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FORMULARIO UNICO DE SOLICITUD DE PATENTE
PCT
ENTRADA EN FASE NACIONAL

O SOLICITUD DE :
X Patente de invencin. [_] Patente de Modelo de Utiidad.

| | Capiibl. . X Capitulo Il

@ Nombre: AVENTIS PHARMACEUTICALS INC,

SOLICITANTE IDENTIFICACION

) Direccién: 300 Somerset Corporate Boulevard,

Bridgewater, NJ 08807 Estados Unidos cc. O NT [

Nacionalidad o Domicilio: mmﬁr:: Jersey, cE [ o []
.- Estados Cual

Lugar de Constilucitn: Estades Unidos

Teléfono: Fax: Namero
E-mail:

Nombre: LUIS PATINO LEYVA IDENTIFICACION

Direccion Cra. 11 No. 94-76 - Of, 308 cc X NT []

CE. [ o X
Cual
Teléfono: 6161948 Fax 6163976

E-mail; Numero 2930.616 TP 2698

@ Nombre: THURAIRATNAM Sukathini
INVENT
(?’5 ) Direccién: 6 Smoke Rise Lane,

Naclonalidad o Domiclllo: Badminister, NJ 07921, Estados Unidos

® pcT (36)

\
Solicitud Intemacional No.  PCTAUS2004/035282 Fecha Octubre 22 de 2004

Pl'Jblimcibn Intemacional No. WO 20050040142 A1 Fecha Mayo 6 de 2005

® Tiulo (54) NUEVOS DERIVADCS DE CETO-OXADIAZOL COMO INHIBIDORES DE LAS

CATEPSINAS.

@ Ciasificacion Interaclonal (51) CO7D 271/06

(33) Pals de Origen (31) Numero de Solicitud
Estados Unidos 60/514,373

@  Comprobants de pago: Fecha: _

Instruccionss para el diligenciamiento del presents formulario , ver reverso de esta pégina.




ANEXOS

Comprobenis da pago de |a tasa de presentacidn de la solicitud

Documento que acredita existencia y representacion legal cuando el soficitante sea persona juridica,

Poderes, si fuere el caso.

Documento de cesion del inventor al solicitante o a su causants.

Declaraciones

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

Traduccitn de la solicitud inlemacional al castellano. (Resumen, descripeidn, reivindicaciones, dibujos)

Copia del examen preliminar intemacional efectuado por la Autoridad Intemacional de Examen Preliminar (IPEA).
Traduccidn del examen preliminar intlemacional efectuado por la IPEA.

De ser el caso, copia del contrato de acceso.

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

De ser el caso, certificado de deposito del material bloldgico

Arte final 12x12.

De ser el caso, informacion sobre otras solicitudes de patents o titulos obtenidos en el extranjero por el mismo titular
0 8u causants, relacionadas parcial o totalments con (a invencidn de esta soliciud.

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

Otros  Reporie de Bitsqueda Intemacional.
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(12) Solicito la concesién de la patents,
NOMBRE: LUIS PATINO LEYVA

FIRMA:

C.C. 2930,616 Bogo




W

Continuacién nombre, direccién y domicilio de inventores:

Nombre Direccién Domicilio
ALDOUS David John 268 Gates Avenue, Gillette, NJ 07933, Estados
Unidos
LEROY Vincent 1 JFK Boulevard, Somerset, NJ08873,
Franklin Green Apt. #36K, Estados Unidos
TIMM Andreas Paul 97 Bonney Court, Bridgewater New Jersey 08807,
Estados Unidos



Otros anexos que se acompafian a la solicltud.

Copia del formato de solicitud de patente internacional.

Solicitud de correccién de errores obvios, de acuerdo con la regla PCT 91.1(b).

Formato No. PCT/ISA/217 respuesta a solicitud de correccién de errores obvios

Modificaciones de acuerdo con el articulo 34 del PCT.

Modificaciones de acuerdo con el articulo 19 del PCT

Copia formulario PCT/IB/308 correspondiente a la notificacién informando al solicitante de

la comunicacidn de la solicitud internacional a las oficinas designadas.

Copia formulario PCT/IPEA/402 correspondiente a la notificacién de recibo de solicitud.

Copia del formato PCT/IB/304 correspondiente a Ia notificacién relativa al envio o
transmisién del documento de prioridad.

Copia formato PCT/ISA/210, correspondiente al Reporte de Blsqueda.



APOSTILLE

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

PN e
(= )
o
&S| 1. COUNTRY: UNITED STATES OF AMERICA =)
2. THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY: =2
S R. PETER WIDIN ==
fm:
3. ACTING IN THE CAPACITY OF: e
== COUNTY CLERK ==
Sess Z=>
| ¢ BEARS THE SEAL/STAMP OF: ==
== COUNTY OF SOMERSET SSS
=5 ! )
_—
== CERTIFIED =2
= =)
= ==
EEEEE 5. AT TRENTON, NEW JERSEY gifga
@ 6. THE 9TH DAY OF APRIL 2002 =
(= M)
g 7. BY: John E McCormac, CPA, NEW JERSEY TREASURER =
S=3i| 8. NO. A149012 )
2> ZIT9)
==1| 9. sEAL/sTAMP: 10. SIGNATURE =
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[l 1S | B M MY RED IR FELASLALD lmp ¥ o
. G.HOLLMANN RESTREFO
ABOGADOS LTDA
The undersigned , acting on
behali of snd representing  of  AVENTIS

gmmmlms INC, d;nlﬂ'h:l in 30
OMrEEr mpm BUIIICVIId m’ﬁl’ m
Jencx USA, here appaint(s) - GUSTAVO
HOLLMANN RES’I‘:%PO ﬁu:l/ n:)LUIS PATINO
LEYVA, domiciled in B D.C, Republic of
Colombia , as our true legal sttomey with the
B op e i, o nd o
1) To n w Trative,
authorities of theRspubhcd “fmnnynu:ine
tration
nnﬂa‘;nd "“'.na patemts, wilicy
ensgns umu,u'adeﬂrh slogans, hnhhhomsu
copyrights and domain m“;l well ;tf their
m.mmm“k chnngg narme;
2) To prepare, lpplyf::r,ohmm.mumdrqum
contracts, , mrhogrations snd registrations of
uyhnd.J)Tommuphunﬁord:hrdlm,many
instance or appeal, before any judge, cowrr, tribunal,

corporation, public officer or suthosiry i judicial,
:vd;mmnve or palice u-.t:n. sn:h wm'auq

Toth-effen.l(we) hereby suthorize bim to file
, make descriptions, protests, amendmonts,
canceilations

- and s
mf'ﬁmn:, and sppointing judical or miudicnl

onthis /¥ dayof fhnl of 22a.

zs,M,%/m W

7ZZ.

ROSS I.OFEHLER

ASSISTANT SECRETARY

—— - ————

- D L QLOIDID

G. HOLLMANN RESTFEPO 5

ABOGADOS LTDA
» Wbrando en

Som&mmmnw&w ersey,
Estados Unidos de América, nomhro(l.mm)lGUSlJAV(};
HOLLMANN BBSTREPO Yo LUIS PATINO
LEYVA, con domicilioc en Bogod D.C, Repiblica de
Colombia, Ca 11* No 94-76, Oficina 308, apoderado
verdadero Iq-.l.eonpodnrspeud. smplic y auficience:
l)P-nmhrde oficinas y y uroridades culombianas
sdministratives, judiciales y de en insrtancia o
dapaunmdn:n , modelos de
utilided, dibujos y modelos industrisles, ugst.m de roarcas,
rquuo de lermas comerciales, de nombres ¥
comcuhmgmusmnm.dnechmde:unry
nomhmdedmnniouimmmuup-sal,pr&mgn
renovaciones y cambios de nombre; 2) Elaborur, uramiar,
solicitar, obtener, realizar, qm;eyrmw u:anuuwt).
hcenmnumnunmsynpuu cualesquierz clescs; 3
dermandante im-ndado

cualquisr instencia ymcunoynnte :ulqumr;ua.,m:hd,
corporacibn, funcionario piblico o autorided en ucciones
judiciales, -dmnuum ydspnlu-.h.u]a como acciones

derivadas nornbre enseila comerciales; acciones
reivindi ;nedonﬂdmndndehobuendho
explotacibn de licencias; scciones de desleal,

dmd-ﬁmmhwdaduo&wﬂm.}r“m“mh
< respectivo, y en pam ante
autor todos los pasos necesarios al sfecto indicado y
tomas todss las medidw que creyeren conducemes 3l
mg\nrdodnm(mm) imereses, con todas las
facultades necesariss, y por este desde ahora
duhm(m)vihdoybnmwdom:ntohnpodu-dm
hicicren en mi (muestro) beneficio.
Empodareompmd:hku:hddgnd‘m,acmﬁmxen
mi (nuestro) nonlblelomdo.ulmhf-ndndde
recibir, desitiz, transigir, comprometes, sustinuir ¥ revocar

sustituciones, notificarinnes y nombrar apoderados
judiciales o
FPirmado en el de de

reg. £ 200s 1l-0are s
- R



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. Oshler, Asslstant
Secretary, known or identified to me to be the individual described in and who executed the foregoing
document, Power of Attornay, and acknowledged the same as a free act and deed for uses and
purposes therein expressed by authority of the sald Corporation incorporated under the laws of the State
of Delaware, United States of America.

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

Corporation,
. o
SEAL 7 AL
Notary Public/
Nancy J. Ingram
Notary Public, State of New Jerssy
My Commiasion Expires August 2, 2004

m'zrs""“ﬁ';m

ot wmlyg:rmﬁm

STATE OF NEW JERSEY 1. PETER R, WIDIN, Clerk of the County of Somenset Deput
I " . 5 d al
COUNTY OF lonnm} . S:erk ol;‘t’he Ds:glerior Count in l:ahd. for said ‘(’:ounly. the m;: bem’: a Conr,t'
b e ] - T
Reco ' reby Cestify, that aned 3 TnGefrm
whose name is subscribed to the certificate of acknowledgement, proof or
affidavit of the annexed instrument, was st the time of taking such

aknowledgement, proof or affidavit, NITAIY PUBLIC OF NFW JER™-LY

in and for said State, duly appointed, qualified, commissioned and sworn
and authorized by law to 1ake affidavits, acknowledgements or proofs of
deeds or conveyances for lands, tenements or hereditamenis and other
instruments in writing in said State of New Jersey. And | further Centify,
that | am well acquainted with the handwriting of said official and veri y

believe the signature 1o the ssid certificate of acknowled
afTidavit is genuine. 1d cerlificate of acknowledgement, proof or

in Testimony Whereaf, | have h h
said County on ve hereunto set my hand and affixed theseal of
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ESnAIMT
ESTADO DE NEW JERSE:Y;,“-J _QND!\DQ __I?E: SOMERSET™" "™ ., .
S LI &
Yo, Peter S. Widin, Secretario, del Conc_iagq-' _dq: {Somerset y Se-

ma #'3 :“ .'..'l .

cretario Suplengé'ﬁe‘la'COrte Superior de dichg Condado, la
cual es una Cort%%ﬁ%ﬂﬁﬁ&igﬂieﬁ certificqthqﬁﬁﬁﬁéy J. Ingram,
cuyo nombre aparecéJgagé;I;o-al certificadé'de reconocimiento,
prueba o declaracién del instrumento adjunto, era en el momen-
to de tomar tal reconccimiento, prueba o declaraciéon Notaria
Piblica en y para el Estado de New Jersey, debidamente nombra-
da, calificada, comisionada y juramentada y autorizada por la
ley para tomar deblaraciones, reconocimientos o pruebas de es-
crituras o traspasos de tierras, tenencias o herencias y otros
instrumentos escritos en el mencionado Estado. Y certifico
ademids que conozco blen la firma de dicha funcionaria y estoy
convencido de que la firma que aparece en el mencionado certi-

ficado de reconocimiento, prueba o declaracién es genuina.

En testimonio de 1o cual coloco mi firma y el sello del Conda-
do el dia de hoy S 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 piblico
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

Confirmado
5. En: Trenton, New Jersey 6. El dia: Abril 9/2002
7. Por: John E. McCormac, CPA, Tescrero de New Jersey

B. Bajo el No.: Al49012

9. Sello: Secretaria de Estado de New Jersey

p
10. Firma: (ilegible) M. Moudp 2 S.
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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:
NANCY J INGRAM

ACTING IN THE CAPACITY OF:
NOTARY PUBLIC OF N=W JERSEY

BEARS THE SEAL/STAMP OF:
NANCY J INGRAM, NOTARY

CERTIFIED

AT TRENTON, NEW JERSEY
THE 5TH DAY OF APRIL 2006

BY: Bradley I. Abelow, NEW JERSEY TREASURER
NO. A256161

SEAL/STAMP: 10. SIGNATURE

Giokll, ALcla




NOTARIAL TRUE COPY

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

TO ALL TO WHOM THESE PRESENTS SHALL COME,

| Do Hereby Certify under the Oath of my Office and Seal that the annexed
document(s) are TRUE COPIES of the original document(s) which | have
compared.

IN TESTIMONY WHEREOF, | have hereunto set my hand and affixed
the Seal under the Oath of my Office

At Bridgewater, New Jersey, United States of America

this _28th dayof__March , 2008.

m
SEAL
Notary“ lic

Notary Pu tata of New

My Comm hﬁmm
Notary Signature
Prlnh:rT Nnma
Dnh !fany
Jurladicton

Docket No. USAV2003/0068 CO Pcr




OPR/ASSIGNMENTS 11712703 4:25 PAGCE 2/4 RightFAX

I; ,5 . e " '

NOVEMBER 12, 2003

/ .\ UNITED STATES DEPARTMENT OF COMMERCE

AVENTIS PFHARMACEUTICALS INC.

ROUTE 202-206/P.0O. BOX 6800
- oR21384

BRIDGEWATER, NJ 08807-0800

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S. PATENT AND TRADEMARK OFFICE. A CCMPIETE MICROFIIM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROCM ON THE REEL AND FRAME NOMBER
REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE
INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA
PFRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YQU SHOULD
FIND ANY ERRORS CR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY
CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 703-308-9723.

PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE,
ASSIGNMENT DIVISION, BOX ASSIGNMENTS, CG-4, 1213 JEFFERSON DAVIS HWY,
SUITE 320, WASHINGTON, D.C. 20231.

RECORDATION DATE: 11/11/2003 REEL/FRAME: 01411B/0851
NUMBER OF PAGES: 3

BRIEF: ASSICNMENT OF ASSIGNCR'S INTEREST (SEE DOCUMENT FCR DETAILS).

ASSIGNOR:
THURAIRATNAM, SUKATHINI DOC DATE: 11/10/2003

ASSIGNCR!
ALDQUS, DAVID JCHN DOC DATE: 11/07/2003

ASSIGNCR:
LERCY, VINCENT DOC DATE: 11/10/2003

ASSIGNCR:
TIMM, ANDREAS FAUL DOC DATE: 11/10/2003

ASSIGNEE:
AVENTIS PHARMACEUTICALS INC.
300 SCMERSET CORPORATE BOULEVARD
BRIDGEWATER, NEW JERSEY 0B807

SERIAL NUMBER: 60514373 FILING DATE:
PATENT NUMBER: ISSUE DATE:

/0



OPR/ASSIGNMENTS 11/12/03 4:25 PAGE

. )
01411B/0851 PAGE 2
PAULA MCCRAY, EXAMINER

ASSIGNMENT DIVISION
OFFICE OF PUBLIC RECORDS

3/4

RightFAX

/¢



OPR/ASSIGNMEN1 5 11/12/03 4:25 PAQE 4/4 RightFAX

NOV. 11. 2003 3.13PM  AVENT'® gggg 0 3 o K49 P13

TO:US—USPTO AS.I 138
+ VORMPTO-1a RECORDATION FORM COVER SHEET T T ot
emku;! PATENTS ONLY
. ) cuilly Byl Riy m— L hE_
(L) via _a Cosymisalorar
&E;mm  OON S0 008, o

] . 1m /2
Sigasyre

To the Commissioner lor Patents. Plsass record the attsched original docurmenie or copy Bhersol

1. Mamy of corwaying partyQask Z Nervwy snd edivews of receiving periy(lssk

1. Sulttinl THURAIRATHAM

2 Dsvid John ALDOUS

1. Vincent LEROY Noane: Aveniie Pharmecsuticals Ine.
1. Androns Paul THIM Imlerral Addrees:

Aaliocsl nama(e) of conveying pariy(ins) atnched? ] VES [X] NO | StmetAddeas 300 Semerset Corperate Bowlevani
cy: Bridgewater smix NJ W

3. Netisa of Conveyance:

| Agsionment O weger AddSoral rameis)snd sddussiss) aiachad? [Jves B no
Gexfly Agreemend 0 change of Nama
Ofhwr

Bocsion Dea: 1. 111643 1 110708

. A
l"ln' documentis 'mﬁlm#.h—ﬂn_ﬁdhl_-h
A Palwni Agplcation Nosk  §W314,373 8. Pumathop)

i . Addoral marhers sipsia? [] ve8 [} NO

a Lm““dmhmm“u €. Totsl rumber of sepiicanions and painate bvoives: 1

document shousd be males: )
Mama: Goorge G. Wing, Reg. No. 41,419 7. Toll (97 CFR LA} $40.00
iprwl Adiresc  Avenlls Pharmacentieals Ine.
BimetAddmar:  Wowit 202206 /P.0.Box 6100 . O Srolowd
Gy Buidgewnier sam NI or; - Authuriasel 1o be © sooout
. FAX NUMBER: (908) 221-2028 ** 4. Depail scoowt mnber: 10-1582
O Redurwnoe Neu USAVA003/0066 US Mp
' DO NOT USE THIS SPACE
"I Ealament and sgreture.
To the bust of my knowisdge s beliel, e foregoing Information la trus and carmeet Stiached oopy 138 true copy of the arginal

Goaige 0. W!E a No. JlEli

O No, 051-0011 faxp. 490)

D
Tetnl mmbar of pagen campriging cover sheet 3

Awmndrin, VA 223131450
Pubic wade reporting for thin smgls Sever sheet s selimaind in svamae shovt 30 minules par



USAV2003/0066 US PSP

ASSIGNMENT AND AGREEMENT

For value received and intending to be legally bound, I/we, the undersigned joint inventor(s)
(Assignor()), sell, assign and transfer to Aventls Pharmaceuticals Ine. (Assignee), 300 Somerset
Corporate Boulevard, Bridgewnter, New Jerscy 08807-2854, United States of America, and its
successors, assigns and legal representatives, the entire right, title and interest in and to my/our invention
and any improvements thereon for all countries of the world, relating in and to the application for United
Stateg Letters Patent therefor, assigned Attorney Docket No. USAV2003/0066 US PSP and (if filed prior
to the execution hereof) filed on 10/24/2003, as Serial No. §60/514,373, entitled

Novel Compounds and Compositions as Cathepsin Inhibitors

tndlllﬂnﬁghtllndmivileges,includingmyandlllbeneﬁumderdwlnwmnﬁmnlConmﬁmForthe'

Protection of Industrial Property, including the right to claim priority based on ssid United States
application, and under any and all Letters Petent which mey be granted therefor, and all right, title and
interest in and to every patent application filed or to be filed on said invention in any other country or
patent organization, including continuations, divisions, renewals, revivale, and any substitute applications
of said United States application, and any and all patents which may issue thereon, and any reissues,
pipelines and extensions, and governmental exclusivity rights of the same.

I/we authorize and request competent authorities to grant and issue any and all patents on said .

invention to said assignee or its successor, assigns and legel representatives, or to such nominets as said
assignee may designate. e v

T/we agree that, when requested, I/we will, without charge to said asgignee but at its expense, sign
all papers, take all rightful oaths, end do all acts which may be necessary, desirable or convenient for
securing and maintaining patents for said invention in any and all countries and for vestmg title thereto in
said assignee, its successors, assigns, legal representatives or nominees.

I/we covenant with said assignee, its successors, assigns and legal representatives, that the rights
and property herein conveyed are free and clear of any encumbrance, and that I/we have full right to
convey the same as herein expressed.

Y

Signedlta"""f“"‘un'“'.“ﬂontﬁsu’\ dayor __ DNovembea, 200,

(City, State amd Nation)

Signature: _h'\f\hv\“'*d T o
" Inventor's Name: Sukathini THURAIRATNAM
Residential Address: 6 Smoke Rise Lane
Bedminster, New Jersey 07921

-

/13



USAV2003/0066 US PSP

Signed at 2~ 4’,&». ‘r on this 7".Ldly of_Vyvam L ~ , 2003.
(City, State and Nation)

Inventors Name:  David Jon ALDOUS
Residential Address: 268 Gates Avenue
Gillette, New Jersey 07933

Signedat _3 ;;.:l%g.&g on this 15“ dayof _ Ngcember 2003,
(City, Stmte and Nation)

Signatire; /-"‘l C_l,g" LL" oy
Inventor's Neme:  Vincent LEROY
Residential Address: 1 JFK Boulevard
Frunklin Greens Apt # 36K
g oo Somerset; New Jersey 08873

Signed at 'Brii:guglu,h’.é.uﬂ on this ‘°u" day of NovemLer‘ , 2003.
e (City, and Nation)
/
Signature: éé? for—"

Inventor's Name: Andreas Paul TIMM
Residential Address: 97 Bomney Court
Bridgewater, New Jersey 08807

Signed at on this day of , 2003,
(City, State and Nation)

Signature:
Inventor's Name:
Residential Address:

1y
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOFERATION TREATY (PCT)

[CORRECTED VERSION|

(19) World Intellectual Property
Organization
Intermational Bureau

(43) International Publication Date

(10) International Publication Number

6 May 2005 (06.05.2005) PCT WO 2005/040142 Al
(51) Internatiosal Patent Chassification”  C07D 271/06, AZ, BA, BB, BG, BR, BW, BY, BZ,CA, CH, CN,
ASIK 3155377, AGIP 35/00, CO7D 271/10, 261108, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
413/04, 263132, 263/56, 295/18, AGIP 29/00, 37/00 , GB, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
. KP, KR, KZ,1C, LK, LR, LS, LT, LU, LV, MA, MD,
(21) Ioternations! Application Number: MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM. PG,
PCT/AUS004035282  PH,PL,PT, RO, RU, SC, SD, SE, SG, SK, SL, 8Y, T1,T™,

{22) International Flling Date: 22 October 2004 (22.10.2004)

(25) Filing Language: English
(26) Publication Language: English
E (30) Priority Data:
e 60/514,373 24 October 2003 (24.10.2003) US

(71) Applicant (for all designated Siares except US): AVEN-
TI1S PHARMACEUTICALS INC, [US/US]; 300 Somer-
set Corporate Boulevard, Bridgewater, New Jersey 08807-
2854 (US).

(72) lnveniors; and

(75) Inveniors/Applicanis (for US only): THURAIRAT-
NAM, Soksmnthinl [GB/US); 6 Smoke Rise Lane,
Bedminstes, NJ 07921 (US). ALDOUS, David, John
[US/US]; 268 Gates Avenue, Gillette, NI 07933 (US).
LEROY, Vincent [FR/US]; 1 JFR Boulevard, Franklin
Greens Apt #36K, Somamet, NJ 08873 (US). TIMM,
Andress, Panl [DE/US]; 97 Bonney Court, Bridgewater,
New Jersey 08807 (US).

(74) Agenty: LIN, Jiang e1 al.; Aventis Pharmaceuticals Inc.,
Route 202-206, Bridgewater, NJ 08807 (US).

(81) Designated States (un/ess otherwise indicated, for every
kind of national proection avallable): AE, AG, AL, AM,

TN, TR, TL, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, 2M,
v,
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NOVEL KETO-OXADIAZOLE DERIVATIVES AS CATHEPSIN INHIBITORS

FIELD OF THE INVENTION
This inveation relates to the use of novel keto-cxadiazole derivatives for trenting diseases
nssocisted with cysteine protease and, particulary, diseases amociated with activity of cathepsin S, K.
and B. This invextion also relares to processes of making such componnds.

- BACKGROUND OF THE INVENTION

Cysteine proteases represent 2 class of psptidnans characterized by the presence of a cysteins
residus in the catalytic site of the enzyme. Cysteine proteases an: associated with the normal”
wmmdmmmqum.mhwun
result of increased axprestion or sabanced acfivation, however, may have pathological consequences, -
In this regard, cercain cysisins proteases sye associatad with a nuxber of disease states, incinding
arthrits, atharosclerosia, emphiyseana, osteoporosis, mesculer dystrophty, inflammetion, tamaor

An incresse in cathepein activity such s, for example, cathepsin S, contributes to the
pathology and/or symptomarology of & nmmber of discases such as, for exampls, antoimtmmne
disondess, incheding, but not Lingited to, juveuile aoset disbetes, mmitiple sclerosis, pemphigus valgaris,
Graves' disease, myssthenia gravis, systemic lopus erythemotasus, irvitable bowel disease, thenmatoid
axthritis and Hashimoto's thyroiditis, allargic discnders incioding bat not Emited to, asthma, and
allogeneic immope responses, including, bt not kwited to, organ trmsplants or tisgne prafis.
Cathepsin S is also fmplicated in disorders involving excessive elastolysis, such as chronic obstructive
pulmonary diseass (.., smphysema). bronchiolitls, excessive airway slastolysis in asthma and
bronckitis, pnewmnonities and cardiovascular diseass soch as plagne rupnire and atheroma. Cathepsin 8
18 implicated in filxll formarion xad, therefore, inhibitors of cathepain S may be of use in treatment of
gystemic amyloidosis.

RECTIFIED SHEET (RULE 91)
ISA/EP
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Ths activity of, for example, cathepsin B in synovial fluid is significantly clevated in
osteoarthritis models (F. Mehraban Anm. Rheum Dig 1997; 56, 108-115). Similarly, cathepsin K is a
critical protease in synovial fibroblast-mediated collagen dagradation (W.-S. Hou (et al) Am. J.
Pathol 2001, 159, 2167-2177). Thus, inhibition of Cathepsin B and K, for example, is a usefal method
for the treatment of degenerative joint diseases such as, for example, osteoarthritis. Cathepsin K
inhibition, for cxample, leads to iphibition of bone resorption (G. B. Stroup (et al.) J. Bone Mineral
Res. 2001, 16, 1739-1746). Cathepsin K inhibitors are, therefore, useful for the treatment of
It is known in the art that cathepsing play an impaortant role in the degradation of connective
tissues, the generation of bioactive proteins and antigen processing. They have beem implicated in
neurodegenemrative diseases, guch as Alzheimes’s disease and Huntington's disease. Recently, increased
interest in cathepein inhibitors has been generated with potential therapeutic tergets, such as cathepain
K or cathepain L for osteoporosis and cathepsin S for immnne modalation (W. Kim., K. Kavg. Bxpest
Opin. Ther. Pat. 2002, 12, 419-432). An increase in cathepein K or B activity contributes to the
pathology and/or symptomatology of a mumber of discases. Accordingly, molecnles that inhibit the
activity of cathopsin protease are usaful as therapeutic agents in the treatment of sach diseases.

SUMMARY OF THE INVENTION
In one aspect of the present invention, compounds are provided that inhibit the exzymatic
activity of cathepein S, B, and K and have a striictore of fornmla (I): '
Hl

/|<F

F
x? I?’
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.. . -0 - i
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X! is methylene, cthylene or 2 bond;

X2is CN, CHO, C(O)RS, C(O)C(OINRTR? C(O)C(O)NR'RS, C(O)C(O)R13,
C(O)C(O)OR13, C(O)CHx3R13;

X3 is selocted from the group consisting of O, $(0),, CO, CONH, NHCO, NHSO, and
SO,NH;

Xtis CH(R12) or CH(R12)-CHy;

X3 is methylens, ethylens, propylene or a bond;

X6 is a band ar (C}.p)alkylene;

R1is H, R13C(0)-, R135(0)-, R130C(0)- . RERNC(0) RER7NS(0);-;
R135(0)sNC(O)- or R13C(O)NS(0)y-; or R! is selected from the group consisting of (C1_g)alkyl,
(C3.12)cycloalky(Co galkyl, hetero(Cs.1 2)cycloalkyl(Co galkyl, (Cg-12)aryl(Co-g)alkyl and
hetero(Cs.13)aryl{(Cq_g)alkyl , each of which is optionally substituted by 1 to 5 rdicals independently
selected from a group consisting of (C_4)alkyl, cyano, halo, halo-substituted (Cy.4)alkyl, -XSNRIR?,
-XS0R9, - X6SRI, -X6C(O)NRR?, -X60C(O)NRIRI, -X6C(O)OR, -XSNC(O)OR?, -X6S(0)R10,
-X68(0);R 10 and -X6C(O)R10;

R? is selected from the group consisting of hydrogen, (C1_g)alkyl,
(C3-12)cyeloalkyl(Cp.g)alkyl, hetero(Cs.12)cycloalkyl(Cog)alkyl, (Cg-12)aryi(Co.g)alkyl or
hetero(C512)aryi(Co-alkyl;

R3 i selected from the group consisting of H, (C1.galkyl, (C3-12)cycloalkyl(Co: g)alkyl,
Betero(Cs. 12)cyeloalkyl(Co.galkyl, (Cg-1ary1(Co- alkyl o betero(Cs 13)ar7i(Cp. alkyl
optionally is substituted by 1 to 5 radicals independently selected from a group consisting of
(C1-4alkyl, cyano, halo, halo-substituted (Cy.4)alkyl, -XSNRIRY, -X60R, -X6SRI,
-XSC(0)NRIRT, -XSOC(O)NRIR?, -X5C(0)OR?, -XSNC(0)OR?, -XOS(O)R10, -X65(0)R 10 and
XSc(O)R10; | _

R4 is H or (C1_g)alkyl; or R3 and R4 teken togethar with the carbon atom to whinhboﬂ; R3
and R4 are attached to form (C3. g)cycloalkylens or (C3_g)heterocyeloalkylene;

RS is H, F,or R3 is (C1_g)alkyl, (C3.12)cycloalkyl(Cp.galkyl,
hetero(C3-1)cycloalkyl(Co g)alkyl, (Ce-12)aryi(Co g)alkyl, hetero(Cs.13)aryl(Co.g)alkyl each
optionally substituted by 1 to 5 radicals independently selected from a group consisting of (Cy.4)akkyl,
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cyano, halo, halo-substituted (Cy.4)alkyl, -X6NRR9, -X60RT, -X6SRI, -X6C(O)NRIRS,
-X60C(O)NRR?, -X6C(0)OR?, -XSNC(O)OR?, -XOS(O)R10, -X65(0),R 10 and -X6C(O)R19;

R6 is (Cg_12)aryl, hetero(Cs.13)aryl and halo substituted (Cy_g) alkyl; wherein R is
optionally is substitated by 1 to 5 radicals independently selected from a group consisting of
(C1-9)alkyl, (C3.12)cycloalky)Co.galkyl, hetero(Cs.12)cycloalkyl(Co g)alkyl,
(C-12)aryiCop-galkyl, hetero(C5.13)aryl(Cp.g)alkyl, cyano, halo, halo-substituted (Cy_g)alkyl,
-X6NRIR?, -XS0R9, -X6SR9, -XSC(OINRR?, -XS0C(O)NRIR?, -X6C(O)YOR?, -XONC(O)OR?,
X65(0)R10, -X55(0);R10 and -XSC(O)R10;

R7 is H, (C1.gelkyl, (C3.12)c7cloalky}(Co.g)alkyl, hetero(C3.12)cyeloalkyKCo.g)alkyl, _
(C6-12)aryi(Co-galkyl, hetero(Cs.13)eryl(Co.g)alky), and halo substitnted (C1.g) alky); wherein R7
is optionally is substituted by 1 to 5 mdicals indspendaptly selected from a group consisting of
(C1-4)alkyl, cyano, halo, halo-substituted (C1.4)alkyl, -XENRIR?, -X6OR?, -X65RS,
-XSC(OINRIRS, -XKSOC(O)NRIRY, -XSC(O)OR?, -XSNC(0)YOR?, -X6S(O)R10, -X65(0),R 10 and
-XSC(O)R19;

RS is sclocted from the group consisting of H, (C1.¢)alkyl, (C3.12)cycloalkyl(Co.galkyl,
hetero(C3. 1)eyeloalky)(Co-g)alkyl, (C.12ary(Co-galkyl, and hetero(Cs.)3aryl(Co.galkyl, or R
and R togother with the atom attached to form (C3.g)cycloalkylens ar (C3-g)licterocycloalkylene;

R st each occurrence independently is hydrogen, (C1.g)alkyl or halo-substitnted (Cy.g)alkyl;

R10s (C1_g)alkyl or halo-substitatod (C1_g)alkyl;

R11 jg selected from the grovp consisting of hydrogen, (C1_g)alkyl,
(C3-12)cycloalkyl(Co.galkyl, hetera(Cs. 17)cycloaTleyl(Co-gelkyl. (Co-12):74(Co.Eulkyl.
hetero(Cs. 1 3)ary\(Co Iy, (Cg-12)bicycloaryX(Co.3)alkyl, hetero(C.12)-bicycloaryi({Co. alky, -
COR3, -C(S)R13, -5(0)zR13, -C(O)OR13, -CONRT)RE, -CENR)RE and -S(O)NERTIRE;

R12 is H or Cy_galkyl optinnally substituted by amido, (Cg.12)aryl, hetero(Cs.12)aryl, .
hetero(Cs.12)cycloalkyl ar kydroxy;

R13 is (Cy.galkyl, (C3.17)cycloalkyl(Co.g)alkyl, hetero(Cs.12)cycloalkyl(Co.galkyl,

(C-12)aryi(Co.-galkyl, hetero(Cs.13)aryi(Co.g)alkyl, end halo substituted (C1.g) alky); wherein R13
is optionally is mbstituted by 1 to 5 madicals independently selected from a group congisting of
(C1-rIxy), cyano, balo, halo-substituted (Cy_gelkyl, -XSNRIR?, -X60R?, -x65RI,
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-XSC(OINRIRI, XBOC(ONRIR?, -XSC(0)OR?, -XENC(O)ORI, -X83(O)R 19, -X65(0),R10 and
-X5C(O)R10; and

n is zero or an integer 1 or 2;

and their corresponding N-oxides, and their prodrugs, and their protected derivatives, individnal

5  isomers and mixtores of isomers thercof; and the pharmacentically acceptable salts and solvates (e.g-
Hrydrates) of such compounds of Formnila (Ts) and their N-oxides and their prodrogs, aud their
protected derivatives, individual isomers and mixtures of isomers thereof.

| In another aspect of the present invention, the inventive subject matter is the backbone

structures of Fermuilae II, I, TV or V, whexein sub-snbg are general substitnents. The specific

10  substituents at sub}- subg arc not part of this aspect of the invention and can be any chemical groups or
radicals which may be substituted at those positions (refezred to as “general substituents™ hereinafter),
incloding those substitutions made poesible by any conventiona] means or by any nsw technologies
developed in the fatnre. Thus, for the purpose of this application, “general substitnents™ do not serve as
a clajm element or limitation of the claim and they theamealves may be novel and non-obvious, or

15  unkpown at the time of the invention.

) L

"
re [
mb'\ﬂJ\ﬂ/N\'“"i suby
0 Osuby sub,
I I
]
F F
1 F
le A (0] 1 F
sub. 4
" %“"- won I .
Oeswbf sub,
v Vv
20 In yet another aspect of the inveation, the inventive snbject matter includes the backbone

stroctore of Formulae 1T, I, TV or V together with popular substitnents at subq-subg. For the purpose
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of this application, “a popular substituent™ means a chemical group or radical which, at the time of the
present invention, people of ordinary skill in the art, by using the specific substitutions disclosed
hereinafter ac gnidance, would deem practical to substitote at subj-subg without undue

In still anather aspect of the invention, the inventive subject matter includes the backbons
structures of Formulas I, I, IV or V and spocific substitents disclosed hereinafter at subj-subg. The
specific substitnant disclosed in the present application is referced to as a “particolar substitnent.” For
the purpose of the present application, a particular substitnsnt, if recited in the claims, scrves as a claim
limitation and may confer patentability an the claim by itself ar in combination with the backbans
strocture along with other substitnents therein.

Definitions:

Unless otherwise stated, the following terms used in the specification and claims arc defined
for the purposes of this Application and have the following meanings.

“A related chemical entity™ of a compound, means an N-oxide derivative, & prodrug
derivative, a protected derivative, an individnal isomer, a mixture of isomers, or a pharmacentically
acceptable salt or solvate, of said componnd, which can be prepared without undue experimentation by
people with ordinary skill in the field.

"Acyl" means an H-CO- or alkyl-CO- group in which the alky! group is as described herein.

* Acylamine® is an acy}-NH- group wherein acyl is as defined harein.

. "Alkoxy" means an alkyl-O- group in which the alkyl group is es described herein
Bxemplary alkoxy groups include altyloxy, diftnoromethoxy, methoxy, triflnoromethoxy, ethoxy,
D~propoxy, i-propoxy, n-butoxy and heptoxy.

" Alkoxycarbonyl” means an alky}-O-CO- group in which the alkyl group is as described
herein.  Exemplary alknxycarbomy] groups incinde methoxy- and ethoxycarbonyl.

"Alkyl" represented by itself means a straight or branched, saturated or unsatarated, aliphatic
radical having the mmber of carbon atoms indicated (e.g., (C1.g)alkyl incindes meshyl, ethryl, propyl,

isopropyl, butyl, sec-batyl, isobutyl, sers-butyl, vinyl, allyl, 1-propenyl, isopropenyl, 1-butenyl,
2-butony], 3-butenyl, 2-methylallyl, ethynyl, 1-propynyl, 2-propynyl, and the like). ATky} represented
ﬂm;wﬂhmﬂmndmﬂ(&g..umuﬁnkybmnm;htubnmhnimﬁmmnmﬁ
aliphatic divalent radical having the murber of atorms indicated ar when no atorns are indicated means
a band (e.g., (C-12)aryl(Cog)alkyl includes phenyl, benzyl, phenstiryl, 1-phemnylethyl
3-phenylpropyl, and the like). It will be appreciated by those skilied in the art that when alkyl
represents an unsaturated aliphatic radical such radicals may not be attached directly to an oxygen,
nitrogen or sulphnr atom via the carbon carbon multiple bond of said vnsaturated aliphatic radical.
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" Alkylens”, unless indicated otherwise, means a straight or hranched, saturated or unsaturated,
aliphatic, divalent radical having the mmiber of carbon atorms indicated, (Cq.)alkylens includes
methylene (-CHy-) and ethylens (<CHCHj-). It will be appreciated by those skilled in the art that
when alkylene represents an unsaturated, aliphatic, divalent radical such radicals may not be attached
directly to an oxygen, nitrogen or sulphur atom via the carbon carbon multiple bond of said
unsaturated, aliphatic, divalent radical.

" Alkylenedioxy" means an -O-alkylenc-O- group in which alkylenc is as defined ebove.
Exemplary alkylencdioxy groups include methylonedioxy and etlrylencdioxy.

" Alkylsulfinyl” means en alkyl-SO- group in which the alkyl group is as previously described.
Preferred alkylsulfiny] groups are those in which the alkyl group is Cy_4alkyl.

" Alkylsulfonyl” means an alkyl-SO9- group in which ths alkyl group is as previonsly
described. Preferred alkylsulfonyl groups are those in which the alkyl group is C1_galkyl.

"Alkylthio" means an alkyl-S- group in which the alkyl group is as previcusly described.
Exemplary alkyithio groups include methylthio, ethylthio, isopropylthio and heptylthio.

" Aromatic” means a moicty wherein the constitnent atoms make up an unsatorated ring
gysten, all atoms in the ring'system are sp2 bybridized and the total mumber of pi elcctrons is equal to
4n+2,

" Aroyl" means an aryl-CO- group in which the aryl group is as described herein.  Exemplary
aroyl groups include benzoyl and 1- and 2-paphthoyl.

"Aroylamine” is an aroyl-NH- group wherein aroyl is as previousty defined.

"Aryl" ag a group or part of a group danotes: (i) an optionally substitatad monocyclic or
multicyclic aromatic carbocyclic moiety of 6 to 12 carbon atoms, such as phenryl or naphfhyl; or (ii) an
optionally substitnted partially satnrated muiticyclic aromatic carbocyclic moiety in which an aryl and
a cycloalkyl or cycloalkenyl gronp are fused together to form a cyclic structore, such as a
totralrydronaphthyl, indenyl or indanyl ring. Except where otherwise defined, aryl groups may be
substitnted with one or more aryl group substitnents, which may be the same or different, where "aryl
group substitnent” includes, for example, acyl, acylamino, alkoxy, slkoxycarbonyl, alkylepedioxy,
alkylsulfinyl, alkylsulfonyl, alkylthio, aroyl, aroylamino, aryl, arylalkyloxy, arylalkyloxycarbomyl,
arylalkylthio, aryloxy, aryloxycarbomyl, arylsvlfinyl, arylsulfonyl, aryithio, carboxy (or an acid
biaisosters), cyano, cycloalkyl, halo, heteroaroyl, heteroaryl, hetaroarylalkyloxy, heteroaroylamino,

heteroaryloxy, heterocyeloalkyl, hydroxy, nitm, trifiucromethyl, -NY3Y4, -CONY3Y4, -S0;NY3Y4,
NY3-C(=0)alky], -NY3SO5ulkyl or alkyl optionally substitnted with aryl, heteroaryl, hydroxy, or

-NY3Y4(in which Y3 and Y# arc indspeniently hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, heteroaryl
or heteroarylalkyl; or the gronp -NY>Y4 may form a cyclic amins). Exemplary optionally substitated
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(Cé-12)aryl include, but is not limited to, biphenyl, bromophenyl, chlorophenyl, dichlorophenyl, ,
diffuoromethoxyphenyl, dimethylpheayl, sthoxycarborrylphenyl, floorophenyl, isopropyipheayl,
methoxyphenyl, methylphonyl, methylsulfonylphenyl, naphthyl, pentafluorophenyl, phearyl,
triffuoromethaxyphany, trifinoromethyiphenyl, and the like. Optionally substituted (Cg.j2)aryl as
used in this Application to define a radical substituent attached to the group RS includes
triffluoromethoxyphenyl, difinoromethoxyphenyl, 4-finorophenyl, and the like.

“Arylalkyloxy" means an arylalkyl-O- group in which e arylalkyl gronps is as previously
described. Exemplary arylalkyloxy groups include benzyloxy and 1- or 2-naphthalsnsmethoxy.

"Aryhikyioxycarbonyl” means an arylalkyl-O-CO- group in which the arylalkyl groups is as
previously described. An exemplary arylalkyloxycerbonyl group is benzyloxycarbonyl.

"Arylalkylthio™ means an arylalkyl-S- group in which the arylaikyl group is as proviovsly
described. An exemplary arylalkyithio group is benzylthio.

"Aryloxy™ means an aryl-O- gronp in which the aryl gronp is as previously described.
Exomplary aryloxy groups includs phenoxy and naphthoxy, each optionally substitated.

"Aryloxycarbony!” means an aryl-0-C(=0)- group in which the aryl group is as proviously
described. Exemplary aryloxycarbonyl groups inchude ghenoxycarbanyl and naphthoxycarbomyl.

" Arylsulfinyl" means an aryl-SO- group in which the aryl group is as previonsly described.

"Arylsulfonyl” means an aryl-SO;- group in which the aryl group is as proviously described.

" Arylfhio” means an aryl-S- group in which the aryd group is as previously described.
Exoriplary aryithio groups includs phenyithio and naphthryithio.

"Cycloalkyl” means a satrated or partially unsatorated, momocyclic, fased bicyclic or bodged

polycyclic ring asserrbly containing the mamiber of ring carbon atoms indicated, and any carbocyclic
ketons, thiokatons or iminoketons derivative thereof (0.g-, (C3.12)cycloalkyl inchndes cyclopropyl,
cyclobatyl, cyclopentyl, cyclohexyl, cyclobaxenyl, 2,5-cyclohexadienyl, bicyclo[2.2.2]octyl,
adamantan-1-yi, decahiydronaphthyl, oxocyclohexyl, dioxocyclohexyl, thiocyclahaxyl,

- 2-0xobicyclo[2.2,1Thept-1-y1, and the like). It will be appreciated by those skilled in the art that when

cycloalkyl represents an unsaturated cyclic ring assemrbly such rings may not be attached directly via
the carban carbon rmltiple bond to an oxygen, nitrogen ar sulphny atom.

“Cycloalkyleno” means a divalert satorated or partially nreatureted, monocyclic ring or
tridged polycyclic ring assearbly containing the mmiber of ring carbon atoms indicated, and sy

"Hetaroaroy]l® means a heteroaryl-C(=0)- group in which the heteroaryl group is as described
herein. Exemplary hegeroaryl groups include pyridylcarbonyl.

"Heteroaroylamino™ means a heteroaroyl-NH- group in which the heteroaryl moiety is as
previously described,
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"Hetoroaryl” as a group or part of a group denotes: (i) an optionally substituted aromatic
monocyclic or multicyclic organic moijety of about 5 to about 13 ring members in which ons or more
of the ring memibers is/are element(s) other than carbon, for example nitrogen, oxygen or sulfor
(cxamples of such groupe include benzimmdazolyl, benzoxazolyl, benzothiazolyl, faryl, imidazolyl,
infiolyl, indolizinyl, isoxazolyl, isoquinolinyl, isothiazolyl, oxadiazalyl, oxazolyl, pyrazinyl,
pyridazinyl, pyrazolyl, pyridyl, pyrimidinyl, pycrolyl, quinazolinyl, quinolinyl, 1,3,4-thisdiazolyl,
thiazolyl, thierryl and triazolyl groups, optionally substituted by one or more aryl group substituants as
defmed above except where otherwise defined); (ii) an optionally substituted partially sarated
multicyclic heterocarbocyclic moiety in which a beteroaryl and a cycloalkyl or cycloalkenyl group are
fosed together to form a cyclic structare (examples of such groups include pyrindanyl groups,
optionally substitated by one or more "aryl gronp substituents” as defined above, except whezs
otharwise defined). Optional substitments inchide one or more "aryl group substitoents” as defined
above, except where otherwise defined. Optionally substitnted hetero(Cs.13)aryl as used in this

Application to dafine RS includes benzaxazal-2-yl, 5-tert-butyl-{1,2,4Joxadinzol-3-yl, 3-cyclopropyl-
1,2,4-0xadiazol-5-yl, S-cyclopropyl-1,2,4-oxadiazol-5-y1, 5-cyclopropyl-1,3,4-oxadiazol-2-y1 , S-cthyl-

. [1,3,4Joxadiazol-2-y1, 5~(4-finoro-phenyl)-1,2,4-oxadiszol-3-yl, S-isopropyl-isoxazol-3-y1, 5-(5-

mothyl-isoxezol-3-yl)-oxazol-2-yl, oxazol-2-yl, 3-phenyl-1,2,4-0xadiazol-5-y1, 5-phenyl-1,2.4-
oxadiazol-3-yl, 3{tctrahydro-pyran-4-y1)-1,2,4-0xadisznl-5-y1 ,5-thiophen- 2—yl-unzol—2—yl, 5(4-
triflncromethoxy-phenyl)-1,3,4-axadiazol-2-yl, and the like.

"Hateroarylalkyloxy” means an heteroarylalkyl-O- group mwh::hﬁehntu'oaryhlhyl group
unspmmslydm‘bed. Exenpluyhmwlnywmhdoophmmymbmmmd
pyddylmethoxy.

"Heteroaryloxy” means an heteroaryl-O- group in which the heteroaryl group is as previously
described. Exemplary heteroaryloxy groups include optionally substituted pyridyloxy.

"Heterocycloalkyl™ means cycloalkyl, as defined in this Application, provided that ons or more
of the ring carbon atorms indicated are replaced by a heteroatom mojety selected from -N=, -NR-, -O-
or -S-, wherein R is hydrogen, (C1_g)alkyl, a protecting group er represents the free valence which
serves as the point of attachment to a ring nitrogen, and any carbocyclic ketoms, thiokstons or
iminoketons derivative thereof (e.g., the term hetero(Cs. 19)cycloalkyl inclndes imidazolidinyl,
morpholinyl, piperazinyl, piperidyl, pyrrolidinyl, pyrrolinyl, quimnclidinyl, and the 1ike). Suitable
protecting groups include fers-butoxycarbonyl, benzyloxycarbonyl, benzyl, 4-methoxybenzyl,
2-nitrobenzyl, and the like. Both the unprotected and protected derivatives fall within the scope of the
invention.

B &
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"Heterocycloalkylene” means cycloalkylens, as defined in this Application, provided that ons
or more of the ring member carbon atoms indicated, is replaced by heteroatom moiety selected from
-N=, -NR-, -O-, -8- or -5(0)2-, wherein R is hydrogen, (Cy.g)21ky] or a protecting group.

"Isomers", as uzsed in this disclosure, mean the compounds of the present invention having
identical molecular formulae but differing in the natare or sequence of bonding of their atoms or in the
arrangement of their atorms in space. Isorners that differ in the arrangement of their atomns in space are
termed "stereoisomers”. Stereoisomers that are not mirrar images of ons another are taried
"diastereorners” and sterecisomers that are nonsuperimposabls mirror images are tarmed
"enantiomers™ or sometimes "optical isomers”. A carbom atom bonded to four nonidentical
substitnents is termed & “chiral center”. A compound, which has one chiral center has two
enantiomeric forms of oppozite chirality. A "racemic mixtare” contains both enaptiomers asa1:1
ratio. However, in terms of this application a racemic mixtare has been employed when both
enantiomers were present irrespective of their ratis. A compound that hes more than ons chirsl ceater
has 2 P! epantiomeric pairs, where n is the number of chiral centers. Componnds with more than one
chiral center may exist as cither an individaal diastereomer or as a mixinre of diastercomers, termed a
"diastareomeric mixtnre". 'When one chiral center is prosent a sterecisomer may be characterized by
the absolnte configoration of that chiral center. Absolnts configuration refers to the armangament in
space of the substituents attached to the chirel center. Enantiomers aro characterized by the sbsolute
confignmtion of their chirsl canters and described by the R- and S-sequencing roles of Cabn, Ingold
lndPralng. mhmmmmdlmmfuﬁwdammmof
Wmmw#mmMMmﬂmm(ag, soe "Advarced
Organic Chemistry”, 4th edition, March, Jerry, Johm Wiloy & Sans, Naw York, 1992). It is understood
that the pames and illustrations used in this disclosare to describe compounds of the present invention
are meant to encompass all possible sterecisomers. 'I!Ims,formmpln.[thenmmphw
curboxylic acid {1-[1-(3-cyclopropy}{1,2,4Joxadiszole-5-carbomyl)-propylcarbamoyl}-3,3-difluaro-
hexyl}-amide is moant to inclnde marpholine-4-carboxylic acid {(S)-l-[(s)-l-(S-cyclnpwpyl -1,2,4-
md:mlo-s-cnrbonyl)-pmpylwbmyl]éﬁ-d:ﬂnuo-hnﬁ}m end mpbnhm—d—cnbaxylm
acid {(R)-1-[(R)-1-(3-cyclopropyl-1,2,4-0xadiazole-5-carbonyl)-propylcarbamoyl]-3,3-diflnoro~
hexyl)-amide and any mixture, racemic or otherwise, thereof.)

'N-oxiﬂedaﬁvnﬁvu'mmdﬂivaﬁv'uoféonpmﬁufmepruminfmﬁminwhich
nitrogens are in an oxidized stats (l.e., N-O) and which possess the desired pharmacological activity.

"Fharmacsutically acceptable™ means that which is useful in preparing a pharmacentical
composition that iz generally safe, non-toxic and neither biologically nor otherwise undesirible and
includes that which is acceptable for veterinary nse as well as hmman pharmacentical nsa,

"Pharmaceatically acceptabls salts” means salts of compounds of present invention which are
pharmacentically acceptable, as defined above, and which possees the desired pharmacalogical
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activity. Such salts include acid addition salts formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and ths like; or with organic acids such as
acefic acid, propionic acid, hexanoic acid, beptanoic acid, cyclopentane propionic scid, glycolic acid,
pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fomaric acid, tartaric
acid, citric acid, benzoic acid, o-(4-hydroxybenzoyljbenzoic acid, cignamic acid, mandelic acid,
methylsulfonic acid, ethanesulfonic acid, 1,2-cthanedisulfonic acid, 2-hydroxyethanesulfonic acid,
benzemesuifonic acid, p-chlorobenzencsulfonic acid, 2-paphthalenesulfonic acid, p-toluenesulfonic
acid, campharsulfonic scid, 4-methyfbicyclo[2.2.2]oct-2-ene-1-carbaxytic acid, glucaheptonic acid,
4,4'-mothylenshis(3-hydroxy-2-ane-1-carboxylic acid), 3-phenylpropionic acid, trimethylacetic acid,
tertiary butylacetic acid, lauryl sulfaric acid, gluconic acid, glutamic acid, hydroxynaghthoic acid,
salicylic acid, stearic acid, mmeonic acid and the liks.

Pharmaceutically acceptable salts also include base addition salts which may be farmed when
acidic protans preseat are capable of reacting with inorganic or organic bases. Acceptable inorganic
‘bases include sodinm hydroxide, sodinm carbonats, potassinm hydroxide, alumimm hydroxide and
calcium hydroxide. Acceptabls organic bases include ethanolamine, dicthanolamine, tricthanclamine,
tromethamine, N-methylghicamine and the like.

'Pmdmg'mammpmd.whinhisconmﬁbhinvivobymbo]icmton
compound of present invention. For example an ester of a compound of present mvention containing a
hydroxy group may be convertihle by bydrolysis in vivo to the parent molecule. Altematively an ester
of a compound of present invention containing a carboxy group may be convertible by hydrolysis in
vivo to the parent molecule. Suitable esters of compounds of present invention containing a hixdroxy
group, are for axanple acetates, citrates, lactates, tartrates, malonates, oxalates, salicylates,
propionates, succinates, fumarates, rmalcates, nﬂ'hyl.um-bis-b-hydruymphthnatu. geatisates,
isethionates, di-p-toluoyltartrates, methylsulfonates, cthenesulfonates, benzenesulfonates,
p-tolnenesulfonates, cyclohexylmlfamates and quinates. Suitable esters of componads of present
invention containing a carboxy group arv, for example, those described by P.J.Leinweber, Drug Metab.
Ree., 1987, 18, page 379. An especially useful class of esters of compounds of present invention
containing a hydroxy group, may be formed from acid moieties selected from those described by
Bundgaard et al, J. Med. Chem., 1589, 32, page 2503-2507, and include substituted (aminomethy))-

. benzoates, for example, dislkylamino-methylbenzoates in which the two alkyl gronps may be joined

together and/or interrupted by an axygen atom or by an optionally substitated nitrogen atom, ¢.g., an
alkylated nitrogen atom, more especially (morpholino-methyl)benzoates, e.g., 3- or
A-(morpholinomethyl)-benzoates, and (4-alkylpiperazin-1-ylibenzoates, e.g., 3- or
4-(4-alkylpiperazin-1-yI)benzoates.

“Protected derivatives™ means dezivatives of compounds of present invention in which a
reactive site ar sites are blocked with protecting groups. Protected derivatives of compounds of
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present invention are uscfal in the preparation of compounds of present invention or in thernselves may
be active cathepsin S inhibitors. A comprehensive list of suitabls protecting gronps can be found in
T.W. Greexw, Protecting Groups in Organic Synthesis, 3rd edition, John Wilsy & Sons, Inc., 1999.
*Therapentically affective amonnt™ means that amount which, when administered to an animal
for treating a diseasc, is sufficient to effect such treatment for the disease.
*Treatment” or “treating™ means any administration of a componnd of the presant mveation
and includes:
(1) proventing the disease from ocenrring in an animal which may be predisposed to the disease
but does not yet experiance or display the pathology or symptonmtology of the dicecase,
(2)  iphibiting the discase in an animal that is experiencing or displaying the pathology or
symptomatology of the diseased (ie., mvesting farther development of the pathology and/or
symptomstology), or
)] ameliorating the disease in an animal that is experiencing or displaying the pathology or
symptomatology of the diseased (Le., reversing the pathology and/or symptomatology).

Nomenclature:

The compounds of present invention and the intermediates and starting materials used in their
proparation are named in accardance with TUPAC rules of nomenclature in which the characteristic
groups have decreasing priority for citation as the principle group as follows: acids, esters, amides, etc.
Alternatively, the compounds aro samed by AntoNom 4.0 (Beilstein Information Systexs, Inc.). [For
example, a compound of formula (T) wherein R1 is morgholine-4-carbanyl, X1 is methylens, R is

methyl, R2 js H and A is yc.hw&bﬂhﬂhﬂ.lt‘ilﬂmdxzkc(o)kﬁwhmnﬁiﬂ-
: R

cyclopropyl-1,2 4-cxadiazol-5-y]; that is, a compound having the following strocture:

is named morpholine-4-carboxylic acid {(S)-1-{(S)-1-(3-cyclopropyl-1,2,4-oxadiazole-S-carbonyl)-
propylcarbamoyl]-3,3-difuoro-batyl}-amide
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However, it is understood that, for a particular compound referred to by both s structomal
fornmla and a nomenclature pare, if the structural formmmla and the nomenclatnre name are
inconsistent with each other, the structural formula takes the precedence over the nomenclature name.

The various features of novelty which characterize the mvention are pointed
out with particularity in the claime annexed to and forming a part of this disclosure. For a better
understanding of the invention, its operating advantages, and specific objects attamed by its nse,
reference should be made to the following description in which there are illnstrated and described
proferred embodimeats of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
With reference to formmla (T) above, the following are particular groupings:

x1 nnypnmculuﬂyrupresmmhylem

A may particularly represent x wherein: R3 is H, (Cg-12aryl(Cy_g)alkyl or (Cy.

oalky] optionally substitnted by -XSOR? [in which X6 is a bond and R? is (C;.galkyl); R4 is H or
(C1.g)alkyl; and X2 is CHO, CN ar C(O)R6 [in which RS is hetero(Cs_13)aryl aptionally substituted
by (C1-g)alkyl, (C3.12)cycloalkyl, (Cg-12)aryl or heteso(Cs.13)aryl]

A may also particnlarly represent wherein X3 is propylens and R11 is
XN

p
-C(0)OR!3 or -S(0);R13, in which R13 js alkyl or (Cg_1p)aryl.
R! may particularly represent R13C(0)- in which R13 is hetero(Cs_;2)cycloalkyl.

R! may also particularly represent R130C(0)- in which R13 is (Cg_12)aryi(Cy_g)alkyl

R! may also perticularty represent (C}_g)alkyl.
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Rl may also particularly ropresent hetero(Cs.12)cycloalkyl
R2 ey particularly represent HL
R may particulariy represeat (C3.g)alkyl.

RS may also particularly represent (Cg.17)aryi(C)._galkyl.

Particular Gepera: _
A particular gronp of compounds of the invention 2re compounds of Formmla (Ia):

(2)
wherein R1, R3, R4 and RS aro as hersinbefore described, and their corresponding N-oxides, and their
prodrugs, and their protected derivatives, individual isomers and mixtures of isomers theroaf; and the
pharmacentically acceptable salts and solvates (e.g. hydrates) of such compoonds of Formuls (Ia) and
their N-cxides and their prodrags, and their protected derivatives, individual isomers and mixtures of
isomers thareof.

Compounds of Farrmils (I#) in which R is R13C(0)- and R13 js hetero(Cs_17)cycloalkyl are

examples. Compounds of Formmila (Is) in which R] is o\_/u—cw) - are particular examples.

Compotnds of Formola (Is) in which R3 is H, (Cg. 12)aryX(C;_salkyl or (C1.g)alky! aro examples.

Coxpounds of Formnla (Ia) in which R3 is H, @—cn;—cn,- or CH;CH;~CH;~ are

particular examples.
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Componnds of Formula (Ta) in which R# is H or methy] are examples.
Compounds of Formula (Ia) in which R is (Cg_12)aryi(C1._g)alky] are examples.

Compounds of Formula (Is) in which R3 represents Q_CH? aro particular exarpples.

A particular group of compounds of the invention are compounds of formmla (Ts) in which: R1

- 13 - / : 3 N -
is R1°C(O)- (especially O —C (0} -); R7is H, (Cg 12)aryi(Cy_galkyl (especially
QCH:—CHZ— ) ar (Cy.g)alkyl (especially CHy;CH;~CH>~ )i R4isH or methyl and R

is (C¢-12)aryl(C1_g)alkyl (cspecially QCH‘_ )-

A particular group of compounds of ths invention are compounds of formnla (Tb) in which: R1

. AR :
is R13C(0)- (especially O —C(0)+); RIis H, (Cg.12)aryi(C1.g)alkyl (cspocially

@—cs,—cn,— ) or (C1_g)alkyl (especially CH3-CH5-); R%is H or methyl and R is
(Cg-12)21y1(C; g)elkyl (especially Q—CH,— )-

A farther particular group of compounds of the invention are compounds of Formzila (Ic):
R

F
F -
R n
N 7<in'
o g R
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(ic)

whersin R1, R3, R4, RS and RS are as hereinbefore described, and their corresponding N-oxides, and
their prodrags, and their protected derivatives, individual isomers and mixtures of isomers thereof; and
the pharmaceutically acceptable salts and solvates (.. hydrates) of such compounds of Fornmla (Ic)
and their N-oxides and their prodrugs, and their protected derivatives, individnal isomers and mixtres
of isomers thepeof.

Compounds of Formmla (Ic) in which R is R13C(0)- and R13 is hetero(Cs_1)cycloalkyl are
» . ]- / \ -
examples. Compounds of Formmla (Ic) in which R is O —C (O) - are particular examples.

Compounds of Formnla (Ic) in which R3 is (C;_g)elkyl optionally substituted by -XS0R? [in which
X6 is a bond and R? is (C1._g)alkyl] are examgples. Compounds of Rarmmla (Ic) in which R is

. CH;~CH;~ , CH;"CH;~CH;~ or CH;-O—CH;~ are particolar examples.

Conpound:omennh(lc)inwhinhRﬂsHornﬂhylmamplﬂ.CommdsofFunmh(lc)in
which R4 iz H are examples.

Compounds of Formnla (lc) in which RS is (Cy.g)alkyl ar (Cg.12)aryl(Cy_g)alkyl are examyiles.
Compounds of Formmla (Ic) in which RS represents CH3CH,CHg or CH3 CH; or CHj or

@—cn,— aro particular examples. Compounds of Formnla (Ic) in which R represents

O—cnr aro particular examples.

Compounds of Formola (1) in which RS is hetero(Cs. 3)aryl, optionally substituted by (C;._galkyl,
(C3-12)cycloalkyl, (Cg-12)aryl ar hetero(Cs.3)ary), are examples. Exemplary optionally substituted
hetaro(Cs_13)aryl groups include optionally substituted beazoxazolyl, oxadiazolyl, isoxazolyl, or
oxazolyl. Compounds of Formmla (Ic) in which R6 is benzoxazol-2-y1, 5-tert-butyl-{1,2,4)cxadinzel-3-

¥, 3-cyclopropyl-1,2,4-oxadiazol-5-yl, S-cyclopropyl-1,2.4-oxadiazol-2-yl, S-cyclopropyl-1,3,4-
oxadiazol-2-y1 , 5-ethyi-1,3,4-oxadiazol-2-yl, 5<(4-filuoro-phenyl)-1,2,4-oxadiazol-3-yl, S-isopropyl-
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isaxazol-3-yl, 5-(5-methyl-isoxazol-3-yl)-oxazol-2-yi, 5-(5-methyl-thien-2-yi}oxazol-2-yl, oxazol-2-
yl1, 3-phenyl-1,2 4-oxadiazol-5-y1, 5-phexyl-1,2,4-oxadiazol-3-yl, S-thicphen-2-yl-axazol-2-yl, 5-(4-
triffuoromethoxy-phenyl)-1,3,4-oxadiazol-2-y] and the like, are examples. Cornpounds of Forrmla (Ic)
in which R is benzoxazol-2-y1, 3-cyclopropyl-1,2,4-cxadiazol-5-l, oxazol-2-yl, aro particular
examples.

A particalar group of compounds of the invention are cormpounds of fornmla (lc)inwhiuh:ﬂi:

» / . 3 " » . 9
R13C(0)- (especially O —¢(0) - ); R3 is (C}.g)alkyl optionally substituted by,-XSOR'
(especially CH;—CH;- , CHy CH.—CH;~ or CH;-O—CH;~ )i R4is H and RY is (Cy.g)sliyl or

(C6-120ar7)(Cy_galkyl (cspecially @—cn,— 3; RS is hetero(C5.1 3)aryl, optienally

substituted by (C1_g)alkyl, (C3.12)cycloalkyl, hetero(Cs.}2) cycloalkyl, (Cg.12)aryl or
hetero(Cs._33)aryl (especially benzoxazol-2-yl, 3-cyclopropyl-1,2,4-oxadiazol-5-yl, oxazol-2-yl and 5-
meflryl-isaxazal-3-yi)-oxazole-2-y).

A forther particular group of compounds of the invention are compounds of Fornmla (Id):

F
, F
R\ \
K ) ¢
{,
\ ad)

wharein R1, RS, R11 and X5 are as herainbafore described, and their corresponding N-oxides, and
their prodrugs, and their protected dexivatives, individnal isomers and mixtnres of isomers thereaf; and
the pharmaccatically accoptable selts and solvates (e.g- hydrates) of such compounds of Fornmla (Id)
and their N-axides and their prodrags, and their protected derivatives, individual isomers and mixtures
of isomers thereof.

Ef
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Compounds of Formula (Id) in which R1 is R13C(O)- and R13 is hetero(C5_12)cycloalkyl are

examples, Compounds of Formnla (Id) in which R1 is 0 N—C (O) - are particular examples.

Compounds of Farmula (Id) in which R3is (Cg-12)ary}(C1_g)alkyl are examples. Compounds of
Fornmla (1d) in which R represeats Q—cn,— are particular cxamples.

Compounds of Farpmla (Id) in which R11 is -C(OYOR13 or -S(O);R13, in which R13 is alkyl or
(Cg-12)aryl arc cxample. Conpmndlofﬂumnh(ld)inwhichkn represents -C(0)OC(CHz3)3 or

-5(0); are particular examples.

cmm&wamhmxlhmmmm.

A particular group of compounds of the invention are compounds of formula (Id) in which: R1 is

R13C(0)- (cspecially o\_/u—c (0) - ); RS is (Cg.12)aryi(Cy_g)alkyl (especially

Qca,- % R11 is -C(OYOR13 [especially-C(O)OC(CH3)3) ax -S(O)2R13 (eapecially
-s(m,—@ ) and X1 is propylene are examples.

