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ANEXOS ’,l/

Comprobante de pago de la tasa de presentacion de la solicitud.

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

Poderes, si fuere el caso. \ef. Exp 06 - D21. 13

Documento de cesion del interventor al solicitante o a su causante.

Declaraciones.

Copia de la solicitud internacional. (Resumen, descripcion, reivindicaciones, dibujos).

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

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

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

De ser el caso, documento que acredite la licencia 0 autorizacién de uso de conocimientos tradicionales de las
comunidades indigenas.

De ser el caso, certificado de depdsito del material bioldgico.
Arte final 12 x 12.

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

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

Otros. Busqueda Internacional

FIGURA CARACTERISTICA:




N

LISTA DE INVENTORES

ANA MARIA CASTANO MANSANET,
Lilly, S. A., Avenida De La Industria 30,
E-28100 Alcobendas

Espafia

Nacionalidad: Espariola

FREDERIC LAURENT CORDIER,
Lilly, S. A., Avenida De La Industria 30,
E-28100 Alcobendas

Francia

Nacionalidad: Espariola

ESTEBAN DOMINGUEZ-MANZANARES,
Lilly, S. A., Avenida De La Industria 30,
E-28100 Alcobendas

Espana

Nacionalidad: Espariola

JIAN ERIC HONG,

881 Ursa Lane, Foster City,
California 94404

Estados Unidos de America
Nacionalidad: China

WILLIAM JOSEPH HORNBACK,
10063 Bent Tree Lane,

Fishers, Indiana 46037

Estados Unidos de América
Nacionalidad: Estaunidense

DELU JIANG,

14438 Chariot Whisper Drive,
Westfield, Indiana 46074
Estados Unidos de América
Nacionalidad: China

PCT/US2006/020204
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Traduccidon oficial del Inglés par Marlén Neira Castro, resolucién 2117 del
Ministerio de Justicia de Colombia

APOSTILLA EN PODER DE REPRESENTACION DE 4 )
VEL!’.‘ LILLY AND COMPANY

Bitingle inglés- espafiol otorgado en Indianapolis, Indiana, Estados Onidos el 17

ﬂe julio de 20073 y firmado por ?eter G. Stringer, Director Ejecutivo y Patentes

Internacicnales de Ely Lilly & Company.

Todd Rokita Secretario de Estado
Secretario de Estado de Indiana Estado de Indiana
APOSTILLA
{Convencion de ta Haya del 5 de octubre de 1961) .
1. Pais: LEstados Unidos de América- Este documento Publico
2. ha sido firmado por Catherine Michel
3. Quien ejerce funciones de Secretario de la Corte del Circuito en y para el

condado Johnson
4. Lleva el scllo del Secretario de la Corte del Circuito en y para el estado
de Indiana :

CERTIFICADOQ

5. En indianapolis, Indiana . 6. ET 22 de julio de 2003
7. Por el Soecretario de Estado de Indiana 8. No. A2003- 11279

9. Gran Selto del Estado de Indiana

10. Firma leyible de Todd Rokita~ Secretario de Estado de Indiana

* Vigente desde ¢l 1 mayo de 2003, todas Tas aposti]ias del Secretario de Estado
de Indiana tienen el selio impreso electronicamente.

The Statehouse, Indianapolis, Indiana 46204, (317) /132-6531, fax (317) 733-3283

CERTIFICACICN NOTARIAL

Bilingle inglés- espafiol, el 17 de julic de 2003 el suscrito notario Catherine

Michel certifica'que Peter G. Stringer, domiciliado en 7620 Castleton Farmé, 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. Rjy ﬁk, iﬂ N
A ANV R <¥

MARLEN NEIRA CASTRO
iroducics e Intérprete Oficial
- inglés - Espoiiol - Inglés
Resolucion Mo 2117 del 7 Oct 1987



‘ b

2
E1 otorgante fundamenta sus certificaciones en este documento: Delegacion de
Autoridad concerniente a Ciertas Materias de Patentes, suscrito 1 20 de'enéro
de 2003: confornz al poder otorgado al Asesor General de la Compafiia por e1
Comité ejecutivo de la Junté Directiva de EVi Lilly and Company.

Firma del notario publico Catherine Michel certifica

sus funcicnes vencen el 21 de octubre de 2008 - residente en el condado Johnson

Seflo de notario pablico de Indiana

.
Es traduccion fiel del inglés, con copia archivo para confrontacion. Bogota 28

-

de ju]io—2063. Marien Neira C

\VLQAIAA RQVQ{, (ﬁ, ;
MARLEN NEIRA CASTRO .
Traductor e Intérprete Oficiol
Inglés - Espaiiol - Ingfés
Rasolucion No. 2117 del 7 Ot 1987



MARTERAISBECK e

JAREE FLAsBECK & Fragry, LA, ‘ //
LEGAL & PROFIZSSIONAL SERVICES : (\S
VWORLD TRADE CENTER — TORRE C

CALLE 100 No. BA-55 Pi1s0 10
Borzota, CoLomsiA
TELEFPHONE: +57-1 638-6200
Fax: +57-1 633-6201

wviw. olarieraisbeck.com

Power of Attorney

The undersigned.

Foder

El suscrito,

ELTLILLY AND COMPANY

domiciled in

domiciliado en

Lilly Corporate Center, Indianapolis, Indiana 46285 US

by meaus of these presents hereby grants to Carlos
IR, Glarte, J. Iam Raisbeck and Ana
Maria Frieri full and suflicient Powerof
Altorney to {ile, prosecute, obtain, defend and
culorce any and all of the company’s Fatents,
Utility Muoilels andl Industrial Resigns in the
Republic of Colowibia, to which end it empowers
them to take all sieps necessary before any
administrative or judicial authority of any class for
the objeets stated, fo file petitions, appeals, replies
and oppositions, pzy taxes and anunitics, request
testimonics, receiva documents and securities,
abandon applications and collect relunds; Suflicient
power i3 hereby granted tu receive notifications on
behalf of the Company, to confer powers on thouse
who arc Lo represent the company judiciolly and
extrajudiciatly, to answer in court in the matter of all
claims and demandds that may be presented in
connection with the objects staled, giving them
likewis: power to substitute these preseots and
revoke such substitutions.

2

Signature/]tirma (]L\/({f&%

Date/Feche:  [7[July 20{)3{, -

por medio del presente otorga a Carles K.
Olarte, J. lan Raisbeck y Ana Maria
Frieri poder especial, amplio y suficiente para
presentar, tramitar, obtener, defender y hacer
respelar todas y cualquiera de Fatentes, Modelos
de Utilidad y Diseiies Industriales de la
compaiifa en la Repiblica de Colombia, a cuyo
efecto los fuculta para dar todos los pasos . .
necesarios ante cualquier autoridad administrativa
o judicial de cualquier jerarquia para cumplir con
lo encomendado, elevar solicitudes, apelaciones,
respueslas y oposiciones, pagar impuesios y
anualidades, solicitar testimonios, recibir
documentos y valores, desistir y percibir. Se
concede poder baslante para recibir notificaciones
a nombre de la compafiia, otorgar poderes a
quisnes vayan a representar a la compaiiia judicial
y extrajudicialinente, responder en juicio a todas
las reclamaciones o demandas que por melivo de
lo-encomendado se preseutaren, dandoles
asimismo faculiad para sustiluir el presente y
revocar dichas sustituciones.

-

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



Secretary of State

4.

SECRE?'[‘ARY OF SDTATE
STATE OF INDIANA

Todd Rokita
APOSTILLE
(Convention de la Haye du 5 Qctobre 1961)
Country: United States of America
This publie document has been signed by Catherine Michel
acting in the capacity of ciréuitwurt clerk in & for Johnson County

and bears the seal/stamp of civeuit court elerk in & for the State of Indiana

Certified
at Indianapolis, Indiana
this Twenty-second day of July, 2003 "
by Sccn'o:t,m'y o State of Indiana .
No. A2003- 11279 -
Heal/Stamup: 10. Signature:

Indiana Secretary of State

*iffective May 1, 2003 all apostilles {rom the Indiana Secretary of State will have an electronically printed scal.

The Statehouse. Indianapolis, Indiana 46204, (317) 232-6531, Fax (31"7) 233-3283
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ERAISBECK

OUARTE RAISRECK & FreERs, LTOA.
L=eal & PROFESSIONAL SERVICES

WORLD TRADE CENTER ~ TORRE C
Catce 100 No. 8A-55 Piso 10
BoGota, COLOMBIA
TeELEFHONE, +57-1 6386-6200
Faxe +57-1 638-6201

www, olarferaisheck.com

Motayial Certification

On this date,
/'] July 2003

The undessigned Notacy Public certilies:
1. That
Peter G.

of legal ape and doysiciled in

Certificacion Netarial

En esta fecha,

el Notario PGblico suscrito certifica:

1. Que

Stringer
maycr de edad y domiciliado

7624y Castleton Farms, West Iive, Indianapolis, Indiana 46256 US

signed the foregoiny document.

2. That the grantcr has executed the foregoing
document as Executive Direclor, International
Patents

of ELL LILLY AND COMPANY

3. That ELTLILLY AND COMPANY

having its principal place of business located in
Indianapolis, Indiana, United States of
America

is duly jucorporated, is currently in existence, and
that the purposes {or which the Power of Altorney is
granted are within the scope of ils corporate
purposes.

4. That the grantor has the authorily to éxecule the
I'ower of Attornsy and that his/hier representation is
legal.

”~

5. The foundation for my certifications ¢ontained in
poiuts 2, 3 and 4 was the exhibition of the following
authentic documeni(s):

Delegation of Authority Concerning Certain
Patent Matters, sxecuted January 20, 2003;
pursuant to syt authority granted 1o the
General Couns:l of the Company by the
execulive Conmittee of the Poard of
Directors of Eli Lilly and Company

NOTARY PUBJIC (Signaturc):

suseribid el documento que antecede.

2. Que el otorgante ha suscrito el referido
documento en su caracler de

de

4. Que
con sede principal ubicada en

esta legalmente constituida, que ticpe exislencia
legal vigenle y que lus propodsitos para los cuales
se olorga el poder se encuentra dentro de los que
comprenden su objelo social.

4. Que el olorgante tienc la representacion para
suscribir el poder, y que €sta es legitima.

5. El fundamento de mis certificaciones
contsnidas en los puntos 2, 3 y 4 fue Ia exhibicion
de los (del) siguiente(s) documento(s) auténtico(s):

//I L//LQJLJ 1// //

Catherine Michel
My Commission Expires Oclober /1 2008
Resident of Jo/moon Counly

S



10.

Secretaria de Estado }(@

Estado de Indiana
APOSTILLA
(Convencién de la Haya del 5 de Octubre de 1961)
Pais: Estados Unidos de América
El presente documento publico fue firmado por: Catherine Michel
Que actud en su calidad de Notario Publico en y para el condado de
Johnson
Y lleva el sello del Notario Publico en y para el estado de Indiana
Se certifico
En Indianapolis, Indiana
El 23 de octubre de 2007
Por el secretario de Estado, Estado de Indiana.
Bajo el Numero A2007 - 014853

Lleva el Sello del Estado de Indiana.

Firmado por Todd Rokita, Secretario de Estado



CERTIFICADO DE CONFORMIDAD

ESTADO DE INDIANA

CONDADO DE MARION

Yo, Catherine Michel, un Notario Publico debidamente autorizado
comisionado en el condado de Johnson, Estado de Indiana, Estados Unidos
de América, por medio del presente certifico que el documento adjunto es una
fiel copia del documento de cesién original entre Ana Maria Castano Mansariet,
Frederic Lauren Cordier, Esteban Dominguez-Manzanares, Jian Eric Hong,
William Joseph Hornback, Delu Jiang y ELI LILLY AND COMPANY, es una
copia exacta del documento original.

Firmado el 22 de octubre de 2007

(sello)

(firmado: Catherine Michel)

Notario Publico

Catherine Michel

Mi comision vence el 21 de octubre de 2008.
Residente del condado de Jonson
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Documento No. X-16377A >Z\/

Ana Maria Castano Mansariet, Lilly S.A., Avenida de |a industria
30, 28108 Alcobendas, Madrid, Espafia, Nacionalidad: ES

CESION

Considerando que:

Frederic Lauren Cordier, Lilly S.A., Avenida de la industria 30,
28108 Alcobendas, Madrid, Esparia, Nacionalidad: FR

Esteban Dominguez-Manzanares, Lilly S.A., Avenida de la
industria 30, 28108 Alcobendas, Madrid, Espana, Nacionalidad: ES

Jian Eric Hong, 881 Ursa Lane, Foster City, California 94404,
Nacionalidad: CN

William Joseph Hornback, 10063 Bent Tree Lane, Fishers,
[ndiana 46037, Nacionalidad: US

Delu Jiang, 14438 Chariot Whisper Drive, Whestfield, IN 46074,
Nacionalidad: CN

Somos inventores o co-inventores (con las personas listadas abajo) de un
invento que es objeto de una solicitud de patente (“Solicitud”) el cual se
denomina “POTENCIADORES DEL RECEPTOR AMPA” que contiene 64

paginas y 0 dibujos, la cual:

(X) Fue radicada.
(X) En la oficina de marcas y patentes de los Estados Unidos

el 5 de Junio de 2006 con el numero serial acordado 11/446,840;

y
Considerando que ELI LILLY AND COMPANY, una corporacién organizada y

existente bajo las leyes del estado de Indiana, cuya oficina comercial es Lilly

Corporate Center, Indianapolis, Indiana 46285, desea adquirir la totalidad del

derecho, titulo e interés de todo el invento revelado en dicha Solicitud;



ENTONCES Y POR LO TANTO, en consideracién de mi empleo, cualquier
acuerdo relacionado con eso u otra consideracion buena y valiosa, recibo de la
cual se esta acusando, yo, por medio del presente documento cedo a Eli Lilly
and Company., sus sucesores y beneficiarios (colectivamente “Lilly") la
totalidad de mi derecho, titulo e interés en, y con respecto a la solicitud,
incluyendo todos los derechos de prioridad para otros paises que se generen a
partir de alli, todos los inventos alli revelados y cualquiera y todas las
solicitudes de Patente presentes o futuras de tales inventos que pudieran ser
radicadas en cualquier pais, inclusive, pero no solamente con respecto a
continuaciones, continuaciones parciales, divisiones, sustituciones, re-
examenes, re-expediciones, solicitudes internacionales radicadas segun el
PCT, solicitudes provisionales de Patentes en los Estados Unidos solicitudes
de Patentes provisionales subsiguientes en los Estados Unidos que reclamen
algo o la totalidad de este invento, certificados de adicién, modelos de
utilidades, patentes menores, asi como toda la demas propiedad intelectual
relacionada con la Solicitud, inclusive, pero no exclusivamente a certificados
suplementarios de proteccion; y a cualquier prérroga de plazo de patente
relacionado que pueda otorgarse para Cartas de Patente con respecto a la
Solicitud; todo lo anterior para ser llevado a cabo y disfrutado por Lilly para su
propio uso y provecho hasta el final del término o términos para los cuales
dichas Cartas de Patente y derechos de propiedad intelectual relacionados
puedan otorgarse, tan completamente como los mismos hubieran sido llevados
a cabo y disfrutados por mi si esta Cesion y venta a Lilly no se hubiera
realizado.

Por mi mismo y por mis herederos, sucesores y representantes legales,
convengo que no se ha hecho o se hard ninguna cesién, venta acuerdo o

afectacion que pudiera entrar en conflicto con esta cesién.

Ademas por mi mismo y por mis herederos, sucesores y representantes
legales, convengo y acuerdo con Lilly segun solicito yo y ellos, sin mayor
consideracion que sera pagada ahora a costa de Lilly: (i) dispondré la ejecucion
de las solicitudes originales, provisionales sustitutas, de continuacion,
divisionales, de continuaciéon parcial, re-examinadas o reexpedidas, las

especificaciones enmendadas o las declaraciones legitimas o declaraciones

1%



juramentadas para dicha solicitud; (ii) comunicare a Lilly cualquier hecho
conocido por mi o por ellos con relaciéon a dichos inventos o la historia de los
mismos; (iii) dispondré la ejecuciéon de las declaraciones preliminares y el
testimonio en cualquier procedimiento de interferencia, procedimientos de
descubrimiento de litigio y declaraciones, oposiciones, procedimientos de
cancelacién, con cursos de prioridad, procedimientos de uso publico,
procedimientos de entidad administrativa, litigio y otras acciones procesales y
similares; (iv) dispondré a ejecutar y entregar cualquier documento de solicitud,
declaraciones juramentadas, declaraciones, cesiones u otros instrumentos; y
(v) haré todas las demas acciones que, en opinion razonable del asesor juridico
de Lilly, puedan ser necesarias 6 deseables para asegurar el otorgamiento de
Cartas de Patente y propiedad intelectual relacionada con Lilly o sus
delegados, en los Estados Unidos y en todos los demas paises donde Lilly
desee tener dichos inventos, o cualquiera de ellos, patentados, con
especificaciones y pretensiones de tal forma como sean aprobadas por el
asesor juridico de Lilly y para investir y confirmar a Lilly o sus delegados con el
titulo completo, legal y equitativo para todas las dichas Cartas de Patente y
propiedad intelectual relacionada.

He ejecutado este documento de cesion en la fecha indicada mas adelante.

Fecha: 10 de julio de 2006. (Fdo) Ana Maria Castano Mansariet
Fecha: 10 de julio de 2006. (Fdo) Frederic Lauren Cordier

Fecha: 10 de julio de 2006. (Fdo) Esteban Dominguez-Manzanares
Fecha: 1 de Julio de 2006 (Fdo) Jian Eric Hong

ESTADOS UNIDOS DE AMERICA

ESTADO: California
CONDADO: San Mateo

11



Ccomparecié ante mi, un Notario Plblico del Condado de San Mateo, Estado \ ]
de California, personalmente aparecié Jian Eric Hong y reconocié que ejecuto
el anterior instrumento el dia 1 del Julio de 20086.

(sello)
(firmado: Jose J. San Gabriel)
Notario Publico California
Condado de San Mateo
Mi comision vence el 28 de julio de 2007.
Residente del condado de Jonson

Fecha: 7 de Junio de 2006

(Fdo) WiIinam Joseph Hornback
ESTADOS UNIDOS DE AMERICA

ESTADO: Indiana
CONDADO: Marion

Ccomparecié ante mi, un Notario Publico del Condado de Johnson, Estado de
Indiana, personalmente aparecié William Joseph Hornback y reconocié que
ejecuto el anterior instrumento el dia 6 del Julio de 2006.

(sello)
(firmado: Laura Waltz)
Notario Publico
Mi comision vence el 20 de Mayo de 2008.
Residente del condado de Jonson

Fecha: 7 de Junio de 2006
(Fdo) Delu Jiang

ESTADOS UNIDOS DE AMERICA

ESTADO: Indiana
CONDADO: Marion

Ccomparecidé ante mi, un Notario Publico del Condado de Johnson, Estado de
Indiana, personalmente apareci6 Delu Jiang y reconocié que ejecuto el anterior
instrumento el dia 6 del Julio de 2006.

(sello)
(firmado: Laura Waltz)
Notario Publico
Mi comision vence el 20 de Mayo de 2008.
Residente del condado de Jonson



SECRETARY OF STATE
STATE OF INDIANA

Todd Rokita
Secretary of State
APOSTILLE

(Convention de 1a Haye du 5 Octobre 1961)
1. Country: United States of America

2. This public document has been signed by Catherine Michel

3. acting in the capacity of notary public in & for Johnson County

4.and bears the seal/stamp of notary public in & for the State of Indiana
Certified

. at Indianapolis, Indiana

5
6. this Twenty-third  day of October, 2007
7. by Secretary of State of Indiana

8

. No. A2007- 014853

°

Seal/Stamp: 10. Signature:

ol

Todd Rokita
Indiana Secretary of State

*Effective May 1, 2003 all apostilles from the Indiana Secretary of State will have an electronically printed seal.
aove
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

International Bureau

(43) International Publication Date
14 December 2006 (14.12.2006)

| 0000 O

(10) International Publication Number

WO 2006/132811 A2

(51) International Patent Classification:

CO7D 333/36 (2006.01) C07C 311/00 (2006.01)
C07D 213/75 (2006.01) AGIK 31/381 (2006.01)
CO7D 237/04 (2006.01) AGIK 31/44 (2006.01)
C07D 409/10 (2006.01) AGIP 25/00 (2006.01)
CO7D 257/04 (2006.01)

(21) International Application Number:

PCT/US2006/020204

(22) Internations) Fillng Date: 25 May 2006 (25.05.2006)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
05380117.1 ) 6 June 2005 (06.06.2005) EP
05380187.4, 18 August 2005 (18.08.2005) EP
60/724,206 6 October 2005 (06.10.2005) US

(71) Applicant (for all designated Siates except US): ELI
LILLY AND COMPANY ([US/US]; Lilly Corporate

Center, Indianapolis, Indiana 46285 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only):

CASTANO

MANSANET, Ana, Maria [ES/ES]; Lilly, S. A.
Avenida De l.a Industria 30, E-28100 Alcobendas (ES).
CORDIER, Frederic, Laurent [ES/ES]; Lilly, S. A.,
Avenida De La Industria 30, E-28100 Alcobendas (ES).
DOMINGUEZ-MANZANARES, Esteban [ES/ES]:
Lilly, S. A., Avenida De La Industria 30, E-28100 Al-
cobendas (ES). HONG, Jian, Eric [CN/US]; 881 Ursa
Lane, Foster City, California 94404 (US). HORNBACK,
William, Joseph [US/US]: 10063 Bent Tree Lane, Fish-
ers, Indiana 46037 (US). JJANG, Delu {CN/US]; 14438
Chariot Whisper Drive, Westfield, Indiana 46074 (US).

(74)

(81)

(84

~

Agenis: COMBS, Tonya, L. et al.; ELI LILLY AND
COMPANY, P. O. Box 6288, Indianapolis, Indiana 46206-
6288 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, B.Z. CA,CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
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(54) Title: AMPA RECEPTOR POTENTIATORS

U]

(§7) Abstract: The present invention relates 1o AMPA recepior potentiators of Formula (I), formulations comprising them, methods

for their use, and intermediates useful for their preparation.
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AMPA RECEPTOR POTENTIATORS

BACKGROUND OF THE INVENTION

Glutamate is the major excitatory neurotransmitter in the central nervous system.
Three glutamate receptor ion channel subtypes have been identified based on their
sensitivity to the selective activators (agonists) N-methyl-D-aspartate (NMDA), a-amino-
3-hydroxy—5;methy]-4-isoxazo]e propionic acid (AMPA), and kainate.

AMPA receptors mediate cellular responses to glutamate by direct and indirect
mechanisms. When activated by glutamate or :AMPA, AMPA receptor ion channels
allow sodium ions (Na*) and calcium jons (Ca®*) to pass directly through the channel
pore. In addition, AMPA receptor ion channels can facilitate the activation of NMDA
receptors by initiating cellular depolarization that relieves magnesium ion Mg*h-
dependent block of NMDA receptors.

Multiple AMPA receptor subtypes have been identified and cloned: GluR1,
GluR2, GluR3, and GluR4 as disclosed by Hollmann and Heinemann, Ann. Rev.
Neurosci., 17, 31-108 (1994). Each subunit consists of a sequence of approximately 900
amino acids. Four subunits are thought to assemble to form a tetrameric ion channel
complex with the functional properties of this ion channel most likely being determined
by its subunit composition.

Ion channel currents activated by glutamate via AMPA receptors are transient.
The time course of currents is modified by refractory states caused during glutamate
binding which is referred to as desensitization and by the rate of glutamate removal from
the ion channel binding site which results in deactivation. Ion influx through AMPA
receptors may be enhanced by compounds that either prevent desensitization or by

compounds that slow deactivation rates. Compounds that enhance glutamate-stimulated

potentiates AMPA receptor function, is cyclothiazide. Since AMPA receptors play a
pivotal role in mediating fast excitatory transmission in the centra) nervous system,

molecules that enhance AMPA receptor function have multiple therapeutic targets.
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Compounds that allosterically potentiate AMPA receptors have been shown to
enhance synaptic activity in vitro and in vivo as disclosed, for example, by I Ito, et al., J.
Physiol., 424, 533-543 (1990) and A. Copani, et al., Journal of Neurochemistry, 58, 1199-
1204 (1992). Such compounds have also been shown to enhance leamning and memory in

rats, monkeys, and humans, and are reviewed by Gouliaev and Senning, Brain Research

" Reviews, 19, 180-222 (1994),

Lt |

International Patent Application Publication WO 98/33496 published August 6,
1998 dlscloses certain sulfonamide derivatives which are useful, for example, for treating
psychlatnc and neurological disorders, for example cognitive disorders, Alzheimer's
disease, age-related dementias, age-induced memory impairment, tardive dyskinesia,
Huntington's chorea, myoclonus, Parkinson's disease, reversal of drug-induced states
{(such as cocaine, amphetamines, alcohol-induced states), depression, attention deficit
disorder, attgntion deficit hyperactivity disorder, psychosis, cognitive deficits associated
with psychoéis, and drug-induced psychosis. P.L. Omstein, et al. J. Med. Chem., 43, 4354
(2000) further disclose biarylpropylsulfonamides which are potent potentiators of AMPA
receptors. In addition, X. Li, et al., Neuropharmacology, 40, 1028 (2001) disclose
antidepressant-like actions of an AMPA receptor potentiators. D.D. Schoepp, et al. and
Tizzano, et al., Society for Neuroscience Abstracts, 26(1-2), 528.19 and 528.20, 30®
Annual Meeting, New Orleans, (November 4-9, 2000) disclose an orally active AMPA
receptor potentiator that enhances spatial learning and memory performance in rats, and
reverses both pharmacologically and age-associated learning and memory deficit in rats.
New AMPA receptor potentiators are needed to treat these neurological disorders.

