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FORMULARIO UNICO DE SOLICITUD DE PATENTE

PCT
ENTRADA EN FASE NACIONAL w '-@- - Oé
SOLICITUD DE:
@ Patente de Invencion. [] Patente de Modelo de Utilidad.
[] Capitulo 1. Capitulo II.
7 Nombre: BOEHRINGER INGELHEIM
PHARMACEUTICALS, INC 5
SOLICITANTE . socledad constiituida y existente bajo las IDENTIFICACION
lo del estado de Delaware, Estados
(71) Unidos do América. cc. O Nt O
C.E. O Otro O
Direccion: £00 Ridgebury Road,
Ridgefield, Connecticut 06877, Cual ____
Estados Unidos de América NGmero
Domicllio: Ridgefield, Connecticut,
Estados Unidos de América
Nombre: EMILIO FERRERO IDENTIFICACION
Direccién: Carmera 4*. No. 72-35 C.C. E NIT D
Teléfono: 347 36 11
REPRESENTANTE| > " 11 ge 50 cee. O oo [
O AP DERADO i’ : Cual
E-mail: clientes@camyp.com, ual
Domicllo: Bogota, Colombia. Nomero 438.019 T.P 31.929
4. Terence Alfred KELLY
@ Boehringer Ingalhelm Pharmaceuticals, Inc.,
900 Ridgebury Road, P.O. Box 388,

2. Jin Mi KIM

INVENTOR (E.-S) Ridgefield, Connecticut 06877-0368, Boehringer Ingelhelm Pharmaceuticals, Inc.,

2) Estados Unidos de América _ 800 Ridgebury Roed, P.O. Box 388,
Ridgefield, Connecticut 06877-0368,
3. Rene Marc LEMIEUX Estados Unidos de América

Boshringer Ingelhelm Pharmaceuticals, Inc.,
800 Ridgebury Road, P.O. Box 368,
Ridgefield, Connecticut 06877-0368,
Estados Unidos de América

PCT (86)
@ Solicitud Intemacional No. PCT/US2003/033885 Fecha: 27 de Octubre de 2003
Publicacion Intemnacional No. WO 2004/041827 A2 Fecha: 21 de Mayo de 2004

Thtulo (54)
DERIVADOS DE [8,7-DIHIDRO-5H-IMIDAZO[1,2-c]IMIDAZOL -3-SULFONILAMINO]-
PROPIONAMIDA

_O Claslificaclén Intemaclonal (51) CO7D 487/04 PoIE 3) /4|64

Prioridad | (33) Pals de Origen (32) Fecha (31) Ndmero de Solicitud

siIXl no[d us 30 de Octubre de 2002 60/422.446

@ Comprobante de pago No.: __05-35,932 Fecha: 16 de mayo de 2005
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Anex s:

Comprobante de pago de la tasa de presentacién de la solicitud por $ 443.000.00.
Comprobante de pago por reivindicacidn de prioridad.

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

Poderes, si fuere el caso.

Documento de cesién del inventor al solicitante o a su causante.

Declaraciones.

Copia de |a solicitud intemacional. {(Resumen, descripcién, reivindicaciones, dibujos)
Traduccién de la solicitud intemacional al castellano. (Resumen, descripcion, reivindicaciones,
dibujos)

Copia del examen preliminar efectuado por la IPEA.

Traduccidn del examen preliminar efectuado por la IPEA.

De ser el caso, copia de{ contrato de acceso,

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

De ser el caso, certificado de depésito del material bioldgico.

Arte final 12x12

De ser el caso, informacién sobre ofras solicitudes de patente o titulos obtenidos an el

extranjero por el mismeo fitular o su causante, relacionadas parcial o totaimente con la invencién
de esta solicitud.

Otros: VER HOJA DE DOCUMENTOS ANEXOS

@EI 000 000K MXOOX HOR

FIGURA CARACTERISTICA

©

Solicito la concesién de la patente,
NOMBRE: EMILIO FERRERO

FIRMA : i,....a_ CM

C.C. 438.019 de Usaquén T.P. 31.920

RP
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0seq For patents, utility- models, industrial designs,
Indcnnrh commercial names, trade embiems,
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. o disefios
G ﬁgemm“ew tilidad,y. dise
i “!’HESEB?TRTION AND
POWER OF ATTORNEY .
lcm),th'.um IYo , abajo firmado (s)
L BOEHRINGER I m oﬁﬁk gEﬁTIcALs. INC.
LT of/ domiclliado (.)en‘%d' ‘R1dgEBUFY - Road,
T ‘Ridgefield, Connecticut 06877, United
- States of Americn.
g;':lzxr-m nombnnm a« GERMAN (.A'VEI.I]!Fk tg. in due compliance with'the terms of prragraph 1st. of article 543
LO I’ERDOMO, lpl. 831; BMILIO FERRER of Ih. Commda.l Cod do h.mg int GERMAN
31929,y LUZ CLEMENCIA Ahz, zms domlcll CAVBI..I HR, tpa 832; LO'PEI. MOP pa. 8313 EBMILIO
Y mtil.‘N"ﬂ.-\‘!SBopﬂ. en obedecimisnto a * 3\95 -mlLUZ CLEMENCIA DE PAEZ t
lo dispuesto en el parigrafo 1° del Artlculo 5‘3 del Cédigo de 23555' do ud at Carrera 4% N® 72-35, Colombla, he
Comercio, el primero como principa! y lo# demds. como first a8 principal and the others as altérnates, in the order of
lm!)l_enl:u, en si orden, como mis (nuestros) representzntes en thelr appointmentjas;ont repreventntives -for all Industrial
i"1ds “asuntos de propledad-industrial con facultad pnn property mattem with facuity to recsive rniotifications .and to
notificaciones 'y ‘nombrar. apoderados judiciales appoint attorneys in and out ‘of Court. The first alternate shall
]ludldllu. El prlmer representasite suplente mmplnnri aI replace the priticipal In case of his abdence or of temponal or
en uso e nunnch o Im lmclnto hmmd 1 de tln imped hlmenl -'I':nuug tule will-a t:p% n the
J cu el - pnwnd apresentative rst one
huh uuphn'iti'?\l Ldé'l:e:\p 2 al Erlmocm, e the tﬁm Is to’rep! fhek the firs -'ée'dﬁﬂ‘llhemlu in t['lelr
En tales casos, el npnun‘hnte tum, or both of them. second. ln mich ceses, the princl
ntipal."o al prlm o segundo suplente, en au casc, o ambos, niative, or the first or sacond.alternates in thelt Hirn, or
"declararin su Intenclén de no ejercer la npulenlulén bu h of them, shall state thelr intention not to act as
medionte declracién autenticada Notario “Piblico en representatives through -a declaration given before n Notary
Colombls, o por Notarlo u otro Fi nario Piblico, 0 Céneul Public in Colombls, or fon nNut ounuther Public Official
de Colombla, en ol exlnn]cm, ¥y ol se tratare de 1mpedlmnuh, or a Calombian Gondul and {nicise of Im lment the
con el certificndo respectivo. 51 alguno de loa nombrados faltire > 7 ppmg'lg certificiite shall, luffh;. If rg.,of the. appointecs
an q_eﬂnlt‘brlmente, ol sigulente tomaré(su:lugar. Cuando cesare In - et qug@g‘l%:gi othe. folldvwingrithraie -.:_.,‘,‘ pl\ts
o~ Causendia YT PediMenito}del representan pﬂnc[pnl;%‘ﬁe ou |£ Vil place. Whe bl pe I GIS IR O Ruiar! ol
primero o segundo suplentes, en ou casof ‘podean “ejercer la. npteunhth;c‘,"‘o‘i_pfr §tien oA i ikie dmstiwichturn
representacidn, en su orde uno u otrne sefCA el caso, - ceases, the repmenhﬂu WP -1“'1 rce,
asumiéndola por el solo hecho de ejercerls, cesando en ese by the principal, the firstior, secénid
momento ¢l gjerciclo de la repnnnh.dén por el primerc, and the mere fadorlumg ] th.
segundo o tercer suplente en su caso, representation by tiw lhjt, *"J- - heir
Rero {conferismas) ) vs artiba Iumlhl!lendntluchum e b
; ro {con godg bqgld i e G 18
"mhbmdﬁ". Ita obtener ia “pmtm:lﬁ 'di” 'ml (nvestra) | ¢ létq:n)ddltlon. we girlntl
_propledmd I conira la complhem:ll al, a cuyo above-named attormeys-ak
" efectd alitdrlzo llmoJ a los dichos apoderidos pare que‘me protection of my (our) d : :
31(1119[ge_pmnhn,1q;m,|{aul-qukn entidades o pemonss, unfalr mmpﬂltlol;'hl'urw R -y po
¢” gjeran o no -|urladiccion, Iriiénké ante lan dél orden attorfigyaito rapresent me'{fd)belpre yuutlmrltlu c;ngemns,
administrativo, conte nﬂnlnttgtlvmy;]ud!ehjr’ulwbm with or without ity grhll, tgﬁ‘- i betf:'"
‘well “as’ e

los tribunajes de arbitramento, en todo ‘i concemnienie a los administrative contentid
igulentes, asuntos: a) lemdén de .glentu de lnvem-lén, Arbitratlon Court, In all tten concernl the followl
modetos de utilided y dpgﬂollnd itro de marcas Obtainment of patents,-u Illty models ‘and Industrial des 5
T l‘dl)li.brldn'}colo:tlvhfddamlv_li rﬂt‘lﬁp cofiercinles, b hgnyllu;ltlon[of,tp‘d_ggpr , sollective, defensive md'aervice
nombres comerciales, | ensefine, les mehlen dy ’ mmercial “naines, .trade” emblems, ‘vegrtal
.denominacidiies Ui origefi; ATdnovacisn, ! Ghspaso mdetlu nnd)&mlﬂlmﬂmlofrudgin,'lh'nml, assignment,

nombré © piomidllo cancelacién vnh.mtu‘.a, ol e of name or doinidle, volun cancellation; snd tle
: ::\\clu de uso de esos” derechos: “b)’ Y utgﬂw mn of licenses of use of lhe':blznlﬂghh, b) Actlons of
‘competencit desleal, protecclén del m'iuunﬂdor, oj 'lclonu u u competition, protection to'the’conduiner; or positions’ r
obwerveciones, cancelaclén ldmlnblntln jadiclat,' Fivlidad, observations, ldmlnhlnﬂve or Court cancellation, nulllty,

‘'metiides, cautelares, concesiin de llmdn, In tuhln, Ia
- protéctiéii~desecretos industriales, y en general los juicics on' of {rade. ducrets, and In generil the
clviles, penales, administratives o contencloso-administrativon civil, ministrative sults relating to those righ.;
Indomdol- cnn eatos dem:hu, m:lmwu y procesos que actlons and suits institued by .me.(us)..or_ t me (us). And
promo nos prom Tu on wdos‘\oo that In all the sbove matters they J substitute thle Power of
asuntcd 'l.n’llﬁ H'eutmlmdu "ﬁ'lidﬂi'n‘.l'uil “ésté Thardato, Attorney, compromise; ‘conclliate, .the fu:h of the *a-e
trnm ﬂl: amdlhr, admitir ‘los hechos dul proceso, dealstir, desist, cancel, receive, resign, and ul-l.fy done
ﬂ Ir, renunclar, y mlﬂnf lox Actos de agentes representatives without a power of attorney.
oficiosos.
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ANA MAIFM s.\w:*m - .
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C e Chief Patent Counsel
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NOTARIAL GERTIFICATE aﬁwqmﬂ;, ¥

1":'

'..., ﬂ?

On this _29 dayof ___August - 'lg Qﬁ
before me, a Notary Public of _Ganhgnunur_._lm__
penonnlly appnuv.ed Dr. Robert R_am

a qulen(es) doy fe’de conocer y' me cnnsta que es(som) <Infn)
remmnln) {ianantets)} del documento que precede, y qulen(ea)
lente(n) cnpacldad legal para vturgarlo.

s = i MAR VLELLEN, M.

*"NOTARY ruauc

MY U8 RES Do Rkr 70 blic

- . T
LK TR

3"

[

CERTIFICADO NOTARIAL (SOCIEDAD)

Huoy,: 29 = de .

wmpuredé(emn)ultem[
- Dr. Robert P. Raymand

Agosto

-

de 19 96

» qulen(eu) comm:n personalmente y que firma(n) este documen
to en representacién de la Socledad/compafila

denominada BOEHRINGER INGELHEIM PHARHACEUTICALSL

K DY ¥ jus S T IURPRYSEY

tov me kuown, end- known -tn -me.to-.be. the person(s) who
executed that fomfulns docunient, and who hasthave) legal

C il

(OB, 1y o,
dlen M. Rewlin
igs:laqn i:p:l."gs / G/?IAUUL
Yy irc

NOTARIAL csmmcﬂs cconponkn N)

Ontlila__29 day of_Au,gugt
appeared before me

—-Dr. Rohert P, Raymond

wha{m) | know rrlmull ly and who(m) signed this dncmmnl ]

representative(s) of the Corporalion/Coémpany
named_BOEHRINGER .INGELHEIM PHARMACEUTICAL !

19.96

RESOLUCIONES DE LA JUNTA DIRECTIVA , BIL-071
de fecha 29 de noviembre de .1984,

2, Que dichos documentos pruebl.n lo sigulente:

2.1 Que BOEHRINGER INGELHEIM PHARMACEUTICALS,
e una Soc.ledn:llCompnma legalmente constitulda y existenta

de acuerdo con las leyes de |_EStado de Delaware,
"Estados-Unidos de América

INC. INC.
CerHﬂco: I Certlfy:
1. Que he vhtulusllgulentu dtmmﬁ”:‘... . ﬂ"ﬂm%_l_m__ﬁnm documents:*
"~ ESCRITURA DE LA SOCIEDAD, ESTATUTOS Y VARIOS """"‘

0 rpow nlCompany legally éonstituted and in existence

hgccordance with the laws of thg S_t:.ate of Delaware,
UNMited States of 'Amer‘lcr

2.2. Que ¢l domicilio de dicha Socledad/Corapafitaes .
"800 R'ldgebury Road, Ridgefield, Connect'lcut

st!: ?.dﬁi- Hl'll’!‘g.OLdE'lal n.u&vm dp nle -

er- estin ‘compremlidos dentro del to uu..l- de Ia
!:::lllclomdn Sol.hq.rndl(..omlnﬂln. obje “

DR. ROBERT P. RAYMOND

22 That the domiclle of sald Corporation/Company Is
900 Ridgebury Road Ridgefield, Connecti cut

Lﬂ.wzhe Un1ted #&?«-?&'Mﬁﬂﬁ. resqt I"uwnr of

Attorney Is rl.nhd are compriséd within the enqmmllnn
u set forth in ‘the chariér of the
orporation/Company. .

2.4. That Mr.(Messrs.). Dr. Robert P, Raymond =

mentioned

eaté(n) mi:od;:dc(s) para otorger ¢l presente ['oder.

ins{are) authorized to grant the pmu_ll.!'ow;_r of Attorney..

Cluded Ridgefield City 'Ridgefield
Estado Connecticut, EE.UU. State Connecticut, USA
oy 29 MO e % Tie B el hsesdi
S 0/ = -f'.:z '8
3 1200y
‘M M T |
rﬂm.'.ﬁut tH Ve

.Notarlo Publico — Notary mbé 0 MARY-ELLEN M. DEVEIN

* Lum documentos deben {dentificarse con fecha y origen.

NOTARY FUBLIG
MY COMMISSION amnn ocr.sl. 000

* Ducuments muts be Identified with Jdpte, lnd orlgln.
hr i




STATE OF CONNECTICUT

&
COUNTY OF FAIRFIELD ] RIDGEFIELD

x 1, Barbara Serxfilippd Cletk of the Town of ___Ridgefleld

in mid County, do hereby certify that _Mary Ellen M. Devlin
by and hefore whom the foregoing (or annexed) acknowledgment waa taken, was at the time of taking the same

CLn ‘a notary public (or other officer) residing (or autharized to act) in smid County, and was authorired by the laws
. of aaid Sute to take and certify acknowledgments in said State, and, further, that I believe that the signature to

the certificate of acknowledgment is genuine.
IN TESTIMONY WHEREOQF, I have hereunto set my hand and affixed the seal of the:State and Town this

e 29th day of Augu;; 1996,
. 76 2, & Y

P~ ANA MARIA SALVETH
. TRADUCTERA £ IXTELIETE CRICIAL b
s MRELES - ITALLAND - E3Piken T
. UEL Ko, 158 M;EJUITICIA

L - TREEAREP S Lty
't s L a
D MERGIRT GARAS "
5 FASLE JOTARICIEY :

e o st itma s



. (040D4/07/T/Rev. 11-92)

STATE OF CORNECTICUT
OFFICE OF THE SECRETARY OF THE STATE

L4

I, MILES S.-RAPOPORT, Secretary of the State of Connecticut,
. and keeper of the seal thereof,
! DO BEREPY CERTIFY: that BARBARA SERFILIPPI was duly elected or
appuinted to the office of TOWN CLERK for the town of RIDGEFIELD in
the County of FAIRFIELD in said State, for the term of JANUARY 1.
1996 to JANUARY 5, 1998; .

and that to his/her acts and
attestations as such, full faith and
credit are and gught to be given in and
out of Court.

In Testimony Whereof, I have hereunto
set my hand and affixed the Great Seal
of the State of Connecticut, at

Hartford, on August 30, 1996.

Secretary of the State

- | , —26%12 .

ANA MARIA SALVEITI
RS LORN € INTELIBEYE Criemt
3 B g TALIAND - eiPaRioL
DRl 158 L CJUSTINN

—— - . m



- CONSULADO DE COLOMBIA
» 535 Boylston Street 11™ Floor Boston; yMA 02116 Tel: (617)536-6222 Fax: (617)S36-9372

No // 56

El suscrito Cénsuli'de Colonibia én Boston, MA, Estados Unidos vistos los
documentos  presentadgs
' CERTIFICA:

-~

Que el scfior(a) 'MILES S RAPOPORT quien- autenticé la firma de
Mm SERFILIPPI, sccréfario de la ciudad de Ridgefield,
“-Conmpecticut, en el documento adjunto ejercia en la fecha alli indicada las
. . i funciones de SECRETARIO DE ESTADO DEL ESTADO DE
_u;i CONNECTICUT, USAy su firma'y. sello son los que acostumbra & usar en
ii'sus actos oficiales. Que la compaiia BOEHRINGER' INGELHEIM
" FARMACEUTICALS INC., con ‘domicilio principal en la ciudad de
.RIDGEFIEﬂD Q‘IONNECTICUT, es sociedad constituida bajo lag leyes
"’tlpl estado ded P LAWARE, Estados Unidos y tienen y ejerce su objeto
ﬁéocml confomeia las leyes de ese pais. Que el sefior ROBERT,P
;. 'wRAYMOND {3 su calidad de CONSEJERO JEFE DE-PATENTESIde
e aa‘ichakcompamﬂesta debidamente autorizado para otorgar bste zpode '
@ombreﬁe estgs coimpaniasy, pare losfinesy pmposllos allizekp ss. gui:
.Lmuurmm g .f
La presente certificacién se explde en cum phmlei’l 4
Cddlgode Comercio. i

Cémﬂnqmgslme responsabxhdud por el contemdo de T e R
.E' :.:r‘&% taEAﬁ!.l\.lAa E

g sta temﬁgﬂuon se expide cn Boston a los 13 dias jel'ﬁ L fptiei orede

E-el996" = :

;Pagado In pnelto de Timbre US$56 00 " /

‘ ".':

76512

ANA MARIA SALYETTI
YEADUCTERA € IGTELIBETS CFICIAL'
SRELES - FTALIAND - rsPaRoL
OES. Mo, 158 LNIUSTISIA
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CERTIFICACION NOTARIAL
Y AUTENTICACTON CONSULAR

1. Es necesarla la legalizacién con certificado
notarial. El Notarlo Piiblico debe certificar:

11. Quela compaﬂ!a. estd legalmente constituida

y actualmente existente.
1.2.  Su domidilio.
1.3. Queel ito del poder estd inclufdo en

el objeto social de la compafila.

14. Que el poderdante esté autorizado para dar
el poder en nombre de la compafiia,

Los documentos que hay que mostrarle al
Notario Piblico para probar los puntos anteriores,
deben estar expresados en el Certificado Notarial
con fecha y origen:

21. Respecto a los puntos 1.1, 1.2 y 1.3 sugerimos
referirse a los articulos de constitucién cun
fecha y lugar de otorgamiento; y

22, Para el nto 1.4 sugerimos mencionar la
resoluciégu de la Junta Directiva o los

estatutos, se‘F.‘m los cuales; g persona. que
e

otorga el poder esté autorizada para ellQ.

3 ’Enseguida el Sefior Cénsul de Colombia
debe autenticar la firma del Notario Fuablico.

NOTARIAL CERTIFICATION AND
CONSULAR AUTENTIFICATION

1. . _Notarial legalization is necessary, The
Notary Public must certify:

1.1.  That the company is legally constituted and
presently existent.

12.  Its place of business.

13. That the ?n“ of the Power-of-Attorney is
included in the activities of the company.

14. That the grantor is em d to give the
Power of Attormey in the name of the
company he represents.

2 The documents which the Notary Public had
before him to prove the above points must be listed
by gllﬂm in the Notarial Certificate with dated end
origin:

2.1.  In connection with points 1.1., 12. and 1.3 we

suggest referting to the articles of
incorporation with date and place of
execution.

1 i s

3 eoial

"?'1“""
22. For poeEE{A&cmayeshuidaniention the

resolu’ f‘;\' kR e irectors and/or
the bytlawsowdierepyrtive et iwho grants
the t-_.r;dl ' 3 i

NOTA PARA EL SENOR CONSUL COLOMBIANQO: Segiin el artfculo 259 del C. de P.C. el Sefior Cénsul’debe

aurenticar la 1iltima precedente autenticacién.



TRADUCCION OFICIAL N0.96912 de un documento escrito en inglés,
el cual pera su identificacion se Bella con el sello del
Traductor al mismo tiempo que la presente. Esta Traduccidén ha
sido preparada por Ana Maria Salvetti, Traductora Oficisl
debidamente reconocida por el Ministerio de Relaciones

Exteriores y aprobada por el Ministerio de Justicia colombiano

mediante Resolucidn No.158 de 1991.

(Se traducen sellos Y legalizeciones que aparecen a
continuacidn de un poder escrito en inglés y espafiol, otorgado
por la sociedad BOEHRIRGER INGELHEIM PHARMACEUTICALS, INC., a

favor de Germdn CAVELIER, Gonzalo PERDOMO, Emilio FERRERO, Yy
Luz Clemencia de PAEZ.)

Dado y firmado el 29 de

Principal Asesor de Patentes,

QTR
ENOET
GTARYY

Pharmaceuticals, Inc. R o

(en inglés y espaficl): CERTIFICACIOR NOT ( INDIVIDUO)

1
referente a la firma que antecede. {Firmado) rry-Ellen M.

Devlin, Notario Publico. Mi comisidén expira 31 de octubre
del 2000. Sello seco del Notario.
CERTIFICACION NOTARIAL (SOCIEDAD) referente a la existencia y
representacioén de la sociedad mencionada. (Firmado),
Mary-Ellen M. Devlin, Notario Publico. Mi comisién expira el

31 de octubre del 2000. Sello seco del Notario.

ESTADO DE CONNECTICUT
CONDADO DE FAIRFIELD, ss. RIDGEFIELD

Yo, Barbara Serfilippi, Escribano de 1la Poblacidén de



Ridgefield, en dicho Condado, por medioc del presente certifico
gue Mary Ellen M. Devlin, por y ante gquien el anterior
reconocimiento (o adjunto) fue tomado, era al momento de
tomarlo, un Notario Piblico (u otro funcionario) domiciliado (o
autorizado para actuar) en dicho Condado, y que estaba
autorizado por las leyes de dicho Estado para tomar vy
certificar reconocimientos en dicho Eastado, y ademds, que creo
que la firma que aparece en el certificado de reconocimiento es
auténtica.

En Testimonio de lo Cual, he firmedo y estampado del sello del
Esado y Poblacién hoy, 29 de agosto de 1996. (Firmado).

Barbara Serfilippi, Escribano.
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OFICINA DEL SECRETARIO DEL ESTAD(
Yo, Miles S. Rapoport, Secretario del Estado dd\C4&nnecticut, y

guardidn de sSu Sello, POR MEDIO DEL PRESENTE\ OSRTIFICO gque
BARBARA_SERFILIPPI fue debidamente elegida o nombrada para el
cargo de ESCRIBAND DEL, CONDADO para la poblacidon de RIDGEFIELD
en el Condado de FAIRFIELD en dicho Estado, para el periodo que
va del lo. de enero de 1996 al 5 de enero de 1998;

Y que sus actos oficiales en calidad de tal merecen completa fe
Yy crédito dentro y fuera de la Corte. En testimonio de 1lo
cual, he firmado y estsmpado el Gran Sello del ZEstado de
Connecticut, en Hartford, el 30 de agosto de 1996. (Firma
facsimilar), Miles S. Rapoport, Secretario del Estado.

Adherido se encuentra sello de oblea del Estado de

Connecticut. Sello seco del Consulado de Colombia en Boston,
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(en espafiol): Certificacién No.1156 del 13 de septiembre de
1996, de la firms que antecede por el Consulado de Colombia en
Boston. Pagados impuesto de timbre y derechos de fondo
rotatorio. (Firmado), Luis Fernando Lemaitre, Cénsul. Sello
consular en tinta. Certificacién No0.213241 del 24 de
septiembre de 1996 de la firma que antec'ede por el Ministerio

de Relaciones Exteriores. (Firmedo), Jefe Legalizaciones.

Es traduccidn fiel y completa de la cual se deja copia en los
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Sefior Jefe de la

DIVISION DE NUEVAS CREACIONES
Superintendencia de Industria y Comercio
El s. DI

Poderdante: BOPHRINGER INGELHEIM PHARMACEUTICALS, INC.