Particular compounds of the present invention includs:

morpholine-4-carboxylic acid {(S)-1-[(S)-1-G-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-diflnoro-hexyl}-amide;

morpholine-4-carboxylic acid {(S)-1-[(S)-1-(5-cyclopropyl-1,3,4-oxadiazole-2-carbonyl)-
propylearbamoyl}-3,3-diffuoro-hexyl)-amide;
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morphaline-4-carboxylic acid ((5)-3,3-diftlnoro-1-{(S)-1-[5-(4-trifluoromethoxy-phenyl)-1.3,4-
oxadiazole-2-carbonyl]-propylcarbamoyl }-hexyl)-emide;

morpholinc-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2 .4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-difinoro-4-phenyl-butyl) -amide;

marpholine-4-carboxylic acid {1-[1-(3-cyclopropyl-{1,2,4]Joxadiazole-5-carbonyl)-propylcarbamoyl}-
3,3-difluoro-5-methyl-hexyl}-amide;

morpholine-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbanmoyl]-3,3-difinero-butyl}-amide;

morpholina-4-carboxylic acid {(S)-3,3-diffucro-1-[(S)-1-(3-phenyl-1,2,4-oxadiazale-5-carbonyl)-
propylcarbamoyl}-butyl }-amide;

morpholine-4-carboxylic acid {(S)-3,3-diffacro-1-[(S)-1-(5-phenyl-1,2,4-oxadiazole-3-carbomyl)-
propylcarbamoyl}- butyl}-amide;

morpholine-4-carboxylic acid {1-[1-{5-cyclopropyl-[1,3,4]cxadiazole-2-carbouyl)-propylcarbamoyl]-
3,3-difinoro-4-phexyl-butyl}-amide;

morpholine4-carboxylic acid {3,3-dtfluoro-1-{1-(5-isopropyl-isoxazole-3-carbonyl)-
propylcarbamoyi}-hexyl}-amide;

morpholine-4-carboxylic acid ((S)-3,3-difluoro-1-{ 1-[5-(5-methyl-isaxazal-3-yD-oxazole-2-carbonyl]-
propylcarbemoy]}-hexyl)-amide; |
morpholine-4-carboxylic acid {(S)-3,3-difluoro-1-{(S)-1-(oxazole-2-carbonyl)-propylearbamoyi])-4-
phenyl-butyl }-amide;

morpholine-4-carboxylic acid {(S)-3,3-difluoro-4-pliemyl-1-{(S)-1-(5-thiophan-2-yi-oxazole-2-
carbonyl)-propylcarbamoy]-butyl}-amids;

morphaline4-carboxylic acid {(S)-1-[(S)-1-(benzoxazole-2-carbanyl)-butylcarbamoyl)-3,3-diflnoro-4-
pheayl-butyl}-amide;

morpholine-4-carboxylic acid [1-(2-benzooxazol-2-yl-1-methoxymethyl-2-oxo-cthylearbamoyl)-3,3-
morpholine-4-carboxylic acid {(S)-1-[(S)-1-(benzoxazole-2-carbonyl)-1-methyl-butylcarbamoyl]-3,3-
diftaoro-4-phearyl-butyl }-amide;

marpholine-4-carboylic acid [(S)-1<(S)-1-cyano-3-ghenyl- propylcarbemoyl)-3,3-difhuoro-4-phearyl-
butyl}-amide; - : :
morpholine-4-carboxylic acid [(S)-1-(cyanomethyl-carbamoyl)-3,3-diftnoro-4-phenyl-butyl}-amids;
morpholine-4-carboxylic acid [(S)-3,3-difluoro-1-((S)-1-formyl-1-methyl-butylcarbameyl)-4-phemyl-
butyl]-amide;

morpholine-4-carboxylic acid {(S)-1-[1-(5-cthyl-{1,3,4]oxadiazole-2-carborryl)-propylcarbamoyl}-3,3-
difluoro-4-phexyl-butyl} -amide;

morpholins-4-carboxylic acid {(S)-1-{1-(5-text-butyl-[1,2,4Jaxadiazole-3-carbonyl)-propylcarbamoyl)-
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3,3-diffuoro-4-phemryl-butyl}-amids;
morphaline-4-carboxylic acid {(S)-3,3-diffuoro-4-pheny}-1-[(5)-1-(5-phenyl-[1,2.4Joxadiz20l-3-y1)-
propyicarbamoyl])-butyl}-amide;

[(5)-1-(cyanomethyl-carbamoyl)-3,3-difluoro-4-pheayl-butyl]-carbamic acid benzyl ester;
(S)-4,4-diflnoro-5-phenyl-2-(tetrahydro-pyran-4-ylamne)-pentanaic acid cyanomethyl-amids;
(5)4,4-diffluaro-2-isobutylamino-5-phenyl-pentancic acid cyanomethyl-amide;
morpholine-4-carboxylic acid [(S)-1-((S)-1-benzencsnlfomryl-3-oxo-azepan-4-ylcarbamoyl)-3,3-
diffeoro-4-phenyl-batyl}-amids;
(5)-4-{(5)4,4-difnoro-2-[(morpholine-4-carbonyl)-smino}-S-pheny:-pentanoylaming }-3-0xo-
azepane-1-carboxylic acid tert-butyl ester;

roorpholine-4-carboxylic acid ((S)-1-{(S)-1-{(5-ethyl-1.3,4-oxadiazol-2-y1)-hydroxy-methiyl}-
propylcarbamoyi}-3,3-diftaoro-hexyl)-amide;

morpholine-4-carboxylic acid {(S)-1-11-(5-cyclopropyl-1,3,4-oxadiazole-2-carbamyl)-
propylcarbamoyi]-3,3-diftuoro-butyl}-amide;

morpholine4-carboxylic acid {(S)-1-{1-(5-cyclopropyl-1,2,4-cxadiazole-3-carbomyl)-
propylcarbamoy])-3,3-difinaro-hexyl}-amide;

morpholine-4-carboxylic acid ((S)-3,3-difluoro-1-{(5)-1-{5(4-fluoro-pheuyl)- 1.2 4-oxadiazole-3-
carbonyl}propylcarbamoyl}-buty))-amide;

morpholine-4-carboxylic acid ((S)-3,3-diffuoro-1-{1-[5-(4-flucro-phenyl)-1,2,4-axadiazole-3-
carbonyl}-propylcerbamoyl}-butyl)-amide;

" moorpholine-4-carboxylic acid ((S)-3,3-difinaro-1-{(R)-1-[5-(4-finoro-phenyl)-1,2,4-oxadinzole-3-

carbauyl]-propyicarbamoyl}-butyl)-amide;

morpholine-4-carboxylic acid {(S)-1-[(S)-1-(benzoxazale-2-carbonyl)-propylearbamoyl}-3,3-difluoro-
butyl}-amide;

morpholine-4-carboxylic acid [(S)-1-(cyanomethyl-carbamoyl)-3,3-diffuoro-hexyl]-amide;
morpholins-4-carboxylic acid ((S)-3,3-difluoro-1- {(R)-l-{s-(s-nnm;rl-ﬂnophm-z-yl)-onmle-z—
carbanyi}-propylcarbamoyl}-hexy])-amide;

morpholine-4-carboxylic acid ((S)-3,3-diffuoro-1-{(S)-1-[5-(5-methyl-thiophen-2-yT)-axazole-2-
carbonyl}-propylcarbamoyl}-hexyl)-amide;

and their corresponding N-oxides, and their prodrogs, nndﬂmrplmddmmm. individnal
isomers and mixtnres of isomers thereof; and the pharmecentically accoptshle salts and solvates (e.p.
Iydrates) of such compounds of Farnmla (o) and their N-oxides and their prodrugs, apd their
protected derivatives, individual isomers and mixtores of isomers thereof.

Pharmacology and Utility:
The compounds of the invention are inhibitors of cathepsin S and, as such, are usefol for




10

15

30

35

WO 2005/040142 PCT/US2004/035282
-21-

treating diseases in which cathepsin S activity contributes to the pathology and/or symptomstology of
the disease. For example, the compounds of the invention may be useful in treating autoimmune
disordess, including, but not Kmited to, juvenile onset diabetes, multiple sclerosis, pemphigus volgaris,
Graves' disease, myasthenia gravis, systemic lupus erythemotasus, irritable bowel disease, shenmatoid
arthritis and Hashimoto's thiyroiditis, allergic disorders inclading but not limited to, asthma, snd
allogonsic immune responses, inclding, but not limited to, organ transplants or tissue grafts.

Cathepsin S is also implicated in disorders involving excessive elastolysis, such as chronic
obstructive pulmonsary disease (e.g., emphysema), bronchiolitis, excessive airway elastolysis in asthma
and bronchitis, pneumonities and cardiovascular disease such as plague rupture and atheroma.
Cathepein S is implicated in fibril formation and, therefore, mnhibitors of cathepsin S may be of use in
treatment of systemic amyloidosis.

The cystains protease inhibitory activities of the compounds of the invention can be
determined by methods known to those of ordipary skill in the art. Suitable in vitro assays for
measuring protease activity and the inhibition thereof by test compounds arc known. Typically, the
assay measures protease-indnced hydrolysis of a peptide-based substrate. Details of assays for
measuring protease johibitory activity are set forth in Examples 31, 32, 33, 34, infra.

The compounds of the invention are also inhibitors of cathepsin K and B and, as such, are
uscful for treating diseases in which cathepsin K and B activity contributes to the pathology and/or
symptomatology of the disease. For sxampls, the compounds of the invention may be nsefol in
treating pain, osteoarthritis, osteoporosiz or cancer such as lmg cancer, lenkermnia (B- and T-cell,

‘acute), ovarian cancer, sarcomas, kaposi's sarkoma, boweél cancer, lymph node cancer, brain tumor,

breast cancer, pancreas cancer, prostate cancer or skin cancer.

A dministcation and Pt tical C Hions:
In goneral, compounds of the present invention will be administered in therapentically
effoctive amounts via any of the usual and acceptable modes known in the art, cither singly or m
comibination with one or more therapentic agents. A therapenticalty 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, therapeuatically effective amounts of a compound of -

the invention may range from about 1 micrograms per kilogram body weight (jug/kg) per day to abont
60 milligram per kilogram body weight (mg/kg) per day, typically from about 1 jg/kg/day to sbout 20
mg/kg/day. Therefore, a therapeutically effective amonnt for & 80 kg lmman patient may range from
about 80 g /day to about 4.8 g/day, typically from about 80 pg /day to about 1.6 g/day. In general,
one of ordinary skill in the art, acting in reliance upon personal knowledge and the disclosure of this

8y
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Application, will be sble to ascestain a therspentically effective amount of a compound of the
invention for treating a given disease.

Ths compounds of the invention can be administered as pharmacentical compositions by one
of the following routes: aral, systemic (e.g., transdermal, intranasal or by suppository) aor parentaral
(e.g., intrammiscular, intravenons or subcutancous). Compositions can take the form of tablets, pills,
capsules, semisolids, powders, sustained release formmlations, salutions, suspensions, elixirs, acrosols,
or any other appropriate composition and are comprised of, in general, a compound of the inveation in
non-toxic, aid administration, and do not adversely affect the therapentic benefit of the active
ingredient. Such excipient may be any solid, liquid, sexnisolid o, in the cass of an acrosol
compoeition, gaseous excipient that is generally svailsble to one of ekill in the art.

Salid phanmaceutical excipients include starch, cellnlose, talc, glucose, lactose, suctose,
gelatin, malt, rice, flour, chelk, silica gel, magoosinm stearate, sodinm stearate, glycerol monostearste,
sodinm chloride, dried skim milk, and the like. Liguid and semisolid excipients msy be selected from
water, ethanol, glycerol, propylene glycol and various oils, incinding those of petrolenm, animal,
vegetable or synthetic origin (e.g., peannt oil, soybean oil, minaral oil, sesame oil, and the like).
Preferred liquid carriers, particularly for injectahls solntions, inclnde water, saline, aquecus dextrose
and glycols.

The amount of a compound of the invention in the composition mey vary widsly depending
upon the type of formmlation, size of a unit dosage, kind of excipients and other factors known to those
of skill in ths art of pharmaceirtical sciences. In general, a composition of a compound of the
invention far treating a given discase will comprise from 0.01%w to 10%w, preferably 0.3%w to 1%w,
of active ingredient with the remminder being the cxcipiont or excipients. Proferably the pharmacentical
coapposition is administered in a single unit dosage form for continnous treatment or in a single unit
dosage form ad libitum when relief of symptorms is gpecifically required. Rapresentative
pharmacsutical formmlations containing & compound of the invention are described in Exmmpls 35.
Chemistry:

Processes for Making Compounds of the invention:

Compounds of the invention may be prepared by the application or adaptation of known
methods, by which is meant methods used heretofore or deseribed in the literatre, for example thoge
described by R.C. Larock in Comprehansive Organic Transformations, VCH publishers, 1989.

In the reactions described hareinafter it may be necessary to protect reactive fanctional groups,
for example hydroxy, amino, imino, thio or carboxy gronps, whare 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 practics, for examples see T.W. Greeno and P. G. M. Whats in
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"Protective Groups in Organic Chemistry” John Wiley and Sons, 1991.

Compounds of the invention can be prepared by proceeding according to Reaction Scheme 1:
Reaction Scheme 1
. R!

I :F OH

o H,N%R.
1 rR* R*
R\N OH

o ] Step 1

R!

L
Rl\n)j)rﬂﬁn_

lStﬂpZ

H‘
F

<
‘"‘\u’r\n’ MWJLH'

o RHRA

in which each X1, R1, R3, R4, RJ, and RS are as defined in the Summary of the Invention. Thus, in
step 1, an acid may be condensed with an amino compound of formmla to give a f-hrydroxy amide.
The condensation reaction can be effected with en appropriate coupling agent (e.g.,
beazotriazol-1-yloxytrispyrolidinophosphoninm hexaftnorophosphate (PyBOP®),
1-3-dimethylaminopropyl)-3-sthylcarbodiimids bydrochlaride (EDCT), O-benzotriazol-1-yl-
NNN'N-tetramethylaroniom hexefinorophosphate (HBTU), 1,3-dicyclohexykarbodiimide (DCC), ar
fhe 1ike) and optionally an appropriate catalyst (8.g., 1-kydraxybanzotriszale (HOBY), 1-hydroxy-
7-azabenzofriazole (HOAL), O-(7-azabenzotrizol-1-y1)-1,1,3,3, tetra-
methyironiumhexafinorophosphats (HATU), or the liks) and non-mclsophilic bass (e.g.,
triethylamine, N-methylmorpholine, and the liks, or any snitable conbination thereof) at amibient
temparature and requires 2 to 10 hours to complete. The B-hydroxy auidemymmbau;dized.in
step 2, to give a compound of formmla (Ic). The oxidation reaction may conveniently be carried out
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nsing Dess-Martin periodinane in an inert solvent, such as dichloromethane, and at a temperature from
about 0°C to about room temperature.

Alternatively the compounds of this invention can be prepared by proceeding according to
5  Reaction Scheme 2:

Reaction Scheme 2

H.

R’
kF H ,J(:-:
X' F H.len. Step 1 ra /Lrnxr
PG\H J\l‘/on"' a* R* N T K R°
o l Stop 2 :
LF LF

F F

' H Step 3 X H
R \ il He
T B

o

lsm
nl
Jf
s F
“’\uj\rr"xﬂ\ -
R
(s ] Hl H‘
(Ic)
in which each X1, R1, R3, R4, RS, and RS are a5 defined in the Summary of the Invention and PG is a
10 suitable protecting group. Thns, in step 1, an acid mey be condensed with an amino compound of

formmla to give a B-hydroxy amide. Ramoval of the protecting group (Step 2) followed by
introduction of R1 gronp (Step 3) and axidation (Step 4) to give a componnd of fornmia (Ic).

Examples:
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The present invention is further exeamplified, but not hmited by, the following examples that
illustrate the preparation of compounds of Forrmla (T) (Examples) and intermediates (References)
according to the invention.

1H nnclear magnetic resonance spectra (NMR) were recorded on Varian Mercury-300 ar Unity-400
or UpityPlus-500 or Inova-500machines. In the mclear magnetic resonance spectra (NMR) the
chemnical shifts (8) are expressed in ppm relative to tetramethylsilane. Abbreviations have the
following significances: s = singlet; d = doublet; t = triplet; m = multiplet; q = quartet; dd = doubilet of
doublets; ddd = doublet of doubls doublets.

The high pressure liquid chromatographry (HPLC) was run on Kromasil 10 micron, 100A Silica,
4.6omID x 250 mm colnmn wsing mixture of Heptane/THF/1,2-Dichlaroethane as Mobile Phase.
Mazs spectra were run on Agilent 1100 saries or MICROMASS LCT-TOF MS.
mmmmmwym)ng.mmmuﬁngm&ﬁdphm

Abbrevistions

CBZ- Benzylaxy carbonyl

DAST- (Dicthylamino)sulfor trifinoride

DCM- Dichloromethane

DMF- Dimethyl formamide

DMSO - Dimethyl sulfoxide

DTT - Dithiothreitol

EDCI - N{}Dinnthyhninnpm?yn-Nﬁ-dhyhrbodiinﬁo hydrochloride
EDTA - Ethylenediaminetetraacetic acid

BtOAc - Ethyl acotate

HOBT - 1-Hydroxybenzotriazole hydrats

MeOH - Methanol

MES - 2-Morpholinoethansgulfonic acid

PyBOP - (Benzotriazol-1-yloxy)tripymrolidinophosphoninm hexafinorophosphate

ot
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To a suspension of copper (1) bromids (4.26 mmol, 611.1 mg) in 3 mL of dry THF under Ny was
added a solution of lithium bromide (8.52 mmoel, 740 mg) in 5 mL of &ry THF. The mixture was
stirred at room temperature for 20 min, and then cooled to —78°C. A solution of benzyl magnesinm
chloride (20 wt. % in THF, 4.26 mmol, 3.25 ml) followed by a solution of (S)-2-
benzyloxycarborylamino-3-chlorocarbonyl-propionic acid methyl ester [Ref: Synth. Comm 1993,
23(18), 2511-2526} (3.59 ramol) in 7 mL of dry THF was added. The mixtore was stirred at —78 °C
for 30 min and then quenched with satnrated NH4Cl (50 mL). The mixture was extracted twice with
cthyl acetate (30 mL). The organic layexrs were dried over magnesinm sulfate and than concentrated in
vacuum. Thomdnewupu:ﬁdm%gﬂlmgﬂ.mmmm.ﬂma 1) to afford (S)-

lnma:nm;) 8§7.4-7.17 (m, 10H), 5.73 (4, J = 8.2 Hz, 1H), 5.11 (s, 2H), 4.57 (m, 1H), 3.7 (2xs,
SH), 3.24 (34, J = 18.5, 4.4 Hz, 1H), 3.0 (a4, ] = 18.2, 4.1 Hz, 1H); LC/MS: 100% 378 (M+Na).

By proceeding in a similar manner to Reference Example 1 above but using propyl magnesinm
chloride instead of benzyl niagnesinm chioride there was prepared (S)-2-bamyloxycarbonylamino-4-
sxo-hentanoic acid me : \

] lI-IINMR(CDGI3) 8 7.35 (m, SH), 5.78 (4, J = 8.5 Hz, 1H), 5.13 (s, 2H), 4.58 (m, 1H), 3.75 (s, 3H),

3.2(dd,J=183, 42 Hz, 1H), 2.96 (dd, J = 18.3, 4.1 Hz, 1H), 2.4 (m, 2H), 1.6 (m, 2H), 092 (. J=7.4
Hz, 3H); LC/MS: 330 (M+Na).
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A mixture of 2-benzyloxyrarbonylamino-4-oxo-5-pheayl-pentancic acid methyl ester (3.310g, 9.31
mmol) and DAST (7 mL) was stirred at room temperstnre over 3 days. The mixture was diluted with
dichloromethane (100 mL) and carefully added to 0.5N NaOH solution (150 mL). The aqueous layex
was extracted with dichloromethane (50 mL). The organic lryers were dried over magnesium salfato
and then concentrated in vacorum. The residue was purified over 110 g silica gel, elnting with
EtOAc:Heptane (1:4 then 1:3) to afford (§)-2-benzyloxy A j
pentanpic acid metlry] estex (1.797g, 51.1%).

1H NMR (CDCly) 8 7.3 (m, 10H), 5.43 (d, J = 7.6 Hz, 1H), 5.14 (s, 2H), 4.65 (o, 1H), 3.74 (s, 3H),
32 (t, J=165 Hz, 2H), 24 (m, 2H);  LC/MS: 97% 400 (M+Na).

A solntion of (S)-2-benzyloxycarbonylamino-4,4-difinoro-5-phemyl-pentanoic acid methyl ester
(7.806g, 20.68 mmol) in 120 mL, of methanol and 4 M HCl in dioxane (41.4 mmol, 10.3 mL) was
hydrogeasted over 10% PA/C (1.0g) at 50 psi. After 8 hr, another partion of 10% PA/C (1.0g) was
added. After 24 hr, the catalyst was removed by filtration over a pad of Celite, and the filtrate was
concentrated in vacoum. The resulting light yellow solid was dissolved in 8 minimmm amount of
methanol and slowly added to ether (150 mL). The resulting shery was aged for 30 min and then
filtared. ‘The white solid was dried under saction to afford (5)-2-amino-4,4-diflnaro-5-phenyl-
pentapoic acid methvl ester hydrochloride (4.950g, 85.5%).

1H NMR (DMSO-Dg): 5 8.6 (b, 3H), 7.3 (m, 5H), 4.26 (t, ] = 6 Hz, 1H), 3.73 (s, 3H), 3.3 (1, J=17.5

Hz, 2H), 2.55 (m, 2H); LC/MS: 100% 244 (M+1).

*>
2q
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To a mixtore of (S)-2-amino-4,4-difluoro-5-phenyl-pentanoic acid methyl ester kydrochloride (2.50g,
8.94 mmol) and diisopropyl amins (22.3 mmo], 2.89 g) in dry dichloromethane (40 mL) under N; was
added drop wise morpholine carbonyl chlorids (13.4 ;nmol, 2.0 g). Ths mixinre was stirred at room
temperatare for 15 hours, and then dibated with water (50 mlL). The aquecvs lxyer was extracted with
dichloromethane (30 mL). The organic layers were dried over magnesinm snlfate and then
concentrated in vacunm Pnnﬁcuhonomllﬂgsil:cagaLelnhngmﬂxEI)Ac.Heptme(ll then 2:1)

(2-32g, 88.5%). IHNMR(CD(:Ig)B?S(mSH)SlG(d.J 75Hz, 1H), 4.75(dd, =13, 6 Hz,

1H), 3.73 (s, 3H), 3.7 (m, 4H), 3.4 (m, 4H), 3.2 (1, J = 16.7 Hz, 2H), 2.4 (m, 2H). LC/MS: 100% 357
M+1).

To a solution of (5)-4,4-difinoro-2-[(morpholine-4-carbonyl)-amino}-5-pheanyl-pentanoic acid methyl
ester (2.81 g, 7.88 mmol) in MeOH:H70 (2:1 vol, 40 mL) was added LiOH mono hydrate (662 mg,
15.76 mrool). The mixture was stirred at room temperature for 2.5h, and then diloted with water (30
mL). Methanol was removed in vacmm. Ths pH was adjosted to pH 1 with 6N HCl and the aqueous
Ixyer was extracted with dichloromethane (2x30 mL). 'l‘hommchymmdnedmmm
sulfate and concentrated in vacuom to afford (S5)-4.4-Dif -

phenyl-pentagoje pcid (2.509g, 93%).
1H NMR (CDCly): 58.2 (b, 1H), 7.3 (m, SH), 5.3 (m, 1H), 4.6 (m, 1H), 3.65 (m, 4H), 3.4 (m, 4H), 3.2
(t, J = 16.5 Hz, 2H), 2.4 (m, 2H); LC/MS: 94% 343 (MH")
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To a cooled to ~78 °C solution of diisopropyl amins (3.53g, 34.88 mmol) in dry THF (20 mL) under
N, was added drop wise a solution of n-butyl lithinm (2.5 M in bexane, 34.88 mmol, 13.95 mL). The
mixtire was sticred at —78°C for 30 min then a sohution of 3-Methyl-butyric acid tert-butyl ester (34.88
mmol, 5.52 ) in THF (40 mL) was added. The mixtore was stirred at—78  for 30 min then a
solution of (S)-2-Benzyloxycarbonylamino-3-chlorocarbonyl-propionic acid methyl (Ref: Synth.
Comm 1993, 23(18), 2511-2526) (16.6 mmol) in 30 mL of dry THF was added drop wise. After
stirring for another 2 br at —78 °C, the reaction was quenched with 50 mL of 1N HCl and warmed to
room temperatore. ‘The pH was adjusted to pH 3 with 1N NaOH and the THE was rempved in
vacomm.  The organic layer was extracted with BtOAc (2x60 miL). The organic layers were dried over
magnesinm sulfate and then concentrated in vacunm 'I‘hcrmdnewaspunﬁedovu%gsibcagd,
ohmngw:ﬂ:Eﬁ)AcJ-lepm(IJﬂiml:Z)lﬂ'urded ($)-5-Be
st (2417;.34.5%)

1-HNMR(CDC:Ig) 57.4 (m, 5H), 5.73 (4, J= 8.4 Hz, 1H), 5.12 (g, 2H); 4.6 (m, IH), 3.74 (s, 3H), -

3.39-3.06 (m, 3H), 2.4 (m, 1H), 1.45 (2, 9H), 0.98 (d, J = 6.6 Hz, 3H), 0.88 (4, J = 6.7 Hz, 3H);
LC/MS: 100% 422 (M+1).

To a solution of N-CBZ L-aspartic acid 1-methyl ester (1.00 g, 3.55 mumol) in dry tetrahydrofuran (17
mL) was added carbonyl diimidazole (634.1 mg, 3.91 mumol). The mixture was stirred at room
temperatare for 6 hr then the magnesium salt of mono-tert butyl malonate (1.339 g, 3.91 mmol)
(prepared according to Angew. Chom. Int. Ed. Engl 1979, 18(1), 72-74) was added. The mixture was
stirred at room temperatore for another 20 h, thon concentrated in vacamm. The residue was
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pastitionsd between ether (60 mL) snd 0.5 N HC1 (60 mL). The organic Ieyer was washed with
saturated NaHCOs solution (50 mL.) then dried over magnesium sulfate and concentrated in vacaum.
Thnm:dnawpmﬁedomﬁgofﬂmgd.ehhdm&om.llupm(l 1) to afford (5)-2-

: nyleming-4-oxo-hexanedioic acid 6-te : stex (1.17 g, 87%).
1HNMR(CDC!3) & 7.4 (m, SH), 5.73 (d, J = 8.3 Hz, 1H), 5.1 (s, 2H), 4.6 (m, 1H), 3.75 (s, 3H), 3.37
(s, 2H), 332 (dd, ] = 18.7, 4.3 Hz, 1H), 3.13 (44, Y = 185, 4.1 Hz, 1H), 1.47 (5, 9H);
LC/MS: 93% 402 (M+Na).

Jd \

A solution of 5-Benzyloxycarbonylamino-2-isopropyl-3-oxo-hexanedioic acid 1-tert-butyl ester 6-
methyl ester (1.06 g, 2.51 mmol) and p-toluenesulfonic acid monohydrate (35.8 mg, 0.19 mmol) in
toluene (20 mL) was heated to refinx undes N; for 6.5 hr. The mixture was cooled to room
temperature, and concentrated in vacunm mmwmmﬁgﬂngﬂ.mm
EtOAc:Hoptane (1:4) to afford (S)-2-F - e

estex (727 mg, 90%). lHNIMII?.(CIX:ls) § 7.4 (m, 5H), 5.78 (d, J = 9.1 Hz, 1H), 5.13 (5, 2H), 4.6 (m,

1H), 3.74 (s, 3H), 3.2 (dd, J = 18.3, 4.4 Hz, 1H), 2.95 (d4, J = 182, 4.0 Hz, 1H), 2.3 (m, 2H), 2.1 (m,
1H), 092 (4, J=6.7 Hz, 6H); LC/MS: 77% 322 (MH").

By proceeding in a similar manner to Referance Exaxmple 9 above but using 2-
bmﬁmbnﬁmmhmmﬁdcaddsmmmml-mﬂﬂm&mmm

1I-INIIR(('ID(.‘.I;) 8 7.4 (m, 5H), 5.76 (4, ] = 8.1 Hz, 1H), 5.14 (s, 2H), 4.57 (m, 1H), 3.75 (s, 3H),
3.23 (dd, J=18.4,4.3 Hz, 1H), 3.0(dd, ] = 18.4, 4.3 Hz, 1H), 2.18 (s, 3H); LC/MS: >85% 2B0
(MHY).
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Altegpate Method

To a cooled to 0°C suspension of copper (I) iodide in ether (20 ml) under N, waz slowly added methy?
lithinm (1.6 M solution in ether, 21.3 mmol, 13.3 mL). The mixture was stirred at 0°C for 10 min then
cooled to -78°C. A solution of 3.55 mmol of (S)-2-Benzyloxycarbonylamino-3-chlorocarbomyl-
propionic acid methyl ester (Ref: Synth. Cornm 1993, 23(18), 2511-2526) in 12 m of dry THF was
added drop wise. The mixtore was stirred at -78 °C for 30 min then quenched by adding methanol (2
mlL). The mixtore was poared into saturated NH,Cl (80 mL) and extracted with ether (2x40 mL). The
arganic layess were dried over magnesium sulfate and concentrated in vacoum.  The residuc was

o
A mixtare of (5)-2-benzyloxycarbanylamino-6-methyl-4-oxo-heptancic acid methyl ester (915 mg,
2.85 nmnol) and DAST (3 mL, XS) was sticred at 35°C for 47h The mixtare was diluted with
dichloromethans (50 ml.) and carefully added to saturated NaHCOj solution (150 mL). The aqueocus
layer was extracted with dichloromethans (30 mL). The organic layers were dried over magnssium
sulfats and concentrated in vacium. The residue was parified over 35 g silica gel, elnting with
EtOAc:Heptans (1:4) to afford (S)-2- ino-4.4-di '
methyl ester (156 mg, 16%).
1H NMR (CDCl3): 5 7.4 (m, SH), 5.48 (4, J = 7.9 Hz, 1H), 5.15 (s, 2H), 4.61 (g, J = 5.9 Hz, 1H), 3.78

(s, 3H), 2.4 (m, 2H), 1.95 (m, 1H), 1.8 (m, 2H), 0.98 (d, J = 6.6 Hz, 6H); LC/MS: 98% 366 (M-+Na).
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By proceeding in a similar manner to Reference Example 11 above but using
(S}%myloxycubonylamm—l—uxo—puﬁnmc amdmdhyl estar there was prepared

1H NMR (CDClg): § 7.4 (m, SH), 5.46 (d, ] = 7.1 Hz, 1H), 5.15 (s, 2H), 4.61 (g, ] =7.3 Hz, 1H), 3.78
(s, 3H), 245 (m, 2H), 1.67 (t, ] = 18.8 Hz, 3H); LC/MS: 94% 324 (M+Na).

By proceeding in a similar mammer to Reference Example 11 above but using
(S)-Z-bmyloxymrbtmyhmmd—uxo—hﬂphnmc acid methy] ester there was prepared
(S)-2-bemy b Do ] wro-hentanni 4 mpth o

A solntion of (S)-2-benzyloxycarbonylamino-4,4-diffucro-6-mefiryl-heptancic acid methyl ester: (333
mg, 0.97 mmol) in methanol (10 mL}) and 4 M HC] in dioxans (4 mmol, 1 ml.) was hydrogenated over
10% PA/C (150 mg) at 55 psi. After 7 hr, another portion of 109% P4/C (200 mg) was added and the
hydrogenation resumed. After 5.5 hr, the reaction did not progress. Catalyst was filtared and the
filtrate was concentrated in vacuum and subjected to the hydrogenation conditions. After 6.5 br, the
mhlynmmvedbyﬂummapadofcmuﬂﬂmﬂmmmmeQHmdmmmb

solid (740 mg, qﬂm-)
1H NMR (CDCl3): 8 4.8 (b, 3H), 4.35 (b, 1H), 3.84 (s, 3H), 2.6 (m, 2H), 1.9 (m, 3H), 0.99 (d, ] = 6.2
Hz, 6H); LC/MS: 90% 210 (M+1).
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By proceeding in a similar manner to Reference Example 14 above but using
(S)-Z-bmylaxymrhonyhmo-4 4—d:ﬂmro-p=nhnmc acid nnthyl ester there was prepared (§)-2-

1H NMR (CDCl3): § 4.8 (s, 3H), 437 (m, 1H), 3.86 (s, 3H), 2.4-2.8 (m, 2H), 1.73 (t, J = 18.9 Hz, 3H);
LC/MS: 100% 168 (Mi1).

By proceeding in a similar manner to Reference Example 14 above but using
)-2—bmy]nxyurbonylamm—4~4—d:ﬂnmo—hq:m audnﬂhﬁeﬁuﬂ:uempcpuedm

To & mixtare of (S)-2-amino-4,4-diffuoro-6-methryl-heptanoic acid mediryl ester hydrochloride (238
mg, 0.97 mmol) and diisopropyl amins (2.42 mmol, 313 mg) in dry dichloramethane (5 mL) under Ny
was added drop wiso morpholine carbomy] chloride (1.45 mmol, 218 mg). The mixture was stirred at
room temperature for 23 b, then dilnted with dichloromethane (25 mL) and washed with dilote HCI
(30 mL), and saturated NaHCOs (30 mL). The organic layers were dried over magnesinum sulfate and
concentrated in vacuwm. Puuﬁﬂhmmlzgsﬂlcagd,nmhngw:ﬂxEtDAcﬂepnm(ll then 2:1)

*¢
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1H NMR (CDCly): §5.2 @, J=7.4 Hz, 1H), 4.72 (4d, ] = 13, 6 Hz, 1H), 3.78 (s, 3H), 3.7 (m, 4HD, 3.4
(m, 4H), 2.4 (m, 2H), 1.95 (m, 1H), 1.8 (m, 2H), 0.99 (d, J = 6.4 Hz, 6H);LC/MS: 90% 345 (M+Na).

By proceeding in a similar manner to Reference Example 17 above but using (S)-2-amino-4,4-

- difiooro-pentancic acid methyl ester hydrochlorids thero was propared (S)-4.4-Diffuare-2-

TN oUNE~-S=-CRTDOTY N0 DO ATY CI0 INCTE Y1 OF1E

1H NMR (CDCl3): 5 5.18 (d, J= 7.5 Hz, 1H), 4.71 (g, ] = 7 Hz, 1H), 3.78 (s, 3H), 3.71 (m, 4H), 3.4
(m, 4H), 2.37-2.55 (m, 2H), 1.67 (t, ) =18.7 Hz, 3H); LC/MS: 100% 303 (M+ Na).

To a solution of methyl ester 205mg, 0.63 mmol) in MeOH: H20 (2:1 vol, 4 ml.) was added LiOH-
mono hydrate (80 mg, 1.9 mmol). The mixtare was stired at room temperature for 21h, then dilated
with water (15 mL) and extracted with sther 20 mL). The pH of the aqueons layer was adjnsted to
pH 1 with IN HC] and it was extracted with dichloromethane (2x20 mL). Ths arganic layers were
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dried mmgnsmmsnlfutsmdconcmmd in vactum to afford (§)-4.4-dDiflnoro-6-mpethyl-2-
' ic acid (168 mg, 86%).

lnmccnc:l.3) 56.4 (b, 1H), 5.3 (d, ] = 6.2 Hz, 1H), 4.6 (m, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 2.5
(m, 2H), 2.0 (m, 1H), 1.8 (m, 2H), 1.0 (d, J = 6.6 Hz, 6H); LC/MS: 90% 309 (M+1).

By proceeding in a sunilar manner to Reference Example 20 above but using (S)-4,4-Difinoro-2-
[(mrﬂao]ho—d—cubony])—amim]—penhmic acid meﬂ:yl cster there was prepared ($)-4.4-Diflnoro-2-

1HNMR(CDCI3) 859 (b, 1H), 529 (4, J = 6.3 Hz, 1H), 4.6 (m, 1HD), 3.71 (m. 4H), 3.4 (m, 4HD),
2.38-2.65 (m, ZH), 1.70 (t, J = 189 Hz, 3H);  LC/MS: 100% 267 (M+ 1).

1I-IINIIV.IR(CDC.'.I:g) 853 (b, 1K), 5.25 (d, J = 5.4 Hz, 1H), 4.6 (m, 1H), 3.71 (m, 4H), 3.4 (m, 4H), 2.6
2.3 (m, 2H), 1.9 (m, ZH), 1.55 (m, 2H), 1.0 (t, J=7.3 Hz, 3H); LC/MS: 83% 295 (M+1).

S-Thiophen-2-v}-oxazolo

To a solution of p-toluenesulfonylmethyl isocyanide (3.0 g, 15.36 numol) and Thiopheme-2-
carboxaldehyde (1.72 g, 15.36 mmol) in methanol (45 mL) under N; was added potassinm carbonate

By
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(2.12 g, 15.36 mmol). The mixturs was heated to reflux for 5 br, then cooled and concentrated in
vacuum (cold water bath). The residue was partitioned betwesn ether (100 mL) and water (100 mL).
The arganic layer was washed with water (100 mL), dried over megnesiom sulfats and then
concentrated in vacuum. The residue was purified over 35 g silica gel, cluted with ethyl acetate:
heptane (1:5) to afford S-thiophen-2-yl-oxazole (0.852 g, 37%).

1H NMR (CDCl3): §7.9 (s, 1H), 7.3 (m, 2H), 7.2 (s, 1H), 7.1 (dd, J = 5, 3.8 Hz, 1H); LC/MS: 100%
152 (M+1).

To a solution of S-thiophen-2-yl-oxazole (0.85 g, 5.62 mmol) in dry THF (4 mL) was added
triethylbarane (1.0 M in THF, 5.62 mmol, 5.62 mL). The mixtnre was stirred at room temperature for
45 min, then cooled to ~78°C and n-butyl lithinm (1.6 M in hexane, 5.62 mmol, 3.51 L) was added
drop wise. The mixture was stimred at —78°C for 45 min then a solution of (1-Formyl-propyf)-carbamic
acid tert-butyl ester (2.81 mmol, 0.526 g) in dry THF (3 mL) was added slowly. The mixtare was
sticred at —78°C for 4 b, then wammed to 0°C and quenched by adding 30 mi of 10% (vol) HOAC in
ethanol. The mixtore was stirred at room temperatore for 18 br and then concentrated jn vacoom. The
residue was parified over 90 g of silica gel, eluted with eyl acetate: heptans (12 then 1:1) to afford
(3)-1-{rwdcoxy-(3-thipphen-2-vi-oxazol-2-vy1) methiv]l-propyi)-casbamic acid tert-butv] ester (363
mg, 38%) as yellow oil
1H NMR (CDCl): 5§ (mixtore of iscmers) 7.35 (m, 2H), 7.1 (m, 2H), 4.9 (m, 2H), 4.0 (b, 1H), 3.6 (m.
1H), 1.8-1.55 (m, 2H), 1.4 and 1.3 (s, 9H), 1.0and 0.9 2. T= 7.4 Hz, 3H);  LC/MS: 100 339
(M+1).

J

To a sohtion of {(S)-1-{hydroxy-(5-thiophen-2-yl-oxazol-2-yl)-methyl}-propyl}-carbarnic acid test-
butyl ester (361 mg, 1.07 mmol) in dry dichloromethane (3 mL) was added 4N HC] in dioxans (3.0
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mlL, XS). Thcmmremssunedatmumtmnpuamrefwlﬁh.ﬂmnwmmtedmvmmmaﬂmd
- opjds as a tan solid (quant.).

II-INMR(CDCI;Q 57.5(dd, J =52, 1.2 Hz, 1H), 7.4 (44, J = 3.6, 1.1 Hz, 1H), 7.3 (s, 1H), 7.1 (4, J

=5, 3.6 Hz, 1H), 4.8 (m, 3H), 3.6 (m, 2H), 3.3 (b, 1H); 1.75 (m, 2H), 1.0(t, J = 7.5 Hx, 3H);
LC/MS: 100% 239 QM+1).

To a solution of (1-foomyl-propyl)-carbamic acid tert-butyl ester (1.0 g, 5.34 mmol) in dry THF (10
mL) apd cthano]l was added nitromethans (3.91 g, 64.09 mmol) followed by triethylamine (2.70 g, 26.7
mmo]). The mixture was stirred at room temperature for 22 h, and then concentrated in vacoum. The
residue was dihrted with ether (50 mL) and washed with concentrated NH,Cl (60 mL). The ether layer
was dried over magnesinm sulfate and concentrated in vacoum. The residue was porifisd over 35 g
silica gel, clutad with ethyl acetate: heptans (1:3) to afford the desired alcohol (1.09 g, 82%) as a light
yellow oily solid.

1I-II*IMR(C!DCI;;,):84..2-4-.8(::n.4ﬂ). 3.15-3.8 (m, 2H), 1.69-1.6 (m, 2H), 1.47 (2xs, 9H), 1.02 and 1.0
(2xt, J=7.1 Hz, 3H) LC/MS: 2 isomers, total 100% 149 (M-BOC+1). '

Toa mmaf(l-othyl-z-hydmxy-3-muo-pmpy])-cubmc acid tert-butyl ester (1.83 g, 7.37 mmol)
andmﬁylm(lA95.14.75mDmdrydmh1mmhms(25mL)mdaN;madded
trimethyleilyl chloride (1.20 g, 11.05 mmol). The mixture was stirred at room temperature for 24 h,
then diluted with 40 mL of dichloromethane and waghed with water (40 mL). The organic layer was
dried over magnesinm sulfate and concentrated in vacuum. ’I‘hnmduewaspunﬁedovarllOg:ﬂxca
gel, eluted with ethyl acetate: heptane (1:4) to afford (1-efiryl-3-n
cartbamic acid tert-bpty] ester (1.505 g, 86%) as a colorless oil.
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15 NMR (CDCl3): 4.4-4.65.(m, 4H); 3.55 (m, 1H), 1.2-1.7 (m, 11H), 0.98 (2xt, J = 7.4 Hz, 3H),
0.13 (2s, SH); LC/MS: 2 isomers, total 100% 221 (M-BOC+1).

To a solution of (1-Ethyl-3-nitro-2-trimethylsilanyloxy-propyl)-carbamic acid tert-butyl ester (918 mg,
2.86 namal), 1,4-Phenylene diisocysnats (1.38 g, 8.5 mmol) and 3-methyl-1-butyne (586 mg, 8.5
mmol) in dry tolaene (15 mL) under N» was added tristhylamine (10 drops). The mixtore was heated
o 50°C in a sealed vial for 28 b, and then cooled to room temperatore Water (1 mL) was added and the
mixture was stitred for an additional 2 h, then filtered. ‘The filtrate was concentrated in vacuum and
mnmﬂnempnnﬁedm%;ﬂmplwmﬂ:dhylmmhm(lj)mnﬁmﬂm

72%) as a coloriess oil
IH NMR (CDCl3): § 6.0 (25 1H), 4.4-4.9 (m, 2H), 3.7 (m, 1H), 3.0 (m, 1H), 1.2-1.6 (m, 17H), 1.0 (m,
3H), 0.11 end 0.1 2x5,9H);  LC/MS: 2 jsomers, total 67% 271 (M-BOC+1).

To a solution of {1-[(5-Isopropyl-isaxazol-3-yl)-trimethylsilanyloxy-methyl]-propyi}-carbamic acid

test-butyl ester in dry dichloromethans (5 mL) under Na was added a 4M salution of HCI in dioxane

(5.0 mL, XS). 'Ihemlmuwunuedltmomtumprmfuﬂzh. ﬂ:meommhﬂedmvmtn
afford the amine salt (475 mg, 99%) as a tan solid.

TH NMR (CDCl3): § 6.25 (2xs, 1H), 5.0 (3, J = 3.9 Hy, 1H), 4.8 (4, J = 6.8 Hz, 1H), 3.4 (m, 1H), 3.1

(m, 1H), 1.5-1.7 (m, 2H), 1.3 (4, J = 6.8 Hz, 6H); 1.0(t, ] = 6.7 Bz, 3H); LC/MS: 100% 199 (M-+1).
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Diisobutylalmimm hydride (1.0M in DCM, 25.5n1, 25.5 mmol) was added drop wise over 20
mimtes to a solution of methyl-5-methylisoxazole-3-carboxylate (3.0 gm, 21.3 mmo]) in 35 ml of dry
methylene chlarids, with stirring at -78"C, and the reaction mixtnre was stirred at -78°C for 5.5 hours.
The reaction was warmed to -40°C and quenched with ice (60 gm). After the biphasic mixture was
allowed to warm to room temperatare, potassinm sodfom tartrate tetrahydrate (100 ml saturated
aqueous solution) was added. The bilayer were separated, the aquecus was extracted with methylens
chloride. The organic extracts were dried over sodium sulfate and concentrated under reduced pressure
to give 5-Methyl-isaxszole-3-carbsldeliyde as white solid (1.3 gm).

P-Tohenssnlfonyl methyl isocyanide (1.75 gm, 8.97 mmol) and Potassivm carbonate (1.24 gm, 8.97
mumo]) were added to a solution of 5-Methyl-isoxazole-3-carbaldehyde (1.0 gm, 8.97 mmol) in 35 ml
of dry methanol and the reaction mixture was refluxed (90°C) for 5 hours. The reaction was cooled to
room temperatnre and concantrated under reduce pressure, The residue was partitioned in diethyl ether
(100 ml) and water (200 ml). The organic layer was separated and the aqueous extracted with diethyl
cther. The organic exiracts were washed with brine and water, dried over sodiom sulfate and
concentrated under reduced pressure to give the tifle compound as yellowish solid (1.25gm).

LC/MS: B7%, 238 (M+1)

Tristhylborane (1M in THF, 12 mi, 12 mmol) was added to a solution of 5-Methyl-3-axazol-5-yi-
isoxazole (1.8 gm, 12 mmol) in 40 mi of dry Tetrahydroforan and the mixture was stirred at room
temperatore for 15 mimites. The mixtore was cooled to -78°C, nBuli ( 2.5M in Hexanes, 4.8 ml, 12
mmol) was added drop wise and the mixture was stirred at -78°C for 15 mimites. A solution of (S)-1-
Formyl-propyl)-carbamic acid tert-butyl ester (898.7 mg, 4.8 mmol) in 15 ml of dry tetrahydrofuran
was added drop wise and the reaction mixiure was stirred at -78°C far 3 hours, then lst warm to -30°C
and quenched with acetic acid in ethano] (4%, 250 mi), stirring contirmed for 2 hours, while warming
to room temperature. The reaction wes concentrated under reduced pressure; the residue was dissolved
in diethyl ether (250 mi) and stirred for 1.5 hours st room temperature. The precipitate was filtered; the
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filtrate was concentrated under reduced pressure. Colnmn chromatography on silica elnting with a
mixture of methylens chloride and ethy? acetats gave the title compound as pale yellow solid (830 mg).

LC/MS 100%, 338 (M+1)

Hydrogen chloride (4M in 1,4-dioxane, 3.3 i) was added dropwise to a solntion of ((5)-1-{ Hydroxy-
[5-(5-methyl-isaxazol-3-y1)-oxazol-2-yi]-methyl}-propyl)-carbamic acid tert-butyl ester (0.75 gm, 2.22
mol) in 10 ml of methrylene chloride an the reaction mixtnre was stirred at room temperatare for 2.5
hours. The reaction was diluted with diethyl ether (50 ml) and stirred for another hour at room
temperatnre, concentratad in reduced pressure to give the title compound as yellowish solid (0.75 gm).
1H NMR [(CD)3S0}: 5 8.18 (m, 3H), 7.84 (s, 1D, 6.70 (g, 1H), 4.90 (m, 1H), 3.58 (m, 2H), 2.50 (s,
3H), 1.60 (m, 2H), 0.90 (¢, 3H), LC/MS 100%, 238 (M+1)

J’TY"H — >«

O~nN

A solution of (S)-3-tert-Butoxycarbonylamine-2-hydroxy-pentanoic acid (2.00g, B.57mmol) and N-
hydroxy-cyclopropanecasboxamidine (1.03g, 10.29mmol) in dichloromethans (20mL) was stirred at

. 0°C and 1.25 equivalents of N-cyclohaxylcarbodiimide-N"-methyl polystyrene (1.70mmol/g, 6.30g,

10.72mmol) was added in portions. The reaction mixtnre stirred under nitrogen for three hours while
warming to 15°C. Tha reaction mixture wes filtered, the resin washed with dichloromethans and the
filtrate evaporated under vacuum to dryness. [LC/MS m/z=338 (M+H+Na)].

The residus was dissolved in tetrakydrofuran (20ml) and heated in a microwave reactar (Smith
Creator) at 160°C for fhree mimmtes, cooled to room tapperature and evaporated under vaconm to
dryness. [LC/MS m/z=320 (M+H+Na)]. The residne was dissolved in dichloromethane (50mL) and
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stirred at room temperature as a S0ml., salution of 50% trifluoroacetic acid in dichloromethane was
added drop wise. After three hours the reaction was evaporated under vacoam to dryness and
dissolved in SOmL of dichloromethane again. Three equivalents of Silicycle triamine-3 was added and
the mixtare stirred at room temperatore overnight. The mixture was filtared and washed with
dichloromethape. Evaporats under vacuum to give 1.04g (61% overall). [LC/MS m/=198 (M+H)]

Alternatively, deprotection of the BOC protecting group was carried out with HC] in dioxane
to give () -2- amino-1-(3-cyclopropyl-1,2,4-oxadiazal-5-y!)-butan-1-of hydrochlaride.

REFERENCE 34

NH,
‘\
N-O OH

A solntion of (S)-3-tert-Butoxycarbonylamino-2-hydroxy-pentanoic acid (2.00g, 8.57mmol) and N-
hydroxy-benzamidine (1.3g, 9-5mmol) in dichloromethans (40ml.) was stirred at 0°C. N-
cyclohexylcarbodiimide-N"-methyl polystyrene (1.90mmol/g, 6g, 11.4mmol) was added in portions.
resin washed with dichloromethane and the filtrate evaporated under vacunm to dryness. [LC/MS
miz=352 (M+H"), 296(M+H"-isobutens)]. The residue was dissolved in tetralrydrofaran (20ml.) and
heated in a microwave reactor (Smith Creator) at 180°C for fhrec minutes, cooled to room teggpeiature
and evaporated under vacunm to dryness. The residue was purified via fiash chromatography (eluted
with a gradisnt from 5% to 65% ethyl scetate in haptane) to give the product a5 2 white solid [LC/MS

" mi=356 (M+Na*), 234 (M+H"'-Boc)].

The prodnct was dissolved in dichloromethane (45mL) and triffnoroacetic acid (Sml) was added.
After two hours the reaction was evaporated under vacunm to dryness. The residne was re-dissolved in
S0ml of dichloromethane. Silicycle triamine-3 (9.9g, 39mmol) was added and the mixture stirred at
room temperature overnight. mmwmmmmwm The filtrate
was concentrated under vacuum to give (S)-2-/ -
(775mg, 38%) as a white solid.

1H NMR (CDCl3):5 8.12-8.06 (m, 2H), 7.54-7.45 (m, 3H), 4.93 & 4.75 (2xd, J= SHz & 3.5Hz, 1H),

3.25 &3.11 (2xm, 1H), 1.78-1.42 (2xm, 2H), 1.04 & 1.01 (2x t, J= 7.5Hz, 3H). [LC/MS m/z=234
M)
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1 Misrewavas, 130 ,C

5 A solntion of (z-cyum-l-eﬂ:yl-z ky&oxy-d:hyl)-cubmcmﬂtﬂt-butylmassg.
44mmol) in methanol (80mI) was cooled to 0°C and treated mccessively with hydroxylamins
- hydrochlaride (3.05g, 44mmol) in methanol (80mil) and 25% sodinm methoxids solution in methanol
(10.2ml). After stirring at 0°C for 5 mimutes the reaction mixture stirred at room temperature for 5
10  lsyer was soparated, dried over magnesinm sulfate and then svaporated under reduced pregsure. The
meﬂwoﬂmsubMdMEplqdmnswnhamdeﬂmmthmmm

1S  Asolutionof {1- [hydruxy-cN-hydmycubmmdoyl)-mhyl] mupyl}-u:bmc acid tegt-butyl ester
(2) (2.5g, 10mmnl) in dichloromethane (1251ml) was treated with benzoic acid (1.36g. 11mmol), EDCI
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(2.14 g, 11mmol), HOBT (1.37g, 10mmw]) and tristhylamine (1.35ml, 11mmol) and stirred at room
temperature overnight. The reaction mixtare was washed with saturated sodium bicarbonate solution,
then water, then dried over Na;SO4 and then evaporated under reduced pressure. The residue was

subjected to mplc ﬂuungmthl%muhy]mnemZBvlvethylmmdhspnmmmrcm give

aydllowsol:d MS: MH* 352.

- . iazol-3- -1-ol
A solution of (3) (1.5g, 4.3mmw]) in diglyme was heated at 150"C in a microwave reactor (Smith
Creator, S00219) for 40 minntes. Solvent evaporated under vactum in Genevac Bvaparator at 80°C
for 3hours to give a brown solid. This was taken in dichloromethane (40ml) and treated with
triftacroacetic acid at room tempesatore for 2 honrs. Solvent evaporated to dryness under reduced
pressure, cruds taken in water, washed with DCM, aqueous layer basified with 1M NaOH solution and
extracted with dichloromethane. Organic layer dried over NaySO, and evaporated undey reduced

‘prossure to give 2-aming-1-(5-pheiyl-[1.2. 4loxadiago}-3-1) butan-]-o] (300me) as a pale brown solid.

1HNMR (CDCl3): § 8.14-8.10 (m, 2H), 7.59-7.47 (m, 3H), 4.83 & 4.65 (d, J= 5Hz, 1H), 3.18-3.05

(2m, 1H), 1.71-1.20(m, 2H), 1.05-0.97 (2xt, J=7.2Hz, 3H).

Pyridine (5 mi), 4-(dimethylamino)pyridine (0.01 g) and acetic anhydride (11 mmol, 1.12 g) were
dissolved in dichloromethans (150 m) and the resulting solntion cooled to 0°C. (S)-3-tert-
Butoxycarbomylamino-2-hydroxy-pentanoic acid (10 mmol, 2.33 g, A) was added at once and tha
resulting reaction mixture was stirred for § honss.

IM hydrochloric acid (250 mi) was added and the mixture transferred fmto a separating fummel. The
phases were separated and the aquegus phase extracted thres times with ethyl acetate (200 mil). The
comibined organic phases were washed twice with water (200 ml) and with brine (100 mi). The organic
phmwudnedmmmglﬂmmm&mmdﬂmsolvmmmﬁmduredncedpmsummgwe

ic acjd (2.535 g, 92 %)..

MS: mz=298 (M+Nu') 276 (M+H')
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%m}}xn 3,

(S}Z-m:yé-&b—bﬂoxymrbwhnim—pmmic acid (1.82 mmo), 0.5 g, A) was dissolved in 30
ml dichloromethane. N. N‘-mnthylpolystyrmbﬂﬁmnl.lng.ﬂ)m

mmmmmwmﬁthHMm)bmmmdhym
(1.65 mmot, 0.363 g, C) was added and the reaction mixture stirred over night After 16 hours LC/MS
analyxis still showed hydrazide. Polystyrens methyl isocyanats (1.65 tmol, 1.15 g) was added and
mmmdfmammmwmmwﬂuedmﬂmmmdmmmm

ralin? nZoYi) ADOCAIDO EEteT nyu'llowfotm(O.Sg.ﬂ‘b) Acomdmgto
LC/MS still soms hydrazido proseat MS: m/z= 500 (M+Na*), 478 (M+H")

Ths acetic acid (S)-2-

j 1-[N'{(4-triftuoromethoxy-benzoyD)-
hydrazimocarbonyl]-butyl ester obtained above was split into 5 portions, which were separately reacted
as follows:

ncetio acid (S)-2-tert-butoxycarbonylamino-1-[N'-(4-trifilnoromethaxy-benroy])-hydrazinocarbomyl}-
butyl ester (0.21 mmel, 0.1 g) was dissolved in THF (5 ml) and the solntion filled into a Smith
Microwavo synthesizer reaction vessel. 2-tert-Butylimino-2-diethylamino-1,3-dimethylparhydro-1,2,3-
diszaphospharine on polystyrens (1.05 mmol, 0.456 g, 2.3 mmol/g loading) and the p-Toluanesulfonic
chloride (0.25 mmo), 0.048 g) were added and the reaction mixture heated st 150°C for 10 min (fixed
hold time) in the microwave synthesizer.



30

WO 2005/040142 PCT/US2004/035282

-45-

The combined reaction mixtires were filtared onder snction and the resin washed with 300 ml ethyl
acviate, The combined filtrates wers concentrated under reduced pressure.

Toaded cn caplet, 17 mlmin flow rate, 12 mifraction, 120 mil gradient from 0% ethy] acetate in
heptane t 30 % ethyl acetate in heptens, 240 mt 30 % ethy] acetate in heptane, 60 mi pradient 30-50
delnummlmumdﬂﬁdmmhhpuﬂhmm

Acetic acid 1-{5-(4-tfinaromethaxy-phemyl)-1,3 4-axadiazol-2-yl]-
buty] eater (0.61 mmmol, 0.28 g) was dissalved in & mixtre of THF (10 ml) and water (10 ml). Lithinm
hydroxids hydrate (122 oouol, 0.051 g) was added snd ths reaction mixtore stizred for 2 b The
xolvents were evaporated nader reduced pressare and the residue franaferred into & sepamting fannel,
weith, 300 ml erlryl acstats snd 50 ml water. The phases wers peparated and the organic phese washed
with brins (100 mf), The arganic phase was then dided with magnesivm sulfats. The solveat was
wmﬂ“ﬂmﬂmnﬂhﬂ“hﬂwmﬂﬂw

((S)-1-{hydroxy-[5-(4-triffucromsthaxy-pheny])-1.3,4-oxadixzol-2-y1}-methyl }-propyl)-carbamic acid
tert-butyl ester (0.54 mmmol, 0.225 g) was dissolved in dichlcrorpethane (9 mi) and treated with
triflucroacetic acid (1 ml). The reaction mixtre was stirred for foer bours. The solvimts were

RECTIFIED SHEET (RULE 91)
ISA/EP

&%
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evaparated under reduced pressure. The residus was re-dissolved in dichloromethens (20 ml) and
Sikicycls Triamine (5.4 mmol, 147 g) was added. The reaction mixturs was sticred for 60 h (over the
weakend). Tha reaction mixtores were filtered mder suction and the solveats svaporsted to give (3)-2-
Aming-1{5-(4-stfluoroeretheocy-pheqyl)-1,3,4-gradiarol 2.v1]-butag-1-0 (0.164 g, 96 %). MS:
m/z=318 (M+H")

A mixture of cyclopropanecarboxylic acid methy! ester (10g, 0.1 mol) and hydrazine hydmts (7.3 mL,
0.15 meo) was refiuxed for 28 b and cocled o ot tmperatare. The mixture was svaporsted ynder
reducad pressure and then dried by azactropic removal of the solvent with tolnens. The residue was
diszolved in @chioromethbans and washed with ssturmmd NaCl ‘Tha organic phase was dried over
ankydrous MgS0,, solvent svaporsted muder reduced pressurs to give cyclopropenecarhesylic acid
bvdezide (4.36g, 44%)

A mixture of the Cyclopropanecacboxylic acid hydrazids (31.35g, 0.31 mol), trimethy] arthoformats
(300 mL) xnd p-wlsenssulfonic acid mopohydrats (200 mg) 'was hested mder reflux overnight. Excess
rrimethy! cxthoformate and methano] wege removed by distillation. Vacaum distillation of the regidne
affandsd 2-Cyrloprogvl-{].3 Aloxadiszols (22, 64%).

IH NMR. (CDCl3): 3 8.24(», 1H), 2.2 (m, 1H), 1.15 (m, 4H).  LCMS: 100%, 111 QMEY.

A solntion of 2-cyclopropyl{1.3 Ajoxadiazole (2.16g, 19.6 mmol) in dry THF (100 miL) was cooled to
—78°C. "Buli (1.6M in hexanes, 12.3 mL, 19.6 mmol) was added dropwise. The reaction mixtare was
stimred at ~78°C fior 40 min. MgBrs. Oy, (5.0692g, 19.6 mmmol) was added The reaction mixtors was
allowed  wamm up to —45°C and stined st that temperature for 1.5 br. A solution of (1-formyl-
propyl)-carbamic acid tart-butyl ester (3.7g, 19.6 mmol) in THF (40 ml) was aided. The reaction
mixtare was allowsd to wim np to =20°C and stired at that terparature for 3.5 hrs. The reaction
mixhirs was quenched with 2 solution of ssmrated NFLC] solution and xtracted with ethyl acetate.
Comnbined organic extracts was washed with seurated NaCl solotion and deied over MgSO,. The
solvent was avaparated mder reduced pressure and the crude was purifisd by coln chromatography
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dumwﬂdhﬁ-cmmmdhmmmwsmﬂlﬁﬂmu;m_!&

Amixture of {1-[{5-cyclopropyl-[1,3,4]oxadiazol-2-yI)-hydroxy-methyl]-propyl}-carbamic acid tert-
butyl ester (2.83g, 9.95 mmwl), triflnoro acetic acid (5 mL) in dichloromethane (20 mL) was stirred at
momtanpenh:refmZhrslndnoncmmdm drymnundum&oedmtogveﬁ)ﬂm]_

Triphosgene was dissolved in dichloromethane (10 mL) and to this was added, via syringe pump, a
mixture of S-2-Amino-4, 4-diffuoro-pentancic acid hydrochloride (1.00g, 4.90 mmol) (sco reference
example 15), diisopropylethyl amine (1.88 mL, 10.80 mmol) dissolved in dichloromethans (10 mL)
over the period of 1h. After stirving for an additional 15 minutes & solution of homomorpholins
hydrochloride (0.67g, 4.90 mmol) and diisopropylethyl amine (1.90 mi, 10.90 mmol) in
dichlorernethane (10 mL) was added to the solution. The resulting solution was stirred at RT for Zh.
The solvent was evaporated and the residue diluted with ethyl acetate (100 mL) then washed with IM
KHSOs (2x 10 mlL), saturated NaHCO, and brins. The organics were dried (Na;SQOy), filtered and
concentrated to yield a pale yellow oil. 'Ihnandsnnt:mlwupuuﬁndon%gnﬁcagdehhngwﬂh
u;l:ylacetntn.hq:tnmgnﬂ:mSO-IOO%. ($)-4.4-Difluerp {-oxpzepine-4

g hyl est mobumdunwhﬂemhd@ﬂg,zs%)
1Hl*l!\dl?.(CDC.‘.lm)SS12((1..!--751-1:,11-1),4:1!2(:1:!,.! 12.0, 7.2 Hz, 1H), 3.75 (m, 7H), 3.55 (m, 4H),
2.45 (m, 2H), 1.98 (m, 2H), 1.66 (t, J = 18.7 Hz, 3H).

<F
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LC/MS: 295, 100%, (M+HD, 317 M+Na)

(5)-44-Diflucro-2- [(periydro-1,4-cxazepine-4-carbonyl)-amino}-pentancis acid methyl exmr (0.38g,
1.29mmmol) was dissolved in tetrahydrofirsn/methsncl (15mL/10ml) and Lithium hydroxide (35mp,
1.A0mmol) dissolved in water (5ml) added. The reaction was stined at RT for 18h, and them the
mathanoltetrahydroforsn was removed in vacuo. The vesidge was midified with 6M hydrochlogic
ﬂ@ﬁmﬂmﬂmﬂﬁﬂm@x!ﬂﬂdﬂdﬁ%dmﬂw

(0-36599%)-
'H NMR (DMSO-46) 5 12.6 (bs, 1H), 6.60 (d, 83 Hx, 1H), 4.30 (dd, J = 14.5, 7.0 Hz, 1H), 3.57 (m,

msnstm.wa.us(m.zm.lnmzm.:sxm-umm
LC/MS: 100% 281 (M+H)

n-masmumuﬁnmmmamgsmumm
(130 m) wndwr nitropen was added o-heptamoic  as g
mmm_w_mmnmmmm Hﬂmmrhnlm
hytrochlaride (3.61%, 26.25 mumol) and triethyl amine (12.5 ml) were added and the reaction stizred
overnight at room temperate. Solvent ovaporsted off under reduced pressurs, crade paxtitioned

RECTIFIED SHEET (RULE 91)
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between water (150 mi) and etiryl ecetats (200 ml). Orgagic layer sepamted, washed with K5CO5
solution (150 ml), BQI (150 mJ) end bxipe (150 ml). Organic layer separated, dried (MgSO,) aud
evapamated wnder reduced pressure. Crude puified by column chromaography eluting with v/v 1:1 to
SﬂmlmbmﬂmhmlmmeHﬂﬂmkumu&
bonyi)-aminol-hoptanoie scid methv] egter (4.8g) as pals yellow oll.

By procesding in a similar mammer to Reference Bxample 45 above bt using (S5)-4,4-Difluoro-2-
[Mhl&m@mﬂw}hmmﬁﬂﬁﬂhmmtm

LCMS: 200 (M+H)
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(o) N N
T Y 7O
o ~0

{(5)-1-[Hydroxy-(N- T)-methyl}-propyl}-catbamic acid text-buty] ester (2351mg,
0.95 mmol) in diglyme (2 ml) was treated with trimethyl acetic anbydride (0.212 mi, 1.04 mmol) and
the reaction mixtare hested at 170 °C for 5 mimntes in & Brorys Optimizer microwave from Personal
Chemistry. The solvent was evaporated under high vacoum, The crude obtained was purified by flash
mmmmm;mdmmmw(u)mgmw

4 - L b peter as 8 brown ail (100 mg)

(mlxtnn of dinstercoizomers).

H NMR (CDCh) 5: 4.92-4.69 (m, 2H), 4.05-3.85 (m, 1H), 3.57-3.41 & 3.32-3.15 (2xbs, 1H), 1.73-
1.48 (m, 2H), 1.45 & 1.44 (2xs, 9H), 1.43 & 1.39 (2Zxs, 9H), 0.99 & 0.96 (2xt, J=7.5Hz, 3H).

MS : 314 (M+H).

A solntion of {(S)-1-[(5-ert-Butyl-1,2,4-oxadiazol-3-y1)-hydroxy-methyl}-propyl )} -casbamic acid text
butyl ester (2.11 g, 6.72 mmol) i Tethians chilorids (207l Wis trested with triffuoroacetic acid
(5.18 ml, 67.25 mumol) and sticred at room temperatnre for 3h. The solvent was cvaporated under
reduced pressure. The residus was dissolved in methylene chloride (100 ml) and troated with PS-
trisamins from Argonsut Technalogies (5.38g,20.18 mmol, 3.75 mmol/g loading) and the reaction
stirred at room temperature for 4h, filtered and the filtrate evaporated to give (3)-2-Amino-1-(5-text-
butyl-1.2.4-axadiszol-3-y1)-butan-1-gl as an orange oil (975 mg) (mixtore of diasterecisomers).

'H NMR (CDCly) § : 4.73 & 4.58 (2xd, J=5Hz, 1H), 3.12-3.00 (m, 1H), 2.64-2.31 (bs, 3H), 1.69-1.44
(m, 2H), 1.43 (s, 9H), 0.99 & 0.97 (2xt, J=7.5Hz, 3H).

MS : 214 (M+H).
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A suspeation of 4-fiuoro benzsic acid (1.70g, 0.012mel) and 1-(3-dimethylamminopropyt)-3-
ethylcarbodiimide hydrochloride (2.12g, 0.011mol) in methylens chloride (80wl was treated with (S)-
1-[Hydroxy-(N-bydroxycarbamimidoyl) methyl]-propyl}-carbamic acid test-butyl ester (3g, 0.012mol)
and triethylamine (1.54m, 0.011mol). The reaction was stirred at room temperatore overnight. Then, it
was diluted with 40ml of methylene chloride, washed with satnrated aqueons bicarbonate solution
(30mml), water (30mmi), brino (30xl), dried over Na;SO4 and the solvent evaporated under reduced
pressure. The residos was porifiod by fash chromatography eluting with 8 mixtars of efiy) acctats and
heptane (2:1) to give an off whits solid (2.20g)

'H NMR (CDCls) & : 8.10-7.95 (m, 2H), 7.16-7.00 (m, 2H), 5.43-5.24 (m, 2H), 5.22-5.05 (m, 1H),
5.01-4.85 (m, 1), 4.50-4.39 (m, 1H), 3.80-3.60 (m, 1H), 1.90-1.78 (m, 2H), 1.40 (s, 9H), 0.98 (¢,
J=7.5Hz, 3H).

MS : 370 (M+H).

240 mg of the solid (0.65 mmol) compound obtained above was taken in diglyms (Sml) and heated at
160 °C in & microwave (Smith Creator, $00219) for 18 minmtes. The solvent was evaparated undsr
high vacuum. Thsmdeobnmadwpmﬁedbyﬂnhnhmmmgnphymm:mafﬂhyl
acetate and heptane (1:4) to give (S - '

propyl}-carbamic acid tert-buty] ester as a whits solid (14&1'&)
*H NMR (CDCl) 5: 8.16-8.09 (m, 2H), 7.25-7.12 (m, 2H), 4.98-4.73 (m, 2H), 4.13-3.87 (m, 1H),

3.82-3.35 (m, 1H), 1.80-1.52 (m, 2H), 1.46 & 1.34 (2xs, 9H), 1.02 & 0.99 (2xt, J=7.5Hz, 3H).
MS : 352 (M+H).
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Similarty prepared accarding to Reference Example 50 above but using (S)-1-{[5~(4-Fluoro-pheayl)-
1,2,4-axadiazol-3-yl]-hrydroxy-methyl }-propyl)-carbamic acid tert-butyl ester.

'H NMR (CDCl) § : B.18-8.05 (m, 2H), 7.26-7.12 (m, 2H), 4.92 & 4.73 (2xd, J=5Hz, 1H), 3.27-3.05
(m, 1H), 1.75-1.62 (m, 1H), 1.59-1.41 (m, 1H), 1.02 & 1.00 (2xt, J=7.5Hz, 3H).

MS : 252 (M+H).

A suspention of (S)-1-[Hydroxy-(N-hydroxycarbamimidoyf)-methyl}-propyl}-carbamic acid tert-butyl
ester (6.12g, 24.78mmol) in methylene chloride (150ml) was treated with tristhylamine (3.46ml,
24.82mmol) and then coaled to 0 °C. Then cyclopropyl carbonyl chlarids (2.25ml, 24.79mmol) was
added dropwise. The reaction was stirred at room temperature for 1h 45min. and diluted with 150ml of
methylene chloride, washed with water (40ml), saturated aquecns bicarbonate (20ml), water (20ml),
dﬁedmNﬁ&mdemmhdmﬂemﬂueedmhgiwawbihwﬁda.lﬁg.
MS : 338 (M+Na).
Amhhmofﬂnwmpumdobﬁmdabovoﬂﬂ;ﬂﬂ!mnmdmxmﬂasmﬂ)mhﬂmdatnﬂu
for 15h. The solvent was evaporated under rednced pressure and the regidue was parified by flash
chromstography elnting with a mixtore of ethyl acetate and heptans to give (5)-1-{(5-Cvclopropyl-
L — ' F T——— : arharmme acid tert-huty u.wmm

'H NMR (CDCly) 8 : 4.94-4.74 (m, 2H), 3.97 & 3.85 (2am, 1H), 3.62 & 3.48 (2xbs, 1H), 2.19 (m, 1H),
1.72-1.42 (m, 2H), 1.44 & 1.39 (2xs, 9H), 1.26-1.18 (m, 4H), 0.98 & 0.95 (2xt, J=7.4Hz, 3H).
MS : 298 (M+H).




