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SOLICITUD DE:
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x | Capitulo 1. Capitulo I1.
@ | Nombre: ELI LILLY AND COMPANY | IDENTIFICACION
| Direccién:_Lilly Corporate Center, F ,
SOLICITANTE | Indianapolis, Indiana 46285 z C.C. NIT
(71) ! Nacionalidad o Domicilio: Estadounidense |
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| América
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! IDENTIFICACION
Naombre: CARLOS R. OLARTE I _
o C.C| X NIT !

| Direccién: Carrera 5 No. 34-03 Bogotd |

' REPRESENTANTE E ¢
O APODERADO , | C.E. Otro
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! LT

(72)
@ ‘pcr(ss)y S
Solicitud Internacional No. PCT/US2010/041034 Fecha Julio 6, 2010
Publicacion Internaaonal No. WO 2011/005738 Fecha Enero 13, 2011 |
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@ Titulo (54) INHIBIDORES DE BACE.
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@ Solicito la concesion de la patente,

NOMBRE: _CARLOS R. OLARTE FIRMA:

ANEXOS
Comprobante de pago de la tasa de presentacidon de la solicitud.

Documento que acredita la existencia y representacion legal cuando el solicitante sea persona
juridica.

Paderes, si fuere el caso. Adjunto copia simple ver expediente No. O -11 0 @t}

Docurmento de cesidn del inventor al solicitante o a su causante,
Declaraciones. Declaracion bajo la regla 4.17 (ii) del PCT.
Copia de la solicitud internacional. (Resumen, descripcién, reivindicaciones, dibujos).

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

Copia de! examen preliminar internacional efectuado por la Autoridad Internacional de Examen
Preliminar (IPEA}. :

Traduccidn 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 biolégico.
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 totaimente con la invencion de esta

solicitud. 1

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

Otros. Buasqueda Internacional

FIGURA CARACTERISTICA:

~ ~

N

C.C.79.782.747 Btd T.P._74.295
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LISTA DE INVENTORES

James Edmund AUDIA
L:1i lilly and Company,
Lilly Corporate Center,
Indianapolis, Indiana 46285
Estado Unidos

Nacionahdad: Estadounidensc

Dustin James MERGOTT
Eli lilly and Company, |
[illy Corporate Center,
Indianapolis, Indiana 46285
E:stado Unidos

Nacionalidad: Estadounidense

Chongsheng Eric SHI

L:1i lilly and Company,
Lilly Corporate Center,
Indiandpolis, Indiana 46285
Fstado Unidos

Nacionalidad: Estadounidensc

Grant Mathews VAUGHT
Eh lilly and Company,

Lilly Corporate Center,
Indianapotis, Indiana 46285
Fstado Unidos

Nacionalidad: Estadounidense

PCT/US2010/041034



Brian Morgan WATSON
1341 lilly and Company,
Lilly Corporate Center,
Indianapolis, Indiana 46285
Estado Unidos

Nacionalidad: Estadountdense

Leonard Larry WINNEROSKI Junior
El lilly and Company,

Lilly Corporate Center,

Indianapolis, Indiana 46285

Estado Unidos

Nacionalidad: EEstadounidense
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AN
W e, ESCRITURA PUBLICA NUMERO : ( 1 2 2 17
S\l 4/2’}4,, , > .
X MIL DOSCIENTOS VEINTISIETE ‘= = = v = = = = -
fin la ciudad de Bogota, Distrito
Capital, Repiblica de Coiombia, a los

4
&S Veintioche - - ( 28 ) dias del mes de

Ve < - .
OQotubre - -« - del afo dos mil ocho

_(2008), ante mi MARIA FEUGENIA
ROJAS DE WURUETA NOTARIA(O) VEINTISIETE (27) DEL
CIRCULO DE BOGOTA, sc otorgé la escritura pﬁb]ic]’a que sc
consigna en IQ_S. siguientes trminos: ——---memmmmm ool v

CLASE DE ACTO: PROTOCOLIZACION DE PODER . ----cmmmnmvu

JAMES TAN RAISBECK LLINAS Y CARLOS REINALDO

OLARTE GARCIA - —cccmee S

vigente y CARLOS REINALDO OLARTE GARCIA,
edad, vecino de Bogotd, identificado con la
cludadania ndmere 79.782.747, de estado civil casado
sociedad conyugal vigente, obrando en sus propios nombre)
] BT T m e e e
PRIMERO.- Que presentan para su protocolizacion y custodia cn
los archivos de ésta notaria, bajo el ndmero y lugar que a ésta
escritura corresponda, en cinco (5) folios autenticados, un pode.r y
sus traducciones.los cuales son del siguiente tenor: —--—-—vmeeeeees
PO D E R - m oo e
Ll suscrito I:Z'L-_[l'LII_.'L.Y AN"D COMPANY, domiciliado en Lilly

Corporate Center, Indianapolis, ‘Indiana 46285 US por medio del

ESTE PAPEL NO TIENE COSTO PARA EL. USUARIO

- LTI S



PAGINA 2

.

presente otorga a Carlos R. Olarte, ). {an Raisbcck y Ana Maria
Brieri, poder especial, amplio 'y suficiente para  prescentar,
tramitar, obtener, defender y hacer respetar todas y cualquiera de
patentes, modelos de Utilidad y Diseifios Tndustriales de la
compaiiia en la Republica de Colombia, a cuyo efecto los faculta
para dar todos Jos pasos necesarios ante cualquier autoridad
administrativa o judicial de cualquier jerarquia para cumplir con
lo encomendado, clevar solicitudes, apelaciones, respucstas y
oposiciones, pagar impuestos y anualidades, solicitar testimonios,
recibir documentos y valores, l'.[(:’S'LS.L:iiT y percibir. Se concede poder
baslante para rccibir notificaciones a nombre de la compaifia,
(JL'Olngll' POC]C!'ES a quienes Vﬂy:al] 3 1'epresentar a la compaﬂia
judicial o extrajudicialmente, responder en juicio a todas las
reclamaciones y demandas que por motive de encomendado se
presentaren, dandeoles asimismo facultades para sustituir el
presente y revocar dichas sustituciones.—------m=smemmmmmoomeoooo

Firma (ilegible) ---m-mmmmommmom e

Fecha 17 July 2003 «ocemmm e

City, Country/ Ciudad,.]?ais: ]'11.cii.al1é].3.olis, Indtana, United Status

OF AT i - oo oo e e

Traduccion oficial del Inglés por Marlén Neira Castro resolucion
2117 del Ministerio de Justicia de Colombia.- -cccmmcmmmemmmeoool
APOSTILLA EN PODER DE DE REPRESENTACION DE ELLI LILLY
AND COMPANY.
Bilingtie inglés- espaflol otorgado en Indianapoles, Indiana,
Estados Unidos el 17 de julio de 2003 y firmado por Meter G.
Stringer, Director Ejecutivo y patentes Internacionales de Ely
Lilly & Company.- -------o=n- e e
Todd Rokita Secretario de Estado--------mmrmmemmor oo

Secrelario de Estado de Indiana Estado Jde Indiana-—c-ecocmemcmeaooon
APOSTILLA

(Convencion de la Haya del 5 octubre 1961)
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WK 9397305

1. Pais: Estados Unidos de América-

este documento piblico

2. Ma sido lirmado por: Catherine Miche!

condado Jonson

_4 Lieva el sello del Secretario de la Corte

del Circuito en y'para el.estado de Indiana

Certificado !

5. En: Indianapoles, Indiana

6. El: 22 de julio de 2003.

7. Por el Secretario de Estado‘ de Indiana 8 No. A2003-1279

9. Gran Sello del Estado de Indiana

10. Firma ilegible de Todd Rokita- Secretario de Estado de Indiam:
* Vigente desde.el 1 de mayo de 2003, todas las ap.ost:illas ‘1?‘5
Secretario y  de Estado de Indiana Llienen el selio im}_;:ﬁreéi
electrénicamente. -—-—--—--—--«---—————"------~--~——-~~-—----—---—---——-_é———- :::
The Statehouse, Indianapoles, Indiana ’.1;6204-, (307) 232-6535., fa*:)?
(317) 233-3283- comem e e

CERTITICACION NOTARIAL | \
Bilingiie inglés- espafiol, el 17 de julio de 2003 el suscrito notario

Catherine Miche) certifica que Meter G. Stringer, domiciliad

3. Quien ejerce funciones de Secretario

de la Corte del Circuito en y para el

2es ge uruzsia

g ¥

7620 Castleton Faros, West Drive Indianapolis, Indiana- 4626
Hstados Unidos ejercia funciones de Director Ejecutivo y Patentes

[nternacionales de Ely Lilly & Company, con sede en Indianapolis,

Indiana, Estados Unidos..

MARLEN NEIRA CASTRO Traductor e Intérprete Oficial inglés-
Hspafol- Inglés

______________________________________________________________

Resolucion No. 2117 del 7 Oct 1987 - commoe oo

El olorgante fundamenta sus. certificaciones en este documento:
Delegacion de Autoridad concerniente a Ciertas Materias de

Patentes, suscrito el 20 de enero de 2003: conforme al poder

ESTE PAPEL NO TIENE COSTO PARA EL USUARIO
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otorgado al Asesor General de la Compafiia por el Comité
ljecutivo de la Junta Directiva de Bl Lilly and Company.----------
Firma del notario pablico Catherine Michel certifica sus funciones
vencen el 21 de octubre de 2008» residente en el condado Johnson
Sello de notario pablico de Indiana. -=v-wmwee oo oooccioceeeii .,
Bs traduccion fiel de inglés, con copia archive para confrontacion,
Bogotd 28 de julios2008 - omome e
MARLEN NEIRA CASTRO Traductor e Intérprote Oficial Inglés-
Fspanols Inglés coooe oo
Resolucion No. 2117 del 7 Oct 1987« oo ..
SEGUNDO.- Que solicita a la sefiora Notaria la incorporacion de
dichos documentos al protocolo de ésta notarfa para que de su
tenor se expidan las copias -que‘m__a_:,yadelantc.se'sbliciten ------------
Se advierte que la plOf‘:‘OC‘Oll 1c1(5n de documentos no da mayor
[uerza o autenticidad de ta que tzenen dnhos documentos.- ---
Esta escritura piblica fue fnnmda Iuera del Despacho Not‘nml de
conformidad con el ﬂr‘nculo 12 dLl Decreto 2.148 de 1,983, eeeae-
Se advirtié a los otorgantes‘de esta escritura de la obligacion
que tienen de leer la totalidad de su texlo, a [in de verificar la
xactitud de todos los datos en ella consignados, con el fin de
aclarar, modificar o corregir I.o pertinente antes de ficmarla, [a
firma de la misma demuestra su aprob_acién total del texto, en
consecuencia, la notaria no asume ninguna responsabilidad por
errores o inexactitudes establecidas con posterioridad a la
firia de (el, los) otorgante(s) y de la notaria, en tal caso, este
(os) debe{n) scr corregidos mediante ol otorgamicnto de una
nueva escritura, suscrita por todos los que intervinieron cn la
inicial y sufragada por los mismos (articulo 35, decreto ley

960 de 1970). = mrommom s oo oo
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Traduccidn oficial del Inglés por Marlén Neira Castro, resolucion 2117 del
#Ministerio de Justicia de Colombia

APOSTILLA EN PODER DE REPRESENTACION DE

R

. ELY LILLY AND COMPANY

1

- a~-

Bilingie inglés- espano) otorgado en Indianapoliis, Indiana, Estadns Unidos el 17
de julio de 2003 y firmado por Peter G. Stringer, Director Ejecutivo y Patentes

Internacicnales de Ely Lilly & Company.

Tadd Rakita Secretario de Estado
Secrataris de Estado de indianz Estado de Indiana
APOSTILLA

1 Pais: Estados Unides de America— Este documento Pub]?
2 ha sido firmado por Catherine Michel
3 Quien’'eierce funciones de Secretario de 1a Corte del Caf

condado Johnson .
4. Lleva el sello det Secretario de 1a Corte del Circuitoian

de Indiana

CERTIFICADO

5. En Indianapolis, Indiana 6. E1 22 de julio de 2003
7. Por el Secretario de Estado de Indiana 8. No. A2003- 112Eﬁ
9. Gran Sello del Estado de Indiana %%;
10. Firma legible de Todd Rokita- Secretario de Estado de In® ~.
* Vigente desde el 1 mayo'de 2003, todas las apost1]la5 del Secréiiﬁfi
de Indiana tienen el sello impreso e1ectronjcamente. Zw

S 4
The Statehouse, Indianapolis, ladiana 46204, (217) 232-6321, fax (317} 233-3283

CERTIFICACION NOTARIAL
Bilingiie inglés- espanol, el 17 de julio de 2003 el suscrito notaric Catherine
Michel certifica que Peter G, Stringer, domiciliado en 7620 Castleton Farms, West
Drive, Indianapolis, Indiana - 46256 Estados Unidos ejercia funciones de Director

Ejecutivo y Patentes Internacionales de Ely Lilly & Company, con sede en

Indianapolis, Indiana, Estados Unidos. ' mkﬂ !
ol v ¢

MARLEN NEIRA CASTRO
Traductor & Intérpreta Oficial
inglés - Espodc! - Inglés
Resoluciér No. 2117 del 7 Oct 1987
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E1l otorgante fundamenta sus certificaciones en éste documento: Delegacidn de
Autoridad concerniente a Ciertas Maferias de Patentes, suscriﬁo el 20 de enern
de 2003: conforme al poder otorgado al Asesar General de la Compania por el
Comité ejecutivo de la Juﬁtaruirectiva de E1i -Lilly and Company.

Firma del notario piblico Catherine Michel certifica

Sus funciones vencen el 21 de vctubre de 2008 - residente en el condado Johnson
Sello de notario piblice de Indiana 7 .

- | °

Es traduccién fiel del inglés, con copia archivo para confrontacidn. Bogota 28

de julio-2003. Marlen Neira C

Woliw b €

MARLEM NEIRA CASTRO
Traducior e lntérprate Clicial

Inglés - Espafiol - Inglés
Resolucién No. 211/ del 7 Oet 1987




‘ OLARTERAISBECK

Ortarte RUSBECK & Fiem, 1T0A,
LEGAL & PROFESSIONAL SERVICES

WORLD TRane CENTER — TORRE C
CaALLE 104 No. 8A-55 Prso 10
BoaoTa, CoLomblA
TELEPHONE: +57-1 648-6200
Fax: +57.1 638-6201

www . alarteraisbeck.com

Power of Attorney
The undersigned,

domiciled in

by means of these prescats hereby grants to Carlos
R, Olarte, T, Tan Raisbeck and Ana

Maria Trieri full and sufficient Power of
Attorney to file, prosccute, oblain, defond and
enforce any and all of the company’s Patents,
Utility Models and tadusteial Designs in the
Republic of Colombia, to which end it empowers
them to take all stops necessary before any
administrative or judicial authority of any clags for
the objects stated, to file petitions, appeals, replies
and oppositions, pay laxes and annuities, requesi
testimonics, receive documents 'and securitics,
abardon applications and collect refunds. Sufficicnt
power is hereby granted to receive notifications on
behalf of the Company, to confer pawers on those
who are to represent the company judicialty and
extryjudicially, to answer in conrt in the matter of all
claims and demands that may be presented in
connection with the ohjects siated, piving them
likewise power to substitute these preseuts and
revoke such substitutions.

Signature/Firma

Date/Fecha: ) Jluty 2005

ELTLILLY AND

Lilly Corporate Center, Indian

Poder

El suserito,

COMPANY

domiciliada en

apolis, Indiana 46285 US ‘
por medio del presente otorga a Carlos R,
Olartc, 1. Ian Raisheck y Ana Maria
¥riert poder especial, amplio y suficiente para
presentar, tramitar, oblener, defender y hacer

respetar todas y cualquiera de Patentes, Modelus
de Utilidad y Disefios Industriales de la

- compaiiia en l2 Repiiblica de Colombia, a cuyo

efteto los faculta para dar todos los pasos
necesarios ante cuslquier auloridad administrativa
o judicial de cualquier jerarquia para cumplir con
1o creotendado, clevar solicitudes, apelaciones,
respuestas y oposiciones, pagar impucstos y ;
anualidades, solicitar testimonios, recibir i
docamentos y valores, desistir y percibir. Se H
concede poder hastante para tecibir notificaciones
4 nombre de la compaiiia, otorgar poderes a
quicnes vayan a representac a la eompafiia judicial
¥ extrajudicialinente, responder en juicio a todas
las reclamaciones o demandas que por motivo de
ko encomendado se presentaren, ddndoles
asimismo faculied para sustituir el presente v
revocar dichas sustituciones.

1

el e SWET

City,Country/Ciudad,Pafs: Indianapolis, Indiana, United States of America

-




ke

SECRETARY OF STATE
STATE OF [NDIANA

Todd Rokita

Secretary of State 7
APOSTILLE

(Convention de Ia 11aye du 5 Octobre 1961)

1. Country: United States of Americi

2. This public document has been signed by Catherine Michel

3. acting in the capacity of circuit court clcfk in & l'o;r Johnson County

4, aﬁd bears the seal/stamp of circuit court clerk in & for the State ;Of Indiana

. Certified
5. at Indianapolis, Indiana

6. this Twenty-second day of July, 2003

7. by Secrctary of State of Indiana

10. Signature:

{ Aottt

Todd Rokita

Indiana Secretary of State

T Cwt
TF R e by
R S g
Ay Kera® "4_ i

; oy

*Liffective May §, 2003 all apostilles from ihe Indiana b:ccrctaq' of Swate will have an ctectrentcally printed scal.

The Statehouse, Indianapolis, Indiana 46204, {317) 232-6531, Fax (317) 233-3283




f 3 ARTERAISBECK
- . OuarTE RaisRECK & FRIERT, LTDA.
(.EeAL & PROFESSIONAL SERVICES

WORLD TRADE CENTER — TorrE G
 t CaLLE 100 NQ. BA-55 P1s0-10
' Bocota, COLOMBIA
TELEPHONE: +57-1 6386200

ErotRi

]
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Fax, +57-1 638-6201

www.olarteraisbeck.com

Notarial Certification

(n this date,

J 77 Tuly 2003
“The undersigned Notary Public certifics:

1. That

Certificacion Notarial

En csta fecha,

¢} Notario Piblico suscrito certificu:

1. Que

Peter G. Stringer

of legal ape and domiciled 1n

mayor de edad ¥ damiciliado

7620 Casticton Farms, West Drive, Indianapolis, Indiana 46256 US

signed the foregoing document.

g‘.
2. That the geantor has excented the foregoing 2. Quec ci otorganie ha suscrito ¢l referido %‘
| document as Bxccutive Director, International  documento e St cardcter dc ‘;.:Z -
1, )

‘ Patents ey
] of EI1 LILLY AND COMPANY de o
_5
3 3. That EL1 LILLY AND COMPANY -4, Que

having its principal place of business located in
[ndianapolis, Indiana, United States of
Amcrica

is duly incorporuted, is currently in cxislencs, anl
that the purposes for which the Power of Attorney is
granicd  arc within the scope of its corporate

PUTPOSES.

4 That the grantor has {he authority to exceuts the
Pawer of Attorney and that his/er represcatation is
legal.

5 ‘The foundation for my cerlifications contained in
points 2, 3 and 4 was ihe exhibition of the following
authentic document(s)

Delegation of Authority Concerning Centain
Tatent Mallcrs, executed January 20, 2003;
pursuant to the authority granted to the
Goneral Counsel of the Company by the
excoutive Committee  of the Board of
Pirectors of Bli Lilly and Company

NOTARY PUBLIC (Signaturc):

- Jugal vigenie y que los propositos para los cuul&s {

/)

Ca

suscribié el documento que antecede.

con sede principal ubicada en

#

estd legalmente constituida, que licnc cxistenc'h;a o

se otorga cl poder st encuentra denfro de los que
comprenden su ohjeto social, i

i
4. Que cl olorgante ticne la representacion pi

" suscribir ¢l poder, y que esta €3 legitima.

5. 11 fundamento de mis  certificacioncy
conienids en los puntos 2,3y 4 fue 1a exhibicion
de los {del) sipuiente(s) documenta(s) auténtico(s):

(A e

: — therine Miche
-"2,'5’“—"-9??}% My Commission Expires October 21, 2008
§E A % Resident of Johnson County
+* \--ﬁAL )'" I I
ot
N
- - —‘“"_—-“'\JM'E.—“':‘]WF,__!'ﬁtﬁjﬁflﬁzﬁyfﬁjﬂﬁ:ﬂﬂ?ﬁﬁ

i R e
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i

o KIVERTENCIA, OTORGAMIENTO Y
AUTORIZACION.- Leido el presente
instrumento por el (fos) compareciente
(s} y. advertido  (s) sobre las

formalidades legales, lo aprueban
8 ] Yy

firman  conmigo v ante mi la(el)

— Notaria(o} quién lo auntoriza. ---Se
e &“ o “"!:;i"‘" " "'ﬁ"i-‘-\‘";"- . . o . . 'r-- / .H'
utilizaron las Wojas U8 ‘?ﬁiﬁa'&lf‘NQk@zs{al Nos, WK 9397304, WK 9397305 Y

R B I‘,.": qq|

o J .

DERECHOS LEGALES: § 394630000 /' == = oo oo oo oo v
ifs ¥

RESOLUCION 8850 DE 2007 i
e |

IVA § 10.781.00 T T T T T T o
4.—.* 2

réakieR

1 TAERRA 2L

TR TP
gj;..

-G Ne 9336, 996 BosoT
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BACE INHIBITORS

The present invention 1s in the ficld of treatment of Alzhcimer’s disease and other
discases and disorders involving amyloid 8 (AB) peptide, a ncurotoxic and highly
aggregatory peptide segment of amyloid precursor protein (APP). Complcte or partial
mhibition of B-secretasce or B-site amylotd precursor protein-cleaving cnzyme (BACE)
has been shown to have a significant effect on plaque-related and plaque-dependent
pathologics in mousc models suggesting that even small reductions in AR levels might
result in long-term significant reduction in plaque burden and synaptic deficits, thus
providing significant therapeutic benefits.

Currently described BACE inhibitors arc peptidomimetic transition state analogs,
typically containing a hydroxyethyl moicty. Although many of thesc compounds arc
potent inhibitors of BACE, their high molecular weights and low membrane permeability
makc them poor drug candidates. See Park and Lee, Jowrnal of the American Chemical
Society, 125(52), 16416-16422 (2003). There has been a progression from large
peptidomimetic molecules to small molecules, such as a variety of hydroxycthylamine
scaffolds as well as heterocyclic-containing scaffolds. See e.g., Durham and Shepherd,
Current Opinion in Drug Discovery & Development, 9(6), 776-791 (2006). Certain
aminothiazine compounds have been described as BACE inhibitors in WO 2007/049532,
WO 2008/133273, and WO 2008/133274.

BACE wmlubitors that arc potent and more efficacious are necessary to provide
treatments for AP peptide-mediated disorders, such as Alzhecimer’s discasc. The present
invention provides new potent and cfficacious inhibitors of BACE.

The present invention provides compounds of Formula 1:
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wherein:

X is —Cly- or -0O—;

nisQorl;

misQ, I, or2;

pis 0 or1; p must be 0 when X is ~O-;

R' is -NHCOR,, pyrimidinyl, pyridiny! optionally substituted with halo or phenyl
optionally monosubstituted with --C1—Cs alkoxy;

R? is halo;
R is =Ct-Cs alkoxy, hydroxy, or —0-CH;—0-Cl13; and

R* is phenyl, pyridinyl optionally substituted with halo, pyrimidiny| optionally
substituted with halo, pyrizinyl, or thiazolyl,

or a pharmaccutically acceptable salt thereof.

The present invention also provides a method of treating Alzheimer’s discasc in a
paticnt comprising administering to @ patient in nced of such treatment an effective
amount of a compound of the prescnt invention.

The prescat invention further provides a method of preventing the progression of
mild cognitive impairment to Alzhcimer’s discasc in a paticnt comprising administering
{0 a patient in need of such treatment an cffective amount of a compound of the present
invention or a pharmaccutically acceptable salt thercof..

The present invention further provides a method of preventing the progression in a
paticnt at risk for developing Alzheimer’s discase comprising administering to a patient in
nced of such treatment an effective amount of 2 compound of the present invention or a
pharmaccutically acceptable salt thercof.. .

The present invention also provides a method of inhibiting BACL in a paticnt
comprising administering to a mammal in need of such treatment an cffective amount of a
compound of the present invention or a pharmaccutically acceptable salt thercoll.

The present invention also provides a method for inhibiting BACE-mediated

cleavage of amyloid precursor protein comprising administering to a patient in need of
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such treatment an effcctive amount of a compound of the prescnt invention or a
pharmaccutically acceptable salt thercof.

The present invention further provides a method for the inhibition of production of
A peptide compnising administering to a patient in need of such treatment an effective
amount of a compound of the present invention or a pharmaceutically acceptable salt
thereof.

The present invention also provides a pharmaceutical formulation comprising a
compound of the invention or a pharmaceutically acceptable salt thereof, in combination
with a pharmaccutically acceptable carrier, diluent, or excipient. In a particular
cmbodiment, the formulation further comprises onc or more other therapeutic agents.

Furthermore, this invention provides a compound of the invention or a
pharmaccutically acceptable salt thercof for use in therapy, in particular for the reatment
of Alzhcimer’s discasc or for the prevention of the progression of mild cognitive
impairment (o Alzhcimer’s discase. Even furthermore, this invention provides the use of
a compound of the invention or a pharmaccutically acceptable salt thereof for the
manufacture of a medicament for the treatment of Alzhcimer’s discase. This invention
also provides the use of a compound of the invention or a pharmaccutically acceptable
salt thercof for the manufacture of a medicament for the prevention of the progression of
mild cognitive impairment to Alzheimer’s discase. The invention also provides the usc of
a compound of the invention or a pharmaccutically acceptable salt thercof for the
manufacturc of a medicament for the inhibition of BACE. The invention further provides
the use of a compound of the invention or a pharmaceutically acceptable salt thereof for
thc manufacturc of a medicament for the inhibition of production of AP peptide.

Additionally, this invention provides a pharmaccutical formulation adapted for the
trcatment of Alzheimer’s disease. Furthermore, this invention provides a pharmaceutical
formulation adapted for the prevention of the progression of mild cognitive impairment to
Alzheimer’s discase. This invention also provides a pharmaccutical formulation adapted
for the inhibition of BACE,

Furthermore the present invention provides a pharmaccutical formulation adapted
for the inhibition of BACE-mcediated cleavage of amyloid precursor protein. The present
invention also provides a pharmaccutical formulation adapted for the treatment of

conditions resulting from excessive levels of AR peptide comprising a compound of the
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invention or a pharmaceutically acceplable salt thereof in combination with onc or more
pharmaccutically acceptable cxcipients, carriers, or diluents.

The general chemical terms used in the formulac above have their usual meanings.
For cxample, the term “~C;-C; alkoxy™ is a —=C;-Cs alkyl group bonded to an oxygen
atom and refers to methoxy, ethoxy, propoxy, and iso-propoxy. However, “baio” refers
to fluoro and chloro.

The term “nitrogen protecting group” 18 taken to mcan a moicty that is stablc to
projected reaction conditions and yet may be selectively removed by reagents and
rcaction conditions compatible with the regenerated amine. Such groups arc well known
by the skilled artisan and are described in the literaturc. See, e.g., Greenc and Wuts,
Protective Groups in Organic Synthesis, Third Edition, Chapter 7, John Wiley and Sons
Inc., (1999).

The term “inhibition of production of A peptide” is taken to mean decreasing of
in vivo lovels of AP peptide in a mammal.

The term “cffective amount of a compound of IFormula 17 is taken to mean the
dosc or doses of a compound of the invention required 1o inhibit BACE sufficiently to
decrease in vive levels of AR peptide in 2 mammal.

Mild cognitive impairment has been defined as a potential prodromal phasc of
dementia associated with Alzhcimer’s discase bascd on clinical presentation and on
progression of paticnis cxhibiting mild cognitive impairment to Alzhcimer’s dementia
over time. (Mornis, et al., Arch. Neurol., 58, 397-405 (2001); Pctersen, ef al., Arch.
Neurol., 56, 303-308 (1999)). The tcrm “prevention of the progression of mild cognitive
impairment 1o Alzhcimer’s diseasc” includes slowing, arresting, or reversing the
progression of mild cognitive impairment to Alzheimer’s discasc in a patient.

The skilled artisan will appreciate that compounds of the invention can exist in
tautomeric forms, as depicted in Figure (1). When any reference in this application to onc
of the specific tautomers of the compounds of the invention is given, it is understoed 1o

cncompass both tautomeric forms and all mixtures thercof.
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Figure (1)
The skilled artisan will appreciate that compounds of the invention arc comprised

of a core that contains at least two chiral centers:

R1

Figure (2)
Although the present invention contemplates all individual cnantiomers, as well as
mixturcs of the enantiomers of said cormpounds including racemates, the compounds with
the absolute configuration at the atoms labeled 1 and 2 as illustrated in Figure (2) arc
10 preferred compounds of the invention.

Additionally, the skilled artisan will appreciate that additional chiral centers may
be created in the compounds of the invention by the sclection of certain variables. The
present invention contemplates all individual cnantiomers or diastercomers, as well as
mixturcs of the enantiomers and diastercomers of said compounds including racematcs.

15 The skilled artisan will also appreciate that the Cahn-lngold-Prelog (R) or (S}
designations for all chirai centers will vary de[.Jcn.c‘iing upon the substitution patterns of
the particular compound. The single cnantiomers or diastercomers may be prepared
beginning with chiral reagents or by stercosclective or stereospecific synthetic techniques.

Alternatively, the single cnantiomers or diastercomers may be isolated from mixtures by
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standard chiral chromatographic or crystallization tcchniques at any convenient point in
the synthesis of compounds of the invention. Single enantiomers and diastercomers of
compounds of the invention arc a preferred embodiment of the invention.

The compounds of the present invention arc amines, and accordingly react with
any of a number of inorganic and organic acids to form pharmaccutically acceptablc acid
addition salts. Pharmaccutically acceptable salts and common methodology for preparing
them are well known in the art. See, e.g., P. Stahl, et al. Handbook of Pharmaceutical
Salts: Properties, Selection and Use, (VCHA/Wiley-VCH, 2002); S.M. Berge, et al.,
“Pharmaccutical Salts,” Journal of Pharmaceutical Sciences, Vol 66, No. 1, January
1977. Preferrcd pharmaceutically acceptable salts arc those formed with hydrochloric
acid.

Although all of the compounds of the invention arc uscful inhibitors of BACL,
certain classes of compounds arc preferred. The following paragraphs describe such
preferred classes:

a) nis0;

b) nis 1;

¢) misO;

d) mis1;

c) mis2;

fy pist;

g) pisl;

h) p must be 0 when X is —O—;

i) Xis-0-

1) Xis-CHp

k) R'is -NHCORy;

1 R!is pyridiny!;

m) R' is pyridinyl optionally substituted with ~Cl and —F;

n) R'is pyrimidinyl;

0) R'is pyrimidinyl or pyridiny] optionally substituted with halo;

p) R'is -NHCOR,, pyrimidinyl, or pyridiny} optionally substitutcd with -Cl and

-F:
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q) R'is =NHCOR., phenyl optionally substituted with ~Ci~Cx alkoxy,
pyrimidinyl, or pyridiny! optionally substituted with —Cl and --F;

) R'is -NHCOR,, phenyl optionally substituted with ~C,—Cs alkoxy, or
pyrimidinyl;

8) R'is NHCOR, or pyrimidinyl;

)] R? 18 fluoro:

w) RYis —C-Ca alkoxy or hydroxy;

v) RYis =OClL, ~OCH,(CHa),, or hydroxy:

w) R is phenyl

x) R'is thiazolyl;

y} R"is pyridinyl optionally substituted with —Cl or =F, pyrimidiny! optionally
substituted with halo, or pyrizinyl; .

z) R"is pyridiny! optionally substituted with halo, pyrimidinyl optionally
substituted with halo, or thiazolyl; .. .

aa) R* is pyridinyl optionally substituted with halo, pyrimidinyl optionally
substituted with halo, pyrizinyi, or thiazolyl;

bb) R is pyridiny] optionally substituted with halo or pyrimidinyl optionally
substituted with halo;

cc) R* is pyridinyl;

dd) R* is pyridiny] optionally substitutcd with halo,

ce) R* is pyridiny! optionally substituted with fluoro;

ff) The compound of the invention has & cis configuration at the chiral centers at
the junction of the fuscd aminothiazine ring;

ge) The compound of the invention 1s a free base;

hh) The compound of the invention is a pharmaccutically acceptable salt;

ii) The compound of the invention is the hydrochloride salt.

1) The compound of the invention is the dihydrochloride salt.

kk) The compound of the invention is the cthanesulfonate salt.

1} The compound of the invention is the p-toluencsulfonate salt.

A preferred embodiment of the compounds of the present invention relates 1o

compounds of the invention, whercin X is ~CHpy-or —-O—; nisOQor I; mis 0, 1, 0r 2; p is

0 or I; p musi be 0 when X is ~O—R' is -NHCOR,, pyrimidinyl, or pyridiny! optionally
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substituted with halo: R? is fluoro; R is ~C1-Ca alkoxy or hydroxy; R* iz pyridinyl
optionally substituted with halo, pyrimidinyl optionally substituted with halo, pynizinyl,
or thiazolyl; or a pharmaccutically accepiable sali thereof. In said cmbodiment, halo is
chloro or flucro when R* is pyridinyl or chloro when R* is pyrimidinyl. Furthermore, in
said embodiment, it is preferred that the compounds posscss a cis configuration at the
chiral centers at the junction of the fuscd aminothiazine ring; or a pharmaccutically
acceptable salt thereof,

Another preferred cmbodiment of the compounds of the present invention relates
to compounds of Formula I, wherein X 18 -CHp-or O nisQor I;misOor I;pis 1; p
must be 0 when X is ~O—R' is ~NHCOR,, phenyl optionatly substituted with --Cp-Cy
alkoxy, pyrimidinyl, or pyridinyl optionally substituted with halo; R* is fluoro; R* is ~Cy-
Cs alkoxy or hydroxy; R* is pyridinyl optionally substituted with halo, pyrimidinyl
optionally substituted with halo, or thiazolyl; or a pharmaccutically acceptabic salt
thercof. 1n said embodiment, halo is chioro or fluoro when R? is pyridiny] or pyrimidinyl;
or a pharmaceutically acceptable salt thercof. Furthermore, in said embodiment, it is
preferred that the compounds possess a cis configuration at the chiral centers at the
junction of the fused aminothiazine ring; or a pharmaccutically acceptable salt thercof.

A more preferred embodiment of the compounds of the present invention relates
to compounds of Formula |, wherein X is —Clly— or -O— nisQor I; mis 0, 1,0r2; pis 0
or 1; p must be 0 when X is —O—R' is ~NLICOR, or pyrimidinyl; R* is fluoro; R is —Cy-
Cs alkoxy or hydroxy; R? is pyridinyl optionally substituted with halo, pyrimidinyl
optionally substituted with halo, pyrizinyl, or thiazolyl; or a pharmaccutically acceptable
salt thercof. In said embodiment, halo is chioro or fluoro when R* is pyridinyl or
pyrimidinyl; or a pharmaccutically acceptable salt thercof. Furthermore, in said
embodiment, it is preferred that the compounds possess a cis configuration at the chiral
centers at the junction of the fused aminothiazine ring; or a pharmaccutically acceptable
salt thereof.

A further embodiment of the compounds of the present invention relates to
compounds of Formula 1, wherein X is -CHy—or--O—; nisQor 1;misOor L pisQor I}
p must be 0 when X is —O—;R" is -NHCOR4, pheny! optionally substituted with -Cy—Cs
alkoxy, or pyrimidiny]; R? is fluoro; R is -C)-Cx alkoxy or hydroxy; R* is pyridiny

optionally substituted with halo, pyrimidinyl optionally substituted with halo, pyrizinyl,
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or thiazolyl; or a pharmaceutically acceptable salt thercof. In said embodiment, halo is
chloro or fluoro when R* is pyridinyt or pyrimidinyl. Furthermore, in said embodiment, it
is preferred that the compounds possess a cis configuration at the chiral centers at the
junction of the fused aminothiazine ring; or a pharmaccutically acceptable salt thereof.

A most preferred embodiment of the compounds of the present invention relates to
compounds of Formula [, whercin X is ~CHz-or-O— nisQor 1; mis Qor 1; pis 0 or §;
p must be 0 when X is ~O—R" is -=NHCOR, or pyrimidinyl; R? is fluoro; R is —Ci-Ca
alkoxy or hydroxy; R” is pyridinyl optionally substituted with halo, or pyrimidinyl
optionally substituted with halo; or a pharmaccutically acceptable salt thercof. In said
embodiment, halo is chloro or fluoro when R is pyridinyl or pyrimidinyl; or a
pharmaceutically acceptable salt thercof. Furthermore, in said embodiment, it is preferred
that the compounds posscss a cis configuration at the chiral centers at the junction of the
fused aminothiazing ring; or a pharmaceutically agceptable salt thercof,

Another most preferred embodiment of the.compounds of the present invention
relates to compounds of Formula 1, wherein X is.~CHy—or—-O—;nisOor I;misOor k;p
is 0: R is ~NHCOR4; R? is flugro; R* is pyridinyl optionally substituted with halo; ora
pharmaccutically acceptable salt thereof. In said embodiment, halo is chloro or fluoro
when R" is pyridinyl; or a pharmaccutically acceptable salt thereof. Furthermore, in said
embodiment, it is preferred that the compounds possess a cis configuration at the chiral
centers at the junction of the fused aminothiazine ring; or a pharmaccutically acceptable
salt thereof.

An cspecially preferred embodiment of the compounds of the present invention
relates to compounds of Formula [ wherein X is -O—;nis O; mis L5 pis 0; R is
~NHCOR4; R* is halo; R” is pyridinyl substituted with halo; or a pharmaccutically
acceptable salt thercof. In said embodiment, it iy preferred that R” is fluoro; or a
pharmaccutically acceptable salt thereof, Further, in said embodiment, it is preferred that
the compounds possess a cis configuration at the chiral centers at the junction of the fused
aminothiazine ring; or a pharmaccutically acceptable salt thercof.

A further especially preferred embodiment of the compounds of the present

invention relating to compounds of Formula 1 is
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; or a pharmaccutically acceptable salt thercof.
Another especially preferred embodiment of the compounds of the present

invention relating to compounds of Formula 1 1s

H
L
M
i TN OTNH,
/@F
H
N
N
2
F [ °©
= 0 r
; or 4 pharmaceutically acceptable salt thercof.
5 The compounds of Formula 1 arc inhibitors of BACE. Thus, the present invention

also provides a method of inhibiting BACE in a mammal that comprises administering to
a mammal in nced of said treatment a BACLE-inhibiting amount of a compound of
Formula 1. 1t is prefeered that the mammal o be treated by the administration of the
compounds of Formula | is human,

10 As inhibitors of BACE, the compounds of the present invention arc uscful for
suppressing the production of AR pc.ptidc, and thercfore for the treatment of disorders
resulting from excessive AP peptide levels due to over-production and/or reduced
clearance of AP peptide. A further cmbodiment of the present invention 18 the use of a
compound of Formula I for the manufacture of a medicament for treating a discasce or

15  condition capablc of being improved or prevented by inhibition of BACE. The
compounds of Formula 1 arc thercfore believed to be uscful in treating or preventing
Alzheimer’s discase, mild cognitive impairment, Down’s Syndrome, Hereditary Cerebral
Hemorrhage with Amyloidosis of the Dutch-Type, cerebral amyloid angiopathy, other
degencrative demcntias such as: dementias of mixed vascular and degencrative origin,

20  dementia associated with Parkinson’s discase, dementia associated with progressive
supranuclear palsy, dementia associated cortical basal degencration, and diffuse Lewy

body type of Alzheimer’s discase.
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The compounds of the present invention, or salts thercof, may be prepared
by a varicty of procedures known in the art, somce of which are illustrated in the Schemes,
Preparations, and Examples below. The specific synthetic steps for cach of the routes
described may be combined in different ways, or in conjunction with steps from different
schemes, to prepare compounds of Formula 1| or salts thercof. The products of cach step
in the schemes below can be recovered by conventional methods, including cxtraction,
cvaporation, precipitation, chromatography, filtration, trituration, and crystallization,

Certain stercochemical centers have been left unspecificd and certain substituents
have been climinated in the following schemes for the sake of clarity and arc not intended
to limit the tecaching of the schemes in any way.  Furthermore, individual isomers,
cnantiomers, or diastercomers may be separated at any convenient point in the synthesis
of compounds of Formula | by methods such as chiral chromatography. Additionally, the
intermediates described in the following schemes contain a npumber of nitrogen protecting
groups. The variable protecting group may be the same or different in cach occurrence
depending on the particular rcaction conditions and the particular transformations to be
performed.  The protection and deprotection conditions arc well known to the skilled
artisan and arc described in the literature. See. e.g., Greene and Wuts, Protective Groups
in Organic Synthesis, suprd.

‘The abbreviations used herein are defined according to Aldrichimica Acta, Vol.

17, No. 1, 1984. Other abbreviations are defined as follows: “Prep” refers to preparation;
“Iix” refers to cxample; “min” refers to minute or minutes; “ACN” refers to acctonitrile;
“DIPEA” refers to diisopropylethylamine; “DIC” refers to ditsopropylcarbodiimide;
“fit,0” refers to dicthyl cther; “EAQAc” refers to ethyl acetate; “HATU™ refers to 2-(1H-
7-azabenzotriazol-1-y1)--1,1,3,3-tetramethyl uronium hexafluorophosphate
methanaminium “HBTU” refers to O-benzotriazole-N, N, N’ N -tctramethyl-uronium-
hexafluoro-phosphate; “HOAC refers to 1-hydroxy-7-azabenzotriazolc; “iPrOH™ refers to
isopropanol; “McOI1” rcfers to methyl alcohol or methanol; “(OE()” refers to ethoxidc;
“PyBOP™ refers to benzotriazol-1-yloxytripyrrolidino-phosphonium
hexafluorophosphate; “PyBrop” refers to bromo-tris-pyrrolidino phosphoniumhexafluoro
phosphate; “DMAP” refers to 4-dimethylaminopyriding; “PPhs” refers io
triphenylphosphine; “TFA” refers to trifluoroacctic acid; “THF” refors to tetrahydrofuran;

“E1OH” refers 1o cthyl alcohol or ethanol; “SCX™ refers to strong cation exchange; “Ty”
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refers to retention time; “ICsy” refers to the concentration of an agent that produces 50%
of the maximal inhibitory responsc possible for that agent; “AlPP” refers to amyloid
precursor protein; “DMEM?” refers to Dulbecco’s Modificd Eagle’s Medium; “F127 refers
to Ham’'s F12 medium; “FBS” refers to Fetal Bovine Scrum; “FRIET refers to
fluorescence resonance energy transfer; “HEK” refers to human embryonic kidney
“PDAPP” refers to platelet derived amyloid precursor protein; and “RFU” refers to
relative fluorescence unit,

In the schemes below, all substituents unless otherwise indicated, arc as
previously defined. The reagents and starting matcrials are gencrally readily available to
one of ordinary skill in the art. Others may be made by standard techniques of organic
and heterocyclic chemistry which are analogous to the syntheses of known structurally-
similar compounds and the procedures described in the Preparations and Iixamples which

follow including any novel proccdures.

Scheme |
3)9
Q X S
P l
R “oH { A N’)\ -PG
) Io} H Deprotcetion
—_—
4 2
coupling R N . R
conditions H (R ]m
&) N

Scheme 1 depicts the acylation of an appropriatc amine compound of formula (1)
with an aryl carboxylic acid of formula (2) to give a compound of formula (1) after the
deprotection of the intermediate (3). “PG™ s a protecting group developed for the amino
group, such as carbamates and amides. Such protecting groups are well known and
appreciated in the art.

A compound of formula (1) 1s reacted with a compound of formula (2) under
coupling conditions. One skilled in the art will recognize that there are a number of
methods and reagents for amde formation resulting from the reaction of carboxylic acids
and amincs. For cxamplc, the reaction of an appropriatc compound of formula (1) with
an appropriate acid of formula (2) in the presence of a coupling reagent and an amine
base, such as DIPEA or tricthylamine, will give a compound of formula (3). Coupling

reagents include carbodiimidces, such as DCC, DIC, EDCI, and aromatic coupling
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reagents, such as HOBt and HOAt Additionally, uronium or phosphonium salts of non-
nuclecophilic anions, such as HBTU, HATU, PyBOP, and PyBrOP can be uscd in place of
the morc traditional coupling rcagents. Additives such as DMAP may be used to enhance
the rcactions. Alternatively, a compound of formula (1) can be acylated using substituted
benzoyl chtorides in the presence of a base, such as triethylamine or pyridine.

The protecting group 1n intermediate (3) can be removed under acidic or basic
conditions to give the compounds of formula (1), The deprotection of such compounds 18
well known and appreciated in the art.

In an optional step, a pharmaccutically acceptable salt of a compound of Formula
(1) can be formed by reaction of an appropriate free base of Formula (1) with an
appropriate pharmaccutically acceptable acid in 4 suitable solvent under standard
conditions. Additionally, the formation of such salts can occur simultancously upon
deprotection of a nitrogen protecting group. The formation of such salts is well known

and appreciated in the art.

Scheme 11
a
(R ]p
X =5
\ _ RI-B(OH),
( )n NAN,PG 3)
H
Y
2
(R )m
(4) 1

Scheme 11 depicts the alkylation of an zsip}:ﬁopriate compound of formula (4) with
an aryl boronic acid (5) to give a compound of flormula I after deprotection of the
intermediate (6). Y is trifluoromethancsulfonyl or a halogen, such as Bror 1. R' is an
aryl group, such as phenyl, or a heteroaryl group, such as pyridinyl.

For cxample, an appropriatc compound of formula (4) is rcacted with an
appropriate boronic acid (6) under Suzuki-Miyaura cross coupling conditions. The
skilled artisan will recognize that there arc a varicty of conditions uscful for facilitating
such cross-coupling reactions. Accordingly, a suitable palladium reagent includes
bis(triphcaylphosphine)palladium(I1) chloride. tris(dibenzylidencacctonce)dipalladium (0)

with tricyclohexylphosphine, (1,1°-bis(diphenylphosphino){errocenc)palladium(1})
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chloride, palladium tetrakistriphenylphosphine, or paltadium(il) acctate. A suitable basc
includes cesium carbonate, sodium carboﬁatc, potassium carbonate, or potassium
phosphatc tribasic monohydrate.
The protecting group can be removed under acudic or basic conditions to give bi-
5 aryl compounds of formula 1. The deprotection of such compounds is well known and

appreciated in the art.

Scheme 111
(R*)
T3
| ) Né’\N,PG
n H
N
( Ra]p - : (Rz)rn
X S (8)
(L) NJ\N'PG
n H
Br \ R
(R (R)p
(7) X ™5
Ly A _pG
NN
H
H,N
TR,
(H

Schemc I1I depicts two variations to preparce the primary aminc (1) starting from

10 an appropriate aryl bromide (7).

[n one variation, azido-dchalogenation is performed on the appropriate aryl
bromide (7) in the presence of an azide source, such as sodium azide. Such azido-
dchalogenation rcactions arc well known and appreciated in the art. Reduction of the
resulting azide (8) to the primary aminc (1) may be cffected by using a number of

15 reducing agents well known in the art, such as LiAllls, NaBlils, PPha, or via
hydrogenation conditions that are well known and described in the art.

Alternatively, the appropriate primary aminc (1) can be prepared direetly by
rcacting an approprate aryl bromide (7) with an ammonia surrogate, such as

trifluoroacetamide in the presence of a catalyst, such as copper iodidce, a base, such as
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potassium carbonate, and a ligand, such as (+/-) trans M, N '-dimethyl 1,2-
cyclohexancdiamine. Such reactions arc well known and appreciated in the art.

As will be readily appreciated, compounds of formula (7) can be promptly
prepared by methods similar 1o those described herein by procedures that are well-known
and established in the art. As will be readily understood, the steps to preparce the
compounds of formula I are dependent upon the particular compound being synthesized,

the starting compound, and the relative lability of the substituted moictics.

Preparations and Examples

The following preparations and examples further illustrate the invention.

The names for the compounds of the present invention arc provided by
ChemDraw® Ultra, version 10.0.

‘The mass spectrometry data, unless specified otherwise, 1s obtained via LC/MS:
Phenomenex Gemini Cyg (2.0 x 50 um, 3.5um) column at a temperature of 30 °C +/- 10
°C with a flow rate of 1 ml./min. The clution system is 5 to 100% ACN w/ 0.1%
ammonium hydroxide for 7.0 minutes then held at 100% ACN for 1.0 minute coupled
with clectrospray ionization (100-800 amu scan range; 0.2 amu step; 80v Fragmentor; 1.0
gain; 80 threshold).

The gas chromatography data unless specified otherwise 1s obtained via GC/MS:
Agilent gas chromatography DB-5ms (025 mm x 15 m x (.25 pm) with a temperature
program of 60 - 280 °C in 7.3 minuics then held at 280 °C for 2.0 minutes and a split ratio
of 20:1.

Preparation 1

tert-Buty] 2-(allyloxy)acctate

o .
>LOJ\/'O\/\\\

Tetrabutylammonium hydrogenosulfate (470 g, 1.40 mol) is added to a solution of
sodium hydroxide (6.6 Kg, 165 mol) in water (14.1.) and toluene (14 1.) at 20 °C. Allyl
alcohol (R(H .5 g, 13.8 mol) is added and the mixture is stirred at 20 °C for Th. The
mixturc i cooled to 5 °C, and fert-butyl 2-bromoacctate (4 Kg, 20.5 mol) is added slowly
maintaining the internal temperature below 15 °C. The reaction mixture is stirred at room

temperature for 16 h. The mixture is diluted with water (12 L) and hexanes (12 ) and
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the organic phasc is scparated. The aqueous phase is cxtracted with MTBE (5 L). The
combined organic phasc is dried over magnesium sulfate, filtered, and concentrated to

afford the title compound as colorless oil (2.6 Kg, 100%). ES/MS m/e: 173 (M 1),

5 Preparation 2

2-(Allyloxy) acctic acid
0
HOJ\/O\/\\\
Tert-butyl 2-(allyloxy)acetate (2.6 Kg, 15.1 mol) 1s added to dichloromethane
(14 L). 4 M IICl in dioxane (14 1.) is added in one portion and the solution is stirrcd at 25
10 °Cfor 16 h. The solvent is removed under reduced pressure and the residuc is dried under

vacuum at room temperaturce to afford the ttle compound (2.2 Kg, 100%). ES/MS m/c:
117 (M+1).

Preparation 3

2-(Allyloxy)-N-methoxy-N-mcthylacctamidce

Thionyl chloride (1.5 L) is added in one portion to & solution of 2-(allyloxy) acctic
acid (2.2 Kg, 18.Y mol) in toluene (3.0 L), and the mixturc is heated at 65 “C undcer a
nitrogen atmosphere for th, The mixture is cooled to room temperature and is added to a
solution of N,O-dimethylhydroxylamine hydrochloride (2.1 Kg, 21.5 mol) and V-methyl
20 morpholine (6.5 L, 59.2 mol) in dichloromethane (19 L) at 5 °C. The reaction mixturg is
stirred at 25 °C for 16 h. Water is added, and the reaction mixture is extracted with
dichloromcthane. Thc combincd organic phasc is collected and washed with 1 M HC1 (6
L), dricd over magnesium sulfate and concentrated under reduced pressure. The residuc
is purified by silica gel chromatography cluting with cthyl acctate in hexancs to afford the

25  title compound (1.49 Kg, 50%). ES/MS m/ec: 160 (M-+1).

Preparation 4

2-(Allytoxy)- 1-(5-bromo-2-flucrophenyljcthanonc
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O

Br\(::kaO\/\
F

To a stirred -72 °C solution of 4-bromo-!-fluoro-2-10dobenzenc (130.4 g,
433.5 mmol) in tetrahydrofuran (722 ml.) is added 2.5 M buty! lithium in hexane (173.4
ml., 433.5 mmol) under a nitrogen atmosphere over 40 min. The reaction 1s stirred for 30
minutes at -72 °C and 2-(allyloxy)-N-methoxy-N-methylacctamide (57.5 g, 361.2 mmol)
in tetrahydrofuran (115 mL) is added dropwisc for 35 minutes. After 45 min at -72 °C,
the cooling bath 1s removed and mixture 18 warmed to 25 °C. The reaction 18 quenched
with saturated aqucous NH4CI (500 mL), diluted with water (300 mL) and extracted three
times with cthyl acetate, Organics arc combined, dried over magnesium sulfate, filtered,
and the solvent is removed under reduced pressure. The residuce is purified by silica gel
chromatography using 4 lincar gradient of 5% to 10% ethy! acetate in hexancs 1o give the
title compound (63 g, 64%). ES/MS m/c (PBi/M Br) 273/275 (M+1).

The following compounds in Table-1 arc prepared cssentially as described in the

preparation of 2-(allyloxy)-1-(5-bromo-2-fluorophenyl)cthanone.

Table 1 -
Prep Chemical name NMR or ES/MS {nv/c)
4a 2-(Allyloxy)-1-(3-bromophecnyl)cthanone NMR'
4h 2-(Allyloxy)-1-(3-bromo-5- (PBr/*'Br) 2717273
fluorophenyl)cthanone - (M-1)
dc 2-(Allyloxy)-1-(5-bromo-2 4- (PRe/*'Br) 291/293
difluorophenyl)cthanone® (M+1)
Isomer 1: (PBr/*Br)
2-(Allyloxy)-1-(3-bromo-4- 1)
4d fluorophenyl)cthanone; . 2731{;2;151;%‘ D
2-(allyloxy)-1-(2-fluoro-5-iodophenyljethanone 593 (M+1)

~TH NMR (400 Mliz, CDCl5): 8.06 (t, 3 =1.6Hz, 1H), 7.86-7.84 (m, 1H), 7.71-
7.68 (m,111), 7.34 (t, ] =7.9 Hz, 1H), 5.98-5.91 (m, 1H), 5.34-5.23 (m, 2H), 4.69
(s, 2H), 4.14-4.11 (m, 2H).
2 Dicthyl cther is utilized insicad of T HF as the reaction solvent.
3 3:1 Toluene:hexane is utilized instead of THF as the reaction solvent.
Compounds arc recovered as a mixture

Preparation 5

2-(Allyloxy)-1-{5-bramo-2-fluorophenyl)cthanonc oxime

79
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To a solution of 2-(allyloxy)-1-(5-bromo-2-fluorophenyl)cthanone (118 g,
432.1 mmol) 1n cthanol (1.7 L) is added hydroxylamine hydrochloride (34.5 g, 496.9

mmol) and sodium ethanoate (40.8 g, 496.9 mmol) at 25 °C. The reaction is heated at

5 70°Cfor 1 hr. The reaction is cooled and the solvent is removed under reduced pressure.

The residue 18 washed with water (1 1) and 1s cxtracted threc times with dichloromethane

(3 X 500 mL). The organic phase is dricd over magnesium sulfate, filtered, and the

solvent is removed under reduced pressure, to obtain the title compound as a mixture of

two possible oximes (120 g, 96%). ES/MS m/c (“Br/*'Br) 288, 290 (M+1).

10 The following compounds in Table 2 arc prepared essentially as described in the

preparation of 2-(allyloxy)-1-(5-bromo-2-fluorophenyl)ethanone oxime.

Table 2 e
ES/MS |
Prep Chemical name (m/c)
(M+1)
2 (E,Z2)-2-(Allyloxy)-1-(3-bromophenyl)ethanone oxime ("1 Br)
- YIORY phcny one 270/272
5b (E,Z)-2-(Allyloxy)-1-(3-bromo-5-fluorophcnyli)cthanonc ("B Br)
oxime 288/290
5e | (E,2)-2-(Allyloxy)-1-(5-bromo-2,4-diftuorophenyljcthanone | ("Br/ Br)
oximge 3067308
(E,2)-2-(Allyloxy)-1 -(3-brqm0-4 ~fluorophenyl)ethanonc (ITZET;’/S{I;T)
> (E Z)—2—(Allyloxy)-l—(Z?f}l(llxr(?r%-S—iodophcnyl)cthanonc 288/290;
- i lsomer 2;
] 3%

4 Compounds arc recovered as a mixture.

Preparation 6

Racemic (3aSR,6a8R)-6a-(5-Bromo-2-flugrophenyDhexahydrofuro| 3,4-clisoxazole
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o
F HF
Br/©/ Br
A solution of 2-(allyloxy)-1-(5-bromo-2-fluorophenyl)cthanonc oxime (120 g,
417 mmol) in xylene (2 L) is heated at 140 °C for 6 h. The reaction is cooled and the
solvent is removed under reduced pressure (o give a solid. The solid is purified by
5 trituration with 9:1 hexancs/MTBE to give the title compound (85 g, 72%). ES/MS m/e
13/ 3r) 288, 290 (M-+1).
The following compounds in Table 3 are prepared esscntially as described in the

preparation of racemic (3aSR,6aSR )-6a-(5-bromo-2-fluorophenyhexahydrofuro[ 3,4-

clisoxazole,
10 Tabic 3
Prep Chemical name hS/EﬁS_i_([r)rlfc)
Gat Raccmic (3aSR,6aSR)-6a~(3- ("Br/*'Br)
Bromophenyhhexahydrofuro[3 4-clisoxazole 2707272
6b Racemic (3aSR,6aSR)-6a-(3-Bromo-5- "Bt/ Br)
fluorophenylhexahydrofuro[3.4-cJisoxazole 28R/290
G Racemic (3aSR,6a8R)-6a-(5-1Bromo-2,4- (TgB'r/S' Br)
diﬂuorophcnyl)_lu:xahydrofuro[B,4—c]iso:’<a7_olc5 306/308
Raccmic (3aSR,6aSR)—6a—(3 -Bromo-4- ]7‘30"’5{_‘ '
o _ ) : ("Br/* Br)
&d flworophenyl}hexahydrofuro(3,4-clisoxazole; Racemic 288/290:
(3aSR,6aSR)-6a-(2-Fluoro-5- Homcr 2’_
iodophenyDhexahydrofuro(3,4~c]isoxazole™ ® - 136 '

5 This reaction 1s performed in toluenc for 18 hours at 150 °C in a scaled tube.
6 Compounds arc recovered as a mixture,

Preparation 7

Racemic ((3RS,48R)-4-Amino-4-(5-bromo-2-fluorophenyl)ctrahydrofuran-3-

15 yl)methané]
H o
¥ ~OH
O e
:NH,- o NH,

gl
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Zinc powder (190 g, 2.91 mol) is added to a mixture of racemic (3aSR,6aSR)-6a-
(5-bromo-2-fluorophenyl)hexahydrofuro[3,4-clisoxazole (84 g, 290 mmol) in acetic acid
(1.4 L) at a rate maintaining the temperature below 30 °C. The reaction is heated at 40 °C
for 5 h. The reaction 1s cooled to room temperature and is filtiered through a pad of
dratomaccous earth, washed with acctic acid and water (200 mL). The solvent is removed
under reduced pressure. Water (500 mL) is added to the residuc, and the pli is adjusted
to pH 10 with 2 M aqucous sodium hydroxidc. The basic aqucous suspcnsion is extracted
threce times with 15% isopropy! alcohol in dichloromethane (3X 500 mL). The combined
organic laycr is dricd over magnesium sulfate and the solvent is removed under reduced
pressure 1o give the title compound as a white solid (73.0 g, 86%). ES/MS m/e
("Br/*'Br) 290, 292 (M+1).

The following compounds in Table 4 are prepared essentially as described in the
preparation of racemic {(3RS,45R)-4-amino-4-(5-bromo-2-fluorophenyl)tetrahydrofuran-
3-yl)methanol.

Table 4
ES/MS
Prep Chemical name {m/c)
: (M+1)
T Racemic {(3RS,4SR)-4-Amino-4-(3- (PBr/*'Bn)
bromophenyljtetrahydrofuran-3-ylymethanol 2721274
7h Racemic ((3RS,4SR)-4-Amino-4-(3-bromo-5- BB
fluorophenyDtetrahydrofuran-3-yDmethanol | 290/292 |
7c Racemic ((3RS,4SR)-4-Amino-4-(5-bromo-2,4- ( "Bi/ ]Br)
difluorophenyljtetrahydrofuran-3-yl)methanol 3087310
Racemic ((3RS,4SR)-4-Amino-4-(3-bromo-4- somer 11
. ("7Br/ B
7d fluorophenyiltetrahydrofuran-3-ylymethanol; racemic 2901292
((3RS,4SR)-4-amino-4-(2-fluoro-5-. I 2’_
iodophenyltetrahydrofuran-3-ylmethanol’ sogcgr )
7 20 cquivalents of zinc dust are used in 0.06 M acctic acid. Compounds arc

recovered as @ mixture.

