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Nombre: BRISTOL-MYERS SQUIBB COMPANY 
SOLICITANTE IDENTIFICACION 

(71) DirecciOn: P.O. Box 4000, Route 206 and Province Line Road, 
Princeton, Nueva Jersey 08543-4000, [stados Unidos de 
America 

Nacionaiidad o Domicilio: Nueva Jersey, Estados Unidos de America CC. NIT 

Lugar de ConstituciOn: Delaware, Estados Unidos de Am&ica C.E. Otro [J 
TelØfono: Fax: CuaI 

E-Mail Nümero 

(A) Nombre: ALVARO CORREA ORDO19EZ IDENTIFICACION 
REPRESENTANTE DirecciOn: Avenida 82 No. 10-62 Piso 6 C.C. NIT LIII 
0 APODERADO 

CE. Otro 
TelØfono: 634 1500 Fax: 3762211 Cual 

E-Mail: office.bogotabakernet.com 79. 143. 366 
deNUmero _qen TP 20.281 

Nombre: CIIATVRVEfAPrasad V. MERCER,teplien E,; FANG, akivan UAN.iaojun: l.UO,GuangIin: 
1)UROWCHI 

, Gene M.y POINI)EXUER, Graham S. 

INVENTOR (ES) DirecciOn: c/o Bristol-Myers Squibb Company, 5 Research Parkway, Wallingrord, CT 06492 . [stados Unidos de 
America. 

(72) Nacionalidad o Domicilio: Domicil iados en [stados Unidos de Am&ica 

Gj PCT (85) 

Solicitud Internacional No. PC17U52007/067998  Fecha 02-MAY-07 
PublicaciOn Internacional No. W0/2007/131020 Fecha 15-NOV-07 
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CALCITONINA(CRP) 

0 ClasificaciOn Internacional (51) C07D 487/04, A61 K 31/55, A6 I P 25/06, C07D 519/00 

(J Prioridad (33) Pals de Origen (32) Fecha (31) Nimero de Solicitud 

US   03 -MAY-06 60/797,400 
US   01-MAY-07 11/742,626 SI x NO 

Qomprobante de pago No. 08-78472 Fecha 02-OCT-08 
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ANEXOS 

Comprobante de pago de la tasa de presentaciOn de la solicitud 

LJDocumento que acredita la existencia y represeritaciOn legal cuando el solicitante sea persona juridica 

LJPoderes, si fuere el caso 

LJDocumento de cesiOn del inventor at solicitante o a su causante 

LJDeclaraciones 

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

LJTraduccióri  de la solicitud internacional at castellano. (Resumen, descripciôn, reivindicaciones, dibujos) 

ClCopia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen preliminar (IPEA) 

EJTraducciOn del examen preliminar internacional efectuado per la IPEA 

E1De ser el caso, copia del contrato de acceso 

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

L] De ser el caso, certificado de depOsito del material biolOgico 

I[_JArte final l2xl2 

LJDe ser el caso, información sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el mismo titular o su 
causante, relacionadas parcial o totalmente con la invenciOn de esta solicitud 

E1De ser el caso, modificaciones efectuadas a la solicitud 

LJOtros: Varios solicitud internacional 

613 FIGURA CARATERISTICA 

R2 R4 R 

0 0 

(I) (II) 

2 Solicito la concesiOn de la patente 

N)MRF ALVA REAORDONEZ 

FIRMA.C366deUsaquenT2O28t 

Instrucciones para la presentaciön de los exos, ver reverso de esta pªgina 

Boc;I.Ms/oGr)rvls.I3325-vI-1’200 (100477-PETII(>RlO DOC 

- H 
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UU CONSIGNACION *U** 

---------------------------------------------------------------------------------------

UEPOSITANTE T1F’O PASO BANCO CUENTA No. PAGO FEW P80 Yr. PASO 

BAKER & MCKENZIE COWSIGNACION BANCO BE BOGOTA 062754387 98907115 02!1C12008 5.7361000,0O 

U** C 0 N C E P T U Mtt 

CANT, RENTISTICO CONCERTO TOTAL CONCERTO 
----------------------------------------------------------------------------------------------------------------------

1 500050101 SOLICITUDES I TRAMITES DE SOL, SE PATENTE SE IN 501.000.00 

TOTAL $ 501 000. 1)0 

-:)’ON: QUINIENTO5 UN NIL PESOS 

RESPONSALE 
,7r 

RECIBU BE BAJA APLICADO AL EXPEDIENTE No. 



t. 
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P00 

R!STOL..MY ER SQUIB 

APO APosT,LL 
PA ,IS 

ESTADOS UN/DOS DE AMERICA ESTE 
DOCUMENTO SALLY 8, HANSEN 

PUBLJCO HA S/DO FIRMADO POR: 
QUIEN ACTUA EN CALIDAD DE NOTARIO PUBLICO DE NUEVA JERSEY 
LLEVA EL SELLO DE SALLY 

a HANSEN NOTARIO 

CERTIFICADO 

EN TRENTON NUEVA JERSEY 
6. EL 28 DE JUN10 DE 2007 
7 

POR BRADLEY ABELOW lESORU DE NUEVA JERSEY 8, NA295716 

9. SELLO (APARECE ADHERIOO SELLO DORADO) 

40 
10. FIRMA (FIRMAQO) 

ORADLEYABELOW 

Texto en inglØs y en espaæof medianteel cual 
---------------------------------BRISTOL

 MYERS SQUIBB 
COMPANY domjcjjiada en Nueva York Nueva York otorga poder a ALVARO 
CORREA 

"RDC)fqEZYlcl OLGA l,,RGFTTIZ OTFRO 
Y10 RICARDO METRE 

Y10 JUAN PABLO CONCHA 

Dado y Suserjto el 30 de mayo de 2007 
(Firmado) Anastasia P. Winsi0, Senior Patent Counsel (Abogado de Patentes 
Senior) 

/. -.TE
 

11 EL 

/ . 

29 OCT  
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TRADUCCION OFICIAL N° 0507071 al espanol de un documento escrito en inglØs, etectuada por 
Jaime Armando Garavito Burgos, cc. N" 19,130.702 de Bogota, Traductor e Interprete Ouicial 
inglŁs-espaæol-inglØs segt:in ResoluciOn N° 034 de enero 11 de 1983 expedida por el Ministerio de 
Justicia de a RepOblica de Colombia 

CERTIFICACR3NNOTARIAL 

Texto en InglØs y en espanol mediante el cual el suscrito Notario certifica el 30 de 

mayo de 2007 la existencia legal de la sociedad BRISTOL-MYERS SQUIBB 

COMPANY asi como las funciones y firma de su representante autorizado 

Anastasia P. Winslew, Senior Patent Counsel (Abogado de Patentes Senior) para 

to cuat se basó en los documentos relacionados en inglØs en el punto 6 de la 

certificaciOn los cuales se traducen aqul at espanot, a saber: 

Certificaciôn suscrita por el Vicepresidente Senior y el Asesor Legal de Bristol-

Myers Squibb Company el 7 de abril de 2007. 

Certificado de ConstituciOn Enmendado y Replanteado de Bristol-Myers Squibb 

Company fechado mayo 24, 2005. 

[Firmado] SALLY B. HANSEN, Notario F’Ublico 

[Sello en tinta que dice: ’SALLY B. HANSEN, Notario Püblico de Nueva Jersey. Mi 

comisión vence el 6 de junio de 2010’1 

[Aparece sello realzado] 

.: ------------------------------------------La anterior es traduccion fiel y completa de a cual se deja copia en esta oficina 

para su confrontación, 

/ 

Jaime Armando Garavito Burgos 
cc. N° 19.130.702 de Bogota 
Traductor e IntØrprete Oficial segün Resolución N° 034 de enero 11 de 1983 
expedida por el Ministerlo de Justicia 

BOGDM5 # 82106 

1 2b008 
BOG 4,D� 

ZLJLMA ., . 
TALkc*dc 





POW)iJOEATTQRZY 

The udersigried. 

LLRISTOT.-MYERS SQTJJBI3 COMPANY 

00T)1iC1ei in 

Route 206 and Province Lln.c Road, Princeton, 
New Jeray 0843-4000 United States of America 

asdeclares that it hereby grarim to 

ALVARO CORREA-ORD0ISF2 indior 
OLGA GEORGETTE OTI1TRO and/nr 
RJCARDO METKE i,p4/or 
JUAN PABLO CONCMA 

with, domicile at Av. 82 No, 10 62, 6Th floor, of l3ogotæ D. 
C.. Colombia, a full and sufficient power of attorney io obtain 
the, protection, of rrry (our) industrial property and against the 
unfair CorflpCtltZOfl, lOt which purpose J (We) auftonze the 
attorneys to represent me (us) before any authorities or persons, 
with or without jurisdiction, specially those administrative, 
adrnirostrativo contentious and judicial, as well as before 
Arbitration Court, in all mutters concerning the following: a) 
Obtstrnrient of patents, utility models, industrial designs, 
integrated circuits, layout-designs and. vogetal varieties the 
rcgtstranon at trademarks. denminstions of origin, commercial 
names, trade emblems, slogans and domain names: its renewal, 
assignments, change of name or domicile, voluntary 
carrcellsrrorr; and the registration of licenseA of use of the shove 
rights; b)Pr-oceaeec of protection to the consunet, unfair 
competition, oppositions, cancellations, nullity, precautionary 
injunctions, in1ngcrnent, granting of licenset, writ mandamus, 
th protection of trade secrets, and in genera] the civil, penal, an 

piucasses relating to thpc riglus. And that in all 
the above matters they may substitute this Power- of Attorney, 
compromise, conciliite, admit the facts of the Case, desst, 
cancel, receive, resign, and ratify acts done by representatives 
wirhow a power of attorney. 

I hereby rarif’ all actions previously taken on behalf of this 
company by the aforementioned attorneys with respect to the 
mentioned mortars. 

Done and nihscyi.bed in 

tDn t) ’ day oPpj Ct°f2OO’ 

Signature of the person. Issuing the Power 

g 

Anastasia P. Winslow 
Senior Patent Counsel 

RaISDC, ROłriu.g & 

A’ 52 4o. 10- 02 
,tfl Bo. CIombt, 

NIT; 0.0(S5.540-
Tłj: .57 1 634 1 $00 
1t’X 7 1 47e 2211 

PODTR DE A3OCADO 

La abajo firniode. 

