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] Comprobante de pego de la tasa de presentacion ds ia solicitud.

K] Documentn que acredita ia existencia y representacion legal cuando el solicitants sea persona Juridica.
[ﬂ Poderes, sl fuere ol caso. .

[} Documento de cesién det inventor l solichants o a su causants.

[(] Declaraciones

[x] Copla de ta solicitud intemacional. (Resumen, descripcién, relvindiceciones, dibujos)

(K] Traduccion de ta salicitud Intermacional el castelianc. (Resumen, descripcidn, relvindicaciones, dibujos)

m ggpIE:’ del examen prefiminar intsmacional efectuado por la Autoridad Intemacional de Examen Preliminar

D Traduccién del axamen preliminar intemacional efectuado por la IPEA.
[] De ser el caso, copia del contrato de acceso.

[:I De ser el caso, documento que acredite la ficencla o autorizacion de uso de conocimientos tradiclonales de
ias comunidades indigenas.
[X] Arte Final 12X12. .
D De ser el caso, Informacion sobre olras solicitudes de patente o tituios obtenidos en el extranjero por el
mismo titular o su causante, relacionados parcial o totalmente con [a invencion de esta solicitud.

[ De ser of caso, modificaciones efectuadas a la solicitud Internacional.

[] otros
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TRADUCCION OFICIAL No. 009/2003 de un documento escrito en Inglés, el cual

para su identificacién se sclla con el sello de Ia Traductora lo mismo que la presente.—

Traduccién de un Poder escrito en Inglés, y sus respectivas autenticaciones.
PODER

La organizacién VERTEX PHARMACEUTICALS INC., qus actuslmente cumple
c.on su objeto, actuando por medio de su representante legal, formada y existente de
conformidad con las leyes de los Estados Unidos de América, con oficinas registradas
en el nimero 130 Waverly Street, Cambridge, Massachusetts, Estados Unidos de
América, por medio del presente nombra & Ernesto Cavelier, con TPA 11.519, Bemardo
Rodriguez Ossa, con TPA 41.858, Alvaro Parra Gémez, con TPA 47.452 y Helenz
Camargo Williamson, con TPA 76.985, todos ellos con oficinas situadas en la Carrera 9
No. 74-08, Oficina 504, Bogoti, D.C., Colombia, en el mismo orden, como sus
apoderados reales y verdaderos, para representarla ante cualquier persona, entidades
administrativas o judiciales, rbitros, mediadores, tribunal o corte de arbitramento o

yiSeantener la

conciliacién, o ante cualquier autoridad -con el objsin-de—oiyFues.0) S
RErEReto e K
proteccién de los derechos de propiec ~./ o1 04 2% dichos

derechos, estando facultados ese objclepr o

e : \ \ "““ \ y !4,

1. Solicitar, seguir los respectivos proceso yobtener w pathYES desinvencion,
v Wﬂ“\""m\ ve, P o\nud' " '

modelos de utilidad, disefios industri % atCas.—lemas,

- 77 gk ‘G‘“l‘_ o

nombres y signos y denominaciones de L' vpen, y Su renovacién y prérroga, cesién
de los mismos, registro de cambio de nombre y domicilio, y de contratos y licencias

sobre los mismos, y para el registro de la cesién de contratos de tecnologfa;

TRADUSCION CFICIAL M
ALlc

IA GROOT
INTERPRETE OFICIAL
SkaoLUGION No: 214D, ARNL 17. 18b



2. Solicitar la proteccién de los dercchos de autor, y sus secretos y conocimientos
industriales, seguir los procesos respectivos, obtenerlos, y registrarlos;

3. Solicitar, seguir los procesos respectivos, y obtener el registro sanitario y los
permisos para sus productos, y licencias de operacién, asf como las renovaciones o
prérrogas de los mismos, su cesién, el registro del cambio de nombre o domicilio, y
¢l registro de contratos y licencias con relacién a los mismos;

4. Registrar oposiciones, observaciones, demandas, peticiones de reposicién o
reconsideracidn, apelaciones, acciones de cancelacién administrativas o judiciales,
accionesa de nulidad, acciones de proteccién del consumidor, proteccién de secretos
industrinles y demés accioncs relacionadas con los derechos derivados de los
asuntos antes mencionados y contra la competencia desleal y la restriccioén de
comercio, acciones relacionadas con la obtencién o explotacién de licencias, asf
como la intervencién en procesos civiles, comerciales, criminales, contencioso

administrativos, y policivos, todos con relacin a las acciones o procesos iniciados

5. Conciliar, cancelar, dirimir, transigir, desistir, 1§
litigio y renunciar o desistir de los derechog

. yales \
otorgados, y admitir los hechos en los procesos IGea ~ “mo qu B pre mﬂ colﬂt"‘

?:.__.I w oﬂlv \ n |’ ] — -

o S

Sl'- )

6. Ratificar o no, los actos a que se haya com

7. Recibir notificaciones de procesos y nombrar apoderados, renunciar y sustituir el
presente poder y revocar sustituciones.

El otorgante pagaré a cada uno de los apoderados por los costos, demandas, gastos y

obligaciones de cualquier naturaleza, en que cada uno de los apoderados haya i mmm
TRADUCCION OFICIAL NG wyr v af 2493
ALICIA GROOT
INTERPRETE OFICIAL

RESOLUCION Wo- 2185, ABRIL 17 1980
DAL WMINISTERIO DE JUSTIORA



contelaciénatepodﬂ'yrnﬁﬁcariyconﬁnnﬂitodmlosmaqueseham
comprometido los apoderados con relacién a este poder, con excepcién de los casos de
incumplimiento, negligencia o actos que hayan sido llevados a cabo en oposicién a las
instrucciones expresas del otorgante.
Este poder estarfi regido ¢ interpretado por las leyes de 1a Repiiblica de Colombia, que
lo rigen en su totalidad.
Dado y firmado en Cambridge, Massachusetts, el dfa 3 de abril del 2003.
Por: (firmado) (firma ilegible)

Kenneth S. Boger

Vicepresidente Principal y Asesor Legal General

Vertex Pharmaceuticals, Inc,

Hay un Certificado Notarial, que dice asf:

CERTIFICADO DE NOTARIO PUBLICO

leyes de Massachusetts; (3) que la persona que firma el poder estd debidamente
autorizada para ello, como representante legal de VERTEX PHARMACEUTICALS

INC. -~
TRADUCCION OPICIAL umm3

ALICIA GROOT
INTERPRETE OFICIAL,
RESOLUCION No- 2188, ABRIL 17. 1999
b MINISTERNO DR JUsTiGIA



Firma y Sello:
(firmado) Victoria M. Clifford
Mi comisién vence el 6 de marzo del 2009.
Hay un sello en relieve que dice: VICTORIA M. CLIFFORD - Notaria Péblica -
Massachusetts.
Hay un sello en relieve de] ESTADO DE MASSACHUSETTS.

(Este documento deberd ser debidamente legalizado hasta por un Cénsul colombiano o
por Apostilla).

Adjunto se halla un Certificado que dice:
ESTADO DE MASSACHUSETTS
William Prancis Galvin

Secretario del Estado
APOSTILLA

(Convencién de La Hayn de s k800 38, A
. Wty
1. Pafs: Estados Unidos de América < R i

Este documento piblico
2. ha sido firmado por la Sre. Victoria M. Clifford
3 quien ha actuado en calidad de Notaria Piiblica
4.  enel Estado de Massachusetts, cuya comisién vence el 3/6/2009
CERTIFICADO
5. en Boston, Messachusetts

6. el 4/23/2003 a las 3:06:14 PM o q"‘;%f-i[&da

INTERPRETE OFICIAL
RESOLUGTON M- 2105. ABNIL 17, 1900

DEL MINISTENID DR JUSTIOIA



7.  porel Secretario del Estado
8. 44638
9. firmado bajo el Gran Sello del Estado
10. Fimma
(firmado) William Francis Galvin
Secretario del Estado

En relieve, Gran Sello del Estado de Massachusetts.

ES TRADUCCION FIEL Y COMPLETA.
Bogotd, Mayo 12 del 2003.
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POWER OF ATTORNEY

The orgaulzation VERTEX PHARMACEUTICALS INC., at present oarying out its
purpose, acting throngh ity legal represcntativo, fhrmed and existing according to the laws
of Unitod States of Ameriea, with registored offfoes at 130 Waverly Street, Cambridge,
Massachusetts, United States of America, hereby sppoints Emesto Cavelier, with TPA
11.519, Banardo Rodriguez Ossa, with TPA 41.858, Alvaro Parra Gdmez, with TPA
47.452 and Holova Camargo Willlamson with TPA 76.985, all of them with offices at Cru.
9 No. 74-08 Of. 504, Bogotd DC, Colombia, {n this same order, as its true and lewful
attoroys, o reprosent it befbwre any person, administrative or judicial entitics, arbitrator,
madiator, court or bomrd of arbitration or concilistion, or before any suthority for the
purpose of obiaining and maintaining the protection of iis industrial property rights and
acting in the dofbuse of such rights, being empowered for such purpose to:

1. Apply for, follow the respective proceedings and obtain or register patents of iInvention,
utility models, industrial designs, plant varieties, trademarks, slogans, names and signs
and denominations of origin, and their renownl and extension, assipnment thareof,
registration of change of name and domiciie, and of agreements end licenses thervon,
and fbr registmtion of transfier of technology contracts;

zlmhMthnMﬂmmhwm nd-i

DO e 3 “

-,‘,.'r._ SiossEifiame: m
actions, protection of industrizl secrots and offier notiel
the above mentioned maiters and against unfair competition and restraint of trade,
actions related w0 .obtaining or explolting Hcenses, a3 woll as intervention In civil,
commercisl, oriminal, administrative contentious snd polics proceedings, all in relation
to actions or proccodings inltiated by the grantor or by third parties aguinat or in
rolation to the grantoy;

3. Conclliate, cancel, seitle, comproniise, desist, reocive and take posscssion of the
subjoct matter of itigation and renounce or desist rights granted or in the process of
being granted, and admit the faots In logal prooeedings;

6. Ratify or not the acts undertaken by a sclf-appointed agent;

TRADUCCION Griciasl m-:. 0 qg-{z—ais

ALICIA GROOT
INTERPRATE OFICIAL
RESOLUGION MO~ 1185. ABNIL 17. 1500
M. HLESTERIO Bit JUSTIGIA



* /03

MAR 14:31 FAX 3761707 PRE&C

7. Receive service of process and appoint atiomeys, resign and substitute the present

power of attornoy and revoke the substitutions.
The greator shall pay each and every one of the attorneys for the costs, claims, expenses

" and llabliities of any nature, incurred by each ano of the sitomeys in relation with this

Gnlunhl.whuhmitmlhuﬂw

power of attorney and shall ratify and confirm all acts undertaken by the sttomeys In
relation with this power of stiormey, nqtmﬂnnuud‘dnﬁnh,nullmorm
omried out in contradiotion to the cxpress instructions of the grantor,

This power of sttomey shall be ruled and interpreted by the laws of the Republic of

the %{d\ of

—

NOTARY PUBLIC CERTIFICATE
] Victoria M. Clifford _fhe undorsignod duly suthorized admitted
and sworp, practicing in do hereby c-ﬁrr( ﬂntmlhe dayof PRAL,
2003, personally appeared befbre me Kexne who did produce to

me the proceding power dmddﬂ“ﬂbmm«h&mnﬂm
E-nnlnuettl 0) Mlh m who dm h .
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The Comm nwealth fMassa_chusetts

William Francis Galvin
Secretary of the Commonwealth
APOBTILLE

(Corvention de ls Have du 5 ociobre 1961)

1. Counfry:  Unitad Statas of America

This public document...

2. hasbeen signed by [Me. Victoria M. Clitord :
3. acting In the capacly  [Notay Pubic _ ]
4. In the stato of Massachusells, whose commission expiras on

5. st Boston, Massechuseiis

8.on  [4/23/2003 206:14 PM
7. by the secretery of the Commonwealth

B. signed under the

Great Seal of the Commonwealth

o A+

TRADUCCION Vsl ‘J .;
ALICIA GROOT

INTERPRETE OFICIAL
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Titul : INHIBIDORES IMIDAZOL Y BENZIMIDAZOL DE CASPASA

Y USOS DE LOS MISMOS

Resumen: Esta invencién proporciona inhibidores de
caspasa que tienen la férmula: en donde R! es CO:H,
CHCO;H, o esteres, amidas o isoésteres de los mismos; R2
y R! son cada uno independientemente seleccionados de
hidrégeno © un grupe alifdtico C;-C¢ opcionalmente
substituido; y R'* y R® son cada uno independientemente
seleccionados de hidrégeno, un grupo alifdtico C;-Cg
opcionalmente substituido, o R* y R® tomados junto con el
anillo al cual ellos estdn unidos forman un anillo
biciclico opcionalmente substituido. Los inhibidores de
caspasa son (tiles para tratar un nimero de enfermedades
tales como céncer, desdrdenes inflamatorios y autoinmunes
agudos, enfermedades isquémicas y clertos desérdenes

neurodegenerativos.

|
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ANEXO INVENTORES

KAY, David, un ciudadano inglés domiciliado en 4 Church Path, Purton, Wiltshire SN5
9DR, Reino Unido de la Gran Bretafla; y GOLEC, Jullan, un ciudadano inglés,

domiciliado en 8 Manor Farm, Chapel Road, Ashbury, Wiltshire SN6 8LS, Reino
Unido de la Gran Bretafia,



INHIBIDORES IMIDAZOL Y BENZIMIDAZOL DE CASPASA Y USOS DE

LOS MISMOS

REFERENCIA CRUZADA A SOLICITUDES RELACIONADAS

Esta solicitud reivindica prioridad de la Solicitud de
Patente Provisional US 60/252,252 presentada el 21 de

Noviembre de 2000.

CAMPO DE LA INVENCION

Esta invencién se encuentra en el campo de la quimica
medicinal y se relaciona con compuestos novedosos, y
composiciones farmacéuticas de los mismos, que inhiben
las caspasas que sirven de intermediarias para llegar a
la apoptosis celular y 1la inflamacién. La invencién
también se relaciona con métodos para usar los compuestos
y las composiciones farmacéuticas de esta invencidn para
tratar enfermedades en donde la actividad de l1la caspasa

se encuentra implicada.

ANTECEDENTES DE LA INVENCION

La apoptosis, o muerte celular programada, es un
mecanismo por medio del cual los organismos eliminan

células indeseadas. La desrequlacién de la apoptosis, ya

3



sea la apoptosis exceslva o la falla que esta sufre, ha
estado implicada en un numero de enfermedades tales como
el céncer, los desérdenes inflamatorios y autoinmunes
agudos, las enfermedades isquémicas y ciertos desérdenes
neurodegenerativos (ver por lo general Science, 1998,
281, 1283-1312; Ellis y otros, Ann. Rev. Cell. Biol.,

1991, 7, 663).

Las caspasas s8son una familia de enzimas clsteina
proteasas que son intermediarias clave en las rutas de
seflalizacién para la apoptosis y el desensamble celular
{(Thornberry, Chem. Biol., 1998, 5, R97-R103). Estas rutas
de sefializacién varian dependiendo del tipo de célula de
del estimulo, pero todas las rutas de apoptosis parecen
converger en una ruta efectora comin que conduce a la
protedlisis de proteinas clave. Las caspasas estén
involucradas tanto en la fase efectora de la ruta de
seflalizacién como en la parte ascendente adiclonal de su
iniciacién. Las caspasas de la parte ascendente
involucradas en los eventos de iniciacién llegan a ser
activadas y a su vez activan otras caspasas que estan

involucradas en las fases posteriores de la apoptosis.

La caspasa-l, la primera caspasa identificada, es también
conocida como la enzima gque convierte la interleucina o
“ICE”. La caspasa-1 convierte el precursor de
interleucina-1p (“pIL-1§”) a la forma activa pro-
inflamatoria por medioc de la escisién especifica de pIL-

1B entre Asp-116 y Ala-117. Ademids de la caspasa-1l,

4



también hay otras once caspasas humanas conocidas, y
todas ellas realizan escisiones especificamente en los
residuos aspartilo. También se ha observado que ellas
tienen rigurosos requerimientos de al menos cuatro
residuos de aminoédcldos en el lado N-terminal del sitio

de escisién.

Las caspasas han s8ldo clasificadas en tres grupos
dependiendo de 1la secuencia de aminocadcidos que es
preferida o principalmente reconocida. Se ha demostrado
que el grupo de caspasas, que incluye las caspasas 1, 4,
y 5, prefiere los aminodcidos arométicos hidrofébicos en
la posicién 4 en el lado N-terminal del sitio de
eacisién. Otro grupo que 1incluye las caspasas 2, 3 y 7,
reconocen los residuos aspartilo tanto en la posicién 1
como en la 4 del lado N-terminal del sitio de escisién, y
preferiblemente una secuencia de Asp-Glu-X-Asp. Un tercer
grupo, que incluye las caspasas 6, 8, 9 y 10, soporta
muchos aminodcidos en la secuencia de reconocimiento
primaria, pero parece preferir los residuos con cadenas
laterales alifaticas, ramificadas, tales como valina y

leucina en la posicidén 4.

Las caspasas tamblén han sido agrupadas de acuerdo a su
funcién putativa. La primera subfamilia consiste de las
caspasas-1 (ICE), 4, y 5. Se ha demostrado que estas
caspasas estan involuc&adas en el procesamiento de
citoquina pro-inflamatoria y, por lo tanto, Jjuegan un

papel importante en la inflamacién. La caspasa-1l, la

15



enzima mas estudiada de esta clase, activa el precursor
IL-1B por medio de la escisién proteolitica. Esta enzima,
por lo tanto, Juega un papel clave en la respuesta
inflamatoria. La caspasa-l esta también involucrada en el
procesamlento del factor de induccién gamma interferén
(IGIF o IL-18), el cual estimula la produccién de gamma
interferén, un inmunoregulador clave gque modula la
presentacidén de antigeno, la activacién de las células T

y la adhesién de células.

Las caspasas remanentes integran la segunda y tercera de
las subfamilias. Estas enzimas son de importancia central
en las rutas de seilalizacién intracelular que conducen a
la apoptosis. Una subfamilia consiste de las enzimas
involucradas en los eventos de iniciacién en la ruta
apoptética, que incluye la transduccién de sefiales desde
la membrana de plasmidtica. Los miembros de esta
subfamilia incluyen las caspasas-2, 8, 9 y 10. La otra
subfamilia, que consiste de las caspasas efectoras 3, 6 y
7, estén involucradas en los eventos de escisién finales
de la parte descendente que resultan en la degradacién
sistemidtica y en la muerte de la célula por apoptosis.
Las caspasas involucradas en la transduccién de seflales
de la parte ascendente activan las caspasas de la parte
descendente, las cuales luego inutilizan los mecanismos
de reparaciédn del ADN, fragmentan el ADN, desmantelan el
citoesqueleto de la célula, y finalmente fragmentan la

célula.

]6



El conocimiento de la secuencia de cuatro aminoédcidos
principalmente reconccida por las caspasas ha sido
empleado para diseflar los inhibidores de caspasa. Los
inhibidores tetrapéptidos reversibles han sido preparados
teniendo la estructura CH;CO~[P4]-[P3]-[P2]-CH(R)CH;COzH
en donde de P2 a P4 representan una secuencia de
reconocimiento de aminoidcidos éptima y R es un aldehido,
nitrilo o cetona capaz de unirse a la caspasa sulfhidril
cisteina caspasa. Rano y Thornberry, Chem. Biol. 4, 149-
155 (1997) ; Mjalli, y otros, Bioorg. Med. Chem. Lett. 3,
2689-2692 (1993); Nicholson y otros, Nature 376, 37-43
(1995). Se han preparado los inhibidores irreversibles
basados en la secuencia de reconocimiento de
tetrapéptidos andloga, en donde R es una
aciloximetilcetona -COCH;O0COR’. R’ es ejemplificada por
un fenilo opcionalmente asubstituide tal como 2,6-
diclorobenzoiloxi y en donde R es COCHaX en donde X es un
grupo saliente tal como F o Cl., Thornberry y otros,
Biochemistry 33, 3934 (1994); Dolle y otros, J Med. Chen.

37, 563-564 (1994).

La utilidad de los inhibidores de caspasa para tratar una
variedad de estados de enfermedad de mamiferos asociados
con un incremento en 1la apoptoais celular ha sido
demostrada empleando inhibidores de caspasa peptidicos.
Por ejemplo, en modelos de roedores, se ha demostrado que
los inhibidores de caspasa reducen el tamafio del infarto
e inhiben la apoptosis del cardiomiocito después del

infarto al miocardio, reducen el volumen de la lesién y



el déficit neurolégico resultante del ataque, reducen la
apoptosis post-traumdtica y el déficit neurolégico en la
lesién cerebral traumAtica, son efectivos en el
tratamiento de la destruccién fulminante del higado, vy
mejoran la supervivencia después de 1la conmocién
endotéxica. Yaoita y otros, Circulation, 97, 276 (199B);
Endres y otros, J Cerebral Blood Flow and Metabolism, 18,
238, (1998); Cheng y otros, J. Clin. Invest., 101, 1992
{1998); Yakovlev y otros, J Neuroscience, 17, 7415
(1997); Rodriguez y otros, J. Exp. Med., 184, 2067

(1996) ; Grobmyer y otros, Mol. Med., 5, 585 (1999).

En general, los inhibidores peptidicos descritos
anterlormente son muy potentes en contra de algunas de
las enzimas caspasas. Sin embargo, esta potencia no
siempre se ha reflejado en modelos celulares de
apoptosis. Ademas, los inhibidores peptidicos son
tipicamente caracterizados por propiedades farmacolégicas
indeseables tales comoc una pobre absorcién oral, una
pobre estabilidad y un rapido metabolismo. Plattner y
Norbeck, en Drug Discovery Technologies, Clark y Moos,

Eds. (Ellis Horwood, Chichester, Inglaterra, 1990).

Se ha reportado el reconocimiento de la necesidad de
mejorar las propledades farmacolédgicas de los inhibidores
peptidicos de caspasa, inhibidores peptidomiméticos vy

peptidicos con aminoAcidos no-naturales.

|8



La solicitud WO 95/35308 revela inhibidores de la enzima
que convierte la interleucina-1B incluyendo, inter alia,

los compuestos de las formulas:

en donde X es independientemente seleccionado de =N- o
=CH-; Rs incluye hidrdégeno; R; es hidrégeno y Rg incluye
una cadena lateral de aminodcidos-t; y Riz3 1incluye
hidrégeno, un anillo aromAtico o heteroaromatico, un
grupo alqullo C;-C¢ recto o ramificado, opcionalmente
substituido por F de manera simple o de manera miltiple.
La solicitud WO 95/35308 reporta aquellos compuestos que
son activos en contra de ICE y no reporta la actividad en

contra de otras caspasas.

La solicitud WO 98/10778 revela la inhibicién de
époptosis empleando inhibidores de la familia de 1la

enzima que convierte la interleucina-~lp (ICE)/CED-3 de la

férmula:

4



en donde n es 1 o 2; R, R? y R® son varios grupos; A es
un aminodcido natural o antinatural; B incluye, .inter
alia, un grupo halometilo; y X e Y son substituyentes

varios.

La solicitud WO 00/061542 revela inhibidores dipéptidos

de la apoptosis que tienen la férmula:

O 4y

en donde R; es grupo alquilo opcionalmente substituido o
hidrégeno; Rz es hidrégeno o alquile opcionalmente
substituido; Y es un residuo de un aminoacido natural o
no-natural y R3; es un grupo alguilo, carbociclico
saturado, carbociclico parcialmente saturado, arilo,
heterociclico saturado, heterociclico parcialmente
saturado o hetercarilo, en donde diche grupo se encuentra
opcionalmente substituido; X es O, S, NRy, o (CR4Rs)n en
donde Ry y Rs son, en cada caso, independientemente
selecclonados del grupo que consiste de hidrégeno,
alquilo y cicloalquilo, y nes 0, 1, 2, o 3; o X es NRy,
Y Ry ¥ Ry son tomados junto con el atomo de nitrégeno al
cual ellos estdn unidos para formar un grupo
heterociclico saturado, heterociclico parcialmente
saturado o heteroarilo, en donde dicho grupo se encuentra

opcionalmente substitulido o X es CRRs, Y Ry Yy Ry son



tomados junto con el &tomo de carbono al cual ellos estan
unidos para formar un grupo carbociclico saturado,
carbociclico parcialmente saturado, arileo, heterociclico
saturado, heterociclico parcialmente saturado o
heteroarilo que contiene oxigeno, en donde dicho grupo se
encuentra opcionalmente substituido; y a condicién de que
cuando X es O, entonces R; no es bencilo o t-butilo no

substituidos; y cuando X es CH;, entonces R; no es H.

Aunque varios inhibidores de caspasa han sido reportados,
no es claro si ellos poseen las propiedades
farmacoldégicas apropiadas para ser terapéuticamente
Gtiles. Por lo tanto, hay una continua necesidad por
pequefias moléculas inhibidoras de caspasa que sean
potentes, estables, y que penetren membranas para
proporcionar la inhibicién efectiva de la apoptosis in
vivo, Tales compuestos seria extremadamente ttiles para
tratar las enfermedades anteriormente mencionadas en

donde las enzimas caspasa juegan un papel.

RESUMEN DE LA INVENCION

Ahora se ha encontrado que los compuestos de esta
invencidén y las composiciones farmacéuticas de los mismos
son especialmente efectivos como inhibidores de caspasas
y de la apoptosis celular. Estos compuestos tienen 1la

f6rmula general I:
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en donde:

R! es CO;H, CH,CO;H, o ésteres, amidas o isoésteres de los
mismos;

R? es hidrégeno o un grupo alifitico C,-C¢ opcionalmente
substituide;

R? es hidrégeno o un grupo alifatico C1-Cs opcionalmente
substituido; y

R'* y R® son cada uno independientemente seleccionados de
hidrégeno, un grupo alifdtico C;-Cs¢ opcionalmente
substituido, o R' y R’ tomados junto con el anillo al
cual ellos estén unidos forman un anillo biciclico
opcionalmente substituido, dicho anillo seleccionado a

partir de los siguientes:

(a) (b) (c) @,

Los compuestos de esta invencién tienen potentes
propledades de inhibicién dentro de un rango de caspasas
objetivo con buena eficacia en modelos celulares de

apoptosis. Ademds, se espera que estos compuestos tengan
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penetracién celular mejorada Y propledades
farmacocinéticas y, como una consecuencia de su potencia,
que tengan eficacia mejorada en contra de enfermedades en

donde las caspasas se encuentra implicadas.