SUMMARY OF THE INVENTION

The present invention provides compounds of Formula I:
A

where:
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A is selected from the group consisting of

R is H, halo, -COOH, or -CH,COOH;

R! is phenyl optionally substituted with a first substituent selected from the group
consisting of halo, cyano, C,-C4 acyl, -COOH, -NHR?, C}-C; alky! substituted with
~NHCHj3, -N(S0,(C;-C3 alkyl)),, —COOH, -CONHj, cyano, hydroxy, or tetrazol-5-yl,
-OCH,COOH, -SCH;COOH, -C(O)CH2CH,COOH, -SO.NHj, tetrazol-5-yl, and
1,2 4-triazol-1-yl; optionally further substituted with a second substituent selected from
the group ¢onsisting of: halo, trifluoromethyl, cyano, nitro, C;-Cy4 alkoxy, hydroxy, C;-Cq
alkyl, C;-C, alkylthio, -NHCH,CN, -OCH,CN, -NHSO,CH(CH3),, and —C(O)NHRY;
optionally further substituted with a third substituent selected from the group consisting of
halo and cyano; optionally further substituted with a fourth substituent selected from the
group consisting of halo;

R? is C;-C; alkyl or dimethylamino;

R? is —=S0,(C;-C5 alkyl), C1-C4 acyl, C1-Cy alkyl, or hydrogen;

R* is hydrogen, C;-Cy alkyl, or ~SO(C)-C; alkyl); or a pharmaceutically

acceptable
salt thereof.

The present invention also provides intermediates of Formula II:
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where:

A is selected from the group consisting of

R?is C)-C4 alkyl or dimethylamino;

R’ is H, halo, <COOR?, or -CH:COOR?;

Réis H, cyano, C,-C, alkoxy, halo, hydroxy, trifluoromethyl, or methylthio;

R’ is ~COOR?, -C(O)CH,CH,COOR?’, -OCH,COOR®, -SCH,COOR’, or C;-C;,
alkyl substituted with ~COOR;

R® and R? are each independently selected from the group consisting of hydrogen
and C;-Cs4 alkyl provided that at least one of R® and R is other than hydrogen; or a base
addition salt thereof.

The present invention provides a compound of Formula I for use as a
pharmaceutical. The present invention further provides a method of potentiating
glutamate receptor function in a patient, which comprises administering to said patient in
need of such treatment an effective amount of a compound of Formula I or a

pharmaceutically acceptable salt thereof.

1
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In addition, the present invention further provides a method of treating
schizophrenia, cognitive deficits associated with schizophrenia, Alzheimer’s disease,
dementia of the Alzheimer’s type, mild cognitive impairment, Parkinson’s diéease, or
depression in a patient, which comprises administering to a patient in need of such
treatment an effective amount of a compound of Formulalor a pharmaéeutica]ly '
acceptable salt thereof.

According to another aspect, the present invention provides the use of a compound
of Formula I, or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament for trea‘ting schizophrenia, cognitive deficits associated with schizophrenia,
Alzheimer’s disease, dementia of the Alzheimer’s type, mild cognitive impairment,
Parkinson’s disease, or depression.

In addition, the present invention provides the use of a compound of Formula I, or
a pharmaceutically acceptable salt thereof, for treating schizophrenia, cognitive deficits
associated with schizophrenia, Alzheimer’s disease, dementia of the Alzheimer’s type,
mild cognitive impairment, Parkinson’s disease, or depression.

The invention further provides pharmaceutical compositions comprising, a
compound of Formula 1, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, diluent, or excipient.

Additionally, the use of compounds of Formula I in conjunction with
antipsychotics, antidepressants, and drugs useful in treating cognitive disorder are
contemplated within the SCOpé of the present invention. WO 2005/040110 teaches the use
of compounds that potentiate glutamate receptor function in conjunction with

antipsychotics, antidepressants and drugs useful in treating cognitive disorder.

DETAILED DESCRIPTION OF THE INVENTION

As used herein the term "potentiating glutamate receptor function” refers to any

increased responsiveness of glutamate receptors, for example AMPA receptors, to
glutamate or an agonist, and includes but is not limited to inhibition of rapid
desensitization or deactivation of AMPA receptors to glutamaté.

A wide variety of conditions may be treated or prevented by compounds of

Formula I and their pharmaceutically acceptable salts through their action as potentiators

1
74'
§
i
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of glutamate receptor function. Such conditions include those associated with glutamate

hypofunction, such as psychiatric and neurological disorders, for example cognitive

disorders and neuro-degenerative disorders such as Alzheimer's disease; dementia of the '
Alzheimer’s type, age-related dementias; age-induced memory impairment; cognitive

deficits due to autism, Down’s syndrome and other central nervous system disorders with

childhood onset, cognitive deficits post electroconvulsive therapy, movement disorders

such as tardive dyskinesia, Huntington's chorea, myoclonus, dystonia, spasticity,
Parkmson s d1scase reversal of drug-induced states (such as cocaine, amphetamines,
alcohol mduced states); depression; attention deficit disorder; attention deficit
hyperactivity disorder; psychosis such as schizophrenia; cognitive deficits associated with
psychosis such as schizophrenia, drug-induced psychosis, stroke, and sexual dysfunction.
Compounds of Formula I may also be useful for improving memory (both short term and
long term) and leaming ability. The present invention provides the use of compounds of
Formula I for the treatment of each of these conditions.

It is understood by one of ordinary skill in the art that cognition includes various
"domains". These domains include short-term memory, long term memory, working
memory, executive function, and attention. As used herein the term “cognitive disorder”
is meant to encompass any disorder characterized by a deficit in one or more of the
cognitive domains, including but not limited to short term memory, long term memory,
working memory, executive function, and attention. It is further understood that the term
“cognitive disorder” includes, but is not limited to the following specific disorders: age-
related cognitive decline, mild cognitive impairment, Alzheimer's disease, dementia,
dementia of the Alzheimer’s type, Parkinson’s dementia, Lewy Body dementia,
substance-induced persisting dementia, alcohol-induced persisting dementia, alcohol-
induced cognitive impairment, AIDS-induced dementia, learning disorders, cognitive
deficits subsequent to cardiac bypass surgery and grafting, stroke, cerebral ischemia,
spinal cord trauma, head trauma, perinatal hypoxia, cardiac arrest, and hypoglycemic
neuronal damage, vascular dementia, multi-infarct dementia, cognitive deficits associated
with amylotrophic lateral sclerosis, and cognitive deficits associated with multiple
sclerosis. Mild cognitive impairment has been defined as a potential prodromal phase of

dementia associated with Alzheimer’s disease based on clinical presentation and on
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progression of patients exhibiting mild cognitive impairment to Alzheimer’s dementia
over time. (Morris, et al., Arch. Neurol., 58, 397-405 (2001); Petersen, et al., Arch.
Neurol., 56, 303-308 (1999)). |

The fourth edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV) (1994, American Psychiatric Association, Washington, D.C.j provides a

diagnostic too] for identifying many of the disorders described herein. The skilled artisan

will recognize that there are alternative nomenclatures, nosologies, and classification
systems for disorders described herein, including those as described in the International
Statistical Classiﬁca'tion of Diseases and Related Health Problems, tenth revision (JICD-
10) (1992, World Health Organization, Geneva) and that terminology and classification
systems evolve with medical scientific progress. |

The present invention includes the pharmaceutically acceptable salts of the
compounds defined by FormulaI. A compound of this invention can possess a
sufficiently acidic group, and accordingly react with any of a number of organic and
inorganic bases to form a pharmaceutically acceptable salt. The term "pharmaceutically
acceptable salt" as used herein, refers to salts of the corﬁpounds of Formula I which are
substantially non-toxic to living organisms. Typical pharmaceutically acceptable salts
include those salts prepared by reaction of the compounds of the present invention with a
pharmaceutically acceptable organic or inorganic base. Such salts are known as base
addition salts. Such salts include the pharmaceutically acceptable salts listed in Jourmal of

Pharmaceutical Science, 66, 2-19 (1977), which are known to the skilled artisan.

Magnesium, diethylamine, hemipiperazine, and tert-butylamine salts are preferred. The
tert-butylamine salts are most preferred.

Some of the compounds of the present invention have one or more chiral centers
and may exist in a variety of stereoisomeric configurations. As a consequence of these
chiral centers, the compounds of the present invention occur as racemates, mixtures of
enantiomers and as individual enantiomers, as well as diastereomers and mixtures of
diastereomers. All such racemates, enantiomers, and diastereomers are within the scope
of the present invention. The specific stereoisomers and enantiomers of compounds of
Formula I can be prepared by one of ordinary skill in the art utilizing well known

techniques and processes, such as those disclosed by J. Jacques, et al., "Enantiomers
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Racemates, and Resolutions", John Wiley and Sons, Inc., 1981, and E.L. Eliel and S.H.

Wilen,” Stereochemistry of Organic Compounds”, (Wiley-Interscience 1994), and
European Patent Application No. EP-A-838448, published April 29, 1998. Examples of
resolutions include recrystallization techniques or chiral chromatography.

As used herein, the terms "Halo", "Halide" or "Hal" refers to a chlorine, bromine,

iodine or fluorine atom, unless otherwise specified herein.

As used herein the term "C;-C4 alkyl" refers to a straight or branched, monovalent,
saturated ahphatlc chain of one to four carbon atoms and includes, but is not limited to,
methyl ethyl propyl, isopropyl, butyl, 1sobutyl and t-butyl. The term “C;-C4 alkyl "
includes within its definition the term “C,;-Cs alky!”.

As used herein the term “C;-C4 alkoxy” refers to a straight or branched alkyl chain
having from one to four carbon atoms attached to an oxygeri atom. Typical
C1-Cs alkoxy groups include methoxy, ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy
and the like. The term "C;-Cy alkoxy" includes within its definition the term
"C;-Cj3 alkoxy".

As used herein the term “C;-Cq4 acyl” refers to a straight or branched alkyl chain

having from one to three carbon atoms attached to a carbonyl group. Examples include,

" but are not limited to acetyl, propionyl, butyryl, 2-methylpropionyl and the like. The term

"C;-C4 acyl” includes within its definition the term "C;-C; acyl”. ‘

As used herein the term “C;-C, alkylthio” refers to a straight or branched alkyl
chain having from one to four carbon atoms attached to an sulfur atom. Typical
C,-C, alkylthio groups include methylthio, ethylthio, propyithio, isopropylthio, butylthio,
tert-butylthio and the like, The term "C;-C4 alkylthio” includes within its definition the
term "C;-C3 alkythio".

An further embodiment of the present invention is compounds of Formula I where

A is selected from the group consisting of:

N\ lO

R §
1 M, 9§ R '
SN Sz N s AN TR
Nz \R N N.’ 2 , e “
{%H \(\) , _-1-_ M \C\)R H 0o
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Certain classes of compounds of Formula I are preferred AMPA potentiaters. The

following paragraphs descrjbe such preferred classes:

a),

b)

d)

g)

h)

i)
i)
k)

Ais

R is hydrogen;

R’ is phenyl substituted with a single substituent;

R! is‘phenyl substituted with a single substituent selected from the group
consisting of cyano, tetrazol-5-yl, C,-C; alkyl substituted with -COOH or
tetrazol-5-yl, -SO,NH,, -OCH,COOH, and -SCH,COOH;

R' is phenyl mono-substituted in the 4-position with a substituent selected
from the group consisting of tetrazol-5-yi, -OCH,COOH, -SCH,COOH,
and C;-C; alkyl substituted with —~COOH, in the 3-position with a
substituent selected from the group consisting of -SONH, and C;-C; alkyl
substituted with tetrazol-5-yl, or in the 2'-position with cyano;

R' is phenyl substituted with two substituents;

R} is pheny] substituted with a first substituent selected from the group
consisting of C;-C,4 alkoxy, hydroxy, halo, cyano, -COOH, and
—NHSO,CH(CHj),, and with a second substituent selected from the group
consisting of amino, trifluoromethyl, -COOH, -C(O)NHR?, tetrazol-5-yl,
-OCH,COOH, and C,;-C; alkyl substituted with ~-COOH;

R' is phenyl substituted in the 2-position with a substituent selected from
the group consisting of Cy-Cy alkoxy, hydroxy, halo, cyano, -COOH, and
—NHSO,CH(CHj3);, and further substituted in the 4-position with tetrazol-
5-yl, -COOH, -C(O)I\TI—’ER3 , or C;-C; alkyl substituted with ~COOH, in the
5-position with amino, -COOH, or ~-OCH,COOQOH, or in the 6-position with
-COOH;

R’ is 2-cyano-3-fluoro-4-hydroxy-5-flucrophenyl;

R! is 2-cyano-4-carboxypheny};

R! is 2-ethoxy-4-carboxyphenyl;
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) R?is C;-C4 alkyl;

m)  R%isisopropyl;

n) The compound of Formula I is a free acid;
o) The compound of Formula I is a salt;

p)  The compound of Formulalis a hydrate;

qQ) The compound of Formula I is an anhydrate;

I) The compound of Formula I is the hemipiperazine salt;
_s)  The compound of Formula1 s the diethylamine salt;
t) " The compound of Formula I is the tert-butylamine salt.

Preferred embodiments of the invention include all combinations of paragraphs a)
—t). Especially preferred compounds of Formula I are those where A is

"1
S / /?\

N
e Hé)

RZ

R is hydrogen; R! is as described in paragraph h); and R?is C-C, alkyl. It is also
preferred that A is
— (0]

Il

S/ raAAY
N?\R2
H o

s}

R is hydrogen; R is as described in paragraph h); and R? is isopropyl. It is particularly
preferred that A is '
R O

=, l

A\, .S.
N TR

H o

w

R is hydrogen; R’ is phenyl substituted in the 2-position with C;-C4 alkoxy or cyano and
in the 4-position with -COOH; and R%is isopropyl. It is most preferred that A is
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R is hydrogen; R’ is 2-cyano-4-carboxyphenyl or 2-ethoxy-4-carboxyphenyl; and R? is
isopropyl.

Although all of the intermediates of Formula II are useful for prepan'nlg
compounds of the present invention, certain classes are preferred:

u) Ais

v)  R?%is C;-Cq alkyl; .

w)  RZis isopropyl;

x)  RPis hydrogen;

y) RS is in the 2-position of the phenyl ring to which it is attached;

z) R® is in the 2-position of the pheny! ring to which it is attached and is
selected from the group coﬁsisting of hydrogen, cyano, and C,-C4 alkoxy;

aa)  R’is C;-C4 alkyl.

Esﬁecially preferred compounds of Formula II a're those where A is

R? is hydrogen; R? is C;-C4 alkyl; R® is in the 2-position of the phenyl to which it is

attached and is selected from the group consisting of cyano and C;-C,4 alkoxy; R’ is in the

4-position of the phenyl ring to which it is attached and is —-COOR’, and R® is C;-C, alkyl.

It is also preferred that A is

R’ is hydrogen; R? is isopropyl; RS is in the 2-position of the phenyl to which it is

attached and is selected from the group consisting of cyano and C;-C4 alkoxy; R’ is in the

4-position of the phenyl ring to which it is attached and is —COOR®, and R® is C;-C4 alkyl.

It is most preferred that A is

"

R
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R® is hydrogen; R? is isopropyl; R® is in the 2-position of the phenyl to which it is

attached and is selected from the group consisting of cyano, methoxy, and ethoxy; R'isin

the 4-position of the phenyl ring to which it is attached and is —~COOR?®, and R’ is methyl
or ethyl. ' '

; , The compounds of Formula I can be prepared by one of ordinary skill in the art
following art‘ recognized techniques and procedures. More specifically, compounds of
Formula I can be prepared as set forth in the schemes, methods, and examples set forth
below. The reagents and starting materials are readily available to one of ordinary skill in
the art. All substituents, unless otherwise specified, are as previously defined.

The compounds of FormulaI where A and R are as previously defined may be
prepared as il]ustrated in the following scheme where (i) is a suitable aryl boronic acid,
aryl trimethylstannyl, or aryl boronoic ester, and X is bromo, iodo, chloro, or

trifluoromethane-sulfoxy.

Scheme 1
A >,<1 A
R (ii)
Y R’

U |
The compound of structure (ii) is coupled to a suitable phenyl boronic acid,
suitable pheny] boronic ester, or suitable phenyl trimethylstannane (i), under Suzuki-Type
or Stille -Type coupling reaction conditions well known to one of ordinary skill in the art.
to provide the compound of Formula I. See Suzuki, A., Journal of Organometallic
Chemistry, 576, 147-168 (1999), and Miyaura and Suzuki, Chemical Reviews, 95, 2457~
2483 (1995) for examples of general cross-coupling techniques and for methods for

preparing suitable starting materials and reagents.



10

15

20

WO 2006/132811 PCT/US2006/020204
13

More specifically, the compound of structure (i) is combined with about 1.0 to 1.5
equivalents of the suitable phenyl boronic acid or ester (i) in a suitable organic solvent or
a suitable mixture of solvents. Examples of suitable organic solvents include .1 J4-dioxane,
dimethoxyethane (DME), DMF, benzene, toluene, acetone, ethanol (EtOH), and the like.
Examples of suitable solvent mixtures include DME/EtOH, THF:Water; and the like. A
suitable catalyst, such as tetrakis(triphenylphosphine)palladium,
dichlorobis(triphenylphosphine)-palladium (II), Pd(PCy3),Cly, or [1,1-
bis(diphenylphospino)ferrocene] dichloro-palladium(I) or palladium black and a suitable
base, for example sédium carbonate, are added, to the reaction mixture with stirring.

Alternatively, the skilled artisan appreciates that compounds of Formula (I) may
also be prepared by éoupling a suitable aryl halide with a suitable aryl boronic acid,
suitable aryl boronic ester, or suitable aryl trimethylstannyl compound under Suzuki-Type
or Stille ~Type coupling reaction conditions well known to one of ordinary skill in the art
to provide the compound of Formula (I).

The requisite boronic acids and esters can be prepared as illustrated in the

following scheme where A is as previously defined, and Hal is bromo or iodo.

Scheme I
A A A A
.
OH (i) o Cv) o®o &  roPoH (ib)
. A
>
' Hal

(v)
An appropriately substituted phenol (iii) is reacted with a triflating reagent, such
as triflic anhydride or N-phenyltrifluoromethanesulphonimide, in the presence of base, for

example DMAP or sodium hydroxide in a suitable solvent, such as methylene chloride or
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tetrahydrofuran to give the triflate (iv). The resulting triflate is dissolved in a suitable L
solvent such as acetonitrile or dimethylsulfoxide and reacted in the presence of a base /
such as triethylamine or potassium acetate, catalyst such as [1,1°- 8
bis(disphenylphosphino)-ferrocene]dichloropalladium(I) complex, and a borane such as

bis(pinacolato)borane to form the requisite boronic ester (ia). Alternatively, PdCl; (dppf)

" and the base potassium acetate in dimethylformamide may be employed if necessary or

desired. The boronic acid ester may also be prepared by reacting the pheny] halide ™)in
an appropriate solvent such as acetonitrile or dimethylsulfoxide and a base such as
tﬁetl;y‘lamjn;. or potassium acetate js added. A catalyst such as [1,1'-
bis(disphenylphosphino)-ferrocene]dichloropalladium(II) complex and a borane such as
bis(pinacolato)borane are added. The skilled artisian appreciates that the resultant borate
ester can be hydrolyzed under conditions well known in the art, with an acid such as
hydrochloride acid or in a sujtable solvent such as acetone and in the presence of an
oxidizing agent such as sodium periodate and an ammonium acetate solution to provide,
the boronic acid (ib).

The requisite phenyl halides (v) may be prepared as shown in Scheme I, wherein

A is as previously defined.

Scheme I

A A
NH, (V) )

The aniline (vi) is reacted with a suitable oxidizing reagent, such as isoamyl nitrite
in a suijtable solvent, such as acetonitrile, in the presence of a source of halide, such as
dtiodomethane, to provide compounds of formula (v).

Certain compounds of Fomula I may be serve as intermediates to further
compounds of Formula 1 via reactions and functional group transformations familiar to

those skilled in the art. See Larock, R., "Comprehensive Organic Transformations," VCH

Publishing, Inc., New York, 1989. For example. an amino group is reacted with a
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. suitable sulfonyl chioride in the presence of pyridine or agqueous base, such as

triethylamine, under conditions well known in the art to provide the corresponding
sulfonamide. Furthermore, nitro substitutents are readily converted to amines by reacting
the nitro-containing compound with a suitable reducing agent, such as tin chloride, in an
appropriate solvent, for example, ethanol. In addition, carboxylic esters of Formula II are
converted to carboxylic acids of Formula I under conditions well known to the skilled
artisan, for example by treating an ester of Formula IT in a suitable solvent or solvent
mixture such as THF, methanol, ethanol, and the like with water and a slight excess of
suitable base, such a's lithium hydroxide, sodium hydroxide, potassium hydroxide and the
like. The resultant carboxylic acid can then be converted to the primary amide under well
known conditions. For example, the carboxylic acid compound of Formula I is dissolved
in a suitable ofgam'c solvent, such as methylene chloride or THF and treated with oxalyl
chloride optionally followed by addition of a catalytic amount of DMF with stirring. The
reaction mixture is stirred and concentrated then dissolved in a suitable organic solvent,
such as methylene chloride or THF, and treated with a slight excess of an ammonia
hydroxide or ammonia/methanol or ammonia/dioxane solution with stirring. Primary
amide compounds of Formula I can be converted to tetrazolyl compounds of Formula I
under standard conditions. For example, the primary amide compound of Formula I is
reacted with silicon tetrachloride and sodium azide in the presence of a suitable organic
solvent, such as acetonitrile. Alternatively, tetrazolyl compounds Formula I are formed
by reacting a cyano compound of Formula I with sodium azide and triethylamine in a
suitable organic solvent.

The examples set forth herein represent typical syntheses of the compounds of the
present invention. The reagents and starting materials are readily available to one of
ordinary skill in the art. Nomenclature for examples set forth herein with AutoNom 2000
Add-in for MDL® ISIS/Desktop. As used herein, the terms listed in the following table

have the corresponding meanings as indicated:

TERM MEANING

MS(ES) Electron spray mass spectrometry
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TERM MEANING
"HNMR Proton nuclear magnetic resonance spectrometry
Jig joules per gram
TLC thin layer chromatography
HPLC high performance liquid chromatography
Ry retention factor
R, retention time .
i, AcQH Acetic acid
RT room temperature
DCM dichloromethane
DMF N,N-dimethylformamide
DMSO methyl sulfoxide
LDA lithium diisopropylamide
EtOAc ethyl acetate
THF tetrahydrofuran
iPrOAc isopropyl acetate
DMAP 4-dimethylaminopyridine
DBU 1,8-diazabicyclo[5.4.0]Jundec-7-ene
Et;N triethylamine
(Boc),0 di-tert-butyl dicarbonate
MeOH m;:thanol ,
Triflate -SO;CF; functional group
(dppf) 1,1°-bis(diphenylphosphino)ferrocene
SM. starting material
SCX strong cation-exchange cartridge
Pd(PCy;)2Cly dichlorobis(tricyclohex ylphosphine) palladium (II)
Pd,(dba)s tris(dibenzylideneacetone)-dipalladium(0)
EDCI 1-ethy}-3-[3-(dimethylamino)propyl]-carbodiimide HC]

S
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Preparation 1

Propane-2-sulfonic acid{2-[4-(4,4,5.5-tetramethyl-

In a manner analogous to the method of Barker, J. M,; et al., Synthetic
Communications, 25( 23), 3729-3734 (1995), reflux (120°C) methyl-3-aminothiophene-2-
carboxylate (42.8 g, 0.27 mol) with 2M sodium hydroxide aqueous solution (270 mL) for
30 min. Cool the reaction mixture to 0°C and acidify to pH 5.0 (Congo red) with
concentrated hydrochloric acid. Filter the thick precipitate. Dry the solid and dissolve in
acetone (300 mL) and dry the resulting solution (MgSOy), filter, and evaporate at 20°C.
Treat the resulting thick oil instantly with oxalic acid dihydrate (26.7 g) in 2-propanol
(100 mL) at 38°C for 45 min. Allow the mixture to reach room temperature and dilute
with diethyl ether (40 mL). Filter the solid and wash with diethyl ether. The resulting
white solid (33.1 g) becomes pale lilac on exposure to light and air. Dissolve the resulting
salt (33.1 g) in water (400 mL) and basify with concentrated ammoniuvm hydroxide.
Extract the mixture with methylene chloride (3 x 200 mL) and combine the extract and
dry (MgSOy), filter, and evaporate to give a brown oil (15 g, 56%).- Dissolve this material
(15 g, 0.15 mol) in methylene chloride (300 mL) and add Et;N (42.2 mL, 0.3 mol) at 0°C.
Add a solution of (Boc),0 (39.3 g, 0.18 mol) in methylene chloride (100 mL) dropwise at
0°C and stir the mixture overnight at room temperature. Monitor TLC (Hexane/EtOAc
9:1) for complete disappearance of starting material. Quench the reaction by addition of
water (200 mL). Extract the mixture with methylene chloride (2 x 200 mL) and combine
the extracts, dry (MgSQ,), filter, and evaporate. Purify the crude by flash chromatography
(Silica gel ~Hexane /EtOAc 9:1) to obtain 20.1 g (67%) of (tert-butoxy)-N-(3-
thiophenyl)carboxamide as a white solid.

