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Folios: 243

ENTRADA EN FASE NACIONAL
" SOLICITUD DE:

¥ | Patente de Invencidn. Patente de

P2011/000164 [

Modelo de Utilidad,

x | Capitulo 1. Capitulo II.
@ Nombre: MERCK SHARP & DOHME CORP. IDENTIFICACION
Direccién; 126 East Lincoln Avenue, Rahway,
SOLICITANTE New Jersey 07065-0907 E.U.A. C.C. NIT
(71) Nacionalidad o Domicilio: Estados Unidos
L.ugar de Constitucién: Estado Unidos C.E. Otro
—— T T T T Cual
Teléfono: Fax: |
E-mail:  Namero
[ IDENTIFICACION
Nombre: CARLOS R. OLARTE
C.C.| x NIT
REPRESENTANTE | Direccion: Carrera 5 No. 34-03 Bogotd !
C.E. Otro
APOD
O APODERADO ! Teléfono: 601-7700 Fax: 601-7799 Cual

E-mail: office@olartemoure.com

Nimero 79.782.747

TP _74.295

T s

Nombre: VER PAGINA ADJUNTA

. Direccion:_VER PAGINA ADJUNTA

INVENTOR (ES)

(72)

Nacionalidad o Domicilio: VER PAGINA ADJUNTA

S

PCT (86)

®

Sclicitud Internacional No, PCT/US2010/028653 Fecha Marzo 25, 2010
Publicacidén Internaciona! No. WO 2010/111483 Fecha Septiembre 30, 2010
” @ Titulo (54) ICACION DEL VIRUS DE LA HEPATITIS C,

~ Clasificacién Internacional (51) AO1N 37/18; AO1K 31/16.

A
|
|

(33) Pais de OrlgenJ '(3_2")ﬁ Fecha ] (31) NGmero de Solicitud
Prioridad us " 1" Marzo 27, 2009 ~ 61/163,958
us Septiembre 3@, 2009 61/247,318
SI| X | NO -

Fecha Septiembre de 2011

@ Comprobante de pago No. __11-

p. 2020 DIR.NUEVASC
Eve: 378 }-ASENACIONALIR
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ANEXOS
Comprobante de pago de la tasa de presentacion de fa solicitud.

Documento gue acredita la existencia y representacidn legal cuando el solicitante sea persona
juridica,

Poderes, si fuere el caso. Adjunto copia simple ver expediente No. AO'O.SO 4(03 .

Documento de cesién del inventor al solicitante o a su causante.
Declaraciones.
Copia de la sclicitud internacional. (Resumen, descripcion, reivindicaciones, dibujos).

Traduccidn de 1a solicitud internacional al castellano. (Resumen, descripcidn, reivindicaciones,
dibujos).

Copia del examen preliminar internacional efectuado por ia Autoridad Internacional de Examen
Preliminar (IPEA).

Traduccion del examen preliminar internacional efectuado por la IPEA.
De ser el caso, copia del contrato de acceso.

De ser el caso, documento que acredite la licencia o autorizacién de uso de conocimientos
tradicionales de las comunidades indigenas.

De ser el caso, certificado de depdsito del material bioldgico.

Arte final 12 x 12.

De ser el caso, informacion sobre otras solicitudes de patente o titulos obtenidos en el extranjero
por el mismo titular o su causante, relacionadas parcial o totalmente con la invencién de esta
solicitud,

De ser el caso, modificaciones efectuadas a la solicitud internacional.

Otros. Bdsqueda Internacional

FIGURA CARACTERISTICA:

~ p

. /

- @ Solicito la concesién de la patente,

NOMBRE: _CARLOS R. OLARTE FIRMA:

C.C.79.782.747 Btéd T.P._74.295

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pagina.




LISTA DE INVENTORES

Craig A. COBURN

126 East Lincoln, Avenue
Rahway, NJ 07065-0907
Estados Unidos de America.

Nacionalidad: Estadounidense

John A. MCCAULEY

126 East Lincoln, Avenue
Rahway, NJ 07065-0907
Estados Unidos de America.

Nacionalidad: Estadounidense

Steven W. LUDMERER
126 East Lincoln, Avenue
Rahway, NJ 07065-0907
Estados Unidos de America.

Nacionalidad: Estadounidense

Kun LIU

126 East Lincoln, Avenue
Rahway, NJ 07065-0907
Estados Unidos de America.

Nacionalidad: China

Joseph P. VACCA

126 East Lincoln, Avenue
Rahway, NJ 07065-0907
Estados Unidos de America.

Nacionalidad: Estadounidense

PCT/US2010/028653



Hao WU

288 Fute Zhong Road,
Waigaoqiao Free Trade Zone,
Shanghai 200131,

China

Nacionalidad: China

Bin HU

288 Fute Zhong Road,
Waigaoqgiao Free Trade Zone,
Shanghai 200131,

China

Nacionalidad: China

Richard SOLL

288 Fute Zhong Road,
Waigaoqiao Free Trade Zone
Shanghai 200131,

China

Nacionalidad: Estadounidense

Fei SUN

288 Fute Zhong Road,
Waigaoqgiao Free Trade Zone,
Shanghai 200131,

China

Nacionalidad: China

Xinghai WANG

288 Fute Zhong Road,
Waigaogiao Free Trade Zone,
Shanghai 200131,

China

Nacionalidad: China



Man YAN

288 Fute Zhong Road,
Waigaogiao Free Trade Zone,.
Shanghai 200131,

China

Nacionalidad: China

Chengren ZHANG

288 Fute Zhong Road,
Waigaoqiao Free Trade Zone,
Shanghai 200131,

China

Nacionalidad: China

Mingwei ZHENG

288 Fute Zhong Road,
Waigaoqgiao Free Trade Zone,
Shanghai 200131,

China

Nacionalidad: China

Bin ZHONG

288 Fute Zhong Road,
Waigaogiao Free Trade Zone,
Shanghai 200131,

China

Nacionalidad; China

Jian ZHU

288 Fute Zhong Road,
Waigaoqiao Free Trade Zone,
Shanghai 200131,

China

Nacionalidad: China
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No. 11 - 0093306

Industria y Comercio
SUPERINT.ENDENCH\

Bogota D.C., Septiembre 22 de 2011 - 14:40:32

RECIBIDO DE : OLARTE MOURE & ASCCIADOS

NI 830.122.870

*** Soporte del Pago ***

TIPO PAGD BANCO CUENTA

Mo PAGO

FECHA PAGO VR.PAGO

CONSIGNACION BANCO DE BOGOTA (062754387 408398605

21/09/2011 4.447.000.00

*** Conceptos Pagados ***

. Recibo d& Caja~ 'ﬁgado al Expediente No.

CANT.__ RENTISTICO CONCEPTO Ve UNDITARIO Ve CONCERTO
1 50005-01-01 SOLICITUDES 1&%%%&%% DE SOL. DE PATENTE DE 571.000.00 571.000.00
$571.000.00

SON: "QUINIENTOS SETENTA Y UN MIL PESOS MONEDA CORRIENTE"*

;
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Web: www.sic.gov.co g-mai: info@sic.gov.co  Conmutador: {571) 5870000 Fax: {571) 5B70284 Linea: 018000-310165 Call Center: {571) 6513240
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. ESCRITURA PUBLICA NUMERO:(0 0 2 6)
CERG CERQ VEINTISEIS. / —————————————

Ep la ciudad de DBogotd, Distrito
Céapital, Reptblica de Colombia, a los
Guince /""‘ -~=(15 )"dfas del mes de

E;HGI‘O - == - del afio dos mil dies -~ - ~

(2010), ante mi 1ARIA BUGEN{A ROJAS DB URUETA
__________________ NOTARIA(O) CUARENTA Y

SELS (46) DEL CIRCULO DE BOGOTA,  se otorgé la escritura

Vﬁjlica que se consigna en los siguientes términos: -------------

= P 8 i e e B o = A L L e A R e e e b R A e e

CLASE(S) DE ACHO: PROTOCOLIZACION POR CARLOS
REINALDO OLARTE GARCIA, JAMES IAN RAISBECK
LLINAS, JUAN GUILLE@RMO MOURE PEREZ, Y NATALI
CASTRO VELEZ -
C.C. Nos. 79.782.747, 79.376.996, 80.412.281 Y 52.008. 577

#l

- o e e e v o e e T Y e el e i e e B e o A A A A e b M e = — = —

Comparecié CARLOS REINALDO OLARTE GARCIA, mayor, dﬂ.‘a
edad, vecino de Bogoté identificado con la c¢édula Lle
ciudadanfa numero ?9.7@82.747, de estado ciyil casado con
sociedad conyugal vigenffce, JAMES TAN RAISBECK LLINAS
mayor de edad, vecino ?de ésta ciudad, identificado con la
cédula de ciudadania ru’miflero 79.376.996, de estado civil casado
con sociedad conyugal *.E_rigente, JUAN GUILLERMO MOURE
PEREZ, mayor de edad, iﬁrecino de Bogota, identificado con la
cédula de ciudadania nﬁnélero 80.412.281, de estado civil casado
con sociedad conyugal viigent'e y NATALIA CASTRO VELEZ,
mayor de edad, yecina dei Bogota, identificada con la cédula de
ciudadania namero 52.0;08.577, de estado civil casada con
sociedad -conyugal vigentée, obrando -en sus propios nombres y

dijeron:aeemeemmca e e e e




N Ll (] s '

+ PAGINA 2

PRIMERO.- Que presentan para su protocolizacién y custodia
. . | :

en los archivos de ésta notaria, bajo!el nimero y lugar que a
i : - e

éstd escritura corresponda, en cuatrd (4) folios autenticados, ]

' !
un poder, y sus traducciones el cual gs del siguiente tenor: --

PODER GENERAL - --oem s oo
El suscrito, MERCK SHARP & DOHME, GORP domiciliado en

126 East Lincoln, Avenue Rahway, NJ 507065-0907 United States

of America nombramos por el presenéte a Carlos R. Olarte y/o
J. Ian Raisbeck y/o Juan Guillermo I\)Iloure y/ o0 Natalia Castro, .
nuestros representantes legales con! facultades para recibir
notificaciones y nombrar apoterados judiciales o | 4

| ‘
extrajudiciales en materia de patentes, los cuales guedan a su

vez facultados para representarnos lante las autoridades de
‘ i

cualquier jerarquia de la Republica d;e Colombia, la republica
de Bolivia, La Republica del Ecuador; la Republica del Perd y
. : i

1a Republica Bolivariana de Venezuela: ya sean administrativas,

judiciales o de policia, para iniciari ante dichas autoridades

todas las acciones necesarias para, cumplir ccn el objeto
indicado e‘ intervenir en todas las in%;tancias, grados o etapas
procesales; elevar y tramitar solid:itudes, declaraciones vy ;
reclamoé, para demanda'r, r,econvenié:,.contestar demandas y
reconvenciones, formular desci;ripciones, énmiendas,
oposiciones y todo tipo de impugnaciones .y "escritos de
cualquier naturaleza; instaurar canéce-]aciones .y amparos
administrativos; abonar todos los ; impueglios y. cuotas y
efectuar cualquier otro pago determiinado por. la ley; recibir
todos los documentos y valores; inter?venir como demandantes
o demandados ante los jueces que squn competentes, pudiendo
solicitar medidas cautelares de cuaqui;lier naturaleza, conciliar,
transar, someter a arbitros, desistirsé de la pretensién y/o el
procedimiento, allanarse a la pretensiﬁén, percibir, ratificar los

actos juridicos procesales .suscritos con anterioridad al 2R

P ol




o o %11657663’) .

e

otéc':rgarniento y/o presentacidén del

ptesente poder, sustituir o delegar la

o

representaci6én procesal y los demés

actos que expresa la ley, con todas las

N
v %, f#‘fu

f"‘
.| \ ‘\\\‘\

dém—és facultades que resulten

necesarias; llenar cualesgquiera oftros

requisitos y tomar, en fin todas las

medidas que creyeren conducentes al ‘resguardo de nuestros

INtereses- —-—=-w=--memn--o-u- el e i

Firma X (ilegible) Mark R Daniel, Mané,ging Counsel, Patents.-

Fecha November 19 2009 -------------------------- A RERRELET b
Ciudad Pafs: Rahway, N], USA m--eemmmmrm e mmmsmm o e

. : CCltlflC&ClOn Notaual- —--: ---------------------------------------------

m t:E

Linceln Avenue, ahw;ay, NJj 07065, USA suscribid

documento que antecede -'----_-------------------—_-___----.. ..........

2. Que el otorgante ha SUSCI‘ItO el 1efe11do documerito en ‘”%:
cardcter de Managing Counsel Patents of MERCK SHARP: &
DOHME CORP, ---ccmrem-- e e mama oo ae oo

3. Que MERCK SHARP & DOHME con sede principal en 126
East Lincoln Avenue Rahgway,'NI 07065-0907, United States of
. America esta legalmente iconstituide;, que tiene existencia legal
vigente y que los propbsié‘tos para los cuales se otorga el poder
se encuentra dentro de lois que comprenden el objeto social. --

4., Que el otorgante tienie la representacion para suscribir el
poder, y que ésta es 1egitf1na. ----------------------------------------

5. El fundamento de m;is certificaciones contenidas en los
.punto's 2,3 y 4 fue la'éx}éibiciOn ‘de los siguientes documentos

auténticos. (Sigue texto Sin traducir) —-eeeammmmmmm e

Traduceién oficial de u;h documento cuyo original estd en

ESTE PAPEL NO TIENE COSTO PARA EL USUARIO




PAGINA 4

|+

inglés.' ------------------------------------- e
APOSTILL}%
(Convencién de la Haye du: 5 octobre 1961)
1. Pais: Distrito de Columbia Estados?Unidos de Ameérica------
El presenté documento publico —----~——§ ------------------------------
2. ha sido firmado Por: Viol.et Burgesgs e m e b ma e

3. Actuando en ca]:dad de Notano Pﬁbhco de New Iersey

4. Lleva el sello/ estamp111a de Vlolet Burgess Notario.- ----
Certlfmado

5 En: ceecmcmceimmi __------~-~——----~§ ----- Trenfon, New Jersey-

B. Bl e e e 25 de noviembre de 2009

7. POr:cemmmmcme R. David Rousseaué, Tesorero de New Jersey

8. Bajo el No.: -------------------- A380889

9. Sello/ estampilla: “El Gran Sello dhl Estado de New Jersey”

~10. Firma: --comromcomncomonas ' -~—--—e~--~--§ ------------------ (Firmado)

’ :

'Certificacién: ——a——-—-——----———-~—-——-————§~—~-------------—-——————-—--.-—

. |
Certifico que la presente es una traduccién auténtica y

completa del inglés al espanol del documento ad;unto la cual

he elaborado segin mi leal saber y entender ---------------------
Documento: “Apostilla” r---------—----~: ------------------------------
"Fecha:11 de Diciembre de 2009.------- -1- -----------------------------

!
Traductor: Jorge Enrigue Sierra Reyes (Sello y firma digital

j
debidamente registrados ante el Ministerio de Relaciones

Exteriores de Colombia).- A e
Licencia # 376 de.1993, expedlda por 'el Ministerio de Justicia.
Direcciéon Carrera 15 # 9@ 13 Of. 411, Bogota % C, rmmssmrneee
Teléfonos (571) 218 23 08 (571) 623 29 25.« -ocreeaierocceememnees
E-mail: treseri@yahoo.com-----rmmwum- Jf——-—-------------—————--—, -----

Traduccion # 14-278 .2 coommmmmm e e
SEGUNDO.- Que solicita a la sefiord Notaria la incorporacién

de dichos documentos al protocolo de ésta notaria para gue de
. . i .




IO

Cwx 11657664
; . =

D

N ‘(ﬁmﬁmrﬁ \
: \\\'l““{“ "m ﬂ r'_
\\\\ i I‘!ffw’/:/l/f ’/

suitenor se expidan las copias que miés

adelante se soliciten -«-eevouooooocmmman-

La notaria advierte a Jos interesados
que la protocolizacién de documentos

no. da mayor fuerza o autenticidad de

la fque tienen 'dichos documentos.---s---
e mmmmmemmeemmamceammeee SR pomgemeen

Esta escritura pablica fue firmada fuera del Despacho Notarial,
ktle conformidad con el a1tfcuio 12 del Decreto 2.148 de 1.983. -
Se advirtié a los otorgantes de esta escritura de la obligacion
que tienen de leer la total%dad de su texto, a fin de verificar la
exactitud de todos los da:tos en ella consignados, con el fin de

aclarar, modificar o corregir lo pertinente antes de firmarla, la
‘.:’

e

inicial- y sufragada por Iois mismos . (articule 35, decreto ley

960 de 1970).-

___________________________________________________________

ADVERTENCIA, OTORGAMIENTO Y AUTORIZACION.- Lefdo

el presente instrumento por el (los) compareciente (s) vy

advertido (s) sobre las formalidades legales,. lo aprueban vy

firman conmigo y ante m{ la(el) Notaria(o) quién lo autoriza. A
los otorgantes se les advirti6 finalmente que una vez firmado

el presente instrumento, La(el) Noztaria(o‘) no  aceptard

correcciones o .modificacdiones sino en la forma y casos

2

firma de la misma demues_tra su aprobacién total del texto, et {5

. s . e - (.'I
consecuencia, la notaria no asume ninguna responsabilidad pori:-

errores o inexactitudes establecidas con posterioridad a la:

g AW

i e &

firma de (el, los) otorgante(s) y de la notaria, en tal caso, este.
(os) debe(n) ser corregidps mediante el otorgamiento de una -

nueva escritura, suscrita por todos los que intervinieron en la”

82

fary

ESTE PAPEL NO TIENE COSTO PARA EL USUARIO

N




PAGINA 6

LY

: i
prc.vistos por la Ley ' ..-Se utilizaron las h/ojas de papel

/’
Notanal Nos ¥ 11657662/ WK 11657663, }IK 11657664 Y mg 11657665°

DERECHOS LEGALES: § 42.860.c0. - 7/— i I
RESOLUCIONES 9306 Y 9500 DE 2003 R R
IVA § 11468200, il aliadi-d et "- ---------------

CARLOS RE]INAIDO OLARTE GARCIA

C.C.No. 4B 2.3¢3 bk :
TEL: 6003} & !

"| JAMES IAN RAISBECK LLINAS

ccm?qi’a}aquﬁﬂ .
TEL: 63300 ,

L

JUAN GUILLER ()URE PER"‘

C.C.No. fDHt’ZZ/E

Parkeny

-




Traduccion o{:icial :a!e un documento cuyo oviginal estd en ing|és

* 1
'

Apostitla:
APQSTILLA:
{Convention de La/Haye du 5 octobre 1961)

1. Pais: Esftados Unidos de América

El presente dbcumentq priblico
2. Ha sido firmado por: Vi;olet Burgess
3. Actuando en calidad de: Notario Publico de New Jersey
4. Lleva el sellofestampilla de: Viéolet Burgess , Notario

Certificado

5. En: T ﬁenton, New Jersey
6. Bl . 25 de noviembre de 2009
7. Por: .. R..David Rousseau, Tesorero de New }erséy
8. Bajo el No.: |y A380889
9.Sello / estampilla:  ~ “El Gran Sello del Estado de New Jersey”.
10. Firma: . (Firn]adO)
Certificado No. 115832008
Verifique este certificads por internet en:
idtps:/ fwunul state.ry.us/ TYTR-
StandingCert/JSP/ Verify Cert.jsp . :

Gluhficudém

@uhf«.a que fa pavaente et una baducatdn mLEnﬂm_:.I. complala duff m&EL\ of u}xm‘mf def Zacuments “Pj““‘l"' fa
ek Be elobowada seqiin mi leaf aaboe 4 -r.n:tw]u..

Dosomenior * @poatill’ |

Fechar 11 2o dicicanbee 21 2009, : .

f:glu..)udas: S.‘“"F‘ 6M4'.afud. Diorea glurm (5-!&; 4 -rimw. 3&3&1’«1’-‘ dehidasncnte wsi.nl'waaa. ante o Minislario Jo
gt.cl’udmmn \'Sxfm.\'.om de @gi’cmfm) . )

Shoonsics # 3762 1993, swxpodida pos of Mindskunio)ds Fuabicic |

Dinsccidn: Correra 15 # 99.18 @ﬁ A1, gsogubi. @@ )

Beldfonas: (571) 218 2308, (571) 623 2025, :

8»&!\&1’[’4 l(eau.\.m.'}&ﬁ"uﬁua.cm
Fawdacatsn H 14278

R .-.--.‘,.‘._!:..u._. [ ERCE R o

Tenducror B
JORGE E, SIERRA REYES
Licencls 374 . 1993 Minjusticts

e e - B e
4 e an . TR — R .
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domigciled in
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The undersignet oy o2l Power :
MERCK SHARP & DOHME CORP

E{ suscrito, Poder Generaﬂ

domiciliado er

126 East Lincoln, Avenue Rahway, NJ ’7065 0907

United States of America *

by means of these presents hercby grants to!

Carlas R, Olarte y/o J. fan Raisbeck y/o.
Juan Guillerme Moure y/o

Castro , legal representatives with faculties o
receive notifications and to appoint judicial or -
extrajudicial agents in patent matters, who at the!

same time have the faculty to represent us before the |

administrative, judicial ot police authoritics of any

hierarchy of the Republic of Colombia, the Republic

of Bolivia, the Republic of Ecuadar, the Republic of

Peru, and the Bolivarian Republic of Venezuela, to

injtiate before said autharities all the necessary!
actions to accomplish said purposes and to intervene :
in all instances, grades and procedural levels; to file
and prosecute applications, declarations, complaints, ,

10 claim, counterclaim, answer claims and
counterclaims; to draw up specifications; to mnake |

amendmeuts; oppositions and all types of objections

and writings of any nature; cancellations and :

administrative injunction proceedings; to pay allw

installments and effect all other payments prescnbed
by law; to receive documents and: monies; act as

complainants as well as defendanm before the !
competent judges, with full powerq to request
preliminary injunctions of any nature, settle, make
arrangements, to submit to érbitrators, to desist from

claims or procedures, to accept clalms to collect, to

ratify legal proceedings subscribzd before the
appointment and/or preseritation of this Power,
substitute or delegate the Icgal representation and .
other acts prescribed by law, in short, with all such
further powers as may be required; to comply with -
all other requirements and, to take all those measures
which they may decm fit for the protection of our *

interests,

Signature/Firma: X

Natalia

nombramos pot el presente a  Carlos R.
Olarte y/e J. Ian Raisbeck y/o Juan

Guillermo Moure y/o Natalia Castro,
niuestros reprasentantes legales con facultades para
recibir notificeciones y nombrar apoderados
Jjudiciales o extrajudiciales en materin de patentes,
los cuales quedan a su vez facultados para
representamnos ante las autoridades de cualquier
jerarquia de la Repiblica de Colombia, la
Repiiblica de Bolivia, la Repiiblica del Ecuador, la
Repiiblica del Perl y la Republica Bolivariana de
Venezuela, ya sean administrativas, judiciales ¢ de
policia, pars iniciar ante dichas avtoridades todas
las acciones necesarias para cumplir ¢on e! objeto
indicado ¢ intervenir en todas las instancias,
grados o etapas procesales; elevar y tramitar
solicitudes, declaraciones y reclamos, para

demandar, reconvenir, contestar demandas y
reconvenciones; formutar descripciones,
enmiendas, oposiciones y - tode tipo -de

impugnaciones y escritos de cualquier naturaleza;
instaurar cancelaciones y amparos administrativos;
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entitlement, as at the international filing
date, to apply for and be granted a
patent (Rules 4.17(ii) and 51bis_1({a}ii)),
in a case where the declaration under
Rule 4.17{iv) is not appropriate:

Name {LAST, First)

application

MERCK SHARP & DOHME CORP.
apply for and be granted a patent by
virtue of the following:
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the inventor,
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the inventor,
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application specified below, where the
applicant is not the applicant who filed
the earlier application or where the
applicant's name has changed since the
filing of the earlier application (Rules
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filing of the eartier application (Rules
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TITLE OF THE APPLICATION
INHIBITORS OF HEPATITIS C VIRUS REPLICATION

FIELD OF THE INVENTION

The present disclosure relates to antiviral compounds that are useful as inhibitors

of hepatitis C virus (HCV) replication. The compounds are expected to act on HCV NS5A (non-
structural SA) protein. Compositions comprising such compounds, the use of such compounds
for treating HCV infection and/or reducing the likelihood or severity of symptoms of HCV
infection, methods for inhibiting the function of the NS5A non-structural protein, and methods

for inhibiting HCV viral replication and/or viral production are also provided.

BACKGROUND OF THE INVENTION

Hepatitis C virus (HCV) infection is a major health problem that leads to chronic
liver disease, such as cirrhosis and hepatocellular carcinoma, in a substantial number of infected
individuals. Current treatments for HCV infection include immunotherapy with recombinant
interferon-o. alone or in combination with the nucleoside-analog ribavirin.

Several virally-encoded enzymes are putative targets for therapeutic intervention,
including a metalloprotease {NS2-3), a serine protease (NS3, amino acid residues 1-180), a
helicase (INS3, full length), an NS3 protease cofactor (NS4A), a membrane protein (NS4B), a
zinc metalloprotein (NS5A) and an RINA-dependent RNA polymerase (NS5B).

One identified target for therapeutic intervention is HCV NS5A non-structural
protein, which is described, for example, in Seng-Lai Tan & Michael G. Katze, How Hepatitis C
Virus Counteracts the Interferon Response: The Jury Is Still Out on NS54, 284 VIROLOGY 1-12
(2001); and in Kyu-Jin Park et al., Hepatitis C Virus NS34 Protein Modulates c-Jun N-terminal
Kinase through Interaction with Tumor Necrosis Factor Receptor-associated Factor 2, 278(33)
J.B10. CHEM. 30711 (2003). A non-structural protein, NSSA is an essential component for viral
replication and assembly. Mutations in NS5A at or near known sites of phosphorylation can
affect the ability for high-level replication in cell-culture systems, suggesting an important role
for NS5A phosphorylation in viral replication efficiency. Inhibitors of the phosphorylation of
NS5A can lead to reduced viral RNA replication,

NS5A is a zinc metalloprotein organized into three discreet domains. NS5A

Jocalizes to the membrane-associated site of RNA synthesis via an N-terminal amphipathic a-

-1-
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helix anchor. The crystal structure of domain I demonstrates that NS5A can exist as a dimer,
with a large putative RNA binding groove located at the interface of the monomers. Timothy L.
Tellinghuisen et al., Structure of the zinc-binding domain of an essential component of the
hepatitis C viral replicase, 435(7040) NATURE 374 (2005). Robert A, Love et al., Crystal
Structure of a Novel Dimeric Form of NS5A Domain I Protein From Hepatitis C Virus, 89(3) J.
VIROLOGY 4395-403 (2009). The interaction of NSSA with RNA is thought to be critical for the
function of this protein in RNA replication. No structural information has yet been obtained for
domains II or III. Recent genetic mapping has shown that although some residues in domain I
are essential for RNA replication, many portions of domain II and all of domain 11 are
dispensable. Timothy L. Tellinghuisen et al., Identification of Residues Required for RNA
Replication in Domains II and Ill of the Hepatitis C Virus NS54 Protein, J. VIROLOGY 1073
(2008). Mutations constructed within domain I1I result in virus that can maintain RNA
replication but that produces lower titers of infectious virus in cell culture, demonstrating a
second distinct role for NS5A after RINA replication has occurred. Timothy L. Tellinghuisen et
al., Regulation of Hepatitis C Virion Production via Phosphorylation of the NS54 Protein, 4(3)
PLOS PATHOGENS ¢1000032 (2008); Nicole Appel et al., Mutational Analysis of Hepatitis C
Virus Nonstructural Protein 5A: Potential Role of Differential Phosphorylation in RNA
Replication and Identification of a Genetically Flexible Domain, 79(5) J. VIROLOGY 3187
(2005). NS5A, unlike the other non-structural proteins, can be trans-complemented, consistent
with functions outside of the viral replicase. The inieraction of NS5A with numerous host-
signaling pathways has been described (Michael J. Gale Jr. et al., Evidence That Hepatitis C
Virus Resistance to Interferon Is Mediated through Repression of the PKR Protein Kinase by the
Nonstructural 54 Protein, 230 VIROLOGY 217 (1997); Andrew Macdonald & Mark Harris,
Hepatitis C virus NS5A: tales of a promiscuous protein, 85 J. GEN. VIROLOGY 2485 (2004).),
suggesting this protein may modify the host cell environment to a state favorable for the virus,
events that may require a form of NSSA dissociated from the replication complex,

There is a clear and long-felt need to develop effective therapeutics for treatment
of HCV infection. Specifically, there is a need to develop compounds that are useful for treating

HCV-infected patients and compounds that selectively inhibit HCV viral replication.
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SUMMARY OF THE INVENTION

The present disclosure relates to novel compounds of formula (T) and/or
pharmaceutically acceptable salts, hydrates, solvates, prodrugs or isomers thereof. These
compounds are useful, either as compounds or their pharmaceutically acceptable salts (when
appropriate), in the inhibition of HCV (hepatitis C virus) NSSA (non-structural SA) protein, the
prevention or treatment of one or more of the symptoms of HCV infection, the inhibition of
HCV viral replication and/or HCV viral production, and/or as pharmaceutical composition
ingredients. As pharmaceutical composition ingredients, these compounds, which includes
reference to hydrates and solvates of such compounds, and their salts may be the primary active
therapeutic agent, and, when appropriate, may be combined with other therapeutic agents
including but not limited to other HCV antivirals, anti-infectives, immunomeodulators, antibiotics
OF vaccines.

More particularly, the present disclosure relates to a compound of formula (I):

®hH, ®Y,
G—*—E“DD-E-G -

and/or a pharmaceutically acceptable salt thereof, wherein:

@ is chosen from the group consisting of 9-membered bicyclic aryl ring
systems that contain from 0 to 4 heteroatoms independently chosen from the group consisting of
N, O and S, and that are substituted on C or N atoms by u substituents R,

each R’ is independently chosen from the group consisting of hydrogen,
halogen, -OR, -CN, -(CH,)0.sC(O)R?, -COR*, -C(O)N(R?®),, -SR*, -S(O)R*, -S(0,)R™,
(CH)oN(R?),, -NR*)SO,R*, -NR*)COR®, NR)COR?, NR**)CORY,
NER*®MC(OINR™, Cyalkyl, Csgcarbocyele containing from 0 to 3 heteroatoms chosen from N,
O and S, and phenyl, and the
C;.¢alkyl, Cs.scarbocycle and pheny! are substituted by from 0 to 3 substitutents independently
chosen from the group consisting of hydrogen, halogen, -OR™, -CN, -COR?, -C(O)N(R*®),,
NR™,, -NR*COR™, -SR®, -S(0)R™, -S(02)R®, NR*SO,R*, -N(R*)COR*,
NEHC(O)NR?®), Ccalkyl, -0-C; galkyl, -8-C;.¢alkyl, and Cs.geycloalkyl,

i is from 0 to 4,
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each R? is independently chosen from the group consisting of hydrogen,
Ci.galkyl, -OH, -O-C;4alkyl and Cs.acycloalkyl, and

each R* is independently chosen from the group consisting of hydrogen,
Ci.salkyl and Cj.scycloalkyl;

is a group chosen from the group consisting of
(ay -C=C-and
(by  aryl ring systems B' chosen from the group consisting of:
'§)] 5- to 7-membered monocyclic ring systems and
(i) 8- to 10-membered bicyclic ring systems,
and the aryl ring systems B' containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by v substituents R,
each R? is independently chosen from the group consisting of
hydrogen, halogen, -OR*, -CN, -CO,R*, -C(O)R™, -C(O)N(R™),, -N(R*),, -NR*COR?,
NR*™COR™, NER™ICONR?™), -NR™SO,R™, -SR*, -S(OIR™, -S(0,)R*, Cy.salkyl
substituted by from 0 to 4 R* and Cs.scycloalkyl substituted by from 0 to 4 R,
vis from 0 1o 4,
each R* is independently chosen from the group consisting of
hydrogen, -OH, C,salkyl and Cy_scycloalkyl;
each R* is independently chosen from the group consisting of

hydrogen, C;¢alkyl and C;_cycloalkyl;

R! and R? may be taken together with @ and to form a 5- to
9-membered carbocyclic ring containing 1 or 2 heteroatoms independently chosen from the
group consisting of N, O and S;

each D is a group independently chosen from the group consisting of:

(a) a single bond,

(b) -CONR’),

©  -NR)HC(O)-, and

(d) a 5- or 6-membered aryl ring system D' containing from 0 to 4
heteroatoms independently chosen from the group consisting of N, O and S, and substituted on C

or N atoms by from 0 to 2 substituents R®,

-4
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eachR® is independently chosen from the group consisting of
hydrogen, halogen, -ORS, -CN, -CO,R®, -C(OINR®), -NR®),, -NR®CORS, -SRS, -S(O)RS,
S(0)RE, NRHSO,RS, -NCO,R®, -NC(O)N(R®);, Ci.¢alkyl substituted by from 0 to 3 R® and
Cs._scycloalkyl substituted by from 0 to 3 R®, and
each R® is independently chosen from the group consisting of
hydrogen, Cy.galkyl and Cs.gcycloalkyl;
each E is a group independently chosen ﬁoﬁ the group consisting of:
(8  asingle bond,
()  -(CRN)e2NR'C(0)0p.1-, and

(¢)  apyrmrolidinyl derivative chosen from the group consisting of:

D J=G

N g

R;:a RSc
RBb R3b , an d

1 is a bivalent group chosen from -C(O)-, -CO;- and
-CONR')-,

J is a fused ring system chosen from the group consisting of 3- to
7-membered carbocycies and 5- or 6-membered aryl rings containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by substituents R,

each R is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OC.salkyl and Cy.alkyl, or two R* may be taken together to form
0%0,

each R® is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OC,_salkyl and Ci.¢alkyl, or two R* may be taken together to form
0X0,

each R¥ is independently chosen from the group consisting of
hydrogen and C,salkyl,

or any two groups selected from R, R®® and R* may be taken
together to form a spiro-bicyclic or bridged bicyclic ring;

each R’ is independently chosen from the group consisting of
hydrogen, halogen, C).¢alkyl, -O-Cy¢alkyl, -S-C)alkyl, -NH-C,_galkyl and -NHC(0)-C, salky),
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each R is independently chosen from the group consisting of hydrogen,
Ci.salkyl and phenyl, and the C,.salkyl and phenyl are substituted by from 0 to 3 substitutents
independently chosen from the group consisting of hydrogen, halogen, C.¢alkyl, -O-C.salkyl
and -S-C/salkyl; and
5 each G is independently chosen from the group consisting of:

(a)  hydrogen,

(b) -OR'®,
© -CN,
(d  -COR™®
10 ()  -CONR'),,
@  -SR™,

® -SOR'™
(B)  -S(OR'™,
@ NR")
15 G -NERHSOR!™,
()  -NCOR'™,
@ -NCONR'"™),,
(m) Calkyl having 0 to 4 substituents R,
each R!' is independently chosen from the group consisting oft
20 (i) -OH,
i) -NR)
(i) =NR',
(iv) -O-C,galky!,
v) -C(OR",
25 (vi) -8-Cy¢alkyl,
(vii)  -80,-C;galkyl,
(viii)  3- to 8-membered carbocycles containing from 0 to
3 heteroatoms independently chosen from the group consisting of N, O and S, and having from 0
10 3 substitutents R'* on N or C atoms, and each R™ is independently selected from the group
30  consisting of hydrogen, halogen, Cy.salkyl having from 0 to 3 substituents chosen from R!®,
-0-Cyatkyl, -S-Cyealkyl, -OR'™, -CN, -C(O)R", -CO,R™, -C(O)N(R!%,, -SR'™, -S(O)R!*,
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-S(0)R', NR!HSO,R ™, -NCO,R'®, NC(O)N(R'®), and-N(R'%),, or two R are taken
together to form oxo, and
(ix)  5- or 6-membered aryl containing from 0 to 3
heteroatoms independently chosen from the group consisting of N, O and S, and having from 0
to 3 substitutents R'> on N or C atoms, and each R" is independently selected from the group
consisting of hydrogen, halogen, Cy.galkyl, -O-Cj.¢alky! and 3- to 8-membered carbocycles
containing from 0 to 3 heteroatoms independently chosen from the group consisting of N, O and
S,
(n)  3-to 8-membered carbocycles containing from 0 to 3 heteroatoms
independently chosen from the group consisting of N, O and 8, and having from 0 to 3
substitutents R'® on N or C atoms; and
(o)  aryl ring systems G' chosen from the group consisting of:
(i) 5- to 7-membered monocyclic ring systems and
(i} 8- to 10-membered bicyclic ring systems,
and the aryl ring systems G’ containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and 8, and substituted on C or N atoms
by 0 to 3 substitutents R'°,
each R!% is independently chosen from the group consisting of
§)) hydrogen,
(i) -CN,
(i)  Ciealkyl,
(iv)y -O-Cggalkyl,
) -S-Cyp.galkyl,
(vi)  Crealkyl-O-R™,
(viiy -C(O)R",
(viii) -CORY,
(ix) -SORY,
) NR",
(xi) -NR™SORY,
(xii) -NCO;R™,
(xii)) -NC(O)NR"™),, and
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(x1v) 3-to B-membered carbocycles containing from 0 to 3
heteroatoms independently chosen from the group consisting of N, O and §,
or two R’ may be taken together to form oxo; |
each R'% is independently chosen from the group consisting of
§)] hydrogen,
(i) -CN,
(i) Cisalkyl,
(iv)  Ciealkyl-O-RY,
v -CORY
(vi) -CORY,
(vii) -SOR™,
®)  NR™,
() -NER™SORY,
(xii) -NCO,R™,
(xiii) -NC(OWN(R'),, and
(xiv) 3- to 8-membered carbocycles containing from (0 to 3
heteroatoms independently chosen from the group consisting of N, O and S,
and two R'® or R/ groups can be taken together with the N to which they
are attached to form a ring, which may be substituted by from 0 to 3 substituents R**, and
each R™ is independently chosen from the group consisting of hydrogen,
C¢alkyl, Cyscycloalkyl, -(CHj)p.5Cs gcycloalkyl and phenyl.

The present invention also includes pharmaceutical compositions containing a
compound of the present invention and methods of preparing such pharmaceutical compositions.
The present invention further includes methods of treating or reducing the likelihood or severity
of HCV infection, methods for inhibiting the function of the NS5 A protein, and methods for
inhibiting HCV viral replication and/or viral production.

Other embodiments, aspects and features of the present invention are either
further described in or will be apparent from the ensuing description, examples and appended

claims.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention includes compounds of formula (I) above, and
pharmaceutically acceptable salts thereof. The compounds of formula (I) are HCV NS5A
inhibitors.

A first embodiment of the invention relates to compounds having structural
formula (I):

®RY,  ®RY,

G—E—DD-—E—-G a

and/or a pharmaceutically acceptable salt thereof, wherein:

)

@ is chesen from. the group consisting of 9-membered bicyclic aryl ring
systems that contain from 0 to 4 heteroatoms independently chosen from the group consisting of
N, O and S, and that are substituted on C or N atoms by # substituents R,

each R' is independently chosen from the group consisting of hydrogen,
halogen, -OR™, -CN, -C(O)R®, -CO,R*, -C(OIN(R*™;,, -SR™, -S(O)R™, -S(02)R”,
-(CHo)o.eN(R™)z, -NR™SOR™, -NR™)CO,R™, -NR™)CO)R’, N(R)COR™,
NR*C(OIN(R>?), Cy.salkyl, Cs.gcarbocycle containing from 0 to 3 heteroatoms chosen from N,
O and S, and phenyl, and the C)alkyl, C;.scarbocycle and phenyl are substituted by from 0 to 3
substitutents independently chosen from the group consisting of hydrogen, halogen, - R*, -CN,
LCOR®, -C(OIN(R*™), -NR*),, -NR**ICO,R™, -SR*, -S(0)R™, -S(0-)R*, -N(R*SO,R*,
NER*™COR®, NER*)C(OINR?, Cysalkyl, -O-Cy.salkyl and -S-Cyalkyl,

uis from 0 to 4,

each R is independently chosen from the group consisting of hydrogen,
Ci4alkyl, -OH, -O-C.¢alkyl and Csgcycloalkyl, and

each R* is independently chosen from the group consisting of hydrogen,
C,.¢alkyl and C;_scycloalkyl;

is a group chosen from the group consisting of
(@  -C=C-and
(b)  aryl ring systems B' chosen from the group consisting of:
1) 5- to 7-membered monocyclic ring systems and

(iiy  8-to 10-membered bicyclic ring systems,

-9.
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and the aryl ring systems B' containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by v substitnents R?,

each R? is independently chosen from the group consisting of
hydrogen, halogen, -OR*, -CN, -CO,R*, ~C(OIN(R"),, -N(R*™),,
NR"™COR?, NR*™CO,R®, -NR"™COINR™), NR*)SO,R*, -SR* -S(0)R*,
-S(02)R™, C;alky! substituted by from 0 to 4 R* and Ci.scycloalkyl substituted by from O to 4
R’

vis from 0 to 4,

each R* is independently chosen from the group consisting of
hydrogen, -OH, Ci.salkyl and C; gcycloalkyl;

each R* is independently chosen from the group consisting of

hydrogen, Ci.¢alkyl and Cs geycloalkyl,

R! and R? may be taken together with @ and to form a 5- to
9-membered carbocyclic ring containing 1 or 2 heteroatoms independently chosen from the
group consisting of N, O and S,

each D is a group independently chosen from the group consisting of:

(a) a single bond,
(b)  -C(ONR®)-,
() -NER)C(O)-, and
(d)  a5-or 6-membered aryl ring system D' containing from 0 to 4
heteroatoms independently chosen from the group consisting of N, O and S, and substituted on C
or N atoms by from 0 to 2 substituents R’,
each R’ is independently chosen from the group consisting of
hydrogen, halogen, -OR®, -CN, -CO;R®, -C(O)N(R®),, -N(R%),, -NR*COR?, -SR®, -S(O)R®,
-S(0RS, NRHSO,R®, -NCO,RS, NC(O)N(R®),, Cy.¢alky! substituted by from 0 to 3 R® and
Csgeycloalkyl substituted by from 0 to 3 R®, and
each RY is independently chosen from the group consisting of
hydrogen, Cy.salky! and C;_gcycloalkyl;
each E is 2 group independently chosen from the group consisting of:

(a) a single bond,

-10 -
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®)  -(CR))2NR'C(0)0p.1-, and
(c) a pyrrolidinyl derivative chosen from the group consisting of:

1 is a bivalent group chosen from -C(O)-, -CO;- and
-C(ONR')-,

J is a fused ring system chosen from the group consisting of 3- to
7-membered carbocycles and 5- or 6-membered aryl rings containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by substituents R9,

each R* is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OCialkyl and Cy_¢alkyl, or two R®* may be taken together to form
0X0,

each R¥® is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OC; galkyl and C; galkyl, or two R® may be taken together to form
0%0,

each R® is independently chosen from the group consisting of
hydrogen and C).galkyl,

or any two groups selected from R, R® and R* may be taken
together to form a spiro-bicyclic or bridged bicyclic ring;

each R’ is independently chosen from the group consisting of
hydrogen, halogen, C.alkyl, -O-C_salkyl, -S-C;.¢alkyl, -NH-C; satkyl and -NHC(0)-C}.calkyl,

each R” is independently chosen from the group consisting of hydrogen,
C1.salkyl and phenyl, and the C,.saikyl and phenyl are substituted by from 0 to 3 substitutents
independently chosen from the group consisting of hydrogen, halogen, C.alkyl, -O-Ci.salkyl
and -S-Cy.galkyl; and |

each G is independently chosen from the group consisting of:

(a) hydrogen,

®) -OR'™

(0 N,

d  -COR™,

-11 -
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€ -CONR™),

(ﬂ -SR’O*’,

@ -S(OR'™,

)  -S(OR'",

@ NR",

B NRSOR',

(k) -NCOR'™

)  NCONR),

(m)  Ci.ealkyl having 0 to 4 substituents R',

each R'! is independently chosen from the group consisting of:

(1) 'OHz
Gy  -NR™
(i) =NR’,

(iv)  -O-Cj.qalkyl,

v  -COR”,

(vi) -S-Cjalkyl,

(vii) -S0,-Cyealkyl,

(viii) 3-to 8-membered carbocycles containing from 0 to
3 heteroatoms independently chosen from the group consisting of N, O and S, and having from 0
to 3 substitutents R'? on N or C atoms, and each R'? is independently selected from the group
consisting of hydrogen, halogen, C).¢alkyl having from 0 to 3 substituents chosen from R'®,
-0-Cy.alkyl, -S-Cyealkyl, -OR'® -CN, -C(O)R™, -CO,R'® -C(ONR'®),, -SR'® -S(O)R!*
-S(O2)R'®, -N(R'HSO,R'™, NCO,R!”, -NC(OINR %), and-N(R'%,, or two R'? are taken
together to form oxo, and

(ix)  5- or 6-membered aryl containing from 0 to 3
heteroatoms independently chosen from the group consisting of N, O and S, and having from 0
1o 3 substitutents R'* on N or C atoms, and each R" js independently selected from the group
consisting of hydrogen, halogen, C,¢alkyl, -O-C;.¢alkyl and 3- to 8-membered carbocycles

containing from O to 3 heteroatoms independently chosen from the group consisting of N, O and
S,

-12-
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(n) 3- to 8-membered carbocycles containing from 0 to 3 heteroatoms
independently chosen from the group consisting of N, O and 8, and having from 0 to 3
substitutents R on N or C atoms; and
(o) aryl ring systems G' chosen from the group consisting of:
i) 5- to 7-membered monocyclic ring systems and
(i) 8- to 10-membered bicyclic ring systems,
and the aryl ring systems G' containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by 0 to 3 substitutents R';
each R'? is independently chosen from the group consisting of
(i) hydrogen,
(1) -CN,
(iiiy  Cj.ealkyl,
(iv) -0O-Cygalkyl,
(v)  -S-Cosalkyl,
(vi)  Cr.ealkyl-O-R",
i) -CORY,
(viil) -CO,R™,
(ix) -SO;R™,
®)  -N®R™,
(xi) NER™SORY,
(xii) -NCORY,
(xiii) -NC(O)N(R'),, and
(xiv) 3-to 8-membered carbocycles containing from 0 to 3
heteroatoms independently chosen from the group consisting of N, O and S,
or two R'® may be taken together to form oxo;
each R'" js independently chosen from the group consisting of
(i) hydrogen,
(ii) -CN,
(iii) Cjsalkyl,
(iv)  Cigalkyl-O-R",
v) -COR",

-13 -
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(vi) -CO,RM,
i) -SOR™,
®  NR,
(xi) -NR')SO,RY,
(xii) -NCOR™
(xiii) -NC(O)N(R'), and
(xiv}  3-to 8-membered carbocycles containing from 0 to 3
heteroatoms independently chosen from the group consisting of N, O and S,
and two R'® or R'® groups can be taken together with the N to which they
are attached to form a ring, which may be substituted by from 0 to 3 substituents R'*, and
each R' is independently chosen from the group consisting of hydrogen,
Ci.galkyl, Cs.gcycloalkyl, -(CHz)o.3Cs gcycloalkyl and phenyl. In this embodiment, all other

groups are as provided in the general formula above.

In a second embodiment of the invention, @ is chosen from the group
AN
Z §
®et T
X.‘.‘x Y

Y CR! NR' v NR! CR

“ N 2 2
consisting of CR' and N, Y’> is chosen from the group consisting of NR' | Cff)“\' , N>R‘ , N) , 0> ,
SN
O ,N and S ,eachR'is independently chosen from the group consisting of hydrogen,
halogen, -OR™, -CN, -C(O)R?, -CO,R*, -C(O)N(R>®),, -SR*, -S(O)R™, -S(0,)R™,
{(CHa)p-6NR), NR™SO;R™, -N(R*CO.R*, -NR*™C(O)R?, -NR>**COR™",
NER*HCOINR?, Cygalkyl, Cy.searbocycle containing from 0 to 3 heteroatoms chosen from N,
O and S, and phenyl, and the Cy.¢alkyl, C;.gcarbocycle and phenyl are substituted by from 0 to 3

consisting of , where each X is independently chosen from the group

substitutents independently chosen from the group consisting of hydrogen, halogen, -OR*, -CN,
-COR™, -C(OIN(R*),, -N(R™),, -NR*™COR*, -SR*, -S(O)R*, -$(0,)R®, -N(R**SO,R*,
NR*HCO,R?, -NER*MC(O)N(R?®), C;alkyl, -0-Cy.salkyl and -S-C,_atkyl, each R® is
independently chosen from the group consisting of hydrogen, C,.salkyl, -OH, -O-C; 4alkyl and
Cs.goycloalkyl, and each R*® is mmdependently chosen from the group consisting of hydrogen,

-14 -
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Cy¢alkyl and Cs.gcycloalkyl. In all aspects of this embodiment, all other groups are as provided

in the general formula above or in the first embodiment above.

RI

In a first aspect of the second embodiment of the invention, @ is chosen from
f f' m N R!
7 O O
the group consisting of i, RN, ¢, "0
Rl

5
o y ) A
Sesihestivs o tiaves

R R}

? 3 H

}; N a"' N i‘; {II f Q,
\O:C?_E, \O:?_%, \G[N%E, and Uﬁ_%, where @ is substituted

by from 0 to 3 additional R*, which are as provided above.

In a second aspect of the second embodiment, @ is chosen from the group

RI ;‘( ‘x‘f N Rl
£ R P N ) AN
- C:‘*{ | . UN\ | mi

consisting of B . Rl H o, R H

N ;

A N
AT I @ o
R'  and N where is substituted by from 0 to 3 additional R',

o

. . . \
which are as provided above. In preferred instances of this aspect, @ is R!

b H

where @ is subgtituted by from 0 to 3 additional R', which are as provided above.

In a third aspect of the second embodiment, @ is chosen from the group
R! R’ R!
!; )f N "f 7 s‘f N ,1"' N
ShestHes T hgsThagsy
consisting of o ., 7 N O o S

O
and N, where @ is substituted by from 0 to 3 additiopal R}, which are as

¥
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R!
/ 3\
. . o) e @
provided above. In preferred instances of this aspect, 18 0, where 15

substituted by from 0 to 3 additional R', which are as provided above.
In further aspects of the second embodiment, each R' is chosen from the group
consisting of hydrogen, halogen, -CN and C;galkyl. In particular, each R' is chosen from the

group consisting of hydrogen, fluorine and -CN.

In a third embodiment of the invention, is chosen from the group consisting
of -C=C-, phenyl, pyridinyl, pyrazinyl, pyrimidyl, 1,2,4-triazinyl, pyridazinyl, thiazyl and 9-
membered bicyclic ring systems that contain from 1 to 3 heteroatoms independently chosen from
the group consisting of N, O and S, v is from 0 to 4, each R? is independently chosen from the
group consisting of hydrogen, halogen, -OR", -CN, -CO,R™, -C(OIN(R*),, -N(R*™,,
NR"COR™, -SR™, -S(O)R™®, -S{0x)R*, NR*SO,R®, -N(R*HCO,R®, -N(R*)C(O)N(R™),
C1alkyl substituted by from 0 to 4 R* and Ca_gcycloalkyl substituted by from 0 to 4 R®, each R?
is independently chosen from the group consisting of hydrogen, -OH, C, ¢alkyl and

Cj.scycloalkyl, and each R** is independently chosen from the group consisting of hydrogen,

Cisalkyl and Cs_geycloalkyl. In particular aspects of this embodiment, is phenyl, v is from
0 to 2, and each R is independently chosen from the group consisting of fluorine, chlorine, -OH,
~CH3, -OCHj3 and -CN. In all aspects of this embodiment, all other groups are as provided in the

general formula above and/or in the first or second embodiments.

In a fourth embodiment of the invention, @ and , taken together with one
substituent R' and one substituent R?, are represented by a group chosen from the group

consisting of:

P

R]
ATy LR, WS
RNy \ 3 W N \ %ml{ g 1 m
(R, . l N \ ’\,{R%m’ Ve 01, (R g I N \ %(R'*’gu.,,
A L
Rt ot WV & = A =
(Rl . = o
o2 XJ:}_QE%M <R'>OU\§—@',% (R’MM‘,E |
V—w , >0 “(R%3 zand 0 R | where W is

chosen from the group consisting of «(CHz);3-, -(CH2)e2NH(CHa)p.2-,
-(CH2)p-2N(Cy6alky)(CHz)p.2-, -(CH2)0.20(CHa)o2- and -(CH3)g2C(OXCHz)g.2-, where W is
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substituted by from 0 to 4 R¥, where each R” is independently selected from C.gatkyl and
Cs.gcycloatkyl; and V is chosen from the group consisting of -C(O)- and -CH;-, and where V is
-CH,-, V is substituted by from 0 to 2 R”, where each R" is independently selected from the

group consisting of C;alky} and Cj.4cycloaikyl. In a first aspect of this embodiment, @ and

, taken together with one substituent R! and one substituent R?, are represented by a group

"f " (R’ )o <

i - 2
(R’»H\g—@jﬁo \ (R%M
chosen from the group consisting of NN P ®%

" \ 5% ’gu . In particular instances of this embodiment, and of the first aspect of

this embodiment, W is chosen from the group consisting of -CH,-, -NH-, -N(C,.¢alkyl)-, -C(O)-,
-CH;NH-, -CH,N(Cy¢alkyl)-, -CH,CHz-, -C(O)CH;-, -CH,C(0)-, -CH;0-, -CH,CH,CH»-,
-C(O)CH,CH;-, ~CH,C(0)CH,-, -CH,0CHj3-, -CH;CH,C(0)-, -CH>CH,0-, -CH2CH,NH-,
-CH,;CH,N(C).galkyl)-, -CHaNHCH,-, -CH,N(Cy_galkyl)CH;-, -NHCH,CH;-, and
-N(C_¢alkyl)CH,CH;-. In all aspects of this embodiment, al! other groups are as provided in the
general formula above.
In a fifth embodiment of the invention, each D is independently chosen from the

i GHy

N N
i~ },f% | I~ 1@/"@ |

group consisting of a single bond, -C(O)N(Rs)- ~NR5C(O)-,

f\(_vji 5\(_7/’% ~° Yzzan 5\( N

N-N | where R® is independently chosen from
the group consisting of hydrogen, halogen -OR®, -CN, -COR®, -C{OIN(R®),, -N(R®);,
N(RCORS, -SRE, -S(O)RE, -S(02)R®, -N(RPSO;R®, -NCO;R®, -NC(OIN(R),, Cy.alkyl
substituted by from 0 to 3 substituents R® and C3gcycloalkyl substituted by from 0 to 3
substituents RS, and each R® is independently chosen from the group consisting of hydrogen,
Cysalkyl and C; gcycloalkyl. In particular aspects of this embodiment, each D is independently

e

chosen from the group consisting of . In this embodiment, all other
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groups are as provided in the general formula above and/or in the first through fourth
embodiments.

In a sixth embodiment of the invention, each E is independently chosen from the
group consisting of a single bond, -CH,NHC(O)-, -CH,N(CH;)C(O)-, -C(CH;)BNHC(0)-,
-C(CH;)HN(CH,)C(O)-, -C(CH;3),NHC(O)-, -C(CH;3),N(CH;)C(0)-, -CH;NHC(O)O-,
-CH,N(CH3)C(O)O-, -C(CH;J HNHC(0)O-, -C(CH3)HN(CH3)C(0)O-, -C(CH;3);,NHC(0)O-,

Yo

Q D,
D 3\(3 D >‘ 0\ N
-C(CH;):N(CH3)C(0)O-, , and © ®* ®®  where one of R® and R is

-CH or fluorine. In a first aspect of this embodiment, each E is independently chosen from the

D%“G

N

Q
D &\G NP
: R
group consisting of a single bond, , and R™ R®  where one of R® and

R® is -OH or fluorine. In all aspects of this embodiment, all other groups are as provided in the
general formula above and/or in the first through fifth embodiments.

In some embodiments, adjacent D and E groups each may be selected to be a
single bond. In such embodiments, D and E are combined to be one single bond, and all other

groups are as provided in the general formula above and/or in the first, second, third and fourth
embodiments. That is, where D is a single bond and the adjacent E is a single bond, @ or

is connected directly to G by one single bond.

In a seventh embodiment of the invention, each G is independently chosen from
the group consisting of:

(@  Curealky] having 0 to 4 substituents R",

(b  3-to 8-membered carbocycles containing from 0 to 3 heteroatoms
independently chosen from the group consisting of N, O and S, and having from 0 to 3
substitutents R'® on N or C atoms; and

(c) aryl ring systems ' chosen from the group consisting of:

(i) 5- to 7-membered monocyclic ring systems and

(i1) 8- to 10-membered bicyclic ring systems,
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and the aryl ring systems ' containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by 0 to 3 substitutents R'. In all aspects of the seventh embodiment, G is chosen such that
stable compounds result. In all aspects of this seventh embodiment, all other groups are as
provided in the general formula above and/or in the first through sixth embodiments.
In an eighth embodiment, each G is independently chosen from the group
consisting of:
(a) hydrogen,
(b  -CN,
(c)  Ci.salkyl having 1 to 3 substituents RY,
each R*? is independently chosen from the group consisting of -OH, -NH,, .
-NCH;H, -N(CH3),, -N(CH,CHj);, =NH, =NCHj, -C(O)H, -C(0)OH, -C(0)CH3, -C(0)OCH;,
-NHC(O)H, -NHC(0)OH, -NHC(O)CH,, -NHC(O)YOCH;, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and oxacyclohexyl, phenyl,
pyridinyl, pyrimidiny! and pyrrolyl, where
the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2
substitutents R on N or C atoms, and each R'? is independently selected from the group
consisting of hydrogen, halogen, carboxy, C.¢alkyl, -O-Cy.¢alkyl and -S-C;.salkyl; and
the phenyl, pyridiny], pyrimidinyl and pyrrolyl are substituted by from 0
to 3 substitutents R'> on N or C atoms, and each R is independently selected from the group
consisting of hydrogen, halogen, C;¢alkyl and 3- to 8-membered cycloalkyl containing from 0 to .

3 heteroatoms independently chosen from the group consisting of N, O and §,

(d)  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl,
piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R%onNorC
atoms, the R'° independently selected from the group consisting of hydrogen, halogen, carboxy,
Calkyl, -0-C.galkyl, -S-Cigalkyl, phenyl and benzy), and

(e) aryl ring systems G' chosen from the group consisting of: phenyl,
pyridinyl and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms
independently chosen from the group consisting of N and O.

In a first aspect of the eighth embodiment, G is independently chosen from the

group consisting of C;.4alkyl having 1 to 2 substituents RY, wherein each R"! is independently
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chosen from the group consisting of -OH, -NH,, -NCH;H, -N(CHj3),, -N(CH,CHs),, -C(O)OCHs,,
¢yclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl,
oxacyclopentyl, oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl and pyrrolyl. In all aspects of the
eighth embodiment, G is chosen such that stable compounds result. In all aspects of this eighth
embodiment, all other groups are as provided in the general formula above and/or in the first

through sixth embodiments.

In a ninth embodiment of the invention, @ is chosen from the group consisting

L N
(R')o-‘z%/‘ ]E ,>'_§
-.X Y

of , where
each X is independently chosen from the group consisting of CR! and N,
Y CR' NR' v wNR! CR' N OQ
y IERERERY
Y is chosen from the group consisting of NR* CR® NR'' N O [ O N
N
Y
and S |

each R' is independently chosen from the group consisting of hydrogen, halogen,
-OR™, -CN, -C(O)R?, -COR¥, ~C(O)N(R™),, -SR*, -S(O)R*®, -S(0)R*, -(CH2)osN(R*),,
NR™MSORY®, -NR*HCO,R®, -NR*MCOIR?, -NR*™MCOR®, -NR*H)C(OINR?), C\galkyl,
Cs.gcarbocycle containing from 0 to 3 heteroatoms chosen from N, O and S, and phenyl, and the
Ci-salkyl, Cygcarbocycle and phenyl are substituted by from 0 to 3 substitutents independently
chosen from the group consisting of hydrogen, halogen, -OR*?, -CN, -CO,R**, -C(O)N(R*?),,
N(R?),, -N(R¥CO,R™, -SR¥, -S(O)R*, -S(02)R*, -N(R*DS0O,R*, -N(R**)CO,R?,
NER*™C(O)N(R™), Cy.salkyl, -0-Cygalkyl and —S-C; ¢alkyl,

each R® is independently chosen from the group consisting of hydrogen, C.calkyl,
-OH, -0-Cy¢alkyl and Cs.gcycloalkyl, and

each R* js independently chosen from the group consisting of hydrogen, C;.¢alkyl
and Cs.gcycloalkyl;

pyrimidyl, 1,2 4-triazinyl, pyridazinyl, thiazyl and 9-membered bicyclic 1ing systems that

is chosen from the group consisting of -C=C-, phenyl, pyridinyl, pyrazinyl,

contain from 1 to 3 heteroatoms independently chosen from the group consisting of N, O and S,

vis from 0 to 4,
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each R? is independently chosen from the group consisting of hydrogen, halogen,
-OR* .CN, -CO;R™, -COIN(R*™),, -N(R*),, -N(R*™YCO,R*, -SR*, -S(O)R*, -S(O)R™,
NR*SOR?, -NR*)COR™, NR*)C(OINR™), Cy.5alkyl substituted by from 0 to 4 R* and
Ci.scycloalkyl substituted by from 0 to 4 R4,

each R? is independently chosen from the group consisting of hydrogen, -OH,
Ci.galkyl and C;scycloalkyl, and

each R* is independently chosen from the group consisting of hydrogen, C¢alkyl .
and Cs_gcycloalkyl; '

wherein each D is independently chosen from the group consisting of a single

I S A A R

bond, -C(O)N(R®)-, -NR*C(O)-,

H
A~

and N-N  where

R’ is independently chosen from the group consisting of hydrogen,
balogen -ORS, -CN, -CO2RS, -C{OIN(R®),, -N(R®),, -NRCOR®, -SR?, -S(O)RS, -S(O)RS,
NRHSO,RS, -NCO,R, -NC(O)N(R®),, Cy.¢alkyl substituted by from 0 to 3 substituents R® and
Cs_gcycloalkyl substituted by from 0 to 3 substituents R® and

each R® is independently chosen from the group consisting of hydrogen,
Ci¢alkyl and Cj.scycloalkyl;

wherein each E is independently chosen from the group consisting of a single

bond, -CH;NHC(O)-, -CH,N(CH3)C(0O)-, -C(CH3)HNHC(0)-, -C(CH3)HN(CH;)C(O)-,
~C{CH3);NHC(O)-, -C(CH;3,N(CH3)C(0O)-, -CH,NHC(C)O-, -CH;N(CH3)C(0)O-,

-C(CH;)HNHC(0)O-, -C(CH3)HN(CH;)C(0)0-, ~C(CH;);NHC(0)O-, -C(CH3);N(CH3)C(0)O-,
o]

D g

N

Q
Q
a o B3
N N G Rﬂl
R 8 8 : -
, and R™ R*® where one of R™ and R™ is -OH or fluorine;

wherein each G is independently chosen from the group consisting of
(a) hydrogen,

(b) -CN9
(c) Cy.salkyl having 1 to 3 substituents R
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each R'! is independently chosen from the group consisting of -OH, -NH,,
-NCH;H, -N(CH3),, -N(CH,CHjs),, =NH, =NCHj, -C(O)H, -C(O)OH, -C(0)CHa, -C(O)OCH;,
-NHC(O)H, -NHC(O)OH, -NHC(O)CH;, -NHC(O)OCH, cycloproinyl, cyclobutyl, cyclopentyl,
cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and oxacyclohexyl, phenyl,
pyridinyl, pyrimidiny! and pyrrolyl, where

the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2
substitutents R*? on N or C atoms, and each R'? is independently selected from the group
consisting of hydrogen, halogen, carboxy, C;salkyl, -O-C)4alkyl and -S-C;_galkyl; and

the phenyl, pyridinyl, pyrimidinyl and pyrroly! are substituted by from 0
to 3 substitutents R on N or C atoms, and each R' is independently selected from the group
consisting of hydrogen, halogen, C,4alky! and 3- to 8-membered cycloalkyl containing from 0 to
3 heteroatoms independently chosen from the group consisting of N, O and S,

(d)  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl,
piperidinyl, oxacyclopentyl and oxacyclohexy! having from 0 to 3 substitutents R'® on N or C
atoms, the R** independently selected from the group consisting of hydrogen, halogen, carboxy,
Cisalkyl, -O-C;salkyl, -S-C; ¢alkyl, phenyl and benzyl, and
(e)  aryl ring systems G' chosen from the group consisting of: phenyl,

pyridinyl and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms
independently chosen from the group consisting of N and Q. In all aspects of this embodiment,

all other groups are as provided in the general formula above.

In a tenth embodiment of the invention, @ is chosen from the group consisting

Resthes e hes el

bt (») (3)
N, where is substituted by from 0 to 3 additional R*; . is phenyl; v is from

010 2; each R*is independently chosen from the group consisting of fluorine, chlorine,

-OH, -CHj3, -OCH; and -CN; each D is independently chosen from the group consisting of

;‘L@]@% ) f\{gfz

; each E is independently chosen from the group consisting of a
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N

AR AT
N N g R
R!n
single bond, b , and  R® R®  where one of R* and R™ is -OH or fluorine;

and each G is independently chosen from the group consisting of C,4alkyl having 1 to 2

» S

substituents R}, wherein each R!! is independently chosen from the group consisting of -OH,
-NH,, -NCH;H, -N(CHs);, -N(CH,CHjs),, -C(O)YOCH;, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, oxacyclohexyl, phenyl, pyridinyl,
pyrimidiny] and pyrrolyl. In all aspects of this embodiment, all other groups are as provided in
the general formula above or in the eighth embodiment.

In an eleventh embodiment of the invention, the compound having structural

formula (I) is a compound having structural formula (Ta):

R
N- RY), R
—y g
P Wad

"o (la)

N\
or a pharmaceutically acceptable salt thereof, wherein @ is substituted by & substituents
R}, and Y is selected from the group consisting of O and NR!. In all aspects of this embodiment,
all other groups are as provided in the general formula above or in any one of the first through
tenth embodiments.
In a twelfth embodiment of the invention, the compound having structural

formula (Ia) is a compound having structural formula (Ib):

o0 R0z

N NN I No
L N,II\E?)’

N\
or a pharmaceutically acceptable salt thereof, wherein O:> is substituted by u substituents

(Ib)

R, and Y is selected from the group consisting of O and NR!. In particular aspects of his

N\
embodiment, ©f3> is substituted by u substituents R!, Y is O, and both instances of G are
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A
0
\I)\ﬁ . In all aspects of this embediment, all other groups are as provided in the general
formula above or in the eleventh embodiment.
In a thirteenth embodiment of the invention, the compound having structural

formula (Fa) is a compound having structural formula (Ib):

0 (Rs)o-z
\/\H & R¥or
MJ\D
(Ib)

or a pharmaceutically acceptable salt thereof, wherein said @ is substituted by «

D wdsaia <)
substituents R, and said QQ and said , taken together with one substituent R and

one substituent R?, are represented by a group chosen from the group consisting of

-
/ (Ri)nmg:/\- m
1 S 1
® )Om%m YW AM (R il \ A ii . In

N
particular aspects of this embodiment, ©jﬁ> and said , taken together with one

substituent R' and one substituent R?, are represented by

wherein V is 'CHQ", Wis —(CHz)o.zO(CHz)o.z-, Rl is ﬂuorine, and both
)

YLN)LO/
instances of G are H . In all aspects of this embodiment, all other groups are as

provided in the general formula above or in the eleventh embodiment.

In a fourteenth embodiment of the invention, @ and , taken together with
one substituent R and one substituent R?, are represented by a group chosen from the group

consisting of:

-24.
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e
ST hmg
(R | o3 R )M \ \ ;%
w 03,

=N v—

Ii\j/N W.
y X N ) A AN ==
BN N )\ TRy fR')o-: (R')u:ﬁ | ) )
‘ \ S W 3¢
—T i (R and 0 7R, where

W is chosen from the group consisting of -(CHj)1.3-, -(CHz)e2NH(CH)o.2-,
-(CH2)o2N(C rsalkyl)(CHz)o.2-, -(CH2)020(CHz)p2- and -(CH)o2C(O)(CHz)e.2-, where W is
substituted by from 0 to 4 R”, where each R" is independently selected from Cyalky! and
Cy.scycloalkyl; and
V is chosen from the group consisting of -C(O)- and -CH,-, and where V is
-CHa-, V is substituted by from 0 to 2 R”, where each R" is independently selected from the
group consisting of C.¢alkyl and Cj.gcycloalkyl;
each R’ is independently chosen from the group consisting of hydrogen, halogen, -
-OR?, -CN, -C(O)R?, -CO:R?, ~-C{OIN(R™),, -SR?, -S(O)R?, -S(O)R?, -N(R**),,
«(CH2o0NR ™), -NR*HSO.R?, -NR*HCOR?, -NER*HCOR?, -NR*C(O)N(R™), Cy.salkyl,
Cj.gcarbocycle containing from 0 to 3 heteroatoms chosen from N, O and S, and phenyl, and the
Ci.¢alkyl, Ca.gcarbocycle and phenyl are substituted by from 0 to 3 substitutents independently
chosen from the group consisting of hydrogen, halogen, -OR™, -CN, -CO,R*, -C(O)N(R*™),,
N(R™),, NR*®CO,R*, -SR*, -S(O)R™, -5(0z)R™, -N(R*SO.R™, -N(R*)COR*,
NER*C(ONR®, C) galkyl, -0-Cy.¢alkyl and —S-Cy.alkyl,
each R? is independently chosen from the group consisting of hydrogen,
Ci.alkyl, -OH, -O-Cyalkyl and Cs.gcycloalkyl, and
each R*® is independently chosen from the group consisting of hydrogen,
C;.salkyl and Csscycloalkyl;
each R? is independently chosen from the group consisting of hydrogen, halogen,
-OR* .CN, -COR™, -C(ONR ), -NR),, -NR*)ICO,R®, -SR™, -S(O)R™, -S(02)RY,
N(R™SO;R™, -NR*COR®, NR*)C(O)NR™), C, calkyl substituted by from 0 to 4 R and
Cs.geycloalky!? substituted by from 0 to 4 RY,
each R? is independently chosen from the group consisting of hydrogen,
-OH, C;alkyl and C;cycloalkyl, and
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each R* is independently chosen from the group consisting of hydrogen,
Ci.alkyl and C;_scycloalkyl;

wherein each D is independently chosen from the group consisting of a single

f\ivﬁz 5173% ;‘Y_\f}" 5\@% 5\( Y’E

bond, -C(O)N(R®)-, -NR*C(0)-,

3
~HA

5 and NN where
R’ is independently chosen from the group consisting of hydrogen,
halogen -OR®, -CN, -CO,R, -C(O)N(R®),, -N(R%),, N(RECOR®, -SR®, -S(OIRS, -S(0,)RS,
NRHSO,RS, -NCO,RS, -NC(ON(R®),, Cy.¢alkyl substituted by from 0 to 3 substituents R® and
Csscycloalkyl substituted by from 0 to 3 substituents RS, and
10 each R® is independently chosen from the group consisting of hydrogen,
Cisalkyl and Cj gcycloalkyl;
wherein each E is independently chosen from the group consisting of a single
bond, -CH;NHC(0O)-, -CH,N(CH3)C(0)-, -C(CH3)YHNHC(0)-, -C(CH3)HN(CH;)C(0)-,
-C(CH3,NHC(0)-, -C(CH;3);N(CH,)C(0)-, -CH,NHC(0)O-, -CH,N(CH;)C(0)O-,

15 -C(CH;3HNHC(0)O-, -C(CH1)HN(CH3)C(0)O-, -C(CH3)NHC(0)O-, -C(CH;);N(CH;3)C(0)O-,

" e

N

RB:
b b R"’ R*  where one of R and R® is -OH or fluorine;

wherein each G is independently chosen from the group consisting of
(a) hydrogen,
b  -CN,
20 (c) C.salkyl having 1 to 3 substituents R"',
each RY is independently chosen from the group consisting of -OH, -NH,,
-NCH3H, -N(CHjz)2, -N(CH;CH3),, =NH, =NCHj3, -C(O)H, -C(0)OH, -C(0O)CH,, -C(O)OCH;,
-NHC(O)H, -NHC(O)OH, -NHC(O)CHj3, -NHC(O)OCHs3, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and oxacyclohexyl, phenyl,
25 pyridinyl, pyrimidiny! and pyrrolyl, where
the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexy! are substituted by from 0 to 2
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substitutents R'2 on N or C atoms, and each R?is independently selected from the group
consisting of hydrogen, halogen, carboxy, Cj.salkyl, -O-C,¢alkyl and —S-C,_galkyl; and

the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0
to 3 substitutents R' on N or C atoms, and each R" is independently selected from the group
consisting of hydrogen, halogen, Cyalky! and 3- to 8-membered cycloalkyl containing from 0 to
3 heteroatoms independently chosen from the group consisting of N, O and S,

(@  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl,
piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents RonNorC
atoms, the R'® independently selected from the group consisting of hydrogen, halogen, carboxy,
Cy.salkyl, -O-Cy.¢alkyl, -S-C;.¢alkyl, phenyl and benzyl, and

(e) aryl ring systems G' chosen from the group consisting of: phenyl,
pyridinyl and 9-membered bicyclic ring systems containing from 0 1o 2 heteroatoms
independently chosen from the group consisting of N and O. In all aspects of this embodiment,
all other groups are as provided in the general formula above.

In another embodiment of the invention, the compound of the invention is
selected from the exemplary species depicted in Examples 1 through 215 shown below, or
pharmaceutically acceptable salts thereof.

In another embodiment of the invention, for the compounds of formula (I),

variables @ , ~~,D,E, G, R, R, u, v, R, R* R%, R™, R’, R, R, I, , R®, R¥® R* R’ R",
R!% M RP RB RM W, R, V, and R", are selected independently from each other.

Other embodiments of the present invention include the following:

(@) A pharmaceutical composition comprising an effective amount of a
compound of formula (I) and a pharmaceutically acceptable carrier.

()  The pharmaceutical composition of (a), further comprising a second
therapeutic agent selected from the group consisting of HCV antiviral agents,
immunomodulators, and anti-infective agents.

(¢)  The pharmaceutical composition of (b), wherein the HCV antiviral agent
is an antiviral selected from the group consisting of HCV protease inhibitors and HCV NS5B
polymerase inhibitors.

(d) A pharmaceutical combination that is (i) a compound of formula (1) and

(ii) a second therapeutic agent selected from the group consisting of HCV antiviral agents,
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immunomodulators, and anti-infective agents; wherein the compound of formula (I) and the
second therapeutic agent are each employed in an amount that renders the combination effective
for inhibiting HCV NS5A activity, or for treating HCV infection and/or reducing the likelihood
or severity of symptoms of HCV infection, or for inhibiting HCV viral replication and/or HCV
viral production in a cell-based system.

(&)  The combination of (d), wherein the HCV antiviral agent is an antiviral
selected from the group consisting of HCV protease inhibitors and HCV NS5B polymerase
inhibitors.

(f) A method of inhibiting HCV NS5A activity in a subject in need thereof,
which comprises administering to the subject an effective amount of a compound of formula (I).

() A method of treating HCV infection and/or reducing the likelihood or
severity of symptoms of HCV infection in a subject in need thereof, which comprises
administering to the subject an effective amount of a compound of formula (T).

(h)  The method of (g), wherein the compound of formula (I) is administered
in combination with an effective amount of at least one second therapeutic agent selected from
the group consisting of HCV antiviral agents, immunomedulators, and anti-infective agents.

| (1) The method of (h), wherein the HCV antiviral agent is an antiviral
selected from the group consisting of HCV protease inhibitors and HCV NS5B polymerase
inhibitots.

)] A method of inhibiting HCV viral replication and/or HCV viral production
in a cell-based system, which comprises administering to the subject an effective amount of a
compound of formula (I).

(k)  The method of (j), wherein the compound of formula (I} is administered in
combination with an effective amount of at least one second therapeutic agent selected from the
group consisting of HCV antiviral agents, immunomodulators, and anti-infective agents.

) The method of (k), wherein the HCV antiviral agent is an antiviral
selected from the group consisting of HCV protease inhibitors and HCV NS5B polymerase
inhibitors.

(m) A method of inhibiting HCV NS5A activity in a subject in need thereof,
which comprises administering to the subject the pharmaceutical composition of (a), (b), or (c) or

the combination of (d) or (e).
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() A method of treating HCV infection and/or reducing the iikelihood or
severity of symptoms of HCV infection in a subject in need thereof, which comprises
administering to the subject the pharmaceutical composition of (a), (b), or (¢) or the combination
of (d) or ().

(o) A method of inhibiting HCV viral replication and/or HCV viral production
in a cell-based system, which comprises administering to the subject the pharmaceutical
composition of (a), (b), or (c) or the combination of (d) or (e).

In the embodiments of the compounds and salts provided above, it is to be
understood that each embodiment may be combined with one or more other embodiments, to the
extent that such a combination provides a stable compound or salt and is consistent with the
description of the embodiments. It is further to be understood that the embodiments of
compositions and methods provided as (a) through (o) above are understood to include all
embodiments of the compounds and/or salts, including such embodiments as result from
combinations of embodiments.

The present invention also includes a compound of the present invention for use
(i) in, (ii) as a medicament for, or (iii} in the preparation of a medicament for: (a) inhibiting HCV
NSSA activity, or (b) treating HCV infection and/or reducing the likelihood or severity of
symptoms of HCV infection, or (c¢) inhibiting HCV viral replication and/or HCV viral production
in a cell-based system, or (d) use in medicine. In these uses, the compounds of the present
invention can optionally be employed in combination with one or more second therapeutic
agents selected from HCV antiviral agents, anti-infective agents, and immunomodulators.

Additional embodiments of the invention include the pharmaceutical
compositions, combinations and methods set forth in (a)-(o) above and the uses set forth in the
preceding paragraph, wherein the compound of the present invention employed therein is a
compound of one of the embodiments, aspects, classes, sub-classes, or features of the
compounds described above. In all of these embodiments, the compound may optionally be used
in the form of a pharmaceutically acceptable salt, or may be present in the form of a solvate or
hydrate as appropriate.

As used herein, all ranges are inclusive, and all sub-ranges are included within
such ranges, although not necessarily explicitly set forth. In addition, the term "or," as used
herein, denotes alternatives that may, where appropriate, be combined; that is, the term "or"

includes each listed aliernative separately as well as their combination.
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As used herein, the term “alkyl” refers to any linear or branched chain alkyl group
having a number of carbon atoms in the specified range. Thus, for example, “Cy.¢ alkyl” (or
“Cy-Cs alkyl”) refers to all of the hexyl alky! and pentyl alky! isomers as well as n-, iso-, sec- and
tert-butyl, n- and isopropyl, ethyl and methy!l. As another example, “Cj4 alkyi” refers to n-, iso-,
sec- and tert-butyl, n- and isopropyl, ethyl and methyl. Where indicated, "C," refers to
hydrogen; thus, for example, “Cq.¢ alkyl” {or “Cqy-Cg alkyl™) refers to all of the hexyl alky} and
pentyl alkyl isomers as well as n-, iso-, sec- and tert-butyl, n- and isopropyl, ethyl, methyl and
hydrogen. Alkyl groups may be substituted as indicated.

The term "halogenated"” refers to a group or molecule in which a hydrogen atom
has been replaced by a halogen. Similarly, the term “haloalkyl” refers to a halogenated alkyl
group. The term "halogen” (or “halo”) refers to atoms of fluorine, chlorine, bromine and iodine
(alternatively referred to as fluoro, chloro, bromo, and iodo), preferably fivorine.

The term “alkoxy” refers to an “alkyl-O-" group, where alky! is as defined above.
Alkoxy groups may be substituted as indicated.

The term "cycloalkyl" refers to any cyclic ring of an alkane or alkene having a
number of carbon atoms in the specified range. Thus, for example, “Cs.4 cycloalkyl” (or “C3-Cy
cycloalkyl™) refers to cyclopropyl, cyclobutyl, cyclopenty!, cyclohexyl, cycloheptyl, and
cyclooctyl. The term “cycloalkoxy” refers to a “cycloalkyl-O-" group, whre cycloalkyl is as
defined above. Cycloalky! groups may be substituted as indicated.

The term "aryl" (or "aryl ring system") refers to aromatic mono- and poly-
carbocyclic or heterocyclic ring systems wherein the individual carbocyclic rings in the polyring
systems are fused or attached to each other via a single bond. As used herein, the term aryl
includes aromatic mono- and poly-carbocyclic ring systems that include from 0 to 4 heteroatoms
(non-carbon atoms) that are independently chosen from N, O and S. Suitable aryl groups include
phenyl, naphthyl, biphenylenyl, pyridinyl, pyrimidinyl and pyrrolyl, as well as those discussed
below. Aryl groups may be substituted as indicated. Aryl ring systems may include, where
appropriate, an indication of the variable to which a particular ring atom is attached. Unless
otherwise indicated, substituents to the aryl ring systems can be attached to any ring atom,
provided that such attachment results in formation of a stable ring system.

The term “carbocyele” (and variations thereof such as “carbocyclic”) as used
herein, unless otherwise indicated, refers to (i) a Cs to C; monocyclic, saturated or unsaturated

ring, or (1) a Cg to Cyg bicyclic saturated or unsaturated ring system. Each ring in (ii) is either
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independent of, or fused to, the other ring, and each ring is saturated or unsaturated. Carbocycle
groups may be substituted as indicated. When the carbocycles contain one or more heteroatoms
independently chosen from N, O and S, the carbocycles may also be referred to as
"heterocycles,” as defined below. The carbocycle may be attached to the rest of the molecule at
any carbon ot nitrogen atom that results in a stable compound. The fused bicyclic carbocycles
are a subset of the carbocycles; i.e., the term "fused bicyclic carbocycle” generally refers to a Cy
to C;p bicyclic ring system in which each ring is saturated or unsaturated and two adjacent
carbon atoms are shared by each of the rings in the ring system. A fused bicyclic carbocycle in
which both rings are saturated is a saturated bicyclic ring system. Saturated carbocyclic rings are
also referred to as cycloalkyl rings, e.g., cyclopropyl, cyclobutyl, etc. A fused bicyclic
carbocycle in which one or both rings are unsaturated is an unsaturated bicyclic ring system.
Carbocycle ring systems may include, where appropriate, an indication of the variable to which a
particular ring atom is attached. Unless otherwise indicated, substituents to the ring systems can
be attached to any ring atom, provided that such attachment results in formation of a stable ring
system.

Unless indicated otherwise, the term “heterocycle” (and variations thereof such as
“heterocyclic” or “heterocyclyl™) broadly refers to (i) a stable 5- to 7-membered, saturated or
unsaturated monocyclic ring, or (ii) a stable 8- to 10-membered bicyclic ring system, wherein
each ring in (ii) is independent of, or fused to, the other ring or rings and each ring is saturated or
unsaturated, and the monocyclic ring or bicyclic ring system contains one or more heteroatoms
(e.g., from 1 to 6 heteroatoms, or from 1 to 4 heteroatoms) independently selected from N, O and
S and a balance of carbon atoms (the monocyclic ring typically contains at least one carbon atom
and the bicyclic ring systems typically contain at least two carbon atoms); and wherein any one
or more of the nitrogen and sulfur heteroatoms is optionally oxidized, and any one or more of the
nitrogen heteroatoms is optionally quaternized. Unless otherwise specified, the heterocyclic ring
may be attached at any heteroatom or carbon atom, provided that attachment results in the
creation of a stable structure. Heterocycle groups may be substituted as indicated, and unless
otherwise specified, the substituents may be attached to any atom in the ring, whether a
heteroatom or a carbon atom, provided that a stable chemical structure results. Representative
examples include pyranyl, piperidinyl, piperazinyl, azepanyl, pyrrolidinyl, pyrazolidinyl,
imidazolidinyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiomorpholinyl, thiazolidinyl,

isothiazolidinyl, and tetrahydrofuryl (or tetrahydrofuranyl). Unless expressly stated to the
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contrary, the term "heteroaryl ﬁ'ng system" refers to aryl ring systems, as defined above, that
include from 1 to 4 hetercatoms (non-carbon atoms) that are independently chosen from N, O
and S. In the case of substituted heteraromatic rings containing at least one nitrogen atom {e.g.,
pyridine), such substitutions can be those resulting in N-oxide formation. Representative
examples of heteroaromatic rings include pyridyl, pyrrolyl, pyrazinyl, pyrimidinyl, pyridaziny],
thieny! (or thiophenyl), thiazolyl, furanyl, imidazolyl, pyrazolyl, iriazoly], tetrazolyl, oxazolyl,
isooxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, and thiadiazolyl. Representative examples of
bicyclic heterocycles include benzotriazolyl, indolyl, isoindolyl, indazolyl, indolinyl,
isoindolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, chromanyl, isochromanyl,
tetrahydroquinolinyl, quinolinyl, tetrahydroisoquinolinyl, isoquinolinyl, 2,3-
dihydrobenzofuranyl, 2,3-dihydrobenzo-1,4-dioxiny! and benzo-1,3-dioxolyl.

Unless otherwise specifically noted as only “substituted”, alkyl, cycloalkyl, and
aryl groups are not substituted. If substituted, preferred substituents are selected {rom the group
that includes, but is not limited to, halo, C;-Cy alkyl, -CFs, -NH,, -N(C,-Cg alkyl),, -NQO,, oxo,
-CN,-N3, -OH, -O(C,-Cg alky}), C3-Cyo cycloalkyl, Co-Cg alkenyl, C,-Cs alkynyl, (Co-Cs alkyl)
S(O)2-, aryl-S(0)o.2-, (Co-Cs alkyl}S(0)92(Co-Cs alkyl)-, (Co-Cs alkyl)C(OYNH-, H;N-C(NH)-,
-O(Cy-Cs alkyl)CF3, (Cy-Cs alkyl)C(O)-, (Co-Cyg alkyl)OC(0)-, (Co-Csalkyl)Q(C)-Cg alkyl)-,
(Co-Cg alky)C(O)12(Co-Cy alkyl)-, (C,-Cq alkylYOC(O)NH-, aryl, aralkyl, heteroaryl,
heterocycloalkyl, halo-aryl, halo-aralkyl, halo-heterocycle and halo-heterocycloalkyl.

Unless expressly stated to the contrary, all ranges cited herein are inclusive. For
example, a heteroaryl ring described as containing from "0 to 3 heteroatoms" means the ring can
contain 0, 1, 2, or 3 heteroatoms. It is also to be understood that any range cited herein includes
within its scope all of the sub-ranges within that range. The oxidized forms of the heteroatoms N
and S are also included within the scope of the present invention.

When any variable (for example, R' or R®) occurs more than one time in any
constituent or in formula (X) or in any other formula depicting and describing compounds of the
invention, 1ts definition on each occurrence is independent of its definition at every other
occurrence. Also, combinations of substituents and/or variables are permissible only if such
combinations result in stable compounds.

Unless expressly stated to the contrary, substitution by a named substituent is
permitted on any atom provided such substitution is chemically allowed and results in a stable

compound. A "stable" compound is a compound that can be prepared and isolated and that has a
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structure and properties that remain or can be caused to remain essentially unchanged for a
period of time sufficient to allow use of the compound for the purposes described herein (e.g.,
therapeutic or prophylactic administration to a subject).

As used herein, the term "compound” is intended to encompass chemical agents
described by generic formula (I) in all forms, including hydrates and solvates of such chemical
agents.

In the compounds of generic formula (I), the atoms may exhibit their natural
isotopic abundances, or one or more of the atoms may be artificially enriched in a particular
isotope having the same atormic number, but an atomic mass or mass number different from the
atomic mass or mass number predominantly found in nature. The present invention is meant {0
include all suitable isotopic variations of the compounds of generic formula (I). For example,
different isotopic forms of hydrogen (H) include protium (‘H) and deuterium (*H or D). Protium
is the predominant hydrogen isotope found in nature. Enriching for deuterium may afford
certain therapeutic advantages, such as increasing in vivo half-life or reducing dosage
requirements, or may provide a compound useful as a standard for characterization of biological
samples. Isotopically-enriched compounds within generic formula (I) can be prepared without
undue experimentation by conventional techniques well known to those skilled in the art or by
processes analogous to those described in the Schemes and Examples herein using appropriate
isotopically-enriched reagents and/or intermediates.

As a result of the selection of substituents and substituent patterns, certain of the
compounds of the present invention can have asymmetric centers and can occur as mixtures of
stereoisomers, or as individual diastereomers, or enantiomers. All isomeric forms of these
compounds, whether isolated or in mixtures, are within the scope of the present invention.

As would be recognized by one of ordinary skill in the art, certain of the
compounds of the present invention can exist as tautomers. For the purposes of the present
invention a reference to a compound of formula (1) is a reference to the compound per se, or to
any one of its tautomers per se, or to mixtures of two or more tautomers.

The compounds of the present invention may be administered in the form of
pharmaceutically acceptable salts. The term "pharmacentically acceptable salt” refers to a salt
that possesses the effectiveness of the parent compound and that is not biologically or otherwise
undesirable (e.g., is neither toxic nor otherwise deleterious 1o the recipient thereof). Suitable

salts include acid addition salts that may, for example, be formed by mixing a solution of the
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compound of the present invention with a solution of a pharmaceutically acceptable acid such as
hydrochloric acid, sulfuric acid, acetic acid, trifluoroacetic acid, or benzoic acid. Many of the
compounds of the invention carry an acidic moiety, in which case suitable pharmaceutically
acceptable salts thereof can include alkali metal salts (e.g., sodium or potassium salts), alkaline
carth metal salts (e.g., calcium or magnesium salts), and salts formed with suitable organic
ligands such as quaternary ammenium salts. Also, in the case of an acid (-COOH) or alcohol
group being present, pharmaceutically acceptable esters can be employed to modify the
solubility or hydrolysis characteristics of the compound.

The term "administration” and variants thereof (e.g., "administering" a
compound) in reference fo a compound of the invention mean providing the compound or a
prodrug of the compound to the individual in need of treatment. When a compound of the
invention or a prodrug thereof is provided in combination with one or more other active agents
(e.g., antiviral agents useful for treating HCV infection), "administration™ and its varjants are
each understood to include concurrent and sequential provision of the compound or salt (or
hydrate) and other agents.

As used herein, the term "composition" is intended to encompass a product
comprising the specified ingredients, as well as any product that results, directly or indirectly,
from combining the specified ingredients.

By "pharmacentically acceptable” is meant that the ingredients of the
pharmaceutical composition must be compatible with each other and not deleterious to the
recipient thereof.

The terms "subject” (alternatively referred to herein as "patient”) as used herein,
refer to an animal, preferably a mammal, most preferably a human, who has been the object of
treatment, observation or experiment.

The term "effective amount" as used herein means that amount of active
compound or pharmaceutical agent that elicits the biological or medicinal response in a tissue,
system, animal or human that is being sought by a researcher, veterinarian, medical doctor or
other clinician. In one embodiment, the effective amount is a "therapeutically effective amount”
for the alleviation of one or more symptoms of the disease or condition being treated. In another
embodiment, the effective amount is a "prophylactically effective amount” for reduction of the
severity or likelihood of one or more symptoms of the disease or condition. In another

embodiment, the effective amount is a "therapeutically effective amount” for inhibition of HCV
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viral replication and/or HCV viral production. The term also includes herein the amount of
active compound sufficient to inhibit HCV NS5A and thereby elicit the response being sought
(i.e., an "inhibition effective amount”). When the active compound (i.e., active ingredient) is
administered as the salt, references to the amount of active ingredient are to the free acid or free
base form of the compound.

It is understood that claimed compounds cause inhibition in replicon assay testing.
Thus, compounds described herein are useful for inhibiting HCV replication, specifically the
NS5A protein. Compounds described herein have different uses, including the prevention or
treatment of one or more of the symptoms of HCV infection, the inhibition of HCV viral
replication and/or HCV viral production, and/or as pharmaceutical composition ingredients.

The compounds of this invention are useful in the preparation and execution of
screening assays for antiviral compounds. For example, the compounds of this invention are
useful for identifying resistant HCV replicon cell lines harboring mutations within NS5A, which
are excellent screening tools for more powerful antiviral compounds. Furthermore, the
compounds of this invention are useful in establishing or determining the binding site of other
antivirals to the HCV replicase.

For the purposes of inhibiting HCV NS5A protein, treating HCV infection and/or
reducing the likelihood or severity of symptoms of HCV infection and inhibiting HCV viral
replication and/or HCV viral production, the compounds of the present invention, optionally in
the form of a salt or a hydrate, can be administered by any means that produces contact of the
active agent with the agent's site of action. They can be administered by one or more
conventional means available for use in conjunction with pharmaceuticals, either as individual
therapeutic agents or in a combination of therapeutic agents. They can be administered alone,
but typically are administered with a pharmaceutical carrier selected on the basis of the chosen
route of administration and standard pharmaceutical practice. The compounds of the invention
can, for example, be administered by one or more of the following: orally, parenterally
(including subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion
techniques), by inhalation (such as in a spray form), or rectally, in the form of a unit dosage of a
pharmaceutical composition containing an effective amount of the compound and conventional
non-toxic pharmaceutically-acceptable carriers, adjuvants and vehicles. Liquid preparations
suitable for oral administration (e.g., suspensions, syrups, elixirs and the like) can be prepared

according to technigues known in the art and can employ any of the usual media such as water,
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glycols, oils, alcohols and the like. Solid preparations suitable for oral administration {e.g.,
powders, pills, capsules and tablets) can be prepared according to techniques known in the art
and can employ such solid excipients as starches, sugars, kaolin, lubricants, binders,
disintegrating agents and the like. Parenteral compositions can be prepared according to
techniques known in the art and typically employ sterile water as a carrier and optionally other
ingredients, such as solubility aids. Injectable solutions can be prepared according to methods
known in the art wherein the carrier comprises a saline solution, a glucose solution or a solution
contaiming a mixture of saline and glucose, Further description of methods suitable for use in
preparing pharmaceutical compositions of the present invention and of ingredients suitable for
use in said compositions is provided in Remington's Pharmaceutical Sciences, 18" edition (ed.
A. R. Gennaro, Mack Publishing Co., 1990).

The compounds of this invention can be administered orally in a dosage range of

0.001 to 1000 mg/kg of mammal (e.g., human) body weight per day in a single dose or in divided
doses. One dosage range is 0.01 to 500 mg/kg body weight per day orally in a single dose or in
divided doses. Another dosage range is 0.1 to 100 mg/kg body weight per day orally in single or
divided doses. For oral administration, the compositions can be provided in the form of tablets
or capsules containing 1.0 to 500 mg of the aclive ingredient, particularly 1, 5, 10, 15, 20, 25, 50,
75, 100, 150, 200, 250, 300, 400, and 500 mg of the active ingredient for the symptomatic
adjustment of the dosage to the patient to be treated. The specific dose level and frequency of
dosage for any particular patient may be varied and will depend upon a variety of factors
including the activity of the specific compound employed, the metabolic stability and length of
action of that compound, the age, body weight, general health, sex, diet, mode and time of
administration, rate of excretion, drug combination, the severity of the particular condition, and
the host undergoing therapy.

As noted above, the present invention also relates to a method of inhibiting HCV
replicon activity, inhibiting HCV viral replication and/or HCV viral production, treating HCV
infection and/or reducing the likelihood or severity of symptoms of HCV infection with a
compound of the present invention in combination with one or more therapeutic agents and a
pharmaceutical composition comprising a compound of the present invention and one or more
therapeutic agents selected from the group consisting of a HCV antiviral agent, an
immunomodulator, and an anti-infective agent. Such therapeutic agents active against HCV

include, but are not limited to, ribavirin, levovirin, viramidine, thymosin alpha-1, R7025 (an
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enhanced interferon (Roche)), interferon-B, interferon-o, pegylated interferon-o
(peginterferon-a), a combination of interferon-o, and ribavirin, a combination of peginterferon-a
and ribavirin, a combination of interferon-a and Jevovirin, and a combination of peginterferon-o
and levovirin. The combination of peginterferon-a and ribaviron represents the current Standard
of Care for HCV treatment. The combination of one or more compounds of the present
invention with the Standard of Care for HCV treatment, pegylated-interferon and ribaviron is
specifically contemplated as being encompassed by the present invention. Interferon-a includes,
but is not limited to, recombinant interferon-o2a (such as ROFERON interferon), pegylated
interferon-02a (PEGASYS), interferon-u2b (such as INTRON-A interferon), pegylated interferon-
o2b (PEGINTRON), a recombinant consensus interferon (such as interferon alphacon-1), albuferon
(interferon-a bound to human serum albumin (Human Genome Sciences)), and a purified
interferon-o. product. Amgen’s recombinant consensus interferon has the brand name INFERGEN.
Levovirin is the L-enantiomer of ribavirin which has shown immunomodulatory activity similar
to ribavirin. Viramidine represents an analog of ribavirin disclosed in Internationa) Patent
Application Publication WO 01/60379. In accordance with the method of the present invention,
the individual components of the combination can be administered separately at different times
during the course of therapy or concurrently in divided or single combination forms.

Ribavirin, levovirin, and viramidine may exert their anti-HCV effects by
modulating intracellular pools of guanine nucleotides via inhibition of the intracellular enzyme
inosine monophosphate dehydrogenase (IMPDH). IMPDH is the rate-limiting enzyme on the
biosynthetic route in de novo guanine nucleotide biosynthesis. Ribavirin is readily
phosphorylated intracellularly and the monophosphate derivative is an inhibitor of IMPDH.
Thus, inhibition of IMPDH represents another useful target for the discovery of inhibitors of
HCV replication. Therefore, the compounds of the present invention may also be administered
in combination with an inhibitor of IMPDH, such as those disclosed in International Patent
Application Publications WO 97/41211, WO 01/00622 and WO 00/25780; or mycophenolate
mofetil. See Anthony C. Allison and Elsie M. Eugui, Immunosuppressive and Other Anti-
Rheumetic Activities of Mychophenolate Mofetil, 44 (SUPPL.) AGENTS ACTION 165 (1993).

For the treatment of HCV infection, the compounds of the present invention may

also be administered in combination with the antiviral agent polymerase inhibitor R7128
(Roche).
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The compounds of the present invention may also be combined for the treatment
of HCV infection with antivira] 2’-C-branched ribonucleosides disclosed in Rogers E. Harry-
O’Kuru et al., A Short, Flexible Route to 2'-C-Branched Ribonucleosides, 62 J. ORG. CHEM.
1754-59 (1997); Michael S. Wolfe and Rogers E. Harry-O'Kuru, 4 Consise Synthesis of 2'-C-
Mg!hyfrib_onucleosides, 36 TET. LETT. 7611-14 (1995); U.S. Patent No. 3,480,613; and
International Patent Application Publications WO 01/90121, WO 01/92282, WQ 02/32920,

WO 04/002999, WO 04/003000 and WO 04/002422; the contents of each of which are
incorporated by reference in their entirety. Such 2’-C-branched ribonucleosides include, but are
not limited to, 2’-C-methyl-cytidine, 2’-C-methyl-uridine, 2’-C-methyl-adenosine, 2’-C-methyl-
guanosine, and 9-(2-C-methyl-B-D-ribofuranosyl)-2,6-diaminopurine, and the corresponding
amino acid ester of the ribose C-2°, C-3’, and C-5" hydroxyls and the corresponding optionally
substituted cyclic 1,3-propanediol esters of the 5’-phosphate derivatives.

For the treatment of HCV infection, the compounds of the present invention may
also be administered in combination with an agent that is an inhibitor of HCV NS3 serine
protease. HCV NS3 serine protease is an essential viral enzyme and has been described to be an
excelient target for inhibition of HCV replication. Exemplary substrate and non-substrate based
inhibitors of HCV NS3 protease inhibitors are disclosed in International Patent Application
Publications WO 98/22496, WO 98/46630, WO 99/07733, WO 99/07734, WO 99/38888,

WO 99/50230, WO 99/64442, WO 00/09543, WO 00/59929, WO 02/48116, WO 02/48172,
WO 2008/057208 and WO 2008/057209, in British Patent No. GB 2 337 262, and in U.S. Patent
Nos. 6,323,180, 7,470,664, and 7,012,066 and in Ashok Arasappan et al., Discovery of
Narlaprevir (SCH 900518): A Potent, Second Generation HCV NS3 Serine Protease Inhibitor,
ACS MED. CHEM. LETT. DOI: 10.1021/ml9000276 (February 15, 2010).

The compounds of the present invention may also be combined for the treatment
of HCV infection with nucleosides having anti-HCV properties, such as those disclosed in
International Patent Application Publications WO 02/51425, WO 01/79246, WO 02/32920,

WO 02/48165 and WO 2005/003147 (including R1656, (2°R)-2’-deoxy-2’-fluoro-2’-C-
methyleytidine, shown as compounds 3-6 on page 77); WO 01/68663; WO 99/43691,

WO 02/18404 and WO 2006/021341, and U.S. Patent Application Publication

US 2005/0038240, including 4’-azido nucleosides such as R1626, 4’-azid0<;,ytidinc; U.S. Patent
Application Publications US 2002/0019363, 1S 2003/0236216, US 2004/0006007,

US 2004/0063658 and US 2004/0110717; U.S. Patent Nos. 7,105,499, 7,125,855, 7,202,224, and
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International Patent Application Publications WO 02/100415, WO 03/026589, WO 03/026675,
WO 03/093290, WO 04/011478, WO 04/013300 and WO 04/028481; the content of each is
incorporated herein by reference in its entirety. ‘

For the treatment of HCV infection, the compounds of the present invention may
also be administered in combination with an agent that is an inhibitor of HCV NS5B polymerase.
Such HCV NS5B polymerase inhibitors that may be used as combination therapy include, but
are not limited to, those disclosed in International Patent Application Publications
WO 02/057287, WO 02/057425, WO 03/068244, WO 2004/000858, WO 04/003138 and
WO 2004/007512; U.S. Patent Nos. 6,777,392, 7,105,499, 7,125,855, 7,202,224 and U.S. Patent
Application Publications US 2004/0067901 and US 2004/0110717; the content of each is
incorporated herein by reference in its entirety. Other such HCV polymerase inhibitors include,
but are not limited to, valopicitabine (NM-283; Idenix) and 2’-F-2’-beta-methylcytidine (see also
WO 2005/003147).

In one embodiment, nucleoside HCV NS5B polymerase inhibitors that are used in
combination with the present HCV inhibitors are selected from the following compounds: 4-
amino-7-(2-C-methyl-f-D-arabinofuranosyl)-7 H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-C-
methyl-B-D-ribofuranosyl)-7H-pyrrolo{2,3-d]pyrimidine; 4-methylamine-7-(2-C-methyl-B-D-
riboﬁnanosyl)-’?H—ﬁynolo[Z,B-d]pyrimidine; 4-dimethylamino-7-(2-C-methyl-B-D-
ribofuranosyl)-7H-pyrrolo[2,3-d)pyrimidine; 4-cyclopropylamino-7-(2-C-methyl-B-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-C-vinyl-B-D-ribofuranosyl)-7H-
pymrolo[2,3-d]pyrimidine; 4-amino-7-(2-C-hydroxymethyl-B-D-ribofuranosyl)-74-pyrrolo{2,3-
d]pyrimidine; 4-amino-7-(2-C-fluoromethyl-8-D-ribofuranosyl)-7 H-pyrrolo[2,3-d]pyrimidine; 4-
amino-5-methyl-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-
C-methyl-B-D-ribofuranosyl)-7H-pyrrolo|2,3-d)pyrimidine- 5-carboxylic acid; 4-amino-5-bromo-
7-(2-C-methy}-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-5-chloro-7-(2-C-
methy)-p-D-ribofuranesyl)-7H-pyrrolo]2,3-d]pyrimidine; 4-amino-5-fluoro-7-(2-C-methyl-p-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 2,4-diamino-7-(2-C-methyl-§-D-ribofuranosyl)-
7H-pyrrolo[2,3-d]pyrimidine; 2-amino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrroloe[2,3-
dlpyrimidine; 2-amino-4-cyclopropylamino-7-(2-C-methyl-p-D-ribofuranosy!)-7 H-pyrrolo[2,3-
dlpyrimidine; 2-amino-7 ~(2-C-methyl-B-D-ribofuranosy})-7H-pyrrolo[2,3-d]pyrimidin-4(3 H)-
one; 4-amino-7-(2-C-ethyl-B-D-ribofuranosyl)-7 H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-C,2-
O-dimethyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 7-(2-C-methyl-3-D-
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ribofuranosyl)-7 H-pyrrolo[2,3-d]pyrimidin-4(3 H)-one; 2-amino-5-methyl-7-(2-C, 2-O-dimethyl-
B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidin-4(3 H)-one; 4-amino-7-(3-deoxy-2-C-methyl-p-
D-ribofuranosyl)-7H-pyrrolo{2,3-djpyrimidine; 4-amino-7-(3-deoxy-2-C-methyl-p-D-
arabinofuranosyl)-7H-pyrrolo[2,3-d|pyrimidine; 4-amino-2-fluoro-7-(2-C-methyl-8-D-
ribofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine; 4-amino-7-(3-C-methyl-3-D-ribofuranosyl)-7H-
pyrrolof2 3-d]pyrimidine; 4-amino-7-{3-C-methyl-$-D-xylofuranosyl)-7H-pyrrolo[2,3-
d)pyrimidine; 4-amino-7-(2,4-di-C-methyl-B-D-ribofuranosyl)}-7H-pyrrolo[2,3-d|pyrimidine; 4-
amino-7-(3-deoxy-3-fluoro-2-C-methyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-d}pyrimidine; and
the corresponding 5'-triphosphates; or a pharmaceutically acceptable salt thereof,

The compounds of the present invention may also be combined for the treatment
of HCV infection with non-nucleoside inhibitors of HCV polymerase such as those disclosed in
U.S. Patent Applciation Publications US 2006/0100262 and US 2009-0048239; International
Patent Application Publications WQ 01/77091, WO 01/47883, WO 02/04425, WO 02/06246,
WO 02/20497, WO 2005/016927 (in particular JTK003), WO 2004/041201, WO 2006/066079,
WO 2006/066080, WO 2008/075103, WO 2009/010783 and WO 2009/010785; the content of
each is incorporated herein by reference in its entirety.

In one embodiment, non-nucleoside HCV NS5B polymerase inhibitors that are
used in combination with the present HCV NS5A inhibitors are selected from the following
compounds: 14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-0x0-5,6,7,8-tetrahydroindolof2,1-
a){2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-(2-morpholin-4-ylethy!)-5,6,7,8-
tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-[2-
(dimethylamino)ethyl]-3-methoxy-5,6,7,8-tetrahydroindolo[2,1-a] {2,5]benzodiazocine-11-
carboxylic acid; 14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydroindolo[2,1-
al[2,5]benzodiazocine-11-carboxylic acid; methyl ({[(14-cyclohexyl-3-methoxy-6-methyl-
5,6,7,8-tetrahydroindolo{2,1-a][2,5]benzodiazocin-11-yl)carbonyl Jamino } sulfonyl)acetate;
({[(14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocin-11-
yl)carbonyl]amino}sulfonyllacetic acid; 14-cyclohexyl-N-[(dimethylamino)sulfonyl]-3-
methoxy-6-methyl-5,6,7,8-tetrahydroindolof2,1-4] [2,5]benzodiazocine-11-carboxamide; 3-
chloro-14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-0x0-5,6,7,8-tetrahydroindolo[2,1-
a){2,5]benzodiazocine 11-carboxylic acid; N'-(11-carboxy-14-cyclohexyl-7,8-dihydro-6H-
indolo[1,2-¢]{1,5]benzoxazocin-7-yl)-N,N-dimethylethane-1,2-diaminium bis(trifluoroacetate);

14-cyclohexyl-7,8-dihydro-6H-indolo[1,2-e][1,5] benzoxazocine-11-carboxylic acid; 14-
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cyclohexyl-6-methyl-7-0x0-5,6,7,8-tetrahydroindolo [2,1-a)f2,5]benzodiazocine-11-carboxylic
acid; 14-cyclohexyl-3-methoxy-6-methyl-7-oxo-5,6,7,8-tetrahydroindolo[2,1-
a)[2,5]benzediazocine-11-carboxylic acid; 14-cyclohexyl-6-[2-(dimethylamino)ethyl]-3-
methoxy-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a)[2,5]benzodiazocine-11-carboxylic acid; 14-
cyclohexyl-6-[3-(dimethylamino)propyl]-7-0x0-5,6,7,8-tetrahydroindolo [2,1-
a][2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-7-oxo-6-(2-piperidin-1-ylethyl)-
5,6,7,8-tetrahydroindolo[2,1-a][2,5)benzodiazocine- 11 -carboxylic acid; 14-cyclohexyl-6-(2-
morpholin-4-ylethyl)-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic
acid; 14-cyclohexyl-6-[2-(diethylamino)ethyl}-7-ox0-5,6,7,8-tetrahydroindolo{2,1-a]
[2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-(1-methylpiperidin-4-yl)-7-oxo-
5,6,7,8-tetrahydroindolo[2,1-a)[2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-N-
[(dimethylamino)sulfonyl]-7-oxo0-6-(2-piperidin-1-ylethyl)-5,6,7,8-tetrahydroindolo[2,1-a]
[2,5]benzodiazocine-11-carboxamide; 14-cyclohexyl-6-[2-(dimethylamino)ethyl]-N-
[(dimethylamino)sulfonyl]-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a}{2,5}benzodiazocine-11-
carboxamide; 14-cyclopentyl-6-[2-(dimethylamino)ethyl]-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a]
[2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-5,6,7,8-tetrahydroindolo{2,1-2]
[2,5]benzodiazocine-11-carboxylic acid; 6-allyl-14-cyclohexyl-3-methoxy-5,6,7,8-
tetrahydroindolof2,1 -d} [2,5]benzodiazocine-11-carboxylic acid; 14-cyclopentyl-6-[2-
(dimethylamino)ethyl]-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine- 1 1-carboxylic acid;
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-5,6,7,8-tetrahydroindolo[2, 1-a][2,5Jbenzodiazocine-
11-carboxylic acid; 13-cyclohexyl-5-methyl-4,5,6,7-tetrahydrofuro[3',2':6,7][1,4]diazocino[1,8-
a)indole-10-carboxylic acid; 15-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-0x0-6,7,8,9-
tetrahydro-5H-indolo[2,1-a][2,6]benzodiazonine-12-carboxylic acid; 15-cyclohexyl-8-oxo-
6,7,8,9-tetrahydro-5 H-indolo[2,1-a][2,5]benzodiazonine-12-carboxylic acid; 13-cyclohexyl-6-
0x0-6,7-dihydro-5H-indolo[1,2-d][ 1,4]benzodiazepine-10-carboxylic acid; and pharmaceutically
acceptable salts thereof.

The HCV replicons and NS5A inhibitory activity of the present compounds may
be tested using assays known in the art. HCV inhibitors, such as those described in the
Examples herein have activities in genotype 1b, 2a and la replicon assays of from about 1 pM to
about 1 pM. The assay is performed by incubating a replicon harboring cell-line in the presence
of inhibitor for a set period of time and measuring the effect of the inhibitor on HCV replicon
replication either directly by quantifying replicon RNA level, or indirectly by measuring
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enzymatic activity of a co-encoded reporter enzyme such as luciferase or f-lactamase. By
performing a series of such measurements at different inhibitor concentrations, the effective
inhibitory concentration of the inhibitor (ECso or ECyp) is determined. See Jan M. Vrolijk et al.,
A replicons-based bioassay for the measurement of interferons in patients with chronic hepatitis
S G, 110 J. VIROLOGICAL METHODS 201 (2003). Such assays may also be run in an antomated
format for high through-put screening. See Paul Zuck et al., A cell-based B-lactamase reporter
gene assay for the identification of inhibitors of hepatitis C virus replication, 334 ANALYTICAL
BIOCHEMISTRY 344 (2004).
The present invention also includes processes for making compounds of
10 formula (I). The compounds of the present invention can be readily prepared according to the
following reaction schemes and examples, or modifications thereof, vsing readily available
starting materials, reagents and conventional synthesis procedures. In these reactions, it is also
possible to make use of variants which are themselves known to those of ordinary skill in this art,
but are not mentioned in greater detail. Furthermore, other methods for preparing compounds of
15  the invention will be readily apparent to the person of ordinary skill in the art in light of the
following reaction schemes and examples. Unless otherwise indicated, all variables are as
defined above. The following reaction schemes and examples serve only to illustrate the
invention and its practice.
General Schemes

20  Scheme A-1
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The synthestis of analogs containing the 4-azaindole core can be accomplished
starting from a suitably protected 2-amino-5-nitropyridine 2, which can then be reduced by
catalytic hydrogenation in order to convert the resulting free amino group to its hydrazine by the

25  action of NaNO; and SnCl;. The resulting pyridylhydrazine can be condensed with a ketone
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then subjected to Fisher indole cyclization conditions to afford the indole 6. Acidic deprotection
of the acetyl groups can be accomplished by using a strong acid to liberate the diamine, which
can be selectively coupled on the more reactive aniline nitrogen using standard coupling agents,
such as HATU. The aminopyridine group can then be acylated with a reagent, such as acetyl
chloride or a carboxylic acid, in the presence of an amide bond-forming reagent.

Scheme A-2
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2-Bromo-3-anﬁn0pyridines can be coupled to a terminally substituted alkyne
using standard Sonagashira coupling procedures to give intermediates 5, which can undergo
TFAA-mediated cyclization to provide the 4-azaindole compounds 6. Protecting groups can be
removed with a strong acid, such as aqueous HCl, and the resulting amine can be acylated using

an appropriately substituted carboxylic acid and an amide bond forming reagent, such as HATU.

Scheme B
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The synthesis of scaffolds B containing a 6-azaindole cere can be accomplished
by the metallation of the 4-methylpyridine analog 2 with a strong base, such as BuLi, and
quenching the resulting anion with the acylating agent, such as 3. Intermediate 4 can be globally
deprotected by the action of a strong acid, such as HBr, to give the diamino azaindole structure 5.

Both amino groups can be acylated using an appropriately substituted carboxylic acid and an
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amide bond forming reagent, such as HATU. Compounds 6 can be further functionalized at the
C-3 indole position with electrophiles, such as NCS.
Scheme C
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5 Iodo aminopyridines 2 can be coupled to a terminally substituted alkyne using
standard Sonagashira coupling procedures to give intermediates 5, which can undergo a base-
mediated ¢yclization using a reagent, such as KOtBu, to provide the 7-azaindole compounds 4.
Protecting groups can be removed with a strong acid, such as aqueous HCI, and the resulting
amine can be acylated using an appropriately substituted carboxylic acid and an amide bond

10  forming reagent, such as HATU. Compounds 6 can then be reduced using hydrogen and a
catalyst then coupled a second time with a carboxylic acid and HATU to provide 8. Treatment

of 8 with an electrophilic agent, such as NCS, provides the desired compounds.

Scheme D
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15 Compounds in the D series can be synthesized by reacting dicarbonyl

intermediate 2 with a 2-aminopyrimidine derivative in the presence of a Lewis acid, such as
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boron trifluoride etherate. The resulting heterocycle can be alkylated with a bromoketone analog
of an amino acid, such as proline, in the presence of a tertiary amine base. The nitro group can
be reduced, and the resulting aniline can be acylated using an appropriately substituted
carboxylic acid and an amide bond forming reagent, such as HATU, to give the final products.

5  Scheme E-1
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Scaffold E-1 can be prepared by the condensing a benzoic acid derivative, such as

1, with a phenylenediamine counterpart 2 in the presence of a dehydrating agent, such as
polyphosphoric acid. The resulting aniline can be acylated using an appropriately substituted

10 carboxylic acid, such as N-Boc-L-proline, and an amide bond-forming reagent, such as HATU,
and can then be subjected to acidic conditions to remove the Boc group. Compounds 4 can be
coupled again with an appropriately substituted carboxylic acid and an amide bond-forming
reagent, such as HATU. The nitro group in S can be reduced under catalytic hydrogenating
conditions, and the resulting aniline can be further coupled with various amines to give the target

15  compounds.
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Scheme E-2
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Scaffold E-2 can be prepared by the reacted with a benzoic acid denivative with a
phenylenediamine analog and an amide bond-forming reagent, such as HATU, to give amides 3,
which can be cyclodehydrated by heating with a reagent, such as HOAc, The resulting aniline
can be acylated using an appropriately substituted carboxylic acid and an amide bond-forming
reagent, such as HATU, to give intermediates 5. The nitro group can be reduced under catalytic
hydrogenating conditions, and the resulting aniline can be sulfonylated with an appropriately
substituted sulfony! chloride and a tertiary amine base to give the targets.

Scheme F
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Scaffold F can be prepared by the condensing a benzoic acid derivative, such as 1,
with an amino phenol counterpart 2 in the presence of a dehydrating agent, such as
polyphosphoric acid. The resulting aniline can be acylated using an appropriately substituted
carboxylic acid, such as N-Boc-L-proline, and an amide bond-forming reagent, such as HATU,
and can then be subjected to acidic conditions to remove the Boc group. Compounds 4 can be
coupled again with an appropriately substituted carboxylic acid and an amide bond -forming
reagent, such as HATU.
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Scheme G-1
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Compounds having the benzofuran structure G can be prepared by reacting an

appropriately substituted salicylaldehyde with a benzyl halide, such as 4-nitrobenzyl bromide, in

5  the presence of a tertiary amine base to give ethers 2. The benzylic ethers can be treated with a
base, such as DBU, and heated to elevated temperatures to effect cyclization to the benzofurans
3. The nitro groups in 3 can be reduced under catalytic hydrogenating conditions, and the
resuiting anilines can be coupled with various carboxylic acids to give the target compounds G-
1. '

10 Scheme G-2
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For differentially substituted compounds (R, R) having the benzofuran structure

G, the synthesis can be modified by reacting an appropriately substituted bromo salicylaldehyde
with a benzy! halide, such as 4-nitrobenzyl bromide, in the presence of a tertiary amine base to

15 give ethers 2. The benzylic ethers can be treated with a base, such as DBU, and heated to
elevated temperatures to effect cyclization to the benzofurans 3. The aryl bromide can be
converted to the aryl amine by reaction with LHMDS and a palladium catalyst to provide 4,
which can be coupled to an appropriately substituted carboxylic acid to give 5. The nitro group
in § can be reduced under catalytic hydrogenating conditions, and the resulting aniline can be

20  coupled with a second carboxylic acid analog to give the target compounds G-2.
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Scheme H
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Appropriately substituted aminopyrimidines can be cyclodehydrated after
acylation with an appropriately substituted ketone, such as 4*-nitro-2-bromobenzophenone, by
heating in a solvent, such as MeOH, and an acid source, such as HBr. The resulting heterocyclic
nitro compound can be converted to the aromatic amine by reduction with a reagent, such as
SnCl,. The final compounds H can be obtained by reacting 4 with an appropriately substituted
carboxylic acid and an amide bond-forming reagent such as HATU.

Scheme I
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Compounds in scheme I can be prepared by reacting the appropriately substituted
aminopynidine with 4'-nitro-2-bromobenzophenone by heating in a solvent, such as acetone, then
effecting a cyclodehydration reaction using methanol and an acid source, such as HBr. The
resulting heterocyclic nitro compound 3 can be converted to the aromatic amine by reduction
with a reagent such as SnCl,. The final compounds can be obtained by reacting 4 with an
appropriately substituted carboxylic acid and an amide bond-forming reagent, such as HATU.
Scheme J
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Compounds in scheme J can be prepared by coupling indole borenic acids with an
appropriately substituted 2-bromoindole, such as 2, under standard Suzuki conditions. The
protecting groups can be removed with HCI, and the nitro group in 4 can be reduced under
catalytic hydrogenation conditions. The penultimate diamine can be coupled with an

5  appropriately substituted carboxylic acid and an amide bond-forming reagent, such as BOP,
reagent to give compounds with the targeted central scaffold.

Scheme K-1
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The synthesis of compounds with the indole core scaffold K. can be prepared
10 using standard Fisher indole synthesis protocol starting for an aryl hydrazine and a ketone such
as 2. Conversion of the aryl bromide to the aryl amine 4 could be effected by the Pd-catalyzed
reaction with LHMDS. The nitro group could be reduced and the diamine can be coupled with
an appropriately substituted carboxylic acid and an amide bond-forming reagent, such as HATU,
to give compounds with the targeted scaffold.
15 Scheme K-2
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In an alternative procedure indoles K can be prepared starting from a suitably
protected and substituted aminoindole 3. Lithiation and guenching with a boronate ester affords
key intermediate 4, which can be coupled to an appropriately substituted aryl or heteroaryl halide

20 o provide targets 5. The Boc groups can be removed with acid, and the resulting aniline can be
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coupled with an appropriately substituted carboxylic acid and an amide bond-forming reagent,
such as HATU. The nitro group in 7 can be reduced and coupled in a second amide coupiing

reaction to give the desired compounds.

Scheme L
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Tetracyclic indole scaffold L can be prepared as outline in the scheme above.
Cyclization of a carboxylic acid derivative 2 with PPA can provide the ketones 3, which can
participate in a Fischer indole reaction with an appropriately substituted phenylhydrazine to give
4. The acetamide groups can be deprotected under acidic conditions and the resulting aryl
amines can be coupled with an appropriately substituted carboxylic acid and an amide bond-
forming reagent, such as HATU, to give compounds with the targeted scaffold.
Scheme M-1
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Scaffold M-1 compounds can be prepared by coupling proline 2 to amino ketone
1 using standard amide bond-forming procedures to provide 3, which can be cyclized upon

heating with ammonium acetate at elevated temperatures. Intermediate 4 can be coupled to
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indole boronic acids, such as using standard Suzuki-type conditions. The Boc groups can be
removed with acid, and the resulting aniline can be coupled with an appropriately substituted
carboxylic acid and an amide bond-forming reagent, such as HATU. The pyrrolidine protecting
group can be removed under hydrogenating conditions, and the resulting amine can coupled in a

second amide coupling reaction to give the desired compounds.

Scheme M-2
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Scaffold M-2 compounds can be prepared by reacting proline 1 with an anion of
4-ethynylbenzene to give intermediate ketone 2, which can be cyclized with hydrazine.
Intermediate 3 can be coupled to indole boronic acids, such as using standard Suzuki-type
conditions. The Boc groups can be removed with acid and the resulting aniline can be coupled
with an appropriately substituted carboxylic acid, and an amide bond-forming reagent such as
HATU. The pyrrolidine protecting group can be removed under hydrogenating conditions, and
the resulting amine can coupled in a second amide coupling reaction to give the desired
compounds.

Scheme M-3
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Thiazole analogs of scaffold M can be prepared from the cyclocondensation
reaction of Z-proline thioamide 2 with an alpha-bromoacetophenone. Products 3 can be

processed fo the final compounds using methodology similar to that described in scheme M-2.

Scheme M-4
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Imidazole analogs of scaffold M can be prepared from the cyclocondensation
reaction of Z-proline bromomethy! ketone 1 with an aromatic amidine derivative. Products 3 can
be processed to the final compounds using methodology similar to that described in scheme M-2.

Scheme M-5
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Isomeric imidazoles can be prepared starting from a protected amino acid
aldehyde, such as 1, and glyoxal in the presence of ammonia. Halogenation of the resulting
imidazole 2 with NBS can be followed by a Pd-catalyzed cross coupling reaction with a
functionalized indole boronate ester, such as 4. Deprotection, reduction and coupling with an
appropriately substituted carboxylic acid and an amide bond-forming reagent, such as HATU,
can provide intermediate compounds 8. A second deprotection/amide-coupling procedure can

provide the targeted M-S scaffold.
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Scheme M-6
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Oxadiazole compounds can be prepared starting from indole hydrazide 2 and

coupling to an amino acid, such as Z-proline. Cyclodehydration of intermediate 3 can be

5 effected with a reagent, such as TPP/iodine, to give the desired oxadiazole, which can be
protected on the indole nitrogen with Boc anhydride. Introduction of the boronic acid functional
group activates compound 6 for coupling with a substituted aryl halide 7 1o give intermediate 8.
Removal of the cbz and Boc groups afford the penultimate structure 10, which can be coupled
with an appropriately substituted carboxylic acid and an amide bond-forming reagent to give the

10 targets M-6.

Scheme M-7
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Oxadiazole analogs of scaffold M can be prepared by cyclocondensation reactions
of diacylhydrazines 2. Coupling to heterocyclic boronic acids using methodology stmilar to that

15  described in scheme M-1 can provide the targeted compounds.
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Scheme M-8
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Double imidazole containing benzofuran compounds can be prepared starting
from a protected amino acid aldehyde, such as 2, and glyoxal in the presence of ammonia.

5 Halogenation of the resulting imidazole 3 with NBS can ultimately provide intermediate S,
which can be coupled to a functionalized boronate ester, such as 11, to provide 12. Deprotection
and coupling with an appropriately substituted carboxylic acid and an amide bond-forming
reagent, such as HATU, can provide the targeted M-8 scaffold.

. Scheme M-9
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An alternative synthesis of benzofurans can be realized starting from benzofuran

1, which can be converted to boronate ester 2, which can then coupled to an appropriately

.54 -



10

15

WO 2010/111483 PCT/US2010/028653

substituted aryl halide to afford 5. Intermediate 5 can subsequently be converted to a
functionalized boronate ester and converted to the final products in a manner similar to that
described in Scheme M-8.

Scheme M-10
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Benzoxazoles 3 can be prepared starting from a suijtable substituted benzoic acid
and an aminophenol, such as 2, in the presence of polyphosphoric acid. Such products can be
converted to the corresponding boronate esters using standard procedures. Intermediates 4 can
subsequently be coupled to a heterocyclic halide in the presence of a Pd(l) catalyst to provide
compounds 5. Deprotection and coupling with an appropriately substituted carboxylic acid and
an amide bend-forming reagent, such as HATU, can provide the targeted M-10 scaffold.
Scheme N-1
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The compounds in scheme N-1 can be prepared by heating hydrazines 1 with
ketones 2 in a microwave reactor in a polar aprotic solvent, such as NMP. The indole
acetamides 3 can be deprotected with strong acid, such as HCI. The resulting aryl amines can be
coupled with an appropriately substituted carboxylic acid, and an amide bond-forming reagent,

such as HATU, to give compounds of the targeted scaffold.
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Scheme N-2
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Todo anilines 1 can be coupled to a terminally substituted alkyne using standard
Sonagashira coupling procedures to give intermediates 2, which can undergo cyclization using a
reagent, such as indium bromide, to provide the indole compounds 3. Protecting groups can be
removed with a strong acid, such as aqueous HCl, and the resulting amine can be acylated using
an appropriately substituted carboxylic acid and an amide bend-forming reagent, such as HATU.
Compounds 5 can then be reduced using hydrogen and a catalyst, then coupled a second time
with a carboxylic acid and HATU to provide the desired compounds.
Scheme N-3

PACLIPPhL);
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]
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1
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H
3

In a slight variation of scheme N-2, iodo anilines 1 can be coupled to a terminally
substituted alkyne using standard Sonagashira coupling procedures to give intermediates 2,
which can undergo cyclization using a reagent such as palladium chloride/ferric chloride te
provide the indole compounds 3. Compounds 3 can then be reduced using H,, and the protecting
group can be removed with a strong acid, such as aqueous HCI, and the resulting amines can be
acylated using an appropriately substituted carboxylic acid and an amide bond-forming reagent,
such as HATU.
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Scheme O

\@[ o] = oy —
NH;

rg Bockh )
\CE %}) mcﬂnm_s{om: %ﬁ:\&z
Hoc Boe
5
s, C&@;TYU o Q* *z::)
n W Ca ﬁ ¥
6 r
0 : P
deproiect epro N N,
== Y Y iy T
Boo [s] H
] ?

Scaffold O can be prepared by reacting a protected proline compound (such as
Cbz) with a phenylenediamine analog and an amide bond-forming reagent, such as HATU, to
give amides 3, which can be cyclodehydrated by heating with a reagent, such as HOAc. The
resulting benzimidazole can be coupled to an indole boronic acid derivative using standard
Suzuki conditions to provide 5. Removal of the Boc groups with acid provides 7, which can be
acylated using an appropriately substituted carboxylic acid, such as Boc-L-proline, and an amide
bond-forming reagent, such as HATU, to give intermediates 7. The Cbz group can be reduced
under catalytic hydrogenating conditions, and the Boc group can be deprotected with acid to
provide penultimate compounds 9. Amide bond formation between 9 and carboxylic acids
afford the targeted compounds.
Scheme P-1

(llel\)—{ }—Nﬁjms (]\"/\F;I\g-@ j

Heterocycles can be halogenated at C-3 by the action of electrophilic agents, such
as N-halosuccinimides, to provide targets P-1.
Scheme P-2
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Heterocycles can be fluorinated at C-3 by the action of electrophilic fluorinating
agents, such as SELECTFLUOR, to provide targets P-1.
Scheme P-3

N
ﬂ > R ﬁ A, R
Bt wrj:&@oy come P
O By 0 BigPy

C-3 halogenated compounds can be converted to the corresponding cyano analogs
by cyanating agents, such as CuCN.
Scheme P-4

j _ZnClyMeMghr . Neo s
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C

The compounds in scheme P-4 can be functionalized by the acylating indoles with

Grignard reagents and zinc chloride.

Scheme P-5
R=H
0,
j E|MgBr H NH, %_\“j
R>H

H
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The compounds in scheme P-5 can be functionalized by deprotonating the indoles
with a base such as ethylmagnesium bromide and treating the resulting intermediate with
chlorosulfony] isocyanate. Alternatively, the indoles 3 can be prepared using Vilsmeier-Haack
conditions, which can subsequently be protected and coupled under Suzuki conditions to give

intermediates 5. The aldehydes can be oxidized using standard methodology for carboxylic acid

-S8% -
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formation. Indole carboxylic acids 6 can be coupled to amines using a reagent, such as HATU,
1o give 7, which can be further functionalized by reduction of the nitro group, deprotection of the
Boc group and coupling of the anilines to an appropriately substituted carboxylic acid and an
amide bond-forming reagent, such as HATU.

Scheme P-6
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C-3 halogenated compounds can be coupled to a variety of alkyl and aryl boronic
acids using standard Suzuki conditions.
Scheme Q
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Compounds of scheme Q can be prepared starting from the lactam 1. Reaction
with ethyl chloroformate and treatment of the product with a mild base, such as ammonium
carbonate, provides intermediate 3, which can be activated for coupling by conversion to the
corresponding vinyl triflate 4. Sonagashira coupling provides compounds 5, which can be
reduced with iron and ammonium chloride to provide aniline 6. Deprotection of the indole and
coupling of the aniline to an appropriately substituted carboxylic acid and an amide bond-
forming reagent, such as HATU, provides the desired targets.
Scheme R

Amide coupling of the aniline from scheme K-1 with an appropriately substituted
carboxylic acid and a coupling agent can provide intermediates 2, which can then be subjected to

Pd-catalyzed cross-coupling reactions to provide the final targets R.
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Compounds in scheme S can be prepared by coupling indole boronic acids with
an appropriately substituted 2-bromobenzoxazoles, such as 5, under standard Suzuki conditions.
The nitro group in 6 can be reduced under catalytic hydrogenation conditions and the protecting
groups can be removed with HCl. The penultimate diamine can be coupled with an
appropriately substituted carboxylic acid and an amide bond-forming reagent, such as BOP,

reagent 1o give compounds with the targeted central scaffold.