Preparation 8
Racemic N-((3SR,4R8)-3-(5-Bromo-2-fluorophenyl)-4-(hydroxymcthytetrahydrofuran-

3-ylcarbamothioyl)benzamide




10

15

WO 2011405738 PCT/US2010/041034

21-

H OH H OH

O—F F
Br Br

To a solution of racemic ((3RS,45R)-4-amino-4-(5-bromo-2-
fluorophenyl)tetrahydrofuran-3-ymcthanol (75 g, 259 mmol) in tetrahydrofuran (1.3 L)
at 25 °C under a nitrogen atmosphere is added dropwise
bis(trimethylsityDtrifluoroacctamide (76.3 mL, 259 mmol) keeping the internal
temperaturce below 30 °C. The reaction is stirred at 25 °C for 30 minutes. Benzoyl
isothiocyanate (38.4 ml., 284 mmol) is added over 10 minutes keeping internal
tcmperaturc below 35 °C and the reaction is stirred at 25 °C for 30 min. The reaction
mixture is diluted with ethy! acctate (500 mL) and is washed three times with 1 N HCI
(3 X 500 mL), followed by watcr and brine. The solution is dricd over magnesium sulfate
and the solvent is removed under reduced pressure, The residuc is purified by silica gel
chromatography using a lincar gradicnt of 25% to 50% cthy! acetate in hexanes to give
the title compound (110 g, 94%). ES/MS m/c (PBi/*' Br) 453, 455 (M+1).

The following compounds in Table 5 are prepared essentially as described in the
preparation of racemic N-((3SR 4RS)-3-(5-bromo-2-fluorop

henyl)-4-(hydroxymethyltetrahydrofuran-3-ylcarbamothioylbenzamide.
Table 5

Prep Chcmical name L(iﬁ\g)s
. _ . (Mi1)_ |

Racemic N-((3SR,4RS)-3-(3-Bromophenyl)-4- (B Br)

8a (hydroxymcthyl)tctrahydrofuran-3-ylcarbamothioyl}benzamide 43574 3'7
Racemic N-((3SR,4RS)-3-(3-Bromo-5-fluorophenyl)-4- P B

8b (hydroxymcthyltetrahydrofuran-3-ylcarbamothioyl)benzanide ( 4 53 1455
8¢ Racemic N-((3SR,4R8)-3-(5-Bromo-2,4-diflucrophenyl)-4- ("Br/" Br)

(hydroxymcthytetrahydrofuran-3-ylcarbamothioyl)benzamide 471/473
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Racemic N-((35R,4RS8)-3-(3-Bromo-4-fluorophenyi)-4- Isomer |:
(hydroxymethyl)tetrahydrofuran-3- (”Br/*'Br)
8d ylcarbamothioyl)benzamide; racemic N-((3SR,4RS)-3-(2- 453/455;
Fluoro-5-iodophenyl)-4-(hydroxymcethyltetrahydrofuran-3- Isomer 2:
ylcarbamothioylbenzamide® 501

8 Compounds arc recovered as a mixture.
Preparation 9
Racemic N-((4aSR,7aS
R)-7a-(5-Bromo-2-fluorophenyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d)[ 1,3 ]thiazin-2-
5 | .yl)l.)enzamide

H
S 0 S 0
O . 9]
o e
Br Br

To a 15 °C mixture of racemic N-((3SR 4RS)-3-(5-bromo-2-fluorophenyl}-4-
(hydroxymethytetrahydrofuran-3-ylcarbamothioyl)benzamide (110 g, 243 mmol) and

e

triphenylphosphine (76.4 g, 291 mmol) in tetrahydrofuran (970 ml) is addcd di-tert-butyl
10 azodicarboxylatc (67.1 g, 291 mmol) in 3 portions over 10 minutes keeping internal
temperature below 25 °C. Afier the addition, the reaction mixture is stirred at 25 °C for
I hour. The solvent is removed undér’ reduced pressure and the residuc 1s purified by
silica gel chromatography using a linear gradient of 14% to 33% cthyl acctate in hexancs
to give the title compound (80 g, 76%). ES/MS m/c (PBr/''Br) 435, 437 (M+1).
15 The following compounds in Table 6 are prepared cssentially as described in the
preparation of racemic N-((4aSR,7aSR)-7a-(5-bromo-2-flucrophenyl)-44,5,7,7a-
tetrahydro-4H-furo| 3,4-d][1,3}thiazin-2-yl)benzamide.

Table 6 L _ S
. ES/MS
)] T ‘ -
Prep Chcmwdl‘namc (m/e)
{(M+1}
9a Raccmic N-({(4aSR,7aSR)-7a-(3-Bromophenyl)-4a,5,7,7a- ("Bt Br)
tctrahydro-4H-furo[3,4-d][1,3]thiazin-2-yDbenzamidce 417/419
L Racemic N-((4aSR,7aSR)-7a-(3-Bromo-5-fluorophenyl)- B Br)
9 4a,5,7,7a-tctrahydro-4H-furo| 3,4-d}| 1,3 |thiazin-2-
. 435/437
ylibenzamide
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Racemic N-{(4aSR,7aSR)-7a-(5-Bromo-2,4-difluorophenyl)- (Br/ Br)
9¢ 4a,5,7, Ta-tetrahydro-4H-furof 3,4-d][ 1, 3)thiazin-2- : :
i dnd | 453/455
yhbenzamide
Racemic N-((4aSR,7aSR)-7a-(3-Bromo-4-fluorophenyl)- [somer 1:
4a,5,7,Ta-tetrahydro-4#7-furof3,4-d}{ 1,3 ]thiazin-2- (317 Br)
9d ylbenzamide; racemic N-((4aSR,7aSR)-7a-(2-Fluoro-5- 435/437;
iodophenyl)-4a,5,7,7a-tetrahydro-4 H-furo[3,4-d][ 1,3]thiazin-2- { Isomer 2:
yl)benzamide' 483
9 Purified by radial chromatography cluting with 10% to 15% cthyl acetate in
hexane,

10 Compounds are recovered as a mixture.

Preparation 10
N-((4aS, 7aS)-7a-(5-13romo-2-fluorophenyl)-4a,5,7, 7a-tetrahydro-4H- furo[3,4-d]( 1,3]

thiazin-2-yl)benzamide

Racemic N-({4aSR . 7aSR)- (7a(5-bromo-2-fluorophenyl)-4a,S,7, 7a~-tetrahydro-4 H-
furo[3.4-4]{1 31thiazin-2-yl)benzamide (108 g, 248 mmol) is purified by chiral HPLC:

10 Chiralee] OJ-IT 8 x 25 cm column; cluent: 90 : 10 (methanol : acctonitrile) with 0.2%
dimcthylcthylamine; flow: 300 mlL/min at UV 254 nm. The sccond cluting isomer is
isolated to provide the enantiomerically enriched title compound (42.0 g, 40%). ES/MS
m/e (PBr/*'Br) 434.9/436.9 (M+1).

‘The following compounds in Table 7 arc prepared essentially as described in the

15 preparation of N-((4aS, 7&5‘)-7'4-(5—bro,m0—2—ﬂuofophcnyl)—%,5,7,7a—tctrah ydro-4/-
furof3.4-d][1 3] thiazin-2-yDbenzamide.

Table 7
Prep Chemical name ES/MS
' (m/c)
(M-+1)
N-((4a8,728)-7a-(3-Bromophenyl)-4a,5,7, 7Ta-tetrahydro-4H- (7913r 8 Br)
104 furo(3,4-d][1,3]thiazin-2-yl)benzamide 417/419
10b N-((4aS,7a8)-7a-(3-3romo-5-Nuorophenyl)-4a,5,7, 7a-tetrahydro- | (" Br/ Br)
4H-furo[3,4-d][ 1,3]thiazin-2-yl)benzamide 435/437
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10c N-((4aS,7a8)-7a-(5-Bromo-2,4-difluorophenyl)-4a,5,7,74- ("Br/ i)
tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-yhbenzamide 453/455

Preparation 11
Raccmic (4aSR,7aSR)-7a-(5-Bromo-2-fluorophenyl)-4a,5,7,7a-tetrahydro-4//-furof 3 ,4-

d][1,3]thiazin-2-aminc

H H
z S S
L3 o
* s '
= N NH, N/J\NH?
F _ F
Br ; Br

5 N Aqucous hydrochloric acid (158 mL) is added to N-(7a-(5-bromo-2-
fluorophenyl)-4a, 5,7, 7a-tetrahydro-4H-furo[3,4-d]| 1,31thiazin-2-yl)benzamide (16.35 g,

7.89 mmol) and the mixture is heated to 90 °C. After 18 hours, the mixturc is allowed to
cool to ambient temperature and washed with dichloromethane. The organic layer is

10 extracted once with 5 N aqucous hydrochloric acid. The pH of the aqucous layer is
adjusted to basic with 50% aqueous sodium hydroxide and is cxtracted twice with 10%
isopropyl alcohol ; dichloromethane. The organic layer is concentrated under reduced
pressure. The resulting residuce is purificd by radial chromatography cluting with 2% to
5% 7 N armnmonia in methanol: dichloromethane to give the title compound (2.23g, 47%).

15 ES/MS m/e (PBr/*'Br) 331, 333 (M+1).

The following compounds in Tablc 8 are preparcd cssentially by the method of

raccmic (4aSR,7aSR)-?a—(5-br0mo—2—ﬂuoropheny])-4a,5,7,7a—tctrahydro—4]-1-fur0[3,4-

d][!,3]thiazin-2-amine.

Table &
ES/MS
Prep Chemical namc (m/c)
(Mt1)
. : lsomer 1:
Racemic (4aSR,7aSR)-7a-(3-Bromo-4-fluorophenyl)-4a,5,7,7a- B/ Br)
la tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-aminc; racemic 331/333:
{4aSR,7aSR)-7a-(2-I'luoro-5-iodophenyl)-4a,5,7, 7a-tetrahydro- o
&1-furo[3 4-d][1 3]thiazin-2-aminc'’ ’“’;‘f]“; 2

20 11 Compounds are recovered as a mixture.
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Preparation 12
N-((4aS,7aS)-7a-{5-Amino-2-fluorophenyl)-4a,$,7,7a-tetrahydro-4H-furo] 3,4-
d][1,3}thiazin-2-ylbenzamide

To a2 L. round bottom flask 1s added N{(4aS, 7a8)-7a-(5-bromo-2-fluorophenyl)-
4a,5,7,7a-tetrahydro-4H-furo|3,4-d][1,3] thiazin-2-y)benzamide (35.0 g, 80.4 mmol),
trifluoroacctamide (16.2 g, 143 mmol), copper(l) iodide (2.66 g, 13.7 mmol), sodium
iodide (21.3 g, 141 mmol) and potassium carbonate (21.5 g, 153 mmol). The flask 13
capped with a septum, vacuum and back filled with nitrogen. 1,4-dioxane (731 ml.)
(previousty degasscd with vacuum-nitrogen) is added via cannula, and N, N'-dimethyl-,
trans (1/-) t,2-cyclohexancdiamine (10.1 g, 70.8 mmol) is added. The mixture is placed
in a preheated oil bath at 100 °C and stirred at this temperature for 19 h. The septum is
replaced by a reflux condenser and a mixture of methanol (154 mL) and water (154 ml.)
is added through the condenser. The mixturc is stirred at 100 °C for 3.5 h, cooled to
22 °C, and concentrated partially under reduced pressurce (1o 0.6 L volume). Aqucous
ammonium hydroxide (25%, 154 mL) is added and the mixture is stirred for 10 min. The
mixture is cxtracted three times with ethyl acetate (3 X 500 mL) and the solvent is
rcmoved under reduced pressure. A residue is obtained that is purified by flash
chromatography with a lincar gradient of 50% to 75% cthyl acetate in hexane to give the

title compound (14.9 g, 47%). ES/MS m/e: 372 (M+1).

Preparation 13
N-((4aS,7a8)-72-(3-Azidopheny])-4a,S,7, 7a-tetrahydro-4/-furo[ 3,4-d][ 1,3 ]thiazin-2-

yhbenzamide
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A 0.66 M solution of L-ascorbic acid is prepared by dissolving L.-ascorbic acid
sodium salt (0.79 g, 2.0 mmol} in water (6 mL). N-((4a$,7aS)-7a-(3-bromophenyl)-
4a,5,7,7a-tctrahydro-4//-furo[3,4-d){ 1,3 Jthiazin-2-ybenzamide (1.40 g, 3.35 mmol) and
1,2-cyclohexanediamine, N, N'-dimethyl-, trans (+/-) (162 mg, 1.11 mmol) arc dissolved
in cthanol (13.4 mL). Sodium azide (0.661 g, 10.1 mmol) is added. The 0.66 M aqueous
[.-ascorbic acid sodium salt (2.24 mL) and water (2.58 mL) arc added. The reaction flask
is fitted with a reflux condenser and the mixture is degasscd and cvacuated with nitrogen.
Copper (11} sulfate pentahydrate (0.184 g, 0.738 mmol) is added and the reaction flask is
heated to 80 °C and stirred for 1.5 h. The reaction mixturc is cooled to room temperature
and icc water is added. The reaction mixture is extracted three times with cthyl acetatc.
The combined organic phase is dried over sodium sulfate and the solvent i1s removed
under reduccd pressure to give a residue that is purificd on silica gel with 50% cthyl
acctaic in hexanes to give the title compound (0.620 g, 49%). 1further clution of the flash
column with 100% cthyl acctate yiclds more title compound (0.488 g, 41%). ES/MS m/c:
IR0 (M+1).

The following compounds in Table 9 are prepared cssentially by the method of M-
((4aS,7aS)-7a-(3-uzidophenyl)-4a,S,7,7a-tetrahydro-44/-furo[3,4-d][ 1,3 Jthiazin-2-

ylbenzamide.
Tablc 9
ES/MS
Prep Chemical name (m/c)
{M+1)
13a Racemic N-({4aSR,7aSR)-7a-(3-Azidophenyl)-4a,5,7,7a- 380
tetrahydro-4/£-furof3,4-d][1,3]thiazin-2-yl)benzamide
[3b N-((4a8,7a8)-7a-(3-azido-5-fluorophenyl)-4a,5,7,7a- 308
) {ctrahydro-4H-furo[3,4-d][1,3]thiazin-2-y}benzamide

Preparation 14
N-((4a8,7a8)-7a-(3-Aminophenyl)-4a,5,7, 7a-tetrahydro-47/-furo[3,4-d][ 1,3]thiazin-2-
ylibenzamide

H

2
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N-((4aS,7a8)-7a-(3-azidophenyl)-4a,5,7, 7a-(ctrahydro-4 H-furo[ 3 ,4-d](1,3]thiazin-
2-yl)benzamide (0.62 g, 1.63 mmol) is dijuted with cthanol (10 mL.) and Pd on carbon
(10%, wet, 0.062 g). The mixturce is degassed and stirred at room temperature under
hydrogen (30 psi) overnight, The mixture is filtered through diatomaccous carth using

5 cthanol as a rinsc. The solvent 18 removed under reduced pressure to give the title
compound, (0.106 g, 18%). ES/MS m/c: 354 (M+1).

The following compounds in Table 10 are prepared cssentially by the method of
N-((4aS,7a8)-7a-(3-aminophenyl)-4a,5,7, 7a-tetrahydro-4 H-furo[3,4-d][ [ ,3 ]thiazin-2-
ylbenzamide.

(0 Tablg 10

ES/MS
Prep Chemical name (m/c)
(M+1)
Racemic N-((4aSR,7aSR)-7a-(3-Aminophenyl)-4a,5,7,7a-
14a ictrahydro-4//-furof3,4-d]( 1,3 ]thiazin-2-yDbenzamide 354
L4b N-((4aS,7aS)-7a-(3-Amino-5-fluorophenyl)-4a,5,7,7a- 372

tetrahydro-4//-furo[3,4-d}{ |, 3 ]thiazin-2-yDbcnzamide

Preparation 15
N-(3-((4aS,7a8)-2-13¢cnzamido-4a,5,7, 7a-tetrahydro-4//-furof 3,4-d][ 1,3 Jthiazin-7a-y1)-4-

fluorophenyl)-5-fluoropicolinamide

15 ‘ - 0
A mixture of N-((4aS,7aS)-Ta-(5-amino-2-fluorophenyl)-4a,5,7, 7a-tetrahydro-4 H-
furof3,4-d][ 1 3)thiazin-2-yl)benzamide (_20.4.5_3,,_5 ]l.S‘mmo]), 5-fluoropicolinic acid (8.77
g, 62.2 mmol), 1-hydroxybenzotriazole hydrate ( .“70.‘3 g, 67.4 mmol) and 1-(3-
dimethylaminopropyl)-3-cthylcarbodiimide hydrdchloride (13.2 g, 67.4 mmol) ina
20 mixture of dichloromethanc (345 mL.) and DMF (6.5 mL.) i stirred at 22 °C for 80 min.
A solution of 2 M sodium hydroxide (129.5 ml., 259 mmol) is added and the stirring 1s

continugd for 10 min. The mixture is scparated and the aqucous phase 1s extracted with
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twice with dichloromethanc (2X100 mL). The organic layer is concentrated under
reduced pressure and the residuc is diluted with cthyl acctate (200 ml.). The organic
layer is washed with cooled water (2 x 50 mL), brine (50 mL) and filtered through a short
pad of silica using 100% ethyl acctate to give title compound (23.8 g, 79%). ES/MS m/e:
495 (M+1).

The following compounds in Table 11 arc prepared cssentially as described in the
preparation of N-(3-((4aS,7aS)-2-benzamido-4a,5,7,7a-tetrahydro-4//-furo[3,4-
d]f1,3]thiazin-7a-yl)-4-fluorophenyl)-5-fluoropicolinamide.

Table 11
ES/MS
Prep Chemical name (m/e)
o M)
™ N-(3-((4aS,748)-2-Benzamido-4a,5,7, 7a-tetrahydro-4//-furo[3,4- 477
d][1,3]thiazin-7a-yl)phenyl)-5-fluoropicolinamide B _
15b N-(3-((448,7aS)-2-Benzamido-4a,5,7, Ta-tetrahydro-44/-furo[ 3,4- 495
d]f1,3]thiazin-7a-yl)-5-fluorophenyl)-5-fluoropicotinamidc
ISe Raccmic N-(3-((4aSR,7aSR)-2-Benzamido-4a,5,7,7a-tctrahydro-4/1- 477
) furof3,4-d]j 1,3]thiazin-7a-yi)phenyl)-5-flucropicolinamide

* Preparation 16
N-(3-((4a8,7a8)-2-Amino-4a,5,7,7a-tctrahydro-44-furo[3,4-d][ 1,3 Jthiazin-7a-yH)-4-

Huorophcﬁyl)—S—f]uoropicolinamidc

A solution of N-(3-((4a8,7aS)-2-benzamido-4a,5,7,7a-tctrahydro-4 /{/-furo[3,4-
d][1,3]thiazin-7a-yl)-4-fluorophenyl)-5-fluoropicolinamide (23.7 g 40.8 mmol),
o-methylhydroxylamine hydrochloride (34.4 g, 412 mmol) and pyridinc (33.3 mL) in
cthanol {735 mL) is heated to 50 °C‘:for 4 h. The mixture is concentrated. The residue s
washed twice with methyl tert-butyl ether (2 X 250 mL) and poured 1nto a saturated
aqucous solution of sodium bicarbonate (453 mL). The suspension is shaken for § min
and extracted with dichloromethane (1 x 1 L and 2 x 0.5 ). The organic layer is washed

with water (0.5 L.) dried over magnesium sulfate and the solvent 1s removed under
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reduced pressure to afford a solid. Additional solid is obtained from the aqucous phase
by filtration. The solids arc combined and triturated with water (300 mL) in an
ulrasound bath for 30 min. The suspension is fittered off, washed with water, and dried

under vacuum to give title compound (17.3 g, 100%). ES/MS m/e: 391 (M+1).

Preparation 17
1,5-Dibromo-2 4-difluorcbenzene
Br Br
F:@F
Tron powder (16.49 g, 291 mmol) is added to 1-bromo-2,4-difluorobenzene (110
mi., 968 mmol) in [, 2-dichiorocthane (968 mL) in a 3-neck flask at ambient temperature
under a stream of mtrogen. A solution of bromine (59.7 mL, 1.16 mol) in
1,2-dichlorocthanc (968 mL.) is added dropwisc over [ hour and the reaction mixture is
stirred at ambient icmperature for 18 h. The rcaction mixture is cooled to 0 °C and a
saturated aqueous solution of sodium bisulfite (i'l 1 I, 533 mmol) is added portionwise
and the mixture is separated. The aqueous phasc i extracted with dichloromethance. The
organic laycr is washed with a saturated aqucous solution of sodium bicarbonaie, watcr,
and bring, The organic laycr is dried over sodium sulfate, and the solvent is removed
under reduced pressure to give a residuc purified with a pad of silica using dicthyl cther to
give the title compound (229 g, 76%). 'H NMR (400 MHz, CDCls) & 7.70 (dd, J=4.6,
6.8 Hz, 1H), 6.95-6.92 (m, 111).

Preparation 18

4-(3-Bromopheny! itetrahydro-2 H-pyran-4-ol,

To a stirred -78 °C solution of 1,3-dibromobenzene (19.71 g, 81.05 mmol) in THF
(150 mlL) is added 1.6 M butyl lithium in hexane (50.66 mi., 81.05 mmol) and the

reaction is stirred 10 minutes. 4//-Pyran-4-one, tetrahydro- (5.41 g, 54.04 mmol) 1s added
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dropwisc and the reaction is stirred at -78 °C for 2 h. The reaction is quenched by
addition of saturated aqueous ammonium chloride (25 mL.) and is then diluted with
minimal water and extracted with EtOAc. The organic layer is dried over Na,$SO, and the
solvent is removed under reduced pressure to afford a residuc that is purificd by silica gel
chromatography ciuting with a lincar gradient of 5% to 100% FtOAc in hexancs 1o give
the title compound (11.18 g, 76%). GC-MS (m/c): ("Bi/*' Br) 256, 258 (M-1).

The following compounds in 'Ifable 12 are preparced essentially as described in the

preparation of (4-(3~brom0phcnyl)leir‘ahydm-2H—pyran—4—ol.

Table 12
Prep ‘ NMR or
No ‘ Chemical name ES/MS
o , — B SN €147
/M Br)
18a 4-(5-Bromo-2-fluorophenyltetrahydro-2//-pyran-4-ol 2747276
(GC-MS)
("Br/¥Br)
18b 4-(3-Bromo-4-fluorophenylytetrahydro-2/7-pyran-4-ol** 2741276
(GC-MS)
("Br/*' Br)
i3c 4-(5-Bromo-2,4-difluorophcnyl)tetrahydro-27{-pyran-4-ol 292/294
(GC-MS)
. ("Br/* Br)
18d 1-(3-Bromophenyl)cyclohexanol 254/256
S __ e | ([GC-MS)
18c 1-(4-Fluoro-3-methoxyphenyl)cyclopentanol 1 91%4'(8(.)}_(;
187 1-(3-Bromophenyleyclopentanol NMR™
10 12 2:1 toluenc:hexanes is used as the reaction solvent.

13 Dicthyl ether is used as the reaction solvent.
14 11 NMR (400 MHz, CDCly) 8 7.64 (1, J == 2.0 liz, 111), 7.40-7.31 (m, 2I1), 7.19 Q,
1 =7.9Hz, 1H), 1.99-1.82 {m, §H).
Preparation 19
15 4-(3-Bromopheny!)-3,6-dihydro-2//-pyran
Br

i
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A mixture of 4-(3-bromophenyltetrahydro-2H-pyran-4-0l (11.17 g, 41.3 mmol)

and p-toluencsulfonic acid monohydrate (0.797 g, 4.13 mmol) in toluene (100 mL) is

heated to reflux for 30 minutes using a Dean-Stark trap to remove water. The reaction is

difuted with water and 5 N NaOH and cxtracted with EtOAc. The organic layer is dried

over NagS0, and the solvent is removed under reduced pressurce to afford a residue that is

purificd on silica gel chromatography cluting with a linear gradient of 5% to 100%
EtOAc in hexanes to give the title compound (R.85 g, 90%). 'H NMR (400 MHz, CDCl;)
5 2.45-2.50 (m, 2H), 3.92 (1, 21, ] = 5.71 Hz), 4.31 (q, 2H, J = 3.07 [1z, ) = 5.71 Hz),
6.12-6.14 (m, 1), 7.19 (1, 1H, J = 7.91 Hz), 7.28-7.32 (m, 1H), 7.36-7.39 (m, 1H), 7.51
(t, TH, I=1.76 11z).

The following compounds in Table 13 arc prepared cssentially as deseribed in the

preparation of 4-(3-bromopheny!)-3,6-dihydro-2/f-pyran.

Table 13
NMR or
Prep Chemical name GC-MS
(m/c)
("B Br
19a 4-(5-Bromo-2-fluorophenyl)-3,6-dihydro-2H-pyran 256/258
B ("B Br)
19b 4-(3-Bromo-4-fluorophenyl)-3,6-dihydro-2/-pyran 256/258
"Bt/ Br)
19¢ 4-(5-Bromo-2 4-difluorophenyl)-3,6-dihydro-2H-pyran 274/276
(“Br/'Br)
19d I-Bromo-3-cyclohexenylbenzene 236/238
19¢ 4-Cyclopentenyl-1-fluoro-2-methoxybenzence 192
19f 1-Bromo-3-cyclopentenylbenzenc NMR"

15 TH NMR (400 MHz, CDCI) 8 7.55 (t, ) = 2.0 Hz, 1H), 7.35-7.31 (m, 1H), 7.18-
7.14 (m, 211), 6.21-6.17 (m, 1H), 2.73-2.68 (m, 2H), 2.56-2.50 (m, 2H), 2.01

{(quintet, J = 7.5 [z, 2H).

Preparation 20

(4-(3-B romophcnyl)—3,6—dihydr0-2H-pyl'an—3 -yDmethanol
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Br

= OH
0

A 0 °C solution of 4-(3-bromophenyl)-3,6-dihydro-2H-pyran (0.50 g, 2.09 mmol)
in CH,Cl; (15 mL) 18 treated with paraformaldchyde (0.208 g, 2.20 mmol) and stirred for
5 minutes at 0 °C. A 1 M solution of dimethylaluminum chloride in hexanes (3.03 ml.,
3.03 mmol) is added drop-wisc to the $lurry. The reaction is warmed to room
temperature and stirred for | hour. The reaction is cooled to 0 °C and morc
paraformaldehyde (0.208 g, 2.20 mmol) and 1 M solution of dimethylaluminum chloride
in hexanes (3.03 ml., 3.03 mmol} is added. The reaction is warmed to room temperature
and stirrcd overnight. The reaction is quenched by pouring into an ice/l N HC) mixture
and is cxtractced three times with EtOAc. The combined organic layers are dried over
Na,504 and the solvent 1s removed under reduced pressure to afford a residue that is
purified on silica gel chromatography cluting with a lincar gradicnt of 5% to 100%
EtOAc in hexanes to give the title compound (0.315 g, 53%). 'H NMR (400 Mz,
CDCl3) 8 7.50 (1, = 2.0 Hz, 1H), 7.40 (dd, ] = 2.2, 7.9 Hz, 1H), 7.29-7.27 (m, 1H), 7.20
(1, J=7.9 Hz, 111), 6.11 (1, J=2.9 Hz, 111), 4.32-4.29 (m, 2H), 4.28-4.25 {m, 111), 3.76
(dd, ] =3.1, 11.4 Hz, 1H), 3.70-3.64 (m, 241}, 2.70 (d, ] — 2.2 Hz, 111), 1.89 (dd, J ~ 4.6,
6.4 Hz, 11).

The following compounds in Table 14 are prepared cssentially as described in the
preparation of (4-(3-bromophenyl)-3,0-dihydro-277-pyran-3-yl)mcthanol.
Table 14

) NMR or
. GC-MS
> . .
Prep Chemical name (m/c)
(M-1)
208 (4-(5-Bromo-2-fluorophenyb-3,6-dihydro-2//-pyran-3- ("Br/* ' 13r)
yl)methanol 2806/288
20b (4-(3-Bromo-4-fluorophenyl)-3,6-dihydro-2/7-pyran-3- NMR'®
yl)methanol
20¢ (4-(5-Bromo-2,4-difluorophenyl)-3,6-dihydro-2//-pyran-3- NMR!
y)methanol
, N B B
” 720d (2—(3—Bromophcny1)cyalohcx—2—cn§])mc_thc_l_n01 2661268
20c (2-(4-Fluoro-3-mcthoxyphenyl)eyclopent-2-cnylimethanol 222
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, 201 l (2-(3-Bromophenyl)eyclopent-2-cnyl)methanol l NMR'®
16 "H NMR (400 M1, CDCI) 8 7.52 (dd, ] = 2.2, 6.6 Hz, 1H), 7.26-7.22 (m, 1),
7.06 (1, J=84Hz, 1H),6.04 (1, ] =2.6 Hz, IH), 428-4.22 (m, 3H), 3.73 (dd, ] =
30, 114 He, 1H), 3.64-3.62 (m, 2H), 2.63 (d, ] = 1.3 Hz, IH), 1.88 (s, 111).
17 11 NMR (400 MHz, CDCL) 8741 (1,1 =77 Hz, 1), 6.86 (dd, ] =84, 10.1 Hz,
5 [H), 5.96 (1, ] = 2.6 Hz, 1H), 4.27-4.25 (m, 1H), 4.15-4.06 (m, 2H), 3.83 (dd, ] =
3.5,11.4 Hz, 1H), 3.61 (d, J = 4.8 Hz, 2H), 2.69-2.64 (m, 1 H), [.75-1.91 (s, 1H),
18 ' NMR (400 MHz, CDCI) & 7.53 (5, 1HY), 7.32 (1, ) =72 Hz, 2H), 7.15(t, I =
7.9 Hz, 1H),6.19 (s, 11, 3.67 (dd, J =3.7, 10.8 Hz, 1H), 3.54 (dd, ] =6.4, 10.8
Hz, TH), 3.31 (dd, 1 = 1.3, 2.6 Hz, IH), 2.57-2.47 (m, 2H), 2.23-2.13 (m, 1H),
10 2.02-2.02 (m, 1H).

Preparation 21
(4-(3-Bromophenyl)-3,6-dihydro-2 H-pyran-3-ylymethyl methancsulfonate

Br:

o)
Vi
= o" S\

0]
A 0 °C solution of (4-(3 -bromophcnyl_‘,-:-?; 6-dihydro-2f{-pyran-3-yl)methanol
15 (0.305 g,1.08 mmol) in CH,Cl, (10 mL} is treated with tricthylamine (0.218 g, 2.15
mmol) and thcn methancsulfonyl chloride (0.149}@;, 1.29 mmol) and the reaction is stirred
at 0 °C for 30 min. The reaction is diluted with water and extracted with CHyCly. The
organic layer is dricd over Na; SO, and the solvent is removed under reduced pressure to
afford the title compound (0.432 g, 97%). 'H NMR (400 MHz, CDCla) § 7.51 (1,1 =1.8
20 Hz, IH), 7.44-7.41 (m, LH), 7.31-7.29 (m, IH), 7.25-7.21 (m, I H), 6.18 (t, J = 2.6 Hz,
1H1), 4.33-4.31 (m, 2H), 4.20 (dd, ] = 1.5, 11.6 Hz, 2H), 4.14-4.08 (m, 11}, 3.72-3.68 (m,
1H), 3.01-2.98 (m, 1H), 2.95 (s, 3H).
The following compounds in Table 15 arc prepared cssentially as described in the
preparation of (4-(3-bromophenyl)-3,6-dibydro-2H-pyran-3-yl)methyl mcthanesulfonate.
25 Table 15

| NMR or
Prep C]1e:ni§a} namc G(?T]}t/l)s
_ (M)
a (4-(5-Bromo-2-fluorophenyl)-3,6-dihydro-2//-pyran-3-y[)mcthy] NMR'?
‘ mcthancsulfonate
b (4-(3-Bromo-4-fluorophenyl)-3,6-dilydro-2/{-pyran-3-ylymethyl NMR2
mcthanesulfonate
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(4-(5-Bromo-2,4-difluorophenyl)-3,6-dihydro-2#/-pyran-3-
yhymethyl methanesulfonate

21d (2-(3-Bromophenylcyclohex-2-cnyl)methyl methancsulfonate NMR*

e (2-(4-Fluoro-3-methoxyphenyl)cyclopent-2-enylmcethy!

‘ methancsulfonate 300

2lc NMR2

21f | (2-(3-Bromophenylcyclopent-2-cnyDmethyl methanesulfonate® | NMR*

19 "H NMR (400 MHz, CDCI3) 8 7.36 (ddd, ) = 8.4, 4.4, 2.6 Hz, 111),7.31 (dd, ) =
2.6,6.6 Hz, 1H), 6.93 (dd, ) = 8.8, 10.1 Hz, (M), 6.04 (1, ) = 2.6 Hz, 1H), 4.20-
4.31 (m, 311), 4.08-4.03 (m, 2H), 3.80-3.76 (m, 111), 3.10 (s, 11, 2.89 (s, 3H).
20 'H NMR (400 MHz, CDCl3) & 7.56 (dd, 1 =2.2, 6.6 Hz, 1), 7.28 (ddd, ] = 8.6,
5 46,24 Hz, 1H), 7.11 (, ] =8.4 Hx, 1H), 6.13 (,J = 2.9 Hz, 111),4.32-4.30 (m,
2H),4.24 (1, J = 10.1 Hz, 1H), 4.19 (dd, J = 1.3, 11.4 11z, 1H), 4.10-4.06 (m, 111),
3.68(ddd, J = 11.6, 2.9, 1.3 Hzx, 1H), 2.95 (s, 411).
21 'H NMR (400 MHz, CDCl3) 8 7.39 (t, ) = 7.7 Hz, 111}, 6.89 (dd, J= 8.1, 10.3 Hz,
1H), 6.02 (t, ] = 2.6 Hz, 1H), 4.20-4.31 (m, 3H), 4.08-4.02 {m, 2H), 3.81-3.75 (m,
10 1), 2.92 (s, 4t1).
22 'l NMR (400 MHz, CDCls) 8 7.42-7.44 (m, 111), 7.36-3.39 (m, 111), 7.18-7.22
(m, 2H), 6.08-6.11 (m, 1H), 4.00-4.03 (m, 2H), 3.08-3.13 (brd, 1H), 2.85 (s, 3H),
2.18-2.22 (m, 21), 1.94-2.01 (m, 1H), 1.78-1.88 (m, 1H), 1.63-1.71 (m, 211).
23 DMATP and tricthylamine is utilized in this reaction.
15 24 "M NMR (400 MHz, CDCl3)  7.53 (s, 1), 7.37-7.29 (m, 2H), 7.19 (1, ] = 7.9 11z,
1H), 6.22 (s, 1H), 4.26 (dd, J = 4.0, 10.1 Hz, 111}, 4.01 (dd, ] = 7.9, 9.7 Hz, 111),
3.54-3.52 (m, 1H), 2.86 (s, 311), 2.59-2.51 (m, 2H), 2.28-2.19 (m, 1H), 2.04 (ddd,
J=17.0,7.8,3.8 Hz, 1H).

Preparation 22
20 {(4-(3-Bromophenyl)-3,6-dihydro-2#-pyran-3-yl)mcthyl carbamimidothioate
mcthanecsulfonate

Br Q
s7°

-
NH
“ SJ\N

0

\

OH

H,

A mixture of (4-(3-bromophenyl)-3,6-dihydro-2H-pyran-3-y!)methyl
mcthanesulfonate (4.82 g, 11.7 mmol):and thhourea (1.78 g, 23.3 mmol) in isopropy]
25  alcohol (100 mL) is heated to reflux for 24 h. The reaction is cooled and the solvent is
rcmoved under reduced vacuum to give a residuc that is combined with acctonitrile (30
mi.} and hexanes (10 ml.). A solid crystallizes and the slurry 1s cooled to 0 °C, 'The
slurry is filtered using 3 : 1 ACN : hexanes as a rinse (25 ml.) to give the title compound

as the mesylate salt (3.45 g, 70%). ES/MS m/c (PBr/*'Br) 327, 329 (M+1).
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The following compounds in Table 16 arc prepared essentially as described in the

preparation of (4-(3-bromophenyl)-3,0-dihydro-2H-pyran-3-yl)methyl

carbamimidothioate methancsulfonate.

Tablc 16 o .
ES/MS
Prep Chemical name (m/e)
(M+1)
294 (4-(5-Bromo-2-fluorophenyl)-3,6-dihydro-2 H-pyran-3-ylymethyl ("Bt Br)
carbamimidothioate methancsulfonate 345/347
2ot | (4-(3-Bromo-d-fluorophenyl)-3,6-dihydro-2H-pyran-3-ymethy! ("Br/*'Br)
carbamimidothioate methancsulfonate 345/347
27 (4-(5-Bromo-2,4-difluorophenyl)-3,6-dihydro-2f{-pyran-3- (B Br)
yl)mcthyl carbamimidothioate methancsulfonate 363/365
224 {(2-(3-Bromophenycyclohex-2-enyl)methy! carbamimidothioate ("B 1Br)
methancesul{onate 325/327
(2-(4-fluoro-3-methoxyphenyl)cyclopent-2-cnyl)methyl
22¢ o ; 281
carbamimidothioate methanesulfonate
29¢ (2-(3-bromophenyl)cyclopent-2-enyf}methyl carbamimidothioate (PR Br)
methanesul{onate 311/313
5
Preparation 23
Racemic (4aSR,8aSR)-8a-(3-Bromophenyl)-4,4a,5,7,8,8a-hexahydropyrano[4,3-
d]i1,3]thiazin-2-aminc
H H
- UL
e 2 ' =
IN NH; N NH,
Br/© Br
10 A mixture of (4-(3-bromophenyl)-3,6-dihydro-2/H-pyran-3-yl)methyl

carbamimidothioatc methancsulfonate (3.41 g,'_R‘.O_S mmol} in methancsulfonic acid (35
ml.) is heated at 50 °C for 5 h, The reaction is c.:-n;)uled and addcd to ice water. The
mixturc is diluted with FtOQAc and the pH adjusied with 5 N NaOH to basic. The basic
aqucous layer is cxtracted three times with cthyl acctate and the organic layer is dricd

15 over NaySO4. The solvent is removed under réduced pressure. The resulting residuc is
triturated with Ci,Cly to give the title racemic compound. Additional racemic product 1s

obtained by purification of the filtrate by silica gel chromatography cluting with a lincar
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gradicnt of 1% to 10% 7 M NHy/MeOH in CH,Cl; (1.99 g, 76%). ES/MS m/e (*Br/*'13r)
327, 329 (M+1).
The following compounds in Table 17 are prepared cssentially as described in the
preparation of (4aSR,8aSR)-8a-(3-bromophenyl)-4,44,5,7,8,8a-hexahydropyrano[4,3-
5 d][1,3]thiazin-2-amine.

Table 17
ES/MS
Prep Chemical name (m/c)
(M+1)
- Racemic (4aSR,RaSR)-8a-(5-Bromo-2-fluorophenyl)- ("Br/"'Br)
442578 Ba-hexahydropyrano[4,3-d][1,3]thiazin-2-aminc® 345, 347
23 Racemic (4aSR,8aSR )-8a-(3-romo-4-fluorophenyl)- ("Bt Br)
4,4a,5,7.8,8a-hexahydropyrano[4,3-d][1.3 Jthiazin-2-aminc™ | 345/347 _
3¢ Racemic (4aSR,8aSR)-8a-(5-Bromo-2,4-difluoropheny!)- ?91_3}73] Br)
4,4a,S,?,S,Sa-hcxallydropyrano[él,3—d][I,3]thiazin—2—anlip£25___' 363/365
234 Racemic (4aRS,8aSR)-8a-(3-Bromophenyl)-4a,5,6,7,8,8a- ?gl—iﬁllir)
hexahydro-4H-benzo[d]{1,3Jthiazin-2-amine. 3257327
e Racemic (4aRS,7aSR)-7a-(4-Fluoro-3-methoxyphenyl)- ] 93]
4.42,5,6,7,7a-hexahydrocyclopentald)[ 1,3 ]thiazin-2-amine®’
23f Racemic (4aRS,7aSR)-7a-(3-Bromophenyl)-4,4a,5,6,7,7a- ("Br/*' Br)
hexahydrocyclopenta[d][1,3 jthiazin-2-aminc methancsulfonate® | 311/313

25 The reaction is heated at 90 °C overnight.
26 The reaction is heated at 50 °C for 5 h.
27 The reaction is stirred at room temperature for 3 h,
10 28 The reaction is stirred at room temperature for 17 h. Product isolated as the salt.

Preparation 24
Raccmic fers-Butyl (4aSR,8aSR)-8a-(3-bromophenyl)-4 4a,5,7,8, 8a-
hcxahydropyrano{4,3-dj[ 1,3]thiazin-2-ylcarbamatc
H

- H
07" s 0 0 S 0
Q\AN//LH)L?k' L jl{“’)\ulok
Br/© Br

15 A mixture of racemic (4aSR,8aSR)-8Ba-(3-bromophcenyl)-4,4a,5,7,8,8a-
hexahydropyrano[4,3-d][1 ,3]thiazing.’i~aminc (2.08 g, 6.36 mmol) and di-t-
butyldicarbonate (2.77 g, 12.7 mmol) in 1,4-dioxane (60 mL.) and saturated aqucous
NaHC(h (60 mL.) is stirred at room temperaturce for 8 h. The mixture is diluted water and

extracted three times with EtOAc. The combined organic layers arc dried over NapSQOy
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and the solvent is removed under reduced pressure to afford material that is purificd by
silica gel chromatography cluting with a lincar gradient of 5% to 100% EtOAc in hexances
10 give the title compound (2.81 g, 100 %), ES/MS m/c (P13r/*'Br) 427, 429 (M+1),
The following compounds in Table 18 are prepared cssentially as described in the
5 preparation of racemic tert-butyl (4aSR,8aSR)-8a-(3-bromophenyl)-4,4a,5,7,8,8a-
hexghydropyrano(4,3-d][ 1,3]thiazin-2-ylcarbamate.

Tabic 18
ES/MS
Prep Chemical name {m/c)
(M+1)
244 Raccmic 7ers-Butyl (4aSR,8aSR)-84-(5-bromo-2-fluorophenyl)- ("B Br)
4,4a,5,7,8,8a-hexahydropyrano(4,3-d][1,3 thiazin-2-ylcarbamate 445/447
24b Raccmic rert-Butyl (4aSR,8aSR)-8a-(3-bromo-4-fluorophenyl)- ("Bi/"'Br)
4.4a,5,7 8 Ra-hexahydropyrano[4,3-dl[1,3]thiazin-2-ylcarbamate 445/447
24 | Racemic terr-Butyl (4aSR 8aSR)-8a~(5-bromo-2,4-difluoropheny!)- ("Br/*'Br)
4,4a,5,7,8 8a-hcxahydropyranof4,3-dj[1,3]thiazin-2-ylcarbamate 4603/465
nag | Reccmic rert-Butyl (4aRS 8aSR)-8a~(3-bromophenyl)-4a,5,6.7.8, 8a- ("Br/*'Br)
hexahydro-4/7-benzo[d][ 1,3 ]thiazin-2-vlcarbamate 425/427
2de Racemic rerr-Butyl (4aRS,7aSR)-72-(4-fluoro-3-methoxyphenyt)- 31
4.,4a,5,0,7, Ta-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-ylcarbamate '
24f Racemic feri-Butyl (4aRS,7aSR)-7a-(3-bromophenyl)-4,4a,5,6,7,7a- (B 13r)
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate 411/413
24g Raccmic feri-Butyl (4aSR,7aSR)-7a-(5-bromo-2-fluorophenyl)- | ("Br/*'13r)
4a,5,7,7a-tetrahydro-4#-furo[3,4-d][ 1,3 ]thiazin-2-ylcarbamate 431/433

Prcp.arari;n 25

10 teri-Buty) (8aS)—8a-(3-br0moph0|1yl)-4,4a,5,7',8,83-hcxahydropyrano[4,3—{1][I,S]Ihiazin-
2-ylcarbamalte,
N

LAk
pe

Racemic rert-butyl (4aSR,8aSR)-8a-(3-bromophenyt)-4,4a,5,7,8,8a-
hexahydropyrano{4,3-d][1,3]thiazin-2-ylcarbamatc (2.80 g, 6.55 mmol) is purificd by
15 chiral HPLC: Column: Chiraleel OJ 8 x 35 ¢m; cluent: 75 : 25 (methanol : acctonitrile);

flow: 400 mL/min at UV 260 nm. The sccond cluting isomer is isolated to provide the

- e A L,
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enantivmerically cnriched title compound (1.31 g, 47%). ES/MS m/e (791'3r!8’13r) 427,429
(M+1). D
The following compounds in Table 19 arc prepared cssentially as described 1 the

preparation of teri-butyl (8aS)-8a-(3-bromophenyl)-4,44,5,7.8, Ba-hexahydropyrano[4,3-

dj[1,3]thiazin-2-ylcarbamatc.
Table 19
pr ES/MS
Ncp : Chemical name {m/c)
0. (M+1)
254 tert-Butyl (8a8)-8a-(5-bromo-2-flucropheny!)-4,44,5,7,8,8a- (”Br/*'Br)
hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamatc 445/447
25h, tert-Butyl (8a8)-8a-(3-bromo-4-fluorophenyl)-4,4a,5,7 8 8a- (7B Br)
I hexahydropyrano[4,3-d](1,3]thiazin-2-ylcarbamate | 445/447
25¢ terr-Butyl (8a8)-8a-(5-bromo-2,4-difluorophenyl)-4,4a,5,7,8,8a- _(79]3r/g[Br)
s hexahydropyrano[4,3-d](1,3]thiazin-2-ylcarbamatc | 463/465
25d tert-Butyl (8aS)-8a-(3-bromopheny))-4a,5,6,7.8,8a-hexahydro-4#- | (" Br/* Br)
benzo[d]f1,3]thiazin-2-ylcarbamate | 425/427 |
25e tert-Butyl (7aS)-7a-(4-fluoro-3-methoxyphenyl)-4,4a,5,6,7,7a- 18]
hexahydrocyclopenta[d][1,3]thiazin-2-yicarbamatc
25§ fert-Butyl (7aS)-7a-(3-bromophenyl)-4,4a,5,6,7,72- (79131’/“3 ]Br)
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate 411/413
Preparation 26
tert-Butyl (RaS)-8a-(3-azidophenyl)-4,4a.5,7,8,8a-hexahydropyrano[4,3-d}[ 1,3 ]thiazin-2-
ylcarbamate
i
LR R L
N/)\ NJkO
a0
N~
A 0.33 M solution of copper s,u_lfatc is prepared by dissolving copper (11) sulfate
pentahydrate (1.0 g, 2.0 mmol) in water (12 mL). A 0.66 M solution of L-ascorbic acid 1s
preparcd by dissolving L-ascorbic acid sodium salt (1.58 g, 4.0 mmol) in water (12
ml.). Te asolution of rert-butyl (8a8)-8a-(3-bromophenyl)-4,4a,5,7,8,8a-

hexahydropyrano(4,3-d]{1,3]thiazin-2-ylcarbamate (0.500 g, 1.20 mmol) in cthanol (3.6

mL.) is added sodium azide (0.228 g, 3.50 mmol), 1,2-cyclohexancdiamine,

.
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N, N'-dimethyl-, trans (+-/-) (0.0549 g, 0.386 mmol}, 0.66 M aqucous L-ascorbic acid
sodium salt (0.772 mL, 0.509 mmol}, and water (0.71 mL) and the mixture is purged with
nitrogen. A 0.33 M aqueous solution of copper (I1) sulfate pentahydrate (0,773 mL,
0.255 mmol) is added and the reaction is heated to 80 °C for 12 min. The reaction is
poured into cold watcer to afford a blue mixture that is cxtracted threc times with
itOAc. The organic layer is dried over Na;SQ, to afford crude material which is purificd
by silica gel chromatography cluting with a lincar gradient of 5% 10 100% EIQAc¢ in
hexancs to give the title compound (0.400 g, &R %). ES/MS m/e: 390 (M+1).

The following compounds in Table 20 are prepared cssentially as described in the
preparation of sert-butyl (RaS)-8a-(3-azidophenyl)-4,4a,5,7,8, 8a-hexahydropyranof4,3-

d][1,3)thiazin-2-ylcarbamate,

Table 20
ES/MS
Prep Chemical name {m/c)
(M-1)
26a tert-Butyl (RaS)-8a-(5-azido-2-fluorophenyl)-4 4a,5,7,8,8a- 408
hexahydropyrano[4,3-d]{ 1,3]thiazin-2-ylcarbamate
2605 tert-Butyl (8aS)-8a-(3-azido-4-fluorophenyl)-4,4a,5,7 8, 8a- 408
7 hexabydropyrano[4,3-d]{1,3Jthiazin-2-ylcarbamate
26c tert-Butyl (RaS)-Ba-(3-azidophenyl)-4a,5.6,7,8,8a-hexahydro- 388
4H-benzo[d][1,3]thiazin-2-ylcarbamate
26 tert-Butyl (738)—7a—(3-azidophcpyl)—flﬂa,.‘i,6,7,7a— 374
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate
26e Racemic ferr-Butyl (4aSR,7aSR)-7a-(5-azido-2-fluorophenyi)- 394
4a,5,7,7a-tctrahydro-4/4-furo[3,4-d1[ 1,3]thiazin-2-ylcarbamate

Preparation 27
tert-i3utyl (8aS)-8a-(3-aminophenyl)-4,4a,5,7,8,8a-hexahydropyrano(4,3-d1[1,3]thiazin-2-
ylcarbamatc

H

A mixture of feri-buty! (SaS)—Ra-(37azidbﬁhcnyl)—4,4a,5,7,8,8&—

\\‘

hexahydropyrano(4,3-d][ 1,3 }thiazin-2-ylcarbamate (0.398 g, 1.02 mmo!) and palladium
on carbon -10% by weight (0.200 g) in cthanol (25 mL) is purged with nitrogen then

24,
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hydrogen. The reaction is stirred at room temperature under hydrogen (30 ps1) for 2 h.
Na;S0y4 is added to the reaction mixture and it is filtered through diatomaccous carth,
using methanol to rinse the filter cake. The solvent is removed under reduced pressure 10
give the title compound (0.361 g, 97%.). ES/MS m/c: 364 (M-+1),

The following compounds in Tablc 21 arc prepared essentially as described in the
preparation of fert-butyl (RaS)-8a-(3-aminophenyl)-4,44.5,7,8,8a-hexahydropyrano(4,3-
d]f1,3]thiazin-2-ylcarbamatc.

Tablc 21
ES/MS
Prep Chemical name (m/c)
| o | v ]
272 rert-Butyl (8aS)-8a-(5-amino-2-fluorophenyl)-4,44,5,7,8.8a- 182
hexahydropyrano[4,3-d][1,3]thiazin-2-yicarbamate | "™ |
276 tert-Butyl (8aS)-8a-(3-amino-4-fluorophenyl)-4,44,5,7,8,8a- 382
hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamatc '
97c tert-Butyl (8aS)-8a-(3-aminophenyl)-4a,5,6,7,8,8a-hexahydro- 162
4H-benzo[d][1,3]thiazin-2-ylcarbamate
574 tert-Butyl (7a8)-7a-(3-aminophenyl)-4,44,5,6,7,7a- 148
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate
976 Racemic fert-Butyl (4aSR,7aSR)-7a-(5-amino-2-fluorophenyl)- 368
43,5,7,7a-tetrahydro-4 H-furp[3,4-d][ 1, 3]thiazin-2-ylcarbamatc

Preparation 28
tert-Butyl (8aS)-8a-(3-(5-chloropicolinamido)phenyl)-4,4a,5,7,8,8a-
hexahydropyrano{4,3-d}[ 1,3]thiazin-2-ylcarbamate
H

ALK,
/O)LQ

To a mixture of tert-butyl (8aS)-8a-(3-aminophenyt)-4,4a,5,7,8,8a-
hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamate (0.15 g, 0.413 mmol), 5-
chloropyridine-2-carboxylic acid (0.078 g, 0.495 mmol) and i-hydroxybenzotriazole
(0.073 g, 0.536 mmol) in CH,Cl; (2.75 ml.) and DMF (0.3 mL) 1s added 1-(3-
dimethylaminopropyl)-3-cthylcarbodiimide hydrochloride (0.103 g, 0.536 mmol). The

rcaction is stirred overnight at room temperature. The reaction mixture is diluted with

Pl
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waier, 5 N NaQH (0.5 ml.) and cxtracted three times with CH,Cl. The combined
organic layer is dried over Na; SO, and the crude product is purificd by silica gel
chromatography cluting with a lincar gradicnt of 5% to 100% EtOAc in hexancs to give

the title compound (0.176 g, 835 %). ES/MS m/e: (PCIF'C) 503, 505 (M+1).

The folowing compounds in Table 22 are preparced cssentially as described in the
preparation of rert-butyl (RaS)-8a-(3-(5-chloropicolinamido)phenyl)-4,4a,5,7,8,8a-

hexahydropyranol4,3-d]f 1,3 thiazin-2-ylcarbamate.

Table 22 o . o
ES/MS
Prep Chemical namc (m/c)
(M+1)
sga | fert-Butyl (8aS)-8a-(5-(5-chloropicolinamido)-2-fluorophenyl)- c1Aen
' 4,4a,5,7,8,8a-hcxahydropyrano[4,3-d][1,3]ihiazin-2-ylcarbamate | 521/523
28b fert-Butyl (8a8)-8a-(2-fluoro-5-(5-fluoropicolinamido)phenyl)- 505
' 4,4a,5,7,8,8a-hcxahydropyrano[4,3-d][!,3]thiazin-2-ylcarbamate )
tert-Buty] (828)-8a-(2-fluoro-5-(thiazole-2-
28¢ carboxamido)phenyl)-4,4a,5,7,8 Ra-hexahydropyrano[4,3- 493
d][1,3]thiazin-2-ylcarbamate
984 tert-Butyl (RaS)-8a-(2-luoro-5-(picolinamido)plenyl)- 487

4,4a,5,7 8 Ra-hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamatce
reri-B3utyl (8a8)-Ra-(5-(53-chloropyrimidine-2-carboxamido)-2- s
28¢ | fluorophenyl)-4.4a,5,7,8 8a-hexahydropyrano[4,3-d][ 1,3 ]thiazin- 599 52’4
2-ylcarbamate T

teri-Buty! (8aS)-8a-(2-fluoro-5-(5-fluoropyrimidine-2-
281 carboxamido)phenyl)-4,4a,5,7,8,8a-hexahydropyrano[4,3- 506
d](1,3]thiazin-2-ylcarbamatc

tert-Butyl (8aS)-8a-(3-(5-chloropicolinamido)-4-fluorophenyl)- | (PCIP'CY)

288 4. 4a,5,7 8 8a-hexahydropyrano[4,3-d]{1,3]thiazin-2-ylcarbamate | 521, 523
- tert-Butyl (8aS)-8a-(3-(S-chloropicolinamido)phenyl)- Clr'en
41,5,6,7,8,8a-hexabydro-4H-benzo[d][1,3]thiazin-2-ylcarbamate | 501, 503
9Qi tert-Butyl (7aS)-7a-(3-(isonicotinamido)phenyl)-4,4a,5,6,7,7a- 453
' hexahydrocyclopenta[d][ 1,3 1thiazin-2-ylcarbamate
28 fert-Butyl (7aS)—7a—(3-(pico]inamiQo)phcuyl)AAa,5,6,7,7&- 453
hexahydroeyclopenta[d][1.3]thiazin-2-ylcarbamate
22k fert-Butyl (738)—73-(3-(pyrazine—‘.Z:—r,:arboxamido)phcnyl)- 454
4 4a.5,6,7, Ta-hexahydrocyclopenta[df |3 ]thiazin-2-ylcarbamate
58 tert-Butyl (7a8)-7a-(3-(pyrimidinc-2-carboxamido)phenyl)- 454
o | 4,4a,5,6,7,Ta-hexahydrocyclopenta{d][ 1,3 thiazin-2-ylcarbamate
h tert-Butyl (7aS)-7a-(3-benzamiddphenyl)-4,4a,5,6,7,7a- 452

hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate
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23 tert-Butyl (7aS)-7a-(3-(pyrimidine-4-carboxamido)phenyl)-

P 4,4a,5,6,7,7a-hexahydrocyclopenta[ d]f 1,3 Jthiazin-2-y]lcarbamate
Raccmic rer-Butyl (7aSR)-7a-(2-Nuoro-5-(5- '
28q ﬂuoropicolinamido)phcny]) 4a,5,7 7a-tetrahydro-4/1-furo(3 4~ 491
_dj[1,3thiazin-2-ylcarbamate R 1

Racemic rert-Butyl (7aSR)-7a-(5-(5- chloroplcdlmdmldo) 2.

28r | fluorophenyl)-4a,5,7,7a-tcirahydro-4H-furo[3,4-d][ 1,3 [thiazin-2- 507
vicarbamate
Racemic fert-Butyl (7aSR)-7a-(2-fluoro-5-(5-fluoropyrimidine-
28s 2-carboxamido)phenyl)-4a,5,7,7a-tetrahydro-dH-furo(3,4- 492

d]f1,3]thiazin-2-ylcarbamatc

Preparation 29

feri-Butyl {4aS,7aS)-7a-(2-fluoro-5-(5-flucropicolinamido)phenyl)-4a,5,7, 7a-tetrahydro-
411-furo(3,4-d](1,3]thiazin-2-ylcarbamatc

H
LA IA
F’C\:A IHOF

Racemic tert-butyl (4aSR,7aSR)-7a-(2-fluoro-5-(5-fluoropicolinamido)phenyl)-
4a,5,7,7a-tetrahydro-4-furo[3,4-d]| 1,3 thiazin-2-ylcarbamate (0.226 g, 0.460 mmol) is
purificd by chiral HPPLC: 2.1 x 25 cm Chiralcel OD-H, 5 micron column, 30%
methanol/CO,, flow rate: 70 ml/min, UV: 230 nm. The sccond cluting isomer is isolated

10 to provide the cnantiomerically enriched title compound (0.092 g, 41%). ES/MS (m/e):
491 (M+1).

The following compounds in Table 23 arc preparcd cssentially by the mcthod of
tert-butyl (4a8S,7aS)-7a-(2-fluoro-5-(5-fluoropicolinamido)phenyl)-44,5,7, 7a-tetrahydro-
4/1-furo[3,4-d][1,3]thiazin-2-yicarbamatc.

15 Table 23

A i it e == e e e e e e mt e m e
1

| CES/MS |
Prep ‘Chemical name (m/c)
(M)

|
i -]
tert-13utyl (4aS,7a8)-7a-(5-(5-chloropicolinamido)-2-fluorophenyl)- |
4a,5,7,7a-tetrahydro-4/7-furo| 3,4-d][ 1,3 thiazin-2-ylcarbamatc J

294
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tert-Bulyl (4aS,7aS8)-7a-(2-lluoro-3-(5-Nuoropyrimidine-2-
29b carboxamido)phenyl)-4a,5,7, 7a-tetrahydro-447-furo[3,4- 492
d][1,3]thiazin-2-ylcarbamatc

Preparation 30
tert-Butyl (8aS)-8a-(2,4-difluoro-5-(pyrimidin-5-yl}pheny1)-4 4a,5,7,8,8a-
hexahydropyrano[4,3-d][ 1,3 ]thiazin-2-ylcarbamate

H
CU\/\S L
: N’J\N)Lo
FH
N
LJ T

A mixture of feri-butyl 8a-(5-bromo-2,4-difluorophenyl)-4,4a,5,7,8,8a-
hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamate (0.300 ¢, 0.647 mmol) in 1,2-
dimethoxyethanc (10 ml.), cthanol (4 mL.) and water (5 mL) is purged with nitrogen and
heated to 97 °C. Pyrinmdine-5-boronic acid (0.‘655'g, 5.18 mmol), cesium carbonate
(1.90g, 5.83 mmol) and bis(h'iphcnylphosphincj'ginila.dium([]) chloride (0.091g, 0.129
mol) is added in a single portion and the réac;‘irfifn; is heated at 97 °C for 20 munutes. The
rcaction 1s cooled, diluted with water, and extracted with EtOAc. The organic layer is
dricd over Na,SO,4 and the crude product is purified by silica gel chromatography cluting
with a lincar gradient of 5% to 100% EtOAc in ﬁcxaucs to give the title compound (0.258
g, 86 %). ES/MS (m/c): 463 (M + 1).