DESCRIPCION DETALLADA DE LA INVENCION

Esta invencién proporciona novedosos compuestos, y
derivados farmacéuticamente aceptables de los mismos, gque
son especlalmente efectivos como inhibidores de caspasa.
La invencién tamblién proporciona métodos para emplear los
compuestos para tratar los estados de enfermedad en los
cuales las caspasas actdan como intermediarias. Los

compuestos tienen la férmula general I:

" ’rgr‘ﬁ”

en donde:

R' es COsH, CH,CO;H, o ésteres, amidas o isoésteres de los
mismos;

R?> es hidrégeno o un grupo alifitico C;-Cg opcionalmente
substituido;

R’ es hidré6geno o un grupo alifético C;-Cs¢ opcionalmente

substituldo; y
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R* y RS son cada uno independientemente seleccionados de
hidrégeno, un grupo alifatico C;-C¢ opcionalmente
substituido, o R' y R® tomados junto con el anillo al
cual ellos estidn unidos forman un anillo biciclico
opcicnalmente substituido, dicho anillo seleccilonado a

partir de los siguientes:

QR R

(a) (b) (e) (@,

El término “alifdtico”, tal como se usa aqui, significa
hidrocarburos C;-C;2 de cadena recta, ramificados o
ciclicos, que se encuentran completamente saturados o que
contienen una o mas unidades de insaturacién pero que no
son aromdticos. Por ejemplo, grupos alifaticos adecuados
incluyen los grupos alquilo, alquenilo, alquinilo,
substituidos o sin substituir, lineales, ramificados o
ciclicos, e hibridos de 1los mismos tales como
(cicloalquil)alquilo, (cicloalquenil)alquilo o
(cicloalquil)alquenilo. Los términos “alquilo”, “alcoxi”,
“hidroxialquilo”, ™“alcoxialquile”, y ™“alcoxicarbonilo”,
usados solos o como parte de un radical més grande,
incluyen cadenas tanto rectas como ramificadas, gque
contienen de uno a doce atomos de carbono. Los términos

“alquenilo” y “alquinilo” usados solos o como parte de un
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radical més grande incluirdn cadenas tanto rectas como
ramificadas que contienen de dos a doce A&tomos de
carbono. El término “cicloalquilo” usado solo o como
parte de un radical mis grande incluir&n hidrocarburos
C3-Cy2 ciclicos que se encuentran completamente saturados,
0 que contienen una o mids unidades de insaturacién, pero

que no son aromaticos.

Los términos “haloalquilo”, “haloalquenilo” Y
“haloalcoxi” significan alquilo, alquenilo o alcoxi,
segin el caso, substituidos con uno o mias Atomos de

halégeno. El término “halégeno” significa F, Cl, Br, o I.

El término “heterodtomo” significa nitrégeno, oxigeno, o
azufre e incluye cualquier forma oxidada de nitrégeno y
azufre, y la forma cuaternizada de cualquier nitrégeno
basico. El1 término “nitrégeno” también incluye un
nitrégeno substituible de un anillec heterociclico. Como
un ejemplo, en un anillo saturado o parcialmente
insaturado que tenga 0-3 heterodtomos seleccionados a
partir de oxigeno, azufre o nitrégeno, el nitrbégeno puede
ser N (como en 3,4-dihidro-2H-pirrolilo}, NH (como en
pirrolidinilo) o NR* (como en pirrolidinilo N-

substituido).

Los términos “carbociclo”, “carbociclilo”, “carbociclo-”,
o “carbocicllco”, tal como se usan aqui, significan un
sistema de anillo alifitico que tiene de tres a catorce

miembroa. Los términes “carbociclo”, T™carbociclilo”,
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“carbociclo-”, o “carbociclico®, ya sea saturados o
parcialmente insaturados, también hacen referenclia a
anillos que se encuentran opcionalmente substituidos. Los
términos “carbociclo”, ™“carbociclilo”, “carbociclo-”, o
“carbociclico” también incluyen anillos aliféticos que se
encuentran fusionados a uno o mi&s anillos aromdticos o
no-aromidticos, tal como en un decahidronaftilo,
tetrahidronaftilo, o indanilo, en donde el radical o

punto de unién se encuentra sobre el anillo alifético.

El término “arilo” usado solo o como parte de un radical
mas grande como en “aralquilo®, “aralcoxi”, o)
“ariloxialquilo”, hace referencia a los grupos de anillos
aromidticos que tienen de cinco a catorce miembros, tales
como fenilo, bencilo, fenetilo, l-naftilo, 2-naftilo, 1-
antracilo y 2-antracilo. El término “arilo” también hace
referencia a anillos que s8se encuentran opcionalmente
substituidos. El1 término “arilo” puede ser usado de
manera intercambiable con el término ™“anillec arilo”.
“Arilo” también incluye sistemas de anillos aromaticos
policiclicos fusionados en los cuales un anillo aromético
se encuentra fusionado a uno o mas anillos. Los ejemplos
incluyen l-naftilo, 2-naftilo, l-antracllo y 2-antracilo.
Incluido también dentro del alcance del término “arilo”,
tal como se usa aqui, se encuentra un grupoc en el cual un
anillo aromitico se encuentra fusionado a uno o mas
anillos no-aromiticos, tal como en un indanilo,
fenantridinilo, o tetrahidronaftilo, en donde el radical

o punto de unién se encuentra sobre el anillo aromatico.
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El término “heterociclo”, “heterociclilo”, o
“heterociclico”, tal como se emplea aqui, incluye
sistemas de anillos no-aromaticos que tienen de cinco a
catorce miembros, preferiblemente de cinco a diez, en los
cuales uno o mias carbonos del anillo, preferiblemente de
uno a cuatro, son cada uno reemplazados por un
heterocatomo tal como N, O, o S. Ejemplos de anillos

heterociclicos incluyen 3-1H-benzimidazol-2-ona, (1-

substituido)}-2-oxo-benzimidazol-3-1ilo, 2-
tetrahidrofuranilo, 3-tetrahidrofuranilo, 2-
tetrahidropiranilo, 3-tetrahidropiranilo, 4-

tetrahidropiranilo, [1,3]-dioxalanilo, [1,3]-ditiolanilo,
[1,3)-dioxanilo, 2-tetrahidrotiofenilo, 3-
tetrahidrotiofenilo, 2-morfolinilo, 3-morfeolinilo, 4-
morfolinilo, 2-tiomorfolinilo, 3-tiomeorfolinilo, 4-
tiomorfolinilo, l-pirrolidinilo, 2-pirrolidinilo, 3-
pirrolidinilo, l-piperazinilo, 2-piperazinilo, 1-
piperidinilo, 2-piperidinilo, 3-piperidinilo, 4-
piperidinilo, 4-tiazolidinilo, diazolonilo, diazolonilo
N-subsatituido, 1-ftalimidinilo, benzoxanilo,
benzopirrolidinilo, benzopiperidinilo, benzoxolanilo,
benzotiolanilo, y benzotianilo. Incluido también dentro
del alcance del término “heterociclilo” o
“heterociclico”, tal como se emplea aqui, se encuentra un
grupo en el cual un anillco no-aromadtico que contiene
heterodtomos se encuentra fusionado a uno o mi&s anillos
aromaticos o no-aromaticos, tal como en un indolinilo,

cromanilo, fenantridinilo, tetrahidroquinolinilo, o
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tetrahidroisoquinolinilo en donde el radical o punto de
unién se encuentra sobre el anillo no-aromitico que
contiene heteroatomos. El término “*heterociclo”,
“*heterociclilo”, o ‘“heterociclico” ya sea saturado o
parcialmente insaturado, también hace referencia a

anillos que se encuentran opcionalmente substituidos.

El término “hetercarilo”, usado solo o como parte de un
radial mas grande cdﬁo en “heterocaralqullo” o
“*heterocarilalcoxi” hace referencia a grupos de anillos
heteroaromdticos que tienen de cinco a catorce miembros.
Los ejemplos de anillos heteroarilo incluyen 2-furanilo,
3-furanilo, N-imidazolilo, 2-imidazolilo, 4-imidazolilo,
S5-imidazolilo, 3-furazanilo, 3-isoxazolilo, 4-
isoxazolilo, 5-isoxazolilo, 2-oxadiazolilo, 5-
oxadiazolilo, 2-oxazolilo, 4-oxazolilo, 5-oxazolilo, 1-
pirrolile, 2-pirrolilo, 3-pirrolilo, 1l-pirazolilo, 3-
pirazolilo, 4-pirazolilo, 2-piridilo, 3-piridileo, 4-
piridilo, 2-pirimidilo, 4-pirimidilo, 5-pirimidilo, 3-
plridazinilo, 2-tiazolilo, 4-tiazolilo, 5-tiazolilo, 5-
tetrazolilo, 2-triazolilo, 5-triazolilo, 2-tienilo, 23~
tienilo, carbazolilo, benzimidazolilo, benzotienilo,
benzofuranilo, indolilo, quinolinilo, benzotriazolilo,
benzotiazolilo, benzooxazolilo, benzimidazolilo,
isoquinolinilo, indolileo, isoindolilo, acridinile, o
benzoisoxazolilo. Incluido también dentro del alcance del
término “heteroarilo”, tal como se usa aqui, se encuentra
un grupo en el cual un anillo heterocatémico se encuentra

fusionado a uno o mas anillos aromiticos o no-aromdticos
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en donde el radical o punto de unién se encuentra sobre
el anillo hetercaromético.. Los ejemplos incluyen
tetrahidroquinolinilo, tetrahidroisoquinolinilo, y pirido
[3,4-d])] pirimidinilo. El1l término “heterocarilo” también
hace referencia a anillos que se encuentran opcionalmente
substituidos. El término “heterocarilo” puede ser usado de
manera intercambiable con el término “anillo heteroarilo”

o “el término “hetercaromitico”.

Un grupo arilo (gque incluye aralquilo, aralcoxi,
ariloxialquilo y similares) o heterocarilo (que incluye
heterocaralquilo y hetercarilalcoxi y similares) puede
contener uno © mAs substituyentes. Los ejemplos de
substituyentes adecuados sobre el A&Atomo de carbono
insaturado de un grupo arilo, heterocarilo, aralquilo, o
heteroaralquilo incluyen un haldgeno, -R°, -OR®, -SR°,

l,2-metileno-dioxi, 1,2-etilencdioxi, OH protegido (tal

como aciloxi), fenilo (Ph), Ph substituido, -=-0(Ph),

O({Ph) substituido, -CHa2(Ph), -CHz(Ph) substituido, -

CH2CHz (Ph), -CHaCHz(Ph) substituido, -NOz, -CN, -N(R°)j,

NR°C(O)R®, -NR°C(O)N(R°®)2, ~-NR°CO,R®, -NR°NR°C(O)R®,

NR°NR°C(O}N(R®) 2, -=NR°NR*CO:R®, -C(0)C(O)R®, -
C(O)CH,C(O)R®, -COzR°, -C(O)R®, -C(O)N(R®}2, -OC(O)N(R®)g,
-S(0)2R®, -SO,N(R®)z, -S(O)R", -NR®SO.N(R®)z, -NR°SO;R°, -
C(=S)N(R"®)2, ~C{=NH) -N(R°)2, - {CH2) yNHC (O)R®, -
(CHz) yNHC (O)CH(V-R®) (R°); en donde R®* es hidrégeno, un
grupo alifético substituido o no substituido, un anillo
heteroarilo o heterociclico no substituido, fenilo (Ph),

Ph substituido, -O(Ph), -0O(Ph) substituido, -CHz(Ph), o -
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CH2(Ph) substituido; y es 0-6; y V es un grupo ligante.
Los ejemplos de substituyentes sobre el grupo alifitico o
sobre el anillo fenilo de R® incluyen amino, alguilamino,
dialquilamino, aminocarbonilo, halégeno, alquilo,
alquilaminocarbonilo, dialquilaminocarbonilo,
alquilaminocarboniloxi, dialquilaminocarboniloxi, alcoxi,
nitro, ciano, carboxi, alcoxicarbonilo, alquilcarbonilo,

hidroxi, haloalcoxi, o haloalquilo.

Un grupo alifitico o un anillo heterociclico no-aromAtico
puede contener uno o méAs substituyentes. Los ejemplos de
substituyentes adecuados socbre el carbono saturado de un
grupo alifatico o de un anillo heterociclico no-aromAtico
incluyen aquellos listados anteriormente para el carbono
insaturado de un grupo arilo o heteroarilo y los
siguientes: =0, =8, =NNHR', =NN(R"})2, =N-, =NNHC(O)R',
=NNHCO; (alquilo), =NNHSO:(alguilo), o =NR’, en donde cada
R' se selecciona de manera independiente a partir de
hidrégeno, un grupo alifatico no substituido o un grupe
alifatico substituido. Ejemploas de substituyentes sobre
el grupo alifitico incluyen, amino, alquilamino,
dialquilamino, aminocarbonilo, halégeno, alquilo,
alquilaminocarbonilo, dialquilaminocarbonilo,
alquilaminocarboniloxi, dialquilaminocarboniloxi, alcoxi,
nitro, ciano, carboxi, alcoxicarbonilo, alquilcarbonile,

hidroxi, halcalcoxi, o haloalquilo.

Los substituyentes adecuados sobre el nitrégenc de un

anillo heterociclico no-aromidtico incluyen -R*, -N{(R*)z, -
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C(O)R*, -CO:R*, -C(D)C(O)R*, -C(O)CHaC(O)R*, =-SO0iR*, =
SO0:N(R")2, -C{=S)N(R%)2, -C(=NH)-N{R*)2, y -NR*SO;R*; en
donde R' es hidrégeno, un grupo alifdtico, un grupo
alifdtico aubstituido, fenilo (Ph), Ph substituido, -
O(Ph), -O(Ph) substituido, CHz2(Ph), CH;(Ph) substituido, o
un anillo heteroarilo o heterociclico no substituldo. Los
ejemplos de substituyentes sobre el grupo alifético o el
anillo fenilo incluyen amino, alquilamino, dialquilamino,
aminocarbonilo, halégeno, alquilo, algquilaminocarbonilo,
dialquilaminocarbonilo, alquilaminocarboniloxi,
dialqullaminocarboniloxi, alcoxi, nitro, ciano, carboxi,
alcoxicarbonilo, alquilcarbonilo, hidroxi, haloalcoxi, o

haloalquilo.

Una combinacién de substituyentes o variables es
permisible solo 8i tal combinacién resulta en un
compuesto estable o quimicamente factible. Un compuesto
estable o un compuesto quimicamente factible es aguel en
el cual la estructura quimica no se encuentra
substancialmente alterada cuando 8se guarda a una
temperatura de 40 °C o menos, en la ausencia de humedad u
otras condiciones quimicamente reactivas, por al menos

una semana.

Cuando el grupo R! se encuentra en la forma de un éster o
amida, los compuestos de la presente 1invencidédn sufren
escisién metabdlica en un mamifero a los A&cidos
carboxilicos correspondientes, los cuales son los

inhibidores activos de las caspasas. Debido a que ellos
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sufren escisién metabélica, la naturaleza precisa del
grupo éster o amida no es critica para el funcionamiento
de esta invencién. La -estructura del grup; R! puede variar
desde la relativamente simple dietil amida hasta un éster
esteroidal. Los ejemplos de ésteres de dcidos
carboxilicos de R! incluyen, pero no estén limitados a,
alifédtico C;-C;z, tal como alquilo C;.¢ © cicloalquilo Ci-
10, arilo, tal como fenilo, aralquilo, tal como bencilo o
fenetilo, heterociclilo, heterociclilalquilo,
heterocarilo, y hetercaralquilo. Ejemplos de anillos
heterociclilos adecuados de R! incluyen, peroc no estén
limitados a, anillos heterociclicos de 5-6 miembros gque
tienen uno o doa heterodtomos tales como piperidinilo,
piperazinilo, o morfolinilo. Los ejemplos de anillos
heteroarilo de R! adecuados incluyen, pero no estén
limitados a, anillos heteroarilo de 5-6 miembros que
tienen uno o dos hetercdtomos tales como piridilo,

pirimidinilo, furanilo y tienileo.

Las amidas de los &cidos carboxilicos de R' pueden ser
primarias, secundarias o terciarias. Los substituyentes
adecuados sobre el nitrégeno de la amida incluyen, pero
no estén limitadas a, uno o dos grupos seleccionados de
manera independiente a partir de los grupos alifatico,
arilo, aralquilo, heterociclilo, heterociclilalquilo,
hetercarilo y heterocaralquilo descritos anteriormente
para el éster alcchol de R!. Asimismo, otros profirmacos
se encuentran incluidos dentro del alcance de esta

invencién. Ver Bradley D. Anderson, YProdrugs for
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Improved CNS Delivery" (Profarmacos para la entrega

mejorada del SNC) en Advanced Drug Delivery Reviews

(1996), 19, 171-202.

Los isoésteres o bioisoésteres de los 4cidos carboxilicos
de R!, los ésteres y las amidas resultan del intercambio
de un Atomo o grupo de &tomos para crear un nuevo
compuesto con propledades biolégicas similares al Acido
carboxilico o éster precursor. El reemplazo biolsostérico
puede estar fisicoquimicamente o topolégicamente basado.
Un ejemplo de un reemplazo 1isostérico para un Acido

carboxilico ea CONHSOz(alquilo) tal como CONHSO:Me.

Los compuestos de esta invencién en donde R! es CO;H o
CH2CO0zH, Yy-cetolcidos o d-cetodcidos respectivamente
pueden existir en solucibén, ya sea como la forma ablerta
{(a) o la forma hemicetal ciclizada (b) (y=1 para y-
cetodcidos, y=2 para O&-cetodcidos). La representacién

aqui de cualquier forma lsomérica tiene la intencidén de

incluir la otra.

Asimismo, ser& claro para una persona versada en la

materia que clertos compuestos de esta invenciédn pueden
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existir en formas tautoméricas o formas hidratadas,
estando todas esas formas de los compuestos dentro del
alcance de la invencién. A menos que otra cosa se
establezca, las estructuras representadas aqui tienen
también la intencién de incluir todas las formas
estereoquimicas de la estructura; esto es, las
configuraciones R y § para cada centro asimétrico. Por lo
tanto, los isdmeros estereoquimicos simples al igual que
las mezclas enantioméricas y diastereoméricas de los
compuestos de la presente invencidn se encuentran dentro
del alcance de la invencién. A menos que otra cosa se
establezca, las estructuras representadas aqui tienen
también la intencién de incluir los compuestos que solo
difieren en la presencia de uno o mids &atomos
isotépicamente enriquecidos. Por ejemplo, los compuestos
que tienen las estructuras de la presente invencién
excepto por el reemplazo de un hidrégeno por un deuterio
o tritio, o el reemplazo de un carbono por un carbono
enriquecido !C- o !Yc- estadn dentro del alcance de esta

invencién.

Una cantidad de inhibidores dipeptidicos ICE/caspasa que
fueron descritos de manera genérica en la solicitud WO
95/35308 han sido ahora analizados en busca de actividad
en contra de las caspasas en los ensayos enzimidticos y
basados en células descritos mis adelante. Dentro de los
compuestos analizados, se encontrd que los nuevos

compuestos de fé6érmula 1 tenian una actividad
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inesperadamente buena en contra de un nimero de enzimas

caspasa.

Cuando R' y R’ son tomados juntos para formar un anillo
fusionado al imidazol, se proporcionan las siguientes

reallzaciones de esta ilnvencién:

en donde R, R?® y R son tal como se describié
anteriormente y R representa uno o mis substituyentes
opcionales. los ejemplos de los grupos R, cuando se
encuentran unidos a una posicién no-adyacente a un
nitrégeno del anilleo, incluyen alquilo C;-s, alcoxi Cji-¢,
haldgeno, alquilamino, dialquilamino,
alquilaminocarbonilo, dialgquilaminocarbonilo, Y
alquilcarbonilo. Los ejemplos de los grupos R, cuando se
encuentran unidos a una posicién adyacente a un nitrégeno
del anillo, 1incluyen alquilo Ci-s alquilamino, Y

dialquilamino.
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Los compuestos preferidos de esta invencidén son los
compuestos de férmula I que tienen una o mds de las
slguientes caracteristicas y m&s preferiblemente todas

las sigulentes caracteristicas:

(a)} R' es CO;H o ésteres, amidas o isoésteres del
mismo;

(b} R? es un grupo alquilo C;-C¢ de cadena recta o
ramificada;

(c) R? es hidrégeno; y

(d) R* y R® son cada uno hidrégeno, o R' y R® junto
con el anillo al cual ellos se encuentran

unidos forman un anillo benzimidazol.

Cuando R? se encuentra substituido, los substituyentes

preferidos incluyen hidroxi, tio, amino o halégeno.

Los ejemplos representativos especificos de los

compuestos de férmula I se muestran en la Tabla 1.

1
o R
A
H

No. Anillo A R R* R’
1 Imidazol-2-ilo CO2H CH3- H
2 Benzimidazel-2-ilo CO2H CH3- H
3 Imidazol-2-ilo COzH CH3CH,- H




4 Imidazol-2-ilo CO2H | (CH3)2CH- | H
5 Benzimidazol-2-ilo COzH | (CH3)2CH- | H
6 9H-Purin-8-ilo COzH | (CH3)2CH- | H
7 3H-Imidazo[4,5-b)piridin-2-1lc | CO;H | (CHj)2CH- H

Los compuestos de esta invencién pueden ser preparados en
general por medio de métodos conocidos para aquellas
personas versadas en la materia para compuestos andlogos,
tal como se 1lustra por medio del Esguema general I
siguiente y por medio de los ejemplos preparativos que le

siguen.

Esgquema I

s G i
Y ,#1%” f?:f_df

R=H

R

R
H H

’ T.Hll- uilo . . e
bg:,ﬂ-:llq )

Reactivos: (a) EDC, diisopropiletilamina, HOBt, 2; (b)

hidrélisis o) TFA/DCM; (e) DMAP, EDC,



diisopropiletilamina, HOBt, 4; (d) Periodinano Dess-

Martin

El Esquema I muestra una ruta general para preparar los
compuestos de la presente invencién. Las siguientes
abreviaciones son empleadas: EDC es 1-(3-
dimetilaminopropil)-3-etilcarbodiimida; HOBT es 1-
hidroxibenzotriazol ; TFA es &cido trifluorcacético; DCM
es diclorometano; y DMAP es 4-dimetilaminopiridina. La
reaccién del conocido acido imidazol-2-carboxilico o del
conocido 4acido benzimidazol-2-carboxilico (representado
por medio de la estructura genérica 1) con el derivado
amino éster 2 proporciona la amida 3. Si el éster 3 es un
éater tert-butilo, E1 TFA en DCM es empleado para
proporcionar el &cido 4. Para los otros grupos R, la
hidrélisia standard puede ser empleada. El &4cido 4 es
luego acoplado con el amino alcohol 5 para proporcionar
6. Dependiendo de la naturaleza de R, una amino cetona
puede ser empleada en lugar del amino alcohol 5, lo cual
evita la etapa de oxidacién subsecuente. En el caso de
las fluorometil cetonas en donde CO;R es CO;tBu, el amino
alcohol 5 puede ser obtenlido de acuerdo con.el método de
Revesz y otros, Tetrahedron Lett., 1994, 35, 9693.
Finalmente, el hidroxilo en el compuesto 6 es oxidado y
el compuesto es luego tratado apropiadamente de acuerdo
con la naturaleza de R!. Por ejemplo, si el producto I
requiere que R! sea un &cido carboxilico, entonces R! en 7
es preferiblemente un éster y la etapa final en el

esquema es la hidrélisis.



Experimental

Edemplo 1

Sal trifluoroacetato del &cido [3S8/R, (28)]-5-Fluoro-3-{2-

[ {lH-imidazol-2-carbonil)-amino] -propionilamino}-4-oxo-

pentanoico (Compuesto 1)

Método A:

Ester tert-butilo del 4cido (28)=-2-[ {1LH-Imidazol-2-

carbonil)-amino] -propibénico

K

A una solucién del 4&cido 1H-imidazol-2-carboxilico
(0.17g) en N,N-dimetilformamida (DMF) ({(3mL) se adicioné
clorhidrato de éster tert-butil de alanina (0.22qg},
diisopropiletil amina (0.27mL)}) y HOBT (0.41lg) antes de
enfriar a 0° C y la mezcla de reacciédn fue tratada con

EDC.HC1 (0.32g). El baflo de enfriamiento fue retirado y
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la mezcla de reaccién se agité a temperatura ambiente por
18 hrs antes de ser diluida con etil acetato y lavada con
agua y salmuera, secada (Mg304) y concentrada a presién
reducida. El residuo fue purificado por medio de
cromatografia de silica gel (acetato de etilo al 30% en
hexanos) para proporcionar el compuesto del subtitulo
como un aceite incoloro (0.263g, 73%): 'H RMN 400 MHz
CDC13 1.50 (9H, s), 1.51 (3H, d4, J 7.2), 3.70 {(1H, m),

7.28 (2H, 8), 7.78 (1H, 4, J 7.6), 11.49 (1H, br s).

Método B:

Ester tert-butilo del &cido [3S/R, 4S/R, (28)]-5-Fluoro-

4-hidroxi-3-{2-[(1lH-imidazol-2-carbonil)-amino] -

propionilamino}-pentanocico

Una solucién de éster tert-butilo del &cido (28)-2-[(lH-
imidazol-2-carbonil)-amino]-propionico (0.257qg) en
diclorometano (2mL) fue enfriada a 0° C antes de la
adicién gota a gota de aclido trifluorocacético y la mezcla
de reaccién se calentd a temperatura ambiente y se agitéd
por 2 hr antes de la evaporacién bajo presién reducida.
El residuo fue co-evaporado con diclorometano (dos veces)

y tolueno {(dos veces) para dejar el &cido (2S)-2-[(lH-
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imidazol-2-carbonil)-amino] -propionico requerido que fue

usado sin purificacién adicional (0.40g).