Scheme T
At u HCI
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Compounds in scheme T can be prepared by starting from a suitably substituted
phenol 3 and a hydrazine reagent, such as 4, using established Fisher indole conditions. The
indole 3 position can then be functionalized or the indole NH can be ¢yclized onto the C-2
aromatic ring using standard conditions to give tetracycles 8, which can subsequently be

converted to the corresponding boronate esters using standard procedures. Intermediates 9 can
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then be coupled to a heterocyclic halide in the presence of a Pd(I1) catalyst to provide
compounds 10. Deprotection and coupling with an appropriately substituted carboxylic acid and

an amide bond-forming reagent, such as HATU, can provide the targeted T scaffold.

The following examples serve only to illustrate the invention and its practice. The
examples are not to be construed as limitations on the scope or spirit of the invention.

List of Abbreviations

AcO Acetic anhydride

B(OiPr);, (iPrO)::B Triisopropyl borate

B{OMe); Trimethyl] borate

BF; Boron irifluoride

BOC, Boc, boc tert-Butyloxycarbonyi

BOP Benzotriazole-1-yl-oxy-tris-(dimethylamino)-
phosphonium hexafluorophosphate

BrCN Cyanogen bromide

BuLi, n-Buli Butyl hithium

CBZ, Cbz, cbz Benzyloxycarbonyl

CDCls3 Deuterio-trichloromethane

CH;CN, MeCN Acetonitrile

Cs:.COs Cesium carbonate

CuBr; Copper(Il} bromide

CuCN Copper(I) cyanide

Cul Copper iodide

DBU 1,8-Diazabicyclo[5.4.0]undec-7-ene

DCE Dichloroethane

DCM, CH,Cl; Dichloromethane

DIPEA, DIEA Diisopropylethylamine

DMAP 4-Dimethylamino pyridine

DMF Dimethylformamide

DMSO Dimethyl sulfoxide

DPPF, Dppf, dppf 1,1"-bis(Diphenylphosphino)ferrocene

EDC, EDCI N-(3-Dimethylaminopropyl)-N -ethylcarbodiimide

E,O Diethyl ether
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EuN, TEA
EtMgBr
EtOAc
EtOH
FeCls

H;

H,O
H,S04
HATU

HBr

HC]

HNO;

HOAc, HAc
HOBT, HOBt
HPLC

InBrs

iPr,NH
K2CO;

Ki

Ki0,

KOAc, AcOK
XKOH

LDBA
LHMDS, LiHMDS
MeMgBr

MeOD

MeOH, CH;0H
MgSO4

MOC, Moc

MS

Nz

Na,CO;

PCT/US2010/028653

Triethylamine

Bromo(ethyl)magnesium or ethyl magnesium bromide

Ethyl acetate

Ethanol

Ferric chloride or Iron(IlI} chloride
Hydrogen or hydrogen atmosphere
Water

Sulfuric acid

O-(7-Azabenzotriazol-1-y)-N NN’ N -
tetramethyluronium hexafluorophosphate

Hydrobromic acid
Hydrochloric acid

Nitric Acid

Acetic acid

1-Hydroxy benzotriazole
High performance liquid chromatography
Indium tribromide
Diisopropylamine

Potassium carbonate
Potassium iodide

Potassium iodate -

Potagsium acetate

Potassium hydroxide

Lithium diisopropylamide
Lithium hexamethyldisilamide

Bromo(methyl)magnesium or methyl magnesium
bromide

Methan(*H)ol

Methanol

Magnesium sulfate

Methoxy carbonyl

Mass spectroscopy

Nitrogen or nitrogen atomosphere

Sodium carbonate
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NSOy
NaClO,
NaH,PO4
NaHCO,
NaNO,
NaOH
NBS
NCS
NH4,QAc
NMM

NMR, 'H-NMR

NXS

P,0s, P4O1o

Pd

Pd(dppf)Cly

Pd(IT)

Pd(PPh;),Cl,, PACL(PPhs);

Pd(PPhs)a
Pd/C, Pd-C
Pd{dba);
PdaCl,

PE

Phg

PhCH;, PhMe

Piv

PivCl
POBr3
PPA
PPH;, TPP
Pro

Proc

P'Bu;

PCT/US2010/028653

Sodium sulfate (anhydrous)

Sodium perchlorate

Dihydrogen sodium phosphate

Sodium hydrogen carbonate (sodium bicarbonate)
Sodium nitrite

Sodium hydroxide

N-bromosuccinimide

N-chlorosuccinimide

Ammonium acetate

N-methylmorpholine

Proton nuclear magnetic resonance spectroscopy
N-halosuccinimide

Phosphorus pentoxide

Palladium

Dichloro(1,1'-bis(Diphenylphosphino)ferrocene)
palladium(IT)

Palladium(Il)
Dichlorobis(triphenylphosphine)palladiam(II)
Tetrakis(triphenylphosphine)palladium{(0)
Palladium on carbon

Tris(dibenzylidene acetone)dipalladium(0)
Palladium(lY) chloride

Petroleum ether

Phenylglycine

Toluene

Pivaloyl

Pivaloyl chloride

Phosphorus oxybromide

Polyphosphoric acid

Triphenylphosphine

Proline

iso-Propylcarbamate

Tri-tert-butyl phosphine
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Example 1 — N-{4-[5-(acetylaming)-1X-pvrrolof3, 2-bJpyridin-2-yllphenyl}-1-(phenylacetyl)-L-

Py
PyBOP

RPLC
RT, rt, r.t.
Si0;
SnCly
SOCl,
STP
t-Buli
t-BuNO,
t-BuOH

+~-BuOK, KOs-Bu

TFA
TFAA
THF
TLC
ZnCly

PCT/US2010/028653
Pyradine
(Benzotriazole-1-yl-oxy)-tripyrrolidinophosphonium
hexafluorophosphate

Reverse phase hquid chromatography
Room temperature, approximately 25°C
Silica or silica gel

Stannous chloride or Tin(Il) chloride
Thionyl chloride

Standard temperature and pressure
fert-Butyl lithium

tert -Buty! nitrate

tert -Butanol

Potassium tert -butoxide
Trifluoroacetic acid

Trifluoroacetic anhydride
Tetrahydrofuran

Thin layer chromatography

Zinc chioride

EXAMPLES

prolinamide

Step 1

DMAP in 200 mL of pyridine, Ac,O (37 g, 0.36 mol) was added drop wise at 0°C. The mixture

was stirred at RT for 5 hours. The volatile was removed in vacuo. The residue was washed with

Hal

H

0,
Nery ]
| NH
s N o
[
N NO,

o

s

N™ N
H

To a suspension of 2-amino-5-nitropyridine (25.0 g, 0.18 mol) and 0.5 g of

EtOAc to yield an off-white solid (28 g, 86%). MS (ESI) m/e (M+H™): 182.
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Step 2

NH,
i f\f tpec  §
P

ﬁ N

A heterogeneous mixture of 2-acetamido-5-nitropyridine (28 g, 0.15 mol) and
10% Pd/C (2.8 g) in 300 mL of MeOH was stirred in 50 psi of H, for 6 hours. The mixture was
filtered through CELITE, and concentrated in vacuo to yield a solid (20.5 g). MS (ESI) m/e
(M+H"): 152.
Step 3

/LL ,fj' 1. HCI,NaNO; ,8\ fj/

2. SnGly,HCI

NaNO; (5.4 g, 78.2 mmol) was added slowly to a solution of 2-acetamido-5-
aminopyridine (9.0 g, 60 mmol) in 6 M aqueous HCI (300 mL) at 0°C and was stirred for 45
minutes. A solution of SnC); (40.5 g, 180 mmeol) in 15 mL of 6 M aqueous HCI was added, and
the reaction mixture was allowed to warm to RT slowly while stirring for 16 hours. The reaction
mixture was basified with 40 percent aqueous KOH, extracted with EtOAc (3x), and the organic
Jayers are combined, dried over N2;SO, and concentrated in vacuo to give the desired compound
(3.2 g). MS (EST) m/e (M+H"): 167.

Step 4
R, n“ = H“N
j\ H’(N)/ " ' J\N/©* ° :::5 iﬁ/@’ A\O\uj\

A suspension of the product from step 3 (3.32 g, 20 mmol) and N-(4-
acetylphenyl)acetamide (3.54 g, 20 mmol) in 8 mL of EtOH was diluted with TEA to adjust the
pH to about 9.5. The resulting reaction mixture was refluxed for 3 hours. The solvent was
removed in vacuo, and the resulting residue was treated with 5 % aqueous citric acid to form a
precipitate. The precipitate was filtrated, washed with water and dried in vacuo (3.2 g). MS
(ESI) m/e QVI+H"): 326.

Step 5

H H H
N N NN
T T ¥ 2O
s
A mixture of the product from step 4 above (0.6 g, 1.8 mmol) and PPA (5 mL)

was heated to 90°C for 75 minutes nnder No. After cooling to RT, the reaction mixture was
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poured to an ice water, neutralized with solid NaOH, while maintaining the temperature of the
mixture at or below RT. A solution of ise-propancl and DCM (1:3) was added to exact the
organic. The combine organic phase was washed with brine, dried over Na,SO4 and
concentrated in vacuo. The residue was purified by preparative HPLC to yield a solid (280 mg).
MS (ESI) m/e (M+H"): 309.

Step 6

R w

= HCt  HaNo N
O, =000
L NH,
N '>=0 = ﬂ

g
o
H
A mixture of the 4-azaindole (280 mg, 0. 9 mmol) in 10 mL of 3 N HC] was
refluxed for 2 hours. The solvent was removed in vacuo. The residue was purified by HPLC to
yield a solid (120 mg). MS (ESI) m/e (M+H"): 225.
Step 7

HN

Z
IZ

g 0
e - ﬂ”’"(";}_@&“}?:
- H

0 o)

To 2 suspension of the product from step 6 (23 mg, 0.1 mmol), acid (23 mg,
0.1 mmol) and DIPEA (20 mg, 0.15 mmol) n 1 mL of CH;CN was added HATU (42 mg,
0.12 mmol). The resulting mixture was stirred at RT overnight. After reaction completed, the
mixture was purified by pre-HPLC (10 mg). MS (ESI) m/e (M+H"): 440.
Step 8

N Qq_s i, N Q
O T T O

)

=
xZ__2

A mixture of product from step 7 (10 mg, 0.023 mmol) and TEA (3 g, 0.03 mmol)
in CH3CN (100 mL) was stirred at 0°C. Acetyl chloride (2 mg, 0.023 mmol) was added
dropwise, and the resulting mixture was stirred at RT for 0.5 hour. The solvent was evaporated
in vacuo, and the residue was purified by preparative HPLC to afford the desired product (5 mg).
MS (ESI) m/e (M+H"): 482. 'H NMR (MeOD): 5 8.25 (d, J=8.4 Hz, 1H), 7.74 ~ 7.89 (m, 4H),
7.26 ~7.32 (m, 5H), 7.00 ~ 7.02 (m, 2H), 4.63 ~ 4.64 (m, 1H), 3.72 ~ 3.84 (m, 4H), 2.18 ~2.33
(m, 2H), 2.07 ~ 2.10 (m, 5H).
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Examples 2-3
The compounds of Examples 2 and 3 were prepared in a similar manner starting

from intermediate 7 in step 6.

Example Structure MW Name
2 H E 654.776 | (25)-1-(phenylacetyl)-N-{2-{4-
0 Y O’K,Q (phenylacetyl}pyrrolidin-2-
yllearbonyl}amino)phenyl]-1H-

pyrrolo{3,2-bJpyridin-5-
yl}pyrrolidine-2-carboxamide

H
3 n P 686.774 | benzyl (28)-2-[(2-{4-[({(2S)-1-
&Nmkj [(benzyloxy)carbonyllpyrrolidin-
P N o
\/—:‘ H

. oy 2-yl} carbonyl)aminolpheny} -
o 1 H-pyrrolo[3,2-b]pyridin-5-
—-\@ yljcarbamoyllpyrrolidine-1-
carboxylate

Step 1

Mz NBS - MHe
® »

N Br® N° Br
NBS (14.9 g, 84 mmol) was added portion wise to a solution of compound 3-
aminopyridine (14.9 g, 84 mmol) in DMSO (80 mL) and water (20 mL) at 0°C, and the reaction
was stirred at RT for 3 hours. The mixture was poured into ice-water (250 mL) and stirred for 30
minutes. The precipitate was cellected and dried to yield a solid (7.0 g). MS (ESI) m/e (M+H": .
250. 'H NMR (DMSO): 8 7.28 (d, }=7.6 Hz, 1H), 7.03 (d, J=7.6 Hz, 1H), 5.69 (s, 2H).

Step 2
g
_ EtN
A /?LH

4-Ethynylacetanilide was prepared using the similar method shown in Example 1,
step 1. MS (ESI) m/e (M+H"): 160.
Step 3

- NHp
l\ NH,; i /(:/’ Pd({PPhy);Chy, Cul — @_
. - - P NH
B N B N OMF, Et;N Nt \_7# —
Br (o)

H
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To a solution of 3-amino-2,6-dibromopyridine (9.41 g, 37.5 mmol), 4-
ethynylacetanilide (4.77 g, 30 mmol) and Pd(PPhs3),Cl; (1.31 g, 1.9 mmol) in a mixture of 150
mL of Et;N and 50 mL of DMF was added Cul (0.71 g, 0.4 mmol) under N,. The resulting
mixture was stirred at RT overnight. The solvent was removed, and the residue was purified by
chromatography (8.5 g). MS (ESI) m/e (M+H"): 331. 'HNMR (DMSO): § 7.59 (d, J=8.8 Hz,
2H), 7.54 (d, }=8.4 Hz, 2H), 7.21 (d, J=8.8 Hz, 2H), 7.07 (d, J=8.4 Hz, 2H), 2.12 (s, 3H).

Step 4

Hy Q
e . TFAA, Py Br N\ N »-...
N T NH f NH
N )7_ 1,4-dloxane = H
Br (¢

To a 0°C solution of the product from step 3 (8.5 g, 25.7 mmol} and pyridine (4.0
g, 51.4 mmol) in 50 mL of 1,4-dioxane was added TFAA (10.8 g, 51.4 mmol). The resulting
mixture was then heated to 100°C overnight. The mixture was cooled and poured into 200 mL
of water, and the precipitate was filtered and washed by water then dried to give a solid (1.3 g).
MS (BSI) m/e (M+H"): 331,
Step 5

o)
BNy Y—  anmo BN
i N ———— |l NH,
P N —
H

The reaction was conducted similar to that describe in Example 1, step 6. MS
(EST) m/e (M+H"): 288.
Step 6

IZ,

To a suspension of the product from step 5 (0.1 mmol), N-Boc-L-Phg-L-Pro-OH
(0.1 mmol) and DIPEA (20 mg, 0.15 mmo!) in 1 mL of CH3;CN was added HATU (42 mg, 0.12
mmol). The resulting mixture was stirred at RT overnight, concentrated and purified by RPLC
to give the desired compound. MS (ESI) m/e (M+H"): 619. 'H NMR (MeOD 400) 5: 7.85 ~
7.77 (m, 5 H), 7.43 ~ 7.36 (m, 6 H), 6.89 (s, 1 H), 5.50(s, 1H), 4.54 (d, J=8.0 Hz 1H), 3.93(1, 1
H), 2.10~1.87 (m, 4 H) 1.41 (5, 9 H).
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Example 5 ~ (28)-N-£3-chlore-2-[4-({{(28)-1-(phenylacetv)pyrrolidin-2-yllcarbonyliamino)
phenyl]-1H-pyrrolof2, 3-clpyridin-5-vl}-1-(phenylacetyl)pyrrolidine-2-carboxamide

ol 0 .
S anes ety
0 © N )
fonl- N oa
> g

HN” N HaN
A heterogeneous mixture of 2-amino-4-methyl-5-nitropyridine (4.15 g, 27 mmol)
and 10% Pd/C (0.4 g) in 50 mL of THF was stirred in 50 psi of H; for 3 hours. The mixture was
filtered through CELITE and concentrated to yield a yellow solid (3.20 g). MS (ESI) m/e
(M+H"): 124. 'H NMR (DMSO0): 8 7.38 (s, 1 H), 6.16 (s, 1 H), 4.84 (s, 2 H), 4.06 (s,2 H), 1.96
(s, 3 H).
Step 2

Step 1

A mixture of diamine from step 1 (3.20 g, 26 mmol), TEA (5.25 g, 52 mmol) and
a catalytic amount of DMAP in THF (100 mL) was stirred at 5-10°C, then treated with pivaloyl
chloride (3.74 g, 31 mmol). The resulting mixture was stirred at RT for 5 hours, diluted with a
5% solution of citric acid, and extracted with EtOAc. The combined organic extracts were
sequentially washed with water and brine, dried, filtered, and the filtrate was concentrated in
vacuo to yield a residue. The residue was purified by column chromatography on silica gel to
afford 7.4 g of the desired compound. MS (ESI) m/e (M+H"): 292. 'H NMR (CDCly): 8 8.77 (s,
1 H), 8.47 (s, 1 H), 8.20 (s, 1 H), 7.15 (s, 1 H), 2.24 (5, 3 H), 1.30~1.32 (m, 18 H).

Step 3 '
Ol g
oH  soCh o N ,d\?"/
ON oM ol

O,

To a cooled solution of 4-nitrobenzoic acid (12 g, 72 mmol) in 50 mL of PhMe
was added 20 mL of SOCI, drop wise. After the addition, the suspension was heated to reflux
for 4 hours. The solvent was removed, and the residue was azeotroped with 50 mL of PhMe to
afford 14.5 g of crude acid chloride. To a solution of TEA (101 g, 100 mmol), a catalytic
amount of DMAP and N, O-dimethylhydroxylamine (5.3 g, 87 mmol) in 100 mL, of DCM was
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added drop wise 14.5 g of the freshly prepared acid chloride in 100 mL of DCM. The resulting
mixture was stirred at RT for 5 hours, then diluted with a 5 % solution of citric acid, and
extracted with DCM. The combined organic extracts were sequentially washed with water and
brine, dried and filtered, and the filtrate was concentrated to yield a residue. The residue was
purified by column chromatography on silica gel to afford 7.0 g of the Weinreb amide. MS
(ESD m/e (M+H"): 211. 'HNMR (CDCly): § 8.25 (d, J=8.8 Hz, 2 H), 7.82 (d, /=9.6 Hz, 2 H),
3.52 (s, 3 H), 3.82 (s, 3 H).

Step 4
0
O)\h‘,/ HaPd-C ;;r’
O;N RAN HN O~

A heterogeneous mixture of the nitro compound above and 10% Pd/C in THF was
stirred at STP with a balloon of H; for 3 hours. The mixture was filtered through CELITE, and
concentrated to yield a yellow solid MS (ESI) m/e (M+H™): 181.

Step 5
e
+ .
AT 0. Gl \{)\H

The product from step 4 was pivaloylated using conditions described in step 2.
MS (ESI) m/e (M+H"): 265. "H NMR (CDCly): & 7.66 (d, J=8.4 Hz, 2 H), 7.56 (d, J=8.8 Hz, 2
H), 3.51 (s, 3 H), 3.32 (s, 3 H).
Step 6

B O = 2Oy
X

A solution of compound 1solated from step 2 above (2.2 g, 7.5 mmol) in 15 mL of
THF was cooled to below -40°C. #-BulLi in hexane (15 mL, 2.5 M, 37.5 mmol)} was added
dropwise, and the resulting solution was stirred at -40°C for 1 hour. A solution of compound
from step 5 (2.2 g, 8.25 mmol) in 10 mL of THF was added drop wise, and the resulting solution
was continued to stir at this temperature for 30 minutes before being warmed to RT and stirred
for 30 minutes again. An aqueous 5 % citric acid solution was added to quench the reaction,

which was extracted with DCM (x3), and the combined organic layers were washed with water
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and brine, dried over Na,SO4 and concenirated in vacuo. The residue was purnified by
preparative HPLC to yield a solid (0.4 g). MS (ESI) m/e (M+H"): 495. "H NMR (CDCls): § 8.85
(s, 1 H), 8.68 (s, 1 H), 8.26 (s, 1 H), 8.03~8.05 (m, 3 H), 7.21 (d, /=8.8 Hz, 2 H), 7.53 (s, | H),
4.20 (s, 2 H), 1.33~1.29 (m, 27 H).

Step 7
x.
9’

A solution of the product from step 6 (400 mg, 0.8 mmol) in 33% aqueous HBr
(15 mL) was refluxed overnight. After cooling, the mixture was concentrated in vacuo. The
residue was purified by preparative HPLC to give a solid (120 mg). MS (ESI) m/e (M+H"): 225.
'H NMR (MeOD): § 8.04 (s, 1 H), 7.78 (d, 2 H), 7.04 (d, 2 H), 6.86 (s, 1 H), 6.7 (5, 1 H).
Step 8

Tz, 2

The product from step 7 was coupled to 2 equivalents of N-phenylacetyl-L-
proline using 2 equivalents of HATU and DIEA in a manner similar to that shown in Example 1.
MS (ESD m/e (M+H"): 687. "H NMR (MeOD): 5 8.49~8.57 (m, 1 H), 7.38~7.45 (m, 2 H), 7.72
~7.80 (m, 2 H), 5.15~5.20 (m, 4 H), 4.42~4.50 (m, 2 H), 3.57~2.59 (m, 4 H), 2.31~2.42 (m, 4
H), 1.89~2.15 (m, 6 H).
Step 9

N S $ “ N
oo = ko

o Ph
To a solution of product from step 8 (15 mg, 0.02 mmol) in 2 mL of dry THF was
added NCS (2 mg, 0.015 mmol). The resulting mixture was stirred at RT for 30 minutes. The
solvent was evaporated, and the residue was purified by prep HPLC to give 5 mg of the desired
product. MS (ESI) nve (M+H"): 689. 'H NMR (MeOD): & 8.53 (s, 1 H), 7.91 (d, J=9.2 Hz, 2
H), 7.77 (d, J=8.8 Hz, 2 H), 7.49 (s, 1 H), 7.20~7.23 (m, 10 H), 4.53~4.5% (m, 2 H), 3.64~3.79
(m, 8 H), 1.98~2.25 (m, 8 H).
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Example 6 — (2S8)-N-{3-chloro-2-f4-({[(28)-1-(phenylacetyl)pyrrolidin-2-ylJcarbonyl}
aminolphenyll-1R-pyrrolof2,3-blpyridin-5-yi}-1-(phenylacetyl)pyrrolidine-2-carboxamide

PN l <
A etote,,

OM

Step 1

l S Ki, KIQy, Hz50,, Hy0 O:N\"\/\/(l
—— eyt
N/ NH, 100C N/

NHy
2-Amino-S-nitropyridine (7.00 g, 50.0 mmol) was dissolved in H2SOs (Z M, 100
mL). Potassium iodate (4.28 g, 20 mmol) was added portion at RT with stirring. The solution
was heated to 100°C under reflux. Potassium iodide (8.00 g, 48.2 mmol) was added drop wise
over 1 hour as a solution in water (20 mL). A brown solution resulted, with solid iodine
collecting in the reflux condenser. Heating at reflux was continued for 30 minutes, and the
mixture was cooled to RT. The mixture was adjusted to pH 7 with the careful addition of solid
NaHCO;. The mixture was diluted with water (200 mL) and CH,Cl, (250 mL) was added. Solid
sodium thiosulfate was added with vigorous stirring until the iodine coloration had been
disappeared. A significant amount of yellowish solid remained out of solution, which was
collected by filtration, washed with water and dried to give a yellow solid (10.5 g). The CH,Cl,
fraction was filtered through a silicone-treated filter paper and e-vaporated to give a yellow solid
(2.4 g). The solids were combined to give the desired iodopyridine (12.7 g). MS (EST) m/e
(M+T): 266. 'H NMR (DMSO): & 8.89 (s, 1 H), 8.62 (s, 1 H), 7.75 (bs, 1 H).
Step 2

N

o

o N '
4 . 0 \H\/j: Cul, PACKPPIal BN /7 N }—
HN-< >—_._ N N, o

NH,

A solution of the 1odide (1.05 g, 4.8 mmol), 4-ethynylacetanilide (636 mg, 4.0
mmol) and PA(PPh3),Cl, (76 mg, 0.4 mmol) in 10 mL of Et;N and 5 mL of DMF was stirred at
RT over 17 hours under N,. The solvent was removed, and the residue was purified by column
chromatography to give the product (0.9 g). MS (ESD m/e (M-+H"): 297. 'H NMR (DMSO): 8
10.11 (s, 1H), 8.80 (s, 1H), 8.22 (s, 1H), 7.59 (s, 1H), 2.01 (s, 3R).

Step 3

%—; OIN' e
— -BUCK, DMF.70C

/ \ — NH —— I -
N

Nl

z
X

=

X
~

Q

-T2
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To a solution of the product from step 2 (730 mg, 2.5 mmol) in 3 mL of THF and
6 mL of DMF was added +-BuOK (580 mg, 5.25 mmol). The resulting mixture was heated to
70°C for 6 hours. The solvent was removed and 10 mL of DCM, 5 mL of water was added, and
the resulting precipitate was filtered to give the desired product as a yellow solid (680 mg). MS
(ESI) m/e (M+H"): 297. TH NMR (DMSO): 5 10.11 (s, 1 H), 8.96 (s, 1 H), 8.65 (s, 1 H), 7.88 (d,
J=8.8 Hz, 2 H), 7.63 (d, J=8.8 Hz, 2 H), 6.98 (5, 1 H), 2.02 (5, 3 H).
Step 4

OMN G
P }__ — - p 2
N 4 N H

The synthetic method for the removal of the acetyl group was the same as used in
Example 1, step 6. MS (ESI) m/e (M+H"): 285.
Step 5

0 Q >
o | N N+ O‘(on _HATU . N?-lﬂNj
e Vo . ALy
The synthetic method used for the coupling of the proline analog to the aniline

prepared in step 4 was the same as used in Example 1, step 7. MS (ESI) m/e (M+H): 470.
Step 6

w;
IZ, o

o

g eeu s RIS #a TS 2N

A heterogeneous mixture of product from step 6 (20 mg, 0.04 mmol) and 10%
PA/C in 5 mL of MeOH was stirred in 10 psi of Hy for 3 hours. The mixture was filtered through
CELITE, and concentrated in vacuo to yield a yellow solid (17 g). MS (ESI) m/e (M+H™: 440.
Step 7

H & u S N
OO e QTR0

The product from step 6 was coupled to 1 equivalent of N-phenylacetyl-L-proline
using 1 equivalent of HATU and DIEA in a manner similar to that shown in Example 1. MS
(ESI) m/e (M-+H): 655. "H NMR (MeOD): § 8.26 (s, 1 H), 8.19 (s, 1 H), 7.30~7.51 (m, 3 H),
7.18~7.27 (m, 1 H), 6.65 (5, 1 H), 4.51~4.56 (m, 2 H), 3.61~3.76 (m, 8 H), 1.95~2.15 (m, 8 H).
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Step 8

AN 0P, =AY oot

To a solution of product from step 7 (30 mg, 0.04 mmol) in 4 mL of dry THF was

TZ, 2

added NCS (4 mg, 0.03 mmol). The resulting mixture was stirred at RT for 30 minutes. The
solvent was evaporated, and the residue was purified by prep HPLC to give the desired product.
MS (ESD) m/e (M+H"): 690. "H NMR (MeOD): § 8.29 (s, 1 H), 8.20 (s, 1 H), 7.81~7.84 (m, 2
H), 7.66~7.69 (m, 2 H), 7.18~7.29 (m, 10 H), 4.52~4.55 (m, 2H), 3.62~3.78 (m, 8 H), 1.90~2.29
(m, 8 H).

Example 7 — N-{4-(3-0x0-7-{2-0x0-2-[(25)-1-(phenviacetypyrrolidin-2-yllethyi}-3,7-
dihydroimidazofl,2-alpyrazin-2-yl)phenyl]-1-(phenylacetyl)-L-prolinamide

To a stirred solution of 4-nitroacetophenone (20 g, 121 mmol) in 100 ml of
DMSO was added slowly 42 ml of 48% aqueous HBr (363 mmol). The solution was stirred in

Step 1

an open flask at 55°C and the reaction was followed by TLC. When the starting material was
consumed, the solution was poured into ice. The solid products were filtered, washed with
water, and dried under vacuum at RT over P,Os.

Step 2

J{:}j\(o . h’i/yNH! BF,, Ely HN \?__@_
N H I\¢N

Arylglyoxal hydrate (5g, 27.8mmol) was added in one portion over a slurry of the
heterocyclic amine (2.773 g, 29.2 mmol) in methylene chloride (10 ml). The resulting
suspension was treated with 1 drop of freshly distilled BF3-Et,O and stirred until most of the
amine was consumed. The reaction products were isolated as hydrates by filtration of the thick,

intensely colored reaction mixture. The residue obtained by concentration is allowed to cool,
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filtered with suction, washed twice with diethyl ether and dried under reduced pressure to give
the desired product (4 g). MS (ESI) m/e (M+H"): 256.
Step 3

OH CHN;
QH 1. CICOOEt QH
0 2.CHN; by
0

o

The N-protected proline (10 g, 42.8 mmol) in dry ether (60ml) and THF (60ml)
was stirred under argon at -25°C. TEA (42.8 mol, 4.08 ml) and ethyl chloroformate (42.8 mmol,
2.6 4.14 m]) were added to this solution. The solution was stirred for further 30 minutes, the
temperature then allowed to reach -10°C, and the diazomethane solution in ether (2-3
equivalents) was added drop wise. The suspension was stirred for an additional 3 hours and
allowed to reach ambient temperature. The triethylamine hydrochloride was then filtered off,
and the filtrate was evaporated to half of its original volume. The resulting solution was washed
with saturated aqueous NaHCO; (50 ml) and brine (50 ml). The organic layer was dried and
evaporated to give a crude product, which was used without further purification. MS (ESI) m/e
(M+H": 258. '
Step 4

CHNQ O\‘(\BF
N HEr, HOAC Q/L L
o T >
o

To a solution of a-diazoketone (2 g, 7.78 mmol) in glacial HOAc (25ml) was
treated with 48% HBr (2.8 ml) drop wise with stirring. After stirring for 1 hour, the reaction
mixture was extracted with DCM and washed with water. Evaporation of the solvent and

crystallization from ether-pet ether gave the pure product. MS (ESI) m/e (M+H™): 310.

Step 5
(_)\“/\Br HN/“\r 4 El3N, THF (]Y N
Q\/'L 6 '\VN;}_@” NOz L T Q NO;
[+ ) O %

The product from step 4 (420 mg, 1.35 mmol) and the heterocycle from step 2
(347 mg, 1.35 mmol) in THF (2ml) were stirred at RT overnight with EtN (0.3 mL). When the
reaction was completed, the mixture was concentrated, and the residue was purified by RPLC to
give the product (300 mg). MS (EST) m/e (M+H"): 486.
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Step 6
<Nj\n/\ S SnCly <j\n/\ S
%D I “Q’ MO, ————= Q_/Eo I (,T
o [+]

A solution of the product from step 5 (180 mg, 0.371 mmol) in absolute EtOH (3
ml} was added to stannous chloride dihydrate (418.6 mg, 1.85 mmol), and the mixture was
stirred at 70°C for 2 hours. The reaction mixture was cooled to RT and poured into ice/water (50
ml), and the pH was made strongly alkaline by the addition of saturated NaOH (100 ml) before
being extracted with EtOAc (2x). The organic phase was combined and washed with brine,
dried by MgS8Qy, filtered, and concentrated to yield the crude product (150mg). MS (ESI) m/z :
(M+H") 456.
Step 7

The mixture of the product from step 6 (30 mg, 0.066 mmol), N-phenylacetyl-L-
proline (46.08 mg, 0.197 mmol), DIPEA (50.1 mg, 0.197 momol) in CH3CN (2 mL) was stirred at
RT for 5 minutes, then HATU (74.86 mg, 0.197 mmol) was added into the mixture, The mixture
was stirred at RT overnight, concentrated, and the residue was purified by RPLC to give the
desired compound (20mg). 'THNMR (DMSO) 8: 9.26 (s, 1H), 8.84-8.86 (m, 2H), 7.79-8.03 (m,
4H), 7.11-7.31(m, 12H), 4.41~4.63 (m, 2H), 3.52~3.80 (m, 12H), 2.26~2.12 (m, 2H), 1.87~1.75
(m, 6H).

viicarbonyllamino)phenyll-1H-benzimidazol-3-vlipyrrolidine-2-carboxamide

O Oy
el e,

o0
O N 02N N
CH ﬁ

FPA

Step 1

p-Aminobenzoic acid (0.200 g, 1.45 mmol) and nitrophenylene diamine (0.221 g,
1.45 mmol) were added into PPA (30 mL). The mixture was stirred at 210°C for 20 minutes.
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Then, it was poured into ice water and extracted with DCM. The organic layer was washed with
brine, dried (NaSQ,), filtered and concentrated to afford 200 mg of the desired compound. M5
m/z; 255 (M-+1).

Step 2

HOBt, DIPEA
EDCI, DMF, RT

-
S ec Ty TR 1N g

Compound from step 1 above (1.2 g, 4.7 mmol), N-Boc-proline (1.52 g, 7.07
mmol), EDCI (1.8 g, 9.44 mmol), HOBT (1.27 g, 9.44 mmol) and DIPEA (2.4 g, 18.8 mmol)
were taken in DMF (30 mL) and stirred for overnight at RT. DMF was removed under reduced
pressure, and the residue was extracted with DCM/water. The organic layer was washed with
brine, dried (NaS0s), concentrated and purified by column (DCM: MeOH/100:1) o afford 1.2 g
of the desired compound. "H NMR (MeOD) § 8.49 (s, 1H), 8.28-8.19 (m, 3H), 7.79-7.76 (d, J =
4.4Hz, 2H), 7.72-7.65 (m, 1H), 4.41-4.29 (1, /= 8.8Hz, 1H), 3.59-3.51 (m, 2H), 2.18-1.95 (m,
4H), 1.49 (s, 9H).

Step 3

‘@: y-@- !Nj _ HCIMeOH N\C‘:hé}—@‘z;‘\ Nj
Boc HC1

Compound from step 2 (0.600 g, 1.06 mmol) was stirred in MeOH/HC1 (10 mL})
for 1 hour at RT, and solvent was removed under reduced pressure. The resulting compound was
dried at high vacuum to afford 370 mg of desired compound.

Step 4

3 5
OzN N H
Oy &0 T O
M S——
H o 4 HATU, DIPEA H ° O)\@
HC| P

The product from step 3 (0.370 g, 1.052 mmol), pyridine-3-carboxylic acid (0.157
g, 1.27 mmol), HATU (1.2 g, 3.18 mmol) and DIPEA (0.814 g, 6.36 mmol) were taken in DMF
(10 mL) and stirred for overnight at RT. DMF was removed under reduced pressure, and the
residue was extracted with DCM/water. The organic layer was washed with brine, dried
(NaSO,), concentrated and purified by column (DCM: MeOH/100:1) to afford 300 mg of desired
compound. 'H NMR (MeOD) § ppm: 0.883 (s, 1H), 0.87-0.85 (d, J = 4.4Hz, 1H), 8.49 (s, 1H),
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8.21-8.18 (m, 1H), 8.17-8.10 (m, 3H), 7.98-7.95 (d, J = 8.8Hz, 2H), 7.73-7.68 (m, 1H), 7.60-7.51
(m, 1H), 4.79-4.76 (t, J = 6Hz, 1H), 3.77-3.73 (m, 2H), 3.27-3.19 (m, 2H), 2.19-2.12 (m, 2H).
Step 5

\©:N H; Pd/C @ >_©_R
The product from step 4 (0.300 g, 0.657 mmol) was taken in MeOH (10 mL) and
PA/C (0.07 g) was added under N,. The reaction was stirred for overnight at RT under H,. The

I

Pd/C was filtered through CELITE, and the filtrate was concentrated under reduced pressure to

afford 234 mg of desired compound.

Step 6
N Ry
Oy g -8 PO

e
J N

_—

The product from step 5 (0.370 g, crude), N-Boc-proline (0.157 g, 1.27mmol),
HATU (1.2 g, 3.18 mmotl) and DIPEA (0.814 g, 6.36 mmol) were taken in DMF (10 mL) and
stirred for overnight at RT. DMF was removed under reduced pressure, and the residue was
extracted with DCM/water. The organic layer was washed with brine, dried (NaSOs),
concentrated and purified by column (DCM: MeOH/100:1) to afford 300 mg of targeted
compound.

Step 7

PN g = Ny R 1t )

The product from step 6 (0.600 g, 1.06 mmol) was stirred in MeOH/HCI (15 mL)
for 1 hour at RT, and the solvent was removed under reduced pressure. The compound was
dried at high vacuum to afford 370 mg of desired compound. 'H NMR (MeOD) 8: 9.39 (s, 1H),
9.18-8.82 (m, 2H), 8.39-8.38 (m, 1H), 8.32-8.22 (m, 1H), 8.21-8.10 (m, 2H), 8.09-7.98 (m, 2H),
7.86-7.72 (m, 1H), 7.71-7.65 (m, 1H), 4.87-4.84 (t, /= 8.8Hz, 2H), 3.51-3.34 (m, 8H), 2.49-2.38
(m, 4H).

gj-.
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Step 8

Qﬁ(n‘g"}:@f Hg’\ P _HATU.DIPEADMF O\(H\O" ),O'n},,\j

’ =N R-’COOH 1 =N
= o

The product from step 7 (0.100 g, 0.191 mmol), cyclobutanecarboxylic acid
(0.018 mg, 0.183 mmol), HATU (0.116 g, 0.305 mmol) and DIPEA (0.059 g, 0.416 mmol) were
taken in DMF (5 mL) and stirted for overnight at RT. DMF was removed under reduced
pressure, and the residue was extracted with DCM/water. The organic layer was washed with
brine, dried (NaSOs) and concentrated. The residue was purified by HPLC purification to afford
12 mg of the final product. 'H NMR (MeOD) &: 8.91 (s, 1H), 8.75 (s, 1H), 8.41 (s, 1H), 8.25
(s,1H), 7.96-7.95 (d, J = 5.2Hz, 4H), 7.73-7.67 (d, J = 3.2Hz, 2H), 7.52-7.51 (d, J = 3.2Hz, 1H),
4.54-4.82 (t, J = 3.6Hz, 2H), 3.63-3.46 (m, 4H), 2.48-2.46 (1, /= 2Hz, 1H), 2.34-2.29 (m, 6H),
2.18-2.10 (m, 4H), 2.08-2.02 (m, 4H).
Examples 9-15

Compounds of Examples 9-15 were prepared in a similar manner to Example 8.

Example Structure MW Name

9 GY“ ~ 626.721 | (28)-1-(phenylcarbomyl)-N-{4-
N N\}. _< >_H [5-({[(25)-1-
o © \©:N NN {phenylcarbonyl)pyrrolidin-2-
H 0 o*@ yl]carbonyl} amino)-14-
benzimidazol-2-

yllpheny!} pyrrolidine-2-
carboxamide

10 (Nj\fn 682.83 (25)-1-[{4Z,52)-4-

b < >n ethylidenehept-5-enoyl]-N-{2-
0? ; \g’f“) (4-({[28)-1-3-

o phenylpropanoy!)pyrrolidin-2-

yl]carbonyl}amino)phenyl]-14-

benzimidazol-5-yl} pyrrolidine-

2-carboxamide

i P 682.83 (28)-1-[(AZ,52)4-
N ethylidenehept-5-enoyl]-N-{2-

A = IO B 1-G-
0 O phenylpropanoyl)pyrrolidin-2-
N ylJcarbonyl}amino)phenyl}-1H-
benzimidazol-5-yl}pyrrolidine-

2-carboxamide

12 686.774 (25)1-{(2R)-2-hydroxy-2-
Q OYH@"’»@—NH phenylacetyl}-N-(4-{5-[({(25)-1-
@\.)L”Q ¥ — ) [(2R)-2-hydroxy-2-
Bu o phenylacetyllpyrrolidin-2-
mOH yl}carbonyl)amino]-1H-
benzimidazoi-2-
yl}phenyhpymrolidine-2-
carboxamide

=79 .




10

WO 2010/111483 PCT/US2010/028653
Example Structure MW Name
13 i 654.776 | (25)-14{phenylacety!}-N-{d4-[5-
N \@N\)—Q—ﬁ ”> {{{(28)-1(phenylacetyl)
0 © N WM pyrrolidin-2-yl]carbonyl}
H 0y amino)-1H-benzimidazol-2-
yl]phenyl) pyrrotidine-2-
carboxamide
14 ()\[H 385.041 | tert-butyl {(18)-2-[(2$)-2-({4-
NN N (5-({[(28)-1-{(28)-2-[(terr-
%o 0 \@H\)_Q— N;-/j butoxycarbonyljamino}-2-
NH o ;\/@ phenylacetyl} pyrrolidin-2-
C“'f(o 07N yllcarbonyl}amine)-1H-
¢nlts HN, o benzimidazol-2-yljphenyl}
Cly & carbamoylpyrrolidin-1-y1}-2-
Cnlhs oxo-1-phenylethyl}carbamate
15 (%H 885.041 | terr-butyl {{1R)-2-[(285)-2~({4-
Ny N N [5-({[(28)-1-{(2R)-2-[(tert-
O\Ao 0 ﬁﬁ‘@"‘?—/j butoxycarbonyl)amino)-2-
NH H G N phenylacetyl} pyrrolidin-2-
CHy & O‘L\’@ yl}carbonyi}amino)-1H-
CH; HN benzimidazol-2-yllphenyl}
ot e carbamoylpyrrolidin- 1-yl}-2-
g:aCHa oxo-1-phenylethyl} carbamate

Example 16 — Benzyl (28)-2-{14-(4-{{(4-methyiphenylsulfonvilaminol-I1H-benzimidazol-2-

vDphenyllcarbamoylipyrrolidine-1-carboxylate

(D

Step 1

o HO, NOy H‘@—NHBOC
BocHN—@—( . C[NHz HATU ©:N .
OH
NH,

NH;

To a solution of N-Boc-p-aminobenzoic acid (1.86 g, 7.84 mmol) in DMF, 3-
nitrophenylenediamine (1.0 g, 6.536 mmol), HOBt (0.875 g, 6.536 mmol) and EDCI (2.5 g,
9.804 mmol) were added, and reaction was stirred for overnight at RT. The excess of solvent
was removed under reduced pressure, and the residue was diluted with DCM. The organic layer
was washed with brine, dried (NaSOy), filtered, concentrated and purified by column to obtain
400 mg of compound. MS m/z: 273 (M+1).

Step 2
NO, @'NHBM NGy
ACOH b
o —_— @: NH,
X 0

NH,

- 80 -



10

15

20

25

WO 2010/111483 PCT/US2010/028653

The compound from step 1 above (0.600 g, 1.611 mmol) and KOA¢ (0.138 g,
1.609 mmol) were taken in HOAc (9.3 mL). The reaction was stirred at 120°C for ovemnight,
cooled to RT and poured into ice-water. The aqueous layer was extracted with DCM. The
organic layer was washed with brine, dried (NaSOy), filtered and concentrated to obtain 120 mg
of the desired compound. MS m/z: 255 (M+1). 'H NMR (DMSO) &: 11.44 (s, 1H), 8.95-9.01
(m, 2H), 8.81-8.83 (d, /= 8.0Hz, 2H), 8.22-8.27 (m, 1H), 8.22-8.27 (m, 2H), 4.97 (s, 2H).
Step 3

N j 2 N :
S0 g5 00

To a solution of the aniline (0.200 g, 0.787 mmel) in DMF, N-Boc-proline (0.186
g, 0.865 mmol), DIPEA (0.302 g, 2.361 mmol) and HATU (0.329 g, 0.865 mmol) were added.
The reaction was stirred for overnight. The excess of solvent was removed under reduced
pressure, and the residue was diluted with DCM. The organic layer was washed with brine,
dried (NaSOy), filtered, concentrated and purified by column to obtain 150 mg of the desired.
MS m/z: 452 (M+1). 'H NMR (MeOD) 8: 8.70-8.73 (m, 2H), 8.40-8.42 (d, J = 8Hz, 2H), 7.87-
7.89 (d, J= 8Hz, 1H), 7.50-7.53 (m, 2H), 6.78-6.80 (d, J = 8Hz, 1H), 3.83 (s, 1H), 3.69-3.76 (m,
2H), 3.56-3.60 (m, 4H), 1.37-1.43 (m, 9H).
Step 4

C-On Q= CronR

To a solution of compound from step 3 above (0.200 g, 0.443 mmol), Pd/C (10
mg) was added under argon, and the reaction was stirred for 2 hours in Hz. The Pd/C was
filtered and washed with MeOH for several times. The solvent was evaporated 1o obtain 180 mg
of desired compound. MS m/z: 422 (M+1). "HNMR (MeOD) §: 9.51 (s, 1H), 7.95-8.20 (m,
1H), 7.58-7.60 (m, 1H), 7.19-7.48 (m, 2H), 6.78-6.87 (m, 2H), 6.38 (s, 1H), 4.25-4.42 (m, 1H),
3.34-3.67 (m, 21), 1.79-2.20 (m, 4H), 1.17-1.41 (m, SH).

Step 5

&W“wﬁw Ot E@ﬁ

TEA

To a solution of the compound from step 4 above (0.196 g, 0.465 mmol) in THF,

-81-




10

15

.20

25

WO 2010/111483 PCT/US2010/028653

TEA (0.070 g, 0.693 mmol) and 4-methylbenzene-1-sulfonyl chloride (0.088 g, 0.461 mmol)
were added drop wise at 0°C. The reaction was stirred for overnight, and the solvent was
removed under reduced pressure. The residue was diluted with DCM and washed with brine.
The organic layer was dried (NaSQy), filtered and concentrated. The residue was purified by
preparative TLC to afford 110 mg of desired compound. MS m/z: 576 (M+1). 'H NMR
(MeOD) &: 7.98-8.00 (d, /= 8.0Hz, 2H), 7.78-7.80 (d, /= 8.0Hz, 2H), 7.66-7.68 (d, /= 8.0Hz,
2H), 7.26-7.28 (m, 11H), 7.19-7.21 (d, /= 8.0Hz, 2H), 7.07-7.09 (m, 2H), 4.36-4.38 (m, 1H),
3.55-3.58 (m, 2H), 2.32-2.35 (m, 4H), 1.89-2.11 (m, 3H), 1.50 (s, 9H).
Step 6
NH @—NH

The product from step 5 above (0.180 g, 0.312 mmol) was stirred in MeOH/HC]
(5.0 mL) for T hour at RT. The solvent was removed under reduced pressure and dried at high
vacuum. It was used directly without any further purification. The residue was taken in DMF,
benzoic acid (0.042 g, 0.344 mmol), DIPEA (0.320 g, 2.504 mmol) and HATU (0.143 g, 0.375
mmol) were added. The reaction was stirred for overnight at RT. The excess of solvent was
removed under reduced pressure, and the residue was diluted with DCM. The organic layer was
washed with brine, dried (NaSQ,), filtered, concentrated and purified by column to afford 40 mg
of the final compound. MS m/z: 580 (M+1). 'H NMR (MeOD) 8: 7.92-7.94 (d, J= 8.8Hz, 2H),
7.23-7.68 (m, 14H), 6.81-6.83 (d, J/= 10Hz, 1H), 5.21 (5, 2H), 4.65-4.79 (m, 1H), 3.52-3.85 (m,
2H), 2.47-2.58 (m, 1H), 2.43 (s, 3H), 1.93-2.23 (m, 3H).

vljcarbonyl}amino)-1,3-benzoxazol-2-yl[phenviipyrrolidine-2-carboxamide

o}

04—
Step I

OH
H:N'C[NHz HN

O N
HzN_< >—< —— @&—( >—NH2
oH PPA o]
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p-Aminobenzoic acid (1.37 g, 10 mmol) and 2,4-diaminophenol (1.24 g, 10
mmol) were combined under argon and treated with 12 mL of PPA. The resulting solution was
heated at 200°C for 30 minutes. The black solution was poured onto ice, and the resulting
yellow solid was collected (1.12 g). 'H-NMR (DMSO) &: 10.2-10.5 (s, 2H), 8.10-8.20 (m, 4H),
7.10-7.80 (m, 3H). MS m/z: 226 (M+1),

Step 2

%Mw“°%@@—
d *  aaru.opEs oMy 0 O Y\N

The product from step 1 above (0.100 g, 0.236 mmol), N-Boc-proline (0.098 g,
0.355 mmol), HATU (0.135 g, 0.355 mmol), TEA (0.100 g, 0.944 mmol) were taken in DCM
(10 mL) and stirred overnight at RT. The reaction was diluted with DCM, and the organic layer
was washed with water, brine, dried (NaSQ,), concentrated and purified by preparative TLC to
afford 100 mg of desired compound. MS m/z: 620 (M+1).
Step 3

Lo = onong

2HC
The product from step 2 above (0.100 g, 0.161 mmol) was stirred in MeOH/HC!
(3.0 mL) for 1 hour at RT, and the solvent was removed under reduced pressure. The compound
was dried at high vacuum to afford 80 mg of the desired compound. MS m/z: 420 (M+1).
Step 4

ﬂ

0
2HCI

Compound from step 3 (0.080 g, 0.191 mmol), 3-phenylpropanoic acid (0.086 g,
0.574 mmol), HATU (0.218 g, 0.574 mmol), DIPEA (0.146 g, 1.146 mmol) were taken in DMF
(3 mL) and stirred for overnight at RT. DMF was removed under reduced pressure, and the
residue was extracted with DCM/water. The organic layer was washed with brine, dried
(NaSOQ,) and concentrated. The residue was purified by HPLC purification to afford 108 mg of
target. 'H NMR (DMSO0) 8: 10.2-10.5 (s, 2H), 8.10-8.20 (m, 3H), 7.10-7.80 (m, 14H), 4.37-4.55
(m, 2H), 3.32-3.58 (m, 4H), 2.67-2.85 (m, 7H), 1.80-2.4 (m, 9H).
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Example 18 — (28)-1-(3-phenylpropanovl)-N-{4-f5-({{(28)-1-(3-phenyipropanoylpyrrolidin-2-

yllcarbonyllamino}-1-benzofuran-2-yllphenylipyrrolidine-2-carboxamide

OOy

Step 1

HC.
np\ DIPES, 4-dloans ,Q/\

o

To a solution of 5-nitrosalicylaldehyde (1.0 g, 5.90 mmol) in 1,4-dioxane (10
mL), p-nitrobenzyl bromide (1.33 g, 6.15 mmo}) and DIPEA (1.25 g, 9.70 mmol) were added,
and the reaction was refluxed at 100°C for 2 hours. The reaction was cooled, and the solids were
filtered, washed with EtOH and dried with high vacuum to afford the desired compound. MS
m/z: 303 (M+1).
Step 2

om0

To a solution of the target compound from step 1 (1.5 g, 4.96 mmol) in 1, 4-
dioxane (5 mL), DBU (0.9 g, 6.45 mmo}) was added. The reaction was heated to 100°C for 3
hours, then cooled to RT, and the resulting solid was filtered off and sufficiently washed with
EtOH to afford 927 mg of the desired compound. 'H NMR (MeOD) 8: 8.66 (s, 1H), 8.37-8.39
(d, /= 8.0Hz, 2H), 8.30-8.32 (d, /= 8.0Hz, 1H), 8.18-8.21 (d, /= 12Hz, 2H), 7.78-7.80 (d, /=
8.0Hz, 1H)}, 7.70 (s, 1H).
Step 3

OyN
O b O NG, _Fe, HCI HaN R
—dl NH,

To a solution of the product from step 2 above (0.050 g, 0.176 mmol) in 1,4-
dioxane (1.8 mL}), water (1.8 mL), Fe (0.054 g) and HCI (1.1 pL) were added. The reaction was
heated to 110°C for 3 hours. Then, the solid was filtered, and the organic layer was concentrated
to afford 40 mg of the desired compound. 'H NMR (MeOD) 6: 8.01-8.05 (m, 2H), 7.90-7.96 (m,
1H), 7.79 (s, 1H), 7.46-7.51 (m, 1H), 7.34 (s, 1H), 7.17-7.21 (m, ZH). MS m/z: 225 (M+1).
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Step 4

Oy Oz Y Co-Orgy
® ol

To a solution of the product from step 3 above (0.020 g, 0.089 mmol} in DCM (10
mL) N-Boc-proline (0.042 g, 0.196 mmol) and DIPEA (0.035 g, 0.267 mmol) were added. The
reaction was stirred at RT for 5 minutes and then HATU (0.101 g, 0.267 mmol) was added. The
reaction was stirred overnight and poured into brine and extracted with EtOAc. The organic
layer was dried (NaySOy), filtered and concentrated to afford 30 mg of the desired compound.
MS m/z: 619 (M+1).
Step 5

Bf:)\’r mNH j _HCEMSOH qr NH

2HGI

R
3phenylpropancic acd (';)\V N‘H s
ﬁ o © ° Y =)
P o N
o

DIPEA, HATU

Ph

The product from step 4 (0.70 g, 1.13 mmol) was stirred in MeOH/HCI (20 mL)
for 1 hour. The solvent was removed at high vacuum to afford the desired proline compound,
which was used directly to the next step without further purification. 3-Phenylpropaneic acid
(0.428 g, 2.85 mmol) were taken in DCM (30 mL) was reacted with the proline compound
(0.500 g, 0.96 mmol) and DIPEA (0.9 g, 7.1 mmol). The reaction was stirred at RT for 5
minutes, and then HATU (1.0 g, 2.85 mmol) was added. The reaction was stirred overnight and
poured into brine and extracted with EtOAc. The organic layer was dried (Na;SOy),
concentrated and purified by HPLC to afford 30 mg of the desired compound. "H NMR (CDCl;)
&: 9.85-9.87 (d, J= 8.0Hz, 2H), 7.86 (s, 1H), 7.42-7.44 (d, /= 8.8Hz, 2H), 7.46-7.48 (d, J= 8.8Hz,
2H), 7.03-7.31 (m, 9H), 6.90-6.99 (d, J= 3.6Hz, 1H), 6.58 (s, 1H), 4.71-4.82 (m, 2H), 3.62-3.71
(m, 2H), 3.43-3.50 (m, 2H), 2.95-3.05 (m, 4H), 2.63-2.88 (m, 4H), 2.21-2.43 (m, 4H), 1.87-2.14
(m, 4H). MS m/z: 683 (M+1).
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Example 19 — N-f2-{4-(acetylamino)phenyl]-1-benzofuran-5-yij-1-{(2R)-2-[{tert-

butoxvcarbonvllamino]-2-phenviacetvli}-L-prolinamide

YOO

BocHN

Step 1

HO

B- C
e Lo X
m oN 0’\©
OH D t—
NO,

K,COs (68 g, 0.497 mol) was added to a solution of bromosalicylaldehyde (50 g,
0.248 mol) in DMF (300 ml). The resulting solution was stirred at RT for 1 hour, then to it was
added compound 4-nitrobenzyl bromide (54 g, 0.25 mol). The reaction mixture was stirred for
30 minutes, filtered, and the filtrate was poured into water and extracted with EtOAc (3x). The
combined organic layers were dried and concentrated. The product was recrystailized from
dioxane to afford a white solid (50 g). '"H NMR (CDCly) §: 10.43 (s,1H), 8.24 (d, J = 4H), 7.51-
7.58 (m, 2H), 7.37-7.42 (m, 4H), 7.31-7.36 (m, 6H), 5.52 (s, 1H), 4.57 (s, 2H), 3.90 (s, 2H), 3.34
(s, 2H), 2.06-2.15 (m, 6H), 1.86-1.88 (m, 1H), 1.41 (d, 18H).
Step 2

BI‘\QCHO
DBU Br
————
) O

NO;

DBU (9 mi, 61.58 mmol) was added to a solution of the product from step 1 (10
g, 29.85 mmol) in dioxane {70 ml). The resulting solution was heated to reflux for 1 hour,
cooled and filtered. The filter cake was washed with EtOAc and dried in air to afford a yellow
solid (6.5 g).
Step 3

TR0 O

P'Bus (1.93 ml, 0.32 mmol) was added to a solution of the product from step 2 (2
g, 6.3 mmol) and Pd,(dba); (0.29 g, 0.32 mmol) in THF (100 ml) under N;. Thesn a solution of
LiHMDS (18.9 ml, 18.9 mmol) was added dropwise. The resulting solution was heated to reflux
for 3 hours and then cooled to RT. The reaction mixture was adjusted to pH = 1 using 1M HCI,
then stirred for 0.5 hour. The reaction mixture was basified to pH = 8~9 using ag. saturated
NaHCOs, and extracted with EtOAc (3x). The combined organic layers were dried and

concentrated. The residue was recrystallized from MeOH to afford the product as brown solid.
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Step 4
bie
o H
HZN;NOg M:?O N PhﬁN;N%
GIPEA, HATY BocHN °

The mixture of the product from step 3 (500 mg, 2 mmol), R-Boc-Phg-L-Pro-OH
(660 mg, 2.16 mmol), NMM (400 mg, 4 mmol) and DMF (30 m}) was stirred at RT for 30
minutes, then to it was added HATU (1.13 g, 3 mmol). The resuliing mixture was stirred at RT
overnight. The reaction mixture was diluted with water and filtered. The cake was washed with
water and dried; the solid was used next step without purification.

Step 5

P q‘}gnmz Hy/ Raney NI N Pn\leg v O ; Q NK,

3 i [+]
BocHN BocHN

The product from step 4 (0.4 g, 1.3 mmol) in THF (10 ml) was hydrogenated

using Raney Ni (0.2 mg) as the catalyst. After being stimed under H; atmosphere at RT
overnight, the reaction slurry was filtered through CELITE, and the filtrate was concentrated
under reduced pressure to afford 0.33 g of the desired compound.

Step 6

i g ]
phyzoo ; an A Ph._(N\;Lg N?a_

BecHN BocHH

Acz0 (18 mg, 0.18 mmol} was added to a solution of the aniline from step 5 (50
mg, 0.09 mmol) in THF (2 ml) at RT. The resulting solution was stirred at RT overnight,
concentrated, and the residue was purified by RPLC to afford the desired product. '"H NMR
(acetone-d6) 8: 7.95 (s, 1 H,NH), 7.65-7.74 (m, 7 H, ArH), 7.40 -7.43 (m, 3 H, ArH), 7.30-7.34
(m, 2 H, ArH), 7.01 (s, 1 H, ArH), 5.64 (s, 1 H, CH), 4.56-4.59 (m, 1 H, CH), 3.93-3.99 (m, 1 H,
CHy), 3.27-3.42 (m, 2 H, CHy), 3.02-3.17 (m, 3 H, CHy), 1.98 (s, 3H, CH3), 1.98- 1.95 (m, 4 H,
CHy), 1.22 (t, J=7.2 Hz, 6 H, CHa).
Examples 20-36

Compounds of Examples 20-36 were prepared in a similar manner as described in

either Example 18 or Example 19.
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Example

MW

Name

20

654.773

(28)-1-(phenylacetyl)-N-{4-[5-
({[(25)-1-(phenylacetyl)
pyrrolidin-2-yljcarbony!}amino)-
1-benzofuran-2-yi]phenyl}
pyrrolidine-2-carboxamide

21

885.039

tert-butyl {(15)-2-[(28)-2-({4-[5-
({1(28)-1-{(285)-2-{(ters-
butoxycarbonyl}amino]-2-
phenylacetyl}pyrrolidin-2-
yl]carbonyl}amino)-1-
benzofuran-2-yl)phenyl}
carbamoyl)pyrrolidin-1-yI]-2-
oxo-1-phenylethyl}carbamate

22

885.039

tert-butyl {(1R)-2-[(28)-2-({4-{5-
({1(25)-1-{(2R)-2-[(¢ert-
butoxycarbonyl)amino]-2-
phenylacetyl} pyrrolidin-2-yl}
carbonyl}amino}-1-benzofuran-
2-yljphenyl}carbamoyl)
pymolidin-1-yl}-2-oxe-1-
phenylethyl} carbamate

23

856.984

propan-2-yl [(1R)-2-0x0-1-
phenyl-2-{(25)-2-[(4-{5-{({(28)-
1-[(2R)-2-phenyl-2-{[(propan-2-

yloxy)carbonyl]Jamino}acetyl]

pyrrolidin-2-y1} carbonylamino]-

1-benzofuran-2-yl}phenyl)

carbamoyl]pyrrelidin-1-
yl}ethyljcarbamate

24

800.876

methyl {(1R)-2-[(25)-2-({4-[5-
({{28)-1-{(2R)-2-
[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-
yl]carbonyl} amino)-1-
benzofuran-2-yl]phenyl}
carbamoypyrrolidin-1-y1]-2-
oxo-1-phenylethyl} carbamate

25

740.91

(25)-1-[(2R)-2-(dimethylamino)-
2-phenylacetyl]-N-(4-{5-[({(25)-
1-{(2R)-2-(dimethylaminc)-2-
phenylacetylipyrrolidin-2-yl}
carbonylt)amino]-1-benzofuran-2-
yl} phenylpyrrolidine-2-
carboxamide

26

797.019

(25)-1-[(2R)-2-(diethylamino)-2-
phenylacetyl}-N-(4-{5-[({(25)-1-
[(2R)-2-(diethylamino)-2-
phenylacetyljpyrrolidin-2-y1}
carbonylyamino]-1-benzofuran-2-
yl}phenyl)pyrrolidine-2-
carboxamide
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Example

Stnicture

MW

Name

27

798.947

propan-2-y} {(1R)-2-{(25)-2-[(4-
{5-1({(28)-1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]pymolidin-2-yl}
carbonyl)amino}-1-benzofuran-2-
yl}phenyl)carbamoyl]pymolidin-
1-yl}-2-oxo-1-
phenylethyl]carbamate

28

482 587

N-[2-(4-aminophenyl)-1-
benzofuran-3-y1]-1-[(2R)-2-
(dimethylamino}-2-
phenylacetyl]-L-prolinamide

29

833.127

(25)-1-{{2R)-2~[methyl(3-
methylbutyl)amino]-2-
phenylacetyl}-N-{4-[5-({[(25)-1-
{(2R)-2-[methyl(3-
methylbutyl)amino}-2-
phenylacetyl} pyrrolidin-2-
ylJcarbonyl}amino)-1-
benzofuran-2-yl]phenyl}
pyrrolidine-2-carboxamide

30

552.679

N-{2-{4-(acetylamino)phenyl}-1-
benzofuran-5-y1}-1-[(2R)-2-
(diethylamino)-2-phenylacetyl}-
L-prolinamide

31

649.797

(25)-1-acetyl-N-(2-{4-[({(25)-1-
[(2R)-2-(diethylamino)-2-
phenylacetyl]pyrrolidin-2-
y1} carbonylamino}phenyl}-1-
benzofuran-5-yl)pyrrolidine-2-
cerboxamide

32

693.807

tert-butyl {(JR)-2-[(28)-2-({4-[5-
{{{(25)-1-acetylpyrrolidin-2-
ylJcarbonyl}amino)-1-
benzofuran-2-yl)phenyl}
carbamoyl)pyrrolidin-1-yl}-2-
oxo-1-phenylethyl}cartbamate

33

621.743

(25)-1-acetyl-N-(2-{4-[({(25)-1-
[(2R)-2-{(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-
yl}carbonyl)amino]phenyl}-1-
benzofuran-5-ylpyrrolidine-2-
carboxamide

34

596.689

N-{4-[5-(acetylamino)-1-
benzofuran-2-yl]phenyl}-1-
{(2R)-2-[(tert-
butoxycarbonylyamino}-2-
phenylacetyl}-L-prolinamide
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Example Structure MW Name

methyl {(JR)-2-1(2S)-2-({4-[5-

< ({l2S)-1-{(2R)-2-
‘?;:ﬁ Q)\(“m}*ﬂ;j [(methoxycarbonyl)amino}-2-
o o H phenylacetyl} pyrrolidin-2-
33 © § ° Hy o7y W _f 814.903 yllcarbonyl}amino)-7-methyl-1-
benzofuran-2-yllphenyl}
carbamoyl)pyrrolidin-1-yl]-2-
oxo-1-phenyiethyl}carbamate

(25)-1-{(2R)-2-{ethyl(propy!)

Q}’Qj amino}-2-phenylacetyl}-N-{4-[5-
ot G\(“ﬂ\—C}QJ\,@ ({[28)-1-{(2R)-2-{ethyl(propy))

36 SN b ° cHN_ ot 825.073 amino]-2-phenylacetyl}

° pyrrolidin-2-yllcarbonyl} amine)-

1-benzofuran-2-yllphenyl}

pyrrolidine-2-carboxamide

Example 37 — (28)-1-(phenylacetyl)-N-{4-16-({[(28)-1-(phenyviacetylpyrrolidin-2-
yllcarbonvl}amino)imidazo[l 2-alpyrimidin-2-vilphenvi}pyrrolidine-2-corboxamide

H IS
Yook
Bn

Step 1

N N j\ . N, NH;
7 H __</: - . o~ ¢y VHF.pyidne Q’
ozN_Cr?‘m’ pac —J— b c”"u v

A suspension of pyrimidine (280 mg, 2 mmol), Pd/C (15 mg, 0.1 mmol) in 40 mL
EtOH was hydrogenated under 30 psi for 1 hour. The mixture was then filtered, and the filtrate
was then concentrated to give the product (200 mg). The residue was dissolved in 20 ml THF
and CbzCl (375 mg, 2.19 mmol) and pyridine (1 ml) were added. The mixture was stirred at RT
for 1 hour, then the mixture was concentrated in vacuo, and the residue was extracted with
EtOAc (2x), washed with H,O (30 mL}) and brine (30 mL), dried over anhydrous NaSQ,,
concentrated in vacuo to give the desired compound as white powder (330 mg). MS (ESI) m/e
(M+HM): 245.
Step 2

H
N
1JAcelane reflux ol Tull N"\’ <:>
Chz L \O"\w\ NO:
™ 2) HBr, methanol, reflux Sy N

A solution of the product from step 1 above (244 mg, 1.00 mmol) and 2-bromo-1-
(4-mitrophenyl)ethanone (244 mg, ! mmol) in 40 mL of acetone was heated to reflux and stirred

for 6 hours. Then, the mixture was cooled to RT and filtered, and the filtrate was then dissolved
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in 30 m] MeOH, and 0.5 ml HBr was added, the mixture was heated to reflux for another 3
hours; after that, the mixture was concentrated in vacuo to give the product as a pale yellow
powder (120 mg). MS (ESI) m/e (M+H"): 390.

Step 3

H :

N K

ob” N <:> SnCh__ Chz” f\n‘%_@_
\(N\/L\‘N NDy ———E \N/K‘N NHp

To the product from step 2 above (50mg, 0.128mmol) was dissolved in 10 mL
CH;0H was added SnCl; (144 mg, 0.64 mmol). The reaction mixture was stirred at RT for 30
minutes and then heated to reflux for 3 hours. MeOH was removed in vacuo, and the residue
was purified (DCM/MeOH =50:1) to afford the desired compound (35mg). MS (ESI) m/e
(M+HM): 360.
Step 4

H
N HaN
P ACOH, HBr 2~ N
o Q‘WNHZ QW—NHZ
N~ N NT N

The compound from step 3 (35 mg, 0.1 mmol) was dissolved in 5 ml of HOAc,
then HBr (1.5 ml) was added. The reaction mixture was heated to reflux and stirred for 6 hours,
cooled and concentrated. The residue was extracted with EtOAc (2x), washed with ag. NaHCO;
and water (30 mL}) and brine (30 mL), dried over anhydrous NaSos. Concentration afforded the
desired compound as a brown solid (16mg). MS (ESI) m/e (M+H"): 226.

Step 5

X

N™ “COOH &

G0 OO
\(N\/k' N i B“’go © N'J =N o;f
HATU.DIPEA Bn

A mixture of the diamine product from step 4 above (16 mg, 0.071 mmol), N-
phenylacetyl-L-proline (40mg, 0.170 mmol), DIPEA (36.9mg, 0.02 mmo} ) in CH3CN (5 mL)
was stirred at RT for 10 minutes, then HATU (54 mg, 0.142 mmol ) was added. The mixture
was stirred at RT overnight then the mixture was concentrated, and the residue was purified to
give compound (15 mg). MS (ESI) m/e (M+H'): 657. "H NMR (MeOD) §: 9.45(s, 1H), 8.31(s,
1H), 8.05(s, 1H), 7.61~7.48 (m, 4H), 7.34~7.21 (m, 10H), 4.60~4.52 (m, 2H), 3.83~3.69 (m,
8H), 2.24~1.97(m, 8H).
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Example 38 — (25)-1-(phenylacetyl)-N-{4-f6-({[(28)-1-(phenylacetyllpyrrolidin-2-

yllcarbonylBamino)imidazofl, 2-afpyridin-2-vilphenviipyrrolidine-2-carboxamide

N N N OH‘
T
Step 1

NC3, 1M¢etona reflux ON._z
N
D’N{). \(@ 2) HBr, mothencl, refhux 9 3—@-1%02
N

The mixture containing 2-amino-S-nitropyridine (1.39 g, 10 mmol) and p-nitro-
alpha-bromoacetophenone (2.42g, 10 mmol) in 100 mL of acetone was heated at reflux for 12
hours. The solid was collected by filtration and then dissolved in 20 mL of MeOH and treated
with a trace amount of HBr. The mixture was stirred at reflux for [ hour, cooled and the solid
was collected by filtration to give the desired (1.4 g). MS (m/z): 285 (M--H)".

Step 2

e xo
Sy 2

To a suspension of the product from step 1 above (0.7 g, 2.5 mmol) in MeOH (50
mL) was added 0.1 g of Pd/C (20%), and the suspension was stirred under 25 psi of H, at RT.

After filtration, the filtrate was concentrated in vacuo to give the desired compound. MS (m/z):
225 (M+HY",
Step 3

O‘ﬁ,

The mixture of the diamine from step 2 above (225 mg, 1 mmol), N-
phenylacetylproline (1 mmol), DIPEA (5 mmol) and HATU (380 mg, 1 mmol) in 10 mL of
MeCN was stirred at RT for 1 hour. The reaction mixture was concentrated, and the residue was
purified by column chromatography to give the desired compound. 'H NMR (MeOD) &: 9.3 (s,
1H), 8.2 (s, 1H), 7.5-7.1 (m, 16H), 4.6 (m, 1H), 4.5 (m, 1H), 3.8 (m, 8H), 2.3-1.8 (m, 8H).
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Example 39 - (28,2'S)-N.N'-18, 1 'H-2,2"-biindole-3,5 -divibis[I ~-(phenylacetyl)pyrrolidine-2-
carboxamide]

o)

Step 1

ON o
H N

To a suspension of the lactam (10.0 g, 56 mmol) in 200 ml of 1,2-dichloroethane,
was added POBr; (15.3g, 53.2 mmol) at RT. The resulting mixture was heated at reflux
temperature in a 90°C oil bath for 0.5 hour (the reaction formed a copious amount of precipitate,
and an oil bath was preferred over a heating mantle, as it provided gentle heating and avoided a
darkening of the precipitate). The reaction was cooled just below reflux {emperature, and
imidazole (4.57 g, 62 mmol) was added in one portion. The resulting gummy suspension was
heated at reflux temperature in an oil bath for another 2 hours. The reaction was cooled to RT,
and 100 mL of ice-water was added. Solid NaHCO; (ca. 50 g) was added to the mixture until no
further gas was evolved. The suspension was extracted with DCM (4x), and the combined DCM
extracts were washed with 300 mL of brine. The DCM extracts were filtered through silica gel
and concentrated to dryness to afford a crude product. The crude product was recrystallized
from chloroform to give 5.41 g of the desired compound as a white solid. The filtrate was
concentrated to dryness, and the residue was purified by flash column chromatography (30%
EtOAc/Hex) to give an additional 2.6 g of desired product. MS (ESI) m/e (M+H"): 242.

Step 2

Boc
OpN Ogh NHBog
N NHBos N Boc

The mixture of compound from step 1 above (602.6 mg, 2.5 mmol), the indole
boronic acid (1.034 g, 2.75mmol), Pd(dppf)CL(183 mg, 0.25 mmol), Na,CO; ( 530 mg, 5.0
mmol) in § mL dioxane-H,O (5:1) was heated to reflux under N; atmosphere overnight. When
reaction was complete the mixture was poured into water and extracted with DCM. The organic
phase was dried over Na;SOyq, concentrated, and the residue was purified to give compound the
desired product, MS (ESI) m/e (M+H): 493.
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Step 3

O.N NHBoc N
: \ / _HoLeOH, “’

The product from step 2 (600 mg, 1.3 mmol) was added into HCI (30 m], 3M in
MeOH). Then the mixture stirred at RT for 2-3 hours. When reaction was complete, the mixture
was concentrated to give the crude product (400 mg). MS (ESI) m/e (M+H"): 293.

Step 4
OaNNHz HzNNH:

The product from step 3 (400 mg, 1.36 mmol) was dissolved in EtQAc and treated
with Pd/C (100 mg, 20%). Then the mixture was stirred at RT overnight under H; atmosphere.
When the reaction was complete, the PA/C was filtered off, and the resulting solution was
concentrated to give the crude product (300 mg). MS (ESI) m/e (M+H"): 263.

Step 5

O™ e QY oo
RCOOH N )\/@
RGNS SO
HooA BOP ° NN o

A solution containing (131 mg, 0.5 mmol) of the product from step 4, RCOOH
(256.608 mg, 1.1 mmol), DIPEA (390 mg, 1.5 mmol) in CH3;CN (2 mL) was stirred at RT for 5
minutes, then HATU (418 mg, 1.1 mmol) was added into the mixture. The mixture was stirred
at RT overnight. When reaction was complete, the mixture was concentrated, and the residue
was purified to give the desired product. 'H NMR (MeOD) 8: 7.15-7.75 (m, 18H), 4.51-4.59 (m,
2H), 3.56-3.80 (m, 10H), 2.37 (s, 3H), 1.97-2.30 (m, 8H). MS (ESI) m/e (M+H"): 693.
Example 40 — di-tert-butyl (I8, 1'H-2,2"biindole-5,5 '-divibisfcarbamoyl(28)pyrrolidine-2,1-
divlif{(IR)-2-0x0-1-phenvlethane-2, I-diyl]}) biscarbamate

Qoo O

BocHN NHBoc

This compound was prepared using the similar method as Example 39, step 5
using N-Boc-R-Phg-L-Pro-OH. 'H NMR (MeOD) 5: 6.78-7.78 (m, 18H), 5.49 (m, 2H), 4.55-
4.58 (m, 2H), 3.94-3.97 (m, 3H), 2.37 (s, 3H), 1.87-2.14 (m, 8H), 1.40(s, 18H). MS (ESI) m/e
(M+H"):924.
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Example 41 — tert-butyl {{1R)-2-0x0-1-phenyl-2-[(28)-2-({2-[4-({[(28)-1-(phenviacetyl)
pyrrolidin-2-yljcarbonyllamino)phenyll-1H-indol-5-ylicarbamoyl)pyrrolidin-1-

yijethylicarbamate

rs -0

Step |

Y
e

BI\Q
JNH, _Hﬂ—@—Br
N N

To a solution of 4-bromophenylhydrazine (2.5 g, 13.4 mmol) in acetic acid (19.5
mL) and EtOH (14.5 mL), 4-nitroacetophenone (1.66 g, 10.0 mmol) was added. The reaction
was refluxed for § hours, and water (35 mL) was added. The resulting mixture was stirred for
another 1 hour, and the resulting solid was filtered, washed with water to afford 3.1 g of the
desired compound. 'H NMR (MeOD) &: 8.21-8.23 (d, /= 8.0Hz, 2H), 8.01-8.03 (d, /= 8.0Hz,
2H), 7.34-7.36 (4, J= 8.0Hz, 2H), 7.20-7.22 (d, J = 8.0Hz, 2H), 2.03 (s, 3H).
Step 2

The product from step 1 above (2.0 g, 6.0 mmol) was added into PPA (20 mL),
and the mixture was stirred at 80°C for 1 hour before it was cooled in ice-bath, diluted with
water/EtOAc (60/20 mL) and stirred for another 1 hour. The mixture was extracted with EtOAc
and washed to yield the target. 'H NMR (MeOD) 3: 8.28-8.30 (d, /= 8.0Hz, 2H), 7.97-7.99 (4, J
= 8.0Hz, 2H), 7.72 (s, 1H), 7.33-7.35 (d, J = 8.0Hz, 1H), 7.24-7.26 (d, /= 8.0Hz, 1H), 7.02 (s,
1H).

Step 3

3 Q NO Pdyribal; i O R O NO,

N P'Buy, fithium bis(irimethylsiyl)- N
asnide, THF, refux, 1h

0O

An oven-dried argon-cooled round-botiom flask was charged with the indole from
step 2 (2.0 g, 6.31 mmol) and 0.05 equivalents of Pd;(dba); in THF (100 mL). A solution of tri-
tert-butyl phosphine (10 wt %) in hexane (1.93 mL, 0.63 mmol) was added followed by lithium

-95.




10

15

20

25

WO 2410/111483 PCT/US2010/028653

hexamethyldisilazane (1.0 M in THF) (18.9 mL, 18.9 mmol). The dark solution was heated to
reflux overnight then cooled to RT. This mixture was poured into ice-cold aq 1.0 M HCI (70
mL) and stirred vigorously. Hexane was added, and stirring was continued for 30 minutes. The
precipitate was filtered, washed with 20 mL of cold water and then 20 mL of THF:Hexanes
(5:95) solution. The precipitate was washed with 200 mL of MeOH, and the filtrate was
concentrated 10 give 1.5 g of the desired compound. MS m/z: 254 (M+1).

Step 4
\©:>_©_ BocHN %H BogHN, (N}EH\O:?-@—NQ

/

To a solution of the product from step 3 above (1 g, 3.9 mmol) in acetonitrile (20
mL) was added R-N-Boc-Phg-S-Pro-OH (1.4 g, 3.9 mmol), HATU (3 g, 7.8 mmol) and DIPEA
(1 g, 7.8 mmol). The mixture was stirred at RT overnight. The solvent was distilled, and the
residue was dissolved in EtOAc and washed with water. The organic layer was dried and
concentrated in vacuo, and the residue was purified by column chromatography to give the
desired compound (1.8 g). MS (ESI) m/e (M+H"): 584.
Step 5

5 " O

To a solution of compound from step 4 (300 mg, 0.51 mmol) in MeOH (10 mL)
was added Pd/C (50 mg, 0.28 mmol). The mixture was stirred under H; atmosphere at RT for 1
hour. The catalyst was filtered off, and the filtrate was concentrated in vacuo to give the desired
compound (230 mg) as a yellow oil, wlﬁch was used directly in next step. MS (ESI) m/e
(M+H)": 554.
Step 6

“ =
! NH, + l I g MNH&
To a solution of the compound from step 5 (100 mg, 0.18 mmol) in acetonitrile (3

mL) was added compound N-phenylacetyl-L-proline (42 mg, 0.18 mmol), HATU (140 mg, 0.36
mmol) and DIPEA (46 mg, 0.36 mmol). The mixture was stirred at RT overnight then

- 96 -



10

13

20

25

WO 2010/111483 PCT/US2010/028653

concentrated, and the residue was purified by RPLC to give (60 mg). "H NMR (CDCh;) §: 9.62
(s, 1H), 9.08 (s, 1H), 7.84 (s, 1H), 7.45-7.09 (m, 15H), 6.52 (s, 1H), 5.67 (s, 1H), 5.49 (m, 1H),
4.72-4.51 (m, 2H), 3.82-3.48 (m, 5H), 3.20 (m, 1H), 2.15-1.72 (m, 8H), 1.43 (s, 9H). MS (ESI)
m/e (M+H"): 769.

Example 42 — (28)-1-(phenylacetyl)-N-{2-f5-({[(28)-1-(phenviacetyDpyrrolidin-2-

vilcarbonyliamino)-1H-indol-2-yllpyrimidin-5-ylipyrrolidine-2-carboxamide

("]T” N~ s
O\'ko o \CQ“D‘ ow
Step 1

et
H

A mixture of 5-nitroindole (5 g, 30.9 mmol), Fe (8.6 g, 154 mmol), NH4C1 (16.5
g, 309 mmol), EtOH (80 mL) and water (20 mL) was refluxed under N; protection for 2 hours.
The mixture was cooled to RTand filtered. The filtrate was concentrated and dissclved in water.
The mixture was basified with NaCO; and extracted with CH;Cl, two times. The combined
organic phases were combined, dried over Na;SOy and filtered. The filtrate was concentrated to
yield the product (3.6 g). MS (ESI) m/e (M+H"): 133. "H NMR (DMSO) 8: 10.55 (s, 1H), 7.12-
7.06 (m, 2H), 6.68 (d, J=2.0 Hz, 1H), 6.48 (dd, /=8.4 Hz, 2.0 Hz, 1H), 6.12 (t, J=2.0 Hz, 1H),
4,39 (s, 2H).
Step 2

Hsz Boc,0, DMAP B%Nm
p{ N

Boc

A mixture of 5-aminoindole (20 g, 76 mmol), DMAP (9.2 g, 38 mmol) THF (250
mL) and CH3CN (100 mL) was cooled to 0°C Boc;O (132 g, 304 mmol) was slowly added to the
mixture. The reaction mixture was allowed 10 warm to RT and stirred over the weekend. The
mixture was poured into water and exacted with CH,Cl, three times. The organic phase was
combined, dried over Na; SOy and filtered. The filtrate was concentrated, dissolved in CH;Cl;
and poured into PE and filtered. The solid was purified by column chromatography
(PE/EA=20/1) to yield the product (23 g). TH NMR (CDCl;): & 8.05 (d, J=8.0 Hz, 1H), 7.56 (d,
J=3.2 Hz, 1H), 7.28 (d, J=2.4 Hz, 1H), 7.03 (44, /=8.8 Hz, 1.6 Hz, 1H), 1.63 (s, 9H), 1.36 (s,
18H).
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Step 3

N
N N

Bac Boc

A mixture of the product from step 2 above (5.0 g, 11.6 mmol), ((PrOxB (17.5
ml, 92.8 mmol) and dry THF (100 mL) was cooled to 0°C LDA (prepared from nBuLi and
iPr,NH in THF, about 116 mmol) was slowly added to the mixture at 0°C. The mixture was
allowed to warm to RT and stirred for 2 hours. The mixture was quenched by the addition of IN
HC! to pH=3 and extracted with CH,Cl, three times. The combined organic phases were
combined, dried over Na;SQ, and filtered. The filtrate was concentrated and purified by column
chromatography (PE/CH,Cl,=1/1 to pure CH;Cl, to CH,Cla/acetone=10/1 to pure acetone) to
afford the product (2.8¢). "H NMR (DMSO) 8: 9.22 (s, 1H), 8.10 (s, 2H), 7.84 (d, /=9.2 Hz,
1H), 7.65 (s, 1H), 7.20 (dd, J=9.2 Hz, 2.0 Hz, 1H), 6.48 (d, 1H), 1.51 (s, 9H), 1.41 (s, 9H).
Step 4

N
c;»«(yv}no, B :\>—-NH2
N= [V

A mixture of the pyrimidine compound (0.3 g, 2 mmo}), Fe powder (560 mg, 10
mmol), NH,Cl (1.07 g, 20 mmol), EtOH (8 mL}) and water (2 mL) was refluxed under N,
overnight. The mixture was cooled to RT and filtered. The filtrate was concentrated and
dissolved in water. The mixture was basified with Na;COj and extracted with CH2Cly two times.
The combined organic phases were dried over Na,SO4 and filtered. The filtrate was
concentrated to yield the product (120 mg). MS (ESI) m/e (M+H"): 130. 'H NMR (DMSO) &:
7.99 (s, 2H), 5.73 (s, 2H).
Step 5

N BocHN Pd(dponcy, BocHN N
e }NH, + N—s(0H), e, m—f' }—NHz
N= N N, N=

Boo

A mixture of the pyrimidine from step 4 (100 mg, 0.77 mmol), indole boronic
acid from step 3 (290 mg, 0.77 mmol), Pd(dppf)Cl; (56 mg, 0.077 mmol), Na,CO0; (244 mg, 2.3
mmot), THF (20 mL) and H,0 (2 mL) was refluxed under N; overnight. The mixture was
poured into water and extracted with CH,Cl,. The organic phase was combined, dried over
Na,80, and filtered. The filtrate was purified by prep TLC (CH,Cl,/MeOH=20/1) to afford the
product. MS (ESI) m/e (M+H"): 426.
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Step 6

BocHN
N u N=

Boc

A mixture of compound from step 5 above was added to a solution HCI in MeOH
(4M) cooled with ice bath. The mixture was allowed to warm to RT and stirred overnight. The
mixture was concenirated, dissolved in water, washed by CH,Cl, and concentrated. The residue
was directly used in the next step without further purification. MS (ESI) m/e (M+H"): 226
Step 7

HN N q HATU NN - nj
T2 i L o= AXreRd o

The product of step 6 above (0.22 mimol), N-phenylacetyl-L-proline (51 mg, 0.22
mmol), DIPEA (100 mg), and DMF (3 mL) was added HATU (84 mg, 0.22 mmol), and the
mixture was stirred at RT overnight. The mixture was purified by RPLC to afford the product.
MS (ESD m/e (M+H"): 656. "H NMR (CDCls) &: 10.42 (s, 1H), 10.01 (s, 1H), 9.77 (s, 1H), 8.32
(s, 1H), 7.34-7.27 (m, 11H), 7.05-7.00 (m, 2H), 6.58 (d, /=8.0 Hz, 1H), 4.63-4.53 (m, 2H), 3.84-
3.58 (m, 8H), 2.30-1.94 (m, §H).

Examples 43-87
Compounds of Examples 43-87 were prepared in a similar manner as described in

either Example 41 or Example 42,

Example Structure MW Name

tert-buatyl {(1R)-2-[(285)-2-({4-[5-
‘3 ¥ ({1(28)-1-{(2R)-2-[(ters-
O\i]\’ “m_@-m Nj butoxycarbonyl)amino}-2-
) o
o N o=\ 4 phenylacetyl}pyrrolidin-2-
43 o ™ ? Moo | 384034 4 s arbonyl}aming)-1-indol-2-
H: 0 0 -3
Y CHs yllphenyl} carbamoyl)pyrrolidin-
CHEHs 1-yl}-2-oxo-1-
phenylethyl}carbamate

methyl {(1R)}-2-(28)-2-({4-15-
0 ({[(28)-1-{(2R}2-
N — j [(methoxycarbonyl)amino}-2-

H N
44 CLQ?;"N o © v NHO y H 799 891 phenylacetyl}pyrrolidin-2-
' ‘"),Q\ ' yljcarbonyl} amine)-1H-indo]-2-
CHy yl]phenyl} carbamoyl)pyrrolidin-

1-yl]-2-oxo-1-
phenylethyl}carbamate
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Example

Structure

MW

Name

45

%?*m 2

792.002

{25)-1-[(2R)-2-phenyl-2-
(pyrolidin-1-yhacetyl]-N-(4-{5-
[({(25)-1-[(2R)-2-pheny}-2-
(pyrrolidin-1-yljacetyl]
pyrrolidin-2-yl} carbonyljamino]-
1H-indol-2-y1} phenyl)
pymrolidine-2-carboxamide

46

ey d

>y
50

B48.023

(28)-1-{(2R)-2-
[(cyclopropylacetyl)amino}-2-
phenylacetyl}-N-{4-[5-({[(25)-1-
{(2R)-2-[(cyclopropylacetyl)
amino]-2-phenylacetyl}
pyrrolidin-2-yl]carbonyl}amino)-
1H-indol-2-yljphenyl}
pyrrolidine-2-carboxamide

47

& nO\r“ %“N

852.055

(25)-1-{(2R}-2-[(3-
methylbutanoyl)amino}-2-
phenylacetyl}-N-{4-(5-({[(25)-1-
{(2R)-2-[(3-methylbutanoyl)
amino]-2-phenylacetyl}
pyrrolidin-2-yl]carbonyl} amino)-
1H-indol-2-yl]phenyl}
pyrrolidine-2-carboxamide

48

(“O

’?G\gm@ j
5

824.001

(28)>-1-[(2R)}-2-(morpholin-4-yI)-
2-phenylacetyl]-N-(4-{5-{({(25)-
1-[(2R)-2-(morpholin-4-yl)-2-
phenylacetyllpyrrolidin-2-
yl}carbonybyamino}-1 H-indol-2-
yl}phenyl)pyrrolidine-2-
carboxamide

49

e

=

834.04

(25)~1-(2,3~diphenylpropanoyl}-
N-{4-[5-({[(25)-1-(2,3-
diphenylpropanoyl)pyrrolidin-2-
yljcarbonyl}amino)-1 H-indol-2-
yl]phenyi}pyrrolidine-2-
carboxamide

50

o‘s\

992.195

(25)-1-[(2R)-2-{[(4-
methylphenyljsuifonyijamino}-2-
phenylacetyl]-N-(4-{5-[({(25)-1-

[(2R)-2-{[{(4-methylphenyl)
sulfonyl]amino}-2-phenyiacetyl]
pyrrolidin-2-yl}carbonyljamino]-

1 H-indol-2-y1} phenyl)
pyrrolidine-2-carboxamide

51

A0

m
Qa2
q§§~m<}3r®

904.132

25)-1-{(2R)-2-
f(cyclohexylcarbonyl)amino]-2-
phenylacetyl}-N-{4-{5-({{(25)-1-
{(2R)-2-[(cyclohexylcarbonyl)

amino]-2-phenylacetyl}
pyrrolidin-2-yl]carbonyl}aming)-

1H-indol-2-yl]phenyl}

pyrrolidine-2-carboxamide
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Example

Structure

MW

Name

52

553.623

methyl {(1R)-2-[(25)-2-({2-[4-

(acetylamino)phenyl)-1H-indol-
S5-yl}carbamoy)pyrrolidin-1-yi]-
2-ox0-1-phenylethyl}carbamate

53

595.704

tert-butyl {(1R}-2-[(28)-2-({4-[5-
(acetylamino)-1H-indol-2-
yli]pheny!} carbamoyl)pyrrolidin-
1-yl]-2-0xo0-1-
phenylethyl} carbamate

34

565.678

N-{2-[4-(acetylamino)phenyl]-
1 A-indol-5-y1}-1-[(2R)-2-
(morpholin-4-yl)-2-
phenylacetyl]-L-prelinamide

55

581.677

propan-2-y! {(1R)-2-[(25)-2-({2-
[4-(acetylamino)phenyl]-1H-
indoi-5-yl} carbamoylpyrrolidin-
1-y1]-2-ox%0-1-
phenylethyl} carbamate

56

E17.953

@S)y-1-{(2R)-2-
[{cyclopentylcarbamoyl)aminc]-
2-phenylacetyl} -N-(4-{5-{({(285)-
1-[(2R)-2-{dimethylamino)-2-

phenylacetyl)pyrrolidin-2-
yl}carbonyDamine)-1H-indol-2-

vyl phenyl)pyrrolidine-2-

carboxamide

57

216.019

tert-butyl {(2R)-1-[(25)-2-({3-[5-
({[2S)y-1-{(ZR)-2-{(ters-
butoxycarbonyl)amino]-3-

methylbutanoyl} pyrrolidin-2-

ylJcarbonyl} amino)-1H-indol-2-

yi]phenyl} carbamoyl)pyrrolidin-
1-y1]-3-methyi-1-oxobutan-2-

yl}carbamate

58

549.679

N-{2-T4-(acetylamino)phenyl]-
1 H-indol-5-yi}-1-[(2R)-2-phenyl-
2-(pyrrolidin-1-yl)acetyl]-L-
prolinamide

59

699.945

(25)-1-[(2R)-2-(dimethylamino}-
4-methylpentanoyl])-N-(4- {5~
[({(28)-1-[(2R)-2-
(dimethylamino)-4-
methylpentanoyl]pyrrolidin-2-
yl}carbonyllamino]-1H-indol-2-
yl} phenyl)pyrrolidine-2-
carboxamide (non-preferred
name)
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Example

Structure

MW

Name

60

820.056

(25)-1-[(2R)-2-phenyi-2-
(piperidin-1-ylacetyl}-N-{(4-{5-
(({(25)-1-1(2R)-2-phenyl-2-
(piperidin-1-yl}acelyljpyrrolidin-
2-yl}carbonyl)amino]-1H-indol-
2-ylyphenyl)pyrrolidine-2-
carboxamide

61

785.914

(28)-1-[(2R)-2-(1 H-imidazol-1-
yI}-2-phenylacetyl]-M-(4-{5-
[({(285)-1-f(2R)-2-(1 H-imidazol-
1-yl}-2-phenylacetyljpyrrolidin-
2-yl}carbonyl)aminec]-1A-indol-
2-yl}phenyl)pyrrolidine-2-
carboxamide

62

796.034

(28)-1-[(2R)-2-(diethy)amino)-2-
phenylacetyl]-N-(4-{5-[({(25)-1-
[(2R)-2-(diethylamino)-2-
phenylacetyl]pyrrolidin-2-
yl}carbonyl}amino]-1H-indol-2-
yliphenyl)pyrrolidine-2-
carboxamide

63

692.822

terr-butyl {(185)-2-[(28)-2-({4-[5-
{{{(28)-1-acetylpyrrolidin-2-
vl carbonyl}amino)-1H-indol-2-
ylphenyl} carbamoy!)pyrrolidin-
1-yl]-2-oxo0-1-
phenylethyl}carbamate

64

692.822

tert-butyl {{(1R)-2-{(25)-2-({4-[5-
({[(25)-1 -acetylpyrrolidin-2-
yl]Jcarbonyl}amino)-1H-indol-2-
yl]pheny!}carbamoylpyrrolidin-
1-yl}-2-0x0-1-
phenylethyl}carbamate

65

692,866

tert-butyl {(1R)-2-oxo-I-phenyl-
2-{(25)-2-({2-[4-({[25)-1-
{propan-2-yl)pyrrolidin-2-
yl]carbonyl}amino)phenyl]-1 4-
indol-5-yl} carbamoyl)pyrrolidin-
1-vljethyl} carbamate

66

523.64

N-{2-[4-(acetylamino)phenyl]-
}H-indol-5-y1}-1-{(2R)-2-
(dimethylamino)-2-
phenylacetyl}-L-prolinamide

67

563.706

N-{2-[4-(acetylamino)phenyl]-
1H-indol-3-y1}-1-[(2R}-2-phenyl-
2-(pipenidin-1-ylacetyl}-L-
prolinamide
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Example

Structure

MW

Name

68

811.99

tert-butyl [(1R)-2-{{25)-2-[(2-{4-
[({@Sr1-{2R)2-
{dimethylamino)-2-

phenylacetyl]pyrrolidin-2-
yl}carbonylamino]phenyl}-14-
indol-5-yhcarbamoyl]pyrrolidin-
1-y1}-2-ox0-1-
phenylethyllcarbamate

69

811.99

tert-butyl [(1R)-2-{(28)-2-[(4-{5-
[({2S)-1-[(2R)-2-
{dimethylamino)-2-phenylacetyl]
pyrrolidin-2-yl} carbonyl)amino]-
1H-indol-2-y1} phenyl)
carbamoyl] pyrrohdin-1-y1}-2-
oxo-1-phenylethyl]carbamate

0

810.017

(25)-1-[(2R)-2-(dimethylamino)-
2-phenylacetyl}-N-{4-{5-({[(28)-
1-{(2R)-2-[(3,3-
dimethylbutanoyl)amine]-2-
phenylacetyl} pyrrolidin-2-
yl}carbonyl}amino)-1H-indol-2-
yl]phenyl} pyrrolidine-2-
carboxamide

71

660.823

(25)-1-(cyclopropylacetyl)}-N-(4-
{5-[({(25))-[(2R)-2-
(dimethylamino)-2-
phenylacetyljpyrrolidin-2-
yi}ecarbonylhamine]- 1 H-indol-2-
yl}phenylpyrrolidine-2-
carboxamide

72

676.823

(28)-1-[(2R)-2-(dimethylamino)-
2-phenylacetyl]-N-(2-{4-[({(25)-
1-[(2R)-tetrahydrofuran-2-
ylcarbonyl]pyrrolidin-2-
yl}carbonyllamino]phenyl}-1H-
indol-5-ybpyrrelidine-2-
carboxamide

73

.

920.035

tert-butyl [(1R)-2-{(28)-2-[(4-{5-
[({(25)-1-]2R)-2-[(tert-
butoxycarbonyl)amino}-2-(4-
fluorophenylacetyl]pyrnolidin-2-
yl}carbonyl)amino]-14-indol-2-
yl} phenyl)carbarmoyl]pyrrolidin-
1-y1}-1-(4-fluorophenyl}-2-
oxoethyl]carbamate

74

352.142

(28)-1-{(2R)-2-[methy]{3-
methylbutyl)aming]-2-
phenylacetyl} -N-{4-[S-({[(25)-1-
{(2R)-2-[methyl(3-methylbutyl)
amino}-2-phenylacetyl}
pyrrolidin-2-yljcarbonyl} amino)-
1H-indol-2-yl}phenyl}
pyrrolidine-2-carboxamide
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Example

Structure

MW

Name

13

H
N ¥
N }ﬁj

X NH 0 o

& Ay
0 o

613.72

(25)»-1-{(28)-tetrahydrofuran-2-
ylcarbonyll-N-(4-{5-[({(25)-1-
f(28)-tetrahydrofuran-2-
ylcarbonyllpyrrolidin-2-
yl}carbonyl)amino]-1H-indol-2-
yl}phenybpyrrolidine-2-
carboxamide

76

aptat el

?H; N
AN
C"I;I 0 O‘Ji\ YOXCH;
CHINGHE  rghs

IT1L9T2

N-(tert-butoxycarbonyl)-D-valyl-
N-{4-{5<{1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]-L-prolyl}amino)-
L H-indol-2-yl]phenyl}-L-
prolinamide

77

673778

(28)-1-[(2R)-2-(dimethylamino)-
2-phenylacetyl]-N-{2-[4-({[(25)-
I-(1,3-o0xazol-2-

- ylcarbonyl)pyrrolidin-2-
yljcarbonyl}amino)phenyl}-14-
indo}-5-y1} pyrrolidine-2-
carboxamide

78

860.032

tert-butyl [(1R)F-2-{[(25)-1-({a-
[S~({(2S)2-[{@R)-2-{(rerr-
butoxycarbonyl)amino}-2-

phenylacetyl}(methyl}aminolpro
panoyl}amine)-1H-indol-2-

yljphenyl)amino}-1-oxopropan-

2-yl(methylamino}-2-oxo-i-

phenylethy!lcarbamate

79

567.694

tert-butyl {(1R)-2-[(25)-2-({2-[4-
(methylamino)phenyl]-1H-indol-
5-yl} carbamoyl)pyrrolidin-1-yi}-
2-oxo0-1-phenylethyl} carbamate

80

696.857

(25)-1-[(2R)-2-(dimethylamino)-
2-phenylacetyl}-N-{2-[4-({[(25)-
1-(phenylacetyl)pyrrolidin-2-
yl]carbonyl}amino)phenyl]-14-
indo}-5-yl}pyrrolidine-2-
carboxamide

81

765.964

(25)-1-{[(3R)-1-benzylpyrTolidin-
3-yljcarbonyl} -N-(4-{5-[({(25)-
1-[{2R)-2~(dimethylaminc)-2-
phenylacetyl}pyrrolidin-2-
yi}carbonyl)amino]-1/-indol-2-
y1} phenylpyrrolidine-2-
carboxamide

82

765.964

(25)-1-{[(35)-1 -benzylpyrrolidin-
3-yl]carbonyl}-N-(4-{5-[({(25)-
1-[(2R)-2-(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-
yl}carbonylyamino]- 1 H-indol-2-
yl}phenyDpyrrolidine-2-
carboxamide
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Example MW Name
N, N-dimethyl-D-leucyl-N-{4-[5-
{{1-[(2R)-2-(dimethylaminc)-2-
83 719.935 phenylacetyl]-L-prolyl}amino)-

1H-indol-2-yY]phenyl}-L-
prolinamide

N-(2-{4-[(cyclopentylcarbonyl)

H
iy O ~ -
84 c»g.to \(j:;“@"*ﬂ 577733 aminolphenyl}-14-indol-5-yl)}-1-

[(2R)-2-(dimethylaming)-2-
phenylacetyl]-L-prolinamide

()1, }_o tert-butyl [(25)-1-({8-[5({1-
Y {(2R)-2-(dimethylamino)-2-
85 ol m@""" ““”é) "‘cua 652.8 phenylacetyl}-L-prolyl}amino)-
1H-indol-2-yl]phenyl}amino)-1-
oxopropan-2-yl]carbamate

OHO tert-butyl [{18)-2-({4-[5-({1-
" i B [(2R)-2-(dimethylamino)-2-
86 otiet ¥ LI HHZ%H, 714872 | phenylacetylj-L-prolyi}amino)-
5 ¢ A Hy 1 H-indo)-2-yY]phenyl}amino)-2-
oxo-1-phenylethyljcarbamate

tert-butyl [(2R)»-1-({4-[5-({}-
cha [(2R)-2-(dimethylamino)-2-
m—-@— H HN Hy, phenylacetyl}-L-prolyl} amino)-
87 cn 680,855 1H-indol-2-yl]phenyl}amino)-3-
: methyl-}-oxobutan-2-
yl]carbamate

Example 88 — (28,2'S)-N.N'-5,6,7,12-tetrahvdrobenzo[6, 7|cycloheptall,2-blindole-3.9-
diylbisf1-(phenylacetyl)pyrrolidine-2-carboxamide]

3
%n‘&%}-w
Qﬂ/\/\ HINOS £ H,50,
COOH Caté
0

To a mixture of HNO; (4 mL) and H,SO4 (2 mL} at 0°C was slowly added the

above carboxylic acid (2 g, 10.4 mmol). The mixture was stirred under 0°C for 30 minutes. The

Step 1

o]

resulting solution was poured into 20 mL of H,O at 0°C, and the precipitate was filtered to give
compound (2 g) as a yellow solid. MS (ESI) m/e (M+H"): 238.

Step 2
Hy, Pd, HAG, A0
%N/Q(\ACOOH 2 /ﬁ\n’@\/\/\COQH

0

To a mixture of HOAc (10 mL) and Ac,O (3 mL) was added the nitro compound
from step 1 (1 g, 4.3 mmol) and Pd/C (100 mg, 0.6 mmol). The mixture was stirred under H; for
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6 hours. The catalyst was filtered, and the filirate was concentrated in vacuo to give the desired
compound (1 g) as a brown solid. MS (ESI) m/e (M+H™): 236.
Step 3

A0 e 300

The compound from step 2 above (150 mg, 0.64 mmol) was slowly added to PPA
{6 mL) at 100°C. The mixture was stirred for 3 hours. After cooling, the resulting solution was
poured into 40 mL mixture of water and ice and extracted with DCM. The organic layer was

concentrated to give the cyclic product (70 mg) as a brown solid. MS (ESI) m/e (M+H"): 218.

Step 4
j\ ?\' ‘ J\N/O'n\””? 10% HAc/ EOH \‘g'{jt};—

To a solution of the ketone from step 3 (140 mg, 0.65 mmol) in 10% HOAc{EtOH
(10 mL) was added 4-acetamidophenylhydrazine (144 mg, 0.72 mmol). The mixture was stirred
at reflux for 4 hours. After cooling, the resulting solution was concentrated in vacuo, washed
with water and extracted by EtOAc. The organic layer was concentrated in vacuo to give the
desired compound (200 mg) as a brown solid. MS (ESI) m/e (M+H"): 348.

Step 5
_ ) S y
o 3 g~ Y,

To a solution of the product from step 4 above (200 mg, 0.57 mmol) in EtOH (10
mL) was added 6N HCI] (2 mL, 12 mmol). The mixture was stirred at reflux overnight and
cooled, and the resulting solution was concentrated then purified by silica gel flash
chromatography (petroleum ether / ethyl acetate=5:1) to give the desired compound {150 mg) as
a brown solid. MS (ESI) m/e (M+H"): 264.

Step 6
N " HATU, DIP . j
OO = oo e

To a solution of the aniline from step 5 (40 mg, 0.15 mmol} in MeCN (5 mL) was
added the proline analog (70 mg, 0.3 mol), HATU (250 mg, 0.6 mmol) and DIPEA (80 mg, 0.6
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mmol). The mixture was stirred overnight. The resulting solution was purified by pre-HPLC to
give tﬁe desired compound (10 mg) as a brown solid. 'H NMR §: 7.62-7.20 (m, 16H), 4.58-4.54
(m, 2H), 3.79-3.60 (m, 6H), 2.95 (m, 2H), 2.80 (m, 2H), 2.26-1.94 (m, 8H). MS (ESI) m/e
(M+H"): 694.
Examples 89-98

Compounds of Examples 89-98 were prepared in a similar manner as described in

Example 88.

Example

Structure

MW

Name

89

679.826

(25,2'5)-N N"-6,1 1-dihydro-5 H-
benzo{ajcarbazole-3,8-diylbis[1-
(phenylacetyl)pyrrolidine-2-
carboxamide]

90

RN 5
@Aoii\g ﬁg@}w ¥ 0

711.825

dibenzyl (25,2'5)-2,2-(6,11-
dihydro-5H-benzo]ajcarbazole-
3 8-diyldicarbamoyl)
dipymrolidine-1-carboxylate

91

Br\:‘,i C NHO;TE/O

528.453

N-(8-bromo-6,11-dihydro-SH-
benzo[a]carbazel-3-y1)-1-
(phenylacety!)-L-prolinamide

92

910.052

di-tert-butyl (6,1 1-dihydro-5H-
benzofalcarbazole-3,8-diylbis
{carbamoyl(25)pyrrolidine-2,1-
diyl[{(15)-2-0x0~1-phenylethane-
2,1-diyl]})biscarbamate

o3

643.586

tert-butyl [(15)-2-{(25)-2-[(8-
bromo-6,1 1-dihydro-3H-
benzo[a]carbazo)-3-yl}
carbamoyl]pyrrolidin-1-yl}-2-
oxo-1-phenylethyl]carbamate

94

765.942

(25,2'8)-M,N-6,1 1-dihydro-5H-
benzo[a]jcarbazole-3,8-diylbis{1-
[(2R)-2-(dimethylamino)-2-
phenylacetyl]pyrrolidine-2-
carboxamide}

95

779.968

(25,2'S)-MN"-5,6,7,12-
tetrahydrobenzo[6,7]cyclohepta
[},2-b)indole-3,9-diylbis{1-
[(2R)-2-(dimethylamino)}-2-
phenylacetyl]pyrrolidine-2-

~ carboxamide}

96

562.718

N-(6,11-dihydro-5H-
benzofa}carbazol-3-y1)-1-{(2.5)-
2-{(3,3-dimethylbutanoyl)amino]
-2-phenylacetyl}-L-prolinamide

97

564.69

tert-butyl {1R»2-[(25)-2-(6,}1-

dihydro-5H-benzola]carbazol-3-

ylcarbamoy)pyrrolidin-1-yI)-2-
oxo-1-phenylethyl} carbamate
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Example Structure MW Name

di-rert-butyl (5,6,7,12-
tetrahydrobenzof6,7]cycloheptal

1,2-bJindole-3,9-diylbis
{carbamoyl(2S)pyrrolidine-2,1-
diyl[(1R)-2-0x0-1-phenylethane-

2,1-diyl]}biscarbamate

98 924119

carbonyl)aminol-2-phenylacetyl}pyrrolidin-2-vl]carbonyllamino)-1H-indol-2-yllphenyl}-1H-

imidazol-2-yl)pyrrolidin-1-yl]-2-oxo-I-phenylethylicarbamate
O\r“ \
o [ ) a4

N
Oij"’NHBDc

o

0. F HATU N
T e AP § 1 &
B H HO bz .
r

HATU (20 g, 52.3 mmol) was added to a heterogeneous mixture of the amino
ketone (12 g, 48.5 mmol) and L-Cbz-Pro (12.4 g, 50 mmol) in MeCN (156 mL). The mixture

was cooled in an ice-water bath, and immediately afterward DIPEA (27 mL, 155 mmo)) was

Step 1

added dropwise. After the addition of the base, the cooling bath was removed, and the reaction
mixture was stirred for an additional 50 minutes. The volatile component was removed, and
water (125 mL) was added to the resulting crude solid and stirred for about 1 hour. The off-
white solid was filtered and washed with copious water, and dried in vacuo to provide the
desired compound as a white solid (20.68 g). MS (ESI) m/e (M+H"): 446.

Step 2

or

A mixture of the product from step 1 above (12.8 g, 31.12 mmol) and NH,OAc
(12.0 g, 155.7 mmol) in xylenes (155 mL) was heated in a sealed tube at 160°C for 2 hours. The
volatile component was removed in vacuo, and the residue was partitioned carefully between
EtOAc and water, where by 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
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separated, and the aqueous layer was extracted with an additional EtOAc. The combined organic
phase was washed with brine, dried, filtered, and concentrated in vacuo to yield a yellow solid.
MS (EST) m/e (M-+H"): 426. 'H NMR (CDCl) §: 7.31-7.52 (m, 9H), 7.17 (s, 1H), 5.12~ 5.20
(m, 2H), 5.00 ~ 5.01 (m, 1H), 3.50 ~ 3.52 (m, 2H), 2.96 ~ 2.97 (m, 1H), 1.97 ~ 2.17 (m, 3H).
Step 3

Cbr

} N D

/0/[;)""@ . Boc'n Niomy, P ] O ) &

Br Ao %’ Na,CO, Boe HJ\N)
Che”

A mixture of the product from step 2 above (327 mg, 0.77 mimol), indole boronic
acid from Example 42 (290 mg, 0.77 mmol), Pd(dppf)Cl, (56 mg, 0.077 mmol), Na,CO; (244
mg, 2.3 mmol), THF (20 mL) and H;O (2 mL) was refluxed under N; overnight. The mixture
was poured into water and extracted with CHzClp. The organic phase was combined, dried over
Na,S0; and filtered to give the desired compound, which was used directly in the next step. MS
(ESI) m/e (M+H"): 678.
Step 4

-0 TR0

LT Y TRD
A solution of the product of step 3 in HCI/CH3;OH (5 N) was stirred for 3 hours.

Concentration in vacuo afforded the crude product. MS (ESI) m/e (M+H"): 478.

Step 5

ﬁcbz’N) H:m ol H E:::)")
This reaction was carried out using the standard HATU-mediated coupling
procedure described in step 1 between Boc-L-Pro-OH and the product from step 4 above. MS
(ESD m/e (M+H"): 808. 'H NMR (MeOD) &: 8.95 (bs, 1), 6.82 ~ 7.56 (m, 17H), 6.50 ~ 6.62
(m, 1H), 5.74 (bs, 1H), 5.38 ~5.39 (m, 1H), 4.91 ~ 5.08 (m, 2H), 4.66 (bs, 1H), 3.79 (bs, 1H),
3.40 ~ 3.54 (m, 2H), 3.19 (bs, 1H), 1.93 ~2.25 (m, 4H), 1.75 ~ 1.88 (m, 4H), 1.35 ~ 1.32 (m,

9H).
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Step 6

I W,\) s SN CH-OL

HN

To a solution of the product from step 5 (220mg, 0.3 mmol) in 20 mL of AcOH
was added 3 mL of 48% HBr. The solution was heated to 80°C for 6 hours. The volatiles were
removed ir vacuo, and the residue was dissolved in DCM/i-PrOH (3:1), washed with saturated
Na;CO; and brine, dried and concentrated in vacuo to give a solid, which was used in the next
step directly. MS (ESI) m/e (M+H"): 441.

Step 7

Q*“\“D_“ﬂ.. é* A

o N
@j: ‘NHBoc

A cooled solution containing HATU (0.6 mmol), the diamine from step 6 above
(132 mg, 0.3 mmol) and R-Boc-Pro (129 mg, 0.6 mmol) in MeCN (3 mL), was treated with
DIPEA (2.4 mmol), added dropwise over 13 minutes. After the addition of the base was
completed, the cooling bath was removed, and the reaction mixture was stirred for an additional
30 minutes. The volatile component was removed in vacuo; water was added to the resuiting
crude solid and stirred for about 1 hour. The off-white solid was filtered, washed with water, and
dried in vacuo to provide the desired compound as a white solid. MS (ESI) m/e (M+H"): 908.
'H NMR (MeOD) &: 7.66 ~ 7.84 (m, 6 H), 7.28 ~ 7.40 (m, 12H), 6.80 (s, 1H), 5.40 ~ 5.45 (m,
2H), 5.18 ~ 5.20 (m, 1H), 3.70 ~4.02 (m, 4 H), 1.80 ~2.12 (m, 8§ H), 1.35 ~ 1.37 (m, 18 H).
Examples 100-116

Compounds of Examples 100-116 were prepared in a similar manner as described

in Example 99,

Example Structure MW Name

{{2R)-2-[(tert-butoxycarbonyl)

oF H‘({'? ino]-2-phenylacetyl}-1
100 c"@::);r 50 o WN o}«q 807.958 amino)]-2-phenylacety!}-L-

benzyl (25)-2-[5-(4-{5-[(1-
Bt

prolyhamino]-1H-indol-2-
ylivhenyl)-1H4-imidazol-2-
yllpyrrolidine-1-carboxylate
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Example

Structure

MW

Name

101

LRl

Fu'gaesavRtls

40
CH

.

762.963

1-[(2R)-2-(dimethylamino)-2-
phenylacetyl]-N-{2-[4-(2-{(25)-
I-[(ZR)-2(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-y1}-
1 H-imidazol-5-yl)phenyl]-14-
indol-5-yl}-L-prolinamide

102

604.715

tere-butyl {{1R)-2-[(28)-2-({2-
[4<(1 H-imidazol-4-yhphenyl]-
1H-indol-5-yl}carbamoy!)
pyrrolidin-1-yi}-2-oxo0-1-
phenylethyl} carbamate

103

762.963

1-f(28)-2«(dimethylamino)-2-
phenylacetyl}-N-{2-[4-(2-{(25)-
1-{(25)-2-<(dimethylamino}-2-
phenylacetyl}pyrrolidin-2-yl}-
1 H-imidazol-5-yl)phenyl}-15-
mndol-5-yl}-L-prolinamide

104

791.958

tert-butyl {(1R)-2-oxo-1-phenyl-
2-[(28)-2-{[2-(4-{2-((25)-1-
(phenylacetyl)pyrrolidin-2-yl]-
1H-imidazol-5-yl} phenyl)-14-
indol-5-yl}jcarbamoy}} pymrolidin-
I-ylethyl) carbamate

105

O NH H

715.86

tert-butyl{(1R)-2-[(28)-2-{[2-(4~
{2-[(25)- 1-acetylpyrrolidin-2-
yl}-1 H-imidazol-5-y1} phenyl)-
1H-indol-5-yllcarbamoyt}
pysrolidin-1-yl}-2-0xo-1-
phenylethyl} carbamate

106

793.931

benzyl (25)-2-(5-{4-[5-({1-
[(ZR)-2-phenyl-2-{[(propan-2-
yloxy)carbonyl]amino}acety!]-L.-
prolyi}amino)-1H-indo)-2-
yllphenyl}-1H-imidazol-2-
yDpyrrolidine-1-carboxylate

107

835.027

tert-butyl {(1R)-2-[(28)-2-({2-
[4-(2-{(28)-1-l(2R)-2-
{dimethylamino)-2-
phenylacetyl]pyrrolidin-2-y1}-

1 H-imidazol-5-yDphenyi}-1H4-
indol-5-yl}carbamoyl)pyrrolidin-
1-y1}-2-oxo-1-
phenylethyl}carbamate

108

893.064

propan-2-yl [(1R)-2-{(25)-2-[1-

methyl-4-(4-{5-[({(28)-1-[(2R)-
2-phenyl-2-{[(propan-2-

yloxy)carbonyljamino}acetyl]

pyirolidin-2-yi} carbonyl)amino]-
1 H-indol-2-y1} phenyl)-1H-

imidazol-2-yl]pyrrolidin-1-y1}-2-

oxo-1-phenylethyl]carbamate
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Example

Structure

MW

Name

109

701.833

propan-2-yl {(1R)-2-[(25)-2-{[2-
{(4-{2-[(25)-1-acetylpyrrolidin-2-
yl}-1H-imidazol-5-y1} phenyl)-
| H-indol-5-yljcarbamayl}
pyrrolidin-1-yl]-2-oxo-1-
phenylethyl} carbamaie

110

: 3

659.705

propan-2-yl {(1R)-2-0x0-1-
phenyl-2-[(28)-2-{[2-(4-{2-
{(28)-pyrrolidin-2-y1]-1H-
imidazol-5-y1} phenyl}-1H-indol-
5-yljcarbamoyl} pyrrolidin-1-
yl]ethyl}carbamate

111

547.663

propan-2-yl {(1R)-2-[(25)-2-{5~
[4-(1 H-indol-2-yl)phenyl]-1H-

imidazol-2-yl}pyrrolidin-1-yl]-2-
oxo-1-phenylethyl} carbamate

112

489.626

(2R)-2-{dimethylamino)-1-[(25)-

2-{5-[4-() A-indol-2-yDphenyl]-

| H-imidazol-2-yl} pymrolidin-1-
yl]-2-phenylethanone

113

e} NH

879.037

propan-2-yl [(1R)-2-oxo-1-~
phenyl-2-{(28)-2-[5-(4-{5-
[({(25)-1-[2R)-2-phenyl-2-
{[(propan-2-yloxy)carbonyl]
amino}acetyl}pyrrolidin-2-
yl}carbonyllamino]-1H-indol-2-
yl}phenyl)-1H-imidazol-2-yl}
pyrrolidin-1-yl} cthylJoarbamate

114

821

propan-2-yl {(1R)-2-[(25)-2-({2-
[4-(-{29)-1-{QR)2-
(dimethylamino)-2-phenylacetyl]
pymrolidin-2-yl}-1H-imidazol-5-
yDphenyl}-14-indol-5-
yl}carbamoylpyrrolidin-1-yI)-2-
0x0-1-phenylethyl}carbamate

115

¢l Y

582.108

propan-2-yl {(1R)-2-[(25)-2-{4-
[4-(3-chloro-1H-indol-2-
yDphenyl]-1H-imidazol-2-
yl}pyrrolidin-1-y1)-2-oxo-1-
phenylethyl}carbamate

116

754.8%4

N-({methoxycarbonyl)-L-valyl-N-
{2-[4-(2-{(28)-1-[V-
(roethoxycarbonyl)}-L-
valyl}pyrrolidin-2-y1}- 1 H-
imidazol-5-yl)phenyl]-1H-indol-

S-yl}-L-prolinamide
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Exuample 117 — Propan-2-yl [(IR)-2-oxo-1-phenyl-2-{(28)-2-{3-(4-{5-/({(28)-1-[(2R)-2-phenyl-

yliphenyl)-1H-pyrazol-5-yllpyrrolidin-1-yllethyljcarbamate

£
H £
\(%@

Step 1

A solution of 4-bromophenylacetylene (5.0g, 27.6mmol} in THF (100mL) at 0°C
was treated a solution of EtMgBr (3M in THF, 9.84mL, 29.5mmol). After 10 minutes, the
cooling bath was removed, and the mixture was allowed to stir at RT for 3 hours. The reaction
mixture was then cooled to 0°C and added to the Weinreb amide of Z-proline (6.10g, 20.9 mmol)
in THF (50mL). The reaction mixture was warmed to RT for 48 hours. The reaction mixture
was quenched with saturated NH,4Cl and diluted with EYOAc/H;O. The aqueous phase was back-
extracted with EtOAc (2x), and the combined organic layers were washed (H,O, brine), dried
(Na;S0y), and filtered. The solvent was removed, and the residue was purified by silica gel (PE:
EA=10:1-4:1) to give the product (7.0g) as a cream-colored solid. 'HNMR (CDCls) 8: 7.37 ~
7.47 (m, 2 H), 7.10 ~ 7.30 (m, 7 H), 4.98 ~ 5.32 (m, 2 H), 4.32 ~ 4.47 (m, 1 H), 3.45 ~3.61 (m, 2
H), 2.15~2.27 (m, 1 H), 2.03 ~2.12 (m, 1 B), 1.76 ~ 193 (m, 2 H). MS (ES)) m/e (M+HY:

P e Py o

Step 2

A mixture of the product from step 1 (7.0g, 17 mmol) and hydrazine hydrate
(85%, 1.6 mL) in EtOH (50 mL) was heated at 80°C for 16 hours. The reaction mixture was
cooled and concentrated to afford the desired product (6.7g). MS (ESI) m/e (M+H"): 426.

Step 3
(BOC):N \ N CO&I; Boc
ms(on)z 'I‘HF!HZO bz,” 7\ Q 4 Q
N* refiux, 24 h Ny N@oth
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A mixture of the product from step 2 above (0.77 mmo!), indole boronic acid
from Example 42 (290 mg, 0.77 mmol), Pd(dppf)Cl, (56 mg, 0.077 mmol), Na;CO; (244 mg, 2.3
mmol}, THF (20 mL) and H,O (2 mL) was refluxed under N; overnight. The mixture was
poured into water and extracted with CH,Cl,, dried over Na;SO;4 and filtered to give the desired
compound, which was used directly in the next step. MS (EST) m/e (M+H"): 678.

Step 4
Cber N\ Q \EW TEADCMOL,. N
N"{j N{Bioc)y co

! R “ |
: N"H ™
rd

a3

A solution of the product from step 3 above (339 mg, 0.5 mmol) was dissolved in
3 mL of DCM and cooled to 0°C. After the addition of 3 mL of TFA, the reaction mixture was
warmed to RT and stirred {for 3 hours. Removal of the solvent left the desired product as an oil,
which was used directly in the next reaction. MS (ESI) m/e (M+H): 378.

Step 5 :
g 4 nBroPoOH N £ Ne g
)L T s ol 1) "
ovd Nl‘ﬁ & ) M cnd ,LH Q \ O ' Lo

H,
A solution containing PyBOP (0.3 mmol)}, the amine from step 4 above (132 mg,
0.3 mmol) and N-Boc-L-Pro-OH (62 mg, 0.3 mmol) in DMF (2 mL) was treated with N-
methyimorpholine (1.2 mmol). The reaction mixture was stirred for 3 hours, diluted with EtOAc
and washed with water (5x). The organic phase was dried and concentrated then

chromatographed by RPLC to afford the desired compound. MS (EST) m/e (M+H"): 675.

Step 6
I PUIC, M FA
%@—fm L e T (-
bz - % -
N N u a HalaSpsl) N ﬁ

N
N Q

The product from step 5 (100 mg, 0.15 mmol) was dissolved in MeOH and treated
with 20 mg of 20% PA(OH); then hydrogenated at 45 psi for 4 hours. The catalyst was removed
by filtration through CELITE, and the filtrate was evaporated to leave the desired product. MS
(ESD) m/e (M+HM): 541.

Step 7
LN [
N . VBog H b _NH
H O H R ]: L I N
N‘ﬂ \ N0 L % O NLO

Mgy
H
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A solution of the product from step 6 above was dissolved in 2 mL of DCM and 2
mL of TFA. The reaction mixture was stirred for 3 hours before the solvent was evaporated to
give the desired product as an oil, which was used directly in the next reaction. MS (ESI) m/e
(M+H"): 441,

Step 8
i L ~ n Oigj
ut Nt 4 /@, _NMMDME, & \(o oj,: "'N ) ;
N N0 HA N N

A solution containing PyBOP (0.6 mmol), the diamine from step 7 above (132
mg, 0.3 mmol} and R-i-Proc-Phg-CH (125 mg, 0.6 mmol) in DMF (5 mL) was treated with N-
methylmorpholine (2.4 mmol). The reaction mixture was stirred for 3 hours, diluted with 20 mL
of EtOAc and washed with water (5x).. The organic phase was dried and concentrated then
chromatographed by RPLC to afford the desired compound, "H NMR (MeOD) §: 7.70 ~ 7.80(m,
4H), 7.05 ~ 7.55(m, 14H), 6.80 ~ 7.00(m, 1H), 5.10 ~ 5.50(m, 3H), 4.40 ~ 4.65(m, 2H), 3.25 ~
4.00(m, 4H), 1.70 ~ 2.40(m, 9H), 1.05 ~ 1.20(m, 12H). MS (ESD)m /e (M+H"): 880.
Example 118 — Propan-2-yl [(IR)-2-0x0-1-phenyl-2-{(28)-2-15-(4-{3-{{{(28)-1-[(2R)~2-phenyl-
2-f{{propan-2-yloxy)carbonyllaminolacetyllpyrrolidin-2-ylicarbonyljaminol-1H-indol-2-

vliphenyl)-1 J3-thiazol-2-yllpyrrolidin-1-yliethylicarbamate

e

~ sy St

Step 1

o]

OH
MNH
¢ ke e
! o

2} NHy, Hz0 N o
. } NHy, Hz b

Ethyl chloroformate (12 mL, 125 mmol) in 180 mL of THF was added drop-wise
to a cooled solution (-5°C) of compound Z-Pro-OH (13.8 g, 55.5 mmol), TEA (7.71 mL, 55.5
mmol). The resulting slurry was stirred for 20 minutes at -5°C before saturated NH,OH (15 mL})
was added. The solution was stirred at RT for 18 hours, volatiles were removed, and the residue

was taken up in EtOAc (180 mL). The undissoloved white precipitate was filtered off and rinsed
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with EtOA¢ (100 mL). The organic layers were dried over Na;SO4 and concentrated in vacuo to
give the desired product (13.5 g) as off-white amorphous solid. MS (ESI) m/e (M+H"): 249.
Step 2

D—'(NHI Lawessen's reagent NH,
N o >
Chz toz
Lawesson’s reagent (16.1 g, 39.9 mmol) was added to a stirred slurry of the amide
(18 g, 72.6 mmol) in PhiMe (200 mL) at RT. The reaction mixture was heated to 100°C for 3
hours before the solvent was removed. The residue was purified by flash SiQ; chromatography

(DCM/MeOH=1:0-20:1) to afford the product (18 g). MS (ESI) m/e (M+H"): 265.

Step 3
NH, N
EH . 3 <:> g, Shanslseflux O‘-( {
s
N\ s Br N\
Cbz Br

Cbz

A mixture of the thioamide from step 2 (10.0 g, 37.8 mmol) and the
bromoacetophenone (10.0 g, 35.9 mmol) in EtOH (100 mL) was heated at 90°C for 150 minutes.
The reaction mixture was cooled and concentrated, and the residue was purified by SiO,
chromatography to afford the product (11 g). MS (ESI) m/e (M+H): 444.

Step 4

cﬂj—@-m__ﬁ oy j/C\g@

The product from step 3 above can be converted to the final compounds using the
same procedure as described in Example 117, steps 4-8. 'H NMR (MeOD) §: 7.00 ~ 8.10(m,
19H), 5.40 ~ 5.60(m, 3H), 4.50 ~ 4.70(m, 1H), 3.45 ~ 4.10(m, 4H), 3.35 ~ 3.40(m, 1H), 1.80 ~
2.6(m, 9H), 1.05 ~ 1:30(m, 12H). MS (ESD) m / e (M+H"): 897.
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2-{f{propan-2-vloxy)carbonyl]aminolacetyllpyrrolidin-2-yllcarbonyl)amino]-11-indol-2-

yliphenyl)-IH-imidazol-5-ylipyrrolidin-1-yllethyllcarbamate

Step 1

o
y @ N u::os . /gm NH;

To a solution of 4-bromobenzonitrile (1.82 g, 10 mmol) in anhydrous THF (50
mL) was added LiHMDS (2N, 15 mmol) under N; atmosphere at RT, and the mixture was stirred
for 1 hour. After quenching with IN HCI, the reaction mixture was heated at reflux for 5
minutes. The precipitate was collected by filtration and then dried in vacuo to give the desired
compound (1.9 g). 'H NMR (DMSO) 8: 7.74 (d, 2H, J=8.2 Hz), 7.62 (d, 2H, J=8.2 Hz) 6.43 (br,
3H).
Step 2

o]

O, £
N oH N Br
Chz

Chz

To a solution of Cbz-Pro-OH (2.9986 g, 12.0 mmol) in THF (100 mL) was added
TEA (1.7 mL, 12.2 mmol). The solution was cooled to -25°C and ethyl chloroformate (1.6 mL,
12.3 mmol) was added. The resulting solution was stirred at RT for Thour. The precipitate was
removed by filtration, and the filtrate was used in next step without purification. A solution of
0.5 M diazomethane was added to the above reaction mixture. The sample was stirred at -10°C
for 1 hour. The reaction mixture was concentrated 1o one half of its original volume and washed
once with saturated NaHCO; (50 mL). The organic layer was dried over MgSQO, and filtered.
The crude material was adsorbed onto silica gel and purified by flash chromatography (40 g
S$i0,, 0-50% ethyl acetate in hexanes) to give the diazoketone (2.29 g). "H NMR (CDCly) 3:
7.32 (m, 5H) 5.13 (m, 2H), 4.61 (m, 1H), 3.81, 4.03, 4.17 (s, AB quartet, 2H, /=4.0 Hz), 3.58 (m,
2H), 1.88-2.09, 2.17-2.38 (2, br m, 4H).
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To a solution of the N-carbobenzyloxy-L-proline diazoketone (1.0 g, 3.6 mmol) in
anhydrous diethyl ether (10 mL} was added a saturated solution of HBr in diethy] ether until N,
evolution ceased. The solution was stirred for about I hour at about 25°C, then washed with
satmaied NaHCOj3, water and brine. The crude material was purified by silica gel column
chromatography and eluted with 40% ethyl acetate in pentane to obtain the bromoketone (0.49 g)
as clear oil. "H NMR (CDCls; mixture of cis-trans amide rotamers) 8: 7.35 (m, 5H), 5.28 (t, 1H),
5.17 (m, 2H), 4.32 (m, 1H), 3.58 (m, 2H), 1.84-2.30 (br m, 4H).

Step 3
ﬂ rf?_\.‘«j
e e Y
B THE & O’D

To a mixture of bromoketone (3.25 g, 10 mmol) and the amidine (1.97 g, 10 mol)
in THF (100 mL) was added NaHCO; (1.7 g, 20 mmol), and the suspension was stirred at reflux
for 12 hours. Thé reaction was cooled, concentrated and chromatographed to give compound 7
(0.425 g). MS (BESI) m/e (M+H"): 426, 428.