Poder conferido el: 29-08-96

Yo, GERMAN CAVELIER, obrando en mi calidad de apoderado
princlpal del poderdante arriba mencionado, atentamante
manifiesto a Usted gque sustituyo el poder que me ha sido
conferido en la persona del doctor EMILIO FERRERb. Abogado con

Tarjeta Profesional No. 31.929, con todas las facultades gue me
fueron conferidas. ’

Hago la anterior sustitucién conforme g&&" 'aﬁiﬂém..?.hﬂ'.‘a‘ ol
’ - Fﬂmﬂ"h Eylngme EONM fL. QNS
Cddigo de Procedimiento Civil ya

faltan en este momento.

Sefior Jefe,

T.P.A. No. 832
C.C. No. 2.877.924 de Bogota
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EMILIO FERRERO
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C.C. No. 438.019 de Usaquén

2e-780-2

NIT. S8 60 0413 87 3



3

NOTAPIA €EXTA OFE BOGOTA
TP

RECOMLVUITHENTS

ALLENTACION rgﬁﬂm
Sanisfd do Bastd D. €. 16

Ante M1 JUs 1 8eld | BITIRD 1AIDINA

NOJri0 S:X 10 Dil iUt GL BGLOTA .
il (e sonairerie, 2 E 2

r 4
fulen{es) exhibidsern} ot w C; 7 19

¥ his) L

i

thmicifadagsd €3 T L, 0 L ey g e as) fumags) que
Bydresofi) vhoe: . . . & 0 touln) WiSy SUYA(S, ¥ QUF
" gledakenio e . 0 -l
N conslamia se Lor 3 et Jiitatian,

121305 1t 330

By 2SR A
: § SENDEZ BARATA,

wfrafiOTARID

o

s O eZeTO

-
s

-~
-
c-‘,l..
R
. .
.



CAVELIER ABOGADOS COLO 07612-841-010-7 PRPAD-000252

1 /ZJ
DOCUMENTOS ANEXOS

1. [ Publicacion Intemacional WO 2004/041827 At
Descripcion:
Péginas 1-38 en el idioma original
Paginas 1-43 en espafiol
Reivindicaciones: Namero (s) 1-14
Figuras: Nimero (s) __

Forma PCT/RO/101. PCT Request
[[] Forma PCT/RO/1086. Invitation to Comect Defects.
Forma PCT/ISA/210. Informe de Biisqueda Internacional.
Forma PCT/ISA/220. Notificacién De La Transmision Del Informe De Blsqueda
Intemacional Y De La Opinién Escrita De La Administracion Encargada De La Basqueda
Intemacional, O De La Declaracién.
6. [] Forma PCT/ISA/237. Opinién Escrita De La Administracién Encargada De La Blsqueda
Intemacional.

7. Forma PCT/IB/304. Notification Concemning Submission Or Transmittal Of Priority
Document.

8. [] Forma PCT/IB/308. Notification Of The Recoding Of A Change.

Descripcion De Modificacion:

h LN

9. X Forma PCT/IB/308. Notice Informing The Applicant Of The Communication Of The
Intemational Application To The Designated Offices.

10.[X] Forma PCT/IB/332. Information Conceming Elected Offices Notified Of Their Election.

11.[] Forma PCTIPEA/401. PCT Demand

12.[] Forma PCT/IPEA/402. Notification Of Receipt Of Demand By Competent International
Preliminary Examining Authority.

13.[] Forma PCT/IPEA/408. Written Opinion.

14.8{ Forma PCT/IPEA/416. Notification Of Transmittal Of The International Preliminary
Examination Report.

15.03 Forma PCT/AIPEA/408. Informe Del Examen Preliminar Internacional.

16.[] Traduccion Al Espafiol Del Informe Del Examen Preliminar Intemnacional.

17.(7] Traduccién Al Espafiol De Los Anexos Presentados Junto Con El Informe Del Examen
Preliminar Internacional.



WO 2004/041827 A2 |1} 181} 6200 100 00 D

/3

(12) INTERNATI NAL APPLICATION PUBLISHED UNDER THE PATENT COOFERATION TREATY (PCT)

Intemational Bureau M

(43) International Pablication Date
21 May 2004 (21.05.2004)

J‘-’d‘ 15
Tia' @l iTa
. 1l'w|yl
'\

-

PCT

3-264
S RN R

(10) International Publication Number

WO 2004/041827 A2

(51) Internationa] Patent Classification”:  CO7D 487/04,
AG1K 31/4164, AS1P 37/00 /I (COTD 487/04, 235:00)

(21) Intermational Application Number:
PCT/US2003/033855

(22) Isternationa] Filing Date: 27 October 2003 (27.10.2003)

(25) Filing Language: Brglish
(26) Publication l‘w English
{(30) Priority Data:

604422 446 30 October 2002 (30.10.2002) US

(71) Applicant: BOEHRINGER INGELHEIM PHARMA-
CEUTICALS, INC. [US/US]; 900 Ridgebury Road, PO.
Box 368, Ridgefisld, CT 06877-0368 (US).

(72) Inventors: KELLY, Terence, Alfred; Boelminger Ingel-
heim Pharmaceuticals, Inc., 900 Ridgebury Road, P.O.
bax 368, Ridgefield, CT 06877-0368 (US). KIM, Jin, MI;
Boehringer Ingelheim Pharmacenticals, Inc., 900 Ridge-
bury Road, PO. Box 368, Ridgefield, CT 068770363
(US). LEMIEUX, Rene, Marc; Boehringer Ingelheim
Pharmaceaticsls, Inc., 900 Ridgebary Road, P.O. Box 368,
Ridgefield, CT 06877-0368 (US).

(74) Ageais: RAYMOND, Robert, P. ot al.; Boshrioger In-

gelbeim Corporation, 900 Ridgebury Road, P.O. Box 368,
Ridgefield, CT 06877-0368 (US).

(81) Designated Stales (natioral): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH. CN, CO,

TT, TZ, UA. UG, UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional: ARIPO patant (GH, GM,
KE, LS, MW, MZ, SD, SL, 3Z, TZ, UG, ZM,
Eurasian patent (AM, AZ, BY, XG, KZ, MD, RU, T3,
European patent (AT, BE, BG, CH, CY, CZ, DB, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT,
SE, 1, SK, TR), OAPI patent (BF, Bl, CF, CG.
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

For two-letter codes and other abbreviations, refer w the "Guid-
ance Nates on Codes and Abbreviations™ appearing at the bagin-
ning of each regular issus of the PCT Gazette.

(54) Tile: DERIVATIVES OF [6,7-DIHYDRO-

-IMIDAZO( 1 2-2JIMIDA2ZOLE-3-SULFONYLAMINO]}-PROPIONAMIDE

(57) Abstract: Dorivatives of [6,7-dihydro-5H-imidazo 1 ,2-a)imidazols-3-solfonylamino]-propionamide which exhibit good in-
hibitory effect upon the interaction of CAMSs and Leukeintegrins and are thus useful in the treatment of inflammatory disease,



10

15

30

WO 2004/041827 - PCT/US2003033865 - ;/

DERIVATIVES OF
[6,7-DIHYDRO-5H-IMIDAZO[1,2-a]IMIDAZOLE-3-SULFONYLAMINO}-
PROPIONAMIDE

BACKGROUND OF THE INVENTION

1. TECHNICAL FIELD

The present invention relates generally to a class of derivatives of [6,7-dihydro-5H-
imidazo[1,2-g)imidazole-3-sulfonylamino)-propionamide, the synthesis of these
compounds, their use in the treatment of inflammatory digease, anid pharmaceutical
compositions compriging these compounds.

2, BACKGROUND INFORMATION

Reaearch spamming the last decade has helped to elucidate the molecular events aitending
cell-cell interactions in the body, especiilly those events involved in the movement and
activation of cells in the immune system. See generally, Springer, T. Nature, 1990, 346,
425-434. Cell surface proteins, and especially the Cellular Adhesion Molecules ("CAMs")
and "Leukointegrins”, including LFA-1, MAC-1 and gp150.95 (referred to in WHO
nomenclature as CD18/CD11a, CD18/CD11b, and CD18/CD] 1c, respectively) have
correspondingly been the subject of pharmaceutical research and development having as its
goal the intervention in the processes of leukotyte extravasstion to sites of injury and
leukocyte movement to distinct targets. For example, it is presently believed that prior to
the leukocyte extravasation, which is a mandatory component of the inflammatory
response, ectivation of integring constitutively expressed on leukocytes occurs and is
followed by a tight ligand/receptor intaraction between integrins (e.g., LFA-1) and one or
several distinct intercellular adhesion molecules ICAMs) designated ICAM-1, ICAM-2,
ICAM-3 or ICAM+4 which are expressed on blood vessel endothelial cell surfaces and on
other leukocytes. The interaction of the CAMs with the Leukointegrins is a vital step in
the normsl functioning of the immune system. Immune processes such as antigen
presentation, T-cell mediated cytotoxicity and leukocyte extravasation all require cellular
adhesion mediated by ICAM3 interacting with the Leukointegrins. See generally
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Kishimoto, T. K.; Rothlein; R. R. Adv. Pharmacol. 1994, 25, 117-138 mnd Diamond, M.;
Springer, T. Cwrent Biology, 1994, 4, 506-517.

A group of individuals has been identified which lack the appropriate expression of
Leukointegring, a condition termed “Leukocyte Adhesion Deficiency” (Anderson, D. C.; e
al., Fed. Proc, 1985, 44, 2671-2677 and Anderson, D. C.; ef al., J, Infect. Dis. 1985, 152,
668-689). These individuals are unable to mount a normal inflammatory and/or immume
response(s) due to an inability of their cells to adhere to cellular substrates. These data
show that immune reactions are mitigated when lymphocytes are unsble to adhere ina
normal fashion due to the lack of fimctional adhegion molecules of the CD18 family. By
virtue of the fact that LAD patients who Jack CD18 cannot mount an inflammatory
response, it is believed that antagonism of CD18, CD11/ICAM interactions will also
inhibit an inflammatory response.

It has been demonstrated that the antagonism of the interaction between the CAMs and the
Lenkointegring can be realized by agents directed against either component. Specifically,
blocking of the CAMs, such as for example ICAM-1, or the Leukointegrins, such as for
example LFA-1, by amibodies directed against either or both of these molecules
effectively mhibits inflammatory responses. In vitro models of inflammation and immune
response inhibited by antibodies to CAMSs or Leukointegrins include antigen or mifogen-
induced lymphocyte proliferation, homotypic aggregation of lymphocytes, T-cell mediated
cytolysis and antigen-specific induced tolerance. The relevance of the in vitro studies are
supported by in vivo studies with antibodies directed against ICAM-1 or LFA-1. For
example, antibodies directed sgainst LFA-1 can prevent thyroid graft rejection and prolong
heart allograft survival in mice (Goreki, A.; Jimmunology Today, 1994, 15, 251-255). Of
greater significance, antibodies directed against ICAM-1 have shown efficacy in vivo as
anti-inflammatory agents in human diseases such as renal allograft rejection and
theumatoid arthritis (Rothlein, R. R.; Scharschmidt; L., in: Adhesion Molecules; Wegner,
C.D., Ed.; 1994, 1-8, Cosimi, C. B.; et al, J. Immunol. 1990, 144, 4604-4612 and
Kavanaugh, A.; ef al., Arthritis Rheum. 1994, 37, 992-1004) and antibodies directed
against LFA-]1 heve danonstrated imnumosuppressive cffects in bone marrow

-2-



10

15

30

WO 2004/041827

transplantstion and in the prevention of early rejection of renal allografts (Fischer, A_; et
al., Lancet, 1989, 2, 1058-1060 and Le Mauff, B.; et al., Transplantation, 1991, 52, 291-
295).

It has also been demonstrated that a recombinant soluble form of ICAM-1 can act as an
inhibitor of the ICAM-1 interaction with LFA-1. Sohible ICAM-1 acts as a direct
antagonist of CD18,CD11/ICAM-1 interactions on cells and shows inhibitory activity in in
vitro models of immune response such as the humen mixed lymphocyte response,
cytotoxic T cell responses and T cell proliferation from diabetic patients in response to islet
cells (Becker, J. C.; et al, J. Immumol. 1993, 151, 7224 and Roep, B. O.; et al., Lancet,
1994, 343, 1590).

Thus, the prior art hag demongtrated that large protein molecules which antagonize the
binding of the CAMs to the Leukointegrins have therapeutic potential in mitigating
inflammatory and immumological responses often associated with the pathogenesis of
many autoimmune or inflammstory discases. However proteing have significant
deficiencies as therapeatic agents, including the inability to be delivered orally and
potential immmoresactivity which limits the utility of theses molecules for chronic
administration. Furthermore, protein-based therapeutics are gencrally expensive to
produce, '

It follows that small molecules having the similar ability as large protein molecules to
directly and pelectively antagonize the binding of the CAMs to the Leukointegrins would
make preferable therapeutic agents. l

Several small molecules have been described in the literature that affect the intersction of
CAMs and Leukointegring. For example, US Patent 6,355,664 and the corresponding WO
98/39303 disclose a class of small molecule, having a hydantoin core, that are inhibitors of
the interaction of LFA-1 and ICAM-1. Of greater relevance to the present invention is WO
01/07440 A1, which discloses compounds that instead have an 6,7-dihydro-SH-
imidazo1,2-g)imidazole core. While the compounds that are specifically described by

3-
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WO 01/07440 A1 have a more potent inhibitory affect upon the interaction of CAMs and
Leukointegrins than do the hydantoins of US Patent 6,355,664 and the corresponding
W09839303, they nevertheless are not ideal therapeutic agents because the rate ot which
they are metabolized is undesirably high.

Thus, the problem to be solved by the present invention is to find emall moleculas
that have not only good inhibitory effect upon the interaction of CAMs and Leukoimntegrins
but that also are metabolized at a rate that is not overly rapid.

BRIEF SUMMARY OF THE INVENTION

The invention is a subset or selection of the 6,7-dihydro-5H-imidazo[1,2-
alimidazoles that are generically but not specifically described by WO 01/07440 Al.
Quite surprisingly, the compounds included within the invention exhibit not only good
inhibitory effect upon the interaction of CAMs and Leukointegrins but are metabolized
much more slowly than are the compounds that are gpecifically described by WO 01/07440
Al. The compounds of the invention golve the problem of overly rapid metabolism.



15

20

25

WO 2004/041827 PCT/US2003033865 _/ J?

DETAILED DESCRIPTION OF THE INVENTION
The invention comprises compounds of the formula I

CI\Q,G!
Niy N._20
S
R’\Nj\r:'f“o
"‘a & H R o,

wherein:

R! is straight or branched alkyl of 1 to 3 carbon atoms which is optionally
mono- or disubstituted with moieties independently selected from the group
consisting of:

Q) oxo and
(i)  morpholino;

R*andR®  are cach, independently selected from the group consisting of:

(A)  hydrogen, and

(B) straight or branched alkyl of 1 to 4 carbon atoms which alkyl group
is mono- or disubstituted with moieties independently seloected from the

group consisting of:
(i) CONH;and
) OH,

or R? and R’ together with the nitrogen atom between them form a piperazine ring; and
R* is:

(A) cyamo,

(B) pyrimidine which is mono- or disubstitnted with NH; or

(C) (trifluvoromethoxy.

Preferred compounds of the invention are those of the formula I, whersin:
R! is a methyl group;
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R?snd R?

pcrusznssses _7 7

gre cach, independently selected from the gmupconsistin-gof:

(A)  hydrogen and

(B)  straight or branched alkyl of 1 to 4 cerbon atoms which is mono- or
disubstituted with moieties independently selected from the group
consisting of:
(i) CONH;and
) OHd

is:

(A) cyanoor

(B) triflucromethoxy.

More preferred are compounds of the formula I wherein:

Rl
R? and R?

is a methyl group;
are each, independently selected from the group consisting of:
(A)  hydrogen and
(B)  straight or branched alkyl of 1 to 4 carbon stoms which is mono- or
disubstituted with moictics independently selected from the group
consisting of:
(i) CONHzand
(ii) OH;eand
is trifluoromethoxy.

It will be appreciated that the compounds of the formula I have at least two chiral centers.
In an ultimately preferred generic aspect, the invention includes compounds of formula I
with the absolute stereochemistry depicted below in formula I*,
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Specifically proferred are compounds of the formula I sslected from the group consisting
of:
(S)-2-{(R)-5-(4-Cyeno-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-6,7-dibydro-SH-
imidazo[1,2-a}imidazole-3-sulfonylamino]-propionamide;
(S)-2-{(R)-7-(3,5-Dichloro-phenyl)-5-methy}-6-0x0-S(4-trifluoromethoxy-benzyl)-6,7-
diltydro-5 H-imidazo[1,2-}imidazole-3-gulfonylamino]-N-(2-hydroxy-2-methyl-propyl)-
propionsmide; (S)-2-[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-triffuoromethoxy-
benzyl)-6,7-dihydro-5 H-imidazo[1,2-a]imidazole-3-sulfonylamine}-propionsmide; and
(S)-N-Carbamoylmethyl-2-[(R)-5-(4-cyano-benzyl)-7-(3,5~dichloro-phenyl)-5-methyl-6-
axo-6,7-dibydro-5H-imidazo[1,2-a]imidazole-3-sulfonylamino]-propionamide.

The invention also includes pharmacentically acceptable salts of the compounds of the
formula L.

The invention also includes pharmaceutical compositions comprising a compound of the

~ formula I and at least one pharmaceutically acceptable carrier, diluent or excipient.

The invention also includes the compounds of formula I for use 25 medicaments, and the
use of the compounds of formula I for the preparation of pharmaceutical compositions for
the treatment of inflanymation or an inflammatory condition in a patient. Specific
examples of inflammatory conditions that may be treated are as described hersin.

PCTIUSININAINGS S
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General Synthetic Methods

Compounds of the invention may be prepared by the general methods described below.
Typically, reaction progress may be monitored by thin layer chromatography (TLC) if
5 desired. If desired, intermediates and products may be purified by chromstography on
gilica gel and/or recrysiallization, and chamacterized by one or more of the following
techniques: NMR, mass spectroscopy and melting point. Starting materials and reagents
are either commercially availeble or may be prepared by one skilled in the art using
methods described in the chemicat literature,
10
Compounds of formula I may be prepared from intermediate II. The synthoesis of
_ intermediate II is reported by Wu et al., U.S. Non-provisional application Ser. No.
09/604,312 and Frutos =t al., U.S. 6,441,183, both incorporated herein by reference.

DA nes
S':C:im - - o.g i
| \O\R. #\3' T R

15 It I

Intermediate II may be prepared by the procedure illustrated in Schems L

Scheme I
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l
“R* R*

vitl i

As illustrated above, intermediate I is deprotonated with a suitable base such as lithium
bis(trimethylsilyl)amide at about -20 °C to -30 °C, and then alkylated with a substituted
benzyl halide, preferably a benzyl bromide (IV) to produce V. Hydrolysis of the
trifluoroacetamide group of V, for example by treatment with 40% aqueous
benzyltrimethylammonium hydroxide in dioxane/50% NaOH, followed by treatment with
acid, such as HCI, provides VL Treatment of VI with thiocarbonyldiimidazole in the
presence of a base such as 4-(N,N-dimethylamino)pyridine provides VIL. Treatment of VII

-9-
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with aminoacetaldchyde dimethyacetal and z-butylhydroperoxide solution, followed by
treatment of the intermediate acetal with an acid such as p-toluenesulfonic acid provides
VIIL Iodination of VIII by treatment with an iodinating agent such as N-iodosuccinamide
provides IL

The method used for preparation of intermediate ITI, treatment of the amide formed from

N-Boo-D-alanine and 3,5-dichloroaniline with trifluoroacetic scid to remove the Boc-

group, followed by treatment with pivalaldchyde, and acylation of the resulting

imidazolodone with trifluoroacetic anhydride is described in U.S. 6,414,161, cited above,
10 and in the chermical literature (N. Yee, Org Lett., 2000, 2, 2781).

The synthesis of compounds of formula I from intermediate II is illustrated in Scheme IL

.

R'  3)N-chiorosuccinimide R
1} IX

Scheme IT
15

-10-
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As illngtratad above, treatment of Il with a Grignard reagent, such as cyclopentyl
maguneginm bromide or chloride, followed by treatment of the resulting magnesium salt
with SO, and then N-chlorosuccinimide provides the sulfonyl chloride IX. Treatment of
IX with the desired amine (X) in the presence of a suitable base such as triethylamine,
provides the desired product of formula (I). Intermediates X are either commercially
available or readily prepared from commercially aveilable starting materials by methods
known in the art. The initial product of formula I may be further modified by methods
known in the art to provide additional compounds of the inveation. Several examples are
provided in the Synthetic Examples section

The desired R* on formula I compounds may be obtained by sclection of the appropriately
substituted intermediate IV in Scheme L Altamately, intermediate VIII having R* being Br
(VIIla) may be convertsd to intermediates baving R* being CN or a substituted 5-pyrimidy!
group as illustrated in Scheme IIL

Scheme IT

-11-
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As illustrated above, the aryl bromide VIIIa is treated with a cyanide salt, preferably CaCN
and heated in a sunitable solvent such as DMF to provide the cyano-intermediate VIIIb.
Treatment of VIIIa with a pyrimidine boronate ester such as 5-(4.4,5,5,-tetramethyl-
[1,3,2]dioxaborolan-2-yI)-pyrimidine in the presence of a palladium catalyst such as [1,1'-
bis(diphenyiphosphino)ferrocene]dichloropalladivm(il)~CH;Cl: (PdClz(dppf) ~CHaClz)
and a base such as potassium carbonate in a suitable solvent (Suzuki reaction), for example
dimethoxyethane, provides the pyrimidine intermediate VIIlc. Intermediates VIIIb and
VIIIc may then be converted to desired compounds of formula I by the procedures
described in Schemes Tand II. The Suzuki reaction to convert R! =Brto R =an
optionally substituted pyrimidine may also be carried out on a compound of formula L
The Suzuki reaction may also be carried out in the reverse manmer. The bromide VIIIa (or
a compound of formuln I with R*= Br) may be converted to a boronate ester for example
by treatment with bis(pinacolato)diboron in the presence of a palladium catalyst such as
PACly(dppf) and then reacted with the desired pyrimidy! bromide.
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The invention is further described by the following synthetic examples.

Svnthetic Examples

Example 1: Synthesis of (R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-
0x0-6,7-dihydro-5H-imidazo[1,2-a]Imidaxole-3-sulfonyl chloride

Ren " &
¥ o v —.;?'.;*
o=ro

1

A solution of (R)-3-(4-bromo-benzyl)-1-(3,5-dichloro-phenyl)-3-methyl-1 H-imidazof1,2-
a]imidazol-2-one in THF (0.12M) was treated with N-iodosuccinimide (1.05 equiv) and
pyridinium p-toluenesulfonate (0.1 equiv), The mixture was stirred at room temperature
for 17 h, then diluted with BtOAc and washed with 10% Na;S;0; solution and water. The
combined aqueous layers were extracted with EtOAc. The combined organic phases were
washed with brine, dried over NagSOy, filtered and concentrated. The crude oil was
purified by silica gel chromatography to provide the desired jodide.

A solution of the above iodide in THF (0.12M) was cooled at —40 °C as c-pentyl
magnesium chloride (1.05 equiv) was added dropwise over 10 min. After stirring at —40
°C for 1 h, SO; (g) waa added by placing an inlet needle just above the surface of the
reaction mixture for 1.5 min. The bright yellow mixinre was warmed t0-20°Cover1 h
and then stirred at room temperature for 1 h. Nj (g) was bubbled through the mixture for
20 min followed by concentration and pumping under high vecuum for 12 h. The resulting
yellow foam was dissolved in THF (0.1M) and cooled at--20 °C as a solution of N-
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chlorosuccinimide (1.2 squiv) in THF (0.3M) was added dropwise over 5 min. After
stirring at —20 °C for 1 1, the mixture was poured over ice and extracted with two portions
of EtOAc. The combined organic layers were washed with ice-cold brine, dried over
Na;SO,, filtered and concentrated. Purification by silica pel chromatography provided

5  (R)-5-(4-Bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-6,7-dihydro-5 H-
imidazo[ 1,2-g}imidazole-3-sulfonyl chloride as a solid.

Example 2: (S)-2-[(R)-5-[4-(4-amino-pyrimidin-5-yI)-benzyl]-7-(3,5-dichloro-phenyl)-

S-methyl-6-ox0-6,7-dihydro-SH-imidazo]l,2-g] imidzzole-3-sulfonylamino]-N-(2-
10  hydroxy-ethyD)-propionamide (660.4, M+1):

5 e
o, g6

PCly(dpp) omeo N PCh{dppT), K,CO,
KOAz, dicomne m\/\n NH -0 DMEM,0
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To a suspension of the hydrochloride selt of (S)-2-amino-N-(2-hydroxy-ethyl)-
propionamide (0.53 g, 3.2 mmol, 3 equiv) in 10 mL of DMF was added DMAP (4 oquiv),
and the resulting mixture was stirred at room temp for 1 h. To this solution was added (R)-
5-(4-Bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dibydro-54-imidazof 1 ,2-
alimidazole-3-sulfonyl chloride (0,580 mg, 1.06 mmol) in 2 mL of DMF at room temp.
After stirring at room temp for 15 min, the mixture was dizsolved in EtOAc and washed
with dilute water, HC, saturated NaHCQB. andl brine, dried over Na;SO,, filtered and
concentrated, Purification of the crude product by silica gel chromatography gave 0.305
mf of the desired product.

A mixture of (S)-2-[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[1,2-a)imidszole-3-sulfonylamino]-N-(2-hydroxy-ethyl)-propionamide
(0.310 g 0.473 mmol), bis(pinacolato)diboron (0.240 g, 0.946 mmol), and KOAc (0.140 g,
1.419 mmol) in 29 ml. of dioxanc was flushed with N for 15 min. PdCl(dppf) (0.039 &,
0.047 mmo]) was added, and the reaction mixture was heated at 80 °C for 36 h. After
cooling to room temperature, the mixture was concentrated, and the regidue was diluted
with 150 mL of BtOAc, washed with water and brine, dried over MgSO,, and

concentrated. The residue was purified by silica gel chromatography to give 0.204 g
(62%) of the boronate.