The following compound in Table 24 ar¢ prepared csscntially as described in the
preparation of tert-butyl (8aS)-8a-(2,4-difluoro-5-(pyrimidin-5-yl)phenyl)-4,4a,5,7,8,8a-
hexahydropyrano(4,3-d][1,3]thiazin-2-ylcarbamate.

Tablc 24 :
Prop, o ES/MS
No Chermical name {m/c)

Racemic fert-Butyl (4aSR,7aSR)-7a-(4-Muoro-3-(pyrimidin-3-

vhphenyl)-4a,5,7, 7a-tetrahydro-474-furo[3,4-d][ 1,3 ]thiazin-2-

30a ylcarbamate; racemic terf-Butyl (43SR,7aSR)-7a-(2-fluoro-5-

(pyrimidin-5-yl)phcnyl)-4a,5,7,7a-tetrahydro-4#-furo(3,4-
_dj[l 3]thiazin-2-ylcarbamatc®

29 Compounds arc recovered as a mixture. ..

453
(M+23)
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Preparation 31
Racemic (4aSR,7aSR)-7a-(4-Fluoro-3-(pyrimidin-5-yl)phenyl)-4a,S,7, Ta-tetrahydro-4/1-
furo[3,4-dj[ 1,3]thiazin-2-aminc and
Racemic (4aSR,7aSR)-7z2-(2-Fluoro-5-(pyrimidin-5-yl)phenyl)-4a,5,7, 7a-tctrahydro-4/1-
furo[3,4-d][ 1,3]thiazin-2-aminc

H

i\s

O
H N’?l\NH2
N N
{ ) ;\ ¢
N F N

A solution of 4 M Hydrogen chloride in dioxanc (19.2 mL) is added to a mixture
of racemic tert-butyl (4aSR,7aSR)-7a-(4-fluoro-3-(pyrimidin-5-y)phenyi)-4a,5,7,7a-
tetrahydro-4H-furof3,4-d][ 1,3 |thiazin-2-ylcarbamate and racemic fert-butyl (4aSR,7aSR)-
7a-(2-fluoro-5-(pyrimidin-5-yI)phenyl)-4a,5,7 7a-tetrahydro-4//-furo[ 3,4-d][ 1,3 ]thiazin-

2-ylcarbamate (1.80 g, 0.962 mmel) and the reaction is stirred at room temperature for

3 h. The mixture is diluted with aqueous 1 N HCI and is cxtracted with

dichloromcthane. Aqueous 5 N sodium hydroxide is added to the aqueous layer to make
it basic and it is extracted twice with 10% isopropyl alcohol in dichloromethane. The
solvent 18 removed under reduced pressure to give a residuc that is purified on silica gel
using radial chromatography cluting with 3% to 10% 2M ammonia in methanol :
dichloromethane. The material is purified again using radial chromatography cluting with
10% isopropylaminc : 30% cthyl acctate ; 60% hexanc (o give the title compounds as a

raccmic two component mixture (0.231 g, 73%). ES/MS m/e: 331 (M-+1).

Preparation 32
(4a8,7aS)-7a-(4-Fluoro-3-(pyrimidin-5-yl)phcnyl)-4a,5,7, 7a-tctrahydro-4//-furo| 3,4-
d]{1,3]thiazin-2-amine and
(4a5,7a5)-Ta-(2-Fluoro-5-(pyrimidin-5-yphenyl)-4a,5,7, 7a-tetrahydro-4/{-furo[ 3 ,4-

d]‘,‘[]\_,3]1hiazin-2-aminc
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H H

N g
H N)\NH2 i N/)\NH2

NTN N F

Q - Q —

N £ N

The mixture of racemic (4aSR.7a5R)-7a-(4-fluoro-3-(pyrimidin-S-yDphenyl)-
4a,5,7,7a-tetrahydro-4/4-furo| 3,4-d ][ 1,3]thiazin-2-aminc and racemic (4aSR,7aSR)-7a-(2-
fluoro-5-(pyrimidin-5-yl)phenyl)-4a,5,7 7a-tetrahydro-4 H-furo[3 4-d][ 1,3 ]thiazin-2-

5 amine (0.231 ¢, 0.697 mmol) are scparated using a Chiralpak AD-H 3 x 25 cm column
cluting with 3/2 EtOH : acetonitrile with 0.2% dimcthylethylaming at a flow rate of 30
ml/min., 225 nM to give (4a85,7aS)-7a-(4-fluoro-3-(pyrimidin-5-yDphenyl)-4a,5,7,7a-
tetrahydro-4H-furo{3,4-d][ 1,3 Jthiazin-2-amine (Tx = 3.12 3(0.032 g, 14%): ES/MS m/c:
331 (MH1) and (4aS,7a8)-7Ta-(2-fluoro-5-(pyrimidin-5-yl)phenyl)-4a 5,7, 7a-tetrahydro-

10 4H-furo[3,4-d][1,3]thiazin-2-aminc (Tx = 4.479 }0.058 g, 25%). ES/MS m/c; 331
(M-+1).

Preparation 33
(7a8)-7a-(4-)"luoro-3-methoxyphenyl)-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-

15 2-amine

To a solution fert-butyl 7a-(4-fluoro-3-methoxyphenyl)-4.4a,5,6,7,7a-
hexahydrocyclopentald][ 1,3 thiazin-2-ylcarbamatc (1.04 g, 2.73 mmol) in CH,Cl, (20
mL) is added TFA (5 mL) and the reaction is stirred at room temperature for 16 hr. The
20 solventis removed under reduced pressurce to give a residuc that is diluted with water and
5N NaOH. The aqucous tayer is extracted four-timics with EtOAc. The organic layer is
dricd over Nay SO, and the solvent is removed under reduced pressure. The crude product

is purificd with a 10 ¢ SCX column using 4 : 1 CH,Cly : McOH and then 2 1 1 CI1Cly
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7 N NHj in McOH 1o clute the product and give the title compound (0.756 g, 99%).
ES/MS m/c: 281 (M+1).
Preparation 34
5-((7aS)-2-Amino-4,4a,5,6,7,7a-hexahydrocyclopentald]| 1,3 Jthiazin-Ta-yl)-2-

S v {luorophenol

To a -78 °C solution of (7a5)-7a-(4-fluoro-3-mcthoxyphcenyl)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][ 1,3 )thiazin-2-amine (0.717 g, 2.56 mmol) in CH,Ch (15 mL) is
added boron tribromide 11.20 g, 7.67 mmol). The reaction is warmed to 0 °C and is

10 stirred for 2 hr. The rcaction 1s diluted with water and the pH is adjusted 1o 7. The
aqucous is cxtracted three times with EtOAc (some McOH is added to help dissolve some
solids during the extraction). The 0—rgan.ic layer is dried over NaySQO, and the solvent 1s
rcmoved under reduced pressure. 'l;hb (I:rudc product is purificd with a 10 g SCX column
using 4 : 1 Cil;Cly : McOH and then 2 ;1 CHRCl, 0 7 N N in McOl to clute the

15 product and give the title compound (0.56 g, 82%). ES/MS m/c: 267 (M 1)

Preparation 35
tert-Butyl (7a8)-7a-(4-fluoro-3-hydroxyphenyl}-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamaic
H

CL/\AJLJ<
B

20 F
To a mixture of 5-((4aR,7aS)-2-amino-4,44,5,6,7,7a-
hexahydrocyclopenta|d][ 1.3 ]thiazin-7a-y1)-2-fluorophenot (0.524 g, 1.97 mmol) in 1,4-

dioxane (20 mL) and saturated aqucous NaHCOz (20 mL) is added a solution of di-rert-
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butyldicarbonate (0.451 g, 2.07 mmol} in 1,4-dioxanc (2 mL). The mixture is stirred at
room temperature for 16 h. The mixture is diluted water and cxtracted three times with
1itOAc. The organic layer is dried over NaySQO, and the crude product is purified by silica
gel chromatography eluting with a lincar gradient of 3% to 100% EtOAc in hexancs to
give the title compound (0.436 g, 61%). ES/MS m/e: 367 (M+1).
Preparation 36
5-((7aS)-2-(tert-Butoxycarbonylamino)-4,4a,5,6,7,7a-

hexahydrocyclopental[d][ 1,3 Jthiazin-7a-yl)-2-fluorophenyl trifluoromethancsulfonate,
o
N/Aﬁ)kok
- 0P
To a0 °C mixture of /err-butyl (4aR,7a8)-7a-(4-fluoro-3-hydroxyphenyl)-
4.4a,5,0,7,7a-hexahydrocyclopenta[d][ [, 3 ]thiazin-2-ylcarbamate (0.428 g, 1.17 mmol)
and pyridine (0.148 g, 1.87 mmol) in dichloromethanc (25 ml.) is added
trifluoromethancsuifonic anhydride (0.395 g, 140 inmol). The rcaction is stirred at ) °C
for 45 min. The reaction is diluted with water and | N HCI (4 mL) and is extracted three
times with CH,Cl,. The organic layer is dried over Na;SQ4 and the solvent i1s removed
under reducced pressure to give the title compeurd (0.633 g, 100%). ES/MS m/c: 499
(M+1).
Preparation 37

5-Bromo-2,4-difluorobenzaldehyde
O

Brﬁf‘i
F7 "k

A 1.6 M solution of butyl lithium in hexane (114 ml, 182 mmol) is added to a -78
°C solution of 1,5-dibromo-2,4-difluorobenzenc:{4 1,3 g, 152 mmol) in dicthy] cther (290
mL.). Dimethylformamide (14.4 g, 198 mmol) is added and the reaction is stirred at
-78 °C for 15 minutes. The reaction is quenched with 1 N HCI (300 mL), 1s diluted with
watcr, and extracted three times with cthyl acetate. The organic layer is dried over

sodium sulfate and the solvent is removed under reduced pressure to give crude material
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that is purified by silica gel chromatography with a lincar gradicnt of 0% to 50% CHzCl;
in hexanes over 30 minutes to give the title compound (20.51 g, 61%). GC-MS m/e
(*B1/*'Br) 220, 222. '
Preparation 38
5 1-(3-Bromophenylbut-3-cn-1-0l
OH

BI\©)\/\

T'o a solution of 3-bromobenzaldchyde (15.8 g, 85.6 mmol) in dry diethyl cther
(200 mL) at 0 °C under nitrogen atmosphere with stirring is added allylmagnesium
bromide solution in ¢ther (85.6 mi., 85.6 mmol) dropwisc. The resulting mixture is
10 warmed to room temperature over 1 hr and is quenched by the addition of 1 N HCI
aquecous solution. The reaction is cxtracted with dichloromethanc, washed with brinc,
dricd over sodium sulfate, filtered, and concentrated under reduced pressure. ‘The crude
product is purificd by silica gel chromatography cluting with 0% to 100%
dichloromethanc in hexanes over 50 minutes to give the titic compound as a racemic
15 mixture (17.01 g, 88%). ES/MS mic (VBr/*'Br) 227, 229 (M+1),
The following compounds in Tablc 25 arc prepared essentially as described in the
preparation of 1-(3-bromophenyl)but-3-cn-1-0l.

Table 25
Prep Chemical name MS (m/c)
LES/MS
(®Br/*'Br)
243/245
(M-1)
GC-MS
("Br/*'Br)
262/264
(M)

38a 1-(3-Bromo-4-fluorophenyl)but-3-cn-1-ol

38b 1-(5-Bromo-2,4-difluorophenyl)but-3-cn-1-ol

20 .. Preparation 39
(1-(3-Bromophenyl)but-3-enyloxy)(tert-butyl)dimethylsilanc
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A solution of 1-(3-bromophenyibut-3-cn-1-0l (17.0 g, 74.9 mmol), 1 H-imidazole
(11.83 g, 172.2 mmol) and teri-butyldimethylchlorasilane (13.9 g, 89.8 mmol) in DMF (40
mL.) is stirred at room temperatare for 2 hours. The mixture is diluted with
5 dichloromethanc and is washed sequentially with water and saturated ammonium chloride
aqueous solution. The organic layer is dricd over sodium sulfate, filtered, and
concentrated under reduced pressure to give a residue. The crude product is purified by
silica gel chromatography cluting with 5% cthy! acctate in hexanes to give the title
compound as racemic mixture (23.9 g, 94%). 'H NMR (400 MHz, CDCI3) 8 7.44 (s, 1H),
10 7.34(d, 111, J=7.5 H12), 7.24-7.14 (m, 2H), 5.78-5.70 (m, 1H), 5.02-4.97 (m, 2H), 4.65-
4,62 (m, 1H), 2.45-2.31 (m, 2H), 0.87 (s, 9H), 0.02 (s, 31D, 0.12 (s, 3H).
The following compounds in Table 26 arc preparcd essentially as described in the

preparation of (1-(3-bromophenyl)but-3-cnyloxy)(tert-butyldimethylsilanc.

Table 26 L
Prep Chemical name NMR
3% 1-(3-Bromo-4-fluorophenyijbut-3-cn-1-0l NMR™
190 (1-(5-B mmo-2,4-diﬂu0r;0ph cnyl)bul-3 -enyloxy)(tert- NMRY!
butyl)dimcthylsilang
15 30 TH NMR (400 Mtz CDCly) § 7.48-7.46 {m, 1H), 7.24-7.16 (m, 1H), 7.03 (t,1H,

1=8.5117), 5.76-5.67 (m, 1), 5.02-4.96 (m, 2H), 4.64-4.61 (m, 1H), 2.43-2.3]
(m, 211), 0.87 (s, 911, 0.02 (s, 31), -0.13 (s, 3H).
3] 'H NMR (400 MHz, CDCly) 8 7.63 (1, = 7.7 Hz, 1H), 6.78 (dd, } = 8.4, 9.6 Hz,
[H), 5.76-5.68 (m. 1H1), 5.01-4.95 (m, 3H), 2.36 (t, J= 6.5 Hz, 2H), 0.86 (s, 9H),
20 0.03 (s, 3H), -0.11 (s, 3H).

Preparation 40

3-(3-Bromopheny!)-3-(tert-butyldimethylsilyloxy)propanal
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A solution of (1-(3-bromophcnyl)but-3-cnyloxy)(tert-butyl)dimethylsilane (23.9
g, 70.1 mmol) dichloromethane (120 mL) is cooled to -78 °C under nitrogen atmosphere.
Ozone is then bubbled through the solution until it becomes blue. The muxture 1s flushed
5 with nitrogen. Tricthylamine (14.2 g, 140.2 mmol) is added to the solution. The mixture

is warmed to room temperaturc and stirred for 4 hours. The mixture is concentrated

under reduced pressure. The crude product is purificd by silica gel chromatography
cluting with a lincar gradicnt of 0% to 8% ethyl acetate in hexanes over 25 minutes o
give the title compound as a racemic mixture (17.9 g, 74%): "H NMR (400 MHz, CDCI5)
10§ 9.75-9.74 (m, 1H), 7.48 (d, 1H, J= 1.8 Hz), 7.38-7.36 (m, 111), 7.25-7.23 (m, 1H), 7.18
(t, 11, J="7.7 Hz), 5.15 (dd, 1H, J= 4.6, 7.9 Hz), 2.81 {ddd, 1H, J=- 15.9, 8.0, 2.5 Hz),
2.63-2.57 (m, 1H), 0.84-0.83 (m, 9H), 0.02-0.02 (m, 3H), -0.14 (s, 311}.
The following compounds in Table 27 are prepared cssentially as described n the

preparation of 3-(3-bromophenyl)-3-(fer-butyldimethylsilyloxy)propanal.

15 Table 27
Prep Chemical name NMR
3-(3-Bromo-4-fluorophenyl)-3-(rert-
40a butyldimethylsilyloxy)propanal NMR "
3a(5-13r0m0—2,4-diﬂuorophcnyl)-3:(—;ert— I
400 butvldimethylsilyloxy)propanal NMR

32 TH NMR (400 MHz, CDCly) 8 9.74 (1, 1H, J = 2.0 Hz), 7.52 (dd, 1H, I = 2.1, 6.6

Hz), 7.25-7.21 (m, 1H), 7.06 (1, 1H, ] = 8.4 Hz), 5.15 (dd, 1H, J =4.3,7.9 117),
2.81 (ddd, 1H, § = 16.1, 7.9, 2.4 Hz), 2.60 (ddd, 1H, ] = 16.1,4.3, 1.8 1z), 0.84 (s,
9H), 0.03 (s, 3H), -0.14 (s, 3HJ.~

20 33 'H NMR (400 MHz, CDCl;) 6 9.74 (dd, ] = 1.9, 2.5 Hz, 1H), 7.68-7.64 (m, 111),
6.83 (dd, J = 8.2, 9.7 Hz, 1H), 5.43 (ddd, J - 7.9, 3.9, 0.5 Hz, 111}, 2.78 (ddd, J —
16.1, 7.9, 2.7 Hz, 11), 2.62 (ddd, J = 16.1, 3.9, 1.7 liz, 111}, 0.85 (s, 911), 0.05 (s,
3H), -0.11 (s, 3H).

25 i’fcparation 41

i-(3-Bromophenyl)- 1-(ferz-butyldimethylsilyloxy)hex-5-cn-3-o0l
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>,

Si
70 OH

BFUKM\

To a0 °C solution of 3-(3-bromopheny-2-(¢ert-butyldimethylsilyloxy)propanal
(17.9 g, 52.1 mmol) in dry dicthyl cther (150 mL) is added 1 M allylmagnesium bromide
sotution in cther (52.1 ml., $2.1 mmol). The resulting mixturce is warmed to room
temperature over 1 hour. The mixture is diluted with dichloromethanc and s quenched
by addition of saturated aqueous solution of ammonium chloride. The mixture is
extracted three times with dichloromethane, The combined organic layers arc washed
with bring, dried over sedium sulfate, filtered, and concentrated under reduced pressurc to
give the title compound as a racemic diastercomeric mixture (18.8 g, 84%). 'H NMR
(400 MHz, CDCl2) & 7.45 (s, TH), 7.38-7.34 (m; 1H), 7.24-7.21 (m, 1H), 7.19-7.15 (m,
1H), 5.84-5.76 (m, 111), 5.09-5.04 (m, 1H), 5.00 (1 J=5.3 Hz, 1), 4.86-4.80 (m, 1H),
3.83-3.75 (m, 2t1), 2.23-2.15 (m, 2H), 1.80-1.69 {m, 2H), 0.89 (d, 911, J= 6.6 Hz), 0.06-
0.04 (m, 31), -0.17 (d, J= 40.4 Hz, 3H).

The following compounds in Tablce 28 arc preparcd essentially as described in the
preparation of 1-(3-bromophenyl)-1-(reri-butyldimethylsilyloxy}hex-5-cn-3-ol.
Tablc 28

Prep Chemical name NMR

1-(3-Bromo-4-fluorophenyl)-1 -(terr-buiyidimethylsilylox yhex-5-
4la en-3-ol NMR*

41b 1-(5-Bromo-2,4-difl uorophcuéfl():;ll ;(tg{'{-butylclimct‘hylsilyloxy)hc» NMRS

34 "ITNMR (400 MHz, CDCh) 8 7.49 (dt, ] = 6.6, 2.0 Hz, 1H), 7.23-7.20 (m, 1H),
7.05 (1, ] = 8.4 Hz, | H), 5.82-5.76 (m, 1H), 5.09-5.04 (m, 1H), 4.98 (1, 1 = 5.3 Hz,
1H), 4.88-4.82 (m, [F1), 3.83-3.74 (m, 2), 3.05-2.22-2.15 (m, 2H), 1.85-1.71 (m,
2H), 0.88-0.87 (m, OH), 0.05-0.04 (m, 3H), -0.17 (d, J = 34.4 Hz, 3H).

35 "1 NMR (400 MHz, CDCI3) § 7.68-7.60 (m, 11}, 6.83-6.78 (m, 1H), 5.82-5.76
(m, 111, 5.28-5.24 (m, 0.5H), 5.13-5.09 {m, 0.5H), 5.09-5.05 (m, 2H), 3.82-3.79
(m, 1H), 2.96 (d, ] = 1.9 Hz, 0.5H), 2.59 (d, } = 3.2 Hz, 0.5H), 2.22-2.19 (m, 2H),
1.83-1.73 (m, 211), 0.88 (s, 4.5H), 0.87 (s; 4.5H), 0.06 (s, 1.5H), 0.06 (s, 1.51), -
0.11 (s, 1.5H), -0.19 (s, 1.5H).
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Preparation 42
1-(3-Bromophenyl)hex-5-cne-1,3-diol

OH OH
Br

5 To a solution of 1-(3-bromophenyl)-1-(7er-butyldimcthylsilyloxy)hex-5-cn-3-ol
(18.8 g, 44.0 mmol) in tetrahydrofuran (60 mL) is added | M tetrabutylammonium
fluoride solution in THF {66.0 mL, 66.0 mmol). The resulting mixture is stirred at room

temperaturc for 2 hours. The mixture is diluted with dichloromethane and 1s washed

sequentially with watcr and saturatcd ammonium chloride aqucous solution. The organic
10 layer s dried over sodium sulfate, filtered, and concentrated under reduced pressure to

give a residue. The crude product is purificd by silica gel chromatography cluting with a

lincar gradient of 20% to 40% ethyl acctate in hexanes over 26 minutes to give the title

compound as racemic diastereomeric mixturc (11.8 g, 99%). '"H NMR (400 Mliz,

CDCl) 8 7.52 (s, 1H), 7.38-7.36 (m, 111), 7.28-7.24 (m, 1H), 7.22-7.17 (m, IH), 5.83-
15 575 (m, 1H), 5.15-5.11 {m, 2H), 5.03-4.89 (m, 1H), 4.00-3.90 (m, 1H). 2.32-2.21 (m,

2H), 1.96-1.89 (m, 2H).

The following compounds in Table 29 arc prepared cssentially as described in the

preparation of 1-(3-bromophenyi)hcx-5-enc-1,3-diol.

Tablc 29
Prep Chemical name NMR
42a 1-(3-Bromo-4-flucrophenylhex-5-cne-1,3-diol NMR™
42b 1-(5-Bromo-2 4-diflucrophenyl)hex-5-cne-1,3-diol NMR™’
20 36 '"H NMR (400 Milz, CDCI:) § 7.56 (dt, ] = 6.6, 2.0 Hz, 111), 7.26-7.22 (m, 1H),

7.09-7.04 (m, 11), 5.82-5.76 (m, 11), 5.16-5.11 (m, 2t1), 5.05-4.89 (m, 111), 3.99-
3.93 (m, 1H), 2.32-2.27 (m, 2H), 1.89-1.78 (m, 2I1).
37 'Ll NMR (400 MHz, CDCly) 8 7.77-7.73 (m, 111), 6.84-6.78 (m, 111), 5.82-5.76
(m, 113), 5.27-5.15 (m, 3H), 4.07-4.02 (m, 111}, 3.85-3.81 (m, 0.511), 3.62 (d, J ==
25 5.4 Hz, 0.5H), 2.46 (dd, J = 1.2, 2.9 Hz, 0.5H), 2.33-2.31 (m, 2.5H), 1.94-1.88 (m,
1H), 1.85-1.81 (m, -1H), 1.69 (dt, J = 14.5, 10.2 Hz, 111).

Preparation 43

1-(3-Bromophcenyl)-3-hydroxyhex-5-en-1-onc
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0O OH
BrUK/K/\

A mixture of 1-(3-bromophenyDhex-5-ene-1,3-diol (2.60 g, 9.59 mmol) and
mangancse(IV) oxide (9.81 g, 95. 9 mmol) in dichloromethane (80 mL) is heated and
stirred for 4 h under reflux. The reaction mixture s filtered through a pad of

5 diatomaceous carth and the residuc is washed twice with dichloromethane. The filtrate is
concentrated under reduced pressare to afford the title compound (2.12 g, 82%). 'H
NMR (400 MHz, CDCl3) 8 8.05(d, TH, ] = L& Hz), 7.85 (d, 1H, J = 7.5 Hz), 7.69-7.52
(m, 1K), 7.35-7.31 (m, 1H), 5.91-5.82 (m, 111}, 5.18-5.12 (m, 2H}, 4.32-4.26 (m, 1H),
3.09-3.00 (m, 2H), 2.39-2.30 {m, 2H).

10 The following compounds in Table 30 arc prepared cssentially as described in the

preparation of 1-(3-bromophenyl)-3-hydroxyhex-5-en-1-onc.

Table 30

Prep Chemical name NMR
43a 1-(3-Bromo-4-fluoropheny!)-3-hydroxyhex-5-cn-1-one NMR™
43h 1-(5-Bromo-2 4-difluorophenyl)-3-hvdroxyhex-5-cn-1-onc NMRY

38 'H NMR (400 Mz, CDCly) 8 8.16 (dd. 1 = 2.2, 6.6 Hz, 1H), 7.89 (ddd, ] = 8.6,
47,22 Hz, 1), 7.19 (t, = 8.3 Hz, 1H), 5.91-5.83 (m, 1H), 5.19-5.15 (m, 2H),
s 431-4.30 (m, 1), 3.12-2.98 (m, 2H), 2.39-2.36 (m, 2H).
39 Y NMR (400 MHz, CDCL) 8 8.11 (1, 1 =7.7 Hz, 1H), 6.94 (dd, ] = 8.0, 10.4 Hz,
1H), 5.88-5.79 (m, 1H), 5.15-5.12 (m, 2H), 4.29-4.26 (m, 1 H), 3.14-3.03 (m, 211),
279 (d, J = 3.5 Iz, 1H), 2.35-2.30 (m, 2H).

20 Preparation 44

1-{3-Bromopheny!)-3-(tert-butyldimethylsilyloxy)hex-5-en-1-one

e
LSig

A mixture of 1—(3-hl'omophcnyl)—3—hy'c!r(;zs:yhcx-ﬁ—cn—1—onc (9.08 g, 33.7 mmol),
1/{-imidazole (5.34 g, 77.6 mmol) and 7ert-butyidimcthylchlorosilane (6.29 g, 40.5
25 mmol) in DMF (40 mL) is stirred at room temperature for 2 h. The mixture is dituted
Uigve

with dichloromethanc and is washed sequentially with water and saturated ammonium
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chloride aqueous solutton. The organic layer is dried over sodium sulfate, filtered, and
concenirated under reduced pressure. The crude product is purified by silica gel
chromatography cluting with a hincar gradient of 0% to 5% cthyl acctate in hexanes over
20 minutes to give the titte compound as a racemic mixture (11.3 g, 88%). ES/MS m/c
5 ("Br/*'Br) 383, 385 (M+1).
The following compounds in Table 31 arc prepared cssentially as deseribed in the

preparation of 1-(3-bromophenyl)-3-(zert-butyldimethylsityloxy)hex-5-cn-1-one.

Table 31
Prep Chemical name NMR
44a 1-(3-Bromo-4-fluorophenyl)-3-(terz-butyldimethylsilyloxy)hex- NMR™
S-¢n-1-onc
1-(5-Bromo-2 4-difluorophenyl)-3-(zert- 4l
44b butyldimethylsilyloxy)hex-5-cn-l1-one | NME_

40 'H NMR (400 Mliz, CDCl3) 8 8.16 (dd, J = 2.1, 6.6 Hz, 1H), 7.89 (ddd, J = 8.6,
10 4.7,2.1 Hz, 1H), 7.19-7.15 (m, 1H), 5.90-5.82 (m, 111, 5.12-5.07 (m, 2H), 3.15
(dd, J=7.7,15.3 Mz, 1H),2.82 (dd, I = 4.6, 15.3 11z, IH), 2.38-2.33 (m, 2H),
0.88-0.78 (m, 9H), 0.04-0.01 (m, 611),
41 "H NMR (400 MHz, CDCl3) § %.05-8.01 (m, 111), 6.92 (ddd, J == 10.3, 8.0, 0.3 Hy,
1H), 5.85-5.78 (m, 1H), 5.06 (d, J = 1.2 Hz, 1H), 5.03-5.01 (m, 111), 4.40-4.35 (m,
15 1H), 3.12-2.99 (m, 2H), 2.30-2.27 (m, 2H), 0.78 (s, 9i1), 0.03 (s, 311), -0.07 (s,
3H). .

ETEC

. Preparation 45

1-Benzyl-6a-(3-bromopheny!)-5-(rert-butyldimethylsilyloxyhexahydro-1/1-

20 cyclopentalcJisoxazole
%\ S'/
i
70 0

Br
To a solution of 1-(3-bromopheny!)-3-(tert-butyldimethylsilyloxyyhex-5-cn-1-onc

(6.84 g, 17.8 mmol) and N-benzylhydroxylamine (2.86 g, 23.2 mmol) in THEF (60 mL.)} is
added T1(OE4 (8.14 g, 35.7 mmol). The reaction mixture is heated to 70 °C in a scaled
25  tubc. After 2 h, the temperature is increased to 80 °C and stirring s continued for 3 days.
The reaction mixture is cooled to réQm .tcmpcraturc. Waltcr and ethyl acctalc arc added
and the mixture is stirrcd vigorously for 15 minutes. The solids arc allowed to scttle and

the organic and aqucous layers arc decanted through a pad of diatomaccous carth. The
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laycrs are separated and the aqueous layer is exiracted threc times with cthyl acelate. The
combined organic laycrs arc washed with brinc, dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The crude product 1s purified by silica gel
chromatography cluting with 0% to 20% cthyl acctate in hexanes gradient over 20
5 minutes 10 give the title compound as a diastercomeric mixturc (7.42 g, 85%). ES/MS

m/c (PBr/*' Br) 488, 490 (M+1).

The following compounds in Tablc 32 are preparcd essemtially as described in the
preparation of 1-benzyl-6a-(3-bromopheny)-5-(zert-butyldimethylsilyloxyjhexahydro-
1/{-cyclopenta|clisoxazole.

10 Table 32

ES/MS
Prep Chemical name {m/e)
(M+1)
454 6a-(3-Bromophenyl)-5-(tert-butyldimethylsilyloxy)-1-(2,4- ("Br/¥ Br)
U4 dimethoxybenzyDhexahydro-14-cyclopenta[clisoxazole® 548/550
45k 6a-(3-Bromo-4- fluorophenyl)-5-(teri-butyldimethylsilyloxy)-1- ("Br/ ' Br)
) (2,A-dimethoxybenzyhhexahydro- ! H—c;.g;lgpcnta[’g]isoxazolc“ 566, 568
Racemic (3aRS,SRS,6aSR)-6a—(5;[3r0mg;2,4-diﬂm)mphcnyl)—S— (7913n’8113r)
45¢ | (rert-butyldimethylsilyloxy)-1-(2,4-dimcthox ybenzyl hexahydro- 584, 586
/ H'—cyc]opcnla[c]is¢)xazol¢42 ’
45d Ga-(3-Bromo-4-fluorophenyl)-5-(zert-butyldimethylsilyloxy)-1-(4- | ( PR3
i mcthoxybenzyDhexahydro-| H-cyclopenta[clisoxazoic® 536, 838

42 N-(2,4-dimcthoxybenzyhydroxylamine utilized instcad of N-

benzylhydroxylamine,

43 N-(4-mcthoxybenzyl)hydroxylamine utilized instead of AN-benzylhydroxylamine

Preparation 46

1-Benzyl-5-(fert-buty ldimethylsilyloxy)-6a-(3-methoxybiphenyl-3-yhhexahydro- 1 11-

20 butyldimethylsilyloxy)hexahydro-1H-cyclopenta[clisoxazole (7.42 g, 15.2 mmol) in |,2-

cyclopenta[clisoxazole

7]\3-/ R

To a stirred solution of 1-benzyl-6a-(3-bromopheny!)-5-(rert-
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dimethoxycthance (30 mL) ts added 2 M aqueous solution of sodium carbonate (22. 8 ml.,
45. 6 mmol), 3-methoxyphenylboronic acid (2.77 g, 18.2 mmol) and (1,1'-
bis(diphenylphosphino)ferrocenc)paliadium(ll) chloride (0.759 g, 0.911 mmol). The
reaction mixturc 18 heated at 110 °C for 7 hours. The reaction is cooled, diluted with
cthyl acetate, and filtered. The resulting filtrate is scparated and the aqueous layer is
cxtracted three times with ethyl acctate. The combined organic layers arc washed with
brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure. The
crude product is purified by silica gel chromatography eluting with 10% to 20% cthy!
acetate in hexancs gradient over 20 minutes to give the title compound (7.59 g, 92%).
ES/MS m/e: 516 (M+1).

Preparation 47
(2-Amino-4-(tert-butyldimethylsilyloxy)-2-(3-mcthoxybiphenyl-3-
yheyclopentylmethanol

A mixture of I-benzyi-5-(tert-butyldimethylsilyloxy)-6a-(3'-methox ybiphenyl-3-
yl}hexahydro-1H-cyclopenta[c]isoxazole (2.04 g, 3.76 mmol) and palladium on carbon
(0.400 g) 1n acctic acid (10 mL) s stirred at room temperature under hydrogen
atmosphere (50 psi) for 19 hours. The reaction is filtered through a pad of diatomaccous
carth and the filter cake is washed with methanol three times and the filtrate is
concentrated under reduced pressure. The residuc is dissolved in dichloromethane, the
pH adjusted to pH 12 by addition of saturated aqueous sodium bicarbonate and is
extracted threc times with dichloronicthanc. The combined organic layers are dried over
sodium sulfate, filiered, and concentrated under reduccd pressure to give the title

compound. ES/MS m/e: 428 (M+1). =~

Lowe
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Preparation 48
N-(4-(tert-Butyldimethylsilyloxy)-2-(hydroxymcthyl)-1-(3'-methoxybiphenyl-3-

yllcyclopentylearbamothioyl)benzamide

5 A solution of (2-amino-4-(zert-butytdimethylsilyloxy)-2-(3'-methoxybiphenyl-3-
vlYcyclopentyl)methanol (9.44 g, 22.1 mmol) and benzoyl isothiocyanate (3.49 g, 21.0
mmol) in THF (88 ml.} 18 stirred for 1.5 hours at room temperature and concentraied
under reduced pressure. The crude product is purificd by silica gel chromatography
cluting with a lincar gradient of 0% to 5% mcthanol in dichloromethane over 27 minutcs

10 to give the title compound (9.61 g, 70%). ES/MS m/e: 589 (M-1).
Preparation 49
Racemic N-((4aRS,6RS,7aSR )-6-(ter-Butyldimethylsilyloxy)-7a-(3-methoxybiphenyl-3-
yl)-4,4a,5,6,7,7a—hcxahydrocyci0pcﬁla[d][ 1,3]thiazin-2-y)benzamide

1S A solution of N—(4—(_Iert—butyldimclhyisﬂ'y]oxy)—Z—(hydroxymcthy])—1—(3'—
mc1h0xybiphcnyl—3—yl)cyclopcnly'lcarbam01],1iéj;\;i‘}'13011zalnidc (6.37 ¢, 8.41 mmol) and
triphentylphosphine (4.41 g, 16.8 mmol) in ’I‘I'.IF'(3'0 mL) is added to a scparate solution of
di-fert-butyl azodicarboxylate (3.87 g, 16.8 mmol) in THF (15 mL) at room temperature.
The reaction is stirred for 30 minutes and is concentrated under reduced pressure. The

20 crudc product is purificd by silica gel chl'omalography cluting with a lincar gradient of
10% to 40% cihyl acctalc in hexancs over 26 minutcs to give a crude diastereomeric

mixture (7.39 g, 100%). The mixture is purificd again on silica gel chromatography to

3
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scparate the diastereomers eluting with 15% cthyl acetatc in hexancs to give the title
compound as a racemic mixturc (1.47 g, 24%). ES/MS m/c: 573 (M t+1).
The following compound 1n Table 33 1s preparced essentially as described n the
preparation of racemic N-((4aRS,6RS,7aSR)-6-(teri-butyldimethylsilyloxy)-7a-(3'-
5  methoxybiphenyl-3-y1)-4,44,5,6,7,7a-hexahydrocyclopentald][ 1,3 |thiazin-2-

yl)benzamide.
Table 33
N ES/MS
Prep Chemical name (m/c)
(M+1)

N-(6-(tert-Butyldimethylsilyloxy)-7a-(3'-methox ybiphenyl-3-y1)-
49a 4,4a.5,6,7,7a-hexahydrocyclopentaldj[ 1,3 ]thiazin-2- 573
yDbenzamide

Preparation 50
10 Raccmic N-((4aRS,6RS,7aSR)-6-Hydroxy-7a-(3"-methoxybiphenyl-3-y1)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamidc

o
: :'N” N
i : HL@

To a solution of racemic N-((4aRS,6RS,7aSR)-6-(teri-butyldimethylsilyloxy)-7a-
(3'-methoxybiphenyl-3-y1)-4,4a,5,6,7,7a-hexahydrocyclopenta[d]{ 1,3 Jthiazin-2-

15 yDbenzamide (1.47 g, 2.31 mmol) in acctonitrile (6 mL) is added 20-25% aqucous
fluorosilicic acid (2.82 g, 4.62 mmol) and the resulting mixture is stirred at room
temperature for 3 h. The reaction is diluted with cthyl acetate and quenched with
saturated aquecous sodium bicarbonate. The mixture is washed with water and brinc. The
organic layer is dried over sodium sulfate, filtered, and concentrated under reduced

20 pressure. The crude product is purified by silica gel chromatography cluting with a linear
gradicnt of 10% to 60% cthyl acctate in hexanes over 40 minutes to give the title
compound as a racemic mixture (0.709 g; 64%). ES/MS m/e: 459 (M+1).
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Preparation 51
N-((4aRk ,0R,7a8)-6-Hydroxy-7a-(3'-mcthoxybiphenyi-3-y1)-4,4a,5,6,7,7a-

hexahydrocyclopenta[d]( 1,3 ]thiazin-2-yDbenzamide

H

2 ™~s 0o

SNTN
I B "

o

0

h Racemic N-((4aRS,6RS,7aSR)-6-hydroxy-7a-(3-mcthoxybiphenyl-3-yl)-
4,4a,5.6,7,7a-hcxahydrocyclopenta[d][ 1,3 ]thiazin-2-y)benzamide (0.689 g, 1.50 mmol) is
purificd by chiral HPL.C: 2.1 x 25 ¢cm Chiralpak AD-H, 5 micron, 35% IPA/CQ;3, flow
rate: 70 mL/min, UV: 225 nm. The first eluting isomer is isolated to provide the

enantiomerically cnriched title compound (0.2512 g, 35%). ES/MS m/c: 459 (M+1).

10
iPrcpﬁration 52
N—((4aR,()R,7aS)—6-Mcth0xy—?a-(S'-mc‘thoxybiphcnyl&—yl)—4,4a,5,6,7,7a—
hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide
H
(L ]
Qwm
g N//LNJ\O
| e H
T
15

To a0 °C mixture of N-((4aR,6R,7aS)-6-hydroxy-7a-(3'-mcthoxybiphenyl-3-y!)-
4 4a.5,6,7 Ta-hexahydrocyclopenta[d][ 1,3 ]thidxzin-2-yDbenzamide (0.086g, 0.169 mmol)
and 48% aqucous fluoroboric acid (0.031 g, 0.169 mmol) in dichloromcthane (0.6 mL) is
added 2 M trimethylsilyldiazomethane in hexane (0.101 mL, 0.202 mmol). The mixture
20 s stirred at 0 °C for 30 minutcs and is poured into saturated aqucous solution of sodium
bicarbonate. The mixture is diluted with water and is extracted with dichloromethane.
The organic Jayer is washed scquentially with water and brine and is dried over sodium

sulfate. The solvent 18 removed under reduced pressure and the crude product is purificd
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by sitica gel chiromatography cluting with a lincar gradient of 10% to 60% cthyl acetaic in
hexances over 20 minutes to give the title compound (0.038 g, 48%). S/MS m/c: 473
(M+1).
Preparation 53
5 N-((4aR,0R,7a8)-7a-(3'-Mcthoxybiphenyl-3-y1)-6-(methoxymethoxy)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide

H
s O
Oll.d\
Owr *
, éN/)\N
7 "

To a stirred 0 °C solution of N-((4aR,6R,7aS)-6-hydroxy-7a-(3"-mcthoxybiphenyl-
3-y1)-4.4a,5,6,7,7a-hexahydrocyclopenta[d]f 1,3 ]thiazin-2-yl)benzamide (0.087 ¢, 0.190
10 mmol) in anhydrous dichloromethane (0.6 mL) 1s added chloromethoxymethane (0.031 g,
0.379 mmol), followed by diisopropylethylamine (0.049 g, 0.379 mmol). The resulting
mixture is stirred at 0 °C for 1 hour, and then is warmed to room tcmperature over 24 h,
The mixture 1s diluted with dichloromethanc, quenched by addition of saturated aqueous
solution of sodium bicarbonate, and 1s extracted three times with dichloromethane. The
15 combined organic layers arc washed with water and brine. The organic layer is dricd over
sodium sulfate, filtered, and concenllyalcd under reduced pressure. The crude product is
purified by silica gel chromatograpﬁy cluting with a lincar gradient of 0% to 60% ethyl
acctate in hexancs over 26 minutes to give the titte compound (0.089, 93%). ES/MS m/c:
503 (M+1}.
20
Preparation 54
6-(tert-Butyldimcthylsilyloxy)-7a-(3"-mcthoxybiphenyl-3-yl1)-4,4a,5,6,7. 7a-

hexahydrocyclopenta{d]{ I,3]thiazin-2-aminc
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A mixture of N-(6-(tert-butyldimethylsilyloxy)-7a-(3"-methoxybiphenyl-3-yl)-
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-y)benzamide (0.200 g, 0.349 mmol)

and hydrazine (0.559 g, 1.75 mmol) in ethanol (4 ml.) is stirred at 120 °C over night. The

mixture is cooled, diluted with cthyl acctate and is washed with water. The organic layer

18 dried over sodium sulfate and the solvent is removed under reduced pressure to give the

title compound (0.164 g, 100%). ES/MS m/c; 469 (M+1).

Preparation S5
Racemic (3aRS,5RS,6aSR)-6a-(3-Bromo-4-fluorophenyl)-1-(2,4-
dimcthoxybenzylhexahydro- ],l:]-c:ifc]opcnta[c] isoxazol-5-ol
H

HO'"-<II:O _
Q\f@o

" Q
Br \
F

To a solution of 64-(3-bromo-4-fluorophenyl)-53-(tert-butyldimethylsilyloxy)-1-
(2,4-dimcthoxybenzylhexahydro- 1 H-cyclopentalclisoxazole (3.00 g, 4.77 mmol) in THF
(10 mL) is added 1 N tetrabutylammonium fluoride solution in THE (7.15 mL, 7.15
mmol). Aficr stirring at room temperature for 2 hours, the reaction mixture is
concentrated under reduced pressure to afford a.rc_s_iduc that is dilutcd with
dichloromethanc and washed with water and bri{w: The organic layer is dried over
sodium sulfate, filtered, and the filtrate is conc-ci;.h'atcd undcr reduced pressure to give a
residue that s purificd by silica gel chromatography eluting with a lincar gradient of 0%
to 10% methanol in dichloromethane gver 20 minutes to give the title compound as a
diastercomeric mixturc (2.26 g, 100%). This hi?ﬂure is purified again on silica gel

chromatography 1o scparate the diastcreomers cluting with a lincar gradient of 0% to 15%

PCTUS2010/041034
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cthyl acctate in hexanes over 15 minutes to give the title compound as a raccmic mixturc
(0.852 g, 37%). ES/MS m/e (PBr/*Br) 452, 454 (M+1).

The following compounds in Tablc 34 arc prepared essentially as described in the
preparation of racemic (3aRS,5RS,6aSR)-6a-(3-bromo-4-fluorophenyl)-1-(2,4-

5  dimcthoxybenzyl)hexahydro-1H-cyclopenta[clisoxazol-5-ol.

Table 34
E5/MS
Prep . Chemical name (m/c)
(M+1)
554 | 02-(3-BromophenyD)-1-(2 4-dimethoxybenzyDhexahydro-1 /- ("Br/*'Br)
cyclopentafclisoxazol-5-ol™ 434/436
s5b Racemic (3aRS,5RS,6aSR)-6a-(3-Bromopheny!)-1-(2,4- ("B Br)
dimcthoxybenzyl)hexahydro-1 H-cyclopenta[clisoxazol-5-0l | 434/436
55c Racemic (3aRS,5RS,6aSR)-6a-(5-Bromo-2,4-difluorophenyl)-1- ?QWIIBr)
7 | _2,4-dimethoxybenzylhexahydro-1//-cyclopentafclisoxarol-S-ol | 470/472 |
s5q | Raccmic (3aRS,SRS,6aSR)-6a-(3-Bromo-4-fluorophenyl)-1-(4- (®Br'Br)
methoxybenzyl)hexahydro-1H-cyclopentafc]isoxazol-5-ol 422/424

44 |solated as a racemic mixturc of diastcrcomcers.

10 ]"rcparation 56
Racemic (3aRS,5RS,6a5R)-6a-(3-Bromophenyl)-1-(2,4-dimethoxybenzyl)-5-

mcthoxyhcxahy_ldr_‘o— 1 H-cyclopenta[c isoxazole

H
on--G\/\'O
JQNE
Br \

Sodium hydride (0.076 g, 1.89 mmol} is added 10 a 0 °C solution of racemic

15 (3aRS,5RS,6aSR)-6a-(3-bromophenyl)-1 ~(2,4-dimbthoxybcnzy1)hcx ahydro-1/17-
cyclopentalclisoxazol-5-01 (0.684 g, 1.57 mmol) in DMF (7 ml. ). The rcaction is
warmed to room temperature for 10 minutes and then cooled to 0 °C. Methyl iodide
(0.246 g, 1.73 mmoel) 15 added and the reaction is stirred at room temperature for 6 hours.
Additional sodium hydride (0.032 g, 0.790 mmol) and methyl iodide {0.112 g, 0.790

20 mmol) is added and the reaction ts stirred at room temperature for 18 hours. The reaction
1s quenched with water and cxlractcd with cthyl acetate. The organic layer is dried over

sodium sulfate, filtercd and the solvent is removed under reduced pressure. The resulting
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residuc 18 purified by silica gel chromatography with 10% cthyl acctate in CH,Cl) to give
the title compound (0.443 g, 63 %). LS/MS m/c ("Br/*'Br) 448, 450 (M+1).

The following compounds in Table 35 are prepared cssentially by the method of
racemic (3aRS,5RS,6a5R )-6a-(3-bromophenyl)-1-(2.4-dimcthoxybenzy!)-5-

mcthoxyhcxahydro— lf1-cyclopentalclisoxazolc.

Tablc 35

ES/MS

Prep Chemical name (m/e)

(M-+1)
St 6a-(3-Bromophcnyl)-1-(2 4-dimethoxybenzyl)-5- "Bt/ 'Br)
methoxyhexahydro- | H-cyclopenta[clisoxazole™® 448/ 450
Raccemic (3aRS,5RS,6aSR)-0a-(3-Bromo-4-fluoropheny)-1-(2,4- | 19, 414
) ("Br/" Br)

56b dimethoxybenzyl)-S-methoxyhexahydro-1/4-
. 466/468
cyclopenta{clisoxazole

45 Tsolated as a mixture of diastercomers.,

Preparation 57
Racemic (3aRS,5RS,6aSR )-6a-(3-Bromo-4-fluorophenyl)-5-isopropoxy-1-(4-

mcthoxybenzylhexahydro-1//-cyclopenta[clisoxazole

i;l
¢ 0
: N\/@O\
B
F

To a mixture of racemic (3aRS,5RS,6aSR)-6a-(3-bromo-4-fluorophcnyl)-1-(4-

Olll-

methoxybenzylhexahydro-1/7-cyclopenta[clisoxazol-5-of (1.72 g, 4.07 mmol) in
dichloromethanc (2.5 mL) is added silver trifluoromethanesulfonate (2.62 g, 10.2 mmol)
and powdcred dricd 4A sicves (1.50 g). A solution of 2-iodopropanc (1.73 g, 10.2 mmol)
in dichloromethane (0.5mL) is added to the mixiure over 15 minutes. The thick mixture
is stirred at room temperature overnight. ‘The taikture is diluted with dichloromethane
and is fillered through diatomaccous carth. The solvent is removed under reduced
pressure and the residue is purificd by silica gel chromatography with a lincar gradient of
0% to 10% cthyl acetatc in dichloromethane over 15 minutes to give the title compound

(0.466 g, 25%). ESMS mic (PBr/'Br) 464, 466 (M-+1).
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Preparation 58

PCT/US2010/041034

Racemic (3aRS,5RS,6aSR)-6a-(3-Bromo-4-fluorophenyidhexahydro-1//-

cyclopenta[clisoxazol-5-ot

N
H

HOm

Br
’ F

A mixturce of raccmic (3aRS,5RS,6a8R)-6a-(3-bromo-4-fluorophenyl)-1-(2 4-

dimethoxybenzyDhexahydro- | H-cyclopenta[clisoxazol-5-0l (0.852 g, 1.79 mmol) and
tricthylsilane (0.624 g, 5.37 mmol) in TFA (4 mL) is heated to 80 °C for 3 h. The

rcaction is cooled to room temperature and concentrated under reduced pressure to afford

a residuc that is purified on a SCX column washing sequentially with dichloromethane,

methano! and 7 N NH;z in McOH to give the title compound as raccmic mixture (0.57 g,
100%). ES/MS m/e (°Br/*'Br) 302, 304 (M+1),

The following compounds 1n Table 36 arc prepared cssentially as described in the

preparation of racemic (3aRS,5RS,6aSR)-6a-(3-bromo-4-fluorophenylyhexahydro-1/4-

cyclopenta[chsoxazol-5-ol.

LY

Tablc 36
ES/MS
Prep Cherical name (m/e)
(M+1)
N a6 | (7B i)
58a | 6a-(3-Bromophenyhhexahydro-1/{-cyclopenta[clisoxazol-5-o0l 284/286
[ oop | Raccmic (3aRS,5RS,6aSR)-6a-(5-Bromo-2,4- | ("Bt "B |
e difivorophenyhhexahydro-1//-cyclopenta[clisoxazol-5-0l | 320/322 |
sae Racemic (3aRS,5RS,6aSR )-6a-(3-Bromo-4- ("Br/*"Br)
' fluorophenyDhexahydro-1 H-cyclopenta[clisoxazol-5-ol 302/304
5% 6a-(3-Bromopheny!)-5-mcthoxyhexahydro-1H- ("B Br)
' cyclopenta[clisoxazole™ 298/300
58 Raccmic (3aRS,5RS,6aSR)-6a-(3-Bromophenyl)-5- ("Br/*"Br)
7ec mcthoxyhexahydro-1H-cyclopentalchisoxazole 298/300
SRF Racemic (3aRS,5RS,6aSR)-6a-(3-Bromo-4-flucrophenyl)-3- ("Br/'Br)
methoxyhexahydro- 1//-cyclopentafc]isoxazolc 316/318
5 Racemic (3aRS,5RS,6a8R)-6a-(3-Bromo-4-fuorophenyl)-5- | ("Br/ Br)
o8 isopropoxyhexahydro-17/-cyclopentalclisoxazole | 344/346 |

46 lsolated as a mixture of diastcreomers,
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Preparation 59
Racemice (1RS,38R 4RS)-3-Amino-3-(3-bromo-4-fluorophenyl)-4-

(hydroxymethylcyelopentanol
H
HO'--@ OH
: NH

z 2
e
F

A mixture of racemic(3aRS,5RS,6aSR )-6a-(3-bromo-4-fluorophenyDhexahydro-
| H-cyclopenta[clisoxazol-5-01 (0.57 g, 1.89 mmol) and zinc (0.617 g, 9.43 mmol} in
acctic acid (12.6 mL) is heated to 42 °C under a nitrogen atmosphere for 3 hours. The
rcaction is cooled to room temperature, filtered, and concentrated under reduced pressure

10 to afford a residuc that is purified on a SCX column waghing sequentially with
dichloromethane, methanol and 7 N NH; in McOH to give the title compound as raccmic
mixture (0.53 g, 92%). ES/MS m/c ("Br/*'Br) 304, 306 (M+1).

The following compounds in Table 37 arc preparcd cssentially as described in the
preparation of racemic (1RS,38R 4R S)-3-amino-3-(3-bromo-4-fluorophenyl)-4-

15 (hvdroxymecthyl)cyclopentanol.

Table 37
ES/MS
Prep Chcmical name (m/e)
(M+1)
59a 3-Amino-3-(3 -hr(n'n()pn}mn:,rl)-4-(hydroxym(-:lhyl)c:yclopcmzmol47 (TQBD{M—B”
) o o ' 286/288
5b Racemic (IRS,3SR 4R S)-3-Amino-3-(5-bromo-2,4- ("Br/'Br)
) di ﬂuomphcnyI)-4—(hydroxymcth‘yl)cycl_opentan01 73922/%34
59¢ (2-Amino-2-(3-bromophen yl)—4—r_nclhoxy.q/cl()pcntyl)mcthanol'17 ( 32(;;3 (]}3;)
594 Racemic ((1RS,28R,4RS)-2-Amiro-2-(3-bromophenyl)-4- ("Br/"Br)
methoxycyclopentyl)methanol 300/302
Racemic ((1RS,25R,4R8)-2-Amino-2-(3-bromo-4-fluoropheny!)-4- (wBr/'OI Br)
$e .
mcthoxycyclopentyl)micthanol 318/320
sor | Racemic (1 RS,2SR 4R S)-2-Amino-2-(3-bromo-4-fluorophenyl)-4- | (7Br/* 13r)
isopropoxycyclopentyDmethanol 346/348

47 lsolated as a mixture of diasterecomers.,
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Preparation 60
Racemic N-((18R,2RS,4R5)-1-(3-Bromo-4-fluorophenyl)-4-hydroxy-2-

(hydroxymecthyl)cyclopentylcarbamothioyl)benzamide
';' OH
=N NJ\©
¢ H
Br ;

F
5 To a solution of raccmic (1RS,3SR 4R S)-3-amino-3-(3-bromo-4-fluorophenyl)-4-
(hydroxymethyl)cyciopentanol (0.48 g, 1.58 mmol) in THT (6.31 mL) is added benzoyl
isothiocyanate (0.263 g, 1.58 mmol) and the mixture is stirred a1 room temperature for 1.5
h. The solvent is removed under reduced pressure and the crude product is purificd by
silica gel chromatography, cluting with a lincar gradient of 0% to 10% methanol in
10 dichloromethane over 20 minutes to give the title compound as racemic mixture (0.602 g,
76%). ES/MS m/c (Br/*'Br) 467, 469 (M+1).
The following compounds in Table 38 arc preparcd esscntially as described in the
preparation of racemic N-((1SR,2RS,4RS)-1-(3-bromo-4-fluorophenyl)-4-hydroxy-2-
(hydroxymethyl)cyclopentylcarbamothioyibenzamide.

15 Table 38
Prep. . ES/MS
No. Chemical name (m/c)
¥ 3T
N-(1-(3-Bromophenyl)-4-hydroxy-2- ("B Br)
60a ’ g vy ]t 449/45]
(hydroxymethyl)cyclopentylcarbamothioyl)benzamide (M+1)
. o ("B Br)
Racemic N-((1SR,2RS,4RS)-1-(5-Bromo-2 4-difluorophenyl)-4-
60b ] o ) . o 485/487
hydroxy-2-(Itydroxymethyleyclopentylcarbamothioyl)benzamide 70@/1 1)
T T N-(1-(3-Bromophenyl}-2-(hydroxymethyl-4- | ("BiF B |
60c mcthoxycyclopentylcarbamothioyl)-benzamide™ 463/465
{M+1)
. . ("B Br)
Racemic N-((1SR,2RS5,4RS)-1-(3-Bromophcnyl)-2-
60d . . 463, 465
(hydroxymethyi}-4-methoxycyclopentylcarbamothioyl)-benzamide (Mt1)
. (B Br)
60c Racemic N-((1SR,2RS,4RS)-1-(3-Bromo-4-fluorophenyl)-2- 479, 481

_| (hydroxymcthyl)-4-methoxycyclopentylearbamothioylbenzamide | (M-1) |
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67-
Racemic M-((1SR,2RS,4RS)-1-(3-B3romo-4-fluorophenyl)-2- ("Br*'Br)
60f (hydroxymethy!)-4- 507, 509
isopropoxycyclopentylcarbamothioyl)benzamide (M-1)

48 [solated as a mixture of diastercomers,

Preparation 61
Racemic N-((4aRS,6RS,7aSR)-7a-(3-Bromo-4-fluorophenyl)-6-hydroxy-4,4a,5,6,7,7a-

$ hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yDbenzamide

H

Roes
NN
Br/©

F

A solution of raccmic N-((] SR,Z.RS,-’-H{S)-:I—(3—brom0—4—ﬂuorophcnyl)-4—hyd1‘0xy—

2-(hydroxymethyl)cyclopentylcarbamothioyl)benzamide (1.21 g, 2.02 mmol) and
triphenylphosphine (0.690 mg, 2.63 mmol) in anhydrous THF (18 mL) is added to a
10 separate solution of di-tert-butyl azodicarboxylate (0.606 g, 2.63 mmotl) in THF (36 mL)
at room temperature. The reaction mixture is stifred at room temperature for 1 hr and
concentrated under reduced pressurce to give a residue that is purificd by silica gel
chromatography cluting with a lincar gradient of 0% to 40% cthy! acetatc in
dichloromethane over 15 minutes to give the title compound as racemic mixture (0.557 g,
15 61%). ES/MS m/c (PBrif'Br) 449, 451 (M+1).
The following compounds in Tablc 39 arc preparced cssentially as described in the
preparation of racemic N-((4aRS,6RS,7aSR)-7a-(3-bromo-4-fluorophenyl)-6-hydroxy-
4,44,5,6,7, Ta-hexahydrocyelopenta[d]f 1,3 ]thia’).inQ-yi)bcnzamidc.

Table 39 T
‘ ES/MS
Prep Chemical name (m/¢)
(M+1)

61a | Reccmic N-((4aRS,6RS,7aSR )-74-(3-Bromophenyl)-6-hydroxy- ("Br/*'Br)
4,4a,5,6,7, 7a-hcxahydrocyclopenta[d]f f,3]thiazin-2-yD)benzamide | 431/433
Racemic N-((4aRS,6RS,7aSR}-7a-(5-Bromo-2,4-difluorophenyl)- (PBr*'Br)
61b 6-hydroxy-4,4a,5,6,7, 7a-hexahydrocyclopenta[d][ 1,3]thiazin-2- - :
. 467/ 469
yDbenzamide
G1c | Raccmic N-((4aRS,6RS,7aSR)-Ta-(3-Bromophenyl)-6-methoxy- ("Br/ ' Br)
e 4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 1thiazin-2-yl)benzamide | 445/447
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Racemic N—((4aRS,6SR,7aSR}-?a-(3 -Bromophenyl)-6-methoxy- | (“Br/* Br)
4,4a,5,6,7,7a-hexahydrocyclopenta[d]] |,3]thiazin-2-yl)benzamide | 445/447
Racemic N-((4aRS,6RS,7aSR)-7a-(3-Bromo-4-fluorophenyl)-6-

61d

g ("B 8r)
6le methoxy-4,4a,5,0,7,7a-hexahydrocyclopenta[d]f 1,3 |thiazin-2-
: 463/465
yhbenzamide
Racemic N-((4aRS,6RS,7a8R)-7a-(3-Bromo-4-fluorophenyl)-6- B )
61{ isopropoxy-4,4a,5,6,7,7a-hcxahydrocyclopenia[d][1,3 thiazin-2-

. C {
Pobciamids 491493

Preparation 62
N-{(4aR,6R,7a5)-7a-(3-Bromo-4-fluorophcnyl)-6-hydroxy-4,4a,5,6,7,7a-

hexahydrocyciopenta[d][1,3]thiazin-2-viYbenzamide

Racemic N-((4aRS,6RS,7a85R)-7a-(3-bromo-4-fluorophenyl)-6-hydroxy-
4,4a,5,6,7,7a-hcxahydrocyclopentafdlf 1.3 Jthiazin-2-yl)benzamide (0.492 g, 1.09 mmol) is
purificd by chiral HPL.C: Column; Chiralcel Od-H 3 x 25 ¢m; cluent: 75 1 25 (methanol
acctonitrile); flow: 40 mL/min at UV 225 nm. The sccond cluting isomer is isolated to

10 provide thc cnantiomerically cnriched title compound (0.171 g, 35%). ES/MS m/c
(PBr/*'Br) 449, 451 (M+1). .

