aceite en agua o una base de agua en aceite.

Las formulaciones farmacéuticas adaptadas para las administraciones topicas
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oculares incluyen colirios, en los que se disuelve o suspende el principio activo en
un vehiculo adecuado, especialmente un disolvente acuoso.

Las formulaciones farmacéuticas que se adaptan para la administracion
topica bucal incluyen tabletas, pastillas y colutorios.

Las formulaciones farmacéuticas adaptadas para la administracion rectal
pueden presentarse en forma de supositorios o de enemas.

Las formulaciones farmacéuticas adaptadas para la administracién nasal en
la que el vehiculo es sélido incluyen un polvo basto que tiene un tamafio de particula
por ejemplo en el intervalo de 20 a 500 micrémetros que se administra en la forma
en la que se inhala el rape, es decir mediante inhalacion rapida por las vias nasales
a partir de un contenedor del polvo que se sujeta préximo a la nariz. Las
formulaciones adecuadas en las que el vehiculo es un liquido, para la administracién
en forma de un spray nasal o en forma de gotas nasales, incluyen soluciones
acuosas u oleosas del principio activo.

Las formulaciones farmacéuticas adaptadas para la administracién por
inhalacién incluyen polvos o pulverizaciones de particulas finas, que pueden
generarse por medio de diversos tipos de aerosoles, nebulizadores o insufiadores
presurizados dosificados. |

Las formulaciones farmacéuticas adaptadas para la administracion vaginal
pueden presentarse en forma de pesarios, tampones, cremas, geles, pastas,
espumas o formulaciones en spray.

Las formulaciones farmacéuticas adaptadas para la administracion parenteral
incluyen soluciones inyectables estériles acuosas y no acuosas que pueden
contener antioxidantes, tampones, bacterioestaticos y solutos que hacen que la

formulacion sea isoténica con la sangre del receptor que se pretenda’ y
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suspensiones estériles acuosas y no acuosas que pueden incluir agentes de
suspension y agentes espesantes. Las formulaciones pljeden presentarse en
envases monodosis o multidosis, por ejemplo ampollas y viales sellados, y pueden
almacenarse en estado liofilizado que requiera Gnicamente la adiciéon de vehiculo
liquido estéril, por ejemplo agua inyectable, antes de su uso. Las soluciones y
suspensiones inyectables inmediatas pueden prepararse a partir de polvos, granulos
y comprimidos estériles.

Debe entenderse que ademds de los ingredientes que se mencionan de
forma particular .anteriormente, las formulaciones pueden incluir otros agentes
convencionales en la técnica dependiendo del tipo de formulacion en cuestion, por
ejemplo, los adecuados para la administracién oral pueden incluir agentes
aromatizantes.

El término “paciente” incluye tanto seres humanos como otros mamiferos.

El termino “tratar” se refiere a: (i) prevenir la aparicion de una enfermedad,
trastorno o afeccion en un paciente que pueda estar predispuesto a la enfermedad,
trastorno, y/o afeccion pero todavia no ha sido diagnosticado como que la padece;
(i) inhibir la enfermedad, trastorno, 6 afeccion, es decir, detener su desarrollo; v (iii)
aliviar la enfermedad, trastorno, o afeccion, es decir, provocar la regresion de la
enfermedad, trastorno, y/o afeccion.

Los compuestos de la presente divulgacion también pueden administrarse
con una ciclosporina, por ejemplo, ciclosporina A. Se ha demostrado que la
ciclosporina A es activa contra VHC en ensayos clinicos (Hepatology, 38:1282
(2003); Biochem. Biophys. Res. Commun., 313:42 (2004): .J. Gastroenterol., 38:567
(2003)).

La Tabla 1 a continuacién enumera algunos ejemplos ilustrativos de
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compuestos que pueden administrarse con los compuestos de esta divulgacion. Los
compuestos de fa divulgacién pueden administrarse con otros compuestos con
actividad contra VHC en politerapia, bien de forma conjunta o por separado o

combinando los compuestos para formar una composicién.

Tabla 1
Nombre comercial Clase fisioldgica Tipo de inhibider o Compafiia proveedora
diana
NIMB11 Inhibidores de Novartis Debiopharm
Debio-025 ciclofilina
Zadaxin Inmunomodulador SciClone
Suvus Azul de metileno Bioenvision
Actilon (CPG10101) Agonista de TLR9  |Coley
Batabulin (T&7) Anticanceroso Inhibidor de B- Tularik Inc., South
tubulina San Francisco, CA
ISIS 14803 Antiviral No codificante ISIS Pharmaceuticals
Inc, Carlsbad, CA /
Elan Pharmaceuticals
-inc., New York, NY
Summetrel Antiviral Antiviral Endo Pharmaceuticals
Holdings inc., Chadds
Ford, PA
G5-9132 (ACH-806) | Antiviral Inhibidor de VHC Achillion / Gilead
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Nombre comercial

Clase fisioldgica

Tipo de inhibidor o

Compafia proveedora

diana

Compuestos y sales | Antiviral Inhibidores de VHC | Arrow Therapeutics

de pirazolopirtmidina Ltd.

Del

documento WO

2005/047288

26 de mayo de 2005

Levovirina Antiviral Inhibidor de IMPDH | Ribapharm Inc., Costa
Mesa, CA

Merimepodib Antiviral Inhibidor de IMPDH | Vertex

(VX-497) Pharmaceuticals inc.,
Cambridge, MA

XTL-6865 Antiviral Anticuerpo XTL

(XTL-002) monoclonal Bicpharmaceuticals
Ltd., Rehovot, Israel

Telaprevir Antiviral Inhibidor de la serina | Vertex

(VX-950, protesasa NS3 Pharmaceuticals Inc.,

LY-570310}) Cambridge, MA / Eli
Lilly y Co., Inc.,
Indianapolis, IN

HCV-796 Antiviral Inhibidor de 1a Wyeth / Viropharma

replicasa NS5B
NM-283 Antiviral Inhibidor de la idenix / Novartis

replicasa NS5B

Py
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Nombre comercial

Clase fisiologica

Tipo de inhibidor o

Comparila proveedora

diana
GL-59728 Antiviral Inhibidor de Ia Gene Labs / Novartis
replicasa NS5B
GL-60667 Antiviral Inhibidor de 1a Gene Labs / Novartis
replicasa NS5B
2'C MeA Antiviral Inhibidor de Ia Gilead
replicasa NS5B
PSI 6130 Antiviral inhibidor de la Roche
replicasa NS5B |
R1626 Antiviral Inhibidor de la Roche
replicasa NS5B
2'C Metil adenosina | Antiviral Inhibidor de la Merck
replicasa NS5B
JTK-003 Antiviral Inhibidor de RdRp Japan Tobacco Inc.,
Tokio, Japén
Levovirina Antiviral Ribavirina ICN Pharmaceuticals,
Costa Mesa, CA
Ribaviring Antiviral Ribavirina Schering-Plough
Corporation,
Kenilworth, NJ
Viramidina Antiviral Profarmaco de Ribapharm Inc., Costa

ribavirina

iMesa, CA

205
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Nombre comercial

Clase fisiologica

Tipo de inhibidor o

Compafiia proveedora

diana
Heptazyme Antiviral Ribozima Ribozyme
Pharmaceuticals Inc.,
'Boulder, CO
BILN-2061 Antiviral Inhibidor de serina Boehringer Ingelheim
proteasas Pharma KG,
Ingelheim, Alemania
SCH 503034 Antiviral Inhibidor de serina Schering-Plough
proteasas
Zadazim Inmunombdulador Inmunomodulador SciClone
Pharmaceuticals Inc.,
San Mateo, CA
Ceplene Inmunomodulador Inmunemodulador Maxim
Pharmaceuticals Inc.,
San Diego, CA
CELLCEPT® Inmunosupresor IgG inmunosupresora | F. Hoffmann-La
de VHC Roche LTD, Basel,
Suiza
Civacir [nmunosupresor IgG inmunosupresora | Nabi
de VHC Biopharmaceuticals
Inc., Boca Raton, FL
Albuferon ~ Interferdn AlbGmina IFN-a2b Human Genome

Sciences Inc.,

Rockville, MD
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Nombre comercial

Clase fisiologica

Tipo de inhibidor o

Compafiia proveedora

diana

Infergen A Interferén tFN alfa-1 InterMune
Pharmaceuticals Inc.,
Brisbane, CA

Omega IFN Interferén IFN-o Intarcia Therapeutics

IFN-B y EMZ701 Interferén IFN-B y EMZ701 Transicién
Therapeutics Inc.,
Ontario, Canada

REBIF® Interferon IFN-B1a Serono, Ginebra,
Suiza

Roferon A Interferdn FN-a2a F. Hoffmann-La
Roche LTD, Basel,
Suiza

Intron A Interferén IFN-a2b Schering-Plough
Corporation,
Kenilworth, NJ

Intrén A y Zadaxin Interferdn IFN-a2bfai-timosina { RegeneRx

Biopharma. Inc.,
Bethesda, MD /

SciClone

Pharmaceuticals Inc,

San Mateo, CA
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Nombre comercial

Clase fisiolégica

Tipo de inhibidor o

Compafiia proveedora

diana
Rebetron Interferdn IFN-a2b / ribavirina Schering-Plough
Corporation,
Kenilworth, NJ
Actimmune Interferén INF-y IinterMune Inc.,
‘Brisbane, CA
Interferén-B interferdn Interferén-p-1a Serono
Multiferon Interferén IFN de accion Viragen / Valentis
prolongada
Wellferon Interferdn IFN-antlinfoblastoide | GlaxoSmithKline ple,
Uxbridge, Reino
Unide
Omniferon Interferén [FN-o. natural Viragen Inc.,
Plantation, FL
Pegasys Interferén IFN-a2a pegilado F. Hoffmann-La
Roche LTD, Basel,
.Suiza
Pegasys y Ceplene | Interferén IFN-02a Maxim
PEGilado/inmunomod | Pharmaceuticals Inc.,
ulador San Diego, CA
Pegasys y Ribavirina { Interferdn IFN-a2a F. Hoffmann-La

PEGilado/ribavirina

Roche LTD, Basel,

Suiza

&0
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Nombre comercial

Clase fisiologica

Tipo de inhibidor o

Compafiia proveedora

diana
PEG-Intron Interferén IFN-a2b PEGilado Schering-Plough
Carporation,
Kenilworth, NJ
PEG-Intrén / interferén IFN-a2b Schering-Plough
ribavirina PEGiladofribavirina Corporation,
Kenilworth, NJ
1P-501 Proteccion hepética Antifibrotico Indevus
Pharmaceuticals Inc.,
Lexington, MA
IDN-6556 Proteccion hepatica Inhibidor de caspasa | ldun Pharmaceuticals
Inc., San Diego, CA
ITMN-191 Antiviral Inhibidor de serina InterMune
(R-7227) proteasas Pharmaceuticals Inc.,
Brishang, CA
GL-59728 Antiviral Inhibider de Ia Genelabs
replicasa NS5B
ANA-971 Antiviral Agonista de TLR-7 Anadys
Boceprevir Antiviral Inhibidor de serina Schering-Plough
proteasas
TMS-435 Antiviral Inhibidor de serina Tibotec BVBA,

proteasas

Mechelen, Bégica

s
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Nombre comercial

Clase fisiologica

Tipo de inhibidor o

Compairiia proveedora

diana
BI-201335 Antiviral Inhibidor de serina Boehringer Ingelheim
proteasas Pharma KG,
ingelheim, Germany
MK-7009 Antiviral Inhibidor de serina Merck
proteasas
PF-00868554 Antiviral Inhibidor de Pfizer
replicasas
ANAS98 Antiviral fnhibidor no Anadys
nucleosidico de Pharmaceuticals, Inc.,
polimerasa NS5B San Diego, CA, USA
IDX375 Antiviral Inhibidor no Idenix
nucieosidico de Pharmaceuticals,
replicasa Cambridge, MA, USA
BILB 1941 Antiviral Inhibidor de Boehringer Ingelheim
polimerasa NS5B Canada Litd R&D,
Laval, QC, Canada
PSI-7851 Antiviral Inhibidor nucleosidico | Pharmasset,
de polimerasa Princeton, NJ, USA
VCH-759 Antiviral Inhibidor de ViroChem Pharma
polimerasa NS5B
VCH-916 Antiviral Inhibidor de ViroChem Pharma

polimerasa NS5B

260
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Nombre comercial Clase fisiolégica Tipo de inhibidor o Comparila proveedora
diana

G5-9190 Antiviral Inhibidor de Gilead

polimerasa NS5B

Peg-interferén lamda | Antiviral Interferon ZymoGenetics /

Bristol-Myers Squibb

Los compuestos de la presente divulgacion también pueden emplearse como
reactivos de laboratorio. Los compuestos pueden ser una contribucidn decisiva para
proporcionar herramientas de investigacion para disefiar ensayos de replicacion del
virus, validacién de sistemas de ensayo en animales y estudios de biologia
estructural para potenciar mas el conocimiento de los mecanismos de la
enfermedad de VHC. Ademas, los compuestos de Ia presente divulgacién son Utiles
para establecer o determinar el sitio de unién de otros compuestos antivirales, por
ejemplo, por inhibicién competitiva. |

Los compuestos de esta divulgacion también pueden usarse para tratar o
prevenir la contaminacién virica de materiales y asi reducir el riesgo de infeccion
virica del personal médico o de laboratorio o0 de los pacientes que entran en
contacto con dichos materiales, por ejemplo, sangre, tejidos, instrumentos y prendas
quirdrgicos, instrumentos y prendas de laboratorio y aparatos y materiales de
extraccion o transfusion de sangre.

Esta divulgacion se pretende que englobe los compuestos que tienen la
Formula (I) cuando se preparan mediante procedimientos sintéticos o mediante
procesos metabdlicos que incluyen los que se producen en el organismo humano o

animal (in vivo) o los procesos que tienen fugar in vitro.
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Las abreviaturas que se usan en la presente solicitud de patente, que
incluyen en particular los ejemplos ilustrativos siguientes, son notorios para los
expertos en la técnica. Algunas de la abreviaturas que se usan son las siguientes:
TFA para acido trifluorcacético; min o min. para minutos; MeCN o ACN para
acetonitrilo; LDA para diisopropilamida de litio; DMSO para sulféxido de dimetilo: h
para horas; Boc o BOC para terc-butoxicarbonilo; HATU para hexafluorofosfato de
O-(7-azabenzotriazol-1-il)-N,N,N'N'-tetrametiluronio;, TR o Tr para tiempo de
retencion o TA para temperatura ambiente; Me para metilo; DMF para N,N-
dimetilformamida; Pd(PhsP)s para tetrakistrifenii fosfina paladio: MeOH para
metanol; MeOD para CD,OD; TEA para trietilamina; Ph para fenilo; TBDPS para
terc-butildifenilsililo; EtsN o TEA para trietlamina: DMAP para N,N-
dimetilaminopiridina; EtOAc para acetato de etilo; TBAF para fluoruro de
tetrabutilamonio; THF para tetrahidrofurano; DIEA o DIPEA o iPr,NEt para
diisopropiletilamina; NCS para N-clorosuccinimida; NBS para N-bromosuccinimida:
DCM para diclorometano; MEB para 2-(trimetilsiliijetoximetilo; DCE para 1,2-
dicloroetano; EDCI para 1-etil-3-(3-dimetilaminopropil}carbodiimida; DBU para 1,8-
diazabiciclo[5,4,0Jundec-7-eno; Pd(t-BusP), para bis(tributilfosfina) paladio; HMDS
para hexametildisilazida;, TMSCHN; para trimetilsilildiazometano; H-D-Ser-OBzl para
éster bencilico de D-serina; i-PrOH para isopropanol; LIHMDS para
hexametildisilazida de litio; DIBAL o DIBALH para hidruro de diisobutilaluminio:
TBDMS para terc-butildimetilsililo; CBz para carbobenciloxi; Bn para bencilo; DEAD
para azodicarboxilato de dietilo; mCPBA para acido meta-cloroperoxibenzoico;
TMSCN para cianuro de trimetilsililo; dpppe para 1,5-Bis(difenilfosfino) pentano;
TMEDA para tetrametiletilendiamina; OAc para acetato; DMA para N,N-

dimetilacetamida; y d para dias.
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LLa presente d.ivulgacién se describird ahora relativa a ciertas realizaciones
que no se pretende que limiten su alcance. Por el contrario, Ia presente divulgacion
abarca todas las alternativas, modificaciones, y equivalentes que pueden incluirse
en el alcance de las reivindicaciones. Por lo tanto, los siguientes ejemplos, que
incluyen realizaciones especificas, llustraran una practica de la presente divulgacion,
entendiendose que fos ejemplos tienen fines ilustrativos de ciertas realizaciones y se
presentan para proporcionar lo que se cree que es la descripcion mas (til y
facilmente comprensible de sus procedimientos y aspectos conceptuales.

Los materiales iniciales pueden obtenerse de fuentes comerciales o
prepararse mediante procedimientos ya esfablecidos en la bibliografia conocidos por

las personas de experiencia ordinaria en |a técnica.

EJEMPLOS
A no ser que se indique lo contrario, las evaluaciones de la pureza se
realizaron en un sistema de CL Shimadzu y la determinacién del tiempo de retencion
(Tr) y el analisis de masas de baja resolucién se realizaron en un sistema de CL
Shimadzu acoplado a un sistema de EM Waters MICROIVIASS@ ZQ. Obsérvese que

los tiempos de retencién pueden variar ligeramente de un aparato a otro.

Condicién 1

Columna = PHENOMENEX®, C18, 3,0 X 50 mm, 10 pm
% inicial de B=0

% final de B = 100

Tiempo de gradiente = 2 min

Tiempo de terminacién = 3 min

SH
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Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1 % de TFA en 10% de metanol/90% de agua
Disolvente B = 0,1 % de TFA en 90% de metanol/10% de agua
Condicion 2

Columna = XTERRA®, C18, 3,0 x 50 mm, S7

% inicialdeB=0

% final de B = 100

Tiempo de gradiente = 2 min

Tiempo de terminacién = 3 min

Caudal = 5 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,2 % de H3PO4 en 10% de metanol/90% de agua
Disolvente B = 0,2 % de H3PO,4 en 90% de metanol/10% de agua

Condicién 3

Columna = PHENOMENEX®, C18, 3,0 X 50 mm, 10 pm

% iniciaide B=0

% final de B = 100

Tiempo de gradiente = 3 min

Tiempo de terminacién = 4 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1 % de TFA en 10% de metanol/90% de agua
Disolvente B = 0,1 % de TFA en 90% de metanol/10% de agua
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Condicion 4

Columna = XTERRA®, C18, 3,0 x 50 mm, S7

% inicial de B =0

% final de B = 100

Tiempo de gradiente = 10 min

Tiempo de terminacién = 11 min

Caudal = 5 ml/min

Longitud de onda = 220 hm

Disolvente A = 0,2 % de H3PO4 en 10% de metanol/90% de agua
Disolvente B = 0,2 % de HiPO4 en 90% de metanol/10% de agua

Condicién 5

Columna = PHENOMENEX®, C18, 3,0 X 50 mm, 10 pm

% inicialde B=0

% final de B = 100

Tiempo de gradiente = 4 min

Tiempo de terminacién = 5 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1 % de TFA en 10% de metanol/90% de agua
Disolvente B = 0,1 % de TFA en 90% de metanol/10% de agua

Condicion 6

Columna = Phenomenex-Luna, C18, 4,6 X 50 mm, S10

hie
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% inicial de B =0

% final de B = 100

Tiempo de gradiente = 3 min

Tiempo de terminacién = 4 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1 % de TFA en 10% de metanol/90% de agua
Disolvente B = 0,1 % de TFA en 90% de metanol/10% de agua

Condicion 7

Columna = Phenomenex-Luna, C18, 3,0X 50 mm, S10

% inicial de B = 0

% final de B = 100

Tiempo de gradiente = 2 min

Tiempo de terminacion = 3 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1 % de TFA en 10% de metanol/90% de agua
Disolvente B = 0,1 % de TFA en 90% de metanol/10% de agua

Condicion 9

Columna = Waters Sunfire, C18, 4,6X150 mm, 3,5 pm
% inicial de B = 10

% final de B = 50

Tiempo de gradiente = 20 min

o4
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Tiempo de terminacion = 25 min

Caudal = 1 ml/min

Longitud de onda = 220 y 254 nm

Disolvente A = 0,1% de TFA en 5% de CH3CN/95% de H,O0
Disolvente B = 0,1% de TFA en 95% de CH3CN/5% de H,0

Condicién 9a

lgual que la Condicién 9 a excepcion de que el Tiempo de terminacion = 35

Condicién 9a.1

Columna = Waters Sunfire, C18, 4,6X150 mm, 3,5 pm

% inicial de B = 30

% final de B = 100

Tiempo de gradiente = 20 min

Tiempo de terminacién = 25 min

Caudal = 1 mi/min

Longitud de onda = 220 y 254 nm

Disolvente A = 0,1% de TFA en 5% de CH3CN/95% de H,O
Disolvente B = 0,1% de TFA en 95% de CHaCN/5% de H,0

Condicién 10

Columna = Waters Xbridge phenyl, C18, 4,6X150 mm, 3 pm
% inicial de B = 10

% final de B = 50

215
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Tiempo de gradiente = 20 min

Tiempo de terminacién = 25 min

Caudal = 1 ml/min

Longitud de onda = 220 y 254 nm

Disolvente A = 0,1% de TFA en 5% de CH3CN/95% de H,0O
Disolvente B = 0,1% de TFA en 95% de CH3CN/5% de H,0O

Condicién 10a

igual que la Condicién 10 a excepcion de que el Tiempo de terminacion = 35

\
Condicion 10a.1 \

Columna = Waters Xbridge phenyl, C18, 4,6X150 mm, 3 ym
% inicial de B = 40

% final de B = 100

Tiempo de gradiente =20 min

Tiempo de terminacion = 25 min

Caudal = 1 mi/min

Longitud de onda = 220 y 254 nm

Disolvente A = 0,1% de TFA en 5% de CH3CN/95% de H,0
Disolvente B = 0,1% de TFA en 95% de CH3CN/5% de H,O

Condicién 10b
Columna = Sunfire, C18, 3,0 X 150 mm, 3,5 ym
% inicialde B = 10
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% final de B = 40

Tiempo de gradiente = 15 min

Tiempo de terminacién = 18 min

Caudal = 1 ml/min

Longitud de onda 1 =220 nm

Longitud de onda 2 = 254 nm

Disolvente A = 0,1 % de TFA en 5% de MeCN/95% de agua
Disolvente B = 0,1 % de TFA en 95% de MeCN/5% de agua

Condicidén 10c »
Columna = Xbridge Phenyl, C18, 3,0 X 150 mm, 3,5 um

% inicial de B = 10

% final de B = 40

Tiempo de gradiente = 15 min

Tiempo de terminacién = 18 min

Caudal = 1 ml/min

Longitud de onda 1 = 220 hm

Longitud de onda 2 = 254 nm

Disolvente A = 0,1 % de TFA en 5% de MeCN/95% de agua
Disolvente B = 0,1 % de TFA en 95% de MeCN/5% de agua

Condicién 10d
Columna = PHENOMENEX®-Luna, C18, 2,0 X 50 mm, 3 pm
% inicialde B=0

% final de B =100

BiPs
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Tiempo de gradiente = 4 min

Tiempo de terminacién = 5 min

Caudal = 0,8 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1 % de TFA en 10% de metanol/90% de agua
Disolvente B = 0,1 % de TFA en 90% de metanol/10% de agua
Temp. del horno = 40 °C

Condicién 10e (sistema de CL Agilent 1200 series)

Columna = Waters Xbridge phenyl, C18, 4,6X150 mm, 3,5 ym
Disolvente A = Tampén: CH;CN (95:5)

Disolvente B = Tampén: CH3CN (5:95)

Tampén = 0,05% de TFA en H,O (pH 2,5, ajustado con amoniaco diluido)
% inicial de B = 10

% final de B = 100

Tiempo de gradiente = 12 min

Tiempo isocfético = 3 min

Tiempo de terminacion = 23 min

Caudal = 1 ml/min

Longitud de onda = 220 y 254 hm

Condicion 10f (Espectréometro de masas Agilent LC-1200 series acoplado a

6140 de cuadrante Unico, modo IES +)

Columna = Zorbhax SB, C18,‘4,6X50 mm, 5 um
Disoivente A = MeOH (10%) + 0,1% de TFA en H,0 (90%)
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Disolvente B = MeOH (90%) + 0,1% de TFA en H,0 (10%)
% inicialde B=10

% final de B = 100

Tiempo de gradiente = 3 min

Tiempo isocratico = 1 min

Tienﬁpo de terminacion = 5 min

Caudal = 5 ml/min

l.ongitud de onda = 220 nm

Condicion 10g (Espectrometro de masas Agilent LC-1200 series acoplado a

6140 de cuadrante (nico, modo IES +)

Columna = Ascentis Express, C-8, 2,1X5 mm, 2,7 ym
Disolvente A = CH3CN (2%) + NH,COOH 10 mM en H,0 (98%)
Disolvente B = CHiCN (98%) + NH,COOH 10 mM en H,O (2%)
% inicialde B=0

% final de B =100

Tiempo de gradiente = 1,5 min

Tiempo isocratico = 1,7 min

Tiempo de terminacién = 4 min

Caudal = 1 ml/min

Longitud de onda = 220 nm

Condicidén 10h

Columna = PHENOMENEX®-Luna, C18, 4,6 X 30 mm, S10

% inicialde B= 0

% final de B = 100



10

15

20

25

220

-B4-

Tiempo de gradiente = 3 min

Tiempo de terminacién = 4 min

Caudal = 4 mi/min

Longitud de onda = 220 nm

Disolvente A = 0,1 % de TFA en 10% de metanol/90% de agua
Disolvente B = 0,1 % de TFA en 90% de metanol/10% de agua

Condicién 11

Columna = PHENOMENEX®-Luna, C18, 50X2 mm, 3uym

% inicial de B =0

% final de B =100

Tiempo de gradiente = 4 min

Tiempo de terminacién = 5 min

Caudal = 0,8 mi/min

Longitud de onda = 220 nm

Disolvente A = 5% de metanol/95% de agua : acetato de amonio 10 mM
Disolvente B = 95% de metanol/5% de agua : acetato de amonio 10 mM

Temperatura del horno = 40 °C

Condicion 12 (HPLLC de Waters Acquity con deteccion UV-Vis de Waters PDA

y sonda para espectrometria Waters SQ MS-ESCI)

Columna = Waters Acquity BEH, C18, 150 X 2,1 mm de DI, 1,7 ym (a 35 °C)
Fase mévil A = 0,05% de TFA en agua
Fase mévil B = 0,05% de TFA en acetonitrilo”

Sistema de disolventes: mantener 10% de B: 0-1 min; 10-98% de B: 1-32 min;
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mantener 98% de B: 32-35 min; 98-10% de B: 35-35,3 min; mantener 10% de B:
35,3-40 min

Caudal = 0,35 ml/min

Deteccién UV = 335 nm

EJEMPLOS
Ejemplo OL-1
O
= N
N :
,_-l\{ O N NH \ I\{>—_-\N
\/E ' O@
L/ N
N

Ejemplo OL-1, etapa a

AT T

Se afadid éster dimetilico (1,5 g, 524 mmol) a una soluciébn de
cloroyodometano (3,05 ml, 41,92 mmol) en tetrahidrofurano (50 ml) y la solucion
resultante se enfrié a -78 °C. Se afadié gota a gota una solucion 1,8 M de LDA (29
ml, 52 mmol) en tetrahidrofurano y la suspensién marrén resultante se agité a -78 °C
durante 15 min. Después se anadié una solucion de acido acético glacial en
tetrahidrofurano (10 ml en 50 ml) lentamente y la mezcla marréon se agité a -78 °C
durante 10 min antes de dejar que alcanzara temperatura ambiente. La mezcla se

tomé -en acetato de etilo y salmuera (1:1, 50 ml) y ia fase organica después se

22



20

-66-

separd, se lavo con una solucion saturada de bicarbonato sddico y salmuera, se
secO (MgSQ0,), se filtrd, y se concentré a vacio. El residuo se sometié a
cromatografia ultrarrapida (gel de silice; 15% de acetato de etilo/hexanos)
proporcionando OL-1a en forma de un sélido marrén claro (0,6 g). RMN de 'H (500
MHz, DMSO-dg) 6 ppm 5,17 (s, 4 H), 7,22 (d, J=8,85 Hz, 4 H), 8,06 (d, J=8,85 Hz, 4
H). CL (Cond. 2). Tr = 1,53 minutos, 97% de indice de homogeneidad; CLEM: Anal.
Calc. para (I\/I-H)+ C16H11CI04: 321,01; Encontrado: 321,30.

Ejemplo OL-1, etapa b

O

O 2HCI O

Se calent6 a reflujo una mezcla de OL-1a (0,6 g, 1,85 mmol) y diformilamida
sodica (0,42 g, 4,45 mmol) en acetonitrilo (20 ml) a reflujo durante 4 h. El disolvente
se elimin6 después a presion reducida y el residuo restante se volvid a disolver en
una solucién al 5% de HCI en etanol (30 ml) y se calenté a temperatura de reflujo
durante 2 h. La mezcla se enfrid en un bafio de agua y hielo y el precipitado
resultante se filtrd, se lavé con etanol y éter y se secé a vacio. El solido marrén
claro recuperado se us6 sin purificacion adicional (0,66 g). RMN de 'H (500 MHz,
DMSO-ds) 6 ppm 4,54 (s, 4 H), 7,25 (d, J=8,85 Hz, 4 H), 8,11 (d, J=8,55 Hz, 4 H),
8,52 (s ancho, 6 H). CL (Cond. 1): Tg = 1,24 min; EMBR: Anal. Calc. para (M+H)"
Ci1sM17N20; 285,12; Encontrado: 285,19.

Ejemplo OL-1, etapa ¢

7L
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Boc Boc

Se anadié N,N-diisopropiletilamina (1,13 ml, 6,47 mmol) gota a gota, durante
15 minutos, a una mezcia heterogénea de N-Boc-L-prolina (0,8 g, 3,73 mmol), HATU
(1,48 g, 3,88 mmol), OL-1b (0,66 g, 1,85 mmol) y dimetiformamida (15 ml), y se
agito en condiciones ambientales durante 4 h. La mayoria de los componentes
volatiles se eliminaron a vacio, y el residuo resultante se fraccioné entre acetato de
etilo (30 ml) y agua (20 ml). La fase organica se lavo con agua (20 ml) y salmuera,
se seco (MgSQ,), se filtro, y se concentré a vacio. Se prepard una malla de gel de
silice a partir del residuo y se sometié a cromatografia ultrarrapida (gel de silice; 65-
85 % de acetato de etilo/ hexanos) proporcionando OL-1¢ en forma de un sélido
marrén claro (0,7 g). RMN de "H (500 MHz, DMSO-ds) & ppm 1,39/1,34 (rotameros,
s, 18 H), 1,70 - 1,91 (m, 6 H), 2,00 - 2,25 (m, J=8,55 Hz, 2 H), 3,22 - 3,33 (m, 2 H),
3,32 - 3,47 (m, J=10,68, 10,68 Hz, 2 H), 4,08 - 4,26 (m, 2 H), 4,56 (ddd, J=36,93,
18,16, 5,34 Hz, 4 H), 7,19 (d, J=8,85 Hz, 4 H), 8,06 (d, J=7,95 Hz, 4 H), 8,11 - 8,24
(m, J=5,49 Hz, 2 H). CL {Cond. 1): Tr = 2,55 min; EMBR: Anal. Calc. para (M+H)"
Ca6Ha7N4Og 679,33, Encontrado: 679,44.

Ejemplo OL-1, etapa d

O
N N 3
N b jO/ O\[ %Nj
HN NH

Iéoc Boc
Una mezcla de OL-1c (0,7 g, 1,025 mmol) y acetato de amonio (0,72 g, 10

mmol) en xilenos (5 mi} se calentd en un tubo sellado a 140 °C durante 1,2 horas

305
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con radiacion microondas. El componente volatil se eliminé a vacio, y el residuo se
fracciond cuidadosamente entre acetato de etilo y agua, después de lo cual se
anadio suficiente solucién saturada de bicarbonato sodico para hacer que el pH de
la fase acuosa fuera ligeramente basico después de agitar el sistema bifasico. Las
fases se separaron, y la fase acuosa se extrajo con mas acetato de etilo. La fase
organica combinada se lavé con salmuera, se secd (MgSQ.), se filtro, vy se
concentr6 a vacio. El material resultante se someti6 a una cromatografia
ultrarrapida (gel de silice; 15-25% de acetona/diclorometano} proporcionando OL-1d
(0,13 g). RMN de 'H (500 MHz, DMSO-dg) & ppm 1,17/1,48 (rotameros, s, 18 H),
1,76 - 1,93 (m, 4 H), 1,93 - 2,06 (m, J=10,07 Hz, 2 H), 2,10 - 2,30 (m, 2 H), 3,32 -
3,39 (m, 2 H), 3,45 - 3,62 (m, 2 H), 4,69 - 4,80 (m, 1 H), 4,83 (d, J=7,02 Hz, 1 H),
6,97 (d, J=7,93 Hz, 4 H), 7,00 - 7,22 (m, 1 H), 7,40/7,62 (rotameros, m, 2 H), 7,73 (d,
J=8,55 Hz, 3 H), 11,74/11,81/12,07 (rotameros, s, 2 H). CL (Cond. 2): Tg = 1,53
minutos, 93% de indice de homogeneidad; CLEM: Anal. Calc. para (M+H)"
C3sH44NsOs: 641,34; Encontrado: 641,50.

Ejemplo OL-1, etapa e

D~<f© Q\E»«j

4 HCI

A una solucion de OL-1d (0,13 g, 0,2 mmol) en 30 ml diclorometano se
anadio 1 ml de una solucion 4,0 M de HCI en dioxano. La reaccion se agitd durante
2 horas a temperatura ambiente y se concentrd a presion reducida. El residuo
resultante se volvid a disolver en una cantidad minima de metanol y el producto

deseado se tritur6 con éter, se filtrd y se secd a vacio. Se recuperd un sélido
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tostado claro (0,11g) y se uso sin purificacion adicional. RMN de 'H (500 MHz,
DMSO-de) & ppm 1,92 - 2,07 (m, 2 H), 2,12 - 2,25 (m, 2 H), 2,37 - 2,47 (m, 4 H), 3,30
- 3,47 (m, 4 H), 4,90 - 5,02 (m, 2 H), 7,15 (d, J=8,55 Hz, 4 H), 7,91 (d, J=8,24 Hz, 4
H), 7,97 (s, 2 H), 9,74 (s ancho, 2 H), 10,25 (s ancho, 2 H). Nota: la sefial de! NH
del imidazol era demasiado ancha para asignarle un desplazamiento quimico. CL
(Cond. 1). Tr = 1,68 min; EMBR: Anal. Calc. para (M+H)" CagHNsO 441,24:
Encontrado: 441,30.

Ejemplo OL-1

Se afiadié HATU (52 mg, 0,137 mmol) a una mezcla de OL-1e (35 mg, 0,06
mmol), diisopropiletiamina (58 ul, 0,33 mmol) y Cap-1 (22 mg, 0,12 mmol) en
dimetilformamida (3 ml}, y la mezcla resultante se agitdé a temperatura ambiente
durante 3 h. El componente volatil se elimind a vacio, y el residuo se purificé
mediante un sistema de HPLC de fase inversa (agua/metanol/TFA) proporcionando
la sal TFA del Ejemplo OL-1 en forma de un sélido blanquecino (32 mg). RMN de 'H
(500 MHz, DMSO-Dg) & ppm 1,82 - 1,93 (m, 2 H), 1,94 - 2,08 (m, 4 H), 2,14 - 2,24
(m, 2 H), 2,29 - 2,40 (m, 4 H), 2,83 (s, 4 H), 2,97 - 3,07 (m, 4 H), 3,97 (t, J=8,24 Hz,
2H), 4,89-520(m, 2H),534-573(m, 2H),7,00-7,22(m, 6 H), 7,49-7,64 (m, 9
H), 7,70 - 7,89 (m, 5 H), 10,20 (br.s, 2 H). CL (Cond. 1): Tr = 2,48 min; EMBR: Anal.
Calc. para (M+H)" CsHs5sNgOs 763,41; Encontrado: 763,56; EMAR: Anal. Calc, para
(M+H)" C4sHs1NsO; 763,4084; Encontrado: 763,4109.

Ejemplos OL-2 y OL-3

(A
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O
/\,/©/ H ‘.
/ICL) N\\NH | \ N’HNj
R™N oA

L.os Ejemplos OL-2 y OL-3 se prepararon en forma de sales TFA sustituyendo
los acidos respectivos por Cap-1 usando el mismo procedimiento descrito para el

Ejemplo OL-1.

0
Ejemplo /[J\ TR (Cond. de CL); Datos de EM
RS

Acido
0
OL-2 Ph Tr = 2,92 min. CL (Cond. 2); CLEM: Anal. Calc.
s + |
HO para (M+H)" C4H41NsO5709,31; Encontrado:

Acido 709,41, EMAR: Anal. Calc. para: C4H41NgO5
mandélico | 709,3138; Encontrado: 709,3147 (M+H)"

0
OL-3 Ph\)J\g? Tr = 3,65 min). CL {Cond. 2); CLEM: Anal. Calc.
N. o para (M+H)" C4H47NsO~ 823,35; Encontrado:
~
70]/ 823,66. EMAR: Anal. Calc. para (M+H)"

HN

Cap_4 C45H47N307 823,3568, Encontrado: 823,3574

Ejemplo OL-4

OET O YL

280
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Ejemplo OL-4, etapa a

Se combinaron 3-bromobenzoato de metilo (5 g, 23,2 mmol), 4-
hidroxibenzoato de metilo (5,3 g, 34,87 mmol), carbonato de cesio (15,12 g, 46,4
mmol), yoduro de cobre (1) (0,44 g, 2,32 mmol} y clorhidrato de N,N-dimetilo (0,97 g,
6,96 mmol) en dioxano (100 ml) en un tubo sellado y la mezcla resultante se calento
a 90 °C durante 15 h. EI disolvente se elimind a presién reducida y el residuo se
tomé en acetato de etilo/agua (1:1, 200 ml). La fase organica se lavé con carbonato
sodico acuoso saturado, agua y salmuera, se secod (MgSQ.), se filtré y se concentrd
a vacio. El material resultante se purificé por cromatografia ultrarrapida (gel de
silice, 5% de acetato de etilo/hexanos) proporcionando Ol.-4a en forma de un aceite
transparente que solidificé al reposar (5,8 g). RMN de 'H (600 MHz, DMSQO-dg) &
ppm 3,83 (s, 6 H), 7,10 (d, J=8,55 Hz, 2 H), 7,43 (dd, J=8,09, 2,59 Hz; 1 H), 7,56 (s,
1 H), 7,61 (t, =7,93 Hz, 1 H), 7,81 (d, J=7,63 Hz, 1 H), 7,98 (d, J=8,55 Hz, 2 H). CL
(Cond. 2): Tr = 1,53 minutos; CLEM: Anal. Calc. para (M+1)" CisH1s05 287,01:
Encontrado; 287,23.

Ejemplo OL-4, etapa b

CI /\g/@,o\Q/ﬂvcn

OL-4b se prepar6 a partir de OL-4a, de acuerdo con el mismo procedimiento

20
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que se uso para la preparacion de OL-1a. RMN de 'H (500 MHz, DMSO-ds) & ppm
5,14 (s, 2 H), 5,20 (s, 2 H), 7,13 (d, J=8,85 Hz, 2 H), 7,43 - 7,49 (m, 1 H), 7,64 (t,
J=8,09 Hz, 1 H), 7,66 - 7,68 (m, 1 H), 7,85 (d, J=7,93 Hz, 1 H), 8,02 (d, J=8,85 Hz, 2
H). CL (Cond. 1) Tr = 1,51 min; EMBR: Anal. Calc. para (M+H)" CiH13CLO;
323,02; Encontrado: 323,07.

Ejemplo OL-4, etapa c

O 2 Hel

OL-4¢ se preparé a partir de! Ejemplo OL-4b, de acuerdo con el mismo
procedimiento que se usé para la preparacion del Ejemplo OL-1b. RMN de 'H (500
MHz, DMSO-ds) b ppm. 4,52 (s, 2 H), 4,56 (s, 2 H), 7,16 (d, J=8,85 Hz, 2 H), 7,51
(dd, J=8,24, 2,44 Hz, 1 H), 7,68 (t, J=7,93 Hz, 1 H), 7,71 - 7,75 (m, 1 H), 7,91 (d,
J=7,63 Hz, 1 H), 8,07 (d, J=8,85 Hz, 2 H), 8,60 (s, 6 H). CL (Cond. 2): Anal. Calc.
para CgH(7N203 (M+H)" 285,12; Encontrado: 285,15.

Ejemplo OL-4d
Boc.,
O H N
N, 1o
Boc

El ejemplo OL-4d se preparé a partir del Ejemplo Ol-4¢, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejemplo OL-1¢c. RMN de

'H (500 MHz, DMSO-dg) & ppm 1,38/1,33 (rotameros, s, 18 H), 1,69 - 1,91 (m, 6 H),
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1,95 -2,18 (m, 2 H), 3,20 - 3,31 (m, 2 H), 3,32 - 3,47 (m, 2 H), 4,08 - 4,23 (m, 2 H),
4,43 - 4,68 (m, 4 H), 7,10 (d, J=8,55 Hz, 2 H), 7,42 (dd, J=8,09, 1,98 Hz, 1 H), 7,57 -
7,70 (m, 2 H), 7,86 (d, J=7,02 Hz, 1 H), 8,03 (d, J=7,93 Hz, 2 H), 8,08 - 8,24 (m, 2
H). CL (Cond. 1) Tg = 2,53 min; EMBR: Anal. Calc. para CasHy7NsOg (M+H)
679,33; Encontrado: 679,42.

Ejemplo OL-4e
Boc
lNH N
V/

j/Cr‘“OI“)“‘:’
N

>~

N HN

Boc

El ejemplo OL-4e se prepard a partir del Ejemplo OL-4d, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejemplo OL-1d. RMN de
"H (500 MHz, DMSO-dg) & ppm 1,14/1,17 /1,38/1,40 (rotameros, s, 18 H}, 1,71 - 2,06
(m, 6 H), 2,09 - 2,28 (m, J=25,79, 13,89 Hz, 2 H), 3,31 - 3,40 (m, 2 H), 3,51 (s, 2 H),
4,65 - 4,89 (m, 2 H), 6,80 (t, J=8,39 Hz, 1 H), 6,91 -7,10 (m, 2 H), 7,28 - 7,55 (m, 5
H), 7,58 - 7,80 (m, 2 H), 11,66 - 12,21 (m, 2 H). CL (Cond. 1): Tg = 2,98 min; EMBR:
Anal. Calc. para C3gH4s5NgOs5 (M+H)+ 641,34; Encontrado: 641,39,

Ejemplo OL-4f

f NH R
N

4 HCI
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El Ejemplo OL-4f se prepar6 a partir del Ejemplo OL-4e, de acuerdo con el
mismo procedimiento que se usé para la preparacién del Ejemplo OL-1e. RMN de
"H (500 MHz, DMSO-ds) & ppm 1,94 - 2,06 (m, 2 H),209-223(m,2H),228-238
(m, 1 H), 237 - 2,47 (m, 3 H), 3,27 - 3,50 (m, 4 H), 4,90 (s ancho, 1 H), 4,99 (s
ancho, 1 H), 7,00 (d, J=7,93 Hz, 1 H}, 7,13 (d, J=8,55 Hz, 2 H‘), 749 (t, J=7,93 Hz, 1
H), 7,62 (s, 1 H), 7,69 (d, J=7,63 Hz, 1 H), 7,92 (d, J=8,55 Hz, 2 H), 7,99 (s, 2 H),
9,58 (s ancho, 1 H), 9,84 (s ancho, 1 H), 10,25 (br. d, J=22,28 Hz, 2 H). Nota: ia
sefal del NH del imidazol era demasiado ancha para asignarle un desplazamiento
quimico. CL (Cond. 1): Tr = 1,72 min; EMBR: Anal. Calc. para CagHagNsO (M+H)*
441 24 Encontrado: 441,29.

Ejemplo OL-4

El Ejemplo OL-4 se prepard a partir del Ejemplo OL-4f de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejemplo OL-1. RMN de 'H
(500 MHz, DMSO-dg) d ppm 1,83 - 1,92 (m, 4 H), 1,95 - 2,09 (m, 8 H), 2,11 - 2,23
(m, 4 H), 2,75 - 2,88 (m, 2 H), 2,92 (s, 1 H), 2,96 - 3,12 (m, 2 H), 3,97 (t, J=8,39 Hz,
2 H), 5,14 (dd, J=17,70, 7,02 Hz, 2 H), 5,41 (s, 2 H), 6,91 - 7,11 (m, J=49,75 Hz, 2
H), 7,14 (d, J=7,83 Hz, 2 H), 7,44 - 7,68 (m, 12 H), 7,79 (d, J=8,54 Hz, 2 H), 7,84 -
8,02 (m, J=9,16 Hz, 2 H), 10,21 (s, 1 H). Nota: la sefial del NH del imidazol era
demasiado ancha para asignarle un desplazamiento quimico. CL (Cond. 1): Tg =
1,78 min; EMBR: Anal. Calc. para C4Hs1NgOs (M+H)" 763,41; Encontrado: 763,56.
EMAR: Anal. Calc. para- C4sHs51NgO4 (M+H)‘~ 763,4084; Encontrado; 763,4067.

Ejemplos OL-5y OL-6

210



Los Ejemplos OL-5 a OL-6 se prepararon en forma de sales TFA sustituyendo

los acidos respectivos por Cap-1 de acuerdo con el mismo procedimiento descrito

N ~
O "\ _NH
A
L/

para el Ejemplo OL-4.

75.

N
| N

0 ﬁhwj

o=

R

Ejemplo Rij-f TR (Cond. de CL}; Datos de EM
Acido
OL-5 Ph\_/‘?\ss Tr=1,78 min. CL (Cond. 2); CLEM: Anal. Calc.
HO para: C42H41NgOs (M+H)" 709,31; Encontrado:
Acido 709,42. EMAR: Anal. Calc. para: CyHa1NgOs
mandélico | (M+H)" 709,3138; Encontrado: 709,3130
OL-6 Ph\_/[okss Tr=1,96 min. CL {Cond. 2); CLEM: Anal. Calc.
Hﬁ\”’o\ para: C4sH47NgO7 (M+H)" 823,36; Encontrado;
o 823,51. EMAR: Anal. Calc. para: CssH47NgO7
Cap-4 (M+H)" 823,3568; Encontrado: 823,3588

Ejemplo OL-7 :

Bl
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Ejemplo OL-7a
HO
O ¢
0
OH
A una solucion de acido 4-(clorometil}benzoico (8,53 g, 50 mmol) e hidréxido
sodico (10 g, 0,25 mol) en agua (40 ml) se afiadié una- solucién de acido 4-
hidroxibenzoico (6,9 g, 50 mmol) e hidroxido sédico (6 g, 0,15 mol) en agua (50 ml).
La mezcla resuitante se calenté a temperatura de reflujo durante 15 hy, después de
enfriar a temperatura ambiente, se filtrd y se acidificé con una solucién de acido
sulfdrico en agua (1.1, 200 ml). El precipitado resultante se eliminé por filtracion, se
lavé con agua y se secd a vacio. El sélido blanquecino (9,3 g) se usé sin
purificacién adicional. RMN de 'H (500 MHz, DMSO-dg) & ppm 5,27 (s, 1 H), 7,10
(d, J=8,85 Hz, 2 H), 7,56 (d, J=8,24 Hz, 2 H), 7,89 (d, J=8,85 Hz, 2 H), 7,96 (d,
J=8,24 Hz, 2 H), 12,36 (s ancho, 2 H). CL (Cond. 2), Nota: La molécula no se ionizé

bien en el sistema de CL/EM y por lo tanto no se obtuvo una masa exacta.

Ejemplo OL-7b
0
Oy ¢
O
0
/
Se afiadid (diazometiljtrimetilsilano (15 mi, 30 mmol, 2 M en hexanos) gota a
gota a una suspension del Ejemplo OL-7a (2,04 g, 7,5 mmol) en metanol (30 ml)a 5
°C (bafio de agua y hielo). Cuando se complet6 la adicién, se extrajo del bario

helado y la mezcla se agité a temperatura ambiente toda ia noche. El disolvente se

eliminé a presién reducida y el residuo restante se tomé en acetato de etilo, se lavd

K2
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con agua, bicarbonato sédico y salmuera, se seco (MgSQy), se filtrd y se concentrd
a vacio. El material resultante se purificé por cromatografia ultrarrapida (gel de
silice, 10% de acetato de etilo/hexanos) proporcionando el Ejemplo OL-7b en forma
de un sdlido blanco (1,5 g). RMN de 'H {500 MHz, DMSO-dg) 6 ppm 3,80 (s, 3 H),
3,85 (s, 3 H), 5,29 (s, 2 H), 7,13 (d, J=8,85 Hz, 2 H), 7,59 (d, J=8,24 Hz, 2 H), 7,91
(d, J=9,16 Hz, 2 H), 7,98 (d, J=8,24 Hz, 2 H). CL (Cond. 1): Tr = 2,56 min; EMBR:
Anal. Calc. para C17H1605 (M+H)" 301,11; Encontrado: 301,22.

Ejemplo OL-7c

O ¢
o \—@—/S
Cl

El Ejemplo OL-7¢ se preparé a partir del Ejemplo OL-7b, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejempio OL-1a. RMN de
"H (500 MHz, DMSO-dg) & ppm 5,00 (s, 2 H), 5,18 (s, 2 H), 5,34 (s, 2 H), 7,15 (d,
J=8,85 Hz, 2 H), 7,62 (d, J=8,55 Hz, 2 H), 7,95 (d, J=9,16 Hz, 2 H), 8,00 (d, J=8,55
Hz, 2 H). CL {Cond. 1}: Tr = 2,36 min; EMBR: Anal. Calc. para C17H15C1,03 (M+H)*

337,04 Encontrado: 337,09.

Ejemplo OL-7d

O O
O
H,N

El Ejemplo OL-7d se prepard a partir del Ejemplo OL-7¢, de acuerdo con el

mismo procedimiento que se usé para la preparacidon del Ejemplo OL-1b. RMN de



.78-

"H (500 MHz, DMSO-ds) 5 ppm 4,49 (s, 2 H), 4,57 (s, 2 H), 5,38 (s, 2 H), 7,19 {d,
J=8,85 Hz, 2 H), 7,66 (d, J=8,24 Hz, 2 H), 8,00 (d, J=8,85 Hz, 2 H), 8,05 (d, J=8,24
Hz, 2 H), 845 (s, 6 H). CL (Cond. 1): Tr = 1,26 min; EMBR: Anal. Calc. para
C17H1gNI,03 (M+H)* 299,14 Encontrado: 299,19.

Ejemplo OL-7e

El Ejemplo OL-7e se prepard a partir del Ejemplo OL-7d, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejemplo OL-1c. RMN de
10 "H (500 MHz, DMSO-ds) 5 ppm 1,30 - 1,47 (m, 18 H), 1,65 - 1,89 (m, 6 H), 2,01 -
2,20 (m, 2 H), 3,24 - 3,34 (m, 2 H), 3,34 - 3,43 (m, 2 H), 4,09 - 425 (m, 2 H), 4,44 -
. 4,68 (m, 4 H), 5,33 (s, 2 H), 7,13 (d, J=8,85 Hz, 2 H), 7,60 (d, J=8,24 Hz, 2 H), 7,99
(dd, J=20,29, 8,09 Hz, 4 H), 8,04 - 8,22 (m, J=31,74 Hz, 2 H). CL (Cond. 2): Tg =
1,53 minutos, 97% de indice de homogeneidad; CLEM: Anal. Calc. para C37H49N4Og
15 (M+1)* 693,35; Encontrado: 693,32.

Ejemplo OL-7f
HN = \
OMNH Boc

El Ejemplo OL-7f se preparé a partir del Ejemplo OL-7e, de acuerdo con el

%qY
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mismo procedimiento que se usd para la preparacion del Ejemplo OL-1d. RMN de
"H (500 MHz, DMSO-ds) & ppm 1,06 - 1,52 (m, 18 H), 1,69 - 2,08 (m, 6 H), 2,08 -
2,30 (m, 2 H), 3,33 - 3,43 (m, 2 H), 3,52 (s, 2 H), 4,75 (s, 1 H), 4,83 (s, 1 H), 5,06 (s,
2 H),6,92-7,10 (m, J=7,63 Hz, 2 H), 7,20 - 7,33 (m, 1 H), 7,40 (d, J=7,63 Hz, 2 H),
7,46 (d, J=8,55 Hz, 1 H), 7,64 (d, J=7,63 Hz, 2 H), 7,75 (d, J=7,93 Hz, 2 H), 11,47 -
12,18 (m, 2 H}. CL (Cond. 1): Tr = 2,94 min; EMBR: Anal. Calc. para Cs7Ha7NgO3
(M+H)" 655,36 Encontrado; 655,39,

Ejemplo OL-7g

(h'lf“}( - D

El Ejemplo OL.-7g se prepar6 a partir del Ejemplo OL-7fe, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Elemplo OL-1e. RMN de
"H (500 MHz, DMSO-dg) & ppm 1,93 - 2,07 (m, 2 H), 2,13 -2,26 (m, 2 H), 2,40 - 2,48
(m, 3H),3,31-3,52(m, 5H),4,91-508 (m, 2 H), 521 (s, 2H), 7,17 (d., J=8,85 Hz,
2 H), 7,57 (d, J=8,24 Hz, 2 H), 7,87 (d, J=8,85 Hz, 2 H), 7,93 (d, J=8,24 Hz, 2 H),
8,03 (d, J=16,79 Hz, 2 H), 9,78 (s, 1 H), 9,95 (s, 1 H), 10,31 (s, 2 H). Nota: la sefial
del NH del imidazol era demasiado ancha para asignarle un desplazamiento
quimico. CL (Cond. 2} Tr = 0,62 minutos; CLEM: Anal. Calc. para Cu7H3NgO
(M+1)" 455,26; Encontrado: 455,34.

Ejemplo OL-7
El Ejemplo OL-7 se prepar6é a partir del Ejemplo OL-7g de acuerdo con el

mismo procedimiento que se us6 para la preparacion del Ejemplo OL-1. RMN de 'H

=5
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(500 MHz, DMSO-ds) & ppm 1,90 (d, J=2,44 Hz, 2 H), 2,04 (d, J=3,66 Hz, 4 H), 2,21
(s, 2 H), 2,36 (d, J=1,83 Hz, 2 H), 2,42 - 2,46 (m, 4 H), 2,83 (s ancho, 4 H), 2,99 -
3,11 (m, 2 H), 3,98 (d, J=7,02 Hz, 2 H}, 5,18 (s, 4 H), 5,42 (d, J=8,55 Hz, 2 H), 7,08 -
7,28 (m, 3 H), 7,50 - 7,67 (m, 11 H), 7,73 (d, J=7,32 Hz, 2 H), 7,80 (d, J=7,93 Hz, 2
H), 7,85 - 7,98 (m, J=10,38 Hz, 1 H). Nota: la sedal del NH del imidazol era
demasiado ancha para asignarle un desplazamiento quimico. CL (Cond. 3): Tg =
2,94 min; EMBR: Anal. Calc. para C47H5;NgO3 (M+H)" 777,42 Encontrado: 777,51;
EMAR: Anal. Calc. para Cs7Hs3NeO3 (M+H)' 777,4241 Encontrado: 777,4265.

Ejemplo OL-8
0 ‘ N
Ry Nw Ho
| o N N
C;)\ ¥ <:> A ,\”N/\O)‘R
El Ejemplo OL-8 se prepar6 en forma de sal TFA sustituyendo el acido

respectivo por Cap-1 de acuerdo con el mismo procedimiento descrito para el

Ejemplo OL-7.

Ejemplo /U\ TR (Cond. de CL); Datos de EM
R

OL-8 Ph\/u\f Tr = 3,70 min. CL (Cond. 4); CLEM: Anal. Calc.
Hi. o, | Para CaHagNsO7 (M+H)" 837,37; Encontrado:
837,54. EMAR: Anal. Calc. para: C47H4NgO7 (M+H)*

Cap-4 837,3724; Encontrado: 837,3715

=10
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Ejemplo OL-9
e
"‘--..N -
Oy
Aoy a2
N'ﬁ-._
/s
. Ejemplo OL-9a

O
O O
O......

Se afiadié paladio sobre carbono (10%, 300 mg) a una solucién de 4,4-
(eteno-1,2-diil)dibenzoato de dimetilo (29, 6,76 mmol) en metanol (100 ml). La
suspension se purgd con N se introdujo en 1 atm de H, (globo) y se agité a
temperatura ambiente toda la noche. La mezcla después se filtré a través de una

10 capa de tierra de diatomeas (CELITE®) y el disolvente se concentrd a presion
reducida. Se recuperé un sélido blanco (1,42 g) y se usé sin purificacién adicional.
RMN de 'H (500 MHz, CDCls) & ppm 2,98 (s, 4 H), 3,90 (s, 6 H), 7,18 (d, J=7,32 Hz,
4 H), 7,93 (d, J=7,32 Hz, 4 H). CL (Cond. 1): Tg = 2,65 min; EMBR: Anal. Calc. para
C1sH1904 (M+H)" 299,13 Encontrado: 299,21.
15

Ejemplo OL-9b

cl
O P
d /)
Cl
El Ejemplo OL-9b se preparé a partir del Ejemplo OL-9a, de acuerdo con el

mismo procedimiento que se usé para la preparacion del Ejemplo OL-1a. RMN de

20 "H (500 MHz, CDCl3) 5 ppm 3,02 (s, 4 H), 4,67 (s, 4 H), 7,25 (d, J=8,24 Hz, 4. H),
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7,86 (d, J=8,24 Hz, 4 H). CL (Cond. 2): T = 0,62 min; CLEM: Anal. Calc. para
C1gH17C10, (M+1)" 335,06; Encontrado: 335,12,

Ejemplo OL-9¢

H,N
& 0
d W,
NH

2 HCI 2

El Ejemplo OL-9c se prepard a partir del Ejemplo OL-9b, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejemplo OL-1b. RMN de
"H (500 MHz, DMSO-dg) 5 ppm 3,03 (s, 4 H), 4,51 (s, 4 H), 7,43 (d, J=8,55 Hz, 4 H),
7,92 (d, J=8,24 Hz, 4 H), 8,50 (s, 6 H). CL (Cond. 3): Tr = 1,90 min; EMBR: Anal.
Calc. para C1gHz1N20, (M+H)" 297,16 Encontrado: 297,24,

Ejemplo OL-9d

Boc.,
N
48!
PP
R
N 1o
Boc

El Ejemplo OL-9d se preparé a partir del Ejemplo OL-9¢, de acuerdo con el
mismo procedimiento que se usé para la preparacién del Ejemplo OL-1c. RMN de
"H (500 MHz, CDCl3) 5 ppm 1,38 - 1,56 (m, 18 H), 1,83 - 2,00 (m, 4 H), 2,08 - 2,38
(m, 4 H), 3,01 (s, 4 H), 3,32 - 3,65 (m, 4 H), 4,28 (s ancho, 1 H), 4,39 (s ancho, 1 H),
463-471(m, 2 H),472-4,84 (m, J=4,58 Hz, 2 H), 7,01 (s, 1 H), 7,18 - 7,33 (m, 4
H), 7,47 (s, 1 H), 7,87 (d, J=7,93 Hz, 4 H). CL (Cond. 1): Tr = 2,56 min; EMBR;
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Anal. Calc. para C3gMsiN4sOg (M+H)" 691,37, Encontrado: 691,48.

Ejemplo OL-9e

@aN D)
Boc 4 Q Ne” ™N
oc HN\r\g\ L

.5 El Ejemplo OL-9e se prepard a partir del Ejemplo OL—.Qd, de acuerdo con el

mismo procedimiento que se usd para la preparacion del Ejemplo OL-1d. RMN de

"H (500 MHz, DMSO-dg) 5 ppm 1,15/1,39(rotameros, s, 18 H), 1,75 - 1,92 (m, 3 H),

1,96 (s, 3 H), 2,09 - 2,27 (m, J=32,04 Hz, 2 H), 2,81 -2,90 {(m, 4 H), 3,31-3,40 (m, 2

H), 3,52 (s, 2 H), 4,66 - 4,88 (m, J=35,40 Hz, 2 H), 7,14 (d, J=7,02 Hz, 4 H), 7,21 (s,

10 1H),731-741(m, 1H),7,51(d, J=6,41Hz, 1 H), 7,61 (d, J=7,93 Hz, 3.H), 11,62 -

12,08 (m, 2 H). CL (Cond. 1): Tr = 2,20 min; EMBR: Anal. Calc. para CsgHagNgO4
(M+H)" 653,38, Encontrado: 653,47.

. Ejemplo OL-5f

{lfN T
s \_-NH

El Ejemplo OL-9f se preparé a partir del Ejemplo OL-9e, de acuerdo con el

mismo procedimiento que se usd para la preparacion del Ejemplo OL-1e. RMN de

'H (500 MHz, DMSO-dg) 5 ppm 1,92 - 2,05 (m, 2 H), 2,11 - 2,25 (m, 2 H), 2,40 - 2,47

(m, 4 H), 2,89 - 3,03 (m, 4 H), 3,32 - 3,39 (m, 2 H), 3,40 - 3,49 (m, 2 H), 5,02 (t,

20 J=7,78 Hz, 2 H), 7,32 (d, J=8,24 Hz, 4 H), 7,80 (d, J‘=8,24 Hz, 4 H), 9,91 (s, 2 H),

10,32 (s, 2 H). Nota: la sefial del NH del imidazol era demasiado ancha para
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asignarle un desplazamiento quimico. CL (Cond. 5): Tr = 2,52 min; EMBR: Anal.

Calc. para CpgHa3Ng (M+H)" 453,28, Encontrado; 453,31,

Ejemplo OL-9

5 El Ejemplo OL-9 se prepard a partir del Ejemplo OL-9f, de acuerdo con el
mismo procedimiento que se usd para la preparacion del Ejemplo OL-1. RMN de 'H
. (500 MHz, DMSO-ds) & ppm 1,82 - 1,95 (m, 2 H), 1,97 - 2,10 (m, 4 H), 2,15 - 2,27
(m, J=4,58 Hz, 2 H), 2,28 - 2,45 (m, 4 H), 2,72 - 2,88 (m, 4 H), 2,94 (s, 5 H), 2,98 -
3,07 (m, 2 H), 3,97 (t, J=9,77 Hz, 2 H), 5,17 (d, J=6,10 Hz, 2 H), 5,41 (s, 2 H), 7,12
10 (s, 1H),7,38(d, J=7,32 Hz, 4 H), 7,51 - 7,62 (m, 9 H), 7,69 (d, J=7,93 Hz, 4 H), 7,93
(s, 2 H). Nota: la sefial del NH del imidazol era demasiado ancha para asignarle un
desplazamiento quimico. CL (Cond. 5): Ts = 2,87 min; EMBR: Anal. Calc. para
C4sHssNg0O; (M+H)" 775,44 Encontrado: 775,51: EMAR: Anal. Calgc. para CsgHssNsO;

(M+H)* 775,4448 Encontrado: 775,4454.

15

. Ejemplos OL-10 a OL-13

Re® N oY

Los Ejemplos OL-10 a OL-13 se prepararon en forma de sales TFA
sustituyendo los acidos respectivos por Cap-1 de acuerdo con el mismo

20 procedimiento descrito para el Ejemplo OL-9.
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Ejemplo R)LSS TR (Cond. de CL); Datos de EM
Acido
OL-10 Ph\_)ol\ss Tr = 2,64 min. CL (Cond. 4); CLEM: Anal. Calc.
G para: CasHasNgO4 (M+H)" 721,35; Encontrado:
Acido 721,42, EMAR: Anal. Calc. para CsqH4sNsO4
mandélico | (M*H)" 721,3502; Encontrado: 721,3518
OL-11 Ph i Tr= 2,88 min. CL (Cond. 4); CLEM: Anal. Calc.
Hﬁm/g‘\ para: CagHsiNsOs (M+H)" 835,39; Encontrado:
o 835,49. EMAR: Anal. Calc. para: CsgHsoNgOs
Cap-4 (M+H)" 835,3932; Encontrado; 835,3939
OL-12 Ph\.)?\f* Tr=4,20 min. CL (Cond. 4); CLEM: Anal. Calc.
HN. o | para: CsoHs7NoO4 (M+H)" 861,45; Encontrado:
\r]\J//H 861,50. EMAR: Anal. Calc. para: CspHs7N19O4
CapEIG (M+H)*861,4564; Encontrado: 861,4562
OL-13 Ph\')?\ﬁ Tr= 5,11 min. CL (Cond. 4); CLEM: Anal. Calc.
HN. O | para: CssHeaN1gO4 (M+H)" 941,52: Encontrado:
\l\]l//H 941,71. EMAR: Anal. Calc. para: CsgHgsN10O4
<;p;8 (M+H)* 941,5190; Encontrado: 941,5162

Ejemplo OL-14
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Ejemplo OL-14a

0 0]
MeO OMe
0]

Se afadio trietilsilano (5,84 ml, 36,55 mmol) gota a gota a una solucién de 4-
formilbenzoato de metilo (5 g, 30,46 mmol) y tribromuro de bismuto (0,273 g, 0,61
mmol) en acetonitrilo (75 ml) y la solucién opaca se agitd a temperatura ambiente
durante 15 min. Los volatiles se eliminaron a presion reducida y el residuo restante
se tomo en acetato de etilo. La fase organica después se lavé con agua y salmuera,
se seco (MgSQ.), se filtré y se concentrd a vacio. El sélido recuperado despues se
someti6 a cromatografia uitrarrapida (gel de silice: 10-20% de acetato de
etilo/hexancs) proporcionando OL-14a (3,05 g). RMN de 'H (500 MHz, CDCl3) &
ppm 3,84 (s, 6 H), 4,65 (s, 4 H), 7,51 (d, J=8,24 Hz, 4 H), 7,95 (d, J=8,24 Hz, 4 H).
CL (Cond. 2): Tr = 1,68 min; CLEM: Anal. Calc. para CigH190s (M+H)" 315,12
Encontrado: 315,26, |

Ejemplo OL-14b
O

El Ejemplo OL-14b se prepard a partir del Ejemplo OL-14a, de acuerdo con el

Uog-
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mismo procedimiento que se uso para la preparacion del Ejemplo OL-1a. RMN de
"H (500 MHz, DMSO-ds) 5 ppm 4,67 (s, 4H),519¢(s, 4 H), 7,55 (d, J=8,24 Hz, 4 H),
7,98 (d, J=8,24 Hz, 4 H). CL (Cond. 5): Tg = 3,85 min; EMBR: Anal. Calc. para
C1sH17C1203 (M+H)" 351,05, Encontrado: 351,086.

Ejemplo OL-14c

0O 0O
momH2

2 HCI

El Ejemplo OL-14c¢ se preparé a partir del Ejemplo OL-14b, de acuerdo con el
mismo procedimiento que se uso para la preparacion del Ejémplo OL-1b. RMN de
"H (500 MHz, DMSO-ds) 5 ppm 4,55 (s, 4 H), 4,69 (s, 4 H), 7,57 (d, J=8,24 Hz, 4 H),
8,02 (d, J=8,65 Hz, 4 H), 8,53 (s, 6 H). CL (Cond. 1): Tr = 1,29 min; EMBR: Anal.
Calc. para C1gH21N2C3 (M+H)" 313,15, Encontrado: 313,21.

Ejemplo OL-14d

Qi i)
N N
" aacUsna e

El Ejemplo OL-14d se preparé a partir del Ejemplo OL-14c¢, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejemplo OL-1c. RMN de
‘H (500 MHz, DMSO-ds) 5 ppm 1,34/1,40 (rotameros, s, 18 H), 1,70 - 1,92 (m, 6 H),
1,99 - 2,20 (m, 2 H), 3,24 - 3,33 {m, 2 H), 3,35 - 3,44 (m, 2 H), 4,11 - 4,25 (m, 2 H),
4,50 - 4,65 (m, 4 H), 4,66 (s, 4 H), 7,53 (d, J=8,24 Hz, 4 H), 7,99 (d, J=7,93 Hz, 4 H),
8,09 - 823 (m, 2 H). CL (Cond. 1): Tr = 2,49 min, EMBR: Anal. Calc. para
CasHs1N4Og (M+H)" 707,36 Encontrado: 707,50.

N %
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Ejemplo OL-14e

LS

El Ejemplo OL-14e se preparé a partir del Ejemplo OL—14d, de acuerdo con el
mismo procedimiento que se usé para la preparacién del Ejemplo Ol-1d. RMN de
"H (500 MHz, DMSO-ds) & ppm 1,14/ 1,39 (rotameros, s, 18 H), 1,76 - 2,06 (m, 6 H),
2,08 - 2,30 (m, 2 H), 3,31 - 3,41 (m, 2 H), 3,52 (s, 2 H), 4,49 (s, 4 H), 4,70 - 4,78 (m,
1H), 4,79 - 4,90 (m, 1 H), 7,29/7,35 {rotdmeros, d, J=7,93 Hz, 4 H), 7,40 - 7,54 (m, 2
H), 7,71/761 (rotameros, d, J=7,93 Hz, 4 H), 11,72 - 12,19 (m, 2 H). CL (Cond. 1):
Tr = 2,14 min; EMBR: Anal. Calc. para CagHsNsOs (M+H)'669,38, Encontrado:
669,53.

Ejemplo OL-14f

HN NH |
O

El Ejemplo OL-14f se preparé a partir del Ejemplo OL-14e, de acuerdo con el
mismo procedimiento que se usoé para la preparacion del Ejemplo OL-1e. RMN de
"H (500 MHz, DMSO-ds) 5 ppm 1,94 - 2,06 (m, 2 H), 2,11 - 2,25 (m, 2 H), 2,38 - 2,48
(m, 4 H), 3,32 - 3,50 (m, 4 H), 4,60 (s, 4 H), 4,92 - 5,06 (m, 2 H), 7,48 (d, J=7,93 Hz,
4 H), 7,89 (d, J=7,93 Hz, 4 H), 8,04 (s, 2 H), 9,78 (s, 2 H), 10,28 (s, 2 H). Nota: la
sefial del NH del imidazol era demasiado ancha para asignarle un desplazamiento
quimico. CL (Cond. 1): TR =1,69 min; EMBR: Anal. Calc. para CagH33sNeO (M+H)"
469,27 Encontrado: 469,34,



Yos

-890-

Ejemplo OL-14

El Ejemplo OL-14 se preparo6 a partir del Ejemplo OL-14f, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejemplo OL-1. RMN de 'H
5 (500 MHz, DMSO-dg) & ppm 1,82 - 2,11 (m, 6 H), 2,18 (d, J=6,10 Hz, 2 H), 2,31 -
2,47 (m, 4 H), 2,98 - 3,10 (m, 2 H), 3,92 - 4,07 (m, 2 H), 4,59 (s, 4 H), 5,10 - 5,22 (m,
. 2H), 542 (s, 2 H),707-713 (m, 2 H), 7,40 - 7,51 (m, 4 H), 7,54 - 7,67 {m, 10 H),
7,75 (d, J=7,32 Hz, 4 H). Nota: la sefial del NH del imidazo! era demasiado ancha
para asignarle un desplazamiento quimico. Las sefiales para los grupos Me del cap
10 quedaron por debajo del pico del disolvente. CL (Cond. 4): Tr = 1,83 min: EMBR:
Anal. Calc. para CsgHssNgOs (M+H)" 791,44; Encontrado: 791,60. EMAR: Anal. Calc.

para CagHssNgOs (M+H)" 791,4397: Encontrado: 701 4406,

Ejemplos OL-15 a OL-19
O ”
[ j
L =0 © o=
15
Los Ejemplos OL-15 a OL-19 se prepararon en forma de sales TFA

sustituyendo los acidos respectivos por Cap-1 de acuerdo con el mismo

procedimiento descrito para el Ejemplo OL-14,

20
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0

Ejemplo R/!J\Ss TR (Cond. de CL); Datos de EM
Acido
OL-15 ph\-/lisg Tr = 2,86 min. CL (Cond. 4); CLEM: Anal. Calc.
HG para: C4aHasNgOs (M+H)' 737,34; Encontrado:
Acido 737,38.EMAR: Anal. Calc. para: Ca4H4sNgOs (M+H)"
mandélico | 737,3451; Encontrado: 737,3452
OL-16 | o \/ftyg Tr = 3,45 min. CL (Cond. 4); CLEM: Anal. Calc.
Hﬁ\n/o\ para: C4gHs1NO7 (M+H)" 851,39; Encontrado:
o 851,40, EMAR: Anal. Calc. para: CysHs1NgO7 (M+H)*
Cap-4 851,3881; Encontrado: 851,3910
OL-17 Ph\_)(j)\;\ Tr = 1,16 min. CL {(Cond. 2); CLEM: Anal. Calc.
HN. .0 | para: CagHsaN1oOs (M+H)" 849,42; Encontrado:
/\hll//H 849,61, EMAR: Anal. Calc. para: CsgHs3N100s
Cap-45a | (M+H)"849,4200; Encontrado: 849,4182
OL-18 Ph\./[(J)\;\ Tr = 1,24 min. CL (Cond. 2); CLEM: Anal. Calc.
HN. 0 | para: CsoHseN1oOs (M+H)" 877,45; Encontrado:
\I\IJ//H 877,70. EMAR: Anal. Calc. para: C50H57N1005
l/ (M+H)" 877,4513; Encontrado: 877,4506
Cap-46
OL-19 Ph\_)OL:‘;: Tr=1,43 min. CL (Cond. 2); CLEM: Anal. Calc. ~
HN. .o | para: CssHesN19Os (M+H)* 957 51; Encontrado:
\l\]l//H 957,84. EMAR: Anal. Calc. para: CsgHgsN1oOs

Cap-48

(M+H)" 957,5139; Encontrado: 957,5142

Yoo
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Ejemplo OL-20

N —_—
7 N
N
N H H O:(\Q
N l N/>_‘O

7

Ejemplo OL-20a
0
QL
O\/©\fro\
O

Se afnadié hidruro sodico (0,76 g, 18,95 mmol, 60% en peso) lentamente a
una solucion de 4-(hidroximetillbenzoato de metilo (3 g, 18,05 mmol) en
dimetilformamida (25 ml). La solucién azul oscuro resultante se agité a temperatura
ambiente durante 15 min y se afadié 3-(bromometilbenzoato de metilo (3,76,
16,41 mmol) en una porcién. La solucién amarilla resultante se agité a temperatura
ambiente durante.1 h y después se eliminaron las sustancias volatiles a presién
reducida. El residuo se tomé en acetato de etilo y se lavd con agua y salmuera, se
secod (MgSQy), se filtrd y se concentré a vacio. El residuo se sometid a
cromatografia ultrarrapida (gel de silice; 20% de acetato de etilo/hexanos)
proporcionando el Ejemplo OL-20a en forma de un aceite transparente que solidificd
al reposar (2,49 g). RMN de 'H (300 MHz, CDCls) & ppm 3,91 (d, J=1,83 Hz, 6 H),
4,61 (d, J=2,56 Hz, 4 H), 7,39 - 7,49 (m, 3 H), 7,54 - 7,61 (m, 1 H), 7,93 - 8,00 (m, 1
H), 7,99 - 8,07 (m, 3 H). CL (Cond. 1): TR =2,56 min; EMBR: Anal. Calc. para
C1sH190s (M+H)" 315,12 Encontrado: 315,22,

NOx
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Ejemplo OL-20b
0

0

Cl

El Ejemplo OL-20b se preparé a partir del Ejemplo OL-20a, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejemplo OL-1a. RMN de
'H (500 MHz, CDCl3) 5 ppm 4,65 (d, J=4,58 Hz, 4 H), 4,69 (d, J=3,36 Hz, 4 H), 7,47 -
7,54 (m, J=7,63, 7,63 Hz, 3 H), 7,62 (d, J=7,63 Hz, 1 H), 7,89 (d, J=7,93 Hz, 1 H),
7,93 - 800 {m, 3 H). CL (Cond. 1): TR =2,34 min; EMBR: Anal. Calc. para
C1gH17C1205 (M+H)" 351,05 Encontrado; 351,12.

