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[CX] Palente de Invencion,

SOLICITUD DE ;

] Patente de Modelo de Utilidad.

] Capilulol.

[X7] Capituloli.

Nombre: AveNTIS PHARMACEUTICALS INC.

) IDENTIFICACION
y AXYS PHARMACEUTICQ;%, ;2?.
= : A ate ev. > -
POLICITANTE Diteccion 3 vatoes Ko bapar 26 Eetadts | C.C. o [
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E-mail;
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Telefono: 6161948 Fax: 6163976 Cual
E-mail Nimero 2.878.023 7p 5903
@‘ Nombre:  GRAUPE, Michael
INVENTOR (ES) L
Direccion: 1131 Banyan Way,
(72)
Nacionalidad o Domicilio Pacifica, CA 94044 Estados Unidos
® PCT (86)

Solicitud Internacional No.
Publicacion Internacional No. WO 037024924 Al

PCT/US02/29323

Septiembre 16 de 2002
Fecha

Fecha Marzo 27 de 2003
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Q) ANEXOS

[X] Comprabante de pago de la tasa de presentacion de Ia solicitud.
m Documento que acreditalaexislenciay representacxon legal cuaiido el solicitante sea persona juridica.
m Poderes, sifuere el caso.

D Bocumento de cesion delinventor al solicitante o a su causante.
D Declaraciones

Copia de fa solicitud intenacional. (Resumen, descripcion, reivindicaciones, dibujos)

Traduccion de fa solicilud internacional al castellano. (Resumen, descripcion, reivindicaciones,dibijos)

m Copia detexamen preliminar intetnacional efectuado por 1a Auloridad Internacional de Examen Preliminar (IPEA).

m Traduccion del examen prcliminar inlernacional efectuado por ti: IPEA.

D De ser et caso, copia de! contrato de acceso.

[:] De ser el caso, documento que acredite la ficencia o autorizacion de uso de conocimientos tradicionales de las comuni-
dadesindigenas.

D De ser ef caso, certificado de deposito det malerial biologico

] Arte final 12x12.

D De ser el caso, informacion sobre olras soliciludes de patente o titulos obtenidos en el extranjero por el mismo litular o su
causante, relacionadas parciat o tolalimente con lainvencion de esta solicitud.

[] Deserel caso, modificaciones clecluadas a la solicitud interacional.

[x] ovos Reporte de Blsqueda Internacional. x

(1) FIGURA CARACTERISTICA:

. _ . J
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(@ Solicito 1a concesion e la palente,

NOMBRE:  GUSTAVO HOLLMANN RESTREPO

FIRMA: '
| CCZQmedeBogoﬁTP 5903

”

Instrucciones para la pr(“,( ntacion de los anexos, ver m‘/o $0 d e%ta pagina.
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Continuaciéon nombre, direccion y domicilio de inventores:

Nombre Direccion Domicilio

PALMER, James, T. 131 Koch Road, Corte Madera, CA 94925
Estados Unidos

ALDOUS, David J. 31 Dunbridge Lane, Gillette, NJ 07933 Estados
Unidos

THURAIRATNAM,

Sukanthini 6 Smoke Rise Lane, Bedminster, NJ 07921 Estados

Unidos



Otros anexos que se acompainan a la solicitud.

Forma PCT/IB/304 correspondientes a la notificacion y transmisién del documento de

prioridad.

Forma PCT/RO/101 correspondiente a la solicitud internacional No. PCT/US02/29323.

Forma PCT/IB/308 correspondiente a la nota de informacién al solicitante de la

comunicacion de la solicitud internacional a las oficinas designadas.

Forma PCT/IB/332 referente a la informacion concerniente a las oficinas elegidas

notificadas de su eleccion.

Forma PCT/IB/306 correspondiente al cambio de nombre de la sociedad CELERA, AN
APPLERA CORPORATION BUSINESS a AXYS PHARMACEUTICALS INC.
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APOSTILLE

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

COUNTRY: UNITED STATES OF AMERICA

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:
R. PETER WIDIN

ACTING IN THE CAPACITY OF:
COUNTY CLERK

BEARS THE SEAL/STAMP OF:
COUNTY OF SOMERSET

CERTIFIED

AT TRENTON, NEW JERSEY
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NO. Al49012
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(A FROM : G HOLLMANN RESTREPO ABOGADOS PHONE NO. : S7 1 6163976
R G-HOLLMANN RESTREPO G. HOLLMANN RESTPEPO
ABOGADOS LTDA ABOGADOS LTDA
The U_ndCrsigned » acung on Yo (nosotros) , obrando en
behall of  and representing of  AVENTIS nombre  propio Y representacion  de  AVENTIS

PHARMACEUTICALS INC, domicilkd in 300
Somerset Corporate Boulevard, Bridgewater, New
Jersey, USA, hereby  appoint(s) GUSTAVO
HOLLMANN RESTREPO and/or LUIS PATINO
LEYVA, domiciled in Bogota D.C, Republic of
Colombia , as our true and legal attomey with the
necessary powers:

1) To apply to the administrative, judicial and police
auwthorities of the Republic of Colombia, in any instance
or appeal, for obtaining registraton of patents, utility
models, industrial designs and models, commercial
ensigns and names, trademarks, slogans, health licenses,
copyrights and domain names as well as their
assignments, extensions, renewals and changes of name;
2) To prepare, apply for, obtain, execute and register
contracts, licenses, authorizations and registrations of
any kind; 3) To intervene as plaintiff or defendant, in any
instance or appeal, before any judge, court, tibunal,
corporation, public officer or authority in any judicial,
administrative or police action, such as: acrion dealing
with commercial ensigns and names; oppositions against
trademark registrations; caducity and nullity actions;
recovery acuions, actions asising from obtainment and
working of license agreements; actions dealing with
anfair competition; cnminal actions; actions claiming
Ademnity for damages, complaints or remarks on all
sort of industrial property matters; the performance of
precautionary measures, and in any other similar action,
measure or appeal related 1o intellecrual property
matters.

To this effccr, I (we) hereby authorize him to file
applications, make descriptions, protests, amendments,
declhirations, oppositions, cancellations, appeals and
clauns; to pay taxes, quotas and liens as provided by
Law; to waive or abandon granted rights or rghts in
process of being granted, to receive all kind of
documents and securties; to issue the respective releases
and, in general, to take, before said authorities, pertinent
steps to the above mentioned purposes and take all
measures they may deem advisable to protect my (our)
interests, with all other necessary legal faculties, and 1
(we) bereby declare as good and valid whatcver the
attomeys should do vo my (our) benefir.

This power comprises the authority to ratify or confirm
on my (our) behalf any action, as well as the faculty of
receiving,  desisting, - transacting, compromising,
- ubstituting  and  revoking  substitutions, taldng
wifications, and appointing judicial or extra-judicial

attorneys.
Signed in on this /d day of ﬂ<r¢£ of 2ow.

Lest W fhne, A5

77

ROSSI.OFHLER

ASSISTANT SECRETARY

PHARMACEUTICALS INC, con domicilio en 300
Sommerset Corporate Boulevard, Brdgewater, New Jersey,
Estados Unidos de América, nombro(amos) a GUSTAVO
HOLLMANN RESTREPO y/o LUIS PATING
LEYVA, con domicilio en Bogotd D.C, Republica de
Colombia, Cra 11* No 94-76, Oficina 308, apoderado
verdadero y legal, con poder especial, amplio y suficiente:

1) Para recabar de oficinas y autoridades colombianas
administrativas, judiciales y de policia en cualquier instancia o
recurso, la obtencién de patentes de invencién, modelos de
utilidad, dibujos y modelos industriales, registro de marcas,
registro de lemas comerciales, depésito de nombres y
ensefias comerciales, registros sanitarios, derechos de autor y
nombres de dominio asi como sus traspasos, prémogas,
rcnovaciones y cambios de nombre; 2) Elaborar, tramitar,
solicitar, obtener, realizar, ejecutar y registrar contratos,
licencias, autorizaciones y registros de cualesquiera clascs; 3)
Inwrvenir como demandante o como demandado en
cualquier instancia y recurso y ante cualquier juez, entidad,
corporacién, funcionario publico o autoridad en acciones
judiciales, administrativas y de policia, tales como acciones
denivadas de nombre o ensefia comerciales; acciones
reivindicatorias; acciones derivadas de la obtencién o
explotacién de licencias; acciones dc competencia desleal,
demandas penales y civiles; acciones de mndemnizacién de
perjuicios, reclamos, u observaciones a cualquier asunwo
sobre propiedad intelectual; al ejercicio de medidas cautelares
y cualesquiera otras accioncs, medidas o recursos similares
relacionados con la propiedad intelectual.

A este efecto, lo facultamos para elevar solicitudes, formular
descripciones,  enmiendas, protestas, declamciones,
oposiciones, cancelaciones, apelaciones y reclamos; pagar
impuestos, cuotas y gravimenes prescritos por la Ley
renunciar o desistir a dercchos concedidos o en curso de
concesidn; recibir voda clase de documentos y valores dando
al descargo respectivo, y en general, para dar ante dichas
autondades todos los pasos necesarios al efecto indicado y
tomas todas las medidas que creyeren conducentes al
resguardo de mis (nuestros) intereses, con rtodas las
facultades necesarias, y por este documento desde ahora
declaro(amos) vilido y bueno todo cuanto los apoderados
hicieren en mi (auestro) beneficio. _

Estc poder comprende la facultad de ratificar, o confirmar en
mi (nuestro) nombre lo actuado, asi como la facultad de
recibir, desistir, transigir, comprometer, sustiruir y revocar
sustituciones, recibir notificaciones y nombrar apoderados
judiciales o extrajudiciales.

Firmado en el
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NOTARIAL CERTIFICATE (Corporation)

UNITED STATES OF AMERICA )
STATE OF NEW JERSEY ) ss.
COUNTY OF SOMERSET )

On this 1st day of March, 2002, personally appeared before me, Ross J. Oehler, Assistant
Secretary, known or identified to me to be the individual described in and who executed the foregoing
document, Power of Attorney, and acknowledged the same as a free act and deed for uses and
purposes therein expressed by authority of the said Corporation incorporated under the laws of the State
of Delaware, United States of America. '

| further certify that said authority, dated November 29, 2000, is based on a Resolution of the
Board of Directors of said Corporation, which | have seen, appointing the said individual Attorney-in-
fact with full power to sign the foregoing document on behalf of the said Corporation and that the
purposes for which said document is granted are within the scope of the objects or activities of said
Corporation,

SEAL il halam
Notary Publi O
Nancy J. Ingram
Notary Public, State of New Jersey
My Commission Expires August 2, 2004
Notary Signature
Print or Type Name

~f Nntan: Fvniratinn

STATE OF NEW JERSEY ss.. 1 PETER R. WIDIN, Clerk of the County of Somerset and also Deputy
COUNTY OF SOMERSET. “  Clerk of the Superior Court in and for said County, the same being a Court

of Record, Do Hereby Certify, that ’[\/An(,u\ 5 Tn Ge

whose name is subscribed to the certificate of acknowledgement, proof or
affidavit of the annexed instrument, was at the time of taking such

aknowledgement, proof or affidavit, a NITAZY PUSLIC OF NFW JERNLY

in and for said State, duly appointed, qualified, commissioned and sworn
and authorized by law to take affidavits, acknowledgements or proofs of
deeds or conveyances for lands, tenements or hereditaments and other
instruments in writing in said State of New Jersey. And | further Certify,
that | am well acquainted with the handwriting of said official and verily
believe the signature 10 the said certificate of acknowledgement, proof or
affidavit is genuine.

In Testimony Whereof, | have hereunto set y,h ndqand affixed theseal of
said County on 3%



ESTADO DE NEW JERSEY ﬁwo DE SOMERSEa}“m%?&ggg%‘@nm“
onat AR AR |
Yo, Peter S. Widin, Secretarl& del Conc*as%l @? @omerset y Se-

cretario Suplengé '%eqlggggéctme Superior d_en d%_g:kho Ccﬁlﬂado, la
cual es una Cortdﬁﬁ%mﬂgdigggsi certificgf%ég?ﬁggggamﬂ Ingram,
SAATGIEEEY e AR I F1

cuyo nombre aparece suscrito al certificado de reconocimiento,
prueba o declaracién del instrumento adjunto, era en el momen-
to de tomar tal reconocimiento, prueba o declaracién Notaria
Piblica en y para el Estado de New Jersey, debidamente nombra-
da, calificada, comisionada y juramentada y autorizada por la
ley para tomar.declaraciones, reconocimientos o pruebas de es-
~ crituras o traspasos de tierras, tenencias o herencias y otros
L instrumentos escritos en el mencionado Estado. Y certifico

ademas que conozco bien la firma de dicha funcionaria y estoy

convencido de gque la firma que aparece en el mencionado certi-

ficado de reconocimiento, prueba o declaracién es genuina.

En testimonio de lo cual coloco mi firma y el sello del Conda-

do el dia de hoy 5 de Abril del 2002.

R. Peter Widin, Secretario
Deborah L. Anderson, Secretaria Especial Suplente

(Firma y Sello Oficial)

APOSTILLA

»

(Convencidén de La Haya del 5 de Octubre de 1961

1. Pais: Estados Unidos de América
Este documento publico R

2. Ha sido firmado por: R. Peter Widin

3. En su calidad de: Secretario del Condado

4, ‘Y lleva el sello: del Condado de Somerset

3 >
<
- ’{»‘, -?:,‘
Confirmado

En: Trenton, New Jersey 6. El1 dia: Abril 9/2002
Por: John E. McCormac, CPA, Tesorero de New Jersey
Bajo el No.: Al49012

Sello: Secretaria de Estado de New Jersey

~
0. Firma: (ilegible) ) /4. /békwd@if fSi
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TRADUCCION OFICIAL DEL INGLES de las certificaciones y la
Apostilla adjuntaé al poder que la compafiia AVENTIS PHARMACEU-
TICALS INC domiciliada en Bridgewater, New Jersey, E.U.A.,

otorga a Gustavo Hollmann Restrepo y/o Luis Patifio Leyva.

CERTIFICADO NOTARIAL (Sociedad)

ESTADOS UNIDOS DE AMERICA
ESTADO DE NEW JERSEY
CONDADO DE SOMERSET

El dia 1° de Marzo del afio 2002 ante la suscrita Notaria com-
parecid personalmente Ross J. Oehler, Secretario Suplente,
quien yo sé o quien comprobd ante mi que es la persona mencio-
nada en el adjunto poder y quien ‘lo ejecutd, y él reconocid
haber ejecutado dicho instfumento comc un acto libre y volun-
tario destinado para los usos y propbdsitos alli expresados en
virtud a la autoridad que le concede la mencionada sociedad,
la cual estéd incorporada de conformidad con las leyes del Es-

tado de Delaware, Estados Unidos de América.

Certifico ademé&s que dicha autoridad, fechada el 29 de Noviem-

bre del 2000, se basa en una resolucidn de la Junta de Direc-

o actividades de la mencionada corporacién.

Nancy J. Ingram

Notaria Publica del Estado de New Jersey
Mi comisidén expira Agosto 2 del 2004

(Firma y Sello Oficial)

'
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
27 March 2003 (27.03.2003)

PCT

U 00 T 0

(10) International Publication Number

WO 03/024924 Al

(51) International Patent Classification”:  CO7C 317/48,
317/50, COTD 207/24, 223/08, 295/20, 307/32, CO7K
5/065, A61K 31/10, A61P 19/02, 29/00

(21) International Application Number: PCT/US02/29323
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(30) Priority Data:
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(71) Applicants (for all designated States except US):
AVENTIS PHARMACEUTICALS INC. [US/US];
300 Somerset Corporate Boulevard, Bridgewater, NJ
08807-2854 (US). CELERA, AN APPLERA CORPO-
RATION BUSINESS [US/US]J; 180 Kimball Way, South
San Francisco, CA 94080 (US).

(72
(75

Inventors; and

Inveators/Applicants (for US only): GRAUPE, Michael
[AT/US]; 1131 Banyan Way, Pacifica, CA 94044 (US).
PALMER, James, T. [US/US]; 131 Koch Road, Corte
Madera, CA 94925 (US). ALDOUS, David, J. [US/US];
31 Dunbridge Lane, Gillette, NJ 07933 (US). THU-
RAIRATNAM, Sukanthini [GB/US); 6 Smoke Rise
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(74) Agents: WANG, George, G. et al.; Aventis Pharmaceuti-
cals INC., P. O. Box 6800, Route 202-206, Bridgewater, NJ
08807-0800 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, F, GB, GD, GE, GH,
GM, HR,HU, ID, I, IN, IS, JP, KE, KG,KP, KR, KZ,LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SL SK, SL, T, T™M, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, H, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
—  of inventorship (Rule 4.17(iv)) for US only

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: NOVEL COMPOUNDS AND COMPOSITIONS AS CATHEPSIN INHIBITORS

(57) Abstract: The present invention relates to compounds of formula I, where the variables are as defined in Claim 1, process for

their preparation and their use as cathepsin S inhibitors.
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WO 03/024924 PCT/US02/29323

NOVEL COMPOUNDS AND COMPOSITIONS AS CATHEPSIN INHIBITORS

THE INVENTION

This application is based on and claims priority trom U.S. Provisional Application
5  S.N.60/322,318 filed on September 14, 2001, incorporated herein by reference.

This Application relates to compounds and compositions for treating diseases
associated with cysteine protease activity, particularly diseases associated with activity of
cathepsin S.

10

DESCRIPTION OF THE FIELD

Cysteine proteases represent a class of peptidases characterized by the presence of

a cysteine residue in the catalytic site of the enzyme. Cysteine proteases are associated

15  with the normal degradation and processing of proteins. The aberrant activity of cysteine
proteases, e.g., as a result of increase expression or enhanced activation, however, may

have pathological consequences. In this regard, certain cysteine proteases are associated

with a number of disease states, including arthritis, muscular dystrophy, inflammation,
tumor invasion, glomerulonephritis, malaria, periodontal disease, metachromatic

20  leukodystrophy and others. An increase in cathepsin S activity contributes to the pathology
and/or symptomatology of a number of diseases. Accordingly, molecules that inhibit the
activity of cathiepsin S protease are useful as therapeutic agents in the treatment of such

diseases.



wOo 03/024924 . PCT/U0S02/29323

SUMMARY OF THE INVENTION

This Application relates to compounds of Formula I

il
g Sy,
rR* x3
\N
H
5 o}
I

in which:
X! and X? are both methylene or X! is ethylene and X? is a bond;
R’ is -CR*=CHRS, -CR5(CR%), or -CR’=NR®, wherein R® is hydrogen and R°® is
10  hydrogen or (C;4)alkyl or R® and R® together with the atoms to which R’ and R® are
attached fom (Cs.12)cycloalkenyl, hetero(Cs.j2)cycloalkenyl, (Cs.12)aryl, hetero(Ce.12)aryl,
(Cq.12)bicycloaryl or iaetero(Cg-u)bicycloaryl and R’ and R® together with the atoms to
which R7 and R® are attached form hetero(Cs.;z)cycloalkenyl, hetero(Cs.1z)aryl or
hetero(Cg.12)bicycloaryl, wherein R? optionally is substituted by 1 to 5 radicals
15  independently selected from a group consisting of (Ci4)alkyl, cyano, halo, halo-substituted
(Cr0)alkyl, nitro, -X*NR°R®, -X*OR’, -X*SR’, -X*C(O)NR’R’, -X*C(0)OR’, -X"S(O)R™,
X*S(O)R™ and ~X*C(O)R™, wherein X* is a bond or (Cy.p)alkylene, R’ at each
occurrence independently is hydrogen, (C.3)alkyl or halo-substituted (C;.3)alkyl and R"®

is (Cy.3)alkyl or halo-substituted (C;.3)alkyl; and
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R*is -C(O)XSRn or -S(O),X°RY, wherein X3 is azbond, -O- or -NR'%, wherein R?

is hydrogen or (Cy.¢)alkyl, and R" is (i) (Cy.¢)alky! optionally substituted by -OR", -SR”,

S(O)RY, S(OXR®, -CORY, -COYORY, CONRURY, -NRPRY, NRUC(OR”,
NRMC(O)OR”, NRMCO)NRPR™ or -NRMCQNRMNRPRY, wherein R is
(Cs.ap)cycloalkyl(Cos)alkyl,  hetero(Cs.jz)cycloalkyl(Cos)alkyl, (Ce.12)aryl(Co.s)alkyl,
hetero(Cs.12)aryl(Cop.3)alkyl, (Co.12)bicycloaryl(Co.3)alkyl or
hetero(Cs.12)bicycloaryl(Co.3)alkyl and R at each occurrence independently is hydrogen
or (Crgalkyl, or (ii) (Cs.n)cycloalkyl(Cos)alkyl, hetero(Cs.iz)cycloalkyl(Co.a)alkyl,
(Csa2)aryl(Cos)alkyl,  hetero(Cs.i2)aryl(Cos)alkyl, (Co.rz)bicycloaryl(Cos)alkyl or
hetero(Cs.j2)bicycloaryl(Cy.3)alkyl or (1i1) (Cs.¢)cycloalkyl(Co3)alkyl,
hetero(Cs.g)cycloalkyl(Coa)alkyl, phbenyl(Cos)alkyl or hetero(Cs.g)aryl(Co.s)alkyl
substituted by -X°0OR'®, -X°SR™, -X’S(O)R™, -X®S(0),R ¥, -X°C(O)R", -X5C(O)OR",
XCONRPRS,  XNRPR,  XNRYC(ORY,  -XNR¥C(O)ORY,
-X°NR'C(O)NR¥R" , -X*NR'’C(O)OR", -X*NR'C(NR'®)NR"R'®, wherein X® is a
bond or methylene, R™ is (Ca.)cycloalkyl(Cop.s)alkyl, hetero(Cs.¢)cycloalkyl(Co.s)alkyl,
phenyl(Cos)alkyl or hetero(Cs.)aryl(Cos)alkyl and R is hydrogen or (Cy¢)alkyl; wherein
R* optionally further contains 1 to 5 substituents which when occurring within an alicyclic
or aromatic ring system are radicals independently selected from a group consisting of
(Ci¢)alkyl, (Crs)alkylidene, cyano, halo, nitro, halo-substituted (Cy.5)alkyl, -X’NRRY,
XNRC(O)ORY, -XNRVC(O)NRVRY, -X*NRVCNR)NRI'RY, -X‘OR‘7, XSSRY,
X°C(QYORY,  -X°COONRVRY, = -X’S(ORNRRY, = -X*P(O)OR®OR,
-X°0OP(0)(OR™)ORY, -X*NR''C(O)R¢, -X*S(O)R"®, -X°S(O);R"® and —X’C(O)R"? and
when occurring within an aliphatic moiety are radicals independently selected from a gmup

consisting of cyamo, halo, nitro, -NRRY, -NRC(O)ORY, -NRC(O)NR'RY,

/2
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-NR”C(NR”)NR”R.", -ORY, '_SRU’ -C(0)ORY, -C(O)NR!RY, -S(O),NRRY,

POYOR™ORY, -OP(O)(OR”)OR”, -NRC(O)R", -S(O)R", -S(O),R"® and -C(O)R",

wherein X® is a bond or (Cre)alkylene, R" at each occurrence independently is hydrogen,

V(CI%;)alkyl or halo-substituted (C,3)alkyl and R®E s (Cig¢)alkyl or halo-substituted
5 (Craalkyl

Xisa group of Formula (a), (b), (c), (d), (e), (f), () or (h):

?20 o '?20 o '?20 ,?ao ,?20
N
N
) '8 ﬁRm kNj/“\rN\R?_; X \l/oxg‘\Rys
( N\RZI RB R¥ R
@ ®) ©
oo e =9
N X’ N
% %Hf * 0 %Nam
: 23 »23
R RO Y ]n
@ @ ®
Tm O R
%! .a
\ %,
\R21
R%® ©
10 (@ ()

=== represents a single bond, or a double bond;

x7 represénts aryl, heteroaryl or NR*R%;
nisQ,lor2;

R? s selected from the group consisting of hydrogen, (Cigalkyl,
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(Cs-12)cycloalkyl(Co s)alkyl, heterO(Cslz)cycloalkyl(CM)alkyl (Cm)aryl(CM)aUCyl and
hetero(Cs. n)aryl(CM)alkyl

" R® is selected from the group consisting of hydrogen (él.gjaibl,
(Cooyeloalkyl(Coglalsl,  hetero(Csp)eycloallyl(Coalkyl,  (Coglaryl(Coalk,
hetero(Cs.2)aryl(Co.¢)alkyl, (Co.12)bicycloaryl(Co.3)alkyl,
hetero(Cg.12)-bicycloaryl(Cos)alkyl, -C(O)R®, -C(S)R%, -3(0)2R26, -C(O)OR?,
-C(O)NR™R”, -C(S)NR™R? and -S(O)NR*)R*;

R? is selected from —H, (Cy.6)alkyl, (Cse)alkenyl, (Csz.12)cycloalkyl(Co.s)alkyl,
hetero(Cs.j2)cycloalkyl(Cog)alkyl, (Cs.12)aryl(Cosg)alkyl or hetero(Cs.i2)aryl(Co.g)alkyl
optionally substituted with amino, -NHC(O)R” or ~R" wherein R* is as described above;

R® is selected from hydrogen, (Cig)alkyl, (Cs.12)cycloalkyl(Co.g)alkyl,
hetero(Cs.12)cycloalkyl(Cog)alkyl, (Ce.12)aryl(Co-g)alkyl, hetcro(Cs-lg)aryl(Co.é)alkyl,

XONHRY, -X4S(0),R% or -X*C(O)RVNRC(O)RY  wherein RY, R" and X* are as

- described above;

R* is selected from the group consisting of hydrogen, (Cj¢)atkyl,
(Csa)cycloalkyl(Cog)alkyl, hetero(Cs.iz)cycloalkyl(Cos)alkyl, (Ce.a2)aryl(Cos)alkyl,
hetero(Cs.12)aryl(Co.¢)alkyl, (Co.12)bicycloaryl(Cy 3)alkyl and
hetero(Cg.12)-bicycloaryl(Cyq.3)alkyl;

RY is hydrogen, (Crg)alkyl, (Cs.12)cycloalkyl(Copg)alkyl,
hetero(Cs.12)cycloalkyl(Cos)alkyl, (Ce.12)aryl(Co.¢)alkyl or hcterotbsxz)aryl(cas)ﬁlkyl;

R%is R¥ or -0-C(=0)-R%;

2 is (Cre)alkyl, (Cs.pz)cycloalkyl(Cos)alkyl, hetero(Cs.iz)cycloalkyl(Co)alkyl,

- (Cs12)aryl(Co.3)alkyl, hetero(Cs.;2)aryl(Co.3)alkyl, (Cg.li)bicycloaryl(Cm)aJkyl or

hetero(Cs.12)bicycloaryl(Co 3)alkyl;

/2
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wherein X® optionally further contains 1 to 5 substituents which when
occurring within an alicyclic or aromatic ring system are radicals independently selected
from a group consisting of (C1)alkyl, (Cy¢)alkylidene, cyano, halo, nitro, halo-substituted
(Cya)alkyl, XNRRY, _X°NR"C(O)ORY, X*NRIC(O)NRRY,
XNRYCNRINRYRY, -XP0RY, -X°C(O)RY, -X°ORY, -X’SRY, -X’C(O)ORY,
XSC(O)NRRY, -X’S(O),NR'R", -X°P(O)OR%OR", -X°OP(O)OR®*)OR",
XNRYC(O)R, -X°S(O)R ™, -X°S(O),R"® and -X°C(O)R'® and when occurring within
an aliphatic moiety are radicals independently selected from a group consisting of cyano,
halo, nitro, -NR'RY, -NR'C(O)ORY, -NRC(O)NR''RY, -NRYC(NR")NRRY, -OR”,
-SRY, -C(0)OR", -C(O)NR'R", -S(O),NR"R", -P(O)(OR)OR", -OP(O)(OR'")OR",
NRC(O)R'®, -S(O)R", -S(O);R'® and -C(O)R®, wherein R'*, R'7, R'® and X® are as
described above.

A second aspect of the invention is a pharmaceutical composition that contains a
compound of Formula I or their N-oxide derivatives, individual isomers or mixture of
isomers thereof, c;r pharmaceutically acceptable salts thereof, in admixture with one or
more Suitable excipients.

A third aspect of the invention is a method for treating a disease in an animal in
which inhibition of cathepsin S can prevent, inhibit or ameliorate the pathology and/or
symptomatology of the disease, which method comprises administering to the animal a
therapeutically effective amount of compound of Formula I or a N-oxide derivative,
individual isomer or mixture of isomers thereof; or a pharmaceutically acceptable salt
thereof.

A fourth aspect of the invention is the processes for preparing compounds of

Formula 1 and the N-oxide derivatives, prodrug derivatives, protected derivatives,
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individual isomers and mlxtures of isomers thereof; and the pharmaceutically acceptable

salts thereof,
DETAILED DESCRIPTION OF THE INVENTION

Definitions:

Unless otherwise stated, the following terms used in the specification and claims

are defined for the purposes of this Application and have the following meanings.'

"Alicyclic" means a moiety characterized by arrangement of the carbon atoms in
closed non-aromatic ring structures having properties resembling those of aliphatics and
may be saturated or partially unsaturated with two or more double or triple bonds. '

"Aliphatic" means a moiety characterized by a straight or branched chain
arrangement of the constituent carbon atorns and may be saturated or partially unsaturated
with two or more double or triple bonds.

"Alkyl" represented by itself means a straight or branched, saturated or.u‘nsaturatcd,

aliphatic radical having the number of carbon atoms indicated (e.g., (C1.¢)alkyl includes

methyl, ethyl, propyl, isopropyl,' butyl, sec-butyl, isobutyl, tert-butyl, viﬁyl, allf/l,

1-propenyl, isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methylallyl, ethyﬂyl,
1-propynyl, 2-propynyl, and the like).' Alkyl represented along with another fadical (e.g.,
as in arylalkyi) means a straight or branched, saturated or unsaturated alipﬁatic divéllcnt
radical having the number of atoms indicated or when no atoms are indicated means a bond
(2, (Cowaryl(Coslalkyl includes phenyl, benzyl, phenethyl, 1-phenylethyl

3;phcny1pro;;yl, and the like).

I
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Alkylene" unless indicated otherwise, means a straight or branched, saturated or
unsaturated, ahphatlc dlvalent radical having the number of carbon atoms indicated (e.g.,
(Crg)alkylene includes methylene (-CHy), ethylene (—CH2CH2-), trimethylene
(-CH2CH2CH2~), tetramethylene (-CH,CH,CH,CH,-) 2-butenylene (-CH,CH=CHCH-),
2-methyltetramethylene (-CH,CH(CH;)CH,CH;-), pentamethylene

(-CH,CH,CH;CH;CH,-) and the like).

"Alkylidene" means a straight or branched saturated or unsaturated, aliphfitic,
divalent radical having the number of carbon atoms indicated (e.g. (Cj.¢)alkylidene
includes methylene (=CHj), ethylidene (=CHCHs), isopropylidene (=C(CHa),),
éropylidene (=CHCH,CHs), allylidene (=CH-CH=CH.), and the like).

"Amino" means the radical -NH,. Unless indicated otherwise, the compounds of
the invention containing amino moieties include protected derivatives thereof. Suitable
protecting groups for amino moieties include acetyl, fert-butoxycarbonyl,
benzyloxycarbonyl, and the like.

"Animal" includes humans, non-human mammals (e.g., dogs, cats, rabbits, cattle,
horses, sheep, goats, swine, deer, and the like) and non-mammals (e.g., birds, and the like).

"Aromatic” means a mojety wherein the constituent atoms make up an unsaturated
ring system, all atoms in the ring system are sp® hybridized and the total number of pi
electrons is equal to 4n+2.

"Aryl" means a monocyclic or fused bicyclic ring assembly containing the total
number of ring carbon atoms indicated, wherein each ring is comprised of 6 ring carbon
atoms and is aromatic or 'whcn fused with a second ring forms an aromatic ring assembly.
For example, optionally substituted (Cg.10)aryl as used in this Application includes, but is

not limited to, biphenyl-2-yl, 2-bromophenyl, 2-bromocarbonylphenyl, 2-bromo-
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5-fluorophenyl,  4-terz-butylphenyl, 4—¢arbamoylpﬁeﬁyl,. 4—cari>oXy—2-nitrophenyl,
2-chlorophenyl, 4-chlorophenyl, 3-chlorocarbonylphenyl, 4;chlor6cafbonylpheh$/1,
2-chloro-4—ﬂu6rophenyl, 2-chloro-6-fluorophenyl, 4-chloro42-nitrophény1, 6-chloro-

Z-mtrophényl, 2,6-dibromophenyl, 2,3-djchlorophenyl, 2,5-dichlofophenyl,

3,4-dichlorophenyl, 2-difluoromethoxyphenyl, 3,5;diméthylphényl, ‘

2-ethoxycarbonylphenyl, 2-fluorophenyl, 2-iodophenyl, 4~i‘sopropylphenyl,
2-methoxyphenyl, 4-methoxyphenyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl,
5-methyl-2-nitrophenyl, 4-methylsulfonylphenyl, naphth-2-yl, Z-mtrdphenyl, 3—nitro§henyl,
4-nitrophenyl,  2,3,4,5,6-pentafluorophenyl,  phenyl, 2—t11ﬂuordmethoxyphcnyl,
3-trifluoromethoxyphenyl, 4—triﬂuoromethoxyphenyi, 2-trifluoromethylphenyl,
3-trifluoromethylphenyl, 4-trifluoromethylphenyl, 2-trifluoromethylsulfanylphenyl,
4triﬂuoromethylsulfanylphenyl, and the like. Optionally substituted (C6lo)a&l as used
iﬁ this Application inclﬁdes 3-acetylphenyl, 3—tert—butoxycarbonylamihbm&hylphenyl,
biphenyl-4-yl, 3-hydroxyphenyl, 4-hydroxyphenyl, 3-methoxyphenyl, naphth-2-yl,
3-phenoxyphenyl, phenyl, and the like.
"Bicycloaryl” means a bicyclic ring assembly containing the numbér of ring carbon
atoms indicated, wherein the rings are linked by a single bond or fused arid at least one of
“the rings comi)rising the assémbly is aromatic, and any Cafbocyclic ketone, thiéketoné or
iminoketone derivative thereof (e.g., (Cs.10)bicycloaryl includes cyclohex—ylphenyl,
1‘,2—dihydronaphthyl, 2,4-dioxo-1 ,2,3,4-tctrahydronaphthyl, indal'lyl,: | indenyl,
1,2,3 A-tetrahydronaphthyl, and the like). |
"Carbamoyl" means the radical -C(O)NH,. Unless indicated otherwise, the
cotnpounds of the invention containing cafbamoyl moieties include: protected derivatives

thereof.  Suitable protecting groups for carbamoyl moieties include écetyi,

1§
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tert-butoxycarbonyl, benzyloxycarbonyl, and the like and both the unprotected and

. protected derivatives fall within the scope of the invention.

“Carbocyclic ketone derivative” means a derivative containing the moiety
cOr

"Carboxy" means the radical -C(O)OH. Unless indicated otherwise, the
compounds of the invention containing carboxy moieties include protected derivatives
thereof. Suitable protecting groups for carboxy moieties include benzyl, terz-butyl, and the
like.

"Cycloalkyl" means a saturated or partially unsaturated, monocyclic, fused bicy?lic
;)r bridged polycyclic ring assembly containing the number of ring carbon atoms indicated,
and any carbocyclic ketone, thioketone or iminoketone derivative thereof (e.g.,
(Cs.p)cycloalkyl inqludcs cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl,

2,5-cyclohexadienyl, bicyclo[2.2.2]octyl, adamantan-1-yl, decahydronaphthyl,
oxocyclohexyl, dioxocyclohexyl, thiocyclohexyl, 2-oxobicyclo[2.2.1]hept-1-yl, and the
like).

"Cycloalkylene" means a divalent saturated or partially unsaturated, monocyclic
ring or bridged polycyclic ring assembly containing the number of ring carbon atoms
indicated, and any carbocyclic ketone, thioketone or iminoketone derivative thereof. For
example, the instance wherein "R' and R? together with the carbon atom to which both R!

and R are attached form (Csg)cycloalkylene” includes, but is not limited to, the following:
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"Disease" specifically includes any unhealthy condition of an animal or part~théréof
and includes an unhealthy condition that may be caused by, or incidlent'.to; medical or
veterinary therapy applied to that animal, i.e., the "side effects" of such therapy. |

"Halo" means fluoro, chloro, bromo or iodo. |

"Halo-substituted alkyl", as an isolated group or part of a larger group, means
"alkyl" substituted by one or more "halo" atoms, as such terms are defined m this

Application.  Halo-substituted alkyl includes haloalkyl, dihaloalkyl, trihaloalkyl,

' per_haloalkyl and the like (e.g. halo-substituted (Cis)alkyl includes chloromethyl,

dichloromethyl, difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl, perfluoroethyl,
2,2,2-trifluoro-1,1-dichloroethyl, and the like).

"Heteroatom mbicty" includes -N=, -NR-, -N*(O)=, -O-, -S- or -S(O),-, wherein
Ris hydrogen, (Ci.¢)alkyl or a protecting group.

"Heterocycloalkylene" means cycloalkylene, as defined in this Application,
provided that one or more of the ring member carbon atoms indicated, is replacéd by
heteroatom moiety selected from -N=, -NR-, -O-, -S- or -S(O),-, wherein R i;sfhydrogen or
(Cir)alkyl. For example, the instance wherein R} and R? together with the carbon atoin
to which both R? and R? are attached form hctem(ng)cycloalkylene” includes, but is nét

limited to, the following:

/6
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_in which R is hydrogen, (C;.¢)alkyl, or a protecting group.
"Heteroaryl" means aryl, as defined in this Application, provided that one or more
of the ring carbon atoms indicated are replaced by a heteroatom moiety selected from -N=,

NR-, -N*(O")=, -O- or -S-, wherein R is hydrogen, (Ci.¢)alkyl, a protecting group or

represents the free valence which serves as the point of attachment to a ring nitrogen, and

each ring is comprised of 5 or 6 ring atoms. For example, optionally substituted
hetero(Cs.13)aryl as used in this Application includes, but is not limited to, 4-amino-
2-hydroxypyrimidin-5-yl, dibenzofuranyl, benzothiazol-2-yl, 1H-benzoimidazol-2-yl,
2—bromopyrid—5-yl, 5-bromopyrid-2-yl, 4-carbamoylthiazol-2-yl, 3-carboxypyrid-4-yl,
;5—carboxy—2,6-dimethylpyn'd-3-yl, 3,5-dimethylisoxazol-4-yl, 5-ethoxy-
—2,6-dimethylpy1id-3~yl, 5-fluoro-6-hydroxypyrimidin-4-yl, fur-2-yl, fur-3-yl, 5-hydro;£y~
4,6-dimethylpyrid-3-yl, 8-hydroxy-5,7-dimethylquinolin-2-yl,
5-hydroxymethylisoxazol-3-yl, 3-hydroxy-6-methylpyrid-2-yl, 3-hydroxypyrid-2-yl,
1H-imidazol-2-yl, 1H-imidazol-4-yl, 1H-indol-3-yl, isothiazol-4-yl, isoxazol-4-yl,
2-methﬁfur—3-yl, S-methylfur-2-yl, 1-methyl-1H-imidazol-2-yl, 5-methyl-
3H-imidazol-4-yl, 5-methylisoxazol-3-yl, 5-methyl-2H-pyrazol-3-yl, 3-methylpyrid-2-yl,
4-methylpyrid-2-yl, 5-methylpyrid-2-yl, 6-methylpyrid-2-yl, 2-methylpyrid-3-yl,
2-methylthiazol-4-yl, 5-nitropyrid-2-yl, 2H-pyrazol-3-yl, 3H-pyrazol-4-yl, pyridazin-3-yl,
pyrid-2-yl, pyrid-3-yl, pyrid-4-yl, 5-pyrid-3-yl-2H-[1,2,4]triazol-3-yl, pyrimidin-4-yl,
pyrimidin-5-yl, 1H-pyrrol-3-yl, quinolin-2-yl, 1H-tetrazol-5-yl, thiazol-2-yl, thiazol-5-yl,
thien-2-yl, thien-3-yl, 2H-[1,2 4]triazol-3-yl, 3H-[1,2,3]triazol-4-yl,
5-trifluoromethylpyrid-2-yl, and the like.  Suitable protecting groups include
tert-butoxycarbonyl, benzyloxycarbonyl, benzyl, 4-methoxybenzyl, 2—nitrobenzyl, and the

like. Optionally substituted hetero(Cs jp)aryl as used in this Application to define R*
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includes benzofur-2-yl, fur-2-yl, fur-3-yl, pyn'd-siyl, pyn’d#yl, qui}aol-z-'yl, quinol-s;yl,
thien-2-yl, thien-3-yl, and the like. | | |
"Heterobiéycloaryl" means bicycloaryl, as defined in:this ApI.)liélatio‘n,gprd\./idéd
that one o‘r more of the ring carbon atoms indicatgd are replaced by a héteroétom moiety
selected from -N=, NR -O- or -S-, wherein R is hydrogen, (cl-s)alicyl, a protecting group

or represents the free valence which serves as the point of attachment to a ring nitrogen,

and any carbocyclic ketone, thioketone or iminoketone derivative thereof. For example, .

. optionally substituted hetero(Cs.jp)bicycloaryl as used in this Application inélﬁdes; but is

not limited to, 2-amino-4-0xo0-3,4-dihydropteridin-6-yl, and the like. In general, the term
h;aterobicycloaryl as used in this Application includes, for example, benzo[1,3]dioxol-5-yl,
3,4-dihydro-2H-[1,8]naphthyridinyl, 3,4-dihydro-2H-quinolinyl, 2,4-dioxo-3 ,4-dihydfo-
2H-quinazolinyl, 1,2,3,4,5,6-hexahydro[2,2 Tbipyridinylyl, . 3-0x0-
2,3-dihydrobenzof1,4]oxazinyl, 5,6,7,8-tetrahydroquinolinyl, and the like.
"Heterocycloalkyl" means cycloalkyl, as defined in this Application, provided that
one or more of the ring carbon atoms. indicated are replaced by a heteroatom moiety
selected from -N=, -NR-, -O- or -S-, wherein R is hydrogen, (C.¢)alkyl, a prt;’tecting group
or represents the free valence which serves as the point of attachment to a ring ﬁitrogen,
and any carbocyclic ketone, thioketone or iminoketone derivative thereof (e.g., the term
hetero(Cs.jp)cycloalkyl includes imidazolidinyl, morpholin)"l, piperazinyl, piperidyl,
pyrrolidinyl, pyrrolinyl, quinuclidinyl, and the like). Suitable protecting groups include
tert-butoxycarbonyl, benzyloxycarbonyl, benzyl, 4-methoxybenzyl, 2-nitrobenzyl, and the
like. Both the unprotected and protected derivatives fall within the scope of the invention.
"Hydroxy" means the radical -OH Unless indicated otherwise, the compounds .of

the invention containing hydroxy radicals include protécted den'vativés thereof. Suitable

7
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}protgcting groups for hydroxy moieties include benzyl and the like.
. "Iminoketone derivative" means a derivative containing the moiety -C(NR)-,
_\yherein R is hydrogen or (Ci.¢)alkyl.