10

15

WO 2005/040142 PCT/US2004/035282

A solution of {(S)-1-[(5-Cyclopropyl-1,2,4-oxadiazol-3-y[-hydraxy-metlryl}-propyl}-carbamic acid
tert-butyl ester (3.41g, 0.011mmol) in 4N HCI in dioxans (43mi, 0.172mmol) was stirred at room
temperatare for Zh, Solvent evaporated under reduced pressure. Residue tritnrated with a mixtore of
ethyl acetate and ether. It was then filtered to give i - iazn]-3-
yi-butag-1-ol HCI galt ac a brown solid (2.47g).

'H NMR (CDCL) 5: 8.21 (bs, 2H), 5.37 & 5.14 (2xd, 1H), 3.88 & 3.73 (2xm, 1H), 2.21 (m, 1H), 1.92-

1.50 (m, 2H), 1.24 (m, 4H), 1.08 & 1.06 (2xt, J=7.4Hz, 3H).
MS : 198 (M+H). '

To a mixtare of (S)-4,4-diftonoro-2-[(morpholine-4-carbonyl)-amino]-heptancic acid (104 mg, 0.35
mmol), (S)-2-amino-1-(3-cyclopropyl-1,2,4-oxadiazol-5-yI)-butan-1-ol hydrochlaride (86.7 mg, 037
romol) and diisopropyl amine (219 mg, 0.42 mmel) in dry dichlaromethane (5 ol) was added PyBOP
(113 mg, 0.87 mxmol). The mixtare was stirred at room temperature for 16 hr and the evaporated jn
vacuumn. The residue was diluted with effryl acetate (25 ml) and washed with satmrated NaHCOs (30
mL), dilats HC1 (30 mlL), then saturated NaHCOs (30 mL). The organic layer was dried over
magnesium sulfate and concentrated in vacuum. The residue was purified over 12 g silica gel, eluting
with cthy} acatate: heptane (2:1 then 1:0) to afford gorpholine4-carboxylic acid (1-{1-[(3-

Gk
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aﬁmssi)nlwtltosolld. LC/MS shows 2 isomers, total 100% M+1 474.

To a salution of morpholine-4-carboxylic acid (l-{l-[(3-cy=lnpmpyl—[1.2.4]ondinzol-5;yl)-hydmxy-
methyl}propylcarbamoyl}-3,3-difinaro-hexyl)-amide (145 mg, 0.31 mmol) in dry dichloromethane (3
mL) under N2 was added Dess-Martin periodinane (15% wt solution in dichloromethane, 1.73 g, .061
mmol). The reaction was stirred at room temperature for 2 hr, then quenched with a solntion of
N&;S,05 193 mg, 1.22 mmol) in setmrated NaHCOs (30 mL). The agueous layer was extracted with
dichloromethane (2x30 mL). The organic layers were dried over magnesium sulfate and concentrated
in vacmm. The residne was purified over 12 g silica gel, cluted with efhryl acetats: heptans (1:1 then
2:1) to afford the desired ketone (119 mg, 81%) as a tan solid.

IH NMR (CDCl3): § 7.4 (d, 7.0 Hz, 1H), 5.27 (m, 1H), 5.13 (d, J = 6.9 Hz, 1H), 4.65 (ad, J=13.1,

6.9 Hz, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 2.4 (m, 2H), 2.2 (m, 1H), 2.05 (m, 1H), 1.8 (m, 3H), 1.55 (m,
2H), 1.15 (m, 4H), 0.98 (t, J = 7.4 Hz, 6H); )

LC/MS: 28% 512 (M+H;O+Na) and 68% 494 (M+Na).

PyBOP (171.73 g, 0.33 mmol), diisopropyletitylamine (0.0575 ml, 0.33mmel) nnd (S)-2-amino-1-(5-
cyclopropyl-1,3,4-oxadiazol-2-yl)-butan-1-o}; compound with trifinoro-acetic acid (0.30 mmol) were
added to & salntion of (S)-4,4-Diflnoro-2-[(morpholine-4-carborryl)-amino])-heptanoic acid (88.29 mg,
0.30 mmol) in dry methylene chloride (4 ml) and the reaction mixture was stirred overnight at room
temperatore. The reaction was quenched with aqueons sodinm bicarbonate, extracted twice with
methylene chloride, the arganic extracts were dried over sodium sulfate and evaporated under rednced
mm&hm@mtogmplwonnhudnﬁngwﬂa mxm:eofmﬂ:ylcnechlmﬂemdeﬂlyl

474 (M+1).
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Dess-Martin Periodinans (15wt% in DCM, 0.79 gm, 0.28 mmol) was added to a solution of
morpholine-4-carboxylic acid ((S)-1-{(S)-1-[(5-cyclopropyl-1,3,4-oxadiazol-2-y1)-hydraxy-methyl]-
propylcarbamoyl}-3,3-diftuoro-hexyl)-amide (67 mg, 0.14 mmol) in dry methylens chlorids (10 ml)
and stirred at room temperature for 2.5 hours. The reaction was quenched with a solution of Na,S;0Os
(110.68 mg, 0.70 mmo]) in aqueons NeHCOs. The organic layer was separated and the aqoeous
extracted with dichloromethane. The organic extracts were dried over sodinm sulfate and concentrated
under reduced pressure. Cdumnchrmtognp'hyonnihcu e!ntu.ngw:thnm:tunofn::ﬂtyhne

) ) ba \ lswhmepowdt(ﬂmg)
1HNMR(CDCI3) §7.52 (d, J=7.5Bz, 1H), 5.34 (m, 1H), 5.18 (d, J=7.5Hz, 1H), 4.65 (m, 1H), 3.72
(m, 4H), 3.40 (m, 4H), 2.50-2.22 (m, 3H), 2.18-2.08 (m, 1H), 1.96-1.78 (m, 3H), 1.60-1.45 (m, 2H),

LC/MS 95%, 472 (M+1).

PyBOP (68.69 mg, 0.13 mmol), diisopropylethylamine (0.023 mi, 0.13mmol) and (S)-2-Amino-1-[5-
(4-triflucromathoxy-phenyl)-1,3,4-oxadiszol-2-y1]-butan-1-0] (38.0 mg, 0.12 mmo]) were added to a
solation of (S)-4,4-Diftnoro-2-{(morpholine-4-carbonyl)-amino]-heptanoic acid (34 mg, 0.12 mmol) .
in dry methylens chloride (4 mi) and ths reaction mixture was stirred overnight at room temperature.
The reaction was quenched with aqueous NeHCOs, extracted twice with methylene chlaride, the
organic extracts were dried over Na2S(, and svaporated under rednced pressore. Column

.chrombgnphyon:ﬂ:mduhngwlﬂumdmhylmcchlmdemduhylmmpw

Dess-Martin Periodinane (15wt% in DCM, 0.58 gm, 0.21 mmol) was added to a solution of
morpholine-4-carboxylic acid [(S)-3,3-diffunoro-1-((S)-1-{hydraxy-[5<(4-triftacromethoxy-phenyl)-
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1,3,4-oxadiazol-2-yl]-methyl }-propylcarbamoyl)-hexyl]-amide (61 mg, 0.10 mmol) in dry methylens
chlaride (8 ml) and stirred at roorn temperature for 3 hrs. The reaction was quenched with a sohition of
Na;S;03(81.43 mg, 0.50 mmol) in aqueous NaHCO;. The organic layer was scparated and the aqueous
under reduced pressure. Colunmchrmtosnphyonsﬂm nh:hngwﬁJ,amtnreofnnﬂlylm

powder (39 mg).
lI-INMI!L(I:DC:I3): 8 8.25 (d, J=7.5Hz, 2H), 7.60 (4, }=7.5Hz, 1H), 7.42 (d, J=7.5Hz, 2H), 5.36 (m,

1H), 5.16 (4, J=7.5Hz, 1H), 4.70 (m, 1H), 3.74 (m, 4H), 3.42 (m, 4H), 2.54-2.32 (m, 2H), 2.28-2.14
(m, 1H), 2.02-1.80 (m, 3H), 1.60-1.45 (m, 2H), 1.06 (t, J=7Hz, 3H), 0.96 (t, }=7Hz, 3H).
LC/MS: 96%, 592 (M+1).

By proceeding in a similar mammer to Exampls 1 above but using (S)-4,4-difluaro-2-{(morpholine-4-
urbonyl)—nmo]-s-phmyl-pmhnmc acid and (S)-?-m:»l-(}cydnprapyl-l +2/4-oxadiazol-5-y1)-

lnmmg),_sncm.eﬂ) 595 (m, 1H), 5.08 (4, J = 6.9 Hz, 1H), 47 (dd, I = 12.8, 7.4 Hz,

1H), 3.7 (m, 4H), 3.4 (m, 4H), 3.2 (1, 16.8 Hz, 2H), 2.4-2.1 (m, 3H), 2.05 (m, 1H), 1.8 (m, 1H), 1.1 (m,
4H), 095 (t, 1 =735 Hz, 3H);
LC/MS: 35% 560 (M+H;0+Na) and 65% 542 (M:+Na).
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By proceeding in a similar manner to Example 1 abovs but using (5)4,4-diflncro-6-metiry}-2-
[ﬁnpl:nhna-cl-ca:‘buly!)-lmlnn]-hpm: acid and (S}&m&l-@qdw-lm.s_

lnmtmc:l;) 7.6 (d, J=6.8 Hz, 1H), 52 (m, 2H), 4.66 (44, J = 13, 72 Hx, 1H), 3.7 (m, 4H),
3.4 (m, 4H), 2.3 (m, ZH), 22 (m, 1H), 2.05 (m, IH), 1.95 (m, IH), 1.8 (m, 38), 1.1 (m, 48, 0.57 (d,J

= 6,6 Hz, 6H), 0.96 (t, J = 7.4 Hz, 3H):
LC/MS: 26%, 526 (M+E5,0+4Na) apd 74'%, 508 (M+Na).

By proceedimp in a similer manner to Example 1 above but nsing (3)-4 A-Difluoro-2-{(morpholine-4-
carbanyf)-amino)-pentancic acid md (S)-Z-Amo-l-ﬂquI-l.Z.mm-S-yD-hm-l-ol

YHNMR (CDCla): § 747 (4, 3 = 6.8 By, 1H), 53 (m, IH), 5.16 (4, F = 6.9 Hz, 1H), 4.65 (dd, T = 13,

74 Haz, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 2.4 (m, 2H), 2.2 (m, 1H), 2.05 (m, 1H), 1.8 (m, 1H), L.67(,
18.7 Hz, 3H), 1.1 (m, 4H), 0.97 {t, Y = 7.5 Hz, 3H);
LOMS: 37% 484 (M+H;0+Na) and 63% 484 (M+CH,CN).

RECTIFIED SHEET (RULE 91)
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By proceeding in a similar mauner to Bxample 1 above but using (S)-4,4-Diftucro-2-[(morpholine-4-
cubunyl)-amno]-pmnmc acid and (S)-Z-Amno-l-@ p‘hmyl -1,2,4-0xadiazol-5-yl)-butan-1-o0l there

lHNMR.(CDCJ;) §8.15(dd, J=17.7, 1.5 Hz, 2H), 7.61 (4, ] = 6.4 Hz, 1H), 7.5 (m, 3H), 5.35 (m,

1H), 52 (d, ] = 6.9 Hz, 1H), 4.68 (dd, J=13.2, 7.8 Hz, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 2.4 (m, 2H), 2.2
(m, 1H), 1.95 (m, 1H), 1.66 (t, 18.7 Hz, 3H), 1.03 (¢, J=7.5Hz, 3H); .
LC/MS: 37% 520 (M+HyO+Na) and 63% 502 (M+Na).

By proceeding i & similar mammer to Example 1 above but using (5)-4,4-Difilucro-2-[(morpholine-4-
earbuuyl)—amo]—pmlanmc acid and (S)-Z-Amm l-(S Ml—[l,z,ﬂonduml-}yl)-bml-ol there

1HNMR(CDCI3) §8.2(d,J=7.1Hz, 2H), 7.65 (d, ] = 7.4 Hz, 1H), 7.55 (m, 3H), 5.4 (44,1 = 12.2,

7 Hz, 1H), 53 (4, ] = 7.4 Hz, 1H), 4.7 (4, J = 13, 7.3 Hz, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 2.4 (m, 2H),
2.1 (m, 1H), 1.9 (m, 1H), 1.67 t, 18.7 Hz, 3H), 1.0 (t, J = 7.4 Hz, 3H);
LC/MS: 6% 520 (M+H;O+Na) and 94% 502 (M+Ns).
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By proceeding in a shmilar manner to Example 1 above but using (S)-4,4-difluoro-2-[(morpholine-4-
carbomyl)-amino]-5-phenyl-pentanoic acid and (S)-Z-mno—l-(s-cyelopmpyl-l 3 mdnznl-z-yl)-
butan-1-ol Triflnoro acetic acid salt, there was prepared f1-

IHNL{R(CDClg) § 7.3 (m, 6H), 5.27 (m, 1H), 5.0 (d, ] = 7.0 Bz, 1H msjar), 4.95 (d, J=7.3 Hz, 1H

minar), 4.7 (m, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 32 (t, 16.3 Hz, 2H), 2.4-2.2 (m, 3H), 2.05 (m, 1H), 1.8
(m, 1H), 1.2 (m, 4H), 0.95 (t, J = 7.5 Hz, 3H);
LC/MS: 12% 560 (M+H;0+Ns) and 83% 542 (M-+Na).

YOrY

By proceeding in a similar manner to Example 1 sbove but using 2-amino-1-(5-isopropyl-isoxazol-3-
yl)-butan-1-0l hydrochloride instead of (S)-24mnn—l-(3—qc]opmpyl—l.2,4—mdinzol-5—yl)—bnﬂn—l—ol

1H NMR (CDCl3): & ca 2:1 mixture of isomers 7.4 (b, 1K), 6.37 (s, 1H), 5.4 (m, 1H), 5.26 (d,J=6.9

Hz, 1H majar), 5.2 (d, ] =7.2 Hz, 1H minor), 4.7 (m, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 3.15 (m, 1H), 2.4
(m, 2H), 2.1 (m, 1H), 1.8 (m, 4H), 1.5 (m, 1H), 1.35 (d, J = 7.0 Hz, 6H), 0.95 (m, 6H);
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LC/MS: 100% 473 (M+1).

By proceeding in a similar mammer to Example 3 above but using (S)-4,4-difluoro-2-[(morpholine-4-
carbonyl)-amino)-heptanoic acid and (S)-z-nmno-l [5-(5 mﬁhyl mol-3-yl)-mml-2-yl]—butm—l-

IHNMR(CDCJ:Q 57.78 (s, 1H), 7.40 (m, 1H), 6.44 (5, 1H), 5.48 (m, 1H), 5.22-5.10 (xn, 1H), 4.68
(m, 1H), 3.72 (m, 4H), 3.40 (m, 4H), 2.54 (s, 3H), 2.50-2.30 (m, 2H), 2.22-2.08 (m, 1H), 1.94-1.78 (m,

3H), 1.60-1.46 (m, 2H), 1.08-0.94 (2xt, 6H).
LC/MS: 9%, 512 (M+1).

By proceeding in a similar manmer to Example 2 abowbatu:ingiSHLdiﬂnmo—Z-[(mpbnlm
cubmyl)-amo]-s-phmyl-pmtmm acid and (S)-Z-amo-lmml-z-yl-bm::-l-ol hydrochloride
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151 NMR (CDCl5): 8 7.86 (s, 1H), 7.37 (5, 1H), 7.30 (m, 5H), 7.24 (m, 1H), 5.45 (m, 1H), 5.08 (4, J =

9Hz, 1H), 4.70 (m, 1H), 3.72 (m, 4H), 3.38 (m, 4H), 3.22 (t, J= 17Hz, 2H), 2,35 (m, 2H), 2.12 (m, 1H),
1.85 (m, 1H), 0.55 (¢, J=9Hz, 3H);
LC/MS: 97%, 479 (M+1).

By proceeding in a similar manner to Example 1 above but using (S)-4,4-diffuoro-2-[(morpholine-4-
carbomnyl)-amino]-5-phearyl-pentanoic acid and (S)-2-amino-1-(5-thiophen-2-yl-oxaz0l-2-yI)-butan-1-
ol hydrochloride there was prepared jporpholine-4-carboxvlic acid -difiaoro-4-phepryl-1-

7.15(d4,J =35, 3.6 Hz, 1H), 5.4 (m, 1H), 5.15 (d, J = 7.1 Hz, 1H), 4.7 (dd, Y= 13, 7.4 Hz, 1H), 3.7 (m,
4H), 3.4 (m, 4H), 3.2 (¢, 16.7 Hz, 2H), 2.4 (m, ZH), 2.1 (m, 1H), 1.8 (m, 1H), 0.96 (t, J= 7.5 Hz, 3H);
LC/MS: 100% 561 (M+1).

<y
46
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By proceeding in a similar manper to Example 1 above but using (S)-4,4-diffuoro-2-[(morpholine-4-
cubonyl)—ammo]-s -phenyl- pmmmc acid and (S)-2-amino- 1-benzoxazol-2-yl-pentan-1-ol there was

1I-INM'.R(013013): 579, J=8.0Hz, 1H), 7.66 (d, ] =8 Hz, 1H), 7.56 (t, Y = 7.2 Hz, 1H), 747 (t.J
= § Hz, 1H), 7.2 (m, 6H), 5.6 (m, 1H), 5.05 (d, Y = 7Hz, 1H), 4.71 (44, J = 12.8, 7.4 Hz, 1H), 3.7 (m,
4H), 3.35 (m, 4H), 3.18 (1, J= 16.8 Hz, 2H), 2.3 (m, 2H), 2.1 (m, 1H), 1.8 (m, 1H), 1.4 (m, 2H), 0.54 (¢,

J=17.3 Hz, 3H);
LC/MS: 100% 543 (M+1).

By proceeding in a gimilar manner to Example 1 above but uzing (S)-4,4-diftuoro-2-[(morpholine-4-
carbonryl)}-amino}-5-phenyl-pentanoic acid and (S)-ﬁ-umno-l -benzooxazol-2-yi-3-methoxy-propan-1-

_ _lg_n_:q:n (CDCl3): 679 g, J=1.7 Hz, 1H), 7.67 (4, T = 8 Hz, 1H), 7.56 (¢, J= 8 Hz, 1H), 748 t. T =

8 Hz, 1H), 7.2 (m, 6H), 5.7 (m, 1H), 5.1 (4, J = 7 Hz, 1H major), 5.05 (d, J = 7.3 Hz, 1H minor), 4.8
(m, 1H), 4.26 (44, J =9.7, 3.5 Hz, 1H), 3.8 (m, 1H), 3.7 (m, 4H), 3.35 (m, 4H), 3.27 (5, 3H), 3.22 (1, J=
162 Hz, 2H), 2.4 (m, 2H);

LC/MS: 94% 545 (M+1).
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A mixture of (S)-2-amino-1-benzoxazol-2-yl-2-methyl-pentan-1-one hydrochloride (B0.6 mg, 0.3
1omol), (S)-4,4-difnoro-2-[(morpholine-4-carbomyl)-amino]-5-phenyl-pentanoic acid (0.102 mg, 0.3
mmol), EDCI (69 mg, 0.36 mmol), HOBT (48.6 mg, 0.36 mmol) and Diisopropy] cthylamine (0.2 mL)
in DMF was stirred at room temmperature overnight. The reaction mixture was dilnted with etiyl
acetate, washed with cold IN HCI, saturated NaHCO; and then satorated NaCl solution. The organic
phase was dricd over magnesium sulfate and solvent evaporated under reduced pressure to give the

15 NMR (CDCl3): 6 7.8 (d, J=7.8.0 Hz, 1H), 7.64 (d, J =7.8 Hz, 1H), 7.53 (dt, J=7.2, 1.2 Hz, 1H),

7.43 (at, J = 8, 1.2 Hz, 1H), 7.2 (m, 6H), 4.9 (3, J =7.3 Hz, 1H), 4.65 (m, 1H), 3.7 (m, 4H), 3.3 (m,
4H), 3.1 (¢, J= 16.8 Hz, 2H), 2.2 (m, 3H), 2.1 (m, 1K), 1.74 (5, 3H), 1.25 (m, 2H), 0.9 (t, ]=7.3 Hz,
3H);

LC/MS: 100% 557 (M+1).

Proceeding according to the PyBOP coupling method givea for example 1, but using (S)-4,4-difluero-
2-[(morpholins-4-carbonyl)-amino}-5-phenyl-pentancic acid and (S)-2-ammo-4-phenyl-butyronitrile

G
(R
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IHNMR(CDCI3) 57.9 (d, J=7.6 Hz, 1H), 7.2 (m, 10H), 5.1 (d, J = 7.3 Hz, 1H), 4.6 (m, 2H), 3.6

(m, 4H), 3.3 (m, 4H), 3.2 (t, ] = 16.5 Hz, 2H), 2.74 (, ] = 7.2 H, 2H), 2.3 (m, 2H), 2.1 (m, 2H);
LC/MS: 100 % 485 (M+1).

Proceeding according to the PyBOP coupling method given for Example 1, but using (S)4,4-difluoro-

2-[(m-;imhno-4-arbunyl)—mm]—5—pbmyl pmtanmc acid and macwmmﬂehydmchlmda.

1I-II'IINII!.(ClX:lg):B'I.”(I:. 1H), 7.3 (m, 5H), 5.25 (d, J=7.0 Hz, 1H), 4.7 (44, J = 12.7, 7.2 Hz, 1H),

. 4.1 (m, 2H), 3.7 (xo, 4H), 3.35 (m, 4H), 32 (¢, J = 163 Hz, 2H), 2.4 (m, ZH); LC/MS: 83 % 403
(M+Na).

A mixture of (S)-" amino-2-methyl-pentan-1-ol ydrochloride (104.4 mg, 0.67 mmol), (S)-4,4-
difinoro-2-[(marpholine-4-carbomyT)-amino}-5-phenyl-pentanoic acid (231 mg, 0.67 mmol), EDCI
(154 mg, 0.8 mmo}), HOBT (108 mg, 0.8 mmol) and Diisopropy! efhrylamine (0.23 mL) in DMF
(2mL) was stirred at room temperatnre overnight. The reaction mixture was diluted with ethy] acetate,
washed wifh cold 1N HC, satarated NaHCOs and then saturated NaCl solution. The organic phass was
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" dried over MgSO, and solvent evaparated under reduced pressure to give the crude product.

Purification by Silica gel column chromatography, elnting with cfiry] acetate and heptane mixtnre gave

MMMMMMWMMMMW(IS%mDCMZQ)
in DCM (5 mlL)) was stirred at room temperature for 3hes and quenched with a solution of sodiom
thiosulfats m satoratsd NaHCOs. The prodoct was extracted with ethryl acetate and washed with
saturated NaCl solution. Organic phase was dried over anhydrous MgSO,, solvent evaporated under
mdmedprﬂsnre. Pmﬁcamby:ihcagnlchrmtogmphy cluting with ethyl acetatc-heptane mixture

14 NMR (CDCl3): 89.3 (s, 1H), 7.2 (m, 5H), 7.0 (5, 1H), 5.0 (4, J = 7 Hz, 1H), 4.64 (dd, J=13,7.3

Hz, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 3.2 (t, J= 16.5 Hz, ZH), 2.3 (m, 2H),
1.9 (m, 1H), 1.65 (m, 1H), 1.35 (s, 3H), 1.2 (m, 2H), 09 (t, J= 7.3 Hz, 3H);
LC/MS: 100% 440, (M+1)

To a mixtnre of (S)44-Difluoro-2- [(pechydro-1,4-oxazepine-4-carbonyl)-amino}-pentanoic acid (97
mg, 0.35 mmol), (S)2-Amino-1- (3-cyclopropyl-1,2,4-0xadiazol-5-yi)-butan-1-o0] hydrochloride (83
mg, 0.36 mmol) and diisopropylethyl amine (121 pL, 0.70 mmol) in dry dichloromethans (12 mL) was
added 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide kydrochloride (66 mg, 0.35 mmol) and 1--
hydroxybenzotriazole hydrate (47 mg, 0.35 mmol). The mixtore was stirred at room temperatare for
16 hr then was dilmted with dichloromethane (20 mL) and washed with dilute HCl (30 mL), then
satursted NaHCOs (30 mL). The organic layer was dried (N2;SO;) and concantrated in vaconm. Tha
residue was purified over lngil:cage],ehhngmthuhylmhepm(yndmso lw‘b)to
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sotid. m1mmm+m

To n solntion of Pechydro-l, 4-cxazepine4-carbaxylic acid ((S)-1-{(S)-1-{(3-cyclopropyl-1,2.4-
oxadinzol-5<y-ydroxy-methyl}-propylcacbemoyl }-3,3-difuoro-butyl)-amide (110 mg, 024 mmol) in
dry dichloromethane (20 ml) wder Nz was added Dess-Maxtin periodimane (143 mg, 034 mmol).
The reaction was stirred at RT for 2 br, and thea dichloromethane (20 ril) was added. The reaction
was qusached with a solntion of NagS;Os (0.26M, 2 L) sud washoed with ssamied NaBOO, (20 mL)-
The agquacus ayer was sxtmcted with dichlogromethane (2 x 30 mL). The organic iyers were driad
(Nu:SO,) and concentrated i vacmm. Tbnddumpmﬁdle;lﬂngﬂ.ehndmﬂuﬁql
mhﬂ:@aﬂmtﬂ)—lﬂﬂ%)mlﬁml ZRzepine-4 4 {(S 3

155)0|wlnbnhd.

'H NMR (CDC,) 5 752 (6, 6.38), 528 (m, IE), 5.05 (4, J = 7 H, 1H), 4.66 (m, 1H), 3.78 (m, 4H),
3.59 (m, 4H), 2.42 (m, ZH), 2.23 (m, 1H), 2.07 (m, 1H). 1.98 (m, 1FD, 1.85 (m, 1K), 1.69 (¢, J = 18.8
Hz, 3H), 1 15 (m, 4H), 0.98 (t, J = 7.5Hz, 3H); LC/MS: 97% 458 (M-+H)-

wy J

By proceeding in & aimiler mammer Example 20 above but using (S)-4,4-Diflworo-2-{(periydro-1,4-
WMWD-W]WMMG)J-MIMW 1,24-oxadinzol-5-

aamg.ssmuwmm

TH NMR (CDCI13) § 7.6 (4. J=7.5 Hy, 1H), 5.25 (m, 18), 5.10 (d, J=7.5 Hx, 1H),

4.65 (dd, J=14, J=7.5 B, 1H), 3.75 ( m, 6H), 3.55 (m, 4H), 2.4 (m, 2H), 2.2 (m, 2H), 1.95 (m, 1H), 1.8
(m, 3H), 155 (m, ZH), 1.10 (m, 4H), 0.95 (¢, Jn7.5 Hz, 6H);

LC/MS: 70% 486 (M+1) and 30% 504 (M-+1+H20).

RECTIFIED SHEET (RULE 91)
ISAEP
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By proceeding in a symilar magner to Example 20 above but using _(S)-4.4-Difinoro-2-[(morpholine-4-
eﬂmnﬂhmﬂhmxs.m and (S)-Z-nmno-l-(B-lﬂopmpﬂ 1,2 4—°xldmol-5-vl)~but-n-l-ol

IHNMR(CDCB)S'LS(d.J-'IOHz. 1H), 5.3 (m, 1HD, 5.25 (4, J=7.0 Hz, 1ED),
4.65 (dd, =13, 7.0 Hz, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 3.2 (m, 1H), 2.35 (m, 2H),
2.1 (m, 1H), 1.8 (m, 3H), 1.55 (m, ZH), 1.40 (4, J=7 Hz, 6H), 09 (t, J=7.0 Hz, 6H);
LC/MS: T2% 474 (M+1) apd 28% 492 (M+1+H20).

A

& P \)'7<
o) J R

A solution of (S)4,4-Diftnoro-2-[(morpholine-4-carbonyl)-amino}-heptancic acid (175 mg, 0.60
mmol) in dimethyformamides (6 ml) was treated successively with (S)-2-Amino-1-(5-tert-butyl-1,2,.4-
oxadiazol-3-yI)-tutan-1-01 (240 mg, 1.13 mmol), O-(7-azebemzotriazol-1-yI)-N NN’ N'-
tetramethylaroniem hexafluorophosphate (226 mg, 0.59 mmo]) and diisopropylethylagmne (0.104 mil,
0.60 mmol). Reaction stirred at room temperatnre overnight. Solvent evaporated under high vacuum.
Residue taken up in ethyl acetate and washed with IN hydrochloric acid, satmrated aqueous
bicarbonats solution and water, dried over Na,SO, and solvent cvaporsted under rednced pressure.

“>-
94
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Crude purified on flash silica (10g column) cloting with a mixtore of ethyl acetate apd heptane (2:1) to

A solution of Morpholine-4-carboxylic acid ((S)-1-{(S)-1-[(5-tert-butyl-1,2,4-oxadiazol-3-yI)-
hydroxy-methyl}-propylcarbanwyl}-3,3-diffnoro-hexyl)-amide (57 mg, 0.117 mmol) in methylens
chloride (3 ml) was treated with Dess-Martin periodinans (59 mg, 0.139 nmmol) and stirred at room
tamperature for 90 mimates. The reaction mixture was washed with a solntion of Na;S;Oy in water
(0.26M), saturated aquecus bicarbomate sclution and water, dried over Na;SO, and the solvent
ovaporatod under reduced pressure. The residue was parified by flash chromstography eluting with a
mixmre of ctiyyl acetats and heptane (1:1) to give Morpholine-4-carhoxylic acid {(S)-1-{(S)-1-(5-tert-

" butyl-1,2,4-oxadiazolo-3-carbomyl)-propylcarbamoyl]-3, 3-diflnoro-hexyl)-amide as an off white solid

41 mp).
MS : 488 (M+H).

By proceeding in a similar roamnner to Example 23 above but vsing (S)-4,4-Difluoro-2-[(morpholine-4-
urbmyl)—nmno]-s-phml-pmnmm acid and (S)-Z-Amn-l-(s-tm-butyl-l.z.mainml-?--yl)-

lI-Il*ll‘uﬂl(Clx'.la)S 7.36-1.19 (m, 5H), 7.15 (4, J=7.1Hz, 1H), 5.31 (m, 1H), 5.03 & 4.96 (2xd, J=7THz,

1H), 4.68 (m, 1H), 3.76-3.59 (m, 4H), 3.45-3.26 (m, 4H), 3.18 (t, J=16.8Hz, 2H), 2.52-2.18 (m, 25),
2.17-1.94 (m, 1H), 1.88-1.70 (m, 1H), 1.47 (s, 9H), 0.93 (t, J=7.4Hz, 3H).
MS : 536 (M+H).
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S SeS W
SRS
F

By procesding in a singilar manner to Example 23 above but using
(8)4,4-Difinoro-2-{(morpholine-4-carbonyl)-amino}-pentanoic acid end (S)-Z-Ammo-l -[5(4-fluoro-
pleayD-12 4—mdnzo1-3-yu~bum1-o1 thare ves progart mwm:gmms.

1HNM'R(C]I:!;)S 8.21 (m.2H),731 (d, }=6.8Hz, 1H), 730-720(n),2ﬂ).538(m. 1H), 5.07 (d,
J=6.8Hz, 1H), 4.63 (m, 1H), 3.75-3.64 (m, 4H), 3.44-3.33 (m, 4H), 2.58-2.28 (m, 2H), 2.22-2.04 (m,
1H), 1.96-1.79 (m, 1H), 1.66 (¢, J=183.8Hz, 3H), 0.97 (t, J=7.4Hz, 3H).

MS : 498 (M+H).

By proceeding in a similar manner to Example 23 ehove but using (S)-4,4-Diflucro-2-{(marpholine-4-
carbanyl)-amino]-5-phenyl-pentancic acid and (S)-2-Amino-1-(5-cyclopropyl-1,2,4-oxadiazol-3-yl)-

_ butan-lol there was prepared Morpholine4-catboxylic acid {(S)-1-{1-(S-cycloprupyl-12,4-

oxadiazole-3-carbonyl)-propylcarbamoyl]-3,3-diffucro-4-phenyl-butyl}-amide as 3:1 mixtore of
'H NMR (CDCls) &: 7.36-7.20 (m, 5H), 7.14 (d, J=7.1Hz, 1H), 5.26 (m, 1H), 5.02 & 4.96 (2xd, J=THz,
1H), 4.70 (m, 1H), 3.73-3.61 (m, 4H), 3.43-3.28 (m, 4H), 3.18 (t, J=16.5Hz, 2H), 2.48-2.21 (m, 3H),
2.14-1.98 (m, 1H), 1.85-1.70 (m, 1H),'1.38-1.21 (m, 4H), 0.91 (t, }=7.5Hz, 3H).

MS : 520 (M+H).

s A

50
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By procesding in a ximilar menner to Example 23 sbove but uaing (S)4,4-Diftuaro-2-{(perhydro-1,4-
mpnnoA-cubonyl)—mno]—hephnac acid and (S)-Z-Amo—l-(s-cyclopmpyl-l.zmnml

'H NMR (CDCly) : 744 & 7.39 (2xd, J=7.3Hz, 1H), 5.30 (m, 1H), 5.05 & 4.98 (2xd, J=6.5Hz, 1H),
4.63 (m, 1H), 3.79-3.73 (m, 4H), 3.99-3.53 (m, 4H), 2.47-2.23 (m, 3H), 2.15-1.76 (m, 6H), 1.57-1.43
(m, ZH), 1.38-1.26 (m, 4H), 0.95 (t, J=7.3Hz, 3H), 0.93 (t, 1=7.2Hiz, 3H).

MS : 486 (M-+H).

A suspension of Polystyrens bomnd carbodiimide (570mg, 0.73 mmol) and (S)-4.4-Difluoro-2-
[(pestrydro-1,4-oxazepine-4-carbonyl)-amino)-heptancic acid (135 mg) in DCM (10 mi) stirred for 10
min. HOBT (60mg) added, stirred for 10 min. A suspension of amino scetomitrile hydrochloride (34
mg) and triethy] amine (52 uL) in DCM (Sml) added and stirred overnight at room temperature. PS-
Trisamine (493 mg) added and sthred at room temperature for 2h 30 min. After filtration, filtrate

RECTIFIED SHEET (RULE 94)
ISA/EP
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dilvted with DCM, washed with watar, evaporsted tnder reduced presswre and purified by columon
chromatography elntmg with athyl acects h=1m= mixme 1o mmmxm

LCMS : 100% 347 (M+H)

BXAMPLE 29
Pahydro-1 4-cxezepins-4-carboxylic acid [(S)-1-((S)-1-cyano-propyicarbamoyl)-3,3-diflnoro-hexyl)-
” .

S

o

By proceeding in a stmilar mazmer to Example 28 sbove but uxing 4,4-Difinoro-2-{([1,4)exazepane-4-
mtmyl)-m]—hspﬂnu:nudnd (WWWMWM

LCMS : 100% 375 (M+H).

EXAMFLE 30
Morpholine-4-carbaxylic acid [(S)-1-(1-cysmo-cyclopropylcsthameyl)-3,3-diffacro-hexyl}-amide

1mmmmwwmmm“mmwm
ditsopropyl ethylamine as the bass.
LCMS : 359 (M+H)

RECTIFIED SHEET (RULE 91)
ISAJEP
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EXAMPIE 31
Cathepsin 3 Assxy

Solutions of test compounds in varying concentrations were prepared in 10 L of dimnethyl
sulfoxide (DMSO) and then dilnted into assay buffer (40 pL., comprising: MES, 50 mM (pH 6.5);
EDTA, 2.5 mM; and NaCl, 100 mM, 0.5 mM DTT, 0.01% triton X-100).

Human cathepein S (final concentration in the well is 1.74 nM) was added to the dilutions.
The assay solutions were mixed for 5-10 seconds on a shaker plate, covered and incubated for 30
minutes st ambient temperatmre. Z-Val-Val-Arg-AMC (final concentration in the wel] is 0.08 mM)
was added to ths assay solutions and hydrolysis was fallowed spectrophotometrically at (A 460 nm) for
5 minutes. Apparent inhibition constants (K) wers calculated from the enzyme progress curves nsing
standard mathematical modals.

EXAMPLE 32
Cathepsin B Assay

Solutions of test compounds in varying concentrations were prepared in 10 pL of dimethyl
sulfoxide (DMSO) and then dilnted into assay buffer (comprising: MES 50 mM (pH 6); 2.5 mM
EDTA. , 2% DMSO md dithiothreitol (DTT), 2.5 mM).

Homan catheptin B (final concentration of 0.3 ng/ul) was added to the dilutions. The assay
solutions were mixad for 5-10 seconds on a shaker plate, covered and incubated for 30 minutes at
ambient termperstare. Z-FR-pNa (final concentration of 100 M) was added to the agsay solutions and
hydralysis was followsd spectrophotometrically at (A 405mm) for 60 minutes. Apparent inhibition
constants (K;) were calcnlated from the enzyme progress curves naing standard mathematical models.

EXAMPLE33
Cathepain K Assay

Solutions of test compounds in varying concentrations were prepared in 10 4L of dimethyl
sulfoxide (DMSQ) and then dituted into assay buffer (40 uL, comprising: MES, 50 mM (pH 5.5);
EDTA, 2.5 mM; snd DTT, 2.5 mM). Human cathepsin K (0.0906 pMoles in 25 L of-assay buffer)
was added to the dilutions. Themynolutlmmnixndfurs-wmuudsmuhhrphn. .
cavered and incubated for 30 minutes at ambient temperature. Z-Phe-Arg-AMC (4 nMoles in 25 kL
of assay buffer) was added to the assxy solutions and hydrolysis was followed spectropbotometrically
at (A 460 mm) for 5 minutes. Apparent inhibition constants (K;) were caleulated from the enzyme
progress curves using standard mathematical models.

RECTIFIED SHEET (RULE 91)
ISAJEP
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EXAMPLE 34
Cathepsin L Assay

" Solutions of test compounds in varying concentrations were prepared in 10 yL of dimethyl
sulfoxide (DMSQ) and then diluted into assay buffer (40 uL., comprising: MES, 50 mM (pH 6);
EDTA, 2.5 mM; and DTT, 2.5 mM). Hwman cathopsin L (10 gL of 0.2 ng/uL, final concentration of
0.02 ng/ul) was added to the dilutions. The assay solutions were mixed for 5-10 seconds on & shaker
plate, covered and incubated for 30 mimtes at anibient temperatore. Z-Phe-Arg-AMC (10 gL of 0.1
mM, final concentration of 10 pM) was added to the assay solntions and hydrolysis was followed
spectrophotometvically at (A 460 nm) for 30 mimutes. Apparent inhibition constants (K,) were

Compounils of the mvention were tested according to the above-described assays for protease
inhibition and cbserved to exhibit selective cathepsin S inhibitory activity. The apparent inhibition
comstants (K;) for compounds of the invention, against Cathepsin S, were in the range from about 1010
M to about 107M. )

EXAMPLE 35 _
Representative Pharmacenticsl Formmlations Containing a Compound of Formmia (1):

ORAL FORMULATION
Compound of Fornmla I, 10-100 mg
Citric Acid Monohydrate 105 mg
Sodinm Hydroxide 18 mg
Flavoring
Water g.s. to 100 mL

INTRAVENOUS FORMULATION

' Compound of Forrmla T, " 0.1-10mg

Dextrose Monohydrats q.5. to make isotonic
Citric Acid Monohydrate 1.05mg
Sodinm Hydroxide 0.18 mg
‘Water for Injection g.8. to 1.0 ol

TABLET FORMULATION
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Compound of Formomla I, 1%
Microcrystalline Cellulose 73%
Stearic Acid 25%

Colloida] Silica 1%.

‘Whils there have been described and pointed out fandaments] novel features of the invention
as applied to a preferred embodiment thereof, it will be undarstood that varions omissions and
substitntions and changes, in the form and details of the composition and methods ilustrated, may be
mads by those ekilled in the art without departing from tha spirit of the invention. For example, it is
expressly intended that chemical radical substitations and/or method steps, which perform
substantially the same fonction in substantially the sams way to achieve the same results are within the
scope of the invention. '

The invention is not limited by the embodiments described above which are presented as
examplss only but can be modified in various ways within the scope of protection defined by the
appended patent clainm.
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WE CLAIM:

1. A compound having a backbone structure of & formmla II:

wherein X! is methylene, ethylene or a band and suby-sub, are general substitaents.

2. A compound of claim 1, have a backbone structure gelected from the group consisting of
Formalae I, IV and V: )

wherein X1 is methylene, ethylens or a bond and snb1-subg are general substitaents.
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wherein
Ais
R Xi—x® XE-N
\H1 1
X1 iz methylene, cirylens or 2 bond;
10 X2is CN, CHO, C(O)RS, C(O)C(OINRTR7, C(O)C(O)NRTRS, C(O)YCIOIR13,

C(O)C(O)OR13, C(O)CH,X3R13;

X3 is selected from the group consisting of O, S(0),, CO, CONH, NHCO, NHSO; and
SO,NH;

X4 is CH(R12) or CH(R12)-CHy;

15 X5is mothylens, cthylens, propylens or a bond;

X6 is a bond or (C1.o)elkylenc;

R! is H, R13C(0)-, R135(0)-, R130C(0)- , RER'NC(O)+ RBRTNS(O)-;
R135(0);NC(0)- or RI3C(OYNS(O)p-; or R1 is selected from the group consisting of (C_g)alkyl,
(C3-12)cycloalkyl(Cq galkyl, hetero(Cs_12)cycloalkyl(Co glalkyl, (C6.12)aryi(Co galkyl and

20  hatero(Cs 13)aryi(Co.g)alkyl , each of which is optionally substituted by 1 to 5 radicals independently
selected from a group consisting of (C1_4)alkyl, cyano, halo, halo-substituted (C1.galky), -X6NRIR?,
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-X50R9, - X65R9, -X6C(OINRIR?, -XSOC(OINRIRS, -X6C(O)OR, -XSNC(O)OR?, -XSS(O)RIO,
-X55(0),R10 and -X6C(OR10;

R2 is selected from the group consisting of hydrogen, (C1.-¢)alkyl,
(C3.12)eycloatkyl(Co.galkyl, hetaro(Cs_ 1 2)cycloalkyl(Co. glalkyl, (Cg-12)aryl(Co glalkyl or
hetero(Cs.12)aryl(Co-galkyl;

R3 is sclectnd from the gronp consisting of H, (C1_galkyl, (C3.12)cycloalkyl(Co galkyl,
hetero(Cs. 17)cyeloalkyl(Co-gelkyl, (Cg-12)2rylCo.galkyl ar hetaro(Cs. 13)aryi(Co.galkyl
optionally is substituted by 1 to 5 radicels independently selected from a group consisting of
(C1-4)aTkyl, cyano, halo, halo-snbstitated (C1_g)alkyl, -X6NRIR?, -XSORI, -X6SR?,
X6SC(O)NRIRY, -X60C(OINRIRY, -X6C(0)OR?, -XONC(O)OR?, -XOS(O)R 10, -X65(0),R10 and
X6C(O)R10;

R4 is H or (C1.gulkyl; or R? and R4 taken together with the carban atom to which both R3
aod R* aro attached to form (C3_g)cycloalkylens or (C3.giheterocycloalkylene;

R3is B, F, ar RS is (Cy.g)ilkyl, (C3.-12)cycloalkyl(Co.galkyl,
hetero(C3,12)cycloalkyl(Co.g)alkyl, (C6.12)aryi(Co-s)alkyl, hetero(Cs.13)aryi(Co.alkyl each
optionally substituted by 1 to 5 radicals indépendently selected from a grop consisting of (C14)alkyl,
cyano, halo, halo-substituted (Cy.4)alkyl, -XONRIR?, -XS0R?, -XOSRI, -XSC(OINR®R?,
-XSOC(O)NRIRY, -X6C(0)ORY, -XONC(O)OR?, -X65(0)R 10, -X65(0);R 10 and -XSC(O)R10;

RS i (Cg_12)ary], hetero(Cs_;3)aryl and halo substituted (Cy_g) alkyl; wherein RS is
optionally is substituted by 1 to 5 radicals independeatly selected from a group consisting of
(C1.9alkyl, (C3.12)cycloalkyl(Co-galkyl, hetexo(Cs. 12)cycloalkyl(Co. gelkyl,
(C6.12)aryl(Co-g)alkyl, hetero(Cs 13)aryi(Co.galkyl, cyano, halo, halo-substituted (C._galkyl,

XONRIRY, -XS0R9, -XOSRS, -XSC(OINRIRS, -XSOC(O)NRIR?, -XSC(O)OR?, xGNC(O)OR9
-X65(0)R10, -X65(0)R 10 and -X6C(O)R10;

R7 is H, (C.galkyl, (C3.5)cycloaTky}(Co galkyl, hetero(Cs.1p)cycloalkyl(Co.galkyl, |

(Cg-12)arA(Cogalkyl, hetero(Cs.3)aryl(Cp.g)alkyl, and halo substituted (Cy.g) alkyl; wherein R7
is optionally is substituted by 1 to 5 radicals independently selected from a group consisting of
(C1-galkyl, cyans, halo, halo-substitated (C1-4)alkyl, -XSNRPRI, -XS0R?, -X6SR?,

7
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-X5C(O)NRIRY, -XSOC(OINRIRS, -XSC(0)OR, -XSNC(O)OR?, -X65(0)R10, -X65(0),R 10 and
X6C(O)R19;

R8s sclected from the group consisting of H, (C1_gelkyl, (C3.12)cycloalky}(Co. alkyl,
hetera(C3_17)eycloalkyl(Co-galkyl, (C6.12)ars(Co.g)alkyl, and hetero(Cs. 13)aryl(Co. g)alkyl, or R7
and R8 together with the atom attached to form (C3.g)cycloaTkylene or (C3.g)heterocycloalkylene;

R at each occurrence independsatly is hydrogen, (C1-g)alkyl or halo-substituted (C1galkyk

R10 5 (C;.galkyl ar halo-substituted (C}_g)alkyl;

R11 js gelocted from the group consisting of ydrogen, (C1.g)alkyl,
(C3-12)¢ycloalkyl(Co galkyl, hetero(Cs. 12)cycloalkyl(Co. HalkyL, (C.12)aryiCo.allyl, |
hetero(Cs..13)aryl(Co.g)afkyl, (Cg.12)bicycloaryl(Co.3)alkyl, hetero(Cg.12)-bicycloaryl(Co.3)alkyl, -
C(OR13, -C(S)R13, -5(O)R13, -C(O)OR13, -C(ONRT)RS, -CSINRTIRS and -S(O)NRT)RS;

R12 is H or C;_galkyl optiomally substitoted by amido, (Cg.12)aryl, hetaro(Cs. 12)aryl,
hetero(Cs_12)cycloalkyl or hydroxy;

R13 is (Cy_galkyl, (C3.12)cycloalkyi(Co.galkyl, hetero(C3_39)cyeloalkyi(Co galkyl,
(C6-12)eyU(Co-lkyL, hetero(Cs.13)aryiCo.g)alkyl, and halo substituted (C1.6),alkyl; wherein R13
is optionally is substituted by 1 to 5 radicals independemtly selected from a group consisting of
(C14)Ikyl, cyano, Balo, halo-smbtitated (C;_g)alkyl, -XSNRORD, -XSOR9, -XOSR?,
-XSC(O)NROR?, -XSOC(O)NRIRD, -X5C(0)OR?, -XSNC(O)OR?, -X8S(O)R10, -X65(0),R10 and

-X6C(O)R10; and

nis zero or an mteger 1 or 2;
and their corresponding N-oxides, and their prodmgs, and their protected degivatives, individnal
iSorners and mAktiores of EGINeTT therof; and the pharmacentically acceptable salts and solvates (e.g.
hydrates) of such compounds of Fornmla (Ia) and their N-oxides and their prodrogs, and their
protected derivatives, individual isomers and mixtores of isomers thereof.

4, A compound according to claim 3 in which A is §<:

5. A compomnd according to claim 4 in which R3 is H, (Cg.12)aryi(Cp-g)alkyl or (Cg_g)elkyl
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optionally substituted by -XS6ORY whernin X6 is a bond and R? is (C;_galkyl
6. Aoomponnﬂnecordingtochim4nr5inwhichk4isﬂor(cl_6)amy1

7. A compound according to any ons of cleims 4-6 in which X2 is CHO, CN or C(O)RS wherein
RS is hetero(C5_1 3)aryl optionally substituted by (Cy.g)alkyl, (C3.12)cycloalkyl, (Cg-j)aryl er
hetero(Cs_j3)aryl

O

8. Acompmndlmord;nghchimﬁ:nwhichAis 3‘/'% .
x:

-,

9. A compound according to claim 8 in which X3 is propylene.

10. A compound according to claim 8 or 9 in which R1! is «C(O)OR13 ar -S(O);R13 wherein
R13 ig alkyl or (Cg1)aryl

11. A compound accarding to any one of clains 2-10 in which R1 is (i) R13C(0)- wherein R13 is
hetero(Cs_1)cyeloalkyl; (i) R130C(0)- wherein R13 is (Cg_12)aryl(C1.g)alkyl; (i) (C1-g)alkyl; or
(v) hetero(Cs.12)cycloalkyl.

12. A compound according to sny one of claims 2-11 in which R2 js L

13. A compound according to emy one of claims 2-12 in which R is (C;_g)alkyl or
(C6-120aryl(C1.galkyl

14 A compound of formmla (Ia):

A=

3s



10

15

WO 2005/040142 PCY/US2004/035282

(In)
whervin R1, R3, R4 and R3 are as hareinbefore described, and their correspanding N-oxides, and their
prodrugs, and their protected desivatives, individnal isomears and mixtares of isomers thereof; and the
pharmaceutically acceptable salts and solvates (e.g. hrydrates) of such compounds of Formmla (Is) and
their N-oxides and their prodrugs, and their protected derivatives, individual isomers and mixtures of
isomers thereof.

15. A componnd of Farzmia (Ib):

At oN
o gFAr
@)
wherein R1, R3, R4 and R are a8 hereinbeofore described, and their comresponding N-oxides, and their
prodrogs, and their protected derivatives, individual isomers and mixtares of isomars thereof; and the
pharmacentically acceptable salts and solvates (e.g. hydrates) of such compounds of Farmmla (b) and
their N-oxides and their prodrogs, and their protected derivatives, individnal isomers and mixtures of
isomezs thereaf.
16. A compound of Formmla (Ic):
R

E
~F

R! H7<ﬂ\

\u o H’R"H.

)
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wherein R1, R3, R4, RS and R6 aro as hereinhefors described, and their corresponding N-oxides, and
their prodrugs, and fheir protected derivatives, individual isomers and mixtures of isomers thereof; and
the pharmacentically acceptablo salts and solvates (e.g. hydrates) of soch compounds of Formula (Jc)
and their N-oxides and their prodrugs, and their protected derivatives, individoal isomers and mixtures
of isomers thereof.

17. A compound of Formmmla (1d):

R
F
F 0
R\ N
M ped
Nn‘l 1
ad)

wherein R1, RS, R11 and X5 are as harsinbefore described, and their corresponding N-oxides, and
their prodrugs, and their protectsd derivatives, individnal isomers and mixtores of isomers thereof; and
the pharmacentically acceptable salts and solvates (e.g. hydrates) of such compounds of Formmla (Id)
and their N-axides snd their prodrugs, and their protected desivatives, individnal isomers and mixtures
of isomers thereof.

18. A compound according to any one of claime 14-17 in which R is R13C(0)- wherein R13 is
hetero(Cs. 12)cycloalkyl

19. A compound according to claim 18 in which R1 is o\_/w—cw)-.

20. A compound according to any one of claims 14, 15, 18 or 19 in which R3 is H,
(C6.12)YKC1. eyl or (Cy.alkyl

21. A compound sccarding to claim 20 in which R3 is H, @—cu,—cu,—- or

CH3CHCHy-.
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22. A compound according to any ons of claime 16, 18 ar 19 in which R3 is (Cy_galkyl
optionally substitnted by -XSOR? wherein XS is a bond and RY is (C;_g)alkyl

23. A componnd according to claim 22 in which R3 is CH;~CHZ~ , CH; CH;—CH;~ or

CH;O—CH;" .

24. - A compound according to any one of claims 14-16 and 18-23 in which R is B or methyl.
25. A compound according to amy one of claims 14, 15, 17, 18-21 and 24 in which RS is
(C-12171(C _g)alkyl

26. A compound according to claim 25 in which RY is @—cn,—— .

27. A compound according to any one of claims 16, 18, 19 and 24 in which RS (C}.g)alkyl ar
(C6-1222171(Cy . alkyl.

28. A compound sccarding to claim 25 in which RY is CHyCHaCHy or CH3 CHp of CH3 or

O

29. A compound accarding to claim 16, 18, 19, 24, 27 and 28 in which RS is hetaro(Cs._y3)arsl,
optionally substituted by (C1.g)alkyl, (C3.12)cycloalkyl, (C6-12)aryl or hetero(Cs 1 3)aryl

30. A compound according to claim 29 in which RS js benzoxazolyl, oxadiszolyl, isoxazolyl, or
oxazolyl cach optionally substituted by one or more ary] or alkyl group substitoents.

31. A compound accarding to claim 30 in which RS is benzoxazol-2-yl, 5-text-butyl-
[1,2,4]oxadiazal-3-yi, 3-cyclopropyl-1,2,4-oxadiszol-5-yl, 5-cyclopropyl-1,2,4-oxadiazol-3-y, 5-
cyclopropyl-1,3,4-oxadiazol-2-y1 , 5-ethyl-1,3,4-oxadiazol-2-yl, 5-(4-flnoro-phenyl)-1,2,4-oxadiazol-
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3-yl, 5-isopropyl-isaxazol-3-yl, 5-(5-methyl-isoxazol-3-y1)-oxazol-2-yl, 5-(5-methyl-thien-2-yl1)-
oxazol-2-yl, oxazol-2-yl, 3-phenyl-1,2,4-0xadiazol-5-y1, 5-phenyl-1,2,4-oxadiazol-3-yl, S-thiophen-2-
yl-oxazol-2-yl, 5~4-trifmoromethoxy-phenyl)-1,3,4-oxadiazol-2-yl.

32. A compound according to claim 31 in which RS is benzexazol-2-y3, 3-cyclopropyl-1,2,4-
oxadiazol-5-yl, oxazol-2-yl, S-cyclopropyi-1.2,4-oxadiazol-3-yl

33. A compound according to claim 17 in which R11 is -C(O)OR13 or -S(0);R13 wherein R13 is
alkyl or (Cg_12)aryl

34. A compound according to claim 28 in which R11 is -C(0)OC(CHg3); or

35. A compound according to claim 3 selected from the group consisting of:
marpholine-4-carboxylic acid {(S)-1-{(5)-1-(3-cyclopropyl- 1.2.4-md1m1e-s-mbmyl)-
propylcarbamoyl]-3,3-diffaoro-hexyl}-amide;

morphaline-4-carbaxylic acid {(S)-1-I(S)-1-(5-cyclopropyl-1,3,4-cxsdiazole-2-carbomyl)-
propylcatbamoyl]-3,3-difluoro-hexyl}-anide;

morpholine-4-catboxylic acid ((S)-3,3-diffucro-1-{(S)-1-[5-(4-tiflnoromethoxy-phearyl)-1,3,4-
oxadiazole-2-carbonyl)-propylcarbamoyl}-hexyD-amide;

morpholine-4-carboxylic acid {(S)-1-{(S)-1-(3-cyclopropyl-1,2,4-axadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-diffuoro-4-phenyl-butyl ) -amids;

morpholine-4-carboxylic acid {1-[1-(3-cyclopropyl-[1,2,4Joxadiszole-5-carbonyl)-propylcathamoyi]-
3,3-difluoro-5-methyl-hexyl}-armids;

morphaline-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2,4-cxadiazole-5-carbonyl)-
propylcarbamoyi}-3,3-diffuoro-buty])-amids;

. morpholine-4-carboxylic acid {(S)-3,3-difluaro-1-[(S)-1-(3-phenyl-1,2,4-oxadiszole-S-carbomyl)-

propylcarbamoyl]-butyl}-amide;

morpholine-4-carboxylic acid {(S)-3,3-diftnoro-1-[(S)-1-(5-phenyl-1,2,4-oxadiazole-3-carbonyl)-
propylcarbamoyl)-butyl)}-antide;

morpholine-4-carboxylic acid {1-[1-(5-cyclopropyl-[1,3,4Joxadiazole-2-carbonyl)-propyicarbamoyi]}-
3,3-diflnoro-4-phenyl-butyl}-amide;

e
57
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mnrpholine-4-carboxylic acid {3,3-difluaro-1-{1-(5-isopropyl-iscxezole-3-carbonyl)-
propylcarbamoyl}-hexyl}-amids;

morpholine-4-casbaxylic acid ((S)-3,3-diftnoro-1-{ 1-[5-(5- md:yl-umzol—S—yl)—mzolp-z—cubonyl]-
propylcarbamoyl}-hexyD)-emide;

morpholine-4-carbaxylic acid {(S)-3, 3-d:ﬂnuro-1-[(S)-l-(oxlzole-2-cubunyl)-pmpy]nubamy1]-4—
phenyl-butyl}-amide;

morpholine-4-carboxylic acid {(S)-3,3-diflnoro-4-pheaiyl-1-[(S)-1-(S-thiophen-2-y}-axazole-2-
carbanyl)-propyicarbamoyl]-butyl} -amide;

morpholine-4-carbaxylic acid {(S)-1-[(S)-1-(benzaxazole-2-carbonyl)-butylcarbamoyl}-3,3-difluoro-4-
phenyl-batyl}-amide;

morpholine-4-carbaxylic acid [1-(2-benzooxazol-2-yl-1-methoxymethyl-2-oxo-ethylcarbamoyl)-3,3-
difiuoro-4-phemyl-butyl}-amide;

marpholine-4-carboxylic acid {(S)-1-[(S)-1-(bamzoxazole-2-carbauyl)-1-methyl-butylcarbamoyl}-3,3-
diflnoro-4-phenyl-butyl}-amide;

morpholine-4-carboxylic acid [(S)~1-((S)-1-cyano-3-phenyl-propylcarbamoyl)-3,3-difflucro-4-phenyl-
butyl]-amide;

morphalins-4-carboxylic acid {(S)-1-(cyanomethyl-carbamoyi)-3,3-difluoro-4-phenyl-butyl}-amide;
morpholine-4-carboxylic acid [(S)-3,3-difluoro-1-((S)- 1-formyl-1-methyl-butylcarbamoyl)-4-phearyl-
butyl]-amide;

morpholine-4-carboxylic acid {(S)-1-[1-(5-ethyl-[1.3, 4]mdnzole-2-carbmyl)-mﬁearbmyﬂ
diftnoro-4-pheayl-butyl}-amide;

morpholine-4-carboxylic acid {(S)-1-[1-(5-tart-butyl-[1,2 4]Jaxadiazole-3-carboumryl)-propylcasbamoyl}-
3,3-diffuaro-4-phenyl-butyl}-amids;

morpholine4-carboxylic acid {(S)-3,3-difluoro-4-phenyl-1-{(S)-1-(5-phenyl-[1,2,4]oxadiazol-3-y1)-
propylcasbamoyl}-butyl)-amide;
[(S)-1-{cyanomethy)-carbamoyl)-3,3-difluaro-4-phenyl-butyl}-carbamic acid benzyl ester;
(S)-4,4-difinoro-5-phexnyl-2-(tetrabydro-pyran-4-ylamino)-pentancic acid cyanomethryl-amide;
(S)4,4-difinoro-2-iscbutylamino-5-phexryl-pentancic acid cysaometiyl-amide;
morpholine-4-carboxylic acid [(S)-1-((S)-1-benzenesulfonyl-3-0xo-azepan-4-ylcarbamoyl)-3,3-

- diffnaro-4-phenyl-butyl}-amide;

(S)4-{(S)4,4-diflnaro-2-[(morpholine-4-carbonyl)-amino}-5-phenyl-pentancylamino }-3-oxo-
azepane-1-carboxylic acid tert-butyl estor;

morpholine-4-carboxylic scid ((S)-1-{(S)-1-[(5-othyl-1,3,4-axadinzol-2-y1)-hydroxy-methyl}-
propylcarbamoyl}-3,3-diflnoro-hexyl)-amide;

marpholine-4-carboxylic acid {(S)-1-[1-(5-cyclopropyl-1,3,4-oxadiazolo-2-carbonyl)-
propylcarbamoyl}-3,3-difluoro-butyl }-amids;
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morpholine-4-carbexylic acid {(5)-1-[1<5-cycloprapyl-1,2,4-oxadiazole-3-carbonyl)-
propylcarbamoyl]-3,3-diffuoro-hexyl }-amide;

morphaline-4-carboxylic acid ((S)-3,3-diflnoro-1-{(S)-1-[5-(4-fluoro-pheayl)-1,2, 4-cxadiszale-3-
carbonyl}-propylcarbamoyl)-butyl)-amide;

murpholine-4-carboxylic acid ((S)-3,3-diflooro-1-{1-{5-(4-flacro-phemryl)-1,2,4-oxadizzole-3-
carbonyl}-propylcarbamoyl}-butyl)-amide;

marpholine4-carboxylic acid ((S)-3,3-diftuoro-1-{(R)-1-[5-(4-fluoro-phenyl)-1,2,4-cxadiazole-3-
carbonyl]-propyloarbamoyl}-butyl)-smide; '
morphaline4-carbaxylic acid {(S)-l-[(S)—]-(bmle—Z-carbonyl)-pmpﬁcaﬁmyl]é.}dlﬂnmn-
butyl}-amids;

morphaline4-carboxylic acid [(S)-1-(cyanomethiyl-catbamoyl)-3,3-difluero hexyl}-amide;
morpholine4-carboxylic acid ((S)-3,3-diftuaro-1-{(R)-1-{5-(5-methyl-thiophen-2-y1)-oxazole-2-
carbonyl}-propylcarbamoyl}-hexyl)-arnide;

morpholine-4-carboxylic acid ((5)-3,3-diflnoro-1-{(S)-1-[5-(5-methy}-thiophen-2-y1)-oxazols-2-
carbonyl]-propylcarbamoyl)-hexyl)-amide;

and their corresponding N-oxides, and their prodrogs, and their protected derivatives, individual
isomers and mixtures of isomers thareof: and the pharmaceutically acceptablo salts mnd solvates (o.g.
hydrates) of such compounds of Formula (1) and their N-oxides and their prodrags, and their
protectsd degivatives, individnal isomers and mixtores of isomers Giercof.

36. A pharmacentical compesition cémprising & compound of claim 2 and a pharmacenticalty’
acceptable excipient.

37 A method of inhibiting cathepsin S in a patient wherein clevation of the enzymatic activity of
cathepsim S contributes to said patient’s pathological conditions by administering to said patient a
therapentically effective amonnt of a compound of claim 2.

38.  Uso of a compound according to claim 3, in the mamfactare of a medicament for the treatment .
of a patient suffering from, ar subject to, conditions that can be ameliorated by the administration of
tho compound as an ishibitor of cathepsin §.

39.  Use of a compound sccording to claim 35, i the mamfactore of a medicamant for the
treatment of a patient suffering from, or subject to, conditions that can be ameliorated by the
administration of the compound as an inhibitor of cathepsin S.
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40.  Use of a componnd accarding to claim 3, in the manufacture of 2 medicament for the treatment
of a patient suffering from, or subject to, conditions thet can be ameliorated by the administration of
the compound as an inhibitor of cathepsin B.

41.  Uss of a componnd acconding to claim 3, in the menufacture of o medicament for the treatment
of a patient suffering from, or subject to, conditions that can be ameliorated by the administration of
the compound as an inhibitor of cathepsin K.

42.  The use according to any one of claims 38 to 41 of one of the following compounds:
marpholine-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2.4-axadiazole-S-carbonyl)-
propylcarbemoyl]-3,3-diflucro-hexyl }-amide,

morpholine-4-carboxylic acid {(S)-1-{(S)-1-(3-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylearbamoyl]-3,3-difluaro-4-phenyl-buatyl }-amide,

- motphaline-4-carboxylic acid {(Sv-l{(s)-lﬂ-cydml-lws-mbmyn-

propylcmbamoyl}-3,3-diflnoro-butyl }-amide or
morpholine-4-carboxylic acid {(S)-3,3-difluoro-1-{(S)-1-(3-phenyl-1,2 4-oxadiazolc-5-carbonyl)-
propylcarbamoyl}-butyl )-amide

isomexs and mixtures of isorners thezeof; and the pharmacentically acceptable salts and solvates (a.g.
hy&au)dnnhmdsomehﬂn)mdtthmﬂumﬂMMnde
derivatives, individual isomers and mixtures of isomers thereof -

for the production of pharmaceuticals that inhibit the enzymatic activity of Cathepain S, K, or B.

43.  The use according to claim 42 for treating pain, csteoarthritis, osteoporosis or cancer such as
1mmg cancer, lenkeamia (B~ and T-cell, acute), ovarian cancer, sarcamas, kapozi's sarkoma, bowel
cancer, lymph node cancer, brain tumar, breast cancer, pancreas cancer, prostate cancer or skin cancer.

44, A method of treating a patient soffering from a diseass or medical condition which involves
alevated levels of cathepsin S, such disease or medical condition being selected from arthritis,
athewosclerosis, extphysema, osteoporosis, pain, musculsr dystrophy, inflammation, multiple sclerosis,
irritable bowel disease, rheumatoid arthritis, asthma, autoimume regponses, chronic obstructive
pulmonary disease, and bronchiolitis, comprising administering to said patient an effective cathepsin S
inhibiting amoumt of e compound accarding to claim 3.

45. A method of treating a patient suffering from a disease or medicsgl condition which involves
elevated levels of cathepsin K or B, such disease or medical condition being selected from

RECTIFIED SHEET (RULE 91)
ISA/EP
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osteoarthritis, osteoporosis or cancer such as g cancer, lenkemia (B- and T-cell, acute), ovarian
cancer, sarcomas, kaposi's sarkoma, bowel cancer, lymph node cancer, brain tumor, breast cancer,
pancress cancer, prostate cancer, and skin cancer, comprising administering to said patient an effective
cathepsin K ar B inhibiting emount of 2 compound according to claim 3.

46. A method of treating a patient suffering from a disease or medical condition which involves
alevated levels of cysteins protease, such disease or medical condition being selected from arthritis, -
atheroscleronis, exaphysems, osteoporesis, 1mscular dystrophy, inflasomation, tamor invasion,
glomerulonephritis, periodontal disease, metachromatic lenkodystrophy, juvenile onset disbetes,
roultiple sclerosis, pemphigus valgaris, Graves' diseage, niyasthenia gravis, systemic Inpus
exythemotasus, imitable bowel disease, thenrnatoid arthritis and Hashimoto's thyroiditis, asthma,
sutojmuuoe responses, chronic obstructive pulmonary discase, and bronchiolitis, comprising
administering to eaid paticnt an effective cysteine protease inhibiting amount of a compound according
to claim 3.

47. A mxthod of treating a patient suffering from a disease or medical condition which involves
elevated levels of cathepsin K or B, such diseass or medical condition being selected from pain,
osteoarthritis, osteoporusis or cancer such as Inng cancer, loukemia (B~ and T-cell, acute), ovarian
cancer, sarcomas, kaposi's sarkorma, bowe] cancer, lymph node cancer, brain tumor, treast cancer,
pancreas cancer, prostate cancer, and skin cahcer, compriging administering to said patient an effectivé
cathepsin K or B inhibiting amount of a compound according to claim 35.

48. A mefhod of treating a patient suffering from a disease or medical condition which involves
clsvated lovels of cysteins protease, sach disease or medical condition being selected from pain,
osteoarthritis, osteoporosis or cancer such as ung cancer, leukemia (B- and T-cell, acuts), ovarian
cancey, sarcomas, kaposi's saxkoma, bowe] cancer, lymph node cancer, brain tamor, broast cancer,
pancreas cancer, prostate cancer, and skin cancer, comprising administering to said patient an effective
cysteine protease inhibiting amount of a compound accarding to claim 42.

49. A method of selectively inhibiting cathepsin K activity in & patient with elevated levels of
cathepsin K which conyprises administering to a patient in need thereof an effective cathepsin K
inhibiting amount of a compound according to claim 3.
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50. A method of sclectively inhibiting cathspsin K activity in a patient with elevated levals of
cathopain K which comprises administering to a patient in need thereof an effective cathepsin K
inhibiting amonnt of a componnd according to claim 42,

51. A method of selectively inhibiting cathepsin S activity in a pationt with elcvated lovels of
cathepsin 8 which comprises administering to a patient in need thereof an effective cathepsin S
inhibiting amomut of a componnd according to claim 3.