Ejemplo OL-20c¢
O

O

NH,
2 HCI
El Ejemplo OL-20¢ se prepard a partir del Ejemplo OL-20b, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejemplo OL-1b. RMN de
"H (300 MHz, DMSO-dg) & ppm 4,57 (d, J=2,93 Hz, 4 H), 4,68 (d, J=5,85 Hz, 4 H),
7,92 - 7,67 (m, J=8,60, 8,60 Hz, 3 H), 7,73 (d, J=7,68 Hz, 1 H), 7,90 - 8,10 (m, 4 H),
8,53 (s, 6 H). CL (Cond. 1): TR =1,32 min, EMBR: Anal. Calc. para CigHz;N2O3
(M+H)* 313,15 Encontrado: 313,24.

Ejemplo OL-20d
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El Ejemplo OL-20d se preparé a partir del Ejemplo OL-20c, de acuerdo con el
mismo procedimiento que se usé para la preparacién del Ejemplo OL-1c. RMN de
'H (500 MHz, DMSO-dg) & ppm 1,39/1,34 (rotmeros, s, 18 H), 1,69 - 1,95 (m, 6 H),
2,00 - 2,18 (m, J=23,80 Hz, 2 H), 3,23 - 3,33 {m, 2 H), 3,34 - 3,43 (m, 2 H), 4,11 -
4,23 (m, 2 H), 4,50 - 4,63 (m, 4 H), 4,65 (d, J=6,71 Hz, 4 H), 7,48 - 7,56 (m, 3 H),
7,66 (d, J=7,63 Hz, 1 H), 7,89 - 8,02 (m, 4 H), 8,06 - 8,25 (m, 2 H). CL (Cond. 1): TR
=2,53 min; EMBR: Anal. Calc. para CasHs1N4Og (M+H)* 707,36 Encontrado: 707,44,

Ejemplo OL-20e
Boc

El Ejemplo OL-20e se preparé a partir del Ejemplo OL-20d, de acuerdo con el

\hj

Boc

mismo procedimiento que se usd para [a preparacion del Ejemplo OL-1d. RMN de
'H (500 MHz, DMSO-dg) & ppm 1,14/1,39 (rotdmeros, s, 18 H), 1,76 - 2,07 (m, 8 H),
2,08 - 2,29 (m, 2 H), 3,31 - 3,40 (m, 2 H), 3,52 (s ancho, 2 H), 4,44 - 4,59 (m, J=8,55
Hz, 4 H), 4,75 (s aného, 1 H), 4,83 (s ancho, 1 H), 7,08 - 7,23 (m, 2 H), 7,30 (d,
J=7,63 Hz, 2 H), 7,34 - 7,50 (m, 2 H), 7,53 - 7,67 {m, 1 H), 7,68 - 7,79 (m, 3 H),
11,70 - 12,22 (m, 2 H). CL (Cond. 1): TR =2,19 min; EMBR: Anal. Calc. para
CasHasNsOs (M+H)' 669,39, Encontrado; 669,40.

YA
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Ejemplo OL-20f
H
NN
By
~ N
0 N
Ray
N N
H H

El Ejemplo OL-20f se prepard a partir del Ejemplo OL-20e, de acuerdo con el
mismo procedimiento que se usd para la preparacion del Ejemplo OL-1e. RMN de
"H (500 MHz, DMSO-D6) & ppm 1,94 - 2,08 (m, 2 H), 2,12 - 2,24 (m, 2 H), 2,39 -
2,48 (m, J=5,19 Hz, 4 H), 3,27 - 3,49 (m, 4 H), 4,61 (d, J=4,88 Hz, 4 H), 4,94 - 5,09
(m, J=7,93 Hz, 2 H), 7,38 (d, J=7,32 Hz, 1 H), 7,45 - 7,53 (m, 3 H), 7,83 (d, J=7,63
Hz, 1 H), 7,90 (d, J=7,02 Hz, 3 H), 8,07 (s, 2 H), 9,86 (s ancho, 2 H), 10,33 (s ancho,
2 H). Nota: la sefal del NH del imidazol era demasiado ancha para asignarle un
desplazamiento quimico. CL (Cond. 1): Tg = 1,75 min; EMBR: Anal. Calc. para
C2sH32NsO (M+H)" 469,27, Encontrado: 469,23.

Ejempio OL-20
El Ejemplo OL-20 se preparé a partir del Ejemplo OL-20f, de acuerdo con el
mismo procedimiento que se usé para la preparacion del Ejemplo OL-1. RMN de 'H
(500 MHz, DMSO-dg) & ppm 1,84 - 1,95 (m, J=5,19 Hz, 2 H), 1,95 - 2,09 (m, J=8,24
Hz, 4 H), 2,15 - 2,28 (m, 2 H), 3,02 (g, J=7,73 Hz, 2 H), 3,93 - 4,05 (m, 2 H), 4,61 (s
ancho, 4 H), 5,12 - 5,22 (m, 2 H), 5,42 (br.s, 2 H), 7,12 (s ancho, 1 H), 7,39 (s, 1 H),
7,45 -7,51 (m, J=7,32 Hz, 3 H), 7,563 - 7,64 (m, 9 H), 7,66 - 7,82 (m, 4 H), 7,96 (s, 2

H). Nota: la sefal del NH del imidazol era demasiado ancha para asignarle un

40
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desplazamiento quimico. Las sefiales para los grupos Me del cap quedaron por
debajo del pico del disolvente. CL (Cond. 4): Tr = 1,93 min; EMBR: Anal. Calc. para
CagHssNgO3  (M+H)" 791,44; Encontrado: 791,57. EMAR: Anal. Calc. para
CagHssNgQOa (M+H)'. 791,4397; Encontrado: 791,4373.

Ejemplos OL-21 a OL-25

Los Ejemplos OL-21 a OL-25 se prepararon en forma de sales TFA
sustituyendo los acidos respectivos por Cap-1 de acuerdo con el mismo

procedimiento descrito para el Ejemplo OL-20.

Ejemplo /[]\ TR (Cond. de CL); Datos de EM
R™ ¢

Acido
0
OL-21 Ph\/[kSS Tr =2,97 min. CL (Cond. 4); CLEM: Anal. Calc.
Hé para: CqHasNgOs5 (M+H)" 737,34: Encontrado:

Acido 737,46. EMAR: Anal. Calc. para: C44H4sNsOs5
mandélico (M+H)* 737,3451; Encontrado: 737,3459

“l
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Ejemplo Rky? TR (Cond. de CL); Datos de EM
Acido
OL-22 Ph\_/ﬁ\ss Tr=23,59 min. CL (Cond. 4); CLEM: Anal. Calc.
Hﬁ\n’o\ para: CagHs1NgO7 (M+H)" 851,38: Encontrado:
o 8561,50. EMAR: Anal. Calc. para: CssHs4NgO7
Cap-a | (M+H)' 851,3881; Encontrado: 851,3893
OL-23 Ph\./[?\;\ Tr= 1,15 min. CL (Cond. 2); CLEM: Anal. Calc.
HN. .o | para: CagHsaN1oOs (M+H)" 849,42; Encontrado:
/\E 849,46, EMAR: Anal. Calc. para: CysHs3N10s
Cap-45a (M+H)" 849,4200; Encontrado: 849,4185
o34 | o 1 ;| Te=1.24min. CL(Cond. 2) CLEM: Anal. Calc.
HN. 0 | para: CsoHssN1oQs (M+H)" 877,45 Encontrado:
\IE 877,69. EMAR: Anal. Calc. para: CsoHs7N19O5
’/ (M+H)* 877,4513; Encontrado: 877,4510
Cap-46
OL-25 Ph\-jj; Tr = 4,89 min. CL (Cond. 4); CLEM: Anal. Calc.
HN. 0 | para: CsgHgsN1oOs(M+H) 957,51 Encontrado:
\l\il 957,82. EMAR: Anal. Calc. para: CssHgsN10Os
O/ (M+H)" 957 5139; Encontrado: 957,5150
Cap-48

Ejemplo D-1
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Ejemplo D-1, etapa a

Br
O Boc
Y
H

O

Se afiadi6 N,N-diisopropiletilamina (18 ml, 103,3 mmol) gota a gota, durante
15 minutos, a una mezcla heterogénea de N-Boc-L-prolina (7,14 g, 33,17 mmol),
HATU (13,32 g, 35,04 mmol), la sal HCI de 2-amino-1-(4-bromofenil)etanona (8,13 g,
32,44 mmol), y DMF (105 ml), y se agitd en condiciones ambientales durante 55
minutos. La mayoria de los componentes volatiles se eliminaron a vacio, y el
residuo resultante se fracciond entre acetato de etilo (300 ml) y agua (200 m!). La
fase organica se lavd con agua (200 ml) y sélmuera, se secd (MgSQOy), sefiltrd, vy se
concentrd a vacio. Se prepard una malla de gel de silice a partir del residuo y se
someti6 a cromatografia ultrarrapida (gel de silice; 50-60 % de acetato de
etilo/hexanos) proporcionando D-1a en forma de un sélido blanco (12,8 g). RMN de
'H (500 MHz, DMSO-dg) & ppm 1,40/1,34 (dos ap br s, 9 H), 1,90-1,70 (m, 3 H),
2,18-2,20 (m, 1 H), 3,30-3,23 (m, 1 H), 3,43-3,35 (m, 1 H), 4,22-4,12 (m, 1 H), 4,53

Sl
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(dd, J=18,1, 5,6, 1 H), 4,61 (dd, J=18,3, 5,7, 1 H), 7,75 (d ancho, J=8,8, 2 H), 7,92 (d
ancho, J=8,0, 2 H), 8,25-8,14 (m, 1H). CL (Cond. 7): Tg = 1,70 min; EMBR: Anal.
Calc. para (M+Na)* CygH23BrN,NaOQ,: 433,07 encontrado 433,09.

Ejemplo D-1, etapa b

H

i
e

Una mezcla de D-1a (12,8 g, 31,12 mmol) y NH,0Ac (12,0 g, 155,7 mmol) en
xilenos (155 ml) se calentd en un tubo sellado a 140 °C durante 2 horas. El
componente volati! se elimind a vacio, y el residuo se fracciond cuidadosamente
entre acetato de efilo y agua, después de lo cual se afadid suficiente solucion
saturada de NaHCOQO; para hacer que el pH de la fase acuosa fuera ligeramente
basico después de agitar el sistema bifasico. Las fases se separaron, y la fase
acuosa se extrajo con mas acetato de etilo. La fase organica combinada se lavé
con salmuera, se secé (MgSQ.), se filtrd, y se concentrd a vacio. El material
resultante se recristalizé de acetato de etilo/hexanos proporcionando dos cosechas
de imidazol D-1b en forma de un sélido denso, amarillo clarc que pesaba 5,85 g. El
licor madre se concentré a vacio y se someti6 a una cromatografia ultrarrapida (gel
de silice; 30% de acetato de etilo/hexanos) proporcionando un 2,23 g mas del
Eiemplo D-1b. RMN de 'H (500 MHz, DMSO-ds) & ppm 1,40/1,15 (s ancho
aparente, 9 H), 2,30-1,75 (m, 4 H), 3,36 (m, 1 H), 3,52 (s ancho aparente, 1 H), 4,86-
4,70 (m, 1 H), 7,72-7,46/7,28 (m, 5 H), 12,17/11,92/11,86 (m, 1 H). CL (Cond. 7); Tr
= 1,71 min; EMBR: Anal. Calc. para [M+H]" CigH23BrN;O,: 392 10: encontrado
391,96; EMAR: Anal. Calc. para [IVI+H]+ C1gH23BrN3O,: 392,0974; encontrado
392,0959.
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Se evaluo la pureza 6ptica de las dos muestras del Ejempio D-1b de acuerdo
con las condiciones de HPLC siguientes (ee > 99% para las cosechas combinadas;
ee =96,7% parala muestra de la cromatografia ultrarrapida):

Columna: Chiralpak AD, 10 um, 4,6 x 50 mm

Disolvente: 2% de etanolfheptano (isocratico)

Caudal: 1 ml/min

Longitud de onda: 220 6 254 nm

Tiempo de retencion relativo: 2,83 minutos (R), 5,34 minutos (S).

Ejemplo D-1 etapa C

Yo

Se afiadié Pd(Ph3P)s (469 mg, 0,41 mmol) a un tubo a presidon que contenia
una mezcla de D-1b (4,01 g, 10,22 mmol), bis(pinacolato)diboro (5,42 g, 21,35
mmol), acetato potasico (2,57 g, 26,21 mmol) y 1,4-dioxano (80 mi). El tubo a
presion se purgd con. nitrdbgeno, se tapd y se calentd en un bafio de aceite a 80 °C
durante 16,5 horas. La mezcla de reaccién se filtré y el filtrado se concentré a vacio.
El residuo en bruto se fracciond cuidadosamente entre CH,Cl; (150 m!) y un medio
acuoso (50 mi de agua y 10 ml de solucién saturada de NaHCOQ;). La fase acuosa
se extrajo con CHxCly, y la fase orgénica combinada se secd (MgSQ,), se filtro, y se
concentré a vacio. El material resultante se purificd con cromatografia ultrarrapida
(la muestra se cargd con disolvente de elucion; 20-35% de acetato de etilo/CH.Cly)
proporcionando el Ejemplo D-1c, contaminado con pinacol, en forma de un sélido

denso blanquecino; la proporcion molar relativa entre el Ejemplo D-1c y pinacol era

ot
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de aproximadamente 10:1 {RMN de 1H). La muestra pesaba 3,925 g después de
~2,5 dias de exposicién a vacio elevado. RMN de 'H (500 MHz, DMSO-ds) 5 ppm
1,45-1,10 (m, 21H), 2,27-1,77 (m, 4H), 3,36 (m, 1H), 3,52 (s ancho aparente, 1H),
4,86-4,70 (m, 1H), 7,79-7,50/ 7,34-7,27 (m, 5H), 12,22/11,94/ 11,87 (m, 1H). CL
(Cond. 7): Tr = 1,64 min; EMBR: Anal. Caic. para [M+H]" CasHasBN3O4: 440,27:

encontrado 440,23.
Ejemplo D-1, etapa d
>
P
— N
HNTN_ /7 N\ =
N _/ N\ 7/ N\ NH
N\fo
0

Se anadid tetrakistrifenilfosfina paladio (17,5 mg, 0,015 mmol) en una porcién
a una suspension en agitaciéon de D-1¢ (320 mg, 0,85 mmol), 1,4- diyodobenceno
(100 mg, 0,30 mmol) y bicarbonato sodico (180 mg, 2,18 mmal) en dimetoxietano
(2,4 ml) y agua (7 ml) y se calenté a 90 °C durante 2 h. La reaccion se diluyo con
acetato de efilo y se lavé con bicarbonato sédico saturado. La fase organica se
secd sobre sulfato sédico, se filtrd y se concentré a vacio. | El filtrado se tomé en
metanol, se filtré a través de un filtro de jeringuilla de nylon y después se purifico
mediante HPLC preparativa proporcionando D-1d en forma de un solido blanco

(101,1 mg, 20% de rendimiento). RMN de 'H (500 MHz, DMSO-ds) & ppm 1,17 (s

Yo
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ancho, 9 H), 1,41 (s ancho, 8 H), 1,80 - 2,06 (m, 4 H), 2,13 - 2,32 (m, 4 H), 3,35 -
3,43 (m, 2 H), 3,56 (br. s., 2 H), 4,80 (s ancho, 2 H), 7,54 (d, J=10,07 Hz, 2 H), 7,73
(d, J=7,63 Hz, 4 H), 7,79 (s, 4 H), 7,83 (d, J=8,24 Hz, 4 H). CL (Cond. 6): T =2,55"
min; EMAR: Anal. Calc. para (M+H)" C42HNsO4 701,3815; Encontrado: 701,3790.

Ejemplo D-1, etapa e

HN
OO0~
% :
NH

D-1e se prepar6 a partir de D-1d, de acuerdo con elr mismo procedimiento
que se usd para la preparacion de OL-1e excepto que se usd metanol (1 ml) en
lugar de diclorometano. Esto proporcion6 D-1e en forma de un sélido tostado y en
forma de una sa! clorhidrato (101,5 mg, 96 % de rendimiento). RMN de 'H (500
MHz, DMSO-ds) & ppm 1,93 - 2,30 (m, 9 H), 2,32 - 2,44 (m, 3 H), 4,69 - 4,86 (m, 2
H), 7,68 -7,87 (m, 12 H), 7,90 (d, J=8,24 Hz, 2 H), 9,48 - 9,75 (m, 2 H). CL (Cond.
6): Tr = 1,99 min; EMAR: Anal. Calc. para (M+H)+ CaH3aNg 501,2767; Encontrado:
501,2753.

Ejempio D-1
El Ejemplo D-1 (sal TFA) se prepard a partir de D-1e, de acuerdo con el
mismo procedimiento que se usd para la preparacién del Ejemplo OL-1. Esto
proporcioné el Ejemplo D-1 en forma de un solido tostado (37,8 mg, 54 % de
rendimiento). RMN de "H (500 MHz, DMSO-ds) 6 ppm 2,05 (d, J=8,55 Hz, 8 H), 3,49
- 3,67 (m, 10 H), 3,94 (s ancho, 2 H), 5,52 (d, J=7,63 Hz, 2 H), 7,31 - 7,47 (m, 10 H},
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7,72 (d, J=7,02 Hz, 2 H), 7,87 - 8,01 (m, 12 H). CL (Cond. 6): Tr = 2,41 min; EMAR:
Anal. Calc. para (M+H)+ CsoHs1NaQOg 883,3932; Encontrado: 883,3947.

Ejemplo D-2

E—

([ 7N

| IO

C]/JeN N\ NH
N

]

Y
/

El Ejemplo D-2 (sal TFA) se preparé a partir de la pirrolidina D-1e, de acuerdo
con el mismo procedimiento que se usd para la preparacion del Ejemplo OL-1. Esto
proporciond el Ejemplo D-2 en forma de un sélido amarillo claro (15,4 mg, 38% de
rendimiento). RMN de 'H (500 MHz, DMSO-ds) & ppm 2,50-1,70 (m, 14 H), 2,98-
.0 2,62 (m, 6 H), 4,05-2,98 (m, 4 H), 5,79-5,12 (m, 4 H), 8,20-7,10 (m, 24 H), 10,25 (s
ancho, 2 H). Nota: la sefial del NH del imidazol era demasiado ancha para asignarle
un desplazamiento quimico. CL (Cond, 6): Tr = 2,08 min; EMAR: Anal. Calc. para
(M+H)" CsoH55Ns02 823,4448; Encontrado: 823,4467.

15 Eiemplo D-3
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Eiemplo D-3, etapa a
Br

jE

0

Se anadid gota a gota una solucién de bromo (683 ul, 13,33 mmol) en acido
acetico (7 ml) a una solucién fria (10 °C) de 6-bromo-3,4-dihidronaftalen-1(2H)-ona
(adquirido en J & W Pharmlab, LLC) (3,00 g, 13,33 mmol) y 48% de bromuro de
hidrogeno (20 ul, 13,33 mmol) en acido acético (120 ml). La mezcla se dejé calentar
temperatura ambiente después de completar la adicibn y se dejé agitar a
temperatura ambiente durante 1 h antes de diluir con diclorometano y se lavd con
agua (3x), solucién saturada de bicérbonato sodico, se secd sobre sulfato sédico
anhidro y se concentr6. Se aisld D-3a (4,19 g, 97% de rendimiento) en forma de un
aceite incoloro que solidificé al reposar a vacio elevado proporcionando un sélido
blanco. Este material se usd sin purificacién adicional. RMN de "H (500 MHz,
DMSO-dg) 5 ppm 7,85 (1 H, d, J=8,5 Hz), 7,71 (1 H, s), 7,62 (1 H, dd, J=8,5, 1,8 Hz},
5,06 (1 H, dd, J=6,1, 3,7 Hz}, 2,93 - 3,15 (2 H, m), 2,55 - 2,64 (1 H, m), 2,32 - 2,42 (1
H, m). Tr = 2,67 min (Cond. 6); CL/EM: Anal. Calc. para [M+H]" CioHg °BroO:
304,90; Encontrado: 304,91.

Ejemplos D-3b1 y D-3b2 (etapa b)
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D-3b1 y D-3b2 se prepararon a partir de D-3a y las prolinas protegidas con
Boc apropiadas de acuerdo con el mismo procedimiento que se usd para la

preparacion del Ejemplo M3, etapa g.

Tr=3,00y 3,19
min (Cond. 3);
CL/EM: Anal.

D-3b1 Calc. para

oJ‘T\N) [M+Na]"
8]
CaoH2s "BrNOs:
460,08;
Encontrado:

460,10.

Tr=299y 3,17
o o min (Cond. 3),
5362 moﬂ\ﬂgH CLEM; (;Jgalc para
N C21Hzs "BrNO;
[M+Na]* 472,07;
Encontrado:

472,10

Ejemplos D-3¢1 y D-3¢2 (etapa c)
D-3c1y D-3c2 se prepararon a partir de D-3b1 y D-3b2 respectivamente de
acuerdo con el mismo procedimiento que se usd para la preparacion del Ejemplo

M3, etapa h.

470
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RMN de "H (500 MHz, MeOD, falta
el N-H del imidazol) & ppm 7,32 -
7,43 (3 H, m), 4,86 -4,97 (1 H, m),
3,63-3,74(1 H, m), 3,47 - 3,67 (1 H,
m), 2,98 - 3,07 (2H, m), 2,83 (2 H, d,
J=8,2 Hz}, 2,25 - 2,45 (1 H, m), 2,00

D-3c HN& -2,11 (2 H, m), 1,93 - 1,99 (1 H, m),
»
pocN, ] 1,25 - 1,48 (9 H, 2s). Tr = 2,24 min
A partir de D-3b1 (Cond. 3); CLJEM: Anal. Calc.
para [M+H]" CzHzs "BrN;O;:
418,13; Encontrado: 418,10.
EMAR: Anal. Calc. para [M+H}'
C21Has "BrN;O;,: 430,1125;
encontrado 430,1124.
Tr = 2,28 min {Cond. 3); CL/EM:
Bf Anal. Calc. para [M+H]"
o C21Has" BrN;O;: 430,11;
D-3¢2 ﬂ,
Boc’N\Au, Encontrado: 430,16.
T—l H
EMAR: Anal. Caic. para [M+H]
A partir de D-3b2 Ca1Has BrN;O,: 430,1125;
encontrado 430,1123.
Br
N Tr = 2,06 min (Cond. 3); CL/EM:
D-3¢3 HN*S..., Anal. Calc para CzHz3*'BrN;0,

Boc~ N\&

Preparado a partir de D-

(M+H)" 430,10; Encontrado:
429,98.

QU
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3c2 de acuerdo con el
mismo procedimiento que

se uso parala

preparacion de D-391

Ejem|p[o D-3d1 (etapa d)
>si S
“N
HN-~4

-t
Se afadio etiniltrimetilsilano (0,59 mi, 4,25 mmol) a una solucién de D-1b (1,5
g, 3,82 mmol), trifenilfosfina (0,20 g, 0,77 mmol), dietilamina (4,25 mi, 40,70 mmol),
yoduro de cobre (I) (40 mg, 0,21 mmol) y trans-dicloro(bis-trifenilfosfina)paladio (i)
(149 mg, 0,21 mmol) en DMF seca (1,4 ml) a temperatura ambiente en un recipiente
microondas. El recipiente se tap6 y se radid durante 25 min a 120 °C. Se realizaron
dos reacciones idénticas de 1,5 g en tandem. Las mezclas de reaccion se diluyeron
con éter y acetato de etilo, se combinaron y se agitaron con HCI 0,1N. Después de
reposar durante 20 min, la suspensién se filtrd por succién y la capa se lavé con éter
y acetato de etilo. La fase organica después se separd, se lavé con salmuera, se
secd sobre sulfato sodico, y se concentré. Se aislé el producto en bruto (4,2 g) en
forma de una espuma marrén rojiza que se tomé en diclorometano y se anadié
directamente a una columna Thompson de 110 g de gel de silice. La elucidén en
gradiente del residuo con 20% de acetato de etilo en diclorometano a 100% de

acetato de etilo proporcioné D-3d1 (2,8 g, 40% de rendimiento} en forma de un

solido amarilio después de la evaporacion del eluyente que se llevo a la siguiente

V%
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[M+H]" 410,23; Encontrado: 410,12,

D-3d2 a D-3d4 se prepararon de acuerdo con los procedimientos que se

describen para D-3d1.

N Tr= 2,34 min (Cond.
LS
Q‘\
3); CL/EM: Anal.
D-3d2 HNJ{I Calc para
alf
Boc’NQ C24H3:N30,Si [M+H]*
_ 422 22: Encontrado:
A partir de M3, etapa h
421,85.
< Tr = 2,43 min (Cond.
_Si
=
3); CL/EM: Anal.
D-3d3 HN—{' Calc para
-
BOC'”\AWH Ca6H34N20,Si [M+H]"
H
448,24; Encontrado:
A partir de D-3¢2
448,82.
< Tr = 2,51 min (Cond.
S0 S
D-3d4 HN{’ Calc para
Boc‘N\A-qH C26H12N30,Si (M+H)*
H
446,23 Encontrado:
A partir de D-3¢3
446,05.

Ejemplo D-3e1 (etapa e)
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4

N
HN-—4
i)

Se aiadié carbonato potasico (91 mg, 0,66 mmol) en una porcién a una
solucion en agitacioén de D-3d1 (2,7 g, 6,6 mmol) en MeOH (60 ml) a temperatura
ambiente. La mezcla se agité durante 1 h antes de concentrar a vacio. El residuo
se tomo en diclorometano y se anadi6é directamente a una columna Thompson de
130 g de gel de silice. La elucion en gradiente del residuo con 15% de acetato de
etilto en hexanos a 100% de acetato de etilo proporcioné D-3e1 (2,04 g, 87% de
rendimiento) en forma de una espuma amarilla después de la evaporacion del
eluente. Después se sometid una pequeiia cantidad (aprox. 20 mg) del producto a
HPLC preparativa para lograr una muestra mas pura de D-3e1 en forma de un sélido
blanquecino. RMN de 'H (500 MHz, MeOD, falta el N-H del imidazo!) & ppm 7,68 (2
H, d, J=7,9 Hz), 7,46 (2 H, d, J=8,2 Hz), 7,34 - 7,40 (1 H, m), 4,89 (1 H, m), 3,64 -
3,73 (1 H, m), 349 (1 H, m), 349 (1H,s),331-334(1H m),2,25-2,44 (1 H, m),
1,99 - 211 (3 H, m), 1,25y 1,47 (9 H, 2s). Tr = 1,63 min {Cond. 3), CL/EM: Anal.
Calc para CaoHaaN3O, (MH+H)" 338,19; Encontrado: 33g 42,

D-3e2 a D-3e5 se prepararon de acuerdo con los procedimientos que se

describen para él alquino D-3e1.

\\Qr Tr = 1,65 min (Cond.

0302 e gan 3); CLIEN?: Anal. Calc

Boc‘N\d para C;1H24N;0;
[M+H]* 350,19;

A partir de D-3d2

Encontrado: 350,10.

Y
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O‘ Tr = 1,81 min (Cond.

N 3); CL/EM: Anal. Calc
D-3e3 | "
BOC'N\A-,,H para Ca3H2sN10;

[M+H]" 376,20;

p

A partir de D-3d3 Encontrado: 376,20.

Tk = 1,88 min (Cond.
N 3); CL/EM: Anal. Calc

D-3e4 ™
BOC‘N\A"’H para Cy3H24N30,
(M+H)" 374,19;
A partir de D-3d4 Encontrado: 374,04.
-
N Aty
o le
SL:L( Tr = 1,75 min (Cond.
H
3); CL/IEM: Anal. Calc
D-3e5 Preparado a partir de D-

para C25H27N403

3e4 y Cap-51 usando los .
[M+H]™ 431,21;

procedimientos descritos
Encontrado: 431,09.

para D-3h1 y el Ejemplo
OL-1

Ejemplo D-3f1 (etapa f)

.Boc

G
H
Ay Oy
O
H N
Boc

Se afnadié tetrakis(trifenilfosfina)paladio (83 mg, 0,072 mmol) en una porcion

a una mezcla desgasificada con argén agitada del Ejemplo D-3c1 (300 mg, 0,717

45
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mmol), D-3e1 (315 mg, 0,932 mmol), trietilamina (0,40 ml, 2,87 mmol) y yoduro de
cobre (l) (13,7 mg, 0,072 mmol) en DMF anhidra (6 mi) a temperatura ambiente en
un vial con tapén a rosca de paredes gruesas. La mezcla se agitdo a temperatura
ambiente durante 16 h y a 40 °C durante 16 h antes de afadir mas Cul (10 mg),
TEA (0,4 ml) y catalizador Pd{PPh3)s (40 mg) dado que la reaccién no se habia
completado después de 32 h segun se determind por CLEM. La mezcla se agitd

mas a 60 °C durante 10 h antes de enfriar a temperatura ambiente, se diluyé con

acetato de etilo, THF y agua y se filtré con succion. La fase organica del filtrado se.

separg, se lavd con solucién saturada de bicarbonato sddico y salmuera antes de
secar sobre sulfato sédico anhidro y evaporar. El residuo se tomoé en diclorometano
y se afadié directamente a una columna Thompson de 80 g de gel de silice. La
elucion en gradiente del residuo con 30% de acetato de etilo en hexanos a 100% de
acetato de etilo seguido de 0% de metanol en acetato de etilo a 20% de metanol en
acetato de etilo proporcioné D-3f1 (366,7 mg, 68% de rendimiento) en forma de una
espuma marrén dorada después de la evaporacion del eluente. Después se
sometié una pequena cantidad (aprox. 20 mg) del producto a HPLC preparativa para
lograr una muestra mas pura del Ejemplo D-3f1 en forma de un sdélido tostado.
RMN de 'H (500 MHz, MeOD, falta el N-H del imidazol) & ppm 7,73 (2 H, d, J=8,2
Hz), 7,47 - 7,57 (4 H, m), 7,41 (2 H, br s), 4,96 - 5,09 (1 H, m), 4,89 - 4,96 (1 H, m),
3,69 (2 H, brs), 3,54 (2 H, brs), 3,04 - 3,13 (2 H, m), 2,83 - 2,94 (2 H, m), 2,30 -
2,50 (2 H, m), 1,94 - 2,17 (6 H, m), 1,27 - 1,49 (18 H, 2s). Tr = 2,06 min (Cond. 3);
CL/EM: Anal. Calc para CaHasNsQ4 (M+H)* 675,37, Encontrado: g75 26

D-3f2 a D-3f4 se prepararon de acuerdo con el procedimiento descrito para

D-3f1.

70
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Tr= 2,12 min
(Cond. 3);
Yi; oy CL/EM: Anal.
Nl"\l Calc para
oot Boc" C42H45N6O4
D-3e2 y D-3¢3 [M+H]® 697,35;
Encontrado:
697,25.
Tr= 2,14 min
(Cond. 3);
Y“'Boc CL/EM: Anal.
D-3f3 \“'\NT Q _ OQ E\..\\ . Calc para
';OC,N\E\ C44HsoNs O,
A partir de D-3e3 y D-3c2 [M+H]" 725,38;
Encontrado:
725,25.
CLEM: 2,18 min
YN\,BOSJ e (Cond. 3):
.\}ﬁ\\..}\ CL/EM: Anal.
D-3f4 fﬁ{ Calc para
oK CasHasN;05

A partir de D-3¢3 y D-3eb

(M+H)* 778,37;
Encontrado:

778,22,




10

9,

~112-

Ejemplo D-3g1 (etapa g}

<\N_Boc
H
0=
& ‘N\>
Boc

Se afiadié didxido de manganeso activado (2,0 g, 23,12 mmol) en una
porcion a una solucion en agitacion de D-3f1 (260 mg, 0,39 mmol) en diclorometano
seco (5 ml). La suspension se agitd a temperatura ambiente durante & h antes de
anadir mas didxido de manganeso activado (1,0 g). La suspension se agité durante
14 h méas a temperatura ambiente antes de filtrar con succién a través de una capa
de Celite con MeOH vy la capa se lavé con mas MeOH varias veces. El filtrado
después se concentré a vacio proporcionande D-3g1 (225,1 mg, 82% de
rendimiento) en forma de un sélido amarillo. Después se sometié una pequeia
cantidad {(aprox. 20 mg) del producto a HPLC preparativa para lograr una muestra
mas pura de D-3g1 en forma de un sélido tostado claro. RMN de 'H (500 MHz,
MeQOD, falta el N-H del imidazol) & ppm 8,43 (1 H, d, J=8,5 Hz), 8,19 (1 H, brs), 7,68
-778 (6 H, m), 762 (2 H, d, J=82Hz), 754 (1 H, s), 490 - 527 (2 H, m), 3,76 -
3,85 (1 H, m), 3,66-3,74(1H, m),3,51-3,66(2H, m), 235-260(2H, m), 194 -
221(6H,m), 149 (6 H, brs), 1,27 (6 H, brs), 1,14 (6 H, brs). Tr = 2,12 min (Cond.
3); CL/EM: Anal. Calc para CaoHasNeOs (M+H)* 673,35; Encontrado: g73 30,

D-3g2 se preparé de acuerdo con el procedimiento descrito para D-3g1.

.Boc .
‘Z\\“N\T“ B O \ CLEM: 2,27 min
p Q = O o Cond. 3);
D-3g2 " ‘ *NI'S N)x (Cond. 3}

oc” CL/EM: Anal.

A partir de D-3f3 Calc para

CaqHasNO,4

4o
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(M+H)* 721,35:

Encontrado:

721,25.

Ejemplo D-3h1 (etapa h)

C\fa\j

D-3h1 a D-3h6 se prepararon a partir de D-3f1, D-3g1, D-3f2, D-3f3, D-3g2 y
D-3f4, respectivamente, de acuerdo con el mismo procedimiento que se usd para la
preparacién de OL-1e excepto que se usd metanol (1 m!) en lugar de diclorometano.
Esto proporciond D-3h1 a D-3h6 en forma de sales clorhidrato (o sales TFA cuando

se purificd posteriormente con HPLC preparativa) tras la concentracién del

disolvente(s) a vacio.

Gy ~N e
D-3h1 3
\ \Nllb; Q = NBN\“D

H N

A partir de D-3f1

Tr = 1,44 min (Cond. 3);

CL/EM: Anal. Calc para

C3oHa1Ng [M+H]" 475,26;
Encontrado: 475,16,

Qg
panz| =LA
H HN>

A partir de D-3g1

RMN de 'H (500 MHz,
MeOD, falta el N-H del
imidazol) & ppm 8,46 (1 H,
d, J=8,5 Hz), 8,21 (1 H, s),
7,84 (2 H, d, J=8,2 Hz), 7,70

U4
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-7,80(4H, m), 7,64 (2 H, d,
J=8,5 Hz), 5,15 (1 H, s),
4,97 (1 H, s), 3,62 -3,70 (1
H, m), 3,56 (3 H, s), 2,65 -
2,75 (1 H, m), 2,55 - 2,64 (1
H, m), 2,17 - 2,53 (6 H,
series de m). Tgr = 1,61 min
(Cond. 3); CL/IEM: Anal.

Calc para CagHaoNg (M+H)"
4?3,25; Encontrado:

473,13.
| 6 Tr = 1,62 min (Cond. 3);
_ N
= CL/EM: Anal. Calc para
o O=C-4 p
Ca2H20Ng (M+H)" 497,25;
A partir de D-3f2 Encontrado: 497 13,

Tr= 1,62 min (Cond. 3);

D-3h4 ‘C,NHIH Q OQ N CL/EM: Anal. Calc para
" )\Q\ CaaHasNg [M+H]" 525,28;
HN 34113306 1 L0,

A partir de D-3f3 Encontrado: 525,13.

CLEM: 1,78 min (Cond. 3);

Ry o
D-3h5 / (=i )L, CL/EM: Anal. Calc para
Q H):\le

CasH2oNs (M"‘H)+ 521,25,
A partir de D-3g2 Encontrado: 521 13.
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D-3h6

_
SEERTE SN

O
Q
s

A partir de D-3f4

CLEM: 1,95 min (Cond. 3);

CL/EM: Anal. Calc para

C41H4gN7 0, (M"’Hr 678,32;

Encontrado: 678,45.

Los Ejemplos D-3 a D-11 se prepararon a partir de D-3h1 a D-3h6 y los
acidos apropiados de acuerdo con el mismo procedimiento que se usé para la
preparacion del Ejemplo OL-1.
de sales TFA después de la purificacién por HPLC.

Ejemplo D-3 a D-11 (etapa final)

On, O

Esto proporciond los Ejemplos D-3 a D-11 en forma

D-3

I
oY
(\f ey
i(

A partir de D-3h1 y Cap 51

Tr = 1,80 min (Cond.
3); CL/EM: Anal. Calc
para CiyHssNzOg [M+H]"
789,41; Encontrado:
789,27. RMN de 'H (500
MHz, MeOD, falta el N-

H del imidazol) 6 ppm

44
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7,86 -7,91 (1 H, m),
7,73-7,80 (2H, m),
7,64 -7,71 (2H, m),
7,50 - 7,59 (3 H, m),
5,59 - 5,65y 5,16 - 5,31
(2 H, 2m), 4,21 - 4,29 (2
H, m), 4,06 - 4,16 (2 H,
m), 3,81 - 3,93 (2 H, m),
3,67 (6 H, s), 3,15 - 3,24
(2 H, m), 2,95 - 3,07 (2
H, m}, 2,51 - 2,65 (2 H,
m), 2,25 - 2,37 (2 H, m),
2,14 -2,23 (4 H, m),
1,99 - 2,11 (2 H, m),
0,09 ~ 0,95 (12 H, m),
0,97 - 1,05 (2 H, m).

D-4

A partir de D-3h1y Cap 4

Tr= 1,88 min (Cond.
3); CL/EM: Anal. Calc
para CsoHsgNgOg [M+H]"

857,38; Encontrado:

857,31.

Tr = 1,94 min (Cond.
3); CL/EM: Anal. Calc

Usr
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G

“ N*}.—* -0
i
e

A partir de D-3h2 y Cap 4

para C50H47N306 [M+H]+

855,36; Encontrado:
855,28.

O O

j/

Tr = 1,88 min (Cond.
3); CL/IEM: Anal. Calc

| 1™y | para CasHsiNsOg [M+H]*
?LN\- 787,40; Encontrado:
787,30.
A partir de D-3h2 y Cap 51
e
)1 Tr = 1,93 min (Cond.
3); CL/IEM: Anal. Calc
o7 | TH-O=-0-Gln +
para C4sH51Nz0O5 [M+H]
}LK( 811,40; Encontrado:
H .
811,26.
A partir de D-3h3 y Cap 51
OYO"\
NH .
\Z\ Tr = 2,01 min (Cond.
N O
vl R . * 3); CL/IEM: Anal. Calc
A\ N N ]
o8 L= N‘ Cs2Ha7NgOs [MHH]'
IEI) NA para Cs2H47NgOs [ ]
?L“j@ 879,36; Encontrado:
~o' N
879,25.
A partirde D-3h3y Cap 4
D-9 Tr = 1,93 min (Cond.

425
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A partir de D-3h4 y Cap 51

YNQF\ “\
e

3); CL/JEM: Anal. Calc
para C4sHssNgOg [M+H]"
839,43; Encontrado:
839,26.

O~

oy
)\/&:NH

Tr = 2,07 min (Cond.

Y\ 3); CLIEM: Anal. Calc
0| = Ot +
Q para C45Hs1NgOg [M+H]
)LT\( 835,40; Encontrado:
835,26.
A partir de D-3h5 y Cap 51
0 O*(O\ _
\NH .
' Tr = 1,99 min (Cond.
Y\ 3); CL/EM: Anal. Calc
oo | gy = “% +
Q para CgoHs3NgO7 [M+H]
)Li( 877,41; Encontrado:
877.,63.
A partir de D-3h6 y Cap 170
Ejemplo M1
MeO,CHN, ?/>

0

j HN™N /7 N\
ﬂ\;)‘\w —/
C2

4z
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Ejemplo M1, Etapa a

)

Se afiadié Pd(Ph;P), (0,078 g, 0,067 mmol) a una soluciéon en DMF (5 ml) de
. 2-(5-(4-bromofenil)-1H-imidazol-2-il)pirrolidin-1-carboxilato de (S)-terc-butilo (D-1b)
5 (0,675 g9, 1,721 mmol) y 1,2-bis(trimetilstannil)etino (0,3134 g, 0,891 mmol) en un
tubo a presion, la mezcla se purgdé con nitrégeno durante 1 min y después se
calenté a 90 °C durante 15 h. El componente volatit se eliminé a vacio y el residuo
se sometié directamente a una purificacién en Biotage® (110 g; EtOAc)
proporcionando el alguino M1a en forma de una espuma naranja amarillenta que
10 contenia una impureza no identificada y disolvente residual (430 mg). RMN de 'H
(DMSO, & = 2,50 ppm, 400 MHz): 12,23/11,98/11,91 (tres br s, 2H), 7,80-7,35 (m,
10H), 4,84-4,76 (m, 2H), 3,54 (m, 2H), 3,39-3,33 (m, 2H), 2,28-1,78 (m, 8H), 1,40 (s
ancho, 7,54H), 1,16 (s ancho, 10,46H). CL/EM: Anal. Calc. para [M+H]®

. CagHasNs04: 649,35; encontrado 649,27.

5

Ejemplo M1, Etapa b

-?-/3
f/ﬁ]’f”

Se afiadié HCl/dioxanos (4 N; 8 ml, 32,06 mmol), CHxCl, (1 ml) y MeOH (1,0
ml) a bis-carbamato M1a (0,427 g, 0,658 mmol), y la mezcla heterogénea se agitd

20 durante 5 h. El componente volatil se eliminé a vacio, y el residuo se expuso a vacio

Yz>
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elevado proporcionando M1b (,4HCI) en forma de un sélido blanquecino (452 mg),
que se sometié a la siguiente etapa tal cual. El analisis por RMN de 'H indica que la
muestra puede contener dioxano residual (~1 equiv. molar). RMN de 'H (DMSO, 6 =
2,50 ppm, 400 MHz): 10,29 (s ancho, 2H), 9,73 (s ancho, 2H), 8,11 (s, 2H), 7,96 (d,
J =8,3, 4H), 7,67 (d, J = 8,6, 4H), 4,97 (m ancho, 2H), 3,47-3,31 (m, 4H), 2,50-2,36
(‘m’ parcialmente superpuesto con la sefal del disolvente, 4H), 2,23-2,14 (m, 2H),
2,07-1,95 (m, 2H). CL/EM: Anal. Calc. para [M+H]" CosHoNg: 449,25; encontrado
49,23.

Ejemplo M1

Se afadio HATU (0,069 g, 0,181 mmol) a la solucion en HATU (0,069 g,
0,181 mmol) de la pirrolidina M1b/4HCI (70,5 mg, 0,103 mmol), acido (S)-2-
(metoxicarbonilamino)-3-metilbutanoico (36,3 mg, 0,207 mmol) y DIEA (0,1 ml, 0,573
mmol) y se agitd a temperatura ambiente durante 70 min. El componente volatil se
elimind a vacio y el residuo se disolvié en MeOH y se sometié a una purificacién por
HPLC de fase inversa (MeOH/agua/TFA) proporcionando la sal TFA del Ejemplo M1
en forma de una espuma blanquecina (68,9 mg). CL (Cond. 9 y 10): >95% de indice
de homogeneidad. CL/EM (Cond. 3): T, = 1,78 min. RMN de 'H (DMSO, & = 2,50
ppm, 400 MHz): 8,10 (s ancho, 2H), 7,88-7,83 (m, 4H), 7,71 (d, J = 8,3, 3,91H), 7,34
(d, J = 8,5, 2H; NHCO,), 6,92 (s ancho aparente, 0,09H), 5,52 (m ancho, 0,17H),
512 (t ap, 1,93H), 4,11 (t ap, 2H), 3,89-3,77 (m, 4H), 3,54 (s, 552H), 3,33 (s,
0,48H), 2,41-2,33 (m, 2H), 2,21-1,93 (m, 8H), 0,89 (t ap, 0,91H), 0,83/0,79 (dos d
superpuestos, J = 6,8/6,8, 11,09 H). CL/EM: Anal. Calc. para [IVI+H]+ CaoHs51NgOs:
763,39; encontrado 763,33.

426



Los Ejemplos M2 a M2,1 se prepararon en forma de sales TFA a partir de Ia
pirrolidina M1b y acidos apropiados de acuerdo con el procedimiento descrito para la

preparacién del Ejemplo M1 con un protocolo de purificacion modificado que se

describe en la tabla siguiente.
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Ejemplo M2 a M2.1

| Nay” N
I O—=—X i
Cs

Ejempio R Datos analiticos
M2 o Se purificé usando dos condiciones de HPLC
O NACOMe | 4o fase inversa diferentes (Columna:

Phenomenex Luna, 30x100 mm, S10;
MeOH/agua/TFA) y (Waters Sunfire, 30x100
mm, S5; CH3CN/agua/TFA). CL (Cond. 9y
10). >95% de indice de homogeneidad.
CL/EM (Cond. 3): T, = 2,04 min. CL/EM: Anal.
Calc. para [M+H]" C4sHa7NsOs: 831,36;
encontrado 841 41.

M2.1 Se purificd usando dos condiciones de HPLC

=
N

HCO,Me

de fase inversa diferentes (Columna: Xbridge,
19x100 mm, S5; MeOH/agua/TFA) y (Waters
Sunfire, 30x100 mm, S5; CH3CN/agua/TFA).
CL (Cond. 9 y 10): 95% de indice de
homogeneidad. CL/EM (Cond. 10d). T, = 2,82

Ugy
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min. CL/EM: Anal. Calc. para [M+H]"
CasHssNgQyg: 847 ,41; encontrado 847,25.

Ejemplo M3

M H ;
TP A S
\(\\Z A=y O — O \NH

Ejemplo M3, Etapa a
TBDPS’O\\\\-(N/\\O
H

A una solucién de (S)-5-(hidroximetil)pirrolidin-2-ona (10 g, 87 mmol) en
CHCl, {50 ml) se afadi6 terc-butilclorodifenilsilano (25,6 g, 93 mmol), Et3N (12,1 ml,
87 mmol} y DMAP (1,06 g, 8,7 mmol). La mezcla se agité a temperatura ambiente
hasta que la pirrolidinona inicial se consumié completamente, y después se diluyo
con CH.Cl; (50 ml) y se lavd con agua (50 ml). La fase organica se seco (NaxSO,),
se filtrd, y se evapord a vacio, y el material en bruto se sometid a cromatografia
ultrarrapida (gel de silice; 30 a 100% de EtOAc/hexanos) proporcionando el éter
M3a en forma de un aceite incoloro (22,7 g, 74% de rendimiento). RMN de 'H (400
MHz, DMSO-dg, & = 2,5 ppm) 7,69 (s ancho, 1H), 7,64-7,61 (m, 4H), 7,560-7,42 (m,
6H), 3,67-3,62 (m, 1H), 3,58-3,51 (m, 2H), 2,24-2,64 (m, 3H), 1,87-1,81 (m, 1H),
1,00 (s, 9H). CL/EM (M+H)" = 354,58,

Ejemplc M3, Etapa b

420
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-0
TBDPS \\.-&
W, =0

|
Boc

Se afiadid dicarbonato de di-terc-butilo (38,5 g, 177 mmol) en porciones en
forma de un sdélido durante 10 min a una solucién en CH,Cl, (200 ml) del sililéter
M3a (31,2 g, 88,3 mmol), EtsN (8,93 g, 88 mmol), y DMAP (1,08 g, 8,83 mmol) y se
agit6é durante 18 h a 24 °C. La mayor parte del material volatil se eliminé a vacio y el
material en bruto se toméd en 20% de EtOAc/Hex y se aplicé a un embudo de 2 | que
contenia 1,3 | de gel de silice y después se eluyd con 3 1 de 20% de EtOAc/hexy 2 |
de 50% de EtOAc). Tras la concentracién de las fracciones deseadas en una
rotoevaporadora, se formo una suspension blanca de sélido que se filtré, se lavd con
hexanos y se seco a vacio proporcionando el carbamato M3b en forma de un sélido
blanco (32,65 g, 82% de rendimiento). RMN de 'H (400 MHz, DMSO-ds, 8 = 2,5
ppm) 7,61-7,59 (m, 2H), 7,56-7,54 (m, 2H), 7,50-7,38 (m, 6H), 4,18 (m, 1H), 3,90
(dd, J = 10,4, 3,6, 1H), 3,68 (dd, J = 10,4, 2,1, 1H), 2,68-2,58 (m, 1H), 2,40-2,33 {m,
1H), 2,22-2,12 {m, 1H), 2,01-1,96 (m, 1H), 1,35 (s, 9H), 0,97 (s, 9H). CL/EM (M-
Boc+H)™ = 354,58.

Ejemplo M3, Etapa c

TBDPS’O\\\\-Z Y
N

|
Boc

Se carg6 un matraz de tres bocas provisto de un termémetro y una admision
de nitrégeno con el carbamato M3b (10,05 g, 22,16 mmol) y tolueno (36 mi}, y se
introdujo en un bano refrigerante a -55 °C. Cuando la terﬁperatura interna de la
mezcla alcanzé -50 °C, se afadi6 trietilborohidruro de litio (23 ml de una solucién 1,0

M/THF, 23,00 mmol) gota a gota durante 30 min y la mezcla se agitd durante 35 min

eq
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mientras se mantenia la temperatura interna entre -50 °C y -45 °C. Se afiadi6 base
de Hanig (16,5 ml, 94 mmol) gota a gota durante 10 min. Después, se afadié
DMAP (34 mg, 0,278 mmol) en un lote, seguido de la adicion de anhidrido
trifluoroacetico (3,6 ml, 25,5 mmol) durante 15 min, mientras la temperatura interna
se mantenia entre -50 °C y -45 °C. Se extrajo del bafio 10 min después, y la mezcla
de reaccion se agité durante 14 h mientras se dejaba subir a temperatura ambiente.
Se diluydé con tolueno (15 ml), se enfrié con un bafio de agua y hielo, y se tratd
lentamente con agua (55 ml) durante 5 min. Las fases se separaron y la fase
organica se lavé con agua (50 ml, 2x) y se concentr6 a vacio. El material en bruto
se purificd por cromatografia ultrarrapida (gel de silice; 5% de EtOAc/hexanos)
proporcionando dihidropirrel M3c en forma de un aceite viscoso incoloro (7,947 g,
82% de rendimiento). CL/EM (Cond. 7): T, = 2,41 min. RMN de 'H (400 MHz,
DMSO-dg, 6 = 2,5 ppm} 7,62-7,58 (m, 4H), 7,49-7,40 (m, 6H), 6,47 (s ancho, 1H),
5,07/5,01 (d ancho superpueste, 1H), 4,18 (s ancho, 1H), 3,89 (s ancho, 0,49H),
3,69 (s ancho, 1,51H), 2,90-2,58 (m ancho, 2H), 1,40/1,26 (s ancho superpuesto,
9H), 0,98 (s, 9H). CL/EM: [M+Na]" = 460,19.

Ejemplo M3, Etapa d

TBDPS’O\\\\-[_y
N

|
Boc

M3d-1: isdomero trans
M3d-2: isémero cis

Se anadio dietilcinc (19 ml de ~1,1 M en tolueno, 20,9 mmol) gota a gota

durante 15 min a una solucién fria (-30 °C) en tolueno (27 ml) de dihidropirrol M3c

i
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(3,94 g, 9,0 mmol). Se afiadid cloroyodometano (estabilizado sobre cobre; 3,0 ml,
41,2 mmol} gota a gota durante 10 min, y se agito mientras se mantenia la
temperatura del bafo a -25 °C durante 1 h y entre -25 °C y -21 °C durante 18,5 h.
La mezcla de reaccion se abri6 al aire y se inactivé mediante la adicion lenta de una
solucion saturada al 50% de NaHCOj3; (40 ml), y después se retird del bario helado y
se agitd a temperatura ambiente durante 20 min. Se filtré con papel de filtro y la
torta blanca se lav6 con 50 ml de tolueno. La fase orgénica del filtrado se separd y
se lavd con agua (40 ml, 2x), se secd (MgSO,) y se concentrd a vacio. El material
en bruto se purificé usando un sistema BIOTAGE® (350 g de gel de silice; la
muestra se cargd con 7% de EtOAc/hexanos; se eluyd con 7-20% de
EtOAc/hexanos) proporcionando una mezcla de metanopirrolidinas M3d-1 y M3d-2
en forma de un aceite viscoso incoloro (3,69 g, 90,7%). [Nota:'en este punto no se
determiné la proporcion exacta entre isdbmeros cisftrans). CL/EM (Cond. 7): T, = 2,39
min RMN de 'H (400 MHz, DMSO-dg, & = 2,5 ppm) 7,62-7,60 (m, 4H), 7,49-7,40 (m,
6H), 3,77/3,67 (s ancho superpuesto, 3H), 3,11-3,07 (m, 1H), 2,23 (s ancho
aparente, 1H), 2,05-2,00 (m, 1H), 1,56-1,50 (m, 1H), 1,33 (s muy ancho, 8Hj), 1,00
(s, 9H), 0,80 (m, 1H), 0,30 (m, 1H). CL/EM: [M+Na]" = 474,14,

Ejemplo M3, Etapa e
HO\\\‘_( S?
N

I

Boc
M3e-1: isomero trans
M3e-2: isémero cis

Se afadid TBAF (7,27 mlde 1,0 M en THF, 7,27 mmol) gota a gota durante 5
min a una solucién en THF (30 ml} de sililéter M3d-1/-2 (3,13 g, 6,93 mmol) y la

QA
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mezcla se agitd a temperatura ambiente durante 4,75 h. Después de la adicion de
solucion saturada de NH,CI (5 ml), la mayor parte del material volatil se elimint a
vacio y el residuo se fracciond entre CH,Cl> (70 ml) y solucién saturada al 50% de
NH4Cl (30 ml). La fase acuosa se extrajo con CH»Clz (30 ml), v la fase orgénica
combinada se secd (MgSQ,), se filtrd, se concentré a vacio y después se expuso a
vacio elevado toda la noche. El material en bruto se purificé usando un BIOTAGE®
(gel de silice; 40-50% de EtOAc/hexanos) proporcionando una mezcla de los
alcoholes M3e-1 y M3e-2, contaminados con trazas de un punto con menor Ry, en
forma de un aceite incoloro (1,39 g, ~94% de rendimiento). [Nota: en este punto no
se determiné la proporcién exacta entre isémeros cis/trans.] RMN de 'H (400 MHz,
DMSO-ds, 8 = 2,5 ppm) 4,70 (t, J = 5,7, 1H), 3,62-3,56 (m, 1H), 3,49-3,44 (m, 1H),
3,33-3,27 (m, 1H), 3,08-3,04 (m, 1H), 2,07 (m ancho, 1H), 1,93-1,87 (m, 1H), 1,51-
1,44 (m, 1H), 1,40 (s, 9H), 0,76-0,71 (m, 1H), 0,26 (m, 1H). CL/EM (M+Na)’ =
236,20. |

Ejemplo M3, Etapa f
HO ( P
AL
DA
0 ! '

Boc

M3f-1: isdémero trans
M3f-2: isdmero cis

Se afnadié una semisolucién de NalQOy4 (6,46 g, 30,2 mmol) en H,O (31 ml) a

una solucién del alcohol M3e-1/-2 (2,15 g, 10,08 mmol) en CH3CN (20 mi) y CCl, (20

U2
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ml). Inmediatamente se afadié RuCl; (0,044 g, 0,212 mmol) v la mezcla de
reaccidn heterogénea se agité vigorosamente durante 75 min. La mezcla de
reaccion se diluyd con HO (60 ml) y se extrajo con CH>Cl, (50 ml, 3x). La fase
organica combinada se traté con 1 ml de MeOH, se dejd reposar durante
aproximadamente 5 min, y después se filtr6 a través de una capa de tierra de
diatomeas (CELITE®). El CELITE® se lavé con CH,Cly (50 ml), y el filtrado se
concentré a vacio proporcionando un sélido de color carbon claro. El andlisis por
RMN de 'H de este material en bruto indicé una proporcién molar de 1,00:0,04:0,18
entre el acido M3f-1 trans:acido M3f-2 cis:presunto subproducto, 3-oxo-2-
azabiciclo[3.1.0]hexano-2-carboxilato de terc-butilo. El material en bruto se disolvio
en EtOAc (~10 ml) con calor y se dejo reposar a temperatura ambiente con siembra.
Aproximadamente 15 min después de empezar la fase de enfriamiento, se observd
una rapida formacién de cristales. Aproximadamente 1 h después, se afiadi6
hexanos (~6 ml) y la mezcla se refrigeré toda la noche (no parecié que precipitara
mas material). La mezcla se filtrd y se lavd con hexanos _réfrigerados con hielo y
agua/EtOAc (proporcién 2:1; 20 ml) y se secod a vacio elevado proporcionando la
primera cosecha del acido M3f-1 (cristales blanquecinos, 1,222 g). El licor madre se
concentrd a vacio, y el residuo se disolvid en ~3 ml de EtOAc calentando, se dejo
reposar a temperatura ambiente durante 1 h, y después se afadieron 3 ml de
hexanos y se almacenaron en un frigorifico durante ~15 h. Se obtuvo una segunda
cosecha del acido M3f-1 de forma similar (cristales grises, 0,133 g), para un
rendimiento combinado de 59%. Acido M3f-1: T, = 1,48 min en las siguientes
condiciones de HPLC: Gradiente de disolventes de 100% de A : 0% de B a 0% de A
: 100% de B (A = 0,1% de TFA en 1.9 de MeOH/H;0; B = 0,1% de TFA en 9:1 de
MeOH/H;0) durante 3 min; deteccién a 220 nm; COLUMNA PHENOMENEX®-Luna
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3,0X50 mm S10. PF (dec.) para la primera cosecha = 147,5-149,5 °C. RMN de 'H
(400 MHz, DMSO-ds, 6 = 2,5 ppm) 12,46 (s, 1H), 3,88 (s ancho aparente, 1H), 3,27
(s ancho aparente, 1H; superpuesto a la sefnal del agua), 2,28 (m ancho, 1H), 2,07
(s ancho aparente, 1H), 1,56 (s ap, 1H), 1,40/1,34 (dos s superpuestos, 9H), 0,71
(m, 1H), 0,45 (m, 1H). RMN de °C (100,6 MHz, DMSO-de, & = 39,21 ppm) 172,96,
172,60, 154,45, 153,68, 78,74, 59,88, 59,58, 36,91, 31,97, 31,17, 27,77, 27,52,
14,86, 14,53, 13,69. CL/EM [M+Na]" = 250,22. Anal. Calc. para Ci:H;NO4: C,
58,13; H, 7,54, N, 6,16, Hallada (para la primera cosecha). C, 58,24; H, 7,84; N,
6,07. Rotacion éptica (10 mg/ml en CHCly): [a]p = -216 y -212 para las cosechas

primera y segunda, respectivamente.

Ejemplo M3, Etapa g
Br——< :}——40 O>\—{&>
O N
Bod
Se anadioé DIEA (1,3 ml, 7,44 mmol} gota a gota durante 2 min a una mezcla
semiheterogénea del acido M3f-t (1,697 g, 7,47 mmol) y 2-bromo-1-(4-
bromofenil)etanona (2,01 g, 7,23 mmol) en CH3CN (30 ml) vy se agité a temperatura
ambiente durante 8 h. El componente volatil se eliminé a vacio y el residuo se tomo
en CHyCl; (100 ml), se lavé con agua (30 ml}, se secd (MgSQO,) y se concentrd a
vacio proporcionando el cetoéster M3g en forma de un aceite semisespumoso
viscoso blanquecino (3,076 g). RMN de H (400 MHz, DMSO-dg, & = 2,5 ppm). 7,92
(d, J =83, 2H), 7,78 (d, J = 8,5, 2H), 5,61-5,42 (m, 2H), 4,16 (m, 1H), 3,34 ('m’
parcialmente superpuesto a la sefal del agua, 1H), 2,40 (m, 2H), 1,63 (m, 1H),
1,41/1,35 {dos ‘s’ superpuestos, 9H), 0,74 (m, 1H), 0,53 (m, 1H). CL/EM: Anal. Calc.
para [M+Na]" C19H227gBrNNa05: 446,06; encontrado 446,06.
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Ejemplo M3, Etapa h

W Y
N~ N
o )N e

Un tubo a presion de 350 mi se cargd con el cetoéster M3g (3,07g, 7,24
mmol), acetato de amonio (5,48 g, 71,1 mmol) y xileno (70 mi), se tapé y se calento
con un barfio de aceite (140 °C) durante 4,5 h. La mezcla de reaccion se dejo enfriar
a temperatura ambiente y el componente volatil se eliminé a vacio. Se afadié
CH2Cl; (100 ml) y solucién saturada al 50% de NaHCOj; (30 ml) al residuo, se agitd
vigorosamente hasta que dejo de desprender gas, v las fases se separaron. La fase
organica se secd (MgSQ,), se concentrd a vacio, y se purificd con a BIOTAGE®
(240 g de gel de silice; la muestra se cargé con CH.Cly; 40-80% de EtOAc/hexanos)
proporcionando el imidazol M3h en forma de una espuma amarillo oscuro (2,40 g).
RMN de 'H (400 MHz, DMSO-dg, & = 2,5 ppm): 12,21 (s, 0,11H), 1,93 (s, 0,89H),
7,69 (d, J = 8,8, 1,8H), 7,62-7,55 (m, 0,4H), 7,53 (d ancho, J = 2, 0,87H), 7,49 (d, J =
8,5, 1,8H), 7,29 (d ancho, J = 1,6, 0,13H), 4,59 (m, 1H), 3,41- (m, 1H), 2,37-2,17 (m
ancho, 2H), 1,62 (m, 1H), 1,21 (muy ancho ‘s’, 9H), 0,756 (m, 1H), 0,54 (m, 1H).
CL/EM: Anal. Calc. para [M+H]" CigHas® BIN;O,: 406,10; encontrado , 406,14

Ejemplo M3, Etapai

La pirrolidina M3i (4HCI) se preparé a partir del bromuro M3h de acuerdo con

UdS
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el procedimiento descrito para la sintesis de pirrolidina M1b (,4HCI) a partir del
bromuro D-1b. RMN de 'H (400 MHz, DMSO-ds, & = 2,5 ppm): 10,51 (s ancho
aparente, 4H), 8,08 (s, 2H), 7,92 (d, J= 7,8, 4H), 7,66 (d, J = 8.5, 4H), 4,78 (m, 2H),
3,42 (m, 2H), 2,65 (m, 2H), ~2,63 ('m’ parcialmente superpuesto con la sefial del
disolvente, 2H), 1,94 (m, 2H), 1,10 (m, 2H), 0,86 (m, 2H). CL/EM: Anal. Calc. para
[M+H]" CagH2aNg: 473,25; encontrado 473,21

Ejemplo M3 (y Ejemplos M4-M7)

El Ejemplo M3, junto con sus analogos de los Ejemplos M4-M7 destacados
en la tabla siguiente, se prepararon en forma de sales TFA a partir de pirrolidina M3i
(,4HCI) empleando el procedimiento descrito para la sintesis del Ejemplo M1 y los
acidos apropiados. En el caso del Ejemplo M7 un se empled una mezcla equimolar
de acido (S)-2-(metoxicarbonilamino)-3-metilbutanoico y  acido  (§)-2-
(metoxicarbonilamino)-2-(tetrahidro-2H-piran-4-il)acético para la etapa de
acoplamiento y la mezcla de productos estadistica resultante se separé mediante la
técnica de HPLC descrita para el Ejemplo M1. Ejemplo M3: CL {Cond. 9y 10}: >95%
de indice de homogeneidad. CL/EM (Cond. 3): T, = 1,88 min. CL/EM: Anal. Calc.
para [M+H]" C4Hs1NsOg: 787,39; encontrado 787,40.

EV
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O 0]
Ejemplo R\{ R\{ T: (Cond. 3); % de indice de
o o~ X
homogeneidad (Cond. 9y 10);
CL/Datos de EM
/ s
M4 CL SL 1,74 min; >95%; CL/EM: Anal.
0 0 .
HN__ 0 HN: 0 Calc. para [M+H] Ca2H47NgOs:
(\gﬂ (\iﬂ 759,36; encontrado 759,35
S /s
M5 ‘L ‘/L 1,98 min; >95%: CL/EM: Anal.
N O iy O '
= 0 = e} Calc. para [M+H]" CasHs1NgOs:
[(\fﬁ ﬂ 811,39; encontrado 811,37
/ 7
M6 i C)L 1,67 min; >95%: CL/EM: Anal.
6] (0]
HN S HN 5 | Calc. para [M+H]" CasHssNgOs:
d\fﬁ d\iﬂ 871,41; encontrado 871,20
O Q
7 7
M7 C/L L 1,78 min; >95%: CL/EM: Anal.
C O
HN HN 5 | Ccalc. para [M+H]" CagHsaNgO5:

829,40; encontrado 829,53

UM
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Ejemplos M8-M9

R =
MeQ,CHN bt
b o<
\(\{N\);\N \_ NH /

O RHcoMe
Ejemplo M8 (R = H) cl
Ejemplo M9 (R = CI)

Se anadié NCS (0,0195 g, 0,143 mmol) a una solucion en DMF (2 ml) de la
forma de base libre del Ejemplo M3 (obtenida a partir de la sal TFA mediante un
protocolo estandar de desbasificacién con MCX; 0,109 g, 0,139 mmol), y se agitd a
temperatura ambiente durante 16 h y a 50°C durante 25 h. La mayor parte del
disoivente se elimind a vacio, y el residuo se disolvié en MeOH y se sometié a una

purificacion por HPLC de fase inversa (MeOH/agua/TFA) proporcionando la sal TFA
del Ejemplo M8 (50 mg) y el Ejemplo M9 (17,5 mg).

Ejemplo | T; (Cond. 3}, % de indice de homogeneidad (Cond. 9a y 10a);
CL/Datos de EM

M8 2,42 min; >95%; CL/EM: Anal. Calc. para [M+H]" C44HsoCiNgOs:
821,35; encontrado 821,31

M9 2,95 min; >95%; CL/EM: Anal. Calc. para [M+H]" CasHgCloNgOg:
855,32, encontrado 855,24

Ejemplo M9.1-M3.2

- O\jl\ :
N = B3
z N © NHCO,Me
o A/— Ejemplo M9.1 (R=H) Cl

Ejemplo M9.2 (R = ClI)

Jyo
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Se afladidé NCS (0,021 g, 0,158 mmol) a una solucion en DMF (1,5 ml} de la
forma de base libre del Ejemplo M6 (obtenido a partir de la sal TFA mediante
mediante un protocolo estandar de desbasificacion con MCX; 0,1059 g, 0,122
mmol), y se agitd a 50°C durante 24 h. La mezcla de reaccién se diluyo con MeOH

5 (2,5 ml) y se sometid a una condicion de purificacién por HPLC de fase inversa
(XTERRA, 30X100 mm, S5; MeOH/agua/TFA). La muestra resultante se volvié a
purificar con una condicion diferente de HPLC de fase inversa (Waters-Sunfire,
30X100 mm, 85; acetonitrilo/agua/TFA) proporcionando el Ejemplo M9.1 (38,8 mg) y
el Ejemplo M9.2 (32,6 mg) en forma de sales TFA.

10

Ejemplo | T, (Cond. 3); % de indice de homogeneidad (Cond. 9a y 10a);
CL/Datos de EM
M9.1 2,26 min; >95%; CL/EM: Anal. Calc. para [M+H]" CasHs4CINgOs:

805,38; encontrado 905,44

M9.2 | 2,78 min; >95%; CL/EM: Anal. Calc. para [M+H]" C44Hs3Clo2NgOg:

939,34; encontrado 939,40

Ejemplo M9.3

. 5

P g m/:\;\\é\
ST T

O—

15 Ejemplo M9.3, etapa a
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A CH9oCly (22 mi) frio (0°C) se afadié dietilcinc (1M en hexanos, 60,5 ml,

60,5 mmol) en atmasfera de nitrégeno seguido de la adicion gota a gota de acido
trifluoroacetico (5,1 ml, 66,2 mmol) en 10 ml de CH,Cl, durante 15 min. La

reaccion se agité durante 15 min, y después se afadioé diyodometano (5,4 ml, 66,9
mmol) en 10 ml CH5Cl, gota a gota a la reaccién. La reaccién se siguid agitando a

0 °C durante 1 h, y después se afiadié (E)-1,2-difenileteno (2 g, 11,10 mmol} en 10
mi CH>Cly. La mezcla se saco del bafio frio y se agitd a ~25 °C en atmésfera de

nitrogeno durante 20 h. La reaccidn se inactivé con HCI 0,1 N (50 mi), las fases se

separaron, y la fase acuosa se extrajo con hexanos (2 x 100 mi}. La fase organica
combinada se lavé con NaHCO4 saturado (acuoso) (50 ml) y salmuera (50 ml), se

secod sobre MgSQy, se filtrd, y se concentré a vacio. E! residuo se sometid a

cromatografia ultrarrapida sobre gel de silice (hexanos) proporcionando el bifenilo
M9.3a en forma de un aceite incoloro (1,6 g). RMN de 'H (400 MHz, CDClz) d ppm

7,34-7,31 (m, 4H), 7,24-7,17 (m, 8H), 2,22-2,18 (m, 2H), 1,51-1,47 (m, 2H).