"Isomers" mean compounds of Formula I having identical molecular formulae but
differ in the nature or sequence of bonding of their atoms or in the arrangement of their
atoms in space. Isomers that differ in the arrangement of their atoms in space are termed
"stereoisomers”. Stereoisomers that are not mirror images of one another are termed
"dias£ereomers" and stereoisomers that are nonsuperimposable mirror images are termed
"enantiomers" or sometimes "optical isomers". A carbon atom bonded to four nonidentical
substituents is termed a "chiral center". A compound with one chiral center has two
enantiomeric forms of opposite chirality is termed a "racemic mixture". A compound that
has more than one chiral center has 2 enantiomeric pairs, where n is the number of chiral
centers. Compounds with more than one chiral center may exist'as ether an individual
diastereomers or as a mixture of diastereomers, termed a "diastereomeric mixture". When
one chirai center is present a stereoisomer may be characterized by the absolute
configuration of that chiral center. Absolute configuration refers to the arrangement in
space of the substituents attached to the chiral center. Enantiomers are characterized by
the absolute configuration of their chiral centers and described by the R- and S-sequencing
rules of Cahn, Ingold and Prelog. Conventions for stereochemical nomenclature, methods
for the determination of stereochemistry and the separation of stereoisomers are well
known in the art (e.g., see "Advanced Organic Chemistry", 4th edition, March, Jerry, John
Wiley & Sons, New York, 1992). It is understood that the names and illustrati;m used in
this Application to describe compounds of Formula I are meant to be encompassed all

possible stereoisomers. Thus, for example, the name morpholine-4-carboxylic acid [1-(1-
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benzoyl—4—oxo—pyrrohdm—3-ylcarbamoyl)—Z-phenylmethanesulfonyl ethyl]-amlde 1s meant
to include morpholme-4—carboxyhc acid [S- 1—(1-benzoyl-4-0xo-py1rohdm—3—ylcarbamoyl)~
2-phenylmethanesulfonyl-ethyl]-amide and morphohne—4—carboxyhc a01d [R-1~(1—benzoy1~
4-oxo-pyﬁohdin-3-ylcarbamoyl)-2-phenyhnethanesulfony1—eﬂ1yl]-amide and e.ﬁy mixture,
racemnic or otherwise, fhereof. |

"Ketone derivative" means a derivative contaixﬁné the inoietyv -C(O)-. i'?er
example, for 2-acetoxy-azetidin-3-yl, the “carbocyclic ketone derivative” would i)e 2-
acetoxy-4-oxo-azetidin-3-yl. |

"Nitro" means the radical -NO;.

"Optional" or "optionally" means that the subsequently described event or

circumstance may or may not occur, and that the description includes instances where the

event or circumstance occurs and instances in which it does not. For example, the phrase

 "wherein within R® and R* any alicyclic or aromatic ring system may be substituted further

by 1-5 radicals...” means that R® and R* may or may not be substituted in order to fail
within the scope of the invention.

“Oxoalkyl” means alkyl, as defined above, wherein one of the numﬁer of cerbon
atoms indicated is replaced by an oxygen group (-O-),‘ e.g., oxo(Cz;,)alkyl includes
‘methoxymethyl, etc. | |

"N-oxide derivatives" means derivatives of compountis of Formula I in which
nitrogens are in an oxidized state (i.e., O-N) and which possess the desired
pharinacologieall abtivity. | |

"Pathology" of a disease means the essential nature, eauses and development c;f the

d1sease as well as the structural and functional changes that result from the disease

processes.

18
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"Pharmaceutically acceptable" means that which is useful in preparing a
Qharmaccutical composition that is generally safe, non-toxic and neither biologically nor
cherw‘ise ﬁndesirable and includes that which is acceptable for veterinary use as well as
hﬁman bhamaceuﬁcal use. o
| "Pharmaceutically. acceptable salts" means salts of compounds of Formula I which
are pharmaceutically acceptable, as defined above, and which possess the desired
pharmacological activity. Such salts include acid addition salts formed with inorganic
acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid, and the like; or with organic acids such as acetic acid, propionic acid, hexanoic acid,
heptanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric acid, tartatic acid, citric acid, benzoic
acid, o-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, madelic acid, methanesulfonic
ac'id, ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, p-ghlorobenzenesu]fonic acid, 2-naphthalenesulfonic acid,
p-toluenesulfonic  acid, camphorsulfonic acid, 4-methylbicyclo[2.2.2]oct-2-ene-
1-carboxylic acid, glucoheptonic acid, 4,4-methylenebis(3-hydroxy-2-ene-1-carboxylic |
acid), 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric
acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid,
muconic aﬁid and the like.

Phafmaceutically acceptable salts also include base addition salts which may be
formed when acidic protons present are capable of reacting with inorganic or organic bases.
Acceptable inorganic bases include sodium hydroxide, ;odiuni cal;bonate, potassium
hydroxide, aluminum hydroxide and calcium hydroxide. Acceptable organic bases include

ethanolamine, diethanolamine, triethanolamine, tromethamine, N-methylglucamine and the



10

15

20

WO 03/024924 PCT/US02/29323

"Prodrug" means a compound which is convertible in \;ivo‘ by metabolic Inénns
(e.g. by hydrolysis) to a compound of Formula L For exaxnnle an esten of'a cornponnd’nf
Formula I containing a hydroxy group may be convertible by hydrolysis in vivo to the
parent molecule. Alternatively an ester of a compound of Formula I containing a carboxy
group may be convertible by hydrolysis in vivo to the parcni molecule. Suitable esters of
compounds of Formula I containing a hydroxy group, are for example acetates, citrates,
lactates, tartrates, malonates, oxalates, salicylates, propionates, succinatés, fuinarétes,
maleates, methylene-bis-b-hydroxynaphthoates, gentisates, " isethionatés,
di-p-toluoyltartrates, methanesulphonates, ethanesulphonates, benzenesulphonateé,
p-toluenesulphonates, cyclohexylsulphamates and quinates. Suitable esters of compounds
of Formula I containing a carboxy group, are for example those descnbéd By
F.J Leinweber, Drug Metab. Res., 1987, 18, page 379. An especially useful class nf esters
of compounds of Formula I containing a hydroxy group, may be formed from acid moieties
selected from those described by Bundgaard et al., J. Med. Chem., 1989, 32, page
2503-2507, and include substituted (aminomethyl)-benzoates, for example, ciinlkylamino-
methylbenzoates in which the two alkyl groups may ne joined together and/or interrupted
by an oxygen atom or by an optionally substituted nitrogen atom, e. g. an aikylatcd nitrogen
atom, more especially (morpholino-methyl)benzoates, e.g. 3- or 4-(m0§hohome&ylj—
benzoates,  and  (d-alkylpiperazin-l-yDbenzoates,  eg  3-  or
4-(4-alkylpiperazin-1-yl)benzoates.

"Protected derivatives" means derivatives of compounds of FormulaIin which a
‘renctive site or sites are blocked with protecting groups. Proteqfed derivatives of

compounds of Formula I are useful in the preparation of compounds of .Forr‘nula Iorin

L9
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.themsel_vves may bp active cathepsin S inhibitors. A comprehensive list of suitable -
protécting groups can be found in T.W. Greene, Proteéting Groups in Organic Synthesis,
3rd edition, John Wiley & Sons, Inc. 1999.
"Therapeutically effective amount" means that amount which, when administered
to an animal for treating a disease, is sufficient to effect such treatment for the disease.
"Thioketone derivative" means a derivative containing the moiety -C(S)-.
"Treatment" or "treating"” means any administration of a compound of the present
invention and includes:
(1)  preventing the disease from occurring in an animal which may be predisposed to
the disease but does not yet experience or display the pathology or symptomatology of the
disease, |
(2)  inhibiting the disease in an animal that is experiencing or displaying the pathology
or symptomatology of the diseased (i.e., arresting further development of the pathology
and/or symptomatology), or
(3)  ameliorating the disease in an animal that is experiencing or displaying the
pathology or symptomatology of the diseased (i.e., reversing the pathology and/or

symptomatology).

Nomenclature:

The compounds of Formula I and the intermediates and starting materials used in
their preparation are named in accordance with IUPAC rules of n_gmcnclature in which the
characteristic groups have decreasing priority for citation as the principle group as follows:
acids, esters, amides, efc. Alternatively, the compounds are named by AutoNom 4.0

(Beilstein Information Systems, Inc.). For example, a compound of Formula I in which R?
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is phenyl, Rf is morpholine-4-carbonyl and X2 is 1~bénzoyi-4~:oxo-pyrr01idin-3-ylamin.o;

that is, a cor tllpound having the following structure:

]

phenylmetbar esulfonyl-ethyl]-amide.
|

y
!

Presently Pref %ned Embodiments:

While the broadest definition of the invention is set forth in the Summa:ry of the
Invention, cert |nn aspects of the invention are preferred. For example, for a compouﬁd of
Formulal, inv "(hich X! and X? are both methylene or X" is ethylene and X%isa bond‘, R?
is -CR5=CTIR5:5 -CR%(CRS); or -CR7=NR?, wherein R’ is hydrogen and R° is hydrogen
or (C14)alkyl o ‘ R® and R® together with the atoms to which R and R® are é&ached form

(C;lz)cycloalkt:nyl, (Cs12)aryl, hetero(Ce.12)aryl or (Co.12)bicycloaryl and R and R®

" together with th> atoms to which R’ and R® are attached form hetero(Cs.12)cycloalkenyl or

hetero(Ce.12)aryl, wherein R® optionally is substituted by 1 to 5 radicals independently
selected from a group consisting of (C;4)alkyl, cyano, halo, halo-substitutea (Cr4)alkyl,
—X“ORg and -X ‘%C(O)O:Rg, wherein X* is a bond or (Cr2)alkylene, R® at each occurrence
independently i3 (Ci)alkyl or halo-substituted (Cpsalkyl; R* is ~C(O)X’R™ or
_S(0)X°RY, ‘wherein X° is a bond, -O- or ~NR2-, wherein R is hydrogen or

(Croalkyl, and RU is () (Crgalkyl or (i) hetero(Csm)cycloalkyl(Cosalkyl,
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_ (ngz)myl(an)aﬂcyl, hetero(Cs.12)aryl(Co.3)alkyl, {(Con)bicycloaryl(Cos)alkyl  or
heterq(C&lz)bicycloaryl(cag)a]kyl or (iii) hetero(Csg)cycloalkyl(Co.3)alkyl or
bhenyl(co3)a1ky1 substituted by -X°OR", -X°C(O)R" or -X*NR¥C(O)YORS, wherein X°
is a bond or methylene, R" is phenyl(Cg3)alkyl or hetero(Cs.q)aryl(Cop.3)alkyl and R is
hydrogen or (Clé)alkyl; wherein R* optionally further contains 1 to 5 substituents which
when occurring within an alicyclic or aromatic ring system are radicals independently
selected from a group consisting of (Cig)alkyl, halo, -X’NRVRY, -X®0ORY,
-X°C(0)OR", -X°NC(O)R" and ~X°C(O)R*®, R at each occurrence independently is
.hydrogen, (Cig)alkyl or halo-substituted (Ci.j)alkyl and R™ is (Cre)alkyl or
halo-substituted (Cy.3)alkyl.

In particular, Xisa group of Formula (a), (b) or (c) in which: nis 0, 1 or 2; R? is
selecte'd from the group consisting of hydrogen and (C.¢)alkyl; R?! is selected from the
group consisting of (Cy.g)alkyl, (Ce.12)aryl(Co)alkyl, -C(O)R?, -S(O}AR%? -C(O)OR? and
'-C(O)N(RZ")R”; R is selected from (Cy)alkyl optionally substituted with amino, -
NHC(O)R" or —-R" wherein R' is as described above; R? is selected from (Cy.¢)alkyl,
(Cs12)aryl(Coglalkyl, -X*S(O)R™ or -X*C(O)R'NR'C(O)R"  wherein R" and X* are
as described above and R? is as described below; R% is selected from the group consisting
of (Cre)alkyl, hetero(Cs.12)cycloatkyl(Coe)alkyl, (Ce.12)aryl(Co-g)alkyl,
hemm(C;lz)awl(%)mql and (Cs.12)bicycloaryl(Co.3)alkyl; R? is (Ci6)alkyl; herein x?
optionally Mer contains 1 to 5 substituents which when occurring within an alicyclic or
aromatic ring system are radicals independently selected from a group consisting of
(C1.6)alkyl, cyano, halo, —_x60R”, -X°C(O)R" and -X5ORY,

R3_ more preferably is selected from the group consisting of phenyl, pyridin-2-yl,

pyridin-3-y), pyridin-4-yl, vinyl, 2-diflucromethoxyphenyl, 1-oxy-pyridin-2-yl, 4-
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methoxyphenyl, 4-methylphenyl, 2-methylpheny), 4-ch]brdphényl, 3,5'-di1heﬂ1y]ﬁﬁényl,.4-
trifluoromethylphenyl, 4-trifluoromethoxyphenyl, 2—bromophéﬂyl, naphthalen-Z—yl; 3",4-
dichlorophenyl, 3-methylphenyl, 3-tﬂﬂuoromethylphenyi, 3¥uiﬂu§r6meﬂ10xypher;yl,
2,3,4,5,6¥pentaﬂuoro-phcnyl, 2-fluorophenyl, 2-chlorophenyl, 2;cyano-§heﬁy1, 2-
trifluoromethylphenyl, 4-tert-butyl-phenyl, 3-chlorophenyl, 4-bromophenyl, 2—ﬂuord—3-
chloro-phenyl, 2-fluoro-3-methyl-phenyl, 3-fluorophenyl, 2,5-diﬂ1:.lorophenyl,‘ 3-
bromophenyl, 2,5-dichlorophenyl, 2,6-difluorophenyl, 3-cyano-phenyl, 4-cyano-phenyl,
2-trifluoromethoxyphenyl,- 2,3-difluorophenyl, biphcnyi, 2—bromo—5-ﬂu6ro-phéﬁ§], 4-
fluorophenyl, 3,4—diﬂuor6phenyl, 2,4-difluorophenyl, 2,4,6-trifluorophenyl, 2,4,5-
trifluorophenyl,  2,3,4-trifluorophenyl, 2—chloro—5~triﬂuoromethéylphenyl, 2,4-bié~
trifluoromethylphenyl, 2,5,6-trifluorophenyl, 2-fluoro-3-triflucromethylphenyl, 2-fluoro-4-
triﬂuoromethylphenyl, 2-fluoro-5-triflucromethylphenyl, 2,3,5-trifluorophenyl, Z;ﬂuoro;S-
triffuoromethylphenyl, 5-ﬂuoro-Z—Hiﬂuoromethyiphenyl, 4—ﬂuoro—3—tn’ﬂuoromethylph<;,nyl,
2-methoxyphenyl,  3,5-bis-trifluoromethylphenyl, 4-difluoromethoxyphenyl, : 3-
difluoromethoxyphenyl, 2,6-dichlorophenyl, 4-carboxyphenyl, cyclohexyl, cyciopropyl,
isopropyl, thiophen-2-yl, 5-chloro-thiophen-2-yl and 3,5-dimeﬂ1y1-isoxaioig-yl. -
R* more preferably is selected from the group consisting of benzoyl, mérpho]jne;4~
carbonyl, acetyl, furan-3-carbonyl, 2-methoxy-benzoyl, 3-meth;)xy-bcnzoyl, naphthalene-2-
carbony1, benzo[1,3}dioxole-5-carbonyl, 3-pyridin-3-yl-acryloyl, benzofuran-2-carbonyl,
furan-2-carbonyl, tert-butoxy-carbonyl, biphenyl-4-carbonyl, quinolinéQ—carbonyi,
quinoline-3-carbonyl, - 3-acetyl-benzoyl, 4-phenoxy-benzoyl, 3-hydfoxy—bénzoyl, 4-
hydroxy-benzoyl, pyridine-3-carbonyl, 3—(tert—butbxycarbonylamino;methyl)-benzoyl, 4-
carbonyl-piperazine-1-carboxylic acid tert-butyl ester, 4-carbonyl-piperazine-1-carboxylic

acid ethyl ester, 4—(ﬁ1ran-2-carbony1)-pipcrazinc-l—ca'rbonyl, pyﬁdjné-et'-éarboﬁyi, Loky-

92!
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pyridine—‘kcarbopyl, 1-oxy-pyridine-3-carbonyl, thiophene-2-carbony), thiophene-3-
carbonyl, 4-b<;nzc;yl-benzoy1, 5-methyl-thiophene-2-carbonyl, 3-chloro-thiophene-2-
éarbonyl, S-Bmm&ﬂﬁophenQZcmbonyl, 4-chloro-benzoyl, 3—ﬂomo—ft~m§tl10xy-benzoyL
4—mcthox$'-benzoyl, 4—t1iﬂour;)methoxy~benzoyl, 3,4-diflouro-benzoyl, 4-fluoro-benzoyl,
3,4-dimethoxy-benzoyl, 3-metﬁyl-benzoyl, 4-bromo-benzoyl, 4-triflouromethyl-benzoyl,
3-benzoyl-benzoyl, cyclopeﬁtane-carbonyl, benzo[blthiophene-2-carbonyl, 3-chloro-
l;eniofb]miéphene-z-carbonyl, benzenesulfonyl, naphthalene-2-sulfonyl, 5-methyl-
thiophene-2-sulfonyl, thiophene-2-sulfonyl, formamyl-methyl ester, 4-methyl-pentanoyl,
formamyl-i;obutyl ester, formamyl-monoallyl ester, formamyl-isopropyl ester, N,N-
dimethyl-formamyl, N—isopropyl-formémyl, N-pyridin-4-yl-formamyl, N-pyridin-3-yl-
formamyl, 3-phenyl-acryloyl, 1H-indole-5-carbonyl, pyridine-2-carbonyl, pyrazine-2-
carbonyl, 3-hydroxy-pyridine-2-carbonyl, 2~amino-pyridine—3-c§rbonyl, 2-hydroxy-
pyridine-3-carbonyl, ~6-amino-pyridine-3-carbonyl, 6-hydroxy-pyridine-3-carbonyl,
pyridazine-4-carbonyl, 3-phenoxy-benzoyl and 1-oxo-l,3-djhydm-isoindole-2—carb§nyl.

x? ﬁmre preferz.ably is selected from a group consisting of 4-amino-3-oxo-azepane-1-
carboxylic acid benzyl ester, 4-amino-3-oxo-azepane- 1-carboxylic acid isobutyl ester, 4-
amino-1-benzoyl-azepan-3-one, 4-amino-1-benzenesulfonyl-azepan-3-one, 4-amino-1-
(pyridine-2-sulfonyl)-azepan-3-one, 4-amino-1-(1-oxy-pyridine-2-sulfonyl)-azepan-3-one,
4-amino-1-(3,4-dichloro-benzenesulfonyl)-azepan-3-one, 4-amino-1-(2-flouro-
benzenesulfonyl)-azepan-3-one, 4—-amino-1-(3,4—dimett10xy-benzenesu1fonyl)—azepan~3-
one, 4-amino—1-(2-cyano—ben2enesulfonyl)-azepan—B-one, 4—ap:ino—1-(naphthalen¢-1-
sulfonyl)-azepan-3-one, 4-amino-1-(thiophene-2-sulfonyl)-azepan-3-one, 4-amino-1-
(thiazole-2-sulfonyl)-azepan-3-one, 4—amino—1-(pyrrolidjne-1-su1foqyl)-azepan-3-or;e, 4-

amino-1-methanesulfonyl-azepan-3-one, 4-amino-1-(pyrrolidine-1-carbonyl)-azepan-3-
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one, 4—amino-3—oxo-azepané-1—carboxylic-acic'l-dimeﬂ)');iatnide,' 4;amino-3'—oxo-az'ep:21né-l-
carboxylic-acid-benzylamide, 4-amino-1-benzyl-azepan-3-one, 4-amino-1’-beﬂ2§l-
piperidin-3-one, 4-amino-1-benzoyl-piperidin-3-one, 4-amino- 1-benzoy1-py'rroudm-é¥§ne,
4-amino-1-benzyl-pyrrolidin-3-one, 4-amino-1-benzenesulfonyl-pyrrolidin-3-one, 4-amino-
1-(5-methyl-hexyl)-pyrrolidin-3-one, 1-ethyl-2—0xo-3-(toluene-4—su1fonylaﬁ1ino)-
butylamino, 1-ethyl-2-0x0-3-(4-phenoxy-benzenesulfonylamino)-propylamino, 1-ethyl-2—
ox0-3-[4-(pyridin-3-yloxy)-benzenesulfonylamino}-propylamino,  3-(dibenzofuran-2-
sulfonylamino)-1-ethyl-2-oxo-butylamino, 1-ethyl-3-[4-methyl-2-(4-méthy1-
pentanoylamino)-pentanoylamino]-2-oxo-propylamino, 5~amino-1-[(4—methoiy—
phenylsulfamoyl)-methyl]-pentylamino, : 5-benzyloxycarbonylamino-1-[(4-methoxy-
phenylsulfamoyl)-methyl}-pentylamino,  1-[(4-methoxy-phenylsulfamoy!)-methyl]-3-
phenyl—propylamino, 1-{[4-(1-hydroxy-ethyl)-phenylsulfamoyl]-methyl}-3-phenyl-
propylamino,  1-[(4-acetyl-phenylsulfamoyl)-methyl]-3-phenyl-propylamino,  1-{(4-
hydroxy-phenylsulfamoyl)-methyl}-3-phenyl-propylamino and 3-phenyl-1-[(2-
phenylamino-ethylsulfamoyl)-methyi]-propylamino; and the N-oxide derivatives, prodrug
derivatives, protected derivatives, individual isomers and mixtures of isémérs ';hereof; and
the pharmaceutically acceptable salts and solvates of such bompounds and the N-oxide
derivatives, prodrug derivatives, protected derivatives, individual isomers ana mixtures of
isomers thereof.
Reference to the preferred embodiments set forth above is meant to include all

combinations of particular and preferred groups.

* Particular compounds of the invention may be prepafed by joining C* of one of

the fragments (A1 to A72) shown in Table 1 to the nitrogen atom (*N) of one of the

2
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fragments (B1 to B80) shown in Table 2, and joining the methine carbon atom (CH¥*) of
one of the fragments (B1 to B80) shown in Table 2 to the acyl carbon atom (C*) of one

of the fragments (C1 to C37) depicted in Table 3.
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Pharmacology and Utility:

The compounds of the invention are selective inhibitors of cathepsin S and, as
such, are useful for treating diseases in which cathepsin S activity contributes to the
pathology and/or Symptomatology of the disease. For example, the compounds of the
invention are useful in treating autoimmune disorders, including, but not limited to,
juvenile onset diabetes, multiple sclerosis, pemphigus vulgaris, Graves’ disease,
myasthenia gravis, systemic lupus erythemotasus, rheumatoid arthritis and Hashimoto’s
thyroiditis, allergic disorders, including, but not limited to, asthma, and allogeneic immune
responses, including, but not limited to, organ transplants or tissue’grafts.

Cathepsin S also is implicated in disorders involving excessive elastolysis, such as

chronic obstructive pulmonary disease (e.g., emphysema), bronchiolitis, excessive airway
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elastolysis in asthma and bronchitis, pneumonities and cardiovascular diséase such as
plaque rupture and atheroma. Cathepsin S is implicated in:ﬁbril formﬁtion and, therefore,
inhibitors of cathepsins S are of uée in treatment of systeim'c amyloidosis;.

The cysteine protease inhibitory activities of the compounds of the invenﬁon can
be determined by methods known to those of ordinary skill in the -art. Suitable in vitro
assays for measuring protease activity and the inhibition thereof by test compounds are
known. Typically, the assay measures protease induced hydrolysis of a pépﬁde baséd
substrate. Details of assays for ﬁeang protease inhibitory activity are sét forth in

Examples 14-17, infra.

Administration and Pharmaceutical Compositions:

In general, compounds of Formula I will be administered in therapeutically
effective amounts via any of the usual and acceptable modes known in the art, either singly
or in combination with one or more therapeutic agents. A therapeutically effective amount
may vary widely depending on the severity of the disease, the age and relative health of the
subject, the potency of the compound used and other factors. For example, therapeutically
effective amounts of a compound of Formula I may range from about 1 micrograms per
ldlog;am body weight (ug/kg) per day to about 1 milligram per kilogram body weight
(mg/kg) per day, typically from about 10 pg/kg/day to about 0.1 mg/kg/day. Therefore, a
therapeutically effeclivé amount for a 80 kg human patient may range from about 100
ug/day to about 100 mg/day, typically from about 1 pg/day to about 10 mg/day. In general,
one of ordinary skill in the art, acting in reliance upon personal knowledge and the

disclosure of this Application, will be able to ascertain a therapeutically effective amount

2y
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of a compound of‘Formula Ifor treating a given disease.
| The éompounds of Formula I can be administered as pharmaceutical compositions
Ey one of ‘the following routes: oral, systemic (e.g., transdermal, intranasal or by
suppository) | or parenteral (e.g., intramuscular, intravenous or subcutaneous).
Compositions can take the form of tablets, pills, capsules, semisolids, powders, sustained
release formulations, solutions, suspensions, elixirs, aerosols, or any other appropriate
composition and are comprised of, in general, a compound of Formula I in combination
with at least one pharmaceutically acceptable excipient. Acceptable excipients are
non-toxic, aid administration, and do not adversely affect the therapeutic benefit of the
active ingredient. Such excipient may be any solid, liquid, semisolid or, in the case of an
aerosol composition, gaseous excipient that is generally available to one of skill in the art.
Solid pharmaceutical excipients include starch, cellulose, talc, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate, sodium stearate,
glycerol monostearate, sodium chloride, dried skim milk, and the like. Liquid and
semisolid excipients may be selected from water, ethanol, glycerol, propylene glycol and
various oils, including those of petroleum, animal, vegetable or synthetic origin (e.g.,
peanut oil, soybean oil, mineral oil, sesame oil, and the like). Preferred liquid carriers,
particularly for injectable solutions, include water, saline, aqueous dextrose and glycols.
The amount of a compound of Formula I in the composition may vary widely
depending upon the type of formulation, size of a unit dosage, kind of excipients and other
factors known to those of skill in the art of pharmaceutical sciences. In general, a
composition of a compouhd of Formula I for treating a given disease will comprise from
0.01%w to 10%w, preferably 0.3%w to 1%w, of active ingredient with the remainder being

the excipient or excipients. Préferably the pharmaceutical composition is administered in
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a single unit dosage form for continuous treatment or in a single unit dosage form ad
libitum when relief of symptoms is specifically required. Repfesentative pharmaceutical

formulations containing a compound of Formula I are described in Example 10, infra.

Chemistry:

Processes for Making Compounds of Formula I:

Compounds of the invention may be prepared by the application or adaptation of
known methods, by which is meast methods used heretofore or described in the ljteratﬁre,
for example those desetibed by R.C. Larock in Comprehensive Organic Transformations,
VCH publishers, 1989.

In the reactions described hereinafter it may be necessary to protect reactive
functional groups, for example hydroxy, amino, imino, thio or carboxy groups, where these
are desired in the final product, to avoid their unwanted participation in the reactions.
Conventional protecting groups may be used in accordance with standard ‘practice, for
examples see T.W. Greene and P. G. M. Wuts in "Protective. Groups in Organic
Chemistry" John Wiley and Sons, 1991.

Compounds of Formula I, in which X? is a compound of formula (a) (as defined in
the Summary of the Invention), can be prepared by proceeding as in the following Reaction
Scheme 1:

Reaction Scheme 1

29
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in which each X', X?, R?, R*, R and R?! are as defined for Formula I in the Summary of
the Invention.

Compounds of Formula I can be prepared by condensing an acid of Formula 2 with
an amino compound of formula (a). The condensation reaction can be effected with an
appropriate coupling agent (e.g., benzotriazol-1-yloxytrispyrrolidinophosphonium
hexafluorophosphate  (PyBOP®), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCD), O-benzotriazol-1-yl-N,N,N’ N -tetramethyluronium
hexafluorophosphate (HBTU), 1,3-dicyclohexylcarbodiimide (DCC), or the like) and
optionally an appropriate catalyst (e.g., 1-hydroxybenzotriazole (HOBt), 1-hydroxy-
"7-azabenzotriazole (HOAY), O-(T-azabenzotrizol-1-y1)-1,1,3,3, tetra-
methyluroniumhexafluorophosphate (HATU), or the like) and non-nucleophilic base (e.g.,

triethylamine, N-methylmorpholine, and the like, or any suitable combination thereof) at



30

WO 03/024924 PCT/US02/29323
230.

ambient temperature and requires 5 to 10 hours to complete.
An oxidation step, if required, can be carried out with an oxidizing agent (e.g.,
Oxone®, metachloroperbenzoic acid or the like) in a suitable solvent (e. g., methanol, water,
or the like, or any suitable combination thereof) at ambient temperature and requires 16 to
5 24 hours to complete. Detailed descriptions for the synthesis of a compound of Formula
1 by the processes in Reaction Scheme 1 are set forth in the Examples 1 to 11, infra.
Compounds of Formula I, where X3 is a compound of formula (b) (as defined in
_ the Summary of the Invention), can be prepared by proceeding as in the following Reaction
Scheme 2:

10 Reaction Scheme 2

X°R3
50,
R4\N o)
H  OH
2
R20 R20
| |
23 {20
XR? ®)
|
(0)2S\X1 1'220 o 1l22°
4
H R R20



10

15

20

(" L
WO 03/024924 PCT/U S_02/29323

40-

in which each X', X2, R{ R*,R®, R® and R* are as defined for Formula I in the Summary
of the Invention.

Compounds of Formula I can be prepared by condensing an acid of Formula 2 with
an amino compound of formula (b). The condensation reaction can be effected with an
appropriate coupling agent (e.g., benzotriazol- 1-yloxytrispyrrolidinophosphonium
hexafluorophosphate ~ (PyBOP®), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCD), O-benzotriazol-1-yI-N,N,N’,N -tetramethyluronium
hexafluorophosphate (HBTU), 1,3-dicyclohexylcarbodiimide (DCC), or the like) and
optionally an appropriate catalyst (e.g., 1-hydroxybenzotriazole (HOBt), 1-hydroxy-
7-azabenzotriazole (HOAL), O-(7-azabenzotrizol-1-yl)-1,1,3,3, tetra-
methyluroniumhexafluorophosphate (HATU), or the like) and non-nucleophilic base (e.g.,
triethylamin.e, N-methylmorpholine, and the like, or any suitable combination thereof) at
ambient temperature and requires 5 to 10 hours to complete.

An oxidation step, if required, can be carried out with an oxidizing agent (e.g.,
Oxone®, metachloroperbenzoic acid or the like) in a suitable solvent (e.g., methanol, water,
or the like, or any suitable combination thereof) at ambient temperature and requires 16 to
24 hours to complete.

Compounds of Formula 1 in which X’ is a compound of formula (c) (as defined in
the Summeary of the Invention), can be prepared by reacting a compound of Formula 2 with
a compound of Formula (c) according to the following reaction scheme:

Reaction Scheme 3
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-~ H  OH
2
llz20 Ilz20
HN\(\/S/N\st
R2 O/ \\O_
X2R3 ©
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N Y\//s\\ R
H ~R230 (0]
I

in which each X!, X%, R?, R, R2°, R? and R are as defined for Formula I in the Summary

of the Invention.

Additional Processes for Preparing Compounds of Formula I:

A compound of Formula I caﬁ be prepared as a pharmaceuticaliy acceptable acid
addition salt by reacting the free base form of the compound with a pharmacentically
acceptable inorganic or organic acid. Alternatively, a pharmaceutically acceptable base

10 addition salt of a compound of Formula I can be prepared by reacting the free acid form
of the compound with a pharmaceutically acceptable inorganic or organic base. Inorganic
and organic acids and bases suitable for the preparation of the pharmaceutically acceptable

salts of compounds of Formula I are set forth in the definitions section of this Application.

3/
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Altemgtively, the salt forms of the compounds of Formula I can be prepared using salts
of the starting materials or intermediates.

 The free acid or free base forms of the compounds of Formula I can be prepared

from the corresponding base addition salt or acid addition salt form. For example, a

compound of Fomda I'in an acid addition salt form can be converted to the corresponding

.ﬁ'ee base by treating with a suitable base (e.g., ammonium hydroxide solution, sodium
hydroxide, and the like). A compound of Formula I in a base addition salt form can be
converted to the corresponding free acid by treating with a suitable acid (e. g., hydrochloric
acid, etc).

The N-oxides of compounds of Formula I can be prepared by methods known to
those of ordinary skill in the art. For example, N-oxides can be prepared by treating an
unoxidized form of the compound of Formula I with an oxidizing agent (e.g.,
trifluoroperacetic  acid, permaleic acid, perbenzoic acid, peracetic  acid,
meta-chloropcroxybenzoic acid, or the like) in a suitable inert organic solvent (e.g., a
halogenated hydrocarbon such as dichloromethane) at approximately 0°C. Alternatively,
the N—bxides of the compounds of Formula I can be prepared from the N-oxide of an
appropriate starting material.

Compounds of Formula I in unoxidized form can be prepared from N-oxides of
cémpounds of Formula I by treating with a reducing agent (e.g., sulfur, sulfur dioxide,
triphenyl phosphine, lithium borohydride, sodium borohydride, phosphorus trichloride,
tribromide, or the like) in an suitable inert organic solvent (e.g., acetonitrile, ethanol,
aqueous dioxane, or the like) at 0 to 80°C.

Prodmg derivatives of the compounds of Formula I can be prepared by methods

known to those of ordinary skill in the art (e.g., for further details see Saulnier ef al.(1994),
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Bioorganic and Medicinal Chemistry Letters, Vol. 4, p. 1985). For example, appropriate

prodrugs can be prepared by reacting a non-derivatized compound of Formula I with a

suitable carbamylating agent (e.g., 1,l-acyloxyalkylcarbonoc}HOﬂdafe, pard#nitrophenyl

. carbonate, or the like).

Protected derivatives of the compounds of Formula I can be made by mee;né kno%
to those of ordinary skill in the art. A detailed description of the techniques applicabie to
the creation of protecting groups and their removal can be found in T.W.. Greene,
Protecting Groups in Organic Synthesis, 3" edition, John Wiley & Sons, Inc. 1999.
Compounds of the present iﬁvention may be conveniently prepared, or formed dﬁn‘ng the
process of the invention, as solvates (e.g. hydrates). Hydrates of compounds of the present
invention may be conveniently prepared by recrystallisation from an aqueous/organic
solvent mixture, using organic solvents such as dioxin, tetrahydrofuran or methanol.
Compounds of Formula I can be prepared as their individual sterecisomers by réacting a
racemic mixture of the compound with an optically active resolving agenf to form é pair
of diastereoisomeric compounds, separating the diastereomers and recovering the optically
pure enantiomer. While resolution of enantiomers can be carried'out usiﬁg covalent
diasteromeric derivatives of compounds of Formula I, dissociable complexes are preferred
(e.g., crystalline diastereoisomeric salts). Diastereomers have disti'nct physicél properties
(e.g., melting points, boiling points, solubilities, reé.ctivity, eté.) and 'ca'n be readily
separated by taking advantage of these dissimilarities. The diaétereomers can be seﬁarated
by cin‘omatography or, preferably, by separation/resolution techniques based upot;
differences in solubility. The optically pure enantiomer is then recovered, along with the
resolving agent, by any pracﬁcal means that would not femlt in raéeiﬁizétion. A more

detailed description of the techniques applicable to the resolution of sterecisomers of

52
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compounds from their racemic mixture can be found in Jean Jacques Andre Collet, Samuel

H. Wilen, Enantiomers, Racemates and Resolutions, John Wiley & Sons, Inc. (1981).

In summary, the compounds of Formula I are made by a process which comprises:

5 (A) reacting a compound of Formula 2:

with a compound of the formula (a):

R® o

I
HN. 20

(SN

10 @
in which X', X% R? R*, R and R* are as defined in the Summary of the

Invention for Formula I; or

(B)  reacting a compound of Formula 2 with a compound of the formula (b):

15 ()
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in which R®, R? and R are as defined in the Summary ;)f the Iﬁvenﬁan for Formula
L, or | | |
(C)  reacting a compound of Formula 2 with a compound of the formula (c):
Ilzéo I|{2° o
HN. N 25
12/30\//8\\0 a
©
5 in which R?, R and R are as defined in the Summary of the Invention for

Formula I; and

(D)  optionally converting a compound of Formula I into a pharmaceutically
acceptable salt;
10 (B) optionally converting a salt form of a compound of Formula I to non-salt form;
()  optionally converting an unoxidized form of a compound of Formula I into a
pharmaceutically acceptable N-oxide;
(G) optionally convefting an N—oxidé form of a compound of Formula I its
unoxidized form;
15 (H)  optionally resolving an individual isome; of a compound of Formula I from a
mixture of isomers;
@ optionally convgrting a non-derivatized compound of Formula I into a
pharmaceutically prodrug derivative; and
@ optionally converting a prodrug derivative of a compound of Formula I to its

20 non-derivatized form.

33
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Examples:

The present invention is further exemplified, but not limited by, the following

hekamples that illustrate the preparation of compounds of Formula I (Examples) and

intermediates (References) according to the invention.

REFERENCE 1
3-amino-4-hydroxy—gmoﬁdine—1—carboxyh'c acid tert-butyl ester

6—0xa—3-aza—bicyclo[3.1.0]hexane-3-carboxylic acid tert-butyl ester (12.1g,
65.3mmol) was dissolved in a 8:1 methanol/water mixture (108mL). Ammonium chloride
(15g) and sodium azide (21.4g, 329mmol) was added and the mixture was heated at 60°C
overnight. After dilution with ether (500mL), the mixture was washed with saturated
aqueous NaHCO; (200mL) and brine (200mL), dried with MgSO, and evaporated under
vacuum. The crude product was dissolved in methanol (200mL). 10% Palladium on
activated carbon (1.5g) was added and the mixture was stirred at ambient temperature
under a hydrogen atmosphere until TLC analysis showed the disappearance of the starting
material. The mixture was filtered through a pad of Celite and evaporated to dryness under
vacoum. The product was purified by flash chromatography on silica gel. Eluent: 5%

methanol in ethyl acetate to 20% methanol, 3% triethylamine in ethy] acetate. Yield: 4.3g

3-amino—4—hydroxy—pmolidine—l-carboxylic acid tert-butyl ester as yellowish solid.

REFERENCE 2

4-Amino-3-hxdroxy—azepane-1-carboxylic acid benzyl ester
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Sodium hydride (60% in mineral oil, 10g, 250mmol) was suspended in dry DMF.
Allyl-carbamic acid benzyl ester (19.1 g, 100mmol) was added drop wise ét ‘ambient
temperature. After stirring for 5 minutes, 5-bromo-1-pentene (25g, /168m1.no”l).was added
drop wise. Stirring was continued at 50°C for 1 hour. The reaction was quenc.hed with
water and then partitioned between diethyl ether and water, The ether layer was washed
with water and brine, dried with MgSO; and evaporated under vacuum. Flash
chromatography (ethyl acetate/hexane 1:9) gave allyl-pent-4-enyl-carbamic acid benzyl
ester (15.5g). |

Allyl-pent-4-enyl-carbamic acid benzyl ester (15.5g, 59.8mmol) was dissolved in
dichloromethane and bis(tn'cyclohexylphosphine)benzylidene ruthenium(V) dichloﬁde
(1g) was added. The mixture was refluxed under a nitrogen atmosphere until TLC analysis
showed complete reaction. The solvent was evaporated under vacuum and the residue was
purified by flash chromatography (ethyl acetate/hexane 1:9) to give 2,3,4,7—Tetrahyd¥o-
azepine-1-carboxylic acid benzyl ester (7.8g). | |

To a solution of 2,3,4,7-tetrahydro-azepine—l-carboxylic acid benzyl estef (4.5g,
19.45mmol) in dichloromethane (50mL) was added m-chloroperbenzoic acid (GOmmoI).
The mixture was stirred at ambient temperature for 16 hours. Saturated aqueous K>CO;
solution was added and the mixture was extracted with dichloromethane. The éombined
organic layers were washed with saturated aqueous NaHCO; and brine, dried wnh MgSO4
and evaporated under vacuum. The crude epoxide was dissolved in an 8:1 methano)l/water
mixture (100mL). Ammonium chloride (3.2g, 60mmol) and sodium azide (3.9g, 60mmol)
were added and the mixture was heated at 60°C for 48 hours. Most of the solvent was
removed under vacuum. The residue was extracted with eﬂ1y1 acetate. The combined

organic layers were washed with saturated aqueous NaHCO; (200mL) and brine (200mL),

2
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drie_d with MgSOy and evaporated under vacuum. Flash chromatography of the residue
(he@ne/ethyl acetate 3:1) gave 4-azido-3-hydroxy-azepane-1-carboxylic acid benzyl ester
(3.3g).

To a solution of 4—azido-3-hydroxy-azépanc-l-caﬂ)oxylic acid benzyl ester (3.3g,
11.37mmol) in methanol (50mL) was added tn'ethylaminé (SmL) and 1,3-propanedithiol
(3.42mL, 35mmol). The mixture was stirred at ambient temperaturé until TLC analysis
showed complete consumption of the starting material. A white precipitate was removed
by filtration and the filtrate was evaporated to dryness. The residue was triturated with a
1:1 hexane/diethyl ether mixture to remove excess dithiol and dried under vacuum to yield

4-amino-3-hydroxy-azepane-1-carboxylic acid benzyl ester.

" REFERENCE 3
28-Amino-N-(4-methoxyphenyl)-4-phenylbutane-1-sulfonamide hydrochloride

A solution comprised of crude rerr-butyl 1-(4-methoxyphenylsulfamoylmethyl)-3-
phenylpropylcarbamate (1.92 g, 4.42 mmol), prepared as in Reference Example 2, in DCM
(10 mL) was treated with a 4M solution of hydrogen chloride in dioxane (11 mL). The
mixture was stirred for 16 hours at room temperature and diluted with diethyl ether. A
resulting precipitate was collected by filtration, washed several times with diethyl ether and
hexane and pumped dry to provide 2S-amino-N-4-methoxyphenyl-4-phenylbutane-1-
sulfonamide hydrochloride with quantitative mass recovery. 'H NMR (DMSO): 2.05 (2H,
m); 2.6-2.7 (2H, m); 3.4 (3H, m*); 3.72 (3H, s); 6.9 (2H, d, J=7 Hz); 7.25 (5H, m); 7.3

(2H, d, J=7 Hz); 8.5 (br. s); 10.0 (1H, 5).

EXAMPLE 1

)
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Morpholine-4-carboxylic acid.ﬂ ~( 1~benzos"l-4—oxo-pvrfoﬁdin-3-vléarbémovl)-2~

henvlimethanesulfonyl-ethyl]-amide

(Compound 1)

2-[(Morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-propionic acid (1g,
2.8mmol), 3-amino-4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester (700mg,
3.46mmol) prepared as in Reference 1, EDC (1.5g, 7.8mmol), and HOBt (1.5g, 9.6mmol)
were combined. Dichloromethane (10mL) was added and then 4-methylmorpholine
(1.5mL). The mixture was stirred at ambient temperature er 2 hours. After dilution with
ethyl acetate (200mL) the solution was washed with saturated aqueous NaHCO; (100mL)
and brine (100mL), dried with MgSO, and evaporated under vacuum. 3-Hydroxy-4-{2-
[(morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-propionylamino }-pyrrolidine-
1-carboxylic acid tert-butyl ester (1.05g, 1.94mmol) was obtained as yellowish foam and
was dissolved in dichloromethane (6mL). Trifluoroacetic acid (6mL) was added and the
mix;ure was stirred at ambient temperature for 1 hour. Evaporation under vacuum gave
crﬁdc morpholine-4-carboxylic acid [1-(4-hydroxy-pyrrolidin-3-ylcarbamoyl)-2-
phenylmcthanesulfonyl-ethyl]—amjde as TFA salt, which was used without further
purification. ‘ » .