A mixture of the above boronate (0.204 g, 0.295 mmol), 5-bromo-2-amino-pyrimidine
(0.078 g, 0.443 mmol), and K2COs (0.122 g, 0.885 mmol) in 8 mL of dimethoxyethane and
1.2 mL of water was flushed with N; for 20 min. PdCl(dppf) (0.025 g, 0.030 mmol) was
added, and the reaction mixture was heated at 80 °C for 2 . After cooling to room
temperature, the mixture was dilnted with EtOAc, washed with water and brine, and
concentrated. The residue was purified by silica gel chromatogrsphy and preparative TL.C
to afford 0.062 g (32%) of the title compound (660.4, M+1): The following compound was
prepared by procedurss analogous to those described in Example 2:
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(S)-2-[(R)- 5-[4-(4-Amino-pyrimidin-5-yl)-benzy1]-7-(3, 5-dichloro-phenyl)-S-meshyl-6-
ox0-6,7-dihydro-S H-imidazo[1,2-4limidazole-3-sulfonylamino]-N-(2-hydroxy-2-methyl-
propyl)-propionamide (687.1, M+1):

Example 3: Synthesls of (S)-2-[(R)-5-(4-cyano-benrzyl)-7-(3,5-dichloro-phenyl)-5-
methy}-6-0x0-6,7-dihydro-SH-imjdazo[1,2-g}imidazole-3-sulfonylamino]-
10 proplonamide
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To a solution of (R)-3-(4-bromo-benzyl)-1-(3,5-dichloro-phenyl)-3-methyl- 1 H-
imidazo[1,2-a]imidazol-2-one (3.0 g, 6.6 mmol) in DMF (60 mL) was addsd Zn(CNa)
(0.47 g, 4.0 mmol). The resulting solution was degassed with a strong stream of Nz for 2
h. Pd;dba; and dppf were added and the reaction mixture was dheated to 120°C for2h
The solvent was evaporated and the residue dissolve in BtOAc, then was waghed with
water and brine, then was dried and filtered and the regidue was purified over Florisil to
afford 2.42 g of the desired product. This product was then treated in 8 manner similer to
that described in Example 1 to produce (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-0x0-6,7-dihydro-5H-imidazo] 1,2-a}Jimidazole-3-slfony] chloride.

L~Alaninamide hydrochloride (0.151 g, 1.209 mmol) was dissolved in snhydrous DMF and
DMAP (0.197 g, 1.612 mmol) was added to the solution. The reaction mixture was stirred
at room temperature for 1h. Then, (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-
meftbyl-6-0x0-6,7-dihydro-5H-imidazo{ 1,2-q}imidazole-3-gulfonyi chloride (0.24 g, 0.484
mmol) in enhydrous DMF was added to the reaction mixture and stirred for additional 10
min. The reaction solution was diluted with BtOAc and washed with water, 1 N HCI and
then water. The organic phase was dried over Na;SO4 and concentrated under reduced
pressure, The cruds product was purified by silica gel column chromatography to afford
0.211 g of the title compound as a white scaly solid (M+), 547.2),

Example 4: Synthesis of (S)-N-carbamoylmethyl-2-[(R)-5-(4-cyano-benzyl)-7-(3,5-
dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5 H-imidazo[1,2-¢]imidazole-3-
sulfonylamino}-proplonamide
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L-Alanine t-butyl ester hydrochloride (0.88 g, 4.84 mmol) was dissolved in anhydrous
DMF (10 mL) and DMAP (0.79 g, 6.46 mmol) was added to the solution. The reaction
mixture was stirred at room temperature for 1 b and (R)-5-(4-cyano-benzyl)-7-(3,5-
dichloro-phenyl)-5-methyl-6~0x0-6,7-dihydro-5 H-imidazo[1,2-a}imidazole-3-sulfonyl
chloride (0.80 g, 1.61 mmol) in DMF waes added to the reaction mixture. The reaction
mixture was stirred at room temperature for another 10 min. The reaction mixture was
washed with water (x3), 1N HC] and saturated NaHCO;. The organic phese was dried
over Na,SO, and concentraied. The crude product was purified by silica gel column
chromatography using CH;Cl;-MeOH (98:2) a8 an eluent to afford 0.94 g of the
sulfonamide t-butyl ester. The resulting product was treated with trifluoroacetic acid (5
mL) in CHCl; (10 mL) at room temperature for 3 h. The reaction solution was dilatad
with CH;Cl; and washed with water, The orgenic phase was dried over Na;SO, and then
concentrated to afford 0.67 g of (8)-2-[(R)-5-(4-cyrno-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-ox0-6,7-dihydro-5 H-imidazo[ 1,2-g}imidazole-3-gulfonylamino)-propionic acid
as a white foam,

‘The above carboxylic acid (0.05 g, 0.091 mmol) was dissolved in anhydrous DMF (2 mL)
and benzotriazol-1-yloxytris(pyrrolidino)phosphonium hexafluarophosphate (PyBOP)
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(0.071 g, 0.137 mmol) was added to the reaction solution. The reaction mixture was
stirred at room temperuture for 10 min and glycinamide hydrochloride (0.015 g, 0.137
mmol) was added to the mixture followed by N,N-diisopropylethylamine (0.039 mL,
0.227 mmol). The reaction mixture was stirred at room temperature for another 15 min.

5  The mixture was then diluted with EtOAc (10 mL) and washed with water (x2), 1N HCL,
saturated NaHCO; and then water (x1). The organic phase was dried over Na.SQ, and
concentrated. Ths crude product was purified by silica gel preparative thin layer
chromatography uging CH;Cl;-MeOH (95:5) as an eluent to afford 0.043 g of the title
compound as a white foam (M+1, 604.2)'.

10
The following compound was made by procedures analogous to those described in the

above example:

(5)-2-[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6, 7-dihydro-5H-
15  imidazo[1,2-g)imidazole-3-sulfonylamino]-N-(2-hydroxy-2-methyl-propyl)-propionamide:

(M+1, 619)
CI\Q,GI

4 “mO
5;2{@\:"

H07<\u NH

20
Example 5: Synthesis of (S)-N-((R)-1-carbamoyl-ethyl)-2-[(R)-5-(4-cyano-benzyl)-7-
(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-
salfonylamino}-propionamide
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(S)-2-[(R)-S-(4-Cymo-bmyl)-?-(3,5-dichloro-phsnyl)-5-me1hyl-6-omfﬁ,7-d:'hydm—5H-
imidazo{1,2-ajimidazole-3-sulfonylamino]-propionic acid (see Example 14) (0.05 g, 0.091
mmol) was dissolved in anhydrous DMF (2 mL) and TBTU (0.044 g, 0.137 mmol) was
added to the reaction solution. The reaction mixture was stirred at room temperature for 10
min and D-alaninamide hydrochloride (0.017 g, 0.137 mmol) was added to the mixture
followed by N,N-diisopropylethylamine (0.039 mL, 0.227 mmol). The reaction mixture
was stirred at room temperature for apother 15 min. The mixture was then diluted with
EtOAc (10 mL) and washed with water, 1 N HC), saturated NaHCO; and then water. The
organic phase was dried over Na;SO, and concentrated. The crude product was purified
by &ilica gel preparative thin layer chromatography to afford 0.035 g of the title compound
as a white foam (M+1, 618.2).

HO

Example 6: (S)-2-[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-6,7-
dlhydm-ﬁH—lmidam[l,z-a]Imldmle-siulfonylamlno]-N-(!-hydroxy-etI:yl)—
propionamide

-20-

PCT/US2003/033865 23



10

15

WO 2004/041827 PCT/US2003/033865 9/

HO\/\NerH, HO -
H DMF

A mixture of L-Boc-alanine (0.40g, 2.11 mmol), ethanolamine (0.15 ml, 2.54 mmol) and
HOBt (0.29 g, 2.11 mmol) in anhydrous CH;CN (9 mL) was cooled to 0 °C and 1-(3-
dimethylaminopropyi)-3-ethylcarbodiimide hydrochloride (EDC) (0.49 g, 2.54 mmol) was
added to the reaction mixture. The reaction mixture was allowed to warm to room
temperature and stirred for 19 h. The reaction mixture was diluted with EtOAc snd
washed with 5% citric acid. The aqueous layer was extracted with EtOAc. The combined
organic phases were washed with saturated NaHCO; and brine. The organic phase was
dried over Na;SOy and concentrated to afford 0.38 g of the coupled product as a colorless
oil

The above alcohol (0.34 g, 1.45 mmol) was dissolved in CH;Clz (3 mL) and 4 N HCl in
dioxane (3 ml) waz added to the solution. The reaction solution was stirred at room
temperature for 2 h and then concentrated to afford (S)-2-amino-N-{2-hydroxy-ethyl)-
propionamide hydrochloride.

To a solution of sbove umine salt (0.043 g, 0.254 mmol) in anhydrous DMF, was edded
DMAP (0.037 g, 0.303 mmol). The reaction mixturo was stirred at room temperature for 1
h. (R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox0-6,7-dihydro-5H-
imidezo[ 1,2-g)imidazole-3-sulfony! chloride (0.036 g, 0.073 mmol) was then added to the
reaction mixture and stitred for another 2 h. The reaction mixture was diluted with EtOAc
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and washed with 1 N HC1 and satorated NaHCO;. The orgenic phase was dried over
Na,S0, and concentrated. The residue was purified by silica gel preparative thin layer
chramatography to afford 0.035 g of the title compound as a white foam (M+1, 591.1).

Example 7: (8)-2-[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy}-6-0x0-6,7-
dihydro-SH-imidazo[1,2-a}imidazole-3-sulfonylamino)-S-morpholin-4-yl-5-0x0- -
pentanoic acld amide

o~rx EB q;vﬁ*s :.;Z“w
== g For

To a mixture of (S)-2-t=t-butoxycarbonylamino-pentanedioic acid 1-benzyl ester (4.5 g,
13.4 mmol), morpholine (1.29 mL, 14.8 mmol), HOBt (1.89 g, 14.0 mmol) in CH,Cl (18
mL) at 0 °C was slowly added a solution of DCC (2.89 g, 14.0 mmol) in CH;Cl; (18 mL).
The resulting mixture was allowed to warm to room temperature and was stirred overnight.
The resulting precipitate was filtered off and then the filtrate was diluted with CH,Cl,. The
solution was washoed with saturated NsHCO;, 1 N HC, and finally brine. The organic
layer was dried over Na;SO, and then filtered. Evaporation of the solvent afforded the
desired amide (5.42 g) as a white solid.

A mixture of the above amide (6.17 g, 152 mmol) and 10% Pd/C (0.52 g) in EtOAc (50
mL) was hydrogenated under atmospheric pressure for 24 h. The mixture was filtered and

PCT/US2003/033865 E Vo
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concentrated to provide (S)-2-tert-butoxycarbonylamino-5-morpholin-4-yl-5-oxo-
pentanoic acid (3.12 g) as a foam which was used without further purification.

Ammonia gas was bubbled into a solution of the carboxylic acid obtained above (3.12 g,
9,86 mmol) and O-(7-azabenzotriazol-1-yl)-N, N, N’, N',tetramethyhuronium
hexafluorophosphate (FLATU) (5.25 g, 13.8 mmol) in DMF (30 mL) with stirring for 20
minutes. To the resulting yellow suspension was added N,N-diisopropylethylamine (5.15
mL, 29.5 mmmol) viz syringe. The mixture was stirred under a nitrogen atmosphere
ovemight. The reaction was filtered and concentrated under vacuum. The resulting
residue was dissolved in CH2Cl,, was washed with saturated NaHCO,, 1 N HCl and finally
brine. The organic layer was dried over Na;SO,, filtered and concentrated. The resulting
residue was recrystallized from EtOAc to provide the amide (1.16 g) as white solid.

The Boc group was removed with HCl in EtOAc and the resulting (S)-2-smino-5-
morpholin-4-yl-5-oxo-pemtanoic acid amide hydrochloride was collected by vacuum
filtration and used without further purification. To a stirred solution of (R)-5<(4-cyano-
benzyl)-7-(3,5-dichlaro-phenyl)-5-methyl-6-0x0-6,7-dihydro-5H-imidazof 1,2-alimidszole-
3-mlfonyl chloride (76 mg, 0.13 mmol) in DMF (4 mL) was added N.N- '
diisopropylethylamine (60 pL, 0.39 mmol) and the amine hydrochloride (100 mg, 0.4
mmol). After stirring overnmight the DMF was removed under vacuum and the resulting
residue was chromatographed over silica gel. The product was then purified by semi-
preparative HPLC to provide 32 mg of the title compoumd as a white solid (M+1, 674.04).

Example 8: Synthesis of (S)-2-[(R)-7-(3,5-dichloro-phenyl)-5-methy}-6-o0x0-5-(4-
trifluoromethoxy-benzyl)-6,7-dihydro-SH-imidazo[1,2-a]imidazole-3-sulfonylaminol-
proplonamide

23-
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Lithium bis(trimothylsilyl)amide (LIBMDS) (38.0 mL, 1 M in THF) was added slowly
dropwise over 25 min to & solution of (2S,5R)-2-teri-butyl-3-(3,5-dichlaro-phenyi)-5-

5 methyl-1-(2,2,2-trifluoro-acetyl)-imidezolidin-4-one (10.0 g, 25.17 mmol) in 60 mL of
THF at —20 °C, After stirring at —20 °C for 20 min, a solution of 4-triflucromethoxybenzyl
bromide (6.04 mL, 37.76 mmol) in 30 mL of THF was added dropwise over 20 min. The
mixture was stirred at —20 °C for 45 min, warmed to —5 °C over 1 b, and then poured over
50 mL of ice~cold saturated NH,Cl solution. The resnlting mixture was extracted with

10 EtOAc. The combined organic phases were washed with brine, dried over Na;SO, filtered
and concentrated. The crude product was triturated with hexanes to afford 12.5 g (87%) of
{2R,5R)-2-tert-butyl-33,5-dichloro-phenyl)-5-methyl-14(2,2,2-trifluaro-acetyl)-5-(4-
triflucromethoxy-benzyl)-imidazolidin-4-one as an off-white solid.



10

15

30

WO 2004/041827

To a solution of the above imidazolidinone (6.0 g, 10.5 mmeol) in 40 mL of dioxane was
added 40% aqueous benzyltrimethylammonium hydroxide (6.59 g, 15.75 mmol) at room
temperature. As the mixture was warmed to 40 °C, 50% aqueous sodium hydroxide (1.68
£ 21.0 mmol) was added slowly dropwise over S min. The mixture was stirred at 40 °C
for 18 h, then a solution of 6.4 g of conc HC] in 3.3 mL of water was added slowly
dropwise over 10 min, The mixture was warmed to 50 °C and stirred for an additional 5 h,
then cooled to room temperature and concentrated. 50 mL of toluene was added to the
residue, and the biphagic mixture was stirred vigorously as 50% aqueous sodium hydroxide
(3.0 g) was added slowly dropwise (pH of the aqueous phase >10). The agueous layer was
extracted with toluens, and the combined organic phases were washed with water and
brine, dried over Na;SO, filtered and concentrated to afford 4.24 g of (R)-2-amino-N-(3,5-
dichloro-phenyl)-2-methyi-3-(4-trifluoromethoxy-phenyl)-propionamide as a light brown
oil.

To a solution of the above propionamide (4.24 g, 10.41 mmol) in 30 mL of THF was added
thiocarbonyldiimidazole (2.81 g, 15.77 mmol) and 4-dimethylaminopyridine (DMAP)
(0.127 g, 1.04 mmol). The mixture was heated at reflux for 17 b, cooled to room
temperature, and concentrated. The orunge oily residue was dissolved in 50 mL of toluene
and treated slowly dropwise with 20 mL of 5% aqueous HCI solution. After stirring the
mixtare for 10 min, the aqueous layer was separated and extracted with toluene. The
combined organic phases were washed with water and brine, dried over Na;SO,, filtered
and concentrated to provide 4.48 g of (R)-3-(3,5-dichloro-phenyl)-5-methyl-2-thioxo-5-(4-
triflucromethoxy-benzyl)-imidazolidin-4-one as an orange foam.

To a solution of the above thiohydantoin (4.47 g, 9.95 mmol) and aminoacetaldehyde
dimethylacetal (6.50 mL, 59.7 mmol) in 20 mL of MeOH was added 7.69 mL (59.7 mmol,
70% in water) of ¢-butyl hydroperoxide solution, dropwise over 25 min. During the
addition and for sbout 1 h after, the internal temperature of the mixture was kept below 20
°C with an ice water bath. The mixture was stirred at room temperature for 86 b, and 25
mL of saturated NaHSO; solution was added slowly dropwise, maintaining the internal
temperature below 20 °C with an ice water bath. The resulting cloudy white mixture was

25-
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concentrated. To the residue was added BtOAc, and this mixture was conceatrated again.
The oily residue was partitionad between BtOAc and water, and the aqueous phase was
separated and extracted with BtOAc. The combined organic layers were washed with
water and brine, dried over Na;SO,, filtered and concentrated to give 5.21 g of (R)-3-(3,5-
dichloro-phenyl)-2-[(B)-2,2-dimethoxy-ethylimino}-5-methyl-5-(4-triflucromethoxy-
benzyl)-imidazolidin-4-one as = thick yellow oil.

A solution of the sbove crude acetal (5.20 g, 9.95 mmol) in 30 mL of acetone was treated
with p-toluenesulfonic acid (1.89 g, 9.96 mmol). The mixture was heated at reflux for 2 h,
then cooled to room teraperature and concentrated. The resulting dark orange oil was
dissolved in 40 mL of BtOAc and treated carefully with a solution of 2.3 g of NaHCOs in
23 mL of water. After gas evolution ceased, the aqueous phase was soparxted and
extracted with two portions of BtOAc. The combined orgamic layers were washed with
saturated NaHCO, solution, two portions of water, and brine, dried over NazSOy, filtered
and concentrated. The oily residue was purified by silica gel chromatography to afford
1.58 g of (R)-1-(3,5-dichloro-phenyl)-3-methyl-3-(4-triffnoromethoxy-benzyi)- 1L H-
imidazo[1,2-a)imidazol-2-one (456.2, M+1).

A solution of (R)-1-(3,5-dichloro-phenyl)-3-methyl-3-(4-triffuoromethoxy-benzyl)- 1 -
imidazo[1,2-a}imidazol-2-one (Example 1) (1.54 g, 3.38 mmol) in 30 mL of THF wes
treated with N-iodosuccinimide (0.846 g, 3.76 mmol) and pyridinium p-toluenesulfonate
(0.086 g, 3.76 mmol). The mixture was stirred at room temperature for 17 h, then diluted
with BtOAc and washed with 10% N&;S;05 solution and water. The combined aqueous
Iayers were extracted with 10 mL of EtOAc. The combined organic phases were washed
with 25 mL of brine, dried over Na;SO,, filtered and concentrated, The crude orange oil
was purified by silica gel chromatography to provide 1.27 g (65%) of (R)-1-(3,5~dichlaro-
phenyl)-5-iodo-3-methyl-3-(4-trifluoromethoxy-benzyl)-1 H-imidazo[ 1,2-¢]imidazo)-2-one
&s an off-white oil (582.0, M+1),

A solution of the sbove iodide (1.24 g, 2.13 mmo]) in 16 mL of THF was cooled at —40 °C
as cyclopentyl magnesium chlaride (1.17 mL, 2 M in dicthyl cthex) was added dropwiso
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over 10 min. After stirring at —40 °C for 1 h, SO, (g) was added by placing sn inlet needle
just above the surface of the reaction mixture for 1.5 min. Ths bright yellow mixtore was
warmed to —20 °C over 1 h and then stirred at room temperature for 1 h. N; (g) was
bubbled through the mixture for 20 min followed by concentration and pumping under
high vacoum for 12 h. The resulting yellow foam was dissolved in 16 mL of THF and
cooled at —20 °C as a solution of N-chlorosuccinimide (0.341 g, 2.56 mmol) in 8 mL of
THF waes added dropwise over 5 min. After stirring at —20 °C for 1 h, the mixture was
poured over ice and exiracted with two portions of BtOAc. The combined organic layers
were washed with ice-cold brine, dried over Na;SO,, filtered and concentrated.
Purification by silica gel chromatography provided 0.975 g (83%) of (R)-7-(3,5-dichloro-
phenyl)-5-methyl-6-oxo-5-(4-trifluoromethoxy-benzyl)-6, 7-dihydro-5 H-imidazof 1,2-
a)imidazole-3-sulfonyl chloride thick oil (554.2, M+1).

A golution of L-alaninamide HCI salt (0.097 g, 0.782 mmol) in 6.5 mL of DMF was treated
with triethylamine (0.163 mL, 1.17 mmol) at room temperature. After stirring for 10 min,
& solution of the above sulfonyl chloride (0.217 g, 0.391 mmol) in 1 mL of CH;Cl; was
added rapidly dropwise, and the cloudy mixture was stirred af room temperature for § h.
Following the addition of EtOAc, the organic layer was washed with water, then brins,
dried over Na;SOy, filiered and concentrated. The crude product was purified by silica gel
chromatography to afford 0.193 g (81%) of the title compound as & white salid (606.3,
M+1).

The following compound was prepared by a procedure analogous to Example 8:

(R)-2-[(R)-7<3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifluoromethoxy-benzyl)-6,7-
dihydro-5H-imidazol 1,2-qa]imidazole-3-sulfonylamino]-propionamide (606.4, M+1):

27-
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Example 9: Synthesls of (S)-2-[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-0x0-5-(4-
triflnoromethoxy-benzyl)-6,7-dikydro-SH-imidazo[1,2-a]limidezole-3-sulfonylamino]-

5 N-(2-hydroxy-ethyl)-proplonamide,

10

Y
=3

oo Wo O
Ho\/\ﬂ y _HO,dawne Ho\/\nj\rﬂﬂ.

NEY,, CH,CL/DMF
Gj?t
o
Ho\/\uj\rm" . OCF,

To a suspension of N-Boc-L~(N -hydroxyethyl)alaninamide (0.188 g, 0.809 mmol) in 1 mL
of dioxane was added HCI (2.0 mL, 4 M in dioxans), and the resulting cloudy mixture was
stirred at room temperature for 2.5 h. Concentration of the mixture was followed by
addition of CH;Cls, an this process was repeeted twice. Final pumping under high

/
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vacuum for 12 h afforded auoiorless oil. The crude amine HC] salt was dissolved in 1.5 .
mL of DMF and treatec with triethylamine (0.157 mL, 1.13 mmol). After stirring at room
temperature for 10 min, a solution of (R)-7-3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-
trifluoromethoxy-benzy)-6,7-dihydro-5 H-imidazo[ 1,2-a}imidazole-3-sulfonyl chloride
(0.125 g, 0.225 mmol) in 3 mL of CH,Cl, was added rapidly dropwise via cannula. The
reaction mixture was stirred at room temperature for 4 h. Following the addition of
BtOAc, the organic layer was washed with three portions of 5% NaCl solution, then brine,
dried over Na;SO,, filtered and concentrated. The crude product was purified by
preparative TLC to afford 0.118 g (81%) of the title compound as a white foam (649.9,
M+1).

The following compound was prepared by a procedure analogous to Example 9
(8)-2-[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-0x0-5-(4-triflucromethoxy-benzyl)-6,7-

dibydro-5H-imidazo[1,2-g]imidazole-3-sulfonylamino]-N-(2-hydroxy-2-methyl-propyl)-
propionamide (678.3, M+1):
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Description of Biologizal Propect

The biological properties of representative compounds of the formula I were investigated
by way of the experimental protocol described below.

Assay to Determine Inhibition of LFA-1 Binding to ICAM-1

Purpose of Assay:
This assay protocol is designed to study the direct antagonism, by a test compound, of the
interaction of the CAM, ICAM-1 with the Leukointegrin CD18/CD11a (LFA-1).

Deacription of Assay Protocol:

LFPA-1 is immunopurified using the TS2/4 antibody from a 20 g pellet of human JY or
SKW3 cells, utilizing a protocol previously described (Dustin, M. J.; ez al., J. Immunol.
1992, 148, 2654-2660). The LFA-1 is purified from SKW?3 lysates by immumoaffinity
chromatography on TS2/4 LFA-1 mAb Sepharose and eluted at pH 11.5 in the presence of
2 mM MgCl) and 1% octylglucoside. After collection and neutralization of fractions from

tha TS2/4 column, samples are pooled and precleared with Protein G agarose.

A soluble form of ICAM-1 is constructed, expressed, purified and characterized as
previously described (Maxlin, S.; et al,, Nature, 1990, 344, 70-72 and seo Arruda, A.; et al,
Antimicrob. Agents Chemother. 1992, 36, 1186-1192). Briefly, isoleucine 454 which is
located at the putative boundary between domain 5 of the ectodomain and the
transmembrane domain, is changed to a stop codon using standard oligonucleotide-directed
mutsgenesis. This construction yields a molecule identical with the first 453 amino acids
of membrane bound ICAM-1. An expression vector is created with a hamster
dihydrofolate reductase gene, a neomycin-resistance marker, and the coding region of the
sICAM-1 construct described above, along with the promoter, splice signals, and
polyadenylation signal of the SV40 early region. The recombinant plasmid is transfectsd
into CHO DUX cells using standard calcium phosphate methods. Cells sre passaged in
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selective media (G418) and colonies secreting sSICAM-1 are emplified using methotrexate.
sICAM-1 ig purified from serum-free media using traditional non-effinity chromatographic
techniques, including ion exchange and size exclusion chromatography.