In a manner analogous to Campaigne, E. and Monroé, P. A.JA.C.S., 76, 2447-
2450 (1954), to a boiling solution of (tert-butoxy)-N-(3-thiophenyl)carboxamide (21.0 g,
0.1 mol) in methylene chloride (400 mL) add N-iodosuccinimide (23.7 g, 0.1 mol) in
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small portions. Set the heating bath to 65°C for 20 min. Take the reaction to room
temperature, evaporate the solvent and purify the crude by flash chromatography (Silica
gel-Hexane /EtOAc 9:1) to obtain 30.0 g (88%) of (teit-Butoxy)-N-(2-iodo(3-
thiophenyl))carboxamide as a white solid.

Heat (tert-Butoxy)-N-(2-iodo(3-thiophenyl))carboxamide (16.88 g, 0.52 mol), 4-

l bromophenylboronic acid (15.65 g, 0.78 mol), Na,CO3 (1.01 g, 1.04 mol) and Pd(PPhs)4

(5.79 g, 0.052 mol) in 375 ml of an anhydrous and deoxygenated 2:1 DME/EtOH mixture
to 80°C under nitrogen atmosphere for 24 h. Evaporate the organic solvents prior to the
addmon of water (200 mL). Extract the mixture with methylene chloride (3 x 150 mL)
and combine the organic phases, dry (anh MgSO,), filter, and concentrate to furnish a
crude mixture as a yellowish solid. Purification by flash chromatography (Silica gel-
Hexane /EtOAc 49:1) yields 10.8 g (60%) of (tert-butoxy)-N-[2-(4-bromophenyl)(3-
thiophenyl)]¢arboxamide as a pale yellow solid.

Treat dropwise a solution of (tert-butoxy)-N-[2-(4-bromophenyl)(3-
thiophenyl)Jcarboxamide (10.8 g, 0.3 mol) in EtOAc (75 mL) at 0°C with 244 mL
(8mL/mmol) of freshly prepared 1N HCl in EtOAc and stir the mixture at room
temperature overnight. Dissolve the white precipitate with H,0 (100 mL.) and neutralize
with a NaHCO; saturated solution. Extract the mixture with EtOAc (3 x 100 mL) and
combine organic, dry and concentrate to give a slightly colored solid. Purification of the
crude material by flash chromatography (Silica gel-Hexane /AcOEt 49:1 then 9:1)
furnishes 5.7 g (74%) of 2-(4-bromo-phenyl)-thiophen-3-yl amine as a pale yellow solid.

Add slowly to a solution of 2-(4-bromo-phenyl)-thiophen-3-yl amine(0.6 g, 2.36
mmol) in dry dichloromethane (10 mL) at 0°C, DBU 1.41 mL (9.45 mmol) and
isopropylsulfonyl chloride (0.53 mL, 4.72 mmol) (Temp. always <0°C). Remove the ice
bath and stir the mixture at RT overnight. Add satd. aq. NH4C] (10 mL) and extract the
solution with EtOAc (2 x 10 mL). Dry the combined organic layers and concentrate
under vacuum. Purify the crude residue by flash chromatography (Silica gel-Hexane
/EtOAc 4:1) to give 0.8 g (94%) of propane-2-sulfonic acid [2-(4-bromo-phenyl)-
thiophen-3-yl]-amide.

Deoxygenate by purging with nitrogen a mixture of propane-2-sulfonic acid [2-(4-

bromo-phenyl)-thiophen-3-yl]-amide (1.34 g, 3.72 mmol), bis(pinacolato)diboron (1.04 g,

Y U
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4.09 mmol), KOAc (1.21 g, 12.3 mmol) and Pd(dppf)Cl; (0.3 g, 0.37 mmol) in dry DMF
(20mL) and heat the mixture to 80°C overnight. Add water (20 mL) and extract the
reaction with diethyl ether (3 x 20 mL). Wash the combined organics with wziter and dry
and concentrate to give a crude dark solid. Purification by flash chromatography (Silica

gel-Hexane /AcOE!t 7:1) gives 0.65 g (43%) of the title compound as a i)alc yellow solid.

Preparation 2
Propane-2-sulfonic acid (4°-

Add 4-bromé)pheny1 boronic acid (5.0 g, 24.82 mmot), ‘
tetrakis(triphenylphosphine) palladium (0) (0.717 g, 0.620 mmol) and 2 M Na,CO; (10
mL) to a solution of 2-iodoaniline (4.5 g, 20.69 mmol) in toluene (2 mL):ethanol (20 mL),
deoxygenate and heat at 80 °C under nitrogen. After 4 h, add water and extract with
EtOAc. Combine the organic layers, dry over sodium sulfate, filter and concentrate under
reduced pressure to give a residue. Purify the residue by flash chromatography (Silica
gel-EtOAc/hexane 1:12), to provide 4’-bromo-biphenyl-2-ylamine (3.53 g, 69 %). MS
(m/e): 248 (M+1); 249 (M+2). '

Add dropwise DBU drop wise (8.76 mL, 56.92 mmol) to a solution of 4’-bromo-
biphenyl-2-ylamine (3.53 g, 14.23 mmol) in dichloromethane (50ml) at 0°C, followed by
drop wise addition of isopropylsulfonyl chloride (3.29 mL, 28.46 mmol) and stir the
reaction at room temperature for 24 h. Remove solvent under reduce pressure and purify
the residue by silica and eluting with EtOAc:hexane 1:4 to EtOAc to brovide the title
compound (4.93 g, 98%). MS (mv/e): 355 (M+1); 353 (M-1).

Heat at 80 °C a mixture of propane-2-sulfonic acid (4’-bromo-biphenyl-2-yl)-
amide (4.0 g, 11.22 mmol), bis(pinacolato)diboron (3.22 g, 12.34 mmol), [1,1"-
bis(diphenylphos-phino)ferrocene]-dichloropalladium(Il) complex with dichloromethane
(1:1) (0.276 g, 0.337 mmol) and potassium acetate (3.32 g, 33.87 mmol) in dry
dimethylsulfoxide (25 mL). After 16 h add water and extract with EtOAc. Combine
organic layers, dry over sodium sulfate and evaporate under reduce pressure. Dissolve the
residue in dichlorometh-ane and wash with a solution of 0.1N HCl. Combine the organic
layers, dry over sodium sulfate, filter and concentrate under reduced pressure. Purify the

residue by flash chromatography (Silica gel-EtOAc/hexane 1:3) to provide propane-2-
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sulfonic acid [4°-(4,4,5 ,5-tetrarnethyl-[1,3,2]dioxaboro]an-2-y])—biphenyl-2-yl)-amidc
(4.07 g, 90%). MS (m/e): 424 (M+23); 400 (M-1).

Add sodium periodate (1.12 g, 5.25 mmol) followed by a solution of 1 N
ammonium acetate (8 mL) to a suspension of propane-2-sulfonic acid [4°-(4,4,5,5-

tetramethyl-[1,3,2]dioxaborolan-2-y1)-biphenyl-2-yl)-amide (0.7 g, 1.75 mmol) in acetone

‘ (16 mL)/water (0.8 mL). Stir the mixture at room temperature under nitrogen for 20 h.

Filter the precipitate and evaporate organic layer. Extract aqueous layer with
dichloromethane. Combine oréanic layers, dry over sodium sulfate and evaporate the
SO]VC];t und.e'r reduced pressure. Add hexanes and tert-butylmethyl ether to the residue
until a solid is formed and filter the solid to provide the title compound (0.37 g, 67%).
MS!(m/e): 337 M+18); 318 (M-1).

Preparation 3

4.4.5,5-tetramethyl-

pyridin-3-yl}-amide

Take up 4-hydroxy-3-nitro-pyridine (6.18 g, 44.2 mmol) in phosphorus
oxychloride (16 ml) and heat to 45°C. Once at 45°C, add phosphorus pentachloride (8.04
g, 38.6 mmol) in a single portion. Stir the resulting yellow slurry vigorously and heat
under reflux (oil bath to 125°C) under an inert atmosphere. After 3 h at 125°C, the yellow
slurry becomes a clear yellow solution. Cool the mixture to room temperature, concentrate
to an oil, cool to 0°C in an ice bath and treat with 10 ml of water and 20 ml of
dichloromethane while stirring vigorously. Basify the aqueous layer with saturated
sodium bicarbonate solution and extract with dichloromethane (x3). Dry the combined
organic layers over anhydrous sodium sulfate, filtered and concentrate to give 6.98g of 4-
Chloro-3-nitro-pyridine, which crystallizes on standing (99% yield).

4-Chloro-3-nitro-pyridine (6.9 g, 43.5 mmol), 4-bromophenyl boronic acid (8.05
g, 40.1 mmol), potassium carbonate (11.10g, 80.3 mmol) and tetrakis triphenylphosphine
palladium (2.31 g, 2.0 mmol) are taken up in DME (200 ml) and heated under reflux
(100°C) overnight. The mixture is cooled down to room temperature and filtered through

Celite® pad, which is washed with EtOAc. The filtrate is concentrated to give a crude
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brown oil. Purification by flash chromatography (Silica gel-hexane /EtOAc) yields 4~(4-
Bromo-phenyl)-3-nitro-pyridine (8.52 g) as a yellow oil (76% yield).

Stir 4-(4-Bromo-phenyl)-3-nitro-pyridine (8.52 g, 30.5 mmo]) in g]aci.al acetic
acid ( 150 ml) and add 325 mesh iron powder (8.40 g, 150.4 mmol). Heat the mixture to
80°C for 40 min at which point the mixture turns gray. Filter the mixture through Celite®
and wash the solid with EtOAc. Wash the organic layer with water. Basify the aqueous
layer to pH 8 with NaOH solution and extract with EtOAc (x2). Wash the combined
organic layers with water, saturated aq. sodium chloride, dry over anhydrous sodium
sulfate, filter and coﬁcentrate to afford 7.25 g of a brown crude oil. Purification by flash
chromatography (Silica gel-hexane /EtOAc) yields 4-(4-Bromo-phenyl)-pyridin-3-
ylamine (4.64 g) as a white solid (61% yield).

Take up 4-(4-Bromo-phenyl)-pyridin-3-ylamine (4.6 g, 18.5 mmol) in anhydrous
dichloromethane (100 ml). Add DBU (11 ml, 73.5 mmol) and stir the solution at 0°C for
3 min under inert atmosphere. Add isopropylsulfonyl chloride dropwise over 10 min.
Allow the mixture to warm up to RT and heat under reflux (40°C) overnight. Quench the
mixture by addition of saturated ammonium chloride solution. Extract the aqueous layer
with dichloromethane (x2). Wash the combined organic layers with saturated aq. sodium
chloride, dry over anhydrous sodium sulfate, filter and concentrate to afford 9.1 gof a
brown crude residue. Purification by flash chromatography (Silica gel-hexane /EtOAc)
followed by reverse purification vields the desired compound propane-2-sulfonic acid [4-
(4-bromo-phenyl)-pyridin-3-yl]-amide (2.68 g) as a white solid (41% yield).

Take up propane-2-sulfonic acid [4-(4-bromo-phenyl)-pyridin-3-yl}-amide (2.07 g,
5.8 mimol), bis(pinacolato) diboron (2.01 g, 7.9 mmol), potassium acetate (2.3 g, 23.4
mmol) and [1,1-bis(diphenylphosphino)ferrocene)-dichloropalladium(II) complex with
dichloromethane (1:1) (0.277 g, 0.339 mmol) in anhydrous DMF (12 ml) and heat to 80°C
under inert atmosphere overnight. Add water (4 ml) and filter the reaction mixture
through a small pad of silica. Wash the silica pad with EtOAc. Wash the organic filtrate
with HC1 0.05N, water (x4), dry over anhydrous sodium sulfate, filter and concentrate to
afford 3.8g of a dark crude residue. Purification by flash chromatography (Silica gel-
hexane /EtOAc) yields the title compound (1.85 g) as a beige solid (79% yield).
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Preparation 4
4’-[3-(Propane-2-sulfonylamino-thiophen-2-yl]-biphenyl-4-carboxvlic acid ethyl ester

— 1\

S/ N’S‘g('
C
J

CO,Et

I

Heat in a sealed tube with stirring propane-2-sulfonic acid{2-[4-(4.4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-thiophen-3-y1}-amide (0.5 mmol), 4-iodo-
benzoic acid‘ ethyl ester (0.75 mmol), 2M Na;CO; water sotution (0.2 mL) and Pd(PPh3)4
(0.05 mmol) in 4.0 ml of an anhydrous DME to 100°C for 24 h. Evaporate the organic
solvent, prior to the addition of water (10 mL). Extract the mixture with dichlorometharie
(3 x 20 mL) and dry the combined organic phases (Na,SO4) and concentrate to furnish a
crude mixture. Purification by flash chromatography (Silica gel-hexane /EtOAc) yields
the title compound.

Preparation 3
5-(4-Bromo-benzyl)-2H-tetrazole

Stir a mixture of SiCle (1.7g, 10mmo}, 2eq.) and NaNj (1.95g, 30mmol, 6eq.) in
50 mL of acetonitrile for 2 hours. Add 1.07g of 2-(4-bromophenyl) acetamide (5 mmol,

leq.) and heat to 85°C for 5 hour. Cool to room temperature and filter off the solid wash
the solid with EtOAc. Wash the ester layer with water, saturated aq. sodium chloride, dry
over MgSQ, and evaporate the solvent to afford 900 mg title compound (80%).

MS (m/e): 237.0.

Preparation 6
3-(4-Bromo-phenyl)-N-methyl-propionamide
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Add oxalyl chloride (1.75mL, 2.54g, 4eq.) to a solution of 3-(4-bromo-phenyl)-
propionic acid,in methylene chloride (100mL), which contains 0.1mL DMF at 0°C and
allow the reaction mixture to warm to room temperature and stir 1 hour. Evaﬁorate
solvent and dissolve it in 10mL THF. Add half of the THF solution to 20mL of
methylamine (2M) and stir another hour. Add water to the solution to dissolve solid and
wash organic layer with 2N HCI, water and saturated aq. sodium chloride and dry it over
MgSO,. Evaporate solvent to afford the title compound 500 mg, 41%.

MS 246.0.

)

Preparation 7
Trifluoro-methanesulfonic acid 4-[1.2 4] triazol-1-yl-phenyl] ester

Add pyridine (0.74g, 9.3mmol, 3eq.) to a solution of 4-[1,2,4]triazol-1-yl-phenol
(500 mg, 3.1mmol, leq.) at ~78°C and stir for 15 minutes. Add slowly triflic anhydride
(1.05 g, 3.7 mmol, 1.2eq.). Allow the reaction mixture to warm to room temperature and
stir 3 hours. Pour the mixture into 20mL of 1N HCI (cold). Wash the organic layer with
water (2x 10mL), saturated sodium bicarbonate and saturated aq. sodium chloride. Dry and
evaporate to give 860 mg (95%) of the title compound.
MS. 294.0.

Preparation 8
4-Methvlsulfanyl-2-triflucromethanesulfonyloxy-benzoic acid methyl ester

Combine 2-Hydroxy-4-methylsulfanyl-benzoic acid methyl ester (5.072 g, 25.58
mmol), pyridine, and CH,Cl, at 0°C and stir. Add triflic anhydride (5.1 ml, 30.31 mmol)
drop wise over several min. After 4 hours dilute the mixture with CHCl; and wash with
1N HCl, H,0, and dry over Na;SO, filter and concentrate under reduced pressure to yield
4-Methylsulfanyl-2-trifluoromethanesulfonyloxy-benzoic acid methyl ester (7.775 g,
92%). MS (m/e): 330.8(M+1).

Preparation 9
Propane-2-sulfonic acid (4'-bromo-biphenyl-2-yl)-amide
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Combine 4-bromophenylboronic acid (6.064 g, 30.195 mmol), 2-iodo- ‘
phenylamine (5.532 g, 25.257 mmol), toluene, 2N Na,COs5 (13 ml, 26 mmol), and
tetrakis(triphenyl-phosphine)palladium(0) (0.849 g) and heat to 80°C. After 4 hours cool

to room temperature and stir for 16 hours. Dilute the reaction with EtOAc and back

extract water layer with EtOAc. Combine the organic layers and wash with H;0, and dry

over Na;SOy, filter, and concentrate under reduced pressure. Purify the residue by flash
chromatography (silica gel), eluting with first hexane and increasing up to 10%
EtO.{\c‘:/Hex?ne to afford 4’-br'omo-biphenyl-Z—ylamine (4.008 g, 64%). LCMS 247.
Add 1'1’-bromo-biphenyl—2—y1aminc (1.038 g, 4.183 mmol) to CHxCl; and cool to
0°C. Add first DBU (2.6 ml, 17.038 mmol), then isopropylsulfonyl chloride (0.95 ml,
8.206 mmol) drop wise to flask and warm flask to room temperature. After 18 hours
monitor reaction. If SM is still present, add DBU (1 ml), then isopropylsulfonyl chloride
(0.4 ml) andithen stir 2 additional hours. Purify resultant product using flash
chromatogréphy (Silica gel-25% EtOAc/Hexane) to provide propane-2-sulfonic acid (4~
bromo-biphenyl-2-yl)-amide (1.116g, 75%).
MS(m/e): 351.9(M-1).

Preparation 10
5-(4-Bromo-phenyl)-pyrazole-1-carboxylic acid tert-butyl ester
Stir a mixture of 5-(4-bromo-phenyl)-pyrazole (577mg, 2.6mmol, leq.), di-tert-
butyl-dicarbonate (737mg. 3.38mmol), and dimethylaminopyridine (32 mg, 0.25 mmol) in
16 mL acetonitrile overnight. Add 200 mL diethyl ether and 50 mL water. Wash the
organic layer with water, saturated aq. sodivm chloride and evaporate solvent to afford the

title compound 800 mg, 95%.

Preparation 11
(4-Bromo-phenoxy)-acetonitrile
Mix 4-bromophenol (1.4mmol) in acetonitrile (Sml) and water (2ml), add K,COs;

(3mmol) and bromoacetonitrile (1.5mmol) at room temperature under inert atmosphere.

Heat the mixture to 80°C for 16 h. Analyze by LC/MS for final product. Evaporate the
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solvent and add water. Bxtract product with DCM (3x) and combine and evaporate /

organic phases,to afford the title compound.

Preparation 12
2-Bromo-5-{cyanomethyl-amino)-benzonitrile
Mix 5-amino-2-bromobenzonitrile (0.76 mmol) in anhydrous THE (3 ml), N,N-

diisopropylethylamine (0.92 mmol), and bromoacetonitrile (1.0 mmol) at room

temperature under inert atmosphere. Heat the mixture to 100°C for 16 h in a sealed tube.
Cool in ice bath, filtér the precipitate and evaporate the filtrate to dryness to afford a crude
residue. Purify by flash chromatography (Silica gel-~CHCl; /Ethanol /NH4OH 9:1:0.1) to
yield the title compound.

Preparation 13

4-Bromo-3-(propane-2-sulfonylamino)-benzoic acid methy! ester
Add Na;SO; (8.5 mmol) to a solution of 4-Bromo-3-nitro-benzoic acid methyl

ester (1.2 mmol) in EtOH (40 mL). Heat the reaction at 70°C for 30 min and then at room
temperature overnight. Add a saturated solution of NaHCO3 (pH=11-12) and extract with
EtOAc (2x50 mL). Dry over NaSOy, filter and evaporate to dryness to provide 4-Bromo-
3-amino-benzoic acid methyl ester.

Add DBU drop wise (0.5mmol) to a suspension of the previously prepared amine
©.1 rhmol) in dichloromethane (15ml) at 0°C, followed by drop wise addition of
isopropylsulfony! chloride (0.2 mmol) and stir the reaction at room temperature for 24 h.
Remove solvent under reduce pressure. Purify by flash chromatograph (Silica gel-

hexane/EtOAc). Concentrate the desired fractions to provide the title compound.

Preparation 14
4-Bromo-3-(methanesulfonylamino)-benzoic acid methy] ester
Add Na;SO4 (0.12 mmol) to a suspension of 4-Bromo-3-amino-benzoic acid
methyl ester (0.1 mmol) and Et;:N (0.1 mmol) in dichloromethane at 0°C. Stir 4h at RT.
Add a saturated solution of NaCl (15 mL), and extract with dichloromethane (2x50 mL).
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Dry over NaSOy, filter and evaporate to dryness. Purify the residue utilizing flash
chromatography (Silica gel-hexane/BtOAc) to provide the title compound.

Preparation 15
4'-Jodo-5-trifluoromethyl-biphenyl-2-carboxylic acid methyl ester
Heat a solution of 5-Trifluoromethyl-biphenyl-2-carboxylic acid methyl ester
(1.0mmol), acetonitrile and diidomethane (3.5mmol) to 35°C with stirring under nitrogen.
Once 35 °Ci is reached, add i- Amylmtnte (2.5mmol) slowly so as to avoid a large
exotherm Heat reaction to 65-70 °C for 2 hours. Remove the heat and concentrate the
reaction in vacuo. Purify via radial chromatography eluting with EtOAc/dichloro-
methane/hexanes to yield the final product (52%).
MS (m/e): 408.0 (M+1)

Preparation 16
3-Chloro-4-trifluoromethanesulfonyloxy-benzoic acid methyl ester

Add dropwise triflic anhydride (6.7 mi, 39.8 mmol) to a solution of methyl 3-
chloro-4-hydroxybenzoate (5.42 g, 29.0 mmol), DMAP (490 mg, 4.0 mmol) and
triethylamine (5.6 ml, 40.1 mmol) in anhydrous dichloromethane (200 ml). Stir the
mixture at room temperature overnight under nitrogen atmosphere. Quench the mixture
by addition of a saturated ag. solution of ammonium chloride. Separate the 01:ganic layer
and extract the aqueous layer with dichloromethane (x3). Wash the combined organic
layers with saturated aq. sodium chloride, dry over anhydrous sodium sulfate, filter and
concentrate to yield a crude brown oil. Take up this crude oil in hexane and wash the
organic layer with water (x3), dry over anhydrous sodium sulfate, filter and concentrate to

yield the title compound.

Preparation 17
4-Ethoxy-3-iodo-benzoic acid ethyl ester

To a solution of pheno! in AcOH (200 mL) at 65°C, add a solution of ICl in AcOH
(500 mL) dropwise. When the addition is completed, stir the mixture at 65°C for 6 hours.

After cooling, pour the mixture into ice/water, filter and wash with water. Dissolve the

% 3
o
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solid obtained in CH,Cl,, dry over MgSOQs, filter and concentrate in vacuo. Purify the
crude product by flash chromatography (Silica gel -CH,Cl,), to obtain 131.3 g of 4-
Hydroxy-3-iodo-benzoic acid ethyl ester (74% yield). ‘

To the resultant ester (3.10 g, 10.61 mmol) and potassium carbonate (2.87 g, 20.75
mmol) in 40 m] acetonitrile, add iodoethane (1.3 m], 16.25 mmol) at RT while stirring
vigorously. Heat the resulting white suspension under reflux for 1.5 h. Evaporate
acetonitrile and replace with EtOAc. Wash the organic layer first with water, then with
saturated aq. sodium chloride. Dry over anhydrous sodium sulfate, filter and concentrate

to give the title compound as a yellow oil.

Preparation 18

3-Hvdroxy-4-iodo-benzoic acid ethyl ester
Dissolve 3-hydroxy-4-iodobenzoic acid (2.02 g, 7.65 mmol) in ethanol saturated

with HCI gas (50 ml). Heat the solution under reflux overnight. Evaporate ethanol to
yield the title compound (97% yield).

Preparation 19 -
5-Bromo-1,3-difluoro-2-methoxy-benzene

Add iodomethane (2.0 ml, 32.1 mmol) dropwise to a suspension of 4-bromo-2,6-
difluorophenol (5.90 g, 28.2 mmol) and potassium carbonate (4.40 g, 31.8 mmol) in
acetone (50 ml) at room temperature while stirring vigorously. Heat the mixture under
reflux overnight. Evaporate acetone and add dichloromethane. Filter through silica eluting

the product with dichloromethane/EtOAc. Concentrate to yield the title compound.

Preparation 20
6-Bromo-2.4-difluoro-3-methoxy-benzaldehyde

Add n-butyl lithium 1.6N (22 ml, 35.2 mmol) to diisopropylamine (4.8 ml, 34.2

mmol) in anhydrous THF (7 ml) at 0°C. Stir the resulting yellow solution for 30 min at

0°C. Add this LDA solution dropwise via canula to a solution of 5-bromo-1,3-difluoro-2-
methoxybenzene (5.83 g, 26.17 mmol) in anhydrous THF (40 ml) at -78°C over 40 min.
Stir the resulting bright yellow solution for 50 min at ~78°C. Add anhydrous DMF (2.7
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mi, 34.8 mmol) and stir the mixture for 1.5 h at =78°C. Quench the mixture with dilute
sulfuric acid and extract the product with EtOAc (x3). Wash the combined organic layers
with water (x3), saturated aq. sodium chloride and dry over anhydrous sodium sulfate.
Filter and concentrate to yield the crude product. Purification by flash chromatography
(Silica gel-hexane/EtOAc) yields the title compound.

Preparation 21 ‘
6-Bromo-2.4-difluoro-3-methoxy-benzonitrile

b Add'hydroxylamine hydrochloride (608 mg, 8.8 mmol) to a solution of 6-Bromo-
2,4-difluoro-3-methoxy-benzaldehyde (2.0 g, 7.96 mmol) in anhydrous DMF (4 ml). Heat
the mixture to 150°C for 2 h. Add water to the cooled mixture and extract the product
with EtOAc (x2). Wash the combined organic layers with water (x3), saturated aq.
sodium chloride and dry over anhydrous sodium sulfate. Filter and concentrate. Dissolve
the concentr:ate in anhydrous THF and add 3 equivalent of the Burgess reagent
((methoxycarbonylsulfamoyltriethylammonium hydroxide, inner salt). Heat the mixtufe
under reflux under nitrogen atmosphere overnight. Concentrate to yield a crude residue.
Purification by flash chromatography (Silica gel-hexane/EtOAc) yields the title

compound.