52. A method of selectively inhibiting cathspein S activity in & patient with alevated lavals of
cathepsin S which comprises administering to a patient in need thereof an offective cathepsin S
inhibiting amount of a compound according to claim 35.

51. A method of selectively inhibiting cathepsin B activity in a patient with elevated levels of
cathepsin B which comprises administering to a patient in need thereof an effective cathepsin B
inhibiting amount of a compound according to claim 3.

52. A method of selectively inhibiting cathepsin B activity in a patient with elevated lovals of
cathopsin B which comprises administeging to & patiznt in need thereof an affective cathepsin B
inhibiting amount of a compound according to claim 42.

53. A pethod of treating osteoarthritic in a‘’mammal comprising administering to said mammal an -
cffective amount of a compound according to claim 42,

54. A compound according to any ons of claims 3-10, 12-18, or 20-30 wherein R! is

o

5§5. A compound according to claim 3 selacted from the group cansisting of:
Pechrydro-1,4-oxazepine-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2,4-oxadiazole-5-carbanyl)-
propylcarbamoyl]-3,3-diflooro-butyl}-amide,

Porhydro-1,4-oxazepine-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2,4-0xadiazole-5-carbonyl)-

propyicarbamoyl]-3,3-difluoro-hexyl}-amide;

Morphaoline-4-carboxylic acid {(S)-1-[(S)-1-(3-isopropy}- 1,2, 4-axadiazole-5-carbanyl)-
propylcarbamoyl)-3,3-diflnoro-hexyl}-amids,
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Morpholine-4-cacboxylic acid {(S)-1-[(S)-1-(5-tert-butyl-1,2,4-oxadiazole-3-carbamyT)-

propylcarbamoyl]-3,3-difluoro-hexyl}-amide,

Morpholine-4-casboxylic acid {(5)-1-{1-(5-tert-butyl-1,2,4-oxadiazole-3-carbonyl)-propylcarbamoyl]-

3,3-diffooro-4-phenyl-butyl }-amide,

Morpholine-4-carboxylic acid ((S)-3,3-diflnoro-1-{(S)-1-[5-(4-fuoro-phenyl)-1,2 4-oxadiazole-3-
carbonyl]-propylcarbamoyl}-butyi)-amide,

Morpholina-4-casboxylic acid {(S)-1-[1-(5-cyclopropy?-1,2,4-oxadiazole-3-carbonyl)-

propylcarbamoyl]-3,3-difluoro-4-phenyl-butyl } -amide,

Peshydro-1,4-axazepine-4-carboxylic acid {(S)-1-[1-(5-cyclopropyl-1,2,4-oxadiazole-3-carbomyl)-

propylcarbamoyl)-3,3-diftuoro-hexyl}-amide,

Perhydro-1,4-oxazepinc-4-carboxylic acid [(S)-1-(cyanomethyl-carbamoyl)-3,3-difluoro-hexyl-amids,

Pestrydro-1,4-oxazepine-4-carboxylic acid [(S)-1-((S)-1-cyano-propylcarbamoyl)-3,3-diftnoro-hexyl)-

amide, and

Morpholine-4-carboxylic acid [(S)-1-(1-cyano-cyclopropylcarbamoyl)-3,3-diftuarc-hexyl]-amide.

56. mmlcwrdingmlny.onoufdnhmﬂhﬂofomofﬂmfoﬂovﬁngwmpuunds:
Peghiydro-1,4-oxazepine-4-carboxylic acid {(S)-1-{(S)-1-3-cyclopropyl-1,2,4-oxadiazole-5-carbomyl)-
propylcarbameoyl]-3,3-difluoro-butyl } -amide,

Pedrydro-1,4-oxazcpine-4-carboxylic acid {(5)-1-((S)-1-(3-cyclopropyl-1,2,4-oxadiazale-5-carbouyl)-
propylearbamoyi]-3,3-difluoro-hexyl} -amide;

Morphaline-4-carboxylic acid {(S)-1-I(S)-1-(3-isbpropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyi}-3,3-diftnoro-hexyl }-amide,

Morgpholine-4-carbaxylic acid {(S)-1-[(S)-1-(5-tert-butyl-1,2,4-oxadiazole-3-carbonyl)-
propyicarbamoyl]-3,3-difmaro-hexyl }-amide,

Morgiholine-4-carboxylic acid {(S)-1-[1-(5-tezt-butyl-1,2,4-oxadiazole-3-carbonyl)-propylcarbamoyl]-
3,3-diftacro-4-phenyl-butyl)-amide,

Maorpholine-4-carboxylic ecid ((S)-3,3-diffuoro-1-{(S)-1-[5-(4-finoro-phenyl)-1,2,4-axadiszole-3-
carbonylHpropylcarbamoyl}-butyl)-amide,

Marpholine-4-carboxylic acid {(S)-1-[1-(5-cyclopropyl-1,2,4-oxadiazole-3-carbomyl)-
propylcarbamoyl]-3,3-difinoro-4-phemyl-butyl} -amide, _ _
Peshydro-1,4-oxazepine-4-carboxylic acid {(S)-1-[1-(5-cyclopropyl-1,2,4-oxadiazale-3-carbonyl)-
propylcarbamoyl}-3,3-diftnoro-hexyl}-amide, '
Perhiydro-1,4-oxazepine4-carboxylic acid [(S)-1-(cyanomethyl-carbamoyl)-3,3-difluoro-hexyl}-amide,
Pechydro-1,4-oxazepine-4-carboxylic acid [(S)-1-((5)-1-cyano-propylcarbamoyl)-3,3-diforo-hexyl)-
amide, and

Morpholine-4-carboxylic acid [(S)-1-{1-cyano-cyclopropylcarbamoyl)-3,3-difluoro-hexyl]-amide.
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57. A method of selectively inhibiting cathepsin K activity in a patient with elevated lovels of
cathepsin K which comprises administering to a patiant in need thereof an effective cathepsin K
inhibiting amount of a compound accerding to claim 55.

58. A method of selectively inhibiting cathepsin S activity in & patient with elevated levels of
msmthapﬁmhMWmeﬁwﬁwaﬂwpﬁns
inhibiting amount of a compound according to claim 55.

59. A method of selectively inhibiting cathepsin B activity in a patient with clevated Jevels of
cathepsin B which comprises administering to a patient in need thereof an effective cathepsin B
inhibiting amount of a compound according to claim 55.

60. A method of treating osteoarthritis in a mammal comprising administaring to said mammal an
effective amount of a compound according to claim S5.
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AMENDED CLAIMS
[received by the Intemational Bureau on 31 May 2005 (31.05.05);
original claims 1-60 replaced by amended claims 1-62)]
+statement

WE CLAIM:

3. A compound having e structote of formmila (T):

-
P

X R
R J\n/r!l
P \N . A
_ H
o)
Y]
5 .
wherain
Ais
X‘-—-x’ )
\.
X1 is methylens, ethylens or a hond;
10 * X2 CN, CHO, C(O)RS, C(O)C(OINRTR?, C{O)C(OINRTRS, C(OXC(OR1IS,

C(0YC(O)ORL3, C(O)CHX3R13;

X ia selectnd from the grovp conslating of O, S(O)y, OO, CONE, NECO, NHSO; and
SO,NH;

X*is CH(R12) or CHR12)-CHy;

15 X3 s methylene, efiylenc, propylens or a bond;

X615 a bond ar (Cyp)alkylene;

R1is R13C(0), R135(0)p-, R130C(0)-, RERTNC(O)» RERNS(O)y+ R138(0)NC(O)-
or RI3C(OINS(0)p~

AMENDED SHEET (ARTICLE 19)
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R?is solected from the group consisting of liydrogen, (C1galkyl,
(C3-12)cycloalkyl(Co.glalkyl. hetaro(Cs 12)cycloaliyl(Co-glalkyl, (Ce-12)aryi(Co.galkyl ar
hetaro(Cs_12)mryKCo.g)alkyl;

B3 is selected from the group consdsting of H, (C1.£)alkyl, (C3.12)cysloalky}(Co.galkyl,
hetero(C5. 1 2)cyeloalkyl(Co galkyl, (C6-12)aryi(Co.galky! ar hatero(Cs_ g 3weyl(Co.alkyl
optionally s substitted by 1 to 5 mdicals independsntly selected from a group couslsting of
(C4alky}, cymno, halo, halo-substitntad (Cy.galkyl, -XONRIRS, -XS0RY, -X65BI,
XSC(OMNRIRI, -XSOC(OINRIRY, -XSC{O)OR?, -XENC(D)ORY, -X68(0)R10, -X55(0)gR 10 and
-XSC(O)R10;

R4 is Hor (C).galkyl; or R? and R4 taken togefher with the carbon atom to whiich bath R3
amd B4 are attached to farm (Ca.g)cycloalkylens or (C3-g)heterocycloalkylens;

RSis H, F, orR% is (Cy_galkyl, (C3.12)cycloalkyiCo galkyl,
hetero(Ca.12)cyeloalkyl(Co galkyl, (Co.12)aryl(Co-gaikyl, hetero(Cs.13)aryl(Co galkyl each
optionally substituied by 1 to 5 radicals indspendentty balacted from a group consisting of (Cy.4)elkyl,
cyamo, halo, halo-eubstituted (Cy.q)alkyl, -XSNRIRY, -X60RS, -X65RY, -XSC(O)NRIRY,
XSOCIOINRIRY, -X6C(0YOR?, -XNC(O)IRS, -XSS(OIR1O, -X63(0)R10 and -XSC(OR1C,

RS is (Cg.12)aryl, hetaro(Cs_y3)ary] and halo subatimted (Cy. ) slkyl; whegsin RS is
optionally is dubstimted by 1 to § radicals indspendently salacted from & groop consisting of
(C1-pdalkyl, (C3-)2)cycloalkyl(Co-galkyl, hetero(Cs_12)cycloalkyl(Co.g)alkyl,
(Co-12)nryHCo-6alkyl, hetoro(Cs.13)aryiCo.galkyl, cymna, halo, halo-substited (Cy galkyl,
-XSNRTR?, -XS0RY, -X65R?, -XSC(O)NRIRI, -XSOCIONRIR?, -X5c(0)0R?, -XSNC(0)ORS,
-XSS(O)R10, -X65(0)zR10 and -XSC(OR10;

R7 ia B, (Cy.galkyl, (C3.12)cycloslky}(Co.galkyl, hetero(C3.12)eyeloslkyl(Cp_glelkyl
(Cs-12)2yKCo-alkyl, hetaro(Cs._ 1 3)aryi(Co.galkyl, and halo substituted (Cy_¢) aliyl; wherein R7
is optionally ts sbytimeed by 1 to 5 radicals indepeadently selected from & group consisting of
(C14)alkyl, cyano, halo, balo-substituted (Cy.4)elkyl, -XSNRORS, -XOOR?, -X6SRY,

AMENDED SHEET (ARTICLE 19)
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opticmaily substitnted by -XSOR? wherein X is & bond and R? is (Cy.g)alkyl
6. A compovnd eccarding to claim 4 or § in which R4 is B or (Cy.g)alkyl.
7.  Acompound accanding to sy one of claims 4-6 in which X2 is CHO, CN or C(O)RS wherein

RS 1s hotero(Cs.13)aryl optionally substituted by (C1.g)elkyl, (C3-12)cycloalkyl, (C6-12)aryl or
hetero(Cs._1g)aryl.

8. A compownd according to claim 3 in which A 1g % .
X2

-,

9. A compomd scconding to claim 8 in which X3 i propylens.

10. A compound acconding to clalm 8 or 9 in which R11 is -C(0)OR13 ar -S(0);R13 wherein
R13 is alkyl or (Cg-17)emyl

11. A compomd according to mny cne of claims 3-10 i which R1 ix () R13C(0)- wheyein R13 i
hetero(Cs_17)cycloalkyl; (i) R130C(0)- wherein R13 is (Cg 12)aryi(C_galkyl; Gi) (C1. plalkyl; or
(i) hotero(Cs_g)eycloalkyl

12. A compomd according to any aos of clxims 3-11 in which R% is L

13. A compomd according to any ons of claims 3-12 in which R9 is (C;_g)alkyl or
(C6-12)myl(Cy elkyl

14. A compound of fornmla (Is):

AMENDED SHEET (ARTICLE 19)
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3y}, SHsopropyl-isoxazol-3-yl, 5+(S-methyl-isoxazal-3-yD)-oxazol-2-yl, 5-(5-mettyl-thiea-2-yi)-
axazal-2-yl, cxazol-2-yl, 3-phenyl-1,2,4-oxadiazcl-5-yl, 5-phenyl-1,2,4-oxadiazo}-3-yl, S-titiophen-2-
yl-oxazol-2-yl, or 5{4-triffucrometheocy-phenyl)-1,3 4-oxadiazol-2-yl

32 A camponnd according to clxim 31 in which RS is benzomazol-2-y1, 3-eyclopropyl-1,24-
cxadinrol 5-y1, oxazol-2-y1, er S-cyclopropyl-1.2,4-oxadieral-3-yL

33. A compound acconding to claim 17 in which R11 is -C(O)OR1? or -S(O)R 13 wherein R13 i
alkyl ar (Cg.12)eryl.

34, A compomd according to claim 28 in which R11 is <C(0)OC(CHg)s o

35. A compound according to claim 3 selected fram the group consisting of:
mexphatine-4-carboxyoc acid {(S)-1-{(S)-1-(3-cyciopropyl-1,2,4-cxadiavols-5-carbonyl)~
propylearbamoyl}-3,3-difiuoro-hexyl }-amide;

marpholine-4-carbaxylic acid {MI{MI{WIM
propylcarbamoyl)-3,3-difluoro-hexyl ) -amide;

marpholine-4-carbaxylic acid ((S)-3,3-diftnoro-1-{ (3)-1-[5-(4-mmm-pmn-1.3.4-
oxadisxnie-2-carbonryl]-propylcarbrmayl }-heccyT)-amide;

morphafine-4-caxbaxylic acid {(S)-1-{(S)-1-(3-cyclopropyl-1,24-cxastisznle-5-carbonyl)-
Eopylkarbamoyl])-3,3-difleoro-4-phegryl-butyi }-amides

morpholine-4-carbaxylic acid { 1-{1-(3-cyclopropyl-{1,2/4]oxadisznle-5-carbouyl)-propylcarbamoyl]-
3,3-difluoro-5-methyl-hexyl}-amide;

morphaoling-4-carboxylic acld {(S)-1-{(S)-1-(3-cyclopropyl-1,2.4-cxadiszols-S-carbonyl)-
propylcarbamoyl]-3,3-dtfhnero-brtyl }-amide;

morpholine-4-carboxylic acid ((S)-3,3-diflvoro-1-{(S)-1-(3-phenyi-1,2 4-oxadiazole-5-carborryl)-
propylcarbsmoyl}-butyl }-amide;

morpholine-4-carboxylic acld {(S)-3,3-diftwcro-1-[(S)-1-(5-phenyl-1,2,4-oxadiazole-3-carbomyl)-
propyloarbamoyl]-betyl ) -amides

morpholine-4-catbaxytic acid {1-{1-(5-cyclopropyl{1,3,4)oxadiazole-2-carbonyl)-propylcarbamoyl]-
3,3-difinoro4-phenyl-butyl }-amide;

AMENDED SHEET (ARTICLE 19)
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marpholine-4-carboxylic acld {(S)-1-{1-(5-cyclopropyl-1,2,4-oxadiazole-3-carbonyl)-

propylcarbamoyl]-3,3-diflacro-haxy] |-amide;

morpholine-4-caxboxylic acid ((S)-3,3-tifnaro-1-{(5)-1-{5-(4-Anaro-phenyl)-1,2,4-oxadinxole-3-

carbomy]]-propylcarbamoyl }-butyl)-amide;

marpholine-4-carboxylic acld ((S)-3,3-diffucro-1-{ 1{5-(4-finoro-phenyl)-1,2.4-oxadizzols-3-

carbonyl}-prapylcarbamoyl }-batyl)-amide;

marpholine-4-carboxylic acid ((S)-3,3-diftnoro-1-{ (R)-1-{5-(4-fmwro-pheayl)-1,2 4-axadiazole-3-

carbanyi}-propylcarbamoyl }-batyl)-amide;

morpholina-4-carboxylic acld {(S)-1-{(5)-1-(benzoxazole-2-carbonyl)-propyicarbamoyl]-3,3-diffeoro-

batyl}-amido;

marpholins-4-carbaxylic acld [(S)-1-{cymomefiryl-carbamaoyl)-3,3-difluoro-hexyl]-xmide;

morphaline-4-carbaxytic acld ((S)-3,3-diftuoro-1-{(K)-1-15-(5-methyl-thiophen-2-y1)-oxazole-2-

cxsbonyl}-propylcarbemoyl }-hexyD-emide;

mospholine-4-carboxylic acld ((8)-3,3~Gftworo-1-{(S)-1-{5-(5-nwethyl-thiophen-2-yl)-oxazole-2-

carbomy!-propylearbeanmoy]}-heocyl)-amide;

isomers and mixtares of isomes thersof; and the pharmacentically acosptabie salts and salvates (o.g.

hydmatee) of sach compounds of Focrmnin (Ia) snd thelr N-cocides and their prodrugs, and their

protected derivatives, individual isomers and mixtores of isomers thereaf.

36. A pbamacentical composition comprising a campotmd of clatm 3 and a phavmacentically
eable excimiant

37  Amethod of inhibiting cathepin S in & patiem whemsin elsvation of the enzynmtic activity of
cathepsin S contributes to said patient’s pathological conditions by administering to seid patisnt a
therapentically effective amount of a compound of claim 3.

38.  Use of a campound acconding to cleim 3, in the menufactom of & medicament for the treatment
of a patient suffering from, or subject to, conditions that can be ameliorated by the adminigtmition of
the compovmd as an inhibitor of cathepein S.

39,  Uss of a compound accanding to claim 35, in the menufactnrs of a medicament for the
treatment of a patient sof¥exing from, ar subject to, canditiona that can be ameHorated by the

administration of the canpound s xm nbiblbor of cathepain S,

AMENDED SHEET (ARTICLE 19)
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50. A method of selectively inhibiting cathepsin K activity in a patient with alovated lsvels of
cathepsiu K which comprises administering to a patient in need theyedf an effective cathepain B
inhibiting ssnount of a conpound acconding to claim 42,

51. A method of selectivaly inhibiting cathepsin 8 activity in a patient with clevated lovels of
cathapsin S which conyises edministering to a patient in noed thegnof an effective cathepsin S
inhibiting amopmt of 8 compound accanding to claim 3.

52.  Amethod of salectively inhibiting cathegain S activity In a patient with clevated levels of
cathepgin S which commprises administering to 8 patient jn ueed thereof an effective cathspsin S
inhibiting amount of a compound acoanding to ¢laim 35. )

53. A mnthod of treting ostecarthritis in a npmmsl comprising administering to said manmal an
effsctive amoamt of & compound according to claim 42,

54. A caompound accanding to any ona of claims 3-10, 12-18, or 20-30 whereln R is

Q,l

55. A canpound according to cleim 3 selscted from the group consisting of:
Pethydro-1,4-oxazepine-4-carbaxylic acid {(S)-1{(S)-1-(3-cyclopropyl-1,2,4-oxadiarole-5-carbanyl)-
propylcarbamoyl]-3,3-difinoro-butyl}-amide,

Poudrydro-1,4-oxazspine-4-carboxylic acld §(8)-1-{(S)-1-(3-cyclopropyl-1,2.4-oxadinzcle-S-carbonyl)-
propylcarbamoy]-3,3-diftuaro-hexy! }-emide;

Morpholine-4-carboxylic acid {(S)-1(S)-1-(3-isopropyl- | 2 4-oxadizzale-5-carbonyl)-
mlcuhnmyl]-s.s-d:ﬂnmu-l'mih.

AMENDED SHEET (ARTICLE 19)
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57. A method of selectively inhititing cathepsin K activity in a patient with elsvated levels of
cathopain X which comprises sdministexing to & paticut in need thereof an affective cathepain K.
inhibiting amount of a compomnd according to elaim 55,

58. A method of salectively tnhibiting cathopsin S activity in 8 patient with clevated lovels of
cathepein S which comprises administering to a paticnt in need thareof an effective cathepsin S
inhibiting smomt of & compound acconding to claim 55. .

59. A method of salectively inhibiting cathopsin B activity in a patisnt with elevated lovels of
cathepsin B which comprises adpainistering to a petisnt in need thereof an effective cathepsin B
inhihiting amount of 2 compomud acconding to cleim 55.

60. A method of treating osteoariinitis in a mammal comprising admindstering to said mammmal an
cffective smount of a compound according to claim 55.

61. A method of seloctively inhibiting cathepsin B activity in a patient with elevated 1svels of
cathepsin B which comprises administering to a patiegt in need theroof an cffective cathapsin B
mhibiting amount of a compound according to clajm 3.

62 A method of selectively inhibiting cathepein B activity in & patient with elevated lovels of

cathepsin B which comprises administering to e patient in need thersaf m affective cathspsiin B
nhibiting amount of & compound accanding to clsim 42,

AMENDED SHEET (ARTICLE 19)
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Staterpent Under Article 19(1)

Cleims 1 and 2 have been canceled, resulting in the camcellation of page 75. Since
pege 75 is the first page of Applicants’ claims, Applicants request that the phrase “WE
CLAIM:" be added befare claim 3 on page 76.

Claims 3, 11-13, 31-32, and 35-37 have been amended as detailed above. Claim 51
(second oocmrence) and claim 52 (second occunence) have besn re-wiritten as claimg 61 and
62, respectively. Butry of replacement pages 76-77, 79, £3, 85, 88, and 90 is, therefore,
respectfully requested.

Appiicsnts request cutry of the foregoing amendments preliminary to publication end
examination of the above-identified patent spplication.
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAJS2004/035282

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of the international application in
the language in which it was filed, unless otherwise indicated under this #tem.

O This opinion has been established on the basis of a translation from the original language into the following
language , which is the language of a translation furnished for the purposes of intemational search
{(under Rules 12.3 and 23.1(b)).

2. With regard to any nucleotide andor amino acld sequence disclosed in the international application and
necassary to the claimed invention, this opinion has been established on the basis of:

a. type of material:
O asequencs listing
0 table(s) related to the sequence listing
b. format of material:
O In written format
0  in computar readable form
c. time of filingfurnishing:
0] contained in the intemational application as filed.
O filed together with the intemational application in computer readable form.
O fumished subsequently to this Authority for the purposes of search.

3. O In addition, in the case that more than one version or copy of a sequence listing andior table relating thereto
has been filed or fumished, the requirad statements that the Information in the subsequent or additional
copies is identical to that in the application as filed or doesa not go beyond the application as filed, as
appropriate, were fumished.

4. Additional comments:

Form PCTISA/237 (Januery 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAJS2004035282

Box No. lll Non-sstablishment of opinion with regard to noveity, Inventive step and Industrial
applicabllity

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non
obvious), or to be industrially applicable have not been examined in respect of:

[0 the entire intemational application,

B claims Nos. 1-7. 37, 44-60
because:

& the sald international application, or the sald claims Nos. 37, 44-60 relate 1o the following subject matter
which does not require an intemational preliminary examination {specify):

O the description, claims or drawings (indicate particular elements below) or said claims Nos.  are so
unclear that no meaningful apinion could be formed (specify):

O the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed.

Bl no intemational search report has been established for the whole application or for aaid claims Nos. 1-7

0 the nuclectide andbr amino acid sequance listing does not comply with the standard provided for in Annex
C of the Administrative Instructions In that:

the written form O has not been fumnished
O does not comply with the standard
the computer readable foom [0  has not been fumished
0 does not comply with the standard
O the tables related to the nucleotide andior amino acid sequence listing, if in computer readabie form only, do
not comply with the technical requirements provided for in Annex C-bis of the Administrative instructions.

00 See separate gheet for further details

Form PCTASA/237 {January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAS2004/035282

Box No.V FReasoned statement under Rule 43bis.1(a)l) with regard to novelty, inventive step or
industrial applicabiiity; citations and explanations supporting such statsment

1. Statement
Novelty (N) Yes: Claims 8-11, 14, 16-19, 21-23, 25-26, 28-35, 39, 42-43, 47-48,
50, 52, 52(bis), 53-80
No: Claims 1-7, 12-13, 15, 20, 24, 27, 38-38, 40-41, 44-46, 49, 51,
51 (bis) .
Inventive step (IS) Yes: Claims
No: Claims 1-60
Industrial applicabllity (1A) Yes: Claims 1-36,38-43

No: Claims

2. Citations and explanations
see soparate sheet

Box No. VIl Certain defects In the international application
The following defects in the form or contents of the intemational application have been noted:
see soparate sheet

Box No. Vil Ceriain observations on the Iintermnational application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see soparate sheet

Form PCTASA/ 237 (January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2004/035282

Reference is made to the following documents :

D1: WO 00/55144

D2: WO 03/075836

D3: WO 00/55125

D4: WO 02/069901

D5: WO 02/098850

D6: WO 02/100849

D7: WO 03/097617 (P-Document)

D8: Orvieto F. et al., Bioorg. Med. Chem. Lett., 13(16), 18-08-2003, p. 2745-2748
® D9: Bennett ot al., Bloorg. Med. Chem. Lett., 11(3), 2001, p. 355-357
D10: Chen J. et al, Tetrahedron Lett., 44(43), 20 October 2003, p. 8025-8027
D11: DE 28 06 833

D12: FR 2 605 009

D13: JP 04 049298

D14; Patent Abstracts of Japan, 1996, 10 -& JP 08 165274

D15: WO 03/087089

D16: WO 99/64442

D17: WO 99/02549

D18: WO 02/079234

D19: WO 90/09162

D20: T. Aral et al., Bull. Chem. Soc. Jpn, 73, 2000, p. 439-445

D21: K. Burger et al., J. Fluorine Chem., 66, 1994, p. 87-90

D22: |. Ojima et al., Bioorg. Med. Chem. Lett., 2(3), 1992, p. 219-222
D23: R.M. Babb et al., J. Org. Chem., 35(5), 1970, p. 1438-1440

D24: S. Colarusso et al., J. Med. Chem., 46(3), 2003, p. 345-348

Document D7 has been found in a search of the state of the art in accordance with Art. 33(2)
and (3) and rule 64.3 PCT. These documents will not be taken into account in international
phase, however, the attention of the applicant is drawn to the fact that they may be relevant
when assessing novelty and inventive step in the regional phases.

The prasent application describas difluocrinated 2-aminoethylamide derivatives as cathepsin
B, K or S inhibitors for the treatment of cancer, inflammatory disorders or autoimmune

Form PCT/SA/237 (Separate Shest) (Sheet 1) (EPO-January 2004)
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WRITTEN OPINI N OF THE International application No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2004/035282
diseases.

Re ltem lll

Non-establishment of opinlon with regard to novelty, inventive step and industrial
applicability

The initial phase of the search revealed a very large number of documents relevant to the
issue of novelty. So many documents were retrieved that it is impossible to determine which
parts of the claim(s) may be said to define subject-matter for which protection might
legitimaiely be sought (Article 6 PCT). For these reasons, a complete search over the whol
breadth of the claim(s) was impossible. Consequently, the search has been restricted. The
subject-matter mentioned in claims 7-60 has been searched completely.

Claims 37, 44-60 relate to subject-matter considered by this Authority to be covered by the
provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with respect to
the industrial applicability of the subject-matter of these claims (Article 34(4){a){l) PCT).

Re ltem V
Reasoned statement with regard to noveity, inventive step or Industrial applicabliity;
citations and explanations supporting such statement

1.1. The present application doas not meet the criteria of Article 33(1) PCT, because the

subject-matter of claims 1-2 is not new in the sense of Article 33(2) PCT. .

Documents D8 to D24 refer to various difluorinated 2-aminoethylamide derivatives (see
specific passages in the ISR) which fall within the definition of claim 1 and 2. In this
context the attention of the applicant is drawn to the fact that the examples as wel! as
the whole technical teaching described in the prior art should be excluded in ord rto
established novelty.

1.2. Document D1 deals with amine derivatives as cathepsin B, K, L or S inhibltors for the
treatment of cancer, inflammatory disorders or bone diseases. Formula () of D1

Form PCTASA/237 (Eaparatn Sheaf) (Shest 2) (EPO-January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATI NAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2004/035282

overlaps with the present subject-matter. The fragments B23-B28 on p. 146-147 reveals
the same structural features as in the present application. The subject-matter of claim
1 also lacks novelty with regard to document D1 (Art. 33{2) PCT).

Document D2 describes N-(cyanomethyl)-2-aminoethylamide derivatives useful as
cathepsin inhibitors for the treatment of bone disorders, autoimmune diseases or
inflammatory disorders. Formula () of D2 also overlaps with the present claimed subject-
matter. Specific compounds comprising the same structural features as the present
invention are disclosed in examples 16, 18 and 38 as well as in the rest of the
description (see citations in the ISR). The subject-matter of claims 1-7, 12-13, 15, 20,
24, 27, 36-38, 40-41, 44-46, 49, 51, 51(bis) lacks novelty with regard to document D'
of the prior art (Art. 33(2 ) PCT).

1.3. Document D3 discloses aminomethyicarbonitrile derivatives as cathepsin B, K, Lor S
inhibitors for the treatment of tumors, inflammatory disorders, bone disorders or
autoimmune diseases. There is an overlap between the subject-matter claimed in the
present invention and formula (I) of D3. The combination of a 2-aminoethylamide core
structure with a fluorinated alkyl substituent is not specifically disciosed in D3 and
represents a new structural element which provide a contribution over the prior art. The
present claimed subject-matter consists therefore in a new selection over D3. Novelty
is established vis-a-vis D3 (Art. 33(2) PCT).

Document D4 deals with cyanomethylamide derivatives as cathepsin B, K, L and S
inhibitors for the treatment of bone disorders. Formula (I} of D4 also overlaps with the
present claimed subject-matter and the compounds on p. 10, |. 33-34 and p. 11, |. 16-1
describe difluorinated compounds. However, the present compounds refer to molecule
wherein the amino part is disubstituted, i.e. one hydrogen atom is present on the
nitrogen atom. The combination of a 2-(NHR)ethylamide core structure with a fluorinated
alkyl substituent is therefore not specifically disclosed in document D4 and the subject-
matter of claims 1-60 can be considered novel in the light of D4 (Art. 33(2) PCT).

Document D5 describes amide derivatives as cathepsin inhibitors for the treatment of

cancer, inflammatory disorders, arthritis. Formula (1) of D5 is very broad and also
encompass the compounds according to the present invention. Fragments B89 and B92

Form PCTNISA/23T (Separate Shest) (Shast 3) (EPO-January 2004)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2004/035282

on p. 38 disclose difluorinated compounds. However, the combination of such fragments
linked to an A-fragment via a nitrogen atom (A1, AS9 or A60) is not described and
represent a new piece of knowledged which provide a contribution over the prior art D5.
Novelty is acknowledged with regard to document D5 (Art. 33(2) PCT).

Document D6 discloses N-(cyanomethyl)-2-carbonyloxyethylamide derivatives as
cathepsin B, K, F, L or S inhibitors for the treatment of bone diseases, inflammatory
disorders or autoimmune diseases. Amongst others, D6 also describes difluorinated
compounds (p. 89, two last compounds). However, D6 deals with oxyethylamide instead
of aminoethylamide and differ therefore from the present claimed subject-matter. Nbvalty
of claims 1-60 is also established with regard to document D6 (Art. 33(2) PCT).

2. The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of claims 1-2, 4-40 does not involve an inventive step in the sense of
Article 33(3) PCT.

Documents D1 to D5 are regarded as being the most relevant state of the art to the
present claimed subject-matter and disclose amide derivatives as cathepsin B, K, L and
S inhibitors.

The problem to be solved by the present invention may therefore be regarded as the
provision of further amide derivatives which may be useful in the treatment of diseases
- involving cathepsin B, K, Lor S.

The solution proposed in claim 1 of the present applcation cannot be considered as
involving an inventive step (Article 33(3) PCT) for the following reasons. The claimed-
subject-matter is not new with regard to the documents D1 and D2 Therefore, it cannot
provide any contribution to the art as required in Art. 33(3) PCT. Furthermore, the
present invention represents solely a selection with regard to documents D3 to D5. The
mere selection of specific features within a range known for its physiological properties
cannot involve an inventive step in the sense of Art. 33(3) PCT because there is a clear
incentive for the skilled man to seek in this direction.

Form PCT/ISA/237 (Separeie Shest) (Shest 4) (EPO-January 2004)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2004/035282

The same reasoning applies, mutatis mutandis, to the subject-matter of the
corresponding independent claims 3, 14-17, 36-41, 44-53, 57-60, which therefare are
also considered not inventive.

Dependent claims 4-13, 18-35, 42-43, 54-56 also represent a selection over all or some
of documents D1 to D5 and do not contain any features which, in combination with the
features of any claim to which they refer, meet the requirements of the PCT in respect
of inventive step.

3. For the assessment of the present claims 37, 44-60 on the question whether they ar’
industrially applicable, no unified criteria exist in the PCT Contracting States. The
patentability can also be dependent upan the formulation of the claims. The EPQ, for
example, does not recognize as industrially applicable the subject-matter of claims to the
use of a compound in medical treatment, but may allow, however, claims to a known
compound for first use in medical treatment and the use of such a compound for the
manufacture of a medicament for a new medical treatment.

Be ltem Vil
Certain defects In the Intemational application

Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art disclosed in
the documents is not mentioned in the description, nor are these documents identified therein.
Be ltem Vill

Certain cbservations on the iIntermational application

The application does not meet the requirements of Article 6 PCT, because claims 1-60 are
not clear.

Claims 1-60 do not meet the requirements of Article 6 PCT in that the matter for which
protection is sought is not clearly defined. The following functional statements do not enable

Form PCT/SA/237 (Saparate Sheet) (Sheet 5) (EPO-January 2004)
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AUTH _RITY (SEPARATE SHEET) PCT/US2004/035282

the skilled person to determine which technical features are necessary to perform the stated
functions: "general substituents”, "prodrugs”, "protected derivatives". These relative terms
have no well-recognised meaning and leave the reader in doubt as to the meaning of the
technical features to which they refer, thereby rendering the definition of the subject-matter
of the claims unclear, Article 6 PCT.

Form PCTASA/237 (Sepamts Shest) (Sheset 6) (EPO-January 2004)
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NUEVOS DERIVADOS DE CETO-OXADIAZOL COMO INHIBIDORES DE LAS CA-
TEPSINAS

CAMPO DE LA INVENCION

Esta invencién se refiere al uso de nuevos derivados de ceto-oxadinzol para tratar en-
fermedades asociadas con la cistelna y, particularmente, enfermedades asociadas con la activi-
dad de las catepsinas S, K, y B. Esta invenci6n se refiere también a procedimientos para prepa-
rar dichos compuestos.

ANTECEDENTES DE LA INVENCION

Las cisteina-proteasas representan una clase de peptidasas caracterizadas por la presen-
cia de un resto de cistelna en el sitio catalitico de la enzima. Las cisteina-proteasas se asocian
con la degradacién y procesado normal de las proteinas, La actividad aberrante de las cisteina-
proteasas, por ejemplo, como resuliado del aumnento de ]a expresion o de la mejora de la activa-
cién, sin embargo, puede tener consecuencias patologicas. A este respecio, ciertas cisteina-
proteasas se asocian con una serie de enfermedades, incluyendo artritis, ateroesclercsis, enfise-
ma, osteoporosis, distrofia muscular, inflamacién, invasiéo tumoral, glomerulonefritis, enfer-
medad periodontal, leucodistrofia metacromética y otras.

Un incremento en la actividad de las catepsinas tal como, por ejemplo, la catepsina S,
contribuye a la patologia y/o sintomatologia de una serie de enfermedades tales como, por
ejemplo, trastornos autoinmunes, incluyendo, pero sin limitarse a ellos, diabetes de aparicién
juvenil, esclerosis milltiple, pénfigo vulger, enfermedad de Graves, minstenia grave, lupus eri-
ternatogo sistémico, enfermedad del intestino irritable, artritis reumatoide y tiroiditis de Has-
himoto, trastornos alérgicos incluyendo pero sin limitarse a ellos, asma, y respuestas inmunes
alogénicas, incluyendo, pero sin limitarse a ellos, transplantes de érganos o injertos de tejidos.
La catepsina S esth también implicada en trastornos que incluyen elestolisis excesiva, tales co-
mo la enfermedad pulmonar obstructiva crénica (por ejemplo, enfiserna), bronquiolitis, elastoli-
sis excesiva de las vias respiratorias en el asma y bronquitis, neumonias y enfermedad cardio-
vascular tal como ruptura de placas y ateroma. La catepsina S estfi implicada en la formacién
fibrilar y, por tanto, los inhibidores de la catepsina S se pueden utilizar en e! tratamiento de la
amiloidosis sistémica.

La actividad, por ejemplo, de la catepsina B en el fluido sinovial cs significativamente
elevada en los modelos de osteoartritis (F. Mehraban Ann. Rheum. Dis. 1997; 56, 108-115).
Similarmente, la catepsina K es una proteasa critica en la degradacién del coligeno mediada por
¢l fibroblasto sinovial (W.-8. Hou (er al.) Am. J. Pathal 2001, 159, 2167-2177). Por tanto, la
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inhibicién de las catepsinas B y K, por ejemplo, es un método util para el tratamiento de enfer-
medades degenemativas de las articulaciones tales como, por ejemplo, la osteoartritis. La inhibi-
cién de la catepsina K, por ejemplo, lleva a la inhibicién de la resorcién ésea (G. B. Stroup (et
al.) J. Bone Mineral Res. 2001, 16, 1739-1746). Los inhibidores de 1a catepsina K son, por tan-
to, itiles para el tratamiento de la osteoporosis.

Es conocido en la técnica que las catepsinas desempedlan un importante papel en la de-
gradacién de tejidos conjuntivos, en la generacién de proteinas bicactivas y en ¢l procesado de
antigenos. Ellas han sido implicadas en la osteoporosis, distrofia muscular, bronquitis, enfiserna,
infeccién viral, metdatasis cancerosa y enfermedades neurodegenerativas, tales como la enfer-
medad de Alzheimer y la enfermedad de Huntington. Recientemente, se ha generado un interés
creciente sobre los inhibidores de catepsina con potenciales dianas terapéuticas, tales como la
catepsina K o la catepsina L pam la osteoporosis y In catepsina S para la modulacién inmune
(W. Kim., K. Kang. Expert Opin. Ther. Pat. 2002, 12, 419-432). Un aumento de [a actividad de
la catepsina K o B contribuye a ls patologla y/o sintomatologia de una serie de enfermedades.
Por consiguiente, las moléculas que inhiben la actividad de la catepsina-proteasa son ttiles co-
mo agentes terapéuticos en el tratamiento de dichas enfermedades.

SUMARIO DE LA INVENCION

En un aspecto de la presente invencién, se proporcionan compuestos que inhiben la ac-

tividad enzimética de las catepsinas S, B, y K y tienen la estructura de la férmula (I):

R®
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X1 es metileno, etileno o un enlace;

8s



10

15

20

25

-3-

X2 es CN, CHO, C(OJRS, C(O)C(O)NR7R? C(O)C(OINR7RS, C(O)C(O)RI3,
C(0)C(O)OR13, C(O)CH,X3R13;

X3 se selecciona del Erupo que consiste en O, 5(0),, CO, CONH, NHCO, NHSO; y
SO;NH;

X4 es CH(R!2) 0 CH(R12)-CHj;

X3 es metileno, etileno, propileno o un enlace;

X6 es un enlace o alquileno (C;_2);

R! e H, RIIC(0),, RIIS(0);-, R13OC(0)- , RERINC(O)+ RSR7NS(O)-;
R13S(O)2NC(O)- o R13C(0)NS(O)2-; o Rl- se selecciona del grupo que consiste en alquilo
(C19), cicloalquil (C3.12)-alquilo (Co.g), heterocicloalquil (Cs.12)-alquilo (Cg.g), eril
(Cg-12)-alquilo (Cgg) y heteroaril (Cs.13)-alquilo (Cq.g), cada o de los cuales esté opcio-
nalmente sustituido con 1 a 5 radicales independientemente seleccionados de un grupo que con-
siste en alquilo (Cj4), ciano, halo, alquilo (Cj.4) sustituido con halo, -XSNRIRY, -X6OR?,
-X6SRY, -XSC(O)NRIRY, -XSOC(O)NRIR?, -X6C(O)OR?, -XONC(O)OR?, -X6S(O)R10,
-X65(0)R10 y -X6C(O)R10;

R2 ge selecciona del grupo que conmsiste en hidrégeno, alquilo (Cy.6), cicloalquil
(C3.12)-ulquilo (Cg.g), heterocicloalquil (Cs.12)-alquilo (Cp_g), aril (Cg.12)-alquilo (Copg) 0
heteroaril (Cs.12)-alquile (Cg.g);

R3 se sclecciona del grupo que consiste en H, alquilo (C1.6), cicloalquil (C3_12)-
alquilo (Cg_g), heterocicloalquil (Cs.}2)-alquilo (Cg_g), aril (Cg.12)-alquilo (Co_g) o heteroaril
(Cs.13)-alquilo (Cg_g) opcionalmente sustituido con 1 a 5 radicales independientemente selec-
cionados de un grupo que consiste en alquilo (Cj.4), ciano, halo, alquilo (C_4) sustituido con
halo, -X6NRIR?, -X60RY, -X6SR?, -XSC(O)NRIRI, -XSOC(O)NRIR?, -X5C(O)OR?,
-X6NC(0)OR9, -X63(0)R 10, -x65(0);R 10 y -XSC(O)R10;

R4 es H o alquilo (Cy.6); 0 R3 y R4 considerados junto con el tomo de carbono al cual
ambos R3 y R4 estén unidos, forman cicloalquileno (C3_g) o heterocicloalquileno (C3.g);

RI es H, F, o RY es alquilo (C}.y), cicloalquil (C3_12)-alquilo (Cg_g), heterocicloalquil
(C3-12)-alquilo (Co.g). aril (Cg.12)-alquilo (Co.6). heteroaril (Cs.13)-alquilo (Cg.g) cada uno
opcionalmente sustituido con 1 a 5 radicales independientemente seleccionados de un grupo que
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consiste en alquilo (C1.4), ciano, halo, alquilo (C1.4) sustituido con halo, -XSNRIR9, -XS0R9,
X6SR?, -X6C(O)NRIRI, -X60C(O)NRIR?, -X6C(O)OR?, -XSNC(O)OR?, -X6S(O)RIO,
-X65(0);R10 y -X6C(O)R10;

RS ¢s arilo (Cg.12). heteroarilo (Cs.13) ¥ alquilo (C1.¢) sustituido con halo; donde RS
estd opcionalmente sustituido con 1 a 5 radicales independientemente seleccionados de un grupo
que consiste en alquilo (Cy.g), cicloalquil (Ca_12)-alquilo (Cp.g), heterocicloalquil (Cs.12)-
alquilo (Cg_g), aril (Cg-12)-alquilo (Cg_g), heteroaril (Cs_;3)-alquilo (Cg.g), ciano, halo, alqui-
lo (Cjg) sustituido con halo, -XONRIR9, -XOOR?, -XO6SR9, -XSC(O)NRR?,
-X60C(0)NRIR?, -X6C(0)ORY, -X6NC(O)ORY, -X65(0)R 10, -X65(0);R 10 y -X6C(O)R10;

R7 es H, alquilo (Cy.g), cicloalquil (C3.12)-alquilo (Cp.6), heterocicloalquil (C3.12)-
alquilo (Cg.), aril (Cg.12)-alquilo (Cg_g), heteroaril (Cs_13)-alquilo (Cg.6), ¥ alquilo (Cy-¢)
sustituido con halo; donde R7 esté opcionalmente sustituido con 1 a 5 radicales independiente-
mente seleccionados de un grupo que consiste en alquilo (C|.g), cizno, halo, alquilo (Cj.4) sus-
tituido con halo, -XSNRIRY, -X6OR?, -XOSR9, -XSC(O)NRIR?, -XSOC(O)NRIRY,
-X6C(0)ORY, -XONC(0)YOR?, -X65(0)R 10, -x65(0),R10 y -X6C(O)R10;

R8 se selecciona del grupo que consiste en H, alquilo (C1-6). cicloalquil (C3.12)-
alquilo (Cp.g), heterocicloalquil (C3.12)-alquilo (Cp_g), aril (Cg.12)-alquilo (Cq_g), y heteroa-
ril (Cs.13)-alquilo (Cg.g), o R7 y R8 junto con el dtomo unido, forman cicloalquileno (C3_g) 0
heterocicloalquileno (C3._g);

R? en cada aparicién es independientemente hidrégeno, alquilo (C;.6) o alquilo (C1.6)
sustituido con halo;

R10 es alquilo (Cy_g) o alquilo (Cy.g) sustituido con halo;

R11 se selecciona del grupo que consiste en hidrégeno, alquilo (Cy.g), cicloalquil
(C3-12)-alquilo (Co_g), heterocicloalquil (Cs_12)-alquilo (Cp-g), aril (Cg-12)-alquilo (Cog),
heteroaril (C5.13)-alquilo (Cg.g), bicicloaril (Cg_12)-alquilo (Cp.3), heterobicicloaril (Cg.12)-
alquilo (Cg_3), -<C(O)R13, -C(S)R13, -S(0),R13, -C(0)OR 13, -C(O)NRT)RS, -C(S)N(RTR8 y
-S(0)2NR7)RS;

R!2 es H o alquilo C1_g opcionalmente sustituido con amido, arilo (Cg.12), heteroarilo
(Cs.12), heterocicloalquilo {C5_12) o hidroxi;
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R!3 es aiquilo (Cy-g), cicloalguil (C3.12)-alquilo (Cp.g), heterocicloalquil (C3.12)-
alquilo (Cg.g), aril (Cg.12)-alquilo (Cq-g), heteroaril (Cs.13)-alquilo (Cp.6), y alquilo (C1-6)

sustituido con halo; donde R13 esté opcionalmente sustituido con 1 a 5 radicales independien-
temente seleccionados de un grupo que consiste en alquilo (Cy.4), cisno, halo, alquilo (Cy_4)
sustituido con halo, -XONRIR9, -X60OR9, -X6SR9, -XSC(O)NRRY, -X60C(O)NRIR?,
-X6C(0)OR?, -XSNC(0)OR?, -X55(0)R19, -X65(0),R10 y -X6C(O)R10; y

n es cero o un nimero entero 14 2;
y sus correspondientes N-Oxidos, y sus profirmacos, y sus derivados protegidos, isémeros indi-
viduales y mezclas de isémeros de los mismos; y las sales y solvatos (por ejemplo hidratos)
farmacéuticamente aceptables de dichos compuestos de la férmula (Ia) y sus N-6xidos y sus
profdrmacos, y sus derivados protegidos, isémeros individuales y mezclas de isémeros de los
mismos.

En otro aspecto de la presente invenciin, ¢l objeto de la invencidn son Ias estructuras de
I cadena principal de las férmulas II, III, IV o V, en las que subj-subg son sustituyentes gene-
rales. Los sustituyentes especificos en subj - subg no son parte de este aspecto de la invencidn y
pueden ser todos los grupos quimicos o radicales que pueden estar sustituidos en aquellas posi-
ciones (denominados como “sustituyentes generales” de aqui en adelante), incluyendo aquelias
sustituciones que se hacen posibles por cualguier medio convencional o por cuslquicra de las
nuevas tecnologias desarrolladas en el futuro. Por tanto, para el propésito de esta solicitud, los
“sustituyentes generales” no sirven como un elemento de reivindicacion o limitacién de la rei-
vindicacién y ellos mismos pueden ser nuevos y no obvios, o desconocidos en el momento de Ia

sub, ub,
L L

invencién.

xi b4 X Ub‘
sub, N Suby N sub,
\ﬁ)ir \sUb1 ﬁ/]\g/s b?<sm’.
u
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En otro aspecto mds de la invencién, el objeto de la invencién incluye la estructura de
cadena principal de las formulas I, III, IV o V junto con los sustituyentes populares en
subj-subg. Para el propdsito de csir solicitud, “un sustituyente popular” significa un grupo qui-
mico o un radical que, en el momento de la presente invencién, las personas con experiencia
normal en la técnica, usando las sustituciones cspecificas descritas de aqui en adelante como
gufa, podrian considerar prictico para ser un sustituyente en sub|-subg sin experimentacidn ex-
cesiva practicando la presente invencidn.

En ofro aspecto més de la invencidn, el objeto de la invencidn incluye las estructuras de
la cadena principal de las férmulas II, III, IV o V y los sustituyentes especificos descritos més
adelante en subq-subg. El especifico sustimyente descrito en la presente solicitud se denomina
un “sustituyente particular.” Para el propésito de la presente solicitud, un sustituyente particular,
si se enumera en las reivindicaciones, sirve como una limitacién de la reivindicacion y puede
conferir patentabilidad a la reivindicacién por s{ mismo o en combinacién con la estmctura de
cadena principal junto con oiros sustituyentes de la misma.

Definiciones:

A menos que se indique otra cosa, los siguientes términos usados en la memoria des-
criptiva y en las reivindicaciones se definen para los propdsitos de esta solicitud y tienen los
siguientes significados.

“Una entidad quimica relacionada™ de un compuesto, significa un derivado N-éxido, un
derivado profiirmaco, un derivado protegido, un isémero individual, una mezcla de isdmeros, o
una sal o solvato farmacéuticamente aceptable, de dicho compuesto, que pueden ser preparados
sin experimentacién excesiva por las personas con experiencia normal en el campo.

"Acilo" significa un grupo H-CO- o alquil-CO-, donde el grupo alquilo es como se des-
cribe en esta memoria.

"Acilamino” es un grupo acil-NH, donde acilo es como se define en esta memonia
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"Alcoxi" significa un grupo alquil-O, donde el grupo siquilo es como se describe en esta
memorie. Los gjemplos de grupos alcoxi incluyen aliloxi, diflucrometoxi, metoxi, trifluorome-
toxi, etoxi, #-propoxi, i-propoxi, a-butoxi y heptoxi. '

"Alcoxicarbonilo" significa un grupo alquil-0-CO-, donde el grupo alquilo es camo se
describe en esta memoria. Los ejemplos de grupos alcoxicarbonilo incluyen metoxi- y etoxicar-
bonilo.

"Alquilo" representado por sf mismo significa un radical alifitico lineal o ramificado,
saturado o insaturado, que tiene el ndmero de dtomos de carbonos indicado (por ¢jemplo, alqui-
lo (C;.g) incluye metilo, etilo, propilo, isopropilo, butilo, sec-butilo, isobutilo, ferc-butilo, vini-
lo, 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 (por ejemplo,
como en arilalquilo) significa un radical divalente alifitico lineal o ramificado, saturado o insa-
turado que tiene el nimero de dtomos indicado o cuando no se indican 4tomos significa un enla-
ce (por ejemplo, aril (Cg.j2)-alquilo (Cg.g) incluye fenilo, bemcilo, fenetilo, 1-feniletilo,
3-fenilpropilo, y similares). Se podri apreciar por los expertos en la técnica que cuando alquilo
representa un radical alifético insaturado, tales radicales no pueden estar unidos directamente a
un itomo de oxigeno, nitrégeno o azufre por medio de enlaces miiltiples carbono-carbono de
dicho radical alifitico insaturado.

"Alquileno”, a menos que se indique otra cosa, significa un radical divalente alifético,
lineal o0 mmificado, saturado o insaturado, que tiene el nimero de dtomos de carbono indicado,
alquileno (Cy.2) incluye metileno (<CH3-) y etileno (~CH2CH»-). Se podrd apreciar por los ex-
pertos en la técnica que cuando alquileno representa un radical divalente alifitico, insaturado,
tales radicales no pueden estar unidos directamente a un tomo de oxigeno, nitrégeno o azufre
por medio de eniaces miitiples carbono-carbono de dicho radical divalente, alifitico, insaturs-
do.

"Alquilendioxi" significa un grupo -O-alquilen-O-, donde alquileno es como se ha defi-
nido antes. Los ejemplos de grupos alquilendioxi incluyen metilendioxi y etilendioxi.

"Alquilsulfinilo” significa un grupo alquil-SO- donde el grupo alquilo es como se ha
descrito previamente. Los grupos alquilsulfinilo preferidos son aquellos en los que el grupo al-
quilo es alquilo Cy 4.

"*Alquilsulfonilo” significa un grupo alquil-502- donde el grupo alquilo es como se ha
descrito previamente. Los grupos alquilsulfonilo preferidos son aquellos en loa que el grupo
alquilo es alquilo Cj 4.

Qo
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"Alquiltio” significa un grupo alquil-S-, donde ¢l grupo alquilo es como se ha descrito
previamente. Los ejemplos de grupos alquiltio incluyen metiltio, etiltio, isopropiltio y heptiltio.

"Aromitico” significa un resto en el que los dtomos constituyentes forman un sistema
anular ingaturado, y todos los Atomos en el gistema anular estdn hibridados en spz y el nimero
total de electrones pi es igual a 4n+2.

"Aroflo” significa un grupo aril-CO, donde el grupo arilo es como se ha descrito en esta
memoria. Los ejemplos de grupos aroflo incluyen benzoflo y 1- y 2-naftoflo.

"Aroilamino" es un grupo aroil-NH-, donde aroilo es como se ha definido previamente,

"Arilo", como un grupo o parte de un grupo, significa: (i) un resto carbociclico aromsti-
co monociclico o multiciclico opcionalmente sustituido, de 6 a 12 dtomos de carbono, tal como
fenilo o naftilo; o (ii) un resto carbociclico aromitico, multiciclico, opcicnalmente sustiuido y
parcialmente saturado, en el que un arilo y un grupo cicloalquilo o cicloalquenilo se condensan
juntos para formar una estructura ciclica, tal como un anillo tetrahidronaftilo, indenilo o indani-
lo. Excepto cuando se defina otra cosa, los grupos arilo pueden estar sustituidos con uno o més
sustituyentes de grupo arilo, que pueden ger los mismos o diferentes, donde "sustituyente de
grupo arilo” incluye, por ejemplo, acilo, acilamino, alcoxi, alcoxicarbonilo, slquilendioxi, al-
quilsulfinilo, alquilsulfonilo, alquiltio, arvilo, aroilamino, arilo, arilalquiloxi, arilalquiloxicarbo-
nilo, arilalquiltio, ariloxi, ariloxicarbonilo, arilsulfinilo, arilsulfonilo, ariltio, carbaxi (o un deido
bioisdstero), ciano, cicloalquilo, halo, heteroaroilo, heteroarilo, heteroarilalquiloxi, heteroaroi-
lamino, heterosriloxi, heterocicloalquilo, hidroxi, nitro, trifluorometilo, -NY3Y4, -CONY3v4,
-SO,NY3Y4, NY3-C(=O)alquilo, -NY350alquilo o alquilo opcionalmente sustitnido con
arilo, heteroarilo, hidroxi, o -NY3Y# (donde Y3 y Y# son independientemente hidrégeno, alqui-
lo, srilo, arilalquilo, cicloalquilo, hetervarilo o heteroarilalquilo; o el grupo -NY3Y4 puede for-
muar una amina ciclica). Las ejemplos de arilo (Cg.17) opcionalmente sustituido incluyen, pero
sin limitarse a ellos, bifenilo, bromofenilo, clorofenilo, diclorofenilo, difluorometoxifenilo, di-
metilfenilo, etoxicarbonilfenilo, fluorofenilo, isopropilfenilo, metoxifenilo, metilfenilo, metil-
sulfonilfenilo, naftilo, pentafluorofenilo, fenilo, trifluorometoxifenilo, trifluorometilfenilo, y
similares. Arilo (Cg.12) opcionalmente sustituido como se usa en esta solicitud para definir un

radical sustituyente unido al grupo RS incluye trifluorometoxifenilo, difluorometoxifenilo, 4-
fluorofenilo, y similares.

*Arilalquiloxi" significa un grupo arilalquilo-O-, donde los grupos arilalquilo son como
st han descrito previamente, Log ejemplos de grupos arilalquiloxi incluyen benciloxi y 1- 0 2-
naftalenmetoxi.
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" Arilalquiloxicarbonilo" significa un grupo arilalquilo-O-CO-, donde los grupos arilal-
quilo son como se han descrito previamente. Un ejemplo de un grupo arilalquiloxicarbonilo es
benciloxicarbonilo.

"Arilalquiltio” significa un grupo arilalquil-S-, donde el grupo arilalquilo es como se ha
descrito previamente. Un ejemplo de un grupo arilalquiltio es benciltio.

"Ariloxi" significa un grupo aril-O-, donde el grupo arilo es como se ha descrito pre-
viamente. Los ¢jemplos de grupos ariloxi incluyen fenoxi y naftoxi, cada uno opcionalmente
sustituido.

"Ariloxicarbonilo" significa un grupo aril-0-C(=0)-, donde el grupo arilo es como se ha
descrito previamente. Los ejemplos de grupos ariloxicarbonilo incluyen fenoxicarbonilo y naf-
toxicarbonilo.

"Arilsulfinilo” significa un grupo aril-SO- donde el grupo arilo es como se ha descrito
previamente.

"Arilsulfonilo” significa un grupo aril-SO3- donde ¢l grupo arilo es como se ha descrito
previamente.

"Ariltio" significa un grupo aril-S, donde el grupo arilo es como se ha descrito previa-
mente. Los ejemplos de grupos ariltio incluyen feniltio y naftiltio.

"Cicloalquilo” significa un conjunto anular saturado o parcialmente insaturado, monoci-
clico, biciclico condensado o policiclico puente, que contiene el mimero indicado de atomos de
carbono en el anillo, y cualquiera de sus derivados carbociclicos cetona, tiocetoma o iminneeto-
na (por ejemplo, cicloalquile (C3.12) incluye ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo,
ciclohexenilo, 2,5-ciclohexadienilo, biciclo[2,2,2]octilo, adamantan-1-ilo, decahidronaftilo,
oxociclohexilo, dioxociclohexilo, tiociclohexilo, 2-oxobiciclo[2,2,1]hept-1-ilo, y similares). Se
podré apreciar por los expertos en la ticnica que cuando cicloalquilo represents un conjunto
anular ciclico insaturado, los anillos no pueden estar directamente unidos por medio de enlaces
miltiples carbono-carbono a un dtamo de axigeno, nitrégeno o azufre.

"Cicloalquileno" significa un conjunto anular monociclico o policiclico puente, divalen-
te saturado o parcialmente insaturado, que contiene el nimero indicado de dtomos de carbono
en ¢l anillo, y cualquiera de sus derivados carbociclicos cetona, tiocetona o iminocetona.

"Heteroaroflo" significa un grupo heteroaril-C(=0)-, donde el grupo heteroarilo es co-
mo se ha descrito en esta memoria. Los ejemplos de grupos heteroarilo incluyen piridilcarbemi-
lo.

"Heteroaroilamino” significa un grupo heteroaroil-NH- donde el resto heteroarilo es

como se ha descrito previamente.
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"Heteroarilo”, como un grupo o parte de un grupo, indica: (i) un resto orginico aromdti-
co monociclico o multiciclico opcionalmente sustituido, de aproximadamente 5 a aproximada-
mente 13 miembros en el anillo en el cual uno o més de los miembros del anillo es/son elemen-
to(s) distintos de carbono, por ejemplo nitrégeno, oxigeno o azufre (ejemplos de tales grupos
incluyen grupos bencimidazolilo, benzoxazolilo, benzotiazolilo, furilo, imidazolilo, indolilo,
indolizinilo, isoxazolilo, isoquinolinilo, isotiazolilo, oxadiazolilo, oxazolilo, pirazinilo, piridaz-
nilo, pirazolilo, piridilo, pirimidinilo, pirrolilo, quinazolinilo, quinolinilo, 1,3,4-tiadiazolilo, tia-
zolilo, tienilo y triazolilo, opcionalmente sustituidos con uno o més sustituyentes de grupo arilo
como se han definido antes, excepto cuando se defina otra cosa); (ii} un resto heterocarbociclico
multiciclico parcialmente saturado opcionalmente sustituido en el cual un heteroarilo y un gnpo
cicloalquilo o cicloalquenilo se condensan juntos para formar una estructura ciclica (ejemplos
de tales grupos incluyen los grupos pirindanilo, opcionalmente sustituidos con uno o mis "susti-
tuyentes de grupo arilo " como se han definido antes excepto cuando se defina otra cosa). Los
sustituyentes opcionales incluyen uno o més "sustituyentes de grupo arilo™ como se han defini-
do antes excepto cuando se defina otra cosa. Heteroarilo (Cs.13) opcionalmente sustituido co-

mo se usa esta solicind pam definir R6 incluye benzoxazol-2-ilo, S-ferc-butil-
[1,2,4]oxadinzol-3-ilo, 3-ciclopropil-1,2,4-oxadiazol-5-ilo, 5-ciclopropil-1,2,4-oxadiazol-5-ilo,
5-ciclopropil-1,3 4-oxadiazol-2-ilo,  5-etil-[1,3,4Joxadiazol-2-ilo, 5-(4-fluoro-fenil)-1,2.4-
oxadiazol-3-ilo, 5-isopropil-isoxazol-3-ilo, 5-5-metil-isoxazol-3-il)-oxazol-2-ilo, oxazol-2-ilo,
3-fenil-1,2,4-oxadiazol-5-ilo, 5-fenil-1,2,4-oxadiazol-3-ilo, 3-(tetrahidro-piran-4-il)-1,2.4-
oxadiazol-5-ilo, 5-tiofen-2-il-oxazol-2-ilo, 5<(4-triflucrometoxi-fenil)-1,3,4-oxadiazol-2-ilo, y
similares.

"Heteroarilalquiloxi” significa un grupo heteroarilalquil-O, donde el grupo heteroari-
lalquilo es como se ha descrito previamente. Los ejemplos de grupos heteroeriloxi incluyen pi-
ridilmetoxi opcionalmente sustituido.

"Heteroariloxi" significa un grupo heteroaril-O-, donde el grupo heteroarilo es como se
ha descrito previamente. Los ejemplos de grupos heteroariloxi incluyen piridiloxi opcionalmen-
te sustituido.

"Heterocicloalquilo" significa cicloalquilo, como se define en esta solicitud, con la con-
dicién de que uno o mis de los dtomos de carbono del anillo indicados estin reemplazados por
un resto heterodtomo seleccionado de -N=, -NR-, -O- 0 -S-, donde R es hidrégeno, alquilo
(C1-6), un grupo protector o representa la valencia libre que sirve como punto de unién a un
nitrégeno del anillo, y cualquiera de sus derivados carbociclicos cetons, tiocetona o iminocetona
(por ejemplo, el término heterocicloalquilo (Cs.12) incluye imidazolidinilo, morfolinilo, pipera-
znilo, piperidilo, pirrolidinilo, pirrolinilo, quinuclidinilo, y similares). Los grupos protectores
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adecuados incluyen ‘erc-butoxicarbonilo, benciloxicarbonilo, bencilo, 4-metoxibencilo,
2-nitrobencilo, y similares. Tanto los derivados no protegidos como los protegidos estin dentro
del alcance de la invencidn.

"Heterocicloalquileno® significa cicloalquileno, como se define en esta solicitud, con la
condicién de que uno o mis de los dtomos de carbono miembros del anillo indicados, esth re-
emplazado por un resto heterodtomo seleccionado de -N=, -NR-, -O-, -S- 0 -S(0);-, donde R cs
hidrdgeno, alquilo (Cj.4) o un grupo protector,

*Isémeros”, como se usa en esta deseripeidn, significa los compuestos de 1a presente in-
vencién que tienen férmulas moleculares idénticas pero difieren en la naturaleza o secuencia de
unién de sus &tomos o en el ordenamiento de sus étomos en el espacio. Los isémeros que difie-
ren en el ordenamiento de sus dtomos en el espacio se denominan "estereoisémeros”. Los este-
reoisémeros que no son imagen en ¢l espejo uno de otro se denominan "diastercoisémeros™ y
los estereoisémeros que no son imigenes superpanibles en el espejo se denominan "enantiéme-
ros” o a veces "isémeros 6pticos". Un dtomo de carbono con enlaces a cuatro sustituyentes no
idénticos se denomina un "centro quiral”. Un compuesto, que tiene un centro quiral tiene dos
formas enantidémeras de quiralidad opuesta. Una "mezcla racémica” contiene ambos enantiéme-
ros en una proporcién 1: 1. Sin embargo, en los términos de esta solicitud, se ha empleado mez-
cla racémica cuando han estado presentes ambos enantidmeros sin tener en cuenta sus propor-
ciones. Un compuesto que tiene més de un centro quiral tiene 2 7~/ pares enantiémeros, donde
n es el nimero de centros quirales. Los compuestos con m4s de un centro quiral pueden existir o
como un diastereoisémero individual o como una mezcla de diastereoisémeros, denominada una
"mezcla diastereoisdémera". Cuando estd presente un centro quiral se puede caracterizar un cste-
reoisémero por la configuracién absoluta de ese centro quiral. La configuracién abacluta se re-
fiere al ordenamiento en el espacio de los sustituyentes unidos al centro quiral. Los enantiéme-
ros se caracterizan por la configuracién absoluta de sus centros quirales y se describen por las
reglas de secuencia R- y §- de Cahn, Ingold y Prelog. Las convenciones para la nomenclatura
estereoquimica, los métodos para la determinacién de la estereoquimica y la separacién de este-
reoisémeros son bien conocidos en la técnica (por ejemplo, véase "Advanced Organic Chemis-
try", 4th edition, March, Jerry, John Wiley & Sons, New York, 1992). Se debe entender que el
objetivo de los nombres ¢ ilustraciones usados en esta memoria, para describir los compuestos
de la presente invencién es englobar todos los posibles estereoisémeros. Asi, por ejemplo, [el
objetivo del nombre {1-{1-(3-ciclopropil-[1,2,4]oxadiazol-S-carbonil)-propilcarbamoil]-3,3-
difluoro-hexil}-amida del #écido morfolin4-carboxilico es' incluir la {(S)-1-[(S)-1-(3-
ciclopropil-1,2,4-oxadiazol-5-carbonil)-propilcarbamoil]-3 3-difluoro-hexil} -amida del dcido
morfolin-4-carboxilico y la  {(R)-1{(R)-1{3<ciclopropil-1,2,4-0xadiazol-5-carbonil)-
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propilcarbamoil]-3,3-difluoro-hexil}-amida del &cido morfolin4-carboxilico y cualquier mez-
cla, racémica o de otro tipo, de las mismnas.]

"Derivados N-6xido" significa derivados de compuestos de la presente invencidn en los
cuales los nitrdgenos estin en estado oxidado (esto es, N-O) y que poseen la actividad farmaco-
16gica deseada.

"Farmacéuticamente aceptable” sigunifica aquello que es 1itil para preparar una composi-
cién farmacéutica que en general es segura, no téxica y que no es bioldgicamente ni de ninguna
otra forma indeseable e incluye aquello que es aceptable para uso veterinario asi como para uso
farmacéutico humano.

"Sales farmacéuticamente aceptables " significa las sales de compuestos de la presente
invencién que son farmacéuticamente aceptables, como sc¢ ha definido antes, y que poscen la
actividad farmacoldgica descada. Dichas sales incluyen las sales de adicidn de deido formadas
con #cidos inorgénicos tales como dcido clorhidrico, dcido bromhidrico, dcido sulfiirico, écido
nitrico, écido fosférico, y similares; o con dcidos orginicos tales como dcido acético, dcido pro-
piénico, 4cido hexanoico, dcido heptanoico, dcido ciclopentano-propibnico, dcido glicélico, dci-
do pinivico, dcido ldctico, dcido malénico, &cido succinico, dcido mélico, dcido maleico, dcido
fumirico, écido tartdrico, dcido citrico, dcido benzpico, dcido o-(4-hidroxibenzoil)benzoico,
dcido cindmico, icido mandélico, dcido metilsulfénico, #cido etanosulfénico, #cido
1,2-etanodisulfénico, dcido 2-hidroxietanosulfénico, dcido bencenosulfénico, &cido
p-clorobencenosulfénico, dcido 2-naftalenogulfénico, dcido p-toluenosulfénico, dcido canforsul-
fénico, dcido 4-metilbiciclo[2,2,2]oct-2-en-1-carboxilico, #cido glucoheptdnico, dcido
4 4’-metilenobis(3-hidroxi-2-en-1-carboxilico), écido 3-fenilpropibnico, écido trimetilacético,
écido serc-butilacético, dcido lavrilsulfiirico, &cido glucdmico, dcido glutémico, deido hidroxi-
naftpico, dcido salicilico, dcido estedrico, dcido mucénico y similares.

Las sales farmacéuticamente aceptables incluyen también sales de adicién de base que
se pueden formar cuando los protones écidos presentes son capaces de reaccionar con bases in-
orglnicas u orgfnicas. Las bases inorgénicas aceptables incluyen hidréxido de sodio, carbonato
de sodio, hidréxido de potasio, hidréxido de aluminio ¢ hidréxido de calcio. Las bases orgnicas
aceptables  incluyen etanolamina, dictanolamina, trietanolamina, trometamina,
N-metilglucamina y similares.