The following compounds in Table 40 are prepared cssentially as described in the

preparation of N-({(4aR,6R,7aS)-7a-(3-bromo-4-fluorophenyl)-6-hydroxy-4,41,5,6,7,7a-
hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide

15 Table 40
ES/MS
Prep Chemical name (m/c)
_ (M-+1)
N-((6R,7aS)-7a-(3-Bromo-4-fluorophenyl)-6-methoxy- (79Br/8113r)
62a 4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 Jthiazin-2- 463/465
yDbenzamide = o
N-((4aR,6R,7a8S)-7a-(3-BBromo-4-fluorophenyl)-G-1sopropoxy- OB/ 13r)
62b 4,42,5,6,7,7a-hexahydrocyclopenta{d](1,3]thiazin-2- 491/493
,]yl)bcn?_amidc

" Preparation 63

i}
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N-((4aR,06R,7a8)-7a-(4-Fluoro-3-(pyrimidin-5-yDphenyl)-6-hydroxy-4,4a,5 6,7, 7a-

hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide

d
(11 5
SN H)b
N
LJ !
N
A solution of N-((4aR,6R,7a8)-7a-(3-bromo-4-fluorophenyl)-6-hydroxy-

5 4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamidc (0.588 g, 1.31 mmol)
in a mixture of 1,2-dimethoxyethanc (8 mL), cthanol {4 mL) and watcr (4 mL) is purged
with nitrogen and is heated to 97 °C. Pyrimidine-5-boronic acid (0.810 g, 6.54 mmol),
cesium carbonate (2,56 g, 7.84 mmol) and bis(triphenylphosphine)palladium(i1) chloride
(0.1R4g, 0.261 mmol) is added in a single portion ‘and the reaction is hcated at 97 °C for

10 30 minutes. The rcaction is cooled, diluted with water and is cxtracted twice with cthy!
acctate. The organic layer is dricd over sodium sulfate and the crude product is purified
by silica gel chromatography with a lincar gradient of 0% to 40% ethyl acctaic in
dichloromethane over 20 minutes o give the title compound (0.464 g, 79%). ES/MS m/c:
449 (M+1).

15 The following compounds in Table 41 are prepared cssentially as described in the
preparation of N-((4aR,6R,7a8)-7a-(4-fluoro-3-(pyrimidin-3-y)phenyl)-6-hydroxy-
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yDbenzamide,

Table 41
. ) ES/MS
Prep Chemical nami’ (m/c)
. (M+1)
N-((4aR ,6R,7a8)-7a-(4-Muoro-3-(5-fluoropyridin-3-yDphenyl)-
63z | 0-hydroxy-4,4a,5,6,7,7a-hcxahydrocyclopenta[d][ 1,3 Jthiazin-2- 466
yhbenzamide*
Raccmic V-((4aRS,6RS,7aSR)-7a-(3-(5-fluoropyridin-3-
63b yphenyl)-6-hydroxy-4,4a,5,6,7, 7a- 448
hexahydrocyclopenta[d][1,3]thiazin-2-y))benzamide
Racemic N-((4aRS,6RS,7aSR)-6-hydroxy-7a-(3-(pyrimidin-5-
63c | yhphenyl)-4,4a,5,6,7,7a-hexahydrocyclopenta{d][1,3]thiazin-2- 431
yhbenzamide

I\
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Raccmic M-((4aRS,6RS,7aSR)-7a-(2,4-diflnoro-5-(pyrimidin-5-
63d yl)phenyl)-6-hydroxy-4,4a,5,6,7,7a- 467
hexahydrocyclopenta[d][1,3]thiazin-2-yDbenzamide
Raccemic N-((4aRS,0RS,7aSR)-6-mcthoxy-7a-(3-(pyrimidin-3-
63c | yhphenyl)-4,4a,5,6,7,7a-hexahydrocyclopenta[d]| 1,3 thiazin-2- 445
ylbenzamide
Racemic N-((4aRS,6RS,7aSR)-7a-(3-(5-fluoropyridin- 3
631 yDphenyl)-6-methoxy-4,4a,5,6,7,7a- 462
hexahydrocyclopenta[d][1,3]thiazin-2-yI)benzamide
Racemic N-((4aRS,6SR,7aSR)-6-methoxy-7a-(3- ~(pyrimidin- 5-
63g | yhphenyl)-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 Jthiazin-2- 445
yl)benzamide
N-((6R,7a8)-7a-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-6-
63h | methoxy-4,42a,5.6,7,7a- h&,xahydrocy(,lopcntd[d][] 3]thiazin-2- 463
ylbenzamide
N-((4aR,6R,7aS)-7a-(4-fluoro-3-(pyrimidin-5-yi)phenyl)-6-
63i | isopropoxy-4,4a,5,6,7,7a-hexahydrocyclopenta[d]| 1,3 thiazin- 491
2-ylbenzamide
Racemic M- ((4aSR,7aSR)-7a-(3- (pyrlmldm S—yl)phcnyl)

63] 4a,5,7,7a-tetrahydro-4//-furc[3,4-d][ 1,3 Jthiazin-2-ybenzamide 417 .
63k N-((4a8,7a8)-7a-(3-(pyrimidin-5-yl)phenyl)-4a,5,7, 7a- 417
tetrahydro-4/4/-furo(3,4-d][1,3]thiazin-2- y!)bcn/dm]dc L
Racemic NV-{(4aSR,7aSR)-7a-(2,4- difluoro-5- (pyrimidin- 5-
63m | ybhphenyl)-4a,5,7,7a-tetrahydro-4//-furo[3,4-d][ 1,3 }thiazin-2- 453
~ yDbenzamide
63n N-((445,7a5)-7a-(2,4-difluoro-5-(pyrimidin-5-yl)phenyl)- 453
4a,5,7, 7a-tetrahydro-4H-furo| 3 ,4-d][ 1,3 ]thiazin-2-y)benzamide
63p N-{(4aS,7aS)-7a-(2,4-difluoro-5-(5-fluoropyridin-3-y)phenyl)- 470

4a,5,7,7a-tetrahydro-4H4-fure[3,4-d][ 1,3 Jthiazin-2-yl)benzamide
49 2 N sodium carbonate solution iy utilized instead of cesium carbonate,

7 Example 1
N-(3-((4aS,7a8)-2-Amino-44,5,7, 7a-tetrahydro-4H-furof 3,4-d]( 1,3 [thiazin-7a-y1)-4-
fluorophenyl)-5-fluoropicolinamide hydrochloride

1
LA
g~
$°N" TNH,
/A
=/ 0 HCI

A solution of 4M hydrogen chloride in dioxanc (834.8 ul; 3.3 mmol) 18 added o
tert-butyl 7a-(5-(5-fluoropicolinamido)-2-fuorophenyl)-4a,5,7, 7a-tetrahydro-41H-
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furo|3,4-d][1,3]thiazin-2-ylcarbamatc (91 mg; 167.0 pmol) and stirred at ambicnt
temperature. After 2 days, the reaction mixture is concentrated in vacuo. The residug is
dissolved in minimal dichloromcthane and mcthanol. Ether and hexane arc added. The
product is precipitated as the salt which is separated from the mother liguor by
centrifugation and placed under vacuum to remove any solvent present to give the title
compound (58 mg; 125umol). LC-ES/MS m/e 391 (M+1); Tp = 1.675.
Examplec 1a

To a suspension of N-(3-((4aS,7a8)-2-amino-4g,5,7, 7a-tetrahydro-d H-furo[ 3,4-
d][1,3]thiazin-7a-yl)-4-fluorophenyl)-5-fluoropicolinamide (17.3 g, 42.10 mmol) in a
mixturc of cthanol (631.45 ml.) and dichloromethane (420.96 mL) is added a solution of
4 M hydrogen chloride in 1,4-dioxane (46.31 ml., 185.22 mmol). The mixturc is stirred
at 22 °C for 1 h, concentrated and the residuce 1s triturated with EtOH (200 mL). The solid
15 filtered off and washed with E1OH. ‘The solid is triturated with water and the
suspension is concentrated under reduced pressure. The residuc is dried in a vacuum
oven (18 h, 40 °C) to give the title compound as a white solid (17.1 g, 94%). ES/MS m/c:
391 (M+1).

Example 1b
N-(3-((4485,7aS)-2-Amino-4a,5,7,7a-tetrahydro-4/7-furo[ 3,4-d][ 1,3 ]thiazin-7a-y1)-4-
fluorophenyi)-5-fluoropicolinamide

To a suspension of N-(3-((4a8,7aS)-2-Amino-4a,5,7,7a-tetrahydro-4/1-furo[3,4-
d][1,31thiazin-7a-yl)-4-fluorophenyl)-S-flucropicelinamide hydrochlonde (20 g, 47
mmol) in water (280 ml.) at room temperature is added an aqucous solution of 2N sodium
hydroxide (1.2 eq, 27 ml.). The mixturc1s stirred for 30 minutes. The suspension is
filtered and the solid 18 washed with water (3 x 100ml.). The solid is dried under vacuum
at 45 °C to give the title compound as a white solid. The resulting solid is purified via the
following two methods:

Method A; The solid (16 g) s suspended in 240 ml. of water and an aqueous
solution of 2N sodium hydroxide is added (1.5eq, 31mL), The mxture is placcd in an
ultrasound bath for 15 min at 22 °C and stirred at 22 °C for 3 h. The white solid is
filtcred, washed with waier (3 x 100 mL.), and dried in a vacuum oven at 45 °C overnight
to yicld the title compound (14 g). ES/MS m/e }9_1 (M+1).

\a ‘{'
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Method B3 : The solid (3 g) is suspended in methanol (40 mL) and heated between
62 to 64 °C for 15 h with sceding with sceds of the frec basc of N-(3-((4a8,7a8)-2-Amino-
4a,5,7,7a-tetrahydro-4£{-furo[3,4-d]{ 1,3]thiazin-7a-y1}-4-flucrophenyl)- 5-
fluoropicolinamide. The mixture 18 cooled to room temperature and the slurry is filtercd.
The solid is washed with methanol and dried in a vacuum oven at 50 °C for 4 h to yicld

the titlc compound (2.3 g). ES/MS m/e 391 (M+1).

- Example 2
N-(3-((4a8S,7a8)-2-Amino-4a,5,7, 7a-tctrahydro-4//-furo[3,4-d | 1,3 thiazin-7a-yl)-5-
fluorophenyl)-5-fluoropicolinamide dihydrochioride

vl-

H

: NH,
| > .N|/©\f
N HCI
F

Pyridine (0.44mL, 5.46 mmol) is added to a mixture of N-(3-((4aS,7aS)-2-
benzamido-4a,5,7,7a-tetrahydro-d4H-furo[3,4-d][ 1,3 thiazin-7a-y1)-5-fluorophcnyl)-5-
fluoropicolinamide (0.27g, 0.546 mmol) and O-methylhydroxylamine hydrochlonde
(0.456 g, 5.46 mmol) in cthanol (15 mL), The resulting mixture is stirred at 50 °C for 6 h.
The mixturc is cooled to rcom temperaturc and stirring is continned for 3 days. The
mixturc is diluted with dichloromethanc and aqueous 0.1 M NaOH and is cxtracted five
times with dichloromethane. The combined organic phase is diluted with McOH to make
a homogenous solution, dried over sodium sulfate, filtered, and the solvent 1s removed
under reduced pressure to give a residuc that is purified on silica gel with 5% methanol in
dichloromethanc to give the title compound as the frecbase (0.109 g, 51%). Hydrogen
chloridc is bubbled through the solution of N-(3-((4aS,7a8)-2-amino-4a,5,7,7a-
tetrahydro-4/-furo[3,4-d)[ 1,3 ]thiazin-7a-y1)-5-fluorophenyl)-5-fluoropicolinamide (0.109
g, 0.279 mmol) in methanol for approximaltely 5 min. The solution is then concentrated
under reduced pressure and dried on high vacuum to yicld the title compound (0.128 g,

51%). ES/MS m/c: 391 (M+1)
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The foHowing compounds in Tablc 42 are preparced cssentially as described in the
preparation of N-(3-{(4aS,7a8)-2-amino-4a,5,7,7a-tctrahydro-4/H-furo[3,4-d][ 1,3 Jthiazin-
Ta-yl)-5-fluorophenyl}-5-fluoropicolinamide dihydrochloride.

Tabhlc 42 o
ES/MS
Ex Chemical name Structure (m/c)
(M+1)
H
T S
N-(3-((42S,72S)-2-Amino-4a,5,7,7a- O A
3 | tetrahydro-47i-furo[3.4-d](1 3]thiazin- | - = NN, 73
) 7a-yDphenyl}-5-fluoropicolinamide Q /@
hydrachloride D/U\N HCI
| H
F =N
s
Racemic N-(3-((4aSR,7aSR)-2-Amino- NS
4 4a,5,7,7a-tetrahydro-4H-furo[3,4- 2 H, 173
d{1,3)thiazin-7a-yhphenyl)-5- Q Q
fluoropicolinamide hydrochloride i R N HCI
F =N H

Example §
N-(3-((8a8)-2-Amino-4,4a,5,7 8, 8a-hcxahydropyrano|4,3-d][1,3]thiazin-8a-yDpheny])-5-

chloropicolimamide d:hydrochloride

J,k

2

r'

ﬁ 2
10 To a solution of teri-buty] (8aS5)-8a-(3-(5-chloropicolinamido)phenyl)-

4 4a,5,7,8,8a-hexahydropyranof4,3-d}[ 1,3 |thiazin-2-ylcarbamate (0.172 g, 0.342 mmol)

in Cl,Cly (8 mi.) is added TFA (4 ml.) and the reaction is stirred at room temperature

NH
HCI

for 1 hour. "The solvent is removed under redtced pressure. The residuc is purified on a
10 g SCX column using 4 - 1 CH,Cl, : McOH followcd by 2:1 CHyCly: 7N NHz in
15 McOH to afford the title compound as a frccbasc (O. 127 g, 92%). The frecbase (0.124 g,
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0.308 mmol) is dissolved in CH,Cl; and treated with 1 M HCl in E;O (0.65 mL, 0.605
mmol} and the solvent 1s removed undcr reduced pressure to afford the title compound
(0.127 g, 78%). ESMS m/c (PCIA7CH) 403, 405 (M+1).

The foltowing compounds in Table 43 are prepared cssentially as deseribed in the
preparation of N-(3-((8aS)-2-amino-4,4a,5,7,8,8a-hexahydropyrano|4,3-d]| 1,3 Jthiazin-8a-
yl}phenyl)-5-chloropicolinamide dihydrochloride.

Table 43
ES/MS
Ex Chemical name Structure {m/c)
(M+1)
H
N-(3-((848)-2-Amino-4.42,5.7.8 Sa- 0(:[\ 5
hexahydropyranof4,3- NG N, | e
6 d][1,3]thiazin-8a-y1)-4- 0 P )
i . 421,423
fluorophenyl)-5-chloropicolinamide X ,©/
hydrochloride | N
o N HC!
H
N-(3-((RaS)-2-Amino-4 4 5,7.8 8a- O(/\J\/\ S
hexahydropyrano[4,3- : N”I\NH?
7 d][1,3 |thiazin-Ba-yl)-4- o P 405
fluorophenyl)-5-flucropicolinamide N N/©/
dihydrochloride | vy H
F = 2 HCI
—_— H —_
N-(3-((8aS)-2-Amino-4,4a,5,7,8 8a- cg\s
hexahydropyrano[4,3- : N//J\NH
8 d][1,3]thiazin-8a-y1)-4- 0 F? 393
fluorophenylithiazole-2- Sj)J\ /©/
carboxamidc hydrochloride ] E
e <\’N 2 HC
: H
N-(3-((8aS)-2-Amino-4 4a 5,7 8 Sa- {I\i
hexahydropyrano[4,3- N7 OSNH
9 d][1,3]thiazin-8a-yl)-4- .. o F 387
fluorophenyl)picolinamidc /©/
dihydrochloride | o ﬁ
N 2 HCI
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H
N-(3-((828)-2-Amino-4,4a,5.,7.8,8a- ‘d\ i
hexahydropyrano[4,3- N NH, | 3sciery
10 d][1,3]thiazin-Ra-y1)-4- 0 2 422 424
fluorophenyl)-5-chloropyrimidinc- N‘*HLN '
2-carboxamide hydrochloride L H
cl 2N HCI
T o H
N-(3-((8aS)-2-Amino-4,4a,5,7 8.8a- cd\s
hexahydropyranof4,3- : N"J“‘NH2
g d][1,3]thiazin-8a-yl)-4- o £ 406
fluorophenyl)-5-fluoropyrimidine- NQT/H\N,I:::]/
2-carboxamide hydrochloride L H
g~z HCI
H
N-(5-(8aS)-2-Amino-4,4a,5,7,8,8a- OJ\ i
hexahydropyranof4,3- N7 NH,, 65(1FJC])
12 d)[1,3]thiazin-Ra-yl)-2- 0 42] 4213'
fluorophenyl)-5-chloropicolinamide NN ’
dihydrochloride | H
o =N F 2Ha
H
N-(3-((8aS)-2-Amino-4a,5,6,7.8,8a- (I\ i
hexahydro-4//- N7 NH, I Oale)
13 | benzo[d][1,3}thiazin-8a-yhphenyl)- 0 ’J::ij 401 403
5-chloropicolinamide ’,\’)L L
dihydrochloride f N
o N 2 HCI
H
N-(3-((4aR 7a8)-2-Amino- q\ i
4.4a,5,6,7,7a- SN,
14 | hexahydrocyclopemald](1,3]thiazin 0 353
-7a-ylphenyDisomcotinamide ,[:i:]
dihydrochloridc™ Y N
N 2 HC
T H
N-{3-((4aR,7aS)-2-Amino- C(\ j\
4,4a,5,0,7,7a- EaINe NH,
15 | hexahydrocvclopenta[d]f1,3]thiazin 0 353
~7a-yl)phenyDpicolinamide N /O
dihydrochloride®™ [ > H
Fe 2 HCI

<l
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H
7 S
N-(3-((7aS)-2-Amino-4,44,5,6,7,7a- q\/)\
16 hexahydrocyclopentafd][1,3]thiazin i NONH, 354
“Ta-yDphenyl)pyrazine-2- 0 Q
carboxamide dihydrochloride™ [Nj)LN
H
N 2 HCI
o
T S
N-(3-((7aS)-2-Amino-4,44,5,6,7,7a- C(\,)\
17 | hexahydrocyclopenta[d][1,31thiazin : N°ONH, 354
-Ta-yDphenyDpyrimidine-2- Q /@
carboxamide dihydrochloride® CW)J\N
H
N 2 HC
I;{
‘ i S
N-(3-((7aS)-2-Amino-4,4a,5,6,7,7a- <I\/)\
| | hexahydrocyclopentald][1.3 Jthiazin I NONR 152
-7a-yl)phenyl)benzamide o @ ;
hydrochioride™ (:[)LH
S HCI
: g
T 5
N-(3-((7a8)-2-Amino-4,4a,5,6,7 7a- <:(\/)\
9 hexahydrocyclopenta[d][1,3]thiazin : N ONH, 154
-7a-yl)phenyl)pyrimidine-4- 9 /@
carboxamide dihydrochloride™ WN‘* N
H
N 2 HC
H
N-(3-((4aR,7aS}-2-Amino-
4,44,5,6,7,7a- _ ,j\
20 hexahydrocyclopenta(d][ 1,3 jthiazin i Y N 387
Ta-yiphenyl)-5- o /@
chloropicolinamide; | S N
s 1 51 H
hydrochloride | NP Hel
N-(3-((4aS,7aS)-2-Amind- ‘ N
4a,5,7,7a-tetrahydro-4H-furg[3,4- O:I\//K
21 d1[1,3)thiazin-Ta-yl)-4- | o N, 407
fluorophenyl)-5-chloropicolinamide A N @’ F
dihydrochloride™ O \=N H 2 HCI
N-(3-((4aS,728)-2-Amino- H
4a,5,7, Ta-tetrahydro-44/-furof3,d- o’\l/\j\
22 d][1,3)thiazin-7a-y1)-4- . { N UNH, 392
fluorophenyl)-5-fluoropyrimidine- {%N ’@F
2-carboxamide dihydrochloride™ F"\=N H 2 HCl
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50 4 N HCl in 1 4-dioxanc is utilized for deprotection instcad of TFA 1o afford the
HICI salt directly.

51 HCI gas in dichloromcthanc/dicthy! cther is utilized for deprotection instcad of
TEA to afford the 11Cl salt directly.

Example 23
(8aS)-8a-(2,4-Difluoro-5-(pyrimidin-5-yl)phenyi)-4,4a,5,7,8,8a-hcxahydropyrano[4,3-

d][1,3]thiazin-2-amine dihydrochloride

l
LN” Fo2ne

10 To a solution of terr-butyl 8a-(2,4-difluoro-5-(pynmidin-5-yl)phenyl)-
4,4a,5,7 8, 8a-hexahydropyrano(4,3-dj[ 1,3 thiazin-2-ylcarbamate (0.258 g, 0.558 mmol)
in CHLCl; (8 ml.) is added TFA (4 ml) and the rcaction is stirred at room temperature
for 1 hour. The solvent is removed under 1'édu'ccdlp1'cssurc to afford a residuc that is
diluted with water and 1 N NaOH to adjust the pH to 12, The aqueous laycr is cxtracted

15 threc imes with EtOAc. The organic Jayer is driéd over Na;SQy4 and the crude product is
purificd by silica gel chromatography cluting with a lincar gradient of 1% to 10% 7N
NH/McOU in CH,Cl; 1o afford the titte compound as the frecbasc (0.165 g, 68%). The
frecbase (0.162 g, 0.448 mmol) is dissolved in'CH,Cl; and treated with of 1 M HCl in
0 (0.94 mi, 0.940 mmol) and the solvent is removed under reduced pressure to afford

20 the title compound (0.208 g, 86%). ES/MS m/c: 363 (M+1).

Fxample 24
(4aR,7a8)-7a-(3-(Pyrimidin-5-yl)phenyl)-4,42,5,6,7,7a-

hexahydrocyclopenta[d1[1,3]thiazin-2-amine dihydrochloride



to
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7R

*;
A

N
R 2 HC
N

N

A mixturc of fert-butyl (4aR,7a8)-7a-(3-bromophenyl)-4 44,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate (0.860 g, 2.09 mmol), pyrimidine-5-
boronic acid (0.423 g, 3.34 mmol), (1,1"-bis(diphenylphosphino)fcrrocene)paltadium(I1)
chloride (0.171 g, 0.209 mmol) in 1,2-dimcthoxyethane (10 mL) is heated to 100 °C
under nitrogen atmospherc. Aqucous 2 M sodium carbonate (3.14 ml., 6.27 mmol) is
added to the reaction mixture by syringe. The resulting mixture is stirred at 110 °C for 20
minutes, The reaction is cooled and cxtracted three times with dichloromethanc and the
combined extracts arc dried over sodium sulfate, fittered, and concentrated under reduced
prossure. The residuc is purificd by silica gel chromatography, cluting with a linear
gradicnt of methanol in dichloromethane 0 to 20% over 30 minutes to give the title
compound as a frcebasc (0.482 g, 74%). ES/MS m/c: 311 (M+1),

To the solution of (4aR,7aS)-7a-(3-(pyrimidin-5-yl)phenyl)-4,42,5,6,7, 7a-
hexahydrocyclopenta[d][1,3]thiazin-2-aminc (0.482 g, 1.55 mmol) in mcthanol (2 ml.) is
added 4 N HCl in 1,4-dioxane (2 ml.) at room temperature. ‘The resulting mixture is
stirred at room temperature for 1 hour and is concentrated under reduced pressure to give
the title compound {0.595 g, 100%). ES/MS m/c; 311 (M+1).

The foliowing compound in Table 44 is preparcd cssentially as described in the

preparation of (4aR,7a8)-7a-(3-(pyrimidin-5-yl)phenyl)-4,4a,5,6,7, 7a-

20 hexahydrocyclopenta[d][t,3]thiazin-2-amine dihydrochloride.

Table 44 e
ES/MS

Ex Chemical name Structurc (m/c)
. (M+1)
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H
7S
(84S)-8a-(3-(Pyrimidin-5- (I\/J\
25 yDphenyl}-4a,5,6,7 8 Ra-hexahydro- N, 395
) 4H-benzold){},3]thiazin-2-amine
dihydrochloride N
L. 2 HC!
N
Example 26

(7a8)-7a-(4-Fluoro-3-(pyrimidin-5-y)phenyl)-4,4a,5,6,7,7a-

hexahydrocyclopenta[d][ 1,3 ]thiazin-2-amine dihydrochloride

H
: N""J\NH2

N7 =

I I l

kN’ F2mHa

To a mixture of 5-((4aR,7a8)-2-(fert-butoxycarbonylamino)-4 .4a,5.6,7,7a-
hexahydrocyclopenta[d) 1,3 ]thiazin-7a-y1)-2-fluorophenyl trifluoromethanesulfonate
(0.630 g, 1.26 mmol), pyrimidin-S-ylboronic acid (0.189 g, 1.53 mmol),
tricyclohexylphosphine {(.035 g, 0.125 mmol) and
tris(dibenzylidencacctone)dipalladium (0) (0.057 g, 0.0622 mmol) in 1,4-dioxanc (6 mL)
ts added 1.27 M aqueous potassium phosphﬁté, .u'ibasic, N-hydrate (1.76 ml., 2.24
mmol). The mixture is heated to 73 °C and stirred overnight. The reaction is cooled and
diluted with water and E1OAc. The organic laycr'{s dried over Na;SO4 and evaporated to
dryness and the crude product is purificd by silica gel chromatography eluting with a
lincar gradient of 1% to 10% 7 N NH/MeOH in CH;Cl, to afford the title compound as
the frechase (0.191 g, 46%). The freebase (0.191 g, 0.582 mmol) is dissolved in CH2Cl,
and treated with of 1 M HCl in Etz0 (1.16 mL, 1.16 mmol) and the solvent is removed
under reduced pressure to afford the title compound (0.24 g, 47.5%). ES/MS m/e: 329
(M+1).

Example 27
(4aR 6R,7aS)-2-Amino-7a-(3'-methoxybiphenyl-3-y1)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][ 1,3 jthiazin-6-ol hydrochloride

Cring
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A mixture of N-{{4aR 6R,7aS)-6-hydroxy-7a-(3"-mcthoxybiphenyl-3-yl)-
4,42,5,6,7,7a-hexahydrocyclopenta{d][ 1,3 Jthiazin-2-yl)benzamide (0.061g, 0.133 mmol),
o-methylhydroxylamine hydrochloride (0.111 g, 1.3 mmol) and pyridine {0.105 g, .30
mmol) in cthano! (3 mL) is heated to 50 °C for 15 h. The mixturce is concentrated under
reduced pressure. The crude product is purified by silica gel chromatography eluting with
0.5% to 10% NH; (7 N solution in mcthanol) in dichloromeihane over 30 minutes to
afford the title compound as a frecbase (0.041 ¢, 87%). ES/MS m/c: 355 (M+1). AN
solution of HCl in Et;0 (0.139 mL, 0.139 mmol) is added to a solution of (4aR 6R,7a8)-
2-amino-7a-(3'-mcthoxybiphenyl-3-y1)-4,4a,5,6,7,7a-hexahydrocyclopenta{d]{ 1,3 thiazin-
6-01 (0.041g, 0.116 mmol) in minimal dichloromethanc and mcthanol. The solvent is
removed under reduced pressure to give the title compound (0.045 g, 86%). ES/MS m/c:
355 (M-+1). _

The following compounds in Tablc 45 are prepared cssentizlly as described in the
preparation (4aR,0R,7aS)-2-amino-7a-(3'-methoxybiphenyl-3-y)-4,42a,5,6,7, 7a-
hexahydrocyclopenta[d]f1,3 thiazin-6-0l hydrochloride.

‘Table 45
ES/MS
Ex Chemical name Structure {m/¢)
(M+1)
H
oL
(4aR 6R,7a8)-6-Methoxy-Ta-(3"- O A L
5% mcthoxybiphenyl-3-y1)-4,4a,5,6,7,7a- i N°NH, 369
hexahydrocyclopenta[d][ 1,3 Jthiazin-2- ! O
amine hydrochloride 0 O HC
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\ H
(4aR,6R, 7aS)-7a-(3'- o_\o. j"\
Mcthoxyhiphenyl-3-y0)-6- SNF NH,
29 (methoxymethoxy)-4.4a,5.6,7,7a- & ' 399
hexahydrocyclopenta[d]|1,3]thiazin-2- CI) O HCl
amine hydrochloride O
H
(4aR,0R,7a8)-2-Amino-7a-(4-fluoro- HO"'G\/\j\
3-(pyrimidin-S-yl)phenyl)- N7 NH,
30 4.44,5.6,7,7a- 3 ' 345
hexahydrocyclopenta[d][ 1,3 ]thiazin-6-
ol dihydrochloride ' ’\I \ 2 HCI
LZ F
N
H
. HO"'CK\ i
4aR 6R,74S)-2-Amino-Ta-(4-fluoro-3- L
(5-fluoropyridin-3-ylpheayl)- : N NH,
31 4,44,5,6,7,7a- 362
hexahydrocyclopenta[d][ 1,3 ]thiazin-6- N 2 HCI
ol dihydrochlondc L F
F
T N H
Raccmic (4aRS,6RS,7aSR)-2-Amino- HO'--dtj\
Ta-(3-(pyrimidin-5-y)phenyl)- :'N” TNH,
32 4.4a56,7,7a- 327
hexahydrocyclopenta|d]| 1,3 ]thiazin-6-
ol dihydrochloride le o 2HC
N/
H
Raccmic (4aRS,6RS,7a8R)-2- Amino- HO“-<:(\/i
7a-(2,4-difluoro-5-(pyrimidin-5- STNT_TNH,
33 ylphenyl)-4,4a,5,6,7 7a- F 363
hexahydrocyclopenta[d]{1,3]thiazin-6-
ol dihydrochloride N| o 2 HCI
L2 F
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Racemic (4aRS,6RS, 7aSR)-2-Amino- HO"'<I\//E[5\
Ta-(3-(5-fluoropyridin-3-yl)phenyl)- ITNT UNR,
34 4,4a,5,6,7,7a- o 344
hexahydrocyclopentafd][1,3]thiazin-6- F
ol dihydrochloride | o 2 HC
N/ o — —_——— -
N - . I __,._rj -
Racemic (4aRS,6RS,7aSR)-6- O"'-C(\'j\
Methoxy-7a-(3-(pyrimidin-5- / INT NH,
35 yl)phenyl)-4,4a,5,6,7,7a- 341
hexahydrocyclopentafd](1,3]thiazin-2-
amine le\
o
Racemic (4aRS,6SR,7aSR)-6- O’G\/\j\
Mcthoxy-7a-(3-(pyrimidin-5- / INT UNH,
36 yl)phenyl)-4,4a,5,6,7,7a- 341
hexahydrocyclopenta[d][1,3]thiazin-2-
amine le\
-
N

H
Raccmic (4aRS,6RS,7aSR)-7a-(3-(5- qu\i
/ N7

Fluoropyridin-3-yl)phenyl)-6- :

37 methoxy-4,4a,5,6,7,7a- 358

hexahydrocyclopenta[d]f 1,3 thiazin-2- F
aming |

- ]
T S
(4aRS,6R S, 7aSR)-Ta-(4-fluoro-3- /O"'C.L/\»)\

(pyrimidin-S-y1)phenyl)-6-methoxy-
38 4,43,5,6,7,7a- 359
hexahydrocyclopenta[d][1,3 ]thiazin-2-

aminc dihydrochloride N[ ) 2 HCI

S
Raccmic (4aSR,7aSR)-7a-(3- O\/N:L:k

(Pyrimidin-5-yl)phenyl)-4a,5,7,7a-
tetrahydro-4H-furo[3,4-d][ 1,3 thiazin-
2-aminc dihydrochloride

39 313

’\|l1\ 2 HCI




WO 2011/005738 PCT/US2010/041034
-83-
H
(428.,7a8)-Ta-(3-(Pyrimidin-5- L
40 | YDphenyl)-4a,5.7 Ta-tetrahydro-411- i N NH, 113
furo[3,4-d}[1,3]thiazin-2-amine
dihydrochlorde NTX
||\ P 2 HCI
L N
d
(4aR,6R,7aS)-7a-(4-Fluoro-3- O'--q\j\
(pyrimdin-5-yDphenyl)-6- ‘Q SN” 'NH,
41 isopropoxy-4,4a,5,6,7,7a- 387
hexahydrocyclopentad][ 1,3 Jthiazin-2-
amine dihydrochloride NS
< |I\ P F 2 HCI
N

Fxample 42
(4aS,7aS5)-7a-(2,4-Dfluoro-5+5-fluoropyridin-3-yl)phenyl)-4a,5,7, 7a-tetrahydro-4/1-
furo[3,4-d](1,3 Jthiazin-2-amine¢ dihydrochloride

H
3 s
L
F - P
7\ _J N)\NH2
F
— \ 7
5 F 2 HCI

5 N Aqucous hydrochloric acid (8.7C mL) s added to N-((4a8,7a8)-7a-(2 4-
difluoro-5-(S-fluoropyridin-3-ylphenyl}-4a,5,7, 7a-tetrahydro-4 H-furo[3,4-d]( 1,3 Jthiazin-
2-yl)benzamide (0.252 g, 0.435 mmol) in methanol (4 ml.) and the mixture is heated to
90 °C. After 18 hours, the heat 18 removed and the pH of the reaction mixture 1s adjusted

[0 tobasic with 5 N aqucous sodium hydroxide. The mixturc is extracted three times with
10% 1sopropyl alcohol in dichloromethane. The organic layer is concentrated under
reduced pressurce and the resulting residue 19 purified by radial chromatography cluting
with 3% 2 M ammonia in methanol : dichloromcthane to give the title compound as the
freebase. The frec base is dissolved in minimal dichloromethane and 1 M hydrogen

15 chloride in cther is added in cxcess. Hexane (i mL) is added and the solvent is removed
under reduced pressure 1o give the title compouad (0.129 g, 67%). ES/MS m/e: 366
(M),

i

<o
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The foltowing compounds in Tablc 46 are prepared essentially by the method of
(4a8,7aS)-7a-(2,4-difluoro-5-(5-fluoropyridin-3-yl)phenyl)-4a,5,7, 7a-tetrahydro-4//-
furo[3,4-d][ 1,3]thiazin-2-amine dihydrochionde.

Table 46 o _
MS
Ex Chemical namc Structurc (m/c)
M-+1)
- ) H
Raccmic (4aSR,7aSR)-7a-(2,4- g
Difluoro-5-(pyrimidin-S-yl)phenyl)- ° - N’;J\NH
43 4a 5,7 7a-1ctrahydro-4H-furo[3,4- N \ \ 2 349
dJ[1.3 ]thiazin-2-amine <ND—QF
dihydrochloride F 2 HCl
(4aS,7aS)-7a-(2,4-Difluoro-5- 1 5
(pyrimidin-5-yl)phenyl)-4a,5,7, 7a- O 2L
44 tetrahydro-41-furo[3 4- AR NN 349
d][1,3]thiazin-2-amine %}Qﬂz
dihydrochioride F 2 HCH
5
Example 45

(4a$,7aS)-7a-(4-Fluoro-3-(pyrimidin-5-yl)phenyl)-4a,5,7, 7Ta-tetrahydro-4//-furo[ 3,4-
d][1,3}thiazin-2-amine dihydrochloride
H

3 S
Kse

NJ\NHQ

N

N e

N= E
10 A solution of 1 M hydrogen chloride in dicthyl cther is added in excess to
(44S,7aS)-7a-(4-Nuoro-3-(pyrimidin-5-yl)phenyl)-4a,5,7,7a-tetrahydro-4//-furo[ 3,4-

d][1,3]thiazin-2-aminc (22 mg, 66.59 pmol) in mimmal dichloromethane. The solvent is
removed under reduced pressure to give the title compound (27mg, 100%). LC-ES/MS
m/e: 331 (M+1).

15 The following compounds in Table 47 arc prepared cssentially by the method of
(4a8,7aS)-7a-(4-luoro-3-(pyrimidin-S-yl)phenyl)-4a,5,7, 7a-tctrahydro-4/7-furo 3,4-
d][1,3]thiazin-2-aminc dihydrochloride.
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Table 47
MS
FEx Chemical name Structure {m/c)
(M+1)
H
(4a8,7a8)-Ta-(2-Fluoro-5- o/\:f\ S

(pyrimidin-S-yhphenyl)-4a,5,7, 7a- 5 N//kNH

46 tetrahydro-41-furo[3,4- X E 2 331
d)f1.3]thiazin-2- N
aminedihydrochloride Q _ 2HC|
N

In vitro Assay Procedurcs:

For in vitro cnzymatic and cellular assays, test compounds arc prepared in DMSO
to make up a 10 mM stock solution. The stock sciution is serially diluted in DMSO 1o
obtain a ten-point dilution curve with final compoind concentrations ranging from 10
mM to 1 nM in a 96-well round-bottom plate before conducting the in vitro enzymatic

and wholc ccll assays.

In vitro protease imhibition assays:

BACE!] FRET Assay

Scrial dilutions of test compounds arc prepared as described above. Compounds
arc further diluted 20X in KH,PO, buffer. Ten pl. of cach dilution is added to cach well
on row A to H of a corresponding low protein binding black plate containing the rcaction
mixture (25 pl of 50 mM KHalPOQy, pH 4.6, | mM TRITON® X-100, 1 mg/mL Bovine
Scrum Albumin, and 15 uM of FRET substrate§¥Sze Yang, er. al., J. Neurochemisiry,
91(6) 1249-59 (2004)). The content is mixed well on a plate shaker for 10 minutes.
Fifteen pl. of two hundred pM human BACE[(1-460):F¢ (See Vasser, et al., Science,
280, 735-741 (1999)) in the KH,PPO4 buffer is added to the plate containing substrate and
test compounds to initiate the reaction. The RFU of the mixture at time 0 is recorded at
excitation wavelength 355 nm and cmission wavclength 460 nm, after bricf mixing on a

plate shaker. The reaction plate is covered with aluminum foil and kept in a dark

PCT/US2010/041034
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humidified oven at room temperature for 16 to 24 h. The RFU at the end of incubation is
recorded with the same cxcitation and cmission scttings used at time 0. The difference of
the RFU at time 0 and the end of incubation is representative of the activity of BACE]
under the compound treatment. RFU differences are plotted versus inhibitor
concentration and a curve is fitted with a four-parameter logistic cquation to obtain the
ECso and 1Csq values. (See Sinha, et al., Nature, 402, 537-540 (2000)).

The compounds cxemplificd herein were tested cssentially as described above and
exhibited an 1Cs; value for BACEI gf lower than 1 uM. The following cxemplificd
compounds werc tested essentially ds described above and exhibited the following

activity for BACEI:

Table 48
EXAMPLE BACE] 1Cs4 (nM)
1 20.3
8 179
32 346
25 T 731
— — . —

These data demonstrate that the compounds of Table 48 inhibit purified

rccombinant BACE! enzyme activity in vitro.

Expréssion of human BACE!

Human BACE] (accession number: AF190725) is cloned from total brain cDNA
by room temperature-PCR. The nucleotide sequences corresponding to amino acid
sequences #1 to 460 arc inserted into the cDNA encoding human 1gG; (Fe) polypeptide
{Vassar ct al. 1999). This fusion protein of BACE1(1-460) and human Fc, named
huBACE:Fc, is constructed into the pJBO2 vector. Human BACE1(1-460):Fc
(huBACLE1:F¢) is transicntly expressed in HEK293 cells. 250 pg cDNA of cach
construct is mixed with Fugene 6 and added to | liter HEK293 cclls. Four days afier the
transfection, conditioned media are harvested for purification.

Purifjg;gtion of huBACEL: Ve,

huBACEL:Fc is purified by lPro_tcin A chromatography. The cnzyme is stored at
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— 80 °C in small aliquots.

Wholc cell assays for measuring the Inhibition of Beta-Scerclase Activity

HEK293Swe Whole Cell Assay

The routine whole cell assay for the measurement of inhibition of beta-secretase
activity utilizes the human embryonic kidney cell ling HEK293p (ATCC Accession No.
CRL-1573) stably cxpressing a human APP751 ¢cDNA containing the naturally occurring
double mutation Lys651Mct652 to Asn651L.cu652, commonly called the Swedish
mutation (noted HEK293/APP751sw) and shown to overproduce Abeta (Citron, et al.,
Nature, 360, 672-674 (1992)). In vitro Abcta reduction assays have been described in the
literature (See Dovey, et al., Journal of Neurochemisivy, 76, 173-181 (2001); Scubecrt, e
wl., Nature, 361, 260 (1993); and Johnson-Wood, ef al., Proc. Natl. Acad. Sci. U84, 94,
1550-1555 (1997)). R

Cells (HIEK293/APPTS 1sw at 3.5x10* cellsAwell, containing 200 pl culture
mcdia, DMIIM containing 10% FBS) arc incubated at 37 °C for 4 t0 24 h in the
presence/absence of inhibitors (diluted in DMSO) at the desired concentration, At the
cid of the incubation, conditioned medta arc analyzed for evidence of beta-secretase
activity, for cxamplc, by analysis of Abcta peptides. Total Abeta peptides (Abceta 1-x) are
mcasurcd by a sandwich ELISA, using monoclonal 266 as a capture antibody and
biotinylated 316 as reporting antibody. Alternatively, Abcta 1-40 and Abcta 1-42
peptides are measured by a sandwich ELISA, using monoclonal 2G3 as a capture
antibody for Abcta 1-40, and monoclonal 21F I. 2{ a'x','a capture antibody for Abcta 1-42.
Both Abcta 1-40 and Abeta 1-42 ELISAs use bi:et.inylatcd 3Da6 as the reporting antibody.
The concentration of Abcta released in the conditioned media following the compound
treatment corresponds to the activity of BACETL under such conditions. The [0-point
inhibition curve is plotied and fitted with the four-paramcter logistic cquation to obtain
the ECsq and 1Csq values for the Abeta-lowering cffect. The following exemplified
compounds were tested essentially as deseribed above and exhibited the following

activity for Abcta lowering cffect;
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Tabic 49
HEK 293 Swe A- | HEK 293 Swe A-beta
EXAMPLE | beta (1-40) ELISA (1-42) ELISA
1Csy (nM) [Csp (nM)
1 18.5 19.7
8 78.0 8.6
32 670 173
25 1360 1150

cy,

These data demonstrate that the compounds of Table 49 inhibit native endogenous

human BACE] 1n cells in vitro.

PDAPP Primary Neuronal Assay

A confirmatory whole c¢cll assay is also run 1n primary neuronal cultures gencrated
from PDAPP transgenic cmbryonic mice. Primary cortical neurons arc preparcd from
Embryonic Day 16 PDAPP embryos and cultured in 96 well plates (15 x 10* cells/well in
DMEM/F12 (1:1) plus 10% FBS). After 4-6 days in vitro, culture media 1s replaced with
scrum frec DMEM/F12 (1:1) containing 1327 supplement and ncurons arc incubated at 37
°C for 24 h in the presence/absence of inhibitors (diluted in DMSO) at the desired
concentration. At the end of the incubation, conditioned media arc analyrcd for cvidence
of beta-sceretase activity, for example, by analysis of Abcta peptides. Total Abeta
peptides (Abcta 1-x) arc measured by a sandwich ELISA, using monoclonal 266 as a
capture antibody and biotinylated 3D6 as reporting antibody. Alternatively, Abeta 1-40
and Abcta 1-42 peptides arc measurcd by a sandwich ELISA, using monoclonal 2G3 as a
capturc antibody for Abcta 1-40, and monoclonal 211712 as a capture antibody for Abcta
1-42. Both Abcta 1-40 and Abcta 1-42 ELISAs usc biotinylated 316 as the reporting
antibody. The concentration of Abeta released in the conditioned media following the
compound trcatment corresponds to the activity of BACE1 under such conditions. The
10-point inhibition curve is plotted and fitted with the four-parameter logistic cquation 10
obtain the ECsy and ICsp valucs for the Abeta-lowering effect. The following exemplificd
compounds were tested csscntially as described above and cxhibited the following
activity for Abeta lowenng effect: L1 -

Table 50
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PDAPP Neuron A- PDAPP Neuron A-
EXAMPLE | beta (1-40) ELISA beta (1-42) ELISA
ICso (NM) 1Cso (nM)
1 10.7 9.23
g | 32.8 413
32 ' 436 352
25 ) 734 659

These data demonstrate that the compounds of Table 50 inhibit native,

endogenous murine BACET in cells in vitro.

In vivo Inhibition of Beta-Sceretase

Scveral animal models, including mousc, guinca pig, dog, and monkey, may be
used 1o screen for inhibition of beta- sceretase activity in vivo following compound
trcatment. Animals used tn this invention can be wild type, transgenic, or gene knockout
animals. For cxample, the PAPP mouse modecl, prepared as described in Games ¢t al.,
Nature 373, 523-527 (1995), and other non-transgenic or gene knockout animals arc
uscful to analyzc in vivo inhibition of Abcta and sAPPbcta production in the presence of
inhibitory compounds. Generally, 2 to 12 month old PDAPP mice, gene knockout mice
or non-transgenic animals arc administered compound formulated in vehicles, such as
corn oil, cyclodexiran, phosphate buffers, PHARMASOLVE®, or other suitable vehicles.
One to twenty-four hours following the administration of compound, animals arc
sacrificed, and brains as well as cerebrospinal fluid and plasma are removed for analysis
of Abctas, C99, and sAPP fragments, (See Dovey, ef al., Journal of Neuwrochemistry, 76,
173-181 (2001), and Johnson-Wood, et al., Proc. Natl. Acad. Sci. USA, 94, 1550-1555
(1997)).

FFor standard in vivo pharmacology studics, animals arc dosed with various
concentrations of compound and compared to a vehicle-treated control group dosced at the
same time. [For some time course studics, brain tissuc, plasma, or cercbrospinal fluid s

obtained from sclected animals, beginning at time 0 (o establish a bascline, Compound is
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administered to other groups and sacrificed at various times afier dosing. Brain tissue,
plasma, or cercbrospinal fluid is obtained from selected animals and analyzed for the
presence of APP cleavage products, including Abcta peptides, sAPPbeta, and other APP
fragments, for cxamplc, by specific sandwich ELISA assays. At the end of the test
period, animals arc sacrificed and brain tissucs, plasma, or cercbrospinal fluid arc
analyzed for the presence of Abeta peptides, C99, and sAPPbeta, as appropriate. Brain
tissucs of APP transgenic animals arc also analyzed for the amount of beta-amyloid
plaqucs following compound treatment.

Animals (PDAPP or other APP transgenic or non-transgenic mice) administercd
an inhibitory compound may demonstrate the reduction of Abcta or sAPPbeta 1n brain
tissues, plasma or cercbrospinal fluids and decrease of beta amyloid plaques in brain
tissue, as compared with vchicle-treated controls or time zero controls. FFor example, 3
hours after administration of 10 mg/kg subcutaneous dose of the compound of Example |
to young feralc PDAPP mice, Abcta 1-x peptide, C99 and sAPPD levels are reduced
approximately 64%, 60%, and 44% in brain coricx, respectively, compared to vehicle-
trcated mice. Similarly, 3 hours after admimstration of a 10 mg/kg oral dosc of the
compound of Example 1 to young female PDAPP mice, Abeta 1-x peptide, C99 and
sAPPb levels are reduced approximatcly 54%, 34% and 42% in brain cortex, respectively,
compared to vchicic-treated mice. Consistent with changes in brain Abeta, C99 and
sAPPb, 3 hours after oral administration of a 10 mg/kg dose of the compound of Example
1, CSTF Abcta 1-x and 1-42 levels aré' reduced by approximately 62% and 62%,
respectively. Consistent with a mechanism of BACE inhibition in vivo, CSF sAPPbeta
levels are reduced 22%, while CSF sAPPalpha Ievels are unchanged 3 hours after oral

administration of a 10 mg/kg dosc of thc compound of Examplc 1.

The compounds of the present invention are preferably formulated as
pharmaccutical compositions administered by a varicty of routes. Most preferably, such
compounds arc for oral administration. Such pharmaccutical compositions and processcs
for preparing samc are well known in the art. See, e.g., Remington: The Science and
Practice of Pharmacy (A. Gennaro, er. af., eds., 19™ ed., Mack Publishing Co., 1993).

The compounds of Formula [ arc generally effective over a wide dosage range.

For example, dosages per day normally fall within the range of about 0.01 to about 30

n -
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mg/kg of body weight. In some instances dosage Ievels below the lower limit of the
aforesaid range may be more than adequate, while in other cases still larger doscs may
be employed without causing any harmful side effeet, and therefore the above dosage
range is not intended to limit the scope of the invention in any way. 1t will be
understood that the amount of the compound actually administered will be determined
by a physician, in the light of the relevant circumstances, including the condition to be
treated, the chosen route of administration, the actual compound or compounds
administered, the age, weight, and response of the individual paticnt, and the scverity

of the patieat’s symptoms.
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We Claim:

1. A compound of Formula I;

15

20

25

30

35

wherein:

X is =CHp— or -0-;

nisforl;

mis0,1,o0r2;

pis Qor I; p must beOwhc'nXiSwO—;

R is -NHCORy, pyrimidinyl, pyridinyl optionally substituted with halo or
phenyl optionally monosubstituted with —C—Cj alkoxy;

R? is halo;
R* is —Cy-C3 alkoxy, hydroxy, or —O--Cli~O-CHy; and

R* is phenyl, pyridiny] optionally substituted with halo, pyrimidinyl optionally
substituted with halo, pyrizinyl, or thiazolyl,

or a pharmaccutically acceptable salt thercof.

A compound of Claim | wherein X is -Clo—or -O—;nisOor I misQor 1; p
is 0 or 1: p mustbe 0 when X is =0 ; R' is -NHCOR, or pyrimidinyl; R? is
fluoro; R is -C;-Ca alkoxy or hydroxy; R* is pyridiny} optionally substituted
with halo, or pyrimidiny! optionally substitutcd with halo; ora

pharmaccutically acceptable salt thereof.

. A compound of any of Claims 1 to 2 wherein X is -CHo— or ~O-<nis O or 1;

misQorl;pis0; R! is “NHCOR4; R is fluoro; R” is pyridinyl optionally

substituted with halo; or a pharmaccutically acceptable sali thercof.
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A compound of any of Claims I to 3 wherein X is —-O— nis 0, mis 1; pis 0;
R' is -NHCOR,; R? is halo; R is pyridiny] substituted with halo, or &

pharmaccutically acceptable salt thereof,

A compound of Claim 4 whercin R? is fluoro, or a pharmaccutically

acceptable salt thercof.

A compound of any of Claims 1 to § »herein the compound possesses a cis
configuration at the chiral centers at the junction of the fusced aminothiazine

ring, or a pharmaccutically acceptable salt thercof.

A compound N-(3-((4a,7a)-2-amino-4a,S,7, 7a-tetrahydro-44/-furof3,4-

d}[ 1,3 thiazin-7a-v1)-4-fluorophenyl)-5-fluoropicolinamide:

or a pharmaccutically acceptable salt (hercof.

A compound of Claim 7 whcrein the compound 15 N-(3-((4a8S,7aS)-2-amino-
4a,5,7 7a-tetrahydro-44/-furo(3,4-d][ 1,3 thiazin-7a-y1}-4-fluorophenyl)-5-
fluoropicolinamide:

H
0/\'-/\
(1

N NH,
F

)
M|
N
N AN

or 2 pharmaccutically acceptable salt thercof,

PCT/US2070/041034
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9.

10.

11.

12

13.

14.

94-

A pharmaccutical formulation comprising a compound of any of Claims 1 to
8, or a pharmaceutically acceptable salt thereof, in combination with a

pharmaccutically acceptabic carricr, diluent, or excipient.

A pharmaceutical formulation of Claim 9 further comprising onc or more

other therapeutic agents.

A mcthod of treating Alzhcimer’s diseasc by administering an cffective
amount of a compound of any of Claims 1 to &, or a pharmaccutically

acceptable salt thereof.

. A compound of any of Claims ] to &, or a pharmaccutically acceptable salt

thercof, or a pharmaccutical formulation of any of Claims 9 to 10, for usc in

therapy.

The usc of a compound of any of Claims | to §, or a pharmaccutically
acceptable salt thercof, or a pharmaccutical formulation of any of Claims 9 to

10, for the treatment of Alzheimer’s discasc,

The use of a compound of Claims 1 to 8, or a pharmaccutically acceptable salt
thercof, for the manufacturc of 2 medicament for the treatment of Alzheimer’s

discase.
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INHIBIDORES DE BACE

CAMPO DE LA INVENCION

La presente invencidén estd en el campo de
tratamiento de enfermedad de Alzheimer y otras enfermedades y
trastornos gque involucran el péptido amiloide ((AB}, un
segmento peptidico neurotdxico y altamente agregatorio de la
proteina precursora amiloide (APP). La inhibicidn completa o
parcial de p-secretasa o enzima de desdoblamiento de proteina
precursora amiloide del sitio-B (BACE), se ha mostrado que
tiene un efecto significativo en las patologias relacionadas
con placas y dependientes de placas en modelos de ratones que
sugieren que ain pequeflas reducciones en los niveles Ap
pueden resultar en reduccidn significativa a largo plazo en
déficits sindpticos y carga der placas, proporcionando asi

beneficios terapéuticos significativos.

ANTECEDENTES DE LA INVENCION

Los inhibidores de BACE actualmente descritos son
andlogos de estado de transicién peptidomimético, que
conﬁienen tipicamente una porcién hidroxietilo. Aungue muchos
de estos compuestos son potenﬁes inhibidores de BACE, sus
altos pesos moleculares y baja permeabilidad de membrana los
vuelve pobres candidates farmacéuticos. Véase, Park y Lee,

Journal of the American Chemical Society, 125(52), 16416-

b5
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16422 (2003). Ha existido wuna progresién de moléculas
peptidomiméticas grandes a ﬁoléculas pequefias, tal como una
variedad de andamiajes de hidroxietilamina asi como
andamiajes que contienen heterociclicos. Véase, por ejemplo,
Durham y Shepherd, Current Opinion en Drug Discovery &
Development, 9(6), 776-791 (2006)). Ciexrtos compuestos de
aminotiazina se han descrito como inhibidores de BACE en los
documentos WO 2007/049532, WO 2008/133273, y WO 2008/133274.
Los inhibidores de BACE gue son potentes y mas
eficaces son necesarios pafa propercionar tratamientos para
trastornos mediados por el péptido AR, tal como enfermedad de
Alzheimer. La presente invencidn proporciona nuevos

inhibidores de BACE potentes y eficaces.

DESCRIPCION DETALLADA DE LA INVENCION

La presente invencidén proporciona compuestos de

Formula I:

(R%)p
L
- N”L‘NH2
R' .

(R
I

en donde:

X es -CH;~ o —-0-;




10

15

20

25

nesoocl;

mes 0, 1, o 2;

pes 0o l; p debe ser 0 cuando X es -0-;

r? es —~NHCOR,, pirimidinilo, piridinilo
opéionalmente sustituido con halo o fenilo
opcionalmente monosustituido con -alcoxi C-Cs;

R? es halo:

R® es -alcoxi C;-Ci, hidroxi, o -0-CH,-O-CHj; vy

R* es fenilo, piridinilo opcionalmente sustituido
con halo, pirimidinilo opcionalmente sustituido con
halo, pirizinilo o tiazolilo;

¢ una sal del mismo farmacéuticamente aceptable.

La presente invencidn también proporciona un método
para tratar la enfermedad de Alzheimer en un paciente que
comprende administrar a un paciente en necesidad de tal
tratamiento, una cantidad efectiva de un compuesto de la
presente invencidn.

La presente invencidn adicionalmente proporciona un
método para prevenir la progresidén de deterioro cognitivo
medio a la enfermedad de Alzheimer en un paciente que
comprende administrar a un paciente en necesidad de tal
tratamiento, una cantidad efectiva de un compuesto de la
presente invencién o© una sal del mismo farmacéuticamente

aceptable.
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La presente invenéién adicicnalmente proporciona un
método para prevenir la progresién en un paciente en riesgo
de desarrollar enfermedad de Alzheimer que comprende
administrar a un paciente en necesidad de tal tratamiento,
una cantidad efectiva de un compuesto de la presente
invencién o una sal del mismo farmacéuticamente aceptable.

La presente invencidn también proporciona un método
para inhibir BACE en un paciente que comprende administrar a
un paciente en necesidad de tal tratamiento, una cantidad
efectiva de un compuesto de la presente invenciédn o una sal
del mismo farmacéuticamente aceptable.

La presente invencidén también proporciona un método
para inhibir la escisién mediada por BACE de 1la proteina
precursora amiloide que comprende administrar a un paciente
en necesidad de tal tratamiento, una cantidad efectiva de un
compuesto de la presente invencién o una sal del mismo
farmacéuticamente aceptable.

La presente invencién adicionalmente proporciona un
método para la inhibicidén de la produccién de péptido AR que
comprende administrar a un paciente en necesidad de tal
tratamiento, una cantidad efectiva de un compuesto de 1la
presente invencién o una sal del mismo farmacéuticamente
aceptable.

La presente invencidén también proporciona una

formulacidn farmacéutica gque comprende un compuesto de la
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invencidén o una sal del mismo farmacé&uticamente aceptable, en
combinacién con un portador, diluyente, o excipiente
farmacéuticamente aceptable. En una modalidad particular, la
formulacién ademd&s comprende uno o mas de otros agentes
terapéuticos.

Ademas, esta invencidn proporciona un compuesto de
la invencidén o una sal del mismo farmacéuticamente aceptable
para uso en terapia, en particular, para el tratamientco de
enfermedad de Alzheimer o para la prevencidén de la progresidn
de deterioro cognitivo medio a enfermedad de Alzheimer. Aln
adicionalmente, esta invencidn proporciona el uso de un
compuesto de la invencién o) una sal del mismo
farmacéuticamente aceptable, para la wmanufactura de un
medicamento para el tratamiento de enfermedad de Alzheimer.
Esta invencién también proporciona el uso de un compuesto de
la invencién o una sal del misme farmacéuticamente aceptable,
para la manufactura de un medicamento para la prevencidn de
la progresién de deterioro cognitivo medio a enfermedad de

Alzheimer. La invencidn también proporciona el uso de un

compuesto de la invencidn o una sal del mismo
farmacéuticamente aceptable, para 1la manufactura de un
medicamento para la inhibicidén de BACE. La invencidn

adicionalmente proporciona el uso de un compuesto de 1la
invencidén o una sal del mismo farmacéuticamente aceptable,

para la manufactura de un medicamento para la inhibicidén de

65
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la produccidn de péptido Ap.

Adicionalmente, esta invencidén proporciona una
formulacidn farmacéutica adaptada para el tratamiento de
enfermedad de Alzheimer. Ademds, esta invencidn proporciona
una formulacidn farmacéutica adaptada para la prevencidn de
la progresidén de deterioro cognitivo medio a enfermedad de
Alzheimer. Esta invencidn también proporcicona una formulacidn
farmacéutica adaptada para la inhibicién de BACE.

Ademds, la presente invencidn proporciona una
formulacién farmacéutica adaptada para la inhibicidén de
escisidn mediada por BACE de la proteina precurscora amiloide.
La presente invencidén también proporciona wuna formulacidn
farmacéutica adaptada para el tratamiento de condiciones gue
regsultan de niveles excesivos de péptido AP gue comprende un
compuesto de la invencidn o) una sal del mismo
farmacéuticamente aceptable, en combinacidén con uno o mas
excipientes, portadores, o diluyentes farmacéuticamente
aceptables.

Los términos quimicos generales usados en las
férmulas anteriores tienen sus sgignificados wusuales. Por
ejemplo, el término "alcoxi C;-C3" es un grupo alquilo C;-C;
unido a un atomo de oxigeno y se refiere a metoxi, etoxi,
propoxi, e iso-propoxi. 8in embargo, “halo” se refiere a
fluoro y cloro.

El término "grupo protector de nitrdgeno" se
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considera una porcidn gque es estable a condiciones de
reaccidn proyectadas y aln puede ser selectivamente removida
por reactivos y condiciones de reaccidén compatibles con la
amina regenerada. Tales grupos son bien conocidos por 1los
artesanos expertos y se describen en la literatura. Véase,
por ejemplo, Greene y Wuts, Protective Groups in Organic
Synthesis, Tercera Edicién, Capitulo 7, John Wiley y Sons
In., (1999).