Una solucidén del &cldo (28)-2-[{lH-imidazol-2-carbonil)-
amino] -proplonico y del éster tert-butilo del &cido 3-
amino-5-fluoro-4-hidroxi-pentanoico (0.254g) en THF (7mL)
fue enfriada a 0° C antes de la adicién de DMAP (0.151q),
dilisopropiletil amina (0.56mL), HOBT (0.l16g) y EDC.HCl
(0.23g). La mezcla de reaccién se agité a temperatura
ambiente por 18 hrs antes de ser concentrada a presidén
reducida. El1 residuo fue purificado por medio de
cromatografia de silica gel (Metanol al 5% en
diclorometano) para proporcionar el <compuesto del
subtitulo como un sélido incoloro (0.386g, 97%): 'H RMN
400MHz CDC13/CD30D 1.40 (12H, m), 3.92 (1H, m), 4.20-4.55
(4H, m), 7.11 (2H, d, J 15) '%F RMN CDC1l3 -229.74 (m), -

229.84 (m), -230.54 (m), -230.87 (m).

Método C:

Ester tert-butilo del &cido [38/R, {28)]-5-Fluoro-3-{2-

[ ({1R-imidazol-2-carbonil)-amino] -proplionilamino}-4-oxo-

pentanoico

Jl
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Una solucién del é&ster tert-butilo del &cido [(38/R,
(28) }-5-fluoro-4-hidroxi-3-{2-[ (1LH-imidazol-2-carbonil) -

amino] -propionilamino}-pentanoico (0.381q) en
diclorometano fue enfriada a 0° C antes de la adicién de
1,1,1 triacetoxi-1,1-dihidro-1,2-benziodoxol-3(1H)-ona
(0.476g). La mezcla fue agitada a temperatura ambiente
por 2 h antes de la adicién de una porxcién adicional de
1,1,1 triacetoxi-1,1-dihidro~-1,2-benziodoxol-3(1H)-ona
{(0.05g) y la mezcla de reaccién se agité por 90 min.
antes de ser concentrada a presién reducida. El residuo
fue disuelto en acetato de etilo y lavado con una mezcla
1:1 de NaHSO, acuoso y Na;$S;0; acuoso. La capa orgénica
fue recolectada, secada (MgS0,) y concentrada. El residuo
fue purificado por cromatografia instantidnea (flash)
(metanol al 5% en diclorometano) para dar el compuesto
del subtitulo como una espuma incolora (319mg, 848%): !H
RMN 400MHzZ CDCl; 1.37+1.43 (9H, 2xs), 1.54 (3H, m), 2.85
(1H, m), 3.03 (1H, m), 4.85-5.30 (4H, m}, 7.18 (2H, d, J

16), 7.90 (1H, m), 7.98 (1H, m), 11.37+11.45 (1H, 2xs)

e

1% RMN 376 MHz CDCls -231.85 (t, J 48), =-232.12 (t, J

48).

Método D:

Compuesto 1

/jﬂﬁ
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Una solucidén del éster tert-butilo del &cido [3S/R,

(28) ]1-5-Fluoro-3-{2-[ (1H-imidazol-2-carbonil)-amino] -

propionilamino)-4-oxo-pentancico (0.31g) en diclorometano

(2ml.) fue enfriada a 0 °C antes de la adicién gota a gota
de A&cido trifluoroacético y la mezcla de reaccién se
calenté a temperatura amblente y se agité por 2 hr antes
de la evaporacién bajo presién reducida. El1l residuo fue
co-evaporado con diclorometano (dos veces) y triturado
bajo éter para dar el compuesto del titulo como un sélido
incoloro (0.35g): IR 1785.7, 1730.1, 1653.7, 1538.1,
1458.2, 1384.2, 1268.7, 1188.4, 1150.9, 1053.3, 992.13,
931.8, 867.9, 847.0, 768.5 cm™; 'H RMN 400MHz DMSO Dg
1.37 (3H, d), 2.40-2.85 (2H, m, asp CH2); 4.34-4.75
(2.5H, m, 2xCH+0.5CH2F); 5.13-5.41 (1.5H, m, CH2F); 7.50
(2H, s, imidazol CHs); 8.58-8,79 (2H, m, NHs); '°C RMN 100
MHz DMSO D6 18.13, 18.85 (ala CHi); 33.13, 34.75 (asp
CHz); 46.68, 52.41 (CHs); 83.46, 85.21 (CH2F); 123.67 (CH
imidazol); 139.57, 158.86, 172.35 (m) (C=0s); 202.70 (5
plcos de cetona); !5F RMN 376 MHz DMSO D desacoplado -
75.19 (3F, s, CF3COOH); -(226.89, 226.96, 230.80, 231.589,
232.95, 233.06 (1lF, 6xs, COCHF anillc abierto y anillo

cerrado) .

Ejemplo 2

Sal trifluorocacetato del é&cldo [3S/R, (28)]-3-{2-[(lH-

Benzoimidazol-2-carbonll)-amino]-proplionilamino}-5-fluoro

-4-oxo-pentanoico (Compuesto 2)

4
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Este compuesto fue preparado a partir del &cido 1H-
benzoimidazol-2-carboxilico empleando procedimientos
similares a aquellos descritos en los anteriores Métodos
A-D (142 mg, 90% para la etapa final): (el compuésto se
aislé como la sal TFA) sé6lido de color hueso; IR (sélido,
cm™) 3277.9, 1654.6, 1526.6, 1188.6, 1142.5, 1050.4,
927.5, 748.2, 712.4; 'H RMN (DMSO-D®) 1.42 (3H, d), 2.51-
2.95 (2H, m), 4.21-4.75 (2H, m), 4.76-5.60 (3H, brm),
7.41 (2H, m), 7.65 (2H, m), 8.21-9.05 (2H, m); *C RMN
(DMso-D%) 18.0, 18.7, 18.8 (Ala CH3), 37.2, 34.6, 34.7
(Asp CH2), 47.6, 48.8, 48.85, 49.1 (Asp CH), 52.0, 52.5
(Ala CH), B83.5, 85.2, 85.3, 103.8, 106.0 (CH2F), 116.6,
123.9 (Arilo CH), 145.3, 145.4, (Arilo C), 158.4, 158.7,
158.8, 172.1, 172.2, 172.4, 172.5, 172.6, 172.7, 173.2
(NC=0), 202.6, 202.7, 202.8, 202.9 (C=0) ; M’ encontrado
364.1177.

Ci1¢H17FN4Os requiere M* 364.1183 (1.8 ppm).

Ejemplo 3

Sal trifluoroacetato del &cido ([3S8/R, {(28)]-5-Fluoro-3-

{2-[{1H-imidazol-2-carbonil)-aminol-butirilamino}-4-oxo-

pentanoico (Compuesto 3)

U4



Este compuesto fue preparado a partir del acido 1H-
benzoimidazol-2-carboxilico empleando procedimientos
similares a aquellos descritos en los anteriores métodos
A-D (147 mg, 64% para la etapa final): IR 3280.0, 1659.5,
157.9, 1192.5, 1141.6, 784.7, 721.1 cm™?; 'H RMN 400MHz
DMSO D¢ 0.95 (3H, m), 1.78 (2H, m), 2.58-2.98 (2H, m),
4.30-4.78 (2.5H, m), 5.10-5.42 (1.5H, m), 7.41 (2H, 8s),
8.44+8.75 (2H, 2xm); '3 RMN 100 MHz DMSO Dg 10.19, 10.29,
15.52 (CH3), 25.42, 25.49, 26.03, 33.06, 33.13, 34.65,
34.80 (CH2), 47.45, 47.53, 52.0, 53.96, 54.13 (CH) 65.27
(CH2), 84.36 (d, J 177, CH2F), 103.81, 104.00 (C), 123.89
(CH), 139.74 (C=0), 156.90, 158.39%, 158.74, 171.51,
171.80, 171.83, 172.02, 173.11 (C=0), 202.51, 202.66,
202.76, 202.90 (CH2FC=0); !’F RMN 376 MHz DMSO Dg -226.82
(t, J 45), -226.84 (t, J 45), -230.67 (t, J 45), -231.43

(¢, J 45), -232.79 (t, J 45), -232.82 (t, J45).

Ejfemplo 4

Acido [38/R, (25)]-5-Fluoro-3-{2-[ (1H-imidazol-2-

carbonil)-amino]~3-metllbutirilamino}-4-oxo-pentanoico

(Compuesto 4)

PL



Este compuesto fue preparado a partir del é&cido 1H-
benzoimidazol-2-carboxilico empleando procedimientos
similares a aquellos descritos en los anteriores Métodos
A-D (80g, B85% para la etapa final): polvo blanco, IR
(s8lido, cm™) 1736, 1649, 1557, 1511, 1455, 1434, 1393;
'H RMN (DMSO+TFA) 0.92-0.95 (6H, m), 2.06-2.15 (1H, m),
2.56-2.90 {(2H, m), 4.33-5.36 (4H, m), 7.79 (2H, s), 8.58-
8.90 (2H, m); °F RMN (DMSO+TFA) -226.8 (t), -230.6 (t), -
231.0 (t), =-232.5 (t), -232.6 (t); '°C RMN (DMSO+TFA)
18.1/18.4 (CH3), 19.2/19.3 (CH3), 34.5/34.8 (CH2),
51.9/52.2 (CH), 58.5/58.8 (CH), 64.3/84.4 (2d, J
178.7/178.7, CH2F), 122.0 (CH), 137.5 (C), 153.7 (C),
170.6 (C), 171.9/172.0 (C), 202.5/202.8 (2d, J 14.6/14.6,

Co) .

Ejemplob
Acido [38/R, (2S5)]-3-{2-[(lH-Benzoimidazol-2-carbonil)-

amino]-3-metilbutirilamino}-5-fluoro-4-oxo-pentanoico

(Compuesto 5)

)
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Este compuesto fue preparado a partir del 4&cido 1H-
benzoimidazol-2-carboxilico empleando procedimientos
similares a aquellos descritos en los anteriores Métodos
A-D (90mg, 87% para la etapa final): polvo blanco, IR
(sélido, cm™) 1737, 1665, 1527, 1373, 1194, 1137; 1H RMN
(DMSO) 0.90-0.95 (6H, m), 2.15-2.18 (1H, m), 2.59-2.92
(2H, m), 4.33-4.76 y 5.12-5.38 (4H, 2m), 7.31-7.35 (2H,
m), 7.66-7.68 (2H, m), 8.36-8.82 (2H, m); 'SF RMN
(DMSO+TFA) -226.7 (t), =-226.9 (t), -232.4 (t), -232.6
(t); c RMN (DMSO) 18.3/18.4/18.5/18.7 (CH3), 19.4/19.5
(CH3), 31.0/31.1/31.6 (CH), 34.7/34.8 (CH2), 51.8/52.1
(CH), 57.9/58.3/58.6 (CH), 84.3/84.4 (2d, J 178.7/178.17,
CHaF), 124.0 (CH), 145.2/145.2 (C),
158.4/158.5/158.7/158.8 (C), 170.9/171.1/171.2 (C),
172.0/172.0 (C), 173.1 (C), 173.9 (C), 202.06/202.6 (2d,

J 13.8, CO).

Los compuestos de esta invencién estédn disefiados para
inhibir las caspasas. Por lo tanto, los compuestos de
esta invencién pueden ser analizados en cuanto a su
habilidad para inhibir la apoptosis, a la liberacién de
IL-1f o a la actividad de las caspasas directamente. Los
ensayos para cada una de las actividades son conocidos en
la técnica y son descritos més adelante en detalle en la

Seccién de pruebas.

De acuerdo a otra realizacién, la invenciédn proporciona

una composicién que comprende un compuesto de esta

e
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invencién o una sal farmacéuticamente aceptable del
mismo, como se describié anteriormente, y un portador

farmacéuticamente aceptable.

Si las sales farmacéuticamente aceptables de los
compuestos de esta invencién son utilizadas en estas
composiciones, esas sales son preferiblemente derivadas
de 4&cidos y bases 1norgadnicas u organicas. Incluidas
dentro de dichas sales 4&cidas se encuentran las
sigulentes: acetato, adipato, alginato, aspartato,

benzoato, benceno sulfonato, bisulfato, butirato,

citrato, camforato, camfor sulfonato,
ciclopentanopropionato, digluconato, dodecilsulfato,
etanosulfonato, fumarato, glucoheptanoato,

glicerofosfato, hemisulfato, heptanocato, hexanoato,
clorhidrato, bromhidrato, yodhidrato, 2-
hidroxietanosulfonato, lactato, maleato, metanosulfonato,
2-naftalenosulfonato, nicotinato, oxalato, pamoato,
pectinato, persulfato, 3-fenlil-propionato, picrato,
pivalato, proplonato, succinato, tartrato, tilocianato,
tosilato y undecanocato. Las sales basicas incluyen las
sales de amonio, las sales de metales alcalinos, tales
como las sales de sodio y potasio, las sales de metales
alcalinotérreos, tales como las sales de calcio vy
magneslo, las sales con bases orginicas, tales como las
sales de diciclohexilamina, N-metil-D-glucamina y las
sales con aminodcidos tales como arginina, lisina, y asi

suceslivamente.

48
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También, los grupos bésicos que contienen nitrégeno
pueden ser cuaternizados con agentes tales como haluros
de alquilo inferior, tales como metilo, etilo, propilo, Y
cloruro, bromuros y yoduros de butilo; dialquil sulfatos,
tales como dimetil, dietil, dibutil y diamil sulfatos,
haluros de cadena larga tales como los cloruros, bromuros
y yoduros de decilo, laurilo, miristilo y estearilo,
aralquil haluros, tales como los bromuros de bencilo y
fen.etilo Yy otros. Los productos solubles en agua o en

acelte o dispersables son obtenidos de ese modo.

Los compuestos utilizados en las composiciones y métodos
de esta invencién pueden también ser modificados anexando
funcionalidades apropiadas para incrementar las
propiedades biolégicas selectivas. Tales modificaciones
son conocldas en la técnica e 1incluyen aquellas que
incrementan la penetracién blolégica dentro de un sistema
biolégico determinado (por ejemplo, la sangre, el sistema
linfatico, el sistema nervioso central), que incrementan
la disponibilidad oral, que incrementan la solubilidad
para permitir la administracién por medio de inyeccién,
que alteran el metabolismo y que alteran la velocidad de

excrecidn.

Los portadores farmacéuticamente aceptables que pueden
ser empleados en estas composiciones incluyen, pero no
estédn limitados a, intercambiadores 1iénicos, alumina,
estearato de aluminio, lecitina, proteinas del suero,

tales como la albimina sérica humana, substancias tampén

41
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tales como fosfatos, glicina, &cido sérbico, sorbato de
potasio, mezclas parclales de glicéridos de &cidos grasos
vegetales saturados, aqua, sales o electrolitos, tales
como sulfato de protamina, fosfato &cido disédico,
fosfato &acido de potasio, cloruro de sodio, sales de
zinc, silica coloidal, trisilicato de magnesio, polivinil
pirrolidona, substancias basadas en celulosa, polietilen
glicol, carboximetilcelulosa de socdio, poliacrilatos,
ceras,  polimeros de bloque polietileno-polioxipropileno,

polietilen glicol y grasa de lana.

De acuerdo con una realizacién preferida, las
composiciones de esta invencién esté&n formuladas para la
administracidn farmacéutica a un paclente,
preferiblemente a un ser humano., Un aspecto de esta
invencién se relaciona con un método para el tratamiento
de una enfermedad relacilonada con la caspasa en un
paclente en necesidad del mismo, método que comprende
administrar al paciente una cantidad terapéuticamente
efectiva de un compuesto de férmula I o una composiciédn
farmacéutica del mismo. El1 término “paciente” incluye

sujetos humanos y veterinarios.

Tales composiciones farmacéuticas de la presente
invencién pueden ser administradas oralmente,
parenteralmente, por medio de un spray de inhalacién,
tépicamente, rectalmente, nasalmente, bucalmente,
vaginalmente o por medio de un reservorio implantado. El

término “parenteral”, tal como se usa aqui, incluye

K0
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inyeccién subcuténea, intravenosa, intramuscular, intra-
articular, intra-sinovial, intraesternal, intratecal,
intrahepatica, intralesional e intracraneal, o técnicas
de infusién. Preferiblemente, 1las composiciones son

administradas oralmente o intravenosamente.

Las formas inyectables estériles de las composiciones de
estd invencién pueden ser suspensiones acuosas u
oleaginosas. Estas suspensiones pueden ser formuladas de
acuerdo con las técnicas conocidas en la técnica usando
agentes dispersantes o humectantes adecuados y agentes de
suspensién. La preparacién inyectable estéril también
puede ser una solucién o suspensién inyectable estéril en
un diluyente o solvente no téxico parenteralmente
aceptable, tal como por ejemplo una solucién en 1,3-
butanodiol. Dentro de 1los vehiculos y solventes
aceptables que puede ser empleados se encuentran el agqua,
la solucién de Ringer y la solucién de clorurc de sodio
isoténico. Ademds, los aceites fijos estériles son
tradicionalmente empleados como un solvente o medio de
suspensién, Para este propésito, cualquier aceite £ijo
suave puede ser empleado incluyendo mono- o di-glicéridos
sintéticos. Los &cidos grasos, tales como el &cldo oleico
y sus derivados de glicérido son titiles en la preparacién
de inyectables, tanto como lo son los acelites
farmacéuticamente aceptables, tales como el aceite de
oliva o el aceite de ricino, especialmente en =sus
versiones polioxietiladas. Estas soluciones o

suspensiones oleosas pueden también contener un diluyente



o

o dispersante de alcohol de cadena larga, tal como la
carboximetil celulosa o agentes dispersantes similares
que son normalmente empleados en la formulacién de formas
de dosificacién farmacéuticamente aceptables que incluyen
las emulsliones y las suspensiones. Otros tensiocactivos
normalmente empleados, tales como los Tweens, Spans y
otros agentes emulsificantes o incrementadores de
biodisponibilidad que son normalmente empleados en la
fabricacién de sélidos, 1liquidos u otras formas de
dosificacién farmacéuticamente aceptables también pueden

ser usados para los propésitos de la formulacién.

Las composiciones farmacéuticas de esta invencién pueden
ser oralmente administradas en cualquier forma de
dosificacién oralmente aceptable que incluyen, pero no se
limitan a, cépsulas, tabletas, suspensiones o soluciones
acuosas. En el caso de las tabletas para uso oral, los
portadores que son normalmente empleados incluyen la
lactosa y el almidén de maliz. Los agentes lubricantes,
tal como el estearato de magnesio, también son
tipicamente adicionados. Para la administracién oral en
una forma de cépsula, los diluyentes itiles incluyen
lactosa y almidén de maiz secado. Cuando las suspensiones
acuosas son requeridas para el uso oral, el ingrediente
activo es combinado con ;gentes emulsificantes y de
suspensién. Si se desea, tamblén pueden ser adicionados

ciertos agentes endulzantes, saborizantes o colorantes.

<V
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De manera alternativa, las composiciones farmacéuticas de
esta invencién pueden ser administradas en la forma de
supositorios para la administracién rectal. Estos pueden
ser preparados mediante la mezcla del agente con un
exciplente adecuado no irritante que es sélido a
temperatura ambiente pero liquido a la temperatura rectal
Y, por lo tanto, se fundirid en el recto liberando el
medicamento. Tales materiales incluyen la manteca de

cacao, la cera de abejas y los polietilen glicoles.

Las composiciones farmacéuticas de esta invencién también
pueden ser administradas tépicamente, especialmente
cuando el objetivo del tratamiento incluyg dreas u
érganos féacilmente accesible por medio de la aplicacién
tépica, incluyendo las enfermedades de los ojos, de la
piel, o del tracto intestinal inferior. Las formulaciones
tépicas adecuadas son facilmente preparadas para cada una

de estas dreas u érganos.

La aplicacién téplica para el tracto intestinal inferior
puede ser efectuada en una formulacién rectal de
supositorio (ver anteriormente} o en una formulacién
adecuada de enema. Tamblén pueden ser usados los parches

Tépicamente-transdérmicos.

Para las aplicaclones tépicas, las composiciones
farmacéuticas pueden ser formuladas en un ungilento
adecuado que contenga el componente activo suspendido o

disuelto en uno o mAs portadores. Los portadores para la

<3
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administracién tépica de los compuestos de esta invencién
incluyen, pero no se limitan a, aceite mineral, petrolato
liquido, petrolato blanco; propilen glicol,
polioxietileno, compuesto de polioxipropileno, cera
emulsificante y agua. De manera alternativa, las
composiciones farmacéuticas pueden ser formuladas en una
locibén o crema adecuadas que contengan los componentes
activos suspendidos o disueltos en uno o mAs portadores
farmacéuticamente aceptables. Los portadores adecuados
incluyen, pero no estédn limitados a, aceite mineral,
monoestearato de sorbitan, polisorbato 60, cera de cetil
ésteres, cetearil alcohol, 2-octildodecanol, bencil

alcohol y agua.

Para uso oftdlmico, 1las composiciones farmacéuticas
pueden ser formuladas como suspensiones micronizadas en
salina estéril con el pH ajustado, isoténica, o,
preferiblemente, como soluciones en salina estéril con el
pH ajustado, isoténica, ya sea con o sin un conservante
tal como cloruro de bencilalconio. De manera alternativa,
para usos oftdlmicos, las composiciones farmacéuticas

pueden ser formuladas en un ungliento tal como petrolato.

Las composiciones farmacéuticas de esta invencién también
pueden ser administradas por medio de aerosol nasal o
inhalacién. Tales composiciones son preparadas de acuerdo
con técnicas bien conocidas en el arte de la formulacidn
farmacéutica y pueden ser preparadas como soluclones en

salina, empleando bencil alcohol u otrxos conservantes

&7
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adecuados, promotores de absorcién para incrementar la
biodisponibilidad, fluorocarbonos, y/u otros agentes

solubilizantes o dispersantes convencionales.

Las composiciones anteriormente descritas son
particularmente dtlles para el tratamiento de las
enfermedades relacionadas con la caspasa. El1 término
“enfermedad relacionada con la caspasa” hace referencia a
una enfermedad mediada por IXIL-1, una enfermedad mediada
por la apoptosis, una enfermedad inflamatoria, una
enfermedad autoinmune, un trastorno destructivo del
hueso, un trastorno proliferativo, una enfermedad
infecciosa, una enfermedad degenerativa, una enfermedad
asociada con la muerte celular, una enfermedad por exceso
en la toma de alcohol dietético, una enfermedad mediada
por virus, uveitis, peritonitis inflamatoria,
ostecartritis, pancreatitis, asma, sindrome de dolor
respiratorio de adultos, glomerulonefritis, artritis
reumatoide, lupus eritematoso sistémico, escleroderma,
tiroiditis crénica, enfermedad de Grave, gastritis
autoinmune, diabetes, anemia hemolitica autoinmune,
neutropenia autoinmune, trombocitopenia, hepatitis activa
crébnica, miastenia grave, enfermedad inflamatoria del
intestino, enfermedad de Crohn, psoriasis, dermatitis
atépica, clcatrizacién, enfermedad de injerto contra
anfitrién, rechazo de transplante de 6érganos,
osteoporosis, leucemias y trastornos relacionados,
sindrome mielodisplistico, trastorno miltiple de huesos

relacionado con el mieloma, leucemia mielogena aguda,
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melanoma metastéitico, sarcoma de Kaposi, mieloma
miltiple, shock hemorragico, sepsia, shock séptico,
quemaduras, Shigellosis, enfermedad de Alzheinmer,
enfermedad de Parkinson, enfermedad de Huntington,
enfermedad de Kennedy, enfermedad de priones, isquemia
cerebral, epllepsia, isquemia del miocardio, enfermedad
del corazén aguda y crénica, infarto al miocardio, falla
cardiaca congestiva, aterosclerosis, injerto de
derivaciones de la arteria coronaria, atrofia muscular
espinal, esclerosis amiotréfica lateral, esclerosis
miltiple, encefalitis relacionada con el VIH,
envejecimiento, alopecia, dafic neurolédgico debido a
ataque, colitis ulcerativa, leslén cerebral tratmatica,
lesién de la columna vertebral, hepatitis B, hepatitis C,
hepatitis G, fiebre amarilla, fiebre del dengue, o
encefalitis japonesa, varias formas de enfermedades del
higado, enfermedad renal, enfermedad poliaptica del
rifién, enfermedad de tGlcera gastrica y duodenal asociada
con el H. piloro, infeccidén del VIH, tuberculosis, y

meningitis.

Los usos preferidos de las composiclones de la presente
invencién incluyen una enfermedad mediada por IL-1, una
enfermedad mediada por 1la apoptosis, una enfermedad
inflamatoria, una enfermedad autoinmune, un trastorno
destructivo del hueso, una enfermedad infecciosa, una
enfermedad degenerativa, una enfermedad asociada con la
muerte celular, una enfermedad por exceso en la toma de

alcohol dietético, una enfermedad mediada por virus,

ba
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uveitis, peritonitlis inflamatoria, osteoartritis,
pancreatitis, sindrome de dolor respiratorioc de adultos,
glomerulonefritis, artritis reumatoide, diabetes,
trombocitopenia, enfermedad inflamatoria del intestino,
enfermedad de Crohn, psoriasis, cicatrizacién, rechazo de
transplante de érganos, osteoporosis, shock hemorréigico,
sepsia, shock séptico, quemaduras, Shigellosis,
enfermedad de Alzheimer, enfermedad de Parkinson,
enfermedad de  Huntington, enfermedad de  Kennedy,
enfermedad de priones, isquemia cerebral, epilepsia,
enfermedad del corazén aguda y crénica, injerto de
derivaciones de la arteria coronaria, esclerosis
amlotréfica lateral, esclerosis miltiple, alopecia,
colitis ulcerativa, lesién cerebral tradmatica, lesién de
la columna vertebral, varias formas de enfermedades del
higado, enfermedad renal, enfermedad de dlcera gdstrica y

duodenal asociada con el H. piloro, y meningitis.

Los compuestos y las composiciones también son Gtiles en
el tratamiento de complicaciones asociadas con injertos
de derivaciones de la arteria coronaria. Los compuestos y
las composiciones también son particularmente Gtlles para
el tratamiento del céncer, ya sean solos o en combinacién
con otra terapia tal como quimioterapia o radioterapia.
Los compuestos y las composiciones tamblién pueden ser
empleados como un componente de la inmunoterapia para el

tratamlento de varias formas de céncer.

53’
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La cantidad de compuestc de la presente invencién en las
composiciones anteriormente descritas debe ser suficiente
para ocasionar una disminucién detectable en la gravedad
de la enfermedad o en la actividad de la caspasa y/o en
la apoptosis celular, tal como es medida por medio de

cualquiera de los an&lisis descritos en los ejemplos.