Ejemplo M9.3, etapa b

Br

M9.3b1 M9.3b2

A una solucién del bifenilo M9.3a (3,3 g, 16,99 mmol) en 1,2-dimetoxietano

(197 mi) y agua (82 ml) se aiiadié NBS (12,09 g, 67,9 mmol). El matraz de reaccion

450
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se cubrid con papel de aluminio y se agitd a temperatura ambiente durante 51 h. La
reaccion se fracciond entre dietil éter y agua, y la fase organica se lavd con
salmuera, se seco sobre MgSOy, se filtrd, y se concentré a vacio. El residuo se
sometio a una cromatografia ultrarrapida (la muestra se cargd con cloroformo; se
eluyd con hexanos) proporcionando una mezcla estereoisomérica de producto
dibromado en forma de un sélido blanco (3,1 g). La mezcla estereoisomérica se
separd mediante SFC quiral (columna Chiral pak AD-H, 30X250 mm, 5 um; 80% de
C0,-20% de EtOH; 35 °C; 150 bar; 70 mli/min durante 20 min; 220 nm) para aislar
dos enantiomeros: M9.3b1 (sélido blanco, 1,1 g); RMN de 'H (400 MHz, CDCl3) &
ppm 7,43 (d, J = 8,6 Hz, 4H), 7,02 (d, J = 8,6 Hz, 4H), 2,12-2,09 (m, 2H), 1,47-1,43
(m, 2H); OR: +361,79, 3,15 mg en 1 ml de CHCI3, 8 = 589 nm, cubeta de 50 mm.
M9.3b2 (sélido blanco, 1,2 g); RMN de 'H (400 MHz, CDCl3) 6 ppm 7,43 (d, J= 8,6

Hz, 4H), 7,02 (d, J = 8,6 Hz, 4H), 2,12-2,09 (m, 2H), 1,47-1,43 (m, 2H); OR: -376,70,
3,03 mgen 1 mlde CHCl3, & = 589 nm, cubeta de 50 mm.

Ejemplo M9.3, Etapa ¢

O
O

A una solucion del dibromuro M9.3b1 (0,8806 g, 2,501 mmol) y tributil(1-

O

etoxivinil)stannano (2,71 g, 7,50 mmol) en 1,4-dioxano (17 ml} se afadid
diclorobis(trifenilfosfina)-paladio(ll} (0,105 g, 0,150 mmol). La reaccién se purgd
cuidadosamente con nitrogeno, se sellé y se calentd a 80 °C durante 16 h. La
reaccion se retird del calor, se anadido HCI 1 N (ac) (17 ml) y la mezcla se agitd
durante 4 h. La mezcla se diluy6é con agua (20 mi} y se extrajo con EtOAc (3 x 50

mi). La fase organica combinada se sec6 sobre MgSQ,, se filtrd, y se concentrd a
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vacio. El residuo se purificd por cromatografia ultrarrapida (35% de acetato de
etilo/hexanos), y la muestra obtenida se trituré con hexanos (3 x 50 ml)
proporcionando fa cetona M9.3c en forma de un sdlido blanquecino (412,5 mag).
RMN de 'H (400 MHz, CDCls) & ppm 7,92 (d, J = 8,5 Hz, 4H), 7,23 (d, J = 8,6 Hz,
4H), 2,61 (s, 6H), 2,32-2,28 (m, 2H), 1,67-1,63 (m, 2H). CL/EM: Anal. Calc. para
[M+H]" C1gH1005: 279,14; encontrado 279,13.

Ejemplo M9.3, Etapa d

g W
o Br

A una soluciéon de la cetona M9.3c¢ (0,4072 g, 1,463 mmol) en THF (7 m!) se
afiadio tribromuro de feniltrimetilamonio (1,10 g, 2,93 mmol}, y la mezcla de reaccién
se agitd a ~25 °C durante 15 h. El componente volat! se eliminé a vacio, y el

residuo se fracciond entre agua (25 ml) y CH2Cl, (100 mi). La fase organica se secéd
sobre MgS0+4, se filtrd, y se concentrd a vacio proporcionando ei dibromuro M9.3d,

que se usé sin purificacion adicional. CL/EM: Anal. Calc. para [M+H]" CigHi7

°Br,0,: 434,96; encontrado 434 98.

Ejemplo M9.3, Etapa e

0O
[ > 0
N O - O Bog
Boc Q e 0 N—.,
o }—O‘,R
0

A una solucién del dibromuro M9.3d (~1,463 mmol) y el acido M3f1 (0,698 g,
3,07 mmol) en acetonitrilo (10 ml) se afiadié N, N-diisopropiletilamina (0,537 ml, 3,07

mmol), y la reaccion se agité a ~25 °C durante 5h. El componente volatil se eliminé

yst-



10

20

LS

-137-

a vacio, y el residuo se tom6 en cloroformo (4 ml} y se cargd én una columna de gel
de silice y se eluyd con 8% de acetato de etilo/cloruro de metileno en 1296 ml de
disolventes proporcionando el dicetoéster M9.3e en forma de una espuma amarillo
claro que contenia impurezas sin identificar (0,723 g). RMN de ‘H (400 MHz,
DMSO-dg) & ppm 7,90 (d, J = 8,0 Hz, 4H), 7,37 (d, J = 8,3 Hz, 4H), 5,59-5,40 (m,
3H), 4,24-4,09 (m, 2H), 3,37-3,25 (m, 2H), 2,47-2,36 (m, 5H), 1,87-1,80 (m, 2H),
1,72-1,68 (m, 2H), 1,57-1,49 (m, 2H), 1,41 (s, 7H), 1,35 (s, 11H), 0,80-0,67 (m, 2H),
0,58-0,48 (m, 2H). CL/EM: Anal. Calc. para [M+H]" C41Hss N2 Na O 100 751,32;
encontrado 751,55.

Ejemplo M9.3, Etapa t

g LY
N N
N O
Boq |\ Q e N
:N\)\ﬂ

Una mezcla del dicetoéster M9.3e (0,723 g, 0,992 mmol) y acetato de amonio
(1,529 g, 19,84 mmol) en xileno (10 ml) en un recipiente de reaccion sellado se
calent6 a 140 °C durante 2,5 h. Después de dejar enfriar la reaccion en
condiciones ambientales, el componente volatil se eliminé a vacio. El residuo se
tomo en 20% de MeQH/CHCI; (50 mi) y se traté con NaHCQ; saturado (acuoso) (20
ml), se agitd y las fases se separaron. La fase acuosa se extrajo ademas con 20%
de MeOH/CHCI; (2 x 50 ml), y la fase orgénica combinada se secé sobre MgSQy, se
filtrd, y se concentrd a vacio. El residuo se tomé en CHCIl; (4 ml), se cargd en una
columna de gel de silice y se eluyd con 45% de acetato de etilo/cloruro de metileno

en 1296 ml proporcionando el imidazol M9.3f en forma de un sélido naranja (261,7
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mg). RMN de "H (400 MHz, DMSO-dg) & ppm 12,08 (s, 0,5H), 11,81 (s, 1,5H), 7,64
(d, J=8,3 Hz, 3H), 7,55 (d, J = 8,3 Hz, 1H), 7,41 (d, J = 1,7 Hz, 1,7H), 7,19-1,17 (m,
1,3H), 7,11 (d, J = 8,3 Hz, 3H), 4,59 (s ancho aparente, 2H), 3,41 (s ancho aparente,
2H), 2,37-2,14 (m, 6H), 1,68-1,57 (m, 2H), 1,48-1,40 (m, 2H), 1,40-0,95 (s ancho,
18H), 0,79-0,68 (m, 2H), 0,59-0,48 (m, 2H). CL/EM: Anal. Calc. para [M+H]" C41Hag
Ng O 4: 689,38; encontrado 689,43,

Ejemplo M9.3, Etapa g

] \/N,L“N/\H

N
H

Se agité una solucién de! carbamato M9.3f (0,2391 g, 0,347 mmol) en 25%
de TFA/CHz2CI2 (1,7 ml) a ~25 °C durante 1h. El componente volatil se elimind a
vacio proporcionando la sal TFA de la pirrolidina M9.3g en forma de una espuma
tostada (328 mg). RMN de 'H (400 MHz, DMSO-dg) & ppm 10,01 (s ancho, 2H),
7,70-7,68 (m, 6H), 7,20 (d, J = 8,6 Hz, 4H), 4,63-4,58 (m, 2H), 3,37-3,33 (m, 2H),
2,51-2;42 (m, 6H), 2,24-2 20 (m, 2H), 1,93-1,86 (m, 2H), 1,51-1,47 (m, 2H), 1,16-
1,09 (m, 2H), 0,084-0,78 (m, 2H). CL/EM: Anal. Calc. para [M+H]" CsHj; Ng:
489,28, encontrado 489,26.

Ejemplo M9.3
A una solucién de la pirrolidina M9.3g/sal TFA (0,0834 g, 0,088 mmol), acido

USH
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(S)-2-(metoxicarbonilamino)-3-metilbutanocico (0,034 g, 0,194 mmol), y N,N-
diisopropiletilamina (0,123 ml, 0,706 mmol} en DMF (1,5 ml) se afadié HATU (0,070
g, 0,185 mmol), y la mezcla se agité a 25 °C durante 4h. La mezcla de reaccién se
diluyé con MeOH (2,5 ml) y se sometié a una purificacién por HPLC de fase inversa
(XTERRA, 30X100 mm, S5; MeOH/H,O/TFA) proporcionando el Ejemplo M9.3 en
forma de una espuma blanquecina (58 mg). RMN de 'H (400 MHz, DMSO-dg) &
ppm 14,90-14,20 (bs, 3H), 8,00 (s ancho, 2H), 7,68 (d, J = 8,3 Hz, 4H), 7,34 (d, J =
8,6 Hz, 4H), 7,25 (d, J = 8,6 Hz, 2H), 5,00-4,96 (m, 2H), 4,42-4,39 (m, 2H), 3,79-3,69
(m, 2H), 3,54 (s, 6H), 2,38-2,31 (m, 5H), 2,16-2,07 (m, 2H), 1,95-1,88 (m, 2H), 1,61-
1,68 (m, 2H), 0,97-0,90 (m, 8H), 0,80 (d, J = 6,5 Hz, 8H). T, = 1,96 min (Cond. 3),
>95% de indice de homogeneidad (Cond. 9 y 10); CL/EM: Anal. Calc. para [M+H]
CasHss Ng Og: 803,42; encontrado 803,43.

Ejemplo M9.4

™0
S ) N
A N (% N
\\\\( | Q o o N 0
O e !
O —

El Ejempio M9.4 se prepar6 a partir de la pirrolidina M9.3g/sal TFA y acido
(S)-2-(metoxicarbonilamino)-2-(tetrahidro-2H-piran-4-if)acéticoc de acuerdo con e!
mismo procedimiento que se usé para la preparacion del Ejemplo' M9.3. RMN de 'H
(400 MHz, DMSO-dg) & ppm 15-14 (bs, 6H), 7,98 (s ancho, 2H), 7,66 {(d, J = 8,3 Hz,
4H), 7,34-7,32 (m, 5H), 4,98-4,94 (m, 2H), 4,50-4,46 (m, 2H), 3,84-3,78 (m, GH),
3,54 (s, 6H), 3,32-3,18 (m, 4H), 2,38-2,29 (m, 4H}, 2,11-1,97 (m, 2H), 1,97-1,88 (m,

2H), 1,60-1,57 (m, 2H), 1,51-1,26 (m, 8H), 0,99-0,87 (m, 2H), 0,84-0,72 (m, 2H). T,

US>
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= 1,77 min {(Cond. 3); >95% de indice de homogeneidad (Cond. 9 y 10); CL/EM:
Anal. Calc. para [M+H]" C49HseNgQOg: 887,45; encontrado 887,50.

Ejemplos M9.5 y M9.6

O H = ;
)\ H N\I/.\ N K
LT 0~

Los Ejemplos M9.5 y M9.6 se prepararon en forma de sales TFA

—

comenzando a partir del dibromuro M9.3b2 de acuerdo con los procedimientos que
se describen para la preparaciéon de los Ejemplos M8.3 y M9.4 a partir del

esterecisomero del dibromuro M9.3b1 correspondiente.

Ejemplo R T, (Cond. 3); indice de homogeneidad
(Cond. 9y 10); CL/Datos de EM

M9.5 Yi’ 1,98 min; >95%; CL/EM: Anal. Calc. para
[M+H]" CusHssNsOs:  803,42; encontrado
803,43

M9.6 O/(l’ 1,77 min; >95%; CL/EM: Anal. Calc. para
© [M+H]" CuasHsoNgOs: 887,45; encontrado
887,60

Ejemplo M9.7
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I,

El Ejemplo M9.7 (sal TFA} se prepard a partir del dibromuro M9.3d y el acido
M12.2c de acuerdo con los procedimientos que se describen para la preparacion de
los Ejemplos M9.3. RMN de 'H (400 MHz, DMSO-dg) & ppm 14,90-14,42 (s ancho,

5  4H), 8,02 (s ancho, 2H), 7,70 (d, J = 8,5 Hz, 4H), 7,36 (d, J = 8,6 Hz, 4H), 7,25 (d, J
= 8,3 Hz, 2H), 5,07 (dd, J = 10,7 Hz/7,1 Hz, 2H), 4,18-4,13 (t ap, 2H), 4,12-4,08 (t
ap, 2H), 3,55 (s, 6H), 3,42-3,37 (t ap, 2H), 2,49-2,39 (m, 2H), 2,37-2,31 (t ap, 2H),
2,02-1,93 (m, 2H}, 1,87-1,78 (ap q, 2H), 1,62-1,59 (t ap, 2H), 1,14 (d, J = 6,3 Hz,
6H), 0,82 (d, J = 6,5 Hz, 6H), 0,77 (d, J = 6,8 Hz, 6H). T, = 3,12 min (Cond. 10d),

10 >95% de indice de homogeneidad (Cond. 9 y 10); CL/EM: Anal. Calc. para [M+H]"
CusHsg Ng Og: 807,46; encontrado 807,45,

Ejemplc M9.8

tyy

15 El Ejemplo M9.7 (sal TFA) se prepar6 a partir del dibromuro M9.3d y el acido
M12.2¢ de acuerdo con los procedimientos que se describen para la preparacién de

los Ejemplos M9.4. T, = 3,01 min (Cond. 10d); >95% de indice de homogeneidad
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(Cond. 9 y 10); CL/EM: Anal. Calc. para [M+H]" CsoHgNgOs: 891,48; encontrado
891,52.

Ejemplo M10

N _ N N NHCO,Me
MeO,CHN JL — \_-N
® NN S

Me!:-
5

Ejemplo M10, Etapa a

O—
H3C N

|
Boc o

El compuesto del titulo, que contenia una impureza diastereomérica, se
10 prepard en 5 etapas a partir del 5 —oxopirrolidin-2-carboxilato de (S)-metilo
empleando el procedimiento descrito en J. Med. Chem., 49:3520-3535 (2006} para
la sintesis de sus analogo de éster etilico. RMN de 'H (CDCls, 400 MHz): 4,35 (m,
0,5H), 4,25 (m, 0,5H), 4,05 (m, 0,5H), 3,90 (m, 0,5H), 3,73 (s, 3H), 2,20 (m, 1H),
2,00 (m, 2H), 1,65 (m, 1H), 1,50/1,40 (dos superpuestos br s, 9H), 1,31 (d, J = 8,0,

15 3H).

Ejemplo M10, Etapa b
OH

HaC™ N
éoc ©

Se afiadié una solucidn de hidréxido de litio (0,23g, 9,62 mmol) en agua (5
20 ml) gota a gota a una solucién del éster M10a (1,8g, 7,4 mmol) en etanol (10 ml), y

se agitd a temperatura ambiente durante 17 h. La mayor parte del disolvente se
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evapord, y el residuo se diluyd con agua, se afiadié HCI 1 N gota a gota para llevarlo
a pH 3. Se extrajo con acetato de etilo (20 ml, 4x), se seco (Na,SO4) y se evaporé a
vacio proporcionando un aceite incoloro, que proporciond cristales cuando se
disolvid en un sistema de disolventes de EtOAc/hexanos y se dejé reposar a
temperatura ambiente. El s6lido blanco se filtré y se secd a vacio (1,42 g). RMN de
"H (CDCls, 400 MHz, d = 7,24 ppm): 4,35 (m, 1H), 3,95 (m, fH), 2,35 (m, 1H}, 2,05
(m, 2H), 1,70 (m, 1H), 1,50 (s ancho, 9H), 1,25 (d, J = 7,1, 3H).

Ejemplo M10, Etapa ¢

A una solucién del acido M10b (216 g, 942 mmol) y 2-bromo-1-(4-
bromofenil)etanona (2,62 g, 9,42 mmol) en acetoenitrilo (50 ml) se afadio lentamente
diisopropiletilamina (1,645 ml, 9,42 mmol), y la mezcla de reaccidn se agitd a
temperatura ambiente durante 5 h. El disolvente se eliminé a vacio, y el residuo se
fraccioné entre acetato de etilo y agua (1:1, 100 ml). La fase organica se lavé con
NaHCO; saturado, se seco (NazS04) y se concentrd a vacio proporcionando el
cetoéster M10c en forma de un sdélido blanco (3,9 g), que se usd en la siguiente
etapa sin purificacion adicional. RMN de 'H (400 MHz , DMSO-ds, 8 = 2,5 ppm):
7,92 (d, J = 8,3, 2H), 7,78 (d, J = 8,5, 2H), 5,6-5,4 (m, 2H), 4,35 (m, 1H}, 3,85 (m,
1H), 2,25 (m, 1H), 2,05 (m, 2H), 1,60 (m, 1H), 1,5/1,4 (dos br s superpuestos, 9H),
1,18 (d, J = 6,6, 3H). CL/EM: Anal. Calc. para [M+Na]" CsH2."' BrNaNOs: 450,07,
Encontrado: 450,00.

U
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Ejemplo M10, Etapa d

H,C
A una solucion del cetoéster M10c (3,9 g, 9,15 mmol) en xileno (60 ml) en un
. tubo de 500 ml a presion, se anadio acetato de amonio (7,05 g, 81 mmol}. El
5 recipiente de reaccién se selld y se calenté a 140 °C durante 5 h. El disolvente se
eliminé a vacio, y el residuo se fraccioné entre CH,Cl; (100 ml) y agua (100 ml}. La
fase organica se lavé (NaHCO; saf.), se secO (Na;S0y), y se evapord a vacio. El
material en bruto resultante se purificé por cromatografia uitrarrapida (30-100% de
EtOAc/hexano) proporcionando el bromuro M10d en forma de una espuma marrén
10 (3,0 g, rendimiento de 81%). RMN de 'H (DMSO-ds, 5 = 2,5 ppm, 400 MHz); 11,77
(s, 1H), 7,70 (d, J = 8,5, 2H), 7,52 (s ancho, 1H), 7,50 (d, J = 8,5, 2H), 4,80 (m, 1H),
3,85 (m, 1H), 2,10 (m, 3H), 2,70 (m, 1H), 1,5/1,3 (s ancho superpuesto, SH), 1,20
(m, 3H). CL/EM: Anal. Calc. para [M+H]" C1oHas "BrNaO2: 406,11; Encontrado:
406,18.
15

Ejemplo M10, Etapa e
Ny N
- O=0
H I\\\&H o NN

La pirrolidina M10e (sal HCI) se preparé a partir del bromuro M10d de

"Me

Meir:

acuerdo con el procedimiento descrito para la sintesis de la pifrolidina M1b (sal HCI)

20 a partir del bromuro D1b.
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Ejemplo M10
El Ejemplo M10 (sal TFA) se prepard a partir del bromuro de la pirrolidina
M10e (sal HCl) de acuerdo con el procedimiento descrito para la sintesis del
Ejemplo M1 a partir de la pirrolidina M3i (sal HCI). RMN de 'H (DMSO-dg, & = 2,5
ppm, 400 MHz): 8,05 (s, 2H), 7,85 (d, J = 8,1, 4H), 7,69 (d, J = 7,6, 4H), 7,56 (d, J =
8,0, 2H), 5,5 {m, 0,4H), 5,0 (m, 1,6H), 4,75 (1,6H), 4,10 (m, 0,4H), 3,95 (m, 2H), 3,50
(s, 6H), 2,50-2,30 (m, 4H), 2,10 (m, 2H), 1,85 (m, 4H), 1,46 (d, J = 6,6, 5H), 1,20 (d,
J =6,8, 1H), 0,9-0,9 (m, 7,2H), 0,74 (d, J = 6,8, 4,8H). CL (Cond. 9 y 10): >95% de
indice de homogenei_dad. CL/EM (Cond. 3). T, = 2,03 min. CL/EM: Anal. Calc. para
[M+H]" CasHssNsOs: 791,42; Encontrado: 791,39.

Ejemplos M11-M12
Las sales TFA de los Ejemplos M11-M12 se prepararon de acuerdo con &l

procedimiento descrito para el Ejemplo M10 y empleando acidos apropiados.

H “Me
R N _ N \‘"l N
< IO= P

N 0

w3

0
N

Ejemplo R-( T, (Cond. 3); % de indice de homogeneidad (Cond.
el
9y 10); CL/Datos de EM

M11 SL 1,89 min.; >98%; CL/EM: Anal. Calc. para [M+H]"
s}
HN | CaHs1NgOs: 763,39; encontrado 763,40.

uol
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Ejemplo R-Z( T, (Cond. 3); % de indice de homogeneidad (Cond.
b
9y 10); CL/Datos de EM
~ ‘
M12 i 1,82 min.; >98%; CL/EM: Anal. Calc. para [M+H]"
0
HN_. 0 | CasHssNsOg: 875,45; encontrado 875,42,
ol
O

Ejemplo M12.1
o H ‘ e
OO g
MeO,CHN® l\\\LN \_N S
Me“- }_i
o

A una solucién de la pirrolidina M10e/sal HC! (119 mg, 0,191 mmol), &cido
(S)-2-(metoxicarbonilamino)-2-(tetrahidro-2H-piran-4-iacetico- (49,6 mg, 0,226
mmol) y acido (S)-2-(metoxicarbonilamino)-3-metilbutanoico (40,9 mg, 0,233 mmol)
en DMF (5 ml) se afadié DIEA (0,200 m!, 1,147 mmol) y HATU (148 mg, 0,390
mmol), y la mezcla se agité a temperatura ambiente durante 1 h. El disolvente se
elimind a vacio y el residuo se disolvié en metanol y se purificé con una HPLC de
fase inversa (MeOH/TFAfagua) para separar [a mezcla estadistica de productos,
uno de que was Ejemplo M12.1 (sal TFA; espuma amarillo claro; 55 mg). RMN de
'H (DMSO-ds, 5 = 2,5 ppm, 400 MHz): 8,09-7,82 (m, 6H), 7,68-7,55 (m, 6H), 5,00
(m, 2H), 4,64 (t ap, 2H), 4,21-3,75 (m, 6H), 3,53 (m, 6H), 3,17 (m, 2H), 2,33-2,21 (m,
6H), 1,85 (m, 3H), 1,62-1,17 (overlay de 'd’ y 'm’, J durante 'd’ = 6,6 Hz, 9H), 0,88
(m, 3,6H), 0,74 (d, J = 6,8 Hz, 24H). CL {Cond. 9 y 10): >95% de indice de
homogeneidad. CL/EM (Cond. 10h): T, = 1,92 min. CL/EM: Anal. Calc. para [M+H]"

U6
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C4sHs7NgO7: 833,44; Encontrado: 833,40.

Ejemplo M12.2

-
~

MeO,CHN D

(LO—00HL,

o

Ejemplo M12.2, Etapa a

\ O a / {
N W B ko
O Boc O Boc
M12.2a-1 M12.2a-2 M12.2a-3

Los tres ésteres anteriores se prepararon a partir de 5-oxopirrolidin-1,2-
dicarboxilato de (S)-1-terc-butil 2-metilo de acuerdo con el procedimiento descrito en

Tetrahedon Letters, 2003, 3203-3205.
Ejemplo M12.2, Etapa b

O
/\\\|

Boc

Se anadié complejo de borano y sulfuro de metilo (5,44 ml, 10,88 mmol) a
una solucion del éster M12.2a-2 (1,4 g, 5,44 mmol) en THF (25 ml), y la mezcla de
reaccién se calenté a 40 °C durante 7 h. El componente volatil se eliminé a vacio y

el residuo se fraccioné entre EtOAc y agua (50 ml cada uno). La fase acuosa se
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extrajo con EtOAc (30 ml), y ia fase organica combinada se secd con Na,SQy, y se
concentrd a vacio. El aceite incoloro resultante se purificd con una cromatografia
ultrarrdpida (0-50% de EtOAc/hexano) proporcionando el éster M12.2b en forma de
un aceite incoloro (0,77 g). RMN de 'H (CDCls, 8 = 7,24 ppm, 400 MHz): 4,29-4,18
(m, 1H), 3,78-3,66 (m, 4H), 2,99 (t ap, J = 10,1, 1H), 2,43-2,97 (m, 1H), 2,43-2,37
(m, 1H), 2,30-2,18 (m, 1H), 1,60-1,52 (m, 1H), 1,47/1,42 (dos 's’, 9H), 1,08-1,05 (m,
3H).

Ejemplo M12.2, Etapa ¢

HO \" N
R
O Boc

A una solucién del ester M12.2b (1,69 g, 6,95 mmol) en etancl (10 mi} se
afadié solucién de LiOH (0,250 g, 10,42 mmol) en agua (5,00 ml), y la mezcla de
reaccion se agité a temperatura ambiente durante 5 h. El disolvente organico se
evapord a vacio y el residuo se diluydé con agua (10 ml) y se lavé con éter (10 mi).
Se enfridé en un bafio de agua y hielo, y se acidificé a un intervalo de pH de ~2 con
HCI 1 N. Después se se extrajo con EtOAc (20 mi, 3x). La fase organica se secéd
con Na;S0, y se concentrd a vacio proporcionando el acido M12.2¢ en forma de un
aceite incoloro, que se convirtidé en un sélido blanco tras la exposicion prolongada a
vacio elevado (1,38 g). RMN de "H (CDCly, & = 7,24 ppm, 400 MHz): 4,39-4,22 (m,
1H), 3,80-3,69 (m, 0,91H), 3,59-3,35 (m, 0,18H), 3,03-2,89 (m, 0,91H), 2,51-2,22 (m,
2H), 1,98-1,91 (m, 0,71H), 1,68-1,60 (0,29H), 1,50/1,44 (dos ‘s’, 9H), 1,08 (ap m,
3H).

Ejemplo M12.2, etapa d

o4
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A&
D@
N (0]
Boc

A una solucion de M122c¢ (1,38 g, 6,02 mmol) y 2-bromo-1-(4-
bromofenil)etanona (1,673 g, 6,02 mmol) en acetonitrilo (35 mi) se afadié DIEA
(1,051 ml, 6,02 mmol). Se agitd a temperatura ambiente durante 5 h. El disolvente
se evapord a vacio y se afiadié agua (50 ml) y EtOAc (70 ml), la fase organica se
separo y se lavo con NaHCOj; sat. (30 ml), se secd con Na;SO,, se evapord a vacio
proporcionando M12.2d en bruto en forma de un aceite rojo (2,71 g), que se usd en
la siguiente etapa sin purificacién adicional. RMN de H (DMSO-ds, & = 2,5 ppm,
400 MHz): 7,91 (m, 2H), 7,78 (d, J = 8,5 Hz, 2H), 5,60-4,90 (rh, 2H), 4,29 (t ap, 1H),
3,61 (m, 1H), 2,85 (m, 1H), 2,35-1,80 (m, 2H), 1,65 (m, 1H), 1,40-1,32 (dos s, 9H),
1,02 (d, J = 6,5 Hz, 3H). CL/EM: Anal. Calc. para [M+Na]® CioHa4 8BrNNaOs:
450,07; Encontrado: 450,11.

Ejemplo M12.2, etapa e

N
.
H O-IIII
N

A un tubo a presidn que contenia una solucion del cetoéster M12.2d (2,57 g,
6,03 mmol) en xileno (50 ml) se afadié acetato de amonio (4,65 g, 60,3 mmol). El
recipiente se tapd y se calenté a 140 °C durante 5 h. El componente volatil se
eliminé a vacio y el residuo se fracciono entre DCM (50 ml) y agua (40 ml). La fase
organica se secd con Na,SO. y se concentré a vacio. La mezcla en bruto

resultante se purificé con cromatografia ultrarrapida (30-100% de EtOAc/hexano)

06>
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proporcionando el imidazol M12.2.e en forma de un sélido marrén (1,24g). RMN de
'H (DMSO-ds, 6 = 2,5 ppm, 400 MHz): 7,69 (d, J = 8,5 Hz, 2H), 7,58-7,48 (m, 3H),
4,70 {m, 1H), 3,65 (m, 1H), 3,02(m, 1H), 2,37 (m, 1H), 2,22 (m, 1H}), 1,74-1,54 (m,
1H), 1,37-1,08 (dos s, 9H), 1,03 (d, J = 6,3 Hz, 3H). CL/EM: Anal. Calc. para [M+H]"
CigHos ?gBrN302: 406,11: Encontrado: 406,18.

Ejemp!o M12.2, etapa f

v (O
L O=O<T
N " ™N N
g
Se preparo la pirrolidina M12.2f (sal HCI) a partir del bromuro M12.2e de
acuerdo con el procedimiento descrito para la sintesis de la pirrolidina M1b {sal HCI)

a partir del bromuro D1b.

Ejemplo M12.2

A una mezcla de la pirrolidina M12.2f /sal HCI (200 mg, 0,321 mmol) y acido
(S)-2-(metoxicarbonilamino)-3-metilbutanoico (124 mg, 0,707 mmol) en DMF (5 ml)
se afadié DIEA (0,337 ml, 1,928 mmol) y HATU (250 mg, 0,659 mmol), y la mezcla
se agitd a temperatura ambiente durante 2 h. El componente volatil se elimind a
vacio y el residuo se purificd con una HPLC de fase inversa (Phenomenex-Luna
30X100mm, S10 Axia, MeOH/TFA/agua). La muestra resultante se volvid a purificar
con una HPLC de fase inversa diferente (agua-Sunfire 30X100mm 85,
ACN/TFA/agua) proporcionando la sal TFA del Ejemplo M12.2 en forma de una
espuma amarillo claro (77,1 mg). RMN de H (Metanol-d4, & = 3,29 ppm, 400 MHz):

oo
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7,90 (s, 2H), 7,74 (d, J = 8,6 Hz, 4H), 7,67 (d, J = 8,5 Hz, 4H), 5,18 (m, 2H), 4,30 (t
ap, 2H), 4,18 (d, J= 7,3 Hz, 2H), 3,63 (s, 6H), 3,38 (m, 2H), 2,63 (m, 2H), 2,51 (m,
2H), 1,98 (m, 2H), 1,81 (m, 2H), 1,21 (d, J = 6,3 Hz, 6H), 0,83-0,90 (m, 12H). CL
(Cond. 9 y 10): >95% de indice de homogeneidad. CL/EM (Cond. 10h): T, = 2,01
min. CL/EM: Anal. Calc. para [M+H]" C4sHss NgOg: 791,42; Encontrado: 791,46.

Ejemplo M12.3
0
MeO,CH y
O—=0<T NQ
H NHCO,Me

El Ejemplo M12.3 (sal TFA) se preparé a partir de la pirrolidina M12.2f /HCl y
acido (S)-2-(metoxicarbonilamino)-2-(tetrahidro-2H-piran-4-il)acético de acuerdo con
el procedimiento descrito para la preparacién del Ejemplo M12.2. TR: CL (Cond. 9y
10): >95% de indice de homogeneidad. CL/EM (Cond. 10h): T, = 1,89 min. CL/EM:
Anal. Calc. para [M+H]" C4gHseNgOg: 875.45; encontrado 875,42,

Ejemplo M12.4-M12.5

Cl
MeO,CHN H O
T 0 N N
L=~
Ne "N N o} =
O H d NHCO,Me

Ejemplo M12.4 (R=H)
Ejemplo M12.5 (R=Cl)

A una solucién del Ejemplo M12.2 (deshasificado usando una columna MCX

Sleat
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y NH; 2 N/MeOH) (80 mg, 0,101 mmol) en DMF (5 ml) se afiadidé NCS (17,56 mg,
0,131 mmol), y se calents a 50 °C durante 3 h. Se afiadid mas NCS (5 mg, 0,037
mmol) a la mezcla y se continud agitando durante 5 horas mas. El componente
volatit se elimind a vacio y el residuoc se disolvio en MeOH y se sometid a una
condicién de HPLC de fase inversa (MeOH/TFA/agua) proporcionando el Ejemplo
M12.4/sal TFA {espuma amarillo claro, 24 mg) y el Ejemplo M12.5/sal TFA (espuma
amarillo claro, 28 mg). Ejemplo M12.4/sal TFA: RMN de H (DMSO-dg, & = 2,5 ppm,
400 MHz): 8,17(s, 1H), 7,83-7,73 (m, 6H), 7,66 (d, J = 8,6 Hi, 2H), 7,30 (d, J = 8,3
Hz, 1H), 7,22 (d, J = 8,3 Hz, 1H), 5,05 (m, 1H), 4,85 (m, 1H), 4,16-4,02 (m, 4H), 3,52
(s, 6H), 3,37 (m, 1H), 3,23 (m, 1H), 2,54-2,24 (m, 4H), 1,87-1,63 (m, 4H), 1,13-1,08
{m, 6H), 0,85-0,74 (m, 12H). CL (Cond. 8a,1 y 10a,1): >95% de indice de
homogeneidad. CL/EM (Cond. 11): T, = 4,26 min. CL/EM: Anal. Calc. para [M+H]"
C44H54CINgO3: 825,39; Encontrado: 825,50. Ejemplo M12.5/sal TFA: (DMSO-dg, & =
2,5 ppm, 400 MHz): 7,79 (d, J = 8,4 Hz, 4H), 7,66 (d, J = 8,4 Hz, 4H), 7,22 (d, J = 8,3
Hz, 2H), 4,85 (m, 2H), 4,13 (t ap, 2H), 4,04 (t ap, 2H), 3,53 (s, 6H), 3,24 (t ap, 2H),
2,39 (m, 2H), 2,26 (m, 2H), 1,90 (m, 2H), 1,66 (m, 2H), 1,09 (d, J = 6,5 Hz, 6H), 0,85
(d, J =6,8 Hz, 6H), 0,80 (d, J = 86,5 Hz, 6H). CL (Cond. 9a y 10a,1); >95% de indice
de homogeneidad. CL/EM (Cond. 11): T, = 4,44 min. CL/EM: Anal. Calc. para [M+H]"
Ca4Hs3ClaNgQOg: 859,35; Encontrado: 859,30. '
Ejemplo M12.6-M12.7

=

{
HN OO - H O ]
= New N
DA O—=O
N -‘\‘LN \ N O :
o¥ea. g

o)
Ejemplo M12.6 (R=H) :g
Ejemplo M12.7 (R=Cl) 4

-

Uo©
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Los Ejemplos 12.6 - 12.7 se prepararon en forma de sales TFA a partir del

Ejemplo M12.3 de acuerdo con el procedimiento descrito para la preparacion del

Ejemplo 12.4 - 12.5.

TR (Cond. 12); % de indice de homogeneidad (Cond. 12);
Datos de EM

Ejemplo

. 13,68 min.; >95%; CL/EM: Anal. Calc. para [M+H]"
M12.6 CasHssCINgOg: 909,41; encontrado 909,8

17,12 min; >95%; CL/EM: Ana!. Calc. para [M+H]

M12.7 CasHs7C1aNgOs: 943,37: encontrado 943,7

5 Ejemplo M12.8
MeO,CHN H D <
< N \ . Nj\“ N
£ - O=0<
Nee ™ ™N N o =
H NHCO,Me

-

-~
~

Ejemplo M12.8, etapa a

~
-

MeQ,CHN H O
2 = O N N \“. N
| N = W H
N NN
NN
(J

<
-

10 A una mezcla de la pirrolidina M12.2f/sal HCI (120 mg, 0,193 mmol) y acido
{S)-2-(metoxicarbonilamino)-3-metilbutanoico {35,1 mg, 0,200 mmol) en DMF (2 ml},
se afiadié DIEA (0,168 ml, 0,964 mmol) seguido de HATU (70,4 mg, 0,185 mmol), y

la mezcla se agitdé a temperatura ambiente durante 1 h. El'componente volatil se
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elimind a vacio y el residuo se disolvié en MeOH y se sometié a una condiciéon de
HPLC de fase inversa (MeOH/TFA/agua) para aislar la sal TFA de pirrolidina M12.8a
en forma de un sélido amarillo {36 mg). La muestra se desbasificd (columna MCX;
lavada con MeOH; elucion con NH; 2 N/MeOH) proporcionando un sélido amarillo

(22,3 mg). CL/EM: Anal. Calc. para [M+H]" Ca7H44N;Q3: 634,35; Encontrado: 634,35.

Ejemplo M12.8

A una solucién de la pirrolidina M12.8a (22,3 mg, 0,035 mmol) y acido (S)-2-
{metoxicarbonilamino)-2-(tetrahidro-2H-piran-4-il)acético (12,99 mg, 0,060 mmol) en
DMF (2 ml) se afiadid DIEA (0,018 ml, 0,106 mmol) y HATU (13,65 mg, 0,036
mmol), ¥ la mezcla se agitd a temperatura ambiente durante 2 h. El componente
volatil se elimind a vacio y el residuo se disolvic en MeOH y se sometid a una
condicion de HPLC de fase inversa {Columna: Phenomenex-Luna 30X100mm, S10
Axia; MeOH/TFA/agua). La muestra resultante se volvid a purificar con una
segunda HPLC de fase inversa (Columna: agua-Sunfire 30X100mm S§;
ACN/TFA/agua) proporcionando la sal TFA del Ejemplo M12.8 en forma de una
espuma amairillo claro (16 mg). RMN de 'H (Metanol-ds, & = 3,29 ppm, 400 MHz):
7,92 (d, J = 5,0 Hz, 2H), 7,77 (d, J = 8,5 Hz, 4H), 7,72-7,69 (m, 4H), 5,21 (m, 2H),
4,39-4,22 (m, 4H), 3,92 (m, 2H), 3,67 (s, 6H), 3,47-3,28 (m, 4H), 2,68 (m, 2H), 2,54
(m, 2H), 2,06-1,85 (m, 4H), 1,25 (d, J = 6,5 Hz, 6H), 0,93 (d, J = 6,7 Hz, 3H), 0,91 (d,
J =73 Hz, 6H). CL (Cond. 9 y 10): >95% de indice de homogeneidad. CL/EM
(Cond. 10d): T, = 3,10 min. CL/EM: Anal. Calc. para [M+H]" CysHs7 NgO7: 833,44,
Encontrado: 833,47.

Ejemplo M12.8

430
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Ejemplo M12.9, Etapa a

\

O \“-
2
O Boc

A una soluciéon de una mezcla de M12.2a-1 y M12.2a-2 (4,75 g, 18,46 mmol)

5  se anadié Superhidruro (19,20 ml, 19,20 mmol) gota a gota a -50 °C en un bano de

hielo carbénicofacetona durante 10 min. Se afnadié base de Hiinig (13,58 ml, 78

mmol) y se agitd durante 10 min, y se anadid DMAP (0,122 g, 0,997 mmol) en

forma sdlida, se agité durante 15 min, y se anadié anhidrido trifluoroacético (2,98 ml,

21,08 mmol) gota a gota durante 15 min. Después se retird del bano de hielo

10  carbonico/acetona y la mezcla de reaccién se agitd durante 4 h mientras se dejaba

descongelar a temperatura ambiente. La mezcla de reaccién se lavé con agua (50

ml), NaCl sat. (30 rhl), y se concentré6 a vacio. El material en bruto resultante se

purificé con cromatografia ultrarrapida (8-60% de EtOAc/hexano) proporcionando el

éster M12.9a en forma de un aceite amarillo (2,85 g). RMN de 'H (CDCls, 400

15 MHz): 6,36 (s, 0,5H), 6,25 (s, 0,5H), 4,70-4,57 {m, 1H), 3,78 (s, 3H), 2,96 (m, 1H},
2,54 (m, 1H), 1,70 (s, 3H), 1,50 (s, 4,5H), 1,44 (s, 4,5H).

Ejemplo M12.9, Etapa b
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L —~0
”°7,~wd i
0]

N
Boc

M12.9b-1 M12.9b-2

Se anadio dietilcinc (1,1 M en tolueno, 59,1 ml, 65,0 mmol) gota a gota
durante 20 min a una solucién fria (-23 °C) en tolueno (60 mi) del éster M12.9a (5,23
g, 21,68 mmol), y se agité durante 10 min. Se afadi¢ cloroyocdometano (9,44 ml,
130 mmol) gota a gota durante 10 min, y la mezcla de reaccion se agité a -21 °C
durante 16 h. Se afadidé NaHCO; sat. (60 mi) a la mezcla de reaccién, se extrajo
del bafno helado y la mezcla se agitd durante 10 min. Después se filtrd, y la torta de
filtrado se lavd con tolueno (50 ml). Ei filtrado se fracciond; y la fase organica se
secd con Na,SO,, y se concentré a vacio. El material en bruto resultante se purificd
con cromatografia ultrarrapida (2-10% de EtOAc/hexano) proporcionando el éster
M12.9b-1 (primero en eluir; aceite incoloro; 2,88 g) y el éster M12.8b-2 {segundo en
eluir; aceite incoloro; 1,01g). La asignacién de las estereoquimicas relativas se
realizd basandose en estudios NOE. Ester M12.9b-1: RMN de 'H {CDCls, 400 MHz):
4,65-4,52 (m, 1H), 3,72 (s, 3H), 3,28-3,17 (m, 1H), 2,44-2,32 {m, 1H), 2,16-2,10 (m,
1H), 1,51-1,42 (dos s, 9H), 1,24 (s, 3H), 1,07 (m, 1H), 0,69-0,60 (m, 1H).

Ejemplo M12.9, Etapa ¢

HO _d'j&
TN

/
0

éOC
A una solucién de M12.9b-1 (2,88 g, 11,28 mmol) en etanol (20 ml) se anadid
una solucion de LiOH (0,324 g, 13,54 mmol) en agua (10,00 ml), y la mezcla se agitd

a temperatura ambiente durante 6 h. [a mayor parte del componente volatil se
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eliminé a vacio, y el residuo se fracciond entre agua (20 ml) y éter (20 ml). La fase
acuosa se enfri6 en un bano de agua y hielo, se acidificé con HCl 1 N a una regién
de pH de 2, y se extrajo con EtOAc (30 mi, 4x). La fase organica combinada se
seco con NayS0,, se evapord a vacio proporcionando el dacide M12.9¢ en forma de
un sélido pegajoso (2,55 g). RMN de 'H (CDCl,, 400 MHz}: 4,64 (m, 1H), 3,25 (s ap,
1H), 2,70-2,40 (m, 1H), 2,14 (m, 1H), 1,54-1,44 (m, 9H), 1,27 (s, 3H), 1,10-0,80 (m,
1H), 0,67 (m, 1H).

Ejemplo M12.9, Etapa d

A una solucién del acido M12.9¢ (2,05 g, 8,50 mmol) en acetonitrilo (50 ml) se
afadié 2-bromo-1-(4-bromofenil)etanona (2,361 g, 8,50 mmol) seguido de DIEA
(1,484 ml, 8,50 mmol), y la mezcla de reaccion se agitdé a temperatura ambiente
durante 16 h. La mayor parte del componente volatil se eliminé a vacio, y el residuo
se fraccion6 entre EtOAc (50 ml) y agua (50 ml). La fase organica se lavé con
NaHCO; sat. (30 ml} y NaCl sat. (20 ml), se secé con Na;SQg4, y se evapord a vacio
proporcionando el cetoester M12.9d en forma de espuma blanca (3,5 g). CL/EM:

Anal. Calc. para [M+Na]" CaoH242'BINNaOs: 462,07; Encontrado: 461,91,

Ejemplo M12.9, Etapa e

5
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A una mezcla del cetoéster M12.9e (3,5 g, 7,99 mmot)_y xileno (80 ml) en un
tubo a presidn se afadid acetato de amonio (6,16 g, 80 mmol), y la mezcla de
reacéién se tapo y se calentd a 140 °C durante 4,5 h. El componente volatil se
eliminé a vacio y el residuo se fracciond entre DCM (70 ml) y agua (70 ml). La fase
organica se lavoé con NaHCO; sat. (30 ml), y se concentrd a vacio. El material en
bruto resultante se purificd con cromatografia ultrarrapida (40-100% de
EtOAc/hexano) proporcionando el imidazol M12.9e en forma de un solido marrén
(2,8 g). RMN de 'H (DMSO-dg, 5 = 2,5 ppm, 400 MHz): 7,68 {m, 2H), 7,57-7,49 (m,
3H), 5,08 (m, 1H), 3,20 (m, 1H), 2,45-2,09 (M, 2H), 1,69-1,52 (m, 1H), 1,42-1,16 (m,
12H), 0,62 (m, 1H). CL/EM: Anal. Calc. para [M+H]" CaoHos¥'BrN;Oz: 420,11;
Encontrado: 420,02.

Ejemplo M12.9, Etapa f

Boc-.
HN
L 3=~
IK#\H
N,
Bac

A un tubo a presién que contenia una solucion del bromuro M12.9e (0,354 g,
1,007 mmol) y 1,2-bis(trimetilstannil}etino (0,354 g, 1,007 mmol} en DMF (15 ml) se
afadio Pd {PhsP)s (0,070 g, 0,060 mmol), y la mezcla de reaccion se desgasificod
durante 10 min y el recipiente de reaccion se tapo y se calenté a 90 °C durante 14 h.
La mayor parte del componente volatil se elimind a vacio, y el residuo se fraccioné
entre DCM (60 ml) y agua (40 ml). La fase organica se secd con NaxSQy, y se
evaporé a vacio. EIl material en bruto resultante se purificé con cromatografia

ultrarrapida (40-100% de EtOAc/hexanos) proporcionando el alquine M12.9f en

el
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forma de un sélido rojo (0,3 g). CL/EM: Anal. Calc. para [M+H]" C2HagNgOs: 701,38;
Encontrado: 701,43.

Ejemplo M12.G, Etapa g
HN

" HN
NH

Se afiadio HCI 4 N en dioxano (3,90 ml, 128 mmol) al carbamato M12.9f (0,3
g, 0,428 mmol), vy la mezcla se agitdé a temperatura ambiente durante 5 h. El
componente volatil se eliminé a vacio y el residuo se seco a vacio elevado toda la
noche proporcionando la sal HCI de pirrolidina M12.9g en forma de un sdélido
amarillo (0,27 g). CL/EM: Anal. Calc. para [M+H]" C3;HasNg: 501,28; Encontrado:
501,22,

Ejemplo M12.9

A una mezcla de M12.9g/sal HCI (60 mg, 0,093 mmol) y acido (S)-2-
(metoxicarbonilamino)-3-metilbutanoico (35,8 mg, 0,204 mmol) en DMF (2 ml) se
anadié DIEA (0,097 ml, 0,557 mmol) y HATU (72,7 mg, 0,191‘ mmol), y la mezcla de
reaccion se agitdo a temperatura ambiente durante 2 h. El éomponente volatil se
eliminé a vacio y el residuo se disolvié en MeOH y se sometié a una purificaciéon por
HPLC de fase inversa (Phenomenex-Luna 30X100mm, S10 Axia, MeOH/TFA/agua).
La muestra resultante se volvid a purificar con una segunda HPLC de fase inversa
(agua-Sunfire 30X150 mm OBD, ACN/TFA/agua) proporcionando la sal TFA del

Ejemplo M12.9 en forma de espuma amarillo claro (37 mg). CL/EM (Cond. 10d): T,

S
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= 3,08 min. CL {Cond. 9 y 10): >95% de indice de homogeneidad. CL/EM: Anal.
Calc. para [M+H]" C4sHssNsOs: 815,42; Encontrado: 815,46.

Ejemplo M13

MeO,CHN Ey
: H
\{\{ \ Q \ NS }\%
g )
H 4
ZSJ NHCO,Me

Ejemplo M13, Etapa a

Boc
N N
U
N
(No se determind la regioquimica por MEB)

A una solucién del bromuro M3h (1,0 g, 2,47 mmol) en DMF (25 ml) se anadié
hidruro sédico (60%; 0,109 g, 2,72 mmol), y la mezcla de reaccion se agité a
temperatura ambiente durante 20 min. Después se afadid (2-
(clorometoxi)etiltrimetilsilano (0,482 ml, 2,72 mmol) gota a gota, y la reaccion se
agité durante 21h. El componente volatil se eliming a vacio, y el residuo se

fraccioné entre acetato de etilo (25 ml) y agua (25 ml). La fase acuosa se extrajo

con acetato de etilo (2 x 25 ml), y la fase organica combinada se lavé con salmuera

(25 ml), se secd sobre MgSQ,, se filtrd, y se concentré a vacio. El residuo se tomé
en CHCI3 (2 ml) y se cargd en un cartucho de gel de silice Thomson eluyendo con
25% de acetato de etilothexanos proporcionando el bromuro M13a de estructura

regioquimica desconocida en forma de espuma amarrillo claro (1,171 g}. RMN de H

WO
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(DMSO-dg, & = 2,5 ppm, 400 MHz): 7,71 (s, 1H), 769 (d, J = 86, 2H), 7,52 (d, J =
8,6, 2H), 5,62-5,31 (s ancho, 1H), 5,26 (d, J = 10,8, 1H), 4,84-4,66 (s ancho
aparente, 1H), 3,57-3,36 (s ancho aparer;te, 1H), 3,50 (t, J = 8,1, 2H), 2,44-2,20 (s
ancho aparente, 2H), 1,77—1,60 (s ancho aparente, 1H), 1,52-1,23 (s ancho, 4H),
1,23-0,96 (s ancho, SH), 0,92-0,79 (m, 2H), 0,78-0,69 (m, 1H), 0,64— 0,55 (s
ancho aparente, 1H), 0,00 (s, 9H). CL/EM: Anal. Calc. para [M+H]"
CasH3r""BrN;O5Si: 534,18; Encontrado: 533,99.

Ejemplo M13, Etapa b
= Boc

SEM
(No se det_erminé la rejaioquimica por MEB)‘

A una solucién del bromuro M13a (0,5542 g, 1,037 mmol) y trietilamina (0,434
ml, 3,11 mmol) en 2-propanol (2,000 ml) y agua (1 ml) en un recipiente de reaccion
sellado se anadid viniltrifluoroborato potasico (0,181 g, 1,348 mmo!) seguido de
complejo de dicloruro de 1,1-bis(difenilfosfino)ferroceno-paladio(ll) y diclorometano
(0,085 g, 0,104 mmol). La mezcla de reaccion se purgo con nitrégeno, se tapd y se
calentd a 100 °C durante 17h. El componente volatil se elimind a vacio, y el residuo
se fracciond entre acetato de etilo (25 ml) y agua (25 mi), y la fase acuosa se extrajo
con acetato de etilo (2 x 25 ml). La fase organica combinada se secd sobre MgSO,,
se filtro, y se concentré a vacio. E! residuo se tomé en CHCI3 (4 ml) y se cargd en
un cartucho de gel de silice Thomson eluyendo con 25% de acetato de etilo/hexanos
proporcionando el alqueno M13b en forma de un aceite viscoso amarillo claro (345,4

mg). RMN de 'H (DMSO-dg, & = 2,5 ppm, 400 MHz): 7,71 (d, J = 8,3, 2H), 7,67 (s,

UAx
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1H), 7,45 (d, J = 8,3, 2H), 6,72 (dd, J = 17,6,11,1, 1H), 5,8 (dd, J = 0,8, 17,6, 1H),
5,60-5,29 (s ancho aparente, 1H), 5,26 (d, J = 10,8, 1H), 5,22 (d, J = 11,8, 1H),
4,834,67 (s ancho aparente, 1H), 3,58 — 3,35 (s ancho aparente, 1H), 3,61 (t, J =
8,1, 2H), 2,41-2,23 (s ancho aparente, 2H), 1,76-1,59 (s ancho aparente, 1H),
1,51-1,22 (s ancho aparente, 4H}, 1,22-0,97 (s ancho aparente, 5H), 0,93-0,80 (m,
2H), 0,80-0,71 {m, 1H), 0,65-0,56 (s ancho aparente, 1H), 0,00 (s, 9H). CL/EM:
Anal. Calc. para [M+H]" C2;H4oN303Si: 482,28; Encontrado: 482,24,

Ejemplo M13, Etapac

SEM, Boc,
N N-—'8
: \
YN, N,
Boc SEM

{No se determind la regioquimica por MEB)

A una solucion del algueno M13b (0,748 g, 1,552 mmol} en CH.Clz (2 mi) se
anadié Catalizador de 2? Generacién Grubbs (0,132 g, 0,155 mmol), y se agité a
temperatura ambiente en atmésfera de nitrégeno durante 18 h. La reaccién se
cargo en un cartucho de gel de silice Thomson eluyendo con 30% de acetato de
etilo/hexanos proporcionando M13c en forma de una espuma tostada (0,50 g). RMN
de 'H (DMSO-dg, & = 2,5 ppm, 400 MHz): 7,74 (d, J = 8,4, 4H), 7,68 (s, 2H), 7,58 (d,
J = 8,3, 4H), 7,22 (s, 2H), 5,72-5,34 (bs, 3H), 5,34-5,21 (m, 2H), 4,94-4,63 (s ancho
aparente, 3H), 3,52 (f, J = 7,8, 4H), 2,45-2,20 (s ancho aparente, 4H), 1,88-1,57 (s
ancho aparente, 2H), 1,57-1,26 (s ancho, 8H), 1,26-0,98 (s ancho, 10H), 0,93-0,80
(m, 4H), 0,80-0,69 (m, 2H), 0,69 -0,51 (ap bs, 2H), 0,00 (s, 18H).

Ng
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Ejemplo M13, Etapa d

CKHEYO '}

Se afadié cuidadosamente HCI 4 N/dioxano (13 ml) a un matraz que
contenia M13c (0,4799 g, 0,513 mmol) que se enfrid con un bafo de hielo/agua. Se
afiadidé una mezcla de agua (4 ml) y HCI 12 N (2 ml) a la mezcla anterior y el bafo
helado se elimind y se continud agitando la mezcia de reaccién durante 24 h. Se
afiadié MeOH (2 ml) a la reaccidn, y se siguid agitando durante 17 h. Todos los
disolventes se eliminaron a vacio proporcionando la pirrolidina M13d (0,4 HCI) en
forma de un sélido amarillo/tostado (317 mg). RMN de "H (DMSO-dg, © = 2,5 ppm,
400 MHz): 10,78-9,87 (muy br s, ~3H), 8,01 (s, 2H), 7,87 (d, J = 8,4, 4H), 7,71 (d, J
= 8,6, 4H), 7,35 (s, 2H), 4,76 (t ap, J = 8,8, 2H), 3,43 (t ap, J = 5,1, 2H), 2,64 (m,
2H), 2,565-2,52 (m, 2H), 1,95 (m, 2H), 1,16-1,05 (m, 2H), 0,86 (m, 2H). CL/EM: Anal.
Calc. para [M+H]" CagHiiNs: 475,26; Encontrado: 475,26,

Ejemplo M13

La sal TFA del Ejemplo M13 se preparo a partir de la pirrolidina M13d (0,4
HCl) y acido (8)-2-(metoxicarbonilamino)-3-metilbutanocico de acuerdo con el
procedimiento descrito para la preparacion del Ejemplo M1. RMN de 'H (DMSO-ds,
5 = 2,5 ppm, 400 MHz): 8,14-7,95 (s ancho, 2H), 7,80-7,74 (m, 8H), 7,40 (s, 2H),
725(d, J =83, 2H), 50 (tap, d = 7,3, 2H), 4,41 (t ap, J = 7,6, 2H), 3,81-3,67 (m
2H), 3,54 (s, 6H), 2,57-2,46 (superpuesto a DMSO-4) (m, 2H), 2,44-2,31 (m, 2H),
2,18-2,05 (m, 2H), 1,98-1,87 (m, 2H), 1,02-0,89 (m, 7,5H), 0,89-0,70 (m, 8,5H). CL
(Cond. 3): T, = 1,92 min; CL/EM: Anal. Calc. para [M+H]" C4sHs3NgOs: 789,41;
Encontrado: 789,406.
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El Ejemplo M14 (sal TFA) se preparé a partir de la pirrolidina M13d y del
acido apropiado empleando el procedimiento descrito. para la sintesis del Ejemplo
M1. En el caso del Ejemplo M15 un se empled una mezcia equimolar de acido (S)-
2-(metoxicarbonilamino)-3-metilbutanoico y acido (S)-2-(metoxicarbonilamino)-2-
(tetrahidro-2H-piran-4-if)acetico para la etapa de acoplamiento y la mezcla de

productos estadistica resultante se separdé mediante la técnica de HPLC descrita

para el Ejemplo M1.

@/HEYQ }k

-164-

Ejemplos M14-M15

Ejemplo R Ra T, {Cond. 3); % de indice de
homogeneidad (Cond. 9y 10);
CL/Datos de EM
' s
M14 1 ‘L 1,72 min.: >98%: CL/EM: Anal.
O O
N s HY o | Calc. para [M+H]" CgHs:NgOs:
Oﬁ,ﬁ O/\fﬁ 873,43 encontrado 873,48
8] 0
s S
M15 Q Q 1,82 min.: >98%: CL/EM: Anal.
WO o

HN 5 | Calc. para [M+H]" CagHssNsO7:

831,42; encontrado 831,47

Ejemplo N1

{20
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MeO,CHN

\d W)\

NHCO,Me

Ejemplo N1, Etapa a

0
/UJ\/NHBoc
Br

A una suspensién de 2-amino-1-(4-bromofeniljetanona, HCI (4,0 g, 15,97
mmol) en DCM (50,0 ml) se afadi6 bicarbonato sédico (4,02 g, 47,9 mmol).
Después se afiadid anhidrido de Boc (3,89 ml, 16,77 mmol) a la solucién y la mezcla
de reaccion se calentd a temperatura ambiente y se agité durante 18 h. Después se
afadio DIEA (3 ml, 17,18 mmol) y la mezcla de reaccion se agitdé a temperatura
ambiente durante 2 h, la CLEM mostré que se habia completado la reaccién. La
mezcla de reaccion se diluydé con EtOAc y agua, la fase organica se lavd con acido
citrico al 5%, agua y NaCl sat., se secd sobre Na,SO4 anhidro, se filtrd y se
concentrd proporcionando el bromuro N1A (5,0 g) en forma de un sélido amarillo,
que se uso en la siguiente etapa sin purificacion adicional. RMN de 'H (400 MHz,
MeOD) ppm 7,89 (2 H, m), 7,68 (2 H, m, J=8,53 Hz), 4,52 (2 H, s), 1,38 - 1,561 (9 H,
m). CL/EM (Cond. 10d): T, = 3,56 min. CL/EM: Anal. Calc. para [M+Na]’
Ci3H1sBrNaNO3: 336,03; Encontradd: 335,97.

Ejemplo N1, Etapa b

M=K
BocHN NHB&e

A una solucién del carbamato N1a (2,0 g, 6,37 mmol} en DMF (5 m!) se

U2
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afadid 1,2-bis(trimetilstanniletina (1,119 g, 3,18 mmol). La mezcla de reaccién se
desgasificd, se afiadio tetrakis(trifenilfosfina)paladio(0) (0,184 g, 0,159 mmol) y la
mezcla se calenté a 90 °C durante 4 h. La mezcla de reaccion en bruto se cargé en
un cartucho de gel de silice de 90 g que se eluyd con un gradiente de 20 min de 0-
60% de EtOAc en hexano. El alquino N1b (0,83 g) se recolectd en forma de un
solido amarillo. CL/EM (Cond. 10d): T; = 4,1 min. CL/EM: Anal. Calc. para [M+Na]"
CasH32NaN2Og: 515,23; Encontrado: 515,10.

Ejemplo N1, Etapa ¢
P O—=X
H,N o NH,

A una solucidn del alquino N1b (1,13 g, 2,294 mmol) en 1,4-dioxano (5 ml) se
afiadié HC! 4 M en dioxano (4 ml, 16,00 mmol). La mezcla de reaccion se agité a
temperatura ambiente durante 2 h. L.a mezcla de reaccién se concentro a sequedad
proporcionando un sélido amarillo. El sélido se lavd con hexano y EtOAc, después
se secd proporcionando la aminocetona N1¢, 2 HCI (0,508 g). RMN de 'H (400 MHz,
MeOD) ppm 8,10 (4 H, d, J=8,63 Hz), 7,78 (4 H, d, J=8,53 Hz), 4,64 (4 H, s). CL/IEM
(Cond. 10d): T, = 1,94 min. CL/EM: Anal. Calc. para [M+H]" CigH17N202: 293,12;
Encontrado: 293,07.

Ejemplo N1, Etapa d

F
F o 0 . 0 Q <~sz
N A
=0 S
¢ )X K

A una mezcla del acido (S5)-1-(terc-butoxicarbonil)-4,4-difluoropirrolidin-2-

U3sL
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carboxilico (0,25 g, 0,995 mmol), la aminocetona N1c, 2 HCI (0,182 g, 0,498 mmol),
HATU (0,189 g, 0,498 mmol)} en DMF (2 ml} se afadic DIEA (0,521 ml, 2,99 mmol).
La mezcla de reaccién se agité a temperatura ambiente durante 3 h. La mezcla de
reaccion se cargd en un cartucho de gel de silice de 80 g que se eluyd con un
gradiente durante 20 min de 0-100% de EtOAc en hexano. La cetoamida N1d (0,12
g) se recolectd en forma de un sélido amarillo. CL/EM (Cond. 10d): T, = 4,08 min.

CL/EM: Anal. Calc. para [M+H]" CagH4sFsN4Og : 759,29; Encontrado: 759,03.

Ejemplo N1, Etapa e

En un tubo sellado, una mezcla de cetoamida N1d (0,12 g, 0,158 mmol) y
acetato.de amonio (0,122 g, 1,582 mmol) en xileno (2 ml) se calenté a 140 °C
durante 4 h. La mezcla de reaccion se fraccionéd entre EtOAc y agua, la fase
organica se lavdé con NaHCOj; sat. y NaCl sat., se secd sobre Na;SO4 anhidro, se
filtré y se concentrd. El residuo se disolvid en una cantidad pequeiia de cloruro de
metileno y se cargd en un cartucho de 40 g de gel de silice que se eiuyd con un
gradiente durante 20 min de 0-100% de EtOAc en hexano. El imidazol N1e (0,054 g)
se recolectd en forma de un sélido amarillo. CL/EM (Cond. 10d): T, = 3,3 min.

CL/EM: Anal. Calc. para [M+H]" CagHaiF4NsO4: 721,3; Encontrado: 721,10.

Ejemplo N1, Etapa f

Uo5
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N HN F

A una solucidn del imidazol N1e (0,054 g, 0,075 mmol) en 1,4-dioxano se
anadié HCl 4 M en dioxano (0,5 mi, 2,0 mmol) mas unas pocas gotas de MeOH. La
mezcla de reaccion se agité a temperatura ambiente durante 4 h, y se concentrd
proporcionando la pirrolidina N1f, 4 HCI (0,055 g) en forma de un sdlido amarillo

claro. CL/EM (Cond. 10d): T, = 2,94 min. CL/EM: Anal. Calc. para [M+H]
CzaH25F4N5: 520,2; Encontrado: 521 ,10.

Ejemplo N1

A una mezcla de acido (S)-2-(metoxicarbonilamino)-3-metilbutanoico (0,014 g,
0,079 mmol), la pirrolidina N1f, 4 HCI (0,025 g, 0,038 mmol), HATU (0,030 g, 0,079
mmol} en DMF (2 ml) se anadié DIEA (0,039 mi, 0,225 mmol). La mezcla de
reaccidn se agitdé a temperatura ambiente durante 18 h, se diluyé con MeOH, se
filtrd y sé purificé mediante HPLC de fase inversa proporcionando la sal TFA del
Ejemplo N1 (0,026 g) en forma de un sélido blanco. CL (Cond. 10b y 10c): >95% de
indice de homogeneidad. CL/EM (Cond. 10d): T, = 3,11 min. CL/EM: Anal. Calc.
para [M+H]" CoHa7F4NgOs: 835,35; Encontrado; 835,16,

Ejemplo N2

N HN
O = .
Ejemplo  N2: (S, §) \((J\_

F F Ejemplo N3:(S,R)
Ejemplo N4: (R, R)
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La pirrolidina N1f se acoplé con acido 2-(metoxicarbonilamino)-2-(tetrahidro-
2H-piran-4-iacético empleando el procedimiento descritoc para la sintesis del
Ejemplo N1. Los fres diaestereémeros resultantes (sales TFA) se separaron
empleando las siguientes condiciones: Columna = Waters-Sunfire 30 X 100 mm S5;
% inicial de B = 0; % final de B = 32; Tiempo de gradiente = 25 min; Tiempo de
terminacién = 25 min; Caudal = 40 ml/min; Longitud de onda = 220 nm; Disolvente

A =0,1% de TFA en 10% de MeCN/90% de agua; Disclvente B = 0,1 % de TFA en

-169-

90% de MeCN/10% de agua.

Ejemplo

Condiciones analiticas

N2

CL (Cond. 10b y 10c}): >95% de indice de
homogeneidad. CL/EM (Cond. 10d): T, = 2,90
min. CL/EM: Anal. Calc. para [M+H]"
CasHs1F4NgQOs: 919,37; Encontrado: 919,41,

N3

CL (Cond. 10b y 10c): >95% de indice de
homogeneidad. CL/EM (Cond. 10d): T, = 2,86
min. CL/EM: Anal. Calc. para [M+H]"
CasHs1FsNgOg: 919, 37: Encontrado: 919 41.

N4

CL (Cond. 10b y 10c): >95% de indice de
homogeneidad. CL/EM (Cond. 10d): T, = 3,00
min. CL/EM: Anal. Calc. para [M+H]
CagHs1F4NgOg: 919,37; Encontrado: 919,41,

Los Ejemplos N5-N7 (sal TFA) se prepararon comenzando a partir de la

Ejemplos N5-N7

ugs
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aminocetona N1¢ y materiales iniciales apropiados, obtenidos de fuentes

comerciales, empleando los procedimientos que se describen para la sintesis del

H
-O—=0O=T
H

Ejemplo | R Condiciones analiticas

N5 : j CL (Cond. 10b y 10c): >95% de

Ejemplo N1.

0 indice de homogeneidad. CL/IEM
0 (Cond. 10d): T, = 3,05 min.
CL/EM: Anal. Calc. para [M+H]"
Ca2Hs51NgOg: 795,38; Encontrado:
795,23. '

NG /j CL (Cond. 10b y 10c): >95% de
H 0 indice de homogeneidad. CL/EM

° (Cond. 10d): T, = 3,23 min.
CL/EM: Anal. Calc. para [M+H]"
CasHs55Ng0s: 791,42; Encontrado:
791,54.

N7 o CL (Cond. 10b y 10¢); 93% de

% N indice de homogeneidad. CL/EM
% Hi® | (Cond. 10d): T;= 3,06 min.

CL/EM: Anal. Calc. para [M+H]"

C42Hs51NgOg: 795,38, Encontrado:

795,4.
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N7.1 /K CL (Cond. 10b y 10c): 97% de
v 3\)\ indice de homogeneidad. CL/EM
HN{ (Cond. 10d): T, = 3,056 min.
CL/EM: Anal. Calc. para [M+H]"
CasHs51NgOs: 787,39 Encontrado:
787,4.
N7.2 CL {(Cond. 10b y 10c): 98% de
T N}\)\ indice de homogeneidad. CL/EM
H?‘u\(o (Cond. 10d): T, = 2,878 min.

CL/EM: Anal. Calc. para [M+H]
Ca2Hs1NgOg: 795,38; Encontrado:
795,41,

Ejemplo N8

*\iﬁ;\*}y\«

Ejemplo N8, etapa a

e,
-O=0<T "

BT

La pirrolidina N8a (sal HCI) se preparé a partir de la aminocetona N1c y acido

(15,3S,55)-2-(terc-butoxicarbonil)-2-azabiciclo[3.1.0]hexano-3-carboxilico  (para el

U
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procedimiento de preparacion, véase el documento W02004/052850) de acuerdo
con los procedimientos que se describen para la preparacién de la pirrolidina N1f.
RMN de "H (MeOD, 3 = 3,33 ppm, 400 MHz): 7,98 (s, 2H ), 7,87 (d, J = 8,4, 4H),
769 (d, J = 8,4, 4H), 5,59 (dd, J = 10,2, 5,4, 2H), 3,61-3,56 (m, 2H), 3,05-2,98 (m,
2H), 2,67 (dd, J = 14,2, 5,4, 2H), 2,20-2,14 (m, 2H), 1,28-1,22 (m, 2H}, 1,19-1,13 (m,.
2H). CL/EM: Anal. Calc. para [M+H]" CagHagNg: 473,24; encontrado 473,2.

Ejemplo N8

El Ejemplo N8 se prepard a partir de pirrolidina N8a de acuerdo con el
procedimiento descrito para la preparacion del Ejemplo N1 a excepcion de que la
purificacion se realizdé con unas condiciones de HPLC de fase inversa modificadas
(ACN/agua/NH4OAc). El Ejemplo N8 se recuperd en forma de un sdélido amarillo
claro. CL (Cond. 10e): >99% de indice de homogeneidad. CL/EM (Cond. 10f). T, =
2,21 min. RMN de "H (DMSO, & = 2,50 ppm, 400 MHz): 12,33 (s, 0,28H), 11,86 (s,
1,72H), 7,74 (d, J = 8,4, 3,42H), 7,65 (d, J = 8,4, 0,58H), 7,55 (d, J = 8,4, 0,58H),
7,51 (s, 2H), 7,49 (d, J = 8,4, 3.,42H), 7,31 (d, J = 8,8, 2H), 5,39 (d ap, 0,15H), 3,34
(dd, J = 10,8, 2,4, 3,85H), 4,29 (t ap, 2H), 3,90 (m ancho, 2H), 3,55 (s, 6H), 2,64-
2,56 (m, 2H), 2,17 (d ap, 2H), 2,08-1,98 (m, 2H), 1,79-1,74 (m, 4H), 0,92-0,83 (m,
14H). CL/EM: Anal. Calc. para [M+H]" C44Hs1NgOs: 787,39; encontrado 787,8.

Ejemplo N9
O

.|\E.
o 0 'rj /|\> H M
)L Y S T/\ Ny
P! =
MeO H N ” O o]
&

O

42
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£l compuesto N9 (sal TFA) se preparéd a partir de la pirrolidina N8a y acido

(S)-2-(metoxicarbonilamino)-2-(tetrahidro-2H-piran-4-ilacético de acuerdo con el

procedimiento descrito para la preparacion del Ejemplo N1.a excepcién de que se

empled el sistema de disolventes ACN/agua/TFA en su purificacién. CL (Cond.

S 10e): >97% de indice de homogeneidad. CL/EM (Cond. 10g): T, = 1,82 min. CL/EM:
Anal. Calc. para [M+H]" CagHssNgOg: 871,41; encontrado 871,6.

Ejemplo J1 a J1.1

10 4 Ejemplo J1.1

Ejemplo J1. etapa a
2y 0
w Q Br
N
/K OJ“\@
/c%' ’

Se afadid DIPEA (2,8 ml, 16 mmol) a una suspension del acido M3f (2,00 g,

15 8,80 mmol) y 2-bromo-1-(3-bromofenil)etanona (2,22 g, 8,00 mmol) en acetonitrilo
(25 ml) y la mezcla de reaccion se agité toda la noche a temperatuira ambiente. La
mezcla de reaccion se concentré y se purificd con un Biotage Horizon (80g SiO;, 10-

25% de EtOAclhexanos) proporcionando el cetoéster J1a (3,37 g) en forma de un
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aceite amarillo claro viscoso. ‘

Tiempo de retencidn en la CL-EM 1,853 min; m/z 423 y 425,98 (1:1) (MH+).
Los datos de CL se registraron en un cromatoégrafo de liquidos Shimadzu CL-10AS
equipado con una columna Waters Xterra MS de 7u C18 3,0x50 mm usando un
detector UV-Vis SPD-10AV a una longitud de onda del detector de 220 nM. Las
condiciones de elucidbn emplearon un caudal de 4 m{/minuto, un gradiente de 100%
de disolvente A / 0% de disolvente B a 0% de disolvente A / 100% de disolvente B,
un tiempo para el gradiente de 2 minutos, un tiempo de retencién de 1 minuto, y un
tiempo de analisis de 3 minutos donde el disolvente A era 5% de MeOH/ 95% de
H,O / acetato de amonio 10 mM y el disolvente B era 5% de H,O / 95% de MeOH/
acetato de amonio 10 mM. Los datos de EM se determinaron usando una
plataforma Micromass para CL en modo de electropulverizacion. RMN de ‘H (400
MHz, CDCl3) & ppm 8,04 (t, J=1,8 Hz, 1H), 7,83 (d, J=7,8 Hz, 1H), 7,75 (d, J=8,0 Hz,
1H), 7,38 (, J=7,9 Hz, 1H}, 5,33 - 5,59 {(m, 1H), 5,13 - 5,32 (m, 1H), 4,22 (s ancho,
1H), 3,40 - 3,63 (m, 1H), 2,52 - 2,63 (m, 1H), 2,46 (dd, J=13,1, 9,3 Hz, 1H), 1,63 -
1,73 (m, 1H), 1,47 (s ancho, 9H), 0,86 (s ancho, 1H), 0,51 (s ancho, 1H).