"Profiirmaco” significa un compuesto, que es convertible in vivo por medios metabéli-
cos en un compuesto de Ia presente invencién. Por ejemplo un éster de un compuesto de la pre-
sente invencién que contiene un grupo hidroxi puede ser convertible por hidrélisis in vivo en la
moléculs original. Altemativamente un éster de un compuesto de la presente invencién que con-
tiene un grupo carboxi puede ser convertible por hidrélisis /» vivo en la molécnla original. Los
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ésteres adecuados de los compuestos de la presente invencidn que contienen un grupo hidroxi,
son par ejemplo acetatos, citratos, lactatos, tartratos, malonatos, oxalatos, salicilatos, propiona-
tos, succinatos, fumaratos, malestos, metileno-bis-b-hidroxinafioatos, gentisatos, isetionatos,
dip-toluoiltartratos, metilsulfonatos, etanosulfonatos, bencenosulfonatos, p-toluenosulfonstos,
ciclohexilsulfamatos y quinatos. Los ésteres adecuados de los compuestos de la presente inven-
cién que contienen un grupo carboxi son, por ejemplo, los descritos por F.J.Leinweber, Drug
Metab. Res., 1987, 18, page 379, Una clase especialmente wtil de los ésteres de los compuestos
de la presente invencidn que contienen un grupo hidroxi, se puede formar a partir de restos dci-
dos seleccionados de los descritos por Bundgaard et al., J. Med. Chem., 1989, 32, page
2503-2507, ¢ incluyen (aminometil)-benzoatos sustituidos, por ejemplo, dialquilamino-
metilbenzoatos en los que los dos grupos alquilo puede estar unidos entre s{ y/o pueden estar
interrumpidos por un dtomo de oxigeno o por un dtomo de nitrégeno opcionalmente sustituido,
por gjemplo, un dtormo de nitrdgeno aiquilado, mis especiaimente (morfolino-metii)benzoatos,
por ¢jemplo, 3- o 4-({morfolinometil)-benzoatos, y (4-alquilpiperazin-1-il)benzoatos, por ejem-
plo, 3- 0 4-(4-alquilpiperazin-1-il)benzoatos.

*Derivados protegidos” significa derivados de compuestos de la presente invencién en
los que un sitio o sitios reactivos estén bloqueados con grupos protectores. Los derivados prote-
gidos de los compuestos de la presente invencién son ttiles en la preparacién de los compuestos
de la presente invencién o pueden ser por si mismos inhibidores activos de la catepsina S. Una
lista extensa de grupos protectores adecuados se puede encontrar en T.W. Greene, Profecting
Groups in Organic Synthesis, 3rd edition, John Wiley & Sons, Inc., 1999,

"Cantidad terapéuticamente eficaz” significa aquella cantidad que, cuando se administra
a un animal para tratar una enfermedad, es suficiente para efectuar dicho tratamiento de Is en-
fermedad.

"Tratamiento" o “tratar” significa cualquier administracién de un compuesto de la pre-
sente invencién e incluye:

1 prevenir que la enfermedad aparezca en un animal que puede estar predispuesto 2 la
enfermedad pero que todaviz no experimenta ni manifiesta la patologia o sintomatologia de ia
enfermedad,

2) inhibir la enfermedad en un animal que esth experimentando o meanifestando la patolo-
gla o sintomatologia de 1a enfermedad (esto es, detener el futuro desarrollo de la patologfa y/o
sintomatologia), o

(k)] mejorar la enfermedad en un animal que estd experimentando o manifestando la patolo-
gia o sintomatologia de la enfermedad (esto es, invertir la patologia y/o sintomatologis).

q6
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Nomenclatura:

Los compuestos de 1a presente invencién y los intermedios y materiales de partida usa-
dos en su preparacién se nombran de acuerdo con las reglas de nomenclatura de la IUPAC don-
de los grupos caracteristicos tienen prioridad decreciente de mencidn segiin el grupo principal
que se indica a continuacién: dcidos, ésteres, amidas, etc. Como alternativa, los compuestos se
nombran mediante AutoNom 4,0 (Beilstein Information Systems, Inc.). [Por ejemplo, un com-
puesto de la formula (1) en el que R! es morfolin-4-carbonilo, X! es metileno, RS es metilo, R2

X
esHyAes $< , donde R es ctilo, R% es H y X2 es C(O)R6 donde RS es 3-ciclopropil-
R R

1,2 4-oxadiazol-5-ilo; es decir, un compuesto que tiene la siguiente estructura:

Oj\{d; ;07

o W

°

se denomina {(S)-1{(8S)-1-(3-ciclopropil-1,2,4-oxadiazol-5-carbonil)-propilcarbamoil]-3,3-
difluoro-butil }-amida del dcido morfolin-4-carbox(lico

Sin embargo, sc enticnde que, para un compuesto particular del que se indican tanto la
férmuls estructural como un nombre de nomenclatura, si la férmula estructural y el nombre de
nomenclatura son inconsistentes uno con otro, Ia férmula estructural tiene prioridad sobre el
nombre de nomenclatura.

Se seilalan las diferentes propiedades de novedad que caracterizan a la invencidn parti-
cularmente en las reivindicaciones anexas y formando parte de esta descripcién. Para un mejor
entendimiento de la invencidn, de sus ventajas de operacidn, y de los objetivos especificos lo-
grados por su uso, se debe hacer referencia a la siguiente descripcidn en la que se ilustran y des-
criben las realizaciones preferidas de la invencién.

DESCRIPCION DETALLADA DE LAS REALIZACIONES PREFERIDAS
Con referencia a la férmula (I) anterior, los siguientes son grupos particulares:

X! puede representar particularmente metileno.

Q7
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A puede representar particularmente 3(6 donde: R3 es H, aril (Cs-12)-alquilo
R R

(C2.6) o alquilo (C1.6) opcionalmente sustituido con -X60R? [donde X6 es un enlace y RI es

alquilo (C1_g)l; R4 es H 0 alquilo (C1.g); y X2 es CHO, CN o C(O)RS [donde RS es heteroarilo

(Cs.13) opcionalmente sustituido con alquilo (C.g), cicloalquilo (C3.12), arilo (Cg.12) o hete-
5 roarilo (C5.13)]-

A puede representar particularmente también % donde X3 es propileno y
XN
\R11

R11 es -C(O)OR13 0 -S(0);R 13, dande R13 es alquilo o arilo (Cg.12).
Rl puede representar perticularmente R13C(0)- donde RI3 es heterocicloalquilo
(C5-12)-
10 R! puede representar particularmente también R130C(0)- donde R13 es aril (Cg_19)-
alquilo (C}).
R! puede representar particularmente también alquilo (C; 9).
Rl puede representar particularmente también heterocicloalquilo (C5_12)-
R2 puede representar particularmente H,
15 R> puede representar particularmente alquilo (C1.9).
R puede representar particularmente también aril (Cg.12)-alquilo (Cj g)-
Géneros particulares:
Un grupo particular de compuestoe de la invencidén son los compuestos de la férmula

(Ia):

R!
F

F

XCHO

0 Rr*R
(Ia)

R H

L

20
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llqueRI,R3, R4yksson como s¢ han descrito antes en csta memoria, y sus Correspon-
dientes N-dxidos, y sus profirmacos, y sus derivados prategidos, isémeros individuales y mez-
clas de isdmeros de los mismos; y las sales y solvatos (por cjemplo hidratos) farmacéuticamente
aceptables de dichos compuestos de la férmula (In) y sus N-6xidos y sus profiirmacos, y sus de-
rivados protegidos, isémeros individuales y mezclas de isémeros de los mismos.

Los compuestos de Ia formula (12) en los que R! es R13C(0)- y R13 es heterocicloal-
quilo (Cs.12) son ejemplos. Los compuestos de la férmula (Ia) en los que Rl es

o] N—C (0) jemplos particulares
— - son ejemplos particulares.

Los compuestos de la formula (la) en los que R3 es H, aril (Cg._) 2)-alquilo (Cy.6) o al-

quilo (Cyg) son e¢jemplos. Los compuestos de la férmula (Ia) en los que R3 es H,

@—cn,—cu,— 0 CH;CH;-CHz~ son cjemplos particulares.

Los compuestos de la férmula (Ia) en los que R4 es H o metilo son ejemplos.

Los compuestos de la férmula (Ia) en los que R es aril (Cg.12)-alquilo (Cj-¢) son
ejernplos.

Los compuestos de la fémmula (1a) en los que RS representa Q—Cﬂr son

ejemplos particulares.
Un grupo particular de compuestos de la invencién son los compuestos de la férmula

) /N .
(18) en los que: R! es R13C({0)- (especialmente O —C (0) - ); R3 es H, aril (C4.12)-

alquilo (Cjg) (especialmente Q_CH:—CHT ) o alquilo (Cjg) (especialmente

CHCH;-CH;~ ); R* o8 H o metilo y RS es aril (Cg.12)-alquilo (Cy.6) (especialmente

ars

99
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Un grupo particular de compuestos de la invencién son los compuestos de la fSrmula

. / \ .
(Ib) en los que: Rl es R13¢(0)- (especialmente O N—C(0)-) R3 es H, aril (Cs-12)-

alquilo (C1 ) (especialmente @—CH;CH; ) o alquilo (Cj_g) (especialmente CH;-

CHy); R es H o metilo y RS es aril (Cg12)-alquilo (Cj.g) (especialmente

a .

Otro grupo particular de compuestos de la invencidn son los compuestos de la férmula
(Ic):
RI

F
F
R\ njéi\n'
H o R R

(Ic}
en la que R1, R3, R4, R3 y RS son como se han descrito antes en esta memoria, y sus corres-
pondientes N-6xidos, y sus profarmacos, y sus derivados protegidos, isémeros individuales y
mezclas de isdmeros de los mismos; y las sales y solvatos (por ejemplo hidratos) farmacéutica-
mente aceptables de dichos compuestos de la férmula (Ic) y sus N-6xidos y sus profirmacos, y
sus derivados protegidos, isémeros individuales y mezclas de isémeros de los mismos.

Los compuestos de la fdrmula (Ic) en los que R! es R13C(0)- y R13 eg heterocicloal-
quilo (Cs.j2) son ejemplos. Los compuestos de la férmula (Ic) en los que RI es

0 N—C (0) - son ejemplos particulares.

Los compuestos de la formula (Ic) en los que R3 es alquilo (C1.6) opcionalmente susti-
tuido con -XS0OR9 [donde X6 es un enlace y R es alquilo (Cy_g)] son ejemplos. Los compues-
tos de Ia formula (Ic) en los que R3 es CH;—CH~ , CH;CH;-CH~ o CHyO-CHj

son ¢jemplos particulares.

100
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Los compuestos de la férmula (Ic) en los que R4 es H o metilo son ejemplos. Los com-
puestos de la férmula (Ic) en los que R4 cs H son gjemplos.
Los compuestos de la férmula (Ic) en los que R es alquilo (C1.9) o aril (Cg_12)-alquilo

(C1.6) son ejemplos. Los compuestos de la férmula (Ic) en los que RS representa CH3CH2CH2

oCH3 CHa 0CHj 0 Q_CH? son ejemplos particulares. Los compuestos de la fr-

mula (Ic) en los que RS representa @—-CH; son gjemplos particulares.

Los compuestos de la férmula (Ic) en los que RS es heteroarilo (Cs.13), opcionalmente
sustituido con alquilo (C1.g), cicloalquilo (C3.12), arilo (Cg.12) o heteroarilo (Cs.13),
ejemplos. Los ejemplos de grupos heteroarilo (c5.13) opcionalmente sustituidos incluyen ben-
zoxazolilo, oxadiazolilo, isoxazolilo, u oxazolilo, opcionalmente sustituidos. Los compuestos de
la férmula (Ic) en los que RS es benzoxazol-2-ilo, S-terc-butil-[1,2,4]oxadiazol-3-ilo,
3-ciclopropil-1,2 4-oxadiazol-5-ilo, 5-ciclopropil-1,2,4-oxadiazol-2-ilo, S5-ciclopropil-1,3,4-
oxadiazol-2-ilo, 5-etil-1,3,4-oxadiazol-2-ilo, 5-(4-fluoro-fenil)-1,2,4-oxadiazol-3-ilo,
$-isopropil-isoxazol-3-ilo, 5-(5-metil-isoxazol-3-il)-oxazol-2-ilo, 5-(5-metil-tien-2-il}-oxazol-2-
ilo, oxazol-2-ilo, 3-fenil-1,2,4-oxadiazol-5-ilo, 5-fenil-1,2,4-oxadiazol-3-ilo, S-tiofen-2-il-
oxazol-2-ilo, 5-(4-trifluorometoxi-fenil)-1,3,4-oxadiazol-2-ilo y similares, son ejemplos. Los
compuestos de la férmula (Ic) en los que RS es benzoxazol-2-ilo, 3-ciclopropil-1,2,4-oxadiazol-
5-ilo, oxazol-2-ilo, son ejemplos particulares.

Un grupo particular de compuestos de la invencién son los compuestos de la férmula

i /N :
(Ic) en los que: R! es R13C(0)- (especialmente 0 N—C (0) - ); R3 es alquilo C16)
\/
opcionalmente sustituido con -x6oRr? {especialmente CH:T'CH:_ « CHyCH-CH ©
CH;-O—CH; ) R4 es H y RS es alquilo (C1.9) o aril (Cg.12)-alquilo (Cy.6) ( especialmen-
te @—cu,— ); RS es heteroarilo (Cs.13), opcionalmente sustituido con alquilo (Cj.g),

cicloalquilo (C3.12), heterocicloalquilo (Cs.12), arilo (Cg.12) o heteroarilo(Cs_13) (especial-

10|
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mente benzoxazol-2-ilo, 3-ciclopropil-1,2,4-oxadiazol-5-ilo, oxazol-2-ilo y 5-metil-isoxaznl-3-
il)-oxazol-2-ilo).

Otro grupo particular de compuestos de la invencién son los compuestos de la férmula
(Id):

Ri

F
F 0

H

R N

N

o xLy\
\Rﬁ

(1d)

Ia que R1, R3, R1] y X5 son como se han descrito antes en esta memoria, y sus correspon-
dientes N-dxidos, y sus profirmacas, y sus derivados protegidos, isémeros individusles y mez-
clas de isémeros de los mismos; y las sales y solvatos (por ejemplo hidratos) farmacéuticamente
aceptbles de dichos compuestos de la férmula (Id) y sus N-6xidos y sus profiirmacos, y sus de-
rivados protegidos, isémeros individuales y mezclas de isémeros de los mismos.

Los compuestos de la formula (Id) en los que R! es R13C(0)- y R13 es heterocicloal-
quilo (Cs.12) son ejemplos. Los compuestos de la férmula (Id) en los que Rl es

0 N—C (0) - son ejemplos particulares.
Los compuestos de la férmula (Id) en los que R3 es aril (Cg.12)-alquilo (Cj.g) son

cjemplos. Los compuestos de la frmula (Id) en los que R representa Q—Cﬂr son

ejemplos particulares.
Los compuestos de la férmula (Id) en los que R11 es -C(OYOR13 o -S(0);R13, donde

R13 es alquilo o arilo (Cg_12) son cjemplos. Los compuestos de la férmula (Id) en los que R11

representa -C(O)OC(CH3)3 0 -S (0) ,—Q son ejemplos particulares.

Los compuestos de la férmula (Id) en los que X! es propileno son ejemplos.
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Un grupo particular de compuestos de la invencién son los compuestos de la férmula

. / \ 5 -
(1d) en los que: R! es R13C(0)- (especialmente O N—C(0) - %; RS es aril (C4.12)
\_/
alquilo (Cj.g) (especialmente Q—CH; )%; Rll es -C(O)ORI3 [especialmen-

te-C(OYOC(CH3)3) © -S(O)3R13 (especialmente -s (0) ,—@ ) ¥ X! es propileno

son ejemplos.

Los compuestos particulares de la presente invencidn incluyen:
{(S)-1{(S)-1-(3~ciclopropil-1,2 4-oxadiazol-5-carbonil)-propilcarbamoil]-3,3-difluoro-hexil } -
amida del écido morfolin-4-carboxilico;
{(8)-1-[(S)-1<(5-ciclopropil-1,3,4-0xadiazol-2-carbonil)-propilcarbamoil]-3,3-difluoro-hexil } -
amida del dcido morfolin-4-carboxilico;
((8)-3,3-difluoro-1-{(8)-1-[5-(4-trifluorometoxi-fenil)-1,3,4-oxadiazol-2-carbonil]-propilcarba-
moil}-hexil)-amida del dcido morfolin-4-carboxilico;

{(S)-1{(S)-1-(3-ciclopropil-1,2 4-oxadiazol-5-carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil -
butil} -amida del dcido morfolin-4-carboxilico;
{1-[1-(3-ciclopropil-[1,2,4]oxadiazol-5-carbonil)-propilcarbamoil]-3,3-difluoro-5-metil-hexil } -
amida del écido morfolin-4-carboxilico;

{(S)-1-[(S)-1(3-ciclopropil-1,2 4-oxadiazol-5-carbonil)-propilcarbamoil]-3 3 -difluoro-butil} -
amida del acido morfolin-4-carboxilico;
{(8)-3,3difluoro-1-{(S)-1«(3-fenil-1,2,4-oxadiazol-5-carbonil)-propilcarbamoil]-butil} -amida
del &cido morfolin-4-carbox{lico;

{(S)-3,3-difluoro-1-[(S)-1-(5-fenil- 1,2 4-oxadiazol-3-carbonil)-propilcarbamoil]-butil } -amida
del dcido morfolin-4-carboxilico;

{1-[1{5-ciclopropil-[ 1,3,4]oxadiazol-2-carbonil)-propilcarbameil]-3,3-diflucro-4-fenil-butil } -
amida del icido morfolin-4-carboxilico;
{3,3-difluoro-1-[1(5-isopropil-isoxazol-3-carbonil)-propilcarbamoil]-hexil} -amida del 4cido
morfolin-4-carboxilico;
((S)-3,3-difluoro-1-{1-[5(5-metil-isoxazol-3-il)-oxazol-2-carbonil]-propilcarbamoil } -hexil)-
amida del écido morfolin-4-carbox{lico;
{(S)-3,3-difluoro-1-[(8S)-1<{oxazol-2-carbonil)-propilcarbamoil]-4-fenil-butil} -amids del décido
morfolin-4-carboxilico;
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{(S)-3,3-difluoro-4-fenil-1-[(S)-1(5-tiofen-2-il-oxazol-2-carbonil)-propilcarbameil]-butil } -
amida del dcido morfolin-4-carboxilico;
{(S)-1{(S)-1«(benzoxazol-2-carbonil)-butilcarbamoil]-3,3-difluoro-4-fenil-butil } -amida del
dcido morfolin-4-carboxflico;

" [12-benzoxazol-2-il-1-metoximetil-2-oxo-etilcarbamoil)-3,3-difluoro-4-fenil-butil]-amida del

acido morfolin-4-carbox{lico;
{(S)-14(S)-1<(benzoxazol-2-carbonil)- 1 -metil-butilcarbamoil]-3,3-difluoro-4-fenil-butil } -amida
del &cido morfolin-4-carboxflico;
[(8)-1«(S)-1-ciano-3-fenil-propilcarbamoil)-3,3-difluoro-4-fenil-butil]-amida del dcido morfo-
lin-4-carboxilico;

[(S)-1{(cianometil-carbamoil}-3,3-difluoro-4-fenil-butil]-amida del dcido  morfolin-4-
carboxilico;

[(S)-3 3difluoro-1(S)-1-formil-1-metil-butilcarbamoil)-4-fenil-butil]-amida del écido morfo-
lin-4-carboxflico;

{(S)-1-[1-{5-etil-[ 1,3 ,4]oxadiazol-2-carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil-butil } -
amida del dcido morfolin-4-carboxilico;
{(S)-1-{15-terc-butil-[ 1,2 4]oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil -
butil}-amida del &cido morfolin-4-carboxilico;

{(S)-3,3-difluoro-4-fenil-1-[(S)-1-(5-fenil-[ 1,2 4]Joxadiazol-3-il)-propilcarbamoil]-butil } -amida
del écido morfolin-4-carboxilico;

éster bencilico del dcido [(S)-1-(cianometil-carbamoil)-3,3-difluoro-4-fenil-butil]-carbémico;
cianometil-amida del &cido (S)-4,4-difluoro-5-fenil-2(tetrahidro-piran-4-ilamino)-pentanoico;
cisnometil-amida del icido (S)-4 4-difluoro-2-isobutilamino-5-fenil-pentanoico;
[(S)-14(S)-1-bencenosulfonil-3-oxo-azepan-4-ilcarbamoil)}-3,3-difluoro-4-fenil-butil]-amida del
écido morfolin-4-carboxilico;

éster terc-butilico del dcido (S)4-{(S)4,4-difluoro-2-[(morfolin-4-cerbonil)-amino]-5-fenil-
pentanoilamino}-3-0xo0-azepan-1-carboxilico;

((S)-1-{(8)-1{(5-etil-1,3 4-oxadiazol-2-il}-hidroxi-metil]-propilcarbamoil} -3,3-difluoro-hexil}-
amida del dcido morfolin-4-carboxilico;
{(S)-1-[1{5-ciclopropil-1,3,4-oxadiazol-2-carbonil)-propilcarbamoil] -3,3-difluoro-butil } -amida
del écido morfolin4-carboxilico;

{(S)-1{1-(5-ciclopropil-1,2 4-oxadiazol-3-carbonil}-propilcarbamoil] -3,3-difluoro-hexil } -amida
del cido morfolin-4-carboxilico;

((S)-3,3-diftuoro-1-{(S)-1-[ 5{4-fluoro-fenil)-] ,2,4-oxadiazol-3-carbonil]-propilcarbamoil } -
butil)-amida del cido morfolin-4-carboxlico;

[og
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((S)-3,3-difluoro-1-{ 1-[5-(4-fluoro-fenil)-1,2 4-oxadiazol-3-carbonil]-propilcarbamoil } -butil)-
amida del dcido morfolin-4-carboxilico;

((S)-3,3-difluoro-1-{(R)-1-[5-(4-fluoro-fenil)-1,2 4-oxadiazol-3-carbonil]-propilcarbamail } -
butil)-amida de! dcido morfolin-4-carboxflico;
{(8)-1-[(S)-1-{benzoxazol-2-carbonil)}-propilcarbamoil]-3,3-difluoro-butil}-amida del 4cido
morfolin-4-carboxflico;

[(S)-1-{cianometil-carbamoil)-3,3-difluoro-hexil]-amida del 4cido morfolin-4-carboxilico;
((S)-3,3-difluoro-1-{(R)-1-[5-(5-metil-tiofen-2-il)}-oxazo}-2-carbonil]-propilcarbamoil } -hexil)-
amida del écido morfolin-4-carboxilico;
((S)-3,3-difluoro-1-{(S)-1-[5-(5-metil-tiofen-2-il)-oxazol-2-carbonil]-propilcarbamoil } -hexil)-
amida del &cido morfolin-4-carboxilico;

y sus correspondientes N-dxidos, y sus proférmacos, y sus derivados protegidos, isémeros indi-
viduales y mezcias de isdmeros de los mismos; y las sales y soivatos (por ejemplo hidratos)
farmacéuticamente aceptables de dichos compuestos de la férmula (Ia) y sus N-6xidos y sus
profiirmacos, y sus derivados protegidos, isdmeros individuales y mezclas de isdmeros de los
mismos.

Farmacologla y servicio piiblico:

Los compuestos de la invencién son inhibidores de la catepsina S y, como tales, son (ti-
les para tratar enfermedades en las que la actividad de Ia catepsina S contribuye a la patologia
y/o sintomatologia de la enfermedad. Por ejemplo, los compuestos de la invencién pueden ser
(itiles para tratar trastornos autoinmunes, incluyendo, pero sin limitarse a ellos, diabetes de apa-
ricién juvenil, esclerosis miltiple, pénfigo vulgar, enfermedad de Graves, miastenia grave, lupus
eritematoso sistémico, enfermedad del intestino irritable, artritis reumatoide y tiroiditis de Has-
himoto, trastornos alérgicos incluyendo pevo sin limitarse a ellos, asma, y respucstas inrmmes
alogénicas, incluyendo, pero sin limitarse a ellos, transplantes de érganos o injertos de tejidos.

La catepsina S estd implicada también en trastomos que incluyen elastolisis excesiva,
tales como la enfermedad pulmonar obstructiva crénica (por ejemplo, enfisema), bronquiolitis,
elastolisis excesiva de las vias respiratorias en ¢l asma y bronquitis, neumonias y enfermedad
cardiovascular tal como ruptura de placas y ateroma. La catepsina S estd implicada en la forma-
cién fibrilar y, por tanto, los inhibidores de la catepsina S se pueden utilizar en el tratamiento de
la amiloidosis sistémica.

Las actividades inhibidoras de la cisteina-proteasa de los compuestos de la invencién se
puede determinar por métodos conocidos por 1ss personas de experiencia normal en la téenica.
Se conocen ensayos adecuados /n vitro pam medir 1a actividad de la proteasa y Ia inhibicién de
Ia misma por los compuestos de ensayo. Tipicamente, ¢l ensayo mide I hidrdligis inducida por
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In proteasa de un sustrato con base peptidics. Detalles de ensayos para medir I actividad inhibi-
dora de la proteasa se dan en los ejemplos 11, 32, 33, 34, infra.

Los compuestos de la invencién son tambiéa inhibidores de las catepsinas Ky B y, co-
mo tales, son dtiles para tratar enfermedades en las que la actividad de las catepsinas K y B con-
tribuye a la patologia y/o sintomatologia de la enfermedad. Por ¢jemplo, los compuestos de la
invencién pueden ser dtiles para tratar el dolor, la osteoartritis, la osteoporosis o el cincer tal
como céncer de pulmdn, leucemia (células B- y T-, aguda), céncer de ovario, sarcomas, sarcoma
de kaposi, cincer de intestino, cdncer de nédulos linfiiticos, fumor cerebral, céncer de mama,
céncer de péncreas, cincer de prdstata o cincer de piel.

Administracién y composiciones farmacéuticas:

En general, los compuestos de 1a presente invencién serin administrados en cantidades
terapéuticamente eficaces por cualquiera de los modos usuales y aceptables conocidos en la téc-
nica, ya sea solos 0 en combinacién con uno o m#s agentes terapéuticos. Una cantidad terapéu-
ticamente eficaz puede variar ampliamente dependiendo de la gravedad de la enfermedad, Ia
edad y salud relativa del sujeto, la potencia del compuesto usado y otros factores. Por e¢jemplo,
las cantidades terapéuticamente eficaces de un compuesto de la invencién pueden variar desde
aproximadamente 1 microgramo por kilogramo de peso corporal (pg/kg) al dia hasta aproxima-
damente 60 miligramos por kilogramo de peso corporal (mg/kg) al dia, tpicamente desde
aproximademente 1 pp/kg/dia hasta aproximadamente 20 mg/kg/dia. Por tanto, una cantidad
terapéuticamente eficaz para un paciente humano de 80 kg puede variar desde aproximadamente
80 pg /dia hasta sproximadamente 4,8 g/dia, tipicamente de aproximadamente 80 pg /dia a
sproximadamente 1,6 g/dia. En general, un experto normal en la técnica, actuando segin sus
conocimientos personales y la descripcidn de esta solicitud, serd capaz de encontrar una canti-
dad terapéuticamente cficaz de un compuesto de 1s invencién pars trater una enfermedad dada.

Los compuestos de 1a invencién se pueden administrar como composiciones farmacéu-
ticas por una de las siguientes vias: oral, sistémica (por ejemplo, transdérmica, intranasal o por
gupositorios ) o parenteral (por ejemplo, intramuscular, intravenosa o subcutinea). Las compo-
siciones pueden tener la formna de comprimidos, pildoras, cipsulas, semisélidos, polvos, formu-
laciones de liberacidn sostenida, soluciones, suspensiones, elixires, aerosoles, o cualquier otra
composicién apropiada y comprenden, en general, un compuesto de la invencién en combina-
cién con al menos un excipiente farmacéuticamente aceptable. Los excipientes aceptables son
no tdxicos, ayudan a la administracién, y no afectan de modo adverso al beneficio terapéutico
del ingrediente activo. Dichos excipientes pueden ser sélidos, liquidos, semisélidos o, cn ¢l caso
de una composicién en aerosol, un excipiente gascoso que generalmente estd disponible para un
experto en la técnica.
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Los excipientes farmacéuticos sélidos incluyen almidén, celulosa, talco, glucosa, lacto-
sa, sacarosa, gelatina, malta, arroz, harina, crets, gel de sflice, estearato de magnesio, estesrato
de sodio, monoestearato de glicerol, cloruro de sodio, leche desnatada seca, y similares. Los
excipientes liquidos y semisélidos se pueden seleccionar de agua, etanol, glicerol, propilenglicol
y diferentes aceites, incluyendo los de petrdleo, animales, vegetales o de origen sintético (por
ejemplo, aceite de cacahuete, aceite de soja, aceite mineral, aceite de sésamo, y similares). Los
vehiculos liquidos preferidos, particularmente para soluciones inyectables, inchiyen agua, solu-
cién salina, dextrosa acuosa y glicoles.

La cantidad de un compuesto de la invencién en la composicién puede variar amplis-
mente dependiendo del tipo de formulacién, tamaiio de la unidad de dosis, tipo de excipientes y
otros factores conocidos por los expertos en la técnica de las ciencias farmacéuticas. En general,
una composicién de un compuesto de la invencién para tratar una enfermedad dada comprende-
ré de 0,01 % en peso a 10 % en peso, preferiblemente de 0,3 % en peso a 1 % en peso, de ingre-
diente activo siendo el resto el excipiente o excipientes. Preferiblemente la compasicién farma-
céutica se administra en una forma farmacéutica de dosis unitaria para tratamiento continuo o en
una forma farmacéutica de dosis unitaria ad Xibitum cuando se requiere especificamente el alivio
de los sintomas. En el ejemplo 35 se describen formulaciones farmacéuticas representativas que
contienen un compuesto de la invencién.

Quimica:
Procedimientos para preparar los compuestos de la invencion:

Los compuestos de la invencién se pueden preparar mediante Ia aplicacién o adaptacién
de métodos conocidos, y esto significa los métodos utilizados hasta la fecha o descritos en la
bibliografia, por ejemplo, los descritos por R.C. Larock en Comprehensive Organic Transforma-
tions, VCH publishers, 1989,

En las reacciones descritas més adelantc pucde ser necesario proteger los grupos fun-
cionales reactivos, por ejemplo grupos hidroxi, amino, imino, tio o carboxi, cuando se desea que
estén en el producto final, para evitar su participacién indeseada en las reacciones. Los grupos
protectores convencionales se pueden usar segin la prictica esténdar, para ¢jemplos véase T.W.
Greene and P. G. M. Wuts en "Protective Groups in Organic Chemistry" John Wiley and Sons,
1991,

Los compuestos de la invencién se pueden preparar procediendo segin el Esquema de
reaccién 1:

Esquema de reaccién 1

lo?
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en el cual cada X1, R1, R3, R4, RS, y RS son como se han definido en el Sumario de la inven-
cion. Asi, en 1a etapa 1, se puede condensar un dcido con un compuesto amino de la fSrmula
para dar una B-hidroxi-amida. La reaccién de condensacién se puede efectuar con un agente de
acoplamiento  apropiado  (por  ejemplo, hexafluorofosfato de  benzotria-
zol-1-iloxitrispirrolidinofosfonio (pyBOP®), hidrocloruro de  1-(3-dimetilaminopropil)-
3-etilcarbodiimida (EDCI), hexafluorofosfato de O-benzotriazol-1-il-N,NN'N-tetrametiluronio
(HBTU), 13-diciclohexilcarbodiimida (DCC), o similares) y opcionalmente un catalizador
apropiado (por ejemplo, 1-hidroxibenzotriazol (HOBt), 1-hidroxi-7-azabenzotriazol (HOAL),
hexafluorofosfato de O<(7-azabenzotrizol-1-il)-1,1,3,3-tetrametiluronio (HATU), o similares) y
una base no nucleéfila (por ejemplo, trietilamina, N-metilmorfolina, y similares, o cualquier
combinacién adecuada de las mismas) a temperatura ambiente y requiere de 2 a 10 horas para
completarse. La B-hidroxi-amida se puede oxidar entonces, en la ctapa 2, para dar un compuesto
de la férmula (Ic). La reaccidn de oxidacién se puede llevar a cabo convenientemente utilizando

oz
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peryodinano de Dess-Martin en un disolvente inerte, tal como diclorometano, y a una tempera-
turs de aproximadamente 0 °C a aproximadamente temperatura ambiente.

Alternativamente los compuestos de esta invencién se pueden preparar procediendo se-
gin el Esquema de reaccién 2:

ps\ujz‘;n‘“ ﬂ;)g\a.___""‘_.. pe\uj\orrkllgg\.

Etapa 2

1j.4 OH Etapa 3 x‘k H

e T
lmm

en el cual cada X1, R1, R3, R4, RS, y RS son como se han definido en ¢l Sumario de la inven-
cién y PG es un grupo protector adecuado. Asi, en la etapa 1, se puede condensar un écido con
un compuesto amino de la fdrmula para dar una p-hidroxi-amida. La separacién del grupo pro-
tector (ctapa 2) seguida por la introduccién del grupo R! (etapa 3) y oxidacién (ctapa 4) dard un
compuesto de la fédrmula (Ic).

- Ejemplos:

(oq
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La presente invencién es aclarada adicionalmente, pero no limitada, por los siguientes
ejemplos que ilustran la preparacién de los compuestos de la frmula (T) (Ejemplos) ¢ interme-
dios (Referencias) segim la invencién.

Los espectros de 11 resonsncia magnética nuclesr (NMR) se registraron en equipos Varian
Mercury-300 o Unity-400 o UnityPlus-500 o Inova-500. En los espectros de resonancia magné-
tica nuclear (NMR) los desplazamientos quimicos (5) se expresan en ppm en relacién con te-
trametilsilano, Las abreviaturas tienen los siguientes significados: s = singlete; d = doblete; t =
triplete; m = multiplete; q = cuadruplete; dd = doblete de dobletes; ddd = doblete de dobles do-
bletes.

La cromatografia de liquidos de alta presién (HPLC) se realizd en columna Kromasil 10 micras,
100A Silica, 4,6 mm ID x 250 mm utilizando una mezcla de heptano/THF/1,2-dicloroetano
como fase mévil.

Los espectros de masas se realizaron en Agilent 1100 series 0 MICROMASS LCT-TOF MS.
Los valores Ry de la cromatografia en capa fina (TLC) se determinaron utilizando placas de

silice de Merck.

Abrevistures

CBZ- Benciloxi-carbonilo

DAST- Trifluoruro de (dietilamino)azufre

DCM- Diclorometano

DMF- Dimetilformamida

DMSO - Dimetilsulféxido

DTT - Ditiotreitol

EDCI - Hidrocloruro de N-{3-dimetilaminopropil)-N¢-etilcarbodiimida
EDTA - Acido etilendiaminotetraacético

EtOAc - Acetato de etilo

HOBT - Hidrato de 1-hidroxibenzotriazol

MecOH - Metanol

MES - Acido 2-morfolinoetanosulfénico

pyBOP - Hexafluorofosfato de (benzotriazol-1-iloxi)tripirrolidinofosfonio
THF - Tetrahidrofurano

REFERENCIA 1

Eﬂﬂ' Jl."i' Rl i

/o
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X Lo
o\
Q
SRR
A una suspensgién de bromuro de cobre (T) (4,26 mmol, 611,1 mg) en 3 ml de THF seco
bajo N7 se afiadié una solucién de bromuro de litio (8,52 mmwol, 740 mg) en 5 ml de THF seco.

Se agitt la mezcla a temperatura ambiente durante 20 min, y después se enfié a —78 °C. Se afia-
dié una solucién de cloruro de bencilmagnesio (al 20 % en peso en THF, 4,26 mmol, 3,25 ml)
seguido por una solucién de éster metilico del dcido (S)-2-benciloxicarbonilamino-3-
clorocarbonil-propidnico [Ref: Synth. Comm 1993, 23(18), 2511-2526] (3,59 mmol) en 7 ml de
THF seco. Se agit6 la mezcla a —78 °C durante 30 min y después se sofoct con NH4Cl saturado
(50 ml). Se extrajo la mezcla dos veces con acetato de etilo (30 ml). Las capas orginicas se se-
caron sobre sulfato de magnesio y después se concentraron en vacio. Se purificé el residuo so-
bre 35 g de gel de silice, eluyendo con EtOAc:heptano (1:1) para obtener el éster metflico del
fcido (8)-2-benciloxicarbonil-amino-4-0x0-5-fenil-pentanoico (1,07 g, 84 %).

IH NMR (CDCl3): 8 74-7,17 (m, 10H), 5,73 (d, J = 8,2 Hz, 1H), 5,11 (s, 2H), 4,57 (m, 1H),
3,7 (2xs, 5H), 3,24 (dd, ] = 18,5, 4,4 Hz, 1H), 3,0 (dd, ] = 18,2, 4,1 Hz, 1H); LC/MS: 100 %
378 (M+Na).

REFERENCIA 2

Procediendo de manera similar al Ejemplo de Referencia 1 anterior pero utilizando clo-
ruro de propilmagnesio en lugar de cloruro de bencilmagnesio se preparé cl éster metilico del
dci 2-benciloxicarbonilpmi h ico.
1H NMR (CDCl3): 8 7,35 (m, 5H), 5,78 (d, J = 8,5 Hz, 1H), 5,13 (s, 2H), 4,58 (m, 1H), 3,75 (s,
3H), 3,2 (dd, ] = 18,3, 4,2 Hz, 1H), 2,96 (dd, J = 18,3, 4,1 Hz, TH), 2,4 (m, 2H), 1,6 (m, 2H),
0,92 (t, ] = 7.4 Hz, 3H); LC/MS: 330 (M+Na).

REFERENCIA 3
i 1 ficido (S)-2-benciloxi nilami ifl S-fenil-pentanoico :

/]
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Se agitd a temperatura ambiente durante 3 dias una mezcla de éster metllico del 4cido 2-
benciloxicarbonilamino-4-oxo-5-fenil-pentanoico (3,310 g, 9,31 mmol) y DAST (7 ml). Se di-
luyé 1a mezcla con diclorometano (100 ml) y se afiadié cuidadosamente una solucién 0,5 N de
NaOH (150 ml). Se extrajo la caps acuosa con diclorometano (50 ml). Se secaron las capas or-
ghnicas sobre sulfato de magnesio y después se concentraron en vacio. Se purificd el residuo
sobre 110 g de gel de sflice, eluyendo con EtOAc:heptano (1:4 después 1:3) para obtener el &5~
ter_metili i -2 iloxi nilamino-4.4-dj -fenil-pentanoico (1,797 g,
51,1 %).
1H NMR (CDCly) & 7,3 (m, 10H), 5,43 (d, ] = 7,6 Hz, 1H), 5,14 (s, 2H), 4,65 (m, 1H), 3,74 (s,
3H), 3,2 (¢, ] = 16,5 Hz, 2H), 2,4 (m, 2H), LC/MS: 97 % 400 (M+Na).

REFERENCIA 4
Hidrocloruro de

Una solucién de éster metilico del acido (S)-2-benciloxicarbonilamino-4,4-difluoro-5-
fenil-pentanoico (7,806 g, 20,68 mmol) en 120 ml de metanol y HCl 4 M en dioxano (41,4
mmol, 10,3 ml) se hidrogend sobre Pd al 10 % /C (1,0 g) a 344,8 kPa. Después de 8 h, se adadi6
otra porcidn de Pd al 10 %/C (1,0 g). Después de 24 h, se separd ¢l catalizador por filiracién
sobre un lecho de Celita, y se concentrd el filtrado en vacio. El sélido amarillo claro resultante
se disolvié en una cantidad minima de metanol y se afladié lentamente a éter (150 mi). Se dejé
envejecer la suspensidn resultante durante 30 min y después se filird. Se secd el sélido blanco
con succién para obtener el hidroclonwro de] éster metflico del dcido (S)-2-ami ifluoro-§-
fenil-pentanoico (4,950 g, 85,5 %).

TH NMR (DMSO-Dg): & 8,6 (b, 3H), 7,3 (m, 5H), 4,26 (t, J = 6 Hz, 1H), 3,73 (s, 3H),3,3 (, ] =
17,5 Hz, 2H), 2,55 (m, 2H);  LC/MS: 100 % 244 (M+1).

REFERENCIA 5

Ester metili

[/
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A una mezcla de hidrocloruro del éster metilico del dcido (S)-2-amino-4,4-difluoro-5-
fenil-pentanoico (2,50 g, 8,94 mmol) y diisopropil-amina (22,3 mmol, 2,89 g) en diclorometano
seco (40 ml) bajo N; se aftadié pota a gota cloruro de morfolin-carboniloe (13,4 mmol, 2,0 g). Se
agitd la mezcla a temperatura ambiente durante 15 horas, y después se diluyé con agua (50 ml).
Se extrujo la cepa acuosa con diclorometano (30 ml). Las capas orgénicas se secaron sobre sul-
fato de magnesio y después se concentraron en vacio. Por purificacién sobre 110 g de gel de
silice, eluyendo con EtOAc:heptano (1:1, después 2:1) se obtuvo el éster metilico del dcido (S)-
4.4-diflyoro-2-[(morfolin-4-carbonil)-amino]-5-fenil-pentancico (2,82 g, 88,5 %). !H NMR
(CDCl3): 8 7,3 (m, 5H), 5,16 (d, ] = 7,5 Hz, 1H), 4,75 (dd, ] = 13, 6 Hz, 1H), 3,73 (s, 3H), 3,7
(m, 4H), 3,4 (m, 4H), 3,2 (t, ) = 16,7 Hz, 2H), 2,4 (m, 2H). LC/MS: 100 % 357 (M+1).
REFERENCIA 6
Acido (8)-4.4-diflupro-2-{(morfolin-4-carbonil)-amino]-5-fenil-pentangico :

0
{4
N
[+)

A una solucién de éster metilico del 4cido (S)-4,4-difluoro-2-[(morfolin-4-carbonil)-
amino]-5-fenil-pentanoico (2,81 g, 7,88 mmol) en MeOH:H70 (2:1 vol, 40 ml) se ailadié LiOH
monohidrato (662 mg, 15,76 mmol). Se agité la mezcla a temperatura ambiente durante 2,5 h, y
después se diluyd con agua (30 ml). Se separd el metanol en vacio. Se ajustd el pH a pH 1 con
HC1 6 N y se extrajo la capa acuosa con diclorometano (2x30 ml). Las capas orginicas se seca-
ron sobre sulfato de magnesio y se concentraron en vacio para obtener el fcido (8)-4 4-difluoro-
2-[(morfolin-4-carbonil}-amino]-5-fenil-pentanoico (2,509 8, 93 %).
14 NMR (CDCl3): 8 8,2 (b, 1H), 7,3 (m, 5H), 5,3 (m, 1H), 4,6 (m, 1H), 3,65 (m, 4H), 3.4 (m,
4H), 3,2 (t, I = 16,5 Hz, 2H), 2,4 (m, 2H); LC/MS: 94 % 343 (MH")

F

F
OH
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A una solucién enfriada a —78 °C de diisopropil-amina (3,53 g, 34,88 mmol) en THF

seco (20 ml) bajo N, se afiadié gota a gota una solucién de a-butil-litio (2,5 M en hexano, 34,88
mmol, 13,95 ml). Se agit6 la mezcla a —78 °C durante 30 min, después s¢ afiadié una solucién
de éster rerc-butilico del dcido 3-metil-butirico (34,88 mmol, 5,52 g) en THF (40 ml). Se agitd
1a mezcla & —78 °C durante 30 min, despuds se afiadié gota a gota una solucidn de éster metilico
del écido (S)-2-benciloxicarbonilamino-3-clorocarbenil-propiénico (Ref: Synth. Comm 1993,
23(18), 2511-2526) (16,6 mmol) en 30 ml de THF seco. Después de agitar durante otras 2 h a -
78 °C, se sofocé la reaccién con 50 ml de HCI 1 N y se calentd a temperatura ambiente. Se ajus-
16 el pH a pH 3 con NaOH | N y se separé ¢l THF en vacio. Se extrajo la capa orginica con
EtOAc (2x60 ml). Las capas orgénicas sc¢ secaron sobre sulfato de magnesio y después se con-
centraron en vacfo. Se purificé el residuo sobre 90 g de gel de silice, se eluyd con
EtOAc:heptano (1:3 después 1:2) y se obtuvo el éster 1-terc-butllico-éster 6-metilico de] dcido
(S)-5-benciloxicarbonilamino-2-isopropil-3-oxo-hexanodioico (2,417 g, 34,5 %).

1H NMR (CDCl3): 5 74 (m, 5H), 5,73 (d, ] = 8,4 Hz, 1H), 5,12 (s, 2H), 4,6 (m, 1H), 3,74 (s,
3H), 3,39-3,06 (m, 3H), 2,4 (m, 1H), 1,45 (2s, 9H), 0,98 (d, J = 6,6 Hz, 3H), 0,88 (d, J = 6,7 Hz,
3H);

LC/MS: 100 % 422 (M+1).
REFERENCIA 8

A una solucién de éster 1-metilico del 4cido N-CBZ- L-aspértico (1,00 g, 3,55 mmol)
en tetrghidrofurano seco (17 ml) se afiadié carbonil-diimidazol (634,1 mg, 3,91 mmol). Se agit6
la mezcla a temperatura ambiente durante 6 h, después se afladié la sal de magnesio de mono-
terc-butil-malonato (1,339 g, 3,91 mmol) (preparada segiin Angew. Chem. Int. Ed. Engl. 1979,

1y
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18(1), 72-74). Se agit6 la mezcla a temperatura ambiente durante otras 20 h y después se con-
centr$ en vaclo. El residuo se sometié a reparto entre éter (60 ml) y HC1 0,5 N (60 ml). La capa
orgdinica se lavé con solucién saturada de NaHCO, (50 ml) después se secd sobre sulfato de
magnesio y se concentrd en vacio. Se purificd el residuo sobre 35 g de gel de silice, se eluyd
con EtOAc:heptano (1:1) para obtener el éster 6-terc-butilic r_1-metilico del
benciloxicarbonilamino-4-oxo-hexanodiojcg (1,17 g, 87 %).

1H NMR (CDCl3): & 7.4 (m, 5H), 5,73 (d, ] = 8,3 Hz, 1H), 5,1 (s, 2H), 4,6 (m, 1H), 3,75 (s,
3H), 3,37 (s, 2H), 3,32 (dd, T = 18,7, 4,3 Hz, 1H), 3,13 (dd, J = 18,5, 4,1 Hz, 1H), 1,47 (s, 9H);
LC/MS: 93 % 402 (M+Na).

Una solucidn de éster 1-terc-butflico-éster 6-metilico del édcido 5-
benciloxicarbonilamino-2-isopropil-3-oxo-hexanodioico (1,06 g, 2,51 mmol) y dcido p-
toluenosulfénico monohidrato (35,8 mg, 0,19 mmol) en tolueno (20 ml) se calentd a reflujo bajo
N; durante 6,5 h. Se enfri6 la mezcla a temperatura ambiente, y se concentrd en vacfo. Se purifi-
¢0 el residuo sobre 35 g de gel de silice, se eluyé con EtOAc:heptano (1:4) para obtener el éster

1 &cido (S)-2-bengiloxi ilamino-6-meti . ico (727 mg, 90%). 1H
NMR (CDCly): § 7.4 (m, 5H), 5,78 (d, ] = 9,1 Hz, 1H), 5,13 (s, 2H), 4,6 (m, 1H), 3,74 (s, 3H),
3.2 (dd, J = 183, 4,4 Hz, 1H), 2,95 (dd, J = 18,2, 4,0 Hz, 1H), 2,3 (m, 2H), 2,1 (m, 1H), 0,92 (d,
J=6,7 Hz, 6H); LC/MS: 77 % 322 (MH").
REFERENCIA 10

Procediendo de manera similar al Ejemplo de Referencia 9 anterior pero utilizando &ster
6-terc-butilico-éster 1-metilico del dcido 2-benciloxicarbonilamino-4-oxo-hexanodioico sc pre-
pard el éster metilico del dcido (S)-2-benciloxicarbonilamino-4-oxo-pentanoi

I1s



10

15

20

-33-

IH NMR (CDCl3): § 7,4 (m, SH), 5,76 (d, ] = 8,1 Hz, 1H), 5,14 (s, 2H), 4,57 (m, 1H), 3,75 (s,
3H), 3.23(dd, J=18,4,4,3 Hz, 1H), 3,0 (dd, J= 18,4, 4,3 Hz, 1H), 2,18 (s, 3H); LC/MS: >85
% 280 (MH").
Método alternativo

A una suspensién enfriada a 0°C de yoduro de cobre (I) en éter (20 ml) bajo N; se afia-
dié lentamente metil-litio (solucién 1,6 M en éter, 21,3 mmol, 13,3 ml). Se agit6 la mezcla a 0
°C durante 10 min y después se enfrié a ~78 °C. Se afladi6é gota a gota una solucién de 3,55
mmol de éster metilico del dcido (S)-2-benciloxicarbonilamino-3-clorocarbonil-propiénico
(Ref: Synth. Comm 1993, 23(18), 2511-2526) en 12 ml de THF seco. Sc agitd la mezcla a -78
°C durante 30 min y después se sofocé afiadiendo metanol (2 ml). Se verti6 la mezcla sobre
NH,CI saturado (80 ml) y se extrajo con éter (2x40 ml). Las capas orginicas se secaron sobre
sulfato de magnesio y se concentraron en vacio. Se purificd el residuo sobre 35 g de gel de afli-
ce, s¢ eluyd con EtOAc:heptano (1:1) para obtener ¢l éster metilico del dcido (§)-2-
benciloxicarbonilamino-4-oxo-pentanoico (261 mg, 26 %).

Se agitd a 35 °C durante 47 h una mezcla de éster metllico del dcido (S)-2-
benciloxicarbonilamino-6-metil-4-oxo-heptanoico (915 mg, 2,85 mmol) y DAST (3 ml, XS). Se
diluy6 la mezcla con diclorometano (50 ml) y se aftadié cuidadosamente a una solucién saturada
de NaHCO, (150 ml). Se extrajo la capa acuosa con diclorometano (30 mi). Las capas orgénicas
se secaron sobre sulfato de magnesio y se concentraron en vacio. Se purificd el residuo sobre 35
g de gel de silice, eluyendo con EtOAc:heptano (1:4) para obtener gl éster metilico del écidg

S)-2-bencijloxi ilamino-4.4-difl metil-he ico (156 mg, 16 %).

1H NMR (CDCl3): & 7,4 (m, 5H), 5,48 (d, J = 7.9 Hz, 1H), 5,15 (s, 2H), 4,61 (g, ] = 59 Hz,
1H), 3,78 (s, 3H), 2.4 (m, 2H), 1,95 (m, 1H), 1,8 (m, 2H), 098 (d, J = 6,6 Hz, 6H); LC/MS: 98
% 366 (M+Na).

/1
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FEREN 2
Ester metili 1 dcido (S)-2 iloxicarbonilaming-4,4-difluoro-pentanoi

Vel

Procediendo de manera similar al Ejemplo de Referencia 11 anterior pero utili-

zando éster metilico del dcido (S)-2-benciloxicarbonilamino-4-oxo-pentanoico se prepa-
ré el éster metilico del écido (S)-2-benciloxicarbonilamino-4.4-difluoro-penta
1H NMR (CDCl3): 5 7,4 (m, 5H), 5,46 (d, ] = 7,1 Hz, 1H), 5,15 (s, 2H), 4,61 (q. J = 7,3 Hz,

1H), 3,78 (s, 3H), 2,45 (m, 2H), 1,67 (t, J = 18,8 Hz, 3H); LC/MS: 94 % 324 (M+Na).
RE CIA 13
Ester ico del 4ci benciloxi ilamino-4.4-difl

Q‘\jiﬁ/

Procediendo de manera similar al Ejemplo de Referencia 11 anterior pero utilizando és-
ter metilico del dcido (§)-2-beneiloxicarbonilamino-4-oxo-heptanoico se prepard el éster metfli~

1 dei ciloxic ilamino-4.4-difluoro- ico.
LC/MS: 96 % 330 (MH™), 352 (M+Na).
REFERENCIA 14
Hidrocloruro de éster metilico del fcido (S)-2-amin ~difl -metil-h

HJ‘I\P\/

o F

|

Una solucién de éster metilico del cido (S)-2-benciloxicarbonilamino-4.4-difluoro-6-metil-
heptanoico: (333 mg, 0,97 mumol) en metanol (10 ml) y HCl 4 M en dioxano (4 mmol, 1 ml) se
hidrogené sobre Pd al 10%/C (150 mg) a 3448 kPa. Después de 7 h, sc afiadié otra porcién de
Pd al 10 %/C (200 mg) y se reanuds la hidrogenacién. Despuéa de 5,5 h, la resccién no progre-
6. Se filtrd el catalizador y se concentr$ el filtrado en vacio y se sometié a las condiciones de

hidrogenacién. Después de 6,5 h, sc separd el catalizador por filtracién sobre un lecho de Celita,
y ¢l filtrado se concentrd en vacio para obtener el hidrocloruro del éster metflico del dcido (S)-2-

17
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ino-4.4-difluoro-6-metil-| ico como un sdlido amarillo pegajoso (240 mg, cuantitati-
vo).
1H NMR (CDCl3): 54,8 (b, 3H), 4,35 (b, 1H), 3,84 (s, 3H), 2,6 (m, 2H), 1,9 (m, 3H), 0,99 (d, J
= 6,2 Hz, 6H); LC/MS: 90 % 210 (M+1).

Procediendo de manera similar al Ejemplo de Referencia 14 anterior pero utilizando és-
ter metilico del 4cido (S)-2-benciloxicarbonilamino-4,4-difluoro-pentanoico se prepard el hidro-
cloruro del és li 1 icido (S)-2-amino-4 4-difl
IH NMR (CDCl3): & 4,8 (s, 3H), 4,37 (m, 1H), 3,86 (s, 3H), 2,4-2,8 (m, 2H), 1,73 (t, ] = 18,9

Hz, 3H);

LC/MS: 100 % 168 (M+1).

REFERENCIA 16

Hidrocloruro del éster metilico del dcido (S)-2-amino-4 4-dift tanoico

Procediendo de manera similar al Ejemplo de Referencia 14 anterior pero utilizando és-
ter metilico del dcido (S)-2-benciloxicarbonilamino-4,4-difluoro-heptanoico se preparé el hidro-
loruro del éster metilico del dcj = ino-4,4-difluoro-heptanoico
LC/MS: 100 % 196 (MH").

REFERENCIA 17
Ester metilico del écido (S)}-4,4-dif] -metil-2-{(morfolin-4-carbonil)-amino]-
LN «
H F
7

A una mezcla de hidrocloruro del éster metilico del acido (S)-2-amino-4,4-difluoro-6-
metil-heptanoico (238 mg, 0,97 mmol) y diisopropil-amina (2,42 mmol, 313 mg) en diclorome-

ica
1%
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tano seco (5 mi) bajo N; se afiadié gota a gota cloruro de morfolin-carbonilo (1,45 mmol, 218
mg). Se agitd la mezcla a temperatura ambiente durante 23 h, después se diluyd con diclorome-
tano (25 ml) y se lavé con HCI diluido (30 ml), y NaHCO, saturado (30 ml). Las capas orghni-
cas se secaron sobre sulfato de magnesio y se concentraron en vacio. Por purificacién sobre 12 g

de gel de silice, eluyendo con EtOAc:heptano (1:1, después 2:1) se obtuvo el éster metilico del
dcido (S)-4.4-di -metil-2-[(morfoli il)-amino}- ico (206 mg, 66 %).

1H NMR (CDCl3): 5 5,2 (d, J = 7,4 Hz, 1H), 4,72 (dd, J = 13, 6 Hz, 1H), 3,78 (s, 3H), 3,7 (m,
4H), 3,4 (m, 4H), 24 (m, 2H), 1,95 (m, 1H), 1,8 (m, 2H), 0,99 (d, J = 6,4 Hz, 6H); LC/MS: 90
% 345 (M+Na).

REFERENCIA 1B
Ester metili j

Procediendo de manera similar al Ejemplo de Referencia 17 anterior pero utilizando
hidrocloruro del éster metflico del écido (S)-2-amino-4,4-difluoro-pentanoico se preparS el éster
1i 1 dcido {8)-4.4-difluoro-2- lin-4-carbonil)-amino ico.
1H NMR (CDCl): 8 5,18 (d, J = 7,5 Hz, 1H), 4,71 (q, J = 7 Hz, 1H), 3,78 (s, 3H), 3,71 (m,
4H), 3,4 (m, 4H), 2,37-2,55 (m, 2H), 1,67 (1, = 18,7 Hz, 3H); LC/MS: 100 % 303 (M+ Na).

REFERENCIA 19
Ester metilico del dci difluoro-2- lin-4-carbonil)-amino]-heptanoj

O
¢\

Procediendo de manera similar al Ejemplo de Referencia 17 anterior pero utilimndo
1 éster metilico del dcij -2-ami ~difluo: ico sc prepard el éster
ili 1 cido i -2-[(morfolin i ino)-heptanoico; LC/MS: 100 %

F
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A una solucién de éster metilico (205 mg, 0,63 mmol) en MeOH: H20 (2:1 vol, 4 ml)
se afadié LiOH-monohidrato (80 mg, 1,9 mmol). Se agité la mezcla a temperatura ambiente
durante 21 h, después se diluyd con agua (15 ml) y se extrajo con éter (20 ml). Se ajustd el pH
de la capa acuosa a pH 1 con HCI t N y sc extrajo con diclorometano (2x20 ml). Las capas or-
gimcas se secaron sobre sulfato de mgnes:o y se concentraron en vacio para obtener el Acido
et anoico (168 mg, 86 %).

1H NMR (CDCl3): 56,4 (b, 1H), 53 (d, J = 6,2 Hz, 1H), 4,6 (m, 1H), 3,7 (m, 4H), 3,4 (m, 4H),
2,5 (m, 2H), 2,0 (m, 1H), 1,8 (m, 2H), 1,0 (d, J = 6,6 Hz, 6H); LC/MS: 90 % 309 (M+1).
RENCIA 21
Acido (8)-4.4-di lin-4-carbonil

e

Procediendo de manera similer al Ejemplo de Referencia 20 anterior pero utilizando és-
ter metilico del dcido (S)-4,4-diﬂuoro-2-[(nnrfolin-4-curbonil)-|min9]-pentanoico se prepard cl
dcido (S)-4 4-di -2-[(morfolin-4-carbonil i
1H NMR (CDCly): 8 5,9 (b, 1H), 5,29 (d, ] = 6,3 Hz, 1H), 4,6 (m, 1H), 3,71 (m, 4H), 34 (m,
4H), 2,38-2,65 (m, 2H), 1,70 (1, J = 18,9 Hz, 3H); LC/MS: 100 % 267 (M+ 1).

REFE 1A 22
ifluoro-2-[(morfolin-4-c

U%ﬁJ

Procediendo de manera similar al Ejemplo de Referencia 20 anterior pero utilizando ¢s-
li dcido ~difluoro-2- i il ino]- ico se prepard el
ficido i -2 lin-4-¢ i ino]-
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1H NMR (CDCl3): 5 5,3 (b, 1H), 5,25 (d, J = 5,4 Hz, 1H), 4,6 (m, 1H), 3,71 (m, 4H), 3,4 (m,
4H), 2,6-2,3 (m, 2H), 1.9 (m, 2H), 1,55 (m, 2H), 1,0 (t, J = 7,3 Hz, 3H); LC/MS: 83 % 295
V1),

REFERENCIA 23

5-Tiofen-2-il-oxazol

R

S

A una solucién de isocianuro de p-toluenosulfonilmetilo (3,0 g, 15,36 mmol) y tiofen-2-
carboxaldehido (1,72 g, 15,36 mmol) en metanol (45 ml) bajo N, se afiadié carbonato de potasio
(2,12 g, 15,36 mmol). Se calents Ia mezcla a reflujo durante 5 h, después se enfrié y se concen-
tré en vaclo (bailo de agua fria). El residuo se sometié a reparto entre éter (100 ml) y agua (100
ml). Se lavé la capa orgénica con agua (100 ml), se secé sobre sulfato de magnesio y después se
concentrd en vacio. Se purificd el residuo sobre 35 g de gel de silice, se cluyd con acetatn de
ctilo: heptano (1:5) para obtener el S-tiofen-2-il-oxazol (0,852 g, 37 %).
1H NMR (CDCl3): & 7.9 (s, 1H), 7,3 (m, 2H), 7,2 (s, 1H), 7,1 (dd, J = 5, 3,8 Hz, 1H); LC/MS:
100 % 152 (M+1).

A una solucién de S-tiofen-2-il-oxazol (0,85 g, 5,62 mmol) en THF seco (4 ml) se afis-
dié trietilborano (1,0 M en THF, 5,62 mmol, 5,62 ml). Se agitd la mezcla a temperatura ambien-
te durante 45 min, después se enfrié a —78 °C y sc sfladié gota a gota n-butil-litio (1,6 M
hexano, 5,62 mmol, 3,51 ml). Se agité la mezcln a 78 °C durente 45 min y después se alladié
lentamente una solucién de éster terc-butilico del dcido (1-formil-propil)-carbémico (2,81
mmol, 0,526 g) en THF seca (3 ml). Se agitd la mezcla a ~78 °C durante 4 h, después se calentd
a 0 °C y se sofocé afadiendo 30 ml de HOAc al 10 % (vol) en etanol. Se agitd la mezcla a temn-
peratura ambiente durante 18 h y después se concentrd en vacio. Se purific el residuo sobre 50
g de gel de silice, se eluyd con acetato de etilo; heptano (1:2 después 1:1) para obtener el &gter
terc-butflico i 1-Thidroxi-{5-tigfen-2-il 1-2-il}-metil]- i ico (363
mg, 38%) como un aceite amarillo.




10

15

20

25

-39-

1H NMR (CDCl3): 8 (mezcla de isémeros) 7,35 (m, 2H), 7,1 (m, 2H), 4,9 (m, 2H), 4,0 (b, 1H),
3,6 (m, 1H), 1,8-1,55 (m, 2H), 1,4 y 1,3 (28, 9H), 1,0 y 0.9 (2t, J=7,4 Hz, 3H); LC/MS: 100
339 (M+1).

REFERENCIA 25

A una solucién de éster terc-butilico del fcido {(S)-1-[hidroxi-(5-tiofen-2-il-oxazol-2-
il)-metil]-propil }-carbidmico (361 mg, 1,07 mmol) en diclorometano seco (3 ml) se adladié HCI
4 N en dioxano (3,0 ml, XS). Sensltdlnmczclantempenmamblcntedmnm 16 h, deapués

se concentrd en vacio para obtener el ki
butan-] -0l como un sélido ocre (cuantitativa).

1H NMR (CDCl3): & 7,5 (dd, J = 5,2, 1,2 Hz, 1H), 7,4 (dd, ] = 3,6, 1,1 Hz, 1H), 7,3 (s, 1H), 7,1
(dd, J = 5, 3,6 Hz, 1H), 4,8 (m, 3H), 3,6 (m, 2H), 3,3 (b, 1H), 1,75 (m, 2H), 1,0 (t, J = 7,5 Hz,
3H);

LC/MS: 100 % 239 (M+1).

H

>y

A una solucién de éster terc-butflico del dcido (1-formil-propil)-carbimico (1,0 g, 5,34
mmol) en THF seco (10 ml) y etanol se afiedié nitrometano (3,91 g, 64,09 mmol) seguido por
trietilamina (2,70 g, 26,7 mmol). Se agit6 la mezcla a temperatura ambiente durante 22 h, y des-
pués se concentrd en vacio. Se diluyé el residuo con éter (50 ml) y se lavé con NHCl concen-
trado (60 ml). La capa etérea se secé sobre sulfato de magnesio y se concentré en vacio. Se puri-
ficd el residuo sobre 35 g de gel de silice, se cluyé con acetato de etilo: heptano (1:3) para obte-
ner el alcohol deseado (1,09 g, 82 %) como un sélido oleoso amarillo claro.

1H NMR (CDCl3): 5 4,24,8 (m, 4H), 3,15-3,8 (m, 2H), 1,69-1,6 (m, 2H), 1,47 (2xs, 9H), 1,02
y 1,0 (2xt, J = 7,1 Hz, 3H); LC/MS: 2 isémeros, total 100 % 149 (M-BOC+1).
BEEEBEEM




10

15

20

25

40-
>4
2SR
>r0\|rn N.g.o
o)

A una mezcla de éster terc-butilico del dcido (1-etil-2-hidroxi-3-nitro-propil)-carbdmico
(1,83 g, 7,37 mmol) y trietilamina (1,49 g, 14,75 mmol) en diclorometano seco (25 ml) bajo N,
se afladié cloruro de trimetilsililo (1,20 g, 11,05 mmol). Se agité la mezcla a temperatura am-
biente durante 24 h, después se diluy6 con 40 ml de diclorometano y se lavé con agua (40 ml).
Se secd la capa orghinica sobre sulfato de magnesio y s¢ concentrd en vacio. Se purificd el resi-
duo sobre 110 g de gel de s[lwe, se eluyé con acetato de etilo: heptano (1:4) para obtener el éster
terc-butilico del 4cido i ico (1,505 g, 86%) co-
mo um aceite incoloro.
1H NMR (CDCl3): 54,4 - 1,16 (m, 4H), 3,55 (m, 1H), 1,2-1,7 (m, 11H), 0,98 (2xt, ] = 7,4 Hz,
3H), 0,13 (2s, 9H); LC/MS: 2 isdmeros, total 100 % 221 (M-BOC+1).

>r°
0 N—C

A una solucién de éster terc-butilico del dcido (1-etil-3-nitro-2-trimetilsilaniloxi-
propil)-carbémico (918 mg, 2,86 mmol), diisocianato de 1,4-fenileno (1,38 g, 8,5 mmol) y 3-
metil-1-butino (586 mg, 8,5 mmol) en tolueno seco (15 ml) bajo N se afiadié trietilamina (10
gotas), Sc calentd la mezcla a 50 °C en un vial sellado durante 28 h, y después se enfri6 a tem-
peratura ambiente. Se afladié agua (1 mi) y se agitd la mezcla durante 2 h més y después se fil-
trd. Se concentrd el filtrado en vacio y se purificé el residuo sobre 35 g de gel de sflice, se cluyd
con acetato de etilo: heplnno (l ) pmobtener el gster terc-butflico del dcido {1-[(5-isopropil-

ico (764 mg, 72 %) como un aceite inco-

1H NMR (CDCly): 8 6,0 (2s 1H), 4,449 (m, 2H), 3,7 (m, 1H), 3,0 (m, 1H), 1,2-1,6 (m, 17H),

1,0 (m, 3H), 0,11 y 0,1 (2xs, 9H); LC/MS: 2 isémeros, total 67 % 271 (M-BOC+1).
RENCIA 29
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A una solucidn de eéster ferc-butilico del dcido {1-[(S-isopropil-isoxazol-3-il)-
trimetilsilaniloxi-metil]-propil } carbémico en diclorometano seco (5 ml) bajo N; se aiiadié una
solucién 4 M de HCl en dioxano (5,0 ml, XS). Se agitd la mezcla a temperatura ambiente duran-
te 22 h y después se concentrd en vacio para obtener la sal amina (475 mg, 99%) como un sdli-

do ocre.

1H NMR (CDCl3): 8 6,25 (2xs, 1H), 5,0 (d, J = 3,9 Hz, 1H), 4.8 (d, J = 6,8 Hz, 1H), 3.4 (m,
1H), 3,1 (m, 1H), 1,5-1,7 (m, 2H), 1,3 (d, ] = 6,8 Hz, 6H); 1,0 (t, = 6,7 Hz, 3H); LC/MS: 100

% 199 (M-+H).
REFERENCIA 30
-Metil-1-0; -5-11- 1
o. I
-
\\
§J

Se afladié gota a gota hidruro de diisobutilaluminio (1,0 M en DCM, 25,5ml, 25,5
mmol) a lo largo de 20 minutos a una solucién de metil-5-metilisoxazol-3-carboxilato (3,0 g,
21,3 mmol) en 35 ml de cloruro de metileno seco, con agitacién a —78 °C, y se agitd la mezcla
de reaccién a —78 °C durante 5,5 horas. Se calentd la reaccién a —40 °C y se sofoct con hielo (60
g). Después que la mezcia bifisica se dejé calentar a temperatura ambiente, se aftadid tartrato de
potasio y sodio tetrahidratado (100 ml de solucién acuosa saturada). Se separaron las dos capas
Yy sc ¢xtrajo la capa acuosa con cloruro de metileno. Los extractos orgénicos se secaron sobre
sulfato de sodio y se concentraron a presién reducida para dar 5-metil-isoxazol-3-carbaldehido
como un sélido blanco (1,3 g).