Morpholine-4-catboxylic  acid  [1-(4-hydroxy-pyrrolidin-3-ylcarbamoyl)-2-

phenylmethanesulfonyl-ethyl]-amide TFA salt (215mg, 0.39mmol) was dissolved in 1,4-

35
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dioxane (20mL). Saturated aqueous NaHCOj; solution (10mL) was added followed by
benzoyl chloride (0.2mL, 1.72mmol). The mixture was stirred at ambient temperature for
1 hour and then extracted with ethyl acetate. The combined organic layers were washed
with saturated aqueous NaHCO; and brine, dried with MgSO;, and evaporated under
vacuum. The residue was purified by flash chromatography on silica gel (Eluent: 5%
methanol in ethyl acetate to 20% methanol in ethyl acetate) to yield morpholine-4-
carboxylic - acid [1-(1-benzoyl-4-hydroxy-pyrrolidin-3-ylcarbamoyl)-2-phenylmethane-
sulfonyl-ethyl}-amide (92mg).

Morpholine-4-carboxylic acid [1-(1-benzoyl-4-hydroxy-pyrrolidin-3-ylcarbamoyl)-
2-phenylmethanesulfonyl-ethyl]-amide (92mg, 0.169mmol) was dissolved in DMSO
(SmL). Triethylamine (0.5mL) and then SO; pyridine complex (150mg) were added and
the mixture was stitred at ambient temperature for 3 hours. After dilution with ethyl
acetate (100mL), the solution was washed witﬁ water (50mL) and brine, dried with MgSO,
and evaporated under vacuum. Tﬁe residue was purified by flash chromatography on silica

gel (Eluent: 5% methanol in ethyl acetate) to yield morpholine-4-carboxylic acid [1-(1-
bcnzoyl-4»oxo-gmo]idin—3-ylcarbamoyl)—2—gheny1methan§sulfonyl-ethyl |-amide as a

mixture of diastereomers (Yellowish solid; 38mg), IH NMR: (DMSO) 8.50-8.35 (m, 1H),
7.55-7.34 (m, 10H), 7.16-6.95 (m, 1H), 4.80-4.65 (m, 1H), 4.54-4.22 (m, 3H), 3.98-3.25

(m, 14H); MS: (M+H)" 543.

EXAMPLE 2

Morpholine-4-carboxylic acid [1-( 1-benzenesdfonyl-4—oxo—pygolidin-3-ylcarbamoyl1
2-phenylmethanesulfonyl-ethyl]-amide _
(Compound 2)

\
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o] S=01H o]
K\N'*r.«j\r”\[@
(o) - H- 0O N

Morpholine-4-carboxylic  acid [1-(1-benzenesulfonyl-4-oxo-pyrrolidin-3-
ylcarbamoyl) 2-phenylmethanesulfonyl-ethyl]-amide was prepared following the procedure
detailed in Example 1, substituting benzenesulfonyl chloride for benzoyl chloride; 'H

5 NMR: (DMSO) [8.35 (d, J=7.4Hz), 8.28 (d, J=7.6Hz), 1H], 7.87-7.62 (m, 5H), 7.41-7.32
(m, 5H), 7.06-6.98 (m, 1H), 4.72-4.60 (m, 1H), 4.45 (s; 2H), 4.42-4.23 (m, 1H), 3.92-3.79

(m, 2H), 3.55-3.20 (m, 11H), 3.06-2.97 (m, 1H). MS: (M+H)" 579.

oxo-azepane-1-carboxylic acid benzvl ester

(Compound 3)

N™ °N N o]
OO
0

Crude 4-amino-3-hydroxy-azepane-1-carboxylic acid benzyl ester (150mg,
15 0.57mmol) prepared as in Reference 2, 2-[(morpholine-4-carbonyl)-amino]-3-
phenylmethanesulfonyl-propionic ac1d (400mg, 1.12mmol), EDC (400mg, 2.1mmol), and

HOBt (400mg, 2.5mmol) were combined. Dichloromethane '(IOmL) was added followed
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by 4-methylmorpholine (0.5mL). The mixture was stirred at ambient temperature for 2
hours. After dilution with ethyl acetate (100mL) the solution was washed with 1IN HCI,
saturated aqueous NaHCO3 and brine, dried with MgSQ, and evaporated under vacuum.
The residue was purified by flash chromatography (ethyl acetate/methanol 9:1) to yield 3-
hydroXy'-4—{2—[(morphoﬁne#carbonyl}amino]-3-phenylmethanesulfonyl—propionyl-
amino}-aZepa{né-l—carboxy]ic acid benzyl ester (320mg).
3-Hydroxy—'4—{2-[(morpholine-4—carbony1)-amino]-3-phenylméthanesulfonyl—
propionylamino }-azepane-1-carboxylic acid benzyl ester (100mg, .0.167mmol) was
dissolved in DMSO (5mL). Triethylamine (0.3mL) and then SO; pyridine complex
(150mg) were added and the mixture was stirred at ambient temperature for 3 hours. After .
dilution with ethyl acetate (100mL), the solution was washed with water (50mL) and brine,
dried with MgSO, and evaporated under vacuum. The residie was purified by flash
chromatography on silica gel (Eluent: 5% methanol in ethyl acetate) to yield 4-{2-
[(morpholine-4-carbonyl)-amino}-3 -phenylmethanésulfonyl-progiohylamino }-3-0x0-
azepane-1-carboxylic acid benzyl ester (75mg); '"H NMR: (DMSO) 8.23-8.08 (m, 1H),
7.40-7.29 (m, 10H), 7.06-6.98 (m, 1H), 5.20-5.09 (m, 2H), 4.79-4.65 (m, 1H), 4'.52-4.31
(m, 3H), 4.02-3.80 (m, 2H), 3.62-3.23 (m, 11H), 3.00-2.78 (m, 1H), 1.88-1.55 (m, 4H);

MS: (M+H)" 601.

EXAMPLE 4

Morpholine-4-carboxylic acid [1-(3-benzenesulfonylamino-2-0xo-propylcarbamoyl)-2-

phenylmethanesulfonyl-ethyl)-amide
(Compound 4)
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N—(3-Amino—2-hydroxy—propyl)—benzenesulfonaﬁnide TFA salt was prepared as
outlined in Renee L. DesJarlais et al. J. Am. Chem. Soc. 1998, 120, 9114-9115.

2—[(1\/Iorpholjne-4-carbonyl)-amiﬁo]-3-phenylmethanesulfonyl-propio'nic acid
(50mg, 0.14mmol), N-(3-amino-2-hydroxy-propyl)-benzenesulfonamide TFA salt (60mg,
0.17mmol), EDC (100mg, 0.52mmol), and HOBt (100mg, 0.64mmol) were combined.
DMF (3mL) was added and then 4-methylmorpholine (0.3mL). The mixture was stirred
at ambient temperature for 3 hours. After dilution with ethyl acetate (100mL) the solution
was washed with 1N HCI, saturated aqueous NaHCOj3 and brine, dried with MgSO, and
cvappra_ted under vacuum. The residue was dissolved in acetone (SmL). T ones reagent
was added until the orange color persisted. The mixture was stirfed for 2 hours, quenched
with isopfopanol, and diluted with ethyl acetate (100mL). The solution was washed with
water, saturated aqueous NaHCO; and brine, dried with MgSO, and evaporated under
vacuum. The crude product was recrystallized from ethyl acetate/diethyl ether to give
morpholine-4-carboxylic acid [1-(3-benzenesulfonylamino-2-oxo-propylcarbamoyl )-2-
phenylmethanesulfonyl-ethyl]-amide as white solid (19mg); '"H NMR: (DMSO0) 8.17 (4,
J=5.7Hz, 1H), 7.93 (t, J=5.9Hz, 1H), 7.76-7.48 (m, 5H), 7.36-7.29 (m, 5H), 7.05 (d,
_--8.1_Hz,_ 1H), 4.68-4.59 (m, 1H), 4.45 (s, 2H), 3.89 (d, If-S.?Hz, 2H), 3.79-3.75 (ni, 2H),

3.56-3.22 (m, 10H); MS: (M+H)* 567.

EXAMPLE 5

23
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N-{15-[15-(4-Methoxyphenylsulfamoylmethyl)-3-phenvlpropvlcarbamovi) 2-

benzylsulfonylethyl }-morpholine-4-carboxamide

(Compound 7)

QO

A mixture comprised of 2§-morpholin-4-ylcarbonylamino-3-benzylsulfonyl-
propionic acid (0.194 g, 0.599 mmol), 2S-amino-N-(4-methoxyphenyl)-4-phenylbutane-1-
sulfonamide hydrochloride (0.222 g, 0.599 mmol), prepared as in Reference 3, and HATU
(0.228 g, 0.599 mmol) in DMF (5 mL) was treated with 4-methylmorpholine (0.198 g, 1.80
mmol). The mixture was stirred at room temperature for approximately 12 hours and then
partitioned among a 4:1:2:3 mixture (100 mL total) of ethyl acetate, THF, water, and brine,
respectively. The organic phase was separated and washed with saturated agueous sodium
bicarbonate (30 mL), brine (30 mL), dried (MgSOy4), .ﬁltered and concentrated. The residue
was triturated with of 5:1 ether/ethyl acetate (100 mL), collected by filtration, washed with
ether (30 mL), hexane (30 mL), and pumped dry to provide N-{ 13-[ 15-(4-
methoxyphenylsulfamoylmethyl)-3-phenylpropylcarbamoyl]-2-benzyisulfonylethyl }-
morpholine-4-carboxamide. TLC R¢ (ethy! acetate): 0.65; "H NMR (DMSO): 1.74 (1H,
m); 1.92 (1H, m); 2.39-2.61 (2H, m); 3.1-3.35 (2H, 2xdd*); 3.34 (4H, m); 3.42-3.65 (6H,
m*); 3.72 (3H, s); 4.24 (1H, m); 4.51 (2H, s); 4.61 (1H, m); 6.88 (2H, d, J=9 Hz); 7.1-7.34

(8H, m); 7.4 (5H, s); 8.12 (1H, d, J=8.7 Hz); MS (M+1): 673.
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Proceeding as in Exéniple 5 the following compounds of ‘Formu'la I were prepared:
N-{15-| S-arm‘no-ls-(' 4-methoxyphenylsulfamoyl-methyl)pentylcarbamoyl }-2-

benzylsulfonylethyl-morpholine-4-carboxamide hydrobromide (Compound 5); '"H NMR

(DMSO): 1.15-1.73 (6H, m*); 2.71 (2H, m); 3.05-3.25 (2H, 2xdd); 3.37 (4H, m); 3.45-3.6
5 (6H,m*); 3.72 (3H, s); 4.21 (1H, m); 4.49 (2H, dd); 4.5 (1H, m*); 6.89 (2H, d, J=8.9 Hz);
7.09 (1H, m*); 7.15 (2H, d, J=8.9 Hz); 7.39 (5H, s); 7.73 (3H, br. s); 8.03 (1H, d, J=8.6

Hz); 9.47 (1H, s); MS (M+1): 640, free base); and

Benzyl 6-(4-methoxyphenylsulfamoyl)-55-( ZS~mogthIin-4-ylcarbonylamino-3-

benzylsulfonyl-propionylamino)hexylcarbamate (Compound 6); TLC Ry (ethyl acetate):
10 0.3; "H NMR (DMSO): 1.1-1.65 (6H, m); 2.94 (2H, q, J=6 Hz); 3.05-3.22 (2H, 2xdd);

3.34 (4H, m*); 3.35-3.59 (2H, m*); 3.53 (4H, br s); 3.71 (3H, s); 4.19 (1H, m*); 4.53 (2H,
dd, J=15 Hz); 4.57 (1H, m*); 5.00 (2H, s); 6.89 (2H, d, J=8.4 Hz); 7.05 (1H, d, J=8 Hz);
7.15 (2H, d, J=8.4 Hz); 7.24 (1H, t); 7.3-7.45 (10H, 2xs); 7.99 (1H, J=8 Hz); MS (M+):
774. |
15
EXAMPLE 6

Morpholine-4-carboxylic acid [(R)-1-(6-ox0-cyclohex-1-enylcarbamoyl)-2- .

phenylmethanesulfonyl-ethyl]l-amide

(Compound 8)

O§Sﬁo

e H

S8
o\/' 0

20
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A solution of 2-amino-cyclohexane-1,3-diol (0.55 g) in dimethylformamide (30ml)
was treated with diisopropylethylamine (1.6ml, 9.2mmol). After stirring at room
temperature for 5 minutes the mixturev was treated with (R)-2-[(morpholine-4-carbonyl)-
amino];3-phenylmethanesulfonyl—propionic acid ( 1.73 g, 4.86mmol) followed by HATU
(1.68g, 4.42mmol). This mixture was stirred at room temperature overnight and then
evaporated. The residue was subjected to flash chromatography on silica eluting with ethyl
acetate and then a mixture of ethyl acetate and methanol to give morpholine-4-carboxylic
acid [(R)-I-(2,6-dihydr0xy—cyclohcxylcarbamoyl)-Z-phenylmeﬂxanesulfonyl—ethyll—amide
as a white solid (210mg). MS: 470 (MI).

A solution of morpholine4-cartboxylic  acid [(R)-1-(2,6-dihydroxy-
cyclohexylcarbamoyl)—2-phcnylmethanesulfonyl-ethyl] -amide (90mg, 0.19mmol) in
methylene chloride (6ml) was treated with Dess-Martin periodinane (162mg, 0.38mmol). »
After stitring at room temperature for 2 hours the reaction mixture was washed with a
solution of Na»S,0; in water (0.26M), then with saturafed agueous bicarbonate solution
then with water, then dried over Na,SO, and then evaporated under reduced pressure. The

residue was subjected to flash chromatography on silica eluting with a mixture of ethyl

acetate and heptane to give morpholine-4-carboxylic acid [{R)-1-(6-oxo-cyclohex-1-
enylcarbamoyl)-2—phenylmethanesulfonyl—ethylI-amide (8mg). 'H NMR (CDCl) : 9.00

(s, 1H), 7.82 (t, J=5Hz, 1H), 7.53-7.38 (m, 5H), 6.06 (d, J=6Hz, 1H), 5.00 (m, 1H), 4.47-
4.27 (m, 2H), 3.85 (m, 1H), 3.77-3.62 (m, 4H), 3.48-3.36 (m, 4H), 3.27 (m, 1H), 2.58-2.46

(m, 4H), 2.08-1.97 (m, 2H). MS: 450 (MET).
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- EXAMPLE 7

Mo holiné—4—carbox lic acid -2-cyclopro lmethanesulfoh 1-1- 6-6xo-'c clohex-

1-enylcarbamoyl)-ethyl}-amide

5 | (Compound 9)

A mixture of (R)-3-cyclopropylmethanesulfonyl-2-[(morpholine-4-carbonyl)-
amino]-propionic acid (0.352g, 1.1 mmol) and N-cyclohexylcarbodiimide N’-
methylpolystyrene (1.93 mmol/g, 1.03g) in DCM (10mL) was treated with

10 hydroxybenzotriazole (0.27g, 2 mmol). After stirring at room temperaturé for 5 minutes
the mixture was treated with 2-amino-cyclohexane-1,3-diol (0.0.131g, 1 mmol) and stirring
was continued for a further 2 days. The reaction mixture was treated with PS Trisamine
(3.75 mmmol/g, 1.3g) and after stirring at room temperature for 2 hours the resin was filtered
off and washed with DCM. The combined filtrate plus washings were evaporated under

15 reduced pressure to give morpholine-4-carboxylic acid [(R)-Z-cyclopropylmethanesulfonyl-
1-(2,6-dihydroxy-cyclohexylcarbamoyl)-ethyl]-amide (0.32g) as pale yellow thick oil. MS:
434 (MH).

Dess Martin Periodinane (0.68§ g, 1.62 mmol) was added to a solution of the
[(R)-Z—cyclopropylmemanesulfonyl-1-(2,6—dihydroxy-cyclohexylcaxbamoyl)-ethyl]-amide

20  (0.32g) in DCM (10mL) and the mixture was stirred at room temperature for 3 hours then
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treated with resin bound Na;S;0;3 (1.5 mmol/g, 1.9g) and stirred at room temperature for

a f;lrther 24 hours The reécﬁon lhixture was diluted with DCM ( 20mL) , then filtered.

The ﬁltrate was washed with a soluuon of 0.25 M Na,S,0;, then with saturated NaHCO3,

then dned (MgSO4) and then evaporated under reduced pressure. The residue was

5 subjected to column chromatography eluting with a mixture of ethyl acetate and heptane
to gi;re ﬁzorﬁholin¢-4—carboxvﬁc acid [(R)-2-cyclopropylmethanesulfonyl-1-(6-0xo-

cyclohex—l—enyléarbamoyl )-ethyll-amide. 'H NMR (CDClI3): 9.00 (s, 1H), 7.78 (t, 1H),

6.18 (d, 1H), 4.9 (m, 1H), 3.85 (m, 1H), 3.77-3.62 (m, 4H), 3.58-3.45 (dd, 1H), 3.48-3.36

(m,4H) 3.0 (d, 2H), 2.55-2.42 (m, 4H), 2.08-1.97 (m, 2H), 1.2 (m, 1H), 08—07(m,2H)

10  0.6-0.4 (m, 2H). MS: 414(MH')

EXAMPLE 8
Morpholine-4-carboxylic acid [(R)-1-(3.4-dioxo-cyclopentylcarbamoyl)-2-

phenylmethanesulfonyl-ethyl]-amide

15 (Compound 10)

A solution of 4-amino-cyclopentane-1, 2-diol; compound with trifluoroacetic acid
(745mg, 3.23mmol) in DMF (15ml) was treated with DIPEA (1.12ml, 6.4mmol) and the

mixture was stirred for 5 minutes at room temperature. Then (R)-2-[(Morpholine-4-
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carbonyl)-amino]~3-phenyMéfhanéédlfonyl-propionic acid (i.ng, 3.23@01) was added
followed by HATU (1.23g, 3.24mmol). This mixture was stirred at room temperaturc
overmght and then evaporated. The residue was subJected to ﬂash chromatography on
silica eluting with ethyl acetate and then with a mixture of ethyl acetate and methanol to
give morpholine4-carboxylic acid [(R)-l-(3,4-dihydr6xy—cyclopentylcarﬁanaoyl)—Z-
phenylmethancsulfony]-cthyl]—arrﬁde as a brown solid (680mg). LC/MS: RT=2.64min.
(215 and 254nM), MH*=456. | |

A solution of morpholine-4carboxylic acid [(R)-1-(3,4-dihydroxy-
cyclopentylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide (670mg, 1.4;lmmol) 1n
methylene chloride (40ml) was treated with Dess-Martin periodinane (624ﬁ1g, 1.47rdmol)
and the reaction stirred at room temperature overnight. More Dess-Martin periodinane
(642mg, 1.51mmol) was added and the reaction stirred at room temperature for 6hours and
then overight. Thehreavction fnixtm:e was washed with a solution of Na,S,03 in water
(0.26M), then with saturated aqueous bicarbonate solution , then with water, then dried
over Na;S0, and then evaporated under reduced pressure. The residue was subjected to
flash chromatography on silica eluting with a mixture of ethyl acetate and heptane, then
with ethyl acetate to give morpholine-4-carboxylic acid [(R)-1-(3.4-dioxo-

cyclopentylcarbamoyl )-2-phenylmethanesulfonyl-ethyl]-amide as an off white solid

(45mg). 'H NMR (CDCl;): 7.50-7.38 (m, 5H), 6.62 (m, 1H), 5.91 (d, J=5Hz, 1H), 4.81

(m, 1H), 4.58-4.35 (m, 3H), 3.73-3.61 (m, SH), 3.44-3.32 (m, 4H), 3.22 (m, 1H), 2.72-2.12

(m, 4H). MS: 452 (MH).

EXAMPLE 9

Morpholine-4-carboxylic acid |2-(2—diﬂuoromethoxy-ghenylmethancsulfonyl )-1-(2-
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oxo~cyclohexylcarbamovyl)-ethvil-amide

(Compound 11)
FYO
F
Oxg=0

SAERe

3—(2-Diﬂuoromethoxy—phenylmethanesulfonyl)-Z-[(morpholine—4-carbonyl)~
arﬁino]-pmpi().nic acid (100mg, 0.237mmol), 2-aminocyclohexanol (58mg, 0.5mmol), EDC
(100mg, 0.52mmol), and HOBt (100mg, 0.64mmol) were combined. Dichloromethane
(2mL) was added and then 4-methylmorpholine (0.2mL). The mixture was stirred at
ambient temperature for 2h. After dilution with ethyl acetate (100mL) the solution was
washed with 1IN aqu. HCl (30mL), sat. aqu. NaHCO; (30mL) and brine (30mL), dried with
MgSO4 and evaporated under vacuum. The crude product was dissolved in
dich]orc;methane (10mL). Dess-Martin periodinaqe (300mg, 0.71mmol) was added, and
the reaction mixture was stirred at ambient temperature for 1h. After dilution with ethyl
acetate (100mL), the solution was washed with 0.26M Na,S,05 in sat. aqu. NaHCO;
(30mL), sat. aqu. NaHCOj3 and brine, dried with MgS0Oy4, and evaporated under vacuum.
Purification by flash-chromatography on silica gel (ethyl écetaie/hcxane) gave morpholine-

4-carboxylic acid [2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-(2-0xo-

cyclohexylcarbamoyl)-ethyll-amide (78mg, 0.151mmol) as a white solid. Mixture of
diastereomers: '"H NMR: (DMSO) [8.03 (d, J=7.2Hz), 7.96 (d, J=7.2Hz), 1H], 7.50-7.42

(m, 2H), 7.30-7.21 (m, 2H), 7.10 (t, Jur=74Hz, 1H), 7.03 (d, J=8.4Hz, 1H), 4.78-4.69 (m,
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1H), 4.54 (s, 2H), 4.41-4.33 (m, 1H), 3.62-3.25 (m, 10H), 2.55-1.40 (m, 8H). MS: (M+H)*

518.

By proceeding in similar manner to Example 9 but using 2-aminocyclopentanol

5  there was prepared morpholine-4-carboxylic acid [2-(2-difluoromethoxy-
phenylmethanesulfonyl)-1-( 2-oxo-cyclopentylcarbamoyl)-ethyl)-amide (Compound 12)

as a mixture of diastereomers: 'H NMR: (DMSO) [8.19 (d, J=8Hz), 7.15 (d, J=8Hz),
1H}, 7.49-7.42 (m, 2H), 7.30-7.21 (m, 2H), 7.10 (¢, Iy F=714Hz, 1H), [7.02 (d, ]=8.4Hz),
7.00 (4, J=8.4Hz), 1H], 4.77-4.70 (m, 1H), [4.53 (s), 4.52 (s), 2H], 4.10-3.91 (m, 1H),

10 3.60-3.23 (m, 10H), 2.28-1.70 (m, 6H). MS: (M+H)* 504.

By pfoceeding in similar manner to Example 9 but using 2-aminocyclobutanol

there was prepared morpholine-4-carboxylic acid [2-(2-difluoromethoxy-

phenylmethanesulfonyl)-1-(2-oxo-cyclobutylcarbamoyl)-ethyl])-amide (Compound 13)

15  as a mixture of diastereomers: 'H NMR: (DMSO) 8.49 (d, J=7.6Hz, 1H), 7.48-7.42 (m,
2H),.7.30—7.21 (m, 2H), 7.11 (t, Ty p=74Hz, 1H), 7.02 (d, J=8.8Hz, 1H), 4.88-4.67 (m,
2H), 4.53 (s, 2H), 3.64-3.23 (m, 10H), 2.93-2.70 (m, 2H), 2.23-1.99 (m, 2H). MS:

M+H)"

20 ‘ EXAMPLE 10

' (Mornholiﬁe-4-carboxylic acid [1-(2-benzylcarbamovyl-2-oxo-ethylcarbamovi)-2-

phenylmethanésulfonyl-cthyl |-amide)

(Compound 14)
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Isoéeﬁne (3.11g, 29.6mmol) was dissolved in 1,4-dioxane/H,0 3:1 (40mL). K,CO,
(C.Sg) and NaHCO; (0.5g) was added. Di-tert-butyl dicarbonate (6.45g, 29.6mmol) was
added and the mixture was stirred at ambient temperature over night. The reaction mixture
was extracted with dlchloromethane (3x100mL) The combined organic phases were
washed W1th brme dried with MgSOy, and evaporated under vacuum. The crude 3-tert-
butoxycarbonylamino-2-hydroxy-propionic acid (4.76g, 23.2mmol) was obtained as a

colorless oil, which solidified on standing, and was used without further purification.

3-tert-butoxycarbonylaﬁzino—Z-hydroxy-propionic | acid (1.5g, 7.31mmol),
benzylamine (1.1mL, 10.0mmol), EDC (2.5g, 13.1mmol), and HOBt (2.0g, 12.8mmol)
were éombined. Dichloromethane (15mal) was added and then 4-methylmorpholine
(2&1L). The mixture was stirred at ambient temperature for 2h. After dilution with ethyl
acetate (300mL) the solution was washed with IN aqu. HCI (100mL), sat. aqu. NaHCO;
(100mL) and brine (100ml.), dried with MgSO, and evaporated under vacuum. Yield:

1.83g, 6.22mmol (2-Benzylcarbamoyl-2-hydroxy-ethyl)-carbamic acid tert-butyl ester.

(2-Benzylcarbamoyl-2-hydroxy-ethyl)-carbamic acid tert-butyl ester (0.2g,
0.68mmol) was dissolved in dichloromethane (2mL) and trifluoroacetic acid (2mL). After

stirring for 2h at ambient temperature, the solution was evaporated under vacuum and the
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residue was dried under high vacuum. To this residue were added EDC (200mg,
1.05mmol), HOBt (200mg, 1.28mmol), 2-[(Morpholine-4-carbonyl)-amino]-3-

phenylmethanesulfonyl-propionic acid (200mg, 0.56mmol), dichloromethane (5mL) and

- 4-methylmorpholine (0.5mL). The mixture was stirred at ambient temperature for 2h.

After dilution with ethyl acetate (100mL) the solution was washed with 1N aqu. HCI
(30mL), sat. aqu. NaHCOQ; (30mL) aﬁd brine (30mL), dried with MgSOq4 and evaporated
under vacuum. The crude product was dissolved in dichlorc#mefhane (IOrﬁL). Dess-Martin
periodinane (500mg, 1.18mmol) was added, and the reactioﬁ mixture was stirred at
ambient temperature for 1h. After dilution with ethyl acetate (lOOmLi thé solution was
washed with 0.26M Na,S;0; in sat. aqu. NaHCO3 (30mL), sat. aqu. NaHCOs and brine,

dried with MgSOy, and evaporated under vacuum. The product @;Qholine—4-ca;boxvlic

acid [1—(2—bemﬂcarbamovl-é-oxo-ethj{lcarbamovl)-2~ohenvlmethanesulfonvl-ethvﬂ-

amide) was crystallized from ethyl acetate/diethylether and was obtained as a white solid
(153mg, 0.29mmol). 'H NMR: (DMSO) 9.24 (t, J=6.4Hz, 1H), 8.19 (t, J=5.6Hz, 1H),
7.39-7.19 (m, 10H), 7.08 (d, J=8Hz, 1H), 4.83-4.76 (m, 1H), 4.49 (s, 2H), 4.48-4.33 (m,

2H), 4.31 (d, J=6.8Hz, 2H), 3.68-3.25 (m, 10H). MS: (M+H)" 531.

EXAMPLE 11
Acetic acid 3-{2-[(morpholine-4-carbonyl)-amino}-3-phenylmethanesulfonyl-

propionylamino }-4-oxo-azetidin-2-yl ester
(Compound 15)
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Acetic acid 3-benzyloxycarbonylamino4-oxo-azetidin-2-yl ester was prepared as

outlined in J.C. Amould et al. Eur. J. Med. Chem 1992, 27, 131-140.

Acetic acid 3-benzyloxycarbonylamino-4-oxo-azetidin-2-yl ester (100mg,
0.36mmol) was hydrogenated on a Parr shaker over 10% palladium on carbon (100mg)
in ethyl acetate (20mL) at 50 psi for Sh. The mixture was filtered through Celite and
evaporated. Acetic acid 3-amino-4-oxo-azetidin-2-y] ester was obtained in quantitative

yield.

2—[(Morpholine—4—carbonyl)-amin0]—3-phcnylmethanesulfonyl-propionic acid
(100mg, 0.28mmol), acetic acid 3-amino-4-oxo-azetidin-2-yl ester (52mg, 0.36mmol),‘
EDC (100mg, 0.52mmol), and HOBt (100mg, 0.64mmol) were combined.
Dichloromethane (2mL) was added and then 4-methylmorpholine (0.2mL). The mixture
was stirred at ambient temperature for 2h. After dilution with ethyl acetate (100mL) the
solution was washed with 1IN aqu. HCl (30mL), sat. aqu. NaHCO; (30mL) and brine

(30mL), dried with MgSO, and evaporated under vacuum. The residue was subjected to

flash chromatography on silica gel (ethyl acetate) to give agetic acid 3-{2-[(morpholine-4-
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carbonﬂ—amino]-3~Dhenvlmeménesulfonyl-propionylamino }-4-0x0-azetidin-2-vl ester

(17mg, 0.035mmol). 'H NMR: (DMSO) 9.18 (s, 1H), 8.72 (d, J=6.4Hz, 1H), 7.41-7.30
(m, 5H), 7.08 (m, 1H), 5.76 (s, 1H), 4.80-4.61 (m, 2H), 4.49 (s, 2H), 3.63-3.22 (m, 10H),

2.08 (s, 3H). MS: (M+H)" 483.

EXAMPLE 12
Morpholine-4-carboxvlic acid [1-(4-oxo-tetrah dro-furan-3; lcarbamoyl)-2-

phenylmethanesulfonyl-ethyi]-amide
(Compound 16)

10

4-Amino-tetrahydro-furan-3-ol was prepared as outlined in Marquis, Robert W. et

al. J. Med. Chem 2001, 44, 725-736.

- 2-[(Morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-propionic écid

15 (100mg, 0.28mmol), 4-aminotetrahydrofuran-3-o1 (100mg, 0.96mmol), EDC (200mg,
1.04mmol), and HOBt (200mg, 1.28mmol) were combined. DMF (ZﬁnL) was added and

then 4-methylmorpholine (0.2mL). The mixture was stirred at ambient temperature for 2h.
After dilution with ethy] acetate (100mL) the solution was washed with IN aqu. HCl
(30mL), sat. aqu. NaHCO; (30mL) and brine (30mL), dried with MgSO, and evaporated

20  under vacuum. The crude product was dissolved in dichloromethane (10mL). Dess-Martin
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periodinane (300mg, 0.71mmol) was added, and the reaction mixture was stirred at
ambient temperature for 1h. After dilution with ethyl acetate (100mL), the solution was
washed with 0.26M Na,S,03 in sat. aqu. NaHCO; (30mL), sat. aqu. NaHCO; and brine,

dried with MgSQ,, and evaporated under vacuum. Purification by flash-chromatography

on silica gel (ethyl acetate) gave morpholine-4-carboxylic acid [1-(4-oxo-tetrahydro-furan-
3-ylcarbamoy] )-2-phenylmethanesulfonyl-ethyl}-amide (8.6mg, 0.020mmo]) as a colorless

glass. Mixture of diastereomers: 'HNMR: (DMSO) [8.42 (d, J1=6.8Hz), 7.15 (d, J=7.2Hz),
1H], 7.40-7.32 (m, SH), [7.06 (d, J=8Hz), 7.05 (d, J=8Hz), 1H], 4.78-4.68 (m, 1H), [4.49

(s), 4.48 (s), 2H], 4.32-3.75 (m, 5H), 3.60-3.23 (m, 10H). MS: M+H)" 440,

EXAMPLE 13
Morpholine-4-carboxylic_acid [1-( 2-hydroxy—1,1-dimethyl—3-0xo-3-phenyl—
propylcarbamoyl )-2-phenylmethanesulfonyl-ethyl]-amide

(Compound 17)
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NH '} "’ﬁ\""(rrm ) % on —
NJLNH NH CaCO4
~ EDC, HOBT o ° T
(© Dess-Martin (©
Periodinane oxl_0
0 %% oy —_— o po
I/\NJLNH(KNW ‘/\NJLNH N
o\) o o o\) o °

Step 1 To a flask fitted with a septum and stirbar under a nitrogen atmosphere

containing 4.1 g (20 ﬁmol) of 2-phenyl-1,3-dithiane (Alcirich) was added dry distﬂled
THF (20 mL). The solution was cooled to —30 °C and n-butyl lithium (1.6M in
pentane, 16.8 mmol, 10.5 mL) was added slowly by syringe. The reaction mixture was
warmed to ~20 °C and held at that temperature for 30 minutes, and then held at —10 °C
for 15 minutes. The yellow solution was cooled to 78 °C and (1,1-dimethyl-2-oxo-
ethyl)-carbamic acid terz-butyl ester (1.5 g, 8 mmol, in 5 ml THF) was added rapidly
(over 30 seconds) and 60 seconds later a solution of 2 mL acetic acid and 5 mL THF
was added rapidly. The cooling bath was removed and 4 minutes later water was added
and the mixture was extracted with ethyl acetate. The solvent was removed under
reduced pressure and then recrystallized from 10 ml of ethyl acetate. The white

crystals were washed three times with ethyl acetate and dried under reduced pressure to
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afford [2-hydroxy-1,1-dimethyl-2-(2-phenyl-[1,3]dithian-2-y])-ethyl}-carbamic acid

tert-butyl ester (1.6g, 52%).

Stép 2 Tp [2-hydroxy-1,1—dimethy1—2-(2—phenyl-[1,3]dithian-2-yl)—ethyl]— |
carbamic acid teﬁ—butyl ester A(l g, 2.6 mmol) in 4.8 mL dioxane at 10 °C was added
hydrochloric acid (4.8 mL, 4M in dioxane). The solution was warmed to 23 °C. After
2 hours the solution was concentrated to 4 ml and diluted with ether to afford a white
precipitate that was collected by filtration. The mother liquor was concentrated to a
paste and triturated with ether. The solids were combined to afford 726 mg of 2-amino-

2-methyl-1~(2-phenyl-[1,3]dithian-2-yl)-propan-1-ol (98% yield).

Step 3 | 2—Amino—2-methyl~l-(2-phenyl-[1,3]dithian-2-yl)-propan-1~ol and
2—[(morbholine—4—carbonyl)-a.mino]-3-phenylmethancsu1fonyl-prqpionic acid were
coupled using the standard peptide coupling conditions hereinbefore described to afford
morpholine-4-carboxylic acid {1-[2-hydroxy—1,1-dimethyl-2-(2-phen_y1—[1,3]diﬁan—2-

yh-ethylcarbamoyl]-2-phenylmethanesulfonyl-ethyl }-amide (270mg, 78%).

Step 4 To morpholine-4-carboxylic acid {1-[2-hydroxy-1,1-dimethyl-2-(2-
phenyl-[1,3]dithian-2-yl)-ethylcarbamoyi]-2-phenylmethanesulfonyl-ethyl }-amide (200
mg, 0.32 mmol) in 5.25 ml of 4:1 acetonitrile:water at 23 °C was simultaneously added
finely ground HgCl> (192 mg, 0.7 mmol) and ﬁnel& ground calcium carbonate (80 mg,
0.8 mmol) with. stirring. The mixture was stirred for 10 minutes and then diluted with
ethyl acetate. Methylene chloride was added angl the organics were washed with water.

After separatioh the organic Jayer concentrated to a gum that solidified upon addition of
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ether. The ether'vg'as removed under reduced pressure to affor_d é whi'té solié. Théﬂ solid
was dissolved in a minimum of hot methylene chloride and filtered to ;emovc ﬁ;sdiﬁble
material. The solution was concentrated to afford morpholine4-carboxylic acid {1-(2-
hydroxy-1,1-dimethyl-3-oxo-3-phenyl-pr0pylcarbamoyl)—?.—phenylméthanesulfonyl- |

5 ethyl}-amide (165mg, 100% yield).

Step § {1-(2-hydroxy-1,1-dimethyl-3-o0x0-3-phenyl-propylcarbamoyl)-2-

pheny]mcthanesulfonyl-ethyl]-amidé was oxidized in the usual manner to afford

10 Dropvlcarbamoﬂ)—Z-Dhenyhnethanesulfonvl-ethvl]-arhide. 'HNMR: (CDCLs) [8.0 (d, J

=8 Hz) 1H], 7.7-7.2 (m, 10H), [5.9 (d, I = 6Hz) 1H], [4.8 (d, J = 6Hz) 1H], [4.3(d, T =
14, Hz) 1H], [4.1 (d, T = 14 Hz) 1H], 3.7 (m, 4H), 3.36 (ni, 4H), [3.3 (d, ] =2 Hz) 1H],
[329(d,J=2 Hz) 1H], 1.7(s, 6H). LCMS: elution time = 3.71 min. 527.6(M-1),
529.6(M+1). (MS: API 150EX. LC: HP Agilent 1100 Series. Columh: Phcnomcnéx,
15 5uODS3 100A 100X3mm.; Flow Rate: 2m}/min. Two solvent gradieﬁt: Solvent A,
99% water, 1% acetonitrile, 0.1% AcOH. Solvent B, 99% actonitrile, 1% water, 0.1%
AcOH. Gradient from 100% A, 0% B to 0% A, 100% B from t = 0 to t = 6min. Then

gradient back to 100% A, 0% B from t =7 to t = 15 min.).

20 By proceeding in a similar manner to Exampie 13 but usin.g |
3-(2-difluoromethoxy-phenylmethanesulfonyl)-2- [(morphoIine-4~carbonyl)-arniﬁoi-
propionic acid in step 3 there was prepared mo_rgholiné-4~carboxylic acid [2-(2-
diﬂuorbme&ioiwvhenﬂméthéncsulfonvlLl-( 1.l-ciiniétﬁvl-‘z,S—dioxo~3;nhcn;/1; |

propylcarbamoyl)-ethyl}-amide. LC-MS: elution time = 3.95 min. 593.4(M-1),
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. 596.2(M+1). (MS: API 150EX. LC: HP Agilent 1100 Series. Column: Phenomenex,

5u ODS3 100A 100X3mm.; Flow Rate: 2ml/min. Two solvent gradient: Solvent A,

99% water, 1% acetonitrle, 0.1% AcOH. Solvent B, 9% actonitrile, 1% water, 0.1%
AcOH. Gradient from 100% A, 0% B to 0% A, 100% B from t = 0 to t = 6min. Then

gradient back to 100% A, 0% B from t = 7 to t = 15 min.)

EXAMPLE 14

Cathepsin S Assay

Solutions of test compounds in varying concentrations were prepared in 10 ulL of
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 pL., comprising: MES,
50 mM (pH 6.5); EDTA, 2.5 mM; and NaCl, 100 mM). Human cathepsin S (0.158 pMoles
in 25 pL of assay buffer) was added to the dilutions. The assay solutions were mixed for
5-10 éeconds on a shaker plate, covered and ' incubated for 30 minutes at ambient
temperature. Z-Val-Val-Arg-AMC (9 nMoles in 25 pL of assay buffer) was added to the
assay solutions and hydrolysis was followed spectrophotometrically at (A 460 nm) for 5
minutes. Apparent inhibition constants (K;) were calculated from the enzyme progress

curves using standard mathematical models.

EXAMPLE 15

Cathepsin B Assay
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Solutions of test compounds in varying concentrations were prepared in 10 pL of
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 pL, compris.inbg': 1N,N-
bis(2-hydroxyethyl)-2-aminoethanesulfonic  acid (BES); 50 mM | (pH ) 6);
polyoxyethylenesorbitan monolaurate, 0.05%; énd dithiothreito] (IDTT), 2.5 mM). Human
cathepsin B (0.025 pMoles in 25 pL of assay buffer) was added to the dilutions. The assay
solutions were mixed for 5-10 seconds on a shaker plate, covered and incubated for 30
minutes at ambient temperature. Z-FR-AMC (20 nMoles in 25 pL of assay buffer) was
added to the assay solutions and hydrdlysis was followed spectrophotometrically at (A 460
nm) for 5 minutes. Apparent inhibition constants (K;) were calculated from the enzyme

progress curves using standard mathematical models.

EXAMPLE 16

Cathepsin K Assay

Solutions of test compounds in varying concentrations were p;epared in 10 pL of
diméthyl sulfoxide (DMSO) and then diluted into assay buffer (40 pL, comprising: MES,
50 mM (pH 5.5); EDTA, 2.5 mM; and DTT, 2.5 mM). Human cathepsin K (0.0906
pMoles in 25 UL of assay buffer) was added to the dilutions. The assay soluﬁ(;ns were
mixed for 5-10 seconds on a shaker plate, covered and incubated for 30 minutes at ambient
temperature. Z-Phe-Arg-AMC (4 nMoles in 25 pL of assay buffer) was added to the assay
solutions and hydrolysis was followed spectrophotometrically at (A 460 nm) for 5 minutes.

Apparent inhibition constants (K;) were calculated from the enzyme progress curves using

standard mathematical models.

46
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EXAMPLE 17

Cathepsin L. Assay

Solutions of test compounds in varying concentrations were prepared in 10 pL of
dimethyl sulfoxicie (DMSO) and then diluted binto assay buffer (40 pL, comprising: MES,
50 mM (pH 5.5); EDTA, 2.5 mM; and DTT, 2.5 mM). Human cathepsin L (0.05 pMoles
in 25 pL of assay buffer) was added to the dilutions. The assay solutions were mixed for
5-10 seconds on a shaker plate, covered and incubated for 30 minutes at ambient
temperature. Z-Phe-Arg-AMC ('1 nMoles in 25 UL of assay buffer) was added to the assay
solutions and hydrolysis was followed spectrophotometrically at (A 460 nm) for 5 minutes.

Apparent inhibition constants (K;) were calculated from the €NZyme Progress curves using
standard mathematical models.

Some of the compounds of the invention tested according to the above-described
assays for protease inhibitioﬁ were observed to exhibit selective cathepsin S inhibitory
activity. The apparent inhibition constants (Ky) for compounds of the invention, aéﬁnst

Cathepsin S, were in the range from about 10"'°M to about 10°ML

EXAMPLE 18
Representative Pharmaceutical Formulations Containing a Compound of

Formula I

ORAL FORMULATION
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Compound of Formula I 10-100 mg
Citric Acid Monohydrate 105 mg
Sodium Hydroxide 18 mg
Flavoring
Water g.s. to 100 mL‘
INTRAVENOUS FORMULATION
Compound of Formula I 0.1-10 ﬁl'g
Dextrose Monohydrate q.s. to make isotonic
Citric Acid Monohydrate 1.05 mg N
Sodium Hydroxide 0.18 mg
Water for Injection q.s; to 1.0 mL
TABLET FORMULATION
Compound of Formula I 1%
Microcrystalline Cellulose 73%
Stearic Acid 25%
Colloidal Silica 1%.