De acuerdo con otra realizacién, las composiciones de
esta invencién pueden ademds comprender otro agente
terapéutico. Tales agentes incluyen, pero no se limitan
a, agentes trombeoliticos tales como el activador de
plasminégenos tisulares y la estreptocinasa. Cuando se
emplea un segundo agente, el segundo agente -puede ser
administrado ya sea como una forma de dosificacién
separada o como parte de una tnica forma de dosificacién

con los compuestos o las composiciones de esta invencién.

También debe entenderse que un régimen especifico de
dosificacién y tratamiento para cualquier paciente
particular dependerd de una variedad de factores, que
incluyen la actividad del compuesto especifico empleado,
la edad, el peso gorporal, la salud general, el sexo, la
dieta, el tiempo de administracién, la velocidad de
excrecién, la combinacién de medicamentos, y el juicio
del médico tratante y la gravedad de la enfermedad
particular a ser tratada. La cantidad de los ingredientes
activos también dependerd del compuesto particular y del
otrc agente terapéutico, si esta presente, en la

composicién.

5%
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En una realizacién preferida, la invencién proporciona un
método para el tratamiento de un mamifero, que tiene una
de 1las enfermedades anteriormente mencionadas, que
comprende la etapa de administrar a dicho mamifero una
composicién farmacéuticamente aceptable descrita con
anterloridad. En esta realizacién, si al paclente también
se le administra otro agente terapéutico o inhibidor de
caspasa, este puede ser entregado junto con el compuesto
de esta invencién en una tGnica forma de dosificacilén, o,
como una forma de dosificacién separada. Cuando se
administra como una forma de dosificacién separada, el
otro agente o inhibidor de caspasa puede ser administrado
antes, al mismo tiempo, o después de la administracién de
una composicién farmacéuticamente aceptable que comprende

un compuesto dé esta invencién.

Para que esta invencién sea mas completamente entendida,
los sigulentes ejemplos preparativos y de ensayo son
proporcionados a continuacién. Estos ejemplos son solo
para propésitos 1lustrativos y no son para ser
interpretados como limitantes del alcance de la invencién

desde ningin punto de vista.

Ejemplo 6

Andlisis enzimaticos

Los andlisis de la inhibicién de caspasa esté&n basados en
la esclsién de un substrato fluorogénico por medio de las

Caspasas humanas -1, -3, u -8, purificadas,
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recombinantes. Los andlisis Bon llevados a cabo
esenclalmente de la misma manera como se describe en la

solicitud W00142216.

Cada uno de los compuestos 1-5 poseen un valor de Kinaet
superior a 20000 M!'s™» en contra de cada una de las

caspasa-l, caspasa-3 y caspasa-8.

Ejemplo 7

Inhibicién de la secrecién de IL-1f a partir de la

poblacién mezclada de células mononucleares sanguineas

periféricas (PBMC)

El procesamiento de la pre-IL-1p por medio de la caspasa-
1 puede ser medido en el cultivo celular empleando una
variedad de fuentes celulares. La PBMC humana obtenida a
partir de donantes saludables proporciona una poblacién
mezclada de linfocitos y células mononucleares que
producen un espectro de interleucinas y citoquinas como
respuesta a muchas clases de estimuladores fisiolégicos.
Las condiciones del anadlisis empleadas para la inhibicién
de la secrecién de IL-1p a partir de 1la poblacién
mezclada de células mononucleares sanguineas periféricas

puede ser encontrada en la solicitud W00142216.

La potencia inhibidora de 1los compuestos puede ser
representada por medio de un valor ICsp, el cual es la

concentracién del inhibidor a la cual el 50% del IL-18

maduro es detectado en el sobrenadante cuando se compara
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con los controles positivos. Se encontrd que los
compuestos ensayados proporcionan un valor ICso menor a 1lp

para la inhibicién de la secrecién de IL-1p a partir de

PBMC.

EJEMPLO 8

Analisis de la Apoptosis inducida por Anti-Fas

La apoptosis celular puede ser inducida por medio de la
unién del ligando Fas (FasL) a su receptor, CD95 (Fas).
Las condiciones de un andlisis para medir el efecto de
los compuestos en la inhibicién de la ruta apoptética
mediada por la Caspasa-8 pueden ser encontradas en la

solicitud W00142216.

Se encontrd6 que cada uno de 1los compuestos 1-5
proporcionan un valor ICsp menor a 200nM para la actividad

en el andlisis de la apoptosis inducida por FAS.

Si bien nosotros hemos descrito diferentes realizaciones
de esta invencién, es claro que nuestros ejemplos bésicos
pueden ser alterados para proporcionar otras
realizaciones, que utilizardn 1los compuestos y los
métodos de esta invencién. Por lo tanto, serd apreciado
que el alcance de esta invenciédn se define por medio de
las reivindicaciones anexas mids que por las realizaciones
especificas que han sido representadas a manera de

ejemplo.



Lo que se reivindica es:

1. Un compuesto de férmula 1:

H‘ n‘l

en donde:

Rl

es COzH, CH2CO:H, o ésteres, amidas o isoésteres de los
mismos;

es hidrégenc o un grupo alifatico C;-C¢ opcicnalmente
substituido; |

es hidrégeno o un grupo alifdtico C;~C¢ opcionalmente
substituido; y

y R’ son cada uno independientemente seleccionados de
hidrégeno, un grupo alifdtico C;-C¢ opcionalmente
substituido, o R' y R’ tomados junto con el -anillo al
cual ellos estén unidos forman un anillo biciclico
opcionalmente substituldo, dicho anillo biciclico

seleccionado a partir de los siguientes:

H
(a) (b) (o) @,
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2. El compuesto de la reivindicacién 1 en donde R?
es un grupo alquilo C;.¢ recto o ramificado opcionalmente

substituide.

3. El compuesto de la reivindicacién 1 que tiene una
o mis caracteristicas seleccionadas del grupo que
conaiste de:
a) R! es CO;H o ésteres, amidas o isoésteres del
mismo;
b) R? es un grupo alquilo C;-C¢ de cadena recta o
ramificada;
c) R es hidrégeno; y
d) R' y R’ son cada uno hidrégeno, o R' y R® junto
con el anillo al cual ellos estdn unidos forman

un anillo benzimidazol.

4. El compuesto de la reivindicacién 3 que tiene
las siguientes caracteristicas:

a)R! es CO;H o ésteres, amidas o isoésteres del
mismo;

b) R* es un grupo alquilo C;-Cs de cadena recta o
ramificada;

c) R} es hidrégeno; y

d) R* y R® son cada uno hidrégeno, o R* y R’ junto con
el anilloc al cual ellos estidn unidos forman un

anillo benzimidazol.

5. Un compuesto seleccionado del grupo que consiste

de:

e
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Acido [3S/R, (28) ] -5-Fluoro-3-{2-[ {1H-imidazol-2~
carbonil)-amino] -propionilaminc}-4-oxo-pentanoico;

Ester tert-butilo del 4&cide [3S/R, (28)]-5-Fluoro-3-
{2-[ (1H~-imidazol-2-carbonil)-amino)-propionilamino)-4-~
oxo-pentanoico;

Acldo [3S/R, (28) 1-3-{2-[ (1H-Benzoimidazol-2-
carbonil)-amino] -propionilamino}-5-fluoro-4-oxo-
pentanoico;

Acido [3S/R, (28) ]-5-Fluoro-3-{2-{ (1H-imidazol-2-
carbonil)-amino]-butirilamino}~4-oxo-pentanoico;

Acido [3S/R, (2S) ] -5-Fluoro-3-{2-[ {1H-imidazol-2-
carbonil)-amino]-3-metilbutirilamino}-4-oxo-pentanoico;

Acldo [3S/R, (28)]1=-3=-{2-[ (1H-Benzoimidazol-2-
carbonil)-amino] -3-metilbutirilamino}-5-fluoro-4-oxo-
pentanoico;

0 una sal de adicién de los mismos.

6. Una composicién farmacéutica que comprende un
compuesto de acuerdo con cualquiera de las
reivindicaciones 1-5 y un portador farmacéuticamente

aceptable.

7. Un método para tratar una enfermedad mediada
por la caspasa en un paciente, método que comprende
adminiatrar al paciente una cantidad terapéuticamente

efectiva de un compuesto de férmula I:
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donde:

es COxH, CH2COz;H, o ésteres, 'amidas o isoésteres de los
mismos;

es hidrbégeno o un grupo alifdtico C;-C¢ opcilonalmente
substituldo;

es hidrdégeno o un grupo alifdtico C;-C¢ opcionalmente
substituido; y

y R® son cada uno independientemente seleccionados de
hidrégeno, un grupo alifatico C;-Cg opcionalmente
substituido, o R* y R® tomados junto con el anillo al
cual ellos estan unidos forman un anillo biciclico
opcionalmente substituido, dicho anillo biciclico

seleccionado a partir de los siguientes:

(a) (b) (@) 4.

8. El método de acuerdo con la reivindicacién 7 en

donde la enfermedad o tratamiento se selecciona de una

enfermedad mediada por IL-1, una enfermedad mediada por

la apoptosis, una enfermedad inflamatoria, una enfermedad
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autoinmune, un trastorno destructivo del hueso, un
trastorno proliferativo, una enfermedad infecciosa, una
enfermedad degenerativa, una enfermedad asociada con la
muerte celular, una enfermedad por exceso en la toma de
alcohol dietético, una enfermedad mediada por virus,
uveitis, peritonitis inflamatoria, osteoartritis,
pancreatitis, asma, sindrome de dolor respiratorio de
adultos, glomerulonefritis, artritis reumatoide, lupus
eritematoso sistémico, escleroderma, tiroiditis crénica,
enfermedad de Grave, gastritis autoinmune, diabetes,
anemia hemolitica autoinmune, neutropenia autoinmune,
trombocitopenia, hepatitis activa crénica, miastenia
grave, enfermedad inflamatoria del intestino, enfermedad
de Crohn, psoriasis, dermatitis atépica, cicatrizacién,
enfermedad de injerto contra anfitrién, rechazo de
transplante de <¢érganos, osteoporosis, leucemias vy
trastornos relacionados, sindrome mielodispléastico,
trastorno miltiple de huesos relacionado con el mieloma,
leucemia mielogena aguda, melanoma metastidtico, sarcoma
de Kaposi, mieloma miltiple, ﬁhock hemorréagico, sepsia,
shock séptico, quemaduras, Shigellosis, enfermedad de
Alzheimer, enfermedad de Parkinson, enfermedad de
Huntington, enfermedad de Kennedy, enfermedad de priones,
isquemia cerebral, epilepsia, 1isquemia del miocardio,
enfermedad del corazén aguda y crénica, infarto al
miocardio, falla cardiaca congestiva, aterosclerosis,
injerto de derivaciones de la arteria coronaria, atrofia
muscular espinal, esclerosis amiotréfica lateral,

eaclerosis miltiple, encefalitis relacionada con el VIH,
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envejecimiento, alopecia, dafio neurolégico debido a
ataque, colitis ulcerativa, lesién cerebral tratmatica,
lesién de la columna vertebral, hepatitis B, hepatitis C,
hepatitis G, fiebre amarilla, fiebre del dengque, o
encefalitis Japonesa, varias formas de enfermedades del
higado, enfermedad <renal, enfermedad polidptica del
rifién, enfermedad de tlcera gastrica y duodenal asociada
con el H. piloro, infeccién del VIH, tuberculoais,
meningitis, un tratamiento de complicaciones asociadas
con injertos de derivaciones de la arteria coronaria, o
una inmunoterapla para el tratamiento de varias formas de

céncer.

9. El método de 1la reivin'dicacién 8, en donde la
enfermedad se selecciona de una enfermedad mediada por
IL-1, una enfermedad mediada por 1la apoptosis, una
enfermedad inflamatoria, una enfermedad autoinmune, un
trastorno destructivo del hueso, una enfermedad
infeccicsa, una enfermedad degenerativa, una enfermedad
asoclada con la muerte celular, una enfermedad por exceso
en la toma de alcohol dietético, una enfermedad mediada
por virus, uveitis, peritonitis inflamatoria,
osteoartritis, pancreatitis, sindrome de dolor
respiratorio de adultos, glomerulonefritis, artritis
reumatoide, diabe£es, trombocitopenia, enfermedad
inflamatoria del intestino, enfermedad de Crohn,
psoriasis, clcatrizacién, rechazo de transplante de
érganos, osteoporosis, shock hemorrégico, sepsia, shock

séptico, quemaduras, Shigellosis, enfermedad de

7,

4
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Alzheimer, enfermedad de Parkinson, enfermedad de
Huntington, enfermedad de Kennedy, enfermedad de priones,
isquemia cerebral, epilepsia, enfermedad del corazén
aguda y crénica, injerto de derivaciones de la arteria
coronaria, esclerosis amlotréfica lateral, esclerosis
miltiple, alopecia, colitis ulcerativa, lesién cerebral
tradmatica, lesién de la columna vertebral, varias formas
de enfermedades del higado, enfermedad renal, enfermedad
de dlcera géstrica y duodenal asociada con el H. piloro,

y meningitis.

10. El1 método de la reilvindicaclén 7, en donde la
enfermedad o condicién es una complicacién asocliada con

injertos de derivaciones de la arteria coronaria.

1l1. El1 método de la reivindicacién 7, en donde la

enfermedad es cancer.

12. El método de la reivindicacién 11, en donde el
método es wusado en combinacién con quimioterapla o

radioterapia.

13. El1l método de la reivindicacién 11, en donde el
compuesto es un componente de la inmunoterapia para el

tratamiento del céncer.

14. El1 método de acuerdo con cualquiera de las

reivindicacicnes 7-13, en donde el compuesto tiene una o
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mis caracteristicas seleccionadas del grupo que consiste
de:
a) R! es CO;H o ésteres, amidas o isoésteres del
mismo;
b) R es un grupo alquilo C;-C¢ de cadena recta o
ramificada;
c) R? es hidrégeno; y
d) R* y R® son cada uno hidrégeno, o R* y R® junto con
el anillo al cual ellos estidn unidos forman un

anillo benzimidazol.

15. El1 método de acuerdo con cualquiera de las
reivindicaciones 7-13, en donde el compuesto tiene las
sigulentes caracteristicas:

a) R! es CO;H o ésteres, amidas o isoésteres del

mismo;

b) R?* es un grupo alquilo C;-Cs de cadena recta o

ramificada;

c) R? es hidrégeno; y

d) R* y R® son cada uno hidrégeno, o R' y R® junto con

el anillo al cual ellos estan unlidos forman un

anillo benzimidazol.

16. El1 método de acuerdo con cualquiera de las
reivindicaciones 7-13, en donde el  —compuesto es
seleccionado del grupo que conaiste de:

Acido [3S/R, (28) ]-5-Fluoro-3-{2-[ (1H-imidazol-2-

carbonil)-amino])-propionilamino}-4-oxo-pentanoico;

&1



i

Ester tert-butilo del &cido [3S/R, (2S)]-5-Fluoro-3-
{2-[{{1H-imlidazol-2-carbonil)-amino] -propionilamino}-4-
oxo-pentanoico;

Acido [38/R, (28)]1-3-{2-[ {1H-Benzoimidazol-2-
carbonil)-amino]-propionilamino}-5-fluoro-4-oxo~
pentanolco;

Acido [38/R, (28) ] -5-Fluoro-3-{2-{ {1H-imidazol-2-
carbonil)-amino]-butirilamino}-4-oxo-pentanoico;

Acldo [38/R, (28) ] -5-Fluoro-3-{2-{ (1H-imidazol-2-
carbonil)-amino] -3-metilbutirilamino}-4-oxo-pentanoico;

Acido [38/R, (25)]1-3-{2-[ (LH-Benzoimidazol-2-
carbonil)-amino]-3-metilbutirilamino}-5-fluoro-4-oxo-
pentanoico;

© una sal de adicién de los mismos.
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IMIDAZOLE AND BENZIMIDAZOLE CASPASE INHIBITORS AND USES
‘ THEREOF -

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to US Provisional Patent
Application 60/252,252 filed November 21, 2000.

5 . "Fleld of the Invention
This invention is in.the field of medicinal

chemistry and relates to novel compounds, and
pharmaceutical compositions thereof, that inhibit
caspases that mediate cell apoptosis and inflammatiom.

10 The invention also relates to methods of ﬁs:l.qg the
compounds and pharmaceutical compositions of this
im.r.'ention to treat dipeases where caspase activity is
implicated. ' -

Background of the Invention
15 Apoptosis, or programsed cell death, is a
principal mechanism by which organisms eliminate unwanted
cells. The deregulation of apoptosis, a::l.thar gar.cess-:l.vve'
apoptosis or the fallure to' undergo it, has been
implicated in a number of diseases such as éa.ncar, acute
20 ini_flmntory and autoimmmne disorders, ischemic diseases
- and certain neurodegenerative disorders (see generally
Sclence, 1998, 281, 1283-1312; Rllis et al., Ann. Rev,
. -Cell. Biol., 1991, 7, 663).
Cappases are a famlly of cysteine protease
25 enzymes that are key mediators in the eignaling pathways

-1-

‘¥,

n



- . m—

WOz O{. O". PCT/US0147688

10

15

30

for apoptosis and cell disassembly (Thornberry, Chem.
Biol., 1998, 5, R97-R103). These signaling pathways vary
depending on cell type and stimulus, but all apoptosis
pathways appear to converge at a common effector pathway
leading to proteolysis of ke'y proteins. Cagpases are
involved in both the effector phase of the signaling
pathway and further upstream at its initiation. The
upstream caspases involved in initiation events become
activated and in turn activate other caspases that are
involved in tha later phases of apoptosis.

Caspase-1, the first identified caspase, is
also known as interleukin convert_:ing' enzyme or “ICE.”
Caspase-1 converts precursor interleukin-if (“pIL-ip~”) to
the pro-inflammatory active form by specific cleavage of
PIL-1B between Asp-116 and Ala-117. Besides caspase-1
there are also eleven other known human caspases, all of
which cleave specifically at aspartyl residues. They are
also obsarved to bave stringent requirements for at least
four amino acid residues on the N-terminal side of the
cleavage site. . )

The caspases have been classified into three
groups dapend:l.ng on the amino acid sequence that is
preferred or primarily recognized. The group of caspases.,
which includes ciéspases 1, 4, and 5, has been shown t
prefer hydrophobic aromatic amino acids at position 4 on

" the N-terminal side of the cleavage site. Another group

which includes caspases 2, 3 and 7, recognize aspartyl
residues at both positions 1 and 4 on the N-terminal side
of the cleavage site, and preferably a seguence of
Asp-Glu-X-Asp. A third group, which includes caspases 6,
8, 9 and 10, tolerate many amino acids in the primary
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recognition sequence, but seem to prefer residues with
branched, aliphatic side chains such as valine and
leucine at position 4.

The caspases have also been grouped according
to their putative function. The. first subfamily consists
of caspases-l (ICE), 4, and 5. These caspases have been
shown to be 1nvo1'vad in pro-inflammatory cytokine
processing and therefore play an important role in
:I.nﬂamat:lon Caspase-1, the most studied enzyme of. this

- class, activates the IL-1B precursor by proteolytic

Cleavage. This enzryme therefore plays a key role in the
inflammatory response. Caspase-1 1s also involved in the
processing of interferon gamma inducing factor (IGIF . or

. IL-18) which stimulates the production of interferon---

-~

gamma, a key immunoregulator that modulates antigen
presentation, T-cell activation and cell adhesion.
The remaining caspases make up the second and

. third subfamilies. These enzymes are of central

importance in the intracellular signaling pathways
leading to apoptosis. One subfamily consists of the
enzymes involved in- initiating events in the apoptotic
pathway, :lnclud:Lng transduction of a:l.gna.ls from the
plasna menmbrane. Members of this suhtam.'l.ly include .
caspases-2, 8, 9 and 10. The other subfamily, consisting

of the effector capsases 3, 6 and 7, are involved in the.-’

final downstream cleavage events that result in the
systematic breskdown and death of the cell by apoptosis.
éaspaaes involved in the upstream pignal transduction
activate the downstream caspases, which then disable DMA
repair mechanisms, fragment DNA, dismantle the cell
cytogkeleton and finally fragment the cell. o

-3—
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Knowledge of the four amino aclid sequence
primarily recognized by the caspases has been used to
design caspase inbibitors. Reversible tetrapeptide
inhibitors have been prepared having the structure
CH,CO- [P4] - [P31 - [P2] -CH(R) CH;CO;E where P2 to P4 represent
an optimal amino acid recognition sequence and R is- an
aldehyde, nitrile or ketone capable of binding to thea
caspase cysteine sulfhydryl. Rano and Thornberry, Chenm.
Blol. 4, 149-155 (1997); Mjalll, et al., Biocorg. Med.
Chen. .I.'-el‘:t_. 3, 2689-2692 -(1993); Nicholson et al., Nature
376, 37-43 (1995). Irreversible inhibitors based on the
analogous tetrapeptide recognition sequence have been
prepared where R ig an acyloxymethylketone -COCH;OCOR'.
R’ is exemplified.by -an.optiocnally substituted phenyl
such as 2, 6-dichlorobenzoyloxy and where R is COCH2X whare
X is a leaving group such as ¥ or Cl. Thornberry et al.,
Bilochemistry 33, 3934 (1994); Dolle ot al., J Med. Chen.
37, 563-564 (1994).. _

The utility of caspase inhibhitors to treat a
variety of mammalian dlseasa states assoclated with an
increase in celluylar apoptosis has been .demmatrated
using peptidic caspase inhibitora. For example, in
rodent models, caspase inhibitors have been shown to
reduce infarct size and inhibit cardiomyocyte apoptosis
after myocardial infarction, to reduce lesion volume and
neuroclogical deficit resulting from stroke, to reduce

" post-traumatic apoptosis and neurological deficit in

traumatic brain injury, to be effective in treating

- fulminant liver destruction, and to improve survival

after endotoxic shock. Yaoita et al., Circulatiomn, 97,
276 (1998); Endres et al., J Cerebral Blood Flow and

-4~
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Metabolism, 18, 238, (1998); Cheng et al., J. Clin.

Invest., 101, 1992 (1998); Yakovlev at al., J

Ne'u.:-'oscience,- 17, 7415 (1997); Rodriquez et al., J. Exp.

Med., 184, 2067 (1996); Grobmyer et al., Mol. Med., 5,
_5 585 (1999).

In general, the peptidic inhlbitors described
above are very potent against some of the caspase -
enzymes. However, this potency has not always been
refleqted in cellular models of apoptoé:l.s. In addition

10 peptide inhibitors are typically characterized by
undesirable pharmacological ‘properties such as poor oral
absorption, poor stability and rapid metabolism.

. Plattner and Norbeck, in Drug Discovery Technologies,
~Clark and-Moos, Eds. (Ellis Horwood, Chichester, England,

15 ,1990). Yy

Recognizing the need to ilmprove the

~pharmacological properties of the peptidic caspase: -
inh:l.hitsrs, peptidomimetic and non-natural amino acid
peptide inhibitors have been reported. .

20 WO 95/35308 discloses inhibitors of _
interleukin-1f converting enzyme including, inter alia,
compounds of the formulae:

io R' H. N H‘ls T;Ix H‘ H.! FI“
~ H H
. H} TS ; L SRS
wherein X is independently selected from =N- o:' =CH-; Rs
25 includes hyd.rogen, R; 1s hydrogen and Rs includes an a-
amino acid side chain; and R;; includes hydrogen, an

aromatic or hetercaromatic ring, a C;-Cs straight or
branched alkyl group singly or multiply optionally

oL
1

o
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substituted by F. WO 95/35308 reports those compounds to
be active against ICE and does not raport activity
against other caspases.

WO 98/10778 discloses inhibition of apoptosis
using interleukin-1f-converting enzyme (ICE)/CED-3 family
inhibitors of formula:

; (wf";"
o

wvherein n is 1 or 2; R}, R?, and R® are varicus groups; A
is a natural or unnatural amino acid; B includes, inter

-alia, a halomethyl group; and X and Y are various

subsatituents.
) WO 00/061542 discloses dipeptide apoptosis
inhibitors having the formula: '

-
" m

where R, is an optionally substituted alkyl or hydrogen
group;' Ra is hydrogen or optionally substituted alkyl; Y
is a residus of a natural or non-natural amino acid and R, -
is an alkyl, saturated carbocyclic, partially saturated )
carbocyclic, aryl, saturated heterocyclic, partially
saturated heterocyclic or hetercaryl group,’ wherein said
group is optionslly substituted; X is O, 8, NR,, or
(CR4Rs)a where R, and R; axe, at each occurrence, '
independently selected from the group consisting of
hydrogen'. alkyl and cyéloaikyl, and n is 0, 1, 2, or 3;°

e —— —— — — = — - — —— - — — e e ——— A
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or X is MRy, and Ry and R, are taken together with the
nitrogen atom to which they are attached to form a
saturated heterocyclic, phrtiaily aaturated haterocyclic

or heteroaryl group, wherein sald group is optionally
pubstituted or X is CRRs, and R; and R; are taken together
vith the carbon atom to which they are attached to form a.
saturated carbocyclic, partially saturated ca;.rbocfelic,
aryl, satu:ra-ted hetarocyclié, partially satqrateq
heterocyrlic or oxygen-containing hetercaryl m,

wherein said group is optionally substituted; and
provided that when X is O, then R; is not unsubstituted.

_bengyl or t-butyl; end when X is CH,, then R is not E.

¥hile a number of caspase inhibitors have been

.__report.ed, it is not clear whether they possess the. ..

15

: appropriate pharmacological properties to be
- therapeutically useful. Therefore, there ig a continued

__need for small wolecule caspase inhibitors that are

25

potant, stable, and penetrate membranes to provide

‘effective inhibition of apoptosis 'in vivo. Such

compounds would be extremely useful in treating the
aforementioned diseases where caspase enxymes play a

- role.

' Btmu-ylof the Invention
It has now been found that compounds of t::his
invention and pharmaceutical compositions thereof are
particularly effective as inhibitors of campases and
cellular apoptosis. These compounds have the general
formula I:
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wherein:

R' is COH, CH,CO;H, or esters, amides or isosteres

thareof; :
R’ is hydrogen or an opticnally substituted C1-Ce
. aliphatic group;
R? 18 hydrogen or an optiomally substituted c,-c;
aliphatic group; and
R' and R® are each independently selected from hydrogen,
an optionally substituted C-Ce aliphatic group, or R*
and R® taken together with the ring to which they ave
attached form an optionally substituted bicyclic ring,
sald bicyclic ring selected from the following: .

- p NN N g .
o S Qo O
" H H o, H ;or H
(a) (b) (e) (@.