BRISTOL--MYERS SQUIBB COMPANY 

domiciliada cii 

Route 206 and Province Line Roan, Princeton. 
New Jersey 08543-4000 Eatodos Unities tie Amrlea 

declara por ci presente que otorga a 

ALYARO COF4,REA-ORnO1qI yb 
OLGA. GORCTTE OTEJIO yb 

RJCA1U)O METQ5 yb 
JUAN PABLO CONCHA 

con domlcilio an la Av. 82 No. 10- 62 Piso 6 en J3ogorn D. C., 
Colombia, poder especial anipliri y sufieiaora, pars obtener To protecci(5rt de nh (niucatra) prppiei3ad iridusinal y contra Is 

competencia desleal, a cuyo efero auroriro (si-nos) a los diclios 
apoderados pare que me (nos) representen ante cualesquierat 
autoridedes o pcI-cones, ejerzan a no jun.cdicciôn, espeiaImente 
ante )as dl orcten administrativo, conteneioso-administrativo y 

judicial, asi come los iribunsles tie arhitramente, on todo to 

coucerniente a los siguiences acwhtos: a) Ohtención de palentas 
di invertción, modulos tie utilidad, diseijos induthales, 
ecquemaa tie ttozado de circuitos integrzrds y veriedc3es 
vegetales; ci regisiro de mareac, dcnoranaeionee dc origon, riombres comercialas, ene1ias, Temac eomcrclales y nombres de 

dominio, cu reuovación, ZTa5’PaSO, carnbio de nombre a 
domicillo, cancelación voluntarie; y ci registro dc licencias di 
usa de esos derechos; b} Los procesos pare Ia prorección dci 
conaumidor, competencia dcaleul, oposcIones, ceneelociorias, 
nulidadas, niedida czhutelares, tnfracciones, conciaión de  
licencEas, Is I.WeLa, Is proteecin de gecrctos indusiriales, y en 

general proeeaos riviles, penl, adrninistrotivas relacionados con estos der-ccho. Y 

pars que en lodes los asuntos ui-nba daterrnnridos, puedan sustituir care maridaro, transigir, conciliar, 

atjrniit.r 10$ liechoc del cusp, clesistlr, canceler, reciiyir, reriunciat, 
y rtificar los aetos de agemtes of’icioaog, 

Iguahnentc, rutiflco toelo to actuado haste el momenta on los 
micmos asunros, por cunlquiera tie los mencionados apoderados 

en repreeentaclón tIe 6sTa sociedad. 

Daijo y flrinedn en A lea 30 d1,s Ucl InCS tie mayo de 2007 Firma de lii 

persona que firma SI Pocler CD#O II L5Tg � ctctg -Fctrocop CL (’ ? -’-. OCT 2M OGOT!,).- LMA 
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NOTARIAL CERTIIC,I&TION 

On this day of  

2007 � the undersigned Notary 

CERTIFIES 
That Name of the person issuing the power 

Anastasia P. Winslow 
. of legal age and domiciled in 

Princeton, NJ USA 
Address, city, state, country 

- ac, ha bond on the fnroging doeurnot, 

2. That the grantor is to me personally known and that he/she has 
legal. capacity to oxecine tile instrument, 

3. That the grantor boa executed the foregoing docurneix as 
Senior Patent Counsel 

Position of the person issuing the Power 

of the udicial person BRISTOL,�MYERS SQIJIBB 
COMPANY 

çILE[ççTON  Nifi 

A )as 30 dlas del roes de mayo 

de 2001 , el sucr-lto Notarin 

DA FE 
1 Quc Anastasia P. Winslow 

mayorydomiciliadocn Princeton NJ 
Estados Unidos de Anirica 

sua.i1b16 1e su puflo y Ictra ci docUrnetO que aritecede. 

2. Qua coriozco al otargante y cue Øste nene capacidad leral 
pars ci ntorCarniento. 

3 Qie el ororgante ha auscrito ci referido docuniento en so 
caricter de 

Abogados de Patentes Senior 
de la persona juridica BRISTOL�MYERS SQ1)I1313 

COMPANY 

4. That the judlcil person BRISTOL�MYERS SQUIBB 4 Qua laperonajurldica BRISTOL--MYERS SQUIBB 
COMPANY COMPANY 

having its home office in con sedE en 

Route 206 and FrovincO Line Road, Princeton, Route 206 and Proviuce Line Road, Princeton, 
Now Jorsoy 0843 .4000 Jniteci States .,f Arnc,-s Now Jersey 04-4000 Esados tJndos de Au,Øilc5 

is duly organized, has present legal existence and that the csri legalmente constituIdi, qua time existencia legal 
purposes for which the QWCT f attorney is granted are within 

. actual y qua ci 

acID pans el coal se otorga ci poder etii 

°T ’At orPae� cornprondido vi-o too que conoroyen su objero social. . ’Fhet rue grantor has in fact the refcned to authority and that 5 Que ci otorgante tiaoc efectivamenie to representueldn ctue his/her representation is legal. ostonta y qua Øsc.a es lagicima. 

C. That 
I have based certifications 3, 4 and 5 above on the 6. Qne be basada las certiuicaciones 3, 4 y 5 anterlores art los following authentic documents for such purpose 

eiühlted 
to me siguientes docusi,cnto5 aut6nticos que al efecto ac me and which I mention apecitically, giving their dates and their ex.hihie’7on y que niencioflo cspeclfieanente can 

eXpresion 

origin 

or source: (Please Indicate here the 
documents such as the articles or de ss fçoha’s yjla an origin a proc.’drncia - Cettificacion suscrita por el Vicepresidente Incorporation, by laws or resolution from the

 Board of Senior y el Asesor Legal de Bristol-Myers Directors and their dates, on which the notary rolled to Squibb Company el 7 de abril de 2007  grant the 

ccrlitl.cation) 
Certification by Sr Vice President - Certificado de Co s - executed and General Counsel of Bristol�Myers Squibb Company Replanteado on April 7, 2007 Company fecha - Amended and Restated Certifienre of incorporation o of Bristol-Ilyers Squibb Company dated May 24, 2005 fin-\\ Notary  itc El Note a PObIk 0-- SAUNA. HANSEN --- NMà.y-PüIkaf New eruey 1RiAOtiC1) I, My Co1ss4s E*pbi. 1... 6,2010 



PCT/1JS2007/067998 

S 

SOLICITUD PCT 

Original (para PRESENTACION) 

VI 11-2-1 Declaración: Derecho a soilcitar 
y En relaciôn con esta solicitud - 

otorgÆrsele una patente internacional 
DeclaraciOn en cuanto al derecho del 

solicitante, en la fecha de 

presentaciOn internacional, a solictar 

y 

otorgÆrsele una patente(Reglas 

4.17(i) 
y 

51bis.1(a)(ii)), en el caso BRISTOL-MYERS SQUIBB COMPANY 
cuando la declaracion conforme a la tiene derecho a solicitar 

y 

otorgârsele 
Regla 4.17 (iv) no sea apropiada 

una patente por virtud de lo siguiente: 

Nombre (ULTIMO, Primero) 

VIIl-2-1 (iv) Un traspaso de CHATURVEDULA, 

Prasad V. a BRISTOL-MYERS SQUIBB 

COMPANY, fechado el 24 de mayo de 

2006 (24.05.2006) 

Un traspaso de MERCER, Stephen E. a VIII -2-1 (iv) 

BRISTOL-MYERS SQUIBB 

COMPANY, fechado el 24 de mayo de 

2006 (24.05.2006) 

VUJ-2-1(iv) Un traspaso de FANG, Haiquan a 

BRISTOL-MYERS SQUIBB 

COMPANY, fechado el 7 de jun10 de 

2006 (07.06.2006) 

VlII-2-1 (iv) Un traspaso de HAN, Xiaojun a 

BRISTOL-MYERS SQUIBB 

COMPANY, fechado el 25 de mayo de 

2006 (25.05.2006) 

VIII -2-1 (iv) Un traspaso de LUO, Guanglin a 

BRISTOL-MYERS SQUIBB 

COMPANY, fechado el 25 de mayo de 

2006 (25.05.2006) 

VIII-2-1 (iv) Un traspaso de DUBOWCHII  Gene M. 

a BRISTOL-MYERS SQUIBB 

COMPANY, fechado el 25 de mayo de 

2006 (25.05,2006) 



2 PCT/US2007/067998 

VIII -2-1 (iv) Un traspaso de POINDEXTER, Graham 

S. a BRISTOL-MYERS SQUIBB 

COMPANY, fechado (...) 
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SOLICITUD PCT 

Original (para PRESENTACKN) 

VIII -3-1 Declaración: Derecho a reivindicar En relación con esta solicitud 
prioridad internacional 

DecaraciOn en cuanto al derecho del 

solicitante, en la fecha de 

presentación internacional, a 

reivindicar la prioridad de la solicitud 

anterior especificada adelante, en 

donde el solicitante no es et 

solicitante que presenta la solicitud 

anterior o cuando el nombre del BRISTOL-MYERS SQUIBB COMPANY 

solicitante ha cambiado en razOn a la tiene derecho a reivindicar prioridad de 

presentaciOri de la solicitud anterior la solicitud anterior No. 60/797.400 par 
(Reglas 4.17(iii) 

y 

51bis.1(a)(iii)) virtud de to siguiente: 

Nombre 

VIII -3-1 (iv) Un traspaso de CHATURVEDULA, 

Prasad V. a BRISTOL-MYERS SQUIBB 

COMPANY, fechado el 24 de mayo de 

2006 (24.05.2006) 

VIII -3-1 (iv) Un traspaso de MERCER, Stephen E. a 

BRISTOL-MYERS SQUIBB 

COMPANY, fechado et 24 de mayo de 

2006 (24.05,2006) 

VIII -3-1 (iv) Un traspaso de FANG, Haiquan a 

BRISTOL-MYERS SQUIBB 

COMPANY, fechado el 7 de junio de 

2006 (07.06.2006) 

VIII -3-1 (iv) Un traspaso de HAN, Xiaojun a 

BRISTOL-MYERS SQUIBB 

COMPANY, fechado et 25 de mayo de 

2006 (25.05.2006) 

VIII -3-1 (iv) Un traspaso de LUO, Guanglin a 

BRISTOL-MYERS SQUIBB 

COMPANY, fechado el 25 de mayo de 

2006 (25.05.2006) 



4 PCT/US2007/067998 

VIII -3-1 (iv) Un traspasode DUBOWCHIK, Gene M. 

a BRISTOL-MYERS SQUIBB 

COMPANY, fechado el 25 de mayo de 

2006 (25.05.2006) 



PCTItJS2007I06799l 

VIII -2-1 Declaration: Entitlement to apply for 
and be granted a patent 
Declaration asto the applicant’s in relation to this international 
entitlement, as at the international filing 

application aate, PP d to apply for and be granted a 
patent (Rules 4.17(u) and 51bis.1(a)(ii)), 
in a case where the declaration under 
Rule 4.17(iv) is not appropriate 

Name (LAST, First) BRISTOL-MYERS SQUIBB COMPANY is entitled 

to apply for and be granted a. patent by 

virtue of the following:  
V111 -2-1(i an assignment from CHATURVEDULA, Prasad 
V) 

V. to BRISTOL-MYERS SQUIBB COMPANY, 

dated 24 May 2006 (24.05.2006) 
VIll-2-1(i an assignment from MERCER, Stephen E. to 
V) 

BRISTOL-MYERS SQUIBB COMPANY, dated 24 

May 2006 (24.05.2006) 
VIll-21(i an assignment from FANG, Haiquan to 
V) 

BRISTOL-MYERS SQUIBB COMPANY, dated 07 
June 2006 (07.06.2006) 

Vll121(i an assignment from RAN, Xiaojun to 
V) 

BRISTOL-MYERS SQUIBB COMPANY, dated 25 

May 2006 (25.05.2006) 
V1ll21(i an assignment from LUO, Guanglin to 
V) 