El término "inhibicidén de produccién de péptido AR"
se considera que disminuye los niveles en vivo de péptido AR
en un mamifero.

El término "cantidad efectiva de un compuesto de
Formula I" se considera la dosis o las dosis de un compuesto
de la invencidén requerida para inhibir BACE de manera
suficiente para disminuir los niveles en vivo de péptido AR
en un mamifero.

El deteriorc cognitivo medio se ha definido como
una fase prodromal potencial de demencia asociada con
enfermedad de Alzheimer, basado en la presentacién clinica y
en la progresién de pacientes que exhiben deteriorc cognitivo
medio a demencia por Alzheimer con el tiempo. (Morris, et
al., Arch. Neurcol., 58, 397-405 (2001); Petersen, et al.,
Arch. Neurol., 56, 303-308 (1999)). El término "prevencidn de
la progresidén de deterioro cognitivo medio a enfermedad de

Alzheimer" incluye retrasar, detener, o invertir la
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progresién de deterioro cognitivo medic a enfermedad de
Alzheimer en un paciente.

El artesano experto apreciarid que los compuestos de
la invencién pueden existir en formas tautoméricas, como se
representa en la Figura (1). Cuando se da cualquier
referencia en esta solicitud a uno de los tautdmeros
especificos de los compuestos de la invencidn, se entiende

que abarca tanto formas tautoméricas como todas las mezclas

de las mismas.

(R, ),
hof HKS
= = ( 0 H/LQNH
R
(R?)m

Figura (1)}

El artesano experto apreciaréa que los compuestos de
la invencién estén comprendidos de un nliclec que contiene al

menos dos centros guirales:
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R1

Figura (2)

Aungue 1la presente invencidén contempla todos los
enantidémeros individuales, asi como también mezclas de los
enantidémercos de los compuestos incluyende racematos, los
compuestos con la configuracién absoluta en 1los atomos
etiquetados 1 vy 2 como se ilustra en la Figura (2}, son
compuestos preferidos de la invencidn.

Adicionalmente, el artesano experto apreciard dgue
se pueden crear centros guirales adicionales en los
compuestos de la invencidén por la seleccién de ciertas
variables. La presente invencién contempla todos los
enantidémeros o diasteredmeros individuales, asi como también
mezclas de los enantidmeros Y diasteredmeros de los
compuestos incluyendo racematos.

El artesanoc experto también apreciara que las
designaciones Cahn-Ingold-Prelog (R} o (S) para todos los

centros quirales variaran dependiendo de las configuraciones
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de sustitucidn del compuesto particular. Los enantiémeros o
diasteredOmeros (nicos se pueden preparar comenzando con los
reactivos quirales o) por técnicas sintéticas
estereoselectivas o estereoespecificas. Alternativamente, los
enantidmeros o diasteredmeros Gnicos se pueden aislar de
mezclas por técnicas de cristalizacién o cromatogrificas
quirales estdndares en cualquier punto conveniente en la
sintesis de compuestos de la invencidén. Los enantiémeros y
diasteredmeros Unicos de los compuestos de la invencién son
una modalidad preferida de la invencién.

Los compuestos de la presente invencidn son aminas,
y Ppor consiguiente reaccionan con cualquiera de un nimero de
acidos inorganicos y orgénicos para formar las sales de
adicidn de A&cido farmacéuticamente aceptables. Las sales
farmacéuticamente aceptables y la metodologia comin para
prepararlas son bien conocidas en la técnica. Véase, por
ejemplo, P. Stahl, et al. Handbook of Pharmaceutical Salts:
Properties, Selection and Use, (VCHA/Wiley-VCH, 2002); S.M.
Berge, et al., "Pharmaceutical Salts", Journal of
Pharmaceutical §&Sciences, Vol. 66, No. 1, Enero 1977. Las
sales farmacéuticamente aceptables preferidas son aquellas
formadas con &cido clorhidrico.

Aungue todos los compuestos de la invencién son
inhibidores ttiles de BACE, son preferidas ciertas clases de

compuestos. Los siguientes pérrafos describen tales clases
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preferidas:

a)n es 0;

b) n es 1;

c)m es 0;

dlm es 1;

e)m es 2;

f) p es 0;

g)p es 1;

h) p debe ser 0 cuando X es -0-;

i) X es -0-;

j) X es -~CHy—;

k) R' es -NHCOR,;

1) R' es piridinilo;

m) R* es piridinilo opcionalmente sustituido con -Cl y -
F;

n) R' es pirimidinilo;

o) Rt es pirimidinilo o} piridinilo opcionalmente
sustituido con halo;

p) R es —~NHCOR,, pirimidinilo, o piridinilo
opcionalmente sustituido con -Cl y -F;

q)R1 es -NHCOR,, feniloc opciocnalmente sustituido con -
alcoxi C;~C;, pirimidinilo, o piridinilo opcicnalmente
sustituido con -Cl1 y -F;

r) R! es -NHCOR;, fenilo opcionalmente sustituido con -

alcoxi C;-C3, o pirimidinilo;
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s) R’ es -NHCOR, o pirimidinilo;

t) R? es fluoro;

u) R® es -alcoxi C;-C; o hidroxi;

v) R es -OCH;, -OCH:(CH;),, o hidroxi;

w) R' es fenilo

x) R es tiazolilo;

y) R* es piridinilo opcionalmente sustituido con -Cl o -
F, pirimidinilo opcionalmente sustituido con haloc, o
pirizinilo;

z) R* es piridinilo opcionalmente sustituido con halo,
pirimidinilc opcionalmente sustituido con halo, o
tiazolilo;

aa) R* es piridinilo opcicnalmente sustituido con halo,
pirimidinilo opcionalmente gsustituido con halo,
pirizinilo, o tiazolilo;

bb) R* es piridinilo opcionalmente sustituido con halo o
pirimidinilo opecionalmente sustituido con halo;

cc) R! es piridinilo;

dd) R' es piridinilo opcionalmente sustituido con halo;

ee) R' es piridinilo opcionalmente sustituido con
fluoro;

f€) E1 compuesto de la invencidn tiene una
configuracidén cis en los centros quirales en la unién
del anillo aminotiazina fusiocnado;

gg) El1 compuesto de la invencidn es una base libre;
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hh) E1 compuesto de la invencién es una sal
farmacéuticamente aceptable;

ii) El1 compuesto de 1la invencidén es la sal de
clorhidrato.

jj) El1 compuesto de la invencidn es la sal de
diclorhidrato.

kk} El1 compuesto de la invencidén es la sal de
etansulfonato.

11) El1 compuesto de la invencién es la sal de p-
toluensulfonato.

Una modalidad preferida de los compuestos de la
presente invencidn se refiere a compuestos de 1la invencidn,
en donde X es -CH;- 0o -0—-; nes 0o l1l; mes 0, 1, © 2; pes O
o 1l; p debe ser 0 cﬁando X es -0-;R' es -NHCOR,, pirimidinilo,
o piridinilo opcionalmente sustituido con halo; R? es fluoro;
R’ es -alcoxi C;-C; o hidroxi; R' es piridinilc opcionalmente
sustituido con halec, pirimidinilo opciocnalmente sustituido
con halo, pirizinilo, o tiazolilo; © wuna sal del mismo
farmacéuticamente aceptable. En dicha modalidad, halo es
cloro o fluoro cuando R* es piridinile o cloro cuando R' es
pirimidinilo. Ademd@s, en dicha modalidad, se prefiere que los
compuestos posean una configuracién cis en los centros
gquirales en la unidén del anillo aminotiazina fusionado; © una
sal del mismo farmacéuticamente aceptable.

Otra modalidad preferida de los compuestos de la

671
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presente invencién se refiere a compuestos de Férmula I, en
donde X es -CH;- 0 -O0-; nes 0 o 1; mes 0 o 1; p es 1; p debe
ser 0 cuando X es -0-;R' es -NHCOR,, fenilo opcionalmente
sustituido con -alcoxi (C;-C;, pirimidinileo, o piridinilo
opcionalmente sustituido con halo; R? es fluoro; R?® es -alcoxi
C,-C; o hidroxi; R* es piridinilo opcionalmente sustituido con
halo, pirimidinilc opcicnalmente sustituido c¢on halo, o
tiazolilo; o una sal del mismo farmacéuticamente aceptable.
En dicha modalidad, halo es cloro o fluoro cuandoe R! es
piridinilo o) pirimidinilo; o] una sal del mismo
farmacéuticamente aceptable. Ademé&s, en dicha modalidad, se
prefiere que 1los compuestos posean una configuracidén cis en
los centros quirales en la unién del anillo aminotiazina
fusionado; o una sal del mismo farmacéuticamente aceptable.
Una modalidad mas preferida de los compuestos de la
presente invencidén se refiere a compuestos de FdOrmula I, en
donde X es -CH;- 0 -C~; nes ¢ o 1l; mes 0, 1, o 2; pes 0 o
1; p debe ser 0 cuando X es —O—;Rl es -NHCOR, © pirimidinilo;
R’ es fluoro; R’ es -alcoxi €;-C; o hidroxi:; R es piridinilo
opcionalmente sustituido con halo, pirimidinilc opcionalmente
sustituido con halo, pirizinilo, o tiazolilo; © una sal del
mismo farmécéuticamente aceptable. En dicha modalidad, halo
es cloro o fluoro cuando R' es piridinilo o pirimidinilo; o
una sal del mismo farmacéuticamente aceptable. Ademias, en

dicha modalidad, se prefiere gue los compuestos posean una
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configuracidén cis en los centros quirales en la unién del
anillo aminotiazina fusionado; O una sal del mismo
farmacéuticamente aceptable.

Una modalidad adicional de los compuestos de la
presente invencién se refiere a compuestos de Férmula I, en
donde X es -CHy;- ©¢ -0-; nes 0 o 1l; mes 0 o 1l; pes 0 o 1l; p
debe ser 0 cuando X es -0-;R' eg -NHCOR,, fenilo opcionalmente
sustituido con -~alcoxi C;-C3;, © pirimidinilo; R’ es fluoro; R?
es -alcoxi C;-C; o hidroxi; R! es piridinile opciconalmente
sustituido con halo, pirimidinilo opcionalmente sustituido
con halo, pirizinilo, o tiazolilo; © una sal del mismo
farmacéuticamente aceptable. En dicha modalidad, halo es
cloro o fluoro cuando R* es piridinilo o pirimidinilo. Ademé&s,
en dicha modalidad, se prefiere que los compuestos posean una
configuracién cis en los centros quirales en la unién del
anillo aminotiazina fusionado; o} una sal del mismo
farmacéuticamente aceptable.

Una modalidad aGn mds preferida de los compuestos
de la presente invencidén se refiere a compuestos de Férmula
I, en donde X es -CH;- 0 -0-; nes 0 o l; mes 0 o 1l; pes 0 o
1; p debe ser 0 cuando X es -O-;R' es -NHCOR; o pirimidinilo;
R® es fluoro; R’ es -alcoxi C;-C; o hidroxi; R* es piridinilo
opcionalmente sustituido con halo, o) pirimidinilo
opcionalmente sustituido con halo; o una sal del mismo

farmacéuticamente aceptable. En dicha modalidad, halo es
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cloro o fluoro cuando R! es piridinilo o pirimidinilo; o© una
sal del mismo farmacéuticamente aceptable. Ademds, en dicha
modalidad, se prefiere que los compuestos posean una
configuracién c¢is en los centros quirales en la unién del
anillo aminotiazina fusionado; o una sal del mismo
farmacéuticamente aceptable.

Otra modalidad méas preferida de los compuestos de
la presente invencidn se refiere a compuestos de Férmula I,
en donde X es -CHy- 0 -O-; nes 0 o0 1; mes 0 o 1; p es 0; R*
es -NHCOR;; R*® es fluoro; R®' es piridinilo opcionalmente
sustituido con halo; o una sal del mismo farmacéuticamente
aceptable. En dicha modalidad, haloc es cloroc o fluoro cuando
R' es piridinile; o una sal del mismo farmacéuticamente
aceptable. Ademas, en dicha modalidad, se prefiere que 1los
compuestos posean una configuracidén c¢is en los centros
quirales en la unién del anillo aminotiazina fusionado; o una
sal del mismo farmacéuticamente aceptable.

Una modalidad especialmente preferida de los
compuestos de la presente invencidén se refiere a compuestos
de Férmula I en donde X es -0-; n es 0; mes 1; p es 0; R! es
-NHCOR,; R® es halo; R®' es piridinile sustituido con halo; o
una sal del mismo farmacéuticamente aceptable. En dicha
modalidad, se prefiere que R?* gea fluoro; o una sal del mismo
farmacéuticamente aceptable. Ademas, en dicha modalidad, se

prefiere que los compuestos posean una configuracidn cis en
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los centros gquirales en la unién del anillo aminotiazina

fusionado; © una sal del mismo farmacéuticamente aceptable.
Una modalidad adicional especialmente preferida de

los compuestos de la presente invencidén relacionada con los

5 compuestos de Formula I es

\S
o
e
NJ\NH:
F
H
M
N
’f N
F o 0 o una sal del mismo

10 farmacéuticamente aceptable.

Otra modalidad especialmente preferida de los
compuestos de la presente invencidn relacionada con 1los
compuestos de Formula I es

H
1L
K -~
15 PN iy

IO/F

H

N

N
. o o o una sal del mismo
farmacéuticamente aceptable.

Los compuestos de Formula I son inhibidores de

20 BACE. Por consiguiente, la presente invencién también
proporciona un método para inhibir BACE en un mamifero gue
comprende administrar a un paciente en necesidad del
tratamiento, una cantidad inhibidora de BACE de un compuesto
de Férmula I. Es preferido que el mamifero a ser tratado por

25 la administracidén de los compuestos de Férmula I sea humano.



10

15

20

25

18

Come inhibidores de BACE, los compuestos de 1la
presente invencién son Gtiles para suprimir la produccién de
péptido Af, y por lo tanto para el tratamiento de trastornos
que resultan de niveles de péptido AR excesivos debide a la
sobre-produccidn y/o depuracién reducida del péptido AB. Una
modalidad adicicnal de la presente invencidn es el uso de un
compuesto de Férmula I, para la manufactura de un medicamento
para tratar una enfermedad o condicidén capaz de ser mejorada o©
prevenida por inhibicidn de BACE. Por lo tanto, se cree que los
compuestos de Férmula I son Ttiles en el tratamiento o
prevencidon de enfermedad de Alzheimer, deterioro cognitivo
medic, Sindrome de Down, Hemorragia Cerebral Hereditaria con
Amiloidosis del Tipo Dutch, angiopatia amiloide cerebral, otras
demencias degenerativas tales como: demencias de origen
vascular y degenerativo mezclados, demencia asociada con
enfermedad de Parkinson, demencia asociada con pardlisis
supranuclear progresiva, demencia asociada con degeneracién
cortico basal, y cuerpo de Lewy difuso tipo de enfermedad de
Alzheimer.

Los compuestos de la presente invencidédn, o sales de
los mismos, se pueden preparar por una variedad de
procedimientos conocidos en la técnica, algunos de los cuales
se ilustran en los Esquemas de reaccidn, Preparaciones vy
Ejemplos posteriores. Las etapas sintéticas especificas para

cada una de las rutas descritas, se pueden combinar en
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diferentes formas, © en conjunto con las etapas a partir de
diferentes esquemas de reaccidn, para preparar compuestos de
Formula I, o sales de los mismos. Los productos de cada etapa
en log esquemas de reaccidn abajo, pueden ser recuperados por
métodos convencicnales, incluyendo extraccidn, evaporacidn,
precipitacidn, cromatografia, filtracién, trituracién, vy
cristalizacidén.

Ciertos centros estereoquimicos se han dejade sin
especificar vy ciertos sustituyentes se han eliminado en los
siguientes esquemas de reaccidn por el motivo de claridad y
ne se proponen para limitar la enseflanza de los esguemas de
reaccidn en cualquier forma. Ademas, los isdmeros,
enantidémeros, o© diasteredmeros individuales se pueden separar
en cualquier punto conveniente en la sintesis de compuestos
de Foérmula I por métodos tal COmo cromatografia.
Adicionalmente, los intermediarios descritos en los siguientes
esquemas de reaccidn contienen un nimero de grupos protectores
de nitrdégeno. El grupo protector variable puede ser el mismo o
diferente en cada caso, dependiendo de las condiciones de
reaccién particulares y las transformaciones particulares a ser
realizadas. Las condiciocnes de proteccidn y desproteccidn son
bien conocidas para el experto en la técnica y se describen eén
la literatura. Véase, por ejemplo, Greene y Wuts, Protective
Groups in Organic Synthesis, supra.

Las abreviaturas wusadas en la ©presente, son
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definidas de conformidad con.Aldrichimica Acta, Vol. 17, No.
1, 1984. Otras abreviaturas son definidas como sigue: “Prep”
se refiere a preparacidn; “Ex” se refiere a ejemplo; “min” se
refiere a minuto o minutos; “ACN” se refiere a acetonitrilo;
“DIPEA” se refiere a diisopropiletilamina; “DIC” se refiere a
diigsopropilcarbodiimida; “Et,;0” se refiere a éter dietilico;
"EtOAc” se refiere a acetato de etilo; “HATU” se refiere a
hexafluorofosfato de metanaminio de 2-(lH-7-azabenzotriazol-
1-i1)-1,1,3,3-tetrametil wuronic “HBTU” se refiere a O0O-
benzotriazol-N,N,N’,N’-tetrametil-uronio-hexafluoro-fosfato;

“HOAt"” se refiere a 1l-hidroxi-7-azabenzotriazol; “iPrOH” se
refiere a isopropanol; “MeOH” se refiere a alcohol metilico o
metanol; “(OEt)” se refiere a etdxido; “PyBOP” se refiere a
hexafluorocfosfato de benzotriazol-1l-iloxitripirrolidin-
fosfonio; "“PyBrop” se refiere a hexafluorofosfato de bromo-
tris-pirrolidin fosfonio; “DMAP* se refiere a 4-
dimetilaminopiridina; “PPhy” se refiere a trifenilfosfina;
“TFA" se refiere a Acido trifluorocacético; “THF” se refiere a
tetrahidreofurano; “EtOH” se refiere a alcohol etilico o
etanol; "“SCX” ge refiere a intercambic de catidn fuerte; “Ty”
se refiere a tiempo de retencidn; “IC;” se refiere 1la
concentracidén de un agente gue produce 50% de la respuesta
inhibidora méxima posible para tal agente; “APP” se refiere a
proteina precursora amiloide; “DMEM” se refiere a medio Eagle

Modificado de Dulbecco; “Fl12” se refiere a medio F12 de Ham;
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“FBS" se refiere a Sueroc Bovino Fetal; “FRET” se refiere a
transferencia de energia por resonancia por fluorescencia;
“HEK"” se refiere a rifidn embridnicce humanc, “PDAPPY se
refiere a proteina precursora amiloide derivada de plaqueta;
y “RFU” se refiere a unidad de fluorescencia relativa.

En los esguemas de reaccidn posteriores, todos los
sustituyentes, a menos que se indique de otra forma, estan
definidos previamente. Los reactivos y materiales de partida
estdn en general, facilmente disponibles para uno de
habilidad ordinaria en la técnica. Otros pueden ser
elaborados por técnicas estdndares de quimica organica vy
hetercciclica, los cuales son andlogos a las sintesis de
compuestos estructuralmente conocidos y 1los procedimientos
descritos en las Preparaciones y Ejemplos los cuales siguen,

gue incluyen cualgquiera de los nuevos procedimientos.
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Esquema de Reaccidn 1

0
#’lOH
2)

condiciones de R
acoplamiento

El Esquema de Reaccidn I representa la acilacidn de
un compuesto de amina apropiado de férmula (1) con un &4cido
arilcarboxilico de f6rmula (2} para dar un compuesto de
férmula (I) después de 1la desprotecciédn del intermediario
{3). E1 "PG” es un grupo protector desarrollado para el grupo
amino, tal como carbamatos y amidas. Tales grupos protectores
son bien conocidos y apreciados en la técnica.

Un compuesto de la férmula (1) se hace reaccionar
con un compuesto de férmula (2) bajo condiciones de
acoplamiento. Un experto en la técnica reconccerd que existe
un namero de métodos y reactivos para formacidén de amida que
resulta de la reaccidn de acidos carboxilicos y amidas. Por
ejemplo, la reaccidédn de un compuesto apropiado de férmula (1)
con un acido apropiado de férmula (2) en la presencia de un
reactivo de acoplamiento y una base de amina, tal como DIPEA
o trietilamina, proporcionard un compuesto de férmula (3).
Los reactivos de acoplamiento incluyen carbodiimidas, tales
como DCC, DIC, EDCI, y reactivos de acoplamiento aromiticos,

tales como HOBt y HOAt. Adicionalmente, las sales de uronio o
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fosfonio de aniones no nucleofilicos, tales como HBTU, HATU,
PyBOP, y PyBrOP, pueden ser usadas en lugar de los reactivos
de acoplamiento mas tradicionales. Aditivos tales como DMAP
pueden ser usados para mejorar las reacciones.
Alternativamente, un compuesto de fdérmula (1) puede ser
acilado wusando cloruros de benzoilo sustituidos en la
presencia de una base, tal como trietilamina o piridina.

El grupo protector en el intermediario (3) puede
ser removido bajo condiciones acidicas o bésicas para dar los
compuestos de férmula (1). La desproteccidén de tales
compuestos es bien conocida y apreciada en la técnica.

En una etapa opcional, una sal farmacéuticamente
aceptable de un compuesto de férmula (I) se puede formar por
reaccidén de una base libre apropiada de Férmula (I) con un
acido farmacéuticamente aceptable apropiado en un solvente
adecuado bajo condiciones estédndares. Adicionalmente, la
formacidén de tales sales puede ocurrir simultaneamente
después de la desproteccién de un grupo protector de
nitrdégeno. La formacidn de tales sales es bien conocida y

apreciada en la técnica.
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Esquema de Reaccidn II

3 3
(R)p (R,
X ~s S
R*-B{OH)
(l 2 PG 2 L
}r‘\ N*N (3) ™ ¢|\N’PG Desproteccitn
H _— —l— H —_— -
¥ R’
2 2,
(%) (R%,

El Esquema de Reaccidn II representa la alquilacidn
de un compuesto apropiadc de férmula (4) con un Aacido
arilbordnico (5) para dar un compuesto de fdérmula I, después
de la desproteccidn del intermediario (6). Y es
trifluorometansulfonilo o un haldgeno, tal como Br o I. R! es
un grupoe arilo, tal como fenilo, o un grupo hetercarile, tal
como piridinilo.

Por ejemplo, un compuesto apropiado de férmula {4}
se hace reaccionar con un &acido borénico apropiado (6) bajo
condiciones de acoplamiento cruzado Suzuki-Miyaura. El
experto en la técnica reconocerd que existe una variedad de
condicicnes (Otiles para facilitar tales <reacciones de
acoplamiento cruzado. Por consiguiente, un reactivo de
paladio adecuado incluye cloruro de
bis{trifenilfosfina)paladic(II),
tris{(dibencilidenacetona)dipaladio (0) con
triciclohexilfosfina, cloruro de (1,1’ -
bis(difenilfosfino) ferroceno)paladio({II},

tetraquistrifenilfosfina de paladic, o) acetato de
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paladio(II). Una base adecuada incluye carbonato de cesio,
carbonato de sodio, carbonato de potasic o monchidrato
tribasico de fosfato de potasio.

El grupo protector puede ser removido bajo
condiciones acidicas o basicas para dar compuestos bi-arile
de férmula I. La desproteccidén de tales compuestos es bien

conocida y apreciada en la técnica.

Esgquema de Reaccidn IIII

3
(R*)p
B!
({ :‘ N/ N,PG
H
N
3 3
X g (Rz)m
3 (8)
(L} N-)\N,PG
n H
Br R
(R, (R*)p
) X ”s
) Z., PG
] N
n H
H.N
TR,

El Esquema de Reaccidn ITI representa dos
variaciones para preparar la amina primaria (1} partiendo de
un bromuro de arilo apropiado (7).

En una variacién, se realiza la azido-
deshalogenacidén en el bromurc de arilo apropiado (7} en 1la

presencia de una fuente de azida, tal como azida de sodio.
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Tales reacciones de azido-deshalogenacidn son bien conocidas
y apreciadas en la técnica. La reduccidn de la azida
resultante (8) a la amina primaria (1} puede ser efectuada
usando un namero de agentes reductores bien conocidos en la
técnica, tales como LiAlH,, NaBH,, PPh;, o via condiciones de
hidrogenacién que son bien conocidas y descritas en 1la
técnica.

Alternativamente, la amina primaria apropiada (1)
puede ser preparada directamente haciendo reaccionar un
bromuro de arilo apropiado (7) con un sustituto de amoniaco,
tal como trifluorocacetamida en la presencia de un
catalizador, tal como yoduro de c¢obre, una base, tal como
carbonato de potasio, y un ligando, tal como (+/-) trans
N,N’-dimetil 1,2-ciclohexandiamina. Tales reacciones son bien
conocidas y apreciadas en la técnica.

Como se apreciaré facilmente, compuestos de fdérmula
(7) pueden ser prontamente preparados por métodos similares a
aquellos descritos en la presente por procedimientos que son
bien conocidos vy establecidos en la técnica. Como se
entenderd facilmente, las etapas para preparar los compuestos
de formula I son dependientes del compuesto particular siendo
sintetizado, el compuesto de partida, vy la labilidad relativa

de las porciones sustituidas.
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Preparaciones y Ejemplos

Las siguientes preparaciones y ejemplos ilustran
ademds la invencidn.

Los nombres para los compuestos de la presente
invencidén se proporcionan por ChemDraw® Ultra, versidén 10.0.
Los datos de espectrometria de masgsas, a menos gue se
especifique de otro modo, se obtienen via LC/MS: columna
Phenomenex Gemini C;g (2.0 x 50 pm, 3.5um} a una temperatura
de 50°C +/- 10°C con una velocidad de flujo de 1 mL/min. El
sistema de elucidén es 5 a 100% ACN p/ 0.1% de hidrdéxido de
amonic por 7.0 minutos, después mantenide a 100% ACN por 1.0
minuto acoplado con ionizacidén por electro rocio (intervale
de exploracidén 100-800 amu; etapa 0.2 amu; 80v Fragmentor;
ganancia 1.0; umbral 80).

Los datos de cromatografia de gas a menos que se
especifique de otro modo, se obtienen via GC/MS:
cromatografia de gas Agilent DB-S5ms (0.25 mm x 15 m x 0.25
pm) con un programa de temperatura de 60 - 280°C en 7.3
minutos, después mantenido a 280°C por 2.0 minutos y una

relacién de divisidn de 20:1.
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Preparacién 1

2-{aliloxi)acetato de terc-Butilo
o)
A Ao

Se agregd hidrogenosulfonato de tetrabutilamonic
(470 g, 1.40 mol) a una solucidén de hidréxido de sodio (6.6
Kg, 165 mol) en agua (14 L) vy tolueno (14 L) a 20°C. S8Se
agregd alcochol alilico (801.5 g, 13.8 mol) y la mezcla se
agitd a 20°C por 1h. La mezcla se enfrid a 5°C, y se agregd
2-bromoacetato de terc-butilo (4 Kg, 20.5 wmel} lentamente,
manteniendo la presidén interna por debajo de 15°C. La mezcla
de reaccidén se agitd a temperatura ambiente por 16 h. La
mezcla se diluyd con agua (12 L) y hexanos (12 L) y la fase
orgénica se separd. La fase acuosa ge extrajo con MTBE (5 L).
La fase orgénica combinada se secd sobre sulfato de magnesio,
filtré y concentrd, para proporcionar el compuesto del titulo

como un aceite incoloro (2.6 Kg, 100%). ES/MS m/e: 173 (M+1).

Preparacidn 2
Acido 2-(Aliloxi)acético
Q
HOJL\’O\/Q%
2-(aliloxi)acetato de Terc-butilo (2.6 KXg, 15.1
mol) se agregd a diclorometano (14 L). HC1l 4M en dioxano (14

L) se agregd en una porcién y la solucidn se agitd a 25°C por
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16 h. El solvente se removid bajo presidén reducida vy el
regiduo se secd bajo vacio a temperatura ambiente para
proporcionar el compuesto del titulo (2.2 Kg, 100%). ES/MS

m/e: 117 (M+1).

Preparacidén 3

2-(Aliloxil) ~-N-metoxi-N-metilacetamida

Se agregd clorurc de tionilo (1.5 L) en una porcidn
a una solucién de Acido 2-(aliloxi) acético (2.2 Kg, 18.9
mol) en teolueno (3.0 L), v la mezcla se calentd a 65°C bajo
una atmdésfera de nitrdégeno por 1h. La mezcla se enfridé a
temperatura ambiente y se agregd a una solucidn de
clorhidrato de N,0-dimetilhidroxilamina (2.1 Kg, 21.5 mol) y
N-metil morfelina (6.5 L, 59.2 mol) en diclorometanc (19 L) a
5°C. La mezcla de reaccidn se agitd a 25°C por 16 h. Se
agregd agua, vy la mezcla de reaccidn se extrajo con
diclorometano. La fase orgénica combinada se recolectd y lavd
con HC1 1M (6 L), se secd sobre sulfatce de magnesio y
concentrd bajo presién reducida. El1 residuo se purificd por
cromatografia en gel de silice eluyendo con acetato de etilo
en hexanos para proporcionar el compuesto del titulo (1.49

Kg, 50%). ES/MS m/e: 160 (M+1).
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Preparacidn 4

2-(Aliloxi)-1-{5-bromo-2-flucrofenil)etanona

O

Br\d\/o\/\\\
F

A una solucidn agitada a -72°C de 4-bromo-1-flucro-
2-yodobenceno (130.4 g, 433.5 mmol) en tetrahidrofuranoc (722
mL}), se agregd 2.5 M butil litico en hexano (173.4 mL, 433.5
mmol) bajo una atmdésfera de nitrdgeno durante 40 min. La
reaccidén se agitd por 30 minutos a -72 °C y 2-{(aliloxi)-N-
metoxi-N-metilacetamida (57.5 g, 361.2 mmol) en
tetrahidrofurano (115 mlL) se agregd por goteo por 35 minutos.
Después de 45 min a -72°C, se removid el bafio enfriante y la
mezcla se calentd a 25°C. La reaccidn se apagd con NH,C1
acuoso saturado (500 mL), diluyd con agua (300 mlL) y extrajo
tres veces con acetato de etilo. Los organicos se combinaron,
se secaron sobre sulfato de magnesio, filtraron, vy el
solvente se removidé bajo presidédn reducida. El regiduc se
purificd por cromatografia en gel de silice wusando un
gradiente lineal de 5% hasta 10% de acetato de etilo en
hexanos para dar el compuesto del titulo (63 g, 64%). ES/MS
m/e ("*Br/®'Br) 273/275 (M+1).

Se prepararon los siguientes compuestos en la Tabla
1 esencialmente como se describe en la preparacidén de 2-

{aliloxi)-1-{S-bromo-2-fluorofenil)etanona.
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Tabla 1
Prep. |Nombre quimico NMR o ES/MS (m/e)
4a 2-{Aliloxi)-1- (3-bromofenil)etancna NMR'!
2-(Aliloxi}-1- (3-bromo-5- ("Br/%Br) 271/273
4b
fluorcfenil)etanona (M-1)
2-{Aliloxi)-1- (5-bromo-2,4- ("Br/%Br) 291/293
4c
difluorofenil)etanona? {(M+1)
Isbémero 1:
2-{Aliloxi)-1-{3-bromo-4- . .
("°Br/*Br) 273/275
fluorofenil)etanona;
ad (M+1) ;
2-{aliloxi)-1-{2-fluoro-5-
IséGmerc 2:
yodofenil)etanona’
593 (M+1)

1 H NMR (400 MHz, CDCl;): 8.06 (t, J 1.6 Hz, 1H), 7.86-
7.84 (m, 1H}, 7.71-7.68 {(m,1H), 7.34 {(t, J =7.9 Hz, 1K},
5.98-5.91 {m, 1H}, ©5.34-5.23 (m, 2H), 4.69 (s, 2H),
4.14-4.11 (m, 2H).

2 Se wutilizd éter dietilico en 1lugar de THF como el

solvente de reaccidn.

3 Se utilizé tolueno:hexano 3:1 en lugar de THF como el

solvente de reaccidn.

una mezcla.

Se recuperaron los compuestos como
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Preparacidn 5

Oxima de 2-(Aliloxi)-1-(5-bromo-2-flucrofenil)etanona

OH
N

m\[::[%\/ox/qh
F

A una solucidn de 2-(aliloxi) -1~ (5-bromo-2-
fluorofenil)etanona (118 g, 432.1 mmol) en etanol (1.7 L), se
agregd clorhidrato de hidroxilamina (34.5 g, 496.3 mmol) vy
etanoatoc de sodio (40.8 g, 496.9 mmol) a 25°C. La reaccidn
se calenté a 70°C por 1 hr. La reaccidn se enfrié y el
solvente se removid bajo presidn reducida. El residuo se lavd
con agua (1 L) y se extrajo tres veces con diclorometano (3 X
500 mL}. La fase orgdnica se secd sobre sulfato de magnesio,
filtrd, y el solvente se removid bajo presidn reducida, para
obtener el compuesto del titulo como una mezcla de dos oximas
posibles (120 g, 96%). ES/MS m/e (°Br/%*Br) 288, 290 (M+1).
Los siguientes compuestos en la Tabla 2 se prepararon
esencialmente como se describe en la preparacidn de oxima de

2-{aliloxi)-1-{(5-bromo-2-fluorofenil)etanona.
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Tabla 2
ES/MS
Prep |Nombre quimico {(m/e)
{M+1)
Oxima de (E,Z)-2-(Aliloxi) -1-(3- | ("Bx/*'Br)
ta
5 bromofenil)etanona 270/272
b Oxima de (E,Z)-2-(Aliloxi) -1-(3-bromo-5- | (°Br/*'Br}
5
fluorofenil)etanona 288/290
Oxima de (E,Z)-2-(Aliloxi)-1-(S5-bromo-2,4- | (""Br/*Br)
5¢
difluorofenil) etanona 306/308
Isémero 1:
Oxima de (E,2)-2-{(Aliloxi)-1-(3-bromo-4- ) L
("*Br/*Br)
10 fluorofenil)etanona;
5d 288/290;
Oxima de {E,2}-2-(Aliloxi) -1-(2-fluoro-5-

] Isdmero 2:
yodofenil)etanona®
336

4 Se recuperaron los compuestos como una mezcla.

15 Preparacidn 6
{2a8R,6a8R) -6a- (5-Bromo-2-fluorcfenil)hexahidrofuro

[3,4-c)isoxazol Racémico

H

H
o oo
2N

HF '
. Joi
Br Br

Una solucidn de oxima de 2-(aliloxi)-1-{5-bromo-2-

T2
*n

fluorofenil)etanona (120 g, 417 mmol) en xileno (2 L}, se
calentd a 140°C por 6 h. La reaccidén se enfrid y el solvente

25 se removid bajo presién reducida para dar un sdélido. EI1
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s88lido se purificé por trituracién con 9:1 hexanos/MTBE para
dar el compuesto del titulo (85 g, 72%). ES/MS m/e (’°Br/*Br)
288, 290 {(M+1).

Los siguilentes compuestos en la Tabla 3 se
prepararon esencialmente como se describe en la preparacién
de {3aSR, 6aSR) -6a- (5-bromo-2-fluorofenil) hexahidrofurol[3,4-

¢]isoxazol racémico.

Tabla 3
ES/MS (m/e)
Prep | Nombre quimico
{M+1)
(3aSR, 6aSR) -6a- {3-Bromofenil) {"Br/**Br)
ca
hexahidrofurc(3,4-clisoxazol racémico 270/272
(3aSR, 6aSR) -6a- (3-Bromo-5-fluorofenil) ("Br/®*Br)
6b
hexahidrofuro(3,4-c] isoxazol racémico 288/290
(3aSR, 6aSR) -6a- {5-Bromo-2, 4-difluorofenil) {"*Br/*Br)
6c
hexahidrofuro[3,4-c]l isoxazol racémico® 306/308
Isdmero 1:
(3a8R,6aSR) -6a- {3-Bromo-4-fluorofenil)
(Br/'Br}
hexahidrofuro[3,4-clisoxazol racémico;
6d 288/290;
(3a8SR,6aS8R) -6a- (2-Flucro-5-yodofenil)
Isdmero 2:
hexahidrofuro[3,4-clisoxazol racémico®®
336

5 Esta reaccidén se realizé en tolueno por 18 horas a 150°C
en un tubo sellado.

6 Se recuperaron los compuestos como una mezcla.
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Preparacidén 7
{ (3RS,48R) -4-Amino-4- (5-bromo-2-flucorofenil) tetrahidrofuran-
3-ilimetanol racémico

H H

Se agregd polvo de zinc (190 g, 2.91 mel) a una
mezcla de {3aSR, 6aSR} -6a- {(5-bromo-2-
fluorofenil)hexahidrofuro(3,4-c]isoxazol racémico (84 g, 2930
mmol) en acido acético (1.4 L), a una velocidad manteniendo
la temperatura por debajo de 30°C. La reaccidn se calentd a
40°C por 5 h. La reaccidn se enfrid a temperatura ambiente y
se filtrd a través de una almohadilla de tierra diatomacea,
lavé con acido acético y agua (200 wlL). El solvente se
removid bajo presidén reducida. Se agregd agua (500 mL) al
residuo, y el pH se ajustd a pH 10 con hidréxido de sodio
acuoso 2M. La suspensidn acuosa basica se extrajo tres veces
con 15% de alcohol isopropilico en diclorometano (3X 500 mL).
La capa organica combinada se secd sobre sulfatc de magnesio

y el solvente se removid bajo presidn reducida para dar el

o\&

compuesto del titulo como un sdélido blanco (73.0 g, 86%).
ES/MS m/e ("°Br/®'Br) 290, 292 (M+1).
Los siguientes compuestos en la Tabla 4 se

prepararon esencialmente como se describe en la preparacidn
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{{3RS,48R) -4-amino-4- {5-bromo-2-

fluorofenil) tetrahidrofuran-3-il)metanol racémico.

Tabla 4
. ES/MS (m/e)
Prep | Nombre guimico
(M+1)
( (3RS, 4SR) -4-Amino-4- (3-bromofenil) (""Br/®'Br)
7a
tetrahidrofuran-3-il)metancl racémico 272/274
{ (3RS, 48R) -4-Amino-4- (3-bromo-5-fluorofenil) ("’Br/®Br)
7b
tetrahidrofuran-3-il)metanol racémico 290/292
{ (3RS, 4S8R} -4-Amino-4- (5-bromo-2,4-
(7BBr/Bl:Br)
7c diflucrofenil)tetrahidrofuran-3-il)metancl
308/310
racémico
((3RS,45R} -4-Amino-4- (3-bromo-4-
IsOmero 1:
fluorofenil) tetrahidrofuran-3-il}metanol
(79Br/BIBr)
racémico;
7d 290/292;
({3RS,4S8R} -4-amino-4-{(2-fluoro-5-
Isbmexo 2:
yodofenil) tetrahidrofuran-3-il)metanol
338
racémico’

7 20 equivalentes de polvo de zinc se usaron en 0.06 M de

acido acético.

mezcla.

Se recuperaron los compuestos como una
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Preparacidn 8
N-( (38R, 4RS) -3- (5-Bromo-2-fluorofenil) -4-

{hidroximetil)tetrahidrofuran-3-ilcarbamoticil)benzamida

OH OH
H H
.-'NJLN N™ N
- . H H H H
F F
Br

Br

A una solucién de ({({3RS,4SR)-4-aminc-4- (5-bromo-

fluorofenil) tetrahidrofuran-3-il)metanol racémico (75 g,

2~

259

10 mmol) en tetrahidrofurano (1.3 L) a 25°C bajo una atmdsfera

de nitrdgeno, se agregd por goteo

bis{trimetilsilil)trifluorvacetamida (76.3 mL, 259 mmol),

manteniendo la presién interna por debajo de 30°C,

La

reaccidén se agité a 25°C por 30 wminutos. Se agregd

15 isotiocianate de benzoilo (38.4 mL, 284 mmol) durante

10

minutos manteniendo la temperatura interna por debajo de 35°C

y la reaccidn se agitdé a 25°C por 30 min. La mezcla

de

reaccién se diluyd con acetato de etilo (500 mL) y se lavd

tres veces c¢on HC1 1N (3 X 500 mL), seguido por agua vy

20 salmuera. La solucién se secd sobre sulfato de magnesio y
solvente se removid bajo presidn reducida. E1 residuo
purificdé por cromatografia en gel de silice usando

gradiente lineal de 25% hasta 50% de acetato de etilo

el

se

un

en

hexanos para dar el compuesto del titule (110 g, 24%). ES/MS

25 m/e ("Br/%'Br) 453, 455 (M+1).
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Los siguientes compuestos en 1la

Tabla 5 se

prepararon esgsencialmente como se describe en la preparacidn

de

N-{{3SR,4RS)-3- (5-bromo-2-fluorcfenil}-4-

(hidroximetil)tetrahidrofuran-3-ilcarbamotioil)benzamida

racémica.
Tabla 5
Prep | Nombre quimico ES/MS (m/e)
{M+1)
N-((3SR,4RS8)-3- (3-Bromofenil) -4-
_ ('}'SBr/alBr)
Ba (hidroximetil) tetrahidrofuran-3-
.. 435/437
ilcarbamotioil)benzamida racémica
N-{ (3SR, 4RS8) -3- (3-Bromo-5-flucrofenil)-4-
. (TSBr/BlBr)
8b (hidroximetil)tetrahidrofuran-3-
o 453/455
ilcarbamotioil)benzamida racémica
N- ((38R,4RS8)-3-(5-Bromo-2,4-diflucrofenil}-4-
(TQBI/BIBI)
8¢ (hidroximetil)tetrahidrofuran-3-
471/473
ilcarbamotioil)benzamida racémica
N- ( (38R, 4R8) -3~- (3-Bromo-4-flucrofenil) -4-
Igbmero 1:
(hidroximetil) tetrahidrofuran-3- .
(IQBr/BlBr)
ilcarbamotioil)benzamida racémica;
8d 453/455;
N-((38R,4RS}-3-(2-Fluoro-5-yodofenil) -4-
Isémero 2:
(hidroximetil}tetrahidrofuran-3-
501
ilcarbamotioil)benzamida racémica’

8 Se recuperaron los compuestos como una mezcla.
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Preparacién 9
N-((4aSR, 7asSR) -7a- (5-Bromo-2-fluorofenil)-4a,5,7,7a-
tetrahidro-4H-furo[3,4-4] [1,3]tiazin-2-il)benzamida racémica

H

Sy St

A 15°C una mezcla de N-((35R,4R8)-3-(5-bromo-2-
fluorofenil) -4 - (hidroximetil) tetrahidrofuran-3-
ilcarbamoticil)benzamida racémica {110 g, 243 mmol) 3%
trifenilfosfina (76.4 g, 291 mwmol) en tetrahidrofurano (970
mL), se agregd azodicarboxilato de di-terc-butilo (67.1 g,
291 mmol) en 3 porciones durante 10 minutos, manteniende la
temperatura interna por debajo de 25°C. Después de 1la
adicidén, la mezcla de reaccidén se agitd a 25°C por 1 hora. El
solvente se removid bajo presidén reducida y el residuo se
purificd por cromatografia en gel de silice usando un
gradiente lineal de 14% hasta 33% de acetato de etilc en
hexanog para dar el compuesto del titulo (80 g, 76%). ES/MS
m/e (7°Br/"'Br) 435, 437 (M+1).

Los siguientes compuestos en la Tabla 6 se
prepararon esencialmente como se describe en la preparacidn
de N-((4aS8SR, 7aSR) -7a- (5-bromo-2-fluorofenil)-4a,5,7,7a-

tetrahidro-4H-furo[3,4-d} [1,3])ti1azin-2-1il)benzamida racémica.
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Tabla 6
- ES/MS
Pre Nombre imico
P E (m/e)
(M+1)
N- ({4aSR, 7aSR) -7a- {(3-Bromofenil) ~-4a,5,7, 7a-
(TSBr/ElBr)
%9a tetrahidro-4H-furco([3,4-d] [1,3]tiazin-2-
417/419
il)benzamida racémica
N-{{4aSR, 7aSR} -7a- {3-Bromo-5-fluorofenil) -
‘ {TBBr/BlBr}
Sb 4a3,5,7,7a-tetrahidro~4H-furol[3, 4-
435/437
dj] [1,3)tiazin-2-1il)benzamida racémica
N- ({4a8R, 7aSR)-7a- (5-Bromo-2,4-difluoroefenil) -
(79Br/BlBr)
9c 4a,5,7,7a-tetrahidro-4H-furol[3,4-
o 453/455
d] [1,3]tiazin-2-il)benzamida racémica’®
N-((4a8R,7a5R)} -7a- {3-Bromo-4-fluorofenil) -
4a,5,7,7a-tetrahidro-4H~-furo[3,4- Igbmero 1:
dl [1,3]tiazin-2-il)benzamida racémica; ("Br/¥Br)
gsd N- ((4aSR, 7aSR} -7a- (2-Fluoro-5-yodofenil) - 435/437;
4a8,5,7,7a-tetrahidro-44-furo(3,4- Isdmero 2:
d] [1,3]tiazin-2-il1)benzamida racémical® 483

9 Se purificd por cromatografia radial eluyendo con 10%

hasta 15% de acetato de etilo en hexano.

10 Se recuperaron los compuestos como una mezcla.
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Preparacidn 10
N-((4a8,7a5)-7a- (5-Bromo-2-fluorofenil) -4a,5, 7, 7a-tetrahidro-

4H-furc{3,4-d] [1,31tiazin-2-il}benzamida

N-({4aSR, 7a8R) - (7a(5-bromo-2-flucrofenil) -
4a,5,7,7a-tetrahidro-4H-furo(3,4-d] [1,3]tiazin-2-11)benzamida
10 racémica (108 g, 248 mmol) se purificé por HPLC guiral:
Columna Chiralcel ©OJ-H & x 25 c¢cm; eluyente: 90:10
(metanol:acetonitrilo) con 0.2% de dimetiletilamina; flujo:
300 mL/min a UV 254 nm. El segundo isdmero eluyente se aigld
para proporcionar el compuesto del titulo enantioméricamente
15 enriquecido (42.0 g, 40%). ES/MS m/e ("°Br/%Br) 434.9/436.9
(M+1) .
Los siguientes compuestos en la Tabla 7 se
prepararon esencialmente como se describe en la preparaciodon
de N-({4a8,7a8)-7a- {5-bromo-2-fluorcfenil)-4a,5,7, 7a-

20 tetrahidro-4H-furo[3,4-d] [1,3]tiazin-2-11)benzamida.

25
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Tabla 7
Brep . ES/MS
Nombre imico
el (m/e)
(M+1}
N-((4a8,7a8)-7a- (3-Bromofenil)-4a,5,7,7a-
. (HBr/alBr)
10a tetrahidrc-4H-furo[3,4-d) [1,3]tiazin-2-
. 417/419
il)benzamida
N-((4aS,7a8)-7a- (3-Bromo-5-fluorofenil) -
. (TBBI/BIBI)
10k 4a,5,7,7a-tetrahidro-4H-furoc (3, 4-
o . ) 435/437
d] [1,3]tiazin-2-il)benzamida
N-{({4as,7a8) -7a- {5-Bromo-2,4-difluorofenil) -
(‘IgBr/alBr)
10c 4a,5,7,7a-tetrahidro-4H-furc(3,4-
' 453/455
d] [1,3}tiazin-2-1l}benzamida

Preparacidn 11
{4aSR, 7aSR} -7a- {5-Bromo-2-flucrofenil) -4a,5, 7, 7a-tetrahidro-

4H-furo[3,4-d] [1,3]tiazin-2-amina racémica

Se agregd acido clorhidrico acuoso 5N (158 mL) a N-
{7a- (5-bromo-2-fluorofenil)-4a,5,7, 7a-tetrahidro-4H-furo (3, 4-
d] [1,3)tiazin-2-il)benzamida {(16.35 g, 7.89 mmol) y la mezcla
se calentd a 90°C. Después de 18 horas, la mezcla se dejd
enfriar a temperatura ambiente y lavd con diclorometanoc. La

capa orgénica se extrajo una vez con acide clorhidrico acuoso
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SN. El pH de la capa acucsa se ajustd a basico con 50% de
hidréxide de sodio acuoso y se extrajo dos veces con 10% de
alcohol isopropilico:diclorometano. La capa orginica se
concentrd bajo presién reducida. El1 residuo resultante se
purificé por cromatografia radial eluyendo con 2% hasta 5% de
amoniaco 7N en metanol:diclorometano para dar el compuesto
del titulo (2.23g, 47%). ES/MS m/e ("°Br/%Br) 331, 333 (M+1).
Los siguientes compuestos en la Tabla 8 se
prepararon esencialmente por el método de  (4aSR, 7aSR)-7a- (5-
bromo-2-fluorofenil)-4a,5,7,7a-tetrahidro-4H-furo[3, 4-

d] {1,3]tiazin-2~-amina racémica.

Tabla 8
ES/MS
Prep | Nombre quimico (m/e)
(M+1)
(4aSR,7aS8R) -7a- {3-Bromo-4-fluorofenil) - Isdmero 1:

4a,5,7,7a-tetrahidro-4H-furo[3,4-d] [1,3]tiazin- | {("°Bx/*Br)

lla 2-amina racémica; (4aSR,7aSR)-7a-(2-Fluoro-5- |331/333;
yodofenil)-4a,5,7,7a-tetrahidro-4H-£furo (3, 4- Isémero 2:
d] (1,3]tiazin-2-amina racémica' 379

11 Se recuperaron los compuestos como una mezcla.
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Preparacidn 12
N-{{4aS,7a8)-7a-{5-Amino-2-fluorofenil) -4a,5,7, 7a-tetrahidro-

4H-furo[3,4-4] [1,3)tiazin-2-il)benzamida

A un matraz de fondo redonde de 2 L se agregd N-
((4as5, 7a8) -7a- (5-bromo-2-fluorofenil) -4a,5,7, 7a-tetrahidro-
4H-furo(3,4-d] [1,3]1tiazin-2-il)benzamida (35.0 g, 80.4
mmol), trifluorcacetamida (16.2 g, 143 mmol), yoduro de cobre
(I) (2.66 g, 13.7 mmol), yoduro de sodic (21.3 g, 141 mmol) vy
carbonato de potasioc (21.5 g, 153 mmol). El matraz se cubrid
con a septo, vacio y se llend nuevamente con nitrdgeno. Se
agregé 1,4-dioxano (731 mL) (previamente desgasificado con
nitrégeno a vacio) via canula, y se agregd N, N'-dimetil-,
trans (+/-) 1,2-ciclohexandiamina (10.1 g, 70.8 mmol). La
mezcla se colocd en un bafic de aceite precalentado a 100°C y
se agitd a esta temperatura por 19 h. El septo se reemplazd
por un condensador a reflujo y una mezcla de metanol (154 mL)
y agua (154 mL) se agregd a través del condensador. La mezcla
se agitdé a 100°C por 3.5 h, se enfrid a 22°C, y concentrd
parcialmente bajo presién reducida (a un volumen de 0.6 L).
Se agregd® hidréxido de amonio acuoso (25%, 154 wml) vy la

mezcla se agitd por 10 min. La mezcla se extrajo tres veces
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con acetato de etilo (3 X 500 mL) y el solvente se removid
bajo presidn reducida. Se obtuvo un residuo que se purificd
por cromatografia instantdnea con un gradiente lineal de 50%
hasta 75% de acetato de etilo en hexano para dar el compuesto

del titulo (14.9 g, 47%). ES/MS m/e: 372 (M+1).

Preparacidén 13
N-{(4as8,7a8)-7a- (3-Azidofenil)-4a,5,7, 7a-tetrahidro-4H-

fure([3,4-d] [1,3]tiazin-2-il)benzamida

Una solucidn 0.66 M de acido L-ascdrbico se prepard
disolviendo sal sédica de acide L-ascédrbico (0.79 g, 2.0
mmol) en agua (6 mL) . N- ({4a8,7a8)-7a- (3-bromofenil) -
4a,5,7,7a-tetrahidro-4H-furo([3,4-d] [1,3]1tiazin-2-il)benzamida
(1.40 g, 3.35 mmol}) y 1,2-ciclohexandiamina, N,N’-dimetil-,
trans (+/-) (162 mg, 1.11 mmol) se disolvieron en etanol
(13;4 mL). Se agregd azida de sodio (0.661 g, 10.1 mmol). Se
agregaron la sal sddica de acido L-ascérbico acuocso 0.66 M
(2.24 mL) y agua (2.58 mL). El matraz de reaccién se ajustéd
con un condensador a reflujo y la mezcla se desgasificd vy
evacuC con nitrégeno. Se agregd pentahidrato sulfato de cobre

(IT) (0.184 g, 0.738 mmol) y el matraz de reaccidn se calentd
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a 80°C y agité por 1.5 h. La mezcla de reaccidén se enfrid a
temperatura ambiente y se agregd agua helada. La mezcla de
reaccidn se extrajo tres veces con acetato de etilo. La fase
organica combinada se secd sobre sulfato de sodio y el
solvente se removid bajo presidn reducida para dar un residuo
que se purificdé sobre gel de silice con 50% de acetato de
etilo en hexanos para dar el compuesto del titulo (0.620 g,
49%) . La elucidén adicional de la cclumna instantanea con 100%
de acetato de etilo proporciond mas compuesto del titulo
(0.488 g, 41%). ES/MS m/e: 380 (M+l).

Los siguientes compuestos en la Tabla 2 se
prepararon esencialmente por el método de N-((4a8,7a8)-7a-(3-
azidofenil) -4a,5,7, 7a-tetrahidro-4H-furo(3,4-d] [1,3]tiazin-2-

il)benzamida.

Tabla 9
ES/MS
Prep Nembre quimico (m/e)
(M+1)
N-{(4aSR, 7aSR) -7a- (3-Azidofenil)-4a,5,7, 7a-
12a tetrahidro-4H-furocf3,4-d4] [1,31tiazin-2- 380
iltbenzamida racémica
N- ((4a8,7a8) -7a- (3-azido-5-fluorofenil) -
13b 4a,5,7,7a-tetrahidro-4H5-furo[3,4- 3o8
dl [1,3)tiazin-2-11)benzamida
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Preparacidn 14
N-({4a8,7a8) -7a- (3-Aminofenil)-4a,5,7, 7a-tetrahidro-4H-

furei3,4-4d) [1,3]tiazin-2-il)benzamida

N- ({4aS,7a8) -7a- (3-azidofenil)-4a,5,7, 7a-
tetrahidro-4H-furo(3,4-4d) [1,3] tiazin-2-il)benzamida (0.62 g,
10 1.63 mmol) se diluyé con etanol (10 mL) y Pd en carbono (10%,
htmedo, 0.062 g). La mezcla se desgasificé y agitd a
temperatura ambiente bajo hidrdgeno (30 psi) durante la
noche. La mezcla se filtrdé a través de tierra diatomicea
usando etanol como un enjuague. El solvente se removid bajo
15 presidén reducida para dar el compuesto del titule, (0.106 g,
18%). ES/MS m/e: 354 (M+1).
Los siguientes compuestos en la Tabla 10 se
prepararon esencialmente por el método de N-{(4aS,7aS}-7a-(3-
aminofenil) -4a,5, 7, 7a-tetrahidro-4H-furo[3,4-4d] {1,3]tiazin-2-

20 il)benzamida.

25



48

Tabla 10
ES/MS
Prep Nombre quimico (m/e)
(M+1)
N-(({4a8SR, 7a3R) -7a- (3-Amincfenil) -
4a,5,7,7a-tetrahidro-4H-furec (3,4~
l4a 354
5 d] [1,3]tiazin-2-il)benzamida racémica
N- ( (4a8, 7a8) -7a- {3-Amino-5-flucrofenil) -
14b 4a,5,7,7a-tetrahidro-4H-furo[3, 4- 372
d] [1,3]tiazin-2-il)benzamida racémica
10 Preparacién 15

N-(3-((4a8,7a8) -2-Benzamido-4a,5, 7, 7a-tetrahidro-4H-furo(3,4-

d] [1,3]tiazin-7a-1l)-4-fluorofenil)-5-fluoropiceolinamide
H

18
H NA\N

L

Una mezcla de N-((4a8,7a8)-7a- {(5-aminc-2-

15 N n
F / N

= 0

fluorofenil)-4a,5,7, 7a-tetrahidro-4H-furo(3,4-d] [1,3]tiazin-
2-il)benzamida (20.4 g, 51.8 mmol}, acido 5-fluoropicolinico
20 (8.77 g, 62.2 mmol), hidrato de 1-hidroxibenzotriazol (10.3
g, 67.4 mmol) y clorhidrato de 1-{3-dimetilaminopropil)-3-
etilcarbodiimida (13.2 g, 67.4 mmol) en wuna mezcla de
diclorometanc (345 mL) y DMF (6.5 mL), se agitd a 22°C
por 80 min. Se agregd una solucidén de hidréxide de sodio 2M

25 (129.5 mL, 252 mmel) y la agitacidén se continud por 10 min.
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La mezcla se separd y la fase acuosa se extrajo dos veces con
diclorometano (2X100 mL). La capa organica se concentrd bajo
presidén reducida y el residuo se diluyd con acetato de etilo
(200 mL). La capa orgadnica se lavd con agua enfriada (2 x 50
mL), salmuera (50 mL) vy filtrd a través de una almohadilla
corta de silice usando 100% de acetato de etilo para dar el
compuesto del titulo (23.8 g, 79%). ES/MS m/e: 495 (M+1).

Los siguientes compuestos en la Tabla 11 se
prepararon esencialmente como se describe en la preparacidn
de N-(3-(({4asS,7aS) -2-benzamido-4a,5,7, 7a-tetrahidro-4H-
furo[3,4-d) [(1,3]tiazin-7a-1l1)-4-fluorofenil) -5-

fluoropicolinamida.

Tabla 11
ES/MS
Prep | Nombre quimico : (m/e)
(M+1)
N-{3-({4a8,7a8)-2-Benzamido-4a,5,7,7a-tetrahidro-
15a 4H-furo(3,4-d} [1,3]tiazin-7a-1il1l)fenil)-5- 477
fluoropicolinamida
N-(3-{({4a8,7a8)-2-Benzamido-4a,5,7,7a-tetrahidro-
15b 4H-furo([3,4-4] [1,3]tiazin-7a-il) -5-fluocrofenil) - 495
5-fluoropicolinamida
N-(3-((4aSR,7aSR) -2-Benzamido-4a,5, 7, 7a-
15c tetrahidro-4H-furol3,4-d] [1,3]tiazin-7a- 477
il)fenil)-5-fluoropicolinamida racémica
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Preparacién 16
N-(3-((4as8,7a8)-2-Amino-4a,5%,7, 7a-tetrahidro-4H-furo(3,4-

dl {1,3]tiazin-7a-1il)-4-fluorofenil)-5-flucropicolinamida

H
12
N7 NH,
N HOF
Fel/ N
— O
Una solucién de N-(3-((4a5,7a8})-2-benzamido-

4a,5,7,7a-tetrahidro-4H-furo(3,4-d] [1,3]tiazin-7a-1il) -4-
fluorofenil}-5-fluoropicolinamida (23.7 g 40.8 mmol},
clorhidrato de o-metilhidroxilamina (34.4 g, 412 mmel) vy
piridina (33.3 mL) en etanol (735 mL) se calentd a 50°C por 4
h. La mezcla se concentrd. El residuo se lavé dos veces con
metil terc-butil éter (2 X 250 mlL) y vertid en una solucidn
acuosa saturada de bicarbonato de sodio (453 mL}). La
suspensién se sacudidé por 5 min y extrajo con diclorometano
(L x 1Ly 2x0.50L}). La capa organica se 1ay6 con agua (0.5
L) se secd sobre sulfato de magnesic y el solvente se removid
bajo presidén reducida para proporcionar un sélido. Se obtuvo
un =6lido adicional a partir de la fase acuosa por
filtracidén. Los sdélidos se combinaron y trituraron con agua
(300 mL) en un bajlo de ultrasonido por 30 min. La suspensidn
se filtrd, lavdé con agua, y secd bajo vacio para dar el

compuesto del tituleo (17.3 g, 100%). ES/MS m/e: 391 (M+1).
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Preparacidén 17
1,5-Dibrome-2, 4-difluorcbenceno
Br Br
;]::j:F

Se agregd polvo de hierroc (16.49 g, 291 mmol) a 1-
bromo-2,4-difluorobenceno {110 mL, 968 mmol) en 1,2-
diclorcetano {968 mL) en un matraz de 3 cuellos a temperatura
ambiente bajo una corriente de nitrdgenc. Una solucidén de
bromo (59.7 mL, 1.16 mol) en 1,2-diclorcetanc {968 mL) se
agregd por goteo durante 1 hora y la mezcla de reaccidn se
agitd a temperatura ambiente por 18 h. La mezcla de reaccidn
se enfrid a 0°C y se agregd una solucidn acuosa saturada de
bisulfito de sodio {(1.11 L, 533 mmol) por goteo y la mezcla
se separd. La fase acuosa se extrajo con diclorometano. La
capa organica se lavdé con una solucidn acuosa saturada de
bicarbonato de sodio, agua, y salmuera. La capa organica se
secd sobre sulfato de sodio, y el solvente se removid bajo
presién reducida para dar un residuo purificade con una
almohadilla de silice wusando éter dietilico para dar el
compuesto del tituleo (229 g, 76%). gy NMR (400 MHz, CDCl,) &

7.70 (dd, J= 4.6, 6.8 Hz, 1H), 6.95-6.92 (m, 1H}.
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Preparacién 18
4- (3-Bromofenil)tetrahidro-2H-piran-4-ol,

Br

i\ una solucidén agitada a -78°C de 1,3-
dibromobenceno (19.71 g, 81.05 mmol) en THF (150 mL), se
agregé butil litio 1.6 M en hexano (50.66 mL, 81.05 mmol) y
la reaccidn se agitdé 10 minutos. Tetrahidro-4H-piran-4-ona,
(5.41 g, 54.04 mmol) se agregd por goteo y la reaccidédn se
agitd a -78°C por 2 h. La reaccidn se apagd por adicidén de
cloruro de amonio acuoso saturado (25 mL) y después se diluyd
con minimo de agua y extrajo con EtOAc. La capa orgénica se
secd sobre Na,S0; y el solvente se removid bajo presién
reducida para proporcionar un residuo que sge purificd por
cromatografia en gel de silice eluyendo con un gradiente
lineal de 5% hasta 100% de EtOAc en hexanos para dar el
compuesto del titulo (11.18 g, 76%). GC-MS (m/e): (" Br/®Br)
256, 258 (M-1).