LFA-1 binding to ICAM-1 is monitored by first incubating sICAM-1 at 40 pg/mL in
Dulbecco's phosphats buffered saline with calcium and magnesium, additional 2 mM
MgCl; and 0.1 mM PMSF (Diluting Baffer) in a 96-well plate for 30 min at room
temperature. Plates are then blocked by the addition of 2% (w/v) bovine serum albumin in
Diluting Buffer for 37 °C for 1 h. Blocking solution is removed from wells, and test
compounds are diluted and then added followed by the addition of spproximately 25 ng of
immunoaffinity purified LFA-1. The LFA-1 is incubated in the presence of test compound
and ICAM-1 at 37 °C for 1 h. Wells are washed 3 times with Diluting Buffer. The bound
LFA-] is detected by the addition of a polyclonal antibody directed against a peptide
corresponding to the CD18 ‘cytoplasmic tail in a 1:100 dilution with Diluting Buffer and
1% BSA and allowed t3 incubate for 45 min at 37 ©C. Wells are washed 3 times with
Diluting Buffer and the bound polyclonal antibody is detected by the addition of a 1:4000
dilution of horse radish peroxidase conjugated to goat immumoglobulin directed agajnst
rebbit immunoglobulin. This reagent is allowed to incubate for 20 min at 37 °C, wells are
washed as above and the substrate for the horse radish peroxidase is added to each well to
develop a quantitative colorimetric signal proportional to the amount of LFA-1 bound to
sICAM-1. Soluble ICAM-1 (60 pg/mL) is used as a positive control for inhibition of the
LFA-1/ICAM-1 interaction. The lack of the addition of LFA-1 to the binding assay is used
as a background control for all samples. A dose-response curve is obtained for all test
compounds.

All compounds made in the above examples were tested in this assay and each found to
have s K4 <10 pML
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Assay to Determine Metabollsm by Human Liver Microsomal Enzymes

Purpose of Assay:
This assay protocol is designed to measure the in vitro metabolism of test compounds by
human liver microsomal enzymes. The data collected are analyzed to calcnlate a half-life

(tin, min) for test compounds.

Description of Assay Protocol:

The assay is performed in 50 mM potassium phosphate buffer, pH 7.4 and 2.5 mM
NADPH. Test samples are dissolved in acetonitrile for a final assay concentration of 1 -
10 uM, Human liver microsomes are diluted in assay buffer to a final assay concentration
of 1 mg protein/mE.. A vohmne of 25 uL compound solution and 50 gl microsome
suspension are added to 825 ul. assxy buffer. The preparation is incubated for S min in a
37 °C water bath. The reaction is started by the addition of 100 uL. NADPH. Volumes of
80 uL are removed from the incubation mix at 0, 3, 6, 10, 15, 20, 40, and 60 min after tho
start of the reaction and added to 160 uL acetonitrile. The samples are shaken for 20 sec
and then centrifuged for 3 min at 3000 rpm. A 200 pL volume of the supernatant is
transferred to 0.25 mm glass fiber filter plates and centrifuged for 5 min at 3000 rpm.
Injection volumes of 10 sL are typically sdded to Zorbax SB C8 HPLC columns with
formic acid in water or acetonitrile at a flow rate of 1.5 mL/min. Percent loss of parent
compound is calculated from the area under each time point to determine the haif-life,

Compounds made in the above examples were tested in this assay and generally found to
have a t;5> 50 minutes.
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Degcription of Ti ic U
The novel small molecules of formula I provided by the invention inhibit the ICAM-
1/LFA-1 dependent homotypic aggregation of human lymphocytes and human lymphocyte
adherence fo ICAM-1. These compounds have therapeutic utility in the modulation of
immune cell activation/proliferation, e.g., 2s competitive inhibitors of intercellular
ligand/receptor binding reactions involving CAMs and Leukointegrins. To be more
specific, the compounds of the invention may be used to treat certain inflammatory
conditions, including conditions resulting from a response of the non-specific immune
system in 8 mammal (e.g., adult respiratory distress syndrome, shock, oxygen toxicity,
multiple organ injury syndrome secondary to septicemia, multipie organ injury syndrome
secondary to trauma, reperfusion injury of tissue due to cardiopulmonary bypass,
myocardial infarction or use with thrombolysis agents, acute glomerulonephritis, vasculitis,
reactive arthritis, dermatoeis with acute inflammatory components, stroke, thermal injury,
hemodialysis, leukapheresis, ulcarative colitis, necrotizing enterocolitis end grenulocyte
transfusion associsted syndrome) and conditions resulting from a response of the specific
immune gystem in a mammal (e.g., psoriasis, organ/tissue transplant rejection, graft vs.
host reactions end sutoimmnme diseases including Raynaud's syndrome, autoimmuns
thyroiditis, dexmatitis, multiple sclerosis, rheumatoid arthritis, insulin-dependent dizbetes
mellitus, uveitis, inflammatory bowel disease inclnding Crohn's disease and ulcerative
colitis, and systemic lupus erythematosus). The compounds of the invention may also be
used in treating esthma or s an adjunct to minimize toxicity with cytokine therapy in the
treatment of cancers. In general these compounds may be employed in the treatment of
those diseases currently treatable throngh steroid therapy.

Thus, another aspect of the invention is the provision of & methed for the treatment or
prophylaxis of the above-described conditions through the adminstration of therapeutic or
prophylactic amounts of one or more compounds of the formula L

In accordance with the method provided by the invention, the novel compounds of formula
I may be administered for either a prophylactic or therapeutic purpose either alone or with
other immunosuppressive or antiinfiammatary agents. When provided prophylactically,
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the immunosuppressive compotnd(s) are provided in sdvance of any inflammatory
response or symptom (for example, prior to, at, or shortly after the time of an organ or
tissue transpiant but in advance of any symptoms of organ rejection). The propbylactic
adminigtration of a compound of the formula I serves to provent or attenuate any
subsequent inflammatory response (guch as, for example, rejection of a transplantsd organ
or tissue, ctc.). The therapeutic administration of a compound of the formula I serves to
attenuate any actual inflammation (such as, for example, the rejection of a transplanted
organ or tissue). Thus, in accordance with the invention, a compound of the formula I can
bo administered either prior to the onset of inflammation (so as to suppress an anticipated
inflammation) or after the initiation of inflammation.

The novel compounds of the formula I may, in accordance with the invention, be
administered in single or divided doses by the oral, psrenteral or topical routes. A suitable
oral dosage for a compound of formula I would be in the range of about 0.1 mg to 10 g per
day. In parenteral formmlations, a suitable dosage unit may contain from 0.1 to 250 mg of
said compounds, whereas for topical administration, formulations containing 0.01 to 1%
active ingrediens are preferred. 1t should be understood, however, that the dosage
administration from patient to patient will vary and the dosage for any particular patient
will depend upon the clinician's judgement, who will use as criteria for fixing a proper
dosage the size and condition of the patient as well as the pationt's response to the drug.

‘When the compounds of the present invention are io be admrinistered by the oral routs, they
may be administered as medicaments in the form of pharmaceutical preparations which
contain them in associetion with a compatible pharmaceutical carrier material. Such
carrier material can bo an inert orgenic or inorganic carrier material suitable for oral
administration. Examples of such carrier materials are water, gelatin, talc, starch,
magneaium stearate, gum arabic, vegetable oils, polyalkylene-glycols, petroleum jelly and
the like.

The pharmaceutical properations can be prepared in a conventional manner and finished
dosage forms can be solid dosage forms, for example, tablets, dragecs, capsules, and the
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like, or liquid dosage forms, for example solutions, suspensions, emulsions and the like.

. The pharmaceutical preparations may be subjected to conventional pharmaceutical

operations such 28 sterilization. Further, the pharmacsutical preparations may contain
conventional adjuvants such as preservatives, stabilizers, emulsifiers, flavor-improvers,
wetting agents, buffers, salts for varying the osmotic pressure and the like. Solid carrier
material which can be used include, for example, starch, lactose, mamnitol, methyl
cellulose, microcrystalline cellulose, talc, silica, dibasic calcium phosphate, and high
molecular weight polymers (such as polyethylens glycol).

For parcateral use, a compound of formnla I can be administered in an aqueocus or non-
aqueous solution, sugpension or emulsion in & pharmaceutically acceptable oil or a mixture
of liquids, which may contain bacteriostatic agents, antioxidants, preservatives, buffers or
other solutes to render the solution isotomic with the blood, thickening agents, suspending
agents or other pharmaceutically ecceptable additives. Additives of this type include, for
example, tartrate, citrate and acetate buffers, ethanol, propylene glycol, polyethylene
glycol, complex formers (such as EDTA), antioxidants (such as sodium bisulfite, sodivm
metabisulfite, and ascorbic acid), high molecular weight polymers (such as Yiquid
polyethylene oxides) for viscosity regunlation apd polyethylene derivatives of sorbitol
anhydrides, Preservatives may also be added if necessary, such as benzoic acid, methyl or
propyl paraben, benzalkonium chloride and other quaternary ammonium compounds.

The compounds of this invention may also be administered as solutions for nasal
spplication and may contain in addition to the compounds of this invention suitable
buffers, tonicity adjusters, microbial preservatives, antioxidants and viscosity-incroasing
agents in am aqueous vehicle. Bxamples of agents used to increase viscosity are polyvinyl
alcohol, cellulose derivatives, polyvinylpyrrolidone, polysorbates or glycerin. Microbial
preservatives added mey include benzalkonium chloride, thimerossl, chloro-butano! or
phenylethyl alcohol.

Additionally, the compounds provided by the inveation can be administered topically or by
suppository.
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Compounds of the formulz I can be formulated for therapeutic administration in a number
of ways. Descriptions of several exemplary formulations are given below.

Esemple A
Capsules or Tablets
Example A-1 Example A-2
Ingredients Quantity Ingredients | Quantity
Compound of fornulal 250mg | Compound of formula I 50 mg
Starch 160 mg Dicalcium Phosphate 160 mg
Microcrys. Cellulose 90 mg Microcrys. Cellulose 90 mg
Sodium Starch Glycolate 10 mg Stearic acid Smp
Magnesium Stearate 2mg Sodium Starch Glycolate 10mg
Fumed colloidal silica 1mg Fumed colloidal silica 1 mg

Thecmmomdoffomuhlhblmdedinwapowdamhmmwiﬂ:theprﬂn}xedamipimt
materials as identified ebove with the exception of the lubricant. The lubricant is then
blended in and the resnlting blend compressed into tablets or filled into hard gelatin

capsules.
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Example B
Parenteral Solutions
Ingredients Quantity
Compound of formula I 500 mg

- PBG 400 40% by volume

. Bthyl Alcohol 5% by volume

Saline 55% by volums

5 The excipient materials are mixed and then added to one of the compounds of formula I in
such volumeé as is necessary for dissolution. Mixing is continued until the solution is clear.
The solution then filtered into the appropriate vials or ampoules and sterilized by

autoclaving.
10
Exaqple C
Suspension
Ingredients Quantity
Compound of formula I 100 mg
Citric acid 1.92g
Benzalkonium chloride 0.025% by weight
EDTA 0.1 % by weight
Polyvinylalcohol 10% by weight
Water q.s. 1o 100mL

1S  The excipient materials are mixed with the water snd thereafter one of the compounds of
farmuls I is added and mixing is continued until the suspension is homogeneous, The
suspension is then transferred into the appropriate vials or ampoules.
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. Exaople P
Topical Formulation
Ingredients Quantity
Compound of formmla I 5% by weight
Tefose 63 13% by weight
Labrafil M 1944 CS 3% by weight
Paraffin Oil 8% by weight
Methylparaben (MP) 0.15% by weight
Propylparaben (PF) 0.05% by weight
Deionized water q.s. to 100

rcruszoosnsssss G/

The proper amounts of Tefose 63, Labrafil M 1944 CS, Paraffin oil and water are mixed
and heated at 75 °C until all components have melted. The mixture is then cooled to 50 °C
with continuous stirring. Methylparaben and propylpareben arc added with mixing and the
mixture is cooled to ambient temperature. The compotmd of formula I is added to the

10 mixture and blended well.

15



10

15

20

25

WO 2004/041827 PCT/US2003033868 &0,

CLAIMS:

We Claim:

1. A compound of the formula I

N._20
ok
N
S
Rz\'!‘jﬁﬁn‘ﬂo
3 1 R‘
R R o.

wherein:

R! is straight or branched alkyl of 1 to 3 carbon atoms which is optionally
mono- or disubstituted with moieties independently selected from the group
conzisting of:

@) oxo and
(i)  morpholino;

R?2andR®  aro each independently selected from the group consisting of:
(A) hydrogen, and
(B)  straight or branuched alkyl of 1 to 4 carbon atoms which alkyl group
is mono- or disubstituted with moicties independently selected from the

group consisting oft
()] CONH; and
(i) OH,

or R? and R? together with the nitrogen stom between them form a piperazine ring; and
r* in:

(A) cyno, _

(B) pyrimidine which is mono- or disubstituted with NH; or

(C) ifluoromethoxy;
or a pharraaceutically acceptable galt thereof
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2. AcomponndofthcformulaLinmrdmcewithchﬁnl,wh_ﬂdn:
R 18 a methyl group;
R?andR?  aro each indepandently selected from the group consisting of:
(A) hydrogen and
(B) straight or branched alkyl of 1 to 4 crbon atoms which is mono- or
disubstituted with moictios independently selected from the group

congjsting of
() CONH:and
G) OH;and
R is:
(A) cymoor

(B) tifuoromethoxy;
or a pharmaceutically ncceptable salt thereof.

3. A compound of the formula I, in accordance with claim 1 or 2, wherein:
R! is a methyl group;
R*andR?  are each independently selected from the group congisting of:
(A) hydrogen and
(B) straight or branched alkyl of 1 to 4 carbon atoms which is mono- or
disubstituted with moieties independently selected from the group
consisting of:
() CONH;and
@) OH;end
R is trifluoromethoxy;
or 8 pharmaceutically accepteble sait thereof,

4, A compound of the formula J, in accordance with claim 1, 2 or 3, having the
absolute stereochemistry depicted below by formula I*:
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5. A compound in accordance with claim 1, 2, 3 or 4, selected from the group
consisting of

(@)  (8)-2-[(R)-5{(4-Cyano-benzyl)-7-(3,5-dichloro-phenyi)-5-methyl-6-0x0-6,7-
dihydro-5H-imidazo[ 1,2-gJimidazole-3-sulfonylamino]-propionamide;

{d) (S)2-[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-triftuoromethoxy-benzyl)-
6,7-dihydro-5H-imidazo[1,2-¢)imidazole-3-sulfonylamino]-N-(2-hydroxy-2-methyl-
propyl)-propionamide; (¢)  (S)-2-[(R)-73,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-
trifluoromethoxy-benzyl)-6, 7-dilrydro-5 H-imidezo[ 1,2-g]imidazole-3-sulfonylamino |-
propionamide; and (d)(S)-N-Carbamoylmethyl-2-{(R)-5-(4-cyano-bevzyl)-7-(3,5-dichloro-
phenyl)-5-methyl-6-0x0-6, 7-dihydro-5H-imidazo[ 1,2-a}imidazo]e-3-pulfonylamino}-
propionamide; or a pharmaceutically acceptable salt thereof,

6. A phmeuﬁcal.composition comprising a compound in accordance with claim 1,
2, 3, 4 or 5 and at least one pharmaceutically acceptable carrier, diluent or excipient.

7. A compound in accordance with claim 1, 2, 3, 4 or 5 for use as 8 medicement.
8. Use of & compound in accordance with claim 1, 2, 3, 4 or 5 for the preparation of a

pharmaceutical composition for the treatment of inflammation or an inflammatory
condition in a patient.
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9. Use according to claim 8 wherein the condition to be treated is adult respiratory
distress syndrome, shock, oxygen toxicity, multiple organ injury syndrome secondary to
septicemia, multiple orgsn injury syndrome secondary to trauma, reperfusion injury of
tissue due to cardiopulmonary bypass, myocardial infarction or use with thrombotlysis
agents, acute glomerulonephritis, vasculitis, reactive arthritis, dermatosis with acute
inflammatory components, stroke, therma) injury, hemodialysis, leukapheresis, ulcerative
colitis, necrotizing enterocolitis or granulocyte transfusion associsted syndrome.

10.  Use according to claim 8 wherein the condition to be treated is psoriasis,
organ/tissue transplant rejoction, graft va. host resctions, or autoimmme discases,
including Raynand's syndrome, autoimmune thyroiditis, dermatitis, multiple sclerosis,
rheumatoid arthritis, insulin-dependent diabetes mellitus, uveitis, inflalmmatory bowel
disease, Crohn's disease, ulcerative colitis or systemic lupus erythematosus.

11.  Use acconding to claim 8 wherein the condition to be treated is asthma.

12,  Use according to claim 8 wherein the condition to be treated is the toxic effects of
cytokine therapy.

13. A method for making a compound of the formula I according to claim 1, which
method comprises reacting & compound of the formula IX

GI\Q,CI
=("y0
N
80,CI
rR* @0
wherein R* is as defined in claim 1,
with a compound of the fonmula X
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o

R1
R &),
wherein R!, R? a0d R? ars as defined in claim 1, to obtain a compound of the formula L

14. A method according to cisim 13, wherein the compound of formmula IX is obteined
by a method comprising reacting a compound of the formula IT

CI\Q,CI
N
I
R,

wherein R* is as defined in claim 13, with a Grignard reagent followed by treatment with
SO; and N-chlorosuccinimide to obtain a compound of the formula IX.
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Form PCTASA/220 (July 1998)



PATENT COOPERATION TREATY
=

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 end Rules 43 and 44)

Appicant fie referen ATH Notification of Tranamittal of Intemational Search Raport
" of ageafs fie = FOR FU ER ('F‘:lm PCTASARED):nl.:dlal.whmnpphuo iem 5 below.
9/261PCT ACTEN ) _

intemational appicaton No. Intemational fling date (day/monthyear) (Earliest) Priority Dale (dsy/month/sar)
PCT/US 03/33865 27/10/2003 30/10/2002
Appicant

BOEHRINGER INGELHEIM PHARMACEUTICALS, INC.

This Immmmnhlibunmmdbﬂhhlnhmw Sn!l'dingAuhoﬂlyandlllrlnlnlthdhh applicant
according to Articie 18. A copy Is being franamitied 1o the intsmafional Buresau

This Inlemational Search Raport conelets of a total of 4 shaats.
Itls also accompanied by a copy of each prior art document cited in this report.

1. Basls of the report
a. With regard to the languags, the iIntemational search was canied out on the basis of the inlemational appiication [n the
languaga in which It waa fliad, uniess otherwisa indicated under this ltam.

[C] e nematonal seerch was camied out on the basis of a tranaiation of the intsmational application fumished to this
Authority (Rule 23.1(b)).

b. With mﬂbwn“ﬂhﬂhnmdﬂlmuwmhlmmm.uhmmm
was camied out on the basls. of the ssquence Isting :

contained In the international application In written form.
fied together with the Intemational appication In computer readable form.
fumished subsequently to this Authority In wiitten torm.

fumished subsequently to this Authority In computer readbie form.

hmtﬂth“whm%mummanmaomhdﬂmh1he
nemational applicetion as fled has bean fumished.

mmmmummmunpmﬂmmhwuhwﬂmmmmlm

Cartain clslms weie found unssarchable (See Box [).
Unity of iInvention Is laching (see Box I1).

oo O tjr:u:u:n:l

4. Wit regard to the title,
[C]  thetextis approved as submitind by the spplicant.
[X] the et has been esiablshed by this Authority % read es folows:

DERIVATIVES OF (6, 7-DIHYDRO-S5H-IMIDAZO (1,2-ALPHA) IMIDAZ OLE-3-SULFONYLAMINO)-
PROPIONAMIDE AND THEIR USE AS INHIBITORS UPON THE INTERACTION OF CAMS AND LEUKO
INTEGRINS

5. With regard 1o the abstract,
[] thetextis approved as submitind by the applicant.

the text has been esiabishad, acoonding to Rule 38. this Authori it appears in Box lil. The applicant h
E mmmmmudmummmlm?%mm%?MummnmEMum

6. The figure of the drawinga 1o b2 published with the abatract s Figure No. —_—
[] @3 sxgesed by the appicant [X]  Noneof the ngures.

[J vecause the appicant tabed 1 suggest a figure.
]  because mis figure better characterizes the vention.

Form PCTABA/210 (first sheet) (July 11288)



intemational application No.

INTERNATIONAL SEARCH REPORT PCT/US 03/33865

Box Il TEXT OF THE ABSTRACT (Continustion of item 5 of the first shest)

Form PCTABA/210 (continuation of irst sheet (2)) (July 1098}



INTERNATIONAL SEARCH REPORT

International Appiication No

PCT/US 03/33865

T t070d87 /08
235:00)

“NG1K31/4164 A61P37/00

//(C07D487/04,235:00,

mnwmmmcmwwmmmumm

IPC 7 CO7D A61K A&1P

Minimum documenislion sserched (clasa'ficalion sysiem follawad by classlficalion symbols)

Documeniation saarchad other than mininum documantaiion to the axient thal such documents am included b the flskis ssarched

CHEM ABS Data

Elscinonic daia base consulied during the intemnational search {nams of duta bass and, whan praciical, saarch ianme used)

C. DOCUMENTS CONSIDERED T0O BE RELEVANT

Calogory * | Chation of document, with indication, whars appropriats, of the relsvant passages

Relevan 1o ciaim No.

PHARMACEUTICALS, INC.)

1 February 2001 (2001-02-01)
cited in the application
page 4 -page 5

X WO 01/07440 A (BOEHRINGER INGELHEIM 1,6-8

D Fusthar documenis ary listed in ha continuation of box C.

E Puterd famlly members are Bsted In anne..

* Special cxiegories of ciad documen :

"A" documant defining the general stxie of tha aril which Is nol
considared to be of particular relevarnce

E ﬂ_l‘l;r&ﬂlﬂlmhlnﬁl'ﬁonﬂﬂrﬂ' inlamational

'L" documeni throw doubls claim{s)
whulbdldlo nnwﬂﬁduﬂwu
chistion or olhar special mason (as apaciiad)

o mmm»man use, axhiblion or

P m-un-u the intsmational fling cxie bt
mmnum"&hm g

*S* documsnt mambar of the sams patent family

Dute of the actual compiation of the intarnniional sasrch

26 April 2004

Duts of muliing of the inismafional search repod

06/05/2004

Nams and maling adrees of tha ISA
Europsan Palsrd Oftics, F.B. 5818 Puiantiasn 2
ML - 2280 HV Rijewix
Tal, (+M mm‘l’l 31 657 epo nl,
Fac {+31-T0) 340-301

Authortzed officer

Van Bijlen, H

Form FCTABA/Z0 (seoond shest] Jaruary 2004}




INTERNATIONAL SEARCH REPORT International Appiieation No 6 (

Irdormetion on puteet family iembers PCT/US 03/33865
Patent document Publication Patent tamily Publication
dited In ssarch report date member(e) dais
W0 0107440 A 01-02-2001 AU 6209100 A 13-02-2001
BG 106312 A 30-09-2002
BR 0012666 A 09-04-2002
CA 2383017 Al 01-02-2001
CN 1372562 T 02-10-2002
€Z 20020191 A3 17-04-2002
EE 200200028 A 15-04-2003
EP 1216247 Al 26-06-2002
HR 20020051 A2 31-10-2003
HU 0203971 A2 28-03-2003
JP 2003505460 T 12-02-2003
NO 20020275 A 04-02-2002
NZ 517217 A 27-02-2004
PL 352755 Al 08-09-2003
sK 2562002 A3 02-07-2002
TR 200200160 T2 21-10-2002
O 0107440 Al 01-02-2001
US 2003203955 Al 30-10-2003
Us 6492408 Bl 10-12-2002
ZA 200200428 A 17-01-2003

Fom PCTABA/TO jpatert family annex) (Jermmry S004)
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PCT REQUEST 281PCT
Original (for BUBMISSION) - printed on 27.10.2008 10:31:20 AM
] For recalving Offics usa only
o1 Intsmational Appiloation No.
0-2 intemational Fling Dai»
03 [Name of recaiving Offica and ‘PGT

4 |[Form+PCTAROMDT PCT Raguast
04-1 | Prepared using PCT-EASY Version 2.92
(updated 01.07.2003)
03  [Petition
The undersigned requests that the
prasont Intemational application be
proceased ln.;_mdm 1o the Patent
—Cocperstion Treaty ___
o8 Recsiving Office (specifisd bythe  |pnited States Patent and Trademark
wpplicany Office (USPTO) (RO/US)
©T [Appiikcant's or agent's file roference | 9/261PCT
I Tiie of Invention DERIVATIVES OF
[6,7-DIRYDRO~5E-INMIDAZO[1, 2-ALPHA] IMIDAZ
OLE~3-SULFONYLANINO] -PROPIONAMIDE
W [Appilcam
-1 This parson Is: appl icant onlr
2 | Applicant for all designated States
-4 Name BOEHRINGER INGELHEYM PEARMACEUTICALS,
INC.
L Addrasa: 900 Ridgsbury Road
P.0. Box 368
Ridgefield, CT 06877-0368
United States of America
-8 | Stais of nationalty us
-7 State of residence vs
- Talephone No. 203-798-4868
9 |FoosimbeNo. 203-798-4408
=1 | Applicant and/or inventor
M-1-1 | This permon Is: inventor mly
li-1-4 | Name {LAST, First) KELLY, Terence, Alfred
-1-5 | Address:

Boehringer Ingelheim Pharmaceuticalns,
Inc.