Preparation 22
3-Bromo-4-cyano-benzoic acid methyl ester

) Dissolve 4-bromo-3-nitro-benzoic acid methyl ester (4.25 g, 16.3 mmol) in
ethanol (100 ml) and water (30 ml). Add sodium dithionite (15 g, 75 mmol) in a single
portion and heat the mixture under reflux for 4 h. Evaporate ethanol and add water.
Basify the aqueous layer with 10% sodium carbonate solution. Extract the product with
EtOAc (x2). Dry the combined organic layers over anhydrous sodium sulfate, filter and
concentrate to yield 3-amino-4-bromo-benzoic acid methyl ester (51%).

Add zinc cyanide (1.5 g, 12.77 mmol), palladium tetrakis (675 mg, 0.584 mmol),
to 3-amino-4-bromo-benzoic acid methyl ester (1.328 g, 5.77 mmol) in anhydrous DMF
(3 ml). Purge with nitrogen for few minutes and keep under nitrogen atmosphere while

heating to 120°C overnight. Cool the mixture to room temperature and add water. Extract
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the product with EtOAc (x2). Wash the combined organic layers with 2N ammonium
hydroxide solution (x2), water (x2), saturated ag. sodium chloride and dry over anhydrous
sodium sulfate, filter and concentrate to yield the crude product. Purification l‘)y flash
chromatography (Silica gel-hexane/EtOAc) yields 3-amino-4-cyano-benzoic acid methyl
ester (94%). .

Add 3-amino-4-cyano-benzoic acid methyl ester (1.1 g, 6.24 mmol) to a stirred
solution of sodium nitrite (511 mg, 7.4 mmol) in concentrated sulfuric acid (5 ml) and
glacial acetic acid (5 ml) at 40°C. After 30 min at 40°C, pour the resulting orange
solution into a cold s.olution of copper bromide, (1.42 g, 9.89 mmol) in 48% hydrobromic
acid ( 5 ml). When the evolution of nitrogen is finished, heat the mixture to 90°C for 30
min. Cool down to room temperature and pour the mixture onto crushed ice. Filter out
the resulting dark solid, wash with water. Take this solid up in chloroform and filter the
inorganic solid. Concentrate the filtrate to yield a crude yellow residue. Purification by

flash chromatography (Silica gel-hexane/EtOAc) yields the title compound (56%).

Preparation 23
2,2-Dimethyl-propionic acid 4-bromo-2.,6-difluoro-phenyl ester
Add triethylamine (10.0 ml, 71.7 mmol) to 4-bromo-2,6-difluorophenol (9.92 g,
47.4 mmol) in anhydrous dichloromethane (100 ml) at 0°C while stirring under inert

atmosphere. Add pivaloy! chloride (8 ml, 64.9 mmol) dropwise over 10 min. Allow the

solution to warm up to room temperature overnight. Add water and extract the aqueous

- layer with dichloromethane (x2). Wash the combined organic layers with water (x2),

saturated aq. sodium chloride, dry over anhydrous sodium sulfate, filter and concentrate to
afford 15.5g of a clear crude oil. Purification by flash chromatography (Silica gel-hexane
/diethyl ether) yields the title compound (13.1 g) as a clear oil (94% yield).

Preparation 24
2.2-Dimethyl-propionic acid 4-br_omo-2.6-diﬂuoro-3-formy1-ghenyl ester

Add n-butyl lithium 1.6N (23 ml, 36.8 mmol) to diisopropylamine (5.0 ml, 35.6
mmol) in anhydrous THF (7 ml) at 0°C. Stir the resulting yellow solution for 30 min at
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0°C. Add this LDA solution dropwise via canula to a solution of 2,2-Dimethyl-propionic
acid 4-bromo-2,6-difluoro-phenyl ester (8.01 g, 27.33 mmol) in anhydrous THF (40 ml) at
—78°C over 40 min. Stir the resulting bright yellow solution for 1 h at —78°C. Add
anhydrous DMF (2.8 mi, 35.0 mmol) and stir the mixture for 1.5 h at -78°C.

Quench the mixture with dilute sulfuric acid and extract the product with EtOAc (x3).

' Wash the combined organic layers with water (x3), saturated aq. sodium chloride and dry

over anhydrous sodium sulfate. Filter and concentrate to yield the crude product.
Pun'f.ication by flash chromatography (Silica gel-hexane/EtOAc) yields 8.35 g of the title
compound (95% yield).

Preparation 25
2.2-Dimethyl-propionic acid 4-bromo-3-cyano-2,6-difluoro-phenyl ester

Add ﬁydroxylamine hydrochloride (2.33 g, 33.6 mmol) an& sodium iodide (2.09 g,
13.96 mmol) to a solution of 2,2-Dimethyl-propionic acid 4-bromo-2,6-difluoro-3-formyl-
phenyl ester (8.34 g, 25.97 mmol) in acetonitrile (100 ml). Heat the mixture under reflux
(100°C) for 3 h. TLC (Hexane:Ethyl Acetate 4:1) shows incomplete conversion. Cool
down the mixture to 60°C and add more hydroxylamine hydrochloride (2.24 g, 33.0
mmol). Heat the mixture to 100°C for 1.5 h.

Quench the mixture with 5% aqueous Na25203 and stir for S min until the red-
brown color has disappeared. Extract the product with ethyl acetate (x2). Wash the
combined organic layers with water (x3), saturated aq. sodium chloride and dry over .
anhydrous sodium sulfate. Filter and concentrate. Dissdlve the concentrate in anhydrous
THF and add 1.7 equivalent of the Burgess reagent
((methox ycarbonylsulfamoyl)triethylammonium hydroxide, inner salt) (10.0 g, 41.96
mmol). Heat the mixture under reflux under nitrogen atmosphere for 4 h. Concentrate to
yield a crude residue. Purification by flash chromatography (Silica gel-hexane/EtOAc)
yields 5.87g of the title compound as a pale yellow solid (75% yield).
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Preparation 26

Add DBU (5.14mL, 33.69 mmol) to a solution of 5-amino-1-(4—l.)romo-phényl)—
1H-pyrazole-4-carboxylic acid ethyl ester (2.612g, 8.42 mmol) in dichloromethane (25
mL) at 0°C. Stir for 15 min. at O°C and then add isopropylsuifonyl chloride (1.94 mL,
16.84 mmol). Immerse the mixture into a pre-heated oil bath (50°C). After stirring for 5
min., add additioﬁallisoprop‘ylsulfonyl chloride (0.97 mL, 8.42 mmol). Stir overnight at
50°C. Add 1.0M HCI (aq) until pH 3, wash with water (2x50mL), dry over sodium
sulfate, filter, and concentrate. Adsorb the compound onto silica gel, and subject to silica
gel flash column chromatography (15-30% EtOAc/n-hexane) to yield 1-(4-Bromo-
phenyl)S-(propane-2-sulfonylamino)-1H-pyrazole-4-carboxylic acid ethyl ester (2.55g,
73%).

Dissolve 1-(4-Bromo-phenyl)5-(propane-2-sulfonylamino)-1H-pyrazole-4-
carboxylic ‘acid ethyl ester (2.549g, 6.12 mmol) in ethanol (10mL)(denatured with
methanol) and then add an aqueous solution of sodium hydroxide (12.5 mL, 2.0M).
Immerse the resulting mixture into a pre-heated oil bath (65°C) and stir overnight.

Upon completion, concentrate to remove ethanol/methanol, wash the resulting aqueous
mixture with dichloromethane, and concentrate to remove any trace of dichloromethane.
Cool the aqueous mixture to 0°C, add 1.0M HC1 until pH 4 is achieved (extensive
precipitation of acid may be observed), and stir for 15 min. Filter the mixture under
reduced pressure. Allow the reduced pressure to cool the filtrate, and filter a second crop
of product. Combine the two crops to yield 1-(4-Bromo-phenyl)-5-(propane-2-
sulfonylamino)-1H-pyrazole-4-carboxylic acid (2.031g, 85%).

Dissolve 1-(4-Bromo-phenyl)-5-(propane-2-sulfonylamino)-1H-pyrazole-4-
carboxylic acid (1.952g, 5.03 mmol) in quinoline (2.79 mL) in a sealed tube. Add copper
(0.16g, 2.51 mmol) and immerse into a pre-heated (180°C) oil bath and stir for 15 min.

. Cool to room temperature and remove the solvent under reduced pressure. Dilute with

dichloromethane, wash with 1.0M HCI (2x50 mL), dry over sodium sulfate, filter, and

£
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concentrate to yield a residue. Subject to silica gel flash column chromatography (15-55%
EtOAc/n-hexane) to yield the title compound (1.323g, 76%).

Example 1
Propane-2-sulfonic acid-(2-biphenyl-4-yl-thiophen-3-yl)-amide

Heat in a sealed tube with stirring propane-2-sulfonic acid [2—(4-bromo—phen3(l)-
thiophen-3-yl]—amide (0.5 mm'ol), phenyl boronic acid (0.75 mmol), 2M Na,CO; water
solution (0.2 mL) and Pd(PPhs) 4 (0.05 mmol) in 4.0 mi of an anhydrous and
deoxygenated 2:1 DME/EtOH mixture to 80°C-100°C for 24 h. Filter mixture through a
small silica pad and elute with EtOAc. Evaporate the filtrate. Purify the product by flash
chromatography (Silica gel-hexane /EtOAc) to obtain the title compound. MS (ES-): 356
M-1). ‘

Prep'are the following compounds in a manner analogous to the procedure set forth

in the above example:

) DATA
| EXAM' PLE COMPOUND MS (ES-):
2 Propane-2-sulfonic acid [2-(4'-amino-biphenyl-4- .
yD-thiophen-3-yl]-amide 37'1 M-1)
3 Propane-2-sulfonic acid [2-(2'-cyano-biphenyl-4- 381(M-1)
yl)-thiophen-3-y}}-amide '
4 N-{4'-[3-(Propane-2-sulfonylamino)- 413 (M-1)
thiophen-2-yl]-biphenyl-3-yl }-acetamide
5 Propane-2-sulfonic acid [2-(3'-methanesulfonyl- 449 (M-1)
amino-biphenyl-4-yl)-thiophen-3-yl]-amide
6 N-[2-(Propane-2-sulfonylamino)-
[1,1'4',1"Jterphenyl-3"-yl]-acetamide 407 (M-1).
7 Propane-2-sulfonic acid [3"-(propane-2- 443 (M-1)
sulfonylamino)-(1,1';4',1"] terphenyl-2-yl}-amide l

o ;

L
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DATA
EXAMPLlli COMPOUND MS (BS-):
8 N-{2-Cyano-4'-[3-(propane-2-sulfonylamino)- 438 (M-1)
thiophen-2-yl]-biphenyl-4-yl } -acetamide
9 Propane-2-sulfonic acid [2-(2"-cyano-4'-hydroxy- 397 (M-1)
biphenyl-4-yl)-thiophen-3-yl]-amide
10 - Propane-2-sulfonic acid {2-[2'-cyano-4'-(cyano-
methyl-amino)-biphenyl-4-yl]-thiophen-3-yl } - 435 (M-1)
. amide
11 Propane-2-sulfonic acid [2-(3',5'"-difluoro-4'- 408 (M-1)
hydroxy-biphenyl-4-yl)-thiophen-3-yl]-amide
12 N-{2-Cyano-4'-[3-(propane-2-sulfonylamino)- 433 (M-1)
pyridin-4-yl)-biphenyl-4-yl}-acetamide
13 Propane-2-sulfonic acid [4-(2'-cyano-biphenyl-4- :
y1)-pyridin-3-ylj-amide 376 M-1)
14 Propane-2-sulfonic acid [2-(2"-cyano-3',5'"-
difluoro-4'-hydroxy-biphenyl-4-yl)-thiophen-3- 433 (M-1)
ylJ-amide

Prepare the following compounds in a manner analogous with the procedure set

forth in Example 1. Extract the resultant compound in ethyl acetate, wash the organic

layer with water three times, dry over MgSOq, filter, and concentrate to obtain the title

compound.
DATA
EXAMPLE COMPOUND MS (ES):
15 Propaqe-2—su]fon1c am.d [2-(4 -acety]—2_—cyano- 423 (M-1)
biphenyl-4-yl)-thiophen-3-yl]-amide
16 2-{4'-[3-(Propane-2-sulfonylamino)-thiophen-2-yl]-
biphenyl-4-yl }-acetamide 436 (M-1)

Prepare the following compounds in a manner analogous with the procedure set

forth in Preparation 4:
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DATA
EXAMPLE COMPOUND . MS (BS-):
17 4'-[3-(Propane-2-sulfonylamino)-thiophen-2-ylJ- | MS (ES+, m/e):
biphenyl-3-sulfonic acid amide (PdCl,dppf) 437 (M+1).
18 4'-[3-(Propane-2-sulfonylamino)-thiophen-2-yl}- | MS (ES+, m/e):
biphenyl-4-sulfonic acid amide (PdCl,dppf) 437 M+1)
Propane-2-sulfonic acid [2-(4"-fluoro-biphenyl-4- :
19 yl)-thiophen-3-yl]-amide 374 (M-1)
Propane-2-sulfonic acid [2-(4'-acetyl-biphenyl-4- .
.20 “y1)-thiophen-3-yl]-amide 398 (M-1)
Propane-2-sulfonic acid [2-(2'4'-d :
21 ifluoro-biphenyl-4-yl)-thiophen-3-yl]-amide 392 (M-1)
22 N-{2-Fluoro-4'-[3-(propane-2-sulfonylamino)- 431 (M-1)
thiophen-2-yl]-biphenyl-4-yl }-acetamide
Propane-2-sulfonic acid [2-(2'-cyano-4'-fluoro- :
2 biphenyl-4-yl)-thiophen-3-yl]-amide 399 (M-1)
24 ; Propane-~2-sulfonic acid [2-(2',4'-dicyano-biphenyl- 1.
- 4-yl)-thiophen-3-yl)-amide 406 (M-1)
25 Propane-2-sulfonic acid [2-(2'-cyano-4'-nitro- 426 (M-1) '
biphenyl-4-yl)-thiophen-3-yl]-amide
26 Propane-2-sulfonic acid [2-(4'-amino-2'-cyano- 308 (M-1)
biphenyl-4-yl)-thiophen-3-yl]-amide
27 . Propane-2-sulfonic acid [2-(3'-cyanomethyl- 395 (M-1)
biphenyl-4-yl)-thiophen-3-yl]-amide

Example 28
Propane-2-sulfonic acid {2-[4’-(2-hydroxy-ethy])-biphenyl-4-yl]-thiophen-3-yl }amide
Mix propane-2-sulfonic acid{2-{4-(4.4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-

phenyl]-thiophen-3-yl}-amide (0.10 g), 0.1 equiv of tetrakis triphenylphosphine palladiﬁm
(0), 2 equiv of 2M sodium carbonate aqueous solution in DME (2 mL) and EtOH(1mL)
and warm to 90-95°C. After warming two min, add 2-(4-bromo-phenyl)-ethanol (1.3
equiv) and stir at that temperature for 1.5 h. Evaporate solvents over Celite® and purify
by silica gel Strata ® cartridges eluting with hexanes-EtOAc gradient to give 0.041 g of
the title compound. MS (ES+) (m/z): 402 (M+1).
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Example 29

. carboxylic acid
Heat the mixture of propane-2-sulfonic acid {2-[4-{4,4,5,5-tetramethyl-

[1,3,2)dioxaborolan-2-yl)-phenyl]-thiophen-3-yl }-amide(662 mg, 1.65 Iﬁmol), 2-bromo-
3-nitro-benzoic acid methyl ester (390 mg, 1.5mmol), Na,CO3 (ZM, 2.2mL, 4.5 mmol)
and Pd(PPhs), (260mg, 0.26 mmol) and 15 ml of 1,4 dioxane under N; to 80°C ovemight.
After cooling to room temperature, dilute with diethyl ether (200mL). Wash with water,
saturated aq. sodjun; chloride, and dry over MgSO4. Remove solvent and purify by flash
chromatography (Silica gel-hexane /EtOAc) to provide 6-nitro-4’-[3-(propane-2-
sulfonylamino)-thiophen-2-yl]-biphenyl-2-carboxylic acid methyl ester (250 mg). MS
(m/e): 478.7(M+1).

Add SnCl; 2 H;0 (470 mg, 2.8 mmol) to a solution of 6-nitro-4’-[3-(propane-2-
sulfonylamino)-thiophen-2-yl]-biphenyl-2-carboxylic acid methy] ester (250 mg, 0.54
mmol) in EtOH (5 mL). Heat the reaction at 80°C for 3 hours. Add 100mL EtOAc and
wash it with a saturated solution of NaHCQ;, water and saturated aq. sodium ch}oride (50
mL). Dry over NaSQy, filter and evaporate to dryness to provide 6-amino-4’-[3-(propane-
2-sulfonylamino)-thiophen-2-yl]-biphenyl-2-carboxylic acid methyl ester (208 mg). MS
(m/e): 429.1(M-1).

Add 1,8-diazabicyclo {5.4.0] undec-7-ene (DBU) drop wise (0.51 mL, 3.6mmol)
to a suspension of 6-amino-4’-{3-(propane-2-sulfonylamino)-thiophen-2-yl}-biphenyl-2-
carboxylic acid methy! ester (208mg 0.48 mmol) in dichloromethane (9mi) at 0°C,.
followed by drop wise addition of isopropylsulfonyl chloride (0.21 mL, 0.9 mmol) and
stir the reaction at room temperature overnight. Remove solvent under reduced pressure.
Purify with flash chromatography (Silica gel-hexane/EtOAc). Concentrate the desired
fractions to provide 6-(propane-2-sulfonylamino)-4'-[3-(propane-2-sulfonylamino)-
thiophen-2-yl]-biphenyl-2-carboxylic acid methyl ester (50mg). MS (m/e): 535.1(M-1).

Heat the mixture of 6-(propane-2-sulfonylamino)-4'-[3-(propane-2-
sulfonylamino)-thiophen-2-yl]-biphenyl-2-carboxylic acid methyl ester (46 mg, 0.08
mmol) and LiOH (30mg, 1.25 mmol) in 3 ml of THF/Methanol/water (3/2/1, v/v/V) to
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60C for 3 h. Remove solvent and dissove in water (35mL). Wash with methylene
chloride (2x20mL). Neutralize the aq. solution to a pH between 2 and 3. Further
purification with flash chromatography affords the title compound. MS (m/e): 521.1{M-
1).

Example 30

Propane-2-sulfonic acid {2-

H
)

‘ Deoxygenate and heat a mixture of trifluoro-methanesulfonic acid 4'-(SH-tetrazol-
5-ylmethyl)-biphenyl-4-yl ester (48mg, 0.2mmol), propane-2-sulfonic acid {2-[4-(4.4.5,5-
tetramethyl-[1,3,2] dioxaborolan-2-yl)-phenyl}-thiophen-3-yl}-amide (95 mg, 0.24mmol,
1.2 eq.), barium hydroxide octahydra;e(189mg, 0.6mmol, 3eq.) and Pd(dffp)(29mg,
0.04mmol, 0.2eq.) in 2ml DMF and water mixture (4/1, v/v) to 80°C overnight. Coolithe
mixture to room temperature and dilute with 30mL EtOAc. Wash with water (3x 10mL)
and saturated aq. sodium chloride, dry, and remove solvent. Purification by flash
chromatography (Silica gel- CH2Cl;:MeOH(1/50, v/v)) affords the title compound
50mg(53%). MS (m/e): 441.1(M+1).

Prepare the following compounds in a manner substantially analogous to the

procedure set forth in the above example: ‘

EXAMPLE COMPOUND M‘;‘g é\_):
" | ophen oy vighengiay sceniacia | 441M4D
| et | anaoe)
o e scid| 4281041
N iphenylybhiophen-d yieamids | 423904+
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Example 35

Heat a solution of (4-Todo-phenoxy)-acetic acid or (4—bromo-phénoxy)—acetic acid
(0.25 mmol), propane-2-sulfonic acid {2-[4-(4,4,5,5-tetramethyl-[1,3,2}dioxaborolan-2-
yl)-phenyli-thiophen-3-yl}-amide (122 mg, 0.30 mmol), PdCl,(dppf) (41 mg, 0.05 mmol)
and barium hydroxide (158 mg, 0.50 mmol) in DMF-H,0 (v/v 4:1, 2.5 mL) to 80 °C
under nitrogen atm(t;sphere for 20 h. Pour into H,O (50 mL) and dichloromethane (50
mL), then extract with H,O (4 x 50 mL) and dry the combined organic phases (MgSO,).
Concentrate to furnish a crude mixture as a yellowish solid. Purification by flash
chromatography (Silica gel-Hexane /EtOAc) affords the titfle compound as a pale yellow
solid (65-80% yield). MS (ES-):430.1 (M-1). _

Prepare the following compound in a manner analogous to the procedure set forth

in the above example:

' DATA
EXAMPLE COMPOUND MS (ES-):
36 {4'-[3-(Propane-2-sulfonylamino)-thiophen-2-yl]- ]
biphenyl-4-ylsulfanyl}-acetic acid 446.1 (M-1)

Example 37
2-Chloro-4'-[3-(propane-2-sulfonylamino)-thiophen-2-yl]-biphenyl-4-carboxylic acid

Heat in a sealed tube with stirring propane-2-sulfonic acid{2-[4-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyli}-thiophen-3-yl }-amide (0.5 mmol), 3-
chloro-4-trifluoromethanesulfonyloxy-benzoic acid (0.75 mmol), 2M Na,COs aq. solution
(0.2 mL) and Pd(PPh3)4 (0.05 mmol) in 4.0 ml of a mixture of DME : Ethanol (2:1) to
80°C for 24 h.. Filter the mixture through a small silica pad and eluted with EtOAc.
Evaporate the filtrate and purify resultant compound by flash chromatography (Silica gel-
hexane /EtOAc).
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Add NaOH 2M (1 ml) to the resultant ester (0.128 mmol) in ethanol (1 ml) and
stir 24 h. Add 6N HC] until pH is approximately 1 and a white solid precipitates. Filter

38

the solid to provide the title compound. MS (ES-): 435 (M-1).

Prepare the following compounds in a manner analogous with the procedure set

forth in the above example:

PCT/US2006/020204

s
LI “,

EXAMPLE COMPOUND Mlg"(‘g;‘_)_
38 4-Cyano-4'-[3-(propane-2-sulfonylamino)- 425 (M-1)
thiophen-2-yl]-biphenyl-2-carboxylic acid
39 2-Methoxy-4'-[3-(propane-2-sulfonylamino)- 444 (M-1)
thiophen-2-yl]-biphenyl-4-yl }-acetic acid
40 . .
6-Cyano-4'-[3-(propane-2-sulfonylamino)- 435 (M-1)
thiophen-2-yl]-biphenyl-3-carboxylic actd
41 , . .
4'-[3-(Propane-2-sulfonylamino)-thiophen-2-yl}- 400 M-1)
biphenyl-3-carboxylic.acid
42 {2-Fluoro-4'-[3-(propane-2-sulfonylamino)- 432 (M-1)
thiophen-2-yl]-biphenyl-4-yl}-acetic acid ’
43 2"-(Propane-2-sulfonylamino)-5-trifluoromethyl- 481;43 &]/37)
[1,1°;4°,1"]terphenyl-2-carboxylic acid 4 6'2 2 (M-1) ?
44 2"-Chloro-2-(propane-2-sulfonylamino)-
[1,1';4',1"}terphenyl-4"-carboxylic acid 428 (M-1)

LO
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DATA
EXAMPLE COMPOUND MS (ES-):
45 2"-Cyano-2-(propane-2-sulfonylamino)- 419 (M-1)
[1,1"4',1"]terphenyl-4"-carboxylic acid
46 2"-Methoxy-2-(propane-2-sulfonylamino)- 424 (M-1)
[1,1%4',1"jterphenyl-4"-carboxylic acid
47 2"-(Propane-2-sulfonylamino)- 394 (M-1)
[1,1%4',1")terphenyl-4"-carboxylic acid
6"-Ethoxy-2-(propane-2-sulfonylamino)-
48 [1,1'4",1"]terphenyl-3"-
carboxylic acid 438 M-1)
49 6"-Cyano-2-(propane-2-sulfonylamino)-
; [1,1%4",1"]terphenyl-3"-carboxylic acid 419 (M-1)
50 ' 2-(Pr0pane-2—sulfony]mﬂiho)—
[1,1'4',1"lterphenyl-3"-carboxylic acid 394 (M-1)
51 2-Cyano-4'-[3-(propane-2-sulfonylamino)- 420
pyridin-4-yl]-biphenyl-4-carboxylic acid
52 2-Methoxy-4'-[3-(propane-2-sulfonylamino)- 430 (M-1)
thiophen-2-yl]-biphenyl-4-carboxylic acid

Example 53

iphenyl-4-carboxylic acid

Add NaOH 2M (1 ml) to a suspension of 4’-[3-(propane-2-sulfonylamino)-
thiophen-2-yl}-biphenyl-4-carboxylic acid ethyl ester (0.128 mmol) in ethanol (1 ml) and

stir 24 h. Add 6N HCI until pH is approximately 1 and a white solid precipitates. Filter
the solid to provide the title compound: MS (ES-): 400 (M-1).