Step 4

Ja

~ g v oM
Moo — TR0

ZI

The product from step 3 above can be converted to the final compounds using the
same procedure as described in Example 117, steps 4-8. "H NMR (MeOD) §: 7.7-8.0 (m,
SH), 7.3-7.5 (m, 10H), 6.9-7.1 (m, 3H), 6.8 (d, /=4.8Hz, 10H), 5.4-5.6 (m, 2H), 5.2-5.3 (m,
1H), 4.8 (s, 2H), 4.5-4.7 (m, 10H), 4.0 (d, /=2.4Hz, 1H), 3.7 (d, /=4.84Hz, 1H), 3.1-3.3 (m,
1H), 2.3-2.5 (m, 1H), 1.8-2.2 (m, 1H), 1.1-1.4 (m, 12H). MS (ESI) m/e (M+H"): 880.
Example 120 — 1-[(2R)-2-phenyl-2-{[(propan-2-yloxy)carbonyllaminolacetyl]-N-{4-{5-(2-
{(28)-1-[(2R)-2-phenyl-2-fl(propan-2-yloxyicarbonyllamino}acetyllpyrrolidin-2-yl}-1H-
imidazol-5-yl)-1 -benzofumn—2—vllpkenvl}-L-prolinamide

=

~% 6 %?"r
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Step 1

SO ey
ﬁ\ }‘o NHy, H;0 9\ )*o

Glyoxal (2.0 mL of 40% in water) was added dropwise to a MeOH solution of
NH,OH (32 mL) and (S)-Boc-prolinal (8.564 g, 42.98 mmol), then the whole was stirred at
ambient temperature for 19 hours. The volatile component was removed in vacuo, and the
residue was purified by a flash chromatography (silica gel, ethyl acetate) followed by a
recrystallization (ethyl acetate) to provide compound as a white fluffy solid (4.43 g). 'HNMR
(DMSO) 8: 11.68/11.59 (br s, 1H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76 (m, 1H), 3.48 (m, 1H), 3.35-
3.29 (m, 1H), 2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H).
Step 2

H
7 = O
%\ o)ho %0#0 o

NBS (838.4 mg, 4.71 mmol) was added in batches over 15 minutes to a cocled
(ice/water) CH,Cl; {20 mL) solution of imidazole (1.06 g, 4.50 mmol). The reaction mixture
was stirred for 75 minutes and concentrated. The crude material was purified by RPLC to
separate the mono bromide from its dibromo analog and the starting material. The HPLC elute
was neutralized with excess NHz/MeOH, and the volatile component was removed in vacuo.
The residue was partitioned between CH,Cl, and water, and the aqueous layer was extracted
with water. The combined organic phase was dried (MgSOq), filtered, and concentrated to
provide compound as a white solid (374 mg). 'H NMR (DMSO) 8: 12.12 (br s, 1H), 7.10 (m,
1H), 4.70 (m, 1H), 3.31 (m, 1H; overlapped with water signal), 2.25-1.73 (m, 4H), 1.39/1.17 (5,
3.8H + 5.2H).
Step 3

e o oo, >?§1
CO-O 2 00O

To a mixture of the benzofuran from Example 19, step 1 (15 g, 0.05 mol),
bis(pinacolato)diboron (25.4 g, 0.1 mol), Pd(dppf)Cl; (1 g), KOAc (0.1 mol) in dioxane (500
mL) was stirred at reflux under N, atmosphere for 2 hours. Concentration of the reaction

mixture left a residue that was chromatographed to give the desired compound (12 g). "H NMR
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(DMSO) §: 8.28 (d, /=8.8 Hz, 2H), 8.10 (s, 1H), 7.95 (d, /~8.8 Hz, 2H), 7.72 (d, /=8.8 Hz, 1H),
7.43 (d, /=8.8 Hz, 1H), 7.05 (s, 1H).

Step 4
e R T e O
No, NBoG Na,C0y Hee | O Q NOz

This reaction was conducted in a similar manner to that described in Example
117. MS (ESD) m/e (M+H™"): 475.

Step 5
M 8 _
O 2 O

The product from step 4 (475 mg, 1.0 mmol) was dissolved in EtOH and treated
with 20 mg of 10% Pd/C then hydrogenated over 5 hours. The catalyst was removed by
filtration through CELITE, and the filtrate was evaporated to leave the desired product. MS (ESI)
m/e (M+H"): 445,

Step 6
O"« 1\1 ‘ ,: . HATU O—*«N ! R
WBor [ 0 Q NH, P NBoe [} 0 o\ Q :Z—\EE

A solution containing HATU (1.0 mmol), the amine from step 5 above (445 mg,
1.0 mmol) and N-Boc-L-Pro-OH (215 mg, 1.0 mmol) in MeCN (10mL} was treated with DIPEA
(1.2 mmol). The reaction mixture was stirred for 3 hours, diluted with EtOAc and washed with

water (5x). The organic phase was dried and concentrated then chromatographed by silica gel
chromatography (EtOAc) to afford the desired compound. MS (EST) m/e (M+H"): 642,

Step 7
Eeonore T TV oo

A solution of the product from step 6 above was dissolved in 2 mL of DCM and 2
mL of TFA. The reaction mixture was stirred for 3 hours before the solvent was evaporated to
give the desired product as an oil, which was used directly in the next reaction. MS (ESI) m/e
(M+H"): 442.
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Step 8

l. }_\"
M‘ < e Lot O

; O NH N o_g“ .,.Edro

A solution containing BOP reagent (222 mg, 0.5 mmol), the diamine from step 7
above (112 mg, 0.25 mmol} and R-i-Proc-Phg-OH (125 mg, 0.6 mmol) in DMF (5 mL) was
treated with N-methylmorpholine (2.4 mmol). The reaction mixture was stirred for 3 hours,
diluted with 20 mL of EtOAc and washed with water (5x). The organic phase was dried and
concentrated, then chromatographed by RPLC to afford the desired compound. 'H NMR
(MeOD) 3: 6.8-7.9 (m, 19H), 5.1-5.5 (m, 3H), 4.5 (m, 1H), 3.5-4.04 (m, 2H), 1.6-2.5 (m, 5H),
0.9-1.3(m, 12H). MS (ESI) m/e (M+H"): 880.

Example 121 — propan-2-yl {(IR}-2-[(28)-2-(5-{2-{4-(acetylamino)phenyl]-I1H-indol-5-yl}-

1,3.4-oxadiazol-2-vlpyrrolidin-1-yl]-2-0xo-I-phenylethyi}carbamate

Step 1

A mixture of 5-carboxyindole (32.2 g, 0.2 mol), NaHCO; (5§3.36 g, 0.64 mol),
methyl jodide (122.22 g, 0.86 mol) in 60 mL of DMF were stirred at RT for 2 days. Water and
EtOAc are added, and the organic layer was washed with bicarbonate solution, dried and
concentrated to obtain 5-(methoxycarbonyl)indole. 'H NMR (DMSO) 8: 11.44 (s, 1H), 8.22 (s,
1H), 7.68(d, J = 8.4 Hz, 1H), 7.37 ~ 7.47 (m, 2 H), 6.56(d, J = 2.0 Hz, 1H), 3.80 (s, 3H). MS
(ESI) m/e (M+H"): 176.

Step 2

N}-lzlin(BS%) 'ﬂim
re!lux 2R NH, H

A mixture of the ester (28 g, 0.16 mmol) and NH,NH, (85%, 50 mL} in ethanol

(200 mL) was heated at reflux for 48 hours. The reaction mixture was concentrated, and the
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residue was purified by column chromatography (5% MeOH / DCM) to give compound (25 g).
"H NMR (DMSO) §: 11.27 (s, 1H), 9.54 (s, 1H), 8.06 (s, 1H), 7.57 (d, J = 8.8 Hz, 1H), 7.37 (4, ]
= 8.8 Hz, 2H), 4.42 (s, 1H), 6.48 (s, 2H), 3.32 (s, 1H). MS (ESI) m/e (M+H"): 176.

Step 3

The product from step 3 above was coupled using a standard HATU amide bond
forming procedure. MS (ESI) m/e (M+H"): 407.
Step 4

Trog P
To a suspension of the product from step 3 above (100 g, 0.25 mol), PPh; (98.4 g,
0.375 mol) and DIPEA (96.7 g, 0.75mol) in CH;CN (500 mL) at RT was added C,Cl¢(82.8 g,
0.35 mol). The reaction was stirred at RT for 1.5 hours, and the solvent was removed, and the
residue was portioned with EtOAc/H,0. The layers were separated, the aqueous phase was re-
extracted with EtOAc (2X), and the combined organic layers were removed in vacuo, and the

residue purified by column chromatography (5% MeOH/DCM) to give compound 4 (55 g). MS
(EST) m/e (M+H"): 389

Step 5
(j\( Boo, /DMAP ()\’
J }‘Cﬁ RT,%4h cd W

Di-tert-buty! dicarbonate (30.7 g, 142 mmol) was added drop wise to a solution of
indole (55.0 g, 142 mmol), DMAP (2.0 g) and DIPEA (18.3 g, 142 mmol) in 50 mL of DCM at
0°C. The reaction was allowed to stir to RT ovemight before it was concentrated, and the
residue purified by prep TLC (PE/EA=2:1). MS (ES]) m/e (M+H"): 489.

Step 6

Boc

OM
S e :
__BOiPn, ™
Cbz’N ' W e \N >
Mayf Boc  6C.3h  Cu g “Boe

A mixture of compound indole from step 5 (977 mg, 2 mmol), ({PxO)%B (3.0 g, 16
mmol) and dry THF (100 mL) was cooled to 0°C. LDA (prepared from n-BuLi and iPr;NH in

THEF, about 8 mmol) was slowly added and the mixture was allowed to warm to RT over 2 hours.
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The mixture was quenched by 1N HCI to pH=3 and extracted with CH;Cl, three times. The
combined organic phases were combined, dried over Na;SOy4 and filtered. The filtrate was
concentrated and purified by column chromatography (PE/DCM=1/1 to pure CH;Cl, to
CH,Cly/acetone=10/1 to pure acetone) to afford the product § (0.5 g).

Step 7
o Br PU(dppCl, B nj{
(“]\r" ;r\ on. § LT el (]\, A8
1 » N, N N
Cbz [ Boc H reflux, 24 h Cbz’ » N‘Boc

NN
A mixture of the product from step 6 (0.38 mumol), indole boronic acid from
Example 42 (145 mg, 0.38 mmol), Pd(dppf)Cl; (28 mg, 0.038 mmol), Na,CO; (122 mg, 1.15
mmol), THF (10 mL) and H,O (1 mL) was refluxed under N; overnight. The mixture was
poured into water and extracted with CH;Cl,. The organic phase was combined, dried over
Na,S0, and filtered to give the desired compound, which was used directly in the next step. MS
(ESI) m/e (M+H"): 622.

Step 8
PUIC MeOH R
W]/ Hy{45: 'l
(j\r O e I
450 48 h O
obd 7 then TFA T 2 O NH

The product from step 7 (0.15 mmol) was dissolved in MeOH and treated with 20
mg of 20% PA(OH), then hydrogenated at 45 psi for 4 hours. The catalyst was removed by
filtration through CELITE, and the filtrate was evaporated then dissolved in T mL of DCM then
treated with 1 mL of TFA. Afier stirring for 2 hours, the mixture was evaporated and the residue
was used directly in the next reaction without further purification. MS (ESI) m/e (M+H"): 488.
Step 9

N

} ot
nmmmms N e H—N Q i
i RT, 14 d{:«\f*o
Q_‘;:-
A solution containing PyBOP (44 mg, 0.1 mmol), the amine from step 8 above

(49 mg, 0.1 mmol) and R-i-Proc-Phg-OH (21 mg, 0.1 mmol) in DMF (1 mL) was treated with N-

methylmorpholine (0.6 mmol). The reaction mixture was stirred for 3 hours, diluted with EtOAc

and washed with water (five times). The organic phase was dried and concentrated, then
chromatographed by RPLC to afford the desired compound. 'H NMR (MeOD): §7.90 ~ 8.35(m,
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1H), 7.70 ~ 7.85(m, 2H), 7.60 ~ 7.70(m, 2H), 7.20 ~ 7.52(m, 7H), 6.55 ~ 7.20(m, 1H), 5.50 ~
5.60(m, 1H), 5.30 ~ 5.50(m, 1H), 4.75 ~ 4.85(m, 1H), 3.70 ~ 4.10(m, 1H), 3.35 ~ 3.50(m, 1H),
1.95 ~ 2.50(m, 7H), 1.10 ~ 1.30(m, 6H). MS (ESI) m / e (M+H"): 607,

Example 122 — (28)-X-(phenylacetyl)-N-£3-{5-({[(28)-1-(phenylacetylipyrrolidin-2-

vilcarbonyllamino}-1H-indol-2-yliphen vl.‘pvrralidine-2-carboxamide

Sren ."*’3 o

Step 1

4 ““‘<
Y e YO 2 YOS
A solution of the hydrazine (1 g, 5 mmol) and 3-acetylacetanilide (0.88 g, 3

mmol) in NMP (5 mi) was heated at 150°C under microwave for 10 minutes. The solution was
poured inte water and extracted with EtOAc three times. The organic layer was washed with
water, dried over sodium sulfate and then concentrated in vacuo. The residue was purified by
RPLC to give the desired compound. MS (m/z): 308 (M+H)",
Step 2

iy ” NK;
YOG

To aqueous HCl (4N, 5 mbL) was added the product from step 1 above (300 mg, 1

mmol), and the mixture was heated at reflux for 1 hour. The reaction mixture was cooled and
concentrated, and the residue was purified by RPLC to give compound (200 mg). MS (m/z}: 224
(M+H)".

Step 3

0

N NHz OJ( =(‘ )‘I\Ph
O ';‘? O HATU \f!}r

To a solution of the compound from step 2 above (35 mg, 0.148 mmol) in MeCN
(5 mL) were added N-phenylacetyl-L-proline (15 mg, 0.0673 mmol), DIPEA (26 mg, 0.202
mmol) and HATU (56 mg, 0.148 mmol). The reaction was stirred overnight and concentrated,
and the residue was purified by RPLC to give the desired product (15 mg).. MS (ESI) m/e
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(M+HY): 654. "H NMR (MeOD) §: 8.0 (m, 1H), 7.7(m, 1H), 7.6-7.1 (m, 14H), 6.7 (m, 1H), 4.6
(m, 2H), 3.9-3.5 (m, 9H), 2.4-1.7 (m, 8H).
Example 123 ~ (28)-1-(phenylacetyl)-N-f4-[6-({{(28)-1-(phenylacetylipyrrolidin-2-

rrolidine-2-carboxamide

Step 1

N

To a stirred solution of 4-ethynylaniline (1 g, 8.5 mmol) in DCM (60 m]) was
added acetyl chloride (0.8 g, 10 mmol) and TEA (1.7 g, 17 mmol). The mixture was stirred for 3
hours. The resulting solution was washed with water, 1 N HCl and brine. The organic layer was
concentrated in vacuo to give the desired product (300 mg), which was used in next step without
purification. MS (ESI) m/e (M+H"): 160.
Step 2
N

" ' Cul, PA(FPIiG ) ‘ 1(
R
N NH;

o

To a stirred solution of 4-ethynylacetanilide (800 mg, 3.1 mmol) in anhydrous
THF (6 ml) was added compound 2 (0.5 g, 3.1 mmol), PdCL(PPh); (33 mg, 0.05 mmol), Cul (10
mg, 0.05 mmol) and TEA (2 mL). The mixture was protected from light and stirred at RT
overnight. The resulting solution was concentrated in vacuo, and the residuc was washed with
DCM to give the desired compound (300 mg) as a yellow solid. MS (ESI) m/e (M+H"): 296.
Step 3

N

ot ot

To a stirred solution of compound from step 2 above (200 mg, 0.68 mmol} in
toluene (2 ml) was added InBr; (2 mg, 0.004 mmol). The mixture was stirred at reflux for 3

hours. The resulting solution was washed with water and extracted with EtOAc. The combined
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organic layers were dried over sodium sulfate, concentrated in vacuo to give the desired indole
(170 mg) as a brown solid. MS (ESI) m/e (M+H"): 296,
Step 4

OO O

To a stirred solution of the product from step 3 above (100 mg, 0.34 mmol) in

EtOH (5 ml) was added 3N HCI (1 mg). The mixture was stitred at reflux overnight. The
resulting solution was concentrated in vacuo to give the desired aniline (80 mg) as a brown solid.
MS (ESI) m/e (M+H'): 254.

Step 5

o,NNHz . HO é?’l HATU, DIPEA O,N}L—\g

To a solution of the aniline from step 4 (5¢ mg, 0.2 mmol) in acetonitrile (5 mL)
was added N-phenylacetyl-L-proline (56 mg, 0.2 mol), HATU (167 mg, 0.4 mmol) and DIPEA
(100 mg, 0.8 mmol). The mixture was stirred overnight. The resulting solution was purified by
RPLC to give the desired compound (40 mg) as a brown solid. MS (EST) m/e (M+H"): 469.
Step 6

O : O N?-;juj Hy, PAIC HzNN?‘O_\j

0N H

To a solution of the nitro compound (40 mg, 0.08 mmol) in THF (2 mL) was
added Pd/C (20 mg, 0.1 mmol). The mixture was stirred under H; atmosphere for 1 hour. After
replacement of H, with N, the Pd/C was filtered off, and the filtrate was evaporated in vacuo to
give the desired aminoindole (40 mg) as a brown solid. MS (ESI) m/e (M+H"): 439.

Step 7

‘ \>_._ 0»2\4{!\3 . “ZH:I HATU, DIPEA ij\ u}i:\Nj

o

HaM
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To a solution of the product from step 6 above (40 mg, 0.1 mmol) in acetonitrile

" (5 mL) was added N-phenylacetyl-L-proline (23 mg, 0.1 mmel), HATU (70 mg, 0.2 mmol} and

DIPEA (25 mg, 0.2 mmol). The mixture was stirred overnight. The resulting solution was
purified by RPLC to give the desired compound (15 mg) as a brown solid. *H NMR (MeOD) §:
7.81 (m, 1H), 7.70 (d, J=8.6 Hz, 2H), 7.60 (d, ~8.4 Hz, 2H), 7.39 (m, 1H), 7.30-7.28 (m, 10H),
6.96 (m, 1H), 6.69 (s, 1H), 4.63-4.50 (m, 2H), 3.78-3.60 (m, 8H), 2.23-1.92 (m, 8H). MS (ESI)
m/e (M+H"): 654.

vllcarbonyilamino)-1 H-indol-z-vl]ghenvf}pvrmlidine-Z-carboxamide

5
o’ i@
%CL% A, 2. /Oﬁ,g

To a solution of 3-ethynylaniline (1.17 g, 10 mmol) and 1.5 ml Et;N in 40 mL

DCM was added dropwise acetyl chloride (1 g, 13 mmo]). The reaction mixture was stirred at

Step 1

RT for 1 hour. After that, the solvents were evaporated, and the residue was extracted with
EtOAc (100 mL), washed with water (50 mL) and brine (50 mL), dried over anhydrous NaSQq,
and concentrated i vacuo to afford 3-ethynylacetanilide (1.5 g). MS (EST) m/e (M+H™): 160.
Step 2

0N NH
\©/ 1. e C;H_-,OH \©/\u7

3-pitroaniline (6.9 g, 0.05 mmol) was dissolved in 150ml ethanol, iodine chloride
(8.1 g, 0.05 mmol) added with dropwise. The reaction mixture was stirred at RT for 4 hours.
After that, the solvents were evaporated, and the residue was extracted with EtOAc (100 mL),
washed with water (50 mL) and brine (50 mL}, dried over anhydrous NaSOq. After concentrated
in vacuo, the residue was purified by column chromatography (PE/EtOAc =40:1—-20:1) to
afford the desired preduct (8.9 g). MS (ESI) m/e (M+H"): 265.
Step 3

oM NH, >"*‘H HN
’L \(:I PACL{PPhy
AL T wE T =
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3-Ethynylacetanilide (480 mg, 3 mmol) and 2-iodo-5-introaniline (800 mg, 3
mmol) were dissolved in anhydrous THF (30 mL}), PdC1:(PPhs); (105 mg,0.15 mmol) and Cul
(28.5 mg,0.15 mmol) EtsN(1 ml) was added sequentially. The reaction mixture was protected by
N, and stirred at RT for overnight. Afier that, the solvents were evaporated, and the residue was
extracted with EtQAc (50x2 mL), washed with water (40 mL) and brine (30 mL), dried over
anhydrous NaSOq. After concentrated in vacuo, the residue was purified by column
chromatography (DCM/MeOH =50:1—20:1) to afford the desired product (620 mg). MS (ESI)
m/e (M+H"): 296.

Step 4
e
0

0>—-NH HaN \
. . PdCh, FeCl OZN

DCE, BDC

To a solution of the product from step 3 (295 mg, 1.0 mol) in DCE (15 mL) was
added PACl; (9 mg, 0.05 mmol) and FeCl; (8 mg, 0.05 mmol). The reaction mixture was heated
at 80°C for 2 hours. The reaction was cooled, and the solvents were evaporated, and the residue
was extracted with EtOAc (2x), washed with water (30 mL) and brine (30 ml.), dried over
anhydrous Na;SQq. Afier concentrated in vacuo, the residue was purified by Prep-TLC
(DCM/MeOH =50:1) to afford the desired product (240 mg). MS (ESI) m/e (M+H"): 296. 'H
NMR (DMSO) §: 0.12 (s, 1 H), 8.25 (d, /= 8.0 Hz, 2 H), 7.45~7.94 (m, 6 H), 7.03 (s, 1 H), 2.10
(s, 3 H).
Step 5

A suspension of the product from step 4 (200 mg, 0.67 mmol), Pd/C (10 mg,
0.034 mmol) in 40 mL EtOH was under H, protection and stirred for 1 hour. The mixture was
then filtered, and the filtrate was then concentrated to give the product (160 mg). The residue
was dissolved in 20 ml 3N HC, the mixture was stirred at 80°C for 1 hour. It was cooled to RT,
concentrated in vacuo and the residue was purified to give desired compound (120 mg) as a
brown solid. MS (m/z) (M+H"): 224

- 128 -

N\



10

15

20

WO 2010/111483 PCT/US2010/028653

Step 6

The mixture of compound 10 (50 mg, 0.224 mmol), N-phenylacetyl-L-proline
(110 mg, 0.45 mmol), DIPEA (88mg, 0.7 mmol} in CH;CN (5 mL) was stirred at RT for 5
minutes, then HATU (82 mg, 0.54 mmol ) was added to it. The mixture was stirred at RT
overnight. When reaction completed, the mixture was concentrated in vacuo, the residue was
purified by chromatography on silica gel to give the desired target (70 mg). MS (ESI) m/e
(M+H"): 654 '"H NMR (MeOD): 6 7.95 (d, /= 8.0 Hz, 2 H), 7.86~7.21 (m, 13 H), 6.98 (d, /= 8.0

Hz, 1 H), 6.72 (5, 1 H), 4.57(m,2H), 3.53 (m, 3 H), 2.02~2.31 (m, 8 H). .
Example 125 — tert-butyl [(IR)-2-{(28)-2-[(2-£2-[{28)-1-{(2R -2-f(tert-butoxycarbonyl)

pyreolidin-1-yl}-2-oxo-1-phenvlethyl[carbamate

Sy

Step 1
Br. NH; Ho Y\_
UNI 4 “(\N{:h; \O: Chz
The mixture of 4-bromo-1,2-phenylenediamine (3.1 g, 16 mmol), L-proline (4.3
g, 16 mmol), DIPEA (3 ml ) in MeCN (100 mL) was stirred at RT for 5 minutes, then HATU (6

g, 17 mmol ) was added. The mixture was stirred at RT overnight. When reaction completed,

the mixture was concentrated, the residue was washed with water (100 mL} and extracted with
EtOAc (three times), washed with brine (50 mL), dried over anhydrous Na;SQ,. The residue
purified by was purified by column chromatography (DCM/MeOH = 100:1—50:1) to afford the
desired compound (5.0 g). MS (ESD m/e (M+H"): (418,420).

Step 2

@w ——»ﬁ

NH:
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The product from step 1 (5 g, 7.2 mmol) was dissolved in 50 mL acetic acid . The
reaction mixture was stirred at 100°C for 4 hours. The mixture was cooled, and the acetic acid
was removed in vacuo. The residue was purified by column chromatography (DCM/MeOH =
150:1—100:1) to afford the desired compound (3.8 g). MS (ESI) m/e (M+H"): (400,402).

Step 3
Br\@lﬂ‘)—\"\j o Nmﬂmuh _PalPPhy),_ Bocttd 98 NT\IIH/\?
N Cbz"N Niaoc CH,0H Ng;CO, N
Boc

A suspension of the product from step 3 (1.2 g, 3 mmol), 1,5-bis-Boc-5-
aminoindole-2-boronic acid (1.2 g, 3 mmol), Pd(PPh;)4 (240 mg), Na,CO; (1 g, 9 mmol) and
H,0 (3 mL) in 30 mL of THF under N, protection was reacted with refluxed at 75°C overnight.
The mixture was filtered, and the filtrate was washed with 50 mL of water and extracted with
100mi EtOAc and dried over anhydrous Na;SO4. Removal of the solvent and column
chromatography (CH,Cl,/MeOH = 250:1-—-200:1) afforded the desired compound (500 mg).
MS (ESD m/e (M+H+): 652
Step 4

s o

N N
BocHN . \Ng‘ s HOIMOOH NN
I
N
Boc H

The product from step 3 (500 mg, 0.9 mmol) was stirred in MeQH/HCI (20 mL)
for 16 hours. The solvent was removed under reduced pressure and the residue was dried at high
vacuum. MS (ESI) m/e (M+H"): 452.

Step 5

"o SRt = O\fw

The mixture of aniline from step 4 (450 mg, 1 mmol}), (S)-N-Boc proline (215mg
Immol), DIPEA (0.4 mL ) in CH;CN (10 mL) was stirred at RT for 10 minutes, then HATU
(400 mg, 1.1 mmol) was added. The mixture was stirred at RT overnight, concentrated, and the
residue was purified by column chromatography (CH,Cl, / MeOH = 250:1—-200:1). MS (ESI)
m/e (M+H"): 649,
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Step 6

B% m—m b HeHer O\(“N ?

The product from step 5 (290 mg, 0.45 mmol) was dissolved in 5 mL of acetic
acid and HBr (LmL) was added. The reaction mixture was heated to 70-80°C and stirred for 4
hours. The mixture was cooled to RT and concentrated in vacuo. The residue was extracted
with EtOAc (2x), washed with ag NaHCOs and water (30 mL) and brine (30 mL), dried over
anhydrous sodium sulfate. Evaporation of the solvent afforded the desired compound as brown
solid (160 mg). MS (ESI) m/e (M+H"): 415.
Step 7

H Ny ?
OT T %f‘? ey Mé‘%( ® u @ \’/)5“
N . .

A mixture of the product from step 6 (100 mg, 0.24 mmol), (R)-N-Boc-Phg (120
mg, 0.48 mmol), DIPEA (0.4 mL) in CH;CN (10 mL) was stirred at RT for 10 minutes, then
HATU (200 mg, 0.5 mmol) was added. The mixture was stirred at RT overnight then
concentrated, and the residue was purified by RPLC to afford the desired compound (54 mg).
MS (ESI) m/e (M+H"): 882. TH NMR (MeOD) 8: 7.96~7.69(m, 4H), 7.49~6.84(m, 13H),
5.50~5.40(m, 2H), 4.06~3.94 (m, 2H), 2.27~1.88 (m, 8H), 1.37 (s, 18H).

Example 126 — (2S)-N-{4-[3-bromo-5-({[(28)-1-(phenvilacetyDpyrrolidin-2-
vljcarbonyllamine)-1H-indol-2-yllphenyl}-1-(phenylacetyl)pyrrolidine-2-carboxamide

oot e radodl.

To a solution of the indole (1 equiv) in 5 mL of THF was added NBS (278 mg, 1
mmol) at RT, and the mixture was stirred for 1 hour. Concentration of the solvent and
purification of the residue by RPLC afforded the targeted halogenated compounds. 'H NMR
(MeOD) §: 7.9-7.5 (m, 5H), 7.4-7.0 (m, 12H), 5.2-4.9 (m, 2B), 4.4 (m, 2H), 3.8-3.5 (m, 6H), 2.5-
1.8 {(m, 8H).
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Example 127 — text-butyl {(18)-2-[(28)-2-({2-{4-(acetylamino}phenyi]-3-fluoro-IH-indol-5-
vi2carbamovl)pyrrolidin-1-yl]-2-oxo-1-phenyletiivi}carbamate

K F Qs
m:«éf\z”mhj e ook
To a solution of the indole (1 equiv.) in acetonitrile/DMSO (5 ml, 1:1) was added
SELECTFLUORO (1 equiv.) at 0°C. The mixture was stirred at RT for 3 3 hours before it was
concentrated, and the residue purified with RPLC. 'H NMR (MeOD) §: 7.9-7.c8 (m, 3H), 7.8-7.7
(m, 2H}, 7.5-7.3 (m, 6H), 7.3 (m, 1H), 5.5 (s, 1H), 4.6-4.5 (m, 2H), 4.0-3.9 (m, 1H), 3.8 (m, 1H),
3.7 (m, 1H), 2.4-2.3 (m, 1H), 2.2-2.1 (m, 7TH), 2.1-2.0 (m, 3H), 2.0-1.9 (m, 1H), 1.4 (m, 9H).
MS (m/z): 711 (M+H)".
Examples 128-154
Compounds of Examples 128-154 can be prepared by direct halogenation of the

indole or benzofuran compounds in a similar manner as described in either Example 126 or
Example 127.

Example Structure MW Name

(28)-N-{4-[3-chioro-5-(1[(25)-1-

= (Nln,ﬂ ¢ OH\j (phenylacetyl)pyrrolidin-2-
128 T m@w N 688233 | yljcarbonyl}amino)-1H-indol-2-
0 N 0=‘K,® yllphenyl}-1-(phenylacetyl)
pytrolidine-2-carboxamide

{:)\rﬁ qﬁﬁ\j (ZS}N-{4-[3-ﬂuoro—5-(.{[_(2$)-1-

X NH N (phenylaceryl)pyrrolidin-2-

129 o H o 671.778 ylJearbonyl}amine)-1H-indol-2-
vljphenyl}-1-(phenylacetyl)

pyrrolidine-2-carboxamide

tert-butyl {(15)-2-[(28)-2-({4-[5-

¢ s ({1(25)-1-{28)-2(tert-
O}j‘:)\(nm_@‘z—\;l butoxycarbonyl)amino]-2-
CHy s © N o HN)Q phenylacetyl} pyrrolidin-2-
0

130 cH,’\gzzf NH ) 902,044 yl_]carbony}}amino)-3-ﬂuoro-IH-
ety indol-2-ylJphenyl} carbamoyt)
CHyCH; pyrrolidin-1-yl}-2-oxo-1-
phenylethyl} carbamate
H 1 tert-butyl {(15)-2-[(25)-2-({2-{4-
<r:J\§/N }1‘0“3 (acetylamino)phenyl]-3-chloro-
131 Oy 5 © N 630.15 1 H-indol-5-yl}carbamoyl)
cﬁfcﬁg/““ H pyrrolidin-1-yl}-2-oxo-1-
phenylethyl}carbamate
i ! B (28)-N-{4-[3-iodo-5-({[(25})-1-
Qi)j'; :?1—\;] (phenylacetyDpyrrolidin-2-yl]
132 o N o 779.684 carbonyi}amino)-1H-indol-2-yl]

phenyl}-1-(phenylacetyl)
pyrrolidine-2-carboxamide
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Example

Structure

MW

Name

133

CH30

710.813

tert-buty! {(15)-2-[(25)-2-({2-[4-
{{[{25)-1-acetylpyrrolidin-2-
yl]carbonyl}amino)phenyl]-3-
fluoro-1H-indol-5-
yl}carbamoyl)pyrrolidin-1-y1}-2-
oxo-1-phenylethyl} carbamate

134

398.1

(25)-1-4(25)-2-[(3,3-
dimethylbutanoyl}amino]-2-
phenylacetyl}-N-{4-[5-({{(25)-1-
{(28)-2-[(3,3-dimethylbutanoyl)
amino}-2-phenylacetyl}
pyrrolidin-2-yl]carbonyl}amino)-
3-fluore-1H-indol-2-yl]phenyl}
pyrrolidine-2-carboxamide

135

902.044

tert-butyl {(1R)-2-[(28)-2-({4-
[3-({[(28)-1-{(2R)-2-[(vert-
butoxycarbonyl)amino]-2-
phenylacetyl} pyrrolidin-2-

yl]carbonyl}amine)-3-fluoro-14-
indol-2-yl]phenyl}carbamoyl)
pyrrolidin-1-ylj-2-oxo-1-
phenylethyl} carbamate

136

613.695

tert-butyl {(1R)-2-[(28)-2-({2-
[4-(acetylamino)phenyl])-3-
fluoro-1H-indol-5-
yl}carbamoyl)pyrrolidin-1-y1j-2-
oxo-1-phenylethyl} carbamate

137

KN N f F %_\\\j
,\ro NH N
CHy 6{
H

710.813

tert-butyl {(1R)-2-{{28)-2-({2-
[4-({[(28)-1-acetylpyirolidin-2-
yl]carbony!}amino}phenyl]-3-
fluoro-t H-indol-5-
yl}carbamoyl)pyrrolidin-1-y1]-2-
ox0-]-phenylethyl} carbamate

138

CHy 1’;"
%A, 's
ch | Y o N
H

639.733

tert-butyl {(1R)-2-[(28)-2-({3-
fluoro-2-[4-(2-oxopyrrolidin-1-
yl)phenyl]-1H-indoj-5-
yl}carbamoyl)pyrrolidin-1-y1}-2-
oxo-1-phenylethyl} carbamate

139

567.669

N-{2-[4-(acetylamino)phenyl}-3-
fluoro-1A-indol-5-y1}-1-[(2R)-2-
phenyl-2-(pymrolidin-1-
yDacetyl}-L-prolinamide

140

551.623

N-(tert-butoxycarbonyl)}-D-
alanyl-N-{2-[4-
{acetylamino)phenyl]-3-flucro-
1H-indol-5-y1}-L-prolinamide

141

541.631

N-{2-[4-(acetylamino)phenyl]-3-
fluoro-1H-indol-5-yl}-1-{(2R)-2-
{dimethylamino}-2-
phenylacefyl}-L-prolinamide
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Example

Structure

MW

Name

142

3-

c

cua-')"o),n N i NH e
H

593.705

N-{tert-butoxycarbonyl)-D-
leucyl)-N-{2-[4-
(acetylamino)phenyi]-3-fluoro-
1H-indol-5-y1}-L-prolinamide

143

§15.953

propan-2-y1 [(1R}-2-{(28)-2-[(4-
{5-[({(2S)-1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-yl}
carbonyl)amina}-3-fluoro-1H-
indol-2-y1} phenyl)carbamoyl)
pytrolidin-1-y1}-2-oxo-1-
phenylethyllcarbamate )

144

754.866

tert-butyl (25)-2-[(3-fluoro-2- {4-
[({(25)-1-{(2R)-2-phenyl-2-
{[(propan-2-yloxy)carbonyl]
amino} acetyl]pyrrolidin-2-

yljcarbonyt)aminolphenyl} -1 H-

indol-5-yl)carbamoyl]
pynolidine-1-carboxylate

145

93588

propan-2-yl [(1R)-2-{(25)-2-[(4-

{3-bromo-5-[({(25)-1-[(2R)-2-
phenyl-2-{{(propan-2-

yloxy)carbonylJamino} acetryf]

pyrrelidin-2-yi}carbonyhamino)-

i-benzofuran-2-yl} phenyl)

carbamoyl] pyrrolidin-1-yi}-2-
0x0-1-phenylethyl]carbamate

146

819.806

(285)-N-(4-{3-bromo-5-[({(25)-1-
[(2R)-2-{dimethylamino)-2-
phenylacetylipyrrolidin-2-
y1}carbonyi)amino]-1-
benzofuran-2-yl} phenyl)-}-
[(2R)-2-(dimethylamino)-2-
phenylacetyljpyrrolidine-2-
carboxamide

147

879.772

methyl {(1R)-2-[(28)-2-({4-[3-
bromo-5-{{[(25)-1-{(2R)-2-
[(methoxycarbenyl)amino]-2-
phenylacetyl} pyrrolidin-2-
yHcarbonyl}amino)-1-
benzofuran-2-yllphenyl}
carbamoyl)pyrrolidin-1-y}j-2-
oxo-1-phenylethyl}carbamate

148

749.847

methyl {(28)-1-[(25)-2-({4-[3-
fluore-5({[(25¥-1-{(25)-2-
[(methoxycarbonyl)amine]-3-
methylbutanoy!} pyrrolidin-2-
yllcarbonyl} amino)-§ H-indot-2-
yllphenyl}carbamoyl)pyrrolidin-
1-y1}-3-methyl-1-oxobutan-2-
yl}carbamate

149

603.521

N-{2-[4-(acetylamino)jphenyl}-3-
bromo-1-benzofuran-5-yl}-1-
[(2R)-2-(dimethylamino)-2-
phenylacetyl]-L-prolinamide

134 -
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Example Struciure MW Name

(25)-N-(4- {3 -bromo-5-[({(25)-1-
N CHs %“ °>_{‘j [(2R)-2~(diethylamino)-2-
.y X NH N [~CHa phenylacetyllpyrrolidin-2-y1}
150 0 0 NI 875.915 carbonyl}amino}-1-benzofuran-
\-CHs 2-yJ}phenyl)-1-[(2R)-2-

(diethylamino)-2-phenylacetyl]
pyrrolidine-2-carboxamide

15] CHZ 700.639 (d1met_hﬁammo)-2-phenylac§tyl]
CH, pyrrolidin-2-yl}carbonyl)aminol-

1-benzofuran-2-yl}phenyl)

pytrolidine-2-carboxamide

H Br 0 (25)-1-acetyl-N-(4-{3-bromo-5-
E”‘*(N)\,(N IO NZ—\NU I(ES1{@RN2-
3 © o=

tert-butyl {(18)-2-[(25)2-({4-[3-
d » bromo-5-({[(25)-1-{(25)-2-
quj\rnm@kﬂp [(tert-butoxycarbonylyamino}-2-
152 :ﬁro}““ o © d i 963.935 phenylacety}}pyrrolidin-2-
© cHy & ;: ) yllcarbonyl}amino)-1-
CHa benzofuran-2-yl]phenyl}
cn,oHe carbamoyl)pyrrolidin-1-y1)-2-
oxo-1-phenylethyl} carbamate )

Qﬁr“ e (28)-N-{4-[3-bromo-5-{{{(25)-1-
0 m@—w N {phenylacetyl)pyrrolidin-2-yl]
153 o ° 0 733.669 | carbonyl}amino)-1-benzofuran-
2-yljphenyl}-1-(phenylacetyl)
pyirolidine-2-carboxamide

tert-butyl {(1R)-2-[(25)-2-({4-
\ [3-bromo-5-({[(28)-1-{(2R)-2-
o, n j [(tert-butoxycarbonyl)amino]-2-

cn%’ ° phenylacetyl} pyrrolidin-2-
154 963.935 .
ylcarbonyl}amine)-1i-

benzofuran-2-yljphenyl}
carbamoyl)pyrrolidin-1-y1)-2-
oxo-1-phenylethyi}carbamate

Example 155 — {2S)-N-{4-[3-cyano-5-({f (28)-1-(phenylacetyl)pyrrolidin-2-yllcarbonyilaming)-
1H-indol-2 dal-z-vliphenyl}-l-—(phenylaceg{lzgzrrolidine-z-carboxamide

ook s Y OOEY

A mixture of the bromo compound from Example 126 (150 mg, 0.2 mmol),
CuCN (50 mg, 0.6 mmol) and DMF (3 mL} was refluxed under N, protection overnight. The
mixture was purified by RPLC to afford the product. MS (ESI) m/e (M+H"): 679. "H NMR
(CDCL) 6: 7.73-7.70 (m, 4H), 7.38-7.29 {m, 4H), 7.21-7.04 (m, 6H), 4.63-4.60 {m, 1H), 4.49-
4.47 (m, 1H), 3.81-3.59 (m, 4H), 2.48-1.97 (m, 8H).

fh
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Example 156 — (28)-N-{4-[3-(2,2-dimethvipropanoyl)-5-({f(28)-1-(phenviacetyl) pyrrolidin-2-
viicarbonyilamino)-IH-indol-2-yljphenyi}-1-(phenylacetyDpyrrolidine-2-carboxamide

MQJYN 13 }“‘jm ZCaMeMIE Py N&Qﬁ—\j
o © 0’{,91-. ‘T: P}{/i}o'r N NO’{,ph

To a stitred solution of the indole (50 mg, 0.076 mmol) in CH,Cl, (5 mL) was
added anhydrous ZnCl; (54 mg, 0.4mmol) then MeMgBr (3.0 M in Et,0, 0.4 mL, 0.4 mmol).
The resulting suspension was stirred for 10 minutes at RT and then cooled to 0°C at an ice bath.
A solution of pivaloyl chloride (14 mg) in CH,Cl; (0.2 mL) was added to the mixture. The
reaction mixture was allowed to warm to RT and stirred overnight. The reaction mixture was
quenched by saturated aqueous NH4Cl and exacted with CH,Cl, 3 times. The organic layers
were combined, dried over anhydrous Na,SO, and filtered. The filtrate was concentrated and
purified by RPLC to yield the product. MS (ESI) m/e (M+H"): 738. 'H NMR (MeOD) &: 7.69-
7.63 (m, 3H), 7.44-7.41 (m, 2H), 7.31-7.21 (m, 12H), 4.55-4.52 (m, 2H), 3.76-3.59 (m, 8H),
2.26-1.94 (m, 8H).

Example 157 — 5-({{(2S)-1-(phenviacetyl)pyrrolidin-2-yljcarbonvliaminog)-2-{4-({{(28)-1-

henylacetylipyrrolidin-2-vllcarbonvllamino)phenyl]-1H-indole-3-carboxamide

K NH, Q}_\‘
B“f\( m@-m j ;\ gNa R(?\O( b NHO i?

u’5~\o S

IZ -

To a solutjon of the indole (653 mg, 1 mmol) in THF 10 (mL) was added EtMgBr
(2 mL, 6 mmol), and the mixture was stirred at RT for 30 minutes. Thereto was added
chiorosulfonyl isocyanate (140 mg, 1 mmol), and the mixture was stirred at RT for 20 minutes.
Then, DMF (146 mg, 2 mmol) was added to the above mixture, and the stirring continued for 20
minutes. After adding aqueous NaOH (2N, 1mL), the resulting solution was heated at reflux for
S minutes. Concentration in vacuo, the residue was purified with RPLC to give (67 mg). 'H
NMR (MeOD) 3: 8.0 (s, 1H), 7.6 (m, 4H), 7.1-7.4 (m, 12H), 4.5 (m, 4H), 3.5-3.7 (m, 8H), 2.5-
2.0 (m, 6H).
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Example 158 — tert-butyl {{IR)-2-1(28)-2-({4-[5-({](28)-1-{(2R)-2-[(tert-
butoxvcarbonyliamingl-2-phenylacetyllpyrrolidin-2-vijcarbonyliamino)-3-
(cvclopropylcarbamovl)-1B-indol-2-yl[phenyllcarbamoyl)pyrrolidin-1-yl]-2-oxo-1-

phenylethvllcarbamate

b
BocH (N\;ng O [; 0 NZO-{Nj
N

3 3

H
O POBr; O
H
To a solution of POBr; (113.2 g, 0.4 mol) in DCE (1 L) was added DMF (14.6 g,

0.2 mol) dropwise under ice bath, and the mixture was stirred at RT for 30 minutes. Thereto was

Step 1

added nitro compound (17.8 g, 0.1 mol), and the mixture was stirred at reflux for 4 hours. The
precipitate was collected by filtration and then washed with water and MeOH. The solid was
dried in vacuo to give the desired compound (13.5 g). 'H NMR (DMSO) 8: 13.6 (s, 1H), 9.8 (s,
1H), 8.8 (s, 1H), 8.1 (d, /=9.2 Hz, 1H), 7.6 (d, /=9.2 Hz, 1H).

Step 2
H H
o= o
N

Boc

To a solution of the aldehyde from step 1 (13.5 g, 0.05 mol) in DCM (100 mL)
was added DMAP (0.6 g, 0.005 mol), TEA (10.1 g, 0.1mol) and (Boc),O (21.8 g, 0.1 mol), and
the mixture was stirred at RT overnight. The mixture was concentrated, and the residue was
purified by column chromatography to give the desired compound (14.7 g). 'H NMR (CDCh) &:
9.8 (s, 1H), 8.8 (s, 1H), 8.1 (d, /=9.2 Hz, 1H), 7.6 (d, /=9.2 Hz, 1H]), 1.4 (S, 9H).

Step 3

—H . H
o HO, Fd[d p
# . ,B—O—NHBW Bl O] Q NHBoc
N HO R2;C0, %
[

Bec

The Suzuki coupling procedure was the same as described in Example 117,
step 3. MS (m/z): 482 (M+H)"

-137 -




10

15

20

WO 2010/111483 PCT/US2010/628653

Step 4

D Q

oH
HOCIOg, NIHPO,  OgN
1ol NeRe O
‘ Q NMBoz o tene gu Q NHEox

To a solution of compound from step 3 (2.4 g, 5 mmol) in pH 3.5 phosphate
buffer (24 mL) and +-BuOH (30 mL) was added 2-methyl-2-butene (10 mL) and sodium chlorate
(0.89 g, 10 mmol). The reaction was stirred at RT for 16 hours and then extracted with DCM
(3x). The combined organic extracts were washed with brine, dried over anhydrous MgSO,, and
concentrated in vacuo to give the desired carboxylic acid (2.3 g). MS (m/z): 498 (M-+H)".

Step 5
'.\ OH
o D o
O " NHBoe "p1aTy), DIPEA Nhaac
Hoc

The mixture of compound from step 4 (1 mmol), cyclopropyl amine (1 mmol),
HATU (1 mmol) and DIPEA (5 mmol) in DCM was stirred at RT overnight. Concentration and
purification of the residue by RPLC gave the desired compound (0.8 mmol). MS (m/z): 538
M)
Step 6

0, NE 0 ?
pe e NH
oanHao: T NHaoc
Boc Boc

To a solution of the amide from step 5 (0.8 mmol) in MeOH (10 mL) was added
Pd/C (100 mg) and the mixture was stitred under Hj at RT for 1 hour. The Pd/C was removed
by filtration, and the filtrate was concentrated to give the desired compound (0.7 mmol). MS

(/z): 507 (M+H)".
0L z
H;N TFA Hyh
Rt S o

Step 7

To a solution of compound from step 6 (0.7 mmol) in DCM (5 mL) was added
TFA (2 mL), and the mixture was stirred at RT overnight. The solution was concentrated, and
the residue was used in next step without purification. MS (m/z): 307 (M+H)".
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Step 8

7 0o
R
y NH, Acld, OIPEA o © N E'NHM

The coupling procedure was the same as used in Example 72, step 7. "H NMR.
(MeOD) 8: 6.9-7.9 (m, 17H), 5.2-5.5 (m, 2H), 4.4-4.5 (m, 2H), 3.5-3.9 (m, 3H), 2.7-2.8 (m, 1H),
1.7-2.2 (m, 8H), 1.4 (s, 18H), 1.2 (m, 1H), 0.4-0.8 (m, 4H). MS (m/z): 967 (M+H)".
Example 159 — tert-butyl {{IR)-2-[(28)-2-({4-[5-({{(28)-1-{(2R)-2-[(text-butoxy-
carbonylamino]-2-phenylacetylipyrrolidin-2-yllcarbonyliamino)-3-(4-methoxyphenyl)-1H-

Step 1

BacHN

2§
NHBoE T
O

Q ,

NBS (103 mg, 0.5769 mmol)} was added in portions to the solution of the indole
(510 mg, 0.5769 mmol) in 20 mL of THF, the mixture was stirred at RT for 1 hour, then
concentrated. The residue was purified by Prep-HPLC to afford the desired compound (500 mg). .
MS (ESD) m/e (M+H"): 962.
Step 2

C} Pd{dppliCl,
@:@_@_ w NaCOyiEaxana/H,C

The mixture of the product from step 1 above (100 mg, 0.104 mmol), 4-methoxy-
phenylboronic acid (24 mg, 0.1558 mmol), Pd(dppf)Cl, (7.6 mg, 0.0104 mmol), Na,CO; (3.3
mg, 0.0312 mmol) in 10 mL of dioxane and 2 mL of water was heated to reflux under N

atmosphere overnight. The mixture was cooled and concentrated, then the residue was purified
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by RPLC to give the desired product (30 mg). "H NMR (MeOD) §&: 7.71~7.54 (m, 3H),
7.42~7,26 (m, 16H), 6.96~6.92 (m, 3H), 5.45 (s, 2H), 4.53~4.50 (m, 2H), 3.92~3.81 (m, SH),
2.08~1.84 (m, 8H), 1.42~1.32 (m, 18H). MS (ESI) m/e (M+H"): 991.
Examples 160-177

Compounds of Examples 160-177 were prepared in a similar manner as described
in Examples 155-159. |

Example MW Name

(25)-1-(phenylacetyl}-N-{4-[3-
phenyl-5-({{(25)-1-
(phenylacetylpyrrohdin-2-
ylJcarbonyl}amino)-1H-indol-2-
y}phenyl}pymrolidine-2-
carboxamide

160 729.887

(25)-N-{4-[3-ethyl-5-({{(2S)-1-
(phenylacetyl)pyrrolidin-2-
681.842 | yljcarbonyl}amino)-1H-indol-2-
yljphenyl}-1-(phenylacetyl)
pyrrolidine-2-carboxamide

161

(28)-N-{4-[3-acetyl-5-({[(25)-1-
{phenylacetyl)pyrrolidin-2-
695.826 | yl]carbonyl}amina)-}H-indol-2-
yllphenyl}-1-(phenylacetyl}
pyrrolidine-2-carboxamide

162

(25)-1-(phenylacetyl)-N-{4-[5-
({[(25)-1-(phenylacetyl)
pyrrolidin-2-yljcarbonyl}amine)-
3-(phenylearbonyl)-1H-indol-2-
yllphenyl}pyrrolidine-2-
carboxamide

163 757.897

(28)-1-(phenylacetyl)-N-{2-[4-
({12S)-1-(phenylacetyl)
pyrrolidin-2-y}]carbonyl}
amino)phenyl)-3-(pyridin-4-y1)-
1 H-indol-5-y1} pyrrelidine-2-
carboxamide

164 730.874

benzyl (25)-2-{(4-{5-{({(25)-1-
[(benzyloxy)carbonyl]pyrrolidin-
2-yl}carbonyl}amino]-3-phenyl-
1H-indol-2-yl}phenyl)
carbamoyljpyrrolidine-1-
carboxylate

165 761.886

(28)-N-{4-[3-cyano-5-({[(25)-1-
(phenylacetyDpyrrolidin-2-
678.798 | yllcarbonyl}amino}-1H-indol-2-
yl)phenyl}-1-(phenylacetyl)
pymrolidine-2-carboxamide

166

(285)-N-{4-{3-cyclopropyl-5-
{{[(28)-1-(phenylacetyl}
pyrrolidin-2-yljcarboiyl} amino)-
1 H-indol-2-yl]phenyl}-1-
{phenylacetyl)pyrrolidine-2-
carboxamide

167 693.853
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Example

Structure

MW

Name

168

0—CH;

Ao
- "o
e

791912

benzyl (25)-2-[(4-{5-[({(25)-1-
[(benzyloxy)carbonyl]pyrrolidin-
2-yl}carbonyl)aminoe]-3-(3-
methoxyphenyl)-14-indol-2-
yl}phenyl)carbamoyllpyrrolidine
-1-carboxylate

169

CHy

974.18

tert-butyl {(1R)-2-[(25)-2-({4-
{5-({[(28)-1-{(2R}-2-[(rert-
butoxycarbonyl)amino]-2-
phenylacetyl} pyrrolidin-2-
yljcarbonyl}aming)-3-(3-
methylphenyl)-1 H-indo}-2-
yliphenyl}carbamoyl}pyrrolidin-
1-y1]-2-0x0-1-
phenylethyl}carbamate

170

974.18

fert-butyl {{1R)-2-[(285)-2-({4-
[5-({1(25)-1-{(2R)-2-{(tert-
butoxycarbonyl)amino]-2-
phenylacetyl} pyrrolidin-2-
yljcarbonyl}amino)-3-(2-
methylphenyl}-1H-indo}-2-
yljphenyl} carbameoyl)pyrrolidin-
1-yl]-2-0x0-1-
phenylethyl}carbamate

171

961.14

tert-buty) {(1R)-2-1(25)-2-({2-
[4-({[(28)-1-{(2R)-2-[(tert-
butoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-

yl]carbonyl}amino)phenyl]-3-
(pyridin-4-y1)-1H-indol-5-

y1}carbamoy!)pyrralidin-1-yl}-2-
oxo-1-phenylethyl} carbamate

172

909.064

tere-butyl {(1R)-2-[(25)-2-({4-
(5-({[28)-1-{2R)-2-[(ters-
butoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-

ylcarbonyl}amino)-3-cyano-1H-

indol-2-yljphenyl}carbamoyl)
pwrolidin-1-yl]-2-ox0-1-
phenylethyi} carbarnate

173

764.936

(25)-N-(4-{3-cyano-5-[({{25)-1-
[(ZR)-2-(dimethylamino)-2-
phenylacetyllpyrrolidin-2-
yl}earbonylamino]}-1H-indol-2-
yl}phenyl)-1-[(2K)-2-
{dimethylamino)-2-phenylacetyl]
pyrrolidine-2-carboxamide

174

Hy O

cHy R Q}—cua
o ;Z,oru Q\rioo \(I;(—QNH

620.714

tert-butyl {(1R)-2-{(25)-2-({2-
{4-(acetylamino)phenyl]-3-
cyano-1H-indol-5-
yl}carbamoyl)pyrrolidin-1-y1]-2-
oxo-1-phenylethyl}carbamate
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Example Structure MW Name

tert-buty] {{1R)-2-[(25)-2-({4-
7 [5-({{(2S)-1-{(2R)-2-[(tert-

A . butoxycarbonyljamino}-2-
ch > y %ﬁ = ;};—\j phenylacetyl}pyrrolidin-2-
"y 2 o © " y 955.133 ylJcarbonyl} amino)-3-
. "”rcxc” (dimethylcarbamoyl)-1H-indol-
o ’ 2-yliphenyl} carbamoyl)

pyrrolidin-1-y1]-2-ox0-1-
phenylethyl} carbamate

175

methyl 5-({[(2S)-1-{ZR)2-

= [(tert-butoxycarbonyl)amino]-2-
H - phenylacetyl}pymolidin-2-
% o g (N)YN }4—@ yllcarbonyl}amino)-2-{4-({((25)-
176 °“’?§°},’ o © N ok, 8 942.091 1-{(2R)}-2-[(rert-
’ " )—%% butoxycarbonyl)amino]-2-
R A phenylacetyl}pymolidin-2-

yl]carbony}}amino)phenyl}-1H-
indole-3-carboxylate

5-{{[(25)-1-{(2R)-2-{(tert-
butoxycarbonyl)amine]-2-

H OH I phenylacetyl} pyrrolidin-2-
oy Q\rU;{_Q:Z“j - yllcarbonyl) amino)-2-{4-({[(25)-
H

177 | T % ° ok, & 928.064 | 1-{(2R)-2-[(tert-butoxycarbonyl)
N)"°><CH,

amino]-2-phenylacetyl}
Example 178 — text-butyl {(IR)-2-f(28)-2-({2-[3-(acetylamino)prop-1-yn-1-yl]-1H-indol-5-

© hcH pyrrolidin-2-yljcarbonyl}amino)
viicarbamoylpyrrolidin-I1-vl]-2-oxo-1-phenviethylicarbamate

phenyl]-1H-indole-3-carboxylic
N
BocHN, (jmoo m—:—b‘”—é

acid
H

Step 1

oN ON c§‘~05l QzN
‘@E}:o ethy| carbonochioridate o (9H,C0y mo
ﬂ N N

o)“oe: 0)*051

Ethyl carbonochloridate (3 mL) was added to the nitro lactam (2.0 g, 11.2 mmol),
and the mixture was stirred for 3 hours before being concentrated to give the crude product, MS
(ESI) m/e (M+H+): 325. The crude product was dissolved in DMF (25 mL), then (NH,);COs
(1.5 g) was added, and the mixture was stirred overnight. The mixture was evaporated and the
residue was poured into ice-water and extracted with DCM, and the organics were dried. The
solvent was removed, and the residue was purified by chromatography on silica gel to give the

desired compound as a white solid. MS (ESI) m/e (M+H": 251.
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Step 2

02N
R OsN HN:
m—cm PA(PPhs}e m—_____:___j _<()
M

QEt
s}
EiO#O

The mixture of the triflate (382 mg, 1.0 mmol), N-(prop-2-ynyl)acetamide (97
mg, 1.0 mmol), E;N (3 mL) in CH;CN(3 mL) was stirred at RT for 3 hours. The mixture was
concentrated, and the residue was purified by chromatography on silica gel to give compound
target compound (254 mg). MS (ESI) m/e (M+H": 330.

Step 3

H

Ha
°zN\©:-\‘\ _ HN-(O FaiNH,C} ; = o

N /E
0
E:o)ao B0

A solution of the nitro compound from step 2 above {165 mg, 0.50 mmol) in
absolute E1IOH (3 mL) was added Fe power (280 mg, 2.5 mmol) and NH4Cl (535 mg, 5.0 mmol).
The mixture was stirred at 70°C for 2 hours, cooled and poured into ice/water (50ml). The
mixture was extracted with EtOAc (200 ml), and the organic phase was combined and washed
with brine, dried and concentrated to yield the crude product (150mg). MS (ESI) m/z :(M+H)
300.

Step 4

Ha _ HN-<0 KGO M\CE?E"}N_%
@N

To a solution of the aniline from step 3 (150 mg, 0.50 mmo) in absolute EtOH (3
mL) was added K»COs (138 mg, 1.0 mmol), and the mixture was stirred at RT for 12 hours. The
reaction mixture was poured into water (10 mL), extracted with EtOAc (20 mL), and the organic
phases were combined and washed with brine, dried over MgSO; and concentrated to yield the
crude product (113mg). MS (ESI) m/z :(M+H+) 228.
Step 5

R-Boe-Phg-L-Pro

e - p wg%g“mg%

The mixture of the indole (113 mg, 0.5 mmol), R-Boc-Phg-L-Pro-OH (175 mg,
0.5 mmol), DIPEA (115 mg, 1.0mmol) in MeCN (2 mL) was stirred at RT for 5 minutes, then
HATU (190 mg, 0.5 mmol) was added into the mixture. The mixture was stirred at RT overnight
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then concentrated. The residue was purified by RPLC to give the desired compound (110 mg).
'H NMR (MeOD) 8: 1.37 (s, 9H), 1.96 ~ 2.14 (m, 7H), 3.92 ~ 3.94 (m, 2H), 4.51 ~ 4.54 (m, 1H),
5.41 (s, 1H), 6.56 (s, 1H), 7.20 ~ 7.43 (m, 7H), 7.72 (s, 1H). MS (ESI) m/z :(M+H+) 576.
Example 179 — N-f4-[{5-(furan-3-yl)-I1H-indol-2-yl[phenyl}-1-(phenylacetyl}-L.- prolinamide

Step 1

o i) :
& 3\ et HZ"\" 8 %—\
The mixture of the indole from Example 41 (1.6 mg, 5.575 mmol), 1-phenylacetyl
pyrrolidine-2-carboxylic acid (1.3 g, 5.575 mmol), DIPEA (1.45 g, 11.15 mmol ) in DMF (50
mL) was stirred at RT for 30 minutes, then HATU (2.54 g, 6.689 mmol ) was added. The
mixture was stirred at RT overnight, concentrated ir vacuo, and the residue was purified by

chromatography on silica gel to give the desired product (2.3 g). MS (ESI) m/e (M+H"): 504.

Step 2
33 ert e Yoyt
° TN H l‘; \ > - N?l-ﬂ.‘\n
og\/@ N o 4\@

PA(PPhy};Clz NazCOYCHIONHO

A suspension of the product from step 1 above (18 mg, 0.03583 mmol), furan-2-
boronic acid (6 mg, 0.05374 mmol), Pd(PPh ) Cl; (1.4 mg), Na,CO; (7.6 mg, 0.07166 mmol)
and H;O {0.15 mL) in 0.5 mL of acetonitrile under N; protection was heated at 150°C for 10
mintues in a microwave reactor. The mixture was cooled, filtered and washed with 10 mL of
DCM. The solvenis were removed, and the residue was purified by HPLC to give the desired
product. "H NMR (MeOD) 8: 7.79~7.74 (m, 3H), 7.67~7.62 (m, 3H), 7.50 (s, 1H), 7.37~7.22
(m, 6H), 6.78~6.75 (m, 2H), 4.57~4.55 (m, 1H), 3.78~3.61 (m, 4H), 2.24~1.99 (m, 4H).
Examples 180-189b

Compounds of Examples 180-189b were prepared in a similar manner as

described in Example 179.

Example Structure MW Name

N-(4-{5-[6-(dimethylamino)-4-

g
NN,
o 5 methylpyridin-3-y1}-14-indol-2-
10 E&(I}{}':)ﬂj S3T.701 1 "1y phenyl)-1-(phenylacetyl)-L-
* b o«f\’O

prolinamide
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Example Structure
3

MW

Name

gt

o’K,O

Iz

555.704

N-{4-{5-(1-benzothiophen-3-y1)-
1H-indo}-2-yl]phenyl}-1-
{phenylacetyl)-L-prolinamide

VN -
182 0}_{j

579.708

N-{4-[5-(1-benzyl-1 H-pyrazol-4-
y1)-1H-indol-2-yi]phenyl}-1-
(phenylacetyl)-L-prelinamide

183 %_O_:Z—\\j
: L0

557.655

N-{4-[5-(2,3-dihydro-1 4-
benzodioxin-6-y1}-1H4-indol-2-
yllpheny!}-1-(phenylacetyl)-L-

prolinamide

w | SogotPy

550.666

1-(phenylacetyl)}-N-{4-[5-
{quinolin-8-yl)-1H-indol-2-
ylJphenyl}-L-prolinamide

505.644

1-(phenylacetyl)-N-{4-[5-
(thiophen-3-yl)-1H-indol-2-
yl]phenyl}-L-prolinamide

186 H o ‘g,o

563.662

tert-butyl {(15)-2-[(28)-2-{{4-(5-
cyano-1 H-indol-2-yDphenyl)
carbamoyl}pyrrolidin-1-yl]-2-
oxo-1-phenylethyl}carbamate

~ "t 3 >
187 CHy~{ o=\,
O‘xﬁo -8 \ 3" CHy

879.037

propan-2-yl [(1R)-2-ox0-1-
phenyl}-2-{(2§)-2-[4-(2-{4-
[({(28)-1-{(2R)-2-phenyl-2-
{[(propan-2-yloxy)carbonyl]
amino} acetylJpyirolidin-2-
yl}carbonyl)amino]phenyl}-1-
indol-5-y1)-1H-imidazol-2-yl]
pyrrolidin-1-yl}ethyljcarbamate

-4
188 .g v

606.687

propan-2-y1 {(1R)-2-{(28)-2-(5-
{2-[4-(acetylamino)phenyl]-17-
indo)-5-y1}-1,3 4-oxadiazol-2-
yl)pymrotidin-1-yl}-2-oxo-1-
phenylethyl}carbamate

3
Moy
Q"‘(omzz‘-CHg
189 °“="\bg N
cH~

576.704

N-{4-{5-(5-{(25)- 1-{(2R)-2-
{diethylamino)-2-
phenylacetyl]pyrrolidin-2-yl}-
1,3,4-oxadiazol-2-y1)-1H-indol-
2-yllphenyl}acetamide

Lo,
189 \ -{"25 - )

306.9

methyl [(28)-1-{(28)-2-{5-(10-
{2-{(28)-1-{(25)-2-

[(methoxycarbony))amino]-3-
methylbutancyl} pyrrolidin-2-yl]-

1 H-imidazol-5-yl}indolo[1,2-c]

[1,3]benzoxazin-3-yl}-1H-
imidazol-2-yljpyrrolidin-1-y13}-3-
methyl-1-oxobutan-2-
yi]carbamate
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Example Structure MW Name

methyl [(25)-1-{(25)-2-[5-(12-
fluoro-10-{2-{(25)-1-{(25)-2-

M [{methoxycarbonyl}amino]-3-

J\| methylbutanoyl} pyrrolidin-2-yl}-

189b \> 8249 1 H-imidazol-3-vl}indolo{1,2-¢]
[1,3]benzoxazin-3-yl)-1H-

%R/ imidazol-2-yl)pyrrolidin-1-y1}-3-

methyl-1-oxobutan-2-
yHcarbamate

Example 189b (Alternative Procedure: Methyl {(28)-1{(28)-2-[5-(12-fluoro-10-£2-/(28)-1-
{(2s)-2-{{methoxycarbonyllaminol-3-methylbutanoyl}pyrrolidin-2-yl]-1H-imidazol-5-
vijindolof1,2-c][1,31benzoxazin-3-yl)-TH-imidazol-2-ylIpyrrolidin-1-yl}-3-methyl-1-oxobutan-

2-vllcarbamate

/nﬁ){?
OH

HOD\ — j\ Qﬁr

To a solution of compound 3-bromophenol (51 g, 0.3 mol) and Et;N (36 g, 0.36

Step 1

mol) in 500 mL of DCM was added dropwise acetyl chloride (26 g, 0.33 mol) in an ice-water
bath. The mixture was stirred at RT for 30 minutes. The mixture was washed with 1 N HCI,

saturated Na,CO; and brine, dried over Na,SO4 and concentrated in vacuo to give a oil (62 g).

Step 2
Cly
L0, 2 Ao

AlCl; (40 g, 0.3 mol) was slowly added to the product from step 1 '(21.5 g, 0.1
mol) in an ice-water bath. The mixture was stirred at 140°C for 2 hours. After cooling to 60-
70°C, the mixture was slowly poured into an ice water. The resulting solution was extracted
with DCM. The combined organic phases were washed with brine, dried over Na;SO4 and
concentrated in vacuo. The residue was purified by column chromatography to give the desired
compound (14 g). MS (ESI) m/ e (M+H"): 214.
Step 3
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2 RIHCI H
HO B B Br HO Br

A mixture of the ketone obtained in step 2 (4.2 g, 20 mmol) and 4-bromophenyl
hydrazine hydrochloride (4.4 g, 20 mmol) in AcOH and EtOH (1:10, 100 mL) was heated to
reflux for 6 hours. The solvent was removed in vacuo to give a solid, which was used in the next

step without further purification (9.2 g crude). MS (ES) m /e (M+H"): 383.

Step 4
QR‘NJI:L PPA B(ar
Br HO B B

A mixture of product from step 3 (9.2 g) in PPA was heated to 80°C for 2 hours.
Afier cooling to RT, the mixture was poured into ice water. The resulting solution was extracted
with DCM. The combined organic phases were washed with brine, dried over Na;S0;, and
concentrated in vacuo. The residue was purified by column chromatography fo give the desired
indole (4.8 g). MS (ESI) m /e (M+H"): 368.

Step 5
_seteaf

To a mixture of the indole from step 4 (6 g, 16.3 mmol) in DMSO/CH;3CN (1:1,
24 mL) was added SELECTFLUOR® (5.8 g, 16.3 mmol) in portion at RT. The mixture was stirred
for an additional 1 hour at RT, and the mixture was purified by HPLC to give a sohd (1.0 g). MS
(ESI) m / e (M+H"):386.
Step 6

A mixture of the compound from step 5 (650 mg, 1.63 mmol), CH,Br; (1.5 g,
8.62 mmol) and K2CO3 (1.2 g, 8.7 mmol) in DMF (32.5 ml.) was stirred for 5 hours at 80°C.
Then the mixture was evaporated in vacuo. The residue was diluted with EA and water. The
organic layer was separated, dried over Na;SO4 and concentrated in vacuo to give a solid, which
was directly used to next step without further purification (610 mg). MS (ES)m /e
(M+H"):396.
Step 7
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B F PinB F
3 Padppe)Cly
Q
To a solution of the product from step 6 (1 mmol) in 1,4-dioxane was added bis
pinacol borate (1.1 mmol) and Pd(dppf)Cl; (0.02 mmol) and KOAc (2 mmol). The reaction

mixture was stirred under N, and heated to 110°C for 3 hours. After that, the solvent was

removed under vacuum, and the residue was purified by column chromatography to afford the
product. MS (ESI) m / ¢ (M+H"):492,

Step 8
PinB F M ]
in o0, Bot C NLO HJHND
Bloc”

A suspension of the boronate from above (2 mmol), fert-butyl 2-(2-bromo-1H-
imidazol-5-yl) pyrrolidine-1-carboxylate (2.4 mmol), Pd(dppf) Cl; (200 mg), Na;CO;3 (3 mmol)
and in THF/H;O (10:1, 33 mL) was refluxed at 75°C overnight under N; protection. The
mixtufe was cooled and filtered, and the filtrate was washed with water (50 mL) and extracted
with EtOAc (100 mL), washed with brine and dried over anhydrous sodium sulfate. After
concentrated in vacuo, the residue was purified by column chromatography to afford the desired
compound. MS (ESI) m / e (M+H):710. |

Step 9
O O e N L .
J\ S , Cx WO Ay
The protected proline from above (1.3 mmol} was added to HCI/CH3;0H (10 mL,
3M). The mixture was stirred at RT for 2-3 hours before the mixture was concentrated to give

EH

the crude product, which was used in the next step without further purification. MS (ESI)m /e
(M+H):510

Step 10
WO, = o ; ){?
B
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To a mixture of the crude product from step 9 (1.0 mmol), (5)-2-
(methoxycarbonylamino)-3-methylbutanoic acid (2.0 mmol) and DIPEA (8 mmol) in CH;CN
(10 mL} was added BOP (2.2 mmol). The resulting mixture was stirred at RT. After LCMS
showed the starting material to be consumed, the mixture was filtered, and the filtrate was
purified by HPLC to give the desired compound as a white solid. M3 (ESD) m / e (M+H"):825.
'H NMR (MeOD): § 7.83 - 7.85 (m, 3 H), 7.72 (5, 1 H), 7.53 (5, 2 H), 7.46 - 7.48 (m, 1 H), 7.42
(s, 1 H), 5.92 (5, 2 H), 5.20 - 5.22 (m, 2 H), 4.20 - 4.23 (m, 2 H), 4.06 - 4.09 (m, 2 H), 3.86 - 3.88
(m, 2 H), 3.61 (s, 6 H), 2.50 - 2.52 (m, 2 H), 1.96 - 2.20 (m, 8 H), 0.90 - 0.98 (m, 12 H).
Example 190: (28)-1-[(2R)-2-(dimethylamino)-2-phenviacetyl]-N-(2-{5-[({(28)-1-{(?R)-2-
(dimethylamine)-2-phenylacetyllpyrrolidin-2-ylicarbonyl)aminol-1,3-benzoxazol-2-yl}-TH-
indol-5-yl)pyrrolidine-2-carboxamide

Qi

Oy e,

X © NoN NH
O

Meght

NMBZ

Step ]
NH

To a solution of imidazole (13.6 g, 0.2 mol) in 1L of DCM was added BrCN (7.4
g, 66 mmol), and the mixture was heated at reflux for 30 minutes. The mixture was cooled to
RT, and the white precipitate removed by filtration, and the filtrate concentrated to 100 mL then
cooled to 0°C for 2 days. The crystallized solid was filtered and washed with cold DCM, then
dried in vacuo to give the desired product (8.8 g) as a white solid.
Step 2

NH
O e
A solution containing the product from step 1 (8.36g, 54.2 mmol) and 2-amino-4-
nitrophenol (8.74g, 54.2 mmo}) in anhydrous THF (200 mL) was allowed to reflux under N for
14 hours. The mixture was cooled to RT, filtered, and the precipitate was washed with THF
{cold) then dried in vacuo to afford the desired product (9.0g), as a yellow solid. MS (ESI) m/e
(M+H"): 180. "H NMR (DMSO) 8: 7.85 ~ 7.96(m, 3 H), 7.52(d, ] = 8.8 Hz, 1H).
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Step 3

Y e 20

To a suspension of the product from step 2 (3.58 g, 20 mmol) in acetonitrile (300
mL) was added CuBr; (8.96 g, 40 mumol). The solution became dark green and ~butyl nitrite
(4.12 g, 40 mmol) was added RT over 5 minutes, whereupon the mixture heated at 45°C for 2
hours. The reaction mixture was poured into water (800 mL) and DCM (800 mL), and the
phases were separated. The aqueous phase was extracted with DCM (3 X 800 mL), dried with
Na;SQ4 and evaporated to afford the crude product. Purification by column chromatography
afforded the desired product. MS (ESI) m/e (M+H"): 243/245. "H NMR (DMSO0) &: 8.71 (s, 1
H), 8.42(d, ] = 9.2 Hz, 1H), 8.10 (d, ] = 9.2 He, 1 H).
Step 4

Pa(Il

ON N » (BochN A
\Qo}— ! m_ B N NO,
Boc o¢

The mixture of compound from step 3 above (603 mg, 2.5 mmol), the indole
boronic acid from Example 42 (1.0 g, 2.75mmol), Pd(dppf)Cl; (183 mg, 0.25 mmol), Na;CO;5
(530 mg, 5.0 mmol) in 5 mL dioxane-H;0 (5:1) was heated to reflux under N, atmosphere

overmight. When reaction was complete, the mixture was poured into water and extracted with
DCM. The organic phase was dried over Na;SQ4 and concentrated, and the residue was purified
10 give compound the desired product. MS (EST) m/e (M+H"): 596.

Step 5

Boc),N
N N S
NN NH,

. NO,
Boc 2. HCi

The product from step 4 (596 mg, 1.0 mmol) was dissolved in EtOAc and treated
with Pd/C (100 mg, 20%). Then, the mixture was stirred at RT overnight under H; atmosphere.
When the reaction was complete, the Pd/C was filtered off, and the resulting solution was
concentrated to give the crude product MS (ESI) m/e (M+H™): 565. This material was covered
with 5 mL of 3M HCY, and the mixture was stirred at RT for 2 hours. Evaporation of the solvent
afforded the desired product, which was used directly without further purification. MS (EST) m/e
(M+H"): 265.
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Step 6

The compound was coupled using the procedure similar to that which was
described in Example 40 starting from 265 mg (1.0 mmol) of the product from step 5. 'H NMR
(MeOD) §: 8.12(s, 1H), 7.97(d, J=2Hz, 1H), 7.30 ~ 7.70 (m, 15H), 5.30 ~ 5.35 (m, 2H), 4.51 ~
4.60 (m, 2H), 3.85 ~ 3.95(m, 2H), 3.15 ~ 3.25(m, 2H), 3.06(s, 3H), 2.54(s, 6H), 1.80 ~ 2.30(m,
8H). MS (ESI) m/e (M+H"): 781.

Example 191: 1-{(2R)-2-(diethylamino)-2-phenylacetyl]-N-{2-[4-(5-§(28)-1-J(2R)-2-
-1.3,4-oxadiazol-2-yl)phenyl]-1B-indol-5-yl}-1 -

prolinamide
N GY': \ -
aliie el ot
[+ AL,
/\n1©
/
Step 1

/@inmuz . o ¢l /@jﬁ “m/“u
| M e

To a solution of N-Cbz-L-Pro (14.9 g, 0.06 mol) and TEA (8.08 g, 0.08 mol) in
100 mL of DCM added dropwise isopropy! chloroformate (8.05 g, 0.066 mol) at 0°C. Afier
addition, the solution was continued to stir for 1 hour before the hydrazide (13.0 g, 0.05 mol)
was added, and the mixture was continued to stir for another 1 hour. The solvent was evaporated
in vacuo, and the residue was recrystallized from EtOH to give a white solid (22.1 g). 'H NMR
(DMSOQ) 8: 10.47 (s, 18), 10.03 (s, 1H), 7.86 (d, J = 8.0 Hz, 2H), 7.62 (4, J = 8.0 Hz, 2H), 7.31 ~
7.61 (m, 5H), 4.91 ~ 5.14 (m, 2 H), 4.26 ~ 4.35 (m, 1 H), 3.30 ~ 3.4 (m, 2 H),1.95~2.19(, 4
H). MS (ESI) m/e (M+H"): 494.
Step 2

R me D
C‘”— DIPEA /@A
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"To a solution of the product from step 1 (2.1 g, 4.26 mmol), DIPEA (2.3 mL, 17.7
mmol) and PPhs (1.71 g, 6.5 mmol) in 20 mL of MeCN was added hexchloroethane (1.41 g, 5.57
mmol), and the mixture was stirred at RT for 1.5 hours. The solvent was evaporated, and the
residue was purified by chromatography to give a white solid (1.75 g). MS (ESI) m/e M+HY):
494,
Step 3

tre Na;CO0;

" " d .
O - oy TR0,
Chx”

A mixture of the product from step 2 above (494 mg, 1.0 mmol}, indole boronic
acid from Example 42 (377 mg, 1.0 mmol), Pd(dppf)Cl; (73 mg, 0.10 mmol), Na,CO; (318 mg,
3.0 mmol), THF (25 mL) and H,O (5 mL) was refluxed under N, overnight. The mixture was
poured into water and extracted with CH,Cl. The organic phase was combined, dried over
Na,SO4 and filtered to give the desired compound, which was used directly in the next step. MS
(ESI) m/e (M+H'): 680.

Step 4

o \) N N ey

S H
sleps 4-7 0N

Following the procedure described in Example 99, steps 4-7, the oxadiazole from
step 3 above was converted to the desired product. 'H NMR (MeOD) 8: 8.09 (d, J = 8.8 Hz, 2H),
7.99 (d, J= 8.8 Hz, 2H), 7.83 (s, 1H), 7.66 ~ 7.68 (m, 4H), 7.55 ~ 7.58 (m, 6H), 7.38 ~ 7.40 (m,
1H), 7.22 ~7.24 (m, 1H), 6.98 (s, 1H), 5.39 (s, 1H), 5.37 ~ 5.39 (m, 2H), 4.52 ~ 4.54 (m, 1H),
412 ~4.14 (m, 1H), 3.94 ~ 3.96 (m, 1H), 3.10 ~ 3.41 (m, 8H), 2.72 ~ 2.76 (m, 2H), 1.84 ~2.24
(m, 8H), 1.34 ~ 1.41 (m, 6H), 1.16 ~ 1.19 (m, 6H). MS (ESI) m/e (M+H"): 821.

Example 192: Methy! {(28)-1-[(28)-2-{5-[4-{5-£2-[(28)-1-{(28)-2-[(methoxy- carbonyDaminol-
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Step 1

(_}\/o,., Oxaty! Ghloride H
e —
)

N
DMSOINEL
Bot * C

A 2 L, 3-necked round bottomed flask equipped with an overhead stir and a N,
inlet was charged with a solution of oxalyl chloride (130 mL, 0.26 mol) in DCM (250 mL). The
solution was cooled to -78°C, and a solution of DMSO (20 mL, 0.28 mol) in DCM (30 mL) was
added dropwise. After 30 minutes, a solution of (§)-N-Boc-prolinol {40 g, .20 mol) in DCM
(200 mL) was added dropwise. After 30 minutes, TEA (140 mL, 1.00 mol) was added to the
solution, and the flask was transferred to an ice/water bath and stirred for another 30 minutes.
The reaction mixture was diluted with DCM (200 mL) and washed successively with H,O, 1M
HCl, saturated NaHCO3, and brine. The DCM layer was dried over Na;SO,, filtered, and
concentrated to afford crude (S)-2-formyl-pyrrolidine-1-carboxylic acid fert-butyl ester (40 g) as
an oil, which was used without further purification. A

Step 2

A
0
‘BOC MHy, HpO

S
L g
Boc

Glyoxal (2.0 mL of 40% in water) was added dropwise over 1 1 minutes to a
methanol solution of NH,OH (32 mL) and (S)-Boc-prolinal {8.564 g, 42.98 mmol} and stirred at
ambient temperature for 19 hours. The volatile components were removed in vacuo, and the
residue was purified by a flash silica gel chromatography (EtOAc) followed by a
recrystallization (EtOAc) to provide the desired compound as a white fluffy solid (4.43 g). 'H
NMR (DMSO) 8: 11,68, 11.59 (br s, 1H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76 (m, 1H), 3.48 (m, 1H),

3.35-3.29 (m, 1H), 2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H). MS (ESD) m/e (M+H"): 238.

Step 3
7Y Br
;:> MBS M I
NBOGH NBoc ib'll Br

To a suspension of the compound from step 2 (140 g, 0.59 mol) in THF (2000 ml)
was added NBS (200 g, 1.1 mol). The mixture was stirred at RT under Nz protection overnight
before the solvent was removed, and the residue was purified by chromatography on silica gel to
give 230 g of the desired dibromo compound. MS (ESI) m/e (M+H"): 396.

Step 4
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Br
e e
MBoc NBoc

To a suspension of compound from step 3 (230 g, 0.58 mol) in EtOH/H,0 (3000
ml) was added Na,SO; (733 g, 5.8 mol). The resulting mixture was stirred under reflux
overnight. After cooling to RT, the mixture was extracted by DCM and concentrated under
vacuum. The resulting residue was purified by chromatography on silica gel to give the desired
bromo imidazole target. MS (EST) m/e (M+H"): 317,
Step 3

COOEL  NBSICCH COOE!
B,_@_/ -
Br

To a stirred solution of ethyl 4-bromophenylacetate (50 g, 205.8 mmol) in CCla
(500 mL) was added NBS (38 g, 214.7 mmol}), then 48% aquecous HBr (4 drops). After the
addition, the solution was stirred overnight at 80°C under argon. Then the reaction was cooled

to RT, filtered, and concentrated. The resulting oil was directly used the next step.

Step 6
r o]
o OH rafis

To a solution of the compound from step 5 (2 g, 6.2 mmol) in DMF (20 mL) was
added 5-bromosalicylaldehyde (1.21 g, 6.0 mmol) and Cs2CQO;3 (2 g, 12.3 mmol) under N
protection. The resulting suspension was stirred for 5 hours at 160°C, then cooled and treated
with water. The resulting precipitate was filtered, and the filtrate cake was dried in vacwo to give
the desired compound, which was used directly in next step.
Step 7

P{dopnClyKOACIdIoxane
O Ik oo
d o [+ o
A suspension of the product from step 6 above (4.43 g, 12.58 mmol),
bis(pincolato)diboron (8.31 g, 32.72 mmol), AcOX (3.72 g, 37.7 mmol} and Pd(dppf)Cl, (921
mg, 1.26 mmol) in dioxane (100 mL) was heated to reflux for 4 hours under Ny. The mixture
was concentrated, the residue was partitioned between H,O and DCM, and the aqueous phase
was extracted with DCM. The combined organic layers were washed with brine, dried over
Na;S04, concentrated. The residue was purified by chromatography on silica gel to afford the

desired compound (5 g).
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Step 8

81 N
C\;(g ,n PetsppCy Hnoc ICE§_©_(\N
N +
H E I >—< ?— o] N'JKl,.\l
NBoc anCO:. H Bochl)

A suspension of the product from step 4 (5 mmol), the boronate ester from step 7
(2 mmol), Pd(dppf)Cl; (146 mg, 0.2 mmol), and Na;COs (636 mg, 6 mmol) were refluxed in
THEF/H,0 (10:1, 33 mL} overnight under N, protection. The mixture was cooled and filtered,
and the filtrate was washed with water (50 mL) then extracted with EtOAc (100 mL), washed
with brine and dried over anhydrous sodium sulfate. The solution was concentrated and the
resulting residue was purified by column chromatography (PE / EA = 8:1—5:1) to afford the
desired compound. MS (EST) m/z (M+H)":641).

Step 9
WPy o =T Poro,

The product from step 8 (1.3 mmol) was added into 3M HCV/CH;0H (20 mL) and
the mixture was stirred at RT for 2 to 3 hours. The mixture was concentrated, and the crude
product was used directly in the next step without further purification. MS (ESI) m/z (M+H)":
441.

Step 10

. SW
!
QH'(ﬂ\ y 7N o ng‘o’ Bop Qf(:\ND

To a mixture of the product from step 9 (1 mmol), N-Moc-L-valine (2.1 mmol)
and DIPEA (0.4 mL) in DMF (3 mL) was added BOP reagent (2.2 mmol). The resulting mixture
was stirred at RT for 16 hours. The solution was subjected directly to RPLC to afford the
desired compound. TH NMR (MeOD) 6: 7.7-8.1 (m, 10 H), 7.4 (m, 1 H), 5.3 (m, 2 H), 4.3 (m, 2
H), 4.1 (d, J=4.8Hz, 2 H), 3.9 (m, 2 H), 3.7 (m, 6 H), 2.6 (d, /=4.8 Hz, 2 H), 2.0-2.4 (m, 8 H),
1.3-1.4 (m, 2 H), 0.9-1.0 (m, 12 H). MS (ES) m/z M-+H)": 780.

Examples 193-202

Compounds of Examples 193-202 were prepared in a similar manner as described

in Example 192.
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Example Structure "H NMR. M+1 Name
(2R)-2-(diethylamino)-1-[(28)-2-
(MeOD) &: 7.2-8.1 (m, 20 (5-{4-[5-2-{(25)-1-[(2R)-2-
O{W’“ﬁ) H), 5.2-5.6 {m, 4 H), 3.9- (diethylamino)-2-phenylacetyl]
193 o o~ 1 42(m,2H),3.1(m, 2H), | 844 | pyrrolidin-2-yl}-1H-imidazo}-5-
“~ {26(mB8H),19-25(m,8 yi)-1-benzofuran-2-yliphenyl}-
H), 1.0-1.5 {m, 12 H). 1 H-imidazol-2-yl)pyrrolidin-1-
yl]-2-phenylethanone
{MeOD) &: 8.0-8.1 (m, 3 Methy] {(15)-1-cyclopropyl-2-
oy (1;11),112-7;7 ng,(Tl-f)}?3 7(-: [(23}-2-{25[4'&5-{2-[(]2-5‘)-1-{(25’)-
" L I=2. , 5.3 (d, -cyclopropyl-2-
L ¢ "y | J=5.6Hz,2 H), 4.1 (m, 2 [(methoxycarbonyl)amino]acetyl}
194 | < { | E39m am,376m 6 715 | " pyrrolidin-2-yl]-14-imidazol-5-
(&‘, H), 2.5-2.6 (m, 2 H), 2.1- yl}-1-benzofuran-2-yl)phenyl]-
23(m, 6 H), 1.1-20.2 (m, 2 1H-imidazol-2-y}}pyrrolidin-1-
H), 0.4-0.6 (m, 9 H). y1]-2-pxocthyl}carbamate
. Methyl {(1R)-1-cyclopropyl-2-
(MeOD) 8: 7.7-8.1 (m, 9
H), 7.4(m, 16 H), 5.3-5.4 [(28)-2-{5-14-(5-{2-[25)-1-{(2R)-
2-cyclopropyl-2-
¢ ”H’) (m, 2 H), 3.5-4.1 (m, 12 [(methoxycarbonyl)aminolacetyl}
195 H),2.6(d, J=4.8 Hz,26 | 775 Yy o
2 _ pyrrolidin-2-y1}-1 H-imidazol-5-
‘:)'\v H),22({d, J=48Hz6
yl}-I-benzoforan-2-yl)phenyl]-
™ | H), 1112 (m, 2 H), 0.4- e Y P )
_ 0.7 (m, 8 ). 1 H-imidazo)-2-y1}pyrrolidin-1-
_ yl}-2-oxoethyl} carbamate
(MeOD) &: 7.8-7.5 (m, 5 Methyl {(2R)-1-[(25)-2-{5-[2-(4-
H), 7.1-7.6 (m, 5 H), 5.6-
S7(m, 1H), 5.2(d ) {2-[28)-1-{@R)-2-
e _{’R =4.8 Hz, 1 H), 4.0-42 (m, [(methoxycarlbonyl)al_rgpo]%-1
196 | < o2 | 3H),3638(m8H), | 780 | Methylbutanoyl} pyrrolidin-2-ylj-
° : ! y 1H-imidazol-5-y1} phenyl)-1-
¢ 2.0-2.5 {m, 10 H), 1.6 (d, b -
o - enzofuran-5-yl)-1 H-imidazol-2-
¥ J=4.8 Hz, 1 H), 1.3 {m, 1 o
yl}pymrolidin-1-yl]-3-methyl-1-
H), 0.8-1.1(m, 11 H), 0.4 butan-2-yl} carbamat
(m. 26 H), oxobutan-2-yl} carbamate
(MeOD), 5 8.10(d, ] =4
794001 ¥, 78700 1 22 s s
- 8, y £ P - ~-1- -
Hz, 2 H), 7.84(m, 1 H), [(methoxycarbonyl)amino]-3,3-
Q"‘W) 7.73(d, ] =4 Hz, 1 H), dimethylbutanoyl} pyrrolidin-2-
197 ’H»--?; " 744(m, 1 H), 525(m, 2 | 806 yl}-1H-imidazol-5-y1}-1-
a ;‘j_ H), 4.33(m, 2 H), 4.16(m, benzofuran-2-yhphenyl]-14-
o 2 H), 3.89(m, 2 B), imidazol-2-yl}pyrrolidin-1-y1)-
3.67%s, 6 H), 2.58(m, 2 3,3-dimethyi-1-oxobutan-2-
H), 2.20(m, 6 H), 0.97(m, yi}carbamate
18 H)
(MeOD) &: 7.6-8.1 (m, 9 Methy! ((1R)-2-{(28)-2-{3-[4-(5-
‘ [2-{@2$)-1-{(2R)-2-
H), 7.3-7.5 (m, 11 H), 7.2 , .
e [(methoxycarbonyl)amino]-2-
% y (m, 1H), 5.45.5 (m, 2 henylacetyl} pyrrolidin-2-y1}-1 #-
198 B, 8 ’%'\O H),53(m,2H), 4.1 (d,7 | 848 |PreW P

=4.8 Hz, 2 H),3.7(d,J
=248z, 6 H), 1.9-2.4 (m,
8 H)

imidazol-4-yl}-1-benzofuran-2-
yl)phenyl}-1H-imidazol-2-
yi}pyrrolidin-1-y})-2-oxo-1~
phenylethyl} carbamate
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Example Structure 'H NMR M+1 Name
(MeOD) 6 8.08(d, J =4
Hz, 2 H), 8.04(s, } H),
781?1()?7371;)(57281(;" : Methyl {(25,3R)-1-[(25)-2-(5-{2-
7.42(m,] H), 5.34(t, ] =4 [4-(2-{(25)-1-1¥-
Q{LCQ-O—@;\, Hz, 2 H), 4.42(d, ] =4Hz, _ (methoxycarbonyl)-L-
199 0 2 H), 4.10(s, 2 H), 206 mmw@qmmwmmﬂym:
2y /?‘ | 3.82(m, 2 H), 3.79¢m, 3 imidazol-5-ylphenyi]-1-
9 H), 3 64:[3 3 h) 2.57(’ . benzofuran-5-yl}-1H-imidazol-2-
’2 IZD, 2.’20(m: 6 H), ’ yhpyrrolidin-1-yl]-3-methyl-1-
1.88(m, 2 H), 1.48(m, 2 oxopentan-2-yl}carbamate
H), 1.32¢m, 2 H),
0.97(m, 12 H).
Methy] {(28)-3-hydroxy-1-[(25)-
. 2-{5-[4-(5-{2-1(25)-1-{(25}-3-
O‘{}ﬁ}-@-{ N }gvl 2?;]?3:18671?)- 8514(?:;1 92 hyQroxy-Z-[(methoxycarponyl)
200 Wi §e 1D, 4.6 (m, 2 1), 3.54.1 | 755 | @minolpropancylpyrrolidin2-
PR oL (. 13E) 2,527 (6 y})-1H-imidazol-5-y1}-1-
e ,H) 24 (1:n . H) ' benzofuran-2-yl)phenyl}-14-
PE A ' imidazol-2-y1} pyrrolidin-1-yl]-1-
oxopropan-2-yl}carbamate
(MeOD), 5 8.04(d, J =4
Hz, 2 H), 7.97%{s, 1H),
;ﬁ?fg” “; ;12)’}712.", 62 (i),l Methyl {(28,3R)-3-hydroxy-1-
H), 7.64(d, =4 Hz, 2 H), [{25)—2-{5-[4-(5-{2-[(28}—1—
OO | 7380m, 1 B), 5.29m, 2 {(25,3R)-3 hydroxy-2-
201 }"’ 10 | 1y, 4.49(m, 2 H), 4.15(m, | 783 | Lmethoxycarbonyljamino]butano
7~ e :_?., g H), 3 é?(ln,’l m g yl}pyrrolidin-2-yl)-1H-imidazol-
9 3 92(m’ l'H) 3 6s(n{ 6 5-yl}-1-benzofuran-2-ylphenyl]-
H). 2 63,(111 I’H) 9 60,(1'1'1 1 H-imidazol-2-yl}pyrrolidin-1-
1 H)2 5 4(,m, 2 }’I),‘Z.l 6: yl]-1-oxobutan-2-yl}carbamate
2.22(m, 6 H), 1.16 (d,J
=2 Hz, 6 H).
(MeOD), 6 8.05(d, 1 =4
Hz, 2 H), 7.97(s, 1 H),
7.84(d, 1 H), 7.83(d , T =2 Methyl {(28)-1-[(2S)-2-{5-[4-(5-
Hz, 2 B), 7.76(m, 1 H), {2-[(25)-1-{(25)-2-
7.64(d, J =4Hz, 2 H), [(methoxycarbonyl)amine]-4-
Wj\j 739(m, 1 H), 5.25(m, 2 methylpentanoyl} pyrrolidin-2-
202 W y )fl H), 4.45(m, 2 H), 4.03(m, | 806 yl]-1 H-imidazol-5-y1}-1-
o } 2 H), 3.84(m, 2 H), benzofuran-2-yphenyl}-14-
T | 3.85(m, 2 H),3.64(s,6 imidazol-2-yl} pyrrolidin-1-y1]-4-
H), 2.55(m, 2 H), 2.22(m, methyl-1-oxopentan-2-
6 H), 1.70(m, 2 H), yl}carbamate
1.51(m, 4 H), 0.98(m, 12
H}
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Example 203: Methvi {(28)-1-[(28)-2-{5-{3-luoro-4-(5-{2-[(28)-1-{(28)-2-
I[-TH-imidazol-5-
benzofuran-2-vl)phenyl]-1H-imidazol-2-vlipyrrolidin-1-yi}-3-methvi-1-oxobutan-2-yi}

[(methoxycarbonyllamine]-3-methvlbutanovl}pyrrolidin-2-

carbamate
Ly D
7 e ;
ON/I\E! O o F uo{(
0
o 5
S T &
Step 1

Br Br OH
o : ¢ oM

To a solution of 5-bromobenzofuran (3.9 g, 20 mmol) in dry THF (30 mL) cooled
to -78°C under N;-protected LDA (prepared from n-BuLi and iPr,NH in THF (~30 mmol}) was
slowly added. The mixture was stirred at the same temperature for 30 minutes, then
triisopropylborate (5.64 g, 30 mmol) was added to the mixture. The mixture was allowed to
warm to RT and stirred for 2 hours. The mixture was then quenched with 1N HCI to pH=3 and
extracted with EtOAc. The combined organic phases were combined, dried and filtered. The
filtrate was concentrated to afford the desired product (4.3 g). MS (ESI) m/ec (M+H"): 241.

Step 2
F
&r \_oH B padepCl O 3
0+, - CO-Or
Q oM \ 0

A suspension of the boronic acid from step 1 (1.44 mg, 6.0 mmol), 2-fluoro-4-
iodobromobenzene (1.8 g, 6.0 mmol), Pd(dppf)Cl; (600 mg)}, N2,CO3 (954 mg, 9.0 mmol} and in
THF/H,0 (9:1, 100 mL) was refluxed at 75°C overnight under N; protection. The mixture was

cooled and filtered. The filtrate was washed with water (150 mL) and extracted with EtOAc
(200 mL), washed with brine and dried over anhydrous sodium sulfate. The solution was
evaporated and the residue was purified by column chromatography (PE / EA =8:1—5:1) to
afford the desired compound. MS (ESI) m/e (M+H"): 370.

Step 3

it—ii -0t

Pd(tppfiCl
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To a solution of the product from step 2 (1.85 g, 5 mmol), bis(pinacolato)diboron
(2.54 g, 10 mmol) and Pd(dppf)Cl, (80 mg) and KOAc (0.98 g, 10 mmol) were dissolved in 1,4-
dioxane (30 mL), and the feaction mixture was heated at 110°C for 16 hours. The solvent was
evaporated, and the residue was purified by column chromatography with silica gel elution with
PE to afford the desired product as white solid (1.95 g). MS (EST) m/e (M+H"): 465.
Step 4

Q />
-B 0 Pd(dppnCly
° a.oﬁ R O*a Co T

A suspension of the bromoimidazole from Example 192 (5 mmol), the boronate
ester from step 3 (2 mmol), Pd(dppf)Cl; (146 mg, 0.2 mmol) and NapCOs3 (636 mg, 6 mmol) was
refluxed in THF/H,O (10:1, 33 mL) overnight under N; protection. The mixture was cooled and
filtered, and the filtrate was washed with water (50 mL) and extracted with EtOAc (100 mL),
washed with brine and dried over anhydrous sodium sulfate. The solution was concentrated, and
the resulting residue was purified by column chromatography (PE / EtOAc = 8:1) to afford the
desired compound. MS (ESI) m/e (M+H"): 683.

Step 5
8 > vomwon mnt F
ot == e

The product from step 4 (682 mg, 1.0 mmol} was treated with 3M HCI/CH;0H
(10 mL) and the mixture was stirred at RT for 3 hours. The reaction mixture was concentrated,
and the crude product was used directly in the next step without further purification. MS (EST)
m/e (M+H"): 483.
Step 6

/> - B
o — ’;53

H 0

_—

To a mixture of the product from step 5 (482 mg, 1.0 mmol), N-Moc-L-valine (2.1
mrnol) and DIPEA (0.4 mL) in DMF (3 mL) was added BOP reagent (977 mg, 2.2 mmol). The
resulting mixture was stirred at RT for 16 hours. The solution was subjected directly to RPLC to
afford the desired compound as white solid (40 mg). 'H NMR (MeOD) 8: 7.99 (s,1 H), 7.89-
7.80 (m, 5 H), 7.72-7.67 (m, 2 H), 7.47 (s, 1 H), 5.27-5.22 (m, 2 H), 4.22 (d, 2 H), 4.09 (d, 2 H),
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3.89-3.84 (m, 2 H), 3.64 (s, 6 H), 2.55-2.02 (m, 10 H), 0.92 (d, 6 H), 0.88 (d, 6 H). MS (ESI)
mfe (M+H"): 797.
Examples 204-212

Compounds of Examples 204-212 were prepared in a similar manner as described

in Example 203.

Example Structure M+1 Name

204

F,
7 N Methyl {(IR)-2-[(25)-2-{5-[3-flucro-4-{5-{2-
N @ 3 O /HJK\_ [(2.5‘}-1-{(ZR)-2~[(meti;oxycarbonyl)amino]—Z-
° ,D phenylacetyl} pyrrotidin-2-y1]-1H-imidazo}-5-
N

: . 866 y1}-1-benzofuran-2-yl)phenyl}-1H-imidazo}-
}\‘{ 2-yl}pyrrolidin-1-yi]-2-ox0-1-
o phenylethyl}carbamate

205

3 . Methyl {(25)-1-{(25)-2-{5-[3-fluoro-4-(5-{2-
N O 3 O "}1\ [(25)-1-{(25)-2-{{methoxycarbonyl)amino}-3-
0 ° o .:) 797 methylbutanoyl}pyrrolidin-2-y1}-1 H-
imidazol-5-y1}-1-benzofuran-2-yl)phenyll-
7% ?‘ C)\ 1 H-imidazol-2-y1} pyrrolidin-1-yij-3-methyl-

] 1-oxobutan-2-y1} carbamate

M 1 b Methy} {(25)-1-[(25)-2-{5-[2-(2,6-difluoro-4-
W M NJ\ {2-[(28)-1-{(25)-2-[(methoxycarbonyl)
206 . ¢ Q 816 amir}o]_-?. -methylbutanoyl} pyrrolidin-2-yI]-
o.{' 1 H-imidazol-5-y1}phenyl)-1-benzofuran-5-
;\ yi)-1H-imidazol-2-y}} pyrrolidin-1-y1]-3-
@] methyl-1-oxobutan-2-yl} carbamate

N\) 878 amino]-2-phenylacetyl} pyrrolidin-2-yl]-1H-

@ imidazol-5-y!}- 1 -benzofuran-2-yl)phenyl]-

(g W 1H-imidazol-2-yl} pyrrolidin-1-yl]-2-0x0-1-
o‘)“? phenylethyl}carbamate

207

Methyl {(1R)-2-[(28)-2-{5-[3-methoxy-4-(5-
; i é° NJ\ . {2-[(28)-1-{(2R)-2-[{methoxycarbony})

Methyl {(28)-1-[(25)-2-{5-[2-(2-chlorg-4-{2-
Q_,é‘ ) [(28)-1-{(25)-2-[(methoxycarbonyl)amino]-3-
W Y 214 methyltbatanoyl} pyrrolidin-2-vi)- 14-
%(“C S § imidazol-4-y!} phenyl)-1-benzofuran-5-yl-
4 1H-imidazol-2-y1}pyrrolidin-1-y1]-3-methyl-
1-oxobutan-2-yl} carbamate

208

Methyt {(1R)-2-[(25)-2-{4-[3-cyano-4-(5-{2-
[(25)-1-{(2R)-2-{(methoxycarbonyl}amino}-2-
phenylacetyl }pyrrolidin-2-y1]-1H-imidazol-5-
yl1}-1-benzofuran-2-yl)phenyl]-1H-imidazol-
2-yl}pyrrolidin-1-yl}-2-oxo-1-
phenylethyl}carbamate

209 873

Methyl {(25)-1-[(25)-2-{5-[2-(4-{2-[(25)-1-
o {(28)-2-[(methoxycarbonyl)amino]-3-
O—«N]W methylbutanoyl} pyrrolidin-2-y1)-1 -
210 -0 N { 794 imidazol-4-yl}-2-methylpheny!)-1-
benzofuran-5-y!]-1 H-imidazol-2-
yl}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-
vl} carbamate
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Example Structure M+1 Name

Methy! [(185)-2-[(28)-2-(5-{3-fluoro-4-[5-(2-
{(285)-1-[(25)-2-[(methoxycarbonyl)amino]-2-
(tetrahydro-2 H-pyran-d-yhacetyl|pyrrolidin-
2-y1}-1H-imidazol-5-y1})-1-benzofuran-2-
ylphenyl}-1H-imidazol-2-y)pyrrolidin-1-yI]-
2-oxo-1-{tetrahydro-2 H-pyran-4-
ylethyljcarbamate

211

Methyl {(285)-1-[(25)-2-{4-[3-fluoro-4-(5-{2-

[(28)-1-{(2R)-2-[(methoxycarbonyl)amino}-2-

'832 phenylacetyl} pyrrolidin-2-yl]- 1 H-imidazo}-5-

yl}-1-benzofuran-2-yl)phenyl}- L H-imidazol-

2-yl}pyrrolidin-1-yi]-3-methyl-1-oxobutan-2-
yl}carbamate

212

Example 213: Methy! {{IR)-2-[(28)-2-{5-[4-(5-{2-f(28)-1-{(2R)-2 f(methoxy-
carbon}glgaminoz-z-ghenElacegifpprrolidin-.?wvﬂ-IH-imid ol-5-yl}-]1,3-benzoxazol-2-
vhphenvi]-1H-imidagzol-2-yl}pyrrolidin-1-yl]-2-o9xo-1-phenylethylicarbamate

O
MocHN
Q B NH; Br. N
HO OH

4-Bromobenzoic acid (20 g, 0.1 mol) and 2-amino-4-bromophenol (18.8 g, 0.1

Step 1

mol) were added into polyphosphoric acid (250 mL), and the mixture was stirred at 140°C for 90
minutes. Afier cooling in an ice-bath, the reaction mixture was diluted with water (4000 mL)
and neutralized with NaOH. The resulting solid was filtered off and dried to afford the desired
benzoxazole. MS (ESI) m/e (M+H'): 354,

Step 2

Vet P ok

PpadCly

A suspension of the product from step 1 above (10.6 g, 30 mmol),
bis{pinacolato)diboron (30.3 g, 120 mmol), KOAc (7.6 g, 78 mmol) and Pd(dppf)Cl; (1.1 g, 1.5
mmol) in dioxane (300 ml) was stirred at 100°C under N, proteétion overnight. The reaction
mixture was cooled and concentrated, then chromatographed on silica gel gave the product
compound. MS (ESI) m/e (M+H"): 366.
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Step 3

SO ol T “““1@@@

A suspension of the product from step 2 (1.2 g, 2.6 mmol), bromoimidazole from
Example 192 (2 g, 6.3 mmol), Na;CO3 (1.3 g, 12 mmol) and Pd(dppf)Clz (220 mg, 0.3 mmol} in
THF/H,0 (36 ml) was stirred at 100°C under N, protection overnight. The reaction mixture was
concentrated and purified by chromatography on silica gel to give the desired compound. MS
(EST) m/e (M+H"): 666.
Step 4

BocN
A solution of the product from step 3 (400 mg, 0.6 mmol) in HCI/MeOHR (20 ml)
was stirred at ambient temperature for 3 hours, then concentrated and dried under high vacuum
to give to desired product. MS (ESI) m/e (M+H"): 466.
Step 3

O
Sad %Qf& Q}N}ﬁ )

o N
NHMas
MocHN

To a mixture of the product from step 4 (233 mg, 0.5 mmol), N-Moc-D-Phg (1.1
mmol) and DIPEA (0.2 mL) in DMF (3 mL) was added BOP reagent (488 mg, 1.1 mmol). The
resulting mixture was stirred at RT for 16 hours before the solution was subjected directly to
RPLC to afford the desired compound. '"HNMR (MeOD) 8: 8.4 (4, J=8.4 Hz, 2 H), 8.2 (5, 1 H),
8.0 (m, 3 H), 7.9 (m, 3 H), 7.5-7.4 (m, 10 H), 5.5 (s, 2 H), 5.3 (m, 2 H), 4.1-4.0 (m, 2 H), 3.6 (d,
J=2.8 Hz, 6 H), 3.3 (m, 1 H), 3.3-3.1 (m, 1 H), 2.5-2.3 (m, 2 H), 2.2-2.1 (m, 4 H), 2.0 (m, 2 H).
MS (ESD m / e (M+H"): 780,

Examples 214-215
Compounds of Examples 214-215 were prepared in a similar manner as described

in Example 213.

-162 -



WO 2010/111483 PCT/US2010/028653
Example Structure TH NMR M+1 Narne
(MeOD) 5: 8.4 (d, J=8.4 Methyl {(25)-1-[(25)-2-
e 2 B, 8.1 (6 11D, 7 {5-2-4-2-{(29)-1-{(25)-
z,2H), 8.1 (s, 1 H), 7.9 2-[(methoxycarbonyl)
mh . (m, 3 H), 7.8 (m, 2 H), amine]3-
‘?’O_(N:\,. 7’74(?' ! ];)’13'340:1_:420 methylbutanoyl}
214 " 1D | H.420m,2H), 4140 | gy olidin-2-y1]-15-
P B ) pymr Y
° (m, 2H), 3.93 8 (m, imidazol-5-y1} phenyl)-
v | H),3.6(s,2 H), 2.6 (m, 2 pheny
A 1,3-benzoxazol-5-y1]-1H-
“Y | )23 (m, 21), 22 (m, imidazol-2-yl}pytrolidin-
4 H),2.0 (m, 2 H), 09 P
(m, 12 H) 1-y1]-3-methyl-}-
’ ' oxobutan-2-y1} carbamate
(MeOD) 5: 8.4 (d, /=6.8 Methyl {(1R)-1-
Hz,2 H),8.2-8.1 (s, 1 cyclopropyl-2-[(28)-2-{5-
H), 8.0 (m, 3 H), 7.9-7.8 [4-(5-{2-[(28)-1-{(2R)-2-
N (m, 3 H), 5.3 (m, 2 H), cyclopropyl-2-
) o ]\Q:}_@{"H 4.1-4.9 (m, 2 H), 4.0 (m, [{methoxycarbonyl}
215 2 o ~> 2 H),3.9-3.8 (m, 2 H), 776 | aminoJacetyl} pyrrolidin-
° 9/:‘ 3.7(m, 6 H), 2.6 (m, 2 2-y1}-1H-imidazol-5-yl}-
a}\ H), 2.4-2.1 (m, 6 H), 1.3- 1,3-benzoxazol-2-
T 11, 21,0706 (m, yDphenyl]-1H-imidazol-
3 H), 0.6-0.5 (m, 3 H), 2-yl}pyrrolidin-1-yl})-2-
0.4 (m, 2 H). oxoethyl}carbamate
Examples 216-227

in Example 186b (Alternative Procedure).

Compounds of Examples 216-227 were prepared in a similar manner as described

Example Structure M-+] Name
F
o CHy
O}H‘ o’% dimethy! (indolo[1,2-
\ " c][1,3]benzoxazine-3,10-diylbis{ 1 H-
216 /__ 4(@ 875 imidazole-5,2-diy}{(2S)pyrrolidine-
& o 2,1-diyl[(1R)-2-0x0-1-phenylethane-
\ H#Q 2,1-diy1]}biscarbamate
Q NLO N "
~ methyl [(28)-1-{(28)-2-[5-(11-{2-
&) [(28)-1-£{28)-2-[(methoxycarbonyl)
t}ou O N\ O {:’\'”‘O amino]-3-methylbutanoyl} pyrrolidin-
217 \_o 321 2-yll-1H-imidazol-5-y1}-6,7-
“;_<‘" ,.( dihydroindolof1,2-d}{1,4)
cy o L™ benzoxazepin-3-yl}-1H-imidazol-2-
{" yllpyrrolidin-1-yl} -3-methyl-1-
CHy oxobutan-2-yljcarbamate
ch"%—o’% o methy] [(28)-1-{(28)-2-{5-(3-{2-
i jH:"YO [(25)-1-{(25)-2-[(methoxycarbony!)
. CH A amino]-3-methylbutanoyl} pyrrolidin-
Y 2-yl]-1A-imidazel-5-y1}-6,6-
218 Jw 833 dimethykindolo[1,2-cJ[1,3]
# O A benzoxazin-10-y1)-1 H-imidazol-2-
. Q WA yl]pyrrolidin-1-yl}-3-methyl-1-
>V‘ oxobutan-2-yl]jcarbamate
THyTry
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Example

M+1

Name

219

839

methyl [(28)-1-{(25)-2-[5-(12-fluoro-
10-{2-[(28)-1-{(28)-2-
{(methoxycarbonyl)amine]-3-
methylbutanoyl}pyrrolidin-2-yl]-1H-
imidazol-5-y1}-6-methylindolo[1,2-
¢]{1,3]benzoxazin-3-yl)-1 H-imidazol-
2-ylpyrrolidin-1-yl}-3-methyl-1-
oxobutan-2-yllcarbamate

220

804

methyl [(25)-1-{(258)-2-[5-(3-{2-
[(28)-1-{(28)-2-[(methoxycarbonyl)
amino]-3-methylbutanoyl} pyrrolidin-
2-yl]-1H-imidazol-5-yl} indolo(1,2-
c]guinazolin-10-yl}-1H-imidazol-2-
yllpyrrolidin-1-yi}-3-methyl-1-
oxobutan-2-yl]carbamate

221

835

methyl [(28)-1-{(28)-2-[5-(12-{2-
[(25)-1-{(25)-2-[(methoxycarbonyF)
amino]-3-methylbutanoyl}pyrrolidin-
2-y1}-1 H-imidazol-5-y1}-7,8-dihydro-
6H-indolo[1,2-e][1,5]benzoxazocin-
3-y1)-1H-imidazol-2-yl]pyrrolidin-1-
yl}-3-methyl-1-oxobutan-2-
yljoarbamate

222

820

methyl [(25)-1-{(2S)-2-[5-(3-(2-
[(28)-1-{(25)-2-[(methoxycarbonyl)
amino]-3-methylbutanoyl}pyrrolidin-
2-y1}-1H-imidazol-5-y1}-6-0x0-5,6-
dihydroindolo[1,2-c]quinazolin-10-
y1)-1H-imidazol-2-yllpyrrolidin-1-
yl}-3-methyl-1-oxobutan-2-
yl]carbamate

223

883

methyl [(25)-1-{(28)-2-[5-(10-{2-
[(28)-1-{(28)-2-[(methoxycarbonyl)
amino]-3-methylbutanoyl} pyrrolidin-
2-yl}-1H-imidazol-5-y1}-6-
phenylindolo[1,2c][1,3]benzoxazin-
3-yD-1H-imidazol-2-yllpyrrolidin-1-
y1}-3-methyl-1-oxobutan-2-
yllcarbamate

224

818

methyl [(25)-1-{(25)-2-{5-(3-{2-
[(25)-1-{(25)-2-[(methoxycarbonyl)
amino}-3-methylbutanoyl}pyrrolidin-
2-y1]-1H-imidazol-5-y1}-6-
methylindolo[1,2-¢]quinazolin-10-
yi)-1H-imidazol-2-yl]pyrrolidin-1-
yl}-3-methyl-1-oxobutan-2-
ylJcarbamate
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Example Structure M+1 Name
/o methyl [(25)-1-{(25)-2-{510"{2-
Q & )< J,,,M [25)-1-{(25)-2-[(methoxycarbonyl)
D W ” amino]-3-methylbutanoyl} pyrrolidin-
225 x / °j/ 875.1 2-y1]-1H-imidazol-5-yl} spiro
o_,( oty " ”"‘u( ) [eyclohexane-1,6"-indolo[1,2-
P o o/g c][1,3]benzoxazin}-3"-yl)-1H-
ch e imidazol-2-yl]pyrrolidin-1-y}}-3-
b : methyl-1-oxcbutan-2-yljcarbamate
methyl [(28)-1-{(28)-2-[5-(1,12-
O/\ Q Q 4 ),4 diftuoto-10-{2-[(25)-1-{(25)-2-
O [(methoxycarbonyllamino]-3-
226 N_f 842 methylbutanoyl} pyrrolidin-2-yi}-15-
Py o j/u Hy imidazol-5-yl}indolo[1,2-
C( (0 c][1,3Jbenzoxazin-3-yl)-1 H-imidazol-

dny 0 2-¥1]pyrrolidin-1-y1}-3-methyl-1-
oxobutan-2-yljcarbamate

methyl [(25)-1-{(25)-2-[5-(12-cyano-
o* el e
‘ ,,% {(methexycarbonyl)amino]-3-

297 832 methylbutanoyl} pyrrolidin-2-yl}-1H-
oﬁ( oy imidazol-5-yl}indolo[1,2-
f" ,k m ¢][1,3]benzoxazin-3-y1)-1H-imidazol-
rs 2-yl]pyrrolidin-1-y1}-3-methyl-1-
cH, oxobutan-2-yljcarbamate

Example 228 — Measuring Compound Inhibitory Potency

Measurement of inhibition by compounds was performed using the HCV replicon
system. Several different replicons encoding different HCV genotypes or mutations were used.
In addition, potency measurements were made using different formats of the replicon assay,
including different ways of measurements and different plating formats. See Jan M. Vrolijk et
al., A replicons-based bioassay for the measurement of interferons in patients with chronic
hepatitis C, 110 J. VIROLOGICAL METHODS 201 (2003); Steven S. Carroll et al., Inhibition of
Hepatitis C Virus RNA Replication by 2"-Modified Nucleoside Analogs, 278(14) J. BIOLOGICAL
CHEMISTRY 11979 (2003). However, the underlying principles are common to all of these
determinations, and are outlined below.

Stable neomycin phosphotransferase encoding replicon-harboring cell lines were
used, so all cell lines were maintained under G418 selection prior to the assay. In some cases,
the cell lines encoded a luciferase:Neor fusion and could be assayed either directly by
determination of RNA copy number, or indirectly through measurement of the luciferase
activity.

To initiate an assay, replicon cells were plated in the presence of a dilution series

of test compound in the absence of G418. Typically, the assays were performed in a 96-well
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plate format for manual bperation, or a 384-well plate in an automated assay. Replicon cells and
compound were incubated for 24 to 72 hours. At the end of the assay, cells are washed free of
media and compound and then lysed. Luciferase activity was measured using a conventional
luciferase assay. ECso determinations were calculated as a percent of a DMSO control by fitting
the data to a four parameter fit function.

The activity table below provides representative data illustrating observed activity

against genotype 1b.

Activity Table
Example ECso (nM) Example ECs {(nM)

2 9 105 0.08
6 200 107 0.04
14 10 116 0.065
15 0.045 119 0.613
19 25 125 0.016
26 0.063 129 0.7
30 26 130 0.05
39 0.24 131 17
40 0.026 137 0.009
41 0.05 138 8.5
42 14 144 0.036
45 0.02 155 0.9
49 0.072 158 0.5
58 0.97 159 0.002
60 0.13 169 0.004
62 0.067 178 317
72 0.17 186 0.015
94 0.006 189a 0.15
25 0.0} 189b 0.001
96 0.015 190 0.067
99 0.038 191 0.02
100 0.031 192 0.002
101 0.5 193 0.05
102 83 203 0.004
103 5.7 213 0.009
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It will be appreciated that various of the above-discussed and other features and
functions, or alternatives thereof, may be desirably combined into many other different systems
or applications. It will also be appreciated that various presently unforeseen or unanticipated
alternatives, modifications, variations or improvements therein, also intended to be encompassed

by the following claims, may be subsequently made by those skilled in the art.
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WHAT IS CLAIMED 18S:
1. A compound having structural formula (I):
R ®,

G—E--DD-E—G "

and/or 2 pharmaceutically acceptable salt thereof, wherein:

@ is chosen from the group consisting of 9-membered bicyclic aryl ring
systems that contain from 0 to 4 heteroatoms independently chosen from the group consisting of
N, O and S, and that are substituted on C or N atoms by # substituents R,

each R is independently chosen from the group consisting of ilydrogen,
halogen, -OR%, -CN, -(CHp)o.sC(O)R?, -COR™, -C(OIN(R>™,, -SR™, -S(O)R*, -S(O2)R™,
-(CHy)o.N(R*)z, N(R*HSOR™, -NR*)COR™, NR*)C(O)R’, N(R**)COR™,
NR*C(ON(R?), Cy.salkyl, Cs.gcarbocycle containing from 0 to 3 hcteroatbms chosen from N,
O and S, and phenyl, and the Cy.¢alkyl, Cs.scarbocycle and phenyl are substituted by from 0 to 3
substitutents independently chosen from the group consisting of hydrogen, halogen, -OR*, -CN,
-COR®™ -C(OIN(R®),, NR*),, -NR*MCO,R™, -SR*®, -S(0)R™, -S(02)R™, -N(R*)SO,R*,
N(R*COR™, NER*C(OYN(R), C).¢alkyl, -O-Cyalkyl, -S-Cy4alkyl, and Cs.gcycloalkyl,

u is from 0 to 4,

each R® is independently chosen from the group consisting of hydrogen,
C.salkyl, -OH, -O-Cy.¢alkyl and Cs.gcycloalkyl, and

each R* is independently chosen from the group consisting of hydrogen,
C;.salkyl and Cs_gcycloalkyl,

is a group chosen from the group consisting of
(8 -C=C-and
(b)  aryl ring sysiems B' chosen from the group consisting of:
(1) 5- to 7-membered monocyclic ring systems and
(i)  8-to 10-membered bicyclic ring systems,
and the aryl ring systems B' containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by v substituents R?,
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each R? is independently chosen from the group consisting of
hydrogen, halogen, -OR*, -CN, -CO:R*, -C(O)R™, -C(O)N(R™), N(R*)z, -NR*)COR’,
NER™CO,RY, -NR*™)CONR™), -NR*SOR", -SR*, -S(O)R™, -S(02)R™, C1.¢alkyl
substituted by from 0 to 4 R* and Cs.scycloalkyl substituted by from 0 to 4 R,

v is from 0 to 4,

each R* is independently chosen from the group consisting of
hydrogen, -OH, C;.¢alkyl and C;scycloalkyl;

each R is independently chosen from the group consisting of

hydrogen, C;¢alkyl and Csgcycloalkyl;

R! and R? may be taken together with @ and to form a 5- to
9-membered carbocyclic ring containing 1 or 2 heteroatoms independently chosen from the
group consisting of N, O and S;

each D is a group independently chosen from the group consisting of:

(a)  asingle bond,
®  -CONR)-,
) -NRHC(0)-, and
(d)  a5-or 6-membered aryl ring system D' containing from 0 to 4
heteroatoms independently chosen from the group consisting of N, O and S, and substifuted on C
or N atoms by from 0 to 2 substituents R’,
each R’ is independently chosen from the group consisting of
hydrogen, halogen, -OR®, -CN, -COR®, -C(ON(R®), NR"), NRFCOR, SR, -S(O)RS,
-S(O2)R, -N(R®SOR?, -NCO;R®, -NC(O)N(R®),, Cyalkyl substituted by from 010 3 R®and
C3.gcycloalkyl substituted by from 0 to 3 RS, and
each R® is independently chosen from the group consisting of
hydrogen, C).¢alky! and Cs.scycloalkyl;
each E is a group independently chosen from the group consisting of:
(@)  asingle bond,
®)  -(CR))NR'C(0)00.1-, and

(c)  apymolidinyl derivative chosen from the group consisting of:
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D, J=G D I~G
N 8c 8, N
R. 3
Raa RS(: R3* RS
Ré2 (R 3
REY REb , and ’

1 is a bivalent group chosen from -C(0)-, -CO»- and
-C(ON(R)-,

1 is a fused ring system chosen from the group consisting of 3- 10

7-membered carbocycles and 5- or 6-membered aryl rings containing from 0 to 4 heteroatoms

independently chosen from the group consisting of N, O and 8, and substituted on C or N atoms

by substituents R’

each R* is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OC.4alkyl and Cyalkyl, or two R® may be taken together to form
0x0,

each R® is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OC; ¢alkyl and C,_salkyl, or two R may be taken together to form
0X0,

each R™ is independently chosen from the group consisting of
hydrogen and C; salkyl,

or any two groups selected from R® R® and R* may be taken
together to form a spiro-bicyclic or bridged bicyclic ring;

each R’ is independently chosen from the group consisting of

hydrogen, halogen, Cy¢alkyl, -O-Cy.¢alkyl, -8-Cy.qalkyl, -NH-C,.¢alkyl and -NHC(0)-Cy.salkyl,

each R’ is independently chosen from the group consisting of hydrogen,
Csalkyl and phenyl, and the Cygalkyl and phenyl are substituted by from 0 to 3 substitutents
independently chosen from the group consisting of hydrogen, halogen, C,.¢alkyl, -0-C).galkyl
and -S-C;salkyl; and

each G is independently chosen from the group consisting of:

(a) hydrogen,

(b))  -OR',

() -CN,

(@ -COR'™,

(€  -CONR"),

®  -SR™
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(® -S(OOR'™,

()  -S(OR™,

@ -NERY,

G  -NR)SOR'™,

k)  -NCOR™,

)  -NCONR"),

(m)  Crealkyl having 0 to 4 substituents R'',

each R is independently chosen from the group consisting of:

@i -OH,
()  NRS),,
Gii) =NR',

(iv) -O-Cjealkyl,

v) -CORY,

(vi)  -S-Cjealkyl,

(vi)  -SO.-Cigalkyl,

(viii) 3- to 8-membered carbocycles containing from 0 to
3 heteroatoms independently chosen from the group consisting of N, O and S, and having from 0
1o 3 substitutents R'2 on N or C atoms, and each R” is independently selected from the group
consisting of hydrogen, halogen, Cy.salkyl having from 0 to 3 substituents chosen from RY,
-0-Cy¢alkyl, -8-C).alkyl, -OR'®, -CN, -C(O)R", -CO:R !, -C(O)N(R'%),, -SR', -S(O)R'®",
-§(0,)R®, N(R')SO,R', -NCOR'”, NC(O)N(R'®), and-N(R'°),, or two R'? are taken
together to form oxo, and

(ix)  5- or 6-membered aryl containing from Q1o 3
heteroatoms independently chosen from the group consisting of N, O and S, and having from 0
to 3 substitutents R™® on N or C atoms, and each R" is independently selected from the group
consisting of hydrogen, halogen, Cy.¢alkyl, -O-Cialkyl and 3- to 8-membered carbocycles
containing from 0 to 3 heteroatoms independently chosen from the group consisting of N, O and
5,

(n)  3-to 8-membered carbocycles containing from 0 to 3 hetercatoms

independently chosen from the group consisting of N, O and S, and having from O to 3
substitutents R'® on N or C atoms; and

(o)  aryl ring systems G’ chosen from the group consisting of:

171 -




5

10

15

20

25

30

WO 2010/111483

)
(i)

107

PCT/TS2010/028653

5- to 7-membered monocyclic ring systems and

8- to 10-membered bicyclic ring systems,

and the aryl ring systems G' containing from 0 to 4 heteroatoms

independently chosen from the group consisting of N, O and S, and substituted on C or N atoms

by 0 to 3 substitutents R'";

each R™ is independently chosen from the group consisting of

(@
(i)
(i)
(iv)
™
(vi)
(vii)
(viii)
(x)
(x)
(xi)
(xii)
(xiii)

(xiv)

hydrogen,

-CN,

Cr.salkyl,
-0-Cq.salkyl,
-S-Cy.¢alkyl,
C.calkyl-O-R",
-C(O)RY,
-CORY,
-SOR™,
NR'"),
NR'"S0.RY,
-NCO,R™,
“NC(O)N(R'),, and

3- to 8-membered carbocycles containing from 0 to 3

heteroatoms independently chosen from the group consisting of N, O and S,

or two R'® may be taken together to form oxo;

each R*® is independently chosen from the group consisting of

@)
(ii)
(iii)
(iv)
W)
(vi}
(vii}
(x)
(x1)

hydrogen,

-CN,

Crsalkyl,
Cyealkyl-O-R™,
-C(O)RY,
-CO,RY,
-SO,RM,
NRMy,
NR™)SO,RY,
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(xii) -NCO;R™,
(xiii) -NC(O)N(R'),, and
(xiv) 3- to 8-membered carbocycles containing from 0 to 3
heteroatoms independently chosen from the group consisting of N, O and S,
and two R'® or R1™ groups can be taken together with the N to which they
are attached to form a ring, which may be substituted by from 0 to 3 substituents RY and
each R is independently chosen from the group consisting of hydrogen,
Ci.¢alkyl, Cs.scycloalkyl, ~(CH))p.3C-scycloalkyl and phenyl.