The compounds of this invention have f:o‘l-:ant
inhibition properties across a range of caspase ta:r:gel'fs'_
with good efficacy in cellular models of apoptosis. In
addition, these compounds &re expected to have improved .
cell penetration and pharimacokinetic properties and, as a
consequence of their potency, have improved efficacy
against diseases where cagpases are implicated. o
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Detailed Description of the Invention
This invention provides novel compounds, and
pharmaceutically acceptable derivatives thereof , that are
particularly effective as caspase inhibitors. The
5 1invention also provides methods for using the compounds
to treat caspase-mediated dlsease states in mammals. The
compounds have the general formula I: .

_R! 18 COH, CH,CO.H, or esters, amides or isosteres
thereof;
. .R? ip hydrogen or an optiomnally substituted C;-Cg
aliphatic group;
15 PR’ is hydrogen or an optionally substituted C;-Cg
aliphatic group; and ' .
R' and R® are each independently selected from hydrogen,
an optionally substituted C;~-C¢ aliphatic group, or R*-
and R® taken together with the .ring to which they are
20 attached form an optiomally substituted bicyclic -ring,
_Baid bicyclic ring selected from the following:

Q3. Oy g Oy

" (a) (b) (c) T (d).

The term “aliphatic” as used herein means
25 @etraight-chain, branched or cyclic C;-Ca hydrocarbons

1

9
cad
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which are completely saturated or which contain one orx
more units of unsaturation but which are not arcmatic.
For example, sultable al:i.phal:ic groups include
substituted or unsubstituted linear, branched or cyclic
alkyl, alkenyl, alkynyl groups and hybrids thereof such
as {(cycloalkyl)alkyl, (cycloalkenyl)alkyl or
(cycloalkyl)alkenyl. The terms “alkyl”, “alkoxy”,
*hydroxyalkyl”, “alkoxyalkyl”, and “alkoxycarbonyl”, used
alone or as part of a larger moiety includes both -
straight and branched chains containing omne to twelve
carbon atoms. Tha terms “alkenyl” and “alkynyl® used
alone or as part of a larger molety shall include both
straight and branched chains containing two to twelve
carbon atoms. The term “cycloalkyl” used alone or as
part of a larger moiety shall include cyclic Cp-Cia
hydrocarbons which are completely saturated or which
contalin one or more units of unsaturatiom, but which are
not aromatic.

: The texms “haloalkyl”., “haloalkenyl” and
“haloalkoxy” means alkyl, alkenyl. or alkoxy, as the case
may be, substituted with one or more halogen atoms. The

term ‘halogen' means r, Cl, Br, or I.

The term _‘hete:::oatom' means nitrogen, oxygen,
or sulfur and includes any oxidized form of nitrogen and
sulfur, and the quaternized form of any basic nitrogen. -
Also the term ‘nitrogen' ‘includes a substitutable
nitrogen of a heterocyclic ring. As an example, :I.n a
saturated or partially unsaturated ring having 0-3
heterocatoms selected from azygen,' sulfur or nitrogen, the
nitrogen may be N (as in 3,4-dihydro-2H-pyrrolyl), NE (as

-10-
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in pyrrolidinyl) or NR' (as in N-substituted
pyrrolidinyl).

The terms “carbocycle”, “carbocyclyl”,
*carbocyclo”, or “carbocyclic” as used herein means an

5 aliphatic ring system having three to fourteen members.

The terms “carbocycle”, "“carbocyclyl”, “carbocyclo”, or
“carbocyclic” whether saturated or partially unsaturated,
also refers to rings that are optionally substituted.

The terms “carbocycle”, *“carbocyclyl”, *carbocyclo®, or
*carbocyclic” also include aliphatic r:l.néé that are fused
to ona or more arcmatlic of nonaromatic rings, such as in

a decahydronaphthyl, tetrahydronaphthyl, or indanyl where.

the radical or.point of attachment is on the aliphatilc

.- Ting.
15... The term “aryl” used alcme or as part of a

larger molety as in “aralkyl”, “aralkoxy”, or

sz "aryloxyalkyl”, refers to aromatic ring groups having:-

five to fourteen members, such as phenyl, benzyl,
phenethyl, l-naphthyl, 2-naphthyl, i-anthracyl and 2-

20 anthracyl. The term “aryl”. also refers to -r:l.ngs that are

optionally substituted. Tha term “aryl” may be used

interchangeably with the term “aryl rirg”. “Aryl” also
includes fused polycyclic aromatic ring systems in which
an aromatic ring is fused to cne or more ri.njs. Examples

25 include 1l-naphthyl, 2-naphthyl, l-anthracyl and 2~

anthracyl. Also included within the scope of the term
*aryl”, as it is used herein, is a group in which an

aromatic ring is fused to one or more non-aromatic rings,
euch ap in an indanyl, phenanthridinyl, or

30 tetrahydronaphthyl, where the radical or point of -

attachment is on the aromatic ring.

-11-
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The term “heterocycle”, “heterocyclyl”, or

_‘heterocycl:l.c' as used herein includes non-aromatic ring

systems having five to fourtean members, preferably five
to ten, in which one or more ring carbons, preferably one
to four, are each replaced by a hetercatom such as N, O,
or 8. Ekamples of heterocyclic rings include 3-1H-
banzimidazol-2-ones, (1-substituted)-2-oxo-benzimidazol-3-
yl, 2-tetrahydrofuranyl, 3-tetrahydrofuranyl, 2- -
tetrahydropyranyl, 3-tetrahydropyranyl, 4-
tetrahydropyranyl, [1,3]-diéxalanyl, [1,3]-dithiolanyl,
{1,3]-dioxanyl, 2-tetrahydrothiophenyl, 3- :
tetrahydrothiophenyl, 2-morpholinyl, 3-morpholinyl, 4-
morpholinyl, 2-thiomorpholinyl, s-éhianorpho],:lnyl, 4~
thiomorpholinyl, 1-pyrrolidinyl, 2-pyrrolidinyl, 3-
pyrrolidinyl, l-piperaxzinyl, 2-piperazinyl,
l1-piperidinyl, 2-piperidinyl, 3-piperidinyl,
4-piperidinyl, 4-thiazolidinyl, diazolomyl, N-substituted

"diazolonyl, 1-phthalimidinyl, benzoxanyl,

benzapyrrolidinyl, benzopiperidinyl; benzoxolanyl,
benxothiolanyl, and bensothianyl. 'Also included within
the scope of the term “heterocyclyl® or “heterocyslice,
as it is used hersin, 1s a group in which a ﬂm-aromatic

' heterocatom-containing ring is fused to cme or more

aromatic or non-aromatic rings, such as in an indolinyl,
chromanyl, phenanthridinyl, tetrahydroquinolinyl, or
tetrahydroisoquinolinyl where the radical or point of
attaclment is on the non-aromatic heterocatom-containing
ring. The term “haterocycle”, “heterocyclyl”, or .
*heterocyclic” whether saturated or partially
unsaturated, also refers to rings that.are optionally
substituted.

- =12~
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The term “hetercaryl”, used alone or as part £
a larger molety as in “hetercvaralkyl” or
*hateroarylalkoxy”, refers to hetercaromatic ring groups
having five to fourteen members. Examples of heteroaryl
5 rings include 2-furanyl; 3-furanyl, N-imldazolyl, 2-
imidazolyl, 4-imidazolyl, 5-imidazolyl, 3-furazanyl, 3-
isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-oxadiazolyl, 5-
oxadiazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 1-
pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 1-pyrazolyl, 3-

10 pyrazolyl, 4-pyrazolyl, 2-pyridyl, 3-gyridy1, 4-pyridyl,
2-pyrimidyl, 4-pyrimidyl, 5-pyrimidyl, 3-pyridasinyl, 2-
thiazolyl, 4-thiazolyl, 5-thiazolyl, 5-tetrazolyl, 2-
triazolyl, 5-triazolyl, 2-thienyl, 3-thienyl, carbazolyl,

. +benzimidazolyl, benzothienyl, benzofuranyl, indolyl;-

15. .quinolinyl, benzotriazolyl, benzothiazolyl,
benzooxazolyl, - benzimidazolyl, isogquinolinyl, indolyl,

% JBoindolyl, acridinyl, or benzoisoxazolyl. Also inciluded
. within the scope of the term “hetercaryl”, as it is:used
. harein, is a group in which a heterocatomic ring is fused

20 to one or more aromatic or nonaromatic rings where thae
radical or point of attachment is on the heteroaromatic .
ring. BExamples includes tetrahydroquinolinyl, -
tetrahydroisoquinolinyl, and pyridol3,4-d]pyrimidinyl.
The term “heterocaryl” also refers to rings that are

25 optionally substituted. The term “heterocaryl” may be
used interchangeably with the term “heteroaryl ring” or
the term “heterocaromatic”. .

An aryl (including -aralkyl, aralkoxy,
aryloxyalkyl and the like) or heteroaryl (including

30 Dbheterocaralkyl and heterocarylalkoxy and the like) group
may contain one or more substituents. Examples of

-13-
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suitable substituents on the unsaturated carbon atom of
an aryl, heterocaryl, aralkyl, or heteroaralkyl group
include a halogen, -R°, -OR°, -BR°, 1,2-methylene-dioxy,
1,2-ethylenedioxy, protected OB (such as acyloaxy), phenyl
(Ph) , substituted Ph, -0(Ph), substituted -0(Fh),
-CH;(Ph), substituted -CH;{Ph), -CH;CH;(Ph), substituted
-CH,CH, (Ph), -NO;, -CN, -N(R®)a, -MR°C(O)R°, -MR°C(O)M(R°)a,

-NR°CO,R°, -NR°NR°C{O)R°, -NR'NR°C(O)N(R%)a, -NR°NR°CO.R®,
-C(0)C(0)R®, -C(O)CHC(O)R®, -COaR®, -C(O)R®°, -C(O)N(R°)3,

-OC(O}R(R°)a, -8(0)R°, -BOM(R%)a, -B(O)R°, -NRSBO.N(R’)a,
_NR°S0,R°, -C(=8)N(R°)a, .-C(=NH)-N(R%), -(cn,),ﬁc(p)w,
- (CH,) 4HHC (O) CH(V-R®) (R°) ; wherein R° is-hydrogen,.-a
subat.:l.t_uted or unsubstituted aliphatic group, an

unsubstituted heterocaryl or beterocyclic ring, phenyl
(Ph) , substituted Ph, -0(Ph), substituted -O(Ph),

.=CHa (Ph), or substituted -CHa(Ph); ¥y 18 0-6; and V is a

linker group. Examples:of substituents on the aliphatic
group or the phenyl r:l.ng of R® include am:lno, alkylamino,
dialkylamino, aminocarhon‘yl, halogen, all:yl,
alkylaminocarbomyl, dialkylaminocarbomyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano,. carboxy, alkm:ycarbanyl, -alkylcarbouyl;
hydroxy, haloalkoxy, or haloalkyl. .

An aliphatic group or a non-aromatic
haterocyclic ring may contain one or more substituents.
Examples of su:_u:able substituents on the .saturated carbon
of an aliphatic group or of a non-aromatic heterocyclic
ring include those listed above for the umsaturated
carbon of an aryl or heterocaryl group and the following:
=0, =5, oNNHR', =NN(R');, =N-, =NMHC(O)R®, =NNHCO,(alkyl),

-14-
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-mso;(all:yl) , Or =sNR', where each R' is independently
selected from hydrogem, an unsubatituted aliphat:lc group
or a substituted aliphatic group. Examples of
substituents on the aliphatic group include amino,
alkylamino, dialkylamino, aminocarbomyl, halogen, alkyl,
alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dlalkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alkoxycarbonyl, alkylca::'honyl,
hydroocy, haloalkoxy, or haloalkyl.

su.it:abi_l.e substituents on the nitrogen of a non-

aromatic heterxocyclic ring include -R*, -N(R')a, -C(O)R',
'm‘r "C(O)C(O)R‘, -c‘o)m’c‘o)n‘.l "BOaR": 'BM(R’)II
~-C(=8)N(R')2, -C(=NH)-N(R');, and -NR'SO;R*; wherein R* isg

..-hydrogen, an aliphatic group, a substituted aliphatic
.group, phenyl (Ph), substituted Ph, -O(Ph), substituted
. =0(Ph) , CH;(Ph), substituted CHa(Ph), or an unsubstituted
. ~heteroaryl or heterocyclic ring. Examples of
.substituents on the aliphatic group or the  phemyl ring

include amino, alkylamino, dialkylamino, aminocarbonyl,
halogen, alkyl, alkylaminocarbonyl, dilalkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alhou:yca.rbonyl alkrlcubonyl,
hydroxy, haloalkoxy, or haloalkyl.

A combination of substituents or variables.is

permissible only if such a combination results in a
stable.or chemically feasible compound. A stable
compound or chemically feasible compound is one in which
the chemical structure is. not substantially altered when
kept at a temperature of 40 °C or less, in the absence £

moisture or other chemically reactive conditions, for at
least a week.

-15-~-
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_ ¥hen the R* group is in the form of an ester or
amide, the presant compounds undergo metabolic cleavage
in a mammal to the corresponding carboxylic acids, which
are the active caspase inhibitors. Because they undergo
metabolic cleavage, the precise nature of the ester or
amide group 1s not critical to the working of this
invention. ' The structure of the R group mway range from
the relatively simple diethyl amide to a steroldal ester.

" Examples of esters of R carboxylic acids includs, but are .

10

15

25

not limited to, Cj.12 aliphatic, -such as Ci¢ 2lkyl or Cj-1o
cycloalkyl, aryl, such as phebyl, aralkyl, suck as benzyl
or phenethyl, heterocyclyl, heterocyclylalkyl,
hetercaryl, and hateroaralkyl. Examples of suitable R*
heterocyclyl rings include, but are not limited to, 5-6
membered heterocyclic rings having ome or two hetercatoms
such as piperidinyl, piperazinyl, or morpholinyl. .
Examples of suitable R* hetercaryl rings inglude, but are
not limited to, 5-6 membered betercaryl rings having one.
or two hetercatoms such as pyridyl, pyrimidinyl, furanyl
and thienyl. - : - _ )

Amides:.of R* carbaxylic acids may be primary,
sacondary or tertiary.: Suitable substituents on the '
amide nfl.trogan include, but are not limited to, ome or
two groups independently selected from the aliphatic,

aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

" heterocaryl and hetercaralkyl groups described above for
" the R ester alcohol. Likewise, other prodrugs are

30

included within tlie scope of this invention. 8See Bradleay

“D. Jsl:ulsa::m::n,'~ "Prodruge for Improved CNS Delivery" in

Advanced Drug Delivery Reviews (1996), 19, 171-202.

-16-
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Isosteres or bioisosteres of R’ carboxylic
acids, esters and amides result from the exchange of an
atom or group of atoms to create a new compound with
similar biological properties to the parent carboxylic

5 acid or ester. The bioclsosteric replacement .may be
physicochemically or topologlically based. An example of
an lsosteric replacement for a carboxylic acid is
CONHE0; (alkyl) such as CONHESOMe.

_ Compounds of this invention where R is CO;H or

10 CHyCO.H, y-ketoacids or 3-ketoacids respectively may exist
in solution as either the open form (a) or the cyclized
hemiketal form (b) (y=1 for y-ketocacids, y=2 for §-

. »ketoacids). The reprepentation hereln of either isomeric

+form is meant to include the other. Y
15 -~ I

| R o { R o .
o hﬁ@F — n-h[krl,”__
Lan’ e SNyt

(a) _ (b)

20 Likewige it will be apparent to ome skilled in
the art that certain compounds of this invention may
exist in tautomeric forms or hydrated forms, all such
forms of the compounds being within the scope of the
in@tion. Unlese otherwise stated, structures depicted

25 herein are also meant to include all stereochemical forms
of the structure; i1.e., the R and 8 conf:l.gurat:l.ons'for
each asymmetric center. Therefore, single stereochemical
ipomérs as well as enantiomeric and diastereomsric
mixtures of the present compoundé are within the scope of

-17=
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the invention. Unless otherwise stated, structures
depicted herein are also meant to include compounds that
differ only in the presence of one or more isotopically
enriched atoms. For example, compounds having the
presant structures except for the replacement of a
hydrogen by a deuterium or tritium, or the replacement of
a carbon by a *C- or “C-enriched carbon are within the
scope of this invention.

A number of dipeptidic ICE/caspase inhibitors
that were generically described in WO 95/35308 have now
been tested for activity against caspases in the
engymatic and cell-based assays described below. Among
the compounds tested, the new compounds of formula I were
found to have unexpectedly good activity against a number
of caspase an:ym.es.

When R' and R° are taken together to form a ring
fused to the imidazole, the following embodiments of this
invention are provided: '

TG RS

'aeasediiiast 200
I-C I-D :
where R!, R? and R’ are as described above and R
represents one or more optional substituents. Examples

of R groups, when attached to a position nonadjacent to a
ring nitrogen, include C;.¢ alkyl, C:-s alkoxy, halo,

-18-
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alkylamino, dialkylamino, alkylaminocarbonyl
dialkylaminocarbonyl, and alkylcarbonyl. Examples of R
groups, when attached to a position adjacent to a ring

nitrogen, include C,;.¢ alkyl, alkylamino, and dialkylamino.

Preferred compounds of this invention are

compounds of formula I that have one or more of the
following features and more preferably all of the
following features:

(a)
(b)

{e)
(a)

R* 1s CO;H or esters, amides or isosteres thereof;
R? 18 a C;-C¢ straight chain or branched alkyl.
group;
R? is hydrogen; and
R* and R® are each hydrogen, or R* and R® together
with the ring to which they are attached form a
benzimidazoles ring.

When R? is substituted, preferred substituents

includa hydroxy, thio, amino or halogen.

Specific representative examples of compounds

of formula I are shown in Table 1.

frEﬁLZAF

No. A Ring R! r? R?
1 Imidazol-2-yl CO.H CH,- H
2 Benzimidazol-2-yl COH CHz~ H
3 Imidazol-2-yl COzH CH,CH;~ H
4 Imidazol-2-yl COH (CH;) 2CH- B
5 Benzimidazol-2-yl COsH {CH;) 2CH- H

——— — ——— .-

- - =
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No. A Ring R R? R’
6 9H-Purin-8-yl COzH (CHy) 2CH- H
7 | 3H-Imidazo [4,5~b] pyridin- CO,H (CH;) 5CH- -

a-yl

The compounds of this invention may be prepared
in general by methods known to those skilled in the art
for analogous compounds, as illustrated by the general

5  Scheme I below and by the preparative examples that
follow.

:}NN!W R Rsn‘ i"r,m.n
T oo »:::::M
*li"‘x"ﬁ 5 —— N?

10
Reagents: (a) EDC, diisopropylethylamine, HOBt, 2;
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(b) hydrolysis or TFA/DCM; (c) DMAP, EDC,
diisopropylethylamine, HOBt, 4; (d) Dess-Martin
periodinane

Scheme I shows a general route to prepare the
presant compounds. The following abbreviations are used:
EDC is 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide;
HOBT ig l-hydroxybenzotriaxole; TFA ia txifluorcacetic
acid; DCM is dichloromethanse; and DMAP is 4-
dimethylaminopyridine. Reacticn of the known imidazole-
2-carboxylic acid or the known benzimidarzole-2-carboxylic

_acld (represented by gensric structure 1) with amino

ester derivative 2 provides amide 3. If the ester 3 is a
tert-butyl ester, TFA in DCM is used to provide the acid
4. For other R groups, standard hydrolysis may be used.-
The acid 4 is then coupled with the amino alcohol 5 to

"provide 6. Depending on the nature of R an amino ketone

may be used, -in place of the amino alcohol 5, which
avoids the Suhsequént cxidation step.. In the case of
fluoromethyl ketones where CO;R is CO,tBu, the aminé
alcohol 5 may be obtained according to the method of
Revesx et al., Tetrahedron Lett., 1994, 35, 9693,
Finally the hydroxyl in compound 6 is oxidized and the’
compound then treated appropriately according to the
nature of R*. For example, if the product I requires R*
to be a carboxylic acid, then R' in 7 is preferably an
ester and the final step in the scheme is hydrolysis.

=21~
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Experimental

Example 1

38/R, (28) ] -5-Fluoro-3-{2- [ (1F-imidagole-2-car] 1) -
anino] -propionylamino}-4-oxo-pentanoic acid,
trifluoroacetate salt (Compound 1)

'Method A

(28) ~2-[( 1H-Im:l.dazo1e-2-carbonx11 -amino] -pmp:lon:l.c acld

terl:-hutyl agter

To a solution of m—imidazoie-z-cnrboxylia acld (0.17g)

in N, N-dimethylformamide (DMF) (3mL) was added alanine
tert-butyl ester hydrochloride(0.22g), diisopropylethyl
amine (0.27mL) and HOBT (0.41g) before cooling to 0° C
and reaction mixture treated with EDC.HC1l (0.32g). 'The
cooling bath was removed and the reaction mixture stirred
at ambi'eﬁt_ temperature for 18 hrs bafore being diluted
with ethyl acetate and washed with water and brine, dri 4
(Mgs0,) and concentrated at reduced pressure. The residue '
was purified by silica gel chromatography (30% ethyl '
acetate in hexanes) to afford the sub-title compound as a
colourlese oil (0.263g, 73%): H NMR 400 MHz CDCl3 1.50 .
(9H, 8), 1.51 (3B, 4, J 7.2), 3.70 (1H, wm), 7.28 (2H, 8),
7.78 (1€, 4, J 7.6), 11.49 (1H, br s).
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Method B:

[38/R, 48/R, (28)]-5-Fluoro-4-hydroxy-3-{2-~[{18-
imidazole-2-carbonyl) -amino] -propionylamino}-pentanocic
acid tert-butyl ester -

A solution of (28)-2-[(1H-imidazole-2-carbonyl)-amino] -
propionic acid tert-butyl ester (0.257g) in ,
dichloromethane (2ml:) was cooled to 0° C before dropwise
addition of trifluorcacetic acid and reaction mixture
wvarmmed to room temperature and stirre& for 2hr before
evaporation under reduced pressure. The residue was co-
avaporated with dichloromethane (twice) and toluene
{twice) to leave the required (28)-2-[(1H-imldaszole-2-
carbonyl) -amino] -propionic acid that was used without

- further purification (0.40g).

A solutlom of (28)-2-[(1H-imidazole-2-
carbonyl) -amino] -propionic acid and 3-amino-5-fluoro-4-
hydroxy-pentanoic acid tert-butyl ester (0.254g) in THF

"("TmL) was cooled to 0° C before addition of DMAP

(0.151g), diisopropylethyl amine (0.56mL), HOBT (0.169g)
end EDC.HCL (0.23g). The reaction mixture stirred at
ambient temperature for 18 hre before being concentrated
at reduced pressure. The residue was purified by silica
gel chromatography (5% methanol in-dichloromethane)} to
afford the sub-title compound as a colourless scolid
(0.386g, 97%): 'H NMR 400MHz CDC13/CD30D 1.40 (12H, m),
3.92 (1H, m), 4.20~4.55 (4H, m), 7.11 (2E, 4, J 15) “F__
NMR CDCl; -229.74 (m), -229.84 (m), -230.54 (m), -230.87

(m) .
-23-
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Method C:
[38/R, (28) ] -5-Fluoro~3-{2-[ (1H-imidazole-2~-carbonyl) -

amino] -Er_ogiﬂlam:l.no[-i-oxo-gentanoic acld tert-butyl

 ap

A solution of [38/R, (28)]-5-fluoro-4-hydroxy-3-{2- [(1H-
imidazole-2-carbonyl) -amino] -propionylamino} -pentanoic
acid tert-butyl ester (0.381lg) in dichloromethans was
cooled to 0°C before addition of 1,1,1 triacetoxy-1,1-
dihydro-1, 2-benziodoxol-3 (1H) -one (0.476g). The mixture

.was stirred at room temperature for 2h before additiom of

an additional portion of 1,1,1 triacetcxy-1,1-dihydro-
1,2-benziodoxol-3 (1H) -cne (0.05g) and reaction mixture
stirred for 90 min before being concentrated at reduced
pressure. The residue was dissolved in ethyl acetate a.nd
washed with a 1:1 mixture of aqueous NaHSO, and .aguecus
Nayz820;. The organic lafar was collected, dried (MgsO,)
and concentrated. The residue was purified by flash
chromatography (5% methanol in dichloromethane) to give
the sub-title compound as a colourless foam (3:I.§|ng, 84%) :
"H NMR 400MHz CDCl, 1.37+1.43 (9H, 2xs), 1.54 (3H, m),
2.85 (1H, m), 3.03 (1H, m), 4.85-5.30 (4H, m), 7.18 (2H,
4, J 16), 7.90 (1H, m); 7.98 {1H, m), 11.37+11.45 (1H,
2xe) ; P NMR 376 MHz CDCl, -231.85 (t, J 48), -232.12 (t,
J 48).

-=~24~-
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A solution of [38/R, (28)]-5-Fluoro-3-{2-[ (1H-imidazole-2-
carbonyl) -amino] -propionylamino} -4-~oxo-pentanoic acid
tert-butyl ester (0.31g) in dichloromsthane (2mL) was
cooled to 0° C before dropwise addition of
trifluoroacetic acid and reaction mixture warmed to room
temperature and stirred for 2hr before evaporation under
reduced pressure. The residue was co-evaporated with
dichlomathm (twice) and triturated under ether to
give the title compound as a colourless solid (0.35g): IR
i;55.7,1730.1,1653.7, 1538.1, 1458.2, 1384.2, 1268.7,

.1188.4, 1150.9, 1053.3, 992.13, 931.8, 867.9, 847.0, ..