900 Ridgebury Road

P.0. box 368

Ridgefield, CT 06877-0368

United Btates of America




25
PCT REQUEST W201PCT
Original (Tor SUBMISSION) - prinded on 27.10.2003 10:31:20 AM
52 |Appilcant and/or Inventor
Ni-2-1 | This parson ls: inventor only
H-24 |Name (LAST, First) KIM, Jin, Mi
1-2-5 | Address: Boahringer Ingelheim Pharmaceuticals,
Ine.
900 Ridgebury Road
P.0. Box 368
Ridgefield, CT 06877-0368
United States of America
W3 | Applicant and/or inventor
-3-1 | This parson is: inventor only
Hl-34 | Nams (LAST, First) LENIEUX, Rene, MNarc
HI-3-5 | Addreas: Boshringer Ingelheim Pharmaceuticals,
Inc.
900 Ridgebury Road
P.0. Box 368
Ridgefield, CT 06877-0368
_ . United States of America
V-1 Agam or common represaniative; or
address for correspondencs
Tha peraon identifled below lu agent
hersby/has been appointad tt act on
behalf of the spplicant(s) bafcre the
compatant intemational Authorities as:
V-1-1 ) Name (LAST, First} RAYMOND, Robert, P.
IV-1-2 | Addrass: Boahringer Ingelheim Corporatiom
900 Ridgabury Road
?.0. Box 368
Ridgefield, CT 06877-0368
United Btates of America
V-1-3 | Telephone No. 203-798-9988
V-1-4 |Facsimla No. 203-798-4408
IV-1-5 | Agent’s registration No, 25,089
V-2 |Additional sgent(s) additional agent(s) with same address as
fixrst named agent
v2-1 |Name(s) DEVLIN, Mary-Ellen, M.{(27,928); STEMPEL,

n“' R. (23,”1)' BOTTINO, MM'
P.(41,629)) POCCHIARI, Busan,
X.(45,016) DATLOW, Philip, I.(41,4612);
WITKOWSBKI, Timothy, X.(40,232); DOW,
David, A.(46,124); MORRIB, Michael,
P.(34513)
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PCT REQUEST 2281PCT
Original (for UBMISSION) - printsd on 27.10.2003 10:31:20 AM
'] Deaignation of Stxias
vt {Regional Paterd AP: GH G XE LS MW N2 8D 8L 8z T% UG IM

e ot toaves ™ |y and any other State which is a
parenthesas aftar the designation(s) |Contracting State of the Harare Protoc 1
concemed) and of the PCT

EA: AM AZ BY KG XZ MD RU TJ T and any
other State which is a Contracting State
of the Eurasian Patent Convention and f
tha PCT

EPF: AT BE BG CHELI CY CZ DE DK EE ES FI
PR GB GR HO IE IT LU NC NL PT RO BE SI
8K TR and any other State which is a
Contracting State of the European Patant
Convention and of tha PCT

OA: BF BJ CF CG CI CM GA GN GQ GW ML MR
NE BN TD TG and any other State which ias
a mexber State of CAPI and a Contracting
8tate of

4
3

V-2 National Patent

{other kinds of protaction or reatment, AE AG AL
¥ any, are specified betwesn
parenthases sfier the desigration(s)
concemed)

g
§
E

dNBRNBE
ANEB88%
HERABAE
RAHARAR
SBERBRE
d8ARRAL
HRALBHE
ASHEHRE
-EE PR R
dREREAR

CREEEH

gagcad
248598

v-E Precautionary Designstion Statament

in additon 1o the designations made
undar kems V-1, V-2 and V-§, the
applicant also makes under Rule 4.6(b)
ull designations which would be
permitted under the PCT sxcapt any
chlhnl‘llﬂn(l)ofﬂ'lhm}w
undar ftem V-8 balow. The applicant
declares that thoss additiona)
designations are subject to confirmation
and that any designation whizh ks not
conftrrned before the expimtion of 156

months from the priority cate ia to be
regarded as withdrawn by tha applicant
ai the sxpirstion of that ime ImRt.

v Exciuslon(s) from precaitionsry NOME
designailons -

VH Priority claim of sarlier national

sppiicstion

VI-1-1 | Fiing date 30 October 2002 (30.10.2002)

Vi-1-2 { Number 60/422,446
Vii-3 | Country us




4/5
PCT REQUEST /281PCT
Origina! {for SUBMISSION) - printad on 27102008 10:3120 AM
Vi2 | Priority document requeat
The recsiving Office Is requested to vI-1
prepare and anemi to the
Intemational Bureau a certified copy of
the sarfler appication{s) Identiied
above s ltam{s):
ViK1 |international Gearching Authority | European Patent Office (XPO) (IBA/EP)
Vil |Dsciarations Number of deciarations
Vi1  |[Declarstion as 1o the Wentity of the -
 Inventor_ o
Vii-2 | Declaration as io the applicant’s -
entitament, as st the intemetional fifing
dais, to apply for and be granied a
patent —_
V-3 | Declaration as 1o the applicart's -
sntiiemort, as at the intemat'onal ling
date, to clalm the priorty of the anrler
| application
Vifi-4 | Declaration of inventorship (only fortha | j
purposes of the designation cf the
Unitad States of
Vili-§ | Declaration as to non-prejudiciat -
disclosures of sxceptions to lack of /
X 'MM! list number of sheeis stecironic fik(s) afiached
iX-1  [Request (inckuding declaration shesta) | 5 -
X2 [Description 38 -
x3 [Calms 3 -
iX-4 [Abstract 1 EZARSTOO0 . TXT
X5 |Dawings 0 -
7 [ TOTAL 49
Accompanying fisme paper documant(s) attached slactronic tle(s) attached
X-8 Foe caiculaion sheet v -
1%-11 {Copy of general power of attiomey Y -
IX-17 |PCT-EASY diskatia - Diskette
IX-19 | Figure of the drawings which should
the abstract
X-20 | Language of filing of the English
Intarnational
x-1 Signature of applicant, agent or
coOmmon represantative E
X-1-1 | Nama {LAST, Firt) Zu":/m, rhil:l.g, I.
FOR RECEIVING OFFICE USE ONLY
10-1 | Date of actusl receipt of the
| purported international application
10-2 Drawinge:
10-2-1 | Recaived
10-2-2 | Not received
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PCT REQUEST
Original {for SUBMIBSION) - printed on 27.10.2003 10:31:20 AM

10-3 Corrected date of sctusl recalpt due
o Inter But timely receivad papere or
drawings completing the purporied
Iniarnational application

104 Dats of timely receipt of the equired
corvections under PCT Asticle 11

103 | Intemational ng Authority ISA/EP
108 | Tmnamitial of search copy deimyed
until ssarch fes is pald

FOR INTERNATIONAL BUREAU USE ONLY

191 | Dats of receipt of the record copy by
the Intarmnationsl Buresu




PATENT COOPERATION TREATY

PCTAUS2003/0¢
DEF

From the INTERNATIONAL BUREAU

PCT To:
NOTIRCATION CONCERNING RAYMOND, Robart, P.
SUBMISSION OR TRANSMITTAL Boehringer Ingethelm Corporation
OF PRIORITY DOCUMENT 900 Ridgebury Road
. | Section 411 P.0O. Box 368
{PCT Administrative Instructions, on 411} Ridgefield, CT 06877-0368
United States of Amorlca
Date of malling (day/monthiyear) Fice bzmm-lo - /5011“"
15 Januery 2004 (15.01.2004) ERrte VAT’ Pl = 5011- 0o0S
Applicant’s or agent’s fils refarence
9/261PCT IMPORTANT NOTIFICATION
Internstional application No. International filing date (day/month/year)
PCTAIS2003/033865 27 October 2003 (27.10.2003)

Internations! publication date (day/month/year)
Not yet published

Priority date (day/month/ysar)
30 October 2002 (30.10.2002)

Applicant

BOEHRINGER INGELHEIM PHARMACEUTICALS, INC.

. By means of this Farm, which replaces any praviously Issued notifiostion concerning submission or transmittal of priority

documaents, the applicant Is hersbry notifled of the date of recelpt by the imtsrnational Bureau of the priarity doournemtis)
relating to all earller spplcstion(s) whose priority Is clsimed. Uinless otherwiss Indicated by the lstters "NR", In the
right-hand column or by an sstarisk appearing next to a dats of recsipt, the priority document concemned was submitted ot
transmitted tp the International Bursau in compllance with Rule 12.1{s) or (b).

(if applicable) The letters "NR" sppesring in the fgin-hand column denots a priority docusmant which, on the date of malhim
of this Form. had not yet besn received by the intermational Buresu  under Rule 17.1(s} or {bj. Where, under Rule 17.1(s} , t-
priority document must s submitted by the applioant to the recslving Office or the International Bureaw, but the applicam
falls to submit the prioritly document within the applicable time limit under that Rule, the sttention of the appllosnt is direat
to Rule 17.1{c) which provides that no designsted Office may disregard the priority olaim conoerned befars giving tha
applieant an opportunity. upon sntry Into the nations! phass, to fumish the priority dooument within a time limit which is
reasonable under the clrcumatances

(if applicable] An astarial({®] eppesring next ta a date of receipt, in the right-hand ocolumn, denates a priarity doourmant
submitted or truramitted to the internstional Bureau but not In compllance with Rule 17.1(s) or (b} {the priority dooumnaent
was recelved sfter the time Hmit presoribed in Rule 17.1(s) or the requast to prepare and fransmit the priority documeant wa
submitted ta the recsliving Office after the applicable time limk under Rule 17.1(b)}. Even though the priority document wa:
not fumished in complianos with Rule 17.1(s) or (b), the International Buresu will nevertheless transmit a copy of the
documsnt to the designated Offioss, for thair conziderstion. In case such a copy Is not accepted by the designated Office
s priority document, Ruls 17.1(c) provides that no designated Office may disregard the priority claim concemed befors
glving tha appliostt an apportunity, Upon anmtry Into the national phase, to furnish the priority docurnent within a time limit
which Is ressonable under the ciroumstances.

Facsimile No. {41-22) 338.57.40

Erlarity data Prigrity anciication No, Country or reglonal Qffice Date of recaiot
of PCT racaiving Offion of priority dooument
30 Octo 2002 (30.10.2002)  60/422,446 us 29 Dace 2003 {20.12.2
Iy .
1[sofod ¥ |
The a{““‘“ﬂ"“ of WIPO Authorixed officer
1211 Goneve 20, mnmhu- Sabine Przymusinskl

Telephone No. {41-22) 338 8484

Form PCTAB/304 (January 2004)

00805410:
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From the INTERNATIONAL BUREAU 66
. PCT ™
Azzard #30/05
NOTICE INFORMING THE APPLICANT OF THE RAYMOND, Robert, P.
COMMUNICATION OF THE INTERNATIONAL Boshringer ingelhelm Corporation
APPLICATION TO THE DESIGNATED OFFICES 900 Ii:gahury Road
P.O. 368
(PCT Rule 47.1(c), first sentence) LN [ AMErISUE
Date of mailing (day/month/year)
21 May 2004 (21.05.2004)
Applicant’s or agent's file reference
a/261PCT IMPORTANT NOTICE
International application No. Interaational fiing date (day/inonth/vear) Priarity date {day/month/year)
PCT/US2003/033865 27 October 2003 (27.10.2003) 30 October 2002 (30.10.2002)
Applicant

BOEHRINGER INGELHEIM PHARMACEUTICALS, INC.

1. Notice is hereby given that the Intemational Burcan has communnicated, as provided in Article 20, the iniernational application o the
following designated Offices on the date indicated above as the dats of mailing of this notice:

AU, AZ, BY, CH, CN, CO, DZ, EP, HU, JP, KG, KP, KR, MD, MK, MZ, RU, TM

In accardance with Rule 47.1(c), third semenca, those Offices will accept the present nolice as conclusiva evidence that the comrmmnication
of the intarnational applicetion hey duly taken place on the date of mailing indicated abave and no copy of the interastiona! application fa
required to be fornished by the applicant 10 ibe designated Office(s).

The following designaied Offices have wnived the requiremeant for mch s comomnication at this time:

AE, AG, AL, AM, AP, AT, BA, BE, BG, BR, BZ, CA, CR, CU, CZ, DE, DK, DM, EA, EC, EE, EG, ES, Fl, GB, GD, GE,
GH, GM, HR, ID, IL, IN, IS, KE, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MG, MN, MW, MX, NI, NO, NZ, OA, CM, PG, PH,
PL, PT, RO, SC, 8D, SE, SG, Sk, SL, SY, TJ, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW

The commmunication will be made to those Offices only upon thelr request. Furthermore, those Offices do not require the applicant o
furnish a copy of the inlcynational spplicution (Rule 49. 1(a-bis)).

3. Enclosed with this notice is a copy of the internaiional spplication as published by the Internstional Bunean op
21 May 2004 (21.05.2004) under No. WO 2004/041827

4. TIME LIMITS for filing a demand for lnternational preliminery examination and for entry into the national phase

The applicable time limit for entering the national phase will, subject to what is sald in the following paregraph, be 30 MONTHS from
the priority daw, not only in respect of any eleciad Qffice if & demand for intermational preliminary examination is filad before the
expirstion of 19 months from the priozity date, but aiso in respect of any designated Office, in the absencs of filing of such demand, where
Article 22(1) as modified with effect from 1 Aprll 2002 applics in respect of that designatad Office. For farther details, se0 PCT Gazette
No. 4472001 of | November 2001, pages 19926, 19932 and 19934, a3 well o3 tha PCT Newsletter, October and November 2001 and
February 2007 issues.

In practice, time limits ofher than the 30-mouth thme Imit will continue 0 apply, for varions periods of time, in respect of cersin
desigrated or elected Offices, For repubur updates on the applicable time limits (20, 21, 30 or 31 month, or other time kimir), Office by
Office, refer 1o the PCT Gagette, the PCT Newslatiqr and the PCT Applicans’s Guids, Volume II, Nationsl Chapters, all available from
WIPQ's Intexpet site, at hup:/www.wipn.int/petienfindex iml

For fling a demsnd for interoationa] preliminary examination, see the PCT Applicans’'s Guide, Volume /A, Chapisr TX. Only an
applicant who is a natiomal or resident of 8 PCT Contracting State which is bound by Chapter 11 has the right 10 file a demand for
intemational preliminary examioation (2l preseal, all PCT Contracting States are bound by Chapier II).

It is the spplicant’s sole responsibility o monitor all theso time Hmits,

12

The International Bureau «f WIPO Autharized officer
34, chemin des Colomheties -
PG 20, Switzeriand Dorothée Milhausen
Facsimile No.+41 72 740 14 35 Pacsimils No.+41 22 338 87 40

Form PCT/IB/308 (April 2002)



PATENT COOPERATION TREATY

PCT

INFORMATION CONCERNING ELECTED
OFFICES NOTIFIED OF THEIR ELECTION

PU IJUSZURIIUSRSE

From the INTERNATIONAL BUREAU 6 ?

To:

RAYMOND, Robert, P.
Boehringer ingalhaim Corporation
Road

. & 900
Wﬂbﬂ. H3a/5 P.O. Boxu‘SBgT FETVE oF
Rule 61.3 06877 by ¥ S
(PCT Rule 61.3) ETATS-UNIS Dmerf% rE—— i
1jn
Date of maling (dawinonzhyear) H Q.‘ JN - 7 200
21 May 2004 (21.05.2004) s 1
Applicants s flle refereace e T
m1§?fmu IMPORTANT INFORMATIO!
Tnternational spplication No. Imernationsl filing dets (daymonzivyaar) Pricrity dato (dapimondvyear)
PCTAUS2003/033865 27 October 2003 (27.10.2003) 30 October 2002 (30.10.2002)
Applicant

BOEHRINGER INGELHEIM PHARMACEUTICALS, INC.

caly upon thew request:

EA: AM, AZ,BY, KG, KZ, MD, RU, TI, TM

lizted shove, This must be dooe by paying the nationsd fise(s) and

Buropean patent.

1. The spplicant is hereby infirmed that the Internaticus! Burean has, scranding to Artick: 31(7), natified each of the following Offices of its aleetion:
EP: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, §I, SK, TR
National: AU, BG, CA, CN, DE, EG, GB, IL, JP, KP, KR, MN, NI, NO, PG, PL. RO, RU, SK, SY

2. ‘The Rallowing Offices have waived the requircment for the notificstion of their elaction; the notification will be sont 10 them by the International Burean

AP: GH, GM, KE, LS, MW, MZ, SD, SL. §Z, TZ, UG, ZM, ZW

OA: BF, BJ, CF, CG, C1, CM, GA. GN, GQ, GW, ML, MR, NE, SN, TD, TG
National: AE, AG, AL, AM, AT, AZ, BA, BB, BR, BY, BZ, CH, CO, CR, CU, CZ, DK. DM, DZ, EC, EE, ES, FL,
GD, GE, GH. GM, HR, HU, ID, IN, IS, KB, KG, KZ, LC, LK, LR, LS, LT, LU, LY, MA, MD, MG, MK, MW,
PH, PT, SC, 8D, SE, SG, SL. TI, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM,

3. ‘Tbe spplicant is reminded that he mms1 enter the "national phase” before the explration of 30 masths from the prierity date before each of the Offices
furaishing, if proscribed, & tranalstion of the fmternational spplication (Anicle 39(1) (s)),
as well as, where applicable, by furnishing ¢ translation of any zanexes of the intemstionsl prelimninary

Some offices bave fixed time limits expiring later than the ahove-memtioned time limit. For detsiled information about the spplicshie time Limits and the
arts to ba performed opon entry into the natiosal phase before a particular Office, see Volume 11 of the PCT Applicant's Guide.

The entry into European regional phase is postpoosd snill 31 oooths from the priarily duir for all Sixtes designaged for the porposes of obtaining a

exsmination report (Article 36(3) (b) and Rule

The International Burean of WIPO
34, chemin des Colombetien
1211 Geneva 20, Switnzriand

Facsimile No.+41 22 740 14 315

Anthorized officer
Dorothée Milhausen

Facsimile No+41 22 3138 87 40

Form PCT/IB/332 (Sepiember 1997}
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From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

PCT

RAYMOND, Robert, P. CEI
800 d’ﬁg:ﬂ.?ﬁ'{;:'&“ Co NOTIFICATION OF TRANSMITTAL OF
P.O. Box 368 ocT | 8 204 THE INTERNATIONAL PRELIMINARY
R S it
e {PCT Rule 71.1)
~47ENT SECTION
Dats of malling
Wit 0.0, — Y-30.05 (dapinonthiear) 15.10.2004
Applicant's or agent's flle referencs
9261 PCT IMPORTANT NOTIFICATION
Intemational appllcation No. intomational flling dalo (dayinonthiear) Priortiy dete’ (caymonthjoar)
PCTAJS 0333885 27.10.2003 30.10.2002
Applicant

BOEHRINGER INGELHEIM PHARMACEUTICALS, INC.

1. The applicant is hersby notified that this International Preliminary Examining Authotity transmits herewith the
I:;;Ir]naﬂmal preliminary examination report and its annexas, if any, established on the intemational
cation,

2. A copy of the report and its annexes, if any, is being transmiited to the Intemational Bureau for
communication to all the elacted Offices.

3. Wherea required by any of the elected Offices, the Intemational Bureau will prepare an English translation of
the repont (but not of any annexes) and will transmit such transtation to those Offices.

4. REMINDER

The applicant must enter the national phase before aach electad Office by performing certain acts (filing
translations and paying national fees) within 30 months from the priority date (or later In some Offices)
{Article 39(1)) (see also the reminder sent by the Intemational Bureau with Form PCTAB/301).

Where a transiation of the intemational application must be fumished fo an elected Office, that transiation
must contain a translation of any annexes to the Intemational preliminary examination report. k ls the
applicant's reapongibility to prepare and fumish such translation directly to each elected Office concemed.

For further details on the applicable time limits and requirements of the elected Offices, sea Volumae II of the
PCT Applicant's Guide.

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step
and industrial applicabllity described in Article 33(2) ta (4) merely serve the purposes of intemational
preliminary examination and that "any Contracting State may apply additional or different criteria for the
purposes of declding whether, in that State, the claimed inventions is patentable or not" (see also Article
27(5)). Such additional criteria may relate, for example, to exsmptions from patentabllity, requirements for
enabling disclosure, clarity and support for the claims. .

~Tal =] .
[10fz0fpq i~ |
Name and malling sidresa of the Intermational Authorized Offcer
Eurcpean Patent Office Ulirich, J ' @\
0-80268 Munich
’ Tel. +49 89 2309 - 0 Tx: 623658 spmu d Tal. +48 80 2399-0048 ‘\ j
Fauc +49 80 2300 - 4465 —"

Form PCTAPEAJ418 (January 2004)
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Aurticle 36 and Rule 70)

Appiicant's or agents flie eferance S Notification of Tranamitial of International

a281 PCT FOR FURTHER AGTION  prgyminery Examination Report (Form PCTIPEAR16)
Intemnational application No. intermational filing date (deyinonthiear) Priority date (daywinomthiear)
PCTAS 0333885 27.10.2009 30.10.2002

Inemasonal Patent Classificaion (IPC) or both national classification and IPC

CO7D48704

Applicant

BOEHRINGER INQGELHEIM PHARMACEUTICALS, INC.

1.  This International preliminary examination report has bean propared by this Intemational Preliminary Examining
Authority and Is tranamiited $ the applicant according to Article 38.

2. This REPORT consists of a i>ial of 4 sheets, including this cover sheat,

O Tnis report ls also accompanied by ANNEXES, L.e. sheets of the description, claims andbr drawings which have
bean amended and are the basia for this report andbr sheets containing reciifications made before this Authority
(see Rule 70.16 and Soction 607 of the Administrative Instructions under the PCT).

These annexes consist of a iotal of shests.

Priorty

3. This report contains Indicaticna relating to the following lterna:
| & Baasisof the opinion

()

O Non-sstablishment of opinion with regard to novelly, inventive step and industrial applicability
W O Lackof unity of Invention
=
O

Reasoned statemant under Rule 86.2(a)({ll) with raglrd to novelty, Inventive step or indusirial applicablity;
citations and explanations supporting such siate

Certain documents cited
Vil O Cerain defects in the intemational application
Viil O Coertain observations on the intemational application

preliminary axamining authority:

—  European Patant Office

’ _?m -I:u% - 0Tx: 623688 sprmud Boletti-Cremers, K {j}

—==_  Fax: +49 BD 2200 - 4463

Daile of submission of the demand Dais of compigtion of this report
25.03.2004 15.10.2004
Name and maling address of the intamational Authorized Offticer

Telephons No. +48 B8 2388-8541

Form PCTAPEA/400 (Cover Shesf) (January 2004)
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INTERNATIONAL PRELIMINARY
EXAMINATION REPORT International apptication No. PCTAJS 0333865

I Basls of the report

1. With regard to the elements of the international application (Replacement sheets which have been fumished to
the receiving Office in response o an invitation under Article 14 are refarred fo in this report as “oniginally filed*
and are not annexed fo this naport since they do not conialin amendments (Rules 70.16 and 70.17)):

Desacription, Pages

1-38 as originally filed
Clalme, Numbers
1-14 as originally filed

2. With regard to the language, all the slements marked above were avallable or fumnished to this Authority in the
language in which the intemeational application was filed, uniess otherwise indicated under this itemn.

These elements were available or fumished to this Authority in the foliowing language: |, which is:

O the language of a transletion furnished for the purposes of the intemational search {under Rule 23.1(b)).
O the language of publication of the imtemational application (under Rule 48.3(b)).

O the language of a translztion fumished for the purposes of intemational preliminary examination (under
Rule 55.2 andbr 55.3).

3. With regard to any nuclectide andbr amino acld sequencs disclosed in the intemational application, the
Intemational preliminary examination was carried out on tha basls of the sequanca listing:
O contained in the international application in written form.

filed together with the Intemational application in computer readable form.

fumnished subsequently to this Authority in written form.

fumnished subsequently to this Authority In computer readable form.

The statement that the subsequently furnished written sequencs listing does not go beyond the disciosure
In the intemational application as filed has been furnished.

The statement that the information recorded in computer readable form Is kientical to the written sequence
listing has been fumished.

4. The amendments have resulted in the cancsllation of:

O Oooaog

00 the description, pages:
O the claims, Nos.:
0O the drawings, shoets:
O

This report has been established as If (some of) the amendments had not been made, since they have
been considersd to go beyond the discliosure as filed (Rule 70.2(c)).
(Anyn;phcmmtshaetmnhhhgsudmmmdnmﬁmuﬂbemfemdbundarm 1 and annexed to this

6. Additional obasrvations, if necessary:

Form PCTAPEA/ 400 (January 2004)
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INTERNATI NAL PRELIMINARY
EXAMINATION REPORT Intemational application No. PCTAJS 03/33865

V. Reasoned statement under Article 35(2) with regard to novelly, inventive siep or Industrial applicability;
citations and explanations supporting such statement ’

1. Stetement
Novelty (N) Yes: Claims 1-14
No: Claims
Inventive step (IS) Yeas: Claims
No: Claims 114
industsial applicability (IA) Yes: Claims 1-14
No: Claims

2. Citations and explanations
see peparate sheet

Form PCTAPEA/409 (Junuary 200<)
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INTERNATIONAL PRELIMINARY International application No. PCT/US 03/33865
EXAMINATION REPORT - SEPARATE SHEET

POINT V.

The following document, quoted in the .S.R., has been considered as relevant for the
examination of the present application . lts numbering will be adhered to for the rest of

the procedure.
D1: WO-A-01/07440, cited in the application
1. Novelty.

Although generically disclosed in (1), the compounds of present application as claimed
are not spacifically disclesed in (1) and the application can thus be regarded as novel
with respect to the content of (1).

2. Inventiveness.

Since the pharmacologically active compounds of present application appear to be the
result of non inventive salections of the generic teachings of pharmacologically active
compounds of (1), the Applicant is invited to show either by argumentation or technical
evidence when the application will reach the regional proceedings , that the claimed
compounds on filo possess any advantage or surprising feature when they are
compared with those of (1) in order to enable the acknowledgment of the inventiveness
of the application with respect to the content of (1).