2. A compound having structural formula (I):
®RY,  ®Y,
G——E——DD——E—G o

and/or a pharmaceutically acceptable salt thereof, wherein:

@ is chosen from the group consisting of 9-membered bicyclic aryl ring
systems that contain from 0 to 4 heteroatoms independently chosen from the group consisting of
N, O and S, and that are substituted on C or N atoms by # substituents R,

each R! is independently chosen from the group consisting of hydrogen,
halogen, -OR*, -CN, -C(O)R’, -COR™, _C(ON(R®*), -SR*, -S(O)R™, -S(O)R™,
{(CH)oeN(R™), NR™)SORY, NR™)COR™, NR*)C(O)R’, NR™)COR™,
—N(R“)C(O)N(R"“), C.alkyl, Cs.scarbocycle containing from 0 to 3 hetercatoms chosen from N,
O and S, and phenyl, and the Cyalkyl, C;.scarbocycle and phenyl are substituted by from 0 to 3
substitutents independently chosen from the group consisting of hydrogen, halogen, -OR™, -CN,
_CO,RY, -COINR™,, -NR*,, -NR™ICOR*, -SR™, S(OYR®, -S(0,)R*?, N(R™)SO.R™,
NERHCOR®, NR*ICONR™), Cyalkyl, -0-Cyalkyl and -S-Ci-ealkyl,

uis from 0 to 4,

each R? is independently chosen from the group consisting of hydrogen,
C;-gatkyl, -OH, -0-Cy.¢alkyl and Ci_gcycloalkyl, and

each R* is independently chosen from the group consisting of hydrogen,

Ciatkyl and Cj.scycloalkyl;
is a group chosen from the group consisting of
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(a  -C=C-and
(b)  aryl ring systems B' chosen from the group comsisting of:
() 5- to 7-membered monocyclic ring systems and
(ii) 8- to 10-membered bicyclic ring systems,
and the aryl ring systems B’ containing from 0 to 4 hetercatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by v substituents R?,
each R? is independently chosen from the group consisting of
hydrogen, halogen, -OR*, -CN, -CO,R*, -C(O)NR*),, -N(R*),, -N(R*COR?, -NR*)COR™,
NERP)CONR?™, NR®SOR®, -SR*?, -S(0)R®, -S(02)R™, C1salkyl substituted by from 0
to 4 R* and Cs_scycloalkyl substituted by from 0 to 4 RY,
vis from 0 to 4,
cach R* is independently chosen from the group consisting of
hydrogen, -OH, C,.¢alky! and Cs.scycloalkyl;
each R* is independently chosen from the group consisting of

hydrogen, C.¢alkyl and C;_gcycloalkyl;

R! and R? may be taken together with @ and to form a 5- to
9-membered carbocyclic ring containing 1 or 2 heteroatoms independently chosen from the
group consisting of N, O and S;

each D is a group independently chosen from the group consisting of:

(a) a single bond,

®  -CONR’),

() -NR’)C(O),and |

(d)  a5-or 6-membered aryl ring system D' containing from 0 to 4
heteroatoms independently chosen from the group consisting of N, O and S, and substituted on C
or N atoms by from 0 to 2 substituents RS,

each R’ is independently chosen from the group consisting of

hydrogen, halogen, -ORS, -CN, -CO.R®, -C(O)N(R®),, -NR®),,
NRHCOR®, -SRS, -S(O)R, -S(0,)R®, -NRHSO;R®, -NCO;R®, -NC(OIN(R®),,
Cy.¢alkyl substituted by from 0 to 3 R¢ and Cy.gcycloalkyl substituted by from 0 to 3 R®, and
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each R® is independently chosen from the group consisting of
hydrogen, C1.¢alkyl and Cs.gcycloalkyl;
each E is a group independently chosen from the group consisting of:
() a single bond,
() -(CR"))2NR'C(0)0p.i-, and

(c)  apyrrolidinyl derivative chosen from the group consisting of:

1 is a bivalent group chosen from -C(O)-, -CO,- and
-CONR')-,

1 is a fused ring system chosen from the group consisting of 3- 10
7-membered carbocycles and 5- or 6-membered aryl rings containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by substituents R’

each R* is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OCi.¢alky! and C_alkyl, or two R® may be taken together to form
0X0,

each R is independently chosen from the group consisting of
hydrogen, halogen, -OH, -0C,.¢alkyl and C;alkyl, or two R may be taken together to form
0Xo0,

each R% is independently chosen from the group consisting of
hydrogen and Ci.¢alkyl,

or any two groups selected from R® R® and R* may be taken
together to form a spiro-bicyclic or bridged bicyclic ring;

each R’ is independently chosen from the group consisting of
hydrogen, halogen, C¢alky}, -O-Ci.ealkyl, -8-C;¢alkyl, -NH-C;.¢alkyl and -NHC(O)-C,.salkyl,

each R is independently chosen from the group consisting of hydrogen,
C)¢alkyl and phenyl, and the Cy.¢alkyl and phenyl are substituted by from 0 to 3 substitutents
independently chosen from the group consisting of hydrogen, halogen, Cj.alkyl, -O-C;galkyl
and -S-C;.¢alkyl; and

each G is independently chosen from the group consisting of:
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(a) hydrogen,

() -OR',

) -CN,

d -COR'™,

@  -CONR'),
®  -SR'®,

® -SOR™,
@ -SOIR'®,
@ NR
@ -NEROSOR™,
X)) -NCOR'™,
M NCONR",
(m)  C;.alkyl having 0 to 4 substituents RY,
each R!! is independently chosen from the group consisting of:
) -OH,
i NR)
(i) =NRY,
(iv) -O-Cyealkyl,
) -COOR",
(vi) -S-Cjsalkyl,
(vit) -80,-C;ealkyl,
(viii) 3-to 8-membered carbocycles containing from 0 to
3 beteroatoms independently chosen from the group consisting of N, O and S, and having from 0
10 3 substitutents R'> on N or C atoms, and each R' is independently selected from the group
consisting of hydrogen, halogen, C;alkyl having from 0 to 3 substituents chosen from R -0O-
Crealkyl, -S-C;¢alkyl, -OR'®,
_CN, -C(O)R', -COR'™, -C(O)N(R"%), -SR'®, -S(O)R'®, -S(0,)R'™,
NRHSOR, NCOR'™, -NC(O)N(R'"), and-N(R'®),, or two R'? are taken together to form
0x0, and
(ix)  5-or 6-membered aryl containing from 0 to 3
heteroatoms independently chosen from the group consisting of N, O and S, and having from 0

1o 3 substitutents R'> on N or C atoms, and each R* is independently selected from the group

-176 -

S



10

15

20

25

30

WO 2010/111483 PCT/US2010/028653

consisting of hydrogen, halogen, Cialkyl, -O-Cy.salkyl and 3- to S-mefnbered carbocycles
containing from 0 to 3 heteroatoms independently chosen from the group consisting of N, O and
S,
(n)  3-to 8-membered carbocycles containing from 0 to 3 heteroatoms
independently chosen from the group consisting of N, O and S, and having from 0 to 3
substitutents R'® on N or C atoms; and
(o)  aryl ring systems G' chosen from the group consisting of:
(i) 5- to 7-membered monocyclic ring systems and
Gi) 8- to 10-membered bicyclic ring systems,
and the aryl ring systems G’ containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and 8, and substituted on C or N atoms
by 0 to 3 substitutents R,
each R' is independently chosen from the group consisting of
(1) hydrogen,
@) -CN,
(i)  Ciealkyl,
(iv) -O-Cosalkyl,
V)  -S-Cyealkyl,
vi)  Cigalkyl-O-RY,
(vii) -COR",
(viii) -CO.R™,
(ixX) -SO,RM,
G NR:
(i) -NR™SOR",
(xii) -NCORY,
(xili) -NC(O)N(R'*), and
(xiv) 3- to 8-membered carbocycles containing from 0to3
heteroatoms independently chosen from the group consisting of N,Oand S,
or two R'® may be taken together to form oxo;
each R'™ is independently chosen from the group consisting of
(1 hydrogen,
@) -CN,
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(iiy  Ciealkyl,
(iv)  Ci.ealkyl-O-R",
V)  -CORY,
(i) -CO.R™,
(vi)  -SO.R™,
®)  NR™
xi) -NR™SORY,
(xii) -NCO,R"™,
(xiii) -NC(ON(R™),, and
(xiv) 3- 1o 8-membered carbocycles containing from 0 to 3
heteroators independently chosen from the group consisting of N, O and S,
and two R or R'® groups can be taken together with the N to which they
are attached to form a ring, which may be substituted by from 0 to 3 substituents RY and
each R* is independently chosen from the group consisting of hydrogen,
C;.¢alkyl, Ca.gcycloalkyl, -(CHz)o.3Ca.gcycloalkyl and phenyl.

3. The compound according to claim 1 or 2, wherein

said @ is chosen from the group consisting of:
N N
(R‘)M\l)-i I \>“§
-.X Y

each X is independently chosen from the group consisting of CR' and N,

, where

1 ) 1
) SANEIN
Y is chosen from the group consisting of NR, CR' NR' N O O N
b
and S,
each R' is independently chosen from the group consisting of hydrogen, halogen,
-OR™ _CN, -C(O)R?, -COR™, -C(O)N(R*™),, -SR™, -S(O)R*, -S(02)R™, (CH2)o.N(R™™),,
NR3HSOR®, -NR*HCOR™, NR*CO)R?, -NR*?)COR™, -NR*)C(OINR?™), Cy.qalkyl,
Cs.scarbocycle containing from 0 to 3 heteroatoms chosen from N, O and S, and phenyl, and the

C,¢alkyl, C;gcarbocycle and phenyl are substituted by from 0 to 3 substitutents independently
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chosen from the group consisting of hydrogen, halogen, -OR®, -CN, -COR*, -C(O)N(R*),
NER®), -NR*®CORY, -SR™, -S(O)R*, -S(O2)R”, -N(R*)SOR*, -NR™)CO:R’,
NERBCON(R?), Cyalkyl, -0-Ciealkyl and -8-Ci.alkyl,

each R* is independently chosen from the group consisting of hydrogen, Ci.¢alkyl,
-OH, -0-C,.¢alky! and Cs_scycloalkyl, and

each R** is independently chosen from the group consisting of hydrogen, C;.calkyl

and C;.gcycloalkyl.
4, The compound according to any one of claims 1-3, wherein said @ is
RE 2 n
/ T A
b . >4
chosen from the group consisting of HO R o,

K! R P N N A
A Ao A R O
AN
| ; p i A N il { & i A o
jSS ekt e st e e SN

said @ is substituted by from 0 to 3 additional RL

5. The compound according to claim 4, wherein said @ is chosen from the
RI
~rl SO0 A O
N i N \@1\?_% N
group consisting of Ho, RE v, R,

R! AN
fjiNIS- | \E J: H
[ Y- Y
~ ﬂ /N\ and\[:j:/i

R N, where said @ is substituted by from 0 to

L]

3 additional R'.

- 179 -




10

15

20

25

WO 2010/111483 PCT/US2010/028653

6. The compound according to claim 4, wherein said @ is chosen from the

T O S SN g

ZN & N
G lus eSS gsS
group consisting of d o, N0 N~ O J

> ¥

o )
\O:S § and N, where said @ is substituted by from 0 to 3 additional R'.

7. The compound according to any one of claims 1-6, wherein each R!is

chosen from the group consisting of hydrogen, halogen, -CN and C,_salkyl.

8. The compound according to claim 7, wherein each R! is chosen from the

group consisting of hydrogen, fluorine and -CN.

9. The compound according to any one of claims 1-8, wherein

said is chosen from the group consisting of -C=C-, phenyl, pyridinyl,
pyrazinyl, pyrimidyl, 1,2,4-triazinyl, pyridazinyl, thiazyl and 9-membered bicyclic ring systems
that contain from 1 to 3 heteroatoms independently chosen from the group consisting of N, O
and S,

vis from 0 to 4,

each R is independently chosen from the group consisting of hydrogen, halogen,
-OR*, -CN, -COR™, -C(O)N(R"™)z, -N(R*™),, -NR*)CO,R™, -SR™, -S(O)R™, -S(0)R™,
NR*™SO.R®, -NR*™COR™, NER*™C(OINR*™), C).¢alky! substituted by from 0 to 4 R® and
Cs.geycloalkyl substituted by from 0 1o 4 RY,

each R* is independently chosen from the group consisting of hydrogen, -OH,
Ci.galkyl and Cs.scycloalkyl, and

each R* is independently chosen from the group consisting of hydrogen, C;.salky!

and Cs.gcycloalkyl.

10.  The compound according to claim 9, wherein
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said @ is phenyl,

v s from 0 to 2, and
each R? is independently chosen from the group consisting of fluorine, chlorine, -
OH, -CH;, -OCH; and -CN.

11. A compound having structural formula (I):
®RD  ®Y,

G—E—DD—-E-—G O

and/or a pharmaceutically acceptable salt thereof, wherein:

@ is chosen from the group consisting of 9-membered bicyclic aryl ring
systems that contain from 0 to 4 heteroatoms independently chosen from the group consisting of
N, O and S, and that are substituted on C ot N atoms by u substituents R',

each R! is independently chosen from the group consisting of hydrogen,
halogen, -OR™, -CN, ~(CHz)osC(O)R?, -CORY, -C(O)N(R™),, -SR*, -S(O)R™, -S(0)R*
A(CHp)o.N(R™),, -NR*SO.R™, -NR*¥ICORY, -NR*)C(O)R’, NR**)COR™,
-N(R3")C(O)INJ(R3a , C1alkyl, Ca.gcarbocycle containing from 0 to 3 hetercatoms chosen from N,
O and S, and phenyl, and the Cj.salkyl, Cs.gcarbocycle and phenyl are substituted by from 0 to 3
substitutents independently chosen from the group consisting of hydrogen, halogen, -OR™ -CN,
_COLR®, -C(OINR™), -NR>),, -NR*COR™, -SR*, -S(O)R*, -S(0)R™, -NR*)SO:R™,
NER¥)ICOR®, NR*HC(OINR?®), Cyalkyl, -0-Cygalky), -S-Cy.¢alkyl, and Cz.goycloalkyl,

u is from O to 4,

each R? is independently chosen from the group consisting of hydrogen,
C galkyl, -OH, ~0-C) atkyl and Cs_gcycloalkyl, and

each R** is independently chosen from the group consisting of hydrogen,
C,galkyl and Cs.scycloalkyl;

is a group chosen from the group consisting of
() -C=C-and
(b)  aryl ring systems B' chosen from the group consisting of:

D 5- to 7-membered monocyclic ring systems and
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(ii) 8- to 10-membered bicyclic ring systems,

and the aryl ring systems B' containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by v substituents R?,

each R? is independently chosen from the group consisting of
hydrogen, halogen, -OR*, -CN, -CO,R™, -C(O)R*, -C(OIN(R*"),, -N(R*), -N(R*)COR,
NERPCOR®, NERPHCOINR™), -NR*SO,R*™, -SR™, -$(0)R™, -S(02)R™, C.salkyl

substituted by from 0 to 4 R* and C; gcycloalkyl substituted by from O to 4 RS,

vis from 0 to 4,

each R? is independently chosen from the group consisting of
hydrogen, -OH, Cj.¢alkyl and C;.gcycloalkyl;

each R* is independently chosen from the group consisting of
hydrogen, C,.alkyl and Csgcycloalkyl;

wherein said @ and said are taken together with one said substituent R!
and one said substituent R? to form a $- to 9-membered carbocyclic ring containing 1 or 2
heteroatoms independently chosen from the group consisting of N, O and 8, represented by a

group chosen from the group consisting of:

!'/

'ﬂi\b{}
b2
®% | ; ) \’\(R’%os (R’);

#
(Rz \ \(R’%m ,

V w * (R)“ \ \ 1%0—3 and (R)3 \ P (R’%DJ where

W is chosen from the group consisting of -(CHah3-, -(CH2)e2NH(CHy)o2-,
-(CH2)paN(C1.6alkyl)(CHa)o.2-, ~(CH2)0.20(CHa)o.2- and -(CH2)p.2C(O)(CHz)o-2-, where W is
substituted by from 0 to 4 R”, where each R" is independently selected from C,salkyl and
Cs.geycloalkyl;

V is chosen from the group consisting of -C(Q)- and -CH,-, and where V 15
-CH,-, V is substituted by from 0 to 2 R”, where each R" is independently selected from the
group consisting of C;4alkyl and Cj.scycloalkyl;

each D is a group independently chosen from the group consisting of:

{a)  asingle bond,
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&)  -CONR’)-,
©  -NR)C(O)-, and
(d)  a5- or 6-membered aryl ring system D' containing from O to 4
heteroatoms independently chosen from the group consisting of N, O and 8, and substituted on C
or N atoms by from 0 to 2 substituents R’,
each R® is independently chosen from the group consisting of
hydrogen, halogen, -OR?, -CN, -CO,R®, -C(O)N(R®),, N(R®), -NR®)COR’, -SR®, -S(O)R®,
S(02)RS, N(R®SO.RS, NCO;R, -NC(OINR®),, C.salkyl substituted by from 0 to 3 RS and
C;.gscycloalkyl substituted by from 0 to 3 RS, and
each R® is independently chosen from the group consisting of
hydrogen, C;_salkyl and Czscycloalkyl;
each E is 2 group independently chosen from the group consisting of:
(@ a single bond,
®)  -(CR")2)e2NR'C(0)O0.1-, and

(c)  apyrrolidinyl derivative chosen from the group consisting of:

1 is a bivalent group chosen from -C(O)-, -CO;- and -C(O)N(R")-,

J is a fused ring system chosen from the group consisting of 3- to
7-membered carbocycles and 5~ or 6-membered ary! rings containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by substituents R’

each R®? is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OC.¢alkyl and C;.¢alkyl, or two R may be taken together to form
0X0,

each R® is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OC1.salkyl and Ci.¢alkyl, or two R® may be taken together to form
0X0,

each R* is independently chosen from the group consisting of

hydrogen and Cr.salkyl,

-183 -




i0

15

20

25

30

WO 2010/111483

PCT/US2010/028653

or any two groups selected from R, R®® and R* may be taken

together to form a spiro-bicyclic or bridged bicyclic ring;

each R’ is independently chosen from the group consisting of

hydrogen, halogen, Cy.¢alkyl, -O-C.¢alkyl, -S-C¢alkyl, -NH-C;salky! and -NHC(O)-C,alkyl,

each R is independently chosen from the group consisting of hydrogen,

C1.salky! and phenyl, and the Cj.salkyl and phenyl are substituted by from 0 to 3 substitutents

independently chosen from the group consisting of hydrogen, halogen, C;alkyl, -O-C,_¢alkyl

and -S-C_galkyl; and

each G is independently chosen from the group consisting of:

(2)
(b)
(c)
(d)
()
®
(&)
(b)
@
)]
&y
ey
(m)

hydrogen,
_Oth}ai

-CN,

-CO,R'®,
-C(O)N(R'®,,
-SR"’E,
S(O)RM?,
-S(0)R'",
NR'Y,,
NR')SOR'™,
NCO,R'™,
NCOINR'%,,
Ci.salkyl having 0 to 4 substituents R,

each R" is independently chosen from the group consisting of:

(i) 'OH:
()  NR"%,
(i) =NR,

(v) -O-Ciealkyl,
™  -COR",

(viy  -S-Ciealkyl,
(Vi) -S0,-Cygalkyl,

(viii) 3-to 8-membered carbocycles containing from 0 to

3 heteroatoms independently chosen from the group consisting of N, O and S, and having from 0
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10 3 substitutents R'? on N or C atoms, and each R" is independently selected from the group
consisting of hydrogen, halogen, Cy salkyl having from 0 to 3 substituents chosen from R,
-0-Cr.galkyl, -8-Cyalkyl, -OR'%, -CN, -C(O)R"", -COR™™, -C(O)N(R'%),, -SR'*, -S(O)R'™,
-S(OPR™, -NR')SO;R'P, NCO,R'®, -NC(OIN(R'®), and-N(R'%), or two R' are taken
together to form oxo, and
(ix)  5-or 6-membered aryl containing from 0 {o 3
heteroatoms independently chosen from the group consisting of N, O and S, and having from 0
to 3 substitutents R' on N or C atoms, and each R" is independently selected from the group
consisting of hydrogen, halogen, Cy.alkyl, -O-C;salkyl and 3- to 8-membered carbocycles
containing from 0 to 3 heteroatoms independently chosen from the group consisting of N, O and
5,
(n)  3- to 8-membered carbocycles containing from 0 to 3 heteroatoms
independently chosen from the group consisting of N, O and S, and having from O to 3
substitutents R on N or C atoms; and
(0) aryl ring systems G’ chosen from the group consisting of:
() 5- to 7-membered monocyclic ring systems and
(ii) 8- to 10-membered bicyclic ring systems,
and the aryl ring systems G’ containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N, O and 8, and substituted on C or N atoms
by 0 to 3 substitutents R
each R'? is independently chosen from the group consisting of
(1) hydrogen,
(i) -CN,
(i)  Cigalkyl,
(iv)  -O-Cygalkyl,
V)  -S-Cyealkyl,
(vi) Ciealkyl-0-R",
(viiy -C(ORY,
(viii) -CO.R™,
(x) -SO;RY,
x)  NR™p
(xi) -NR™SORY,
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NCO,R™,
NC(O)N(R™),, and

3- to 8-membered carbocycles containing from 0 to 3

heteroatoms independently chosen from the group consisting of N, O and §,

or two R'® may be taken together to form oxo;

cach R'® is independently chosen from the group consisting of

(1)
(ii)
(iii)
(iv)
v)
(vi)
(vii)
(x}
(xi)
{xii)
(xiii)

(xiv)

hydrogen,

-CN,

Cralkyl,
C16alkyl-O-R™,
-C(O)RY,
-COR™,
-SO,R",
NR"),,
NRMSORY,
NCO,RY,
NC(O)N(R"Y,, and

3- to 8-membered carbocycles containing from 0 to 3

heteroatoms independently chosen from the group consisting of N, O and S,

and two R'® or R'® groups can be taken together with the N to which they

ate attached to form a ring, which may be substituted by from 0 to 3 substituents R', and

each R™ is independently chosen from the group consisting of hydrogen,

Cialkyl, Csgcycloalkyl, -(CHy)o-3Cs.scycloalkyl and phenyl.

12.  The compound according to claim 11, wherein said @ and said ,

taken together with one said substituent R! and one said substituent R%, are represented by a

group chosen from the group consisting of:

R}
N~ =
S0, PR s
SO, R s,
N N \ \'{'(R 0, VW 3’31'1('_10;’.)!.}.3 = i o] \ “’\(R‘%m,
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13. The compound according to claim 12, wherein W is chosen from the
group consisting of -CHa-, -NH-, -N(C.salkyl)-, -C(O)~, -CHoNH-, -CHzN(C).¢alkyl)-,
-CH,CH,-, -C(O)YCHz-, -CH,C(0)-, -CH;0-, -CH,CH,CHs-, -C(O)CH,CH,-, -CH,C(O)CHy-,
-CH,0CH;., -CH,CH,C(0)-, -CH,CH,0-, -CH,CH;NH-, -CH;CH,N(Cy.salkyl)-, -CH2NHCHy-,
-CH,N(C)salkyl)CH;-, -NHCH,CH;-, and -N(C;.salkyl)CH2CHy-.

14.  The compound according to any one of claims 1-13, wherein each D is

independently chosen from the group consisting of a single bond,

e Y iataiataralans

-C(O)N(R®)-, -NR’C(0)-,

B
A~

N-N | where

and

R’ is independently chosen from the group consisting of hydrogen,
halogen, -ORY, -CN, -CO;R’, -C(OIN(R®);, -N(R%)z, -N(RY)COR?, -SR?, -S(O)R’, -S(O)R’,
NRSOR, -NCO,R?, -NC(O)N(R®),, C:.salky] substituted by from 0 to 3 substituents R® and
Cs.geycloalkyl substituted by from 0 to 3 substituents RS, and

each R® is independently chosen from the group consisting of hydrogen,
Ci.galky] and Ca.scycloalkyl.

15.  The compound according to claim 14, wherein each D is independently

chosen from the group consisting of

16.  The compound according to any one of claims 1-15, wherein each E is
independently chosen from the group consisting of a single bond, -CH;NHC(O)-,
-CH,N(CH;3)C(0)-, -C(CH3)HNHC(O)-, -C(CH3)HN(CH3)C(0)-, -C(CH3),NHC(O)}-,
-C(CH3);N(CH;)C(0)-, -CH;NHC(0)O-, -CH;N(CH3)C(0)0-, -C(CH3)HNHC(O)O-,
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Q

e

N
-C(CH; HN(CH3)C(0)0-, -C(CH;);NHC(0)0-, ~C(CH3)}2N(CH3)C(O)O-, b

R

U ®
RB- . .
and  R™ R®  where one of R* and R* is -OH or fluorine.

¥

17.  The compound according to claim 16, wherein each E is independently
- @
chosen from the group consisting of a single bond, b b and P e

where one of R®*® and R® is -OH or fluorine.

18.  The compound according to any one of claims 1-17, wherein each G is
independently chosen from the group consisting of:
(a) Calky! having 0 to 4 substituents R'?,
()  3-to 8-membered carbocycles containing from 0 to 3 heteroatoms
independently chosen from the group consisting of N, O and S, and having from 0 10 3
substitutents R'® on N or C atoms; and
(c) aryl ring systems G' chosen from the group consisting of:
(i) 5- to 7-membered monocyclic ring systems and
(ity 8- to 10-membered bicyclic ring systems,

and the aryl ring systems (' containing from 0 to 4 heteroatoms

independently chosen from the group consisting of N, O and S, and substituted on C or N atoms

by 0 to 3 substitutents R™.

19.  The compound according to any one of ¢laims 1-17, wherein each G is
independently chosen from the group consisting of

(a)  hydrogen,

® CN,

(¢)  Ch.salkyl baving 1 to 3 substituents R"!,
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each R" is independently chosen from the group consisting of
-OH, -NH,, -NCH;H, -N(CHa),, -N(CH,CHz),, =NH, =NCHj, -C(O)H, -C(0)OH,
-C(O)CHs, -C(0YOCH;, -NHC(0)H, -NHC(O)OH, -NHC(O)CHs, -NHC(0)OCH;, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and
oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl and pyrrolyl, where

the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2
substitutents R'2 on N-or C atoms, and each R' is independently selected from the group
consisting of hydrogen, halogen, carboxy, Cj.salkyl, -C-Cjalkyl and
-S-C).¢alkyl; and

the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0
to 3 substitutents R on N or C atoms, and each R” is independently selected from the group
consisting of hydrogen, halogen, C.¢alkyl and 3- to
8-membered cycloalkyl containing from O to 3 heteroatoms indépendently chosen from the group
consisting of N, O and S,

(d)  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl,
piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R%onNorC
atoms, said R'® independently selected from the group consisting of hydrogen, halogen, 'carboxy,
Cialkyl, -O-Cyalkyl, -S-C).galkyl, phenyl and benzyl, and

{(e) aryl ring systems G' chosen from the group consisting of: phenyl,
pyridinyl and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms

independently chosen from the group consisting of N and O.

20.  The compound according to claim 19, wherein each G is independently
chosen from the group consisting of Cy4alkyl baving 1 to 2 substituents R'', wherein each R is
independentty chosen from the group consisting of -OH, -NH;, -NCH;H, -N(CHs),, -
N(CH,CHs),, -C(OYOCHs, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl, oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl and
pyrrolyl.

21.  The compound according to claim 1 or 2, wherein
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said @ is chosen from the group consisting of:
P N
& g
@i T
-.X Y

each X is independently chosen from the group consisting of CR' and N,

, where

1
E SN TN
Y is chosen from the group consisting of NR'  CR' NR'' N O [ O N
b,
and S,
each R? is independently chosen from the group consisting of hydrogen, halogen,
-OR*, -CN, -C{O)R?, -CO.R*, -C(O)N(R*),, -SR*®, -S(0)R™,
-S(02)R*, (CH,)osN(R*),, -NR**SO,R®, -NR**COR™, -NR*C(O)R?,
NER*®COR®, NR*C(OIN(R?), C;alkyl, Cs gcarbocycle containing from 0 to 3 heteroatoms
chosen from N, O and S, and pheny], and the C,.alkyl, Cs_scarbocycle and phenyl are substituted
by from 0 to 3 substitutents independently chosen from the group consisting of hydrogen,
halogen, -OR*, -CN, -CO,R*, -C(OIN(R?),, -N(R**),, -N(R*CO,R*, -SR*, -S(O)R*®,
-S(0)R*, NR*SOR™, NR**)COR?, -NER*YC(OIN(R*), C)salkyl, -O-Cy_ealkyl and
-S-Ci.¢atkyl,
each R® is independently chosen from the group consisting of hydrogen, Cy.salkyl,
-OH, -O-Csalkyl and Cs.scycloalkyl, and
each R*® is independently chosen from the group consisting of hydrogen, Cy.alky!
and Cs.gcycloalkyl;

said is chosen from the group conststing of -C=C-, phenyl, pyridinyl,
pyrazinyl, pyrimidyl, 1,2 4-triazinyl, pyridazinyl, thiazyl and 9-membered bicyclic ring systems
that contain from 1 to 3 heteroatoms independently chosen from the group consisting of N, G
and S,

v is from O to 4,

each R? is independently chosen from the group consisting of hydrogen, halogen,
-OR*, -CN, -CO,R*, -C(OIN(R*),, -N(R*),, -NR*)CO,R™, -SR*, -S(O)R*, -S(0)R™,
NR™SOR™, -NER*COR?, NR*™C(O)NR™), Cy.alkyl substituted by from 0 to 4 R* and
Cs.gcycloalkyl substituted by from 0 to 4 RY,

- 190 -



10

15

20

25

WO 2010/111483 PCT/US2010/028653

each R* is independently chosen from the group consisting of hydrogen, -OH, C;.
salkyl and Cs.gcycloalkyl, and

each R* is independently chosen from the group consisting of hydrogen, C.salkyl
and Cs.gcycloalkyl;

wherein each D is independently chosen from the group consisting of a single

IO IO RO A o

bond, -C(ON(R?)-, -NR*C(0)-,

H
<A

and NN where

R® is independently chosen from the group consisting of hydrogen,
halogen, -ORS, -CN, -CO.R®, -C(ON(R®), -N(R®),, -N(R®)COR?, -SRS, -S(O)R®, -S(O2)R’,
NRHSO;RE, -NCO;RS, -NC(O)N(R®),, Cysalkyl substituted by from 0 to 3 substituents R® and
Cs.geycloalkyl substituted by from 0 to 3 substituents RG, and

each R® is independently chosen from the group consisting of hydrogen,
C1.¢alky! and Cs.scycloalkyl;

wherein each E is independently chosen from the group consisting of a single

bond, -CH,NHC(0)-, -CH,N(CH3)C(0)-, -C(CH3)HNHC(O}-, -C(CH3)HN(CH;)C(0)-,
-C(CH;);NHC(0)-~, -C(CH3};N(CH3)C(0)-, -CHNHC(0)O-, -CH;N(CH;)C(O)0-,
-C(CH;)HNHC(0)O-, -C(CH3)HN(CH;)C(0)0O-, -C(CH;),NHC(0)0-, -C(CH;);N(CH3)C(0)O-,

D%\‘G

N

D 3‘ b c&*o
N N % R®
R% 84 8 - .
, and R* R®™  where one of R™ and R™ is -OH or fluorine;

wherein each G is independently chosen from the group consisting of

(a) hydrogen,

(b  CN,

() Ci.salkyl having 1 to 3 substituents R"',

each R is independently chosen from the group consisting of

-OH, -NH;, -NCH;H, -N(CHs), -N{CH,CH3);, =NH, =NCHj, -C(O)H, -C(O)OH,
-C{0)CHj, -C(0)OCH;, -NHC(0)H, -NHC(O)OH, -NHC(O)CHjs, -NHC(O)OCHj, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and
oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl and pyrrolyl, where
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the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyi, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2
substitutents R'2 on N or C atoms, and each R' is independently selected from the group
consisting of hydrogen, halogen, carboxy, Cy.salkyl, -O-C, salkyl and -S-C,.¢alkyl; and
the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0
to 3 substitutents R" on N or C atoms, and each R is independently selected from the group
consisting of hydrogen, halogen, C,.salkyl and 3- to 8-membered cycloalkyl containing from 0 to
3 heteroatoms independently chosen from the group consisting of N, O and S,
{(d)  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl,
piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R'® on N or C
atoms, said R' independently selected from the group consisting of hydrogen, halogen, carboxy,
Csalkyl, -O-C4alkyl, -S-Cyalkyl, phenyl and benzyl, and
(e) aryl ring systems G' chosen from the group consisting of: phenyl,
pynridinyl and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms

independently chosen from the group consisting of N and O,

22, The compound according to claim 1 or claim 2, wherein

;’ R }Hr R.I
N
o) et ages
said is chosen from the group consisting of o, X0
A N, A N P 0
ssShesthosSine:
NT O o>_ , s>—g and N>—§, where said @ is

substituted by from 0 to 3 additional R’;

said is phenyl;

vis from 0 to 2;

each R? is independently chosen from the group consisting of fluorine, chlorine, -
OH, -CH3, -OCHj3 and -CN;

H
N
~ort
each D is independently chosen from the group consisting of N and

f\ﬁ% |
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each E is independently chosen from the group consisting of a single bond,

fon b 0
0
ISR R
R
R and R® R*  where one of R* and R is -OH or fluorine; and

each G is independently chosen from the group consisting of C;4alkyl having 1 to
2 substituents R'!, wherein each R' is independently chosen from the group consisting of -OH, -
5  NH,, -NCH;H, -N(CH3);, -N(CH,CH,);, -C(O)OCH3, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, oxacyclohexyl, phenyl, pyridinyl,
pyrimidiny] and pyrrolyl.

23, The compound according to any one of claims 1-22, wherein the

10 compound having structural formula (I) is a compound having structural formula (1a):

(R*k2
-y i
N
: \_/ jiik

=6 (Ia)

N\
or a pharmaceutically acceptable salt thereof, wherein said ©j1> is substituted by «
snbstituents R, and Y is selected from the group consisting of O and NR,

15 24.  The compound according to according to claim 23, wherein the compound

having structural formula (Ia) is a compound having structural formula (Ib): .
G\fo R
St

N

(Tl)v (R%,
NIV NI
T\ N,LT:§:
(Ib)
A

or a pharmaceutically acceptable salt thereof, wherein said ©[‘> is substituted by u
substituents R', and Y is selected from the group consisting of O and NR',
20
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A
25.  The compound according to according to claim 24, wherein said ©f>

is substituted by # substituents R', Y is O, and both instances of G are H .

26.  The compound according to according to claim 1 or claim 2, wherein the

compound having structural formula (Ia) is a compound having structural formula (Ib):

0 (Rloa

y l R"')o-z
w " - /

N\
or a pharmaceutically acceptable salt thereof, wherein said @ is substituted by «

e Q)
W/l\u)j\o/
substituents R, Y is O, and both instances of G are

27.  The compound according to according to any one of claims 1-23, wherein

the compound having structural formula (Ia) is 2 compound having structural formula (Ib):

¢]
0 (Rs)m

S a
== [ o
$ ) /N/ ;J ?..-c

Y

(Ib)
D
or a pharmaceutically acceptable salt thereof, wherein said Y is substituted by u

D s O
substituents R’, and said Y and said , taken together with one said substituent R’

and one said substituent R?, are represented by a group chosen from the group consisting of:
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A
28.  The compound according to according to claim 27, wherein said <I‘>

and said @, taken together with one said substituent R' and one said substituent R?, are

represented by

RI

; —

V—~W wherein V is -CH;-, W is -(CH2)o2O(CHa)o-2-, R! is fluorine, and both

w0

instances of G are H )

29.  The compound according to according to claim 1 or claim 11, wherein the

compound having structural formula (Ia) is a compound having structural formula (b):

0 (Ri)o 2
D_"( (Rs)n-z

’H:) (Ib)

or a pharmaceutically acceptable salt thereof, wherein said ©f> and said @ , taken

together with one said substituent R and one said substituent R, are represented by

b
gy o« ’%c.
R, }.{ R Y0
V=W
g O

\rl\N/u\O/
instances of G are H .

30.  The compound according to claim 1 or claim 11, wherein

wherein V is -CHy-, W is -(CH2)0.20(CHa)o.2- R is fluorine, and both

said @ and said ,takcn together with one said substituent R and one said

substituent R%, are represented by a group chosen from the group consisting of:
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tae Tt e
R0 l < " YAk, (R%:J@‘%
N (=1
{’\(N —
ly A &
s xr}q?—@(;’!m R )mm%ﬂ R m %
V—w 3 and 0 ®o3, where

W is chosen from the group consisting of (CHz)).3-, -(CHa)o2NH(CH2)g.2-,
-(CH2)e2N(C1 5alkyl}(CH2)p-2~, -(CH2)p.20(CHa)e.2- and ~(CH2)g2C(OYCHa)g.3-, where W is
substituted by from 0 to 4 R™, where each R” is independently selected from C.galkyl and
Cs.geycloalkyl, and

V is chosen from the group consisting of -C(0O)- and -CHj-, and where V is
-CH;-, V is substituted by from 0 to 2 R”, where each R" is independently selected from the
group consisting of Cy.¢alkyl and Cyscycloalkyl;

ecach R’ is independently chosen from the group consisting of hydrogen, halogen,

_OR%, -CN, -C(O)R?, -CO;R?, -C(O)N(R*™), -SR?, -S(O)R?, -S(02)R?, -N(R*),,
(CHoNR™z, NER*™MSO,R’, -NR*CO:R?, -NR™COR?, NER*COINR™), C;.calkyl,
Cs.gcarbocycle containing from 0 to 3 heteroatoms chosen from N, O and S, and phenyl, and the
Cy.salkyl, Cs.gcarbocycle and phenyl are substituted by from 0 to 3 substitutents independently
chosen from the group consisting of hydrogen, halogen, -OR*, -CN, -CO,R*, -C(O)N(R*),,
NER™),, -NR™MCO,R*, -SR* -S(OYR*, -S(0)R™, -N(R*)SO,R®, -N(R**)CO,R*,
NR™COIN(R?), Cyealkyl, -0-C;alkyl and -8-C;.¢alkyl,

each R is independently chosen from the group consisting of hydrogen,
C¢alkyl, -OH, -O-C,salkyl and Cj_gcycloalkyl, and

each R** is independently chosen from the group consisting of hydrogen,
C)¢alkyl and C;.gcycloalkyl;

each R? is independently chosen from the group consisting of hydrogen, halogen,

-OR*, -CN, -CO;R™, -C(O)N(R™),, -N(R*™),, -NR*™CO,RY, -SR*, -S(O)R™, -S(O2)R™Y,
NER™SOR®, NR*DCOR*, -NR*™C(OINR™), Cy.¢alky! substituted by from 0 to 4 R* and
Cs.gcyeloalkyl substituted by from 0 to 4 R®,

each R is independently chosen from the group consisting of hydrogen,
-OH, C,salkyl and Cs.gcycloalkyl, and
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each R* is independently chosen from the group consisting of hydrogen,
C,.salkyl and C;.scycloalkyl,

wherein each D is independently chosen from the group consisting of a single

Nk Yatakate

bond, -C(O)N(R’)-, -NR’C(0)-,

H
<N

and NN where

R’ is independently chosen from the group consisting of hydrogen,
halogen, -OR®, -CN, -CO;R, -C(OJN(R®),, -N(R®),, -N(R®)COR®, -SR®, -S(O)R, -S(0)R’,
N(RYSOR?, -NCO;R?, -NC(OIN(R®);, C.salkyl substituted by from 0 to 3 substituents R® and
Cs.scycloalky! substituted by from 0 to 3 substituents R®, and

each R® is independently chosen from the group consisting of hydrogen,
Ci.salkyl and Cs.gcycloalkyl;

wherein each E is independently chosen from the group consisting of a single

bond, -CH;NHC(O)-, -CHN(CH;3)C(0)-, -C(CH3;)HNHC(O)-, -C(CH3)HN(CH3)C(0)-,
-C(CH3);NHC(0)-, -C(CH;3),N(CH3)C(O)-, -CH;NHC(O)O-, -CH;N(CH;)C(0)0-,

-C(CH3)HNHC(0)O-, -C(CH3)HN(CH3)C(0)O-, -C(CH3):NHC(0)O-, -C(CH3):N(CH3)C(0)O-,
Q

D, )_G

N

o
o Yo X _ -8
, and ARTA where one of R*® and R*® is —OH or fluorine;

wherein each G is independently chosen from the group consisting of
(a) hydrogen,
(b -CN,
(c)  Cisalkyl having 1 to 3 substituents R",
each R! is independently chosen from the group consisting of
-QH, -NH,, -NCH;H, -N(CH;),, -N(CH;CH;),, =NH, =NCHj, -C(O)H, -C(O)OH,
~C(O)CHj3, -C(0)OCH;, -NHC(O)H, -NHC(O)OH, -NHC(0)CH;, -NHC(0)OCH;, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and
oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl and pyrrolyl, where
the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2
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éubstitutents R on N or C atoms, and each R'? is independently selected from the group
consisting of hydrogen, halogen, carboxy, C,.salkyl, -O-C,salkyl and
-8-C;.4alkyl; and

the phenyl, pyridinyl, pyrimidiny! and pyrrolyl are substituted by from 0
to 3 substitutents R'* on N or C atoms, and each R" is independently selected from the group
consisting of hydrogen, halogen, C,salkyl and 3- to 8-membered cycloalky! containing from 0 to
3 heteroatoms independently chosen from the group consisting of N, O and S,

(d)  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl,
piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R%onNorC
atoms, said R'° independently selected from the group consisting of hydrogen, halogen, carboxy,
Cj.¢alkyl, -0-C.¢alkyl, -S-Cj.¢alkyl, phenyl and benzyl, and

{e) aryl ring systems G' chosen from the group consisting of: phenyl,
pyridiny! and 9-membered bicychc ring systems containing from 0 to 2 heteroatoms

independently chosen from the group consisting of N and O.

31. A compound according to claim 1, claim 2 or claim 11, chosen from the
group consisting of:

N-{4-[5-(acetylamino)- 1H-pyrrolo[3,2-blpyridin-2-yl]phenyl} -1-(phenylacetyl)-
L-prolinamide;

(25)-1-(phenylacetyl)-N- {2-[4-({[(2S)-1-(phenylacetyl)pyrrolidin-2-
yljcarbonyl}amino)phenyl}-1H-pyrrolo[3,2-b]pyridin-5-y1} pyrrolidine-2-carboxamide;

benzyl (28)-2-[(2-{4-[({(2S)-1-[(benzyloxy)carbony!]pyrrolidin-2-
yl}carbonyl)amino]phenyl}-1H-pyrrolo[3,2-blpyridin-5-yl)carbamoyl]pyrrolidine-1-carboxylate;

tert-butyl {(15)-2-[(25)-2-{[4-(5-bromo-1H-pyrrolo{3,2-b]pyridin-2-
yl)phenyl]carbamoyli}pyrrolidin-1-yl}-2-ox0-1-phenylethyl } carbamate;

(28)-N-{3-chloro-2-{4-({[(2S)-1-(phenylacetyl)pyrrolidin-2-yl]carbonyl }amino)
phenyl]-1H-pyrrolo[2,3-c]pyridin-5-y}}-1-(phenylacetyl)pyrrolidine-2-carboxamide;

(28)-N-{3-chloro-2-[4-({{(28)-1-(phenylacetyl)pyrrolidin-2-yljcarbonyl}
amino)pheny!l-1H-pyrrolo[2,3-b]pyridin-5-y1}-1-(phenylacetyl)pyrrolidine-2-carboxamide;

N-[4-(3-0x0-7-{2-0%x0-2-[(25)-1-(phenylacetyl)pyrrolidin-2-yllethyl}-3,7-
dihydroimidazo[1,2-a]pyrazin-2-yl)phenyl]-1-(phenylacetyi)-L-prolinamide;
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(28)-1-(cyclobutylcarbonyl)-N-{2-[4-({ [(28)-1-{pyridin-3-ylcarbonyl)pyrrolidin-
2-yl]carbony}} amino)pheny!}-1H-benzimidazol-5-yl} pyrrolidine-2-carboxamide;

(25)-1-(phenylearbonyl)-N-{4-{5-({[(2S)-1-(phenylcarbonyl)pyrrolidin-2-
yl]carbonyl}amino)-1H-benzimidazol-2-yl]phenyl} pyrrolidine-2-carboxamide;

(28)-1-[(4Z,5Z)-4-ethylidenehept-5-enoyl}-N-{2-[4-({[(25)-1-(3-
phenylpropanoyl)pyrrolidin-2-yl}carbonyl }amino)phenyl]-1H-benzimidazol-5-yl }pyrrolidine-2-
carboxamide;

(28)-1-[(4Z,5Z)-4-ethylidenehept-5-enoyi}-N-{2-[3-({[(28)-1-(3-
phenylpropanoyl)pyrrolidin-Z-yI]carbonyl}amino)phenyl]—1H—benzimidazol-s-yl}pyrrolidine-Z—
carboxamide;

(28)-1-[(2R)-2-hydroxy-2-phenylacetyl]-N-(4- { 5-[({(25)-1-[(ZR)-2-hydroxy-2-
phenylacetyl]pynolidin—Z—yl}carbonyl)amino]-1H-bcnzimidazol—2~yl}phenyl)pyrrolidine—’z-
carboxamide;

(2S)-1-(phenylacety})-N-{4-[5-({[(28)-1-(phenylacetyl) pyrrolidin-2-yljcarbonyl}
amino)-1H-benzimidazol-2-ylJphenyl} pyrrolidine-2-carboxamide;

tert-butyl {(18)-2-[(2S)-2-({4-{5-({[(2S)-1-{(2S)-2-[(tert-butoxycarbonyl)amino}-
2-phenylacetyl} pyrrolidin-2-yljcarbonyl }amino)- 1 H-benzimidazol-2-yl]phenyl}
carbamoy!)pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

tert-butyl {(1R)-2-{(2S)-2-({4-[5-({[(28)-1-{(2R)-2-[(tert-
butoxycarbonyl)amino]-2-phenylacetyl} pyrrolidin-2-ylJcarbonyl }amino)- 1H-benzimidazol-2-
yl]phenyl} carbamoy!)pyrrolidin-1-y1]-2-oxo-1-phenylethyl} carbamate;

benzyl (28)-2-{[4-(4-{[(4-methylpheny)sulfonylJamino} -1H-benzimidazol-2-
yi)phenyl]carbamoyl}pyrrolidine-1-carboxylate;

(28)-1-(3-phenylpropanoyl)-N-{4-[5-({[(28)-1-(3-phenylpropanoyl)pyrrolidin-2-
ylJearbonyl}amino)-1,3-benzoxazol-2-yl]phenyl} pyrrolidine-2-carboxamide;

(2S)-1-(3-phenylpropanoyl)-N-{4-[5-({[(28)-1-(3-phenylpropanoyDpyrrolidin-2-
ylJcarbonyl} amino)-1-benzofuran-2-yiJphenyl} pyrrolidine-2-carboxamide;

N-{2-[4-(acetylamino)phenyl]-1-benzofuran-5-y1}-1-{(2R)-2-[(tert-
butoxycarbonyl)amino]-2-phenylacetyl} -L-prolinamide;

(28)-1-(phenylacetyl)-N-{4-[5-({[(25)-1-(phenylacetyl) pyrrolidin-2-
yljearbonyl}amino)-1-benzofuran-2-yljphenyl} pyrrolidine-2-carboxamide;
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tert-butyl {(18)-2-[(28)-2-({4-[S-({[(28)-1-{(2S)-2-[(tert-butoxycarbonyl}amino]-
2-phenylacetyl}pyrrolidin-2-yl]carbonyl }amino)-1-benzofuran-2-yljphenyl}
carbamoyl)pyrrolidin-1-yl}-2-oxo-1-phenylethyl} carbamate;

tert-butyl {(1R)-2-[(25)-2-({4-{5-({[(2S)-1-{(2R)-2-[(tert~
butoxycarbonyl)amino]-2-phenylacetyl} pyrrolidin-2-yl] carbonyl }amino)- 1-benzofuran-2-
yl]phenyl}carbamoyl) pyrrolidin-1-yl]-2-0x0-1-phenylethyl} carbamate,;

propan-2-yl {(1R)-2-0x0-1-phenyl-2-{(28)-2-[(4-{5-[({(28)-1-[(2R)-2-pheny]-2-
{[(propan-2-yloxy)carbonyl]amino}acetyl] pyrrolidin-2-y1} carbonyl)amino]-1-benzofuran-2-
yl}phenyl) carbamoyl]pyrrolidin-1-yl} ethyl]carbamate;

methyl {{1R)-2-[(25)-2-({4-[5-({[(28)-1-{(2R)-2-[{methoxycarbonyl)amino]-2-
phenylaceiyl}pyrrolidin-2-yljcarbonyl} amino)-1-benzofuran-2-yl]phenyl} carbamoyl)pyrrolidin-
1-yl]-2-ox0-1-phenylethyl} carbamate;

(25)-1-[(2R)-2-(dimethylamino)-2-phenylacetyl]-N-(4-{ 5-[({(28)-1-[(2R)-2-
(dimethylamine)-2-phenylacetyl]pyrrolidin-2-yl} carbonyl}amino]-1-benzofuran-2-
yl}phenyl)pyrrolidine-2-carboxamide;

(2S)-1-[(2R)-2-(diethylamino)-2-phenylacetyl]-N-(4-{5-[({(2S)-1-{(2R)-2-
(diethylamino)-2-phenylacetyljpyrrolidin-2-yl} carbonyl)amino]-1-benzofuran-2-
yl}phenyl)pyrrolidine-2-carboxamide;

propan-2-y! [(1R)-2-{(2S)-2-[(4-{5-[({(2S)-1-[(2R)-2-(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-yl} carbony!)amino]-1-benzofuran-2-yl} phenyl)carbamoyl]pyrrolidin-
1-y1}-2-0x0-1-phenylethyljcarbamate;

N-[2-(4-aminophenyl)-1-benzofuran-5-yl]-1-[(2R)-2-(dimethylamino)-2-
phenylacetyl]-L-prolinamide;

(25)-1-{(2R)-2-[methyl(3-methylbuty}amino]-2-phenylacetyl }-N-{4-[5-({[(2S)-
1-{(ZR)-2-[methy}(3-methylbutyl)amino]-2-phenylacetyl} pyrrolidin-2-yl]carbonyl } amino)-1-
benzofuran-2-yl]phenyl} pyrrolidine-2-carboxamide;

N-{2-[4-(acetylamino)phenyl]-1-benzofuran-5-yl}-1-[(2R)-2-(diethylamino)-2-
phenylacetyl]-L-prolinamide;

(28)-1-acetyl-N-(2-{4-[({(28)-1-[(2R)-2-(diethylamino)-2-
phenylacetyl]pyrrolidin-2-yl} carbonyl)amino]phenyl}-1-benzofuran-5-yl)pyrrolidine-2-

carboxamide;
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tert-butyl {(1R)-2-[(2S)-2-({4-]5-({{(2S)-1-acetylpyrrolidin-2-
yljcarbonyl }amino)-1-benzofuran-2-yljphenyl} carbamoyl)pyrrolidin-1-yl}-2-oxo-1-
phenylethyl}carbamate; i

(28)-1-acetyl-N-(2-{4-[({(2S)-1-[ (2R)-2-(dimethylamino)-2-
phenylacety!}pyrrolidin-2-y1} carbonyljamino]phenyl}-1-benzofuran-5-yl)pyrrolidine-2-
carboxamide;

N-{4-[5-(acetylamino)-1-benzofuran-2-yl)phenyl}-1-{(2R)-2-[(tert-
butoxycarbonyl)amino]-2-phenylacetyl}-L-prolinamide;

methyl {(1R)-2-[(2S)-2-({4-[5-({](28)-1-{(2R)-2-[(methoxycarbonyl)amino]-2-
phenylacetyl} pyrrolidin-2-yl)carbonyl}amino)-7-methyl-1-benzofuran-2-yljphenyl}
carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl } carbamate;

(28)-1-{(2R)-2-[ethy)l{propyl) amino]-2-phenylacetyl }-N-{4-{5-({1(2S)-1-{(2R)-
2-[ethyl(propyl) amino]-2-phenylacetyl} pyrrolidin-2-yl]carbonyl}amino)-1-benzofuran-2-
yl]phenyl} pyrrolidine-2-carboxamide; l

(28)-1-(phenylacetyl)-N-{4-[6-({[(25)-1-(phenylacety])pyrrolidin-2-
ylJcarbonyl}amino)imidazo{1,2-a]pyrimidin-2-ylJphenyl} pyrrolidine-2-carboxamide;

(28)-1-(phenylacetyl)-N-{4-[6-({[(2S5)-1-(phenylacetyl)pyrrolidin-2-
yi]carbonyl }amino)imidazo[1,2-a]pyridin-2-yl]phenyl} pyrrolidine-2-carboxamide;

(28,2'S)-N,N'-1H,1'H-2,2"-biindole-5,5'-diylbis[ 1 -(phenylacetyl)pyrrolidine-2-
carboxamide];

di-tert-butyl (1H,1'H-2,2"-biindole-3,5'-diylbis {carbamoyl(2S)pyrrolidine-2,1-
diyl[(1R)}-2-0x0-1-phenylethane-2,1-diyl}} )biscarbamate;

tert-butyl {(1R)-2-oxo-1-phenyl-2-[(28)-2-({2-[4-({[(2S)-1-(phenylacetyl)
pymrolidin-2-yl]carbonyl }amino)phenyl]-1H-indol-5-yl} carbamoyl)pyrrolidin-1-
yl]ethyl} carbamate;

(28)-1-(phenylacetyl)-N-{2-[5-({[(25)-1-(phenylacetyl)pyrrolidin-2-
yljcarbonyl}amino}-1H-indo}-2-yl)pyrimidin-5-y!} pyrrolidine-2-carboxamide;

tert-butyl {{1R)-2-[(28)-2-({4-[5-({[(2S)-1-{(2R)-2-[(tert-
butoxycarbonyl)amino]-2-phenylacetyl} pyrrolidin-2-ylJcarbonyl} amino}-1H-indol-2-
yl}phenyl}carbamoyl)pyrrolidin-1-yl])-2-oxo-1-phenylethyl} carbamate;
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methyl {{1R)-2-[(28)-2-({4-[5-({[(28)-1-{(2R)-2-[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-yl]carbonyl }amino)-1H-indol-2-yl}phenyl} carbamoyl)pyrrolidin-1-
yl]-2-ox0-1-phenylethyl } carbamate;

(29)-1-[(2R)-2-phenyl-2-{pyrrolidin-1-yl}acetyl]-N-(4-{5-[({(28)-1-[(2R)-2-
phenyl-2-(pyrrolidin-1-yl)acetyl] pyrrolidin-2-yl} carbonyl}amino]-1H-indol-2-yl} phenyl)
pyrrolidine-2-carboxamide;

(28)-1-{(2R)-2-[(cyclopropylacetyl)amino]-2-phenylacetyl} -N-{4-[5-({[(25)-1-
{(2R)-2-[(cyclopropylacetyl) amino]-2-phenylacetyl} pyrrolidin-2-yljcarbonyl}amino)-1H-
indol-2-yl]phenyl} pyrrolidine-2-carboxamide;

(25)-1-{(2R)-2-[(3-methylbutanoyl)amino]-2-phenylacetyl }-N-{4-{5-({[(2S)-1-
{(2R)-2-[(3-methylbutanoyl) amino]-2-phenylacetyl} pyrrolidin-2-yljcarbonyl}amino)-1H-
indel-2-yllphenyl} pyrrolidine-2-carboxamide;

(28)-1-[(2R)-2-{(morpholin-4-y1)-2-phenylacetyl]-N-(4-{ 5-[({(28)-1-[(ZR)-2-

~ (morpholin-4-yl)-2-phenylacetyl]pyrrolidin-2-yl}carbonyl)amino]-1H-indol-2-

yl}phenyDpyrrolidine-2-carboxamide;

(2S)-1-(2,3-diphenylpropanoyl)-N-{4-[5-({[(25)-1-(2,3-
diphenylpropanoyl)pyrrolidin-2-yljcarbonyl} amino)-1H-indol~2~yl]phenyl } pyrrolidine-2-
carboxamide;

(28)-1-[(2R)-2-{{(4-methylphenyl)sulfonyl}amino}-2-phenylacetyl]-N-(4-{5-
[({(28)-1-[(2R)-2-{[(4-methylphenyl) sulfonyl]amino}-2-phenylacetyl] pyrrolidin-2-
yl}carbonyl)amino]-1H-indol-2-yl} phenyl) pyrrolidine-2-carboxamide;

(28)-1-{(2R)-2-{(cyclohexylcarbonyl)amino}-2-phenylacetyl }-N-{4-[5-({[(2S)-1-
{{2R)-2-{(cyclohexylcarbony]) amino]-2-phenylacetyl} pyrrolidin-2-yljcarbonyl}amino)-1H-
indol-2-yl]phenyi} pyrrolidine-2-carboxamide;

methyl {(1R)-2-[(28)-2-({2-[4-(acetylamino)phenyl]-1H-indol-5-
yl}carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

tert-butyl {(1R)-2-[(28)-2-({4-[5-(acetylamino)-1H-indol-2-
yljphenyl} carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

N-{2-[4-(acetylamino)phenyl]-1H-indol-5-y1}-1-[(2R)-2-(morpholin-4-yl)-2-
phenylacetyl]-L-prolinamtde;

propan-2-yl {(1R)-2-[(28)-2-({2-[4-(acetylamino)phenyl]-1H-indol-5-
yl}carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl}carbamate;
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(28)-1-{(2R)-2-[(cyclopentylcarbamoyl)amino]-2-phenylacetyl}-N-(4-{5-[({(2S)-
1-[(2R)-2-(dimethylamino)-2-phenylacetyl]pyrrolidin-2-yl} carbonyl)amino]-1H-indol-2-
y1}phenyl)pyrrolidine-2-carboxamide;

tert-butyl {(2R)-1-{(28)-2-({4-[5-({[(28)-1-{(2R)-2-{(teri-
butoxycarbonyl)amine]-3-methylbutanoyl ypyrrolidin-2-yl]carbonyl}amino}-1H-indol-2-
yljphenyl}carbamoyl)pyrrolidin-1-y}]-3-methyl-1-oxobutan-2-yl} carbamate;

N-{2-[4-(acetylamino)phenyl]-1H-indol-5-y1}-1-[(2R)-2-phenyl-2-(pyrrolidin-1-
yDacetyl]-L-prolinamide;

(28)-1-[(2R)-2-(dimethylamino)-4-methylpentanoyl]-N~(4-{5-[({(25)-1-[(2R)-2-
(dimethylamino)-4-methylpentanoyl}pyrrolidin-2-yl} carbonylamino]}-1H-indol-2-
y1}phenyl)pyrrolidine-2-carboxamide;

(2S)-1-[(2R)-2-phenyl-2-(piperidin-1-yhacetyl]-N-(4-{5-{({(25)-1-[2R)-2-
phenyl-2—(piperidin—1—yl)acetyl]pyrrolidin-2-y1}carbonyl)amino]-1H-indol-2-
yl}phenyl)pyrrolidine-2-carboxamide;

(28)-1-[(2R)-2-(1H-imidazol-1-y]}-2-phenylacetyl]-N-(4-{5-[({(25)-1-[(ZR)-2-
(1H-imidazol-1-yl)-2-phenylacetyl]pyrrolidin-2-yl} carbonyl)amino]-1H-indol-2-
y1} phenyl)pyrrolidine-2-carboxamide;

(28)-1-[(2R)-2-(diethylamino)-2-phenylacetyl]-N-(4-{5-[({(28)-1- [(2R)-2-
(diethylamino)-2-phenylacetyl]pyrrolidin-2-yl} carbonyl)amino}-1H-indol-2-
yl}phenyD)pyrrolidine-2-carboxamide;

tert-butyl {(18)-2-[(28)-2-({4-[5-({[(28)-1-acetylpyrrolidin-2-
yl]carbonyl }amino)-1H-indol-2-yl]phenyl}carbamoyl)pyrrolidin-1-yl] -2-0%0-1-
phenylethyl} carbamate;

tert-butyt {(1R)-2-[(28)-2~({4-[5-({[(2S)-1-acetylpyrrolidin-2-
yljcarbonyl}amino)- 1 H-indol-2-yljphenyl} carbamoyl)pyrrolidin-1-yl]-2-oxo-1-
phenylethyl}carbamate;

tert-buty] {(1R)-2-0x0-1-phenyl-2-[(28)-2-({2-[4-({[(28)-1-(propan-2-
y])pyrrolidin—2-yl]carbonyl}amino)phenyl]-lH-indol-S-yl}carbamoyl)pyrrolidjn-l -
yl]ethyl}carbamate;

N-{2-[4-(acetylamino)phenyl]-1H-indol-5-yl}-1-[(2 R)-2-(dimethylamino)-2-
phenylacetyl}-L-prolinamide;
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N-{2-[4-(acetylamino)phenyl]-1H-indol-5-yl}-1-[(2R)-2-pheny]-2-(piperidin-1-
ylacetyl]-L-prolinamide;

tert-butyl [(1R)-2-{(28)-2-{(2-{4-[({(2S)-1-[(2R)-2-(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-yl} carbonyl)amino]phenyl }- 1H-indol-5-yl)carbamoyl}pyrrolidin-1-
yl}-2-0x0-1-phenylethyl]carbamate;

tert-butyl [(1R)-2-{(28)-2-[(4-{5-[({(2S)-1-[(2R)-2-(dimethylamino)-2-
phenylacetyl] pyrrolidin-2-yl} carbonyl)amino]-1H-indol-2-y!} phenyl) carbamoyl] pyrrolidin-1-
yl}-2-oxo-1-phenylethyljcarbamate;

(28)-1-[(2R)-2-(dimethylamino)-2-phenylacetyl]-N-{4-[5-({[(2S)-1-{(2R)-2-
[(3,3-dimethylbutanoyl)amino]-2-phenylacetyl }pytrolidin-2-yl]carbonyl }amino)-1H-indol-2~
yi]phenyl} pyrrolidine-2-carboxamide;

(28)-1-(cyclopropylacetyl)-N-(4-{5-[({(2S)-1-[(2R)-2-(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-yl}carbonyl)amino]- 1 H-indol-2-y1} phenyl)pyrrolidine-2-
carboxamide;

(28)-1-[(2R)-2-(dimethylamino)-2-phenylacetyl]-N-(2-{4-[({(2S)-1-{(2R)-
tetrahydrofuran-2-ylcarbonyl]pyrrolidin-2-yl} carbonyl)amino]phenyl} - 1H-indol-5-
yDpyrrolidine-2-carboxamide;

tert-butyl [(1R)-2-{(25)-2-{(4-{5-[({(28)-1-[(2R)-2-[(tert-butoxycarbonyl)amino]-
2-{4-flucrophenyl)acetyl]pyrrolidin-2-yl} carbonyl)amino]-1H-indol-2-
yl}phenyl)carbamoyl]pyrrolidin-1-yl}-1-(4-fluorophenyl)-2-oxoethyl]carbamate;

(25)-1-{(2R)-2-[methyl(3-methylbutyl}amino]-2-phenylacetyl } -N- {4-[ 5-({[(2S)-
1-{(2R)-2-[methyl(3-methylbutyl) amino]-2-phenylacetyl} pyrrolidin-2-yljcarbonyl}amine)-1H-
indol-2-yl]phenyl} pyrrolidine-2-carboxamide;

(2S5)-1-[(28)-tetrahydrofuran-2-ylcarbonyl}-N-(4- {5-[({(28)-1-[(2S)-
tetrahydrofuran-2-ylcarbonyljpyrrolidin-2-yl} carbonyl)amino]- 1 H-indol-2-
yi}phenyl)pyrrolidine-2-carboxamide;

N-(tert-butoxycarbonyl)-D-valyl-N-{4-[5-( {1-[(2R)-2-(dimethylamino}-2-
phenylacetyl]-L-prolyl }amino)-1H-indol-2-yi]phenyl }-L-prolinamide;

(28)-1-[(2R)-2-(dimethylamino)-2-phenylacetyl}-N-{2-[4-({[(28)-1-(1,3-oxazol-
2-ylcarbonyl)pyrrolidin-2-yl]carbonyl} amino)phenyl]-1H-indol-5-yl} pyrrolidine-2-

carboxamide;
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tert-butyl {(1R)-2-{[(28)-1-({4-[5-({(2S)-2-[{(2R)-2-{(tert-
butoxycarbonyl)amino]-2-phenylacetyl} {methyl)amino]propanoyl } amino}-1H-indol-2-
yl]phenyl}amino)-1-oxopropan-2-yl)(methyl)amino} -2-oxo-1-phenylethylJcarbamate;

tert-butyl {(1R)-2-[(28)-2-({2-[4-(methylamino)phenyl]-1H-indol-5-
y1}carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

(28)-1-[(ZR)-2-(dimethylamino)-2-phenylacetyl]-N-{2-[4-({[(25)-1-
(phenylacetyl)pyrrolidin-2-yljcarbonyl} amino)phenyl]-1H-indo}-5-y1} pyrrolidine-2-
carboxamide;

(289)-1-{[(3R)-1-benzylpyrrolidin-3-yljcarbonyl}-N-(4-{ 5-[({{2S)-1-[(2R)-2-
(dimethylamino)-2-phenylacetyl]pyrrolidin-2-yl } carbonyl)amino]-1H-indol-2-
yl}phenyl)pyrrolidine-2-carboxamide;

(28)-1-{[(38)-1-benzylpyrrolidin-3-yljcarbonyl} -N-(4-{5-[({(28)-1-[ (2R)-2-
(dimethylamino)-2-phenylacetyljpyrrolidin-2-yl} carbonyl)amine]-1H-indol-2-
yl}phenyl)pyrrolidine-2-carboxamide;

N,N-dimethyl-D-leucyl-N-{4-[5-({ 1-{(2R)-2-(dimethylamino)-2-phenylacetyl]-L-
prolyl}amino)-1H-indol-2-yl}phenyl}-L-prolinamide;

N-(2-{4-[(cyclopentylcarbonyl) amino]phenyl}-1H-indol-5-y})-1-[(2ZR)-2-
{(dimethylamino)-2-phenylacetyl]-L-prolinamide;

tert-butyl [(28)-1-({4-[5-({1-[(2R)-2-(dimethylamino)-2-phenylacetyl]-L-
prolyl}amino)-1H-indol-2-yl]Jphenyl}amino)-1-oxopropan-2-yl]carbamate;

tert-butyl [(18)-2-({4-[5-({1-[(2R)-2-(dimethylamino)-2-phenylacetyl]-L-
prolyl}amino)-1H-indol-2-yl]phenyl} amino)-2-oxo-1-phenylethyljcatbamate;

tert-butyl [(2R)-1-({4-[5-({1-[(2R)-2-(dimethylamino)-2-phenylacetyl]-L-
prolyl}amino)-1H-indol-2-yl}phenyl } amino)-3-methyl-1-oxobutan-2-yljcarbamate;

(28,2'S)-N,N'-5,6,7,1 2-tetrahydrobenzo{6,7]cyclohepta[1,2-blindole-3,9-
diylbis[!-(phenylacetyl)pyrrolidine-2-carboxamide};

(28,2'S)-N,N'-6,11-dihydro-SH-benzo[a]carbazole-3,8-diylbis[1-
(phenylacety!)pyrrolidine-2-carboxamide];

dibenzyl (28,2'S)-2,2'«(6,11-dihydro-5H-benzo[a]carbazole-3,8-diyldicarbamoyl)
dipyrrolidine-1-carboxylate;

N-(8-bromo-6,11-dihydro-5H-benzo[a]carbazol-3-yl)-1-(phenylacetyl)-L-

prolinamide;
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di-tert-butyl (6,11-dihydro-SH-benzo[a]carbazole-3,8-diylbis
{carbamoyl(2S)pyrrolidine-2,1-diyl[(1S)-2-0x0-1-phenylethane-2,1-diyl] } )biscarbamate;

tert-butyl [(18)-2-{(28)-2-[(8-bromo-6,1 1-dihydro-5H-benzo[a]carbazol-3-y!)
carbamoyl]pyrrolidin-1-yl}-2-ox0-1-phenylethyl]carbamate;

(25,2'8)-N,N'-6,11-dihydro-5H-benzo[a]carbazole-3,8-diylbis {1-{(2R)-2-
(dimethylamino)-2-phenylacetyl]pyrrolidine-2-carboxamide};

(28,2'S)-N,N"-5,6,7,12-tetrahydrobenzo[6,7]cyclohepta [1,2-bindole-3,9-
diylbis{1-[(2R)-2-(dimethylamino)-2-phenylacetyl]pyrrolidine-2-carboxamide};

N-(6,11-dihydro-5H-benzo[a]carbazol-3-yl)}-1-{(2S)-2-[(3,3-
dimethylbutanoyl)amino] -2-phenylacety!}-L-prolinamide;

tert-butyl {(1R)-2-[(28)-2-(6,11-dihydro-5H-benzo[a]carbazol-3-
ylcarbamoyl)pyrrolidin-1-yi]-2-oxo-1-phenylethyl} carbamate;

di-tert-butyl (5,6,7,12-tetrahydrobenzo{6,7]cyclohepta[1,2-bJindole-3,9-diylbis
{carbamoyl(2S)pyrrolidine-2,1-diyl{(1R)-2-0x0-1-phenylethane-2,1-diyl]} )biscarbamate;

tert-butyl {{1R)-2-[(25)-2-(5-{4-[5-({[(28)-1-{(2R)-2-[(tert-butoxy
carbonyl)amino]-2-phenylacety!} pyrrolidin-2-yl]carbonyl }amino)-1H-indol-2-yl]phenyl} -1H-
imidazol-2-yl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

benzyl (28)-2-[5-(4-{5-[(1-{(2R)-2-[(tert-butoxycarbonyl) amino}-2-
phenylacetyl }-L-prolyDamino}-1H-indol-2-yl} phenyl)-1H-imidazol-2-yl]pyrrolidine-1-
carboxylate;

1-[(2R)-2-(dimethylamino)-2-phenylacetyl}-N-{2-[4-(2- {(28)-1-[(2R)-2-
(dimethylamino)-2-phenylacetyl}pyrrolidin-2-yl}-1H-imidazol-5-ylyphenyl]-1H-indol-5-yl1}-L-
prolinamide;

tert-butyl {(1R)-2-[(28)-2-({2-[4~(1H-imidazol-4-yl)phenyl]-1H-indol-3-
yi}carbamoyl) pyrrolidin- 1-yi]-2-oxo-1-phenylethyl }carbamate;

1-[(28)-2-(dimethylamino)-2-phenylacetyl]-N-{2-[4-(2-{ (25)-1-[(25)-2-
(dimethylamino)-2-phenylacetyl]pyrrolidin-2-yl} -1H-imidazol-5-y!)phenyl}-1H-indol-5-yl}-L-
prolinamide;

tert-butyl {(1R)-2-0x0-1-phenyl-2-[(28)-2-{[2-(4-{2-[(25)-1-
(phenylacetyl)pyrrolidin-2-yi]-1H-imidazol-5-y1} phenyl)- 1H-indol-5-yljcarbamoyl} pyrrolidin-
1-yljethyl} carbamate;
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tert-butyl {(1R)-2-[(28)-2-{[2-(4-{2-[(28S)-1-acetylpyrrolidin-2-y!]- 1H-imidazol-5-
yl}pheny!)-1H-indol-5-ylJcarbamoyl} pyrrolidin-1-yl]-2-oxo-1-phenylethyl }carbamate;

benzyl (28)-2-(5-{4-[5-({1-[(2R)-2-phenyl-2- {[(propan-2-
yloxy)carbonyl]amino }acetyl]-L-prolyl }amino)-1H-indel-2-yl]phenyl}-1 H-imidazol-2-
yDpyrrolidine-1-carboxylate;

tert-butyl {(1R)-2-[(28)-2-({2-[4-(2-{(28)-1-[(2R)-2-(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-yl}-1H-imidazol-5-yl)phenyl]-1H-indol-5-yl} carbamoyl)pyrrolidin-1-
yl]-2-0x0-1-phenylethyl} carbamate;

propan-2-yl [(1R)-2-{(28)-2-{1-methyl-4-(4-{5-[({(28)-1-[(2R)-2-pheny]-2-
{[(propan-2-yloxy)carbonylJamino}acetyl] pyrrolidin-2-yl}carbonyl)amino}-1H-indol-2-
yl}phenyl)-1H-imidazol-2-yl]pyrrolidin-1-y1}-2-oxo-1-phenylethyljcarbamate;

propan-2-y! {(1R)-2-[(28)-2-{[2-(4-{2-[(2S)-1-acetylpyrrolidin-2-yl}-1H-
imidazol-5-y1} phenyl)-1H-indol-5-yljcarbamoyl} pyrrolidin-1-yl]-2-0xo-1-
phenylethyl}carbamate;

propan-2-y] {(1R)-2-oxo-~1-pheny)-2-[(28)-2-{[2-(4-{2-[(28)-pyrrolidin-2-yI]-1B-
imidazol-5-y1} phenyl)-1H-indol-5-yl]carbamoyl} pyrrolidin-1-yl]ethyl j carbamate;

propan-2-yl {(1R)-2-[(28)-2-{5-[4-(1H-indol-2-yl)pbenyl]-1H-imidazol-2-
yi}pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

(2R)-2-(dimethylamino)-1-[(2S)-2-{5-[4-(1H-indol-2-yl)phenyl]-1H-imidazol-2-
yi}pyrrolidin-1-y1]-2-phenylethanone;

propan-2-yl [(1R)-2-0§(0-1 -phenyl-2-{(28)-2-[5-(4-{5-[{{(28)-1-[(2R)-2-pheny]-
2-{[(propan-2-yloxy)carbonyl] amino}acetyl])pyrrolidin-2-yl} carbonyl}amine]-1H-indol-2-
yl}phenyl)-1H-imidazol-2-yl} pyrrolidin-1-yl}ethyljcarbamate;

propan-2-yl {(1R)-2-[(28)-2-({2-[4-(2-{(2S)-1-[(2R)-2-(dimethylamino)-2-
phenylacetyl] pyrrolidin-2-yl}-1H-imidazol-5-yl)phenyl}-1H-indol-5-yI} carbamoyl)pyrrolidin-1-
yl}-2-oxo-1-phenylethyl} carbamate;

propan-2-yl {(1R)-2-[(28)-2-{4-[4-(3-chloro-1H-indol-2-yhphenyl}-1H-imidazol-
2-yl}pyrrolidin-1-y1}-2-oxo-1-phenylethyl} carbamate;

N-(methoxycarbonyl)-L-valyl-N-{2-[4-(2-{(28)-1-[N-(methoxycarbonyl)-L-
valyllpyrrolidin-2-yl}-1H-imidazol-5-yl)phenyl]- 1H-indo}-5-y1}-L-prolinamide;
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propan-2-y] [(1R)-2-oxo-1-phenyl-2-{(28)-2-[3-(4-{ 5-[({(2S)-1-[(2R)-2-pheny]-
2-{[(propan-2-yloxy)carbonyl Jamino }acetyl]pyrrolidin-2-yl }carbonyl)amino]-1H-indol-2-
y1}phenyl)-1H-pyrazol-5-yl]pyrrolidin-1-yl}ethyl]carbamate;

propan-2-yi [(1R)-2-ox0-1-phenyl-2-{(28)-2-[5-(4-{5-[({(28)-1-[(2R)-2-phenyl-
2-{[(propan-2-yloxy)carbonylJamino} acetyl]pyrrolidin-2-yl } carbonyl)amine}-1H-indol-2-
y1}phenyl)-1,3-thiazol-2-yl]pyrrolidin-1-yl}ethyljcarbamate;

propan-2-yl [(1R)-2-0xo-1-pheny!-2-{(28)-2-[2-(4-{5-[({(2S)-1-[(2R)-2-phenyl-
2-{[(propan-2-yloxy)carbonyl]amino}acetyl Jpyrrolidin-2-yl} carbonyl)amino}-1H-indo]-2-
yl} phenyl)-1H-imidazol-5-yljpymrolidin-1-yl }ethyl]carbamate;

1-[(2R)-2-phenyl-2-{[(propan-2-yloxy)carbonyl]amino} acetyl]-N- {4-{5-(2-{ (25)-
1-[(2R)-2-phenyl-2-{[(propan-2-yloxy)carbonyl]amino} acetyl ]pyrrolidin-2-yl }-1H-imidazol-5-
yl}-1-benzofuran-2-ylJphenyl}-L-prolinamide;

propan-2-yl {(1R)-2-{(28)-2-(5-{2-[4-(acetylamino)phenyl]-111-indol-5-yi}-1,3,4-
oxadiazol-2-yDpyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

(28)-1-(phenylacetyl)-N-{3-[5-({[(28)-1-(phenylacetyl)pyrrolidin-2-
yl]carbonyl}amino)-1H-indol-2-yl]phenyl} pyrrolidine-2-carboxamide;

(28)-1-(phenylacetyl)-N-{4-[6-({[(25)-1-(phenylacetyl)pyrrolidin-2-
yl]carbonyl }amino)- 1 H-indol-2-y1]phenyl} pyrrolidine-2-carboxamide;

(2S5)-1-(phenylacetyl)-N-{3-[6-({[(28)-1-(phenylacetyl)pyrrolidin-2-
yl]carbonyl}amino)-1H-indol-2-yl]phenyl } pyrrolidine-2-carboxamide;

tert-butyl [(1R)-2-{(28)-2-[(2-{2-[(2S)-1- {{2R)-2-[(tert-butoxycarbonyl) amino}]-
2-phenylacetyl} pyrrolidin-2-yi]-1H-benzimidazol-5-y1} - 1H-indol-5-yl)carbamoyl] pyrrolidin-1-
yl}-2-0x0-1-phenylethyl]carbamate;

(28)-N-{4-[3-bromo-5-({[(28)-1-(phenylacetyl)pyrrolidin-2-yljcarbonyl }amino)-
1H-indol-2-yl]phenyl}-1-(phenylacetyl)pyrrolidine-2-carboxamide;

tert-butyl {(18)-2-[(28)-2-({2-[4-(acetylamino)phenyl]-3-fluoro-1H-indo}-5-
yl}carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

(28)-N-{4-[3-chloro-5-({[(2S)-1-(phenylacetyl)pyrrolidin-2-yl]carbonyl }amino)-
1H-indol-2-yl]phenyl}-1-(phenylacetyl) pyrrolidine-2-carboxamide;

(28)-N-{4-[3-fluore-5-({[(2S)-1-(phenylacetyl)pyrrolidin-2-yl]carbonyl }amino)-
1H-indol-2-yl]pheny!}-1-(phenylacetyl} pyrrolidine-2-carboxamide;
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tert-butyl {(15)-2-[(28)-2-({4-[5-({[(2S)-1-{(28)-2-[(tert-butoxycarbonyl}amino]-
2-phenylacetyl} pyrrolidin-2-yljcarbonyl} amino)-3-fluoro-1H-indol-2-yl]phenyl } carbamoyl}
pyrrolidin-1-yl}-2-oxo-1-phenylethyl} carbamate;

tert-butyl {(18)-2-[(2S)-2-({2-[4-(acetylamino)phenyl}-3-chlore-1H-indol-5-
yl}carbamoyl) pyrrolidin-1-yl}-2-oxo-1-phenylethyl} carbamate;

(28)-N-{4-[3-iodo-5-({[(2S)-1-(phenylacetyl)pyrrolidin-2-yl] carbonyl}amino)-
1H-indol-2-yi] phenyl}~1-(phenylacetyl) pyrrolidine-2-carboxamide;

tert-butyl {(18)-2-[(28)-2-({2-[4-({[(25)-1-acetylpyrrolidin-2-
yl]carbony!} amino)phenyl]-3-fluoro-1H-indol-5-yl }carbamoyl)pyrrolidin-1-yl]-2-oxo-1-
phenylethyl}carbamate;

(28)-1-{(28)-2-[(3,3-dimethylbutanoyl)amino}-2-phenylacetyl } -N-{4-[5-({[(25)-
1-{(28)-2-[(3,3-dimethylbutanoyl) amino]-2-phenylacetyl} pyrrolidin-2-yl]carbonyl}aminc)-3-
fluoro-1H-indol-2-yl}phenyl} pyrrolidine-2-carboxamide;

tert-butyl {(1R)-2-{(2S)-2-({4-[5-({[(2S)-1-{(2R)-2-[(tert-
butoxycarbonyl)amino]-2-phenylacetyl} pyrrolidin-2-ylJcarbonyl}amino)-3-fluoro- 1H-indol-2-
yl]pheny!}carbamoy}) pyrrolidin-1-y1]-2-0x0-1-phenylethyl} catbamate;

tert-butyl {{1R)-2-[(28)-2-({2-[4-(acetylamino)phenyl]-3-fluoro-1H-indol-5-
yl}carbamoyl)pyrrolidin-1-y1}-2-oxo-1-phenylethyl } carbamate;

tert-butyl {(1R)-2-{(2S)-2-({2-[4-({[(28)-1-acetylpyrrolidin-2-
y}]carbonyl}amino)phenyl]-3-fluoro-1H-indcl-5-yl} carbamoyl)pyrrolidin-1-yl}-2-oxo-1-
phenylethyl}carbamate;

tert-butyl {(1R)-2-[(28)-2-({3-fluoro-2-[4~(2-oxopyrrolidin-1-yl)phenyl}-1H-
indol-5-yl}carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl }carbamate;

N-{2-[4-(acetylamino)phenyl}-3-fiuoro-1H-indol-5-y1} -1-[(2R)-2-pheny]-2-
(pyrrolidin-1-yl)acetyl]-L-prolinamide;

N-(tert-butoxycarbonyl)-D-alanyl-N-{2-[4-(acetylamino)phenyl]-3-fluoro-1H-
indol-5-y1}-L-prolinamide;

N-{2-[4-(acetylamino)phenyl]-3-fluoro-1H-indol-5-y1}-1-[(2R)-2-
(dimethylamino)-2-phenylacetyl}-L-prolinamide;

N-(tert-butoxycarbonyl)-D-leucyl-N-{2-[4-(acetylamino)phenyl}-3-flucro-1H-
indol-5-y1}-L-prolinamide;
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propan-2-yl [(1R)-2-{(2S)-2-[(4-{5-[({(2S)-1-[(2R)-2~(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-yl} carbonyl)amino]-3-fluoro-1H-indol-2-yl} phenyl)carbamoyi]
pymrolidin-1-yi}-2-oxo0-1-phenylethyl]carbamate);

tert-butyl (2S)-2-[(3-fluoro-2-{4-[({(28)-1-[(2R)-2-phenyl-2-{[(propan-2-
yloxy)carbonyl] amino} acetyl]pyrrolidin-2-yl} carbonyl)amino]phenyl}-1H-indol-5-
yl)carbamoyl] pyrrolidine-1-carboxylate;

propan-2-y! [(1R)-2-{(25)-2-[(4-{3-bromo-5-{({(2S)-1-[(2R)-2-phenyl-2-
{[(propan-2-yloxy)carbonyl}amine }acetyl] pyrrolidin-2-yl}carbonyl)amino]-1-benzofuran-2-
yl}phenyl} carbamoyl] pyrrolidin-1-yl}-2-0x0-1-phenyiethyl]carbamate;

(25)-N-(4-{3-bromo-3-[({(25)-1-[(2R)-2-(dimethylamino}-2-
phenylacetyllpyrrolidin-2-yl} carbonyl)amino]-1-benzofuran-2-yl} phenyl}-1-[(2R)-2~
(dimethylamino)-2-phenylacetyl]pyrrolidine-2-carboxamide;

methyl {(1R)-2-[(25)-2-({4~[3-bromo-5-({[(28)-1-{(2R)-2-
[(methoxycarbonyl)amino}-2-phenylacetyl} pyrrolidin-2-yl]carbonyl } amino)- 1-benzofuran-2-
yllphenyl} carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl}carbamate;

methyl {(25)-1-[(28)-2-({4-[3-fluoro-5-({[(2S)-1-{(25)-2~
{(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yljcarbonyl } amino)-1H-indo}-2-
yl]phenyl}carbamoyl)pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl }carbamate;

N-{2-{4-(acetylamino)phenyl]-3-bromo-1-benzofuran-5-yi}-1-[(2R)-2-
(dimethylamino)-2-phenylacetyl]-L-prolinamide;

(2S)-N-(4-{3-bromo-5-[{{(2S)-1-[(2R)-2-(diethylamino)-2-
phenylacetyl]pyrrolidin-2-y1} carbonyl)amino]-1-benzofuran-2-yl}phenyl)-1-[(2R)-2-
(diethylamino)-2-phenylacetyl] pyrrolidine-2-carboxamide;

(28)-1-acetyl-N-(4-{3-bromo-5-[({{2S)-1-[(2R)-2-(dimethylamino)-2-
phenylacetyl] pyrrolidin-2-y1}carbonyl)amino]-1-benzofuran-2-yl} phenyl) pyrrolidine-2-
carboxamide;

tert-butyl {(18)-2-[(28)-2-({4-[3-bromo-5-({[(28)-1-{(28)-2-[(tert-
butoxycarbonyl)amino]-2-phenylacetyl}pyrrolidin-2-yljcarbonyl } amino)- 1 -benzofuran-2-
yl]phenyl} carbamoyl)pyrrolidin-1-yl}-2-ox0-1-phenylethyl} carbamate);

(28)-N-{4-[3-bromo-5-({[(2S)-1-(phenylacetyl)pyrrolidin-2-yl] carbonyl}amino)-

1-benzofuran-2-yl]phenyl}-1-(phenylacetyl) pyrrolidine-2-carboxamide;
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tert-butyl {(1R)-2-[(28)-2-({4-[3-bromo-5-({{(28)-1-{(2R)-2-[(tert-
butoxycarbonyl)amino]-2-phenylacetyl}pyrrolidin-2-yl]Jcarbonyl}amino)-1-benzofuran-2-
yl]phenyl} carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;
(28)-N-{4-[3-cyano-5-({[(28)-1-(phenylacetyl)pyrrolidin-2-yl]carbonyl }amino}-
1H-indol-2-y1]phenyl}-1-(phenylacetyl)pyrrolidine-2-carboxamide;
(28)-N-{4-[3-(2,2-dimethylpropanoyl)-5-({{(2S)-1-(phenylacetyl) pyrrolidin-2-
yl]carbony!} amino)-1H-indol-2-yl]phenyl}-1-(phenylacetyl)pyrrolidine-2-carboxamide;
5-({[(28)-1-(phenylacetyl)pyrrolidin-2-yl]Jcarbonyl} amino)-2-[4-({[(25)-1-
(phenylacetyl)pyrrolidin-2-yl]carbonyl} amino)phenyl]-1H-indole-3-carboxamide;
tert-butyl {(1R)-2-{(2S)-2-({4-[S-({[(28)-1-{(2R)-2-[(tert-
butoxycarbonyl)amino}-2-phenylacetyl} pyrrolidin-2-yl]carbonyl tamino)-3-
(cyclopropylcarbamoyl)-1H-indol-2-yl}phenyl} carbamoyl)pyrrolidin-1-yl]-2-oxo-1-
phenylethyl}carbamate;
tert-butyl {(1R)-2-[(28)-2-({4-[5-({[(2S)-1-{{2R)-2-[(tert-butoxy-
carbonylJamino]-2-phenylacetyl} pyrrolidin-2-yl)carbonyl} amino)-3-(4-methoxyphenyl)-1H-
indol-2-yljphenyl } carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl }carbamate;
(28)-1-(phenylacety})-N- {4-[3-phenyl-5-({[(28)-1-(phenylacety])pyrrolidin-2-
yl]carbonyl }amino)-1H-indol-2-ylJphenyl} pyrrolidine-2-carboxamide;
(28)-N-{4-[3-ethyl-5-({[(28)-1-(phenylacetyl)pyrrolidin-2-yl]carbonyl }amino)-
1H-indol-2-yl]phenyl}-1-(phenylacetyl) pyrrolidine-2-carboxamide;
(28)-N-{4-[3-acetyl-5-({[(2S)-1-(phenylacetyl)pyrrolidin-2-yljcarbonyl }amino)-
1H-indol-2-y1Jphenyl}-1-(phenylacetyl) pyrrolidine-2-carboxamide;
(2S)-1-(phenylacetyl)-N-{4-[5-({[(25)-1-(phenylacetyl) pyrrolidin-2-
yl]carbonyl}amino)-3-(phenylcarbonyl)-1H-indol-2-yl}phenyl} pyrrolidine-2-carboxamide;
(29)-1-(phenylacetyl)-N- {2-[4-({[(25)-1-(phenylacetyl) pyrrolidin-2-ylJcarbonyl}
amino)phenyl]-3-(pyridin-4-yl)-1H-indol-5-yl} pyrrolidine-2-carboxamide;
benzyl (28)-2-[(4-{5-[({(2S)-1-{(benzyloxy)carbonyljpyrrolidin-2-
yl}carbonyl)amino}-3-phenyl-1H-indol-2-y1} phenyl) carbamoyl]pyrrolidine-1-carboxylate;
(28)-N- {4-[3-cyano-5-({[(2S)-1-(phenylacety])pyrrolidin-2-yl]carbonyl }amino)-
1H-indol-2-yl]phenyl}-1-(phenylacetyl) pyrrolidine-2-carboxamide;
(28)-N-{4-[3-cyclopropyl-5-({{(28)-1-(phenylacetyl) pyrrolidin-2-
yl]carbonyl}amino)-1H-indol-2-yl]pheny!}-1 -(phenylacetyl)pyrrolidine-2-carboxamide;
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benzyl (28)-2-[(4-{5-[({(28)-1-[(benzyloxy)carbonyi]pyrrolidin-2-
yl}carbonyl)amino]-3-(3-methoxyphenyl)-1H-indol-2-y1} phenyl)carbamoy!]pyrrolidine- 1-
carboxylate;

tert-butyl {(1R)-2-[(28)-2-({4-[5-({[(2S)-1-{(2R)-2-{ (tert-
butoxycarbonyl)amino]-2-phenylacetyl } pyrrolidin-2-yljcarbonyl} amino)-3-(3-methylphenyl)-
1H-indol-2-yl]phenyl}carbamoyl)pyrmrolidin-1-yl}-2-0xo-1-phenylethyl }carbamate;

tert-butyl {(1R)-2-[(2S)-2-({4-[5-({[(2S)-1-{(2R)-2-[(tert-
butoxycarbonyl)amino]-2-phenylacetyl } pyrrolidin-2-yljcarbonyl } amino)-3-(2-methylphenyl)-
1H-indol-2-yl]phenyl} carbamoyl)pyrrolidin-1-yl]-2-ox0-1-phenylethyl } carbamate;

tert-butyl {(1R)-2-[(28)-2-({2-[4-({[(258)-1-{(2R)-2-[(tert-
butoxycarbonyl)amino]-2-phenylacetyl} pyrrolidin-2-yljcarbonyl} amino)phenyl]-3-(pyridin-4-
yD-1H-indol-5-yl}carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyi} carbamate;

tert-butyl {(1R)-2-[(25)-2-{{4-[5-({[(25)-1-{(ZR)-2-[(tert-
butoxycarbonyl)amino]-2-phenylacetyl } pysrolidin-2-yl]carbonyl } amino)-3-cyano-1H-indol-2-
vl]phenyl}carbamoyl) pyrrolidin-1-y1j-2-ox0-1-phenylethy!} carbamate;

(28)-N-(4-{3-cyano-5-[({(25)-1-[(2R)-2-(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-yl} carbonyl)amino]- 1 H-indol-2-yi} phenyl}-1-[(2R)-2-
{dimethylamino)-2-phenylacetyl] pyrrolidine-2-carboxamide;

tert-butyl {{1R)-2-[(28)-2-({2-[4-(acetylamino)phenyl]-3-cyano-1H-indol-5-
yl}carbamoyl)pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

tert-butyl {(1R)-2-{(28)-2-({4-[5-({[(2S)-1-{(2R)-2-{(tert~
butoxycarbonyl)amine]-2-phenylacetyl } pyrrolidin-2-yl]Jcarbonyl } amino)-3-
(dimethylcarbamoyl)-1H-indol-2-yl]phenyl }carbamoyl) pyrrolidin-1-yl]-2-oxo-1-
phenylethyl}carbamate;

methyl 5-({{(28)-1-{(2R}-2-[{tert-butoxycarbonyl)amino]-2-
phenylacetyl} pyrrolidin-2-yl]carbonyl} amine)-2-[4-({[{28)-1-{ (2R)-2-[(tert-
butoxycarbonyl}amino]-2-phenylacetyl} pyrrolidin-2-yl]carbonyl} amino)phenyl}-1H-indole-3-
carboxylate;

5-({[(28)-1-{(2ZR)-2-[(tert-butoxycarbonyl)amino]}-2-phenylacetyl} pyrrolidin-2-
yl]carbonyl}amino)-2-[4-({[(28)-1-{(2R)-2-[(tert-butoxycarbonyl) amino]-2-phenylacetyl}
pyrrolidin-2-yl]carbonyl }amino) phenyl]-1H-indole-3-carboxylic acid;
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teri-butyl {(1R)-2-[(2S)-2-({2-[3-(acetylamino)prop-1-yn-1-yi]-1H-indol-5-
yl} carbamoyl)pyrrolidin-1-y1]-2-oxo-1-phenylethyl } carbamate;

N-{4-[5-(furan-3-yI)-1H-indol-2-yl]phenyl}-1-(phenylacetyl}-L- prolinamide;

N-(4-{5-[6-(dimethylamino)-4-methylpyridin-3-yl]-1H-indol-2-y1} phenyl)-1-
(phenylacetyl)-L-prolinamide;

N-{4-[5-(1-benzothiophen-3-yl)-1H-indol-2-yl]phenyl}-1-(phenylacetyl)-L-
prolinamide;

N-{4-[5-(1-benzyl-1H-pyrazol-4-yl}-1H-indol-2-yl]phenyl}-1-(phenylacetyl)-L-
prolinamide;

N-{4-[5-(2,3-dihydro-1,4-benzodioxin-6-yl)-1H-indol-2-yl]phenyl}-1-
{phenylacety!)-L-prolinamide;

1-(phenylacetyl)-N- {4-{5-(quinolin-8-yl}-1H-indol-2-ylJphenyl}-L-prolinamide;

1-(phenylacetyl)-N-{4-[5-(thiophen-3-yl)- 1H-indo}-2-yl]phenyl}-L-prolinamide;

tert-butyl {(18)-2-{(28)-2-{[4-(5-cyano-1H-indol-2-yl)phenyl}
carbamoyl}pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

propan-2-yl [(1R)-2-0x0-1-phenyl-2- {(28)-2-[4-(2- {4-[({(25)-1-[(ZR)-2-pbeny]-
2-{[(propan-2-yloxy)carbonyl] amino}acetyl}pyrrolidin-2-yl}carbonyl)amino]phenyl}-1H-indol-
5-y1)-1H-imidazol-2-y]] pyrrolidin-1-yl}ethyljcarbamate;

propan-2-y1 {{1R)-2-[(28)-2-(5-{2-[4-(acetylamino)phenyl]}-1H-indol-5-y1}-1,3,4-
oxadiazol-2-yDpyrrolidin-1-yl]-2-oxo- 1-phenylethyl } carbamate;

N-{4-[5-(5-{(28)-1-[(2R)-2-(diethylamino)-2-phenylacetyl}pyrrolidin-2-yl}-
1,3 ,4-oxadiazol-2-y])-1H-indol-2-yl]phenyl } acetamide;

methyl [(28)-1-{(28)-2-{5-(10-{2-[(25)-1-{(28S)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl } pyrrolidin-2-y1]-1H-imidazol-5-y1}indolo[1,2-¢] [1,3]benzoxazin-3-yl)-1H-
imidazol-2-yl}pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-yljcarbamate;

methyl [(28)-1-{(28)-2-{5-(12-fluoro-10-{2-[(28)-1-{(25)-2~
[{methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yl]- 1H-imidazol-5-y1}indolo[1,2-c]
[1,3]benzoxazin-3-yl)-1H-imidazo}-2-yl]pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-ylcarbamate;

(28)-1-[(2R)-2-(dimethylamino)-2-phenylacetyl]-N-(2- { 5-[({(25)-1-[(2R)-2-
(dimethylamino)-2-phenylacetyl]pyrrolidin-2-yl} carbonyl)amino}-1,3-benzoxazol-2-yl}-1H-

indol-5-ylpyrrolidine-2-carboxamide;
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1-[(2R)-2~(diethylamino)-2-phenylacetyl]-N-{2-[4-(5-{(25)-1-[(2R)-2-
(diethylamino)-2-phenylacetyl]pyrrolidin-2-y1}-1,3,4-oxadiazol-2-yl)phenyl]-1 H-indol-5-y1}-L-
prolinamide;

methyl {(2S)-1-[(28)-2-{5-[4-(5-{2-[(2S)-1-{(2S)-2-[(methoxy- carbonyl)amino]-
3-methylbutanoyl} pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-benzofuran-2-yl)phenyl]-1H-imidazol-
2-y}pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-yl } carbamate;

(2R)-2-(diethylamino)-1-[(28)-2-(5-{4-[5-(2-{ (28)-1-[(2R)-2~(diethylamino)-2-
phenylacetyl] pyrrolidin-2-yl}-1H-imidazol-5-yl)-1-benzofuran-2-yl]phenyl}-1H-imidazol-2-
yDpyrrolidin-1-yl]-2-phenylethanone;

methy] {(1S)-1-cyclopropyl-2-[(28)-2-{5-[4-(5-{2-[(2S)-1-{(2S)-2-cyclopropyl-
2-[(methoxycarbonyl)amino]acetyl }pyrrolidin-2-yl}-1H-imidazol-5-y1 }-1-benzofuran-2-
yl)phenyl]-1H-imidazol-2-yl}pyrrolidin-1-yl]-2-oxoethyl }carbamate;

methyl {(1R)-1-cyclopropyl-2-[(25)-2-{5-[4-(5-{2-[(25)-1-{(2R)-2-¢cyclopropyl-
2-[(methoxycarbonyl)aminolacetyl} pyrrolidin-2-y1]- 1H-imidazol-5-y1} - 1-benzofuran-2-
yD)phenyl]-1H-imidazol-2-yl}pyrrolidin-1-yl]-2-oxoethyl} carbamate;

methyl {(2R)-1-](28)-2-{5-[2-(4-{2-[(28)-1-{(2R)-2-[(methoxycarbonyl)amino}-
3-methylbutanoyl} pyrrolidin-2-yl]-1H-imidazol-5-yl} phenyl}-1-benzofuran-5-yl]-1H-imidazol-
2-yl}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl} carbamate;

methyl {(28)-1-[(2S)-2-{5-[4-(5-{2-[(28)-1-{(25)-2-[(methoxycarbonyl)amino}-
3,3-dimethylbutanoyl} pyrrolidin-2-yl}-1H-imidazol-5-yl}-1-benzofuran-2-yl)phenyl}-1H-
imidazol-2-yl}pyrrolidin-1-yl}-3,3-dimethyl-1-oxobutan-2-yl}carbamate;

methyl {(1R)-2-[(28)-2-{5-[4-(5-{2-[(28)-1-{(2R)-2-[{methoxycarbonyl)amino]-
2-phenylacetyl}pyrrolidin-2-yl}-1H-imidazol-4-yl} -1-benzofuran-2-yl)phenyl]-1H-imidazol-2-
yl}pyrrolidin-1-yl]-2-0x0-1-phenylethyl } carbamate;

methyl {(28,3R)-1-[(28)-2-(5-{2-[4-(2- {(2S)-1-[N-(methoxycarbonyl)-L-
alloisoleucyl]pyrrolidin-2-y1}-1H-imidazoel-5-yl)phenyl]-1-benzofuran-5-yl }-1H-imidazol-2-
yl)pyrrolidin- 1-yl}-3-methyl-1-oxopentan-2-yl} carbamate;

methyl {(2S)-3-hydroxy-1-[(28)-2-{5-[4-(5-{2-[(28)-1-{(2S)-3-hydroxy-2-
[(methoxycarbonyl) amino]propanoyl}pyrrolidin-2-yl}-1H-imidazol-5-y1} - 1-benzofuran-2-
yl)phenyl}-1H-1midazol-2-y!} pyrrolidin-1-yl}-1-oxopropan-2-y1} carbamate;
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methyl {(2S,3R)-3-hydroxy-1-[(28)-2-{5-[4-(5-{2-[(28)-1-{(28,3R)-3-hydroxy-2-
[(methoxycarbonyl)aminoe]butanoyl} pyrrolidin-2-y1}-1H-imidazol-5-y1} -1-benzofuran-2-
y)phenyl}-1H-imidazol-2-yl} pyrrolidin-1-yi}-1-oxobutan-2-yl } carbamate;

methyl {(28)-1-[(2S)-2-{5-[4-(5-{2-[(2S)-1-{(2S)-2-[(methoxycarbonyl)amino]-
4-methylpentanoyl} pyrrolidin-2-yi]-1H-imidazol-5-y1}-1-benzofuran-2-yl)phenyl}-1H-
imidazol-2-y1} pyrrolidin-1-yl}-4-methyl- 1-oxopentan-2-yl} carbamate;

methyl {(28)-1-[(28)-2-{5-[3-fluoro-4-(5-{2-[(28)-1-{(2S)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yl]-1H-imidazol-5-y1}-1-benzofuran-
2-yD)phenyl]-1H-imidazol-2-yl} pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl} carbamate;

methyl {(1R)-2-[(28)-2-{5-[3-fluoro-4-(5-{2-[(2S)-1-{(2R)-2-
[(methoxycarbonyl)amino]-2-phenylacetyl} pyrrolidin-2-yl]-1H-imidazol-5-yl}-1-benzofuran-2-
yl)phenyl]-1H-imidazol-2-yl} pyrrolidin-1-yl]-2-oxo-1-phenylethyl} carbamate;

methyl {(28)-1-[(28)-2-{5-[3-fluoro-4-(5-{2-[(28)-1-{(2S)-2-

| [(methoxycarbonyl)amino]-3-methylbuianoyl} pyrrolidin-2-y1j-1H-imidazol-5-y1}-1-benzofuran-

2-yD)phenyl}-1H-imidazo)-2-yl} pyrrolidin-1-yl]-3-methyl- 1-oxobutan-2-yl} carbamate;

methyl {(28)-1-[(25)-2-{5-[2-(2,6-difluoro-4-{2-[(25)-1-{(2S)-2-
[(methoxycarbonyl) amino]-3-methylbutanoyl} pyrrolidin-2-y1]-1H-imidazol-5-yl} phenyl)-1-
benzofuran-5-yl]-1H-imidazol-2-y1} pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl } carbamate;

methyl {(1R)-2-[(28)-2-{5-[3-methoxy-4-(5-{2-[(28)-1-{(ZR)-2-
[(methoxycarbonyl) amino]-2-phenylacetyl} pysrolidin-2-yl]-1H-imidazol-5-yl} -1-benzofuran-2-
yhphenyt]-1H-imidazol-2-yl} pyrrolidin- 1-yl]-2-0x0-1-phenylethyl} carbamate;

methyl {(28)-1-[(28)-2-{5-[2-(2-chloro-4-{2-[(28)-1-{(28)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yl]- 1H-imidazol-4-yl} phenyl)-1-
benzofuran-5-y1}-1H-imidazol-2-yl} pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl} carbamate;

methyl {(1R)-2-[{28)-2-{4-{3-cyano-4-(5-{2-[(2S)-1-{(2R)-2-
[(methoxycarbonyl)amino]-2-phenylacetyl} pyrrolidin-2-y1}-1H-imidazol-5-yl} -1-benzofuran-2-
yl)phenyl]-1H-imidazol-2-yl} pyrrolidin-1-yl]-2-oxo-1-phenylethyl }carbamate;

methyl {(28)-1-[(28)-2-{5-[2-(4-{2-[(25)-1-{(28)-2-[(methoxycarbonyl)amino]-
3-methylbutanoyl}pyrrolidin-2-y1]}-1H-imidazol-4-yl}-2-methylphenyl)-1-benzofuran-5-yl]-1H-
imidazol-2-yi} pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-yl } carbamate,

methyl [(18)-2-[(28)~2-(5-{3-fluoro-4-[5-(2-{(28)-1-[(25)-2-
[(methoxycarbonyl)amino]-2-(tetrahydro-2H-pyran-4-yl)acetyl]pyrrolidin-2-yl}-1H-imidazol-5-
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yl)-1-benzofuran-2-yl]phenyl}-1H-imidazol-2-yl)pyrrolidin-1-yl]-2-oxo-1-(tetrahydro-2H-pyran-
4-ylethyl]carbamate;

methyl {(25)-1-[(28)-2-{4-[3-fluoro-4-(5-{2-{(2S)-1-{(2R)-2-
[(methoxycarbonyl)amino]-2-phenylacetyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-benzofuran-2-
yl)phenyl]}-1H-imidazol-2-yl} pyrrolidin-1-y1}-3-methyl- 1-oxobutan-2-yl } carbamate;

methyl {(1R)-2-[(28)-2-{5-[4-(5-{2-[(28)-1-{{2R)-2 [(methoxy-
carbonyl)amino]-2-phenylacetyl} pyrrolidin-2-yl]-1H-imidazol-5-y1}-1,3-benzoxazol-2-
yl)phenyl]-1H-imidazol-2-y1} pyrrolidin-1-yl]-2-oxo0-1-phenylethyl } carbamate;

methyl {(25)-1-{(28)-2-{5-[2-(4-{2-{(2S)-1-{(2S)-2-[(methoxycarbonyl) amino}-
3-methylbutanoyl} pyrrolidin-2-yl]-1H-imidazol-5-y1} phenyl)-1,3-benzoxazol-5-y1]-1H-
imidazol-2-yl}pyrrolidin-1-yl}-3-methyl- 1-oxobutan-2-yl }carbamate;

methyl {(1R)-1-cyclopropyl-2-[(2S)-2-{5-[4-(5- {2-{(2S)-1-{(2R)-2-cyclopropyl-
2-[(methoxycarbonyl) aminoJacetyl} pyrrolidin-2-y1)-1H-imidazol-5-y1}-1,3-benzoxazol-2-
yDphenyl}-1H-imidazol-2-yl} pyrrolidin-1-yl]-2-oxoethyl} carbamate;

dimethyl (indolof1,2-c][1,3}benzoxazine-3,10-diylbis{ 1H-imidazole-5,2-
diyl(2S)pyrrolidine-2,1-diyl[(1R)-2-0x0-1-phenylethane-2,1-diyl] } )biscarbamate;

methyl [(28)-1-{(2S)-2-[5-(11-{2-[(2S)-1-{(28)-2-[(methoxycarbonyl) amino]-3-
methylbutanoyl} pyrrolidin-2-yl]-1H-imidazol-5-y1}-6,7-dihydroindolo[ 1,2-d)[1,4]
benzoxazepin-3-yl)-1H-imidazol-2-yljpyrrolidin-1-yl}-3-methyl-1-oxobutan-2-yl]carbamate;

methyl [(28)-1-{(28)-2~[5-(3-{2-[(2S)-1-{(25)-2-[(methoxycarbonyl} amino]}-3-
methylbutanoyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-6,6-dimethylindolo[ 1,2-¢][1,3] benzoxazin-
10-y1)-1H-imidazol-2-yl]pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-yl]carbamate;

methyl [{25)-1-{(28)-2-[5-(12-fluoro-10-{2-[(2S)-1-{(28)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-y1]-1H-imidazol-5-y1}-6-
methylindolo[1,2-c][1,3]benzoxazin-3-yl)-1H-imidazol-2-yl]pyrrolidin-1-yl}-3-methy}-1-
oxobutan-2-yl]carbamate;

methyl [(28)-1-{(28)-2-[5-(3-{2-[(28)-1-{(28)-2-[(methoxycarbonyl) amino]-3-
methylbutanoyl} pyrrolidin-2-yl]-1H-imidazol-5-y1} indolo[1,2-c}quinazolin-10-y1)- 1 H-imidazol-
2-yl]pyrrolidin-1-yl1}-3-methyl-1-oxobutan-2-yl)carbamate;

methyl [(28)-1-{(28)-2-]5-(12-{2-[(28)-1-{(23)-2-[(methoxycarbonyl) amino]-3-
methylbutanoyl}pyrrolidin-2-ylj-1H-imidazol-5-yl}-7,8-dihydro-6H-indolo[1,2-
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e][1,5]benzoxazocin-3-yl)-1H-imidazol-2-yl]pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-
yl]carbamate;

methyl [(28)-1-{(28)-2-[5-(3-{2-[(28)-1-{(2S)-2-[(methoxycarbonyl} aminc]-3-
methylbutanoyl} pyrrolidin-2-ylj-1H-imidazol-5-y1} -6-0x0-5,6-dihydroindolof1,2-c]quinazolin-
10-y1)-1H-imidazol-2-yl]pymolidin-1-yl}-3-methyl-1-oxobutan-2-yllcarbamate;

methyl [(28)-1-{(28)-2-[5-(10-{2-[(28)-1-{(28)-2-[(methoxycarbonyl) amino}-3-
methylbutanoyl} pyrrolidin-2-y1}-1H-imidazol-5-yl}-6-phenylindolo[1,2-c][ 1,3 ]benzoxazin-3-
y1)-1H-imidazol-2-yl]pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-yl]carbamate;

methyl [(28)-1-{(28)-2-[5-(3-{2-[(28)-1- {(28)-2-[(methoxycarbonyl) amino]-3-
methylbutanoyl} pyrrolidin-2-yl}-1H-imidazo!-5-y1} -6-methylindolo{1,2-c]quinazolin-10-yl)-1H-
imidazol-2-yl]pyrrolidin-1-y13} -3-methyl-1-oxobutan-2-yl]carbamate;

methyl [(28)-1-{(28)-2-[5-(10"-{2-[(2S)-1-{(28)-2-{(methoxycarbonyl) amino]-3-
methylbutanoyl}pyrrolidin-2-yl}-1H-imidazol-5-yl}spiro [cyclohexane-1,6"-indelo(1,2-
c][1,3]benzoxazin}-3'-yl)-1H-imidazol-2-yl]pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-
yl]carbamate;

methyl [(28)-1-{(28)-2-[5-(1,12-difluoro-10-{2-[(25)-1-{(28)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yl]-1H-imidazol-5-y1} indolo[1,2-
¢][1,3]benzoxazin-3-yl)-1H-imidazol-2-yl}pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-
yl]carbamate;

methyl [(28)-1-{(25)-2-[5-(12-cyano-10-{2-[(28)-1-{(28)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yl]-1 H-imidazo}-5-yl} indolo{1,2-
c][1,3]benzoxazin-3-yl)-1H-imidazol-2-yl]pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-
yljcarbamate; and

pharmaceutically acceptable salts thereof.

32. A compound according to claim 1 or claim 2, chosen from the group
consisting of:

methyl {(25)-1-[(28)-2-{5-[4-(5-{2-[(28)-1-{(28)-2-[(methoxy- carbonyl)amino]-
3-methylbutanoyl} pyrrolidin-2-y1]-1 H-imidazol-5-yl} -1-benzofuran-2-yl)phenyl}-1 H-imidazol-
2-yl}pyrrolidin-1-yi]-3-methy)- 1 -oxobutan-2-yl} carbamate;
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methyl {(2R)-1-[(25)-2-{5-[2-(4-{2-[(25)-1-{(2R)-2-[(methoxycarbonyl)amino]-
3-methylbutanoy!} pyrrolidin-2-yl}-1H-imidazol-5-yl} phenyl)-1-benzofuran-5-y1]-1 H-imidazol-
2-yl}pyrrolidin-1-yl1]-3-methyl-1-oxobutan-2-yl} carbamate;

methyl {(25)-1-[(28)-2-{5-[4-(5-{2-[(25)-1-{(25)-2-[(methoxycarbonyl)amino]-4-
methylpentanoy!} pyrrolidin-2-yl]-1H-imidazol-5-yl1}-1-benzofuran-2-yl)phenyi]-1 H-imidazol-
2-yl}pyrrolidin-1-yl]-4-methyl-1-oxopentan-2-yl} carbamate;

methyl {(28)-1-[(25)-2-{5-[3-flucro-4-(5-{2-[(25)-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-y1]-1 H-imidazol-5-y1}-1-benzofuran-
2-yD)phenyl)-1H-imidazol-2-yl} pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-y1} carbamate;

methyl {(28)-1-((25)-2-{5-[3-fluoro-4-(5-{2-[(25)-1-{(28)-2-
[(methoxycarbonyl)aminol-3-methylbutanoyl }pyrrolidin-2-y1j-1 H-imidazol-5-y1} -1 -benzofuran-
2-yl)phenyl]-1H-imidazol-2-y1}pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-yl }carbamate;

methyl {(25)-1-{(2S)-2-{5-[2-(2,6-diflucro-4-{2-[(25)-1-{(25)-2-
[(methoxycarbonyl) amino]-3-methylbutanoyl} pyrrolidin-2-yl]-1 H-imidazol-5-y1} phenyl)-1-
benzofuran-5-ylJ-1 H-imidazol-2-y1}pytrolidin-1-y1]-3-methyl-1-oxobutan-2-yl } carbamate;

methyl {(25)-1-[(285)-2-{5-[2-(2-chloro-4-{2-[(28)-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yl1}-1 H-imidazol-4-yl } phenyl)-1-
benzofuran-5-yl}-1H-imidazol-2-y1} pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl } carbamate;

methyl {(1R)-2-[(25)-2-{4-[3-cyano-4-(5-{2-[(2S5)-1-{(2R)-2~
[(methoxycarbonyl)amino]-2-phenylacetyl} pyrrolidin-2-y1]-1 H-imidazol-5-y1}-1-benzofuran-2-
ylphenyl}-1H-imidazol-2-yl} pyrrolidin-1-yi]-2-oxo-1-phenylethyl }carbamate;

methyl {(25)-1-[(28)-2-{5-[2-(4-{2-[(28)-1-{(25)-2-[(methoxycarbony]l)amino]-3-
methylbutanoyl} pyrrolidin-2-y1]-1H-imidazol-4-y1}-2-methylphenyl)-1-benzofuran-5-yi]-1 H-
imidazol-2-yl}pyrrolidin-1-yl]-3-methyl-1-oxcbutan-2-yl } carbamate; and

pharmaceutically acceptable salts thereof.

33. A compound according to claim 1 or claim 11, chosen from the group

consisting of:

methyl [(28)-1-{(25)-2-[5-(12-fluoro-10-{2-[(25)-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl } pyrrolidin-2-y1}-1 H-imidazol-5-yl }indolo[1,2-¢c]
[1,3]benzoxazin-3-yl)-1 H-imidazol-2-yl]pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-yl]carbamate;
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methyl [(28)-1-{(25)-2-[5-(3-{2-[(25)-1-{(25)-2-[ (methoxycarbonyl) amino]-3-
methylbutanoyl }pyrrolidin-2-y1}-1 H-imidazol-5-yl}-6,6-dimethylindolo[ 1,2-¢][1,3] benzoxazin-
10-yl)-1H-imidazol-2-yl]pyrrolidin-1-y}}-3-methyl-1-oxobutan-2-yl]carbamate;

methyl [(25)-1-{(28)-2-[5-(12-fluoro-10-{2-[(28)-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-y1]-1 H-imidazol-5-y1}-6-
methylindolo[1,2-c}[1,3]benzoxazin-3-yl)-1 H-imidazol-2-yi]pyrrolidin-1-yl}-3-methyl-1-
oxobutan-2-yl]Jcarbamate;

methy! [(25)-1-{(25)-2-[5-(10-{2-[(25)-1-{(25)-2-[(methoxycarbonyl) amino]-3-
methylbutanoyl}pyrrolidin-2-yl]-1H-imidazol-5-yl }-6-phenylindolo{1,2-¢][1,3]benzoxazin-3-
y1}-1H-imidazol-2-yl]pyrrolidin-1-yl}-3-methyl-1-oxobutan-2-yljcarbamate;

methyl [(28)-1-{(25)-2-[5-(10"-{2-[(25)-1-{(28)-2-[(methoxycarbonyl) amino]-3-
methylbutanoyl}pyrrolidin-2-yl]-1H-imidazol-5-y}} spiro [cyclohexane-1,6'-indolo[1,2-
c][1,3]benzoxazin}-3'-yl)-1 H-imidazol-2-yl]pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-
yl]carbamate;

methyl [(25)-1-{(25)-2-[5-(1,12-difluoro-10-{2-[(28)-1-{(25)-2~
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yl}-1 H-imidazol-5-yl } indolo[ 1,2-
¢][1,3]benzoxazin-3-yl)-1 H-imidazol-2-yl]pyrrolidin-1-y1} - 3-methyl-1-oxobutan-2-
yljcarbamate;

methyl [(25)-1-{(28)-2-[5-(12-cyano-10-{2-[(2S)}-1-{(25)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl} pyrrolidin-2-yl]-1 H-imidazol-5-yl}indolo[1,2-
¢][1,3]benzoxazin-3-yl)- 1 H-imidazol-2-yl]pyrrolidin-1-yl} -3-methyl-1-oxobutan-2-
yljcarbamate; and

pharmaceutically acceptable salts thereof.

34. A pharmaceutical composition comprising an effective amount of the

compound according to any one of claims 1-33, and a pharmaceutically acceptable cairier.
35.  The pharmaceutical composition according to claim 34, further

comprising a second therapeutic agent selected from the group consisting of HCV antiviral

agents, immunomodulators, and anti-infective agents.
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36.  The pharmaceutical composition according to claim 34, further
comprising a second therapeutic agent selected from the group consisting of HCV protease
inhibitors and HCV NS5B polymerase inhibitors.

37. A use of the compound according to any one of claims 1-33 in the
preparation of a medicament for preventing and/or treating infection by HCV in a subject in need
thereof.

38. A method of treating a patient infected with HCV comprising the step of
administering an amount of the compound according to any one of claims 1-33 effective to

prevent and/or treat infection by HCV in a subject in need thereof.

39. A method of treating a patient infected with HCV comprising the step of
administering an amount of the compound according to any one of claims 1-33 effective to

inhibit HCV viral replication and/or viral production.
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TITULO DE LA SOLICITUD
INHIBIDORES DE I.A REPLICACION DEL VIRUS DE LA HEPATITIS C

CAMPO DE LA INVENCION

La presente descripcion se refiere a compuestos antivirales que son ftiles como inhibidores
de la replicacion del virus de la hepatitis C (VHC). Se espera que los compuestos actien sobre la
proteina NSS5A (SA no estructural) del VHC. También se proporcionan composiciones que
comprenden dichos compuestos, el uso de dichos compuestos para tratar [a infeccién por el VHC
y/o reducir la probabilidad o gravedad de los sintomas de la infeccion por VHC, procedimientos
para inhibir la funcién de la proteina NS5A no estructural y procedimientos para inhibir la

replicacién viral y/o Ia produccidn viral det VHC.

ANTECEDENTES DE LA INVENCION

La infeccion por el virus de la hepatitis C (VHC) es un importante problema de salud que
conduce a enfermedad hepética cronica, tal como cirrosis y carcinoma hepatocelular, en un nmitmero
sustancial de individuos afectados. l.os tratamientos actuales para la infeccion por VHC incluyen
inmunoterapia con interferén (1 recombinante solo o junto con el andlogo de nucledsido ribavirina.

Varias cenzimas codificadas viralmente son dianas putativas para la intervencién
terapéutica, incluycndo una metaloproteasa (NS2-3), una serina proteasa (NS3, restos de
aminodcidos 1-180), una helicasa (NS3, longitud completa), un cofactor de la proteasa NS3
(NS4A), una proteina de membrana (NS4B), una metaloproteina de cinc (NS5A) y una polimerasa
de ARN dependiente de ARN (NS5B).

Una diana identificada para la intervencidn terapéutica es la proteina NS5A no estructural
del VHC, que se describe, por ejemplo, en Seng-Lai Tan & Michael G. Katze, How Hepatitis C
Virus Counteracts the Interferon Response: The Jury Is Still Out on NS54, 284 VIROLOGY 1-12
(2001); y en Kyu-Jin Park er al., Hepatitis C Virus NS5A Protein Modulates c-Jun N-terminal
Kinase through Interaction with Tumor Necrosis Factor Receptor-associated Factor 2, 278(33) J.
B10. CHEM. 30711 (2003). Una proteina no estructural, NS5A es un componente basico para la
replicacion y el conjunto viral. Las mutaciones en la NS5A en o cerca de sitios conocidos de
fosforilacion pueden afectar a la capacidad de replicacion de alto nivel en los sistemas de cultivo
celular, sugiriendo una funcidén importante de la fosforilacion de NS5A en la eficacia de la
replicacion virica. 1L.os inhibidores de la fosforilacion de la NS5A pueden conducir a una
replicacion de ARN virico reducida.

NS5A es una metaloproteina de cinc organizada en tres dominios discretos. NSSA se
localiza en ¢l sitio asociado a membrana de la sintesis de ARN mediante un ancla de hélice O

anfipética N-terminal. .a estructura de cristal del dominio I demuestra que la NS5A puede existir
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en forma de un dimero, con un gran surco de unién a ARN putativo localizado en la interfaz de los
monomeros. Timothy L. Tellinghuisen et al., Structure of the cinc-binding domain of an essential
component of the hepatitis C viral replicase, 435(7040) NATURE 374 (2005). Robert A. Love ef al,
Crystal Structure of a Novel Dimeric Form of NS5A Domain I Protein From Hepatitis C Virus,
89(3) J. VIROLOGY 4395-403 (2009). Se cree que la interaccion de la NSSA con el ARN es critica
para la funcion de esta proteina en la replicacion del ARN. Todavia no se ha obtenido informacién
estructural para los dominios Il o Iil. Un mapeo genético reciente ha mostrado que aunque algunos
residuos de] dominio Il son esenciales para la replicacién de ARN, muchas partes del dominio 11 y
todas las del dominio IlI son prescindibles. Timothy L. Tellinghuisen et al., Jdentification of
Residues Required for RNA Replication en Domains I and Il of the Hepatitis C Virus NSS4
Protein, ). VIROLOGY 1073 (2008). Las mutaciones construidas en el dominio IIl dan como
resultado un virus que puede mantener la replicacion de ARN, pero que produce valoraciones
inferiores del virus infeccioso en el cultivo celular, demostrando una segunda funcién distinta para
la NS5A después de que haya ocurrido la replicacién de ARN. Timothy L. Tellinghuisen et al,
Regulation of Hepatitis C Virion Production via Phosphorylation of the N§S54 Protein, 4(3) PLOS
PATHOGENS e1000032 (2008); Nicole Appel et al, Mutational Analysis of Hepatitis C Virus
Nonstructural Protein 5A: Potential Role of Differential Phosphorylation in RNA Replication and
Identification of a Genetically Flexible Domain, 79(5) ). VIROLOGY 3187 (2005). La NS5A, a
diferencia de las demas proteinas no estructurales, puede trans-complementarse, coherente con
funciones fuera de Ia replicasa viral. Se ha descrito la interaccion de la NS5A con numerosas rutas
de seiializacidn de huésped (Michael J. Gale Ir. et al., Evidence That Hepatitis C Virus Resistance
to Interferon Is Mediated through Repression of the PKR Protein Kinase by the Nonstructural 54
Protein, 230 VIROLOGY 217 (1997); Andrew Macdonald & Mark Harris, Hepatitis C virus NS54:
tales of a promiscuous protein, 85 J. GEN. VIROLOGY 2485 (2004).}, sugiricndo que esta proteina
puede modificar el entorno celular huésped en un estado favorable para el virus, acontecimientos
que pueden requerir una forma de la NS5A disociada del complejo de replicacion.

Existe la clara necesidad desde hace tiempo de desarrollar terapias eficaces para el
tratamiento de la infeccion por VHC. Especificamente, existe la necesidad de desarrollar
compuestos que sean utiles para tratar pacientes infectados por VHC y compuestos que inhiban

selectivamente la replicacion viral del VHC.

SUMARIQ DE LA INVENCION

La presente descripcién se refiere a nuevos compuestos de férmula (I} y/o sales

farmacéuticamente aceptables, hidratos, solvatos, profarmacos o isomeros de los mismos. Estos
compuestos son utiles, como compuestos o sus sales farmacéuticamente aceptables (cuando sea

apropiado), en la inhibicion de la proteina NSSA (5A no estructural) del VHC (virus de la hepatitis
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C), la prevencion o tratamiento de uno o mas de los sintomas de la infeccion por VHC, la
inhibicién de la replicacién viral de VHC y/o la produccion viral del VHC, y/o como ingredientes
de composiciones farmacéuticas. Como ingredientes de composiciones farmacéuticas, estos
compuestos, que incluyen referencia a hidratos y solvatos de dichos compuestos, y su sales pueden
ser ¢l principal agente terapéutico activo, y, cuando sea apropiado, pueden combinarse con otros
agentes terapéuticos, incluyendo pero sin limitacion, otros antivirales del VHC, anti-infecciosos,
inmunomoduladores, antibiticos o vacunas.

Mais particularmente, la presente descripcion se refiere a un compuesto de formula (I):
1 2
R R,

G—E—DD—E—G 0

y/o una sal farmacéuticamente accptable del mismo, en la que:

)

@ se elige entre el grupo que consiste en sistemas de anillos arilo biciclicos de 9
miembros que contienen de 0 a 4 heterodtomos independientcmente elegidos entre el grupo que
consiste en N, O y S, y que estdn sustituidos en los tomos de C o N con # sustituyentes R',

cada R' sc elige independientemente entre el grupo que consiste en hidrégeno, halégeno, -
OR™, -CN, (CH,)0sC(O)R?, -CO,R™, -C(OIN(R™),, -SR™, -S(OIR™, -S(0,)R™, (CH)asN(R™,, -
NR™SO;R™, NR™ICO,RY, -NR*™C(OIR?, -N(R*)COR™, -N(R*™)C(OINR™), alquilo C,.,
carbociclo C;4 que contiene de 0 a 3 heterodtomos elegidos entre N, O y S, vy fenilo, y el alquilo C,.
6, carbociclo Cyg y fenilo estan sustituidos con 0 a 3 sustituyentes independientemente clegidos
entre el grupo que consiste en hidrégeno, haldgeno, -OR™, -CN, -CO,R™, -C(OIN(R*™),, -N(R™),, -
N(R™)CO,RY, -SR¥, -S(O)R™, -S(0,)R™, -N(R™SO,R™, -N(R*)CO,R™, -N(R®)C(O)NR™),
alquilo Cyg, -O-alquilo C,, -S-alquilo Cy4 v cicloalquilo Cy.s,

nesde0ad,

cada R’ se elige independientemente entre ¢l grupo que consiste en hidrégeno, alquilo Cy.,
-OH, -O-alquilo C,4 y cicloalquilo Cag, ¥

cada R™ se elige independientemente entre el grupo que consiste en hidrdgeno, alquilo C 6

y cicloalquilo Csg;

@ ¢s un grupo elegido entre el grupo que consiste en
(a) -C=C-y
(b) sistemas de anillos arilo B’ elegidos entre el grupo que consiste en:
(1) sistemas de anillos monociclicos de 5 a 7 miembros y

(i1) sistemas de anillos biciclicos de 8 a 10 miembros,
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y los sistemas de anillos arilo B' que contienen de 0 a 4 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
atomos de C o N con v sustituyentes Rl,

cada R* se elige independientemente entre el grupo que consiste en hidrégeno, halégeno, -
OR™, -CN, -CO,R® -C(OJR™, -C(ONR™),, -N(R™), -NR™COR® -NR™CO,R" -
N(R*®)IC(O)N(R™), -N(R*)SO,R™, -SR*, -S(O)R™, -S(0,)R™, alquilo C, sustituido con 0a 4 R* y
cicloalquilo Cs 4 sustituido con 0 a 4 R’

vesde 0ad4,

cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, -OH,
alguilo C, ¢ y cicloalquilo Cs;

cada R" se elige independientemente entre el grupo que consiste en hidrégeno, alquilo Cy4

y cicloalquilo Cs.g;

R'y R? pueden tomarse junto con @ y para formar un anillo carbociclicos de 5 a
9 miembros que contiene 1 6 2 heteroatomos independientemente elegidos entre el grupo que
consiste en N, O v §;
cada D es un grupo independientemente elegidos entre el grupo que consiste en:
(a) un enlace sencillo,
(b) -C(ON(R’)-,
(¢) -N(R*)C(0)-, y
(d) un sistema de anillos arilo de 5 6 6 miembros D' que contiene de 0 a 4
heteroatomos independientemente elegidos entre el grupo que consiste en N, O y S, y estén
sustituidos en los 4tomos de C o N con 0 a 2 sustituyentes R’
cada R® se elige independientemente entre el grupo que consiste en hidrogeno, haldgeno, -
OR®, -CN, -CO,R®, -C(OIN(R®),, -N(R®),, -N(R)COR?, -SR°, -S(O)R°, -S(O2)R®, -N(R*)SO,R, -
NCO,R®, -NC(O)N(R®),, alquilo Cy. sustituido con 0 a 3 R® y cicloalquilo Cs. sustituido con 0 a 3
R® y
cada R°® se elige independientemente entre el grupo que consiste en hidrégeno, alquilo Cy.¢
y cicloalquilo Ci.g;
cada E es un grupo independientemente elegidos entre el grupo que consiste en:
{a) un enlace sencillo,
(b) (C(R")2)02:NR'C(0)Op.1-, y

(¢) un derivado de pirrolidinilo elegido entre el grupo que consiste en:
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D J=G

8a N R Be

RRSa RSC
RSh Rﬂb

[ es un grupo bivalente elegido entre -C(0)-, -CO,- y -C(O)N(R')-,
J es un sistema de anillos condensado elegido entre el grupo que consiste en carbociclos de
3 a 7 miembros y anillos arilo de 5 6 6 miembros que contienen de 0 a 4 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estdn sustituidos en los
dtomos de C o N con sustituyentes R’,
cada R™ se elige independicntemente entre el grupo que consiste en hidrégeno, haldgeno, -
OH, -Oalquilo C, 4 y alquilo C,4, o dos R pueden tomarse juntos para formar oxo,
cada R® se elige independientemente entre el grupo que consiste en hidrdgeno, haldgeno, -
OH, -Oalquilo C,, y alquilo C,4, o dos R® pueden tomarse juntos para formar oxo,
cada R* se clige independientemente entre el grupo que consiste en hidrégeno y alquilo C;.
62
o dos grupos cualquiera seleccionados entre R*, R® y R™ pueden tomarse juntos para
formar un anillo espiro-biciclico o biciclico puenteado;
cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, halégeno,
alquilo Cy, -O-alquilo C,¢, -S-alquilo C\.¢, -NH-alquilo Cy4 y -NHC(O)-alquilo C.,
cada R se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C,4
y fenilo, y el alquilo Ci y fenilo estin sustituidos con 0 a 3 sustituyentes independientemente
elegidos entre el grupo que consiste en hidrogeno, haldgeno, alquilo C,.q, -O-alquilo Ci y -S-
alquilo Cy4; y
cada G se elige independientemente entre el grupo que consiste en:
(a) hidrogeno,
(b) _ORlOa,
(c) -CN,
(d) -CO,R'™,
(e) -C(O)N(R'),,
(H)-SR'™,
(2)-S(OR'™,
(h) -S(O)R™®,
(i) -NR™,,
() -N(R")SO,R'", (k) NCOR'™, () -NC(O)N(R'%),,
(m) alquilo C, que tiene de 0 a 4 sustituyentes R''|

cada R" se elige independientemente entre el grupo que consiste en:
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(i) -OH,

(i) -N(R™),

(iii) =NR'?,

(iv) -O-alquilo Cy.g,

(v) -C(OR",

{vi) -S-alquilo C,,

(vii) -SO,-alquilo Cy,

(viii} carbociclos de 3 a 8 miembros que contienen de 0 a 3 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, v que tienen de 0 a 3
sustituyentes R' en los atomos de N o C, y cada R"? se selecciona independientemente entre el
grupo que consiste en hidrégeno, halégeno, alquilo Cy4 que tiene de 0 a 3 sustituyentes elegidos
entre R'®, -O-alquilo C., -S-alquilo Cy.s, -OR'®, -CN, -C(O)R'®, -CO,R'™, -C(OIN(R'?),, -SR'®, -
S(OR'™, -S(OHR'™, -N(R')SO,R'®, -NCO,R'®, -NC(OIN(R'), y -N(R'),, o dos R'? se toman
juntos para formar oxo, y

(ix) arilo de 5 6 6 miembros que contiecne de 0 a 3 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tiene de 0 a 3
sustituyentes R" en los atomos de N o C, y cada R se selecciona independientemente entre el
grupo que consiste en hidrégeno, halégeno, alquilo Cyg, -O-alquilo C,s y carbociclos de 3 a 8
miembros que contienen de 0 a 3 heterodtomos independientemente elegidos entre el grupo que
consisteen N, Oy S,

(n) carbociclos de 3 a 8 miembros que contiecnen de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tienen de 0 a 3
sustituyentes R' en los atomos de No C; y

(o) sistemas de anillos arilo G' elegidos entre el grupo que consiste en:

(i) sistemas de anillos monociclicos de 5 a 7 miembros y

(ii) sistemas de anillos biciclicos de 8 a 10 miembros,

y los sistemas de anilios arilo G' que contienen de 0 a 4 heteroidtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
atomos de C o N con 0 a 3 sustituyentes R'";

cada R'® se elige independientemente entre el grupo que consiste en

(i) hidrogeno,

{ii) -CN,

(iii) alquilo C,,

(iv) -O-alquilo Cqy.,

(v) -S-alquilo Cy.,

(vi) alquil C;.¢-O-R",
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(vii) -C(O)R",
(viii) -COR™,
(ix) -SO,R™,
(x) -N(R™),
(xi) -N(R"YSO,R™,
(xii) -NCO,R",
(xiii) NC(O)N(R"),, y
(xiv) carbociclos de 3 a 8 miembros que contienen de 0 a 3 hetcroatomos
independientemente elegidos entre el grupo que consiste en N, O y S,
o dos R' pueden tomarse juntos para formar oxo;
cada R'" se elige independientemente entre el grupo que consiste en
(i) hidrégeno,
(ii) -CN,
(iii) alquilo C,,
(iv) alquil Cy.-O-R",
(v) -C(O)R",
(vi) -COR",
(vii) -SO,R™,
(x) -NR"),,
(xi) -N(R™SO,R",
(xii) -NCO,R"™,
(xiii) -NC(O)NR'),, y
(xiv) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heteroatomos
independientemente elegidos entre el grupo que consiste en N, Oy S,

v dos grupos R'® o R'® pueden tomarse junto con el N al que estdn unidos para formar un
anillo, que puede estar sustituido con 0 a 3 sustituyentes R", y

cada R" se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C,.
s, cicloalquilo Cyg, -(CHa)oscicloalquilo Csg v fenilo.