768.5 cm™'; 'H NMR 400MHz DMSO D¢ 1.37 (3H, d), 2.40-
2‘.‘85(23,m,a5p CH2); 4.34-4.75(2.5H,m, 2xCE+0.5CHaF); 5.13-
5.41 (1.5H,m,CH2F); 7.50(2H,s,imidaxole CHs); 8.58-

8,79 (2H,m,NHs) ; °C NMR 100 MHz DMSO Ds 18.13, 18.85(ala
CHy); 33.13, 34.75(asp CHa); 48.68,52.41(CHs); 83.46,.
85.21 (CH2¥) ; 123.67(CH imidazole);

139.57,158.86,172.35(m) (C=Os); 202.70(5 peaks ketone);
P NMR 376 MHz DMSO Dg decoupled -75.19 (3F,s,CF3COOR);
-(226.89, 226.96,230.80,231.59, 232.95, 233.06 (1F,6xs,
COCH,F ring opened and ring closed). -

-25~-
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Example 2
38/R, (28)]1-3-{2~-[(1H-Benzxoimidazole-2-carbonyl)-amino] -

Eg_o;gionxlamino[ -5-fluoro-4-oxo-pentanoic acid,

trifluorocacetate salt (Compound 2)

This was prepared from 1RE-benzoimidazole-2-carboxylic
acid using procedures eimilar to, those described in
Methods A-D above (142 mg, 90% for final step): {compound
isolated as the TFA salt) Off-white golid; IR (solid, cm?)
3277.9, 1654.6, 1526.6, 1188.6, 1142.5, 1.050.4, 927.5,
748.2, 712.4; 3H NMR (DMSO-D®) 1.42 (3H, 4), 2.51-2.95
(2H, m), 4.21-4.75(2H, m), 4.76-5.60 (3, brm), 7.41 (2H,
m), 7.65 (2H, m), 8.21-9.05 (2H, m); *c NMR (DMEO-Df)
18.0, 18.7, 18.8 (Ala CH3), 37.2, 34.6, 34.7 (Asp CH2),
47.6, 48.8, 48.85, 49.1 (Asp CH), 52.0, 52.5 (Ala CH),
83.5, 85.2, 85.3, 103.8, 106.0 (CH2F), 116.6, 123.9

(Aryl CH), 145.3, 145.4, (Aryl C), 158.4, 158.7, 158.8,
172.1, 172.2, 172.4,'173.5, 172.6, 172.7, 173.2. (NC=0),
202.6, 202.7, 202.8, 202.9 (C=0); Found M' 364.1177.
C1cHs7FN,Os requires M* 364.1183 (1.8 ppm). '

Example 3
[38 {(28)] -5~Fluoro-3-{2- :I.H-:I.midazole-z.-car 1) -

amino] -butyrylamino}-4-oxo-pentanoic acid,

trifluorcacetate salt (Compound 3)




(-
O rcrusowsss

l
2%

b
. WO 0241178 O

This was prepared from 1H-benzoimldazole-2-carboxylic
acid using procedures similar to those described in
Methods A-D above (147 mg, 64% for final step): IR
3280.0, 1659.5, 157.9, 11%92.5, 1l141.6, 784.7, 721.1 cm™;
5 H MMR 400MHZ DMSO D¢ 0.95 (3H, m), 1.78 (2H, w), 2.58-
2.98 (2H, m), 4.30-4.78 (2.5H, m), 5.10-5.42 (1.5H, m),
7.41 (2H, s8), 8.44+48.75 (2H, 2xm); **C NMR 100 MH=z DMSO Dg
10.19, 10.29, 15.52 (CH3), 25.42, 25.49, 26.03, 33.06,
33.13, 34.65, 34.80 (CH2), 47.45, 47.53, 52.0, 53.96,

10 5S4.13 (CH) 65.27 (CH2), 84.36 (4, J 1_77-, CH2F), 103.81,
104.00 (C), 123.89 (CH), 139.74 (-C=O), 156.90, 158.39,
158.74, 171.51, 171.80, 171.83, 172.02, 173.11 (C=0),
202.51, 202.66, 202.76, 202.90 {CH2FC=0); ¥ NMR 376 MHz

-DMBO Dg -226.82 (t, J 45), -226.84 (t, J 45), -230.67 (t, "

15 -J 45), -231.43 (t, J 45), ~-232.79 (t, J 45), -232.82 (t,

J 45). )

. Example 4
I38/R, (28)1-5-Pluoro-3-{2- [ (1H#-inidazole-2-carboiyl) -
20 amino)-3-methylbutyrylamino}-4-oxo-pentandic acid
'(Compound 4) | ' '

This was prepared from 1H-benzoimidazole-2-carboxylic
acid using procedures similar to those described in-

25 Methods A-D above (80g, 85% for final step): white
-powder, IR (solid, cm™) 1736, 1649, 1557, 1511, 1455,
1434, 1393; 1H NMR (DMSO+TFA) 0.92-0.95 (6H, m), 2.06-
2.15 (1H, m), 2.56-2.90 (2H, m), 4.33-5.36 (4H, m), 7.79

(2H, 8), 8.58-8.90 (2H, m); °FPNMR (DMBO+TFA) -226.8 (t),
-27-
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-230.6-(t), -231.0 (t), -232.5 (t), -232.6 (t); C MR
(DMBSO+TFA) 18.1/18.4 (CH3), 18.2/19.3 (CH3), 34.5/34.8
(cm), 51.9/52.2 (CH), 58.5/58.8 (CH), 84.3/84.4 (34, J
178.7/178.7, CHaF), 122.0 (CH), 137.5 (C), 153.7 (C),
170.6 (C), 171.9/172.0 (C), 202.5/202.8 (24, J 14.6/14.6,
co).

Example 5
38/R 28)] -3-{2-[(1H-Benzoimidazole-2-car] 1) ~amino} -

3-msthylbutyrylamino}-5-£luoro-4 -oxo-pentanoic acid
{Compound 5) . ]

This was prepared from lH-benzoimidazole-2-carboxylic
acid using procedures similar to those described in
Mathods A-D above (50mg, 87% for final step): white
powdar, IR (solid, cm-') 1737, 1665, 1527, 1373, 1194,
1137.; 1H NMR (DMSO) 0.50-0.95 (6H, m), 2.15-2.18 (1H,
m), 2.59-2.92 (2, m), 4.33-4.76 and 5.12-5.38 (4H, 2m),
7.31-7.35 (2H, m), 7.66-7.68 (2H, m), 8.36-8.82 (2H, m);
'PNMR (DMSO+TFA) -226.7 (t), -226.9 (t), -232.4 (t),
-232.6 (t); C NMR (DMSO) 18.3/18.4/18.5/18.7 (CH3),
19.4/19.5 (CH3), 31.0/31.1/31.6 (CH), 34.7/34.8 (CH2),
51.8/52.1 (CH), 57.9/58.3/58.6 (CH), 84.3/84.4 (24, J
178.7/178.7, CHaF), 124.0 (CH), 145.2/145.2 (C),
158.4/158.5/158.7/158.8 (C), 170.59/171.1/171.2 (C),
172.0/172.0 (C), 173.1 (C), 173.9 {C), 202.06/202.6 (24,
J 13.8, C0).

The compounds of this invention are designed to

inhibit caspases. Therefore, the compounds of this -
-28=
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invention can be assayed for their ability to inhibit

apoptosis, the release of IL-18 or caspase activity
directly. »assays for each of the activities are known in
the art and are described below in detaill in the Testing
section. '

According to another embodiment, the inventiom
provides a composition comprising -a compound of this
invention or a phémceutically acceptabl_e. salt thereof,

- as described above, and a pharmaceutically acceptable

carrier.

If pbarmaceutically acceptable salts of the
compounnds of this invention are utilized in these
compositions, those spalts are preferably derived from
inorganic or organic acids and bases. Included among
such acid salts are the following: acetate, adipate,

. \
alginate, aspartate, benz__oate, benzene sulfonate,

bisulfate, butyrate, citrate, camphorate, camphor -

- sulfonate, cyclopentanepropionate, digluconate,’

dodecylsulfaté, ethanesulfonate, fumarate,
gluccheptanocate, glycerophosphate, hemisulfate,
heptancate, hexanoate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate : lactate, maleate,
methanesulfonate, 2-naphtha:le:iesu1fonata, nicotinate;
oxalate, pamoate, peot:i.nate, persulfate,
3-phenyl-proplonate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate and
undecanocate. Bage salts include ammonium salts, alkali
metal salts, such as sodium and potassium salts, alkaline
earth metal salts, such as calcium and magnesium salts,
salts with organic bases, such as dicyclohexylamine

-29-
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salts, N-methyl-D-glucamine, and salts with amino acids
such as arginine, lysine, and so forth.

* Also, the basic nitrogemn-containing groups can
be quaternized with such agents as lower alkyl halides,
such as mathyl, ethyl, propyl, and butyl chloride,
bromides and iodides; dialkyl sulfates, such as dimethyl,
diethyl, dibutyl and diamyl sulfates, long chain halides
such as decyl, lauryl, myristyl and stearyl chlorides,
bromides and lodides, aralkyl halides, such as benzyl and
phenethyl bromides and others. Water or oil-soluble or
dlspersible products are thereby obtained.

The compounds utilized in the compositions and
methods of this invention may also be modified by
appending appropriate functionalities to enhance
selective biological properties. Such modifications are
known in the art and include those which increase '
biological: pénetration into a g:l.v'an blological system
(e.g., blood,- lymphatic system, central nervous syst)',
increase oral availlesbility, increase solubility to allow
administration by inj eation, alter metabolism and alter..
rate of excretion. o .

Pharmaceutically acceptable carriers that may
be used in these compositicns include, but are not
linited to, ion exchangers, alumina, aluminum stearat ,
lecithin, serum protelns, such as human gserum albumin,
buffer substances such as phc_:;sphatea, glycine, sorbic

"acid, potassium asorbate, partial glyceride mixtures of

saturated vegetable fatty acids, water, salts or
‘electrolytes, such as protamine sulfate, disodium

hydrogen phosphate, potasslum hydrogen phosphate, sodium .
chloride, zinc salts, colloidal silica, magnesium

-30~
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trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes,
polyathyleda—polyw:ypropylena-hlock polymers,
polyethylene glycol and wool f£at.

. According to a preferred embodiment, the
compositions of this invention are formulated for
pharmaceutical administration to a patient, preferably a
human being. One aspect of this invention relates to a
method of treating a caspase-related disease in a patient
in need thereof, which method cowmprises administering t
the patient a therapeutically effective amount of a
compound of formula I or a pharmaceutical composition

" .thereof. The term "patient® includes human and o
15 | ,veterinary subjects.

Such pharmaceutical compositions of the present

...invention may be administered orally,.parenterally, by

20

25

30

-inhalation spray, topically, rectally, nasally, buccally,

vaginally or via an implanted reservoir. The term
“*parenteral” as used herein includes subcutaneous,
intravenous, intramuscular, intra-articular,
intra-synovial, intrdsternal, intrathecal, intrahepatic,
intralesional and intracranial injecticn or infusion
techniques. Preferably, the compésii.{:l.ons are
administered orally or intravenously.

8terlile injectable forms of the compositions of
this invention may be aqueous or oleaginous suspension.
These suspensions may be formulated according to
techniques known in the art using suitable dispersing or
wetting agents and suspending agents. The sterile

-injectable preparation may also ba a sterile injectable
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solution or suspension in a non-toxic parenterally
acceptable diluent or solvent, for example as a solution
in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer’s
solution and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed
as a .solvent or suspending medium. For this purpose, any
bland fixed olil may be employed. including synthetic mono-
or di-glycerides. Patty acids, such as oleic aclid and
its glyceride derivatives are useful in the preparation
of injectables, as are natural phamceutically-
acceptable oils, such as olive oll or castor oil,
egpecially in their polyoxyethylated versions. These oil
solutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as carboxymetlyl
cellulose or gsimilar dispersing agents which are commonly
used in the formulation of pharmaceutically acceptable
dosage forms including emulsions and suspensions. Other
commonly usad surfactants, such as Tweens, Spans and
other emulsifying agents or bioavailabillity enhancers
wvhich are commonly used in the manufacture of -
pharmaceutically acceptable solid, liquid, or other .
dosage forms may also be used for the purposel of:
formulation.

The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, aqueous puspensions or solutions. In
the case of tabléts for oral use, carriers that are
commonly used include lactose and corn starch.
lubricating agents, such as magnesium qteara.te, are also
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typically added. For oral administration in a capsule
form, useful diluents include lactose and dried
cornstarch. When aguecus suspensions are required for
oral use, the active ingredient is cowbined with
emulsifying and suspending agents. If desired, certain
swveatening, flavoring or coloring agents may also be
added. _
Alternatively, the pharmaceutical compositions
of this invention may be administered in the form of
suppositories for rectal administration. These can be
prepared. by mixing the agent with a suitable '
non-irritating excipient which is solid at room
temperature but liquld at rectal temperature and
}:herefore will welt in the rectum to release the drug.

Such materials include cocoa butter, beeswax and

polyethylene glycols.
. The pharmaceutical compositions of this

1nven1::|.on may also be administered topically, especially
_vhan the target of treatment includes areas or organs

readily acceesible by topical application, including
diseases of the eye, the gkin, or the lower intestinal
tract. Suitable topical formulations are readily.
prepared for each of these areas or organs.

Topical application for the lower intestinal .
tract can be effected in a rectal suppository-formulation
(see above) or in a suitable enema formulation.
Topically-transdermal patches may alpo be used..

For topical applications, the pharmaceutical
compoaltions may be formulated in a suitable ointment
containing the active component suspended or dissolved in
one or wmore carrlers. Carriers for !:opical '
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administration of the compounds of this invention
include, but are not limited to, mineral oill, liquid
petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying
wax and. water. Alternatively, the pharmaceutical
compositions can be formulated in a suitable lotion or
cream containing the active components suspended or
dissolved in ome or more pharmaceutically acceptable
carriers. Sultable carr:la'._-:s :l.pclude, .but are not limited

‘to, mineral oil, sorbitan monostearate, polysorbate 60,

‘cetyl esters wax, cetearyl alcochol, 2-octyldodecanol,
benzyl alcohol and water.

For ophthalmic use, the pharmaceutical -
compositions may be formulated as micronized suspensions
in isotonic, pH adjusted sterile saline, or, prefarably,
as solutlons in 1sotonic, pH adjusted sterile salinse,
either with our without a preservative such as ]
benzylalkonium chloride. Alternatively, for ophthalmic
use'ls, the pharmaceutical compositions may be formmlated
in an ointment such as petrolatum. -

The .pharmaceutical compositions of this
invention may also be administered by nasal aerosol or
inhalation. 8Such compositions aré prepared according to
techniques well known in the art of pharmaceutical

-formulation -and way be prep;ared as solutions in saline, °

employing benzyl alcohol or other suitable preservatives.,
absorption promoters to enhance b:l.davai]:a‘bil:l.ty,
fluorocarbons, and/or other conventional solubilizing or
dispersing agents. ' ' B '

The above-described compositions are

- particularly useful for treating caspase-related
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diseases. The term “*caspase-related disease” refers to
an IL-1 mediated disease, an apoptosis mediated. disease,
an inflammatory disease, an au-toimme disease, a -
destructive bone disorder, a proliferative digorder, an
infectious disease, a degenerative disease, a diseass
asgoclated with cell death, an excess dietary alcohol
intake disease, a viral mediated disease, uveitis,
inflammatory peritonitis, osteocarthritis, pancreatitis,
apthma, adult respiratory distress syndrome,
glomerulonephritis, rheumatold arthritis, systemic lupus
erythematosus, sclercderma, chronic thyroiditis, Grave's
digease, autoimmme gastritis, diabetes, autoimmune
hemolytic anemia, autoimmme neutropenia,
thrombocytopenia, chronic active hepatitis, myasthenia -

gravis, inflammatory bowel disease, Crobn‘s disease, i
..psoriaslis, atopic dermatitis, scarring, graft wvs host
.disease, organ transplaﬁt rejection, osteoporosis,

leukemias and related disorders, -myelodysplastic
syndrome, uwultiple myeloma-related bone disorder, a.cui:e
myeloganous leukemia, chronic¢ myelogenous l-eukamia,
metastatic melanoma, Xaposi’s sarcoma, multiple myeloma,
haemorxhagic shock, sepsis, septic shock, burns,
Shigellosis, .Alzheimer’s diseaae! _Parkinscm's d.‘l.saah_a,
Buntington's disease, Kennedy's diseasa, prion disease,
cerebral iachemia,epilepsy, myocardial ischemia, -acute
and chronic heart disease, wmyocardial infarctiom,
congestive heart fallure, atherosclerosis, coronary
artery bypass graft, spinal muscular atrophy, amyotrophic
lateral sclexosis, multiple sclexosils,. HIV-related
encephalitis, aging, alopecia, neurological damage due-to
atiroke, ulcerative colitls, traumatic brain injury, -
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spinnllcord injury, hapatitia-n,. hepatitis-C,
hepatitis-@, yellow fever, dengue fever, or Japanasge
encephalitis, various forms of liver disease, renal
disease, polyaptic kidney disease, H. pylori-associated
gastric and duodenal ulcer disease, HIV infection,
tuberculosis, and meningitis. .
Preferred ﬁées of the present compositions
include an IL-1 madiated disesse, an apoptosis madiated
digease, an inflammatory disease, an autoimmine disease,
a destructive bone disorder, an infectious disease, a
degenerative disease, a.dlsease associated with cell
death, an excess dietary alcohol intake disease, a viral
wediated disease, uveitis, inflammatory peritomitis,
ostecarthritis, pancreatitis, adult resplratory distress
syndrome, glomerulonsphritis, rheumatold arthritis,
diabetes, thrombocytopenia, ‘inflammatory bowel digease,
Crohn’s disease, psoriasis, scarring, organ transplant
reajection, osteocporosis, haemorrhagic shock, sepsis,
septic shock, burns, Shigellosis, Alsheimer’s disease,
Parkinson’s .disease, Huntington's disease, Kennedy's

. digease, prion disease, cerebral ischemia,epilepsy, acute

and chronic heart disease, coronary artery bypass.graft,
amyotrophic lateral sclerosis, miltiple sclerosis,
alopecia, ulcerative dolitis, traumatic brain injury,
spinal cord injury, vn::":l.ous forms of liver disease, remal
disease, H. pylori-associated gast'r:l.c and duodenal ulcer
disease, and meningitis.

The compounds and compositions are' also useful
in treating complications associated with coronary artery
bypass grafts. The compounds and compositions are also
particularly useful for treating cancer, either alone or
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in combination with another therapy such as chemothesrapy

or radiotherapy. The compounds and compositions also may
be used as a component of immunotherapy for the treatmant
of various forms of cancer.

5 ' The amount of- compound present in the above-
described compositions should be sufficient to cause a
detectable decrease in the severity of. the disecase or in
caspase activity and/or cell apoptosis, as wmeasured by
any of the assays described in the examples.

10 According to ancther embodiment, the
compositions of this invention may further compxilse
another therapeutic agent. 8Such agents ‘include, but are
not limited to, thrombolytlc agente such as tissue
.plasminogen activator and streptokinase. When a second

15 .agent is used, the second agent may be administered ,_
.elther as a separate dosage form or as part of a single
dopage form with the compounds or compositions of this
Anvention. _

' It should also be understood that a specific

20 dosage and treatment regimen for any particular patient
will depend upon a variety of factors, including the
activity of the specific compound employed, the age, body
weight, general health, sex, diet, time of -
adminigtration, rate of excretion, drug combination, and

25 the judgment of the treating physician and the severity
of the particular disease being treated. The amount of
active ingredients will also depend upon the particular
compound and other therapeutic agent, if present, in the
compogitlon. '

30 In a_preferred embodiment, the invention
provides a method of treating a mammal, having cme of the
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aforementioned diseases, comprising the step of
administering to said wammal a pharmaceutically
acceptable composition described above. In this
embodiment, if the patient :I.Q also administered another
therapeutic agent or caspase inhibitor, it may be
delivered together with the compound of this invention in
a single dosage form, or, as a separate dosage form.
When administered as a separate dosage form, the other
caspase inhibitor or agent may be administered prior to,
at the same time as, or following administration of a
pharmaceutically acceptable composition comprising a
compound of this invention. '

In order that this invention be more fully
understood, the following preparative and testing '
examples are set forth. These examples are for thas
purpose of ‘illustration only and are not to be construed
as limiting the scope of the invention in any way.

Exanple 6

Enzyme Assays
The assays for caspase inhibition are based on

the cleavage of a fluorogenic substrate by recombinant,
purified human Caspages- -1, -3, or ~8. The assays are run
in essentially the same mamner as described in W00142216.
Compounds 1-5 each possess & Kinast value greater
than 20000 Mg against each of caspase-1, caspase-3 and
caspase-8. ' T
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Example 7
Inhibition of IL-1B secretion from Mixed Population of
Peripheral Blood Mononuclear Cells (PBMC)
Processing of pre-IL-1P by caspase-1 may be
5 measured ln cell culture using a variety of cell sources.
Human PBMC obtained from healthy domors provides a mixed
population of lymphocyte and mononuclear cells that
produce a spectrum of interleukins and cytockines in
response to many classes of physiological stimulators.
10 The apsay conditioms used for inhibition of IL-1f
secretion from mixed population of peripheral blood-
mmom::clear cells may be found in W00142216.
The inhlbitory potency of the compounds can be
represented by an ICss value, which is the concentration

15 'of inhibitor at which 50% of the mature IL-1f is detected °

in the supernatant as compared to the posi.t:lve controls.
" The compounds tested were found to provide an ICs value
less than 1M for inhibition of IL-1P secretion from PBMC

EXAMPLE 8

Ant:l.—'!'as Induced Apoptosis Assay
Cellular apoptosis may be induced by the

20 binding of Fas ligand (FaslL) to its receptor, CD95 (Fas).
Conditions f£or an assay to measure the effect of -
compounds on the inhibition of the caspase-8-mediated

. apoptotic pathway may be found in W00142216.

Compounds 1-5 each were found to provide an ICse

25 value less than 200nM for the activity in the FAS induced
apcoptosis asbay.

While we have described a number of embodiments
of this invention, it is apparent that our basic examples
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may be altered to provids other embodiments, which
utilize the compounds and methods of this invention.
Therefore, it will be appreclated that the scope of this
invention is to be defined by the appended claims rather

5 than by the specific embodiments, which have been
represented by way of example.
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What is claimed 1s:

1. A compound of formula I:

R is CO;H, CH,CO;H, or esters, amides or isosteres
thereof; '

R? iz hydrogen or an opticnally substituted C;-Cg
aliphatic group;

R? 1s hydrogen or an opticmally substituted C;-Cs
aliphatic group; and ' '

'R* and R®* are each independently selected from hydrogen,
an optionally substituted C;-Cs aliphatic group, or R*
and R® taken together with the ring to which they axe
attached form an oét:l.onally substituted blcyclic ring,
gaid bicyclic ring selected from tha following:

(a) (b) () (d).

2. The compound of claim 1 where R? is an opt:lonally
suhstitul:ed Ci-¢ straight or branched alkyl group.

3. The compound of claim 1 having one or wore
features selected from the group consigting of:
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a) R is CO;H or esters, amides or isosteres thereof;

b) R.1s a C;-Cs¢ straight chain or branched alkyl group;

¢) R® is hydrogen; and

d) R* and R® are each hydrogen, or R' and R® together
with the ring to which they are attached form a
benzimidazole ring. :

4. The compound of claim 3 having the following
features:
a) R® is CO.H or esters, amides or isosteres thareof;
b) R® is a C,-Cs straight chain or branched alky group;
c) R is hydrogen; and
d) R* and R® are each hydrogen, or R' and R® together
with the ring to which they are attached form a
benzimidazole ring.

5. A compound selected from the group consisting
of:

[38/R, (28) ] -5-Fluoro-3-{2- [ (18-imidazole-2-
carbonyl) -amino] -propionylamino} -4 -oxo-pentanocic acld; .

(38/R, (28) ]1 -5-Fluoro-3-{2- { (1H-imidazole-2-
carbonyl) -amino] -proplonylamino} -4-ou:o-pen|:a.ﬂo1c acid
terl:-butyl aster; . )

[38/R, {28)]-3-{2-[(18-Benzoimidazole-2-carbonyl)-
amino] -propionylamino}-5-fluoro-4-oxo-pentanoic acid;

[38/R, (28) ] -5-Fluoro-3-{2- [ (1H-imidazole-2-

" carbonyl) -amino] -butyrylamino}-4-oxo-pentanoic acid;

[38/R, (28)]-5-Pluoro-3-{2- [ (1H-imidaxole-2-

“carbonyl) -a:;ino] -3-methylbutyrylamino}-4-oxo-pentanoic

acid;
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[38/R, (28)1-3-{2-[{1H-Benzoimidazole-2-carbonyl) -
amino] -3-methylbutyrylamino}-5-£luoro-4-oxo-pentanoic
acid;

or an addition salt thereof.

6. A pharmaceutical composition comprieing a
compound according to any one of claims 1-5 and a
pharmaceutically acceptable carrier.

7. A method of treating a caspasg-relate,d disgease
in a patient, which method comprises administering to the
patient a therapeutically effective amount of a compound

of formula I:
i—u R o A _
Ly

wherein: : ' '

R!' is CO;H, CH;CO;H, or esters, amides or isosteres -
thereotf; Y - - . .

R? is hydrogen or an optionally substituted C,~C¢
aliphatic group; .

R? is hydrogen or an optionally substituted C,-Cs
aliphatic group; and B

R* and R® are each independently selected from hydrogen,
an optionally substituted C;-C¢ aliphatic group, or R*
and R® taken together with the ring to which they are
attached form an optiomally substituted bicyglic ring.
said bicyclic ring gelected from the following: ..
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(a) (b) (c) ' (d).