Se afiadieron isocianuro de p-toluenosulfonil-metilo (1,75 g, 8,97 mmol) y carbonato de
potasio (1,24 g, 8,97 mmol) & una solucién de 5-metil-isoxazol-3-carbaldehido (1,0 g, 8,97
mmol) en 35 ml de metanol seco y la mezcla de reaccién se mantuvo a reflujo (90 °C) durante §
horas. Se enfrié la reaccién a temperatura ambiente y se concenird a presién reducida. El resi-
duo se sometié a reparto en éter dietilico (100 ml) y agua (200 ml). Se seperd la capa orgénica y
la caps acuosa se extrajo con éter dietilico. Los extractos orginicos se lavaron con salmuera y
agua, sc secaron sobre sulfato de sodio y se concentraron s presion reducida para dar el com-
puesto del epigrafe como un sélido amarillento (1,25 g).
LC/MS: 87 %, 238 (M+1)
REFERENCIA 31
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Se afiadid trietilborano (1 M en THF, 12 ml, 12 mmol) a una solucién de 5-metil-3-
oxazol-5-il-isoxazol (1,8 g, 12 mmol) en 40 ml de tetrahidrofurano seco y se agité la mezcla a
temperatura ambiente durante 15 minutos. Se enfrié la mezcla a —78 °C, se afiadi6 gota a gots
nBuLi ( 2,5 M en hexano, 4,8 ml, 12 mmol) y se agitd la mezcla a —78 °C durante 15 minutos.
Se afadid gota a gota una solucién dc éster ferc-butllico del dcido (S)-1-formil-propil)-
carbémico (898,7 mg, 4,8 mmol) en 15 ml de tetrahidrofurano seco y se agitS la mezcla de reac-
cién a -78 °C durante 3 horas, después se dejé calentar a —30 °C y se sofocd con acético dcido
en etanol (4 %, 250 ml), y se continud agimndo durante 2 horas, mientras se calentaba a tempe-
ratura ambiente. Se concentré la reaccion a presién reducida; se disolvid el residuo en éter dieti-
lico (250 ml) y se agité durante 1,5 horus a temperatura ambiente. Se filtrd el precipitado; se
concentrd el filtrado a presién reducida. Por cromatografia en columna sobre silice eluyendo
con una mezcla de cloruro de metileno y acetato de etilo se obtuvo el compuesto del epfgrafe
como un s6lido amarillo pdlido (830 mg); LC/MS 100 %, 138 (M+1)

Se afladi6 gota 2 gota cloruro de hidrégeno (4 M en 1,4-dioxano, 3,3 ml) a una solucién
de éster ferc-butflico del &cido ((S)-1-{hidroxi-[5-(5-metil-isoxazol-3-il)-oxazol-2-il}-metil } -
propil)-carbémico (0,75 g, 2,22 mmol) en 10 ml de cloruro de metileno y se agité la mezcla de
reaccién a temperatura ambiente durante 2,5 horas. Se diluyé la reaccién con éter dictilico (50
ml) y se agitd durante otra hora a temperatura ambiente, s¢ concentrd a presién reducida para
dar el compuesto del epigrafe como un sélido amarillento (0,75 g).
1H NMR [(CD)3SO]: & 8,18 (m, 3H), 7,84 (s, 1H), 6,70 (s, 1H), 4,90 (m, 1H), 3,58 (m, 2H),
2,50 (s, IH), 1,60 (m, 2H), 0,90 (t, 3H), LC/MS 100%, 238 (M+1)

1z2s
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Se agité a 0 °C una solucién de &cido (S)-3-ferc-butoxicarbonilamino-2-hidroxi-
pentanoico (2,00 g, 8,57 mmol) y N-hidroxi-ciclopropanocarboxamidina (1,03 g, 10,29 mmol)
en diclorometano (20 ml) y se afadieron porciones 1,25 equivalentes de

5 N-ciclohexilcarbodiimida-N’-metil-poliestireno (1,70 mmol/g, 6,30 g, 10,72 mmol). Se agitd la
mezcla de reaccidn bajo nitrégeno durante tres horas mientras se calentaba a 15 *C. Se filtrd In
mezcla de reaccidn, se lavé la resina con diclorometano y se evapord a sequedad el filtrado bajo
vacio. [LC/MS m/z=338 (M+H+Na)].

El residuo se disolvié en tetrahidrofurano (20 ml) y se calentd en un reactor de mi-

10 croondas (Smith Creator) a 160 °C durante tres minutos, se enfrié a temperatura ambiente y se
evapord bajo vacio a sequedad. [LC/MS m/z=320 (M+H+Na)]. El residuo se disolvi6 en diclo-
rometano (50 ml) y se agitd a temperatura ambiente mientras se afladian gota a gota 50 ml de
solucidn de écido trifluoroacético al 50 % en diclorometano. Después de tres horas se evapord la
reaccidn bajo vacio a sequedad y se disolvi$ de nuevo en 50 ml de diclorometano. Se afiadieron

15 tres equivalentes de triamina-3 Silicycle y se agitd la mezcla a temperatura ambiente durante Ia
noche. Se filtré la mezcls y se lavé con diclorometano. Se evapord bajo vacio para dar 1,04 g
(61 % global). [LC/MS m/z=198 (M+H)]

Aliernativamente, la desproteccién del grupo protector BOC se realizé con HCI en
dioxano para dar hidrocloruro de (8) -2- amino-1-(3-ciclopropil-1,2 4-oxadiazol-5-il)-butan-1-

20 ol

Se agitd a 0 °C una solucién de &cido (S)-3-ferc-butoxicarbonilamino-2-hidroxi-
25 pentanoico (2,00 g, 8,57 mmol) y N-hidroxi-benzamidina (1,3 g, 9,5 mmol) en diclorometano
{40 ml). Se adadié en porciones N-ciclohexilcarbodiimida-N'-metil-poliestireno (1,90 mmol/g,
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6 g, 11,4 mmol). Se agitd Isa mezcla de reaccién bajo nitrégeno durante una hora. Se filtrd Ia
mezcla de reaccidn, se lavd 1 resina con diclorometano y se evapord a sequedad el filtrado bejo
vacio. [LC/MS mv/z=352 (M+H"), 296(M+H"-isobuteno)]. El residuo se disolvié en tetrahidrofu-
rano (20 ml) y se calentd en un reactor de microondas (Smith Creator) a 180 °C durante tres
minutos, se enfrié a temperatura ambiente y se evapord bajo vacio a sequedad. Se purificd el
residuo por cromatografia ripida (se eluyé con un gradiente'de 5 % a 65 % de acetato de etilo
en heptano) para dar el producto como un sélido blanco [LC/MS m/z=356 (M+Na"), 234
(M+H'-Boc)].

Se disolvid el producto en diclorometano (45 ml) y se afladié dcido trifluoroacético (5
ml). Después de dos horas se evapord Ia reaccién bajo vacio a sequedad. El residuo se re-
disolvié en 50 m! de diclorometano. Se afiadié triamina-3 Silicycle (9,9 g, 39 mmol) y se agitd
Ia mezcla a temperatura ambiente durante 1a noche. Se filtr la mezcla y se lavé con diclorome-
tano. Se concentrd el filtrado bajo vacio para dar (S)- ino-1{3-fenil-1 iazol-5-il
butan-1-g] (775 mg, 38 %) como un sélido blanco.

1H NMR (CDCl3):5 8,12-8,06 (m, 2H), 7,54-7,45 (m, 3H), 4,93 & 4,75 (2xd, J= 5Hz & 3,5Hz,

1H), 3,25 &3,11 (2xm, 1H), 1,78-1,42 (2xm, 2H), 1,04 & 1,01 (2x t, J= 7,5Hz, 3H). [LC/MS
m/z=234 (M+H)].

Se sintetizd como se describe en el siguiente Esquema de reaccién:

f2-7
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Una solucidn de éster terc-butllico del icido (2-ciano-1-etil-2-hidroxi-etil)-carbdmico
(9,53 g, 44 mmol) en metanol (80 ml) se enfrié a 0 °C y se tratd sucesivamente con hidroclomro
de hidroxilamina (3,05 g, 44 mmol) en metanol (80 ml) y solucién de metdxido de sodio al 25
% en metanol (10,2 ml). Después de agitar a 0 °C durante 5 minutos se agitd la mezcla de reac-
cién a temperatura ambiente durante 5 horas y después se evapord. El residuo sc sometié a re-
parto entre acetato de etilo y agua. Se separd la capa orglinica, se secé sobre sulfato de magnesio
y después sc evapord a presion reducida. El aceite amarillo residual se someti6 a cromatografia
Hquida de media pres:dn (mplc), eluyendo con una mezcla de acetato de etilo y heptlno pln dar

Una solucién de éster trerc-butilico del écido {1-[hidroxi{N-hidroxicarbamimidoil)-
metil]-propil}-carbémico (2) (2,5 g, 10 mmol) en diclorometano (125 ml) se tratd con kcido
benzoico (1,36 g, 11 mmol), EDCI (2,14 g, 11 mmol), HOBT (1,37 g, 10 mmol) y trietilamina
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(1,35 ml, 11 mmol) y se agitd a temperatura ambiente durante la noche. Se lavd la mezcla de
reaccién con solucién saturada de bicarbonato de sodio, después agua, después se secd sobre
Na;SO, y después se evapord a presién reducide. El residuo se sometié a mplc eluyendo con
trietilamina al 1 % en mezcla de acetato de etilo y heptano 2:3 v/v, para dar ¢l dster ferc-butilico
del fcido {1-Thidroxi-(N- iloxi imidoil}-metil il} -carbédmico (850mg) como un
s6lido amarillo. MS: MH* 352.
2-Amino-1{(5-fenil-[1.2.4]oxadi

Una solucién de (3) (1,5 g, 4,3 mmol) en diglima se calentd a 150 °C en un reactor de
microondas (Smith Creator, $00219) durante 40 minutos. Se evapord el disolvente bajo vacio
Genevac Evaporator a 80 °C durente 3 horas para dar un sélido marrén. Se recogié éste en di-
clorometano (40 ml) y se tratd con écido trifluoroacético a temperatura ambiente durante 2

horas. Se evapord el disolvente a sequedad a presién reducida, se recogid el crudo en agua, se
lavé con DCM, la capa acuosa se alcalinizd con solucidn 1 M de NaOH y se extrajo con diclo-
rometano. La capa orgénica sc secd sobre Na;SO, y 8¢ evaporé a presién reducida para dar 2-
amino-1-(5-feni inzo]-3-il -1-0l (300mg) como un sélido marrén pdlido.

1H NMR (CDCl3): & 8,14-8,10 (m, 2H), 7,59-7,47 (m, 3H), 4,83 & 4,65 (d, J= 5Hz, 1H), 3,18-
3,05 (2m, 1H), 1,71-1,20(m, 2H), 1,05-0,97 (2xt, J= 7,2Hz, 3H).

REFERENCIA 36
Acido (S)-2-acetoxi- jcarbonilami ico
X . 7
O H OH
T
0 P (4]

Se disolvieron piridina (5 ml), 4{dimetilamino)piridina (0,01 g) y anhidrido acético (11
mmol, 1,12 g) en diclorometano (150 ml) y la solucién resultante se enfrié a 0 °C. Se afladié de
una vez écido (S)-3-terc-butoxicarbonilamino-2-hidroxi-pentanoico (10 mmol, 233 g, A)y la
mezcla de reaccidn resultante se agitd durante 5 horas.

Se afladié 4cido clorhidrico 1 M (250 ml) y la mezcla se transfirié a un embudo de sepa-
racién, Se separaron las fases y la fase acuosa se extrajo tres veces con acetato de etilo (200 ml).
Las fases orginicas reunidas se lavaron dos veces con agua (200 ml) y con salmuera (100 mi).
La fase orginica se secd con sulfato de magnesio y los disolventes se evaporaron a presién re-
ducida para dar el jci 2-acetoxi-3-ferc-| ic ilamino ico (2,535 g, 92 %).
MS: m/z=298 (M+Na"), 276 (M+H")
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REFERENCIA 37
Ester de dicido acético y  (S)-2-ferc-butoxicarbonilamino-1-[N'-(4-tri ;.
benzoilhidrazinocarbonil)-butilo

X
7{ u\;\\gﬂ‘n}\@x
/= F F

Se disolvié dcido (S)-2-acetoxi-3-ferc-butoxicarbonilamino-pentanoico (1,82 mmol, 0,5
g A) en 30 ml de diclorometano. Se aftadié N-ciclohexilcarbodiimida-N'-metilpoliestireno
(3.64 mmol, 1,92 g, B) y la mezcla de reaccidn resultante se agitd durante 2 min. Se afladié
hidrazida del] dcido 4-(trifluorometoxi)benzoico (1,65 mmol, 0,363 g, C) y se agité la mezcla de
reaccién durante la noche. Después de 16 horas el andlisis por LC/MS todavia mostraba hidra-
zida. Se afiadié metilisocianato de poliestireno (1,65 mmol, 1,15 g) y se continu$ agitando du-
rante ocho horas. Se filtré Ia mezcla de reaccidn con succidn y se concentrd el filtrado a presién
reducida, para dar el icido acéti -2-1 utoxi ilami -[N'-{(4-
tri i ihidrazin nil]-butilo como una espuma amarilla (0,5 g, 64 %). Se-
gin LC/MS todavia quedaba algo de hidrazida. MS$: m/z= 500 (M+Na"), 478 (M+H")

REFERENCIA 38
o
o)
HN""", F
AT F

El éster de dcido acético y (S)-2-ferc-butoxicarbonilamino-1-{N'-(4-trifluorometoxi-
benzoil)-hidrazinocarbonil]-butilo obtenido anteriormente se dividié en 5 porciones, que sc
hicieron reaccionar separadamente como sigue:
el éster de 4cido acético y (S)-2-ferc-butoxicarbonilamino-1-[N'-(4-trifluorometoxi-benzoil)-
hidrazinocarbonil]-butile (0,21 mmol, 0,1 g) se disolvié en THF (5 ml) y la solucién se llend en
un vaso de resccidn de un sintetizador Smith Microwave. Se afiadicron 2-ferc-butilimino-2-
dietilamino-1,3-dimetilperhidro-1,2,3-diazafosforina en poliestireno (1,05 mmol, 0456 g, 2,3
mmol/g de carga) y cloruro de p-toluenosulfénico (0,25 mmol, 0,048 g) y la mezcla de reaccién

oxadiazol-2-il]-butilp
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se calemd a 150 °C durente 10 min (tiempo de retencién fijado) en el sintetizador de microon-
das. )

Las mezclas de reaccién reunidas se filtraron con succidn y se lavd Ia resina con 300 ml de ace-
tato de etilo. Los filtrados reunidos s¢ concentraron a presion reducida.

El producto crudo se purificé por cromatografia ripida (Biotage Horizon, columna 25 M, el
producto crudo se cargt en caplet, caudal 17 ml/min, 12 ml/fraccidn, 120 ml en gradiente desde
acetato de etilo 0 % en heptano hasta acetato de etilo al 30 % en heptano, 240 ml de acetato de
etilo al 30 % en heptano, 60 ml! en gradiente de acetato de etilo 30-50 % en heptano, 300 ml de

acetato de etilo al 50 % en heptano) paras dar el éster de fcido acético y (S)2-terc-
butoxicarbonilamino-1-[5-(4-trifluorometoxi-fenil)-1,3.4 iazol-2-il]-butilo (0,28 g, 58 %)

MS: m/z= 460 (M+H")

fﬂoifft }Ox

Se disolvié el éster de écido acético y (S)-2-ferc-butoxicarbonilamino-1-{5-(4-
trifluorometoxi-fenil)-1,3,4-o0xadiazol-2-il}-butilo (0,61 mmol, 0,28 g) en una mezcla de THF
{10 ml) y agua (10 ml). Se afiadid hidréxido de litio hidratado (1,22 mmol, 0,051 g) y la mezcla
de reaccién se agité durante 2 h. Se evaporaron los disolventes a presién reducida y s¢ transfirié
el residuo a un embudo de separacidn con 300 ml de acetato de etilo y 50 ml de agua. Se separs-
ron lns fases y la fase orginica se lavd con salmuera (100 ml). Después se secd 1a fase orginica
con sulfato de magnesio. Se evapord el disolvente a presién reducida y se secd bajo alto vaclo

para dar el éster ferc-butllico del dcido ((S)-1-{hidroxi-{5-{4-trift i-fenil}-1
oxadiazol-2-il]-metil} -propil)-carbémico como un aceite amarillo ( 0,225 g, 89 %).

MS: m/z= 440 (M+Na*), 418 (M+H")

REFERENCIA 40

S)-2-Amino- il-1,3.4-oxadiazn]-2-il)-butan-

o, 13
ok@\
H.N{‘ OCF,

I3(
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Se disolvid éster terc-butilico del dcido ((S)-1-{hidroxi-[5-(4-trifluorometoxi-fenil)-
1,3,4-oxadiazol-2-il]-metil } -propil)-carbdmico (0,54 mmol, 0,225 g) en diclorometano (9 ml) y
se tratd con 4cido trifluoroacético (1 ml). Se agitd 1a mezcla de reaccidn durante cuatro horas.
Se evaporaron los disolventes a presién reducida. El residuo se re-disolvié en diclorometano (20
ml) y se afiadié triamina Silicycle (5,4 mmol, 1,47 g). Se agitd la mezcla de reaccién durante 60
h (a lo largo del fin de semana). Se filtraron las mezclas de reaccién con succida y se evapora-
ron los digolventes para dar el (S)-2-amino-1-(5-p-tolil-1 iazol-2-il)-butan- (0,164
g 96 %). MS: m/z= 318 (M+H")

REFERENCIA 41
2-Cic il-{1.3 inzol
g
0

Se mantuvo a reflujo durante 28 h una mezcla de éster metilico del écido ciclopropano-
carboxilico (10 g 0,1 mol) ¢ hidrato de hidrazina (7,3 ml, 0,15 mol) y se enfrié a temperatura
ambiente. Se evapord la mezcla a presién reducida y después se secd por separacién azeotrdpica
del disolvente con tolueno. E) residuo se disolvid en diclorometano y se lavé con NaCl saturado.
La fase orginica se secd sobre MgSO, anhidro, se evapor$ el disolvente a presién reducida para
der la hidrazida del dcidg ¢j arboxilico (4,36 g, 44 %)

Una mezcla de la hidmzida del cido ciclopropanocarboxilico (31,35 g, 0,31 mol), orto-
formiato de trimetilo (300 ml) y écido p-toluenosulfénico monohidratado (200 mg) se calentd a
reflujo durante la noche. El exceso de ortoformiato de trimetilo y metanol se separé por destila-
cién. Por destilacién en vacio del residuo se obtuvo el 2—ciclopropil-[1.3.4loxadiazol (22 g, 64
%).
1H NMR (CDCl3): 8 8,24(s, 1H), 2,2 (m, 1H), 1,15 (m, 4H).  LCMS: 100 %, 111 (MH").

REFERENCIA 42
ster terc-butilico
carbémico

1~
{‘\S, 5 Ny

Se enfrié a —78 °C una solucién de 2-ciclopropil-[1,3,4Joxadiazol (2,16 g 19,6 mmol)
THF seco (100 ml). Se afadié gota a gota "BuLi (1,6 M en hexano, 12,3 ml, 19,6 mmol). Se
agité la mezcla de reaccién a —78 °C durante 40 min. Se afladié MgBr,.OEt; (5,0692 g, 19,6
mmol). Se dejé que la mezcla de reaccion se calentara hasta 45 °C y sc agitd a esta temperatura
durante 1,5 h. Se afadid una solucién de éster terc-butilico del décido (1-formil-propil)-
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carbdmico (3,7 g, 19,6 mmol) en THF (40 ml). Se dejé que la mezcla de reaccién sc calentara
hasta —20 °C y se agitd a esta temperatura durante 3,5 b. Se sofocé la me2cla de reaccién con
una solucién saturada de NH,Cl y s¢ extrajo con acetato de etilo. Los extractos orghnicos reuni-
dos se lavaron con solucién saturada de NaCl y se secaron sobre MgSO,. Se evapard el disol-
vente a presién reducida y se purificé ¢l crudo por cromatografia en columna eluyendo con

mezcla de acetato de etilo y heptano para dar et utilico del écido {1-(5-cic il-
1 jazol-2-il)-hidroxi-metil]-propj ico (2,83 g, 49 %).

LCMS: 298 (MH").

REFERENCIA 43

-2-Amino-1-{5-cicl

Se agité a temperatura ambiente dyrante 2 horas una mezcla de éster terc-butilico del
écido {1-[(5-ciclopropil-[1,3,4]oxadiazol-2-il)-hidroxi-metil]-propil } -carbdmico (2,83 g, 9,95
mmol), écido trifluoro-acético (5 ml) en diclorometano (20 ml) y se concentrd a sequedad a pre-
8ién reducida para dar el (S)-2-amino- ick il-1 inzpl-2-i -1-ol;
puesto con dcido trifluoro-acético,
LCMS: 100 % 198 (MH").
REFERENCI

FF

Se disolvid trifosgeno en diclorometano (10 ml) y se afiadié a esto, con una bomba de
jeringa, una mezcla de hidrocloruro de dcido S-2-amino-4,4-difluoro-pentanocico (1,00 g, 4,90
mmol) (véase el ejemplo de referencia 15), diisopropiletil-amina (1,88 ml, 10,80 mmol) disuelta
en diclorometano (10 ml) a lo largo de un periodo de 1 h. Después de agitar durante 15 minutos
adicionales sc afladid a 1a solucidn una solucién de hidrocloruro de homomorfolina (0,67 g, 4,90
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mmol) y diisopropiletil-amina (1,90 ml, 10,90 mmol) en diclorometano (10 ml). La solucién
resultante se agitd a temperatura ambiente durante 2 h. Se evapord el disolvente y se diluyé el
residuo con acetato de etilo {100 ml) y después se lavé con KHSO, 1 M (2x 10 ml), NaHCO,
saturado y salmuera. Las capas orgénicas se secaron (Na;S0O,), se filtraron y se concentraron
para dar un aceite amarillo pélido. El material crudo se purific sobre 20 g de gel de silice elu-
yendo con acetato de etilo: heptlno con grldlemr. de 50-100 %. Se obtuvo el gwm_@_@

do blanco (0,40 g, 28 %).

'H NMR (CDCL) & 5,12 (d, J=7,5Hz, 1H), 4,72 (dd, J = 12,0, 7,2 Hz, 1H), 3,75 (m, 7H), 3,55
(m, 4H), 2,45 (m, 2H), 1,98 (m, 2H), 1,66 (t, J = 18,7 Hz, 3H).

LC/MS: 295, 100 %, (M+H), 317 (M+Na)

Se disolvié el éster metilico del dcido (S)-4,4-difluoro-2-[(perhidro-1,4-oxazepin-4-
carbonil)-amino]-pentanoico (0,38 g, 1,29 mmol) en tetrahidrofurano/metano] (15ml/10 ml) y se
afiadié hidréxido de litio (35 mg, 1,40 mmol) disuelto en agua (5 ml). Se agitd la reaccién a
temperatura ambiente durante 18 h, y después se separé ¢l metanol/tetrahidrofurano en vacio. Se
acidificd el residuo con 4cido clorhidrico 6 M (0,25 ml) y se extrajo con diclorometano (3x 20
ml), se secé (NaSO,), ¥ se concentré para dar el dcido (S)-4.4-diffugro-2-{(perhidro-14-
gxazepin-4-carbonjl}-amino]-pentanoico como un sélido blanco (0,36 g, 99 %).

'H NMR (DMS0-d6) 5 12,6 (bs, 1H), 6,60 (d, 8,3 Hz, 1H), 4,30 (dd, J = 14,5, 7,0 Hz, 1H), 3,57
(m, 4H), 343 (m, 4H), 2,38 (m, 2H), 1,77 (m, 2H), 1,61 (t, ] = 19,2Hz, 3H).

LC/MS: 100 % 281 (M+H)

REFERENCIA 4

i34
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QJLH I

A una mezcla de bicarbonato de sedio (5,25 g), p-nitro-cloroformieto (5,03 g, 25 mmol)

en acctonitrilo (130 ml) bajo nitrégeno se afladié hidrocloruro del éster metilico del dcido (S)-2-
amino-4.4-difl ico (5.79 g, 0,025 mol) y se agitd a temperatura ambiente durante 5

hores. Se afadieron hidrocloruro de homomorfolina (3,61 g, 26,25 mmol) y trietil-amina (12,5
ml) y se agitd la reaccién durante la noche a temperatura ambiente. Se separd ¢l disolvente por
evaporacidn a presién reducida, se sometié el crudo a reparto entre agua (150 ml) y acetato de
etilo (200 ml). Se separd la capa orgdnica, se lavé con solucién de K;CO3 (150 ml), HCI (150
ml) y salmuera (150 mi). Se separd la capa orgihnica, se secd (MgSO,) y se evapord a presidn
reducida. Se purificd el ¢crudo por cromatografia en columna eluyendo con acetato de etilo: hep-
tano 1:1 a 8:2 v/v, seguido por acctato de etilo para dar el éster metflico del dcido (S)-4.4-

difluoro-2- in-4-carhonil}-amino]-| ico (4,88) como un aceite amarillo pélido.
LC/MS: 323 (M+H).
REFERENCIA 47
jdo 4.4-difluoro-2-[([1 -4 il ino]-h
F

F
XS o
N
(I
(o]
Procediendo de manera similar al Ejemplo de Referencia 45 anterior pero utilizando és-
ter metilico del dcido 4,4-difluoro-2-[(morfolin-4-carbonil)-amino]-heptancico se prepard el

ido 4.4-difluoro-2-{([1.4]c -4 il ino]-heptanoj
LC/MS: 309 (M+H).

REFERENCIA 4.

I35
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Se preparé similarmente segiin el procedimiento del Ejemplo de Referencia 33.
LCMS: 200 (M+H).
FERENCIA 49
ilico del 4cido

x
0 / N--o>7<

El éster terc-butflico del dcido {(S)-1-[hidroxi-(N-hidroxicarbamimidoil)-metil]-
propil} carbdmico (235 mg, 0,95 mmol) en diglima (2 ml), se tratdé con anhidrido trimetil-
acético (0,212 ml, 1,04 mmol) y se calents la mezcla de reaccién a 170 °C durante 5 minutos
un microondas Emrys Optimizer de Personal Chemistry. Se evapord el disolvente bajo alto va-
clo. El crudo obtenido se purificé por cromatografia ripida eluyendo con una mezcla de acctato
de etilo y heptano (1:4) para dar el éster fe tllico del dcido {(S)-1-[(S-terc-butil-1,2 4-
oxadiazol-3-il}-hidroxi-metill-propil }-carbdmico como un aceite marrdn (100 mg) (mezcla de
diastereoisémeros).

'H NMR (CDCl,)8: 4,92-4,69 (m, 2H), 4,05-3,85 (m, 1H), 3,57-3,41 & 3,32-3,15 (2xbs, 1H),
1,73-1,48 (m, 2H), 1,45 & 1,44 (2xs, 9H), 1,43 & 1,39 (2xs, 9H), 0,99 & 0,96 (2xt, =7 SHz,
3IH).

MS: 314 (M+H).

REFERENCIA 50
-2-Amino-1 il-1,2 4-oxadiazo]-3-j -1-ol
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Una solucién de éster serc-butilico del dcido {(S)-1-[(5-terc-butil-1,2,4-oxadiazol-3-il)-
hidroxi-metil]-propil } -carbémico (2,11 g, 6,72 mmol) en cloruro de metileno (20 ml) se tratd
con Acido trifluoroacético (5,18 ml, 67,25 mmol) y se agitd a temperatura ambiente durante 3 h.
Se evapord ¢l disolvente a presién reducida. Se disolvié el residuo en cloruro de metileno (100
ml) y se tratd con PS-trisamina de Argonaut Technologies (5,38 g, 20,18 mmol, 3,75 mmol/g de
cargn) y sc agitd la reaccién a temperatura ambiente durente 4 h, se filtrd y se evapord el filtrado
para dar el (S)-2-aming- butil-1,2 jazol-3-il)-butan-1-g| como un aceite naranja
(975 mg) (mezcla de diasterenisémeros).

'H NMR (CDCL,)8: 4,73 & 4,58 (2xd, J=5Hz, 1H), 3,12-3,00 (m, 1H), 2,64-2,31 (bs, 3H), 1,69-
1,44 (m, 2H), 1,43 (5, 9H), 0,99 & 0,97 (2xt, J=7,5Hz, 3H).
MS: 214 (M+H).

Una suspensién de écido 4-fluoro-benzoico (1,70 g, 0,012 mol) e hidrocloruro de 1-(3-
dimetilaminopropil)-3-etilcarbodiimida (2,12 g, 0,011 mol) en cloruro de metileno (80 ml) se
tratd con éster ferc-butilico del écido (S)-1-[hidroxi-(N-hidroxicarbamimidoil)-metil]-propil}-
carbdmico (3 g, 0,012 mol) y trietilamina (1,54 mi, 0,011 mol). Se agité la reaccitn a temperatn-
ra ambiente durante la noche. Después, se diluyé con 40 ml de cloruro de metileno, se lavé con
solucién acuosa saturada de bicarbonato (30 ml), agua (30 ml), salmuera (30 ml), se secd sobre
Na,SO, y se cvapord el disolvente a presién reducida. Se purificd el residuo por cromatografia
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ripida eluyendo con una mezcla de acetato de etilo y heptano (2:1) para dar un sélido blanco-
sucio (2,20 g)
'H NMR (CDCL)5: 8,10-7,95 (m, 2H), 7,16-7,00 (m, 2H), 5,43-5,24 (m, 2H), 5,22-5,05 (m,
1H), 5,01-4,85 (m, 1H), 4,50-4,39 (m, 1H), 3,80-3,60 (m, 1H), 1,90-1,78 (m, 2H), 1,40 (5, 9H),
0.98 (t, J=7,5Hz, 3H).
MS: 370 (M+H).

Se recogieron 240 mg del compuesto sdlido (0,65 mmol) obtenido antes en diglima (5
ml) y se calentaron a 160 °C en un microondas (Smith Creator, S00219) durante 18 minutos. Se
evapord el disolvente bajo alto vacio. El crudo obtenido se purificd por cromatografia ripida
eluyendo con une mezcla de acetato de etilo y heptano (1:4) para dar el éster terc-butilico del
dct 1-{[5-{4-fluoro-fenil}-1,2 4-oxadiazol-3-il]-hidpoxi-metil il i COmO un
sélido blanco (148 mg).
'H NMR (CDCl,)5: 8,16-8,09 (m, 2H), 7,25-7,12 (m, 2H), 4,98-4,73 (m, 2H), 4,13-3,87 (m,
1H), 3,82-3,35 (m, 1H), 1,80-1,52 (m, 2H), 1,46 & 1,34 (2xs, 9H), 1,02 & 0,99 (2xt, J=7,5Hz,
3H).

MS: 352 (M+H).
REFERENCIA 52
-2-Aming-1-J5-(4-fh i}-1,2.4-oxadiazol-3-il -1-ol
N
/- N=

Se prepar6 similarmente segin el Ejemplo de Referencia 50 anterior pero utilizando és-
ter terc-butllico del 4cido (S)-1-{[5-(4-fluoro-fenil)-1,2,4-oxadiazol-3-il]-hidroxi-metil} -propil)-
carbdmico.

'H NMR (CDCl,)5: 8,18-8,05 (m, 2H), 7,26-7,12 (m, 2H), 4,92 & 4,73 (2xd, J=5Hz, 1H), 3,27-
3,05 (m, 1H), 1,75-1,62 (m, 1H), 1,59-1,41 (m, 1H), 1,02 & 1,00 (2xt, J=7,5Hz, 3H).
MS: 252 (M+H).

13%
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Una suspensiébn de éster terc-butllico del 4cido  (S)-1-[hidroxi-(N-
hidroxicarbamimidoil)-metil]-propil } -carbdmico (6,12 g, 24,78 mmol) en cloruro de metileno
(150 ml) se traté con trietilamina (3,46 ml, 24,82 mmol) y desputs se enfrié a 0 °C. Después se
afladi6 gota a gota cloruro de ciclopropil-carbonilo (2,25 ml, 24,79 mmol). Se agit} la reaccién
a temperatura ambiente durante 1 h 45 min y se diluyd con 150 ml de cloruro de metileno, se
lavé con agua (40 ml), bicarbonato acuoso saturado (20 ml), agua (20 ml), se secé sobre Na,SO,
y s¢ cvapord el disolvente a presitn reducida para dar un slido blanco (7,16g).

MS: 338 (M+Na).

Se calentd a reflujo durante 15 h una solucidn del compuesto obtenido antes (7,45 g,
0,024 mol) en dioxano (150 ml). Se evapord el disolvente a presién reducida y se purificd el
residuo por cromatografia ripida eluyendo con una mezcla de acetato de etilo y heptano para

dar el é&s -butflico del &cido (S)-1-[(5-ci il-1,2.4-oxadiazol-3-il)-h =
propil } -carbdmico como un sdlido amarillo pilido (5 g).

'H NMR (CDCl,)3: 4,94-4,74 (m, 2H), 3,97 & 3,85 (2xm, 1H), 3,62 & 3,48 (2xbs, 1H), 2,19
(m, 1H), 1,72-1,42 (m, 2H), 1,44 & 1,39 (2xs, 9H), 1,26-1,18 (m, 4H), 0,98 & 0,95 (2xt,
J=7.4Hz, 3H).
MS: 298 (M+H).
RENCIA 54
al HC1 de (S)-2-amino-1{5-ciclopropil-1.2 4-oxadigzpl-3-il)-butan-1-ol

Se agitd a temperatura ambiente durante 2 h una solucién de éster ferc-butilico del écido
{(S)-1-[(5-ciclopropil-1,2,4-oxadinzol-3-il)-hidroxi-metil)-propil } -carbdmico (3,41 g 0011
mmol) en HC1 4 N en dioxano (43 ml, 0,172 mmol). Se evapord el disolvente a presién reduci-
da. Se triturd el residuo con una mezcla de acetato de etilo y éter. Después se filird para dar ls
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] como un sdlido ma-

rrén (247 g).
'"H NMR (CDCly)5: 8,21 (bs, 2H), 5,37 & 5,14 (2xd, 1H), 3,88 & 3,73 (2xm, 1H), 2,21 (m, 1H),
1,92-1,50 (m, 2H), 1,24 (m, 4H), 1,08 & 1,06 (2xt, J=7,4Hz, 3H).
MS: 198 (M+H).
MPLO 1

o
D
e

A una mezcla de dcido (S)-4.4-difluoro-2-{(morfolin-4-carbonil)-amino]-heptanoico
(104 mg, 0,35 mmol), hidrocloruro de (S)-2-amino-1-(3-ciclopropil-1,2,4-0xadiazol-5-il)-butan-
1-ol (86,7 mg, 0,37 mmol) y diisopropil-amina (219 mg, 0,42 mmol) en diclorometano seco (5
ml), se afiadié pyBOP (113 mg, 0,87 mmol). Se agitd la mezcla a temperatura ambiente durente
16 h y se evapord en vacio. Se diluyo el residuo con acetato de etilo (25 ml) y se lavé con NaH-
CO; saturado (30 ml), HCI diluido (30 ml), y después con NaHCO, saturado (30 ml). Se secd la
capa orgénica sobre sulfato de magnesio y se concentrd en vacio. Se purificé el residuo sobre 12
g de gel de silice, eluyendo con acetato de etilo: heptano (2:1 después 1:0) pars obtener 1a (1-{]-

-gicl il-{ 1,2 4)oxadiazol-5-il)-hidroxi-metil]-propil il}-3.3-difluoro-hexil)-amids
del 4cido morfolin-4-carboxilico (146 mg, 88 %) como un sdlido blanco. La LC/MS muestra 2
isémeros, total 100 % M+1 474,

A unma solucién de (1-{1-[(3-ciclopropil{1,2 4Joxadiazol-5-il)-hidroxi-metil]-
propilcarbamoil} -3,3-difluoro-hexil)-amida del 4cido morfolin4-carboxilico (145 mg, 031
mmol) en diclorometano seco (3 ml) bajo N2 se afladié peryodinano de Dess-Martin ( solucién
al 15 % en peso en diclorometano, 1,73 g, .061 mmol). Se agitd la reaccidén a temperatura am-
biente durante 2 h, después se sofocd con un solucién de Na;S;05 (193 mg, 1,22 mmol) en
NaHCO, saturado (30 ml). Se extrajo 1a capa acuosa con diclorometano (2x30 ml). Las capas
orginicas se secaron sobre sulfato de magnesio y se concentraron en vacio. Se purificd ¢l resi-
duo sobre 12 g de gel de sflice, y se eluyd con acetato de etilo: heptano (1:1 despuéa 2:1) para
obtener la cetona deseada (119 mg, 81 %) como un sélido ocre.
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1H NMR (CDCl3): & 7,4 (d, 7,0 Hz, 1H), 5,27 (m, 1H), 5,13 (d, J = 6,9 Hz, 1H), 4,65 (dd, J =

13,1, 6,9 Hz, 1H), 3,7 (m, 4H), 3.4 (m, 4H), 24 (m, 2H), 2,2 (m, 1H), 2,05 (m, 1H), 1.8 (m,
3H), 1,55 (m, 2H), 1,15 (m, 4H), 0,98 (t, ] = 7,4 Hz, 6H);
LC/MS: 28 % 512 (M+H,0+Na) y 68 % 494 (M+Na).

del éci lin-4-carboxfli

SaRaery

O

Se afiadieron pyBOP (171,73 mg, 0,33 mmol), diisopropiletilamina (0,0575 ml, 0,33
mmol) y (S)-2-amino-1-(5-ciclopropil-1,3,4-oxadiazol-2-il)-butan-1-0l; compuesto con 4cido
trifluoro-acético (0,30 mmol), a una soluciém de écido (S)-4,4-difluoro-2-{(morfolin-4-
carbonil)-amino]-heptanoico (88,29 mg, 0,30 mmol) en cloruro de metileno seco (4 ml) y se
agitd la mezcla de reaccién durante la noche a temperatura ambiente. Se sofocd la reaccién con
bicarbonato de sodio acuoso, se extrajo dos veces con cloruro de metileno, los extractos orgini-
cos s¢ secaron sobre sulfato de sodio y se evaporaron a presién reducida. Por cromatografia en

difluoro-hexil)-amida del fcido morfolin-4-carboxilico como un sélido blanco (87 mg). LC/MS
97 %, 474 (M-+1).

Se afladié peryodinsno de Dess-Martin (15 % en peso en DCM, 0,79 g, 0,28 mmol) a
una solucién de ((S)-1-{(S)-1-[(5-ciclopropil-1,3 4-oxadiazol-2-il)-hidroxi-metil]-propilcarba-
moil}-3,3-difluoro-hexil)-amida del 4cido marfolin-4-carboxilico (67 mg, 0,14 mmol) en cloru-
ro de metileno seco (10 ml) y se agitd a temperatura ambiente durante 2,5 horas. Se sofocd la
reaccidn con una solucién de Na;$,0; (110,68 mg, 0,70 mmol) en NaHCO; acuoso. Se separé la
capa orgéinica y se extrajo la capa acuosa con diclorometano. Los extractos orginicos se secaron
sobre sulfato de sodio y se concentraron a presién reducida. Por cromatografla en columna so-
bre silice eluyendo con una mezcla de cloruro de metileno y acetato de etilo se obtuvo la {(§)-]-

-1-(5-cic il-1,3 4-oxadiazol-2-carhonil il il]-3,3-difluoro-hexil } -ami
del éicido morfolin-4-carboxilico como un polvo blanco (48 mg).

Il



15

20

25

30

-59-

1H NMR (CDCl3): 5 7,52 (d. J=7,5Hz, 1H), 5,34 (m, 1H), 5,18 (d, J=7,5Hz, 1H), 4,65 (m, 1H),
3,72 (m, 4H), 3,40 (m, 4H), 2,50-2,22 (m, 3H), 2,18-2,08 (m, 1H), 1,96-1,78 (m, 3H), 1,60-1,45
(m, 2H), 1,30 (m, 4H), 0,98 (vtt, 6H).

LC/MS 95 %, 472 (M+1).

EIEMPLO 3

moil } -hexil i lin-4-carboxilico.

ey,

Se afladieron pyBOP (68,69 mg, 0,13 mmol), diisopropiletilamina (0,023 ml, 0,13
mmol) y (S)-2-amino-1-[5-(4-trifluorometoxi-fenil)-1,3,4-oxadiazol-2-il}-butan-1-0l (38,0 mg,
0,12 mmol) a una solucibn de #cido (S)-4,4-difluoro-2-[(morfolin-4-carbonil)-amina]-
heptanoico (34 mg, 0,12 mmol) en cloruro de metileno seco (4 ml) y se agité la mezcla de reac-
cién durante la noche a temperatura ambiente. Se sofocé la reaccidn con NaHCO, acuoso, se
extrajo dos veces con cloruro de metileno, los extractos orgénicos se secaron sobre Na2S0O, y se
evaporaron a presién reducida. Por cromatografla en columna sobre silice eluyendo con una
mezcla de cloruro de metileno y acetato de etilo se obtuvo la [@lﬂlﬂm&lﬂﬁu_

del dcido morfolin-4-carboxilico como un sélido blanco (61 mg). LC/MS 71 %, M+1= 594

Se afladié peryodinano de Dess-Martin (15 % en peso en DCM, 0,58 g, 0,21 mmol) &
una solucién de [(S)-3,3-difluoro-1-{(S)-1-{hidroxi-[5{4-trifluorometoxi-fenil)-1,3,4-oxadiazol-
2-il}-metil} -propilcarbamoil)-hexil]-amida del écido morfolin-4-carboxilico (61 mg, 0,10 mmol)
en cloruro de metileno seco (8 ml) y se agitd & temperatura ambiente durante 3 horas. Se sofocd
la reaccién con una solucién de Na,S,0, (81,43 mg, 0,50 mmol) en NaHCO, acuoso. Se separd
la capa orginica y se extrajo la capn acuosa con diclorometano. Los extractos orgdnicos se seca-
ron sobre sulfato de sodio y se concentraron a presién reducida. Por cromatografla en columna
sobre silice eluyendo con una mezcla de cloruro de metileno y acetato de etilo se obtuvo la L(S]_

hexil)-amida del ficido morfolin-4-carbaxilico como un polvo blanco (39 mg).
1H NMR (CDCl3): & 8,25 (d, J=7,5Hz, 2H), 7,60 (d, J=7,5Hz2, 1H), 742 (d, J=7,5Hz, 2H), 5,36
(m, 1H), 5,16 (d, J=7,5Hz, 1H), 4,70 (m, 1H), 3,74 (m, 4H), 3,42 (m, 4H), 2,54-2,32 (m, 2H),

5.

2
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2,28-2,14 (m, 1H), 2,02-1,80 (m, 3H), 1,60-1,45 (m, 2H), 1,06 (t, I=7Hz, 3H), 0,96 (t, J=THz,
3H).
LC/MS: 96 %, 592 (M+1).

MPLO 4

Procediendo de manera similar al Ejemplo 1 anterior pero utilizando Acido (S)-4,4-
difluoro-2-[(morfolin-4-carbonjl)-aminc]-5-fenil-pentanoico y (8)-2-amino-1-(3-ciclopropil-
1,2,4-oxadiazol-5-il)-butan-1-0l se prepard la -1.[(S)-1-{3-cicl if-1 adinzol-5-
[ i ilcarbamoil]-3.3-di -fenil-butil i ido lin-4-carboxilico.
1H NMR (CDCl3): & 7,3 (m, 6H), 5,25 (m, 1H), 5,08 (d, ] = 6,9 Hz, 1H), 4,7 (dd, J = 12,8, 74

Hz, 1H), 3,7 (m, 4H), 3,4 (m, 4H), 32 (t, 16,8 Hz, 2H), 2,4-2,1 (m, 3H), 2,05 (m, 1H), 1,8 (m,
1H), 1,1 (m, 4H), 095 (t, J = 7.5 Hz, 3H);

LC/MS: 35 % 560 (M+H,0+Na) y 65 % 542 (M+Na).

EIEMPLO 5

iclopropil-[ 1.2 41loxadiazo

j 1 dcido morfolin-4-¢ fli

£LIr M
[«]
r 4

Y3
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Procediendo de manera similar al Ejemplo 1 anterior pero utilizando 4cido (S)-4.4-
difluoro-6-metil-2-{(morfolin-4-carbonil)-amino]-heptanoico y (S)-2-amino-1-{3-ciclopropil-
12,4-oxadizol-i)-butan- 1o se prepardIn. {1-{1-(3ilopropil[1.2 szl 5 arbonil)
ilico
IH NMR (CDCl3): 87,6 (d, 1 = 6,8 Hz, 1H), 5,2 (m, 2H), 4,66 (dd, J = 13, 7,2 Hz, 1H), 3,7 (m,
4H), 34 (m, 4H), 2.3 (m, 2H), 2,2 (m, 1H), 2,05 (m, 1H), 1,95 (m, 1H), 1,8 (m, 3H), 1,1 (m,
4H), 0,97 (d, ] = 6,6 Hz, 6H), 0,96 (t, ] = 7,4 Hz, 3H);

LC/MS: 26 %, 526 (M+H;0+Na) y 74 %, 508 (M+Na).

lin-4-carboxili

. ﬁu\(

Procediendo de manera similar al Ejemplo | anterior pero utilizando &cido (S)-4,4-
difluoro-2-[(morfolin-4-carbonil)-amino]-pentancico y (8)-2-amino-1-(3-ciclopropil-1,2,4-
oxadllzol-s-ll)-buun-l-ol se preplré la 14(S)-1 j il-1 xadiazo]-5-

IH NMR (CDCly): & 747 (d, 1 =6,8 Hz, 1H), 5,3 (m, 1H), 5,16 (d, ] = 6,9 Hz, 1H), 4,65 (dd, J
= 13, 7,4 Hz, 1H), 3,7 (m, 4H), 3,4 (m, 4H), 2,4 (m, 2H), 2,2 (m, 1H), 2,05 (m, 1H), 1,8 (m,
1H), 1,67 (t, 18,7 Hz, 3H), 1.1 (m, 4H), 0,97 (1, ] = 7,5 Hz, 3H);

LC/MS: 37 % 484 (M+H;0+Na) y 63 % 484 (M+CH,;CN).

144
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Procediendo de manera similar al Ejemplo 1 anterior pero utilizando dcido (S)-4,4-
difluoro-2-{(morfolin-4-carbonil)}-amino]-pentanoico y (8)-2-amino-1-(3-fenil-1,2,4-oxadiazol-
5-il)-butan-1-ol se prepard la - ifluoro-1 -fenil-1.2.4
propilcarbamoil]-butil }-amida del 4cido morfolin-4-carbox{lico como un sélido ocre claro.

IH NMR (CDCl3): 5 8,15 (dd, J = 7,7, 1,5 Hz, 2H), 7,61 (d, J = 6,4 Hz, 1H), 7.5 (m, 3H), 5,35
(m, 1H), 5,2 (d, ] = 6,9 Hz, 1H), 4,68 (dd, J = 13,2, 7,8 Hz, 1H), 3,7 (m, 4H), 3.4 (m, 4H), 24
(m, 2H), 2,2 (m, 1H), 1,95 (m, 1H), 1,66 (t, 18,7 Hz, 3H), 1,03 (t, ) = 7,5 Hz, 3H),

LC/MS: 37 % 520 (M+H;O+Na) y 63 % 502 (M+Na).

fenil-1

Procediendo de manera similar al Ejemplo 1 anterior pero utilizando dcido (S)-4.4-
difluoro-2-{(morfolin-4-carbonil)-amino]-pentanoico y (S)-2-amino-1-(5-fenil-{1,2,4]oxadiazol-
3-il)-butan-1-o0l se prepard la -3,3-difluorg-1-[(S)-1-{5-fenil-1 iazol-3-carbonil)-

il il]-butil}-amida del dcido lin-4-carboxilico

1H NMR (CDCl3): 8,2 (d, ] = 7,1 Hz, 2H), 7,65 (d, ] = 7,4 Hz, 1H), 7,55 (m, 3H), 54 (dd, J =

12,2, 7 Hz, 1H), 5,3 (d, J = 7,4 Hz, 1H), 4,7 (dd, J = 13, 7,3 Hz, 1H), 3,7 (m, 4H), 3,4 (m, 4H),
2,4(m, 2H), 2,1 (m, 1H), 1,9 (m, 1H), 1,67 (1, 18,7 Hz, 3H), 1,0 (1, J = 7,4 Hz, 3H);
LC/MS: 6 % 520 (M+H,0+Na) y 94 % 502 (M+Nu).

i 1 dcido morfolin-4-carboxilico:

Procediendo de manera similar al Ejemplo 1 anterior pero utilizando dcido (S)-4.4-
difluoro-2-{(morfolin-4-carbonil)-amino]-5-fenil-pentanoico y la sal de dcido trifluoro-acético

88
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i lin
1H NMR (CDCl3): § 7,3 (m, 6H), 5,27 {m, 1H), 5,0 (d, J = 7.0 Hz, 1H major), 4,95 (d, J = 7,3
Hz, 1H minor), 4,7 (m, 1H), 3,7 (m, 4H), 3,4 (m, 4H), 3,2 (t, 16,3 Hz, 2H), 2,4-2,2 (m, 3H),
2,05 (m, 1H), 1,8 (m, 1H), 1,2 (m, 4H), 0,95 (t, } = 7,5 Hz, 3H);
LC/MS: 12 % 560 (M+H,0+Na) y 83 % 542 (M+Na).
EJEMPLO 10

morfolin-4-carboxilico:

J\ F
SARORS
o 0 N—0O
Procediendo de manera similar al Ejemplo 1 anterior pero utilizando hidrocloruro de 2-
aming-1-{5-isopropil-isoxazol-3.il)-butan-1-0l en lugar de hidrocloruro de (S)-2-amino-1-(3-
cnelopropﬂ-l.2,4-oxadmml-5--|l)-butan-l ol se prcpard la {3.3-difluoro-1-[1-(5-isopropil-
- nil)- il]-hexil} -amida lin-4-carboxilico como un
sélido blanco.
1H NMR (CDCl3): & mezcla de ismeros aproximadamente 2:1 7,4 (b, 1H), 6,37 (s, 1H), 5,4
(m, 1H), 5,26 (d, ] = 6,9 Hz, 1H major), 5,2 (d, J = 7,2 Hz, 1 H minor), 4,7 (m, 1H), 3,7 (m, 4H),
3,4 (m, 4H), 3,15 (m, 1H), 2,4 (m, 2H), 2,1 {m, 1H), 1,8 (m, 4H), 1,5 (m, 1H), 1,35(d,J= 7,0
Hz, 6H), 0,95 (m, 6H);
LC/MS: 100 % 473 (M+1).
EIEMPLO 11

amida del dcido morfolin-4-carboxilico
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Procediendo de manera similar al Ejemplo 3 anterior pero utilizando icido (S)-4.4-
difluoro-2-[(morfolin-4-carbonil)-amino]-heptanocico e hidrocloruro de (S)-2-amino-1{5-(5-
metil-isoxazol-3-il)-oxazol-2-il]-butan-1-0l, se prepard la ((S)-3,3-difluorn-]1-{]-J5-(5-metil-
i ]-3-il)-oxazol-2-carboni] ilcarbamoil} -hexil)-amida  del _ dcido lin-4-

carbox{lico como un sélido blanca.
1H NMR (CDCl3): & 7,78 (s, 1H), 7,40 (m, 1H), 6,44 (s, 1H), 5,48 (m, 1H), 5,22-5,10 (m, 1H),
4,68 (m, 1H), 3,72 (m, 4H), 3,40 (m, 4H), 2,54 (s, 3H), 2,50-2,30 (m, 2H), 2,22-2,08 (m, 1H),
1,94-1,78 (m, 3H), 1,60-1,46 (m, 2H), 1,08-0,94 (2xt, 6H).
LC/MS: 99 %, 512 (M+1).

EMPLO 12

N
VY

Procediendo de manera similar al Ejemplo 2 anterior pero utilizando icido (S)-4,4-
difluoro-2-[(morfolin-4-carbonil)-amino]-5-fenil-pentanocico e hidrocloruro de (S)-2-amino-1-
oxazol-2-il-butan-1-ol se preparé la {(S)-3.3-difluoro-]-{(S)-1-(oxazol-2-carbonil)-propicarba-

il]-4-fenil-butil} -amida del §cido morfolin-4-c flico

IH NMR (CDCl3): & 7,86 (s, 1H), 7,37 (s, 1H), 7,30 (m, 5H), 7,24 (m, 1H), 5,45 (m, 1H), 5,08
(d, J = 9Hz, 1H), 4,70 (m, 1H), 3,72 (m, 4H), 3,38 (m, 4H), 3,22 (t, J= 17Hz, 2H), 2,35 (m, 2H),
2,12 (m, 1H), 1,85 (m, 1H), 0,95 (t, J= 9Hz, IH);
LC/MS: 97 %, 479 (M+1),
EIEMPLO ]13
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Procediendo de manera similar al Ejemplo 1 anterior pero utilizando dcido (S)-4.4-
difluoro-2{(morfolin-4-carbonil)-amino]-5-fenil-pentancico e hidrocloruro de (S)-2-amino-1-
(5-tiofen-2-il-oxazol-2-il)}-butan-1-o] se prepard la 3.3di ~fenil-1-

2-il 1-2-carbonil ilc; il]-butil } -amida del §ci lin-4-carbaxili
IH NMR (CDCl3): 8 7,53 (dd, J = 3,6, 1 Hz, 1H), 7,48 (dd, J = 5, 1 Hz, 1H), 7.4 (s, 1H), 7,3

(m, 6H), 7,15 (dd, J = 5, 3,6 Hz, 1H), 5,4 (m, 1H), 5,15 (d, J=7,1 Hz, 1H), 4,7 (dd,J =13, 7,4
Hz, 1H), 3,7 (m, 4H), 3,4 (m, 4H), 3.2 (t, 16,7 Hz, 2H), 2,4 (m, 2H), 2,1 (m, 1H), 1,8 (m, 1H),
0,96 (1, J=7,5 Hz, 3H);

LC/MS: 100 % 561 (M+1).

EJEMPLO 14

fcido morfolin-4-carboxilico

Procediendo de manera similar al Ejemplo 1 anterior pero utilizando écido (S)-4,4-
difluoro-2-{(morfolin-4-carbonil)-amino]-5-fenil-pentancico y (S)-2-amino-1-benzoxazol-2-il-
pentan-1-ol se prepard Ia 1-[(S)- - il)-butilc i]]- i -
fenil-buti i i lin-4-carboxilico.

IR NMR (CDCl3): 8 7.9 (d, J = 8,0 Hz, 1H), 7,66 (d, ] = 8 Hz, 1H), 7,56 (t, ] = 7.2 Hz, 1H),
7.47 (1, ] = 8 Hz, tH), 7,2 (m, 6H), 5,6 (m, 1H), 5,05 (d, J = 7Hz, 1H), 4,71 (dd, ] =128, 74
Hz, 1H), 3,7 (m, 4H), 3,35 (m, 4H), 3,18 (t, J= 16,8 Hz, 2H), 2,3 (m, 2H), 2,1 (m, 1H), 1,8 (m,
1H), 1,4 (m, 2H), 0,94 (t, J= 7,3 Hz, 3H);

LC/MS: 100 % 543 (M+1).

48
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Procediendo de manera similar al Ejemplo 1 anterior pero utilizando écido (S)4.4-
difluoro-2-[(morfolin-4-carbonil)-amino]-5-fenil-pentanoico y (S)-2-amino-1-benzoxazol-2-il-
3-metoxi-propan-1-ol se prepard la [1- xazol-2-il-1-metoxjmetil-2 i il

ifk -fenil-butil]-amida } lin-4-carboxiflico.

1H NMR (CDCl3): 7,9 (4, ) =7,7 Hz, 1H), 7,67 (d, ] = 8 Hz, 1H), 7,56 (t, J = 8 Hz, 1H), 748
(t, } =8 Hz, 1H), 7,2 (m, 6H), 5,7 {m, 1H), 5,1 (d, ] = 7 Hz, 1H major), 5,05 (d, ] = 7,3 Hz, 1H
minor), 4,8 (m, 1H), 4,26 (dd, J = 9,7, 3,5 Hz, 1H), 3,8 (m, 1H), 3,7 (m, 4H), 3,35 (m, 4H), 3,27
(s, 3H), 3,22 (1, J= 16,2 Hz, 2H), 2.4 (m, 2H);
LC/MS: 94 % 545 (M+1).
EJEMPLO 16

S)-1-[(S)-1

ami i in-4-carboxilico

Se agitd a temperatura ambiente durante la noche una mezcla de hidrocloruro de (S)-2-
amino-1-benzoxazol-2-il-2-metil-pentan-1-ona (80,6 mg, 0,3 mmol), dcido (S)-4,4-difluoro-2-
[{(morfolin-4-carbonil)-amino]-5-fenil-pentancico (0,102 mg, 0,3 mmol), EDCI (69 mg, 0,36
mmol), HOBT (48,6 mg, 0,36 mmol) y diisopropil-etilamina (0,2 ml) en DMF. Se diluyé la
mezcla de reaccién con acetato de etilo, se lavé con HC1 1 N frio, NaHCO, saturado y después
solucién saturada de NaCl. Se secd la fase orgénica sobre sulfato de magnesio y se evapord el
disolvente a presién reducida para dar el producto crudo. Por purificacién por cromatografia en
columna de gel de silice, eluyendo con mezcla de acetato de etilo y heptano se obtuvo 1a {(S)-1-
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1H NMR (CDCl3): 5 7.8 (d, J = 7,8,0 Hz, 1H), 7,64 (d, ] =7,8 Hz, 1H), 7,53 (dt, J = 7.2, 1,2 Hz,
1H), 7,43 (dt,J = 8, 1,2 Hz, 1H), 7,2 (m, 6H), 4,9 (d, J = 7,3 Hz, 1H), 4,65 (m, 1H), 3,7 (m, 4H),
3,3 (m, 4H), 3,1 (¢, J= 16,8 Hz, 2H), 2,2 (m, 3H), 2,1 (m, 1H), 1,74 (s, 3H), 1,25 (m, 2H), 0.9 (¢,
J=7,3 Hz, 3H);

LC/MS: 100 % 557 (M+1).

Procediendo segiin ¢l método de acoplamiento de pyBOP dado en el Ejemplo 1, pero
utilizando écido (S)-4,4-difluoro-2-[(morfolin-4-carbonil)-amino]-5-fenil-pentanoico e hidroclo-
uro de  (S)-2-amino-4-fenil-butironitrilo, se prepard la  [(S)-1{(S)-1-cigno-3-fenil-

il i-3.3-difluoro-4-fenil-butil)-amida del écido i flico.
1H NMR (CDCl3): 5 7,9 (d, ) = 7,6 Hz, 1H), 7,2 (m, 10H), 5,1 (d, J = 7,3 Hz, 1H), 4,6 (m, 2H),
3,6 (m, 4H), 3,3 (m, 4H), 3,2 (t, ] = 16,5 Hz, 2H), 2,74 (t, ] = 7,2 H, 2H), 2,3 (m, 2H), 2,1 (m,

ZH);
LC/MS: 100 % 485 (M+1).
MPLO 18

ianometil-c
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Procediendo segiin el método de acoplamiento de pyBOP dado en el Ejemplo 1, pero
utilizando dcido (S)-4,4-difluoro-2-{(morfolin-4-carbonil)-amino]-5-fenil-pentanoico e hidroclo-
ruro de amino-acetonitrilo, s¢ prepar la [(S)-1-(cianometjl-carbamoil}-3.3-difluoro-4-fenjl-
butil]-amida del écido morfolj flico.

IH NMR (CDCl): 6 7,95 (b, 1H), 7,3 (m, 5H), 5,25 (d, J = 7,0 Hz, 1H), 4,7 (dd, J = 12,7, 7,2
Hz, 1H), 4,1 (m, 2H), 3,7 (m, 4H), 3,35 (m, 4H), 3,2 (t, ] = 16,3 Hz, 2H), 2,4 (m, 2H), LC/MS:
83 % 403 (M+Na).

EJEMPLO 19

Sc agitd a temperatura ambiente durante la noche una mezcla de hidrocloruro de (8)-2-
amino-2-metil-pentan-1-0l (1044 mg, 0,67 mmol), dcido (S)4.4-difluoro-2-[(morfolin-4-
carbonil)-amino]-5S-fenil-pentanoico (231 mg, 0,67 mmol), EDCI (154 mg, 0,8 mmol), HOBT
(108 mg, 0,8 mmol) y diisopropil-etilamina (0,23 mi) en DMF (2 ml). Se diluyd la mezcla de
reaccién con acetato de etilo, se lavé con HCl 1 N frio, NaHCO, saturado y después solucién
saturada de NaCl. Se secé la fase orginica sobre MgSO, y se evapord el disolvente a presitn
reducida para dar el producto crudo. Por purificacién por cromatografia en columma de gel de
sﬂlce. eluymdo con mezcla de acetato de etilo y hepnno se obtuvo la [(S) 3.3-dlﬂ|10!0 1-({8)-1-

mg, 75 %).

1St
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(217 mg) y peryodinano de Dess-Martin (al 15 % en DCM, 2 eq.) en DCM (5 ml) y se sofocd
con una solucién de tiosulfato de sodio en NaHCO, saturado. Se extrajo ¢l producto con acetato
de etilo y se lavé con solucién saturada de NaCl. Se sect Ia fase orginica sobre MgSO, anhidro,
y se evaporé el disolvente a presion reducida. Por purificacién por cromatografia en gel de silice
eluyendo con mezcla de acetato de etilo-heptano se obtuvo la [(§)-3.3-difluaro-1-((S)-1-formil-
1-metil-bytil il)-4-fenil-buti ida del écido lin-4-carboxflico 8

IH NMR (CDCl3): 89,3 (s, 1H), 7,2 (m, 5H), 7,0 (s, 1H), 5,0 (d, J = 7 Hz, 1H), 4,64 (dd, J =

13, 7,3 Hz, 1H), 3,7 (m, 4H), 3,4 (m, 4H), 3,2 (t, J= 16,5 Hz, 2H), 2.3 (m, 2H),
1,9 (m, 1H), 1,65 (m, 1H), 1,35 (s, 3H), 1,2 (m, 2H), 0,9 ( 1, J=7,3 Hz, 3H),
LC/MS: 100 % 440, (M+1)

amida del &cido perhidro-1 in-4-carboxilico

A una mezcla de dcido (S)-4,4-difluoro-2-[(perhidro-1,4-0xazepin-4-carbonil)-amino]-
pentanoico (97 mg, 0,35 mmol), hidrocloruro de (S)-2-amino-1-{3-ciclopropil-1,2 4-oxadiazol-

]SZ

5-il)-butan-1-ol (83 mg, 0,36 mmol) y diisopropiletil-amina (121 uL, 0,70 mmol) en diclorome- _

tano seco (12 mi) se afladid hidrocloruro de 1-(3-dimetilaminopropil)-3-etilcarbodiimida (66
mg, 0,35 mmol) e hidrato de 1-hidroxibenzotriazol (47 mg, 0,35 mmol). Se agitd la mezcla a
temperatura ambiente durante 16 h después se diluyd con diclorometano (20 ml) y se lavd con
HCl diluido (30 ml) y después con NaHCO, saturado (30 ml). Se secé (Na,SO,) la capa orghni-
ca y se concentrd en vacio. Se purificé el residuo sobre 12 g de gel de silice, eluyendo con ace-
mto de etilo: heptano (gradiente 50 - 100 %) para obtener la ({S)-1-{(S)-1-[(3-ciclopropil-1.2.4-

1-5-il)-hidrox;- -propilcarbamoijl} - uorg-butil i rhidro-
1,4-oxazepin-4-carboxflico (120 mg, 75 %) como un sdlido vitreo incoloro. LC/MS 100 % 460

(M+H).

A una solucién de ((S)-1-{(S)-1-[(3-ciclopropil-1,2,4-oxadiazol-5-il)-hidroxi-metil]-
propilcarbamoil }-3,3-difluoro-butil}-amida del écido perhidro-1,4-oxazepin-4-carboxilico (110
mg, 0,24 mmol) en diclorometano seco (20 mi) bajo N, se afladid peryodinano de Dess-Martin
(143 mg, 0,34 mmol). Se agitd la reaccién 2 temperatura ambiente durante 2 h, y después se
afiadié diclorometano (20 mil). Se sofocd la reaccién con una solucién de Na;S;0, (0,26 M, 2
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ml) y se lavé con NaHCO, saturado (20 ml). Se extrajo la capa acuosa con diclorometano (2 x
30 ml). Las capas orghnicas e secaron (Ns;SO,) y se concentraron en vacfo. Se purificd el resi-
duo sobre 12 g de gel de silice, y se eluy6 con acetato de etilo: hepl:no (gndume 50-100 %)
para obtener la i
ifl util}-amida del dci hidro-1 in-4 flico (82 mg, 75 %) como un
sélido blanco.
'H NMR (CDCly) 6 7,52 (d, 6,2H), 5,28 (m, 1H), 5,05 (d, ] = 7 Hz, 1H), 4,66 (m, 1H), 3,78 (m,
4H), 3,59 (m, 4H), 2,42 (m, 2H), 2,23 (m, 1H), 2,07 (m, 1H), 1,98 (m, 1HO, 1,85 (m, 1H), 1,69
(t, J = 18,8 Hz, 3H), 1,15 (m, 4H), 0,98 (t, J = 7,5Hz, 3H); LC/MS: 97 % 458 (M+H).
EMPLO 21

Procediendo de manera similar al Ejemplo 20 anterior pero utilizando &cido (S)-4,4-difluoro-2-
{([1.4)oxazepan-4-carbonil}-amino}-heptanoico e hidrocloruro de (S)-2- amino-1 (3-c:cloprop|l-l w24
oxadiazol-5-i)-butan-1-0l sc prepard la 1- i il- - i

il]-3.3-diflu i i i i i flico (98 mg, 65 %)
como un sdlido blanco.
'‘H NMR (CDCI3) & 7,6 (d, J=7,5 Hz, 1H), 5,25 (m, 1H), 5,10 (d, }=7,5 Hz, 1H),
4,65 (dd, J=14, J=7.5 Hz, 1H), 3,75 ( m, 6H), 3,55 (m, 4H), 2,4 (m, 2H), 2,2 (m, 2H), 1,95 (m,
1H), 1,8 (m, 3H), 1,55 (m, 2H), 1,10 {m, 4H), 0,95 (t, J=7,5 Hz, 6H);
LC/MS: 70 % 486 (M+1) y 30 % 504 (M+1+H20).
EJEMPLO 22
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Procediendo de manera similar al Ejemplo 20 anterior pero utilizando dcido (S)-4.4-

ifluoro-2- ' il)-aming]- i y  (S)-2-amino-1-(3-isopropil-1,2,4-
oxadiazol-5-il)-butan-1-ol se prepard la -1-[(S)-14{3 il-1,2 4-oxadiazo]- il)-
ropi il]-3,3-difluoro-hexil ida del écido in-4-carboxilico (122 mg, 71 %)
como un sélido blanco.

1H NMR (CDCB3) & 7,5 (d, J=7,0 Hz, 1H), 5,3 (m,1H), 5,25 (d, J=7,0 Hz, 1H), 4,65 (dd, J=13,
7,0 Hz, 1H), 3,7 (m, 4H), 3,4 (m, 4H), 3,2 (m, 1H), 2,35 (m, 2H), 2,1 (m, 1H), 1,8 (m, 3H), 1,55
(m, 2H), 1,40 (d, J=7 Hz, 6H), 09 (t, F=7,0 Hz, 6H);
LC/MS: 72 % 474 (M+.l) y 28 % 492 (M+1+H20).

Una solucién de #cido (S)-4,4-difluoro-2-[(morfolin-4-carbonil)-amino]-heptancico
(175 mg, 0,60 mmol) en dimetilformamida (6 ml) se tratd sucesivamente con (S)-2-amino-1-(5-
terc-butil-1,2,4-oxadiazol-3-il)-butan-1-ol (240 mg, 1,13 mmol), hexafluorofosfato de O-(7-
azabenzotriazol-1-il)-N,N,N",N’-tetrametiluronio (226 mg, 0,59 mmol) y diisopropiletilamina
(0,104 ml, 0,60 mmol). Se agit6 la reaccién a temperatura ambiente durante la noche. Se evapo-
r6 el disolvente bajo alto vacio. Se recogi6 el residuo en acetato de etilo y se lavd con dcido
clothidrico 1 N, solucién acuosa saturada de bicarbonato y agua, se secé sobre Na,SO, y se
evapord el disolvente a presion reducida. Se purificé el crudo sobre silice nipida (columna de 10
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dcido morfolin-4-carboxflico como un aceite marrén (60 mg).
MS: 490 (M+H).