Form PCT/Sepamts Sheset/409 (Sheet 1) (EPO-Apil 1007)
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DERIVADOS DE [6,7-DIHIDRO-5H-IMIDAZO[1,2-a) IMIDAZOL-3 -

SULFONILAMINO] -PROPIONAMIDA

FUNDAMENTO DE LA INVENCION
1. CAMPO T=CNICO

La presente invencién se refiere, en general, a una
clase de derivados de [6,7-dihidro-5H-imidazo([1,2-
alimidazol-3-sulfonilamino] -propionamida, a la sintesis de
estos compuestos, a su uso en el tratamiento de enfermeda-
des inflamatorias y a composiciones farmacéuticas que com-
prenden estos compuestos.
2. INFORMACION FUNDAMENTAL

La investigacién de la dltima década ha ayudado a
aclarar los acontecimientos moleculares que se producen en
las interacciones célula-célula en el cuerpo, especialmente
aquellos acontecimientos implicados en el movimiento y en
la actuacién de las células en el sistema inmune. Véase ge-
neralmente, Springer, T. Nature, 1990, 346, 425-434, las
proteinas de la superficie de la célula y, especialmente,
las Moléculas de Adhesién Celular ("CAMs") y "Leucointegri-
nas", incluvendo LFA-1, MAC-1 y gpl50,95 (aludidas en la
nomenclatura WHO como CD18/CDlla, CD18/CD1ilb y CD18/CDllc,
respectivamente) han sido correspondientemente el sujeto de
la investigacién y desarrollo farmacéutico, teniendo como
objetivo la intervencién en los procesos de extravasacién
de leucocitos a los lugares dafiados y el movimiento de leu-
cocitos a los distintos objetivos. Por ejemplo, actualmente
Be cree que antes de la extravasaciém de los leucocitos,
que es un componente prioritario de la respuesta inflamato-
ria, ocurre la activacién de las integrinas constitutiva-
mente expresada sobre los leucocitos y seguida por una in-
teraccién ligando/receptor fuerte entre las integrinas (por

ejemplo, LFA-1) y una o varias moléculas de adhesién inter-
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celular digtintas (ICAMs) llamadas ICAM-1, ICAM-2, ICAM-3 o

ICAM-4 que eptin expresadas sobre superficies celulares en-
doteliales de los vasos sanguineés y sobre otros leucoci-
tos. La interaccién de laas CAMs con las Leucointegrinas es
una etapa vital en el funcionamiento normal del sistema in-
mune. Loe procescB inmunes como la presentacién de antige-
nos, la citotoxicidad mediada por células-T y la extravasa-
cién de leucocitos requieren la adhesién celular medida por
ICAMs que interacta con las Leuccintegrinas. Véase gene-
ralmente, Kigshimoto, T. K.; Rothlein; R. R. Adv. Pharmacol.
1994, 25, 117-138 y Diamond, M.; Springer, T. Current Biol-
ogy, 1994, 4, 506-532.

Se ha identificado un grupo de individuos carentes de
la expresién apropiada de Leucointegrinas, una condicién
llamada "Deficiencia de la Adhesifn de Leucocitos" (Ander-
son, D. C.; et al., Fed. Proc. 1985, 44, 2671-2677 y Ander-
Bon, D. C.; et al., J. Infect. Dis. 1985, 152, 6£68B-689).
Estos individuos son incapaces de dar una respuesta({s) in-
mune y/o inflamatoria normal debido a una incapacidad de
sus células de adherirse a los sustratos celulares. Estos
datos muestran que las reacciones inmunes se mitigan cuando
los linfocitos son incapaces de adherirse de forma normal
debido a la pérdida de moléculas de adhesién funcional de
la familia CD18. En virtud del hecho de que los pacientes
LAD que pierden CD18 no pueden dar una respuesta inflamato-
ria, Be cree que el antagonismo de las interacciones (D18,
CD11/ICAM también inhibird una respuesata inflamatoria.

Se ha cemostrado que el antagonismo de la interaccién
entre los CAMs y lae Leucointegrinas pueden realizarla
agentes dir.gidos contra cada componente. Especificamente,
el bloqueo de las CAMs, como se muestra en el ejemplo ICAM-
l, o de las Leucointegrinas, como en por ejemplo LFA-1, por

anticuerpos dirigidos contra cada una o ambas de estas mo-

S
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léculas inhibe efectivamente repuestas inflamatorias. Los

modelos in vitro de respuesta inmune e inflamatoria inhibi-
da por anticuerpos a las CAMs o a Leucointegrinas incluye
proliferacifn de linfocitos de mitSgenos inducidos o anti-
genos, agrecaclén homotipica de linfocitos, citélisis me-
diada con células-T y tolerancia inducida de antigenos es-
pecificos. La relevancia de los estudios in vitro se ha
goatenido pcr los estudios in vivo con anticuerpoe dirigi-
dos contra ICAM-1 o LFA-1l. Por ejemplo, los anticuerpos di-
rigidos contra LFA-1, pueden prevenir el rechazo del injer-
to de tiroides y prolongar la supervivencia del trasplante
de corazén en ratones. (Gorski, A.; Immunology Today, 1994,
15, 251-255). Es muy significativo, que los anticuerpos di-
rigidos contra ICAM-1 se han mostrado eficaces in vivo como
agentes antiinflamatorios en enfermedades humanas como re-
chazo al trasplante renal y artritis reumatoide {(Rothlein,
R. R.; Scharschmidt, L., en: Adhesion Molecules; Wegner, C.
D., Ed.; 1994, 1-38, Coeimi, C. B.; et al., J. Immunol.
19590, 144, 4604-4612 y Kavanaugh, A.; et al., Arthritis
Rheum. 1954, 37, 992-1004) y los anticuerpos dirigidos co-
ntra LFA-1 han demostrado efectos inmunosupresores en
transplantes de médula espinal y en la prevencién del re-
chazo temprano de traasplantes renales (Fischer, A.; et al.,
Lancet, 1989, 2, 1058-1060 y Le Mauff, B.; et al., Trans-
plantation, 1991, 52, 291-295).

También se ha demoastrado que una forma soluble recom-
binante de ICAM-1 puede actuar como inhibidor de la inter-
accién de ICAM-1 con LFA-1. ICAM-1 soluble actlia como un
antagonista directo de interacciones CD18, CD11/ICAM-1 so-
bre las células y muestra actividad inhibidora en modelos
in vitro de respuesta inmune como la respuesta de linfoci-
tos mezclados humanos, las respuestas de la célula T cito-

téxica y la proliferacién de células T en los pacientes

99—
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diab&ticos en respuesta a las células isleta (Becker, J.

C.; et al., J. Immunol. 1993, 151, 7224 y Roep, B. 0.; et
al., Lancet, 1954, 343, 1590).

Asi, la técnica anterior ha demostrado que las molécu-
las de proteina grandes que antagonizan la unién de los
CAMs a las Leucointegrinas tienen potencial terapéutico pa-
ra mitigar las respuestas inflamatoria e inmunolégica aso-
cladas generalmente con la patogénesis de muchas enfermeda-
des autoinmunes o inflamatorias. Sin embargo, las proteinas
tienen deficiencias significativas como agentes terapéuti-
cas, incluida la capacidad de administrarse oralmente y la
inmunorreactividad potencial gque limita la utilidad de es-
tas molé&éculas para la administracién crbSnica. Ademis, las
terapias basadas en proteinas son generalmente caras de
realizar.

Por consiguiente, las moléculas pequeflas que tienen la
misma capacidad que las molé&culas de protelina grandes para
antagonizar selectiva y directamente la unién de los CAMs a
las Leucointegrinae serdn agentes terapéuticos preferibles.

Se han descrito varias moléculas pequefias en la bi-
bliograffa cque afectan a la interaccifn de las CAMs y las
Leucointegrinas. Por ejemplo, la Patente de EE.UU.
6.355.664 y el WO 98/39.303 correspondiente muestran un ti-
po de pequefia molécula, con un nicleo de hidantoina, que
son inhibidores de la interaccidn de LFA-1 e ICAM-l1l. De ma-
yor relevancia para esta invencién es WO 01/07.440 Al, que
muestra compuestos que en lugar de ello tienen un nficleo de
6,7-dihidro-5H~imidazo[1,2-a)limidazol. Aunque los compues-
tos que estén descritos especificamente en WO 01/07440 Al
tienen un efecto inhibidor més potente sobre la interaccién
de CAMs y leucointegrinas que la de las hidantoinas de la
Patente de EE.UU. 6.355.664 y el W09.839.303 correspondien-

¥
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te; sin embargo no son agente terapéuticos ideales porque

la velocidad a la que se metabolizan es demasiado alta.

Por consiguiente, el problema que resolver con esata
invencién es encontrar moléculas pequefias que tengan no sé-
lo un buen efecto inhibidor sobre la interaccién de CAMs y
Leucointegrinas, sino que también se metabolicen a una ve-

locidad que no sea excesivamente rapida.

BREVE RESUMEN DE LA INVENCION

La invencién es un subconjunto o una seleccién de 6,7-
dihidro-5H-imidazo[1l,2-alimidazoles que se describen gené-
rica, pero ro especificamente en WO 01/07.440 Al. Sorpren-
dentemente, los compuestos incluidos dentro de la invencién
muestran no sélo un buen efecto inhibidor sobre la interac-
cién de CAMs y Leucointegrinas sino que se metabeclizan mu-
cho mas lentamente que los compuestos descritos especifica-
mente en W001/07.440 Al. Los compuestos de la invencldén re-

suelven el problema del metabolismo excesivamente rapido.

DESCRIPCION DETALLADA DE LA INVENCION

La invencidén comprende compuestos de f£6rmula I

G\T:;j,m
&
W0

O,
I
oL .

en que:
R' es alquilo lineal o ramificado de 1 a 3 4tomos de car-
bono que estd mono ¢ disustituido con restos indepen-

dientemente seleccionados del grupo que conaiste en:
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(i) oxo y
(11) morfolino;
R y R se seleccionan cada uno, independientemente, del
grupo que comprende:
(A} hidrégeno, y
(B) alquilo lineal o ramificado de 1 a 4 &atomos de
carbonoc cuyo grupo alquilo estd mono o disustituido
con reetos independientemente seleccionados del grupo
que comprende:
{i) CONH; vy
{(ii) OH,
o R’ y R? junto con el itomo de nitrSgeno entre ellos for-
man un anillo de piperazina; y R ee:
(A) ciano,
(B) pirimidina que estf monc o disustituida con NH; o
(C} trifluorometoxi.
Los conpuestos preferidos de la invencién son los de
la f6rmula I, en la gque
R' es un grupo metilo;
R y R? se seleccionan cada uno, independientemente, del
grupo que comprende:
(A) hidrégeno y
(B) alcguilo lineal o ramificado de 1 a 4 &dtomos de
carbono que esti mono o disustituido con restos inde-
pendientemente seleccionados del grupo que comprende:
(1) CONH; y
(ii) OH; y
R' es:
(A) ciano o
(B) trifluorometoxi.
Mis preferidos son los compuestos de fSrmula I en la
que:
R! es un grupo metilo;
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R? y R* se seleccionan cada uno, independientemente, del

grupo que consiste en:

(A) hidrégeno y

(B) alquilo lineal o ramificado de 1 a 4 &tomos de
carbono que estd mono o disustituido con restos indepen-
dientemente seleccionados del grupo que comprende:

(i) CONHz; y
(i1) OH; y
R'* es trifluorometoxi.

Se apreciard que los compuestos de la férmula I tienen
al menos dos centros quirales. En un aspecto genérico pre-
ferido finalmente, la invencién incluye compuestos de for-
mula I con la estereoquimica absoluta expresada a continua-

cién por la férmula I*.

i;ﬂ,i Y
e
RLE}Erq{Tb

R’ a*)

Especificamente preferidos son los compuestos de fér-
mula I seleccionados del grupo que comprende:
{S)-2-[(R)-5-(4-ciano-bencil)-7-{3,5-dicloro-fenil) -5~
metil-6-ox0-6,7-dihidro-5H~-imidazo[l,2-a] imidazol-3-
sulfonilamino] -propionamida;
(5)-2-[(R)-7-(3,5~diclozo~-fenil)-5-metil-6-oxo=-5-{4~-
trifluorometoxi-bencil}-6, 7-dihidro-5H-imidazo[1, 2-
a)imidazol-3-sulfonilamino])-N-(2-hidroxi-2-metil-propil) -

propionamida;
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{S)-2-[{R}-7-{3,5~dicloro-fenil)-5-metil-6-oxo-5-(4-
trifluorometoxi-bencil)-6,7-dihidro-5H-imidazo[1,2-
alimidazol~3~sulfonilamino]-propionamida; y
(S) -N-carbamcilmetilo-2-[(R)-5- (4-ciano-benzil)-7-(3, 5-
dicloro-fenil)-5-metil-6-oxo-6, 7-dihidro-5H-imidazo[1, 2~
a)imidazol-3-sulfonilamino]-propionamida.

La invencién también incluye las sales farmacéutica-

mente aceptables de los compuestos de férmula I.

Métodos de sintesis generales

Los compuestos de la invencidén pueden prepararse por
los métodos generales descritcs a continuacién. Tipicamente
el proceso de la reaccién puede monitorizarse por cromato-
grafia de capa fina {TLC) si se desea. Si se desea, los
productos e intermediarios pueden purificarse por cromato-
grafia sobre gel de silice y/o recristalizacién y caracte-
rizarse por uno o mids de las siguientes técnicas: NMR, es-
pectroscopia de masa y punto de fusién. Los materiales de
partida y los reactivos estén disponibles comercialmente o©
pueden prepararlos los expertos en la técnica utilizando
los métodos descritos en la bibliografia quimica.

Los compuestos de férmula I pueden preparase a partir
del intermediario II. La sintesis del intermediario II la
explican Wu et al.; EE.UU. La solicitud no provisional Ser.
No. 09/604,Z12 y Frutos et al. EE.UU., 6.441.183, ambas in-

corporadas aqui por referencia.

e o

Nay N Har
}:{ CH, T 0, &'N th
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El intermediario II puede prepararse por el procedi-

miento ilustrado en el Esquema I.
Esquema I
1 a cl

\E;Fs ™ \E;T' 1)8nNMa,OH
:Jhr Eiﬁ Baso 50% NaOH
o .

m v v R

Como se ilustra arriba, el intermediarioc III se des-
protona con una base apropiada como una bis(trimetil-
silil)amida de litio a aproximadamente -20°C a -30°C y se
alquila después con un haluro de bencilo preferiblemente un
bromuro de bencilo (IV) para producir V. La hidrélisis del
grupo de trifluoroacetamida de V, por ejemplo, por trata-
miento con hidréxido de benciltrimetilamonio acuoso al 40%

en dioxano/MaOH al 50%, seguido por el tratamiento con &ci-
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do, como HCl, proporciona VI. El tratamiento de VI con tio-

carbonildiimidazol en presencia de una base como 4-(N,N-
dimetilaminoipiridina proporciona VII. El1 tratamiento de
VII con una solucién de aminocacetaldehido dimetilacetal y
t-butilhidroperéxido, sequido por el tratamiento del acetal
intermediario con un &cido como Acido p-toluensulfénico
proporciona VIII. La yodacién de VIII por tratamiento con
un agente yodador como N-yodosuccinamida proporciona II.

El método utilizado para la preparacién del interme-
diario III, el tratamiento de la amida formada a partir de
N-Boc-D-alanina y 3,5-diclorcanilina con écids trifluoroa-
cético para extraer el grupo~Boc, seguido por el tratamien-
to con pivalaldehido y la acilacién de la imidazolodona re-
sultante con anhidrido trifluorocacético se describe en
EE.UU. 6.41£.161, citado antes, y la bibliografia quimica
{(N. Yee, Orqg Lett., 2000, 2, 2781).

La sintesis de los compuestos de férmula I a partir

del intermediario II se ilustra en el Esguema II.

o

*%, =W

Esquema II
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Como se 1lustra arriba, el tratamiento de II con un
reactivo Grignard, como bromuro o cloruro de ciclopentil-
magnesio, seguido de un tratamiento de la sal de magnesio
resultante con S0; y después N-clorosuccinimida proporciona
el cloruro de sulfonilo IX. El tratamiento de IX con la
amina deseada (X) en presencia de una base conveniente como
trietilamina, proporciona el producto deseado de £6rmula
(I). Los productos intermedios X estdn disponibles comer-
cialmente o bien se preparan f&cilmente a partir de mate-
riales de partida disponibles comercialmente por métodos
conocidos en la técnica. El producto inicial de f&6xmula I
puede ademis modificarse por métodos conocidos en la técni-
ca para proporcionar compuestos adicionales de la inven-
cién. Se proporcionan varios ejemplos en la Bseccifn de
Ejemplos de sintesis.

Los R' deseados sobre compuestos de férmula I pueden
obtenerse por seleccién del producto intermedio adecuada-
mente sustituido IV en el Esquema I. Alternativamente, el
compuesto intermedio VIII que tiene R* que es Br (VIIIa)
puede convertirse en compuestos intermedios que tienen R*
gue e8 CN o un grupo 5-pirimidilo sustituido como se ilus-

tra en el Esquema III
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Esquema III

N r
K_/‘; o Gote Vilib

N=("N=0
CuCN LA
C.'\Q/c' DMF
— CN

/

Villa “\\‘
0 R

Catalizedor Pd

K,CO,
DME

Como se ilustra mas arriba, el bromuro de arilo VIIIa
se trata con una sal de cianuro, preferiblemente CuCN y se
calienta en un disolvente conveniente com¢o DMF para propor-
cionar el producto ciano intermedio VIIIb. El tratamiento
de VIIIa ccn un éster de boronato de pirimidina como 5-
(4,4,5,5,-tetrametil~[1,3,2] en la presencia de un catali-
zador de paladio como [1,1'-bis(difenilfosfino)ferro-ceno]-
dicloropaladio{II) +CzClz (PdClz(dppf) -C2Clz2) y una base como
carbonato de= potasio en un disolvente apropiado (reaccién
de Suzuki), por ejemplo dimetoxietano, proporciona el pro-
ducte intermedic de pirimidina (VIIIc). Los productos in-
termedios VIIIb y VIIIC pueden convertirse en los productos

deseados de la férmula I por los procedimientos descritos
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en los Eaquemas I y II. La reaccibn de Suzuki para conver-

tir R'= Br en R* = a una pirimidina opcionalmente sustitui-
da puede también llevarse a cabo sobre un compuesto de foér-
mula I. La reaccifn de Suzuki puede también realizarse de
manera inversa. El bromuro VIIIa (0 un compuesto de f&rmula
I con R‘=Br) puede convertirse en un &éster de boronato por
ejemplo por tratamientoc con bis(pinacolato)diboro en la
presencia de un catalizador de paladio como PdCl;(dppf) y
después hacerle reaccionar con el deseado bromuro de piri-
midilo.

La invencién se describe ademfs por los siguientes

ejemplos de sintesis.

Ejemplos de sintesis

Ejemplo I: Bintesis de cloxuro de (R)-5-(4-bromo-bencil)-7-
{3,5-dicloro-fenil) -5-metil-6-ox0-6,7-dilhidro-5H-imidazo-
[1,2-a]imidazol-3-sulfonilo

uUu G\Q,cl 6“" G\Qﬁ

N, \ = N N
tﬁ o _lnlla PPTS ;ﬁ %O $0, t‘; o
1 then NC8 0=§=0
Br Br “ Br

1

Una solucién de (R)-3-(4-bromo-bencil)-1-(3,5-dicloro-
fenil) -3-metil-1H-imidazo[l,2-a}imidazol-2-ona en THF (0,12
M) se tratd con N-iodosuccinimida (1,05 equiv) y p-
toluensulfonato de piridinio) (0,1 equiv). La mezcla pge
agité a temperatura ambiente durante 17 horas, se diluyé
después con EtOAc y se lav$é con solucién de Na25203 al 10%

BF—
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Yy agua. Las capas acuosas combinadas Be extrajeroen con

EtOAc. Las iases orginicas combinadas se lavaron con sal-
muera, se Becaron sobre Na;S80,, se filtraron y se concen-
traron. Bl saceite crudo se purificé por cromatografia de
gel de silice para proporcionar el yoduro deseado.

Una solucién del yoduro anterior en THF (0,12 M) se
enfrié a -40°C y se afiadié c-pentilcloruro de magneaio
(1,05 equiv) gota a gota durante 10 minutos. Después de
agitar a -40°C durante 1 hora, se afiadié SO; (g) colocando
una aguja de admisién justo encima de la superficie de la
mezcla de reaccién durante 1,5 minuto. La mezcla amarillo
brillante Be calentd a -20°C durante 1 hora y después se
agitd a temperatura ambiente durante 1 hora. Se burbujeé N;
(g) a través de la mezcla durante 20 minutos seguido de
concentracién y bombeo bajo alto vacio durante 12 horas. La
espuma amarilla resultante se disolvié en THF (0,1M) y se
enfrié a -20°C y una solucién de N-clorosuccinimida (1,2
equiv) en THF se afiadi6 gota a gota durante 5 minutos. Des-
pués de agitar a -20°C durante 1 hora la mezcla se vertid
sobre hielo y se extrajo con dos porciones de EtOAc. Las
capas orgfnicas combinadas se lavaron con salmuera enfriada
en hielo, se secaron scbre NazS0,, pe filtraron y se con-
centraron. La purificacién por cromatograffa de gel de si-
lice proporcioné cloruro de {R)-5-{4-bromo-bencil)-7-(3,5-
dicloro-fenil)-5-metil-6-0x0-6, 7-dlhidro-5H-imidazo[1,2-a] -

imidazol-3-gulfonilo como un sélido.

Ejemplo 2: (8)-2-[(R)-5-[4-(4aminc-pirimidin-5-1il)-bencil-
[7-(3,5-dicloro-fenil) -5-metil-6-oxo-6,7-dihidro-5H-1imi-
dazo[l,3-a]limidazol-3-sulfonilamino] -N-(2-hidroxi-etil) -
proplonamida (660,4, M+l):
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0=§=0 =§ °
HCI a Br 0=8§=
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H
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A una suspensién de la sal hidrocloruro de (8)-2-
amino-N- {2-hidroxi-etil) -propionamida (0,53 g, 3,2 mmol, 3
equiv) en 10 ml de DMF se afiadi6 DMAP (4 equiv), y la mez-
cla resultante se agité a temperatura ambiente durante 1
hora. A esta solucién se afladid cloruro de (R)-5-(4-bromo-
bencil) -7-(5,5-dicloro~-£fenil) -S-metil-6-oxo-6,7-dihidro-5H-
imidazo[l,2-a)imidazol-3-pulfonilo) (0,580 mg, 1,06 mmol)
en 2 ml de DMF a temperatura ambiente. Después de agitar a
temperatura ambiente durante 15 minutos, la mezcla se di-
solvié en EtOAc y Be lavS con agqua diluida, HCl, NaHCO,, Yy

salmuera, s2 secd Bobre Na;S0,, se filtrd y se concentré.
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La purificacifén del producto crude por cromatografia de gel

de silice dio 0,305 ml del producto deseado.

Una mezcla de (S)-2-[(R)-5-{4bromo-bencil)-7-(3,5-
dicloro-fenil)-5-metil-6-oxo-6,7-dihidro-5H-imidazo[1,2-«] -
imidazol-3-sulfonilamino] -N- (2-hidroxi-etil) -propionamida
(0,310 g, 0473 mmol), bispinacolato)diboro (0,240 g 0,946
mmol) y KOAc (0,140 g, 1,419 mmol) en 29 ml de dioxano se
spometieron a reflujo con N2 durante 15 minutos. Se afiadié
PdCl,; (dppf) (0,039 g, 0,047 mmol), y la mezcla de reaccién
Be calenté a 80°C durante 36 horas. Después de enfriar a
temperatura ambiente, la mezcla se concentrS, y el residuo
ge diluy$ con 150 ml de EtOAc, se lavd con agua y salmuera,
se secd sobre MgSO,, y se concentrd. El residuo se purificd
por cromatoorafia de gel de sflice para dar 0,204 g (62%)
del boronato.

Una mezcla del boronato anterior (0,204 g, 0,295
mmol), S5-bromo-2-amino-pirimidina (0,078 g, 0,0443 mmol), y
K2C03 (0,122 g, 0,885 mmol) en 8 ml de dimetoxietano y 1,2
ml de agua se sometié a reflujo con N; durante 20 minutos.
PdCl, (dppf) (0,025 g, 0,0030 mmol) se afiadisé, y la mezcla
de reaccién se calent$ a 80°C durante 2 horas. Después de
enfriar a temperatura ambiente, la mezcla se diluyd con
EtOAc, se lavd con agua y salmuera, y se concentrsS. El re-
siduo se purificd por cromatografia de gel de silice y TLC
preparativa para consequir 0,062 (32%) del compuesto del
titulo {660,4, M+1l): El compuesto siguiente se prepars por
procedimientos anilogos a los descritos en el Ejemplo 2:

(8)-2-[(R)-5-[4- (4-amino-pirimidin-5-il) -bencil [-7- (3,5~
dicloro-fenil)-5-metil-6-oxo0-6,7-dihidro-5H-imidazo[1l,2-a] -
imidazol-3-sulfonilamine) -N- (2-hidroxi-etil) -propionamida
{(687,1, M+l1):
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Ejemplo 3: S8intesis de (8)-2-[(R)-5-(4-clano-bencil-7-(3,5-
dicloro-fenil) -5-metil-6-oxo-6,7-dlhidro-5E-imidazo[1,2-a] -~
imidazol-3-sulfonilamino] -propionamida

c{d = {O‘N -
so,.mncs

o e

A una solucién de (R)-3- (4-bromo-bencil)-1-(3,5-
dicloro-fenil) -3-metil-1H-imidazo[1l,2-a]imidazol-2-ona (3,0
g, 6,6 mmol) en DMF (60 ml) se afladié Zn(CN;) (0,47 g 4,0
mmol). La solucién resultante se desgasificé con una co-

7
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rriente fuerte de N; durante 2 horas. Se afladieron Pd;dba; y

dppf y la mezcla de reaccidn se calentd a 120°C durante 2
horas. El disolvente se evaporf y el residuo se disolvid en
EtOAc, se lavé después con agua y salmuera, después se secd
y se filtr§ y el residuo se purificé socbre Florisil para
coneegulir 2,42 g del producto deseado. Este producto se
tratd después de manera similar a la descrita en el Ejemplo
1 para produclir cloruro de (R)-5-(4~ciano-bencil-7-(3,5-
dicloro-fenil) -5-metil-6-oxo0-6,7-dihidro-5H-imidazo[l,2-a) -
imidazol-3-sulfonilo.