8. The method according to claim 7 wherein the
disease or treatment is selected from an IL-1 mediated
disease, an apoptosis wmediated disease, an inflammatory
disease, an autoimmune :ligease, a destructive bone
disorder, a proliferative disorder, an infaectious
disease, a degenerative disease, a disease associated
with cell death, an excess dletary alcobol intake
disease, a viral mediated disease, uveltis, inflammatory
peritonitias, ostecarthritis, pancreatitis, astbma, adult
respiratory distress syndrome, glomerulonephritis,
rheumatold arthritis, systemic lupus erythematosus,
scleroderma, chronic thyroiditis, Grave’s disease,
autoilmmme gastritis, diabetes, autoimmune hemolytic
anemia, autoimmune neutropenia, thrombocytopenia, chromic
active hepatitis, -myasthenia gravis, inflammatory bowel
digeanse, Crobn’s d:l.seése, psoriasis, atoplc dermatitis,
gcarring, graft ve host disease, organ transplant
rejection, ostecporosis, leukemias and related disorders,
myelodysplastic sfndrome, multiple myeloma-related bone
disorder, acute myelogenous leukemia, chronic myelogenous
leukemia, metastatic melanoma, Kaposi’s sarcoma, uuli::lpla_
myeloma, haemorrhagic shock, sepeis, septic shock, burns,
Shigellosis, Alzbeimer’s disease, Parkinson’s disease,
Huntington's disease, Kennedy's disease, prion diseas ,
cerebral ischemia, epllepsy, mygcardial ischemia, acute
and chronic heart disease, myocardlial infarctionm,
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congestive heart fallure, atherosclerosis, coronary
artery bypass graft, spinal muscular atrophy, amyotrophic
lateral sclerosis, multiple sclerosis, HIV-related
encephalitis, aging, alopecia, neurological damage due to
stroke, ulcerative colitis, traumatic brain i:ijury.
spinal cord injury, hepatitis-B, hepatitis-C,
hepatitis-G, yellow fever, dengue fever, or Japanese
encephalitis, various forms of liver disease, remnal
disease, polyaptic kidney disease, H. pylori-associated
gastric and duodenal ulcer disease, HIV infectiom,
tuberculosis, meningitis, a treatmént for complications

- associated with coropnary artery bypass graftse, or an
immunotherapy for the treatment of various forms of .
cancer. ' -

. 9. The wmathod of claim 8 wherein the disease 1s
selected from IL-1 mediated disease, an apoptosis
_u':g;_iia.tad diseasa, an inflammatory disease, an autoimmune
dipease, a destructive bone disorder, an infectious
disease, a degenerative disease, a disease assoclated
with cell death, an excess dietary alcochol. intake
disease, a viral mediated disease, uveltis, inflammatory
peritonitis, ostecarthritis, pancreat:l:t:l.s, "adult -
respiratory distress. syndrome, glomerulonephritis,
rheumatoid arthritis, diabetes, thrombocytopenla,
inflammatory bowel disease, Crohn’s disease, psoriasis,
scarring, organ transplant rejection, ostecporosis,
haemorrhagic shock, sepais, septic shock, burns,
Shigellosis, Alzheimer’s disease, Parkinson’s disease,
Huntington's disease, Rennedy's disease, prion disease,
- carebral ischemia,epilepsy, acute and chronic heart
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disease, coronary artery bypass graft, amyotrophic
lateral sclerosis, miltiple sclerosis, alopecia,
ulcerative colitisg, traumatic brain injury, spinal cord
injury, various forms of liver disease, renal disease, H.
pylori-associated gastric and duodenal ulcer disease, and
meningitis.

10. The method of claim 7 wherein the disease or
condition is a complication associated with coromary
artery bypass grafts. '

11. The method of claim 7 vherein the disease is
cancer.

12. The method of claim 11 wherein the mathod is
used in combination with chemotherapy or radiotherapy.

13. Tha method of claim 11 wherein the compound is
a component of immunotherapy for the treatment of cancer.

14. The method according to any of claims 7-13
wherein the compound has one or more features selected
from the group consisting of:

(a) R® is COH or esters, amides or isosteres
therwof; '

(b) R’ is a C1-Cs straight chain or branched alky
group;

(e) R® is hydrogen; and

(d) R* and R®*-are each hydrogem, or R* and R® together
with the ring- to which they are attached form a
benzimidazole ring. '
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15. The method according toany of claims 7-13
wherein the compound has the following features:

(a) R* is COsH or esters, amides or isosteres
thereof;

(b) R* is a C;-C; straight chain or branched alky
group;

(c) R? is hydrogen; and

(@) R* and R® are each hydrogen, or R* and R® together
with the ring to which they are attached form a
benzimidazole ring. '

16. The method according to any of claims 7-13
wherein the compound is selected from the group
consisting of:

[38/R, (28) ] -5-Fluoro-3-{2- [ (1H-imidazole-2-
carbonyl) -amino] -propionylamino} -4 -oxo-pentanoic acid;

_ [38/R, (28)] -5-Fluoro-3-{2-[ (1H-imidazole~2-
carbonyl) -amino} -propionylamino}-4-oxo-pentanocic acid
tert-putyl ester; .

[38/R, (28)]-3-{2-[(1H-Benzoimidazole-2-carbonyl) -
amino] -propionylamino} -5-£luoro-4-cxo-pentanoic acid;

[38/R, (28)] -5-Fluoro-3-{2- [ (1#-imidazole-2-
carbonyl) -amino] -butyrylamino}-4-cxo-pentancic acid;

{38/R, (28) ] -5-Fluoro-3-{2- [ (1B-imidazole-2-
carbonyl ) ~amino] -3-methylbutyrylamino} -4 ~oxo-pentancic
acid; '

[38/R, (28)]-3-{2-[(1H-Benzoimidazole-2-carbonyl) -
amino] -3-methylbutyrylamino}-5-fluoro-4-oxo-pentanocic
acid;

or an addition salt thereof.
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o - remanbered, they

] mm-u-nnumnmummhuum

What doecuments sstiney accompany the sxtendments?

Latter (Sattion SOE(b)):

The amendmants must be subsmiting with & letter.

The istier will not be published with e intlemetionsl and the amendad daims. 1 shaould not be
confused with the "Statemant under Asticls 16(1)° (ses , avcler "Stalamant under Artiole 19(1)").

The isiter muat be in English or Franch, at the cholos of the However, I the hnguage of the
internalionsl [ the lelier H

- hmbihm" must be In ¥ the langangs of the internationad

Nules to Fors PCTASAZ20 (irst shesl) (January 1004)
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NOTES TO FORM PCT/IBA/220 (continued)

the claim replases ene or more clsims as Nled;
e olsim is the result of the division of 2 elaim s Sed.

Mustrads the In which amendments mualbe ]

! E:ihﬂsmw:ﬂbﬂmwu.ﬁr:m.:;%
cams 30, 33 and i 3 UUI-'-I;HI claims 48 fo §1 added"*

m ariginally there ware 1§ claima and sfier smendment of afl claime thes are 11}
11e 18 mplaced by avendad dlime 1 o 11.°
3 e there were 14 claims and the amendments consist in canosliing some sisime and in atkdng
Claima 1 89 8 ared 14 unchanged: clakme 7 i 13 on now clalvs 15, 16 and 17 added * or
“laims 7t 13 eanselied; now elakms 15, 16 and 17 all ather slaims unchanged.*

‘ ims 1-10 i ﬂllﬂhﬁilldlﬂn.#ﬂ.i‘Jﬁ.ﬂ‘l‘lal-ﬂ amendsd
claim 14; alaim 17 -l-lﬂddlnil.il-iﬂ'mdillﬂ w

"Staloment undar artiole 10{1)" (Rule 48.4)

The smeanchranis be ssoampanied by a stalsrwent axplaining the ssnerncdimanis and indissling impact
M%ﬂiﬂﬂﬂﬂ“lﬂmh_ﬁ-ﬂhmm-ﬂhnﬂm
The stdemant will be publishad with the intemalionsl applicstion and the amendad dlsbns.

R onzst ba In the language in which the intarnstionsl appplicslion s o be published.

R st b hviad, not soeeding 500 wards I in English or ¥ tranalaiud inle English.

l”ﬂh“ﬂﬂmmmh*“hmmnnhﬁ-
a8 flad and ss amandad. & must be fled on a shest and must be identiied as such by o haadling,
prefursbly by using the words “Sistement under 16{1)."

not condaln any sommanis on the inlemalional searsh report or the reisvance of oltaiore
hldml. bh“bl“ﬁ\ﬂdhhmm
repart may be made only In cormeslion wilh an amendment of

Consequence i a dunand for dermational preliminesy exeminaiion has siready been fled

I'l'-wl:n hwmdplh‘:'i; ot the - me of filing the amendmenis with the
-n
nlemational Buress, also fils of such amendments with the inlamational
proty—rs .:n" y Preliminary Examining

mmmumumm“umnump—

The applioent stianfion is drawm to the fact that, wher aniry inko the national phase, a trensialion of the
claims s amended under Aslicle 19 lumhhhrm the designaiedisiedisd Offioss, instead
hﬂnhh“dhm-ﬂ e

For further datalis on the recuiremenia of sach designaiedisisatad Offies, see Volume 1l of the POT Appllonts

Noalss te Form PCTASARR0 (secand sheet) (laruary 1004)



‘BATENT COOPERATION TREATY -’

PCT

INTERNATIONAL SEARCH REPORT
(PCT Anicle 18 and Rules 43 and 44)
Applicant’s or agents fia relerenas FOR FURTHER am%mumﬁmm“&m
| oo-125PCT ACTION
Insmelional applioxtion No. tnlemational fllng caie (daymontyyedr) (Eariast) Priarity Dt (dry/monthyear}
PCT/US 01/ 47688 19/11/2001 21/11/2000
| _w "

VERTEX PHARMACEUTICALS INCORPORATED

This internaional Saarch Report has been preparad by this inemational Ssarching Authoity and s tranamitied to the applicant
acoording o Article 18. A copy s being tranamitied © the intemafional Bures.

This Intermaional Seamh Reportconsisteof atotalof 4 shesis.
itis aleo accompaniad by & copy of sach prior art document cliad I this report.

1. Basis of tha report
a Wit regerd io the language, the intemational ssarch was carriad out on the basis of the intemational appiicetion in the
language in which it was fled, uniess otherwise Indicaied under this Rem.

the inlemational search onrriad out on tho basis of a trensiation of the inlemadional
D m‘”ﬂ.ﬂb)).m on a appication lumished 10 his

b. With regard 10 any nucisofiide and/or amino acld sequence disciosad in the intlemaiional appiicalion, the international search
-urrhdu:zhhﬂldh-q-m.um: e

contained In the ntsmalional appiioation | witten form.

fiad Wogether with the Intsmational application n compuier reacisble form.
furnished eubsscuently 1o this Authority In writen form.

furnished subssquantly 10 this AuthorRy In computar readble form..

the aisisment that the tumiched
| eubsncysently humiched writen sorg.en08 Reting doss not go beyond the deciosrs I the

the etslamont that the informafion reconded in compuier readable form ls identioal to the writisn ssquence lsting has been

[

0N O 00000

.anmmm{bhm
UnHy of invantion s fscking (sos Box 1),

4. With regard © the e,
[X]  the st e approved as submitied by the epplicant.
[0  the wxthes been esiabished by tis Authortty (o read ae folows:

5. With regard o the shetreot,
[X] the textis approved as submitied by the appilcant.

the texdt hias been esiablished, accomiing 38.2(b Authorty
O m«.n::n"mud-dm%&r:mﬂm':-mm?n eon::-nuaqﬂ:: y ma
6. The figure of the drawings ©© be pubished with the absiract is Figura No. -
] s sugpested by the appicent [X]  None ot the ngures.

[] because tw appicant taded © suggest a tigure.
[J  because tis sgure betier charackertzss the invention.

Form PCTASAZ10 (firet shest) (July 1088)
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PCT/US 01/47688

I Ce070233/00  C07/D235/24 CO7DAT3/00 CO7DAT1/04  CO7K5/02
A61K31/4164 A61P29/00

mummwmwnmmmmm

2. FIELDS SEARCHED
Aiiymun documantalion searched (clasalicafion followsd by classificallon symbaols)
IPC7 CO7D CO7K A61K 1P

Docurmasigtion sewched other Thn minimism documantation 1o the exdent that such documenis a3 included In tha fiskis searched

_Eﬁﬂﬂlh-ﬂ-ldll‘h Intemational search (nams of dela base and, whews practical, search isrme used)
EPO-Internal; WPI Data, PAJ

C. DOCUAENTS CONBDERED TO BE RELEVANT
 Categery® | Citalion af document, with indicasion, whare approprists, of the relovan! passages Ralsvant o claim No.

Y WO 98 11129 A (IDUN PHARMACEUTICALS INC) 1-16
19 March 1998 (1998-03-19)

page 4, Tine 20 —page 5, 1ine 5; claims
1,45-49; figures 1-3

page 21, line 22-31

Y US 5 716 929 A (GOLEC JULIAN M C ET AL) 1-16
10 February 1998 (1998-02-10)

column 2, 11ne 49 —column 4, 1ine 40;
claims 1,54

column 50, 1ine 25

column 72, 1ine 40-60

A US 5 714 484 A (BECKER MARK ET AL) 1-16
. 3 February 1998 (1998-02-03) ’
coluan 5, 1ine 5-14

D Fisther documants are Beled in the continuation of bax G. E Palent family members are Ixiad ih shnex.
e m——— " e ot Pt s . gt g e
A Mﬂr—_lﬂdlﬂ ant which s not liad to undemtand the prindipls or theory undanlying the
‘E' earfior doczament bul published on or shartha rdemational " dotumant of parieular misvance; e clsimed krvention
ing duin cannct be consiciared novel or aannot be considensd o
L* dotumant which thiow doubdes on ﬂnﬁlc Involve an ivveniive siep when the docisnent s takan alone
which i clled 10 aulablah e dele of Y documant of pariculer relsvancs; the cleivied invention
or olher spacial roason (as speciied) cannot be conskissed to lnvolve sn weniive sinp whan the
‘0" documant relaring 10 an oral diaclomms, uss, axhiblion or documast Is combined with ans or mom other sich dogy—
- olher maana e oo bas mﬂ combinaiion being abvious to & person sldied
-rln'u-mdum - "4" document manhar of Sie anme palent temly
Duis of The actual complstion of the inlamational eserch "D of maing of the Iolemational search repart
10 June 2002 17/06/2002
Name and maling asitdress of the 1A Authorized officer
?ﬁll?&Pmﬂmﬂ.l’Lﬁ:ﬂm!
mmmm.“’ &1 opo L Gavriliu, D

Fomm PCTABAZ10 (esoond shest) (el 100R)



iniemational Application No. PCTAS 01 A7688

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Continuation of Box I.2

The present claims 1, 3 and 4 do not meet the requivements of Article 6
PCT 1n that the matter for which protection is sought 1s not clearly
defined. The functional term "isosteres™ does not enable the skilled
person to determine which technical feature are necessary to perform the
stated function. It 1s thus unclear which specific compounds fall within
the meaning of Article 6 PCT arises to such an extent as to render a
meaningful search to the claims impossible. Consequently, the search does
not include isosteres of the compounds of formula 1.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of .an
international preliminary examination (Rule 66.1(e) PCT). The appiicant
1s advised that the EPO policy when acting as an International
Preliminary Examining Authority 15 normally not to carry out a
preliminary examination on matter which has not been searched. This 1s
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.




\/

wfemationa) No.
INTERNATIONAL SEARCH REPORT PCT/US 01/47688

Box 1 Observations where certain claime were found unsearchable (Continuation of item 1 of first sheet)

Thia iMemational Bsarch Report has not bean ssiablshed in reapect of cartain claime under Articls 17{2)(a) for the following reasons:

1. [ﬂm-m.-
because thay releie to subject matior not required 1 be ssarched by this Authority, namaly:

Although claims 7-16 are directed to a method of treatment of the human/animal
body, the search has been carried out and based on the alleged effects of the
compound/composition.

2 EI Ciaims Noa. -
mm:ubmuummﬁmmmmu u!nummnumnm
see FURTHER INFORMATION sheet PCT/ISA/210

a D Claims Noa:
because they ars dependsnt claims and are nol drafiad in accordance with the eacond and third sentences of Rule 6.4{a).

Box B Obsarvations where unity of invantion |s lacking (Continuation of len 2 of fivet sheet)

This Intemational Searching Authority found muttipls Inventions In this intsmationsl application, as followe:

1. I:l As all required axidiional search fees ware iimaly paid by the applicant, this intamational Search Rapart covers al

2 Aa el searchabis claims
I:l ooy g could be ssarchad without effort jusiifying an aciditional jee, this Authority did not inviie payment

3. As o e adcitionsd esarch
uwm% m:mummu:mmﬁwmmmmm

4. No required adcitional ssarch foas wens imaly the spplicant. Conssguently, ntemafional Baarch Report
D WnuMthhhﬂmﬁﬂmﬁh&&mm:“' e

Remark on Protest D The additional eaeroh fees were accompanied by the apploant's prolst.
D No protest accompanied the payment of additonal sserch fees.

Form PCTGA/210 (continuation of finst eheet (1)) (July 1008)



mREER I T e e ¥l _Atonsl Applisation No
Infermation on paterd fandy mambers PCT/US 01/47688
document Puhiication Palent Publioalion
citod In soarch repért e momberte)’ e
MO 9811129 A 19-03-1998 US 5869519 A 09-02-1999
AT 215953 T 15-04-2002
AU 739321 B2 11-10-2001
AU 4413897 A 02-04-1998
AU 738048 B2 06-09-2001
AU 4481997 A 02-04-1998
AU 739496 B2 11-10-2001
AU 4583597 A 02-04-1998
CA 2237314 Al 19-03-1998
CN 1234038 A 03-11-1999
DE 69711845 D1 16-05-2002
EP 0920444 Al 09-06-1999
EP 0929311 Al 21-07-1999
EP 0874850 Al 04-11-1998
JP 2001500377 T 16-01-2001
JP 2000501428 T 08-02-2000
JP 2001501923 T 13-02-2001
NZ 330451 A 28-01-2000
NZ 334605 A 25-08-2000
W0 9811109 Al 19-03-1998
W0 9811129 Al 19-03-1998
%0 9810778 Al 19-03-1998
US 2001044415 Al 22-11-2001
us 6200969 B1 13-03-2001
us 6184244 B1 06-02-2001
US 2002025935 Al 28-02-2002
Us 5877197 A 02-03-1999
US 5716929 A 10-02-1998 US 5847135 A 08-12-1998
- Us 5656627 A 12-08-1997
Us 5756466 A 26-05-1998
AP 797 A 07-01-2000
AU 709114 B2 19-08-1999
AU 2944695 A 15-01-1996
BG 101130 A 29-08-1997
BR 9508051 A 21-10-1997
CA 2192089 Al 28-12-1995
N 1159196 A 10-09-1997
cZ 9603698 A3 11-06~1997
EP 0784628 Al 23-07-1997
FI  ° 965036 A 14-02-1997
W 76622 A2 28-10-1997
JP 10504285 T 28-04-1998
NO 965365 A 17-02-1997
NZ 289560 A - 29-09-1999
PL 318220 Al 26-05-1997
X 160996 A3 10-09-1997
WO 9535308 Al 28-12-1995
Us 6103711 A 15-08-2000
Us 5973111 A 26-10-1999
Us 6025147 A 15-02-2000
ZA 9504988 A 17-12-1996
US 5714484 A 03-02-1998 US 5486623 A 23-01-1996
AU 713934 B2 16-12-1999
AU 6100996 A 30-12-1996
CA 2223268 Al 19-12-1996
EP 0863833 Al 16-09-1998

Fom POTARAZD (paland fermily srnes) Gy 1668)
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Information on patent famly membere

i, __jatienal Appisatien No

PCT/US 01/47688

Puiant document Paisnt family Publication
alted In search report member(s) daio

US 5714484 JP 11507912 T 13-07-1999

Us 6147188 A 14-11-2000

WO 9640647 Al 19-12-1996

Al 1266495 A 27-06~1995

CA 2177495 Al 15-06-1995

EP 0731696 Al 18-09-1996

JP 9506368 T 24-06-1997

Wo 9515749 Al 15-06~1995

us 6297277 B1 02-10-2001

(113 5663380 A 02-09-1997

us 8925772 A 20-07-1999

Fasn PCTABARYO et fenlly srwu) (il 1008)
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT

{19) Wolld Intellectunal Property Organtzation
Intemational Burean

(43) International Publication Date
30 May 2002 (30.05.2002)

PCT

E R s it b T "“-; -

o e, by

TION TREATY (PCT)

(10) International Publication Number

WO 02/42278 A2

(51) Isternational Pateat Classification”

Co7D 233/00

1) I_l.llﬂlllll Application Number: PCT/AUS01/47688

(32) Interuational Fillog Date: :
19 Novembar 2001 (19. u.:mx)

(29 Filisg Language: English
(26) Publication Language: English
(39) Prierity Data:

60/2522%2 2t November 2000 211120000 US

(T1) Applicaat (for oli deslgnaied Siates except US): VERTEX
PHARMACEUTICALS INCORPORATED [US/US]);
uowﬂu_l,smmwp.mmmmm

(81) Desiguated States (mational)s AB, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CNCACR. CV,
CZ, DE, DK, DM, DZ, EC, ER, B, FI, GB, (D, GE, GH,
GM, HR, HU, D, IL, IN, IS, JP, KR, KG, KP, KR, KZ, L,
LK, LR, LS, LT, LU, LV, MA, MD, MG, ME, MN, MW,
MX, MZ, NO, NZ, FH, PL, PT, RO, RU, SD, SE, SG, 81,
SK, SL, TJ, T™, TR, TT, TZ, UA, UG, US, UZ, VN, YU,
ZA, ZW.

(84) Designated States (regional): ARIPO patont (GH, GM,
KR, 1S, MW, MZ, SD, SL, 8z, TZ, UG, IM, ZW),
Buaresisn patent (AM, AZ, BY, KQ, KZ, MD, RU, TJ, TM),
Buopesn patent (AT, BB, CH, CY, DB, DK, ES, FI, FR,
@B, GR, 1§, IT, LU, MC, NL, PT, SE, TR), OAFI patent
(BR, BJ, CR, 00, Q, CM, GA, GN, GQ, OW, M1, MR,
NE, SN, TD, TO).

Publsbed:
—  without International ssarch report and to be republished

Do

% (72) laventors; and upon recsipé of that repart
Inventers/Applicants us :  KAY, David ;

- 9 [GBXIB]; 4 Church Pf,hma%m SNS 9DR  For two-leiter codes and ather abbreviations, refer to the “Guid-
E (GB). GOLEC, Jullan [GB/GB}; 8 Manar Farm, Chapel MNMGCﬁlﬂAbhm'mdhm
SN Road, Ashbury, Wilishire SN6 8LS (GB). mvmwmdﬁhmm

= (74) Agran: SILVERMAN, Isa et al.; Vertex Pharmaceot]-

BBl " caliInc, 130 Waverly Sireet, Cambridge; MA 02139-4242

s

—
. —

|

A

= -

a (34) Tithe: IMIDAZOLE AND BENZIMIDAZIOLER CASPASE INHIBITORS AND USHS THERBOF

‘- == (57) Abatract: This invention provides caspass intdbisors having the formnke: whersin R! is CO5H, CHZOO,H, or esters, amides or
g isosteres thereof; R? and R? arv each indepondentty selsctod from hydrogen or an optionally substitated C,-C aliphatic group; and
and R? am sach indapendent]y selected from hydrogen, an optionally sabatituted C1-C8 aliphatic group, or R* and R? takan togetfher
with the ring to which they are stiached form an optionally substitnted bicyclic ring. The caspase inhibitors wre mefil for reatin £ 2
number of discases such as cancer, acute inflammatory snd antolmemne disonders, ischemic disoases and certain
disorders.
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Fpm te:
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY
y .
Vossius & Pariner PCT
Siebaristr. 4
81675 Munich EINGE
e MAGHE NGEGANGEN WRITTEN OPINION
214, -Sep. 2002 (PCT Rule 66)
e :
: . of
i m 23.09.2002
Agplicanis or agent’s fie reference REPLY DUE within 3 month{s)
Q2071 PCT from the sbove deto of mallng
felemetiongl applicafion No. intamational fiing dats (deynontiear} Puiorily dele (dayinontyyear)
PCTAIS01/47688 18/11/2001 21/11/2000
\nlamadionsd Patant Claseiication (1PC) of both nelionsl alassiliontion and IPC
CO7D233/00 ) —
Appiicant

VERTEX PHARMACEUTICALS INCORPORATED et al

CELEE -
OO0 EO0BE0R

vi
vil
vl

Whan?
How?

1. This writhen opinion ks the second drawn up by this inlemational Prefiminary Examining Authorlly.
2. This opinion contains indications relating 1o the following llems:

Baais of the opinion

Priorly .

Non-esiablishment of opinion with regand o novelty, inventive step and indusirial applicability

Laok of unity of inveniion

mmmmmﬂmwmbm Mudq:oriﬂnﬁlllm
chtations and sxplanations supparting such statameant

Certain document ched

Ceriain defects In the intemnational application

Cortain chearvations on the intemational application

a mmumwumbﬂm

Ses the imes imi Indicaind above. The sppiicant ey, belore the expimtion of fhat fime ML,
raquest this Authorfty 1 grant an extsnsion, see Rule 88.2(d).

By submilfing a wrillen roply, accompanied, whare appyopriain, by amendmenia, aocording o Rulo 88,3,
For the form and the language of the amandments, sse Fules 68.6 and 88.9.

mmmwhmmumm
For the examinar’s obiigation 1o consiier smandmerts and/or argusnanis, ese Rula 68.4 bis,
Formmm-linm.mﬁhu

If no reply s filed, the internaiional praliminary @aminalion report wil be ectablishad on the basle of this opinion.

4. The final daie by which S intamaBional
@aminalion report must be stablished according 1o Ruls 89.2 I 21/03/2003.

Namo and mading eddrass of he inlsmelionsl Auiforited ofticer 7 Examine _ P

nealiminasy ssamininn o thrsthr - - -
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WRITTEN OPINION Intenational application No. PCT/US01/47688

L Basls of the opinion
1. With regard to the elements of the International application (Replacement sheets which have been fumished to
the recelving Office In response fo an invitation under Article 14 are referred to in this opinion as "originally fled™):

Description, pages:

1-40 as originaily filed
Claime, No.:

1-16 as originally flled

2. With regand to the language, ail the elements marked above were avalieble or fumished to this Authority In the
language in which the intemational application was filed, unless ctherwise indicated under this item.

Thess elements were avallable or fumished to this Authority In the following language: , which Is:

0 the language of a transiation fumished for the pumoses of the intemational search (under Rule 23.1()).
0 the language of publication of the Intemational application (under Rule 48.3(b)).

O the.language of a tranelation fumished for the purposes of Intemational preliminary examination (under Rule
55.2 and/or 55.9).

3. With regard to any nuclectids and/or amino acld sequence dlleluud In the intemational appiication, the
Intemnational prefiminary examination was carried out on the basls of the sequenca feting:

cantained In the Intemational applicetion in written form.

filed together with the intamational application In computer readable form.
I'umH\od subsequently to this Authority in written form.

furnlahed subsequently to this Authority in computer readable iorm

The statement that the subsequently fumished written saquenca llsting does not go beyond the disciosure In
itie Intemational appiication as fled has been fumished.

The stetement thet the Information recorded In computer readabls form is idantical to the wiitten sequence
listing has been fumished.