&
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Prepare the following compound in a manner analogous with the procedure set

forth in the above example:

DATA
EXAMPLE COMPOUND MS (ES-):
54 2-(Propane-2-sulfonylamino)-4'-[ 3-(propane-2-
sulfonylamino)-thiophen-2-yl}-biphenyl-4- 521 (M-1)
carboxylic acid

Prepare propane-2-sulfonic acid [2-(2'-cyano-5'-nitro-biphenyl-4-yl)-thiophen-3-
yl]-amide in a manner analogous to the procedure set forth in Preparation 4. Add
SnCl;2 H,O (642 mg, 3.40 mmol) into a solution of propane-2-sulfonic acid [2-(2'-
cyano-5"-nitro-biphenyl-4-yl)-thiophen-3-yl}-amide (279 mg, 0.654 mmol) in ethanol
(6.54 mL). Heat the mixture at 90 °C for 3 h. Cool to room temperature, Concentrate to
remove the solvent in vacuo. Dilute with dichloromethane, and add aqueous sodium
bicarbonate solution to adjust pH to 8. Extract with with dichloromethane (3 x 100 mL)
and dry the combined organic layers and concentrate to give a slightly colored solid.
Purification by flash chromatography (Silica gel-Hexane /EtOAc 2:1) furnishes 212 mg,
0.534 mmol (82%) of title compound as a pale yellow solid. MS (m/e): 396.1 (M-1).

Example 56
Propane-2-sulfonic acid [2-(2'7cyano~3‘.5‘~diﬂuoro-4'~hvdroxv—biphenvl-ﬂl)-thiopht':n-}
yll-amide
Heat in a sealed tube with stirring propane-2-sulfonic acid{2-[4-(4,4,5,5-

tetramethyl-[1,3,2]diox aborolan-2-yl)-phenyl]-thiophen-3-yl }-amide (0.5 mmol), 6-

'bromo—2,4-diﬂuoro-3-hydroxy—benzonitri]e (0.75 mmol), 2M Na,CO; water solution (0.2

mL) and PA(PPh3)4 (0.05 mmol) in 4.0 m] of a mixture of DME : Ethanol (2:1) to 80°C for
24 h. Filter the mixture through a small silica pad and eluted with EtOAc. Evaporate the
filtrate and purify resultant compound by flash chromatography (Silica gel-methanol).

Stir the resultant product (271 mg, 0.604 mmol) with tetrabutylammonium iodide

(313 mg, 0.847 mmol) in anhydrous dichloromethane at —78°C under nitrogen
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atmosphere. Add a solution of boron trichloride 1N in dichloromethane (5.0 ml, 5 mmol)

over 2 min. Stir the resulting brown mixture for 5 min at ~78°C and allow the mixture to

warm up to room temperature over 1 h. Quench the reaction with crushed icé, stir for 30 .
min, neutralize with saturated aqueous solution of sodium bicarbonate until pH 7 and

extract the product with dichloromethane (x3). Wash the combined orgém'c layers with

water (x3), saturated aq. sodium chloride and dry over anhydrous sodium sulfate. Filter

and concentrate to yield a crude brown oil. Purification by flash chromatography (Silica
gel-hexane/EtOAc) and reverse phase purification yield the title compound. MS (ES-):

433 (M-1). '

[y

. Example 57
4-0x0-4-{4'-[3-(propane-2-sulfony]amino)-thiophen-2-yl]-biphenyl-4-yl }-butyric acid

Heat in a sealed tube with stirring propane-2-sulfonic acid{2-[4-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-thiophen-3-yl }-amide (0.5 mmol), 4-(4-
Bromo-phenyl)-4-oxo-butyric acid (0.75 mmol), 2M Na,COj; water solution (0.2 mL) and
Pd(PPh3)s (0.05 mmol) in 4.0 ml of an anhydrous DME to 100°C for 24 h. Evaporate and
purify the filtrate by flash chromotography (Silica gel-hexane/EtOAc). Add NaOH 2M (1
ml) to a suspension of the resultant ester (0.128 mmol) in ethanol (1 ml) and stir 24 h.
Add 6N HC] until pH is approximately 1 and a white solid precipitates. Filter the solid to
provide the title compound. MS (ES-): 456 (M-1).

Prepare the following compounds in a manner analogous to the procedure set forth

in the above example:

DATA

EXAMPLE COMPOUND MS (ES-):

58 Propane-2-sulfonic acid [2-(4'-chloro-2'-fluoro- 418 (M-1)
biphenyl-4-y1)-thiophen-3-yl]-amide )

2-Cyano-4'-[3-(propane-2-sulfonylamino)-

9 thiophen-2-yl]-biphenyl-4-carboxylic acid 425 M-D)

60 2-Methyl-4'-[3-(propane-2-sulfonylamino)- 414 (M-1)
thiophen-2-yl]-biphenyl-4-carboxylic acid ]
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DATA
EXAMPLE COMPOUND MS (ES-):
61 2-Hydroxy-4'-[3-(propane-2-sulfonylamino)- 416 (M-1)
thiophen-2-yl]-biphenyl-4-carboxylic acid
62 2-Ethoxy-4'-[3-(propane-2-sulfonylamino)- 444 (M-1)
thiophen-2-yl]-biphenyl-4-carboxylic acid
63 2-Isopropoxy-4'-[3-(propane-2-sulfonylamino)- 458 (M-1)
thiophen-2-yl]-biphenyl-4-carboxylic acid )
. 64 2"-Eth'oxy-2—(propane-2-sulfonylamino)— ' ~
i N [1,1:4',1"}terphenyl-4"-carboxylic acid 438 (M-1)
65 2"-Fluoro-2-(propane-2-sulfonylamino)- -~
(1,1';/4',1"Jterphenyl-4"-carboxylic acid 412 (M-D)
66 2-(Propane-2-sulfonylamino)-[1,1';4',1"Jterphenyl- :
4"-carboxylic acid 354 M-1)

Heat (3-chloro-4-cyano-phenoxy)-acetic acid ethyl ester (120 mg, 0.50 mmol),

propane-2-sulfonic acid {2-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-
thiophen-?-yl}-amide (204 mg, 0.50 mmol), 2M aqueous Na,COj3 solution (0.75 mL) and
PA(PCy3),Cl; (55.4 mg, 0.075 mmol) in 1,4-dioxane (3.0 mL) to 80°C under nitrogen
atmosphere for 20 h. Pour into 0.1 M HC] solution and adjust pH to 7, then extract with
diethy! ether (3 x 50 mL) and dry the combined organic phases (MgSQO,) and concentrate
to furnish a crude mixture as a yellowish solid. Purification by flash chromatography
(Silica gel-Hexane /diethyl ether 1:1) yields 201 mg, 0.42 mmol (83%) of {6-Cyano-4'-
[3-(propane-2-sulfonylamino)-thiophen-2-ylj-biphenyl-3-yloxy}-acetic acid ethyl ester as

~ a pale yellow solid.

Prepare aqueous LiOH solution by dissolving 50 mg of LiOH in 1.0 mL of water.
Add aqueous LiOH solution slowly to a solution of the above prepared ester (200m g,
0.415 mmol) in THF (2.0 mL) and MeOH (1.0 mL). Stir the mixture at 60 °C for 3 h.

Concentrate to remove the solvent. Dilute in H,O (50 mL). Wash with dichloromethane

© (2x50 mL). Add 0.1 M HCl solution to adjust pH to 3. Extract with dichloromethane

(2x50 mL) and diethyl ether (2x50 mL). Dry the combined organics and concentrate
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under reduced pressure to yield 137mg, 0.300 mmol (72%) of the title compoundt. MS
(m/e): 455.1 (M-1).

Example 68
Propane-2-sulfonic acid (2"-cyano-

Heat in a sealed tube with stirring propane-2-sulfonic acid (4’-bromo-biphenyl-2-
yl)-amide (0.5 mmol), 2-(cyanophenyl)boronic acid (0.75 mmol), K5PO, -H,0 (1.8
mmol) PPh3‘(0.12 mmo}) and Pd(OAc) ; (0.06 mmol) in 3.0 ml anhydrous deoxygenated
1,4 dioxane to 110°C for 4 h. Cool reaction mixture and maintain at RT overnight. Add
EtOAc and water and extract. Extréct the aquet‘ms phase with dichloromethane (3 x 20
mL) and dry the combined organic phases (Na;SO4) and concentrate to furnish a crude
mixture. Purification by flash chromatography (Silica gel-hexane /EtOAc) yields the title
compound. MS (ES-): 375 (M-1). Prepare the following compound in a manner

substantially analogous to the procedure set forth in the above example:

' ' DATA
EXAMPLE COMPOUND | MS (ES-):
Propane-2-sulfonic acid (4"-cyano-

69 [1,1%4',1"Jterphen-yl-2-yl)-amide 375 (M-1)

. Example 70
Propane-2-sulfonic acid [2-(propane-2-sulfonylamino)-[1,1'4",1"lterphenyl-2"-yl]1-amide

Heat in a sealed tube with stirting 2-iodophenylamine (0.5 mmol), 2-(phenyl
isopropylsulfamid)boronic acid (0.75 mmol), 2M Na,CQOj5 water solution (0.2 mL) and
Pd(PPhs)4 (0.05 mmol) in 4.0 ml of an anhydrous DME to 100°C for 24 h. Evaporate the
organic solvent; prior to the addition of water (10 mL) Extract the mixture with
dichloromethane (3 x 20 mL) and dry the combined organic phases (NazSOj).
Concentrate to furnish a crude mixture. Purify by flash chromatography (Silica gel-
hexane /EtOAc).

Add dropwise DBU drop wise (8.76 mL, 56.92 mmol) to a solution of the

resultant amine (14.23 mmol) in dichloromethane (50ml) at 0°C, followed by drop wise
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addition of isopropylsulfonyl chloride (3.29 mL, 28.46 mmol) and stir the reaction at
room temperature for 24 h. Remove solvent under reduce pressure and purify the residue
by silica and eluting with EtOAc:hexane 1:4 to EtOACc to provide the title compound
(4.93 g, 98%). MS (ES-): 471 (M-1)

Example 71

*. DissPIve 2,2-Dimethyl:propionic acid 3,5-difluoro-4'-[3-(propane-2- '
sulfon.ylamin;a)-pyridin—4-yl]—bipheny1-4-yl ester in THF (9 m!) and ethanol (1 ml). Add
NaOH 2N (10 ml) and heat the mixture to 60°C for 7 h. Evaporate solvents and add HCI
3N to acildify the mixture. Apply the acidic mixture to 2g SCX cartridge. Elute the SCX

cartridge with methanol (x3) to remove non-basic impurities. Elute the product with 2N
ammonia in methanol to afford, after evaporation, 55.2 mg of the title compound as a
yellow solid (50% yield). MS (ES-): 403.

Example 72
. 2-Cyano-4'-[3-(propane-2-sulfonylamino)-thiophen-2-yl]-biphenyl-4-carboxylic acid

Charge a 10 L double jacketed reactor equipped with mechanical stirring, set
under inert atmosphere of argon with [2-(4-bromo-phcnyl)-thiophen—?:—y]]-car.bamic acid
tert-butyl ester (800 g, 2.25 mol) and EtOAc (3.2 L). Cool the yellow solution is down to
16.9°C and add a solution of 5-6N HCI/IPA (1600 mL) in 10 minutes via a dropping *
funnel between 10°C and 25°C. Heat the reaction mixture to 50°C. Stir the resulting
suspension for 90 minutes at 50°C. Cool the suspension below 10 °C and add 2N NaOH
solution (2773 mL) over 25 minutes, maintaining the temperature below 20°C. Add 2N
NaOH (450 mL) to reach a pH of 12-13. Separate the two layers by decantation. Re-
extract the aqueous phase with EtOAc (500 mL). Dry the combined organic layers over
MgSO4 (200 g) and evaporate to dryness to yield 2-(4-Bromo-phenyl)-thiophen-3-ylamine
(562.3g, 2.21 mol) as a beige solid.

'H NMR (250 MHz, CDCls): 3.70 (s (broad), 2 H) 6.65 (d,1 H, J=5.4 Hz), 7.06 (d, 1 H,
J=3.2Hz),7.32 (d,2 H, J= 8.9 Hz), 745 (d, 2H, J= 8.8 Hz).
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Charge a double jacketed 20 L reactor equipped with mechanical stirrer and set
under inert atmosphere of argon with 2-(4-Bromo-phenyl)-thiophene-3-ylamine (562 g,
2.21 mol) and CH;Cl; (9.435 L)). Obtain a clear solution. Add DBU (1.999 L') and cool
the mixture to 9.4 °C. Add propane-2-sulfonyl chloride (0.616g) in 20 minutes
maintaining the temperature below 25 °C. Stir the reaction mixture 22 h at 20°C. After
completion of reaction, cool the reaction mixture to 11°C and add an aqueous solution of
satd. aq. NH4Cl1 (7.65 L) cooled at 10 °C in 5 minutes. Heat the mixture to 20 °C and
separate the aqueous phase. Wash the organic layer with 2N HC] (5.12 L), evaporate to
dryness and take thé residue into ethyl alcohol (800 g) . Heat the mixture until complete
dissolution at 70 °C. Cool the solution to 41 °C and add water (1384 mL). Stir the
suspension overnight at 22°C, filter and wash two times with 254 mL of a 1/1 EtOH/H;O
mixture. Dry tﬁe resulting beige solid under vacuum at 26 °C for 4 days to give propane-
2-sulfonic acid[2-(4-bromo-phenyl)-thiophene-3-yl]-amide (688 g, 1.9 mol). 'HNMR
(250 MHz, CDCls): 1.25 (d,6 H, J=6.9H), 3.16 (hept, 1 H, J= 6.9 Hz), 7.28 (pseudo s, 2
H),7.33(d,2H,J=8.5Hz),7.6 (d,2 H, J=8.5 Hz)

Charge a 10 L double jacketed reactor equipped with a mechanical stirrer, a reflux
condenser and set under N, with propane-2-sulfonic acid[2-(4-bromo-phenyl)-thiophene-
3-yl]-amide (688g, 1.91 mol), DMF (7.74 L), bis-(pinacolato)diboron (533 g, 2.09 mol),
"PdCl.dppf (78 g) and potassium acetate (562 g). Heat the resulting mixture to 80 °C for 1
h. Cool the mixture down to 20 °C. Quench the mixture with water (8650 mL) and extract
with EtOAc (3440 mL). Re-extract the aqueous phase with EtOAc (4587mL). Combine
all the organic layers and evaporate to dryness to give 1420 g of crude material. Purify the
crude material filtration on silica gel (7 kg), eluting with n-heptane: EtOAc (6:3) to yield
after evaporation to dryness propane-2-sulfonic acid {2-[4-(4,4,5,5-tetramethyl-
(1,3,2]dioxaborolan-2-yl)-phenyl]-thiophen-3-yl}-amide as a yellow solid (747g). 'H
NMR (250 MHz, CDCk): 1.19 (d, 6H, J= 6.9Hz), 1.37 (s, 12 H), 3.12 (hept, 1 H, J=6.9
Hz)7.27 (d, 1 H, J= 5.2 Hz), 7.32 (d,1 H, J=5.2Hz) 7.43 (4, 1H, J=8.1 Hz), 7.89 (d, 2 H,
J=8.1 Hz).

Charge a 10 L double jacketed reactor with a mechanical stirrer and a reflux
condenser with 4-hydroxy benzoic acid ethyl ester (967 g, 8.81 mol) and acetic acid (5.8
L). Heat the mixture to 65 °C and add a solution of ICI (1010 g) in acetic acid (1 L) in ¥4
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h. Stir the resulting mixture at 60-62 °C for 16 h. Cool the black solution to 20 °C and '
transfer on water (5 L) and ice (7.5 kg). Stir the resulting suspension over 1 h at 20 °C,

filter and wash the cake with water (2 L) and cyclohexane (6 L). Dry the solid under '
vacuum at 55 °C till constant weight to give 4-hydroxy-3-iodo-benzoic acid ethyl ester '

(1372.8 g, 4.70 mol). '"H NMR (250 MHz, CDCls) : 1.38 (t, J=7.1 Hz, 3H), 4.35 (quartet,

" J=7.1 Hz, 2H), 5.8 (s, 1H), 7.01 (d, J=8.5 Hz, 1H), 7.95 (dd, /=8.5 Hz, 2.0 Hz, 1H), 8.37

(d, J=2Hz, 1 H).

. Charge a 10 L double j.acket reactor, equipped with a mechanical stirrer, a reflux
conderlmser a;xh set under N, with 4-hydroxy-3-iodo-benzoic acid ethyl ester (1312g, 4.49
mol), dimethylsulfoxide (3277 mL) and CuCN (442.3 g). Heat the mixture to 105 °C and
hold at this temperature for 2.5 h. Cool the brown solution down to 20 °C. Add water at
48 °C water (6.5 L) Filter the mixture at 20 °C, then wash the cake with water (2 L).
Suspend the;cake in EtOAc (5 L) and stir during 1 h at 20 °C. Filter the suspension on
Hyflo Supef Cel® (250 g) and rinse with EtOAc (3 L). Decant the filtrates, then evaporate
the organic layer to dryness. Take the residue up in n-heptane ( 10 L). Distill off 2 L of n-
heptane, then add CH,Cl, (400 mL). Cool the mixture cooled to 27 °C, filter and rinse
the cake with n-heptane (2 L). Dry 48 h at 55°C under pressure to give 4-hydroxy-3-
cyano-benzoic acid ethyl ester. (777 .7 g, 4.067 mol). '"H NMR (250 MHz, DMSOd):
132 (t, j=7.1 Hz, 3H), 4.3 (q, j=7.1 Hz, 2H), 7.13 (d, j=8.8 Hz, 1H), 8.07 (dxd, j=8.8 Hz,
2.2 Hz, 1H), 8.16 (d, j=2.2Hz), 12.11 (s (broad), 1H).

Charge a 20 L double jacketed reactor equipped with mechanical stirrer, set under

inert atmosphere of argon with 4-hydroxy-3-cyano-benzoic acid ethyl ester (720 g, 3.766
mol) and CH,Cl,. Cool the brown suspension to 5 °C and add Et3N (792 mL) resulting in
a brown solution. Add DMAP (69.1 g) at 5°C. Add Trifluoromethanesulfonic anhydride
(950 mL) over 25 min while maintaining the temperature between 2°C and 23 °C. Stir for
Y2h at 20 °C, then add 1N HC1 (8 L). Separate the aqueous and organic layers and wash
the organic layer with a 10 % aqueous NaHCOs; solution (8 L). Treat the organic layer
with 300 g MgSO, and evaporate to dryness to give 3-cyano-4-
trifluoromethoxycarbonyloxy-benzoic acid ethyl ester as a brown solid (1218.7 g, 3.77
mol). 'H NMR (250 MHz, CDCls) : 1.52 (t, J=7.1 Hz, 3H), 4.55 (q, J=7.1 Hz, 2H), 7.69
(d, /=8.8 Hz, 1H), 8.49 (dxd, J=8.8 Hz, J=2.2 Hz, 1H), 8.55 (d, J=2.2 Hz, 1H)



10

15

20

25

30

WO 2006/132811 PCT/US2006/020204
47

Charge a 10 L double jacketed reactor equipped with mechanical stirrer, a reflux
condenser and set under N, with palladium acetate (41 g) and DME (6.29L). Add
triphenylphosphine (190 g) to the orange solution. A yellow precipitate forms. Stir the
mixture for 15 minutes at 20 °C. Add propane-2-sulfonic acid {2-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl}-thiophen-3-yl }-amide (747 g; 1.83 mbl), 3-cyaﬁo-4-
trifluoromethoxycarbonyloxy-benzoic acid ethyl ester (822g, 2.54 mol), ethyl alcohol
(3.14 ‘L) and 2N aqueous Na;CO; (1.82 L) and heat the mixture is heated to reflux. After
1h, further addition of 3-cyano-4-trifluoromethoxycarbonyloxy-benzoic acid ethy] ester
may be necessary tol complete consumption of propane-2-sulfonic acid {2-[4-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-thiophen-3-yl }-amide. Cool the dark
brown mixture to 20 °C, quench with H,O (9250 mL.) and extract with CH,Cl; (9250
mL). Wash thé separated organic layer two times with 7L of IN aqueous Na;COj3; and
evaporate to dryness to give 1126 g of oil. Dissolve the crude oil into ethyl alcohol (4.1 L)
and transfer to a 10 L reactor vessel under inert atmosphere. Add H,O (6.6 L) and 9N

NaOH solution (1.9 L) at 20 °C. Heat the brown mixture to S0 °C and stir during 1h. Cool

the mixture and evaporate under reduced pressure in a 20 L rotavapor flask. Distill off 2 L
of ethanol while adding 37% HCI (1500 mL) slowly to the mixture during the distillation.
Control pH and add 200 ml of 37% HCI reach pH 0-1. Continue the distillation until 5
to 6L of distillate is obtained. Cool the resulting residue down between 10 and 20 °C and

add CH;Cl; (1332 mL). Stir the mixture over 4 h at 21 °C, filter and wash with H,O (400 .

mL) and CH,Cl; (400ml). Dry the brown solid under vacuum at 55 °C during 16 h to
yield 546.3g of the title compound. TH NMR (250 MHz, DMSOd): § pplﬁ 1.32(’(, J=6.6
Hz, 6H) 3.26 (septet, J=6.6 Hz, lH)v7.32 (d, J=5.4 Hz, 1H) 7.79 (d, J=5.4 Hz, 1H) 7.93
(d, J=8.2 Hz, 1H) 8.01 (d, J=7.9, 1H) 8.04 (d, J=8.2 Hz, 2H) 8.48 (dd, J=8.2 Hz, 2.2 Hz,
1H) 9.5 (s, 1H) , 13.79 (s(broad), 1 H).

Example 73
2-Ethoxy-4'-[3-(propane-2-sulfonylamino)-thiophen-2-yl]-biphenyl-4-carboxylic acid

Prepare the title compound by coupling propane-2-sulfonic acid {2-[4-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-thiophen-3-yl }-amide with 3-ethoxy-4-

iodo-benzoic acid ethyl ester (31.5 g, 98.3 mmol) in a manner analogous the procedure set
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forth in Preparation 4 utilizing PdCl,(dppf) and Na,COj at a reaction temperature of 60°C.
The resultant ester may be hydrolyzed in the following manner: Mix 2-ethoxy-4'-[3-
(propane-2-sulfonylamino)-thiophen-2-yl]-biphenyl-4-carboxylic acid ethyl ester (38 g, 80
mmol), in ethanol (100 mL) and NaOH 2 M in water (400 mL) and stir the reaction

mixture for one hour at RT. Evaporate the ethanol and wash the aqueous mixture with

" 200 mL of EtOAc. Acidify the aqueous mixture to pH 2 using HCI] IN. Extract the

desired product with EtOAc. Dissolve the crude in warmed acetone (500 ml) and add
water (600 ml) maintaining the temperature at 55 °C, Stir the mixture at 60 °C for 1 hour
and then to RT overnight. Filtrate the precipitate and dry under vacuum at 45 °C
overnight. Yield 28 g, 78 %. "H NMR (300 MHz, DMSO): § 1.14 (d, J= 7.0 Hz, 6H), 1.31
(t, J=7.0 Hz, 3H), 3.06 (sept, J = 7.0 Hz, 1H), 4.13 (9, J=7.0 Hz, 2H), 7.10 (d, J= 53
Hz, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.54 (d, J = 5.3 Hz, 1H), 7.58-7.68 (m, 4H), 7.72 (d, J
= 8.4 Hz, ZH) 9.22 (bs, 1H), 13.04 (bs, 1H).

To prepare 3-ethoxy-4-iodo-benzoic acid ethyl ester, reflux 3-hydroxy-4- lodo- .
benzoic acid (38 g, 144 mmol) and saturated solution of HCI in ethanol (600 mL)
overnight. Evaporate the solvent yielding 42 g, 99 % of 3-hydroxy-4-iodo-benzoic acid
ethyl ester. "H NMR (300 MHz, CDCl): 8 1.39 (t, J= 7.1 Hz, 3H), 4.36 (q,J/=7.1Hz,
2H), 7.33 (dd, J = 8.3 and 2.0 Hz, 1H), 7.64 (d, J = 2.0 Hz, 1H), 7.75 (d, J = 8.3 Hz, 1H).
Add ethyl iodide (33.8 g, 216 mmo]) to a solution of 3-hydroxy-4-iodo-benzoic acid ethyl
ester (42 g, 144 mmol) and K,CO3 (39.9 g, 288 mmol) in acetonitrile (400 mL) under
magnetic stirring. Heat the reaction mixture at 65°C for 2 hours, allow the rrﬁxture to cool
and maintain at RT overnight. Evaporate the solvent and add ethyl acetate to the crude.
Filter the solid through Celite® and evaporate the solvent. Yield 42 g, 96 %. '"H NMR
(300 MHz, CDCl3): 8 1.39 (t, J= 7.1 Hz, 3H), 1.50 (t, J= 7.0 Hz, 3H), 4.16 (g, J = 7.0 Hz,
2H), 4.37 (q, J = 7.1 Hz, 2H), 7.36 (dd, J = 8.1 and 1.8 Hz, 1H), 7.42 (d, J = 1.8 Hz, 1H),
7.84 (d,J = 8.1 Hz, 1H). )

Example 74
Propane-2-sulfonic acid{2-[4’-1H-tetrazol-5-yl)-biphenyl-4-yl]-thiophen-3-vl }-amide

Heat in a sealed tube with stirring propane-2-sulfonic acid-{2-(4’-cyano-biphenyl-
4-yl)-thiophen-3-yl)-amide (0.5 mmol), BusSnNj (2.0 mmol) to 100°C for 24 h. If

necessary, add toluene or dichloromethane to help complete the reaction. (1.0 mL of
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dicholormethane added). Evaporate the organic solvent, if added, prior to the addition of
water (10 mL), Extract the mixture with dichloromethane (3 x 20 mL) and dry the
combined organic phases (Na;SO4). Concentrate to furnish a crude mixture. Purification
by flash chromatography (Silica gel-CH,Cl,; /Methanol 8:1) yields the title compound.
MS (ES-): 424 (M-1). ’

Prepare the following compounds in a manner analogous to the procedure described in the

above example:

‘ DATA
EXAMPLE COMPOUND MS (ES-):

75 Propane-2-sulfonic acid {2-{3"-(1H-tetrazol-5-

ylmethyl)-biphenyl-4-yl] 438 (M-1)

-thiophen-3-yl}-amide (dichloromethane 1.0 mL)
Propane-2-sulfonic acid [2-(1H-tetrazol-5-yl)-

76 (1,1'4',1"]terphenyl-2"-yl]-amide (toluene 1.0 mL 418 (M-1)
dichloromethane 1.0 mL)
77 Propane-2-sulfonic acid [4"-(1H-tetrazol-5-y1)- 418 M-1).