Hidrocloruro de L-alaninamida (0,151 g, 1,209 mmol) me
disolvié en DMF anhidro y se afadié6 DMAP (0,197 g, 1,612
mmol) a la solucién. La mezcla de reaccién se agitd a tem-
peratura ambiente durante 1 hora. Después se afladié cloruro
de (R) -5-{4-ciano-bencil-7-{3,5-dicloro-fenil)-5-metil-6-
oxo-6,7-dihidro-5H-imidazo[l1,2-a]imidazol-3-gulfonilo (0,24
g, 0,484 mmcl) en DMF anhidro a la mezcla de reaccién y se
agité durante 10 minutos adicionales. La solucibén de reac-
cién se diluyd con EtOAc y Be lavd con agua, HCl 1N y des-
pués agua. La fase orginica se sec6 sobre Na;SO,, se filtré6
y se concentré bajo presién reducida. El producto crudo se
purificé por cromatografia de columna de gel de silice para
coneeguir 0,211 g del compuesto del titulo como un se8lido
escamoeo blanco (M+1l, 547,2).

Ejexplo 4: Sintesis de (8)-N-carbamoilmetil-2-{[(R)-5-(4-
clano-bencil-7-(3,5-dicloro-£fenil) -5-metil-6-ox0-6,7-d4ihi-
dro-5E-imidaszo[l,2-a) imidaxocl-3-sulfonlilamino] -propionamida

22



10

15

20

19

1] 5 g

DMAP, DMF
=y 2 TFACHCl

-

H ,Nj\’NH‘ HCI

PyBOP, DIPEA
'l
DMF

Hidrocloruro de L-alanina t-butil éster (0,88 g, 4,84
mmol) se disolvié en DMF anhidra (10 ml) y se afiadié DMAP
(0,79 g, 6,46 mmol) a la solucién. La mezcla de reaccidn se
agité a temperatura ambiente durante 1 hora y cloruro de
(R) -5-{4-ciano-bencil-7-(3,5-dicloro-fenil) -5-metil-6-oxo-
6,7-dihidro-5H-imidazo[l,2-a]imidazol-3-sulfenilo (0,80 g,
1,61 mmol) se afladid a la mezcla de reaccién. La mezcla de
reaccién se agitd a temperatura ambiente durante otros 10
minutos. La mezcla de reaccién se lavé con agua (x3), HCl
1N en NaHCO; saturado. La fase orgénica se secd sobre Na,SO,
y Be concentrS. El producto crudo se purific6 por columna
de cromatografia de columna de gel de silice utilizando
Ca2Cl;-MeQOH (98:2) como eluyente para conseguir 0,94 g de la
sulfonamida t-butil é&ster. El producto resultante se traté
con dcido trifluorocacético (5ml)y en C;Cl; (10 ml) a tempe-
ratura ambiente durante 3 horas. La solucifén de reaccifn se
diluyd con C3;Cl, y se lavd con agua. La fase orgénica se

secd sobre Na;S0, y después se concentrd para conseguir
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0,67 g de &cildo {8)-2-[(R})-5-(4~-ciano-bencil-7-(3,5-

dicloro-fenil) -5-metil-6-0xo-6, 7-dihidro-5H-imidazo[1,2-a] -
imidazol-3-sulfonilamino] -propifénico como una espuma blan-
ca.

El &cldo carboxilico anterior (0,05 g, 0,091 mmol) se
disolvié en DMF anhidro (2ml) y se afiadié hexafluorocfosfato
de benzotriazol-l-iloxitris(pirrolidino)fosfonio (PyBOP)
(0,071 g, 0,137 mmol) a la eoluciédn de reaccifén. La mezcla
de reacci6n se agité a temperatura ambilente durante 10 mi-
nutos y se afiadié hidrocloruro de glicinamida (0,015 g,
0,137 mmol) a la mezcla seguido de N,N-diisopropiletilamina
{0,039 ml, 0,027 mmol). La mezcla de reacci6mn se agit6 a
temperatura ambiente durante otros 15 minutos. La mezcla se
diluybé entonces con EtOAc (10 ml) y se lav6é con agua {(x2),
HCl1 1N, NaHCO, saturado y después agua (x1). La fase orgi-
nica se sect después sobre Naz;S0O, y se concentré. El pro-
ducto crudo se purificé por cromatografia en capa fina pre-
parativa en gel de silice utilizando C;Cl;-MeCH (95:5) como
eluyente para conaseguir 0,043 del compuesto del titulo como
una espuma blanca (M+l, 604,2).

El compuesto siguiente se hizo por procedimientos an&-
logos a los descritos en el ejemplo anterior: (8)-2-[(R)-5-
{4-ciano-bencil-7-(3,5-dicloro-fenil) -5-metil-6-oxo-6,7-
dihidro-5H-imidazo[l,2-alimidazol-3-sulfonilamine] -N- (2-hi-
droxi-2-metil-propil) -propionamida: (M+1, 619)propionamida

7
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Ejemplo 5: Bintesis de (8)-N-((R)-l-carbamoilmatil-2-([(R)-
5-(4-ciano-bencil) -7-(3,5-dicloro-fenil) -5-metil-6-oxo0-6,7-
dihidro-5H-imidazo[l,2-a] imidazol-3-sulfonilamino] -

proplionamida
I-l,Nj\’NH' HCl

El &cido (S)-2-[(R)-5-(4-ciano-bencil-7-(3,5-dicloro-
fenil)-5-metil-6-ox0-6,7-dihidro-5H-imidazo[1, 2-a] imidazol-
3-sulfonilamino] -propiénico (véase ejemplo 14) (0,05 g,
0,091 mmol) se disolvié en DMF anhidra (2ml) y se ailadid
TBTU (0,044 g, 0,137 mmol) a la solucién de reaccibén. La
mezcla de reaccifn se agité a temperatura ambiente durante
10 minutos y se afiadié hidrocloruro de D-alaninamida (0,017
g, 0,137 mmol) a la mezcla sequido de N,N-
diisopropiletilamina (0,039 ml, 0,227 mmol) La mezcla de
reaccifn se agité a temperatura amblente durante otros 15
minutos. La mezcla se diluy® entonces con EtOAc (10 ml) y
se lavé con agua, HCL 1 N, NaHCO; y después agua. La fase
orgénica se secd sobre Na,80, y se concentrd. El1 producto
crudo se purificd por cromatografia en capa fina preparati-
va de gel de eilice para conseguir 0,035 g del compuesto
del tftulo como una espuma blanca (M+1,618,2).

Ejemplo 6: 8intesis de (B)-2-[(R)-5-(4-ciano-benci)l-7-
(3,5-diclozrc-fenil)~-5-metil-6-oxo-6,7-dihidro-5E~-imidazo-

7S
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[1,2-a]imidazocl-3-sulfonilamino] -N-{(2-hidroxi-etil) -

propionamida
H athanolamine
0 CracN o cHC,

0=§=0

o
HO_~ NH_, HC| DMAP
h DMF

Una mezcla de L-Boc-alanina (0,40g, 2,11 mmol), eta-
nolamina (0,15 ml, 2,54 mmol) y HOBt (0,29 g, 2,11 mmol) en
CH,CN anhidro (9 ml) se enfrié a 0°C y se afladlié hidroclo-
ruro de 1-(3-dimetilaminopropil)-3-etilcarbodiimida (EDC)
(0,49 g, 2,54 mmol) a la mezcla de reaccién. La mezcla de
reaccién se dejd calentar a temperatura ambiente y se agitéd
durante 19 horas. La mezcla de reaccién pe diluy$ con EtOAc
y se lavs con dcido citrico al S%. lLa capa acucsa se extra-
jo con EtOAc. Las fases orgfinicas combinadas se lavaron con
NaHCO, y salmuera. La fase orgénica se sec6 sobre Na,SO, y
se concentré para consegquir 0,38 g del producto acoplado
como un aceite incoloro.

El alcohol anterior (0,34 g, 1,45 mmol) se disolvié en
CH;Clz (3 ml} y se afiadié HCl 4N en dioxano (3 ml) a la so-
lucién. La sBolucién de reaccién se agit$é a temperatura am-
biente durante 2 horas y se concentr$ para conseguir hidro-

cloruro de (S)-2-amino-N-(2-hydroxi-etil)-propionamida.
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A una golucién de la sal de amina anterior (0,043 g,

0,254 mmol) en DMF anhidro, se afiadié DMAP (0,037 g, 0,303
mmol) . La mezcla de reaccifn se agit6 a temperatura ambien-
te durante 1 hora, se afiadié entonces cloruro de (R)-5-(4-
clano-bencil) -7-(3,5-dicloro-fenil) -5-metil-6-oxo-6,7-
dihidro-5H-imidazo[1,2-a] imidazol-3-sulfonilo (0,036 g,
0,073 mmol) a la mezcla de reaccidén y se agitd durante
otras 2 horaa. La mezcla de reaccién se diluyd con EtOAc y
gae lavé con HCl 1N y NaHCO, saturado. La fase orginica se
pecd sobre Na;SO, y 8se concentrS. El residuo se purificé
por cromatograffa en capa fina preparativa de gel de siflice
para conseguir 0,035 g del compuesto del titulo como una
espuma blanca (M+1, 591,1).

Ejemplo 7: Amida del &cido (8)-2-[(R)-5-(4-clano-bencil)-7-
{(3,5-dicloro-fenil) -5-metil-6-ox0-6,7-dihidro-58E-imidazo-
[1,2-a]limidazol-3-sulfonilamino] -5-morfolin-4-1l1-5-oxo0-

o = E?;z‘f* —,,2‘“

m‘ru.ll'- To‘ﬁ m
e

7

Cf

A una nezcla del 1l-bencil éster del &dcido (8)-2-terc-
butoxicarbonilamino-pentanodioico (4.5 g, 13.4 mmol), morx-

folina (1.29 mL, 14.8 mmol), HOBt (1.89 g, 14.0 mmol) en

27—
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CH;Cl, (18 ml) a ¢ °C, me afiadié lentamente una solucién de

DCC (2,89 g, 14.0 mmol) en C;Cl; (18 ml). La solucién se
lavé con NaHCO., 1 N HCl, y finalmente salmuera. La fase
orgé&nica se sBecd sobre Na;SO, y después se filtrS6. La eva-~
poracién del disolvente proporcion6 la amida deseada (5,42
g) como un B6lido blanco.

Una mezcla de la amida anterior (6,17 g, 1,52 mmol) y
Pd/C al 10% (0,52 g) en EtOAc (50 ml) se hidrégeno bajo
presién atmosférica durante 24 horas. La mezcla se filtr6 y
ge concentrd para  proporcionar écido (S)-2-terc-
butoxicarbonilamino-5-morfolin-4-il-5-oxo-pentanoico (3,12
g) como una espuma que se usa sin purificacién posterior.

Se burbuje6 gas amoniaco dentro de una solucién del
dcido carboxilico obtenido antes (3,12 g, 9,86 mmol) y he-
xafluorofoafato de O-(7-azabenzotriazol-1-il)-N, N, N‘, N’-
tetrametiluronio (HATU) (5,25 g, 13,8 mmol) en DMF (30 ml)
con agitacién durante 20 minutos. A la suspensifén amarilla
resultante se afiadié N,N-diisopropiletilamina (5,15 ml,
29,5 mmol) mediante jeringa. La mezcla se agitdé bajo una
atmésfera de nitrSgeno durante la noche. La reaccién se
filtrdé y se concentrd bajo vacio. El residuo resultante se
disolvié en C)Cl,, se lavé con NaHCO; saturado, HCl 1 N y
finalmente salmuera. La capa orgdnica se secd sobre Na;SO,,
se filtrd y se concentrd. El residuo resultante se recris-
taliz6 desde EtOAc para proporcionar la amida (1,16 g) como
un sélido blanco.

El grupo Bec se separd con HCl en EtOAc y el resultan-
te hidrocloruro de la amida del 4&cido (S)-2-amino-5-
morfolin-4-il-5-oxo-pentanocico se recogié por filtracién en
vacio y se utiliz6 sin purificacién posterior. A una solu-
cién agitada de cloruro de (R)-5-{4-ciano-bencil)-7-(3,5-
dicloro-fenil)-5-metil-6-ogo-6,7-dihidro-5H-imidazo[1,2-a]-
imidazol-3-sulfonilo (76 mg, 0,13 mmol} en DMF {4 ml} Be

gF
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afiadié N,N-diisoproplletilamina (60 paL, 0,39 mmol) y el
hidrocloruro de la amina (100 mg, 0,4 mmol). Después de
agitar durante la noche el DMF se separS bajo vacio y el
residuo resultante se cromatografidé bajo gel de silice. El
5 producto Be purificd después por HPLC semipreparativa para
proporcionar 32 mg del compuesto del titulo como un sélido

blanco (M+l, 674,04).

Ejemplo B8: Sintesls de (8)-2-[(R)-7-(3,5-diecloro-fenil)-5-

10 metlil-é6-oxo-5-(4-trifluorometoxi-bencil)-6,7-dihidro-5H-
imidaxo[l,2-a)] imidaxzol-3-sulfonilamino]) -propionamida

s el )
Br
o * é s, emnioy o
Fe ""(‘ &, e F=°1;" "~ fna "'-"‘é
OCF.

Q"iQ GQIG 1)"'°j:m' U\Q’u

s‘fﬂ +BuOOH =(N NH, PPTS
DMAP i 2) p-TsOH l«"
OCF, OCF,
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Bis{trimetilsilil)amida de litio {LiHMDS) (38,0 mL, 1

M en THF) se afiadié lentamente gota a gota durante 25 minu-
tos a una solucién de (2S8,5R)-2-terc-butil-3-(3,5-dicloro-
fenil) -S-metil-1-(2,2,2-trifluoroacetil)-imidazolidin-4-ona
(10,0 g, 25,17 mmol) en 60 ml de THF a -20°C. Después de
agitacién a -20°C durante 20 min., se afiadi® gota a gota
una solucién de bromuro de 4-trifluorometoxibencilo (6,04
ml, 37,76 mmol) en 30 mL de THF durante 20 minutos. La mez-
cla se agité a -20°C durante 45 minutos, se calent a -5°C
durante 1 hora y después ee vertié sobre 50 ml de solucién
gaturada de NH.Cl sBolucién enfriada en hielo. La mezcla re-
sultante se extrajo con EtOAc. Las fases orgénicas combina-
dag pe lavaron con salmuera, 8Se pecaron Bobre NazSO,, se
filtraron y se concentraron. El producto crudo se triturd
con hexanos para proporcionar 12,5 g (87%) de (2R,5R)-2-
terc-butil-3-(3,5-dicloro-fenil) -5-metil-1-(2,2,2-trifluo-
ro-acetil)-5- (4-trifluorometoxi-bencil) ~imidazolidin-4-ona
como un s8lido blancuzco.

A una solucién de la imidazolidinona anterior (6,0 g,
10,5 mmol) en 40 ml de dioxano se afladié hidréxido de ben-
ciltrimetilamonio acuoso al 40% (6,59 g, 15,75 mmol) a tem-
peratura ambiente. Cuando se hubo calentado la mezcla a
40°C, se afiadié hidréxido B6dico acuoso al 50% (1,68 g,
21,0 mmol) gota a gota lentamente durante 5 min. La mezcla
se agitd a 40°C durante 18 horas, después se afladid lenta-
mente una sclucién de 6,4 g de HCl concentrado en 3,3 ml de
agqua gota a gota durante 10 minutos. La mezcla se calentd a
50°C y se acitd durante 5 horas adicionales, después se en-
fri6é a temperatura ambiente y se concentrd. Se afiadieron 50
ml de tolueno al residuo, y la mezcla bifdsica se agité
fuertemente mientras se afiadfa lentamente gota a gota

hidréxido s&dico acuoso al 50% (3,0 g) (pH de la fase acuo-

sa 210). La capa acuosa Be extrajo con tolueno, y las faases
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orgénicas combinadas se lavaron con agua y salmuera, se se-

caron sobre Na;$0,, se filtraron y concentraron para conse-
guir 4,24 g de (R)-2-amino-N-(3,5-dicloro-fenil)-2-metil-3-
(4-trifluorometoxi-fenil) -propionamida como un aceite ma-
rrén claro.

A una solucién de la propionamida anterior (4,24 g,
10,41 mmol) =n 30 ml de THP se afiadié tiocarbonildiimidazol
(2,81 g, 15,77 mmol) y 4-dimetilaminopiridina (DMAP} (0,127
g, 1,04 mmol). La mezcla se calent6 a reflujo durante 17
horas, se enfri6 a temperatura ambiente, y se concentrs. El
residuo aceitoso de color naranja se disolvié en 50 ml de
tolueno y se traté§ lentamente gota a gota con 20 ml de so-
lucién de HCl acuoso al 5%. Después de agitar la mezcla du-
rante 10 minutos, la capa acuosa se separd y se extrajo con
tolueno. Las fases orgdnicas combinadas se lavaron con agqua
y salmuera, se secaron scbre Na,SO,, se filtraron y se con-
centraron para proporcionar 4,48 g de (R)-3-(3,5-dicloro-
fenil)-5-metil-2-tioxo-5-(4-trifluorometoxi-bencil) -imida-
zolidin-4-ona como una espuma naranja.

A una solucién de la tiohidantoina anterior (4,47 g,
9,95 mmol) y aminocacetaldehidc dimetilacetal (6,50 mL, 59,7
mmol) en 20 ml de MeCH se afiadieron 7,69 ml (59,7 mmol, 70%
en agua) de solucidén de t-butil hidroperéxido gota a gota
durante 25 minutos. Durante la adicifn y durante aproxima-
damente 1 hora después, la temperatura interna de la mezcla
se mantuvo nor debajo de 20°C con un bafic de agua helada.
La mezcla se agité a temperatura ambiente durante 86 horas,
y se afiadieron lentamente gota a gota 25 ml de solucién sa-
turada de NaHSO, manteniendo la temperatura interna por de-
bajo de 20 °C con un bafic de agua helada. La mezcla blanca
turbia resultante se concentré. Al residuo se afladié EtOAc,
y esta mezcla se concentrs de nuevo. El residuo aceitoso se

reparti6 entre EtOAc y agua y la fase acuosa se separd y se
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extrajo con EtOAc. Las capas orgénicas combinadas ase lava-

ron <¢on agua y salmuera, se secaron sobre NazSO,, se fil-
traron y se concentraron para dar 5,21 g de (R)-3-(3,5-
dicloro-fenil) -2-[(E)-2,2-dimetoxi-etilimino] -5-metil-5-(4-
triflucorometoxy-bencil) -imidazolidin-4-ona como un aceite
espeso amarillo.

Una Bolucién del acetal crudo anterior (5,20 g, 9,95
mmol} en 30 ml de acetona 8e traté con d&dcido p-
toluensulfénico (1,89 g, 9,96 mmol). La mezcla se calenté a
reflujo durante 2 h, después sBe enfri6 a temperatura am-
biente y Be concentrS. El aceite resultante naranja oscuro
se disolvié en 40 ml de EtOAc y se tratd cuidadosamente con
una solucién de 2,3 g de NaHCO; en 23 ml de agua. Después
de que ha cesado la produccién de gas, la fase acuosa se
separf y se extrajo con dos porciones de EtOAc. Las capas
orginicas combinadas se lavaron con solucifn saturada de
NaHCO;, dos porciones de agua, y salmuera, se secaron socbre
Na;S0,, se filtraron y se concentraron. El residuo aceitoso
ge purific6é por cromatografia de gel de silice para conse-
guir 1,58 g de (R)-1-(3,5-dicloro-fenil)-3-metil-3-(4-
trifluorometoxi-bencil) -1H-imidazo[1l,2-a] imidazol-2-ona
(456,2, M+l).

Una 8olucién de (R)-1-(3,5-dicloro-fenil)-3-metil-3-
(4-trifluorometoxi-bencil) -1H-imidazo{1,2-a]l imidazol-2-ona
(Ejemplo 1) (1,54 g, 3,38 mmol) en 30 ml de THF se tratd
con N-iodosuccinimida (0,846 g, 3,76 mmol) y p-
toluensulfonato de piridinio (0,086 g, 3,76 mmol). La mez-
cla se agitdé a temperatura ambiente durante 17 horas, des-
puée se diluyd con EtOAc y Be lavé con solucién de Na;S:0,
al 10% y acua. Las capas acucsas combinadas se extrajeron
con 10 ml de EtOAc. Las fases orgfinicas combinadas se lava-
ron con 25 ml de salmuera, se secaron sobre Nap;50,, se fil-

traron y ee concentraron. El aceite naranja crudo se puri-
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ficé por cromatografia de gel de sflice para proporcionar

1,27 g (65%) de (R)-1-(3,5-dicloro-fenil)-5-iodo-3-metil-3-
(4-triflucrometoxi-bencil) ~1H-imidazo[l,2-a)] imidazol-2-ona
como un aceite blancuzco (562,0 M+l).

Una solicién del yoduro anterior (1,24 g, 2,13 mmol)
en 16 ml de THF pe enfrid a -40 °C mientras se afiladia gota
a gota cloruro de ciclopentilmagnesio (1,17 ml, 2 M en éter
dietfilico durante 10 min. Después de agitar a -40°C durante
1 h, se afiadié S0; {g) colocando una aguja de admisién jus-
to encima de la superficie de la mezcla de reaccién durante
1,5 minutos. La mezcla amarillo brillante se calenté a
-20°C durante 1 h y después se agit6 a temperatura ambiente
durante 1 h., N; (g)] se burbujeé a través de la mezcla du-
rante 20 min. sequido de concentracién y bombeo bajo alto
vacio durante 12 h. La espuma resultante amarilla ee disol-
vi6é en 16 ml de THF y se enfrié a -20 °C mientras una solu-
cién de N-clorosuccinimida (0,341 g, 2,56 mmol) en 8 ml de
THF se afiladia gota a gota durante 5 minutos. Después de
agitar a -20 °C durante 1 hora, la mezcla se vertid seobre
hielo y se extrajo con dos porciones de BtOAc. Las capas
orginicas combinadas se lavaron con salmiera helada, se sBe-
caron sobre Na;S0,, se filtraron y se concentraron. La pu-
rificaclén por cromatografia de gel de silice proporcioné
0,975 g (83%) de aceite espeso de cloruro de (R)-7-(3,5-
dicloro-fenil) -5-metil-6-oxo-5- (4-trifluorometoxi-bencil}) ~
6,7-dihidro-5H-imidazo[1,2~a] imidazol-3-gulfonilo {(554,2,
M+1).

Una soluciSn de sal de L-alaninamida HCl (0,097 g,
0,782 mmol) en 6,5 ml de DMF Be traté con trietilamina
(0,163 ml, 1,17 mmol) a temperatura ambilente. Después de
agitar durante 10 minutos, se afiadi6 rApidamente gota a go-
ta una solucién del cloruro de sulfonilo anterior (0,217 g,
0,391 mmol) en 1 ml de C;Cl;, y la mezcla turbia se agité a
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temperatura ambiente durante 5 h. Después de adicidn de

EtOAc, la capa orgidnica se lavdé con agua, después salmuera,

se gsecd sobre Na,80,, se filtrd y se concentré. El producto

crudo se purificé por cromatografia de gel de silice para

5 conseguir 0,193 g (81%) del compuesto del titulo como un
s6lido blanco (606,3," M+l).

El compuesto siguiente se prepard por un procedimiento

anilogo al Ejemplo 8:

10 (R}-2-[{R)-7-(3,5-dicloro-fenil)-5-metil-6-oxo-5-(4-tri-
fluorometoxi-bencil) -6, 7-dihidro-5H-imidazo[1l,2-a)] imidazol-
3-gulfonilamino] -propionamida (606,4, M+l):

15

Ejemplo 9: Bintesis de (8)-2-[(R)-7-(3,5-dicloro-fenil)-5-

motil-6-oxo-5- (4-trifluorometoxi-bencil) -6,7-dihidro-5H-

imidazo[l,2-a] imidazol-3-sulfonilamine] -N- (2-hidroxi-atil) -
20 propionamida.

25
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A una suspensién de N-Boc-L-({N’-hydroxietil}ala-
ninamida (0,188 g, 0,809 mmol) en 1 ml de dioxano se afadié
HC1l (2,0 ml, 4 M en dioxano), y la mezcla resultante turbia
se agité a temperatura ambiente durante 2,5 horas. La con-
centracién e la mezcla se realizd por adicién de CH;Cl;, ¥y
este procesc se repiti6 dos veces. El bombeo final bajo al-
to vacio durante 12 horas proporcion un aceite incoloro.
La sal cruda de amina HCl1l se disolvi& en 1.5 ml de DMF y se
traté con trietilamina (0,157 ml, 1,13 mmol). Después de
agitar a temperatura ambiente durante 10 minutos, una solu-
cién de cloruro de (R)-7-(3,5-dicloro-fenil)-5-metil-6-oxo-~
5-(4-trifluorometoxi-bencil) -6,7-dihidro-5H-imidazo[1,2-a] -
imidazol-3-sulfonilo (0,125 g, 0,225 mmol) en 3 ml de
CHzCl; se afiadi6 rdpidamente gota a gota a través de una cé-
nula. La mezcla de reaccién se agitdé a temperatura ambiente
durante 4 horas. Después de adicidn de EtOAc, la capa orgé-
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nica pe lavé con tres porciones de solucién de NaCl al 5%,

después con salmuera, se secd sobre Na;S0,, se filtr6 y se
concentrS. El1 producto crudo se purificé por cromatografia
preparativa TLC para conseguir 0,118 g (8l%) del compuesto
del titulo como una espuma blanca (649,9, M+l).

El compuesto siguiente se prepard por un procedimiento

anfilogo al Ejemplo 9:

(S)-2-[(R)-7-(3,5-dicloro-fenil) -5-metil-6-oxo-5-{4-txri-
fluorometoxi-bencil) -6, 7-dihidro-5H-imidazo([1,2-a)l imidazol-
3-pulfonilamino] -N- (2-hidroxi-2-metil-propil) -propionamida
(678,3, M+1):

OCF,

Descripeién de las propiedades bilolégicas

Las propiedades biolégicas de los compuestos represen-
tativos de la f6Srmula I se investigaron por medio del pro-

tocolo experimental descrito a continuacién.