Ejemplo J1. etapa b
i1,

N

0O

N e P
0”\)\©

Una solucion del cetoéster J1a (3,33 g, 7,85 mmol) en xileno (75 ml) se

afiadio a acetato de amonio (5,94 g, 77 mmol) en un recipiente a presion y la mezcla

de reaccidén se agitd en atmdsfera de nitrégeno durante 5 min. El recipiente de

440
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reaccidon se selld y después se introdujo en un bano de aceite que se habia
precalentado a 140 °C y la reaccién se mantuvo a esa temperatura durante 6 h. La
reaccion se enfrié a temperatura ambiente, se agitd toda la noche y se volvié a
calentar a 140 °C durante 5 h. Se afiadid mas acetato de amonio (3,0 g) v la
reaccion se agitd a 145 °C durante 8 h, se enfrid a temperatura ambiente y se
concentrd a vacio elevado dando un aceite marrén. El aceite se fracciond entre
DCM (~ 200 ml) y 1/2 bicarbonato sodico sat. (~200 ml). La fase organica se seco
(MgSQ,), se filtré y se concentrd. La espuma naranja solidificada en bruto se
purificdé en un Biotage Horizon (20-50% de EtOAc/hexanos, 160 g SiO;)
proporcionando el imidazol J1b (2,03 g) en forma de una espuma amarilla
solidificada.

Tiempo de retencion en la CL-EM 2,450 min; m/z 404 y 406,06 (1:1) (MH+).
Los datos de CL se registraron en un cromatégrafo de liquidos Shimadzu CL-10AS
equipado con una columna Phenomenex-Luna 10u C18 3,0x50 mm u;ando un
detector UV-Vis SPD-10AV a una longitud de onda del detector de 220 nM. Las
condiciones de elucién emplearon un caudal de 4 ml/minuto, un gradiente de 100%
de disolvente A / 0% de disolvente B a 0% de disolvente A / 100% de disolvente B,
un tiempo para el gradiente de 3 minutos, un tiempo de retencion de 1 minuto, y un
tiempo de analisis de 4 minutos donde el disolvente A era 5% de MeOH/ 95% de
H.O / acetato de amonio 10 mM y el disolvente B era 5% de H,O / 95% de MeOH/
acetato de amonio 10 mM. Los datos de EM se determinaron usando una
plataforma Micromass para CL en modo de electropulverizacién. RMN de 'H (400
MHz, MeOD) & ppm 7,89 (s ancho, 1H), 7,65 (d, J=6,5 Hz, 1H), 7,32 - 7,44 (m, 2H),
7,26 (t, J=7,8 Hz, 1H), 4,66 (s ancho, 1H}, 3,52 - 3,63 (m, 1H}, 2,51 (dd, J=13,1, 8,8
Hz, 1H), 2,25 - 2,37 (m, 1H), 1,66 - 1,75 (m, 1H), 1,29 (s ancho, 9H), 0,84 (ddd,

“at
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J=8,2,6,0, 5,8 Hz, 1H), 0,56 - 0,63 (m, 1H).

Ejemplo J1, etapa ¢

Se burbujed nitrégeno a través de una solucién en agitacion del bromuro J1b
(854 mg, 2,18 mmol) y 1,2-bis(trimetiistannil}etino (403 mg, 1,15 mmol) en DMF (10
ml) durante 10 minutos. Después se afadido Pd(PPhs)s (79 mg, 0,069 mmol), se
burbujed nitrégeno a través de la reaccion durante 1 min y después la reaccion se
calento a 90 °C en atmésfera de nitrogeno durante 17 h. La mezcla de reaccion se
enfrid a temperatura ambiente, se concentré a un aceite viscoso y se purificd en un
Biotage Horizon (40 g SiO;, 70-100% de EtOAc/hexanos, cargado con DCM))
proporcionando el alquino J1c (500 mg) en forma de una espuma amarilla
solidificada.

Tiempo de retencién en la CL-EM 2,876 min; m/z 649,51 (MH+). Los datos
de CL se registraron en un cromatdgrafo de liquidos Shimadzu CL-10AS equipado
con una columna Phenomenex-Luna 10u C18 3,0x50 mm usando un detector UV-
Vis SPD-10AV a una longitud de onda del detector de 220 nM. Las condiciones de
elucién emplearon un caudal de 4 ml/minuto, un gradiente de 100% de disolvente A
/ 0% de disolvente B a 0% de disolvente A / 100% de disolvente B, un tiempo para el
gradiente de 3 minutos, un tiempo de retencion de 1 minuto, y un tiempo de andlisis
de 4 minutos donde el disolvente A era 5% de MeOH/ 95% de H>O [/ acetato de
amonio 10 mM v el disolvente B era 5% de H,O / 95% de MeOH/ acetato de amonio

10 mM. Los datos de EM se determinaron usando una plataforma Micromass para

4
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CL en modo de electropulverizacion. RMN de 'H (400 MHz, MeOD) & ppm 7,89 (s,
2H), 7,67 - 7,74 (m, 2H), 7,35 - 7,44 (m, 6H), 4,85 - 5,04 (m, 2H), 3,64 - 3,74 (m,
2H), 3,47 - 3,56 (m, 2H), 2,29 - 2,45 (m, 2H), 1,90 - 2,13 (m, 6H), 1,48 (s ancho, 6H),
1,26 (s ancho, 12H).

Ejemplo J1, etapa d

HN

Se anadio TFA (3 ml, 38,8 mmol} a una solucién en agitacion del carbamato
J1c (238 mg, 0,367 mmol) en DCE (7 ml) y la reaccién se agitd a temperatura
ambiente durante 1h. La mezcla de reaccidn se concentré a vacio proporcionando
una sal TFA de la pirrolidina J1d (260 mg) en forma de un sélido amarillo.

Tiempo de retencién en la CL-EM 2,505 min; m/z 448,22 (MH+). Los datos
de CL se registraron en un cromatografo de liquidos Shimadzu CL-10AS equipado
con una columna Phenomenex-Luna 10u C18 3,0x50 mm usando un detector UV-
Vis SPD-10AV a una longitud de onda del detector de 220 nM. Las condiciones de
elucion emplearon un caudal de 4 mi/minuto, un gradiente de 100% de disolvente A
{ 0% de disolvente B a 0% de disolvente A / 100% de disolvente B, un tiempo para el
gradiente de 3 minutos, un tiempo de retencion de 1 minuto, y un tiempo de analisis
de 4 minutos donde el disolvente A era 5% de MeOH/ 95% de H,O / acetato de
amonio 10 mM y el disolvente B era 5% de H,O / 95% de MeOH/ acetatoc de amonio
10 mM. Los datos de EM se determinaron usando una plata‘forma Micromass para
CL en modo de electropulverizacion. RMN de 'H (400 MHz, MeOD) & ppm 7,96 -
8,00 (m, 2H), 7,79 (dt, J=6,6, 2,1 Hz, 2H}, 7,65 (s, 2H), 7,41 - 7,48 (m, 4H), 4,91 (t,

415
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J=7.8 Hz, 2H), 3,44 - 3,61 (m, 4H), 2,51 - 2,62 (m, 2H), 2,27 - 2,45 (m, 4H), 2,16 -
2,24 (m, 2H).

Ejemplo J1 a J1.1

Se afadid6 HATU (61,8 mg, 0,162 mmol) a una solucidon en agitacion de una
sal TFA de Ila pirrolidina Jid (110 mg, 0,12 mmol) y acido (S)-2-
(metoxicarbonilamino)-3-metilbutanoico (28,5 mg, 0,162 mmol) en DMF (0,7 ml) y
base de Hinig (0,10 ml, 0,54 mmol). La mezcla de reaccién se agitd a temperatura
ambiente durante 3 horas y después se concentré en un chorro de nitrégeno. La
reaccion se purificé en dos inyecciones mediante HPLC preparativa (MeOH/agua
facetato de amonio 10 mM) proporcionando el Ejemplo J1 {31,5 mg) en forma de un
sOlido amarillo claro y el Ejemplo J1.1 (41,1 mg) en forma de un a sélido amarilio
claro.

Ejemplo J1: Tiempo de retencién en la CL-EM 2,605 min; m/z 763,36 (MH+).
Los datos de CL se registraron en un cromatografo de liquidos Shimadzu CL-10AS
equipado con una columna Phenomenex-Luna 10u C18 3,0x50 mm usando un
detector UV-Vis SPD-10AV a una longitud de onda del detector de 220 nM. Las
condiciones de elucion emplearon un caudal de 4 ml/minuto, un gradiente de 100%
de disolvente A / 0% de disolvente B a 0% de disolvente A / 100% de disolvente B,
un tiempo para el gradiente de 3 minutos, un tiempo de retencién de 1 minuto, y un
tiempo de andlisis de 4 minutos donde el disolvente A era 5% de MeQOH/ 95% de
H20 / acetato de amonio 10 mM y el disolvente B era 5% de H20 / 95% de MeOH/
acetato de amonio 10 mM. Los datos de EM se determinaron usando una
plataforma Micromass para CL en modo- de electropulverizacién. La RMN de 'H

presenta una mezcla 4 :1 de rotameros. El rotdmero principal es: RMN de 'H (400
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MHz, MeOD) & ppm 7,86 (s, 2H), 7,64 - 7,70 (m, 2H), 7,36 - 7,43 (m, 4H), 7,34 (s,
2H), 5,17 (dd, J=7,8, 5,3 Hz, 2H), 4,24 (d, J=7,3 Hz, 2H}, 3,95 - 4,04 (m, 2H), 3,84 -
3,92 (m, 2H), 3,66 (s, 6H), 2,17 - 2,42 (m, 6H), 2,00 - 2,13 (m, 4H), 0,96 (d, J=6,8
Hz, 6H), 0,91 (d, J=6,8 Hz, 6H).

Ejemplo J1.1: Tiempo de retencidon en la CL-EM 2,620 min: m/z 606,23
(MH+). Los datos de CL se registraron en un cromatégrafo de liquidos Shimadzu
CL-10AS equipado con una columna Phenomenex-Luna 10u C18 3,0x50 mm
usando un detector UV-Vis SPD-10AV a una longitud de onda del detector de 220
nM. Las condiciones de elucién emplearon un caudal de 4 mi/minuto, un gradiente
de 100% de disolvente A / 0% de disolvente B a 0% de disolvente A / 100% de
disolvente B, un tiempo para el gradiente de 3 minutos, un tiempo de retencion de 1
minuto, y un tiempo de analisis de 4 minutos donde el disolvente A era 5% de
MeOH/ 95% de H,O / acetato de amonio 10 mM y el disolvente B era 5% de H,O /
95% de MeOH/ acetato de amonio 10 mM. Los datos dé EM se determinaron
usando una plataforma Micromass para CL en modo de electropulverizacion. La
RMN de 'H presenta una mezcla 3 :1 de rotameros. RMN de 'H (400 MHz, MeQD) &
ppm 7,94 (s, 1H), 7,87 (s, 1H), 7,74 (ddd, J=5,6, 3,4, 1,8 Hz, 1H), 7,65 - 7,70 (m,
1H), 7,51 (s, 1H), 7,36 - 7,44 (m, 6H), 7,35 (s, 1H), 5,18 (dd, J=7.,7, 5,4 Hz, 1H), 4,68
(t, J=7,8 Hz, 1H), 4,24 (d, J=7,5 Hz, 1H), 3,95 - 4,06 (m, 1H), 3,85 - 3,92 (m, 1H),
3,66 (s, 3H), 3,35 - 3,52 (m, 2H), 2,01 - 2,50 (m, 9H), 0,96 (d, J=6,8 Hz, 3H), 0,91 (d,
J=6,8 Hz, 3H).

Ejemplo J2

Uas
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S

Se afadid HATU (118 mg, 0,310 mmol) a una solucion en agitacion de una

sal TFA de la pirrolidina Jid (93,4 mg, 0,103 mmol) y acido (S)-2-

. (metoxicarbonilamino)-2-(tetrahidro-2H-piran-4-iljacético (67,3 mg, 0,310 mmol) en

5 DIPEA (0,18 ml, 1,0 mmol) y DMF (1 ml) y la reaccion se agitd a temperatura
ambiente durante 2 h. La reaccion se concentré en un chorro de nitrdgeno, se
disolvié en MeOH y se 'purificé mediante HPLC preparativa (MeOH/agua acetato de
amonio 10 mM) proporcionando el Ejemplo J2 (18,1 mg) en forma de un sélido rosa
palido.

10 Tiempo de retencién en la CL-EM 2,428 min; m/z 847,39 (MH+). Los datos
de CL se registraron en un cromatografo de liquidos Shimadzu CL-10AS equipado
con una columna Phenomenex-Luna 10u C18 3,0x50 mm usando un detector UV-
Vis SPD-10AV a una longitud de onda del detector de 220 nM. Las condiciones de
elucidn emplearon un caudal de 4 ml/minuto, un gradiente de 100% de disolvente A

15 /0% de disolvente B a 0% de disolvente A/ 100% de disolvente B, un tiempo para el
gradiente de 3 minutos, un tiempo de retencion de 1 minuto, y un tiempo de andlisis
de 4 minutos donde el disolvente A era 5% de MeOH/ 95% de H,O / acetato de
amonio 10 mM y el disolvente B era 5% de H,0 / 895% de MeOH/ acetato de amonio
10 mM. Los datos de EM se determinaron usando una plataforma Micromass para

20 CL en modo de electropufverizacién‘. La RMN de 'H presenta una mezcla 4 :1 de
rotameros. El rotamero principal es : RMN de 'H (400 MHz, MeOD) & ppm 7,83 (s,
2H), 7,62 - 7,67 (m, 2H), 7,33 - 7,42 (m, 6H), 5,15 (dd, J=7,5, 5,5 Hz, 2H), 4,32 (d,
J=8,3 Hz, 2H), 3,89 - 4,08 (m, 6H), 3,66 (s, 6H), 3,33 - 3,50 (m, 6H), 2,23 - 2,40 (m,
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4H), 2,13 - 2,22 (m, 2H), 1,92 - 2,10 (m, 4H), 1,61 - 1,71 (m, 4H), 1,32 - 1,56 (m,
4H).

Ejemplo J3

Se prepard el bromuro J3a a partir del acido M3f de acuerdo con el

10 procedimiento descrito para el bromuro J1b.

Ejemplo J3, etapa b

W
Se burbujed nitrégeno a través de una solucion en agitacidn del bromuro J3a

15 (825 mg, 2,041 mmol) y 1,2-bis(trimetilstannil)etino (378 mg, 1,074 mmol) en DMF
(10 ml) durante 10 minutos. Después se anadidé Pd(PPhs), (74,5 mg, 0,064 mmol) a

fa mezcla de reaccion, se burbujeé nitrdgeno a través de la reaccion durante 1 min y
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después la reaccién se calentd a 90 °C en atmosfera de nitrégeno durante 17 h. La
mezcla de reaccion se enfrié a temperatura ambiente, se concentré a un aceite
negro espeso, se diluyé con DCM y se purificéd en un Biotage Horizon (40 g SiO,, 60-
100% de EtOAc/hexanos) proporcionando el alquino J3b (312 mg) en forma de un
solido amarillo.

Tiempo de retencién en la CL-EM 2,800 min; m/z 671,53 (MH-). Los datos de
CL se registraron en un cromatégrafo de liguidos Shimadzu CL-10AS equipado con
una columna Phenomenex-Luna 10u C18 3,0x50 mm usando un detector UV-Vis
SPD-10AV a una longitud de onda del detector de 220 nM. Las condiciones de
elucion emplearon un caudal de 4 ml/minuto, un gradiente de 100% de disolvente A
/ 0% de disolvente B a 0% de disolvente A / 100% de disolvente B, un tiempo para el
gradiente de 3 minutos, un tiempo de retencién de 1 minuto, y un tiempo de analisis
de 4 minutos donde el disolvente A era 5% de MeOH/ 95% de H,O / acetato de
amonio 10 mM y el disolvente B era 5% de H>O / 95% de MeOH/ acetato de amonio
10 mM. Los datos de EM se determinaron usando una plataforma Micromass para
CL en modo de e‘IectropulverizaciOn. RMN de *H (400 MHz, MeOD} & ppm 7,89 (s,
2H), 7,70 (ddd, J=5,6, 3,3, 1,9 Hz, 2H), 7,38 - 7,43 (m, 6H), 4,69 (s ancho, 2H), 3,59
(s ancho, 2H), 2,53 (dd, J=13,2, 8,9 Hz, 2H), 2,28 - 2,39 (m, 2H), 1,68 - 1,77 (m, 2H),
1,29 - 1,31 {m, 18H), 0,85 (dt, J=8,5, 5,8 Hz, 2H), 0,58 - 0,64 (m, 2H).

Ejemplo J3, etapa c

agte
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Se afiadié TFA (3 ml, 38,9 mmol) a una solucion en agitacién del carbamato
J3b (316 mg, 0,470 mmol) en DCE (7 ml) y la reaccién se agitd a temperatura
ambiente durante 1 h. La mezcla de reaccion se concéntré a vacio proporcionando
una sal TFA de la pirrolidina J3c¢ (360 mg) en forma de un solido amarillo.

Tiempo de retencién en {a CL-EM 2,711min; m/z 473,24 (MH+). Los datos de
CL se registraron en un cromatografo de liquidos Shimadzu CL-10AS equipado con
una columna Phenomenex-Luna 10u C18 3,0x50 mm usando un detector UV-Vis
SPD-10AV a una longitud de onda del detector de 220 nM. Las condiciones de
elucién emplearon un caudal de 4 ml/minuto, un gradiente de 100% de disolvente A
/ 0% de disolvente B a 0% de disolvente A / 100% de disolvente B, un tiempo para el
gradiente de 3 minutos, un tiempo de retencidn de 1 minuto, y un tiempo de analisis
de 4 minutos donde el disolvente A era 5% de MeOH/ 95% de H,0 / acetato de
amonio 10 mM vy el disolvente B era 5% de H,0 / 95% de MeOH/ acetato de amonio
10 mM. Los datos de EM se determinaron usando una plataforma Micromass para

CL en modo de electropulverizacion.

Ejemplo J3

Se afadio HATU (69,6 mg, 0,183 mfnol) a una solucién en agitaciéon de una
sal TFA de la pirolidina J3c (66,7 mg, 0,061 mmol) y acido (S)-2-
(metoxicarbonilamino)-3-metilbutanoico (32,1 mg, 0,183 mmol) en DMF (0,7 ml) y
base de Hinig (0,11 ml, 0,61 mmol) y la mezcla de reéccic')n se agité a temperatura
ambiente durante 3 h. La reaccidon se concentré en un chorro de nitrdgeno, se
disolvio en MeOH y se purificd en dos inyecciones mediante HPLC preparativa
(MeOH/agua acetato de amonio 10 mM) proporcionando el Ejemplo J3 (31,8 mg) en

forma de un soélido amarillo claro.

44
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Tiempo de retencion en la CL-EM 2,605 min; m/z 787,36 (MH+). Los datos
de CL se registraron en un cromatégrafo de liquidos Shimadzu CL-10AS equipado
con una columna Phenomenex-Luna 10u C18 3,0x50 mm usando un detector UV-
Vis SPD-10AV a una longitud de onda del detector de 220 nM. Las condiciones de

5  elucion emplearon un caudal de 4 ml/minuto, un gradiente de 100% de disolvente A
/ 0% de disolvente B a 0% de disolvente A / 100% de disolvente B, un tiempo para el
gradiente de 3 minutos, un tiempo de retencion de 1 minuto, y un tiempo de analisis
de 4 minutos donde el disolvente A era 5% de MeOH/ 95% de H,0 / acetato de
amonio 10 mM y el disolvente B era 5% de HxO / 95% de MeOH/ acetato de amonio
10 10 mM. Los datos de EM se determinaron usando una plataforma Micromass para
CL en modo de electropulverizacion. RMN de 'H (400 MHz, MeOD) & ppm 7,87 (s,
2H), 7,65 - 7,71 (m, 2H), 7,37 - 7,43 (m, 4H), 7,36 (s, 2H), 5,16 (dd, J=8,8, 4,8 Hz,
2H), 4,59 (d, J=6,5 Hz, 2H), 3,67 (s, 6H), 3,63 - 3,68 (m, 2H), 2,49 - 2,58 (m, 2H),
2,37 - 2,45 (m, 2H), 2,10 - 2,21 (m, 2H), 1,98 - 2,07 (m, 2H), 1,12 (ddd, J=8,7, 5,6,
15 5,5Hz, 2H), 1,01 (d, J=6,8 Hz, 6H), 0,93 (d, J=6,8 Hz, 6H), 0,78 (s ancho, 2H).

Ejemplo J4

20 Se afiadié HATU (120 mg, 0,317 mmol) a una solucién en agitacion de una
sal TFA de la pirrolidina J3c (98 mg, 0,106 mmol) y acido (S)-2-

(metoxicarbonilamino)-2-(tetrahidro-2H-piran-4-iljacético (68,8 mg, 0,317 mmol) en
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DIPEA (0,18 ml, 1,1 mmol) y DMF (1 m!) y ia reaccidon se agité a temperatura
ambiente durante 3 h. La reaccién se concentré en un chorro de nitrogeno, se
disoivié en MeOH y se purificé mediante HPLC preparativa (MeOH/agua acetato de
amonio 10 mM) y después se volvid a purificar mediante HPLC prep (MeOH/agua
0,1% de TFA) proporcionando una sal TFA del Ejemplo J4 (18 mg) en forma de un
solido blanco.

Tiempo de retencién en la CL-EM 2,463 min; m/z 869,40 (MH-). Los datos de
CL se registraron en un cromatégrafo de liquidos Shimadzu CL-10AS equipado con
una columna Phenomenex-Luna 10u C18 3,0x50 mm usando un detector UV-Vis
SPD-10AV a una longitud de onda del detector de 220 nM. Las condiciones de
elucion emplearon un caudal de 4 mi/minuto, un gradiente de 100% de disolvente A
/ 0% de disolvente B a 0% de disolvente A / 100% de disolvente B, un tiempo para el
gradiente de 3 minutos, un tiempo de retencion de 1 minuto, y un tiempo de analisis
de 4 minutos donde el disolvente A era 5% de MeOH/ 95% de H,O / acetato de
amonio 10 mM y el disclvente B era 5% de H,O / 95% de MeQH/ acetato de amonio
10 mM. Los datos de EM se determinaron usando una plataforma Micromass para
CL en modo de electropulverizacion. RMN de 'H (400 MHz, MeOD) & ppm 7,89 -
7,92 (m, 2H), 7,87 (s, 2H), 7,74 (dt, J=7.8, 1,5 Hz, 2H), 7,61 - 7,66 (m, 2H), 7,54 -
7,60 (m, 2H), 5,11 (dd, J=9,0, 7,0 Hz, 2H), 4,59 (d, J=7,5 Hz, 2H), 3,91 - 3,99 (m,
4H), 3,83 (t, /=4,8 Hz, 2H), 3,67 (s, 6H), 3,33 - 3,45 (m, 4H), 2,67 {(dd, J=13,7, 9,4
Hz, 2H), 2,43 - 2,52 (m, 2H), 2,02 - 2,14 (m, 4H), 1,39 - 1,63 (m, 8H), 1,03 - 1,11 (m,
2H), 0,83 - 0,890 (m, 2H).

Ejemplo J5

5@
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Ejemplo J5, Etapa a
"
o) S
J

Se burbujeé nitrégeno a través de una solucién en agitacién de 2-(4-(4-
bromofenil}-1H-imidazol-2-il)pirrolidin-1-carboxilato de (S)-terc-butilo (bromuro D-1b)
(400 mg, 1,02 mmol), acido 4-etinilfenilbordnico (149 mg, 1,02 mmol) y bicarbonato
sodico (214 mg, 2,55 mmol) en DME (8 ml) y agua (2 ml) durante 15 min. Después
se afadid Pd(PPh3),s (58,9 mg, 0,051 mmol) y se continué burbujeando el nitrogeno
durante 5 min. antes de seflar el recipiente de reaccion y calentar a 90 °C toda la
noche. La reaccion se enfrié, se diluydé con THF, se lavd con salmuera y se
concentré a sequedad. El residuo se purificd mediante Biotage Horizon (60-90% de
EtOAc/hexanos) proporcionando el carbamato J5a (85 mg) en forma de un sélido
amarillo.

Tiempo de retencion en la CL-EM 2,911 min; m/z 723,64 (MH-). Los datos de
CL se registraron en un cromatégrafo de liquidos Shimadzu LC-10AS equipado con
una columna Phenomenex-Luna, de 10 u, C18, de 3,0 x 50 mm usando un detector
SPD-10AV UV-Vis con una longitud de onda del detector de 220 nM. Las
condiciones de elucién emplearon un caudal de 4 mi/minuto, un gradiente de 100%
de disolvente A / 0% de disolvente B a 0% de disolvente A / 100% de disolvente B,
un tiempo para el gradiente de 3 minutos, un tiempo de retencion de 1 minuto, y un

tiempo de analisis de 4 minutos donde el disolvente A era 5% de MeOH/ 95% de

202~
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H,0 / acetato de amonio 10 mM y el disolvente B era 5% de H,0 / 95% de MeOH/
acetato de amonio 10 mM. Los datos de EM se determinaron usando una
plataforma Micromass para CL en modo de electropulverizacion. RMN de 'H (400
MHz, MeOD) & ppm 7,78 (d, J=8,0 Hz, 2H), 7,72 (d, J=8,0 Hz, 2H), 7,64 - 7,69 (m,
4H), 7,58 (d, J=8,3 Hz, 2H), 7,52 (d, J=8,3 Hz, 2H), 7,31 -7,41 (m, 2H), 4,86 -
5,03 (m, 2H), 3,68 (s ancho, 2H), 3,46 - 3,57 (m, 2H), 2,37 (s ancho, 2H), 1,89 -
2,13 (m, 6H), 1,47 (s an'cho, 6H), 1,25 (s ancho, 12H).

Eiemplo J5, Etapa b

0
OQN\W—.—M o=t

Se afadié TFA (250 pl, 3,24 mmol) a una solucién del carbamato J5a en DCE
(1 ml} y la reaccién se agitdé a temperatura ambiente durante 1,5 h. La reaccion se
concentré en un chorro de nitrégeno proporcionando una sal TFA de la pirrolidina
J5b (45 mg).

Tiempo de retencion en la CL-EM 2,928 min; m/z 525,32 (MH+). Los datos
de CL se registraron en un cromatdgrafo de liquidos Shimadzu LC-10AS equipado
con una columna Phenomenex-Luna, de 10 u, C18, de 3,0 x 50 mm usando un
detector SPD-10AV UV-Vis con una longitud de onda del detector de 220 nM. Las
condiciones de elucion emplearon un caudal de 4 ml/minuto, un gradiente de 100%
de disolvente A / 0% de disolvente B a 0% de disolvente A / 100% de disolvente B,
un tiempo para el gradiente de 4 minutos, un tiempo de retencién de 1 minuto, y un
tiempo de analisis de 5 minutos donde e! disolvente A era 5% de MeOH/ 95% de
H,0 / acetato de amonio 10 mM y el disclvente B era 5% de H,O / 95% de MeOH/
acetato de amonio 10 mM. Los datos de EM se determinaron usando una

plataforma Micromass para CL en modo de electropulverizacion.

305
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Ejemplo J&

Se afiadid HATU (53 mg, 0,14 mmol) a una solucién de UNa sal TFA de J5b
(45 mg, 0,046 mmol) y acido (S)-2-(metoxicarbonilamino)-3-metilbutanocico (24,2
mg, 0,138 mmol) en DMF (0,7 ml} y TEA (0,038 ml, 0,28 mmol) y la reaccion se
agitdo durante 30 min. La reaccidén se diluyd con MeOH, se filtré y se purifico
mediante HPLC prep (MeOH/agua con acetato de amonio 10 mM) proporcionando
Ejemplo J5 (14,7 mg) en forma de un soélido amarilio claro. Tiempo de retencién en
la CL-EM 2,728 min; m/z 839,57 (MH+). Los datos de CL se registraron en un
cromatografo de liquidos Shimadzu LC-10AS equipado con una columna
Phenomenex-Luna, de 10 u, C18, de 3,0 x 50 mm usando un detector SPD-10AV
UV-Vis con una longitud de ‘onda del detector de 220 nM. Las condiciones de
elucion emplearon un caudal de 4 ml/minuto, un gradiente de 100% de disolvente A
/ 0% de disolvente B a 0% de disolvente A / 100% de disolvente B, un tiempo para el
gradiente de 4 minutos, un tiempo de retencidn de 1 minuto, y un tiempo de analisis
de 5 minutos donde el disolvente A era 5% de MeQOH/ 95% de H,0 / acetato de
amonio 10 mM y el disolvente B era 5% de H,O / 95% de MeOH/ acetato de amonio
10 mM. Los datos de EM se determinaron usando una plataforma Micromass para
CL en modo de electropulverizacion. RMN de 'H (400 MHz, MeOD) & ppm 7,73 -
7,78 (m, 2H), 7,65-7,71 (m, 6H), 7,57 -7,62 (m, 2H), 7,52 (d, J=8,5 Hz, 2H), 7,33
- 7,36 (m, 2H), 5,18 (dt, J=7,6, 5,2 Hz, 2H), 4,21 - 427 (m, 2H), 3,96 - 4,05 (m,
2H), 3,84 - 3,92 (m, 2H), 3,66 (s, 6H), 2,17 - 242 (m, 6H), 2,00 - 2,13 (m, 4H),
0,95 (dd, J=6,8, 1,3 Hz, 6H), 0,91 (dd, J=6,8, 1,0 Hz, 6H).

Sintesis de Caps comunes

Condiciones de ensayo de los compuestos

04
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La valoracién de la pureza y el andlisis de masas de baja resolucién se
llevaron a cabo en un sistema de CL Shimadzu CL acoplado con un sistema de EM
Waters Micromass ZQ. Se apreciard que los tiempos de retencién pueden variar
ligeramente entre maquinas. Condiciones adicionales de CL aplicables a la presente

seccion, a no ser que se indique de otro modo.

Condiciones de EM-W1

Columna = XTERRA 3,0 X 50 mm S7

% Inicialde B =0

% Final de B = 100

Tiempo de gradiente = 2 min

Tiempo de terminacién = 3 min

Caudal = 5 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1% de TFA en 10% de metanol/90% de H,O
Disolvente B = 0,1% de TFA en 90% de metanol/10% de H,O

Condiciones de EM-W2

Columna = XTERRA 3,0 X 50 mm S7
% Inicial de B=0

% Final de B = 100

Tiempo de gradiente = 3 min

Tiempo de terminacién = 4 min
Caudal = 4 ml/min

Longitud de onda = 220 nm
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Disolvente A = 0,1% de TFA en 10% de metanol/90% de H,O
Disolvente B = 0,1% de TFA en 90% de metanol/10% de H,0O
Condiciones de EM-W5

Columna = XTERRA 3,0 X 50 mm S7

% inicialde B=0

% Final de B = 30

Tiempo de gradiente = 2 min

Tiempo de terminacion = 3 min

Caudal = 5 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1% de TFA en 10% de metanol/90% de H,O
Disolvente B = 0,1% de TFA en 90% de metanol/10% de HO

Condiciones-D1

Columna = XTERRA €18 3,0 X 50 mm S7

% Inicialde B =0

% Final de B = 100

Tiempo de gradiente = 3 min

Tiempo de terminacién = 4 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1% de TFA en 10% de metanol/80% de H,O
Disolvente B = 0,1% de TFA en 90% de metanol/10% de H,O

Condiciones-D2
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Columna = Phenomenex-Luna 4,6 X 50 mm S10

% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 3 min

Tiempo de terminacién = 4 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1% de TFA en 10% de metanol/90% de H,0
Disolvente B = 0,1% de TFA en 90% de metanol/10% de H,0

Condiciones-MD1

Columna = XTERRA 4.6 X 50 mm S5

% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 3 min

Tiempo de terminacion = 4 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1% de TFA en 10% de metanol/90% de H20
Disolvente B = 0,1% de TFA en 90% de metanol/10% de H,O

Condiciones-M3

Columna = XTERRA C18 3,0 X 50 mm S7
% Iniciaide B=0

% Final de B = 40

X
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Tiempo de gradiente = 2 min

Tiempo de terminacién = 3 min

Caudal = 5 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1% de TFA en 10% de metanol/90% de H,O
Disolvente B = 0,1% de TFA en 90% de metanol/10% de H;0O

Condiciones-OL1

Columna = Phenomenex-Luna 3,0 x 50 mm S10

% Inicial de B = 0

% Final de B = 100

Tiempo de gradiente = 4 min

Tiempo de terminacion = 5 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1% de TFA en 10% de metanol/90% de H,0O
Disolvente B = 0,1% de TFA en 90% de metanol/10% de H,0

Condiciones-OL2

Columna = Phenomenex-Luna 50 x 2 mm 3 u
% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 4 min

Tiempo de terminacioén = 5 min

Caudal = 0,8 ml/min

8
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Temperatura del horno = 40°C

Longitud de onda = 220 nm

Disolvente A = 0,1% de TFA en acetonitrilo al 10%/90% de H>O

Disolvente B = 0,1% de TFA en acetonitrilo al 90%/10% de H,0O

Condicion 1

Columna = Phenomenex-Luna 3,0X 560 mm S10

% Inicialde B =0

% Final de B = 100

Tiempo de gradiente = 2 min

Tiempo de terminacion = 3 min

Caudal = 4 ml/min

Longitud de onda =220 nm

Disolvente A = 0,1% de TFA en 10% de metanol/90% de H»O.
Disolvente B = 0,1% de TFA en 90% de metanol/10% de H;O

Condicion If

Columna = Phenomenex-Luna 4,6 X50 mm S10

% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 2 min

Tiempo de terminacién = 3 min

Caudal = 5 ml/min

Longitud de onda = 220 nm

Disolvente A = 0,1% de TFA en 10% de metanol/90% de H,O
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Disolvente B = 0,1% de TFA en 90% de metanol/10% de H.O

Condicion Iif

Columna = HPLC XTERRA C18 3,0 x 50mm S7

% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 3 min

Tiempo de terminacion =4 min

Caudal = 4 mi/min

Longitud de onda = 220 nm

Disolvente A = 0,1% de TFA en 10% de metanol/90% de H,O
Disolvente B = 0,1% de TFA en 90% de metanol/10% de H20

Cap-1
O
/N‘\.

Se afiadidé una suspension de Pd al 10%/C (2,0 g) en metanol (10 ml} a una
mezcla de (R)-2-fenilglicina (10 g, 66,2 mmol), formaldehido (33 mi de 37% en peso
en agua), HC! 1N (30 ml) y metanol (30 ml) y se expuso a H> (413,57 kPa) durante 3
horas. La mezcla de reaccion se filtré a través de tierra de diatomeas (Celite®) y el
fitrado se concentré a vacio. El material bruto resultante se recristalizdé en
isopropanol proporcionando la sal HCI de Cap-1 como agujas blancas (4,0 g).
Rotacién éptica: -117,1° [c = 9,95 mg/ml en H,0; A = 589 nm]. RMN de 'H (DMSO-
ds, & = 2,5 ppm, 500 MHz): 6 7,43-7,34 (m, 5H), 4,14 (s, 1H), 2,43 (s, 6H); CL (Cond.

I): Tk = 0,25; CL/EM: Anal. Calculado para [M+H]" C1oHsNO: 180,10; encontrado

20
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180,17; EMAR: Anal. Calculado para [M+HT" CioH1sNO, 180,1025; encontrado
180,1017.

S
7~ TOH
™

Se anadié NaBH3;CN (6,22 g, 94 mmol) en porciones durante unos pocos
minutos a una mezcla enfriada (hielo/agua) de (R)-2-fenilglicina (6,02 g, 39,8 mmol)
y MeOH (100 ml), y se agitd durante 5 min. Se afiadié acetaldehido (10 ml) gota a
gota durante 10 minutos y se continué agitando a la misma temperatura fria durante
45 minutos y a temperatura ambiente durante ~6,5 horas. La mezcla de reaccién se
volvié a enfriar con bafio de hielo-agua, se traté con agua (3 ml) y luego se inactivd
con una adicion gota a gota de HCI| concentrado durante ~ 45 min hasta que el pH
de la mezcla fue ~ 1,5 - 2,0. El bafio de enfriamiento se retiré y se continué agitando
mientras se anadia HCI concentrado con el fin de mantener el pH de la mezcla
aproximadamente a 1,5-2,0. La mezcla de reaccién se agité durante una noche, se
filtré para separar la suspension blanca y el filtrado se concentré a vacio. Ei material
bruto se recristalizd en etano! proporcionando la sal HCI de Cap-2 como un sélido
bianco brillante en dos tandas (tanda-1: 4,16 g; tanda-2: 2,19 g). RMN de 'H
(DMSO-ds, 5= 2,5 ppm, 400 MHz): 10,44 (1,00, s ancho, 1H), 7,66 (m, 2H), 7,51 (m,
3H), 5,30 (s, 1H), 3,15 (m ancho, 2H), 2,98 (m ancho, 2H), 1,20 (s ancho aparente,
6H). Tanda-1: [a]?® -102,21° (¢ = 0,357, H,0); canda-2: [a]?® -99,7° (c = 0,357, H,0).
CL (Cond. I): Tg = 0,43 min; CL/EM: Anal. Calculado para [M+H]" C42HsNO2:
208,13; encontrado 208,26

S
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/NW

Se afadid secuencialmente acetaldehido (5,0 ml, 89,1 mmol) y una
suspension de Pd al 10%/C (720 mg) en metanol/H.O (4 ml/1 ml) a una mezcla
enfriada (~ 15 °C) de (R)-2-fenilglicina (3,096g, 20,48 mmol), HCI 1N (30 m)) y
metanol (40 m!). Se retird el bano de enfriamiento y la mezcla de reaccién se agitd
bajo un globo de H; durante 17 horas. Se afadid mas acetaldehido (10 ml, 178,2
mmol) y se continué agitando en atmosfera de H: durante 24 horas [Nota: el
suministro de H, se reponia cuando era necesario a través de la reaccién]. La
mezcla de reaccion se filtré a través de tierra de diatomeas (Celite®) vy el filtrado se
concentré a vacio. El material bruto resultante se recristalizd en isopropanol
proporcionando la sal HCI de &cido (R)-2-(etilamino)-2-fenilacético como un sdlido
blanco brillante (2,846 g). RMN de 'H (DMSO-dg, § = 2,5 ppm, 400 MHz): 8 14,15 (s
ancho, 1H), 9,55 (s ancho, 2H), 7,55-7,48 (m, S5H), 2,88 (m ancho, 1H), 2,73 (m
ancho, 1H), 1,20 (t aparente, J = 7,2, 3H). CL (Cond. I): Tr = 0,39 min; >95% de
indice de homogeneidad; CL/EM: Anal. Calculado para [M+H]" C1oH1sNO2: 180,10;
encontrado 180,18.

Se afiadié una suspension de Pd al 10%/C (536 mg) en metanol/H,0 (3 mi/1
ml) a una mezcla de acido (R)-2-(etilamino)-2-fenilacético/HCI (1,492 g, 6,918
mmol), formaldehido (20 ml de 37% en peso en agua), HCI 1N (20 ml) y metanol (23
ml). La mezcla de reaccion se agitd bajo un globo de H, durante ~72 horas, en el

que se el suministro de H, se reanudaba segun se necesitaba. L.a mezcla de

AL
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reaccion se filtrd a través de tierra de diatomeas (Celite®) y el filtrado se concentré a
vacio. El material bruto resultante se recristalizd en isopropanol (50 ml)
proporcionando la sal HCI de Cap-3 como un sélido blanco (985 mg). RMN de 'H
(DMSO-ds, 8 = 2,5 ppm, 400 MHz): § 10,48 (s ancho, 1H), 7,58-7,51 (m, 5H), 5,26 (s,
1H), 3,08 (s ancho aparente, 2H), 2,65 (s ancho, 3H), 1,24 {(m ancho, 3H). CL (Cond.
I): Tr = 0,39 min; >95% de indice de homogeneidad; CL/EM: Anal. Calculado para
[M+H]" C11H16NO2: 194,12; encontrado 194,18; EMAR: Anal. Calculado para [M+H]"
C11H4gNO2: 194,1180; encontrado 194,1181.

Cap-4

Se afadid CICO;Me (3,2 ml, 41,4 mmol) gota a gota a una semisclucién en
THF enfriada (hielo/agua) (410 ml) de 2-amino-2-fenilacetato de (R)-terc-butilo/HCI
(9,877 g, 40,52 mmol) y diisopropiletilamina (14,2 mi, 81,52 mmo!) durante 6 min, y
se agitd a una temperatura similar durante 5,5 horas. El componente volatil se
eliminé a vacio, y el residuo se repartié entre agua (100 ml) y acetato de etilo (200
ml). La fase organica se lavé con HCI 1N (25 ml) y solucién saturada <_:Ie NaHCO;
(30 ml), se secd (MgSO,), se filtrd y se concentré a vacio. El aceite resultante
incoloro se ftriturd en hexanos, se filtrd y se lavé con hexanos (100 ml)
proporcionando 2-(metoxicarbonilamino)-2-fenilacetato de (R)-terc-butilo como un
sélido blanco (7,7 g). RMN de "H (DMSO-dg, § = 2,5 ppm, 400 MHz): 7,98 (d, J = 8,0,
1H), 7,37-7,29 {m, 5H), 5,09 (d, J = 8, 1H), 3,56 (s, 3H}, 1,33 (s, 9H). CL (Cond. 1)
Tr = 1,53 min; indice de homogeneidad ~90 %; CL/EM: Anal. Calculado para

25
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[M+Na]+ Ci4H1oNNaOQOy4: 288,12; encontrado 288,15.

Se afiadid TFA (16 ml) gota a gota a una solucion ehfriada (hielo/agua) en
CH3Cl, (160 ml) del producto anterior durante 7 minutos y se retird el bafio de
enfriamiento y la mezcla de reaccion se agitdé durante 20 horas. Puesto que la
desproteccion todavia no fue completa, se afiadié mas TFA (1,0 ml) y se continué
agitando durante otras 2 horas mas. El componente volatil se eliminé a vacio, y el
residuc oleoso resultante se tratd con éter dietilico (15 ml) y hexanos (12 ml)
proporcionando un precipitado. El precipitado se filtré y se lavé con éter
dietilico/hexanos (relacion ~1:3; 30 ml) y se secd a vacio proporcionando Cap-4
como un sdlido blanco apelusado (5,57 g). Rotacion éptica: -176,9° [c = 3,7 mg/ml
en HO; A = 589 nm]. RMN de H (DMSO-dg, 8 = 2,5 ppm, 400 MHz): 5 12,84 (s
ancho, 1H), 7,96 (d, J = 8,3, 1H), 7,41-7,29 (m, 5H), 5,14 (d, J = 8,3, 1H), 3,55 (s,
3H). CL (Cond. I): Tr = 1,01 min; >85% de indice de homogeneidad; CL/EM: Anal.
Calculado para [M+H]+ CioH12NO4 210,08; encontrado 210,17, EMAR: Anal.
Calculado para [M+H]" C1oH12NO4 210,0766; encontrado 210,0756.

Cap-5

O
" “OH

N

-

Se calentd a 100°C durante 21 horas una mezcla de (R)- 2-fenilglicina (1,0 g,
6,62 mmol), 1,4-dibromobutano (1,57 g, 7,27 mmol) y Na,CO; (2,10 g, 19,8 mmol}
en etanol (40 ml). La mezcla de reaccién se enfrio hasta temperatura ambiente y se
filtrd, y el filtrado se concentrd a vacio. El residuo se disolvié en etanol y se acidificd

con HCI 1N hasta pH 3-4, y el componente volatil se eliminé a vacio. El material

=0
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bruto resultante se purificdé por una HPLC de fase inversa (agua/metanol/TFA)
proporcionando la sal TFA de Cap-5 como una espuma blanca semiviscosa (1,0 g).
RMN de "H (DMSO-dg, & = 2,5, 500 MHz) & 10,68 (s ancho, 1H), 7,51 (m, 5H), 5,23
(s, 1H}, 3,34 (s ancho aparente, 2H), 3,05 (s ancho aparente, 2H), 1,95 (s ancho
aparente, 4H); Tr = 0,30 min (Cond. 1); >98% de indice de homogeneidad; CL/EM:
Anal. Calculado para [M+H]" C12H15N02:'206,‘12; encontrado 206,25.

Cap-6
PP
" TOH
®
0

La sal TFA de Cap-6 se sintetizd a partir de (R)-2-fenilglicina y 1-bromo-2-(2-
bromoetoxi)etano usando el procedimiento de preparacién de Cap-5. RMN de 'H
(DMSO-ds, 8 = 2,5, 500 MHz) & 12,20 (s ancho, 1H), 7,50 (m, 5H), 4,92 (s, 1H), 3,78
(s ancho aparente, 4H), 3,08 (s ancho aparente, 2H), 2,81 (s ancho aparente, 2H);
Tr = 0,32 min (Cond. 1); >98%; CL/EM: Anal. Calculado para [M+H]" Cq2H1gNOa:
222,11; encontrado 222,20; EMAR: Anal. Calculado para [M+H]" Ci2HigNOa:
222,1130; encontrado 222,1121.

Cap-7
O
COH
N, Cap-7a: enantibmero-1
[ Cap-7b: enantiémero-2

N
|

Se afadio gota a gota una solucion en CH.Cl; (200 ml) de cloruro de p-



10

15

20

25

-200-

toluenosulfonilo (8,65 g, 45,4 mmol) a una solucién (-5 °C) en CH,Ci; (200 ml) de 2-
hidroxi-2-fenilacetato de (S}-bencilo (10,0 g, 41,3 mmol), trietilamina (5,75 ml, 41,3
mmol) y 4-dimetilaminopiridina (0,504 g, 4,13 mmol), mientras se mantenia Ia
temperatura de -5 °C a 0 °C. La reaccion se agitd a 0 °C durante 9 horas, y luego se
almacené en un congelador (-25 °C) durante 14 horas. Se dejé descongelar hasta
temperatura ambiente y se lavé con agua (200 ml), HCI 1N (100 ml} y salmuera (100
ml), se secs (MgSQy), se filtrd y se concentré a vacio proporcionando 2-fenil-2-
(tosiloxi)acetato de bencilo como un aceite viscoso que solidificé en reposo (16,5 g).
La integridad quiral del producto no se verificé y dicho producto se usé en la etapa
siguiente sin purificacion adicional. RMN de "H (DMSO-dg, & = 2,5, 500 MHz) 6 7,78
(d, J = 8,6, 2H), 7,43-7,29 (m, 10H), 7,20 (m, 2H), 6,12 (s, 1H), 5,16 (d, J = 12,5,
1H), 5,10 (d, J = 12,5, 1H), 2,39 (s, 3H). Tr = 3,00 (Cond. ill}; >90% de indice de
homogeneidad; CL/EM: Anal. Calculado para [M+H]" CaHoNaOsS: 419,09;
encontrado 419,04. _

Se calentd a 65°C durante 7 horas una solucion en THF (75 ml) de 2-fenil-2-
(tosiloxi)acetato de bencilo (6,0 g, 15,1 mmol), 1-metilpiperazina (3,36 ml, 30,3
mmol) y N,N-diisopropiletilamina (13,2 ml, 75,8 mmol). Se dejé enfriar la reaccién
hasta temperatura ambiente y el componente volatil se eliminé a vacio. El residuo se
repartid entre acetatc de etilo y agua, y la fase organica se lavé con agua y
salmuera, se secd (MgSQ,), se filtrd y se concentré a vacio. El material bruto
resultante se purificd por cromatografia ultrarrapida (gel de silice, etilo acetato)
proporcionando 2-(4-metilpiperazin-1-il)-2-fenilacetato de bencilo como un aceite
viscoso anaranjado-pardo (4,56 g). El analisis HPLC quiral (Chiralcel OD-H) indicé
que la muesira es una mezcla de enantiomeros en una relacién 38,2 a 58,7. La

separacion de los enantibmeros se realizd como sigue: se disolvid el producto en

plle
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120 ml de etanol/heptano (1:1) y se inyectd (5 ml/inyecciéon) en una columna HPLC
quiral (Chiracel OJ, 5 cm ID x 50 cm L, 20 um) eluyendo con 85:15 Heptano/etanol a
75 mi/min, y se controldé a 220 nm. E! enantiomero-1{1,474 g ) y el enantidmero-2
(2,2149 g) se recuperaron como aceite viscoso. RMN de 'H (CDCls, 8 = 7,26, 500
MHz) 7,44-7,40 (m, 2H), 7,33-7,24 (m, 6H), 7,21-7,16 (m, 2H), 5,13 (d, J = 12,5, 1H),
5,08 (d, J = 12,5, 1H), 4,02 (s, 1H), 2,65-2,38 (s ancho aparente, 8H), 2,25 (s, 3H).
Tr = 2,10 (Cond. lll}; >98% de indice de homogeneidad; CL/EM: Anal. Calculado
para [M+H]" CaoH25N»05: 325,19; encontrado 325,20.

Se anadié una solucion en metanol (10 ml) de cualquiera de los enantiémeros
de 2-(4-meti|piperazin-1-iI)—2—feni|acetato de bencilo (1,0 g, 3,1 mmol) a una
suspension de Pd al 10%/C (120 mg) en metanol (5,0 ml). La mezcla de reaccidn se
expuso a un globo de hidrégeno con un control cuidadoso durante <50 min.
Inmediatamente después de completarse la reacci.én, se filtrd el catalizador a través
de tierra de diatomeas (Celite®) y el filtrado se concentré a vacio proporcionando
Cap-7, contaminado con acido fenilacético como una espuma color castario (867,6
mg; la masa es superior al rendimiento tedrico). El producto se usé en la etapa
siguiente sin purificacion adicional. RMN de "H (DMSO-dg, & = 2,5, 500 MHz) & 7,44-
7,37 (m, 2H), 7,37-7,24 (m, 3H), 3,92 (s, 1H), 2,63-2,48 (s ancho ap., 2H), 2,48-2,32
(m, 6H), 2,19 (s, 3H); Tr = 0,31 (Cond. II); >90% de indice de homogeneidad;
CL/EM: Anal. Calculado para [M+H]® Ci3H1sN2O2: 235,14; encontrado 235,15;
EMAR: Anal. Calculado para [M+H]+ C1aH1gN205: 235,1447; encontrado 235,1440.

La sintesis de Cap-8 y Cap-9 se llevd a caho de acuerdo con la sintesis de
Cap-7 usando aminas apropiadas para la etapa de desplazamiento de SN; (es decir,

4-hidroxipiperidina para Cap-8 y (S)-3-fluoropirrolidina para Cap-9) y condiciones

>
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modificadas para la separaciéon de los intermedios estereoisoméricos respectivos,

como se describe mas adelante.

8a: enantiémero-1
8b: enantiomero-2

OH

La separacton enantiomérica del intermedio 2-(4-hidroxipiperidin-1-il)-2-fenil
acetato de bencilo se efectué empleando las siguientes condiciones: se disolvié el
compuesto (500 mg) en etanol/heptano (5 mi/45 ml). La solucién resultante se
inyectd (5 mifinyeccion) en una columna HPLC quiral (Chiracel OJ, 2 cm ID x 25 cm
de longitud, 10 um) eluyendo con 80:20 de heptano/etanol a 10 mi/min, controlada a
220 nm, proporcionando 186,3 mg de enantiomero-1 y 209,1 mg de enantiémero-2
como aceites viscosos_amarillo claro. Estos ésteres bencilicos se sometieron a
hidrogenacion de acuerdo con la preparacién de Cap-7 proporcionando Cap-8: RMN
de "H (DMSO-dg, § = 2,5, 500 MHz) 7,40 (d, J = 7, 2H), 7,28-7,20 (m, 3H), 3,78 (s
1H), 3,46 (m, 1H), 2,93 (m, 1H), 2,62 (m, 1H), 2,20 (m, 2H), 1,70 (m, 2H), 1,42 (m,
2H). Tp = 0,28 (Cond. 1I); >98% de indice de homogeneidad; CL/EM: Anal.
Calculado para [M+H]" Cq3H1gNOs: 236,13; encontrado 236,07; EMAR: Calculado
para [M+H]" C13H:gNOs: 236,1287; encontrado 236,1283.

Cap-9

a8
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B
9a: diastereémero-1
(NZ oh: diasteredmero-2

=

La separacién enantiomérica del intermedio 2-({S)-3-fluoropirrolidin-1-il}-2-
fenilacetato de bencilo se efectud empleando las siguientes condiciones: se separd
el éster (220 mg) en una columna HPLC quiral {Chiracel OJ-H, 0,46 cm ID x 25 cm
L, 5 um) eluyendo con 95% de CO,/ 5% de metanol con 0,1% de TFA, a una
presion de 10x10° Pa, 70 ml/min de Caudal, y una temperatura de 35 °C. Se
concentrd el eluato de HPLC para los esterecisédmeros respectivos y el residuo se
disolvio en CH,Cl; (20 ml) y se lavd con un medio acuoso (10 ml agua + 1 ml de
solucién saturada de NaHCOs). La fase organica se secd (MgSQy), se filtro vy se
concentré a vacio proporcionando 92,5 mg de fracciéon-1 y 59,6 mg de fraccién-2.
Estos ésteres bencilicos se sometieron a hidrogenacion de acuerdo con la
preparacion de Cap-7 para preparar Caps 9a y 9b. Cap-9a (diasteredmero-1; la
muestra es una sal TFA como resuitado de la purificacion en una HPLC de fase
inversa usando H,O/metanol/TFA como disolvente): RMN de H (DMSO-dg, 8 = 2,5,
400 MHz) 7,55-7,48 (m, 5H), 5,38 (d de m, J = 53,7, 1H), 5,09 (s ancho, 1H), 3,84-
2,82 (m ancho, 4H), 2,31-2,09 (m, 2H). Tr = 0,42 (Cond. l); >95% de indice de
homogeneidad; CL/EM: Anal. Calculado para [M+H]" CiHisFNO2: 224,11;
encontrado 224,14; Cap-9b (diasteredmero-2); RMN de 'H (DMSO-dg, & = 2,5, 400
MHz) 7,43-7,21 (m, 5H), 5,19 (d de m, J = 55,9, 1H), 3,97 (s, 1H), 2,95-2,43 (m, 4H),
2,19-1,78 (m, 2H). Tr = 0,44 (Cond. I); CL/EM: Anal. Calculado para [M+H]"
C12HisFNO2: 224,11 encontrado 224,14.

Cap-10

aq
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oA
é\)

A una solucién de D-prolina (2,0 g, 17 mmol) y formaldehido (2,0 mi de 37%
en peso en H,0) en metanol (15 ml) se afiadié una suspensién de Pd al 10%/C (500
mg)} en metanol (5 ml). La mezcla se agité bajo un globo de hidrégeno durante 23
horas. La mezcla de reaccién se filtré a través de tierra de diatomeas (Celite®) y se
concentré a vacio proporcionando Cap-10 como un sdlido blanquecino (2,15 g).
RMN de "H (DMSO-dg, 6 = 2,5, 500 MHz) 3,42 (m, 1H), 3,37 (dd, J = 9,4, 6,1, 1H),
2,85-2,78 (m, 1H), 2,66 (s, 3H), 2,21-2,13 (m, 1H), 1,93-1,84 (m, 2H), 1,75-1,66 (m,
1H). Tr = 0,28 (Cond. ll); >98% de indice de homogeneidad; CL/EM: Anal.
Calculado para [M+H]" CgH12NO,: 130,09; encontrado 129,96.

Cap-11
O

T

Una mezcla de acido (2S,4R)-4-fluoropirrolidin-2-carboxilico (0,50 g, 3,8
mmol), formaldehido (0,5 mi de 37% en peso en H,0), HCI.12 N (0,25 ml) y Pd al
10%/C (50 mg) en metanol (20 ml) se agitdé bajo un globo de hidrégeno durante 19
horas. La mezcla de reaccion se filtré a través de tierra de diatomeas (Celite®) y el
filtrado se concentrd6 a vacio. El residuo se recristalizd en isopropanol
proporcionando la sal HCl de Cap-11 como un sélido blanco (337,7 mg). RMN de 'H
(DMSO-dg, 6 = 2,5, 500 MHz) 5,39 (d m, J = 53,7, 1H), 4,30 (m, 1H), 3,90 (ddd, J =
31,5, 13,5, 4,5, 1H), 3,33 (dd, J = 25,6, 13,4, 1H), 2,85 (s, 3H), 2,60-2,51 (m, 1H),
2,39-2,26 (m, 1H). Tr = 0,28 (Cond. ll); >98% de indice de homogeneidad; CL/EM:

Y
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Anal. Calculado para [M+H]" C¢H1:FNO,: 148,08; encontrado 148,06.

Cap-12 (igual que Cap 52)
0

Lo N
\g/ : OH

Se disolvié L-alanina {2,0 g, 22,5 mmol) en solucidén acuosa al 10% de
carbonato sodico (50 mi), y se anadié a la misma una solucién en THF (50 mi) de
cloroformiato de metilo (4,0 ml). La mezcla de reaccién se agitd en condiciones
ambientales durante 4,5 horas y se concentrd a vacio. El sdlido blanco resultante se
disolvid en agua y se acidifico con HC! 1N hasta un pH ~ 2.3, Las‘soluciones
resultantes se extrajeron con acetato de etilo (3 x 100 ml), y la fase organica reunida
se secd (Na,S0O,), se filtré y se concentrd a vacio proporcionando un aceite incoloro
(2,58 g). Se purificaron 500 mg de este material por una HPLC de fase inversa
(HO/metanol/TFA) proporcionando 150 mg de Cap-12 como un aceite incoloro.
RMN de "H (DMSO-dg, 5 = 2,5, 500 MHz) 7,44 (d, J = 7,3, 0,8H), 7,10 (s ancho,
0,2H), 3,97 (m, 1H), 3,53 (s, 3H), 1,25 (d, J = 7,3, 3H).

Cap-13

| O
/N\E)J\OH

Se agité una mezcla de L-alanina (2,5 g, 28 mmol), formaldehido (8,49, 37%
en peso), HCI 1N (30 ml) y Pd al 10%/C (500 mg) en metanol (30 ml) en una
atmésfera de hidrogeno (344,64 kPa) durante 5 horas. La mezcla de feaccién se
filtrd a través de tierra de diatomeas (Celite®) y el filtrado se concentré a vacio

proporcionando la sal HCl de Cap-13 como un aceite que solidificé en reposo a

SU
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vacio (4,4 g; 1a masa es superior al rendimiento teérico). El producto se usé sin
purificacion adicional. RMN de 'H (DMSO-ds, & = 2,5, 500 MHz) & 12,1 (s ancho,
1H), 4,06 (q, J = 7,4, 1H), 2,76 (s, 6H), 1,46 (d, J =7,3, 3H).

Cap-14

NH,

1 \ 2 (Nj
@AC%PBU ©)\ CO-Bu —~ (j/ “COH

Cap-14

Etapa 1: Una mezcla éster terc-butilico de (R)-(-)-D-fenilglicina (3,00 g, 12,3
mmol), NaBHsCN (0,773 g, 12,3 mmol), KOH (0,690 g, 12,3 mmol) y acido acético
(0,352 mi, 6,15 mmol) se agité en metanol a 0 °C. A esta mezcla se afiadio
dialdehido glutarico (2,23 ml, 12,3 mmol) gota a gota durante 5 minutos. La mezcla
de reaccion se agitod calentando hasta temperatura ambiente y se continué agitando
a la misma temperatura durante 16 horas. El disolvente se eliminé seguidamente y
el residuo se reparti6 con NaOH acuoso al 10% y acetato de etilo. La fase organica
se separd, se secd (MgSQ.), se filtrd y se concentr6 hasta sequedad
proporcionando un aceite transparente. Este material se purificé por HPLC
preparativa de fase inversa (Primesphere C-18, 30 x 100mm; CH;CN-H>0-0,1% de
TFA) dando el éster intermedio (2,70 g, 56%) como un aceite transparente. RMN de
'H (400 MHz, CDCl3) & 7,53-7,44 (m, 3H), 7,40-7,37 (m, 2H), 3,87 (d, J = 10,9 Hz,
1H), 3,59 (d, J = 10,9 Hz, 1H), 2,99 (t, J = 11,2 Hz, 1H), 2,59 (t, J = 11,4 Hz, 1H),
2,07-2,02 (m, 2H), 1,82 (d, J = 1,82 Hz, 3H), 1,40 (s, 9H). CL/EM: Anal. Calculado
para C17HsNQ5: 275; encontrado: 276 (M+H)".

Etapa 2: A una solucion agitada del éster intermedio (1,12 g, 2,88 mmol) en
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diclorometano (10 mi) se anadié TFA (3 ml). La mezcla de reaccion se agité a
temperatura ambiente durante 4 horas y luego se concentrd hasta sequedad dando
un aceite amarillo claro. E! aceite se purifico usando HPLC preparativa de fase
inversa (Primesphere C-18, 30 x 100mm; CH3;CN-H,0-0,1% de TFA). Las fracciones
apropiadas se reunieron y se concentraron hasta sequedad a vacio. El residuo se
disolvid entonces en una cantidad minima de metanol y se aplicé en cartuchos de
extraccion MCX LP (2 x 6 g). Los cartuchos se aclararon con metanol (40 ml) y luego
se eluyd el compuesto deseado usando amoniaco 2M en metanol (50 mi). Las
fracciones que contenian producto se reunieron y concentraron y el residuo se
suspendiod en agua. La liofilizacidn de esta solucion proporciond el compuesto del
epigrafe (0,492 g, 78%) como un sélido amarillo claro. RMN de 'H (DMSO;ds) 57,50
(s, 5H), 5,13 (s, 1H), 3,09 (s ancho, 2H), 2,92-2,89 (m, 2H), 1,74 (m, 4H), 1,48 (s
ancho, 2H). CL/EM: Anal. Calculado para Cy3H{7NQ,: 219; encontrado: 220 (M+H)".

Cap-15 ‘

0
0 0 Me Q@ Me L
1 2 3
OH o)\@ : N
' N
Br Br Q Q
A B C

HO™ ~Me HO™ Me
{R)-Cap-15

Etapa 1: 2-Bromo-2-fenilacetato de (S)-1-feniletilo; A una mezcla de acido a-
bromofenilacético (10,75 g, 0,050 mol), (S)-(-)-1-feniletano! (7,94 g, 0,065 mol) y
DMAP (0,61 g, 5,0 mmol) en diclorometano seco (100 ml) se afadid EDCI sélido
(12,46 g, 0,065 mol) todo de una vez. La solucidn resultante se agité a temperatura
ambiente en Ar durante 18 horas y luego se diluyé con acetato de etilo, se lavé (H,0
x 2, salmuera), se seco (Na;SOQy), se filtrd y se concentré dando un aceite amarillo

palido. La cromatografia ultrarrapida (SiO/ hexano-etilo acetato, 4:1) de este aceite

Bl
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proporcioné el compuesto del epigrafe (11,64 g, 73%) como un sélido blanco. RMN
de "H (400 MHz, CDCls) 5§ 7,53-7,17 (m, 10H), 5,95 (q, J = 6,6 Hz, 0,5H), 5,94 (q, J =
6,6 Hz, 0,5H), 5,41 (s, 0,5H), 5,39 (s, 0,5H), 1,58 (d, J = 6,6 Hz, 1,5H), 1,51 (d, J =
6,6 Hz, 1,5H).

Etapa 2: (R)-2-(4-hidroxi-4-metilpiperidin-1-il)-2-fenilacetato de (S)-1-feniletilo:
A una solucién de 2-bromo-2-fenilacetato de (S)-1-feniletilo (0,464 g, 1,45 mmol) en
THF (8 ml) se afiadi6 trietilamina (0,61 ml, 4,35 mmol), seguido por yoduro de
tetrabutilamonio (0,215 g, 0,568 mmol). La mezcla de reaccion se agité a temperatura
ambiente durante 5 minutos y luego se afadid una solucion de 4-metil-4-
hidroxipiperidina (0,251 g, 2,18 mmol) en THF (2 ml). La mezcla se agité durante 1
hora a temperatura ambiente y luego se calenté a 55-60 °C (temperatura de bafio de
aceite) durante 4 horas. La mezcla de reaccion enfriada se diluyd entonces con
acetato de etilo (30 ml), se lavé (H20 x2, salmuera), se secd (MgSQ,), se filtrd y se
concentrd. El residuo se purificd por cromatografia sobre gel de silice (0-60% de
etilo acetato-hexano) proporcionando primero el isdémero (S,R) del compuesto del
epigrafe (0,306 g, 60%) como un sélido blanco y luego el correspondiente isémero
(S,5)(0,120 g, 23%), también como un sélido blanco. Isémero (S,R); RMN de *H
(CD30D) & 7,51-7,45 (m, 2H), 7,41-7,25 (m, 8H), 5,85 (¢, J = 6,6 Hz, 1H), 4,05 (s,
1H), 2,56-2,45 (m, 2H), 2,41-2,29 (m, 2H), 1,71-1,49 (m, 4H), 1,38 (d, J = 6,6 Hz,
3H), 1,18 (s, 3H). CLEM: Anal. Calculado para CyH27NO3: 353; encontrado: 354
(M+H)". Isémero (S,S): RMN de "H (CDs0D) § 7,41-7,30 (m, 5H), 7,20-7,14 (m, 3H),

7,06-7,00 (m, 2H), 5,85 (q, J = 6,6 Hz, 1H), 4,06 (s, 1H), 2,70-2,60 (m, 1H), 2,51 (dt,

J = 6,6, 3,3 Hz, 1H), 2,44-2,31 (m, 2H), 1,75-1,65 (m, 1H), 1,65-1,54 (m, 3H), 1,50
(d, J = 6,8 Hz, 3H), 1,20 (s, 3H). CLEM: Anal. Calculado para C,;Hz7NOs: 353;
encontrado: 354 (M+H)".

2
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Etapa 3: éacido (R)-2-(4-hidroxi-4-metilpiperidin-1-il}-2-fenilacético: A una
solucion de (R)-2-(4-hidroxi-4-metilpiperidin-1-il}-2-fenilacetato de (S)-1-feniletilo
(0,185 g, 0,52 mmol) en diclorometano (3 ml) se afiadié acido trifluoracético (1 ml) y
la mezcla se agitd a temperatura ambiente durante 2 horas. Los volatiles se
eliminaron seguidamente a vacio y el residuo se purificd por HPLC preparativa de
fase inversa (Primesphere C-18, 20 x 100mm; CH3CN-H,0-0,1% de TFA) dando el
compuesto del epigrafe (como sal TFA) como un soélido azulado palido (0,128 g,

98%). CLEM: Anal. Calculado para C14H1sNO3: 249; encontrado: 250 (M+H)".

Cap-16 .
0 1 0O Me O
OH : 0 S : OH

(R)-Cap-186
Etapa 1: 2-(2-fluorofenil)acetato de (S)-1-feniletilo: Una mezcla de acido 2-
fluorofenilacético (5,45 g, 35,4 mmol), (S)-1-feniletanol (5,62 g, 46,0 mmol), EDCI
(8,82 g, 46,0 mmol) y DMAP (0,561 g, 4,60 mmol) en CH,Cl; (100 ml) se agit6 a
temperatura ambiente durante 12 horas. El disoclvente se concentrd a continuacion y
el residuo se repartid con HxO-acetato de etilo. Se separaron las fases y la fase
acuosa se volvié a extraer con acetato de etilo (2x). Las fases organicas reunidas se
lavaron (H:O, salmuera), se secaron (Na,SQO,), se filtraron y se concentraron a
vacio. El residuo se purificéd por cromatografia sobre gel de silice (Biotage/ 0-20% de
acetato de etilo-hexano) proporcichando el compuesto del epigrafe como un aceite
incoloro (8,38 g, 92%). RMN de 'H (400 MHz, CDs0OD) § 7,32 - 7,23 (m, 7H), 7,10-

7,04 (m, 2), 5,85 (q, J =6,5 Hz, 1H), 3,71 (s, 2H), 1,48 (d, J = 6,5 Hz, 3H).

TS
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Etapa 2: 2-(2-Fluorofenil)-2-(piperidin-1-il)acetato de -(R)-((S)-1-feniletilo): A
una solucién de 2-(2-fluorofenil)acetato de (S)-1-feniletilo (5,00 g, 19,4 mmol) en
THF (1200 ml) a 0°C se afadi6 DBU (6,19 g, 40,7 mmol) y la solucion se dejo
calentar hasta temperatura ambiente mientras se agitaba durante 30 minutos. La
solucion se enfrié entonces hasta -78 °C y se afiadié una solucién de CBr, (13,5 g,
40,7 mmeol) en THF (100 ml) y la mezcla se dejé calentar hasta -10 °C y se agitd a
esta temperatura durante 2 horas. La mezcla de reaccién se inactivd con NH,CI
acuoso saturado y se separaron las fases. La fase acuosa se volvié a extraer con
acetato de etilo (2x) y las fases organicas reunidas se lavaron (H;0, salmuera), se
secaron (Na,SO,), se filtraron y se concentraron a vacio. AII residuo se anadio
piperidina (5,73 ml, 58,1 mmol) y la solucidon se agité a temperatura ambiente
durante 24 horas. Los volatiles se concentraron entonces a vacio y el residuo se
purificé por cromatografia sobre gel de silice (Biotage/ 0-30% de éter dietilico-
hexano) proporcionando una mezcla pura de diasterecisémeros (relacion 2:1 por
RMN de "H) como un aceite amarillo (2,07 9, 31%), junto con material de partida sin
reaccionar (2,593 g, 51%). Otra cromatografia de la mezcla diastereomérica (Biotage/
0-10% éter dietilico-tolueno) proporcionéd el compuesto del epigrafe como un aceite
incoloro (0,737 g, 11%). RMN de *H (400 MHz, CDs0OD) § 7,52 (ddd, J = 9,4, 7,6, 1,8
Hz, 1H), 7,33 - 7,40 (m, 1), 7,23 - 7,23 (m, 4H), 7,02 - 7,23 (m, 4H), 5,86 (q, J = 6,6
Hz, 1H), 4,45 (s, 1H), 2,39 — 2,45 (m, 4H), 1,52 — 1,58 (m, 4H), 1,40 — 1,42 (m, 1H),
1,38 (d, J = 6,6 Hz, 3H). CLEM: Anal. Calculado para C21H24FNO2: 341; encontrado:
342 (M+H)",

Etapa 3: acido (R)-2-(2-fluorofenil}-2-(piperidin-1-il)acético: Una mezcla de 2-
(2-fluorofenil)-2-(piperidin-1-illacetato de (R)-((S)-1-feniletilo) (0,737 g, 2,16 mmol) y
Pd{OH). al 20%/C (0,070 g) en etanol (30 ml) se sometid a hidrogenacién a
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temperatura ambiente y presion atmosférica (globo de H,) durante 2 horas. La
so[ﬁcién se purgd entonces con Ar, se filtré a través de tierra de diatomeas (Celite®)
y se concentro a vacio. Esto proporciond el compuesto del epigrafe como un sélido
incoloro (0,503 g, 98%). RMN de 'H (400 MHz, CDs0D) § 7,65 (ddd, J=9,1, 7,6, 1,5
Hz, 1H), 7,47-7,53 (m, 1H), 7,21-7,30 (m, 2H), 3,07-3,13 (m, 4H), 1,84 (s ancho, 4H),
1,62 (s ancho, 2H). CLEM: Anal. Calculado para Ci3HsFNQO2: 237; encontrado: 238
(M+H)".