[1,1;4',1"terphenyl-2-y1]-amide (toluene 0.5 mL)

Example 78
Propane-2-sulfonic acid {2-{3-cyano-4'-(1H-tetrazol-5-y1)-biphenyl-4-y11-thiophen-3-v1 ) -

amide

Add NaNj (4.5 mmol) and a 1M solution of SiCly (1.5 mmol) in DCM to a
solution of 2-Cyano-4'-[3-(propane-2-sulfonylamino)-thiophen-2-yl]-biphenyl-4-
carboxylic acid amide (1.5 mmol) in acetonitrile (50 mL). Stir 15 h at 70°C. Concentrate
to dryness under reduced pressure. Dissolve resultant residue in 20 ml of NH,Cl and
extract with DCM and the aqueous with EtOAc. Concentrate all organic layers to dryness.
Purify by HPLC to provide the title compound., MS (ES-):449(M-1).

Prepare the following compounds in a manner analogous to the procedure set forth

in the above example:

1

X
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DATA
EXAMPLE COMPOUND MS (ES-):
79 Propane-2-sulfonic acid {2-[2'-(propane-2- .
sulfonylamino)-4'-(1H-tetrazol-5-y1)-biphenyl-4- 545 M-1)
yl]-thiophen-3-yl}-amide
20 Propane-2-sulfonic acid {2-[4'-cyano-2'-(propane-
2-sulfonylamino)-biphenyl-4-yl]-thiophen-3-yl }- 502 (M-1)
amide

carboxvlic acid methylamide

Add oxalyl chloride (0.12 mmol) to a suspension of 2-(Propane-2-sulfonylamino)-

4'-[3-(propane-2-sulfonylamino)-thiophen-2-yl]-biphenyl-4-carboxylic acid (0.1 mmol)
and DMF (0.05 mmol) in dichloromethane at 0°C. Stir 1h at RT. Concentrate to drynés§

under reduced pressure. Dissolve resultant residue in 3 ml CH,Cl; and add (2.8mmol) of
MeNH; (2ZM in THF). Concentrate the reaction to dryness arid purify by flash
chromatography (Silica gel- eluting with 5%MeOH / CH,Cl,). Concentréte the desired
fractions to provide the title compound. MS (ES-): 534 (M-1).

Prepare the following amides in a manner substantially analogous to the procedure

set forth in the above example:

DATA
EXAMPLE COMPOUND MS (ES-):
82 2-Cyano-4'-[3-(propane-2-sulfonylamino)- 424 (M-1)
thiophen-2-yl]-biphenyl-4-carboxylic acid amide )
83 2-(Propane-2-sulfonylamino)-4'-[3-(propane-2-
sulfonylamino)-thiophen-2-yl}-biphenyl-4- 520 (M-1)

carboxylic acid amide

Example 84
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. ‘ methylamide
Add thionyl chloride (0.2 mmol) to a suspension of 2—Cyano-4'-[3—(pr6panc—2-

sulfonylamino)-thiophen-2-yl}-biphenyl-4-carboxylic acid (0.1 mmol) in dichloromethane
at RT. Stir mixture for 1 h at 50°C and concentrate to dryness under reduced preséure.
Add to the resultant residue 0.5 mmol MeNH, (2M in THF). Concentrate the reaction to
dryness and purify with flash chromatography (Silica gel-5%MeQH / CH,Cl,).
Concentrate the desired fractions to provide the title compound. MS (ES-):438 (M-1).

*

Example 85
Prcn)ane-Z-gulfonic acid [2-(5'-amino-3’-fluoro-biphenyl-4-yl)-thiophen-3-yl]-amide
Add SnCl,-2 H,0 (8.5 mmol) to a solution of propane-2-sulfonic acid [2-(3’-
fluoro-5’-nitro-biphenyl-4-yl)-thiophen-3-ylj-amide (1.2 mmol) in EtOH (40 mL). Heat
the reaction at 70°C for 30 min and then at room temperature overnight. Add a saturated
solution of NaHCO; (pH=11-12) and extract with EtOAc (2x50 mL). Dry over NaSO,,
filter and evaporate to dryness to provide the title compound. MS (ES-): 389 (M-1).

Prepare the following compound in a manner analogous to the procedure set forth

in the above example:

DATA
EXAMPLE COMPOUND MS (ES-):
Propane-2-sulfonic acid [2-(3'-amino-4'-fluoro-
86 biphenyl-4-yl)-thiophen-3-yl]-amide 389 (M-1)

Example 87
Propane-2-sulfonic acid [2-(4-methylaminomethyl-biphenyl-4-yl)-thiophen-3-yll-amide

Mix propane-2-sulfonic acid [2-(4’-formyl-biphenyl-4-yl)-thiophen-3-yl]-amide
(0.16 mmol) in 1,2-dichloroethane (2ml) and add methylamine 2N in THF (0.16ml, 0.32

mmol) at room temperature. Stir the resulting solution for 5 min before adding

Na(OAc);BH (0.32 mmol). Stir the mixture at room temperature for 16 h. Analyze by

LC/MS for final product. Add saturated NaHCO; agueous solution and dichloromethane
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and filter the mixture through‘hydmphobic filter. Evaporate the filtrate and apply the
residue to SCX cartridge, elute with MeOH/DCM to remove non-basic materials,
followed by 2N NH3 in MeOH to give a crude product. Purify by flash chromatography
(Silica gel-Dichloromethane/Methanol 7:1)to yield the title compound. MS (ES-):

399(M-1).

methyl]-biphenyl-4-yl }-thiophen-3-yl)-amide

Slowly add a solution of BH;Me;S (0.05ml, 0.5 mmol, 2eq.) in 1.5 mL of THF to
a solution of 95mg of propane-2-sulfonic acid [2-(2”-cyano-biphenyl-4-yl)-thiophen-3-
yl}-amide (0,25mmol, 1 eq.) in 1.5 mL of THF. Heat the mixture to reflux for2 h and then
cool to RT. Decompose the excess borane by adding 0.1mL of methanol and then a
mixture of 0.1 mL of methanol and 0.03mL of hydrochloride solution. Reflux the reaction
for another 15min. Remove the solvent and add 6 mL. of ethanol to remove the thioether.
Suspend the solid in 20 mL of saturated saturated aq. sodium chloride and basify with
ammonia. Extract with EtOAc(3x10), dry, and remove solvent. Purification by flash
chromatography (Silica gel-hexane /EtOAc) affords propané-%sulfonic acid .[2-(2’-
aminomethyl-biphenyl-4-yl)-thiophen-3-yl]-amide (100 mg, 62%). MS (m/e):
387.2(M+1). ,

Add 1,8-diazabicyclo [5.4.0] undec-7-ene (DBU) drop wise (85mg, 0.6mmol) to a
suspension of propane-2-sulfonic acid [2-(2’-aminomethyl-biphenyl-4-yl)-thiophen-3-yl]-
amide (57mg, 0.15 mmol) in dichloromethane (2ml) at 0°C, followed by drop wise
addition of isopropylsulfonyl chloride (42mg, 0.3 mmol) and stir the reaction at room
temperature overnight. Remove solvent under reduce pressure. Purify with flash
chromatography (Silica gel-hexane/EtOAc). Concentrate the desired fractions to provide
propane-2-sulfonic acid (2-{2*-[(propane-2-sulfonylamino)-methyl]-biphenyl-4-yl}-
thiophen-3-yl)-amide. MS (m/e): 491.1(M-1), propane-2-sulfonic acid (2-{2',2"-bis-
[(propane-2-sulfonylamino)-methyl]-biphenyl-4-yl}-thiophen-3-yl)-amide. MS (m/e):
510.2(M-1).
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Example 89

-2-cyano-biphen l-l4-carbox lic

acid
Dissolve'2-cyano-4’-[3-(propane-Z-sulfony]amino)—thiophen-Z-yi]—biphcnyl—4-
carboxylic acid (0.021 g) in dry tetrahydrofuran (0.5 mL) at 0°C and add N-
chlorosuccinimide (0.007 g). Allow the reaction mixture to reach RT and stir for 72 h.
Adad diethyl ether, concentrate in vacuo and purify by Strata® silica gel cartridges, eluting
with dichloromcthaﬁe-mcthano] gradient. Purify by reverse phase HPLC to give 0.004 g
of the title compound as a white solid. MS (ES-) (m/z): 459 (M-1).

Example 90
Propane-2-sulfonic acid [2-

thiophen-3-vl]-amide

Add methanesulfonamide (0.28 mmol), EDCI (0.28 mmol) and DMAP (0.28
mmol) to a solution of 2-Cyano-4'-[3-(propane-2-sulfonylamino)-thiophen-2-yl]-biphenyl-
4-carboxylic acid (0.235 mmol) in DCM. Stir 8 h at RT. Add 1N HCI and extract with
DCM. Concentrate all organic layers to dryness. Purify by HPLC to provide the title
compound. MS (ES-): 502 (M-1)

Example 91

terphenyl-2-carboxyvlic acid

Mix 4-Methylsulfanyl-2-trifluoromethanesulfonyloxy-benzoic acid methyl ester
(1.216 g, 3.682 mmol), 4,4,5,5-Tetramethyl-1,3,2-dioxaborolane (0.85ml, 5.682), Et;N
(1.55ml, 11.121 mmol) and acetonitrile (40 ml) then heat to reflux for 16 hours. Dilute
the reaction with EtOAc and wash with water. Concentrate under reduced pressure. Next
add propane-2-sulfonic acid (4'-bromo-biphenyl-2-yl)-amide (0.532g, 1.502mmol) 2N -
Na,CO; (7ml, 14 mmol), 1, 4-dioxane (35ml) and tetrakis tripheny] phosphine palladium
(0.177g, 0.153 mmol). Heat to 80°C for 16 hours. Cool the reaction, dilute with EtOAc,
and wash with H,O, followed by saturated aqueous sodium chloride. Dry with Na,SOs4

and concentrate under reduced pressure. Purify the reaction by flash chromatography
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(Silica gel-toluene then up to 20% EtOAc/Hexane) to give 5-Methylsulfanyl-3"-(propane-
2-sulfonylamino)-[1,1;4',1"Jterphenyl-2-carboxylic acid methyl ester (0.431 g, 63%). MS
(m/e): 456(M+1). ‘ ,

Mix the resultant ester (0.120 g, 0.263 mmol), 1IN NaOH (1 ml, 1 mmol) and
MeOH (1 ml) heat flask to reflux for 1 hour and stir for 16 hours. Next add 0.2N HC] (5

B ml, 1 mmol) and cool in ice bath. Filter the solid. Obtain 5-Methylsulfanyl-3"-(propane-

2-sulfonylamino)-{1,1';4',1")terphenyl-2-carboxylic acid (0.090 g, 77%). MS (m/e): *
442(M+1). '

'

Example 92

carboxylic acid

Mix 2"-Amino-6-cyano-5-methylsulfanyl-[1,1";4',1"Jterphenyl-2-carboxylic acid
(0.195 g, 0.521 mmol) and dichloromethane (6 ml) then cool to 0°C. Next add DBU
(0.33 m], 2.162 mmol), and CISO,CH(CH3); (0.13 ml, 1.128 mmol) drop wise to the
solution and stir for 16 hours. If TLC shows remaining SM, add DBU (0.3ml) and
CISO,CH(CHj3), (0.1ml ) and stir for 16 hours. Dilute the reaction with CH,Cl, (50mi)
and wash with H;O, satd aq. sodium chloride, dry with Na;SOy4, and concentrate under
reduced pressure. Analyze by TLC and if reaction has remaining SM add MeOH (2ml)
and IN NaOHl‘(lml, Immol). Heat to reflux for 6 hours. Add 1N HCL (1ml, 1mmol)

~ and extract into dichloromethane. Purify the reaction by flash chromatography (Silica'gel

- dichloromethane then up to 10% MeOH/ dichloromethane), to give 6-Cyano-5-
methylsulfanyl-3"-(propane-2-sulfonylamino)-[1,1'14',1"Jterphenyl-2-carboxylic acid
(0.008 g). MS (m/e): 467(M+1).
Example 93
Propane-2-sulfonic acid (2-biphenyl-4-yl-2H-pyrazol-3-yl)-amide
Add cesium fluoride (0.221g, 1.45mmol) and
dichlorof1,1’bis(diphenylphosphino)ferrocene]palladium (II) dichloromethane adduct

(0.024g, 0.029 mmol) to a mixture of propane-2-sulfonic acid [2-(4-bromo-phenyl)-2H-
pyrazol-3-yl]-amide (0.100g, 0.290mmol) and 2-cyanophenylboronic acid (0.043g,
0.290mmol) in anhydrous 1,2-dimethoxyethane (5.0mL). Deoxygenate the mixture three
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times, immerse into a pre-heated (850C) oil bath, and stir for 30h. Dilute the mixture with
water and dichloromethane, filter through Celite®, and wash through with
dichloromethane. Concentrate the mixture, re-dissolve in dichloromethane, acisorb onto
silica gel, and subject to silica gel flash column chromatography (12g column, eluting
with a gradient 6f 0-10% methanol/dichloromethane for 40 min., followed by (20% 2.0M
NH3 in methanol/dichloromethane) to yield the title product as a light brown solid
(0.036g, 34%): mass spectrum (m/e): 367.0 (M+1), 365.0 (M-1).

Example 94
Propane-2-sulfonic acid (2-biphenyl-4-yl-2H-pyrazol-3-vl)-amide

Add cesium fluoride (0.221g, 1.45mmol) and
dichloro[1,1’bis(diphenylphosphino)ferrocene]palladium () dichloromethane adduct

(0.024g, 0.029 mmol) to a mixture of propane-2-sulfonic acid [2-(4-bromo-phenyl)-2H-
pyrazol-3-yl]-amide (0.100g, 0.290mmol) and 2-cyanophenylboronic acid (0.043g,
0.290mmol) in anhydrous 1,2-dimethoxyethane (5.0mL). Deoxygenate the mixture thrice,
immerse into a pre-heated (85°C) oil bath, and stir for 30h. Dilute the mixture with water
and dichloromethane, filter through Celite®, and wash through with dichloromethane.
Concentrate the mixture, re-dissolve in dichloromethane, adsorb onto silica gel, and
subject to silica gel flash column chromatography (12g column, eluting with a gradient of
0-10% methanol/dichloromethane for 40 min., followed by (20% 2.0M NHj; in
methanol/dichloromethane) to yield the title product as a light brown solid (0.036g, 34%):
mass spectrum (m/e): 367.0 (M+1), 365.0 (M-1).

General Procedure for the Preparation of Salts and Crystals

A master plate is prepared with 250 pL of the free acid of the subject compound in
methanol (0.1 M) added to all wells set in a 96 well format. An arrdy of bases is
dispensed to each well in one and two molar equivalents. The solvents are evaporated
from all 96 wells using a Genevac Series Il evaporator leaving solid residue in the master
plate. An array of solvents is dispensed to each one of these wells through a cap mat and

then heated to 55°C with stirring and allowed to equilibrate for 60 - 90 minutes at about
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55°C. Each sample is then filtered hot and transferred to corresponding wells in an
evaporation plate, a precipitation plate, and a cooling plate. The evaporation plate is
prepared by transferring 200 pL of the filtrate from the master plate using 55°C heated

syringes to the open well titer plate and is then allowed to evaporate to dryness over night

at room témperature and ambient humidity. The precipitation plate is prepared by adding

100 uL of the filtrate from the master plate using 55°C heated syringes to capped 96 well
titer plate where each well contains an anti-solvent of 200 uL of heptane or 2~propa!;ol.
After equilibrating for a periocli of nine hours at room temperature, the excess solution is
wicked awa}: using pre-cut Whatman filter paper. The cooling plate is prepared by
transferring 200 pL of the filtrate from the master plate to individual wells using 55°C
heated syringes in a capped titer plate, and cooling exponentially from 55 to 10°C over a
period of 8 hours. Photomicrographs are collected on the material at the bottom of each
well in the 96 well plates using a Zeiss Axiovert 200M inverted incident-light microscope
with a 2.5X objective. If the material is crystalline, it exhibits birefringence that is
displayed as white against a dark background. Amorphous solids appear dark or as
opaque droplets or rings. l

The ability of compounds of Formula I to potentiate glutamate receptor-mediated
response can be determined by one of ordinary skill in the art. For example, see U.S.
Patent No. 6,303,816. In particular, the following test may be utilized:

HEK293 cells stably expressing human iGluR4 (obtained as described in
European Patent Application Publication No. EP-A1-0583917) are used in the
electrophysiological characterization of AMPA receptor potentiators. The extracellular
recording solution contains (in mM): 140 NaCl, 5 KCI, 10 HEPES, 1 MgCl,, 2 CaCl,, 10
glucose, pH = 7.4 with NaOH, 295 mOsm kg-1. The intracellular recording solution
contains (in mM): 140 CsCl, | MgCl,, 10 HEPES, (N-[2-hydroxyethyl]piperazine-N1-[2-
ethanesulfonic acid]) 10 EGTA (ethylene-bis(oxyethylene-nitrilo)tetraacetic acid), pH=
7.2 with CsOH, 295 mOsm kg-1. With these solutions, recording pipettes have a
resistance of 2-3 MQ. Using the whole-cell voltage clamp technique (Hamill et
al.(1981)Pfliigers Arch., 391: 85-100), cells are voltage-clamped at -60mV and control

current responses to 1 mM glutamate are evoked. Responses to 1 mM glutamate are then
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determined in the presence of test compound. Compounds are deemed active in this test

if, at a test concentration of, 10 uM or less, they produce a greater than 10% increase in the

value of the current evoked by 1 mM glutamate.

In order to determine the potency of test compounds, the concentration of the test

compound, both in the bathing solution and co-applied with glutamate, is increased in half

log units until the maximum effect was seen. Data collected in this manner are fit to the

Hill equation, yielding an ECsp value, indicative of the potency of the test compound.

Reversibility of test compound activity is deternined by assessing control glutamate 1mM

responses. Once the control responses to the glutamate challenge are re-established, the

potentiation of these responses by 100 uM cyclothiazide is determined by its inclusion in

both the bathing solution and the glutamate-containing solution. In this manner, the

efficacy of the test compound relative to that of cyclothiazide can be determined. The

exemplified compounds were tested essentially as described above and were found to

have ECsq values less than or equal to 3.0 uM. The following compounds were tested

essentially as described above and were found to have the following activity:

¢

EXAMPLE ECs (uM)
56 0.151
73 . 0.145
11 0.720
51 2.463
77 0.445
72 0.188
46 0.977

In addition, certain behavioral despair animal models, which can be practiced by

one of ordinary skill in the art to evaluate compounds of the present invention, are

predictive of antidepressant activity in man, such as the Forced Swim Test and the Tail

Suspension Test. For example, see “Experimental Approaches to Anxiety and

)
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Depression”, Edited by J.M. Elliott, et al., (1992), John Wiley & Sons Ltd., Chapter 5, .
Behavioural Models of Depression, Porsolt and Lenegre, pages 73-85.

The pharmaceutical compositions of the present invention are prepared by known B
procedures using well-known and readily available ingredients. In making the

compositions of the present invention, the active ingredient will usually be mixed with a

carrier, or diluted by a carrier, or enclosed within a carrier, and may be in the form of a

capsule, sachet, paper, or other container. When the carrier serves as a diluent, it may be
a sol?dl, sem}-sc;lid, or liquid material which acts as a vehicle, excipient, or medium for the
active ingredlient. The compositions can be in the form of tablets, pills, powders,
lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, aerosols,
ointments containing, for example, up to 10% by weight of active compound, soft and
hard gelatin capsules, suppositories, sterile injectable solutions, and sterile packaged
powders. ‘

Some examples of suitable carriers, excipients, and diluents include lactose, .
dextrose, sucrose, sorbitol, mannitol, starches, gum, acacia, calcium phosphate, alginates,
tragcanth, gelatin, calcium silicate, micro-crystalline cellulose, polyvinylpyrrolidone,
cellulose, water syrup, methyl cellulose, methyl and propyl hydroxybenzoates, talc,
magnesium stearate, and mineral oil. The formulations can additionally include
lubricating agents, wetting agents, emulsifying and suspending agents, preserying agents,
sweetening agents, or flavoring agents. Compositions of the invention may be formulated
so as to provide quick, sustained, or delayed release of the active ingredient after
administration to the patient by employing procedures well known in the art.

The compositions are preferably formulated in a unjt dosage form, each dosage
containing from about 0.1 mg to about 300 mg, preferably about 0.1 mg to about 100 mg,
and most preferably about 1.0 to about 100 mg of compound of Formula I. The term "unit
dosage form" refers to a physically discrete unit suitable as unitary dosages for human
subjects and other mammals, each unit containing a predetermined quantity of active
material calculated to produce the desired therapeutic effect, in association with a suitable
pharmaceutical carrier, diluent, or excipient. '

As used herein the term "patient” refers to a mammal, such as a mouse, guinea pig,

rat, dog or human. It is understood that the preferred patient is a human.
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As used herein, the terms “treating” or “to treat” or “treatment” each mean to
alleviate symptoms, eliminate the causation either on a temporary or permanent basis, or
to prevent or slow the appearance of symptoms of the named disorder. As suc':h, the
methods of this invention encompass both therapeutic and prophylactic administration.

As used herein, the term “effective amount” refers to the amount of a compound
of Formula I which is effective, upon single or multiple dose administration to a patient,
in treating the patient suffering from the named disorder.

An effective amount can be readily determined by the attending diagnostician, as
one skilled in the art', by the'use of known techpiques and by observing results obtained
under analogous circumstances. In determining the effective amount or dose, a number of
factors are con;idered by the attending diagnostician, including, but not limited to: the
species of mammal; its size, age, and general health; the specific disease or disorder
involved; the degree of or involvement or the severity of the disease or disorder; the
response of the individual patient; the particular compound administered; the mode of
administration; the bioavailability characteristics of the preparation administered; the dose
regimen selected; the use of concomitant medication; and other relevant circumstances.

The compound of Formula I can be administered by a variety of routes including
oral, rectal, transdermal, subcutaneous, intravenous, intramuscular, bucal or intranasal
routes. Altemnatively, the compound of Formula I may be administered by continuous
infusion. A typical daily dose will contain from about 0.005 mg/kg to about 10 mg/kg of
the compound of Formula I. Preferably, daily doses will be about 0.005 mg/kg to about 5
mg/kg, more preferably from about 0.005 mg/kg to about 2 mg/kg.

The dosages of the drugs used in the combinations set forth herein, must also, in
the final analysis, be set by the physician in charge of the case, using knowledge of the
drugs, the properties of the drugs in combination as determined in clinical trials, and the
characteristics of the patient, including diseases other than that for which the physician is
treating the patient. '

The inert ingredients and manner of formulation of the adjunctive pharmaceutical
compositions are conventional. The usual methods of formulation used in pharmaceutical
science may be used here. All of the usual types of compositions may be used, including

tablets, chewable tablets, capsules, solutions, parenteral solutions, intranasal sprays or
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powders, troches, suppositories, transdermal patches and suspensions. In general, '
compositions contain from about 0.5% to about 50% of the compounds in total,
depending on the desired doses and the type of composition to be used. The amount of '

the compounds, however, is best defined as the effective amount, that is, the amount of

each compound which provides the desired dose to the patient in need of such treatment.

For example, a formulation may include 1% carboxymethylcellulose sodium,
0.25% polysorbate 80 and 0.05% Dow Coming Antifoam 1510-US in purified water)
throy.l gh the oral route. For the v administration, a composiﬁon of 5% pharmasolve, 0.4%
1N NaOH, 94.6% Dextrose 5% in water may be used.
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WE CLAIM:
1. A cempound of Formula I: ;
A .
1
5  where:

)

A is selected from the group consisting of

R is H, halo, -COOH, or -CH,COOH;

10 R! is phenyl optionally substituted with a first substituent selected from the group
consisting of halo, cyano, C;-C, acyl, -COOH, -NHR?, C;-C; alkyl substituted with ~
NHCH3, -N(SO2(C;-C5 alkyl)),, -COOH, -CONHg, cyano, hydroxy, or tetrazol-5-yl, -
OCH,COOH, -SCH,COOH, -C(O)CH,CH,COOH, -S‘OzNHz, tetrazol-5-yl1, and 1,2,4-
triazol-1-yl; optionally further substituted with a second substituent selected from the

15  group consisting of: halo, trifluoromethyl, cyano, nitro, C;-C, alkoxy, hydroxy, C,-Cy4
alkyl, C;-C, alkylthio, -NHCH,CN, -OCH,CN, -NHSO,CH(CHj3),, and ~-C(O)NHR*;
optionally further substituted with a third substituent selected from the group consisting of
halo and cyano; optionally further substituted with a fourth substituent selected from the
group consisting of halo;

20 R? is C,-C, alkyl or dimethylamino;

R? is —=SO,(C1-C;3 alkyl), Ci-Cq acyl, C,-C, alkyl, or hydrogen;
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R* is hydrogen, C;-Cy alkyl, or —SOx(C;-C, alkyl); or 2 pharmaceutically
acceptable

salt thereof.