Ensayo para determinar la inhibicién de la unién de LFA-1 a
ICAM-1

Propbsito del ensayoc:
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Este protocolc de ensayo ept& disefiado para estudiar

el antagonismo directo, por un compuesto de prueba, de la
interaccién de CAM, ICAM-1 con la Leucointegrina CD18/CDlla
(LFA-1).

Descripcién del protocolo de ensayo:

LFA-1 se inmunopurifica utilizando el anticuerpo TS2/4
de un pelet de 20 g de células JY o SKW3 humanas, utilizan-
do un protocolo previamente descrito (Dustin, M. J.; et
al., J. Immunol. 1982, 148, 2654-2660). El LFA-1 se purifi-
ca a partir de lisatos SKW3 por cromatografia de inmunoafi-
nidad sobre Sefarosa mAb TS2/4 LFA-1 y se eluye a pH 11,5
en la presencia de MgCl; 2 mM y octilglucdésido al 1%. Des-

pués de reccger y neutralizar las fracciones de la columna
TS2/4, las muestras se relnen y se preaclaran con agarosa
proteina G.

Se construye, se expresa, se purifica y se caracteriza
una forma scluble de ICAM-1 como se ha descrito previamente
(Marlin, §.; et al., Nature, 1990, 344, 70-72 y véase Arru-
da, A.; et al., Antimicraob. Agents Chemohter. 1992, 36,
1186-1192). Brevemente, la, isocleucina 454 que sBe localiza
en el limite putativo entre el dominio 5 del ectodominio y
el dominio de la transmembrana se cambla a un codén de ter-
minacién utilizando mutagénesis dirigida por oligonuclebti-
dos esténdar. Esta construccién produce una molécula idén-
tica a los primeros 453 aminodcidos de ICAM-1 unido a la
membrana. Se crea un vector de expresién con un gen de
hidrofolato reductasa de himater, un marcador de resisten-
cia a neomicina, y la regién codificante del constructo
BICAM-1 descrito antes, junto con el promotor, las sefiales
de empalme, y la sefial de poliadenilaci6n de la regifn
préxima SV4). El pldsmido recombinante se transfecta a cé-
lulas CO DUX utilizando mé&todos de fosfato calcico estéin-
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dar. Las células se pasan a un medic selectivo (G418) y las

colonias que secretan sICAM-1 se amplifican utilizando me-
totrexato. sICAM-1 se purifica desde medios libres de suerxo
utilizando técnicas cromatogrificas no de afinidad, inclu-
yendo cromatografia de intercambio i6mico y cromatografia
de exclusifn por tamario.

La unién de LFA-1 a ICAM-1 se controla incubando pri-

meramente sICAM-1 a 40 pg/ml en solucién salina tamponada

de fosfato Iulbecco con calcio y magnesio, MgCls 2 mM adi-

cional y PMSF 0,1 mM (tampén de dilucién) en una placa de
96 pocillos durante 30 minutos a temperatura ambiente. Las

placas se bloquean después por adicién de albimina de suero

bovino al 2%{(p/v) en tampén de dilucién a 37 ©C durante 1
h. La solucién de bloqueo se separa de los pocillos y los
compuestose de prueba se diluyen y después se aifiaden, segui-
dos de la adicién de aproximadamente 25 ng de LFA-1 purifi-
cada por inmmunoafinidad. La LFA-1 se incuba en presencia
del compuesto de prueba y ICAM-1 a 37°C durante hora. Los
pocillos se lavan tres veces con tampém de dilucién. El
LFA-1 unido se detecta por adiciém de un anticuerpo mono-
clonal dirigido contra un péptido gue corresponde a la cola
citopléismica en una dilucién 1:100 con tampSn de dilucién y

BSA al 1% y se deja incubar durante 45 minutos a 37 ©9C. Los
pocillos se lavan 3 veces con tampSn de dilucifén y el anti-
cuerpo monoclonal unido se detecta por adicién de una dilu-
cién 1:4000 de peroxidasa de ribano picante conjugada a in-
munoglobulina de cabra dirigida contra inmunoglobulina de
conejo. Este reactivo se deja incubar durante 20 minutos a
37 ©C, los pocillos se lavaron como anteriormente y se afia-
de el sustrcto para la peroxidasa de ridbano picante a cada
pocillo pars desarrcllar una seiflal colorimétrica cuantita-
tiva proporcional a la cantidad de LFA-1 unido a sICAM-1.

ICAM-1 soluble {60 pg/ml) se usa como un control positivo
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para la inhibicién de la interaccién LFA-1/ICAM-1. la au-

sencla de la adicién de LFA-1 al ensayo de unifn se usa co-
mo un control de fondo para todas las muestras. Se obtiene
una curva dosis-reaspuesta para todos loe compuestos de
prueba.

Todos 108 compuestos hechos en los ejemplos anteriores

se probaron en este ensayo y se encontréd que cada uno tenia

un Kg < 10 pM.

Ensayo para determinar sl mestabolismo por enxzimas niicroas-
micas de higado humano

Propfeito del ensayo:

Eate protocolo de ensayo estf diseflado para medir el
metabolismo in vitro de los compuestos de prueba por enzi-
mas microsSmicas de higado humano. Los datos recogidos se
analizan para calcular la semivida (ti/;, min) para los com-

puestos de prueba.

Descripcién del protocolo de ensayo:

El ensayo se realiza en tampdn de fosfato potésico 50
mM, pH 7,4 y NADF 2,5 mM. Las muestras de prueba se disol-
vieron en acetonitrilo para una concentracién de ensayo fi-
nal de 1 - 10 uyM. Los microsomas de higado humano se dilu-
yeron en tampSn de ensayo hasta una concentracién de ensayo
final de 1 ng proteina/ml. Un volumen de 25 ul de solucién
de compuestc y 50 ul de suspensidén de microsomas se afladie-
ron a 825 pi de tampSn de ensayo. La preparacién se incuba
durante 5 minutos en un bafic de agua a 37°C. La reaccifn se
comenz6 por la adicién de 100 uL de NADF. Se separan volG-
menes de 80 gl de la mezcla de incubacién a 0, 3, 6, 10,
15, 20, 40, y 60 minutos dejes del comienzo de la reaccién

y se afiadieron a 160 pl de acetonitrilo. Las muestras se
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agitaron durante 20 segundos y después se centrifugaron du-

rante 3 minutos a 3.000 rpm. Un volumen de 200 pl del so-
brenadante se transfiere a platoe de filtro de fibra de vi-
drio de 0,2t wm y Be centrifuga durante 5 minutos a 3.000
rpm. Voliimenes de inyeccién de 10 ul se afladen tipicamente
a columnas de HPLC de Zorbax SB C8 con &cido férmico en
agua o acetonitrilo a un caudal de 1,5 ml/min. El porcenta-
je de pérdida del compuesto se calcula a partir del &rea
bajo cada punto de tiempo para determinar la semivida.

Los compuestos hechos en los ejemplos anteriores se
comprobaron en este ensayo y se encontr$ generalmente que

tenfan t;;2 2 50 minutos.

Descripcién del uso terapéutico

Las nuevas moléculas pequeiflas proporcionadas por la
invencién inhiben la agregacién homotipica dependiente de
ICAM-1/LFA-1 de linfocitos humanos y la adherencia de lin-
focitos humanos a ICAM-1. Estos compuestos tienen utilidad
terapéutica en la modulacién de activacibén/proliferacién de
células inmunes, por ejemplo, como inhibidores competitivos
de reacciones de unién ligando/receptor intercelular gque
implican CAMs y Leucointegrinas. M&s especificamente, los
compuestos de la invencidén pueden utilizarse para tratar
ciertos estados inflamatorios, incluyendc estados que re-
sultan de una respuesta del sistema inmune no especifico en
un mamifero (por ejemplo, sindrome de distrés respiratorio,
shock, toxicidad por oxigeno, sindrome de dafios orgénicos
miltiples secundarics a septicemia, sindrome de dafios orgi-
nicos miltiples secundarios a trauma, dafios por reperfusién
de tejidos cdebido a bypass cardiopulmonar, infarto de mio-
cardio o usc con agentes de trombolisis, glomerulonefritis
aguda, vasculitis, artritis reactiva, dermatosis con compo-

nentes inflamatorios agudos, ictus, dafio térmico, hemodis-
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lisis, leucaferesis, colitie ulcerante, enterocolitis ne-
crotizante o sindrome amociado con transfusién granulociti-
ca) y estados que resultan de una respuesta del sistema in-
mune especifico en un mamiferoc (por ejemplo, psoriasis, re-
chazo de trasplante de 6rgano/tejido, injerto frente a re-
acciones del huésped y enfermedades autoinmunes incluyendo
el sindrome de Raynaud, tiroiditis auotinmune, dermatitis,
esclerosis miltiple, artritis reumatoide, diabetes mellitus
dependiente de insulina, uveitis, enfermedad inflamatoria
del intestino incluyendo enfermedad de Crohn y colitis ul-
cerante, y lupus eritematoso sistémico). Los compuestos de
la invencién tamblién pueden usarse para tratar el asma o
como un auxiliar para minimizar la toxicidad de la terapia
con citoquina en el tratamiento de céinceres. En general es-
toe compueatos pueden emplearse en el tratamiento de las
enfermedades actualmente tratables mediante terapia con es-
teroides.

Asi, otro aspecto de la invencién es la provisibn de
un método para el tratamiento o profilaxis de las condicio-
nes descritas anteriormente mediante la administracién de
cantidades terapéuticas o profilécticas de uno o mdes com-
puestos de la f6rmula I.

De acuerdo con el método proporcionado por la inven-
cién, los nuevos compuestos de la f£6rmula I pueden adminis-
trarse con fines terapéuticos o profildcticos, solos o con
otrog agentesa inmunosupresores o antiinflamatorios Cuando
s8e suministran profilicticamente, los compuestos inmunosu-
presores ge proporcionan antes de cualquier respuesta o
sintoma inflamatorio (por ejemplo, antes de, en el momento
o justo después de un trasplante de tejido o de 6rgano pero
antes de cualquier sintoma de rechazo del 6rgano). La admi-
nistracién profildctica de un compuesto de la férmula I

sirve para prevenir o atenuar cualquier respuesta inflama-
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toria subsigquiente (comc por ejemplo, rechazo de un Srganc

o tejido trasplantado, etc.). La administracién terapéutica
de un compuesto de la férmula I sirve para atenuar cual-
quier inflamacién real (como por ejemplo, el rechazo de un
érgano o tejido trasplantado). Asi, de acuerdo con la in-
vencién, un compuesto de la férmula I puede administrarse
bien antes de la aparicién de la inflamacién (asfi como Bu-
primir una Inflamacién anticipada) o bien después de la
iniciacién de la inflamacidn.

El nuevo compuesto de la fSérmula I puede, de acuerdo
con la invencién, administrarse en dosis tGnica o dosis di-
vididas por via oral, parenteral o tépica. Una dosis oral.
conveniente para un compuesto de f&rmula I estari en el in-
tervalo de aproximadamente 0,1 mg a 10 g por dia. En las
formulaciones parenterales, una unidad de dosificacién con-
veniente puede contener desde 0,1 a 250 mg de esos compues-
tos, mientras que para administracién tépica, se prefieren
las formulaciones que contienen 0,01 a 1% de ingrediente
activo. Debe comprenderse, sin embargo, que la administra-
cién de dosis variard de paciente a pacilente y la dosifica-
cifén para cualquier paciente particular dependerd del dic-
tamen del mé&dico, que usBard como criterioc para fijar una
dosis adecuada el tamafio y el estado del paciente, asi como
la respuesta del paciente al farmaco.

Cuando los compuestos de esta invencién se administran
por via oral, pueden adminietrarse como medicamentos en
forma de preparaciones farmacéuticas que loas contienen en
asoclacién con un material soporte farmacéutico compatible.
Ese soporte puede ser un material inerte orgdnico o inorgh-
nico conveniente para administracién oral. Ejemplos de esos
materiales soporte son agua, gelatina, talco, almidén, es-
tearato de magnesio, goma ardbiga, aceites vegetales, po-

lialquilenglicoles, jalea de petrSleo y similares.
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Las preparaciocnes farmacéuticas pueden prepararse de

manera convencional y las formas de dosificacifn finales
pueden ser formas aélidas, por ejemplo, comprimidos, gra-
geas, cépsulas y similares o formas liquidas, por ejemplo,
soluciones, suspensiones, emulsiones y similares. Las pre-
paraciones farmacéuticas pueden someterse a operaciones
farmacéuticas convencionales como la esterilizacifn. Ade-
més, las preparaciones farmacéuticas pueden contener auxi-
liares convencionales, como conservantes, estabilizadores,
emulsificadores, mejoradores del sabor, agentes humectan-
tes, tampones, sales para variar la presién osmébtica y si-
milares. El material soporte s6lido que puede usarse, in-
cluye, por ejemplo, almidén, lactosa, manitol, metilcelulo-
sa, celulosa microcristalina, talco, 8ilice, fosfato de
calcio dibésico y polimeros de alto peso molecular (como
polietilenglicol).

Para uso parenteral, puede administrarse un compuesto
de f6rmula I en una solucién acucsa © no acuosa, suspensién
o emuleién en un aceite farmacéuticamente aceptable o una
mezcla de liquidos, que pueden contener agentee bacterios-
tAticos, antioxidantes, conservantes, tampones u otros so-
lutos para vreparar la solucién isoténica con la sangre,
agentes espesantes, agentes de suspensifén u otros aditivos
farmacéuticamente aceptables. Los aditivos de este tipo in-
cluyen, por ejemplo, tampones de tartrato, citrato y aceta-
to, etanol propilenglicol, polietilenglicol, formadores de
complejos {(como EDTA), antioxidantes (como bisulfito s&di-
co, metabilsulfito s6dico y @fcido ascérbico), polimeros de
alto peso molecular {(como 6xidos de polietileno liquidos)
para regulacién de la viscosidad y derivados de polietileno
de anhidridos de sorbitol. Pueden también afiadirse conser-

vantes si es necesario, como &cido benzoico, metil o pro-
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pilparabeno, cloruro de benzalconio y otroas compuestos de

amonio cuaternario.

Los compuestos de esta invenciétn pueden también admi-
nistrarse como soluciones para aplicacifn nasal y pueden
contener ademds de los compuestos de esta invencidén tampo-
nes convenientes, ajustadores de la tonicidad, conservantes
microbianos, antioxidantes y agentes que aumentan la visco-
gidad en un vehiculo acuoso. Ejemplos de agentes que aumen-
tan la viscosidad son alcohol polivinilico, derivados de
celulosa, polivinilpirrolidona, polisorbatos o glicerina.
Los conservantes microblanos pueden incluir cloruro de ben-
zalconio, timerosal, clorobutancl o alcohol feniletilico.

Adicionalmente, los compuestos proporcionados por la
invencién pueden administrarse tépicamente o por suposito-

rios.
Formulaciones
Los compuestos de la fé6rmula I pueden formularse para

adminisetracifn terapéutica de varias maneras. A continua-

cién se dan ejemplos de varias formulaciones.

Ejemplo A

Cépsulas o comprimidos

Ejemplo A-1 Ejemplo A-2
Ingredientes Cantidad | Ingredientes Cantidad
Compuesto de Compuesto de
férmula I 250 mg férmula I 50 mg
Almidén 160 mg Fosfato dicélci-

co 160 mg
Celulosa micro- Celulosa micro- .
cristalina 90 mg cristalina 90 mg
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Glicolato de Acido esteérico 5 mg
almidén sédico 10 mg
BEstearato mag- Glicolato de al-
nésico 2 mg midén aédico 10 mg
Silice coloidal Silice coloidal
ahumada 1 mg ahumada 1l mg

El compuesto de la f6rmula I se mezcla para formar un
polvo con los materiales excipientes mezclados previamente
identificadce con excepcién del lubricante. El1 lubricante
se mezcla después y la mezcla resultante se comprime en
forma de comprimidos o se rellena en cépesulas de gelatina

dura.

Ejemplo B

Soluciones parenterales

Ingredientes Cantidad
Compuesto de f6rmula I | 500 mg

PEG 400 40% en volumen
Alcohol etiflico 5% en volumen
Solucidén ealina 55% en volumen

Los mzteriales excipientes Bse mezclan y se afiaden
después a uno de los compuestos de la férmula I en tanto
volumen comc sea necesario para la disolucién. Se continia
la mezcla hasta que esta solucién esté& clara. La solucién
se filtra después en los viales o ampollas apropiados y se

esteriliza en autoclave.

Ejemplo C

Suspensidn
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Cantidad

Compuesto d2 férmula
I

Acido cftrico

Cloruro de benzalco-
nio

EDTA

Alcohol polivinilico

Agua

100 mg

1.92g

0.025% en peso
0.1 % en peso
10% en peso

c.s8. hasta 100mL

Los materiales excipientes se mezclan con agua y des-

pués se afiade uno de los compuestos de f&6rmula I y se con-

tinda la mezcla hasta que la suspensisn es homogénea.

La

suspensién se transfiere después a los viales o ampollas

apropiados.

Ejemplo D

Formulacién tépica

Ingredientes

cantidad

Compuesto de férmula
I

Tefose 63

Labrafil M 1944 CS
Aceite de parafina
Metilparabeno (MP)
Propilparabeno (PP)

Agua desionizada

Las cantidades apropiadas de Tefose 63,

5% en peso

13% en peso
3% en peso
8% en peso
0.15% en peso
0.05% en peso
g.8. a 100 ml

Labrafil M

1944 CS, aceite de parafina y agua se mezclaron y calenta-

ron a 75 °C hasta que

todos los componentes se han fundido.

La mezcla se enfria después a 50°C con agitacién continua.
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El metilparabenoc y el propilparabenc se afiadiercn y la mez-
cla se enfrid a temperatura ambiente. El compueato de f&r-

mula I se afiadié a la mezcla y se mezclS muy bien.
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REIVINDICACIONES

1. Un compuesto de la férmula I

NQrN O
.

S

N_©

o]
10 w\NL
R g N R

R o,

en que:
15 R! es alquilo lineal o ramificado de 1 a 3 &tomos de car-
bono que estid opcionalmente mono o disustituido con

restos independientemente seleccionados del grupo que

consiste en:

(i) oxo y
20 (ii) morfolino;
R? Y R? se seleccionan cada uno, independientemente, del

grupo que comprende:
(A) hidrégeno, y
(B) algquilo lineal o ramificado de 1 a 4 &tomecs de
25 carbono cuyoc grupo alquilo esta mono- o di-sustituido
con restos independientemente seleccionados del grupo
que consiste en:
(i) CONHz y
(ii) OH,
30 o R* y R’ juntos con el A&tomo de nitrégeno entre ellos for-
man un anillo de piperazina; y
R* es:

(A) ciano,
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(B) pirimidina que enst& mono o disustituida con NH: o

(C) trifluorometoxi;
O una de sus sales
2. Un compuesto de la férmula I, de acuerdo con la
reivindicacisn 1, en que:
R' es un grupo metilo;
R? Y R? ge seleccionan cada uno, independientemente, del
grupc que consiste en:
(A) hidrégeno y
(B) alquilo lineal o ramificado de 1 a 4 atomos de
carbono que estA mono o disustitufido con restos inde-

pendientemente seleccionados del grupo que conaiste

en:
(i) CONH; y
(ii) OH;

y R* es:

(A) ciano o
(B) trifluorometoxi;
o una de sus sales.
3. Un compuesto de la f6rmula I, de acuerdo con la
reivindicacifn 1 o 2, en que:
R' eB un grupo metilo;
Ry R se seleccionan cada uno, independientemente, del
grupo que consiste en:
(A) hidrégeno y
(B) alcquilo lineal o ramificado de 1 a 4 &tomos de
carbono que estd mono-~ o di-sustituido con restos in-
dependientemente seleccionados del grupo que consiste
en:
(1) CONH;; y
(ii) OH; y R' es trifluorometoxi;

© una de sus sales.
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4, Un compuesto de la férmula I, de acuerdo con la

reivindicacidn 1, 2 6 3, que tiene la estereoquimica abso-

luta expresada a continuacién por la férmula I*.
CI\Q,CI
Na’rN Y
ST

;0
RA. A2
o
R H

n' 1%

S. Un compuesto de acuerdo con la reivindicacién 1,
2, 3 6 4, seleccionado del grupo que consiste en:
(a) (S)-2-[(R})-5-({4-ciano-bencil)-7-(3,5-dicloro-fenil) -5~
metil-6-oxo-6,7-dihidro-5H~imidazo[l,2-a}imidazo-3-sul-
fonilamine] -propionamida;
(b) (S8)-2-[(R)-7-(3,5-dicloro-fenil)-5-metil-6-oxo-5-(4-
trifluorometoxi-bencil) -6, 7-dihidro-5H-imidazo[1l,2-alimi-
dazol-3-sulfonilamino] -N-(2-hidroxi-2-metil-propil})-
propionamida;
{c) (S)-2-[{R)-7-(3,5-dicloro-fenil)-5-metil-6-oxo-5-(4-
trifluorometoxi-bencil)-6,7-dihidro-5H-imidazo(1l, 2~
alimidazol-3-sulfonilamino] -propionamida; y
(d) (S)-N-carbameilmetil-2-~[(R)-5-{4-ciano-bencil)~-7=(3,5~
dicloro-fenil}-5-metil-6-o0x0-6, 7-dihidro-5H-imidazo[1l,2-a] -
imidazol-3-sulfonilamino] -propionamida; o una de sus sales.

6. Una sal farmacéuticamente aceptable de un com-
puesto de acuerdo con la reivindicacidén 1, 2, 3, 4 o 5.

7. Una composicién farmacéutica que comprende un
compuesto de acuerdo con la reivindicacién 1, 2, 3, 4, 5 o
6 y un vehiculo, diluyente o excipiente 6 y un vehiculo,

diluyente o excipiente farmacéuticamente aceptables.
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B. Un método para tratar la inflamacién o uvn estado

inflamatorio, que comprende administrar una cantidad tera-
péuticamente efectiva de un compuesto de acuerdo con 1la
reivindicacifn 1, 2, 3, 4, 5 o 6.

9. El método de la reivindicacién B8, en que el esta-
do que se ha de tratar es el sindrome de distrés respirato-
rio en adultos, shock, toxicidad por oxigeno, sindrome de
dafios orgénicoe miltiples secundarios a mepticemia, sindro-
me de dafios orgdnicos mGltiples secundarios a trauma, daiios
per reperfusiém de tejidos debido a bypass cardiopulmonar,
infarto de miocardio o uso con agentes de trombolisis, glo-
merulonefritis aguda, vasculitis, artitritis reactiva, der-
matosis con componentes inflamatorios agudos, ictua, dafio
térmico, hemodidlisis, leucaferesia,.colitis ulcerante, en-
terocolitis necrotizante o sindrome asociado con transfu-
8i6én granulocitica.

10. El método de la reivindicacién 8, en que el esta-
do que Be h: de tratar es psoriaseis, rechazo de trasplante
de 6rgano/tejido, injerto frente a reacciones del huésped y
enfermedades autoinmunes incluyendo el sindrome de Raynaud,
tiroiditis autoinmune, dermatitis, esclerosis miltiple, ar-
tritis reumatoide, diabetes mellitus dependiente de insuli-
na, uveltis, enfermedad inflamatoria del intestineo inclu-
yendo enfermedad de Crohn y colitis ulcerante o lupus eri-
tematoso sistémico.

11. El1 método de la reivindicacién 8, en que el eata-
do que se ha de tratar es aema.

12. El método de la reivindicacién 8, en que el esta-
do que se ha de tratar es el efecto tSxico de la terapia
con citoguina.

13. Un método para preparar un compuesto de la férmu-
la I,
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o a
NarN
o N
3 A
RO~ o

en que

Rl

)

APZ

es un alquilo lineal o ramificado de 1 a 3 dtomos de

carbono que estd opcionalmente mono-

o di-sustituido

con restos independientemente seleccionados del grupo

que consiste en:
(i) oxo ¥y

(1i) morfolino;

grupo que consiste en:

(A) hidrégeno, y

se seleccionan cada uno, independienteménte, del

{(B) alcuilo linegl o ramificado de 1 a 4 Atomos de

carbono que estA mono- o di-sustituido con restos in-

dependiantemente seleccionados del grupo que consiste

en:
(i) CONHz y
(ii) OH,

o R? y R® junto con el 4tomo de nitrégeno entre ellos for-

man un anillo de piperazina; y

RII

(A) ciano,

(B) pirimidina que estd mono o disustituida con NH; o

(C) trifluorcmetoxi;

cuyo método comprende:
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(a} hacer reaccionar un compuesto de la férmula II

Cl :;:,CI
5

N= N =0

&N

- 4
R (m,
10

en que R' es como se ha definido aqui antes, con un com-

puesto de la férmula

15

en que X es Br o Cl, para proporcionar un intermediario de

la férmula IX

o

%,

20

en que R' es como se define aqui antes, y



A

(b) hacer reaccionar un intermediario de la f46rmula IX con

un compuesto de la férmula X

en que R*, R’ y R® son como se definen aqui antes, para pro-

porcionar el producto final deseado de la f6rmula I.

14. Un método de acuerdo con la reivindicacién 13, en
10 donde el compuesto de férmula IX se obtiene por un método
que comprende hacer reacclonar el compuesto de f&rmula II
Cl Cl

7%,

en donde R4 es como e definiéd en la reivindicacién 13, con
un reactivo de Grignard seguido de un tratamiento con 802 y

15 N-clorosuccinimida para obtener el compuesto de f6rmula IX.

20

PRP/WPCL7612/ID-000250
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Derivados de [6,7-dihidro-5H-imidazo[l,2-a]imidazol-3-8ul-
fonilamino] -propionamida que muestran buen efecto inhibidor
scbre la interaccitn de CAM y leucointegrinas y son asi

fitiles en el tratamiento de enfermedades inflamatorias.

PRP/WPCL7612/ID-000250
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