4%




10

15

20

WO 03/024924 PCT/US02/29323

-74-
“WE CLAIM:
1. A compound bf Formula I:
T
g _SO%
R* x3
\N
H
0
I

in which:

X' and X are both methylene or X' is ethylene and X? is a bond;

R’ is -CR’=CHRS, -CR*(CR%), or ~CR’=NR?, wherein R’ is hydrogen and R is
hydrogen or (Ci4)alkyl or R® and R® together with the atoms to which R® and R® are
attached form (Csz.2)cycloalkenyl, hetero(Cs.y2)cycloalkenyl, (Co.12)aryl, hetero(Ce.12)aryl,
(Cs.i2)bicycloaryl or hetero(Cs.g2)bicycloaryl and R’ and R® together with the atoms to
which R’ and R® are attached form hetero(Cs.jz)cycloalkenyl, hetero(Ce.ip)aryl or
hetero(Cg z)bicycloaryl, wherein R optionally is substituted by 1 to 5 radicals
independently selected from a group consisting of (C;.4)alkyl, cyano, halo, halo-substituted
(Craalkyl, nitro, -X*NR’R’, -X'OR’, -X'SR’, -X‘C(ONR’R’, -X'C(O)OR’,
-X*S(O)R", -X*S(0);R "’ and ~X*C(O)R'®, wherein X* is a bond or (Cy.5)alkylene, R® at
each occurrence independently is hydrogen, (C;.3)alkyl or halo-substituted (C;.;)alkyl and

R is (C13)alkyl or halo-substituted (C.3)alkyl; and
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R*is -C(O)X°R™ or -S(0):X°R", wherein X’ is a bond, -O- or -NR‘ZQ, wher.ein

R" is hydrogen or (C1.6)alkyl, and R is (i) (Cy.¢)alkyl optionally substituted by ~OR"?,
_SR¥, ~S(O)R®, -S(O}R”, -C(ORY, -C(O)ORB,' ~C(O)NRPR™, -NR”R"“,
~-NR™C(O)R", -NR™C(0)OR",~-NR“C(O)NR*R or -NR*C(NR')NRR™, wherein

5  R%is (Cap)eycloalkyl(Cos)alkyl, hétcro(Cs,u)cycloalkyl(CM)a]kyl, (Ce.12)aryl(Co.z)alkyl,
hetero(Cs.1z)ary}(Cos)alkyl, (Co.o)bicycloaryl(Cos)alkyt or
hetero(Cs.i2)bicycloaryl(Cqy3)alkyl and R™ at each occurrence independently is hydrogen

or (Cigalkyl, or (ii) (Cs12)cycloalkyl(Cos)alkyl, hetero(Cs.o)cycloalkyl(Cos)alkyl,
(Cs1z)aryl(Cos)alkyl, hetero(Cs.12)aryl(Cos)alkyl,  (Coaz)bicycloaryl(Cos)alkyl —or

10 hetero(Cs.1z)bicycloaryl(Co3)alkyl or (iii) (Cs.6)cycloalkyl(Cy.3)alkyl,
hetero(Cs.g)cycloalkyl(Cos)alkyl, phenyl(Cos)alkyl or hetero(Cs.g)aryl(Co.3)alkyl
substituted by -XPORY, -X°SR®, -X’S(O)RP, -X°S(O)R”, -X°C(O)R®,
~X°C(OYORY, -XSC(O)NRR'S, -X*NRR'S, -X*NRSC(O)RY, -X*NR!°C(O)OR",
-X*NR®C(O)NRPR'® , -X*NR'®C(O)OR'®, -X°NR*C(NR'NR' R, wherein X® is a

15  bond or methylene, RY is (Cag)cycloalkyl(Cys)alkyl, hetero(Cs.g)cycloalkyl(Co.3)alkyl,
phenyl(Cys)alkyl or hetero(Cs.g)aryl(Cos)alkyl and R is hydrogen or (Cy.¢)alkyl; wherein

R* optionally further contains 1 to 5 substituents which when occurring within an alicyclic

or aromatic ring system are radicals independently selected from a group consisting of
(Cis)alkyl, (Cy.6)alkylidene, cyano, halo, nitro, halo-substituted (Cy.3)alkyl, ~X*NR'R",

20 —X6NR17C(O)0R17, _—X6NRl7C(O)NR17Rl7, —X6NR17C(NRI7)NR17R17, —X60R17,
-X°sR", -X°C(O)OR"Y, ~X’C(O)NR!RY, -X5S(O)NR"RY, -X°P(O)OR™®)OR",
-X°0P(O)(OR™)ORY, ~X°NRC(O)R", -X°S(O)R"™, -X*S(O);R® and -X°C(O)R"® and

when occurring within an aliphatic moiety are radicals independently selected from a'group
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copsisting of cyano, halo, nitro, -NR'RY, -NR"C(O)ORY, -NR"C(O)NR"RY,
.;NR17C(N11.17)NR17R17, —OR”, —SR”, -C(O)OR", _C(O)NR17R17, —S(O)ZNR”R”,
—P(O)(bR”)OR”, -OP(O)OR')ORY, -NRC(O)RY, -S(O)R', -S(O),R" and
—C(O)Rla, wherein X% is a bond or (Ci¢)alkylene, RY at each occurrence independently
is hydrogen, (Cig)alkyl or halo-substituted (Ci3)alkyl and R® is (Ci6)alkyl or
halo-substituted (C;.3)alkyl;

Xisa group of Formula (a), (b) or (c):

RZO 0o R2° o R2° RZO Hzo
R20 w/‘kr SR> ,/S< Np2S
( N\Rm R2 Rr¥ \lzo\ ~0
(@) (b) (©

nis 0,1 or2;

R? is selected from the group consisting of hydrogen, (Cyealkyl,
(Csaz)eycloalkyl(Co)alkyl, hetero(Cs.i;)cycloalkyl(Co)alkyl, (Cs12)aryl(Cos)alkyl and
hetero(Cs.12)aryl(Co.¢)alkyl;

R” is selected from the group consisting of hydrogen, (Cps)alkyl,
(Csz)eycloalkyl(Coglalkyl,  hetero(Csz)cycloalkyl(Cog)alkyl, (Coiz)aryl(Cosalkyl,
hetero(Cs.12)aryl(Co-¢)alkyl, (Cs12)bicycloaryl(Cos)alkyl, hetero(Cg.12)-
bicycloaryl(Cos)alkyl, -C(O)R*, -C(S)R*, -S(O);R*, -C(O)OR®, -C(O)NR®RZ,
CSNR®)RY and ~SORNER™IR,

R” s selected from (Cpg)alkyl, (Ceg)alkenyl, (C3_12)cy01§a1ky1(006)a1ky1,

hetero(Cs.ueycloalkyl(Codalkyl, (Csmarsl(Cosalkyl or hetero(Casgaryl(Cogalky]
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optionally substituted with amiﬁd, -NHC(O)R® or-R* v;'herein RYis as déscn'bed éb&e;
R® is selected from hydrogen, (Cie)alkyl, (C3.12)cyclova]kyl(CM')allkyl,
hetero(Cs.12)cycloalkyl(Cog)alkyl, (Ce-12)aryl(Cos)alkyl, heterO(C'sls)'aryl-(CIM')a;lltcyL
XNHRY, -X*S(0):R® or -X*C(O)RNRVC(O)R”  wherein R™, R and X* are as
5  described above; |
R® jis selected from the group consisting of hydroéen, | '(Cm)a:l.kyl,
(Cs.2)cycloalkyl(Cog)alkyl,  hetero(Cs.12)cycloalkyl(Cog)alkyl, (Cs_iz)aryl(CM)alkyl,
hetero(Cs.i2)aryl(Cp.g)alkyl, (Cs.12)bicycloaryl(Cq.3)alkyl or
hetero(Cg.iz)-bicycloaryl(Co)alkyl;
10 RY  is  hydrogen, (Cre)alkyl,  (Cs.ip)cycloalkyl(Cog)alkyl,
hetero(Cs.1z)cycloalkyl(Co.¢)alkyl, (Cs.12)aryl(Cog)alkyl or hetero(Cs.1p)aryl(Co.¢)alkyl;
wherein X? optionally further contains 1 to 5 substituents which when occurring
within an alicyclic or aromatic ring system are radicals independently selected from a
group consisting of (Ci¢)alkyl, (Cys)alkylidene, cyano, halo, nitro, halo-substituted
15 (Cisalkyl, ~X°NRRY, -X°NR"C(O)OR", ~-X°NRC(O)NR'RY,
-X°NRVC@NR)NRRY, -X°0RY, -X°C(O)RY, -X°OR", -X5SR", -X°C(O)OR",
~-XSC(O)NRRY, -X°S(0),NRR", -X°P(O)OR®»ORY, -X°OP(O)OR%ORY,
-XNRVC(O)R®, -X°S(O)R, —X6S(O)2R18 and —-X®C(O)R"® and when occurring within
an aliphatic moiety are radicals independently selected from a gréﬁp consisting'of cyano,
20  halo, nitro, -NR7RY, -NRC(O)OR"Y, -NRC(O)NR''RY?, -NRVC(NR')NR''R",
- Rﬁ, -SR”, -C(O)OR”, -C(ONRRY, -S(0),NRRY, -P(O)OR)ORY,
-OP(0)(ORORY, -NRY'C(O)R®, -S(O)R'®, ~S(O),R"® and -C(O)R“, wherein R*®,
§17, R® and X6 aIe' as dcscribed abévc; and the N—oxide derivatives, prodrug deriﬁatives,

protected derivatives, individual isomers and mixtures of isomers thereof; and the
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pharmaceuticaDy acceptable salts and solvates of such compounds and the N-oxide
derivatives, prodrug derivatives, protected derivatives, individual isomers and mixtures of

isomers thereof.

2. The compound of claim 1 in which X! and X? are both methylene or X' is ethylene
and X? is a. b;>nd; R}is -CR*=CHR’, -CR*(CR%); or ~CR"=NR®, wherein R° is hydrogen
and R® is hydrogen or (C14)a1kyl‘ or R’ and R® together with the atorns to which R® and R®
are attached form (Cs.1p)cycloalkenyl, (Ce 1p)aryl, hetero(Cf,u)aryl or (Cy.12)bicycloaryl and
R’ and R® together with the atoms to which R’ and R® are attached form
hetero(Cs.i2)cycloalkenyl or ﬁetero(CMz)aryl, wherein R? optionally is substituted by 1 to .
5 radicals independently selected from a group consisting of (C;4)alkyl, cyano, halo,
halo-substituted (Cj4)alkyl, -X*OR’ ;nd -X*C(O)OR®, wherein X* is a bond or
(Ci2)alkylene, R® at each occurrence independently is (Ci.3)alkyl or halo-substituted
(Cis)alkyl; and the N-oxide derivatives, prodrug derivatives, protected derivatives,
individual isomers and mixtures of isomers thereof; and the pharmaceutically acceptable
salts and solvates of such compounds and the N-oxide derivatives, prodrug derivatives,

protected derivatives, individual isomers and mixtures of isomers thereof.

3. The compound of claim 2 in which R* is -C(0)X°R"! or -S(0),X°R"., wherein X°
is abond, ~O- or -NR"-, wherein R is hydrogen or (C.)alkyl, and R'" is (i) (Cy.¢)alkyl
or (ii) hetero(Cs_lz)cycloalkyl(Cw)alkyl, (Ce-r2)aryl(Cos)alkyl, hetero(Cs.12)aryl(Cos)alkyl,
(Cs.12)bicycloaryl(Cos)alkyl  or hetero(Cs.1o)bicycloaryl(Co.3)alkyl  or (11i)
hetero(Cs.¢)cycloalkyl(Co s)alkyl or phenyl(Cy3)alkyl substituted by —X°OR®, -X5C(O)RY

or -XGNRIGC(O)ORIG, wherein X is a bond or methylene, RY is phenyl(Coy3)alkyl or
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hetero(Cs.g)aryl(Co.3)alkyl and R' is hydrogen or (Cw)alkyl wherem R"’ optlonally further
contains 1 to 5 substituents which when occurring within an alicyclic or aromatlc nng
system are radicals independently selected from a group consisting of (Cm)alkyl, halo,
-X’NRRY, -X°0ORY, -X°C(0)OR", -X’NC(O)R'® and -X*C(O)R™, R at each

5  occurrence independently is hydrogen, (Ci¢)alkyl or halo-substituted (C,.3)alkyl and R'
is (Cre)alkyl or halo-substituted (Ci3)alkyl; and the N-oxide derivatives, prodr‘t.lg
derivatives, protected derivatives, individual isomers and mixtures of is:omers thereof;, and

the pharmaceutically acceptable salts aﬁd solvates of such coﬁpouﬁdé énd the N—oxide

‘ derivatives, prodrug derivatives, protected derivatives, individual isomers and mlxtures of

10 isomers thereof.

4, The compound of claim 3 in which X’isa gfoup of Formula (a), (b) or (c):

Rao »
LA, Ao i,
;& }?.f N\R'zs X m SRS
O

(a) () ©
15
nis 0, 1 or2;
R¥ is selected from the group consisﬁng of hydrogen and (C,.¢)alkyl;
"R is selected from the group consisting of (Cre)alkyl, (Cs.12)ary}(Cos)alkyl, -
C(O)R%, -S(0),R*, -C(O)OR™ and -C(O)NR®)RZ,
20 R is selected from (Cy.¢)alkyl optionally substituted with amino, -NHC(O)R! or

~RY wherein R' is as described above;

JO
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R” is selected from (Cygalkyl, (Cs2)aryl(Cog)alkyl, -X*S(O),R® or -

X“C(O)R”NR”C(O)R" wherein R"7 and X* are as described above and R* is as

| descnbcd below;

R® s selected from the group consisting of (Cjg)alkyl,
hetero(Cs.2)eycloalkyl(Cog)alkyl, (Cs.z)aryl(Cos)alkyl, hetero(Cs.15)aryl(Cog)alkyl and
(Cs bicycloaryl(Coaallyl;

R is (Croalkyl;

wherein X° optionally further contains 1 td 5 substituents which when occurring
within an alicyclic or afomatic ring system are radicals independently selected from a
group c‘onsisting of (C1.6)alkyl, cyano, halo, -X°0OR"’, —X‘SC(O)R17 and -X°0R®; and the
N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and
mixtures of isomers thereof; and the pharmaceutically acceptable salts and solvates of such
compounds and the N-oxide derivatives, prodrug derivatives, protected derivatives,

individual isomers and mixtures of isomers thereof.

5. The compound of claim 4 in which R is selected from the group consisting of
phenyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, vinyl, 2-difluoromethoxyphenyl, 1-oxy-
pyﬁdin-Z—yl, 4-methoxyphenyl, 4-methylphenyl, 2-methylphenyl, 4-chlorophenyl, 3,5-
dimethylphenyl, 4—triﬂuoromctﬁylphenyl, 4-trifluoromethoxyphenyl, 2-bromophenyl,
naphthalen-2-yl, 3,4-dichlorophenyl, 3-methylphenyl, 3-trifluoromethylphenyl, 3-
trifluoromethoxyphenyl, 2,3,4,5,6-pentafluoro-phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-
cyano-phenyl, 2-trifluoromethylphenyl, 4—teﬁ-buty1-pheny1, 3-chlorophenyl, 4-
bromophenyl, 2-ﬂuoro—3-chloro-phenyl, 2-fluoro-3-methyl-phenyl, 3-ﬂuorophenyl, 2,5-

difluorophenyl, 3-bromophenyl, 2,5-dichlorophenyl, 2,6-difluorophenyl, 3-cyano-phenyl,
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4-cyano-phenyl, 2-trifluoromethoxyphenyl, 2,3¥diﬂuo;ophenyl, biphényl, 2—bromp-5-
fluoro-phenyl,  4-fluorophenyl,  3,4-difluorophenyl, 2,4—diﬂuoroi>henyi, | 2,4,6-
trifluorophenyl, 2,4,5-trifluorophenyl, 2,3,4-tu'ﬂuorophenyl,k : A 2-ch16r.o-5-
trifluoromethylphenyl, 2,4-bis-trifluoromethylphenyl, 2,5,6-t1iﬂuorophenyl, 2-fluoro-3-
5  trifluoromethylphenyl, 2-fluoro<4-triflucromethylphenyl, 2~ﬂuoro-S-tﬁﬂuorometh)-rlphenyl,
2,3,5-trifluorophenyl, 2-fluoro-5-triflucromethylphenyl, 5-ﬂuor&Z-uiﬂuoromeﬂ)yipﬁ;nyl,
4-fluoro-3-trifluoromethylphenyl, 2—méthoxyphenyl, 3,S-bié-uiﬂuoromeﬂlylphenyl, 4-
difluoromethoxyphenyl, 3-difluoromethoxyphenyl, 2,6;dichloropheny], Lcarboxyphenyl,
cyclohexyl, cyclopropyl, isopropyl, thiophen-Z—yl; 5-chloro-thiophen-2-yl and 3,5-

10 dimethyl-isoxazol-4-yl.

6. The compound of claim 5 in which R* is benzoyl, morpholine-4-carbonyl, a.tcef'yl,
furan-3-carbonyl, 2-methoxy-benzoyl, 3-methoxy-benzoyl, naphthalene-Z-éarbonyl,
benzo[1,3]dioxole-5-carbonyl, 3-pyridin-3-yl-acryloyl, benzofuran-2-carbonyl, furan-2-

15  carbonyl, tert-butoxy-carbonyl, biphenyl-4-carbonyl, quinoline-2-carbonyl, quinoline-3-
carbonyl, 3-acetyl-benzoyl, 4-phenoxy-benzoyl, 3-hydroxy-benzoyl, 4-hydroxy-benzoyl,
pyridine-3-carbonyl, 3-(tert-butoxycarbonylamino-methyl)-benzoyl, 4-carbony]-p_ipefé.zine-
1-carboxylic acid tert-buty] ester, 4-carbonyl-piperazine-1-carboxylic acid ethyl estér, 4-
(furan-2—carbonyl)—piperazine—}-carbonyl, pyridine-4-carbonyl, lﬂiy-pyﬁdm%cgbonyl,

20  1-oxy-pyrdine-3-carbonyl, thiophcne-Z-carbonyl, thiophene-3-carbonyl, 4-benzoyl-
benzoyl, 5-methyl-thiophene-2-carbonyl, 3-chloro-dﬁophene-z-carbo;lyl, 3;bromo~
thiophene-2-carbonyl, 4-chloro-benzoyl, 3-flouro-4-methoxy-benzoy}, 4—methoxy—benz§yl,
4-triflouromethoxy-benzoyl, 3’,4-diﬂ6uro-benzoji, 4-ﬂudro—bcnzoyl, 3,4-;ijlﬁé£k;oxy;

benzoyl, 3-mettxyl-bénzoyl, 4-bromo-benzoyl, 4-triﬂomomeﬁmyl—benzoyl, 3-benzoyl-
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benzoyl, cyclopentane-carbonyl, benzofb]thiophene-2-carbonyl, 3-chloro-

bepzo[b]thi;)phene-Z-carbonyl, benzenesulfonyl, naphthalene-2-sulfonyl, 5-methyl-
Qxiopﬁén&Z—sulfonyl, thiophene-2-sulfonyl, formamyl-methyl ester, 4-methyl-pentanoyl,
formamyl-isobutyl ester, formamyl-monoallyl ester, formamyl-isopropyl ester, N,N-
_dimethyl-formamyl, N-isopropyl-formamyl, N-pyridin-4-yl-formamyl, N-pyridin-3-yl-
formamyl, 3-pﬁenyl-acryloyl, 1H-indole-5-carbonyl, pyridine-2-carbonyl, pyrazine-2-
carbonyl, 3-hydroxy-pyridine-2-carbonyl, 2-amino-pyridine-3-carbonyl, 2-hydroxy-
pyridine-3-carbonyl,  6-amino-pyridine-3-carbonyl, 6-hydroxy-pyridine-3-carbonyl,

pyridazine-4-carbonyl, 3-phenoxy-benzoyl and 1-0x0-1,3-dihydro-isoindole-2-carbonyl.

7. The compound of claim 6 in which X? is selected from a group consisting of 4-
amino-3-oxo-azepane-1-carboxylic acid benzyl ester, 4-amino-3-oxo-azepane-1-carboxylic
ac?d isqbutyl ester, 4-amino-1-benzoyl-azepan-3-one, 4-amino-1-benzenesulfonyl-azepan-
3-one, 4-amino-1-(pyridine-2-sulfonyl)-azepan-3-one, 4-~amino-1-(1-oxy-pyridine-2-
squonyl)-azepan—}-one, 4-amino-1-(3,4-dichloro-benzenesulfonyl)-azepan-3-one, 4-amino-
1-2-flouro-benzenesulfonyl)-azepan-3-one, 4-amino-1-(3,4-dimethoxy-benzenesulfonyl)-
azepan-3-one, 4-amino-1-(2-cyano-benzenesulfonyl)-azepan-3-one, 4-amino-1-
(naphthalene-1-sulfonyl)-azepan-3-one, 4-amino--(thiophene-2-sulfonyl)-azepan-3-one,
4-amino—1-(hiazolc-ﬁ-;tﬂfonyl)—azepan%-'onc, 4-amino-1-(pyrrolidine-1-sulfonyl)-azepan-
3-one, 4—amino-1-methanésulfonyl—azepan-3-one, 4-amino-1~(pyrrolidine-1-carbonyl)-
azepan-3-one, 4-amino-3-0xo-azepane- 1-carboxylic-acid-dimethylamide, 4-amino-3-oxo-
azepane-l—carboxylic-aci&-benzylamide, 4-amino-1-benzyl-azepan-3-one, 4-amino-1-
benzyl-piperidin—3—one, 4-amino-1-benzoyl-piperidin-3-one, 4-amino-1-benzoyl-

pyrrolidin-3-one,  4-amino-1-benzyl-pyrrolidin-3-one, 4-amino-1-benzenesulfonyl-
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pyrrolidin-3-one, 4-amino-1-(5-imethyl-hexyl)-pyrrolidin-3-one, 1-emyi-2oxo-3'-(t61uene-
4-sulfonylamino)-butylamino, 1-ethyl-2—oxo-3-(4—phcnoky—benzénésu1f§nylémino)-
propylamino, 1-ethyl-2-oxo-3—[4~(pyridin—3-yloxy)—benzenésulfonylamino]-proéylélﬁino,
3-(dibenzofuran-2-sulfonylamino)-1-ethyl-2-oxo-butylamino, l—gthyl-3-[4-methyl—2-(4-
5  methyl-pentanoylamino)-pentanoylamino]-2-oxo-propylamino, 5-amino—1-[(4—nkthoxy-
phenylsulfamoyl)-methyl}-pentylamino, 5-benzyloxycarbonylamino-1-[(4—meﬂ1§ky-
phenylsulfamoyl)-methyl]-pentylamino, 1-[(4-methoxy-phenylsulfamoyl)-méthyl]-3-
phenyl-propylamino; 1-{ [4—(1-hydroxy—ethyl)—phenylsuifamoyl]-methyl }-3-phenyl-
propylamino,  1-[(4-acetyl-phenylsulfamoyl)-methyl]-3-phenyl-propylamino,  1-[(4-
10 hydroxy-phenylsquamoyl)-methyI]-3-pheny1—propylaﬁ1ino and 3-phenyl-1-[(2-

phenylamino-ethylsulfamoyl)-methyl}-propylamino.

8. The compourid of claim 7 selected from the group consisting of mdrpholine-4—
carboxylic acid (1-{5-amino-1-[(4-methoxy-phenylsulfamoyl)-methyl]-pentylcarbamoyl } -
15  2-phenylmethanesulfonyl-ethyl)-amide, (6-(4-methoxy-phenylsulfamoyl)-5-{2-
[(morpholine-4-carbonyl)-amino}-3-phenylmethane-sulfonyl-propionylamino }-hexyl)-
carbamic acid benzyl ester, morpholine-4-carboxylic acid (1-{1-[(4-methoxy-
phenylsulfamoyl)-methyl]—3-phenyl-propylcarbamoyl}-2-phenylmethanesulfonyl-etﬁyl)-
amide, morpholine-4-carboxylic acid [17(3-benzenesulfonylamino—2—oxo—
20  propylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide, morpholine-4-carboxylic acid
[ 1-(1-benzoyl-4-oxo-py1rolidin-3-ylcarbamoyl)-2-pheny1methancsulfonyl-ethyl]-amide,
morpholine-4-carboxylic acid [1-(1-benzenesulfonyl-4-oxo-pyrrolidin-3-ylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide and 4—{2—[(1VIorphoIine—4—carb6nyl)—émind]-3-

phenylmethaneéulfonyl—propionylamino}-3-oxo-azepane-l-carboxylic acid benzyl ester.
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9. - A phammaceutical composition comprising a therapeutically effective amount of a

~ compound of Claim 1 in combination with a pharmaceutically acceptable excipient.

10. - A method for treating a disease in an animal in which inhibition of Cathepsin S can
prevent, inhibit or ameliorate the pathology and/or symptomology of the disease, which
method comprises administering to the animal a therapeutically effective amount of
compound of Claim 1 or a N-oxide derivative or individual isomer or mixture of isomers
thereof; or a pharmaceutically acceptable salt or solvate of such compounds and the
N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and

mixtures of isomers thereof.

11. The use of a compound of Claim 1 in the manufacture of a medicament for treating
a disease in an animal in which Cathepsin S activity contributes to the pathology and/or

symptomology of the disease.

12. A process for preparing a compound of Formula I:

X3

SO
X

R‘\ x3
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hetero(Cs.g)cycloalkyl(Cos)alkyl, phenyl(Cos)alkyl or hetero(Cs.g)aryl(Cop3)alkyl
substitted by -X°OR”, -X°SR™, -XSS(O)R®, -X°S(O)LRYS, -XSC(ORY,
-X°C(O)YORY, ~X°C(O)NR R, -X*NRIR'S, -X*NR*C(O)RY, - X*NR'*C(0)ORY,
-X°NR*C(O)NR"R'®, -X*NR®C(0O)OR'S, -X*NRSC(NR')NR'R', wherein X° is a
bond or methylene, R" is (Cs.g)cycloalkyl(Co s)alkyl, hetero(Cs.)cycloalkyl(Co)alkyl,
phenyl(Co3)alky] or hetero(Cs )ary)(Co.3)alkyl and R is hydrogen or (Cy.¢)alkyl; wherein
R* optionally further contains 1 to 5 substituents which when occurring within an alicyclic
or aromatic ring system are radicals independently selected from a group consisting of
(Ci.e)alky), (C1.6)alkylidene, cyano, halo, nitro, halo-substituted (Cy.3)alkyl, ~X*NR'RY,
—XGNR”C(O)OR”, —X6NR"C(O)NR”R”, —X6NR”C(NR17)NR”R”', _X60R17, '
-X5SRY, -XGC(O)OR", -X°C(O)NR'RY, —X®S(O),NRVR", -X*P(O)OR®)OR",
~X°OP(O)(OR™*)OR", ~X’NRVC(O)R™, -X*S(O)R®, ~X’S(O)R® and —~X°C(O)R™ and
when occurring within an aliphatic moiety are radicals independently selected from a group
consisting of cyano, halo, nitro, ~-NRR", -NR'’C(O)ORY, -NRYC(O)NR"R",
-NR”C(NR”)NR”R”, —OR”, —SR”, -C(O)OR”, —C(O)NR”R”, -5(0) 2NR'7R17,
~-P(OXOR"OR", -OP(0)ORMORY, -NR'C(O)R™, -SO)R', -SO),R® and
- C(O)R'®, wherein X% is a bond or (Cirg)alkylene, R at each occurrence independently
is hydrogen, (Cielalkyl or halo-substituted (Cis)alkyl and R is (Crealkyl or
halo-substituted (C.3)alkyl;

Xisa group of Formula (a), (b) or (c):
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in which:

X! and X? are both methylene or X' is ethylene and X? is a bond;

R? is -CR’=CHRS®, -CR*(CR%), or -CR’=NR®, wherein R’ is hydrogen and R® is
hydrogen or (C14)alkyl or R® and R® together with the atoms to which R’ and RS are
attached form (Cs.p2)cycloalkenyl, hetero(Cs.iz)cycloalkenyl, (le)ml, hetero(Cs.12)aryl,
(Cs.12)bicycloaryl or hetero(Cs.12)bicycloaryl and R and R® together with the atoms to
which R’ and R® are attached form hetero(Cs.i2)cycloalkenyl, hétero(C(,lz)aryl or
hetero(Cs.12)bicycloaryl, wherein R> optionally is 'substituted by 1 to 5 radicals
independently selected from a group consisting of (C;.4)alkyl, cyano, halo, halo-substituted
(Ciwalkyl, nitro, -X'NR’R®>, -X*OR®, -X'SR’, —X4C(O)NR§R9, -X*C(0O)OR?,
-X*S(O)R™, -X*S(0)R" and ~X*C(O)R', wherein X* is a bond or (Cy.)alkylene, R® at
each occurrence independently is hydrogen, (C;.3)alkyl or halo-substituted (Cy.3)alkyl and
R is (Cy.3)alkyl or halo-substituted (C;.5)alkyl; and

R*is -C(O)X’R" or -S(O),X°R", wherein X is a bond, ~O- or -NR™-, wherein
R* s hydrogen or (Cy.¢)alkyl, and R is (i) (Cy.6)alkyl optionally substituted by ~OR®,
-SR”, -S(O)R", -S(O)R®, -C(O)R®, -C(O)OR®, -C(O)NRR!, -NR"RY,
-NR“C(O)R”, -NR™C(0)OR",-NR™“C(O)NR¥R* or -NR“C(NR')NR”R", wherein
R is (Cs12)cycloalkyl(Cos)alky), hetero(Cs.iz)cycloalkyl(Cos)alkyl, (Cs.12)aryl(Cosalkyl,
hetero(Cs.12)aryl(Cos)alkyl, (Co.12)bicycloaryl{Cy3)alkyl or
hetero(Cs.12)bicycloaryl(Co)alkyl and R™ at each occurrence independently is hydrogen
or (Cigalkyl, or (ii) .(C3.12)cycloalkyl(C<>3)alkyl, hetero(Cs.1z)cycloalkyl(Co.3)alkyl,
(Ce-12)aryl(Cos)alkyl, -hetero(Cs.12)aryl(Cys)alkyl, (Cs.i2)bicycloaryl(Cos)alkyl or

hetero(Cs.i)bicycloaryl(Co)alkyl  or @)  (Cre)cycloalkyl(Cosalkyl,
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N | 1 '
N N N N .
T e NN N e
( N \Rzl R23 R20 ) R23 .
(a) (®) ©) .

nis0, 1 or2;

R® s selected from the group consisting of hydrogen, (C;.)alkyl,
(Cs-r2)cycloalkyl(Cosg)alkyl, hetero(Cs.1z)cycloalkyl(Cog)alkyl, (Cs12)aryl(Co.s)alkyl and
hetero(Cs.12)aryl(Co.g)alkyl; |

R* js selected from the group consisting of hydrogen, (Cj.g)alkyl,
(Ca.qz)cycloalkyl(Cog)alkyl, heterO(Cs-n)cycloalkyl(Co-s)élkyl, (Ce12)aryl(Cos)alkyl,
hetero(Cs.12)aryl(Co)alkyl, (Co.12)bicycloaryl(Co.3)alkyl, hetero(Cs.12)-
bicycloaryl(Cos)alkyl, -C(O)R%, -C(S)R%, -S(O).R%, -C(O)OR%, -C(O)NR*)R, -
CSNR*)RY and -S(0),NR7)R?,

R* is selected from (Crg)alkyl, (Cig)alkenyl, (Cs.ip)cycloalkyl(Co.g)alkyl,
hetero(Cs.12)cycloalkyl(Co¢)alkyl, (Co12)aryl(Coe)alkyl or hetero(Cs.12)aryl(Cop.g)alkyl
optionally substituted with amino, -NHC(O)R" or ~R'® wherein R" is as described above;

R® is selected from hydrogen, (Cie)alkyl, (Cs.az)cycloalkyl(Cos)alkyl,
hetero(Cs.o)eycloalkyl(Cog)atkyl, (Cs.iz)aryl(Cog)alkyl, hetero(Cs.iz)aryl(Cog)alkyl, -
X*NHRY, -X*S(0)R* or -X*C(O)R"NRVC(O)R”  wherein RS, R and X* are as
described above;

R® is selected from the group consisting of hydrogen, (Cjg)alkyl,
(Cs.2)cycloalkyl(Co)alkyl, hetero(Cs i2)cycloalkyl(Co)alkyl, (Ce.i2)aryl(Co.q)alkyl,

hetero(Cs.12)aryl(Co.g)alkyl, (Co12)bicycloaryl(Coz)alkyl - and hetero(Cg.12)-
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bicycloaryl(Cyp 3)alkyl;

R? is hydrogen, (Cy¢)alkyl, (Cs.12)cycloalkyl(Co ¢)alkyl,
hetero(Cs.12)cycloalkyl(Cos)alkyl, (Cs.12)aryl(Co.)alkyl or hetero(Cs.12)aryl(Coe)alkyl;

wherein X° optionally further contains 1 to 5 substituents which when occurring
within an alicyclic or aromatic ring system are radicals independently selected from a
group consisting of (C,¢)alkyl, (Ci¢)alkylidene, cyano, halo, nitro, halo-substituted
(Cra)alkyl, _XNR'RY", ~X*NRYC(0)ORY, ~X*NRVC(O)NR!'R,
-XNR7CINR")NRRY, -X%0RY", -X°C(O)R", -X°OR", -X5SR", -X°C(O)ORY,
-X°C(O)NRRY, -X°S(0),NR'RY, -X’P(O)OROR!, -X°OP(O)(OR%ORY,
-X’NR"C(O)RY, -X°S(O)R", -X®S(O),R"® and ~X°C(O)R® and when occurring within
an aliphatic moiety are radicals independently selected from a group consisting of cyano,
halo, nitro, ~-NR'R", -NR'"C(O)ORY, -NRYC(O)NR''RY, —NR”C(NR”)NR"R”,
~ORY, -SRY, ~C(O)OR”, -C(ONRVR”, -S(O),NR'RY, -P(O)OR")OR,
~OP(O)(OR")OR", -NRC(O)R™, -S(O)R'®, -S(O),R'® and -C(O)R'®, wherein RY,
R, R™® and X° are as described above; said process comprising:

(A)reacting a compound of Formula 2:

X°R3
|
XYS (0),

R4\N)TO
H  o6H
2

with a compound of the formula (a):
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P
HN. R20
( N\RZI

@ -
in which X', X2, R%, R*, R? and R?' are as defined in the Summary of the

Invention for Formula I; or

5 (B) reacting a compound of Formula 2 with a compound of the formula (b):
R® o R0
23 p20
®

in which R%, R and R are as defined in the Summary of the Invention for Formula

L or
10 (C) reacting a compound of Formula 2 with a compound of the formula (c):
R0 R20
| |
HN. NG o5
P
pBO O
©
in which R%’, R and R” are as defined in the Summary of the Invention for
Formula I; and
15 (D) optionally converting a compound of Formula I into a pharmaceutically

acceptable salt;
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(E) optionally converting a salt form of a compound o f Formula I to non-salt form;

(F)’optionally converting an unoxidized form of a compound of Formula I into a
pharmaceutically acceptable N-oxide;

(G).optionally converting an N-oxide form of a compound of Formula I its

5 unoxidized form;

(H)optionally resolving an individual isomer of a compound of Formula I from a
mixture of isomers;

(D) optionally converting a non-derivatized compound of Formula I into a
pharmaceutically prodrug derivative; and

10 (J) optionally converting a prodrug derivative of a compound of Formula I to its

non-derivatized form.

13. A compound of Formula Ix:

T
g _S©)
R* X3
\N
H
15 o
Ix

in which:
X' and X? are both methylene or X'is ethylene and X2 is 2 bond;

R? is -CR’=CHR®, -CR%(CR%y), or -CR"=NR®, wherein R® is hydrogen and RS is
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hydrogen or (C;4)alkyl or R® and R® together with the atoms to which R® and RE are
attached form (Cs.1z)cycloalkenyl, hetero(Cs.iz)cycloalkenyl, (Cs.12)aryl, hetero(Cs.y2)aryl,
(Cs.12)bicycloaryl or hetero(Cg.12)bicycloaryl and R’ and R® together with the atoms to

which R’ and R® are attached form hetero(Cs_lz)cyCIOaH(enyl, hetero(Ce.12)aryl or

hetero(Cs.12)bicycloaryl, wherein R? optionally is substituted by 1t} radicals

independently selected from a group consisting of (C;.4)alkyl, cyano, hﬁlo, halo-substituted
(C14)alkyl, nitro, -X*NR’R’, -X*OR’, -X*SR’, -X*C(O)NR’R®, -X*C(O)OR’, X*S(O)R™,
-X*S(O):R" and ~X*C(O)R", wherein X* is a bond or (Cry)alkylene, R® at each
occurrence independently is hydrogen, (Cy.3)alkyl or halo-substituted (C;.5)alkyl and R®
is (Cy.3)alkyl or halo-substituted (C;.3)alkyl; and |

R*is -C(O)X’R" or -S(0),X°R", wherein X is a bond, -O- or -NR'%-, wherein R'2
is hydrogen or (Cy.¢)alkyl, and R" is (i) (C1.¢)alkyl optionally substituted by -OR3, -SR™3,
-S(O)R®, -S(0),R", -C(O)R, -C(O)ORP, -C(O)NRRY, -NR*R™, .-NR“C(O)R®,
-NR“C(O)OR",-NR“C(O)NRPR™* or -NRMCINRNRPRY, wherein R® is
(Cs-lz)C)’CIOalkyl(Cas)alk}’l’. hetero(Cs.iz)cycloalkyl(Co.s)alkyl, (Ce.12)aryl(Co.3)alkyl,
hetero(Cs.12)aryl(Co-3)alkyl, (Co.12)bicycloaryl(Co.3)alkyl or
hetero(Cg.12)bicycloaryl(Co3)alkyl and R™ at each occurrence independently is hydrogen
or (Cielalkyl, or (ii) (Cs.r2)cycloalkyl(Cys)alkyl, .hetefo(Cs-lz)cycloaﬂ(yl(Cm)alkyl,
(Con)aryl(Cos)alkyl, hetero(Cs.ip)aryl(Cos)alkyl, (Cs.z)bicycloaryl(Cos)alkyl  or
hetero(Cg.12)bicycloaryl(Cq.3)alkyl or (i) (Cs.g)cycloalkyl(Co3)alkyl,
hetero(Cs.g)cycloalkyl(Cys)alkyl,  phenyl(Co3)alkyl or hetero(Cs.)aryl(Cy.3)alkyl
substituted by -X°OR ", -X°SR¥, -X*S(O)RY, -X*S(O),R?, -X°C(O)RY, -X°C(O)ORY,
XSC(O)NR¥R'S, ~ _X’NRUR!S, -X’NRC(O)RS, -X*NR'C(O)ORY,
-X°NR'®C(O)NR¥R'® , -X°NR'C(0)ORY, -X*NRC(NR'®)NRR', wherein X® is 2

§6



WO 03/024924 PCT/US02/29323
- -92-

bond or methylene, RP is (Gs.)cycloalkyl(Co 3)alkyl, hetero(Cs._g)cycloalkyl(Co 3)alkyl,
phenyl(Cos)alkyl or hetero(Cs.g)aryl(Cy )alkyl and R s hydrogen or (Cy¢)alkyl; wherein
R* optionally further contains 1 to 5 substituents which when occurring within an alicyclic
or aromatic ring system are radicals independently selected from a group consisting of
5 (cw)alk'yl, (Cr6)alkylidene, cyano, halo, nitro, halo-substituted (Cy.s)alkyl, ~-X°NR'R",
XNRVC(O)ORY, X°NRYC(O)NRR, XNRVCNR)NRTRY, -X°OR7, -XSRY7,
-X°C(O)OR",  -X'CO)NR'RY,  -X’S(O),NRRY”,  -X°P(O)OR™OR”,
-X°OP(O)OR™)OR", -X*NRV'C(O)R™, -X’S(O)R ", -X°S(O),R"® and —X°C(O)R® and
when occurring within an aliphatic moiety are radicals independently selected from a group
10 consisting of cyano, halo, nitro, -NRR", -NR'C(0)OR", -NR”C(O)NR'RY,
NRCONR)NRVRY, -OR, SRY, -C(O)ORY, -C(O)NRRY, .S (O),NR'RY",
-P(0)(OR")OR", -OP(0)(OR)OR", -NRVC(O)R™®, -S(O)R"®, -S(O);R"® and -C(O)R™:,
wherein X® is a bond or (Crg)alkylene, R" at each occurrence independently is hydrogen,
(Cig)alkyl or halo-substituted (Cy.3)alkyl and R'® is (C;e)alkyl or halo-substituted

15 (Cis)alkyl;

X’isa group of Formula (a), (b), (c), (d), (e), (), (g) or (h):

@ (b) ©
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===~ represents a single bond, or a double bond;

X7 represents aryl, heteroaryl or NR*R%;

nis 0, 1 or 2;

R® is selected from the group consisting of hydrogen, 4'(C1.6).a1kyl,
(C;lz)cycloalkyl((f;;6)aﬂcyl, hetero(Cs.12)cycloalkyl(Co.g)atkyl, (Cs.12)aryl(Cop.g)alkyl and
hetero(Cs.12)aryl(Co.¢)alkyl;

R? s se}ected from the group consisting of hydrogen, (Cj.g)alkyl,
(Cs-i2)cycloalkyl(Cog)alkyl, hetero(Cs.iz)cycloalkyl(Cog)alkyl, (Cs.iz)aryl(Coug)alkyl,
hetero(Cs.12)aryl(Co)alkyl, (Co-12)bicycloaryl(Co3)alkyl,
hetero(Cg 12)-bicycloaryl(Cos)alkyl, -C(O)R®, -C(S)R®, -S(O),R®, -C(O)OR%,
CONRRT, -CONERR? nd -S(0)NR®R*)R?;

R is selected from —H, (Cy.¢)alkyl, (Cyg)alkenyl, (Cs.12)cycloalkyl(Co.)alkyl,

hetero(Cs.12)cycloalkyl(Cog)alkyl, (Cs.12)aryl(Cos)alkyl or hetero(Cs.12)aryl(Co.g)alkyl

optionally substituted with amino, -NHC(O)R™ or —R" wherein R is as described above;

R® is selected from hydrogen, (Cig)alkyl, (Cs.z)cycloalkyl(Cqg)alkyl,

7
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hetero(Cs.iz)cycloalkyl(Cog)alkyl, (Csi2aryl(Cog)alkyl, —hetero(Cs.ss)aryl(Coe)alkyl,
-X'NHRY, -X*S(0),R* or -X*C(O)RNRC(O)R”  wherein RY, R" and X* are as
| desqribed gbove;
| R® s selectzd from the group consisting of hydrogen, (Cj.e)alkyl,
5 (Gsneycloalkyl(Cosglalkyl, hetero(Cs.1o)cycloalkyl(Coglalkyl, (Ceuyz)aryl(Coe)alkyl,
hetero(Cs.2)ary}(Cog)alkyl, (Cs.12)bicycloaryl(Cy.3)alkyl and
hetero(Cy 12)-bicycloaryl(Cy.5)alkyl;
| R is hydrogen, (Crg)alkyl, (Cs-12)cycloalkyl(Co.g)alkyl,
hetero(Cs.1z)cycloalkyl(Cog)alkyl, (Cs.12)aryl(Co)alkyl or hetero(Cs.1z)aryl(Co)alkyl;
10 R%isR? or -0-C(=0)-R%;

R” is (Ci)alkyl, (Cs.12)cycloalkyl(Cos)alkyl, hetero(Cs pp)cycloalkyl(Cos)alkyl,
(Cor2)aryl(Coz)alkyl,  hetero(Csp)aryl(Cos)alkyl, (Co.iz)bicycloaryl(Cos)alkyl or
hctero(C&12)bicycloaryl(C¢3)a1kyl;

wherein X* optionally further contains 1 to 5 substituents which when occurring

15 within an alicyclic or aromatic ring system are radicals independently selected from a
group consisting of (Cy¢)alkyl, (Ci.¢)alkylidene, cyano, halo, nitro, halo-substituted
(C13)alkyl, -XGNR”R”, _XGN-RHC(O)ORU, _XGN—RHC(O)NRWRU’
-XGNR”C(Nk”)NR”R”, -X“OR”, -X°C(O)R", -XOR™, -X°SR", -X°C(O)OR”,
-X°C(O)NR'R",  X°S(O},NR'RY, -X°P(O)OR*ORY, -XS0P(0)OR®)ORY,

20 -X’NRC(O)R™, -X’S(O)R", -X’S(O),R® and -X°C(O)R'® and when occurring within
an aliphatic moiety are radicals independently selected from a group consisting of cyano,
halo, nitro, —NR”R”, -NR”C(O)OR”, -NR”C(O)NR”R”, _NRUC(NRU)NRURU’ -OR”,
-SR",-C(0)OR", -C(O)NR'RY, -S(0),NR'R", -P(O)(ORYOR ", -OP(O)(ORY)ORY,

-NR'C(O)R®, -S(O)R™, -S(0),R™® and -C(O)R™, wherein R™®, R, R'® and X are as
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described above; or

one of N-oxide derivatives, prodrug derivatives, protected den'QétivesL, individual iéoﬁuers
and mixtures of isomers of compounds of formula Ix; or one of pharmacéuticélly
acceptable salts and sblvates of such compounds and ~the N-oxide derivatives, prodrug

derivatives, protected derivatives, individual isomers and mixtures of isomers formula Ix.