Cap-17
SU S - . OUA,
Lgph B HOE'JF—"h

HO
(R)-Cap-17

©\#U\©“'

Etapa 1: (R)-2-(4-hidroxi-4-fenilpiperidin-1-il}-2-fenilacetato de (S)-1-feniletilo:
A una solucién de 2-bromo-2-fenilacetato de (S)-1-feniletilo (1,50 g, 4,70 mmol) en
THF (25 mi) se afadi6 trietilamina (1,31 ml, 9,42 mmol), seguido por yoduro de
tetrabutilamonio (0,347 g, 0,94 mmol). La mezcla de reaccion se agité a temperatura
ambiente durante 5 minutos y luego se afadid una solucion de 4-fenil-4-
hidroxipiperidina (1,00 g, 5,64 mmol) en THF (5 ml). La mezcla se agité durante 16
horas vy luego se diluyd con acetato de etilo (100 ml), se lavé (H,0 x2, salmuera), se
secd (MgSO,), se filtrd y se concentré. El residuo se purificd en una columna de gel
de silice (acetato de efilo 0-60%-hexano) proporcionando una mezcla
aproximadamente 2:1 de diasterecisomeros, como se juzgd por RMN de 'H. La
separacion de esos isémeros se llevd a cabo usando cromatografia de fluido

supercritico (Chiralcel OJ-H, 30 x 250mm; 20% etanol en CO, a 35 °C), dando

XY



10

15

-212-

primero el isomero (R) del compuesto del epigrafe (0,534 g, 27%) como un aceite
amariflo y luego el isdmero (S) correspondiente (0,271 g, 14%), también como un
aceite amarillo. Isémero (S,R): RMN de 'H (400 MHz, CD30D) § 7,55-7,47 (m, 4H),
7,44-7,25 (m, 10H), 7,25-7,17 (m, 1H), 5,88 (q, J = 6,6 Hz, 1H), 4,12 (s, 1H), 2,82-
2,72 (m, 1H), 2,64 (dt, J = 11,1, 2,5 Hz, 1H), 2,58-2,52 (m, 1H), 2,40 (dt, J = 11,1,
2,5 Hz, 1H), 2,20 (dt, J = 12,1, 4,6 Hz, 1H), 2,10 (dt, J = 12,1, 4,6 Hz, 1H), 1,72-1,57
(m, 2H), 1,53 (d, J = 6,5 Hz, 3H). CLEM: Anal. Calculado para C;H2sNO;: 415;
encontradq: 416 (M+H)"; Isémero (S,S): RMN de 'H (400 MHz, CD30D) & 7,55-7,48
(m, 2H), 7,45-7,39 (m, 2H), 7,38-7,30 (m, 5H), 7,25-7,13 (m, 4H), 7,08-7,00 (m, 2H),
5,88 (q, 4 = 6,6 Hz, 1H), 4,12 (s, 1H), 2,85-2,85 (m, 1H), 2,68 (dt, J = 11,1, 2,5 Hz,
1H); 2,567-2,52 (m, 1H), 2,42 (dt, J = 11,1, 2,5 Hz, 1H), 2,25 (dt, J = 12,1, 4,6 Hz,
1H), 2,12 (dt, J = 12,1, 4,6 Hz, 1H), 1,73 (dd, J = 13,6, 3,0 Hz, 1H), 1,64 (dd, J =
13,6, 3,0 Hz, 1H), 1,40 (d, 4 = 6,6 Hz, 3H). CLEM: Anal. Calculado para Cy7HgNOs3:
415; encontrado: 416 (M+H)".

Los ésteres siguientes se prepararon de una forma similar.

Intermedio-17a o o\/© Diasteredmerc 1: RMN

N de "H (500 MHz, DMSO-

[N] ds) 8 ppm 1,36 (d, J=6,41

0 Hz, 3H) 2,23 - 2,51 (m,
mé 4H) 3,35 (s, 4H) 4,25 (s,
1H) 5,05 (s, 2H) 5,82 (d,

J=6,71 Hz, 1H) 7,15 -

7,52 (m, 15H).
CLEM: Analisis calculado

pYAY,
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para: CogHioN204 458,22;
Encontrado: 459,44
(M+H)".

Diasteredbmero 2. RMN
de "H (500 MHz, DMSO-
de) & ppm 1,45 (d, J=6,71
Hz, 3H) 2,27 - 2,44 (m,
4H) 3,39 (s, 4H) 4,23 (s,
1H) 5,06 (s, 2H) 5,83 (d,
J=6,71 Hz, 1H) 7,12 (dd,
J=6,41, 3,05 Hz, 2H) 7,19
- 7,27 (m, 3H) 7,27 - 7,44
(m, 10H).

CLEM: Andlisis calculado
para: CagHigN2O4 458,22;
Encontrado: 459 44
(M+H)".

Intermedio -17b

Diasteredmero 1: Tr =
11,76 min (Condicién Il);
CLEM: Analisis calculado
para: CaoH2:N203 338,16

Encontrado: 339,39
(M+H)*: Diasteredmero 2:

Tr = 10,05 min

29
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(Condicion  Il); CLEM:

Analisis calculado para:

C20H22N203 338,16;
Encontrado: 339,39
(M+H)".

Intermedio -17¢

Diastereémero 1. Tg =
4,55 min (Condicion I);
CLEM: Analisis calculado
para: Ca1H2N20, 338,20

Encontrado: 339,45
(M+H)": Diastereémero 2:
Tr = 6,00 min (Condicién
1); CLEM: Andlisis

calculado para:
C21H26N20, 338,20
Encontrado: 339,45
(M+H)".

Intermedio -17d

Diastereémero 1. Tr =
7,19 min (Condicion I);
CLEM: Analisis calculado
para: C27H2gNO; 399,22

Encontrado: 400,48
(M+H)"; Diastereémero 2:
Tr = 9,76 min (Condicién
), CLEM: Analisis
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calculado para:
CarHagNO» 399,22
Encontrado: 400,48
(M+H)".

Condiciones de SFC quiral para determinar el tiempo de retencién

Condicion |

Columna: Columna Chiralpak AD-H, 4,62X250 mm, 5um
Disolventes: 30% de CO; - 10% de metanol con DEA al 0,1%
Temp: 35 °C

Presion: 15 MPa

Caudal: 2,0 mi/min.

UV controlado a 220 nm

Inyeccion: 1,0 mg/3 ml de metanol

Condicion H

Columna: Columna Chiralce! OD-H, 4,62X250 mm, Sum
Disolventes: 90% de CO; - 10% de metanol con DEA al 0,1%
Temp: 35°C

Presion: 15 MPa

Caudal: 2,0 mi/min.

UV controlado a 220 nm

Inyeccién: 1,0 mg/ml de metanol

e
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Cap-17, Etapa 2: acido (R)-2-(4-hidroxi-4-fenilpiperidin-1-il}-2-fenilacético: A

una solucion de (R)-2-(4-hidroxi-4-fenilpiperidin-1-il)-2-fenilacetato de (S)-1-feniletilo

(0,350 g, 0,84 mmol) en diclorometano (5 ml) se afiadio &cido trifluoracético (1 mi) y

la mezcla se agité a temperatura ambiente durante 2 horas. Los volatiles se

eliminaron seguidamente a vacio y el residuo se purificdé por HPLC preparativa de

fase inversa (Primesphere C-18, 20 x 100mm; CH3CN-H,0-0,1% de TFA) dando e!

compuesto del epigrafe {(como sal TFA) como un sélido blanco (0,230 g, 88%).

CLEM; Anal. Calculado para C1gH21NQO3: 311,15; encontrado: 312 (M+H)".

Los siguientes acidos carboxilicos se prepararon en forma épticamente pura de una

forma similar:

Cap-17a

)

oY

Tr = 2,21 (Condicién 1),
RMN de 'H (500 MHz,
DMSO-ds} & ppm 2,20 -
2,35 (m, 2H) 2,34 - 2,47
(m, 2H) 3,37 (s, 4H) 3,71
(s, 1H) 5,06 (s, 2H) 7,06 -
7,53 (m, 10H). CLEM:
Analisis calculado para:
CaoH22N204 354,16;
Encontrado: 355,38
(M+H)".

o5



Cap-17b - HTO Tr = 0,27 (Condicién Ili);
[N CLEM: Analisis calculado
©/{\,(°H para: CioHiN,O3 234,10;
© Encontrado: 235,22
(M+H)".
Cap-17¢ fl\l Tr = 0,48 (Condiciéon ),
[N] CLEM: Analisis calculado
WOH para: Ci3H1gN,O, 234,14;
© Encontrado: 235,31
(M+H)".
Cap-17d | Tr = 2,21 {Condicién I);
CLEM: Andlisis calculado
N para. CigH21NO, 295,16;
~CH Encontrado: 296,33
m (M+H)",

Condiciones de CLEM para determinar el tiempo de retencion
Condicién |

Columna: Phenomenex-Luna 4,6 X 50 mm S10

% Inicialde B=0

% Final de B =100

Tiempo de gradiente = 4 min

Caudal = 4 ml/min

Longitud de onda = 220

Disolvente A = 10% de metanol - 90% de H-O - 0,1% de TFA
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Disolvente B = 90% de metanol - 10% de H,0 - 0,1% de TFA

Condicién Il

Columna: Waters-Sunfire 4,6 X 50 mm S5

% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 2 min

Caudal = 4 ml/min

Longitud de onda = 220

Disolvente A = 10% de metanol - 90% de H,0 - 0,1% de TFA
Disolvente B = 90% de metanol - 10% de H,0 - 0,1% de TFA

Condicién ll|

Columna: Phenomenex 101 3,0 X 50 mm

% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 2 min

Caudal = 4 mi/min

Longitud de onda = 220

Disolvente A = 10% de metanol - 90% de H,0 - 0,1% de TFA
Disolvente B = 90% de metanol - 10% de H,0 - 0,1% de TFA

Cap-18

S



10

15

20

OEt 2

I\
N .= O '

A X=H ] C cap-18
1
B X=Br

Etapa 1. 2-(4-piridil)-2-bromoacetato de (R,S)-etilo: A una solucion de 4-
piridilacetato de etilo (1,00 g, 6,05 mmoi} en THF seco (150 ml) a 0 °C en argén se
anadié DBU (0,99 ml, 6,66 mmol). La mezcla de reaccion se dejé calentar hasta
temperatura ambiente durante 30 minutos y luego se enfrio hasta -78 °C. A esta
mezcla se afadio CBry (2,21 g, 6,66 mmol) y se continud agitando a -78 °C durante
2 horas. Seguidamente la mezcla de reaccién se inactivd con NH.Cl acuoso
saturado y se separaron las fases. La fase organica se lavo (salmuera), se secod
(NaSQy), se filtrd y se concentré a vacio. El aceite amarillo resultante se purificd
inmediatamente por cromatografia uitrarrapida (SiO./ hexano-acetato de etilo, 1:1)
proporcionando el compuesto del epigrafe (1,40 g, 95%) como un aceite amarillo
algo estable. RMN de "H (400 MHz, CDCl3) § 8,62 (dd, J = 4,6, 1,8 Hz, 2H), 7,45 (dd,
J =406, 1,8 Hz, 2H), 5,24 (s, 1H), 4,21-4,29 (m, 2H), 1,28 (t, J = 7,1 Hz, 3H). CLEM:
Anal. Calculado para CgH1oBrNO,: 242, 244: encontrado: 243, 245 (M+H)".

Etapa 2. 2-(4-piridil)-2-(N,N-dimetilamino)acetato de (R,S)-etilo: A una
solucién de 2-(4-piridil)-2-bromoacetato de (R,S)-etilo (1,40 g, 8,48 mmol) en DMF
(10 ml) a temperatura ambiente se afiadio dimetilamina (2M en THF, 8,5 mi, 17,0
mmol). Después de completarse la reaccion (que se juzgd por cromatografia en
capa fina) los volatiles se eliminaron a vacio y el residuo se purificé por
cromatografia ultrarrapida (columna Biotage, 40+M SiO,; 50%-100% de acetato de
etile-hexano) proporcionando el compuesto del epigrafe (0,539 g, 31%) como un

aceite amarillo claro. RMN de 'H (400 MHz, CDCl3) 5 8,58 (d, J = 6,0 Hz, 2H), 7,36
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(d, J = 6,0 Hz, 2H), 4,17 (m, 2H), 3,92 (s, 1H), 2,27 (s, 6H), 1,22 (t, J = 7,0 Hz).
CLEM: Anal. Calculado para C1H1gN2O2: 208; encontrado: 209 (M+H)".

Etapa 3: acido (R,S)-2-(4-piridil)-2-(N,N-dimetilamino)acético: A una solucién

de 2-(4-piridil)-2-(N,N-dimetilamino)acetato de (R,S)-etilo (0,200 g, 0,960 mmol) en

una mezcla de THF-metanol-H,O (1:1:1, 6 ml) se afadié LiOH en polvo (0,120 g,

4,99 mmol) a temperatura ambiente. La solucién se agito durante 3 horas y luego se

acidifico hasta pH 6 usando HCI 1N. La fase écuosa se lavd con acetato de etilo y

luego se liofilizé dando el diclorhidrato del compuesto del epigrafe como un sélido

amarillo (que contenia LiCl). El producto se us6 como tal en !as posteriores etapas.

RMN de "H (400 MHz, DMSO-ds) & 8,49 (d, J = 5,7 Hz, 2H), 7,34 (d, J = 5,7 Hz, 2H),

3,56 (s, 1H), 2,21 (s, 6H).

Los siguientes ejemplos se prepararon de una forma similar usando el

procedimiento descrito antes;,

NMe, CLEM: Anal. Calculado para
Cap-19 | : COH CoH12N2O2:  180; encontrado: 181
N (M+H)".

CLEM: sin ionizacién. RMN de 'H

(400 MHz, CD;0D) 8 8,55 (d, J =4,3

Cap-20 | N NM:;H Hz, 1H), 7,84 (t aparente, J = 5,3 Hz,

=N 1H), 7,61 (d, J = 7,8 Hz, 1H), 7,37 (t

aparente, J = 5,3 Hz, 1H), 4,35 (s,
1H), 2,60 (s, 6H).

NMe; CLEM: Anal. Calculado para

Cap-21 | t COH CoH11ciN202: 214, 216; encontrado:
¢ N 215, 217 (M+H)".

526
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CLEM: Anal. Calculado para
Cap-22 /@ACOEH CigH12N2O4: 224 encontrado: 225
O,N .
(M+H)".
NMe,
CLEM: Anal. Calculado para
O CO,H
Cap-23 C4sHsNO2:  229; encontrado: 230
O . (M+H)".
NMe; CLEM: Anal. Calculado para
FiC
Cap-24 COH C11H12F3sNO,: 247; encontrado: 248
(M+H)".
NMe, CLEM: Anal. Caloulado para
Cap-25 @fl\coff” C11H12FsNO2: 247; encontrado: 248
CFS +
(M+H)".
NMe, CLEM: Anal. Calculado para
Cap-26 d\COzH CioH12FNO2: 197; encontrado: 198
F +
(M+H)". A
NMe; CLEM: Anal. Calculado para
F
Cap-27 U\COZH CioH12FNQ,: 247; encontrado: 248
(M+H)".
NMe; CLEM: Anal. Calculado para
cl
Cap-28 UCO2H C1oH42CINO,: 213; encontrado: 214
(M+H)".
NMe, CLEM: Anal. Calculado para
Cap-29 C(LC%H C1oH12CINO2: 213; encontrado: 214
|

C

(M+H)".
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NMe CLEM: Anal. Calculado para

Cap-30 /@AC%H C1oH1,CINOy: 213: encontrado: 214
¢ (M+H)"

NMe, CLEM: Anal. Calcuiado para

Cap-31 S/RACOZH CgH12N20,S8: 200; encontrado: 201

>/ (M+H)". '

NMe, CLEM: Anal. Calculado para

Cap-32 Cs#\ CO,H CsH11NO,S: 185; encontrado: 186
(M+H)*

NMe, CLEM:  Anal.  Calculado para

Cap-33 Sﬁ\COzH CgHy1NO,S: 1'85; encontrado: 186
~ (M+H)",

NMe, CLEM: Anal. Calculado para

Cap-34 QYLCO?:H Ci1H12N>05:  220; encontrado: 221
o™ (M+H)".

NMe, CLEM: Anal. Calculado para

Cap-35 Q]/LCOZH C1oH1sNOLS: 235; encontrado: 236
° (M+H)*

NMe, CLEM: Anal. Calculado para

Cap-36 _</N CO,H C1H14N>O,S: 250; encontrado: 251

s

(M+H)".

608
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N™ ™~ N
L l
OFt 1 2
- Me,N - . OF
/\g/ Me,N t Me,N OH
O <Hel ©

A
B
cap-37

Etapa 1: 2-(quinolin-3-il)-2-(N,N-dimetilamino)-acetato de (R,S)-etilo: Una
mezcla de N,N-dimetilaminoacetato de etilo (0,462 g, 3,54 mmol}, K;PO4 (1,90 g,
8,95 mmol), Pd(t-BusP), (0,090 g, 0,176 mmol) y tolueno (10 ml) se desgasificé con
una corriente de burbujas de Ar durante 15 minutos. La mezcla de reaccion se
calentd entonces a 100 °C durante 12 horas, después de lo cual se enfrié hasta
temperatura ambiente y se vertié en H,O. La mezcla se extrajo con acetato de etilo
(2x) y las fases organicas reunidas se lavaron (H.O, salmuera), se secaron
{(Na;S0Oy), se filtraron y se concentraron a vacio. El residuo se purificé primero por
HPLC preparativa de fase inversa (Primesphere C-18, 30 x 100mm; CH3CN-H,0Q-5
mM NH40Ac) y luego por cromatografia ultrarrapida (SiO./ hexano-acetato de etilo,
1:1) proporcionando el compuesto del epigrafe (0,128 g, 17%) como un aceite
naranja. RMN de 'H (400 MHz, CDCls) 5 8,90 (d, J = 2,0 Hz, 1H), 8,32 (d, J = 2,0 Hz,
1H), 8,03-8,01 (m, 2H), 7,77 (ddd, J = 8,3, 6,8, 1,5 Hz, 1H), 7,62 (ddd, J = 8,3, 6,8,
1,5 Hz, 1H), 4,35 (s, 1H), 4,13 (m, 2H), 2,22 (s, 6H), 1,15 (t, J = 7,0 Hz, 3H). CLEM:
Anal. Calculado para CigH1gN205: 258; encontrado: 259 (M+H)".

Etapa 2: Acido (R,S) 2-(quinolin-3-il)-2-(N,N-dimetilamino)acético: Se calentd
una mezcla de 2-(quinolin-3-il)-2-(N,N-dimetilamino)acetato de (R,S)-etilo (0,122 g,
0,472 mmol) y HCI 6M (3 ml) a 100 °C durante 12 horas. El disolvente se elimin6 a
vacio proporcionando el diclorhidrato del compuesto del epigrafe (0,169 g, >100%)

como una espuma amarillo claro. El material sin purificar se usé en las etapas

AL
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224

siguientes sin purificacién adicional. CLEM: Anal. Calculado para Ci3H4N202: 230;

encontrado: 231 (M+H)".

5 Cap-38
L EE QL
0
. O F N OH
1 ~ N 2 F N
OH + . - “+
F  NR'R? @\)o Me
L 0
_ Ao
. SRAS L,
B Cap-38

Etapa 1: 2-(dimetilamino)-2-(2-fluorofenil)acetato de (R)-((S)-1-feniletilo) y 2-
(dimetilamino)-2-(2-fluorofenil}acetato de {S)-({(S)-1-feniletil): A una mezcla de &cido
(RS)-2-(dimetilamino)-2-(2-flucrofeniljacético (2,60 g, 13,19 mmol), DMAP (0,209 g,

10 1,71 mmol) y (S)-1-feniletanol (2,09 g, 17,15 mmol) en CH,Cl, {40 ml) se afiadi6
. EDCI (3,29 g, 17,15 mmol} y la mezcla se dejdé agitando a temperatura ambiente
durante 12 horas. El disclvente se elimind entonces a vacio y el residuo se reparti¢

con acetato de etilo-H,0. Se separaron las fases, la fase acuosa se volvié a extraer

con acetato de etilo (2x) y las fases organicas reunidas se lavaron (H20, salmuera),

15 se secaron (Na;SOy), se filtraron y se concentraron a vacio. El residuo se purificd
por cromatografia sobre gel de silice (Biotage/ 0-50% de éter dietilico-hexano). La
mezcla diastereomérica pura resultante se separ6 entonces por HPLC preparativa

de fase inversa (Primesphere C-18, 30 x 100mm; CH3;CN-H,0-0,1% de TFA) dando
primero (R)-2-(dimetilamino)-2-(2-fluorofenil)acetato de (S)—1-feneti|o (0,501 g, 13%)
20y luego (S)-2-(dimetilamino)-2-(2-fluorofenil)-acetato de (S)-1-fenetilo (0,727 g. 18%),
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ambas como sus sales TFA. isémero (S,R): RMN de 'H (400 MHz, CD30D) 8 7,65 -
7,70 (m, 1H), 7,55-7,60 (ddd, J = 9,4, 8,1, 1,5 Hz, 1H), 7,36-7,41 (m, 2H), 7,28-7,34
(m, 5H), 6,04 (q, J = 6,5 Hz, 1H), 5,60 (s, 1H), 2,84 (s, 6H), 1,43 (d, J = 6,5 Hz, 3H).
CLEM: Anal. Calcutado para CigHzoFNO2: 301; encontrado: 302 (M+H)": isémero
(S,S): RMN de "H (400 MHz, CD;0D) § 7,58-7,63 (m, 1H), 7,18-7,31 (m, 6H), 7,00
(dd, J = 8,5, 1,5 Hz, 2H), 6,02 (q, J = 6,5 Hz, 1H), 5,60 (s, 1H), 2,88 (s, 6H), 1,54 (d,
J = 6,5 Hz, 3H). CLEM: Anal. Calculado para CigH20FNO;: 301; encontrado: 302
(M+H)". |

Etapa 2: acido (R)-2-(dimetilamino)-2-(2-fluorofeniljacetico: Una mezcla de 2-
(dimetilamino)-2-(2-fluorofenil)acetato de (R)-((S)-1-feniletilo}, sal TFA (1,25 g, 3,01
mmol) y 20% de Pd(OH)./C (0,125 g) en etanol (30 ml) se sometio a hidrogenacion a
temperatura ambiente y presién atmosférica (globo de H;) durante 4 horas. La
solucién se purgd entonces con Ar, se filtré a través de tierra de diatomeas (Celite®)
y se concentrd a vacio. Esto dio el compuesto del epigrafe como un sélido incoloro
(0,503 g, 98%). RMN de 'H (400 MHz, CD;0D) & 7,53-7,63 (m, 2H), 7,33-7,38 (m,
2H), 5,36 (s, 1H), 2,86 (s, 6H). CLEM: Anal. Calculado para CygHy2FNO2: 197;
encontrado: 198 (M+H)".

El isomero S se podia obtener a partr de 2-(dimetilamino)-2-(2-

fluorofenil)acetato de (S)-((S)-1-feniletilo), sal TFA de una forma similar.

Cap-39
Ci NH, cl N7
OH OH
o) 0
cap-19

Una mezcla de (R)-(2-clorofenil)glicina (0,300 g, 1,62 mmol), formaldehido
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(solucién acuosa al 35%, 0,80 ml, 3,23 mmol) y 20% de Pd(OH)./C (0,050 g) se
sometid a hidrogenacion a temperatura ambiente y presion atmosférica (globo de
H,) durante 4 horas. La solucidn se purgd entonces con Ar, se filtré a través de tierra
de diatomeas (Celite®) y se concentré a vacio. El residuo se purificd por HPLC
preparativa de fase inversa (Primesphere C-18, 30 x 100mm; CH3CN-H,0-0,1% de
TFA) dando la sal TFA del compuesto del epigrafe acido (R)-2-(dimetilamino)-2-(2-
clorofenil)acético como un aceite incoloro (0,290 g, 55%). RMN de 'H (400 MHz,
CD;0D) & 7,59-7,65 (m, 2H), 7,45-7,53 (m, 2H), 5,40 (s, 1H), 2,87 (s, 6H). CLEM:
Anal. Calculado para C1oH12CINO,: 213: encontrado: 214 (M+H)".

Cap-40
X
Cl  NH, Cl HN™ "0~
OH OH
0 o
cap-40

A una solucion enfriada en hielo de (R)-(2-clorofenilglicina (1,00 g, 5,38
mmol) y NaOH (0,862 g, 21,6 mmol) en H>O (5,5 ml) se afiadi6é cloroformiato de
metilo (1,00 ml, 13,5 mmol) gota a gota. La mezcla se dej6 agitando a 0 °C durante
1 hora y luego se acidificd mediante la adicion de HCI concentrado (2,5 mi). La
mezcla se extrajo con acetato de etilo (2x) y la fase organica reunida se lavo (H;0,
salmuera), se secd (NaxSO,), se filtrd y se concentré a vacio dando el compuesto
del epigrafe acido (R})-2-(metoxicarbonilaming)-2-(2-clorofenil)acético como una
espuma amarillo-naranja (1,31 g, 96%). RMN de 'H (400 MHz, CDs0D) & 7,39 —
7,43 (m, 2H), 7,29 — 7,31 (m, 2H), 5,69 (s, 1H), 3,65 (s, 3H). CLEM: Anal. Calculado
para CygH1oCINO,: 243; encontrado: 244 (M+H)".

ML
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(S
Cl N
O 0
OH OH

cap-41

5 en THF (20 ml) se anadié morfolina (1,82 g, 21,7 mmol} y la solucién se agité a

A una suspension de acido 2-(2-(clorometil)fenil)acético (2,00 g, 10,8 mmol)

temperatura ambiente durante 3 horas. La mezcla de reaccion se diluyé entonces
con acetato de etilo y se extrajo con H,O (2x). L.a fase acuosa se liofilizé y el residuo
se purificd por cromatografia sobre gel de silice (Biotage/ 0-10% de metanol-CH,Cly)
dando el compuesto del epigrafe acido 2-(2-{morfolinometil}fenil}acético como un

10  solido incoloro (2,22 g, 87%). RMN de 'H (400 MHz, CDs0D) & 7,37-7,44 (m, 3H),
7,29-7,33 (m, 1H), 4,24 (s, 2H), 3,83 (s ancho, 4H), 3,68 (s, 2H), 3,14 (s ancho, 4H).
CLEM: Anal. Calculado para C13H17?NO3: 235; encontrado: 236 (M+H)".

Los siguientes ejemplos se prepararon de igual modo usando el

15  procedimiento descrito para Cap-41:

O CLEM: Anal. Calculado

Cap-42 ° para Ci4HeNOs:  233;

encontrado: 234 (M+H)".

B
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NO CLEM: Anal. Calculado
0
Cap-43 para Cq3Hi;NO2:  219;
OH
encontrado: 220 (M+H)".
Me
N-Me CLEM: Anal. Calculado
0
Cap-44 para CqyHisNOz:  193;
OH
encontrado: 194 (M+H)".
(‘NMe
N\) CLEM: Anal. Calculado
Cap-45 © para CisHoNoO2:  248;
OH +
encontrado: 249 (M+H)".
Cap-45a
ot o
e -0
NH, HN._.O
1 pTsOH
salp _NH
Cap-45a

Se afiadi6 HMDS (1,85 ml, 877 mmol) a una suspensiéon de p-
toluenosulfonato del acido (R)-2-amino-2-fenilacético (2,83 g, 8,77 mmol) en CH,Cl,
(10 ml) y la mezcla se agitd a temperatura ambiente durante 30 minutos. Se afadio
isocianato de metilo (0,5 g, 8,77 mmol) en una porcién continuando la agitacion
durante 30 minutos. La reaccion se inactivd mediante adiciéon de H,O (5 ml) y se
fitré el precipitado resultante, se lavd con H>O y n-hexanos, y se secd a vacio. Se
recuperé acido (R)-2-(3-metilureido)-2-fenilacético (1,5 g; 82 %) como un sélido

blanco y se usd sin purificacién adicional, RMN de 'H (5600 MHz, DMSO-dg) & ppm

HY
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2,54 (d, J=4,88 Hz, 3H) 5,17 (d, J=7,93 Hz, 1H) 5,95 (q, J=4,48 Hz, 1H) 6,66 (d,
J=7,93 Hz, 1H) 7,26 - 7,38 (m, 5H) 12,67 (s, 1H). CLEM: Anal. Calculado para
C1gH12N203 208,08 encontrado 209,121 (M+H)"; HPLC Phenomenex C-18 3,0 x 46
mm, 0 a 100% de B durante 2 minutos, tiempo de mantenimiento 1 minuto, A = 90%
de agua, 10% de metanol, 0,1% de TFA, B = 10% de agua, 90% de metanol, 0,1%
de TFA, Tr = 1,38 min, indice de homogeneidad 90 %.

Cap-46
Y 0 ¥ S0
NH, HNYO
sal pTsOH rNH '
cap-46

El producto deseado se prepard de acuerdo con el procedimiento descrito
para Cap-45a. RMN de "H (500 MHz, DMSO-dg) & ppm 0,96 (t, J=7,17 Hz, 3H) 2,94
- 3,05 (m, 2H) 5,17 (d, J=7,93 Hz, 1H) 6,05 (t, J=5,19 Hz, 1H)} 6,60 (d, J=7,63 Hz,
1H) 7,26 - 7,38 (m, 5H) 12,68 (s, 1H). CLEM: Anal. Calculado para Ci1H14N2O;3
222,10 encontrado 223,15 (M+H)". |
HPLC XTERRA C-18 3,0 x 506 mm, 0 a 100% de B durante 2 minutos, tiempo de
mantenimiento 1 minuto, A = 90% de agua, 10% de metanol, 0,2% de HiPQ,4, B =
10% de agua, 90% de metanol, 0,2% de HiPQO4, Tr = 0,87 min, indice de
homogeneidad 90 %.

Cap-47

S
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1 0/% 2 OH
O - oul . O
HNYO :

NH, HNYO
B Cap-47

Etapa 1. 2-(3,3-dimetilureido)-2-fenilacetato de (R)-terc-butilo: A una solucién
agitada de (R)-terc—butil-2-amino-2-fenilacetato (1,0 g, 4,10 nﬁmol) y base de Hunig
(1,79 ml, 10,25 mmol) en DMF (40 ml) se afadié cloruro de dimetilcarbamoilo (0,38
ml, 4,18 mmol) gota a gota durante 10 minutos. Después de agitar a temperatura
ambiente durante 3 horas, la reaccién se concentrd a presion reducida y el residuo
resultante se disolvié en acetato de etilo. La fase organica se lavé con H,O, HCI ac.
1N y salmuera, se secé (MgSO,), se filtrd v se concentrd a presion reducida. Se
obtuvo 2-(3,3-dimetilureido)-2-fenilacetato de (R)-terc-butilo como un sélido blanco (
0,86 g; 75%) y se usd sin purificacion posterior. RMN de 'H (500 MHz, DMSO-dg) &
ppm 1,33 (s, 9H) 2,82 (s, 6H) 5,17 (d, J=7,63 Hz, 1H) 6,55 (d, J=7,32 Hz, 1H) 7,24 -
7,41 (m, 5H). CLEM: Anal. Calculado para CisH2:N,03 278,16 encontrado 279,23
(M+H)"; HPLC Phenomenex LUNA C-18 4,6 x 50 mm, 0 a 100% de B durante 4
minutos, tiempo de mantenimiento 1 minuto, A = 90% de agua, 10% de metanol,
0,1% de TFA, B = 10% de agua, 90% de metanol, 0,1% de TFA, Tr = 2,26 min,
indice de homogeneidad 97%.

Etapa 2: acido (R)-2-(3,3-dimetilureido)-2-fenilacético: A una solucion agitada
de 2-(3,3-dimetilureido)-2-fenilacetato de ((R)-terc-butilo (0,86 g, 3,10 mmol} en
CH,Cl2 (250 ml) se afiadié TFA (15 ml) gota a gota y la solucién resultante se agité a
ta durante 3 horas. El compuesto deseado pre_cipité entonces en solucién con una

mezcla de EtOAC:Hexanos (5:20), se separd por filtracion y se secd a presion
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reducida. Se aislé &cido (R)-2-(3,3-dimetilureido)-2-fenilacético como un sélido
blanco {0,59g, 86%) y se usé sin purificacién posterior. RMN de 'H (500 MHz,
DMSO-dg) & ppm 2,82 (s, 6H) 5,22 (d, J=7,32 Hz, 1H) 6,58 (d, J=7,32 Hz, 1H) 7,28
t J=7,17 Hz, 1H) 7,33 (t, J=7,32 Hz, 2H) 7,38 - 7,43 (m, 2H) 12,65 (s, 1H). CLEM:
Anal. Calculado para Ci1H1N203 222,24; encontrado: 223,21 (M+H)'. HPLC
XTERRA C-18 3,0 x 50 mm, 0 a 100% de B durante 2 minutos, tiempo'de
mantenimiento 1 minuto, A = 90% de agua, 10% de metanol, 0,2% HsPO4, B = 10%
de agua, 90% de metanol, 0,2% HiPO,, Tr = 0,75 min, indice de homogeneidad
93%.

Cap-48
sEQIIN oY QNN Y.
z 0 z O z o
NH, HNYO - * HN.__.O
’ ort ot
B Cap-48

Etapa 1: 2-(3-ciclopentilureido)-2-fenilacetato de (R)-terc-butilo: A una
solucion agitada de clorhidrato del &cido (R)-2-amino-2-fenilacético (1,0 g, 4,10
mmol) y base de Hunig (1,0 ml, 6,15 mmol) en DMF (15 ml) se aiadié isocianato de
ciclopentilo (0,46 ml, 4,10 mmol) gota a gota y durante 10 minutos. Después de
agitar a temperatura ambiente durante 3 horas, la reaccién se concentré a presion
reducida y el residuo resultante se suspendié en acetato de etilo. La fase organica
se lavo con H;0 y salmuera, se secd (MgSQy), se filtrd y se concentré a presion
reducida. Se obtuvo 2-(3-ciclopentilureido)-2-fenilacetato de (R)-terc-butilo como un

aceite opaco (1,32 g; 100 %) y se usé sin purificacién posterior. RMN de 'H (500
MHz, CDsCI-D) & ppm 1,50 - 1,57 (m, 2H) 1,58 - 1,66 (m, 2H) 1,87 - 1,97 (m, 2H)

Hy
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3,89 - 3,98 (m, 1H) 5,37 (s, 1H) 7,26 - 7,38 (m, 5H). CLEM: Anal. Calculado para
C1sH26N203 318,19 encontrado 319,21 (M+H)"; HPLC XTERRA C-18 3,0 x 50 mm, 0
a 100% de B durante 4 minutos, tiempo de mantenimiento 1 minuto, A = 90% de
agua, 10% de metanol, 0,1% de TFA, B = 10% de agua, 90% de metanol, 0,1% de
TFA, Tr = 2,82 min, indice de homogeneidad 96%.

Etapa 2. Acido (R)-2-(3-ciclopentilureido)-2-fenilacético: A una solucién
agitada de 2-(3-ciclopentilureido)-2-fenilacetato de (R)-terc-butilo (1,31 g, 4,10 mmol)
en CHyClz (25 ml} se anadié TFA (4 ml) y trietilsilano (1,64 mi; 10,3 mmol) gota a
gota, y la solucién resultante se agitd a temperatura ambiente durante 6 horas. Los
componentes volatiles se eliminaron a presion reducida y el producto bruto se
recristalizé en acetato de etilo/pentanos proporcionando acido (R)-2-(3-
ciclopentilureido)-2-fenilacético como un sélido blanco (0,69 g, 64%). RMN de 'H
(500 MHz, DMSO-dg) & ppm 1,17 - 1,35 (m, 2H) 1,42 - 1,52 (m, 2H) 1,53 - 1,64 (m,
2H) 1,67 - 1,80 (m, 2H) 3,75 - 3,89 (m, 1H) 5,17 (d, J=7,93 Hz, 1H) 6,12 (d, J=7,32
Hz, 1H) 6,48 (d, J=7,93 Hz, 1H) 7,24 - 7,40 (m, 5H) 12,73 (s, 1H). CLEM: Anal.
Calculado para C14H1gN2O3: 262,31; encontrado: 263,15 (M+H)". HPLC XTERRA C-
18 3,0 x 50 mm, 0 a 100% de B durante 2 minutos, tiempo de mantenimiento 1
minuto, A = 90% de agua, 10% de metano!, 0,2% HiPQ,4, B = 10% de agua, 90% de
metanol, 0,2% H3PO4, Tr = 1,24 min, indice de homogeneidad 100%.

Cap-49

Oy — oy

cap-49

A una solucién agitada de acido 2-(bencilamino)acético (2,0 g, 12,1 mmol) en

acido formico (91 ml) se afadio formaldehido (6,94 mi, 93,2 mmol). Después de

HO
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cinco horas a 70 °C, la mezcla de reaccidn se concentré a presion reducida hasta 20
ml y precipité un sélido blanco. Después de filtrar, las aguas madres se recogieron y
se concentr6 ademas a presion reducida proporcionando el producto bruto. La
purificacién por HPLC preparativa de fase inversa (Xterra 30 X 100 mm, deteccion a
220 nm, Caudal 35 mi/min, 0 a 35% de B durante 8 min; A = 90% de agua, 10 % de
metanol, 0,1% de TFA, B = 10% de agua, 90 % de metanol, 0,1% de TFA)
proporciond el compuesto del epigrafe acido 2-(bencil(metil)-amino)acético como su
sal TFA (723 mg, 33%) como una cera incolora. RMN de 'H (300 MHz, DMSO-dg) &
ppm 2,75 (s, 3H) 4,04 (s, 2H) 4,34 (s, 2H) 7,29 - 7,68 (m, 5H). CLEM: Andlisis
calculado para: CyoH13NO; 179,09; Encontrado: 180,20 (M+H)*.

Cap-50

HEOH E/OH
0 ©/\l 0

Cap-50

A una solucion agitada de acido 3-metil-2-(metilamino)butanoico(0,50 g, 3,81
mmol) en agua ( 30 ml) se afadiéo K,CO3 (2,63 g, 19,1 mmol) y cloruro de bencilo
(1,32 g, 11,4 mmal). La mezcla de reaccion se agité a temperatura ambiente durante
18 horas. La mezcla de reaccién se extrajo con acetato de etilo (30 ml x 2) y la fase
acuosa se concentré a presion reducida proporcionando el producto bruto que se
purificd por HPLC preparativa de fase inversa (Xterra 30 x 100mm, deteccion a 220
nm, Caudal 40 mi/min, 20 a 80% de B durante 6 min; A = 90% de agua, 10 % de
metanol, 0,1% de TFA, B = 10% de agua, 80 % de metanol, 0,1% de TFA)
proporcionando acido 2-(bencil(metil)amino)-3-metilbutanoico, sal TFA (126 mag,

19%) como una cera incolora. RMN de 'H (500 MHz, DMSO-dg) & ppm 0,98 (d, 3H)

A
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1,07 (d, 3H) 2,33 - 2,48 (m, 1H) 2,54 - 2,78 (m, 3H) 3,69 (s, 1H) 4,24 (s, 2H) 7,29 -
7,65 (m, 5H). CLEM: Analisis calculado para: C13H1gNO,221,14; Encontrado; 222,28
(M+H)".

5 Cap-51
l

. OYO o
HTOH
Se afiadié Na;CO; (1,83g, 17,2 mmol} a una soluciéon de NaOH (33 ml de
TM/H20, 33 mmol) de L-valina (3,9 g, 33,29 mmol) y la solucidn resultante se enfrio
con bafio de hielo-agua. Se anadié gota a gota durante 15 minutos cloroformiato de
10 metilo (2,8 ml, 36,1 mmol), se retird el bafio de enfriamiento y la mezcia de reaccion
se agité a temperatura ambiente durante 3,25 horas. La mezcla de reaccién se lavd
con éter (50 ml, 3x), y la fase acuosa se enfrid con un bafio de hielo-agua y se
acidificé con HCI concentrado hasta un pH de 1-2, y se extrajo con CH,Cl, (50 ml,
. 3x). La fase organica se seco tMgSO4) y se evaporé a vacio proporcionando Cap-51
15 como un sdlido blanco (6 g). RMN de 'H para el rotamero ddminante (DMSO-ds, 6=
2,5 ppm, 500 MHz): 12,54 (s, 1H), 7,33 (d, J = 8,6, 1H), 3,84 (dd, J = 8,4, 6,0, 1H),
3,54 (s, 3H), 2,03 (m, 1H), 0,87 (m, 6H). EMAR: Anal. Calculado para [M+H]"
C7H14NO4: 176,0923; encontrado 176,0922.

20 Cap 51 (ruta alternativa)
ol i
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Se anadié DIEA (137,5 ml, 0,766 mol) a una suspension de clorhidrato de 2-
amino-3-metilbutanoato de (S)-terc-butilo (75,0 g, 0,357 mel) en THF (900 ml}, y la
mezcla se enfribé hasta 0 °C (bafio de hielo/agua). Se afadio gota a gota durante 45
minutos_ cloroformiato de metilo (29,0 ml, 0,375 mol), se retird el barfo de
enfriamiento y la mezcla heterogénea se agité a temperatura ambiente durante 3 h.
El disolvente se elimind a presion reducida y el residuo se repartié entre EtOAc y
agua (1 litro de cada uno). La fase organica se lavé con HxO (1 1) y salmuera (1 1), se
secH (MgSQ,), se filtréd y se concentrd a presion reducida. El material bruto se hizo
pasar a traves de un lecho corto de gel de silice (1 kg), eluyendo con hexanos (4 1) y
EtOAcihexanos 1585 (4 1) proporcionando  2-(metoxicarbonilaming)-3-
metilbutanoato de (S)-terc-butilo como un aceite transparente (82,0 g, 99% de
rendimiento). RMN de 'H (500 MHz, DMSO-ds, 8 = 2,5 ppm) 7,34 (d, J = 8,6, 1 H),
3,77 (dd, /= 8,6,6,1, 1 H), 3,53 (s, 3 H}, 1,94 - 2,05 (m, 1 H), 1,39 (s, 9 H), 0,83 -
0,92 (m, 6 H). RMN de "*C (126 MHz, DMSO-ds, § = 39,2 ppm) 170,92, 156,84,
80,38, 60,00, 51,34, 29,76, 27,62, 18,92, 17,95. CL/EM: [M+Na]" 254,17.

Se anadieron acido trifluoroacético {343 ml, 4,62 mol) y EtsSiH (142 ml, 0,887
mol} secuencialmente a una solucién de 2-(metoxicarbonilamino)-3-metilbutanocato
de (S)-terc-butilo (82,0 g, 0,355 mol} en CHxCl, (675 ml), y la mezcla se agité a
temperatura ambiente durante 4 h. El componente volatil se elimind a presion
reducida y el aceite resultante se ftrituré6 con éter de petrdlec (600 ml)
proporcionando un sélido blanco, que se filtré y se lavéd con hexanos (500 ml) y éter
de petréleo (500 ml). La recristalizacién en EtQOAc/éter de petrélec proporcioné Cap-
51 como cristales a modo de escamas blancos (54,8 g, 88 % de rendimiento). PF =
108,5-109,5 °C. RMN de 'H (500 MHz, DMSO-ds, & = 2,5 ppm) 12,52 (s, 1 H), 7,31
(d, J=8,6, 1 H),383(dd, J= 86,61, 1 H), 3,53 (s, 3 H), 1,94 - 2,07 (m, 1 H), 0,86

5]
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(dd, J = 8,9, 7,0, 6 H). RMN de "C (126 MHz, DMSO-ds, 5 = 39,2 ppm) 173,30,
156,94, 59,48, 51,37, 29,52, 19,15, 17,98. CL/EM: [M+H]" = 176,11. Andlisis
calculado para C;H{3NQO4: C, 47,99; H, 7,48; N, 7,99. Encontrado: C, 48,17; H, 7,55;
N, 7,99. Rotacién optica: {a] p = -4,16 (12,02 mg/ml; MeOH). Pureza 6ptica: >99.5 %
ee. Nota: la valoracidn de la pureza dptica se realiz6 en el derivado éster metilico de
Cap-51, que se prepard segun un protocolo de esterificacion normalizado en
TMSCHN, (benceno/MeOH). Condiciones del analisis de HPLC: columna, ChiralPak
AD-H (4,6 x 250mm, 5pm); disolvente, heptano al 95% / IPA al 5% (isocratico);
caudal, 1 ml/min; temperatura, 35 °C; UV controlado a 205 nm.

[Nota: Cap 51 también se podia adquirir de Flamm.]

Cap-52 (lgual que Cap-12)
0.0 0

HN"'I)J\OH

Se sintetizd Cap-52 a partir de L-alanina de acuerdo con el procedimiento
descrito para la sintesis de Cap-51. Con fines caracterizadores, se purificd una
porcién del material bruto por una HPLC de fase inversa (H.O/metanol/TFA)
proporcionando Cap-52 como un aceite incoloro viscoso. RMN de 'H (DMSO-ds, & =
2,5 ppm, 500 MHz): 12,49 (s ancho, 1H), 7,43 (d, J = 7,3, 0,88H), 7,09 (s ancho
aparente, 0,12H), 3,97 (m, 1H), 3,53 (s, 3H), 1,25 (d, J = 7,3, 3H).

Cap-53 a -64 se prepararon a partir de materiales partida apropiados de
acuerdo con el procedimiento descrito para la sintesis de Cap-51, con las

modificaciones indicadas si {as hubiera.

552
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Cap

Estructura

Datos

Cap-53a: (R)
Cap-53b: (S)

RMN de 'H (DMSO-dg, & = 2,5 ppm, 500
MHz): 6 12,51 (s ancho, 1H), 7,4 (d, /=7,9,
0,9H}, 7,06 (s ap., 0,1H), 3,86-3,82 (m, 1H),
3,53 (s, 3H), 1,75-1,67 (m, 1H), 1,62-1,54
(m, 1H), 0,88 (d, J = 7,3, 3H). Tr = 0,77
minutos (Cond. II}; CL/EM: Anal. Calculado
para [M+Na]® CgHi;NNaQ, 184,06:
encontrado 184,07. EMAR Calculado para
[M+Na]* CoH11NNaOy: 184,0586;
encontrado 184,0592..

Cap-54a. (R)
Cap-54b: (S)

RMN de "H (DMSO-dg, 5 = 2,5 ppm, 500
MHz): & 12,48 (s, 1H), 7,58 (d, J = 7,6,
0,0H), 7.25 (s ap., 0,1H), 3,52 (s, 3H), 3,36-
3,33 (m, 1H), 1,10-1,01 (m, 1'|-|), 0,54-0,49
(m, 1H), 0,46-0,40 (m, 1H), 0,39-0,35 (m,
1H), 0,31-0,21 (m, 1H). EMAR Calculado
para  [M+H]" C;H;:NOgs  174,0766;
encontrado 174,0771

Cap-55

RMN de 'H (DMSO-ds, § = 2,5 ppm, 500
MHz): & 12,62 (s, 1H), 7.42 (d, J = 8,2,
0,9H), 7,07 (s ap., 0,1H), 5,80-5,72 (m, 1H),
510 (d, J = 17,1, 1H), 5,04 (d, J = 10,4,
1H), 4,01-3,96 (m, 1H), 3,53 (s, 3H), 2,47-

555



-238-

2,42 (m, 1H), 2,35-2,29 {(m, 1H).

Cap-56

RMN de 'H (DMSO-ds, 5 = 2,5 ppm, 500
MHz): & 12,75 (s, 1H), 7,38 (d, J = 8,3,
0,9H), 6,96 (s ap., 0,1H), 4,20-4,16 (m, 1H),
3,60-3,55 (m, 2H), 3,54 (s, 3H), 3,24 (s,
3H).

Cap-57

RMN de '"H (DMSO-dg, 8 = 2,5 ppm, 500
MHz): 6 12,50 (s, 1H), 8,02 (d, J = 7.7,
0,08K),7,40(d, J=7,9,0,76H), 7,19 (d, J =
8,2, 0,07H), 7,07 (d, J = 6,7, 0,09H), 4,21-
412 (m, 0,08H), 4,06-3,97 (m, 0,07H),
3,96-3,80 (m, 0,85H), 3,53 (s, 3H), 1,69-
1,51 (m, 2H), 1,39-1,26 (m, 2H), 0,85 (t, J =
7,4, 3H). CL (Cond. Il): Tr = 1,39 CL/EM:
Anal. Calculado para [M+H]" C;H14NOy :
176,09; encontrado 176,06.

Cap-58

RMN de 'H (DMSO-ds, & = 2,5 ppm, 500
MHz): § 12,63 (s ancho, 1H), 7,35 (s,1H),
7,31 (d, J =82, 1H), 6,92 (s, 1H), 4,33-
429 (m, 1H), 3,54 (s, 3H), 2,54(dd, J =
15,5, 6,4, 1H), 2,43 (dd, J = 15,6, 8,0, 1H).
Tr = 3,16 min (Cond. Il); CL/EM: Anal.
Calculado para [M+H]" CgH13N2Os : 191,07;

encontrado 191,14,

<5
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Cap-59a: (R) RMN de 'H (DMSO-ds, § = 2,5 ppm, 400
Cap-59b: (S) MHz): 8 12,49 (s ancho, 1H), 7,40 (d, J =

P 7,3, 0,89H), 7,04 (s ancho, 0,11H), 4,00-
\/O\H/Nj)LOH 3,95 (m, 3H), 1,24 (d, J =7,3, 3H), 1,15 (¢, J
= 7,2, 3H). EMAR: Anal. Calculado para
[M+H]" CgHi2NO4: 162,0766; encontrado
162,0771.

Cap-60 El material bruto se purificé con una HPLC
de fase inversa (H,O/MeOHITFA)
proporcionando un aceite viscoso incoloro
que cristalizd en un sélido blanco al

4 0 exponerse a alto vacio. RMN de 'H
/OYNKLOH (DMSO-ds, & = 2,5 ppm, 400 MHz): 5 12,38
(s ancho, 1H), 7,74 (s, 0,82H), 7,48 (s,
0,18H), 3,54/3,51 (dos s, 3H), 1,30 (m, 2H),
0,98 (m, 2H). EMAR: Anal. Calculado para
[M+H]" CeH1oNO4: 160,0610; encontrado
160,0604.

Cap-61 RMN de 'H (DMSO-ds, 3 = 2,5 ppm, 400

H o9 MHz): 8 12,27 (s ancho, 1H), 7,40 (s ancho,
/O\H’N%OH 1H), 3,50 (s, 3H), 1,32 (s, 6H). EMAR: Anal.
Calculado para [M+H]" CgH1zNOy:
162,0766; encontrado 162,0765.

- 1 _
Cap-62 e N\__)J\ on RMN de "M (DMSO-ds, 5 = 2,5 ppm, 400
O A~ MHz): § 12,74 (s ancho, 1H), 4,21 (d, J =
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10,3, 0,6H), 4,05 (d, J = 10,0, 0,4H),
3,62/3,60 (dos singletes, 3H), 3,0 (s, 3H),
2,14-2,05 (m, 1H), 0,95 (d, J = 6,3, 3H),
081 (d J = 66, 3H). CLEM: Anal
Calculado para [M-H]" CgH{4NO4: 188,09;
encontrado 188,05,

Cap-63

[Nota: se dejo proceder la reaccion durante
mas tiempo que el indicado para el
procedimiento general] RMN de 'H
(DMSO-dg, & = 2,5 ppm, 400 MHz): 12,21 (s
ancho, 1H), 7,42 (s ancho, 1H), 3,50 (s,
3H), 2,02-1,85 (m, 4H), 1,66-1,58 (m, 4H).
CL/EM: Anal. Calculado para [M+H]'
CgH14NQO4: 188,09: encontrado 188,19.

Cap-64

[Nota: se dejo proceder [a reaccidon durante
mas tiempo que el indicado para el
procedimiento general] RMN de 'H
(DMSO-dg, 6 = 2,5 ppm, 400 MHz): 12,35 (s
ancho, 1H), 7,77 (s, 0,82H), 7,56/7,52 (s
ancho solapante, 0,18H), 3,50 (s, 3H),
2,47-2,40 (m, 2H), 2,14-2,07 (m, 2H), 1,93-
1,82 {m, 2H).

Cap-65

520
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o0
/O\"/N,,_ o
O oH

Se afadi6 cloroformiato de metilo (0,65 ml, 8,39 mmol) gota a gota durante 5
minutos a una mezcla enfriada (hielo-agua) de Na,COj; (0,449 g, 4,23 mmol), NaOH
(8,2 ml de 1M/H20, 8,2 mmol) y acido (S)-2-amino-3-hidroxi-3-metilbutanoico (1,04
g, 7,81 mmol). La mezcla de reaccion se agitd durante 45 min, y luego se retird el
bafio de enfriamiento y se continud agitando durante otras 3,75 horas. LLa mezcla de
reaccion se lavo con CHyCl,, y la fase acuosa se enfrio con bario de hielo-agua y se
acidificé con HCI concentrado hasta una region de pH de 1-2. EIl componente volatil
se elimind a vacio y el residuo se suspendid en una mezcla 2:1 de MeQH/CH,Cl,
(15 ml) y se filtro, y el filtrado se sometié a evaporaciéon rotativa proporcionando
Cap-65 como una espuma semiviscosa blanca (1,236 g). RMN de 'H (DMSO-dg, & =
2,5 ppm, 400 MHz): 8 6,94 (d, J = 8,5, 0,9 H), 6,53 (s ancho, 0,1H), 3,89 (d, J = 8,8,
1H), 2,94 (s, 3H), 1,15 (s, 3H), 1,13 (s, 3H).

Cap-66 y -67 se prepararon a partir de materiales de partida disponibles

comercialmente empleando el procedimiento descrito para la sintesis de Cap-65.

Cap-66
H 0

O NS o
11; “'OH
RMN de 'H (DMSO-ds, 5 = 2,5 ppm, 400 MHz): & 12,58 (s ancho, 1H), 7,07 (d,
J =83, 0,13H), 6,81 (d, J = 8,8, 0,67H), 4,10-4,02 {m, 1,15H), 3,91 (dd, J = 9,1, 3,5,
0,85H), 3,56 (s, 3H), 1,09 (d, J = 6,2, 3H). [Nota: solo se indican las sefiales

dominantes de NH]

X
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Cap-67
0

H
AN Ao
bl
RMN de "H (DMSO-dg, & = 2,5 ppm, 400 MHz): 12,51 (s ancho, 1H), 7,25 (d, J
= 8,4, 0,75H), 7,12 (d ancho, J = 0,4, 0,05H), 6,86 (s ancho, 0,08H), 3,85-3,85 (m,
2H), 3,54 (s, 3H), 1,08 (d, J = 6,3, 3H). [Nota: solo se indican las sefiales

dominantes de NH]

Se anadié cloroformiato de metilo (0,38 ml, 4,9 mmol) gota a gota a una
mezcla de NaOH 1N (ac) (9,0 ml, 9,0 mmol), NaHCO3; 1M (ac) (9,0 mi, 9,0 mol),
éster B-bencilico del acido L-aspartico (1,0 g, 4,5 mmol) y dioxano (9 ml). La mezcla
de reaccidén se agitd en condiciones ambientales durante 3 horas, y luego se lavd
con acetato de etilo (50 ml, 3x). La fase acuosa se acidificd con HCI 12N hasta un
pH ~ 1-2, y se extrajo con acetato de etilo (3 x 50 ml). Las fases organicas reunidas
se lavaron con salmuera, se secaron (Na2804), se filtraron y se concentraron a
vacio proporcionando Cap-68 como un aceite amarillo claro (1,37g; la masa es
superior al rendimiento teorico, y el producto se usé sin purificacidn adicional). RMN
de "H (DMSO-dg, 5 = 2,5 ppm, 500 MHz): & 12,88 (s ancho, 1H), 7,55 (d, J = 8,5,
1H), 7,40-7,32 (m, 5H), 5,13 (d, J = 12,8, 1H), 5,10 (d, J = 12,9, 1H), 4,42-4,38 (m,
1H), 3,55 (s, 3H), 2,87 (dd, J = 16,2, 5,5, 1H), 2,71 (dd, J =16,2, 8,3, 1H). CL (Cond.
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I): Tr = 1,90 min; CL/EM: Analisis calculado para [M+H]" C3H4sNQs: 282,10:
encontrado 282,12.

Cap-69a y -69b
j O Cap-69a; enantidmero (R)
\/NW)I\O Cap-69b: enantibmero (S)

Se afnadid NaCNBH; (2,416 g, 36,5 mmol) en lotes a una solucién acuosa
enfriada (~15°C) (17 ml)/MeOH (10 ml) de alanina (1,338 g, 15,0 mmol). Unos pocos
minutos después se afiadié gota a gota durante 4 minutos acetaldehido (4,0 ml, 71,3
mmol), se retird entonces el bafio de enfriamiento y la mezcla de reaccion se agité
en condiciones ambientales durante 6 horas. Se afadié mas acetaldehido (4,0 mh) y
la reaccion se agité durante 2 horas. Se afiadié HCI concentrado lentamente a la
mezcla de reaccidon hasta que el pH alcanzé ~ 1,5, y la mezcla resultante se calenté
durante 1 hora a 40°C. La mayoria del componente volatil se eliminé a vacio y el
residuo se purificé con una resina de intercambio idnico Dowex ® 50WX8-100 (la
columna se lavo con agua y el compuesto se eluyé con NH4OH diluido, preparado
mezctando 18 ml de NH,OH y 282 ml de agua) proporcionando Cap-69 (2,0 g) como
un sélido higroscopico blando blanquecino. RMN de 'H (DMSO-dg, & = 2,5 ppm, 400
MHz): & 3,44 (q, J = 7,1, 1H), 2,99-2,90 (m, 2H), 2,89-2,80 (m, 2H), 1,23 (d, J =71,
3H), 1,13 (t, J = 7,3, 6H).

Cap-70 a -74x se prepararon de acuerdo con el procedimiento descrito para

la sintesis de Cap-69 empleando materiales de partida apropiados.

Cap-70a: (R m, 4

4 a: (R) H 0 RMN de H (DMSO-ds, & = 2,5 ppm, 400
-70h" N

Cap-70b: (S) | .~ WJ\OH MHz): 8 3,42 (q, J = 7.1, 1H), 2,68-2,60 (m,

=54
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4H), 1,563-1,44 (m, 4H), 1,19 (d, J = 7.3,
3H), 0,85 (t, J = 7,5, 6H). CL/EM: Anal.
Calculado para [M+H]" CoHzoNO2: 174,15;
encontrado 174,13.

Cap-71a: (R) RMN de 'H (DMSO-dg, 5 = 2,5 ppm, 500
Cap-71b: (S) MHz): & 3,18-3,14 (m, 1H), 2,84-2,77 (m,
\j'\“)j\m 2H), 2,76-2,68 (m, 2H), 1,69-1,54 (m, 2H),
1,05 (t, J = 7,2, 6H), 0,91 (t, J = 7.3, 3H).
CL/EM: Anal. Calculado para [M+H]"

CsHsNO»: 160,13; encontrado 160,06.
Cap-72 RMN de 'H (DMSO-dg, & = 2,5 ppm, 400
MHz): 8 2,77-2,66 (m, 3H), 2,39-2,31 (m,

\\ 0

\/N/\a\OH 2H), 1,94-1,85 (m, 1H), 0,98 (¢, J = 7,1, 6H),
0,91 (d, J = 6,5, 3H), 0,85 (d, J = 6,5, 3H).
CL/EM: Anal. Calculado para [M+H]

CoHogNO2: 174 15; encontrado 174,15.
Cap-73 N o RMN de 'H (DMSO-dg, § = 2,5 ppm, 500
\/N\:)J\OH MHz): & 9,5 (s ancho, 1H), 3,77 (dd, J =
:\cla 10,8, 4,1,1H), 3,69-3,61 ( m, 2H), 3,26 (s,
3H), 2,99-2,88 (m, 4H), 1,13 (t, J =7,2, 6H).
Cap-74 R RMN de 'H (DMSO-ds, § = 2,5 ppm, 500
\:\, o MHz): § 7,54 (s, 1H), 6,89 (s, 1H), 3,81 (t, J
o = 6,6, k,1H), 2,82-2,71 (m, 4H), 2,63 (dd, J
NH; = 15,6, 7,0, 1H), 2,36 (dd, J = 15,4, 6,3,

1H), 1,09 (t, J = 7,2, 6H). Tr = 0,125
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minutos (Cond. Il}; CL/EM: Anal. Calculado
para [M+H]+ CgH17N205 : 189,12;
encontrado 189,13.

_ M
Cap-74x N CL/EM: Anal. Calculado para [M+H]'

C10H22N022 188,17; encoentrado 188,21

Cap-75

N o©

\/NTKOH

0
i

Cap-75, etapa a

0]
\j\l\ﬁjxo,Bn

OH

Se anadio NaBH,;CN (1,6 g, 25,5 mmol) a una solucién enfriada (bafio de
hielo/agua) en agua (25 ml)/metanol (15 ml) de H-D-Ser-OBzl HCI (2,0 g, 8,6 mmol).
Se afadié acetaldehido (1,5 ml, 12,5 mmol) gota a gota durante 5 min, se retird el
bano de enfriamiento, y la mezcla de reaccién se agité en condiciones ambientales
durante 2 horas. La reacciéon se inactivdé cuidadosamente con HC! 12N y se
concentrd a vacio. El residuo se disolvio en agua y se purificd con una HPLC de
fase inversa (MeOH/H,OfTFA) proporcionando la sal TFA de 2-(dietilamino)-3-
hidroxipropanoato de (R}-bencilo como un aceite incoloro viscoso (1,9 g). RMN de
'H (DMSO-dg, & = 2,5 ppm, 500 MHz): & 9,73 (s ancho, 1H), 7,52-7,36 (m, 5H), 5,32
(d, J =12,2, 1H), 5,27 (d, J = 12,5, 1H), 4,54-4,32 (m, 1H), 4,05-3,97 (m, 2H), 3,43~
3,21 (m, 4H), 1,23 {t, J = 7,2, 6H). CL/EM (Cond. II): Tg = 1,38 min; CL/EM: Anal.

56!
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Calculado para [M+H]" C14H22NO3: 252,16; encontrado 252,19.

Cap-75

Se afadié NaH (0,0727 g, 1,82 mmol, 60%) a una solucién enfriada (hielo-
agua) en THF (3,0 ml) de la sal TFA de 2-(dietilamino)-3-hidroxipropanoato de (R)-
bencilo (0,3019 g, 0,8264 mmol) preparada antes, y la mezcla se agitd durante 15
min. Se afiadié yoduro de metilo (56 pl, 0,90 mmol) y se continud agitando durante
18 horas dejando que el bafio se descongelara hasta condiciones ambiente. La
reaccion se inactivé con agua y se cargo en un cartucho MCX preacondicionado con
MeOH (6 g) y se lavd con metanol seguido por elucién del compuesto con NH;
2N/Metanol. La eliminacidn del componente volatil a vacio proporciond Cap-75,
contaminado con acido (R)-2-(dietilamino)-3-hidroxipropancico, como un semisdlido

amarillo (100 mg). El producto se usé como tal sin purificacion adicional.

Cap-76
y O
TN"- OH

0
N
(7

Se anadio NaCNBH3; (1,60 g, 24,2 mmol) en cargas a una solucidén enfriada

O

(~15 °C) en agua/MeOH (12 ml cada uno) de acido (S)-4-amino-2-(terc-
butoxicarbonilamino) butanoico (2,17 g, 9,94 mmol). Unos pocos minutos después
se afadid acetaldehido (2,7 mi, 48,1 mmol) gota a gota durante 2 min, se retird el
bafio de enfriamiento y la mezcla de reaccion se agité en condiciones ambientales

durante 3,5 horas. Se afadié mas acetaldehido (2,7 ml, 48,1 mmol) y la reaccién se

20
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agitd durante 20,5 horas. Se eliminé a vacio la mayoria del componente MeOH, y la
mezcla restante se tratd con HCI concentrado hasta que su pH llegd a ~ 1,0 y luego
se calentd durante 2 horas a 40 °C. El componente volatil se elimind a vacio, y el
residuo se tratdé con HCI 4 M/dioxano (20 ml) y se agitd en condiciones ambientales
durante 7,5 horas. £l componente volatil se elimind a vacio y el residuo se purificd
con resina de intercambio i6nico Dowex ® 50WX8-100 (la columna se lavéd con agua
y el compuesto se eluyd con NH,OH diluido, preparado a partir de 18 ml de NH,OH
y 282 mi de agua) proporcionando el intermedio acido (S)-2-amino-4-
(dietilamino)butanoico como un sélido blanquecino (1,73 g).

Se anadid cloroformiato de metilo (0,36 mi, 4,65 mmol} gota a gota durante
11 min a una mezcla enfriada (hielo-agua) de NayCOj; (0,243 g, 2,29 mmol), NaOH
(4,6 ml de 1M/H;0, 4,6 mmol) y el producto anterior (802,4 mg). La rﬁezcla de
reaccion se agitd durante 55 min, y luego se retird el bafio de enfriamiento y se
continud agitando durante otras 5,25 horas. La mezcla de reaccién se diluyd con un
volumen igual de agua y se lavé con CH,Cl; (30 mi, 2x), y la fase acuosa se enfrié
con bafo de hielo-agua y se acidificé con HCI concentrado hasta un pH en torno a 2.
El componente volatil se elimind a vacio y el material bruto se desbasificé con resina
MCX (6,0q9; la columna se lavé con agua, y la muestra se eluyd con NH; 2.0
M/MeQH) proporcionando Cap-76 impuro como un sélido blanquecino (704 mg).
RMN de 'H (MeOH-d,, & = 3,29 ppm, 400 MHz): & 3,99 (dd, J = 7,5, 4,7, 1H), 3,62 (s,
3H), 3,25-3,06 (m, 6H), 2,18-2,09 (m, 1H), 2,04-1,96 (m, 1H), 1,28 (t, J = 7,3, 6H).
CL/EM: Anal. Calculado para [M+H]+ CioH21N204: 233,15; encontrado 233,24.

Cap-77ay-77b

65
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0
QL

) Cap-77a: enantiémero 1

;b Cap-77b: enantiomero 2
La sintesis de Cap-77 se llevé a cabo de acuerdo con el procedimiento
descritc para Cap-7 usando 7-azabiciclo[2.2.1lheptano para la etapa de
desplazamiento SN, y efectuando la separacién enantiomérica del intermedio 2-(7-
azabiciclo[2.2.1}heptan-7-il)-2-fenilacetato de bencilo usando las siguientes
condiciones: el intermedio (303,7 mg) se disolvié en etanol, y la solucion resultante
se inyectd en una columna HPLC quiral {(columna Chiracel AD-H, 30 x 2560 mm, 5
um) eluyendo con 90% de CO,-10% de EtOH a 70 ml/min, y una temperatura de 35
°C proporcionando 124,5 mg de enantiomero-1 y 133,8 mg de enantidémero-2. Estos
ésteres bencilicos se sometieron a hidregenacion de acuerdo con la preparacion de
Cap-7 proporcionando Cap-77: RMN de 'H (DMSO-dg, § = 2,5 ppm, 400 MHz): §
7,55 (m, 2H}, 7,38-7,30 (m, 3H}, 4,16 (s, 1H), 3,54 (s ancho aparente, 2H), 2,08-1,88
(m, 4 H), 1,57-1,46 {m, 4H). CL (Cond. I): Tr = 0,67 min; CL/EM: Anal. Calculado
para [M+H]" Cy4H1sNO2: 232,13; encontrado 232,18. EMAR: Anal. Calculado para

[M+H]" C14H1gNO2: 232,1338; encontrado 232,1340.

Cap-78

Sé afiadid NaCNBH; (0,5828 g, 9,27 mmol) a una mezcla de la sal HCI de

acido (R)-2-(etilamino)-2-fenilacético (un intermedio en la sintesis de Cap-3; 0,9923
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mg, 4,60 mmol) y (1-etoxiciclopropoxijtrimetilsilano (1,640 g, 9,40 mmol) en MeQOH
(10 ml), y se calentd la mezcla semiheterogénea a 50 °C con un baiio de aceite
durante 20 horas. Se afadieron mas (1-etoxiciclopropoxi)trimetilsilano (150 mg, 0,86
mmol) y NaCNBH3; (562 mg, 0,827 mmol) y la mezcla de reaccion se calentd otras 3,5
horas. Se dejo enfriar hasta temperatura ambiente y se acidificé ~ pH entorno a 2
con HCI concentrado, y la mezcla se filtré y el filtrado se evaboré en un evaporador
rotatorio. El material bruto resultante se suspendié en -PrOH (6 ml} y se calenté
para efectuar la disolucién y la parte no disuelta se separd por filtracion y el filtrado
se concentrd a vacio. Se purificd aproximadamente 1/3 del material bruto resultante
con una HPLC de fase inversa (H,O/MeOH/TFA) proporcionando la sal TFA de Cap-
78 como un aceite incoloro viscoso (353 mg). RMN de "H (DMSO-dg, 5 = 2,5 ppm,
400 MHz; después de intercambio de D,0): & 7,56-7,49 (m, 5H), 5,35 (S, 1H), 3,35
(m, 1H), 3,06 (s ancho aparente, 1H), 2,66 (m, 1H), 1,26 (t, J = 7,3, 3H), 0,92 (m,
1H), 0,83-0,44 (m, 3H). CL (Cond. I): Tr = 0,64 min, CL/EM: Anal. Calculado para
[M+H]" C43HsNO2: 220,13; encontrado 220,21. EMAR: Anal. Calculado para [M+H]"
C13H1gNO5: 220,1338; encontrado 220,1343.

Cap-79
Y oM
0

)
0
Se burbujeé ozono a través de una solucion enfriada (-78 °C) en CH,Cl> (5,0

ml) de Cap-55 (369 mg, 2,13 mmol) durante aproximadamente 50 min hasta que la

mezcla de reaccion alcanzd un tinte de color azul. Se afadié Me,S (10 gotas de
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pipeta} y la mezcla de reaccidén se agité durante 35 min. Se r'eemplazé el bafio de -
78 °C con un bario a -10 °C y se continud agitando durante otros 30 min, y luego se
elimind el componente volatil a vacio proporcionando un aceite viscoso incoloro.

Se afiadié NaBH3CN (149 mg, 2,25 mmol) a una solucién en MeOH (5,0 mi)
del matenal bruto anterior y morfolina (500 ul, 5,72 mmol) y la mezcla se agité en
condiciones ambientales durante 4 horas. Se enfrié hasta temperatura de hielo-agua
y se trato con HCI concentrado para llevar el pH a ~2,0, y luego se agitd durante 2,5
horas. El componente volatil se elimin6é a vacio, y el residuo se purificé con una
combinacion de resina MCX (lavado con MeOH; elucién con NH3 2,0 N/MeOH) y
una HPLC de fase inversa (H,O/MeOH/TFA) proporcionando Cap-79 gue contenia
una cantidad desconocida de morfolina.

Con el fin de consumir la morfolina contaminante, se disolvid el material
anterior en CH,Cl, (1,5 mi) y se tratd con EtsN (0,27 ml, 1,94 mmol) seguido por
anhidrido acético (0,10 ml, 1,06 mmol) 'y se agité en condiciones ambientales
durante 18 horas. Se‘aﬁadieron THF (1,0 ml) y H20 (0,5 ml) y se continué agitando
durante 1,5 horas. El componente volatil se eliminé a vacio, y el residuo resultante
se hizo pasar a través de resina MCX (lavado con MeOH; elucién con NHz: 2,0
N/MeOH) proporcionando Cap-79 impuro como un aceite viscoso marron, que se

usé para la etapa siguiente sin purificacién adicional.

Cap-80a y -80b

- - CH
\g/ Cap-80a. diastereémero S/S
Cap-80b: diasteredmero S/R
/
O-si

\

Se aftadié SOCI; (6,60 ml, 90,5 mmol) gota a gota durante 15 min a una
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mezcla enfriada (hielo-agua) de acido (S)-3-amino-4-(benciloxi)-4-oxobutanoico
(10,04g, 44,98 mmol) y MeOH (300 ml), se retird el bafio de enfriamiento y la mezcla
de reaccién se agitd en condiciones ambientales durante 29 horas. Se eliminé la
mayor parte del componente volatil a vacio y el residuo se repartié cuidadosamente
entre EtOAc (150 mi) y solucion saturada de NaHCO;. La fase acuosa se extrajo
con EtOAc (150 ml, 2x), y la fase organica reunida se secd (MgSQ,), se filtro y se
concentré a vacio proporcionando 4-metil-2-aminosuccinato de (S)-1-bencilo como
un aceite incoloro (9,706q). RMN de 'H (DMSO-ds, & = 2,5 ppm, 400 MH2): § 7,40-
7,32 (m, 5H), 5,11 (s, 2H), 3,72 (t aparente, J = 6,6, 1H), 3,55 (s, 3H), 2,68 (dd, J =
15,9, 6,3, 1H), 2,58 (dd, J = 15,9, 6,8, 1H), 1,96 (s, 2H). CL (Cond. I}: Tr = 0,90 min;
CL/EM: Anal. Calculado para [I\/|+H]+ C1aH1sNO4: 238,11: encontrado 238,22,

Se anadié Pb(NOs), (6,06 g, 18,3 mmol) durante 1 minuto a una solucidén en
CH>Cl, (80 ml) de 4-metil-2-aminosuccinato de (S)-1-bencilo (4,50 g, 18,0 mmol), 9-
bromo-9-fenil-9H-flucreno (6,44 g, 20,0 mmol) y EtzN (3,0 mi, 21,5 mmol) y la mezcia
heterogénea se agité en condiciones ambientales durante 48 horas. La mezcla se
filtrd y el filtrado se tratd con MgSQ0, y se filtré de nuevo y el filtrado final se
concentrd. El material bruto resultante se sometioé a una purificacién en Biotage (350
g gel de silice, elucion con CHxCly) proporcionando 4-metil 2-(9-fenil-9H-fluoren-9-
ilamino)succinato de (S)-1-bencilo como aceite incoloro muy viscoso (7,93 g). RMN
de 'H (DMSO-dg, 5 = 2,5 ppm, 400 MHz): § 7,82 (m, 2H), 7,39-7,13 (m, 16H), 4,71
d,J=124, 1H), 4,51 (d, J = 12,6, 1H}, 3,78 (d, J = 9,1, NH), 3,50 (s, 3H), 2,99 (m,
1H), 2,60-2,41 {m, 2H, parcialmente solapado con disolvente). CL (Cond. I): Tg =
2,16 min; CL/EM: Anal. Calculado para [MI+H]+ Ca1H2gNO,4: 478,20; encontrado
478,19.