Una solucién de ((S)-1-{(S)-1-[(5-terc-butil-1,2,4-oxadiazol-3-il)-hidroxi-metil]-
propilcarbamoil}-3,3-difluoro-hexil)-amida del décido morfolin-4-carboxilico (57 mg, 0,117
mmol) en cloruro de metileno (3 ml) se tratd con peryodinano de Dess-Martin (59 mg, 0,139
mmol) y se agitd a temperatura ambiente durante 90 minutos. Se lavé 1a mezcla de reaccién con
una solucién de Na,S;0, en agua (0,26 M), sclucidn acuosa saturada de bicarbonato y agua, se
secé sobre Na,SO, y se evapord el disolvente a presién reducida. Se purificé el residuo por
cromatografia ripida eluyendo con una mezcla de acetato de etilo y heptano (1:1) pama dar la
{(S)-1-[(5)-1-(5-terc-butil-1,2,4-oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-hexil } -
amida del dcido morfolin-4-carboxilico como un sélido blanco-sucio (41 mg).

MS: 488 (M+H).

0 o] N~
Procediendo de manera similar al Ejemplo 23 anterior pero utilizando dcido (S)-4.4-
difluoro-2-[(morfolin-4-carbonil)-amino]-5-fenil-pentancico y  (S)-2-amino-1-(5-terc-butil-
l.2.4-oxaduml—3-11)—butan—l-ol se prepnro la -1-[1-(5-ferc-butil-1 xadigzpl-3-

como una mezcla 7:3 de diastereoisémeros.

'H NMR (CDCly)3: 7,36-7,19 (m, 5H), 7,15 (d, J=7,1Hz, 1H), 5,31 (m, 1H), 5,03 & 4,96 (2xd,
J=7Hz, 1H), 4,68 (m, 1H), 1,76-3,59 (m, 4H), 3,45-3,26 (m, 4H), 3,18 (t, J=16,8Hz, 2H), 2,52-
2,18 (m, 2H), 2,17-1,94 (m, 1H), 1,88-1,70 (m, 1H), 1,47 (s, 9H), 0,93 (t, J=7.4Hz, 3H).

MS: 536 (M+H),

il)-ami 1 deido morfolin-4-¢. li
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Procediendo de manera similar al Ejemplo 23 anterior pero utilizando icido (S)-4.4-
difluoro-2-{(morfolin-4-carbonil)}-amino]-pentanocico y (S)-2-amino-1-[5«(4-fluoro-fenil)-1,2,4-
oxadiszol-3-ilj-butan-1-0ol se prepard la -3.3dj -1- 1-[5 -fenil)-1.2 4-

ipzol-3-carbonil jlcarbamoil } -butil)-ami 1 dcido morfoli fli
'H NMR (CDCl,)6: 8,21 (m, 2H), 7,31 (d, J=6,8Hz, 1H), 7,30-7,20 (m, 2H), 5,38 (m, 1H), 5,07
(d, J~6,8Hz, 1H), 4,63 (m, 1H), 3,75-3,64 (m, 4H), 3,44-3,33 (m, 4H), 2,58-2,28 (m, 2H), 2,22-
2,04 (m, 1H), 1,96-1,79 (m, 1H), 1,66 (t, J=18,8Hz, 3H), 0,97 (t, J=7,4Hz, 3H).
MS: 498 (M+H).
EMPLO 2

Procediendo de manera similar al Ejemplo 23 anterior pero utilizando écido (S)-4,4-
difluoro-2-{(morfolin-4-carbonil)}-amino]-5-fenil-pentancico y (S)-2-amino-1-{5-<iclopropil-
1,2,4-oxadiazol-3-il)-butan-1-ol se prepard la {(S)-1-[1{5-ciclopropil-1,2 4-oxadiazol-3-
carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil-butil }-amida del #écido morfolin-4-carboxilico
como una mezcla 3:1 de diastereoisdmeros.

'H NMR (CDCL)3: 7,36-7,20 (m, 5H), 7,14 (d, J=7,1Hz, 1H), 5,26 (m, 1H), 5,02 & 4,96 (2xd,
J=THz, 1H), 4,70 (m, 1H), 3,73-3,61 (m, 4H), 3,43-3,28 (m, 4H), 3,18 (t, J=16,5Hz, 2H), 2,48-
2,21 (m, 3H), 2,14-1,98 (m, 1H), 1,85-1,70 (m, 1H), 1,38-1,21 (m, 4H), 0,91 (t, J=7,5Hz, 3H).
MS: 520 (M+H).

EMPLO 27

156
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Procediendo de manera similar al Ejemplo 23 anterior pero utilizando dcido (S)-4.4-
difluoro-2-[(perhidro-1,4-oxazepin-4-carbonil)-amino]-heptanoico y (S)-2-amino-1-(5-
clclupropll-l ,2.4-oxnd|aml 3-11)-buum-1-ol s pteparé la _[[_]i-[l_—ﬁ_—_gmlmmﬂ—_l.g.g

mmmmlﬂ 5:1 de diastereoisdmeros.

'H NMR (CDCL): 7,44 & 7,39 (2xd, J=7,3Hz, 1H), 5,30 (m, 1H), 5,05 & 4,98 (2xd, ]=6,5Hz,
1H), 4,63 (m, 1H), 3,79-3,73 (m, 4H), 3,59-3,53 (m, 4H), 2,47-2,23 (m, 3H), 2,15-1,76 (m, 6H),
1,57-1,43 (m, 2H), 1,38-1,26 (m, 4H), 0,95 (t, J=7,3Hz, 3H), 0,93 (t, J=7,2Hz, 3H).

MS: 486 (M+H).

Se agitdé durante 10 min una suspension de carbodiimida unida a poliestireno (570 mg,
0,73 mmol) y 4cido 4,4-difluoro-2-[({1,4]oxazepan-4-carbonil)-amino]-heptanoico (135 mg) en
DCM (10 ml). Se afiadié HOBT (60 mg) y se agit$ durante 10 min. Se afiadié una suspensién de
hidrocloruro de amino-acetonitrilo (34 mg) y trietil-amina (52 ul) en DCM (5 ml) y se agitd du-
rante la noche a temperatura ambiente. Se afadié PS-Trisamina (493 mg) y se agitd a tempem-
tura ambiente durante 2 h 30 min. Después de filtracién, se diluyd el filtrado con DCM, se lavé
con agus, se evapord a presion reducida y se purificd por cromatografia en columna eluyendo
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con mezcla de acetato de etilo y heptano para dar le [(S)-1-{cianometil-carbamoil}-3.3 -difluoro-
hexil]-ami ici idrg-1,4-0; in-4-carboxilico como un sdlido blanca.

LCMS: 100 % 347 (M+H)

EJEMPLO 29

[(S)-1-((S)-1-Ciano-propilcarbamoil)-3,3-difluoro-hexil]-amida del dcido perhidro-14-
oxazepin-4-carboxilico

X A
.
</\N N N\E/%N
oJ ° A
Procediendo de manera similar al Ejemplo 28 anterior pero utilizando dcido 4.4-
difluoro-2-[([1,4]Joxazepan-4-carbonil)-amina]-heptancico e hidrocloruro de (S)-2-amino-

butironitrilo se prepard la -1-{(S)-1-ci il il}-3,3-difluoro-hexil]-ami 1
dcido perhidro- in-4-carboxilico.

LCMS: 100 % 375 (M+H).

EJEMPLO 30

[(S)-1<{1-Ciano-ciclopropilcarbamoil)-3,3-difluoro-hexil]-amida del dcido morfolin-4-

carboxflico
F
y N
I\ _("Cﬂél/\i{/

Se preperd haciendo reaccionar_écido (S)-4.4-di 2-[(morfolin. i ing]-
heptanoico e hidrocloruro de 1-amino-ciclopropanocarbonitrilo, utilizando TOTU como el agen-
te de acoplamiento y diisopropil-etilamina como Ia base.

LCMS: 359 (M+H).
EIEMPLO 3}

Ensa ina

Se prepararon soluciones de los compuestos de ensayo con diferentes concentraciones
en 10 pl de dimetilsulféxido (DMSO) y después se diluyeron en tampén de ensayo (40 pl, que
comprende: MES, 50 mM (pH 6,5); EDTA, 2,5 mM; y NaCl, 100 mM, DTT 0,5 mM, triton X-
100 al 0,01 %).

/sy
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Se afiadid a las diluciones catepsina S humana (la concentracién final en el pocillo
1,74 nM). Se mezclaron las soluciones de ensayo durante 5-10 segundos en un plato agitador, se
taparon y se incubaron durante 30 minutos a temperatura ambiente. Se afladié a las soluciones
de ensayo Z-Val-Val-Arg-AMC (la concentracién final en el pocillo es 0,08 mM) y Ia hidrélisis
fue seguida espectrofotométricamente a (A 460 nm) durante 5 minutos. Se calcularon las cons-
tantes de inhibicién aparente (K;) a partir de las curvas de progreso de la enzima utilizando mo-
delos mateméticos esténdar.

EJEMPLO 32
Ensayo de catepsina B

Se prepararon soluciones de los compuestos de ensayo con diferentes concentraciones
en 10 ml de dimetilsulféxido (DMSO) y después se diluyeron en tampén de ensayo (que com-
prende: MES 50 mM (pH 6); EDTA 2,5 mM, DMSO al 2 % y ditiotreitol (DTT), 2,5 mM).

Se afiadi6 a las diluciones catepsinga B humana (concentracién final de 0.3 ng/ul). Se
mezclaron las soluciones de ensayo durante 5-10 segundos en un plato agitador, se cubrieron y
se incubaron durante 30 minutos a temperatura ambiente. Se afiadié a las soluciones de ensayo
Z-FR-pNa (concentracién final de 100 puM) y la hidrélisis fue seguida espectrofotométricamente
a (\ 405 nm) durante 60 minutos. Se calcularon las constantes de inhibicién aparente (Ky) a par-
tir de las curvas de progreso de la enzima utilizando modelos matemiticos estindar.

EJEMPLO 33
Ensayo de catcpsina K

Se prepararon soluciones de los compuestos de ensayo con diferentes concentraciones
en 10 pl de dimetilsulféxido (DMSO) y después se diluyeron en tampén de ensayo (40 ul, que
comprende: MES, 50 mM (pH 5,5); EDTA, 2,5 mM; y DTT, 2,5 mM). Se ailadié a las dilucio-
nes catepsina K humana {0,0906 pmoles en 25 ul de tampdn de ensayo). Se mezclaron las solu-
ciones de ensayo durante 5-10 segundos en un plato agitador, se cubrieron y se incubaron duran-
te 30 minutos a temperatura ambiente. Se afadio a las soluciones de ensayo Z-Phe-Arg-AMC (4
nmoles en 25 pl de tampdn de ensayo) y la hidrdlisis fue seguida espectrofotométricamente a (A
460 nm) durante 5 minutos. Se calcularon las constantes de inhibicién aparente (K,) a partir de
las curvas de progreso de la enzima utilizando modelos matemsiticos esténdar.

EJEMPLO 34
Ensayo de catepsing L,

Se prepararon soluciones de los compuestos de ensayo con diferentes concentraciones
en 10 pl de dimetilsulféxido (DMSO) y después se diluyeron en tampén de ensayo (40 pl, que
comprende: MES, 50 mM (pH 6); EDTA, 2,5 mM; y DTT, 2,5 mM). Se afladid a las diluciones
catepsina L humana (10 pl de 0,2 ng/pl, concentracién final de 0,02 ng/pl). Se mezclaron las

15%



15

20

30

35

77-

soluciones de ensayo durante 5-10 segundos en un plato agitador, se cubrieron y se incubaron
durante 30 minutos a temperatura ambiente. Se afiadié a las soluciones de ensayo Z-Phe-Arg-
AMC (10 pl de 0,1 mM, concentracién final de 10 uM) y la hidrélisis fue seguida espectrofo-
tométricamente a (A 460 nm) durante 30 minutos. Se calcularon las constantes de inhibicién
aparente (K,) a partir de las curvas de progreso de la enzima utilizando modelos matemiticos
estandar,

Los compuestos de la invencién se analizaron segiin los ensayos descritos antes pam la
inhibicién de la proteasa y se observé que presentaban una actividad inhibidora selectiva de Ia
catepsina S. Las constantes de inhibicién aparente (K;) para los compuestos de la invencién,
frente a la catepsina S, estuvieron en el intervalo de aproximadamente 1010 M a aproximada-
mente 107 M.

EJEMPLO 35
Formulaciones farmacéuticas representativas que contienen un compuesto de la fdrmula

)3

/160

FORMULACION ORAL
Compuesto de la férmmla I, 10-100 mg
Acido cftrico monohidratado 105 mg
Hidréxido de sodio 18 mg
Aromatizante
Agua ¢.s.p. 100 ml
FORMULACION INTRAVENOSA
Compuesto de 1a férmula I, 0,1-10 mg
Dextrosa monohidratads c.s.p. hacer isoténica
Acido citrico monchidratado 1.05 mg
Hidréxido de sodio 0.18mg
Agua para inyeccién cs.p.1,0ml
FORMULACION EN COMPRIMIDOS
Compuesto de la fidrmula I, 1%
Celulosa microcristalina 73%
Acido estedrico 25%
Silice coloidal 1 %.

Aunque se han descrito y sefialado nuevas caracteristicas fundamentaies de la invencién
aplicadas a una de sus realizaciones preferidas, se debe entender que se pueden hacer diferentes
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omisiones y sustituciones y cambios, en la forma y detalles de In composicién y métodos ilus-
trados, por los expertos en Ia técnica sin separurse del espiritu de la invencidn. Por ¢jemplo, se
pretende expresamente que las sustituciones de radicales quimicos y/o etapas del método, que
realizan sustancialmente ]a misma funcidn en sustancialmente la misma ruta para alcanzar los
mismos resultados estiin dentro del alcance de Is invencién.

La invencién no estA limitada por las realizaciones descritas antes que se presentan so-
lamente como ¢jemplos pero se pueden modificar de varias maneras dentro del alcance de pro-
teccién definido por las reivindicaciones de patente anexas.

6/
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REIVINDICACIONES:

1. Un compuesto que tiene una estructura de cadena principal de la férmula II:

en la que X! es metileno, etileno o un enlace y sub1-sub, son sustituyentes penerales.
2. Un compuesto de la reivindicacién 1, que tiene una estructura de cadena principal se-
leccionada del grupo que consiste en las férmulas [II, IVy V:

ub,
J<F
T F
X TUb
subg~_ N -8ubg
N
" o sub,xll-lb.

" I

en las que X! es metileno, etileno o un enlace y subj-subg son sustituyentes generales.



80 /63
3, Un compuesto que tiene una estructura de la férmula (T):
R®
P
F
1
X $z
R! N
\NH/ ~ A
H
o)
1))
5 en laque
Aes

0
R R X‘-——x*" XLN\ '
RH

X! es metileno, etileno o un enlace;
X2 es CN, CHO, C(O)RS, C(O)C(O)NRR? C(O)C(O)NR7RS, C(O)C(O)RI3,
10  C(O)YC(O)ORI3, C(O)CHpX3R13;

X3 se selecciona del grupo que consiste en O, S(O)y, CO, CONH, NHCO, NHSO; y
SO,;NH;

X4 es CH(R12) 0 CH(R12)-CH3;

Xdes metileno, etileno, propileno o un enlace;

15 X6 es un enlace o alquileno (C1.3);

Rl es H, R13C(0)-, RI3§(0),-, RI130C(0)- , RERINC(0)~ RBR7NS(O)y-;
R138(0);NC(0)- 0 RI3C(O)NS(0)p-; o R1 se selecciona del grupo que consiste en alquilo
(C19), cicloalquil (C3.12)-alquilo (Cq.g), heterocicloalquil (Cs.12)-alquilo (Cp.g), aril
(Cg-12)-alquilo (Cp.g) y heteroaril (Cs.13)-alquilo (Cp.g). cada uno de los cuales esté opcio-

20  nalmente sustituido con 1 a 5 radicales independientemente seleccionadoa de un grupo que con-
siste en alquilo (C}_4), ciano, halo, alquilo (Cj.4) sustituido con halo, -XSNRIR9, -X60OR9,
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-X6SR9, -XSC(O)NRIR?, -XSOC(O)NRIR®, -X6C(0)OR?, -XONC(O)OR?, -X6S(O)R19,
-X65(0);R10 y -XSC(O)R19,

R2 se selecciona del grupo que consiste en hidrégeno, alquilo (Cy.g), cicloalquil
(C3-12)alquilo (Cg.g), heterocicloalquil (Cs.12)-alquilo (Co_g), aril (Cg.12)-alquilo (Cg_g) 0
heteroaril (Cs.12)-alquilo (Cg_g):

R3 se selecciona del grupo que consiste en H, alquilo (Cy_6), cicloalquil (C3_12)-
alquilo (Cgg), heterocicloalquil (Cs._12)-alquilo (Cg_g), aril (Cg.-12)-alquilo (Cg.g) o heteroaril
(Cs.13)-alquilo (Cg.g) opcionalmente sustituido con 1 a 5 radicales independientemente selec-
cionados de un grupo que consiste en alquilo (C;.4), ciano, halo, alquilo (C;_4) sustituido con
halo, -XSNRIRY, -X60R9, -XBSRY, -X6C(O)NRIRY, -XSOC(O)NRIRY, -XSC(O)OR?,
-X6NC(O)ORY, -X6S(0)R 10, -x65(0),R 10 y .X6C(O)R19;

R4 es H o alquilo (C{_g); o R y R4 considerados junto con el &tomo de carbono al cual
ambos R3 y R4 estin unidos, forman cicloalquileno (C3_g) o heterocicloalquileno (C3.g);

RS es H, F, o R3 es alquilo (C).g), cicloalquil (C3.12)-alquilo (Cg._g), heterocicloalquil
(C3.12)-alquilo (Cg.g), arit (Cg.12)-alquilo (Cg.g), heteroaril (Cs.13)-alquilo (Cgg) cada uno
opcionalmente sustituido con 1 a 5 radicales independientemente seleccionados de un grupo que
consiste en alquilo (C.q), ciano, halo, alquilo (C1.4) sustituido con halo, -XSNRIR?, -X60R?,
-X6SR9, -XSC(O)NRIR?, -XSOC(O)NRIR?, -X6C(O)ORY, -XSNC(O)OR?, -XBS(O)R10,
-x68(0)yR10 y -XSC(O)R10,

RO es arilo (Cg_12), heteroarilo (Cs_13) y alquilo (Cy_g) sustituido con halo; donde R6
estk opcionalmente sustituido con 1 a S radicales independientemente seleccionsdos de un grupo
que consiste en alquilo (Cq_g), cicloalquil (C3.12)-alquilo (Cg_g), heterocicloalquil (Cs_;3)-
alquilo (Cp-g). aril (C6-12)-alquilo (Co-6), heteroaril (Cs.13)-alquilo (Co-g), ciano, halo, alqui-
lo (Ci¢) sustituido con halo, -XSNROR9, -X60R?, -X6SR?, -XSC(O)NRIRY,
-XS0C(O)NRIR?, -X6C(OYOR?, -XONC(OYORI, -X6S(0)R 10, -X65(0),R 10 y -X6C(O)R10;

R7 es H, alquilo (C{_g), cicloalquil (C3_12)-alquilo (Cg.g), heterocicloalquil (C3.12)-
alquilo (Cq.g), aril (Cg.12)-alquilo (Cp_g), heteroaril (Cs.13)-alquilo (Cg.g), ¥ alquilo (Cy.g)

sustituido con halo; donde R7 estk opcicmalmente sustituido con 1 a 5 radicales independiente-
mente seleccionados de un grupo que consiste en alquilo (Cj.4), ciano, halo, alquilo (Cy.4) sus-

'l
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titido con halo, -XSNRIR9, -X6OR?, -X6SRY, -X6C(O)NRIRP, -XSOC(O)NRSRY,
-X6C(0)OR?, -XSNC(O)ORY, -X6S(O0)R10, -X65(0)R10 y -X6C(O)R10;

R8 se selecciona del grupo que consiste en H, alquilo (Cj_g), cicloalquil (C3.12)-
alquilo (Cg.g). heterocicloalquil (C3.12)-alquilo (Cg.g), aril (Cg.12)-alquilo (Co g), y heteroa-
ril (Cs.13)-alquilo (Cg.g), © R7 y R8 junto con el &tomo unido, forman cicloalquileno (C3.g) o
heterocicloalquileno (C3_g);

R? en cada aparicidén es independientemente hidrégeno, alquilo (C1_g) o alquilo (Cy_g)
sustituido con halo;

R10 e5 alquilo (C1g) o alquilo (C}.6) sustituido con halo;

R1! ge selecciona del grupo que consiste en hidrdgeno, alquilo (Cy.g), cicloalquil
(C3.12)-alquilo (Cg._g), heterocicloalquil (Cs_12)-alquilo (Cg_g), aril (Cg_12)-alquile (Cg.g)
heteroaril (Cs_; 3)-alquilo (Cg._g), bicicloaril (Cg_12)-alquilo (Cg.3), heterobicicloaril (Cg_12)-
alquilo (Cg.3), <C(O)R13, C(S)R13, -S(0)R13, -C(0)OR13, -C(O)NR)RS, -C(S)NRT)RS y
-S(O)NR7)RS;

R12 es H 0 alquilo C}_g opcionalmente sustituido con amido, arilo (Cg._12), heteroarilo
(C5.12), beterocicloalquilo (Cs.12) o hidroxi;

R13 es alquilo (Cy_g), cicloalquil (C3.12)-alquilo (Cg.g), heterocicloalquil (Cs.12)-
alquilo (Cg.g), aril (Cg.12)-2lquilo (Cq_g), heteroaril (Cs.14)-alquilo (Cg_g), ¥ alquilo (Cy_g)
sustituido con halo; donde R.13 esté opcionalmente sustituido con 1 a 5 radicales independien-
temente seleccionados de un grupo que consiste en alquilo (Cy_4), ciano, halo, alquilo {(C}.4)
sustituido con halo, -XSNRIRY, -XSOR?, -X6SR9, -XSC(O)NRPRY, -XSOC(O)NRIR?,
-X6C(0)ORY, -XSNC(O)OR?, -X63(0)R19, -x685(0),R 10 y -X6C(O)R10; y

n es cero 0 un mimero entero 1 & 2;

y sus correspondientes N-6xidos, y sus profirmacos, y sus derivados protegidos, isémeros indi-
viduales y mezclas de isémeros de los mismos; y las sales y solvatos (por ejemplo hidratos)
farmscéuticamente aceptables de dichos compuestos de la formula (Ia) y sus N-éxidos y sus
profiirmacos, y sus derivados protegidog, isémeros individuales y mezclas de isdmeros de los
miSmos. .

/65
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x
4. Un compuesto segun la reivindicacién 3, en el cual A es §< .
R R

5. Un compuesto segin la reivindicacidn 4, en el cual R3 es H, aril (Cg.12)-elquilo
(C2.6) o alquilo (Cy_g) opcionalmente sustituido con -X60R? donde X5 es un enlace y RY es
alquilo (C1.6)-

6. Un compuesto segiin las reivindicaciones 4 o 5, en el cual R4 es H o alquilo (C1.4)-

7. Un compuesto segin una cualquiers de las reivindicaciones 4-6, en ¢l cual X2 es
CHO, CN o C(O)RS donde RS es heteroarilo (Cs_3) opcionalmente sustituido con alquilo
(C1.9), cicloalquilo (C3.12), arilo (Cg-12) o heteroarilo (Cs.13).

8. Un compuesto segin la reivindicacién 3, en ¢l cual A es .
X
\Rﬁ

9. Un compuesto segin la reivindicacién 8, en el cual X3 es propileno.

10. Un compuesto segiin las reivindicaciones 8 0 9, en el cual Rll s -C(0)0R13 (1]
-S(0);R13 donde R!3 g alquilo o arilo (Cg_p2).

11. Un compuesto segiin una cualquiera de las reivindicaciones 2-10, en el cual R! es
(i) R13C(0)- donde R13 es heterocicloalquilo (Cs_12); (i) R130C(0)- donde R13 es aril
(Cg-12)-2lquilo (Cy_g); (iii) alguile (Cy_g); o (iv) heterocicloalquilo (Cs5_12).

12. Un compuesto segiin una cualquiera de las reivindicaciones 2-11, en el cual R2 es

13. Un compuesto segin una cualquiera de las reivindicaciones 2-12, en ¢l cual RS es
alquilo (Cy.9) o aril (Cg-12)-alquilo (C_g).
14. Un compuesto de 1a férmula (Ia):
R®

H
R\N NXCHO

o g R

I
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(Ia)
en la que R1, R3, R4 y RS son como se han descrito antes en esta memoria, y sus correspon-
dientes N-6xidos, y sus proférmacos, y sus derivados protegidos, isémeros individuales y mez-
clas de isémeros de los mismos; y las sales y solvatos (por ejemplo hidratos) farmacéuticamente
aceptables de dichos compuestos de la formula (Ia) y sus N-6xidos y sus profiirmacos, y sus de-
rivados protegidos, isémeros individuales y mezclas de isémeros de los mismos.
15. Un compuesto de la fSrmula (Ib):

o RFR

(Ib)
en la que R1, R3, R4 y RS son como se han descrito antes en esta memoria, y sus correspan-
dientes N-6xidos, y sus profiirmacos, y sus derivados protegidos, isémeros individuales y mez-
clas de isémeros de los mismos; y las sales y solvatos (por ejemplo hidratos) farmacéuticamente
aceptables de dichos compuestos de la férmula (Ib) y sus N-6xidos y sus profirmacos, y sus de-
rivados protegidos, isémeros individuales y mezclas de isémeros de los mismos.

16. Un compuesto de la férmula (lc):
R®

F
F
R\L N
N .

0O R R

(Ic)
en la que R1, R3, R4, R y RS son como se han descrito antes en esta memoria, y sus corres-
pondientes N-dxidos, v sus profirmacos, y sus derivados protegidos, isdmeros individuales y
mezclas de isdmeros de los mismos; y las sales y solvatos (por ejemplo hidratos) farmacéutica-
mente aceptables de dichos compuestos de la férmula (Ic) y sus N-6xidos y sus profirmacos, y
sus derivados protegidos, isémeros individuales y mezclas de isémeros de los mismos.

17. Un compuesto de la férmula (Id):

/67



15

20

-B5-
Ri
F
F o]
R\ N
N
0  X~§
\RH
(1d)

enlnqueRl,Rs, Rrll yxssoncomosehnn descrito antes en esta memoria, y 5US COmespon-
dientes N-6xidos, y sus profirmacos, y sus derivados protegidos, isémeros individuales y mez-
clas de isémeros de los mismos; y las sales y solvatos (por ejemplo hidratos) farmacéuticamente
aceptables de dichos compuestos de la férmula (Id) y sus N-6xidos y sus profirmacos, y sus de-
rivados protegidos, isémeros individuales y mezclas de isémeros de los mismos.

18. Un compuesto segiin una cualquiera de las reivindicaciones 14-17, en el cual Rles
R13C(0)- donde R13 e heterocicloalquilo (C5_12).

c / \
19. Un compuesto segiin la reivindicacién 18, en el cual Rles O N—C{(0) -.

20. Un compuesto s2giin una cualquiera de las reivindicaciones 14, 15, 18 0 19, en ¢l
cual R3 es H, aril (Cg_12)-alquilo (C1.6) o alquilo (C}_g).

21. Un compuesto segin la reivindicacién 20, en ¢l cual R3 es H,

@—cn,—cu; 0 CH3CHyCHy-,

22. Un compuesto segiin una cusalquiera de las reivindicaciones 16, 18 o 19, en el cusl
R es alquilo (C1.g) opcionalmente sustituido con -X60R9 donde X6 es un enlace y RY es al-
quilo (C1_¢)-

23. Un compuesto segin la reivindicacién 22, en el cual R} es CH;-CHZ- ,
CH;CH;~CH;~ o CH;O—CHF .

24. Un compuesto segiin una cualquiera de las reivindicaciones 14-16 y 18-23, en el

cual R es H o metilo.
25. Un compuesio seglin una cualquiera de las reivindicaciones 14, 15, 17, 18-21 y 24,

en ¢l cual R es aril (Cg_j2)-alquilo (C1.g).
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26. Un compuesto segiln la reivindicacién 25, en el cual R3 es Q—c}[z— .

27. Un compuesto seglin una cualquiera de las reivindicaciones 16, 18, 19 y 24, en el
cual R3 alquilo (Cj_g) o aril (Cg.12)-alquilo (C; ¢).
28.Un compuesto segiin Ia reivindicacién 25, en el cual RS es CH3CH7CH; o CHj

CHz0CH3o0 @—CH; .

29. Un compuesto segiin las reivindicaciones 16, 18, 19, 24, 27 y 28, en el cual RS es
heteroarilo (Cs.13), opcionalmente sustituido con alquilo (C1.9), cicloalquilo (Cq_19), arilo

(C6-12) o heteroarilo (Cs.13).

30. Un compuesto segiin la reivindicacidn 29, en el cual Rf es benzoxazolilo, oxadiazo~
lilo, isoxazolilo, u oxazolilo cada uno opcionalmente systituido con uno o més grupos sustitu-
yentes arilo o alquilo.

31. Un compuesto segiin la reivindicacién 30, en el cual RS es benzoxazol-2-ilo, 5-terc-
butil{1,2 4Joxadiazol-3-ilo, 3-ciclopropil-1,2,4-0xadiazol-5-ilo, 5-ciclopropil-1,2,4-oxadiazol-
3-ilo, S-ciclopropil-1,3,4-oxadiazol-2-ilo, 5-etil-1,3,4-oxadiaznl-2-ilo, 5-(4-fluoro-fenil)-1,2.4-
oxadiazol-3-ilo, 5-isopropil-isoxazol-3-ilo, 5-(5-metil-isoxazol-3-il)-oxazol-2-ilo, 5-(5-metil-
tien-2-il)-oxazol-2-ilo, oxazol-2-ilo, 3-fenil-1,2,4-oxadiazol-5-ilo, 5-fenil-1,2,4-oxadiazol-3-ilo,
5-tiofen-2-il-oxazol-2-ilo, 5{(4-triflucrometoxi-fenil)-1,3 4-oxadiazol-2-ilo.

32. Un compuesto segin la reivindicacién 31, en el cual R6 es benzoxazol-2-ilo,
J-ciclopropil-1,2,4-oxadiazol-5-ilo, oxazol-2-ilo, 5~ciclopropil-1,2,4-oxadiazol-3-ilo.

33. Un compuesto segin la reivindicacién 17, en el cual Rl1 es -C(O)ORII o
-5(0)2R13 donde R13 es alquilo o arilo (Cg.12).

34. Un compuesto segin la reivindicacién 28, en el cual R11 es -C(O)OC(CH3); o

35. Un compuesto segtin la reivindicacién 3, seleccionado del grupo que consiste en:
{(S)-1-(S)-1{3-ciclopropil-1,2,4-oxadiazol-5-carbonil)-propilcarbamoil]-3,3-difluoro-hexil} -
amida del écido morfolin-4-carboxilico;
{(S)-1-(8)-1(5-iclopropil-1,3,4-oxadiazol-2-carbonil}-propilcarbamoil]-3,3-difluoro-hexil } -
amida del écido morfolin-4-carboxilico;
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((S)-3,3difluoro-1-{(S)-1-[5{4-trifluorometoxi-fenil)-1,3 4-oxadiazol-2-carbonil}-
propilcarbamoil}-hexil)-amida del 4cido morfolin-4-carboxilico;
{(S)-1-[(S)-1-{3-ciclopropil-1,2,4-oxadiazol-5-carbonil)-propilcarbamoil]-3,3 -difluaro-4-fenil -
butil}-amida del 4cido morfolin-4-carboxilico;

{1{1-(3-ciclopropil- 1,2,4]Joxadiazol-5-carbonil)-propilcarbamoil]-3,3-difluoro-5-metil-hexil } -
amida del 4cido morfolin-4-carboxilico;

1(S)-1-[(S)-1-(3ciclopropil-1,2 4-oxadiazol-5-carbonil)-propilcarbamoil]-3,3-diflucro-butil} -
amida del 4cido morfolin-4-carboxilico;
{(S)-3,3-difluoro-1-[(S)-1(3-fenil-1,2,4-oxadiazol-5-carbonil)-propilcarbamoil]-butil } -amida
del dcido morfolin-4-carboxilico;

{(S)-3,3-difluoro-1-{(S)-1«(5-fenil- 1,2,4-oxadiazol-3-carbonil)-propilcarbamoil]-butil } -amida
del icido morfolin-4-carboxilico;

{ I{1<(5~ciclopropil-{ [ 3,4 ]oxadiazol-2-carbonil)-propilcarbamoii]-3,3-difluoro-4-fenii-butil }-
amida del 4cido morfolin-4-carboxilico;
{3,3-difluoro-1-[1«(5-isopropil-isoxazal-3-carbonil)-propilcarbamoil]-hexil} -amida del 4dcido
morfolin-4-carboxilico;

((S)-3 3-difluoro-1-{1-[5-(5-metil-isoxazol-3-il)-oxazol-2-carbonil]-propilcarbamoil } -hexil)-
amida del &cido morfolin-4-carboxilico;
{(S)-3,3-difluoro-1-[(S)-1(oxazol-2-carbonil)-propilcarbamoil]-4-fenil-butil } -amida del icido
morfolin-4-carboxilico;
{(S)-3,3-difluoro-4-fenil-1-[(S)-1-5-tiofen-2-il-oxazol-2-carbonil)-propilcarbamoil]-butil } -
amida del dcido morfolin-4-carboxilico;
{(S)-1-[(S)-1-{benzoxazol-2-carbonil)-butilcarbamoil]-3,3-difluoro-4-fenil-butil} -amida  del
#cido morfolin-4-carboxilico;

[1-(2-benzoxazol-2-il-1-metoximetil -2-oxo-etilcarbamoil)-3,3-difluoro-4-fenil-butil}-emida del
#cido morfolin-4-carboxilico;

{(8)-1-[(S)-1-(benzoxazol-2-carbonil)- 1 -metil-butilcarbamoil]-3,3 -difluoro-4-fenil-butil } -emida
del acido morfolin-4-carboxilico;
[(S)-14(S)-1-ciano-3-fenil-propilcarbamoil)-3,3-difluoro-4-fenil-butii]-amida del dcido morfo-
lin-4-carboxflico;

[(S)-1<(cianometil-carbamoil)-3,3-difluoro-4-fenil-butilj-amida del dcido morfolin-4-
carboxilico;

[(S)-3,3-difluoro-1-((S)-1-formil-1-metil-butilcarbamoil)-4-fenil-butil]-amida del dcido morfo-
lin-4-carboxilico;

{(8)-1-[1(5-etil{ 1,3 ,4]oxadiazol-2-carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil-butil } -
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amida del dcido morfolin-4-carbox(lico;

{(S)-14{ 1(5-terc-butil-[1,2,4]oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil-

butil }-amida del dcido morfolin-4-carboxilico;
{(S)-3,3-difluoro-4-fenil-1-[(S)-1-(5-fenil-[1,2,4)oxadiazo]-3-il}-propilcarbamoil]-butil} -amida
del &cido morfolin-4-carboxilico;

éster bencilico del dcido [(S)-1-(cianometil-carbamoil)-1,3-difluoro-4-fenil-butil]-carbémico;
cianometil-amida del acido (S)-4,4-difluoro-5-fenil-2-(tetrahidro-piran-4-ilamino)-pentanoico;
cianometil-amida del 4cido (S)-4,4-difluoro-2-isobutilamino-5-fenil-pentanoico;
[(S)-1<{(S)-1-bencenosulfonil-3-oxo-azepan-4-ilcarbamoil)-3,3-difluoro-4-fenil-butil}-amida del
deido marfolin-4-carboxilico;

dster terc-butilico del dcido (S)4-{(S)-44-difluoro-2-{(morfolin-4-carbonil)-amino]-5-fenil-
pentancilamino}-3-oxo-azepan- 1 -carboxilico;
((S)-1-{(S)-1-[(S-etil-1,3,4-oxadiazol-2-il)-hidroxi-metil]-propilcarbamoil} -3,3-difluoro-hexil)-
amida del 4cido morfolin-4-carboxilico;
{(8)-1-[145-ciclopropil-1,3,4-oxadiazol-2-carbonil)-propilcarbamoil]-3,3-difluoro-butil } -amida
del dcido morfolin-4-carboxilico;
{(S)-1-[1(5-ciclopropil-1,2,4-0xadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-hexil } -amida
del dcido morfolin-4-carboxilico;

((S)-3,3-difluoro-1-{(S)-1-[5 {4-fluoro-fenil)-1,2,4-oxadiazol-3-carbonil]-propilearbamoil }-
butil}-amida del 4cido morfolin-4—carboxilico;

((S)-3,3-difluoro-1-{1-[5-(4-fluoro-fenil)-1,2 4-oxadiazo]-3-carbonil]-propilcarbamoil } -butil)-
amida del dcido morfolin-4-carboxilico;

((S)-3,3-difluoro-1-{(R)-1-[5-(4-flucro-fenil)-1,2 4-oxadiazol-3-carbonil]-propilcarbamoil } -
butil}-amida del dcido morfolin-4-carboxilico;
{(S)-1-[(8)-1-(benzoxazol-2-carbonil)-propilcarbamoil]-3,3-difluoro-butil}-amida del 4cido
morfolin-4-carboxflico;

[(S)-1-(cinnometil-carbamoil)-3 3-difluoro-hexil]-amida del dcido morfolin-4-carboxilico;
((S)-3,3diflucro-1-{(R)-1-[5-(5-metil-tiofen-2-il)-oxazol-2-carbonil] -propilcarbamoil } -hexil)-
amida del dcido morfolin-4-carboxilico;
((S)-3,3-difluoro-1-{(S)-1{5«(5-metil-tiofen-2-il)-oxazol-2-carbonil]-propilcarbamoil } -hexil)-
amida del dcido morfolin-4-carboxilico;

y sus correspondientes N-0xidos, y sus profirmacos, y sus derivados protegidos, isdémeros indi-
viduales y mezclas de isdmeros de los mismos; y las sales y solvatos (por ejemplo hidratos)
farmacéuticamente aceptables de dichos compuestos de la formula (Ia) y sus N-Oxidos y sus
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profirmacos, y sus derivados protegidos, isémeros individuales y mezclas de isémeros de los
mismos.

36. Una composicién farmacéutica que comprende un compuesto de la reivindicacién 2
y un excipiente farmacéuticamente acepiable.

37. Un método paru inhibir la catepsina S en un paciente en €l que la elevacién de la ac-
tividad enzimética de la catepsina S contribuye a las condiciones patolégicas de dicho paciente,
administrando a dicho paciente una cantidad terapéuticamente eficaz de un compuesto de la rei-
vindicacién 2.

38. El uso de un compuesto segiin la reivindicacién 3, en la fabricacién de un medica-
mento pars ¢l tratamiento de un paciente que padece, o estd sujeto & padecer, enfermedades que
se pueden mejorar por la administracién del compuesto como un inhibidor de la catepsina S.

39. El uso de un compuesto segiin la reivindicacidn 35, en la fabricacién de un medica-
mento para ¢l tratamiento de un paciente que padece, o estd sujeto a padecer, enfermedades que
se pueden mejorar por la administracién del compuesto como un inhibidor de la catepsina S.

40. E! uso de um compuesto segiin Ia reivindicacién 3, en la fabricacién de un medica-
mento para el tratamiento de un paciente que padece, o estd sujeto a padecer, enfermedades que
se pueden mejorar por la administracién del compuesto como un inhibidor de 1a catepsina B.

41. El uso de un compuesto segiin la reivindicacién 3, en la fabricacién de un medica-
mento para ¢l tratamiento de un paciente que padece, o estd sujeto a padecer, enfermedades que
se pueden mejorar por la administracién del compuesto como un inhibidor de la catepsina K.

42. El uso segin una cualquiera de las reivindicaciones 38 a 41, de uno de los siguientes
compuestos:
{(8)-1-[(S)-1-(3-ciclopropil- 1,2 4-oxadiazol-5-carbonil)-propilcarbamoil]-3,3-difluoro-hexil } -
amida del dcido morfolin-4-carboxilico,

{(S)-1-[(S)-1«3-ciclopropil- 1,2,4-oxadiazol-5-carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil -
butil}-amida del dcido morfolin-4-carboxilico,
{(S)-1{(S)-1{3-iclopropil- 1,2 4-oxadiazol-5-carbonil)-propilcarbameil}-3,3-difluoro-butil } -
amida del &cido morfolin-4-carboxilico, o
{(8)-3,3difluoro-1-{(S)-1«(3-fenil-1,2,4-0xadiazol-5-carbonil)-propilcarbamoil]-butil } -amida
del dcido morfolin-4-carboxflico,

y sus correspondientes N éxidos, y sus proffirmacos, y sus derivedos protegidos, isémeros indi-
viduales y mezclas de isémeros de los mismos; y las sales y solvatos (por ejemplo hidratos)
farmacéuticamente aceptables de dichos compuestos de la formula (Ia) y sus N-Gxidos y sus
profirmacos, y sus derivados protegidos, isémeros individuales y mezclas de isdmeros de los
mismos.
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para la produccién de productos farmacéuticos que inhiben la actividad enzimética de las catep-
sinas S, K, 0 B.

43. El uso segiin la reivindicacién 42, para tratar el dolor, 1a osteoartritis, la osteoporosis
o el céincer tal como céncer de pulmén, leucemia {célulag B- y T-, aguda), cincer de ovario, sar-
comas, sarcoma de kaposi, cincer de intestino, céncer de nddulos linfiticos, tumor cerebral,
cincer de mama, céncer de pincreas, cdncer de préstata o cdncer de piel.

44, Un método para trater a un paciente que padece una enfermedad ¢ condicién médica
que implica niveles elevados de catepsina S, siendo seleccionada dicha enfermedad o condicién
médica de artritis, ateroesclerosis, enfisema, osteoporosis, dolor, distrofia muscular, inflama-
cidn, esclerosis miiitiple, enfermedad del intestino irritable, artritis reumatoide, asma, respuestas
autoinmunes, enfermedad pulmonar obstructiva crénica, y bronquiolitis, que comprende admi-
nistrar a dicho paciente una cantidad eficaz inhibidora de la catepsina S de un compuesto segin
la reivindicacién 3.

45. Un método para tratar a un paciente que padece una enfermedad o condicidén médica
que implica niveles elevados de catepsina K o B, siendo seleccionada dicha enfermedad o con-
dicién médica de osteoartritis, osteoporosis o céncer tal como céincer de pulmén, leucemin {cé-
lulas B- y T-, aguda), céncer de ovario, sarcomas, sarcoma de kaposi, cdncer de intestino, céncer
de nédulos linféticos, turnor cerebral, céncer de mama, céncer de pancreas, céncer de pristata, y
céncer de piel, que comprende administrar a dicho paciente una cantidad eficaz inhibidora de la
catepsina K o B de un compuesto segin Ia reivindicacidn 3.

46. Un método para tratar a un paciente que padece una enfermedad o condicién médica
que implica niveles elevados de cistelna-proteasa, siendo seleccionada dicha enfermedad o con-
dicién médica de artritis, ateroesclerosis, enfisema, osteoporosis, distrofia muscular, inflama-
cién, invasién tumoral, glomerulonefritis, enfermedad periodontal, leucodistrofia metacromiiti-
ca, disbetes de aparicién juvenil, esclerosis miiltiple, pénfigo vulgar, enfermedad de Graves,
miastenia grave, lupus eritematoso sistémico, enfermedad del intestino irritable, artritis reumna-
toide y tiroiditis de Hashimoto, asma, respuestas autoinmunes, enfermedad pulmonar obstructi-
va crénica, y bronquiolitis, que comprende administrar & dicho paciente una cantidad eficaz in-
hibidora de la cistelna-proteasa de un compuesto segin la reivindicacion 3.

47. Un método para tratar a un paciente que padece una enfermedad o condicidn médica
que implica niveles elevados de catepsina K o B, siendo seleccionada dicha enfermedad o con-
dicién médica de dolor, osteonartritis, osteoporosis o céncer tal como céncer de pulmén, leuce-
mig (células B- y T-, agua), céncer de ovario, sarcomas, sarcoma de kaposi, cincer de intestino,
céncer de nddulos linféticos, tumor cerebral, cincer de mama, céncer de péncress, céncer de

£
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prostata, y céncer de piel, que comprende administrar a dicho paciente una cantidad eficaz in-
hibidora de la catepsina K o B de un compuesto segiin la reivindicacién 35.

48. Un método para tratar a un paciente que padece una enfermedad o condicidén médica
que implica niveles elevados de cisteina-proteasa, siendo seleccionada dicha enfermedad o con-
dicién médica de dolor, osteoartritis, osteoporosis o cincer tal como céncer de pulmén, leuce-
mia {células B- y T-, aguda), cincer de ovario, sarcomas, sarcoma de kaposi, céncer de intesti-
no, cincer de nddulos linfiticos, tumor cerebral, cincer de mama, cincer de péncreas, céncer de
prostata, y cdncer de piel, que comprende administrar a dicho paciente una cantidad eficaz in-
hibidora de la cisteina-proteasa de un compuesto segin la reivindicacién 42.

49. Un método para inhibir selectivamente la actividad de la catepsina K en un paciente
con niveles clevados de catepsina K, que comprende administrar a un paciente que lo necesite
una cantidad eficaz inhibidora de Ia catepsina K de un compuesto segin la reivindicacidn 3.

50. Un método para inhibir selectivamente [a actividad de la catepsina K en un paciente
con niveles elevados de catepsina K, que comprende administrar  un paciente que lo necesite
una cantidad eficaz inhibidora de 1a catepsina K de un compuesto segiin la reivindicacién 42.

51. Un método para inhibir selectivamente la actividad de la catepsina S en un paciente
con niveles elevados de catepsina S, que comprende administrar a un paciente que lo necesite
una cantidad eficaz inhibidora de la catepsina S de un compuesto segiin la reivindicacion 3.

52. Un método para inhibir selectivamente la actividad de la catepsina S en un paciente
con niveles elevados de catepsina S, que comprende administrar a un paciente que lo necesite
una cantidad eficaz inhibidora de la catepsina S de un compuesto segun la reivindicacién 35.

51. Un método para inhibir selectivamente Ia actividad de la catepsina B en un paciente
con niveles elevados de catepsina B, que comprende administrar a un paciente que lo necesite
una cantidad eficaz inhibidora de 1a catepsina B de un compuesto segin la reivindicacién 3.

52. Un método para inhibir selectivamente la actividad de la catepsina B en un paciente
con niveles elevados de catepsina B, que comprende administrar a un paciente que lo necesite
una cantidad eficaz inhibidora de la catepsina B de un compuesto segtin la reivindicacién 42.

53. Un método para tratar la osteoartritia en un mamifero que comprende administrar g
dicho mamifero una cantidad eficaz de un compuesto segiin la reivindicacién 42.

54. Un compuesto segiin una cualquiera de las reivindicaciones 3-10, 12-18, 0 20-30, en

elqueR'es

e
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55. Un compuesto segin la reivindicacién 3, seleccionado del grupo que consiste en:
{(8)-1-[(S)-1-{3-ciclopropil-1,2,4-oxadiazol-5-carbonil)-propilcarbamoil]-3,3-difluoro-butil } -
amida del dcido perhidro-1,4-oxazepin-4-carboxflico,
{(8)-1-[(S)-1«(3-ciclopropil-1,2,4-0xadiazol-5-carbonil)-propilcarbamoil]-3,3-difluoro-hexil } -
amida de dcido perhidro-1,4-oxazepin-4-carboxilicol;
{(S)-1-[(S)-1-(3-isopropil-1,2,4-oxadiazol-5-carbonil)-propilcarbamoil]-3,3-difluoro-
hexil}-amida del dcido morfolin-4-carboxilico,
1(S)-14{(S)-1-(5-terc-butil-1,2,4-oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-hexil } -
amida del écido morfolin-4-carboxilico,
{(8)-1-[1{5-terc-butil-1,2,4-oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil-butil } -
amida del 4cide morfolin-4-carboxilico,
((S)-3,3difluoro-1-{(S)-1-[5-(4-fluoro-fenil)-1,2,4-0xadiazol-3-carbonil]-propilcarbamoil } -
butil)-amida del écido morfolin-4-carboxilico,
{(S)-1-[1{(5<iclopropil-1.2,4-oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil -
butil} -amida del dcido morfolin-4-carboxilico,
{(S)-1-[1{(5-ciclopropil-1,2,4-oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-hexil } -amida
del écido perhidro-1,4-oxazepin-4-carboxflico,
[(S)-1-(cianometil-carbamoil)-3,3-difluoro-hexil]-amida del dcido perhidro-1,4-oxazepin-4-
carboxilico,

[(S)-1<{(S)-1-ciano-propilcarbamoil)-3,3-difluoro-hexil]-amida del dcido perhidro-1,4-oxazepin-
4-carboxllico, y

[(S)-1<(1-ciano-ciclopropilcarbamoil)-3,3-difluoro-bexil]-amida del dcido morfolin-4-
carboxflico.

56. E] uso segiin una cualquiera de las reivindicaciones 41 a 42, de uno de los siguientes
compuestos:
1(S)-1-{(S)-1-(3ciclopropil-1,2,4-oxadiazol-S-carbonil)-propilcarbamoil]-3,3-difluoro-butil } -
amida del 4cido perhidro-1,4-oxazepin-4-carboxllico,
{(S)-1-[(S)-1-(3-ciclopropil-1,2,4-oxadiazo]-5-carbonil)-propilcarbamoil]-3,3-difluoro-hexil } -
amida de dcido perhidro-1,4-oxazepin-4-carboxflicol;

7S
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{(S)-1-[(S)-1<3-isopropil-1,2,4-o0xadiazol-5-carbonil)-propilcarbameil]-3,3-difluoro-
hexil}-amida del dcido morfolin4-carboxilico,

{(S)-1-[(8)-1<(5-terc-butil-1,2 4-oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-hexil } -
amida del 4cido morfolin-4-carboxilico,

{(S)-1-[1-(5-terc-butil-1,2 4-oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil-butil } -
amida del cido morfolin-4-carboxilico,
((S)-3,3difluoro-1-{(8S)-1-[5-(4-fluoro-fenil)-1,2,4-oxadiazol-3-carbonil]-propilcarbameil } -
butil)-amida del écido morfolin-4-carboxilico,
{(S)-1-[1{5-ciclopropil-1,2,4-oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-4-fenil-
butil}-amida del Acido morfolin-4-carboxilico,
{(S)-1-[14{5-ciclopropil-1,2,4-oxadiazol-3-carbonil)-propilcarbamoil]-3,3-difluoro-hexil} -amida
del &cido perhidro-1,4-oxazepin-4-carboxilico,
[(S)-1{(cianometil-carbamoil)-3,3-difluoro-hexil]-amida del dcido perhidro-1.4-oxazepin-4-
carboxilico,

[(S)-1((S)-1-ciano-propilcarbamoil)-3,3-difluoro-hexil]-amida del dcido perhidro-1,4-oxazepin-
4-carboxilico, y

[(S)-1-(1-ciano-ciclopropilcarbamoil)-3,3-difluoro-hexil]-amida del écido morfolin-4-
carboxilico.

57. Un método para inhibir selectivamente la actividad de la catepsina K en un paciente
con niveles clevados de catepsina K que comprende administrar a un paciente que lo necesite
una cantidad eficaz inhibidora de la catepsinas K de un compuesto segin la reivindicacién 55.

58. Un método paru inhibir selectivamente la actividad de la catepsina S en un paciente
con niveles elevados de catepsina S que comprende administrar a un paciente que lo necesite
una cantidad eficaz inhibidora de la catepsina S de un compuesto segtin la reivindicacién 55.

59. Un método para inhibir sclectivamente Ia actividad de 1a catepsing B en un paciente
con niveles elevados de catepsina B que comprende administrar a un paciente que lo necesite
una cantidad eficaz inhibidora de la catepsina B de un compuesto segiin la reivindicacidn 55.

60. Un método para tratar la osteoartritis en un mamifero que comprende administrar a

dicho mamifero una cantidad eficaz de un compuesto segiin la reivindicacién 55.
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RESUMEN DE LA DESCRIPCION
Nuevos inhibidores de las catepsinas S, K, B, y L, las sales y N-6xidos farmacéutica-
mente aceptables de los mismos, sus usos como agentes terapéuticos y los métodos para su pre-
paracién.
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IN THE PCT
EUROPEAN PATENT OFFICE

In re the Application of: Aventis Pharmaceuticals Inc.
Interpational Appln. No.:  PCT/US2004/035282
International Filing Date: 22 October 2004 (22.10.2004)

Title: NOVEL KETO-OXADIAZOLE DERIVATIVES AS
CATHEPSIN INHIBITORS

TO: European Patent Office
Att: International Searching Authority (ISA/EP)
Erhardstr. 27
D-80331 Muenchen
Germany '

REQUEST FOR THE RECTIFICATION OF OBVIOUS ERRORS
RSU T TR .

Applicants submit herewith replacement pages 1, 45, 46, 48, 49, 57, 66, 70, 71, 72,
end 86 under Rule 91.1(b) prior to the expiration of 17 months from the filing date of the
document from which the present patent application claims priority, Le., United States
Provisional Patent Application Serial No. 60/514,373, filed 24 October 2003. An explanation
of the amendment(s) found on each replacement page follows.

Applicants hereby submit a replacement sheet for page number 1 containing two
amendments. Theﬁrstis;mmmndnmttoﬂleﬁﬂewhereinanobvioustypogmphicalmor
was corrected. In this regard, an extra “D” was removed from the word “OXADDIAZOLE"
to yield the correctly spelled word --OXADIAZOLE--.

The second amendment to page number 1 is found at line 14, wherein the word -
protease-- was added after the word “cysteine.” This amendment is carried out to correct an
obvious error. In this regard, Applicants respectfully submit that the skilled artisan would
immediately realize that the word “cysteine” alone is incomplete and incorrect in the context
in which it is used without the word “protease” to refer to the cysteine protease enzyme.
Support for this amendment is also found at, for example, page 1, line 18. This amendment
has no effect on the description and does not go beyond the disclosure in the international
application as filed.

Applicants hereby submit a replacement sheet for page number 45 containing en
armendment to line 26, wherein the chemical name "(S)-2-Amino-1-(5-p-tolyl-1,3,4-oxadiazol-
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2-yD)-butan-1-ol” was replaced with the name --(S)-2-Amino-1-[5-(4-trifluoromethoxy-
phenyl)-1,3,4-oxadiazol-2-yi]-butan-1-0}--. This armendment was made to correct an obvious
error in the name of the compound that is the subject of Reference 40 relative to its disclosed
chemical structure. This amendment has no effect on the description and does not go beyond
the disclosure in the international application as filed.

Applicants hereby submit a replacement sheet for page number 46 containing an
amendment to lines 3-4, wherein the chemical name "(S)-2-Amino-1-(5-p-tolyl-1,3,4-
oxadiazol-2-yl)-butan-1-ol" was replaced with the name --(S)-2- Amino-1-[5-(4-
trifluoromethoxy-phenyl)- 1,3,4-0xadiazol-2-yl]-butan-1-o0l--. This amendment was made to
correct an obvious error in the pame of the compound that is the subject of Reference 40
relative to its disclosed chemical structure. This amendment has no effect on the description
and does not go beyond the disclosure in the international application as filed.

Applicants hereby submit a replacement sheet for page number 48 containing an
amendment to line 21, wherein the chemical name "(S)-4,4-Diftuoro-2-{(morpholine-4-
carbonyl)-amino]-heptanoic acid methyl ester” was replaced with the name --(S)-4,4-Difluoro-
2-[(perhydro-1,4-oxazepine-4-carbonyl)-amino]-heptanoic ecid methyl ester--. This
amendment was made to correct an obvious error in the name of the compound that is the
subject of Reference 46 relative to its disclosed chemical structure. This amendment has no
effect on the description and does not go beyond the disclosure in the mternational application
as filed. ' ' ' '

Applicants hereby submit a replacement sheet for page nurnber 49 containing four (4)
separate amendments. The first amendment is found on lines 4-5, wherein the chemical name
*(S)4,4-Difluoro-2-[(morpholine-4-carbonyl)-amino]-heptanoic acid methyl ester” was
replaced with the name --(S)-4,4-Difluoro-2-[(perhydro-1,4-oxazepine-4-carbonyl)-amino]-
heptanoic acid methyl ester--, This amendment was made to correct an obvious error in the
name of the compound that is the subject of Reference 46 relative to its disclosed chemical
structure. This amendment has no effect on the description and does not go beyond the
disclosure in the international application as filed.

The second amendment made to the replacement sheet for page pumber 49 is found on
line 7, wherein the chemical name “4,4-Difluoro-2-[([ 1,4Joxazepane-4-carbonyl)-amino]-
heptanoic acid” was replaced with the name --(S)-4,4-Difluoro-2-[(perhydro-1,4-oxazepine-4-
carbonyl)-amino]-heptanoic acid--. This amendment was made to correct an obvious error in
the name of the compound that is the subject of Reference 47 relative to its disclosed chemical
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structure. This amendment has no effect on the description and does not go beyond the
disclosure in the interational application as filed.

The third amendment made to the replacement sheet for page mumber 49 is found on
lines 11-12, wherein the chemical name *4,4-Difluoro-2-[(morpholine-4-carbomnyl)-amino}-
heptanoic acid methy] ester” was replaced with the name --(S)-4,4-Diftuoro-2-[(perhydro-1,4-
oxazepme-4-carbonyl)-amino]-heptanoic acid methyl ester--. This amendment was made to
correct an obvious error in the name of the compound that is the subject of Reference 47
relative to its disclosed chemical structure. This amendment has no effect on the description
and does not go beyond the disclosure in the international application as filed.

The fourth amendment made to the replacement sheet for page number 49 is found on
lines 12-13, wherein the chemical name “4,4-Difluoro-2-[([1,4]oxazepane-4-carbonyl)-
amino]-heptenoic acid” was replaced with the name --(S)-4,4-Difluoro-2-[(perhydro-1,4-
oxazepine-4-carbonyl)-amino]-heptanoic acid--. This amendment was made to correct an
obvious error in the name of the compound that is the subject of Reference 47 relative to its
disclosed chemical structure. This arnendment has no effect on the description and does not
go beyond the disclosure in the international application as filed.

Applicants hereby submit a replacement sheet for page number 57 containing an
emendment to line 18, wherein the chemical name “(S)-4,4-dDifluoro-2-[(morpholine-4-
carbonyl)-amino]-pentanoic acid” was replaced with the name --(S)-4,4-dDifluoro-2-
[(morpholine-4-carbonyl)-amino]-pentenoic acid--. This amendment was made to correct an’
obvious typographical error in that there was an erroneous “d” before the “Difluoro” portion
of the chemical name. This amendment has no effect on the description and does not go
beyond the disclosure in the international application as filed.

Applicants bereby submit a replacement sheet for page murnber 66 containing an
amendment to line 23, wherein the chemical name *4(S)-4,4-diftuoro-2-{([1,4]oxazepane-4-
carbonyl)-amino }-heptanoic acid” was replaced with the name --(S)-4,4-Difluoro-2-
[(perhydro-1,4-oxazepine-4-carbonyl)-amino}-heptanoic acid--. This emendment was made
to correct an obvious error in the name of one of the starting materials used to make the
compound that is the subject of Example 21 relative to the disclosed chemical structure of the
compound. This amendment has no effect on the description and does not go beyond the
disclosure in the international application as filed.

Applicants hereby submit a replacement sheet for page mumber 70 containing an
emendment to lines 20-22, wherein the chermical name *4,4-Difluoro-2-[([1,4]oxazepane-4-
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carbonyl)-amino]-heptanoic acid” was replaced with the name --(S)-4,4-Difluoro-2-
[(perhydro-1,4-oxazepine-4-carbonyl)-amino]-heptanoic acid--. This amendment was made
to correct an obvious error in the name of one of the starting materials used to make the
compound that is the subject of Example 28 relative to the disclosed chemical structure of the
compound. This amendment has no effect on the description and does not go beyond the
disclosure in the international application as filed.

Applicants hereby submit a replacernent sheet for page number 71 containing an
amendment to line 13, wherein an obvious error was corrected. In this regard, the amendment
was made to supply underlming that was obviously missing from the text. This amendment
has no effect on the description and does not go beyond the disclosure in the international
application as filed.

Applicants hereby submit a replacement sheet for page number 72 containing an
amendment to line 16, wherein an obvious error resulting from a word processing program
was corrected. In this regard, the amendment was made to replace the erroneous symbol “0"
with the symbol --pi-- to correctly designate 10 microliters dimethyl sulfoxide (DMSO) used in
the Bxample 32. This amendment has no effect on the description and does not go beyond the
disclosure in the international application as filed.

Applicents hereby submit a replacement sheet for page mumber 86 containing an
amendment to line 30, wherein an obvious error was corrected. In this regard, the amendment
was made to replace add the letter --m-- to the term “muscular dystrophy.” This amendment
has no effect on the description and does not go beyond the disclosure in the international
application as filed.

Applicants request entry of the foregoing amendments prelirminary to publication and
exarnination of the above-identified patent application.

11 y m
Dated: January 26, 2005
D. Rbssi
t:lon No. 47,038
y for Applicants
Aventis Pharmaceuticals Inc.
Patent Department

Route #202-206 / P.O. Box 6800
Bridgewater, New Jersey 08807-0800
Telephone: 908-231-3410

Telefax: 908-231-2626
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NOVEL KETO-OXADIAZOLE DERIVATIVES AS CATHEPSIN INHIBITORS

FIBLD OF THE INVENTION
This invention relates to the use of novel keto-oxadiazole derivatives for treating diseases
associated with cysteine protease and, particularly, diseases associated with activity of cathepsin S, K,
and B. This invention also relates to processes of making such compounds.

BACKGROUND OF THE INVENTION
Cysteine proteases represent a class of peptidages characterized by the presence of a cysteine
residue in the catalytic site of the enzyme. Cysteine proteases are associated with the normal
degradation and processing of proteins. The aberrant activity of cysteine proteases, for example, as a

result of increased expression or enhanced activation, however, may have pathological consequences.

In this regard, certain cysteine proteases are associated with a number of disease states, including
artlwitis, atherosclerosis, mphysema, osteoporosis, muscular dystrophy, inflammation, tumor
invasion, glomerulonephritis, periodontal disease, metachromatic leukodystrophy and others.

An increase in cathepsin activity such as, for example, cathepsin S, contributes to the
pathology and/or symptomatology of a number of diseases such as, for example, autoimmune
disorders, including, but not limited to, juvenile onset diabetes, multiple sclerosis, pemphigus vulgaris,
Graves' disease, myasthenia gravis, systemic lupus erythemotasus, irritable bowel disease, 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 is also implicated in disorders involving excessive elastolysis, such as chronic obstructive
pulmonary disease (e.g., emphysema), bronchiolitis, excessive airway elastolysis in asthma and
bronchitis, pneumonities and cardicvascular disease such as plaque rupture and atheroma. Cathepsin S
is implicated in fibril formation and, therefore, inhibitors of cathepsin S may be of use in trestment of
systemic amyloidosis. .
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The combined reaction mixtures were filtered under suction and the resin washed with 300 mi ethyl
acetate. The combined filtrates were concentrated under reduced pressure.

The crude product purified via flash chromatography (Biotage Horizon, 25M column, crude product
loaded on caplet, 17 ml/min flow rate, 12 ml/fraction, 120 ml gradient from 0% ethy] acetate in
heptane to 30 % ethyl acetate in heptane, 240 ml 30 % ethy! acetate in heptane, 60 ml gradient 30-50

‘!:ethylacemnemheptme 300n1150%ethyl acetltemheptme)togwemm_d_[_s_]_-m‘t_
gter (0.28 g, 58

Acetic acid (S)-2-tert-butoxycarbonylamino- 1 -[S<(4-trifluoromethoxy-phenyl)-1,3,4-oxadiazol-2-yl}-
butyl ester (0.61 mmol, 0.28 g) was dissolved in a mixture of THF (10 ml) and water (10 ml). Lithium
hydroxide hydrate (1.22 mmol, 0.051 g) was added and the reaction mixture stirred for 2 h. The
solvents were evaporated under reduced pressure and the residue iransferred into a separating fimnel
with 300 ml ethyl acetate and 50 ml water. The phases were separated and the organic phase washed
with brine (100 ml). The organic phase was then dried with magnesium sulfate. The solvent was
ev:poramd under reduced pressure and dried under high vacuum to yield ((_S_)_Ll_hm;y_[j;(_

((S)-1-{hydroxy-[5-<{4-triflucromethoxy-phenyl)-1,3,4-0xadiazol-2-yl]-methyl } -propyl)-carbamic acid

tert-butyl ester (0.54 mmol, 0.225 g) was dissolved in dichloromethane (9 ml) and treated with
triflucroacetic acid (1 ml). The reaction mixture was stirred for four hours. The solvents were
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evaporated under reduced pressure. The residue was re-dissolved in dichloromethane (20 ml) and
Silicycle Triamine (5.4 mmol, 1.47 g) was added. The reaction mixture was stirred for 60 h (over the
weekend). The reaction mixtures were filtered under suction and the solvents evaporated to give (S)-2-

Amino-1- ' oxy-phenyh)-1.3 iazol-2-y)-butap-1-ol (0.164 g, 96 %). MS:
mVz= 318 (M+H")

REFERENCE 41

2-Cyclopropyl-1.3 4loxadiazole

0.

A mixture of cyclopropanecarboxylic acid methyl ester (10g, 0.1 mol) and hydrazine hydrate (7.3 mL,
0.15 mol) was refluxed for 28 hr lnd cooled to room temperature, The mixture was evaporated under
reduced pressure and then dried by azeotropic removal of the solvent with toluene. The residue was
dissolved in dichloromethane and washed with saturated NaCl. The organic phase was dried over
anhydrous MgSO,, solvent evaporated under reduced pressure to give cyclopropanecarboxylic acid
hydrazide (4.36g, 44%)

A mixture of the Cyclopropanecarboxylic acid hydrazide (31.35g, 0.31 mol), trimethyl orthoformate
(300 mL) and p-toluenesulfonic acid monohydrate (200 mg) was heated under reflux overnight. Excess
trimethyl orthoformate and methanol were removed by distillation. Vacuum distillation of the residue
afforded 1 = i (22g, 64%).

IHNMR (CDCl4): § 8.24(s, 1H), 2.2 (m, 1H), 1.15 (m,4H).  LCMS: 100%, 111 (MH").

A solution of 2-cyclopropyl-{1,3,4]oxadiazole {2.16g, 19.6 mmol) in dry THF (100 mL) was cooled to
~78°C. "BuLi (1.6M in hexanes, 12.3 ml., 19.6 mmol) was added dropwise. The reaction mixture was
stirred at —78°C for 40 min. MgBr,.OEt, (5.0692g, 19.6 mmol) was added: The reaction mixture was -
allowed to warm up to —45°C and stirred at that temperature for 1.5 hr. A solution of (1-formyi-
propyl)-carbamic acid tert-butyl ester (3.7g, 19.6 mmol) in THF (40 mL) was added. The reaction
mixture was allowed to warm up to —20°C and stirred at that temperature for 3.5 hrs. The reaction
mixture was quenched with a solution of saturated NH,Cl solution and extracted with ethyl acetate.
Combined organic extracts was washed with saturated NaCl solution and dried over MgSO,. The
solvent was evaporated under reduced pressure and the crude was purified by colummn chromatography

203
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LC/MS: 295, 100%, (M+H), 317 (M+Na)

(S)4,4-Difluocro-2- [(perhydro-1,4-oxazepine-4-carbonyl)-amino]-pentanoic acid methyl ester (0.38g,
1.29mmol) was dissolved in tetrahydrofuran/methanol (15mL/10mL) and lithium hydroxide (35mg,
1.40mmol) dissolved in water (5mL) added. The reaction was stirred at RT for 18h, and then the
methanol/tetrahydrofuran was removed in vacuo. The residue was acidified with 6M hydrochloric
acid (0.25mL) and extracted with dichloromethane (3x 20 mL), dried (Na;SO,), and concentrated to
yield ($)-4.4-Difluoro-2- [(perhydro-1.4-oxazepine-4-carbonyl)-aminol-pentanoic acid as a white solid
(0.36g, 99%).

'H NMR (DMSO-d6) § 12.6 (bs, 1H), 6.60 (d, 8.3 Hz, 1H), 4.30 (dd, J = 14.5, 7.0 Hz, 1H), 3.57 (m,
4H), 3.43 (m, 4H), 2.38 (m, 2H), 1.77 (m, 2H), 1.61 (t, J = 19.2Hz, 3H).