0O OODpDOoQ

4. The amendments have reauited in the canceliation of

O the description, pages:
O the claima, Noas.:
O the dmwinge, sheets:

Form PCTAPEA/4QS (Boxes -V1Il, Shest 1) {July 1988)
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WRITTEN OPINION ' International epplication No. PCT/US01/47688

5. O Thia report has been eatablished as if (some of) the amendments had not besn made, since they have been
considered to go beyond the disclosure as flled (Rule 70.2(c)):

(Any replacement.shest containing such amendments must be referred to under ltem 1 and annexed io this

6. Additional observations, if necessary:

lil. Norn-establishment of opinion with regard to novelty, inventive step and industrial applicabllity _

1. The questions whether the claimed invention appears to be novel, to invoive an inventive atep (to be non-
obvious), or to be Induatrially applicable heve not been and wil not be examined In respect of:

" O the entire intemational appiication,
B claims Nos. 7-16 with respect to Industrial applicability and 1,3 ard 4 with respect to leceteres,

because:

B the said intemnational application, or the sakd claims Nos. 7-18 relate iy the following subject maiter which
does not require an intemational preliminary examination (speci)):
ses ssparaie shest .

0 the deacription, cialms or drawings (indicate particular elements below) or sakd claime Nos. are so mclear
that no meaningful opinion couid be formed {speci):

O the claima, or sald claima Nos. are so inadequately supported by the description that no meaningful opinion
could be formed.
B no intemational search report has been esatablished for the eald clalma Nos. 1, 3 and 4.

2. A written opinion cannot be drawn due 1o the fallure of the nuclectide and/or amino acid sequence Reting 1 -
comply with the standard provided for In Annex C of the Administmtive Instructions:

'O the writien form has not been fumished or does not comply with the standard.
O the computer readable form has not been fumished or does not comply with the standerd.

V. Reasoned statement under Rule 86.2(s)!) with regard to novelty, inventive step or Industrial applicablilty;
citations and explanations supporting such statement

1. Statement
Noveity (N) Claims 1-18(YES)
Inventive step (iS) Claims 1-16(NO)

Industrial applicabliity (IA)  Claims  1-8(YES)

Form WTHPEAMCIB {(Boxae 1-VIlI, Sheet 2) {Juty 1988)
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Intemnational application No. PCT/US01 I47§88

2. Citations and explanations
aee ssparate sheet

. Form PCTAPEAMOS (Bama VI, Sheet 3) (July 1508)
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WRITTEN OPINION Intamational application No. PCT/US01/47688
SEPARATE SHEET .
Reltem |

Should amendments be filed In resbonae to this written opinion, these will only be taken

Into account when the applicant identifies clearly all amendments made(e.g. submitting -

one set of originally pages with hand-wrtiten amendments) and indicatas on which
passages of the original application these amendments are based (Rule 66.8 PCT)

Be ltem Hil .
Claimsé 7-186 relate to subject-matter considered by-this Authority to be covered by the
provision of Rule 67.1 (iv) PCT. Consaquently, no opinion will be formulated with
respect to the industrial applicability of the subject-matter of these clalms (Article

34(4)(a)()PCT).

For reasoning with regards to unsearched subject-matter, see Form PCT/ISA/210 of .
the Intemational Search Report. No intemationa! Preliminary Examination wili be
carried out with respect to subject-matter which is not covered by the search report
(Rule 66.1(e)PCT). '

Be jtem V
1. Reference is made to the following documents:

D1: WO 98/11129
D2: US 5716 929

2. Novelty (Article 33(1) and (2) PCT)

The subject-matter of the present application is related to dipetide derlvatives
having an imidazole derivative as C-amino acld, useful as Inhibltora of caspase.

D1 discloses compounds differing from those claimed by the present application
In that the terminal ring Is an indole group. D2 discloses structures which ditfer
from the present compounds in that they do not contain a terminal halomethyl
function. The above-mentioned documents are not relevant to the novelty
question.

3. Inventive step (Article 33(1) and (3) PCT).

Form PCT/Seperais Shest408 (Sheet 1) (EPO-Apr 1997)

1l
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The technical problem underlying the appilication lies in the provision of further
dipeptide-based caspase inhibitors.

D1, which discloses some C-terminal modified (N-substituted)-2-indolyl dipeptides
as Inhibltors of caspase, is considered to represent the closest prior art. :
Compound 61 (figure 2 of D1).differs from example 5 of the present application by
the replacement of the benzimidazole ring with the N-methylindoie ring. In the
above-mentioned figure from D1 a series of fluoromethyi derivatives (having a C-
terminal indolyl ring) are tested for their activity as caspase Inhibltors.

D2 teaches the equivalence of terminai pyrrole~ and Imidazole-based heterocycles
in a structurally very closely related group caspase Inhibitors.

Consldering the fact that D1 discloses compounds having a fluoromethyl group on
the N-terminal amino acld, D2 discloses compounds having the same imidazole
derivative as the present invention as C-terminal amino acid, as caspase
Inhibltors, the person ekilled in the art would have arrived at the compounds of the

present application with the expectation that they would possess the above-
mentioned activity.

Cansequently, In the absence of evidence of unexpacted propertles, the subject-
matter of the present application cannot be regarded as involving an Inventive
step.

However, an inventive step could be acknowledged If evidence Is provided
showing unexpected effacts of the compounds of the present application
compared to the structurally closest compounds of the prior art.

Moreover it Is point out that the definition of formula 1 is not considered to

represent a reasonable generalization over the examples as far as the definition
“optionally substituted” used for the substituents R2-R5 Is concemed.

4. Industrial applicability (Article 33(4) PCT).

For the assassment of the present claims 7-16 on the question whether they are

Fom PCT/Beparatn Sheet/408 (Sheet 2) (EPO-Apr 1897)
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industrial applicable, no unified criterla exiet in the PCT Contracting States. The
patentabliity can also be dependent upon the formulation of the claims. The EPO,
for example, doaes not recognize as industrially applicable the subject-matter of
claims to the use of a compound in medical treatment, but may allow, however,
claims to a known compound for first use In medical treatment and the use of
such a compound for the manufacture of a medicament for a new medical

treatment. . .

Form PCT/Separxie Sheet/408 (Bhoet §) (EPO-Aprl 1897)
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ETNGEGANGEN| PATENT COOPERATION TREATY” Y Ped:
Vossiug & Partner - .
26. Sep. 2002 From the INTERNATIONAL BUREAU
. To:
Y
INFORMATION CONCERNING ELECTED
* OFRCES NOTIFIED OF THEIR ELECTION VOSSIUS & PARTNER
Slebertstrasse 4
(PCT Rule 61.3) 81676 Munich
Germany
Deto of malling {day/month/yaar)
16 Septamber 2002 (16.09.02)
onarer IMPORTANT INFORMATION
PCT/US01/47688 19 November 2001 {1.11.01) | 21 November 2000 (21.11.00)

VERTEX PHARMACEUTICALS INCORPORATYED et al

1. The spplioant ks haraby Informed that the intamational Bureay has, according to Artiole 31(7), notified sach of the following
1 Offices of its slection:

EP :AT,BE,CH,CY,DE,DK,ES, FI,FR,GB,GR,IE,IT,LU,MC,NL,PT SE, TR
Natfonal :AU,BG,CA,CN,DE,GB,ILJP,KP,KR,MN,NO,PL,RO,RU,SK,US

2. The following.OMoes have walvad the requirement for the notification of their sleation; the notifioation wifl be sent to them
by the Intemational Buresu only upon their request:
AP :GH,GM,KE,LS, MW ,MZ,SD,SL,SZ,TZ, UG ZM ZW
EA :AM,AZ,BY KG,KZMD,RU,TJ,TM
OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD,TG
National :AE,AG,AL,AM,AT,AZ,BA,BB,BR,BY,BZCH,CO,CR,CU,CZ,DK,DM,DZ,EC,EE,
ES,F1,GD,GE,GH,GM,HR,HU,ID,IN,IS,KE KG,KZ,LC LK,LR,LS,LT,LU,LV,MA,MD,MG,
MK, MW,MX,MZ,NZ,PH,PT,SD,SE,SG,S1,SL,TJ,.TM, TR, TT,TZUA UG,UZ VN,YU ZA ZW

3. The sppllcant s reminded that he must enter the "national phase™ before the of 30 months from the priority dste
o of the Inerassons ;pluﬂ:h mﬂ bu'm e o whae eDpiloable, 3: 'f:l'mm o tanedonet
n of the nal s tra
annexes of the international praliminary ':numln:ﬂon m';t-md:giﬂl(bl l=d Rule 74.1). m 4 fran notam

Some offioss have fixed time limits expiring later than the above-mentioned tme Kmit. For detalied information about the
:ﬁlil‘upgﬂm Ilmﬂl?‘lonslgi: aats to be performed upon entry into the netional phase before & particular Offios, sse Volumae Il

The entry Inta the Europsan reglonsi phase Is postponed untll 31 manths from tha priority date for all States designsted for
the purposes of abtaining s European pstent.

mu.uM| Bursau of WIPO Authorized officer:
chemin des Colombettes
Facsimile No. {41-22) 740.14.36 Telephone No. {41-22) 338.83.38

Form PCTII!B!! (September 1087) 51085
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VOSSIUS & PARTNER ' -
Patentanwillte
Voshos & Fooar FOB 860767 91634 Muzich Gerzmay PATENTANWILTE EROPEAN FATENT ATTCRNETS
’ KUROPEAN FATENT ATTORNETS
’ EUROFEAN TRAUEMARE ATTORNEYS Dr. RENATE BAKTE, Dipl-Cham.
European Patent Office I, VOLKER VoI, B URRILA ESILIRAFST, Dl Che.
Erhardtstr, 27 (o 1983 ek e Kol Dipl-Clam.
. Dr. DISTER HISMEMANN, Digl-Phye.
Dr. PITTR A. RALM, Digl -Chamn.
B0298MUNCHEN B Couas SmmMALe - o
EANS-IADOIR DipL-Bied, .
Dc. ALEXA VO URXKILL, M.Ae BECHTMNWALTE
g:mwmw —
s il Tt L
De. RUEDERIKE STOLTENFURO, Digk-Blel De. THURE SCHUBERT Dil-Clam.
RANT Digl-ing, SO AN,
De. RATALIA ERRRYMAN, Dipl-Chem.
PCT/US01/47688 .
Vertéx Pharmaceuticals Inc. August 20, 2002
Our Ref.; G2071 PCT R

“This is in reply to the Written Opinion under Rule 66 PCT dated August 6, 2002:

Applicarit herewith requests detailed substantive examination in accordance with the Notice
ofthehwdentofﬂ:eﬂumpeanhmefﬁcedamdNowmberZﬂX)l pubhshedmthe
Official Journal oftheEPOZOOl 539. 1t is further requested thatasecond Wuﬂm Opmlon
: beissued.

Dr

Aol

TAL: _ +6-0504] 00

: g'ral.m
Sebatstaimeit: - ..~ | | omea FAX:  +45-8041
81475 Munich- v R Lt s . anoam 2 Eﬂﬂ -
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Z. Pi._NT COOPERATION TREATY = WMo
fn":"nmi“ﬁAmNAL PRELIMINARY BEXAMINING AUTHORITY PCT
To:
Vossius & Partmer -............—--:-; 1 . WRITTEN OPINION
pisbecins {ENGEGANGEN
un & Partner
ATTENAGNE Vossius (PCT Rule 66)
07 Aug. 2002
[,1,5.———"_'_‘ - B
e e = (ivh'ﬂlﬂb'-_f} 06/08/2002
Applicant’s or spunt’s flle reference _ REPLY DUE
62071 PCT : pubtn 100, ookt
Internationa} spplication No. Interaational filing date (day/monthipenr) | Pricrity date (deyjmonthjyeer)
PCT/US 01/ 47688 19/11/2001 . 21/11/2000
International Petant Classifiostion (IPC) or both national camification and [PC
C07D233/00
Applicant

VERTEX FHARMACEUTICALS INCORPORATED ot al.

1. This wiitten pinion Is the first drawn up by this Internationsl Prefiminary Bxvemining Authority,
| 2. This opinion contsine todiostions reisting to the following feme
I Basia'of the opinion
i [T] Priariy
il [X] Non-establishment of opinjon with regard to noveity, inventive strp snd industrial spplicatifity

IV [[] Lack of uity of invention _
v aponed under i 'y al »
X :ﬂmmmmua(-mmmﬂunmmquw spplicabilicy;
vi D Cartain documents dited
VI [] Certain defocts in the intenational application
Vitt [7] Certsin chservations on the international application
3. The spplicant Is hereby knvited t» reply to thiy opinion.

Wha? Seo the time limit indicsted sbove. The sppliosnt before the expirstion of that tinee limir, request this Authority
to graut an oxtemsion, see Rule 66.2(d). i

How? By subml , socaempanied, spproprists, mmmmm.
F;'hf::ﬂﬂllm;%dhm Ruln“?-ﬂ“!

Alss  For an additional opportunity to schmit spendments, ses Rule 66.4.
thml&hﬁuhm wments, sos Ruls 66.45r.
For sn informal communication with the examiner, -ﬁfa’}

H »o reply Is filod, the iInternxtional prefiminary examinstion repart will be establivhed an the baals of this epinian,

4. The final date by which the fnternstional preiminsry
mhﬂmnpmmhnﬁllmmtomﬂah 210372003 —

Naw and maifing sddress of the IPEA/ Authorized officer
—_hggmh-:toﬂh Exgminer -
{+49-89) 21399-0, Tix: 523656 apmu d Formalities offioar
Tel. , T
. extenslon of tiom
____n-.(+m2, 23904445 %'U'M)ﬂﬂ m’Ilmln)
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From the
" INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY
N PCT
Vossius & Pariner
81078 Mukch EINGEGANGEN NOTIGATION OF TRANSMITTAL OF
ALLEMAGNE Vossius & Partner THE !NTEWTI%I:IL PRELIMINARY
21 Feb. m \ (PCT Rule 71.1)
r (= . ' Date of maling
Dph (dayetmonthien) 27.02.2003
wuﬂﬂlom
G2071 PCT DPORTANT NOTHFICATION |
Intemaaticns) appiication No. o T S s——— Priotity dale (dayinonivienr)
PCT/UB01/47658 16/11/2001 21/11/2000
Applicent )
VERTEX PHARMAGELITICALS INCORPORATED ot sl

1. The appilcant is heraby notifisd that this Infarmationel Preiminary Examining Authortty transmils herswfih the
wmmmmmmnm.mmummm.

2 Amdmmwmmlm.nummmmummmumm
1o all the efected Offices. :

3. mmuuwmdmmmhmmwwmmmmam
raport (but not of ey annaxes) and will franamit such transiation fo those Offices.

4. REMINDER

The appBcant must enter the national phase before each elected Office by performing cortain achs (fiing
Transiafions and paying national feas] within 30 montha from the priority date (or ister In somea Offices) (Article
36(1)) (ese also the reminder sent by the Intamational Bursau with Form PCT/IE/301).

Whers & ransiation of the intsmational eppiication must be fumished & an elected Office, ¢t ranelation must
coitain a transaiation of ary annexes t© the intemational preliminery examination report. &t is the applicani’s
Wymmmmmmmhmmmm

Fam«dsnmmammmmmmmmummdmmmmvmnonho .
PCY Applicant'a Guide.

Forlupwpnsaddoddhgwhaﬂnrhddmedhwﬂbnhmmlbbornu the electad Offices may epply
criterla addttional to or different from the criteria on which tha Intemational preliminary examinafion repost is
based (see Artictas 27(5), 33(5)). Mdﬂomlahﬂamaytﬂ:dan.g.exmmmwymdm
requiramants of enabling disclosure and of clarity and support of claims.

Name and malling address of the IPEA/

—i— Europesn Patani Ofice

D-B3208 Munich

Tol +49 80 2306 -0 T 523080 epmu d
Fox +40 59 2300 - 4488

Form PCTAPEAM10 Qluly 1022)




~~“PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Article 36 and Rule 70)
Applicarta or agenfs e reference Sea Notfication of Tranamittal of Intemational
G207% PCT FOR FURTHER ACTION  Prefminary Eamination Repart (Form PCTAPEA/416)
inismafional application No. Intermartionel filng date (cyimontvyear) Priodity date (ditwmontvyeer)
PCTAUS01/47688 19/11/2001 211 1/2000
inkemational Petant Classification (IPC) or national classification and IPC
Co7D233/90
Appicant

VERTEX PHARMACEUTICALS INCORPORATED st al.

and is tmnemitted to the applicant according to Article 38. -

2 This REPORT consisis of a tolal of 7 shests, Including this cover sheet.

0 Thia report le also accompanied by ANNEXES, Le. sheeta of the deacription, claims and/or drawings which have
besn amended and ars the basis for this report and/or shesis containing rectifications made bafore this Authorfty
{sea Rule 70.18 and Seciion 607 of the Adminiatrative Inatrucions under tha PCT).

Thess annaxes consist of a toial of sheets.

1. This intenational preiiminery examination report has been prepared by this Intemetional Prefiminary Examining Authorlty

8. This report contains indications relating to the following Reme

Basis of the report

Priorty
Mﬂm_dounmmmbmw.mmmpmmmmm
Lack of unlty of Invention

Reasoned statement under Article 35(2) with regard to navelty, inventive Industrisd 7
cliations and explanations suporting such staternent Iy siepor “pplosbiRy:

Certaln documents cited
Carialn defects in the international appiication
cerlalnobuwnﬂanmmehhmalhmla_pplhlﬂon

<
OO0 sa0B0O @

wvill

Data of submiseion of the demand Dads of completion of this repont
20/08/2002 27.02.2003
Name and maling address of the intemational " Authorized officer
preliminary exemining authority:
E— E.lq:nnMPahrlOIllm
D-80298 Munich Gavrl
Tol. +40 89 2300 - 0 Tic 523858 apmu d u, D
Fauc +40 89 2308 - 4465 Telephone No. +48,80 2309 B274

Form PCTAPEA/40R (cover sheel) {January 1954)
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. Basls of the report

1. With regard to the alements of the Intemational application (Replacement sheets which have been fumished to
the recelving Office in response lo an Invitation under Article 14 are referred o In this report as “originafly flled”
mdamndannexadbﬂampoﬂshceﬂeydomfamﬁnammmmum 70.16 and 70.17)) .

Description, pages:

1-40 as ofiginally filled
Claims, No.:
1-16 as or]glnally filed

2. With regard to the language, afl the slemants masrked above were avallable or fumished to this Authority In the
language In which the international application was filed, uniess otherwise indicated under this item.

These alaments were avallabls or fumished to this Authority in the folfowing language: , which la:

O the language of a transiation fumished for the purposas of the intemational search (under Rule 23.1(b)).
O the language of publication of the Intemational application (under Rula 48.3(b)).

O the language of a tranelation fumished for the purposss of Intemational preliminary examination (under Rule
55.2 and/or 55.3).

3. With regard {o any nucieotide and/or amino acid sequence disciosed In the intemnational application, the
Intermnational preliminary examination was carried out on the basis of the sequence listing:

contained in the Intemational appfication in written fomm.

fed togethser with the intemational application in computer readable form.,
fumished subsaquently to this Authorlty in written form.

fumished subsequently to this Authority in computer readable form.

The statement that the subsequently fumished written sequence listing does not go beyond the dieciosure in
the Intemnationa! application as filed has been fumished.

The statsment that the Information recorded In eompuhrreachblefonnla ldenﬂcaltomowmlancequanca
Bsting has been furnished.

0O ooooao

4. The amendments have reaulted in the cancellation of:

O the description, pages:
O the claims, Noas.:
O the drawings, ehoels:
O

This report has been eel:nbllahed &a If (some of) the amendments had not been made, since they have beon
considered to go beyond the diaciosure as flied {Rule 70.2(c)):

Form PCTAPEA/0S (Boxes 1-VITI, Shest 1) (huly 1966)
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(Any raplacement sheet containing such amendmaents must be refermed fo under item 1 and annexed to this
report)

6. Additional obsarvations, f necessary:

INl. Non-establishment of opinion with regard to novelty, Inventive step and industriel applicabllity

_ '1. The questions whether the claimed Invention appeare to be novel, to invoive an inventive step (to be non-
obvious), or ta be industrially applicable have not been sxamined In respect of:

0 the entire international appiication.
O claime Nos..

B the sald Intemational application, or tha sald ciaima Nos. 7-16 relats fo the lollowlng subject matter whlch
does not require an Intemational preliminary mmlnatlon (specify):
soo separais shest

O the description, clalms or drawings (indicate particular elements befow) or sald claims Nas. are o unclear
that no meaningful opinlon could be formed (specify):

) 0 the claims, or said claims Nos. are so lnadequately supported by the description that no meaningful opinion
@ coudbetomed.

@ no Intemational search repart has besn eatablished for the sald claims Noa, 1,3,4. _
2. A meaningful international preliminary axamination cannot be canied out due to the fellure of the nucleotkle

and/or amino acld sequence listing to comply with the standard provided for In Annex C of the Administraiive
instructions:

O the writhen form has not besn furnished or does not comply with the standard.
O the computer readable form has not been fumished or doss not comply with the standard.

V. Roasoned statement under Article 36(2) with regard to novelty, inventive step or Industrial applicabliity;
citations and axplanstions supporting such statement .

1. Stadement
Novally (N) Yes: Claime 1-18
No: Claims
Inventive step (IS) Yes: Claims

No: Claims 1-18
Industrial applicablity (IA) Yes: Clalms 18

Form PCTAPEA/O9 (Boxes |-Vill, Shast 2) Lluly 1088)



U
~ -/
- INTERNATIONAL PRELIMINARY
EXAMINATION REPORT Intemnational application No. PCT/US01/47688
No: Claims

2. Cltations and explanations
soe soparats shest

Form PGT/PEA/M0 (Boxas VI, Sheet 3) (July 1908)
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Be ftem (il .
Non-establishment of opinlon with regard to novelty, inventive etep and

industrial applicability

Claims 7-16 relate to subject-matter considered by this Authority to be covered by the
provision of Rule 67.1 (v} PCT. Consequently, no opinion will be formulated with
respect to the industrial applicability of the subject-matter of these claims (Article

34(4)(a)()PCT).

For reasoning with regards to unsearched subject-matter, see Form PCTASA/210 f
the Intemational Search Report. No Intemational Preliminary Examination will be
carried out with raspect to subject-matter which Is not covered by the search report
(Rule 66.1(e)PCT).

Re ltem V
Reasoned statement under Article 35(2) with regard to novelty, Inventive step or

Industrial applicabliity; citations and explanations supporting such statsment

1. Referance is mads to the following documents:

D1: WO 98/11129
D2: US 5716 928

2. Novelty (Article 33(1) and (2) PCT)

The subject-matter of the present application Is related to dipetide derivatives
having an imidazole derivative as C-amino acld, uasful as inhibitors of caspase.

D1 discloses compounds differing from those claimed by the present application
in that the terminal ring Is an Indole group. D2 discloses structures which differ
from the preaent compounds in that they do not contaln a terminal halomethyl
function. The above-mentioned documents are not relevant to the novelty
question.

Form PCT/Beparate Shest/408 (Sheet 1) (EPO-Aprll 1807)
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Inventive step (Article 33(1) and (3) PCT).

The technical problem underlying the application lles In the provision of furlhe(
dipeptide-based caspass inhibitors.

D1, which discloses some C-terminal modified (N-substituted)-2-Indolyl dipeptides
as Inhibitors of caspase, Is considered to represent the closest prior art.
Compound 61 (figure 2 of D1) differs from example 5 of the present application by
the replacement of the benzimidazole ring with the N-methylindole ring. in the
above-mentioned figure from D1 a serles of fluoromethyl derivatives (having a C-
términal Indolyl ring) are tested for their activity as caspase Inhibitors.

- D2 teaches the equivalence of terminal pyrrole- and Imidazole-based heterocycles

In a structurally very closely related group caspase inhibitors.

Conslidering the fact that D1 discloses compounds having a fluoromethyl group on
the N-terminal amino acid, D2 discloses compounds having the same imidazol
derivative as the present invention as C-terminal amino acid, as caspase
inhibltors, the person skdlled in the art would have arrived at the compounds of the
present application with the expectation that they would possess the above-
mentlonad activity. . '

Consequently, In the absence of evidence of unexpected properties, the subject-
matter of the present application cannot be regarded as involving an inventive
step. .

However, an Inventive step could be acknowledged if evidence Is provided

showing unexpected effects of the compounds of the present application
compared to the structurally closest compounds of the prior art. '

Industrial applicabliity (Article 33(4) PCT).
For the assessment of the present claims 7-16 on the question whether they are

industrial applicable, no unified criterla exlst in the PCT Contracting States. The
patentability can also be dependent upon the formulation of the claims. The EPO,

Form PCT/Beparais Ehaet/400 (Sheet 2) (EPO-Aprll 1087)
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for example, does not recognize as industrially appliicable the subject-matter of
claims to the use of a compound in medical treatment, but may allow, however,
claims to a-known compound for first use in medical treatment and the use of
such a compound for the manufacture of a medicament for a new medical

treatment.

. Form PCT/Saparxte 8heet/400 (Bheet 3) (EPO-Aprtl 1607)
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Tranite 2 BLl PCT-PATENT 379 FASE MACT 411 PRESENTAC
Sepesdeuciar 2620 DIVISION D€ INEVRS CREACIDNES
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Industria y Comercio
SUPERINTENDENCIA
Bogotd, D.C.,
Doctor (s} oncloN® 03097
HELENA CAMARGO WILLIAMSON
Apoderado (a)
Vertex Pharmaceuticals incorporated
ASUNTO: Radicacién N° 03 050847
Solicitud intemacional PCT/USD1/47688
Fecha inicio fase nacional 2106/03
Trémite on
Evento arne
Actuacién 430
Folios 001

Como resultado de! examen de forma, realizado con fundamento el el articulo 38 de la Decisidn 486 de la
Comision de la Comunidad Andina, articulo 27 del Tratado de Cooperacidn en Materia de Paientes (PCT),
regia 51 bis del Regiamentn y Circular Unica de la Superintendencla de Industria y Comercio, s le comunica
que:

0 La soficitud no contiene la copia del documento en que consta ia cesién del deracho a la patents del
inventor al solicitants 0 a su causante. (Art. 26-k) Decisidn 486).

En cumplimiento de lo dispuesto por el articulo 39 de la Decisién 488, 88 la raquiers para que dentro del
término de dos meees siguientes a la fecha de notificacidn del presents oficio, complete los requisitos
anteriormente enunclados. En caso de no dar cumplimienio al presents requerimiento, la solichud se
considerard abandonada y perderd su prelacion,

Noiifiquess el presents aficio conforme a lo dispuesio en el numeral 5.2, fteral e), del capfiulo quinto del
titulo primero de la Clrcular Unica N° 10 de 2001.

El anteror reqeriiario fua nofiado por lecktn en laa de fechs,_ 2 4 9LT. 2043