La presente invencién también incluye composiciones farmacéuticas que contienen un
compuesto de la presente invencion y procedimientos de preparacion de dichas composiciones
farmacéuticas. La presente invencién incluye adicionalmente procedimientos para tratar o reducir
la probabilidad o gravedad de infeccion por VHC, procedimientos para inhibir la funcién de la
protcina NS5A y procedimientos para inhibir la replicacién viral y/o la produccién viral del VHC.,

Otras realizaciones, aspectos y caracteristicas de la presente invencidn se describen
adicionalmente en o seran evidentes a partir de la siguiente descripcion, ejemplos y

reivindicaciones adjuntas,

\W
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DESCRIPCION DETALLADA DE LA INVENCION

La presente invencion incluye los compuestos de formula (I) anteriores, y sales
farmacéuticamente aceptables de los mismos. Los compuestos de formula (I) son inhibidores
NS5A del VHC.

Una primera realizacién de la invencién se refiere a compuestos que tienen la formula

estructural (1);
R, ®Y,
G—E—DD—E——G

y/o0 una sal farmacéuticamente aceptable de los mismos, en la que:

(D

@ se elige entre el grupo que consiste en sistemas de anillos arilo biciclicos de 9
miembros que contienen de 0 a 4 heteroatomos independientemente elegidos entre el grupo que
consiste en N, O y S, y que estan sustituidos en los atomos de C o N con u sustituyentes R',

cada R' se elige independientemente entre el grupo que consiste en hidrogeno, halégeno, -
OR™, -CN, -C(O)R’, -COR®, -C(ON(R™),, -SR™, -S(O)R™, -S(O;)R* -(CHposN(R™);, -
NR™SOR*®, -N(R™CO,R®, -NR™C(O)R’, -N(R*™COR™, -N(R*)C(O)N(R™), alquilo C,,
carbociclo Cs.4 que contiene de 0 a 3 heteroatomos elegidos entre N, O y S, y fenilo, y el alquilo C,.
¢, carbociclo Cig y fenilo estan sustituidos con 0 a 3 sustituyentes independientemente clegidos
entre el grupo que consiste en hidrégeno, halégeno, -OR*, -CN, -CO,R*, -C{O)N(R*),, -N(R™),, -
N(R™CO,R™, -SR¥, -S(O)R®, -S(O)R™, -N(R*™SO;R®, -N(R*¥)CO,R®, -NR*C(O)N(R™),
alquilo Cy, -O-alquilo C,4 y -S-alquilo Cy,

uesdelad,

cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, alquilo Cy,
-OH, -O-alquilo C,4 y cicloalquilo Cy4, ¥

cada R™ se elige independientemente entre el grupo que consiste en hidrégeno, alquilo Cy4

y cicloalquilo Ca.g;

es un grupo elegido entre el grupo que consiste en
(a) -C=C-y =
(b) sistemas de anillos arilo B' elegidos entre el grupo que consiste en:
(i) sistemas de anillos monociclicos de 5 a 7 miembros y

(ii) sistemas de anillos biciclicos de 8 a 10 miembros,
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y los sistemas de anillos arilo B' que contienen de 0 a 4 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estdn sustituidos en los
atomos de C o N con v sustituyentes R?,

cada R? se clige independientemente entre el grupo que consiste en hidrogeno, haldgeno, -
OR™, -CN, -CO;R™, -C(O)N(R™);, -N(R"™),, -N(R™COR?, -N(R*)CO,R*™, -N(R*)C(O)N(R*™), -
N(R*™SO,R*, -SR*, -S(O)R™, -S(0,)R™ alquilo C, sustituido con 0 a 4 R* y cicloalquilo Cy4
sustituido con 0 a 4 RY,

vesde (a4,

cada R* se elige independientemente entre el grupo que consiste en hidrdgeno, -OH,
alquilo Cy4 y cicloalquilo Cag;

cada R® se elige independientemente entre ¢l grupo que consiste en hidrégeno, alquilo C.4

y cicloalquilo Cyg;

R'y R? pueden tomarse junto con @ y @ para formar un anillo carbociclicos de 5 a
9 miembros que conticne 1 ¢ 2 heterodtomos independientemente clegidos entre ¢l grupo que
consisteen N, Oy §;
cada D es un grupo independientemente elegidos entre el grupo que consiste en:
{a) un enlace sencillo,
(b) -C(OIN(R’)-,
(c) -N(R)C(O)-, y
(d) un sistema de anillos arilo de 5 6 6 miembros D' que contiene de 0 a 4
heterodtomos independientemente elegidos entre el grupo que consiste en N, O y S, y estdn
sustituidos en los 4&tomos de C o N con 0 a 2 sustituyentes R’,
cada R’ se elige independientemente entre ¢l grupo que consiste en hidrégeno, halégeno, -
OR’, -CN, -COR®, -C(O)N(R®),, -N(R®),, -N(R®COR?, -SR®, -S(O)R, -S(O,)R’, -N(R)SO,R’, -
NCO,R®, “NC(ON(R®),, alquilo C, sustituido con 0 a 3 R® y cicloalquilo Csg sustituido con 0 a 3
R’y
cada R® sc clige independientemente entre cl grupo que consiste en hidrégeno, alquilo Cy4
y cicloalquilo Cag;
cada E es un grupo independientemente elegidos entre el grupo que consiste en:
(a) un enlace sencillo,
(b) (C(R")2)0.2NR'C(0)Oq.-, y

(c) un derivado de pirrolidinilo clegido entre el grupo que consiste en:

\’)7
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I es un grupo bivalente elegido entre -C(O)-, -CO»- y -C(OIN(R')-,
J es un sistema de anillos condensado elegido entre el grupo que consiste en carbociclos de
3 a 7 miembros y anillos arilo de 5 0 6 miembros que contiene de 0 a 4 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
atomos de C o N con sustituyentes R’,
cada R¥ s elige independientemente entre el grupo que consiste en hidrégeno, halogeno, -
OH, -Oalquile C, y alquilo Cy, o dos R* pueden tomarse juntos para formar oxo,
cada R® se elige independientemente entre e! grupo que consiste en hidrogeno, halégeno, -
OH, -Oalquilo Cy y alquilo C,, o dos R pueden tomarse juntos para formar oxo,
cada R se elige independientemente entre el grupo que consiste en hidrégeno y alquilo C,.
6
o dos grupos cualquiera seleccionados entre R®, R® y R¥ pueden tomarse juntos para
formar un anillo espiro-biciclico o biciclico puenteado;
cada R® se elige independientemente entre el grupo que consiste en hidrogeno, halégeno,
alquilo Cy, -O-alquilo C,, -S-alquilo C,,, -NH-alquilo C,s y -NHC(O)-alquilo C,.,
cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C
y fenilo, y el alquilo C,; ¥ fenilo estan sustituidos con 0 a 3 sustituyentes independientemente
elegidos entre el grupo que consiste en hidrégeno, haldgeno, alquilo C,,, -O-alquilo C,¢ y -S-
alquilo Cy4; y
cada G se elige independientemente entre el grupo que consiste en:
(a) hidrogenc,
(b) -OR'™,
(c) -CN,
(d) -CO,R'®”,
(€) -C(O)NR "),
(f) -SR'™,
(2) -S(O)R'™,
(h) -S(O)R™,
() -NR ),
() -NR')SO,R'®, (k) -NCOR'®, (1) -NC(OYN(R'),,
(m) alquilo C,.¢ que tiene de 0 a 4 sustituyentes R'’,

cada R"' se elige independientemente entre el grupo que consiste en:

10
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(i) -OH,

(i) -NR"),,

(iti) =NR ",

(iv) -O-alquifo C,,

(v) -CO)R",

(v1) -S-alquilo Cy.,

{vii) -50;-alquilo C, 4,

(viii) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heteroatomos
independientemente clegidos entre el grupo que consiste en N, O y S, y que tienen de 0 a 3
sustituyentes R'? en los 4tomos de N o C, y cada R se selecciona independientemente entre el
grupo que consiste en hidrogeno, haldgeno, alquilo Ci.¢ que tiene de ¢ a 3 sustituyentes elegidos
entre R', -O-alquilo C,.¢, -S-alquilo C 4, -OR'®, -CN, -C(O)R"?, -CO,R'® -C(O)N(R'?),, -SR'®, -
S(O)R™, -S(O)R'™, -N(R')SO,R'™, -NCO,R"™, -NC(O)N(R'), y -N(R™),, 0 dos R'? se toman
Jjuntos para formar oxo, y

(ix) arilo de 5 6 6 miembros que conticne de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tiene de 0 a 3
sustituyentes R' en los dtomos de N o C, y cada R" se selecciona independientemente entre ¢l
grupo que consiste en hidrégeno, halégeno, alquilo C,4, -O-alquilo Ci4 y carbociclos de 3 a 8
miembros que contienen de 0 a 3 heterodtomos independientemente elegidos entre el grupo que
consisteen N, Oy §,

{n) carbociclos de 3 a 8 miembros que conticnen de¢ 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tienen de 0 a 3
sustituyentes R'® en los atomos de N o C; y

{0) sistemas de anillos arilo G' elegidos entre el grupo que consiste en:

(i) sistemas de anitlos monociclicos de 5 a 7 miembros y

(i1) sistemas de anillos biciclicos de 8 a 10 miembros,

y los sistemas de anillos arilo G' que contienen de 0 a 4 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
atomos de C o N con 0 a 3 sustituyentes R.m;

cada R' se elige independientemente entre el grupo que consiste en

(i) hidrégeno,

(i) -CN,

(iii) alquilo C,.q,

(iv) -O-alquilo Cy,

(v) -S-alquilo Cy,

(vi) alquil C, ;-O-R",

11
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(vii) -C(O)R",
(viii) -CO,R ",
(ix) -SOR™,
(x) -NR"),,
(xi) -N(R")SO,R",
(xii) -NCO,R",
(xiii) -NC(O)N(R'),, y
(xiv) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consisteen N, O y §,
o dos R'® pueden tomarse juntos para formar oxo;
cada R'® se elige independientemente entre el grupo que consiste en
(i) hidrégeno,
(ii) -CN,
(i) alguilo C,,
(iv) alguil C,-O-R"™,
(v) -C(O)R"Y,
(vi) -CO,R",
(vii) -SO,R",
(x) -NR™),,
(xi) -NR")SO,R",
(xii) -NCO;R",
(xiii) -NC(O)N(R )y, y
{xiv) carbociclos de 3 a 8 miembros que contiecnen de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consisteen N,O y S,
y dos grupo R' o R'™ pueden tomarse junto con el N al que estan unidos para formar un
anillo, que puede estar sustituido con 0 a 3 sustituyentes R y
cada R" se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C,.
¢ cicloalquilo Cyg, -(CHy)pscicloalquilo Ciyg y fenilo. En esta realizacion, todos los demis grupos

son como se han proporcionado en Ja férmula general anterior.

En una segunda realizacion de la invencion, @ se elige entre el grupo que consiste en

SO N
(R‘)o-d\_; I :}“%
\X Y

, en la que cada X se elige independientemente entre el grupo que consiste

12
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% CRINRIN NRICRINO
) 2000 ) Y Y
N o N

en CR'y N, Y s elige entre el grupo que consiste en R s , s , , ¥y

b,
, cada R' se elige independientemente entre el grupo que consiste en hidrogeno, haldgeno, -
OR™, -CN, -C(O)R’, -COR™, -C(ON(R™),, -SR™ -S(O)R™, -S(O)R™, -(CHp)eeN(R™,, -
NR*™SO,RY, -NR™CO,R™, NR*™C(O)R’, -NR*™COR™®, -NR®)C(O)N(RR™), alquilo C,.,
5 carbociclo Cys que contiene de 0 a 3 heterodtomos elegidos entre N, QO v S, y fenilo, y el alquilo C,.
6> carbociclo Cys y fenilo estan sustituidos con 0 a 3 sustituyenies independientemente clegidos
entre el grupo que consiste en hidrégeno, haldgeno, -OR™, -CN, -CO,R™, -C(O)N(R™),, -N(R**),, -
N(R™ICO,R™, -SR™, -S(O)R™, -S(O)R™ -N(R™SO,R* -N(R*™CO,R?, -NR™)C(O)N(R™),
alquilo Cy, -O-alquilo Ci4 y -S-alquilo C,.q, cada R® se elige independientemente entre el grupo
10 que consiste en hidrégeno, alquilo C,, -OH, -O-alquilo Cy y cicloalquilo Ci., y cada R¥ se elige
independientemente entre el grupo que consiste en hidrégeno, alquilo C¢ y cicloalquilo Cys. En
todos los aspectos de esta realizacion, todos los demas prupos son como se han proporcionado en la

formula general anterior o en la primera realizacidn anterior.

En un primer aspecto de la segunda realizacién de la invencién, @ se elige entre ¢l

A 4 ) l
Tt LR Ao Aty
H R d , N0
15 grupo que consiste en

R! £ N R AN
& N / 2N TN
N7 O o R! Ho k!

2 1 Ed

A N /- N £ N % °
\@OH’ o+ g e y UNH’ e @

sustituido de 0 a 3 R' m4s, quc son como se han proporcionado anteriormente.

En un segundo aspecto de la segunda realizacidn de la invencidn, @ se elige entre el

b T Ao O

R 1
E ’ L]

\
] H !
20 grupo que consiste en

13
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N
H
2T\ D= N
SRS g es ®
H ]
’ R y , en el que esta sustituido con 0 a 3

1. . . . ]
R’ mas, que son como se han proporcionado anterionmente. En los casos preferidos de este aspecto,

mi
N
@ R @
€s , en el que est4 sustituido con 0 a 3 R' mas, que son como se han

proporcionado anteriormente.

En un tercer aspecto de la segunda realizacion, @ se elige entre el grupo que consiste

A¢sTes et gstagss
en ? ? ’ ? y

/ 0
\O':N%E, en el que @

estd sustituido con 0 a 3 R' mas, que son como se han
Rl
gz
® °
es ,

en el que @ estd sustituido con 0 a 3 R' maés, que son como se han proporcionado

proporcionado anteriormente. En los casos preferidos de este aspecto,

anteriormente.
En aspectos adicionales de la segunda realizacion, cada R’ se elige entre el grupo que
consiste en hidrégeno, halégeno, -CN y alquilo Cy. En particular, cada R' se elige entre el grupo

que consiste en hidrégeno, flaor y -CN.

En una tercera realizacion de la invencion, se elige entre el grupo que consiste en -
C=C-, fenilo, piridinilo, pirazinilo, pirimidilo, 1,2,4-triazinilo, piridazinilo, tiazilo y sistemas de
anillos biciclicos de 9 miembros que contienen de 1 a 3 heteroatomos independientemente elegidos
entre ¢l grupo que consisteen N, Oy S, ves de 0 a 4, cada R? se elige independientemente entre el
grupo que consiste en hidrégeno, halégeno, -OR*, -CN, -CO,R™, -C(OIN(R™), -N(R™),, -
NR*™CO,R™, -SR*™, -S(O)R™, -S(O)R™, -N(R™SO,R™, -N(R*™COR", -N(R*™)C(O)N(R™),
alquilo Cy. sustituido con 0 a 4 R* y cicloalquilo Cy4 sustituido con 0 a 4 R?, cada R’ se elige
independientemente entre el grupo que consiste en hidrégeno, -OH, alquilo C; ¢ y cicloalquilo Ci.,

y cada R™ se elige independientemente entre el grupo que consiste en hidrégeno, alquilo Cig y

14
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cicloalquilo Cy5. En aspectos particulares de esta realizacion, @ es fenilo, v es de 0 a 2, y cada
R? s elige independientemente entre el grupo que consiste en fluor, cloro, -OH, -CH;, -OCH; vy -
CN. En todos los aspectos de esta realizacion, todos los demds grupos son como se han

proporcionado en la férmula general anterior y/o en la primera o la segunda realizaciones.

En una cuarta realizaciéon de la invencion, @ Y ., tomados junto con un

sustituyente R' y un sustituyente R?, se representan por un grupo elegido entre el grupo que consiste

en:
l
W
RI \ N —
‘Rhmz! ( )omiu (R.)‘i\_" N CR E
R , S N 7~ (R? o3

‘Y27 m | \ ==
(R:lna r )03 A\ \(R2 ® )0'3 \ \(R%OB

que W se elige entre el grupo que consiste en -(CHy),;5-, —(CH;)O_zNH(CHz)o_z-, -(CH;)MN(alqml
Ci.6)(CHa)g.a-, (CH3)p2O(CHy)oa~ y -{CH1)02C{OWCHy)o.2-, en el que W esta sustituido con 0 a 4
R", en ¢l que cada R™ se selecciona independientemente entre alquilo Cy4 vy cicloalquilo Cyg; y V
se elige entre el grupo que consiste en -C{O)- y -CH;-, y en el que V es -CH,-, V esta sustituido con

0 a2 R", en el que cada R" se selecciona independientemente entre el grupo que consiste en alquilo

Cis y cicloalquilo Cy4. En un primer aspecto de esta realizacion, @ y . , tomados junto con

un sustituyente R' y un sustituyente R”, se representan por un grupo elegido entre el grupo que

R'
A - -
~ ®pae [ 4 !

. V—w
consiste en y

MW,
A —
-3 g G \ \'\(R "

- En casos particulares de esta realizacion, y del primer aspecto de esta
realizacion, W se elige entre el grupo que consiste en -CH,-, -NH-, -N(alquil C,.¢)-, -C(O)-, -
CH;NH-, -CH;N(alquil Cig)-, -CH,CH;z-, -C(O)CH,-, -CH,C(0)-, -CH,0Q-, -CH,CH,CH,-, -
C(O)CH,CH,-, -CH,C(O)CH;-, -CH,OCH;-, -CH,CH,C(0)-, -CH,CH,O-, -CH,CH,NH-, -
CH,CH;N({alquit Cy.)-, -CH;NHCH;-, -CH;N(alquil C,4)CH,-, -NHCH,CH,- y -N(alquil C,.
6)CH2CH;-. En todos los aspectos de esta realizacion, todos los demas grupos son como se han

proporcionado en la férmula general anterior,
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En una quinta realizacion de la invencidn, cada D se elige independientemente entre el

H s
f\(\f fi f \@TE

grupo que consiste en un enlace sencillo, -C(O)N(R®)-, -NR*C(O)-,

‘;\(_Y’s‘z 5\(_7/2 5\( Yai f\( r”z

, en el que R’ se elige independientemente
entre el grupo que consiste en hidrégeno, halégeno -OR®, -CN, -CO,R®, —C(O)N(Rc')g, -N(Rﬁ)z, -
N(ROCOR®, -SR® -S(O)R®, -S(O)R®, -N(R®)SO,R®, -NCO,R®, -NC(O)N(R®),, alquilo C
sustituido con 0 a 3 sustituyentes R y cicloalquilo Cs5 sustituido con 0 a 3 sustituyentes R®, y cada
R’ s¢ elige independientemente entre el grupo que consiste en hidrégeno, alquilo Cy4 y cicloalquilo

Cs.s. En aspectos particulares de esta realizacion, cada D se elige independientemente entre el

H
ataliva

Erupo que consiste en Y . En esta realizacidn, todos los demds grupos son
como se han proporcionado en la formula general anterior y/o en la primera a cuarta realizaciones.

En una sexta realizacién de la invencion, cada E se elige independientemente entre el
grupo que consiste en vn enlace sencillo, -CH;NHC(O)-, -CH;N(CH3)C(0)-, -C(CH;)HNHC{O)-, -
C(CH;)HN(CH;)C(0)-, -C(CH3};NHC(O)-, -C(CH:pN(CH:)C(O)-, -CH;NHC(O)O-, -
CH,N(CH;)C(0)O-, -C(CH;HNHC(O)O-, -C(CH;)HN(CH;)C(0)0O-, -C(CH;L,NHC(O)O-,

bb‘w%

C(CH;):N(CH;)C(0)0-, , en los que uno de R* y R® es -

OH o fliior. En un primer aspecto de esta realizacién, cada E se elige independientemente entre el

Q
o Yo
N
RSa
o b

de R* y R® es -OH o flor. En todos los aspectos de esta reahzamon, todos los demas grupos son

grupo que consiste en un enlace sencillo, , en los que uno
como se han proporcionado en la formula general anterior y/o en la primera a cuarta realizaciones.
En algunas realizaciones, cada uno de los grupos adyacentes D y E pueden seleccionarse
para que sean un enlace sencillo. En dichas realizaciones, D y E se combinan para que sean de un
solo enlace, v todos los demas grupos son como se han proporcionado en la formula general

anterior y/o en la primera, segunda, tercera y cuarta realizaciones. Es decir, cuando D es un enlace
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sencillo y el E adyacente es un enlace sencillo, @ 0 estan conectados directamente a G
mediante un enlace sencilio.

En una séptima realizacion de la invencion, cada G se elige independientemente entre el
grupo que consiste en:

(2) alquilo C\ que tiene de 0 a 4 sustituyentes R'",

(b) carbociclos de 3 a 8 micmbros que contiecnen de 0 a 3 heteroatomos
independientemente clegidos entre ¢l grupo que consiste en N, O y S, y que tienen de 0 a 3
sustituyentes R'® en los stomos de N o C; y

{c) sistemas de anillos artlo G' elegidos entre el grupo que consiste en:

(i) sistemas de anillos monociclicos de 5 a 7 miembros y

(ii) sistemas de anillos biciclicos de 8 a 10 miembros,

y los sistemas de anillos arilo G' que contichen de 0 a 4 helerodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
atomos de C o N con 0 a 3 sustituyentes R'®. En todos los aspectos de la séptima realizacién, G se
elige de tal forma que dé como resultado compuestos estables. En todos los aspectos de esta
séptima tealizacion, todos los demas grupos son como se han proporcionado en la férmula general
anterior y/o en la primera a sexta realizaciones.

En una octava realizacion, cada G se elige independientemente entre el grupo que consiste
en:

(a) hidrégeno,

(b} -CN,

() alquilo C,s que tiene de | a 3 sustituyentes R'",

cada R" se elige independientemente entre el grupo que consiste en -OH, -NH,, -
NCH;H, -N{(CHs),, -N(CH,CH,);, =NH, =NCHj, -C(O)H, -C(O)OH, -C(O)CH,, -C(O)OCH;, -
NHC(O)H, -NHC(O)OH, -NHC(O)CH;, -NHC(O)OCH;, ciclopropilo, ciclobutilo, ciclopentilo,
ciclohexilo, piranilo, pirrolidinilo, piperidinilo, oxaciclopentilo y oxaciclohexilo, fenilo, piridinilo,
pirimidinilo y pirrolilo, en el que

el ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo,
piperidinilo, oxaciclopentilo y oxaciclohexilo estan sustituidos con 0 a 2 sustituyentes R en los
atomos de N o C, y cada R" se selecciona independientemente entre el grupo que consiste en
hidrégeno, halégeno, carboxi, alquilo C,, -O-alquilo C 4 y -S-alquilo C;4; y

el fenilo, piridinilo, pirimidinilo y pirrolilo estdn sustituidos con 0 a 3 sustituyentes
R" en los dtomos de N o C, y cada R" se selecciona independientemente entre el grupo que
consiste en hidrogeno, halégeno, alquilo C 5 vy cicloalquilo de 3 a 8 miembros que contiene de 0 a

3 heterodtomos independientemente elegidos entre el grupo que consiste en N, Oy S,
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(d) ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo,
piperidinilo, oxaciclopentilo y oxaciclohexilo que tienen de 0 a 3 sustituyentes R' en los atomos de
N o C, el R se selecciona independientemente entre el grupo que consiste en hidrégeno, halégeno,
carboxi, alquilo Cy, -O-alquilo C,, -S-alquilo C,, fenilo y bencilo, y

(e) sistemas de anillos arilo G' elegidos entre el grupo que consiste en: fenilo,
piridinilo y sistemas de anillos biciclicos de 9 miembros que contienen de 0 a 2 heterodtomos
independientemente elegidos entre et grupo que consiste en Ny O.

En un primer aspecto de la octava realizacion, G se elige independientemente entre el
grupo que consiste en alquilo C;4 que tiene de 1 a 2 sustituyentes R", en el que cada R"' se elige
independientemente entre el grupo que consiste en -OH, -NH2, -NCH;H, -N(CH3);, -N{CH,CHs),,
-C(0)OCH;, ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo, piperidinilo,
oxaciclopentilo, oxaciclohexilo, fenilo, piridinilo, pirimidinilo y pirrolilo. En todos los aspectos de
la octava realizacion, G se elige de tal forma que dé como resultado compuestos estables. En todos
los aspectos de esta octava realizacién, todos los demas grupos son como se han proporcionado en

la férmula general anterior y/o en la primera a sexta realizaciones.
En una novena realizacién de Ja invencidn, @ se elige entre el grupo consiste en

ANK
az‘>o_4\—; J\: >}
\X Y

, en la que cada X se elige independientemente entre el grupo que consiste

enCR'y N,
Y> C{;l N>R1 N N_Rl C};l N\) 0>
Y 1 /4 \> ) ) 4
Yoo elige entre el grupo que consiste en NR , CRI, NR], N s 0 , s N y

b

S

cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, halégeno, -
OR®, -CN, -C(O)R?, -COR®™, -C(O)N(R™),, -SR*™, -S(O)R*™, -S(O)R®, -(CH;)usN(R™),, -
NR™SOR*™, -N(R™CO,R®, -NR*™)C(O)R®, -N(R*)COR®, -N(R™)C(O)N(R™), alquilo Cj,
carbociclo Cs.g que contiene de 0 a 3 heteroatomos elegidos entre N, O y S, y fenilo, y el alquilo C,.
¢ carbociclo Csg y fenilo estdn sustituidos con 0 a 3 sustituyentes elegidos independientemente
entre el grupo que consiste en hidrégeno, haldgeno, -OR™, -CN, -CO,R™, -C(OIN(R™),, -N(R™),, -
N(R¥)CO;RY, -SR*® -S(O)R®, -S(O)R™, -N(R*™SO,R™, -N(R™)COR’, -N(R™)C(O)N(R*),
alquilo Cy, -O-alquilo C,4 y -S-alquilo Cy,
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cada R’ se elige independientemente entre ¢l grupo que consiste en hidrégeno, alquilo C.q,
-OH, -O-alquilo C, y cicloalquilo Cs5, ¥
cada R* se elige independientemente entre el grupo que consiste en hidrégeno, alquilo Ci 4

y cicloalquilo Cs;

@ se elige entre el grupo que consiste en -C=C-, fenilo, piridinilo, pirazinilo,
pirimidilo, 1,2,4-triazinilo, piridazinilo, tiazilo y sistemas de anillos biciclicos de 9 micmbros que
contienen de 1 a 3 heterodtomos independientemente elegidos entre el grupo que consiste en N, O y
S,

vesde0a4,

cada R? se elige independientemente entre e grupo que consiste en hidrégeno, halégeno, -
OR™, -CN, -COR", -C(O)N(R™),, -N(R™),, -N(R®)COR™, -SR™, -S(O)R¥, -S(O)R™, -
NR*™SORY, -NR™CO,R", -NR*IC(OIN(R*), alquilo C,¢ sustituido con 0 a 4 R y
cicloalquilo Cag sustituido con 0 a 4 RY,

cada R se elige independientemente entre el grupo que consiste en hidrogeno, -OH,
alquilo C,4 y cicloalquilo C;, ¥

cada R™ se elige independientemente entre el grupo que consiste en hidrogeno, alquilo Cy4
y cicloalquiio Cs.g;

en los que cada D se elige independientemente entre el grupo que consiste en un enlace

H CH, H
f\@fs I~ 3;% f\@% 5\@5‘5 5&‘_’{’% I~

sencillo, ’ ’ ’ | ’ | y NN en
los que

R’ se elige independientemente entre el grupo que consiste en hidrégeno, halégeno, -OR?, -
CN, -CO;R®, -C(ON(R®),, -N(R%),, -N(RHCOR®, -SR®, -S(O)R®, -S(O,)R®, -N(R®)SO,R®, -
NCO;R®, -NC(O)N(R®),, alquilo C, sustituido con 0 a 3 sustituyentes R® y cicloalquilo Cag
sustituido con 0 a 3 sustituyentes R®, y

cada R® se elige independientemente entre ¢l grupo que consiste en hidrégeno, alquilo C, 4
y cicloalquila Cj 4;

en el que cada E se elige independientemente entre el grupo que consiste en un enlace
sencillo, -CH,;NHC(O)-, -CH;N(CH;)C(0O)-, -C(CH;)HNHC(O)-, -C(CH:)HN(CH;)C(Q)-, -
C(CH;3),NHC(0)-,  -C(CHi};N(CH:)C(O)-,  -CH,NHC(0)O-,  -CH;N(CH;C({O)O-,
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C(CH3;)HNHC(OYO-, -C(CH;3;)HN(CH;)C(0)O-, -C(CH;)LNHC(O)O-, -C({CH;);N(CH3)C(O)O-,

Q

Q
LU T e

R
: y REY R , en los que uno de R¥y R® ¢s -OH o fluor;
en los que cada G se elige independientemente entre el grupo que consiste en

(a) hidrégeno,

(b) -CN,

(c) alquilo C\.5 que tiene de 1 a 3 sustituyentes R",

cada R'' se clige independientemente entre el grupo que consiste en -OH, -NH2, -NCH;H,
-N{CH3),, -N(CH;,CHs),, =NH, =NCHj;, -C(O)H, -C(O)OH, -C(O)CH3;, -C(O)OCH,, -NHC(O)H, -
NHC(0O)OH, -NHC(O)CHs, -NHC(O)OCHs;, ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo,
piranilo, pirrolidinilo, piperidinilo, oxaciclopentilo, y oxaciclohexilo, fenilo, piridinilo, pirimidinilo
y pirrolilo, en el que

el ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo, piperidinilo,
oxaciclopentilo y oxaciclohexilo estan sustituidos con 0 a 2 sustituyentes R'? en los atomos de N o
C, y cada R" se selecciona independientemente entre el grupo que consiste en hidrogeno,
haldgeno, carboxi, alquilo C,, -O-alquilo C,.4 y -S-alquilo C¢; ¥
el fenilo, piridinilo, pirimidinilo y pirrolilo estdn sustituidos con 0 a 3 sustituyentes R" en los
dtomos de N o C, y cada R se selecciona independientemente entre el grupo que consiste en
hidrégeno, halégeno, alquilo C)s y cicloalquilo de 3 a 8 miembros que contiene de 0 a 3
heterodtomos independientemente elegidos entre el grupo que consisteen N, O y S,

(d) ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo,
piperidinilo, oxaciclopentilo y oxaciclohexilo que tienen de 0 a 3 sustituyentes R' en los atomos de
N o C, el R' seleccionado independientemente entre el grupo que consiste en hidrégeno, halégeno,
carboxi, alquilo C,., -O-alquilo C,, -S-alquilo C,, fenilo y bencilo, y

(e) sistemas de anillos arilo G' elegidos entre el grupo que consiste en: fenilo,
piridinilo y sistemas de anillos biciclicos de 9 miembros que contienen de 0 a 2 heteroatomos
independientemente elegidos entre el grupo que consiste en N y O. En todos los aspectos de esta

realizacién, todos los demas grupos son como se han proporcionado en la formula general anterior.

En una décima realizacion de la invencion, @ se elige entre el grupo que consiste en
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Ri

gesihestipeieetiest

L

, en los que @ esta sustituido con 0 a 3 R' mas; @ es fenilo, vesde 0 a 2;

cada R? s¢ ¢lige independientemente entre el grupo que consiste en fldor, cloro, -OH, -CHs, -OCH,;

o

y -CN; cada D se elige independientemente cntre el grupo que consiste en y
0
o\

5 ; cada E se elige independientemente entre el grupo que consiste en un enlace sencillo,

Q

D )‘\G
bl

o Q
o o dmo P
U o
RE.
R y R Rsb

elige independientemente entre el grupo que consiste en alquilo Cy_4 que tiene de 1 a 2 sustituyentes

, en el que uno de R* y R™ es -OH o fluor; y cada G se

R", en el que cada R"' se elige independientemente entre el grupo que consiste en -OH, -NH2, -
NCH;3H, -N(CHa);, -N(CH,CHs),, -C(O)OCHs, ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo,
10 piranilo, pirrolidinilo, piperidinilo, oxaciclopentilo, oxaciclohexilo, fenilo, piridinilo, pirimidinilo y
pirrolilo. En todos los aspectos de csta realizacidn, todos los demds grupos son como sc¢ han
proporcionado en la férmula general anterior o en la octava realizacion.
En una undécima realizacién de la invencién, el compuesto que tiene la formula estructural
(I) es un compuesto que tiene la férmula estructural (Ia):

(R
y

15
o0
o una sal farmacéuticamente aceptable del mismo, en la que Y esta sustituido con
sustituyentes R', ¢ Y se selecciona entre el grupo que consiste en O y NR', En todos los aspectos de
esta realizacion, todos los demas grupos son como se han proporcionado en la férmula gencral
anterior o en una cualquiera de la primera a cuarta realizaciones.
20 En una decimosegunda realizacién de la invencion, el compuesto que tiene la férmula

estructural (Ia} es un compuesto que tiene la férmula estructural (Ib):
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o una sal farmacéuticamente aceptable del mismo, en la que estd sustituido con #

sustituyentes R', e Y se selecciona entre el grupo que consiste en O y NR'. En aspectos particulares

o

de esta realizacion, esta sustituido con & sustituyentes R YesO, y ambos casos de G

waren )
\’)\Nk -~
H L .
5 son . En todos los aspectos de esta realizacion, todos los demas grupos son como se
han proporcionado en la férmula general anterior o en la undécima realizacién.
En una decimotercera realizacidn de la invencion, el compuesto que tiene la formula

estructural (Ia) es un compuesto que tiene la formula estructural (Ib):

=0 (R*)2
T P
O

g8
10 o una sal farmacéuticamente aceptable del mismo, en la que dicho Y

0,4 ©
Yy dicho , tomados junto con un sustituyente R' y un

sustituyente R?, se representan por un grupo elegido entre el grupo que consiste en

~ R ~
fe3e ey om& St sey
(R 0.3 Enl
a0 O
Yy dicho , tomados junto con un

15  sustituyente R' y un sustituyente R%, se representan por

esta sustituido con &

sustituyentes R', y dicho

aspectos particulares de esta realizacion,
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R!

(R‘;:z";/| b \—{4
N N ZRp.3

V—W

-, en la que V es -CHy-, W es -(CH;).;0(CHy)p.2-, R! es flgor, y ambos

casos de G son . En todos los aspectos de esta realizacion, todos los demas grupos

son como se han proporcionado en la férmula generat anterior o en la undécima realizacion.

En una decimocuarta realizacién de la invencion, @ y @, tomados junto con un

sustituyente R' y un sustituyente R’, se representan por un grupo elegido entre ¢l grupo que consiste

en:
RI
‘,f W 1‘; Z | AN - f N W.
7 = (R")p0— ) g —
(Rl)omi 0-2 e N‘ \ "\(R2 - (RI)DD__/T l A \ v, g
N 7 (R4 , V—w , == N (R ,
\;ﬁw}& "
(R \ 4 | o \
Ry (R'Ya1 )iﬂ (R! )o - | \ \(R?!
, en las
que

W se clige entre el grupo que consiste en -(CHj)i3-, -(CHy)eaNH(CHi)ga-, -(CHae.
aN(alquil C){(CH2)o.0-, -(CH2)paO(CHao2- ¥ -(CH3)02C{OXCHa)oa-, en el que W esta sustituido
con 0 a 4 RY, en el que cada R™ se selecciona independientemente entre alquilo C, v cicloalquilo
Cigy

V se elige entre el grupo que consiste en -C(O)- y -CHy-, y en el que V es -CH;-, V estd
sustituido con 0 a 2 R”, en el que cada RY se selecciona independientemente entre el grupo gue
consiste en alquilo Cy y cicloalquilo Cy4;

cada R! se elige independientemente entre el grupo que consiste en hidrogeno, haldgeno, -
OR’, -CN, -C(O)R?, -COR’, <COIN(R™),, -SR?, -S(O)R?, -S(O:)R?, -N(R™),, -(CH,)p.sN(R™),, -
NR™SO,R’, -N(R™)CO,R?, -N(R*™COR’, -N(R®)C(O)N(R™), alquilo C,, carbociclo Cyx que
contiene de 0 a 3 heteroatomos elegidos entre N, O y S, y fenilo, y el alquilo C,, carbociclo Cy5 y
fenilo estdn sustituidos con 0 a 3 sustituyentes independientemente etegidos entre el grupo que
consiste en hidrégeno, haldgeno, -OR™, -CN, -CO,R™, -C(O)N(R™),, -N(R™),, -N(R*)CO,R™, -
SR™, -S(O)R™, -S(O)R™, -N(R™SOR™®, -NR™CO,R®, -N(R*)C(O)N(R™), alquilo C, -O-
alquilo Cy4 y -S-alquilo C 4,

cada R’ se clige independientemente cntre el grupo que consiste en hidrogeno, alquilo C .,

-OH, -O-alquilo C,4 y cicloalquilo Csg, ¥
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cada R™ se elige independientemente entre el grupo que consiste en hidrogeno, alguilo C,
y cicloalquilo Cs.g;
cada R? se elige independientemente entre e] grupo que consiste en hidrogeno, halégeno, -
OR™, -CN, -COR™, -C(ON(R™),, -N(R"™);, -N(R™)CO,R®, -SR™ -S(O)R", -S(O,)R*, -
5 N(R™MSO,R®, -NR™)CO,R®, -NR™C(ONR™, alquilo C,; sustituido con 0 a 4 R' y
cicloalquilo Cj.4 sustituido con 0 a 4 R’
cada R se elige independientemente entre el grupo que consiste en hidrogeno, -OH,
alquilo Cy4 y cicloalquilo Cyg, y
cada R™ se elige independientemente entre el grupo que consiste en hidrégeno, alquilo Cy.
10 ycicloalquilo Ca;
en el que cada D se elige independientemente entre el grupo que consiste en un enlace
sencillo, -C(O)N(R?)-, NR’C(0)-,

H CH, H
N N 0 S 0 N
~Or ;\(\_3’2‘ f\@ﬁfi f\g_f‘s f\ﬁ_zfi’s f\ﬁ-lﬁ‘
’ ’ ’ ’ y , en las que
R’ se elige independientemente entre el grupo que consiste en hidrégeno, halégeno -OR®, -

15 CN, -CO,R®, -C(O)N(R®), -N(R®), -N(R)COR®, -SR®, -S(O)R®, -8(0,)R°, -N(R®)SO,R®, -
NCO,R®, -NC(O)N(R%),, alquilo C,4 sustituido con 0 a 3 sustituyentes R y cicloalquilo Cag
sustituido con 0 a 3 sustituyentes R®, y

cada R® se elige independientemente entre el grupo que consiste en hidrogeno, alquilo Cy
y cicloalquilo Cj.g;

20 en el que cada E se clige independientemente entre el grupo que consiste en un enlace
sencillo, -CH;NHC(O)-, -CH;N(CH3)C(0O)-, -C{CH;)HNHC(0)-, -C{(CH3;HN(CH;)C(O)-, -
C(CH;)NHC(0)-,  -C(CH;N(CH3)C(0)-, -CH,NHC(0)O-, -CH:N(CH;)C(0)O-, -
C(CH)HNHC(O)O-, -C(CH3)HN(CH;)C(0)0-, -C(CH3:NHC(O)O-, -C(CH;);N(CH;)C(O)0-,

0
0 Q D, )*G
B g D >‘ 0 N
RSB
? Y

R RE , en el que uno de R® y R® es -OH o fltior;
25 en el que cada G se elige independientemente entre el grupo que consiste en
(a) hidrogeno,
(b) -CN,

{c) alquilo C,.s que tiene de 1 a 3 sustituyentes R",
cada R"' se elige independientemente entre el grupo que consiste en -OH, -NH2, -NCH;H,
30 -N(CHa),, -N(CH,CHj3};, =NH, =NCHj, -C(O)H, -C(O)OH, -C(O)CH;, -C(O)OCH;, -NHC(O)H, -
NHC(O)OH, -NHC(O)CH;, -NHC(O)YOCHs, ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo,
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piranilo, pirrolidinilo, piperidinilo, oxaciclopentilo, ¥ oxaciclohexilo, fenilo, piridinilo, pirimidinilo
y pirrolilo, en el que

el ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo, piperidinilo,
oxaciclopentilo y oxaciclohexilo estan sustituidos con 0 a 2 sustituyentes R'? en los 4tomos de N o
C, y cada R se¢ selecciona independientemente entre e grupo que consiste en hidrogeno,
halogeno, carboxi, alquilo Cy, -O-alquilo Cy.4 y -S-alquilo Cy4; ¥

el fenilo, piridinilo, pirimidinilo y pirrolilo estén sustituidos con 0 a 3 sustituyentes R" en
los 4tomos de N o C, y cada R" se selecciona independientemente entre el grupo que consiste en
hidrégeno, halégeno, alquilo Ci, y cicloalquilo de 3 a 8 miembros que contiene de 0 a 3
heteroatomos independicntemente elegidos entre el grupo que consisteen N, O y S,

(d) ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo,
piperidinilo, oxaciclopentilo y oxaciclohexilo que tienen de 0 a 3 sustituyentes R'® en los atomos de
N o C, el R" seleccionado independientemente eatre el grupo que consiste en hidrdgeno, halégeno,
carboxi, alquilo C, 4, -O-alquilo C, 4, -S-alquilo C,, fenilo y bencilo, y

(e) sistemas de anillos arilo G' elegidos entre el grupo que consiste en: fenilo,
piridinilo y sistemas de anillos biciclicos de 9 miembros que contienen de 0 a 2 heterodtomos
independientemente clegidos entre el grupo que consiste en N y O. En todos los aspectos de esia
realizacion, todos los demas grupos son como se han proporcionado en la férmula general anterior.

En otra realizacion de la invencién, el compuesto de la invencion se selecciona entre las
especies ejemplares representadas cn los Ejemplos | a 215 mostrados a continuacién, o sales
farmacéuticamente aceptables de los mismos.

En otra realizacién de la invencion, para los compuestos de formula (I), las variables

®, @ D, E, G, R, R% o, v, R®, R R* R*® R® R% R, I, J, R® R®™, R%* R’ R R'® R
R'ZR" R™ W RY,V y RY, se seleccionan independicntemente entre si.

Otras realizaciones de la presente invencién incluyen las que se indican a continuacidn:

(a) Una composicién farmaceutica que comprende una cantidad eficaz de un compuesto de
férmula (I) y un vehiculo farmacéuticamente aceptable.

(b) La composicién farmacéutica de (a), que comprende adicionalmente un segundo agente
terapéutico seleccionado entre el grupo -que consiste en agentes antivirales del VHC,
inmunomoduladores y agentes anti-infecciosos.

{(¢) La composicién farmacéutica de (b), en la que el agente antiviral del VHC e¢s un
antiviral seleccionado entre ¢l grupo que consiste en inhibidores de proteasa del VHC y inhibidores
de polimerasa NS5B8 del VHC.

{d) Una combinacion farmacéutica que es (i) un compuesto de férmula (I) y (ii) un

segundo agente terapéutico seleccionado entre el grupo que consiste en agentes antivirales del
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VHC, inmunomoduladores y agentes anti-infecciosos; en la que cada uno del compuesto de
formula (I) y el segundo agente terapéutico se emplea en una cantidad que convierte a
combinacion eficaz para inhibidor la actividad NS5A del VHC, o para tratar una infeccién por
VHC y/o reducir la probabilidad o gravedad de sintomas de una infeccion por VHC, o para inhibir
la replicacion viral del VHC y/o la produccién viral del VHC en sistema basado en células.

(e) La combinacion de (d), en la que ¢l agente antiviral del VHC es un antivirus
seleccionado entre el grupo que consiste en inhibidores de proteasa del VHC e inhibidores de
polimerasa NS5B del VHC.

(f) Un procedimiento de inhibicion de la actividad de NSSA del VHC en un sujeto que
necesita el mismo, que comprende administrar al sujeto una cantidad eficaz de un compuesto de
féormula (I).

(g) Un procedimiento para tratar una infeccion de VHC y/o reducir la probabilidad o
gravedad de los sintomas de una infeccion por VHC en un sujeto que necesita el mismo, que
comprende administrar al sujeto una cantidad eficaz de un compuesto de formula (I).

(h) El procedimiento de (g), en el que el compuesto de férmula (I) se administra junto con
una cantidad eficaz de al menos un segundo agente terapéutico seleccionado entre el grupo que
consiste en agentes antivirales del VHC, inmunomoduladores y agentes anti-infecciosos.

(i) El procedimiento de (h), en el que el agente antiviral del VHC es un antiviral
seleccionado entre el grupo que consiste en inhibidores de proteasa del VHC e inhibidores de
polimerasa NS5B del VHC.

(3) Un procedimiento para la inhibicién de la replicacion viral del VHC y/o la produccion
viral del VHC en un sistema basado en células, que comprende administrar al sujeto una cantidad
eficaz de un compuesto de férmula (I).

(k) El procedimiento de (j), en el que el compuesto de formula (T} se administra junto con
una cantidad eficaz de al menos un segundo agente terapéutico seleccionado entre el grupo que
consiste en agentes antivirales del VHC, inmunomoduladores y agentes anti-infecciosos.

(1) El procedimiento de (k), en el que el agente antiviral del VHC es un antiviral
seleccionado entre el grupo que consiste en inhibidores de proteasa del VHC e inhibidores de
polimerasa NS5B del VHC.

(m) Un procedimiento para la inhibicién de la actividad de NS5A del VHC en un sujeto
que necesita el mismo, que comprende administrar al sujeto Ja composicion farmacéutica de (a), (b)
o (c) o la combinacion de (d) o (e).

{n) Un procedimiento para tratar una infeccion por VHC y/o reducir la probabilidad o
gravedad de los sintomas de una infeccién por VHC en un sujeto que necesita el mismo, que

comprende administrar al sujeto la composicion farmacéutica de (a), (b) o (c) o la combinacion de

(d) o (e).
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(o) Un procedimiento para la inhibicién de la replicacion viral del VHC y/o la produccion
viral del VHC en un sistema basado en células, que comprende administrar al sujeto la
composicion farmacéutica de (a), (b) o (¢) o la combinacién de (d) o (e).

En las realizaciones de fos compuestos y sales que se han proporcionado anteriormente, se
entenderd que cada realizacion puede combinarse con una o mas realizaciones diferentes, ¢n la
medida en que una combinacion de este tipo proporcione un compuesto o sal estable y sea
coherente con la descripcion de las realizaciones. Se entenderd adicionalmente que las
realizaciones de las composiciones y procedimientos que s¢ han proporcionado como (a) a (o)
anteriormente incluyen todas las realizaciones de los compuestos y/o sales, incluyendo dichas
realizaciones como resultado de la combinacion de las realizaciones.

La presente invencion también incluye un compuesto de la presente invencion para su uso

(i) en, (ii) como un medicamento para, o (iii) en la preparacién de un medicamento para: (a) inhibir

la actividad de NS5A del VHC, o (b) tratar la infeccion por VHC y/o reducir la probabilidad o
gravedad de los sintomas de la infeccion por VHC, o (¢) inhibir la replicacién viral de VHC y/o la
produccion viral del VHC en un sistema basado en células, o (d) su uso en medicina. En estos usos,
los compuestos de la presente invencion pueden emplearse opcionalmente junto con uno ¢ mas
segundos agentes terapéuticos seleccionados entre agentes antivirales del VHC, agentes anti-
infecciosos e inmunomoduladores.

Las realizaciones adicionales de la invencion incluyen las composiciones farmacéuticas,
combinaciones y procedimientos expuestos en (a)-(0) anteriores y los usos expuestos cn el parrafo
anterior, en ¢l que el compuesto de la presente invencidn empleado en la misma es un compuesto
de una de las realizaciones, aspectos, clases, sub-clases o caracteristicas de los compuestos que se
han descrito anteriormente. En todas estas realizaciones, ¢l compuesto puede usarse opcionalmente
en forma de una sal farmacéuticamente aceptable, o puede estar presente en forma de un solvato o
hidrato, segun sea apropiado.

Como se usa en cste documento, todos los intervalos son inclusivos, vy todos los sub-
intervalos se incluyen dentro de dichos intervalos, aunque no se exponen necesariamente de forma
explicita, Ademas, el término "o0," como se usa en este documento, representa alternativas que
pueden, cuando sea apropiado, combinarse; es decir, el término "o" incluye cada alternativa
entumerada por separado, asi como su combinacién.

Como se usa en este documento, el término "alquilo” se refiere a cualquier grupo aiquilo de
cadena lineal o ramificada que tenga varios atomos de carbono en el intervalo especificado. Por lo
tanto, por ejemplo, "alquilo C,4" (0 "alquilo C;-Cs") se refiere a todos los isdmeros de hexil alquilo
y pentil alquilo, asi como a n-, iso-, sec- y terc-butilo, n- e isopropilo, etilo y metilo. Como otro
ejemplo, "alquilo C,4" se refiere a n-, iso-, sec- y terc-butilo, n- e isopropilo, etilo y metilo. Cuando

se indica, "Cy" se refiere a hidrogeno; por lo tanto, por ejemplo, "alquilo Cog" (0 "alquilo Co-Cs™)
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se refiere a todos los isdmeros de hexil alquilo y pentil alquilo, asi como n-, iso-, sec- y terc-butilo,
n- e isopropilo, etilo, metilo y hidrogeno. Los grupos alquilo pueden estar sustituidos como se
indique.

El término "halogenado” se refiere a un grupo o molécula en el que un dtomo de hidrégeno
se ha reemplazado por un haldégeno. De forma analoga, el término "haloalquilo” se refiere a un
grupo alquilo halogenado. El término "haldgeno™ (o "halo") se refiere a atomos de flior, cloro,
bromo y yodo (como alternativa se denominan fluor, cloro, bromo y yodo), preferiblemente flior.

El término "alcoxi" se refiere a un grupo "alquil-O-", en el que el alquilo es como se ha
definido anteriormente. Los grupos alcoxi pueden estar sustituidos como se indique.

El término "cicloalquilo” se refiere a cualquier anillo ciclico de un alcano o alqueno que
tenga varios atomos de carbono en el intervalo especificado. Por lo tanto, por ejemplo,
“cicloalquilo C;3" (o "cicloalquilo Cs-C4") se refiere a ciclopropilo, ciclobutilo, ciclopentilo,
ciclohexilo, cicloheptilo y ciclooctilo. El término "cicloalcoxi” se refiere a un grupo "cicloalquil-O-
", en ¢l que el cicloalquilo es como se ha definido anteriormente. Los grupos cicloalquilo pueden
estar sustitnidos segiin se indique.

El término "arilo" (o "sistema de anillos arilo") se reficre a sistemas de anillos aromaticos
mono- y poli-carbociclicos o heterociclicos en el que los anillos carbociclicos individuales en fos
sistemas polianillo se condensan o unen entre si a través de un enlace sencillo. Como se usa en este
documento, el término arilo incluye sistemas de anillos aromaticos mono- y poli-carbociclicos que
incluyen de ¢ a 4 heteroatomos (atomos sin carbono) que se eligen independientemente entre N, O
y S. Los grupos ariio adecuados incluyen fenilo, naftilo, bifenilenilo, piridinilo, pirimidinilo y
pirrolilo, asi como los analizados a continuacién. Los grupos arilo pueden estar sustituidos como se
indica. Los sistemas de anillos arilo pueden incluir, cuando sea apropiado, una indicacion de la
variable a la que un atomo del anillo particular est& unido. A menos que se indique otra cosa, los
sustituyentes de los sistemas de anillos arilo pueden estar unidos a cualquier atomo del anilio, con
la condicion de que dichos resultados de unién den como resultado la formacion de un sistema de
anillos estable.

El término "carbociclo” (y las variaciones del mismo, tal como "carbociclico™) como se usa
en este documento, a menos que se indigue otra cosa, se refiere a (i) un anillo saturado o insaturado
monociclico C5 a C7, o (ii) un sistema de anillos saturado o insaturado biciclico Cg a Cyp. Cada
anillo en (ii) es independiente de, o estd condensado a, el otro anillo, y cada anillo esta saturado o
insaturado. Los grupos carbociclo pueden estar sustituidos como se indica. Cuando los carbociclos
contienen uno o més heterodtomos independientemente elegidos entre N, O y S, los carbociclos
también pueden denominarse como "heterociclos”, como se define a continuacién. El carbociclo
puede estar unido al resto de la molécula en cualquier atomo de carbono o nitrégeno que dé como

resultado un compuesto estable. Los carbociclos biciclicos condensados son un subconjunto de los
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carbociclos, es decir, la expresién "carbociclo biciclico condensado" generalmente se refiere a un
sistema de anillos biciclico Cga Cyg en el que cada anillo estd saturado o insaturado y se comparten
dos dtomos de carbono adyacentes por cada de los anillos del sistema de anillos. Un carbociclo
biciclico condensado en el que ambos anillos estan saturados ¢s un sistema de anillos biciclico
saturado. Los anillos carbociclicos saturados también se denominan como anillos cicloalquilo, por
ejemplo, ciclopropilo, ciclobutilo, etc. Un carbociclo biciclico condensado en el que uno o ambos
anillos estan insaturados es un sistema de anillos biciclico insaturado. Los sistemas de anillos
carbociclo pueden incluir, cuando sea apropiado, una indicacion de la variable a la que un 4tomo de
anitlo particular esta unido. A menos que se indique otra cosa, los sustituyentes para los sistemas de
anillos pueden estar unidos a cualquier dtomo del anillo, con la condicién de que dicha unién dé
como resultado la formacion de un sistema de anillos estable. '

A mcnos que se indique otra cosa, el término "heterociclo” (y variantes de los mismos,
tales como "heterociclico” o "heterociclilo") en su sentido mas amplio se refiere a (i) un anillo
monociclico saturado o insaturado estable de 5 a 7 miembros, o (ii) un sistema de anillos biciclico
estable de 8 a 10 miembros, en el que cada anillo en (ii) es independiente de, o esta condensado a,
el otro anillo o anillos y cada anillo esta saturado o insaturado, y el anillo monociclico o el sistema
de anillos biciclico contiene uno o mas heteroatomos (por ejemplo, de | a 6 heteroatomos, o de | a
4 heterodtomos) seleccionados independientemente entre N, O v S y un equilibrio de los 4dtomos de
carbono (el anillo monociclico tipicamente contiene al menos un dtomo de carbono y los sistemas
de anillos biciclicos tipicamente conticnen al menos dos atomos de carbono); y en el que cualquiera
de uno o mas de los heterodtomos de nitrégeno y azufre estd opcionalmente oxidado, y cualquiera
de uno o mds de los heterodtomos de nitrdgeno esta opcionalmente cuaternizado. A menos que se
especifique otra cosa, ¢l anillo heterociclico puede estar unido a cualquier heterodtomo o atomo de
carbono, con la condicién de que la union dé como resultado la creacidn de una estructura estable.
Los grupos heterociclo pueden estar sustituidos como se indica y, a menos que se indique otra cosa,
los sustituyentes pueden estar unidos a cualquier dtomo en el anillo, ya sea un heteroatomo o un
atomo de carbono, con la condicidn de que dé como resultado una estructura quimica estable. Los
ejemplos representativos incluyen piranilo, piperidinilo, piperazinilo, azepanilo, pirrolidinilo,
pirazolidinilo, imidazolidinilo, oxazolidinilo, isoxazolidinilo, morfolinilo, tiomorfolinilo,
tiazolidinilo, isotiazolidinilo y tetrahidrofurilo (o tetrahidrofuranoilo). A menos que se exprese otra
cosa, la expresion "sistema de anillos heteroarilo” se refiere a sistemas de anillos arilo, como se ha
definido anteriormente, que incluyen de 1 a 4 heterodtomos (atomos sin carbono) que sc eligen
independicntemente entre N, O y S. En el caso de anillos heteroaromaticos sustituidos que
contienen al menos un dtomo de nitrdgeno (por ejemplo, piridina), dichas sustituciones pucden las
que den como resultado la formacién de N-Oxido. Los ejemplos representativos de anillos

heteroaromaticos incluyen piridilo, pirrolilo, pirazinilo, pirimidinilo, piridazinilo, tienilo (o
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tiofenilo), tiazolilo, furanilo, imidazolilo, pirazolilo, triazolilo, tetrazolilo, oxazolilo, isooxazolilo,
oxadiazolilo, tiazolilo, isotiazolilo y tiadiazolilo. Los ejemplos representativos de heterociclos
biciclicos incluyen benzotriazolilo, indolilo, isoindolilo, indazolilo, indolinilo, isoindolinilo,
quinoxalinilo, quinazolinilo, cinnolinilo, cromanilo, isocromanilo, tetrahidroquinolinilo,
quinolinilo, tetrahidroisoquinolinilo, isoquinolinilo, 2,3-dihidrobenzofuranilo, 2,3-dihidrobenzo-
1,4-dioxinilo y benzo-1,3-dioxolilo.

A menos que se indica especificamente otra cosa como solo "sustituido", los grupos
alquilo, cicloalquilo y arilo no estan sustituidos. Si estan sustituidos, los sustituyentes preferidos se
seleccionan entre el grupo que incluye, pero sin limitacién, halo, alquilo C,-Cy, -CF;3, -NH,, -
N(alquilo C;-Cs);, -NQ,, 0x%0, -CN,-N3, -OH, -O(alquilo C1-C6), cicloalquilo C;3-C,q, alquenilo C;-
Cs, alquinilo Co-Cq, (alquil Co-C)S(O)g.2-, aril-S(O)g2-, (alquil Cp-Cs}S(O)2(alquil Cy-C)-, (algquil
Co-C6)C(O)NH-, HN-C(NH)-, -O(alquil C1-C6)CF;, (alquil Co-Cg)C(O)-, (alquil Cop-Cq)OC(0)-,
(alquil Cy-Ce)0(alquil C1-C6)-, (alquil Co-Cq)C(O).2(Co-Cs alquul)-, (alquil C1-C6)OC(O)NH-,
arilo, aralquilo, heteroarilo, heterocicloalquilo, halo-arilo, halo-aralquilo, halo-heterociclo y halo-
heterocicloalquilo.

A menos que se exprese otra cosa, todos los intervalos citados en este documento son
inclusivos. Por ejemplo, un anillo heteroarilo descrito como que contiene de "0 a 3 heteroatomos"
se refiere a que el anillo puede contener 0, 1, 2 6 3 heteroatomos. También se apreciard que
cualquier intervalo citado en este documento incluye dentro de su alcance todos los sub-intervalos
dentro de ese intervalo. Las formas oxidadas de los heteroatomos N y S también se incluyen dentro
del alcance de la presente invencion.

Cuando cualquier variable (por ejemplo, R' o R’) aparece mds de una vez en cualquier
constituyente o en la formula (I) o en cualquier formula diferente que representa y describe los
compuestos de la invencion, su definicion en cada caso es independiente de su definicién en cada
caso diferente. Ademds, las combinaciones de sustituyentes y/o variables inicamente se permiten si
dichas combinaciones dan como resultado compuestos estables.

A menos que se indique expresamente otra cosa, la sustitucion con un sustituyente
nombrado se permite en cualquier atomo con la condicion de que dicha sustitucion se permita
quimicamente y dé como resultado un compuesto estable. Un compuesto "estable” es un compuesto
que puede prepararse y aislarse y que tiene una estructura y propiedades que se mantienen o se
pueden hacer que permanezcan inalteradas basicamente durante un periodo de tiempo suficiente
para permitir el uso del compuesto para los fines descritos en este documento (por ejemplo, ia
administracion terapéutica o profilactica a un sujeto).

Como se usa en este documento, el término "compuesto" pretende incluir agentes quimicos
descritos por la formula genérica (I) en todas las formas, incluyendo hidratos y solvatos de dichos

agentes quimicos.
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IEn los compuestos de férmula genérica (I), los atomos pueden mostrar sus abundancias de
is6topos naturales, o uno o més de los dtomos pueden estar enriquecidos de forma artificial en un
isétopo particular que tienc el mismo niimero atémico, pero una masa atdmica o nimero masico
diferente al de la mis atémica o nimero masico que se encuentra predominantemente en la
naturaleza. La presente invencion sc refiere a que incluye todas las variaciones de is6topos
adecuadas de los compuestos de férmula genérica (I). Por ejemplo, las formas de isétopos
diferentes de hidrégeno (H) incluyen protio (‘H) y deuterio "H o D). E! protio es el isétopo de
hidrégeno predominante de origen natural. Enriquecer el deuterio puede proporcionar ciertas
ventajas terapéuticas, tales como el aumento de la semivida in vive o la reduccién de las
necesidades de dosificacion, o puede proporcionar un compuesto Gtil como un estindar para la
caracterizacion de muestras biologicas. Los compuestos enriquecidos con is6topos en la férmula
genérica (I) pueden prepararse sin demasiada experimentacion mediante técnicas convencionales
bien conocidas por los expertos en la técnica o mediante procesos andlogos a los descritos en los
Esquemas y Ejemplos en este documento usando reactivos y/o intermedios cnriguecidos con
isbtopos apropiados.

Como resultado de la seleccion de sustituyentes y patrones de sustituyentes, algunos de los
compuestos de la presente invencion pueden tener centros asimétricos y pueden aparecer como
mezclas de estereoisdmeros, o como diasteredmeros individuales o enantiémeros. Todas las formas
isoméricas de estos compuesto, ya estén aislados o mezclados, estin dentro del alcance de la
presente invencion.

Como se reconocera por un experto en la técnica, algunos de los compuestos de la presente
invencién pueden existir en forma de tautémeros. Para los propositos de la presente invencidn una
referencia a un compuesto de formula (T) es una referencia al compuesto per se, o a cualquiera de
sus tautomeros per se, o a mezclas de dos 0 mis tautdémeros.

l.os compuestos de la presente invencion pueden administrarse en forma de sales
farmacéuticamente aceptables. La expresién "sal farmacéuticamente aceptable” se refiere a una sal
que posee la eficacia del precursor y que no es bioldgicamente o de otro modo indeseable (por
ejemplo, ni es 6xido ni de otra manera perjudicial para el receptor del mismo). Las sales adecuadas
incluyen sales de adicion de 4cidos que, pueden formarse mezclando una solucién del compuesto
de la presente invencién con una solucidn de un acido farmacéuticamente aceptable, tal como 4cido
clorhidrico, acido sulfurico, dcido acético, acido trifluoroacético o 4cido benzoico. Muchos de los
compuestos de la invencion llevan un resto acido, en cuyo caso las sales farmacéuticamente
aceptables adecuadas de los mismos pueden incluir sales de metales alcalinos (por ejemplo, sales
sddicas o potésicas), sales de metales alcalinotérreos (por ejemplo, sales célcicas o magnésicas), y
sales formadas con ligandos orgénicos adecuados, tales como sales de amonio cuaternario.

Ademds, en ¢l caso de que esté presente un grupo 4cido (-COOH) o alcohdlico, los ésteres

31

N



10

15

20

25

30

35

MRL-IFD-00018-WO-PCT

farmacéuticamente aceptables pueden emplearse para modificar las caracteristicas de solubilidad o
hidrélisis del compuesto.

El término "administracion” y las variantes del mismo (por ejemplo, "administrar" un
compuesto) con referencia a un compuesto de la invencion se refiere a proporcionar el compuesto o
un profarmaco del compuesto al individuo que necesita tratamiento. Cuando un compuesto de la
invencion o un profarmaco del mismo se proporciona junto con uno o mas agentes activos distintos
(por ejemplo, agentes antivirales ttiles para trata una infeccion del VHC), se entiende que
"administracién” y cada una de sus variantes incluye la provision concurrente y secuencial del
compuesto o sal (o hidrato) y otros agentes.

Como se usa en este documento, el término "composicion" pretende incluir un producto
que comprende los ingredientes especificados, asi como cualquier producto que se obtenga,
directamente o indirectamente, de la combinacién de los ingredientes especificados.

Por "farmacéuticamente aceptable” se refiere a que los ingredientes de la composicion
farmacéutica han de ser compatibles entre si y no perjudicar al receptor de la misma.

El término "sujeto” (como alternativa, denominado en este documento como "paciente")
como se usa en este documento, se refiere a un animal, preferiblemente un mamifero, mucho mas
preferiblemente un ser humano, que ha sido objeto de tratamiento, observacion o experimentacion.

La expresién "cantidad eficaz”, como se usa en este documento se refiere a la cantidad dc
compuesto activo o agente farmacéutico que provoca la respuesta bioldgica o medicinal en un
tejido, sistema, animal o ser humano que se espera por un investigador, veterinario, médico u otro
especialista. En una realizacidn, la cantidad eficaz es una "cantidad terapéuticamente eficaz" para el
alivio de uno o mas sintomas de la enfermedad o afeccidn que se esta tratando. En ofra realizacion,
la cantidad eficaz es un "cantidad profilacticamente eficaz” para reducir la gravedad o probabilidad
de unc o mas sintomas de la enfermedad o afeccion. En otra realizacion, la cantidad eficaz es una
"cantidad terapéuticamente eficaz” para la inhibicion de la replicacion viral del VHC y/o la
produccién viral del VHC. El término también incluye en este documento la cantidad de principio
activo suficiente para inhibir NS5A de VHC y provocar de esta manera Ja respuesta que se busca
(es decir, una "cantidad de inhibicion eficaz"). Cuando el compuesto activo (es decir, principio
activo) se administra en forma de una sal, las referencias a la cantidad de principio activo son a la
forma de acido libro o base libre del compuesto.

Se entendera que los compuestos reivindicados causan la inhibicién en la prueba de ensayo
de replicon. Por lo tanto, los compuestos descritos en este documento son Utiles para inhibir la
replicacién del VHC, especificamente la proteina NS5A. Los compuestos descritos en este
documento tienen diferentes usos, incluyendo la prevencion o tratamiento de uno o mas de los
sintomas de la infeccion por VHC, la inhibicion de la replicacion viral del VHC y/o la produccion

viral del VHC, y/o come ingredientes de la composicién farmacéutica.
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Los compuestos de csta invencidn son (tiles en la preparacion y ejecucion de ensayos de
exploracion para compuestos antivirales. Por gjemplo, los compuestos de esta invencion son ttiles
para identificar lineas celulares del replicédn resistente a VHC que albergan mutaciones en 1a NSSA,
que son excelentes herramicntas de exploracion para los compuestos antivirales mas potentes.
Ademis, los compuestos de esta invencion son (tiles para establecer o determinar el sitio de unién
a otros antivirales a la replicasa de VHC.

Con el fin de inhibir de la proteina NS5A del VHC, tratar la infeccion por VHC v/o reducir
la probabilidad o gravedad de sintomas de la infeccion por VHC ¢ inhibir la replicacién viral por
VHC y/o la produccién viral del VHC, los compuestos de la presente invencién, opcionalmente en
forma de una sal o un hidrato, pueden administrarse mediante cualquier medio que produzca el
contacto del agente activo con el sitio del agente de accion. Pueden administrarse mediante uno o
mas medios convencionales para su uso junto con productos farmacéuticos, como agentes
terapéuticos individuales o junto con agentes terapéuticos. Pueden administrarse solos, pero
tipicamente se administran con un vechiculo farmacéutico seleccionado sobre la base de la ruta
elegida de administracion y la practica farmacéutica convencional, Los compuestos de la
invencién, por ¢jemplo, pueden administrarse mediante uno o mas de las siguientes vias: por via
ora, parenteral (incluyendo inyecciones subcutancas, intravenosa, intramuscular, inycccidn
intraesternal o técnicas de infusion), por inhalacién (tal como, en forma de pulverizacién), o por via
recta, en forma de una dosis unitaria de una composicién farmacéutica que contiene una cantidad
eficaz del compuesto y transportadores, adyuvantes y vehiculos farmacéuticamente aceptables no
téxicos convencionales. Las preparaciones liquidas adecuadas para la administracion oral (por
ejemplo, suspensiones, jarabes, elixires y similares) pueden prepararse de acuerdo con técnicas
conocidas en la técnica y pueden emplear cualquiera de los medios habituales, tales como agua,
glicoles, aceites, alcoholes y similares. Las preparaciones sdlidas adecuadas para la administracién
oral (por ¢jemplo, polvos, pildoras, capsulas y comprimidos) pueden prepararse de acuerdo con
técnicas conocidas en la técnica y pueden emplear excipientes solidos, tales como almidones,
azicares, caolin, lubricantes, aglutinantes, agentes disgregantes y similares. LLas composiciones
parenterales pueden prepararse de acuerdo con técnicas conocidas en la técnica y tipicamente
emplean agua estéril como transportador y opcionalmente otros ingredientes, tales como
adyuvantes de solubilidad. Las soluciones inyectables pueden prepararse de acuerdo con
procedimientos conocidos en la técnica, en los que el transportador comprende una solucién salina,
una solucién de glucosa o una solucion que contiene una mezcla de solucion salina y glucosa. La
descripcién adicional de procedimientos adecuados para su uso en la preparacion de composiciones
farmacéuticas de la presente invencion y de los ingredientes adecuados para su uso en dichas
composiciones se proporciona en Remington's Pharmaceutical Sciences, 18* edicién (ed. A. R.
Gennaro, Mack Publishing Co., 1990).
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Los compuestos de esta invencion pueden administrarse por via oral en un intervajo de
dosificacion de 0,001 a 1000 mg/kg de peso corporal de un mamifero (por ejemplo, ser humano)
por dia en una sola dosis o en dosis divididas. Un intervalo de dosificacion es de 0,01 a 500 mg/kg
de peso corporal por dia por via oral en una sola dosis 0 en dosis divididas. Otro intervalo de
dosificacion es de 0,1 a 100 mg/kg de peso corporal por dia por via oral en una sola dosis o en
dosis divididas. Para la administracion oral, las composiciones pueden proporcionarse en forma de
comprimidos o capsulas que contienen de 1,0 a 500 mg del principio activo, particularmente 1, 5,
10, 15, 20, 25, 50, 75, 100, 150, 200, 250, 300, 400 y 500 mg del principio activo para el ajuste
sintomatico de la dosis al paciente que se va a tratar. ] nivel de dosis especifico y la frecuencia de
la dosis para cualquier paciente particular puede variarse y dependera de una diversidad de factores
que incluyen la actividad del compuesto especifico empleado, la estabilidad metabélica y la
duracion de accion de este compuesto, la edad, peso corporal, salud general, sexo, dieta, modo y
tiempo de administracion, velocidad de excrecion, combinacion de farmacos, la gravedad de la
afeccion particular y el huésped sometido a terapia.

Como se ha indicado anteriormente, la presente invencién también se refliere a un
procedimiento de inhibicién de la actividad del replicon del VHC, inhibicion de la replicacion viral
del VHC y/o la produccion viral del VHC, tratamiento de la infeccion por VHC y/o reduccidn de la
probabilidad o gravedad de los sintomas de la infeccién por VHC con un compuesto de la presente
invencion junto con unoc o mas agentes terapéuticos y una composicién farmacéutica que
comprende un compuesto de la presente invencién y uno o mas agentes terapéuticos seleccionados
entre el grupo que consiste en un agente antiviral de! VHC, un inmunomodulador y un agente anti-
infeccioso. Dichos agentes terapduticos activos frente a VHC incluyen, pero sin limitacion,
ribavirina, levovirina, viramidina, timosina alfa-1, R7025 (un interferén mejorado (Roche)),
interferén J, interferén J, interferén O pegilado (peginterferén [I, una combinacion de interferon
C y ribavirina, una combinacién de peginterferdn O y ribavirina, una combinacion de interferon L
y levovirina, y una combinacién de peginterferén U y levovirina. La combinacién de peginterferon
C vy ribavirina representa el Estindar actual de Cuidado para el tratamiento del VHC. La
combinacion de uno o mas compuestos de la presente invencién con el Estandar de Cuidado para el
tratamiento del VHC, interferén pegilado y ribaviririna se contempla especificamente incluyéndose
en la presente invencién. El interferon (5 incluye, pero sin limitacién, interferon recombinante (O2a
(tal como interferon ROFERON), interferon pegilado O2a (PEGASYS), interferén U2b (tal como
interferon INTRON-A), interferon pegilado 02b (PEGINTRON), un interferon de consenso
recombinante (tal como interferén alphacon-1), albuferon (interferon O unido a albtimina de suero
humano (Human Genome Sciences)), y un producto de interferon (G purificado. El interferén de
consenso recombinante de Amgen tiene el nombre comercial INFERGEN. La levovirina es el

enantidmero 1. de ribavirina que ha mostrado una actividad inmunomoduladora similar a la
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tibavirina. La viramidina representa un analogo de ribavirina descrito en la Publicacion de
Solicitud de Patente Internacional WO 01/60379. De acuerdo con el procedimiento de la presente
invencion, los componentes individuales de la combinacion pueden administrarse por separado cn
difercntes momentos durante el transcurso de la terapia o al mismo tiempo en formas de
combinacion divididas o individuales.

La ribavirina, levovirina y viramidina pueden ejercer sus efectos anti-VHC modulando las
agrupaciones intracelulares de nucledtidos de guanina a través de la inhibicidn de la inosina
monofosfato deshidrogenasa (IMPDH) de la enzima intracelular. La IMPDH es la enzima limitante
de la velocidad en la ruta biosintética en la biosintesis de nucle6tidos de guanina de nove. La
ribavirina se fosforila facilmente de forma intracelular y ¢l derivado de monofosfato es un inhibidor
de la IMPDH. Por lo tanto, la inhibicién de la IMPDH representa otro objetivo 1til para el
descubrimiento de inhibidores de la replicacién del VHC. Por lo tanto, los compuestos de la
presente invencidn también pueden administrarse junto con un inhibidor de la IMPDH, tal como
los descritos en las Publicaciones de Solicitud de Patente Internacionales WO 97/41211, WO
01/00622 y WO 00/25780; o micofenolato mofetilo. Véase, Anthony C. Allison y Elsie M. Eugui,
Immunosuppressive and Other Anti-Rheumetic Activities of Mychofenolate Mofetil, 44 (SuprL.)
AGENTS ACTION 165 (1993).

Para el tratamiento de la infeccion por VHC, los compuestos de 1a presente invencidn
también pueden administrarse junto con el inhibidor de la polimerasa del agente antiviral R7128
(Roche).

L.os compuestos de la presente invencién también pueden combinarse para el tratamiento
de una infeccidn por HCV con ribonucleésidos antivirales de cadena 2' en Rogers E. Harry-O'Kuru
et al., A Short, Flexible Route to 2-C-BranchedRibonuclecsides, 62 J. ORG. CHEM. 1754-59
(1997); Michael S. Wolfe y Rogers E. Harry-O'Kuru, 4 Consise Synthesis of 2-C-
Methylribonucleosides, 36 TET. LETT. 7611-14 (1995); la Patente de Estados Unidos N° 3.480613;
y las Publicaciones de Solicitud de Patente Internacional WO 01/90121, WO 01/92282, WO
02/32920, WO 04/002999, WO 04/003000 y WO 04/002422; el contenido de cada uno dc los
cuales se incorpora por referencia en su totalidad. Dichos ribonucledsidos ramificados 2'-C
incluyen, pero sin limitacion, 2'-C-metil-citidina, 2'-C-metil-uridina, 2'-C-metil-adenosina, 2'-C-
metil-guanosina y 9-(2-C-metil-C-D-ribofuranosil)-2,6-diaminopurina, v el éster de aminoéacido
carrespondiente de los hidroxilos de ribosa C-2', C-3' y C-5' y los ésteres de 1,3-propanodiol
ciclicos opcionalmente sustituidos correspondientes de los derivados de 5'-fosfato.

Para el tratamiento de la infeccién por VHC, los compuestos de la presente invencidn
también pueden administrarse junto con un agente que es un inhibidor de serina proteasa NS3 de
VHC. La serina proteasa NS3 de VHC es una enzima virica bisica y se ha descrito para que sca

una diana excelente para la inhibicién de la replicacion del VHC. Los inhibidores basados en
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sustratos y sin sustratos ejemplares de los inhibidores de proteasa de NS3 del VHC se describen enl
las Publicaciones de Solicitud de Patente Internacionales WO 98/22496, WO 98/46630, WO
99/07733, WO 99/07734, WO 99/38888, WO 99/50230, WO 99/64442, WO 00/09543, WO
00/59929, WO 02/48116, WO 02/48172, WO 2008/057208 y WO 2008/057209, en la Patente
Britanica N® GB 2 337 262, y en la Patente de Estados Unidos N° 6.323.180, 7.470.664 y 7.012.066
y en Ashok Arasappan et al, Discovery of Narlaprevir (SCH 900518): A Potent, Second
Generation HCVNS3 Serine Protease Inhibitor, ACS MED. CHEM. LETT. DOl 10,1021/
mi9000276 (15 de febrero de 2010).

Los compuestos de la presente invencion también pueden combinarse para el tratamiento
de la infeccion por VHC con nucledsidos que tienen propiedades anti-VHC, tales como las
descritas en las Publicaciones de Solicitud de Patente Internacionales WO 02/51425, WO
01/79246, WO 02/32920, WO 02/48165 y WO 2005/003147 (incluyendo R1656, (2'R)-2'-deoxi-2'-
fluoro-2'-C-metilcitidina, mostradoe como los compuestos 3-6 en la pagina 77), WO 01/68663; WO
99/43691; WO 02/18404 vy WO 2006/021341, v la Publicaciéon de Solicitud de Patente de Estados
Unidos US 2005/0038240, incluyendo nucledsidos de 4'-azido, tal como R1626, 4'-azidocitidina;
Publicaciones de Solicitud de Patente de Estados Unidos US 2002/0019363, US 2003/0236216, US
2004/0006007, US 2004/0063658 y US 2004/0110717; Patente de Estados Unidos N°® 7.105.499,
7.125.855, 7.202.224; y las Publicaciones de Solicitud de Patente Internacional WO 02/100415,
WO 03/026589, WO 03/026675, WO 03/093290, WO 04/011478, WO 04/013300 y WO
04/028481; el contenido de cada wna se incorpora en este documento por referencia en su totalidad.

Para el tratamiento de la infeccion por VHC, los compuestos de la presente invencion
también pueden administrarse junto con un agente que es un inhibidor de la polimerasa NS5B del
VHC. Dichos inhibidores de la polimerasa NSSB del VHC que pueden usarse como terapia de
combinacién incluyen, pero sin limitacion, los descritos en las Publicaciones de Solicitud de
Patente Internacionales WO 02/057287, WO 02/057425, WO 03/068244, WO 2004/000858, WO
04/003138 y WO 2004/007512; las Patentes de Estados Unidos N° 6.777.392, 7.105.499,
7.125.855, 7.202.224 y las Publicaciones de Solicitud de Patente de Estados Unidos US
2004/0067901 y US 2004/0110717; el contenido de cada una se incorpora en este documento por
referencia en su totalidad. Otros inhibidores de la polimerasa del VHC incluyen, pero sin
limitacion, valopicitabina (NM-283; Idenix) y 2'-F-2'-beta-metilcitidina (véase también, el
documento WO 2005/003147).

En una realizacion, inhibidores nucledsidos de polimerasa NS5B del VHC que se usan
junto con los presentes inhibidores de VHC se seleccionan entre los siguientes compuestos: 4-
amino-7-(2-C-metil-0-D-arabinofuranosil)-TH-pirrolof2,3-dlpirimidina; 4-amino-7-(2-C-metil-J-
D-ribofuranosil)-7H-pirrolo[2,3-d]pirimidina; 4-metilamino-7-(2-C-metil-0-D-ribofuranosil)-7H-
pirrolo|2,3-d]pirimidina; 4-dimetilamino-7-(2-C-metil-0-D-ribofuranosil}-7H-pirrolo[2,3-
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dlpirimidina; 4-ciclopropilamino-7-(2-C-metil-t-D-ribofuranosil)-7H-pirrolo[2,3-d|pirimidina; 4-
amino-7-(2-C-vinil-0-D-ribofuranosil)-7H-pirrolo[2,3-d]pirimidina; 4-amino-7-(2-C-hidroximetil-
O-D-ribofuranosil)-7H-pirrolo[2,3-d]pirimidina;  4-amino-7-(2-C-fluorometil-[3-D-ribofuranosil)-
7H-pirrolo[2,3-d]pirimidina; 4-amino-3-metil-7-(2-C-metil-O-D-ribofuranosil)-7H-pirrolo[2,3-
dlpirimidina;  dcido  4-amino-7-(2-C-metil-0-D-ribofuranosil)-7H-pirrolo[2,3-d]pirimidina-5-
carboxilico; 4-amino-5-bromo-7-(2-C-metii-C-D-ribofuranosil)-7H-pirrolo[2,3-d)pirimidina;  4-
amino-5-cloro-7-(2-C-metil-0-D-ribofuranosil)-7TH-pirrolo[2,3-d]pirimidina;  4-amino-5-fluoro-7-
(2-C-metil-0-D-ribofuranosii)-7H-pirrolo[2,3-d]pirimidina; 2,4-diamino-7-(2-C-metil-0-D-
ribofuranosil)-7H-pirrolo[2,3-d]pirimidina; 2-amino-7-(2-C-metil-0-D-ribofuranosil }-7H-
pirrolo[2,3-d]pirimidina; 2-amino-4-ciclopropilamino-7-(2-C-metil-0-D-ribofuranosil)-7H-
pirrolo[2,3-d]pirimidina; 2-amino-7-(2-C-metil-0-D-ribofuranosil)-7H-pirrolo[2,3-d] pirimidin-
4(3H)-ona; 4-amino-7-(2-C-etil-0-D-ribofuranosil)-7H-pirrolo[2,3-d]pirimidina;  4-amino-7-(2-
C,2-0O-dimetil- 3-D-ribofuranosil)-7H-pirrolo[2,3-d]pirimidina;  7(2-C-metil-2-D-ribofuranosil)-
7H-pirrolo[2,3-d]pirimidin-4(3H)-ona;  2-amino-5-metil-7-(2-C,2-O-dimetil-Z-D-ribofuranosil)-
7H-pirrolo[2,3-d]pirimidin-4(3H)-ona; 4-amino-7-(3-deoxi-2-C-metil-0-D-ribofuranosil)-7H-
pirrolo[2,3-d]pirimidina; 4-amino-7-(3-deoxi-2-C-metil-0-D-arabinofuranosil)-7H-pirrolof2,3-
dlpirimidina; 4-amino-2-fluoro-7-(2-C-metil-Ci-D-ribofuranosil)-7H-pirrolo[2,3-d]pirimidina; 4-
amino-7-(3-C-metil-0-D-ribofuranosil)-7H-pirrolo[2,3-d]pirimidina;  4-amino-7-(3-C-metil-5-D-
xilofuranosil)-7H-pirrolo[2,3-d]pirimidina; 4-amino-7-(2,4-di-C-metil-[J-D-ribofuranosil)-7H-
pirrolo[2,3-d|pirimidina, 4-amino-7-(3-deoxi-3-fluoro-2-C-metil-3-D-ribofuranosil)-7H-
pirrolo[2,3-d]pirimidina; y los 5'-trifosfatos correspondientes; o una sal farmacéuticamente
aceptable de los mismos.

Los compuestos de la presente invencion también pueden combinarse para el tratamiento
de la infeccidén por HCV con inhibidores no nucledsidos de polimerasa de VHC, tales como los
descritos en las Publicaciones de Solicitud de Patente de Estados Unidos US 2006/0100262 y US
2009-0048239; las Publicaciones de Solicitud de Patente Internacionales WO 01/77091, WO
01/47883, WO 02/04425, WO 02/06246, WO 02/20497, WO 2005/016927 (en particular JTK003),
WO 2004/041201, WO 2006/066079, WO 2006/066080, WO 2008/075103, WO 2009/010783 vy
WO 2009/010785; el contenido de cada una se incorpora en este documento como referencia en su
totalidad.

En una realizacién, inhibidores no nucledsidos de polimerasa NS5B del VHC que se usan
junto con los presentes inhibidores NS5A del VHC se seleccionan cntre los siguientes compuestos:
acido l4-ciclohexil-6-{2-(dimetilamino)etil]-7-0x0-5,6,7,8-tetrahidroindolo[2, 1 -
a]{2,5]benzodiazocina-1 1 -carboxilico; acido 14-ciclohexil-6-(2-morfolin-4-iletil)-5,6,7,8-
tetrahidroindolo[2,1-a]{2,5]benzodiazocina-11-carboxilico; acido 14-ciclohexil-6-[2-

(dimetilamino)etil]-3-metoxi-5,6,7,8-tetrahidroindolo[2,1-a]  [2,5]benzodiazocina-11-carboxilico;
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acido 14-ciclohexil-3-metoxi-6-metil-5,6,7,8-tetrahidroindolo[2,1-a][2,5]benzodiazocina-11-
carboxilico; ({[(14-ciclohexil-3-metoxi-6-metil-5,6,7,8-tetrahidroindolo[2,1-a][2,5]benzodiazocin-
11-iDecarbonil]lamino}sulfonib)acetato de metilo; acido ({[(14-ciclohexil-3-metoxi-6-metil-5,6,7,8-
tetrahidroindolo[2,1-a)[2,5]benzodiazocin-1 1-il}carbonillJamino} sulfoniacético; 14-ciclchexil-N-
[(dimetilamino)sulfonil]-3-metoxi-6-metil-5,6,7,8-tetrahidroindolo[2,1-a]{2,5]benzodiazocina-11-
carboxamida; acido 3-cloro-14-ciclohexil-6-[2-(dimetilamino)etil]-7-0x0-5,6,7,8-
tetrahidroindolo[2,1-a][2,5]benzodiazocina 11-carboxilico; bis(trifluoroacetato) de N'-(11-carboxi-
14-ciclohexil-7,8-dihidro-6 H-indolo[1,2-€][ 1,5]benzoxazocin-7-i1)-N,N-dimetiletano-1,2-diaminio;
4cido l4-ciclohexil-7,8-dihidro-6H-indolo{ 1,2-¢][1,5]benzoxazocina-1 1-carboxilico; acido 14-
ciclohexil-6-metil-7-0x0-5,6,7,8-tetrahidroindolo] 2, 1-a}[2,5]benzodiazocina-1 1-carboxilico, acido
14-ciclohexil-3-metoxi-6-metil-7-ox0-5,6,7,8-tetrahidroindolo[2,1-a][2.5]benzodiazocina-11-
carboxilico; acido 14-ciclohexil-6-[2-(dimetilamino)etil]-3-metoxi-7-ox0-5,6,7,8-
tetrahidroindolo[2,1-a][2,5]benzodiazocina-11-carboxilico; acido 14-ciclohexil-6-[3-
(dimetilamino)propil]-7-ox0-5,6,7.8-tetrahidroindolo  [2,1-a}(2,5]benzodiazocina-11-carboxilico;
acido 14-ciclohexil-7-0x0-6-(2-piperidin-1-iletil)-5,6,7,8-tetrahidroindolo[2,1-
a][2,5]benzodiazocina-11-carboxilico; acido 14-ciclohexil-6-(2-morfolin-4-iletil)-7-0x0-5,6,7.8-
tetrahidroindolo[2,1-a]{2,5]benzodiazocina-11-carboxilico; acido 14-ciclohexil-6-[2-
(dietilamino)etil]-7-0x0-5,6,7,8-tetrahidroindolof2,1-a) [2,5]benzodiazocina-11-carboxilico; acido
14-ciclohexil-6-(1-metiipiperidin-4-il)-7-0x0-5,6,7,8-tetrahidroindolo[2,1-a}[2,5]benzodiazocina-
11-carboxilico; 14-ciclohexil-N-[(dimetilamino)sulfonil]-7-ox0-6-(2-piperidin-1-iletil)-5,6,7,8-
tetrahidroindolo[2,1-2] [2,5]benzodiazocina-11-carboxamida; 14-ciclohexil-6-[2-
(dimetilamino)etil]-N-[(dimetilamino)sulfonil}-7-ox0-5,6,7,8-tetrahidroindolof2,1-
a][2,5]benzodiazocina-11-carboxamida;,  &cido  14-ciclopentil-6-[2-(dimetilamino)etil}-7-oxo-
5,6,7,8-tetrahidroindelo[2,1-a}{2,5)benzodiazocina-1 1 -carboxilico, acido  14-ciclohexil-5,6,7,8-
tetrahidroindolo[2,1-a] [2,5]benzodiazocina-11-carboxilico; acido 6-alil-14-ciclohexil-3-metoxi-
5,6,7,8-tetrahidroindolo[2,1-a][2,5]benzodiazocina-11-carboxilico;  acido  14-ciclopentil-6-[2-
(dimetilamino)etil]-5,6,7,8-tetrahidroindolo[2, 1-a]{2,5]benzodiazocina- 1 1-carboxilico; 4cido 14-
ciclohexil-6-[2-(dimetilamino)etil]-5,6,7,8-tetrahidroindolo[2,1-a](2,5]benzodiazocina-11-
carboxilico; acido 13-ciclohexil-5-metil-4,5,6,7-tetrahidrofuro[3',2":6,7][1,4)diazocin[1,8-aJindolo-
10-carboxilico; acido 1 5-ciclohexil-6-[2-(dimetilamino)etil]-7-0x0-6,7,8,9-tetrahidro-SH-
indolo[2,1-a][2,6]benzodiazonin-12-carboxilico; acido 15-ciclohexil-8-0x0-6,7,8,9-tetrahidro-5H-
indolo[2,1-a][2,5]benzodiazonin-12-carboxilico;  acido 13-ciclohexil-6-o0x0-6,7-dihidro-5H-
indolo[1,2-d][1,4]benzodiazepina-i0-carboxilico, y sales farmacéuticamente aceptables de los
mismos.

Los replicones del VHC y la actividad inhibidora de NS5A de los presentes compuestos

puede ensayarse usando ensayos conocidos en la técnica. Los inhibidores de VHC, tales como los
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descritos en los Ejemplos en este documento tienen actividades en los ensayos del replicon del
genotipo 1b, 2a y la de aproximadamente I pM a aproximadamente 1 TM. El ensayo se realiza
incubando una linea celular que alberga un replicon en presencia de un inhibidor para un periodo
de tiempo determinado y la medicion del efecto del inhibidor en la replicacién del VIHC
directamente cuantificando el nivel de ARN del replicén, o indircctamente midiendo la actividad
enzimatica de una enzima indicadora co-codificada, tal como luciferasa o C-lactamasa. Realizando
una serie de dichas mediciones a diferentes concentraciones del inhibidor se determina la
concentracion inhibidora eficaz del inhibidor (CEsp 0 CEg). Véase, Jan M. Vrolijk ef af., A
replicons-based bioassay for the measurement of interferons in patients with chronic hepatitis C,
110 J. VIROLOGICAL METHODS 201 (2003). Dichos ensayos también pueden realizarse cn un
formato automatizado para un procesamiento de deteccion de alto rendimiento. Véase, Paul Zuck et
al., A cell-based [I-lactamaase reporter gene assay for the identification of inhibitors of hepatitis C
virus replication, 334 ANALYTICAL BIOCHEMISTRY 344 (2004).

La presente invencion también incluye procesos para preparar los compuestos de formula
(D). Los compuestos de la presente invencién pueden prepararse facilmente de acuerdo con los
siguientes esquemas de reaccion y ejemplos, o modificaciones de los mismos, usando materiales de
partida, reactivos y procedimientos de sintesis convencionales que pueden obtenerse ficilmente. En
estas reacciones, también es posible hacer uso de variantes que se conocen por los expertos en la
técnica, pero no se mencionan en mis detalle. Ademas, serin ficilmente evidentes otros
procedimientos para preparar compuestos de la invencidn por un experto en la téenica a la luz de
los siguientes esquemas de reaccion y ejemplos. A menos que s¢ indigue otra cosa, todas las
variables son como se han definido anteriormente. Los siguientes esquemas de reaccion y ejemplos

inicamente sirven para ilustrar la invencidn y su practica.
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Esquemas Generales

Esquema A-1
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La sintesis de analogos que contienen el nicleo 4-azaindol puede realizarse partiendo de

S una 2-amino-5-nitropiridina 2 protegida adecuadamente, que después puede reducirse por
hidrogenacion catalitica para convertir el grupo amino libre resultante en su hidrazina mediante la
reaccion de NaNO; y SnCl;. La piridilhidrazina resultante puede condensarse con una cetona y
después someterse a condiciones de ciclacion de indo! de Fisher para proporcionar el 6. Puede
realizarse la desproteccion acida de grupos acetilo usando un 4cido fuerte para liberar la diamina,

10 que puede acoplarse selectivamente en el nitrégeno de anilina mas reactivo usando agentes de
acoplamiento convencionales, tales como HATU. Después, el grupo de aminopiridina puede
acilarse con un reactivo, tal como cloruro de acetilo o un acido carboxilico, en presencia de un

reactivo de formacién de enlace amida.

Esquema A-2
5 NHz  nmg s NH;
— e ———
N OMSOH,0,0C o A o

1 2 Pd(PPh;)zCIz, Cul Ty
= DMF EtyM 1 d-d\cncano

4

N ILEEL Bro N, _HATU N
N PENN
H H

15

Pueden acoplarse 2-bromo-3-aminopiridinas a un alquino sustituido de forma terminal
usando procedimientos de acoplamiento de Sonagashira convencionales para dar los intermedios 5,
que pueden experimentar ciclaciéon mediada por TFAA para proporcionar los compuestos de 4-

azaindol 6. Los grupos protectores pueden retirarse con un 4cido fuerte, tal como HCl acuoso, y la
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amina resultante puede actlarse usando un é4cido carboxilico sustituido apropiadamente y un

reactivo de formacién de enlace amida, tal como HATU,

Esquema B
o
N g r NHPY o W B
|7 BN ® ' =
HN™ °N Pival PivHN" "N %H ~
1 2 3
PIVHIN
HBr ac. H.N
VAR : ? =
-~ N — P N NH, _HATU.DIEA
V!
0 NHPiv iy RCOOH
4 5
Q ¢l o)
RTH R \ }“R NCS RTH N \ >_R
| NH —_— rJ MNH
a] N, = N o} N
H H
6
5 La sintesis de las estructuras B que conticnen un nicleo de 6-azaindol puede realizarse

mediante la metalacién del analogo de 4-metilpiridina 2 con una base fuerte, tal como BuLli, e
inactivando el anidn resultante con el agente de acilacion, tal como 3. El intermedio 4 puede
desprotegerse totalmente por la accidn de un acido fuerte, tal como HBr, para dar la estructura de
diamino azaindol 5. Ambos grupos amino pueden acilarse usando un acido carboxilico sustituido
10 apropiadamente y un reactivo de formacién de enlace amida, tal como HATU. Los compuestos 6

pueden funcionalizarse adicionalmente en la posicion del indol C-3 con electrofilos, tales como

NCS.
Esquema C
oM - | O,N o]
i N . KO, H;90,, H,G © \(Y Cul, PACH{EPN, ), EtyN 2 Nz_ KOtBu
P —_—— = E——
N TNH; 1005 N NH, _{0 =
O
O;N O;N C:N R P
NT N o)'— N’H RCOOH NN
4 1 3
o) H u] H a Q,
HM ] HATU RN R NCS R Ny R
CO-O- e OO =Y -0
o N o NN
Nl MR
7 8
15 LLas yodo aminopiridinas 2 pueden acoplarse a un alquino sustituido de forma terminal

usando procedimientos de acoplamiento de Sonagashira convencionales para dar los intermedios 5,
que pueden experimentar una ciclacion mediada por base usando un reactivo, tal como KOtBu,
para proporcionar los compuestos de 7-azaindol 4. Los grupos protectores pueden retirarse con un
acido fuerte, tal como HCI acuoso, y la amina resultante puede acilarse usando un acido carboxilico

20 sustituido apropiadamente y un reactivo de formacién de enlace amida, tal como HATU. Después,
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los compuestos 6 pueden reducirse usando hidrogeno y después se acoplé una segunda vez un
catalizador con un acido carboxilico y HATU para proporcionar 8. El tratamiento de 8 con un
agente electrofilo, tal como NCS, proporciona los compuestos deseados.

Esquema D

Q o]
o NH, i N
by, oS C " meel WO -
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G N...? ( > ?—< >—m4, AT DFER
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8 3 °
Q
WN N yhﬂ
)

Los compuestos en la serie D pueden sintetizarse haciendo reaccionar el intermedio de
dicarbonilo 2 con un derivado de 2-aminopirimidina en presencia de un acido de Lewis, tal como
eterato de ftrifluoruro de boro. El heterociclo resultante puede alquilarse con un analogo de
bromocetona de un aminoacido, tal como prolina, en presencia de una base de amina terciaria. El

10 grupo nitro puede reducirse, y la anilina resultante puede acilarse usando un dcido carboxilico
sustitnido apropiadamente y un reactivo de formacién de enlace amida, tal como HATU, para dar
los productos finales.

Esquema E-}

(\
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<\. oH
\©: >_©_ j(\N ._:Ir‘.’__. (j\r ‘C[ \)_Q_ j _ desproeger
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La estructura E-1 puede prepararse mediante la condensacion de un derivado de acido
benzoico, tal como 1, con un equivalente de fenilenodiamina 2 en presencia de un agente de
deshidratacién, tal como acido polifosforico. La anilina resultante puede acilarse usando un 4cido
carboxilico sustituido apropiadamente, tal como N-Boc-L-prolina, y un reactivo de formacién de
enlace amida, tal como HATU, y después se someti6 a condiciones acidas para retirar el grupo
Boc. Los compuestos 4 pueden acoplarse de nuevo con un dcido carboxilico sustituido
apropiadamente y un reactivo de formacion de enlace amida, tal como HATU. El grupo nitro en 5
puede reducirse en condiciones de hidrogenacion catalitica, y la anilina resultante puede acoplarse
adicionalmente con diversas aminas para dar los compuestos diana.

Esquema E-2

s C[ @
@ O 2 e
HATU DIPEA -

NH;

-0ty @Y@ v

La estructura E-2 puede prepararse haciendo reaccionar con un derivado de icido benzoico
con un analogo dc fenilenodiamina y un reactivo de formacién de enlace amida, tal como HATU,
para dar amidas 3, que puede ciclodeshidratarse por calentamiento con un reactivo, tal como
HOAc. La anilina resultante puede acilarse usando un acido carboxilico sustituido apropiadamente
y un reactivo de formacion de enlace amida, tal como HATU, para dar los intermedios 5. El grupo
nitro puede reducirse en condiciones de hidrogenacidon catalitica, y la anilina resultante suifonarse
con un cloruro de sulfonilo sustituido apropiadamente y una base de amina terciaria para dar los
productos diana.

Esquema F
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La estructura F puede prepararse por la condensacion de un derivado de acido benzoico, tal
como 1, con un equivalente de amino fenol 2 en presencia de un agente de deshidratacion, tal como
acido polifosférico. La anilina resultante puede acilarse usando un acido carboxilico sustituido
apropiadamente, tal como N-Boc-L-prolina, y un reactivo de formacion de enlace amida, tal como
HATU, y después puede someterse a condiciones Acidas para retirar el grupo Boc. Los compuestos
4 pueden acoplarse de nuevo con un acido carboxilico sustituido apropiadamente y un reactivo de
formacién de enlace amida, tal como HATUL
Esquema G-1

Br

NO,
HO O,N—Q—/ oM
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1
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— NH. m—— NH
‘:\.‘ O * DIPEA, HATU 0 Tt

4 5

Los compuestos que tienen la estructura de benzofurano G puede prepararse haciendo
reaccionar un salicilaldehido sustituido apropiadamente con un haluro de bencilo, tal como
bromuro de 4-nitrobencilo, en presencia de una base de amina terciaria para dar los éteres 2. Los
éteres bencilicos pueden tratarse con una base, tal como DBU, y se calentaron a temperaturas
elevadas para realizar la ciclacion para dar los benzofuranos 3. Los grupos nitro en 3 pueden
reducirse en condiciones de hidrogenacion catalitica, y las anilinas resultantes pueden acoplarse
con diversos acido carboxilicos para dar los compuestos diana G-1.

Esquema G-2
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RCOOH i Q
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Para los compuestos sustituidos diferencialmente (R, R") que tienen la estructura de
benzofurano G, la sintesis puede modificarse haciendo rcaccionar un salicilaldehido de bromo
sustituido apropiadamente con un haluro de bencilo, tal como bromuro de 4-nitrobencilo, en
presencia de una basc de amina terciaria para dar los éteres 2. Los ésteres bencilicos pueden
tratarse con una base, tal como DBU, y sc calentaron a temperaturas elevadas para realizar la
ciclacién para dar los benzofuranos 3. El bromuro de arilo puede convertirse en la aril amina por
reaccion con LHMDS y un catalizador de paladio para proporcionar 4, que puede acoplarse a un
acido carboxilico sustituido apropiadamente para dar 5. El grupo nitro en 5 puede reducirse en
condiciones de hidrogenacion catalitica, y [a anilina resultante puede acoplarse con un segundo

analogo de 4cido carboxilico para dar los compuestos diana G-2.

R NO,
=N 1) acetona, reﬂulo SnClz
,U\ * Noz —_—
=N NH, Br 2) metanol, HBr
3
A R
AT R }'
\ ROOOH 7 H, U s \
),_\._ NH

L.as aminopirimidinas sustituidas apropiadamente pueden ciclodeshidratarse después de la

Esquema H

acilacion con una cetona sustituida apropiadamente, tal como 4'-nitro-2-bromobenzofenona,
mediante calentamiento en un disolvente, tal como MeOH, y una fuente acida, tal como HBr. El
compuesto heterociclico nitro resultante puede convertirse en la amina aromética mediante
reduccion con un reactivo, tal como SnCly. Los compuestos finales H pueden obtenerse haciendo
reaccionar 4 con un 4cido carboxilico sustituido apropiadamente y un reactivo de formacion de
enlace amida, tal como HATU.

Esquema I
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Los compuestos del esquema I pueden prepararse haciendo reaccionar la aminopiridina
sustituida apropiadamente con 4'-nitro-2-bromobenzofenona mediante calentamiento en un
disolvente, tal como acetona, después realizando una reaccion de ciclodeshidratacién usando

5 metanol y una fuente acida, tal como HBr. El compuesto heterociclico nitro resultante 3 puede
convertirse en la amina aromatica por reduccion con un reactivo, tal como SnCl,. Los compuestos
finales pueden obtenerse haciendo reaccionar 4 con un dcido carboxilico sustituido apropiadamente
y un reactivo de formacién de enlace amida, tal como HATU.

Esquema J
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Los compuestos en el esquema J pueden prepararse acoplando acidos indol bordnicos con

10

un 2-bromoindol sustituido apropiadamente, tal como 2, en condiciones de Suzuki convencionales.
Los grupos protectores pueden retirarse con HCl, y el grupo nitro en 4 puede reducirse en
condiciones de hidrogenacién catalitica. La pemiltima diamina puede acoplarse con un acido

15  carboxilico sustituido apropiadamente y un reactivo de formacion de enlace amida, tal como BOP,
para dar los compuestos con la estructura central diana.

Esquema K-1
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4
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I.a sintesis de los compuestos con la estructura del niicleo indol K puede prepararse usando
el protocolo de sintesis de indol de Fisher convencional partiendo de una aril hidrazina y una
cetona, tal como 2. La conversion del bromuro de arilo en la aril amina 4 puede realizarse mediante
la reaccion catalizada con Pd con LHMDS. El grupo nitro puede reducirse y la diamina puede
acoplarse con un acido carboxilico sustituido apropiadamente y un reactivo de formacidn de enlace
amida, tal como HATU, para dar los compuestos con la estructura diana.

Esquema K-2
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En un procedimiento alternativa, los indoles K pueden prepararse partiendo de un
aminoindol protegido y sustituido adecuadamente 3. La litiacion y la inactivacién con un éster
boronato proporcionan el intermedio clave 4, que puede acoplarse a un haluro de arilo o heteroarilo
sustituido apropiadamente para proporcionar los compuestos diana 5. Los grupos Boc pueden
retirarse con acido, v la anilina resultante puede acoplarse con un acido carboxilico sustituido
apropiadamente y un reactivo de formacion de enlace amida, tal como HATU. El grupo nitro en 7
puede reducirse y acoplarse en una segunda reaccion de acoplamiento de amida para dar los

compuestos deseados,

Hz. Pd, HAc, AC,0 pPA
AcHN n AcHN | o00H
2

1
N.

; e ’
(3
AcHN o HO
Jog = ClyA e —2—
AcHN NH
4

Esquema L
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R
N NH, AU L 4 % NZ_
O NH RCOOH \g NH
5

L]
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La estructura de indol tetraciclica L puede prepararse como se ha mostrado en el esquema
anterior. La ciclacion de un derivado de 4cido carboxilico 2 con PPA puede proporcionar las
cetonas 3, que pueden participar en una reaccion de indol de Fischer con una fenilhidrazina
sustituida apropiadamente para dar 4. Los grupos de acetamida pueden desprotegerse en
condiciones 4cidas y las aril aminas resultantes pueden acoplarse con un acido carboxilico
sustituido apropiadamente y un reactivo de formacidn de enlace amida, tal como HATU, para dar
los compuestos con la estructura diana.

Esquema M-1
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Los compuestos de estructura M-1 pueden prepararse acoplando la prolina 2 a la amino
cetona 1 usando procedimientos de formacidn de enlace amida convencionales para proporcionar 3,
que puede ciclarse tras el calentamiento con acetato amoénico a temperaturas elevadas. El
intermedio 4 puede acoplarse a acidos indol borénicos, tal como usando condiciones de tipo Suzuki
convencionales. Los grupos Boc pueden retirarse con 4cido, y la anilina resultante puede acoplarse
con un acido carboxilico sustituido apropiadamente y un reactivo de formacion de enlace amida, tal
como HATU. El grupo protector de pirrolidina puede retirarse en condiciones de hidrogenacion, y
la amina resultante puede acoplarse en una segunda reaccion de acoplamiento de amida para dar los
compuestos deseados.

Esquema M-2
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Los compuestos de estructura M-2 pueden prepararse haciendo reaccionar la prolina 1 con
un anién de 4-ctinilbenceno para dar el intermedio de cetona 2, que puede ciclarse con hidrazina. El
intermedio 3 puede acoplarse a &cidos indol borénicos, tal como usando condiciones de tipo Suzuki

5 convencionales. Los grupos Boc pucden retirarse con 4cido y la anilina resultante puede acoplarse
con un acido carboxilico sustituido apropiadamente, y un reactivo de formacion de enlace amida,
tal como HATU. EI grupo protector de pirrolidina puede retirarse en condiciones de hidrogenacién,
y la amina resultante puede acoplarse en una segunda reaccion de acoplamiento de amida para dar
los compuestos deseados.

10  Esquema M-3
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Los analogos de tiazol de la estructura M pueden prepararse a partir de la reaccion de
ciclocondensacién de Z-prolina tioamida 2 con una alfa-bromoacetofenona. Los producios 3
pueden procesarse para dar los compuestos finales usando una metodologia similar a la que se ha

15  descrito en el esquema M-2.

Esquema M-4
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Los analogos de imidazol de la estructura M pueden prepararse a partir de la reaccion de
ciclocondensacion de Z-prolina bromometil cetona 1 con un derivado de amidina aromatica. Los
productos 3 pueden procesarse para dar los compuestos finales usando una metodologia similar a la
que se¢ ha descrito en el esquema M-2.

Esquema M-5
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Los imidazoles isoméricos pueden prepararse partiendo de un aldehide aminoacido

reducir

protegido, tal como 1, y glioxal en presencia de amoniaco. La halogenacién del imidazol 2
resultante con NBS puede seguirse de una reaccion de acoplamiento cruzado catalizado por Pd con
un éster boronato de indol funcionalizado, tal como 4. La desproteccion, reduccion y acoplamiento
con un 4cido carboxilico sustituido apropiadamente y un reactivo de formacién de enlace amida, tal
como HATU, pueden proporcionar los compuestos intermedios 8. Un segundo procedimiento de
desproteccién/acoplamiento de amida puede proporcionar la estructura M-5 diana.

Esquema M-6

50




MRL-IFD-00018-WO-PCT

O N,
hldrazma acoplar N
rm, oz
LDA
cicladeshidratar (jy pruleger ~ B{OH-Pr)y
N 0, —_—
1 N H5C.3h
>—C§j] e s Vet

PaldppIICH) Hoo»
ar
THF/H.
O\rﬁ_cf" J P iiain Q,o ~ I
reflujo, 24 h N
od r\LN "Boc
T 1]

reducir

R\z0
N Nen
acoplar L\__(O
—_— £
RCOOH NH

Los compuestos de oxadiazol pueden prepararse partiendo de indol hidrazida 2 y el
acoplamiento a un aminodcido, tal como Z-prolina. La ciclodeshidratacién del intermedio 3 puede
realizarse con un reactivo, tal como TPP/yodo, para dar el oxadiazol descado, que puede

5 desprotegerse en el indol nitrégeno con Boc anhidrido. La introduccion del grupo funcional de
acido boronico activa el compuesto 6 para el acoplamiento con un haluro de arilo sustituido 7 para
dar el intermedio 8. La retirada de los grupos cbz y Boc proporciona la pemiltima estructura 10,
que puede acoplarse con un &4cido carboxilico sustituido apropiadamente y un reactivo de
formacién de enlace amida para dar las estructuras diana M-6.

10  Esquema M-7
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Los anélogos de oxadiazol de la estructura M pueden prepararse mediante reacciones de
ciclocondensacién de las diacilhidrazinas 2. El acoplamiento a 4cidos bordnicos heterociclicos
usando una metodologia similar a la que se ha descrito en el esquema M-1 puede proporcionar los

15  compuestos diana.

Esquema M-8
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L.os compuestos de benzofurano que contienen doble imidazol pueden prepararse partiendo

o]
()\/OH Cloruro de oxaiilo " =y N
—_ Br Na:$S0, N =
N N ) * I —— al ®
Br

12

de un aldehido de aminoacido protegido, tal como 2, y glioxal en presencia de amoniaco. La
halogenacion del imidazol resultante 3 con NBS puede proporcionar por titimo el intermedio 5,

5 que puede acoplarse a un éster boronato funcionalizado, tal como 11, para proporcionar 12. La
desproteccion y el acoplamiento con un dcido carboxilico sustituido apropiadamente y un reactivo
de formacién de enlace amida, tal como HATU, pueden proporcionar la estructura M-8 diana.

Esquema M-9
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10 Una sintesis alternativa de benzofuranos puede realizarse partiendo del benzofurano 1, que

puede convertirse en el éster boronato 2, que después puede acoplarse a un haluro de arilo

sustitrido apropiadamente para proporcionar 5. El intermedio 5 puede convertirse posteriormente

52




10

15

&

MRL-IFD-00018-WO-PCT

en un éster boronato funcionalizado y convertirse en los productos finales de una manera similar a
la que se ha descrito en el Esquema M-8,

Esquema M-10
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Los benzoxazoles 3 pueden prepararse partiendo de un acido benzoico sustituido
adecuadamente y un aminofenol, tal como 2, en presencia de dcido polifosforico, Dichos productos
pueden convertirse en fos ésteres boronato correspondientes usando procedimientos
convencionales. Los intermedios 4 pueden acoplarse posteriormente en un haluro heterociclico en
presencia de un catalizador de Pd (II) para proporcionar los compuestos 5. La desproteccion y ¢l
acoplamiento con un acido carboxilico sustituido apropiadamente y un reactivo de formacion de
enlace amida, tal como HATU, pueden proporcionar ia estructura M-10 diana.

Esquema N-1

2

NHa
HGI HzN RCOOH
== T
ﬁ HATU

4

H n NMP “ HN-<
YO YO e YO0
[a] N,NH, O microondas o] N
H H
3
R
H HN-—<
R N o]
Y
o N
H

5

Los compuestos en el esquema N-1 pueden prepararse calentando las hidrazinas 1 con las
cetonas 2 en un reactor de microondas en un disolvente aprético polar, tal como NMP. Las indol
acetamidas 3 pueden desprotegerse con acido fuerte, tal como HCI. Las arii aminas resuitantes
pueden acoplarse con un dcido carboxilico sustituido apropiadamente, v un reactivo de formacion
de enlace amida, tal como HATU, para dar los compuestos de la estructura diana.

Esquema N-2
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NHAC
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HoN N . Tacoplar RT N H
Las yodo anilinas 1 pueden acoplarse a un alquino sustituido de forma terminal usando
procedimientos de acoplamiento de Sonagashira convencionales para dar los intermedios 2, que
pueden experimentar ciclacion usando un reactivo, tal como bromuro de indio, para proporcionar

5 los compuestos de indol 3. Los grupos protectores pueden retirarse con un acido fuerte, tal como
HCl acuoso, y la amina resultante puede acilarse usando un &cido carboxilico sustituido
apropiadamente y un reactivo de formacién de enlace amida, tal como HATU. Después, los
compuestos S pueden reducirse usando hidrogeno y un catalizador y después acoplarse una

segunda vez con un acido carboxilico y HATU para proporcionar los compuestos deseados.

10 Esqguema N-3

PoCt,(PPhy)
Q3N NH AT
H \Q: 2 cul, BN OZNAQ_?Q PdCly. Fedly
1
1 ﬁ“ko NH; 2 HN—<
H (]

o
H'N—< HN—-(
©  reducir M HCI3IN
. —_—
oM HyN
: il s ) i .
NH,
HATU I 3

; RCOOH R’H\N it 0
HN i H Hi—¢
3 [

En una ligera variacion del esquema N-2, las yodo anilinas 1 pueden acoplarse a un alquino
sustituido de forma terminal usando procedimientos de acoplamiento de Sonagashira
convencionales para dar los intermedios 2, que pueden experimentar ciclacton usando un reactivo,

15 tal como cloruro de paladio/cloruro férrico para proporcionar los compuestos indol 3. Después, los
compuestos 3 pueden reducirse usando H,, y el grupo protector puede retirarse con un acido fuerte,
tal como HC! acuoso, y las aminas resultantes pueden acilarse usando un acido carboxilico
sustituido apropiadamente y un reactivo de formacién de enlace amida, tal como HATU.

Esquema O
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La estructura O puede prepararse haciendo reaccionar un compuesto de prolina protegida

(tal como Cbz) con un analogo de fenilenodiamina y un reactivo de formacién de enlace amida, tal
como HATU, para dar las amidas 3, que pueden ciclodeshidratarse mediante calentamiento con un

5 reactivo, tal como HOAc. El bencimidazol resultante puede acoplarse a un derivado de 4cido indol
borénico usando condiciones de Suzuki convencionales para proporcionar 5. La retirada de los
grupos Boc con 4cido proporciona 7, que puede acilarse usando un acido carboxilico sustituido
apropiadamente, tal como Boc-l-prolina, y un reactivo de formacién de enlace amida, tal como
HATU, para dar los intermedios 7. Ei grupo Cbz puede reducirse en condiciones de hidrogenacion

10 catalitica, y el grupo Boc puede desprotegerse con 4cido para proporcionar los pendltimos
compuestos 9. La formacién del enlace amida entre 9 y los 4cidos carboxilico proporciona los

compuestos diana.

Esquema P-1
H o H X Q
<Nj\VN 2h }ﬂj NXS %N /Ar\g_O >\_\j
RS ——— ] NH N
Rz{\o o a“cI}—@_NHoi R'QO o 10 ¥ O,(R
R
15 Los heterociclos pueden halogenarse en C-3 por la accidon de agentes electréfilos, tales

como N-halosuccinimidas, para proporcionar las diana P-1.

Esquema P-2

H o/ E F -
<;1er 4 A\ — j _SELECTFUOR O\n/ \ j
A o s ! NHON \l: \ N
R % c oﬁ(R N g(

R

Los heterociclos pueden fluorarse en C-3 por la accién dc agentes de fluoracién

20 electrdfilos, tales como SELECTFLUOR, para proporcionar las dianas P-1.
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Esquema P-3
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Los compuestos halogenados C-3 pueden convertirse en los analogos ciano
correspondientes mediante agentes de cianacion, tales como CuCN.

5 Esquema P-4
quj,w \ ‘ :%Nj ZnCI;J:eMgBr ] y R.to Qs
R’&o © DAR R'JI\CI Rf&jc:pj‘; O “\ O N»;:E

Los compuestos en el esquema P-4 pueden funcionalizarse mediante los indoles de

acilacién con reactivos de Grignard y cloruro de cinc.

Esquema P-5
R=H
m H OH‘\ Etighr H 4 NH, Q
,g”ﬁor 3 % Setac % ) > “j
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10

Los compuestos en el esquema P-5 pueden funcionalizarse desprotonando los indoles con
una base, tal como bromuro de etilmagnesio y tratando el intermedio resuitante con isocianato de
clorosulfonilo. Como alternativa, los indoles 3 pueden prepararse usando condiciones de
Vilsmeier-Haack, que pueden protegerse posteriormente y acoplarse en condiciones de Suzuki para

15 dar los intermedios 5. Los aldehidos pueden oxidarse usando la metodologia convencional para la
formacidn de acido carboxilico. Los 4cidos indol carboxilicos 6 pueden acoplarse a aminas usando

un reactivo, tal como HATU, para dar 7, que puede funcionalizarse adicionalmente por reduccion
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del grupo nitro, desproteccién del grupo Boc y acoplamiento de las anilinas a un acido carboxilico

sustituido apropiadamente y un reactivo de formacion de enlace amida, tal como HATU.

Esquema P-6
H z 9, &
N A J
K orp e Aoy
A Bse Pacpnc;. RN O B o=,
R TFHH 0 R

Los compuestos halogenados C-3 pueden acoplarse a una diversidad de 4cidos alquil y aril
borénicos usando condiciones de Suzuki convencionales.

Esquema Q
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H
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Los compuestos del esquema Q pueden prepararse partiendo de la lactama 1. La reaccion
con cloroformiato de etilo y el tratamiento del producto con una base moderada, tal como
carbonato de amonio, proporciona el intermedio 3, que puede activarse para acoplarse por
conversién al triflato de vinilo correspondiente 4. El acoplamiento de Sonagashira proporciona los
compuestos 5, que pueden reducirse con hierro y cloruro de amonio para proporcionar la anilina 6.
La desproteccion del indol y el acoplamiento de la anilina a un 4cido carboxilico sustituido
apropiadamente y un rcactivo de formacién de enlace amida, tal como HATU, proporciona las
dianas deseadas.

Esquema R

1 2
Z-B(OH} z R
— OO

El acoplamiento de amida de la anilina del esquema K-1 con un acido carboxilico
sustituido apropiadamente y un agente de acoplamiento puede proporcionar ios intermedios 2, que
después pueden someterse a reaccioncs de acoplamiento cruzado catalizado por Pd para
proporcionar las dianas finales R.

Esquema S
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Los compuestos del esquema S pueden prepararse acoplando &cidos indol borénicos con 2-
bromobenzoxazoles sustituidos apropiadamente, tales como 5, en condiciones de Suzuki
convencionales. El grupo nitro en 6 puede reducirse en condiciones de hidrogenacion catalitica y
los grupos protectores pueden retirarse con HCI. La peniltima diamina puede acoplarse con un
acido carboxilico sustituido apropiadamente y un reactivo de formacién de enlace amida, tal como
BOP, reactivo para dar compuestos con la estructura central diana.

Esquema T

M Hl
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Los compuestos del esquema T pueden prepararse partiendo de un fenol sustituido
adecuadamente 3 y un reactivo de hidrazina, tal como 4, usando las condiciones de indol de Fisher
establecidas. Después, la posicion del indol 3 puede funcionalizarse o el indol NH puede ciclarse
en el anillo aromatico C-2 usando condiciones convencionales para dar tetraciclos 8, que pueden
convertirse posteriormente en los ésteres boronato correspondientes usando procedimientos
convencionales. Después, los intermedios 9 pueden acoplarse a un haluro heterociclico en

presencia de un catalizador de Pd (II} para proporcionar los compuestos 10. La desproteccion y el
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acoplamiento con un acido carboxilico sustituido apropiadamente y un reactivo de formacion de

enlace amida, tal como HATU, pueden proporcionar la estructura T diana.

Los siguientes ejemplos Unicamente sirven para ilustrar la invencién y su practica. Los

ejemplos no se interpretan como limitaciones del alcance o espiritu de la invencién.

Lista de Abreviaturas

ACzo

B(OiPr)s, (i PrO);B

B(OMe)s

BF;

BOC, Boc, hoc
BOP

BrCN

BuLi, n-Bul.i
CBZ, Cbz, cbz
CDCI;
CH;CN, MeCN
Cs,C0O;,

CuBr,

CuCN

Cul

DBU

DCE

DCM, CH,Cl,
DIPEA, DIEA
DMAP

DMF

DMSO

DPPF, Dppf, dppf
EDC, EDCI
Et,O

Et:N, TEA
EtMgBr
EtOAc

EtOH

FeCl,

Anhidrido acético

Borato de triisopropilo

Borato de trimetilo

Trifluoruro de boro

terc-Butiloxicarbonilo

Hexafluorofosfato de benzotriazol-1-il-oxi-tris-(dimetilamino)-fosfonio
Bromuro de cianogeno

Butil litio

Benciloxicarbonilo

Deuterio-triclorometano

Acetonitrilo

Carbonato de cesio

Bromuro de cobre (1)

Cianuro de cobre (I)

Yoduro de cobre
1,8-Diazabiciclo[5.4.0Jundec-7-eno
Dicloroetano

Diclorometano

Diisopropiletilamina

4-Dimetilamino piridina

Dimetilformamida

Dimetilsulfoxido
1,1'-bis(Difenilfosfino)erroceno
V-(3-Dimetilaminopropil)-V'-etilcarbodiimida
Eter dietilico

Trictifamina

Bromo(etil)magnesio o bromuro de etil magnesio
Acetato de etilo

Etanol

Cloruro férrico o cloruro de hierro (111)
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H;
H,0
H,80,
HATU

HBr

HCi

HNO;

HOAc, HAc
HOBT, HOBt
HPLC

InBr;

iPr,NH
K,CO;

Kl

KI10O,

KOAc, AcOK
KOH

LLDA
LHMDS, LiHMDS
MeMgBr
MeOD
MeOH, CH;OH
MgSO,
MOC, Moc
MS

N

Na,CO;
Na,SO,
NaClO,
NH,PO,
NaHCO,
NaNQ,
NaOH

NBS

NCS

Hidrégeno o atmosfera de hidrogeno
Agua

Acido sulfirico

Hexafluorofosfato de O-(7-azabenzotriazol-1-il)-N,N,N',N'-
tetrametiluronio

Acido bromhidrico

Acido clorhidrico

Acido nitrico

Acido acético

1-Hidroxi benzotriazol

Cromatografia liquida de alta resolucion
Tribromuro de indio

Diisopropilamina

Carbonato potasico

Yoduro potasico

Yodato potasico

Acetato potasico

Hidroxido potasico

Diisopropilamida de litio
Hexametildisilamida de litio
Bromo(metil)magnesio o bromuro de metil magnesio
Metan(*H)ol

Metanol

Sulfato de magnesio

Metoxi carbonilo

Espectroscopia de masas

Nitrogeno o atmésfera de nitrogeno
Carbonato sodico

Sulfato sédico (anhidro)

Perclorato sodico

Dihidrégeno fosfato soédico

hidrégeno carbonato sédico (bicarbonato sodico)
Nitrito sédico

Hidréxido sddico

N-bromosuccinimida

N-clorosuccinimida
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NH,OAc
NMM
RMN, 'H RMN
NXS

P20s, P40y
Pd
Pd(dppf)Cl;
Pd(II)
Pd(PPhy),Cl,,
PdCly(PPh,),
Pd(PPh;),
Pd/C, Pd-C
Pdy{dba),
PdCl,

PE

Phg

PhCHs, PhMe
Piv

PivCl

POBr;

PPA

PPH,, TPP
Pro

Proc

P'Bu,

Py

PyBOP
RPLC

TA, ta, t.a.
Si0;

SnCl,

SOCl,

STP

-BulLi
t-BuNO,
t-BuOH

&

Acetato de amonio

V-metilmorfolina

Espectroscopfa de resonancia magnética nuclear de protones
N-halosuccinimida

Pentoxido de fosforo

Paladio

Dicloro(1,1%-bis(Difenilfosfino)ferroceno) paladio (11)
Paladio (11)

Diclorobis(trifenilfosfina)paladio (11)

Tetraquis(trifenilfosfina)paladio (0)
Paladio sobre carbono

Tris(dibencilideno acetona)dipaladio (0)
Cloruro de paladio (IT)

Eter de petroleo

Fenilglicina

Tolueno

Pivaloilo

Cloruro de pivaloilo

Oxibromuro de fosforo

Acido polifosforico

Trifenilfosfina

Prolina

Carbamato de iso-propilo

Tri-terc-butil fosfina

Piridina

Hexafluorofosfato de (benzotriazol-1-il-oxi)-tripirrolidinofosfonio
Cromatografia liquida de fase inversa
Temperatura ambiente, aproximadamente 25 °C
Silice o gel de silice

Cloruro estannoso o cloruro de estaiio (I1)
Cloruro de tionilo

Temperatura y presion convencionales
tere-Butil litio

Nitrato de ferc-butilo

terc-Butanol
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t-BuOK, KOt-Bu

terc-butéxido potasico

TFA acido trifluoroacético
TFAA Trifluoroanhidrido acético
THF Tetrahidrofurano
TLC Cromatografia de capa fina
ZnCl, Cloruro de cinc
EJEMPLOS
Ejemplo 1-N-{4-[5-(acetilaming)-1H-pirrelof3,2-b{piridin-2-illfenil}- 1-(fenilacetif}-L-
prolinamida
0 -
YO
X AL
Etapa 1
M2 a0 O Sy, NO2
DRty 5 |
HN NN

A una suspensién de 2-amino-5-nitropiridina (25,0 g, 0,18 mol) y 0,5 g de DMAP en 200
ml de piridina, se le anadié gota a gota AcO (37 g, 0,36 mol) a 0 °C. La mezcla se agité a TA
durante 5 horas. El producto volatil se retiré al vacio. El residuo se lavée con EtOAc para producir
un sélido de color blanquecino (28 g, 86%). MS (ESI) m/e (M+H"): 182.
Etapa 2

Una mezcla heterogénea de 2-acetamido-S-nitropiridina (28 g, 0,15 mol) y Pd al 10%/C
(2,8 g) en 300 ml de MeOH se agitd a 344,74 kPa (50 psi) de H; durante 6 horas. La mezcla se
filtré a través de CELITE, y se concentré al vacio para producir un sélido (20,5 g).
MS (ESD) m/e (M+H"): 152,

Etapa 3
NHy
o | = 1. HCI NaNO, (o) S K"MH2
)J\ = '—“"‘——'_")I\ |
NN 2. SnCly,HC NN
H

Se afiadid lentamente NaNO, (5,4 g, 78,2 mmol) a una solucion de 2-acetamido-5-

aminopiridina (9,0 g, 60 mmol) en HCI acuoso 6 M (300 ml) a 0 °C y se agitd durante 45 minutos.
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Se afiadid una solucién de SnCl; (40,5 g, 180 mmol) en 15 ml de HCI acuoso 6 M vy la mezcia de
reaccion se dejé calentar a TA lentamente mientras se agitaba durante 16 horas. La mezcla de
reaccion se basificd con KOH acuoso al 40 por ciento, se extrajo con EtOAc (3 x), las capas
organicas se combinaron, se sccaron sobre Na,SO; y se concentraron al vacio para dar el

compuesto deseado (3,2 g). MS (ESI) m/e (M+H'): 167.

H N
N A
o) = NH. o) o) Et.N Q R N o]
| 2 . )@* 4 ,(j/
/Lﬁ i )ku pH=9.5 )LH Vi ﬁ)k

H

Etapa 4

Una suspension del producto de la etapa 3 (3,32 g, 20 mmol) y N-(4-acetilfenil)acetamida
(3,54 g, 20 mmol} en 8 ml de EtOH se diluyé con TEA para ajustar ¢l pH a aproximadamente 9,5.
La mezcla de reaccidn resultante se calenté a reflujo durante 3 horas. El disolvente se retiré al
vacio y el residuo resultante se tratd con dcido citrico acuoso al 5% para formar un precipitado. El
precipitado se filtrd, se lavo con agua y se sec al vacio (3,2 g). MS (ESI) m/e (M+H"): 326.
Etapa 5

A N
U T2 C-Om,

Una mezcla del producto de la etapa 4 anterior (0,6 g, 1,8 mmol) y PPA (5 ml) se calenté a
90 °C durante 75 minutos cn una atmosfera de N, Después de enfriar a TA, la mezcla de reaccién
se verti6 en hiclo-agua, se neutralizo con NaOH sélido, mientras se mantenia la temperatura de la
mezcla a o por debajo de la TA. Se afiadio una soluctén de iso-propano!l y DCM (1:3) para extracr
el producto organico. La fase organica combinada se lavé con salmuera, se seco sobre Na; SO, vy se
concentrd al vacio. El residuo se purificé por HPLC preparativa para producir un sélido (280 mg).
MS (ESI) m/e (M+H"): 309.
Etapa 6

H
OO =" -

Una mezcla del 4-azaindol (280 mg, 0, 9 mmol) en 10 m! de HCI 3 N se calentd a reflujo

IZ -

durante 2 horas. El disolvente se retird al vacio. El residuo se purificé por HPLC para producir un
solido (120 mg). MS (ESI) m/e (M+H™): 225.
Etapa 7

Q

o] &
HoN_ N B H N N
OO - w3 (O
= P
b oA L) y AL
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A una suspension del producto de la etapa 6 (23 mg, 0,1 mmol), dcido (23 mg, 0,1 mmol) y
DIPEA (20 mg, 0,15 mmol) en ] ml de CH;CN se le afiadié HATU (42 mg, 0,12 mmol). La mezcla
resultante se agito a TA durante una noche. Después de que la reaccion se completara, ia mezcla se
purifico por HPLC prep. (10 mg). MS (ESI) m/e (M+H"): 440.
Etapa 8

Una mezcla de producto de la etapa 7 (10 mg, 0,023 mmol) y TEA (3 g, 0,03 mmol) en

CH1CN (100 mi) se agit6 a 0 °C. Se afiadi6 gota a gota cloruro de acetilo (2 mg, 0,023 mmol) y la
mezcla resultante se agité a TA durante 0,5 horas. El disolvente se evaporé al vacio y el residuo se
purificé por HPLC preparativa para proporcionar el producto deseado (5 mg). MS (ESI} m/e
(M+H"): 482. '"H RMN (MeOD): O 8,25 (d, ) = 8,4 Hz, 1H), 7,74~7.89 (m, 4H), 7,26~7,32 (m,
5H), 7,00~7,02 {m, 2H), 4,63~4,64 (m, 1H), 3,72~3,84 (m, 4H), 2,18~2,33 (m, 2H), 2,07~2,10 (m,
5H).
Ejemplos 2-3

Los compuestos de los Ejemplos 2 y 3 se prepararon de una manera similar partiendo del

intermedio 7 en la etapa 6.