Se afadié LIHMDS (9,2 ml de 1,0 M/THF, 9,2 mmol} gota a gota durante 10

=X
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min a una solucién enfriada (-78 °C)} THF (50 mi) de 4-metil 2-(9-fenil-9H-fluoren-9-
ilamino)succinato de (S)-1-bencilo (3,907 g, 8,18 mmol) y se agité durante ~1 horas.
Se afiadié Mel (0,57 ml, 9,2 mmol) gota a gota durante 8 min a la mezcla y se
continud agitando durante 16,5 horas dejando que el bano de enfriamiento se
descongelara hasta temperatura ambiente. Después de inactivar con solucion
saturada de NH,Cl (5 ml), se elimind a vacio la mayor parte del componente
organico y el residuo se repartié entre CH,Cl; (100 ml) y agua (40 ml). La fase
organica se secd (MgSOQ,), se filtré y se concentré a vacio, y el material bruto
resultante se purifico con un Biotage (350 g gel de silice; 25% de EtOAc/hexanos)
proporcionando 3,65 g de una mezcla de diastereoisdmeros 25/3S y 25/3R de 4-
metil 3-metii-2-(9-fenil-9H-fluoren-8-ilamino)succinato de 1-bencilo en una relacién
~1,0:0,65 (RMN de 1H). La estereoquimica del istmero dominante no se determiné
en este paso y la mezcla se sometié6 a la etapa siguiente sin separacién. Datos
parciales de RMN de 'H (DMSO-ds, § = 2,5 ppm, 400-MH2): Diasteredmero
mayoritario, & 4,39 (d, J = 12,3, 1H de CHy), 3,33 (s, 3H, solapado con senal de
H.0), 3,50 (d, J = 10,9, NH), 1,13 (d, J = 7,1, 3H); Diasteredmero minoritario, & 4,27
(d, J=12,3, 1H de CHjy), 3,76 (d, J = 10,9, NH), 3,64 (s, 3H), 0,77 (d, J=7,0, 3H). CL
(Cond. I}: Tr = 2,19 min; CL/EM: Anal. Calculado para [M+H]" C3H3oNOy4: 492,22,
encontrado 492,15.

Se afadié hidruro de diisobutilaluminio (20,57 m! de 1,0 M en hexanos, 20,57
mmol) gota a gota durante 10 min a una solucién enfriada (-78 °C) en THF (120 ml)
de 4-metil-3-metil-2-(9-fenil-9H-fluoren-8-ilamino)succinato de (25)-1-bencilo (3,37 g,
6,86 mmol) preparado antes y se agitdé a -78 °C durante 20 horas. La mezcla de
reaccién se separd del bafo de enfriamiento y se vertid rapidamente en HiPO,

~1M/H-0 (250 ml) con agitacion y la mezcla se extrajo con éter (100 mil, 2x). La fase

oD
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organica reunida se lavo con salmuera, se seco (MgSQy), se filtrd y se concentrd a
vacio. Se prepard una malla de gel de silice del material bruto y se sometié a
cromatografia (25% de EtOAc/hexanos; elucion por gravedad) proporcionando 1,1 g
de 4-hidroxi-3-metil-2-(9-fenil-9H-fluoren-9-ilamino)butancate de (2S,3S)-bencilo,
contaminado con alcoho! bencilico, como un aceite incoloro viscoso y 4-hidroxi-3-
metil-2-(9-fenil-9H-fluoren-9-ilamino)butancato de (2S,3R)-bencilo que contenia el
esterecisémero (2S,3R) como una impureza. La muestra anterior se volvié a
someter a las mismas condiciones de purificacion de cromatografia en columna
proporcionando 750 mg de material purificado como una espuma blanca. [Nota: el
isomero (2S5, 3S) se eluye antes que el isdmero (2S,3R) en las condiciones
anteriores). Isémero (25, 3S): RMN de 'H (DMSO-dg, & = 2,5 ppm, 400 MHz): 7,81
(m, 2H), 7,39-7,08 (m, 16H), 467 (d, J =123, 1H), 443 (d, J = 12,4, 1H), 4,21 (i
aparente, J =52 OH), 3,22 (d, J = 10,1, NH), 3,17 (m, 1H}, 3,08 (m, 1H), ~2,5 (m,
1H, solapado con la sefial del disolvente), 1,68 (m, 1H), 0,88 (d, J = 6,8, 3H). CL
(Cond. 1): Tr = 2,00 min; CL/EM: Anal. Calculado para [M+H]" Ci1H3oNOs: 464,45;
encontrado 464,22, Isémero (25, 3R): RMN de 'H (DMSO-ds, § = 2,5 ppm, 400
MHz): 7,81 (d, J = 7,5, 2H), 7,39-7,10 (m, 16H), 4,63 (d, J= 12,1, 1H), 4,50 (t
aparente, J =49, 1H), 4,32 (d, J = 12,1, 1H), 3,59-3,53 (m, 2H), 3,23 (m, 1H), 2,44
(dd, 4 =9,0, 8,3, 1H), 1,70 (m, 1H), 0,57 (d, J =6,8, 3H). CL (Cond. ): Tr = 1,92 min;
CL/EM: Anal. Calculado para [M+H]+_Cg1H30N03: 464 45; encentrado 464,52,

Las asignaciones estereoquimicas relativas de los productos de reduccién
con DIBAL se hicieron basdndose en estudios NOE llevados a cabo en derivados
lactona preparados a partir de cada isdmero empleando el siguiente protocolo: Se
anadié LIHMDS (50 ul de 1,0 M/THF, 0,05 mmol) a una solucién enfriada (hielo-
agua) en THF (2,0 ml) de 4-hidroxi-3-metil-2-(9-fenil-OH-fluoren-9-ilamino)butanoato

pext
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de (25,3S)-bencilo (62,7 mg, 0,135 mmol), y la mezcla de reaccion se agitd a
temperatura similar durante ~2 horas. El componente volatil se elimind a vacio y el
residuo se repartid entre CH,Cl, (30 ml), agua (20 ml) y solucién acuosa saturada de
NH4CI (1 ml). La fase organica se secé (MgSQ,), se filtrd y se .concentré a vacio, y el
material bruto resultante se sometié a una purificacion Biotage (40 g gel de silice;
10-15% de EtOAc/hexanos) proporcionando (3S,4S5)-4-metil-3-(9-fenil-9H-fluoren-9-
ilamino)dihidrofuran-2(3H)-ona como una pelicula incolora de sélido (28,1 mg). Se
elaboro  4-hidroxi-3-metil-2-(S-fenil-8H-fluoren-9-ilamino)butancato  de (2S,3R)-
bencilo de forma similar a (3S,4R)-4-metil-3-(9-fenil-9H-fluoren-9-
ilamino)dihidrofuran-2(3H)-ona. Isémero (3S,4S)-lactona: RMN de 'H (DMS0O-dg, & =
2,5 ppm, 400 MHz), 7,83 (d, J = 7,5, 2H), 7,46-7,17 (m, 11H), 4,14 {t aparente, J =
8,3, 1H), 3,60 (d, J = 5,8, NH), 3,45 (t aparente, J = 9,2, 1H), ~2,47 (m, 1H,
parcialmente solapado con la sefial del disolvente), 2,16 (m, 1H), 0,27 (d, J = 6,6,
3H). CL (Cond. I} Tg = 1,98 min; CL/EM: Anal. Calculado para [M+Na]
C24H21NNaQ,: 378,15; encontrado 378,42, Isdmero (35 ,4R)-lactona: RMN de H
(DMSO-dg, & = 2,5 ppm, 400 MHz), 7,89 (d, J = 7,6, 1H), 7,85 (d, J = 7,3, 1H), 7,46-
7,20 (m, 11H), 3,95 (dd, J = 9,1, 4,8, 1H), 3,76 (d, J = 8,8, 1H), 2,96 (d, J = 3,0, NH),
2,92 (dd, J = 6,8, 3, NCH), 1,55 (m, 1H), 0,97 (d, J = 7,0, 3H). CL (Cond. I): Tg =
2,03 min; CL/EM: Anal. Calculado para [I\/I+Na]+ Co4H21NNaO,: 378,15; encontrado
378,49.

Se ahadieron TBDEM-CI (48 mg, 0,312 mmol) seguido por imidazol (28,8 mg,
0,423 mmol) a una solucion en CHyCl; (3 ml) de 4-hidroxi-3-metil-2-(9-fenil-9H-
fluoren-8-ilamino)butanoato de (2S5,35)-bencilo (119,5 mg, 0,258 mmol), y la mezcla
se agité en condiciones ambientales durante 14,25 horas. La mezcla de reaccion se

diluyd entonces con CH,Cl; (30 ml) y se lavd con agua (15 ml), y la fase organica se
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seco (MgSQ0.), se filtrd y se concentrd a vacio. El material bruto resultante se purificd
con una Biotage (40 g gel de silice; 5% de EtOAc/hexanos) proporcionando 4-(terc-
butildimetilsililoxi)-3-metil-2-(9-fenil-9H-fluoren-8-ilamino)butancato de  (2S,3S)-
bencilo, contaminado con impurezas con base de TBDMS, como un aceite incoloro
viscoso (1244 mg). Se elaboré  4-hidroxi-3-metil-2-(9-fenil-9H-fluoren-9-
ilamino)butanoato de (28,3R)—bencilo de forma similar a 4-(terc-butildimetilsililoxi)-3-
metil-2-(9-fenil-9H-fluoren-9-ifamino)butanoato de (25,3R}-bencilo. Isémero (2S,38)-
silil éter: RMN de *H (DMSO-dg, 5 = 2,5 ppm, 400 MHz), 7,82 (d, J = 4,1, 1H), 7,80
(d, J =40, 1H), 7,38-7,07 (m, 16 H), 4,70 (d, J = 12,4, 1H), 4,42 (d, J = 12,3, 1H),
3,28-3,19 (m, 3H), 2,56 (dd, J = 10,1, 5,5, 1H), 1,61 (m, 1H), 0,90 (d, J = 6,8, 3H),
0,70 (s, 9H), 0,13 (s, 3H), -0,16 (s, 3H). CL (Cond. 1, donde el tiempo de ejecucion
de prolongé hasta 4 min): Tr = 3,26 min; CL/EM: Anal. Calculado para [M+H]"
Cs7H44NO3SIi: 578,31; encontrado 578,40. Isémero (2S,3R)-silil éter: RMN de H
(DMSO-dg, 6 = 2,5 ppm, 400 MHz), 7,82 (d, J = 3,0, 1H), 7,80 (d, J = 3,1, 1H), 7,39-
7,10 (m, 16H), 4,66 (d, J = 12,4, 1H), 4,39 (d, J = 12,4, 1H), 3,61 (dd, J = 9,8, 5,6,
1H), 3,45 (d, J = 9,5, 1H), 3,41 (dd, J = 10, 6,2, 1H), 2,55 (dd, J = 9,5, 7,3, 1H), 1,74
(m, 1H), 0,77 (s, 9H), 0,61 (d, J=7,1, 3H), -0,06 (s, 3H), -0,08 (s, 3H).

Se unié un globo de hidrogeno a una mezcla de 4-(terc-butildimetilsilitoxi)-3-
metil-2-(9-fenil-9H-fluoren-9-ilamino)butancato de (2S,3S)-hencilo (836 mg, 1,447
mmol) y Pd al 10%/C (213 mg) en EtOAc (16 ml) y la mezcla se agité a temperatura
ambiente durante ~ 21 horas, recargandose el globo con H cuando fue necesario.
La mezcla de reaccién se diluyd con CH,Cl, y se filtr a través de un lecho de tierra
de diatomeas (Celite-545%), y se lavé el lecho con EtOAc (200 mi), EtOAc/MeOH
(mezcla 1:1, 200 ml) y MeOH (750 ml). La fase organica combinada se concentrd y

se preparé una malla de gel de silice a partir del material bruto resultante y se
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sometid a una cromatografia ultrarrapida (nﬁezcla 8:2.1 de EtOAc/i-PrOH/H,0)
proporcionande acido (2S,3S)-2-amino-4-(terc-butildimetilsililoxi)-3-metilbutanoico
como un solido apelusado blanco (325 mg). Se elabord 4-{terc-butildimetilsililoxi)-3-
metil-2-(9-fenil-8H-fluoren-8-ilamino)butanoato de (2S,3R)-bencilo de forma similar a
acido (2S,3R)-2-amino-4-(terc-butildimetilsililoxi)-3-metilbutanoico. (Isémero 25,35)-
amino acido: RMN de "H (Metanol-ds, & = 3,29 ppm, 400 MHz), 3,76 (dd, J = 10,5,
5,2, 1H), 3,73 (d, J = 3,0, 1H), 3,67 (dd, J = 10,5, 7,0, 1H), 2,37 (m, 1H), 0,97 (d, J =
7,0, 3H), 0,92 (s, 9H), 0,10 (s, 6H). CL/EM: Anal. Calculado para [M+H]’
C11H26NO3Si: 248,17; encontrado 248,44, Isémero (2S,3R)-amino acido: RMN de H
(Metanol-ds4, & = 3,29 ppm, 400 MHz), 3,76-3,75 (m, 2H), 3,60 (d, J =4,1, 1H), 2,16
(m, 1H), 1,06 (d, J =7,3, 3H}, 0,91 (s, 9H), 0,09 (s, 6H). Anal. Calculado para [M+H]"
C11H26NO1Si: 248,17; encontrado 248,44.

Se anadieron agua (1 ml) y NaOH (0,18 ml de 1,0 M/H,0, 0,18 mmol) a una
mezcla de acido (25,3S)-2-amino-4-{terc-butildimetilsililoxi)-3-metilbutanoico (41,9
mg, 0,169 mmol) y Na,CO3 (11,9 mg, 0,112 mmol), y se sometié a ultrasonidos
durante aproximadamente 1 minuto para efectuar la disolucién de los reactivos. La
mezcla se enfrid entonces con un bafio de hielo-agua, se afadié cloroformiato de
metilo (0,02 mi, 0,259 mmol) se durante 30 s y se continud con agitacién vigorosa a
temperatura similar durante 40 minutos y luego a temperatura ambiente durante 2,7
horas. La mezcla de reaccién se diluyd con agua (5 ml), se enfrié con bafio de hielo-
agua y se tratdé gota a gota con solucidén acuosa de HCI 1,0 N HCI (~0,23 ml). La
mezcla se diluyd adicionalmente con agua (10 ml) y se extrajo con CH2Cl2 (15 ml,
2x). La fase organica reunida se secd (MgSQO,), se filtro y se concentré a vacio
proporcionando Cap-80a como un sélido blanquecino. Se elaboré acido (2S,3R)-2-

amino-4-(terc-butildimetilsililoxi)-3-metilbutancico de forma similar a Cap-80b. Cap-
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80a: RMN de 'H (DMSO-ds, & = 2,5 ppm, 400 MHz), 12,57 (s ancho, 1H), 7,64 (d, J
= 8,3, 0,3H), 7,19 (d, J = 8,8, 0,7H), 4,44 (dd, J = 8,1, 4,6, 0,3H), 4,23 (dd, J = 8,7,
4,4, 0,7H), 3,56/3,53 (dos singletes, 3H), 3,48-3,40 {(m, 2H), 2,22-2,10 (m, 1H), 0,85
(s, 9H), ~0,84 (d, 0,9H, solapado con la sefal de t-Bu), 0,79 (d, J = 7, 2,1H),
0,02/0,01/0,00 (tres singletes solapados, 6H). CL/EM: Anal. Calculado para [M+Na]"
C13H27NNaOsSi: 328,16; encontrado 328,46. Cap-80b: RMN de 'H (CDCly, & = 7,24
ppm, 400 MHz), 6,00 (d ancho, J = 86,8, 1H), 4,36 (dd, J = 7,1, 3,1, 1H), 3,87 (dd, J =

10,5, 3,0, 1H), 3,67 (s, 3H), 3,58 (dd, J = 10,6, 4,8, 1H), 2,35 (m, 1H), 1,03 (d, J =~

7,1, 3H), 0,90 (s, 9H), 0,08 (s, 6H). CL/EM: Anal. Calculado para [M+Na]’
C1aH2sNNaOsSi: 328,16; encontrado 328,53. Los productos brutos se Utilizaron sin

purificacion adicional.

Se preparé de acuerdo con el protocolo descrito por Falb et al. Synthetic
Communications 1993, 23, 2839.
Cap-82 a Cap-85
Se sintetizaron Cap-82 a Cap-85 a partir de los materiales de partida
apropiados de acuerdo con el procedimiento descrito para Cap-51 o Cap-13. Las
muestras presentaron perfiles espectrales similares a los de sus enantiémeros (es

decir, Cap-4, Cap-13, Cap-51y Cap-52, respectivamente).
0

H Q | Q H Q H
O Nr,. N O N '
~ T HLOH - \[)I\OH - j]’ OH /o\nf NW/”\OH
O Ph O 0

Cap-82 Cap-83 Cap-84 . Cap-85
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Cap-86
MeOQ,CHN
: 0

Yy,

OMeOH

A una mezcla de O-metil-L-treonina (3,0 g, 22,55 mmol), NaOH (0,902 g,
22,55 mmol) en H,O (15 ml) se afadié CICO:Me (1,74 ml, 22,55 mmol) gota a gota
a 0°C. La mezcla se dejé agitando durante 12 h y se acidificé hasta pH 1 usando
HCI 1N. La fase acuosa se extrajo con EtOAc y (2x250 ml) y MeOH al 10% en
CH.Cl, (250 ml) y las fases orgdnicas reunidas se concentraron a vacio
proporcionando un aceite incoloro (4,18 g, 97%) que era de pureza suficiente para
usar en las etapas siguientes. RMN de 'H (400 MHz, CDCi3) 5 4,19 (s, 1H), 3,92-
3,97 (m, 1H), 3,66 (s, 3H), 1,17 (d, J = 7,7 Hz, 3H). CLEM: Anal. Calculado para
C7H13NOs: 191; encontrado: 190 (M-H)".

Cap-87
MeO,CHN

0

Ho/\/\f()H
A una mezcla de L-homoserina (2,0 g, 9,79 mmol}, Na,CQO; (2,08 g, 19,59
mmol) en H,O (15 ml) se afadié CICO,Me (0,76 m!, 9,79 mmol) gota a gota a 0°C.
La mezcla se dejé agitando durante 48 h y se acidifico hasta. pH 1 usando HCIi 1N.
La fase acuosa se extrajo con EtOAc y (2X250 ml) y las fases organicas reunidas se
concentraron a vacio proporcionando un sélido incoloro (0,719 g, 28%) que era de
pureza suficiente para usar en las etapas siguientes. RMN de 'H (400 MHz, CDCl3) 6
4,23 (dd, J = 4,5, 9,1 Hz, 1H), 3,66 (s, 3H), 3,43-3,49 (fn, 2H), 2,08 - 2,14 (m, 1H),
1,82 — 1,89 (m, 1H). CLEM: Anal. Calculado para C;H13NOs: 191; encontrado: 192

(M+H)".
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Se calent6 una mezcla de L-valina (1,0 g, 8,54 mmol), 3-bromopiridina (1,8
ml, 18,7 mmol), K,CO3 (2,45 g, 17,7 mmol) y Cul (169 mg, 0,887 mmol) en DMSO
(10 ml} a 100°C durante 12h. La mezcla de reaccién se enfriéd hasta ta, se vertié en
H2O (aproximadamente 150 ml) y se lavé con EtOAc (x2). Las fases organicas se
extrajeron con una pequefa cantidad de H,O y las fases acuosas reunidas se
acidificaron hasta aproximadamente pH 2 con HCI 86N. El volumen se redujo hasta
aproximadamente la tercera parte y se afadieron 20 g de resina de intercambio
ionico (Strata). La suspension se dejo reposar durante 20 min y se cargd en un
lecho de resina de intercambio cationico (Strata) (aproximadamente 25 g). Se lavo el
lecho con H;O (200 ml), MeOH (200 ml) y luego NH; (3M en MeOH, 2X200 ml). Se
concentraron las fracciones apropiadas a vacio y el residuo (aproximadamente 1,1
g) se disolvid en H,O, se congeld y liofilizd. El compuesto del epigrafe se obtuvo
como una espuma (1,02 g, 62%). RMN de 'H (400 MHz, DMSO-dg) & 8,00 (s ancho,
1H), 7,68 — 7,71 (m, 1H), 7,01 (s ancho, 1H), 6,88 (d, J = 7,5 Hz, 1H), 5,75 (s ancho,
1H), 3,54 (s, 1H), 2,04 — 2,06 (m, 1H), 0,95 (d, J = 6,0 Hz, 3H), 0,91 (d, J = 6,6 Hz,
3H). CLEM: Anal. Calculado para C1oH14N203: 194; encontrado: 195 (M+H)".

Cap-89

S
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N/ 6
~ %

Se calenté a 100°C durante 12 horas una mezcla de L-valina (1,0 g, 8,54
mmol}, 5-bromopirimidina (4,03 g, 17,0 mmol), K2CO; (2,40 g, 17,4 mmol) y Cul (179
mg, 0,94 mmol) en DMSO (10 mi). La mezcla de reaccion se enfrid hasta TA, se
vertio en H;O (aproximadamente 150 ml) y se lavé con EtOAc (x2). Las fases
organicas se extrajeron con una pequefa cantidad de H,O y las fases acuosas
reunidas se acidificaron hasta aproximadamente pH 2 con HCI 6N. El volumen se
redujo hasta aproximadamente la tercera parte y se afadieron 20 g de resina de
intercambio catidnico (Strata). La suspensidon se dejé reposar durante 20 minutos y
se cargd en un lecho de resina de intercambio catidnico (Strata) (aproximadamente
25g). El lecho se lavd con H20 (200 ml), MeOH (200 ml) y luego NH3 (3M en MeOH,
2x200 ml). Se concentraron las fracciones apropiadas a vacio y se disolvio el
residuo (aproximadamente 1,1 g) en H.O, se congeld vy liofilizé. El compuesto del
epigrafe se obtuvo como una espuma (1,02 g, 62%). La RMN de "H (400 MHz,
CD;0D) mostrd que la mezcla contenia valina y no se pudo estimar la pureza. El
material se usé como tal en las posteriores reacciones. CLEM: Anal. Calculado para

CsH1aN302: 195; encontrado: 196 (M+H)".

Cap-90
CO,H
©/\§;Jlez
Se prepard Cap-90 de acuerdo con el procedimiento descrito para la

preparacion de Cap-1. El material bruto se usé como tal en las etapas posteriores.

CLEM: Anal. Calculado para Cy1H1sNO2: 193; encontrado: 192 (M-H)".
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Los siguientes Caps se prepararon de acuerdo con el procedimiento del

usado para la preparacion del Cap 51, a menos que se indique de otro modo:

Cap Estructura CLEM
NHCO,Me
Cap-91 CO,H CLEM: Anal. Calculado para
C11H13NOy4: 223; encontrado: 222
(M-HY".
NHCO,Me
Cap-92 “_CO,H CLEM: Anal. Calculado para
g\/ Cy1H{3NO4: 223; encontrado: 222
(M-H)".
o b -
Cap-93 Y o CLEM: Anal. Calculado para
HN.., “Non C1oH12N204: 224; encontrado: 225
7 (M+H)".
>~ N
O
Cap-94 N CLEM: Anal. Calculado para
¢ ] on
N HN.__O._ CgH11N3O4: 213; encontrado: 214
H hig .
0 (M+H)".
0O
Cap-95 CLEM: Anal. Calculado para
P \OJ\NH o P

C3H7NQ4: 251; encontrado: 250
(M-H)".

X
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Cap-96 N CLE . C lad
ap- M: Anal alculado ara
P o SNH O p
~ OH Ci2H4sNOy4: 237; encontrado: 236
(M-HY".
Cap-97 1 LEM . C lad
ap- CLEM: Anal alculado ara
@_,.\' OH CoH1sNQy4: 201: encontrado: 200
(M-HY"
i CLEM: Anal. C lad
Cap-98 : nal. alculado ara
OH CgH4sNO4: 201: encontrado: 202
(M+H)".
0 )
Cap-99 ~o RMN de 'H (400 MHz, CDs;0D) &
3,88 — 3,94 (m, 1H), 3,60, 3,61 (s,
o.M 3H), 2,80 (m, 1H), 2,20 (m 1H),
2
1,82 — 1,94 (m, 3H), 1,45 — 1,71
(m, 2H).
Q 1
Cap-99a \O/U\NH RMN de 'H (400 MHz, CD;0OD) &
O 3,88 — 3,94 (m, 1H), 3,60, 3,61 (s,
SO 3H), 2,80 (m, 1H), 2,20 (m 1H),
2

1,82 — 1,94 (m, 3H), 1,45 — 1,71
(m, 2H).

S35
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Cap-100 o NH O CLEM: Anal. Calculado para
OH C12H14NO4F: 255; encontrado: 256
F (M+H)".
0
Cap-101 \o’lLNH CLEM: Anal. Calculado para
5CO2H Cy1H1aNO4: 223; encontrado: 222
(M-HY".
0
Cap-102 \O)J\NH CLEM: Anal. Calculado para
- COLH C11H13NOQ4: 223; encontrado: 222
(M-HY
0
Cap-103 \O)I\NH CLEM: Anal. Calculado para
‘ COH Ci1oH12N204: 224; encontrado: 225
2NN (M+H)".
N I
Cap-104 5 =F<IN-—<:>-002H RMN de 'H (400 MHz, CD;OD) &
je 3,60 (s, 3H), 3,50 ~ 3,53 (m, 1H),
2,66 - 269y 244 — 249 (m, 1H),
1,91 = 2,01 (m, 2H), 1,62 - 1,74
(m, 4H), 1,51 = 1,62 (m, 2H).
Cap-105 o HN“'<___>"“302H RMN de 'H (400 MHz, CDs0OD) &

3,60 (s, 3H), 3,33.—- 3,35 (m, 1H,
parcialmente

disolvente), 2,37 — 241 y 2,16 —

oscurecido  por

paxl
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2,23 (m, 1H), 1,94 — 2,01 (m, 4H),
1,43 — 1,53 (m, 2H), 1,17 = 1,29
(m, 2H).

Cap-106 :\N—O—C%H RMN de 'H (400 MHz, CD;OD) &
Se preparé a partir de acido 3,16 (9, J =7,3 Hz, 4H), 2,38 - 2,41
cie-d- {m, 1H), 2,28 — 2,31 (m, 2H), 1,79
aminociclohexanocarboxilico y | 1,89 (m, 2H), 1,74 (app, ddd J =
acetaldehido empleando un 3,5, 12,5, 15,9 Hz, 2H), 146 (dt
procedimiento similar descrito aparente J = 4,0, 12,9 Hz, 2H),
para la sintesis de Cap-2. La 1,26 {t, J=7.3 Hz, 6H).
sal HCI bruta se hizo pasar a
travées de MCX {lavado con
MeOH/H,0/CH.Cly; elucién con
NH; 2N /MeOH)
proparcionando un aceite que
se disolvié en CH3CN/H;0 y se
liofilizd  proporcionando  un
solido color castano.

Cap-107 N i CLEM: Anal. Calculado para
&YYo a0 |
S HNTO\ CsH1oN204S: 230; encontrado: 231

o (M+H)".
Cap-108 N i CLEM: Anal. Calculado para
&Y a3 |
N HN.__O_ C1sH47N304: 303; encontrado: 304

pn— T |

(M+H)".




-265-

Cap-109 o K CLEM: Anal. Calculado para
; couH C1oH12N2O4: 224; encontrado; 225
= (M+H)".
N
0
Cap-110 \o’lLNH CLEM: Anal. Calculado para
- COH C1oH12N204: 224 encontrado: 225
Z (M+H)".
-
N
0
Cap-111 \O)J\NH CLEM: Anal. Calculado para
; COH C12H15N08P:‘ 333; encontrado: 334
(M+H)* .
w O
R
MeO \OH
@]
Cap-112 \OJ\NH CLEM: Anal. Calculado para
: COH C13H1aN20O4: 262; encontrado: 263
AN (M+H)".
NH
0
Cap-113 \OJ\NH CLEM: Anal. Calculado para
- COMH C1gHi1gNQOs: 329; encontrado: 330
(M+H)*.
OBn
,LCOMe
Cap-114 Q ’ RMN de 'H (400 MHz, CDCly) &
CO,H

4,82 — 4,84 (m, 1H), 4,00 — 4,05
(m, 2H), 3,77 (s, 3H), 2,56 (s

=l
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ancho, 2H)
Cap-115 COH RMN de 'H (400 MHz, CDCl) 5
NHCO,Me : 3
5,13 (s ancho, 1H), 4,13 (s ancho,
1H), 3,69 (s, 3H), 2,61 (d, J = 5,0
Hz, 2H), 1,28 (d, J = 9,1 Hz, 3H).
1
Cap-116 COH RMN de 'H (400 MHz, CDCI3} &
NHCO,Me

510 (d, J = 8,6 Hz, 1H), 3,74 -
3,83 (m, 1H), 3,69 (s, 3H), 2,54 —
2,61 (m, 2H), 1,88 (sept, J = 7,0
Hz, 1H), 0,95 (d, J = 7,0 Hz, 6H).

Cap-117 a Cap-123

Para la preparacién de Cap-117 a Cap-123 los Boc aminoacidos se

obtuvieron de suministradores comerciales y se desprotegieron por tratamiento con

25% de TFA en CH.Cl,. Después de completarse la reaccidén que se juzgd por

CLEM se eliminaron los disolventes a vacio y se carbamoild la sal TFA

correspondiente del aminoacido con cloroformiato de metilo de acuerdo con el

procedimiento descrito para el Cap-51.

Cap

Estructura

CLEM

Cap-117

0
\O)I\NH 0

OH

CLEM: Anal. Calculado
para Cq2HisNO,S: 237;
encontrado: 238 (M+H)",

SO
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Cap-118

OH

CLEM: Anal. Calculado
para C10H13NO4SZ 243;

1

encontrado: 244 (M+H)".

Cap-119

CLEM: Anal. Calculado
para C10H13N0481 243',
encontrado: 244 (M+H)".

Cap-120

OH

CLEM: Anal. Calculado
para C10H13NO482 243,
encontrado: 244 (M+H)".

Cap-121

RMN de 'H (400 MHz
CDCls) & 4,06 — 4,16 (m,
1H), 3,63 (s, 3H), 3,43 (s,
1H), 2,82 y 2,66 (s ancho,
1H), 1,86 — 2,10 (m, 3H),
1,64 — 1,76 (m, 2H), 1,44 —
1,53 {m, 1H).

Cap-122

Ei perfil de RMN de 'H es
simil_ar al de suU

enantidmero, Cap-121.

Cap-123

CLEM: Anal. Calculado
para Co7HosN2.Qs:  474;
encontrado: 475 (M+H)".
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Cap-124

O
H
O%Nh‘ OH
0

Se llevd a cabo la carbamoilacién de la sal clorhidrato de éster terc-butilico de
L-treonina de acuerdo con el procedimiento para Cap-51. La mezcla de reaccién
bruta se acidifico con HC! 1N hasta pH~1 y la mezcla se extrajo con EtOAc (2X50
ml). Las fases organicas reunidas se concentraron a vacio dando un aceite incoloro
que solidificd en reposo. La capa acuosa se concentrd a vacio y la mezcla resultante
de producto y sales inorganicas del producto y sales inorganicas se trituré con
EtOAc-CH2Cl,-MeOH (1:1:0,1) y luego se concentré la fase organica a vacio dando
un aceite incoloro que por CLEM se mostrd que era el producto deseado. Ambas
tandas se reunieron dando 0,52 g de un sélido. RMN de 'H (400 MHz, CD;OD) &
4,60 (m, 1H), 4,04 (d, J = 5,0 Hz, 1H), 1,49 (d, J = 6,3 Hz, 3H). CLEM: Anal.
Calculado para CsH7NO4: 145; encontrado: 146 (M+H)". |

Cap-125
/
—N 0
BocHN OH

A una suspension de Pd(OH), (20%, 100 mg), formaldehido acuoso {(37% en
peso, 4 ml), acido acético (0, 5 ml) en metanol (15 ml) se anadid acido (S)-4-amino-

2-(terc-butoxicarbonilamino)butanocico (1 g, 4,48 mmol). La reaccidon se purgd varias

B4
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veces con hidrégeno y se agitd durante la noche bajo un globo de hidrégeno a
temperatura ambiente. La mezcla de reaccion se filtré a través de un lecho de tierra
de diatomeas (Celite®) y se eliminé el compuesto volatl a vacio. El material
resultante bruto se usd como tal para la etapa siguiente. CLEM: Anal. Calculado

para Cq1H22N204: 246; encontrado: 247 (M+H)".

Cap-126

/N (ﬁNMe
> CICO,Me, NaHCO, NZ

N >CcoH  THF/H0/0°C MeO,CHN™ ~COpH
cf-25 cap-126

Este procedimiento es una modificacién del que se usé para preparar Cap-51.
A una suspension de 3-metil-L-histidina (0,80 g, 4,70 mmol) en THF (10mL) y H,O
(10 ml) a 0°C se anadié NaHCO; (0,88 g, 10,5 mmol). La mezcla resultante se tratd
con CICO;Me (0,40 ml, 5,20 mmol) y se dejé agitar la mezcia a 0°C. Después de
agitar durante aproximadamente. 2h la CLEM no mostré material de partida. La
reaccion se acidificd hasta pH 2 con HCI 6 N.

Los disolventes se eliminaron a vacio y el residuo se suspendié en 20 ml de
MeOH al 20% en CH,Cl;. La mezcla se filtré y se concentré dando una espuma
amarilio claro (1,21 g,). La CLEM y RMN de 'H mostraron que el material era una
mezcla 9:1 del éster metilico y el producto deseado. Este material se suspendié en
THF (10 ml) y H2O (10 m), se eﬁfrié hasta 0°C y se afadio LiIOH (249,1 mg, 10,4
mmol). Después de agitar aproximadamente 1h la CLEM mostré que no quedaba
éster. Seguidamente la mezcla se acidificé con HCI 6N y los disolventes se
eliminaron a vacio. La CLEM y RMN de "H confirmaron la ausencia del éster. El

compuesto del epigrafe se obtuvo como su sal HCl contaminada con sales

85
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inorganicas (1,91 g, >100%). El compuesto se us6é como tal en posteriores etapas
sin purificacién adicional. RMN de 'H (400 MHz, CDsOD) 5 8,84, (s, 1H), 7,35 (s,
1H), 4,52 (dd, J = 5,0, 9,1 Hz, 1H), 3,89 (s, 3H), 3,62 (s, 3H), 3,35 (dd, J = 4,5, 15,6
Hz, 1H, parcialmente oscurecido por disolvente), 3,12 (dd, J = 9,0, 15,6 Hz, 1H).
CLEM: Analisis calculado para CoH1aN3O4: 227,09; encontrado: 228,09 (M+H)".

Cap-127
~ MeN MtzN \
(\N& CICOzMe, NaHCO; \N\L/L
H,N"CoH  THR/H0/0°C MeO,CHN™ “COpH
¢j-26 cap-127

Se prepard Cap-127 de acuerdo con el procedimiento para Cap-126 anterior
partiendo de acido (S)-2-amino-3-(1-metil-1H-imidazol-4-il}propanoico (1,11 g, 6,56
mmol), NaHCO; (1,21 g, 14,4 mmol) y CICO:Me (0,56 ml, 7,28 mmol). E! compuesto
del epigrafe se obtuvo como su sal HCI (1,79 g, >100%) contaminado con sales
inorganicas. La CLEM y RMN de '"H mostraron la presencia de aproximadamente
5% del éster metilico. La mezcla bruta se usdé como tal sin purificacién adicional.
RMN de "H (400 MHz, CDs0OD) & 8,90 (s, 1H), 7,35 (s, 1H), 4,48 (dd, J = 5,0, 8,6 Hz,
1H}, 3,89 (s, 3H), 3,62 (s, 3H), 3,35 (m, 1H), 3,08 (m, 1H).

CLEM: Anal. Calculado para CgH3N304: 227,09; encontrado: 228 (M+H)+.

Preparacién de Cap-128
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F’h—\
Cbz-Cl/ DMAP ) N
{ CHaCl / PrNE! Il BBr/CuS0,5H0 N |
ascorbato sédico N
BocHN™ ~CO,H BocHN™ ~CO,Bn  NaNy/BMF/H,0 BocHN™ ~CO,Bn
¢j-27a ¢j-27b 65°C/12 h ¢j-28
Phﬂ
N HN
, H, / Pd-C ,
1) TFA / CHoCly N, | 2 N, |
- N MeOH N
2) CICO,Me / NaHCO,
cj-29 cap-128

Etapa 1. Preparacion de 2-(terc-butoxicarbonilamino)pent-4-inocato de (S)-bencilo (cj-

27h).

BocHN™ "CO5Bn
cj-27b

A una solucion de ¢j-27a (1,01 g, 4,74 mmol), DMAP (58 mg, 0,475 mmol} y
iPraNEt (1,7 ml, 9,8 mmol) en CH,Cl; (100 ml) a 0°C se afiadié Cbz-Cl (0,68 m!, 4,83
mmol). La solucién se dej6 agitando durante 4 h a 0°C, se lavé (KHSO,; 1N,
salmuera}, se secé (Na,S0,), se filtréd y se concentrd a vacio. El residuo se purifico
por cromatografia en columna ultrarrapida (TLC 6:1 hex:EtOAc) dando el compuesto
del epigrafe (1,30 g, 91%) cohqo un aceite incoloro. RMN de 'H (400 MHz, CDCl3) &
7,35 (s, 5H), 5,35 (d ancho, J = 8,1 Hz, 1H), 523 (d, J = 12,2 Hz, 1H), 5,17 (d, J =
12,2 Hz, 1H)}, 4,48 - 4,53 (m, 1H), 2,68 — 2,81 (m, 2H), 2,00 (t, J = 2,5 Hz, 1H), 1,44
(s, 9H). CLEM: Anal. Calculado para C17H21NQO4: 303; encontrado: 304 (M+H)™.

Etapa 2. Preparacién de 3-(1-bencil-1H-1 ',2,3-triazol-4-iI)-?_-(terc-

butoxicarbonilamino)propanocato de (S)-bencilo (cj-28).
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BocHN™ "CO,Bn
cj-28

A una mezcla de 2-(terc-butoxicarbonilamino)pent-4-inoato de (S)-bencilo
(0,50 g, 1,65 mmol}, ascorbato soédico (0,036 g, 0,18 mmol), CuS0,4-5H,0 (0,022 g,
0,08 mmol) y NaN3 (0,13 g, 2,17 mmol} en DMF-H,0 (5 ml, 4:1) a ta se afiadié BnBr
(0,24 ml, 2,02 mmol) y la mezcla se calentd hasta 65°C. D_espués de 5 horas, la
CLEM indicé baja conversién. Se afadié una porcion adicional de NaN; (100 mg) y
se continud calentando durante 12 horas. La reaccién se vertié en EtOAc y HQO y se
agitd. Las fases se separaron y la fase acuosa se extrajo tres veces con EtOAc y las
fases orgénicas reunidas se lavaron (H,O x3, salmuera), se secaron (Na;SOQ,), se
filtraron y concentraron. El residuo se purificé por cromatografia ultrarrapida
(Biotage, 40+M 0-5% de MeOH en CH.Cl;; TLC 3% de MeOH en CH,Cly)
proporcionando un aceite amarillo claro que solidificd en reposo (748,3 mg, 104%).
La RMN fue consistente con el producto deseado pero sugirié la presencia de DMF.
El material se uso como tal sin purificacién adicional. RMN de 'H (400 MHz, DMSO-
ds) 6 7,84 (s, 1H), 7,27 — 7,32 (m, 10H), 5,54 (s, 2H}, 5,07 (s, 2H), 4,25 (m, 1H), 3,16
(dd, J =10, 5,3 Hz, 1H), 3,06 {dd, J = 5,3, 14,7 Hz), 2,96 (dd, J = 9,1, 14,7 Hz, 1H),
1,31 (s, 9H). |
CLEM: Anal. Calculado para CasH2sN4O4: 436; encontrado: 437 (M+H)".

Etapa 3. Preparacion de 3-(1-bencil-1H-1,2,3-triazol-4-il)-2-

(metoxicarbonilamino)propanoato de (S)-bencilo (cj-29).
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Phj
’N
N, |
N

MeO,CHN™ “CO,Bn
cf-29

Se afadié TFA (4 mi} a una solucién de 3-(1-bencil-1H-1,2,3-triazol-4-il)-2-
(terc-butoxicarbonilamino)propanoato de (S)-bencilo (0,52 g, 1,15 mmol} en CH,Cl,.
La mezcla se dejé agitando a temperatura ambiente durante 2h. La mezcla se
concentré a vacio dando un aceite incoloro que solidificd en reposo. Este material se
disolvié en THF-H20 y se enfrié hasta 0°C. Se afadié NaHCO; sdélido (0,25 g, 3,00
mmol) seguido por CICO.,Me (0,25 ml, 3,25 mmol). Después de agitar durante 1,5h
la mezcla se acidificd hasta pH~2 con HCI 6N y luego se vertié en H,O-EtOAc. Las
capas organicas se separaron y se extrajo la capa acuosa 2x con EtOAc. Las capas
organicas reunidas se lavaron (H20, salmuera), se secaron (Na;SQ,), se filtraron y
se concentraron a vacio dando un aceite incoloro (505,8 mg, 111%, la RMN sugiri6
la presencia de una impureza no identificada) que solidific en reposo en la bomba.
El material se usd como tal sin purificacién posterior. RMN de 'H (400 MHz, DMSO-
ds) & 7,87 (s, 1H), 7,70 (d, J = 8,1 Hz, 1H), 7,27 — 7,32 (m, 10H), 5,54 (s, 2H), 5,10
(d, J =12,7 Hz, 1H}, 5,06 (d, J = 12,7 Hz, 1H), 4,32 - 4,37 (m, 1H), 3,49 (s, 3H), 3,09
(dd, J = 5,6, 14,7 Hz, 1H), 2,98 (dd, J = 9,6, 14,7 Hz, 1H). CLEM: Anal. Calculado
para Cy1H2oN4O4: 394; encontrado: 395 (M+H)".

Etapa 4. Preparacién de &cido (S)-2-(metoxicarbonilamino)-3-(1H-1,2,3-triazol-4-

ipropanoico {Cap-128).
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N
MeQ,CHN™ ~CO,H
Cap-128
Se sometio 3-(1-bencil-1H-1,2,3-triazol-4-il)-2-(metoxicarbonilamino)-
propanoato de (S)-bencilo (502 mg, 1,11 mmol) a hidrogenacién en presencia de
. Pd-C (82 mg) en MeOH (5 ml) a presion atmosférica durante 12h. La mezcla se filtré
5 a través de tierra de diatomeas (Celite®) y se concentro a vacio.' Se obtuvo acido
(S)-2-(metoxicarbonilamino)-3-(1H-1,2,3-triazol-4-il)propanoico como una goma
incolora (266 mg, 111%) que estaba contaminada con aproximadamente 10% del
ester metilico. £l material se usé sin purificacién adicional.
RMN de 'H (400 MHz, DMSO-dg) & 12,78 (s ancho, 1H), 7,59 s, 1H), 7,50 (d, J =
10 8,0 Hz, 1H), 4,19 — 4,24 (m, 1H), 3,49 (s, 3H), 3,12 (dd, J = 4,8 Hz, 14,9 Hz, 1H),
296 (dd, J = 9,9, 15,0 Hz, 1H). CLEM: Anal. Calculado para C;H1gN4O4 214;
encontrado: 215 (M+H)".

. Preparacion de Cap-129

N3 N=
| N= 1
J:i HN./ ,11} 1) H, Pd-C / MeOH N}

ChzHN 0O CH;CN/50°C J: 2) CICOMe MeOZCHN/(CQ2H

‘ CbzHN™ ~CO,H
s ¢j-30 G-31 NaHCOj, / THF-H,0

cap-129

Etapa 1. Preparacién de acido (S)-2-(benciloxicarbonilamino)-3-(1H-pirazol-1-

[’l\].—-—
N/
CbzHN" “CO,H
oj-31

ipropanoico(cj-31).

Se calentd una suspension de 2-oxooxetan-3-ilcarbamato de (S)-bencilo (0,67
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g, 3,03 mmol) y pirazol (0,22 g, 3,29 mmol) en CH3CN (12 ml) a 50°C durante 24h.
La mezcia se enfrid hasta TA durante la noche y el sélido se filtrd proporcionando
acido (S)-2-(benciloxicarbonilamino)-3-(1H-pirazol-1-il)propancico (330,17 mg). El
filtrado se concentrd a vacio y luego se trituré con una pequefia cantidad de CH,CN
(aproximadamente 4 ml) proporcionando una segunda tanda (43,5 mg). Rendimiento
total 370,4 mg (44%). P.f. 165,5 - 168°C. p.f. lit 168,5 — 169,56 Vederas et al. J. Am.
Chem. Soc. 1985, 107, 7105. RMN de 'H (400 MHz, CD30D) § 7,51 (d, J = 2,0, 1H),
7,48 (s, J = 1,5 Hz, 1H), 7,24 — 7,34 (m, 5H), 6,23 m, 1H), 5,05 (d, 12,7 H, 1H), 5,03
(d, J = 12,7 Hz, 1H), 4,59 — 466 (m, 2H), 442 — 449 (m, 1H). CLEM: Anal.
Calculado para C14HsN3Q4: 289; encontrado: 290 (M+H)".

Etapa 2. Preparacidn de acido (S)-2-(metoxicarbonilamino)-3-(1H-pirazol-1-

N_r—
N_#
MeQ,CHN™ ~CO,H
cap-129

ilpropanoico (Cap-129).

Se sometio acido (S)-2-(benciloxicarbonilamino}-3-(1H-pirazol-1-il)propanocico
(0,20 g, 0,70 mmol) a hidrogenacién en presencia de Pd-C (45 mg) en MeOH (5 ml)
a presion atmosférica durante 2h. El producto parecia ser insoluble en MeOH, por
tanto se diluyo la mezcla de reaccién con 5 ml de H,O y unas pocas gotas de HCI
8N. La solucién homogénea se filtrd a través de tierra de diatomeas (Celite®), y el
MeOH se elimind a vacio. La solucion restante se congeld y se liofilizd dando una
espuma amarilla (188,92 mg). Este material se suspendié en THF-H,O (1:1, 10 ml) y
luego se enfrid hasta 0°C. A la mezcla fria se anadié NaHCO3; (146,0 mg, 1,74

mmol) cuidadosamente (generacion de CO;). Después de cesar la generacion de

&\
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gas (aproximadamente 15 min) se afadio CICO;Me (0,06 ml, 0,78 mmol) gota a
gota. La mezcla se dejé agitando durante 2 horas y se acidificd hasta pH~2 con HCI
6N y se vertié en EtOAc. Las fases se separaron y la fase acuosa se extrajo con
EtOAC (xb). Las fases organicas reunidas se lavaron (salmuera), se secaron
5 (NaySQy), se filtraron y concentraron dando el compuesto del epigrafe como un
sélido incoloro (117,8 mg, 79%). RMN de 'H (400 MHz, DMSO-ds) & 13,04 (s, 1H),
. 7,63 (d, J =2,6 Hz, 1H), 7,48 (d, J = 8,1 Hz, 1H), 7,44 (d, J = 1,5 Hz, 1H), 6,19 {(t
aparente, J = 2,0 Hz, 1H), 4,47 (dd, J = 3,0, 12,9 Hz, 1H), 4,29 — 4,41 (m, 2H), 3,48
(s, 3H). CLEM: Anal. Calculado para CgH;{N3O4: 213; encontrado: 214 (M+H)".
10
Cap-130

»

AcHN™ >CO,H
Se prepard Cap-130 por acilacién de (R)-fenilglicina disponible
comercialmente de forma analoga al procedimiento dado en: Calmes, M.; Daunis, J.;

15 Jacquier, R.; Verducci, J. Tetrahedron, 1987, 43(10), 2285.

Cap-131
.Bn OH
/K;\ . )Yi b )\r&o
,Bn —— O
0 HN._O
NH, HNYO \(
HCI N AN

PN

Etapa a: Se anadié cloruro de dimetilcarbamoilo (0,92 ml, 10 mmol)
20  lentamente a una solucion de clorhidrato de 2-amino-3-metilbutanoato de (S)-bencilo
(2,44 g, 10 mmol) y base de Hunig (3,67 ml, 21 mmol} en THF (50 ml). La

suspension blanca resultante se agitd a temperatura ambiente durante la noche (16

HL
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horas) y se concentrd a presion reducida. El residuo se repartié entre acetato de
etilo y agua. La fase organica se lavé con salmuera, se secé (MgSQy), se filtro y se
concentré a presién reducida. El aceite amarillo resultante se purificé por
cromatografia ultrarrdpida, eluyendo con acetato de etilo:hexanos (1:1). Las
fracciones recogidas se concentraron a vacio proporcionando 2,35 g (85%) de
aceite transparente. RMN de. 'H (300 MHz, DMSO-dg) & ppm 0,84 (d, J=6,95 Hz,
3H), 0,89 (d, J=6,59 Hz, 3H), 1,98-2,15 (m, 1H), 2,80 (s, 6H), 5,01-5,09 (m, J=12,44
Hz, 1H), 5,13 (d, J=12,44 Hz, 1H), 6,22 (d, J=8,05 Hz, 1H), 7,26-7,42 (m, 5H). CL
(Cond. 1). Tr = 1,76 min; EM: Analisis calculado para [M+H]" CisH22N203: 279,17;
encontrado 279,03.

Etapa b: A una solucién en MeOH (50 ml) del intermedio preparado antes
(2,35 g; 8,45 mmol) se anadio Pd/C (10%; 200 mg) y la suspensién negra resultante
se llené con Ny (3x) y se colocé en 10,13 kPa de H,. La mezcla se agitd a
temperatura ambiente durante la noche y se filtrd a través de un filtro de microfibra
para separar el catalizador. La solucién transparente resultante se concentré
entonces a presion reducida obteniendo 1,43 g (89%) de Cap-131 como espuma
blanca, que se us6 sin purificacién posterior. RMN de H (500 MHz, DMSO-dg) 8
ppm 0,87 (d, J=4,27 Hz, 3H), 0,88 (d, J=3,97 Hz, 3H), 1,93-2,11 (m, 1H), 2,80 (s,
6H), 3,90 (dd, J=8,39, 6,87 Hz, 1H), 5,93 (d, J=8,54 Hz, 1H), 12,36 (s, 1H). CL
(Cond. 1) Tr = 0,33 min; EM: Analisis calculado para [M+H]" CgH17N2O3: 189,12;
encontrado 189,04.

Cap-132

H3
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OH
0 Yk
\I)L B — 0

o)
HN.__.O
NH, b
HC! N

Cap-132 se prepard a partir de clorhidrato de 2-aminopropanoato de (S)-

bencilo de acuerdo con el procedimiento descrito para Cap-7371. RMN de 'H (500

MHz, DMSO-dg) 8 ppm 1,27 (d, J=7,32 Hz, 3H), 2,80 (s, 6H), 4,06 (ct, 1H), 6,36 (d,

.S J=7,32 Hz, 1H), 12,27 (s, 1H). CL (Cond. 1): Tr = 0,15 min; EM: Andlisis calculado
para [M+H]" CsH1aN-O3: 161,09; encontrado 161,00.

Cap-133
O OH
)\I)LOX _— J\x/&o
NH, HN\FO
HCI O\/\F
10 Cap-133 se preparé a partir de clorhidrato de 2-amino-3-metilbutanoato de
(S)-terc-butilo y cloroformiato de 2-fluoroetilo de acuerdo con el procedimiento
descrito para Cap-47. RMN de 'H (500 MHz, DMSO-dg) & ppm 0,87 (t, J = 6,71 Hz,
. 6H}, 1,97-2,10 (m, 1H), 3,83 (dd, J=8,39, 5,95 Hz, 1H), 4,14-4,18 (m, 1H), 4,20-4,25
(m, 1H), 4,50-4,54 (m, 1H), 4,59-4,65 (m, 1H), 7,51 (d, J = 8,54 Hz, 1H), 12,54 (s,
15 1H).

Cap-134
e} OH
OH O
NH; HN\fO
O\

Cap-134 se prepard a partir de (S)-dietil alanina y cloroformiato de metilo de

20 acuerdo con el procedimiento descrito para Cap-57. RMN de 'H (500 MHz, DMSO-
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ds) & ppm 0,72-0,88 (m, 6H), 1,15-1,38 (m, 4H), 1,54-1,66 (m, 1H), 3,46-3,63 (m,
3H), 4,09 (dd, J = 8,85, 5,19 Hz, 1H), 7,24 (d, J = 8,85 Hz, 1H), 12,55 (s, 1H). CL
(Cond. 2): Tr = 0,66 min; CL/EM: Analisis calculado para [M+H]" CoH1sNO4: 204,12;
encontrado 204,02.

5
Cap-135
o F
- N\

Una solucion de acide D-2-amino-{4-fluorofenil)acetico (338 mg, 2,00 mmol),

10  HCI 1N en éter dietilico (2,0 ml, 2,0 mmol) y formalina (37%, 1 ml) en metanol {5 ml)

se sometié a hidrogenacién bajo un globo en paladio al 10% sobre carbdn (60 mg)

durante 16 h a 25°C. La mezcla se filtrd a través de Celite proporcionando {a sal HCI

de Cap-135 como una espuma blanca (316 mg, 80%). RMN de 'H (300 MHz,

MeOH-ds) 6 7,59 (dd, J = 8,80, 5,10 Hz, 2H), 7,29 {t, J = 8,6 Hz, 2H), 5,17 (s, 1H),

.5 3,05 (s muy ancho, 3H), 2,63 (s muy ancho, 3H); Tr = 0,19 min {Condiciones de EM-

WS5): indice de homogeneidad de 95%: EMBR: Analisis calculado para [M+H]"
CioH13FNO2: 198,09; encontrado: 198,10.

Cap-136

@]
=
N OH

20
A uha suspension enfriada (-50 °C) de 1-bencil-1H-imidazo! (1,58 g, 10,0
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mmol) en éter dietilico anhidro (50 mi) en nitrébgeno se anadié n-butil litio (2,5 M en
hexanos, 4,0 ml, 10,0 mmol} gota a gota. Después de agitar durante 20 minutos a -
50 °C, se hizo burbujear dioxido de carbono (pasado a través de Drierite) en la
mezcla de reaccién durante 10 minutos antes de dejar calentar hasta 25°C. El
precipitado pesado que se formé al anadir didxido de carbono a la mezcla de
reaccion se filtrd proporcionando un solido blanco higroscépico que se recogié en
agua (7 mi), se acidificd hasta pH = 3, se enfrié y se indujo a cristalizar con raspado.
La filtracion de este precipitado dio un sélido blanco que se suspendié en metanol,
se tratdé con HCI 1N/éter dietilico (4 ml) y se concentré a vacio. La liofilizacion del
residuo en agua (5 ml) proporcioné la sal HCI de Cap-136, (230 mg, 105%) como un
sélido blanco (40%). RMN de 'H (300 MHz, DMSO-dg) & 7,94 (d, J = 1,5 Hz, 1H),
7,71 (d, =15 Hz, 1H), 7,50-7,31 (m, 5H), 5,77 (s, 2H); Tr = 0,51 min (Condiciones
de EM-W5); indice de homogeneidad del 85%; EMBR: Anadlisis calculado para
[M+H] C11H\12N202: 203,08; encontrado: 203,11.

Cap-137
o CN

~N

COH

Cap-137, elapa a
o CN

=N

!

Una suspension de 1-cloro-3-ciancisoquinolina (188 mg, 1,00 mmol;

preparada de acuerdo con el procedimiento del documento WO 2003/ 099274) (188

SO
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mg, 1,00 mmol}, fluoruro de cesio (303,8 mg, 2,00 mmol), dicloruro de bis(tri-terc-
butilfosfina)paladio (10 mg, 0,02 mmol) y 2-{tributilestannil)furano (378 pul, 1,20
mmol) en dioxano anhidro (10 ml) en nitrdgeno se calentd a 80 °C durante 16 horas
de enfriar hasta 25°C y se traté con soluciéon acuosa saturada de fluoruro potasico
con agitacion vigorosa durante 1 h. La mezcla se repartio entre acetato de etilo y la
fase organica se separd, se lavd con salmuera, se secd sobre Na;SOy, se filtré y se
concentré. La purificacion del residuo sobre gel de silice (elucién con acetato de etilo
de 0% a 30%/hexanos) proporcioné Cap-137, efapa a (230 mg, 105%) como un
solido blanco que se uso directamente a continuacion. Tr = 1,85 min (Condiciones
de EM-W2); indice de homogeneidad del 90%; EMBR: Analisis calculado para
[M+H]" C14HsN20: 221,07; encontrado: 221,12,

Cap-137

A una suspensién de Cap 137, efapa a, (110 mg, 0,50 mmol} y peryodato
sodico (438 mg, 2,05 mmol) en tetracloruro de carbono (1 mi), acetonitrilo (1 ml) y
agua (1,5 ml) se afiadio tricloruro de rutenio hidratado {2 mg, 0,011 mmol). La
mezcla se agitd a 25 °C durante 2 h y luego se repartid entre diclorometano y agua.
La fase acuosa se separd, se extrajo dos veces mas con diclorometano y se
secaron los extractos reunidos sobre Na,SO, se filtraron y concentraron. La
trituracion del residuo con hexanos proporciond Cap-137 (55 mg, 55%) como un
sélido de color grisaceo. Tg = 1,10 min (Condiciones de EM-WZ); indice de
homogeneidad del 90%; CLEM: Anélisis calculado para [M+H]" C41HsN202: 200,08;
encontrado: 200,08.

Caps 138a 158

St
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Estrategia de sintesis. Procedimiento A,

oM
DEAD NaOH 5N
= meoH = mcesA TIMSCN_
N T _m ToehT _TEAATN N asc
H

BMCL 2001,
11, 1685-1888.

Cap-138
0
=
=N
COH

Cap-138, etapa a
~

=
=N

A una suspensidn agitada de 5-hidroxiisoquinolina (preparada de acuerdo con
el procedimiento del documento WO 2003/ 099274) (2,0 g, 13,8 mmol) y
trifenilfosfina (4,3 g, 16,5 mmol) en tetrahidrofurano seco (20 ml) se afadié metanol
seco (0,8 ml) y azodicarboxilato de dietilo (3,0 ml, 16,5 mmol) en varias porciones.
La mezcla se agitd a temperatura ambiente durante 20 h antes de diluir con acetato
de etilo y se lavé con salmuera, se secod sobre Na,SOy, se filtrd y se concentrd. El
residuo se preabsorbid sobre gel de silice y se sometid a cromatografia (elucién con
40% de acetato de etilo/hexanos) proporcionando Cap-138, etapa a (1,00 g, 45%)
como un solido amarillo claro. RMN de 'H (CDCls, 500 MHz) & 9,19 (s, 1H), 8,51 (d,
J=6,0Hz, 1H), 7,99 (d, J = 6,0 Hz, 1H), 7,52-7,50 (m, 2H), 7,00-6,99 (m, 1H), 4,01
(s, 3H); Tr = 0,66 min (Cond. D2); indice de homogeneidad del 95%; CLEM: Analisis
calculado para [M+H]" C1gH1gNO: 160,08: encontrado 160,1.
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Cap-138, etapa b
~o

S
.
- N\O_

A una solucion agitada de Cap 138, etapa a (2,34 g, 14,7 mmol) en
diclorometano anhidro (50 ml) a temperatura ambiente se afiadié acido meta-
cloroperbenzoico (77%, 3,42 g, 19,8 mmol) en una porcidon. Después de agitar
durante 20 horas, se afnadi6 carbonato potasico en polvo (2,0 g) y la mezcla se agito
durante 1 hora a temperatura ambiente antes de que se filtrara y concentrara a
vacio proporcionando Cap-138, etapa b (2,15 g, 83,3%) como un sdlido amarillo
palido que era suficientemente puro para usarse posteriormente directamente. RMN
de 'H (CDCls, 400 MHz) § 8,73 (d, J = 1,5 Hz, 1H), 8,11 (dd, J = 7,3, 1,7 Hz, 1H),
8,04 (d, J=7,1 Hz, 1H), 7,52 (t, /= 8,1 Hz, 1H), 7,28 (d, J = 8,3 Hz, 1H), 6,91 d, J =
7,8 Hz, 1H), 4,00 (s, 3H); Tr = 0,92 min, (Condiciones-D1); indice de homogeneidad
del 90%; CLEM: Analisis calculado para [M+H]" C3oH1gNO2: 176,07; encontrado:
176,0.

Cap-138, etapa ¢
o

S
=N

CN
A una solucion agitada de Cap 138, etapa b (0,70 g, 4,00 mmol) y trietilamina
(1,1 ml, 800 mmol) 'en acetonitrilo seco (20 ml) a temperatura ambiente en
nitrégeno se anadié cianuro de trimetilsiliio (1,60 ml, 12,00 mmol). La mezcla se
calent6 a 75 °C durante 20 h antes de enfriar hasta temperatura ambiente, se diluyo
con acetato de etilo y se lavo con solucién saturada de bicarbonato sédico vy

salmuera antes de secar sobre Na,SO, y concentrar el disolvente. El residuo se

19
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sometié a cromatografia ultrarrapida sobre gel de silice (eluciéon con gradiente de
5% de acetato de etilo/fen hexanos) hasta 25% de acetato de etilo%/en hexanos)
proporcionando Cap-138, etapa c (498,7 mg, 68%) como un sdlido blanco cristalino
junto con 223 mg (30%) de mas Cap-138, efapa c recuperado del filtrado. RMN de
'H (CDCl, 500 MHz) & 8,63 (d, J = 5,5 Hz, 1H), 8,26 (d, J = 5,5 Hz, 1H), 7,88 (d, J =
8,5 Hz, 1H), 7,69 (t, J = 8,0 Hz, 1H), 7,08 (d, J = 7,5 Hz, 1H), 4,04 (s, 3H); Tk = 1,75
min, (Condiciones-D1); indice de homogeneidad del 90%; CLEM: Analisis calculado

para [M+H]" CyHgN2O: 185,07; encontrado: 185,10.

Cap-138

Se tratdé Cap-138, etapa ¢ (0,45 g, 2,44 mmol) con solucion de hidréxido
sodico 5N (10 ml) y la suspensién resultante se calenté a 85°C durante 4 h, se enfrié
hasta 25 °C, se diluyd con diclorometano y se acidificé con acido clorhidrico 1N, La
fase orgdnica se separd, se lavd con salmuera, se secé sobre Na,SQ;, se concentrd
hasta ¥ del volumen y se filtré proporcionando Cap-138 (0,44 g, 88,9%) como un
sélido amarillo. RMN de 'H (DMSO-dg, 400 MHz) & 13,6 (s ancho, 1H), 8,56 (d, J =
6,0 Hz, 1H), 8,16 (d, J = 6,0 Hz, 1H), 8,06 (d, J = 8,8 Hz, 1H), 7,71-7,67 (m, 1H),
7,30 (d, J = 8,0 Hz, 1H), 4,02 (s, 3H); Tr = 0,70 min (Condiciones-D1); indice de
homogeneidad del 95%; CLEM: Analisis calculado para [M+H]" C11HoNO3: 204,07:
encontrado: 204,05.

Estrategia de sintesis. Procedimiento B (derivado de Telrahedron Letters, 2001, 42,

B8707).
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<,J KGN, d <|3 <.|)
) 3
™ FAC o—‘mp_’,em)2 R NaOH 5N o=
N TMEDA, % _N
150°0 ‘
fol] toltseno N CO,H
WO 2003/ 099274
Cap-139
A0 SN
N
COH

Cap-139, etapa a
~0 R
0
CN

A un vial a rosca de pared gruesa que contenia una suspension
desgasificada en argon de 1-cloro-G-metoxiisoquinolina (1,2 g, 6,2 mmol; preparado
de acuerdo con el procedimiento del documento WO 2003/ 099274), cianuro
potasico (0,40 g, 6,2 mmol), 1,5-bis(difenilfosfino)pentano (0,27 g, 0,62 mmol} y
acetato de paladio (II) (70 mg, 0,31 mmol) en tolueno anhidro (6 ml) se afadid
N, N,N’,N'-tetrametiletilendiamina (0,29 ml, 2,48 mmol). El vial se sello, se calentd
hasta 150 °C durante 22 h y luego se dejo enfriar hasta 25 °C. La mezcla de
reaccion se diluyd con acetato de etilo, se lavé con agua y salmuera, se secéd sobre
Na;S0Q,, se filtrd y se concentrd. El residuo se purifico sobre gel de silice (elucidon
con gradiente de 5% de acetato de etilofhexanos hasta 25% de acetato de
etilo%/hexanos proporcionando Cap-139, efapa a (669,7 mg, 59%) como un sélido
blanco. RMN de 'H (CDCl, 500 MHz) 5 8,54 (d, J = 6,0 Hz, 1H), 8,22 (d, J = 9,0 Hz,
1H), 7,76 (d, J = 5,5 Hz, 1H), 7,41-7,39 (m, 1H), 7,13 (d, J = 2,0 Hz, 1H), 3,98 (s,
3H); Tr = 1,66 min (Condiciones-D1); indice de homogeneidad del 90%; CLEM:
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Andlisis calculado para [M+H]" C41HsN,O: 185,07; encontrado: 185,2.

Cap-139
Cap-139 se prepard a partir de la hidrélisis basica de Cap-139, etapa a con
NaOH 5N de acuerdo con el procedimiento descrito para Cap 138. RMN de 'H (400
MHz, DMSO-dg) 5 13,63 s muy ancho, 1H), 8,60 (d, J = 9,3 Hz, 1H), 845 (d, J=5,6
Hz, 1H), 7,95 (d, J = 5,9 Hz, 1H), 7,49 (d, J = 2,2 Hz, 1H), 7,44 (dd, J = 9,3, 2,5 Hz,
1H), 3,95 (s, 3H); Tr = 0,64 min (Condiciones-D1); indice de homogeneidad del
90%; CLEM: Analisis caiculado para [M+H]" C11H1oNOs: 204,07: encontrado: 204,05.

Cap-140
o
=
=N

CO,H

Cap-140, etapa a
/\0

\CI

=N

CN
A una mezcla agitada vigorosamente de 1,3-dicloro-5-etoxiisoquinolina (482
mg, 2,00 mmol; preparada de acuerdo con el procedimienio del documento WO
2005/ 051410}, acetato de paladio (1) (9 mg, 0,04 mmol), carbonato sédico (223 mg,
2,10 mmol) y 1,5-bis(difenilfosfino)pentano (35 mg, 0,08 mmol) en dimetilacetamida
seca (2 ml) a 25 °C en nitrégeno se afadio N,N,N' N'-tetrametiletilendiamina (60 ml,
0,40 mmol). Después de 10 min, la mezcla se calenté hasta 150 °C, y luego se

anadio una solucién patron de acetona cianohidrina (preparada a partir de 457 pl de
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acetona cianohidrina en ;1,34 ml de DMA) en porciones de 1 ml durante 18 h usando
una bomba de jeringa. La mezcla se repartié entonces entre acetato de etilo y agua
y se separo la fase organica, se lavo con salmuera, se seco sobre NaS0O,, se filtrd y
se concentrd. El residuo se purificd sobre gel de silice (elucién con gradiente de
10% de acetato de etilo en hexanos hasta 40% de acetato de etilo en hexanos)
proporcionando Cap-140, etapa a (160 mg, 34%) como un sélido amarillo. Tg = 2,46
min (Condiciones de EM-W2); indice de homogeneidad del 90%; CLEM: Analisis
calculado para [IV1+H]+ C12HsCIN,O: 233,05; encontrado: 233,08.

Cap-140
Cap-140 se preparo por fa hidrolisis acida de Cap-140, etapa a con HCI 12N
como se describe en el procedimiento para la preparacion de Cap 741, descrito mas
adelante. Tr = 2,24 min (Condiciones de EM-W2); indice de homogeneidad del 90%;
CLEM: Analisis calculado para [E\/1+H]+ C12H11CINO5: 252,04; encontrado: 252,02.

Cap-141
o
~N

CO.H

Cap-141, etapa a
S F
=N

CN
Cap-141, etapa a se prepard a partir de 1-bromo-3—ﬂuordisoquinolina
(preparada a partir de 3-amino-1-bromoisoquinolina usando el procedimiento

esbozado en J. Med. Chem. 1970, 13, 613) como se describe en el procedimiento
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para la preparacién de Cap-140, etapa a (vide supra). RMN de 'H (500 MHz, CDCly)
68,35 (d, J =85 Hz, 1H), 7,93 (d, J = 8,5 Hz, 1H), 7,83 (t, J = 7,63 Hz, 1H), 7,77-
7,73 (m, 1H), 7,55 (s, 1H); Tr = 1,60 min (Condiciones-D1); indice de homogeneidad
del 90%; CLEM: Analisis calculado para [M+H]" CioHsFN2: 173,05; encontrado:
172,99,

Cap-141

Se traté Cap-141, etapa a (83 mg, 0,48 mmol) con HCI 12N (3 ml) vy la
suspension resuitante se calenté a 80 °C durante 16 h antes de enfriar hasta
tehperatura ambiente y se diluyd con agua (3 ml). La mezcla se agitd durante 10
min y luego se filtré proporcionando Cap-141 (44,1 mg, 48%) como un sélido
blangquecino. El filtrado se diluyd con diclorometano y se lavd con salmuera, se seco
sobre Na;SO,4 y se concentré proporcionando mas Cap-141 (29,30 mg, 32%) que
era suficientemente puro para usarlo posteriormente. RMN de 'H (DMSO-ds, 500
MHz) & 14,0 (s ancho, 1H), 8,59-8,57 (m, 1H), 8,10 (d, J = 8,5 Hz, 1H), 7,88-7,85 (m,
2H), 7,74-7,71 (m, 1H); Tr = 1,33 min (CondiCIOﬂes-D1); indice de homogeneidad
del 90%; CLEM: Analisis calculado para [M+H]" CioH;FNO,: 192,05; encontrado:
191,97.

Cap-g 42
$
S

=N

CO,H

Cap-142, etapa a
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=
=N

CN

Cap-142, elapa a se prepard a partir de N-6xido de 4-bromoisoquinolina
como se describe en el procedimiento en dos etapas para la preparacién de Cap-
138, efapas b y ¢. Tr = 1,45 min (Condiciones de EM-W1); indice de homogeneidad
del 90%; CLEM: Analisis calculado para [M+H]" CigHsBrNa: 232,97; encontrado:
233,00.

Cap-142, g,-tapa b
()
N
e
CN
A una suspension desgasificada en argén de Cap-142, etapa a (116 mg, 0,50
mmol), fosfato potasico tribasico (170 mg, 0,80 mmol), acetato de paladio (Il) (3,4
mg, 0,015 mmol) y 2-(diciclohexilfosfino)bifenilo (11 mg, 0,03 mmol) en tolueno
anhidro (1 mi) se afadié morfolina (61 pl, 0,70 mmol). La mezcla se calentd a 100 °C
durante 16 h, se enfrid hasta 25 °C, se filtrd a través de tierra de diatomeas (Celite®)
y se concentrd. La purificacion del residuo sobre gel de silice, (elucién con gradiente
de acetato de etilo del 10% a 70% en hexanos proporcioné Cap-142, etapa b (38
mg, 32%) como un solido amarillo, que se llevd a etapas posteriores directamente.
Tr = 1,26 min (Condiciones de EM-W1); indice de homogeneidad del 90%; CLEM:
Analisis calculado para [M+H]* C14H14N30O: 240,11; encontrado: 240,13.

Cap-142
Cap-142 se preparé a partir de Cap-142, efapa b con hidréxido sodico 5N
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como se describe en el procedimiento para Cap 738. Tr = 0,72 min {Condiciones de
EM-W1); indice de homogeneidad del 90%; CLEM: Analisis calculado para [M+H]*
C14H15N2045: 259,11; encontrado: 259,08.