2." A compound of Claim 1 where A is

— Rsﬁ
s:/K,\2 *
.. NTWR

H o

3. A compound of Claim 2 where R is isopropyl.

4. The compound 2-Cyano-4'-[3-(propane-2-sulfonylamino)-thiophen-2-yl}-
biphenyl-4-carboxylic acid, or a pharmaceutically acceptable salt thereof.
5. The compound 2-Ethoxy-4'-[3-(propane-2-sulfonylamino)-thiophen-2-yl}-

biphenyl-4-carboxylic acid, or a pharmaceutically acceptable salt thereof.

6.. A‘pharmaceutica] formulation comprising a compound of any of claims 1-5 in

combination with a pharmaceutically acceptable carrier, diluent or excipient.

7. The use of a compound of any of claims 1-5 for the manufacture of a

medicament for the treatment of Alzheimer’s disease.

8. The use of a compound of any of claims 1-5 for the manufacture of a

medicament for the treatment of Parkinson’s disease.

9. The use of a compound of any of claims 1-5 for the manufacture of a

medicament for the treatment of mild cognitive impairment.
10. A compound of Formula I for use as a pharmaceutical.

11. A compound of Formula II:

24
&%
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where: \

A is selected from the group consisting of

R?is C;-C4 alkyl or dimethylamino;
R’ is H, halo, -COOR?, or -CH,COORS,
RisH, cyano, C;-Cy alkoxy, halo, hydroxy, trifluoromethyl, or methylthio;
10 R’ js ~-COOR’, -C(0)CH,CH,COOR’, -OCH,COOR?, -SCH,COOR’, or C,-C,
alkyl substituted with -COOR’;
R® and R® are each independently selected from the group consisting of hydrogen
and C;-C4 alkyl provided that at Jeast one of R® and R® is other than hydrogen; or a base

addition salt thereof.
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se juntan para formar un complejo de canal idénico tetramérico
con las propiedades funciocnales de este canal de 1ién més
probablemente siendo determinadas por su composicidén de
subunidad.

Las corrientes de canales idénicos activadas por
glutamato via receptores AMPA son temporales. El1 curso de
tiempo de las corrientes se modifica por estados refractorios
causados durante el enlace de glutamato, el cual es referido
como una desensibilizacidén y por la proporcidn de remocidn de
glutamato a partir del sitio de enlace del canal idnico, el
cual resulta en desactivacidén. E1 influjo idnico a través de
los receptores AMPA puede ser mejorado por compuestos que ya
sea previenen la desensibilizacidén o mediante compuestos que
disminuyen las velocidades de desactivacién. Los compuestos
que mejoran el influjo idnico estimulado por glutamato en
receptores AMPA se conocen como moduladores alostéricos del
receptor AMPA positivos o potenciadores del receptor AMPA.
Uno de tales compuestos, el cual potencia selectivamente la
funcién del receptor AMPA es la ciclotiazida. Puesto que los
receptores AMPA juegan un papel fundamental en la mediacién
de la transmisién excitadora répida en el sistema nervioso
central, las moléculas que mejoran la funcién del receptor
AMPA tienen miltiples objetivos terapéuticos.

Se han mostrado compuestos que potencian

alostéricamente receptores AMPA, por mejorar la actividad
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sinadptica in vitro e in vivo como se describe, por ejemplo,
por I. Ito, et al., J. Physiol., 424, 533-543 (1990) y A.
Copani, et al., Journal of Neurochemistry, 58, 1199-1204
(1992). Tales compuestos también han mostrado mejorar el
aprendizaje y memoria en ratas, monos, y humanos, y son
revisados por Gouliaev and Senning, Brain Research Reviews,
19, 180-222 (1994).

La Publicacién de Solicitud de Patente
Internacional WO 98/33496 publicada el 6 de Agosto de 1998,
describe ciertos derivados de sulfonamidas los cuales son
utiles, por ejemplo, para tratar trastornos psiquidtricos vy
neurolégicos, por ejemplo, trastornos cognitivos, enfermedad
de Alzheimer, demencias relacionadas con la edad, deterioro
de memoria inducido por edad, disquinesia tardia, corea

Huntington, mioclonia, enfermedad de Parkinson, inversién de

estados inducidos por farmacos {tales como cocaina,
anfetaminas, estados inducidos por alcohol), depresidn,
trastorno por déficit de atencién, trastorno de
hiperactividad por déficit de atencién, psicosis,

deficiencias cognitivas asociadas con psicosis y psicosis
inducida por farmacos. P. L. Ornstein, et al., J. Med. Chem. ,
43, 4354 (2000), ademés describe biarilpropilsulfonamidas,
las cuales son potentes mediadores de receptores AMPA.
Ademas, X. Li, et al., Neuropharmacology, 40, 1028 (2001),

describe acciones similares a antidepresivos de potenciadores
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del receptor AMPA. D.D Schoepp, et al., y Tizzano, et al.,
Society for Neuroscience Abstracts, 26(1-2), 528.19 y 528.20,
30th Annual Meeting New Orleans, (Noviembre 4-9, 2000),
describen un potenciador del receptor AMPA oralmente activo
que mejora el desempefio de la memoria y aprendizaje espacial
en ratas, e invierte el déficit de memoria y aprendizaje
tanto farmacoldgicamente como asociado con la edad en ratas.

Los nuevos potenciadores del receptor AMPA con un indice

terapéutico aceptable, son necesarios para tratar estos

S
7

trastornos neuroldgicos. —

e

Sumario de la Invencidén

La presente invencidén proporciona compuestos de

Férmula I:

en donde:

A se selecciona del grupo que consiste de
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R es H, halo, -COOH o -CH,COOH;

R' es fenilo opcionalmente sustituido con un primer
sustituyente seleccionado del grupo que consiste de halo,
ciano, acilo C;-C4, -COOH, —NHR3, alquilo C;-C, sustituido con
-NHCH3;, -N(SOz(alquilo C;-C3))., -COOH, -CONH,, ciano, hidroxi,
o] tetrazol-5-ilo, -OCH,COOH, -SCH,COOCH, -C (0) CH,CH,COOH,
-SOzNH, tetrazol-5-ilo, vy 1,2,4-triazol-1-ilo; opcionalmente
ademas sustituido con un segundo sustituyente seleccionado
del grupo que consiste de: halo, trifluorometilo, ciano,
nitro, alcoxi C;-C4, hidroxi, alquilo C;-Cg, alquiltio C1-C4, -
NHCH;CN, -OCH,CN, -NHSO,CH(CH3),, vV -C (O) NHR?; opcilonalmente
ademas sustituido con un tercer sustituyente seleccionado del
grupo que consiste de halo y ciano; opcionalmente ademés
sustituido con un cuarto sustituyente seleccionado del grupo
que consiste de halo;

R? es alquilo C,-C4 o dimetilamino;

R es -S0; (alquilo C;-C3), acilo C;-C4, alquilo C;-C,
o hidrégeno;

R* es hidrégeno, alquilo C;-C4, o -SO,{algquilo
Ci-C4); o una sal del mismo farmacéuticamente aceptable.

La presente invencién también proporciona

intermediarios de Férmula II:

i
€
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en donde:

A se selecciona del grupo que consiste de

R? es alquilo C;-C4 o dimetilamino;

R® es H, halo, -COOR®, o -CH,COOR®;

R® es H, «ciano, alcoxi C;-Cs, halo, hidroxi,
trifluorometilo o metiltio;

R’ es -COOR?, -C (0) CH,CH,COOR?, -OCH,COOR?,
-SCH,COOR?, o alquilo C;-C, sustituido con —-COOR’;

R® y R® son cada uno seleccionados
independientemente del grupo que consiste de hidrégeno \%
alquilo C;-C4, siempre que al menos uno de R? y R® sea

distinto que hidrdégeno; o una sal de adicién de base del
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mismo.

La presente invencidén ademéds proporciona un método
para potenciar la funcién del receptor de glutamato en un
paciente, el cual comprende administrar a dicho paciente en
necesidad de tal tratamiento, una cantidad efectiva de un
compuesto de férmula I o una sal del mismo farmacéuticamente
aceptable.

Ademas, la presente invencién adicionalmente
proporciona un método para tratar esquizofrenia, déficits
cognitivos asociados con esquizofrenia, enfermedad de
Alzheimer, demencia del tipo Alzheimer, deterioro cognitivo
medio, enfermedad de Parkinson, o depresidén en un paciente,
el cual comprende administrar a un paciente en necesidad de
tal tratamiento, wuna cantidad efectiva de un compuesto de
Férmula I o una sal del mismo farmacéuticamente aceptable.

De conformidad con otro aspecto, la presente
invencidén proporciona el uso de un compuesto de Férmula I, o
una sal del mismo farmacéuticamente aceptable, para la
manufactura de ﬁn medicamento para tratar esquizofrenia,
déficits cognitivos asociados con esquizofrenia, enfermedad
de Alzheimer, demencia del tipo Alzheimer, deterioro
cognitivo medio, enfermedad de Parkinson o depresién.

Ademés, la presente invencién proporciona el uso de
un compuesto de Férmula I, © una sal del mismo

farmacéuticamente aceptable, para tratar esquizofrenia,

q7
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déficit cognitivo asociado con esquizofrenia, enfermedad de
Alzheimer, demencia del tipo Alzheimer, deterioro cognitivo
medio, enfermedad de Parkinson o depresién.

La invencién ademés proporciona composiciones
farmacéuticas que comprenden, un compuesto de Férmula I, o
una sal del mismo farmacéuticamente aceptable, y un portador,
diluyente o excipiente farmacéuticamente aceptable.

Adicionalmente, el uso de compuestos de Férmula I
en conjunto con antipsicéticos, antidepresivos y farmacos
utiles en el tratamiento de trastornos cognitivos estd
contemplado dentro del alcance de la presente invencién. EL
documento WO 2005/040110 muestra el uso de compuestos que
potencian la funcién del receptor de glutamato en conjunto
con antipsicéticos, antidepreéivos y fé&rmacos uUtiles en el

tratamiento de trastornos cognitivos.

Descripcién Detallada de la Invencidén

Como se usa en este documento, el término
“potenciacidén de la funcidén del receptor de glutamato”, se
refiere a cualquier receptividad de receptores de glutamato,
por ejemplo, receptores AMPA a glutamato o un agonista, e
incluye pero no se limita a, inhibicién de réapida
desensibilizacién o© desactivacidén de receptores AMPA a
glutamato.

Una amplia variedad de condiciones pueden ser



10

15

20

25

POTENCIADORES DEL RECEPTOR AMPA

Campo de la Invencidén

El glutamato es el neurotransmisor excitador
principal en el sistema nervioso central. Se han identificado

tres subtipos de canales idnicos del receptor de glutamato

basados en su sensibilidad a los activadores selectivos

(agonistas), N-metil-D-aspartato (NMDA), &cido propidbnico de

o-amino-3-hidroxi-5-metil-4-isoxazol (AMPA) y cainato.

Antecedentes de la Invencidn

Los receptores AMPA median las respuestas celulares
a glutamato por mecanismos directos e indirectos. Cuando se
activan por glutamato o AMPA, los canales idnicos del
receptor AMPA permiten a iones de sodio (Na') e iones de
calcio (Ca®") pasar directamente a través del poro del canal.
Ademés, los canales idénicos del receptor AMPA pueden
facilitar la activacién de receptores NMDA iniciando la
despolarizacidn celular que libera bloques dependientes de
iones de magnesio (Mg%)— de receptores NMDA.

Se han identificado y <clonado 1los subtipos del
receptor AMPA miltiples: GluRl, GluR2, GluR3 y GluR4, como se
describe por Hollman and Heinemann, Ann. Rev. Neurosci., 17,

31-108 (1994). Cada subunidad consiste de una secuencia de

aproximadamente 900 aminocacidos. Cuatro subunidades se piensa
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tratadas o prevenidas por compuestos de Fdérmula I y sus sales
farmacéuticamente aceptables a través de su accién como
potenciadores de la funcidén de receptores de glutamato. Tales
condiciones incluyen aquellas asociadas con hipofuncién de
glutamato, tal como trastornos psiquidtricos y neurolégicos,
por ejemplo, trastornos cognitivos y trastornos neuro-
degenerativos, tales como enfermedad de Alzheimer; demencia
del tipc Alzheimer, demencias relacionadas con la edad;
deterioro de memoria inducido por la edad; déficits
cognitivos debido a autismo, sindrome de Down vy otros
trastornos del sistema nervioso central con inicic desde la
ninez, déficits cognitivos posteriores a terapias
electroconvulsivas, trastornos de movimiento tales como
disquinesia tardia, corea Huntington, mioclonia, distonia,
espasticidad, enfermedad de Parkinson; inversién de estados
inducidos por farmacos (tales como cocaina, anfetaminas,
estados inducidos por alcohol); depresidn, trastorno por
déficit de atencidn, trastorno de hiperactividad por déficit
de atencidn; psicosis tales como esquizofrenia; déficits
cognitivos asociados con psicosis tales como esquizofrenia,
psicosis inducida por farmaco, apoplejia y disfuncién sexual.
Los compuestos de Férmula I pueden también ser tutiles para
mejorar la memoria (tanto de término corto como de término
largo) y capacidad de aprendizaje. La presente invencién

proporciona el wuso de compuestos de Foérmula I para el
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tratamiento de cada una de estas condiciones.

Se entiende por uno de habilidad ordinaria en la
técnica, que la cognicién incluye varios “dominios”. Estos
dominios incluyen memoria de término corto, memoria de
término largo, memoria de trabajo, funcién ejecutiva vy
atenciédn. Como se usa en este documento, el término
“trastorno cognitivo” significa abarcar cualquier trastorno
caracterizado por un déficit en uno o més de los dominios
cognitivos, que incluye pero no se limita a memoria de
término corto, memoria de término largo, memoria de trabajo,
funcidén ejecutiva y atencién. Ademds se entiende que el

término “trastorno cognitivo” incluye, pero no se limita a

los siguientes trastornos especificos: decline cognitivo
relacionado con la edad, deterioro cognitivo medio,
enfermedad de Alzheimer, demencia, demencia de tipo

Alzheimer, demencia por Parkinson, demencia de Cuerpo Lewy,
demencia persistente inducida por sustancia, demencia
persistente inducida por alcohol, deterioro cognitivo
inducido por alcohol, demencia inducida por SIDA, trastornos
de aprendizaje, déficits cognitivos subsecuentes a cirugia
por derivacién cardiaca e injertos, apoplejia; isquemia
cerebral, trauma de la médula espina, trauma craneal, hipoxia
perinatal, paro cardiaco, y dafioc neuronal hipoglicémico,
demencia vascular, demencia por infartos multiples, déficits

cognitivos asociados con esclerosis lateral amilotréfica vy
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déficits cognitivos asociados con esclerosis multiple. E1
deterioro cognitivo medio se ha definido como wuna fase
prodrémica potencial de demencia asociada con la enfermedad
de Alzheimer, basado en presentacién clinica y en el progreso

de pacientes que presentan deterioro cognitivo medio a

demencia de Alzheimer con el tiempo. (Morris, et al., Arch.

Neurol., 58, 397-405 (2001); Petersen, et al., Arch. Neurol.,

56, 303-308 (1999)).

La cuarta edicién del Diagnostic and Statistical
Manual of Mental Disorders (DSM-1IV) (por sus siglas en
inglés, Manual de Diagndéstico y Estadistica de Trastornos
Mentales), (1994, American Psychiatric Association,
Washington, D.C.), proporciona una herramienta de diagnédstico
para identificar muchos de los trastornos descritos en este
documento. Los expertos reconocerdn que existen nomenclaturas
alternativas, nosologias y sistemas de clasificacién para
trastornos descritos en este documento, que incluyen aquellos
descritos en la International Statistical Classification of
Diseases and Related Health Problems, (por sus siglas en
inglés, Clasificacidén Estadistica Internacional de
Enfermedades y Problemas de Salud Relacionados), décima
revisién (ICD-10) (1992, World Health Organization, Geneva), y
tiene terminologia y sistemas de clasificacién involucrados
con el progreso cientifico médico.

La presente invencién incluye sales
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farmacéuticamente aceptables de los compuestos definidos por
la Férmula I. Un compuesto de esta invencidén puede poseer un
grupo suficientemente acidico, y por consiguiente, reaccionar
con cualquiera de un numero de bases organicas e inorgéanicas
para formar una sal farmacéuticamente aceptable. El1 término
“sal farmacéuticamente aceptable” como se usa en este
documento, se refiere a sales de los compuestos de Férmula I,
los cuales son sustancialmente no téxicos a organismos
vivientes. Las sales farmacéuticamente aceptables tipicas
incluyen aquellas sales preparadas por reaccién de los
compuestos de la presente invencidén con una base organica e
inorganica farmacéuticamente aceptable. Tales sales son
conocidas como sales de adicidén de base. Tales sales incluyen

sales farmacéuticamente aceptables listadas en Journal of

Pharmaceutical Science, 66, 2-19 (1977), 1las cuales son

conocidas por aquellos expertos. Las sales de magnesio,
dietilamina, hemipiperazina, \% terc-butilamina son
preferidas. Las sales de terc-butilamina son mds preferidas.
Algunos de los compuestos de la presente invencién
tienen uno o mas centros quirales y pueden existir en una
variedad de configuraciones estereocisoméricas. Como una
consecuencia de estos centros quirales, los compuestos de la
presente 1invencién se originan como racematos, mezclas de
enantidémeros y como enantiémeros individuales, asi como

también diasteredmeros y mezclas de diasteredmeros. Todos los
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racematos, enantidmeros y diasteredmeros estan dentro del
alcance de la presente invencién. Los estereoisébmeros vy
enantiomeros especificos de compuestos de Fdérmula I, pueden
ser preparados por uno de habilidad ordinaria en la técnica
utilizando técnicas y procesos bien conocidos, tales como

aquellos descritos por J. Jacques, et al., “Enantiomers,

Racemates, and Resolutions", John Wiley and Sons, Inc., 1981,

and E.L. Eliel and S.H. Wilen,” Stereochemistry of Organic

Compounds”, (Wiley-Interscience 1994), y Solicitud de Patente

Europea No. EP-A-838448, publicada el 29 de Abril de 1998.
Ejemplos de resoluciones incluyen técnicas de
recristalizacidn o cromatografia quiral.

Como se usa en este documento, los términos “Halo”,
“Haluro” o “Hal”, se refieren a &tomos de cloro, bromo, yodo
o fltor, a menos que se especifique de otro modo en este
documento.

Como se usa en este documento, el término “alquilo
C1—-C4", se refiere a una cadena alifatica saturada,
monovalente, recta o ramificada, de uno a cuatro atomos de
carbono e incluye, pero no se limita a, metilo, etilo,
propilo, isopropilo, butilo, isobutilo y t-butilo. El término
“alquilo C;-C4” incluye dentro de su definicién el término
“Yalquilo C;-C3”.

Como se usa en este documento, el término “alcoxi

Ci-C4” se refiere a una cadena alquilo lineal o recta que

O
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tiene de uno a cuatro Atomos de carbono unidos a un atomo de
oxigeno. Los grupos alcoxi C;-C4 tipicos incluyen meﬁoxi,
etoxi, propoxi, isopropoxi, butoxi, terc-butoxi y similares.
El término “alcoxi C;-C4” incluye dentro de su definicién el
término “alcoxi C;-Cs”.

Como se usa en este documento, el término “acilo
C1-C4” se refiere a una cadena alquilo recta o ramificada, que
tiene de uno a tres 4tomos de carbono unidos a un grupo
carbonilo. Ejemplos incluyen, pero no se limitan a acetilo,
propionilo, butirilo, 2-metilpropionilo y similares. E1
término “acilo C;-C4” incluye dentro de su definicién, el
término “acilo C;-C3”.

Como se usa en este documento, el término
“alquiltio C;-C4” se refiere a una cadena alquilo recta o
ramificada que tiene de uno a cuatro atomos de carbono unidcs
a un atomo de azufre. Grupos alquiltio C;-C; tipicos incluyen
metiltio, etiltio, propiltio, isopropiltio, butiltio, terc-
tubitiltio y similares. El término “alquiltio C;-C;” incluye
dentro de su definicién el término “alguiltio C;-C;3”.

Una modalidad adicional de 1la presente invencién
son compuestos de Férmula I, en donde A se selecciona del

grupo gue consiste de:

RO
5 0 N 8]
>0 L 9 ALl
SRSZaNE- NP S ZNCWR
N™WR N N—<q2 1. 1
%H \.é v __1__ H II‘R 1 H O . ?

“
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Ciertas clases de compuestos de Férmula I son

potenciadores AMPA preferidos. Los siguientes parrafos

describen tales clases preferidas:

a)

b)

A es
— R |0|
Sz S.
B " Nf"."le
H o

R es hidrégeno;

R' es fenilo sustituido con un sustituyente
unico;

R' es fenilo sustituido con un sustituyente
unico seleccionado del grupo gque consiste de
ciano, tetrazol-5-ilo, alquilo C;-C,, sustituido
con -COOH o tetrazol-5-ilo, -SO,NH;, -OCH,COCH vy
-SCH,COOCH;

R' es fenilo mono-sustituido en la posicidén 4
con un sustituyente seleccionado del grupo que
consiste de tetrazol-5-ilo, -OCH,COOH, -SCH,COOH,
y alquilo C;-C, sustituido con -COOH, en la
posicidén 3 con un sustituyente seleccionado del
grupo que consiste de -SONH; vy alquilo C;-C,
sustituido con tetrazol-5-ilo, o en la posicién
2 con ciano;

R' es fenilo sustituido con dos sustituyentes;

R* es fenilo sustituido con un primer
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sustituyente seleccionado del grupo gque consiste
de alcoxi C;-C4, hidroxi, halo, ciano, -COOH vy
-NHSO,CH(CH3)2, vy <con un segundo sustituyente
seleccionado del grupo que consiste de amino,
trifluorometilo, =-COOH, ~-C(O)NHR®, tetrazol-5-
ilo, -OCH,COOH, y alguilo C;-C, sustituido con -
COOH;

R' es fenilo sustituido en 1la posicidén 2 con un
sustituyente seleccionado del grupo que consiste
de alcoxi C;-C4, hidroxi, halo, ciano, -COOH y -
NHSO.CH (CHz)2, y ademas sustituido en la posicién
4 con tetrazol-5-ilo, -COOH, -C (O) NHR?, o)
alquilo C;-C; sustituido con —COOH, en la
posicidén 5 con amino, -COOH o -OCH,COOH o en la
posicién 6 con ~COOH;

R' es 2-ciano-3-fluoro-4-hidroxi-5-fluorofenilo;
R? es alquilo C;-Cy4;

R? es isopropilo;

El compuesto de Férmula I es un acido libre;

El compuesto de Fdérmula I es una sal;

El compuesto de Férmula I es un hidrato;

El compuesto de Fdérmula I es un anhidrato;

El compuesto de Férmula I es 1la sal de
hemipiperazina;

El compuesto de Fdérmula I es la sal de
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dietilamina;
r) El1 compuesto de Férmula I es la sal de terc-
butilamina.
Modalidades preferidas de la invencién incluyen
todas las combinaciones de parrafos a) - r). Compuestos

especialmente preferidos de Férmula I son aquellos en donde A

es

R es hidrégeno; R' es como se describe en el

parrafo h); y R® es alquilo C;-C4. También se prefiere que A

sSea
. R ?I
S S,
Y. NWR
H 0 ’

R es hidrégeno; R' es como se describe en el

parrafo h); y R? es isopropilo. Es particularmente preferido

que A sea

— R ﬂ
S~ .
ON R
H 0 ;

R es hidrégeno; R' es fenilo sustituido en la

posicidén 2 con alcoxi C;-C4 o ciano y en la posicién 4 con

H
%,

Painss )
)
)
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-COOH; y R? es isopropilo. Es més preferido que A sea

R O
L

S S.
?\N’wz .
H 0 ;

R es hidrégeno; R!

etoxi-4-carboxifenilo; y R® es isopropilo.

es Z2-ciano-4-carboxifenilo o 2-

Aunque todos los intermediarios de Férmula II son

utiles para preparar compuestos de la presente invencién, se

prefieren ciertas clases:

s) A es

o

rR™ Q

iy I
s
T H o

>

t) R? es alquilo C;-Cy4;

u) R® es isopropilo;
v) R’ es hidrégeno;
w) R® estd en la posicién 2 del anillo

cual estd unido;
x) R® est4d en 1la posicidén 2 del anillo
cual estd unido y se selecciona del
consiste de hidrégeno, ciano, y alcoxi
y) R’ es alquilo Ci1-Cy;
Compuestos especialmente

son aquellos en donde A es

fenilo al

fenilo al
grupo que

C1-Cy;

preferidos de Férmula II
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R’ es hidrégeno; R? es alquilo C;-C4; R® estd en la
posicién 2 del fenilo al cual estd unido y se selecciona del
grupo que consiste de ciano y alcoxi C;-C4; R’ estd en la
posicién 4 del anillo fenilo al cual estd unido y es —COOR%

y R® es alquilo C1-C4. Se prefiere también que A sea

(]

rR® O
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R> es hidrégeno; R? es isopropilo; R® esta en la
posicidén 2 del fenilo al cual estéd unido y se selecciona del
grupo que consiste de ciano y alcoxi C;-C4; R’ estd en la
posicién 4 del anillo fenilo al cual esta unido y es —COOR%

vy R’ es alquilo C;-C4;. Es mas preferido que A sea

R5C|>|

S
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R> es hidrégeno; R® es isopropilo; R® esta en la
posicidén 2 del fenilo al cual estd unido y se selecciona del
grupo que consiste de ciano, metoxi y etoxi; R’ estda en la
posicién 4 del anillo fenilo al cual estd unido y es -COOR®,
y R’ es metilo o etilo.