Los sigquientes compuestos en la Tabla 12 se
prepararon esencialmente como se describe en la preparacidn

de (4-{(3-bromofenil)tetrahidro-2H-piran-4-ol.
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Tabla 12
Pre NME Q
P | Nombre quimico ES/MS
No.
{m/e)
(79Br/81Br)
4-(5-Bromo-2-fluorofenil)tetrahidro-2H-pirano-
18a 274/276
4-0l
5 (GC-MS)
('ISBr/EIBr)
4- (3-Bromo-4-fluorofenil)tetrahidro-2H-pirano-
18b 274/276
4-0l%
(GC-MS)
. (79}31_/91}3]:)
4-(5-Bromo-2,4-diflucrofenil)tetrahidro-2H-
18¢ 292/294
piranc-4-o0l
(GC-MS)
10 ("Br/"BX)
18d 1-{3-Bromofenil)ciclohexanol 254/256
(GC-MS)
192 {GC-
18e 1-{4-Fluoro-3-metoxifenil)ciclopentanol )
MS
18f 1- (3-Bromofenil)ciclopentanol®? NMR'*
15
122:1 se usd® tolueno:hexanos como el solvente de reaccidn.
13 Se usd éter dietilico como el solvente de reaccidn.
14 *H NMR (400 MHz, CDCl;) & 7.64 (t, J = 2.0 Hz, 1H), 7.40-
7.31 (m, 2H), 7.19 (t, J = 7.9 Hz, 1H), 1.99-1.82 (m,
20 8H) .

25
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Preparacidon 19
4-(3-Bromofenil)-3,6-dihidro-2H-pirano

Br

Una mezcla de 4-(3-bromofenil)tetrahidrc-2H-piran-
4-0l (11.17 g, 41.3 wmmel) vy monochidrato de A&cide p-
toluensulfdnico (0.797 g, 4.13 mmel) en tolueno (100 mL} se
calentd a reflujo por 30 minutos usando una trampa Dean-Stark
para remover el agua. La reaccidén se diluyd con agua y NaOH
5N y extrajo con EtOAc. La capa organica se secd sobre Na,SO,
y el solvente se removid bajo presién reducida para
proporcionar un residuo que se purificd sobre cromatografia
en gel de silice eluyendo con un gradiente lineal de 5% hasta
100% de EtOAc en hexanos para dar el compuestco del titulo
(8.85 g, 90%). 'H NMR (400 MHz, CDCls) & 2.45-2.50 {(m, 2H),
3.92 (t, 2H, J = 5.71 Hz}, 4.31 (g, 2H, J = 3.07 Hz, J = 5.71
Hz), 6.12-6.14 (m, 1H), 7.1% (t, 1H, J = 7.%1 Hz), 7.28-7.32
(m, 1H), 7.36-7.39 (m, 1H),_7.51 {t, 1H, J = 1.76 Hz).

Los siguientes compuestos en la Tabla 13 se
prepararon esencialmente como se describe en la preparacidn

de 4-(3-bromofenil)-3,6-dihidro-2H-piranc.




55

Tabla 13
NMR o
Prep | Nombre quimico GC-MS
{m/e)
("Br/**Br)
19a 4- (5-Bromo-2-fluorofenil) -3,6-dihidro-2H-pirano | 256/258
5
(TBBI/BIBI)
19b | 4-{3-Bromo-4-fluorofenil)-3,6-dihidro-2H-pirano | 256/258
(']'BBI./B].BI_}
4-{5-Bromo-2,4-difluorofenil) -3,6-dihidre-2H-
19¢ 274/276
pirano
10 (TQBr/SlBr)
19d | 1-Bromo-3-ciclochexenilbenceno 236/238
1%e | 4-Ciclopentenil-1-flucro-2-metoxibenceno - 192
19f | 1-Bromo-3-ciclopentenilbenceno NMR'®
15 15'H NMR (400 MHz, CDCl,} & 7.5% (t, J = 2.0 Hz, 1lH), 7.35-
7.31 (m, 1H), 7.18-7.14 (m, 2H), 6.21-6.17 {(m, 1H),
2.73-2.68 {(m, 2H), 2.56-2.50 {m, 2H), 2.01 (gquinteto, J
= 7.5 Hz, 2H).
20

25
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Preparacién 20

(4-(3-Bromofenil)-3,6-dihidro-2H-piran-3-il)metanol

Br

= OH
0

Una solucidn a 0°C de 4-(3-bromofenil)-3,6-dihidro-
2H-pirano (0.50 g, 2.09 mmol) en CH,Cl; (15 mL), se tratd con
paraformaldehido (0.208 g, 2.20 mmol} y agitd por 5 minutos a
0°C. Una solucién 1 M de cloruro de dimetilaluminio en
hexanos (3.03 mL, 3.03 mmol), se agregd por goteo a la
suspensidén. La reaccidn se calentdé a temperatura ambiente y
agitd por 1 hora. La reaccidn se enfrid a 0°C y se agregd mas
paraformaldehido (0.208 g, 2.20 mmol) vy solucién 1M de
cloruro de dimetilaluminio en hexanos (3.03 mL, 3.03 mmol).
La reaccidn se calentd a temperatura ambiente y agitd durante
la noche. La reaccidn sé apagd vertiendo en una mezcla de
hielo/HCl 1N y se extrajo tres veces con EtOAc. Las capas
organicas combinadas se secaron sobre Na,S0, y el solvente se
removié bajo presidn reducida para proporcionar un residuo
gque se purificd sobre cromatografia en gel de silice eluyendo
conn un gradiente lineal de 5% hasta 100% de EtOAc en hexanos
para dar el compuesto del titulo (0.315 g, 53%). 'H NMR (400
MHz, CDCls)y & 7.50 (t, J = 2.0 Hz, 1H), 7.40 (dd, J = 2.2, 7.9

Hz, 1H), 7.29-7.27 (m, 1H), 7.20 (t, J= 7.9 Hz, 1H}, 6.11 (t,
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J= 2.9 Hz, 1H), 4.32-4.29 {(m, 2H), 4.28-4.25 {(m, 1H), 3.76
(dd, J = 3.1, 11.4 Hz, 1H), 3.70-3.64 {m, 2H), 2.70 (4, JT =
2.2 Hz, 1H), 1.89 (add, J = 4.6, 6.4 Hz, 1H).

Los siguientes compuestos en la Tabla 14 se
prepararon esencialmente como se describe en la preparacidn

de (4-(3-bromofenil)-3,6-dihidro-2H-piran-3-il)metanol.

Tabla 14
NMR o GC-
Prep | Nombre quimico ' MS (m/e)
{M+1)
(4- (S-Bromo-2-fluorofenil) -3, 6-dihidro-2H- {(""Br/®'Br)
20a
pirano-3-il)metanol 286/288

(4-(3-Bromo-4-fluorofenil)-3,6-dihidro-2H-
20b NMR®
pirano-3-il)metanol

(4-(5-Bromo-2,4-difluorofenil)-3,6-dihidro-
2H-pirano-3-il)metanol

(TBBr/BlBr)

20d (2-{3-Bromofenil)ciclohex-2-enil)metanol
266/268

(2- {4-Fluoro-3-metoxifenil) ciclopent-2-
20e 222
enil)metanocl

20f (2- (3-Bromofenil)ciclopent-2-enil)metanol NMR'®

16 'H NMR (400 MHz, CDCl;) & 7.52 (dd, J = 2.2, 6.6 Hz, 1H),
7.26-7.22 f(m, 1H), 7.06 (t, J = 8.4 Hz, 1H), 6.04 (t, J
- 2.6 Hz, 1H), 4.28-4.22 (m, 3H), 3.73 (dd, J = 3.1,
11.4 Hz, 1H), 3.64-3.62 (m, 2H), 2.63 (d, J = 1.3 Hz,
1H), 1.88 (s, 1H).

17'H NMR (400 MHz, CDCl;) & 7.41 (t, J = 7.7 Hz, 1H), 6.86
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(dd, J = 8.4, 10.1 ﬁz, 1H), 5.96 (t, J = 2.6 Hz, 1H),
4.27-4.25 {(m, 1H), 4.15-4.06 {(m, 2H), 2.83 {(dd, T = 3.5,
11.4 H=z, 1H), 3.61 (d, J = 4.8 Hz, 2H), 2.69-2.64 (m,
1H}), 1.75-1.91 (s, 1H).

18 'H NMR (400 MHz, CDCl;) & 7.53 (s, 1H), 7.32 (t, T = 7.2
Hz, 2H), 7.15 (t, T = 7.9 Hz, 1H}), 6.19 (s, 1H), 3.67
(dd, J = 3.7, 10.8 Hz, 1H), 2.54 (dd, J = 6.4, 10.8 Hz,
1H), 3.31 (ad, J = 1.3, 2.6 Hz, 1H), 2.57-2.47 (m, 2H),

2.23-2.13 (m, 1H), 2.02-2.02 (m, 1H).

Preparacién 21
Metansulfonato de (4- (3-Bromofenil)-3,6-dihidro-2H-piran-3-
il)metilo

Br:

AP
~ o SN
0
Una solucidén a 0°C de (4- {3-bromofenil})-3,6-~

dihidro-2H-piran-3-il)metanol (0.205 g, 1.08 mmol) en CH,Cl,
{10 mL), se tratd con trietilamina (0.218 g, 2.15 mmol}) Vv
después cloruro de metansulfonile (0.148 g, 1.29 mmol) y la
reaccidn se agitd a 0°C por 30 min. La reaccidén se diluyd con
agua y extrajo con CH;Cl,. La capa orgéanica se secd scbre
Na,S0, y el solvente se removid bajo presidn reducida para

proporcicnar el compuesto del titulo {(0.432 g, 97%). 'H NMR
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(400 MHz, CDCl;) & 7.51 (t, J = 1.8 Hz, 1H), 7.44-7.41 (m,
1H), 7.31-7.29 {m, 1H), 7.25-7.21 (m, 1H), 6.18 {t, J = 2.6
Hz, 1H), 4.33-4.31 (m, 2H), 4.20 (dd, J = 1.5, 11.6 Hz, 2H},
4.14-4.08 (m, 1H}, 3.72-3.68 (m, 1H), 2.01-2.%8 (m, 1H), 2.95
(s, 3H).

Los siguientes compuestos en la Tabla 15 se
prepararon esencialmente como se describe en la preparacidén
de metansulfonato de (4-(3-bromofenil)-3,6-dihidro-2H-piran-

2-ilimetilo.

Tabla 15
NMR (@)
. GC-MS
Pre Nombre quimico
p d (m/e)
(M+1)

metansulfonato de (4-(5-Bromo-2-fluorofenil)-3,6-
21a NMR*®
dihidro-2H-pirano-3-il)metilo

metansulfonato de (4-(3-Bromo-4-flucrofenil)-3,6-
21b NMR"°
dihidro-2H-pirano-3-il)metilo

metangulfonato de (4-{5-Bromoc-2,4-difluocrofenil)-
21c NMR?!
3,6-dihidro-2H-pirano-3-il)metilo

metangulfonato de {(2- {3-Bromofenil)ciclohex-2-

21d NMR?*
enilimetilo
metansul fonato de {2-{4-Fluoro-3-

21e
metoxifenil)ciclopent-2-enillmetilc 300
metansulfonate de {2-{3-Bromofenil)ciclopent-2-

21f NMR**

enil)metilo?®?

19'H NMR (400 MHz, CDCl;) & 7.36 (ddd, J = 8.4, 4.4, 2.6

Hz, 1H), 7.31 (ad, J = 2.6, 6.6 Hz, 1H), 6.93 (dd, J =

o
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8.8, 10.1 Hz, 1H), 6.04 (t, J = 2.6 Hz, 1lH), 4.20-4.31
(m, 3H), 4.08-4.03 {(m, 2H), 3.80-3.76 (m, 1H), 3.10 (s,
1H), 2.89 (s, 3H).

20'H NMR (400 MHz, cncig & 7.56 (dd, J = 2.2, 6.6 Hz,

1H}, 7.28 (ddd, J = 8.6, 4.6, 2.4 Hz, 1H), 7.11 {(t, J =

8.4 Hz, 1H), 6.13 (t, J = 2.9 Hz, 1H), 4.32-4.30 (m,
2H), 4.24 (t, J = 10.1 Hz, 1H), 4.19 (dd, J = 1.3, 11.4
Hz, 1H), 4.10-4.06 (m, 1H}), 3.68 (ddd, J = 11.6, 2.9,
1.3 Hz, 1H), 2.95 (s, 4H).

21 'H NMR {400 MHz, CDCl;} & 7.39 (t, J = 7.7 Hz, 1H), 6.89
(dd, J= 8.1, 10.3 Hz, 1H), 6.02 (t, J = 2.6 Hz, 1H},
4.20-4.31 (m, 3H), 4.08-4.02 (m, 2H), 3.81-3.75 (m, 1H),

2.92 (s, 4H).

22'H NMR,K (400 MHz, CDCl;) & 7.42-7.44 {(m, 1H}, 7.36-3.39
(m, 1H), 7.18-7.22 {(m, 2H), 6.08-6.11 (m, 1H), 4.00-4.03
(m, 2H), 3.08-3.13 (brd, 1H), 2.85 (s, 3H), 2.18-2.22

{m, 2H), 1.94-2.01 (m, 1H), 1.78-1.88 (m, 1H), 1.63

]
=

71
(m, 2H).

23 Se utiliza DMAP y trietilamina en esta reaccidn.

24'H NMR (400 MHz, CDCls;) & 7.53 (s, 1H), 7.37-7.29 (m,
2H), 7.19 (t, J = 7.9 Hz, 1H), 6.22 (s, 1H), 4.26 {(d4dd, J
= 4.0, 10.1 H=z, 1H), 4.01 (dd, J = 7.9, 9.7 Hz, 1H),
31.54-3.52 {(m, 1H), 2.86 (s, 3H), 2.59-2.51 (m, 2H},
2.28-2.19 (m, 1H}, 2.04 {ddd, J = 17.0, 7.8, 3.8 Hz,

1H) .
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Preparacién 22
Metansulfonato de (4-(3-Bromofenil)-3,6-dihidro-2H-piran-3-

il)metil carbamimidotioato

Br

Ay

O
S

H

[\Y

N\ LO

I
o’

Yz

& S NH,

Una mezcla de metansulfonato de (4-{3-bromofenil)-
3,6-dihidro-2H-piran-3-il)metilo {(4.82 g, 11.7 mmol) Y
tiourea (1.78 g, 23.3 mmol) en alcohol isopropilico (100 mL)
se calentd a reflujo por 24 h. La reaccidén se enfrié y el
solvente se removid bajo vacio reducido para dar un residuo
que se combind con acetonitrilo (30 mL) y hexanos (10 mL).
Cristalizd un sdélido y la suspensién se enfrid a 0°C. La
suspensidn se f£iltrd usando 3:1 ACN:hexanos como un enjuague
{25 mL) para dar el compuesto del titulo como la sal de
mesilato (3.45 g, 70%). ES/MS m/e (7°Br/*Br) 327, 329 (M+1).

Los siguientes compuestos en la Tabla 16 se
prepararon esencialmente como se describe en la preparacién
de metansulfonato de (4-(3-bromofenil)-3,6-dihidro-2H-piran-

3-il)metil carbamimidotiocato.
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Tabla 16
ES/MS
Prep | Nombre guimico (m/e)
(M+1)
metansulfonato de (4-(5-Bromo-2-fluorofenil)-3,6- | (7’Br/"Br)
222 dihidro-2H-piran-3-il)metil carbamimidotioato 345/347
metansulfonato de (4-(3-Bromo-4-fluorofenil)-3,6- | ("’Br/**Br)
22b dihidro-2H-piran-3-il)metil carbamimidotiocato 345/347
metansulfonato de (4-{5-Bromo-2,4-difluorofenil)- | {""Bxr/*'Br)
22¢ 3,6-dihidro-2H-piran-3-il)metil carbamimidotiocato | 363/365
metansulfonatc de {2- (3-Bromofenil)ciclohex-2- | (""Br/*Br)
22d enil)metil carbamimidotiocato 325/327
metansul focnato de {2-(4-fluoro-3-
22e metoxifenil)ciclopent-2-enil)metil . 281
carbamimidoticato
metansulfonato de (2-(3-bromofenil)ciclopent-2-| ("’Br/*'Br)
22t enil)metil carbamimidotiocato 311/313

3,6-dihidro-2H-piran-3-il)metil
8.05 mmol)

por 5 h.

Preparacidén 23

(4aSEk, 8a8SR) -8a- {3-Bromofenil)-4,4a,5,7,8, 8a-

hexahidropirano{4,3-d] (1,3]tiazin-2-amina racémica

Br : Br

Una mezcla de metansulfonato de
carbamimidotioato

en adcido metansulfdnico (35 mL)

La reaccidn se enfrid y agregd a agua helada.

{(4- (3-bromecfenil) -

(3.41 g,

ge calenté a 50°C

La
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mezcla se diluyd con EtOAc y el pH se ajustd con NaOH SN a
basico. La capa acuosa basica se extrajo tres veces con
acetato de etilo y la capa organica se secd sobre Na,SO,. El
solvente se removid bajo presidn reducida. El1 residuo
resultante se triturdé con CHCl, para dar el compuesto
racémico del titulo. Se obtuvo producto racémico adicional
por purificacidén del filtrado por cromategrafia en gel de
silice eluyendo con un gradiente lineal de 1% hasta 10% de
NH;/MeOH 7M en CH,Cl, {1.99 g, 76%). ES/MS m/e {(°Bxr/®'Br) 327,
329 (M+1) .

Los siguientes compuestos en la Tabla 17 se
prepararon esencialmente como se describe en la preparacidn
de {4aSR, B8a8R) -8a- (3-bromofenil)-4,4a,5,7,8, 8a-

hexahidropirano([4,3-d] [1,3]tiazin-2-amina.

Tabla 17
ES/MS
Prep | Nombre quimico (m/e)
(M+1}
{4aSR, 8aSR) -8a- (5-Bromo-2-fluorofenil) - 29 ot
) {”Br/""Br)
23a 4,4a,5,7,8,8a-hexahidropiranc[4,3-
345, 347
d]l {1,3)tiazin-2-amina racémica®
{4aSR,8aSR) -8a- (3-Bromo-4-fluorofenil) - . ’
. ("’Br/*'Br)
23b 4,4a,5,7,8,8a-hexahidropirano(4,3-
345/347
d] [1,3]tiazin-2-amina racémicaZ®®
{4aSR, 8a8R) -8a- {5-Bromo-2,4-difluorofenil) - 2
("Br/*Br)
23c 4,4a,5,7,8,8a-hexahidropiranc(4,3-
363/365
d] (1,3]tiazin-2-amina racémica®
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ES/MS
Prep | Nombre quimico {m/e)
(M+1)
{(4aRS, 8aSR) -8a- {3-Bromcfenil) -4a,5,6,7,8,8a-
. . . (‘79Br/BlBr)
23d hexahidro-4H-benzo[d] [1,3]tiazin-2-amina
325/327

racémica

{4aRS, 7a8R) -7a- {4-Fluoro-3-metoxifenil) -

4,4a,5,6,7,7a-
23e . 281
hexahidrociclopenta(d] [1,3]tiazin-2-amina

racémica®’
Metansulfonato de (4aRS, 7aSR) -7a- {3~
. (79Br/alBr)
23f Bromofenil)-4,4a,5,6,7,7a-
211/313

hexahidrociclopentald] [1,3]tiazin-2-amina®®

25 La reaccién se calentd a 90°C durante la noche.

26 La reaccidn se calentd a 50°C por 5 h.

27 La reaccidén se agitd a temperatura ambiente por 3 h.

28 La reaccidn se agitd a temperatura ambiente por 17 h. El .

producto se aisld como la sal.

Preparacidn 24
{(4aSR, 8aSR) -8a- (3-bromofenil)-4,4a,5,7,8,8a-
hexahidropirano([4,3-d] [1,3]tiazin-2-ilcarbamato de terc-
butilc racémico

i

H
O S O 0 S O
%N\/J\”Jkok . L %N/J\ﬁ,lok
Br Br

Una mezcla de {4aSR, 8aSR) -8a- (3-bromofenil} -
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4,4a,5,7,8,8a-hexahidropirano(4,3-d] [1,3]tiazin-2-amina
racémica (2.08 g, 6.36 mmol) y di-t-butildicarbonato (2.77 g,
12.7 mmol) en 1,4-dioxano (60 mL) y NaHCO; acuosc saturado (60
mL), se agitd a temperatura ambiente por 8 h. La mezcla se
diluyd agua y extrajo tres veces con EtOAc. Las capas
organicas combinadas se secaron sobre Na,S0, y el solvente se
removid bajo presidén reducida para proporcionar material que
se purificd por cromatografia en gel de silice eluyendo con
un gradiente lineal de 5% hasta 100% de EtOAc en hexanos para
dar el compuesto del titulo (2.81 g, 100 %). ES/MS m/e
(7Br/*'Br) 427, 429 (M+l).

Los siguientes compuestos en la Tabla 18 se
prepararon esencialmente como se describe en la preparaciodn
de (4aSR, 8aSR) -8a- (3-bromofenil) -4,4a,5,7,8, 8a-
hexahidropiranc[4,3-d} [1,3]tiazin-2-1ilcarbamato de terc-

butilo racémico.

Takla 18
ES/MS
Prep [ Nombre guimico {(m/e)
{M+1)
(4a8R, 8aSR) -8a- (5-bromo-2-fluorofenil) - ) .
("*Br/*Br)
24a 4,4a,5,7,8,8a-hexahidropiranc(4,3-d] [1,3]tiazin-
445/447
2-ilcarbamato de terc-butilo racémico
{4aSR, 8aSR) -Ba- {3-bromo-4-fluorcfenil) -
. (TQBI/BlBr}
24b 4,4a,5,7,8,8a-hexahidropirano([4,3-4d] [1,3]tiazin-
445/447
2-ilcarbamato de terc-butilo racémice
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ES/MS
Prep |Nombre quimico {m/e)
. {M+1)
{4aSR, 8a8R) -Ba- (5-bromo-2,4-difluorofenil) -
4,4a,5,7,8,8a-hexahidropirano[4,3- ("*Br/%'Br)
24¢
d) [1,3]tiazin-2-ilcarbamato de terc-butilo | 463/465
racémico
{4aRS, 8aSR) -8a- (3-bromofenil)-4a,5,6,7,8,8a-
. i l (79Br/ElBr)
244d hexahidro-4H-benzo[d] [1,3itlazin-2-
425/427
ilcarbamato de terc-butilo racémico
{4aRS5, 7aSR) -7a- (4-fluoro-3-metoxifenil) -
4,4a,5,6,7,7a-
24e 381
hexahidrociclopental(d] [1,3]tiazin-2-
ilcarbamato de terc-butilo racémico
{4aRS, 7aSR) -7a- {3-bromofenil)-4,4a,5,6,7, 7a- .,
. . ("Br/*Br)
24f hexahidrociclopental[d] [1,3)tiazin-2-
_ 411/413
ilcarbamato de terc-butilc racémico
{(4aSR, 7a8R) -7a- (5-bromo-2-fluorofenil) -
4a,5,7,7a-tetrahidro-4H-furo([3,4- (""Br/*BIr)
24g
d] [1,3)tiazin-2-ilcarbamato de terc-butilo | 431/433

racémico

Preparacion 25

{8aS) -8a- (3-bromofenil)-4,4a,5,7,8,8a-hexahidropiranc[4,3-

dj [1,3]tiazin-2-ilcarbamato de terc-Butilo,

O
{—%ﬂ:

5 0O
Atk

B

{4aSR, 8aSR) -8a- (3-bromofenil}-4,4a,5,7,8,8a-
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hexahidropirano[4,3-d] [1,3]tiazin-2-ilcarbamato de terc-
butilo racémico (2.80 g, 6.55 mmol) se purificéd por HPLC
quiral: Columna: Chiralcel OJ 8 x 35 cm; eluyente: 75:25
(metanol:acetonitrilo); flujo: 400 mL/min a UV 260 nm., El
seqgundo isdmero eluyente se aislé para proporcionar el
compuesto del titulo enantioméricamente enriquecido (1.31 g,
47%). ES/MS m/e (7°Br/®'Br) 427, 429 (M+l1).

Los siguientes compuestos en la Tabla 19 se
prepararon esencialmente como se describe en la preparacién
de {8a8)-8a-(3-bromofenil)-4,4a,5,7,8,8a-hexahidropirano(4,3-

d] [1,3)tiazin-2-1lcarbamato de terc-butilo.

Tabla 19
Pre ES/MS
No P | Nombre gquimico {m/e)
’ (M+1)
(8a%) -8a- {5-bromo-2-fluorofenil)-4,4a,5,7,8,8a-
(TSBI/BlBr)
25a hexahidropirano(4,3-d] [1,3]tiazin-2-ilcarbamato
445/447
de terc-Butilo
(8a8) -8a- (2-bromo-4-fluorofenil) - - .
{""Br/"Br)
25b 4,4a,5,7,8,8a-hexahidropirano{4, 3-
445/447
d] [1,31tiazin-2-ilcarbamato de terc-Butilo
(8a8) -8a- (5-bromo-2,4-difluorofenil) - . 0
("’Rr/"Br)
25c¢ 4,4a,5,7,8,8a-hexahidropirano(4,3-
463/465
d]l [1,3]tiazin-2-1lcarbamato de terc-Butilo
(8as8)-8a- (3-bromofenil)-4a,5,6,7,8, 8a- .
(7Br/*Br)
25d hexahidro-4H-benzo{d] [1,3]tiazin-2-ilcarbamato
425/427
de terc-Butilo
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No P. Nombre gquimico (m/e)
] _ (M+1)
{(7a8)-7a-(4-fluocro-3-metoxifenil} -
25e 4,4a,5,6,7,7a-hexahidrociclopenta 381
[d] [1,3]tiazin-2-ilcarbamato de terc-Butilo
{(7a8)-7a- (3-bromofenil) -4,4a,5,6,7,7a-
. , . ) ("Br/*Br)
25f hexahidrociclopenta[d) [1,3]tiazin~2-ilcarbamato
_ 411/413
de terc-Butilo

Preparacidn 26
(8asS) -8a- (3-azidofenil)-4,4a,5,7,8, 8a-hexahidropirano (4, 3-

d] {1,3]tiazin-2-ilcarbamato de terc-Butilo

X

H

A

Una solucidén de sulfato de cobre 0.33 M se prepard

N
H

disolviendo pentahidrato sulfato de cobre (II) (1.0 g, 2.0
mmol) en agua (12 mL). Una solucidn 0.66 M de &cido L-
ascoérbico se prepard disolviendo sal sddica de A&acido L-
ascorbico (1.58 g, 4.0 mmol) en agua (12 mL). A una solucidn
de (8a8)-8a-(3-bromofenil)-4,4a,5,7,8,8a-hexahidropirano(4,3-
d) [1,3]tiazin-2-ilcarbamato de terc-butile (0.500 g, 1.20
mmol) en etanol (3.6 mL} se agregd azida de sodio (0.228 g,
3.50 mmol}), 1,2-ciclcohexandiamina, N,N'-dimetil-, trans (+/-)
(0.0542 g, 0.386 mmol), sal sédica de A&acide L-ascdrbico
acuoso 0.66 M (0.772 mL, 0.509 mmol), vy agua {(0.71 mL) y la

mezcla se purgd con nitrdgeno. Una solucidén acuosa 0.33 M de
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pentahidrato sulfato de cobre (II) (0.773 mL, 0.255 mmol} se
agregd® vy la reaccidén se calentd a 80°C por 12 min. ILa
reaccidn se vertid en agua fria para proporcionar una mezcla
azul que se extrajo tres veces con EtOAc. La capa orgdnica se
secd sobre Na,SQ; para proporcionar material crudo el cual se
purificd por cromatografia en gel de silice eluyendo con un
gradiente lineal de 5% hasta 100% de EtOAc en hexanos para dar
el compuesto del titulo (0.400 g, 88 %). ES/MS m/e: 390 (M+1).
Los siguientes compuestos en la Tabla 20 se
prepararon esencialmente como se describe en la preparacidn
de (8aS)-8a-{(3-azidofenil)-4.,4a,5,7,8,8a-hexahidropiranc(4,3-

d] [1,3]1tiazin-2-ilcarbamato de terc-butilo.

Tabla 20
ES/MS
Prep | Nombre quimico (m/e)
{M+1)

{8ag8) -8a-(5-azido-2-flucrofenil)-4,4a,5,7,8,8a-
26a | hexahidropirano({4,3-4][1,3]tiazin-2-ilcarbamato 408
de terc-Butilo

(8aS) -8a- (3-azido-4-fluorofenil)-4,4a,5,7,8,8a-
26b hexahidropirano(4,3-d] [1,3)tiazin-2-ilcarbamato 408
de terc-Butilo

{8a8)-8a- (3-azidofenil})-4a,5,6,7,8,8a-hexahidro-
26¢ 4H-henzof{d] {1,3)tiazin-2-ilcarbamato de terc- | 388

Butilo
(7a8) -7a- (3-azidofenil) -4,4a,5,6,7,7a-
26d | hexahidrociclopental(d] [1,3]tiazin-2-ilcarbamato 374

de terc-Butilo

{4a8SR, 7aSR) -7a- (5-azido-2-fluorofenil) -
26e 4a,5,7,7a-tetrahidro-4H-furo(3,4-d] [1,3)tiazin-2- 394
ilcarbamato de terc-Butilo racémico

o
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Preparacidén 27
(8a8)-8a-{3-aminofenil)-4,4a,5,7,8,8a-hexahidropiranof4,3-
d][1,3]tiazin~2-ilcarbamgto de terc-Butilo

H

0™ s o
LAk

e

2

Una mezcla de {8aS) -8a- (3-azidofenil) -
4,4a,5,7,8,8a-hexahidropirano(4,3-d] [1,3]tiazin-2-ilcarbamato
terc-butilo de {(0.398 g, 1.02 mmol) y paladio en carbono -10%
en peso {(0.200 g) en etanol (25 mL), se purgd con nitrégeno
después hidrégeno. La reaccidn se agitd a temperatura
ambiente bajo hidrdégeno (30 psi) por 2 h. Se agregd Na,S0; a
la mezcla de reaccidn y se £filtrd a través de tierra
diatomacea, usando metanol para enjuagar la torta de filtro.
El solvente se removidé bajo presidén reducida para dar el
compuesto del titulo (0.361 g, 97%). ES/MS m/e: 364 (M+1).

Los siguientes compuestos en la Tabla 21 se
prepararon esencialmente como se describe en la preparacidn
de (8aS8)-8a-(3-aminofenil)-4,4a,5,7,8,8a-hexahidropiranol(4,3-

d}l [1,3]tiazin-2-ilcarbamato de terc-butilo.
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Tabla 21
ES/MS
Prep | Nombre quimico (m/e)
(M+1)
{8asS) ~8a- (5-amino-2-fluorofenil})-4,4a,5,7,8,8a-
27a | hexahidropirano(4,3-d] [1,3]tiazin-2-ilcarbamato | 382
de terc-Butilo
{8a8) -8a-(3-aminc-4-flucrofenil)-4,44,5,7,8,8a-
27b | hexahidropirano[4,3-d] [1,3]tiazin-2-ilcarbamato | 382
de terc-Butilo
(8aS) -8a-{3-aminofenil)-4a,5,6,7,8,8a-
27c | hexahidro-4H-benzo[d]} [1,3]tiazin-2-ilcarbamato 362
de terc-Butilo
(7aS)-7a- (3-aminofenil) -4,4a,5,6,7,7a-
27d | hexahidrociclopenta(d] [1,3]tiazin-2-ilcarbamato | 348
de terc-Butilo
{4aSR, 7aSR} -7a- {(5-amino-2-flucrofenil) -
27e | 4a,5,7,7a-tetrahidro-4H-furo(3,4-4d] [1,3]tiazin- | 368
2-ilcarbamato de ferc-Butilo racémico

Preparacidén 28

(8aS8) -8a- (3- (5-chloropicolinamide) fenil) -4,4a,5,7,8, 8a-

hexahidropirano([4,3-d] [1,3]tiazin-2-ilcarbamato de terc-

Butilo

H
Cfsok

: N¢i\N'u\O

2 O
=

N
| H

A una mezcla de {8aS)-8a- (3-aminofenil) -
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4,4a,5,7,8,8a-hexahidropiranc([4,3-d] [1,3]tiazin-2-ilcarbamato
de terc-butilo (0.15 g, 0.413 mmol), &acido 5-cloropiridina-2-
carboxilico (0.078 g, 0.495 mmol) vy 1l-hidroxibenzotriazol
(0.073 g, 0.536 mmol) eﬁ CH;Cl, (2.75 mL}) y DMF (0.3 mL), se
agregd clorhidrato de 1-{3-dimetilaminopropil) -3-
etilcarbodiimida (0.103 g, 0.536 mmol). La reaccidn se agitd
durante la noche a temperatura ambiente. La mezcla de
reaccién se diluyd con agua, NaOH SN (0.5 mL) y extrajo tres
veces con CHyCl,. La capa organica combinada se secd sobre
Na,S0; vy el producto crudo se purificd por cromatografia en
gel de silice eluyendo con un gradiente lineal de 5% hasta
100% de EtOAc en hexanos para dar el compuesto del titulo
(0.176 g, 85 %). ES/MS m/e: (**C1/°7Cl) 503, 505 (M+1).

Los siguientes compuestos en la Tabla 22 se

prepararon esencialmente como se describe en la preparacién

de {8as8) -8a- (3-(5-cloropicolinamido) fenil)-4,4a,5,7,8,8a-
hexahidropirano[4,3-d} [1,3]1tiazin-2-ilcarbamato de terc-
butilo.
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22

Prep

Nombre guimico

ES/MS {m/e)

{M+1)

28a

(8aS8) -Ba-{5-(5-cloropicclinamido) -2~
fluorofenil)-4,4a,5,7,8,8a-
hexahidropirano[4,3-d] [1,3]tiazin-2-

ilcarbamato de terc-Butilo

(35Cl /3Tc1 )
521/523

28b

{8as)-8a-(2-fluoro-5-(5-
fluorcpicolinamido) fenil)-4,4a,5,7,8, 8a-
hexahidropirano{4,3-d] [1,3]tiazin-2-

ilcarbamato de terc-Butilo

505

28c¢

{BasS)-8a- (2-fluoro-5-{thiazole-2-
carboxamido) fenil)-4,4a,5,7,8, 8a-
hexahidropiranco(4,3-d] [1,3]tiazin-2-

ilcarbamato de terc-Butilo

493

28d

(8aS) -8a-{2-fluoro-5-(picolinamido) fenil) -
4,4a,5,7,8,8a-hexahidropirano([4,3-

d] [1,3)tiazin-2-ilcarbamato de terc-Butilo

487

28e

{8asS)-8a-(5-(5-cloropirimidin-2-
carboxamido) -2-fluorofenil) -4,44a,5,7,8,8Ba-
hexahidropirano[4,3-d][1,3]Eiazin-2—

ilcarbamato de terc-Butilo

(3*c1/%¥c1ys22,
524

28f

{8a5)-Ba-(2-fluoro-5-(5-fluoropirimidin-2-
carboxamido) fenil)-4,4a,5,7,8, 8a-
hexahidropirano(4,3-d] {1,3]tiazin-2-

ilcarbamato de terc-Butilo

506

28g

(BaS}-8a-(3-(5-cloropicolinamido) -4-
fluorofenil) -4,4a,5,7,8,8a-
hexahidropirano(4,3-d] [1,3]tiazin-2-

ilcarbamato de terc-Butilo

(35c1/37cl)
521, 523
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Prep

Nombre guimico

ES/MS
{M+1)

(m/e)

28h

(8aS) -8a- (3~ (5-cloropicolinamido) fenil) -
4a,5,6,7,8,8a-hexahidro-4H-benzo
[d] [1,3)tiazin-2-ilcarbamato de terc-Butiloe

(35C1/37cl)

501,

503

281

(7a8)-7a-(3- (isonicotinamido) fenil) -
4,4a,5,6,7,7a-hexahidrociclopenta
[d] {1,3]tiazin-2-ilcarbamato de terc-Butilo

453

283

{7a8)-7a- (3- (picolinamido) fenil) -
4,4a,5,6,7,7a-hexahidrociclopenta
(@] [1,3]1tiazin-2~ilcarbamato de terc-Butiloc

453

28k

(7a8)-7a-(3- (pirazin-2-carboxamido) fenil) -
4,4a,5,6,7,7a-hexahidrociclopenta
[d] [1,3]1tiazin-2-ilcarbamato de terc-Butilo

454

28m

(7a8)-7a- (3- (pirimidin-2-
carboxamido} fenil)-4,4a,5,6,7,7a-
hexahidrociclopenta[d] [1,3]tiazin-2-
ilcarbamato de terc-Butilo

454

28n

(7a8)-7a- (3-benzamidofenil)-4,4a,5,6,7,7a-
hexahidrociclopentald] [1,3]tiazin-2-
ilcarbamato de terc-Butilo

452

28p

{7a8) -7a- (3- (pirimidin-4-
carboxamido) fenil)-4,4a,5,6,7,7a-
hexahidrociclopenta[d] [1,3]tiazin-2-
ilcarbamato de terc-Butilo

454

28qg

(7a8R) -7a-(2-fluoro-5-(5-
fluoropicolinamide) fenil) -4a,5, 7, 7a-
tetrahidro-4H-furoc([3,4-d]} [1,3]tiazin~-2-
ilcarbamato de terc-Butilo racémico

491

281

(7a8R) -7a- (5- {5-cloropicolinamido)} -2-
fluorcfenil) -4a,5,7,7a-tetrahidro-4H-
furo[3,4-d] [1,3]tiazin-2-1lcarbamato de
terc-Butilo racémico

507

28s

(7aSR) -7a- (2-fluoro-5- (5-fluoropirimidin-
2-carboxamido) fenil)-4a,5,7,7a-tetrahidro-
4H-furo[3,4-4d] [1,3]tiazin-2-ilcarbamato de
terc-Butilo racémico

4592




Preparacidén 29
(4a5,7aS)-7a- (2-fluoro-5- {5-fluoropiceolinamido) fenil) -
4a,5,7,7a-tetrahidro-4H-furo[3,4-4d] [1,3]tiazin-2-ilcarbamato
de terc-Butilo
> H
L2 1
o TENTN OJV
£ H
f X
N
(4aSR, 7aSR) -7a- (2-fluoro-5-(5-
10 fluoropicolinamido)fenil)-4a,5,7,7a-tetrahidro-4H-furo(3,4-
d] [1,3]tiazin-2-ilcarbamato de terc-butilo racémico (0.226 g,
0.460 mmol) se purificd por HPLC quiral: 2.1 x 25 cm
Chiralcel OD-H, cclumna 5 micrones, 30% metanol/C0,, velocidad
de flujo: 70 mL/min, UV: 230 nm. El segundo isdmero eluyente
15 se aislé para proporcionar el compuesto del titulo
enanctioméricamente enriquecido (0.092 g, 41%). ES/MS (m/e):
491 (M+1).
Los siguientes compuestos en la Tabla 23 se
prepararon esencialmente por el métode de (4aS,7as8)-7a-(2-
20 fluoro-5- (5-flucropicolinamide) fenil)-4a,5, 7, 7a-tetrahidro-

4H-furo[3,4-d] [1,3]tiazin-2-ilcarbamato de terc-butilo.

25
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Tabla 23
ES/MS
Prep | Nombre quimico (m/e)
(M+1)
{4a5, 7a8) -7a- (5- (5-cloropicclinamido) -2-
c 29%a fluorofenil) -4a,5,7,7a-tetrahidro-4H-furol(3,4- 507
d] [1,3)}tiazin-2-1lcarbamato de terc-Butilo
(4a8, 7a8) -7a- (2-fluoro-5- {5-fluoropirimidin-2-
carboxamido) fenil)-4a,5,7,7a~tetrahidro-4H-
29b 492
furo[3,4-d] [1,3]tiazin-2-ilcarbamato de terc-
Butilo
10 Preparacién 30
(8aS)-8a-(2,4-diflucro-5-{pirimidin-5-il) fenil) -
4,4a,5,7,8,8a-hexahidropirano[4,3-d] [1,3] tiazin-2-ilcarbamato
de terc-Butilo
H
O T S O
L ALK
15 - F H
N =
!
o F
Una mezcla de 8a- (5-bromo-2,4-difluorofenil) -
4,4a,5,7,8,8a-hexahidropiranc(4,3-d] {1,3]tiazin-2-ilcarbamato
20 de terc-butilo (0.300 g, 0.647 mmol) en 1,2-dimetoxietano

(10 mlL), etanol {4 mL) y agua (5 mL), se purgd con nitrdgeno
y calentd a 97 °C. Se agregd &cido pirimidin-5-bordénico
(0.655 g, 5.18 mmol), carbonato de cesio (1.90g, 5.83 mmol)
y cloruro de bis(trifenilfosfina)paladie(II) (0.091g, 0.129

25 mmol) en una porcidén UGnica y la reaccidn se calentd a 97°C
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por 20 minutos. La reaccién se enfrid, diluyd con agua, y
extrajo con EtOAc. La capa organica se secd sobre Na,S0, y el
producto crudo se purificd por cromatografia en gel de silice
eluyendo con un gradiente lineal de 5% hasta 100% de EtOAcC en
hexanos para dar el compuesto del titulo (0.2%8 g, 86 %).
ES/MS (m/e): 463 (M + 1).

El siguiente compuesto en Tabla 24 se prepaxrd
esencialmente como se describe en la preparacidén de (8aS)-8a-

(2,4-difluoro-5- (pirimidin-5-il) fenil)-4,4a,5,7,8, 8a-

hexahidropirano(4,3-d] [1,3]tiazin-2-ilcarbamato de terc-
butilo.
Tabla 24

Prep. . ES/MS

No . Nombre quimico (m/e)

(4aSR, 7aSR) -7a- (4-fluoro-3- (pirimidin-5-
il)fenil)-4a,5,7,7a-tetrahidro-4H-furol[3,4-

d] [1,3]tiazin-2-ilcarbamato - de terc-Butiloe
453

30a racémico; (4aSR,7aSR)-7a-(2-fluoro-5-(pirimidin- ( )
M+23

5-il}fenil) -4a,5,7,7a-tetrahidro-4H-furo(3,4-

dl [1,31tiazin-2~-ilcarbamato de terc-Butilo

racémico ??

29 Se recuperaron los compuestos como una mezcla.
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Preparacidén 31
(4aSR, 7aSR) -7a- (4-Fluoro-3- (pirimidin-5-il) fenil) -4a,5, 7, 7a-
tetrahidro-4H-furo[3,4-4d] (1,3]tiazin-2-amina racémica y

(4aSR, 7aSR) -7a- (2-Fluoro-5- (pirimidin-5-il) fenil) -4a,5,7, 7a-

tetrahidro-4H-furoi3,4-d] [1,3]tilazin-2-amina racémica

Una solucién de cloruro de hidrégeno 4M en dioxano
(19.2 mL) se agregd a una mezcla de (4aSR,7aSR}-7a-{4-fluocro-
3-(pirimidin-5-1il) fenil) -4a,5,7, 7a-tetrahidro-4H-furo{3,4-
d]} [1,3]tiazin-2-ilcarbamato de terc-butilo racémico Yy
{4aSR, 7aSR) -7a- {2-fluoro-5- (pirimidin-5-il) fenil) -4a,5,7, 7a-
tetrahidro-4H-furc{3,4-d] [1,3]tiazin-2-ilcarbamato de terc-
butilo racémico (1.80 g, 0.962 mmol) y la reaccidn se agitd a
temperatura ambiente por 3 h. La mezcla se diluyd con HCL
acuoso 1N y se extrajo con diclorometano. Se agregd hidrdxido
de sodioc acucso SN a la capa acuosa para hacerla basica y se
extrajo dos veces con 10% de alcohol isopropilico en
diclorometano. El solvente se removid bajo presidn reducida
para dar un residuo dque se purificd sobre gel de silice

usando cromatografia radial eluyendo con 3% hasta 10% de

amoniaco 2M en metanol:diclorometano. El material se purificd
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nuevamente usando cromatografia radial eluyendo con 10% de
isopropilamina:30% de acetato de etilc:60% hexano para dar el
compuesto del titulos como wuna mezcla racémica de dos

componentes (0.231 g, 73%). ES/MS m/e: 331 (M+1).

Preparacidn 32
(4a8,7a8)-7a- (4-Fluoro-23- (pirimidin-5-il) fenil) -4a,5,7, 7a-
tetrahidro-4H-furo[2,4-d] [1,3]ltiazin-2-amina y
(4a8,7a8) -7a- (2~-Fluoro-5- (pirimidin-5-il) fenil) -4a,5,7, 7a-

tetrahidro-4H-furo[3,4-4] [1,3]tlazin-2-amina

H H
cg g
{1, {1,
N¢LNH2 N NﬁkNHz
¢ _ 4
N F N=

La mezcla de (4aSR,7aSR)-7a-(4-fluoro-3-(pirimidin-
5-11)fenil)-4a,5,7,7a-tetrahidro-4H-furo([3,4-d]) {1,3]tiazin-2-
amina racémica Yy {4aSR, 7aSR) -7a- (2-fluoro-5- (pirimidin-5-
il)fenil)-4a,5,7,7a-tetrahidro-4H-furo(3,4-d] [1,3]tiazin-2-
amina racémica (0.231 g, 0.697 mmol) se separd usando una
columna ¢Chiralpak AD-H 3 x 25 c¢m eluyendo con 3/2 de
EtOH:acetonitrile c¢con 0.2% de dimetiletilamina a una
velocidad de flujo de 30 mL/min., 225 nM para dax {(4a8, 7a8) -
7a- {4-fluoro-3- (pirimidin-5%-il) fenil) -4a,5,7, 7a-tetrahidro-
4H-furo[3,4-d] [1,3]tiazin-2-amina (Tz = 3.12 }(0.032 g, 14%}:

ES/MS m/e: 331 (M+1) y (4a$S,7a8)-7a-(2-fluoro-5-(pirimidin-
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5-il) fenil}-4a,5,7,7a-tetrahidro-4H-furo(3,4-d] [1,3]tiazin-2-

amina (Tp = 4.479 ) (0.058 g, 25%). ES/MS m/e: 331 (M+1).

Preparacién 33
{7a8) -7a- (4-Fluoro-3-metoxifenil)-4,4a,5,6,7,7a-

hexahidrociclopenta(d] [1,3]tiazin-2-amina

A una solucidén de 7a-{4-fluoro-3-metoxifenil)-
4,4a,5,6,7,7a-hexahidrociclopenta(d] (1,3]tiazin-2-ilcarbamato
de terc-butilo (1.04 g, 2.73 mmol} en CH,Cl, (20 mL), se
agregdé TFA (5 mL) y la reaccidén se agitd a temperatura
ambiente por 16 hr. El solvente se removié bajo presién
reducida para dar un residuo que se diluydé con agua y NaOH
5N. La capa acuosa se extrajo cuatro veces con EtOAc. La capa
organica se secd sobre Na,SO, y el solvente se removid bajo
presién reducida. El1 producto crudo se purificd con una
columna de 10 g SCX usando 4:1 CH,Cl,:MeOH y después 2:1
CH,Cl;:7N NH; en MeCOH para eluir el producto y proporciocnar el

compuesto del titulo (0.756 g, 99%). ES/MS m/e: 281 (M+1).
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Preparacidén 34
5-((7a8)-2~-amino-4,4a,5,6,7,7a-

hexahidrociclopenta[d] [1,3]tiazin-7a-il) -2-fluorofenol

HO

A una solucidén a -78°C de (7aS)-7a-(4-fluoro-3-
metoxifenil}-4,4a,5,6,7,7a-hexahidrociclopental[d] [1,3]tiazin-
2-amina (0.717 g, 2.56 mmol) en CHy,Cl, (15 mL), se agregd
tribromuro de boro 11.20 g, 7.67 mmol). La reaccidn se
calentd a 0°C y se agitd por 2 hr. La reaccidn se diluyd con
agua y el pH se ajustd a 7. Lo acuoso se extrajo tres veces
con EtOAc (se agregd algo de MeOH para ayudar a disolver algo
de sdlidos durante la extraccidn). La capa organica se secd
sobre Na,S0, y el solvente se removid bajo presidén reducida.
El producte crudo se purificd con una columna de 10 g SCX
usando 4:1 CH,Cl,:MeCH y después 2:1 CHyCl,:7N NH; en MeCH para
eluir el producte y proporcicnar el compuesto del titulo

(0.56 g, 82%). ES/MS m/e: 267 (M + 1).

N
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Preparacidén 35
(7a8)-7a-(4-fluoro-3-hidroxifenil)-4,4a,5,6,7,7a-

hexahidrociclopentald] [1,3]tiazin-2-ilcarbamato de terc-

Butilo
H
<fS°J<
éNékNJLO
H
HO
F

2 una mezcla de 5-{{(4aR,7a8}-2-amino-4,4a,5,6,7,7a-
hexahidrociclopenta[d] [1,3]tiazin-7a-11)-2-fluocrofenol (0.524
g, 1.97 mmol) en 1,4-dioxano (20 mL) y NaHCO; acuoso saturado
(20 mL), se agregé una sclucidén de di-terc-butildicarbonato
(0.451 g, 2.07 mmol) en 1,4-dioxano {2 mlL). La mezcla se
agitd a temperatura ambiente por 16 h. La mezcla se diluyd
agua y extrajo tres veces con EtOAc. La capa orgénica se secd
sobre Na,S0, y el producto crudo se purificd por cromatografia
en gel de silice eluyendo con un gradiente lineal de 5% hasta
100% de EtOAc en hexanos para dar el compuesto del titulo

(0.436 g, 61%). ES/MS m/e: 367 (M+1).
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Preparacidén 36
Trifluorometansulfonato de 5-((7a8)-2-(terc-
Butoxicarbonilamino) -4,4a,5,6,7, Ta-
hexahidrociclopental(d] (1,3]tiazin-7a-il) -2-fluorofenilo

5 H

L 8 L
H
0. ,0
F ‘&O/E;j
F

A una mwmezcla a 0°C de (4aR,7aS8)-7a-(4-fluoro-3-

10 hidroxifenil}-4,4a,5,6,7,7a-
hexahidrociclopental[d] [1,3]tiazin-2-ilcarbamato de terc-
butilo (0.428 g, 1.17 mmol) y piridina (0.148 g, 1.87 mmol)
en diclorometano (25 mL) , se agregd anhidrido
trifluorometansulfénico (0.395 g, 1.40 mmol). La reaccidn se
15 agitd a 0°C por 45 min. La reaccién se diluyd con agua y HC1
1N (4 mL) y se extrajo tres veces con CH,Cl,. La capa orginica
se secd sobre Na50; y el solvente se removidé bajo presidn
reducida para dar el compuesto del titule {0.633 g, 100%}.

ES/MS m/e: 499 (M+1).

20
Preparacidén 37
5-Bromo-2,4-difluorobenzaldehido
O
BrM\H
F F
25 Una solucidén 1.6 M de butil litio en hexano {114

\04
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mL, 182 mmol), se agregd a una solucidén a -78 °C de 1,5-
dibromo-2, 4-diflucorobenceno (41.3 g, 152 mmol) en éter
dietilico (290 mL). Se agregd dimetilformamida (14.4 g, 198
mmol) y la reaccidn se agitd a -78 °C por 15 minutos. La
reaccidn se apagd con HCl 1IN (300 mL), se diluyd con agua, v
extrajo tres veces con acetato de etilo. La capa organica se
secd sobre sulfato de sodio y el solvente se removid bajo
presidn reducida para dar material crudo que se purificd por
cromatografia en gel de silice con un gradiente lineal de 0%
hasta 50% CH,Cl, en hexanos durante 30 minutos para dar el

compuesto del titulo (20.51 g, 61%). GC-MS m/e ("°Br/®Br) 220,

222.

Preparacidén 38
1-(3-Bromofenil)but-3-en-1-o0l

OH
W\I::j/L\/q§
A una solucién de 3-bromcbenzaldehido (15.8 g, 85.6
mmol) en éter dietilico seco {200 mL) a 0°C bajo atmdsfera de
nitrégeno con agitacidén, se agregd soluciédn de bromuro de
alilmagnesio en éter (85.6 mL, 85.6 mmol} por goteo. La
mezcla resultante se calentd a temperatura ambiente durante 1

hr yv se apagd por la adicidn de solucidén acuosa de HC1 1N, La

reaccidn se extrajo con diclorometanc, lavé con salmuera,
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secd sobre sulfato de sodio, filtrd, y concentrd bajo presidn
reducida. El producto crudo se purificd por cromatografia en
gel de silice eluyendo con 0% hasta 100% diclorometano en
hexanos durante 50 minutos para dar el compuesto del titulo
como una mezcla racémica (17.01 g, 88%). ES/MS m/e (°Br/®'Br)
227, 229 (M+1).

Los siguientes compuestos en la Tabla 25 se
prepararon esencialmente como se describe en la preparacidén

de 1-{3-bromofenil)but-3-en-1-o0l1.

Tabla 25

Prep | Nombre quimico MS {(m/e)
ES/MS

38a | 1- (3-Bromo-4-fluorofenil)but-3-en-1-0l1 ("Br/*Br)

243/245  (M-1)

GC-MS

(TSBr/HlBr]

38b 1-{5-Bromo-2,4-difluorofenil)but-3-en-1-0l
262/264

{M+)

Preparacidén 39

(1-{3-Bromofenil)but-3-eniloxi) {(terc-butil}dimetilsilano

>,

/Sl'O

Br\Crk/\\\

Una solucidn de 1-{3-bromofenil)but-3-en-1-0l1 (17.0



10

15

20

25

86

g, 74.9 mmol), 1H-imidazol (11.8 g, 172.2 mmol) vy terc-
butildimetilclorosilano (13.9 g, 89.8 mmol) en DMF (40 mL),
se agitd a temperatura ambiente por 2 horas. La mezcla se
diluyé con diclorometano y se lavd secuencialmente con agua y
solucidn acuosa saturada de cloruro de amonio. La capa
organica se secd sobre sulfato de sodio, filtrd, y concentrd
bajo presidn reducida para dar un residuo. El producto crudo
se purificd por cromatografia en gel de silice eluyendo con
5% de acetato de etilec en hexanos para dar el compuesto del
titulo como mezcla racémica (23.9 g, 94%). 'H NMR (400 MHz,
CDCls) & 7.44 (s, 1H), 7.34 (d, 1H, J= 7.5 Hz), 7.24-7.14 (m,
2H), 5.78-5.70 {(m, 1H), 5.02-4.97 {(m, 2H), 4.65-4.62 {(m, 1H),
2.45-2.31 (m, 2H), 0.87 (=, 9H), 0.02 (s, 3H), 0.12 {s, 2H).
Los siguientes compuestos en la Tabla 26 se
prepararon esencialmente como se describe en la preparacién

de (1-(3-bromofenil}but-3-eniloxi) (terc-butil)dimetilsilano.

Tabla 26
Prep | Nombre quimico NMR
39a | 1-(3-Bromo-4-fluorofenil)but-3-en-1-ol NMR*"

{1-{(5-Bromo-2,4-difluocrofenil)butr-3-
39b NMR*!
eniloxi) {terc-butil)dimetilsilano

30'H NMR (400 MHz, CDCli;) & 7.48-7.46 (m, 1H), 7.24-7.16
(m, 1H), 7.03 (t,1H, J = 8.5 Hz}, 5.76-5.67 (m, 1H),

5.02-4.96 (m, 2H), 4.64-4.61 (m, 1H), 2.43-2.31 {(m, 2H),
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0.87 (s, 9H), 0.02 (s, 3H), -0.13 (s, 3H).

31*H NMR (400 MHz, CDCl;) & 7.63 (t, J = 7.7 Hz, 1H), 6.78
(dd, J = 8.4, 9.6 Hz, 1H), 5.76-5.68 (m, 1H), 5.01-4.895
(m, 3H), 2.36 (t, J= 6.5 Hz, 2H), 0.86 (s, 9H), 0.03 (s,

5 34), -0.11 (s, 3H).

Preparacidn 40

3-(3-Bromofenil) -3~ (terc-butildimetilsililoxi)propanal

N

S/
|
70 0
10 Br
H
Una solucidn de {1-{3-bromofenil)but-3-
eniloxi) (terc-butil)dimetilsilano (23.9 g, 70.1 mmol),

diclorometano (120 mi), se enfrid a -78 °C bajo atmbsfera de
15 nitrdgeno. Entonces se burbujed nitrdégeno a través de la
solucidén hasta que llegd a ser azul. La mezcla se lavd a
chorro con nitrdgeno. Se agregd trietilamina (14.2 g, 140.2
mmol) a la solucidén. La mezcla se calentd a temperatura
ambiente y agité por 4 horas. La mezcla se concentrd bajo
20 presidén reducida. El producto <crudo se purificdé por
cromatografia en gel de silice eluyendo con un gradiente
lineal de 0% hasta 8% de acetato de etilo en hexanos durante
25 minutos para dar el compuesto del titulo como una mezcla
racémica (17.9 g, 74%): 'H NMR (400 MHz, CDCl;) & 9.75-9.74

25 (m, 1H), 7.48 (4, 1H, J= 1.8 Hz), 7.38-7.36 (m, 1H), 7.25-
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7.23 (m, 1H), 7.18 (t, 1H, J= 7.7 Hz), 5.15 {(dd, 1H, J=
7.9 Hz), 2.81 {(ddd, 1H, J= 15.9, 8.0, 2.5 Hz), 2.63-2.57
1H), 0.84-0.83 {(m, 9H), 0.02-0.02 (m, 3H), -0.14 (s, 3H).

Los siguientes compuestes en la Tabla 27

4.0,

(m,

se

prepararon esencialmente como se describe en la preparacidn

de 3-(3-bromofenil)-3-{terc-butildimetilsililoxi)propanal.

Tabla 27

Prep | Nombre quimico NMR

3-(3-Bromo-4-fluorofenil) -3-{terc-
40a NMR*?
butildimetilsililoxi)propanal

3-{5-Bromo-2,4-difluorofenil)-3- (terc-
40b o _ NMR*
butildimetilsililoxi)propanal

32 'H NMR (400 MHz, CDCl;) & 9.74 (t, 1H, J = 2.0 Hz},
(dd, 1H, J = 2.1, 6.6 Hz), 7.25-7.21 (m, 1H}, 7.06
1H, J = 8.4 Hz), 5.15 {(dd, 1H, J = 4.3, 7.9 Hz),
(ddd, 1H, J = 16.1, 7.9, 2.4 Hz), 2.60 (ddd, 1H,
16.1, 4.3, 1.8 Hz), 0.84 (s, 9H), 0.03 (s, 3H), -
(s, 3H).