14. A compound of claim 13, wherein R2 is selected from (Cr.9)alkyl, (Cyg)alkenyl,
(Ca.1o)eycloalkyl(Co.s)alkyl, hetero(Cs.i)cycloalkyl(Co.g)alkyl, (Cs.12)aryl(Cog)alkyl
or hetero(Cs.p2)aryl(Co.s)alkyl optionally substituted with amino, -NHC(O)R" or -R"

wherein RY is as described above;

15. A compound of claim 13, selected from the group consisting of:

Morpholine-4-carboxylic acid [1-(1-benzoyl-4-oxo-pyrrolidin-3-ylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide; '

Morpholine-4-carboxylic acid [1-(1-benzenesulfonyl-4-oxo-pyrrolidin-3-ylcarbamoyl)
2-phenylmethanesulfonyl-ethyl}-amide;

4-{2-[(Morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-propionylamino } -3-
oxo-azepane-1-carboxylic acid benzy! ester;

Morpholine-4-carboxylic acid [1-(3-benzenesulfonylamino-2-oxo-propylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide; or

N-{15-[1S-(4-Methoxyphenylsulfamoylmethyl)-3-phenylpropylcarbamoyl} 2-
benzylsulfonylethyl }-morpholine-4-carboxamide.
16. A compound of claim 13, selected from the group consisting of:

Morpholine-4-carboxylic acid [(R)-1-(6-0xo-cyclohex-1-enylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide;

Morpholine-4-carboxylic acid [(R)-2-cyclopropylmethanesulfonyl-1-(6-oxo-cyclohex-
1-enylcarbamoyl)-ethyl}-amide;

s
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- Morpholine-4-carboxylic acid [(R)-1-(3,4-dioxo-cyclopentylcarbamoyl)-2-

phenylmethanesulfonyl-ethyl]-amide;

Morpholine-4-carboxylic acid [2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-(2-
- oxo-cyclohexylcarbamoyl)-ethyl]-amide;

Morpholine-4-carboxylic acid [2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-(2-
oxo-cyclopentylcarbamoyl)-ethyl]-amide;

Morpholine-4-carboxylic acid [2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-(2-
oxo-cyclobutylcarbamoyl)-ethyl]-amide;

(Morpholine-4-carboxylic acid [1-(2-benzylcarbamoyl-2-oxo-ethylcarbamoyl)-2-
phenylmethanesulfonyl-cthyl]-amidc);

Acetic acid 3-{2-[(morpholine-4-carbonyl)-amino] -3-phenylmethanesuifonyi-
propionylamino }-4-oxo-azetidin-2-yl ester;

Morpholine-4-carboxylic acid [ 1-(2-hydroxy-1,1-dimethyl-3-oxo-3-phenyl-
propylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide;

Morpholine-4-carboxylic acid [1-(4-oxo-tetrahydro-furan-3-ylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide; or

Morpholine-4-carboxylic acid [2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-(1,1-
dimethyl-2,3-dioxo-3-phenyl-propylcarbamoyl)-ethyl}-amide. '
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NUEVOS COMPUESTOS Y PREPARACIONES COMO INHIBIDORES DE LA
CATEPSINA

LA INVENCION

5 |
Esta solicitud se refiere a compuestos y preparaciones para tratar enfermedades
asociadas a la actividad de la cisteina proteasa, en particular enfermedades asociadas a la
actividad de la catepsina S. ;
10 DESCRIPCION DEL CAMPO DE'LA INVENCION

Las cisteina proteasas representan una clase de peptidasas caracterizadas por la
presencia de un residuo de cisteina en el sitio catalitico de la enzima. Las cisteina

proteasas se asocian a la degradacién y la transformacidn normales de las proteinas. Sin

15 embargo, la actividad anormal de las cisteina profeasas, p. €j. como resultado de un .

aumento en la expresién o una mayor activacion, pu§de tener consecuencias patologicas.
A este respecto, ciertas cisteina proteasas se relacionan con una cantidad de
enfermedades, entre las que se encuentran artritis, distrofia muscular, inflamacidn, tumor
invasivo, glomerulonefritis, malaria, enfermedad periodontal, leucodistrofia
20 metacromatica y otras. Un aumento de la actividad de la catepsina S contribuye a la
patologia y/o sintomatologia de una cantidad de en;fermedades. En consecuencia, las

moléculas que inhiben la actividad de la proteasa catepsina S son utiles como farmacos

en el tratamiento de dichas enfermedades.
25 RESUMEN DE LA INVENCION

Esta solicitud se refiere a compuestos que tienen la férmula I:

&8¢
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en la que: .

X'y X* son ambos metileno o X' es etilerio y X” es un enlace;

R’ es-CR*=CHR®, -CR’ (CR%), 0 —CR7=NR8, en los que R’ es hidrogeno yR® es
hidrégeno o un alquilo(C;.4) o R® y R® junto cor;_ los atomos a los que R y R® estan
unidos forman un cicloalquenilo(Cs.j,), un heteroci.cloalquenilo(C5_]p_), un arilo(Cq.12), un
heteroarilo(Cs.12), un bicicloarilo(C.12) 0 un hetero':bicicloarilo(Cg_lz) yR’yR®junto con
los atomos a los que R’ y R® estan unidos forman un heterocicloalquenilo(Cs.;3), un
heteroarilo(Cs.12) o un heterobicicloarilo(Cs.;,), :en los que R’ estd opcionalmente
sustituido con 1 a 5 radicales elegidos independien:temente entre un grupo que consiste
en: un alquilo(C, ), un radical ciano, un halégeno, un alquilo(C, 4) halo-sustituido, un
radical nitro, - X*NR’R’, - X*OR’, - X*SR’, - X*C(O)NR’R’, -X*C(O)OR’, -X*S(O)R?,
-X*S(O),R"? y -X*‘C(O)R", enel que X* esun enlal'ce o un alquileno(C,.,), R’ cada vez
que esta presente es independientemente hidr(')geno!:, un alquilo(C,.3) o un alquilo(C;.3)
halo-sustituido y R'® es un alquilo(C;.3) o un alquilcly(C1-3) halo-sustituido; y

R’ es -C(0)X°R" 0 -S(0),X°R"" en los que;_ X esun enlace, -O- o -NR'"%-, en
el que R'? es hidrégeno o un alquilo(C.4), y R'! es (1) un alquilo(C,.¢) opcionalmente
sustituido con -OR", -SR', -S(OR", —S(Q)ZR”, -C(O)R", -C(O)OR",
-C(O)NR"R", -NR"R", -NR"C(O)R", -NR"C(0)OR", -NR"C(O)NR"R" o
-NR"“C(NR')NR"R", en los que R"” es un cicloalquil(Cs.j2)alquilo(Cy3), un
heterocicloalquil(Cs.;2)alquilo(Cy.3), un i aril(Cq.12)alquilo(Cy.3), un
heteroaril(Cs. 3)alquilo(Cy.3), un bicicloaﬁlkcg.lz)alquilo(Co_3) o} un
heterobicicloaril(Cs.12)alquilo(Co3) y R'* cada vez que esta presente es
independientemente hidrégeno o un alquilo(C,), 0 (ii]? un cicloalquil(Cs.j2)alquilo(Cy.3),
un heterocicloalquil(Cs.|,)alquilo(Cy.3), un 5 aril(Ce.12)alquilo(Cy.3), un

heteroaril(Cs. ,)alquilo(Cy.3), un bicic]oaril('Cg-l2)alquilo(Co_3) o un
|

|
'
|
1
t
[}
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heterobicicloaril(Csg.;)alquilo(Co.;) o  (iii) u'_n cicloalquil(Cj;.4)alquilo(Co3), un
heterocicloalquil(Cs.s)alquilo(Co.3), un fenilalquilq(Co_3) o un heteroaril(Cs.g)alquilo(Co.3)
sustitiido con -X°OR'’, -X’SR', -X°S(O)RY, -X’S(O}R', -X°C(O)R',
-XSC(O)OR", -X*C(O)NR*R'S, -X°NR'*R'®, - XNR'®C(O)R?, - X°NR '*C(O)OR ",
-X°NR'*C(O)NR"*R'’, -X°NR'SC(O)OR"®, -X*NR'®*C(NR')NR*R'*, en los que X es
un  enlace o metileno, R es un' cicloalquil(Cs.g)alquilo(Cy.3), un
heterocicloalquil(Cs.g)alquilo(Cy.3), un fenilalquilo(Cy.3) 0 un heteroaril(Cs.s)alquilo(Cy.3)
yR'® es hidrogeno o un alquilo(C,); en los que R‘% contiene ademas opcionalmente 1 a 5

sustituyentes que cuando estin presentes dentro de un anillo aliciclico o aromatico son

radicales elegidos independientemente entre un gr'upo que consiste en: un alquilo(C,¢),

un alquilideno(C, ), un radical ciano, un halégeﬁo, un radical nitro, un alquilo(C,_;)
halo-sustituido, - X°NR''R", —X(’NR”C(:O)OR”, -X°NR"C(O)NR'R",
-XNRVC(NR')NR''R", -X°OR", -X°SR'.: -X°C(O)OR"", -X°C(O)NR'R",
-X’S(0),NR'"RY, -X°P(O)(OR'®)OR"", -X°OP(O)OR'¥)OR'7, -X*NR''C(O)R'®,
—XGS(O)RIS, —X6S(O).2R]8 y -X°C(O)R"® y que cuando estan presentes dentro de una
porcidn alifatica son radicales elegidos independieﬁtemente entre un grupo que consiste
en: un radical ciano, un haldgeno, un radical ﬁitro, -NR'RY -NR”C(O)OR”,
-NRYC(O)NR'R",  -NRC(NR')NR''R", ': -OR", -SR", -C(0)OR",
-C(O)NR'R",  -S(0),NR'"R", —P(O)(OI:{”)OR”, -OP(O)(OR'")OR",
-NRC(O)R", -S(O)R"®, -S(0),R"® y -C(O)R'®; en los que X es un enlace o un
alquileno(C,.), R cada vez que esta presente es iindependientemente hidrégeno, un
alquilo(C).6) 0 un alquilo(C.;) halo-sustituido y R '® e'; un alquilo(C,.6) 0 un alquilo(C, ;)
halo-sustituido; .

X? es un grupo de férmula (a), (b) o (c):

20
"Q 0 R? 4 RO R20 R20
N | | . | |
5 N N ' -N N
TN e BN e BN e
( N\RZ' RY R t g2
(a) (b) (c)
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nes0,102; '

R” se elige entre un grupo que consist:e en: hidrégeno, un alquilo(C.g), un
cicloalquil(Cs.j2)alquilo(Cy.¢), un heterdcicloalquil(C5_lz)alquilo(Co_G), un
aril(Ce12)alquilo(Co.) y un heteroaril(Cs. 2)alquilo(Co.);

R*' se elige entre el grupo que consiste en: hidrégeno, un alquilo(C,.), un
cicloalquil(Cs.;2)alquilo(Cy.g), un hetero:cicloalquil(Cs_l2)alquilo(C0_6), un
aril(Cs.12)alquilo(Cy.), un heteroaril(Cs.j2)alquilo(Co.g), un bicicloaril(Cy.15)alquilo(Cy.3),
unheterobicicloaril(Cs.1;)alquilo(Cy.s), -C(O)R%, -C(S)R, -S(0),R*, -C(O)OR%,
-C(O)N(R*)R”, -C(S)N(R*)R*" y ~S(0),N(R?")R%;

R”®  se elige entre un alquilo(_C]_G), un alquenilo(Cs4), un
cicloalquil(Cs.iz)alquilo(Cy.g), un heterocicloalquil(Cs.;;)alquilo(Co.g), un
aril(Cq.j2)alquilo(Co.g) 0 un heteroaril(Cs_lz)alquilo(CM) opcionalmente sustituido con un
grupo amino, -NHC(O)R'? 0 —-R"® en los que R" e‘s como se definié antes;

R” se elige entre hidrdgeno, un alquilo(C;-%,), un cicloalquil(Cs.;;)alquilo(Co.),
un heterocicloalquil(Cs.j;)alquilo(Co.), un aril(Ce.12)alquilo(Co), un heteroaril
(Cs.13)alquilo(Co.), -X*NHR", -X*S(0),R% o —X“C(O)R'7NR‘7C(O)R’7 enlosqueR ",
R'"y X* son como se los definié antes; y

R* se elige entre un grupo que consiste en: hidrégeno, un alquilo(C, ), un
cicloalquil(C3.j2)alquilo(Cy.s), un heterocic:loalquil(C5.1z)alquilo(Co_g), un
aril(Cs.12)alquilo(Co.q), un heteroaril(Cs., 2)alquilo(Cy), un bicicloaril(Cy.;;)alquilo(Cy.3)
y un heterobicicloaril(Cs.12)alquilo(Cy.3); |

R* es hidrégeno, un alquilo(C,¢), un ?icloalquil(C;-lz)alquilo(C0.6), un
heterocicloalquil(Cs.j2)alquilo(Cy.g), un aﬁi(Cg_lz)alquilo(Co-a) 0 un
heteroaril(Cs. ;)alquilo(Cy.s); |

en los que X° contiene ademas opcioinalmente 1 a 5 sustituyentes que
cuando estan presentes en un anillo aliciclico o éromético son radicales elegidos
independientemente entre un grupo que consiste en: un alquilo(C,¢), un
alquilideno(Cy.6), un radical ciano, un halégeno, un radical nitro, un alquilo(C, ;)
halo-sustituido, - X°NR''R"7, -X6NR”C(0)QR”, -XNR'"C(O)NR'R"’,
-X°NR"C(NR)NR'"R"7, -X°OR"7, -X’C(O)R", -X"’OR‘-", -X°SR", -X%C(0)OR ",

|
|

3 2
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-X°C(O)NRR", -X’S(0),NR'"R", -X°P(0)(OR}OR", -X°OP(0)(OR}OR",
-X*NR'"C(O)R'8, -X’S(O)R'3, -X°S(O),R"® y;‘—XGC(O)R’S y cuando estan presentes
dentro de una porcién alifatica son radicales elegidos independientemente entre un grupo
que consiste en: un radical ciano, un haldgeno, un radical nitro, -NR''R",
“NR''C(O)OR"”, -NR'C(O)NR''R"’, _NRC(NR')NR''RY, -OR', -SR',
-C(O)OR"", -C(O)NR'"R"7, -S(O),NR'"R"”, —P'l(O)(OR”)OR”, -OP(O)(OR')OR",
-NR'"C(O)R", -S(O)R"®, -S(0),R"® y ~C(O)R'®, en los que R'>, R'", R'® y X° son
como se los definio antes. 1 |

Un segundo aspecto de la invencién es una preparacién farmacéutica que contiene
un compuesto de férmula I o sus derivados N-(’)xidtp, cada uno de los isémeros o mezclas
de isdmeros de éstos, o las sales de los mismos}. aceptables desde el punto de vista
farmacéutico, mezclados con uno o mas cxcipientl"es adecuados.

Un tercer aspecto de la invencidn es un mét:odo para tratar una enfermedad en un
animal en el cual la inhibicién de la catepsina S ;i)uede prevenir, inhibir o mejorar la
patologia y/o la sintomatologia de la enferme(;iad, dicho método consiste en la
administracién al animal de una cantidad terapéuiticamente eficaz del compuesto de
féormula I, o de un derivado N-6xido, cada uno de lo:s 1someros o mezcla de isdmeros de
éstos; o de una sal de los mismos aceptable desde él punto de vista farmacéutico.

Un cuarto aspecto de la invencidn es el prc:)ceso para preparar compuestos de
féormula I y los derivados N-6xidos, derivados profz'firmaco, derivados protegidos, cada

uno de los isémeros y mezclas de isémeros de éstos; y las sales de los mismos aceptables

desde el punto de vista farmacéutico.
|

+
1

DESCRIPCION DETALLADA DE LA INVENCION

Definiciones: '-
A menos que se indique de otra manera, los téirminos siguientes utilizados en la

especificacion y las reivindicaciones se definen a los efectos de esta solicitud y tienen los

significados siguientes:

2
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"Aliciclico" significa una porcion caracterizada por una disposicién de los 4tomos
de carbono en estructuras cerradas no aromaticas con forma de anillo que tiene
propiedades semejantes a las estructuras alifiticas y que puede ser saturada o
parcialmente insaturada con dos o mas enlaces dobles o triples.

"Alifatico" significa una porcién caracterizada por una disposicion de los 4tomos
de carbono constituyentes en una cadena lineal o ramificada que puede ser saturada o
parcialmente insaturada con dos o mas enlaces dobles o triples.

"Alquilo" presentado solo significa un radical alifatico, lineal o ramificado,
saturado o no saturado que tiene la cantidad de atomos de carbono indicada (p. ¢.,
alquilo(C,.¢) comprende a: metilo, etilo, propilo, isopropilo, butilo, sec-butilo, isobutilo,
terc-butilo, vinilo, alilo, 1-propenilo, isopropenilo, 1-butenilo, 2-butenilo, 3-butenilo,
2-metilalilo, etinilo, 1-propinilo, 2-propinilo y similares). Alquilo representado junto con
otro radical (p. €j., como un arilalquilo) significa ux radical divalente, alifatico, lineal o
ramificado, saturado o no saturado que tiene la cantidad de 4tomos indicada o cuando no
se indican los dtomos significa un enlace (p. ¢j., aril(Ce.10)alquilo(Cy.3) comprende a:
fenilo, bencilo, fenetilo, 1-feniletilo, 3-fenilpropilo y similares).

"Alquileno”, a menos que se indique de otro modo, significa un radical divalente,
alifatico, lineal o ramificado, saturado o no saturado que tiene la cantidad de 4tomos de
carbono indicada (p. ej., alquileno(C)4) comprende a: metileno (-CH;-), etileno
(-CH,CH;-), trimetileno (-CH,CH,CH,-), tetrametileno (-CH,CH,CH,CH,-),
2-butenileno (-CH,CH=CHCH,-), 2-metiltetrametileno (-CH,CH(CH3)CH,CH,-),
pentametileno (-CH,CH,CH,CH,CH,-) y similares).

"Alquilideno" significa un radical divalente, alifatico, lineal o ramificado,
saturado o no saturado que tiene la cantidad de atomos de carbono indicada (p. €.,
alquilideno(C.¢) comprende a: metileno (=CH,), etilideno (=CHCHy3), isopropilideno
(=C(CHjs)y), propilideno (=CHCH,CH3), alilideno (=CH CH=CH,;) y similares).

"Amino" significa el radical -NH,. A menos que se indique de otro modo, en los
compuestos de la invencion que contienen porciones. amino se incluyen los derivados
protegidos de éstos. Los grupos protectores adecuados para las porciones amino incluyen

acetilo, terc-butoxicarbonilo, benciloxicarbonilo y similares.

¢
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]

El término "animal" incluye mamiferos humanos y no humanos (p. ej., perros,
|

gatos, conejos, ganado, caballos, ovejas, cabras, cerdos, ciervos y similares) y no
|

mamiferos (p. €j., aves y similares). |
"Aromatico" significa una porcion en la qhe los 4tomos constituyentes componen
un anillo no saturado, todos los atomos del anillo forman orbitales hibridos sp® y la

cantidad total de electrones pi es igual a 4n+2.

"Arilo" significa un anillo monociclico o Piciclico fusionado que contiene en el
anillo la cantidad total de atomos de carbono :indicada, en el que cada anillo esta
constituido por 6 étomo§ de carbono y es arométicllo o cuando se fusiona con un segundo
anillo forma un anillo aromatico. Por ejemplo, un’,arilo(Cﬁ_,o) opcionalmente sustituido
como s¢ usa en esta solicitud, comprende, entre iotros a, bifenil-2-ilo, 2-bromofenilo,
2-bromocarbonilfenilo, 2-bromo-5-fluorofenilo, é—terc-butilfcnilo, 4-carbamoilfenilo,
4-carboxi-2-nitrofenilo, 2-clorofenilo, 4-ciorofenilo, 3-clorocarbonilfenilo,
4-clorocarbonilfenilo,  2-cloro-4-fluorofenilo, : 2-cloro-6-fluorofenilo,  4-cloro-
2-nitrofenilo, 6-cloro-2-nitrofenilo, 2,6-d:|ibromofenilo, 2,3-diclorofenilo,
2,5-diclorofenilo,  3,4-diclorofenilo, 2-diﬂuo'rometoxifenilo, 3,5-dimetilfenilo,
2-etoxicarbonilfenilo, 2-fluorofenilo, 2-yod0fenilci>, 4-1sopropilfenilo, 2-metoxifenilo,
4-metoxifenilo, 2-metilfenilo, 3-metilfenilo, 4|:-metilfenilo, S-metil-2-nitrofenilo,
4-metilsulfonilfenilo,  naft-2-ilo, 2-nitrofeni1:o, 3-nitrofenilo,  4-nitrofenilo,
2,3,4,5,6-pentafluorofenilo, fenilo, 2-trifluorometoxifenilo, 3-trifluorometoxifenilo,
4-trifluorometoxifenilo, 2-triﬂuorometi1fe1i_1ilo, 3-trifluorometilfenilo,
4-trifluorometilfenilo, 2-triﬂuorometilsulfanilfenil;.o, 4-trifluorometilsulfanilfenilo y
similares. Un arilo(Cs.19) opcionalmente sustituiéo como se usa en esta solicitud

comprende a 3-acetilfenilo, 3-terc-butoxicarbonilaminometilfenilo, bifenil-4-ilo,

3-hidroxifenilo, 4-hidroxifenilo, 3-metoxifenilo, riaft-2~ilo, 3-fenoxifenilo, fenilo y

]
.o \
similares.

]
"Bicicloarilo" significa un anillo biciclico coi|1$tituido por la cantidad de atomos
de carbono indicada, en el que los anillos estan unidos por un enlace simple o estan

fusionados y al menos uno de los anillos del compuesto s aromatico, asi como todos los

. ’ . . . . ] , . S .
derivados cetona carbociclica, tiocetona e iminocetona de éstos (p. €., bicicloarilo(Cy. )
1
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1
comprende a: ciclohexilfenilo, 1,2-dihidronaﬁiio, 2,4-dioxo-1,2,3,4-tetrahidronaftilo,
indanilo, indenilo, 1,2,3,4-tetrahidronaftilo y sirr:;lilares).

"Carbamoilo” significa el radical —C(O)&Hz. A menos que se indique de otro
modo, en los compuestos de la invencidn quc;,I contienen porciones carbamoilo se
incluyen los derivados protegidos de éstos. Los‘ grupos protectores de las porciones
carbamoilo adecuados incluyen acetilo, terc-butoxicarbonilo, benciloxicarbonilo y
similares, y tanto los derivados protegidos como los no protegidos se encuentran dentro
del alcance de la invencidn. l

“Derivado cetona carbociclica” significa ﬁln derivado que contiene al grupo
—C(O)-. '

"Carboxilo” significa el radical -C(O)OH. ;A menos que se indique de otro modo,
en los compuestos de la invencién que contienen;porciones carboxilo se incluyen los
derivados protegidos de éstos. Los grupos protec:tores adecuados para las porciones
carboxilo incluyen bencilo, terc-butilo y similares!

"Cicloalquilo" significa un anillo monociclico, biciclico fusionado o policiclico
unido por puentes, saturado o parcialmente insat:urado, que contiene la cantidad de
atomos de carbono indicada, y todos los derivadios cetona carbociclica, tiocetona e
iminocetona de éstos (p. ¢j., cicloalquilo(Cs.1g) corr;llprende a: ciclopropilo, ciclobutilo,
ciclopentilo, ciclohexilo, ciclohexenilo, 2,5-cicl‘lohexadienilo, biciclo[2.2.2]octilo,
adamantan-1-ilo, decahidronaftilo, oxociclohexilo:, dioxociclohexilo, tiociclohexilo,
2-oxobiciclo[2.2.1]hept-1-ilo y similares). '!

"Cicloalquileno" significa un anillo monociclico o policiclico unido por
puentes, divalente, saturado o parcialmente insatuirado, que contiene la cantidad de
atomos de carbono indicada y todos los derivados cetona carbociclica, tiocetona e

iminocetona de ésto;s.

El término "enfermedad" incluye especiﬁcam!ante todo trastorno de la salud de un
animal o de parte de éste asi como todo trastorno ilue pueda ser causado por, o sea
consecuencia de un tratamiento médico o veterinaric‘:) aplicado al animal, es decir, los

“efectos colaterales” de dicho tratamiento. |

"Halégeno" significa flior, cloro, bromo o yo|do.

1
l
i

|
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"Alquilo halo-sustituido", como grupo aislado 0 como parte de un grupo mas
grande, significa un "alquilo" sustituido con uno Io mas atomos de "halégeno", del modo
en que dichos términos se‘ definen en esta soli'citud. Alquilo halo-sustituido incluye
haloalquilo, dihaloalquilo, trihaloalquilo, perflaloalquilo y similares (p. ej., un
alquilo(C,.3) halo-sustituido incluye clorome;:tilo, diclorometilo, difluorometilo,
trifluorometilo, 2,2,2-trifluoroetilo, perfluoroet%lo, 2,2,2-trifluoro-1,1-dicloroetilo y
similares). l

"Un grupo con heteroadtomo" incluye -N=,i-NR-, -N*(0)=,-0-,-S-0 -S(O),-, en
el que R es hidrégeno, un alquilo(C).) o un grupé) protector.

"Heterocicloalquileno" significa un cicloélquileno, como se lo definid en esta
solicitud, siempre que uno o mas de los étomosi de carbono indicados del anillo sea
reemplazado por un grupo con un heteroatomo qu?e se elige entre -N=, -NR-, -O-, -S- 0
-S(0)2-, en el que R es hidrégeno o un alquilo(Cl.G'). Por ejemplo, el caso en que R' y R?
junto con el atomo de carbono al que ambo§ R' y R? estan unidos forma un
“heterocicloalquileno(Cs5)” que incluye entre otrc}s los siguientes:

"Heteroarilo" significa un arilo, como se lo ';deﬁni(’) en esta solicitud, siempre que
uno o mas de los atomos de carbono indicados del ;anillo sea reemplazado por un grupo
con un heteroatomo que se elige entre -N=, -NR-,': -N'(0)=, -0- 0 -S-, en el que R es
hidrégeno, un alquilo(C, ), un grupo protector o re}l)resenta la valencia libre que sirve de
punto de unidn a un anillo nitrogenado, y cada anil}o esté constituido por 5 6 6 dtomos.
Por ejemplo, un heteroarilo(Cs.;3) opcionalmente sulstituido como se usa en esta solicitud
comprende entre otros a: 4-amino-2-hidroxlipirimidin—S-ilo, dibenzofuranilo,
benzotiazol-2-ilo, 1H-benzoimidazol-2-ilo, 2-brolmopirid-5-ilo, 5-bromopirid-2-ilo,
4-carbamoiltiazol-2-ilo, 3-carboxipirid-4-ilo, ‘ 5-carboxi-2,6-dimetilpirid-3-ilo,
3,5-dimetilisoxazol-4-ilo, 5-etoxi—2,6-din:1etilpirid-3-ilo, 5-fluoro-
6-hidroxipirimidin-4-ilo, fur-2-ilo, fur-3-ilo, 5-hidr(éxi-4,6-dimetilpirid-3-ilo, 8-hidroxi-
5,7-dirﬁetilquinolin-2—ilo, 5-hidroximetilisoxazol-é-ilo, 3-hidroxi-6-metilpirid-2-ilo,
3-hidroxipirid-2-ilo, 1H-imidazol-2-ilo, 1H—1imidazo]-4-ilo, 1 H-indol-3-ilo,
isotiazol-4-ilo,  isoxazol-4-ilo, 2-metilfur—3-i1"o, 5-metilfur-2-ilo, 1-metil-

1H-imidazol-2-ilo, ~ 5-metil-3H-imidazol-4-ilo, ' S-metilisoxazol-3-ilo,  5-metil-

|
|
|
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2H-pirazol-3-ilo, 3-metilpirid-2-ilo, 4-raetilpirid-2-ilo, 5-metilpirid-2-ilo,
6-metilpirid-2-ilo, 2-metilpirid-3-ilo, 2-metiltiazol-4-ilo, 5-nitropirid-2-ilo, 2H-pirazol-
3-ilo, 3H-pirazol-4-ilo, piridazin-3-ilo, pirid-2-ilo, pirid-3-ilo, pirid-4-ilo,
5-pirid-3-il-2H-[1,2,4]triazol-3-ilo, pirimidin-4-ilo, pirimidin-5-ilo, 1H-pirrol-3-ilo,
quinolin-2-ilo, 1H-tetrazol-5-ilo, tiazol-2-ilo, tiazol-5-ilo, tien-2-ilo, tien-3-ilo,
2H-(1,2,4]triazol-3-ilo, 3H-[1,2,3]triazol-4-ilo, 5-trifluorometilpirid-2-ilo y similares.
Los grupos protectores adecuados incluyen ferc-butoxicarbonilo, benciloxicarbonilo,
bencilo, 4-metoxibencilo, 2-nitrobencilo y similares. Un heteroanlo(Cs. o) opcionalmente
sustituido como se usa en esta solicitud para definir a R* incluye benzofur-2-ilo,
fur-2-1lo, fur-3-ilo, pirid-3-ilo, pirid-4-ilo, quinol-2-ilo, quinol-3-ilo, tien-2-ilo, tien-3-ilo
y similares.

"Heterobicicloarilo" significa un bicicloarilo, como se lo definié en esta solicitud,
siempre que uno o mas de los atomos de carbono indicados del anillo sea reemplazado
por un grupo con un heteroatomo que se elige entre -N=, -NR-, -O- 0 -S-, en el que R es
hidrégeno, un alquilo(C, ), un grupo protector o representa la valencia libre que sirve de
punto de unidn a un anillo nitrogenado, asi como todos los derivados cetona carbociclica,
tiocetona e iminocetona de éstos. Por ejemplo, un heterobicicloarilo(Cg.10) opcionalmente
sustituido como se usa en esta solicitud comprende entre otros a 2-amino-4-oxo-
3,4-dihidropteridin-6-ilo y similares. En general, el término heterobicicloarilo como se
usa en esta solicitud incluye, por ejemplo, benzo[l,3]dioxol-5-ilo, 3,4-dihidro-
2H-[1,8]naftiridinilo, 3,4-dihidro-2 H-quinolinilo, 2,4-dioxo-3,4-dihidro-
2H-quinazolinilo, 1,2,3,4,5,6-hexahidro[2,2'bipiridinililo, 3-oxo0-
2,3-dihidrobenzo[1,4]oxazinilo, 5,6,7,8-tetrahidroquinolinilo y similares.

"Heterocicloalquilo" significa un cicloalquilo, como se lo definié en esta
solicitud, siempre que uno o mas de los atomos de carbono indicados del anillo sea
reemplazado por un grupo con un heteroatomo que se elige entre -N=, -NR-, -O- 0 -S-, en
el que R es hidrégeno, un alquilo(C, ), un grupo protector o representa la valencia libre
que sirve de punto de unién a un anillo nitrogenado, asi como todos los derivados cetona
carbociclica, tiocetona e iminocetona de éstos (. €j., el término heterocicloalquil(Cs. )

incluye imidazolidinilo, morfolinilo, piperazinilo, piperidilo, pirrolidinilo, pirrolinilo,
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i
quinuclidinilo y similares). Los gmposi protectores adecuados incluyen
terc-butoxicarbonilo, benciloxicarbonilo, bencilo, 4-metoxibencilo, 2-nitrobencilo y
similares. Tanto los derivados protegidos como los no protegidos se encuentran dentro
del alcance de la invencién. .

"Hidroxilo" significa el radical -OH. A rr'llenos que se indique de otro modo, en
los compuestos de la invencién que contienen'l radicales hidroxilo se incluyen los
derivados protegidos de éstos. Los grupos protectores adecuados para el radical hidroxilo
i
I

"Derivado iminocetona" significa un derivado que contiene la porcién -C(NR)-,

incluyen bencilo y similares.

en la que R es hidrogeno o un alquilo(C,.).

"Isdmeros" significa compuestos de férmula I que tienen idéntica formula
molecular pero difieren en la naturaleza o secuencia de enlace de sus atomos o en la
disposicién de sus atomos en el espacio. Los isdmeros que difieren en la disposicién de
sus atomos en el espacio se llaman "estereoisémeros". Los estereoisémeros que no son

. ! .y, .,
imagenes especulares uno de otro se llaman "dlast'eremsomeros" y los estereoisdmeros
que son imagenes especulares no superponibles se llaman "enantiémeros" o a veces
we e , . [ . ..

1someros opticos". Un atomo de carbono unido a cuatro sustituyentes distintos se llama

|
"centro quiral". Un compuesto con un centro quiral tiene dos formas enantioméricas de

: : " Al ; s 4

quiralidad opuesta y se llama "mezcla racémica”. Un compuesto que tiene mas de un
centro quiral tiene 2" pares de enantiémeros, donde n es la cantidad de centros quirales.

]

. . .

Los compuestos con més de un centro quiral pueden existir ya sea como cada uno de los
diastereoisémeros 0 como una mezcla de diastereois'lémeros, lo que se llama una “mezcla
diastereoisomérica”. Cuando hay un centro quiral presente, un estereoisémero se puede
caracterizar por la configuracion absoluta de su centro quiral. La configuracién absoluta

1
se refiere a la disposicion en el espacio de los sustituyentes unidos al centro quiral. Los
enantiomeros se caracterizan por la configuracién a‘|osoluta de sus centros quirales y se
describen mediante las reglas de secuencia R- y $- de Cahn, Ingold y Prelog. Las
convenciones de la nomenclatura estereoquimica, los métodos para la determinacidn de

e .y ., | . . .y,
la estereoquimica y la separacion de esteremsomeroslson bien conocidas en la profesién

(p- ¢j., consulte “Advanced Organic Chemistry”, 4th édition, March, Jerry, John Wiley &

77
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Sons, Nueva York, 1992). Se sabe que los nombres ¢ ilustraciones utilizados en esta
solicitud para describir a los compuestos de formula I tienen la intencién de englobar a
todos los posibles estereoisdmeros. De este modo, por ejemplo, el nombre [1-(1-benzoil-
4-oxo-pirrolidin-3-ilcarbamoil)-2-fenilmetansulfonil-etil]-amida del 4cido morfolin-4-
carboxilico tiene la intencién de incluir la [S-1-(1-benzoil-4-oxo-pirrolidin-3-
ilcarbamoil)-2-fenilmetansulfonil-etil]-amida del 4cido morfolin-4-carboxilico yla[R-1-
(1-benioil-4-oxo-pirrolidin-3-ilcarbamoi1)-2-fenilmetansulfonil-etil]-amida del acido
morfolin-4-carboxilico y toda mezcla, racémica o de otro tipo, de éstas.

"Derivado cetona" significa un derivado que contiene al grupo -C(O)-. Por
ejemplo, para el 2-acetoxi-azetidin-3-ilo, el “derivado cetona carbociclica” seria el 2-
acetoxi-4-oxo-azetidin-3-ilo.

"Nitro" significa el radical -NO.

"Opcional” u "opcionalmente" significa que el suceso o la circunstancia que se
describen subsiguientemente pueden ocurrir o no, y que la descripcidn incluye casos en
que el suceso o la circunstancia ocurren y casos en que no ocurren. Por ejemplo, la frase
"en los que dentro de R’ y R* cualquier anillo aliciclico o aromatico pueden estar
sustituidos ademés con 1 a 5 radicales...” significa que R> y R* pueden estar sustituidos o
no de modo de encontrarse dentro del alcance de la invencidn.

“Oxoalquilo” significa un alquilo, como se definié antes, en el que uno de los
atomos de carbono indicados es reemplazado por un grupo oxigeno (-O-), p. €j., un
oxoalquilo(C,.¢) incluye metoximetilo, etc.

"Derivados N-6xido" significa derivados de los compuestos de férmula I en los
que los dtomos de nitrégeno estan en un estado oxidado (es decir, O-N) y que poseen la
accion farmacolégica deseada.

"Patologia” de una enfermedad significa la naturaleza esencial, las causas y el
avance de una enfermedad asi como los cambios es.tructurales y funcionales resultantes
de los procesos de la enfermedad.

"Aceptable desde el punto de vista farmacéutico” significa aquello que es util en
la elaboracion de una preparacion farmacéutica qué es en general segura, no téxicay que

no es ni biolégicamente ni de ninguna otra manera indeseable ¢ incluye aquello que es
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aceptable para uso veterinario asi como para uso farmacéutico humano.

“Sales aceptables desde el punto de vista farmacéutico" significa sales de los
compuestos de férinula I que son aceptables desde el punto de vista farmacéutico, como
se definio antes, y que poseen la accion farmacolégica deseada. Dichas sales incluyen
sales de adicién de icido formadas con 4cidos inorganicos como acido clorhidrico, 4cido
bromhidrico, acidc sulfiirico, acido nitrico, 4cido fosférico y similares; o con 4acidos
organicos como 4cido acético, acido propidnico, 4cido hexanoico, 4cido heptanoico,
acido ciclopentang ropiénico, acido glicélico, acido pirtvico, acido lactico, acido
maldnico, acido succinico, 4cido malico, 4cido maleico, acido fumarico, acido tartarico,
acido citrico, acido Jenzoico, acido o-(4-hidroxibenzoil)benzoico, acido cinamico, 4cido
madélico, acido me'liansulfo'nico, 4cido etansulfénico, acido 1,2-etandisulfénico, acido
2-hidroxietansulfon Iico, acido bencensulfénico, acido p-clorobencensulfénico, acido
2-naftalensulfénico, 4cido p-toluensulfénico, 4cido alcanforsulfénico, 4cido
4-metilbiciclo[2.2.2 |oct-2-en-1-carboxilico, acido glucoheptonico, acido
4,4-metilenbis(3-hiilroxi-2-en-1-carboxilico),  4cido  3-fenilpropidnico,  4cido
trimetilacético, écid(': butilacético terciario, acido laurilsulfiirico, 4cido glucénico, acido
glutamico, acido hiclroxinaftoico, acido salicilico, acido estedrico, acido mucénico y
similares. !

Las sales aceptables desde el punto de vista farmacéutico incluyen las sales de
adicién de base que s 3 pueden formar cuando los protones acidicos presentes son capaces
de reaccionar con ba:'!‘:es organicas o inorgéanicas. Entre las bases inorganicas aceptables

i
se encuentran hidr6xido de sodio, carbonato de sodio, hidréxido de potasio, hidroxido de
aluminio e hidréxidi» de calcio. Entre las bases orgénicas aceptables se encuentran
etanolamina, dietanoj:almina, trietanolamina, trometamina, N-metilglucamina y similares.

"Proférmaco"'.signiﬁca un compuesto que se puede transformar in vivo por
medios metabdlicos l[p ¢). mediante hidrdlisis) en un compuesto de formula I. Por

v
ejemplo, un éster de u'!l compuesto de férmula I que contiene un grupo hidroxilo se puede
transformar mediantei-'hidro'lisis in vivo en la molécula base. Alternativamente un éster de
un compuesto de foérmula I que contiene un grupo carboxilo se puede transformar

mediante hidrélisis in'vivo en la molécula base. Son ésteres adecuados de los compuestos
|

s
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de formula I que|contienen un grupo hidroxilo, por ejemplo, los acetatos, citratos,

lactatos, tartratos, inalonatos, oxalatos, salicilatos, propionatos, succinatos, fumaratos,

maleatos, metilen->is-b-hidroxinaftoatos, gentisatos, isetionatos, di-p-toluoiltartratos,

metansulfonatos,

etansulfonatos, bencensulfonatos, p-toluensulfonatos,

ciclohexilsulfamatcs y quinatos. Son ésteres adecuados de los compuestos de férmula I

que contienen un grupo carboxilo, por ejemplo los descritos por F.J.Leinweber, Drug

|
Metab. Res., 1987,

compuestos de forn

18, pagina 379. Una clase especialmente 1til de ésteres de los

ula I que contienen un grupo hidroxilo, se puede formar a partir de

porciones acidas el¢jgidas entre las descritas por Bundgaard et al., J. Med. Chem., 1989,

32, pagina 2503-2!

07, e incluyen (aminometil)-benzoatos sustituidos, por ejemplo

dialquilamino-metilbenzoatos en los que dos grupos alquilo se pueden unir entre si y/o

interrumpirse a tr:vés de un atomo de oxigeno o de un atomo de nitrégeno

opcionalmente susti
(morfolin-metil)ben
(4-alquilpiperazin-1;

"Derivados p
uno 0 mas sitios re.
protegidos de los con
de formula I o ellos 1
completa de grupos
Protecting Groups ir

Una "cantida
un animal para tratai

misma.

uido, por ejemplo un atomo de nitrégeno alquilado, especialmente
roatos, p. ¢. 3- o 4-(morfolinmetil)-benzoatos, y
il)benzoatos, p. €j. 3- 0 4-(4-alquilpiperazin-1-il)benzoatos.
rotegidos” significa derivados de compuestos de férmula I en los que
ictivos estan bloqueados con grupos protectores. Los derivados
ipuestos de formula I son iitiles en la preparacién de los compuestos
nismos pueden ser inhibidores activos de la catepsina S. Una lista
protectores adecuados se puede encontrar en T.W. Greene,
Organic Synthesis, 3rd edition, John Wiley & Sons, Inc. 1999.

1 terapéuticamente eficaz" significa la cantidad que, administrada a

una enfermedad, es suficiente para lograr el tratamiento de la

"Derivado tioietona" significa un derivado que contiene al grupo -C(S)-.