5 Cap-143
o ST
CO;H

Cap-143, efapa a

(o
NP
~ZN
10 Br

A una solucién agitada de 3-amino-1-bromoisoquinolina (444 mg, 2,00 mmol)

en dimetilformamida anhidra (10 ml) se afadid hidruro sddico (60%, sin lavar, 96

. mg, 2,4 mmol) en una porcion. Esta mezcla se agité a 25 °C durante 5 min antes de

anadir éter 2-bromoetilico (90%, 250 ul, 2,00 mmol). La mezcla se agitd otra vez a

15 25 °C durante 5 hy a 75 °C durante 72 h antes de enfriar hasta 25 °C, se inactivd

con solucion saturada de cloruro aménico y se diluyé con acetato de etilo. La fase

organica se separd, se lavo con agua y salmuera, se secé sobre Na;SQ,, se filtrd y

se concentrd. La purificacién del residuo sobre gel de silice (elucidén con gradiente

de 0 a 70% de acetato de etilo en hexanos proporciond Cap-143, etapa (180 myg,

20 31%) a como un sdélido amarillo. Tk = 1,75 min (Condiciones de EM-W1); indice de

homogeneidad del 90%; CLEM: Analisis calculado para [M+H]" Ci3H14BrNoO:
293,03; encontrado: 293,04.
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Cap-143

A una solucion fria (-60 °C) de Cap-143, etapa a (154 mg, 0,527 mmol) en
tetrahidrofurano anhidro (5 ml) se afiadié una solucién de n-butil litio en hexanos (2,5
M, 0,25 ml, 0,633 mmol). Después de 10 min, se burbujed didxido de carbono en la
mezcla de reaccion durante 10 minutos antes que se inactivara con HCI 1N y se
dejo calentar hasta 25°C. La mezcla se extrajo entonces con diclorometano (3 x 30
ml) y los extractos orgdnicos reunidos se concentraron a vacio. La purificaciéon del
residuo por una HPLC de fase inversa (MeOH/agua/TFA) proporciono Cap-143 (16
mg, 12%). Tr = 1,10 min (Condiciones de EM-W1); indice de homogeneidad del
90%:; CLEM: Analisis calculado para [M+H]" Ci4HsN2Os 259,11; encontrado:
259,08.

Cap-144

Cl

COoH

Cap-144, etapa a
NOy

\CI

=N

cl

Se afadié 1,3-dicloroisoquinolina (2,75 g, 13,89 mmol) en pequeiias
porciones a una solucién fria (0 °C) de acido nitrico fumante (10 ml) y &cido sulfirico
concentrado (10 mi). La mezcla se agité a 0°C durante 0,5 horas antes de que se
calentara gradualmente hasta 25°C a la gue se agité durante 16 horas. La mezcla se

vertid entonces en un vaso de precipitados que contenia hielo triturado y agua y la
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suspension resultante se agité durante 1 hora a 0°C antes de que se filtrara
proporcionando Cap-144, etapa a (2,73 g, 81%) como un sélido amarillo que se usé
directamente. Tr = 2,01 min. (Condiciones-D1); indice de homogeneidad del 95%;

CLEM: Analisis calculado para [M+H]" CgHsC1:N2O2: 242,97; encontrado: 242,92.

Cap-144, etapa b

\N/

Cl
N
Cl
Se suspendidé Cap-144, etapa a (0,30 g, 1,23 mmol) en metanol (60 ml) y se

tratd con éxido de platino (30 mg) y la suspensién se sometié a hidrogenacién de
Parr a 48,26 kPa de H; durante 1,5 h. Antes se afadieron formalina (5 ml) y mas
oxido de platino (30 mg). La suspensién se volvid a someter a hidrogenacién de Parr
a 310,26 kPa de H; durante 13 h antes de someter a filtracién por succién a través
de tierra de diatomeas (Celite®) y se concentré hasta % de su volumen. La filtracion
por succion del precipitado proporcioné el compuesto del epigrafe como un sélido
amarillo que se sometié a cromatografia sobre gel de silice (elucién con gradiente
de 5% de acetato de etilo en hexanos hasta 25% de acetato de etilo% en hexanos)
proporcionando Cap-144, etapa b (231 mg, 78%) como un solide amarillo palido. Tr
= 2,36 min (Condiciones-D1); indice de homogeneidad del 95%; RMN de 'H {400
MHz, CDCls) & 8,02 (s, 1H), 7,95 (d, J = 8,6 Hz, 1H), 7,57-7,53 (m, 1H), 7,30 (d, J =
7,3 Hz, 1H), 2,88 (s, 6H); CLEM: Analisis calculado para [M+H]" CqsH11ClLN2:
241,03; encontrado: 241,02. EMAR: Analisis calculado para [M+H]" C14H1ClaNy:
241,0299; encontrado: 241,0296.

60D
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Cap-144, etapa c

‘\N/

N Cl

~N

CN

Cap-144, etapa c¢ se prepard a partir de Cap-144, etapa b de acuerdo con el

procedimiento descrito para la preparacion de Cap-139, etapa a. Tr = 2,19 min
(Condiciones-D1); indice de homogeneidad del 95%; CLEM: Analisis calculado para
[M+H]" CyH14CIN,: 232,06; encontrado: 232,03. EMAR: Analisis calcufado para
[M+H]" C42H1,CINs: 232,0642; encontrado: 232,0631.

Cap-144
Cap-144 se prepard de acuerdo con el procedimiento descrito para Cap-141.
Tr = 2,36 min (Condiciones-D1); 90%; CLEM: Analisis calculado para [M+H]
C12H412CINLC32: 238,01; encontrado: 238,09.

Caps-145a 162
Se prepararon Caps-145 a 162 a partir de las 1-cloroisoquinolinas apropiadas
de acuerdo con el procedimiento descrito para la preparacion de Cap-138
(Procedimiento A) o Cap-139 (Procedimiento B) a no ser que se describa de otro

modo mas adelante.
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T, {Condicion de
Procedi- | Hidro- CL); % de indice
Cap n° Cap
miento lisis de homogeneidad;
datos de EM
1,14 min
(Condiciones de
NG EM-W1); 80%;
- CLEM: Analisis
Cap- COzH
calculado para
145 Preparado a partir de 1,3- B 12N HCI
e [M+H]"
dicloroisoquinolina disponible
CmH?CINOz:
comercialmente
208,02;
encontrado:
208,00.
1,40 min
(Condiciones-D1);
O
N 95% ;
Cap- COH CLEM: Analisis
_ NaCOH
146 Preparado a partir de 3- A calculado para
5N

hidroxiisoguinalina disponible

comercialmente

[M+H]" C41H;gNO;:

204,07
encontrado:

204,06.
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0,87 min
- (Condiciones-D1);
= 95%;
=N
Cap- CLEM: Analisis
coaf NaOH
147 Preparado a partir de 1- 5N calculado para
cloro-4-hidroxiisoquinolina [M+H]" C14H1oNOs:
disponible comercialmente 204,07
encontrado:
204,05,
0,70 min
(Condiciones-D1);
o 0,
\..O =N 95 A:
Cap- COH CLEM: Analisis
_ NaQH
148 Preparado a partir de 7- calculado para
5N
hidroxiisoquinolina disponible [M+H]" Cy4H1gNO3;
comerciaimente 204,07
encontrado:
204,05,
~0 0,70 min
= (Condiciones-D1);
~N
Cap- 95%;
Coat NaOH . |
149 Preparado a partir de 5- 5N CLEM: Andlisis

hidroxiisoquinciina disponible

comercialmente

calculado para

[M+H]" C11H1oNO;:

204,07,

o\(
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encontrado:
204,05.
R 0,26 min
=N TFA
(Condiciones-D1);
O CoM
) 95%;
Preparado a partir de 8-
Cap- _ . _ CLEM: Analisis
metoxi-1-cloroisoquinolina,
150 ' o HCI 12N calculado para
que se puede sintetizar
I - [M+H]" Cy1H1gNO;:
siguiendo el procedimiento
204,07,
del documento WO 2003/
encontrado:
099274
204,04,
~
1,78 min
2Ol
ZN (Condiciones-D1);
oo 90%;
Preparado a partir de 5- CLEM: Anilisis
Cap- .
metoxi-1,3- calculado para
151 dicloroisoquinolina, que se HCI12N [M+H]"
o uiend
puede sintetizar siguiendo el C1HsCINO;:
procedimiento dei 538 03
documento WO 2005 / encontrado:
051410. 238 09
0 P
N 1,65 min
Cap-
CoH (Condiciones-D1);
152 HCH 12N

Preparado a partir de 6-

metoxi-1,3-

95%,;

CLEM: Analisis




siguiéndo el procedimiento
del documento WO 2003/
099274
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dicloroisoquinolina disponible calculado para
comercialmente (M+H]"
C11HgC|N03:
238,00;
encontrado:
238,09,
- 1,18 min
= (Condiciones de
=N
EoH EM-W1); 95%;
Cap- Preparado a partir de 4- CLEM: Analisis
i moli calculado para
153 bromoisoquinolina, que se A HCI 6N -
puede sintetizar siguiendo el [M+H]
procedimiento del CioH7BrNO::
documento WO 2003/ 251,97,
062241 encontrado:
251,95,
BN 0,28 min
=N .
F (Condiciones de
COH
] EM-W1); 90%;
Preparado a partir de 7-
Cap- ) o CLEM: Analisis
fluoro-1-cloroisoquinolina, NaOH
154 o B calculado para
que se puede sintetizar 5N

[M""'Hr CmH?FNOQZ
192,05;

encontrado;

192,03.




0,59 min
RS
_N (Condiciones de
cl
COzH EM-W1); 90%;
Preparado a partir de 1,7- CLEM: Analisis
Cap-
dicloroisoquinolina, que se NaOH caiculado para
155
puede sintetizar siguiendo el 5N [M+H]
procedimiento del C1oH;CINO:
documento WO 2003/ 208,02;
099274 encontrado:
208,00.
0,60 min
cl N
N {Condiciones de
o
COzH EM-W1); 90%;
Preparado a partir de 1,6- CLEM: Analisis
Cap-
dicloroisoquinolina, que se NaOH calculado para
156
puede sintetizar siguiendo el 5N [M+H]"
procedimiento del CioH+CINO.;
documenta WO 2003/ 208,02;
099274 encontrado:
208,03.
|
= 1,49 min
=N
Cap- oM (Condiciones-D1);
157 Preparado a partir de 1,4- HCI 12N 95%;
CLEM: Analisis

dicloroisoquinclina,

que se puede sintetizar

calculado para

ol



siguiendo el procedimiento [M+H]
del documento WQ 2003/ C1oH7CINO:
062241 208,02;
encontrado:
208,00.
ol 0,69 min
= {Condiciones de
;:H EM-W1); 90%;
Cap- Preparado a partir de 1,5- CLEM: Analisis
158 dicloroisoquinolina, NaOH calculado para
que se puede sintetizar 5N [M+H]"
siguiendo el procedimiento C1oH,CINO;:
del documento WO 2003/ 208,02;
099274 encontrado:
208,01.
i 0,41 min
x
N | (Condiciones de
cout EM-W1); 90%:
Cap- Preparado a partir de 5- CLEM: Andlisis
159 quoro-1-cloroisoquinoli_na, NaOH calculado para
que se puede sintetizar 5N

siguiendo el procedimiento
del documento WO 2003/

099274

[M+H]+ CmH;-FNOg:
192,05;
encontrado:

192,03.

HiS



S

=N

COzH

Preparado a partir de 6-

0,30 min
{Condiciones de

EM-W1); 90%;

Cap- CLEM: Analisis
fluoro-1-cloroisoquinolina, NaOQOH
160 B calculado para
gue se puede sintetizar 5N
[NH'H]+ C10H7FN02:
siguiendo el procedimiento
192,05;
del documento WO 2003/
encontrado:
099274
192,03.
0,70 min (Cond.
~NT D1); 95%:
@\)j\ CLEM: Analisis
N CO,H
Cap- _ calculado para
Preparado a partir de acido .
161 -- - [M+H]
4-bromogquinolin-2-
C12H13N205:
carboxilico y dimetilamina
217,10;
(DMSO, 100 °C)
encontrado:;
217,06.
m 0,65 min
~o N coM .
(Condiciones-M3);
Cap- Preparado a partir de m- 95%:
162 anisidina siguiendo el _ B CLEM: Analisis

procedimiento descrito en J.

Hetero. Chem. 1993, 17 y

Heterocycles, 2003, 60, 953.

calculado para
[M+H]+ C11H10N03'.

204,07,

blo
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encontrado:;
203,94.
Cap-163
OH
OH
)

A una solucién de acido 2-cetobutirico (1,0 g, 9.8 mmol) en éter dietilico (25
ml) se afadid gota a gota bromuro de fenilmagnesio (22 ml, 1M en THF). La
reaccion se agité a ~25 °C en nitrégeno durante 17,5h. La reaccién se acidificd con
HCI 1N y el producto se extrajo con acetato de etilo (3 x 100 mi). La fase organica
reunida se lavd con agua seguido por salmuera y se secd sobre MgSQ,4. Después
de concentrar a vacio se obtuvo un sélido blanco. El sélido se recristalizd en
hexanos/acetato de etilo proporcionando Cap-163 como agujas blancas (883,5 mg).
RMN de 'H (DMSO-dg, 8 = 2,56 ppm, 500 MHz): 12,71 (s ancho, 1 H), 7,54-7,52 (m,
2H), 7,34-7,31 (m, 2H), 7,26-7,23 {m, 1H), 5,52-5,39 (s ancho, 1H), 2,11 (m, 1H),
1,88 (m, 1H), 0,79 (t ap, J = 7,4 Hz, 3H).

Cap-164
O

OH
N
\

Se expuso a H; a 344,74 kPa en un frasco de Parr durante 42 horas una
mezcla de acido 2-amino-2-fenilbutirico (1,5 g, 8,4 mmol), formaldehido (14 mi, 37%
en agua), HCI 1N (10 ml) y Pd al 10%/C (0,5 mg) en MeOH (40 ml}. La reaccién se

filtrd sobre Celite y se concentrd a vacio, el residuo se suspendié en MeOH (36 ml) y

ol



10

15

20

-302-

el producto se purificdé con una HPLC de fase inversa (MeOH/H,O/TFA)
proporcionando la sal TFA de Cap-164 como un solido blanco (1,7 g). RMN de 'H
(DMSO-dg, 8 = 2,5 ppm, 500 MHz) 7,54-7,47 (m, §H), 2,63 (m, 1H), 2,55 (s, 6H),
2,31 (m, 1H), 0.95 (t ap, J = 7.3 Hz, 3H).

Cap-165

O

A una mezcla de acido 2-amino-2-indanocarboxilico (258,6 mg, 1,46 mmol) y
acido férmico (0,6 ml, 15,9 mmol) en 1,2-dicloroetano (7 ml} se afadié formaldehido
(0,6 ml, 37% en agua). La mezcla se agitd a ~25 °C durante 15 min luego se calenté
a 70 °C durante 8h. El componente volatil se elimind a vacio y el residuo se disolvio
en DMF (14 ml) y se purificd por una HPLC de fase inversa (MeOH/H,O/TFA)
proporcionando la sal TFA de Cap-765 como un aceite viscoso (120,2 mg). RMN de
'H (DMSO-ds, & = 2,5 ppm, 500 MHz): 7,29-7,21 (m, 4 H), 3,61 (d, J = 17,4 Hz, 2H),
3,50 (d, J = 17,4 Hz, 2H), 2,75 (s, 6H). CL/EM: Analisis calculado para [M+H]"
C12H4eNO,: 206,12; éncontrado: 206,07.

" Cap-166a y -166b

615
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O
O Cap-166a: Diasteredmero-1

& Cap-166b: Diasteredmero-2

N
/

Caps-166a y -166b se prepararon a partir de (1S, 4S)-{+)-2-metil-2,5-

. diazabiciclo[2.2.1)heptano (2HBr) de acuerdo con el procedimiento descrito para la

5 sintesis de Cap-7a y Cap-7b, con la salvedad de que se separd el éster bencilico
intermedio usando una columna semipreparativa Chiralcel OJ, 20 x 250 mm, 10 pm
eluyendo con una mezcla 85:15 de heptano/etanol a 10 ml/min de caudal de elucién
durante 25 min. Cap-1666: RMN de 'H (DMSO-dg, & = 2,5 ppm, 500 MHz): 7,45 (d, J
= 7,3 Hz, 2H), 7,27-7,19 (m, 3H), 4,09 (s, 1H), 3,34 (s ancho ap, 1H), 3,16 (s ancho

10 ap, 1H), 2,83 (d, J=10,1 Hz, 1H), 2,71 (m, 2H), 2,46 (m, 1H), 2,27 (s, 3H), 1,77 (d, J
= 9,8 Hz, 1H), 1,63 (d, J = 9,8 Hz, 1H). CL/EM: Analisis calculado para [M+H]+
Ci4H1aN2042: 247 14, encontrado: 247,11,

Cap-167
15

OH

Se agitd una solucion de acido Boc-1,3-dihidro-2H-isoindol carboxilico
racemico (1,0g, 3,8 mmol} en 20% de TFA/CH,CI; a ~25 °C durante 4h. Se elimino
20 todo el componente volatil a vacio. Se expuso una mezcla del material bruto

resultante, formaldehido (15 ml, 37% en agua), HCI 1N (10 ml) y Pd al 10%/C (10
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mg) en MeOH a H; (275,71 kPa) en un frasco de Parr durante 23 h. La mezcla de
reaccion se filtrd sobre Celite y se concentrd a vacio proporciénando Cap-167 como
una espuma amarilla (873,5 mg). RMN de 'H {(DMSO-ds, 6 = 2,5 ppm, 500 MHz)
7,59-7,38 (m, 4H), 5,59 (s, 1H), 4,84 (d, J = 14 Hz, 1H), 4,50 (d, J = 14,1 Hz, 1H),

5 3,07 (s, SH). CL/EM: Andlisis calculade para [M+H]" C1gH2NOy: 178,09; encontrado:
178,85.

Cap-168

OH
NMEz

10

Se preparé Cap-168 racémico a partir de acido Boc-aminoindano-1-
carboxilico racémico de acuerdo con el procedimiento descrito para la preparacion

de Cap-167. El producto bruto se empled como tal.

15 Cap-169

0
CH
N_

I
Se colocd una mezcla de clorhidrato de acido 2-amino-2-fenilpropanoico (5,0
g, 2,5 mmol), formaldehido (15 ml, 37% en agua), HCI 1N (15 ml) y Pd al 10%/C
20 (1,32 g) en MeOH (60 ml) en un frasco de Parr y se agito en hidrégeno (379,11 kPa)
durante 4 dias. La mezcla de reaccién se filtré a través de tierra de diatomeas

(Celite®) y se concentré a vacio. El residuo se suspendié en MeOH y se purificd por
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HPLC preparativa de fase inversa (MeOH/agua/TFA) proporcionando la sal TFA de
Cap-169 como un semisolido viscoso (2,1 g). RMN de 'H (CDCl;, § = 7,26 ppm, 500
MHz): 7,68-7,52 (m, 2 H), 7,39-7,33 (m, 3H), 2,86 (s ancho, 3H), 2,47 (s ancho, 3H),
1,93 (s, 3H). CL/EM: Analisis calculado para [M+H]" C11H1gNO2: 194,12; encontrado:
104,12.

Cap-170
O O

OH
HN.__.O
Py

A acido (S)-2-amino-2-(tetrahidro-2H-piran-4-il)acético (505 mg; 3,18 mmol;
obtenido de Astatech) en agua (15ml) se anadid carbonato sédico (673 mg; 6,35
mmol) y la mezcla resultante se enfri6 hasta 0°C momento en el que se afadid
cloroformiato de metilo (0,26ml; 3,33mmol) gota a gota durante 5 minutos. Se dejod
agitando la reaccién durante 18 horas llegando lentamente a temperatura ambiente
a medida que se fundia el bafo de hielo. La mezcla de reaccion se repartid
entonces entre HCI 1N y acetato de etilo. La fase organica se separt y la fase
acuosa se extrajo de nuevo con dos porciones mas de acetato de etilo. Las fases
organicas reunidas se lavaron con salmuera, se secaron sobre sulfato de magnesio,
se filtraron y se concentraron a vacio dando Cap-170 como un residuo incoloro.
RMN de 'H (500 MHz, DMSO-ds) & ppm 12,65 (1 H, s ancho), 7,44 (1 H, d, J=8,24
Hz), 3,77 - 3,95 (3 H, m), 3,54 (3 H, s), 3,11 -3,26 (2 H, m), 1,82 - 1,95 (1 H, m),
1,41 - 1,55 (2 H, m), 1,21 - 1,39 (2 H, m); CL/EM: Analisis calculado para [M+H]"
CyH4gNOs: 218,1; encontrado 218,1.
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Cap-171

OLi
HNYO
0

Una solucidn de 2-(benciloxicarbonilamino}-2-(oxetan-3-iliden)acetato de
metilo (200 mg, 0,721 mmol; Il Farmaco (2001), 56, 609-613) en acetato de etilo (7
ml} y CHyCl; (4,00 ml) se desgasifico burbujeando nitrégeno durante 10min. Se
afiadieron entonces dicarbonato de dimetilo (0,116 ml, 1,082 mmol) y Pd/C (20 mg,
0,019 mmol), la mezcla de reaccidn se ajusté bajo un globo de hidrégeno y se dejé
agitando a temperatura ambiente durante la noche momento en el que la TLC (95:5
CH.Clz / MeOH: visualizada con tincion realizada en 1g de Ce(NH.,).SO., 69 de
molibdato amonico, 6 ml de acido sulfurico y 100 ml de agua) indicé la conversion
completa. La reaccion se filtré a través de Celite y se concentrd. El residuo se
purificd por Biotage® (cada con diclorometano en 25 de muestra; elucién en columna
255 con diclorometano para 3CV luego 0 a 5% de MeOH / diclorometano sobre
250ml luego mantenido a 5% de MeOH / diclorometano para 250ml; fracciones de 9
mi). Las fracciones obtenidas que contenian material deseado y se concentraron
hasta 120 mg (81%) de 2-(metoxicarbonilamino)-2-(oxetan-3-il}acetato de metilo
como un aceite incoloro. RMN de 'H (500 MHz, CLOROFORMO-D) & ppm 3,29 -
3,40 (m, J=6,71 Hz, 1 H) 3,70 (s, 3 H) 3,74 (s, 3 H) 455 (t, /=6,41 Hz, 1 H) 4,58 -
4,68 (m, 2 H) 4,67 - 4,78 (m, 2 H) 5,31 (s ancho, 1 H). CL/EM: Analisis calcuiado
para [M+H]" CgH14NOs: 204,2; encontrado 204,0.

Se afadié a 2-(metoxicarbonilamino)-2-(oxetan-3-il)acetato de metilo (50 mg,
0,246 mmol) en THF (2 ml) y agua (0,5 ml) hidroxido de litioc monohidratado (10,33

mg, 0,246 mmol). La solucion resultante se dejdé agitando durante la noche a

o
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temperatura ambiente. La TLC (1:1 EA / Hex, tincion de Hanessian [1g de
Ce(NH4)2S04, 6 g de molibdato aménico, 8 ml de acido sulfarico y 100 ml de agua])
indicé que quedaba ~10% de material de partida. Se afiadieron otros 3 mg de LiOH
y se dejb agitando durante la noche momento en el que la TLC mostré que no
quedaba material de partida. Se concentré a vacio y se coloc en alto vacio durante
la noche proporcionando 55 mg de 2-(metoxicarbonilamino)-2-(oxetan-3-il)acetato
de litio como un sdlido incoloro. RMN de 'H (500 MHz, MeOD) & ppm 3,39 - 3,47 (m,
1 H) 3,67 (s, 3 H) 4,28 (d, J=7,93 Hz, 1 H) 4,64 (t, J=6,26 Hz, 1 H) 4,68 (t, J=7,02
Hz, 1 H) 4,73 (d, J=7,63 Hz, 2 H).

Cap-172

Cl

La siguiente etapa de diazotacion se adapto de Barton, A.; Breukeiman, S. P;

Kaye, P. T.: Meakins, G. D.; Morgan, D. J. J. C. S. Perkin Trans | 1982, 159-164: Se
afiadié una solucion de NaNO; (166 mg, 2,4 mmol) en agua (0,6 ml) a una solucién
agitada, fria (0 °C) de 2-amino-5-etil-1,3-tiazol-4-carboxilato de metilo (186 mg, 1,0
mmol), CuS0O4+5H,0 (330 mg, 1,32 mmol), NaCl (260 mg, 4,45 mmol) y H,S504 (5,5
ml) en agua (7,5 ml). La mezcla se agité a 0 °C durante 45 min y se dejo calentar

hasta temperatura ambiente donde se agité durante otra 1 h antes de anadir CuCl

6.5
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(118 mg). Esta mezcla se agitd de nuevo a temperatura ambiente durante 16 h
antes de diluirse con salmuera y extraerse con éter dos veces. Las fases organicas

se reunieron, se secaron sobre MgSQ, vy se concentraron dando 2-cloro-5-etiltiazol-

- 4-carboxilato de metilo (es decir, Cap-172, etapa a) (175 mg, 85%) como un aceite

naranja (80% de pureza) que se usé directamente en la siguiente reaccion. Tg =
1,99 min (Condicidn-MD1); CL/EM: Andlisis calculado para [M+H]" C;/HsCINO,S:
206,01; encontrado: 206,05.
Cap-??2

A una solucién de 2-cloro-5-etiltiazol-4-carboxilato de metilo (175 mg) en
THF/H,0/MeOH (20 ml/ 3 ml/ 12 ml) se anadié LiOH (305 mg, 12,76 mmol). La
mezcla se agitd a temperatura ambiente durante la noche antes de concentrar y
neutralizar con HCI 1N en éter (25 ml). El residuo se extrajo dos veces con acetato
de etilo y las fases organicas se reunieron, se secaron sobre MgSO, y se
evaporaron proporcionando Cap-172 (60 mg, 74%) como un sélido rojo que se uso
sin purificacion posterior. RMN de 'H (300 MHz, DMSO-dg) 8 ppm 13,03-13,42 (1 H,
m), 3,16 (2 H, q, J = 7,4 Hz), 1,23 (3 H, t, J = 7,5 Hz). Tr = 1,78 min (Condicidn-
MD1); CL/EM: Anélisis calculado para [M+H]" CsH,CINO,.S: 191,99 encontrado:
191,99.

Cap-173
s OH
I*“N o

Cap-173, etapa a

24
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La siguiente etapa de diazotacion se adaptd de Barton, A.; Breukelman, S. P.:
Kaye, P. T.; Meakins, G. D.; Morgan, D. J. J. C. S. Perkin Trans | 1982, 159-164: Se
afiadié una solucién de NaNO, (150 mg, 2,17 mmol) en agua (1,0 ml) gota a gota a
una solucion agitada, fria (0 °C) de 2-amino-5-etil-1,3-tiazol-4-carboxilato de metilo
(186 mg, 1,0 mmol) en H3PO; al 50% (3,2 ml). La mezcla se agitdé a 0 °C durante 1 h
y se dejo calentar hasta temperatura ambiente donde se agité durante otras 2h.
Después de volver a enfriar hasta 0 °C, la mezcla se trato lentamente con una
solucion de NaOH (85 mg) en agua (10 ml). La mezcla se diluyd entonces con
solucion saturada de NaHCO3 y se extrajo dos veces con éter. Las fases organicas
se reunieron, se secaron sobre MgSQ, y se concentraron dando 5-etiltiazol-4-
carboxilato de metilo (es decir, Cap-173, etapa a) (134 mg, 78%) como un aceite
naranja (85% de pureza) que se uso directamente en [a siguiente reaccion. Tr =
1,58 min (Condicion-MD1); CL/EM: Andlisis calculado para [M+H]" C;HqoNO,S:
172.,05; encontrado: 172,05.

Cap-173
A una soIchién de 5-etiltiazol-4-carboxilato de metilo (134 mg) en
THF/H0/MeOH (18 ml/ 2,7 mlf 11 ml) se afadié LiOH (281 mg, 11,74 mmol). La
mezcla se agitd a temperatura ambiente durante la noche antes de concentrar y
neutralizar con HCI 1N en éter (25 ml). El residuc se extrajo dos veces con acetato
de etilo y las fases organicas se reunieron, se secaron sobre MgSO, y se
evaporaron proporcionando Cap-773 (90 mg, 73%) como un sélido naranja que se

usé sin purificacion posterior. RMN de 'H (300 MHz, DMSO-dg) & ppm 12,74-13,04

615
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(1H m), 320 (2 H, g, J=73Hz), 126 B3 H t J=75Hz). Tr = 1,27 min
(Condicion-MD1), CL/EM: Analisis calculado para [M+H]+ CsHgNO,S: 158,03;
encontrado: 158,04.

5 Cap-174

Cap-174, etapa a

% OS05CF3

o
0

10 Se afadid anhidrido triflico (5,0 g, 18,0 mmol) gota a gota a una solucion fria

(0 °C) de 3-hidroxipicolinato de metilo (2,5 g, 16,3 mmol) y TEA (2,5 ml, 18,0 mmol)

en CH,Cl; (80 ml). La mezcla se agité a 0 °C durante 1h antes de dejar calentar

. hasta temperatura ambiente, momento en el que se agitd durante una hora mas. La

mezcla se inactivd entonces con solucién saturada de NaHCO; (40 ml) vy la fase

15  organica se separ6, se lavo con salmuera, se sec6é sobre MgSO, y se concentrd

dando 3-(trifluorometilsulfoniloxipicolinato de metilo (es decir, Cap-174, etapa a)

(3,38 9, 73%) como un aceite marrén oscurc; (>95% de pureza) gue se usd

directamente sin purificacion posterior. RMN de 'H (300 MHz, CDCl) & ppm 8,72

879 (1H,m), 771 (1 H,d, J= 1,5 Hz), 7,58-7,65 (1 H, m), 4,04 (3 H, s). Tr = 1,93

20 min (Condicién-MD1); CL/EM: Analisis calculado para [M+H]" CgH;[:sNO5S: 286,00;

encontrado: 286,08.
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Cap-174

A una solucidén de 3-(trifluorometilsulfoniloxi)picolinato de metilo (570 mg, 2,0
mmol) en DMF (20 ml) se anadié LICl (254 mg, 6,0 mmol), tributil{vinilestannano
(761 mg, 2,4 mmol) y dicloruro de bis(trifenilfosfina)paladioc (42 mg, 0,06 mmol). La
mezcla se calentd a 100 °C durante la noche antes d anadir una solucion saturada
de KF (20 ml) a la mezcla de reaccidon a temperatura ambiente. Esta mezcla se agité
durante 4 h antes de filtrar a través de tierra de diatomeas (Celite®) y el lecho corto
se lavé con acetato de etilo. La fase acuosa del! filtrado se separd entonces y se
concentro a vacio. El residuo se traté con HC! 4N en dioxanos (5 ml) y la mezcla

resultante se extrajo con metanol, se filtrd y se evapord proporcionando Cap-174

(260 mg) como un sélido verde que estaba ligeramente contaminado con sales

inorganicas pero que se uso6 sin purificacion posterior. RMN de 'H (300 MHz, DMSO-
de) 8 ppm 8,21 (1 H,d, J=37Hz), 7,81-790 (1 H, m), 709 (1 H,dd, J=77,48
Hz), 6,98 (1 H,dd, J=17,9, 11,3 Hz), 574 (1 H, dd, /=17,9,1,5 Hz), 520 (1 H, d, J
= 11,0 Hz). Tr = 0,39 min (Condicion-MD1); CL/EM: Analisis calculado para [M+H]
CgHsNO,: 150,06; encontrado: 150,07,

Cap-175

s
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A una solucién de 3-(trifluorometilsulfoniloxi)picolinato de metilo (es decir,
Cap 173, etapa a) (570 mg, 2,0 mmoi), un intermedio en la preparacion de Cap-174,
en DMF (20 ml) se afiadié LiCl (254 mg, 6,0 mmol), tributil(vinil)estannano (761 mg,
2,4 mmol) y dicloruro de bis(trifenilfosfina)paladio (42 mg, 0,06 mmol). La mezcla sé
calentd a 100 °C durante 4 h antes de eliminar el disolvente a vacio. El residuo se
suspendié en acetonitrilo (50 ml) y hexanos (50 ml) y la mezcia resultante se lavd
dos veces con hexanos. Se separé entonces la fase de acetonitrilo, se filtré a través
de Celite y se evapord. La purificacion del residuo por cromatografia ultrarrapida en
un aparato Horizon (elucidén con gradiente de 25% de acetato de etilo% en hexanos
hasta 65% de acetato de etilo en hexanos) proporciond 3-vinilpicolinato de metilo (es
decir, Cap-175, efapa a) (130 mg, 40%) como un aceite amarillo. RMN de 'H (300
MHz, CDCI;) 3 ppm 8,60 (1 H, dd, J = 4,6, 1,7 Hz), 7,94 (1 H, d, J =77 Hz), 7,33-
751(2H,m),572(1H,d, J=172Hz), 547 (1 H,d, J=110Hz), 3,99 (3H, s). Tr
= 1,29 min (Condicién-MD1); CL/EM: Analisis calculado para [M+H]" CgH1gNO,:
164,07, encontrado: 164,06. |

Cap-175, etapa b

Se afadid paladio sobre carbdon (10%, 25 mg) a una solucién de 3-
vinilpicolinato de metilo (120 mg, 0,74 mmol) en etano! (10 ml). La suspensién se
agitd a temperatura ambiente en una atmosfera de hidrégeno durante 1 h antes de
filtrar a través de Celite y se lavd el lecho de tierra de diatomeas (Celite®) con
metanol. El filtrado se concentrd hasta sequedad proporcionando 3-etilpicolinato de

metilo (es decir, Cap-175, elapa b) que se llevod directamente a la siguiente reaccién.

615
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Tr = 1,15 min (Condicion-MD1); CL/EM: Analisis calculado para [M+H]* CgH12NO:
166,09; encontrado: 166,09.

Cap-175

A una solucién de 3-etilpicolinato de metilo en THF/H,O/MeOH (5 ml/ 0,75 ml/
3 ml) se afadié LIOH (35 mg, 1,47 mmol). La mezcla se agitd a temperatura
ambiente durante 2 dias antes de anadir mas LiOH (80 mg). Después de otras 24
horas mas a temperatura ambiente, la mezcla se filtré y el disolvente se elimind a
vacio. El residuo se traté entonces con HCI 4N en dioxanos (5 ml) y la suspensién
resultante se concentrd hasta sequedad proporcionando Cap-175 como un sdélido
amarillo que se usd sin purificacion posterior. RMN de 'H (300 MHz, DMSO-dg} &
ppm 8,47 (1 H, dd, J = 4,8, 1,5 Hz), 7,82-7,89 (1 H, m), 7,53 (1 H,dd, J=7,7, 4,8
Hz), 282 2 H,q, J=7,3Hz)}, 1,17 (3 H, t, J=7,5 Hz). Tr = 0,36 min (Condicién-
MD1); CL/EM: Analisis calculado para [M+H]" CgHioNO2: 152,07; encontrado:
152,10.

Cap-176
HO_.O
NJ\O/
. H
F

Cap-176, efapa a

0.0 O/\@
N
0 H

¢

624
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Se afadid una solucion de 1,4-dioxaspiro[4,5]decan-8-ona (15 g, 96 mmol) en
EtOAc (150 ml) a una solucibn de  2-(benciloxicarbonilamino)-2-
(dimetoxifosforil)acetatc de metilo (21,21 g, 640 mmol) en 1,1,33-
tetrametilguanidina (10,45 ml, 83 mmol) y EtOAc (150 ml). La soluciéon resultante se
agitd a temperatura ambiente durante 72 h y luego se diluyd con EtOAc (25 mi). La
fase organica se lavé con HCI 1N (75 ml), H,O (100 ml) y salmuera (100 ml), se
secd (MgS0Qy), se filtrd y se concentrd. El residuo se purificd por Biotage (EtOAc al
5% hasta 25 %/Hexanos; 300g columna). Las fracciones reunidas que contenian el
producto se concentraron entonces a vacio y el residuo se volvibé a cristalizar en
hexanos/EtOAc  dando  cristales blancos que  corresponden a  2-
(benciloxicarbonilamino)-2-(1,4-dioxaspiro[4,5]decan-8-iliden)acetato de metilo (6,2
g) RMN de "H (400 MHz, CDCls-d) 8 ppm 7,30 - 7,44 (5 H, m), 6,02 (1 H, s ancho),
515 (2 H, s), 3,97 (4 H, s), 3,76 (3 H, s ancho), 2,84 - 2,92 (2 H, m), 2,47 (2 H, t,
J=6,40 Hz), 1,74 - 1,83 (4 H, m). CL (Cond. OL1): Tr = 2,89 min. CL/EM: Analisis
calculado para [M+Na)" C1gH23NNaQg: 745,21; encontrado: 745,47.

Cap 176, etapa b
L0
N/&O
0 H
o

Se prepard el éster Cap 176, efapa b a partir del alqueno Cap 176, etapa a
de acuerdo con el procedimiento de Burk, M. J.; Gross, M. F. and Martinez J. P. (J.
Am. Chem. Soc., 1995, 117, 9375-9376 y referencias en el mismo): Se cargd una
botella a alta presion de 500 ml con el alqueno Cap 176, etapa a (3,5 g, 9,68 mmol)

en MeOH desgasificado (200 ml) en una capa de N,. La solucion se cargd entonces
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con tefrafluoroborato de {(-)-1,2-bis((25,58)-2, 5-dimetilfosfolano)-
etano(ciclooctadienojrodio (1) (0,108 g, 0,194 mmol) y la mezcla resultante se cubrié
con N2 (3x) y se cargé con H; (3x). La solucidn se agité vigorosamente a 482 kPa de
H; a temperatura ambiente durante 72 h. El disolvente se elimind a presion reducida
y el residuo que quedd se suspendid en EtOAc. La solucion pardusca se filtrd
entonces a través de un lecho de gel de silice y se eluyd con EtOAc. El disolvente se
concentr6 a vacio proporcionando un aceite transparente que correspondia al éster
Cap 176, efapa b (3,4 g), RMN de 'H (5600 MHz, CDCli3-d) & ppm 7,28 - 7,43 (5 H,
m), 5,32 (1 H, d, J=9,16 Hz), 5,06 - 5,16 (2 H, m), 4,37 (1 H, dd, J=9,00, 5,04 Hz),
3,92 (4H, ¢ J=3,05Hz),3,75(3H,s),164-192(4H m), 1,37 -1,60(5H, m). CL
(Cond. OL1): Tr = 1,95 min. CL/EM: Analisis calculado para [M+H]" C1gHzsNOs:
364,18; encontrado: 364,27.

Cap 176, efapa ¢

N/&O
H

Se disolvid el éster Cap 176, etapa b (4,78 g, 13,15 mmol) en THF (15 ml)

0]

seguido por la adicién secuencial de agua (10 ml), acido acético glacial (26,4 ml, 460
mmol) y acido dicloroacético (5,44 ml, 65,8 mmol). La mezcla resultante se agitd
durante 72 h a temperatura ambiente, y la reaccion se inactivd mediante la adicion
lente de Na,COs; sdlido con agitacion vigorosa hasta que no fue visible la generacién
de gas. El producto bruto se extrajo en 10% de acetato de etilo-diciorometanoc y las
fases organicas se reunieron, se secaron (MgSQy), se filtraron y concentraron. Ei

residuo resultante se purificd por Biotage (EtOAc al 0 hasta 30%/Hex; 25 g de

6
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columna) proporcionando la cetona Cap 176, etapa ¢ (3,86g) como un aceite
transparente. RMN de 'H (400 MHz, CDCla-d) 6 ppm 7,28 - 7,41 (5 H, m), 5,55 (1 H,
d, J=8,28 Hz}, 5,09 (2 H, s), 4,46 (1 H, dd, J=8,16, 5,14 Hz), 3,74 (3 H, s), 2,18 -
2,46 (5 H, m), 1,96 - 2,06 (1 H, m), 1,90 (1 H, ddd, J=12,99, 5,96, 2,89 Hz), 1,44 -
1,68 (2 H, m, J=12,36, 12,36, 12,36, 12,36, 4,77 Hz). CL (Cond. OL1): Tr = 1,66
min. CL/EM: Analisis calculado para [M+Na]® Ci7H21NNaOg: 342,13: encontrado:
342,10.

Cap 176, etapa d

L0
N/&O
H

Se afadié Deoxo-Fluor® (3,13 ml, 16,97 mmol) a una solucion de la cetona

F
F

Cap 176, etapa ¢ (2,71 g, 8,49 mmol) en CH,Cl, (50 ml) seguido por la adicién de
una cantidad catalitica de EtOH (0,149 ml, 2,55 mmol). La solucidon amarillenta
resultante se agité a ta durante la noche. La reaccién se inactivdé mediante la adicion
de NaHCQ; acuoso saturado (25 ml} y la mezcla se extrajo con EtOAc (3X75 ml)).
Las fases organicas reunidas se secaron (MgSQ,), se filtraron y se secaron dando
un aceite amarillento. El residuo se purificé por cromatografia en Biotage (EtOAc al
2% hasta 15%/Hex; 90g de columna) y se recuperé un solido blanco
correspondiente al difluoruro de difluoro aminoacido Cap 176, etapa d (1,5 g). RMN
de 'H (400 MHz, CDCls-d) § ppm 7,29 - 7,46 (5 H, m), 5,34 (1 H, d, J=8,28 Hz), 5,12
(2 H, s), 441 (1 H, dd, J=8,66, 4,89 Hz), 3,77 (3 H, 5), 2,06 - 2,20 (2 H, m), 1,83 -
1,98 (1 H, m), 1,60 - 1,81 (4 H, m), 1,38 - 1,55 (2 H, m). RMN de "°F (376 MHz,
CDCl3-d) & ppm -92,15 (1 F, d, J=237,55 Hz), -102,44 (1 F, d, J=235,82 Hz). CL
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(Cond. OL1): Tr = 1,66 min. CIL/EM: Analisis calculado para [2M+Na]’
Ca4Ha2FaNoNaQg: 705,28; encontrado: 705,18.

Cap 176, etapa e
_0._0

NH,
-
F

Se disolvi6 el difluoruro Cap 176, efapa d (4 g, 11,72 mmol) en MeOH (120
ml) y se cargd con Pd/C (1,247 g, 1,172 mmol). Se inyecto en la suspension N» (3x)
y la mezcla de reaccion se colocd bajo una presion de 101 kPa de H; (globo). La
mezcla se agitdé a temperatura ambiente durante 48 h. La suspensién se filird
entonces a través de un lecho de Celite y se concentré a vacio dando un aceite que
corresponde al aminoacido Cap 176, etapa e (2,04 g) y que se usé sin purificacion
posterior. RMN de 'H (400 MHz, DMSO-ds) & ppm 3,62 (3 H, s), 3,20 (1 M, d, J=5,77
Hz), 1,91 -2,09 (2 H, m), 1,50 - 1,88 (7 H, m), 1,20 - 1,45 (2 H, m). RMN de "°F (376
MHz, DMSO-ds) 6 ppm -89,39 (1 F, d, J=232,35 Hz), -100,07 (1 F, d, J=232,35 Hz).
RMN de ">C (101 MHz, DMSO-ds) & ppm 175,51 (1 C, s), 124,10 (1 C, t, J=241,21,
238,90 Hz), 57,74 (1 C, s), 51,39 (1 C, s), 39,23 (1 C, s ancho), 32,02 - 33,83 (2 C,
m), 25,36 (1 C, d, J=10,02 Hz), 23,74 (1 C, d, J=9,25 Hz). CL (Cond. OL2): Tr = 0,95
min. CL/EM: Analisis calculado para [2M+H]" CigH31F4sN202: 415,22; encontrado:
415,40.

Cap 176, etapa f
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NJ\O/
. H
F

Se anadié cloroformiato de metilo (1,485 ml, 18,30 mmol) a una solucion de
aminoacido Cap 176, etapa e (2 g, 9,65 mmol) y DIEA (6,74 ml, 38,6 mmol) en
CH,Clz (100 ml). La solucidn resultante se agité a ta durante 3 h y se eliminaron los
volatiles a presion reducida. E! residuo se purificé por Biotage (EtOAc al 0% hasta
20%/Hex; 90 g de columna). Se recuperé un aceite transparente que solidificé en
reposo a vacio y que correspondia al carbamato Cap-176, etapa (2,22 g). RMN de
"H (500 MHz, CDCls-d) & ppm 5,27 (1 H, d, J=8,55 Hz), 4,39 (1 H, dd, J=8,85, 4,88
Hz), 3,77 (3 H, s), 3,70 (3 H, s), 2,07 -2,20 (2 H, m), 1,84 - 1,96 (1 H, m), 1,64 - 182
(4 H, m), 1,39 - 1,51 (2 H, m). RMN de °F (471 MHz, CDCls-d) 8 ppm -92,55 (1F, d,
J=237,13 Hz), -102,93 (1 F, d, J=237,12 Hz). RMN de ">C (126 MHz, CDCls-d) § ppm
171,97 (1 C, s), 156,69 (1 C, s), 119,77 - 125,59 (1 C, m), 57,24 (1 C, s ancho),
52,48 (1 C, s ancho), 52,43 (1 C, s), 39,15 (1 C, s), 32,50 - 33,48 (2 C, m), 25,30 (1
C, d, J=9,60 Hz), 24,03 (1 C, d, J=8,60 Hz). CL (Cond. OL1): Tg = 1,49 min. CL/EM:
Analisis calculado para [I\/I+Na]+ Cq11H17F2NNaQ,: 288,10; encontrado: 288,03.

Cap-176

Se afiadidé una solucidén de LIOH (0,379 g, 15,83 mmol) en agua (25 ml) a una

solucién de carbamato Cap-176, etapa f (2,1 g, 7,92 mmo!) en THF (75 ml) y la

mezcla resultante se agitdé a temperatura ambiente durante 4 h. Se elimind el THF a
vacio y la fase acuosa restante se acidifico con solucion de HCI 1N (2 ml) y luego se
extrajo con EtOAc (2 X 50 ml). Las fases organicas reunidas se secaron (MgSQ,), se

filtraron y se concentraron dando una espuma que correspondia al Cap-176 (1,92 g).

OH
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RMN de *H (400 MHz, DMSO-ds) & ppm 12,73 (1 H, s), 7,50 (1 H, d, J=8,78 Hz), 3,97
(1 H, dd, J=8,53, 6,02 Hz), 3,54 (3 H, s), 1,92 - 2,08 (2 H, m), 1,57 - 1,90 (5 H, m),
1,34 - 1,48 (1 H, m), 1,27 (1 H, ad, J=12,72, 3,26 Hz). RMN de "°F (376 MHz, DMSO-
ds) 5 ppm -89,62 (1 F, d, J=232,35 Hz), -99,93 (1 F, d, J=232,35 Hz). CL (Cond. OL2):
Tr = 0,76 min. CL/EM: Analisis calculado para [I\/I-H]+ CioH14sF2NO4: 250,09;
encontrado: 250,10. |

ACTIVIDAD BIOLOGICA

Se utilizé un ensayo VHC Replicon en la presente divulgacion, y se preparo,
realizd y validd como se describe en la patente de propiedad conjunta
PCT/US2006/022197 y en O'Boyle et. al. Antimicrob Agents Chemother. Abril de
2005; 49(4):1346-53. También se usaron procedimientos de ensayo que
incorporaban testigos de luciferasa como se ha descrito (Apath.com).

Se usaron células con el replicon VHC-neo y células con replicon que
contenian mutaciones en la region NS5A para analizar la familia de compuestos
descritos en este documente. Se determind que los compuestos tenian una
actividad de inhibicion 10 veces menor en las células que contenian mutaciones que
en las células de tipo silvestre. Por lo tanto, los compuestos de la presente
divulgacién pueden ser eficaces para inhibir la funcion de la proteina NS5A de VHC
y se entiende que son tan eficaces en combinaciones como se ha descrito
anteriormente en la solicitud de patente PCT/US2006/022197 y en la patente del
solicitante W0O/04014852. Ademas, los compuestos de la presente divulgacion
pueden ser eficaces contra el genotipo VHC 1b. Debe entenderse ademas que los
compuestos de la presente divulgaciéon pueden inhibir multiples genotipos de VHC.

La Tabla 2 muestra los valores de CEsqy (concentracion eficaz para una inhibicién del



50%) de compuestos representativos de la presente divulgacion contra el genotipo
VHC 1b. En una realizacion, los compuestos de la presente divulgacién son
inhibidores de los genotipos 1a, 1b, 2a, 2b, 3a, 4a, y 5a. Los valores de CE5y contra

VHC 1b son los siguientes A (10-350 nM); B (1-9,9 nM); C (0,1-0,99 nM); D (0,002-

0,099 nM).
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Compuesto

N.°

CE50 de
1b (nM)

Intervalo

Nombre

OL-1

(1R)-2-((25)-2-(4-(4-(4-(2-((2S)-1-((2R)-2-
{dimetilamino)-2-fenilacetil)-2-pirrolidinil)-
1H-imidazol-5-il}fenoxi) fenil)-1H-imidazol-
2-il)-1-pirrolidinil)-N, N-dimetil-2-oxo-1-

feniletanamina

OL-2

9,1

(1R)-2-((2S)-2-(4-(4-(4-(2-((2S)-1-((2R)-2-
hidroxi-2-fenilacetil)-2-pirrolidinil)-1H-
imidazol-5-il)fenoxi)fenil)-1H-imidazol-2-il)-

1-pirrolidinil)-2-oxo-1-feniletanol

OL-3

(oxibis(4,1-feniien-1H-imidazol-4,2-diil(25)-
2, 1-pirrolidinadiil{{1R)-2-oxo-1-fenil-2,1-

etanodiil)))biscarbamato de dimetilo

OL-4

0,07

(1R)-2-((25)-2-(4-(3-(4-(2-((2S)-1-({(2R)-2-
(dimetilamino)-2-fenilacetil)-2-pirrolidinil)-
1H-imidazol-4-il)fenoxi) fenil}-1H-imidazol-
2-il)-1-pirrolidinif)-N,N-d imetil-2-oxo-1-

feniletanamina

026
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Compuesto

N.°

CE50 de
1b (nM)

Intervalo

Nombre

OL-5

80

(1R)-2-((2S)-2-(4-(3-(4-(2-((28)-1-((2R)-2-
hidroxi-2-fenilacetil)-2-pirrolidinil)-1H-
imidazol-4-ihfenoxi)fenil)-1H-imidazol-2-il)-

1-pirrolidinil)-2-oxo-1-feniletanol

OL-6

((1R)-2-((2S)-2-(4-(3~(4-(2-((2S)-1-((2R)-2-
((metoxicarbonil)amino)-2-fenilacetil)-2-
pirrolidinil)-1H-imidazol-4-il)fenoxi)fenil)-1H-
imidazol-2-il)-1-pirrolidinil)-2-oxo-1-

feniletil)carbamato de metilo

OL-7

(1R)-2-((25)-2-(4-(4-((4-(2-((25)-1-((2R)-2-
(dimetilamino)-2-fenilacetil)-2-pirrolidinil)-
1H-imidazol-4-il)bencil)oxi) fenil)-1H-
imidazol-2-il)-1-pirrolidinil)-N,N-dimetil-2-

oxo-1-feniletanamina

OL-8

((1R)-2-((2S)-2-(4-(4-((4-(2-((2S5)-1-((2R)-2-
{(metoxicarbonilyamino)-2-fenilacetil}-2-
pirrolidinil)-1H-imidazol-4-il)bencil)oxi)fenil)-
1H-imidazol-2-il)-1-pirrolidinil}-2-oxo0-1-

feniletillcarbamato de metilo

6ox
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Compuesto

N.°

CE50 de
1b (nM)

Intervaio

Nombre

OL-9

(1R})-2-((2S)-2-(4-(4-(2-(4-(2-((2S)-1-({2R)-
2-(dimetilamino)-2-fenilacetil)-2-pirrolidinil)-
1H-imidazol-5-il)fenil)etil) fenil)-1H-imidazol-
2-il)-1-pirrolidinil)-N,N-dimetil-2-oxo-1-

feniletanamina

Ot-10

(1R, 1'R})-2,2'-(1,2-etanodiilbis(4,1-fenilen-
1H-imidazol-4,2-diil{(2S)-2,1-

pirrolidinadiil))bis(2-ox0-1-feniletanol)

OL-11

(1,2-etanodiilbis(4,1-fenilen-1H-imidazol-
4,2-diil(28)-2,1-pirrolidinadiil ((1R)-2-ox0-1-
fenil-2,1-etanodiil))) biscarbamato de

dimetilo

OL-12

N’,N"-(1,2-etanodiilbis(4,1-fenilen-1H-
imidazol-4,2-diil(2S)-2, 1-pirrolidinadiil ({(1R)-

2-0x0-1-fenil-2,1-etanodiil)))bis(1-etilurea)

OL-13

1-ciclopentil-3-((1R)-2-((2S)-2-(4-(4-(2-(4-
(2-((25)-1-((2R)-2-({ciclopentiicarbamoil)
amino)-2-fenilacetil}-2-pirrolidinil}-1H-
imidazol-5-ilfenil)etil)fenil}-1H-imidazol-2-

i)-1-pirrolidinil}-2-oxo-1-feniletil)urea

659
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Compuesto

N.°

CE50 de
1b (nM)

Intervalo

Nombre

OL-14

(1R)-2-({2S)-2-(4-(4-(({4-(2-((25)-1-((2R)-2-
(dimetilamino)-2-fenilacetil)-2-pirrolidinil)-
1H-imidazol-5-il)bencil)oxi) metilfenil)-1H-
imidazol-2-il)-1-pirrolidinil}-N,N-dimetil-2-

oxo-1-feniletanamina

OL-15

1.1

(1R)-2-((25)-2-(4-(4-(((4-(2-((25)-1-((2R)-2-
hidroxi-2-fenilacetil)-2-pirrolidinit)-1H-
imidazol-5-il)bencil)oxi)metil)fenil)-1H-
imidazol-2-il)-1-pirrolidinil)-2-oxo-1-

feniletanol

OL-16

(oxibis(metilen-4,1-fenilen-1H-imidazol-4,2-
diil{(2S)-2,1-pirrolidinadiil ((1R)-2-ox0-1-
fenil-2,1-etanodiil)}) biscarbamato de

dimetilo

OL-17

1-metil-3-((1R)-2-((2S)-2-(4-(4-(((4-(2-((2S)-
1-((2R)-2-((metilcarbamoil}amino)-2-
fenilacetil)-2-pirrolidinil}-1H-imidazol-5-
ilYbencil)oxiymetil)fenil)-1H-imidazol-2-il)-1-

pirrolidinil)-2-oxo-1-feniletifurea

639
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Compuesto

N.O

CE50 de
1b (nM)

Intervalo

Nombre

OL-18

1-etil-3-((1R)-2-((2S)-2-(4-(4~({(4-(2-((2S)-1-
((2R)-2-((etilcarbamoil)amino)-2-fenilacetil)-
2-pirrolidinil)-1H-imidazol-5-
il}benciljoxiymetil)fenil)-1H-imidazol-2-il)-1-

pirrolidinil)-2-oxo-1-feniletiljurea

OL-19

1-ciclopentil-3-((1R)-2-((2S)-2-(4-(4-(((4-(2-
((25)-1-{(2R)-2-((ciclopentilcarbamoil)
amino)-2-fenilacetil)-2-pirrolidinil)-1H-
imidazol-5-il)bencilyoxi)metil)fenil)-1H-
imidazol-2-il)-1-pirrolidinil)-2-oxo-1-

feniletil)urea

OL-20

(1R)-2-((25)-2-(4-(3-(((4-(2-((2S)-1-((2R)-2-
(dimetilamino)-2-fenilacetil)-2-pirrolidinil)-
1H-imidazol-4-il)bencil)oxi) metil)fenil)-1H-
imidazol-2-il)-1-pirrolidinil)-N,N-dimetil-2-

oxo-1-feniletanamina

OL-21

(1R)-2-((25)-2-(4-(3-(((4-(2-((25)-1-({2R)-2-
hidroxi-2-fenilacetil)-2-pirrolidinil)-1H-
imidazol-4-il)benciloxiymetil)fenil)-1H-
imidazol-2-il})-1-pirrolidinil}-2-oxo-1-

feniletanol

64O
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Compuesto

N.°

CE50 de
1b (nM)

intervalo

Nombre

0OL-22

((1R)-2-((28)-2-(4-(3-(({4-(2-((25)-1-((2R)-
2-({metoxicarbonilyamino}-2-fenilacetil)-2-
pirrolidinil)-1H-imidazol-4-
ibenciljoxi)metil)fenil)-1H-imidazol-2-il)-1-
pirrolidinil)-2-oxo-1-feniletil)carbamato de

metilo

OL-23

1-metil-3-({1R)-2-((2S)-2-(4-(3-(((4-(2-({2S)-
1-((2R)-2-((metilcarbamoil)amino)-2-
fenilacetii)-2-pirrolidinil)-1H-imidazol-4-
ibencil)oxi)metil)fenil)-1H-imidazol-2-il)-1-

pirrolidinil)-2-oxo-1-feniletil)urea

OL-24

1-etil-3-((1R)-2-((2S)-2-(4-(3-(({4-(2-((2S)-1-
((2R)-2-((etilcarbamoil)amino)-2-fenilacetil)-
2-pirrolidinil)-1H-imidazol-4-
ibencilyoxi)metil)fenil)-1H-imidazol-2-i1)-1-

pirrolidinil)-2-oxo-1-feniletil)urea

OL-25

1-ciclopentil-3-((1R)-2-((2S)-2-(4-(3-(((4-(2-
((28)-1-((2R)-2-({ciclopentilcarbamoil)
amino)-2-fenilacetil)-2-pirrolidinif)-1H-
imidazol-4-iI)bencil)oxi)hwetil)feniI)-1 H-
imidazol-2-il)-1-pirrolidinil)-2-oxo-1-

feniletihurea

o4
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Compuesto

N.°

CESL0 de
1b (nM)

Intervalo

Nombre

D-1

(1,1".4' 1"-terfenil-4,4"-diilbis(1H-imidazol-
4,2-diil(2S)-2,1-pirrolidinadiil ((1R)-2-oxo0-1-
fenil-2,1-etanodiil))) biscarbamato de

dimetilo

D-2

(1R)-2-((28)-2-(4-(4"-(2-((25)-1-((2R)-2-
(dimetilamino)-2-fenilacetil)-2-pirrolidinil)-
1H-imidazol-5-il)-1,1"4',1"-terfenii-4-il)-1H-
imidazol-2-il}-1-pirrolidinil)-N,N-dimetil-2-

oxo-1-feniletanamina

0,006

((18)-1-(((28)-2-(4-(4-((2-((25)-1-((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil}-4,5-dihidro-1H-nafto[1,2-
d]imidazol-7-il)etinil)feni!)-1H-imidazol-2-il)-
1-pirrotidinil)carbonil)-2-

metilpropil)carbamato de metilo

({(1R)-2-((25)-2-(4-(4-((2-((25)-1-((2R)-2-
({metoxicarboniljamino)-2-fenilacetil)-2-
pirrolidinit)-4,5-dihidro-1H-naftof1,2-
dlimidazol-7-il)etinil)fenil)- 1H-imidazol-2-il)-
1-pirrolidinil)-2-oxo-1-fenileti)carbamato de

metilo

B
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Compuesto

N_O

CE50 de
1b (M)

Intervalo

Nombre

D-5

((1R)-2-((25)-2-(7-((4-(2-((25)-1-((2R)-2-
((metoxicarbonil)amino)-2-fenilacetil)-2-
pirrolidini)-1H-imidazol-4-ifenil)etinil)-1H-
nafto[1,2-d]imidazol-2-il)-1-pirrolidinil)-2-

oxo-1-feniletil)carbamato de metilo

D-6

((15)-1-({(25)-2-(4-(4-((2-((25)-1-((25)-2-
((metoxicarbonil}amino}-3-metilbutanoil)-2-
pirrolidinil)-1H-nafto[1,2-d]imidazol-7-
ilYetinil}fenil)-1H-imidazol-2-il)-1-
pirrolidinil}carbonil)-2-metilpropil)carbamato

de metilo

D-7

{(18)-1-({{(1R,3S,5R)-3-(4-(4-((2-
((1R,38,5R)-2-((2S)-2-
{(metoxicarbonil)amino)-3-metilbutanoil)-2-
azabiciclo[3.1.0]hex-3-il)-1H-nafto[1,2-
dlimidazol-7-iljetinil}fenil)-1H-imidazol-2-il)-
2-azabiciclo[3.1.0]hex-2-il)carbonil)-2-

metilpropil)carbamato de metilo

H?



-328-

Compuesto

N.°

CES50 de
1b (NM)

Intervalo

Nombre

D-8

0,005

((1R)-2-((1R,35,5R)-3-(7-((4-(2-
((1R,3S,5R)-2-({(2R)-2-
({metoxicarbonil)amino)-2-fenilacetil}-2-
azabiciclo[3.1.0]hex-3-il}-1H-imidazol-4-
ihfenilletinil)-1H-nafto[1,2-d]imidazol-2-il)-2-
azabiciclo[3.1.0]hex-2-il}-2-0x0-1-

feniletil)carbamato de metilo

D-9

((15)-1-(((1R,38,5R)-3-(7-((2-((1R,3S,5R)-
2-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il}-
4,5-dihidro-1H-nafto1,2-d]imidazol-7-
il)etinil)-4,5-dihidro-1H-nafto[1,2-d]imidazol-
2-il)-2-azabiciclo[3.1.0]hex-2-il)carbonil)-2-

metilpropil)carbamato de metilo

((18)-1-(({(1R,38,5R)-3-(7-((2-((35)-2-((25)-
2-((metoxicarbonilyamino)-3-metilbutanoil)-
2-azabiciclo[3.1 .O]hex—3—i[)—1 H-nafto[1,2-
dlimidazol-7-ih)etinil)-1H-nafto[1,2-
d]imidazol-2-il)-2-azabiciclo[3.1.0]hex-2-
ilfcarbonil)-2-metilpropil)carbamato de

metito

644



Cy
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Compuesto

N.°

CE50 de
1b (nM)

Intervaio

Nombre

D-11

((18)-2-((1R,3S,5R)-3-(7-((2-((1R,35,5R)-2-
((2S5)-2-({metoxicarbonil)amino)-3-
metilbutanoil)-2-azabiciclo[3.1.0}hex-3-il)-
1H-nafto[1,2-d]imidazol-7-il}etinil)-1H-
nafto[1,2-d]imidazol-2-il)-2-
azabiciclo[3.1.0}hex-2-il)-2-oxo-1-
(tetrahidro-2H-piran-4-il)etil)carbamato de

metilo

M1

((18)-1-(((2S)-2-(4-(4-((4-(2-((25)-1-((25)-2-
((metoxicarbonil)amino)-3-metilbutancil)-2-
pirrolidinil)-1H-imidazol-4-il)fenil)etinil)fenil}-
1H-imidazol-2-il)-1-pirrolidinil)carbonil)-2-

metilpropil) carbamato de metilo

M2

0,24

(1,2-etinodiilbis(4,1-fenilen-1H-imidazol-4,2-
diil(28)-2,1-pirralidinadiil ((1R)-2-oxo-1-
fenil-2,1-etanodiil))) biscarbamato de

dimetilo

M2.1

(1,2-etinodiilbis(4,1-fenilen-1H-imidazol-4,2-
diil(2S)-2, 1-pirrolidinadiil((1S)-2-oxo0-1-
(tetrahidro-2H-piran-4-il)-2,1-

etanodiil)))biscarbamato de dimetilo

045



-330-

Compuesto

N.O

CE50 de
1b (nM)

intervalo

Nombre

M3

{((15)-1-(((1R,35,5R)-3-(4-(4-((4-(2-
((1R,38,5R)-2-((2S)-2-({metoxicarbonil)
amino)-3-metilbutanoil)-2-azabiciclof3.1.0]
hex-3-il)-1H-imidazol-4-il)fenil)etinil) fenil)-
1H-imidazol-2-il)-2-azabiciclo[3.1.0] hex-2-
iYcarbonil)-2-metilpropil)carbamato de

metilo

M4

(1,2-etincdiilbis(4, 1-fenilen-1H-imidazol-4,2-
diil{1R,3S,5R)-2-azabiciclo [3.1.0]hexano-
3,2-dii!({2S)-1-ox0-1,2-

butanodiil)))biscarbamato de dimetilo

M5

(1,2-etinodiilbis(4, 1-fenilen-1H-imidazol-4,2-
diil{1R,3S,5R}-2-azabiciclo [3.1.0]hexano-
3,2-diil((18)-1-ciclobutil-2-ox0-2,1-

etanodiil)))biscarbamato de dimetilo

M6

0,0033

(1,2-etinodiilbis(4,1-fenilen-1H-imidazol-4,2-

diil(1R,3S,5R)-2-azabiciclo [3.1.0]hexano-
3,2-diil{{13)-2-oxo-1-{tetrahidro-2H-piran-4-

i)-2,1-etanodiil)))biscarbamato de dimetilo

1O
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Compuesto

N.°

CE50 de
1b (nM)

Intervalo

Nombre

M7

((1S)}-1-(((1R,3S,5R)-3-(4-(4-((4-(2-
((1R,3S,5R)-2-((2S)-2-((metoxicarbonil)
amino)-2-(tetrahidro-2H-piran-4-il)acetil)-2-
azabiciclo[3.1.0]hex-3-il}-1H-imidazol-4-
ilfenil)etinil}fenil)-1H-imidazol-2-il)-2-
azabiciclo[3.1.0]hex-2-ilycarbonil)-2-

metilpropil)carbamato de metilo

M8

((15)-1-{({1R,3S,5R}-3-(4-cloro-5-(4-((4-(2-
((1R,3S,5R}-2-((25)-2-
{(metoxicarbonil)amino)-3-metilbutanoil)-2-
azabicicio[3.1.0]hex-3-il}-1H-imidazol-4-
ilYfenil)etinil)fenil)-1H-imidazol-2-il)-2-
azabiciclo[3.1.0]hex-2-ilycarbonil)-2-

metilpropil)carbamato de metilo

Mo

((15)-1-(({1R,3S,5R}-3-(4-cloro-5-(4-((4-(4-
cloro-2-((1R,35,5R)-2-((2S)-2-
{(metoxicarbonil}amino)-3-metilbutanoil)-2-
azabiciclo[3.1.0]hex-3-il}-1H-imidazol-5-
ihfenil}etini)fenil)-1H-imidazol-2-if)-2-
azabiciclo[3.1.0]hex-2-il}carbonil)-2-

metilpropil)carbamato de metilo

oL
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Compuesto

N.°

CE50 de
1b (nM)

Intervalo

Nombre

M9.1

((15)-2-((1R,35,5R)-3-(4-(4-((4-(4-cloro-2-
((1R,3S,5R)-2-((25)-2-
{{metoxicarbonilyamino)-2-(tetrahidro-2H-
piran-4-ilyacetil)-2-azabiciclo[3.1.0)hex-3-il)-
1H-imidazol-5-il)fenil)etinil)fenil}-1H-
imidazol-2-il)-2-azabiciclo[3.1.0]hex-2-il)-2-
oxo-1-(tetrahidro-2H-piran-4-

ihetilicarbamato de metilo

M9.2

(1,2-etinodiitbis(4, 1-fenileno(4-cloro-1H-
imidazol-5,2-diil)(1R,38,5R)-2-
azabiciclo[3.1.0]hexano-3,2-diill{{15)-2-0xo-
1-(tetrahidro-2H-piran-4-il)-2,1-

etanodiil)))biscarbamato de dimetilo

MS.3

((1S)-1-({{(1R,38,5R)-3-(4-(4-((18,25)-2-(4-
(2-((1R,35,5R)-2-((25)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-
azabiciclo[3.1.0]hex-3-il}-1H-imidazol-4-
ifenil)ciclopropil)fenil)-1H-imidazol-2-il)-2-
azabiciclo[3.1.0]hex-2-il)carbonil)-2-

metilpropilycarbamato de metilo

B



-333-

Compuesto

N'O

CES0 de
1b (nM)

Intervalo

Nombre

M9.4

((15,28)-1,2-ciclopropanodiilbis(4,1-fenilen-
1H-imidazol-4,2-diil{1R,3S,5R)-2-
azabiciclo[3.1.0]hexano-3,2-diil({15)-2-oxo-
1-(tetrahidro-2H-piran-4-il)-2,1-

etanodiil)))biscarbamato de dimetilo

M9.5

((15)-1-(((1R,3S,5R)-3-(4-(4-((1R,2R)-2-(4-
(2-((1R,38,5R)-2-((2S)-2-
{{(metoxicarboniljamino)-3-metilbutanoil}-2-
azabiciclo[3.1.0]hex-3-il)-1H-imidazol-4-
iI)fenil)ciclopropil)fenii)-1 H-imidazol-2-il)-2-
azabiciclo[3.1.0]hex-2-il)carbonif)-2-

metilpropilycarbamato de metilo

M9.6

((1R,2R)-1,2-ciclopropanodiilbis(4,1-fenilen-
1H-imidazol-4,2-diil(1R,3S,5R)-2-
azabiciclo[3.1.0]hexane-3,2-diil({1S)-2-oxo-
1-(tetrahidro-2H-piran-4-il)-2,1-

etanodiil)))biscarbamato de dimetilo

M3.7

((1S)-1-(((25,45)-2-(4-(4-((15,25)-2-(4-(2-
((25,45)-1-((25)-2-((metoxicarbonil)amino)-
3-metilbutanoil}-4-metil-2-pirrolidinil)-1H-
imidazol-4-il¥fenil)ciclopropil)fenil)-1H-
imidazol-2-il}-4-metil-1-pirrolidinil)carbonil)-

2-metilpropil}jcarbamato de metilo

64q



-334-

Compuesto

N.°

CE50 de
1b (M)

Intervalo

Nombre

MS.8

((1S,25)-1,2-ciclopropanodiilbis(4,1-fenilen-
1H-imidazol-4,2-diil({25,4S)-4-metil-2,1-
pirrolidinadiil){({15)-2-oxo-1-(tetrahidro-2H-
piran-4-il)-2,1-etanodiil)))biscarbamato de

dimetilo

M10

((15)-1-(((2S,58)-2-(4-(4-((4-(2-((2S,55)-1-
((25)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-5-metil-2-pirrolidinil)-1H-
imidazol-4-il)fenilietinil)fenil)-1H-imidazol-2-
i}-5-metil-1-pirrolidinil) carbonil)-2-

metilpropil)carbamato de metilo

M11

(1,2-etinodiilbis(4, 1-fenilen-1H-imidazol-4,2-
diil{((2S,5S)-5-metil-2, 1-pirrolidinadiil}{((2S)-
1-ox0-1,2-butanodiil)}) biscarbamato de

dimetilo

M12

(1,2-etinodiilbis(4, 1-fenilen-1H-imidazol-4,2-
diil((2S,55)-5-metil-2,1-pirrolidinadiil)((1S)-
2-oxo-1-(tetrahidro-2H-piran-4-il)-2,1-

etanodiil)))biscarbamato de dimetilo

6D



-335-

Compuesto

N.°

CE50 de
1b (nM)

Intervalo

Nombre

M121

{(15)-1-(((25,5S)-2-(4-(4-((4-(2-((28,5S)-1-
((25)-2-((metoxicarboni)amino)-2-
(tetrahidro-2H-piran-4-ilyacetil}-5-metil-2-
pirrolidinil}-1H-imidazol-4-il)fenil)etinil)fenil)-
1H-imidazol-2-i}-5-metil-1-
pirro!idiniI)carboniI)-2-m'etilpropil)carbamato

de metilo

M12.2

((15)-1-(((25,45)-2-{4-(4-((4-(2-({25,45)-1-
((25)-2-((metoxicarbanillamino)-3-
metilbutancil)-4-metil-2-pirrolidinil)-1H-
imidazol-4-il)fenil)etinil)fenil)-1H-imidazol-2-
iI)~4—métiI—1 -pirrolidinil)carbonil)-2-

metilpropil}carbamato de metilo

M12.3

0,014

(1,2-etinodiilbis(4,1-fenilen-1H-imidazol-4,2-
diil{((25,45)-4-metil-2,1-pirrolidinadiil){{1S)-
2-oxo-1-(tetrahidro-2H-piran-4-il)-2,1-

etanodiil)))biscarbamato de dimetilo

Mi2.4

((15)-1-(((25,45)-2-(4-(4-({4-(4-cloro-2-
((25,45)-1-((25)-2-((metoxicarbonil)amino)-
3-metilbutanoil)-4-metil-2-pirrolidinil)-1H-
imidazol-5-il)fenil)etinil)fenil)-1H-imidazol-2-
il}-4-metil-1-pirrolidinil)carbonilf)-2-

metilpropil)carbamato de metilo

551



-336-

Compuesto

N.°

CE50 de
1b (nM)

Intervalo

Nombre

M12.5

((18)-1-(((25,4S)-2-(4-cloro-5-(4-((4-(4-
cloro-2-((25,4S)-1-((2S)-2-
({(metoxicarbonil)amino)-3-metilbutanoil)-4-
metil-2-pirrolidinii)-1H-imidazol-5-
ilYffenil)etinil)fenil)-1H-imidazol-2-it}-4-metil-
1-pirrolidinil)carbonil)-2-

metilpropil)carbamato de metilo

M12.6

((15)-2-((25,4S)-2-(4-(4-({4-(4-cloro-2-
((2S,45)-1-((25)-2-{{metoxicarbonillamino)-
2-(tetrahidro-2H-piran-4-il)acetil}-4-metil-2-
pirrolidinil)-1H-imidazol-5-ifenil)etinil)fenil)-
1H-imidazol-2-il)-4-metil-1-pirrolidinil)-2-
oxo-1-(tetrahidro-2H-piran-4-

iletil)carbamato de metilo

M12.7

0,061

(1,2-etinodiilbis(4,1-fenilen{4-cloro-1H-
imidazol-5,2-diil){(2S,4S)-4-metil-2,1-
pirrolidinadiil)((1S)-2-oxo-1-{tetrahidro-2H-
piran-4-il}-2,1-etanodiil)))biscarbamato de

dimetilo
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Compuesto

N.O

CE50 de
1b (nM)

Intervalo

Nombre

M12.8

((15)-2-((25,4S)-2-(4-(4-((4-(2-((2S5,4S)-1-
((2S3)-2-({(metoxicarbonil)amino)-3-
metilbutanoil)-4-metil-2-pirrolidinil)-1H-
imidazol-4-ilyfenil)etinil)fenil)-1H-imidazol-2-
il)-4-metil-1-pirrolidinil)-2-oxo-1-(tetrahidro-

2H-piran-4-ihetiljcarbamato de metilo

M12.9

((1S)-1-{((15,35,55)-3-{4-(4-((4-(2-
((15,38,55)-2-((2S)-2-
{(metoxicarbonil)amino)-3-metilbutanoil)-5-
metil-2-azabiciclo[3.1.0]hex-3-il}-1H-
imidazol-4-il)fenil)etinil)fenil)-1H-imidazol-2-
i1)-5-metil-2-azabiciclo[3.1.0]hex-2-
il)carbonil)-2-metilpropil)carbamato de

metilo

M13

((1S)-1-(({(1R,35,5R)-3-(4-(4-((E)-2-(4-(2-
{(1R,38,5R)-2-({25)-2-((metoxicarbonil}
amino)-3-metilbutancil)-2-azabiciclo[3.1.0]
hex-3-il)-1H-imidazol-4-il)fenil)vinil) fenil)-
1H-imidazol-2-il)-2-azabicicio[3.1.0] hex-2-
ilycarbonil)-2-metilpropil)carbamato de

metilo

655



-338-

Compuesto

N_O

CE50 de
1b (nM)

Intervalo

Nombre

M14

0,017

((E)-1,2-etenadiilbis(4,1-fenilen-1H-
imidazol-4,2-diil{1R,3S,5R)-2-azabiciclo
[3.1.0Jhexano-3,2-diil((1S)-2-0x0-1-
(tetrahidro-2H-piran-4-il}-2, 1-etanodiil)))

hiscarbamato de dimetilo

M15

((18)-2-((1R,3S,5R)-3-(4-(4-((E)-2-(4-(2-
((1R,3S,5R)-2-((25)-2-({(metoxicarbonil)
amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]
hex-3-il)-1H-imidazol-4-il)fenil)vinil) fenil)-
1H-imidazol-2-il}-2-azabiciclo[3.1.0] hex-2-

il)-2-0x0-1-(tetrahidro-2H-piran-4-

ihetil)carbamato de metilo

N1

((15)-1-({(25)-2-(4-(4-((4-(2-(25)-4,4-
difluoro-‘!-((28)—2-((metbxicarboniI)amino)-
3-metilbutanoil)-2-pirrolidinil)-1H-imidazol-4-
ilfenil)etinil)fenil}-1H-imidazol-2-il)-4,4-
difluoro-1-pirrofidinil)carbonil)-2-

metilpropil)carbamato de metilo

N2

(etino-1,2-diilbis(4,1-fenilen-1H-imidazol-
5,2-diil((2S)-4,4-diflucropirrolidin-2,1-
diil){{1S)-2-oxo-1-(tetrahidro-2H-piran-4-

iNetano-2,1-diil)))biscarbamato de dimetilo

63



-339-

Compuesto

N_O

CE50 de
1h (nM)

Intervalo

Nombre

N3

0,25

(1R)-2~((2S)-2-(5-(4-((4-(2-((2S)-4 4~
difluoro-1-({28)-2-((metoxicarbonilyamino)-
2-(tetrahidro-2H-piran-4-ilyacetil)pirrolidin-2-
il)-1H-imidazol-5-il)fenil}etinil)fenil)-1H-
imidazol-2-il)-4,4-difluoropirrolidin-1-il)-2-
oxo-1-(tetrahidro-2H-piran-4-

il)etiYcarbamato de metilo

N4

0,18

(etino-1,2-diilbis(4,1-fenilen-1H-imidazol-
5,2-diil({25)-4 ,4-difluoropirrolidin-2,1-
diil)({1R)-2-oxo-1-(tetrahidro-2H-piran-4-

il)etano-2,1-diil)))biscarbamato de dimetilo

N5

((18)-1-(((35)-3-(4-(4-((4-(2-((35)-4-((25)-2-
((metoxicarbonif)amino)-3-metilbutanoil)-3-

morfolinil)-1H-imidazol-4-il)fenil)etinil)fenil)-

1H-imidazol-2-il)-4-morfolinil)carbonil)-2-

metilpropil}carbamato de metilo

NG

((15)-1-(((25)-2-(4-(4-((4-(2-((25)-1-((25)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-
piperidinil)-1H-imidazoi-4-il)fenil)etinil)fenil)-
1H-imidazol-2-il)-1-piperidinil)carbonil)-2-

metilpropil)carbamato de metilo

0SS
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Compuesto

N.°

CES50 de
1b (nM)

intervalo

Nombre

N7

((15)-1-(((25,4S)-4-hidroxi-2-(4-(4-((4-(2-
((25,4S)-4-hidroxi-1-((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil}-1H-imidazol-4-il}fenil)etinil)fenil)-
1H-imidazol-2-il)-1-pirrolidinil)carbonil)-2-

metilpropil)carbamato de metilo

N7.1

((18)-1-(((25)-2-(4-(4~((4-(2-((25)-1-((25)-2-
({(metoxicarbonil)amino}-3-metilbutanoil)-4-
metilen-2-pirrolidinil}-1H-imidazol-4-
il}fenil)etinilfenil)-1H-imidazol-2-il)-4-
metilen-1-pirrolidinil)carbonif)-2-

metilpropiicarbamato de metilo

N7.2

((1S5)-1-(((2S,4R)-4-hidroxi-2-(4-(4-((4-(2-
((25,4R)-4-hidroxi-1-((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil)-1H-imidazol-4-il¥enil)etinil)fenil)-
1H-imidazol-2-il)-1-pirrolidinil)carbonil)-2-

metilpropil)carbamato de metilo

656
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Compuesto

N.¢

CE50 de
1b (M)

Intervalo

Nombre

N8

((15)-1-(((1S,38,58)-3-(4-(4-((4-(2-
((18,3S,5S)-2-((28)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-
azabiciclo[3.1.0Jhex-3-i)-1H-imidazol-4-
ifenil)etinil)fenil)-1H-imidazol-2-il)-2-
azabiciclo[3.1.0]hex-2-il)carbonil)-2-

metilpropil)carbamato de metilo

N9

(1,2-etinodiilbis(4, 1-fenilen-1H-imidazol-4,2-
diil(18,3S,58)-2-azabiciclo[3.1.0]hexano-
3,2-diil{((1S)-2-ox0-1-(tetrahidro-2H-piran-4-

il)—2,1-etanodiil)))biscarbamato de dimetilo

J1

((18)-1-({(28)-2-(4-(3-((3-(2-{(25)-1-((25)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-

pirrolidinil)-1H-imidazol-4-il)feniletinil)fenil)-
1H-imidazol-2-il)-1-pirrolidinil)carbonil)-2-

metilpropilicarbamato de metilo

J1.1

338,8

((18)-2-metil-1-(((28)-2-(4-(3-((3-(2-((2S)-2-
pirrolidinil)-1H-imidazol-4-il)fenil)etinil)fenil)-
1H-imidazol-2-il)-1-
pirrolidinilycarbonil)propil)carbamato de

metilo

oSF
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Compuesto

N.°

CE50 de
1b (nM)

Intervalo

Nombre

J2

0,12

(1,2-etinodiilbis(3,1-fenilen-1H-imidazol-4,2-
diil(2S)-2, 1-pirrolidinadiil((1S)-2-ox0-1-
(tetrahidro-2H-piran-4-il)-2,1-

etanodiil)))biscarbamato de dimetilo

J3

((1S)-1-(((1R,38,5R)-3-(4-(3-((3-(2-
{(1R,3S5,5R)-2-({2S)-2-
{{(metoxicarbenil)amino)-3-metilbutanoil)-2-
azabiciclo[3.1.0]hex-3-il}-1H-imidazol-4-
iYfeniletinil)fenit)-1H-imidazol-2-il)-2-
azabiciclo[3.1.0]hex-2-il)carbonil)-2-

metilpropilicarbamato de metilo

J4

(1,2-etinodiilbis(3, 1-fenilen-1H-imidazol-4,2-
diil(1R,3S,5R)-2-azabiciclo[3.1.0}hexano-
3,2-diil{{1S)-2-oxo-1-(tetrahidro-2H-piran-4-

i)-2,1-etancodiil}))biscarbamato de dimetilo

J5

((15)-1-(((28)-2-(4-(4"-((4-(2-((25)-1-((2S)-
2-((metoxicarbonil}amino}-3-metilbutanoil)-
2-pirroiidinil)~1 H-imidazol-4-il)fenil)etinil)-4-
bifenilil)- 1H-imidazol-2-il)-1-
pirrolidinil)carbonil)-2-metilpropil)carbamato

de metilo

Los compuestos de la presente divulgacion pueden inhibir VHC mediante

650
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mecanismos ademas o distintos de la inhibicion de NS5A. En una realizacién, los
compuestos de la presente divulgacion inhiben el replicon de VHC y en otra
realizacion los compuestos de la presente divulgacion inhiben NS5A.