BRISTOL-MYERS SQUIBB COMPANY, dated 25 

May 2006 (25.05.2006) 

VIII2-1(i an assignment from DUBOWCHIK, Gene M. to 
V) 

BRISTOL-MYERS SQUIBB COMPANY, dated 25 

May 2006 (25.05.2006) 

Vlll-21(i an assignment from POINDEXTER, Graham S. 
V) 

to BRISTOL-MYERS SQUIBB COMPANY, dated 
/ 



PCT/U S2007/067998 

40 

’1111-3-1 Declaration: Entitlement to claim 
priority 
Declaration as to the applicant’s in relation to this international 
entitlement as at the international filing 

application date, to claim the priority of the earlier 
application specified below, where the 
applicant is not the applicant who filed 
the earlier application or where the 
applicant’s name has changed since the 
filing of the earlier application (Rules 
4.1 7(iii) and 51 bis.1 (a)(lli)) 

Name BRISTOL-MYERS SQUIBB COMPANY 

is entitled to claim priority of earlier 

application No. 60/797,400 by virtue of 

the following; 
VIII -3-1(i an assignment from CHATURVEDULA Prasaci 
V) 

V. to BRISTOL-MYERS SQUIBB COMPANY, 

dated 24 May 2006 (24.05.2006) 

VIII’3-1(i an assignment from MERCER, Stephen E. to 
V) 

BRISTOL-MYERS SQUIBB COMPANY, dated 24 

May 2006 (24.05.2006) 

Vlll31(i an assignment from FANG, Haiquan to 
V) 

BRISTOL-MYERS SQUIBB COMPANY, dated 07 

June 2006 (07.06.2006) 

Vlll-3-1(i an assignment from HAN, Xiaojun to 
V) 

BRISTOL-MYERS SQUIBB COMPANY, dated 25 

May 2006 (25.05.2006) 

Vlll31(i an assignment from LUO, Guanglin to 
V) 

BRISTOL-MYERS SQUIBB COMPANY, dated 25 

May 2006 (25.05.2006) 

Vlll-3-1(i an assignment from DUBOWCHIK, Gene M. to 
V) 

BRISTOL-MYERS SQUIBB COMPANY, dated 25 

May 2006 (25.05.2006) 
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER TILE PATENT COOPERATION TREATY (.PCT) 

(19) World Intellectual Property Organizationti1111111111111111111111i ii1111111111111111111111111111111ui 11111111 iii iii ii International Bureau 10 1111111

(43) International Publication Date PCT 
(10) International Publication Number 

15 November 2007 (15.11.2007) WO 2007/131020 A2 

(51) International Patent Classification: 
C07D 487/04 (2006.01) A61K31/55 (2006.01) 
C07D 519/00 (2006.01) A61P 25/06 (2006.01) 

(21) International Application Number: 
PCT/US2007/067998 

(22) International Filing Date: 2 May 2007 (02.05.2007) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 
60/797,400 3 May 2006 (03.05.2006) US 
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CONSTRAINED COMPOUNDS AS 

CORP-RECEPTOR ANTAGONISTS 

BACKGROUND OF THE INVENTION 

10 Calcitonin gene-related peptide (CGRP) is a naturally occurring 37-ami 0-ac. 

peptide first identified in 1982 (Amara, S. G. eta!, Science 1982, 298,2 0-2’ 

forms of the peptide are expressed (uCGRP and I3CGRP) which differ b one 

three amino acids inrats and humans, respectively. The peptide is widel dis 

in both the peripheral (PNS) and central nervous system (CNS), principa ly k 

15 in sensory afferent and central neurons, and displays a number of biologi al c 

including vasodilation. 

’/067998 

When released from the cell, CGRP binds to specific cell surface G prote n-con 

receptors and exerts is biological action predominantly by activation of 1 trace] 

20 adenylate cyclase (Pcyner, D. R. eta!, Br J Pharmacol 1992, 105, 441-7; an V 

F. et a!, Neurosci Lett 1990, 119, 195-8.). Two classes of CGRP receptor., CG] 

and CGRP2, have been proposed based on the antagonist properties of the pepti 

fragment CGftP(8-37) and the ability of linear analogues of CORP to acti ate 

Two 

tar 

1 

CGRP2 receptors (Juaeda, C. et al. TiPS 2000, 21, 432-438). However, t iere is lack 

25 of molecular evidence for the CGRP2 receptor (Brain, S. D. et al, TiPS 20 2, 23, 51-

53). The CGRPI receptor has three components: (i) a 7 trausmembrane ca citoni 

receptor-like receptor CRLR); (ii) the single transmembrane receptor acti ity 

modifying protein typei one (RAMP 1); and (iii) the intracellular receptor co pon nt 

protein (RCP) (Evans B. N. et al, J Biol Chem. 2000,275,31438-43). RA . I is 

30 required for transport of CRLR to the plasma membrane and for ligand bin ing to the 

CORP-receptor (McLachie, L. M. et at, Nature 1998, 393, 333-339). RCP ‘ requ red 
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for signal transduction (Evans B. N. et al., J Biol Chem. 2000, 275, 31438-43). There 

are known species-specific differences in binding of sinail molecule antagonists to 

the CGRP-receptor with typically greater affinity seen for antagonism of the human 

receptor than for other species (Brain, S. D. eta!, TiPS 2002, 23, 51-53). The amino 

5 acid sequence of RAMP I determines the species selectivity, in particular, the amino 

acid residue Trp74 is responsible for the phenotype of the human receptor (Malice et 

al. J Biol Chem 2002, 277, 14294-8), 

Inhibitors at the receptor level to CORP are postulated to be useful in 

10 pathophysiologic conditions where excessive CORP receptor activation has occurred. 

Some of these include neurogenic vasodilation, neurogenic inflammation, migraine, 

cluster headache and other headaches, thermal injury, circulatory shock, menopausal 

flushing, and asthma. CGRP receptor activation has been implicated in the 

pathogenesis of migraine headache (Edvinsson L. CNS Drugs 2001;15(10):745-53; 

15 Williamson, D. J. Microsc. Res. Tech. 2001, 53, 167-178.; Grant, A. D. Brit, J. 

Pharmacol, 2002, 135, 356-362.). Serum levels of CORP are elevated during 

migraine (Goadsby PJ, et al. Ann Neurol 1990;28:183-7) and treatment with anti-

migraine drugs returns CGRP levels to normal coincident with alleviation of 

headache (OalIai V. et al, Cephalalgia 1995;15: 384-90). Migraineurs exhibit 

20 elevated basal CGRP levels compared to controls (Ashina M, et al., Pain 2000, 86(1-

2):133-8.2000).

6(1-

2):133-8.2000). Intravenous CGRP infusion produces lasting headache in 

niigraineurs (Lassen LH, et al. Cephalalgia 2002 Feb;22(1):54-6I). Preclinical 

studies in dog and rat report that systemic CGRP blockade with the peptide 

antagonist CGRP(8-37) does not alter resting systemic hemodynamics nor regional 

25 blood flow (Shen, Y-T, et al, J Pharmacol Exp Ther 2001, 298, 551-8). Thus, CGRP-

receptor antagonists may present a novel treatment for migraine that avoids the 

cardiovascular liabilities of active vasoconstriction associated with non-selective 5 -

HT I B/ I D

-

HT1B/ID agonists, ’triptans’ (e.g., sumatriptan). 

2 
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DESCRIPTION OF THE INVENTION 

The invention encompasses compounds of Formula I which are CORI1 
5 The invention also encompasses compositions and methods of using 11 

compounds in therapeutic treatment. 

One aspect of the invention is a compound of Formula I 

R-JR4 

A2XY : 
R6 

10 0 R 
I 

where: 

07/06798 

)nistS. 

15 AisOorNR’; 

R’ is alkyl, alkenyl, oycloalkyl, C57cycIoaIkenyl, (cycloalkyl)alkyl, halo lkyl, 

alkoxyalkyl, (A?)all4yl, (NR7R8)alkyl, N(R9)-pyrro1idinyl or N-(R9)pip ridin: 

20 R2 is hydrogen, halo, alkyl, or alkenyl; 

R3 is hydrogen, halo, lkyl, or alkenyl; 

or R2 and R’ taken toether is N(R’3)N’=C(R4); 

25 

R4 is hydrogen, halo, 41kyl, or alkenyl; 

NR5R6 taken together Is 

3 

’a-
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5 

10 

/I , 1, Na 

17 OZR,7 

ON-R7 

R’ 
R’ is hydrogen or alkyl; 

R8 is hydrogen or alkyl; 

OH 
R12 

IN  
R1° 

N13rOH 
R12 ,or 

orNR7R8 taken together is selected from the group consisting of pyrrolidinyl, 

piperidinyl, N-(R9)-piperazinyl, morpholinyl, and thiomorpholinyl; 

R9 is hydrogen, alkyl, alkylcarbonyl, or alkoxycarbonyl; 

R10 is phenyl, naphthyl, pyridinyl, pyridinyl N-oxide, quinolinyl, quinolinyl N-oxide, 

isoquinolinyl, or isoquinolinyl N-oxide, and is substituted with 0-2 substituents 

15 selected from the group consisting of halo, alkyl, haloalkyl, alkoxy, hydroxy, and 

phenyl; 

or R’° is selected from the group consisting of 

0 
NNH NANH NANH A N 

 

6/N 
R11 R11 R1’ R1’ R1 R11 R11 R11 R11 R11 

AN NH NH NH NH 

20 R11 R11 , R11 R11 , R1 R11 R1 R11 , R11 R11 

4 
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’NH ’NH NH ’NH ’H 

LÀ  LÀ NYN 

R11 R11 R11 R11 R1 R11 R’ R11 R1 R11 

.5 j 
O j02 

NH NH ’NH 
rr 

NH 

có 
R11 R11 R11 R1 R11 R11 R11 R11 R11 11 

02 02 02 02 

SNH NH 
" 8- SNH 

0 

NH 

R11 R1 j11 Rll  R11 R11 R11 R11 Ar2 

R 
NH 

Ar2 � and Ar2 - 

5 

R’1 is hydrogen, halo, alkyl, haloalkyl, or alkoxy; 

R’2 is selccted from the group consisting of 

r2 
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0 o R7 
/ 

- N’ )-N’ 

R7 0 R7

 

’NH -N-N 

bcx 

R 

R7 Rh1 R11 R R11 

R 
N-<N_ R 

i N 
’ N’N-R NR NR 

N11 
R11 R11 R11 

L  

0 0 

0 

- 2 ’N ’N 

I NH I N-R7 

N Ar N-R1 N-Ar2 R7 \’ 
CN and 0 

5 R’3 is hydrogen, alkyl, alkenyl, alkoxyalkyl, or benzyl; 

Ar1 is phenyl, naphthyi, pyridiriyl, or imidazolyl, and is substituted with 0-2 

substituents selected from the group consisting of halo, alkyl, and haloalkyl; 

10 Ar2 is phenyl, naphthyl, or pyridinyl, and is substituted with 0-2 substituents selected 

from the group consisting of halo, alkyl, and haloalkyl; 

15 

X-Y is ammocarbonyl, oxycarbonyl, methy lenecarbonyl, ethylene, or 

arnino(cyano)irninomethyl; 

Z is N or CH; and 

the carbon bearing the asterisk is either the (S) con Figuration or the (R) configuration; 

20 or a pharmaceutically acceptable salt thereof. 