"Tratamiento'

o "tratar" significa la administracién de un compuesto de la

invencidn actual y coisiste en:

(D evitar la aparicion de la enfermedad en el animal que puede estar predispuesto a

ella pero que aun no |

il sufre 0 no presenta la patologia o la sintomatologia de ésta,

(2) inhibir la enf¢rmedad en un animal que la estd sufriendo o que presenta la

Sy

2
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patologia o la sintomatologia de la enfermedad (es decir, detener el avance de la -

patologia y/o la sintomatologia), o
3) mejorar a un animal que esté sufriendo la enfermedad o que presenta la patologia

o la sintomatologia de ésta (es decir, revertir la patologia y/o la sintomatologia).

Nomenclatura:

Los compuestos de formula I y los productos intermedios y materias primas
utilizados en su preparacion se nombran segtin las reglas de nomenclatura de la [UPAC
en las que los grupos caracteristicos se citan como grupo principal en orden decreciente
de prioridad como sigue: acidos, ésteres, amidas, etc. Alternativamente, los compuestos
se nombran segin AutoNom 4.0 (Beilstein Information Systems, Inc.). Por ejemplo, un
compuesto de formula I en el que R* es fenilo, R* es morfolin-4-carbonilo y X2 es 1-
benzoil-4-oxo-pirrolidin-3-ilamino; es decir, un compuesto que tiene la estructura

siguiente:

Os
Ss=0
H o

N
0

senombra[1-(] -benzoi1-4-oxo-pirrolidin-3-ilcarbamoil)-Z-feniImetansulfoni]-etil]-amida

del acido morfolin-4-carboxilico.

Materializaciones que se prefieren actualmente:

Aunque la definicién mas amplia de la invencién esta estipulada en el resumen de
la invencidn, se prefieren ciertos aspectos de ésta. Por ejemplo, para un compuesto de
formula, en el que X' y X* son ambos metileno o X' es etileno y X* es un enlace; R es
-CR’=CHR®, -CRS(CR63)2 o -CR’=NR8, en los queR’es hidrégeno y R® es hidrégeno o
un alquilo(C,.4) oR® yR® junto con los atomos a los que R’ y R® estan unidos, forman un
cicloalquenilo(C;.5), un arilo(Cs.13), un heteroarilo(Cs.;2) 0 un bicicloarilo(Co.12) yR’ y

R® junto con los 4&tomos a los que R’ y R® estan unidos, forman un

2
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heterocicloalquenilo(Cs.;2) o un heteroarilo(Ce.12), en el que R® esta opcionalmente
sustituido con 1 a 5 radicales elegidos independientemente entre un grupo que consiste
en un alquilo(C,4), un radical ciano, un haldégeno, un alquilo(C,4) halo-sustituido,
-X*‘OR%y -X*C(0)OR’, en los que X* es un enlace o un alquileno(C,3), R’ cada vez que
esta presente es independientemente un alquilo(C,.3) o un alquilo(C,_;) halo-sustituido;
R*es -C(O)X’R" 0 -S(0),X°R"", en los que X° es un enlace, -O- 0 -NR'?-, enel que
R'? es hidrégeno o un alquilo(C16), y R" es (i) un alquilo(C,¢) o (ii) un
heterocicloalquil(Cs.j;)alquilo(Co.3), un aril(Cq.2)alquilo(Co.3), un
heteroaril(Cs. ,)alquilo(Cy.3), un bicicloaril(Cy.12)alquilo(Cy.3) 0 un
heterobicicloaril(Cs.1;)alquilo(Co.3) o (iii) un heterocicloalquil(Cs_s)alquilo(Cy.3) 0 un
fenilalquilo(Co.) sustituido con -X®0OR ", -X°C(O)R"® 0 -X*NR'°C(O)OR'®, en los que
XS es un enlace o metileno, R'"* es un fenilalquilo(Cy.3) o un heteroaril(Cs.¢)alquilo(Cy.3)
y R'® es hidrégeno o un alquilo(C).¢); en el que R* contiene ademas opcionalmente 1 a 5
sustituyentes que cuando estan presentes dentro de un anillo aliciclico o aroméatico son
radicales elegidos independientemente entre un grupo que consiste en: un alquilo(Cy.),
un halégeno, -X°NR''R", -X°0R"", - X°C(O)OR"", -X*NC(O)R'® y -X°C(O)R '}, R"”
cada vez que estd presente es independientemente hidrogeno, un alquilo(C;.¢) o un
alquilo(C;.3) halo-sustituido y R'® es un alquilo(C,.¢) o un alquilo(C,_;) halo-sustituido.

En particular, X° es un grupo de formula (a), (b) o (c) enlaque:nes 0,16 2; R¥ se
elige entre un grupo que consiste en hidrégeno y un alquilo(Cy.¢); R*' se elige entre un
grupo que consiste en un alquilo(C.9), un aril(Ce.12)alquilo(Co.s), -C(O)R?, -S(0),R%,
-C(O)OR® y -C(O)N(R*)RY; R® se eli ge entre un alquilo(C,.) opcionalmente
sustituido con un grupo amino, -NHC(O)R"® 0 —R'* en los que R" es como se definié
antes; R* se elige entre un alquilo(Cy.¢), un aril(Cs.12)alquilo(Co.s), -X*S(0),R* o
-X“C(O)R”NR”C(O)R]7 en los que R" y X* son como se definieron antes y R* es como
se define a continuacion; R? se elige entre un grupo que consiste en un alquilo(C_), un
heterocicloalquil(Cs.;;)alquilo(Co.), un aril(Ce.12)alquilo(Cy.), un
heteroaril(Cs.12)alquilo(Co.g) y un bicicloaril(Cy. 2)alquilo(Co.3); R*’ es un alquilo(C.g);
aqui X contiene ademés opcionalmente 1 a 5 sustituyentes que cuando estan presentes

dentro de un anillo aliciclico o aromatico son radicales elegidos independientemente
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entre un grupo que consiste en: un alquilo(C,.¢), un radical éiano, un halégeno, -X°0R",
-X°C(O)R" y -XPOR".

R’ se elige mas preferentemente entre un grupo que consiste en: fenilo, piridin-2-ilo,
piridin-3-ilo, piridin-4-ilo, vinilo, 2-difluorometoxifenilo, 1-oxi-piridin-2-ilo, 4-
metoxifenilo, 4-metilfenilo, 2-metilfenilo, 4-clorofenilo, 3,5-dimetilfenilo, 4-
trifluorometilfenilo, 4-trifluorometoxifenilo, 2-bromofenilo, naftalen-2-ilo, 3,4-
diclorofenilo, 3-metilfenilo, 3-trifluorometilfenilo, 3-trifluorometoxifenilo, 2,3,4,5,6-
pentafluorofenilo, 2-fluorofenilo, 2-clorofenilo, 2-cianofenilo, 2-trifluorometilfenilo, 4-
terc-butilfenilo, 3-clorofenilo, 4-bromofenilo, 2-fluoro-3-cloro-fenilo, 2-fluoro-3-metil-
fenilo, 3-fluorofenilo, 2,5-difluorofenilo, 3-bromofenilo, 2,5-diclorofenilo, 2,6-
difluorofenilo, 3-cianofenilo, 4-cianofenilo, 2-trifluorometoxifenilo, 2,3-difluorofenilo,
bifenilo, 2-bromo-5-fluoro-fenilo, 4-fluorofenilo, 3,4-diﬂuorofénilo, 2,4-difluorofenilo,
2,4,6-trifluorofenilo, 2,4,5-trifluorofenilo, 2,3,4-trifluorofenilo, 2-cloro-5-
trifluorometilfenilo, 2,4-bis-trifluorometilfenilo, 2,5,6-trifluorofenilo, 2-fluoro-3-
trifluorometilfenilo, 2-fluoro-4-trifluorometilfenilo, 2-fluoro-5-trifluorometilfenilo,
2,3,5-trifluorofenilo, 2-fluoro-5-trifluorometilfenilo, 5-fluoro-2-trifluorometilfenilo, 4-
fluoro-3-trifluorometilfenilo,  2-metoxifenilo,  3,5-bis-trifluorometilfenilo,  4-
difluorometoxifenilo, 3-difluorometoxifenilo, 2,6-diclorofenilo, 4-carboxifenilo,
ciclohexilo, ciclopropilo, isopropilo, tiofen-2-ilo, 5-cloro-tiofen-2-ilo y 3,5-dimetil-
1soxazol-4-ilo.

R*seeli ge mas preferentemente entre un grupo que consiste en benzoilo, morfolin-4-
carbonilo, acetilo, furan-3-carbonilo, 2-metoxibenzoilo, 3-metoxibenzoilo, naftalen-2-
carbonilo, benzo[1,3]dioxol-5-carbonilo, 3-piridin-3-il-acriloilo, benzofuran-2-carbonilo,
furan-2-carbonilo, terc-butoxicarbonilo, bifenil-4-carbonilo, quinolin-2-carbonilo,
quinolin-3-carbonilo, 3-acetilbenzoilo, 4-fenoxibenzoilo, 3-hidroxibenzoilo, 4-
hidroxibenzoilo, piridin-3-carbonilo, 3-(terc-butoxicarbonilamino-metil)-benzoilo, éster
terc-butilico del acido 4-carbonil-piperazin-1-carboxilico, éster etilico del acido 4-
carbonil-piperazin-1-carboxilico, 4-(furan-2-carbonil)-piperazin-1-carbonilo, piridin-4-
carbonilo, 1-oxi-piridin-4-carbonilo, 1-oxi-piridin-3-carbonilo, tiofen-2-carbonilo, tiofen-

3-carbonilo, 4-benzoilbenzoilo, 5-metil-tiofen-2-carbonilo, 3-cloro-tiofen-2-carbonilo, 3-
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bromo-tiofen-2-carbonilo, 4-clorobenzoilo, 3-fluoro-4-metoxi-benzoilo, 4-
metoxibenzoilo, 4-trifluorometoxibenzoilo, 3,4-difluorobenzoilo, 4-fluorobenzoilo, 3,4-
dimetoxibenzoilo, 3-metilbenzoilo, 4-bromobenzoilo, 4-trifluorometilbenzoilo, 3-
benzoilbenzoilo,  ciclopentancarbonilo,  benzo[b]tiofen-2-carbonilo,  3-cloro-
benzo[b]tiofen-2-carbonilo, bencensulfonilo, naftalen-2-sulfonilo, 5-metil-tiofen-2-
sulfonilo, tiofen-2-sulfonilo, formamil-metil éster, 4-metil-pentanoilo, formamil-isobutil
éster, formamil-monoalil éster, formamil-isopropil éster, N,N-dimetil-formamilo, N-
isopropil-formamilo, N-piridin-4-il-formamilo, N-piridin-3-il-formamilo, 3-fenil-
acriloilo,  1H-indol-5-carbonilo, piridin-2-carbonilo, pirazin-2-carbonilo,  3-
hidroxipiridin-2-carbonilo, 2-aminopiridin-3-carbonilo, 2-hidroxipiridin-3-carbonilo, 6-
aminopiridin-3-carbonilo, 6-hidroxipiridin-3-carbonilo, piridazin-4-carbonilo, 3-
fenoxibenzoilo y 1-0x0-1,3-dihidro-isoindol-2-carbonilo.

X3 se elige mas preferentemente entre un grupo que consiste en éster bencilico del
acido 4-amino-3-oxo0-azepan-1-carboxilico, éster isobutilico del acido 4-amino-3-oxo-
azepan-1-carboxilico, 4-amino-1-benzoil-azepan-3-ona, 4-amino-1-bencensulfonil-
azepan-3-ona, 4-amino-1-(piridin-2-sulfonil)-azepan-3-ona, 4-amino-1-(1-oxi-piridin-2-
sulfonil)-azepan-3-ona, 4-amino-1-(3,4-dicloro-bencensulfonil)-azepan-3-ona, 4-amino-
1-(2-fluoro-bencensulfonil)-azepan-3-ona, 4-amino-1-(3,4-dimetoxi-bencenesulfonil)-
azepan-3-ona, 4-amino-1-(2-ciano-bencensulfonil)-azepan-3-ona, 4-amino-1-(naftalen-1-
sulfonil)-azepan-3-ona, 4-amino-1-(tiofen-2-sulfonil)-azepan-3-ona, 4-amino-1-(tiazol-2-
sulfonil)-azepan-3-ona, 4-amino-1-(pirrolidin-1-sulfonil)-azepan-3-ona, 4-amino-1-
metansulfonil-azepan-3-ona, 4-amino-1-(pirrolidin-1-carbonil)-azepan-3-ona,
dimetilamida del acido 4-amino-3-oxo-azepan-1-carboxilico, bencilamida del acido 4-
amino-3-oxo-azepan- 1-carboxilico, 4-amino-1-bencil-azepan-3-ona, 4-amino-1-bencil-
piperidin-3-ona, 4-amino-1-benzoil-piperidin-3-ona, 4-amino- 1-benzoil-pirrolidin-3-ona,
4-amino-1-bencil-pirrolidin-3-ona, 4-amino-1-bencensulfonil-pirrolidin-3-ona, 4-amino-
1-(5-metil-hexil)-pirrolidin-3-ona, 1-etil-2-0x0-3-(toluen-4-sulfonilamino)-butilamino, 1-
etil-2-0x0-3-(4-fenoxi-bencensulfonilamino)-propilamino, 1-etil-2-ox0-3-[4-(piridin-3-
iloxi)-bencensulfonilamino]-propilamino, 3-(dibenzofuran-2-sulfonilamino)-1-etil-2-

oxo-butilamino, 1-etil-3-[4-metil-2-(4-metil-pentanoilamino)-pentanoilamino]-2-oxo-
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propilamino, 5-amino-1-[(4-metoxi-fenilsulfamoil)-metil}-pentilamino, 5-
benciloxicarbonilamino-1-[(4-metoxi-fenilsulfamoil)-metil]-pentilamino, 1-[(4-metoxi-
fenilsulfamoil)-metil]-3-fenil-propilamino, 1-{[4-(1-hidroxietil)-fenilsulfamoil]-metil } -
3-fenil-propilamino, 1-[(4-acetil-fenilsulfamoil)-metil]-3-fenil-propilamino, 1-[(4-
hidroxi-fenilsulfamoil)-metil]-3-fenil-propilamino y 3-fenil-1-[(2-fenilamino-
etilsulfamoil)-metil]-propilamino; y los derivados N-6xido, derivados profarmaco,
derivados protegidos, cada uno de los isdmeros y mezclas de isdmeros de éstos; y las
sales y solvatos aceptables desde el punto de vista farmacéutico de dichos compuestos y
los derivados N-6xido, derivados profarmaco, cada uno de los isémeros y mezclas de
isdmeros de éstos.
Con relacién a las materializaciones preferidas estipuladas antes se tiene la

intencidén de incluir todas las combinaciones de los grupos especificos y preferidos.

Los compuestos especificos de la invencidn se eligen entre los compuestos
formados mediante la unién del C* de uno de los fragmentos (A1 a A72) que se
muestran en la tabla 1 al 4tomo de nitrégeno (*N) de uno de los fragmentos (B1 a
B&0) que se muestran en la tabla 2, y uniendo el &tomo de carbono de la metina
(CH*) de uno de los fragmentos (B1 a B80) que se muestran en la tabla 2 al atomo de

carbono del acilo (C*) de uno de los fragmentos (C1 a C37) descritos en la tabla 3.
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Los compuestos combinaciones de “A”, “B” y “C” que se prefieren en particular

se ilustran en la tabla 4, material que se presenta en disco compacto junto con esta
solicitud y que se incorpora aqui como referencia. Dos copias del disco compacto (copia

1 y copia 2) cada una de las cuales contiene un archivo tdnico de 2,58-mega bites

denominado “Tabla 4”, ambas copias fueron creadas en formato ASCII el 13/09/2001.

De este modo, por ejemplo, en la tabla 4 el compuesto indicado como A2-B1-C1

es el producto de la combinacidn del grupo A2 de la tabla 1 con el B1 de la tabla 2 y el

C1 de latabla 3, concretamente el éster bencilico del acido 4- {2-[(morfolin-4-carbonil)-

amino]-3-fenilmetansulfonil-propionilamino}-3-ox0-azepan-1-carboxilico:
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Farmacologia y utilidad:

Los compuestos de la invencién son inhibidores selectivos de la catepsina S y,
como tales, son ttiles para tratar enfermedades en las que la actividad de la catepsina S
contribuye a la patologia y/o la sintomatologia de la enfermedad. Por ejemplo, los
compuestos de la invencion son utiles en el tratamiento de trastornos autoinmunes,
incluidos entre otros, diabetes de aparicion juvenil, esclerosis multiple, pénfigo vulgar,
enfermedad de Graves, miastenia grave, lupus eritematoso sistémico, artritis reumatoide
y tiroiditis de Hashimoto, trastornos alérgicos incluida entre otros asma, y respuestas
inmunitarias alogénicas, incluidos entre otros los trasplantes de érgano o los injertos de
tejido.

La catepsina S también esta implicada en trastornos que involucran una elastolisis
excesiva como la enfermedad pulmonar obstructiva crénica (p. ej., enfisema),
bronquiolitis, elastolisis de la via aérea excesiva en asma y bronquitis, neumonitis y
enfermedad cardiovascular como la ruptura de placa y ateroma. La catepsina S esta
implicada en la formacién de fibrilla y por lo tanto, los inhibidores de la catepsina S son
utiles en el tratamiento de la amiloidosis sistémica.

Se puede medir la inhibicién de la proteasa cisteina por parte de los compuestos
de la invencién mediante métodos conocidos por los técnicos de la profesion. Se
presentan ensayos in vitro adecuados para medir la actividad proteasa y la inhibicion de
esta mediante los compuestos de prueba. De forma caracteristica, el ensayo mide la
hidrlisis inducida por la proteasa de un sustrato peptidico. En los ejemplos 6-9, mas

adelante, se exponen detalles de los ensayos para medir la inhibicién de la proteasa.

Administracion y preparaciones farmacéuticas:

En general, los compuestos de formula I se administraran en cantidades
terapéuticamente eficaces a través de cualquiera de los modos habituales y aceptables que
se conocen en la profesion, ya sea solos 0 en combinacidn con uno o mas farmacos. Una
cantidad terapéuticamente eficaz puede variar ampliamente dependiendo de la gravedad
de la enfermedad, la edad y el estado de salud del sujeto, la potencia de los compuestos

utilizados y otros factores. Por ejemplo, las cantidades terapéuticamente eficaces de un
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compuesto de formula I pueden abarcar desde aproximadamente 1 microgramo por
kilogramo de peso corporal (ug/kg) por dia hasta aproximadamente 1 miligramo por
kilogramo de peso corporal (mg/kg) por dia, habitualmente desde aproximadamente 10
png/kg/dia hasta aproximadamente 0,1 mg/kg/dia. Por lo tanto, una cantidad
terapcuticamente eficaz para un paciente humano de 80 kg puede encontrarse en el
intervalo entre 100 pg/dia y 100 mg/dia, aproximadamente; habitualmente se encuentra
entre 1 pg/dia y 10 mg/dia, aproximadamente. En general, un técnico de la profesion,
basandose en su propio conocimiento y en la informacién que divulga esta solicitud, sera
capaz de determinar una cantidad terapéuticamente eficaz de un compuesto de formulal
para tratar una determinada enfermedad.

Los compuestos de férmula I se pueden administrar como preparaciones
farmacéuticas por alguna de las siguientes vias: oral, sistémica (p. €j., transdérmica,
intranasal o mediante supositorio) o parenteral (p. €j., intramuscular, intravenosa o
subcutanea). Las preparaciones pueden adoptar la férma de comprimidos, pildoras,
capsulas, semisolidos, polvos, formulaciones de liberacion prolongada, soluciones,
suspensiones, elixires, aerosoles o cualquier otra preparacion apropiada y constan de, en
general, un compuesto de férmula I en combinacién con al menos un excipiente
aceptable desde el punto de vista farmacéutico. Los excipientes aceptables no son
toxicos, facilitan la administracion y no afectan de manera adversa a los beneficios
terapéuticos del principio activo. Tales excipientes pueden ser cualquier excipiente
solido, liquido, semisolido o en el caso de una preparacién en aerosol, gaseoso que en
general estan a disposicion de cualquier técnico de la profesion.

Entre los excipientes farmacéuticos sdlidos se encuentran: almidén, celulosa,
talco, glucosa, lactosa, sacarosa, gelatina, malta, arroz, harina, creta, silica gel, estearato
de magnesio, estearato de sodio, monoestearato de glicerol, cloruro de sodio, leche
descremada desecada y similares. Los excipientes liquidos y semisélidos se pueden elegir
entre: agua, etanol, glicerol, propilenglicol, y diversos aceites incluidos los de petréleo y
de onigen animal, vegetal o sintético (p. €j., aceite de mani, aceite de soja, aceite mineral,
aceite de sésamo y similares). Los excipientes liquidos preferidos, en particular para las

soluciones inyectables, incluyen agua, solucion salina, solucidn acuosa de dextrosa y
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glicoles.

La cantidad de un compuesto de férmula I en la preparacién puede varniar mucho,
dependiendo del tipo de formulacion, del tamafio de una unidad de dosificacion, del tipo
de excipientes y de otros factores conocidos por los profesionales de las ciencias
farmacéuticas. En general, una preparacion de un compuesto de formula I para tratar una
determinada enfermedad contendra entre 0,01 % en peso y 10 % en peso,
preferentemente entre 0,3 % en peso y 1 % en peso, de principio activo, siendo el resto
de la preparacion uno o mas excipientes. Preferentemente la preparacion farmacéutica se
administra en una tnica forma de unidad de dosificacién para tratamiento continuo o en
una tnica forma de unidad de dosificacién a voluntad cuando se necesita especificamente
el alivio de los sintomas. En el ejemplo 10, mas adelante, se describen formulaciones

farmacéuticas representativas que contienen un compuesto de formula I.

Quimica:

Procesos para elaborar compuestos de formula I:

Los compuestos de la invenciéon se pueden preparar mediante la aplicacién o
adaptacion de métodos conocidos, es decir métodos usados hasta ahora o descritos en la
bibliografia, por ejemplo los descritos por R.C. Larock en Comprehensive Organic
Transformations, VCH publishers, 1989.

En las reacciones descritas a continuacién puede ser necesario proteger los grupos
funcionales reactivos, por ejemplo hidroxilo, amino, imino, tio o carboxilo, en el lugar
que se quiere que se encuentren en el producto final, para evitar su participacién no
deseada en las reacciones. Se pueden usar los grupos protectores convencionales de
acuerdo con la practica estandar, por ejemplo consulte a T.W. Greene y P.> G.M. Wutsen

"Protective Groups in Organic Chemistry" John Wiley and Sons, 1991.

Los compuestos de formula I, en Jos que X es un compuesto de férmula (a)

(como se la definid en el resumen de la invencion), se pueden preparar procediendo como
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en el esquema de reaccion 1 siguiente:

Esquema de reaccién 1

)|(2R3
X]/S(O)z
R* 0
S
H  0OH
2 II{20 0
HN R20
< N\R2]
)|(2R3 @
(O)ZS\XI }}20 O
4
R\N)\H/N R0
H
O (n N\RZI
I

en los que cada X', X2 R, R*, R y R?! es como se lo define para la formula I en el
resumen de la invencion.

Los compuestos de formula I se pueden preparar condensando un acido de
férmula 2 con un compuesto amino de féormula (a). La reaccién de condensacion se
puede llevar a cabo con un agente de acoplamiento adecuado (p. €j., hexafluorofosfato de
benzotriazol-1-iloxitrispirrolidinfosfonio (PyBOP®), clorhidrato de
1-(3-dimetilaminopropil)-3-etilcarbodiimida ~ (EDCI), hexafluorofosfato de
O-benzotriazol-1-i1-N,N,N',N'-tetrametiluronio (HBTU), 1,3-diciclohexilcarbodiimida
(DCC), o similares) y opcionalmente un catalizador adecuado (p. ej.,
1-hidroxibenzotriazol (HOBE), 1-hidroxi-7-azabenzotriazol (HOAL), hexafluorofosfato de
O-(7-azabenzotriazol-1-il)-1,1,3,3, tetra-metiluronio (HATU) o similares) y bases no
nucleofilicas (p. ¢j., trietilamina, N-metilmorfolina, y similares, o cualquier combinacién
adecuada de éstas) a temperatura ambiente, siendo necesarias de 5 a 10 horas para que la

reaccion se complete. Si es necesario un paso de oxidacion, se puede llevar a cabo con un
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agente oxidante (p.ej., Oxone®, acido metacloroperbenzoico o similares) en un disolvente
adecuado (p. ej., metanol, agua o similares, o cualqui& combinacién adecuada de éstos) a
temperatura ambiente, siendo necesarias de 16 a 24 horas para que la reaccién se
complete. En los ejemplos 1 a 11, mas adelante, se exponen descripciones detalladas de
las sintesis de un compuesto de formula I mediante los procesos del esquema de reaccién
1.

Los compuestos de formula I, en los que X3 es un compuesto de formula (b)
(como se lo define en el resumen de la invencion), se pueden preparar procediendo como
en el esquema de reaccion 2 siguiente:

Esquema de reaccién 2

)|(2R3
50,
R4\N/k(0
H  oOH
2
}}20 0 llz20
HNWN\R?J
RS R
>|(2R3 )
0),S<
(0), X! II{20 0 1|{20
R4\ &(NW/‘H/N\st
H 0 st R20
I

en los que cada X', X, R?, R*, R?, R® y R* es como se lo define para la formulalen el
resumen de la invencion.

Los compuestos de férmula I se pueden preparar condensando un acido de
formula 2 con un compuesto amino de férmula (b). La reaccién de condensacién se

puede llevar a cabo con un agente de acoplamiento adecuado (p. €j., hexafluorofosfato de

}o°



10

15

20

25

30

USAV2001/0143 33

benzotriazol-1-iloxitrispirrolidinfosfonio (PyBOP®), clorhidrato de
1-(3-dimetilaminopropil)-3-etilcarbodiimida ~ (EDCI), hexafluorofosfato  de
O-benzotriazol-1-il-N,N,N',N'-tetrametiluronio (HBTU), 1,3-diciclohexilcarbodiimida
(DCC), o similares) y opcionalmente un catalizador adecuado (p. ej.,
1-hidroxibenzotriazol (HOB), 1-hidroxi-7-azabenzotriazol (HOALt), hexafluorofosfato de
O-(7-azabenzotriazol-1-il)-1,1,3,3, tetra-metiluronio (HATU) o similares) y bases no
nucleofilicas (p. j., trietilamina, N-metilmorfolina, y similares, o cualquier combinacidn
adecuada de éstas) a temperatura ambiente, siendo necesarias de 5 a 10 horas para que la
reaccion se complete.

St es necesario un paso de oxidacion, se puede llevar a cabo con un agente
oxidante (p.¢j., Oxone®, acido metacloroperbenzoico o similares) en un disolvente
adecuado (p. ¢j., metanol, agua o similares, o cualquier combinacién adecuada de éstos) a
temperatura ambiente, siendo necesarias de 16 a 24 horas para que la reaccidn se
complete.

Los compuestos de formula 1 en los que X° es un compuesto de férmula (c)
(como se lo define en el resumen de la invencién), se pueden preparar haciendo
reaccionar un compuesto de formula 2 con un compuesto de férmula (c) segin el

esquema de reaccion siguiente:

(O
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Esquema de reaccion 3

X?R3
|
XrS(O)z
R“\N)Yo
H  oH
2
llz:zo Ilz20
HN _No 25
R
stO (@]
>|(2R3 ©
(0)2S< R20 20
| l
R* N N
\N Y\//Sg R25
H stO O
I

5 enlosquecadaX', X% R’ R R?® R% y R* es como se lo define para la formulalen el

resumen de la invencion.

Otros procesos para elaborar compuestos de formula I:
Un compuesto de férmula I se puede preparar como una sal de adicidn de acido
10 aceptable desde el punto de vista farmacéutico, haciendo reaccionar la forma base libre
del compuesto con un 4cido organico o inorganico aceptable desde el punto de vista
farmacéutico. Alternativamente, se puede preparar una sal de adicion de base aceptable
desde el punto de vista farmacéutico de un compuesto de formula I, haciendo reaccionar
la forma 4cido libre del compuesto con una base organica o inorgénica aceptable desde el
15 punto de vista farmacéutico. En la seccion de definiciones de esta solicitud se estipulan
los 4cidos y bases organicos e inorganicos adecuados para la preparacién de las sales
aceptables desde el punto de vista farmacéutico de los compuestos de férmula I.
Alternativamente, las sales de los compuestos de formula I se pueden preparar utilizando

sales de las materias primas o de los productos intermedios.
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Las formas 4cido libre y base libre de los compuestos de féormula I se pueden
preparar a partir de la sal de adicion de base o de la sal de adicién de 4cido
correspondientes. Por ejemplo, un compuesto de formula I en forma de sal de adicién de
acido se puede transformar en la base libre correspondiente tratdndolo con una base
adecuada (p. €., solucidn de hidroxido de amonio, hidréxido de sodio y similares). Un
compuesto de férmula I en forma de sal de adicion de base se puede transformar en el
4cido libre correspondiente tratandolo con un acido adecuado (p. €j., 4cido clorhidrico,
etc.).

Los N-6xidos de los compuestos de férmula I se pueden preparar con métodos
conocidos por los técnicos de la profesion. Por ejemplo, los N-6xidos se pueden preparar
tratando una forma no oxidada del compuesto de formula I con un agente oxidante (p. €j.,
acido trifluoroperacético, acido permaleico, acido perbenzoico, acido peracético, acido
meta-cloroperoxibenzoico o similares) en un disolvente organico inerte adecuado (p. ¢j.,
un hidrocarburo halogenado como el diclorometano) a aproximadamente 0° C.
Alternativamente, los N-6xidos de un compuesto de formula I se pueden preparar a partir
del N-6xido de una materia prima apropiada.

Los compuestos de fdrmula I en su forma no oxidada se pueden preparar a partir
de N-6xidos de compuestos de formula I tratandolos con un agente reductor (p. €j.,
azufre, didxido de azufre, trifenilfosfina, borohidruro de litio, borohidruro de sodio,
tricloruro de f6sforo, tribromuro o similares) en un disolvente organico inerte adecuado
(p. €., acetonitrilo, etanol, solucion acuosa de dioxano o similares) a una temperatura
entre 0°y 80°C.

Los derivados profarmaco de los compuestos de férmula I se pueden preparar
mediante métodos conocidos por los técnicos de la profesion (p. €j., por mas detalles
consulte a Saulnier et al.(1994), Bioorganic and Medicinal Chemistry Letters, Vol. 4, p.
1985). Por ejemplo, los profarmacos apropiados se pueden preparar haciendo reaccionar
un compuesto de férmula I sin derivar con un agente carbamilante adecuado (p. ¢;j.,
clorhidrato de 1,1-aciloxialquilcarbono, para-nitrofenil carbonato, o similares).

Los derivados protegidos de los compuestos de formula I se pueden preparar por

medios conocidos por los técnicos de la profesion. Se puede encontrar una descripcién
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detallada de las técnicas aplicables para la preparacion de grupos protectores y para su
eliminacién en T.W. Greene, Protecting Groups in Organic Synthesis, 3" edition, John
Wiley & Sons, Inc. 1999.

Los compuestos de la invencidn actual se pueden preparar convenientemente, o
formar durante el proceso de la invencion, como solvatos (p. €j. hidratos). Los hidratos
de los compuestos de la invencidn actual se pueden preparar convenientemente por
recristalizaciéon de una mezcla disolvente acuosa y organica, utilizando disolvent¢s
orgéanicos como la dioxina, el tetrahidrofurano o el metanol.

Los compuestos de formula I se pueden preparar como cada uno de sus
estereoisomeros haciendo reaccionar una mezcla racémica del compuesto con un agente
de resolucion 6pticamente activo para formar un par de compuestos diastereoisémeros,
separando los diastereoisomeros y recuperando el enantiomero dpticamente puro. Si bien
la resolucién de los enantiémeros se puede llevar a cabo utilizando derivados
diastereoisoméricos de los compuestos de formula I, se prefieren los complejos
disociables (p. €j., sales diastereoisoméricas cristalinas). Los diastereoisdomeros tienen
diferentes propiedades fisicas (p. ej., puntos de fusién, puntos de ebullicidn,
solubilidades, reactividades, etc.) y se pueden separar facilmente aprovechando estas
diferencias. Los diastereoisomeros se pueden separar por cromatografia o
preferentemente por técnicas de separacion y resolucion basadas en las diferencias de
solubilidad. Después el enantiémero dpticamente puro se recupera junto con el agente de
resolucion por cualquier medio practico que no dé como resultado la racemizacion. Se
puede encontrar una descripcién mas detallada de las técnicas aplicables para la
resolucion de estereoisdmeros de compuestos de su mezcla racémica en Jean Jacques
Andre Collet, Samuel H. Wilen, Enantiomers, Racemates and Resolutions, John Wiley &

Sons, Inc. (1981).

En resumen, los compuestos de férmula I se elaboran mediante un proceso que
comprende:

(A)  hacer reaccionar un compuesto de férmula 2:

J0Y
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con un compuesto de férmula (a):

}l{zo 0
HN R20
N 21
(S,
(a)
5 en los que X', Xz, R’ , R“, R* y R*' son como se los define en el resumen de la
q y

invencion para la formula [; o

(B)  hacer reaccionar un compuesto de férmula 2 con un compuesto de férmula

(b):

10 (b)
en los que R?, R* y R* son como se los define en el resumen de la invencién parala
formulal; o
(C)  hacer reaccionar un compuesto de férmula 2 con un compuesto de férmula (c):

R20 R20
| l

HNw/\ Ne_ s
R

V

o/S Yo

R
(©)
15 en los que R, R* y R son como se los define en el resumen de la invencién

para la formula I, y

(D)  transformar opcionalmente un compuesto de formula I en una sal aceptable desde

el punto de vista farmacéutico;
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(E) transformar opctonalmente un compuesto de férmula I en forma de sal en un
compuesto en una forma que no sea una sal;

() transformar opcionalmente una forma no oxidada de un compuesto de férmula I
en un N-6xido aceptable desde el punto de vista farmacéutico;

(G) transformar opcionalmente una forma N-6xido de un compuesto de formula I en
su forma no oxidada;

(H)  separar opcionalmente un isomero individual de un compuesto de férmula I de
una mezcla de isémeros;

I transformar opcionalmente un compuesto de férmula I sin derivar en un derivado
profarmaco aceptable desde el punto de vista farmacéutico; y

J) transformar opcionalmente un derivado profarmaco de un compuesto de formula

I en su forma sin derivar.

Ejemplos:
La invencion actual se explica mas a fondo, pero no exclusivamente, mediante los
ejemplos siguientes que ilustran la preparacién de compuestos de férmula I (ejemplos) y

de productos intermedios (referencias) de acuerdo con la invencion.

REFERENCIA 1

Ester terc-butilico del 4cido 3-amino-4-hidroxi-pirrolidin-1-carboxilico

Se disuelve éster terc-butilico del acido 6-oxa-3-aza-biciclo[3.1.0]hexan-3-
carboxilico (12,1g; 65,3 mmol) en una mezcla metanol/agua 8:1 (108 mL). Se agrega
cloruro de amonio (15 g) y azida de sodio (21,4 g; 329 mmol) y la mezcla se calienta a
60 ° C durante toda la noche. Después de diluirla con éter (500 mL), la mezcla se lava
con solucidn acuosa saturada de NaHCO; (200 mL) y solucién saturada de cloruro de
sodio (200 mL), se seca con MgSO, y se evapora bajo vacio. El producto crudo se
disuelve en metanol (200 mL). Se agrega 10 % de paladio sobre carbono activado (1,5 g)
y la mezcla se agita a temperatura ambiente bajo atmoésfera de hidrogeno hasta que el

analisis por TLC (cromatografia en capa fina) muestra la desaparicion de la materia
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prima. Se filtra la mezcla a través de un tampén de Celite y se evapora a sequedad bajo
vacio. El producto se purifica por cromatografia instantanea sobre silica gel. Eluyente:
metanol al 5 % en acetato de etilo:metanol al 20 %, trietilamina al 3 % en acetato de

etilo. Rendimiento: 4,3 g de éster terc-butilico del acido 3-amino-4-hidroxi-pirrolidin-1-

carboxilico como un sélido amarillento.

REFERENCIA 2

Ester bencilico del acido 4-amino-3-hidroxi-azepan-1-carboxilico

Se suspende hidruro de sodio (60 % en aceite mineral, 10 g, 250 mmol) en DMF
seco. Se agrega gota a gota éster bencilico del 4cido alilcarbamico (19,1 g; 100 mmol) a
temperatura ambiente. Después de agitar durante 5 minutos, se agrega gota a gota 5-
bromo-1-penteno (25 g, 168 mmol). Se continia agitando a 50° C durante 1 hora. La
reaccion se enfria con agua y luego se reparte entre éter dietilico y agua. La capa etérea se
lava con agua y solucién saturada de cloruro de sodio, se seca con MgSQy, y se evapora
bajo vacio. La cromatografia instantanea (acetato de etilo/hexano 1:9) da como resultado
éster bencilico del 4cido alil-pent-4-enil-carbamico (15,5 g).

Se disuelve el éster bencilico del acido alil-pent-4-enil-carbamico (15,5 g; 59,8
mmol) en diclorometano y se agrega dicloruro de bis(triciclohexilfosfina)benciliden
rutenio(IV) (1 g). Lamezcla se calienta a reflujo bajo atmosfera de nitrogeno hasta que el
analisis por TLC muestra que la reaccion se completd. Se evapora el disolvente bajo
vacio y el residuo se purifica por cromatografia instantanea (acetato de etilo/hexano 1:9)
para dar éster bencilico del acido 2,3,4,7-tetrahidro-azepin-1-carboxilico (7,8 g).

A una solucién de éster bencilico del acido 2,3,4,7-tetrahidro-azepin-1-
carboxilico (4,5 g; 19,45 mmol) en diclorometano (50 mL) se le agrega acido m-
cloroperbenzoico (60 mmol). La mezcla se agita a temperatura ambiente durante 16
horas. Se agrega solucidon acuosa saturada de K,CO; y la mezcla se extrae con
diclorometano. Las capas organicas combinadas se lavan con solucién acuosa saturada de
NaHCO; y solucion saturada de cloruro de sodio, se secan con MgSQy y se evaporan

bajo vacio. El epoxido crudo se disuelve en una mezcla metanol:agua 8:1 (100 mL). Se
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agregan cloruro de amonio (3,2 g; 60 mmol) y azida de sodio (3,9 g; 60 mmol) y la
mezcla se calienta a 60° C durante 48 horas. La mayor parte del disolvente se elimina
bajo vacio. El residuo se extrae con acetato de etilo. Las capas organicas combinadas se
lavan con solucidn acuosa saturada de NaHCO; (200 mL) y solucidn saturada de cloruro
de sodio (200 mL), se secan con MgSO, y se evaporan bajo vacio. La cromatografia
instantanea del residuo (hexano/acetato de etilo 3:1) da como resultado éster bencilico

del 4cido 4-azido-3-hidroxi-azepan-1-carboxilico (3,3 g).

A una solucion del éster bencilico del acido 4-azido-3-hidroxi-azepan-1-
carboxilico (3,3 g; 11,37 mmol) en metanol (50 mL) se le agrega trietilamina (5 mL) y
1,3-propanoditiol (3,42 mL; 35 mmol). La mezcla se agita a temperatura ambiente hasta
que el analisis por TLC muestra que se consumié toda la materia prima. Se elimina un
precipitado blanco por filtracion y el filtrado se evapora hasta sequedad. El residuo se
tritura con una mezcla de hexano/éter dietilico 1:1 para eliminar el ditiol en exceso y se

seca bajo vacio para obtener éster bencilico del 4cido 4-amino-3-hidroxi-azepan-1-

carboxilico.

REFERENCIA 3

Clorhidrato de 2S5-amino-N-(4-metoxifenil)-4-fenilbutan-1-sulfonamida

Una  solucién  compuesta  por  1-(4-metoxifenilsulfamoilmetil)-3-
fenilpropilcarbamato de terc-butilo crudo (1,92 g; 4,42 mmol), preparada como en el
ejemplo de referencia 2, en DCM (10 mL) se trata con una solucidn de acido clorhidrico
4M en dioxano (11 mL). La mezcla se agita durante 16 horas a temperatura ambiente y se
diluye con éter dietilico. El precipitado resultante se recoge por filtracién, se lava varias

veces con éter dietilico y hexano y se seca con bomba para obtener clorhidrato de 25-

amino-N-4-metoxifenil-4-fenilbutan-1-sulfonamida con recuperacién cuantitativa de

masa. '"H NMR (DMSO0): 2,05 (2H, m); 2,6-2,7 (2H, m); 3,4 (3H, m*); 3,72 (3H, s); 6,9
(2H, d, J=7 Hz); 7,25 (5H, m); 7,3 (2H, d, J=7 Hz); 8,5 (br. s); 10,0 (1H, s).
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EJEMPLO 1

[1-(1-benzoil-4-oxo-pirrolidin-3-ilcarbamoil)-2-fenilmetansulfonil-etil]-amida

del 4cido morfolin-4-carboxilico.

(Compuesto 1)

N

IS OY
O

Se combinan &cido 2-[(morfolin-4-carbonil)-amino]-3-fenilmetansulfonil-
propionico (1 g; 2,8 mmol), éster terc-butilico del cido 3-amino-4-hidroxi-pirrolidin-1-
carboxilico (700 mg; 3,46 mmol) preparados como en la referencia 1, EDC (1,5 g; 7,8
mmol) y HOBt (1,5 g; 9,6 mmol). Se agrega diclorometano (10 mL) y a continuacién 4-
metilmorfolina (1,5 mL). La mezcla se agita a temperatura ambiente durante 2 horas.
Despué¢s de diluirla con acetato de etilo (200 mL), la solucién se lava con solucién
acuosa saturada de NaHCOs (100 mL) y solucidn saturada de cloruro de sodio (100 mL),
se seca con MgSO, y se evapora bajo vacio. Se obtiene éster terc-butilico del acido 3-
hidroxi-4-{2-[(morfolin-4-carbonil)-amino]-3-fenilmetansulfonil-propionilamino} -
pirrolidin-1-carboxilico (1,05 g; 1,94 mmol) como una espuma amarillenta y se disuelve
en diclorometano (6 mL). Se agrega acido trifluoroacético (6 mL) y la mezcla se agita a
temperatura ambiente durante 1 hora. La evaporacién bajo vacio da como resultado [1-
(4-hidroxi-pirrolidin-3-ilcarbamoil)-2-fenilmetansulfonil-etil]-amida del 4cido morfolin-
4-carboxilico crudo como sal trifluoroacética (TFA), que se usa sin una purificacion
posterior.

La sal TFA de [1-(4-hidroxi-pirrolidin-3-ilcarbamoil)-2-fenilmetansulfonil-etil] -
amida del 4cido morfolin-4-carboxilico (215 mg, 0,39 mmol) se disuelve en 1,4-dioxano
(20 mL). Se agrega solucién acuosa saturada de NaHCOs (10 mL) seguida de cloruro de
benzoilo (0,2 mL; 1,72 mmol). La mezcla se agita a temperatura ambiente durante 1 hora
y a continuacion se extrae con acetato de etilo. Las capas organicas combinadas se lavan

con solucién acuosa saturada de NaHCO; y solucion saturada de cloruro de sodio, se
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secan con MgSQO; y se evaporan bajo vacio. El residuo se purifica por cromatografia
instantanea sobre silica gel (eluyente: metanol al 5 % en acetato de etilo:metanol al 20 %
en acetato etilo) para producir la [1-(1-benzoil-4-hidroxi-pirrolidin-3-ilcarbamoil)-2-
fenilmetan-sulfonil-etil]-amida del acido morfolin-4-carboxilico (92 mg).