33'H NMR (400 MHz, CDCl,} & 9.74 (dd, J = 1.9, 2.5 Hz,

7.68-7.64 {(m, 1H}, 6.83 (dd, J = 8.2, 9.7 Hz, 1H),

1.52

(t,
2.81
J =

0.14

1H) ,

5.43

{ddd, J = 7.9, 3.9, 0.5 Hz, 1H), 2.78 (ddd, J = 16.1,

7.9, 2.7 Hz, 1H), 2.62 (ddd, J = 16.1, 3.9, 1.7 Hz,

0.85 (s, 9H), 0.05 (s, 3H), -0.11 (s, 3H).

1H) ,
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Preparacidn 41

1-{3-Bromofenil)-1-{terc-butildimetilsililoxi)hex-5-en-3-¢cl

>,

Si
70 OH

Br

A una solucidén a 0°C de 3-(3-bromofenil)-3-(terc-
butildimetilsililoxi)propanal (17.9 g, 52.1 mmol) en é&ter
dietilico seco (150 wml), se agregd solucidén de bromuro de
alilmagnesio 1M en éter (52.1 mL, 52.1 wmmol). La mezcla
resultante se calentd a temperatura ambiente durante 1 hora.
La mezcla se diluyd con diclorometano y se apagd por adicidn
de solucidén saturada acuosa de cloruro de amonic. La mezcla
se extrajo tres veces con diclorometanc. Las capas organicas
combinadas se lavaron con salmuera, secaron sobre sulfato de
sodio, filtraron, y concentraron bajo presidén reducida para
dar el compuesto del titulo como una mezcla diastereomérica
racémica (18.8 g, 84%). 'H NMR (400 MHz, CDCl;) & 7.45 (s,

1H), 7.38-7.34 (m, 1H), 7.24-7.21 {(m, 1H), 7.1%-7.15 (m, 1H),

o
T

5.84-5.76 (m, 1H), 5.09-5.04 (m, 1H), 5.00 (t, 5.3 Hz,
1H), 4.86-4.80 {m, 1H), 3.83-3.75 {m, 2H), 2.23-2.15 (m, 2H),
1.80-1.69 (m, 2H), 0.89 (4, 9H, J= 6.6 Hz), 0.06-0.04 (m,
3H), -0.17 (d, J= 40.4 Hz, 3H).

Los siguientes compuestos en la Tabla 28 se

prepararon esencialmente como se describe en la preparacidn
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de 1-{3-bromofenil)-1-(terc-butildimetilsililoxi)hex-5-en-3-

ol.

Takla 28

Prep | Nombre quimico NMR
1-{3-Bromo-4-fluorofenil)-1-(terc-

4la butildimetilsililoxi)hex-5-en-3-ol NMR**
1-(5-Bromo-2,4-difluorofenil) -1-{terc-

41b NMR3S
butildimetilsililoxi}hex-5-en-3-o0l

34 'H NMR (400 MHz, CDCl;) & 7.49 (dt, J

35

= 6.6, 2.0 Hz, 1H),

7.23-7.20 {m, 1H), 7.05 {(t, J = 8.4 Hz, 1H), 5.82-5.76

(m, 1H), 5.09-5.04 (m, 1H), 4.98 (t,
4.88-4.82 (m, 1H), 3.83-3.74 {m, 2H),

2H), 1.85-1.71 {m, 2H4), 0.88-0.87 (m,

3H), -0.17 (d, J = 34.4 Hz, 3H).

M NMR (400 MHz, CDCl,} & 7.68-7.60

J = 5.3 Hz, 1H),
3.05-2.22-2.15 (m,

9H), 0.05-0.04 (m,

{m, 1H), 6.83-6.78

(m, 1H), 5.82-5.76 (m, 1H), 5.28-5.24 (m, O0.5H), 5.13-

5.09 {(m, 0.5H), 5.09-5.05 {m, 2H),

2.96 (d, J = 1.9 Hz, 0.5H), 2.59 ({(d,

3.82-3.79 (m, 1H},

J = 3.2 Hz, 0.5H),

2.22-2.19 (m, 2H), 1.83-1.73 (m, 2H), 0.88 (s, 4.5H),

0.87 (s, 4.5H), 0.06 (s, 1.5H), 0.06 {s, 2.5H), -0.11

{s, 1.5H), -0.19 {s, 1.5H},.
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Preparacion 42
1- (3-Bromofenil)hex-5-en-1,3-diol

OH OH
Br

A una solucidn de 1- (3-bromofenil)-1-{terc-
butildimetilsililoxi)hex-5-en-3-0l1 (18.8 g, 44.0 mmol) en
tetrahidrofuranc (60 mlL) se agregd solucidén 1M de fluoruro de
tetrabutilamonio en THF (66.0 ml, 66.0 mmol). La mezcla
resultante se agitd a temperatura ambiente por 2 horas. La
mezcla se diluyd con diclorometano y se lavd secuencialmente
con agua y solucién acuosa saturada de cloruro de amonio. La
capa organica se secd sobre sulfato de sodio, filtrd, vy
concentrd bajo presién reducida para dar un residuo. EI
producto crudo se purificd por cromatografia en gel de silice
eluyendo con un gradiente lineal de 20% hasta 40% de acetato
de etilo en hexanos durante 26 minutos para dar el compuesto
del titulo como mezcla diastereomérica racémica (11.8 g,
99%). 'H NMR (400 MHz, CDCl;) & 7.52 {s, 1K), 7.38-7.36 (m,
1H), 7.28-7.24 {m, 1H), 7.22-7.17 {m, 1H}, 5.83-5.75 {m, 1H),
5.15-5.11 {m, 2H), 5.03-4.89 (m, 1H), 4.00-3.90 (m, 1H},
2.32-2.21 (m, 2H), 1.96-1.89 (m, 2H).

Los siguientes compuestos en la Tabla 29 se
prepararon esencialmente como se describe en la preparacidn

de 1-(3-bromofenil)hex-5-en-1,3-diol.



10

15

20

25

g2

Tabla 29
Prep | Nombre quimico . NMR
42a | 1-{(3-Bromo-4-flucrofenil)hex-5-en-1,3-diol NMR?>®

42b | 1-{5-Bromo-2,4-difluorofenil)hex-5-en-1,3-diol NMR*’

36 *H NMR (400 MHz, CDCl;) & 7.56 (dt, J = 6.6, 2.0 Hz, 1H),
7.26-7.22 (m, 1H), 7.09-7.04 (m, 1H), 5.82-5.76 (m, 1H),
5.16-5.21 (m, 2H}), 5.05-4.89 (m, 1H), 3.99-3.93 (m, 1H),
2.32-2.27 (m, 2H), 1.89-1.78 {(m, 2H).

37'H NMR (400 MHz, CDCly) & 7.77-7.73 (m, 1H), 6.84-6.78
(m, 1H), 5.82-5.76 (m, 1H), 5.27-5.15 {m, 3H), 4.07-4.02
(m, 1H), 3.85-3.81 (m, 0.5H), 3.62 (d, J = 5.4 Hz,
0.5H), 2.46 (dd, J = 1.2, 2.9 Hz, 0.5H), 2.33-2.31 (m,

2.5H), 1.94-1.88 (m, 1H}), 1.85-1.81 (m, -1H), 1.69 {(dt,

o
i

14.5, 10.2 Hz, 1H).

Preparacidén 43

1-(3-Bromofenil)-3-hidroxihex-5-en-1i-ona
O OH
BTW
Una mezcla de 1- (3-bromofenil)hex-5-en-1,3-diol
(2.60 g, 9.59 mmol) y 6xido de manganeso(IV) (9.81 g, 95. 9
mmel) en diclorometano (80 mL), se calentd y agitd por 4 h

bajo reflujo. La mezcla de reaccidén se filtrd a través de una

almohadilla de tierra diatomacea y el residuo se lavd dos
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veces con diclorometano. Lo filtrade se concentrd bajo

presidon reducida para proporcionar el compuesto del titulo

(2.12 g, 82%). 'H NMR (400 MHz, CDCl,} & 8.05 (d, 1H, J = 1.8

Hz), 7.85 (d, 1H, J = 7.5 Hz}, 7.6%-7.52 (m, 1H), 7.35-7.31

5 (m, 1H), 5.91-5.82 {(m, 1H), 5.18-5.12 (m, 2H), 4.32-4.26 (m,
1H), 3.09-3.00 (m, 2H), 2.39-2.30 (m, 2H}.

Los siguientes compuestos en la Tabla 30 se

prepararon esenclalmente como se describe en la preparacidén

de 1-{2-bromofenil)-3-hidroxihex-5%-en-1-ona.

10
Tabla 20
Prep | Nombre quimico NMR
43a 1- (3-Bromo-4-fluocrofenil)-3-hidroxihex-5-en-1-ona | NMR®®
1-(5-Bromo-2,4-difluorofenil) -3-hidroxihex-5-en-1-
43b NMR?2?
ona
15
38 'H NMR (400 MHz, CDCl;) & 8.16 (dd, J = 2.2, 6.6 Hz, 1H),
7.89 (ddd, J = 8.6, 4.7, 2.2 Hz, 1H}, 7.19 (t, J = 8.3
Hz, 1H), 5.91-5.83 (m, 1H), 5.19-5.15 {(m, 2H), 4.31-4.30
{m, 1H), 3.12-2.98 (m, 2H), 2.39-2.36 (m, 2H).
20 39'H NMR (400 MHz, CDCl,) & 8.11 (t, J = 7.7 Hz, 1H), 6.94

(dd, J = 8.0, 10.4 Hz, 1H), 5.88-5.79 (m, 1H), 5.15-5.12
(m, 2H), 4.29-4.26 (m, 1H), 3.14-3.03 ({(m, 2H), 2.79 (4,

J = 32.5 Hz, 1H), 2.35-2.30 (m, 2H}.

25
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Preparacion 44

1- (3-Bromofenil) -3- (terc-butildimetilsililoxi)hex-5-en-1-ona

pa

o o~
&\[::rl\/k\/§§

Una mezcla de 1-(3-bromofenil)-3-hidroxihex-5-en-1-
ona (9.08 g, 33.7 mmol), 1H-imidazol (5.34 g, 77.6 mmol) y
terc-butildimetilclorosilano (6.29 g, 40.5 mmol) en DMF (40
mL), se agitd a temperatura ambiente por 2 h. La mezcla se
diluyd con diclorometano y se lavd secuencialmente con agua y
solucidén acuosa saturada de cloruro de amonio. La capa
organica se secd sobre sulfato de sodio, filtrd, y concentrod
bajo presidn reducida. El producto crudo se purificd por
cromatografia en gel de silice eluyendo con un gradiente
lineal de 0% hasta 5% de acetato de etilc en hexanos durante
20 minutos para dar el compuesto del titulo como una mezcla
racémica (11.3 g, 88%). ES/MS m/e ("°Bxr/®'Br) 383, 385 (M+l1}.

Los siguientes compuestos en la Tabla 31 se
prepararon esencialmente como se describe en la preparacidn
de 1-(3-bromofenil)-3-(terc-butildimetilsililoxi)hex-5-en-1-

ona.
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Tabkla 31

Frep | Nombre gulmico NMR
1-(3-Bromo-4-fluorofenil)-3-{terc-

443 NMR?
butildimetilsililoxi)hex-5-en-1-ona
1-(5-Bromo-2,4-difluorofenil)-3-(terc-

44b NMR4L

butildimetilsililoxi)hex-5-en-1-ona

40'H NMR (400 MHz, CDCls;) & 8.16 (dd, J = 2.1, 6.6 Hz, 1H),

7.89 (ddd, J = 8.6, 4.7, 2.1 Hz, 1H), 7.19-7.15 {(m, 1H),

5.90-5.82 (m, 1H), 5.12-5.07 (m, 2H), 3.15 (dd, J = 7

15.3 Hz, 1H), 2.82 (44, J

(m, 2H), 0.88-0.78 (m, 9H), 0.04-0.01 (m, 6H).

41'H NMR (400 MHz, CDCl;) & 8.05-8.01 (m, 1H), 6.92 (ddd, J

.7

4.6, 15.3 Hz, 1H), 2.38-2.33

1¢.3, 8.0, 0.3 Hz, 1H), 5.85-5.78 {(m, 1H), 5.06 (d, J

1.2 Hz, 1H), 5.03-5.01 (m, 1H), 4.40-4.35 {m, 1H),

3.12-2.99 {m, 2H), 2.30-2.27 (m, 2H), 0.78 (s, 9H), 0.03
(s, 3H), -0.07 (s, 3H).
Preparacidn 45
1-Bencil-é6a- (3-bromofenil)-5-{terc-
butildimetilsililoxi)hexahidro-1H-ciclopentalc]isoxazol
g
1
70 0
O
Br
A una solucidn de 1-(3-bromofenil)-3- (terc-

\
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butildimetilsililoxi)hex-5-en-i-ona (6.84 g, 17.8 mmol) y N-
bencilhidroxilamina (2.86 g, 23.2 mmol) en THF (60 mL), se
agregd Ti{OEt), (8.14 g, 35.7 mmol). La mezcla de reaccidn se
calenté a 70°C en un tubo sellado. Después de 2 h, la
temperatura se incrementdé a 80°C y se continudé la agitacidn
por 3 dias. La mezcla de reaccidén se enfrid a temperatura
ambiente. Se agregaron agua yfacetato de etilo y la mezcla se
agité vigorosamente por 15 minutos. Los sélidos se dejaron
sedimentar y las capas acuosas y organicas se decantaron a
través de una almohadilla de tierra diatoméacea. Las capas se
separaron y la capa acuosa se extrajo tres veces con acetato
de etilo. Las capas organicas combinadas se lavaron con
salmuera, secaron sobre sulfato de sodio, filtraron, vy
concentraron bajo presidén reducida. El producto crudo se
purificé por cromatografia en gel de silice eluyendo con
gradiente de 0% hasta 20% de acetato de etilo en hexanos
durante 20 minutos para dar el compuesto del titulo como una
mezcla diastereomérica (7.42 g, 85%). ES/MS m/e (”°Br/®Br)
488, 490 (M+1).

Logs siguientes compuestos en la Tabla 32 se
prepararon esencialmente como se describe en la preparacidn
de 1-bencil-6a- (3-bromofenil) -5- (terc-

butildimetilsililoxi)hexahidro-1H-ciclopentalc] isoxazol.
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Tabla 32
ES/MS
Prep | Nombre quimico (m/e)
{M+1)

6a- (3-Bromofenil)-5-{terc-

butildimetilsililoxi)-1-(2,4- (PBr/®'Br)
o8 dimetoxibencil)hexahidro-1H- 548/550

ciclopenta([c] isoxazol®®

6a- {3-Bromo-4-fluorofenil)-5- (terc-

butildimetilsililoxi)-1-(2,4- {"’Br/®'Br)
450 dimetoxibencil)hexahidro-1H- 566, 568

ciclopentalc] isoxazol®

(3aR8,5RS, 6aSR) -6a- (5-Bromo-2, 4~

difluorofenil)-5- (terc-butildimetilsililoxi) - {""Br/%Br)
45e 1-(2,4-dimetoxibencil }hexahidro-1H- 584, 586

ciclopenta [c] isoxazol racémico®?

6a- (3-Bromo-4-fluorofenil) -5- (terc-

butildimetilsililoxi)-1-{4- ("Br/*'Br)
454 metoxibencil)hexahidro-1H- 536, 538

ciclopenta[c] iscxazol®

42 N-{2,4-dimetoxibencil)hidroxilamina utilizada

de N-bencilhidroxilamina.

en lugar

43 N- {4-metoxibencil)hidroxilamina utilizada en lugar de N-

bencilhidroxilamina

Q\\
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Preparacién 46
1-Bencil-5-{terc-butildimetilsililoxi)-6a-(3"'-metoxibifenil-

3-il)hexahidro-1H-ciclopentalc] isoxazol

A una solucién agitada de l-bencil-s6a-(3-
bromofenil) -5- {terc-butildimetilsililoxi)hexahidro-1H-
ciclopenta[clisoxazol (7.42 g. 15.2 mmol) en 1,2-
dimetoxietano (30 mL), se agregd solucidn acuosa de carbonato
de godio 2M {22, 8 mL, 45, 6 mmel), acido 3-
metoxifenilborénico (2.77 g, 18.2 mmol) y cloruro de (1,1'-
bis{difenilfosfineo) ferroceno)paladio (IT) (0.759 g, 0.911
mmol) . La mezcla de reaccidn se calentd a 110°C por 7 horas.
La reaccién se enfrid, diluyd con acetato de etilo, y f£iltrd.
Lo filtrado resultante se separd y la capa acuesa se extrajo
tres veces con acetato de etilo. Las capas organicas
combinadas se lavaron con salmuera, secaron sobre sulfato de
sodio, filtraron, y concentrarcon bajo presién reducida. EIL
producto crudo se purificd por cromatografia en gel de silice
eluyendo con gradiente 10% hasta 20% de acetato de etilo en
hexanos durante 20 minutos para dar el compuesto del titulo

(7.59 g, 92%). ES/MS m/e: 516 (M+1).
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Preparacidn 47
{(2-Amino-4- ({terc-butildimetilsililoxi)-2-(3'-metoxibifenil-3-

il}ciclopentil)metanol

Una mezcla de l1-bencil-5-(terc-
butildimetilsililoxi)-6a-(3'-metoxibifenil-3-1il)hexahidro-1H-
ciclopenta([c]isoxazol (2.04 g, 3.76 mmol) vy paladio en
carbono (0.400 g} en A&cideo acético (10 mL), se agitd a
temperatura ambiente bajo atmésfera de hidrdégeno (50 psi) por
19 horas. La reaccidn se filtrdé a través de una almohadilla
de tierra diatomacea y la torta de filtro se lavd con metanol
tres veces y lo filtrado se concentrd bajo presién reducida.
El residuo se disolvid en diclorometano, el pH se ajustd a pH
12 por adicidén de bicarbonato de sodio acuoso saturade, y se
extrajo tres veces con diclorometano. Las capas organicas
combinadas se secaron sobre sulfato de sodio, filtrarcon, vy
concentraron bajo presiédn reducida para dar el compuesto del

titulo. ES/MS m/e: 428 (M+1).
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Preparacién 48
N-{4-{terc-Butildimetilsililoxi)-2- (hidroximetil}-1-(3"'-

metoxibifenil-3-il)ciclopentilcarbamotioil)benzamida
oM
Sk
s 0

“oCT A
| O HJ\©

Una solucién de (2-amino-4- (terc-
butildimetilsililoxi)-2-{3'-metoxibifenil-3-
il)cicleopentil)metancl {9.44 g, 22.1 mmol) e isoticocianato de
benzoilo (3.49 g, 21.0 mmel) en THF (88 mL), se agitd por 1.5
horas a temperatura ambiente <y concentrd bajo presidn
reducida. El producto crudo se purificd por cromatografia en
gel de silice eluyendo con un gradiente lineal de 0% hasta 5%
metanol en diclorometano durante 27 minutos para dar el

compuesto del titulo (9.61 g, 70%). ES/MS m/e: 589 (M-1).
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Preparacién 49
N-((4aRS, 6RS, 7a8R) -6- {terc-Butildimetilsililoxi)-7a-(3'-
metoxibifenil-3-il1)-4,4a,5%,6,7,7a-

hexahidrociclopenta(d] [1,3]tiazin-2-il)benzamida racémica

f7L / H
s 0

aae

s ®

Una solucidn de N-{4-(terc-butildimetilsililoxi)-2-
(hidroximetil)-1-(3'-metoxibifenil-3-
il)ciclopentilcarbamotioil)benzamida (6.37 g, 8.41 mmol) vy
trifenilfosfina (4.41 g, 16.8 mmol) en THF (30 mL), se agregd
a una solucidn separada de azodicarboxilato de di-texrc-butilo
(3.87 g, 16.8 mmol) en THF (15 mL) a temperatura ambiente. La
reaccidn se agitd por 30 minutos y se concentrd bajo presidn
reducida. El producto crudo se purificd por cromatografia en
gel de silice eluyendo con un gradiente lineal de 10% hasta
40% de acetato de etilo en hexanos durante 26 minutos para
dar una mezcla diastereomérica cruda (7.39 g, 100%).. La
mezcla se purificd nuevamente sébre cromatografia en gel de
silice para separar los diasteredmeros, eluyendo con 15% de
acetato de etilo en hexanos para dar el compuesto del titulo
como una mezcla racémica {(1.47 g, 24%). ES/MS m/e: 573 (M+1}.

El siguiente compuesto en Takla 33 se prepard

esencialmente como se describe en 1la preparacidén de N-
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((4aR8, 6RS, 7a8R) -6- (terc-butildimetilsililoxi) -7a=-{3"'-
metoxibifenil-3-il)-4,4a,5,6,7,7a-

hexahidrociclopentafd] [1,3]tiazin-2-1il)benzamida racémica.

5 Tabla 33

ES/MS
Prep | Nombre quimico {m/e)
(M+1)
N-(6- (terc-Butildimetilsililoxi)-7a-(3'-
49a |metoxibifenil-3-il)-4,4a,5,6,7,7a- 573
hexahidrociclopenta[d)] [1,3]1tiazin-2-il)benzamida

10
Preparacidén 50
N- ((4aRS, 6RS, 7aSR) -6-Hidroxi-7a- (3'-metoxibifenil-3-il} -
4,4a,5,6,7,7a-hexahidrociclopenta(d] [1,3]tiazin-2-
il}benzamida racémica

15 Ij

A una solucidén de N-((4aRS,6RS8,7aSR) -6- (terc-
20 butildimetilsililoxi)-7a-(3'-metoxibifenil-3-il)-
4,4a,5,6,7,7a-hexahidrociclopenta(d] [1,3]tiazin-2-
il)benzamida racémica {1.47 g, 2.31 mmol} en acetonitrilo (6
mL), se agregd 20-25% de &cido fluorosilicico acuoso (2.82 g,
4.62 mmol) y la mezcla resultante se agitd a temperatura

25 ambiente por 3 h. La reaccidén se diluydé con acetato de etilo
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vy apagd® con bicarbonatce de sodio acuoso saturade. La mezcla
se lavd con agua y salmuera. La capa organica se secd sobre
sulfato de sodio, filtréd, y concentrd bajo presidn reducida.
El producto crudo se purificdé por cromatografia en gel de
silice eluyendo con un gradiente lineal de 10% hasta 60% de

acetato de etilo en hexanos durante 40 minutos para dar el

o\

compuestc del titulo como una mezcla racémica (0.709 g, 64%).

ES/MS m/e: 459 (M+1).

Preparacidén 51
N-{{4aR,6R,7a8)-6-Hidroxi-7a- (3'-metoxibifenil-3-11) -
4,4a,5,6,7,7a-hexahidrociclopenta[d] [1,3]tiazin-2-

il)benzamida

N- ((4aRS,6RS, 7aSR) -6-hidroxi-7a- (3'-metoxibifenil-
3-i1)-4,4a,5,6,7,7a-hexahidrociclopenta [d] [1,3] tiazin-2-
il}benzamida racémica (0.689 g, 1.50 mmol) se purificd por
HPLC quiral: 2.1 x 25 com Chiralpak AD-H, 5 micrones, 35%
IPA/CO,, velocidad de flujo: 70 mL/min, UV: 225 nm. El primer
isémero eluyente se aisld para proporcionar el compuesto del
titulo enantioméricamente enriquecido (0.242 g, 35%). ES/MS

m/e: 459 (M+1).

(4
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Preparacidn 52
N-({4aR,6R,7a5)-6-Metoxi-7a-(3"'-metoxibifenil-3-1il) -
4,4a,5,6,7,7a-hexahidrociclopenta(d] [1,3]tiazin-2-

il)benzamida

A una mezcla a 0°C de N-{{(4aR,6R,7a8)-6-hidroxi-7a-
{3'-metoxibifenil-3-il)-4,4a,5,6,7,7a-
hexahidrociclopenta[d] {1,3)tiazin-2-il)benzamida (0.086g,
0.169 mmol) y 48% de &cido fluorobdrico acuoso (0.031 g,
0.169 mmol) en diclorometano (0.6 mL} , se agregd
trimetilsilildiazometano 2M en hexano (0.101 mL, 0.202 mmol}) .
La mezcla se agitd a 0°C por 30 minutos y se vertid en
solucidn saturada acuosa de bicarbonato de sodioc. La mezcla
se diluyé con agua y se extrajo con diclorometano. La capa
organica se lavd secuencialmente con agua y salmuera y se
secd® sobre sulfato de sodio. El1 solvente se removid bajo
presidén reducida y el producto crudo se purificd por
cromatografia en gel de silice eluyendo con un gradiemnte
lineal de 10% hasta 60% de acetato de etilo en hexanos
durante 20 minutos para dar el compuesto del titule (0.038 g,

48%). ES/MS m/e: 473 (M+1).
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Preparacién 53
N-{{4aR,6R,7a8)-7a- (3'-Metoxibifenil-3-1il1)-6- (metoximetoxi) -
4,4a,5,6,7,7a-hexahidrociclopenta(d] {1,3]tiazin-2-

ilibenzamida

A una solucidn agitada a 0°C de N-({4aR,6R,7a8)-6-
hidroxi-7a-(3'-metoxibifenil-3-il})-4,4a,5,6,7,7a-
hexahidrociclopentald] [1,3]tiazin-2-il)benzamida {0.087 g,
0.190 mmol) en diclorometano anhidro (0.6 mwmL) se agregd
clorometoximetano (0.031 g, 0.379 mmol}, seguido  por
diisopropiletilamina (0.043% g, 0.379 mmel). La mezcla
resultante se agitd a 0°C por 1 hora, y después se calentd a
temperatura ambiente durante 24 h. La mezcla se diluydé con
diclorometano, se apagd por la adicidn de solucidn acuocsa
saturada de bicarbonato de sodio, y se extrajo tres veces con
diclorometano. Las capas orgdnicas combinadas se lavaron con
agua y salmuera. La capa organica se secd sobre sulfato de
sodio, se filtrd, y concentrd bajo presidén reducida. El
producto crudo se purificd por cromatografia en gel de silice
eluyendo con un gradiente lineal de 0% hasta 60% de acetato
de etilo en hexanos durante 26 minutos para dar el compuesto

del titulo (0.089, 93%). ES/MS wm/e: 503 (M+1).

G
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Preparacidn 54
6- (terc-Butildimetilsililoxi)-7a-(3'-metoxibifenil-3-1i1)-

4,4a,5,6,7,7a-hexahidrociclopentald] [1,3]tiazin-2-amina

Ay

/

Una mezcla de N-(6-(terc-butildimetilsililoxi)-7a-
(3'-metoxibifenil-3-il)-4,4a,5,6,7,7a-
hexahidrociclopenta([d] [1,3]tiazin-2-1l)benzamida {0.200 g,
0.349 mmol) e hidrazina (0.559 g, 1.75 mmol) en etanol (4 mL)
se agitd a 120 °C durante la noche. La mezcla se enfrid, se
eluyd con acetato de etilo y se lavd con agua. La capa
organica se secd sobre sulfato de sodio y el solvente se
removid bajo presidén reducida para dar el compuesto del

titulo (0.164 g, 100%). ES/MS m/e: 469 (M+1).
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Preparacidén 55
(3aRS$, 5RS, 6aSR) -6a- (3-Bromo-4-fluorofenil) -1-(2,4-
dimetoxibencil)hexahidro-1H-ciclopentafc] isoxazol-5-0l

racémico

A una solucién de 6a-(3-bromo-4-fluorofenil)-5-
(terc-butildimetilsililoxi)-1-(2,4-dimetoxibencil)hexahidro-
1H-ciclopentalclisoxazol (3.00 g, 4.77 wmmol) en THF (10 mL)
se agregd solucidén se fluoruro de tetrabutilamcnio 1 N en THF
(7.15 wL, 7.15 mmol). Después de agitacidén a temperatura
ambiente por 2 horas, la mezcla de reaccidn se concentrd bajo
presién reducida para proporcionar un residuo gue se diluyd
con diclorometano y se lavé con agua y salmuera. La capa
orgénica se secd sobre sulfato de sodio, se £iltyrd, y lo
filtrado se concentrd bajo presidén reducida para dar un
residuc que se purificd por cromatografia en gel de silice
eluyendo con un gradiente lineal de 0% hasta 10% metanol en
diclorometano durante 20 minutos para dar el compuesto del
titulo comoc una mezcla diastereomérica {2.26 g, 100%). Esta
mezcla se purificd nuevamente sobre cromatografia en gel de
silice para separar los diasteredmeros eluyendo con un

gradiente 1lineal de 0% hasta 15% de acetato de etilo en
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hexanos durante 15 minutos para dar el compuesto del titulo
como una mezcla racémica (0.852 g, 37%). ES/MS m/e (’°Br/®'Br)
452, 454 (M+1).

Se prepararon Los siguientes compuestos en la Tabla
34 esencialmente como se describe en la preparacién de
{2aRS, 5RS, 6a8R) -6a- (3-bromo-4-fluorofenil)-1-(2,4-

dimetoxibencil)hexahidro-1H-ciclopenta(c] isoxazol-5-0l

racémico.
Tabla 34
ES/MS
Prep | Nombre quimico (m/e)

{(M+1)
6a- (3-Bromofenil)-1-(2,4-

. , . , ("Br/®'Br)

55a dimetoxibencil}hexahidro-1H-

_ . 434/436
ciclopental(clisoxazol-5-0l1*
(3aRS,5RS,6a8R) -6a- {(3-Bromofenil})-1-(2,4-

{"Br/®Br)

55b | dimetoxibencil)hexahidro-1H-

. . 434/436
ciclopentalc] isoxazol-5-01 Racémico
{3aRS,5RS8, 6a8R} -6a~- (5-Bromo-2,4-difluorofenil) -

(™Br/*Br)

S1-Ye! 1-{(2,4-dimetoxibencil)hexahidro-1H-

470/472
ciclopenta[c]isoxazol-5-01 Racémico
(3aR8,5R8,6aSR) -6a- (3-Brome-4~fluorofenil)-1- {4-

. (TBBI/SJBI‘)
55d | metoxibencil)hexahidro-1H-ciclopenta([c]isoxazol-

422/424
5-01 Racémico

44 Aisglado como una mezcla racémica de los diasteredmeros.
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Preparacidn 56
{3aR8, 5R5, 5a8R)} -6a- (3-Bromofenil)-1-(2,4-dimetoxibencil) -5-

metoxihexahidro-1H-ciclopentalc] isoxazol racémico

Se agregd hidrurc sge sodio (0.076 g, 1.89 mmol) a
una scolucidén a 0°C de (3aRS,5RS,6aSR}-6a-(3-bromofenil)-1-
(2,4-dimetoxibencil)hexahidro-1H-ciclopentalfc] igsoxazol-5-0l
racémico (0.684 g, 1.57 mmol) en DMF (7 mL ). La reaccidén se
calentd a temperatura ambiente por 10 minutos y después se
enfridé a 0°C. Se agregd yoduro de metilo (0.246 g, 1.73 mmol)
Yy la reaccidn se agitd a temperatura ambiente por 6 horas. Se
agregd hidruro se sodioc (0.032 g, 0.790 wmmol) y yoduro de
metilo adicional (0.112 g, 0.790 wmol}), y la reaccidn se
agit® a temperatura ambiente por 18 horas. La reaccidn se
apagd con agua y extrajo con acetato de etilo. La capa
orgadnica se secd sobre sulfato de sodio, se f£iltrd y el
solvente se removid bajo presidn reducida. El1 residuo
resultante se purificd por cromatografia en gel de silice con
10% de acetato de etilo en CH,Cl, para dar el compuesto del
titulo {(0.443 g, 63 %). ES/MS m/e ("°Br/®'Br} 448, 450 (M+1).

Se prepararon los siguientes compuestos en la Tabla

35 esencialmente por el método de (3aRS,5RS,6aSR)-6a-(3-
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bromofenil}-1-(2,4-dimetoxibencil) -5-metoxihexahidro-1H-

ciclopenta(c] isoxazol racémico.

Tabla 35
ES/MS
Prep | Nombre quimico {m/e)
{M+1)
6a- (3-Bromofenil) -1- (2, 4-dimetoxibencil) -5- ("Br/*Br)
56a
metoxihexahidro-1H-ciclopenta[c] isoxazol®® 448/ 450
(3aRS,5RS,6a8R) -6a- (3-Bromo-4-fluorofenil) -1-
) . . i . {("Br/*'Br)
56b {(2,4-dimetoxibencil) -5-metoxihexahidro-1H-
‘ . o 466/468
ciclopenta [c] isoxazol racémico

45 Aislado como una mezcla de diasteredmeros.

Preparacidén 57

(3aRS,5RS, 6aSR) -6a- {3-Bromo-4-fluorofenil) -5-isopropoxi-1-{4-

metoxibencil) hexahidro-1H-ciclopenta [c] isoxazol Racémico

A una mezcla de {3aR8,5RS5, 6a8R) ~-6a-~ (3-bromo-4-

fluorofenil) -1- {4-metoxibencil)hexahidro-1H-

ciclopenta[c] isoxazol-5-0l1 racémico (1.72 g, 4.07 mmol)

en

diclorometano (2.5 mL) se agregd triflucorometansulfonatc de

plata

g). 8Se agregd una solucién de 2-yodopropano

(1.73 g,

(2.62 g, 10.2 mmol} y tamices 4A secos en polvo (1

10.

.50

2
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mmol) en diclorometano (0.5mL) a la mezcla durante 15
minutos. La mezcla espesa se agitd a temperatura ambiente
durante la noche. La mezcla se diluyd con diclorometano y sé
filtrd a través de tierra diatomdcea. El solvente se removid
bajo presidén reducida vy el residuo se purificd por
cromatografia en gel de silice con un gradiente lineal de 0%
hasta 10% de acetato de etiloc en diclorometance durante 15
minutos para dar el coumpuesto del titulo (0.466 g, 25%).

ES/MS m/e {("’Br/%Br) 464, 466 (M+1).

Preparacidn 58
{2aRS,5RS, 6a8R) -6a- (3-Bromo-4-flucrofenil) hexahidro-1H-

ciclopentalc] isoxazol-5-01 racémico

H
TN

. H
Br- ;
F

Una mezcla de {3aRS,5RS, 6aSR) -6a- (3-bromo-4-
fluorofenil)-1-(2,4-dimetoxibencil) hexahidro-1H-
ciclopenta(c] isoxazol-5-0l1 racémico ({(0.852 g, 1.79 mmol) vy
trietilsilano {0.624 g, 5.37 mmol) en TFA (4 mL) se calentd a
80°C por 3 h. La reaccidén se enfrid a temperatura ambiente y
se concentrd bajo presidén reducida para proporcionar un
residuo que se purificé en una columna SCX lavada

secuencialmente con diclorometano, metanol y NH; 7 N en MeOH
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para dar el compuesto del titulo como mezcla racémica (0.57
g, 100%). ES/MS m/e ("’Br/¥Br) 302, 204 (M+1).

Se prepararon los siguientes compuestos en la Tabla
36 esencialmente como se describe en la preparacién de
(3aRS, 5RS8, 6a8R) -6a- (3-bromo-4-fluorofenil)hexahidro-1H-

ciclopenta[c] isoxazol-5-o0l racémico.

Tabla 36
ES/MS
Prep | Nombre quimico (m/e)
(M+1)
6a- (3-Bromofenil)hexahidro-1H- ("*Br/%Br)
58a
ciclopenta[c] isoxazol-5-01 284/286
(3aRS,5RS, 6aSR) -6a- (5-Bromo-2,4-
. (?QBr/alBr)
58b | difluorofenil)hexahidro-1H-

_ ' 320/322
ciclopenta(c] isoxazol-5-0) Racémico
(3aRS8,5RS, 6aSR) -6a- (3-Bromo-4-

(TBBr/BlBr)
58c | fluorcfenil)hexahidro-1H-ciclopentalc]isoxazol-
302/304
5-0l1l Racémico
5 6a- (3-Bromofenil}-5-metoxihexahidro-1H- (Br/%Br)
58
ciclopenta[c]isoxazol46 298/300
{3aRS,5RS, 6aSR) -6a- (3-Bromofenil) -5-
(TQBr/SlBr)
58e | metoxihexahidro-1H-ciclopenta [c]isoxazol
298/300
Racémico
{3aR5,5RS,6a8R) ~-6a- (3-Bromo-4-fluorofenil)-5-
. (TSBr/BlBr)
58f | metoxihexahidro-lH-cicleopentalc]lisoxazol
316/318
Racémico
(3aR8,5RS8, 6a8R) ~6a- (3-Bromo-4-flucrofenil) -5- .
. _ {Br/"'Br)
58g | isopropoxihexahidro-1H-ciclopenta([c]isoxazol
344/346
Racémico

46 Aislado como una mezcla de diastereémeros.
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Preparacidn 59
(1RS, 3SR, 4RS) -3-Amino-3- (3-bromo-4-fluorcfenil) -4-
{hidroximetil)ciclopentanocl racémico

H

HOW<:I:\OH
i NH,

O
F

Una mezcla de {3aRS, 5RS, 6a8SR) -6a- (3-bromo-4-
fluorofenil) hexahidro-1H-ciclopenta [c] isoxazol-5-01 racémico
(0.57 g, 1.89 mmol) vy zinc (0.617 g, 9.43 wmmol) en acido
acético (12.6 mL) se calenté a 42°C bajo una atmésfera de
nitrégeno por 3 horas. La reaccidén se enfridé a temperatura
ambiente, se filtrd, y concentrd bajo presidn reducida para
proporcionar un residuo que se purificé en una columna SCX
lavada secuencialmente con diclorometano, metancl y NH; 7 N en
MeOH para dar el compuesto del titulo como mezcla racémica
(0.53 g, 92%). ES/MS m/e ("°Br/®'Br) 304, 306 (M+1).

Se prepararon los siquientes compuestos en la Tabla
37 esencialmente como se describe en la preparacién de
(1RS, 38R, 4RSS} -3-amino-3- (3-bromo-4-fluorofenil) -4-

(hidroximetil)ciclopentanol racémico.
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Tabla 37
ES/MS
Prep | Nombre quimico {(m/e)
(M+1)
3-Amino-3-{3-bromofenil)-4- ("Br/*'Br)
5%9a
(hidroximetil)ciclopentancl?’ 286/288
(1RS, 38R, 4RS) -3-Amino-3- (5-bromo-2, 4-
‘ (TQBr/BlBr)
59p | difluorofenil)-4-(hidroximetil)ciclopentanol
322/324
Racémico
(2-Aminc-2- (3-bromofenil) -4- (”Br/¥Br)
5%c
metoxiciclopentil)metanol®’ 300/302
4 ({1RS, 2SR, 4RS) -2-Amino-2- {3-bromofenil) -4- ("Br/*Br)
59
metoxiciclopentil)metanol Racémico 300/302
{({1RS, 28R, 4RS) -2-Amino-2-{3-bromo-4-
. . . (”Br/*Br)
59e fluorofenil) -4-metoxiciclopentil)metanol
. 318/320
Racémico
{ (1RS, 28R, 4RS) -2-Amino-2- (3-bromo-4-
(TBBr/BlBr)
59f | fluorofenil) -4-isopropexiciclopentil)metanol
346/348
Racémico

47 Aislado como una mezcla de diasteredmeros.

Preparacidn 60

N-({18R,2RS,4RS}-1-(3-Bromo-4-fluorofenil)-4-hidroxi-2-

(hidroximetil)ciclopentilcarbamotioil)benzamida racémica

A una solucién de

4-fluorofenil}-4- (hidroximetil)ciclopentanol

racémico

{1RS,38R,4R8) -3-amino-3- {3-bromo-

(0.48
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g, 1.58 mmol) en THF (6.31 mL) se agregd isotiocianato de
benzoilo (0.263 g, 1.58 mmol) y la mezcla se agité a
temperatura ambiente por 1.5 h. El solvente se removid bajo
presidén reducida y el producto crudo se purificd por
cromatografia en gel de silice, eluyendo con un gradiente
lineal de 0% hasta 10% metanol en diclorometano durante 20
minutos para dar el compuesto del titulo como mezcla racémica
(0.602 g, 76%). ES/MS m/e (7’Br/*Br) 467, 469 (M+1).

Se prepararcn los siguientes compuestos en la Tabla
38 esencialmente como se describe en la preparacidén de N-
{ (1SR, 2R3, 4RS) -1- (3-bromo-4-fluorofenil) -4-hidroxi-2-

(hidroximetil)ciclopentilcarbamotioil)benzamida racémica.

Tabla 38
Ezep. Nombre quimico ?i;:f
(TBBr/BlBr)

N-(1- (3-Bromofenil)-4-hidroxi-2-
60a 449/451
{(hidroximetil)ciclopentilcarbamotioil)benzamida‘® (s1)
M+1

N-({18R,2R8,4RS8) -1- {(5-Bromo-2,4-difluorofenil}) -
(**Br/¥Br)
4-hidroxi-2-
60b 485/487
{hidroximetil)ciclopentilcarbamoticil)benzamida

L (M+1)
Racémlica
N- (1-{3-Bromofenil) -2- (hidroximetil) -4- ("Br/%Br)
60¢ metoxiciclopentilcarbamotioil) -benzamida*® 463/465
(M+1)

g
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Prep. o ES/MS
Yo. Nombre quimico (m/e)

N- { (18R, 2RS,4RS5)-1- (3-Bromeofenil)-2-

. _ . (”Br/*Br)
(hidroximetil) -4-
60d o _ o _ 463, 465
metoxiciclopentilcarbamotioil) -benzamida
(M+1)
racémica

N- { (1SR, 2RS,4R8) -1-{3-Bromo-4-fluorofenil)-2- )
! ("Br/%Br)

(hidroximetil) -4-
60e . . 479, 481
metoxiciclopentilcarbamotiocil)benzamida
{(M-1)
racémica

N-{(1SR,2RS,4R8)~1- (3-Bromo-4-fluorofenil) -2-
{TBBr/BlBr)
(hidroximetil) -4-
&60f 507, 509
isopropoxiciclopentilcarbamotioil)benzamida (
M-1)
racémica

48 Aisglado como una mezcla de diasteredmeros.

Preparacién 61

N-{{4aRS,6RS,7a8SR) -7a- {3-Bromo-4-fluorofenil) -6-hidroxi-
4,4a,5,6,7,7a-hexahidrociclopentald] [1,3)tiazin-2-

1l)benzamida racémica

H
&’I:;j

F
Una solucion de N-{{1SR,2RS,4RS)-1-(3-bromo-4-

fluorofenil) -4-hidroxi-2-

{hidroximetil)ciclopentilcarbamotioil) benzamida racémica

(1.21 g, 2.02 mmol) y trifenilfosfina (0.690 mg, 2.63 mmol)
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en THF anhidro (18 mL) se agregd a una solucidn separada
de azodicarboxilatc de di-terc-butilo (0.606 g, 2.63 mmol)
en THF (36 mL) a temperatura ambiente. La mezcla de reaccidn
se agitd a temperatura ambiente por 1 hr y se concentrd bajo
presién reducida para dar un residuo que se purificd por
cromatografia en gel de silice eluyendo con un gradiente
lineal de 0% hasta 40% de acetato de etilo en diclorometano
durante 15 minutos para dar el compuesto del titulo como
mezcla racémica (0.557 g, 61%). ES/MS m/e (°Br/®'Br) 449, 451
(M+1) .

Se prepararon los siguientes compuestos en la Tabla
39 esencialmente como se describe en la preparacidén de N-
{{4aRS, 6RS,7aSR) -7a- (3-bromo-4-fluorofenil) -6-hidroxi-
4,4a,5,6,7,7a-hexahidrociclopenta(d] [1,3]tiazin-2-

illbenzamida racémico.

Tabla 39
ES/MS
Prep | Nombre quimico (m/e)
(M+1)
N-{(4aRS,6RS, 7aSR} -7a- {3-Bromofenil) -6-hidroxi-
(79BI'/81B1’)
6la 4,4a,5,6,7,7a~-hexahidrociclopenta(d] [1,3]1tiazin-
431/433
2-il)benzamida racémica
N-{(4aRSs, 6RS, 7a8SR) -7a- (5-Bromo-2,4-
difluorofenil) -6-hidroxi-4,4a,5,6,7,7a- ("Br/%Br)
61b
hexahidrociclopental(d] [1,3]tiazin-2-il)benzamida | 467/ 469
racémica
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racémica

ES/MS
Prep | Nombre gquimico (m/e)

(M+1)
N-({4aRS, 6RS, 7aSR) -7a- (3-Bromofenil) -6-metoxi-

. . . (TQBr/BlBr)
6lc 4,4a,5,6,7,7a-hexahidrociclopentald] [1,3]tiazin-

_ _ 445/447
2-il)benzamida racémica
N-({(4aR8,68R, 7a8R) -7a- (3-Bromofenil) -6-metoxi-

. . o (”Bx/%Br)
61d |4,4a,5,6,7,7a-hexahidrociclopentald] {1,3}tiazin-

445/447
2-il)benzamida racémica
N-({4aRS,6RS, 7aSR) -7a~ (3-Bromo-4-fluorofenil) -6-
metoxi-4,4a,5,6,7,7a- ("Br/%Br)

6le
hexahidrociclopenta(d] [1,31tiazin-2-il)benzamida | 463/465
racémica
N-{(4aR8,6RS,7a8R) -7a- (3-Bromo-4-fluorofenil) -6-
isopropoxi-4,4a,5,6,7,7a~ {"*Br/*Br)
61f
hexahidrociclopenta[d] [1,3]tiazin-2-il)benzamida | 491/493

Preparacién 62

N- ({4aR,6R, 7a8)-7a-{3-Bromo-4-fluorofenil) -6-hidroxi-

4,4a,5,6,7,7a-hexahidrociclopenta(d] [1,3]tiazin-2-

il)benzamida

H
LA
BKJ:;j

F

Se purificd

fluorofenil) -6-hidroxi-4,4a,5,6,7,7a-

hexahidrociclopenta[d] (1,3]1tiazin-2-il)benzamida

N-({4aRS8,6RS8,7a8R)-7a- (3-bromo-4-

racémica
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(0.492 g, 1.09 mmol} por HPLC quiral: Columma: Chiralcel OJ-H
3 x 25 cm; eluyente: 75:25 (metanol:acetonitrilo)}; flujo:
40 mL/min a UV 225 nm. El segundo isdmero eluyente se aisld
para proporcionar el compuesto del titulo enantioméricamente
enriquecido (0.171 g, 35%). ES/MS m/e (’°Br/®Br) 449, 451
(M+1) .

Se prepararon los siguientes compuestos en la Tabla
40 esencialmente como se describe en la preparacién de N-
((4aR, 6R,7aS) -7a- (3-bromo-4-fluorofenil}-6-hidroxi-
4,4a,5,6,7,7a-hexahidrociclopental[d] [1,3]tiazin-2-

il)benzamida

Tabla 40
ES/MS
Prep | Nombre gquimico (m/e)
{M+1)
N-{(6R,7a8)-7a- (3-Bromo-4-flucorofenil)-6-metoxi- . o1
(”Br/%Br)
62a 4,4a,5,6,7,7a-hexahidrociclopenta[d] [1,3]tiazin-
463/465
2-1i1)benzamida
N-{{4aR,6R,7a8)-7a- {3-Bromo-4-fluorcfenil)-6- y .
("Rr/®'Br)
62b isopropoxi-4,4a,5,6,7,7a-
491/493
hexahidrociclopenta[d] [1,3)tiazin-2-il)benzamida
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Preparacién 63
N-((4aR,6R,7a8) -7a- {(4-Fluoro-3- (pirimidin-5-il) fenil)-6-
hidroxi-4,4a,5,6,7,7a-hexahidrociclopentald] [1,3]tiazin-2-

il)benzamida

LJ t
Una solucidn de N-({4aR,6R,7a8)-7a- (3-bromo-4-
fluocrofenil)-6-hidroxi-4,4a,5,6,7,7a-
hexahidrcociclopenta[d] [1,3]tiazin-2-il)benzamida (0.588 g,
1.31 mmol) en una mezcla de 1,2-dimetoxietanc (8 mL), etanol
(4 mL) y agua (4 mL) se purgd con nitrégeno y se calentd a
97°C. 8Se agregd A&acido pirimidin-5-bordnico (0.810 g, 6.54
mmel), carbonato de cesio (2.56 g, 7.84 mmol)} y cloruro de
bis(trifenilfosfina)paladio(II) (0.184g, 0.261 mmol) en una
porcién Gnica y la reaécién se calentd a 97°C por 30 minutos.
La reaccidén se enfrid, se diluy® con agua y se extrajo dos
veces con acetato de etilo. La capa organica se secd sobre
sulfato de sodie y el producte c¢rude se purificd por
cromatografia en gel de silice con un gradiente lineal de 0%
hasta 40% de acetato de etilo en diclorometanco durante 20
minutos para dar el compuesto del titulo (0.464 g, 79%).
ES/MS m/e: 449 (M+1).

Se prepararon los siguientes compuestos en la Tabla
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41 esencialmente como se describe en la preparacidén de
{(4aR, 6R,7aS}-7a- (4-fluoro-3- (pirimidin-5-il) fenil) -6-
hidroxi-4,4a,5%,6,7,7a-hexahidrociclopenta(d] [1,3]tiazin-2-

il)benzamida.

Tabla 41

N-

ES/MS
Prep | Nombre quimico {m/e)
(M+1)

N-{(4aR,6R,7a8) -7a-{4-fluoro-3-(5-fluoropiridin-
63a 3-il) fenil)-6-hidroxi-4,4a,5,6,7,7a-~ 466

10 hexahidrociclopentald] [(1,3]tiazin-2-il)benzamida®’

N-{(4aR$,6R5,7a8SR) -7a- (3- (5-fluoropiridin-3-
il) fenil)-6-hidroxi-4,4a,5,6,7,7a-
63b 448
hexahidrociclopenta [d] [1,3]tiazin-2-il)benzamida

racémica

N-{(4aRS,6RS, 7aSR) ~6-hidroxi-7a- {3- {pirimidin-5-
63c |il)fenil}-4,4a,5,6,7,7a-hexahidrociclopenta 431

15 [d] [1,3]tiazin-2-il)benzamida racémica

N- { (4aRS, 6RS, 7a8R) -7a- (2,4-difluoro-5- (pirimidin-
5-11) fenil) -6-hidroxi-4,4a,5,6,7,7a-

634 467
hexahidrociclopenta([d] [1,31tiazin-2-1il}benzamida

racémica

N- ({4aR8,6RS, 7aSR) -6-metoxi-7a- (3- (pirimidin-5-

63e il)fenil) -4,4a,5,6,7,7a~-hexahidrociclopenta 445

20
[dl [1,3]tiazin-2-il)benzamida racémica

N-{{4aR§, 6RS, 7aSR) -7a- {3- (5-fluoropiridin-3-

il) fenil) -6-metoxi-4,4a,5,6,7,7a-
63f : 462

hexahidrociclopentald] [1,3]tiazin-2-il)benzamida

racémica

25

\5
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Prep

Nombre gquimico

ES/MS
(m/e)
(M+1)

63g

N- { (4aRS, 6SR,7aSR) -6-metoxi-7a- (3- (pirimidin-5-
il) fenil)-4,4a,5,6,7,7a-
hexahidrociclopenta[d] [1,3]tiazin-2-il)benzamida

racémica

445

63h

N-((6R,7a8) -7a- (4-flucro-3- (pirimidin-5-
il) fenil) -6-metoxi-4,4a,5,6,7,7a-

hexahidrociclepentald] [1,3]1tiazin-2-il)benzamida

463

631

N-{(4aR, 6R,7a8) -7a- {4-fluoro-3- (pirimidin-5-
il)fenil) -6-isopropoxi-4,4a,5,6,7,7a-

hexahidrocicleopentald] [1,3}tiazin-2-il)benzamida

491

637

N- ((4aSR, 7aSR) -7a- (3- (pirimidin-5-il) fenil) -
4a,5,7,7a~tetrahidro-4H-furc[3,4-d] [1,3) tiazin-2-

il}benzamida racémica

417

63k

N-(({4a8,7a8)-7a-(3- (pirimidin-5-il} fenil) -
4a,5,7,7a-tetrahidro-4H-furo([3,4-d] [1,3]tiazin-2-

il}benzamida

417

63m

N- {{4a8SR, 7aSR} -7a-{2,4-difluoro-5- {(pirimidin-5-
il) fenil}-4a,5,7,7a-tetrahidro-4H-furo(3,4-

d] [1,3]tiazin-2-il)benzamida racémica

453

63n

N-{{4a8,7a8)-7a-(2,4-difluoro-5- (pirimidin-5-
il) fenil)-4a,5,7,7a-tetrahidro-4H-furo (3, 4-

d] [1,3]tiazin-2-il)benzamida

453

63p

N-((4a5,7a8)-7a-(2,4-difluoro-5-{5-fluoropiridin-
3-1l1)fenil)-4a,5,7,7a-tetrahidro-44-furo([3,4-

d] [1,3)tiazin-2-il)benzamida

470

49 ge utilizd solucidn de carbonato de sodic 2N en lugar de

carbonato de cesio.
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Ejemplo 1
Clorhidrato de N-(3-({4a58,7a8})-2-Amino-4a,5,7,7a-tetrahidro-
4H-furo([3,4-d] [1,3]tiazin-7a-11) -4-fluorofenil) -5-

fluoropicolinamida

5 H
1 S
{1,
: N¢kNH2
F=d N
—= 0 HCH
Una solucidn de cloruro de hidrdgeno 4M en dioxano
10 (834.8 pL; 3.3 mmol) se agregd a 7a-(5-(5~

fluoropicolinamide) -2-fluorofenil)-4a,5,7,7a-tetrahidro-4H-
furo[3,4-d] [1,3]tiazin-2-ilcarbamato de terc-butilo (91 mg;
167.0 pmol) y se agitd a temperétura ambiente. Después de 2
dias, la mezcla de reaccidn se concentrd in vacuo. El residuo
15 se disolvidé en diclorometano y metanol minimo. Se agregaron
éter y hexano. El producto se precipitdé como la sal la cual
se separd del licor madre por centrifugacidén y se colocd bajo
vacio para remover cualquier solvente presente para dar el
compuesto del titulo (%8 mg; 12%5pmel). LC-ES/MS m/e 391

20 (M+1); Tp = 1.675.

Ejemplo la
A una suspensidn de N-(3-(({4aS,7a8) -2-amino-
4a,5,7,7a-tetrahidro-4H-furo{2,4-4] [1,3]tiazin-7a-il}-4-

25 fluorofenil) -5-fluoropiceolinamida (17.3 g, 42.10 mmol} en una

A
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mezcla de etanol {63i.45 mL) y diclorometano (420.96 mL) se
agregd una solucidén de cloruro de hidrdgeno 4 M en 1,4-
dioxano (46.31 mL, 185.22 mmol). La mezcla se agitd a 22°C
por 1 h, se concentrd y el residuo se triturd con EtOH (200
mL). El sélido se filtrd y lavé con EtOH. El1 sélido =e
triturd con agua y la suspensidén se concentrd bajo presidn
reducida. El residuc se secd en un horno a vacio (18 h, 40°Q)
para dar el compuesto del titulo como un sélido blanco (17.1

g, 94%). ES/MS m/e: 391 (M+1l).

Ejemplo 1lb
N-(3-((4aS,7a8)-2-Amino-4a,5,7, 7a-tetrahidro-4H-furo[3,4-
d] [1,3]tiazin-7a-il) -4-fluorofenil) -5-fluoropicolinamida
A una suspensidén de clorhidrato de N-(3-((4a8,7as}-
2-Amino-4a,5,7,7a-tetrahidro-4H-furof3,4-d] [1,3]tiazin-7a-
il)-4-fluorofenil}-5-fluoropicolinamida (20 g, 47 mmol} en
agua (280 mL) a temperatura ambiente, se agregd una solucidn
acucsa de hidrdxido de sodio 2N (1.2 eq, 27 mL). La mezcla
se agitd por 30 minutos. La suspensién se filtrd y el soélido
se lavd con agua (3 x 100mL). El sdlido se secd bajo vacio a
45°C para dar el compuesto del titule como un sélido blanco.
Lo sélido resultante se purificd via 1los siguientes dos
métodos:
Método A: El sélido (16 g) se suspendidé en 240 mL

de agua y se adregd una solucidn acuosa de hidréxido de
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sodio 2N (l.5eqg, 31lmL). La mezcla se colocd un bafio de
ultrasonido por 15 min a 22°C y se agitd a 22°C por 3 h. Lo
s6lido blanco se filtrd, se lavd con agua (3 x 100 mL), y se
secd en un horno a vacio a 45°C durante la noche para
proporcionar el compuesto del titulo (14 g). ES/MS m/e
391 (M+1) .

Método B: El sélido (3 g} se suspendid en metanol
(40 mL} y calentado entre 62 hasta 64°C por 15 h con siembra
con semillas de la base libre de N-(3-((4a$8,7a8)-2-Aminc-
4a,5,7,7a-tetrahidro-4H-furo[3,4-d] [1,3]tiazin-7a-11) -
fluorofenil) -5-fluoxropicolinamida. La mezcla se enfrid a
temperatura ambiente y la suspensién se filtré. El sélido se
lavé con metancl y se secd en un horno a vacio a 50°C por 4 h
para proporcionar el compuesto'del tituleo (2.3 g). ES/MS m/e

391 (M+1).

Ejemplo 2
Diclorhidrato de N-(3-((4aS,7aS)-2-Amino-4a,5,7,7a-
tetrahidro-4H-furo[3,4-4] [(1,2]tiazin-7a-11) -5-fluorofenil) -

fluorcpicolinamida

"

col
13,

Se agregd piridina (0.44mL, 5.46 mmol} a una mezcla
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de N-(3-({4a8, 7a8) -2-benzamido-4a,5%, 7, 7a-tetrahidro-4H-
furo[3,4-d) [1,3]tiazin~-7a-il})-5-fluorcfenil) -5-
fluoropicolinamida (0.27g, 0.546 mmol) y clorhidrato de o-
metilhidroxilamina (0.456 g, 5.46 mmol) en etanol (15 mL}). La
mezcla resultante se agitd a 50°C por 6 h. La wmezcla se
enfrid a temperatura ambiente y agitacidn se continudé por 3
dias. La mezcla se diluyd con diclorometanoc y NaOH acuoso 0.1
M y se extrajo c¢inco veces con diclorometano. La fase
orgédnica combinada se diluyd con MeOH para hacer una solucidn
homogénea, se secd sobre sulfato de sodio, se filtrd, y el
solvente se removid bajo presidn reducida para dar un residuo
gue se purificd sobre gel de silice con 5% metanol en
diclorometano para dar el compuesto del titulo como la base
libre (0.109 g, 51%). Se burbujed clorurc de hidrdgeno a
través de 1la solucién de N-(3-((4aS8,7a8}-2-amino-4a,5,7,7a-
tetrahidro-44d-furo[3,4-4d] [1,3]tiazin-7a-1il1) -5-fluorofenil) -5-
fluoropicolinamida (0.109 g, 0.279 mmol) en metanol por
aproximadamente 5 min. La solucidén después se concentrd bajo
presidn reducida y se secd en alto vacio para proporcionar el
compuesto del titulo (0.128 g, 51%). ES/MS m/e: 391 (M+1).