Another aspect of the invention is a compound of formula 11 

6 
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where: 

5 AisOorNR1; 

R’ is alkyl, alkenyl, cycloalkyl, C57cycloalkenyl, (cycloalkyl)alkyl, ha 

alkoxyalkyl, (Ar’)*lkyI, (NR7R8)alkyl, N-(R9)-pyrrolidinyl or N -(R9)-p 

10 R2 is hydrogen, halo, alkyl, or alkenyl; 

R3 is hydrogen, halo, alkyl, or alkenyl; 

R4 is hydrogen, halo, alkyl, or alkenyl; 

15 

NRR6 taken together is 

07/067998 

L_,.Rl2 LR L!OH OH 
R1° or 

o 

20 R7 is hydrogen or alkyl; 

R8 is hydrogen or alkyl; 

7 
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orNR7R8 taken together is selected from the group consisting of pyrrolidinyl, 

piperidinyl, N-(R9)-piperazinyl, morpholinyl, and thiomorpholinyl; 

R9 is hydrogen, alkyl, alkyicarbonyl, or alkoxycarbonyl; 

R’° is phenyl, naphthyl, pyridinyl, pyridinyl N-oxide, quinolinyl, quinolinyl N-oxide, 

isoquinolinyl, or isoquinolinyl N -oxide, and is substituted with 0-2 substituents 

selected from the group consisting of halo, alkyl, haloalkyl, alkoxy, hydroxy, and 

phenyl; 

10 

or R10 is selected from the group consisting of 

NANH /NANH NANH 

Ij 

N 

6AN AA 
6,/x  

R11 R11 R11 R11 R11 R11 R11 R11 R11 R11 

N NH NH NH NH 

1 R R11 R11 R11 R11 R11 R11 R11 R11 

NH NH ATI-k NH NH ’NH 

R11 R11 R11 R11 R11 R11 R1 R11 R11 R11 

NANH NH SNH 

ç)çj) (U) çoLçoAiçy 

15 R11 R11 R11 R11 R11R11 R11 R11 R1 1 
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5 

10 

IR 

02 02 

NH NH 

R11 R11 R11 R11 

/ qO 

NH 

Ar2 , and Ar2; 

02 02 

NH 

N. 

R11 R11 R11 R11 

R’1 is independently hydrogen, halo, alkyl, haloalkyl, or alkoxy; 

T 
I 

R12 is selected from the group consisting of 

0 
R7 0 R7 0 R7 

N’ 

NH N

  

’N

 t, ?� 

NNZI
 

+ 
Rl 

R7 R11 R11 R 

NR 

0 

N N�\ N-( _6  N_R 

N 

N\ç 

R11 R11 R11 R1 R11 L 
0 

o 0 0 N"\ 

- 2 N1( 
I NH N�R7 

Ar I N�R11N�Ar2 R7 
CN,nd 

R’3 is hydrogen, 41kyl, alkenyl, alkoxyalkyl, or benzyl; 

Ar is phony!, nahthyl, pyridinyl, or imidazolyl, and is substituted 

substituents selected from the group consisting of haJo, alkyl, and I 

Ar2 is phenyl, naØhthyl, or pyridinyl, and is substituted with. 0-2 

from the group consisting of halo, alkyl, and haloalky!; 

9 

0-2 

007/067998 

??3 

Ar2 

selected 

I 
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X-Y is aminocarbonyl, oxycarbonyl, methylenecarbonyl, ethylene, or 

amino(cyano)iminomethyl; 

Z is N or CH; and 

the carbon bearing the asterisk is either the (S) configuration or the (R) configuration; 

or a pharmaceutically acceptable salt thereof. 

10 Another aspect of the invention is a compound of the following formula 11 

where A is NR’ 

R13 

R4 

R1’fx 
0 R5 

Another aspect of the invention is a compound of Formula 11 where the 

15 carbon marked with an asterisk is of the (S) stereochemistry. 

R13 

R2 

Another aspect of the invention is a compound of Formula II where the 

20 carbon marked with an asterisk is of the (R) stereochcmistry, 

10 
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R1 

N_N 
R4 

))�c 

0 R5 

Another aspect of the invention is that any scope of a variable inclu4ng R.1 

R4, R5, R6, R7, R, R9, R10, R11, R’2, R13, Ar1, Ar2, X-Y, A, and Z, can be us 

5 any scope of any other instance of a variable. 

Unless specified otherwise, these terms have the following meanings. "A 

a straight or branched alkyl group composed of 1 to 6 carbons. "Alkc yl" 

straight or branched alkyl group composed of 2 to 6 carbons with at least 

10 bond. "Cycloalkyl" means a monocyclic ring system composed of 3 o 7 

"Hydroxyalkyl," 1’alkoxy" and other terms with a substituted alkyl m jet) 

/067998 

R2, R3, 

d  with 

1" means 

ans a 

double 

straight and branched isomers composed of 1 to 6 carbon atoms for t alky moiety, 

"Haloalkyl" and ’1haloalkoxy" include all halogenated isomers from Ofl( 

substituted alkyl o perhalo substituted alkyl. "Aryl" includes carboc3 elk 

15 heterocyclic aromatic ring systems. "Amino" includes includes primary, 

and tertiary amine moieties. "Carbonyl" means CO. "Oxy" means -o 

"Aminocarbonyl" means -N(R)C(=O)-. "Oxycarbonyl" means -OC( )-. 
"Methylenecarboiyl" means CH2C(=O)-. "Amino(cyano)iminometh 1" i 

-NHC(=NCN)-. Parenthetic and multiparenthetic terms are intended t ch 

20 bonding relationships to those skilled in the art. For example, a term act, 

((R)alkyl) means an alkyl substituent further substituted with the subst ’lix 

term such as N-(R-pyrrolidinyl indicates that the nitrogen is substitut d i 

substituent R. 

25 The invention incldes all pharmaceutically acceptable salt forms of ft 

Pharmaceutically acceptable salts are those in which the counter ions c 

contribute significttntly to the physiological activity or toxicity of the c 

as such function as pharmacological equivalents. These salts can be in 

11 

00 

the 

and 

0 



WO 2001/131020 PCT1US20071067998 

to common organic techniques employing commercially available reagents. Some 

anionic salt forms include acetate, acistrate, besylate, bromide, chloride, citrate, 

fumarate, glucouronate, hydrobromide, hydrochloride, hydroiodide, iodide, lactate, 

maleate, mesylate, nitrate, pamoate, phosphate, succiiiate, sulfate, tartrate, tosylate, 

5 and xinofoate. Some cationic salt forms include ammonium, aluminum, benzathine, 

bismuth, calcium, choline, diethylamine, diethanolamine, lithium, magnesium, 

meglumine, 4-phenylcyclohexylamine, piperazine, potassium, sodium, tromethamine, 

and zinc. 

10 Some compounds of the invention may exist in stereoisomeric forms, one example of 

which is shown below. The invention includes all stereoisomeric and tautomeric 

forms of the compounds. 

R 
13 

R13 

R2L R2 

6 

L 

6 A 

15 Synthetic Methods 

The compounds described in the present invention can be synthesized by methods 

known in the art some of which are described in Schemes 1-9 as well as other 

procedures described in the specific embodiments section. Starting materials are 

20 commercially available or synthesized by common synthetic procedures. Variations 

of the compounds and the procedures to make them which are not illustrated are 

within the skill of the art. The variables describing general structural formulas and 

features in the synthetic schemes are distinct from and should not be confused with 

the variables in the claims or the rest of the specification. These variables are meant 

25 only to illustrate how to make some of the compounds of the invention, 

Scheme I describes how to make certain compounds of the invention. Regiospecific 

introduction of iodine on a appropriately substituted aromatic ring can be 

12 
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accomplished using iodine monochloride. Aryl iodides (Ii) are good oupli g 

partners in palladium-mediated Heck reactions. The Heck products (Ii) ca be 

reduced with hydrogen mediated by number of asymmetric catalysts t prod Ce 

enatiomerically pure materials (TV). Subsequent hydrolysis of acetate functi natity 

5 with methanolic potassium carbonate followed by treatment of ale oho (V) ith 

thionyl chloride can produce benzylic chlorides (VT). Treatment of be zylic 

chlorides with various amines in acetonitrile can deliver requisite ami es (VI). 

The amines (VII) can be converted into desired azepinones (VTII) in re. uxin 

10 mediated by catalytic acetic acid. The azepinone intermediates VIII ( = N 

0) can in turn be elaborated into final products. Hydrogenolysis of VI I (X= 

under 10% Pd on carbon produces amine intermediate IX (Scheme 11). The a 

functionality canb transformed to the desired urea functionality (X) i  the 

assistance of phosgene or N,N’-disuccinimyl diearbonate and various 
tines

 

15 (Scheme 2). Alternatively, the succinic ester VIII (XCH2) can be eon erted 

carboxylic acid (XI) with lithium hydroxide, followed by reaction with a app 

amine under TBTU coupling conditions to give desired amides (XI 1) (S hcme 

13 

toluene 

CH2, 
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R2 R3 Ac20 

DMAP 

OH I 

Scheme 1. 

PcI(OAc)2 
R2 R3 

p
Bu4NCI

 

C OAc I R02X
 CO210e 

II 

R2 R3 

OAc LCO2Me 
XyOR 

XNH, CH2, 0, S 

Asymmetric 
reduction 

H2 

R2  
R2 R3 R2 R3 

3 R4 
soc12 

R4 K2CO3 

CCO2Me CH2Cl2 OH (CO2Me MeOH OAc CO2Me 

X OR V 
XyOR iv 

XyOR 

VI Y 
0 

0 0 

H2NRI! 
CH3CN 

R2 ,R3 

R2 ,. R3 
R2 -. 

1-lOAc 

toluene R1_N R1 
NCO2Me 

 

X OR 

0 0 

Y OR NR6 
VII 0 VIII R5 

14 
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R2 R3 

1j)R4 

Ri\ )
 
HN 

Scheme 2. 

10% Pd-C 

MeON 

15 

R2  R3 

\ 
R4 

NH2 

Ix 

HN-R6 
Phosgene r 

N,N-disucc I 
R5 

carbonate 

007/06799S 

IM 
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Scheme 3. 

R2 R3 

r\ / 

LIOH 

2o 

10
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R2 R3 

X1 OH 

HNR TBTL) 

In a manner similar to urea formation, cyanoguanidine XIII can be prepared using 

5 diphenyl NcyanocarbOimidate and various substituted amines (Scheme 4). 

16 
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5 

R2 R3 
1J)R4 

) 

o - Bn 

MeO N 

H 

Scheme 4. 

10% Pd-C 

MeOH 

R2 R3 

Rl_0.
 
iI1 

R4 

NH2 

OJEA 

R2 R3 
HNR6 

NCN 
HN�’ 

OPh 

Scheme 5. 