Sera evidente para un experto en la técnica que la presente divulgacion no se
limita a los anteriores ejemplos ilustrativos, y que puede realizarse en otras formas
especificas sin separarse de sus atributos esenciales. Por lo tanto se desea que los
ejemplos sean considerados en todos los respectos ilustrativos y no restrictivos,
haciendo referencia a las reivindicaciones anexas, en lugar de a los ejemplos
anteriores y, por lo tanto, se pretende que todos los cambios que entren dentro del
significado y del alcance de equivalencia de las reivindicaciones estén incluidos en

ellas.

659
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Habiendo descrito la invencién como antecede, se declara como propiedad lo
contenido en las siguientes

REIVINDICACIONES

1. Un compuesto de la Férmula (1):
R R RY\ RY
RD%Y &R
R TJ\T’Ns zN‘?)\N R
R HNYJ RN e R
x /A TR x
Z Z

0 una sal farmacéuticamente aceptable del mismo, en la que:
L se selecciona a partir de —O-, -CH,CH,—, -CH=CH-, -C=C—, —

& /@_-
-i%gl:}}é—,_;%zi:]////’ '4%1¢> }

OCHy—, -CH20—-, -CH,0OCH»—,

v

X es hidrégeno (H) o haldgeno y Z es hidrogeno; o

Xy Z, junto con los atomos de carbono a los que estan unidos, forman
un anillo condensado aromatico o no aromatico de cinco a ocho miembros
que opcionalmente contiene uno o dos heteroatomos que se seleccionan
independientemente a partir de nitrégeno, oxigeno, y azufre; en la que el
anillo de cinco a ocho miembros esta opcionalmente sustituido con uno, dos,
o tres sustituyentes que se seleccionan independientemente a partir de
alcoxi, alcoxialquilo, alcoxicarbonilo, alquilo, alquilsulfonito, arilo, arilalquilo,

arilsulfonilo, carboxi, formilo, halo, haloalcoxi, haloalquilo, hidroxi,

oe0
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hidroxialquilo, -NR?R®, (NR*R")alquilo, (NR°R")carbonilo, oxo, y espirociclo;

X' es hidrogeno (H) o halégeno y Z' es hidrégeno; o

X'y Z, junto con los atomos de carbono a los que estadn unidos,
forman un anillo condensado aromatico o no aromatico de cinco a ocho
miembros que opcionalmente contiene uno o dos heterodtomos que se
seleccionan independientemente a partir de nitrégeno, oxigeno, y azufre; en
los que el anillo de cinco a ocho miembros esta opcionalmente sustituido con
uno, dos, o tres sustituyentes que se seleccionan independientemente a partir
de alcoxi, alcoxialquilo, alcoxicarbonilo, alquilo, alquilsuifonilo, arilo, arilalquilo,
arilsulfonilo, carboxi, formilo, halo, haloalcoxi, haloalquilo, hidroxi,
hidroxialquilo, -NR?R®, (NRaRb)alquno, (NR®R")carbonilo, oxo, y espirociclo:

Y y Y’ son cada uno independientemente -CH,-, -CH,CHs-, 0 -CH,0-,
en los que el -CH,O- se dibuja de tal forma que el dtomo de oxigeno esté
unido al atomo de carbono sustituido con R'y R? o R” y RY;

RP es hidrageno o alquilo C; a Cy;

RY es hidrégeno, alquilo, o halo; o

R” y RY junto con los atomos de carbono a los que estan unidos,
forman un anillo cicloalquilo;

R se selecciona a partir de hidrogeno, alquilo, halo, e hidroxi: o

R"y RY, junto con el 4tomo de carbono al que estan unidos, forman un
grupo etilenito o un anillo cicloalguilo;

R™ es hidrégeno o alquilo Cy a Cy;

R™ es hidrégeno, alquilo, o halo: o

R™ y R¥, junto con los atomos de carbono a los que estan unidos,

forman un anillo cicloalquilo;
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R" se seleccionan independientemente a partir de hidrogeno, alquilo,
halo, e hidroxi; o

RY y RY, junto con el atomo de carbono al que estén unidos, forman un
grupo etilenito o un anillo cicloalquilo;

R" y RY se seleccionan independientemente a partir de hidrégeno y
alquilo;

R" es hidrégeno o —~C(O)R;

R? es hidrégeno o —C(O)RY;

R* y R se seleccionan independientemente a partir de cicloalquilo,
heteroarilo, heterociclilo, alcoxi, y alquilo, estando dicho alquilo sustituido por
uno o mas sustituyentes que se seleccionan independ_ientemente a partir de
arilo, alquenilo, cicloalquilo, heterociclilo, heteroarilo, -OR® -C(O)OR*,
-NR°R®, y -C(O)NR°R?,

en los que cualquiera de dichos arilo y heteroarilo puede estar
opcionalmente sustituido con uno o mas sustituyentes que se seleccionan
independientemente a partir de alquenilo, alquilo, haloalquilo, arilalquilo,
heterociclilo, heterociclitalquilo, halégeno, ciano, nitro, -C(Q)OR?, -OR®, -
NR?R®, (NR*R)alquilo, y (MeO){HO)P(O)O-, y

en los que cualquiera de dichos cicloalquilo y heterociclilo puede
opcionalmente estar condensado a un anillo aromatico y puede estar
opcionalmente sustituido con uno o mas sustituyentes que se seleccionan
independientemente a partir de alquilo, hidroxilo, haldgeno, arilo, -NR?R®, oxo,
y -C(O)OR®; |

R® es hidrogeno, alquilo, o arilalquilo;

R* es alquilo o arilalquilo;

66L
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R® es hidrégeno, alquilo, o arilalquilo;
R? y R se seleccionan independientemente a partir de hidrdgeno,
alquilo, cicloalquilo, arilalquilo, heteroarilo, -C(O)R®, -C(O)OR’, ~C(O)NR°R?, y
(NR°R%alquilo, 0 de forma alternativa, R* y R® junto con el atomo de
5 nitrdgeno al que estan unidos, forman un anillo de cinco o seis miembros o
. estructura anular biciclica con puente, en la que dicho anillo de cinco o seis
miembros o estructura anular biciclica con puente 6pcionalmente pueden
contener uno o dos heteroatomos adicionales que se seleccionan
independientemente a partir de nitrégeno, oxigeno, y azufre y pueden
10 contener wuno, dos, o tres sustituyentes que se seleccionan
independientemente a partir de alquilo Ci a Cg, haloalquilo Cy a C4, arilo,
hidroxilo, alcoxi C1 a Cs, haloalcoxi Cq a Cy4, y halégeno;
RS es alquilo;

R es alquilo, arilalquilo, cicloalquilo, o haloalquilo; y

15 Ry R? se seleccionan independientemente a partir de hidrogeno,
. alquilo, arilalquilo, y cicloalquito.
2. El compuesto de la reivindicacion 1, caracterizado ademas por la
Férmula (la):
RY N X XN RY
RILY ¢ | I N ™~-Rd
tr\?/( i S N H>\<N
RP ‘R" // L I\;\ R2 RP
20 z Z
(la),

o una sal o un tautémero farmacéuticamente aceptable del mismo, en la que:

X es hidroégeno o cloro (Cl) y Z es hidrégeno; o
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Xy Z, junto con los atomos de carbono a los que estan unidos, forman
un anillo condensado aromatico o no aromatico de seis miembros;
X' es hidrégeno o cloro (Cl) y Z' es hidrégeno; o
Xy Z, junto con los atomos de carbono a los que estan unidos,
5 forman un anillo condensado aromatico o no aromaético de seis miembros:
. Y es -CHy-, -CH2CHa-, 0 -CH;0-, en los que el -CH,0- se dibuja de tal
forma que el 4tomo de oxigeno esté unido al &tomo de carbono sustituido con
R'y R%
RP es hidrégeno o alquilo C a Cy;
10 R? es hidrogeno, alquilo, o haloalquilo; o
R” y RY junto con los atomos de carbono a los que estan unidos,
forman un anillo cicloalquilo; y
RY se selecciona a partir de hidrageno, alquilo, halo, e hidroxi; o

RYy RY, junto con el &tomo de carbono al que estan unidos, forman un

15 grupo etilenilo o un anille cicloalquilo.
3. El compuesto de la reivindicacion 2 caracterizado ademas por la
Formula (Ib):
N X XN
w \ / Wj
N N S N
N H | 5L H N
20 R’ = = R?
(Ib),

o una sal o un.tautémero farmacéuticamente aceptable del mismo.
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4, El compuesto de la reivindicaciéon 2, caracterizado ademas por la
Formula (ic).
N~ X XN
| WL
N X = N
N L N
HsC ‘R1H|/L'/ o2 CHy

(lc),

0 una sal o un tautdmero farmaceuticamente aceptable del mismo.

5. El compuesto de la reivindicacion 2, caracterizado ademas por la

Ny X X' o—N
et L~
R1 s P R2

(1d),

0 una sal o un tautdmero farmacéuticamente aceptable del mismo.

Formula (1d):

6. Ei compuesto de la reivindicacion 2, o una sal o un tautémero
farmacéuticamente aceptable del mismo, en ei que:
R' es -C(O)R¥;
R? es —C(O)RY;
R* y RY son independientemente alquilo sustituido por al menos un -

NR?R®, caracterizado por la Férmula (A):
a RP
R N

R

RQ

06>
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en la que:

mesQ061,;

R® es hidrogeno o alquilo;

R® se selecciona a partir de hidrogeno, cicloalquilo, arilo, heteroarilo,
heterociclilo, y alquilo opcionalmente sustituido con un sustituyente que se
selecciona a partir de arilo, alquenilo, cicloalquile, heterociclilo, heteroarilo,
heterobiciclilo, -OR?, -C(O)OR?, -NRR®, y -C(O)NR°RY,

en el que cualquiera de dichos arilo y heteroarilo puede estar
opcionalmente sustituido con uno o mas sustituyentes que se seleccionan
independientemente a partir de alquilo, haloalquilo, arilalquilo, heterocidlilo,
heterociclilalquilo, halégeno, ciano, nitro, -C(OYOR* -OR® -NR?R"
(NR®RMalquilo, y (MeO)(HO)P(O)O-, y

en el que cualquiera de dichos cicloalquilo y heterociclilo puede
opcionalmente estar condensado a un anillo aromético y puede estar
opcionaimente sustituido con uno o méas sustituyentes que se seleccionan
independientemente a partir de alquilo, hidroxilo, halégeno, arilo, -NR?R®, 0Xxo,
y -C(O)OR% y

R? R, R% R? R® RSy RY se definen como en [a reivindicacion 1.

7. El compuesto de la reivindicacién 6, o una sal o un tautémero

farmacéuticamente aceptable del mismo, en el que:

m es 0;
R? es hidrégeno o alquilo C; a Ca;

R? se selecciona a partir de hidrogeno, alquilo C4 a Cg opcionalmente

600
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sustituido con

—OR™, cicloalquilo C3 a Ce, alilo, -CH,C(O)NRR?, (NR°R%alquilo,

R0 R % i
t/j\‘/( ( (R10) (
| . /\ MLLL /= p, (R, \ T
7 ;LLL, E ) \// ! VN '
Sy 10
10)n - (R19) (r7; (R "
CEF TR
s i
(Rm)n (R19), (Rw)n\
f/“\ 5 . g O wr
@{-/)’ o N-t C,)j \_/\6/)’;'1‘L
(R"%q .
10 - - AR
(Rm)n\r:}/_)r%_ (R™)n A ) % S I /?‘(/\);Lr"’ (R19),, P___N/\s’e"
RN \ RN, _N N & A
N | N° | R11 Ly K¢N 1

enlasquejes 04 1;

kes1,2063;

n es 0 o un namero entero que se selecciona desde 1 hasta 4,

~ cada R'® es independientemente hidrégeno, alquilo Cy a Cy, haloalquilo

C1 a Cq, halégeno, nitro, -OBn, o (MeO)(OH)P(O)O-;

R" es hidrégeno, alquilo Cy a C4, 0 bencilo;

R es hidrégeno, alquilo C1 a C4, 0 bencilo;

R® es hidrégeno o alquilo Cq a Cy;

R es alquilo Cq a Cy4, cicloalquilo C3 a Cg, bencilo, 3-piridilo, pirimidin-5-
ilo, acetilo, -C(O)OR’, o -C(O)NR°R,

R’ es alquilo C; a C4 0 haloalquilo Cy a Cy;

R® es hidrogeno o alquilo C1a Ca; y

R? es hidrogeno, alquilo C; a Cy, o cicloalquilo C3 a C.
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8. El compuesto de la reivindicacidbn 6, o una sal o un tautémero
farmacéuticamente aceptable del mismo, en el que:
mes 0;
R® es hidrageno;
5 R? es fenilo opcionalmente sustituido con de uno hasta cinco

. sustituyentes que se seleccionan independientemente a partir de alquilo Cq a

Cg, haloalquilo C4 a C4, haldégeno,
alcoxi C1 a Cg, hidroxilo, ciano, y nitro; y

NR?R” es un grupo heterociclilo o heterobiciclilo que se selecciona a

10 partir de:
(R™)y (R™),
/R /7
-é-N/\"/(RTS)" N R -£-N R -E-N/_/-\O
N
whns R13
AL >
‘ . Ly R 14 ,

enlasquenes0,162;

cada R" se selecciona independientemente a partir de alquilo C a C,
15 fenilo, trifluorometilo, haldégeno, hidroxilo, metoxi, y oxo; y

R™ es alquilo C a Cg, fenilo, bencilo, o un grupo -C(OYOR™, en el que

R' es alquilo C; a C4, fenilo, o bencilo.

9. Ei compuesto de la reivindicacidbn 6, o una sal o un tautdmero
20  farmacéuticamente aceptable del mismo, en el que:

mes 1;
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R® es hidrégeno;

R? es alquilo C1 a Cg, aritalquilo, o heteroarilalquilo;
R® es hidrégeno; y

R® es —C(0)OR’, en el que R es alquilo C1 a Cs.

5
. 10. El compuesto de la reivindicacién 2, o una sal o un tautomero
farmacéuticamente aceptable del mismo, en el que:
R' es —C(O)R*;
R? es ~C(O)RY;
10 R* y R’ son heteroariio o heterocicllo que se selecciona

independientemente a partir de:
1 .
(R13 (R )n R13)n (R13)n Ahnr

OC YU N

L) 3 ¥

(‘3)n (R*3),

o Cﬂ" o
e .n}\f"

\ ol C[) o @ﬁmm”‘ /9

1 R14_N

R14 \?N
..N\.rv | i (R13)n
R13 Wy (R13) g \
rha®) "\* "\G: NSy
14. — n 3 ‘\
s R N\Nf’/‘ S N O\?N k /I
(R13)n R13
i —O - R14 .
3 ’
R1 n\ i, ‘zl,_ N nt‘fi
N-R' 'N [ N
R r,:‘ y R14

en las que n es 0 0 un nimero entero que se selecciona desde 1 hasta
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cada R™ se selecciona independientemente a partir de hidrégeno,
alquilo C4 a Cs, haloalquilo C4 a Cq, fenilo, bencilo, alcoxi C4 a Cg, haloalcoxi
C1 a Cy4, heterociclilo, halégeno,NRcRd, hidroxilo, ciano, y oxo, en el que R°y
R? son independientemente hidrégeno o alquilo C1a Cy; v

R™ es hidrogeno (H), alquilo Cy a Cs, bencilo, o ~C(O)OR?, en el que

R*es alquilo C4 a Ce.

11. El compuesto de la reivindicacidn 2, o una sal o un tautdmero

farmacéuticamente aceptable del mismo, en el que:

R es —C(O)R:
R? es —-C(O)R;

Ry RY son cicloalquilo que se selecciona independientemente a partir

de:
NR2RP (R NR2RP
XY P
j y s
en las que
jes0,1,263;
kes0, 162

n es 0 o un nimero entero que se selecciona desde 1 hasta 4; _

cada R" se selecciona independientemente a partir de hidrégeno, alquilo Cjy
a Cg, haloalquilo C4 a C4, alcoxi Cq a Cg, haldgeno, hidroxilo, ciano, y nitro; y
R y R® son cada uno independientemente hidrogeno, alquilo C4 a Cg, 0

-C(O)OR’, en el que R es alquilo Cy a Cs.
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12. El compuesto de la reivindicacién 2, o una sal o un tautomero
farmaceuticamente aceptable del mismo, en el que:

R' es —C(O)R¥;

R* es -C(O)R";

R* y RY son independientemente arilalquilo, en los que la parte arilo de dicho
arilalquilo puede estar opcionalmente sustituida con (NR*RP)alquilo; y

R® y R" son independientemente hidrégeno, alquilo Cq a Cg, 0 bencilo, o de
forma alternativa, R* y R®, junto con el atomo de nitrégeno al que estan

unidos, forman un anillo de cinco o seis miembros que se selecciona a partir

'E‘ND N N RS N o y
de p— Y " en la que R” es

1 1

hidrégeno, alquilo C4 a Cg, 0 bencilo.

13. El compuesto de la reivindicacion 2, o una sal o un tautémero
farmacéuticamente aceptable del mismo, en el que:

R’ y R? son iguales y se seleccionan a partir del grupo constituido por:
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his
~0” “NH
&
o 0
N s
YR on
N HN\n/O\ D /O “Li
ph— o) MeO™ Yol 0

en las que un enlace ondulado (~~) en la estructura indica que un centro
esteredgeno al que esta unido el enlace puede tomar la configuracién (R)- o (S)-

5 siempre que no se incumplan los principios del enlace quimico.

14. El compuesto de la reivindicacion 1, o una sal farmacéuticamente
. aceptable del mismo, en el que:

R' es —-C(O)RY;
10 R? es -C(O)R"; y

R*y RY son ambos t-butoxi.

15. El compuesto de la reivindicacion 1, ¢ una sal farmacéuticamente
aceptable del mismo, en el que R’ y R? son ambos hidrégeno.
15

16.  Un compuesto de la Férmula (I1):
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RY RY

RP RP'

=

NNz N N
R‘l b ( hz
HN-|& | N X \\,I-NH
x Lot gL

(1)

o una sal farmacéuticamente aceptable del mismo, en |a que:

L se selecciona a partir de -O—, -CH,CH,—, —-CH=CH-, —-C=C—, —OCH>—,

-CH20-, -CH,OCH>—, ~ Y S
X'y X' son independientemente hidrégeno (H) o halégeno;

RP es hidrogeno o alquilo Cq a Cy4, y R es hidrogeno, o de forma alternativa,
RP vy RY, junto con los atomos de carbono a los que estan unidos, forman un
anillo ciclopropilo;

RP es hidrogeno o alquilo C1 a Cy4, y RY es hidrégeno, o de forma alternativa,
R™ y R", junto con los atomos de carbono a los que estan unidos, forman un
anillo ciclopropilo;

R' es hidrégeno o ~C(O)R;

R? es hidrogeno o ~C(O)RY;

R* y R’ se seleccionan independientemente a partir de cicloalquilo,
heteroarilo, heterociclilo, alcoxi, y alquilo, estando dicho alquilo sustituide por
uno o mas sustituyentes que se seleccionan independientemente a partir de
arilo, alquenilo, cicloalquilo, heterociclifo, heteroarilo, -OR?, -C(O)OR4,
-NR®R® y -C(O)NR°RY,

en los que cualquiera de dichos arilo y heteroarilo puede estar opcionalmente

sustituido con uno o mas sustituyentes que se seleccionan

bY?
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independientemente a partir de alquilo, haloalquilo, arilalquilo, heterociclilo,
heterociclilalquilo, halégeno, ciano, nitro, -C(OYOR*, -OR® -NR°R",
(NR?R)alquilo, y (MeO)}HO)P(0)O-, y

en los que cualquiera de dichos cicloalquile y heterocicliio puede
opcionalmente estar condensado a un anillo aromatico y puede estar
opcionalmente sustituido con uno o0 mas sustituyentes que se seleccionan
independientemente a partir de alquilo, hidroxilo, halégeno, arilo, -NRaRb, oX0,
y -C(O)OR*:

R? es hidrogeno, alquilo, o arilalquilo;

R* es alquilo o arilalquilo;

R® es hidrogeno, alquilo, o arilalquilo;

R* y R® se seleccionan independientemente a partir de hidrégeno, alquiio,
cicloalquilo, arilalquilo, heteroarilo, —C(O)RG, -C(OYOR’, —C(O)NR°RY, y
(NR°R%alquilo, o de forma alternativa, R* y R®, junto con el &tomo de
nitrégeno al que estan unidos, forman un anillo de cinco o seis miembros o
estructura anular biciclica con puente, en la que dicho anillo de cinco o seis
miembros o estructura anular biciclica con puente opcionalmente pueden
contener uno o dos hetercdtomos adicionales que se seleccionan
independientemente a partir de nitrégeno, oxigeno, y azufre y pueden
contener uno, dos, o tres sustituyentes que se seleccionan
independientemente a partir de alquilo C1 a Cs, haloalquilo Cy a Cs, arilo,
hidroxilo, alcoxi C4 a Cg, haloalcoxi C1a Cy, y halégeno;.

R® es alquilo;

R’ es alquilo, arilalquilo, o haloalquilo; y

R® y R? se seleccionan independientemente a partir de hidrdgeno, alquilo,
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arilalquilo, y cicloalquilo.

17.  Un compuesto, o una sal farmacéuticamente aceptable del mismo, que
se selecciona a partir del grupo constituido por:
(1R)-2-((2S)-2-(4-(4-(4-(2-((2S)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-
pirrolidinil)-1H-imidazol-5-il)fenoxi) fenil)-1H-imidazol-2-il)-1 —pi‘rrolidinil)-N,N-dimeti|~2-
oxo-1-feniletanamina;
(1R)-2-((28)-2-(4-(4-(4-(2-((2S)-1-((2R)-2-hidroxi-2-fenilacetil)-2-pirrolidinil)-1H-
imidazol-5-ilffenoxi)fenil}-1H-imidazol-2-il}-1-pirrolidinil)-2-oxo-1-feniletanol,
(oxibis(4,1-fenilen-1H-imidazol-4,2-diil(2S)-2,1-pirrolidinadiil({ 1R)-2-0x0-1-
fenil-2,1-etancdiil)))biscarbamato de dimetilo;
(1R)-2-((25)-2-(4-(3-(4-(2-((2S)-1-{(2R)-2-(dimetilamino)-2-fenilacetil)-2-
pirrolidinil}-1H-imidazol-4-il)fenoxi) fenil)-1H-imidazol-2-il)-1-pirrolidinil)-N,N-dimetil-2-
oxo-1-feniletanamina;
(1R)-2-((2S)-2-(4-(3-(4-(2-((2S)-1-{(2R)-2-hidroxi-2-fenilacetil)-2-pirrolidinil)- 1H-
imidazol-4-il)fenoxi)fenil)-1H-imidazol-2-il)-1-pirrolidinii)-2-oxo-1-feniletanol,
((1R)-2-((28)-2-(4-(3-(4-(2-((2S)-1-((2R)-2-({(metoxicarbonil)amino)-2-
fenilacetil)-2-pirrolidinil)-1H-imidazol-4-il}fenoxi)fenil)-1H-imidazol-2-il)-1-pirrolidinil)-2-
oxo-1-feniletil)carbamato de metilo;
(1R)-2-((2S)-2-(4-(4-((4-(2-((2S)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-
pirrolidinil)-1H-imidazol-4-il)bencil)oxi) fenil)-1H-imidazol-2-il)-1-pirrolidinil)-N,N-
dimetil-2-oxo-1-feniletanamina;
((1R)-2~((2S)-2-(4-(4-((4-(2-((28)-1-({2R)-2-((metoxicarbonil)amino)-2-
fenilacetil)-2-pirrolidinil)-1H-imidazol-4-il)bencil)oxi)fenil)- 1H-imidazol-2-il)-1-

pirrolidinil)-2-oxo-1-feniletil)carbamato de metilo;

05
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(1R)-2-((28)-2-(4-(4-(2-(4-(2-({2S)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-
pirrolidinil)- 1H-imidazol-5-il)fenil)etil) fenil)-1H-imidazol-2-il}-1-pirrolidinil)-N,N-dimetil-
2-oxo-1-feniletanamina;

(1R, 1'R)-2,2"-(1,2-etanodiilbis(4, 1-fenilen-1H-imidazol-4,2-diil(2S)-2,1-
pirrolidinadiil))bis(2-oxo-1-feniletanol);

(1,2—etanodiilbis(4,1—fenilen—1H-imidazol-&,2—dii|(28)—2,1-pirrolidinadiil ((1R)-2-
oxo-1-fenil-2, 1-etanodiil))} biscarbamato de dimetilo;

N',N"'-(1,2-etanodiilbis(4,1-fenilen-1 H-irhidazol—4,2—dii|(28)—2, 1-pirrolidinadiil
({(1R)-2-ox0-1-fenil-2, 1-etanodiil)))bis(1-etilurea);

1-ciclopentil-3-((1R)-2-((2S)-2-(4-(4-(2-(4-(2-((2S)-1-((2R)-2-
((ciclopentilcarbamoil} amino)-2-fenilacetil)-2-pirrolidinil)- 1H-imidazol-5-
ilfenil)etilyfenil}-1H-imidazol-2-il)- 1-pirrolidinil)-2-oxo-1-feniletil)urea;

(1R)-2-((2S)-2-(4-(4-(({(4-(2-((28)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-
pirrolidinil)- 1H-imidazol-5-il)bencil)oxi) metil)fenil)-1H-imidazol-2-il)-1-pirrolidinil)-N,N-
dimetil-2-oxo-1-feniletanamina;

(1R)-2-((28)-2-(4-(4-(({(4-(2-((25)-1-((2R)-2-hidroxi-2-fenilacetil)-2-pirrolidinil)-
1H-imidazol-5-il)benciljoxiymetil}fenil)-1H-imidazol-2-i!)-1-pirrolidinil)-2-oxo-1-
feniletanol;

(oxibis(metilen-4,1-fenilen-1H-imidazol-4,2-diil(2S)-2, 1-pirrolidinadiil  ({1R)-2-
oxo-1-fenil-2,1-etanodiil))) biscarbamato de dimetilo;

1-metil-3-((1R)-2-((2S)-2-(4-(4-(((4-(2-((2S)-1-({2R)-2-({metilcarbamoil)amino)-
2-fenitacetil)-2-pirrolidinii)-1H-imidazol-5-if)benci)oxi)metil)fenil)-1H-imidazol-2-il)-1-
pirrolidinil)-2-oxo-1-feniletilyurea;

1-etil-3-((1R)-2-((2S)-2-(4-(4-({(4-(2-((2S)-1-((2R)-2-((etilcarbamoil)amino)-2-

fenilacetil)-2-pirrolidinil)-1H-imidazol-5-i))bencil)oxi)metil)fenil}- 1H-imidazol-2-il)-1-
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pirrolidinil}-2-oxo-1-feniletiljurea;
1-ciclopentii-3-((1R)-2-{{28)-2-(4-(4-(({4-(2-((25)-1-((2R)-2-

{(ciclopentilcarbamoil) amino)-2-fenilacetil)-2-pirrolidinil)-1H-imidazol-5-

ilYbencihoxijmetilfenil)-1H-imidazol-2-if)-1 -pirrolidinil)-2-oxo-1-feniletil)urea;

(1R)-2-((28)-2-(4-(3-(((4-(2-{(25)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-
pirrolidinil)-1H-imidazol-4-il)benciljoxi) metil)fenil)-1H-imidazol-2-il)-1-pirrolidinil)-N,N-
dimetil-2-oxo-1-feniletanamina;

(1R)-2-((2S)-2-(4-(3-({{4-(2-((25)-1-((2R)-2-hidroxi-2-fenilacetil)-2-pirrolidinil}-
1H-imidazol-4-il}bencil)oxiymetil)fenil)- 1H-imidazol-2-i{)-1 -pirrolidinil)-2-0xo-1 -
feniletanol,

(((1R)-2-((25)-2-(4-(3-(((4-(2-((28)-1-((2R)-2-({metoxicarbonil)amino)-2-
fenilacetil)-2-pirrolidinil)-1H-imidazol-4-il)bencil)oxi)metil)fenil)-1H-imidazol-2-il)- 1-
pirrolidinif)-2-oxo-1-feniletil)carbamato de metilo;

1-metil-3-((1R)-2-((28)-2-(4-(3-({(4-(2-((2S)-1-((2R)-2-((metilcarbamoil)amino)-
2-fenilacetil)-2-pirrolidinil)-1H-imidazol-4-il)bencil)oxi)metil)fenil)-1 H-imidazol-2-il)-1-
pirrolidinilj-2-0x0-1-feniletil)urea;

1-etil-3-((1R)-2-((28)-2-(4-(3-({(4-(2-({2S8)-1-((2R)-2-{((etilcarbamoil)amino})-2-
fenilacetil)-2-pirrolidinil)-1 H-imidazol-4—iI)bencil)oxi)metil)feni!)—1 H-imidazol-2-il)-1-
pirrolidinil)-2-oxo-1-feniletiljurea;

1-ciclopentil-3-((1R)-2-({2S)-2-(4-(3-(((4-(2-((25)-1-((2R)-2-
((ciclopentilcarbamoil)amino)-2-fenilacetil)-2-pirrolidinil)-1H-imidazol-4-
iNbenciloxiymetil)fenil)- 1H-imidazol-2-11)-1 -pirrolidinil)-2-oxo;1 -feniletifjurea,

(1,1:4' 1"terfenil-4,4"-diilhis(1H-imidazol-4,2-diil(28)-2,1-pirrolidinadiil ((1R)-2-
oxo-1-fenil-2,1-etanodiil))) biscarbamato de dimetilo;

(1R)-2-((2S)-2-(4-(4"-(2-((2S)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-

1t
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pirrolidinil)-1H-imidazol-5-i1}-1,1"4',1"-terfenil-4-il}-1H-imidazol-2-il}-1-pirrolidinil)-N,N-
dimetil-2-oxo-1-feniletanamina;
((1S)-1-(((2S)-2-(4-(4-((2-((2S)-1-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil)-4,5-dihidro-1H-nafto[1,2-d]imidazol-7-il}etinil)fenil)-1H-
imidazol-2-il)-1-pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;
({(1R)-2-((2S)-2-(4-(4-((2-((28)-1-({2R)-2-((metoxicarbonil)amino)-2-fenilacetil)-
2-pirrolidinil}-4,5-dihidro-1H-nafto[1,2-d]imidazol-7-il)etinil)fenil)-1H-imidazol-2-il)-1-
pirrolidinil}-2-oxo-1-feniletil)carbamato de metilo;
((1R)-2-((2S)-2~(7-((4-(2-((25)-1-((2R)-2-({(metoxicarbonilyamino)-2-fenilacetil)-
2-pirrolidinil)}-1H-imidazol-4-il)fenil}etinil)-1H-nafto[1,2-dimidazol-2-il)-1-pirrolidinil}-2-
oxa-1-feniletil)carbamato de metilo;
((1S)-1-{({25)-2-(4-(4-((2-((2S)-1-((2S)-2-((metoxicarbonil)amino}-3-
metilbutanoil)-2-pirrolidinil)-1H-nafto[1,2-d]imidazol-7-il)etinil)fenit}-1H-imidazol-2-il)-
1-pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo; '
((15)-1-(((1R,3S,5R)-3-(4-(4-((2-((1R,3S,5R)-2-((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-1H-nafto[1,2-
d]imidazol-7-il)etinil}fenil)-1H-imidazol-2-il)-2-azabiciclo[3.1.0]hex-2-il)carbonil)-2-
metilpropil}carbamato de metilo;
((1R)-2-((1R,3S,5R)-3~(7-((4-(2-((1R,35,5R)-2-((2R)-2-
((metoxicarbonil)amino)-2-fenilacetil)-2-azabiciclo[3.1.0]hex-3-il)-1H-imidazol-4-
iYfenil)etinil)-1H-nafto[1,2-d)imidazol-2-il)-2-azabiciclo[3.1.0]hex-2-il}-2-0x0-1-
feniletil)carbamato de metilo;
((19)-1-(((1R,38,5R)-3-(7-((2-((1R,3S,5R)-2-((2S)-2-({(metoxicarbonil)amino)-
3-metilbutanoil)-2-azabiciclo[3.1.0}hex-3-il)-4,5-dihidro-1H-nafto[1,2-dlimidazol-7-
iletinil)-4,5-dihidro-1H-nafto[1,2-d]imidazol-2-il)-2-azabiciclo[3.1.0}hex-2-if)carbonil)-

A0
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2-metilpropil)carbamato de metilo;

((18)-1-(((1R,38,5R)-3-(7-((2-((3S)-2-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-1H-nafto[1,2-d]imidazol-7-il)etinil}- 1H-
nafto[1,2-d]Jimidazoi-2-il)-2-azabiciclo[3.1.0lhex-2-il)carbonil}-2-metilpropil)carbamato
de metilo;

({(18)-2-((1R,38,5R)-3-(7-((2-((1R,3S,5R)-2-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-1H-nafto[1,2-d]imidazol-7-i)etinil)-1H-
nafto[1,2-djimidazol-2-il)-2-azabiciclo[3.1.0]hex-2-il)-2-oxo- 1-(tetrahidro-2H-piran-4-
il)etilycarbamato de metilo;

((18)-1-(((2S)-2-(4-(4-((4-(2-((2S)-1-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil)-1H-imidazol-4-il)fenil)etinil)fenil)-1H-imidazol-2-il)-1-
pirrolidinil)carbonil)-2-metilpropil) carbamato de metilo;

(1,2-etinodiilbis(4, 1-fenilen-1H-imidazol-4,2-diil(2S)-2,1-pirrolidinadiil  {(1R)-2-
oxo-1-fenil-2,1-etanodiil))) biscarbamato de dimetilo;

(1,2-etinodiilbis{4, 1-fenilen-1H-imidazol-4,2-diil(2S)-2, 1-pirrolidinadiil({(1S)-2-
oxo-1-(tetrahidro-2H-piran-4-il)-2,1-etancdiil)})biscarbamato de dimetilo;

((1S)-1-(({1R,3S,5R)-3-(4-{(4-({(4-(2-((1R,35,5R)-2-((2S)-2-({metoxicarbonil)
amino)-3-metilbutanoil)-2-azabiciclo[3.1.0] hex-3-il}-1H-imidazol-4-il)fenil)etinil) fenii)-
1H-imidazol-2-il)-2-azabiciclo[3.1.0]  hex-2-il)carbonil}-2-metilpropil)carbamato  de
metilo;

(1,2-etinodiilbis(4, 1-fenilen-1H-imidazol-4,2-diil(1R,3S,5R)-2-azabiciclo
[3.1.0]hexano-3,2-diil((2S)-1-oxo-1,2-butancdiil)))biscarbamato de dimetilo;

(1 ,2-etinodii1bis'(4,1—fenilen-1H~imidazo|—4,2-dii|(1 R,3S,5R)-2-azabiciclo
[3.1.0}hexano-3,2-diil((1S)-1-ciclobutil-2-ox0-2,1-etanodiil)))biscarbamato de dimetilo;

(1,2-etinodiilbis(4, 1-fenilen-1H-imidazol-4,2-diil(1R,3S,5R)-2-azabiciclo
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[3.1.0]hexano-3,2-diil((1S)-2-oxo-1-(tetrahidro-2H-piran-4-il)-2,1-
etanodiil)))biscarbamato de dimetilo;

(18)-1-(((1R,3S,5R)-3-(4-(4-{(4-(2-((1R, 3S,5R)-2-((2S)-2-({(metoxicarbonil)
amino)-2-(tetrahidro-2H-piran-4-ilacetil)-2-azabiciclo[3.1.0]hex-3-il)-1H-imidazol-4-
ilffenifetinil)fenil)-1H-imidazol-2-il)-2-azabiciclo[3.1.0hex-2-il)carbonil}-2-
metilpropil}carbamato de metilo;

(15)-1-(((1R,3S,5R)-3-(4-cloro-5-(4-((4-(2-((1R,3S,5R)-2-((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo{3.1.0}hex-3-il}-1H-imidazo!-4-
ifenil)etinil)fenil)-1H-imidazol-2-il}-2-azabiciclo[3.1.0]hex-2-il)carbonil)-2-
metilpropil)carbamato de metilo;

((15)-1-({(1R,35,5R)-3-(4-cloro-5-(4-((4-(4-cloro-2-((1R,3S,5R)-2-((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil}-2-azabiciclo[3.1.0]hex-3-il)-1H-imidazoi-5-
ifenil}etinil)fenil)-1H-imidazol-2-il)-2-azabiciclo[3.1.0]hex-2-il}carbonil)-2-
metilpropil)carbamato de metilo;

((15)-2-((1R,35,5R)-3-(4-(4-({4-(4-cloro-2-((1R,38,5R)-2-((25)-2-

((metoxicarbonil}amino)-2-(tetrahidro-2H-piran-4-il)acetil)-2-azabiciclo[3.1.0]hex-3-il)-

1H-imidazol-5-il}ffenil)etinil)fenil)-1H-imidazol-2-il)-2-azabiciclo[3.1.0lhex-2-il)-2-ox0-1-

(tetrahidro-2H-piran-4-il)etil)carbamato de metilo;
(1,2-etinadiilbis(4,1-fenileno(4-cloro-1H-imidazol-5,2-diil)(1R,35,5R)-2-
azabiciclo[3.1.0]hexano-3,2-diil{{1S)-2-oxo-1-(tetrahidro-2H-piran-4-il}-2,1-
etanodiil)})biscarbamato de dimetilo;
((15)-1-(((1R,3S,5R)-3-(4-(4-((1S,25)-2-(4-(2-((1R,3S,5R)-2-((28)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-i!)-1H-imidazol-4-
ilYfenil)ciclopropil)fenil}-1H-imidazol-2-il)-2-azabiciclo[3. 1.0]hex-2-il)carbonil)-2-

metilpropil}carbamato de metilo;
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((18,2S)-1,2-ciclopropanodiilbis(4,1-fenilen-1H-imidazol-4,2-diill{ 1R,3S,5R)-2-
azabiciclof3.1.0]hexano-3,2-diil{{1S)-2-oxo-1-(tetrahidro-2H-piran-4-il)-2,1-
etanodiil}))biscarbamato de dimetilo;

((1S)-1-(((1R,38,5R)-3-(4-{4-((1R,2R)-2-(4-(2-((1R,3S,5R)-2-({2S)-2-
({(metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il}-1H-imidazol-4-
ilfenil)ciclopropil)fenil)-1H-imidazol-2-il)-2-azabiciclo[3.1.0]hex-2-il)carbonif)-2-
metilpropil)carbamato de metilo; _

((1R,2R)-1,2-ciclopropanodiilbis{4,1-fenilen-1H-imidazol-4,2-diil(1R,3S,5R)-2-
azabiciclo[3.1.0]hexano-3,2-diil{{1S)-2-0x0-1-{tetrahidro-2H-piran-4-il)-2,1-
etanodiil)))biscarbamato de dimetilo;

((18)-1-(((25,4S)-2-(4-(4-((1S,28)-2-(4-(2-((2S,4S)-1 -((278)—2—
((metoxicarbonil)amino)-3-metilbutanoil)-4-metil-2-pirrolidinil)- 1H-imidazol-4-
iYfenil)ciclopropil)fenil)-1H-imidazol-2-il)-4-metil-1-pirrolidinil)carbonil)-2-
metilpropil)carbamato de metilo;

((15)-1-(((2S,55)-2-(4-(4-((4-(2-((2S,5S)-1-((2S)-2-((metoxicarbonilyamino)-3-
metilbutanoil)-5-metil-2-pirrolidinil)- 1H-imidazol-4-il)fenil)etinil)fenil)- 1H-imidazol-2-il)-
5-metil-1-pirrolidinil) carbonil)-2-metilpropil)carbamato de metilo;

(1,2-etinodiilbis(4, 1-fenilen-1H-imidazol-4,2-diil{((2S,5S)-5-metil-2,1-
pirrolidinadiil){({2S)-1-oxo0-1,2-butanodiil))) biscarbamato de dimetilo;

(1,2-etinodiilbis(4, 1-fenilen-1H-imidazol-4,2-diil{(2S,55)-5-metil-2,1-
pirrolidinadiil)((1S)-2-oxo—1-(tetrahidro~2H~piran-4-iI)-2,1-etanodiil)))bi'scarbamato de
dimetilo; ' '

((18)-1-(((2S,59)-2-(4-(4-((4-(2-((2S,55)-1-((25)-2-((metoxicarbonil)amino)-2-
(tetrahidro-2H-piran-4-ilyacetil)-5-metil-2-pirrolidinil)-1H-imidazol-4-il)fenil)etinil)}fenil)-

T1H-imidazol-2-il)-5-metil-1-pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;
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((18)-1-({(25,45)-2-(4-(4-((4-(2-({23,45)-1-((25)-2-({metoxicarbonil)amino)-3-
metilbutanoil)-4-metil-2-pirrolidinil)-1H-imidazol-4-il}fenil)etinit)fenil)-1H-imidazol-2-il}-
4-metil-1-pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;

(1,2-etinodiilbis(4,1-fenilen-1H-imidazol-4,2-diil{(25,45)-4-metil-2,1-
pirrolidinadiil)({18)-2-oxo-1-(tetrahidro-2H-piran-4-il)-2, 1-etanodiil}))biscarbamato de
dimetilo; |

((18)-1-(((28,4S)-2-(4-(4-({4-(4-cloro-2-((2S,4S)-1-((28)-2-
((metoxicarbonil)amino)-3-metilbutanoiI)—4—meti|—2—pirrolidinil)—1 H-imidazol-5-
ihfenil)etinil)fenil)-1H-imidazol-2-il)-4-metil-1-pirrolidinif)carbonit)-2-
metilpropil)carbamato de metilo;

((18)-1-({(2S,4S)-2-(4-cloro-5-(4-({(4-(4-cloro-2-({25,45)-1-((2S)-2-
{(metoxicarbonil)amino)-3-metilbutanoil)-4-metil-2-pirrolidinil)- 1H-imidazol-5-
iNfeniljetinil)fenil)-1H-imidazol-2-il)-4-metil-1-pirrolidinil)carbonil)-2-
metilpropitycarbamato de metilo;

((18)-2-((25,4S)-2-(4-(4-((4-(4-cloro-2-((25,45)-1-((25)-2-
((metoxicarbonil)amino)-2-(tetrahidro-2H-piran-4-il)acetil)-4-metil-2-pirrolidinil)-1H-
imidazol-5-il)fenil)etinil)fenil}-1H-imidazol-2-il)-4-metil-1-pirrolidinil)-2-ox0-1-
(tetrahidro-2H-piran-4-il)etil)carbamato de metilo;

(1,2-etinodiilbis{4,1-fenileno(4-cloro-1H-imidazol-5,2-diil){((25,45)-4-metil-2,1-
pirrolidinadiil}{(1S)-2-oxo-1-(tetrahidro-2H-piran-4-il)-2,1-etanodiil)))biscarbamato  de
dimetilo; |

{(18)-2-((28,45)-2-(4-(4-((4-(2-({2S,45)-1-((28)-2-{(metoxicarbonil}amino)-3-
metilbutanoil)-4-metil-2-pirrolidinil)-1H-imidazol-4-il)fenil)etinil}fenil}-1H-imidazol-2-il}-
4-metil-1-pirrolidinil)-2-oxo-1-(tetrahidro-2H-piran-4-iljetil)carbamato de metilo;

((1S)-1-(((15,3S,55)-3-(4-(4-((4-(2-((1S,38,58)-2-((2S)-2-
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{{metoxicarbonil)amino)-3-metilbutanoil)-5-metil-2-azabiciclo[3.1.0]hex-3-il)-1H-
imidazol-4-il)fenil)etinil)fenil)- 1H-imidazol-2-i}-5-metil-2-azabiciclo[3.1.0]hex-2-
ilycarbonil)-2-metilpropil)carbamato de metilo;
((1S)-1-(((1R,3S,5R)-3-(4-(4-((E)-2-(4-(2-((1R,3S,5R)-2-((28)-2-
((metoxicarbonil) amino)-3-metilbutanoil)-2-azabiciclo[3.1.0] hex-3-il)-1H-imidazol-4-
ilYfenilvinil) fenil)-1H-imidazol-2-il)-2-azabiciclo[3.1.0] hex-2-il)carbonil)-2-
metilpropiljcarbamato de metilo;
({(E)-1,2-etenodiilbis(4,1-fenilen-1H-imidazol-4,2-diil(1R,3S,5R)-2-azabiciclo
[3.1.0]Jhexano-3,2-diil((1S)-2-oxo-1-(tetrahidro-2H-piran-4-il)-2, 1-etanodiil)))
biscarbamato de dimetilo;
((18)-2-((1R,3S,5R)-3-(4-(4-((E)-2-(4-(2-((1R,3S,5R)-2-((28)-2-
((metoxicarbonil) amino)-3-metilbutanoil)-2-azabiciclo[3.1.0] hex-3-il)-1H-imidazol-4-
ifenitjvinit)  fenil)-1H-imidazol-2-il)-2-azabiciclo[3.1.0] hex-2-il)-2-oxo-1-(tetrahidro-
2H-piran-4-il)etil)carbamato de metilo;
((1S)-1-({(2S)-2-(4-(4-({4-(2-({2S)-4,4-difluoro-1-((2S)-2-
({(metoxicarbonilyamino)-3-metilbutanoil)-2-pirrolidinil)- 1H-imidazol-4-
ihfenit)etinil)fenil)-1H-imidazol-2-il)-4,4-difluoro-1-pirrolidinil)carbonil)-2-
metilpropil)carbamato de metilo;
(etino-1,2-diilbis(4,1-fenilen-1H-imidazol-5,2-diil{((2S)-4,4-difluoropirrolidin-2,1-
diil){((1S)-2-oxo-1-(tetrahidro-2H-piran-4-il)etano-2, 1-diil)))biscarbamato de dimetilo;
((1R)-2-((2S)-2-(5-(4-((4-(2-((2S)-4,4-difluoro-1-((2S)-2-
({(metoxicarbonil)amino)-2-(tetrahidro-2H-piran-4-il)acetil)pirrolidin-2-il)- 1H-imidazol-5-
il)fenil)etinilyfenil)-1H-imidazol-2-i1)-4,4-difluoropirrolidin-1-il)-2-oxo-1-(tetrahidro-2H-
piran-4-il)etil)carbamato de metilo;

(etino-1,2-diilbis(4, 1-fenilen-1H-imidazol-5,2-dii{{(2S)-4 ,4-difluoropirrolidin-2,1-
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diil){{1R)-2-oxo-1-(tetrahidro-2H-piran-4-il)etano-2, 1-diil))}biscarbamato de dimetilo;

((18)-1-({((3S)-3-(4-(4-((4-(2-((3S)-4-((2S)-2-((metoxicarbonil}amino)-3-
metilbutanoil)-3-morfolinil)-1H-imidazol-4-il)fenil)etinil)fenil)-1H-imidazol-2-il)-4-
morfolinil)carbonil)-2-metilpropil)carbamato de metilo;

((19)-1-({((2S)-2-(4-(4-((4-(2-((2S)-1-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-piperidinil)-1H-imidazol-4-il)fenil)etinil)fenil}-1H-imidazol-2-il)-1-
piperidiniljcarbonil)-2-metilpropil}carbamato de metilo;

((18)-1-(((2S,4S)-4-hid roxi-2-(4-(4-((4-(2-((28,48)-4-hidrbxi-1 -((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-pirrolidinil)-1H-imidazol-4-
ilfenil)etinil)fenil)-1H-imidazol-2-il)-1-pirrolidinil)carbonil)-2-metilpropil)carbamato  de
metilo;

((19)-1-(({1S,38,55)-3-(4-(4-((4-(2-((1S,35,58)-2-((28)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-1H-imidazol-4-
ifenil)etinii)fenil)-1H-imidazol-2-il)-2-azabiciclo[3.1.0]hex-2-il)carbonil)-2-
metilpropil}carbamato de metilo;

(1,2-etinodiilbis(4,1-fenilen-1H-imidazol-4,2-diil(1S,3S,5S)-2-
azabiciclof3.1.0}hexano-3,2-diil{{1S)-2-oxo-1-(tetrahidro-2H-piran-4-i{}-2 1-
etanodiil)))biscarbamato de dimetilo;

((18)-1-(((2S8)-2-(4-(3-((3-(2-((2S)-1-((2S)-2-((metoxicarbonilyamino)-3-
metilbutanoil)-2-pirrolidinil)-1H-imidazol-4-ilffenil)etinil)fenil}-1H-imidazol-2-il)-1-
pirrolidinil)carbonil}-2-metilpropif)carbamato de metilo;

((1S)-2-metil-1-(((25)-2-(4-{3-((3-(2-({(2S)-2-pirrolidinil)-1H-imidazol-4-
i)fenil)etinilyfenil)-1H-imidazol-2-if)-1-pirrolidinil)carbonil)propil)carbamato de metilo;

(1,2-etinodiilbis(3,1-fenilen-1H-imidazol-4,2-diil(2S})-2, 1-pirrolidinadiil((1S)-2-

oxo-1-(tetrahidro-2H-piran-4-il)-2,1-etanodiil)))biscarbamato de dimetilo;
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((18)-1-({({(1R,3S,5R)-3-(4-(3-({3-(2-((1R,3S,5R)-2-((28)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-1H-imidazol-4-
ifenil)etinil}fenil)-1H-imidazol-2-il)-2-azabiciclo[3.1.0}hex-2-il)carbonil)-2-
metilpropil}carbamato de metilo;

(1,2-etinodiilbis(3, 1-fenilen-1H-imidazol-4,2-diil( 1R,3S,5R)-2-
azabiciclo[3.1.0]hexano-3,2-diil{(15)-2-oxo-1-(tetrahidro-2H-piran-4-il)-2,1-
etanodiil)))biscarbamate de dimetilo;

((15,28)-1,2-ciclopropanodiilbis(4,1-fenilen-1H-imidazol-4, 2-diil({2S,45)-4-
metil-2, 1-pirrolidinadiil){{(1S)-2-oxo-1-(tetrahidro-2H-piran-4-il)-2, 1~
etanodiil)))biscarbamato de dimetilo;

((18)-1-{{(25)-2-(4-(4-({4-(2-({2S)-1-((2S)-2~((metoxicarbonil)amino)-3-
metilbutancil)-4-metilen-2-pirrolidinil}-1H-imidazol-4-il)fenil)etinil)fenii)-1H-imidazol-2-
il)-4-metilen-1-pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;

((18)-1-{((2S,4R)-4-hidroxi-2-(4-(4-((4-(2-({(2S ,4R)-4-hidroxi-1-((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-pirrolidinil)-1 H-imidazol-4-
ilfenil)etinilfenil)- 1H-imidazol-2-il}-1-pirrolidinil)carbonil)-2-metilpropil)carbamato  de
metilo; |

((15)-1-(((2S)-2-(4-(4'-((4-(2-((25)-1-((2S)-2-({(metoxicarbonil)amino)-3-
metilbutanail)-2-pirrolidinil)-1H-imidazol-4-il)fenil)etinil)-4-bifenilil)- 1H-imidazol-2-il)-1-
pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo; y los esterecisébmeros y
tautdmeros correspondientes de los mismos.

18.  Una composicién que comprende un compuesto de la reivindicacion 1,
o una sal farmacéuticamente aceptable del mismo, y un vehiculo farmacéuticamente

aceptable.
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18.  Un procedimiento de tratamiento de una infeccién por VHC en un
paciente, que comprende administrar al paciente una cantidad terapéuticamente
eficaz de un compuesto de la reivindicacién 1, o una sal farmacéuticamente

aceptable del mismo.
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RESUMEN

La presente divuigacion se refiere a compuestos novedosos de la Férmula (1)
tal como se definen en la memoria descriptiva y a las composiciones que
comprenden dichos compuestos novedosos. Estos compuestos son agentes
antivirales dtiles, especialmente para inhibir la funcidbn de la proteina NS5A
codificada por el virus de la hepatitis C (VHC). Por lo tanto, la divuigacion también
se refiere a un procedimiento de tratamiento de enfermedades o afecciones
relacionadas con VHC mediante el uso de estos compuestos novedosos o de una

composicion que comprende dichos compuestos novedosos.
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TRADUCCION OFICIAL N°* 2511031 de un documento escrito en inglés, el cual
para su identificacion se sella con el sello del Traductor. Esta es una Tradgccién
. Oficial efectuada el dia 25 de noviembre de 2003 por Jaime Armando éaravito
Burgos, ¢.c. N° 19.130.702 de Bogota, Traductor Oficial seglin Resblucic’)n N° 034
| rlr anern 11 de 1983 expedida por el Ministerio de Justicia

Texto en inglés y en espanol mediante el cual BRISTOL-MYERS SQUIBB
COMPANY domiciliada en Nueva York, Nueva York, otorga poder a ALVARO
CORREA ORDONEZ y/o OLGA GEORGETTE OTERO y/o RICARDO METKE
ylo JUAN PABLO CONCHA

Dado y suscrito en Nueva York, Nueva York el dia 13 de noviembre de 2003
{firmado) Nadine P. Flynn, Subsecre.tan'a

Firma de la persona que expide el poder

ESTADO DE NUEVA YORK )
DONDADO DE NUEVA YORK ) declaracidn juramentada
ESTADOS UNIDOS DE AMERICA )

RECONOCIMIENTO
El 13 dc noviembrc del afio 2003 comparecié ante mi Nadine . Flynn, a quien
conozco, quien despues de prestar el debido juramento, declaré y dijo que Irabaja
en 345 Park Avenue, Nueva York, Nueva York; que es la Subsecretaria de Bristol-

Myers Squibb Company, la sociedad descrita en el anterior instrumento y que

suscribié el mismo; y que lo firmé con la facultad que para eIIo le confiri ﬁuma

Directiva de la mencionada sociedad. Lot "h% a:
e A OAR AVITD
{firmado) Gabriela Ullrich-Brown, Notario Piblico naueTon € RS ::':,:a
w030 4 UGl
GABRIELA ULLRICH-BROWN wnizrEmo 08 SV
Notarioc Plblico, Estado de Nueva York
N® 31-4920138

Calificado en ol Condado da Nueva York
Comisidn vence ei 28 de febrero de 2006

............................................................

N°® 354118 Formate 1

ESTADO DE NUEVA YORK )



declaracion juramentada

CONDADO DE NUEVA YORK )

{Aparece-sello en tinta del Secretario de Condado del Condado de Nueva York)

-YO, NORMAN GOODMAN, Secretario de Condado y Secretario de la Corte

Suprema del Estado de Nueva York, en el Condado de Nueva York y para el
mismao, siendo una Corte que guarda constancia de sus autos y que tiene un sello,
CERTIFICO QUE

GABRIELA ULLRICH-BROWN
quien suscribe la declaracion juramentada anexa, alinmacion, cerlilicado Jde
reconocimiento o prueba, era en el momento de recibido un NOTARIO PUBLICO
en ol Estado de Nueva York y para el mismo, debidamente comisionado,
juramentado y calificado para actuar como tal; que de conformidad con la ley, se
ha archivado en mi oficina una comisién o un cerificado de caracter oficial y una
firma autégrafa de dicho NOTARIO PUBLICO; que en el momento de recibir dicha
prugba, reconocimiento o juramento, estaba debidamente autorizado para
recibirlos; que me encuentro familiarizado con la caligrafia de dicho NOTARIO
PUBLICO, ¢ he comparado su fima en el instrumento anexo con la fima
auldgrafa de dicho NOTARIO PUBLICO depositada en mi oficina y creo que la
firma en el instrumento anexo es auténtica.
EN FE DE LO CUAL, he estampado mi firma y sello oficial huy 17 DE
NOVIEMBRE DE 2003.
COMISION PAGADA: $3.00
(firmado) Norman Goodman, Secrefario de Condado y Secretario de la Corta
Suprema, Condado de Nueva York

(Aparece sello en relieve)
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1. Pais: Estados Unidos de América

Este documento piiblico

2 Ha sido firmado por Norman Goodman
3. Quien actlda en calidad de Sacretaric de Condado
4. Lleva el sello del Condado de Nueva York
Certificado

5. En Nueva York, Nueva York

G. L1 17 de noviembre de 2003

7. Par el Secretario de Estado Encargado Especial, Estado da Nueva York
8. N® NYC-1 00926108.

9. Sello

10.  Firma {firmado} James Bizzari, Secretario da Estado Encargado Especial

(Aparece en relieve el Gran Sello del Estado de Nueva York)

La anterior es traduccidn fiel y completa de la cual se deja copia en asta oficina

para su confrontacion.

& )d/
/ﬁﬁb 4&-@‘1;-3.

Jaime Armando Garavito Burgos

c.c. N® 19.130.702 de Bogota

Traductor e Intérprete Oficial segin Resolucién N° 034 de enero 1 % 1983
A4

expedida por el Ministerio de Justicia d it
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RAISBECK, LARA, RODRIGIIEZ & RUEDA
Miembros de la Firma

Baxier & MCIKENZIR
ATTORNEYS AT LAW
APARTADO AEREQ 3746
Teléfono: 634-1500

POWER OF ATTORNEY

“he undersigned.

IRISTOL-MYERS SQUIBB COMPANY

lomiciled in~ New York, New York, US.A,

lectares 1hat il hereby grants to .

\LVAROQ CORREA-ORDONEZ and/or OLGA GLORGETTE
ITERO andior RICARDO METKE and/or JUAN PARLO
JONCITA

vith domicile at Av. 82 No. 10-62, 6% floor, of Bogotd D.C,,
solombin, a full and sufficient power of attomey to pursue hefore the
ompetent authorities the follewing matters:

‘rademark registrations, renewals, mergers, changes of
lame, assignments, filing and prasecution of oppositions,
leposit of commerclal names, changes of address, filing
ind prosecution of cancellation actions, licenses of use,
wllity actions and all judicial actions available for the
wosecution of proceedings related to Intsllectual Property
natters,

o which end it ompowers thom to tako all neccasary stepa Lefiors anid
uthoritics for the objects staled, to file petitions, prepare deseriptions,
nake protests, declarations, nppcals and ahjections, pay imposts, apply
or cerifications, receive documents and securities, including faculties
o enter into settlement agreements, abandon applications, renounce
nd collect refinds. Also, our attorneys are entitled 10 request
ancellation of trademark registrations. To the said mandatories
ufticient power is granted herchy to receive notifications for and on
iehalf of the Company, to confer powers on those who are 16 represent
he Company judicially ang extrajudicirily, to answer 1 court 1y the
natter of all claims and demands that may be presented in connection
vith the marks, and o do everything thal may be required before
dministrative or jndicial officers of any class, giving them likewise
wwer to substitute these presents and revoke such substitutions if
I£CCSSary.

hereby ratify a1l actions previously taken on behalf of this company
iy the aforementioned attorneys with respect to the mentioned matters,

ibedin M, ‘
Done and suscribed W?fﬂ\'él I’UY

On the 3 day of Moot 200 g

el 7

Signatufe of the pers Issumg the Pawer

Hadina . Fiyna
Assistant Setratary

PODER

La abajo firmada.

BRISTOL-MYERS SQUIBB COMPANY

domigiliada
en

New York, New York, U.S.A.

declara por el presente olorgar a

ALVARO CORREA-ORDONEZ y/o OLGA GEORGETTE
OTERO y/o RICARDD METKE yfo JUAN FPARLO CONCIIA

con domicilio en la Av. 82 No. [0-62 Piso 6 en Bogotd D.C.,
Colombia, poder especial amplio y suficiente, para adelantar ante las
awloridades competentes os signientes asunios:

Registro de marcas, renovaciones, fusiones, cambios di
nombra, traspasos, presentacién y tramitacion
oposlciones, depdsito de nombres comerciales, camblo
de direccién, presentacion y tramitacldn de acciones di
cancelacion, licencias de uso, acclones de nulidad
demés acclones judiciales, relacionadas con procesos di
Propiedad Intelectual,

a cuyu clestu [us faculla pars dar anle Jivlay aulgridades Ludos o
pasos necesarios al objeto indicade, elevar solicitudes, formula
descripeiones, protestas, declaraciones, apelaciones y reclamos, obla
impuestos, solicitar testimonios, recibir documentas y valores
transigir, desistir, renunciar  y percibir. También nuestro
apoderados estén facnltados para solicitar cancelacidn de regisiros d-
marca. Se concede a los expresados mandaarios poder suficient:
para recibir nolificaciones a nombre de la compafia, otorpar podere
u ruienes vayan a representar a la compafifz  judicial

extrajudicialmente, responder en juicio a todas las reclamaciones
demandas que por molivo de Ias marcas se presentaren, y hace
cuanio feere necesario, ante las autoridades administrativas ¢
judiciales de coalquier orden, dandoles asi mismo fecultad par.
sustituir ¢l presente y en case necesario revocar dichas sustituciones.

Iguatmente, ratifico todo lo actuado haste el momento en fos mismo
asuntos, por cualquiera dé los mencionados apoderados &
representacion de ésta sociedad,

Dado y firmado en

A los dias del mes de 2060
de

Firma de la persona que firma ¢I Poder

Gl



AL

ibb’

w

kT ALY

NEWYORRNOf 354118 e

COUNTY.
I, NORMAN GOODMAN, County Clerk snd Clethpf the Su ¢ Court of the State of
New York, in and for the County of New York, a Court of Record, aw a seal,
T HERERY CERTIFY purciant to tidyExscytive Low of the Seat Mew York,

\ r -~

Stare of New York .
County of New York, {%

atae |

whose name is gubscribed to the annexed affidavit, deposition, eertificate of acknowledgment or proof, was at the
tdme of taking the same 2 NOTARY PUBLIC in and for the State of New York duly enmmiccionad, oworn and
aualihed o act as such; that pursuant to law, a commisslon or a cerdficate of his cfclal character, With his
autograph signzture has been filed in my office; thar at the Hme of taking such proof, acknowledgment or ach, he
was duly suthorized to rake the same thet | am well acquainted with the bandwriting of such NOTARY AUBLIC
or have compared the signature on the annexed Instrument with hls autograph signature deposited In my offec, and
beleve that such algnature ls genulne. '

IN WITNESS WHEREOF, 1 have hereunto set my hand affixed my official seal this

__MV17.200 -
FEE FPAID $31.00 M é WM_/

Counly Clerk and Clerk of /ﬂe Supreme Court, New York County
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STATE OF NEW YORK )
COUNTY OF NEW YORK ) ss.:
UNITED STATES OF AMERICA )

ACKNOWLEDGEMENT

On the 13" day of November in the year 2003 before me personally came Nadine P.
Flynn, to me known, who being by me duly sworn, did depose and say that she works at 345
[ristol-Myers Squibb

Park Avenue, New York, New York; that she is the Assistant S
Company, the corporation described in and which executed fhe %ﬁmi@un nt; and that she

signed her name thereto by authority of the board of directbrs of stiI@¥poration.

5@@% éUlbu 'e‘;&'viﬁbﬂcw
Notary Public ‘

GABRIELA ULLRICH-BROWN

Notary Public, State of New York .
Nn. 371-4920138 :
Qualified in New York County
Commission Expires 2/28/06



F—
| |
i | |
' Apostille
{Convenilon de La Haye du 5 Cclobre 1961)
1. Country:  United States of America
This public document
. 2. has been signed hy Norman Goodman
3. acting in the capacity of County Clerk _
: 4. bears the seal/stamp of the county of New York
Certified
N 5. At New York. New York 6. the 17th day of November 2003
N 7.. by Special Deputy Secretary of State, State of New York
)
| 8.  No.NYC-10092610B
!
| . I . Seal/Stamp 10.  Signature

e

James Bizzarri
Special Depuly Secretary of State

04135595.RSL { REV: 2/6/96)
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PATENTE DE INVENCION [ | MODELO DE UTILIDAD ] AT 33 Decision 486100
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Indicacién que se solicita una patente.

Datos de identificacion del soficitante o de la persona que presenta la solicitud
Descripcion de la invencién
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Comprobante de pago de las tasas establecidas (De ser el caso formato de descuento)
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]
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Representacion grafica y fotografica del Disefio industrial o muestra del material que incorpora el
disefio

Comprobante de pago de las tasas establecidas
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