Se prepararon los siguientes compuestos en la Tabla
42 esencialmente como se describe en la preparacién de
diclorhidrato de N-{3-((4a8,7a8) -2-amino-4a,5,7, 7a-
tetrahidro-4H-furo([3,4-d} [1,3]tiazin-7a-1l1)-5-fluorofenil) -5-

fluoropicolinamida,
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Tabla 42
ES/MS
Ej | Nombre quimico Estructura {m/e)
{M+1)
H
Clorhidrato de N-(3- :
5 o S
((4as8,7a8)-2-Amino-4a,5%,7, 7a- : N¢i\NH
: 2
3 | tetrahidro-4H-furo(3,4- 0 /@ 373
d] [1,3]tiazin-7a-1il1)fenil) -5- SN N HC
fluoropicolinamida F | =N H
Clorhidrato de N-{3- H
((4a8R, 7aSR) -2-Amino- 0 7 S
10 _ L2
4a,5,7,7a-tetrahidro-4H- : N 'NH,
4 0 373
furc([3,4-d] [1,3]1tiazin-7a-
i1) fenil) -5- NH Hel
=N
fluoropicolinamida racémica F
15 Ejemplo 5
Diclorhidrato de N-(3-{(8a8)-2-Amino-4,4a,5,7,8,8a-
hexahidropiran(4,3-d] [1,3]1tiazin-8a-il) fenil)-5-
cloropicolinamida
H
o8
20 zN”l\NH2
L O
= N
|y H
ci = 2 HCl
A una solucidn de (BaS})-Ba-(3-(5-

c¢loropicolinamido) fenil) -4,4a,5,7,8,8a-hexahidropiran (4, 3-

25 d][1,3]tiazin-2-ilcarbamato de terc-butilo (0.172 g, 0.342
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mmol) en CH,Cl. (8 mL) se agregd TFA (4 wmL) y la reaccidn se
agitd a temperatura ambiente por 1 hora. El1 solvente se
removid bajo presidén reducida. El residuo se purificd en una
columna 10 g SCX wusando 4:1 CH;Cl,.MeOH seguido por 2:1
CH,Cl,:NH; 7 N en MeOH para proporcionar el compuesto del
titulo como una base 1libre (0.127 g, 92%). La base libre
(0.124 g, 0.308 mmol) se disolvidé en CH,Cl; y se tratd con HCl
1M en Et,0 (0.65 mL, 0.60G5 mmol) y el solvente se removid bajo
presién reducida para proporcionar el compuesto del titulo
(0.127 g, 78%). ES/MS m/e (>°Cl/’’Cl) 403, 405 (M+1).

Se prepararon los siguientes compuestos en la Tabla
43 esencialmente como se describe en la preparacién de
diclorhidrato de N-(3-((8a8)-2-amino-4,4a,5,7,8, 8a-
hexahidropiran{4,3-d] [1,3]tiazin-8a-1il)fenil) -5-

cloropicolinamida.

Tabla 43
ES/MS
Ej | Nombre guimico Estructura (m/e)
{M+1)
clorhidrato de N-(3-
{{BaS}-2-Amino- H
: L
4,4a,5,7,8,8a- I -
- N NH, (**c1/*"cl)
6 |hexahidropirani4,3- 0
421, 423
4] [1,3]1tiazin-8a-il) -4~ /ﬂ:j?rJLN
, H
fluorofenil)-5- el =N HC
cloropicelinamida
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E]

Nombre quimico

Estructura

ES/MS
(m/e)
{M+1)

diclorhidrato de
((BaS)-2-Amino-
4,4a,5,7,8,8a-
hexahidropiran(4,3-
d} {1,3]tiazin-8a-il)-4-
flucrofenil) -5-

flueropicolinamida

2

H
I3
: N/% NH
L LY
= N
| N
EN 2 HCI

405

clorhidrato de N-(3-
{(8a8)-2-Amino-
4,4a,5,7,8,8a-
hexahidropiranl(4,3-

d] [1,3)]tiazin-8a-11)-4-
fluorofenil)thiazole-2-

carboxamida

H
oP1
“N” T NH,
o F
&y
N 2 HCl

393

diclorhidrato de N-(3-
((8a8) -2-Amino-
4,4a,5,7,8,8a-
hexahidropiran[4,3-

d] [1,3)tiazin-Ba-il)-4-

fluorofenil)picolinamida

H
I
: N/% NH,
P LT
= N
| N H
= 2 HCI

387

10

clorhidrato de N-(3-
((8a8) -2-Amino-
4,4a,5,7,8,8a-
hexahidropiran(4, 3-

dl [{1,3]tiazin-8a-i1)-4-
flucrofenil) -5-
cloropirimidin-2-

carboxamida

H
LA
SN NH,
WAL
H
o N HC

(35C1/37Cl)
422, 424
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Ej

Nombre quimico

Estructura

ES/MS
(m/e)
{M+1)

11

clorhidrato de N-{3-
((8aS) -2-Amino-
4,4a,5,7,8,8a-
hexahidropiranl[4, 3-

d) {1,3ltiazin-8a-11)-4-
fluorofenil) -5-
fluoropirimidin-2-

carboxamida

H
T
-
ITNTUNH,
P LT
H
= N HCI

406

12

diclorhidrato de N-(5-
{(8aS) -2-Amino-
4,4a,5,7,8, 8a-
hexahidropiran([4,3-

d] [1,3]tiazin-8a-1il)-2-
fluorofenil) -5-

cloropicolinamida

H
SSt
SN NH,
0
/G)LN
H
cl =N F aHcl

(35C1/37Cl
) 421,
423

13

diclorhidrato de N-(3-
({8aS}-2-Amino-
4a,5,6,7,8,Ba-hexahidro-
4H-benzo[d] [1,3]tiazin-8a-
il) fenil) -5-

cloropicelinamida

H
L2
o
:°N” 'NH
e

= N
| n A

cl = 2 HCI

2

(35C1/37C1
) 401,
403

14

diclorhidrato de
{{4aR,7a8}-2-Amino-
4,4a,5,6,7,7a-
hexahidrociclopenta [d]
[1,3]tiazin-7a-

il)fenil)isonicotinamida®"

H
13
N7 NH
Pe
©)LN
' H
N~ 2 HCI

2

353
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ES/MS
Ej | Nombre quimico Estructura (m/e)
(M+1)
diclorhidrato de N-(3- H
{ (4aR, 7a8) -2-Amino- T S
N
4,4a,5,6,7,7a- : N NH,
i5 0 353
hexahidrociclopentald] [1,3 N
Jtiazin-7a- [;:j/u\u
=
il) fenil)picolinamida® 2 HC
diclorhidrato de N-{3-
H
{(7a8) -2-Amino- <::ii\s
4,4a,5,6,7,7a~ L. =
: N/J\NHZ
16 | hexahidrociclopenta [d] 0 /[j:] 354
[1,31tiazin-7a- I:N\ N
. o | H
il)fenil)pirazin-2- N/ 2 HCI
carboxamida®®
diclorhidrato de N-(3-
H
{(7a8)-2-Amino- B S
4,4a,5,6,7,7a- <I P
: N*NH2
17 | hexahidrociclopenta [(d] 0 354
[1,3]tiazin-7a- N\j)LN
il)fenil)pirimidin-2- E;ﬁN H 2 HCl
carboxamida *°
clorhidrato de N-{3- H
{((7a8) ~-2-Amino-
4,4a,5,6,7,7a- s
i8 352

hexahidrociclopenta[d]

[1,3]tiazin-7a~

il)fenil)benzamida °°

| <:L:’iNH
8]
o
HCI
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ES/MS
Ej | Nombre quimico Estructura (m/e)
(M+1)
diclerhidrato de N-(3-
. H
{{7a8) -2-ABmino- z s
4,4a,5,6,7,7a- <I\/)\
I N° NH,
19 | hexahidrociclopentald] (1,3 0 /[::j 354
i in-7a- N
ltiazin-7a E;:j/ﬂ\ﬁ
il)fenil)pirimidin-4- N. = 2 HCI
carboxamida °°
clorhidrato de N-(3- H
{ (4aR, 7aS) -2-Amino- Gii
.
4,4a,5,6,7,7a- PN NH;
20 _ . o 387
hexahidrociclopenta{d] [1,3 y
Jtiazin-7a-il) fenil) -5- T
. . : 51 o NF HCI
cloropicolinamida;
diclorhidratoc de N-{3-
{(4as, 7a8) -2-Amino- @
3
4a,5,7,7a-tetrahidro-4H- OJ\,,I\
21 . . 0 i N NH, 407
furo(3,4-d] [1,3]tiazin-7a- ,J(:sT/Q f(:j7fF
il) -4-fluorofenil) -5~ c\=n N 2 HCi
cloropicolinamida *°
diclorhidrato de N-(3-
((4a8, 7a8) -2-Amino- 9’
4a,5,7,7a~tetrahidro-4H- g
oL L A
22 | furo[3,4-4] [1,3])tiazin-7a-~ 0 i N NH, 392
N F
i1) -4-fluorofenil) -5- ,(,MN,O’
e FPN=N H 2 HCl
fluoropirimidin-2-
carboxamida °°

Se utilizdé HCl 4 N en 1,4-dioxanc para desproteccidn en
lugaxr de TFA, para proporcionar la sal de HCl directamente.

Se utilizdé gas de HCl en diclorometano/éter dietilico
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para desproteccién en lugar de TFA, para proporcionar la sal

de HCl directamente.

Ejemplo 23
Diclorhidrato de (8aS)-8a-(2,4-Difluoro-5-(pirimidin-5-
il)fenil)-4,4a,5,7,8,8a-hexahidropiran{4,3-d] [1,3]tiazin-2-

amina

1
LN’ P 2HCl

A una solucidén de 8a-(2,4-difluoro-5-(pirimidin-5-
il)fenil})-4,4a,5,7,8,8a-hexahidropiran(4,3-d] [1,3]tiazin-2-
ilcarbamato de terc-butilo (0.258 g, 0.558 mmol) en CH,Cl; (8
mL) se agregd TFA (4 mL) y la reaccidn se agitd a temperatura
ambiente por 1 hora. El1 solvente se removidé bajo presién
reducida para proporcionar un residuo que se diluyd con agua
y NaOH 1N para ajustar el pH a 12. La capa acuosa se extrajo
tres veces con EtOAc. La capa organica se secd sobre Na,S50; y
el producto crudo se purificdé por cromatografia en gel de
silice eluyendo con un gradiente lineal de 1% hasta 10% de
NH;/MeOH 7N en CH,Cl, para proporcionar el compuesto del
titulec como la base libre (0.165 g, 68%). La base libre
(0.162 g, 0.448 mmol) se disolvid en CH,Cl, y se tratd con de

HCl 1M en Et,0 (0.94 mL, 0.940 mmol) y el solvente se removid

04
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bajo presidédn reducida para proporcicnar el compuesto del

titulo (0.208 g, 86%). ES/MS m/e: 363 (M+1).

Ejemplo 24
Diclorhidrato de (4aR,7a8)-7a-{3-(Pirimidin-5-il) fenil) -

4,4a,5%5,6,7,7a-hexahidrociclopenta(d] [1,3]tiazin-2-amina

N
S
. 2 HCI
N
Una mezcla de {4aR, 7a8) -7a- {3 -bromofenil) -

4,4a,5,6,7,7a-hexahidrociclopentald] [1,3]tiazin-2-ilcarbamato
de terc-butile (0.860 g, 2.09 mmol), Acido pirimidin-5-
bordnico {0.423 g, 3.34 mmol) , cloruro de (1,1'-
bis(difenilfosfino) ferroceno)paladio(II) (0.171 g, 0.209
mmol) en 1,2-dimetoxietano (10 mL), se calentd a 100 °C bajo
atmésfera de nitrdégeno. Se agregd carbonato de sodio acuoso 2
M (3.14 mL, 6.27 mmol) a la mezcla de reaccién por Jeringa.
La mezcla resultante se agitd a 110°C por 20 minutos. La
reaccidn se enfrid y extrajo tres veces con diclorometano y
los extractos combinados también se secaron sobre sulfato de
sodio, filtraron, y concentraron bajo presidn reducida. E1
residuo se purificdé por cromatografia en gel de silice,

eluyendo con un gradiente lineal de metanol en diclorometano
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0 a 20% durante 30 minutos para dar el compuesto del titulo
como una base libre (0.482 g, 74%). ES/MS m/e: 311 (M+1).

A la solucidén de {4aR,7aS)-7a-(3-(pirimidin-5-
il) fenil)-4,4a,5,6,7,7a-hexahidrociclopentald] [1,3]tiazin-2-
amina (0.482 g, 1.55 mmol) en metanol (2 mL), se agregd HCL
4N en 1,4-dioxano (2 mL) a temperatura ambiente. La mezcla
resultante se agitd a temperatura ambiente por 1 hora y se
concentrd bajo presidén reducida para dar el compuesto del
titulo (0.5%5 g, 100%). ES/MS m/e: 311 (M+1).

El siguiente compuesto en la Tabla 44 se prepard
esencialmente como se describe en la preparacién de
diclorhidrato de {4aR, 7aS) -7a- (3- (pirimidin-5-il) fenil) -

4,4a,5,6,7,7a-hexahidrociclopentad] [1,3]tiazin-2-amina.

Tabla 44
ES/MS
Ej | Nombre quimico Estructura (m/e}
(M+1)

H
Diclorhidrato de (8aS)-Ba- g

L
{(3-{Pirimidin-5-il) fenil) - : N NH
25 325
4a,5,6,7,8,8a-hexahidro-4H-

benzo [d] [1,3]tiazin-2-amina | [ 2 HCI
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Ejemplo 26
Diclorhidrato de (7aS)-7a-(4-Fluoro-3-{pirimidin-5-il) fenil) -

4,4a,5,6,7,7a-hexahidrociclopenta(d] [1,3]tiazin-2-amina

N
”\N F 2He
A una mezcla de trifluorometansulfonato de 5-

((4aR, 7a8) -2- (terc-butoxicarbonilamino) -4,4a,5,6,7,7a-
hexahidrociclopenta [d] [1,3])tiazin-7a-il) -2-fluorofenilo
(0.630 g, 1.26 mmol), Acido pirimidin-5-ilbordénico (0.189 g,
1.53 mmol), triciclohexilfosfina (0.035 g, 0.125 mmol) ¥y
tris(dibencilidenacetona)dipaladic (0) (0.057 g, 0.0622 mmol)
enn 1,4-dioxano (6 mL), se agregd fosfato de potasio acuoso
1.27 M, tribasicc, N-hidrato (1.76 mL, 2.24 mmol). La mezcla
se calentd a 73 °C y agitd durante la noche. La reaccidén se
enfrié y diluyd con agua y EtOAc. La capa organica se secd
sobre Na,S0, y evapord a sequedad y el producto crudo se
purificd por cromatografia en gel de silice eluyendo con un
gradiente lineal de 1% hasta 10% de NH;/MeOH 7N en CH,Cl; para
proporcionar el compuesto del titule como la base libre
(0.191 g, 46%). La base 1libre (0.191 g, 0.582 mmol) se
disolvié en CH,Cl, y se tratdé con HC1 1M en Et,O (1.16 mL,
1.16 mmol) y el solvente se removid bajo presidn reducida

para proporcionar el compuesto del titulo (0.24 g, 47.5%).
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ES/MS m/e: 329 (M+1).

Ejemplo 27
Clorhidrato de ({4aR,6R,7aS)-2-Amino-7a-{2'-metoxibifenil-3-

5 il)-4,4a,5,6,7,7a-hexahidrociclopenta([d] [1,3]tiazin-6-01

10
Una mezcla de N-(({4aR,6R,7a8) -6-hidroxi-7a-(3"'-

metoxibifenil-3-1il)-4,4a,5,6,7,7a-
hexahidrociclopentald] [1,3]tiazin-2-1i1)benzamida (0.061qg,
0.133 mmol), clorhidrato de o-metilhidroxilamina {(0.111 g,

15 1.3 mmol) y piridina (0.105 g, 1.30 mmol) en etanol (5 mL),
se calentd a 50°C por 15 h. La' mezcla se concentrdé bajo
presidn reducida. E1 producto crudo se purificd por
cromatografia en gel de silice eluyendo con 0.5% hasta 10% NH;
(solucidén 7N en metanol) en diclorometano durante 30 minutos

20 para proporcionar el compuesto ael titulo como una base libre
{0.041 g, 87%). ES/MS m/e:355 (M+1l). Una solucidén 1N de HCI1
en Et,0 (0.139 mL, 0.13% mmol) se agregd a una solucidn de
(4aR, 6R, 7a8) -2-amino-7a- (3'-metoxibifenil-3-il) -
4,4a,5,6,7,7a~hexahidrociclopenta[d] [1,3]tiazin-6-01 {(0.041lqg,

25 0.116 mmol) en diclorometano minimo vy metanol. El solvente se
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removié bajo presién. reducida para dar el compuesto del
titulo (0.045 g, 86%). ES/MS m/e: 355 (M+1l}.

Los siguientes compuestos en la Tabla 45 se
prepararon esencialmente como se describe en la preparacién
de clorhidrato de (4aR,6R,7aS)-2-amino-7a-(3'-metoxibifenil-

3-il1)-4,4a,5,6,7,7a-hexahidrociclopentald] [1,3]tiazin-6-ol.

Tabla 45
ES/MS
Ej. { Nombre quimico Estructura (m/e)
(M+1)
Clorhidrato de H
(4aR, 6R, 7a8) -6-Metoxi-7a-~ \ym<::I:A\S
LA
(3'-metoxibifenil-3-11})- : N NH

z 2
28 369
4,4a,5,6,7,7a- |
HCI

0
hexahidrociclopentald] [1, 3] O

tiazin-2-amina

Clorhidrato de
(4aR, 6R,7aS) -7a-(3'- \3—\ E g
Metoxibifenil-3-i1) -6- AN

29 (metoximetoxi) - : NONH, 399
4,4a,5,6,7,7a- (1) O HCI
hexahidrociclopenta([d] [1, 3] O
tiazin-2-amina
Diclorhidrato de H
(4aR,6R,7a8)-2-Aminc-7a- (4- Hou~<::IjA;i\
fluoro-3- (pirimidin-5- : N7 ONH,

30 345
il) fenil)-4,4a,5,6,7,7a-
hexahidrociclopentald] [1,3] ﬁ\i: I 2 HC
tiazin-6-o0l N
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ES/MS
Ej. | Nombre quimico Estructura (m/e)
(M+1)
. . H
diclorhidrato de : s
4aR, 6R,7aS) -2-Amino-7a- {4- HOWCL/N\/)\NH
fluoro-3-{5-fluoropiridin- A :
5 31 362
3-11)fenil)-4,4a,5,6,7,7a-
NT™ 2 HCI
hexahidrociclopentald] {1,3] | I F
tiazin-6-o0l E
Diclorhidrato de H
{4aRS8, 6RS, 7aSR) -2-Amino-7a- HO"“<::Ijﬁtf\
" i
(3- (pirimidin-5-il) fenil) - : N° NH,
10 32 327
4,43,5,6,7,73-
hexahidrociclopenta[d] [1, 3] %\\\ 2 HC
-
tiazin-6-o0l racémico N
Diclorhidrato de H
(4aRS, 6RS, 7aSR) -2-Aminoc-7a- HO““<::IjAtf\
+ o
{2,4-difluoro-5- (pirimidin- : N F NH,
33 363
15 5-il) fenil)-4,4a,5,6,7,7a-
hexahidrociclopenta {d] [1,3] ﬁ\\\ 2 HCl
= F
tiazin-6-0l racémico N
Diclorhidrato de H
(4aRS, 6RS, 7aSR) -2-Amino-T7a- HO““<::Ijﬁtf\
- -~
(3- (5-fluoropiridin-3- : N NH,
34 344
il)fenil}-4,4a,5,6,7,7a- E
20 hexahidrociclopenta[d] [1, 3] | o 2 HCI
e
tiazin-6-0l1 racémico N
25
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E.

Nombre guimico

Estructura

ES/MS
{m/e)
(M+1)

35

(4aRS, 6RS, 7aSR} ~6-Metoxi-
7a-{(3- (pirimidin-5-
il)fenil)-4,4a,5,6,7,7a-
hexahidrociclopenta[d] (1, 3]

tiazin-2-amina racémilca

341

36

(4aRS,6SR, 7a8SR) -6-Metoxi -
7a-{3- (pirimidin-5-

il) fenil)-4,4a,5,6,7,7a-
hexahidrociclopenta(d] [1, 3]

tiazin-2-amina racémica

341

37

(4aRS, 6RS, 7aSR) -7a- (3- (5-
Fluoropiridin-3-il) fenil) -
6-metoxi-4,4a,5,6,7,7a-
hexahidrociclopenta{d] {1, 3]

tiazin-~2-amina racémica

358

38

Diclorhidrato de
{4aRS,6RS, 7aSR) -7a- {4-
fluoro-3- (pirimidin-5-
il)fenil) -6-metoxi-
4,4a,5,6,7,7a-
hexahidrociclopentald] [1, 3]

tiazin-2-amina

2 HCI

359
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ES/MS
Ej. | Nombre quimico Estructura (m/e)
(M+1)
. ) H
Diclorhidrato de = s
{4aSR,7aSR) -7a- (3- 0:/]:\\/)\
(Pirimidin-5-il) fenil) - I NT NH,
39 , 313
4z,5,7,7a-tetrahidro-4H-
furo[3,4-d} (1,3)tiazin-2- N
. L. [L 2 HCI
amina racémica N/
H
Diclorhi to de (4as,7as)- " 8
pe Pt IO O
a irimidin SN7 NH,
40 il)fenil)-4a,5,7,7a- 313
tetrahidro-4H-furc[3,4- N
d} [1,3]1tliazin-2-amina l 2 HC!
-
N
, . H
Diclorhidrato de H s
(4aR,6R,7a8} -7a- (4-Fluoro- O““<::I:A:i\
3- {pirimidin-5-11) fenil) -6- < : N NH,
a1 | ° , 387
isopropoxi-4,4a,5,6,7,7a-
hexahidrociclopenta(d] [1,3] N™ ™
. . l 2 HCI
tiazin-2-amina N/ F
Ejemplo 42

Diclorhidrato de {(4aS,7a8)-7a-(2,4-Difluoro-5-(5-

fluoropiridin-3-il) fenil) -4a,5,7,7a-tetrahidro-4H-furo(3,4-

d] {(1,3]1tiazin-2-amina

H
1 s
1
F & N¢k
7\ e
N=

NH,

F 2 HCI

Se agregd A&acido clorhidrico acuoso 5N {8.70

mL)

\33
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N-((4a8,7a8)-7a-(2,4-difluoro-5-(5-fluoropiridin-3-il) fenil) -
4a,5,7,7a-tetrahidro-4H-furo([3,4-d] [1,3]tiazin-2-1il) benzamida
(0.252 g, 0.435 mmol} en metanol (4 mL), y la mezcla se
calentd a 90°C. Después de 18 horas, se removidé el calor y el
PH de la mezcla de reaccidn se ajustd a bdsico con hidrdxido
de sodioc acuosc 5N. La mezcla se extrajo tres veces con 10%
de alcohol isopropilico en diclorometano. La capa organica se
concentrd bajo presién reducida y el residuo resultante se
purificd por cromatografia radial eluyendo con 3% de amoniaco
2M en metanol:diclorometano para dar el compuesto del titulo
comoc la base libre. La base libre se disolvid en
diclorometane minimo y se agregd en exceso <cloruro de
hidrogeno 1M en éter. Se agregd® hexano (1 mL) y el solvente
se removid bajo presidn reducida para dar el compuesto del
titulo (0.12% g, 67%). ES/MS m/e: 366 (M+1).

Los siguientes compuestos en la Tabla 46 se
prepararon esencialmente por el método de diclorhidrato de
(4a8,7a8) -7a-(2,4-difluoro-5-(5-fluoropiridin-3-1il) fenil} -

4a,5,7,7a-tetrahidro-4H-furo[3,4-4] [1,3]tiazin-2-amina.




143

Tabla 46
MS
Ej. Nombre quimico Estructura (m/e)
(M+1)
Diclorhidrato de
> (4aSR,7aSR)-7a-(2,4- H
Difluoro-5- (pirimidin-5- o:I:i
43 il) fenil)-4a,s,7,7a- </N \ SONONH g
F
tetrahidro-4H-furo(3,4- N;: ;::
£ 2 HCI
d] [1,3]tiazin-2-amina
racémica
10 Diclorhidrato de (4a8,7as)-
H
Ja-{2,4-Difluoro-5- z S
e . . o Y
(pirimidin-5-il) fenil) - SSNT NH
44 N A \ 2 349
4a,5,7,7a-tetrahidro-4H- ¢ }—Q—F
N=
furo[3,4-d] [1,3]tiazin-2- F 2 HCl
amina
15
Ejemplo 45
Diclorhidrato de (4aS,7aS)-7a-{4-Fluoro-3-{pirimidin-5-
il) fenil)-4a,5,7,7a-tetrahidro-4H-fure{3,4-d] [1,3]tiazin-2-
amina
20 H

TS
{1

N/)\NHZ
NZ o f

Una solucién de cloruro de hidrdgeno 1M en éter

25 dietilico se agregd en exceso a (4aS,7aS)-7a-(4-fluoro-3-
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(pirimidin-5-il) fenil)-4a,5,7,7a-tetrahidro-4H-furo[3,4-
d] [1,3]tiazin-2-amina (22 mg, 66.59 umol) en diclorometanc
minimo. El solvente se removid bajo presidn reducida para dar
el compuesto del tituleo (27mg, 100%). LC-ES/MS m/e: 331
(M+1) .

Los siguientes compuestos en la Tabla 47 se
prepararon esencialmente por el método de diclorhidrato de
(4as8,7a8)-7a- (4-flucro-3- (pirimidin-5-il) fenil) -4a,5,7,7a-

tetrahidro-4H-furo{3,4-4] [1,3]}tiazin-2-amina.

Tabla 47
MS
Ej. | Nombre quimiceo Estructura (m/e}
(M+1}
diclorhidrato de M
(4aS,7aS} -7a- (2-Fluoro-5- C{::Ijﬁii\
(pirimidin-5-il) fenil) - N7 ONH
a6 ~ 2 331
4a,5,7,7a-tetrahidro-4H- F
NTX
furo(3,4-d] [1,3]tiazin-2- Q _ 2 HCI
amina N

Procedimientos de Ensayo In Vitro:

Para los ensayos celulares y enzimaticos in vitro,
los compuestos de prueba se prepararon en DMSO para elaborar
una solucién base de 10 mM. La solucidn base se diluyd en
serie en DMSO para obtener una curva de dilucidn de diez

puntos con concentraciones de compuesto finales que varian
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desde 10 mM a 1 pM en una placa de fondo redondo de 96
cavidades antes de conducir los ensayos de célula completa vy

enzimaticos in vitro.

Ensayos de inhibicidén de proteasa in vitro:

Ensayoc de FRET de BACEl

Las diluciones seriales de los compuestos de prueba
se prepararon como se describid anteriormente. Los compuestos
son adicionalmente diluidos 20X en amortiguador KH,PO,. Diez
pl de cada dilucidn se agregaron a cada cavidad en la hilera
A hasta H de una placa negra de bajo enlace de proteina
correspondiente que contiene la mezcla de reaccidn (2% nl de
KH,PO, 50 mM, pH 4.6, TRITON® X-100 1 mM, 1 mg/ml de AlbOmina
de Suero Bovino, y 15 uM de sustratoc FRET) (Véase Yang, et
al., J. Neurochemistry, 91(e} 1249-59 (2004)). El contenido
se mezcld bien en un sacudidor de placas por 10 minutos.
Quince pl de BACE1l humana doscientos pM (1-460):Fc (Véase
Vasser, et al., Science, 286, 735-741 (1999)) en el
amortiguador KH,PO, se agregaron a la placa que contiene
sustrato y compuestos de prueba para iniciar la reaccidn. La
RFU de la mezcla en el tiempo 0 se registrd a longitud de
onda de excitacidén de 355 nm y longitud de onda de emisidn de
460 nm, después de mezclado breve en un sacudidor de placas.
La placa de reaccidn se cubrid con chapa de aluminio y se

mantuvo en un horno humidificado oscuro a temperatura

%S
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ambiente por 16 a 24 h. La RFU al final de la incubacidn se
registrd con el mismo ajuste de excitacidén y emisidén. La
diferencia de 1la RFU en el tiempo 0 y al final de la
incubacidén es representativa de la actividad de BACEl bajo el
tratamiento con compuesto. Las diferencias de RFU son
graficadas contra concentracidén de inhibidor y una curva se
ajustd® con una ecuacién logistica de cuatro parametros para
obtener los valores ECs, e ICs. (Vé&€ase Sinha, et al., Nature,
402, 537-540 (2000)).

Los compuestos ejemplificados en 1l1la presente se
probaron esencialmente como se describié anteriormente vy
exhibieron un valor ICsy para BACEl de menos de 1 uM. Los
siguientes compuestos ejemplificados se probaron
esencialmente como se describidé anteriormente y exhibieron la

siqguiente actividad para BACEl:

Tabla 48
EJEMPLOC ICsy de BACEL
(nM)
1 20.3
B 179
32 346
25 731

Estos datos demuestran dque los compuestos de 1la

Tabla 48 inhiben 1la actividad de enzima BACEl recombinante
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purificada in vitro.

Expresiéﬁ de BACEl humana

BACE1l Humana (nGmero de acceso: AF190725) se clond
de ADNc de cerebro total por PCR a temperatura ambiente. Las
secuencias de nucledtido correspondientes a las secuencias de
aminodcido #1 a 460 se insertaron en el polipéptido de
IgG; (Fc) humano que codifica el ADNc (Vassar et al. 1999).
Esta proteina de fusidén de BACELl(1-460) y Fc humana, nombrada
huBACEl:Fc, se construyé en el vector pJdB02. La BACEL(1-
460) :Fc humana (huBACEl:Fc) se expresd temporalmente en
células HEK293. 250 ypg de ADNc de cada constructe se
mezclaron con Fugene 6 y se agregaron a 1 litro de células
HEK293. Cuatro dias después de la transfeccidn, los medios

acondicionados se recolectaron para purificacién.

Purificacidn de hHuBACEl:Fc¢
La huBACEl:Fc se purificd por cromatografia de
Proteina A. La enzima se almacend® a -80°C en alicuotas

pequeiias.

Ensayos de célula completa para medir la Inhibicidén de

Actividad de Beta-Secretasa

Ensayo de Célula Completa HEK293Swe

El ensayo de célula completa rutinario para la
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medicidén de 1la inhibicién de actividad de beta-secretasa
utiliza la linea celular de rifién embridnico humano HEK293p
{(No. de Acceso ATCC CRL-1573} que expresa establemente un
ADNc APP751 humano gque contiene la mutacidén doble que se
presenta naturalmente Lys651Met652 a Asné5lLeus52, cominmente
llamada la mutacidén Sueca (serialada HEK293/APP751sw) y que
muestra sobreproducir Abeta (Citron, et al., Nature, 360,
672-674 (1992)). Los ensayos de reduccidén de AP in vitro se
han descrito en la literxatura (Véase Dovey, et al., Journal
of Neurochemistry, 76, 173-181 (2001); Seubert, et al.,
Nature, 361, 260 {1993); y Johnson-Wood, et al., Proc. Natl,
Acad. Scie. USA, 94, 1550-1555 (1997)}.

Se incubaxon las células (HEK293/APP75lsw a 3.5x10°
células/cavidad, que contienen 200 ul de medios de cultivo,
DMEM gue contiene 10% FBS) a 37°C por 4 a 24 h en la
presencia/ausencia de inhibidores (diluidos en DMSQ) a 1la
concentracidn deseada. Al final de la incubacién, los medios
acondicionados se analizaron para evidencia de actividad de
beta-secretasa, por ejemplo, por andlisis de péptidos Abeta.
Los péptidos Abeta totales (Abeta 1-x) se midieron por un
BELISA de intercalacién, usandc monocclonal 266 como un
anticuerpe de captura y 3D6 biotinilado como anticuerpo
reportero. Alternativamente, los péptidos Abeta 1-40 y Abeta
1-42 se midieron por un ELISA de intercalacidn, usando 2G3

monoclonal como un anticuerpo de captura para Abeta 1-40, vy
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21F12 monoclonal como un anticuerpo de captura para Abeta 1-
42. Tanto los ELISAs de Abeta 1-40 como Abeta 1-42 usaron 3D6
biotinilado como el anticuerpo reportero. La concentracidén de
Abeta liberado en los medios acondicionados después del
tratamiento con compuesto corresponde a la actividad de BACE1
bajo tales condiciones. La curva de inhibicidén de 10 puntos
se graficd y ajustd con la ecuacidén logistica de cuatro
parametros para obtener los valores ECs e ICs;, para el efecto
de disminucidn Abeta. Los siguientes compuestos
ejemplificados se probaron esencialmente como se describid
anteriormente y exhibieron la siguiente actividad para el

efecto de disminucidn Abeta:

Tabla 49
ELISA de HEK 293 ELISA de HEK 293 Swe
EJEMPLO Swe A-beta (1-40) | A-beta (1-42)
ICso (nM) ICs5, (nM)
1 i8.5 19.7
8 78.0 82.6
32 670 173
25 1360 1150

Estos datos demuestran gque los compuestos de la

Tabla 49 inhiben BACE2 humana enddgena nativa en células in

vitro.
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Ensayo Neuronaerrimario PDAPP

Un ensayo de célula completa confirmatorioc también
se corrid en cultivos neuronales primarios generados de
ratones embridénicos transgénicos PDAPP. Las neuronas
corticales primarias se prepararcon de embriones PDAPP de 16
Dias Embridnicos y se cultivaron en placas de 96 cavidades
(15 x 10* cé&lulas/cavidad en DMEM/F12 {(1:1) m&s 10% FBS).
Después de 4-6 dias in vitro, los medios de cultivo se
reemplazaron con DMEM/F12 libre de suerc (1:1) que contiene
suplemento B27 y las neuronas se incubaron a 37°C por 24 h en
la presencia/ausencia de inhibidores (diluidos en DMSO) a 1la
concentracidén deseada. Al final de la incubacidn, los medios
acondicionados se analizaron para evidencia de actividad de
beta-secretasa, por ejemplo, por andlisis de péptidos Abeta.
Los péptidos Abeta totalés (Abeta 1-x} se midieron por un
ELISA de intercalacidn, usando 266 monoclonal como un
anticuexrpo de captura y 3Dé biotinilado como anticuerpo
reportero. Alternativamente, los péptidos Abeta 1-40 y Abeta
1-2 se midieron por un ELISA de intercalacidn, usando 2G3
monoclonal como un anticuerpo de captura para Abeta 1-40, vy
21F12 monoclonal como un anticuerpo de captura para Abeta 1-
42, Tantos los ELISA Abeta 1-40 como Abeta 1-42 usaron 3D6
bicotinilado como el anticuerpo reportero. La concentracidn de
Abeta liberado en los medios acondicionados después del

tratamiento con compuesto corresponde a la actividad de BACEL
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bajo talesgs condiciones. La curva de inhibicidén de 10 puntos

se graficd y ajustd con la ecuacidn logistica de cuatro
parametros para obtener los valores ECs;, e ICs, para el efecto
de disminucién de Abeta. Los

siguientes compuestos

ejemplificados se probaron esencialmente como se describid

anteriormente y exhibieron la siguiente

efecto de disminucién de Abeta:

actividad para el

Tabla 50
ELISA de Abeta (1- ELISA de A-beta (1-
EJEMPLO | 40) de Neurona PDAPP | 42) de Neurona PDAPP
ICs, (nM) ICsy (nM)

1 10.7 9.23

8 32.8 41.3

32 436 352

25 734 659

Estos datos demuestran que los compuestos de 1la

Tabla 28 inhiben BACEl murina enddgena nativa en células in

vitro.
Inhibicién In vivo de Beta-Secretasa
Varios meodelos animales, incluyendo ratdn, cobayo,
perro, y mono, se pueden usar para seleccionar la inhibicidn

de actividad de Dbeta-secretasa in vivo después del
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tratamiente con compueste. Los animales usados en esta
invencién pueden ser animales de tipo silvestre,
transgénicos, o de genes blgqueados. Por ejemplo, el modelo
de ratdédn PDAPP, preparado c&mo se describe en Games et al.,
Nature 373, 523-527 (1995), y otros animales no transgénicos
o de genes blogueados son 0Otiles para analizar la inhibicidn
in vivo de produccidén de Abeta y sAPPbeta en la presencia de
compuestos inhibidores. Generalmente, ratones PDAPP de 2 a 12
meses de edad, ratones con genes bloqueados © animales no
transgénicos son administrados con compuesto formulado en
vehiculos, tal como aceite de maiz, ciclodextranco,
amortiguadores de fosfato, PHARMASOLVE®, u otros vehiculos
adecuados. Una a veinticuatro horas  después de la
administracidon del compuesto, los animales son sacrificados,
y los cerebros asi como el fluido cerebroespinal y plasma se
removieron para analisis de Abetas, (99 y fragmentos sAPP.
(Véase Dovey, et al., Journal of Neurochemistry, 96, 173-181
(2001); y Johnson-Weod, et al., Proc. Natl. Acad. Sci. USA,
94, 1550-1555 {(1997)).

Para estudios de eficacia estandar, los animales
son dosificados con varias concentracicnes de compuesto y se
compararon con un grupo de control tratado con vehiculo
dosificade al mismo tiempo. Para algunos estudios de
transcurso de tiempo, el tejido cerebral, plasma o fluido

cerebroespinal se obtuvo de animales seleccionados,
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comenzando en el tiempo 0 para establecer una linea de base.
El compuesto se administrd a otros grupos y se sacrificaron
varias veces después de la dosificacidén. El tejido cerebral,
plasma o fluido <cerebroespinal se obtuvo de animales
seleccionados y se analizaron para la presencia de productos
de escisidén APP, incluyendo péptidos Abeta, sAPPheta y otros
fragmentos APP, poxr ejemplo, por ensayos ELISA de

intercalacidn especificos. Al final del periodo de prueba,

‘los animales se sacrificaron y los tejidos cerebrales, plasma

o fluido cerebroespinal se analizaron para la presencia de
péptidos Abeta, C99 y sAPPbeta. Los tejidos cerebrales de
animales transgénicos APP también se analizaron para la
cantidad de placas beta-amiloide después del tratamiento con
compuesto.

Los animales (PDAPP ﬁ otros ratones transgénicos o
no transgénicos APP) administrados con un compuesto inhibidor
pueden demostrar la reduccidén de Abeta o sAPPbeta en tejidos
cerebrales, plasma o fluidos cerebroespinales y disminucién
de placas beta-amiloide en tejido cerebral, cuando se
comparan con controles tratados con vehiculo o controles de
Tiempo Cero. Poxr ejemplo, 3 horas después de la
administracién de 10 mg/kg de dosis sub-cuténea del compuesto
del ejemplo 1 a ratones PDAPP hembras jdvenes, los niveles de
péptido Abeta 1-x, C99 y sAPPb se redujeron aproximadamente

64%, 60% y 44% en 1la corteza cerebral, respectivamente,

139
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comparados c¢on ratones tratados con vehiculo. De manera
similar, 3 horas déspués de la administracidén de una dosis
sub-cutanea de 10 mgfkg del compuesto del ejemplo 1 a ratones
PDAPP hembra jévenes, los niveles de péptido Abeta 1-x, €99 y
SAPPhb se redujeron aproximadamente  54%, 34%  y  42%,
respectivamente, comparados con ratones tratados con
vehiculo. Consistente con los cambios en Abeta, C99 y sgAPPs
de cerebro, 3 horas después de la administracién oral de una
dosis de 10 mg/kg del compuesto del ejemplo 1, los niveles de
Abeta 1-x en CFS y plasma se redujeron aproximadamente 62% vy
62%, respectivamente. Consistente con un mecanismo de
inhibicidén in vivo de BACE, los niveles de sAPPbheta de CFS se
redujeron 22%, mientras los niveles sAPPalfa de CFS estan sin
cambio 3 horas después de la administracidn oral de una dosis
de 10 mg/kg del compuesto del ejemplo 1.

Los compuestos de la presente 1invencidén son
preferiblemente formulados como composiciones farmacéuticas
administradas por una variedad de rutas. Muy preferiblemente,
tales compuestos son para administracién oral. Tales
composiciones farmacéuticas vy procesos para preparar las
mismas son bien conocidas en la técnica. Véase, por ejemplo,
Remington: The Science and Practice of Pharmacy (A. Gennaro,
et al., eds., 19" ed., Mack Publishing Co., 1995).

Los compuestos de Férmula I  son generalmente

efectivos sobre un amplic intervalo de dosificacidén. Por
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ejemplo, las desificaciones por dia normalmente caen dentro
del intervalo de aproximadamente 0.01 a aproximadamente 30
mg/kg de pesc corporal. En algunos casos los niveles de
dosificacidn por debajo del 1limite inferior del intervalo
antedicho pueden ser mas que adecuados, mientras gque en otros
casos aun dosis mayores pueden ser empleadas sin causar algin
efecto secundario dafiino, y por lo tanto el intervalo de
dosificacién anterior no se propone para limitar el alcance
de la invencidn en alguna forma. Se entendera gue la cantidad
del compuesto actualmente administrado serd determinada por
un médico, a la 1luz de las circunstancias relevantes,
incluyendo la afeccidén a ser tratada, la ruta de
administracién elegida, el compﬁesto o compuestos actuales
administrados, la edad, peso, y vrespuesta del paciente

individual, y la severidad de los sintomas del paciente.
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REIVINDICACIONES

Habiéndose descrito la invencidédn como antecede, se

reclama como propiedad lo contenide en las siguientes

reivindicaciones:
1. Un compuesto de la férmula I:
3
(R)p
e
-~
(- N/]\NH2
R’ )
(R
I

caracterizado porque:

X es -CH;- © -0-;

nes o0ol;

mes 0, 1, o 2;

pes 0 ol; p debe ser 0 cuando X es -0O-;

rR? es -NHCOR,, pirimidinilo, piridinilo
opcionalmente sustituido con halo o fenilo
opcionalmente monosustituido con -alcoxi C;-Cs;

R? es halo;

R? es -alcoxi C;-Ci;, hidroxi, o -0-CH,-0-CH;; v

R* es fenilo, piridinilo opcionalmente sustituido
con halo, pirimidinilo opcionalmente sustituido con

halo, pirizinilo o tiazeolilo;
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o una sal del mismo farmacéuticamente aceptable.

2. Un compuesto de conformidad con la
reivindicacidén 1, caracterizado porque X es ~-CH,- o -0-; n es
0 ol;y mes 0 ol1l; pes 0 o 1l; p debe ser 0 cuando X es -0-;
R' es -NHCOR, o pirimidinilo; R? es fluoro; R® es -alcoxi C;-C,
o hidroxi; R® es piridinilc opcionalmente sustituido con halo,
0o pirimidinilo opciocnalmente sustituido con halo; o una sal
del mismo farmacéuticamente aceptable.

3. Un compuesto de conformidad con cualquiera de
las reivindicacicones 1 a 2, caracterizado porque X es -CH;- ©
-0-; nes 0 o 1; m es 0 o 1l; p es 0; R' es -NHCOR,; R’ es
fluoro; R es piridinilo opcionalmente sustituide con halo; o
una sal del mismo farmacé&uticamente aceptable.

4, Un compuesto de conformidad con cualguiera de
las reivindicaciones 1 a 3, caracterizado porque X es -0-; n
es 0; m es 1; p es 0; R' es -NHCOR,; R* es halo; R' es
piridinilo sustituido c¢on halo, © una sal del mismo
farmacéuticamente aceptable.

5. Un compuesto de conformidad con la
reivindicacidén 4, caracterizado porque R?’ es fluoro, o una sal
del mismo farmacé&uticamente aceptable.

6. Un compuesto de conformidad con cualquiera de
las reivindicaciones 1 a 5, caracterizado porgque el compuesto
posee una configuracién cis en los centros quirales en la

unidén del anille aminotiazina fusionado, o una sal del mismo
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farmacéuticamente aceptable.
7. Un compuesto N-{(3-((4a,7a)-2-amino-4a,5,7,7a-
tetrahidro-4H-furo(3,4-d] [1,3]tiazin-7a-yl)-4-flucrofenilo) -

5-flucropicolinamida:

o una sal del mismo farmacéuticamente aceptable.

8. Un compuesto de conformidad con la
reivindicacién 7, caracterizado porgue el compuesto es N-(3-
{{4a8,7a8) -2-amino-4a,5, 7, 7a-tetrahidro-4H-furo[3,4-

d] [1,3]tiazin-7a-1il) -4-flucrofenilo) -5-fluoropicolinamida:

o una sal del mismo farmacéuticamente aceptable.

9. Una formulacién farmacéutica, caracterizada
porque comprende un compuesto de conformidad con cualquiera
de 1las reivindicaciones 1 a 8, o©o una sal del mismo
farmacéuticamente aceptable, en combinacidén con un portador,
diluyente o excipiente farmacéuticamente aceptable.

10. Una formulacidén farmacéutica de ceonformidad con

la reivindicacidén 9, caracterizada porque comprende uno o mas
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agentes terapéuticos.

11. Un métode, caracterizado porque es para tratar
la enfermedad de Alzheimer administrande una cantidad
efectiva de un compuesto de conformidad con cualquiera de las
reivindicaciones 1 a 8, o una sal del mismo farmacéuticamente
aceptable.

12. Un compuesto de conformidad con cualguiera de
las reivindicaciones 1 a 8, o una sal del mismo
farmacéuticamente aceptable, o una formulacién farmacéutica
de conformidad con cualquiera de las reivindicaciones 9 a 10,
para uso en terapia.

13. El1 usc de un compuesto de conformidad con
cualguiera de las reivindicaciones 1 a 8, o una sal del mismo
farmacéuticamente aceptable, o una formulacidén farmacéutica
de conformidad con cualquiera de las reivindicaciones 9 a 10,
para el tratamiento de la enfermedad de Alzheimer.

14. E1 uso de un compuesto de conformidad con la
reivindicaciones 1 a 8, o una sal del misme farmacéuticamente
aceptable, para la manufactura de un medicamento para el

tratamiento de la enfermedad de Alzheimer.
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RESUMEN DE LA INVENCION

La presente invencidén se refiere a inhibidores de

BACE de FdOrmula I:

métodos para su uso,

su preparacidn.

(R%)p

intermediarios y métodos para
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£ Box No. | Basis of the opinian
& BoxNo.ll  Priority
! {J BoxNo. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability I
O Box No. IV Lack of unily of invention i
‘ Box No.V  Reasoned stalement under Rule 43bis.1{a}{i} with regard !o novelty, invenlive slep and industrial i

applicability: citations and explanations supporting such statement
Box No, VI Certain documents cited
Box No. VIl Gertain defects in the international application

®}OR

Box No. VIt Certain abservations on the inlernational application l

2. FURTHER ACTION

It a demand for international preliminary examination is made. this opinion will usually be considered to be a

wrilten opinion of Ihe Internalional Pretiminary Examining Authority ("IPEA") excep! thal this does nol apply where

the applicant chooses an Authorily other than this one to be the IPEA and lhe chosen IPEA has notifed the .
International Bureau under Rule 66.1bis(b) thal writlen opinions of this international Searching Authority

l will nol be so considered. ]

If this opinion is. as provided above. considered to be a written opinion of the {PEA, the applicant is invited to
submit o the IPEA a wrilten reply together, where appropriate. with amendmenis. belore the expiralion of 3 menlhs
from the date of mailing of Form PCTASA220 or beiore the expiration of 22 months from the priorily date,

| whichaver expires later,

For further options, see Form PCTASARZZ0, :

3. Forfurlher detsils, see noles to Form PCTASA22(, ‘

Name and mailing address of the ISA. " Date of completion of

Autharized Officer

i e this opinton ;‘,...r-:.a.. y

! ) Euvropean Patent Office ses form ] . '_: ‘)) ;; .

| .Q) | bessan0 Bareyt, Sébastian L 0 i
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2010041034

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
G the international application in the language in which it was filed

O a transfation of the international application into |, which 1s the language of a transiation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

2. 0 This opinicn has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rute 91 (Rule 43bis.1(a})

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of 2 sequencs listing filed or furnished:

a. (means)
(O on paper
O in etectronic form

b. (time)
[0 inthe international application as filed
O together with the international application in giectronic form
{0  subsequently to this Authority for the purposes of search

4. O Inadgition, in the case that more than one version or capy of a sequence listing has been filed or furnished,

the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additicnal comments:

Box No. Il Priority

1. b9 The vaiidity of the priority claim has not been considered because the International Searching Authority
does nat have in its possession a copy of the eariier application whase priority has been claimed or, where
reouired, a translation of that earlier apphcation. This opnion has nevertheless been established on ihe
assumption that the relevant date (Rules 43bis.1 and 64.1) is the claimed priority date.

2. O This opinion has been established as if no prigrity had been claimed due 10 the 1act that the prionty claim
has been found invalid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the internaitional
fiing date indicated above is considered to be the relevant date.

3. Additional observations, if necessary:

Form PCTASA/237 (April 2007) v
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAS2010041034

Box No. V. Reasoned stalement under Rule 43bis.1{a)(i) with regard to novelly, inventive step or
induslrial applicability; citations and explanations supporling such statement

1. Statement
Novelly (N) Yes: Claims 1-14
No:  Claims
thventive step (iS) Yes: Claims i-14
Ng: Claims
Industrial applicability (1A) Yes. Claims i-14
No: Claims

2. Cuations and explanations

see separate sheet

Box No. Vi Certain documents ciled

1. Certain published documents (Rules 430581 and 70.10)
and for
2. Non-written disclosures (Rules 43bis.1 and 70.9)

see form 210

Box No. Vil Certain observations on the international application

The following observations on the clarity of the claims, description. and drawings or on the question whether the
claims are {ully supported by the description, are made:

see separate sheet

Formn PCTASA/ 237 {April 2007)



WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2010/041034

Reference is made to the following documents:

D1 US 2009/209755 A1 (SUZUKI YUICHI {JP]) 20 August 2009 (P).
D2 US 2010/093989 A1 (MOTOKI TAKAFUMI [JP]) 15 April 2010 (P).
D3 WO 2008/133273 A1 (SHRIONOGI & CO [JP]) 6 November 2008.
Re ltem V
1 Medical Treatment

Claims 11 and 13 relate to a subject-matter considered by this Authority to be covered
by the provision of Rule 39.1(iv) PCT. The patentability can be dependent upon the
formulation of the claims. The EPO, for example, does not recognise as patentable
claims to the use of a compound in medical treatment, but may allow claims o a
product, in particular substances or compasitions for use in a first or further medical
treatment.

2 Novelty (Article 33(2) PCT)

D3 discloses BACE inhibitors which differs from those presently claimed in that the
fused XC,_, ring is missing. Novelty is therefore acknowledged for the present subject-
maltter.

3 Inventive step (Article 33(3) PCT)

Document D3, which is considered to represent the most relevant state of the art,
discloses BACE inhibitors of formula (1) (claim 1) which differ from the compounds of
formula [ of the present application in that the fused XC,,, ring is missing.

The problem to be solved by the present invention may therefore be regarded as
providing alternative BAGE inhibitors. In view of the biological data of the pages 85 to
91 of the present description, the problem is seen to be solved.

Nothing in D3 indicates or suggests that the addition of a fused XC,., ring would not
alter the BACE inhibiting activity of the original compounds. An inventive step is
therefore acknowledged for the present subject-matter.

Form PCT/IBA237 (Separale Sheet) fSheet 5) (EPO-Aod 2005)




WRITTEN OPINION OF THE interational application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2010/041034

Re ltem VI

D1 and D2, published on 20.08.2009 and 15.04.2010 respectively, claim the priority
dates of 18,01.2008 and 30.09.2008 respectively. If said priority dates were proven
valid, their content as filed would become highly relevant for the question of novelty. If
the priority date claimed for the present application was proven invalid, their content
as filed would also become relevant for the question of inventive step.

Re [tem VIil

The examples 27-38 and 41 shown on page 79 to 83 do not fall within the scope of
the claims. Said compounds are substituted on the X atom (X is - CHR-) but this is
excluded from the claims (X is -CH,- or -O-). This inconsistency between the claims
and the description leads to doubt concerning the matter for which protection is
sought, thereby rendering the claims unclear, Articie 6 PCT.

Form PCTASALIY [Saparate Shacl) ISheat 2) (EFO-Annl 2005}



Possible steps after receipt of the international search report {ISR) and
written opinion of the International Searching Authority (WO-1SA)

General For all international applications filed on or after 01/01/2004 the competent

information ISA will establish an ISR It is accompanied by the WO-ISA Unlike the
former written opinion of the IPEA {(Rute 66.2 PCT), the WO-1SA is not
meant to be responded to, but to be taken into consideration for further
procedural steps. This document explains about the possibilities.

Amending claims Within 2 months after the date of mailing of the ISR and the WO-1SA the

under applicant may file amended ciaims under Art. 19 PCT directty with the

Art. 19 PCT International Bureau of WiPQ. The PCT reform of 2004 did not change
this procedure. For further information please see Rule 46 PCT as well as
torm PCT/ISA/220 and the corresponding Notes to form PCT/1SA/220.

Filing ademand In principle, the WO-ISA will be considered as the written opinion of the

for international |PEA. This should, in many cases, make it unnecessary to file a demand for

preliminary international preliminary examination. If the applicant nevertheless wishes

examination to file a demand this must be dona before expiry of 3 months after the
date of maiting of the ISR/ WO-I1SA or 22 months after priority
date, whichever expires later {Rule 54bis PCT). Amendments under Ar.
34 PCT can be filed with the IPEA as before, normally at the same time as
filing the demand (Rule 66.1 {b) PCT).

It a demand for international preliminary examination is filed and no
comments/amendments have been received the WO-1SA will be transtormed
by the IPEA into an IPRP (International Praliminary Report on Patentability)

which would merely retlect the content of the WO-ISA. The demand can still
be withdrawn (Art. 37 PCT).

Filing informal  After receipt of the |SR'WO-I3A the applicant may file informal comments

comments on the WO-1SA directly with the International Bureau of WIPO. These
will ba communicated to the designated Offices together with the |PRP
{International Preliminary Beport on Patentability) at 30 months from the
priority date. Please also refer to the next box.

End of the At the end of the international phase the International Bureau of WIPO will
international transform the WO-ISA or, if a demand was filed, the written apinion of the
phase IPEA into the IPRP, which will then be transmitied together with possible

informal comments to the designated Offices. The |PRP replaces the former
IPER (international preliminary examination repor).

Relevant PCT Rule 43 PCT, Rule 43bis PCT, Rule 44 PCT, Ruls 44bis PCT, PCT Newslaiter
Rules and more  12/2003, OJ 11/2003, QJ 12/2003
information

BNSDOCD <X8 2007640100 »



« PATENT COOPERATION TREATY
; PCT

INTERNATIONAL SEARCH REPORT

{PCT Aricle 18 and Rules 43 and 44)

Appli ' 's fi

pplicant's or agent’s file reference FOR FURTHER see Form PCTASA/220
X18076 ACTION as well as, where applicable, item 5 below.
International application No. international filing date {day/monih/year) {Earliest) Priority Oate {day/month/vear)
PCT/US2010/041034 06/07/2010 09/07/2009
Applicant

ELT LILLY AND COMPANY

This interationaf search report has been prepared by this Internationat Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted ta the International Bureau.

This international search report cansists of atotalof __ 3 __ __ sheets.
.. It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

D a translation of the international application into . which is the language
of a transiation furnished for the purposes of intemational search (Rules 12.3{a) and 23.1(b))

This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 21 (Rule 43.6bis(a)).

2. Certain claims were found unsearchable {See Box Mo. 1)

> [
c. D With regard to any nucleotide and/or amino acid seaguence disclosed in the internatienal application, see Box No. 1.
s O

Unity of invention is lacking (see Box No HlI}

4. With regard to the title,

. the textis approved as submitied by the applicant

the text has been established by this Authority fo read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant

the text has been established, according to Rule 38.2(h}, by this Authority as it appears in Box No. IV. The applicant
may, within ane month from the date of malling of this int=rnational search repon, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No.
[[] assuggested by the applicant
D as selected by this Authority, becausa the app!ica'nt failed to suggest a figure
D as selacted by this Authority, because this figure better characterizes the invention
b. D none of the figures is to be published with the abstract

Form PCTASA/210 (first sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT =]

International application No

PCT/US2010/041034

CLASSIFICATION OF SUBJECT MATT!

A ER
INV. C07D279/08 €07D498/04
ADD.

C07D513/02

According 1o International Patent Classification (IPC) or 1o both national classification and IPC

B. FIELDS SEARCHED

Minirnum documentation searched {classitication system followed by classification symbaols)

co070

Documentation searched other than minimum documentation 10 the extent that such documents are included in the fields searched

PR

i

Electronic dala base consulted during the internattonal search (name of data base and, where praclical, search terms used}

EPO-Internal, BEILSTEIN Data, BIGSIS, CHEM ABS Data, COMPENDEX, EMBASE, FSTA,

INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, whare appropriate, of the rolevant passages Relevant 1o ¢laim No.
X,P US 2009/209755 Al (SUZUKI YUICHI [JP] ET 1-14
AL) 20 August 2009 (2009-08-20)
claim 1; compounds 242, 245, 160, 241
X,P US 2010/093999 Al (MOTOKI TAKAFUMI [JP] ET 1-14
AL) 15 April 2010 (2010-04-15)
ciaim 1; compound all
A WO 2008/133273 Al (SHIONLGI & CO [JPI; 1-14

claim 1

KOBAYASHI NAOTAKE [JP]; UEDA KAZUO [JP];
ITOH NAOH) 6 November 2008 (2008-11-06)

D Further documents are listed in the continuation of Box C. ™'

E Sece patent tamily annex.

* Special categories of cited documents :

"A" document defining the general statc of the art which is not

consicered to be of particular relevance W -
"E* earlier document bul published on ot after the international” =

filing date

"L document which may throw doubls on priority claim{(s)or -~
which is cited 10 establish the publication date of angther -
citation ar other special reason (as specilied)

*0" document referring o an oral disclosure, use, exhibition or
athar means

"P" documant published prior to the international filing date but
later than the priority date claimed

“e

e

rye

g

later document published atter the intemational filing date
or pricrity date and not in conflict with the application but
cited to understand the principta or theory undenying the
invention

document of particular relevance; the claimed invention
cannot be considered novel of cannat be considered o
involve an inventive step when the document is taken alone

docurment of particular relevance; the claimed invention
cannot be considered 1o invotve an inventive step when the
document is combined with one or more other such docu-
;ne;nzs, such combination being obvious to a person skilled
n the art.

document member of the same patent family

Date of the actual completion of tha intemational search

27 Qctober 2010

Date ot mailing of the imemational search report

09/11/2010

Name and mailing address of the ISA/

European Patent Otfice, IP.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. {(+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bareyt, Sébastian

Form PCTASAR210 {second shaat} {April 2005)
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INTERNATIONAL SEARCH REPORT

Internatlanal application No

infarmatton on patent family members PCT/USZO 1 0/041034
Patent document Publication Patent tamily Publication
tited in search report date member(s) date
Us 2009209755 Al 20-08-2009 AU 2009205072 Al 23-07-2009
CA 2711655 Al 23-07-2009
EP 2233474 Al 29-09-2010
WO 2009091016 Al 23-07-2009
JP 4520533 B2 04-08-2010
PE 14382009 Al 26-09-2009
US 2010093999 Al 15-04-2010 WO 2010038686 Al 08-04-2010
WO 2008133273 Al 06-11-2008 EP 2151435 Al 10-02-2010
US 2010160290 Al

24-06-2010

Form PCTASAZZ1Q (patent tamiy annex) [April 2005)



Indusiri ?‘L S (;_;.rm MICCio SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

SUPERINTENDENCGI A |“|II“III“IIIIIIIIIIIIlInII'IlIII

x 1-181064- -00000-0 .
PATENTE DE INVENCION MODEL 2011 12-2916.50.41 Dep. 2020 DIR NUEVASCR
D ??:.hﬁ PATENTEIYII Eve: 378 FASENACIONALI
: Act 411 PRESENTACION  Follos: 147
Indicacién que se solicita una patere. - — -~ —= - T . on

Datos de identificacién del solicitante o de la persona que presenta la solicitud
Descripcidn de la invencion

Dibujos de ser estos perlinentes

EENEE

Comprobante de pago de las tasas establecidas (De ser el caso formato de descuento)

Completa EI Incompleta l:]

PATENTE @VENC!C’)N PCT MODELO DE UTILIDAD PCT [:l Art.33 Decision 486/00, Circular Unica

m hdicacion que se solicita una PCT

Copia de la solicitud en espafiol, tal como fue presentada inicialmente (capitulo descriptiva,
reivindicatorio, resumen)

Bujos de ser estos pertinentes

Comprobante de pago as fasas establecidas (de ser el caso formalto de descuenia)
Completa Incompleta D 7

DISENO INDUSTRIAL [ | (Art. 119 Decisién 486/00)
D Indicacion que se solicita Disefio industrial
D Datos de identificacion del solicitante o de la persona que presenta la solicitud
D Representacion grafica v folografica def Disefio industrial o muestra del material gue incorpora el
disefio -
D Comprobante de pago de las tasas establecidas
Completa D Incompleta |:|
ESQUEMA DE TRAZADO D . '(Art. 92 Decisién 486/00)

Indicacién que se solicita un esquema de trazado
Datos de identificacién del solicitante o de la persona que presenta la solicitud
Representacidn grafica de un esquema de {razado

Comprobante de pago de |as tasas establecidas

Completa D ' Incompleta D

RN
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