MeO N 

TIPS 

(42%) b 

Me 
C 

HO, )C> 
MeO 

(98%) BX;7" N 

HOH 
 

OH TIPS 

3 

Conditions: (a) NaH (60%), THF, 0 °C, and then TIPS-Cl. (b) see-
-78’C, ec-78°C, and then (MeO)30, -78 °C. (c) HCI (4M in 1,4-dioxane), THF, 

17 
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IN 

Scheme 6. 

MeO)).n> MeO N 
a 

HO.B N HOX1II> 
H (74°h) B\ OH OH 

Boc0> 

d 

(94%) 

MeO N.\ 

cO1( (98%) 
Boc_N 

Conditions: (a) NaH (60%), THF  OT, and then I-Me. (b) Na2CO1, LiCI, 
((PPh3)4Pd(0), 1,4-dioaxne/H20, 80 0C. (c) Pd (0)/C, 112 (60 psi), MeOH, rt. (d) 

5 TMS-I, CH2C)2, 60 °C. 

Scheme 7. 

MeO N+ MeO> 

HO N HO)1C> 
(99%)TIPS 

B 
OH OH 

MoO N 
b 

6 
(800/Q) 

’TIPS 
Boc 

(100%4 C 

40 

(85%) 

NIIPS 

Conditions: (a) NaH (60%), TIPS-Cl. THF, 0 T. (b) Na2CO3, LiC1, ((PPh3)4Pd(0), 
10 1,4-dioaxne/H20, 80°C. Pd (0)/C, Fl2 (60 psi), MeOH, rt. (d) TMS-I, CH202, 60 °C. 

18 
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Scheme 8. 

H TIPS 
CIN_N a CP_N, r J’; 

/ 75% 
Boc’ 

/ N 

48% b 

H TIPS 
CI 

rO H 
63% rO H 

Bee 
17 

Conditions: (a) NaH (60%), TIPS-Cl. THF, 0 °C. (b) Sec.-BuLi, THF, 
TMS-I, CH2C12, 60 °C. 

5 

Scheme 9. 

NH, 

Me 

HN 
b HN 

0 

- 

95% C 

H H 

d I H 0 
0 

S 
97 2i45°/ 

HN HN 

)071067998 

C) 

OH 

Conditions: (a) pyvaoyi chloride, py, refhix. (b) n-BuLi, THF, -78 °C an then MF, 
-78 °C -> It (c) DIE4 n-BuLl, -78 °C, THF; NaH(60%), THF, 0 T. (d) one. Cl, 

10 H20, MeOH, reflux. (e) McOH, silica gel, NBS or NCS, rt or 60 T. 

19 
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Biological Methods 

PCT/US2007/067998 

25 

CGRP Binding Assay. Tissue Culture. SK-N-MC cells were grown at 37 °C in 511/o 

CO2 as a monolayer in medium consisting of MEM with Earle’s salts and L-

5 glutamine (Gibco) supplemented with 10% fetal bovine serum (Gibco). Cell Pellets, 

The cells were rinsed twice with phosphate-buffered saline (155 mM NaCl, 33 mM 

Na2HPO4, 1,1 mM KH2PO4, pH 7.4), and incubated for 5-10 mm, at 4 °C in 

hypotonic lysis buffer consisting of 10 mM Tris (pH 7.4) and 5 mM EDTA. The 

cells were transferred from plates to polypropylene tubes (16 x 100 mm) and 

10 homogenized using a polytron. Homogenates were centrifuged at 32,000 x g for 30 

mm. The pellets were resuspended in cold hypotonic lysis buffer with 0. 1% 

mammalian protease inhibitor cocktail (Sigma) and assayed for protein concentration. 

The SK-N -MC homogenate was then aliquoted and stored at -80 °C until needed. 

15 Radioligand Binding Assay, The compounds of invention were solubilized and 

carried through serial dilutions using 100% DMSO. Aliquots from the compound 

serial dilutions were further diluted 25 fold into assay buffer (50 mM Tris-CI pH 7.5, 

5 mM MgCl2, 0.005% Triton X- 100)and transferred (volume 50 j.tl) into 96 well 

assay plates. [1251]-CGRP (Amersham Biosciences) was diluted to 60 pM in assay 

20 buffer and a volume of 50 zl was added to each well. SK-N-MC pellets were 

thawed, diluted in assay buffer with fresh 0.1% mammalian protease inhibitor 

cocktail (Sigma), and homogenized again. SK-N-MC homogenate (5 tg/well) was 

added in a volume of 100 il. The assay plates were then incubated at room 

temperature for 2 h. Assays were stopped by addition of excess cold wash buffer (20 

25 mM Tris-Cl pH 7.5, 0.1% BSA) immediately followed by filtration over glass fiber 

filters (Whatman OF/B) previously soaked in 0.5% PET. Non-specific binding was 

defined with 1 lzM beta-CGRP. Protein bound radioactivity was determined using a 

gamma or scintillation counter. The 1050 was defined as the concentration of a 

compound of invention required to displace 50% of radioligand binding. 

30 

Cyclic AMP Functional Anta gonism Assay. Antagonism of the compounds of 

invention was determined by measuring the formation of cyclic AMP (adenosine 35’-

20 
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cyclic monophosphate) in SK-N-MC cells that endogenously express he flu uan 

CORP receptor. CGRP receptor complex is coupled with Gs protein nd C RP 

binding to this complex leads to the cyclic AMP production via Os - epend nt 

activation of an alenylate cyclase (Jiianeda C. et at, TiPS, 2000; :Icy:4 2-43 ). 

5 Consequently, CORP receptor antagonists inhibit CGRP - induce   lie A P 

formation in SK-N-MC cells (Doods H, et al,, Br J Pharmacol, 2000; 29(3): 20-

423). For cyclic AMP measurements SK-N-MC cells were incubated vith 0 3 nM 

CORP alone or in the presence of various concentrations of the comp inds 

invention for 30 min at room temperature. Compounds of invention re pr - 

10 incubated with SK-N-MC cells for 15 min before the addition of CUB to allow 

receptor occupancy (Edvinsson et al., Em’ I Pharmacol, 2001, 415:39- 4). Cy lie 

AMP was extracted using the lysis reagent and its concentration was d termi ed by 

radioimmunoassay, using RPA559 cAMP SPA Direct Screening Assay Kit 

(Amersham Phanmtcia Biotech). 1050 values were calculated using Ex el fit. The 

15 tested compounds of invention were determined to be antagonists as th y cxh bited a 

dose - dependent iiihibition of the CGRP induced cyclic AMP produ tion. 

Table 1. CORP Binding. 

Compound CORP binding 
IC50 (nM) 

A 

- 

C 

H 
r 

A 
F 0 

21 
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Compound CGRP binding 
1050 

0 

A 
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NH 
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ft 

10 

Compound 
CGRP binding 

1050 (nM) 
El CI 

ON)LNH B 
N 

FC1 

- ocI 

N NNH B 

Me CI 

NH A 

FiC ° 

nE CI 

B 

ci 

B 

ci 

A 

A 0.01-10 nM; B = 10-100 nM; C = 
100-1000 nM; D> 1000 nM. 

Table 2 discloses some compounds which have been shown to inhibit CGRP. Results 

5 for Table 2 are denoted as follows: A 0.01-10 nM B = 10-100 nM; C = 100-1000 

nM; D> 1000 W. 

Table 2. CGRP Binding and cAMP Functional Data 

CompoundIC5o 
CGRP binding 

(nM) 
 

cAMP Function 
c50 (nM) 

B B 

26 
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Compound 
CGRP binding cAMP Functi i 
IC0 (nM) IC5o (nM) 
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C PH 
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P1 
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B B 

NQHLIJNNH C 
B * 

Nç 
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NH 

* 

14 

jot * 
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cAMP Function 

IC50 (nM) 

NNH 

N 0 

NM 

C * 

N3° 
A A 

-NH 

N3 ço 
* o C 

NNH 

Jo kNQ 
N NH 

B B 

H 50 C * 

0 H 
ENANH 

B B 

30 



WO 2007/131020 

Compound 
CGRP binding 
IC50 (nM) 

cAMP Functi 

IC50 (nM) 

ci 

-J 0 

1/ N 
0 HN 

QNANH 

D * 

HO

 

o H N 

QNANH 

C * 

HO 
cl cil o 

HN D * 

NO i Sr 

0 

o H N C * 

NNH 

J 
4NC’

B * 

31 

’/067998 



WO 2007/131020 

0 

PCT/US2007/067998 

Compound 
CGRP binding 
1050 (nM) 
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Compound 
CGRP binding 

IC50 (nM) 
cAMP Function 

1050 (riM) 
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4i F 
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A0.0l-10nM; B= 10-100 nM; C 100-1000 nM; D> 
1000 nM. 

Pharm.ccutical Compositions and Methods of Treatment 

5 

The compounds of Formula I inhibit the CGRP receptor. As such, they a 

treating disorders associated with aberrant CGRP levels or where module 

levels may have theraieutic benefit. 

10 Accordingly, another spect of the invention is a pharmaceutical compos 

comprising a compouid of Formula I with a pharmaceutically acceptable 

carrier, or diluent. 

Compounds are generally given as pharmaceutical compositions comprised 

15 therapeutically effective amount of a compound of Formula I, or a pharmac 

acceptable salt, and a parmaceutical1y acceptable carrier and may contain 

43 
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conventional exipients. A therapeutically effective amount is the amount needed to 

provide a meaningful patient benefit as determined by practitioners in that art. 

Pharmaceutically acceptable carriers are those conventionally known carriers having 

acceptable safety profiles. Compositions encompass all common solid and liquid 

5 forms including capsules, tablets, losenges, and powders as well as liquid 

suspensions, syrups, elixers, and solutions. Solid compositions may by formed in 

timed or sustained released formulations. Compositions are made using common 

formulation techniques and conventional excipients (such as binding and wetting 

agents) and vehicles (such as water and alcohols). 

10 

Solid compositions are normally formulated in dosage units providing from about I 

to about 1000 mg of the active ingredient per dose. Some examples of solid dosage 

’ units are 0.1 mg, I mg, 10 mg, 100 rug, 500 mg, and 1000 mg. Liquid compositions 

are generally in a unit dosage range of 1-100 mg/mL. Some examples of liquid 

15 dosage units are 0,1 mg/mL, 1 mg/mL, 10 mg/mL, 25 mg/mL, 50 mg/mL, and 100 

mg/mL. 

The invention encompasses all conventional modes of administration including oral, 

parenteral, intranasal, sublingual, and transdermal methods. Typically, the daily dose 

20 will be 0.01-100 mg/kg body weight daily. Generally, more compound is required 

orally and less parenterally. The specific dosing regime, however, should be 

determined by a physician using sound medical judgement. 

Inhibitors at the receptor level to CGRP are postulated to be useful in 

25 pathophysiologic conditions where excessive CGRP receptor activation has occurred. 