Ejemplo Estructura M Nohs
(25)-1-(fenilacetil}-V-{2-[4-
({[(28)-1-

H
N (fenilacetil)pirrolidin-2-
2 Q,:J\&/ T\I}-@m A0 654,776 P

il]carbonil}amino)fenil]-1H-

TZ,

pirrolo[3,2-b]piridin-5-

il} pirrolidin-2-carboxamida

(28)-2-[(2-{4-[({(25)-1-

H 0 . [(benctloxi)carbonil]pirrolidin-
(NjWN N\ %j . . . .
o | 3 NH N 2-il}carbonil)aminolfenil}-1H-
3 | Oy o, - o 686,774 _
O’D pirrolo[3,2-b]piridin-5-
il)carbamoil]pirrolidin-1-

carboxilato de bencilo

Ejemple 4-{(15)-2-f(28)-2-{f4-(5-bromo-1H-pirrolof3,2-bipiridin-2-il)feniljcarbamoillpirrolidin-

I-il]-2-0x0-1-feniletilicarbamato de ferc-butilo
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NH N

Q

N 4
IZ -

O

v/

o
Boc‘N.H
Etapa 1
—_— .
Vid B~ “N® “Br

Se afiadié en porciones NBS (14,9 g, 84 mmol) a una solucion del compuesto 3-
aminopiridina (14,9 g, 84 mmol) en DMSO (80 ml) y agua (20 ml) a 0 °C y la reaccion se agité a
TA durante 3 horas. [La mezcla se vertiéd en hielo-agua (250 ml) y se agité durante 30 minutos. El
precipitado se recogid y se secéd para producir un sélido (7,0 g). MS (ESI) m/e (M+H"): 250. 'H
RMN (DMSO): 0 7,28 (d, J=7.6 Hz, 1H), 7,03 (d, J = 7,6 Hz, 1H), 5,69 (s, 2H).

Erapa 2

Se prepard 4-etinilacetanilida usando el procedimiento similar mostrado en el Ejemplo |,
ctapa 1. MS (ESI) m/e (M+H"): 160,

Etapa 3
= NH;
| - NH2 o O// Pd(PPha),Clg, Cul —
P * )L Ny = NH
Br "N “Br N DMF, Et;N N —

Br [s]

A una solucion de 3-amino-2,6-dibromopiridina (9,41 g, 37,5 mmol), 4-etinilacctanilida
(4,77 g, 30 mmol) y Pd(PPh3),Cl; (1,31 g, 1,9 mmol)} en una mezcla de 150 ml de EtN y 50 ml de
DMF se le aiadié Cul (0,7] g, 0,4 mmol) en una atmésfera de N,. La mezcla resultante se agitd a
TA durante una noche. El disolvente se retird y el residuo se purificd por cromatografia (8,5 g). MS
(ESI) m/e (M+H™): 331. 'H RMN (DMSO): O 7,59 (d, J = 8,8 Hz, 2H), 7,54 (d, ] = 8,4 Hz, 2H),
7,21 (d, } = 8.8 Hz, 2H), 7,07 (d, ) = 8,4 Hz, 2H), 2,12 (s, 3H).
Etapa 4

NHZ O
— TFAA, Br N >—
\_ 7 NH 1.4 ~ m_QNH
N )_ A-tioxang N
o H

A una solucién a 0 °C del producto de la etapa 3 (8,5 g, 25,7 mmol} y piridina (4,0 g, 51,4

mmol) en 50 ml de 1,4-dioxano se le afadié TFAA (10,8 g, 51,4 mmol). Después, la mezcla

resultante se calent6 a 100 °C durante una noche. La mezcla se enftrid, se vertié en 200 ml de agua,
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el precipitado se filtr6, se lavo con agua y después se secd para dar un sélido (1,3 g). MS (ES]) m/e
(M+H™): 331.
Etapa 5

0
BNy y— HOlaN  Bra N
-0 "
o /

La reaccion se realiz6 de forma similar a la que se ha descrito en el Ejemplo 1, etapa 6. MS
(ESI) m/e (M+H™): 288.
Etapa 6

IZ -
IZ =

Br N
Bra - MNa HATU R
- P AL

A una suspension del producto de la etapa 5 (0,1 mmol), N-Boc-L-Phg-L-Pro-OH (0,1
mmol) y DIPEA (20 mg, 0,15 mmol) en | ml de CH;CN se le afiadid HATU (42 mg, 0,12 mmol).
La mezcla resultante se agité a TA durante una noche, se concentré y se purificé por RPLC para
dar el compuesto deseado. MS (ESI) m/e (M-+H"): 619. '"H RMN (McOD 400) 0: 7,85~7,77 (m, 5
H), 7,43~7,36 (m, 6 H), 6,89 (s, 1 H), 5,50 (s, 1H), 4,54 (d, J = 8,0 Hz 1H), 3,93(t, | H), 2,10~1,87
(m, 4 H) 1,41 (s, 9 H).

Ejemplo  5-(285)-N-{3-cloro-2-f4-({{(28)- I-(fenilacetil)pirrolidin-2-iljcarbonitlamino) fenilj-1H-

pirrolef2,3-c[piridin-5-il}-1-(fenilacetil)pirrolidin-2-carboxamida

Cl 0,

H &
@\g\” OO 3
o Ny L0
Q H o

Etapa 1

Una mezcla heterogénea de 2-amino-4-metil-5-nitropiridina (4,15 g, 27 mmol) y Pd al
10%/C (0,4 g) en 50 ml de THF se agito en 344,74 kPa (50 psi) de H, durante 3 horas. La mezcla
se filtro a través de CELITE y se concentrd para producir un solido de color amarillo (3,20 g). MS
(ES]) m/e (M+H"): 124, 'TH RMN (DMSO): B 7,38 (s, 1 H), 6,16 (s, 1 H), 4,84 (s, 2 H), 4,06 (s, 2
H), 1,96 (s, 3 H).
Etapa 2
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H
N
N MNH3 < - o h %
| . )%cr o A o0
HaNT N NN

Una mezcla de diamina de la etapa 1 (3,20 g, 26 mmol), TEA (5,25 g, 52 mmol) y una
cantidad catalitica de DMAP en THF (100 ml) sc agitd a 5-10 °C, después se tratd con clorurc de
pivaloilo (3,74 g, 31 mmol). La mezcla resultante se agitd a TA durante 5 horas, se diluy6 con una
solucién al 5% de 4cido citrico y se extrajo con EtOAc. Los extractos organicos combinados se
lavaron secucncialmente con agua y salmucra, se secaron, se filtraron v el filtrado se concentré al
vacio para producir un residuo. E! residuo se purificd por cromatografia en columna sobre gel de
silice para proporcionar 7,4 g del compuesto deseado. MS (ESI) m/e (M+H"): 292. 'H RMN
(CDCls): 00 8,77 (s, | H), 8,47 (s, 1 H), 8,20 (s, 1 H), 7,15 (s, 1 H), 2,24 (s, 3 H), 1,30~1,32 (m, 18
H).

Etapa 3

o] (o] o
~,. 0
Q)\OH SOC|2 /@/N\CI H ~ /@)LN/
—— —— }
O,N O)N 05N o<

A una solucioén enfriada de acido 4-nitrobenzoico (12 g, 72 mmol) en 50 ml de PhMe se le
aitadieron gota a gota 20 ml de SOCl,. Después de la adicién, la suspension se calentd a reflujo
durante 4 horas. El disolvente se retird y el residuo se destilé azeotrépicamente con 50 ml de PhMe
para proporcionar 14,5 g de cloruro de acido en bruto. A una solucién de TEA (101 g, 100 mmol),
una cantidad catalitica de DMAP y N, O-dimetilhidroxilamina (5,3 g, 87 mmol) ¢n 100 ml de DCM
se le afiadieron gota a gota 14,5 g del cloruro de acido recién preparado en 100 ml de DCM. La
mezcla resultante se agité a TA durante 5 horas, después se diluy6 con una solucién del 5% de
actdo citrico y se extrajo con DCM. Los extractos organicos combinados se lavaron
secuencialmente con agua y salmuera, se secaron, se filtraron y el filtrado se concentré para
producir un residuo. El residuo se purificd por cromatografia en columna sobre gel de silice para
proporcionar 7,0 g de la amida Weinreb. MS (ESI) m/e (M+H"): 211. '"H RMN (CDCl;): O 8,25 (d,
J=88Hz 2 M), 782(d,]=96Hz 2H),3,52(s,3 H),3,82(s,3 H).

Etapa 4

Una mezcla heterogénea del compuesto nitro anterior y Pd al 10%/C en THF se agitd a
STP con un globo de H; durante 3 horas. La mezcla se filtrd a través de CELITE y se concentrd

para producir un sélido de color amarillo MS (ESI) m/e (M+H"): 181.
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Erapa 5

o] i P
-~ o] o] N
N EtaN Q)Ll
HzN/dLé\ + \H\cl —— \’)\H Os
El producto de la etapa 4 se sometié a pivaloilo usando las condiciones que se han descrito
en la etapa 2. MS (ESI) m/e (M+H"): 265. 'H RMN (CDCLs): G 7,66 (d,J=8,4Hz 2 H), 7,56(d, ]

= 8,8 Hz, 2 H), 3,51 (s, 3 H), 3,32 (s, 3 H).
Erapa 6

o i .
%N O \‘/M\N N - Dj( N
H H =

Una solucién del compuesto aislado de la etapa 2 anterior (2,2 g, 7,5 mmol) en 15 ml de
THF se enfrié por debajo de -40 °C. Se afiadié gota a gota t-BuLi en hexano (15 ml, 2,5 M, 37,5
mmol) y la solucion resultante se agité a -40 °C durante 1 hora. Se afiadio gota a gota una solucién
del compuesto de la etapa 5 (2,2 g, 8,25 mmol) en 10 ml de THF y la solucidn resultante se
continué agitando a esta temperatura durante 30 minutos antes de calentarse a TA y se agité de
nuevo durante 30 minutos. Se afiadié una solucién acuosa al 5% de acido citrico para interrumpir la
reaccion, que se extrajo con DCM (x 3), y las capas orgénicas combinadas se lavaron con agua y
salmuera, se secaron sobre Na,SO, y se concentraron al vacio. El residuo se purifico por HPLC
preparativa para producir un sélido (0,4 g). MS (ES]) m/e (M+H"): 495. '"H RMN (CDCl): [ 8,85
(s, 1 H), 8,68 (s, 1 H), 8,26 (s, 1 H), 8,03~8,05 (m, 3 H), 7,21 (d, ] =88 Hz, 2 H), 7,53 (s, | H),
4,20 (s, 2 H), 1,33~1,29 (m, 27 H).
Etapa 7

Una solucion del producto de a etapa 6 (400 mg, 0,8 mmol) en HBr acuoso al 33% (15 ml)
se calentd a reflujo durante una noche. Después de un periodo de refrigeracion, la mezcla se
concentro al vacio. El residuo se purificé por HPLC preparativa para dar un sélido (120 mg). MS
(ESDH m/e (M+H™"): 225. '"H RMN (MeOD): O 8,04 (s, 1 H), 7,78 (d, 2 H), 7,04 (d, 2 H), 6,86 (s, ]
H), 6,71 (s, 1 H).

Etapa 8
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IZ/

H
El producto de la etapa 7 se acopld a 2 equivalentes de N-fenilacetil-L-prolina usando 2
equivalentes de HATU y DIEA de una manera similar a la que se ha mostrado en ¢l Ejemplo 1. MS
(ESI) m/c (M+H™): 687. 'H RMN (MeOD): I 8,49~8.57 (m, | H), 7,38~7,45 (m, 2 H), 7,72 ~7,80
(m, 2 H), 5,15~5,20 (m, 4 H), 4,42~4,50 (m, 2 H), 3,57~2,59 (m, 4 H), 2,31~2,42 (m, 4 H),
1,89~2,15 (m, 6 H).
Erapa 9

H o . H al o
\fﬁrm%j LN f&r Yo rn’
N O’J\,Ph o H o Ph

A una solucién del producto de la etapa 8 (15 mg, 0,02 mmol) en 2 ml de THF seco se le
afiadio NCS (2 mg, 0,015 mmol). La mezcla resultante se agité a TA durante 30 minutos. El
disolvente se evapord y el residuo se purificé por HPLC prep. para dar 5 mg del producto deseado.
MS (ESI) m/e (M+H"): 689. '"H RMN (MeOD): 0 8,53 (s, 1 H), 7,91 (d, ] =9,2 Hz, 2 H), 7,77 (d, ]
= 8,8 Hz, 2 H), 7,49 (s, | H), 7,20~7,23 (m, 10 H), 4,53~4,59 (m, 2 H), 3,64~3,79 (m, 8 H),
1,98~2,25 (m, 8 H).
Ejemplo __6-(28)-N-{3-cloro-2-[4-({{(2S)- 1-(fenilacetil)pirrolidin-2-illcarbonil}amino) fenil]-1H-
pirrolof2 3-blpiridin-5-il}-1-(fenifacetilipirrolidin-2-carboxamida

A oo

Etapa !
O

| R K, KiQy, Hp505, M40 OzN\(\IF
—— e
N7 NH, 100C N

NHy

Se disolvié 2-amino-5-nitropiridina (7,00 g, 50,0 mmol) en H;SO4 (2 M, 100 ml). Se
afiadid una porcion de yodato potasico (4,28 g, 20 mmol) a TA con agitacion. La solucidn se
calentd a 100 °C a reflujo. Se afiadi6 gota a gota yoduro potisico (8,00 g, 48,2 mmol) durante 1
hora en forma de una solucion en agua (20 ml). Dio como resultado una solucién de color pardo,
con recoleccion de yodo s6lido en el condensador de reflujo. El calentamiento a reflujo continué
durante 30 minutos y la mezcla se enfrio a TA, La mezcla se ajustd a pH 7 con la adicién cuidadosa
de NaHCO; sélido. La mezcla se diluy6 con agua (200 ml) y se afiadié CH,Cl, (250 ml). Se afiadio
tiosulfato sédico sélido con agitacion vigorosa hasta que la coloracion del yodo desaparecio, Una
cantidad significante de sélido de color amarillento se extrajo de la solucién, que se recogid por

filtracion, se lavo con agua y se secd para dar un sélido de color amarillo (10,5 g). La fraccién de
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CH,Cl; se filtr a través de un papel de filtro tratado con silicona y se evaporé para dar un sélido de
color amarillo (2,4 g). Los solidos se combinaron para dar la yodopiridina deseada (12,7 g). MS
(ESI) m/e (M+H"): 266. 'H RMN (DMSO): O 8,89 (s, 1 H), 8,62 (s, 1 H), 7,75 (s a, 1 H).

Ltapa 2

Oz o

0 O ! )
¢ . ﬁ Cul, PACH(PPhgy BN /7 %, __
HN = ~ - ™
N™ “NHy N=
C NH,

Una solucién del yoduro (1,05 g, 4,8 mmol), 4-etinilacetanilida (636 mg, 4,0 mmol) y
Pd(PPh;3),Cl; (76 mg, 0,4 mmol) en 10 ml de Et;N y 5 ml de DMF se agité a TA durante 17 horas
en una atmodsfera de N,. E! disolvente se retird y el residuo se purificd por cromatografia en
columna para dar el producto (0,9 g). MS (ESI) m/e (M+H"): 297. '"H RMN (DMSO): C 10,11 (s,
1H), 8,80 (s, 1H), 8,22 (s, 1H), 7,59 (s, 1H), 2,01 (s, 3H).

Erapa 3

QN Q,

&_ Oy
I\ N 1-BuCK, DMF,70C | p S N);._
N

A una solucion del producto de la etapa 2 (730 mg, 2,5 mmol} en 3 ml de THF y 6 ml de
DMF se le afiadio t-BuOK (580 mg, 5,25 mmol). La mezcla resultante se calenté a 70 °C durante 6
horas. El disolvente se retird y se afiadieron 10 ml de DCM, 5 ml de agua y el precipitado
resultante se filtro para dar el producto deseado en forma de un so6lido de color amarillo (680 mg).
MS (ESI) m/e (M+H"): 297. '"H RMN (DMSQ): T 10,11 (s, 1 H), 8,96 (s, 1 H), 8,65 (s, | H), 7,88
(d, }=88Hz,2 H), 7,63 (d, ] = 8,8 Hz,2 H), 6,98 (s, | H), 2,02 (s, 3 H).
Etapa 4

=z
Iz

%
e
I

ON._y N OsN
NN O/>—

El procedimiento sintético para la retirada del grupo acetilo era el mismo que se usd en el
Ejemplo 1, etapa 6. MS (ESI) m/e (M+H"): 285.
Etapa 5
o o .
ON ¢
El procedimiento sintético usado para el acoplamiento del anilogo de prolina a la anilina
que se ha preparado en la etapa 4 era el mismo que se uso en el Ejemplo 1, etapa 7. MS (ESI) m/e

(M+H"): 470,
Etapa 6
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Una mezcla heterogénea del producto de la etapa 6 (20 mg, 0.04 mmol) y Pd al 10%/C en 5
ml de MeOH se agité en 68,95 kPa (10 psi) de H; durante 3 horas. La mezcla se filtré a (ravés de
CELITE y se concentrd al vacio para producir un sélido de color amarillo (17 g). MS (ESI) m/e

S (M+H™: 440.

Etapa 7
HaN N’ (jﬁ(
N N o H w

El producto de la etapa 6 se acopld a | equivalente de N-fenilacetil-L-prolina usando |
equivalente de HATU y DIEA de una manera similar a la que se ha mostrado en ¢l Ejemplo 1. MS
10 (ESI) m/e (M+H"): 655. 'H RMN (MeOD): J 8,26 (s, 1 H), 8,19 (s, | H), 7,30~7.51 (m, 3 H),
7,18~7,27 (m, 1 H), 6,65 (s, | H), 4,51~4,56 (m, 2 H), 3,61~3,76 (m, 8 H), 1,95~2,15 (m, 8 H).
Etapa 8

ALV CoE0 =N el ot

A una solucion del producto de la etapa 7 (30 mg, 0,04 mmol) en 4 ml de THF seco se le
15 afiadié NCS (4 mg, 0,03 mmol). La mezcla resultante se agitd a TA durante 30 minutos. El
disolvente se evapord y el residuo se purificé por HPLC prep. para dar el producto deseado. MS
(ESI) m/e (M+H"): 690. 'H RMN (MeOD): T 8,29 (s, 1 H), 8,20 (s, 1 H), 7.81~7.84 (m, 2 H),
7,66~7,69 (m, 2 H), 7,18~7,29 (m, 10 H), 4,52~4,55 (m, 2H), 3,62~3,78 (m, 8 H), 1,90~2,29 (i, §
H).
20 Ejemplo 7-N-[4-(3-0x0-7-{2-0x0-2-{(25)-1-(fenilacetil)pirrolidin-2-il]etil}-3, 7-
dilidroimidazof1,2-alpirazin-2-il)fenili-1-(fenilacetil)-L-prolinamida

N NN

Erapa |

9 o
O
HBr, DMSO
—_—
Oz Q5N H

25 A una solucidn agitada de 4-nitroacetofenona (20 g, 121 mmol) en 100 ml de DMSO se le

afiadieron lentamente 42 ml de HBr acuoso al 48% (363 mmol), La solucién se agité en un matraz
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abierto a 55 °C y Ia reaccidn se siguié de TLC. Cuando el material de partida se consumid, la
solucion se vertié en hielo. Los productos sélidos se filtraron, se lavaron con agua y se secaron al
vacio a TA sobre P,Os.

Etapa 2

0
(8] . N'/\rNHz BFs, E1,0 HN/\H/N\ NO,
H 2N K/N
QN B

Se afiadio en una porcidn arilglioxal hidrato (5 g, 27,8 mmol) sobre una suspension de la
amina heterociclica (2,773 g, 29,2 mmol) en cloruro de metileno (10 ml). La suspension resultante
se trato con 1 gota de BF3-Et,O recién destilado y se agit6 hasta que la mayor parte de la amina se
consumid. Los productos de reaccion se aislaron como hidratos por filtracion de la mezcla de
reaccion espesa de un color intenso. El residuo obtenido por concentracién se dejé enfriar, se filtro
con succidn, se lavo dos veces con éter dietilico y se sec a presion reducida para dar el producto
deseado (4 g). MS (ESI) m/e (M+H™): 256.

Etapa 3

O\«OH 1. CICOQE MCHN?
N — N
m O 2CHxN, @\A o}
o

La prolina N-protegida (10 g, 42,8 mmol) en éter seco (60 ml) y THF (60 ml) se agit6 en
una atmoésfera de argdn a -25 °C. A esta solucion se le afiadieron TEA (42,8 mol, 4,08 ml) y
cloroformiato de etilo (42,8 mmol, 2,6 4,14 ml). La sclucion se agitd durante 30 minutos mas,
después se dejé que la temperatura alcanzara -10 °C, y se afiadid gota a gota la solucién de
diazometano en éter (2-3 equivalentes). La suspensidn se agité durante 3 horas mas y se dej6é que
alcanzara la temperatura ambiente. Después, el clorhidrato de trietilamina se retiré por filtracién y
el filtrado se evapor6 para dar la mitad de su volumen original. La solucién resultante se lavé con
NaHCO; acuoso saturado (50 ml) y salmuera (50 ml). La capa orgénica se seco y se evapord para

dar un producto en bruto, que se usé sin purificacién adicional. MS (ESI) m/e (M+H"): 258.

CHN, O\(‘BF
————————— .

(o]
o]

Etapa 4

Una solucién de a-diazocetona (2 g, 7,78 mmol) en HOAc glacial (25 ml) se tratd gota a
gota con HBr al 48% (2,8 ml) con agitacion. Después de agitar durante |1 hora, la mezcla de
reaccion se extrajo con DCM vy se lavd con agua. La evaporacion del disolvente y la cristalizacion
en éter-éter de pet. dio el producto puro. MS (ESI) m/e (M+H™"): 310.

Etapa 5
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B SN N, THF
b} % 2
o 5 © N
© o

El producto de la etapa 4 (420 mg, 1,35 mmol) y el heterociclo de la etapa 2 (347 mg, 1,35
mmol) en THF (2 ml) se agitaron a TA durante una noche con Et;N (0,3 ml). Cuando la reaccién se
completd, la mezcla se concentrd y el residuo se purificod por RPLC para dar el producto (300 mg).
MS (ES1) m/e (M+H™): 486.

Etapa 6
(]\r\ SnCl; (I‘;]\’(\N SN
% ‘)—Q Q% T g WNHZ
a

Se afiadié una solucion del producto de la etapa 5 (180 mg, 0,371 mmol) en EtOH absoluto
(3 ml} a cloruro estannoso dihidrato (418,6 mg, 1,85 mmol) y la mezcla se agité a 70 °C durante 2
horas. La mezcla de reaccidn se enfrié a TA, se verti6 en hielo/agua (50 ml) y el pH se hizo
alcalino fuerte mediante la adicion de NaOH saturado {100 ml) antes de la extraccion con EtOAc (2
x). La fase orginica se combind y se lavd con salmuera, se secd con MgSO,, se filtré y se
concentré para producir el producto en bruto (150 mg). MS (ESI) m/z: (M+H") 456.
Etapa 7

La mezcla del producto de la etapa 6 (30 mg, 0,066 mmol), N-fenilacetil-L-prolina (46,08
mg, 0,197 mmeol), DIPEA (50,1 mg, 0,197 mmol) en CH;CN (2 ml) sc agité a TA durante 5
minutos y después a la mezcla se le afiadio HATU (74,86 mg, 0,197 mmol). La mezcla se agité a
TA durante una noche, se concentrd v el residuo se purificé por RPLC para dar el compuesto
deseado (20 mg). 'H RMN (DMSO) O: 9,26 (s, 1H), 8,84-8,86 (m, 2H), 7,79-8,03 (m, 4H), 7,11-
7.31{m, 12H), 4,41~4,63 (m, 2H), 3,52~3.80 (m, 12H), 2,26~2,12 (m, 2H), 1,87~1,75 (m, 6H).
Ejemplo 8-(28)-1-(cictobutilcarbonil}-N-{2-[4-({{(2S)-1-(piridin-3-ilcarbonil)pirrolidin-2-

illcarbonillamino)fenil]-1H-bencimidazol-5-illpirrolidin-2-carboxamida

Etapa 1

73



10

15

20

25

MRL-IFD-00018-WO-PCT

NH,
o /©: O;N N
O-N NH
o, 2T OO
N
oH N

Se afiadieron acido p-aminobenzoico (0,200 g, 1,45 mmol) y nitrofenileno diamina (0,221

PPA

g, 1,45 mmol) en PPA (30 mi). La mezcla se agité a 210 °C durante 20 minutos. Después, se vertio
en hiclo agua y se extrajo con DCM. La capa organica se lavd con salmuera, se seco (NaSO,), se
filtrd y se concentrd para proporcionar 200 mg del compuesto deseado. MS m/z: 255 (M+1).

Ftapa 2

C\II/DH ON N
N LY MO
"CL-Or T
N HOBt DIPEA o
H

EDCI, DMF,TA Boc

El compuesto de la etapa 1 anterior (1,2 g, 4,7 mmol), N-Boc-prolina (1,52 g, 7,07 mmol),
EDCI (1,8 g, 9,44 mmol), HOBT (1,27 g, 9,44 mmol) y DIPEA (2,4 g, 18,8 mmol) se recogieron
en DMF (30 ml) y se agitaron durante una noche a TA. La DMF se retird a presién reducida y el
residuo se extrajo con DCM/agua. La capa orgénica se lavd con salmuera, se secd (NaSQy), se
concentrd y se purificé por columna (DCM:MeOH/100:1) para proporcionar 1,2 g del compuesto
deseado. '"H RMN (MeOD) 21 8,49 (s, 1H), 8,28-8,19 (m, 3H), 7,79-7,76 (d, J = 4,4 Hz, 2H), 7,72-
7,65 (m, 1H), 4,41-4.29 (t, /= 8,8 Hz, 1H), 3,59-3,51 (m, 2H), 2,18-1,95 (m, 4H), 1,49 (s, 9H).
Etapa 3

OO

El compuesto de la etapa 2 (0,600 g, 1,06 mmol) se agito en MeOH/HCI (10 ml) durante 1

\/\ HCVYMeCH O’N\@N\)@'NH
— N )
N H Fe)

HCI

Iz ,Z

hora a TA, y el disolvente se retiré a presion reducida. El compuesto resultante se seco a alto vacio
para proporcionar 370 mg del compuesto deseado.

Etapa 4

gesgepte TO Moo R

HAT'U DIPEA 1 =N
o

El producto de la etapa 3 (0,370 g, 1,052 mmo!), dcido piridina-3-carboxilico (0,157 g,
1,27 mmol), HATU (1,2 g, 3,18 mmol) y DIPEA (0,814 g, 6,36 mmol) se recogieron en DMF (10
ml) y se agitaron durante una noche a TA. La DMF se retird a presion reducida y el residuo se
extrajo con DCM/agua. La capa organica se lavo con salmuera, se seco (NaSQ,), se concentrd y se

purificé por columna (DCM:MeOH/100:1) para proporcionar 300 mg del compuesto deseado. 'H
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RMN (MeOD) C ppm: 0,883 (s, 1H), 0,87-0,85 (d, ./ = 4,4 Hz, 1H), 8,49 (5, 1H), 8,21-8,18 (m,
1H), 8,17-8,10 (m, 3H), 7,98-7,95 (d, 7= 8,8 Hz, 2H), 7,73-7,68 (m, 1H), 7,60-7,51 (m, 1H), 4,79-
4,76 (t, J= 6 Hz, 1H), 3,77-3,73 (m, 2H), 3,27-3,19 (m, 2H), 2,19-2,12 (m, 2H).

Etapa 5

OGP CEROA D
O OJ\G\I I 0 04\0\1

El producto de la etapa 4 (0.300 g, 0,657 mmol) se recogio en MeOH (10 ml) y Pd/C (0,07
g) se afiadid en una atmdsfera de N,. La reaccion se agitd durante una noche a TA en una atmésfera
de H,. El Pd/C se filtré a través de CELITE vy el filtrado se concentrd a presién reducida para
proporcionar 234 mg del compuesto deseado.

Frapa 6

<N\:: OH

HaN N H :—/} IIY n N

2 N N Boec r:l 3

N \]o(,\ HOB, CIPEA Boe O N N)H \‘:‘j
O%* EDGI, DMF,TA H d W

e

El preducto de la etapa 5 (0,370 g, en bruto), N-Boc-prolina (0,157 g, 1,27 mmol), HATU
(1,2 g, 3,18 mmol) y DIPEA (0,814 g, 6,36 mmol) se recogieron en DMF (10 ml) y se agitaron

N

.

durante una noche a TA. La DMF se retird a presién reducida y el residuo se extrajo con
DCM/agua. La capa orgénica se lavd con salmuera, se secod (NaSQy), se concentré y se purificd por

columna {(DCM:MeOH/100:1) para proporcionar 300 mg del compuesto diana.

Etapa 7
H H
N F 5
O Oy e oy M~ 00
N i} NH Q ﬁ \QNH e} N
Boc 0] I \N O (0] \N
e l e

El producto de la ctapa 6 (0,600 g, 1,06 mmol) se agitdé en MeOH/HCI (15 ml) durante |
hora a TA y el disolvente se retird a presion reducida. El compuesto se sec6 a alto vacio para
proporcionar 370 mg del compuesto deseado. 'H RMN (MeOD) O: 9,39 (s, 1H), 9,18-8,82 (m,
2H), 8,39-8,38 (m, 1H), 8,32-8,22 (m, [H). 8,21-8,10 (m, 2H), 8,09-7,98 (m, 2H), 7,86-7,72 (m,
1H), 7,71-7,65 (m, 1H), 4,87-4,84 (t, J = 8,8 Hz, 2H), 3,51-3,34 (m, 8H), 2,49-2,38 (m, 4H).

Elapa §
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N s N =
QPO e OO

C He o SN R—-COOH U&O 0 N

p P
E] producto de la etapa 7 (0,100 g, 0,191 mmol), 4cido ciclobutanocarboxilico (0,018 mpg,
0,183 mmol), HATU (0,116 g, 0,305 mmol) y DIPEA (0,05% g, 0,416 mmol) se recogieron en
DMF (5 ml} y se agitaron durante una noche a TA. La DMF se retird a presion reducida y el
residuo se extrajo con DCM/agua. La capa organica se lavo con salmuera, se secé (NaSOy) y se
concentro. El residuo se purificé por HPLC para proporcionar 12 mg del producto final. 'H RMN
(MeOD) 0: 8,91 (s, 1H), 8,75 (s, 1H), 8.41 (s, 1H), 8,25 (s,1H), 7,96-7.95 (d, J = 5,2 Hz, 4H),
7,73-7,67 (d, J = 3,2 Hz, 2H), 7,52-7,51 (d, J = 3,2 Hz, 1H), 4,54-4,82 (t, J = 3,6 Hz, 2H), 3,63-
3,46 (m, 4H), 2,48-2,46 (t, /=2 Hz, 1H), 2,34-2,29 (m, 6H), 2,18-2,10 (m, 4H), 2,08-2,02 (m, 4H).

Ejemplos 9-15
Los compuestos de los Ejemplos 9-15 se prepararon de una manera similar al Ejemplo 8.
Ejemplo Estructura PM Nombre
(2S)-1-(fenilcarbonil)-N-{4-
[5-({[(25)-1-

Q\I’,N\@EN\ e (fenilearbonil)pirrolidin-2-

9 ©)§o° H: ) lf;j\@ 626,721 | il]carbonil}amino)-1H-
bencimidazol-2-

if}fenil} pirrolidin-2-

carboxamida

(25)-1-[(4Z,5Z)-4-
etilidenohept-5-enocil]-N-{2-
OO [4-({[(25)-1-3-

10 @)A H Og 682,83 | fenilpropanoil)pirrolidin-2-
A\k© ilJearbonil}amino)fenil]-1H-
bencimidazal-5-

it}pirrolidin-2-carboxamida

(28)-1-[(4Z,5Z)-4-
2 etilidenohept-5-enoil]-N-{2-

N
3-({[(25)-1-(3-
(NH“ ; Hw{gr\_@ | [ ({[(.S)_ (”
\@N‘%@ 682,83 | fenilpropanoil)pirrolidin-2-
H

11 ..
@JA ilJcarbonil}amino)fenil]-1H-

bencimidazol-5-

il} pirrolidin-2-carboxamida
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Ejemplo

Estructura

PM

Nombre

H
o OYN‘Q:N\}—( NH

O\)LNQ H oﬁmj
BH o

«0OH

686,774

(285)-1-[(2R)-2-hidroxi-2-
fenilacetil]-N-(4-{5-[({{285)-
1-[(2R)-2-hidroxi-2-
fenilacetil]pirrolidin-2-
il}carbonil)amino]- 1 H-
bencimidazol-2-
il}fenil)pirrolidin-2-

carboxamida

13 o

654,776

(25)-1-(fenilacetil)-N-{4-[5-
({i28)-1-
(fenilacetil}pirrolidin-2-
il]carbonil}amino)-1H-
bencimidazol-2-
il}fenil} pirrolidin-2-

carboxamida

14 CHy d

CH,

885,041

{(18)-2-[(28)-2-({4-[5-
({[(28)-1-{(28)-2-[(terc-
butoxicarbonil)amino]-2-

fenilacetil} pirrolidin-2-

illcarbonil}amino)-1H-
bencimidazol-2-
il]fenil} carbamoil)pirrolidin-
1-il]-2-0x0-1-
feniletil}carbamato de tere-

butilo

15 CH;4 \\FNH

885,041

{(1R)-2-[(28)-2-({4-[5-
({[(28)-1-{(2R)-2-[(terc-
butoxicarbonil)amino]-2-

fenilacetil} pirrolidin-2-

il|carbonil}amino)-1H-
bencimidazol-2-
il}fenil}carbamoil)pirrolidin-
1-il]-2-0x0-1-

feniletil }carbamato de terc-
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Ejemplo Estructura PM Nombre
butilo
Ejemplo 16-(28)-2-{[4-(4-{{(4-metilfenilisulfoniljamino}-1H-bencimidazol-2-

iDfenillcarbamoil}lpirrolidin-1-carboxilato de bencilo

40
b EH0

Etapa 1

NG, NGy H‘<®*NHBDG
o)<, COr e (S

NH, NH

A una solucidn de 4cido N-Boc-p-aminobenzoico (1,86 g, 7.84 mmol) en DMF se le
afiadieron 3-nitrofenilenodiamina (1,0 g, 6,536 mmol), HOBt (0,875 g, 6,536 mmol) y EDCI (2,5 g,
9,804 mmol) y la reaccion se agité durante una noche a TA. El exceso de disolvente se retird a
presion reducida y el residuo se diluyd con DCM. La capa organica se lavd con salmuera, se seco
(NaSOy), se filtrd, se concentrd y se purificd por columna para obtener 400 mg del compuesto. MS
m/z: 273 (M+1).

Etapa 2

NO; HﬁNHm NO; .
ACOH
G = o
NH,

¥

El compuesto de la etapa 1 anterior (0,600 g, 1,611 mmol) y KOAc (0,158 g, 1,609 mmol)
se recogieron en HOAc (9,3 ml). La reaccidn se agité a 120 °C durante una noche, se enfrica TA y
se verti¢ en hielo-agua. La capa acuosa se extrajo con DCM. La capa organica se lavo con
salmuera, se secd (NaSQy), se filtrd y se concentrd para obtener 120 mg del compuesto deseado.
MS m/z: 255 (M+1). 'H RMN (DMSO) 0: 11,44 (s, 1H), 8,95-9,01 (m, 2H), 8,81-8,83 (d, /= 8,0
Hz, 2H), 8,22-8,27 (m, 1H), §,22-8,27 (m, 2H), 4,97 (s, 2H).
Etapa 3

NO;

@ NBOG»melna @
’ C THATU, DIPEA N> <,\/ \n/\N

CHLCN, TA

X

A una solucién de la anilina (0,200 g, 0,787 mmol) en DMF se le afiadieron N-Boc-prolina

(0,186 g, 0,865 mmol), DIPEA (0,302 g, 2,361 mmol) y HATU (0,329 g, 0,865 mmol). La reaccion
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se agitd durante una noche. El exceso de disolvente se retird a presion reducida y el residuo se
diluyd con DCM. La capa organica se lavd con salmuera, se secé (NaSQ,), se filtrd, se concentrd y
se purificd por columna para obtener 150 mg del producto deseado. MS m/z: 452 (M+1). '"H RMN
{(MeOD) O: 8,70-8,73 (m, 2H), 8,40-8,42 (d, .7 = 8 Hz, 2H), 7,877,89 (d, J = 8 Hz, 1H), 7,50-7,53
(m, 2H), 6,78-6,80 (d, /= 8 Hz, 1H), 3,83 (s, 1H), 3,69-3,76 (m, 2H), 3,56-3,60 (m, 4H), 1,37-1,43
(m, 9H).

Etapa 4

L

Boc

Sroni= Sron

A una solucién del compuesto de la etapa 3 anterior (0,200 g, 0,443 mmo!) se le afadié
Pd/C (10 mg) en una atmosfera de argdn y la reaccién se agité durante 2 horas en H,. El Pd/C se
filtré y se lavé varias veces con MeOH. El disolvente se evaporé para obtener 180 mg del
compuesto deseado. MS m/z; 422 (M+1). 'H RMN (MeOD) 0: 9,5) (s, 1H), 7,95-8,20 {m, 1H),
7,58-7,60 (m, 1), 7,19-7,48 (m, 2H), 6,78-6,87 (m, 2H), 6,38 (s, 1H), 4,25-4,42 (m, 1H), 3,34-
3,67 (m, 2H), 1,79-2,20 (m, 4H), 1,17-1,41 (m, 9H).
Etapa 5

2 SnH s _;B
Sros o O @,, Ot O

4] Bac

A una solucién del compuesto de la etapa 4 anterior (0,196 g, 0,465 mmol) en THF se le
afiadieron gota a gota TEA (0,070 g, 0,693 mmol) y cloruro de 4-metilbenceno-1-sulfonilo (0,088
g, 0,461 mmol) a 0 °C. La reaccidn se agité durante una noche y el disolvente se retiré a presion
reducida. El residuo se diluyé con DCM y se favo con salmuera. La capa organica se sec6d (NaSQ,),
se filtrd y sc concentro. El residuo se purificé por TLC preparativa para proporcionar 110 mg del
compuesto deseado. MS m/z; 576 (M+1). '"H RMN (MeOD) J: 7,98-8,00 (d, ] =8,0 Hz, 2H), 7,78-
7,80 (d, ) = 8,0 Hz, 2H), 7,66-7,68 (d, J = 8,0 Hz, 2H), 7.26-7,28 (m, 11H), 7,19-7,21 (d, ] = 8,0
Hz, 2H), 7,07-7,09 (m, 2H), 4,36-4,38 (m, 1H), 3,55-3,58 (m, 2H), 2,32-2,35 (m, 4H), 1,89-2,11
(m, 3H), 1,50 (s, 9H).

Etapa 6

L)

9 1) MeOHMCI N

§‘“ oI E-NH \Ic]:'/\)-@

b O B Oy O
NH

El producto de la etapa 5 anterior (0,180 g, 0,312 mmol) se agité en McOH/HC! (5,0 ml)

durante 1 hora a TA. El disolvente se retird a presion reducida y se secd a alto vacio. Se usé
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directamente sin purificacidén adicional. El residuo se recogié en DMF y se aifiadieron acido
benzoico (0,042 g, 0,344 mmol), DIPEA (0,320 g, 2,504 mmol) y HATU (0,143 g, 0,375 mmol).
La reaccidn se agit6é durante una noche a TA. El exceso de disolvente se retiré a presion reducida y
el residuo se diluyé con DCM. La capa organica se lavd con salmuera, se secd (NaSQy), se filtro, se
concentré y se purificéd por columna para proporcionar 40 mg del compuesto final. MS m/z: 580
(M+1). '"H RMN (MeOD) O: 7,92-7,94 (d, } = 8,8 Hz, 2H), 7,23-7,68 (m, 14H), 6,81-6,83 (d, ] =
10 Hz, 1H), 5,21 (s, 2H), 4,65-4,79 (m, 1H), 3,52-3,89 (m, 2H), 2,47-2,58 (m, 1H), 2,43 (s, 3H),
1,93-2,23 (m, 3H).

Ejemplo 17-(28)-1-(3-fenilpropanoil)-N- {J-IS- ({1(28)-1-(3-fenilpropanoil)pirrolidin-2-

illcarboniliaminoe)-1,3-benzoxagol-2-illfenil}pirrolidin-2-carboxamida

(o]

Etapa 1

o) HzN : NHy HaN N
OH PPA G

Se combinaron acido p-aminobenzoico (1,37 g, 10 mmol) y 2,4-diaminofenol (1,24 g, 10
mmol) en una atmésfera de argdn y se tratd con 12 ml de PPA. La solucion resultante se calent6 a
200 °C durante 30 minutos. La solucién de color negro se vertié en hielo y el sélido de color
amarillo resultante se recogié (1,12 g). 'H RMN (DMSO) 1: 10,2-10,5 (s, 21), 8,10-8,20 (m, 4H),
7,10-7,80 (m, 3H). MS m/z: 226 (M+1]).
Etapa 2

ALY O LN O D
Uo e HATU, DIPEA, DMF Boc O o \lolf\gm

El producto de la etapa | anterior (0,100 g, 0,236 mmol), N-Boc-prolina (0,098 g, 0,355
mmol), HATU (0,135 g, 0,355 mmol), TEA (0,100 g, 0,944 mmol) se recogieron en DCM (10 ml)
y se agitaron durante una noche a TA. La reaccion se diluyé con DCM, la capa organica se lavé
con agua y salmuera, se secé (NaSQ,), se concentrd y se purificé por TLC preparativa para
proporcionar 100 mg del compuesto deseado. MS m/z: 620 (M+1).
Etapa 3
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%H\@:})—@—H \g/-‘::ﬁc HCI/MeOH ({P\gn\@;\ 2 H\g/-\?

El producto de la ctapa 2 anterior (0,100 g, 0,161 mmotl) se agité en MeOH/HCI (3,0 mI)
durante 1 hora a TA y el disolvente se retird a presion reducida. El compuesto se seco a alto vacio
para proporcionar 80 mg del compuesto deseado. MS m/z: 420 (M+1).

5 Ewapa4

H
o H y
HOJ‘\/\@ N \©:\>_©—NH P
i © )

o \CIJ(\H HATU, DIPEA, DMF o

2HC

Ei compuesto de la etapa 3 (0,080 g, 0,191 mmol), 4cido 3-fenilpropanoico (0,086 g, 0,574
mmol), HATU (0,218 g, 0,574 mmol), DIPEA (0,146 g, 1,146 mmol) se recogieron en DMF (3 m!)
Yy se agitaron durante una noche a TA. La DMF se retir6 a presion reducida y el residuo se extrajo
10 con DCM/agua. La capa orgénica se lavé con salmuera, se secd (NaSQ,) y se concentrd. El residuo
se purificé por purificacién por HPLC para proporcionar 108 mg del compuesto diana. 'H RMN
{DMSO0) J: 10,2-10,5 (s, 2H), 8,10-8,20 (i, 3H), 7,10-7,80 (m, 14H), 4,37-4,55 (m, 2H), 3.32-

3,58 (m, 4H), 2,67-2,85 (m, 7H), 1,80-2.4 (m, 9H).
Ejemplo 18-(25)-1-(3-fenilpropanoil)-N-{4-[5-({{(2S)-1-(3-fenilpropanoil)pirrolidin-2-

15 illcarboniliaming)-1-benzofuran-2-ilffenil}pirrolidin-2-carboxamida

Areroyg

Ph

Erapa 1

B
o#—@—/ NGO,
HO
H i [}
WKJ\NO:DIPEA‘ 1,4-dioxang /@/\
o] N H 0

A una solucidn de S-nitrosalicilaldehido (1,0 g, 5,90 mmol) en 1,4-dioxaneo (10 ml) se ie
20  afiadicron bromuro de p-nitrobencilo (1,33 g, 6,15 mmol) y DIPEA (1,25 g, 9,70 mmol) y la
reaccién se calentd a reflujo a 100 °C durante 2 horas. La reaccion se enfrid, los solidos se filtraron,

se lavaron con E{OH y se sccaron a alto vacio para proporcionar el compuesto deseado. MS m/z:
303 (M+1).
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Frapa 2

NO,
_DBY, 1 4-dioxane OgN N
Cr-COre
o)

A una solucién del compuesto diana de la etapa 1 (1.5 g, 4,96 mmol) en 1,4-dioxano (5 ml)
se le afiadié DBU (0,9 g, 6,45 mmol). La reaccién se calentd a 100 °C durante 3 horas, después se
enfric a TA y el solido resultante se retird por filtracion y se lavd lo suficiente con EtOH para
proporcionar 927 mg del compuesto deseado. '"H RMN (MeOD) O: 8,66 (s, 1H), 8,37-8,39 (d, ] =
8,0 Hz, 2H), 8,30-8,32 (d, J = 8,0 Hz, 1H), 8,18-8.21 (d, J = 12 Hz, 2H), 7,78-7,80 (d, ] = 8,0 Hz,
1H), 7,70 (s, 1H).

Etapa 3

ON
G S SR
g 5 NH;

A una solucion del producto de la etapa 2 anterior (0,050 g, 0,176 mmol) en 1,4-dioxano
(1,8 ml) se le afiadieron agua (1,8 ml), Fe (0,054 g) y HCI (1,1 1OI). La reaccion se calenté a 110 °C
durante 3 horas. Después, el sélido se filtré y la capa orgdnica se concentrd para proporcionar 40
mg del compuesto deseado. 'H RMN (MeOD) 3: 8,01-8,05 (m, 2H), 7,90-7,96 (m, 1H), 7,79 (s,
1H), 7,46-7,51 (m, 1H), 7,34 (s, 1H), 7,17-7,21 (m, 2H). MS m/z: 225 (M+1).
Etapa 4

HaN N Boc-Pralina %{ m
3 N,
DIPEA HATU hj

A una solucion del producto de la etapa 3 anterior (0,020 g, 0,089 mmol) en DCM (10 ml)
se le afiadieron N-Boc-prolina (0,042 g, 0,196 mmol) y DIPEA (0,035 g, 0,267 mmol). La reaccion
se agitd a TA durante 5 minutos y después se afiadio HATU (0,101 g, 0,267 mmol). La reaccion se
agitd durante una noche, se vertio en salmuera y se extrajo con EtOAc. La capa organica se seco
(Na;S0y,), se filtro y se concentrd para proporcionar 30 mg del compuesto deseado. MS m/z: 619
(M+1).

Etapa 5
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N T-Op oy == oo

Bod hﬁj

2HCI

DIPEA, HATLY

H
N
acido 3-fenilpropancico Q{ NH
e ——— e e o] B
% ST
Ph o N
)

Ph

El producto de la ctapa 4 (0,70 g, 1,13 mmol) se agité en MeOH/HCI (20 ml) durante |
hora. El disolvente se retiré a alto vacio para proporcionar ¢l compuesto de prolina deseado, que se
usd directamente a la siguiente etapa sin purificacion adicional. El 4cido 3-fenilpropanoico (0,428
g, 2,85 mmol) recogido en DCM (30 ml) se hizo reaccionar con el compuesto de prolina (0,500 g,
0,96 mmol) y DIPEA (0,9 g, 7,1 mmol). La reaccion se agité a TA durante S minutos y después se
afiadio HATU (1,0 g, 2,85 mmol). La reaccion se agitd durante una noche, se verti6 en salmuera y
se extrajo con EtOAc. La capa organica se secd (Na,SQy), se concentrd y se purificd por HPLC
para proporcionar 30 mg del compuesto deseado. 'H RMN (CDCI;) [: 9,85-9,87 (d, ] = 8,0 Hz,
2H), 7,86 (s, 1H), 7,42-7,44 (d, } = 8,8 Hz, 2H), 7,46-7,48 (d, ] = 8,8 Hz, 2H), 7,03-7,31 (m, 9H),
6,90-6,99 (d, J = 3,6 Hz, 1H), 6,58 (s, 1H), 4,71-4,82 (m, 2H), 3,62-3,71 (m, 2H), 3,43-3,50 (m,
2H), 2,95-3,05 (m, 4H), 2,63-2,88 (m, 4H), 2,21-2,43 (m, 4H), 1,87-2,14 (m, 4H). MS m/z: 683
(M+1).

Ejemplo 19-N-12-[4-(acetilamino)fenil]-1-benzofuran-5-il}-1-{{2R)-2-f(terc-

buroxicarbonil)aminal-2-fenilacetil}-L-prolinamida

H o}
N
TN © ©
BocHN

Etapa 1

HO

ar. Cl
Br CHO O/\a, \C[
T o 0
OH ——
NO.

Se afiadié K,CO; (68 g. 0,497 mol) a una solucién de bromosalicilaldehido (50 g, 0,248

rd

mol) en DMF (300 ml). La solucién resultante se agité a TA durante | hora y después a ésta se le
afiadid el compuesto bromuro de 4-nitrobencilo (54 g, 0,25 mol). La mezcla de reaccidn se agité
durante 30 minutos, se filtrd, el filtrado se vertié ¢n agua y se extrajo con EtOAc (3 x). Las capas
orgdnicas combinadas se secaron y se concentraron. El producto se recristalizd en dioxano para
proporcionar un sélido de color blanco (50 g). '"H RMN (CDCly) O: 10,43 (s,1H), 8,24 (d, .= 4H),
7,517,58 (m, 2H), 7,37-7,42 (m, 4H), 7,31-7,36 (m, 6H), 5,52 (s, 1H), 4,57 (5, 2H), 3,90 (s, 2H),
3,34 (s, 2H), 2,06-2,15 (m, 6H), 1,86-1,88 (m, 1H), 1,41 (d, 18H).
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Etapa 2

BrﬁCHO 08U
Br.
L OO
RO :
Se afiadié DBU (9 ml, 61,58 mmol) a una solucién del producto de la etapa 1 (10 g, 29,85
mmol}) en dioxano (70 ml). La solucién resultante se calento a reflujo durante 1 hora, se enfrié y se
filtro. La torta de filtro se lavd con EtOAc y se sec al aire para proporcionar un solido de color
amarillo (6,5 g).
Etapa 3

OO (e

Se afiadié P'Bus (1,93 ml, 0,32 mmol) a una solucién del producto de la etapa 2 (2 g, 6,3
mmol) y Pdx(dba); (0,29 g, 0,32 mmol) en THF (100 ml) en una atmésfera de N;. Después, se
afiadi6 gota a gota una solucién de LiHMDS (18,9 ml, 18,9 mmol). La solucion resultante se
calentd a reflujo durante 3 horas y después se enfrié a TA. La mezcla de reaccion se ajusté a pH =
1 usando HCI | M y después se agitd durante 0,5 horas. La mezcla de reaccion se basificé a pH =
8~9 usando NaHCO; ac. saturado y se extrajo con EtOAc (3 x). Las capas organicas combinadas se
secaron y se concentraron. El residuo se recristaliz6 en MeOH para proporcionar el producto en

forma de un sélido de color pardo.

Erapa 4
[+
HD}IO
o 3 Di@ %H D
O o O NG, BoeHN Ph\é/&O 5 O o O N,
DIPEA, HATU BocHN

La mezcla del producto de la etapa 3 (500 mg, 2 mmol), R-Boc-Phg-L-Pro-OH (660 mg,
2,16 mmol), NMM (400 mg, 4 mmol) y DMF (30 ml) se agité a TA durante 30 minutos y después
a este se le afiadié HATU (1,13 g, 3 mmol). La mezcla resultante se agité a TA durante una noche.
La mezcla de reaccidn se diluyd con agua y se filtrd. La torta se lavé con agua y se secd; el solido

se usd en la siguiente etapa sin purificacion.

Etapa 5
R o s Ty T e Ty
Yo © o ’ \;'/&O © © :
BocHN BogHN

El producto de la etapa 4 (0,4 g, 1,3 mmol) en THF (10 ml) se hidrogeno usando Ni Raney

(0,2 mg) como el catalizador. Después de agitarse en una atmésfera de H; a TA durante una noche,
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la suspensidn de reaccion se filtré a través de CELITE y el filtrado se concentrd a presion reducida
para proporcionar 0,33 g del compuesto deseado.

Etapa 6

H 0
Ph\_./zoonc: NH:-—AEQO—*- Ph},i}g‘qg N?—I-
BocHN BacHN
Se ailadio Ac,O (18 mg, 0,18 mmol) a una solucién de la anilina de la etapa 5 (50 mg, 0,09
mmol) ¢cn THF (2 ml) a TA. La solucidn resultante se agité a TA durante una noche, se concentrd y
el residuo se purificé por RPLC para proporcionar el producto deseado. 'H RMN (acetona-d6) O:
7,95 (s, 1 HNH), 7,65-7,74 (m, 7 H, ArH), 7.40 -7,43 (m, 3 H, ArH), 7,30 -7,34 (m, 2 H, ArH),
7,01 (s, 1 H, ArH), 5,64 (s, 1 H, CH), 4,56-4,59 (m, |1 H, CH), 3,93-.3,99 (m, 1 H, CH;), 3,27-3,42
(m, 2 H, CHy), 3,02-3,17 (m, 3 H, CH3), 1,98 (s, 3H, CHa), 1,98- 1,95 (m,4 H, CH,), 1,22 (1, 1= 7,2

Hz, 6 H, CH3).

Ejemplos 20-36

Los compucstos de los Ejemplos 20-36 se¢ prepararon de una manera similar a la que se ha

descrito en el Ejemplo 18 o el Ejemplo 19,

Ejemplo

Estructura

PM

Nombre

20

654,773

(25)-1-(fenilacetil)-N-{4-[5-({[(28)-
I-{fenitacetil)pirrolidin-2-
il]carbonil }amino)-1-benzofuran-2-

if)fenil} pirrolidin-2-carboxamida

21

885,039

{(15)-2-[(28)-2-({4-[5-({[(25)-1-
{(2S)-2-[(terc-butoxicarbonil)amino}-
2-fenilacetil}pirrolidin-2-
il]carbonil}amino)-1-benzofuran-2-
illfenil}carbamoil)pirrolidin-1-il]-2-
oxo-1-feniletil}carbamato de terc-

butilo

22

885,039

{(IR)2-[(2S)-2-((4[5-({[(25)-1-
{(ZR)-2-[(terc-butoxicarbonil)amino]-
2-fenilacetil} pirrolidin-2-
il]Jcarbonil}amino)-1-benzofuran-2-
il)fenil }carbamoil)pirrolidin-1-il]-2-
oxo-1-feniletil }carbamato de tere-

butilo
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Ejemplo

Estructura

PM

Nombre

23

856,984

[(1R)-2-ox0-1-fenil-2-{(28)-2-[(4-{5-
[({(2S)-1-[(2R)-2-fenil-2-{[(propan-
2.
iloxi)carbonil]amino}acetil]pirrolidin-
2-il}carbonil)amino]-1-benzofuran-2-
il}fenil)carbamoil]pirrolidin-1-

il} etil]carbamato de propan-2-ilo

24

800,876

{(1R)-2-[(2S)-2-({4-[5-({[(28)-1-
{(2R)-2-f(metoxicarbonil)amino]-2-
fenilacetil}pirrolidin-2-
illcarbonil}amino)-1-benzofuran-2-
illfenil}carbamoil)pirrolidin-1-il]-2-

oxo-i-feniletil}carbamato de metilo

25

740,9]

(28)-1-[(2R)-2-(dimetilamino)-2-
fenilacetil]-N-(4-{5-{({(25)-1-{(2R)-
2-(dimetilamino)-2-
fenilacetil]pirrolidin-2-
il}carbonilamino]-1-benzofuran-2-

il}fenil)pirrolidin-2-carboxamida

26

791,019

(25)-1-[(2R)-2-(dietifamino)-2-
fenilacetil]-N-(4-{5-[({(2S)-1-[(2R)-
2-(dietilamino)-2-
fenilacetil}pirrolidin-2-
il}carbonilamino]-1-benzofuran-2-

il}fenil}pirrolidin-2-carboxamida

27

QL 3

798,947

[(1R)-2-{(28)-2-[(4-{5-[({(25)-1-
[(2R)-2-{dimetilamino)-2-
fenlacetil]pirrolidin-2-
il}carbonil)amino]-1-benzofuran-2-
il} fenil)carbamoil]pirrolidin-1-il}-2-
oxo- | -feniletilJcarbamato de propan-

2-ilo
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Ejemplo

Estructura

PM

Nombre

28

482,587

N-[2-(4-aminofenil)- [ -benzofuran-5-
il]-1-[(2R)-2-(dimetilamino)-2-

fenilacetil]-L-prolinamida

29

853,127

(25)-1-{(2R)-2-[metil(3-
metilbutil)amino]-2-fenilacetil }-N-{4-
[5-({[(2S)-1-{(2R)-2-[metil(3-
metilbutil)amino]-2-
fenilacetil} pirrolidin-2-
ilJcarbonil}amino)-1-benzofuran-2-

ilJfenil} pirrolidin-2-carboxamida

30

552,679

N-{2-[4-(acetilamino)fenil]}-1-
benzofuran-5-il}-1-[(2R)-2-
(dietilamino)-2-fenilacetil]-L-

prolinamida

31

649,797

(28)-1-acetil-N-(2-{4-[({(2S)-1-
[(2R)-2-(dictilamino)-2-
fenilacetillpirrolidin-2-

tl}carbonil)amino]fenil}-1-
benzofuran-5-il)pirrolidin-2-

carboxamida

32

Y 30
o cn,o m@- W

CH

693,807

{(1R)-2-[(28)-2-({4-[5-({[(28)-1-
acetilpirrolidin-2-illcarbonil}amino)-
1-benzofuran-2-
illfenil}carbamoil)pirrolidin-1-il}-2-
oxo-1-feniletil}carbamato de terc-

butilo

33

%{H
NH
o’ N

621,743

(25)-1-acetil-N-(2-{4-[({(28)-1-
[(2R)-2-(dimetilamino)-2-
fenilacetil]pirrolidin-2-
il}carbonil)amino]fenil}-1-
benzofuran-5-il)pirrolidin-2-

carboxamida
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Ejemplo

Estructura

PM

Nombre

34

h “m"'
H
ey J
cn,c“ﬂ

596,689

N-{4-[5-(acetilamino)-1-benzofuran-
2-illfenil}-1-{(2R)-2-[(terc-
butoxicarbonil)amino]-2-fenilacetil } -

L-prolinamida

35

814,903

{(1R)-2-[(25)-2-({4-[5-({[(2S)-1-
{(2R)-2-[(metoxicarbonil)amino]-2-
fenilacetil } pirrolidin-2-
il]carbonil}amino)-7-metil-1-
benzofuran-2-
il]fenil}carbamoil}pirrolidin-1-il]-2-

oxo-1-feniletil} carbamato de metilo

36

825,073

(25)-1-{(2R)-2-[etil{propil) amino]-2-
fenilacetil}-N-{4-[5-({{{28)-1-{(2R)-
2-[etil(propil)amino]-2-
fenilacetil} pirrolidin-2-
ilJcarbonil}amino)-1-benzofuran-2-

il}fenil} pirrolidin-2-carboxamida

Ejemplo

37-(25)-1-(fenilacetil}-N-{4-16-({](2S}-1-(fenilacetil)pirrolidin-2-

illcarbonillamino)imidazofl, 2-alpirimidin-2-illfenil}pirrolidin-2-carboxamida

Etapa 1

N n =N 3
Bn

N H, N il: THF, piridina
OQN{ \>_NH2 —_— Hz”{ \>‘NH2 + g\o : —
=N 5 he N

Una suspensidn de pirimidina (280 mg, 2 mmol), Pd/C (15 mg, 0,1 mmol) en 40 ml| de

EtOH se hidrogend en 206,84 kPa (30 psi) durante 1 hora. Después, la mezcla se filtré y después el

filtrado se concentrd para dar el producto (200 mg). El residuo se disolvié en 20 ml de THF y se

afiadieron CbzCl (375 mg, 2,19 mmol} y piridina (1 ml). La mezcla se agité a TA durante ] hora,

después la mezcla se concentrd al vacio, el residuo se extrajo con EtOAc¢ (2 x), se lavo con H,O (30

ml) y salmuera (30 ml), se secé sobre NaSQO, anhidro y se concentrd al vacio para dar el compuesto

deseado en forma de un polvo de color blanco (330 mg). MS (EST) m/e (M+H"): 245.

Etapa 2
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L 1} Acelona, ref‘lu]o cm’“\‘\/\m A
>—< :)—NO
Chz.. 2) HBr, meteno!, reflujo \N‘JQ-N

Una solucién del producto de la etapa | anterior (244 mg, 1,00 mmol) y 2-bromo-1-(4-
nitrofenil)etanona (244 mg, 1 mmol) en 40 ml de acetona se calentd a reflujo y se agité durante 6
horas. Después, ta mezcla se enfrié a TA, s¢ filtrd, después el filtrado se disolvid en 30 ml de
MeOH, se aiiadieron 0,5 ml de HBr y la mezcla se calenté a reflujo durante 3 horas mds; después
de esto, la mezcla se concentré al vacio para dar el producto en forma de un polvo de color amarillo
palido (120 mg). MS (ESD m/e (M+H"): 390.

Ftapa 3

O - O

Al producto de la etapa 2 anterior (50 mg, 0,128 mmol) disuelto en 10 ml de CH;0H s¢ le
afiadio SnCl, (144 mg, 0,64 mmol). La mezcla de reaccién se agité a TA durante 30 minutos y
después se calentd a reflujo durante 3 horas. El MeOH se retird al vacio y el residuo se purifico
{DCM/MeOH = 50:1) para proporcionar el compuesto deseado (35 mg). MS (ESI) m/c (M+H"):
360.
Etapa 4

Cbe” T\N/\:\ C AcOH ey H2N\I\/\ /\#\ C

El compuesto de la etapa 3 (35 mg, 0,1 mmol) se disolvié en 5 ml de HOAc y después se
afiadio HBr (1,5 ml). La mezcla de reaccidn se calenté a reflujo, se agitd durante 6 horas, se enfrié
y se concentrd. El residuo se extrajo con EtOAc (2 x), se lavd con NaHCO; ac. y agua (30 ml) y
salmuera (30 ml) y se secd sobre NaSO, anhidro. La concentracién proporcioné el compuesto
deseado en forma de un solido de color pardo (16 mg). MS (ESI) m/e (M+H™): 226.

Etapa 5

(Nlcoou H 9

HoN

HATU,OIPEA

Una mezcla del producto de diamina de la etapa 4 anterior (16 mg, 0,071 mmol), N-
fenilacetil-L-prolina (40 mg, 0,170 mmol), DIPEA (36,9 mg, 0,02 mmol } en CH,CN (5 ml) se
agitd a TA durante 10 minutos y después se afiadiéo HATU (54 mg, 0,142 mmol). La mezcla se
agité a TA durantc una noche, después la mezcla se concentrd y el residuo se purifico para dar el

compuesto (15 mg). MS (ESI) m/e (M+H"): 657. 'H RMN (MeOD) 0: 9,45 (s, [H), 8,31 (s, 1H),
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8,05 (s, 1H), 7,61~7,48 (m, 4H), 7,34~7,21 (m, 10H), 4,60~4,52 (m, 2H), 3,83~3,69 (m, 8H),
2,24~1,97 (m, 8H).

Ejemplo 38-(25)- I-(fenilacetil)-N-{4-16-({](2S)-I-(fenilacetil}pirrolidin-2-
illcarbonillamino)imidazofl, 2-alpiridin-2-ilffenillpirrolidin-2-carboxamida

Etapa 1

LS gt S
La mezcla que contenia 2-am1no-5-mtrop1r1d1na (1,39 g, 10 mmol) y p-nitro-alfa-
bromoacetofenona (2,42 g, 10 mmol) en 100 m! de acetona se calent6 a reflujo durante 12 horas. El
solido se recogid por filtracion, después se disolvio en 20 m] de MeOH vy se tratd con una cantidad
traza de HBr. La mezcla se agito a la temperatura de reflujo durante 1 hora, se enfrié y el sélido se
recogid por filtracion para dar el producto deseado (1,4 g). MS (m/z): 285 (M+H)+.
Etapa 2

0N~ PAC HNG A
\ N S N

A una suspensién del producto de la etapa 1 anterior (0,7 g, 2,5 mmol) en MeOH (50 ml)
se le afiadieron 0,1 g de Pd/C (20%) y la suspension se agitd a 172,37 kPa (25 psi) de H, a TA.
Después de la filtracion, el filtrado se concentrd al vacio para dar el compuesto deseado. MS (m/z):
225 (M+H)".

Etapa 3

EH°
H o &

La mezcla de la diamina de la etapa 2 anterior (225 mg, 1 mmol), N-fenilacetilprolina {1
mmol), DIPEA (5 mmol) y HATU (380 mg, 1 mmol) en 10 ml de MeCN se agité a TA durante 1
hora, La mezcla de reaccion se concentrd y el residuo se purificd por cromatografia en columna
para dar el compuesto deseado. 'H RMN (MeOD) 0: 9,3 (s, 1H), 8,2 (s, 1H), 7,5-7,1 (m, 16H), 4,6
(m, 1H), 4,5 (m, 1H), 3,8 (m, 8H), 2,3-1,8 (m, &H).
Ejemplo 39-(28,2'S)-N.N'-1H, 1'H-2,2"-biindolo-5,5"-diilbis{1-(fenilacetilpirrolidin-2-
carboxamidaf
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H H )

o

Etapa 1
Br

() —————ri
N
H

A una suspension de la lactama (10,0 g, 56 mmol) en 200 m] de 1,2-dicloroetano se le

R
N
H

afiadié POBr; (15,3 g, 53,2 mmol) a TA. La mezcla resultante se calenté a la temperatura de reflujo
en un bafio de aceite a 90 °C durante 0,5 horas (la reaccién formé una cantidad abundante de
precipitado, y se prefirié un bafio de aceite sobre un manto de calentamiento, ya que proporciond
un calentamiento suave y cvité el oscurecimiento del precipitado). La reaccién se enfri6 justo por
debajo de la temperatura de reflujo y se afadié una porcién de imidazol (4,57 g, 62 mmol). La
suspension gomosa resultante se calento a la temperatura de reflujo en un baiio de aceite durante 2
horas mas. La reaccién se enfrié a TA y se afadieron 100 ml de hielo-agua. A la mezcla se le
afiadio NaHCO; sélido (aprox. 50 g) hasta que no se desprendié mas gas. La suspension se extrajo
con DCM (4 x) y los extractos de DCM combinados se lavaron con 300 ml de salmuera. Los
extractos de DCM se filtraron a través de pel de silice y se concentraron a scquedad para
proporcionar un producto en bruto. El producto en bruto se recristaliz6 en cloroformo para dar 5,41
g del compuesto deseado en forma de un sélido de color blanco. El filtrado se concentrd a sequedad
y ¢l residuo se purificd por cromatografia en columna ultrarripida (EtOAc al 30%/Hex) para dar

2,6 g mas del producto deseado. MS (ESI) m/e (M+H"): 242.

Erapa 2
Boc
ON R ON NHBoc
mBH(HO)zBm Pd(dpefiCly O ; /r; O
N NHBoc N Bac

La mezcla del compuesto de la etapa | anterior (602,6 mg, 2,5 mmol), el dcido indol
borénico (1,034 g, 2,75 mmol), Pd(dppf)Cl, (183 mg, 0,25 mmol), Na,CO; (530 mg, 5,0 mmol) en
S ml de dioxano-H,0 (5:1) se calento a reflujo en una atmdsfera de N, durante una noche. Cuando
la reaccion se completd la mezcla se vertié en agua y se extrajo con DCM. La fase orgénica s¢ secd
sobre Na;SO,, se concentrd y el residuo se purificé para dar e! compuesto del producto deseado.
MS (ESI) m/e (M+H"): 493,

Etapa 3

QN NHBoc O.N NH
2! ¥
O N/ O HCI-MeOH m
NN >
H 8

=1o3

IZ/
Iz
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El producto de la etapa 2 (600 mg, 1,3 mmol) se afiadié en HCI (30 ml, 3 M en MeOH).
Después, la mezcla sc agitd a TA durante 2-3 horas. Cuando la reaccion se completo, la mezcla se

concentré para dar el producto en bruto (400 mg). MS (ESI) m/e (M-+H"): 293.

El producto de la etapa 3 (400 mg, 1,36 mmol) se disolvié en EtOAc y se tratdo con Pd/C

Etapa 4

(100 mg, 20%). Después, la mezcla se agité a TA durante una noche en una atmdsfera de H,.
Cuando la reaccion se completd, el Pd/C se retird por filtracién y la solucién resultante se
concentré para dar el producto en bruto (300 mg). MS (ESI) m/e (M+H"): 263.

Etapa 5

ou: 1L
N N N N
H H BOP © H H ©

Una solucién que contenia (131 mg, 0,5 mmol} del producto de la etapa 4, RCOOH
(256,608 mg, 1,1 mmol), DIPEA (390 mg, 1,5 mmeol) en CH;CN (2 ml) se agité a TA durante 5
minutos ¥ después a la mezcla se le afiadio HATU (418 mg, 1,1 mmol). La mezcla se agité a TA
durante una noche. Cuando la reaccion se completd, la mezcla se concentrd y el residuo se purificé
para dar el producto deseado. 'H RMN (MeOD) J: 7,15-7,75 (m, 18H), 4,51-4,59 (m, 2H), 3,56-
3,80 (m, 10H), 2,37 (s, 3H), 1,97-2,30 (m, 8H). MS (ESI) m/e (M+H"): 693.

Ejemplo 40-(IH 1'H-2,2'-biindolo-5.5 -diilbis{carbamoil(2S)pirrolidin-2,1-diil[(1R)-2-0x0-1-
feniletano-2,1-diilf}) biscarbamato de di-terc-butilo

QN e oy O

BocHN NHBoc

Este compuesto se prepard usando el procedimiento similar al del Ejemplo 39, etapa 5
usando N-Boc-R-Phg-L-Pro-OH. 'H RMN (MeOD) 7: 6,78-7,78 (m, 18H), 5,49 (m, 2H), 4,554,58
(m, 2H), 3,94-3,97 (m, 3H), 2,37 (s, 3H), 1,87-2,i4 (m, 8H), 1,40(s, 18H). MS (ESI) m/e
(M+H™):924.
Ejemplo 41-{(1R}-2-0x0-1-fenil-2-{(28)-2-({2-[4-({](2S)-1-(fenilacetil}pirrolidin-2-

iljcarbonillamino)fenil]-1H-indol-5-ilicarbamoil)pirrolidin-1-illetil}carbamato de terc-butilo

BocHN (”\JYH 3 O }4_\1]

e}
Q Q
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Etapa 1

OaN

Br °>_©-N°7
\©\N_NH2 I _:.NO‘BF

H

A una solucion de 4-bromofenilhidrazina (2,5 g, 13,4 mmol) en 4cido acético (19,5 ml) y
EtOH (14,5 ml) sc lc afiadié 4-nitroacetofenona (1,66 g, 10,0 mmol). La reaccién se calentd a
reflujo durante 5 horas y se afiadi6 agua (35 ml). La mezcla resultante se agité durante | hora mas,
el stlido resultante se filtrd y lavé con agua para proporcionar 3,1 g del compuesto deseado. 'H
RMN (MeOD) 2: 8,21-8,23 (d, J = 8,0 Hz, 2H), 8,01-8,03 (d, J = 8,0 Hz, 2H), 7.34-7,36 (d, J =
8.0 Hz, 2H), 7,20-7,22 (d, /= 8,0 Hz, 2H), 2,03 (s, 3H).
Etapa 2

oN
Br.
o=V LA No,
N y

El producto de Ia etapa 1 anterior (2,0 g, 6,0 mmol) se afiadié en PPA (20 ml), la mezcla se
agit6 a 80 °C durante 1 hora antes de que se enfriara en un baiio de hielo, se diluy6 con agua/EtOAc
(60/20 ml}) y se agitd durante 1 hora mis. La mezcla se extrajo con EtOAc y se lavé para producir
el compuesto diana, 'H RMN (MeOD) [0: 8,28-8,30 (d, /= 8,0 Hz, 2H), 7.97-7,99 (d, ./ = 8,0 Hz,
2H), 7,72 (s, 1H), 7,33-7,35 (d, /= 8,0 Hz, 1H), 7,24-7,26 (d, J = 8,0 Hz, 1H), 7,02 (s, 1H).

Etapa 3

HaN

Br 2
PSP LIRS PSP
ﬁ H

P*Bu, bisftrimetilsilili-amide ge
e litio, THF, reflujs, 1 h

Un matraz de fondo redondo enfriado con argén y secado al horno se cargé con el indol de
la etapa 2 (2,0 g, 6,31 mmol) y 0,05 cquivalentes de Pdy(dba); en THF (100 ml). Se afiadié una
solucion de tri-terc-butil fosfina (10% en peso) en hexano (1,93 ml, 0,63 mmol) seguido de
hexametildisilazano de litio (1,0 M en THF) (18,9 ml, 18,9 mmol). La solucién de color oscuro se
calent6 a reflujo durante una noche y después se enfrid a TA. Esta mezcla se vertié en HC! ac. 1,0
M enfriado con hiclo y se agité vigorosamente. Se afiadié hexano y la agitacién continué durante
30 minutos. El precipitado se filtrd, se lavé con 20 ml de agua fria y después 20 m! de una solucién
de THF:Hexanos (5:95). El precipitado se lavo con 200 m! de MeOH vy el filtrado se concentrd para
dar 1,5 g del compuesto deseado. MS m/z: 254 (M+1).

Etapa 4
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H
. oH N N

Ha A BocHN BocHN, o
NO; . . ©
N
H

A una solucién del producto de la etapa 3 anterior (1 g, 3,9 mmol) en acetonitrilo (20 ml)
se le afiadieron R-N-Boc-Phg-S-Pro-OH (1,4 g, 3,9 mmol), HATU (3 g, 7,8 mmol) y DIPEA (1 g,

7,8 mmol). La mezcla se agité a TA durante una noche. El disolvente se destild, el residuo se

N,

H
3

5 disolvid en EtOAc y se lavé con agua. La capa orgénica se secd, se concentrd al vacio y el residuo
se purificé por cromatografia en columna para dar el compuesto deseado (1,8 g). MS (ESI) m/e
(M+H"): 584.

Etapa 5

10 A una solucién del compuesto de la etapa 4 (300 mg, 0,51 mmol) en MeOH (10 ml) se le
aftadié Pd/C (50 mg, 0,28 mmol). La mezcla se agitd en una atmoésfera de H; a TA durante 1 hora.
El catalizador se retiré por filtracién y el filtrado se concentré al vacio para dar el compuesto
deseado (230 mg) en forma de un aceite de color amarillo, que se us6 directamente en la siguiente

etapa. MS (ESI) m/e (M+H)': 554.

15  Etapa 6
H H 9
BocHN %oo " O H\ O NHp o« (”j\!\’!oo or BocHN %Do Nng

A una solucion del compuesto de la etapa 5 (100 mg, 0,18 mmol) en acetonitrilo (3 ml) se
le afiadié el compuesto N-fentlacetil-L-prolina (42 mg, 0,18 mmol), HATU (140 mg, 0,36 mmol) y
DIPEA (46 mg, 0,36 mmol). La mezcla se agité a TA durante una noche, después se concentrod y el
20  residuo se purificé por RPLC para dar (60 mg). 'H RMN (CDCh) Ot 9,62 (s, 1H), 9,08 (s, TH),
7.84 (s, 1H), 7,45-7,09 (m, 15H), 6,52 (s, 1H), 5,67 (s, 1H), 5,49 (m, 1H), 4,72-4,51 (m, 2H), 3,82-

3,48 (m, SH), 3,20 (m, 1H), 2,15-1,72 (m, 8H), 1,43 (s, 9H). MS (ESI) m/e (M+H"): 769.
Ejemplo 42-(25)-1-(fenilacetil)-N-{2-[5-({{(25}-1-(fenilacetil) pirrolidin-2-il[carbonillamino)-1H-

indol-2-illpirimidin-5-il}pirrolidin-2-carboxamida

25
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Etapa 1

H

N N
H

Una mezela de 5-nitroindol (5 g, 30,9 mmol), Fe (8,6 g, 154 mmol), NH.CI (16,5 g, 309
mmol), EtOH (80 ml) y agua (20 ml) se calentd a reflujo en una atmdsfera protectora de N durante
2 horas. La mezcla se enfrio a TA y se filtré. El filtrado se concentré y se disolvid en agua. La
mezcla se basificd con Na,CO, v se extrajo dos veces con CH,Cl,. Las fases organicas combinadas
se combinaron, se secaron sobre Na,S8Q, y se filtraron. El filtrado se concentré para producir el
producto (3,6 g). MS (ESI) m/e (M+H"): 133, '"H RMN (DMSO) 0: 10,55 (s, 1H), 7,127,06 (m,
2H), 6,68 (d, J = 2,0 Hz, 1H), 6,48 (dd, J = 8,4 Hz, 2,0 Hz, 1H), 6,12 (t, ) = 2,0 Hz, 1H), 4,39 (s,
2H).

Ertapa 2

HaMN

2 m Boc;0, OMAP B"C’”m
N
N N

Bac

Una mezcla de 5-aminoindol (20 g, 76 mmol), DMAP (9,2 g, 38 mmol) THF (250 ml) y
CH31CN (100 ml) se enfrio a 0 °C y a la mezcla se le afiadio lentamente Boc,O (132 g, 304 mmol).
La mezela de reaceion se dejo calentar a TA y se agitd durante el fin de semana. La mezcla se
vertio en agua y extrajo tres veces con CH,Cl,. La fase organica se combind, se secd sobre Na,SO,
y se filtrd. El filtrado se concentrd, se disolvié en CH,Cl,, se vertié en PE y se filtrd. El sdlido se
purificé por cromatografia en columna (PE/AE = 20/1) para producir el producto (23 g). 'H RMN
(CDCl3): O 8,05(d, ] = 8,0 Hz, 1H), 7,56 (d,) =3,2 Hz, 1H), 7,28 (d, ] =2,4 Hz, 1H), 7,03 (dd, ] =
8,8 Hz, 1,6 Hz, 1H), 1,63 (s, 9H), 1,36 (s,
18H).

Etapa 3

BocyN _ BocHN
m Lo P8 matomz
N N

Boc Boc

Una mezcla del producto de la etapa 2 anterior (5,0 g, 11,6 mmol), (iPrO):B (17,5 ml, 92,8
mmol) y THF seco (100 ml} se enfrié a 0 °C. A la mezcla se le afiadié lentamente LDA (preparado
a partir de nBuli ¢ iP,NH en THF, aproximadamente 116 mmol) a 0 °C. La mezcla se dejo
calentar a TA y se agitd durante 2 horas. L.a mezcla se inactivd mediante la adicién de HCI 1 N a
pH = 3 y se extrajo tres veces con CH,Cl,. Las fases organicas combinadas se combinaron, se
secaron sobre Na,SQy y se filtraron. El filtrado se concentrd y se purificé por cromatografia en

columna (PE/CHCl; = 1/1 a CH)Cl; puro a CHyCly/acetona = 10/l a acetona pura) para
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proporcionar el producto (2,8 g). "H RMN (DMSO) O: 9,22 (s, 1H), 8,10 (s, 2H), 7,84 (d, = 9,2
Hz, 1H), 7,65 (s, 1H}, 7,20 (dd, ] = 9,2 Hz, 2,0 Hz, 1H), 6,48 (d, 1H), 1,51 (s, 9H), 1,41 (s, 9H).
Etapa 4

N N
c—{ }NO; R ¢ }NHZ
N= =

Una mezcla del compuesto de pirimidina (0,3 g, 2 mmol), polvo de Fe (560 mg, 10 mmol),
NH,CI (1,07 g, 20 mmol), EtOH (8 mil) y agua (2 ml) se calenté a reflujo en una atmésfera de N,
durante una noche. La mezcla se enfrio a TA y se filtré. El filtrado se concentré y se disolvid en
agua. La mezcla se basificé con Na,CO; y se extrajo dos veces con CH,Cl,. Las fases organicas
combinadas se secaron sobre Na;SO, y se filtraron. El filtrado se concentré para producir cl
producto (120 mg). MS (ESI) m/e (M+H"): 130. '"H RMN (DMSO) [: 7,99 (s, 2H), 5,73 (s, 2H).
Etapa 5

N BocHN Pddppycy,  BOeHN N
C1—<\I:\>—NH2 . mB@H)z e \CEH }NHz
Boc Boc N

Una mezcla de la pirimidina de la etapa 4 (100 mg, 0,77 mmol), ¢l 4cido indol bordnico de
la etapa 3 (290 mg, 0,77 mmol), Pd(dppf)Cly (56 mg, 0,077 mmol), Na,CO; (244 mg, 2,3 mmol),
THF (20 ml) y H;O (2 ml) se calent6 a reflujo en una atmésfera de N, durante una noche. La
mezcla se vertié en agua y se extrajo con CH,Cly. La fase organica se combind, se secd sobre
NaySO, y se filtré. El filtrado se purificé por TLC prep. (CH,Cl,/MeOH = 20/1) para proporcionar
el producto. MS (ESI) m/e (M+H"): 426.

Etapa 6

BocHN

m”}_wz HCUMeOH HZN\CEM’N}—N"E
o N e

Una mezela del compuesto de la etapa 5 anterior se afiadié a una solucién de HCI en
MeOH (4 M) enfriada con un baiio de hielo. La mezcla se dejé calentar a TA y se agitd durante una
noche. La mezcla se concentrd, se disolvié en agua, se lavé con CH,Cl; y se concentrd. El residuo
se us6 directamente en la siguiente etapa sin purificacion adicional. MS (ES1) m/e (M+H"): 226.

Etapa 7

/T (HN Oy..\’j
HoN N LN HATU Q/z m{N}N N
X N + — o] Y
ﬁ;ﬂ}m LT g L
Al producto de la etapa 6 anterior (0,22 mmol), N-fenilacetil-L-prolina (51 mg, 0,22

mmol), DIPEA (100 mg) y DMF (3 ml) se le afiadié HATU (84 mg, 0,22 mmol) y la mezcla se

agitd a TA durante una noche. La mezcla se purificé por RPLC para proporcionar el producto. MS
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(EST) m/e (M+H"): 656. 'H RMN (CDCly) J: 10,42 (s, 1H), 10,01 (s, 1H), 9,77 (s, iH), 8,32 (s,
1H), 7,34-7,27 (m, 11H), 7,05-7,00 (m, 2H), 6,58 (d, ] = 8,0 Hz, 1H), 4,63-4,53 (m, 2H), 3,84-3,58
(m, 8H), 2,30-1,94 (m, 8H).

Ejemplos 43-87

Los compuestos de los Ejemplos 43-87 se prepararon de una manera similar a la que se ha

descrito en el Ejemplo 41 o el Ejemplo 42,
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Ejemplo Estructura

PM

Nombre

43 gEle&H I\NY:O

884,054

{(IR}-2-(28)-2-({4-[5-({[(25)-1-
{(2ZR)-2-[(terc-
butoxicarbonil)amino]-2-
fenilacetil} pirrolidin-2-
ilJcarbonil}amino)-1H-indol-2-
il)fenil} carbamoil)pirrolidin-1-il]-
2-oxo-1-feniletil} carbamato de

terc-butilo

. rg%rm*\?

799,891

{(IR)-2-[(28)-2-({4-[5-({[(25)-1-
{(2R)-2-[(metoxicarbonil)amino]-
2-fenilacetil} pirrolidin-2-
ilJcarbonil}amino)-1H-indol-2-
il}fenil} carbamoil)pirrolidin-1-il]-
2-oxo0-1-feniletil}carbamato de

metilo

; %@W -

792,002

(25)-1-{(2R)-2-fenil-2-(pirrolidin-
1-il)acetil]-N-(4-{5-[({(2S)-1-
[(2™)-2-fenil-2-(pirrolidin-1-
iDacetil]pirrolidin-2-
il}carbonil)amino]-1H-indol-2-

il} fenil)pirrolidin-2-carboxamida

y mgfrm’”

848,023

(2S)-1-[(ZR)-2-
[(ciclopropilacetil)amino]-2-
fenilacetil}-N-{4-[5-({[(28)-1-
{(2R)-2-
[(ciclopropilacetil)amino]-2-
fenilacetil} pirrolidin-2-
ilJcarbonil}amino)-1H-indol-2-

il]fenil} pirrolidin-2-carboxamida
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Ejemplo

Estructura

PM

Nombre

47

"O\rm Nj
)

852,055

(28)-1-{(2R)-2-[(3-
metilbutanoil)amino}-2-
fenilacetil}-N-{4-[5-({[(2S5)-1-
{(2R)-2-[(3-metilbutanoil)amino]-
2-fenilacetil} pirrolidin-2-
il]carbonil }amino)- 1 H-indol-2-

il]fenil} pirrolidin-2-carboxamida

48

824,001

(28)-1-[(2R)-2-(morfolin-4-il)-2-
fenilacetil]-N-(4-{5-[({{28)-1-
[(2R)-2-(morfolin-4-il)-2-
fenilacetil]pirrolidin-2-
il}carbonil)amino]- i H-indo]-2-

il}fenil)pirrolidin-2-carboxamida

49

H Q h
(A e
| NH N
H

834,04

(2S)-1-(2,3-difenilpropanoil )-N-
{4-[5-({[(25)-1-2,3-
difenilpropanoil)pirrolidin-2-
il]carbonil}amino)-1H-indol-2-

il)fentl} pirrolidin-2-carboxamida

50

992,195

(28)-1-[(2R)-2-{[(4-
mectilfenil)sulfonillJamino}-2-
fenilacetil]-N-(4-{5-{({(28)-1-
[(2R)-2-{[(4-
metilfenil)sulfonil]lamino}-2-
fenilacetil]pirrolidin-2-
itjcarbonil)amino]- 1 H-indol-2-

il}fenil)pirrolidin-2-carboxamida

51

904,132

(28)-1-{(2R)-2-
[(ciclohexilcarbonil)amino]-2-
fenilacetil }-N-{4-[5-({[(25)-1-

{(2R)-2-
[(ciclohexilcarbonil)amino]-2-
fenilacetil} pirrolidin-2-

illcarbonil}amino)- tH-indol-2-

iljfenil} pirrolidin-2-carboxamida
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Ejemplo

Estructura

PM

Nombre

52

553,623

{(R)-2-[(2,5)-2-({2-[4-
(acetilamino)fenil]-1H-indol-5-
i1} carbamoil)pirrolidin-1-il]-2-
oxo-1-feniletil }carbamato de

metilo

53

Iz
Q

-

ZT

595,704

{(1R)-2-{(2,8)-2-({4-[5-
(acetilamino)-1H-indol-2-
il]fenil}carbamoil)pirrolidin-1-il]-
2-oxo-1-feniletil} carbamato de

terc-butilo

54

565,678

N-{2-[4-(acetilamino)fenii}-1 H-
indol-5-i1}-1-{(2R)-2-(morfolin-
4-il)-2-fenilacetil]-L-prolinamida

55

581,677

{AR)-2-[(2,5)-2-({2-[4-
(acetilamino)fenil]-1H-indol-5-
il}carbamoil)pirrolidin-1-il}-2-

oxo-1-feniletil}carbamato de

propan-2-ilo

56

817,953

(28)-1-{(2R)-2-
[(ciclopentilcarbamoil}amino]-2-
fenilacetil}-N-(4-{5-[({(2S)-1-
[(2R)-2-(dimetilamino)-2-
fenilacetil]pirrohidin-2-
il}carbonil)amino]-1H-indol-2-

il}fenil}pirrolidin-2-carboxamida

57

Iz
=:

CHj e W)’ogfg%?

816,019

{(2R)-1-{(25)-2-({4-[5-({[(28)-1-
{(2R)-2-[(tcre-
butoxicarbonil)amino]-3-
metilbutanoil}pirrolidin-2-
ilJcarbonil}amino)-1H-indol-2-
it}fenil}carbamoil)pirrolidin-1-il)-
3-metil-1-oxobutan-2-

il}carbamato de terc-butilo
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Ejemplo Estructura

PM

Nombre

549,679

N-{2-[4-(acctilamino)fenil]-1H-
indol-5-il}-1-[(2R)-2-fenil-2-
(pirrolidin-1-il}acctil]-L-

prolinamida

H o N
E“’Q\r“mﬁﬂj
CH s} CH
59 T N o it

699,945

{28)-1-[(2R)-2-(dimetilamino)-4-
metilpentanoil]-N-(4-{5-[({{(2S)-
1-[(2R)-2-(dimetilamino)-4-
metilpentanoil]pirrolidin-2-
il}carbonilarmino]-1H-indol-2-
il}fenil)pirrolidin-2-carboxamida

(nombre no preferido)

60

820,056

(25)-1-[(2R)-2-fenil-2-(piperidin-
1-ilacetil]-N-(4-{5-[({(28)-1-
f(ZR)-2-fenil-2-(piperidin-1-
ilacetil]pirrolidin-2-
il}carbonil)amino]-1 H-indol-2-

il} fenil)pirrolidin-2-carboxamida

61

785,914

(28)-1-[(2R)-2-(1 H-imidazol-1-
i1)-2-fenilacetil]-N-[4-{5-[({(28)-
1-[(2R)-2-(1 H-imidazol-} -il)-2-
fenilacetil]pirrolidin-2-
il}carbonil)amino]-1H-indol-2-

il}fenil)pirrolidin-2-carboxamida

62

796,034

(28)-1-[(2R)-2-(dietilamino)-2-
fenilacetil]-N-[4-{5-[({(25)-1-
[(2R)-2-(dietilamino)-2-
fenilacetil]pirrolidin-2-
il}carbonil}amino]-1H-indol-2-

il}fenil)pirrolidin-2-carboxamida
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Ejemplo

Estructura

PM

Nombre

63

H 0
N -j
YOOy
O en N o=\ R

692,822

{(18)-2-[(25)-2-({4-[5-({[(28)-1-
acetilpirrolidin-2-
ilJcarbonil }amino)-1H-indol-2-
il]fenil}carbamoil)pirrolidin-1-il}-
2-oxo-1-feniletil}carbamato de

terc-butilo

64

692,822

{(1R)-2-[(28)-2-({4-[5-({[(28)-1-
acetilpirrolidin-2-
il]carbonil}amino)-1H-indol-2-
il]fenil}carbamoil)pirrolidin-1-il]-
2-oxo-1-feniletil}carbamato de

terc-butilo

65

692,866

{(1R)-2-0x0-1-fenil-2-[(25)-2-
(£2-[4-({[(28)-1-(propan-2-
iDpirrolidin-2-
illcarboni!} amino)fenil]indol-5-
il}carbamoil)pirrolidin-1-

il]etil }carbamato de terc-butilo

66

523,64

N-{2-[4-(acetilamino)fenil]-1H-
indol-5-i1}-1-[(2R)-2-
(dimetilamino)-2-fenilacetil]-L-

prolinamida

67

563,706

N-{2-[4-(acetilamino)fenil]-1 H-
indol-53-il}-1-[(2R)-2-fenil-2-
(piperidin-1-il)acetil]-L.-

prolinamida

68

811,99

[(1R)-2-{(2,8)-2-[(2-{4-[({(25)-1-
{(2ZR)-2-(dimetilammo)-2-
fenilacetil]pirrolidin-2-
il}carbonillaming]fenil}-1H-
imdol-5-il)carbamoilpirrolidin-1-
il}-2-oxo-1-feniletilJcarbamato de

terc-butilo
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Ejemplo Estructura

PM

Nombre

H Q =
o g\rmof\j

811,99

[(1R)-2-{(28)-2-[(4-{5-[({(25)-1-
[(2R)-2-(dimetilamino)-2-
fenilacetil]pirrolidin-2-
il}carbonil)amino]-1H-indol-2-
il Hfenil)carbamoil]pirrolidin-1-11} -
2-ox0-1-feniletil]carbamato de

terc-butilo

. mﬁ%mh

810,017

(28)-1-[(2R)-2-(dimetilamino)-2-
fenilacetil]-N-{4-[5-({[(25)-1-
{(2R)-2-[(3,3-
dimetilbutanoil)amino]-2-
fenilacetil} pirrolidin-2-
il]Jcarboni!}amino)-1H-mdol-2-

il]fenil} pirrolidin-2-carboxamida

71 cHy o} o

660,823

(28)-1-(ciclopropilacetil)-N-[4-
{5-[({(25)-1-[(2R)-2-
(dimetilamino)-2-
fenilacetil]pirrolidin-2-
il}carbonil)amino]-!H-indol-2-

il}fenilpirrolidin-2-carboxamida

H
H N :j
N R A
9H=Q\‘£ m’Q Y
72

676,823

(25)-1-[(2ZR)-2-(dimetilamino)-2-
fenilacetil]-N-(2-{4-[({(28)-1-
[(2R)-tetrahidrofurano-2-
ilcarbonil]pirrolidin-2-
il}carbonil)amino]fenil}-1H-
indol-5-1)pirrolidin-2-

carboxamida
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Ejemplo

Estructura

PM

Nombre

73

CHy ] -“j
S YO0,
Iy

920,035

[(TR)-2-{(28)2-[(4-{5-[({(25)-1-
{(2R)-2-[(terc-
butoxicarbonil)amino]-2-(4-
fluorofenil)acetil |pirrolidin-2-
il}carbonil)amino]-1H-indol-2-
il}fenil)carbamoil]pirrolidin-1-il } -

1-(4-fluorofenil)-2-

oxoetil]carbamato de terc-butilo

74

852,142

(25)-1-{(2R)-2-[metil(3-
metilbutil)amino}-2-fenilacetil } -
N-{4-[5-({[(28)-1-{(2R)-2-
[metil(3-metiibutil)amino]-2-
fenilacetil} pirrolidin-2-
iljcarbenil}amino)- 1H-indol-2-

illfenil} pirrolidin-2-carboxamida

75

613,72

(25)-1-[(2S)-tetrahidrofurano-2-
ilcarbonil]-N-(4-{5-[({(25)-1-
[(2S)-tetrahidrofurano-2-
ilcarbonil]pirrelidin-2-
il}carbonil)amino]-1H-indol-2-

il}fenil)pirrolidin-2-carboxamida

76

H
H N, S
i :
SN O
’ 0 H
e © "N)ro CH,
CHINALO XH
WY cith

777,972

N-(terc-butoxicarbonil)-D-valil-
N-{4-[5-({1-[(2R)-2-
{(dimetilamino)-2-fenilacetil}-L-
prolil}amino)-1H-indol-2-
il]fenil}-L-prolinamida

77

H NS
et Ea's
O N
C go oJ

673,778

(28)-1-[(2R)}-2-(dimetilamino)-2-
fenilacetil]-N-{2-[4-({[(2S)-1-
(1,3-oxazol-2-
ilcarbonil)pirrolidin-2-

ilJcarbonil}amino)fenil]indol-5-

il}pirrolidin-2-carboxamida
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Ejemplo

Estructura

PM

Nombre

78

860,032

[(IR)-2-{[(28)-1-({4-[5-({(29)-2-
[{(2R)-2-[(terc-
butoxicarbonil)amino}-2-
fenilacetil }(metil)amino]propanoil
}amino)-1H-indol-2-
iljfenil}amino)-1-oxopropan-2-
ilJ(metil)amino}-2-oxo-1-

fenitetit]carbamato de tere-butilo

79

CHyep,

567,694

{(TR)2-(25) 2 {2-14-
(metilamino)fenil] -1H-indol-5-
il}carbamoil)pirrolidin-1-il]-2-
oxo-1-feniletil}carbamato de terc-

butilo

80

696,857

(25)-1-[(2R)-2-(dimetilamino)-2-
fenilacetil]-N-{2-[4-({[(2S)-1-
(fenilacetil}pirrolidin-2-
ilJcarbonil}amino)fenil]indol-5-

il} pirrolidin-2-carboxamida

81

765,964

(28)-1-{[(3R)-1-bencilpirrolidin-
3-il]carbonil}-N-(4-{5-[({(2S)-1-
[(2R)-2-(dimetilamino)-2-
fenilacetil]pirrolidin-2-
il}carbonil)amino]-1H-indol-2-

il Henil)pirrolidin-2-carboxamida

82

765,964

(28)-1-{[(38)-1-bencilpirrolidin-
3-iljcarbonil}-N-(4-{5-[({{25)~1-
[(2R)-2-(dimetilamino)-2-
fenilacetil]pirrolidin-2-
il}carbonil)amino]-1H-indol-2-

il} fenil)pirrolidin-2-carboxamida

83

719,935

N,N-dimetil-D-leucil-N-{4-{5-
({1-[{2R)-2-(dimetilamino)-2-

fenilacetil]-L-prolil}amino)-1H-

indol-2-il]fenil }-L-prolinamida
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Ejemplo Estructura PM Nombre
N-(2-{4-
H a] . . . A .
cHy N ) [(ciclopentilcarbonilyamino]fenil
cHl! (N)\g m"'" P . . feml
84 E o H 577,733 -1H-indol-5-il)-1-[(2R)-2-
(dimetilamino)-2-fenilacetil]-L-

prolinamida

[@S)-T({4 [5-((HR)2-

o, L (dimetilamino)-2-fenilacetil]-L-
P"'Q\rﬁ =~
85 c 6&0 o U;"G““ “““Z%m 652,8 prolil}amino)-1H-indol-2-
il]fenil}amino)-1-oxopropan-2-

ilJcarbamato de terc-butilo

[(1S)-2-({4-[5-({1-[(2R)-2-
(dimetilamino)-2-fenilacetil]-L-
86 cH.(Nj\n,H S 714,872 prolil}amino)-1H-indol-2-

Al n- g,
? © ¥ ‘\%h’ il]fenil}amino)-2-oxo-1-

feniletil]carbamato de terc-butilo

[(ZR)-1-({4-[5-({1-[(2R)-2-
cHy (dimetilamino)-2-fenilacetil]-L-
FH,Q\',H )—(C? . . .
87 clle L & m—o—«ﬂ* o, 680,855 prolil}amino)-1H-indol-2-
il]fenil}amino)-3-metil-1-
oxobutan-2-il]Jcarbamato de terc-

butilo

Ejemplo 88-(25,2'8)-N.N"'-3.6,7.12-tetrahidrobenzof6, 7[cicloheptafl 2-blindolo-3,9-diilhisf1-
(fenilacetil)pirrelidin-2-carboxamidal

(¢]

b
A alget

Etapa /

HNO4 / H;S0, /Q'AA
O O COOH

) Q
A una mezcla de HNO; (4 ml) y H,SO, (2 ml) a 0 °C se le afiadié lentamente el 4cido
carboxilico anterior (2 g, 10,4 mmol). La mezcla se agitd a 0 °C durante 30 minutos. La solucién
resultante se vertié en 20 ml de H,O a 0 °C y el precipitado se filtro para dar el compuesto (2 g) en

forma de un sélido de color amarillo. MS (ESI) m/e (M+H"): 238.
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Etapa 2

Hg Pd, HAc Ac0 O /@W\
ON COOH — )\N COOH
H

o]

A una mezcla de HOAce (10 mi) y Ac;O (3 ml) se le afiadid el compuesto nitro de la ctapa |
(1 g, 4,3 mmol) y Pd/C (100 mg, 0,6 mmol). La mezcla se agitd en una atmésfera de H; durante 6
horas. El catalizador se filtrd y el filtrado se concentré al vacio para dar el compuesto deseado (1 g)
en forma de un sélido de color pardo. MS (ESI) m/e (M+H"): 236,
Etapa 3

o]
/’Lm@\/\/\mm - - )kﬁ

El compuesto de la etapa 2 anterior (150 mg, 0,64 mmol) se afiadio lentamente a PPA (6
ml) a 100 °C. La mezcla se agité durante 3 horas. Después de un periodo de refrigeracion, la
solucion resultante se vertid en 40 m! mezcla de agua y hielo y se extrajo con DCM. La capa
orgdnica se concentrd para dar el producto ciclico (70 mg) en forma de un sélido de color pardo.
MS (ESD m/e (M+H"): 218,
Erapa 4

Q

o] H‘NH HOA al 10%/EIOM H . >\_
)OKN/@@ ’ ing AR AR

A una solucién de [a cetona de la etapa 3 (140 mg, 0,65 mmol) en HOAc al 10%/EtOH (10
ml) se le afiadié 4-acetamidofenilhidrazina (144 mg, 0,72 mmol). La mezcla se agitdé a la '
temperatura de reflujo durante 4 horas. Después de un periodo de refrigeracién, la solucién
resultante se concentrd al vacio, se lavd con agua y se extrajo con EtOAc. La capa orgénica se
concentrd al vacio para dar el compuesto deseado (200 mg) en forma de un sélido de color pardo.
MS (ESD) m/e (M+H™): 348.
Etapa §

\Ek‘. O Q Nz* nel HaN O Q NH;,

NH NH

A una solucidn del producto de la etapa 4 anterior (200 mg, 0,57 mmol) en EtOH (10 ml)
se le afiadié HC] 6 N (2 ml, 12 mmol). La mezcla se agitd a la temperatura de reflujo durante una
noche, se enfrid, la solucion resultante se concentréd después se purificd por cromatografia
ultrarrapida sobre gel de silice (éter de petrélec/acetato de etilo = 5:1) para dar el compuesto

deseado (150 mg) en forma de un sélido de color pardo. MS (ESI) m/e (M+H"): 264,
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Etapa 6
. [N-)WOH HATU, DIPEA H . 0>_\'?j
X R —_— Y
" O NH O Nz E*o ° @\ﬁh‘ O H O NHo’z,.O

A una solucion de la anilina de la etapa 5 (40 mg, 0,15 mmol) en MeCN (5 ml) se le
afiadieron el analogo de prolina (70 mg, 0,3 mol), HATU (250 mg, 0,6 mmol) y DIPEA (80 mg,
0,6 mmol). La mezcla se agité durante una noche. La solucion resultante se purificé por HPLC
prep. para dar el compuesto deseado (10 mg) en forma de un sélido de color pardo. 'H RMN a:
7,62-7,20 (m, 16H), 4,58-4,54 (m, 2H), 3,79-3,60 (m, 6H), 2,95 (m, 2H), 2,80 (m, 2H), 2,26-1,94
{(m, 8H). MS (ESI) m/e (M+H"): 694.

Ejemplos 89-98
Los compuestos de los Ejemplos 89-98 se prepararon de una manera similar a la que se ha

descrito en el Ejempio 88.
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Ejemplo

Estructura

PM

Nombre

89

679,826

(28,2'S)-N,N"-6,1 1-dihidro-5H-
benzoja]carbazol-3,8-diilbis[ 1 -
(fenilacetil)pirrolidin-2-

carboxamida}

90

Oy e i oo

711,825

(28,2'8)-2,2'-(6,1 1-dihidro-5H-
benzofalearbazol-3,8-
diildicarbamoil)dipirrolidin-i-

carboxilato de dibencilo

91

528,453

N-{8-bromo-6,11-dihidro-5H-
benzo[a]carbazol-3-il)-1-

(fenilacetil)-L-prolinamida

92

910,092

(6,11-dihidro-5H-
benzofa]carbazol-3,8-
diilbis{carbamoil(2S)pirrolidin-
2,1-diil[{1S)-2-0x0-1-
feniletano-2,1-
diil]})biscarbamato dc di-terc-

butilo

93

643,586

[(18)-2-{(25)-2-[(8-bromo-
6,11-dihidro-5H-
benzolalcarbazol-3-
ilycarbamoil]pirrolidin-1-il}-2-
oxo-1-feniletilJcarbamato de

terc-butilo

94

765,942

(25,2'S)-N,N"-6, 1 I-dihidro-5H-
benzo(a]carbazol-3,8-diitbis{1-
[(2R)-2-{dimetilamino)-2-
fenilacetil)pirrolidin-2-

carboxamida}
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Ejempio Estructura PM Nombre

(28,2'8)-N,N*-5,6,7,12-

; O\H,N . tetrahidrobenzo[6,7]ciclohepta[
N =]
I'Q \~ ¢ 1,2-blindolo-3,9-diilbis{1-
95 @ v v . 779,968 ] st
,{ [(2R)-2-(dimetilamino)-2-

fenilacetil]pirrolidin-2-

carboxamida}

N-(6,11-dihidro-5H-

0«
o i
NH N benzo[ajcarbazol-3-i1)-1-{(2S)-
) 7j/ S62.718 [a] )-1-{(25)

o 2-[(3,3-dimetilbutanoil}amino]-

96

2-fenilacetil}-L-prolinamida

{(1R)-2-[(2S)-2-(6,11-dihidro-

Q B
@\%—N?{*Nju ~ 5H-benzo[a]carbazol-3-
H o™y WNyr©

97 lr 564,69 ilcarbamoil)pirrolidin-1-il]-2-
ox0- | -feniletil}carbamato de

terc-butilo

(5,6,7,12-
tetrahidrobenzo[6,7]ciclohepta]

H 0 1,2-bJindolo-3,9-
H Q\fN s NjH ~t diilbis {carbamoil(2S)pirrolidin-
98 Oy © N SN0 | 924,119
b H o Y ; .
0 & 2,1-diil[(1R)-2-0ox0-1-
‘ feniletano-2,1-

diil]})biscarbamato de di-terc-
butilo

Ejemplo 99-f(IR)-2-{(28)-2-(5-{4-15-{{1(28)-1-{{2R)-2-[{terc-butoxicarboniljaminal-2-
fenilacetil}pirrolidin-2-iljcarbonillamine)-1H-indol-2-il[fenil}- 1 H-imidazol-2-il)pirrolidin-1-if]-

2-oxo-I-feniletil}carbamato de terc-butilo
et Tas
g'\\o S B
o, N

Oj’:'NHBOC

Etapa !
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o L

_HATY o Oxp =y
,©)K' o Y\j /@)‘\,EH ébz
HCH
Br
Br

Se afiadid HATU (20 g, 52,3 mmol) a una mezcla heterogénea de la amino cetona (12 g,
48,5 mmol) y L-Cbz-Pro (12,4 g, 50 mmol) en MeCN (156 ml). La mezcla se enfrié en un baiio de
hielo-agua ¢ inmediatamente después se afiadié gota a gota DIPEA (27 ml, 155 mmol). Después dc
la adicién de la base, el bafio de refrigeracion sc retiré y la mezcla de reaccidn se agité durante 50
minutos mas. El componente volatil se retird, al solido en bruto resultante se le afadié agua (125
ml) y se agitdé durante aproximadamente 1 hora. El solido de color blanquecino se filitd, se lavé
con abundante agua y se secd al vacio para proporcionar ¢l compuesto deseado en forma de un
sélido de color blanco (20,68 g). MS (ESI) m/e (M+H"): 446.
Etapa 2

NH.OAc
H Cbz
/(j)k/ 14DC Cbz

Una mezcla del producto de la etapa 1 anterior (12,8 g, 31,12 mmol) y NH,OAc (12,0 g,
155,7 mmol) en xilenos (155 ml) se calentd en un tubo cerrado herméticamente a 160 °C durante 2
horas. El componente volatil se retird al vacio, el residuo se repartié cuidadosamente entre EtOAc
y agua, donde se afiadié una solucion saturada de NaFICOs suficiente para hacer el pH de la fase
acuosa ligeramente basico después de la agitacion del sistema bifasico. Las capas se separaron y la
capa acuosa se extrajo con mas cantidad de EtOAc. La fase orgénica combinada se lavd con
salmuera, se secd, se filtro y se concentré al vacio para producir un sélido de color amarillo. MS
(ESI) m/e (M+H"): 426. '"H RMN (CDCly) 0: 7,31-7,52 (m, 9H), 7,17 (s, 1H), 5,12~5,20 (m, 2H),
5,00~5,01 {m, 1H), 3,50~3,52 (m, 2H), 2,96~2,97 (m, 1H), 1,97~2,17 (m, 3H).

Etapa 3
N H
A
NN B{OH), J\
o Soz N N32C03 )

Boc

Una mezcla del producto de la etapa 2 anterior (327 mg, 0,77 mmol), el 4cido indol
borénico del Ejempio 42 (290 mg, 0,77 mmol), Pd{(dppf)Cl, (56 mg, 0,077 mmol), Na,CO, (244
mg, 2,3 mmol), THF (20 ml} y H,O (2 ml} se calentd a reflujo en una atmésfera de N; durante una
noche. La mezcla se vertié en agua y se extrajo con CH,Cl;. La fase orgénica se combind, se secd
sobre Na,SO, y se filtro para dar el compuesto deseado, que se usé directamente en la siguiente
etapa. MS (ESI) m/e (M+H"): 678.

Erapa 4

I11

@
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,n .
RO~
Cbz"N‘>

Una solucién del producto de la etapa 3 en HCI/CH;OH (5 N) se agit6 durante 3 horas. La

HoN
o O~
—
: Y
N
Cbz

concentracion al vacio proporcioné el producto en bruto. MS (ESI) m/e (M+H"): 478.

Etapa 5
e 3 an DC’Q n
O f\rw
Cbz HATU cnz’N

Esta reaccidén se realizo usando el procedimiento de acoplamiento mediado por HATU que

se ha descrito en la etapa 1 entre Boc-1.-Pro-OH y el producto de la etapa 4 anterior. MS (ESI) m/e
(M+H"): 808. '"H RMN (MeOD) [1: 8,95 (s a, 1H), 6,82~7,56 (m, 17H), 6,50~6,62 (m, 1H), 5,74 (s
a, 1H), 5,38~5,39 (m, 1H), 4,91~5,08 (m, 2H), 4,66 (s a, 1H), 3,79 (s a, 1H), 3,40~3,54 (m, 2H),
3,19 (s a, 1H), 1,93~2,25 (m, 4H), 1,75~1,88 (m, 4H), 1,35~1,32 (m, 9H).

Etapa 6

Aoae OO e PO

A una solucion del producto de la etapa 5 (220 mg, 0,3 mmol) en 20 ml de AcOH se le
afadieron 3 ml de HBr al 48%. La solucién se calenté a 80 °C durante 6 horas. Los volatiles se
retiraron al vacio, el residuo se disolvid en DCM/i-PrOH (3:1), se lavé con Na,CO, saturado y
salmuera, se secO y se concentrd al vacio para dar un sdlido, que se usé en la siguiente etapa
directamente. MS (ESI) m/e (M+H"): 441.

Etapa 7

OO 6% RO

o

Se afiadié gota a gota una solucion enfriada que contenia HATU (0,6 mmol), la diamina de
la etapa 6 anterior (132 mg, 0,3 mmol) y R-Boc-Pro (129 mg, 0,6 mmol) en MeCN (3 ml), se trato
con DIPEA (2,4 mmol) durante 13 minutos. Después de que la adicién de la base se completara, el
bafio de refrigeracion se retiré y la mezcla de reaccién se agitd durante 30 minutos mas. El

componente volatil se retiré al vacio; al sélido en bruto resultante se le aiiadid agua y se agité
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durante aproximadamente ! hora. El solido de color blanquecino se filtrd, se lavd con agua y se

seco al vacio para proporcionar el compuesto deseado en forma de un sélido de color blanco. MS
(ESI) m/e (M+H"): 908. 'H RMN (MeOD) 5: 7,66~7,84 (m, 6 H), 7,28~7.40 (m, 12H), 6,80 (s,
1H), 5,40~5,45 (m, 2H), 5,18~5.20 (im, 1H), 3,70~4,02 (m, 4 H), 1,80~2,12 (m, 8 H), 1,35~1,37

(m, 18 H).
Ejemplos 100-116

Los compuestos de los Ejemplos 100-116 se prepararon de una manera similar a la que se

ha descrito en el Ejemplo 99.

Ejemplo Estructura PM Nombre
(28)-2-[5-(4-{5-[(1-{(2R)-2-
] . [(terc-butoxicarbonil)amino]-2-
CHy o H gJ\(N O fenilacetil}-L-prolihamino]-1H-
100 “d, T 5 o ° H = °)\°k© 807,938 indol-2-il}fenil)-1 H-imidazol-2-
il}pirrolidin-1-carboxilato de
bencilo
1-[(2R)-2-(dimetilamino)-2-
CH;,Q\‘{H N FN fenilacetil}-N-{2-[4-(2-{(25)-1-
o1 Cgo 5 N HO}\ND 162963 [(2R)-2-(dimetilamino)-2-
CH;\O fenilacetil]pirrolidin-2-i}- 1 H-
EHy imidazol-5-iDfenil]-7 H-indol-5-
il}-L-prolinamida
{(1R)-2-{(28)-2-({2-[4-(1H-
oy (*ln’” . imidazol-4-il)fenil]-1H-indol-S-
102 A S U?_O_@H 604,715 | il }carbamoil)pirrolidin-i-if]-2-
oxo-1-feniletil} carbamato de
terc-hutilo
1-[(28)-2-(dimetilamino)-2-
9”’%H N'N‘\n\ fenilacetil]-N- {2-[4-(2-{(28)-1-
0 CE%S«‘D N A r6206y | (@Sy¥(dimetilamino)-2-
CH:\‘(\@ fenilaceril}pirrolidin-2-il}-1H- |
CHy

imidazol-5-il)feniljindol-5-il}-

L-prolinamida
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Ejemplo

Estructura

PM

Nombre

104

CHy_CH, (;lxﬁ N
A
: FNTTNY

791,958

{(1R)-2-ox0-1-fenil-
2-[(28)-2-{[2-(4-{2-[(28)-1-
(fenilacetil)pirrolidin-2-il]-1H-
imidazol-5-i1} fenil)-1H-indo}-5-
ilJcarbamoil} pirrolidin-1-

ilJetil}carbamato de terc-butilo

105

o NH H
I ong"

715,86

{(IR)-2-[(25)-2-{[2-(4-{2-
[(2S)-1-acetilpirrolidin-2-il]-1H-
imidazol-5-ii} fenil)-1H-indol-5-

ilJcarbamoil} pirrolidin-1-il}-2-
oxo-1-feniletil}carbamato de

terc-butilo

106

793,931

(28)-2-(5-{4-[5-({1-[(2R)-2-
fenil-2-{[(propan-2-
iloxi)carbonillamino}acetil]-L-
prolil}amino)-1H-indol-2-
iljfenil}-1H-imidazol-2-
il)pirrolidin-1-carboxilato de

bencilo

107

H
Oo M
+ 5 /CH
’h‘l 3
CHa

835,027

{(1R)-2-f(25)-2-({2-[4-(2-
{(28)-1-[(2R)-2-(dimetilamino)-
2-fenilacetil]pirrolidin-2-i1}-1H-

imidazol-5-il}fenil]indol-5-

il} carbamoil)pirrolidin-1-il}-2-
oxo-1-feniletil}carbamato de

terc-butilo
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\qgo"

Ejemplo

Estructura

PM

Nombre

108

893,064

[(1R)-2-{(2S)-2-[1-metil-4-(4-
{5-[({(28)-1-[(2R)-2-fenil-2-
{[(propan-2-
iloxi)carbonil]amino}acetiljpirr
olidin-2-il}carbonil)amino]-1 H-
indol-2-il}fenil)-1H-imidazol-2-
illpirrolidin-1-il}-2-oxo0-1-
feniletiljcarbamato de propan-2-

ilo

109

CHy

7,(:1—13

701,833

{(TR)-2-[(28)-2-{12-(4-(2-
[(2S)-1-acetilpirrolidin-2-il]-1H-
imidazol-5-il }fenil)-1H-indol-5-

ilJcarbamoil} pirrolidin-1-il]-2-
oxo-1-feniletil }carbamato de

propan-2-ilo

110

659,795

{(1R)-2-ox0-1-Tenil-2-[(28)-2-
{I2-(4-{2-[(2S)-pirrolidin-2-il]-
1H-imidazol-5-il}fenil)-1H-
indol-5-ilJcarbamoil} pirrolidin-
1-il]etil}carbamato de propan-2-

ilo

i

547,663

{{IR)-2-[(28)-2-{5-[4-(1H-
indol-2-il)fenil}-1H-imidazol-2-
il} pirrolidin-1-il]-2-oxo-1-
feniletil}carbamato de propan-
2-ilo

112

489,626

(2R)-2-(dimetilamino)-1-[(2S)-
2-{5-[4-(1H-indol-2-il)fenil]-
1H-imidazol-2-il} pirrolidin-1-

il]-2-feniletanona
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Ejemplo

Estructura

PM

Nombre

113

NH H

879,037

[(1R)-2-ox0~1-fenil-2-{(28)-2-
[5-(4-{5-[({(25)-1-[(2R)-2-
fenil-2-{{(propan-2-
iloxi)carbonil]amino}acetilpirr
olidin-2-il}carbonil)aminoj-1H-
indol-2-il} fenil)-1 H-imidazol-2-
il]pirrolidin-1-il}etiljcarbamato

de propan-2-ilo

114

821

{(1R)-2-{(28)-2-({2-[4-(2-
{(28)-1-[(2R)-2-(dimetilamino)-
2-fenilacetil}pirrolidin-2-il}-1H-
imidazol-5-ilfenil]-1H-indol-5-

il}carbamoil)pirrolidin-1-1i]-2-
oxo-|-feniletil }carbamato de

propan-2-ilo

115

582,108

{(1R)-2-[(25)-2-{4-[4-(3-cloro-
1H-indol-2-il)fenil}-1H-
imidazol-2-il} pirrolidin--il]-2-
oxo-1-feniletil} carbamato de

propan-2-ilo

116

754,894

N-(metoxicarbonil)-L-valil-N-
{2-[4-(2-{(25)-1-{N-
(metoxicarbonil)-L-

valil]pirrolidin-2-11}-1H-
imidazol-5-iDfenil]-1H-indo!-5-

il}-L-prolinamida

Ejemplo

117-(1R)-2-0x0-1-fenil-2-{(25)-2-f3-(4-{5-[({(28)- I-f(2R)-2-fenil-2-{f(propan-2-

iloxi)carbonillaminojacetillpirrolidin-2-il}carbonil)aminol-1H-indol-2-illfenil)-1 H-pirazol-5-

ilpirrolidin-1-ilietillcarbamato de propan-2-ilo
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M N/ H

Etapa 1
coz, .
tMgBr
QN — THF N
v B e oy —_
—N 0C, 2h Br
o— d

Una solucién de 4-bromofenilacetileno (5,0 g, 27,6 mmol) en THF (100 ml) a 0 °C se tratd
5 una solucién de EtMgBr (3 M en THF, 9,84 ml, 29,5 mmol). Después de 10 minutos, el bafio de
refrigeracion se retird y la mezcla se dej6 en agitacion a TA durante 3 horas. Después, la mezcla de
reaccion se enfrié a 0 °C y se anadi6 a la amida de Weinreb de Z-prolina (6,10 g, 20,9 mmol) en
THF (50 ml). La mezcla de reaccion se calentéd a TA durante 48 horas. La mezcla de reaccion se
inactivé con NH,Cl saturado y se diluyé con EtOAc/H,0. La fase acuosa se extrajo de nucvo con
10 EtOAc (2 x), las capas orgdnicas combinadas se lavaron (H,Q y salmuera), se secaron (Na,SO,) ¥
se filtraron. El disolvente se retird y el residuo se purificé por gel de silice (PE:AE = 10:1-4:1) para
dar el producto (7,0 g) en forma de un sélido de color crema. 'H RMN (CDCly)y O: 7,37~7,47 (m, 2
H), 7,10~7,30 (m, 7 H), 4,98~5,32 (m, 2 H), 4,32~4,47 (m, 1 H), 3,45~3,61 (m, 2 H), 2,15~2,27

(m, 1 H),2,03~2,12 (m, 1 H), 1,76~193 (m, 2 H). MS (EST) m/e (M+H"): 413.

15  Etapa 2
NHzNH,
N —riaoal e N N
Chz = 8y ond r‘| g
o ‘H

Una mezcla del producto de la etapa 1 (7,0 g, 17 mmol) e hidrazina hidrato (85%, 1,6 ml)
en EtOH (50 ml) se calenté a 80 °C durante 16 horas. La mezcla de reaccién se enfrié y se
concentrd para proporcionar ¢l producto deseado (6,7 g). MS (ESI) m/e (M+H"): 426.

20 fwpal

Nal.COy
. (Boc)pN A\ P(dpanCly . Boc
i Y * B{OH),  THFH,0 / Y
Chbz N Br N —_— b N A\
N Boc reflujo, 24 h “” N(Boe);

Una mezcla del producto de la etapa 2 anterior (0,77 mmol), el 4cido indol borénico del
Ejemplo 42 (290 mg, 0,77 mmol), Pd(dppf)Cl; (56 mg, 0,077 mmol), Na,CO; (244 mg, 2,3 mmol),

THF (20 ml) y H,O (2 ml) se calent$ a reflujo en una atmdsfera de N, durante una noche. La
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mezcla se vertid en agua, se extrajo con CH;Cl,, se secod sobre Na,SO, y se filtré para dar el

compuesto deseado, que se usé directamente en la siguiente etapa. MS (ESI) m/e (M+H"): 678.

Y g
CN(BM) :FNDoMﬁ 1) NH

Una solucién del producto de la etapa 3 anterior (339 mg, 0,5 mmol) se disolvié en 3 ml de

Etapa 4

DCM y se enfrid a 0 °C. Después de la adicion de 3 ml de TFA, la mezcla de reaccion se calentd a
TA y se agitd durante 3 horas. La retirada del disolvente dejo el producto deseado en forma de un
aceite, que se uso6 directamente en la siguiente reaccién. MS (ESI) m/e (M+H™): 378.

Ewapa 5

N- Boc-Pro-OH

Negee
3 — RO I 3 Q O L

N- ~N

N o

Una solucion que contenia PyBOP (0,3 mmol), la amina de la etapa 4 anterior (132 mg, 0,3
mmol) y N-Boc-L-Pro-OH (62 mg, 0,3 mmol) en DMF (2 ml}) se traté con N-metilmorfolina (1,2
mmol). La mezcla de reaccidn se agitd durante 3 horas, se diluyd con EtOAc y se lavé con agua (5
x). La fase organica se secd, se concentrd y después se sometié a cromatografia por RPLC para
proporcionar el compuesto deseado. MS (ESI) m/e (M+H™): 675.
Etapa 6

PQ/C MeOH

s O
C"‘ O O Hq(310.26 kPa) N"'N
H H

El producto de la etapa 5 (100 mg, 0,15 mmol) se disolvié en MeOH y se traté con 20 mg
de % Pd(OH); al 20% y después se hidrogeno a 310,26 kPa (45 psi) durante 4 horas. El catalizador
se retird por filtracién a través de CELITE y el filtrado se evapor6 para dejar el producto deseado.
MS (ESI) m/e (M+H"): 541,

Etapa 7

”‘Boc [
-0, (T — T-O-00 L

Una solucién del producto de la etapa 6 anterior se disolvié en 2 ml de DCM y 2 m] de
TFA. La mezcla de reaccién se agito durante 3 horas antes de que el disolvente se evaporara para
dar el producto deseado en forma de un aceite, que se usé directamente en la siguiente reaccion.

MS (ESI) m/e (M+H"): 441.
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Etapa 8

i
o ,/,__\NH P 1 1. Oo HH
Hf;mw \(z Oy

Una solucién que contenia PyBOP (0,6 mmol), la diamina de la etapa 7 anterior (132 mg,
0,3 mmol) y R-i-Proc-Phg-OH (125 mg, 0,6 mmol) en DMF (5 ml) se traté con N-metilmorfolina
(2,4 mmol). L.a mezcla de reaccion se agité durante 3 horas, se diluyé con 20 ml de EtQAc y se
lavo con agua (5 x). La fase organica se sec6, se concentrd y después sec sometié a cromatografia
por RPLC para proporcionar el compuesto descado. 'H RMN (MeOD) O: 7,70~7,80 (m, 4H),
7,05~7,55 (m, 14H), 6,80~7,00 (m, 1H), 5,10~5,50 (m, 3H), 4,40~4,65 (m, 2H), 3,25~4,00 (m,
4H), 1,70~2,40 (m, 9H), 1,05~1,20 (m, 12H). MS (ESI) m/e (M+H"): 880.
Ejemplo 118-/(1R)-2-0x0-1-fenil-2-{(28)-2-[5-(4-{5-1({(285)-1-[({2R)-2-fenil-2-{[(propan-2-

iloxijcarbonillaminolacetillpirrolidin-2-iljcarbonil)amino]-1 H-indol-2-il}fenil)-1. 3-tiazol-2-

illpirrolidin-1-illetillcarbamato de propan-2-ilo

%{
\(ooow 2\ /F'OO"

HN

Etapa I
o}
OH
EH nCl)kO/\‘ mNH:
N O S e ™
2) NH3, H;0 N ©
. ) NHy, Hz b

Se afiadio gota a gota cloroformiato de etilo (12 ml, 125 mmol) en 180 m! de THF a una
solucién enfriada (-5 °C) del compuesto Z-Pro-OH (13,8 g, 55,5 mmol), TEA (7,71 ml, 55,5
mmol). La suspensién resultante se agitd durante 20 minutos a -5 °C antes de aiadir el NH,OH
saturado (15 ml). La solucidn se agitd a TA durante 18 horas, los volétiles se retiraron y el residuo
se recogid en EtOAc (180 ml). El precipitado de color blanco sin disolver se retiré por filtracion y
se aclard con EtOAc (100 ml). Las capas organicas se secaron sobre Na,SO, y se concentré al
vacio para dar el producto deseado (13,5 g) en forma de un sélido amorfo de color blanquecino,
MS (ESI) m/e (M+H"): 249.

Eiapa 2
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mNHz Reattivo de Lawesson NH,
—ee
N EH

b N\Cbz s
Se afadié reactivo de Lawesson (16,1 g, 39,9 mmol) a una suspension agitada de la amida
(18 g, 72,6 mmol) en PhMe (200 ml) a TA. La mezcla de reaccion se calentd a 100 °C durante 3
horas antes de retirar el disolvente. El residuo se purificé por cromatografia ultrarrapida de SiO,
(DCM/MeOH = 1:0-20:1) para proporcionar el producto (18 g). MS (ESI) m/e (M+H"): 265.
Etapa 3

NH, N
m ;] o] etanal, refiujo m 1
+ —-
‘AR e bt
Chz Che
Be

Una mezcla de la tivamida de la etapa 2 (10,0 g, 37,8 mmol) y la bromoacetofenona (10,0
g, 35,9 mmol) en EtOH (100 mi} se calentd a 90 °C durante 150 minutos. La mezcla de reaccion se
enfrio, se concentré y el residuo se purificd por cromatografia sobre SiO, para proporcionar el
producto (11 g). MS (ESI) m/e (M+H"): 444,
Etapa 4

oy
o=k
\( o [a] ﬂ N o :_[\IH

M0 — g, OO o

El producto de la etapa 3 anterior puede convertirse en los compuestos finales usando el
mismo procedimiento que se ha descrito en el Ejemplo 117, etapas 4-8, 'H RMN (MeOD) J:
7,00~8,10 (m, 19H), 5,40~5,60 (m, 3H), 4,50~4,70 (m, 1H), 3,45~4,10 (m, 4H), 3,35~3,40 (m,
1H), 1,80~2,6 (m, 9H), 1,05~1,30 (m, 12H). MS (ESI) m/e (M+H"): 897.
Ejemplo 119-1(1R)-2-0x0-1-fenil-2-{(28)-2-2-(4-{5-{({{2S}-1-{(2R)-2-fenil-2-{[{propan-2-

iloxiicarbonillaminoacetillpirrolidin-2-ilicarbonil)aminol-1H-indol-2-il}fenil)- 1 H-imidazol-5-

illpirrolidin-1-illetiljcarbamato de propan-2-ilo

o
~ 0o ° l \ Iy ct?‘l\ﬁm
OHN NEE%

Etapa 1
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NH

i
/@AN LHMDS /©/k NH;
————
Br Br

HCt

A una solucién de 4-bromobenzonitrilo (1,82 g, 10 mmol) en THF anhidro (50 ml) se le
afladié LIHMDS (2 N, 15 mmol) en una atmosfera de N, a TA y la mezcla se agitd durante 1 hora.
Después de inactivar con HCH 1 N, la mezcla de reaccion se calentd a reflujo durante 5 minutos. El
precipitado se recogid por filtracidn y después se secé al vacio para dar el compuesto deseado (1,9
2). 'H RMN (DMSO0) 0: 7,74 (d, 2H, ] = 8,2 Hz), 7,62 (d, 2H, J = 8,2 Hz) 6,43 (a, 3H).

Erapa 2

O

g e o

N OH Chz
Chz

A una solucion de Cbz-Pro-OH (2,9986 g, 12,0 mmol) en THF (100 ml) se le afiadié TEA
(1,7 ml, 12,2 mmol). La solucidn se enfrié a -25 °C y se afiadi6 cloroformiato de etilo (1,6 ml, 12,3
mmol). La solucién resultante se agitd a TA durante | hora. E! precipitado se retiré por filtracion y
el filtrado se usé en la siguiente etapa sin purificaciéon. A la mezcla de reaccion anterior se le
afiadié una solucién de diazometano 0,5 M. La muestra se agitd a -10 °C durante | hora. lLa mezcla
de reaccién se concentrd para dar un medio de su volumen original y se lavé una vez con NaHCO,
saturado (50 ml). La capa orgdnica se secod sobre MgSQ, y se filtrd. El material en bruto se
absorbid sobre gel de silice y se purificé por cromatografia ultrarrapida (40 g de SiO;, acetato de
etilo al 0-50% en hexanos) para dar la diazocetona (2,29 g). '"H RMN (CDCl3) O: 7,32 (m, 5H)
5,13 (m, 2H), 4,61 (m, 1H), 3,81, 4,03, 4,17 (s, cuadruplete AB, 2H, J = 4,0 Hz), 3,58 (m, 2H),
1,88-2.09, 2,17-2,38 (2, m a, 4H).

A una solucion de la N-carbobenciloxi-L-prolina diazocetona (1,0 g, 3,6 mmol) en éter
dietilico anhidro (10 ml) se le afiadid una solucién saturada de HBr en éter dietilico hasta que el
desprendimiento de N, cesd. La solucién se agité durante aproximadamente 1 hora a
aproximadamente 25 °C y después se lavd con NaHCO; saturado, agua y salmuera. El material en
bruto se purificé por cromatografia en columna sobre ge!l de silice y se eluyd con acetato de etilo al
40% en pentano para obtener la bromocetona (0,49 g) en forma de un aceite transparente. '"H RMN
(CDCly; mezcla de rotdmeros de amida cis-trans) T: 7,35 (m, SH), 5,28 (t, 1H), 5,17 (m, 2H), 4,32
(m, 1H), 3,58 (m, 2H), 1,84-2,30 (m a, 4H).