Los compuestos de Férmula I pueden ser preparados
por uno de habilidades ordinarias en la técnica, siguiendo
las teécnicas y procedimientos reconocidos en el arte. Mas

especificamente, compuestos de Férmula I pueden ser

|

Szl



10

15

20

25

20

preparados como se expone en los esquemas de reaccién,
métodos y ejemplos expuestos abajo. Los reactivos y materiales
de partida son facilmente disponibles para uno de habilidad
ordinaria en la técnica. Todos los sustituyentes, a menos que se
especifique de otro modo, son como se definen previamente.

Los compuestos de Fdérmula I en donde A vy R' son como
se definen previamente, pueden ser preparados como se ilustra en
el siguiente esquema de reaccidén, en donde (i) es un a&cido
arilborénico adecuado, aril trimetilestanilo o) éster
arilborénico, y X es bromo, yodo, cloro o trifluorometan-

sulfoxi.

Esquema de Reaccidén I

A X A
R (i

——————

(i) |

El compuesto de estructura (ii) es acoplado a un
acido fenil borénico adecuado, éster fenilborénico adecuado,
o feniltrimetilestanano (i) adecuado, bajo condiciones de
reaccidén de acoplamiento Tipo Suzuki o Tipo Stille bien
conocidas para uno de habilidad ordinaria en la técnica, para
proporcionar el compuesto de Fdérmula I. Véase Suzuki, A.,

Journal of Organometallic Chemistry, 576, 147-168 (1999), vy
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Miyaura and Suzuki, Chemical Reviews, 95, 2457-2483 (1995),
para ejemplos de técnicas generales de acoplamiento cruzado y
para métodos para preparar materiales de partida y reactivos
adecuados.

Mas especificamente, el compuesto de estructura
(i1) es combinado con aproximadamente 1.0 a 1.5 equivalentes
del &cido o éster fenilbordénico (i) adecuado, en un solvente
organico adecuado o wuna mezcla adecuada de solventes.
Ejemplos de solventes organicos adecuados incluyen 1,4-
dioxano, dimetoxietano (DME), DMF, benceno, tolueno, acetona,
etanol (EtOH), y similares. Ejemplos de mezclas de solvente
adecuadas incluyen DME/EtOH, THF:Agua y similares. Un
catalizador adecuado, tal como
tetraquis(trifenilfosfina)paladio,
diclorobis(trifenilfosfina)-paladio (I1), Pd (PCys3) 2Clo, o)
[1,1-bis(difenilfosfino) ferroceno]dicloro-paladio(II) o)
paladio negro y una base adecuada, por ejemplo, carbonato de
sodio, se agregan a la mezcla de reaccidén con agitacién.

Alternativamente, el experto en la técnica aprecia
que compuestos de Férmula (I) pueden también ser preparados
por acoplamiento de un haluro de arile adecuado con un &cido
arilbordénico adecuado, éster arilbordénico adecuado, o)
compuesto ariltrimetilestanilo adecuado bajo condiciones de
reaccidén de acoplamiento Tipo Suzuki o Tipo Stille bien

conocidas para uno de habilidad ordinaria en la técnica, para




10

15

20

25

22

proporcionar el compuesto de Férmula (I).

Los éacidos y ésteres bordnicos requisito, pueden
ser preparados como se ilustra en el siguiente esquema de
reaccién, en donde A es como se define previamente, y Hal es

bromo o yodo.

Esquema de Reaccién II

A A A A

OH i O ) o’B‘o (ia) Ho B0 (ib)
A /
Hal

(v)

Un fenol apropiadamente sustituido (iii) se hace
reaccionar con un reactivo triflatante, tal como anhidrido
triflico o N-feniltrifluorometansulfonamida, en la presencia
de base, por ejemplo, DMAP o hidréxido de sodio en un
solvente adecuado, tal como cloruro de metileno e}
tetrahidrofurano para dar el triflato (iv). E1 triflato
resultante es disuelto en un solvente adecuado tal como
acetonitrilc o dimetilsulféxido y se hace reaccionar en la
presencia de una base tal como trietilamina o acetato de

potasio, un catalizador tal COomo complejo de f1,17-
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bis(difenilfosfino)-ferroceno]dicloropaladio(II), y un borano
tal como bis(pinacolato)borano para formar el éster bordnico
requisito (ia). Alternativamente, PdCl, (dppf) y el acetato
de potasio base en dimetilformamida, pueden ser empleados si
es necesario o deseado. El éster de A&cido borénico puede
también ser preparado haciendo reaccionar haluro de fenilo
(v) en un solvente apropiado tal como acetonitrilo o
dimetilsulfdxido y se agrega una base tal como trietilamina o
acetato de potasio. Se agregan un catalizador tal como
complejo de [1,1"-bis(difenilfosfino)-
ferrocenoldicloropaladio(ITI) y un borano tal como
bis(pinacolato)borano. El experto en la técnica aprecia que
el éster Dborato resultante puede ser hidrolizado Dbajo
condiciones bien conocidas en la técnica, con un Aacido tal
como acido clorhidrico o en un solvente adecuado tal como
acetona y en 1la presencia de un agente oxidante tal como
periodato de sodio y una solucién de acetato de amonioc para
proporcionar el acido bordnico (ib).

Los haluros de fenilo requisito (v), pueden ser
preparados como se muestra en el Esquema de Reaccidédn III, en

donde A es como se define previamente.




10

15

20

25

24

Esquema de Reaccidén III

E;___,

NH, ) I

A

La anilina (vi) se hace reaccionar con un reactivo
de oxidacidn adecuado, tal como nitrito de iscamilo en un
solvente adecuado, tal como acetonitrilo, en la presencia de
una fuente de haluro, tal como diyodometano para dar
compuestos de férmula (v).

Ciertos compuestos de Férmula I pueden servir como
intermediarios para compuestos adicionales de Férmula I via

reacciones y transformaciones de grupo funcional, similares a

aquellos expertos en la técnica. Véase, Larock, R.,
"Comprehensive Organic Transformations," VCH ©Publishing,
Inc., New York, 1989. Por ejemplo, un grupo amino se hace

reaccionar con un cloruro de sulfonilo adecuado en la
presencia de piridina o base acuosa, tal como trietilamina,
bajo condiciones Dbien conocidas en la técnica para
proporcionar la sulfonamida correspondiente. Ademéas,
sustituyentes nitro son facilmente convertidos a aminas
haciendo reaccionar el compuesto que contiene nitro con un
agente reductor adecuado, tal como cloruro de estafio, en un
solvente apropiado por ejemplo, etanol. Ademéds, los ésteres

carboxilicos de Férmula II son convertidos a 4dcidos
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carboxilicos de Férmula I bajo condiciones bien conocidas por
aquellos expertos en la técnica, por ejemplo, tratando un
éster de Férmula II en un solvente adecuado o mezcla de
solvente tal como THF, metanol, etanol y similares, con agua
y un ligero exceso de base adecuada, tal como hidréxido de
litio, hidréxido de sodio, hidrdéxido de potasio y similares.
El &acido carboxilico resultante puede entonces ser convertido
a la amida primaria bajo condiciones bien conocidas. Por
ejemplo, el compuesto de A&cido carboxilico de Férmula I es
disuelto en un solvente orgdnico adecuado, tal como cloruro
de metileno o THF y tratado <con cloruro de oxalilo
opclionalmente seguido por adicidén de una cantidad catalitica
de DMF con agitacidén. La mezcla de reaccidén es agitada vy
concentrada, después disuelta en un solvente orgéanico
adecuado, tal como cloruro de metileno o THF, y tratada con
un ligero exceso de un hidréxido de amoniaco o solucidn de
amoniaco/metanol o amoniaco/dioxano con agitacién. Los
compuestos de amida primaria de Férmula I pueden ser
convertidos a compuestos de tetrazolilo de Férmula I bajo
condiciones estandares. Por ejemplo, el compuesto de amida
primaria de Férmula I se hace reaccionar con tetracloruro de
silicio y azida de sodio en la presencia de un solvente
organico adecuado, tal como acetonitrilo. Alternativamente,
los compuestos de tetrazolilo de Férmula I, se forman

haciendo reaccionar un compuesto ciano de Férmula I con azida

i

f_,m;;;w
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de sodio y trietilamina en un solvente orgdnico adecuado.

Los ejemplos expuestos en este documento
representan sintesis tipicas de los compuestos de la presente
invencién. Los reactivos y materiales de partida son
facilmente disponibles para uno de habilidad ordinaria en 1la
técnica. La nomenclatura para ejemplos se expone en este
documento con AutoNom 2000 Agregado por MDL® ISIS/Desktop.
Como se usa en este documento, los términos listados en la
siguiente tabla tienen los significados correspondientes como

se indica:

TERMINO SIGNIFICADO
EM(RE) Espectrometria de masas por rocio del
electrén
'H RMN Espectrometria de resonancia

magnética nuclear del protédn

J/g Joules por gramo
CCD Cromatografia de capa delgada
CLAR Cromatografia liquida de alta
resolucidén
Rg Factor de retencién
R¢ Tiempo de retenciédn
AcOH Acido Acético
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TERMINO SIGNIFICADO
TA Temperatura ambiente
DCM Diclorometano
DMF N, N-dimetilformamida
DMSO Metilsulféxido
LDA Diisopropilamida de litio
EtOAc Acetato de etilo
THF Tetrahidrofurano
iPrOAc Acetato de isopropilo
DMAP 4-dimetilaminopiridina
DBU 1,8-diazabiciclo[5.4.0]lundec-7eno
EtsN trietilamina
(Boc) 20 di-terc-butil dicarbonato
MeOH Metanol
Triflato Grupo funcional -S0;3CF;
(dppf) 1,1"-bis(difenilfosfino) ferroceno
S.M. Material de partida
SCX Cartucho de intercambio catidnico

fuerte

Pd (PCY3) 2C12

Diclorobis (triciclohexilfosfina)paladio

(I1)
Pd, (dba) 3 Tris(dibencilidenacetona)-dipaladio (0)
EDCI HC1 de 1l-etil-3-[3-

(dimetilamino)propil]-carbodiimida
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Preparacién 1

{2—[4-(4,4,5,5—tetrametil—[1,3,2]dioxaborolan—2—il)—fenil]—

tiofen-3-il}-amida del &cido propan-2-sulfénico

En una manera anadloga al método de Barker, J. M.;
et al., Synthetic Communications, 25(23), 3729-3734 (1995),
se sometid a reflujo (120°C) metil-3-aminotiofen-2-
carboxilato (42.8 g, 0.27 mol) con solucién acuosa de
hidréxido de sodio 2M (270 mL) por 30 minutos. Se enfrid la
mezcla de reaccidén a 0°C y se acidificd a pH 5.0 (rojo Congo)
con acido clorhidrico concentrado. Se filtré lo precipitado
espeso. El sélido se secd y disolvié en acetona (300 mL) y se
secé la solucién resultante (MgSO4), filtrd y evapord a 20°C.
Se tratdé el aceite espeso resultante instantaneamente con
dihidrato de &cido oxalico (26.7 g) en 2-propanol (100 mL) a
38°C por 45 minutos. Se dejé la mezcla alcanzar la
temperatura ambiente y se diluyé con éter dietilico (40 mL).
Se filtré el sélido y se lavd con éter dietilico. E1 sélido
blanco resultante (33.1 g) 1llegd a ser 1lila péalido en
exposicién a luz y aire. Se disolvié la sal resultante (33.1

g) en agua (400 mL) y se basificé con hidrdxido de amonio

R

o~
™~
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concentrado. Se extrajo la mezcla con cloruro de metileno (3
x 200 mL) y se combind el extracto y se secd (MgSO,), filtrd
y evapord para dar un aceite marrédén (15 g, 56%). Se disolvid
este material (15 g, 0.15 mol) en cloruro de metileno (300
mL) y se agregd Et3N (42.2 mL, 0.3 mol) a 0°C. Se agregd una
solucién de (Boc);0 (39.3 g, 0.18 mol) en cloruro de metileno
(100 mL) por goteo a 0°C y se agitdé la mezcla durante la
noche a temperatura ambiente. Se monitored por CCD
(Hexano/EtOAc 9:1) para completar la desaparicién del
material’de partida. Se apagd la reaccidn por adicién de agua
(200 mL). La mezcla se extrajo con cloruro de metileno (2 x
200 mL) vy los extractos se combinaron, secaron (MgSQO4),
filtraron y evaporaron. Se purificéd lo crudo por
cromatografia instantdnea (gel de silice-Hexano/EtOAc 9:1)
para obtener 20.1 g (67%) de (terc-butoxi)-N-(3-
tiofenil)carboxamida como un sélido blanco.

En una manera analoga a Campaigne, E. and Monroe,
P. A. J.A.C.S8., 76, 2447-2450 (1954), a una solucidén en

ebullicidén de (terc-butoxi(-N-(3-tiofenil)carboxamida (21.0

g, 0.1 mol) en cloruro de metileno (400 mlL), se agregd N-
yodosuccinimida (23.7 g, 0.1 mol) en porciones pequefias. Se
dejé el bafio caliente a 65°C por 20 minutos. La reaccién se
tomdé a temperatura ambiente, se evapordé el solvente y se
purificd lo crudo por cromatografia instanténea (gel de

Silice-Hexano/EtOAc 9:1) para obtener 30.0 g (88%) de (terc-
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butoxi)-N-(2-yodo-(3-tiofenil))carboxamida como un sélido
blanco.

Se calentéd (terc~butoxi)-N-(2-yodo (3-

tiofenil))carboxamida (16.88 g, 0.52 mol), adcido 4
bromofenilbordénice (15.65 g, 9.78 mol), Na,CO; (1.01 g, 1.04
mol) y Pd(PPhs)s (5.79 g, 0.052 mol) en 375 ml de una mezcla
anhidra y desoxigenada 2:1 de DME/EtOH a 80°C bajo atmbésfera
de nitrégeno por 24 horas. Los solventes organicos se
evaporaron, previo a la adicidn de agua (200 mL). La mezcla
se extrajo con cloruro de metileno (3 x 150 mlL) y las fases
organicas se combinaron, secaron (MgSOs anhidro), filtraron y
concentraron para proporcionar una mezcla cruda como un
sélido amarillento. La purificacidn por cromatografia
instantdnea (gel de Silice-Hexano/EtOAc 49:1) proporciond
10.8 g (60%) de (terc-butoxi)-N-[2- (4-bromofenil) (3-
tiofenil) ]Jcarboxamida como un sélido amarillo péalido.

Se tratd por goteo una solucidén de (terc-butoxi)-N-
[2-(4-bromofenil) (3-tiofenil) ]carboxamida (10.8 g, 0.3 mol)
en EtOAc (75 mL) a 0°C con 244 mL (8 mL/mmol) de HC1 1IN
recientemente preparado en EtOAc y se agitdé la mezcla a
temperatura ambiente durante la noche. Lo precipitado blanco
se disolvié con H,O (100 mL) y se neutralizd con una solucién
saturada de NaHCO3. La mezcla se extrajo con EtOAc (3 x 100
mL) y lo orgéanico se combind, secd y concentrd para dar un

sélido ligeramente coloreado. La purificacidén del material

i

L
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crudo por cromatografia instantédnea (gel de Silice-
Hexano/AcOEt 49:1 después 9:1) proporciond 5.7 g (74%) de 2-
(4-bromo-fenil)-tiofen-3-ilamina como un sélido amarillo
palido.

Se agregd lentamente a una solucién de 2-(4-bromo-
fenil)-tiofen-3-ilamina (0.6 g, 2.36 mmol) en diclorometano
seco (10 mL) a 0°C, DBU 1.41 mL (9.45 mmol) y cloruro de
isopropilsulfonilo (0.53 mL; 4.72 mmol) (Temp. siempre <0°C).
Se removid el baflo helado y la mezcla se agitd a TA durante
la noche. 8Se agregdé NH, C1 (10 mL) acuoso saturado y se
extrajo la solucidén con EtOAc (2 x 10 mL). Las capas
orgédnicas combinadas se secaron y concentraron bajo vacio. El
residuo crudo se purificd por cromatografia instantéanea (gel
de silice-Hexano/EtOAc 4:1) para dar 0.8 g (94%) [2-(4-bromo-
fenil)-tiofen-3-il]-amida del &cido propan-2-sulfdnico.

Se desoxigendé purgando con nitrdédgeno, una mezcla de
[2-(4-bromo-fenil)-tiofen-3-il]-amida del acido propan-2-
sulfénico (1.34 g, 3.72 mmol), bis(pinacolato)diboro (1.04 g,
4.09 mmol), KOAc (1.21 g, 12.3 mmol) y Pd(dppf)Cl, (0.3 g,
0.37 mmol) en DMF seco (20 mL) y la mezcla se calentdé a 80°C
durante la noche. Se agregd agua (20 mlL) y se extrajo la
reaccién con éter dietilico (3 x 20 mL). Los organicos
combinados se lavaron con agua y Se secaron y concentraron
para dar un sdélido oscuro crudo. La purificacidén por

cromatografia instantéanea (gel de silice-Hexano/AcOEt 7:1)

AT

i
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dio 0.65 g (43%) del compuesto del titulo como un sélido

amarillo palido.

Preparacién 2

(4’ -(acido bordnico)-bifenil-2-il)-amida del &cido propan-2-

sulfénico

Se agregd acido 4-bromofenilbordbnico (5.0 g, 24.82
mmol), tetraquis(trifenilsofina)paladio(0) (0.717 g, 0.620
mmol) y 2 M de Na,CO; (10 mL), a una solucidn de 2-yodoanilina
(4.5 g, 20.69 mmol) en tolueno (2 mL):etanol (20 mL), se
desoxigend y calenté a 80°C bajo nitrdgeno. Después de 4
horas, se agregd agua y se extrajo con EtOAc. Las capas
orgédnicas se combinaron, secaron sobre sulfato de sodio,
filtraron y concentraron bajo presidén reducida para dar un
residuo. El residuo sé purificd por cromatografia instantanea
(gel de Silice-EtOAc/hexano 1:12), para dar 4'-bromo-bifenil-
2-ilamina (3.53 g, 69%). EM (m/e): 248 (M+1); 249 (M+2).

Se agregd por goteo DBU (8.76 mL, 56.92 mmol) a una
solucidén de 4’'-bromo-bifenil-2-ilamina (3.53 g, 14.23 mmol)
en diclorometano (50 ml) a 0°C, seguido por adicién por goteo
de cloruro de isopropilsulfonilo (3.29 mL, 28.46 mmol) y se
agitd la reaccidén a temperatura ambiente por 24 horas. El
solvente se removid bajo presién reducida y el residuo se
purificd por silice y eluyd con EtOAc:hexano 1:4 a EtQAc para

dar el compuesto del titulo (4.93 g, 98%). EM (m/e): 355
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(M+1); 353 (M-1).

Se calenté a 80°C, una mezcla de (4’-bromo-bifenil-
2-il)-amida del &acido propan-2-sulfénico (4.0 g, 11.22 mmol),
bis(pinacolato)diboro (3.22 g, 12.34 mmol), complejo de
[1,1"]-bis(difenilfosfino) ferroceno]-dicloropaladio(IT) con
diclorometano (1:1) (0.276 g, 0.337 mmol) vy acetato de
potasio (3.32 g, 33.87 mmol) en dimetilsulféxido seco (25
mL). Después de 16 horas, se agregd agua y se extrajo con
EtOAc. Las capas orgdnicas se combinaron, secaron sobre
sulfato de sodio y evaporaron bajo presidén reducida. E1
residuo se disolvidé en diclorometano y se lavd con una
solucién de HC1 0.1N. Las capas organicas se combinaron,
secaron sobre sulfato de sodio, filtraron y concentraron bajo

presidén reducida. El1 residuo se purificd por cromatografia

Vinstanténea (gel de silice-EtOAc/hexano 1:3) para dar [4'-

(4,4,5,5-tetrametil-[1, 3, 2]dioxoborolan-2-il)-bifenil-2-1il1) -

amida del &acido propan-2-sulfénico (4.07 g, 90%). EM (m/e):

o

424 (M+23); 400 (M-1).

Se agregd periodato de sodio (1.12 g, 5.25 mmol),
seguido por una solucidén de acetato de sodic 1IN (8 mL), a una
suspensién de [4’—(4,4,5,5—tetrametil—[1,3,2jdioxoborolan—2—
il)-bifenil-2-il)-amida del &cido propan-2-sulfdénico (0.7 g,
1.75 mmol) en acetona (16 mL)/agua (0.8 mL). Se agitd la
mezcla a temperatura ambiente bajo nitrdédgeno por 20 horas. Lo

precipitado se filtrd y la capa orgénica se evapord. La capa
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acuosa se extrajo con diclorometano. Las capas organicas se
combinaron, se secaron sobre sulfato de sodio y el solvente
se evapord bajo presidn reducida. Se agregd hexanos y terc-
butilmetiléter al residuo hasta que se formd un sdélido y el
sblido se filtrd para proporcionar el compuesto del titulo

(0.37 g, 67%). EM (m/e):337 (M+18); 318 (M-1).

Preparacién 3

{4-14-(4,4,5,5-tetrametil-[1, 3, 2]dioxoborolan-2-1l1)-fenil]-

piridin-3-il}-amida del &cido propan-2-sulfédénico

Se tomé 4-hidroxi-3-nitro-piridina (6.18 g, 44.2
mmol) en oxicloruro de fésforo (16 ml) y se calentdé a 45°C.
Una vez a 45°C, se agregd pentacloruro de fésforo (8.04 g,
38.6 mmol) en una porcidn uUnica. La suspensidén amarillo
resultante se agitdé vigorosamente y se calentd bajo reflujo
(bafio de aceite a 125°C), bajo una atmésfera inerte. Después
de 3 horas a 125°C, la suspensién amarilla llegd a ser una
solucidén amarilla transparente. La mezcla se enfrid a
temperatura ambiente, se concentré a un aceite, se enfrid a
0°C en un bafio helado y se tratd con 10 ml de agua y 20 ml de
diclorometano mientras se agitaba vigorosamente. La capa
acuosa se basificd con solucidn saturada de bicarbonato de
sodio vy se extrajo con diclorometano (x3). Las capas
organicas combinadas se secaron sobre sulfato de sodio

anhidro, filtraron y concentraron para dar 6.98 g de 4-cloro-
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o

3-nitro-piridina, el cual <cristalizdé en reposo (99% de
rendimiento) .

4-cloro-3-nitro-piridina (6.9 g, 43.5 mmol), &cido
4-bromofenilbordénico (8.05 g, 40.1 mmol), carbonato de
potasio (11.10 g, 80.3 mmol) vy tetraquis trifenilfosfina
paladio (2.31 g, 2.0 mml), son tomados en DME (200 ml) y
calentados bajo reflujo (100°C) durante la noche. La mezcla
se enfrid descendentemente a temperatura ambiente y se filtréd
a través de una almohadilla de Celite®, la cual se lavd con
EtOAc. Lo filtrado es concentrado para dar un aceite marrédn

crudo. La purificacién por cromatografia instantdnea (gel de

silice-hexano/EtOAc) proporciond 4-(4-bromo-fenil)-3-nitro-
piridina (8.52 g) como un aceite amarillo (76% de
rendimiento) .

Se agitdé 4-(4-bromo-fenil)-3-nitro-piridina (8.52
g, 30.5 mmol) en &cido glacial acético (150 ml) y se agregd
polvo de hierro (8.40 g, 150.4 mmol) en malla de 325. La
mezcla se calenté a 80°C por 40 minutos en tal punto que la
mezcla se vuelve gris. La mezcla se filtrd a través de
Celite® y se lavd el sébélido con EtOAc. La capa organica se
lavdé con agua. La capa acuosa se basificdé a pH 8 con soluciédn
de NaOH y se extrajo con EtOAc (x2). Las capas organicas
combinadas se lavaron con agua, clorurc de sodio acuoso
saturado, se secaron Ssobre sulfato de sodio anhidro,

filtraron y concentraron para proporcionar 7.25 g de un
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aceite crudo marrédn. La purificacidn por <cromatografia
instantédnea (gel de silice-hexano/EtOAc) proporciond 4-(4-
bromo-fenil)-piridin-3-ilamina (4.64 g) como un sdélido blanco
(61% de rendimiento).

Se tomd 4-(4-bromo-fenil)-piridin-3-ilamina (4.6 g,
18.5 mmol) en diclorometano anhidro (100 ml). Se agregd DBU
(11 ml, 73.5 mmol) y la solucién se agitd a 0°C por 3 minutos
bajo atmésfera inerte. Se agregd cloruro de
isopropilsulfonilo por goteo durante 10 minutos. La mezcla se
dejé calentar a TA y se calentd bajo reflujo (40°C) durante
la noche. La mezcla se enfrid por adicién de soluciédn
saturada de cloruro de amonio. La capa acuosa se extrajo con
diclorometano (x2). Las capas organicas combinadas se lavaron
con cloruro de sodio acuocso saturado, se secaron sobre
sulfato de sodio anhidro, se filtraron y concentraron para
proporcionar 9.1 g de un residuo crudo marrédn. La
purificacién por cromatografia instantdnea (gel de silice-
hexano/EtOAc) seguida por purificacién inversa, proporciond
el compuesto deseado [4-(4-bromo-fenil)-piridin-3-il]-amida
del Acido propan-2-sulfénico (2.68 g) como un sdélido blanco
(41% de rendimiento).

Se tomdé [4-(4-bromo-fenil)-piridin-3-il]-amida del
acido propan-2-sulfénico (2.07 g, 5.8 mmol),
bis (pinacolato)diboro (2.01 g, 7.9 mmol), acetato de potasio

(2.3 g, 23.4 mmol) y compleijo [1,1’-