’ Some of these include neurogenic vasodilation, neurogenic inflammation, migraine, 

cluster headache and other headaches, thermal injury, circulatory shock, menopausal 

Rushing, and asthma. CORP receptor activation has been implicated in the 

pathogenesis of migraine headache (Edvinsson L. CNS Drugs 2001, 15(10),745-53; 

30 Williamson, D. J. Microsc. Res. Tech. 2001, 53, 167-178.; Grant, A. D. Brit, J. 

Pharmacol. 2002, 135, 356-362.). Serum levels of CGRP are elevated during 

migraine (Goadsby P. J. et al, Ann. Neurol. 1990, 28, 183-7) and treatment with anti-

migraine drugs returns CGRP levels to normal coincident with alleviation of 
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headache (Gallai V. et al. Cephalalgia 1995, 15, 384-90). Migraineurs 

elevated basal CORP levels compared to controls (Ashina M. et al., Pa 

2), 133-8). Intraveijious CORP infusion produces lasting headache in r 

(Lassen L.H. et al. Cephalalgia. 2002, 22(1), 54-61). Preclinical studic 

5 rat report that systeilriic CGRP blockade with the peptide antagonist CC 

does not alter resting systemic hemodynaniics nor regional blood flow 

al. J. Pharmacol. Exp. Ther. 2001, 298, 551-8). Thus, CGRP-receptor 

may present a novel treatment for migraine that avoids the cardiovascu 

of active vasoconstriction associated with non-selective 5 -HT lB/ID a 

10 "triptans" (e.g., sumatriptan). 

Another aspect of the invention is a method of treating migraine or 

"Migraine," "headadhe," and related terms are as understood by medical 

15 practitioners. Migraine encompasses all classes of migraine including c 

classic, cluster, fulgurating, hemiplegic, opthalmoplegie, and opihomaln 

20 

"Therapeutically effctive" means there is a meaningful patient benefit 

by medical practitioners. 

067998 

2000 86(1 -

grain urs 

in do and 

P(8-.37) 

Jim, -T. et 

tagon sts 

r liabi ities 

"Patient" means a pctson who may benefit from treatment as determined ,y me 

practitioners. 

Another aspect of the invention relates to a method of treating inflammati ii 

25 (particularly neurogeiic inflammation), pain, thermal injury, circulatory s iock, 

diabetes, Reynaud’s syndrome, peripheral arterial insufficiency, subarach oid! C: 

hemorrhage, tumor grbwth, flushing associated with menopause and othe condi 

the treatment of whicIf can be effected by the antagonism of the CORP re eptor 

the administration ofharmaeeuticaJ compositions comprising compound. of 

30 Formula (I) as defined herein. 

Another aspect of the invention relates to methods selected from the group 

of (a) immune regulatibn in gut mueosa (b) protective effect against cardi 

45 
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anaphylactic injury (c) stimulating or preventing interleukin-ib(TL-lb)-stimulation of 

bone resorption (d) modulating expression ofNKl receptors in spinal neurons and 

(e) airway inflammatory diseases and chronic obstructive pulmonary disease 

including asthma. See (a) Caleitonin Receptor-Like Receptor is Expressed on 

5 Gastrointestinal immune Cells. 1-lagner, Stefanie; Knauer, lens; Haberberger, Rainer; 

Goeke, Burkhard; Voigt, Karlheinz; McGregor, Gerard Patrick, institute of 

Physiology, Philipps University, Marburg, Germany. Digestion (2002), 66(4), 197-

203; (b) Protective effects of calcitonin gene-related peptide-mediated evodiamine on 

guinea-pig cardiac anaphylaxis. Rang, Wei-Qing; Du, Yan-Hua; Hu, Chang-Ping; 

10 Ye, Feng; Tan, Gui-Shan; Deng, Han-Wu; Li, Yuan-Jian. School of Pharmaceutical 

Sciences, Department of Pharmacology, Central South University, Xiang-Ya Road 

88, Changsha, Hunan, Naunyn-Schmicdeberg’s Archives of Pharmacology (2003). 

. 367(3), 306-311; (c) The experimental study on the effect calcitonin gene-related 

peptide on bone resorption mediated by interleukin-i. Lian, Kai; Du, Jingyuan; Rao, 

15 Zhenyu; Luo, Huaican. Department of Orthopedics, Xiehe Hospital, Tongji Medical 

College, Huazhong University of Science and Technology, Wuhan, Peop. Rep. 

China. Journal of Tongji Medical University (2001), 21(4), 304-307, (d) Caleitonin 

gene-related Peptide regulates expression of neurokinin I receptors by rat spinal 

neurons. Seybold VS, McCarson KE, Mermeistein PG, Groth RD, Abrahams LG. 

20 J. Neurosci, 2003 23 (5): 1816-1824. epartment of Neuroscience, University of 

Minnesota, Minneapolis, Minnesota 55455, and Department of Pharmacology, 

Toxicology, and Therapeutics, University of Kansas Medical Center, Kansas City, 

Kansas 66160 (e) Attenuation of antigen-induced airway hyperresponsiveness in ZP 

CGRP-deficient mice, Aoki-Nagase, Tomoko; Nagase, Takahide; Oh-Hashi, Yoshio; 

25 Shindo, Takayuki; Kurihara, Yukiko; Yamaguchi, Yasuhiro; Yamamoto, Hiroshi; 

, Tomita, Tetsuji; Ohga, Eijiro; Nagai, Ryozo; Kurihara, Hiroki; Ouchi, Yasuyoshi. 

Department of Geriatric Medicine, Graduate School of Medicine, University of 

Tokyo, Tokyo, Japan. American Journal of Physiology (2002), 283(5,Pt. 1), L963 -

L970; (1) Calcitonin gene-related peptide as inflammatory mediator. Springer, 

30 Jochen; Geppetti, Pierangelo; Fischer, Axel; Groneberg, David A. Charite Campus-

Virchow, Department of Pediatric Pneumology and immunology, Division of Allergy 

Research, Humboldt-University Berlin, Berlin, Germany. Pulmonary Pharmacology 

& Therapeutics (2003), 16(3), 121-130; and (g) Pharmacological targets for the 
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inhibition of neuroenic inflammation. Hclyes, Zsuzsanna; Pinter, Erila; Nci eth, 

Jozsef; Szolcsanyi,Janos. Department of Pharmacology and Pharmac4hcrap 

Faculty of Medicine, University of Pecs, Pecs, Hung. Current Medicina Che istry: 

Anti-Inflammatory& Anti-Allergy Agents (2003), 2(2), 191-218 all in orpor’ ed by 

5 reference herein. 

Another aspect of this invention relates to a method of treatment usingmbin tic 

of Formula I compounds with one or more agents selected from the gro4p con isti 

of COX-2 inhibitors, NSA IDS, aspirin, acetaminophen, triptans, ergotarfine al d 

10 caffeine for the trealment of migraine. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Proton magnetic res4mance (IH NMR) spectra were recorded on a Bruk r AC 00 or 

15 AC 500. All spectra were determined in the solvents indicated and che ical s ifts 

are reported in 8 units downfield from the internal standard tetramethyls’ ane 
( 

MS) 

and interproton coupling constants are reported in Hertz (Hz). Splitting attern are 

designated as followK: s, singlet; d, doublet; t, triplet; q, quartet; m, multi let; b 

broad peak. Low resolution mass spectra (MS) and the apparent molecu r (M +) or 

20 (M -H)+ was determthed on a Micromass platform. The elemental analy. ’s are 

reported as percent br weight. The products  were purified by Prep HPW usin the 

column YMC S5 OIlS (30 x 100 mm) at a flow rate of 40.0 mL/min and gradic 

time of 8.0 mm. starting from solvent composition of 40% MeOH-60% 1- 20-0,1% 

TFA and ending with solvent composition 95% MeOH-5% H20-0.1% TFA. T e 

25 products were anaJyzd by a HPLC instrument using an XTERA column 3.0 x 0 

mm S7) starting from solvent A (10% MeOH - 90% water �0.1% trifluo oaceti 

acid (TFA)) and rea4ing solvent B (10% water- 90% methanol 
- 0.1%FA) c ver a 

gradient time of 2 mii. The flow rate is 5 mL/min. and retention time (R of pr duct 

was measured at 220 tim wavelength. 

30 

47 



WO 2007/13.1020 

Intermediate I 

HNAO 

0 

00 

PCT/US2007/067998 

2-(Acetoxymethy1-4-tert-buto)ycarbonylamino-3-n1ethyl-benzylidene.)-

5 succinic acid diethyl ester. Nitrogen gas was bubbled through a solution of acetic 

acid 3-tert-butoxycarbony1amino6 �iodo--2-methyl-benzyl ester (3.85 g, 9.5 mmol), 

itaconic acid diethyl ester (2.2 mL, 12 mmol), tetrabutylammonium chloride (3.4 g, 

S12 mmol), and triethylamine (4.0 mL, 29 mmol) in NN-dimethylformamide (25 niL) 

for 5 minutes. Palladium (TI) acetate (0.32 g, 1.4 mmol) was added. Mixture was 

10 heated at 100 °C for 45 minutes. Mixture was cooled to room temperature then 

diluted with diethyl ether (100 ml). Mixture was washed successively with water (3 

X 50 mL), and brine (25 mL). Organic was dried (MgSO4), filtered and concentrated 

in vacuo. Silica gel purification yielded the desired product in 99% yield as an amber 

oil, ’H NMR (300 MHz, CDCI3): 6= 8.0 (s, lii), 7.78 (d, J=8.4, 1H), 7,08 (d, .J8.4, 

iS IH), 6.32 (s, 111), 5.11 (s, 2H), 4.27 (q, J=7.3, 2H), 4,11 (q, J= 7.1, 2H), 3.30 (s, 211), 

2.24 (s, 3H), 2.04 (s, 311), 1.55 (s, 3H), 1.51 (s, 9H), 1.32 (t, J� 7.1, 3H), 1.23 (t, J 

7.3, 311). MS rn/c (M-H)’= 462.0. 

Intermediate 2 

I HN0’< 

0 0 

20 
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2-(S-(Acetmethy1-4-teri-huto,’curbonylainino-3-rnethyl-he zyl)-s .ccinic 

acid diethyl ester. 2-(S)-(Acctoxymethyl-�4-tert-butoxycarbonylamino- 3 -met yl-

benzylidene)-succittic acid diethyl ester (4.4 g, 9.5 mmol) and (+1,2-U s((2R, R)-

diethylphospholan)benzene(cyc1ooctadiene)rhodium (I) trifluorometh ne sul onate 

(100 mg) was dissolved in ethanol (80 mL). Mixture was placed on a P rr 

hydrogenation apparatus. Reaction vessel was charged with 60 psi of Ii drog gas. 

Reaction mixture was allowed to shake at room temperature for 18 houi . Re ction 

mixture was concentrated in vacua. Residue was passed through a plug o 
nf

 sili a gel 

eluting 80% ethyl acetate-hexanes (250 mL). Filtrate was concentrated vac a to 

afford the desired product in 97% yield as an amber oil, ’H NMR (300 Hz, DCI3): 

= 7.62 (d, J 8. 1, IH), 7.01 (d, J 8.4, IH), 6.20 (s, 11J), 5.20 (m, 2H), 4.09 ( 

411), 3.14 (m, 111), 1.69 (m, 2H), 2.38 (dd, J1 16.8, 12 4.8, .IH), 2.23 s, 3H) 2.07 

(s, 3H), 1.56 (3, 3H), 1.50 (s, 911), 1.22 (m, 6H). MS nile (M-1-f)’=464. 