Etapa 3

J

N 5
o} N
NaHCD, H
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A una mezcla de bromocetona (3,25 g, 10 mmol) y la amidina (1,97 g, 10 mol) en THF
(100 ml) se le afiadié NaHCO; (1,7 g, 20 mmol) y la suspension se agité a la temperatura de reflujo
durante 12 horas. La reaccion se enfrid, se concentrd y se sometié a cromatografia para dar el
compuesto 7 (0,425 g). MS (ESI) m/e (M+H"): 426, 428.
Etapa 4

A

H O’L

NH
H \\/ O N Oy *
gjj\[N >_©_ 5P o j/ O R Q &
cb? P B A — " N N

N HN N7 H H N

El producto de la etapa 3 anterior puede convertirse en los compuestos finales usando ei
mismo procedimiento que se ha descrito en el Ejemplo 117, etapas 4-8. '"H RMN (MeQOD) .1: 7,7-
8,0 (m, 5H), 7,3-7,5 (m, 10H), 6,9-7,1 (m, 3H), 6,8 (d, ] = 4,8 Hz, 10H), 5,4-5,6 (m, 2H), 5,2-5,3
(m, 1H), 4,8 (s, 2H), 4,5-4,7 (m, 10H), 4,0 (d, ] = 2,4 Hz, 1H), 3,7 (d, ] = 4,84 Hz, 1H), 3,1-3,3 (m,
1H), 2,3-2,5 (m, 1H), 1,8-2,2 (m, 1H), 1,1-1,4 (m, 12H). MS (ESI) m/e (M+H"): 880.
Ejemplo 120-1-[(2R)-2-fenil-2-{{(propan-2-iloxi}carbonillaminolacetil]-N-{4-[5-(2-{(2S)-1-
il]-1H-imidazol-5-il

[(2R)-2-fenil-2-f (propan-2-iloxi)carbonilluminoacetillpirrolidin-

benzofuran-2-il{fenil}-L-prolinamida

Se ailadio gota a gota glioxal (2,0 ml dei 40% en agua) a una solucion en MeOH de
NH,OH (32 ml) y (S)-Boc-prolinal (8,564 g, 42,98 mmol} y después el conjunto se agité a
temperatura ambiente durante 19 horas, El componente volatil se retiré al vacio y el residuo se
purificé por una cromatografia ultrarrapida (gel de silice, acetato de etilo) seguido de una
recristalizacion (acetato de etilo) para proporcionar el compuesto en forma de un sélido esponjoso
de color blanco (4,43 g). '"H RMN (DMSO) [: 11,68/11,59 (s a, 1H), 6,94 (s, 1H), 6,76 (s, 1H),
4,76 (m, 1H), 3,48 (m, 1H), 3,35-3,29 (m, 1H), 2,23-1,73 (m, 4H), 1,39/1,15 (s, OH).

Erapa 2

G*J CH WL
%O)QO % )=o

Se afiadid en lotes NBS (838,4 mg, 4,71 mmol) durante 15 minutos a una solucion enfriada

(hielo/agua) en CH;Cl, (20 ml) de imidazol (1,06 g, 4,50 mmol). La mezcla de reaccién se agitd
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durante 75 minutos y se concentré. I material en bruto se purificd por RPLC para separar el
bromuro de bromo de su andlogo de dibromo y el material de partida. El eluato de HPLC se
neutralizé con exceso de NHs/MeOH y el componente volatil se retird al vacio. El residuo se
repartié entre CH;Cl; y agua y la capa acuosa se extrajo con agua. La fase orginica combinada se
seco (MgSO,), se filiré y se concentrd para proporcionar un compuesto en forma de un sdlido de
color blanco (374 mg). 'H RMN (DMSO) 0: 12,12 (s a, 1H), 7,10 (m, 1H), 4,70 (m, 1H), 3,31 (m,
IH; solapado con una sefial de agua), 2,25-1,73 (m, 4H), 1,39/1,17 (s, 3,8H + 5,2H).

Etapa 3

Resavals v OO

A una mezcla del benzofurano del Ejemplo 19, etapa 1 (15 g, 0,05 mol),
bis(pinacolato)diboro (25,4 g, 0,1 mol), Pd(dppCl, (1 g), KOAc (0,1 mol) en dioxano (500 ml) se
agit6 a la temperatura de reflujo en una atmésfera de N, durante 2 horas. La concentracion de la
mezcla de reaccion dejo un residuo que se sometié a cromatografia para dar el compuesto deseado
(12 g). '"H RMN (DMSO) [): 8,28 (d, ] = 8,8 Hz, 2H), 8,10 {s, IH), 7,95 (d, J = 8,8 Hz, 2H), 7,72
(d,J=8,8 Hz, IH), 7,43 (d, J = 8,8 Hz, 1H), 7,05 (s, 1H).

Etapa 4

QL e 3
B N Paooncy (LY
o]
o ot e e o
NBoo NazCOy o

Esta reaccion se realizé de una manera similar a la que se ha descrito en el Ejemplo 117.

MS (ESI) m/e (M+H"): 475.

Etapa §
-4 o O]
ENyO- 2 -0

El producto de la etapa 4 (475 mg, 1,0 mmol) se disolvié en EtOH y se traté con 20 mg de
Pd al 10%/C y después se hidrogené durante 5 horas. El catalizador se retird por filtracion a través
de CELITE y el filtrado se evapord para dejar el producto deseado. MS (ESI)
mie (M+H"): 445,

HATU
NBuc NH, — NBoe N NH
Boc-L-pro

Etapa 6
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Una solucion que contenia HATU (1,0 mmol}, la amina de la etapa 5 anterior (445 mg, 1,0
mmol) y N-Boc-L-Pro-OH (215 mg, 1,0 mmol) en MeCN (10 ml) se trato con DIPEA (1,2 mmol).
La mezcla de reaccion se agitd durante 3 horas, se diluyd con EtOAc y se lavd con agua (5 x). La
fase organica se secO, se concentré y después se sometid a cromatografia sobre gel de silice

(EtQAc) para proporcionar el compuesto deseado. MS (ESI) m/e (M+H"): 642.

i O s TFA /N | o
SN0 o P

Una solucidn del producto de la etapa 6 anterior se disolvié en 2 ml de DCM y 2 ml de

Etapa 7

4

TFA. La mezcla de reaccion se agitd durante 3 horas antes de que el disolvente se evaporara para
dar el producto deseado en forma de un aceite, que se usé directamente en la siguiente reaccion.
MS (ESI) m/e (M+H"): 442.

Etapa 8

N
7 [o R
a g, Bop NN 3 NH N
R O 5 Q VA e HN ° O\
d H O~ o

Una solucion que contenia el reactivo BOP (222 mg, 0,5 mmol), la diamina de la etapa 7
anterior {112 mg, 0,25 mmol) y R-i-Proc-Phg-OH (125 mg, 0,6 mmol) en DMF (5 ml) se trat6é con
N-metilmorfolina (2,4 mmol). La mezcla de reaccidn se agitd durante 3 horas, se diluyd con 20 m]
de EtOAc y se lavd con agua (5 x). La fase organica se secd, se concentrd y después se sometio a
cromatografia por RPLC para proporcionar el compuesto deseado. 'H RMN (MeOD) C: 6,8-7,9
(m, 19H), 5,1-5,5 (m, 3H), 4,5 (m, 1H), 3,5-4,04 (m, 2H), 1,6-2,5 (m, 9H), 0,9-1,3(m, 12H). MS
(ES1) m/e (M+H"): 880.

Ejemplo I121-{(1R)-2-[(28)-2-(5-{2-[4-(acetilamino)fenil[-1H-indol-5-il}-1,3,4-oxadiazol-2-

eniletillcarbamato de propan-2-ilo

Etapa 1
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Una mezela de S-carboxiindol (32,2 g, 0,2 mol), NaHCO, (53,36 g, 0,64 mol), yoduro de
metilo (122,22 g, 0,86 mol) en 60 ml de DMF se agitaron a TA durante 2 dias. Se afiadieron agua y
EtOAc, la capa organica se lavd con una solucion de bicarbonato, se secé y se concentré para
obtener 5-(metoxicarbonil)indol, 'H RMN (DMSO) O: 11,44 (s, 1H), 8,22 (s, 1H), 7,68(d, ] = 8,4
Hz, 1H), 7,37~7,47 (m, 2 H), 6,56(d, } = 2,0 Hz, 1H), 3,80 (s, 3H). MS (ESI) m/e (M+H"): 176.
Ftapa 2

Ie) o]
NH ;NH,(55%)
o A atanci HM b
| o refuio, 72h NH3z N

H H
Una mezcla del éster (28 g, 0,16 mmol) y NH,NH, (85%, 50 ml) en etanol (200 mi) se
calentd a reflujo durante 48 horas. L.a mezcla de reaccién se concentrd y ¢l residuo se purificéd por
cromatografia en columna (MeOQH al 5%/DCM) para dar el compuesto (25 g). 'H RMN (DMSO)
O: 11,27 (s, 1H), 9,54 (s, 1H), 8,06 (s, 1H), 7,57 (d, ] = 8,8 Hz, 1H), 7,37 (d, J = 8,8 Hz, 2H), 4,42
(s, 1H), 6,48 (s, 2H), 3,32 (s, 1H). MS (ESI) m/e (M+H™): 176.
Etapa 3

W O
0 HATU O, N
N %
NHZ H
Cbz N-Chz N

El producto de la etapa 3 anterior se acopld usando un procedimiento de formacidn de
enlace amida HATU convencional. MS (ESI} m/e (M+H"): 407.
Elapa 4

W o
O N. )ﬁ) PP, CoCle (j}’
? N 3
-Cbz i "CrONDIPEA erd I,)—Cp

A una suspensidén del producto de la etapa 3 anterior (100 g, 0,25 mol), PPh; (98,4 g, 0,375
mol) y DIPEA (96,7 g, 0,75 mol) en CH;CN (500 ml) a TA se le afiadié C;Clg (82,8 g, 0,35 mol).
La reaccion se agito a TA durante 1,5 horas, el disolvente se retird y el residuo se repartié en
porciones con EtOAc/H,O. Las capas se separaron, la fase acuosa se extrajo de nuevo con EtOAc
(2 x), las capas organicas combinadas se retiraron al vacio y el residuo se purificod por columna
cromatografia (McOH al 5%/DCM) para dar el compuesto 4 (55 g). MS (ESI) m/e (M+H"): 389
Etapa 5

BacOIDMAP ~
| o j 7 _DIPEADCM N : a :§ le
Chz % TA, 14 h Chz p .
M. ~N N"N Boc

Se afiadi6 gota a gota dicarbonato de di-terc-butilo (30,7 g, 142 mmol) a una solucién de

indol (55,0 g, 142 mmol), DMAP (2,0 g) y DIPEA (18,3 g, 142 mmol) en 50 ml de DCM a 0 °C.
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La reaccién se dejo en agitacion a TA durante una noche antes de que se concentrara y el residuo se
purificé por TLC prep. (PE/AE = 2:1). MS (ESI) m/e (M-+H"): 489.
Etapa 6

LDA g“
NTNQ :/(“‘NJ B, . N A 6 " OH
Che 4 . r It | N,
Ney, Boc  SC.3h  Cbd N‘Nf>—< >/: Boc

Una mezcla del compuesto indol de la etapa 5 (977 mg, 2 mmol), (iPrO%:B (3,0 g, 16
mmol) y THF seco (100 ml) se enfrié a 0 °C. Se aiadié lentamente LDA (preparado a partir de n-
BuLi e iPr,NH en THF, aproximadamente 8§ mmol) y la mezcla se dejé calentar a TA durante 2
horas. La mezcla se inactivo por HCI 1 N a pH = 3 y se extrajo tres veces con CH,Cl,. Las fases
orgdnicas combinadas se combinaron, se secaron sobre Na;SO, y se filtraron. El filtrado se
concentré y se purificé por cromatografia en columna (PE/DCM = 1/1 a CH,Cl; puro a

CH,Cly/acetona = 10/1 a acetona pura) para proporcionar el producto 8 (0,5 g).

Br Pd(dppf)Clz
THF/H,0
C'YD Son. §, J@f TR0
Cbz [ N refiujo, 24 h
Ny H

Una mezcla del producto de la etapa 6 (0,38 mmol), acido indol borénico del Ejemplo 42
(145 mg, 0,38 mmol), Pd(dppf)Cl, (28 mg, 0,038 mmol), Na,CO; (122 mg, 1,15 mmol), THF (10

ml) y H;O (1 mi) se calent$ a reflujo en una atmodsfera de N; durante una noche. 1.a mezcla se

Etapa 7

vertié en agua y se extrajo con CH,Cl,. La fase organica se combiné, se secé sobre Na,SO, y se

filtr6 para dar el compuesto deseado, que se usé directamente en la siguiente etapa. MS (ESI) m/e

(M""H+): 622.
H PdiC, MeOM
e
@ \IO]/ H{310.26 kPa'I
N o) = 45C, 4B h %,
co? NI‘N’ O N\Boc despuds TFA NH

Etapa 8
El producto de la etapa 7 (0,15 mmol) se disolvié en McOH, se traté con 20 mg de
Pd{OH); al 20% y después se hidrogené a 310,26 kPa (45 psi) durante 4 horas. El catalizador se

retird por filtracion a través de CELITE, el filtrado se evapord, después se disolvio en 1 ml de

DCM y después se tratd con 1 ml de TFA. Después de agitar durante 2 horas, la mezcla se evaporo
y el residuo se usé directamente en la siguiente reaccién sin purificacion adicional. MS (ESI) m/e
(M+H*): 488,

Etapa 9
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Una solucién que contenia PyBOP (44 mg, 0,1 mmol), la amina de la ctapa 8 anterior (49
mg, 0,1 mmol) y R-i-Proc-Phg-OH (21 mg, 0,1 mmol) en DMF (1 ml) se traté con N-
metilmorfolina (0,6 mmeol). La mezcla de reaccidn se agitd durante 3 horas, se diluy6 con EtOAc y
5 se lavd (cinco veces) con agua. La fase orgénica se secd, se concentrd y después se somctio a
cromatografia por RPLC para proporcionar el compuesto deseado. 'H RMN (MeOD):
57,90~8,35(m, 1H), 7,70~7,85(m, 2H), 7,60~7,70(m, 2H), 7,20~7,52(m, 7H), 6,55~7,20(m, 1H),
5,50~5,60(m, 1H), 5,30~5,50(m, [H), 4,75~4,85(m, 1H), 3,70~4,10(m, 1H), 3,35~3,50(m, 111),
1,95~2,50(m, 7H), 1,10~1,30(m, 6H). MS (ESI) m/e (M+H"): 607.
10 Ejemplo  122-(28)-1-(fenilacetil)-N-{3-[5-({{(2S)-1-(fenilucetil)pirrolidin-2-illcarbonillamino)-
ITH-indol-2-il[fenil}pirrotidin-2-carboxamida

3
°=(_ )/\Ph
(l'rn w ©
N
" Y C-C
Etapa 1
Yn N i NMP, 140C N HN_<0
o \Q\N,NH;HCI ' Er O)k mlc'roondas j}r O r:‘ O
H H
15 Una solucion de la hidrazina (I g, 5 mmol} y 3-acetilacetanilida (0,88 g, 5 mmol) en NMP

(5 ml) sc calentd a 150 °C en microondas durante 10 minutos. La solucién se verti6 en agua y se
extrajo tres veces con EtOAc. La capa organica se lavd con agua, se secd sobre sulfato sédico y
después se concentrd al vacio. El residuo se purificé por RPLC para dar el compuesto deseado. MS
(m/z): 308 (M+H)".

20 Etapa 2

NH,

N s HN_<0 HO! HiN
OO O

A HCl acuoso (4 N, 5 ml) sc le afiadio el producto de la etapa 1 anterior (300 mg, 1 mmol)
y la mezcla se calent6 a reflujo durante | hora. La mezcla de reaccién se enfrid, se concentréd y el
residuo se purificé por RPLC para dar ¢l compuesto (200 mg). MS (m/z): 224 (M+H)".
25  Etapa 3
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Y
-
HN M %H q O=<H’ c?/\ Ph

‘i,\F ‘ PhOH]_© (;j\[ m

LS SO Xy
O H HATU Ph\/§o O N O
A una solucion del compuesto de la etapa 2 anterior (35 mg, 0,148 mmol) en MeCN (5 ml)

se le anadieron N-fenilacetil-L-prolina (15 mg, 0,0673 mmol), DIPEA (26 mg, 0,202 mmol) y
HATU (56 mg, 0,148 mmol). La reaccion se agitd durante una noche, se concentrd y el residuo se
purificé por RPLC para dar el producto deseado (15 mg). MS (ESI) m/e (M+H"): 654. 'H RMN
{(MeOD) 01: 8,0 (m, 1H), 7,7(m, 1H), 7,6-7,1 (m, 14H), 6,7 (m, 1H), 4,6 (m, 2H), 3,9-3,5 (m, 9H),
2,4-1,7 (m, 8H).
Ejemplo _ 123-(28)-1-(fenilucetil)-N-{4-{6-({](28)-1-(fenilacetil) pirrolidin-2-il[carbonillamino)-

1H-indol-2-illfenil}pirrolidin-2-carboxamida
C, -~
9 \ ]
o -0, 3
M

o

O xz

Erapa 1

A una solucién agitada de 4-etinilanilina (1 g, 8,5 mmol) en DCM (60 ml) se le afiadieron
cloruro de acetilo (0,8 g, 10 mmol) y TEA (1,7 g, 17 mmol). La mezcla se agité durante 3 horas. La
solucién resultante se lavé con agua, HCI 1 N y salimuera. La capa organica se concentrod al vacio
para dar el producto deseado (900 mg), que se usé en la siguiente etapa sin purificacion. MS (ESI)
m/e (M+H"): 160.

Etapa 2

H
N
g Y
NY ¢ Cul, PB{PPh,),Cl; o]
¢, S
& O, NH, O

oM NH;

A una solucion agitada de 4-etinilacetanilida (800 mg, 3,1 mmol) en THF anhidro (6 ml) se
le afiadieron el compuesto 2 (0,5 g, 3,1 mmol), PACL,(PPh); (33 mg, 0,05 mmol), Cul (10 mg, 0,05
mmol) y TEA (2 ml). La mezcia se protegio de la luz y se agitd a TA durante una noche. La
solucién resultante se concentré al vacio y el residuo se lavé con DCM para dar el compuesto

deseado (300 mg) en forma de un sélido de color amarillo. MS (ESI) m/e (M+H"): 296.
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Etapa 3

-y s oW
A una solucton agitada del compuesto de la etapa 2 anterior (200 mg, 0,68 mmol} en
tolueno (2 ml) se le afiadio InBrs (2 mg, 0,004 mmol). La mezcla se agité a la temperatura de
reflujo durante 3 horas. La solucidn resultante se lavé con agua y se extrajo con EtQAc. Las capas
organicas combinadas se secaron sobre sulfato sédico y se concentraron al vacio para dar el indol
deseado (170 mg) en forma de un solido de color pardo. MS (EST) m/e (M+H"): 296.
Etapa 4

>\>_ HCI O N
NH,
WO AW,

A una solucion agitada del producto de la etapa 3 anterior (100 mg, 0,34 mmol) en EtOH
(5 ml) se le afiadid HCI 3 N (1 mg). La mezcla se agitd a la temperatura de reflujo durante una
noche. La solucion resultante se concentrd al vacio para dar la anilina deseada (80 mg) en forma de
un sélido de color pardo. MS (ESI) m/e (M+H™): 254.
Etapa 5

O

.e‘ o .
N » '\j
O \ O MMy HATU, DIPEA O R O Mo N
N
OpN N 0N H

A una solucion de la anilina de la etapa 4 (50 mg, 0,2 mmol) en acetonitrilo (5 ml) se
afiadio N—fenilacetii-L-pro]iné (56 mg, 0,2 mol), HATU (167 mg, 0,4 mmol) y DIPEA (100 mg, 0,8
mmol). La mezcla se agitdé durante una noche. La solucién resultante se purificé por RPLC para dar
el compuesto deseado (40 mg) en forma de un sélido de color pardo. MS (ESI) m/e (M+H"): 469.
Etapa 6

QO

C ~ b
OOt e 0 bW
05N H o HaN g 0

A una solucién del compuesto nitro (40 mg, 0,08 mmol) en THF (2 ml) se le afiadié Pd/C

(20 mg, 0,1 mmol). La mezcla se agitdé en una atmésfera de H, durante 1 hora. Después del
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reemplazo de H, con N, el Pd/C se retird por filtracion y el filtrado se evaporo al vacio para dar el
aminoindol deseado (40 mg) en forma de un sélido de color pardo. MS (ESI) m/e (M+H™): 439.
Erapa 7

joaera’ I s P Ly

O% | O\% - | ; ;
A una solucion del producto de la etapa 6 anterior (40 mg, 0,1 mmol) en acetonitrilo (5 ml)

se afiadic N-fenilacetil-L-prolina (23 mg, 0,1 mmol), HATU (70 mg, 0,2 mmol) y DIPEA (25 mg,

Iz _»

HyN

.0,2 mmol). La mezcla se agit6¢ durante una noche. La solucidn resultante se purificé por RPLC para

dar el compuesto deseado (15 mg) en forma de un sélido de color pardo. 'H RMN (MeOD) C: 7,81
{(m, 1H), 7,70 (d, ] = 8,6 Hz, 2H), 7,60 (d, = 8,4 Hz, 2H), 7,39 (m, 1H), 7,30-7,28 (m, 10H), 6,96
(m, 1H), 6,69 (s, 1H), 4,63-4,50 (m, 2H), 3,78-3,60 (m, 8H), 2,23-1,92 (m, 8H). MS (ES!) m/e
(M+H"): 654.

Ejemplo  124-(28)-1-(fenilacetil)-N-{3-16-({{(25)-I-{fenilacetil)pirrolidin-2-iljcarbonillamino)-
1H-indol-2-illfenil}pirrolidin-2-carboxamida

G

N

> 2

IO N = POt
P

N (s}

o HH, EtN & N

A una solucién de 3-etinilanilina (1,17 g, 10 mmol) v 1,5 ml de Et;N en 40 ml de DCM se

Etapa 1

le afiadié gota a gota cloruro de acetilo (1 g, 13 mmol). La mezcla de reaccién se agité a TA
durante 1 hora. Después de esto, los disolventes se evaporaron, el residuc se extrajo con EtOAc
(100 ml), se lavd con agua (50 ml) y salmuera (50 ml), se secoé sobre NaSO,4 anhidro y se
concentraron al vacio para proporcionar 3-etinilacetanilida (1,5 g). MS (ESI) m/e (M+H"): 160.
Etapa 2

o.M NH, 02N N -
. i CHgDH Hy

=g _CatRPH
TA |

Se disolvio 3-nitroanilina (6,9 g, 0,05 mmol) en 150 ml de etanol y se afiadié gota a gota

cloruro de yodo (8,1 g, 0,05 mmol). La mezcla de reaccion se agité a TA durante 4 horas. Despues
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de csto, los disolventes se evaporaron, el residuo se extrajo con EtQOAc (100 ml), se lavo con agua
{50 ml) y salmuera (50 ml) y se seco sobre NaSQ, anhidro. Después de que se concentrara al vacio,
el residuo se purificé por cromatografia en columna (PE/EtOAc = 40:1 O 20:1) para proporcionar
¢l producto deseado (8,9 g). MS (ESI) m/e (M+H"): 265.

Ltapa 3

o}
NH HaN
/k OZN\@NH’ PACI,(PPhy); >_ —
" e e i - -
//,, N o \ Cul, BN =—q /N0

Se disolvieron 3-etinilacctanilida (480 mg, 3 mmol) y 2-yodo-5-introanilina {800 mg, 3
mmol) en THF anhidro (30 ml), PdCl(PPh;), (105 mg,0,15 mmol) y se afiadieron secuencialmente
Cul (28,5 mg,0,15 mmol) EtsN (1 ml). La mezcla de reaccion se protegié con N, y se agité a TA
durante una noche. Después de csto, los disolventes se evaporaron, el residuo se extrajo con EtOAc
(50 x 2 ml), se lavé con agua (40 ml) y salmuera (30 ml), se seco sobre NaSQy anhidro. Después de
que se concentrara al vacio, el residuo se purificé por cromatografia en columna (DCM/MeOH =
50:1 O 20:1) para proporcionar ¢l producto descado (620 mg). MS (ESI) m/e (M+H™): 296.

Etapa 4

! HN—<
>—NH HaN Y
D=l e OO

— —
M ek s ON i

A una solucion del producto de la etapa 3 (295 mg, 1,0 mol) en DCE (15 ml) se le
aiiadieron PdCl; (9 mg, 0,05 mmol) y FeCl; (8 mg, 0,05 mmol). La mezcla de reaccion se calenté a
80 °C durante 2 horas. La reaccion se enfri6, los disolventes se evaporaron, el residuo se extrajo
con EtOAc (2 x), se lavd con agua (30 ml) y salmuera (30 ml) y se secé sobre Na,SO, anhidro.
Después de que se concentrara al vacio, el residuo se purificé por TLC prep. (DCM/MeOH = 50:1)
para proporcionar el producto deseado (240 mg). MS (ESI) m/e (M+H"): 296. 'H RMN (DMSO)
0:0,12 (s, 1 H), 8,25 (d, J = 8,0 Hz, 2 H), 7,45~7,94 (m, 6 H), 7,03 (s, | H), 2,10 (s, 3 H).

Etapa 5

8]
HN NH;

iv— ~
\ 0 O N HCI3 N
BosSs RN oeve -y es

Una suspension del producto de la etapa 4 (200 mg, 0,67 mmol), Pd/C (10 mg, 0,034
mmol) en 40 ml de EtOH estaba en una atmdsfera protectora de Hy y se agité durante 1 hora.
Después, la mezcla se filtré y después ¢l filtrado se concentrd para dar el producto (160 mg). El
residuo se disolvié en 20 ml de HCI 3 N, la mezcla se agité a 80 °C durante 1 hora. Se enfrié a TA,
se concentro al vacio y el residuo sc purifico para dar el compuesto deseado (120 mg) en forma de

un sélido de color pardo. MS (m/z) (M+H"): 224.

131

\(NS\



10

15

20

25

MRL-IFD-00018-WO-PCT

Etapa 6

: N
HzN . HO oi,@ DIPEA @j" E%%\D@

La mezcla del compuesto 10 (50 mg, 0,224 mmol), M-fenilacetil-L-prolina (110 mg, 0,45
mmol), DIPEA (88 mg, 0,7 mmol) en CH;CN (5 ml) se agito a TA durante 5 minutos y a esta se le
afiadié HATU (82 mg, 0,54 mmol). La mezcla se agité a TA durante una noche. Cuando la
reaccion se completd, la mezcla se concentrd al vacio, el residuo se purificé por cromatografia
sobre gel de silice para dar el compuesto diana deseado (70 mg). MS (ESI) m/e (M+H"): 654 'H
RMN (MeOD): U 7,95 (d,)=8,0 Hz, 2 H), 7,86~7,21 (m, 13 H), 6,98 (d, J = 8,0 Hz, 1 H), 6,72 (s,
1 H), 4,57(m, 2H), 3,53 (m, 3 H), 2,02~2,31 (m, 8 H).

Ejemplo I25-J(1R)-2-((28)-2-}(2-(2-](28)-1-((2R)-2-[(terc-butoxicarbonil)amino}-2-

fenilacetillpirrolidin-2-il]-1 H-bencimidazol-5-il}-1H-indel-5-il) carbamoillpirrolidin-1-il}- 2-ox0-

1-feniletillcarbamato de terc-butilo

D

Etapa 1

& NH, /3 . [\
\Q:NH; HDKHCMMQNE/:?M

La mezcla de 4-bromo-1,2-fenilenodiamina (3,1 g, 16 mmol), L-prolina (4,3 g, 16 mmol),
DIPEA (3 ml ) en MeCN (100 ml) se agité a TA durante 5 minutos y después se afiadié HATU (6
g, 17 mmol ). La mezcla se agité a TA durante una noche. Cuando la reaccién se completod, la
mezcla se conce'ntré, el residuo se lavd con agua (100 ml) y se extrajo con EtOAc (tres veces), se
lavé con salmuera (50 ml) y se secé sobre Na,SO, anhidro. El residuo se purificd por cromatografia
en columna (DCM/MeQOH = 100:1 O 50:1) para proporcionar el compuesto deseado (5,0 g). MS
(ESD) m/e (M+H"): (418,420).

Etapa 2
o NG
R0
El producto de la etapa 1 (5 g, 7,2 mmol) se disolvidé en 50 mi de acido acético. La mezcla

de reaccion se agité a 100 °C durante 4 horas. La mezcla se enfrio y el 4cido acético se retird al
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vacio. El residuo se purificd por cromatografia en columna (DCM/MeOH = 150:1 0 100:1) para
proporcionar el compuesto deseado (3,8 g). MS (ESI) m/e (M+H"): (400, 402).
Ftapa 3

gr N . BocHN N ™N
\Q:u\)?b;‘j . \CErE;B(OH)Q a?%::’_:go?mm O N\ Q ?q:\k
Una suspension del producto de la etapa 3 (1,2 g, 3 mmol), 4cido 1,5-bis-Boc-5-
aminoindolo-2-borénico (1,2 g, 3 mmol), Pd(PPh,), (240 mg), Na,CO; (1 g, 9 mmol) y H,0 (3 ml)
en 30 mi de THF en una atmésfera protectora de N; se hizo reaccionar con reflujo a 75 °C durante
una noche. La mezcia se filtrd, el filtrado se lavé con 50 ml de agua y se cxtrajo con 100 ml de
EtOAc y sc seco sobre Na;SO4 anhidro. La retirada de! disolvente y la cromatografia en columna
(CH,CI/MeOH = 250:1 O 200:1) proporcionaron ¢l compuesto deseado (500 mg). MS (ESI) m/e
(M+H"): 652,
Etapa 4

N N
BocHN Y\ N HO MeOH M N
N N
b A

El producto de la etapa 3 (500 mg, 0,9 mmol) se agité en MeOH/HC! (20 m!) durante 16

horas. Tl disolvente se retird a presion reducida y el residuo se secé a alto vacio. MS (EST) m/e
(M+H"): 452,
Etapa 5

O b e YR

La mezcla de anilina de la ctapa 4 (450 mg, | mmol), ($)-N-Boc prolina (215 mg | mmol),
DIPEA (0,4 ml ) en CH3CN (10 ml) se agité a TA durante 10 minutos y después se afiadio HATU
(400 mg, 1,1 mmol). La mezcla sc agité a TA durante una noche, se concentrd y el residuo se

purificd por cromatografia en columna (CH;Cly/MeOH = 250:1 O 200:1). MS (ES1) m/e (M+H"):
649,

Etapa 6

<5"'3\(“ O A N\NH f\S:z:z Hae,HBr %H O A N\NH H

Boc
o ﬁ 70-80C °
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El producto de la etapa 5 (290 mg, 0,45 mmol) se disolvid en 5 ml de acido acético y se
afiadi6 HBr (1 ml). La mezcla de reaccion se calentd a 70-80 °C y se agitd durante 4 horas. La
mezcla se enfrié a TA y se concentré al vacio. El residuo se extrajo con EtOAc (2 x), se lavd con
NaHCO; ac. y agua (30 ml) y salmuera (30 ml) y se secd sobre sulfato sédico anhidro. La
evaporacton del disolvente proporciond el compuesto deseado en forma de un sélido de color pardo
(160 mg). MS (ESI) m/e (M+H"): 415,

Etapa 7

H Ne,
H Ny ’;> N N 7/\N NHBoe
N N H  Hatu HocHN R NH
OO N
o N © H
H

Una mezcla del producto de la etapa 6 (100 mg, 0,24 mmol), (R)-N-Boc-Phg (120 mg, 0,48
mmol), DIPEA (0,4 ml) en CH;CN (10 ml) se agité a TA durante 10 minutos y se afiadié HATU
(200 mg, 0,5 mmol). La mezcla se agité a TA durante una noche, después se concentré y el residuo
se purificd por RPLC para proporcionar el compuesto deseado (54 mg). MS (ES1) m/e (M+H"):
882. 'H RMN (MeOD) O: 7,96~7,65(m, 4H), 7,49~6,84(m, 13H), 5,50~5,40(m, 2H), 4,06~3,94
(m, 2H), 2,27~1,88 (m, 8H), 1,37 (s, 18H).

Ejemplo 1206-(28)-N-{4-[3-bromo-5-({{(2S8}-I-(fenilacetil)pirrolidin-2-iljcarbonillamino)-1 H-

indol-2-iljfenil}-1-(fenilacetil)pirrolidin-2-carboxamida

Ph

A una solucién del indo! (1 equiv.) en 5 ml de THF se le afiadié NBS (278 mg, ! mmol) a
TA v la mezcla se agité durante 1 hora. La concentracion del disolvente y la purificacién del
residuo por RPLC proporcionaron los compuestos halogenados diana. 'H RMN (MeOD) 1: 7,9-7.5
(m, 5H), 7,4-7,0 (m, 12H), 5,2-4,9 (m, 2H), 4,4 (m, 2H), 3,8-3,5 (m, 6H), 2,5-1,8 (m, 8H).
Ejemplo 127-f(18)-2-{(28)-2-({2-]4-(acetilaminao) fenil]-3-fluoro-1H-indol-5-

ilicarbamoil)pirrolidin-1-il]-2-0xo-1-feniletilicarbamato de terc-butilo

A una solucién del indol (1 equiv.) en acetonitrilo/DMSO (5 ml, 1:1) se le afadié
SELECTFLUOQORO (1 equiv.) a 0 °C. La mezcla se agité a TA durante 3 horas antes de que se
concentrara y el residuo se purificé por RPLC. "H RMN (MeOD) O: 7,9-7,¢8 (m, 3H), 7,8-7,7 (m,
2H), 7,5-7,3 (m, 6H), 7,3 (m, 1H), 5,5 (s, 1H), 4,6-4,5 (m, 2H), 4,0-3,9 (m, 1H), 3,8 (m, JH), 3,7
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(m, 1H), 2,4-2,3 (m, 1H), 2,2-2,1 (m, 7H), 2,1-2,0 (m, 3H), 2,0-1,9 (m, 1H), 1,4 (m, 9H). MS
(m/z): 711 (M+H)".
Ejemplos 128-154

Los compuestos de los Ejemplos 128-154 pueden prepararse por halogenacién directa de

los compuestos indol o benzofurano de una manera similar a la que se ha descrito en el Ejemplo
126 o el Ejemplo 127,

Ejemplo

Estructura

PM

Nombre

128

QP o35
O\Ao o Ow

688,23

(28)-N-{4-[3-cloro-5-({[(28)-1-
(fenilacetil)pirrolidin-2-
ilJcarbonil}amino)-1H-indoi-2-
il}fenil}- 1 -(fenilacetil)pirrolidin-

2-carboxamida

129

e o
& ! 08

671,77

(25)-N-{4-[3-fluoro-5-({[{28)-1-
(fenilacetil)pirrolidin-2-
il]carbonil}amino)-1H-indol-2-
il}fenil}-1-(fenilacetil)pirrolidin-

2-carboxamida

130

N%O
©. CHs
CH3CHy

902,04

{(18)-2-[(28)-2-({4-[5-({[(28)-1-
{(258)-2-[{terc-
butoxicarbonil)amino]-2-
fenilacetil}pirrolidin-2-
illcarbonil}amino)-3-fluoro-1H-
indol-2-
ilJfenil}carbamoil)pirrolidin- 1 -
il]-2-ox0-1-feniletil} carbamato

de terc-butilo

131

630,15

{(15)-2-[(28)-2-({2-{4-
(acetilamino)fenil)-3-cloro-1H-
indol-5-il}carbamoil)pirrolidin-
1-il]-2-oxo0-1-feniletil} carbamato

de terc-butilo

132

779,68

(2S)-N-{4-[3-yodo-5-({[(28)-1-

(fenilacetil)pirrolidin-2-

" iljcarbonil}amino)-1H-indol-2-

illfenil}-1-(fenilacetil)pirrolidin-

2-carboxamida

135
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Ejemplo

Estructura

PM

Nombre

133

H F Q =
(N)\(N Y j
o NH N
CHa o o=

H CH,

710,81

{(18)-2-[(28)-2-({2-[4-({[(28)-1-
acetilpirrolidin-2-
il}carbonil}amino)fenil]-3-
fluoro-1H-indol-53-
il}carbamoil)pirrolidin-1-il]-2-
oxo-1-feniletil} carbamato de

terc-butilo

134

898,1

(28)-1-{(28)-2-[(3,3-
dimetilbutancil)amino}-2-
fenilacetil}-N-{4-[5-({[(25)-1-
{(25)-2-[(3,3-
dimetilbutanocil)amino]-2-
fenilacetil} pirrolidin-2-
ilJcarbonil}amino)-3-fluoro-ili-
indol-2-i1]fenil} pirrolidin-2-

carboxamida

135

10

H F Q  x

CHs N ‘}_\j
M NN

CH,’?:!; Ve 0 © N o “

902,04

{(1R)-2-[(2S)-2-({4-[5-({{(28)-
1-{(2R)-2-[(terc-
butoxicarbonil)amino]-2-
fenilacetil} pirrolidin-2-
ilJcarbonil}aming)-3-fluoro-1H-
indol-2-
iljfenil} carbamoil)pirrolidin-1-
il]-2-oxo-1-feniletil} carbamato

de terc-butilo

136

613,69

{(1R)-2-[(28)-2-({2-[4-
(acetilamino)fenil}-3-fluoro-1H-
indol-5-i1} carbamoil)pirrolidin-
1-il]-2-ox0-1-feniletil} carbamato

de terc-butilo

137

710,81

{(IR)-2-[(28)-2-({2-{4-({[(29)-
1-acetilpirrolidin-2-
iljcarbonil}amino)fenil]-3-
fluore-1H-indol-5-

il} carbamoil)pirrolidin-1-il]-2-
oxo-1-feniletil}carbamato de

terc-butilo

136
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Ejemplo Estructura PM Nombre
{(1R)-2-[(28)-2-( {3-fluoro-2-[4-
cH, (l{n F o (2-oxopirrolidin-1-
o H N = A\ b it - 1H-i .
- C”ﬁ’ W ‘ : o 639,73 itYfenif)-1H-indol-5
CHy © H 3 il}carbameil)pirrolidin- [ -il}-2-
oxo-l-feniletil} carbamato de
terc-butilo
" - N-{2-[4-(acetilamino)}enil]-3-
QG (")Y"\C[%_QNH 567,66 | fluoro-1H-indol-5-1H-[(2R)-2-
139 o © N JCHy
K c 9 fenil-2-(pirrolidin-1-il)acetil]-L-
prolinamida
N-(terc-butoxicarbonil)-D-alanil-
551,62 N-{2-[4-(acetilamino)fenil]-3-
140 CH H F o] ) ‘
CHS%S,O BN N O Q NZ—CHa 3 fluoro-1H-indol-5-il}-1.-
CH, 3” gjo °© N prolinamida
’ . N-{2-[4-(acetilamino)fenil]-3-
cH
e N | 541,63 | fluoro-1H-indol-5-il}-1-[(2R)-2-
141 3 a /}—CH3
H d 1 (dimetilamino}-2-fenilacetil]-L-
protinamida
N-(terc--butoxicarbonil)-D-
H F % 593,70 leucil-N-{2-}4-
CH N )
142 CH,’}:’ O}.H (N]\( m——O—Nzl_CH’ . .
Gy J  © y 5 {acetilammo)fenil}-3-fluoro-1H-
CHs indol-5-i1}-L-prolinamida
CHsy
[(IR)-2-{(28)-2-{(4-{5-[({(25)-
I-[(2R)-2-(dimetilamino)-2-
CHJ(Nj\rH : { : OH‘\J fenilacetil]pirrolidin-2-
CH -
(43 3 n © N NHO 3 H 815,95 | il}carbonil)amino]-3-fluoro-1H-
-y
) s 3 indol-2-

il} fenil)carbamoil]pirrolidin-1-
il}-2-oxo-1-feniletil]carbamato

de propan-2-ilo)

137
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Ejemplo Estructura

PM

Nombre

0 N CH
144 o .\H g‘LCHa
r

754,86

(28)-2-{(3-fluoro-2-{4-{({(25)-1-
[(2R}-2-fenil-2-{[(propan-2-
tloxi)carbonillamino}acetil]pirrol
idin-2-il} carbonil)amino}fenil }-
1H-indol-3-
ihcarbamoil}pirrotidin-1-

carboxilato de terc-butilo

145 *0

935,38

[(1R)-2-{(28)-2-[(4-{3-bromo-5-
[({(28)-1-[(2R)-2-fenil-2-
{[(propan-2-
iloxi)carbonil}amino} acetil jpirrol
idin-2-il}carbonil)amine]-1-
benzofuran-2-
il}fenil)carbamoil]pirrolidin-1-
il}-2-oxo-1-feniletil}carbamato

de propan-2-ilo

Br 8]
CHy H &
cH—h QH WY
i o} o FHS
146 Q o]

819,80

(25)-N-(4-{3-bromo-5-[{{(25)-1-
[(2R)-2-(dimetilamino)-2-
fenilacetil}pirrolidin-2-

il} carbonil)amino]-1-benzofuran-
2-il}fenil)-1-[(2R)-2-
{dimetilamino)-2-
fenilacetil]pirrolidin-2-

carboxamida

H Br O
L0 H <N\Ln’N )'_\j
CH3 )—N 5 NH N
147 4 © o=\

879,71

{(1R)-2-[(28)-2-({4-[3-bromo-5-
({[(28)-1-{(2R)-2-
[(metoxicarbonil)amine]-2-
fenilacetil} pirrolidin-2-
ilJcarbonil}amino)-1-benzofuran-
2-illfenil} carbamoil)pirrolidin-1-
il]-2-oxo-1-feniletil} carbamato

de metilo

138
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Ejemplo Estructura

PM Nombre

H
3
© CHy

749,84 metilbutanoil}pirrolidin-2-

H F 8] N
o H N N hj
YN NH N
CH; T; a
148 3 ho N o=\ _H
CHa ey, YO

{(28)-1-[(2S)-2-({4-[3-fluoro-5-
({[(28)-1-{(28)-2-

[(metoxicarbonil)amino]-3-

il]carbonil}amino)-1H-indol-2-
il}fenil}carbamoil)pirrolidin-1-
il]-3-metil-1-oxobutan-2-

il}carbamato de metilo

Br o
CH H
Nates ot
N
149 CHi o © o

603,52 bromo-1-benzofuran-5-il}-1-

N-{2-[4-(acetilamino)fenil]-3-

[(2R)-2-(dimetilamino)-2-

fenilacetil]-L-prolinamida

875,91 | il}carbonil)amino]-1-benzofuran-

CH,3 H Br Q ~
CH, ) (Nj\'rN >_\
N o NH N
150 o ¢ AN

(28)-N-{3-bromo-5-[({(2S)-1-
[(2R)-2-(dictilamino)-2-

fenilacetil]pirrolidin-2-

2-il}feni!)-1-[{(2R)-2-
{dictilamino)-2-
fenilacctil]pirrolidin-2-

carboxamida

151 CH3

(25)- 1-acetil-N- {3-bromo-5-
[({(25)-1-[(2R)-2-
{dimetilaming)-2-

fenilacetil]pirrolidin-2-
il}carbonil)amino]-1-benzofuran-

2-il} fenil)pirrolidin-2-

carboxamida

Q (&} 0 o]
152 CHﬁC; e

{(18)-2-[(25)-2-({4-[3-bromo-5-
({[(28)-1-{(28)-2{(terc-
butoxicarbonil)amino]-2-
fenilacetil }pirrolidin-2-
iljcarbonil} amino)-1-benzofuran-
2-il]fenil}carbamoil)pirrolidin-1-
it]-2-oxo-1-feniletil} carbamato

de terc-butilo)
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Ejemplo Estructura PM Nombre

(25)-N-{4-[3-bromo-5-({[(25)-1-

H Br Q (fenilacetiDpirrolidin-2-
(I%N )_\j . . . P
53 NHo 733,66 | illcarbonil}amino)-1-benzofuran-
? 9 2-il}fenil}-1-

{fenilacetil}pirrolidin-2-

carboxamida

{(1R)-2-[(28)-2-({4-]3-bromo-5-
({l(28)-1-{(ZR)-2-[(terc-
butoxicarbonil)amino]-2-

H Br 0, N
CH (]WN Y
" Cﬁ’ﬂ}rn; Y m—QW NjH 963,93 fenilacetil} pirrolidin-2-
(o] O

¥ O\ cH, 5 il]carbonii}amino)-1-benzofuran-

2-il]fenil} carbamoil)pirrolidin-1-
il]-2-oxo0-1-feniletil} carbamato

de terc-butilo

Ejemplo 155-(25)-N-{4-{3-ciano-5-({{(25)-I-(fenilacetil)pirrolidin-2-il{carboniliamino)-1H-

indol-2-illfenii}-1-(fenilacetil)pirrolidin-2-carboxamida

Una mezcla del compuesto de bromo del Ejemplo 126 (150 mg, 0,2 mmol), CuCN (50 mg,

0,6 mmol) y DMF (3 ml) se calentd a reflujo en una atmosfera protectora de N durante una noche.

La mezcla se purificod por RPLC para proporcionar el producto. MS (EST) m/e (M+H"): 679. '‘H
RMN (CDCly) O: 7,73-7,70 (m, 4H), 7,38-7,29 (m, 4H), 7,21-7,04 (m, 6H), 4,63-4,60 {m, 1H),
4,494,417 (m, 1H), 3,81-3,59 (m, 4H), 2,48-1,97 (m, 8H).

Ejemplo 156-(28)-N-{4-13-(2, 2-dimetilpropaneil)-5-({{(28)-1-(fenilacetil) pirrolidin-2-

illcarbonitlamino)-1H-indol-2-illfenil}- I -(fenilacetilipirrofidin-2-carboxamida

YOO . oo

A una solucion agitada del indol (50 mg, 0,076 mmol) en CH,Cl, (5 ml) se le afiadié ZnCl,

anhidro (54 mg, 0,4 mmol) y después MeMgBr (3,0 M en Et,0, 0,4 m], 0,4 mmol). La suspenston
resultante se agité durante 10 minutos a TA y después se enfrid a 0 °C en un bafio de hielo. A la
mezcla se le afiadié una solucién de cloruro de pivaloilo (14 mg) en CH,Cl; (0,2 ml). La mezcla de
reaccion se dejo calentar a TA y se agitd durante una noche. La mezcla de reaccion se inactivo por

NH,Cl acuoso saturado y se extrajo 3 veces con CH,Cl,. Las capas organicas se combinaron, se
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secaron sobre Na,SQ, anhidro y se filtraron. El filtrado se concentrd y se purificd por RPLC para
producir el producto. MS (ESI) m/e (M+H™): 738. 'H RMN (MeOD) O: 7,69-7,63 (m, 3H), 7,44-
7,41 (m, 2H), 7,31-7,21 (m, 12H), 4,55-4,52 (m, 2H), 3,76-3,59 (m, 8H), 2,26-1,94 (m, SH).

Ejemplo 157-5-({](28)-1-(fenilacetil pirrolidin-2-illcarbonillamino)-2-f4-({{(25)-1-

(fenilacetil)pirrolidin-2-itjcarbonillamino)fenil]-1 H-indolo-3-carboxamida

Q

H 0}—{~j Ethdgs N " OH‘j
Bn o~ 4 0

A una solucién del indol (653 mg, | mmol) en THF 10 (mi) se le afiadié EtMgBr (2 ml, 6
mmol) y la mezcla se agité a TA durante 30 minutos. A la misma se le afiadié isocianato de
clorosulfonilo (140 mg, 1 mmol) y la mezcla se agité a TA durante 20 minutos. Después, a la
mezcla anterior se le afiadio DMF (146 mg, 2 mmol) y la agitacion continué durante 20 minutos.
Después de ailadir el NaOH acuoso (2 N, 1 mi), la solucion resultante se calento a reflujo durante 5
minutos. La concentracién al vacio, el residuo se purificd con RPLC para dar (67 mg). 'H RMN
(MecOD) (0: 8,0 (s, 1H), 7,6 (m, 4H), 7,1-7.4 (m, 12H), 4,5 (m, 4H), 3,5-3,7 (m, 8H), 2,5-2,0 (m,
6H).

Ejemplo 158-{(1R)-2-[(28)-2-({4-[5-({{(2S)-1-{(2R)-2-[(terc-butoxicarbonil)amino}-2-

fenilacetilipirrolidin-2-illcarbonil}amine)-3-(ciclopropilcarbamoil)-1H-indol-2-

iflfenillcarbamoil)pirrolidin-1-ill-2-oxo-1-feniletilicarbamato de terc-butilo

4
mg(“?\gntz L? NH. :2:’3

-nNHBoz

FEtapa 1

Lo}
H
O;N PCBry 0N
= o >
DMF
N N
H

A una solucién de POBr; (113,2 g, 0,4 mol) en DCE (1 1) se le afadié gota a gota DMF
(14,6 g, 0,2 mol) en un bafio de hielo y la mezcla se agité a TA durante 30 minutos. A la misma sc
le afiadio el compuesto nitro (17,8 g, 0,1 mol) y la mezcla se agitd a la temperatura de reflujo
durantc 4 horas. El precipitado se recogid por filtracion y después se lavo con agua y MeOH. El
solido se secd al vacio para dar el compuesto deseado (13,5 g). 'H RMN (DMSO) [J: 13,6 (s, 1H),
9,8 (s, 1H), 8,8 (s, IH), 8,1 (d,J =9,2 Hz, [H), 7,6 (d, J = 9,2 Hz, 1H).
Etapa 2
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Q, Q.

H H
oN (Boc),0 OyN
g — Br
M Boc

A una solucién del aldehido de la etapa 1 (13,5 g, 0,05 mol} en DCM (100 ml) se le
afiadieron DMAP (0,6 g, 0,005 mol), TEA (10,1 g, 0,1 mol) y (Boc)O (21,8 g, 0,1 mol) y la
mezcla se agitd a TA durante una noche. L.a mezcla se concentrd y el residuo se purificé por
cromatografia en columna para dar el compuesto deseado (14,7 g). 'H RMN (CDCl3) J: 9,8 (s,
1H), 8.8 (s, 1H), 8,1 (d, J = 9,2 Hz, 1H), 7,6 (d, ] = 9,2 Hz, 1H), 1.4 (s, 9H).

H Coyn
ON dmeh 3N
N g o+ —< >—NHBoc NasCO, NHBUC
Boc Boc

E! procedimiento de acoplamiento de Suzuki era el mismo que ¢l que se ha descrito en cl

Ejemplo 117, etapa 3. MS (m/z): 482 (M+H)".

o]
H
;N { NaClO,, NaHJPO, O;N
O Eo Q NHBOS roth 2 butana metd-2-butena Q O
€

A una solucién del compuesto de la etapa 3 (2,4 g, 5 mmol} en pH 3,5, tampon fosfato (24

Etapa 3

Etapa 4

ml) y t-BuOH (30 ml} se le afiadieron 2-metil-2-buteno (10 ml) y clorato sodico (0,89 g, 10 mmol).
La reacci6n se agitd a TA durante 16 horas y después se extrajo con DCM (3 x). L.os extractos
organicos combinados se lavaron con salmuera, se secaron sobre MgSQ, anhidro y se concentraron
al vacio para dar el 4cido carboxilico deseado (2,3 g). MS (m/z): 498 (M+H)+.

Etapa 5

o ot
oH
oM 4 I>—N 2 o,N
O y Q NHBoC Ty DIPEA HATU, DIPEA O Q NHBoc
Boc

La mezcla del compuesto de la etapa 4 (1 mmol), ciclopropil amina (1 mmol}), HATU (1
mmol) y DIPEA (5 mmol) en DCM se agité a TA durante una noche. La concentracién y la
purificacion del residuo por RPLC dieron el compuesto deseado (0,8 mmol). MS (m/z). 538
(M+H)+.

Etapa 6
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v

Oy —NH RN
O;N PAIC HN
IO T "D
N N
Boc Boc

A una solucidn de la amida de la etapa 5 (0,8 mmol) en MeOH (10 ml) se le afadié Pd/C
(100 mg) y ta mezcla se agitd en una atmdsfera de Hz; a TA durante | hora. E! Pd/C se retiré por
filtracion y el filtrado se concentrd para dar el compuesto deseado (0,7 mmol). MS (m/z): 507
(M+H)".
Etapa 7

oj;f o4
s O R O HBoc = e O A O NH,
Boc N

A una soluci6n del compuesto de la etapa 6 (0,7 mmol) en DCM (5 ml) se lc afiadié TFA
(2 ml) y ia mezcla se agitd a TA durante una noche. La solucidn se concentré v ¢l residuo se usé en
la siguiente etapa sin purificacidn. MS (m/z): 307 (M+H)".
Etapa 8

P o d
o L SN - OH\
~H e o ngg}' Wém

EEl procedimiento de acoplamiento era el mismo que se ha usado en el Ejemplo 72, etapa 7.
'H RMN (MeOD) O: 6,9-7,9 (m, 17H), 5,2-5,5 (m, 2H), 4,4-4,5 (m, 2H), 3,5-3,9 (m, 3H), 2.7-2.8
(m, 1H), 1,7-2,2 (m, 8H), 1,4 (s, 18H), 1,2 (m, 1H), 0,4-0,8 {m, 4H). MS (m/z): 967 (M+H)+.

- Ejemplo 159-[{1R)-2-[(28)-2-({4-[5-({[(28)-1-{{2R)-2-[{terc-buitoxi-carbonil) amino}-2-

fenilacetil}pirrolidin-2-ilfcarbonil}amine)-3-(4-metoxifenil)-1H-indol-2-

illfenilicarbanioil)pirrolidin-1-il]-2-oxe-1-feniletillcarbamato de terc-hutilo

BocHiN Q b2 BocHN
SN L

1esSoRas

Etapa 1
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BocHN

S g Fodedd

Se aiiadio en porciones NBS (103 mg, 0,576% mmol) a la solucion del indol (510 mg,
0,5769 mmol) en 20 ml de THF, la mezcla se agité a TA durante 1 hora y después se concentrd. El
residuo se purificd por HPLC prep. para proporcionar el compuesto deseado (500 mg).
5 MS (ESI) m/e (M+H"): 962.
Etapa 2

BocHN N

BecHN . : O
oc ﬁ) O BacHN 9 BocHN
m Pd{dppniCl, éo O o¥ 'O
H [e) N
NayCOy/diaxano fHO N H
NH
m 1008 Y0 TS
L N
H

La mezcla del producto de la etapa 1 anterior (100 mg, 0,104 mmol), acido 4-metoxi-
fenilbordnico {24 mg, 0,1558 mmol), Pd{dppf)Cl; (7,6 mg, 0,0104 mmol), Na,CO; (3,3 mg, 0,0312
10 mmol) en 10 ml de dioxano y 2 ml de agua se calentd a reflujo en una atmosfera de N; durante una
noche. La mezcla se enfrio, se concentré y después el residuo se purificéd por RPLC para dar el
producto deseado (30 mg). '"H RMN (MeOD) O: 7,71~7,54 (m, 3H), 7,42~7,26 (m, 16H),
6,96~6,92 (m, 3H), 5,45 (s, 2H), 4,53~4,50 (m, 2H), 3,92~3,81 (m, 5H), 2,08~1,84 (m, 8H),
1,42~1,32 (m, 18H). MS (ESI) m/e (M+H"): 991.
15 Ejemplos 160-177

Los compuestos de los Ejemplos 160-177 se prepararon de una manera similar a la que se

ha descrito en los Ejemplos 155-159.

Ejemplo Estructura PM Nombre
(28)-1-(fenilacetil)-N-{4-[3-
fenil-5-({[(2S)-1-

160 (N\Xn‘n OH\j 729,887 (fenilacetil)pirrolidin-2-
NH N il]carbonil}amino)-1H-indol-

2-il]fenil} pirrolidin-2-

<

Q
Iz
%

carboxamida
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i3

Ejemplo

Estructura

PM

Nombre

161

H CH; 0w
%NMN“ %
o]

681,842

(25)-N-{4-[3-etil-5-({[(25)-1-
(fenilacetil)pirrolidin-2-
ilJcarbonil}amino)- 1 H-indol-
2-il}fenil}-1-
(fenilacetil)pirrotidin-2-

carboxamida

162

CHy 5
H N
H

695,826

(25)-N-{4-[3-acetil-5-({[(25)-
t-(fenilacetil)pirrolidin-2-
il]carbonil}amino)-1H-indol-
2-il)fenil}-1-
(fenilacetil)pirrolidin-2-

carboxamida

163

9
WW
QAO 0 ﬁ O Ow

757,897

(25)-1-(fenilacetil)-N-{4-[5-
({i@5)-1-
(fenilacetil)pirrolidin-2-
ilJcarbonil}amina)-3-
(fenilearbonil}-1H-indol-2-
il]fenil} pirrolidin-2-

carboxamida

164

730,874

(28)-1-(fenilacetil)-N-{2-[4-
({[(25)-1-
(fenilacetil)pirrolidin-2-
ilJcarbonil}amino)fenil]-3-
(piridin-4-i1)-1H-indol-5-

il}pirrolidin-2-carboxamida

165

Iz
o

761,886

(28)-2-[(4-{3-[({(29)-1-
[(benciloxi)carbonilpirrolidin-
2-il}carbonil)amine]-3-fenil-
1H-indol-2-

il} fenil)carbamoil]pirrolidin-1-

carboxilato de bencilo
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Ejemplo

Estructura

PM

Nombre

166

678,798

(25)-N-{4-[3-ciano-5-({[(2S)-
1-(fenilacetil)pirrolidin-2-
ilJcarbonil}amino)-1H-indol-
2-il]fenil}-1-
(fenilacetil)pirrolidin-2-

carboxamida

167

693,853

(2S8)-N-{4-[3-ciclopropil-5-
({[(28)-1-
(fentlacetil)pirrolidin-2-
ilJcarbonil}amino)-1H-indol-
2-ilJfenil}-1-
{fenilacetil)pirrolidin-2-

carboxamida

168

of

791,912

(25)-2-1(4-{5-[({(28)-1-
[(benciloxi)carboniljpirrolidin-
2-il}carbonil)amino]-3-(3-
metoxifenil)-1H-indel-2-
il}fenil)carbamoil]pirrolidina-

1-carboxilato de bencilo

169

974,18

{(IR)-2-[(25)-2-({4-[5-
({[(28)-1-{(2R)-2-[(terc-
butoxicarbonil}amino]-2-

fenilacetil} pirrolidin-2-
itjcarbonil}amino)-3-(3-

metilfenil)-1H-indo!-2-
ilJfenil}carbamoil)pirrolidin-1-
il)-2-oxo-1-feniletil} carbamato

de terc-butilo
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Ejemplo

Estructura

PM

Nombre

170

974,18

{(IR)-2-[(25)-2-({4-[5-
({{(28)-1-{(2R)-2-[(terc-
butoxicarbonil)amino]-2-

fenilacetil} pirrolidin-2-
il]carbonil}amino)-3-(2-

metilfenil)-1H-indol-2-
il]fenil}carbamoil)pirrolidin-1-
i1]-2-oxo-1-feniletil }carbamato

de terc-butilo

171

N
¢
e m (NjYE OH\)
cHy T ¥ X NH N
CH’Ogo sr-‘lq Qo ﬂ
o
CH,
& x

961,i4

((IR)2(2S) 2({2-[4-
({[(28)-1-{(2R)-2-[(tere-
butoxicarbonil)amino]-2-
fenilacetil} pirrolidin-2-
ilJcarbonil}amino)fenil]-3-
(piridin-4-il)-1H-indol-5-

tl}carbamoil)pirrolidin-1-il]-2-
oxo-1-feniletil}carbamato de

terc-butilo

i72

909,064

{(IR)-2-{(28)-2({4[5-
({[(28)-1-{(2R)-2-[(terc-
butoxicarbonil)aminoj-2-

fenilacetil}pirrolidin-2-

iljcarbonil}amino)-3-ciano-
|H-indol-2-
il}fenil} carbamoil)pirrolidin-1-
il]-2-oxo0-1-feniletil}carbamato

de terc-butilo
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Ejemplo

Estructura

PM

Nombre

173

764,936

(25)-N-(4-{3-ciano-5-[({(2S)-
1-[(2R)-2-(dimetilamino)-2-
fenilacetil]pirrolidin-2-
il}carbonil)amino]-1H-indol-
2-il}fenil)-1-[(2R)-2-
(dimetilamino)-2-
fenilacetil]pirrolidin-2-

carboxamida

174

620,714

{(1R)-2-[(25)-2-({2-[4-
(acetilamino)fenil]-3-ciano-
1H-indol-5-
il}carbamoil}pirrolidin-1-1i]-2-
oxo-1-feniletil}carbamato de

terc-butilo

175

Q
N-cH, O
et Q)YH L =)
CH;}‘ °\rﬂ s NH N
CHy 4 5 k N

055,133

{(1R)-2-[(28)-2-({4-[5-
({[(28)-1-{(2R)-2-[(terc-
butoxicarbonil)amino]-2-

fenilacetil} pirrolidin-2-

ilJcarbonil}amino)-3-
(dimetilcarbamoil)- 1 H-indol-
2-illfenil}carbamoil)pirrolidin-
1-il]-2-0x0-1-
feniletil}carbamato de tere-

butilo

176

942,091

5-({[(28)-1-{(2R)-2-[(terc-
butoxicarbonil)amino]-2-
fenilacetil} pirrolidin-2-
ilJcarbonil}amino)-2-(4-
({[(28)-1-{(ZR)-2-[(terc-
butoxicarbonil)amino]-2-
fenilacetil} pirrolidin-2-
ilJcarbonil}amino)fenil]-1H-

indolo-3-carboxilato de metilo
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Ejemplo Estructura PM Nombre

acido 5-({[(25)-1-{(2R)-2-
[(terc-butoxicarbonil)amino]-

2-fenilacetil} pirrolidin-2-
o Q\r”\gfctb%{j ifjcarbonil}amino)-2-[4-

177 C“‘?;, 2’5‘0 ° ¥ Yol 928,064 |  ({[(2S)-1-{(2R)-2-[(terc-
3 C?( Zafs:: butoxicarbonil)amino]-2-

fenilacetil} pirrolidin-2-

il}carbonil }amino)fenil]- 1 H-

indolo-3-carboxilico

Ejemplo 1 78-{(IR)-2-[(28)-2-({2-]3-(acetilamino)prop-1-in-1-il]- 1 H-indol-5-

ilicarbamoil)pirrolidin-1-il}-2-o0xo0-1-feniletilicarbamato de terc-butilo

d%m% A

o
[+]

Iz

Etapa !
Q
ON QN Ha QN
mo carbonaclorhidrato de efilo mo (NH)2C04 mﬂ
N N )
H
o (¢]= O}‘OEI

Se¢ aitadio carbonocloridato de etilo (3 ml) a la nitro lactama (2,0 g, 11,2 mmol) y la mezcla
s¢ agité durante 3 horas antes de concentrarse para dar el producto en bruto. MS (ESIH m/e
(M+H"): 325. El producto en bruto se disolvié en DMF (25 mb), después sc afiadié (NHLCOs (1,5
g) y la mezcla se agitd durante una noche. La mezcla se evapord y el residuo se vertié en hiclo-
agua, se extrajo con DCM y los productos organicos se secaron. El disolvente se retird y el residuo
se purificé por cromatografia sobre gel de silice para dar el compuesto descado en forma de un
s6lido de color blanco. MS (ESI) m/e (M+H™: 251.
Etapa 2

ON
A OsN HN
mdﬁ Pd{PPhy)e : m% _‘%

N N
0)‘0& O)EO
Et

La mezcla del triflato (382 mg, 1,0 mmol), N-(prop-2-inil)acetamida (97 mg, 1,0 mmol),
EtN (3 ml) en CHiCN(3 ml) se agitd a TA durante 3 horas. La mezcla se concentrd y el residuo se
purificd por cromatografia sobre gel de silice para dar el compuesto diana (254 mg). MS (ESI) m/e
(M+H": 330,
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Etapa 3

HzN HN
O, : j\\ W rena \©f\>‘;’ _é
= c E—— N -

N
Eto)r= © E‘O)=O

A una solucién del compuesto nitro de la etapa 2 anterior (165 mg, 0,50 mmol) en EtOH
absoluto (3 ml) se le afiadieron polvo de Fe (280 mg, 2,5 mmol) y NH,CI (535 mg, 5,0 mmol). La
mezcla se agitdé a 70 °C durante 2 horas, se enfri6 y se vertié en hielo/agua (50 m!). La mezcla se
extrajo con EtOAc (200 ml), la fase organica se combind, se lavd con salmuera, se seco y se
concentré para producir el producto en bruto (150 mg). MS (ESI) m/z :(M+H) 300.

Etapa 4

N NI HN-<O K0, H’NW“_(O
N N

A una solucién de 1a anilina de la etapa 3 (150 mg, 0,50 mmol) en EtOH absoluto (3 ml) se
le afiadio K,CO; (138 mg, 1,0 mmol) y la mezcla se agité a TA durante 12 horas. La mezcla de
reaccion se vertid en agua (10 ml), se extrajo con EtOAc (20 ml), las fases organicas se
combinaron, se lavaron con salmuera, se secaron sobre MgSQ, y se concentraron para producir el
producto en bruto (113 mg). MS (ESI) m/z :(M+H") 228.

Etapa 5

R
HyN B HN—< HATU/ELN BocHN (Njﬁo/ ‘CE\};N_Q
mT/ ©  RBocPhgLPo ? © N

Iz __

La mezcla del indol (113 mg, 0,5 mmol), R-Boc-Phg-L-Pro-OH (175 mg, 0,5 mmol),
DIPEA (115 mg, 1,0 mmol) en MeCN (2 ml) se agité a TA durante 5 minutos y después a la
mezcla se le afiadio HATU (190 mg, 0,5 mmol). La mezcla se agité a TA durante una noche y
después se concentrd. El residuo se purificd por RPLC para dar el compuesto deseado (110 mg). 'H
RMN (MeOD) L: 1,37 (s, 9H), 1,96~2,14 (m, 7TH), 3,92~3.94 (m, 2H), 4,51~4,54 (m, 1H), 5,41 (s,
1H), 6,56 (s, 1H), 7,20~7,43 (m, 7H), 7,72 (s, 1H). MS (ESD) m/z :(M+H") 576, Ejemplo 179-N-{4-
[5-(furan-3-il)-1H-indol-2-iljfenil}- 1-(fenilacetil)-L-prolinamida

SO0 "b\j,@

Etapa 1
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0 j
Br Y\N ar O &
e

La mezcla del indo! del Ejemplo 41 (1,6 mg, 5,575 mmol), dcido 1-fenilacetil pirrolidin-2-
carboxilico (1,3 g, 5,575 mmol), DIPEA (1,45 g, 11,15 mmol ) en DMF (50 mi) se agité a TA
durante 30 minutos y después se afiadié HATU (2,54 g, 6,689 mmol ). La mezcla se agitd a TA
durante una noche, se concentr6 al vacio y el residuo se purificd por cromatografia sobre gel de
silice para dar el producto deseado (2,3 g). MS (ESI) m/e (M+H™"): 504.

Ltapa 2

QH
o
S oaVe s 3 PIL S S NI e
o Y () o p— : ALY

Una suspension del producto de la etapa 1 anterior (18 mg, 0,03583 mmol), dcido furan-2-
borénico (6 mg, 0,05374 mmol), Pd(PPh,),Cl, (1,4 mg), Na,CO; (7,6 mg, 0,07166 mmol) y H;0
(0,15 ml}y en 0,5 ml de acetonitrilo en una atmosfera protectora de N, se calentd a 150 °C durante
10 minutos en un reactor de microondas. La mezcla se enfrio, se filtrd y se lavd con 10 ml de
DCM. Los disolventes se retiraron, y el residuo se purificd por HPLC para dar ¢l producto deseado.
'H RMN (MeOD) O: 7,79~7,74 (m, 3H), 7,67~7.62 (m, 3H), 7,50 (s, 1H), 7,37~7,22 (m, 6H),
6,78~6,75 (m, 2H), 4,57~4,55 (m, 1H), 3,78~3,61 (m, 4H), 2,24~1,99 (m, 4H).
Ejemplos 180-189b

l.os compuestos de los Ejemiplos 180-189b se prepararon de una manera similar a la que se

ha descrito en el Ejemplo 179.

Ejemplo Estructura PM Nombre
n N-(4-{5-[6-(dimetilamino)-4-
| 3
A . metilpiridin-3-if]-1H-indol-2-
180 o Mﬁ)—ﬂ ss7.701 | o PreH ]_ _
CH ¥ A m il} fenil)-1-{(fenilacetil}-L-
prolinamida
$— c}_{ \j N-{4-[5-(1-benzotiofen-3-il)-
181 . HoN 555,704 IH-indo!-2-ilfenil}-1-
o
" w (fenilacetil)-L-prolinamida
Q N-{4-[5-(1-bencil-1H-pirazol-
182 ! . 579,708 | 4-il)-1H-indol-2-il]fenil}-1-
W ‘:Z__\Nj ) ] }
N O;\’@ (fenilacetil)-L-prolinamida
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Ejemplo

Estructura

PM

Nombre

183

557,655

N-{4-[5-(2,3-dihidro-1,4-
benzodioxin-6-il)-1H-indol-2-
illfenil}-1-(fenilacetil)-L-

prolinamida

184

550,666

1-(fenilacetil)-N-{4-[5-
(quinolin-8-il)-1H-indol-2-

il]fenil}-L-prolinamida

185

O\Ofa?"@ A0

505,644

1-(fenilacetil)-N-{4-[5-(tiofen-
3-il)-1H-indol-2-il]fenil}-L-

prolinamida

186

O gL
2

563,662

{(19)-2-[(28)-2-{[4-(5-ciano-
1H-indol-2-
ilfenil]carbamoil} pirrolidin-1-
il1-2-ox0-1-feniletil} carbamato

de terc-butilo

187

CH3—<

o)

S 3
s

N j
H © .\N)_

Q

TH
02’3
Ha

HN
h‘o

S

879,037

[(1R)-2-0x0-1-fenil-2-{(28)-2-
[4-(2-{4-[({(25)-1-{(2R)-2-
fenil-2-{[(propan-2-
iloxi)carbonil]amino}acetil]pir
rolidin-2-
il}carbonil)amino]fenil} -1 H-
indol-5-il)- 1H-imidazol-2-
il]ptrrolidin-1-
il}etillcarbamato de propan-2-

ilo

1838

606,687

{(1R)-2-[(28)-2-(5-{2-[4-
(acctilamino)fenil]-1H-indol-
5-il}-1,3,4-oxadiazol-2-
iDpirrolidin-1-i1]-2-oxo0-1-
feniletil}carbamato de propan-

2-ilo
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Ejemplo

Estructura

PM

Nombre

189

H.
‘5 o
CHy™, Q N
N H
CHs—"

576,704

N-{4-[5-(5-{(28)-1-[(2R)-2-
(dietilamina)-2-
fenilacetil]pirrolidin-2-il}-
1,3,4-oxadiazol-2-i)-1H-

indol-2-il]fenil}acetamida

189a

Iz

o le‘*@*’« )

806,9

[(28)-1-{(25)-2-[5-(10-{2-
[(28)-1-{(25)-2-
[(metoxicarbonil}amino]-3-
metilbutanoil } ptrrolidin-2-il]-
1H-imidazol-5-il}indolo[1,2-
¢]i.1,3]benzoxazin-3-il)-1H-
imidazol-2-iljpirrolidin-1-il} -
3-metil-1-oxobutan-2-

ilJcarbamato de metilo

189b

- l@‘@*’& 5
e

8249

[(2S)-1-{(2S)-2-[5-(12-fluoro-
10-{2-[(28)-1-{(2S)-2-
[(metoxicarbonil)amino]-3-
metilbutanoil} pirrolidin-2-il]-
IH-imidazol-5-il}indolo[1,2-
c]i1,3]benzoxazin-3-il)-1H-
imidazol-2-il]pirrolidin-1-il} -
3-metil-1-oxobutan-2-

ilJcarbamato de metilo

Ejemplo 189b (Procedimiento Alternativo: [(285)-1{(28)-2-{5-(12-fluoro-10-{2-{(28}-1-{{25)-2-

[(metoxicarbhonillamino]-3-metilbutanoil}pirrolidin-2-il]-1 H-imidazol-5-illindolof1,2-

clil 3]benzoxazin-3-il}-1H-imidagol-2-illpirrolidin-1-il}-3-metil- 1-oxobutan-2-ilfcarbamato  de

metilo

Etapa 1
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o, = 3
————— .
HO' g EbN )‘\o Br

A una solucion del compuesto 3-bromofenol (51 g, 0,3 mol) y EtsN (36 g, 0,36 mol) en
500 m! de DCM se le afiadié gota a gota cloruro de acetilo (26 g. 0,33 mol) en un bafio de hielo-
agua. La mezcla se agité a TA durante 30 minutos. La mezcla se lavd con HCI 1 N, Nay,CO;
saturado y salmuera, se secé sobre Na;SOy y se concentrd al vacio para dar un aceite (62 g).
Etapa 2

o
R ) )I:L
A, g M0 B

Se afiadio lentamente AICI; (40 g, 0,3 mol} al producto de la etapa 1 (21,5 g, 0,1 mol) en
un bafio de hielo-agua. L.a mezcla se agit6 a 140 °C durante 2 horas. Después de enfriar a 60-70 °C,
la mezcla se vertié lentamente en hielo-agua. La solucion resultante se extrajo con DCM. Las fases
organicas combinadas se lavaron con salmuera, se secaron sobre Na;SO, y se concentraron al
vacio. El residuo se purificé por cromatografia en columna para dar el compuesto deseado (14 g).
MS (ESI) m/e (M+H"): 214.
Etapa 3

Q H Hol H
/“D N /@’ “NH;  AcOM,E1CH /@,N‘N/Jﬁ
e i
HO Br g B HO Br

Una mezcla de la cetona obtenida en la etapa 2 (4,2 g, 20 mmol} y clorhidrato de 4-
bromofenilo hidrazina (4,4 g, 20 mmol) en AcOH y EtOH (1:10, 100 ml) se calentd a reflujo
durante 6 horas. El disolvente se retird al vacio para dar un sélido, que se usé en la siguiente etapa
sin purificacion adicional (9,2 g en bruto). MS (ESI) m/e (M+H™): 383.

Etapa 4

H Br
o0, =T

Una mezcla de producto de la etapa 3 (9,2 g) en PPA se calent6 a 80 °C durante 2 horas.
Después de enfriar a TA, la mezcla se vertid en hielo agua. La solucién resultante se extrajo con
DCM. Las fases organicas combinadas se lavaron con salmuera, se secaron sobre Na;SO4 y se
concentraron al vacio. El residuo se purifico por cromatografia en columna para dar el indol
deseado (4,8 g). MS (ESI) m/e (M+H"): 368.

Etapa 5
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F
Br:
DMSO,CHACN u
+HO

A una mezcla del indo] de la etapa 4 (6 g, 16,3 mmol) en DMSQ/CH,CN (1:1, 24 ml) se le
afadio en porciones SELECTFLUOR® (5,8 g, 16,3 mmol) a TA. La mezcia se agitd durante 1 hora
mas a TA y la mezcla se purifico por HPLC para dar un sélido (1,0 g). MS (ESD) m/e (M+H"): 386.

Etapa 6

80°C

Una mezcla del compuesto de la etapa 5 (650 mg, 1,63 mmol), CH,Br; (1,5 g, 8,62 mmol)
y KyCO; (1,2 g, 8,7 mmol) en DMF (32,5 ml) se agitd durante 5 horas a 80 °C. Después, la mezcla
se evaporo al vacio. El residuo se diluyé con AE y agua. La capa organica se separd, se seco sobre
Na»SQ, y se concentro al vacio para dar un sélido, que se usé directamente en la siguiente ¢tapa sin
purificacién adicional (610 mg). MS (ESI) m/e (M+H"): 396.
Ltapa 7

.: g , PdicppnCl Ping i
P! _olemide 0
Br 3 -
Q KOAG B "
g

A una solucion del producto de fa etapa 6 (1 mmol) en 1,4-dioxano se le afiadicron bis
pinacol borato (1,1 mmol) y Pd(dppf)Cl, (0,02 mmol) y KOAc (2 mmol). La mezcla de reaccién se
agitd en una atmésfera de N, y se calenté a 110 °C durante 3 horas. Después de esto, el disolvente

s¢ retird al vacio y el residuo se purificd por cromatografia en columna para proporcionar el

producto. MS (ESI) m/e (M+H™): 492,

Etapa 8
|
O 3 _PeopaNiCl, N W
.iw oon LAE (0~ NJ\)

Una suspensién del boronato anterior (2 mmol), 2-(2-bromo-1H-imidazol-5-il)pirrolidin-1-
carboxilato de terc-butilo (2,4 mmol), Pd(dppf)Cl, (200 mg), Na,CO; (3 mmol) y en THF/H,0

Pin8

Iz ‘2

(10:1, 33 ml} se calentd a reflujo a 75 °C durante una noche en una atmésfera protectora de N,. La
mezcla se enfrio, se filtrd, el filtrado se lavd con agua (50 ml), se extrajo con EtOAc (100 ml), se
lavo con salmuera y se seco sobre sulfato sédico anhidro. Después de la concentracion al vacio, el

residuo se purificd por cromatografia en columna para proporcionar el compuesto deseado. MS
(ES1) m/e (M-+H"): 710.
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Etapa 9

O3 f y i
OO = QO
g Haoc’N‘> -0 : HN\>

La prolina protegida anterior (1,3 mmol) se afiadié a HCI/CH,OH (10 ml, 3 M). La mezcla
se agité a TA durante 2-3 horas antes de que la mezcla se concentrara para dar el producto en bruto,
que se us6 en la siguiente etapa sin purificacién adicional. MS (ESI) m/e (M+H"): 510
Etapa 10

N F /N| F
QH/Q.“ - Qr(ﬁ OO
TRy pdet Ty
© HN ,°-\§) —d R
Sy
H

A una mezcla del producto en bruto de la etapa 9 (1,0 mmol), acido (S)-2-
(metoxicarbonilamino)-3-metilbutanoico (2,0 mmol} y DIPEA (8 mmol) en CH;CN (10 ml) se le
afiadié BOP (2,2 mmol). La mezcla resultante se agitd a TA. Después de que el analisis por LCMS
mostrara que ¢l material de partida se habia consumido, la mezcla se filtro, y el filtrado se purificd
por HPLC para dar el compuesto deseado en forma de un sélido de color blanco. MS (ESI) m/e
(M+H"): 825. '"H RMN (MeODY): 0] 7,83-7,85 (m, 3 H), 7,72 (s, 1 H), 7,53 (s, 2 H), 7,46-7,48 (m, |
H), 7,42 (s, 1 H), 5,92 (s, 2 H), 5,20-5,22 (m, 2 H), 4,20-4,23 (m, 2 H), 4,06-4.09 (m, 2 H), 3,86-
3.88 (m, 2 H), 3,61 (s, 6 H), 2,50-2,52 (m, 2 H), 1,96-2,20 (m, 8 H), 0,90-0,98 (m, 12 H).

Ejemplo 190: _ _ (28)-1-{(2R)-2-(dimetilamino)-2-fenilacetil]-N-(2-{5-]({(2S)-I-[(2R)-2-
(dimetilamino)-2-fenilacetillpirrolidin-2-ilicarbonillaminof-1,3-benzoxazol-2-il}-1 H-indol-5-

il}pirrolidin-2-carboxamida

Ol’&hj\@?_‘(\zj@‘m

MegN %{@
NMeo
Etapa 1
NH
(/‘NH BrCN NJ*N’LN’\\N
n=! (VS

A una solucién de imidazol (13,6 g, 0,2 mol) en 1 | de DCM se le afiadié BrCN (7,4 g, 66
mmol) y la mezcla se calentd a reflujo durante 30 minutos. La mezcla se enfrié a TA, el precipitado

de color blanco se retird por filtracién y el filtrado se concentré para dar 100 ml que se enfriaron a
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0 °C durante 2 dias. El sdlido cristalizado se filtrd, se lavo con DCM frio, después se secd al vacio

para dar el producto deseado (8,8 g) en forma de un sélido de color blanco. Erapa 2

NH

ON
NQ JLEN ' r-:: Nozi’ 2 \C[I:‘}_Nm

Una solucion que contenia el producto de la etapa 1 (8,36 g, 54,2 mmol) y 2-amino-4-
nitrofenol (8,74 g, 54,2 mmol) en THF anhidro (200 ml) se dejé a reflujo en una atmdsfera de N,
durante 14 horas. La mezcla se enfrid a TA, se filtro, el precipitado se lavé con THF (frio) ¥
después se secd al vacio para proporcionar el producto deseado (9,0 g), en forma de un solido de
color amarillo. MS (ESI) m/e (M+H"): 180. '"H RMN (DMSO) : 7,85~7,96(m, 3 H), 7,52(d, } =
8,8 Hz, 1H).
Ftapa 3

O;N
OzN N t-BuNO, 2 N
@ Lo
0 CuBrs

A una suspension dei producto de la etapa 2 (3,58 g, 20 mmol) en acetonitrilo (300 ml) se
le affadié CuBr; (8,96 g, 40 mmol). La solucién se volvid de color verde oscuro y se ailadid nitrito
de t-butilo (4,12 g, 40 mmol) a TA durante 5 minutos, después de lo cual la mezcla se calentd a 45
°C durante 2 horas. L.a mezcla de reaccion se vertio en agua (800 ml) y DCM (800 ml) y las fases
se separaron. La fasc acuosa se extrajo con DCM (3 x 800 ml), se secd con Na,SQy y se evapord
para proporcionar el producto en bruto. La purificacion por cromatografia en columna proporciond
¢l producto deseado. MS (ESI) m/e (M+H"): 243/245. '"H RMN (DMSO) 00: 8,71 (s, ] H), 8,42(d, J
=9,2 Hz, 1H), 8,10 (d, 1 =9,2 Hz, 1H).

Etapa 4
£l
O 0 (Boc)N N O
g (Boo)N mﬁ
©:0>_ r Crh\}_ NBOG NO,
Boc

La mezcla del compuesto de la etapa 3 anterior (603 mg, 2,5 mmol), et acido indol
borénico de! Ejemplo 42 (1,0 g, 2,75 mmol), Pd(dppf)Cl, (183 mg, 0,25 mmol), Nay,CO; (530 mg,
5,0 mmol) en 5 ml de dioxano-H;O (5:1) se calenté a reflujo en una atmosfera de N, durante una
noche. Cuando la reaccién se completd, la mezcla se vertio en agua y se extrajo con DCM. La fase
orginica se secd sobre Na,SO,, se concentrd y el residuo se purificé para dar el compuesto del
producto deseado. MS (EST) m/e (M+H"): 596.

Etapa 5

(Boc)N o]
TORHI,, e MO,
N N~Fno, T :
NO, N NH,

: N
Boc 2. HCI
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El producto de la etapa 4 (596 mg, 1,0 mmol) se disolvid en EtOAc vy se traté con Pd/C
(100 mg, 20%). Después, la mezcla se agité a TA durante una noche en una atmésfera de H,.
Cuando la reaccidon se completd, el Pd/C se retird por filtracion, y la solucion resultante se
concentrd para dar el producto en bruto MS (ESI) m/e (M+H"): 565. Este material se cubrid con 5
ml de HCl 3 M y la mezcla se agito a TA durante 2 horas. La evaporacién del disolvente
proporciond el producto deseado, que se usé directamente sin purificacién adicional. MS (ESI) m/e
(M+H"): 265.
Erapa 6

H
HaN o} PyBOP N
T~ QN oo
NH. “ N N
o

N
o]
(¢}
Mazh

NM [=F]

El compuesto se acoplé usando un procedimiento similar al que se describid en el Ejemplo
40 partiendo de 265 mg (1,0 mmol) del producto de la etapa 5. '"H RMN (MeOD) O: 8,12 (s, 1H),
7,97 (d, J =2 Hz, 1H), 7,30~7,70 (m, 15H), 5,30~5,35 (m, 2H), 4,51~4,60 (m, 2H), 3,85~3,95 (m,
2H), 3,15~3,25 (m, 2H), 3,06 (s, 3H), 2,54 (s, 6H), 1,80~2,30 (m, 8H). MS (ESI) m/e (M+H"): 781.
Ejemplo 191: 1-{(2R)-2-(dietilamino}-2-fenilacetill-N-(2-[4-(5-{(25)-1-[(2R)-2-(dietilamino)-2-
fenilacetitipirrolidin-2-il}-1,3 4-oxadiazol-2-il)fenil[- 1 H-indol-5-il}-L-prolinamida

\ (NjﬁrH N-py
wA T U0
EXRERg
/\NIG
J

Etapa 1

0 0 0
P LN
NHNHy — + OH 07 ™Cl N m/‘r\:t
| N = ’ H o6 &b

Chz EtyN

A una solucién de N-Cbz-1-Pro (14,9 g, 0,06 mol) y TEA (8,08 g, 0,08 mol) en 100 ml de
DCM se le aiiadid gota a gota cloroformiato de isopropilo (8,05 g, 0,066 mol) a 0 °C. Después de la
adicién, la solucion continué en agitacion durante 1 hora antes de afiadir la hidrazida (13,0 g, 0,05
mol) y la mezcla continud en agitacién durante 1 hora mas. El disolvente se evaporo al vacio y el
residuo se recristalizé en EtOH para dar un sélido de color blanco (22,1 g). '"H RMN (DMSO) [:
10,47 (s, 1H), 10,03 (s, 1H), 7,86 (d, ] = 8,0 Hz, 2H), 7,62 (d, J = 8,0 Hz, 2H), 7,31~7,61 (m, 5H),
4,91~5,14 (m, 2 H), 4,26~4,35 (m, 1 H), 3,30~3,4 (m, 2 H), 1,95~2,19 (s, 4H). MS (ESI) m/c
(M+H"): 494,
Etapa 2
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ON'H '} PPy, Cz% ' »’“\j
I/Q)LH ?3(\3: DIPEA /©/L

A una solucion del producto de la etapa 1 (2,1 g, 4,26 mmol), DIPEA (2,3 ml, 17,7 mmol)
y PPh; (1,71 g, 6,5 mmol} en 20 ml de MeCN se le afiadio hexcloroetano (1,41 g, 5,97 mmol) y la
mezcla se agité a TA durante 1,5 horas. El disolvente se evapord y el residuo se purificé por
cromatografia para dar un sélide de color blanco (1,75 g). MS (ESI) m/e (M+H™): 494.
Etapa 3

N H N
T N
/@/\g> @ . B mmm PAApRICly m-@-(o
. o

" Na,co,

Una mezcla del producto de la etapa 2 anterior (494 mg, 1,0 mmol), icido indol borénico
del Ejemplo 42 (377 mg, 1,0 mmol), Pd{dpp)Cl, (73 mg, 0,10 mmol), Na,CO; (318 mg, 3,0
mmol), THF (25 ml) y HyO (5 ml) se calentd a reflujo en una atmésfera de N, durante una noche.
La mezcla se vertié en agua y se extrajo con CH,Cl,. La fase organica se combind, se seco sobre
Na,;50, y se filtré para dar el compuesto deseado, que se usd directamente en la siguiente etapa.
MS (ESI) m/e (M+H"): 680.
Etapa 4

(BociN N- Ejemplo 99 N %H i\ a
C Y OJN\—\I*;M S \'5% PO 0
AN
A
Siguiendo el procedimiento descrito en el Ejemplo 99, etapas 4-7, el oxadiazo! de la etapa
3 anterior se convirtié en el producto deseado. 'H RMN (MeOD) O: 8,09 (d, J=8,8 Hz, 2H), 7,99
{d, J = 8,8 Hz, 2H), 7,83 (s, 1H), 7,66~7.68 (m, 4H), 7,55~7,58 (m, 6H), 7,38~7,40 (m, 1H),
7,22~724 (m, IH), 6,98 (s, 1H), 5,39 (s, 1H), 5,37~5,39 (m, 2H), 4,52~4,54 (m, 1H), 4,12~4,14
(m, TH), 3,94~3,96 (m, 1H), 3,10~3,41 (m, 8H), 2,72~2,76 (m, 2H), 1,84~2,24 (m, 8H), 1,34~1,41
(m, 6H), 1,16~1,19 (m, 6H). MS (ESI) m/e (M+H"): 821.

Ejemplo 192: H28)-1-J(28)-2-15-14-(5-£2-[(28}-1-{(25)-2-f(metoxi-carbanil)aminn]-3-
metilbutanoilipirrolidin-2-ill-1H-imidazol-5-il}- I-benzofuran-2-il) fenil]-1 H-imidazol-2-

il}pirrolidin-1-il]-3-metil-1-oxobutan-2-il}carbamato de metilo
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7Y (A
/\N}
N M O © o
o pa

[0 _‘_._0#0

Etapa |

Q/OH Cloruro de exalilo (;)\\/H
5ol DMSO/NE, ol B
Un matraz de 2 | de fondo redondo y 3 bocas equipado con un agitador situado en la parte
superior y una entrada de N; se cargd con una solucion de cloruro de oxalilo (130 ml, 0,26 mol) en
DCM (250 ml). La solucidn se enfrié a -78 °C y se afiadid gota a gota una solucién de DMSO (20
ml, 0,28 mol} en DCM (30 ml). Después de 30 minutos, se afiadi6é gota a gota una solucién de (S)-
N-Boc-prolinol (40 g, 0,20 mol) en DCM (200 ml). Después de 30 minutos, a la solucién se le
anadié TEA (140 ml, 1,00 mol), y el matraz se transfirié a un bafio de hielo/agua y se agité durante
30 minutos més. La mezcla de reaccidn se diluyé con DCM (200 ml} y se lavé sucesivamente con
H,0, HC! 1 M, NaHCOQ; saturado y salmuera. La capa de DCM se seco sobre Na,SO,, se filtré y se
concentré para proporcionar éster terc-butilico del acido (S)-2-formil-pirrolidin-1-carboxilico en

bruto (40 g) en forma de un aceite, que se usd sin purificacion adicional.

Etapa 2
o]
HTHLH N
Q_\\O - Q_<}J
b | MO

Se afiadio gota a gota glioxal (2,0 ml del 40% en agua) durante 11 minutos a una solucion
en metanol de NH,OH (32 ml} y (8)-Boc-prolinal (8,564 g, 42,98 mmol) y se agitd a temperatura
ambiente durante 19 horas. Los componentes volatiles se retiraron al vacio y el residuo se purifico
por cromatografia ultrarrapida sobre gel de silice (EtOAc) seguido de recristalizacién (EtOAc) para
proporcionar el compuesto deseado en forma de un sélido esponjoso de color blanco (4,43 g). 'H
RMN (DMSO) 0: 11,68, 11,59 (s a, [H), 6,94 (s, 1H), 6,76 (s, 1H), 4,76 (m, 1H), 3,48 (m, 1H),
3,35-3,29 (m, 1H), 2,23-1,73 (m, 4H), 1,39/1,15 (s, $H). MS (ESI) m/e (M+H"): 238.

Etapa 3

N
R Br
r‘;> NBS O,{NI
NBoG H NBoc ” Br

A una suspensién del compuesto de la etapa 2 (140 g, 0,59 mol) en THF (2000 ml} se le

afiadié NBS (200 g, 1,1 mol). La mezcla se agitd a TA en una atmdsfera protectora de N, durante
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una noche antes de que el disolvente se retirara y el residuo se purificé por cromatografia sobre gel
de silice para dar 230 g del compuesto de dibromo deseado. MS (ES]) m/e (M+H"): 396.
Etapa 4

1

Br
N
”\S*Br Nl' \ Br
H Na;50, N
NBoc NBoc H

A una suspension del compuesto de la etapa 3 (230 g, 0,58 mol) en EtOH/H,0 (3000 ml)
se le aiadid Na,50; (733 g, 5.8 mol). La mezcla resultante se agité a la temperatura de reflujo
durante una noche. Después de enfriar a TA, la mezcla se extrajo con DCM y se concentrd al vacio.
El residuo resultante se purificé por cromatografia sobre gel de silice para dar el bromo imidazol
diana descado. MS (ESI) m/e (M+H"): 317.

Etapa 5

COOEt  NBSICCl, LOGE
Br

A una solucién agitada de 4-bromofenilacetato de etilo (50 g, 205,8 mmol) en CCly (500
ml) se le afiadid NBS (38 g, 214,7 mmol) y después HBr acuoso al 48% (4 gotas). Después de la
adicion, la solucién se agité durante una noche a 80 °C en una atmésfera de argdn. Después, la
reaccion se enfrid a TA, se filtrd y se concentrd. El aceite resultante se usd directamente en la
siguiente etapa.
Etapa 6

Br o]
Br. Br
/Q)\WO\/' \@H Cs)COyDMF O ¥ O o
ar Q oH reflujo C

A una solucién del compuesto de la etapa 5 (2 g, 6,2 mmol) en DMF (20 ml) se le
aiadieron 5-bromosalicilaldehido (1,21 g, 6,0 mmol) y Cs,CQO5 (2 g, 12,3 mmo!) en una atmosfera
protectora de Ny, La suspension resultante se agitd durante 5 horas a 160 °C, después se enfrid y se
traté con agua. El precipitado resultante se filtrd y la torta de filtro se seco al vacio para dar el
compuesto deseado, que se usd directamente en la siguiente etapa.

Etapa 7

Pd(dpofCly/KOAdiaxeno
B
O~ fy g
B-—g ¥ g’
© o o o

Una suspension del producto de la etapa 6 anterior (4,43 g, 12,58 mmol),

bis(pinacolato)diboro (8,31 g. 32,72 mmol), AcOK (3,72 g, 37,7 mmol) y Pd(dppf)Cl, (921 mg,

1,26 mmol) en dioxano (100 ml} s¢ calentd a reflujo durante 4 horas en una atmosfera de N, La

mezcla se concentrd, el residuo se repartid entre H;O y DCM vy la fase acuosa se extrajo con DCM.
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Las capas orgdnicas combinadas se lavaron con salmuera, se secaron sobre Na,SO4 y se
concentraron. El residuo se purificé por cromatografia sobre gel de silice para proporcionar el
compuesto deseado (5 g).

Etapa 8§

) Na,CC,

& Hopoqm oo,

BocN

Una suspensién del preducto de la etapa 4 (5 mmol), el éster boronato de la etapa 7 (2
mmol), Pd(dppf)Cl; (146 mg, 0,2 mmol) y Na;CO; (636 mg, 6 mmol) se calentaron a reflujo en
THF/H;0 (10:1, 33 ml) durante una noche en una atmdsfera protectora de N;. La mezcla se enfrio,
se filtrd, el filtrado se lavé con agua (50 ml), después se extrajo con EtOAc (100 ml), se lavd con
salmuera y se seco sobre sulfato sodico anhidro. La solucién se concentrd y el residuo resultante se
purificé por cromatografia en columna (PE/AE = 8:1 O 5:1) para proporcionar el compuesto
deseado. MS (ESI) m/z (M+H)": 641).

Etapa 9
[k;;:( ~ HoiMeOH O’J\ J\

EocN

El producto de la etapa 8 (1,3 mmol) se le afiadié en HCI 3 M/CH;0H (20 m!) y la mezcla
se agitd a TA durante 2 a 3 horas. L.a mezcla se concentré y el producto en bruto se uso
directamente en la siguiente etapa sin purificacién adicional, MS (ESI) m/z (M+H)": 441,

Etapa 10

N
’ g O~
O e O
A ACEARA s N S H e
g

o]

-

A una mezcla del producto de la etapa 9 (1 mmol), N-Moc-L-valina (2,1 mmol) y DIPEA
(0,4 ml) en DMF (3 ml) se le afiadi6 el reactivo BOP (2,2 mmol). La mezcia resultante se agito a
TA durante 16 horas. La solucion se someti6 directamente a RPLC para proporcionar el compuesto
deseado. 'H RMN (MeOD) C: 7,7-8,1 (m, 10 H), 7,4 (m, 1 H), 5,3 (m, 2 H), 4,3 (m, 2 H), 4,1 (d, J
= 4.8 Hz, 2 H), 3,9 (m, 2 H), 3,7 (m, 6 H), 2,6 (d, /= 4,8 Hz, 2 H), 2,0-2,4 (m, 8 H), 1,3-1,4 (m, 2
H), 0,9-1,0 (m, 12 H). MS (ESI) m/z (M+H)": 780.
Ejemplos 193-202

Los compuestos de los Ejemplos 193-202 se prepararon de una mancra similar a la que se

ha descrito en el Ejemplo 192.
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Ejemplo Estructura PM Nombre
(2R)-2-(dietilamino)-1-[(2S)-2-(5-{4-[5-(2-{(2S)-1-
103 QA}\@O’C\) 844 [(2R)-2-(dietilamino)-2-fenilacetil]pirrolidin-2-il}-1H-
"g C; imidazol-3-il)-1-benzofuran-2-il]fenil}-1H-imidazol-
2-il)pirrolidin-1-il]-2-feniletanona
[(18)-1-ciclopropil-2-[(28)-2- {5-[4-(5-{2-[(2S)-1-
]\():}_O_( {(28)-2~ciclopropil-2-
194 /0—66 € %) 775 [(metoxicarbonillamino]acetil}pirrolidin-2-il]-1H-
o imidazol-3-il}-1-benzofuran-2-il)fenil]-1H-imidazol-
l 2-il} pirrolidin-1-il]-2-oxoetil} carbamato de metilo
{(1R)-1-ciclopropil-2-[(2S5)-2-{5-[4-(5-{2-[(258)-1-
O {(2R)-2-ciclopropil-2-
195 ﬁ*{ _{:J ;J\-) 775 | [(metoxicarbonil)amino]acetil} pirrolidin-2-il}-1H-
?E:v imidazol-5-il}-1-benzofuran-2-il)fenil]-1H-imidazol-
2-il}pirrolidin-1-il]-2-oxoetil }carbamato de mctilo
{@R)1-{(28)2-(5- 124 {2{2S) 1 -{(2R)-2-
4 . [(metoxicarbonil)amino]-3-metilbutanoil} pirrolidin-2-
196 2 ‘{Q—Q\(:Q—O—(:)j‘) 780 |  il]-1H-imidazol-5-il} fenil)- 1-benzofuran-5-il]-1 H-
?jz\/ imidazol-2-il}pirrolidin-1-il]-3-metil-1 -oxobutan-2-
il}carbamato de metilo
{(28)-1-[(28)-2-{5-[4-(5-{2-[(25)-1-{(25)-2-
Q“{«] - TJ\ [(metoxicarbonil)amino]-3,3-
197 /o_{., i ;{? 806 ; dimetilbutanoil}pirrolidin-2-il]-1H-imidazol-5-il}-1-
o benzofuran-2-il)fenil]-1 H-imidazol-2-il} pirrolidin-1 -
il]-3,3-dimetil-1-oxobutan-2-il} carbamato de metilo
{(IR}-2-[(28)-2-{5-[4-(5-{2-[(28)-1-{(2R)-2-
o e [(metoxicarbonil)amino]-2-fenilacetil } pirrolidin-2-il]-
198 % 848 JH-imidazol-4-il}-1-benzofuran-2-il)fenil}-1H-
7~ imidazol-2-il}pirrolidin-1-il]-2-oxo-1-
fentletil}carbamato de metilo
{(28,3R)-1-{(28)-2-(5-{2-[4-(2-{(28)-1-N-
Q’@ - ::\ {metoxicarbonil)-L-aloisoleucil]pirrolidin-2-il}-1H-
199 O o 806 | imidazol-5-il)fenil]-1-benzofuran-5-il}-1H-imidazol-
’ /‘M?;N ? 2-il)pirrolidin-1-il]-3-metil-1-oxopentan-2-
il}carbamato de metilo
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Ejemplo Estructura PM Nombre
{(28)-3-hidroxi-1-[(28)-2- {5-[4-(5-{2-[(25)-1-{(25)-
\ 3-hidroxi-2-
200 %" g O’H:) 25 [(metoxicarbonil)amino]propanoil}pirrolidin-2-il]-1H-
T o 0;‘? imidazol-5-il}-1-benzofuran-2-il)fenil}- 1 H-imidazol-
2-il} pirrolidin-1-il}-1-oxopropan-2-il} carbamato de
metilo
{(2S,3R)-3-hidroxi-1-[(25)-2-{5-[4-(5-{2-[(2S)-1-
{(25,3R)-3-hidroxi-2-
%WH) [(metoxicarbonil)aminojbutancil} pirrolidin-2-il]-1H-
201 ’o{g-': ‘:?"“ 783 imidazol-5-il} -1-benzofuran-2-il}fenil}-1H-imidazol-
o 2-il}pirrolidin-1-il]-1-oxobutan-2-il} carbamato de
metilo
{(28)-1-[(2S)-2-{5-[4-(5-{2-[(25)-1-{(25)-2-
3 y [(metoxicarbonil)amino]-4-metifpentanoil } pirrolidin-
202 P *‘:Q(:ﬁlm—@_ﬁ;:v 806 | 2-il}-1H-imidazol-5-il}-1-benzofuran-2-il)fenil]-1H-
i imidazol-2-il} pirrolidin-1-il]-4-metil-1-oxopentan-2-
il} carbamato de metilo
Ejemplo 203:  {(25)-1-[(28)-2-{5-13-fluoro-4-(5-{2-f(28)-1-{(28)-2-[(metoxicarbonil)jamino]-3-

metilbutanoillpirrolidin-2-il]-1 H-imidazol-5-if}- I-benzofuran-2-il)fenil]-1 H-imidazol-2-

Hipirrotidin-1-il]-3-metil-1-oxebutan-2-il}carbamato de metilo

Etapa l

= Br
r\Cﬂ B(-P L meH
+ |
o (P —— o OH

Se anadié lentamente una solucion de 5-bromobenzofurano (3,9 g, 20 mmol) en THF seco

(T30 ml) enfriada a -78 °C en una atmésfera de LDA protegida con N, (preparada a partir de n-

10 BuLi y iPr;NH en THF (~30 mmol)). La mezcla se agitd a la misma temperatura durante 30

minutos y después a la mezcla se le afiadid triisopropilborato (5,64 g, 30 mmol). La mezcla se dejo

calentar a TA y se agitd durante 2 horas. Después, la mezcla se inactivé con HCl 1 NapH=3 y se
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extrajo con EtOAc. Las fases organicas combinadas se combinaron, se secaron y se filtraron, El
filtrado se concentrd para proporcionar el producto deseado (4,3 g). MS (ESI) m/e (M+H"): 241.
Etapa 2

F

F
B Br
rmqo” . Df‘*' Pd(dopNCy e;
s QH | Q

Una suspensién del acido bordénico de la etapa 1 (1,44 mg, 6,0 mmol), 2-fluoro-4-
yodobromobenceno (1,8 g, 6,0 mmol), Pd{dppf)Cl, (600 mg), Na,CO; (954 mg, 9,0 mmol} y en
THF/H,0 (9:1, 100 ml) se calentd a reflujo a 75 °C durante una noche en una atmésfera protectora
de N;. La mezcla se enftid y se filtrd. El filtrado se lavd con agua (150 ml), se extrajo con EtQAc
(200 ml), sc lavé con salmuera y se secd sobre sulfato sédico anhidro. La solucién se evapord y el
residuo se purificd por cromatografia en columna (PE/AE = 8:1 O 5:1) para proporcionar el
compuesto deseado. MS (ESI) m/e (M-++H™): 370.

Etapa 3

@3@-& ia_sja%ﬂm—ﬁ ge

Pd{dppf)Cla

Una solucién del producto de la etapa 2 (1,85 g, 5 mmol), bis(pinacolato)diboro (2,54 g, 10
mmol) y Pd(dppf)Cl; (80 mg) y KOAc (0,98 g, 10 mmol) se disolvieron en 1,4-dioxano (30 ml) y
la mezcla de reaccion se calentd a 110 °C durante 16 horas. El disolvente se evaporé y el residuo se
purificé por cromatografia en columna con gel de silice de eluciéon con PE para proporcionar el

producto deseado en forma de un sélido de color blanco (1,95 g). MS (ESI) m/e (M+H"): 465.

9 F
i;éap PdtdpmCly O—‘( />
4] e Nach, O Q \ NH Boc
Una suspension del bromoimidazol del Ejemplo 192 (5 mmol), el éster boronato de la

etapa 3 (2 mmol), Pd{dppf)Cl, (146 mg, 0,2 mmol) y Na,CO; (636 mg, 6 mmol) se calentd a reflujo

Ltapa 4

Iz

en THF/H,O (10:1, 33 ml) durante una noche en una atmésfera protectora de N;. La mezcla se
enfrid, se filtro, el filtrado se lavd con agua (50 ml), se extrajo con EtOAc (100 ml), se lavé con
salmuera y se seco sobre sulfato sodico anhidro. La solucién se concentrd y el residuo resultante se
purificd por cromatografia en columna (PE/EtOAc = 8:1) para proporcionar el compuesto deseado.
MS (ESI} m/e (M+H"): 683.

Ftapa 5

165



MRL-IFD-00018-WO-PCT

HCI.'MeOH

e e
wm O \NH ‘°° m O \NH

El producto de la etapa 4 (682 mg, 1,0 mmol) se tratdé con HCI 3 M/CH;0H (10 ml) y la
mezcla se agitd a TA durante 3 horas. La mezcla de reaccion se concentré y el producto en bruto se
usé directamente en la siguiente etapa sin purificacion adicional. MS (ESI) m/e (M+H"): 483.
5 Eapaé

I\ N
& F ‘/? N oy -
Chen et — QD
o}
ey o

HN
. o]
(% n —~g

A una mezcla del producto de la etapa 5 (482 mg, 1,0 mmol), N-Moc-L-valina (2,1 mmol)
y DIPEA (0,4 ml) en DMF (3 ml) se le afiadio el reactivo BOP (977 mg, 2,2 mmol). La mezcla
resultante se agito a TA durante 16 horas. La solucién se sometié directamente a RPLC para
10 proporcionar el compuesto deseado en forma de un sélido de color blanco (40 mg). 'H RMN
(MeOD) [C: 7,99 (s, 1 H), 7,89-7,80 (m, 5 H), 7,72-7,67 (m, 2 H), 7,47 (s, 1 H), 5,27-5,22 (m, 2 H),
4,22 (d, 2 H), 4,09 (d, 2 H), 3,89-3,84 (m, 2 H), 3,64 (s, 6 H), 2,55-2,02 (m, 10 H), 0,92 (d, 6 H),
0,88 (d, 6 H). MS (ESI) m/e (M+H"): 797.
Ejemplos 204-212

15 Los compuestos de los Ejemplos 204-212 se prepararon de una manera similar a la que se

ha descrito en el Ejemplo 203.

Ejemplo Estructura M-+l Nombre

{(IR)-2-[(25)-2-{5-[3-Tluoro-4-(5-{2-
W [(25)-1-{(2R)-2-[(metoxicarbonil)amino]-
O Q J\f 2-fenilacetil} pirrolidin-2-il]- 1H-imidazo!-

204 2| g6 | N
) _§, g }t‘ 5-il}-1-benzofuran-2-il)fenii]-1H-

imidazol-2-il} pirrolidin-1-il]-2-oxo-1-

feniletil }carbamato de metilo

{(2S)-1-{(28)-2-{5-[3-fluoro-4-(5-{2-
Q’j{\" [(25)-1-{(25)-2-[(metoxicarbonil)amino]-
) O d ”)\3 3-metilbutanoil} pirrolidin-2-i1}-1H-

205 e o™ 797 )
s \?\N imidazol-5-il}-1-benzofuran-2-il)fenil]-

A 1H-imidazol-2-il} pirrolidin-1-il}-3-metil-

1-oxobutan-2-il}carbamato de metilo
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Ejemplo

Estructura

M+l

Nombre

206

~<§i

poigergvai
3,

816

{(28)-1-{(28)-2-{5-[2-(2,6-dfluoro-4-{ 2-
[(25)-1-{(25)-2-[(metoxicarbonil}amino]-
3-metilbutanoil} pirrolidin-2-il]-1H-
imidazol-5-il} fenil)-1-benzofuran-5-il]-
1H-imidazol-2-il} pirrolidin-1-il]-3-metil-

I-oxobutan-2-il}carbamato de metilo

207

a y
5 0%
P

878

{(1R)-2-{(28)-2-{5-[3-metoxi-4-(5-{2-
[(28)-1-{(ZR)-2-[{metoxicarbonil)amino]-
2-fenilacetil} pirrolidin-2-il]-1H-imidazol-

5-il}-1-benzofuran-2-il)fenil}-1H-
imidazol-2-il}pirrolidin-1-il]-2-oxo-1-

feniletil}carbamato de metilo

208

Pron bt
~

814

{(28)-1-[(28)-2-{5-[2-(2-cloro-4-{2-[(2S)-
1-{(28)-2-[(metoxicarbonil)amino]-3-
metilbutanoil}pirrolidin-2-il}-1H-
imidazol-4-il}fenil)-1-benzofuran-5-il]-
1H-imidazol-2-il} pirrolidin-1-il]-3-metil-

| -oxobutan-2-il}carbamato de metilo

209

873

{(1R}-2-[(2S5)-2-{4-[3-ciano-4-(5-{2-
[(28)-1-{(2R)-2-[(metoxicarbonil)amino]-
2-fenilacetil} pirrolidin-2-il]-1 H-imidazol-

5-il}-1-benzofuran-2-il)fenil]-1H-
imidazol-2-il}pirrolidin-1-il]-2-0x0-1-

feniletil }carbamato de metilo

210

794

{(28)-1-[(28)-2-{5-[2-(4-{2-[(285)-1-
{(2S)-2-[(metoxicarbonil)amino]-3-
metilbutanoil} pirrolidin-2-11]-1H-
imidazol-4-il}-2-metilfenil)-1-benzofuran-
5-il]-1H-imidazol-2-il} pirrolidin-1-il]-3-
metil-1-oxobutan-2-il}carbamato de

metilo
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Ejemplo Estructura M+1 Nombre

[(1S)-2-[(25)-2-(5-{3-fluoro-4-[5-(2-
~ ) {(25)-1-[(2S)-2-[(metoxicarbonil)amino]-
NQ_}' OQ O /N ’INH 2-(tetrahidro-2/f-piran-4-
211 ’p-.g o ~\> ilacetil]pirrolidin-2-il}-1H-imidazol-5-il)-
o;\o/ I-benzofuran-2-il]fenil}-1H-imidazol-2-

ihpirrolidin-1-ilj-2-oxo-1-(tetrahidro-2H-

piran-4-iljetilJcarbamato de metilo

{(25)-1-[(28)-2-{4-[3-fluoro-4-(5-{2-
[(25)-1-{(2R)-2-[(metoxicarbonil)aminoc]-

F "*{:) e 2-fenilacetil} pirrolidin-2-il]-1H-imidazol-
212 N o 832
A 5-il}-1-benzofuran-2-il)fenil]-i H-

imidazol-2-il} pirrolidin-1-ii]-3-metil-1-

oxobutan-2-il} carbamato de metilo

Ejemplo 213: {{1R)-2-[(25)-2-{5-[4-(5-{2-[(2S)-I-{(2R)-2-f(metoxi-carbonil)amino]-2-
fenilacetil}pirrotidin-2-ilj-1 H-imidazol-5-il}-1,3-benzoxazol-2-il)fenil]- 1 H-imidaz ol-2-

ilipirrolidin-1-il]-2-oxo-1-feniletilicarbamato de metilo

O
O Cm W:{f@

o Br- NH; Br N
O O OO
HO OH Q

Se afiadieron acido 4-bromobenzoico (20 g, 0,1 mol) y 2-amino-4-bromofenol (18,8 g, 0,1

Etapa 1

mol) en 4cido polifosférico (250 ml) y la mezcla sc agité a 140 °C durante 90 minutos. Después de
la refrigeracion en un bafic de hielo, la mezcla de reaccion se diluyd con agua (4000 ml) y se
neutralizé con NaOH. El sélido resultante se retiré por filtracién y se secd para proporcionar el
benzoxazol deseado. MS (ESI) m/e (M+H"): 354.

Erapa 2
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Una suspension del producto de la etapa 1 anterior (10,6 g, 30 mmol),
bis(pinacolato)diboro (30,3 g, 120 mmol), KOAc (7,6 g, 78 mmol) y Pd(dppH)Cl, (1,1 g, 1,5 mmol)
en dioxano (300 ml} se agité a 100 °C en una atmdsfera protectora de N, durante una noche. La
mezcla de reaccion se enfTio, se concentrd y después se sometid a cromatografia sobre gel de silice
dando el compuesto del producto. MS (ESI) m/e (M+H"): 366.

Etapa 3

NB:OO:

Loy ot o o4

Una suspension del producto de la etapa 2 (1,2 g, 2,6 mmol), bromoimidazol del Ejemplo

192 (2 g, 6.3 mmol), Na,CO; (1,3 g, 12 mmol) y Pd(dppf)Cl, (220 mg, 0,3 mmol) en THF/H,O (36'

ml) sc¢ agitd a 100 °C en una atmésfera protectora de N, durante una noche. La mezcla de reaccidn
se concentrd y se purifico por cromatografia sobre gel de silice para dar ¢l compuesto deseado. MS
(ESI) m/e (M+H"): 666.

Q_;fl@ - ,% ooO—U\C[ - 3\

BocN

Una solucién del producto de la etapa 3 (400 mg, 0,6 mmol) en HCI/MeOH (20 ml) se
agitd a tempceratura ambiente durante 3 horas, después se concentrd y se sccd a alto vacio para dar
el producto deseado. MS (EST) m/e (M+H"): 466.

Etapa 5

N et
Q%Hl@%@—()\)—.g l@ )\)

NHMDc
MocHN

A una mezcla del producto de la etapa 4 (233 mg, 0,5 mmol), N-Moc-D-Phg (1,1 mmol) y
DIPEA (0,2 ml} en DMF (3 ml) se le afiadi6 el reactivo BOP (488 mg, 1,1 mmol). La mezcla
resultante se agitd a TA durante 16 horas antes de someter la solucidn directamente a RPLC para
proporcionar el compuesto deseado. '"H RMN (MeOD) 0: 8,4 (d, ] = 8,4 Hz, 2 H), 8,2 (s, 1 H), 8,0
{m,3 H), 7,9 (m, 3 H), 7,5-7.4 (m, 10 H), 5,5 (s, 2 H), 5,3 (m, 2 H), 4,1-4,0(m, 2 H), 3,6 (d,] =2,8
Hz, 6 H), 3,3 (m, 1 H}), 3,3-3,1 (m, | H), 2,5-2,3 (m, 2 H), 2,2-2,1 (m, 4 H), 2,0 (m, 2 H). MS (ESI)
m/e (M-++H"): 780.
Ejemplos 214-215
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Ejemplo Estructura M+l Nombre
{(25)-1-[(28)-2-{5-[2-(4-{2-{(28)-1-{(25)-2-
O.(P ! . . [(metoxicarbonil)aming]-3-
N N \) < > <
o0 d ’[H) metilbutanoil} pirrolidin-2-il]-1H-imidazol-5-
214 P e M 848
ﬁj’“ il}fenil)-1,3-benzoxazol-5-il]- / H-imidazol-2-
o"\‘? il}pirrolidin-1-il}-3-metil-1-oxobutan-2-
il}carbamato de metilo
ciclopropil-2-[(2S)-2-{5-[4-(5-{2-[(2S)-1-
N N .
Q.,QN I " y {(2R)-2-ciclopropil-2-
N o; C ;’H [(metoxicarbonil)amino]acetil } pirrolidin-2-il]-
215 o o ~) 776
0 Q’N 1H-imidazol-5-il}-1,3-benzoxazol-2-il)fenil]-
o9 1H-imidazol-2-il}pirrolidin-1-il]-2-
oxoetil}carbamato de metilo
Ejemplos 216-227

Los compuestos de los Ejemplos 216-227 se prepararon de una manera similar a la que se

ha descrito en el Ejemplo 189b (Procedimiento Alternativo).

Ejempio Estructura M+1 Nombre
VY o ™ o (indolo]1,2-c][1,3]benzoxazina-
C‘q " oj\{,o 3,10-diilbis{1H-imidazol-5,2-
216 PNHO Z(’O 875 | diil(2S)pirrolidin-2,1-diil[{1R)-2-
\K‘D oxo-1-feniletano-2,1-
\ diil]})biscarbamato de dimetilo
[(28)-1-{(28)-2-[5-(11-{2-[(2S)-
1-{(28)-2-
[(metoxicarbonil)amino]-3-
O_< O O ) metilbutanoil } pirrolidin-2-il]- 1 H-
o7 CH>J_2:° j/ g . m.nc.iazoll—S-l.I}—G,?—
cﬁ?_& HLW{H: dihidroindolof1,2-

‘L @ d][1,4]benzoxazepin-3-il)-1H-
imidazol-2-il]pirrolidin-1-il}-3-
metil-1-oxobutan-2-il|carbamato

de metilo
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Ejemplo Estructura

M+1

Nombre

218 - A

835

[(28)-1-{(28)-2-[5-(3-{2-[(2S)-1-
{(25)-2-
[(metoxicarbonil)amino]-3-
metilbutanoil}pirrolidin-2-il]-1H-
imidazol-5-i1}-6,6-
dimetilindolo[1,2-
c¢][1,3]benzoxazin-10-il)-1 H-
imidazol-2-il]pirrolidin-1-il}-3-
metil-1-oxobutan-2-iljcarbamato

de metilo

219

839

[(2S)-1-{(25)-2-[5-(12-fluoro-10-
{2-[(2S)-1-{(2,8)-2-
[(metoxicarbonil)amino]-3-
metilbutanoil} pirrolidin-2-ilj-1H-
imidazol-5-il}-6-metilindolo[1,2-
c]1,3]benzoxazin-3-1l)-1H-
imidazol-2-il]pirrolidin-1-il}-3-
metil-1-oxobutan-2-il]carbamato

de metilo

220 c),;eau 0 o \\(O

304

[(25)-1-{(2,5)-2-[5-(3-{2-[(25)-
1-{(25)-2-
[(metoxicarbonil)amino}-3-
metilbutanoil} pirrolidin-2-i1]-1H-
imidazol-5-il}indolo[1,2-
c]quinazolin-10-il)-1H-imidazol-
2-ilfpirrolidin-1-il}-3-metil-1-
oxobutan-2-ilJcarbamato de

metilo
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Ejemplo Estructura

M+1

Nombre

21 | < i 1

835

[(28)-1-{(28)-2-[5-(12-{2-[(25)-
1-{(28)-2-

J{(metoxicarbonil)aminoj-3-
metilbutanoil}pirrolidin-2-il]-1H-
imidazol-5-il}-7,8-dihidro-6H-
indolo[1,2-e][1,5]benzoxazocin-
3-il)-1H-imidazol-2-il]pirrolidin-
1-il}-3-metil-1-oxobutan-2-

ilJcarbamato de metilo

222

820

[(28)-1-{(28)-2-[5-(3-{2-[(28)-1-
{(25)-2-
[(metoxicarbonil)amino)-3-
metilbutanoil } pirrolidin-2-il]-1H-
imidazol-5-il}-6-oxo0-5,6-
dihidroindolo[1,2-¢]quinazolin-
10-il)-1H-imidazol-2-
il]pirrolidin-1-il}-3-metil-1-
oxobutan-2-il]carbamato de

metilo

223

883

[(28)-1-{(28)-2-[5-(10-{2-[(2S)-
1-{(25)-2-
[(metoxicarbonil)amino]-3-
metilbutanoil} pirrolidin-2-il}-1H-
imidazol-5-il} -6-fenilindolo[1,2-
c][1,3]benzoxazin~3-i1)-1H-
imidazol-2-il]pirrolidin-1-il}-3-

metil-1-oxobutan-2-il]carbamato

de metilo
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Ejemplo Estructura

M+1

Nombre

224

'3

? \ n ﬁ H (o]
O~
cH 0 "CHy
NH )

CH
cHy ?

=}
Q
/
CHy

818

[(28)-1-{(28)-2-[5-(3-{2-[(28)-1-
{(25)-2-
[(metoxicarbonil)amino]-3-
metilbutanoil} pirrolidin-2-i]-1H-
imidazol-5-il}-6-metilindolo[1,2-
¢]quinazolin-10-il)-1H-imidazol-
2-il]pirrolidin-1-il}-3 -metil-1-
oxobutan-2-il]carbamato de

metilo

225 PN} pos
CH

875,1

[2S)-1-{(25)-2-[5-(10-{2-[(28)-
1-{(2S)-2-
[{metoxicarbonil)aminol-3-
metilbutanoil} pirrolidin-2-il]-1H-
imidazol-5-
il}espiro[ciclohexano-1,6'-
indolo[1,2-¢]{1,3]benzoxazin]-3'-
il)-1H-imidazol-2-il}pirrolidin-1-
11}-3-metil-1-oxobutan-2-

ilJcarbamato de metilo

o o
226 e i
-

842

[(25)-1-{(25)-2-[5-(1,12-
difluoro-10-{2-[(2S)-1-{(2S)-2-
[(metoxicarbonil)amino]-3-
metilbutanoil} pirrolidin-2-i1]-1H-
imidazo!-5-il}indolo(1,2-
c][1,3]benzoxazin-3-il)-1H-
imidazol-2-il]pirrolidin-1-il}-3-
metil-1-oxobutan-2-il]Jcarbamato

de metilo
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Ejemplo Estructura M+l Nombre

{2-1(25)-1-{(25)-2-

) "y [{metoxicarbonillamino]-3-

Q“’\a\ -0 metilbutanoil} pirrolidin-2-il}- [ H-
227 wf" N N 832 imidazol-5-il}indolo[1,2-
‘f 4 )Q: ¢][1,3]benzoxazin-3-if)-1H-

T, imidazol-2-il}pirrolidin-1-il}-3-

de metilo

[(28)-1-{(28)-2-[5-(I 2-ciano-10-

metil-1-oxobutan-2-iljcarbamato

Ejemplo 228-Medicién de la Potencia de Inhibicion del Comp;:esm

La medicion de la inhibicion por los compuestos se realizé usando el sistema replicon del
VHC. Se usaron varios replicones diferentes que codificaban genotipos o mutaciones del VHC.
Ademis, las mediciones de potencia se hicieron usando diferentes formatos del ensayo de replicon,
incluyendo diferentes maneras de medicion y diferentes formatos de placas. Véase, Jan M. Vrolijk
et al., A replicons-based bioassay for the measurement of interferons in patients with chronic
hepatitis C, 110 ]. VIROLOGICAL METHODS 201 (2003); Steven S. Carroll et al., Inhibition of
Hepatitis C Virus RNA Replication by 2-ModifiedNucleoside Analogs, 278(14) J. BIOLOGICAL
CHEMISTRY 11979 (2003). Sin embargo, los principios subyacentes son comunes a todas estas
determinaciones, y se indican a continuacion.

Sc usaron lineas celulares que albergaban el replicon que codificaba la fosfotransferasa de
neomicina estable, por lo que todas las lineas celulares se mantuvieron en la seleccién G418
anterior al ensayo. En algunos casos, las lineas celulares codificaron una fusién luciferasa:Neor y
pueden ensayarse directamente por determinacion del numero de copia de ARN, o indirectamente a
través de la medicion de la actividad luciferasa.

Para iniciar un ensayo, las células replicon se colocaron en placas en presencia de una serie
de diluciones del compuesto de ensayo en ausencia de G418. Tipicamente, los ensayos se
realizaron en un formato de placas de 96 pocillos para la operacion manual, o una placa de 384
pocillos en un ensayo automatizado. Las células replicon y el compuesto se incubaron durante 24 a
72 horas. Al final del ensayo, las células se lavaron sin el medio y el compuesto y después se
lisaron. La actividad luciferasa se midid usando un ensayo de luciferasa convencional. Las
determinaciones CEso se calcularon como un porcentaje de un control de DMSO ajustando los
datos a una funcidén de ajuste de cuatro parametros.

La tabla de actividad que se muestra a continuacién proporciona datos representativos que

ilustran 1a actividad observada frente al genotipo 1b.
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Tabla de Actividad
Ejemplo | CEsp (nM) | Ejemplo | CEg (nM)

2 9 105 0,08
6 200 107 0,04
14 10 116 0,065
15 0,045 119 0,013
19 25 125 0,016
26 0,063 129 0,7
30 26 130 0,05
39 0,24 131 17
40 0,026 137 0,009
4] 0,05 138 8,5
42 14 144 0,036
45 0,02 155 0,9
49 0,072 158 0,5
58 0,97 159 0,002
60 0,13 169 0,004
62 0,067 178 317
72 0,17 186 0,015
94 0,006 18%a 0,15
95 0,01 189b 0,001
96 0,015 190 0,067
99 0,038 191 0,02
100 0,031 192 0,002
101 0,5 193 0,05
102 8,3 203 0,004
103 5,7 213 0,009

Sc apreciara que diversas de las caracteristicas y funciones que se han amalizado
anteriormente, o alternativas de las mismas, pueden combinarse de forma deseable en muchos otros
sistemas o aplicaciones diferentes. También se apreciard que, posteriormente, pueden hacerse
diversas alternativas, modificaciones, variaciones o mejoras imprevisibles o imprevistas en la
actualidad en el mismo, también con la intencién de incluirse por las siguientes reivindicaciones,

por los expertos en la técnica.
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REIVINDICACIONES

1. Un compuesto que tiene la formula estructural (I):
1
R, R,

G—E—DD—E—G
a

Y

y/o una sal farmacéuticamente aceptable del mismo, en la que:

@ s¢ clige entre el grupo que consiste en sistemas de anillos arilo biciclicos de 9
miembros que contienen de 0 a 4 helerodtomos independientemente elegidos entre el grupo que
consiste en N, O ¥ S, y que estan sustituidos en los 4tomos de C o N con # sustituyentes R',

cada R' s clige independientemente entre el grupo que consiste en hidrégeno, halégeno, -
OR™, -CN, (CH,)0.sC{OIR", -CO,R™, -C(ON(R™),, -SR™, -S(0)R™, -S(O)R™, -(CHy)gsN(R™), -
N(R™SO,R™, -NR™)CO,R®, -NR®)C(O)R?, -N(R™)COR™, -N(R™C(ON(R™), alquilo Ci,
carbociclo C;3 que contiene de 0 a 3 heteroitomos elegidos entre N, O y 8, y fenilo, y el alquilo C,.
é» carbociclo Csq y fenilo estdn sustituidos con 0 a 3 sustituyentes independientemente elegidos
entre ¢l grupo que consiste en hidrégeno, halogeno, -OR™, -CN, -CO,R*, -C(O)N(R*™),, -N(R™),, -
N(R*™CORY, -SR™, -S(O)R™, -S(O)R®, -N(R*SO,R*™ -N(R*™CO,R™, -N(R™C(OIN(R™,
alquilo Cy., -O-alquilo C,., -S-alquilo C,¢ y cicloalquilo Cy 4,

| uesdeDad,

cada R® se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C).,

-OH, -O-alquilo C,4 y cicloalquilo Cs 5, ¥
cada R™ se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C4

y cicloalquilo Cig;

es un grupo elegido entre el grupo que consiste en
(a)-C=C-y
(b) sistemas de anillos arilo B' elegidos entre el grupo que consiste en:

(1) sistemas de anillos monociclicos de 5 a 7 miembros y

(ii) sistemas de anillos biciclicos de 8 a 10 miembros,

v los sistemas de anillos arilo B' que contienen de ( a 4 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
dtomos de C o N con v sustituyentes R?,

cada R? se elige independientemente entre el grupo que consiste en hidrégeno, haldgeno, -
OR®™, -CN, -COR™, -C(O)R™ -C(OINRR™,, -N(R*, -NRYCOR! -NR“CO,R*, -
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NR®CO)NR™), -N(R"™)SO,R™, -SR™, -S(O)R™, -S(0,)R™, alquilo C, sustituido con 0a 4 R’y
cicloalquilo Cy sustituido con 0 a 4 RY,
vesde 0ad,
cada R* se elige independientemente entre el grupo que consiste en hidrégeno, -OH,
5 alquilo Cy y cicloalquilo Ca;
cada R* se elige independientemente entre el grupo que consiste en hidrogeno, alquilo Cy.

y cicloalquilo Ca;

R'y R pueden tomarse junto con @ y para formar un anillo carbociclicos de 5 a
9 miembros que contiene 1 ¢ 2 heteroatomos independientemente elegidos entre el grupo que
10 consisteenN,OvyS;
cada D es un grupo independientemente elegidos entre el grupo que consiste en:
(a) un enlace sencillo,
(b) -C(O)N(R?)-,
(©) -NRC(O)-, y
15 (d) un sistema de anillos arilo de 5 & 6 miembros D' que contiene de 0 a 4
heteroatomos independientemente elegidos entre el grupo que consiste en N, O v §, y estan
sustituidos en los 4tomos de C o N con 0 a 2 sustituyentes R’,
cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, halégeno, -
OR’, -CN, -CO:R®, -C{OIN(R®),, -N(R®);, -N(R)COR?, -SR’, -S(O)R’, -S(O2)R’, -N(R*)SO;R’, -
20 NCO,R®, -NC(O)N(R®),, alquilo C,. sustituido con 0 a 3 R® y cicloalquilo Ca. sustituido con 0 a 3
R®, y
cada R® se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C; 4
y cicloalquilo Cyg;
cada E es un grupo independientemente elegidos entre el grupo que consiste en:
25 (a) un enlace sencillo,
(6) (C(R"):)02NR'C(O)Oq1-, ¥

(c) un derivado de pirrolidinilo elegido entre el grupo que consiste en:

DI~
N RBC
Rﬁa
o RS:
R{'Ib R8b

I es un grupo bivalente elegido entre -C(Q)-, -COop- y -C{OIN(R")-,
30 J es un sistema de anillos condensado elegido entre el grupo que consiste en carbociclos de

3 a 7 miembros y anillos arilo de 5 6 6 miembros que contienen de 0 a 4 heteroitomos
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independientemente elegidos entre el grupo que consiste en N, O ¥ S, y estan sustituidos en los
atomos de C o N con sustituyentes R’,
cada R* se elige independientemente entre cl grupo que consiste en hidrégeno, halégeno, -
OH, -Oalquilo Cy4 y alquilo C,, 0 dos R* pueden tomarse juntos para formar oxo,
cada R™ s¢ ¢lige independientemente entre el grupo que consiste en hidrégeno, halégeno, -
OH, -Oalquilo C,4 y alquilo C,.s, 0 dos R pueden tomarse juntos para formar oxo,
cada R¥ se elige independientemente entre el grupo que consiste en hidrogeno y alquilo C,.
[
o dos grupos cualquiera scleccionados entre R*¥, R® y R™ pueden tomarse juntos para
formar un anillo espiro-biciclico o biciclico puenteado;
cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, haldgeno,
alquilo Cy.s, -O-alquilo C,., -S-alquilo C,4, -NH-alquilo Cy4 y -NHC(0)-alquilo C,.,
cada R’ se elige independientemente entre cl grupo que consiste en hidrégeno, alquilo C, ¢
y fenilo, y el alquilo C, y fenilo estan sustituidos con 0 a 3 sustituyentes independientemente
elegidos entre el grupo que consiste en hidrégeno, haldgeno, alquilo C4, -O-alquilo C y -S-
alquilo C; v
cada G se clige independientemente entre el grupo que consiste en:
{a) hidrogeno,
(b) _ORIOz:’
(c)-CN,
(d) -CO,R'™,
(€) -C(O)N(R™,,
(f)-SR'%,
(8)-S(OR'™,
(h) -S(0)R™,
(D) -NR",
() -N(R')SO,R'™, (k) -NCO,R'™, (1) -NC(OIN(R'),,
(m) alquilo Cy¢ que tiene de 0 a 4 sustituyentes R",
cada R'" se elige independicntemente entre el grupo que consiste en:
(i) -CH,
(ii) -N(R "),
(iii) =NR'?,
(iv) -O-alquilo C,,
(v) -C(OR",
(vi) -S-alquilo C,,
(vii) -8SO;,-alquilo C,_,
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(viii) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O ¥ S, y que tienen de 0 a 3
sustituyentes R'* en los atomos de N o C, y cada R"™ se selecciona independientemente entre el
grupo que consiste en hidrégeno, halégeno, alquilo Ci que tiene de 0 a 3 sustituyentes elegidos
entre R'°, -O-alquilo Cy.6, -S-alquilo Cy4, -OR'™, -CN, -C(O)R"’, -CO,R'™, -C(OIN(R'®),, -SR'®, -
S(O)R'®, -S(0,)R'®, N(R')ISO,R'®, -NCO,R'®, -NC(O)N(R'®); y -N(R'%),, o dos R'? se toman
juntos para formar oxo, y

(ix) arilo de 5 6 6 miembros que contiene de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y §, y que tiene de 0 a 3
sustituyentes R'> en los atomos de N o C, y cada R" se selecciona independientemente entre el
grupo que consiste en hidrogeno, haldgeno, alquilo C,,, -O-alquilo C, y carbociclos de 3 a 8
miembros que contienen de 0 a 3 heteroditomos independientemente elegidos entre el grupo que
consiste en N, O y S,

(n) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tienen de 0 a 3
sustituyentes R'® en los 4tomos de N o C; y

(o) sistemas de anillos arilo G' elegidos entre el grupo que consiste en:

(1) sistemas de anillos monociclicos de 5 a 7 miembros v

(ii) sistemas de anillos biciclicos de 8 a 10 miembros,

y los sistemas de anillos arifo G' que contienen de 0 a 4 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
atomos de C o N con 0 a 3 sustituyentes R'®;

cada R'° se elige independientemente entre el grupo que consiste en

(1) hidrogeno,

(i) -CN,

(iii) alquilo Cy.q,

(iv} -O-alquile Ce,

(v) -S-alquilo Cos,

(vi) alquil C;.4-O-R",

(vii) -C(O)R™,

(viii) -CO.R™,

(ix) -SO;R*,

(x) -NR™,,

(xi) -N(R'SO,RY,

(xii) -NCO,R",

(xiii) -NCON(R™), v
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{(xiv) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heteroatomos
independientemente elegidos entre el grupo que consisteen N, O y S,
o dos R'® pueden tomarse juntos para formar oxo;
cada R'™ se elige independientemente entre el grupo que consiste en
(1) hidrogeno,
(1) -CN,
(i11) alquilo Cy,
(iv) alquil C,4-O-R",
(v) -C(O)R",
(vi) -CO,R",
(vii) -SO,R",
(x) -N(R™),
(xi) -N(R'HSO,R",
(xii) -NCOsR™,
(xiil) NC(O)N(R'™),, y
(xiv) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heteroitomos
independientemente elegidos entre el grupo que consiste en N, O y S,
y dos grupos R'® o R'® pueden tomarse junto con ¢l N al que estan unidos para formar un
anillo, que puede estar sustituido con 0 a 3 sustituyentes R™, y
cada R se elige independientemente entre el grupo que consiste en hidroégeno, alquilo C,.

o cicloalquilo Csg, -(CHy)p.scicloalquilo Cyg v fenilo.