La [1-(1-benzoil-4-hidroxi-pirrolidin-3-ilcarbamoil)-2-fenilmetansulfonil-etil]-
amida del acido morfolin-4-carboxilico (92 mg; 0,169 mmol) se disuelve en DMSO (5
mL). Se agrega trietilamina (0,5 mL) y a continuacion complejo SOs-piridina (150 mg) y
la mezcla se agita a temperatura ambiente durante 3 horas. Después de diluirla con
acetato de etilo (100 mL), la solucién se lava con agua (50 mL) y solucién saturada de
cloruro de sodio, se seca con MgSQ, y se evapora bajo vacio. El residuo se purifica por
cromatografia instanténea sobre silica gel (eluyente: metanol al 5 % en acetato de etilo)

para producir [1-(1-benzoil-4-oxo-pirrolidin-3-ilcarbamoil)-2-fenilmetansulfonil-etil]-

amida del 4cido morfolin-4-carboxilico como una mezcla de diastereoisémeros (sélido

amarillento; 38 mg); '"H NMR: (DMSO) 8,50-8,35 (m, 1H); 7,55-7,34 (m, 10H); 7,16-
6,95 (m, 1H); 4,80-4,65 (m, 1H); 4,54-4,22 (m, 3H); 3,98-3,25 (m, 14H); MS: (M+H)"
543.

EJEMPLO 2

[1-(1-bencensulfonil-4-oxo-pirrolidin-3-ilcarbamoil)-2-fenilmetansulfonil-

etil]-amida del 4cido morfolin-4-carboxilico.

(Compuesto 2)

Se prepard la [1-(1-bencensulfonil-4-oxo-pirrolidin-3-ilcarbamoil)-2-
fenilmetansulfonil-etil]-amida del 4cido morfolin-4-carboxilico de acuerdo con el
procedimiento detallado en el ejemplo 1, sustituyendo el cloruro de bencensulfonilo

por cloruro de benzoilo; 'H NMR: (DMSO) [8,35 (d, J=7,4Hz), 8,28 (d, J=7,6Hz),

[+D
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1H]; 7,87-7,62 (m, 5H); 7,41-7,32 (m, SH); 7,06-6,98 (m, 1H); 4,72-4,60 (m, 1H);
4,45 (s, 2H); 4,42-4,23 (m, 1H); 3,92-3,79 (m, 2H); 3,55-3,20 (m, 11H); 3,06-2,97
(m, 1H). MS: (M+H)" 579.

EJEMPLO 3

Ester bencilico del acido 4-{2-[(morfolin-4-carbonil)-amino]-3-

fenilmetansulfonil-propionilamino}-3-o0xo-azepan-1-carboxilico

(Compuesto 3)

Se combinan éster bencilico del 4cido 4-amino-3-hidroxi-azepan-1-carboxilico
crudo (150 mg; 0,57 mmol) preparado como en la referencia 2, acido 2-[(morfolin-4-
carbonil)-amino]-3-fenilmetansulfonil-propiénico (400 mg; 1,12 mmol), EDC (400 mg;
2,1 mmol), y HOBt (400 mg; 2,5 mmol). Se agrega diclorometano (10 mL) seguido de 4-
metilmorfolina (0,5 mL). La mezcla se agita a temperatura ambiente durante 2 horas.
Después de diluirla con acetato de etilo (100 mL), la solucién se lava con HC1 1 N,
solucion acuosa saturada de NaHCO; y solucién saturada de cloruro de sodio, se seca con
MgSQ, y se evapora bajo vacio. El residuo se purifica por cromatografia instantanea
(acetato de etilo/metanol 9:1) para producir el éster bencilico del 4cido 3-hidroxi-4-{2-
[(morfolin-4-carbonil)-amino]-3-fenilmetansulfonil-propionil-amino} -azepan-1-
carboxilico (320 mg).

Se disuelve éster bencilico del acido 3-hidroxi-4-{2-[(morfolin-4-carbonil)-
amino)-3-fenilmetansulfonil-propionilamino}-azepan-1-carboxilico (100 mg; 0,167
mmol) en DMSO (5 mL). Se agrega trietilamina (0,3 mL) y a continuacién complejo
SOs-piridina (150 mg) y la mezcla se agita a temperatura ambiente durante 3 horas.
Después de diluirla con acetato de etilo (100 mL), la solucién se lava con agua (S0mL) y
solucién saturada de cloruro de sodio, se seca con MgSQs y se evapora bajo vacio. El

residuo se purifica por cromatografia instantanea sobre silica gel (eluyente: metanol al 5

2
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% en acetato de etilo) para producir éster bencilico del cido 4- {2-[(morfolin-4-carbonil)-

amino]-3-fenilmetansulfonil-propionilamino}-3-0x0-azepan- 1-carboxilico (75 mg); 'H

NMR: (DMSO) 8,23-8,08 (m, 1H); 7,40-7,29 (m, 10H); 7,06-6,98 (m, 1H); 5,20-5,09
(m, 2H); 4,79-4,65 (m, 1H); 4,52-4,31 (m, 3H); 4,02-3,80 (m, 2H); 3,62-3,23 (m, 11H);
3,00-2,78 (m, 1H); 1,88-1,55 (m, 4H); MS: (M+H)*601.

EJEMPLO 4

[1-(3-bencensulfonilamino-2-oxo-propilcarbamoil)-2-fenilmetansulfonil-etil]-

amida del dcido morfolin-4-carboxilico

(Compuesto 4)

Ss=0

0
JOL N’H i E
Oy S

)

Se prepara la sal TFA de la N-(3-amino-2-hidroxi-propil)-bencensulfonamida
como se indica en Renee L. DesJarlais et al. J. Am. Chem. Soc. 1998, 120, 9114-9115.

Se combinan 4cido 2-[(morfolin-4-carbonil)-amino]-3-fenilmetansulfonil-
propidénico (50 mg; 0,14 mmol), sal TFA de N-(3-amino-2-hidroxi-propil)-
bencensulfonamida (60 mg; 0,17 mmol), EDC (100 mg; 0,52 mmol), y HOBt (100 mg;
0,64 mmol). Se agrega DMF (3 mL) y a continuacién 4-metilmorfolina (0,3 mL). La
mezcla se agita a temperatura ambiente durante 3 horas. Después de diluirla con acetato
de etilo (100 mL), la solucidn se lava con HC1 1 N, solucidn acuosa saturada de NaHCO;
y solucién saturada de cloruro de sodio, se seca con MgSQy y se evapora bajo vacio. El
residuo se disuelve en acetona (5 mL). Se agrega el reactivo de Jones hasta que persista
el color naranja. La mezcla se agita durante 2 horas, se enfria con isopropanol y se diluye
con acetato de etilo (100 mL). La solucion se lava con agua, solucién acuosa saturada de
NaHCO; y solucién saturada de cloruro de sodio, se seca con MgSQy y se evapora bajo
vacio. El producto crudo se recristaliza de acetato de etilo/éter dietilico para dar [1-(3-

bencensulfonilamino-2-oxo-propilcarbamoil)-2-fenilmetansulfonil-etil]-amida del 4cido

morfolin-4-carboxilico como un sélido blanco (19 mg); 'HNMR: (DMSO0) 8,17 (t,J=5,7

;/,?/‘
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Hz, 1H); 7,93 (t,J=5,9 Hz, 1H); 7,76-7,48 (m, SH); 7,36-7,29 (m, 5H); 7,05 (d, J=8,1 Hz,
1H); 4,68-4,59 (m, 1H); 4,45 (s, 2H); 3,89 (d, J=5,7 Hz, 2H); 3,79-3,75 (m, 2H); 3,56-
3,22 (m, 10H); MS: (M+H)" 567.

EJEMPLO 5

N-{15-[15-(4-metoxifenilsulfamoilmetil)-3-fenilpropilcarbamoil]-2-

bencilsulfoniletil}-morfolin-4-carboxamida

(Compuesto 7)

Se trata una mezcla compuesta por 4cido 2S-morfolin-4-ilcarbonilamino-3-
bencilsulfonil-propiénico (0,194 g; 0,599 mmol), clorhidrato de 2§-amino-N-(4-
metoxifenil)-4-fenilbutan-1-sulfonamida (0,222 g; 0,599 mmol), preparada como en la
referencia 3, y HATU (0,228 g; 0,599 mmol) en DMF (5 mL) con 4-metilmorfolina
(0,198 g; 1,80 mmol). La mezcla se agita a temperatura ambiente durante
aproximadamente 12 horas y a continuacidn se reparte en una mezcla (100 mL total) de
acetato de etilo, THF, agua y solucién saturada de cloruro de sodio 4:1:2:3,
respectivamente. La fase organica se separa y se lava con solucién acuosa saturada de
bicarbonato de sodio (30 mL) y solucién saturada de cloruro de sodio (30 mL), se seca
(MgS0.), se filtra y se concentra. El residuo se tritura con éter/acetato de etilo 5:1 (100
mL), se recoge por filtracidn, se lava con éter (30 mL), hexano (30 mL), y se seca con

bomba para obtener N-{15-[15-(4-metoxifenilsulfamoilmetil)-3-fenilpropilcarbamoil]-2-

bencilsulfoniletil}-morfolin-4-carboxamida. TLC Ry (acetato de etilo): 0,65; 'H NMR

(DMSO): 1,74 (1H, m); 1,92 (1H, m); 2,39-2,61 (2H, m); 3,1-3,35 (2H, 2xdd*); 3,34
(4H, m); 3,42-3,65 (6H, m*); 3,72 (3H, 5); 4,24 (1H, m); 4,51 (2H, s); 4,61 (1H, m); 6,88
(2H, d, J=9 Hz); 7,1-7,34 (8H, m); 7,4 (5H, s); 8,12 (1H, d, J=8,7 Hz); MS (M-+1): 673.
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Procediendo como en el ejemplo S, se preparan los siguientes compuestos de formula I:

bromhidruro de N-{15-[5-amino-1S5-(4-metoxifenilsulfamoil-

metil)pentilcarbamoil} -2-bencilsulfoniletil-morfolin-4-carboxamida (compuesto 5); 'H

NMR (DMSO): 1,15-1,73 (6H, m*); 2,71 (2H, m); 3,05-3,25 (2H, 2xdd); 3,37 (4H, m);
3,45-3,6 (6H, m*); 3,72 (3H, s); 4,21 (1H, m); 4,49 (2H, dd); 4,5 (1H, m*); 6,89 (2H, d,
J=8,9 Hz); 7,09 (1H, m*); 7,15 (2H, d, J=8,9 Hz); 7,39 (5H, s); 7,73 (3H, br. s); 8,03
(1H, d, J=8,6 Hz); 9,47 (1H, s); MS (M+1): 640, base libre); y 6-(4-

metoxifenilsulfamoil)-55-( 25-morfolin-4-ilcarbonilamino-3-bencilsulfonil-

propionilamino)hexilcarbamato de bencilo (compuesto 6); TLC Ry (acetato de etilo): 0,3;

'"H NMR (DMSO): 1,1-1,65 (6H, m); 2,94 (2H, q, J=6 Hz); 3,05-3,22 (2H, 2xdd); 3,34
(4H, m*); 3,35-3,59 (2H, m*); 3,53 (4H, brs); 3,71 (3H, s); 4,19 (1H, m*); 4,53 (2H, dd,
J=15 Hz), 4,57 (1H, m*); 5,00 (2H, s); 6,89 (2H, d, J=8,4 Hz), 7,05 (1H, d, ]=8 Hz); 7,15
(2H, d, J=8,4 Hz); 7,24 (1H, t); 7,3-7,45 (10H, 2xs); 7,99 (1H, J=8 Hz); MS (M+): 774.

EJEMPLO 6

Ensayo de catepsina S

Se preparan soluciones de diversas concentraciones de los compuestos de prueba
en 10 pL de dimetil sulféxido (DMSO) y a continuacién se diluyen en solucidn
amortiguadora (40 pL, que contiene: MES, 50 mM (pH 6,5); EDTA, 2,5 mM; y NaCl,
100 mM). Se agrega catepsina S humana (0,158 pmoles en 25 pL de solucién
amortiguadora del ensayo) a las diluciones. Las soluciones del ensayo se mezclan durante
5 a 10 segundos en un agitador para placas, se cubren y se incuban durante 30 minutos a
temperatura ambiente. Se agrega Z-Val-Val-Arg-AMC (9 nmoles en 25 pL de solucién
amortiguadora del ensayo) a las soluciones del ensayo y se sigue la hidrolisis
espectrofotométricamente a (A 460 nm) durante 5 minutos. Se calculan las constantes de
inhibicién aparente (K;) a partir de las curvas de progreso de la enzima usando modelos

matematicos estandar.
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EJEMPLO 7

Ensayo de catepsina B

Se preparan soluciones de diversas concentraciones de los compuestos de prueba
en 10 pL de dimetil sulféxido (DMSO) y a continuacién se diluyen en solucién
amortiguadora (40 uL, que contiene: acido N,N-bis(2-hidroxietil)-2-aminoetansulfénico
(BES), 50 mM (pH 6); monolaurato de polioxietilensorbitan, 0,05 %; y ditiotreitol
(DTT), 2,5 mM). Se agrega catepsina B humana (0,025 pmoles en 25 pL de solucién
amortiguadora del ensayo) a las diluciones. Las soluciones del ensayo se mezclan durante

5 a 10 segundos en un agitador para placas, se cubren y se incuban durante 30 minutos a

* temperatura ambiente. Se agrega Z-FR-AMC (20 nmoles en 25 uL de solucién

amortiguadora del ensayo) a las soluciones del ensayo y se sigue la hidrélisis
espectrofotométricamente a (A 460 nm) durante 5 minutos. Se calculan las constantes de
inhibicién aparente (K;) a partir de las curvas de progreso de la enzima usando modelos

matematicos estandar.

EJEMPLO 8

Ensayo de catepsina K

Se preparan soluciones de diversas concentraciones de los compuestos de prueba
en 10 pL de dimetil sulféxido (DMSO) y a continuacion se diluyen en solucién
amortiguadora (40 uL, que contiene: MES, 50 mM (pH 5,5); EDTA, 2,5 mM; yDTT, 2,5
mM). Se agrega catepsina K humana (0,0906 pmoles en 25 uL de solucién
amortiguadora del ensayo) a las diluciones. Las soluciones del ensayo se mezclan durante
5 a 10 segundos en un agitador para placas, se cubren y se incuban durante 30 minutos a
temperatura ambiente. Se agrega Z-Phe-Arg-AMC (4 nmoles en 25 uL de solucién
amortiguadora del ensayo) a las soluciones del ensayo y se sigue la hidrolisis
espectrofotométricamente a (A 460 nm) durante 5 minutos. Se calculan las constantes de
inhibicién aparente (K;) a partir de las curvas de progreso de la enzima usando modelos

matematicos estandar.

J10
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EJEMPLO 9

Ensayo de catepsina L

Se preparan soluciones de diversas concentraciones de los compuestos de prueba
en 10 pL de dimetil sulféxido (DMSO) y a continuacién se diluyen en solucién
amortiguadora (40 pL, que contiene: MES, SO0 mM (pH 5,5); EDTA, 2,5 mM; yDTT, 2,5
mM). Se agrega catepsina L humana (0,05 pmoles en 25 uL de solucién amortiguadora
del ensayo) a las diluciones. Las soluciones del ensayo se mezclan durante 5al0
segundos en un agitador para placas, se cubren y se incuban durante 30 minutos a
temperatura ambiente. Se agrega Z-Phe-Arg-AMC (1 nmoles en 25 pL de solucién
amortiguadora del ensayo) a las soluciones del ensayo y se sigue la hidrolisis
espectrofotométricamente a (A 460 nm) durante 5 minutos. Se calculan las constantes de
inhibicidn aparente (K;) a partir de las curvas de progreso de la enzima usando modelos
matematicos estandar.

Los compuestos de la invencion se prueban de acuerdo con los ensayos descritos
previamente para ]a inhibicién de la proteasa y se observa si presentan accién inhibidora
selectiva de la catepsina S. Por ejemplo, se encontrd que los compuestos de la invencién
inhiben la actividad de la proteasa catepsina S a concentraciones que son por lo menos 50
veces menores que las concentraciones necesarias para producir una inhibicidn
equivalente de la actividad de la proteasa catepsina K. Las constantes de inhibicién
aparente (K;) de la actividad de la catepsina S para los compuestos de la invencién, se

encuentran en el intervalo entre aproximadamente 10'° M y 107 M.

EJEMPLO 10
Formulaciones farmacéuticas representativas que contienen un compuesto de

formula I

FORMULACION ORAL
Compuesto de formula I 10-100 mg

Acido citrico monohidratado 105 mg

116
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Hidréxido de sodio 18 mg
Saborizante
Agua c.s para 100 mL

FORMULACION INTRAVENOSA

Compuesto de férmula I 0,1-10 mg

Dextrosa monohidratada c.s. para hacer isotonica
Acido citrico monohidratado , 1,05 mg

Hidroxido de sodio 0,18 mg

Agua para inyeccidn c.s para 1,0 mL

FORMULACION EN COMPRIMIDOS

Compuesto de formula I 1%
Celulosa microcristalina 73 %
Acido estearico 25 %

Silica coloidal 1 %.

17
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SE REIVINDICA:
1. Un compuesto de féormula I:
X2R?
0
XI/S( )2
R4 . x3
\N
H
0
I
en la que:

X'y X* son ambos metileno o X' es etileno y X? es un enlace;

R®es -CR’=CHR®, -CR’ (CR%),0 -CR"=NR?, en los que R’ es hidrogeno yR% es
hidrégeno o un alquilo(C,4) o R’ y R® junto con los atomos a los que R’ y R® estan
unidos forman un cicloalquenilo(Cs. ,), un heterocicloalquenilo(Cs. ), un arilo(Cs.12), un
heteroarilo(Cs.12), un bicicloarilo(Cs. ;) o un heterobicicloarilo(Cs.;2) y R’ y R® junto con
los atomos a los que R’ y R? estan unidos forman un heterocicloalquenilo(Cs_},), un
heteroarilo(Cs.12) 0 un heterobicicloarilo(Cg.;;), en el que R> esta opcionalmente
sustituido con 1 a 5 radicales elegidos independientemente entre un grupo que consiste
en: un alquilo(C,.4), un radical ciano, un halégeno, un alquilo(C;_4) halo-sustituido, un
radical nitro, - X*NR’R’, - X*OR’, - X*SR’, - X*C(O)NR°R’, -X*C(0)OR’, -X“S(O)R"",
—XAS(O)ZR'0 y -X*C(O)R', en el que X* es un enlace o un alquileno(C,,), R’ cada vez
que esta presente es independientemente hidrogeno, un alquilo(C;.3) o un alquilo(C;.3)
halo-sustituido y R' es un alquilo(C).3) o un alquilo(C.;) halo-sustituido; y

R*es -C(O)X°R'" 0 - S(0),X°R"", enlos que X® es un enlace, -O- o0 -NR'?- en
el que R'? es hidrégeno o un alquilo(C,), y R es (i) un alquilo(C.) opcionalmente
sustituido con -OR™, -SR", -S(O)R, -S(O)R", -C(O)R®, -C(O)OR",
-C(O)NR"R", -NR""R", -NR"C(O)R", -NR"C(O)OR", -NR'*C(O)NR"’R" o
-NR"“C(NR'Y)NR"R", en los que R" es un cicloalquil(Cj.3)alquilo(Cy.3), un

heterocicloalquil(Cs.i,)alquilo(Cy.3), un anl(Cs.12)alquilo(Cy.3), un
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heteroaril(Cs.j;)alquilo(Cy.3), un bicicloaril(Cy.j2)alquilo(Cy.3) 0 un
heterobicicloaril(Cg.;2)alquilo(Co3) y R' cada vez que esta presente es
independientemente hidrégeno o un alquilo(C, ), o (ii) un cicloalquil(Cs.j2)alquilo(Cy.3),
un heterocicloalquil(Cs.z)alquilo(Cy.3), un aril(Cg.12)alquilo(Cy.3), un
heteroaril(Cs.;2)alquilo(Cy.3), un bicicloaril(Cy.12)alquilo(Cy.3) 0 un
heterobicicloaril(Cs. ;)alquilo(Cyp.3) o (ii1) un cicloalquil(Csg)alquilo(Co3), un
heterocicloalquil(Cs.g)alquilo(Cy.3), un fenilalquilo(Cy.3) 0 un heteroaril(Cs_g)alquilo(Co.3)
sustituido con -X°OR", -X%SR", -X’S(O)R", -X’S(O%R", -X°C(OR",
-X°C(O)OR", -X C(O)NR*R'S, -X*NR"*R'¢, - X®NR'*C(O)R", - X*NR'°C(O)OR *,
-X°NR'*C(O)NR"*R'S, -X*NR'SC(0)OR'®, -X*NR'*C(NR'YNR*R ¢, en los que X% es
un enlace o metileno, R es un cicloalquil(C;¢)alquilo(Cy.3), un
heterociclbalquil(CsJ:,)alquilo(Co_g), un fenilalquilo(Cy.3) 0 un heteroaril(Cs.s)alquilo(Cy.3)
yR'Ces hidrégeno o un alquilo(C,.); en los que R* contiene ademas opcionalmente 1 a5
sustituyentes que cuando estan presentes dentro de un anillo aliciclico o aromatico son
radicales elegidos independientemente entre un grupo que consiste en: un alquilo(C.g),
un alquilideno(C;.), un radical ciano, un halégeno, un radical nitro, un alquilo(C;.3)
halo-sustituido,  -X°NR'R',  -X*NR"C(O)OR", -X°NR'"C(O)NR''R",
-X°NRVCNR'INR''R", -X°OR'7", -X°SR", | -X°C(O)OR"", -X*C(O)NR'R",
-X’S(0),NR""R"7, -X°P(O)OR'®OR"", -X°OP(O)(OR'*)OR", -X°NR'"C(O)R'®,
-X’S(O)R'S, —XGS(O)ZR18 y -X’C(O)R"® y que cuando estan presentes dentro de una
porcidn alifatica son radicales elegidos independientemente entre un grupo que consiste
en: un radical ciano, un haldégeno, un radical nitro, -NR'"R"7, —NR”C(O)OR”,
-NR""C(O)NR'R", -NRCNR')NR'R”, -OR', -SR', -C(O)OR",
-C(ONR'R",  -S(0),NR"R",  -P(O)OR')OR',  -OP(O)OR')OR",
-NR"C(O)R®, -S(O)R'S, -S(O),R"® y -C(O)R'®, en los que X° es un enlace o un
alquileno(C,.6), R'" cada vez que esta presente es independientemente hidrégeno, un
alquilo(C,¢) o un alquilo(C.3) halo-sustituido y R'® es un alquilo(C,.¢) 0 un alquilo(C, 3)
halo-sustituido;

X es un grupo de férmula (a), (b) o (¢):

224
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'F ;quo o ,?20 Tzo | 20
N
;&’ —+R¥ %NWN\st - 'Nw/\/ \iN\st
0] 0]
( N\R2' g3 RY R
(a) (b) ()
nes0,102;

R se elige entre un grupo que consiste en: hidrégeno, un alquilo(Cy.g), un
cicloalquil(Cs_)2)alquilo(Cy.g), un heterocicloalquil(Cs.;2)alquilo(Cq.), un
aril(Ce.12)alquilo(Cy.6) y un heteroaril(Cs.;2)alquilo(Co.);

R” se elige entre el grupo que consiste en: hidrégeno, un alquilo(C;.g), un
cicloalquil(Cs.;;)alquilo(Cy.g), un heterocicloalquil(Cs.2)alquilo(Cy.g), un
aril(Cg.12)alquilo(Cy.), un heteroaril(Cs. 2)alquilo(Co.), un bicicloaril(Cy.;;)alquilo(Cy.3),
un heterobicicloaril(Cg.i2)alquilo(Cy.3), -C(O)R*, -C(S)R?, -S(O),R*, -C(O)OR*,
-C(O)N(R®™)R”, -C(S)N(R*)R? y ~S(0),N(R*")R?;

R® se elige entre un alquilo(Cis), un alquenilo(Csg), un
cicloalquil(Cs_12)alquilo(Cy.), un heterocicloalquil(Cs.2)alquilo(Cy), un
aril(Cs.12)alquilo(Cy.) 0 un heteroaril(Cs.;;)alquilo(Cy.¢) opcionalmente sustituido con un
grupo amino, -NHC(O)R'"® 0 -R"® en los que R'° es como se defini6 antes;

R” se elige entre hidrégeno, un alquilo(C).¢), un cicloalquil(Cj.;;)alquilo(Cy.g),
un heterocicloalquil(Cs.j;)alquilo(Cy), un aril(Cq.12)alquilo(Cy), un heteroaril
(Cs.13)alquilo(Co.), -X*NHR ', -X*S(0),R* 0 -X*C(O)R''NR'"C(O)R'" en los que R,
R" y X* son como se los defini6 antes;

R* se elige entre un grupo que consiste en: hidrégeno, un alquilo(Ci.s), un
cicloalquil(Cj.12)alquilo(Cy.), un heterocicloalquil(Cs.;;)alquilo(Co.g), un
aril(Cq.12)alquilo(Cy.s), un heteroaril(Cs.12)alquilo(Cy.s), un bicicloaril(Cs.13)alquilo(Cy.3)
o un heterobicicloaril(Cs.12)alquilo(Cy.3);

R*’ es hidrogeno, un alquilo(C;¢), un cicloalquil(Cs.j;)alquilo(Co), un
heterocicloalquil(Cs.;;)alquilo(Co.), un aril(Ce.12)alquilo(Co.g) 0 un

heteroaril(Cs._,;)alquilo(Cy.);

1 90
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en el que X’ contiene ademas opcionalmente 1 a § sustituyentes que cuando estan
presentes en un anillo aliciclico o aromatico son radicales elegidos independientemente
entre un grupo que consiste en: un alquilo(C, ), un alquilideno(C, ), un radical ciano, un
halégeno, un radical nitro, un alquilo(C1_3) halo-sustituido, —X6NR”R17,
“X*NR''C(O)OR", -X*NR''C(O)NR''R"”, “XNRCNR'NR'R!?, -X°OR",
-X°C(O)R", -X°0OR ", -X®SR"", -X*C(0)OR", - X*C(O)NR''R"7, -X’S(O),NR''R"7,
-X°P(O)YOR*OR",  -X°OP(O)OR®OR'", -X°NR'C(O)R'], -XSS(O)R'®,
—X6S(O);>_R]8 y —XGC(O)R]8 y cuando estan presentes dentro de una porcién alifatica son
radicales elegidos independientemente entre un grupo que consiste en: un radical ciano,
un halégeno, un radical nitro, -NR''R", -NR"C(O)OR", -NR"C(O)NR'R",
-NR'"C(NR")NR'"R'", -OR"", -SR"", -C(0)OR", -C(O)NR''R", -S(0),NR''R"7,
-P(O)(OR')OR", -OP(O)OR')OR", -NR'"C(O)R™, -S(O)R'®, -S(O)R' vy
—C(O)R'g, enlosque R 5, R”, RS y X5 son como se los definié antes; y los derivados N-
o0xido, derivados profarmaco, derivados protegidos, cada uno de los isémeros y mezclas
de isdmeros de éstos; y las sales y solvatos aceptables desde el punto de vista
farmacéutico de dichos compuestos y los derivados N-6xido, derivados profiarmaco,

derivados protegidos, cada uno de los isémeros y mezclas de isémeros de éstos.

2. El compuesto de la reivindicacién 1 en el que X' y X* son ambos metileno o X'
esetilenoy X%esun enlace; R es -CR? =CHR6, -CRS(CR63)2 o —CR7=NR8, en los que R’
es hidrogeno y R es hidrégeno o un alquilo(C,4) o R® y RS junto con los atomos a los
que R® y R® estan unidos forman un cicloalquenilo(Cs.j), un arilo(Cg.12), un
heteroarilo(Cs.12) 0 un bicicloarilo(Cs.12) y R’ y R® junto con los dtomos a los queR’yR®
estan unidos forman un heterocicloalquenilo(Cs.12) o un heteroarilo(Cs. 2), en los que R?
esta opcionalmente sustituido con 1 a 5 radicales que se eligen independientemente entre
un grupo que consiste en: un alquilo(C, 4), un radical ciano, un halégeno, un alquilo(C)_)
halo-sustituido, - X*OR’ y -X*C(0)OR’, en los que X* es un enlace o un alquileno(C, ),
R’ cada vez que esta presente es independientemente un alquilo(C,.3) o un alquilo(C;.3)
halo-sustituido; y los derivados N-6xido, derivados profarmaco, derivados protegidos,

cada uno de los isdmeros y mezclas de isdmeros de éstos; y las sales y solvatos
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aceptables desde el punto de vista farmacéutico de dichos compuestos y los derivados
N-6xido, derivados profarmaco, derivados protegidos, cada uno de los isémeros y

mezclas de isdmeros de éstos.

3. El compuesto de lareivindicacion 2 en el que Res - C(O)XR' o - S(0);X°R",
en los que X’ esun enlace, -O- 0 -NR'2- encel queR"es hidrégeno o un alquilo(C, ¢),
y R" es (i) un alquilo(Ci.¢) o (ii) un heterocicloalquil(Cs.j;)alquilo(Cy.3), un
ar1l(Cs.12)alquilo(Cy.3), un heteroaril(Cs.;)alquilo(Cy.3), un bicicloaril(Cy. 2)alquilo(Cy.3)
o un heterobicicloaril(Cs.i2)alquilo(Co.3) o (iii) un heterocicloalquil(Cs.¢)alquilo(Cy.3) 0
un fenilalquilo(Cy.3) sustituido con -X°OR"’, -X°C(O)R'* 0 -X*NR'°C(O)OR'®, en los
que X° es un enlace o metileno, R es un fenilalquilo(Cy3) o un
heteroaril(Cs.)alquilo(Co.;) y R'® es hidrégeno o un alquilo(C.¢); en el que R’ contiene
ademas opcionalmente 1 a 5 sustituyentes que cuando estan presentes dentro de un anillo
aliciclico o aromatico son radicales que se eligen independientemente entre el grupo que
consiste en: un alquilo(C,.), un haldgeno, —X(’NR”R”, —XGOR”, —X6C(O)OR]7, -
XGNC(O)R16 y -X°C(O)R'®, R" cada vez que esta presente es independientemente
hidrégeno, un alquilo(C,.) 0 un alquilo(C; ;) halo-sustituido y R'® es un alquilo(C,¢) o
un alquilo(C,.3) halo-sustituido; y los derivados N-6xido, derivados profarmaco,
derivados protegidos, cada uno de los isémeros y mezclas de isémeros de éstos; y las
sales y solvatos aceptables desde el punto de vista farmacéutico de dichos compuestos y
los derivados N-6xido, derivados profirmaco, derivados protegidos, cada uno de los

isdmeros y mezclas de isdmeros de éstos.

4. El compuesto de la reivindicacién 3 en el que X es un grupo con la férmula (a),
(b) o (c):
R0 2
' 0 }IQZO o ilq20 }IQ 0 IT\,zo
N
& N N 2N N
??., | R20 3{ w)\r \R25 ,?-L \’/O>S\\O \R25
( N\R?‘l RS R R2

(a) (b) (c)

j 2 ¥
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nes0,1062;

R se eli ge entre el grupo consistente en hidrégeno y un alquilo(C.g);

R*' se selecciona entre el grupo que consiste en: un alquilo(C;.), un
aril(Cs.12)alquilo(Co.q), -C(O)R?, -S(0),R*, -C(0)OR? y -C(O)N(R*)RY;

R” se eli ge entre un alquilo(C,.¢) opcionalmente sustituido con un grupo amino,
-NHC(O)R" 0 -R" en el que R" es como se definié antes;

R? se elige entre un alquilo(C,), un aril(Cs.12)alquilo(Cy.), -X*S(0),R* o
-X*C(O)R' 7NR'7C(O)R]7 en los que R'” y X* son como se definieron antes y R?® es como
se define a continuacion;

R se elige entre un grupo que consiste en: un alquilo(Ci4), un
heterocicloalquil(Cs.i2)alquilo(Co.), un aril(Cq.12)alquilo(Cy.g), un
heteroaril(Cs.i2)alquilo(Co.) y un bicicloaril(Cy.j2)alquilo(Cy.3);

R? es un alquilo(C,);

en el que X contiene ademas opcionalmente 1 a 5 sustituyentes que cuando estan
presentes dentro de un anillo aliciclico o aromatico son radicales que se eligen
independientemente entre el grupo que consiste en: un alquilo(C.¢), un radical ciano, un
halégeno, -X°OR", -X*C(O)R" y -X°OR"; y los derivados N-6xido, derivados
profarmaco, derivados protegidos, cada uno de los isémeros y mezclas de isémeros de
estos; y las sales y solvatos aceptables desde el punto de vista farmacéutico de dichos
compuestos y los derivados N-6xido, derivados profarmaco, derivados protegidos, cada

uno de los isémeros y mezclas de isémeros de éstos.

5. El compuesto de la reivindicacién 4 en el que R’ se elige entre el grupo que
consiste en: fenilo, piridin-2-ilo, piridin-3-ilo, piridin-4-ilo,  vinilo, 2-
difluorometoxifenilo, 1-oxi-piridin-2-ilo, 4-metoxifenilo, 4-metilfenilo, 2-metilfenilo, 4-
clorofenilo, 3,5-dimetilfenilo, 4-trifluorometilfenilo, 4-trifluorometoxifenilo, 2-
bromofenilo, naftalen-2-ilo, 3,4-diclorofenilo, 3-metilfenilo, 3-trifluorometilfenilo, 3-
trifluorometoxifenilo, 2,3,4,5,6-pentafluorofenilo, 2-fluorofenilo, 2-clorofenilo, 2-
cianofenilo, 2-trifluorometilfenilo, 4-terc-butilfenilo, 3-clorofenilo, 4-bromofenilo, 2-

fluoro-3-cloro-fenilo, 2-fluoro-3-metilfenilo, 3-fluorofenilo, 2,5-difluorofenilo, 3-
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bromofenilo, 2,5-diclorofenilo, 2,6-difluorofenilo, 3-cianofenilo, 4-cianofenilo, 2-
trifluorometoxifenilo, 2,3-difluorofenilo, bifenilo, 2-bromo-5-fluorofenilo, 4-
fluorofenilo, 3,4-difluorofenilo, 2,4-difluorofenilo, 2,4,6-trifluorofenilo, 2,4,5-
trifluorofenilo, 2,3,4-trifluorofenilo, 2-cloro-5-trifluorometilfenilo, 2,4-bis-
trifluorometilfenilo, 2,5,6-trifluorofenilo, 2-fluoro-3-trifluorometilfenilo, 2-fluoro-4-
trifluorometilfenilo, 2-fluoro-5-trifluorometilfenilo, 2,3,5-trifluorofenilo, 2-fluoro-5-
trifluorometilfenilo, 5-fluoro-2-trifluorometilfenilo, 4-fluoro-3-trifluorometilfenilo, 2-
metoxifenilo, 3,5-bis-trifluorometilfenilo, 4-difluorometoxifenilo, 3-
difluorometoxifenilo, 2,6-diclorofenilo, 4-carboxifenilo, ciclohexilo, ciclopropilo,

isopropilo, tiofen-2-ilo, 5-cloro-tiofen-2-ilo y 3,5-dimetil-isoxazol-4-ilo.

6. El compuesto de la reivindicacion 5 en el que R* es benzoilo, morfolin-4-
carbonilo, acetilo, furan-3-carbonilo, 2-metoxibenzoilo, 3-metoxibenzoilo, naftalen-2-
carbonilo, benzo[ 1,3]dioxol-5-carbonilo, 3-piridin-3-il-acriloilo, benzofuran-2-carbonilo,
furan-2-carbonilo, terc-butoxicarbonilo, bifenil-4-carbonilo, quinolin-2-carbonilo,
quinolin-3-carbonilo, 3-acetilbenzoilo, 4-fenoxibenzoilo, 3-hidroxibenzoilo, 4-
hidroxibenzoilo, piridin-3-carbonilo, 3-(terc-butoxicarbonilamino-metil)-benzoilo, éster
terc-butilico del 4cido 4-carbonil-piperazin-1-carboxilico, éster etilico del acido 4-
carbonil-piperazin-1-carboxilico, 4-(furan-2-carbonil)-piperazin-1-carbonilo, piridin-4-
carbonilo, 1-oxi-piridin-4-carbonilo, 1-oxi-piridin-3-carbonilo, tiofen-2-carbonilo, tiofen-
3-carbonilo, 4-benzoilbenzoilo, S-metil-tiofen-2-carbonilo, 3-cloro-tiofen-2-carbonilo, 3-
bromo-tiofen-2-carbonilo, 4-clorobenzoilo, 3-fluoro-4-metoxi-benzoilo, 4-
metoxibenzoilo, 4-trifluorometoxibenzoilo, 3,4-difluorobenzoilo, 4-fluorobenzoilo, 3,4-
dimetoxibenzoilo, 3-metilbenzoilo, 4-bromobenzoilo, 4-trifluorometilbenzoilo, 3-
benzoilbenzoilo,  ciclopentancarbonilo,  benzo[b]tiofen-2-carbonilo,  3-cloro-
benzo[b]tiofen-2-carbonilo, bencensulfonilo, naftalen-2-sulfonilo, 5-metil-tiofen-2-
sulfonilo, tiofen-2-sulfonilo, formamil-metil éster, 4-metil-pentanoilo, formamil-isobutil
éster, formamil-monoalil éster, formamil-isopropil éster, N,N-dimetil-formamilo, N-
isopropil-formamilo, N-piridin-4-il-formamilo, N-piridin-3-il-formamilo, 3-fenil-

acriloilo, 1H-indol-5-carbonilo, piridin-2-carbonilo,  pirazin-2-carbonilo, 3-hidroxi-
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piridin-2-carbonilo, 2-amino-piridin-3-carbonilo, 2-hidroxi-piridin-3-carbonilo, 6-amino-
piridin-3-carbonilo, 6-hidroxi-piridin-3-carbonilo, piridazin-4-carbonilo, 3-fenoxi-

benzoilo y 1-0x0-1,3-dihidro-isoindol-2-carbonilo.

7. El compuesto de reivindicacion 6 en el que X° se elige entre el grupo que consiste
en: éster bencilico del acido 4-amino-3-oxo0-azepan-1-carboxilico, éster isobutilico del
acido 4-amino-3-oxo-azepan-1-carboxilico, 4-amino-1-benzoil-azepan-3-ona, 4-amino-1-
bencensulfonil-azepan-3-ona, 4-amino-1-(piridin-2-sulfonil)-azepan-3-ona, 4-amino-1-
(1-oxi-piridin-2-sulfonil)-azepan-3-ona, 4-amino-1-(3,4-dicloro-bencensulfonil)-azepan-
3-ona, 4-amino-1-(2-fluoro-bencensulfonil)-azepan-3-ona, 4-amino-1-(3,4-dimetoxi-

bencenesulfonil)-azepan-3-ona, 4-amino-1-(2-ciano-bencensulfonil)-azepan-3-ona, 4-

amino-1-(naftalen-1-sulfonil)-azepan-3-ona, 4-amino-1-(tiofen-2-sulfonil)-azepan-3-ona,

4-amino-1-(tiazol-2-sulfonil)-azepan-3-ona, 4-amino-1-(pirrolidin-1-sulfonil)-azepan-3-
ona, 4-amino-1-metansulfonil-azepan-3-ona, 4-amino-1-(pirrolidin-1-carbonil)-azepan-3-
ona, dimetilamida del 4cido 4-amino-3-oxo-azepan-1-carboxilico, bencilamida del 4cido
4-amino-3-oxo-azepan-1-carboxilico, 4-amino-1-bencil-azepan-3-ona, 4-amino-1-bencil-
piperidin-3-ona, 4-amin0-1-benzoil-piperidin-3-ona, 4-amino-1-benzoil-pirrolidin-3-ona,
4-amino-1-bencil-pirrolidin-3-ona, 4-amino-1-bencensulfonil-pirrolidin-3-ona, 4-amino-
1-(5-metil-hexil)-pirrolidin-3-ona, 1-etil-2-0x0-3-(toluen-4-sulfonilamino)-butilamino, 1-
etil-2-ox0-3-(4-fenoxi-bencensulfonilamino)-propilamino, 1-etil-2-0x0-3-[4-(piridin-3-
tloxi)-bencensulfonilamino]-propilamino, 3-(dibenzofuran-2-sulfonilamino)-1-etil-2-
oxo-butilamino, 1-etil-3-[4-metil-2-(4-metil-pentanoilamino)-pentanoilamino]-2-0xo-
propilamino, 5-amino-1-[(4-metoxi-fenilsulfamoil)-metil]-pentilamino, 5-
benciloxicarbonilamino-1-[(4-metoxi-fenilsulfamoil)-metil]-pentilamino, 1-[(4-metoxi-
fenilsulfamoil)-metil]-3-fenil-propilamino, 1-{[4-(1-hidroxi-etil)-fenilsulfamoil]-metil}-
3-fenil-propilamino, 1-[(4-acetil-fenilsulfamoil)-metil]-3-fenil-propilamino, 1-[(4-
hidroxi-fenilsulfamoil)-metil]-3-fenil-propilamino y 3-fenil-1-[(2-fenilamino-

etilsulfamoil)-metil]-propilamino.

8. El compuesto de la reivindicacién 7 que se elige entre el grupo que consiste en
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(1-{5-amino-1-[(4-metoxi-fenisulfamoil)-metil]-pentilcarbamoil } -2-fenilmetansulfonil-
etil)-amida del acido morfolin-4-carboxilico, éster bencilico del acido (6-(4-metoxi-
fenilsulfamoil)-5- {2-[(morfolin-4-carbonil)-amino]-3-fenilmetan-sulfonil-

propionilamino}-hexil)-carbamico,  (1-{1-[(4-metoxi-fenilsulfamoil)-metil]-3-fenil-
propilcarbamoil}-2-fenilmetansulfonil-etil)-amida del acido morfolin-4-carboxilico, [1-
(3-bencensulfonilamino-2-oxo-propilcarbamoil)-2-fenilmetansulfonil-etil]-amida del
acido morfolin-4-carboxilico, [1-(1-benzoil-4-oxo-pirrolidin-3-ilcarbamoil)-2-
fenilmetansulfonil-etil]-amida del acido morfolin-4-carboxilico, [1-(1-bencensulfonil-4-
oxo-pirrolidin-3-ilcarbamoil)-2-fenilmetansulfonil-etil]-amida del acido morfolin-4-
carboxilico y éster bencilico del acido 4-{2-[(morfolin-4-carbonil)-amino]-3-

fenilmetansulfonil-propionilamino}-3-oxo-azepan-1-carboxilico.

9. Una preparacion farmacéutica que contiene una cantidad terapéuticamente eficaz
de un compuesto de la reivindicaciéon 1 en combinacién con un excipiente aceptable

desde el punto de vista farmacéutico.