Intermediate 3 

NH2 

00 

2-S-"2-Acetpirnethyl-4-amino-3-methyl-henzy)-succinic acid 

Trifluoroacetic acid (10 mL) was added to a solution of 2-(S)-(acctoxym 

butoxycarbonylamint-3-methyl-benzyl)-succinic acid diethyl ester (4.6 

in dichioromethane (40 mL). Reaction mixture was stirred at room temp 

1.5 hours. Mixture Was concentrated in vacua. Residue was dissolved it 

dichloroniethane (75 imL) and washed successively with saturated aqueoi 

bicarbonate (2 X 50 iflL) and brine (30 mL). Organic was dried (magnes 

filtered and concentrated in vacua to yield the desired product in 99% yic 

amber oil. ’HNMR ($00 MHz, CDC13): 3 6.85 (d, .J 8.1, IH), 6.67 (d, 

5.18 (m, 2H), 4.09 
(in, 

4H), 3.09 (dd, J1= 6.2, J2= 13.9, 1H), 2.96 (m, 11 
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hyl-4tert-

9.9 nmol) 

’aturc for 

as a 

8.4, 1H), 

2.66 (m, 
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21T), 2.37 (dd, J1’= 4,6, J2= 16.7, 1H), 2.15 (s, 3H), 2.06 (s, 3H), 1.20 (ra, 6H). MS 

rn/c (M-C21"1402+H) 306.2. 

Intermediate 4 

N ’-NH 

yoLrJ 
0 

5 
0 

2-)-4-Ace1oxyme1ky1- lJ-f-indazol-5-ylmethyl)-succinic acid diethyl ester. 

Isoamyl nitrite (1.6 rnL, 12 mmol) was added dropwise to a cooled (water ice bath) 

sollution of 2-(S)-(2-acetoxymethyl-4-amino-3-methyl-benzyl)-succinic acid diethyl 

10 ester in carbontetrachioride (80 mL) and acetic acid (4 mL). Mixture was stirred at 0 

°C for 2 hours. Mixture was warmed and stirred at ambient temperature for 14 hours. 

Mixture was concentrated in vacuo. Residue was dissolved in dichloroniethane 

(75mL) then washed successively with saturated aqueous sodium bicarbonate (2 X 50 

mL), and brine (30 mL). Organic was dried (magnesium sulfate), filtered and 

15 concentrated in vacua. Silica gel chromatography (ethyl acetate 
- hexanes) afforded 

the product in 55% yield as an amber oil. 1HNMR (300 MT-lz, CDC13): 6=8.19 (s, 

IH), 7.44 (d, J= 8.8, 1H), 7.24 (d, J= 8.8, 1H), 5.49 (s, 2H), 4.06 (m, 4H), 3.25 (m, 

lH), 3.11 (m, IH), 2.97 (m, 1H), 2.72 (dd, J1= 8.8,.12= 16.5, IH) 2.43 (dd, J1= 5. 1, 

J2= 16.5), 2.09 (s, 3H), 1,19 (m, 6H). MS ni/C (M+H)= 377.1. 

20 

Intermediate 5 

N-NH 

H 

50 

0 
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ILI 

20 

25 

2-(’S)-(’4-Hydroxymethyl- IH-indazol-5-ylmeth))l,)-succinic acid irneth 

Potassium carbonate (1.6 g, 11,6 mmol) was added to a. solution of 2-( )-(4-

acetoxymethyl-lH4indazol-5-ylmethyl)-succinic acid diethyl ester (2.0 , 5.5 

in methanol (60 mL.). Mixture was stirred at room temperature for 1.5 ours. 

Reaction was quenthed with the addition of IN hydrochloric acid (30 L). 

Methanol was removed from the mixture in vacuo. Remaining aqueou. was 

with sodium bicarbonate. Mixture was extracted with ethyl acetate (2 40 n 

Combined organic layers were washed successively with water (30 mL and 1 

mL). Organic was dried (magnesium sulfate), filtered then concentrate in v 

Desired product wa8 obtained in 92% yield as an amber oil. 1H NMR (3 0 M 

CDC13): 6= 8.21 ((s, IH), 7,34 (d, J= 9.2, IH), 7.17 (d, .1= 8.8, IH), 5.0 (dd, 

12.4,.12= 17.9, JH) 3.63 (s, 6F1), 3.23 (m, 1Ff), 2.98 (’ii, III), 2.77 (dd, 1---7, 

16,8, 1H), 2.53 (dd, A= 6.4, J2= 16.7, 1H). MS mle (M+H)= 307.0. 

Intermediate 6 

N�NH HCI 

cI 

ester. 

fled 

(30 

J2= 

acid dim thyl e 

hydrochoride. Thiottyl chloride (5.0 mL) was added to a solution of 2-( )-(4-

hydroxymethyl-11-1-iiidazo1-5-ylmethyl).-succinic acid dirnethyl ester (1.5 g, 5. 

mmol) in dichloromethane (30 mL). Reaction mixture was stirred at am ’ent 

temperature for 2 hoi4rs. Mixture was concentrated in vacuo. Residue w s tritui 

in toluene (30 mL), t’len concentrated in vacuo. Residue was treated Wit 

dichloromethane (30 nL) then concentrated in vacuo. Desired product w s obta 

in 96% yield as an ornge solid. ’H NMR (300 MHz, CDCI3): 3= 8.22 (s, I H), 7 

(d, J= 8.8, IH), 7,15 (,J= 8.8, 11-1), 5,12 (s, 2H), 3.56 (s, 3H), 3,52 (s, 3 ), 3.0 

3H), 2.69 (dd, 11=8.1, J2= 16.5), 2.54 (m, 1H). MS rn/c (M+H)= 325.2. 

51 

ned 
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Intermediate 7 

H 

N> 

00 

f9-(’2, 2-Dime1hyl-propyl)-8-oxo-3, 6,7,8,9,1 0-hexcihydro-2, 3, 9-triaza-(5) - 

5 cycloheptalejinden-7-ylJ -acetic acid methyl ester. Neopeiitylamine (2.0 mL, 17 

mmol) was added to a mixture of potassium carbonate (1.2 g, 8.7 mmol) and 2-(S)-

(4-chloromethyl-1H-indazol-5-ylmethyl)-succinic acid dimethyl ester hydrochloride 

(1.56 g, 4,3 mmol) in acetonitrile (30 niL). Reaction mixture was heated at reflux 

until starting material was deemed to be consumed by HPLC (1.5 hours). Mixture 

10 was cooled to room temperature then filtered. Filtrate was concentrated in vacuo. 

Residue was dissolved in a mixture of toluene (40 mL) and acetic acid (2 mL). 

Reaction mixture was heated at reflux until judged complete by HPLC (44 hours). 

Mixture was concentrated in vacua. Residue was dissolved in ethyl acetate (50 mL) 

and washed with saturated aqueous sodium bicarbonate (2 X 25 mL). Organic was 

15 dried (magnesium sulfate), filtered and concentrated in vacua. Silica gel 

chromatography (ethyl acetate-hexanes) yielded the desired product in 90% yield as a 

yellow foam. 1H NMR (300 MHz, CDCI3): 8= 8,01 (s, lH), 7.35 (d, J-8.4, IH), 7.13 

(d, J= 8.4, IH), 5.41 (d, J=16.8, 111), 4.50 (d, J= 16.8, lH), 3.90 (m, 1H), 3.70 (s, 

3H), 3.62 (m, IH), 3.50 (d, .J-’ 13.9, 1H), 3.18 (d,.]= 13.5, IH), 3.05 (m, 214), 2.43 

20 (dd, J1= 16.7, J2= 5,3, IH), 0.83 (s, 9H). MS mle (M-H)=342.0. 

qPIntermediate 8 

H 

NN 

/\ 

OH 
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f9-(2,2-Dimeth.)P/-propyO-8-oxo-3, 6,7,8,9,1 0-hexahydro-2, 3,9-tr’aza-( - 

cycioheptafejinden. 7-ylJ -acetic acid. Lithium hydroxide monohydrate 335 n g, 8.() 

mmol) was added to a solution of f9-(2,2-dimethyl-propyl)-8-oxo-3,6,7, ,9,10 

hexahydro-2,3,9-triaza-(S)-cyc!ohepta[e]inden -7-yl]-acetic acid methyl ster ( .32 g, 

5 3.8 mmol) in methanol (15 mL), tetrahydrofuran (15 mL) and water (15 mL). 

Reaction mixture was heated at 50 OC for 1 hour. The organic solvents ere 

removed from the mixture in vacuo. Remaining aqueous was diluted wi h wat r (25 

mL). Mixture was neutralized with I N hydrochloric acid (8.0 mL). Mi ture as 

extracted with ethyl acetate (2 X 30 mL). Combined organic layers wer wash d 

10 with brine (20 mL) then dried (magnesium sulfate), filtered and concenti ated i 

vacua. Desired product was obtained in 88% yield as a light yellow soli . ’H MR 

(300 MHz, CDC13): &" 7.98 (s, IH), 7.36 (d, J= 8.8, 1H), 7.10 (d, J= 8.8 IH), .38 

(d, J--- 16.8, 1H),4.48 (d, J= 16.8, 1H), 3.85 (m, IH), 3.49 (d, J-- 13.5, 1 ), 3.1 (d, 

J= 13.9, IH), 3.08 (s 2H), 2.92 (dd, J1 8.2, J2= 16.3, 1H), 2,55 (dd, JI 16.5,.12= 

15 4.8, IH) 0.81 (s, 9H) MS nile (M-H)"= 328.0. 

20 

25 

Intermediate 9 

K 

(9-Benzyl-8-o.*u-3, 6,7, 8,9,1O-hexahydm-2, 3,9-triaza-’S,)-cyclohep afejin 

7-yll -acetic acid methyl ester. Benzylaminc (250 VLL, 2.3 mmol) and 2-(S -(4-

Chioromethyl- I H-indzol-5-ylmcthyl)-succinic acid dimethyl ester hydro hlorid 

were converted following a procedure analogous to the preparation of [9-( 12-

Dimethyl-propy1)-8-oo-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-(S)-cyclohcp a[c]in 

7-yl]-acetic acid methyl ester. Silica gel chromatography (ethyl acetate - cxane 

afforded the desired pitoduct in 62% yield as an amber oil, hII NMR (300 DlHz, 

CDCI3): ö= 7.77 (s, IH), 7.28 (m, 6H), 7.09 (d, ,J= 8.4, 1 H), 5.18 (d, J 16 8, 1H 

4.99 (d, J= 15.0, IH), 4.43 (d, 1=5.9, 1H), 4.39 (d, .J= 1.8, IH), 4.34 (d ,J’ 4.0, 1 
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3.74 (s, 3H), 3.13 (m, 2F1), 2.51 (dd, .I1 5.5, J2= 16.8, IH). MS mle (M+H)’= 

364.0. 