2. Un compuesto que tiene la férmula estructural (I):
®RY,  ®Y,
G—E-—DD—E—G

y/0 una sal farmacéuticamente aceptable de los mismos, en la que:

M)

@ se elige entre el grupo que consiste en sistemas de anillos arilo biciclicos d¢ 9
miembros que conticnen de 0 a 4 heterodtomos independientemente elegidos entre el grupo que
consiste en N, O y S, y que estdn sustituidos en los dtomos de C o N con u sustituyentes R',

cada R' se elige independientemente entre el grupo que consiste en hidrogeno, halégeno, -
OR™, -CN, -C(O)R’, -CO,R™, -C(O)N(R™),, -SR® -S(O)R™ -S(0;)R™ (CH,)eNR™,, -
N(R*™SO,RY, -N(R™CO,R™, -N(R™C(O)R®, -N(R*COR™, -N(R™C(OIN(R®, alquilo C,,

carbociclo Cy. que contiene de 0 a 3 heterodtomos elegidos entre N, O v S, y fenilo, y el alquilo C,.
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¢ carbociclo Cy 4 y fenilo estan sustituidos con 0 a 3 sustituyentes independientemente elegidos
entre el grupo que consiste en hidrégeno, halégeno, -OR™, -CN, -CO,R*, -C(O)N(R™),, -N(R*),, -
NR*®COR®, -SR*, -S(O)R*, -S(0)R™, -N(R*™SO,R™ -NER™CO,R®, -N(R™C(ON(R™),
alquilo C,, -O-alquilo C,4 y -S-alquilo Ci,

uesdeOad,

cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, alguilo C,,
-OH, -O-alguilo Cy4 y cicloalquilo Ci, ¥

cada R™ se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C¢

y cicloalquilo Csg;

@ es un grupo elegido entre el grupo que consiste en

(a) -C=C-y

(b) sistemas de anillos arilo B' elegidos entre el grupo que consiste en:

(i) sistemas de anillos monociclicos de 5 a 7 miembros y

(ii) sistemas de anillos biciclicos de 8 a 10 miembros,

y los sistemas de anillos arilo B' que contienen de 0 a 4 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
atomos de C o N con v sustituyentes R?,

cada R? se elige independientemente entre el grupo que consiste en hidrogeno, halégeno, -
OR™, -CN, -COR", -C(O)N(R*™),, -N(R™),, -N(R*")COR’, -N(R*YCO,R*, -N(R*)C(O)N(R""), -
N(R*™SO,R™, -SR®, -S(O)R*, -S(0,)R™, alquilo C, sustituido con 0 a 4 R* y cicloalquilo Cag
sustituido con 0 a 4 RY,

vesdeOad,

cada R se elige independientemente entre el grupo que consiste en hidrégeno, -OH,
alquilo C,4 y cicloalquilo Ci.g;

cada R* se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C¢

y cicloalquilo Cas;

R' y R? pueden tomarse junto con @ ¥ para formar un anillo carbociclicos de 5 a
9 miembros que contiene 1 ¢ 2 heteroatomos independientemente elegidos entre el grupo que
consisteen N, Oy S;
cada D es un grupo independientemente elegidos entre el grupo que consiste en:
(a) un enlace sencillo,
(b) -C(ON(R)-,
() -N(RC(O)-, y
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(d) un sistema de anillos arilo de 5 6 6 miembros D' que contiene de 0 a 4
heteroatomos independientemente elegidos entre el grupo que consiste en N, O y S, y eslan
sustituidos en los dtomos de C o N con 0 a 2 sustituyentes R’

cada R’ se clige independientemente entre el grupo que consiste en hidrogeno, halégeno, -
OR®, -CN, -CO,R®, -C(OIN(R®),, -N(R®),, -N(R®)COR?, -SR, -S(O)R®, -S(O;)R®, -N(R©)SO,R®, -
NCO,R®, -NC(O)N(R®),, alquilo C, 4 sustituido con 0 a 3 R® y cicloalquilo C;4 sustituido con 0 a 3
RY, v
cada R® sc elige independientemente entre el grupo que consiste en hidrégeno, alquilo C;4
y cicloalquilo Cy.g;
cada E es un grupo independientemente elegidos entre el grupo que consiste en:
{a) un enlace sencillo,
(b) (C(R")2)0.2NR'C(0)Oq.1-, y

() un derivado de pirrolidinilo elegido entre el grupo que consiste cn:

D A=G
N
Rﬂa
RBn
Rsb Rﬂh

I es un grupo bivalente elegido entre -C(0)-, -CO;,- y -C(OIN(R')-,

J es un sistema de anillos condensado elegido entre el grupo que consiste en carbociclos de
3 a 7 miembros y anillos arilo de 5 6 6 miembros que contiene de 0 a 4 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, vy est4n sustituidos en los
dtomos de C o N con sustituyentes R’,

cada R* se elige independientemente entre el grupo que consiste en hidrogeno, haldgeno, -
OH, -Qalquilo Cy4 y alquilo Cy, 0 dos R* pueden tomarse juntos para formar oxo,

cada R™ se elige independientemente entre ¢l grupo que consiste en hidrogeno, halégeno, -
OH, -Oalquilo C y alquilo C,, o dos R® pueden tomarse juntos para formar oxo,

cada R* se elige independientemente entre el grupo que consiste en hidrogeno y alquilo C,.

o dos grupos cualquiera seleccionados entre R*™, R® y R* pueden tomarse juntos para
formar un anillo espiro-biciclico o biciclico puenteado;

cada R se elige independientemente entre el grupo que consiste en hidrégeno, halégeno,
alquilo Cy., -O-alquilo Cy, -S-alquilo C\, -NH-alquilo C,s y -NHC(O)-alquilo C,,

cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C.
y fenilo, y el alquilo Cys y fenilo estdn sustituidos con 0 a 3 sustituyentes independientemente
elegidos entre el grupo que consiste en hidrégeno, halégeno, alquilo C,4, -O-alquilo Ci¢ y -S-

alquilo Cj4; y
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cada G se elige independientemente entre el grupo que consiste en:
(a) hidrégeno,
(b) -OR'®,
{c) -CN,
(d)-COR'™,
(¢) -COONR )z,
(ﬂ _SR]Cla’
(g) -S(O)R'®,
(h) -S(O)R™,
(i) -NR "),
() NR™)SOR™, (k) -NCOR™, (1) NC(OIN(R ),
(m) alquilo Cy que tiene de 0 a 4 sustituyentes R',
cada R'' se elige independientemente entre el grupo que consiste en:
(i) -OH,
(if) -NR"),
(iii) =NR',
(iv) -O-alquilo C,.,
(v) -C(OR",
(vi) -S-alquilo Cy.,
(vii) -S0;-alquilo Cy,
(viii) carbociclos de 3 a 8 miembros que contienen de ¢ a 3 heteroitomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tienen de 0 a 3
sustituyentes R'? en los atomos de N o C, y cada R' se selecciona independientemente entre el
grupo que consiste en hidrogeno, halogeno, alquilo C, que tiene de 0 a 3 sustituyentes elegidos
entre R'?, -O-alquilo C,., -S-alquilo Cy4, -OR'®, -CN, -C(O)R', -CO,R'®, -C(OIN(R'®),, -SR'®, -
S(OIR'®, -S(0x)R'®, -N(R')SO,R'™, -NCO,R'®, -NC(ON(R™); ¥ -N(R'");, 0 dos R"? se toman
juntos para formar oxo, y
(ix) arilo de 5 6 6 miembros que contiene de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tiene de 0 a 3
sustituyentes R en los 4tomos de N o C, y cada R" se selecciona independientemente entre el
grupo que consiste en hidrégeno, halégeno, alquilo Cye, -O-alquilo Cy4 y carbociclos de 3 a 8
miembros que contienen de 0 a 3 heteroatomos independientemente elegidos entre el grupo que
consisteen N, Oy S,
(n) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tienen de 0 a 3

sustituyentes R'® en los dtomos de No C; y
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(o) sistemas de anillos arilo G' elegidos entre el grupo que consiste en:

(i) sistemas de anillos monociclicos de 5 a 7 miembros y

(i1) sistemas de anillos biciclicos de 8 a 10 miembros,

y los sistemas de anillos arilo G' que contienen de 0 a 4 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
dtomos de C o N con 0 a 3 sustituyentes R'";

cada R' se elige independientemente entre el grupo que consiste en

(1) hidrogeno,

(ii) -CN,

(iii) alquilo Cy,

(iv) -O-alquilo Cq,

(v) -S-alquilo Co.g,

(vi) alquil Cy4-0-R",

(vii) -C(O)R",

(viii) -CO,R",

(ix) -SO;R",

(x) -NR'),,

(xi) -N(R")SO,R",

(xii) -NCO,R",

(xiii) -NC(O)N(R"),., y

(xiv) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consisteen N, Oy S,

o dos R" pueden tomarse junios para formar oxo;

cada R'" se elige independientemente entre el grupo que consiste en

{1) hidrégeno,

(ii) -CN,

(iit) alquilo C,

(iv) alquil C,-O-R",

(v) -COOR™,

(vi) -COR",

(vii) -SO,R"™,

(x) -NR "),

(xi) -N(R"SO,R ™,

(xii) -NCO,R",

(xiii) -NC(ONR"™,, y
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(xiv) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heteroatomos
independientemente elegidos entre el grupo que consisteen N, O y S,
y dos grupo R' 0 R'™ pueden tomarse junto con el N al que estin unidos para formar un
anillo, que puede estar sustituido con 0 a 3 sustituyentes RY,y
cada R' se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C,.

s, cicloalquilo Cag, -(CHy)p.acicloalquilo Csz y fenilo.

3. El compuesto de acuerdo con la reivindicacion 1 6 2, en el que
X
(Rl)o—d_)'(' ]: ,>_§
¥ Y
dicho @ se elige entre el grupo que consiste en X , en la que cada
Y,
)
Y

X se elige independientemente entre el grupo que consiste en CR' y N, se elige entre el grupo

CR' NR' Ne! CR' N O N
- N\Z‘l C,;)il 1\21‘ N/> 0\> o\> Nf) /
que consiste en , , R , ;
independientemente entre el grupo que consiste en hidrégeno, halégeno, -OR™, -CN, -C(O)R’, -
COR™ -C(ON(R®),, -SR® -S(OR® -S(O)HR¥, -(CHp)esN(R™), -N(R™)SO,R®, -

NR™COR™ -N(R™C(O)R?, -N(R*®)COR™, -N(R*)C(O)N(R*), alquilo C,., carbociclo Cy 3 que

contiene de 0 a 3 heteroatomos elegidos entre N, O v S, v fenilo, y el alquilo C,, carbociclo Cyg ¥

y , cada R' se elige

fenilo estan sustituidos con 0 a 3 sustituyentes independientemente elegidos entre el grupo que
consiste en hidrégeno, halégeno, -OR™, -CN, -CO,R™, -C(O)N(R?™),, -N(R™),, -N(R*)CO,R™, -
SR, -S(O)R*®, -S(0)R™, -NR™SO,R™, -N(R™CO,R’, -N{R™)C(O)N(R™), alquilo C,s, -O-
alquilo Cy4 y -S-alquilo C,, cada R’ se elige independientemente entre el grupo que consiste en
hidrogeno, alquilo C,q, -OH, -O-alquilo C,s y cicloalquilo Cis y cada R* se elige

independientemente entre el grupo que consiste en hidrégeno, alquilo C, y cicloalquilo Cy.

4. El compuesto de acuerdo con una cualquiera de las reivindicaciones 1-3, en el que dicho

@ se elige entre el grupo que consiste en

Al £ R R’
/ 1 I\>
- 'Shagss f\m?
H R o, N0 7
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1

R! A N AN
A N U\ AN N
N 0 WA 0 L
T S N v N Y
N H R H R

1 1 3 b) 3

/ N, Ao AN Ao
\©:0>_%, \]Q:?_i Ub?_z y Ur‘?_i en el que dicho @

esta sustituido de 0 a 3 R' mas.

5 5 El compuesto de acuerdo con la reivindicacion 4, en el que dicho @ se elige entre el

’;ﬁgs T SO o

] bl

grupo que consiste en

A N F £

) A
St AT

’ y \, en el que dicho @ estd sustituido con

0a3R' mas.
10 6. El compuesto de acuerdo con la reivindicacién 4, en el que dicho @ se clige entre el
grupo que consiste en

Rt

O A0 0 A
;\@0

e @
, en el que dicho est4 sustituido con 0 a 3 R' mas.

15 7 El compuesto de acuerdo con una cualquiera de las reivindicaciones 1-6, en el que cada R

se elige entre el grupo que consiste en hidrogeno, halégeno, -CN y algquilo C,.

8. El compuesto de acuerdo con la reivindicacion 7, en el que cada R' se elige entre el grupo
que consiste en hidrogeno, flior y -CN.
20

9, El compuesto de acuerdo con una cualquiera de las reivindicaciones 1-8, en el que
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dicho se elige entre el grupo que consiste en -C=C-, fenilo, piridinilo, pirazinilo,
pirimidilo, 1,2,4-triazinilo, piridazinilo, tiazilo y sistemas de anillos biciclicos de 9 miembros que
contienen de 1 a 3 heterodtomos independientemente elegidos entre el grupo que consisteen N, QO y
S, v es de 0 a 4, cada R? se elige independientemente entre el grupo que consiste en hidrégeno,
halégeno, -OR™, -CN, -CO,R", -C(O)N(R*h, -N(R"™),, -N(R*)CO,R", -SR*, -S(O)R*, -S(O)R*,
N(R™SO,RY, -N(R*™CO,R®, -N(R™IC(O)N(R*™), alquilo C, sustituido con 0 a 4 R' y
cicloalquilo Css sustituido con 0 a 4 R?, cada R* se elige independientemente entre el grupo que
consiste en hidrogeno, -OH, alquilo C y cicloalquilo Cyg, y cada R* se elige independientemente

entre el grupo que consiste en hidrégeno, alquilo C, y cicloalquilo Cys.

10. El compuesto de acuerdo con la reivindicacion 9, en el que

dicho @ es fenilo,

vesdeOa2,y
cada R? se elige independientemente entre el grupo que consiste en fluor, cloro, -OH, -CHj,
-OCH; y -CN.

11. Un compuesto que tiene la formula estructural (I):
RY ®Y,

G—E—-DD—E—G »

y/o una sal farmacéuticamente aceptable del mismo, en la que:

@ se elige entre el grupo que consiste en sistemas de anillos arilo biciclicos de 9
miembros que contienen de 0 a 4 heteroitomos independientemente elegidos entre el grupo que
consiste en N, O y S, ¥ que estan sustituidos en los atomos de C o N con # sustituyentes R,

cada R' se elige independientemente entre el grupo que consiste en hidrogeno, haldgeno, -
OR™, -CN, -(CHy)o.sC{O)R?, -CO;R™, -C(OIN(R™),, -SR™, -S(O)IR™, -S(0;)R*, -(CH )o.sN(R™),, -
NR™SO0;R™, -NR*®CO,R*, -N(R™)C(O)R?, -N(R™COR*, -N(R™C(O)N(R™), alquilo Ci.,
carbociclo Cy.5 que contiene de 0 a 3 heteroatomos elegidos entre N, O y 8, y fenilo, y el alquilo C,.
s, carbociclo Cag y fenilo estan sustituidos con 0 a 3 sustituyentes independientemente elegidos
entre el grupo que consiste en hidrégeno, halégeno, -OR™, -CN, -CO,R™, -C(OIN(R?™,, -N(R*™),, -
N(R™ICO,R™, -SR*, -S(O)R™, -8(0)R™, -N(R™SO,R™, -N(R*CO,R™, -N(R™)C(O)N(R™),
alquilo Cy.¢, -O-alquilo C, -S-alquilo C, y cicloalquilo Cs.s,

uesdead,
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cada R se elige independientemente entre el grupo que consiste en hidrogeno, alquilo Cy,
-OH, -O-alquilo C, 4 y cicloalquilo Cs4, ¥
cada R* se elige independientemente entre e} grupo que consiste en hidrogeno, alquilo C4

y cicloalquilo Ci g,

5 @ es un grupo elegido entre el grupo que consiste en
(2) -C=C-y
(b) sistemas de aniilos arilo B' elegidos entre el grupo que consiste en:
(1) sistemas de anillos monociclicos de 5 a 7 miembros y
(ii) sistemas de anillos biciclicos de 8 a 10 miembros,

10 y los sistemas de anillos arilo B' que contienen de 0 a 4 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
atomos de C o N con v sustituyentes R,

cada R? se elige independientemente entre el grupo que consiste en hidrogeno, haldgeno, -
OR", -CN, -CO,R™, -C(OR®, -C(ONR™, -NR™, -NR*™)COR!, -NR¥CO,R® -
15 NR™C(O)NR™), -N(R"™)SO;R™, -SR*, -S(O)R*, -S(O)R*, alquilo C,. sustituido con 0 2 4 Ry
cicloalquilo Ca. sustituido con 0 a 4 RY,
vesde (a4,
cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, -OH,
alquilo C,4 y cicloalquilo C;.g;
20 cada R* se elige independientemente entre cl grupo que consiste en hidrdgeno, alquilo C 4

y cicloalquilo Cy.g;

en el que dicho @ y dicho @ tomados junto con un sustituyente R' y un

sustituyente R?, se representan por un grupo elegido entre el grupo que consiste en:

;’" 7 — ®"),
\ “W‘zﬁ \
R Y3 ~ ] 5 #R%a (R )03 \ }"(Rii

N (R V—w 03

m i ST

R \ 7& \ - \% N —

3 R (R) 4 Ry

V—w " N Q \ \'\(tho-a s = [ O \ ’\,(Rli(”

y “, en el

que
W se clige entre el grupo que consiste en -(CHp)is-, (CHa)oaNH(CH,)oa-, -(CHyo
2N(alquil Cy6)(CHa)ga-, -{CH3)020(CHa)pa- v -(CHy)o2C(OXCH,)o.-, en el que W esta sustituido
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con 0 a 4 R, en el que cada R™ se selecciona independientemente entre alquilo Cy y cicloaiquilo
Casy y
V se elige entre el grupo que consiste en -C(0)- y -CHa-, y en el que V es -CH,-, V esta
sustituido con 0 a 2 R’, en el que cada R” se selecciona independientemente entre el grupo que
consiste en alquilo Cy4 y cicloalquilo Css.
cada D es un grupo independicntemente elegidos entre el grupo que consiste en:
(a) un enlace sencillo,
(b) -C(OIN(R’)-,
(©) NR)C(O)-, y
(d) un sistema de anillos arilo de 5 6 6 miembros D' que contiene de 0 a 4
heteroatomos independientemente elegidos entre el grupo que consiste en N, O y S, y estan
sustitnidos en los atomos de C o N con 0 a 2 sustituyentes R’,
cada R’ se elige independientemente entre el grupo que consiste en hidrogeno, halogeno, -
OR’, -CN, -CO;R®, -C(OIN(R®),, -N(R),, -N(R®)COR®, -SR®, -S(O)R’, -S(0,)R®, -N(R*)SO,R®, -
NCO.R’, -NC(O)N(R"’)I, alquilo C, 4 sustituido con 0 a 3 RS y cicloalquilo Ca.3 sustituido con 0 a 3
R(’, y
cada R® se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C.¢
y cicloalquilo Cyg;
cada E es un grupo independientemente elegidos entre el grupo que consiste en:
(a) un enlace sencillo,
(b) ‘(C(R?)Z)D-ZNR"C(O)OO-I‘, y

(c) un derivado de pirrolidinilo elegido entre ¢l grupo que consiste en:

1 es un grupo bivalente elegido entre -C(O)-, -COs- ¥ -C(O)NR)-,

J es un sistema de anillos condensado elegido entre el grupo que consiste en carbociclos de
3 a 7 miembros y anillos arilo de 5 6 6 miembros que contienen de 0 a 4 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustitnidos en los
atomos de C o N con sustituyentes R’,

cada R se elige independientemente entre e} grupo que consiste en hidrégeno, haldgeno, -
OH, -Qalquiloe C,, vy alquilo Cy.6, 0 dos R™ pueden tomarse juntos para formar oxo,

cada R® se elige independientemente entre el grupo que consiste en hidrogeno, halégeno, -

OH, -Oalquilo Cy. y alquilo Cy, 0 dos R® pueden tomarse juntos para formar oxo,
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cada R* se clige independientemente entre el grupo que consiste en hidrégeno y alquilo C,.
G

o dos grupos cualquiera seleccionados entre R™, R* y R* pueden tomarse juntos para
formar un anillo espiro-biciclico o biciclico puenteado;

cada R’ se elige independientemente entre el grupo que consiste en hidrégeno, halogeno,
alquilo C,, -O-alquilo C\., -S-alquilo C,., -NH-alquilo C,4 y -NHC(Q)-alquilo C,

cada R’ se clige independientemente entre el grupo que consiste en hidrégeno, alquilo C, 4
y fenilo, y el alquilo Ci; y fenilo estan sustituidos con 0 a 3 sustituyentes independientemente

clegidos entre el grupo que consiste en hidrogeno, haldgeno, alquilo C¢, -O-alquilo C,4 vy -S-

alquilo Cy¢ ¥
cada G se elige independientemente entre el grupo que consiste en:
| (a) hidrégeno,
(b) -OR'™,
(c)-CN,

(d) -COR'™,
(e) -C(ONR ™),
(f)-SR'™,
(2)-S(OR™,
(h) -S(0)R™,
(i) -NR "),
() -NR™SOR'™, (k) NCOR'™, (1) -NC(O)NR "),
(m) alquilo C,.¢ que tiene de 0 a 4 sustituyentes R,
cada R"" se elige independicntemente entre e grupo que consiste ¢n:
(i) -OH,
(i) -NR'),,
(iii) =NR',
(iv) -O-alquilo Cy,
(v) -C(O)R™,
(vi) -S-alquilo C .,
(vii) -8O,-alquilo C,
(viii) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tienen de 0 a 3
sustituyentes R'? en los 4tomos de N o C, y cada R!? se selecciona independientemente cntre el
grupo que consiste en hidrogeno, halégeno, alquilo Cyi que tiene de 0 a 3 sustituyentes elegidos

eatre R'°, -0-alquilo C,4, -S-alquilo Cy4, -OR'®, -CN, -C(O)R'®, -CO,R'®. -C(O)N(R®),, -SR'® _
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S(OIR'™, -S(0)R'™, -N(R'*)SO,R'™", -NCO,R'", -NC(ON(R'), y -N(R'®),, o dos R"? se toman
juntos para formar oxo, y

(ix) arilo de 5 0 6 miembros que contiene de 0 a 3 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tiene de 0 a 3
sustituyentes R" en los 4tomos de N o C, y cada R" se selecciona independientementc entre el
grupo que consiste en hidrégeno, haldgeno, alquilo Cy, -O-alquilo Cy y carbociclos de 3 a 8
miembros que contiencn de 0 a 3 heteroatomos independientemente elegidos entre el grupo que
consisteen N, Oy S,

(n) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tienen de 0 a 3
sustituyentes R'® en los dtomos de N o C; y

(o) sistemas de anillos arilo G' elegidos entre el grupo que consiste en:

(1) sistemas de anillos monociclicos de 5 a 7 miembros y

(ii) sistemas de anillos biciclicos de 8 a 10 miembros,

y los sistemas de anillos arilo G' que contienen de 0 a 4 heteroatomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estan sustituidos en los
atomos de C o N con 0 a 3 sustituyentes R';

cada R se elige independientemente entre el grupo que consiste en

(i) hidrogeno,

(i1) -CN,

(iiiy alquilo Ci.,

(iv) -O-alquilo Cyu,

(v) -S-alquilo Co.,

(vi) alquil Cy.c-O-R",

(vii} -C(O)R",

(viii) -CO,R"Y,

(ix) -SO.R"™,

() -NR™),,

(xi) -N(R'™SO,R",

(xii) -NCO,R",

(xiii) -NC(O)N(R'",, y

(xiv) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consiste en N, Oy §,

o dos R" pueden tomarse juntos para formar 0xo;
cada R'™ se elige independientemente entre el grupo que consiste en

(i) hidrégeno,
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(ii) -CN,
(ii1) alquilo C,
(iv) alquil Cj4-O-R",
(v) -C(O)R",
(vi) -CO,R",
(vii) -SO.R™,
(x) -N(R"),,
(xi) -N(R'"SO,R",
(xii) -NCO,R",
(xiii) -NC(OIN(R"),, y
(xiv) carbociclos de 3 a 8 miembros que contienen de 0 a 3 heterodtomos
independientemente elegidos entre el grupo que consiste en N, Oy S,
y dos grupos R' o R'® pueden tomarse junto con el N al que estan unidos para formar un
anillo, que puede estar sustituido con 0 a 3 sustituyentes R", y
cada R" se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C,.

e cicloalquilo Cy, -(CHs)p.acicloalquilo Cag y fenilo.

12. El compuesto de acuerdo con la reivindicacion 11, en el que dicho @ y dicho ®,
tomados junto con un sustituyente R' y un sustituyente R, se representan por un grupo elegido

entre el grupo que consiste en:

BT mQ

= u T

(Rl)03 | \ % (Rzga (RI)")\CI:Q:\"!
N R o-3

V—W

13. El compuesto de acuerdo con la reivindicacion 12, en el que W se elige entre el grupo que
consiste en -CH,-, -NH-, -N(alquil C,¢)-, -C(O)-, -CH;NH-, -CHaN(alquil C4)-, -CH,CH;-, -
C(O)CH;-, -CH,C(0)-, -CH,0-, -CH,CH,CH,-, -C(O)CH,CH;-, -CH,C(O)CH;-, -CH,OCH,-, -
CH,CH,C(O)-, -CH,CH,0-, -CH,CH,NH-, -CH,CH;N(alquil C)-, -CH,NHCH,-, -CH;N(alquil
C1.6)CH,-, -NHCH,CH,- y -N(alquil C,4)CH,CH,-.
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14. El compuesto de acuerdo con una cualquiera de las reivindicaciones 1-13, en el que cada D

se e elige independientemente entre el grupo que consiste en un enlace sencillo, -C(O)N(R®)-, -

H (,3H3
N N
A A
\(\_N , KN ,

NR’C(0)-,

H
O S o N
RO RO RO MO
N N N-N N-N
: ] y ,enel que
R?® se elige independientemente entre ¢l grupo que consiste en hidrégeno, halégeno -OR?, -
CN, -CO;R%, -C(ON(R®), -N(R®),, -NRHCOR®, -SR®, -S(O)R®, -S(O)R®, -N(R®SO,R®, -
NCO,R®, -NC(O)N(R®), alquilo C, sustituido con 0 a 3 sustituyentes R® y cicloalquilo Cs
sustituido con 0 a 3 sustituyentes R®, y
cada R°® se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C,

y cicloalquilo Cs.s.

15. El compuesto de acuerdo con la reivindicacion 14, en el que cada D se elige

Nt Ao

independientemente entre ¢l grupo que consiste en

16. El compuesto de acuerdo con una cualquiera de las reivindicaciones 1-15, en el que cada E
se elige independientemente entre el grupo que consiste en un enlace sencillo, -CH;NHC(O)-, -
CH,N(CH3;)C(O)-, -C(CH3;)HNHC(O)-, -C{CH;)HN(CH;)C(0)-, -C(CH;);NHC(O)-, -
C(CH;;N(CH3)C(0)-, -CH,NHC(O)O-, -CH,N(CH;)C(0)O-, -C(CH;)HNHC(O)O-, -

N
SERS

C(CH;)HN(CH3)C(0)0-, -C(CH3);NHC(0)O-, C(CH3),N(CH;)C(0)O-,

y , en los que uno de R* y R® es -OH o flfior.
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17. El compuesto de acuerdo con la reivindicacion 16, en el que cada E se elige

Yoo oI
Q
D, G \
independientemente entre el grupo que consiste en un enlace sencillo, , y
0
D >-(}
N

Rs"@
dn
R RAY pfb
81 nib - .
, en los que uno de R™ y R™ es -OH o flior.

18. El compuesto de acuerdo con una cualquiera de las reivindicaciones 1-17, ¢n el que cada G
se elige independientemente entre el grupo que consiste en:

(a) alquilo Cy.4 que tiene de 0 a 4 sustituyentes R'",

(b) carbociclos de 3 a 8 miembros que contienen de O a 3 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y que tienen de 0 a 3
sustituyentes R'® en los dtomos de N o C; y

(c) sistemas de anillos arilo G' elegidos entre el grupo que consiste en:

(i) sistemas de anillos monociclicos de 5 a 7 miembros y

{ii) sistemas de anillos biciclicos de 8 a 10 miembros,

y los sistemas de anillos arilo G' que contienen de 0 a 4 heterodtomos
independientemente elegidos entre el grupo que consiste en N, O y S, y estdn sustituidos en los

dtomos de C o N con 0 a 3 sustituyentes R'.

19. El compuesto de acuerdo con una cualquicra de las reivindicaciones 1-17, en el que cada G
se elige independientemente entre el grupo que consiste en:

(a) hidrogeno,

(b) -CN,

(c) alquilo Cy.; que tiene de 1 a 3 sustituyentes R'',

cada R'' se elige independientemente entre el grupo que consiste en -OH, -NH,, -
NCH;3H, -N(CHs);, -N(CH,CH,);, =NH, =NCH,, -C(O)H, -C(O)OH, -C(Q)CH,, -C(O)OCH,, -
NHC(O)H, -NHC(O)OH, -NHC(O)CH;, -NHC(O)OCH,, ciclopropilo, ciclobutilo, ciclopentilo,
ciclohexilo, piranilo, pirrolidinilo, piperidinilo, oxaciclopentilo y oxaciclohexilo, fenilo, piridinilo,
pirimidinilo y pirrolilo, en ¢l que

el ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo,

piperidinilo, oxaciclopentilo y oxaciclohexilo estan sustituidos con 0 a 2 sustituyentes R' en los
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atomos de N o C, y cada R" se selecciona independientemente entre el grupo que consiste en
hidrogeno, halégeno, carboxi, alquilo C,, -O-alquilo C,4 y -S-alquilo C,¢; y

el fenilo, piridinilo, pirimidinilo y pirrolilo estan sustituidos con ¢ a 3 sustituyentes
R" en los atomos de N o C, y cada R" se selecciona independientemente entre el grupo que
consiste en hidrogeno, halogeno, alquilo C, y cicloalquilo de 3 a 8 miembros que contiene de 0 a
3 heteroatomos independientemente elegidos entre el grupo que consiste en N, Oy 5,

(d) ciclopropile, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo,
piperidinilo, oxaciclopentilo y oxaciclohexilo que tienen de 0 a 3 sustituyentes R'® en los 4tomos de
N o C, el R' se selecciona independientemente entre el grupo que consiste en hidrégeno, halégeno,
carboxi, alquilo Cy, -O-alquilo C,, -S-alquilo C,., fenilo y bencilo, y

(e) sistemas de anillos arilo G' elegidos entre el grupo que consiste en: fenilo,
piridinilo y sistemas de anillos biciclicos de 9 miembros que contienen de 0 a 2 heterodtomos

independientemente elegidos entre el grupo que consiste en Ny O.

20. El compuesto de acuerdo con la reivindicacion 19, en el que cada G se elige
independientemente entre el grupo que consiste en alquilo C;.4 que tiene de 1 a 2 sustituyentes R",
en el que cada R!' se elige independientemente entre el grupo que consiste en -OH, -NH2, -
NCH;H, -N(CH;),, -N(CH,CHs),, -C(O)OCH,;, ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo,
piranilo, pirrolidinilo, piperidinilo, oxaciclopentilo, oxaciclohexilo, fenilo, piridinilo, pirimidinilo y

pirrolilo.

21. El compuesto de acuerdo con la reivindicacion 1 6 2, en el que

X
/- 2
1 —_
R >‘<.~ng>_§
dicho C se elige entre el grupo consiste en: ,en laque

cada X se elige independientemente entre el grupo que consiste en CR'yN,
Y CRI NR] N NR] CR] N O>
Vs

Y se elige entre ¢l grupo que consiste en , , R s \ . y .

cada R' se clige independientemente entre el grupo que consiste en hidrégeno, halégeno, -
OR®, -CN, -C(O)R}, -CO;R*, -C(O)N(R™),, -SR*, -S(O)R”, -S(O:)R™, -(CHp)osN(R™), -
N(R™SO0,R™, -N(R™CO,R®, -N(R®)C(O)R?, -NR®)COR™, -NR™C(O)N(R*™), alquilo Cyz,
carbociclo Cj.5 que contiene de 0 a 3 heteroatomos elegidos entre N, O y S, y fenilo, y el alquilo C,.
s, carbociclo Cig v fenilo estan sustituidos con 0 a 3 sustituyentes elegidos independientemente

entre el grupo que consiste en hidrégeno, haldgeno, “OR™, -CN, -CO,R®, -C(O)N(R*®),, -N(R™), -
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NR™CO,R¥, -SR¥, -S(OR*, -S(O)R™, -N(R™SO:;R®, -N(R*™CO,R®, -NR*C(O)N(R™,
alquilo C,., -O-ailquilo Cy.4 y -S-alquilo Cy.,

cada R’ se clige independientemente entre ¢! grupo que consiste en hidrégeno, alquilo Cy,
-OH, -O-alquilo C,4 y cicloalquilo Cag, ¥y

cada R se elige independientemente entre el grupo que consiste en hidrdgeno, alquilo C.

y cicloalquilo Cs;

dicho @ se clige entre el grupo que consiste en -C=C-, fenilo, piridinilo, pirazinilo,
pirimidilo, 1,2,4-triazinilo, piridazinilo, tiazilo y sistemas de anillos biciclicos de 9 miembros que
contienen de 1 a 3 heteroatomos independientemente elegidos entre el grupo que consisteen N, O y
S,

vesde 0 a4,

cada R? se elige independientemente entre el grupo que consiste en hidrégeno, haldgeno, -
OR®, -CN, -CO,R™ -C(O)N(R');, -N(R*), -N(R™CO,R* -SR™ -S(OR™ -S(O,)R" -
N(R*™)SO;R*, -N(R*)CO,R™, -N(R*)C(O)N(R™), alquilo Cis sustituido con 0 a 4 R* y
cicloalquilo C,¢ sustituido con 0 a 4 RY,

cada R* se elige independientemente entre el grupo que consiste en hidropeno, -OH,
alquilo Cy4 y cicloalquilo Ci., ¥

cada R* se elige independientemente entre el grupo que consiste en hidrogeno, alquilo C,4
y cicloalquilo Cs.g;

en los que cada D se elige independientemente entre el grupo que consiste en un enlace

H CH; H
ot f\ﬂfz ~Ort f\ﬂfa f\l(\f_’gfj’s A

sencillo, ’ ’ ’ ’ y N-N , en
los que

R’ se elige independientemente entre el grupo que consiste en hidrégeno, halégeno, -OR®, -
CN, -COR®, -C(OIN(R%,, -N(R®),, -N(R*)COR®, -SR®, -S(O)R®, -S(0;)R’, -N(R®)SOR’, -
NCO,R®, -NC(O)N(R®),, alquilo C,4 sustituido con 0 a 3 sustituyentes R® y cicloalquilo Ci
sustituido con 0 a 3 sustituyentes R%, y

cada R® se elige independientemente cntre el grupo que consiste en hidrégeno, alquilo C,
y cicloalquilo Cj4;

en el que cada E se elige independientemente entre el grupo que consiste en un enlace
sencillo, -CH,NHC(O)-, -CH,N(CH;)C(O)-, -C(CH3)HNHC(O)-, -C(CH3;)BN(CH,)C(O)-, -

C(CHy),NHC(O)-,  -C(CH3);N(CH;)C(0)-, -CH,NHC(0)O-,  -CH,N(CH,)C(0)O-, -

167



10

15

20

25

MRL-IFD-00018-WO-PCT

C(CH)HNHC(0)O-, -C(CH)HN(CH;)C(0)0-, -C(CHy),NHC(0)O-, -C(CH3);N(CH3)C(0)O-,

o 0,
D, O>\c D )“ Q : N>‘G
U U G Rs’@
REo
’ y R R , en los que uno de R* y R®™ es -OH o flitor;
en los que cada G se elige independientemente entre el grupo que consiste en

(a) hidrégeno,

(b) -CN,

(c) alquilo Cy.5 que tiene de 1 a 3 sustituyentes R,

cada R se elige independientemente entre el grupo que consiste en -OH, -NH2, -NCH;H,
-N(CH3),, -N(CH;CHa);, =NH, =NCHj;, -C(O)H, -C(O)OH, -C(O)CH3;, -C(O)OCH,, -NHC(O)H, -
NHC(O)OH, -NHC(O)CH,;, -NHC(O)YOCH;, ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo,
piranilo, pirrolidinilo, piperidinilo, oxaciclepentilo, y oxaciclohexilo, fenilo, piridinilo, pirimidinilo
y pirrolilo, en el que

el ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo, piperidinilo,
oxaciclopentilo y oxaciclohexilo estan sustituidos con 0 a 2 sustituyentes R'? en los atomos de N o
C, y cada R' se selecciona independientemente entre el grupo que consiste en hidrogeno,
halégeno, carboxi, alquilo Cy, -O-alquilo Cy y -S-alquilo Cy4; ¥

el fenilo, piridinilo, pirimidinilo y pirrolilo estan sustituidos con 0 a 3 sustituyentes R' en
los stomos de N o C, y cada R" se selecciona independientemente entre el grupo que consiste en
hidrogeno, haldgeno, alquilo Cy4 y cicloalquilo de 3 a 8 miembros que contiene de 0 a 3
heteroatomos independientemente elegidos entre el grupo que consiste en N, Oy §,

(d) ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo,
piperidinilo, oxaciclopentilo y oxaciclohexilo que tienen de 0 a 3 sustituyentes R' en los atomos de
N o C, el R" seleccionado independientemente entre el grupo que consiste en hidrégeno, haldgeno,
carboxi, alquilo Cy4, -O-alquilo Cy., -S-alquilo Cy, fenilo y bencilo, y

(e) sistemas de anillos arilo G' elegidos entre el grupo que consiste en: fenilo,
piridinilo y sistemas de anillos biciclicos de 9 miembros que contienen de ¢ a 2 heteroatomos

independientemente elegidos entre el grupo que consisteen N y O.

22. El compuesto de acuerdo con la reivindicacidn 1 o la reivindicacion 2, en el que

dicho @ se elige entre el grupo que consiste en
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O A O A A

A o
g &s
, en los dicho esta sustituido con 0 a3 R' mas;
dicho @ es fenilo;

v es de 0 a 2; cada R? se elige independientemente entre ¢l grupo que consiste en flaor,

5 cloro, -OH, -CHj,, -OCH; v -CN;

A

cada D se clige independicntemente entre el grupo que consiste en Y
R
f\g_r
N -

cada E se elige independientemente entre el grupo que consiste en un enlace sencillo,

SaReR 7@

10 cada G se elige mdependlentemente entre el grupo que consiste en alquilo Cy4 que tiene de

, en el que uno de R* y R™ es -OH o flior; y

[ a 2 sustituyentes R'', en el que cada R'' se elige independientemente entre el grupo que consiste
en -OH, -NH2, -NCH;H, -N(CH,);, -N(CH,CH,;);, -C(O)OCH;, ciclopropilo, ciclobutilo,
ciclopentilo, ciclohexilo, piranilo, pirrolidinilo, piperidinilo, oxaciclopentilo, oxaciclohexilo, fenilo,
piridinilo, pirimidinilo y pirrolilo.
15

23. El compuesto de acuerdo con una cualquiera de las reivindicaciones [1-22, en el que el
compuesto que tiene la férmula estructural (I) es un compuesto que tiene una férmula estructural
(Ta):

&2

N'/ ®%, ®),.
.(/ 0-2
oTE N \ N\ '|‘ //}\!
. \ / N,l\ﬁ—(} (Ia)
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0
o una sal farmacéuticamente aceptable del mismo, en la que dicho Y

estd sustituido con u

sustituyentes R', e Y se selecciona entre el grupo que consiste en O y NR'.

24, El compuesto de acuerdo con la reivindicacién 23, en el que el compuesto que tiene la

formula estructural (Ia} es un compuesto que tiene la férmula estructural (Ib):

O ®ha

D
\.

sustituyentes R', e Y sc selecciona entre el grupo que consiste en O y NR'.

o una sal farmacéuticamente aceptable del mismo, en la que dicho esta sustituido con «

o
25. El compuesto de acuerdo con la reivindicacién 24, en el que dicho Y esta

weones O

A

N7 O
- . H
sustituido con  sustituyentes R', Y es O, y ambos casos de G son

26. El compuesto de acuerdo con la reivindicacion 1 o la reivindicacion 2, en el que el

compuesto que tiene la férmula estructural (Ia) es un compuesto que tiene la férmula estructural

(1b):

ge,

o0 una sal farmacéuticamente aceptable del mismo, en la que dicho esta sustituido con &

sustituyentes Rl, Y es O, y ambos casos de G son
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27. El compuesto de acuerdo con la reivindicacion 1-23, en el que el compuesto que tiene la

formula estructural (Ia) es un compuesto que tiene la férmula estructural (Tby:

o R

5 o una sal farmacéuticamente aceptable del mismo, en la que dicho esta sustituido con u

¥y dicho @

sustituyente R®, se representan por un grupo elegido entre el grupo que consiste en

W,
(Rli\m@ ‘”’m@& (R‘)os | \ §
3 T N \ ‘:'\I\(RZ%O-B, V—w \ \(Rl

sustituyentes R', y dicho , tomados junto con un sustituyente R' y un

o
10 28 El compuesto de acuerdo con la reivindicacion 27, en el que dicho Yy dicho

Q, tomados junto con un sustituyente R’y un sustituyente R, se representan por

Rl
A —
®RY%— | 3 P Zg
V=W

I, en la que V es -CHj-, W es -(CH;)o,0(CH;)p.2-, R es fluor, y ambos

YkNi .

15 29 El compuesto de acuerdo con la reivindicacion 1 a la reivindicacién 11, en el que el

casos de G son

compuesto que tiene la formula estructural (Ta) es un compuesto que tiene la férmula estructural

(Ib):

201



MRL-IFD-00018-WO-PCT

D0
o una sal farmacéuticamente aceptable del mismo, en la que dicho Yy dicho :

tomadosjunto con un sustituyente R' y un sustituyente R%, se representan por

® o

: L

"I \_¢ (R%)p.2
—\V

,en laque V es -CH;-, W es -(CHz).2O(CHz)p.2-, R! es fltior, y ambos

5 casos de G son

30. El compuesto de acuerdo con la reivindicacion | o la reivindicacion 11, en el que

dicho @ y dicho , tomados junto con un sustituyente R' y un sustituyente R%, se

representan por un grupo elegido entre el grupo que consiste en:

caatevi mQ
A 02 3\ \R’Eo 1 i \
R I . § s }\(RI R (Rl 8 \(Rzg
JSQ,L AP
(R (R RYost
V—wW )0'3 \ "{(Rzgu-a y ® s = | (s} \ }{"(Rz%u-a

que

10

, en las
W se elige entre el grupo que consiste en -(CHp)i-, -(CH2)oaNH{CHj)p.2-, -(CHa)o.
sN(alquil Ci4)(CHy)oz=, (CH2)p2O(CHadoa- y -(CH3)o2C(O)NCHg)o.z-, €n el que W esté sustituido
15 con 0a4R" en el que cada R" se selecciona independientemente entre alquilo C y cicloalquilo
Cimy
V se elige entre ¢l grupo que consiste en -C{O)- y -CH,-, y en el que V es -CH,-, V esta
sustituido con 0 a 2 R, en el que cada R" se selecciona independientemente entre el grupo que
consiste en alquilo C,.¢ y cicloalquilo Csg;
20 cada R' se clige independientemente entre el grupo que consiste en hidrogeno, halogeno, -

OR’, -CN, -C(O)R?, -CO,R?, -C(OIN(R™),, -SR?, -S(O)R?, -S(O;)R?, -N(R™),, -(CH;)o.eN(R™),, -

202




10

15

20

25

30

MRL-IFD-00018-WO-PCT

NR™SO,RY, -NR™CO,R?, -N(R*COR?, -N(R*™C(OIN(R™), alquilo Cy, carbociclo Cyz que
contiene de 0 a 3 heteroatomos elegidos entre N, O y S, y fenilo, y el alquilo C,, carbociclo Cag y
fenilo estan sustituidos con 0 a 3 sustituyentes independientemente clegidos entre el grupo que
consiste en hidrégeno, halégeno, -OR™, -CN, -CO,R™, -C(OIN(R™),, -N(R™),, -N(R*®)CO,R™, -
SR™, -S(O)R™, -S(0,)R™, N(R™SO,R™, -N(R™CO,R®, -N(R*™)C(O)N(R™), alquilo Cy, -O-
alquilo C4 y -S-alquilo C,, '

cada R? se elige independientemente entre el grupo que consiste en hidrégeno, alquilo Cy 4,
-OH, -O-alquilo C,¢ y cicloalquilo Ci.g, ¥

cada R* se elige independicntemente entre el grupo que consiste en hidrdgeno, alquilo Cy 4
y cicloalquilo Cyg;

cada R? se elige independientemente entre el grupo que consiste en hidrégeno, haldgeno, -
OR™, -CN, -COR*™, -C(OIN(R*™),, -N(R™),, -N(R¥)CO,R*, -SR* -S(O)R™, -S(O,)R", -
N(R™SO,R®, N(R*™CO,R*, -NR™C(O)NR™), alquilo C, sustituido con 0 a 4 R* y
cicloalquilo Cs. sustituido con 0 a 4 R?,

cada R' se elige independientemente entre el grupo que consiste en hidrogeno, -OH,
alquilo C,.4 y cicloalquilo Cag, ¥

cada R*" se elige independientemente entre el grupo que consiste en hidrégeno, alquilo C,
y cicloalquilo Cag;

en el que cada D se clige independientemente entre el grupo que consiste en un enlace

sencillo, -C(O)N(R?)-, NR’C(0)-,

H CH, H
N N 0 S 0 N
Ot ;\(\_1(7]’%‘* H_E% f\g_f‘z f\\g_g/z f\%f‘s
’ ’ ’ ’ y , en las que
R’ se clige independientemente entre el grupo que consiste en hidrégeno, halégeno -OR®, -
CN, -CO:R®, -C(O)N(R®);, -N(R®),, -N(R®)COR®, -SR, -S(O)R®, -$(O)R®, -N(R®)SO,RS, -
NCO,R®, -NC(O)N(RG)z, alquilo C; sustituido con 0 a 3 sustituyentes R® y cicloalquito Cig
sustituido con 0 a 3 sustituyentes R®, y
cada R° se clige independientemente entre el grupo que consiste e¢n hidrogeno, alquilo C
y cicloalquilo Cs.g;
en el que cada E se elige independientemente entre el grupo que consiste en un enlace
sencillo, -CH,NHC(O)-, ~CH,N(CH;)C(0)-, -C(CH;)HNHC(O)-, -C(CH;)HN(CH;)}C(O)-, -
C(CH3),NHC(O)-,  -C(CH3);N(CH3;)C(0)-,  -CH,NHC(0)O-, -CH;N(CH3)C(O)O-, -
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C(CH:)HNHC(0)O0-, -C(CH;)HN(CH;)C(O)O-, -C(CH;);NHC(O)O-, -C(CH;),N(CH;)C(0)O-,

et
C © e , en el que uno de R*¥ y R™ es -OH o fliior;
en el que cada G se elige independientemente entre el grupo que consiste en

(a) hidrogeno,

(b) -CN,

(c) alquilo C.5 que tiene de 1 a 3 sustituyentes R

cada R se elige independientemente entre el grupo que consiste en -OH, -NH2, -NCH;H,
-N(CH3);, -N(CH;CH3);, =NH, =NCH;, -C(O)H, -C(O)OH, -C(O)CHj3, -C(O)OCH;, -NHC(O)H, -
NHC(O)OH, -NHC(O)CHs, -NHC(O)OCH,, ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo,
piranilo, pirrolidinilo, piperidinilo, oxaciclopentilo, y oxaciclohexilo, fenilo, piridinilo, pirimidinilo
y pirrolilo, en el que

el ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo, piperidinilo,
oxaciclopentilo y oxaciclohexilo estan sustituidos con 0 a 2 sustituyentes R" en los atomos de N o
C, y cada R se selecciona independientemente entre el grupo que consiste en hidrogeno,
halégeno, carboxi, alquilo C, -O-alquilo Cy y -S-alquilo Cy; ¥

el fenilo, piridinilo, pirimidinilo y pirrolilo estin sustitutdos con 0 a 3 sustituyentes R" en
los 4tomos de N o C, y cada R" se selecciona independientemente entre el grupo que consiste en
hidrégeno, halégeno, alquilo Ci y cicloalquilo de 3 a 8 miembros que contiene de 0 a 3
heteroatomos independientemente elegidos entre el grupo que consiste en N, O y S,

(d) ciciopropilo, ciclobutilo, ciclopentilo, ciclohexilo, piranilo, pirrolidinilo,
piperidinilo, oxaciclopentilo y oxaciclohexilo que tienen de 0 a 3 sustituyentes R'" en los atomos de
N o C, el R seleccionado independientemente entre el grupo que consiste en hidrégeno, halégeno,
carboxi, alquilo C,, -O-alquilo C,.¢, -S-alquilo C,., fenilo y bencilo, y

(e) sistemas de anillos arilo G elegidos entre el grupo que consiste en: fenilo,
piridinilo y sistemas de anillos biciclicos de 9 miembros que contienen de 0 a 2 heteroatomos

independientemente elegidos entre el grupo que consiste en Ny O.

31. Un compuesto de acuerdo con la reivindicacion 1, reivindicacion 2 o reivindicacion 11,
elegido entre el grupo que consiste en:

N-{4-[5-(acetilamino)-1H-pirrolo[3,2-b]piridin-2-il}fenil } - 1-(fenilacetil)-L-prolinamida;
(28)-1-(fenilacetil)-N-{2-[4-({[(28)-1 ~(fenilacetil)pirrolidin-2-il}carbonil }amino)fenil]-1H-
pirrolo[3,2-b]piridin-5-il} pirrolidin-2-carboxamida;
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(28)-2-[(2-{4-[({(28)-1-[(benciloxi)carbonil]pirrolidin-2-il}carbonil)amino]fenil } - 1H-pirrolo{3,2-
b]piridin-5-il)carbamoil]pirrolidin-1-carboxilato de bencilo;

(18)-2-[(2S)-2-{[4-(5-bromo-1H-pirrolof3,2-b]piridin-2-il)fenil]carbamoil } pirrolidin-1-il]-2-0x0-1-

feniletil} carbamato de terc-butilo,

(28)-N-{3-cloro-2-[4-({[(2S)-1 -(fenilacetil)pirrolidin-2-il]carbonil }amino)fenil]- 1 H-pirrolo[2,3-
cipiridin-5-il}-1-(fenilacetil)pirrolidin-2-carboxamida;
{25)-N-{3-cloro-2-[4-({[(258)-1-(fenilacetil)pirrolidin-2-il]carbonil }amino)fenil]- | H-pirroto[2,3-
bipiridin-5-il}-1-(fenilacetil)pirrolidin-2-carboxamida;

N-[4-(3-0%0-7-{2-0x0-2-[(25)- | (fenilacetil)pirrolidin-2-il]etil}-3,7-dihidroimidazo[ 1,2-a]pirazin-

2-il)fenil]-1-(fenilacetil)-L-prolinamida;

(25)-1-(ciclobutilcarbonil)-N-{2-[4-({[(2S)-1-(piridin-3-ilcarbonil)pirrolidin-2-
ilJcarbonil}amino)fenil]-1H-bencimidazol-5-il } pirrolidin-2-carboxamida;

(2S)-1-(fenilcarbonil)-N-{4-[5-({[(28)-1-(fenilcarbonil)pirrolidin-2-ilJcarbonil }amino)-1 H-

bencimidazol-2-il]fenil} pirrolidin-2-carboxamida;

(25)-1-[(4Z,5Z)-4-etilidenohept-5-enoil]-N- {2-[4-( {[(25)-1-(3-fenilpropanoil)pirrolidin-2-
il]carbonil}amino)fenil}- 1 H-bencimidazol-5-il} pirrolidin-2-carboxamida;
(28)-1-[(4Z,5Z)-4-etilidenohept-5-enoil]-N-{2-[3-({[(2S)-1-(3-fenilpropanoil)pirrolidin-2-
ilJcarbonil}amino)fenil]- | H-bencimidazol-5-il} pirrolidin-2-carboxamida,
{28)-1-[(2R)-2-hidroxi-2-fenilacetil)-N-(4-{5-[({{25)-1-[(2R)-2-hidroxi-2-fenilacetil]pirrolidin-2-
il}carbonil)amino]-1H-bencimidazol-2-il} fenil)pirrolidin-2-carboxamida;

(2S)-1-(fenilacetil)-N-{4-[5-({{(2S)-1-(fenilacetil)pirrolidin-2-il]carbonil }amino)- 1 H-

bencimidazol-2-il]fenil} pirrolidin-2-carboxamida;

{(18)-2-[(2S)-2~( {4-{5-({[(2S)-1-{(28)-2-{(terc-butoxicarbonil)amino]-2-fenilacetil} pirrolidin-2-

ilJcarbonil}amino)-1H-bencimidazol-2-il]fenil }carbamoil)pirrolidin-1-il]-2-oxo-1-

feniletil}carbamato de terc-butilo;

{(IR)-2-[(28)-2-({4-[5-({[(2S)- I-{(2R)-2-[(terc-butoxicarbonil)amino]-2-fenilacetil } pirrolidin-2-

il]carbonil}amino)-1H-bencimidazol-2-il]fenil }carbamoil)pirrolidin-1-il}-2-oxo-1-

feniletil}carbamato de terc-butilo;

(25)-2-{[4-(4-{[(4-metilfenil)sulfoni)Jamino}- | H-bencimidazol-2-il)fenil [carbamoil } pirrolidin-1-

carboxilato de bencilo;

(25)-1-(3-fenilpropanoil)-N-{4-[5-({[(2S)-1-(3-fenilpropanoil }pirrolidin-2-il]carbonil}amino)-1,3-

benzoxazol-2-il]fenil} pirrolidin-2-carboxamida;

(28)-1-(3-fenilpropanoil)-N- {4-[5-({[(2S)-1-(3-fenilpropanoil)pirrolidin-2-il]carbonil }amina)-1-

benzofuran-2-il}fenil} pirrolidin-2-carboxamida;

N-{2-[4-(acetilamino)fenil]-1-benzofuran-5-il}-1-{(2R)-2-[(terc-butoxicarboniljamino]-2-

fenilacetil}-L-prolinamida;
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(25)-1-(fenilacetil)-N-{4-[5-({[(28)-1-(fenilacetil)pirrolidin-2-il]carbonil}amino)-1-benzofuran-2-
ilJfenil} pirrolidin-2-carboxamida;
{(18)-2-[(28)-2-({4-[5-({[(2S)-1-{(28)-2-[(terc-butoxicarbonil)Jamino]-2-fenilacetil} pirrolidin-2-
iljcarbonil} amino)- 1-benzofuran-2-ii]fenil}carbamoil)pirrolidin-1-il]-2-oxo- 1 -feniletil} carbamato
de terc-butilo;
{(1R)-2-[(28)-2-({4-[5-({[(28)-1-{(2ZR)-2-[(terc-butoxicarbonil)Jamino]-2-fenilacetil } pirrolidin-2-
il]carbonil}amino)-1-benzofuran-2-ii]fenil} carbamoil)pirrolidin-1-il]-2-oxo-1-feniletil} carbamato
de terc-butilo;

[(1R)-2-0x0-1-fenil-2-{(25)-2-[(4-{5-[({(2S)-1-[(2R)-2-fenil-2-{[(propan-2-
iloxi)carbonil]lamino}acetil]pirrolidin-2-il} carbonil)amino]-1-benzofuran-2-
il}fenil)carbamoil]pirrolidin-1-il} etil|carbamato de propan-2-ilo;
{(1R)-2-[(28)-2-({4-[5-({[(25)-1-{(2R)-2-[(metoxicarbonil)amino]-2-

fenilacetil} pirrolidin-2-il]carbonil}amino)- 1 -benzofuran-2-il]fenil } carbamoil)pirrolidin-1-il]-2-
oxo-1-feniletil} carbamato de metilo;

(2S)-1-[(2R)-2-(dimetilamino)-2-fenilacetil]-N-(4- {5-[({{2S)-1-[(2R)-2-
(dimetilamino)-2-fenilacetil]pirrolidin-2-il} carbonil)amino]-1-benzofuran-2-il} fenil }pirrolidin-2-
carboxamida;

(25)-1-[(2R)-2-(dietilamino)-2-fenilacetil}-N~-(4-{5-[({(28)-1-[(2R)-2-
(dietilamino)-2-fenilacetil]pirrolidin-2-il} carbonil)amino]-1-benzofuran-2-il } fenil)pirrolidin-2-
carboxamida;

[(1R)-2-{(28)-2-[(4-{5-[({(25)-1-[(2R)-2-(dimetilamino)-2-fenilacetil]pirrolidin-2-
il}carbonil)amino]-1-benzofuran-2-il} fenil)carbamoil]pirrolidin-1-il}-2-0xo0-1-feniletil]Jcarbamato
de propan-2-ilo;
N-[2-(4-aminofenil)-1-benzofuran-5-il]-1-[(2R)-2-(dimetilamino)-2-fenilacetil]-L-prolinamida,
(28)-1-{(2R)-2-[metil(3-metilbutil)amino]-2-fenilacetil}-N-{4-[5-({[(2S)-1-{(2R)-2-[metil(3-
metilbutil)amino]-2-fenilacetil} pirrolidin-2-ilJcarbonil } amino)- 1 -benzofuran-2-il}fenil } pirrolidin-
2-carboxamida;
N-{2-[4-(acetilamino)fenil]-1-benzofuran-5-il}-1-[(2R)-2-(dictilamino)-2-fenilacetil ]-L-
prolinamida;

(25)-1-acetil-N-(2-{4-[({(25)-1-[(2R)-2-(dietilamino)-2-fenilacetil]pirrolidin-2-

il} carbonil)amino]fenil}-1-benzofuran-5-il}pirrolidin-2-carboxamida;
{(1R)-2-[(28)-2-({4-[S-({[(2S)-1-acetilpirrolidin-2-il]carbonil }amino)- 1-benzofuran-2-
il}fenil}carbamoil)pirrolidin-1-il]-2-oxo-1-feniletil} carbamato de terc-butilo;
(2S)-1-acetil-N-(2-{4-[({(2S)-1-[(2R)-2-(dimetilamino)-2-fenilacetil]pirrolidin-2-

il}carbonil)amino]fenil}-1-benzofuran-5-il)pirrolidin-2-carboxamida;
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N-{4-[5-(acetilamino}-1-benzofuran-2-il]fenil}-1- {(2R)-2-[(terc-butoxicarbonil)amino]-2-
fenilacetil}-L-prolinamida;
{(1R)-2-[(28)-2-({4-[5-({[(2S)-1-{(2R)-2-[(metoxicarbonil)amino]-2-fenilacetil } pirrolidin-2-
illcarbonil}amino)-7-metil-1-benzofuran-2-il]fenil }carbamoil)pirrolidin-1-i{]-2-oxo-1-
feniletil}carbamato de metilo;

(28)-1-{(2R)-2-[etil(propil)amino]-2-fenilacetil }-N-{4-[ 5-({[(28)-1-{(2R)-2-[etil(propil)amino]-2-
fenilacetil}pirrolidin-2-il]carbonil }amino)- 1 -benzofuran-2-ilifenil} pirrolidin-2-carboxamida;
(28)-1-(fenilacetil)-N- {4-[6-({[(2S)-1-(fenilacetil}pirrolidin-2-ilJcarbonil }amino)imidazo[1,2-
alpirimidin-2-il]fenil} pirrolidin-2-carboxamida;

(28)-1-(fenilacetil)-N-{4-[6-({{(2S)-1 (fenilacetil}pirrolidin-2-il)carbonil }amino)imidazo[1,2-
a]piridin-2-il]fenil } pirrolidin-2-carboxamida;

(25,2'S)-N,N'-1H,1'H-2,2"-biindolo-5,5"-diilbis[ 1-(fenilacetilpirrolidin-2-carboxamida];
(1H,1'H-2,2"-biindolo-5,5'-diilbis {carbamoil(28)pirrolidin-2, 1 -diil[(1 R)-2-ox0- 1 -feniletano-2, | -
diil]})biscarbamato de di-terc-butilo;

{(1R)-2-ox0-1-fenil-2-[(28)-2-( {2-[4-({[(29)-]1 -(fenilacetil)pirrolidin-2-ilJcarbonil} amino)fenil]-

I H-indol-5-i1} carbamoil)pirrolidin- | -il]etil} carbamato de terc-butilo;

(25)-1-(fenilacetil)-N-{2-[ S-({[(2S)-1-(fenilacetil)pirrolidin-2-il]carbonil }amino)- 1 H-indol-2-
il]pirimidin-5-il}pirrolidin-2-carboxamida;
{(1R)-2-[(25)-2-({4-[5-({[(2S)-1-{(2R)-2-[(terc-butoxicarbonil)amino]-2-fenilacetil } pirrolidin-2-
ilJcarbonil}amino)-1H-indol-2-il}fenil }carbamotl)pirrolidin-1-i1]-2-oxo-1-feniletil} carbamato ~ de
terc-butilo;

{(1R)-2-[(28)-2-({4-[5-({[(28)-1- {(2R)-2-[(metoxicarbonil)amino]-2-fenilacetil } pirrolidin-2-
ilJcarbonil}amine)-1H-indol-2-il}fenil} carbamoil)pirrolidin-1-if]-2-oxo-1 —feniletil}carbamato de
metilo;

(28)-1-[(2R)-2-fenil-2-(pirrolidin-1-il}acetil]-N-(4-{ 5{({(28)-1-[(2R)-2-fenil-2-(pirrolidin-1-
iacetil]pirrolidin-2-il}carbonil)amino]-1H-indol-2-i!} fenil)pirrolidin-2-carboxamida;
(28)-1-{(2R)-2-[{ciclopropilacetil)amino]-2-fenilacetil } -N-{4-[ 5-({ [(25)-1-{(2R)-2-
[(ciclopropilacetil)amino]-2-fenilacetil } pirrolidin-2-ilJcarbonil }amino)-1H-indol-2-

il]fenil} pirrolidin-2-carboxamida;

(28)-1-{(2R)-2-[(3-metilbutanoil)amino}-2-fenilacetil }-N-{4-[5-({[(2S)-1-{(2R)-2-[(3-
metilbutanoil)amino]-2-fenilacetil} pirrolidin-2-il]carbonil }amino)- 1 H-indol-2-il]fenil} pirrolidin-2-
carboxamida;

(25)-1-[(2R)-2-(morfolin-4-il)-2-fenilacetil]-N-(4- {5-[({(2S)-1 -[(2R)-2-(morfolin-4-il)-2-
fenilacetil]pirrolidin-2-il} carboniljamino]-1H-indol-2-il} fenil)pirrolidin-2-carboxamida;
(25)-1-(2,3-difenilpropanoil)-N-{4-[5-({{(2S)-1-(2,3-difenilpropanoil)pirrolidin-2-

ilJcarbonil}amino)- 1 H-indo!-2-il]fenil } pirrolidin-2-carboxamida;
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(28)-1-[(2R)-2-{[(4-metilfenil)sulfonil]amino}-2-fenilacetil]-N-{(4-{5-{({{2S8)-1-[(2ZR)-2-{[(4-
metilfenil)sulfonil]lamino}-2-fenilacetil]pirrolidin-2-il} carbonil)amino}- 1 H-indol-2-

il} fenil)pirrolidin-2-carboxamida;
(25)-1-{(2R)-2-[(ciclohexilcarbonil)amino]-2-fenilacetil}-N-{4-[ 5-({[(28)-1-{(2R)-2-
[(ciclohexilcarbonil)amino]-2-fenilacetil} pirrolidin-2-il]carbonil } amino)-1H-indol-2-

il}fenil} pirrolidin-2-carboxamida;
{(1R)-2-[(28)-2-({2-[4-(acetilamino)fenil]-1H-indol-5-il } carbamoil)pirrolidin- 1 -il]-2-ox0-1-
feniletil}carbamato de metilo;
{(1R)-2-[(28)-2-({4-]5-(acetilamino)-1H-indol-2-il]fenii } carbamoil)pirrolidin-1-il]-2-ox0-1-
feniletil}carbamato de terc-butilo;
N-{2-[4-(acetilamino)fenil]-1H-indol-5-il}-1-[(2R)-2-(morfolin-4-il)-2-fenilacetil}-L-prolinamida,
{(1R)-2-[(28)-2-({2-[4-(acetilamino)fenil]-1 H-indol-5-il} carbamoil)pirrolidin-1-il}-2-oxo-1-
feniletil}carbamato de propan-2-ilo;
(28)-1-{(2R)-2-[(ciclopentilcarbamoil)amino]-2-fenilacetil }-N-(4-{5-[({(25)-1-[(2R)-2-
(dimetilamino)-2-fenilacetil]pirrolidin-2-il} carbonil)amino]- 1 H-indol-2-i1} fenil)pirrolidin-2-
carboxamida;
{CR)-1-[(28)-2-({4-[5-({[(25)-1-{(2R}-2-[(terc-butoxicarbonil)amino}-3-metilbutanoil } pirrolidin-
2-il]carbonil }amind)- 1 H-indol-2-11]feml} carbamoil)pirrolidin- i -il]-3-metil- 1 -oxobutan-2-
il}carbamato de terc-butilo;
N-{2-[4-(acetilamino)fenil]-1H-indol-5-il}-1-[(2R)-2-fenil-2-(pirrolidin- 1 -il)acetil]-L-prolinamida;
(28)-1-[(2R)-2-(dimetilamino)-4-metilpentanoil]-N-(4-{ 5-[{{(25)-1-[(ZR)-2-(dimetilamino}-4-
metilpentanoil]pirrolidin-2-il}carbonil)amino]-1H-indol-2-il} fenil)pirrolidin-2-carboxamida;
(25)-1-[(2R)-2-fenil-2-(piperidin-1-il)acetil}-N-(4-{5-[({{28)-1-[(2R)-2-feni]-2-(piperidin-1-
iDacetil]pirrolidin-2-il} carbonil)amino]-1H-indol-2-il} fenil}pirrolidin-2 -carboxamida;
(2S)-1-[(2R)-2~(1 H-imidazol-1-if)-2-fenilacetil]-N-(4- { 5-[({(28)-1-[(2R)-2-(] H-imidazol-1-il}-2-
fenilacetil]pirrolidin-2-il}carbonil)amino]- 1 H-indol-2-il }fenil)pirrolidin-2-carboxamida;
(28)-1-[(2R)-2-(dietilamino)-2-fenilacetil]-N-(4- { 5-[({(25)-1-[(2R)-2-(dietilamino)-2-
fenilacetil]pirrolidin-2-il} carbonil)amino]- 1 H-indol-2-il} fenil)pirrolidin-2-carboxamida;
{(18)-2-[(28)-2~({4-[5-({[(2S)-1-acetilpirrolidin-2-ilJcarbonil }amino)- ] H-indol-2-

il]fenil} carbamoil)pirrolidin-1-il]-2-oxo-1-feniletil }carbamato de terc-butilo;
{(IR)-2-[(28)-2-({4-[5-({[(28)-1-acetilpirrolidin-2-il]carbonil }amino)- 1 H-indol-2-
il]feni!}carbamoil)pirrolidin-1-il]-2-oxo0-1-feniletil} carbamato de terc-butilo;
{(1R)-2-0x0-1-fenil-2-[(28)-2-({2-[4-({[(2S)-1-(propan-2-il)pirrolidin-2-ilJcarbonil } amino)fentl]-
1H-indol-5-il} carbamoil)pirrolidin-1-il]etil} carbamato de terc-butilo;
N-{2-[4-(acetilamino)fenil]-1 H-indol-5-il}-1-[(2R)-2-(dimetilamino)-2-fenilacetil]-L-prolinamida;
N-{2-[4-(acetilamino)fenil]- tH-indol-5-il}-1-[(2R)-2-fenil-2-(piperidin-1-i)acetil]-L-prolinamida;
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[(1R)-2-{(28)-2-[(2-{4-[({(2S)-1-[(2R)-2-(dimetilamino)-2-fenilacetil |pirrolidin-2-
il}carbonil)amino]fenil}-1H-indol-5-il}carbamoil]pirrolidin-1-il}-2-oxo- 1 -feniletiljcarbamato
terc-butilo;,

[(FR)-2-{(28)-2-[(4-{5-[({(28)-1-[(2R)-2-(dimetilamino)-2-fenilacetil] pirrolidin-2-
il}carbenil)amino]-1H-indol-2-il} fenil)carbamoil]pirrolidin-1-il} -2-0x0- 1 -feniletiljcarbamato
terc-butilo;

(28)-1-{(2R)-2-(dimetilamino)-2-fenilacetil]-N- {4-[S-({ [(2S)-1-{ (2R)-2-[(3,3-

de

de

dimetilbutanoil)amino]-2-fenilacetil} pirrolidin-2-il]carbonil} amino)-1H-indol-2-il]fenil } pirrolidin-

2-carboxamida;

(285)-1-(ciclopropilacetil}-N-(4-{5-[({(28)-1-[(2R)-2-(dimctilamino)-2-fenilacetit]pirrolidin-2-

il}carbonil)amino]-1H-indol-2-il} fenil)pirrolidin-2-carboxamida;
(25)-1-[(2R)-2-(dimetilamino)-2-fenilaceti!]-N-(2- {4-[({(2S)-1 -[(2R)-tetrahidrofurano-2-
ilcarbonil]pirrolidin-2-il}carbonil)amino]fenil} -1 H-indol-5-il)pirrolidin-2-carboxamida;

[(1R)-2-{(28)-2-[(4-{5-[({(2S)-1-[(2R)-2-[(terc-butoxicarbonil)aminoc]-2-(4-

fluorofenil)acetil]pirrolidin-2-il} carbonil)amino]-1 H-indol-2-i1} fenil)carbamoil | pirrolidin-1-il}-1-

(4-fluorofenil)-2-oxoetilJcarbamato de terc-butilo;

(25)-1-{(2R)-2-[metil(3-metilbutil)amino]-2-fenilacetil} -N- {4-[S-({[(2S)-1-{(2R)-2-[metil(3-

metilbutil)amino]-2-fenilacetil} pirrolidin-2-il]carbonil} amino)- 1 H-indol-2-il]fenil} pirrolidin-2-

carboxamida;
(25)-1-[(28)-tetrahidrofurano-2-ilcarbonil]-N-(4-{5-[({(25)-1-[(2S)-tetrahidrofurano-2-
ilcarbonil]pirrolidin-2-il} carbonil)amino]-1H-indol-2-il} fenil)pirrolidin-2-carboxamida;
N-(terc-butoxicarbonil)-D-valil-N- {4-[5-( { 1-[(2R)-2-(dimetilamino)-2-fenilacetil]-L-
prolil}amino)-1H-indo!-2-il]fenil}-L-prolinamida;

(2S)-1-[(2R)-2-(dimetilamino)-2-fenilacetil]-N-{2-[4-({{(2S)-1-(1,3-oxazol-2-ilcarbonil)pirrolidin-

2-ilJcarbonil}amino)fenil]-1H-indol-5-i1} pirrolidin-2-carboxamida;
[(IR)-2-{[(28)-1-({4-[5-({(28)-2-[ {(2R)-2-[(terc-butoxicarbonil)amino]-2-
fenilacetil}(metil)amino]propanoil }amino)-1H-indol-2-il]fenit} amino)- 1 -oxopropan-2-
ilJ(metil)amino}-2-oxo-1-feniletil]carbamato de terc-butilo;
{{1R)-2-[(28)-2-({2-[4-(metilamino)fenil}- 1 H-indol-5-il} carbamoil)pirrolidin-1-il]-2-ox0-1-
feniletil }carbamato de terc-butilo;
(25)-1-{(ZR)-2-(dimetilamino)-2-fenilacetil]-N-{2-[4-({[(2S)-1 -(fenilacetil)pirrolidin-2-
illearbonil}amino)fenil]-1H-indol-5-il} pirrolidin-2-carboxamida;
(28)-1-{[(3R)-1-bencilpirrolidin-3-il]carbonil}-N-(4-{5-[({(28)-1-[(2R)-2-(dimetilamino)-2-
fenilacetil]pirrolidin-2-il} carbonil)amino]- 1 H-indol-2-il} fenil)pirrolidin-2-carboxamida;

(28)-1-{((35)-1-bencilpirrolidin-3-il}carbonil }-N-(4- { 5-[({(2S)-1-[(2R)-2-
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(dimetilamino)-2-fenilacetii]pirrolidin-2-il} carbonil)amino]-1H-indol-2-il} fenil)pirrolidin-2-
carboxamida;

N,N-dimetil-D-leucil-N-{4-[5-( { 1-[(2R)-2-(dimetilamino)-2-fenilacetil}-L-prolil}amino)-1H-indol-
2-il]fenil}-L-prolinamida;
N-(2-{4-[{ciclopentilcarbonil}amino]fenil}-1H-indol-5-il)-1-[(2R)-2-(dimetilamino)-2-fenilacetil -
L-prolinamida;
[(2S)-1-({4-[5-({1-[(2R)-2-(dimetilamino)-2-fenilacetil]-L-prolil}amino)-1H-indol-2-
il]fenil}amino)-1-oxopropan-2-ilJcarbamato de terc-butilo;
[(18)-2-({4-[5-({1-[(2R)-2-(dimetilamino)-2-fenilacetil]-L-proli!}amino)- 1H-indol-2-
illfenil}amino)-2-oxo- 1 -feniletiljcarbamato de terc-butilo;
[(2R)-1-({4-[5-({1-[(2R)-2-(dimetilamino)-2-fenilacetil}-L-prolil }amino)- 1 H-indo!-2-
il]fenil}amino)-3-metil-1-oxobutan-2-il]carbamato de terc-butilo;

(28,2'S)-N,N'-5,6,7,1 2-tetrahidrobenzo[ 6, 7)cicloheptal 1,2-b]indolo-3,9-diilbis[ 1 -
(fenilacetil)pirrolidin-2-carboxamidal;

(28,2'S)-N,N'-6,1 1-dihidro-5H-benzo[a]carbazol-3,8-diilbis[ 1 -(fenilacetil)pirrolidin-2-
carboxamida];

dibencilo(28,2'S)-2,2'-(6,11-dihidro-5H-benzo[a]carbazol-3,8-diildicarbamoil)dipirrolidin-1-

carboxilato;

N-(8-bromo-6,11-dihidro-5H-benzo[a]carbazol-3-il}-1-(fenilacetil}-L-prolinamida;
(6,11-dihidro-5H-benzo[a]carbazol-3,8-diiibis {carbamoil(2S)pirrolidin-2,1-diil[(1S)-2-0x0-1-
feniletano-2,1-diil]} }biscarbamato de di-terc-butilo;

[(18)-2-{(28)-2-[(8-bromo-6,] 1-dihidro-5H-benzo{a]carbazol-3-il)carbamoil]pirrolidin-1-il}-2- .
oxo-1-feniletil]Jcarbamato de terc-butilo;

(25,2'S)-N,N'-6,1 1-dihidro-5H-benzo[a]carbazol-3,8-diilbis{ 1-[(2R)-2-(dimetilamino)-2-
fentlacetilpirrolidin-2-carboxamida};

(28,2'8)-N,N'-5,6,7,12-tetrahidrobenzo[6,7]ciclohepta[ 1,2-b]indolo-3,9-diilbis { 1-[ (2R )-2-
{(dimetilamino)-2-fenilacetil]pirrolidin-2-carboxamida};
N-(6,11-dihidro-5H-benzo[a]carbazol-3-il)-1-{(28)-2-[(3,3-dimetilbutanoil)aminoj-2-fenilacetil } -
L-prolinamida;

{(1R)-2-[(28)-2-(6,1 ! -dihidro-5H-benzola]carbazol-3-ilcarbamoil)pirrolidin-1 -il]-2-0xo-1-
feniletil} carbamato de terc-butilo;

(5,6,7,12-tetrahidrobenzo[6,7]cicloheptal 1,2-blindolo-3,9-diilbis{carbamoil(28)pirrolidin-2,1-
diil[(1R)-2-0x0-1-feniletano-2,1-diil}} )biscarbamato de di-terc-butilo;
{(1R)-2-[(28)-2-(5-{4-[5-({[(2S)-1- {(2R)-2-[(terc-butoxicarbonilamino]-2-fenilacetil} pirrolidin-
2-il]carbonil}amino)-1H-indol-2-il])fenil}-1H-imidazol-2-il)pirrolidin- 1-il]-2-oxo-1-

feniletil}carbamato de terc-butilo;
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(2S8)-2-[5-(4-{5-[(1-{(ZR)-2-[{terc-butoxicarbonil)amino]-2-fenilacetil } - L-prolil}amino]-1H-indol-
2-il} fenil)-1H-imidazol-2-il]pirrolidin- 1 -carboxilato de bencilo;
1-[(2R)-2-(dimetilamino)-2-fenilacetil}-N-{2-[4-(2- {(28)-1-[(2R)-2-(dimetilamino)-2-
fenilacetil]pirrolidin-2-il}-1H-imidazol-5-il)fenil]- 1H-indol-5-il} -L-prolinamida;
{(IR)-2-[(25)-2-({2-[4-(1 H-imidazol-4-il)fenil]- | H-indol-5-il }catbamoil)pirrolidin-1-il]-2-ox0-1-
feniletil}carbamato de terc-butilo;
1-[(25)-2-(dimetilamino)-2-fenilacetil]-N-{2-[4-(2-{(28)-1-[(2S)-2-(dimetilamino)-2-
fenilacetil]pirrolidin-2-il} -1 H-imidazol-5-il)fenil]- 1 H-indol-5-il}-L-prolinamida;
{(1R)-2-ox0-1-fenil-2-[(28)-2-{[2-(4-{2-[(25)-1-(fenilacetil}pirrolidin-2-il]-1 H-imidazol-5-
il}fenil)-1H-indol-5-iljcarbamoil} pirrolidin-1-il]etil} carbamato de terc-butilo;

terc-butil {(1R)-2-[(25)-2- {[2-(4-{2-[(2S)- 1 -acetilpirrolidin-2-il}-1 H-imidazol-5-il} fenil}- 1 H-indol-
5-iljcarbamoil} pirrolidin-1-il]-2-oxo-1-feniletil} carbamato;
{(28)-2-(5-{4-[5-({1-[(2R)-2-fenil-2-{[{propan-2-iloxi)carbonil]amino } acetil]-L-prolil }amino)-1 H-
indol-2-il}fenil}- 1 H-imidazol-2-il)pirrolidin-1-carboxilato de bencilo;
{(1R)-2-[(28)-2-({2-[4-(2-{(25)-1-[(2R)-2-(dimetilamino)-2-fenilacetilpirrolidin-2-il}- 1 H-
imidazol-5-il)fenil]-1H-indol-5-il} carbamoil)pirrolidin-1-il]-2-oxo-1-feniletil} carbamato de terc-
butilo;

[(1R)-2-{(28)-2-[I-metil-4-(4-{5-[({(28)-1-[(2R)-2-fenii-2-{[(propan-2-
iloxi)carbonillamino}acetil]pirrolidin-2-il} carbonil)aminol-1H-indol-2-il} fenil)- 1H-imidazol-2-
illpirrolidin-1-il}-2-oxo-1-feniletil]carbamato de propan-2-ilo;
{(1R)-2-[(25)-2-{[2-(4-{2-[(28)-1-acetilpirrolidin-2-il]-1 H-imidazol-5-il } fenil)-1 H-indol-5-
ilJcarbamoil} pirrolidin-1-il]-2-oxo-1-feniletil }carbamato de propan-2-ilo;
{(1R)-2-oxo0-1-fenil-2-[(28)-2-{[2-(4-{2-[(2S)-pirrolidin-2-il]-1H-imidazol-5-il} fenil)- 1 H-indol-5-
ilJcarbamoil } pirrolidin-1-ilJetil} carbamato de propan-2-ilo;
{(1R)-2-[(28)-2-{5-[4-(1H-indol-2-il)fenil]-1H-imidazol-2-il} pirrolidin-] -il]-2-oxo0-1-
feniletil}carbamato de propan-2-ilo;

(2R)-2-(dimetilamino)-1-[(28)-2-{5-[4-(1 H-indol-2-i)fenil}-1 H-imidazol-2-il } pirrolidin-1-il]-2-
feniletanona;

[(IR)-2-0x0-1-fenil-2-{(28)-2-[5-(4-{5-[({(2S)-1-[(2R)-2-fenil-2-{[(propan-2-
iloxi)carbonil]amino}acetil]pirrolidin-2-il}carbonil)amino}- 1 H-indol-2-il } fenil)- 1H-imidazol-2-
il}pirrolidin-1-il}ctilJcarbamato de propan-2-ilo;
{(1R)-2-[(28)-2-({2-[4-(2-{(28)-1-[(2R)-2-(dimetilamino)-2-fenilacetil]pirrolidin-2-il}- 1 H-
imidazol-5-il)fenil]-1H-indol-5-il} carbamoil)pirrolidin-1-il]-2-oxo-1-feniletil } carbamato de
propan-2-ilo;

{(1R)-2-[(28)-2-{4-[4-(3-cloro-1H-indol-2-il)fenil]-1 H-imidazol-2-il} pirrolidin-1-il]-2-0x0-1-

feniletil}carbamato de propan-2-ilo;
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N-(metoxicarbonil)-L-valil-N-{2-[4-(2-{(28)-1-[N-(metoxicarbonil)-L-valil Jpirrolidin-2-il} - H-
imidazol-5-il}fenit]-1H-indol-5-i1} -L-prolinamida;
[(1R)-2-0x0-1-fenil-2-{(28)-2-[3-(4-{5-[({(2S)-1-[(2R)-2-fenil-2-{[(propan-2-
iloxi)carbonilJamino}acetil)pirrolidin-2-il} carbonil)amino]- 1 H-indol-2-il} fenil)-1H-pirazol-5-
illpirrolidin-1-il}etil]Jcarbamato de propan-2-ilo;

[(IR)-2-0x0-1-fenil-2- {{2S)-2-[5-(4-{5-[({(2S)-1-[(2R)-2-fenil-2-{[(propan-2-
iloxi)carbonil]Jamino}acetil]pirrolidin-2-il} carbonil)amino]-1H-indol-2-il }fenil)- 1,3-tiazol-2-
il]pirrolidin-1-il}etil]Jcarbamato de propan-2-iio;
[(1R)-2-0x0-1-fenil-2-{(28)-2-[2-(4-{5-[({(2S)-1-[(2R)-2-fenil-2-{[(propan-2-
iloxi)carbonilJamino}acetil]pirrolidin-2-il} carbonil}amino]- 1 H-indel-2-il} fenil}-1H-imidazol-5-
il]pirrolidin-1-il}etiljcarbamato de propan-2-ilo;
1-[(2R)-2-fenil-2-{[(propan-2-iloxi)carbonil]amino}acetil]-N-{4-[5-(2-{(25)-1-[(2R)-2-fenil-2-
{[{propan-2-iloxi)carbonil]amino}acetil|pirrolidin-2-il}- 1H-imidazoi-5-il}-1-benzofuran-2-
il)fenil}-L-prolinamida;
{{1R)-2-[(28)-2-(5-{2-[4-(acetilamino)fenil]-1H-indol-5-i1}-1,3,4-oxadiazol-2-il)pirrolidin- ! -il]-2-
oxo-1-feniletil} carbamato de propan-2-ilo;
(2S)-1-(fenilacetil)-N-{3-[5-({[(28)-1-(fenilacetil}pirrolidin-2-ilJcarbonil }amino)- 1 H-indol-2-
il]fenil}pirrolidin-2-carboxamida;
(25)-1-(fenilaceti)-N-{4-[6-({[(2S)-1-(fenilacetil)pirrolidin-2-ilJcarbonil} amino)- 1 H-indol-2-
illfenil} pirrolidin-2-carboxamida;
(2S)-1-(feniiacetil)-N-{3-[6-({[(25)-1-(fenilacetil}pirrolidin-2-il]carbonil jamino)-1H-indol-2-
illfenil}pirrolidin-2-carboxamida;
[(IR)-2-{(28)-2-[(2-{2-{(28)-1-{(2R)-2-[(terc-butoxicarbonil)amino]-2-fenilacetil} pirrolidin-2-il]-
1H-bencimidazol-5-il}-1H-indol-5-il)carbamoil]pirrolidin-1-il}-2-oxo- 1-feniletiljcarbamato de
terc-butilo;

(28)-N-{4-[3-bromo-5-({[(28)-1-(fenilacetil)pirrolidin-2-ilJcarbonil }amino)- 1 H-indol-2-il]fenil } -
1-(fenilacetil)pirrolidin-2-carboxamida;
{(18)-2-[(2S)-2-({2-[4-(acetilamino}fenil]-3-fluoro-1H-indol-5-il } carbamoil )pirrolidin-1-il}-2-oxo-
1-feniletil} carbamato de terc-butilo;
(28)-N-{4-[3-cloro-5-({[(2S)-1-(fenilacetil)pirrolidin-2-ilJcarbonil }amino)- 1H-indol-2-il}fenil } - 1-
(fenilacetil)pirrolidin-2-carboxamida;
(28)-N-{4-[3-fluoro-5-({[(2S)-1-(fenilacetil)pirrolidin-2-il]carbonil}amino)-1H-tndol-2-il}fenil } - 1-
(fenilacetil)pirrolidin-2-carboxamida;
{(18)-2-[(28)-2-({4-[5-({[(28)-1-{(2S)-2-[(terc-butoxicarbonil)amino]-2-fenilacetil} pirrolidin-2-
ilJcarbonil }amino)-3-fluoro-1H-indol-2-il]fenil} carbamoil)pirrolidin-1-il}-2-oxo-1-

feniletil}carbamato de terc-butilo;
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{(18)-2-[(285)-2-({2-[4-(acetilamino)fenil]-3-cloro-1H-indol-5-il} carbamoil)pirrolidin- 1 -il)-2-0x0-
t-feniletil} carbamato de terc-butilo;
(25)-N-{4-[3-yodo-5-({[(2S)-1-(fenilacetil)pirrolidin-2-il]carbonil} amino)- | H-indol-2-il]fenil }-1-
(fenilacetil)pirrolidin-2-carboxamida;

1(18)-2-[(2S)-2-({2-[4-({[(25)- 1 -acetilpirrolidin-2-il]carbonil }amino)fenil]-3-fluoro- | H-indol-5-
il}carbamoil)pirrolidin-1-il]-2-oxo-1-feniletil}carbamato de terc-butilo;
(28)-1-{(28)-2-[(3,3-dimetilbutanoil)amino]-2-fenilacetil }-N- {4-[5-({[(28)-1-{(25)-2-[(3,3-
dimetilbutanoil)amino]-2-fenilacetil } pirrolidin-2-il]carbonil }amino)-3-fluoro-1H-indol-2-ilJfenil
pirrolidin-2-carboxamida;
{(1R)-2-[(25)-2-({4-[5-({[(28)-1-{(2R)-2-[(terc-butoxicarbonil)amino]-2-fenilacetil }pirrolidin-2-
ilJcarbonil}amino)-3-fluoro- t H-indol-2-il]fenil }carbamoil)pirrolidin-1-il]-2-oxo- 1 -
feniletil}carbamato de terc-butilo;
{(1R)-2-[(28)-2-({2-[4-(acetilamino)fenil]-3-fluoro-1H-indol-5-il} carbamoil)pirrolidin-1-il]-2-oxo-
1-feniletil}carbamato de terc-butilo; '
{(1R)-2-[(28)-2-({2-[4-({[(28)-1-acetilpirrolidin-2-il]carbonil }amino)fenil]-3-fluoro-1 H-indol-5-
il}carbamoil)pirrolidin-1-il]-2-oxo-1-feniletil} carbamato de terc-butilo;
{{1R)-2-[{28)-2-({3-Muoro-2-[4-(2-oxopirrolidin-1-il)fenil]- 1 H-indol-5-il} carbamoil)pirrolidin-1-
il]-2-oxo-1-feniletil}carbamato de terc-bulilo;
N-{2-[4-(acetilamino)fenil]-3-fluoro-1H-indol-5-il}-1-[(2R)-2-fenil-2-(pirrolidin-1 -il)acetil]-L-
prolinamida;
N-(terc-butoxicarbonil)-D-alanil-N-{2-[4-(acetilamino)fenil}-3-fluoro-1H-indol-5-il} -L-
prolinamida;

N-{2-[4-(acetilamino)fenil}-3-fluoro-1H-indol-5-il} -1-[(2R)-2-(dimetilamino)-2-fenilacetil]-L-
prolinamida;

N-(tere-butoxicarbonil)-D-leucil-N-{2-[4-(acetilamino)fenil]-3-fluoro-1 H-indol-5-il}-L-
prolinamida;

[(1R)-2-{(28)-2-[(4-{5-[({(2S)-1-[(2R)-2-(dimetilamino)-2-fenilacetil]pirrolidin-2-
il}carbonil)amino]-3-fluoro-1 H-indol-2-il }fenil)carbamoilpirrolidin-1-il}-2-oxo-1-
feniletil]carbamato) de propan-2-ilo;

(25)-2-[(3-fluoro-2-{4-[({(2S)-1-[(2R)}-2-fenil-2-{ [(propan-2-
iloxi)carbonil]amino}acetil]pirrolidin-2-il} carbonil)amino]fenil } - 1 H-indol-5-
iljcarbamoil]pirrolidin-1-carboxilato de terc-butilo;
[(1R)-2-{(28)-2-[(4-{3-bromo-5-[({(2S)-1-[(2R)-2-fenil-2- {[(propan-2-
iloxi)carbonil]amino}acetil]pirrolidin-2-il} carbonil)amino]- 1 -benzofuran-2-

il}fenil)carbamoil]pirrolidin-1-il}-2-ox0-1-fenilctil|carbamato de propan-2-ilo;
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(25)-N-(4-{3-bromo-5-[({(2S)-1-[(2ZR)-2-(dimetilamino)-2-fenilacetil}pirrolidin-2-
il}carbonil)amino]-1-benzofuran-2-ii}fenil}-1-[(2R)-2-(dimetilamino)-2-fenilacetil] pirrolidin-2-
carboxamida;

{(1R)-2-[(2S)-2-({4-[3-bromo-5-({[(2S)-1-{(2R)-2-[(metoxicarbonil)amino]-2-
fenilacetil}pirrolidin-2-il]carbonil}amino)-1-benzofuran-2-il}fenil} carbamoil)pirrolidin-1-il]-2-
oxo-1-feniletil}carbamato de metilo;
{(28)-1-[(28)-2-({4-[3-fluoro-5-({[(2S)-1-{(25)-2-[(metoxicarbonil)amino]-3-

metilbutanoil} pirrolidin-2-il]carbonil}amino)- 1H-indol-2-il]fenil} carbamoil)pirrolidin-1-il]-3-
metil-1-oxobutan-2-il}carbamato de metilo;

N-{2-{4-(acetilamino)fenil]-3-bromo-1-benzofuran-5-il}-1-{(ZR)-2-(dimetilamino)-2-fenilacetil]-

L-prolinamida;
(2S)-N-(4-{3-bromo-5-[({(2S)-1-[(2R)-2-(dietilamino)-2-fenilacetil]pirrolidin-2-il}
carbonil)amino]-1-benzofuran-2-il}fenil)-1-[(2R)-2-(dietilamino)-2-fenilacetil]pirrolidin-2-
carboxamida;

(25)-1-acetil-N-(4- {3-bromo-5-[({(28)-1-[(2R)-2-(dimetilamino)-2-fenilacetil pirrolidin-2-
il}carbonil)amino]-1-benzofuran-2-il} fenil)pirrolidin-2-carboxamida;
{(18)-2-[(25)-2-({4-[3-bromo-5-({[(2S)-1-{(2S)-2-[(terc-butoxicarbonil)amino]-2-
fenilacetil} pirrolidin-2-il)carbonil}amino)- 1 -benzofuran-2-il]fenil} carbamoil)pirrolidin-1-ii]-2-
ox0-1-feniletil}carbamato de terc-butilo);
(25)-N-{4-[3-bromo-5-({[(28)-1-(fenilacetil)pirrolidin-2-il]Jcarbonil}amino)-1-benzofuran-2-
il}fenil}-1-(fenilacetil)pirrolidin-2-carboxamida;

{(1R)-2-{(28)-2-({4-[3-bromo-5-({[(2S)-1-{(2R)-2-[(terc-butoxicarbonil}amino]-2-

fenilacetil} pirrolidin-2-iljcarbonil }amino)-1-benzofuran-2-il)fenil} carbamoil)pirrolidin- 1-il}-2-
oxo-|-feniletil} carbamato de terc-butilo;
(28)-N-{4-[3-ciano-5-({[(2S)-1-(fenilacetil)pirrolidin-2-il]carbonil }amino)-1H-indoi-2-il)fenil }-1-
(fenilacetil)pirrolidin-2-carboxamida;
(25)-N-{4-[3-(2,2-dimetilpropanoil}-5-({[(28)-1-(fenilacetil}pirrolidin-2-ilJcarbonil } amino)-1 H-
indol-2-il]fenil}-1-(fenilacetil)pirrolidin-2-carboxamida;
5-({[(25)-1-(fenilacetil)pirrolidin-2-iljcarbonil}amino)-2-[4-({[(2S)-1-(fenilacetil)pirrolidin-2-
ilJcarbonil}amino)fenil]- 1 H-indolo-3-carboxamida;
{(1R)-2-[(28)-2-({4-[5-({[(28)-1-{(2R)-2-[(terc-butoxicarbonil)amino]-2-fenilacetil} pirrolidin-2-
ilJcarbonil} amino)-3-(ciclopropilcarbamoil)- 1 H-indol-2-il]fenil} carbamoil)pirrolidin-1-il]-2-oxo-
1-feniletil }carbamato de terc-butilo;
{(1R)-2-[(25)-2-({4-[5-({[(25)-1-{(2R)-2-[(terc-butoxi-carbonil}amino]-2-fenilacetil } pirrolidin-2-
ilJcarbonil} amino)-3-(4-metoxifenil)-1 H-indol-2-illfenil } carbamoil)pirrolidin- 1 -il]-2-ox0-1-

feniletil}carbamato de terc-butilo;
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(25)-1-(fenilacetil)-N- {4-[3-fenil-5-( {[(2S)-1-(fenilacetil)pirrolidin-2-ilJcarbonil } amina)- 1 H-indol-
2-il}fenil}pirrolidin-2-carboxamida;
(25)-N-{4-[3-etil-5-({[(25)-1-(fenilacetil)pirrolidin-2-il)carbonil } amino)- 1 H-indol-2-il]fenil}- 1 -
(fenilacetil)pirrolidin-2-carboxamida;
(25)-N-{4-[3-acctil-5-({[(2S)-1-(fenilacetil)pirrolidin-2-il]carbonil } amino)-1H-indol-2-il]fenil }-1-
(fenilacetil)pirrolidin-2-carboxamida,;

(25)-[-(fenilacetil)-N-{4-[5-({[(2S)-1 -(fenilacetil)pirrolidin-2-il}carbonil }amino)-3-{fenilcarbonil)-
1H-indol-2-iljfenil} pirrolidin-2-carboxamida;

(28)-1-(fenilacetil)-N- {2-[4-({[(28)- 1 -(fenilacetil )pirrolidin-2-il|carbonil } amino)fenil]-3-( piridin-
4-il}-1H-indol-5-i1} pirrolidin-2-carboxamida;
(28)-2-[(4-{5-[({(2S)-1-[(benciloxi)carbonil]pirrolidin-2-il }carbonil)amino]-3-fenil-1H-indol-2-
i1} fenil)carbamoi!pirrolidin-1-carboxilato de bencilo;
(2S)-N-{4-[3-ciano-5-({[(2S)-1-(fenilacetil}pirrolidin-2-il]carbonil} amino)-1H-indol-2-il]fenil }-1-
(fenilacetil)pirrolidin-2-carboxamida;
(28)-N-{4-[3-ciclopropil-5-({[(25)-1-(fenilacetil)pirrolidin-2-illcarbonil }amino)-  H-indol-2-
il]fenil}-1-(fenilacetil)pirrolidin-2-carboxamida; )
{25)-2-[(4-{5-[({(28)-1-[(benciloxi)carbonil]pirrolidin-2-il} carbonil)amino]-3-(3-metoxifenif)- | H-
indol-2-il} fenil)carbamoil]pirrolidin-1-carboxilato de bencilo;
{(AR)-2-[(28)-2-({4-[S-({[(28)-1-{(2R)-2-[(terc-butoxicarbonil}amino]-2-fenilacetil } pirrolidin-2-
ifjcarbonil}amino)-3-(3-metilfenil)- 1H-indol-2-il}fenil } carbamoil)pirrolidin-1-il]-2-oxo-1-
feniletil} carbamato de terc-butilo;

{(1R)-2-{(25)-2-({4-[5-({[(28)- 1-{(2R)-2-[(terc-butoxicarbonil)amino]-2-fenilacetil } pirrolidin-2-
ilJcarbonil}amino)-3-(2-metilfenil)- 1H-indol-2-il]fenil }carbamoil)pirrolidin-1-il]-2-oxo-1-
feniletil}carbamato de terc-butilo;
{(1R)-2-[(28)-2-({2-[4-({[(2S)-1-{(2R)-2-[(terc-butoxicarbonil)amino]-2-fenilacetil} pirrolidin-2-
ilJcarbonil}aminc)fenil}-3-(piridin-4-il)-1H-indol-5-il} carbamoil)pirrolidin-1-il]-2-oxo0-1-
feniletil}carbamato de terc-butilo;
{(1R)-2-[(28)-2-({4-[5-({[(28)-1-{(2R)-2-[(terc-butoxicarbonilJamino]-2-fenilacetil } pirrolidin-2-
il]Jcarbonil}amino)-3-ciano-1H-indol-2-il]fenil} carbamoil)pirrolidin- 1 -il]-2-oxo- 1 -
feniletil}carbamato de terc-butilo;
(25)-N-(4-{3-ciano-5-{({(25)-1-[(2R)-2-(dimetilamino)-2-fenilacetil|pirrolidin-2-
il}carbonil)amino]-1H-indol-2-il} fenil)-1-[(2R)-2-(dimetilamino)-2-fenilacetil]pirrolidin-2-
carboxamida;

{(1R)-2-[(2S)-2-({2-[4~(acetilamino)fenil]-3-ciano-1 H-indol-5-il}carbamoil)pirrolidin-1 -il}-2-oxo-

1-feniletil}carbamato de terc-butilo;

215



10

15

20

25

30

35

MRL-IFD-00018-WO-PCT

{(1R)-2-[(28)-2-({4-[5-({[(28)-1-{(2R)-2-[(terc-butoxicarbonil)amino]}-2-fenilacetil} pirrolidin-2-
ilJcarbonil}amino)-3-(dimetilcarbamoil}-1H-indol-2-il]fenil } carbamoil)pirrohdin-1-il]-2-oxo0- -
feniletil}carbamato de terc-butilo;

5-({[(2S)-1-{(2R)-2-[(terc-butoxicarbonil)amino]-2-fenilacetil} pirrolidin-2-iljcarbonii} amino)-2-
[4-({[(285)-1-{(2R)-2-[(terc-butoxicarbonil}amino]-2-fenilacetil } pirrolidin-2-

ilJcarbonil }amino)fenil]- 1 H-indolo-3-carboxilato de metilo;

acido 5-({[(28)-1-{(2R)-2-[{terc-butoxicarbonil)amino}-2-fenilacetil} pirrolidin-2-
ilJcarbonil}amino)-2-[4-({[(2S)-1-{(2R)-2-[(terc-butoxicarbonil)amino]-2-fenilacetil } pirrolidin-2-
il]carbonil }amino)fenil]-1H-indolo-3-carboxilico;
{(1R)-2-[(2S)-2-({2-[3-(acetilamino)prop-1-in-1-il}-1H-indol-5-il} carbamoil)pirrolidin- 1 -il]-2-
oxo-1-feniletil} carbamato de terc-butilo;

N-{4-[5-(furan-3-il)-1H-indol-2-il}fenil} - 1-(fenilacetil}-L-prolinamida;
N-(4-{5-[6-(dimetilamino)-4-metilpiridin-3-il]-1H-indol-2-il} fenil)- 1 -(fenilacetil)-L-prolinamida;
N-{4-[5-(1-benzotiofen-3-il)-]1 H-indol-2-il]fenil}-1-(fenilacetil}-L-prolinamida,
N-{4-[5-(1-bencil-1H-pirazol-4-il)-1H-indo!-2-il]fenil}-1-(fenilacetil}-L-prolinamida;
N-{4-[5-(2,3-dihidro-1,4-benzodioxin-6-il}- 1H-indol-2-il]fenil}- 1 -(fenilacetil)-L-prolinamida;
i-(fenilacetil)-N-{4-[5-(quinoiin-8-il)- | H-indol-2-iljfenil } -L-prolinamida;
1-(fenilacetil)-N-{4-[5-(tiofen-3-i)-1 H-indol-2-il]fenil } -L-prolinamida;
{(18)-2-[(2S)-2-{[4-(5-ciano-1H-indol-2-il)feniljcarbamoil} pirrolidin- 1 -il]-2-oxo-1-
feniletil}carbamato de terc-butilo;

[(1R)-2-0x0-1-fenil-2-{(28)-2-[4-(2- {4-[({(25)-1-[(2R)-2-fenil-2-{[(propan-2-
iloxi)carbonil]lamino}acetil]pirrolidin-2-il} carbonil)amino]fentl}- 1 H-indol-5-il)-1H-imidazol-2-
il)pirrolidin-1-il}etiljcarbamato de propan-2-ilo;

{(1R)-2-[(28)-2-(5-{2-[4-(acetilamino)fenil]- 1 H-indol-5-il}-1,3,4-0xadiazol-2-il}pirrolidin-1-il]-2-
oxo-1-feniletil}carbamato de propan-2-ilo;
N-{4-[5-(5-{(2S)-1-[(2R)-2-(dietitamino)-2-fenilacetil]pirrolidin-2-il}-1,3,4-oxadiazol-2-il)- 1H-
indol-2-il]fenil} acetamida;
[(2S)-1-{(25)-2-[5-(10-{2-[(2S5)-1-{(28)-2-[(metoxicarbonil)amino]-3-metilbutanoil } pirrolidin-2-
il]-1H-imidazol-5-il}indolo[ 1,2-¢][ 1,3]benzoxazin-3-il)- 1H-imidazol-2-il]pirrolidin-1-il} -3-metil-
1-oxobutan-2-iljcarbamato de metilo;
[(28)-1-{(28)-2-[5-(12-fluoro-10-{2-[(28)-1-{(28)-2-[(metoxicarbonil)amino]-3-
metilbutanoil}pirrolidin-2-i1]-1H-imidazol-5-il} indolo[1,2-¢][ 1,3 1benzoxazin-3-il)-1 H-imidazol-2-
il]pirrolidin-1-i1}-3-metil-1-oxobutan-2-iljcarbamato de metilo;
(25)-1-[(ZR)-2-(dimetilamino)-2-fenilacetil]-N-(2- { 5-[({(2S)-1-[(2R)-2-(dimetilamino)-2-
fenilacetil]pirrolidin-2-il}carbonil)aminoj-1,3-benzoxazol-2-il}-1 H-indol-5-il)pirrolidin-2-

carboxamida;
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1-[(2R)-2-(dietilamino)-2-fenilacetil]-N- {2-[4-(5-{(28)-1-[(2R)-2-(dietilamino)-2-
fenilacetil]pirrolidin-2-il}-1,3,4-oxadiazol-2-il)fenil}- 1 H-indol-5-i1} -L-prolinamida;
{(28)-1-[(28)-2-{5-[4-(5-{2-[(28)-1-{(28)-2-[(metoxi-carbonilJaminc]-3-metilbutanoil } pirrolidin-
2-il]-1H-imidazol-5-i1}-1-benzofuran-2-il)fenil}-1H-imidazol-2-il} pirrolidin-1-it]-3-metil-1 -
oxobutan-2-il} carbamato de metilo;
(2R)-2-(dietilamino)-1-[(25)-2-(5-{4-[5-(2-{(28)-1-[(2R)-2-(dietilamino)-2-fenilacetil]pirrolidin-2-
il}-1H-imidazol-5-il)-1-benzofuran-2-il}fenil}- 1 H-imidazol-2-il)pirrolidin-1-i{]-2-feniletanona;
{(1S)-1-ciclopropil-2-[(28)-2-{5-[4-(5-{2-{(2S)-1-{(28)-2-ciclopropil-2-
[(metoxicarbonil)amino]acetil} pirrolidin-2-i1]- 1 H-imidazol-5-il } -1 -benzofuran-2-ilfenil}- 1 H-
imidazol-2-il} pirrolidin-i-il]-2-oxoectil}carbamato de metilo;
{(1R)-1-ciclopropil-2-[(25)-2-{5-[4-(5-{2-{(28)-1-{(2R)-2-ciclopropil-2-
[(metoxicarbonil)aminoJacetil} pirrolidin-2-i1]-1H-imidazol-5-il} -1 -benzofuran-2-ihfenil]- 1 H-
imidazol-2-il}pirrotidin-1-il}-2-oxoetil }carbamato de metilo;
{(ZR)-1-[(28)-2-{5-[2-(4-{2-[(28)-1-{(2R)-2-[(metoxicarbonil}amino]-3-metilbutanoil } pirrolidin-
2-il]-1H-imidazol-5-il} fenil)-1-benzofuran-5-il]-1H-imidazol-2-il} pirrolidin-1-i1]-3-metil- 1 -
oxobutan-2-il}carbamato de metilo;
{(25)-1-[(25)-2-{5-[4-(5-{2-[(28)-1-{(2S)-2-[(metoxicarbonil)amino]-3,3-
dimetilbutanoil}pirrolidin-2-tl]-1 H-imidazo!-5-il}-1-benzofuran-2-il)fenil]- 1 H-imidazol-2-
il}pirrolidin-1-il}-3,3-dimetil-1-oxobutan-2-il} carbamato de metilo;
{(IR)}-2-[(25)-2-{5-[4-(5-{2-[(2S)-1-{(2R)-2-[(metoxicarbonil}amino]-2-fenilacetil} pirrolidin-2-
il]-1H-imidazol-4-il}- 1 -benzofuran-2-il)fenil]-1H-imidazol-2-il} pirrolidin-1-il]-2-oxo-1-
feniletil}carbamato de metilo;

{(25,3R)-1-[(28)-2-(5-{2-[4-(2-{(2S)-1 -[N-(metoxicarbonil)-L-aloisoleucil]pirrolidin-2-it} - 1 H-
imidazol-5-il)fenil]-1-benzofuran-5-il} -1H-imidazol-2-il)pirrolidin-1-il]-3-metil-1-oxopentan-2-
il}carbamato de metilo;

{(25)-3-hidroxi-1-[(28)-2-{5-(4-(5-{2-{(2S)-1-{(2S)-3-hidroxi-2-
{(metoxicarbonil)amino]propanoil} pirrolidin-2-il)- 1 H-imidazol-5-il} - 1 -benzofuran-2-i)fenit)-1 H-
imidazol-2-il} pirrolidin-1-ii]-1-oxopropan-2-il }carbamato de metilo;
{(25.3R)-3-hidroxi-1-[(28)-2-{5-[4-(5-{2-[(25)-1-{(2S,3R)-3-hidroxi-2-
[(metoxicarbonil)amino]butanoil} pirrolidin-2-il}- [ H-imidazol-5-i!}-1-benzofuran-2-il)fenit}-1H-
imidazol-2-il} pirrolidin-1-it]-1-oxobutan-2-il} carbamato de metilo;
{(25)-1-[(28)-2-{5-[4-(5-{2-((28)-1-{(28)-2-[(metoxicarbonil)amino]-4-metilpentanoil } pirrolidin-
2-il}-1H-imidazol-5-il}-1-benzofuran-2-i)fenil]- 1 H-imidazol-2-il} pirrolidin-1-il]-4-metil-1-

oxopentan-2-il}carbamato de metilo,
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{(28)-1-[(2S)-2-{5-[3-fluoro-4-(5-{2-[(25)-1-{(2S)-2-[(metoxicarbonil)amino]-3-

metilbutanoil} pirrolidin-2-ilJ-1 H-imidazol-5-il} -1-benzofuran-2-il)fenil]- 1H-imidazol-2-
il}pirrolidin-1-il]-3-metil-1-oxobutan-2-il } carbamato de metilo;
{(1R)-2-[(2S)-2-{5-[3-fluoro-4-(5-{2-{{2S)-1-{(2R)-2-[(metoxicarbonil Jamino]-2-
fenilacetil}pirrolidin-2-il]-1H-tmidazol-5-il} -1 -benzofuran-2-il)fenil]- | H-imidazol-2-il} pirrolidin-
1-i]]-2-ox0-1-feniletil} carbamato de metilo; )
{(28)-1-{(28)-2-{5-[3-fluoro-4-(5-{2-[(28)-1-{(25)-2-[ (metoxicarbonil)amino]-3-

metilbutanoil} pirrolidin-2-il]-1 H-imidazol-5-il} - 1-benzofuran-2-il)fenil}-1 H-imidazol-2-

i} pirrolidin-1-il]-3-metil-1-oxobutan-2-il } carbamato de metilo;
{(28)-1-[(25)-2-{5-[2-(2,6-difluoro-4-{2-[(25)-1-{(2S)-2-[(metoxicarbonil)amino]-3-
metilbutanoil} pirrolidin-2-il]-1 H-imidazol-5-il} fenil)- 1 -benzofuran-5-il}- 1H-imidazo!-2-

ity pirrolidin-1-il]-3-metil- 1 -oxobutan-2-il} carbamato de metilo;
{(1R)-2-[(25)-2-{5-{3-metoxi-4-(5-{2-[(25)-1-{(2R)-2-[(metoxicarbonil)amino]-2-

fenilacetil} pirrolidin-2-il]-1H-imidazol-5-il} - 1-benzofuran-2-il)fenil]- 1 H-imidazol-2-il} pirrolidin-
1-i1]-2-oxo-1-feniletil} carbamato de metilo;
{(28)-1-[(28)-2-{5-[2-(2-cloro-4-{2-{(2S)-1-{(28)-2-[(metoxicarbonil)amino]-3-

metilbutanoil} pirrolidin-2-il}-1H-imidazol-4-il} fenil)-1-benzofuran-5-il}-1H-imidazol-2-
il}pirrolidin-1-il}-3-metil-1-oxobutan-2-il} carbamato de metilo;
{(1R)-2-{(2S)-2-{4-[3-ciano-4-(5-{2-[(25)-1-{(2R)-2-[(metoxicarbonil}amino}-2-

fentlacetil} pirrolidin-2-il}-1H-imidazol-5-i1}-1-benzofuran-2-iljfenil}-1 H-imidazol-2-il } pirrolidin-
1-il]-2-ox0-1-feniletil} carbamato de metilo;
{(28)-1-[(28)-2-{5-[2-(4-{2-{(28)-1-{(28)-2-[(metoxicarbonil)amino]-3-metilbutanoil } pirrolidin-
2-il}-1H-imidazol-4-i1}-2-metiifenil)- 1 -benzofuran-5-il]-1H-imidazol-2-il} pirrolidin-1-il}-3-metil-
1-oxobutan-2-il}carbamato de metilo;
[(18)-2-[(2S)-2-(5-{3-fluoro-4-[5-(2-{(2S)-1-[(28)-2-[(metoxicarbonil }amino]-2-(tetrahidro-2H-
pitan-4-il)acetil]pirrolidin-2-il} - |H-imidazol-5-il)-1-benzofuran-2-il}fenit}- 1H-imidazol-2-
il)pirrolidin-1-il]-2-oxo-1-(tetrahidro-2H-piran-4-il)etilJcarbamato de metilo;
{(2S)-1-[(28)-2-{4-[3-fluoro-4-(5-{2-[(2S)-1-{(2R)-2-[(metoxicarbonil)amino]-2-

fenilacetil} pirrolidin-2-i1}-1 H-imidazol-5-il}-1-benzofuran-2-il)fenil]-1H-imidazol-2-il} pirrolidin-
1-il}-3-metil-1-oxobutan-2-il} carbamato de metilo;
{(1R)-2-{(28)-2-{5-[4~(5-{2-[(2S)-1-{(2R)-2[(metoxi-carbonilJamino]-2-fenilacetil} pirrolidin-2-
il)-1H-imidazol-5-il}-1,3-benzoxazol-2-il)fenil]-1H-imidazol-2-ii} pirrolidin-1-il]-2-oxo-1-
feniletil}carbamato de metilo;
{(28)-1-[(28)-2-{5-[2-(4-{2-[(28)-1-{(2S)-2-[(metoxicarbonil)Jamino]-3-metilbutanoil } pirrolidin-
2-il]-1H-imidazol-5-il} fenil)-1,3-benzoxazol-5-il]-1 H~imidazo]-2-il} pirrolidin-1-il]-3-metil-1-

oxobutan-2-il} carbamato de metilo;
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{{1R)-1-ciclopropil-2-[(28)-2-{5-[4-(5-{2-[(2S)-1-{(2R)-2-ciclopropil-2-
[(metoxicarbonil)aminolacetil} pirrolidin-2-il]-1H-imidazol-5-i1} -1,3-benzoxazol-2-il)fenil]-1 H-
imidazol-2-il}pirrolidin-1-il]-2-oxoetil }carbamato de metilo;
(indolo[1,2-c][1,3]benzoxazina-3,10-diilbis { | H-imidazol-5,2-diil(28)pirrolidin-2,1-diil[( I R)-2-
oxo-[-feniletano-2,1-diil]} )biscarbamato de dimetilo;
[(28)-1-{(25)-2-[5-(11-{2-[(25)-1-{(2S)-2-[(metoxicarbonil Jamino]-3-metilbutanoil} pirrolidin-2-
il}-1H-imidazol-5-il}-6,7-dihidroindoto[ 1,2-d][1,4]benzoxazepin-3-il)-t H-imidazol-2-il]pirrolidin-
1-il}-3-metil-1-oxobutan-2-iljcarbamato de metilo;
[(25)-1-{(25)-2-[5-(3-{2-[(28)-1-{(28)-2-{(metoxicarbonil)amino]-3-metilbutanoil } pirrolidin-2-il]-
I H-imidazol-5-il}-6,6-dimetilindolo{1,2-c][1,3]benzoxazin-10-il)-1 H-imidazol-2-il]pirrolidin-1-
il}-3-metil-1-oxobutan-2-il]carbamato de metilo;
[(28)-1-{(25)-2-[5-(12-fluoro-10-{2-[(28)-1-{(28)-2-[(metoxicarbonil)amino]-3-

metilbutanoil} pirrolidin-2-il]-1H-imidazol-5-il}-6-metilindolo[ 1,2-¢][ 1,3 ]benzoxazin-3-iD- 1 H-
imidazol-2-il]pirrolidin-1-il}-3-metil- 1 -oxobutan-2-il]carbamato de metilo;

[(28)-1- {(2S)-2—[5—(3—{2—[(-ZS)- 1-{(28)-2-[(metoxicarbonil)amino]-3-metilbutanoil } pirrolidin-2-il]-
1H-imidazol-5-il}indolo[! :2-c]quinazolin-1 0-il)-1H-imidazol-2-il]pirrolidin-1-il}-3-metil-1-
oxobutan-2-iljcarbamato de metilo;
[(28)-1-{(258)-2-15-(12-{2-[(25)-1-{(28)-2-[(metoxicarbonil)amina]-3-metilbutanoil } pirrolidin-2-
il}-1H-imidazol-5-il}-7,8-dihidro-6H-indolof1,2-c}[ 1,5]benzoxazocin-3-il)-1 H-imidazol-2-
il]pirrolidin-1-il}-3-metil-1-oxobutan-2-il]carbamato de metilo;
[(28)-1-{(28)-2-[5-(3-{2-[(2S)-1-{(28S)-2-[(metoxicarbonil)amino]-3-metilbutanoil } pirrolidin-2-il]-
1 H-imidazol-5-il}-6-0x0-5,6-dihidroindolo[1,2-¢]quinazolin-10-il)-1H-imidazol-2-il]pirrolidin-1-
il}-3-metil-1-oxobutan-2-il]Jcarbamato de metilo;
[(2S)-1-{(28)-2-[5-(10-{2-[(28)-1-{(2S)-2-[(metoxicarbonil}amino]-3-metilbutanoil } pirrolidin-2-
il]-1H-imidazol-5-il}-6-fenilindolo[1,2-¢][ |,3]benzoxazin-3-il)-1H-imidazol-2-il]pirrolidin-1-il}-3-
metil-1-oxobutan-2-iljcarbamato de metilo;
((28)-1-{(25)-2-[5-(3-{2-[(28)-1-{(2S)-2-[(metoxicarbonil)amino]-3-metilbutanoil } pirrolidin-2-il]-
tH-1midazol-5-il}-6-metilindolo[1,2-c]quinazolin-i0-ii}- |H-imidazol-2-il]pirrolidin- 1 -il} -3-metil -
[-oxobutan-2-il]carbamato de metilo;

[(28)-1-{(28)-2-[ 5-(10"-{2-[(2S5)-1-{(2S)-2-[(metoxicarbonil)amino]-3-metilbutanoil } pirrolidin-2-
ill-1H-imidazol-5-il}espirofciclohexano-1,6'-indolo[ 1,2-¢][ 1,3 ]benzoxazin]-3"-il)- 1 H-imidazol-2-
illpirrolidin-1-il}-3-metil-1-oxobutan-2-il]carbamato de metilo;
[(28)-1-{(28)-2-[5-(1,12-difluoro-10-{2-[(2S)-1-{(2S)-2-[(metoxicarbonil)amino]-3-
metilbutanoil} pirrolidin-2-i!]-1 H-imidazol-5-il} indolo[1,2-¢][ 1,3 ]benzoxazin-3-ii)- 1 H-imidazol-2-

il]pirrolidin-1-it}-3-metil-1-oxobutan-2-ilJcarbamato de metilo;
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[(28)-1-{(28)-2-[5-(12-ciano-10-{2-[(2S)-1-{(25)-2-[(metoxicarbonil}amino]-3-
metilbutanoil} pirrolidin-2-i1]-1H-imidazol-5-il} indolo[ 1,2-c]{ 1,3]benzoxazin-3-il)- 1 H-imidazol-2-
il]pirrolidin-1-il}-3-metil-1-oxobutan-2-ilJcarbamato de metilo; y

sales farmacéuticamente aceptables de los mismos.

32. Un compuesto de acuerdo con la reivindicacion 1 o la reivindicacién 2, elegido entre ¢l
grupo que consiste en:
{(25)-1-[(25)-2-{5-[4-(5-{2-[(25)-1-{(2")-2-[(metoxi-carbonil)amino]-3-metilbutanoil } pirrolidin-
2-il]-1H-imidazol-5-il} - -benzofuran-2-il)fenil]- 1 H-imidazol-2-il} pirrolidin-1-il]-3-metil-1 -
oxobutan-2-il}carbamato de metilo;

{(2R)-1-[(28)-2-{5-[2-(4-{2-[(28)-1- {(2R)—2-[(metoxicarbonil)ami;lo]-3 -metilbutanoil} pirrohidin-
2-il]-1H-imidazol-5-il} fenil)-1-benzofuran-5-it]- 1H-imidazol-2-il} pirrolidin-1-ii]-3-metil-1-
oxobutan-2-il}carbamato de metilo;
{(28)-1-[(28)-2-{5-[4-(5-{2-[(25)-1-{(28)-2-[(metoxicarbonil)amino]-4-metilpentanoil } pirrolidin-
2-il]-1H-imidazol-5-il} - 1-benzofuran-2-il)fenil]- 1H-imidazol-2-i1} pirrolidin- 1 -i1]-4-metil-1-
oxopentan-2-il}carbamato de metilo;
{(25)-1-[(25)-2-{5-[3-fluoro-4-(5-{2-[(25)-1-{(25)-2-[(metoxicarbonil }Jamino]-3-

metilbutanoil} pirrolidin-2-ilj- 1 H-imidazol-5-i1}-1-benzofuran-2-il)fenil}- 1 H-imidazol-2-

il} pirrolidin-1-i1}-3-metil-1-oxobutan-2-il} carbamato de metilo;
{(28)-1-[(2S)-2-{5-[3-fluoro-4-(5-{2-[(28)-1-{(2S)-2-[(metoxicarbonil)amino]-3-

metilbutanoil } pirrolidin-2-i1]-1H-imidazol-5-il} - 1-benzofuran-2-il)fenil]-1H-imidazol-2-

i1} pirrolidin-1-il}-3-metil-1-oxobutan-2-il}carbamato de metilo;
{(25)-1-[(285)-2-{5-[2-(2,6-difluoro-4- {2-[(25)-1-{(25)-2-[(metoxicarbonil)amino]-3-
metilbutanoil} pirrolidin-2-il]-1H-imidazol-5-il} fenil)-1-benzofuran-5-ii]-1 H-imidazol-2-
il}pirrolidin-1-il]-3-metil-1-oxobutan-2-il }carbamato de metilo;
{(25)-1-[(28)-2-{5-[2-(2-cloro-4-{2-[(28)-1-{(25)-2-[(metoxicarbonil)amino]-3-

metilbutanoil} pirrolidin-2-il]-1H-imidazol-4-il} fenil}- 1-benzofuran-5-il]- 1 H-imidazol-2-

i1} pirrolidin-1-il)-3-metil-1-oxobutan-2-il}carbamato de metilo;
{(1R)-2-[(25)-2-{4-{3-cian0o-4-(5-{2-[(285)-1-{(2R)-2-[{metoxicarbonil)amino]-2-

fenilacetil} pirrolidin-2-il}-1H-imidazol-5-il}-1-benzofuran-2-il)fenil]-1H-tmidazol-2-il} pirrolidin-
1-il]-2-0x0-1-feniletil }carbamato de metilo;

{(28)-1-[(28)-2-{5-[2-(4-{2-[(25)-1-{(25)-2-[( meloxicarbonil)amino]-3-metiibutanoil } pirrolidin-2-
il]-1H-imidazoi-4-il} -2-metiifenii)-1-benzofuran-5-il)- 1 H-imidazol-2-il} pirrolidin- 1-il]-3-metil- 1-
oxobutan-2-il}carbamato de metilo; y

sales farmacéuticamente aceptables de los mismos.
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33. Un compuesto de acuerdo con la reivindicacion 1 o la reivindicacion 11, elegido entre el
Zrupo que consiste en:
[(28)-1-{(25)-2-[5-(12-fluoro-10-{2-[(25)-1-{(28)-2-[(metoxicarbonil)amino]-3-

metilbutanoil} pirrolidin-2-il]-1 H-imidazol-5-il} indolo[1,2-¢]( 1,3 ]benzoxazin-3-il)- | H-imidazol-2-
il]pirrolidin-1-il}-3-metil- 1 -oxobutan-2-il}carbamato de metilo;

[(25)-1-{(25)-2-[5-(3-{2-{(25)- 1-{(25)-2-[(metoxicarbonil)amino}-3-metilbutanoil } pirrolidin-2-il]-
| H-imidazol-5-il}-6,6-dimetilindolo[1,2-¢][1,3]benzoxazin-10-il)-1H-imidazol-2-il]pirrolidin-1-
il}-3-metil-1-oxobutan-2-il]carbamato de metilo;
[(25)-1-{(2S)-2-[5-(12-fluoro-10-{2-[(25)-1-{(25)-2-[(metoxicarbonil)amino]-3-
metilbutanoil}pirrolidin-2-il]-1H-imidazol-5-il}-6-metilindolo[ 1,2-c]{ 1 ,3]benzoxazin-3-il)-1 H-
imidazol-2-il]pirrolidin-1-il}-3-metil-1-oxobutan-2-ilJcarbamato de metilo;
[(28)-1-{(25)-2-[5-(10-{2-[(2S)-1-{(2S)-2-[(metoxicarbonilJamino]-3-metilbutanoil} pirrolidin-2-
il]-1H-imidazol-5-il}-6-fenilindolo[ 1,2-¢][ 1,3]benzoxazin-3-il)- | H-imidazol-2-ilJpirrolidin-1-i1} -3-
metil-1-oxobutan-2-ilJcarbamato de metilo;

[(28)-1-{(2S)-2-[5-(10"-{2-[(28S)- I-{(2S)-2-[(metoxicarbonil)amino]-3-metilbutanoil } pirrolidin-2-
il]-1H-imidazol-5-il}espiro[ciclohexano-1,6'-indolo[1,2-c][ 1,3 ]benzoxazin]-3'-il)- 1H-imidazol-2-
il]pirrolidin-1-il}-3-metil-1-oxobutan-2-il]carbamato de metilo;

[(28)-1-{(28)-2-[5-(1,1 2-difluoro-10-{2-[(2S)-1-{(2S)-2-[(metoxicarbonil)amino]-3-
metilbutanoil} pirrolidin-2-il]-1H-imidazol-5-il}indolo[1,2-c][ 1,3 ]benzoxazin-3-il)-1H-imidazol-2-
il]pirrolidin-1-il}-3-metil-1-oxobutan-2-il]carbamato de metilo;
[(28)-1-{(28)-2-[5-(12-ciano-10-{2-[(285)-1-{(28)-2-[(metoxicarbonil)amino]-3-

metilbutanoil} pirrolidin-2-il}-1H-imidazol-5-il} indole[1,2-c][ 1,3 benzoxazin-3-il)-1H-imidazol-2-
il]pirrolidin-1-il}-3-metil-1-oxobutan-2-iljcarbamato de metilo; y

sales farmacéuticamente aceptables de los mismos.

34. Una composicion farmacéutica que comprende una cantidad eficaz del compuesto dc
acuerdo con una cualquiera de las reivindicaciones 1-33, v un vehiculo farmacéuticamente

aceptable.

35. La composicién farmacéutica de acuerdo con la reivindicacion 34, que comprende
adicionalmente un segundo agente terapéutico seleccionado entre el grupo que consiste en agentes

antivirales del VHC, inmunomoduladores y agentes anti-infecciosos.

36. La composicion farmacéutica de acuerdo con la reivindicacidn 34, que comprende
adicionalmente un segundo agente terapéutico seleccionado entre el grupo que consiste en

inhibidorces de proteasa del VHC ¢ inhibidores de polimerasa NSSB del VHC.
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37. Un uso del compuesto de acuerdo con una cualquiera de las reivindicaciones 1-33 en la
preparacién de un medicamento para prevenir y/o tratar una infecciéon por VHC en un sujeto que

necesita el mismo.

38. Un procedimiento para tratar un paciente infectado con VHC que comprende la etapa de
administrar una cantidad del compuesto de acuerdo con una cualquiera de las reivindicaciones 1-33

eficaz para prevenir y/o tratar la infeccién por VHC en un sujeto que necesita el mismo.

39. Un procedimiento para tratar un paciente infectado con VHC que comprende la etapa de
administrar una cantidad del compuesto de acuerdo con una cualquiera de las reivindicaciones 1-33

eficaz para inhibir la replicacién viral y/o la produccion viral del VHC.
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RESUMEN DE LA DESCRIPCION

La presente invencion se refiere a compucstos de formula (I) que son dtiles como
inhibidores de NSSA del virus de la hepatitis C (VHC), la sintesis de dichos compuestos, y ¢l uso
de dichos compuestos para inhibir la actividad NS5A det VHC, para tratar o prevenir infecciones

por VHC vy para inhibir la replicacidn viral y/o la produccion viral del VHC en un sistema basado

en células.
2
®RH,  ®Y,

G-—E—DD—E—G

M
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