10.  Unmétodo para tratar una enfermedad en un animal en el que la inhibicidn de la
catepsina S puede evitar, inhibir o mejorar la patologia y/o la sintomatologia de dicha
enfermedad, método que comprende la administracién al animal de una cantidad
terapéuticamente eficaz del compuesto de la reivindicacién 1 o un derivado N-6xido o
cada uno de los isdmeros o mezclas de isémeros de éstos; o una sal o solvato aceptables
desde el punto de vista farmacéutico de dichos compuestos y los derivados N-6xido,
derivados profirmaco, derivados protegidos, cada uno de los isdmeros y mezclas de

1sOmeros de éstos.

11. El uso de un compuesto de la reivindicacién 1 en la elaboracion de un
medicamento para tratar una enfermedad en un animal en el que la actividad de la

catepsina S contribuye a la patologia y/o sintomatologia de la enfermedad.
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12.  Un proceso para preparar un compuesto de férmula I:

en la que:

X' y X? son ambos metileno o X' es etileno y X? es un enlace;

R’ es-CR’=CHR®, -CR’ (CR%); 0 -CR"=NR®, en los que R’es hidrégeno yR% es
hidrégeno o un alquilo(C;4) o R’ y R® junto con los atomos a los que R® y R® estan
unidos forman un cicloalquenilo(Cs.2), un heterocicloalquenilo(Cs.j2), un arilo(Ce.12), un
heteroarilo(Cs.12), un bicicloarilo(Cs.1) 0 un heterobicicloarilo(Cs.12) y R’ y R® junto con
los atomos a los que R’ y R® estan unidos forman un heterocicloalquenilo(Cs.),), un
heteroarilo(Cs.12) o un heterobicicloarilo(Cs.;;), en el que R® esta opcionalmente
sustituido con 1 a 5 radicales elegidos independientemente entre un grupo que consiste
en: un alquilo(C,.4), un radical ciano, un halégeno, un alquilo(C,.s) halo-sustituido, un
radical nitro, - X*NR’R’, - X*OR’, - X*SR’, - X*C(O)NR°R’, -X*C(0)OR’, - X*S(O)R"°,
-X*S(0);R" y -X*C(O)R'?, enel que X* es un enlace o un alquileno(C).,), R’ cada vez
que esta presente es independientemente hidrégeno, un alquilo(C,.3) o un alquilo(C;.3)
halo-sustituido y R'’ es un alquilo(C, ;) o un alquilo(C;.3) halo-sustituido; y

R es -C(O)X°R" 0 - S(0),X’R", enlos que X° es un enlace, -O- o0 -NR'?-, en
el que R'? es hidrégeno o un alquilo(Cy), y R es (1) un alquilo(C, ) opcionalmente
sustituido con -OR", -SR", -S(O)R", -S(O}R", -C(O)R", -C(O)OR”,
~C(O)NR"R", -NR"*R", -NR"C(O)R", _NR"C(O)OR"}, -NR"*C(O)NR"’R" o
—NRMC(NRM)NR”RM, en los que R"” es un cicloalquil(Cs.1z)alquilo(Cq.3), un
heterocicloalquil(Cs.|;)alquilo(Cy.3), un aril(Cg._j2)alquilo(Cy.3), un
heteroaril(Cs. 2)alquilo(Cy.3), un bicicloaril(Cy.12)alquilo(Cy.3) 0 un

heterobicicloaril(Cs.i;)alquilo(Cy.3) R cada: vez que esta presente  es
q y : q

| 29
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independientemente hidrégeno o un alquilo(C;.), o (i1) un cicloalquil(Cs.j3)alquilo(Cy.3),
un heterocicloalquil(Cs.;3)alquilo(Cy.3), un aril(Cq.12)alquilo(Cy.3), un
heteroaril(Cs. ;)alquilo(Cy.3), un bicicloaril(Cy.13)alquilo(Cy.3) 0 un
heterobicicloaril(Cs. ;)alquilo(Cy.3) o (iii) un cicloalquil(Csg)alquilo(Co3), un
heterocicloalquil(Cs.)alquilo(Cy.3), un fenilalquilo(Cy.3) 0 un heteroaril(Cs.g)alquilo(Cy.3)
sustituido con -X°OR", -X%SR", -X’S(O)R", -X’S(O%LRY, -X°C(O)R®,
-X°C(0)OR ", - XSC(O)NRR'S, - XNR*R'S, - X*NR!SC(O)R", - X°NR'°C(O)OR",
-X°NR'®C(O)NR"R'®, -X°NR'*C(0)OR ¢, -X°NR'*C(NR')NR*R'®, en los que X’ es
un enlace o metileno, R es un cicloalquil(Cyg)alquilo(Cos), un
heterocicloalquil(Cs.g)alquilo(Cy.3), un fenilalquilo(Co.3) o un heteroaril(Cs.s)alquilo(Co.3)
yR'"Ces hidrégeno o un alquilo(C).); en los que R* contiene ademas opciqnalmente la$
sustituyentes que cuando estan presentes dentro de un anillo aliciclico o aromatico son
radicales elegidos independientemente entre un grupo que consiste en: un alquilo(C.),
un alquilideno(C,.s), un radical ciano, un halégeno, un radical nitro, un alquilo(C;.3)
halo-sustituido, ~ -X°NR'R',  -X°NR'C(O)OR", -X°NR'"C(O)NR''RY,
-X°NR"C(NR')NR'"R", -X°OR", -X’SR'", -X°C(0O)OR'’, -X°C(O)NR''R",
-X’S(0),NR''R", -X°P(O)(OR'*OR", -X°OP(O)(OR'*)OR", -XNR''C(O)R'®,
-X°S(O)R"3, -X°S(O),R'® y -X°C(O)R"® y que cuando estéﬁ presentes dentro de una
porcidn alifatica son radicales elegidos independientemente entre un grupo que consiste
en: un radical ciano, un haldégeno, un radical nitro, —NR”R”, —NR”C(O)OR”,
-NR'"C(O)NR'R", -NRCONR')NR'R", -OR"”, -SR", -C(O)OR",
-C(ONR"R"”,  -S(0),NR'R”,  -P(O)OR)OR',  -OP(O)©OR')OR",
-NR"C(O)R"®, -S(O)R'®, -S(0);R"® y -C(O)R", en los que X° es un enlace o un
alquileno(C,.6), R'” cada vez que esta presente es independientemente hidrégeno, un
alquilo(C).¢) 0 un alquilo(C).3) halo-sustituido y R'® es un alquilo(C,.) o un alquilo(C, 3)
halo-sustituido;

X? es un grupo de férmula (a), (b) o (c):
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20
IT 0] |IQ20 o R20 |IQ20 ITZO
N |
N N -N N
;?—: —,—-R2° ,z{ w)lﬁ/ SR2S S \I/o\//s\<0 SRS
( N ~g? RH3 R R
(a) (b) (©)

nes0,162;

R se elige entre un grupo que consiste en: hidrogeno, un alquilo(Ci), un
cicloalquil(Cj.;)alquilo(Co.), un heterocicloalquil(Cs. 2)alquilo(Cy.g), un
aril(Ce.12)alquilo(Cy.¢) y un heteroaril(Cs.;2)alquilo(Co.e);

R* se elige entre el grupo que consiste en: hidrogeno, un alquilo(C,.), un
cicloalquil(Cs.,;)alquilo(Cy.g), un heterocicloalquil(Cs.j3)alquilo(Cy.), un
aril(Cs.12)alquilo(Co.s), un heteroaril(Cs.i3)alquilo(Co.), un bicicloaril(Cs.2)alquilo(C.3),
un heterobicicloaril(Cs 12)alquilo(Co3), -C(O)R*, -C(S)R*, -S(O%,R*, -C(O)OR*,
-C(O)N(R™)R”, -C(S)N(R*)R? y -S(0),N(R*)R?,

R® se elige entre un alquilo(C.s), un alquenilo(Css), un
cicloalquil(Cs.j3)alquilo(Cy.g), un heterocicloalquil(Cs.;;)alquilo(Cy.g), un
aril(Cq.12)alquilo(Cy.6) 0 un heteroaril(Cs.j2)alquilo(Cy.¢) opcionalmente sustituido con un
grupo amino, -NHC(O)R'® 0 —-R"® en los que R'® es como se definié antes;

R se elige entre hidrégeno, un alquilo(C,.), un cicloalquil(Cj.;;)alquilo(Cy.s),
un heterocicloalquil(Cs.i2)alquilo(Copg), un aril(Ce.12)alquilo(Co.s), un heteroaril
(Cs.13)alquilo(Co.g), -X*NHR "%, -X*S(0),R? 0 -X*C(O)R'"NR'"C(O)R " en los que R,
R" y X* son como se los definié antes;

R se elige entre un grupo que consiste en: hidrégeno, un alquilo(C,.g), un
cicloalquil(C;.;2)alquilo(Cy.6), un heterocicloalquil(Cs.i3)alquilo(Co.), un
aril(Ce.12)alquilo(Cy.¢), un heteroaril(Cs.;;)alquilo(Co.g), un bicicloaril(Co.1;)alquilo(Cy.3)
y un heterobicicloaril(Cs.;;)alquilo(Cy.3);

R? es hidrogeno, un alquilo(C ), un cicloalquil(Cs.j2)alquilo(Cy), un
heterocicloalquil(Cs.2)alquilo(Co.g), un aril(Ce.12)alquilo(Cy.) o un
heteroaril(Cs. y)alquilo(Cy.s);

en el que X’ contiene ademas opcionalmente 1 a 5 sustituyentes que cuando estan
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presentes en un anillo aliciclico o aromatico son radicales elegidos independientemente

entre un grupo que consiste en: un alquilo(C ), un alquilideno(C ), un radical ciano, un

halégeno, un radical nitro, un alquilo(C,.;) halo-sustituido, -X°NR'R,

-X*NRYC(0)OR", -X*NR'"C(O)NR'R", -X°NRC(NR')NR''R'", -X°OR",

5 -X°C(O)R", -X°OR", -X5SR"7, -X*C(0)OR"", -X°C(O)NR''R"7, -X°S(0),NR''R"7,

-X°P(O)(OR*HOR",  -X°OP(OYOR®HOR', -XNR'"C(O)R'®, -X’S(O)R'®,

-X%S(0),R"®y -X®C(O)R'® y cuando estén presentes dentro de una porcidn alifatica son

radicales elegidos independientemente entre un grupo que consiste en un radical ciano,

un halégeno, un radical nitro, -NR''R", -NR"C(0)OR", -NR"C(O)NR'RY,

10 -NRCNR')NR''R", -OR"", -SR", -C(O)OR", -C(O)NR''R"", -S(0),NR''R"”,

-P(O)OR')OR", -OP(O)(OR')OR", -NR'C(O)R", -S(O)R'®, -S(O}R'® vy

-C(O)R', en los que R’ R'7 R'® y X® son como se los definié antes; comprendiendo
dicho proceso:

(A)hacer reaccionar un compuesto de férmula 2:

15
)|(2R3
X]/S(O)z

con un compuesto de formula (a):

}|{20 0
HN

(SN
(a)

20 en los que X', X%, R3, R R® y R?' son como se los define en el resumen de

la invencidn para la férmula I; o

(B) hacer reaccionar un compuesto de férmula 2 con un compuesto de férmula

(b):
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Il{ZO 0 I|{20 |
HN N 25
R23 R20

(b)
en los que R?, R? y R* son como se los define en el resumen de la invencién

para la féormula [; o

5 (C) hacer reaccionar un compuesto de férmula 2 con un compuesto de férmula

(c):
R20 R
I

|
HNw/\ /N\ 25
R
2 o//s\\o

R
(©)
en los que R?’, R y R? son como se los define en el resumen de la invencién
parala féormula [; y
10
(D) transformar opcionalmente un compuesto de formula I en una sal aceptable
desde el punto de vista farmacéutico;
(E) transformar opcionalmente un compuesto de férmula I en forma de sal en un
compuesto en una forma que no sea una sal;
15 (F) transformar opcionalmente una forma no oxidada de un compuesto de férmula
[ en un N-6xido aceptable desde el punto de vista farmacéutico;
(G) transformar opcionalmente una forma N-6xido de un compuesto de formula I
en su forma no oxidada;
(H) separar opcionalmente un isémero individual de un compuesto de férmula I de
20 una mezcla de isOmeros;
(I) transformar opcionalmente un compuesto de férmula I sin derivar en un
derivado profarmaco aceptable desde el punto de vista farmacéutico; y
(J) transformar opcionalmente un derivado profarmaco de un compuesto de

férmula I en su forma sin derivar;

25
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RESUMEN DE LA DIVULGACION DE INFORMACION

La invencién actual se refiere a nuevos inhibidores selectivos de la catepsina S,
las sales y N-0xidos de éstos aceptables desde el punto de vista farmacéutico, sus usos

como farmacos y sus métodos de elaboracién.
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60/322,318, US, 14 September 2001
(14.05.2001)
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INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY
To:
Wang, George G. . c
AVENTIS PHARMACEUTICALS INC. NOTIFICATION OF RECEIPT
Route 202-206 OF DEMAND BY COMPETENT INTERNATIONAL
P.0. Box 6800 PRELIMINARY EXAMINING AUTHORITY
i. g - — = 00
Bridgewater, ’NJ 08802-03 . (PCT Rules 59.3(¢) and 61.1(b), first sentence
aj UET%'ESC;U%{% e g RIQUE 1 /6 ) and Administrative Instructions, Section 601(a))
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l Date of gnailing
Pt '-: DATE - (day/mokthjyear) 25-04-2003
— ‘! [N D P ra
fxpp‘l'!éa'n}%@a&\,s file reference \M q( L‘I(J } B IMPORTANT NCOTIFICATION
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lA&mmn&-apphemn—No——-——— —mmuvear ) Priority date (day/month/year)

PCT/US 02/ 29323 16/09/2002 14/09/2001

Applicant

AVENTIS PHARMACEUTICALS INC.

1. The applicant is hereby notified that this International Preliminary Examining Authority considers the following date as the
date of receipt of the demand for international preliminary examination of the international application:

10/04/2003

2. This date of receipt is:

x the actual date of receipt of the demand by this Authority (Rule 61.1(b)).
[:] the actual date of receipt of the demand on-behalf of this Authority (Rule 59.3(e)). -

the date on which this Authority has, in response to the invitation to correct defects in the demand
(Form PCT/IPEA/404), received the required corrections.

3. D ATTENTION: That date of receipt is AFTER the expiration of 19 months from the priority date. Consequently, the
election(s) made in the demand does (do) not have the effect of postponing the entry into the national phase until 30
months from the priority date (or later in some Offices) (Article 39(1)). Therefore, the acts for entry into the national
phase must be performed within 20 months from the priority date (or later in some Offices) (Article 22). For details, see
the PCT Applicant’s Guide,Volume II.

D (If applicable) This notification confirfhs the information given by telephone, facsimile transmission or in person

on:
4. Only where paragraph 3 applies, a copy of this notification has been sent to the International Bureau.
Name and mailing address of the IPEA/ Authorized officer

European Patent Office

D-80298 Munich HUR

. Q)» Tel. (+49-89) 2399-0, Tx: 523656 epmu d CHURCHER G
Fax: (+49-89) 2399-4465
ax: ( ) Tel. (+49-89) 2399-2545

Form PCT/IPEA/402 (July 1998) P20452 (22704/2003)
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PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Article 36 and Rule 70)
(Rationalised Report according to the Notice of the President of the EPO published in the OJ11/2001)

Applicant’s or agent's file reference FOR FURTHER ACTION See Notification of Transmittal of International
US20010143WO0 Preliminary Examination Report (Form PCT/IPEA/416)
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US 02/ 29323 16/09/2002 - 14/09/2001
International Patent Classification (IPC) or national classification and IPC
C07C317/48
Apglicant

AVENTIS PHARMACEUTICALS INC.

1.  This international preliminary examination report has been prepared by this International Preliminary Examining
Authority and is transmitted to the applicant according to Article 36.

2.  This REPORT consists of a total of 2 sheets, including this cover sheet.

This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consists of a total of sheets.

3.  This report contains indications relating to the following items:

I Basis of the report
11 [ ] Priority
II1 Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

v D Lack of unity of invention
\% Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
VI D Certain documents cited
VII D Certain defects in the international application

VI D Certain observations on the international application

Date of submission of the demand Date of completion of this report
10/04/2003 22/04/2003
: /—\ WS Py

Name and mailing address of the IPEA/ Authorized officer _
European Patent Office VERHULST W
D-80298 Munich

‘0 Tel. (+49-89) 2399-0, Tx: 523656 epmu d

Fax: (+ 49-89) 23994465 Tel. (+49-89) 2399 2828

Form PCT/IPEA /409 (cover sheet) P20476 (October 2002)
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INTERNATIONAL PRELIMINARY International application NoPCT/ US 02/ 29323
EXAMINATION REPORT

l Basis of the report

The basis of this international preliminary examination is the application as originally filed.

lll. Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

The question of whether the claimed invention appears to be novel, to involve an

inventive step, or to be industrially applicable has not been the subject of the

international preliminary examination in respect of the claims which have not been

searched (Article 17(2)(a) or (3) and Rule 66.1(e) PCT); see also international search report).

V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or
industrial applicability

To the extent that the international preliminary examination has been carried out (see item
III above), the following is pointed out:

In light of the documents cited in the international search report, it is considered

that the invention as defined in the independent claims, which have been the subject of an
international search report, meets the criteria mentioned in Article 33(1) PCT,

i.e. appears to be novel, to involve an inventive step and to be industrially applicable.

Form PCT/409PE2 (EPO-03-2002) P20761



TRATADO DE COOPERACION DE PATENTES
PCT
REPORTE DE EXAMEN PRELIMINAR INTERNACIONAL
(Articulo 36 PCT y Regla 70)

Referencia de archivo del solicitante o agente
US20010143WO

PARA ACCION ADICIONAL Ver Notificacién de Transmisién del Reporte de
Examen Preliminar Internacional (Forma PCT/IPEA/416)

Solicitud internacional No. PCT/FR 02/29323
Fecha de presentacién internacional (dia/mes/afio) 16/09/2002
Fecha de prioridad /dia/mes/afio) 14/09/2002

Clasificacion Internacional de Patentes (IPC) o tanto clasificacion nacional como IPC
C07C317/48

Solicitante
AVENTIS PHARMACEUTICALS INC.

1. Este reporte de examen preliminar internacional ha sido preparado por esta
Autoridad Internacional de Examen Preliminar y es transmitida al solicitante
de acuerdo con el Articulo 36.

2. Este REPORTE consiste de un total de 2 hojas, incluyendo esta hoja de
cubierta

Este reporte también estd acompafiado por ANEXOS, es decir, hojas de la
descripcion, reivindicaciones y/o dibujos que ha sido corregidos y son la base
para este reporte y/o hojas que contienen rectificaciones hechas ante esta
Autoridad (ver Regla 70.16 y Seccion 607 de las Instrucciones
Administrativas bajo el PCT).

Estos anexos consisten de un total de hojas.

3. Este reporte contiene indicaciones relacionadas con los siguientes items:
[ X Base de la opinion
II Prioridad
111 X No establecimiento de opinién con respecto a novedad, paso
inventivo y aplicabilidad industrial
v Falta de unidad de invencién
\Y% X Declaracion motivada bajo la Regla 66.2(a)(ii) con respecto a

novedad, paso inventivo o aplicabilidad industrial: citaciones y
explicaciones que sustentan cada declaracion

VI Algunos documentos citados
VII Algunos defectos en la solicitud internacional
VIII Algunas observaciones sobre la solicitud internacional

Fecha de presentacion de la solicitud 10/04/2003

or



Fecha de completado el reporte 22/04/2003

Nombre y direccion de envio del IPEA

Oficina Europea de Patentes

D-80298 Munich

Tel.: (+49-89) 2399-0, Tx: 523656 epmu d
Fax: (+49-89) 2399-4465

Funcionario autorizado

VERHULST W

Tel.: (+49-89) 2399 2828

REPORTE DE EXAMEN PRELIMINAR INTERNACIONAL
Solicitud Internacional No. PCT/US 02/ 29323

MI.

Base del reporte
El presente reporte de examen preliminar internacional se basa en la solicitud
tal como fue presentada inicialmente.

No establecimiento de opinién con respecto a novedad, altura inventiva y
aplicabilidad industrial .

La pregunta de si la invencién reivindicada parece ser novedosa, involucra
una altura inventiva, o es aplicable industrialmente no han sido sujeto del
examen preliminar internacional con respecto a las reivindicaciones las cuales
no han sido sometidas a busqueda (Articulo 17(2)(a) o (3) y Regla 66.1(¢)
PCT); ver también reporte de blisqueda internacional).

Declaraciéon motivada de acuerdo con la Regla 66.2(a)(ii) con respecto a
novedad, paso inventivo o aplicabilidad industrial.

En la extension en que se ha llevado a cabo el examen preliminar (ver item III
arriba), se puntualiza lo siguiente:

A la luz de los documentos citados en el reporte de bisqueda internacional, se
considera que la invencidon tal como se define en las reivindicaciones
independientes, la cual ha sido el sujeto de un reporte de busqueda
internacional, cumple con los criterios enunciados en el articulo 33(1) PCT, es
decir parece que es nueva, implica una actividad inventiva y es aplicable
industrialmente.

Formulario PCT/409PE2 (EPO-03-2002) P20761
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From the INTERNATIONAL B
To: o
[o] 1 /é?
(4]
OTICE INFORMING THE APPLICANT OF THE WANG, George, G. -
COMMUNICATION OF THE INTERNATIONAL Aventis Pharmaceuticals ING\ \
APPLICATION TO THE DESIGNATED OFFICES P. O. Box 6800 \

Route 202-206
Bridgewater, NJ 08807-0800

(PCT Rule 47.1(c), first sentence) ETATS-UNIS D'AMERIQUE

Date of mailing(day/month/year)

27 March 2003 (27.03.03)
Applicant's or agent's file reference
US20010143WO IMPORTANT NOTICE
International application No. International filing date(day/month/year) Priority date(day/month/year)
PCT/US02/29323 16 September 2002 (16.09.02) 14 September 2001 (14.09.01)
Applicant

AVENTIS PHARMACEUTICALS INC., et al

1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application to the
following designated Offices on the date indicated above as the date of mailing of this notice:

KP, KR, US

In accordance with Rule 47.1(c), third sentence, those Offices will accept the present notice as conclusive evidence that the communication
of the international application has duly taken place on the date of mailing indicated above and no copy of the international application is
required to be furnished by the applicant to the designated Office(s).

2. The following designated Offices have waived the requirement for such a communication at this time:

AE, AG, AL, AM, AP, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EA, EC,
EE, EP, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG,
MK, MN, MW, MX, MZ, NO, NZ, OA, OM, PH, PL, PT, RO, RU, SD, SE, SG, S|, SK, SL, TJ, TM, TN, TR, TT, TZ, UA,
UG, UZ, VC, VN, YU, ZA, ZM, ZW

The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the applicant to
furnish a copy of the international application (Rule 49.1(a-bis)).

3. Enclosed with this notice is a copy of the intenational application as published by the International Bureau on
27 March 2003 (27.03.03) under No. 03/024824

4. TIME LIMITS for filing a demand for international preliminary examination and for entry into the national phase

The applicable time limit for entering the national phase will, subject to what is said in the following paragraph, be 30 MONTHS from
the priority date, not only in respect of any elected Office if a demand for intemational preliminary examination is filed before the
expiration of 19 months from the priority date, but also in respect of any designated Office, in the absence of filing of such demand, where
Article 22(1) as modified with effect from 1 April 2002 applies in respect of that designated Office. For further details, see PCT Gazette
No. 44/2001 of 1 November 2001, pages 19926, 19932 and 19934, as well as the PCT Newsletter, October and November 2001 and
February 2002 issues.

In practice, time limits other than the 30-month time limit will continue to apply, for various periods of time, in respect of certain
designated or elected Offices. For regular updates on the applicable time limits (20, 21, 30 or 31 months, or other time limit), Office by
Office, refer to the PCT Gazette, the PCT Newsletter and the PCT Applicant’s Guide, Volume II, National Chapters, all available from
WIPO's Internet site, at http://www.wipo.int/pct/en/index.html.

For filing a demand for international preliminary examination, see the PCT Applicant’s Guide, Volume VA, Chapter IX. Only an
applicant who is a national or resident of a PCT Contracting State which is bound by Chapter I has the right to file a demand for
international preliminary examination (at present, all PCT Contracting States are bound by Chapter IT).

It is the applicant's sole responsibility to monitor all these time limits.

The International Burear of WIPO Authorized officer
34, chemin des Colombettes .
1211 Geneva 20, Switzerland . Judith Zahra
Facsimile No.(41-22) 740.14.35 Telephone.No.(41—22) 33891.11

Form PCT/IB/308 (April 2002)
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L IRRRASE S
’f‘}\\\
From the INTERNATIONAL BUR§AU N
~ To RN S
PCT T\ &? et
e BT I IR
R INGALE i
INFORMATION CONCERNING ELECTED WANG, George, G.'=;,  *° 5/
OFFICES NOTIFIED OF THEIR ELECTION Aventis Pharmaceuticals INC. B
P. O. Box 6800 e 37

(PCT Rule 61.3) Route 202-206
Bridgewater, NJ 08807- 0800
United States of America

Date of mailing (day/month/year)
12 May 2003 (12.05.03)

Applicant's or agent's file reference

US20010143W0O IMPORTANT INFORMATION
International application No. International filing date (day/month/year} |Priority date (day/month/year)
PCT/US02/29323 16 September 2002 (16.09.02) 14 September 2001 (14.09.01)
Applicant

AVENTIS PHARMACEUTICALS INC. et al

1. The applicant is hereby informed that the International Bureau has, according to Article 31(7), notified each of the following
Offices of its election:

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

2. The following Offices have waived the requirement for the notlflcatton of their electlon the notlflcatlon will be sent to them
by the International Bureau only upon their request:

AP :GH,GM,KE,LS,MW,MZ,SD,SL,S2,TZ2,UG,ZM,ZW

EA :AM,AZ,BY,KG,KZ,MD,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,BZ,CH,CO,CR,CU,CZ,DK,DM,DZ,EC,EE,
ES,FI,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,OM,PH,PT,SD,SE,SG,SI,SL,TJ,TM, TN, TR, TT,TZ,UA,UG,UZ,VC,VN,
YU,ZA,ZM,ZW

3. The applicant is reminded that he must enter the "national phase" before the expiration of 30 months from the priority date
before each of the Offices listed above. This must be done by paying the national fee(s) and furnishing , if prescribed, a
transtation of the international application (Article 39(1){a)), as well as, where applicable, by furnishing a translation of any
annexes of the international preliminary examination report {Article 36(3)(b) and Rule 74.1).

Some offices have fixed time limits expiring later than the above-mentioned time limit. For detailed information about the
applicable time limits and the acts to be performed upon entry into the national phase before a particular Office, see Volume Il
of the PCT Applicant's Guide.

Thhe entry into tfhe European regional phase is postpone i HOF esignated for
the purposes of obtaining a Europedn patent. \ . ) 8
ACTION DUE Lile iy vszodifery3-we
\O ‘
N

DUE DATE

DKTD BY Qo el[>lo>
ATTY 7 Lot

Authorized officer:
The International Bureau of WIPO uthorized otticer

34, chemin des Colombettes SUAREZ Javier
1211 Geneva 20, Switzerland
Facsimile No. (41-22) 740.14.35 Telephone No. (41-22) 338 9999

Form PCT/IB/332 (September 1997) . 5634468
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From the INTERNATIONAL BUREA"U

PCT To: 9

N
NOTIFICATION CONCERNING WANG, George, G. o i
SUBMISSION OR TRANSMITTAL : Aventis Pharmaceuticals INC.
OF PRIORITY DOCUMENT P. 0. Box 6800 "c’;.} It
Route 202-206
(PCT Administrative Instructions, Section 411) B(r)i:;geewater, NJ 08807-0800 AL
United States of America
Date of mailing {day/month/year)
21 November 2002 (21.11.02)
Applicant's or agent's file reference
US20010143WO IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year)
PCT/US02/29323 / 16 September 2002 (16.09.02)
International publication date (day/month/year) Priority date (day/month/year)
Not yet published 14 September 2001 (14.09.01) v
Applicant

AVENTIS PHARMACEUTICALS INC. et al

1. The applicant is hereby notified of the date of receipt {(except where the letters "NR" appear in the right-hand column) by the
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise
indicated by an asterisk appearing next to a date of receipt, o1 by the ietiers “"NR", in the right-hand coluiin, the priority
document concerned was submitted or transmitted to the International Bureau in compliance with Rule 17.1(a) or (b).

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents.

3. An asterisk{¥*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a case, the attention
of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document
within a time limit which is reasonable under the circumstances.

4. The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau,
as provided by Rule 17.1(a) or (b}, respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity,
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the
circumstances.

Priority date Priority application No. Country or regiona! Office Date of receipt
or PCT receiving Office of priority document
14 Sept 2001 (14.09.01) 60/322,318 us 30 Sept 2002 (30.09.02)

ve | ACTION DUE  __file

|
!DLEH’”‘" =

- ! 9\% (Z[»‘//OZ/
Lo

L] | AR

.. Y
pre— N 2 AAVI 3

T e e————

Authorized offi
The International Bureau of WIPO uthorized otficer

34, chemin des Colombettes PETRESKA GArica

1211 Geneva 20, Switzerland
Facsimile No. (41-22) 740.14.35 Telephone No. (41-22) 338.83.38 W

Form PCT/IB/304 (July 1998) _ A 005283213
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. ATENT COOPERATION TREARIY N
_From the INTERNATIONAL BUREAU
PCT To: /::f;\
)
o;

NOTIFICATION OF THE RECORDING

OF A CHANGE WANG, George, G.

ISR
Aventis Pharmaceuticals \NC Phiw
P. O. Box 6800
Route 202-206 NP
Bridgewater, NJ 08807- 0800
United States of America

(PCT Rule 92bis.1 and
Administrative Instructions, Section 422)

Date of mailing {(day/month/year)
02 September 2003 (02.09.03)

Applicant’s or agent’s file reference

A\\}Q\US2OO1 0143WO IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year)
PCT/US02/29323 16 September 2002 (16.09.02)

1. The following indications appeared on record concerning:

the applicant D the inventor D the agent I:] the common representative

Name and Address State of Nationality State of Residence
(B:BLSEHF\‘J;E\ISQN APPLERA CORPORATION us us
180 Kimball Way Telephone No.

South San Francisco, CA 94080
United States of America

Facsimile No.

Teleprinter No.

B E—

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:

the person D the name D the address D the nationality D the residence

Name and Address State of Nationality State of Residence

AXYS PAHRMACEUTICALS, INC. us us
180 Kimball Way

South San Francisco, CA 94080
United States of America

Telephone No.

~Facsimile No. \

" |

Teleprinter No. T
¢/

3. Further obsjations, it né&:,és'sé?y:g:‘; {
N RY / 2 .
4. A copy of this notificatioln ?g"{-bé'erg sent to: M——‘
AR I A
the receiving Office D the designated Offices concerned
D the Intern’ational Searching Authority the elected Offices concerned
the International Preliminary Examining Authority other: CELERA

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No. (41-22) 740.14.35 - )338 8446
Form PCT/IB/306 (March 1994) - 005832983

Junko TAKEUCHI (Fax: 338 71 30)
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SECRETARY OF STATE

APOSTILLE

(Convention de La Haye du 5 octobre 1961) l

Country: United States of America
This public document

has been signed by MADELEINE BRULEY

acting in the capacity of DEPUTY CLERK, County of SAN MATEO, State of
California

bears the seal/stamp of the County of SAN MATEO,
State of California

N

CERTIFIED

At San Francisco, California 6. The 20TH day of JANUARY, 2004

by Deputy Secretary of State, State of California

No. 59957

conr
10. Signature ' N ;
17 Wik 2004

KEVIN SHELLEY
Secretary of State

BY

OSP 03 74700 f=miie]




STATE OF CALIFORNIA
_ COUNTY OF SAN MATEO S8

1, WARREN SLOCUM, Assessor-County Clerk-Recorder, County of San Mateo, State of California, having by law a seal,
. \

Do HEREBY CERTIFY, That ' MAURA LEE
" whose name is subscribed to the Certificate of the proof or acknowledgment of the annexed instrument and thereon written,
was at the time of taking such proof or acknowledgment, a Notary Public in and for said County, residing therein, duly
commissioned and sworn, and duly authorized by the laws of said state to administer oaths, take acknowledgments and
proofs of deeds or conveyances for land, tenements or hereditaments in said State, to be recorded therein. And further that
I am well acquainted with the handwriting of such Notary Public, and verily believe that the signature to said Certificate
of'proof or acknowledgment is genuine, and that said instrument is executed and acknowledged according to the laws of
said State. I further certify that an impression of the seals of Notaries Public is not required by law to be filed in my office.

IN TESTIMONY WHEREOF, 1 have hereunto set my hand and affixed the seal of the

U

20 04

Assessor-County Clerk-Recorder, this _ 20 day of _January %
§

Year )
W‘W»&é\l SLuwM g
WARREN SLOCUM, Assessor-County Clerk-Recorder ¥

By 4/)/\’0\(/(4/6.‘, 'ﬁ»\/ﬁg/ '
Deputy Clerk for the {Z’oumy of San Mateo
Madeleine Bruley

43
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CALIFORNIA ALL-PURPOSE ACKNOWLEDGMENT

BT L AT QIR ORI ORI SRS S A A, TR OGO, GO R CA DU S R e T

st
LT

& b
2 : forni \ 2
«  State of California . )
< %
Y San Mateo $S. 2
] County of 2
4 3
! )
é On January 13, 2004, before me, Maura Lee , N
,; ) Date Name and Tille of Officer {e.g.. "Jane Doe, Notary Public’) )S
©  personally appeared Wayne W. Montgomery , o
'g Name(s) of Signer(s) 5

Pj(personally known to me
) proved to me on the basis of satisfactory
evidence

AT

~

ATV

Commission # 1399004
Notary Public - Calfomia &

signaturetsyon the instrument the person{sy, or
the entity upon behaif of which the person{sy
acted, executed the instrument.

0

'8 to be the person{sy- whose name{s) is/are 2
t;k’ subscribed to the within instrument and %
.}{ acknowledged to me that hefsheihey-executed S
¢ the same in histherftheir authorized o
g MAURA LEE capacitytiesy, and that by his/hertheir &
%

2

~

Y.

YIS

L
i@ WITNESS,my hand and official seat”J b
bd Y
Iy e
‘% CAAAAM . i
If; Place Notary Seal Above \ Signature of Notary Public P.,
10 ! L
Py . ]
$ Q
}', Though the information helow is not required by law, it may prove valuable fo persons relying on?ll@wdb“ ment
'C_'I and could prevent fraudulent removal and reattachment of this form to another documel;(,,'; ,)b ;p.\ OMCIOE R Ll CRIGINA
N QUE HE “ :
. Description of Attached Document
w  Title or Type of Documjent: Power of Attorney (Columbia)

;. Document Date: s g /3 g’ZZ)_Q_/,[_ Number of Pages: ___( i

- ' / {/ - ‘ U AN R ANGE,

¢ Signer(s) Other Than Named Above:t/ No Other Signers Sheigere o

; Lo / . ‘
“  Capacity(ies) Claimed by Signer b
I Signer's Name: _Wayne W. Montgomery Z RGHT.THUNBPRINT 2
. \ L. —— . £ OF 8 L
“ ! I/ individual / ) <o . ,L R Top of thumb here o
4 1 Corporate Officer — Title(s): _Ar kA AL et U e 4 b
(((; i1 Partner —!.] Limited (1] General ’ 2
{1l Atlorney in Fact {/ l)
S 11 Trustee fz
?‘l: | ¢ Guardian or Conservator ;
“ [} Other: 5{\
O — 7 S
B s (i /% 7 :
}: S;gner Is Represen“ng: CZ—Z‘l‘E‘L‘a"‘CéTTUTHl S M Df@ LNy ,,ﬂJM’_ \))
o:

G O T LT A ISR QOO T TR AT LSO AT TR G SIS COU G TI T 28 R TN T ST TS0,
@ 1997 National Notary Association + 9350 De Soto Ave , P.O. Box 2402 - Chatsworth. CA 91313-2402 Prod. No. 5307 Reorder: Call Toll-Free 1-800-876-6827




. FROM : G HOLLMANN RESTREPO ABOGADOS

> G.HOLLMANN RESTREPO
ABOGADOS LTDA

The undersigned L, actiogg un

behalt of ancl represenuny, of, AXYS
PHARMACLEUTICATLS,INC.., domiciled in,
hereby appoint(s) GU STAVO

HOLLMANN RESTREPO and/or LUIS PATINO
LEYVA, domiciled in Bogoti D.C., Republic of
Colombia ., as our truc and legal attorncy with the
NECeSSAry powers:

1) To apply to the administrative, judicial and police
autboritics of the Republic of Colombia, in any instance
or appeal, for obtaining registration of patents, uulity
models, industrial designs  and modecls, commercial
“cnsigns and names, rademarks, slogans, health licenses,
copyrights and domain names as well as theit
assighments, extensions, renewals and changes of name;
2) To prepare, apply for, obtain, ¢xccute and register
conuacss, licenses, authorzations and registrations of
any kind: 3) To intervene as plaintff or defendant, in any
instance or appeal, before any judge, court, tribunal,
corporation, public officer or authority in any judidal,
administrative or police action, such as: action dealing
with commercial ensigns and names; oppositions against
trademark  registrations; caducity and nullity actdons;
recovery actions, actions adsing from obtainment and
working of liccnse agreements; actions dealing with
anfair competition; crimninal actons; actions claming
indemnity for dasnages, complaints or remarks on all
sort of industrial property matters; the performance of
precautionary measures, and in any other similar acton,
measure or appeal zclated to intellectual property
mattets.

To this effect, 1 (we) hereby authorize him to file
applications, make descriptions, protests, amendments,
declarations, oppositons, canccllations, appeals and
claims; to pay taxes, quotas and liens as provided by
Law; to waive or abandon granted rights or rights in
process of Dbeing granted, to receive all kind of
documents and sccuritics; to issuc the respective releases
and: in gencral, to take, before said authoritces, peranent
steps to the above mentioned purposes and take all
measures they may deem advisable to protect my (our)
interests, with all other nceessary legal faculdes, and 1
(we) hereby declare as good and valid whatever the
attomeys should do to my (our) benefit.

This power comprises the aurhority to ratify or confirm
on my (our) behalf any action. as well as the faculey of

rccciving,  desisting,  transacting,  compromising,

substituting and  revoking subsdrudons, taking

notificaions, and appointing judicial or extra-judicial

attormeys.

Signed in on this /j day of Jan.of 2004
So. San Francisco

Wiogre !

Wayﬁe W. Montgomer§
Assistant Secretary

yidiasrd

>

PHONE NO.

S? 1 6163376 NOU. 28 2003 18:29AM P2

G2 HOLLMANN RESTREPO
ABOGADOS LTDA

Yo (no.\'«,)\ru.\‘) . obrando en

nombre pPropio ¥ reproseniacion de, AXYS
PHARMACEUTICALS, INC. con domiciho ¢n,
, nombro(amos) QA GUSTAVO HOLLMANN

RESTREPO y/o LULS PATINO LEYVA, con domicilio
en Bopora D.C., Repablica de Colombia, Cra 11* No 93-76,
Oficina 308, apoderado  verdadero y legal, con poder
espeaial, amplio y suficiente:

1) Para recabar de las oficimas y autoridades colombinnas
administrativas, judiciales y de policia cn cualquicr instancia ©
recurso, la obtencidon de patentes de invencién, modelos de
utilidad. clibujos y modelos induscriales, registro de marcas,
registro  de lemas comerciales, depésito dc nombres y
cnsciias comerciales, registros sanitarios, derechos de autor y
nombres de dominio asi COMO SuUs WASPasoOs, Prorrogas,
renovaciones y cambios de nombre; 2) Elaborar, tramitar,
solicitar, obtencr, realizar, cjecutar ¥ registrar  CONWatos,
licencias, autorizaciones y registros de cualesquiera clases; 3)
Intervenir como demandante o como demandado en
cualquier instancia y tecurso y ante cualquier juez, entidad,
corporacién, funcionario publico o autoridad en acciones
judiciales, administrativas y de policia, tales como acciones
derivadas de nombre o cnscfia comerciales; acciones
reivindicatorias; acciones derivadas de la obtencién o
explotacién de licencias; acciones de competencia desleal,
demandas penales y civiles; acciones de indemnizacion de
perjuicios, reclamos, u observaciones a cualquier asunto
sobre propiedad intelectual; al ¢jetcicio de medidas cautelares
y cualesquiera otras acciones, medidas 0 recursos similares
relacionados con la propiedad intelectual.

A oste efecto, lo facultamos para clevar solicirudes, formular
descripeionces, c¢nmicndas, protestas, declaraciones,
oposidones, cancelaciones, apclaciones y veclamos; pagac
impucestos, cuotas y gravamencs prescritos por la Ley:
cenunciar o desistic 2 derechos concedidos o en curso de
concesion; recibir toda clasc de documentos y valores dando

al descargo respectivo, y en gencral, pari dar ante dichas,

autoridades todos los pasos vecesarios al efecto indicado y
tomas todas las medidas que creyeren conducentes al
resguardo  de mis  (nucstros) intereses, con todas las
facultades nccesaras, y por este documento desde ahora
declaro(amos) vilido y bueno todo cuanto los apoderados
hicicren ¢n mi (nuestro) beneficio.

Este poder comprende la facultad de ratificar, o confirmar en
tmi (nuesxo) nombre lo actuado, asi como la facultad de
recibir, desistir, transigir, comprometer, sustituir y revocat
sustituciones, recibir notificaciones y nombrar apoderados
judiciales o extrajudiciales.

Firmado ¢n el

de de
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ANUEL SOTERO MEDIN
NOTARIO
AR

“JUAN M
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PATENTE DE INVENCION

K

REQUISITOS NECESARIOS PARA PRESENTACION Y AGILIZACION DEL

TRAMITE

MODELO DE UTILIDAD .
o

COMPLETA ()

iorrde qie se solicita 1a concesion.de una patente.

Usuario

()

() —-

Datos de identificacion del solicjtante o de 1a persona que se presentala squcnm/d/"( )

Descripcion de la invencion.
Dibujos de ser estos pertinentes.
Comprobante de Pago de las tasas establecidas. _—"

DISENO INDUSTRIAL { )

Indicacion de que se solicita el registro de Disefio Industrial
Daios de identificacion del solicitante o de la persona que presenta
la solicitud.

(
{

Representacion grafica y fotografica del Diseio Industrial o muestra del

Material que incorpora el disefio.
Coinprobante de pago de las tasas establecidas

COMPLETA () INCOMPLETA

ESQUEMA DE TRAZADO ()

Inclicacion de que solicita el registro de un Esquema de trazado.
Da:os de Identificacion del solcitante o de la persona que presenta
La solicitud.

Renresentacion grafica del esquema de trazado

Comprobante de pago de las tasas establecidas.

COMPLETA { INCOMPLETA

Firma Responsable:

SUFERTMDUSTRIA ¥ CONERCIO
Radicacion : 04922770 00060000 Folios: 134
Facha: Fecha (RND): 2004-03-12 11:51:02
Trapite ¢ 011 PCT-PATEN 379 FASE RACT 41t PRESENIAC
Dependencia: 2020 DIVISIIN DE NUEVAS CREACICHES
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