LC/MS: 100% 281 (M+H)

To a mixture of Sodium bicarbonate (5.25g), p-nitro chloroformate (5.03g, 25 mmol) in acetonitrile
(130 ml) under nitrogen was added ino-4.4-diflu ic _acid

hydrochloride (5.79g, 0025 mol) and stirred at room temperature_for Shr. Homomorpholine
hydrochloride (3.61g, 26.25 mmol) and triethyl amine (12.5 ml) were added and the reaction stirred
overnight at room temperature. Solvent evaporated off under reduced pressure, crude partitioned
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between water (150 ml) and ethyl acetate (200 ml). Organic layer separated, washed with KoCO3
solution (150 ml), HCI (150 ml) and brine (150 ml). Organic layer separated, dried (MgSO,) and
evaporated under reduced pressure. Crude purified by column chromatography eluting with v/v 1:1 to
8:2 ethy! acetate heptane followed by ethyl acetate to give (8)4.4-Difluoro-2-J(perhydro-1.4-

ine-4-car -amino] ic acid (4.8g) as pale yellow oil.
LC/MS: 323 M+H)

REFERENCE 47
4-Diflugro-2-| 1 in 1 i ic acid

Similarly prepared according to the procedure for Reference Example 33.
LCMS: 200 (M+H)
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By proceeding in a similar manner to Example 1 above but using (S)-4,4-difluoro-6-methyl-2-
[(morpholine-4-carbonyl)-amino]-heptancic acid and (S)-2-amino-1-(3-cyclopropyl-1,2,4-oxadiazol-5-
yl)-butan-1-ol there was prepared i lic acid {]- 1 1-

pxadiazole-5-carbo:

IH NMR (CDClz): § 7.6 (d, ] = 6.8 Hz, 1H), 5.2 (m, 2H), 4.66 (dd, J = 13, 7.2 Hz, 1H), 3.7 (m, 4H),

3.4 (m, 4H), 2.3 (m, 2H), 2.2 (m, 1H), 2.05 (m, 1H), 1.95 (m, 1H), 1.8 (m, 3H), 1.1 (m, 4H), 0.97 (d, J
= 6.6 Hz, 6H), 0.96 (1, ] = 7.4 Hz, 3H);
LC/MS: 26%, 526 (M+H;0+Na) and 74%, 508 (M+Na).

EXAMPLE6

By proceeding in a similar manner to Example 1 above but using (S)-4,4-Difluoro-2-[(morpholine-4-

carbonyl)-amino}-pentanoic acid and (S)-2-Amino-1-(3-cyclopropyl-1,2,4-oxadiazol-5-yl)-butan-1-ol

there was prepared ine-4-c ic acid {(S)-1- 1-1 jazole-5-
-3.3-diflu

1H NMR (CDCl3): § 7.47 (d, ] = 6.8 Hz, 1H), 5.3 (m, 1H), 5.16 (d, ] = 6.9 Hz, 1H), 4.65 (3d, J = 13,

7.4 Hz, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 2.4 (m, 2H), 2.2 (m, 1H), 2.05 (m, 1H), 1.8 (m, 1H), 1.67 (t,

18.7 Hz, 3H), 1.1 (m, 4H), 0.97 (1, ] = 7.5 Hz, 3H);

LC/MS: 37% 484 (M+H,0+Na) and 63% 484 (M+CH,;CN).

S
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hydroxy-methyl]-propylcarbamoyl}-3.3-difluoro-butyl)-gmide (120 mg, 75 %) as a coloriess glassy

solid. LC/MS 100% 460 (M+H).

To a solution of Perhydro-1, 4-oxazepine-4-carboxylic acid ((S)-1-{(S)-1-[(3-cyclopropyl-1,2,4-
oxadiazol-5-yl)-hydroxy-methyl]-propylcarbamoyl }-3,3-diflucro-butyl)-amide (110 mg, 0.24 mmol) in
dry dichloromethane (20 mL) under N; was added Dess-Martin periodinane (143 mg, 0.34 mmol).
The reaction was stirred at RT for 2 hr, and then dichloromethane (20 miL) was added. The reaction
was quenched with a solution of Na;$:04 (0.26M, 2 mL) and washed with saturated NaHCOy (20 mL).
The aqueous layer was extracted with dichloromethane (2 x 30 mL). The organic layers were dried
(N2;S0,) and concentrated in vacuum. The residue was purified over 12 g silica gel, eluted with ethyl
scetae: beprane (gradient 50-100%) to afford Porhio-] 4-oxazzpine-4-carboxylic acid [(SE (S} -
i (82 mg,
75%) as a white solid.

'H NMR (CDCl;) 5 7.52 (d, 6.2H), 5.28 (m, 1H), 5.05 (d, ] = 7 Hz, 1H), 4.66 (m, 1H), 3.78 (m, 4H),
3.59 (m, 4H), 2.42 (m, 2H), 2.23 (m, 1H), 2.07 (m, 1H), 1.98 (m, 1HD, 1.85 (m, 1H), 1.69 (t, J = 18.8
Hz, 3H), 1.15 (m, 4H), 0.98 (t, J = 7.5Hz, 3H);, LC/MS: 97% 458 (M+H).

By proceeding in a similar manner Example 20 above but using (S)4,4-Difluoro-2-[(perhydro-1,4-
oxazepine-4-carbonyl)-amino]-heptanoic acid and (S) -2- amino-1-(3-cyclopropyl-1,2,4-oxadiazol-5-
yl)-butan-1-0l hydrochloride there was prepued 1 i i i -1-

(98mg. 65%) as a white solid.
'HNMR (CDCI3) § 7.6 (d, J=7.5 Hz, 1H), 5.25 (m, 1H), 5.10 (d, ]=7.5 Hz, 1H),
4.65 (dd, J=14, J=7.5 Hz, 1H), 3.75 ( m, 6H), 3.55 (m, 4H), 2.4 (m, 2H), 2.2 (m, 2H), 1.95 (m, 1H), 1.8

(m, 3H), 1.55 (m, 2H), 1.10 (m, 4H). 0.95 (1, J=7.5 Hz, 6H);
LC/MS: 70% 486 (M+1) and 30% 504 (M+1+H20).
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By proceeding in a similar manner to Example 23 above but using (S)-4,4-Difluoro-2-[(perhydro-1,4-
oxazepine-4-carbonyl)-amino]-heptanoic acid and (S)-2-Amino-1-(5-cyclopropyl-1,2,4-oxadiazol-3-

yl)-butan-1-o! there was prepared 14 i i - -
1,2 4-oxadiazple-3-¢ ar 11-3,3-difluoro- 1 i as 5:1 mixtore of
diastereoisomers.

'H NMR (CDCL;) : 7.44 & 7.39 (2xd, J=7.3Hz, 1H), 5.30 (m, 1H), 5.05 & 4.98 (2xd, J=6.5Hz, 1H),
4.63 (m, 1H), 3.79-3.73 (m, 4H), 3.59-3.53 (m, 4H), 2.47-2.23 (m, 3H), 2.15-1.76 (m, 6H), 1.57-1.43
(m, 2H), 1.38-1.26 (m, 4H), 0.95 (t, J=7.3Hz, 3H), 0.93 (t, ]=7.2Hz, 3H).

MS : 486 (M+H).

A sugpengion of Polystyrene bound carbodiimide (570mg, 0.73 mmol) and 4,4-Difluoro-2-
[([1,4]oxazepane-4-carbonyl)-amino]-heptanoic acid (135 mg) in DCM (10 ml) stirred for 10 min.
HOBT (60mg) added, stirred for 10 min. A suspension of amino acetonitrile hydrochloride (34 mg)
and triethyl amine (52 ulL) in DCM (5ml) added and stirred overnight at room temperature. PS-
Trisamine (493 mg) added and stirred at room temperature for 2h 30 min. After filtration, filtrate
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diluted with DCM, washed with water, evaporated under reduced pressure and purified by column

chromntognphy eluting with ethyl acetate t:ptane mixture to give Perhydro-1.4-oxazepine-4-
- : amide as white solid.

LCMS : 100% 347 (M+H)

EXAMYULE 29
Perhydro-1,4-oxazepine-4-carboxylic acid [(S)-1-((S)-1-cyano-propylcarbamoyl)-3,3-difluoro-hexyi]-
amide

QNO/EN

By proceeding in & similar manner to Example 28 above but using 4,4-Difluoro-2-{([1,4]Joxazepane-4-
carbonyl)-amino] heptl.nmc acid and (S)-2 -Amino-butyronitrile hydrochloride there was prepued

LCMS : 100% 375 (M+H).

EXAMPLE 30
Morpholine-4-carboxylic acid [(S)-l-(l-cymo—cyclopropylcnrbannyl)-3.3-diﬂuom—hexyl]-amide

Of s

Prepared by reacting (S)-4.4-Diflu holine-4 1)-amino]-| ic aci
and I-Ammo-cycloproplnecarbonmﬂe hydrochloride, using TOTU as the couplmg agent and

diisopropyl ethylamine as the base.
LCMS : 359 (M+H)

N
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EXAMPLE 31
Catheptin S Assay

Solutions of test compounds in varying concentrations were prepared in 10 uL 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, 0.5 mM DTT, 0.01% triton X-100).

Human cathepsin S (final concentration in the well is 1.74 nM) 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-Val-Val-Arg-AMC (final concentration in the well is 0.08 mM)
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 32
Cathepsin B Assay

Solutions of test compounds in varying concentrations were prepared in 10 OL of dimethyl
sulfoxide (DMSO) and then diluted into assay buffer (comprising: MES 50 mM (pH 6); 2.5 mM
EDTA , 2% DMSO and dithiothreitol (DTT), 2.5 mM).

Human cathepsin B (final concentration of 0.3 ng/jl) 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-pNa (final concentration of 100 uM) was added to the assay solutions and
hydrolysis was followed spectrophotometrically at (A 405nm) for 60 minutes. Apparent inhibition
constants (K;) were calculated from the enzyme progress curves using standard mathematical models.

EXAMFPLE 33
Cathepsin K Assay

Solutions of test compounds in varying concentrations were prepared in 10 gL of dimethyl
sulfoxide (DMSO) and then diluted into assay buffer (40 xL, 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 solutions were mixed for 5-10 seconds on a shaker plate,
covered and incubated for 30 minurtes at ambient temperature. Z-Phe-Arg-AMC (4 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 enzyme
progress curves using standard mathemnatical models.
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40. Use of a compound according to claim 3, in the manufacture of a medicament for the treatment
of a patient suffering from, or subject to, conditions that can be ameliorated by the administration of
the compound as an inhibitor of cathepsin B.

41. Use of a compound according to claim 3, in the manufacture of a medicament for the treatment
of a patient suffering from, or subject to, conditions that can be ameliorated by the administration of
the compound as an inhibitor of cathepsin K.

42, The use according to any one of claims 38 to 41 of one of the following compounds:
morpholine-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-difluoro-hexyl } -amide,

morpholine-4-carboxylic acid {(S)-1-[(S)-1-(3cyclopropyl-1,2 4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-difluoro-4-phenyl-butyl }-amide,

morpholine-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2.4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-difluoro-butyl } -amide or

morpholine-4-carboxylic acid {(S)-3,3-difluoro-1-{(S)-1-(3-phenyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-butyl }-amide

and their corresponding N oxides, and their prodrugs, and their protected derivatives, individual
isomers and mixtures of isomers thereof; and the pharmaceutically acceptable salts and solvates (e.g-
hydrates) of such compounds of Fornmla (Ia) and their N oxides and their prodrugs, and thelrpmtected
derivatives, individual isomers and mixtures of isomers thereof '

for the production of pharmaceuticals that inhibit the enzymatic activity of Cathepsin S, K, or B.

43, The use according to claim 42 for treating pain, osteoarthritis, osteoporosis or cancer such as
lung cancer, leukemia (B- and T-cell, acute), ovarian cancer, sarcomas, kaposi's sarkoma, bowel
cancer, lymph node cancer, brain tumor, breast cancer, pancreas cancer, prostate cancer or skin cancer.

44, A method of treating a patient suffering from a disease or medical condition which involves
elevated levels of cathepsin S, such disease or medical condition being selected from arthritis,
atherosclerosis, emphysema, osteoporosis, pain, uscular dystrophy, inflammation, multiple sclerosis,
irritable bowel disease, theumatoid arthritis, asthma, autoimume responses, chronic obstructive
pulmonary disease, and bronchiolitis, comprising administering to said patient an effective cathepsin S
inhibiting amount of a compound according to claim 3.

45. A method of treating a patient suffering from a disease or medical condition which involves
elevated levels of cathepsin K or B, such disease or medical condition being selected from
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NOVEL KETO-OXADIAZOLE DERIVATIVES AS CATHEPSIN INHIBITORS

FIBLD OF THE INVENTION
This invention relates to the use of novel keto-oxadiszole derivatives for treating diseases
associated with cysteins proteass and, particularly, dissases nssociated with activity of cathepsin 8, K,
and B. This invention also relapes to processes of making much componnds.

. BACKGROUND OF THE INVENTION
Cystsine proteases repregent a class of peptidases characterized by the presence of a cysteine
residue in the catalytic site of the enzyme. Cystains proteases are associated with the normal
degradstion and processing of proteina. The abammt activity of cysteine proteases, for example, ag a

repult of mcrensed expression or enbanced activation, however, may havs pathalogical consequences,

In thiz regard, certain cysteins proteases are asgocisted with A nwnber of disease states, including
arthritls, stharosclerosis, emphyscma, osteoporoais, mascular dysixophy, inflamymation, tamor
invasion, glomemlouephritis, periodantal disease, metachromatic leokodystrophy and others.

An increase in cathepain activity such as, for example, cathepsin S, contributes to the
pathology and/or sympromarology of a number of diseases such as, for example, avtoingmne
disordeys, inclnding, but not limited to, juvenile onset diabetes, ymitiple sclsrosis, pemphigus valgaris,
axthritis and Hashimoto's thyroiditis, allergic disarders including bat not limited to, asthma, aad
allogencic imummne responses, including, but not limited to, argan transplauts or tissue prafis.
Cathepsin S is also implicated in disordars igvolving axcessive elastolysis, such as chromic obstructive
pulmonary dissass (o.g., emphysema), bronchiolils, axcassive airway elastolysis in asthra and
bronchitia, pneumonities mud cardiovasculer dissase such as plaque ruptire and atheroma. Cathepain 8
is Implicated in fitxil formation and, therefore, inhibitors of cathepsin 3 mey be of use in treatment of
gystemic amylojdosis.
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The combined reaction mixtures were filtered under mction and the resin washed with 300 mul ethyl
acetate. The combined filtrates ware conceutrated under reduced pressore.

Ths cude product purified via flash chromatography (Bictage Hozizon, 25M coturrm, crade product
Toaded on caplet, 17 mli/min flow rate, 12 ml/fraction, 120 ml pradient from 0% etliy] acetate in
beptane 10 30 % ethiy] acetate in heptans, 240 ml 30 % ethyl acetate in haptane, 60 m) pradient 30-50
% ethyl acatats in heptane, 300 ml 5O % afiry] acceate in heptans) to give acetic acid (S)-2-trrt-

+ ¥,

o
Acetic acid (S)-2-tart-butoxycarbonylamino- 1-{5-(4-tdflnaramsthaxy-phenyl)-1,3,4-axadinzol-2-y1]-
butyl ester (0.61 mmol, 0.28 g) was dissolved in s mixture of THE (10 mi) and warer (10 ml). Lithiom
hydroxide hydrate (1.22 ommool, 0.051 g) was added and ths reaction mixture stirved for 2 b, The
solvents weve evaporated under reduced prossure and fhe residue fransferred into a soprating funnel
with 300 ml ethyl acetats snd 50 ml water. The phaces wers separated and the orgamic phase waghed
with brine (100 m]), The arganic phase was then dried with megnesiumn sulfate. The solvent was

I IO DS NOR V- kT

yellow il ( 0.225 g , 89 %)

((S)-1{ hydroxy-{5-(4-triflunromethoxy-pheny])-1.3,4-0xadinzol-2-yl]-mwthyl } -propyl)-carbamic acid
tert-buty] astar (054 omol, 0.225 g) was disso}ved in dichloromethane (9 ml) and treatsd with
trifluoroacstic acid (1 ml). The reaction mixtare was stivred for four bours. The solvents were

RECTIFIED SHEET (RULE 91)
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evaporated under reduced pressare. The residus was re-dissolved in dichloromsethene (20 mi) and
Silicycls Triamine (5.4 mmol, 1.47 g) was added. The reaction mixture was stizred for 60 h (over the
woeskend). Tha reaction mixnures wers filtered woder suction mnd the solvents evaporeted to give (3)-2-
Amino-1-{5-{4-tyifaoromethaxy-phem 4-oxsdiazol-2-yl}-butag-1.0] (0.164 g, 96 %). MS:
m/z=318 (M+H")

B

A mixture of cyclopropsuecarboxylic acid methy] seter (10g, 0.1 mol) and hydrazine hydrats (7.3 mL,

0.15 mol) was refiuxed firr 28 by and cooled to room tamparature. The mixture was svaported under
reduced pressure and than dried by azectropic remova] of the salvent with tolwens, The residue was
dissolved in dichloromethans and washed with ssturatsd NaCl. Tha organic phass was dried over
anhydroos MgS0,, solvent evaporated under reduced presaue to give cyclopropspecarboxviic acid
hvdmazide (4.36g, 44%)

A mixtare of the Cyclopropanecarbaxylic acid hydrezide (31.35g, 0.31 mol), trimefhy] crthoformate
(300 L) and p-tolnenssulfonic ackd monchydrate (200 mg) was heated muder reflux ovemnight. Excass
trimachy] erthoformmate snd methano] were removed by distillation. Vacuum distillation of the regidue
affarded 64%).

1H NMR (CDCl3): 3 8.24(s, 1H), 2.2 (m, 1H), 1.15 (m, 4H). LCMS: 100%, 111 (ME").

A sohuion of 2-cyclopropyl-{1.3 4]axadixzole (2.16g, 19.6 mmol) in dry THF (100 mL) was cooled to
—78°C. "Buli (1.6M in hexanes, 12.3 mL, 19.6 mmol) was added dropwise. The reaction mixtare was
stirred at —78°C for 40 min. MgBr;-OEzs (5.0692g, 19.6 mmol) was added: The reaction mixturs was
allowed to warm up to —45°C and stirred at that temperstare. for 1.5 br. A solution of (1-formyl-
propyl)-carbumic acid text-butyl ester (3.7g, 19.6 mmal) in THF (40 mL) was added. The reaction
mixture was allowed to wam up to =20°C and stirred at that t=mpexature for 3.5 hra. The reaction
mixture was quenched with a solution of astorated NELCl solotion and extracted with eflyl acsiate.
Conobined organic ectracts was washed with satorated NaCl solation and deled over MgS0,. The
solvent was svaporated mder reduced pressure and the crude was purified by column chromatography
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LC/MS: 295, 100%, (M+HD, 317 (M+Nu)

(S)-4 A-Difivero-2- [(pechydro-1,4-cxazepins-4-carbony])-amino]-pentancic acid metiyl exter (0.38g.
129ommol) was dissolved in tetrahydrofursn/methancl (15ml/10mL) and lithhum hydroxide (3Smp,
1.40mmol) diseclved in water (SmL) added. The reaction was stirred nt RT for 18h, and then the
methanolActhydrofurn was removed in vacuo. The residue was acidified with 6M hydrochlosic
mnmzsmnndmmmwmmmmu.mu«.soo.mdmmmdm

(0.36g, 99%).
'H NMR (DMSO0-46) 5 126 (bs, 1H), 6.60 (d, 8.3 Hz, 1H), 430 (dd, J = 14.5, 7.0 Hz, 1H), 3.57 (m,
45, 3.43 (m, 4H), 2.38 (m, 2H), 1.77 (m, 2ZH), 1.61 (¢, T = 19.2H8z, 3H).

LC/MS: 100% 281 (M+H)

0

TolMdSﬂmmﬂﬁﬂ.mmﬁou.ﬂmbhm
(130 ml) onder nittogen was added - Amino-4.4-difluoro-hestanoic  ac ik

bydrochioride (5.79g. 0.025 o) and !lnulnmmmm_fm' Shr. Hmrpux-
hydrochlorids (3.6)3, 2625 auml) and triethyl amioe (125 ml) ware added and the reaction stizred
overnight at room ftemperatare. Solvent evapuruted Off under reduced pressure, crade partitioned
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between water (150 ml) aod ethyl acetats (200 ml). Orgsnic Inywr ssparated, washed with K3CO5
solntion (150 ml), HQ1 (150 ml) and bripe (150 ml). Organic layer separated, dried (MgSO,) and
evaporated vpdsy reduced pressure. Cruds puified by column chromatopraphy sluting with v/v 1:1 1o
szmlmwﬂmwmlmwnwmmw.&

A

By proceeding in a rimilar mammer to Raference Exunmple 45 above but using (S)-4.4-Diflncro-2-
[MMIWMW}WMWMMWM(W

Similarly prepared according to the procedure for Reference Example 33,
LCMS: 200 (M+H)
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By procoeding in a similar manner to Example 1 abovs but ustng (S)-4,4-diflnoro-6-metiryl-2-
[(n:n:phulm-i-mhnyn-lmo]-hcpmdc ecid and (S)-Z-imo-l-(B-cyqbpupyl-l.Z.d—md:mlqs-

I-HNMR@Cb)' §7.6(d. T =68 Hz, 1H), 52 (m, 2H), 4.66 (dd, y = 13, 7.2 Hz, 1H), 3.7 (m, 4H),
3.4 (m, 4H), 2.3 (m, ZH), 2.2 (m, 1H), 2.05 (m, 1H), 195 (m, 1H), 1.8 (m, 3H), 1.1 (m, 4H), 0.97 (4, J
= 6.6 Hz, 6H), 0.96 (t, ] = 7.4 Hz, 3H):

LC/MS: 26%, 526 (M+1;0+Na) end 74%, 503 (M+Na).

By proceeding in a similar menner to Exargpls 1 above but nsing (3)4,4-Diflucrc-2-{(morpholine-4-
=ubunyl)-lmu]-pmtlnml: scid and (MMIMWI-l.z.d-mmm-s-yn-hm-l-ol

IH NMR (CDCl3): § 747 (4, J = 6.8 Hz, 1H), 5.3 (m, IK), 5.16 (d, T = 6.9 Hz, 1H), 4.65 (dd, T = I3,
7.4 Hz, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 2.4 (m, 2H), 2.2 (m, 1H), 2.05 (m, 1H), 1.8 (m, 1H), 1.67 (1,
18.7 Hz, 3H), 1.1 (m, 4H), 0.97 (t, J = 7.5 Hz, 3H);

LC/MS: 37% 484 (M+H,0+Na) and 63% 434 (M+CH,CN).
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solid. LC/MS 100% 460 (M+I-D

To a sohwtion of Perhydro-1, 4-Grazepine4-cacbanylic acid ((S)-1-{(S)-1-[(3-cyclopropyl-1,2.4-
oxudiazol-3-y))-hydroxy-msthyl]-propylcarbamoyl } -3,3-diffucro-butyl)-amide (110 mg. 0.24 mmol) in
dry dichloromsthane (20 ml) uvader N; was added Dess-Martin periodinane (143 mg, 0.34 mmol).
The reaction was stirred at RT for 2 br, and then dichlorometheme (20 ril) was added. The reaction
was quenched with & solntion of NagS;03 (0.26M, 2 mL) and washed with saterated NaHCO, (20 mL).
The aquecus layer was extracted with dichlorenethane (2 x 30 ml). The organic layers were dried
(N#z30,) and concentrated in vacumn. Thnmdumpmﬁnduveruguhnpl.elmdmﬂuﬂm

755)nuwhlblohd.

'H NMR (CDC,) 8 7.52 (4, 6.2H), 5.28 (m, 1H), 5.05 (4. J = 7 Hx, 1H), 4.66 (m, 1D, 3.78 (m, 41D,
3.59 (m, 4H), 2.42 (m, ZH), 2.23 (m, 1H), 2.07 (m, 1H), 1.98 (m, 1HD, 1.85 (m, 1H), 1.69 (, T = 18.8
Hz, 3H), 1.15 (m, 4H), 0.98 (t, Y = 7.5Hz, 3H); LC/MS: 97% 458 (M+H).

By pruceeding in 8 almiler mammer Exampls 20 above but using (S)-4,4-Diftuaro-2-{(perhydro-1.4-
oxazepine-4-carbonyl)-amino]-heptanoic acid and () -2- ml—(‘.’!—qclwl—lm-s
yl)-buunl-ulhydmdﬂundemmwmd - -4-carhaxyl -

ﬂm 65%) as n, white salid,

TH NMR (CDC13) § 7.6 (d. J=7.5 He, 1ED, 5.25 (m. 1H), 5.10 (d, Ju7.5 Hz, IH),

4.65 (dd, J=14, J=7.5 Bz, 1H), 3.75 ( m. 6H), 3.55 (m, 4H), 2.4 (m, 2H), 2.2 (m, 2H), 1.55 (m, 1H), 1.8
(m, 3H), 1.55 (m, 2H), 1.10 Gm, 4H), 0.95 (1, J=7.5 Hz, 6H):

LC/MS: 70% 486 (M-+1) and 30% 504 (M+1+H20).
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By proceeding in a similar manner to Example 23 above but using (S)-4.4-Difluoro-2-[(perhydro-1,4-
ounepmo-ai-wbonyl)-lmo]-hepmm ecid and (S)-Z-Amno—l-(s-cyclowopyl-l.z,#oxmml -3-

5:1 mixture of

'H NMR (CDCl,) : 744 & 7.39 (2xd, J=7.3Hz, 1H), 5.30 (m, 1H), 5.05 & 4.98 (2xd, J=6.5Hz, 1H),
4.63 (m, 1H), 3.79-3.73 (m, 4H), 3.59-3.53 (m, 4H), 247-2.23 (m, 3H), 2.15-1.76 (m, 6H), 1.57-1.43
(m, 2H), 1.38-1.26 (m, 4H), 0.95 (t, J=7.3Hz, 3H), 0.93 (¢, J=7.2Hz, 3H).

MS : 486 (M+H).

A suspension of Polystyrene bound carbodiimide (570mg, 0.73 mmol) and (S)-4.4-Difluoro-2-
[(perhydro-1,4-oxazepine-4-carbonyl)-amino]-heptanocic acid (135 mg) in DCM (10 ml) stirred for 10
min. HOBT (60mg) added, stirred for 10 min. A suspension of amino acetonitrile hydrochloride (34
mg) and triethyl amine (52 uL) in DCM (5ml) added and stirred overnight at room temperature. PS-
Trisamine (493 mg) added and stirred at Toom tempersture for 2h 30 min. After filtration, filtrate

RECTIFIED SHEET (RULE 91)
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dilured with DCM, washed with water, svaparated under reduced pressurs and purified by colmna
mmmmmlwwmwmmm

LOMS : 100% 347 (M+H)

EXAMEPLE 29
Perhy dro-1,4-oxazepins-4-carboxylic acid [(S)-1-((S)-1-cyano-propylcarbamayD)-3,3-diflacro-hexyl]-
amids

vt O

By proceeding in a shrzilsr manner to Example 28 above but using 4,4-Difiaoro-2-{({1.4)oxazepane-4-
ca:bon;yn-ump]-hpnnnl: acid and (S)-Z-Amn-butyrmnrﬂehwmhlm:hm mpnplnd

LOMS : 100% 375 QM+H).

EXAMPLE 30 ]
Morpholine~4-cathaxylic acid {(S)-1-(1-cymno-cyclopropylcarbamey()-3,3-diffacro-hexyll-amide

and 1 moqdwubmhhytwﬂmm;msmmphuwmd
dihompylod:yhmnu&nbm
LCMS : 359 (M+H)
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EXAMPLE 31
Cathepein S Assay

Solutions of test compounds in varying concentrations were prepared in 10 uL of dimethyl
sulfoxide (DMSO) and then diluted into assay buffer (40 uL, comprising: MES, 50 mM (pH 6.5);
EDTA, 2.5 mM; and NaCl, 100 mM, 0.5 mM DTT, 0.01% triton X-100).

Human cathepsin S (final concentration in the well is 1.74 nM) 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-Val-Val-Arg-AMC (final concentration in the well is 0.08 mM)
was added to the assay solations 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 32
Cathepsin B Assay

Solutions of test compounds in varying concentmtions were prepared in 10 gL of dimethyl
sulfoxide (DMSO) and then diluted into assay buffer (comprising: MES 50 mM (pH 6); 2.5 mM
EDTA , 2% DMSO and dithiothreitol (DTT), 2.5 mM).

Homan cathepsin B (final concentration of 0.3 ng/jl) 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-pNa (fival concentration of 100 1M) was added to the assay solutions and
hydralysis was followed spectrophotometrically at (A 405nm) for 60 minutez. Apparent inhibition
constants (K} were calculated from the enzyme progress curves using standard mathematical modsls.

EXAMILE 33
Cathepsin K Asgay

Solutions of test compounds in varying concentrations were prepared in 10 uL of dimethyl
sulfoxide (DMSO) and then diluted into assay buffer (40 pul., comprising: MES, 50 mM (pH 5.5);
EDTA, 2.5 mM; and DTT, 2.5 mM). Himnan cathepsin K (0.0906 pMoles in 25 pl. of agsay buffer)
was added to the dilutions. The azsay solutions were mixed for 5-10'seconds on a sheker plate, -
covered and incubated for 30 minutes at ambient temperature. Z-Phe-Arg-AMC (4 nMoles in 25 xL
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.
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40.  Use of a compound according to claim 3, in the manufacture of a medicament for the treatment
of a patient suffering from, or subject to, conditions that can be ameliorated by the administration of
the compound as an inhibitor of cathepsin B.

41. Use of a compound accarding to claim 3, in the manufacture of a medicament for the treatment
of a patient suffering from, or subject to, conditions that can be ameliorated by the administration of
the compound as en inhibitor of cathepsin K.

42. The use according to any one of claims 38 to 41 of one of the following compounds:
morpholine-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-diflnoro-hexyl }-amide,

morpholine-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-difluoro-4-phenyl -butyl }-amide,

- morpholine-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2 4-oxadiazole-5-carbonyl)-

propylcarbamoyl]-3,3-diflucro-butyl }-amide or

murpholine-4-carboxylic acid {(S)-3,3-difluaro-1-[(S)-1-(3-phenyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyi]-butyl }-ammide

and their cormesponding N oxides, and their prodrugs, and their protected derivatives, individual
isomers and mixtures of iscmers thereof; and the pharmaceutically acceptable salts and solvates (e.g.
hydrates) of such compounds of Formula (1a) and their N oxides and their prodrugs, and their protected
derivatives, individual isomers and mixtures of isomers thereof *

for the production of pharmaceuticals that inhibit the enzymatic activity of Cathepsin S, K, or B.

43. The use according to claim 42 for treating pain, osteoarthritis, osteoporosis or cancer such as
lung cancer, leukemia (B- and T-cell, acute), ovarian cancer, sarcomas, kaposi's sarkoma, bowel
cancer, lymph node cancer, brain tumor, breast cancer, pancreas cancer, prostate cancer or skin cancer,

44, A method of treating a patient suffering from 2 disease or medical condition which involves
elevated levels of cathepsin S, such disease or medical condition being selected from arthritis,
atherosclerosis, emphysema, osteoparosis, pain, muscular dystrophy, inflammation, multiple sclerosis,
irritable bowel disease, rheomatoid arthritis, asthma, sutoimnme responses, chronic obstructive
pulmonary disease, and bronchiolitis, comprising administering to said patient an effective cathepsin S
inhibiting amount of a compound according to claim 3.

45. A method of treating a patient suffering from a disease or medical condition which involves
elevated levels of cathepsin K or B, such disease or medical condition being selected from

RECTIFIED SHEET (RULE 91)
ISA/EP
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In the European Patent Office

In re the Application of: Aventis Pharmaceuticals Inc.
Intermnational Appln. No.:  PCT/US2004/035282
International Filing Date: 22 October 2004 (22.10.2004)

Title: : NOVEL KETO-OXADIAZOLE DERIVATIVES AS
CATHEPSIN INHIBITORS

TO: INTERNATIONAL PRELIMARY EXAMINATION AUTHORITY

European Patent Office
27 Erhardstr. 27
D-80298 Munich, Germany

ANT T ARTI M4
In response to the Written Opinion of the International Searching Authority of the

European Patent Office dated March 31, 2005, Applicant respectfully submits the following
amendments pursuant to Article 34, which are being filed with the Demand for Preliminary
Examination. Replacement pages 1, 15, 15A, 21, 85, and 86 submitted herewith incorporate
such amendments to the Specification and Claims as particularly set forth below.

At page 1, the Title was changed from “NOVEL KETO-OXADIAZOLE
DERIVATIVES AS CATHESPIN INHIBITORS" to -NOVEL COMPOUNDS AND
COMPOSITIONS AS CATHESPIN INHIBITORS—, This amendment was made to better
characterize the compounds of the present invention.

At page 1, line 13, “novel keto-oxadiazole” was changed to --novel difluoro
derivatives—. This amendment was made to better characterize the compounds of the present
invention. Support for this amendment is found throughout Applicant’s specification.

At page 15 to 15A, the following disclosure was added at page 15, line 10:

—A further particular group of compounds of the
invention are compounds of formula (Ib):

USAV2003/0066 WO PCT
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XCN
°c R

(Ib)
wherein R1, R3, R4 and RS are s hereinbefore described, and
their corresponding MN-oxides, and their prodrugs, and their
protected derivatives, individual isomers and mixtures of
isomers thereof; and the pharmaceutically acceptable salts and
solvates (e.g. hydrates) of such compounds of Formula (Ib) and
their N-oxides and their prodrugs, and their protected
derivatives, individual isomers and mixtures of isomers
thereof.

Compounds of Formula (Ib) in which R1 is R13C(0)- and R13
is hetero{(C5_12)cycloalkyl are examples. Compounds of

Fo:mula(Ib)inwhicth is O —C(0) - are particular

examples.

Compounds of Formula (Ib) in which R3 is H,
(C6-12)aryl(C1-g)alkyl or (C}.6)alkyl are examples.
Compounds of Formula (Ib) in which R3is H

@-CH.‘,—CHZ— or CH;CH—CH;~ are particular

examples.

Compounds of Formula (Ib) in which R4isHor methyl are
examples.

USAV2003/0066 WO PCT
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Compounds of Formula (b) in which R3 is
(Ce-12)aryl(Cy_g)alkyl are examples.
Compounds of Formula (Ib) in which R7 represents

@—cn;— are particular examples.—

This disclosure was added to correct an inadvertent transcription error relative to the
disciosure of U.S. Provisional Patent Application No. 60/514,373, filed October 24, 2003
(“the 373 provisional priority application™), ie., the application from which the present
application claims priority. Applicant submits respectfully that the omission of formula (Ib)
and the accompanying disclosure was clearly in error as original page 15, lines 11-14, refer to
“formula (Ib)” and provide additional disclosure with respect to particular species of formula
(Ib). Thus, the above amendment merely corrects this inadvertent error. Support for this
amendment can be found in, for example, other compounds disclosed in the present
specification such as, for example, the compounds of Examples 17, 18, 28, 29, and 30, as
well as in the 373 provisional priority application.

At page 21, line 20, “pain,” was deleted. This word was inadvertently added to this
portion of the disclosure. Support for this amendment can be found, for example, throughout
the 373 provisional priority application.

At page 85,! line 3 of Claim 44 was amended to correct an obvious typographical
error by the addition of an —m-- before the word “uscular.”

At page BS, line 4 of claim 44, the term “autoimume responses” was amended to read
—autoimume disorders—.

At page 85, line 7 of claim 46, the term “autoimume responses™ was amended to read

—autoimume disorders—.

USAV2003/0066 WO PCT
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At page 86, line 2 of claim 47, the word “pain,” was deleted.

Applicant submits that no new matter has been added to the present patent
applications in connection with the above-identified amendments. Accordingly, entry of the
amendments and replacement pages 1, 15, 15A, 21, 85, and 86 is, therefore, respectfully
requested.

If, in the opinion of the Examiner, a favorable IPER cannot be issued on the basis of
Applicant’s Article 19 Amendment filed on May 31, 2005 and the above amendments,
Applicants expresgly request issuance of an additional written opinion under Rule 66.4 and/or
institution of a telephone interview under Rule 66.6. It is submitted that such additional
communication, if needed, will facilitate the issuance of a favorable IPER, and provide

efficiencies in subsequent regional and national phase examination.
Respectfully submitted,

Dated: July 20, 2005

istration No. 47,038
Attorney for Applicants

Aventis Pharmaceuticals Inc.

Patent Department

Route #202-206 / P.O. Box 6800

Bridgewater, New Jersey 08807-0800

Telephone: 908-231-3410

Telefax: 908-231-2626

! Thepnaanumbenrefuredtofurpnguwi;hinﬂwmnimssecﬁmofmepl;uunappﬁclﬁonmﬂmwof -
the Replacement Sheess for the Claims that were submitted with Applicant’s Article 19 Amendment filed on
May 31, 2005.
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NOVEL COMPOUNDS AND COMPOSITIONS AS CATHEPSIN INHIBITORS

FIELD OF THE INVENTION
This invention relates to the use of novel diflucro derivatives for treating diseases associated
with cysteine protease-and, particularly, diseases associated with activity of cathepsin S, K, and B.
This invention also relates to processes of making such compounds.

BACKGROUND OF THE INVENTION

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 with the narmal
degradation and processing of proteins. The aberrant activity of cysteine proteases, for example, as a
result of increased 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, atherosclerosis, emphysema, osteoporosis, muscular dystrophy, inflammation, tmmor
invagion, glomernlonephritis, periodental disease, metachromatic leukodystrophy and others.

An increase in cathepsin activity such as, for example, cathepsin S, contributes to the
pathology and/or symptomatology of a number of diseases such as, for example, autoimnmune
disorders, including, but not limited to, juvenile onset diabetes, multiple sclerosis, pemphigus vulgaris,
Graves' disease, myasthenia gravis, systemic lupus erythemotasus, irritable bowel disease, rheumatoid
arthritis and Hashimoto's thyroiditis, allergic disorders including but not limited to, asthma, and
allogeneic immmne responses, including, but not limited to, organ transplants or tissue grafts.
Cathepsin S is also implicated in disorders involving excessive elastolysis, such as chronic obstructive
pulmonary disease {e.g., emphysema), bronchiolitis, excessive airway elastolysis in asthma and
bronchitis, pneumonities and cardiovascular disease such as plaque rupture and atheroma. Cathepsin S
is implicated in fibril formation and, therefore, inkibitars of cathepsin S may be of use in treatment of
systemic amyloidosis.
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Compounds of Formula (Ia) in which R4 is H or methy] are examples.

Compounds of Formula (Ia) in which RS is (Cg-12)aryl(C.galkyl are examples.

Compounds of Formula (Ia) in which RY represents Q_CHT are particular examples.

A particular group of compounds of the invention are compounds of formmla (Ja) in which: Rl

- l N / 3 - -
is R13C(O)- (especially 0 =—C (0} - )i R¥is H, (Cg-12)aryl(Cy_galkyl (especially

@—CH;—CH; ) or (C1.g)alkyl (especially CH;CH;-CH~ % RisHor methyl and RS

is (Cg.12)aryl(Cy_g)nlky! (especially @—cn,— )-

A further particular group of compounds of the invention are compounds of Formula (Ib):

R
F

F

x.

O g R

(Ib)
wherein R1, R3, R4 and R3 are as hereinbefors described, and their comresponding N-oxides, and their
prodrugs, and their protected derivatives, individual isomers and mixtures of isomers thereof; and the
pharmaceutically acceptable salts and solvates (e.g. hydrates) of such compounds of Formula (Ib) and
their N-oxides and their prodrugs, and their protected derivatives, individual isomers and mixtures of
isomers thereof.

n‘\N N

Compounds of Formula (Tb) in which R! is R13C(0)- and R13 is hetero(C5_;2)cycloalkyl are

. ‘ \
examples. Compounds of Formula (Ib) in which Rlis 0 ==C (Q) - are particular examples.
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Compounds of Formula (Ib) in which R3 is H, (Cg.2)aryl(C}.6)alkyl or (C}_g)alkyl are examples.
Compounds of Formula (Ib) in which R3 is H , @——cn,—cn,— or CH;CH~CH;- are
particular examples.
Compounds of Formula (Ib) in which R4 is H or methyl are examples.
Compounds of Formula (Ib) in which RS js (Cg_12)aryl(C1_g)alkyl are examples. Compounds of
Fornmla (Ib) in which R represents @—cn; are particular examples.

A particular group of compounds of the invention are compounds of formula (Ib) in which: Rl

. 3 - / v 3 -
is R13C(0)- (especially O —C(0) - ) R?is H, (Cg-12)aryl(C}_g)alkyl (especially
Q—CH;CH; ) or (Cy_g)alkyl (especially CH3-CHy-); R4 is H or methyl and R is

(Ce-12)aryl(C}_g)alkyl (especially @—cu,— )

A further particular group of compounds of the invention are compounds of Formula (Ic):
A

F
F
R! H
3 \J\n'
O R R
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treating diseases in which cathepsin S activity contributes to the pathology and/or symptomatology of
the disease. For example, the compounds of the invention may be useful in treating autoimmune
disorders, including, but not limited to, juvenile onset diabetes, multiple sclerosis, pemphigus vulgaris,
Graves' disease, myasthenia gravis, systemic lupus erythemotasus, irritable bowel disease, 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 is also implicated in disorders involving excessive elastolysis, such as chronic
obstructive pulmonary disease (e.g., emphysema), bronchiolitis, excessive airway elastolysis in asthina
and bronchitis, pneumonities and cardiovascular disease such as plaque rupture and atheroma.
Cathepsin S is implicated in fibril formation and, therefore, inhibitors of cathepsin S may be of use in
treatment of aystemic amyloidosis.

The cysteine protease inhibitory activities of the compounds of the invention can be
determined by methods known to those of ordinary skill in the art. Suitable in vitro sssays for
measuring protease activity and the inhibition thereof by test compounds are kmown. Typically, the
assay measures protease-induced hydrolysis of a peptide-based substrate. Details of assays for
measuring protease inhibitory activity are set forth in Examples 31, 32, 33, 34, infra.

The compounds of the invention are also inhibitors of cathepsin K and B and, as such, are
useful for treating diseases in which cathepsin K and B activity contributes to the pathology and/or
symptomatology of the disease. For example, the compounds of the invention may be useful in
treating osteoarthritis, osteoporosis or cancer such as lung cancer, leukemia (B- and T-cell, acute),
ovarian cancer, sarcomas, kaposi's sarkoma, bowel cancer, lymph node cancer, brain tumor, breast
cancer, pancreas cancer, prostate cancer or skin cancer.

Administration and Pharmaceutical Composgitions:

In general, compounds of the present invention 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
the invention may range from about 1 micrograms per kilogram body weight (1g/kg) per day to about
60 milligram per kilogram body weight (mg/kg) per day, typically from about 1 pg/kg/day to about 20
mg/kg/day. Therefore, a therapeutically effective amount for a 80 kg human patient may range from
about 80 ug /day to about 4.8 g/day, typically from about 80 ug /day td about 1.6 g/day. In genemal,
one of ordinary skill in the art, acting in reliance upon personal knowledge and the disclosure of this
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and their corresponding N oxides, and their prodrugs, and their protected derivatives, individual
isomers and mixtures of isomers thereof; and the pharmaceutically acceptable salts and solvates (e.g.
hydmtes) of such compounds of Formula (Ja) and their N oxides and their prodrugs, and their protected
derivatives, individual isomers and mixtures of isomers thereof-

for the production of pharmaceuticals that inhibit the enzymatic activity of Cathepsin S, K, or B.

43, The use according to claim 42 for treating pain, osteoarthritis, osteoporosis or cancer such as
lung cancer, leukemia (B- and T-cell, acute), ovarian cancer, sarcomas, kaposi's sarkoma, bowel
cancer, lymph node cancer, brain tumor, breast cancer, pancreas cancer, prostate cancer or skin cancer,

44, A method of treating a patient suffering from a disease or medical condition which involves
elevated levels of cathepein S, such disease or medical condition being selected from arthritis,
atheroeclerosis, emphysema, osteoporosis, pain, uscular dystrophy, inflammation, multiple sclerosis,
irritable bowel discase, rheumnatoid arthritis, asthma, sutoinmme disorders, chronic obstructive
pulmonary disease, and bronchiolitis, comprising adrinistering to said patient an effective cathepsin S
inhibiting amount of a compound according to claim 3.

45. A method of treating a patient suffering from a disease or medical condition which involves
elevated levels of cathepsin K or B, such disease or medical condition being selected from
osteoarthritis, osteoporosis or cancer such as lung cancer, leukemia (B- and T-cell, acute), ovarian
cancer, sarcomas, kaposi's sarkoma, bowel cancer, lymph node cancer, brain tumor, breast cancer,
pancreas cancer, prostate cancer, and skin cancer, comprising administering to said patient an effective
cathepsin K or B inhibiting amount of a compound according to claim 3.

46. A method of treating a patient suffering from a disease or medical condition which involves
clevated levels of cysteine protease, such disease or medical condition being selected from arthritis,
atherosclerosis, emphysema, osteoporosis, muscular dystrophy, inflammation, tumor invasion,
glomerulonephritis, periodontal disease, metachromatic leukodystrophy, juvenile onset diabetes,
multiple sclerosis, pemphigus vulgaris, Graves' disease, myasthenia gravis, systemic lupus
erythemotasus, irritable bowel disease, rheumatoid arthritis and Hashimoto's thyroiditis, asthma,
antoimume disorders, chronic obstructive pulmonary disease, and bronchiolitis, comprising
administering to said patient an effective cysteine protease inhibiting amount of a compound according
to claim 3.
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47. A method of treating a patient suffering from a disease or medical condition which involves
elevated levels of cathepsin K or B, such disease or medical condition being selected from
osteoarthritis, osteoporosis ar cancer such as lung cullcer. leukemia (B- and T-cell, acute), ovarian
cancer, sarcomas, kaposi's sarkoma, bowel cancer, lymph node cancer, brain tumor, breast cancer,
PANcTeas cancer, prostate cancer, and skin cancer, comprising administering to said patient an effective
cathepsin K or B inhibiting amount of a compound according to claim 35.

48. A method of treating a patient suffering from a disease or medical condition which involves
clevated levels of cysteine protease, such disease or medical condition being selected from pain,
osteoarthritis, osteoporosis or cancer such as lnng cancer, leukemia (B- and T-cell, acute), ovarian
cancer, sarcomas, kaposi's sarkoma, bowel cancer, lymph node cancer, brain tumor, breast cancer,
pancreas cancer, prostate cancer, and skin cancer, comprising administering to said patient an effective
cysteine protease inhibiting amount of a compound according to claim 42.

49. A method of selectively inhibiting cathepsin K activity in a patient with elevated levels of
cathepsin K which comprises administering to a patient in need thereof an effective cathepsin K
inhibiting amount of a compound acconding to claim 3.

50. A method of selectively inhibiting cathepsin K activity in a patient with elevated levels of
cathepgin K which comprises administering to a patient in need thereof an effective cathepsin K
inhibiting amount of a compound according to claim 42,

51 A method of selectively inhibiting cathepsin S activity in a patient with elevated levels of
cathepsin S which comprises administering to a patient in need thereof an effective cathepsin S
inhibiting amount of a compound according to claim 3.

52. A method of selectively inhibiting cathepsin S activity in a patient with elevated levels of
cathepgin S which comprises administering to a patient in need thereof an effective cathepsin S
inhibiting amount of a compound according to claim 35.

53. A method of treating osteoarthritis in a mammal] comprising administering to said mammal an
effective amount of a compound according to claim 42.



IN THE INTERNATIONAL BUREAU OF WIPO

In re the Application of: Aventis Pharmaceuticals Inc.
International Appin. No.:  PCT/US2004/035282
International Filing Date: 22 October 2004 (22.10.2004)

Title: . NOVEL KETO-OXADIAZOLE DERIVATIVES AS
CATHEPSIN INHIBITORS

TO: INTERNATIONAL BUREAU OF WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

AMFNDMENT PURSUANT TO PCT ARTICLE 19
In response to the Search Report prepared by the International Searching Authority,
mailed on 31 March 2005, Applicants respectfully submit herewith replacement pages 76-77,
79, 83, 85, 88, and 90 which incorporates the following amendments to the Claims:

Claims 1 and 2 have been canceled.
In claim 12, line 1, “2-11" was amended to read —3-11—.
In claim 3, line 15, “H" has been deleted from the definition of R'.

In claim 3, the alternate definition of R,

“or R1 is selected from the group conmsisting of (Cj.g)alkyl,
(C3-12)cycloalkyl(Co.g)alkyl,
hetero(Cs_12)cycloalkyl(Cp.galkyl,  (Cg-12)aryl(Co-g)alkyl
and hetero(Cs._13)aryl(Co.-g)alkyl , each of which is optionally
substituted by 1 to 5 radicals independently selected from a
group consisting of (Cj_4)alkyl, cyano, halo, halo-substituted
(C1-4)alkyl, -XSNRIRI, -XOOR9, - X6SRY, -XSC(O)NRIR?,
-XS0C(O)NRR, -X6C(O)OR9, -X6NC(O)OR?,
-X6s(0)R 10, -x65(0),R 10 and -XS6C(O)R10;”,
was deleted.

Inclaim 11, line 1, "2-10" was amended to read --3-10—,

USAV2003/0066 WO PCT



2

In claim 12, line 1, “2-11" was amended to read —3-11—.
In claim 13, line 1, “2-12" was amended to read --3-12—.

In claim 31, line 6, the word —or— was inserted between “5-thiophen-2-yl-oxazol-2-
yl,” and 5-(4-triflucromethoxy-phenyl)-1,3,4-0oxadiazol-2-yl.

In claim 32, line 2, the word —-or— was inserted between “oxazol-2-yl,” and “5
cyclopropyl-1,2,4-oxadiazol-3-yl”.

In claim 35, lines 9, 11, 13, 15, and 17, ;" was replaced with —;—.
In claim 36, line 1, “2" was replaced with —3—.

In claim 37, line 3, “2" was replaced with —3—.

Claim 51 (second occurrence) was replaced by new claim 61.
Claim 52 (second occurrence) was replaced by new claim 62.

In accordance with PCT Section 205(b), the following claims is/are:
()] unchanged: claims 4-10, 14-30, 33-34, 38-50, 51 (first occurrence),

52 (first occurrence), and 53-60
(I) cancelled: 1-2, 51 (second occurrence), and 52 (second
occurrence)

I new: 61-62

V) replacement of claims 3, 11-13, 31-32, 35-37, 51 (second occurrence),
and 52 (second occurrence) as above

(V) result of division of one or more claims as filed:  none.
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Claims I and 2 have been canceled, resulting in the cancellation of page 75. Since
page 75 is the first page of Applicants’ claims, Applicants request that the phrase “WE
CLAIM:" be added before claim 3 on page 76.
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3. A compound having a structure of formula (T):

RS
o
F
X' '?2
R! N
H
(o
®
5
wherein
Ais
F R X X=-N
\R1 1
X! is methylene, ethylene or a bond;
10 * X2is CN, CHO, C(O)RS, C{OYC(O)NR7R7 C(O)C(O)NR7RE, C(O)C(O)R13, -

C(0)C(0)OR13, C(O)CH,X3R13;

X3 is selected from the group consisting of O, S(0),, CO, CONH, NHCO, NHSO, and
SONH;

X4is CH(R12) or CH(R12)-CHp;

15 X3 is methylene, ethylene, propylene or & bond;

X6 is a bond or (C}.o)alkylene;

R!is R13¢(0), R135(0);- , R130C(0)-, RBRTNC(O)~ RERINS(0)2~ R135(0)NC(0)-
or RI3C(O)NS(0)z-;
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R2 is selected from the group consisting of hydrogen, (Cy_g)alkyl,
(C3.12)cycloalkyl(Cp.glalkyl, hetero(Cs_j2)cycloalkyl(Coglalkyl, (Ce-12)aryl(Co-glalkyl ar
hetero(Cs..12)aryi(Co-galkyl;

R3 ia selected from the group conxisting of H, (C}.g)alkyl, (C3.12)cycloalky{Cp g)alkyl,
betero(C5._ 1 2)cycloatkyl(Co galkyl, (Cg-j2)aryl(Co galkyl ar hetero(Cs. | 3)aryi(Co.glalkyl
optionally is substituted by 1 to 5 radicals independently selected from a group consisting of
(C1-4)alkyl, cyano, halo, halo-substituted (C_4)alkyl, -XONRIR9, -XSOR?, -X6SR?,
-XSC(OINRIRY, -XSOC(O)NRIR?, -XSC(O)OR?, -XONC(OYOR?, -X6S(0)R 10, -X6S(0),R10 end
-X6C(O)R10:

R4 is H or (C1-g)alkyl; or R3 and R taken together with the carbon atom to which both R3
and R# are attached to form (C3_g)cycloalkylene or (C3.g)heterocycloalkylene;

RS is H, F,or RS is (Cp_glalkyl, (C3.12)cycloalkyl(Co galkyl,
hetero(C.12)cycloalky(Cp glalkyl, (C-12)aryl(Co glalkyl, hetero(Cs.13)aryl(Co g)alkyl each
optionally substituted by 1 to 5 radicals independemtly selected from a group consisting of (Cp.4)alkyl,
cyano, halo, halo-substitated (Cy.4)alkyl, -XSNRIR?, -X60R?, -X6SR9, -XSC(O)NRIRY,
-XS0C(O)NRIRY, -X6C(0)OR?, -XSNC(0)OR?, -X6S(O)R10, -X65(0),R 10 and -XSC(O)R10;

R6 is (Cg_12)aryl, hetero(Cs_1 3)aryl and halo substituted (C_g) alkyl; wherein RS is
optionally is substituted by 1 to 5 radicals independently selected from a group cousisting of
(C1-glalkyl, (C3. 2)cycloalkyl(Cp. glalkyl, hetero(Cs._2)cycloalkyl(Co galkyl,
(C6-12)aryl(Cp-galkyl, hetero(Cs. 13)aryl(Co g)alkyl, cyano, halo, halo-substituted (C;_g)alkyl,
-X6NRORY, -X60R?, -X6SR?, -XSC(O)NRIRY, -X60C(O)NRIR?, -X6C(O)ORI, -XONC(O)OR?,
-X6s(O)R10, .xﬁs(o)znlo and -XSC(O)R10,

R7 is H, (C.alkyl, (C3-12)cycloalkyl(Cogaikyl, hetero(C3-12)cycloalkyl(Co.galkyl,

(Cg-12)aryl(Co g)alkyl, hetero(Cs.13)aryl(Cg_g)alkyl, and halo substituted (Cj_g) alkyl; wherein R7
is optionally is substituted by 1 to 5 radicals independently selected from a group consisting of
(C1-4)alkyl, cyano, halo, halo-substituted (Cg.4)alkyl, -X6NROR?, -XO0R9, -X6SRY,
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optionally substituted by -XS60R? wherein X6 is a bond and R is (C}_g)alkyl.
6. A compound according to claim 4 or 5 in which R4 is H or (C;_g)alkyl.

7. A compound accarding to any one of claims 4-6 in which X2 is CHO, CN ar C(O)RS wherein
RS is hetero(Cs. 3)ary] optionally substituted by (C; _g)alkyl, (C3_7)cycloalkyl, (Cg.12)aryl or
hetero(Cs._13)aryl.

8. A compound according to claim 3 in which A is .
X

"
9. A compound according to claim 8 in which X3 is propylene.

10. A compound according to claim 8 or 9 in which R11 is -C(O)OR!3 or -S(0);R 13 wherein
R13 ig alky] or (Cg_1p)aryl.

11. A compound according to any one of claims 3-10 in which R1 is (i) R13C(0)- wherein R13 is
hetero(Cs.12)cyeloalkyl; (ii) R130C(0)- wherein R13 is (Cg_12)aryl(Cygalkyl; (iii) (C}.g)alkyl; or
(iv) hetero(Cs_19)cycloalkyl.

12. A compound according to any ane of claims 3-11 in which R2 is FL

13. A compound according to any one of claims 3-12 in which RIis (Cj.g)alkyl or
(C-12)aryl(Cy_galkyl.

14. A compound of formula (Ea):
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3-yl, 5-isopropyl-isoxazol-3-yl, 5-(5-methyl-isoxazol-3-yl)-oxszol-2-yl, 5-(5-methyl-thien-2-yI)-
oxazol-2-yl, oxazol-2-yl, 3-phenyl-1,2 4-oxadiazol-5-yl, 5-phenyl-1,2 4-oxadiazol-3-yl, 5-thiophen-2-
yl-oxazol-2-yl, or 5-(4-trifluoromethoxy-phenyl)-1,3,4-oxadiazol-2-yl.

32. A compound according to claim 31 in which RS is benzoxazol-2-yl, 3-cyclopropyl-1,2,4-
oxadiazol-5-yl, oxazol-2-yl, or 5-cyclopropyl-1,2,4-oxadiazol-3-yl.

33. A compound sccarding to claim 17 in which R11 is -C(O)OR13 or -S(0);R13 wherein R13 is
alkyl or (Cg_12)aryl.

34. A compound according to claim 28 in which R11 is -C(O)OC(CH3)3 or

35. A compound according to claim 3 selected from the group consisting of:
morpholine-4-carboxylic acid {(S)-1-{(5)-1-(3-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-difluoro-hexyl ) -amide;

marpholine-4-carbaxylic acid {(S)-1-[(S)-1-(5-cyclopropyl-1,3,4-oxadiazole-2-carbonyl)-
propylcarbamoyl}-3,3-diflooro-hexyl } -amide; . .
morpholine-4-carboxylic acid ((S)-3,3-difluoro-1-{(S)-1-[5-(4-trifluoromethoxy-phenyl)-1,3,4-

_oxadiazole-2-carbony!]-propylcarbamoy! }-hexyl)-amide:

morpholine-4-carbaxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2,4-oxadiazole-5-carbomyl)-
propylcarbamoyl]-3,3-difluoro-4-pheayl-butyl }-amide;

morpholine-4-carboxylic acid {1-[1-(3-cyclopropyl{1,2,4]oxadiazole-5-carbonyl)-propylcarbamoyl]-
3,3-difluoro-5-methyl-hexyl}-amide;

morpholine-4-carboxylic acid {(S)-1-{(S)-1<(3-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl}-3,3-difluoro-butyl } -amide;

morpholine-4-carboxylic acid {(S)-3,3-difluoro-1-{(S)-1<{3-phenyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbarnoyl]-butyl }-amide;

morpholine-4-carboxylic acid {(S)-3,3-diflucro-1-{(S)-1-(5-pbhemyl-1,2,4-oxadiazole-3-carbonyl)-
propylcarbamoyl]-butyl } -amide;

marpholine-4-carboxylic acid {1-{1-(5-cycloprapyl-{1,3,4]oxadiazole-2-carbonyl)-propylcarbamoyl]-
3,3-difluoro-4-phenyl-butyl }-amide;
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morpholine-4-carboxylic acid {(S)-1-[1-(5-cyclopropyl-1,2,4-oxadiazole-3-carbonyl)-
propylcarbamoyl]-3,3-difluoro-hexyl } -amide;

morpholine-4-carboxylic acid ((S)-3,3-difluoro-1-{(S)-1-[5-(4-fluoro-phenyl)-1,2,4-oxadiazole-3-
carbonyl]-propylcarbamoyl }-butyl)}-amide;

morpholine-4-carboxylic acid ((S)-3,3-difluoro-1-{ 1-[S-(4-fluaro-phenyl)-1,2.4-oxadiazole-3-
carbonyl]-propylcarbamoyl } -butyl)-amide;

morpholine-4-carboxylic acid ((S)-3,3-difluoro-1-{ (R)-1-[5-(4-fluoro-phenyl)-1,2,4-oxadiazole-3-
carbonyl]-propylcarbamoyl}-butyl)-amide;

morpholine-4-carboxylic acid {(S)-1-[(S)-1-(benzoxazole-2-carbonyl)-propylcarbamoyl}-3,3-difluoro-
butyl}-amide;

morpholine-4-carboxylic acid [(S)-1-(cyanomethyl-carbamoyl)-3,3-difluoro-hexyl]-amide;
morpholine-4-carboxylic acid ((S)-3.3-difluoro-1-{(R)-1-[5-(5-methy]-thiophen-2-yI)-oxazole-2-
carbonyl]-propylcarbamoy] }-hexyl)-amide;

morpholine-4-carboxylic acid ((S)-3,3-difluoro-1-{(S)-1-[5«(S-methyl-thiophen-2-yl)-oxazole-2-
carbonyl]-propylcarbamoyl }-hexyl)-amide;

and their corresponding N-oxides, and their prodrugs, and their protected derivatives, individual
isomers and mixtures of isomers thereof; and the pharmaceutically acceptable salts and solvates (c.g-
hydrates) of such compounds of Formula (Ia) and their N-oxides and their prodrugs, and their
protected derivatives, individual isomers and mixtures of isomers thereof.

36. A pharmaceuticel composition comprising & compoimd of claim 3 and a pharmaceutically
acceptable excipient.

37 A method of inhibiting cathepsin S in a patient wherein elevation of the enzymatic activity of
cathepsin S contributes to said patient’s pathological conditions by administering to said patient a
therapeutically effective amount of a compound of claim 3.

38.  Use of a compound according to claim 3, in the manufacture of a medicament for the treatment
of a patient suffering from, or subject to, conditions that can be ameliorated by the administration of
the compound as an inhibitor of cathepsin S.

39.  Use of a compound according to claim 35, in the manufacture of a medicament for the
treatment of a patient suffering from, or subject to, conditions that can be ameliorated by the
administration of the compound as an inhibitor of cathepsin S.
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50. A method of selectively inhibiting cathepsin K activity in a patient with elevated levels of
cathepsin K which comprises administering to a patient in need thereof an effective cathepsin K
inhibiting amount of a compound according to claim 42.

51. A method of selectively inhibiting cathepsin S activity in a patient with elevated levels of
cathepsin S which comprises administering to a patient in need thereof an effective cathepsin S
inhibiting amount of a compound according to claim 3.

52, A method of selectively inhibiting cathepsin S activity in a patient with elevated levels of
cathepsin S which comprises administering to a patient in need thereof an effective cathepsin S
inhibiting amount of a compound according to claim 35. )

53. A method of treating osteoarthritis in a mamimal comprising administezing to said mammal an
effective amount of a compound according to claim 42.

54. A compound according to any one of claims 3-10, 12-18, or 20-30 wherein R’ is

DJL

33. A compound according to claim 3 selected from the group consisting of:
Perhydro-1,4-oxazepine-4-carboxylic acid {(S)-1-{(S)-1<3-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-difluoro-butyl ) -amide,

Perhydro-1,4-oxazepine-4-carboxylic acid {(S)-1-[(S)-1-(3-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-difluoro-hexyl } -amide;

Morpholine-4-carboxylic acid {(S)-1-[(S)-1-(3-isopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-difluoro-hexyl } -amide,
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57. A method of selectively inhibiting cathepsin K activity in a patient with elevated levels of
cathepsin K which comprises administering to a patient in need thereof an effective cathepsin K
inhibiting amount of a compound according to claim 55.

58. A method of selectively inhibiting cathepsin S activity in a patient with elevated levels of
cathepsin S which comprises administering to a patient in need thereof an effective cathepsin S
inhibiting amount of a compound according to claim 55.

59. A method of selectively inhibiting cathepsin B activity in a patient with elevated levels of
cathepsin B which comprises adoznistering to a patient in need thereof an effective cathepsin B
inhibiting amount of a compound according to claim 53.

60. A method of treating ostecarthritis in a mammal comprising administering to said mammal an
effective amount of a compound according to claim 55.

6l. A method of selectively inhibiting cathepsin B activity in a patient with elevated levels of
cathepsin B which comprises administering to a patient in need thereof an effective cathepsin B
inhibiting amount of a compound according to claim 3.

62. A method of selectively inhibiting cathepsin B activity in a patient with elevated levels of
cathepsin B which comprises administering to a patient in need thereof an effective cathepsin B
inhibiting amount of a compound according to claim 42.
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Table 3, compounds 301, 304-305, 321;Table
4, compound 421;Table 5, compounds 502,
504-505, 509-511, 517-519, 523-524,
526-576; Table 6; Table 7, compounds
705-715, 718-721

WO 90/09162 A (ABBOTT LABORATORIES)

23 August 1990 (1990-08-23)

Example 152

T. ARAI ET AL.: "The Conformation of de
Novo Designed Amphiphilic Peptides with
Six or Nine

L-2-(2,2,2-Trifluoroethyl )glycines as the
Hydrophobic Amino Acid®

BULL. CHEM. SOC. JPN,

vol. 73, 2000, pages 439-445, XP002320762
Figure 1
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derivatives from (S)-aspartic acid"
JOURNAL OF FLUORINE CHEMISTRY,

vol. 66, 1994, pages 87-90, XP002320763
Compounds 7-8

X I. OJIMA ET AL.: “New potent enkephalin
analogs containing trifluoromethylamino
acld residues”

BIOORGANIC AND MEDICINAL CHEMISTRY
LETTERS,

vol. 2, no. 3, 1992, pages 219-222,
XP002320764

Compounds 5-8, 10-11, 13

X R.M. BABB ET AL.:
"Omega,omega,omega-Trifluoroamino Acids"
JOURNAL OF ORGANIC CHEMISTRY,

vol. 35, no. b, 1970, pages 1438-1440,
XP002320765

Compound 4

X S. COLARUSSO ET AL.: "Phenethal Amides as
Novel Noncovalent Inhibitors of Hepatitis
C Virus NS3/4A Protease: Discovery,
Initial SAR and Molecular Modeling”
JOURNAL OF MEDICINAL CHEMISTRY,

vol. 46, no. 3, 2003, pages 345-348,
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Box Il Obaervations where ceriain claims were found unssarchable (contlmiltlon of tem 2 of firet sheet)

Thia Intermational Search Report has not bean establiched In respect of certaln claims under Article 17{2)(a) for the following reasons:

1. m Claima Nos.:
because they relate to suhjact matier not required 1o ba searched by this Authardty, namaly:
Although claims 37, 44-60 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the alleged
effects of the compound/composition.

2. D Claims Nos._:
becausa they relate to paris of the Inlematioral Application that do not comply with the prescribed requirements to such
an axtent that no meaningful Intemational Saarch can be caried out, specifically:

3 Dcumm
bacauss they are depsndant clakns and ama not drafied in accordance with the second and third sentences of Rule 8.4{a).

Box il Observations where unity of Invention le lacking (Continuation of tem 3 of first sheet)

This Intemational Searching Autharity found multiple Inventions in this intemational application, as followa:

1.[:]AsaluqmudlwﬂhmlnummﬁulwnnimdypmnwﬂnaniumttblMHnnhni3uud1Hunnuwulnl
searchable ciaime.

2 D As all searchable claims could be ssarched without effort justifying an additional fee, this Authority did not invite paymant
of any additional fee.

a. As only some of the requind additional search fees wemn imely pakd by the applicant, this iIntemational Ssarch Report
covers only those clalma for which fees were paid, specifically dalms Nos.:

4 [:]Nnunﬂududﬂhnllummhn-wuu puuhym- applicant. Consequently, this Intemational Ssarch Report le
rasicied 1o e inverttion fest mantoned n e ma; 1t s covered by claims Noa.:

Remark on Protest [:]1haamnhnuaammhuu-wmu-u:mmnmudbywnanuuuwapmmnt

[:]anmhdau:mumhumnnwm-ndamﬂhniunmhhuL
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REIVINDICACIONES:

1. Un compusstn que tions mia estructurs de cadena principal de la Mirmls I:

L
oy

e la que X! es metileno, etlleno o un ealece y suby-suby San sustituyentes gonerales.
2. Un compraesto de 1a ralvindicacidn 1, que tiene 1ma sstructum dé cadena principal so-
leccionads dal grupo que constsi cn Ins Grmmiss I, IV y V:

/E’F /Erz-
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S e

wb,
N v

en las que X! e metileno, ctilono o un enlace y suby subg son sustituyentes gencrales.
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REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
Bogot4,
2020
Doctor(a)

PATINO LEYVA LUIB
Apoderado(a) y/o Representante de
AVENTIS PHARMACEUTICALS INC.

REFERENCIA Radicacién No. 6 38061
8ollcitud internaciomal U82004/035282
Fecha inicio fape naciocnal 24/05/2006

Trimite 11

Evento 379
Actuacién 430
Oficio Ko. P 6 3 2 '7

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
la Decislsn 486 de la Comisién de la Commidad Andina, articulo 27 del Tratado de
Cooperacifn en Materia de Patemtes (PCT), regla 51 bis del Reglamemto y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica gque:

1. 81 fuere el caso, el asolicitante debe adjuntar la traducclén de los anexos del
reporte da examen preéliminar internacional (Art. 36.2.b) del tratado PCT.

En cumplimiente de lo dispusste por el articulo 39 de la Decigién 486, se le
requlere para que dentro del término de dos meses siguientes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enuncilados.
En caso de no dar ocumplimiento al presente regquerimiento, la solicitud se
conslderari abandonads y perderi su prelacién.

Notifiquese el prepente ofiefo conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo qujnto del’ tigfulo primero de la Circular Unica No.10 de 2001.

El antefior requerimiento fue mnotificado por fijacidn lista de