Intermediate 10 

H 

NN 

NJ/\
 

5 0 

(9-Benzyl-8-oxo-3, 6,7,8,9,1 0-hexahydro-2, 3, 9-friazcz-S)-cyclohepta[e]inden-

7-yl)-acetic acid, Lithium hydroxide (32 mg, 0.76 mmol) and (9-benzyl-8-oxo" 

3,6,7,8,9,1 0-hexahydro-2,3 ,9-triaza-(S)-cyclohepta[c] inden-7-yl)-acetic acid methyl 

10 ester were reacted in a manner analogous to the preparation of [9-(2,2-dimcthyl-

propyl)-8-oxo-3,6,7,8,9, 1 0-hexahydro-2,3 ,9-triaza-(S)-cyclohepta[c]inden-7-yl]-

acetic acid. Desired product was obtained as a yellow oil in 99% yield. ’H NMR 

(300 MHz, DMSO, D6): ö 7.72 (s, 111), 7.28 (m, 4H), 7.16 (m, 214), 7.06 (d, .J= 8.8, 

III), 5.15 (d, J" 16.8, 1H), 4.95 (d, J= 15.0, IH), 4.37 (m,4H), 3.09 (m,2H), 2.59 (dd, 

15 11’ 5.1, .J2= 16.5, IH). MS ni1e (M–H) 350,0. 

Intermediate 11 

H 
N CI 

ft. 

00 

/ \ 

0 

20 /4-chloro-9-(2,2-dimethyi-propyl)-8-oxo-3, 6,7,8,9,1 0-hexakvdro-2, 3,9-

triaza-(S)-cyciohep/a[e]inden-7-yl]-acetic acid methyl ester. Potassium carbonate 

(190 mg, 1,4 mmol) was added to a solution of 2-(S)-(4-aeetoxymethyl-7-chloro-1H-

indazol-5-ylmethyl)-succinic acid diethyl ester (240 mg, 0.58 mmol) in methanol (10 
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15 

20 

25 

mL) and ethanol (5 mL). Mixture was stirred at room temperature for 1.5 hou s. 

Reaction was quenched with the addition of I N hydrochloric acid (10 1 1L). rganic 

solvents were removed from the mixture in vacua. Remaining aqueous was b sified 

with sodium bicarbonate. Mixture was extracted 2X ethyl acetate (15L). 

Combined organic Ilayers were dried (magnesium sulfate), filtered and c ncent ’ated. 

Residue was dissohed in dichloromcthane (6 mL), Thionyl chloride (2 ) as 

added to the mixture. Reaction was stirred at room temperature for 1.5 ours. 

Mixture was concentrated in vacua. Residue was treated with dichioro ethan (25 

mL) then concentrated in vacua. Residue was suspended in acetonitrile 5 niL 

Potassium carbonate (200 mg, 1.4 mmol) was added to the mixture folIo ed b 

neopentylamine (150 i.IL, 1.3 mmol). Reaction mixture was heated at re ux fo 1 

hour. Mixture was cooled to room temperature then filtered through a 0. 5 11m PTFE 

membrane. Filtrate was concentrated. Residue was dissolved in a mixtu c oft luene 

(5 mL) and acetic acid (250 gtL). Reaction mixture was heated at 100°C or 15 ours 

then warmed to refluix for 7 hours. Mixture was cooled to room tempera ure th n 

diluted with ethyl acetate (15 mL). Mixture was washed successively 2 satur ted 

aqueous sodium bicarbonate (20 mL), water (15 mL) and brine (10 mL). Orga ic 

was dried (magnesium sulfate), filtered and concentrated in vacua. Silic gel 

chromatography (ethyl acetate-hexanes) afforded the desired product in 4 % yi Id as 

a yellow oil. 1H NM1. (300 MHz, CDCI3): 8= 8.02 (5, 1H), 7.13 (s, 1H), .37 ( 

IH), 4.42 (d, J= 17.2, 1H), 3.88 (m, 1H), 3.70 (s, 3H), 3.53 (d, J= 13.9, 1 ), 3. 2 (d, 

J 13.9, lH), 3,03 (ni, 3Ff), 2,44 (dd, J1= 5.9, J2= 16,9, IH), 0.81 (s, 914) MS c 

(M+H) 378.1. 

Intermediate 12 

I-I 
N CI 

NJOH 
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[4 Chloro-9- (2 , 2-dimethyl-prop),l)-’8-oxo-3, 6,7,8,9, 1 0-hexahydro-2, 3,9-

traza-’’S,)-cyclohepta1ejinden- 7-yl] -acetic acid. Lithium hydroxide monohydrate (30 

mg, 0.71 mmol) was added to a solution of [4-chloro-9-(2,2-dimethyl-propyl)-8-oxo-

3,6,7,8,9, 10-hexahydro-2,3,9-triaza-(S)-cyclohcpta[e]inden-7-yl]-acetic acid methyl 

5 ester (100 mg, 0.26 mmol) in methanol (2 mL), tetrahydrofuran (2 mL) and water (2 

mL). Reaction mixture was stirred at ambient temperature for two hours followed by 

heating at 50 C for 40 minutes. Organic solvents were removed from the mixture in 

vacuo. Remaining aqueous was neutralized with IN hydrochloric acid (750 .tL). 

Mixture was extracted 2X ethyl acetate (10 mL). Combined organic layers were 

10 washed with brine (10 mL) then dried (magnesium sulfate), filtered and concentrated 

in vacuo. Desired product was obtained in 93% yield as an orange solid. 1H NMR 

(300 MHz, CDC13): = 7.98 (s, IFT), 7.09 (s, 1H), 5.35 (d, J= 17.2, IH), 4.41 (d, J-

17,2 , 1H), 3.82 (m, IH), 3.48 (d, J� 13.9, .1H), 3.12 (d, J= 13.9, 1H), 3.02 (m, 2H), 

2.92 (dd, J1= 8.4, J2= 16.8, lH), 2.45 (dd, J]= 5. 1, J2’ 16,8, 114), 0.78 (s, 9H). MS 

15 mle (M-H)-= 362,0. 

Intermediate 13 

0 

HNO 

0 0 

20 3-(2-Aceto)ymetvi-4-tert-butoxycarbony1amino-3methy1phenyl,)-2 

benzyloxycarbonylaniinoacrylic acid methyl ester. Palladium (II) acetate (105 mg, 

0.43 mmol) was added to a mixture of acetic acid 3-tert-butoxycarbonylamino-6 - 

iodo-2-methyl-benzyl ester (2.89 g, 7.1 mmol), Z-dchydroalanine methyl ester (2.20 

g, 9.4 mmol), tetrabutylammonium chloride hydrate (2.70 g, 9.7 mmol), and sodium 

25 bicarbonate (1.80 g, 21.4 mmol) in THF (100 mL). Reaction was heated at reflux for 

3.75 hours. Mixture was cooled to room temperature then filtered through a plug of 

silica gel eluting 70% ethyl acetate-hexanes (500 mL). Filtrate was concentrated in 
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vacuo. Silica gel chromatography afforded the title compound as a yel w solid in 

69% yield. ’H NM (300 MHz, CDCI3): 3= 7.79 (d, J= 8.4, 1H), 7.42 ’, IH), 7.27 

(m, 6H), 6.30 (s, 11-i), 5.11 (s, 211), 5.02 (s, 2H), 3.81 (s, 3H), 2.21 (s, 3 {), 2.0 (s, 

3H), 1.51 (s, 9H). MS rn/c (M-FI)511.0. 

Intermediate 14 

3-’2-Acetoxyknethyl-4-tert-butoxycarbonylamino-3-methyl-pheny -2-(R - 

10 benzyloxycarbonylarnino-propionic acid methyl ester. A solution of 3-( - 

acetoxymethyl-4-tert-butoxycarbonylamino-3 -methyl-phenyl)-2 - 

benzyloxycarbonylaniino-acrylic acid methyl ester (2.51 g, 4.9 mmol) in methaol 

(50 mL) and ethyl acetate (15 rnL) was reacted in a manner similar to the prepa ation 

of 2-(S)-(acetoxymethyl-4-tert..butoxycarbonylamino-3 -methyl-benzyl)-s ccini acid 

15 diethyl ester. Title compound was obtained as an off-white solid in 97% ield. H 

NMR (3 00 MHz, CDCl): 3 7.66 (d, J= 7.9, IH), 7.31 (m, 5H), 6.99 (d, = 8.5 1 H), 

6.21 (s, 1H), 5.31 (d, 41= 7.6, IH), 5.17 (d, J 3.7, 2H), 5.04 (d, J= 5,80, 2 ), 4. 6 (m, 

1H), 3.71 (s, 3H), 3.23 (dd, J1 5.80, J2= 14.7, IN), 3.07 (dd, J]"= 7.8, J2 = 14.2 

1H), 2.21 (s, 3H), 2.0 (s, 3H), 1.50 (s, 9H). MS rn/c M-H= 513.0. 

20 

Intermediate 15 

N-NH 

H 

0 

57 



WO 2007/131020 PCT/1JS2007/067998 

Lk\ 

34AcetoxymethyI-1H-indazol-5-yl)-2-(R)-benzyl0XYcarbOflYlarniflO-

propionic acid methyl ester. Trifluoroacetic acid (2.5 mL) was added to a solution of 

3 -(2-acetoxymethyl-4-tert-butoxycarboflYlamiflO-3 -methyl-phenyl)-2-(R)-

beuzyloxycarbonylamino-propionic acid methyl ester (770 mg, 1.5 mmol) in 

5 dichloromethane (10 nil). Reaction mixture was stirred at room temperature for 1.5 

hours. Mixture was concentrated in vacuo. Residue was treated with chloroform (40 

mL) then concentrated in vacuo. Residue was dissolved in 5% acetic acid in 

chloroform (10 mL). Isoamyl nitrite (240 iL, 1.8 mmol) was added to the mixture. 

Reaction mixture was stirred at ambient temperature for 20 minutes. Potassium 

10 acetate (690 mg, 7.0 mmol) was added to the mixture. Reaction mixture was stirred 

at ambient temperature for 45 minutes. Mixture was washed successively with water 

(10 mL), and 2X saturated aqueous sodium bicarbonate (15 mL). Organic was dried 

(magnesium sulfate), filtered and concentrated. Crude product was obtained in 81 % 

yield as an amber oil and was used without further purification. ’H NMR (300 MHz, 

15 CDC13): ö= 8.17 (s, 1H), 7.41 (d, J 8.4, 1H), 7.25 (m, 6H), 5.54 (d, .J 8. 1, IH), 5,44 

(s, 2H), 5.03 (s, 2H), 4.67 (m,1H), 3.78 (s, 3H), 3.37 (dd, JJ= 5.9, .J2r 14.3, 1H), 

3.22 (dd, J1= 8. 1, J2= 14.3, 1H), 1.98 (s, 3H). MS rn/c (M+H)= 426.0. 

Intermediate 16 

N -NH HCI 

HO 
H 

"o 

20 0 0 

2-(R)-Benzyloxycarhonylamino-3(4-tert-butoxycarbonylamino-2-

hydroxymeth),l-3-methyl-phenyl,)-propionic acid methyl ester hydrochloride. 

Potassium carbonate (1.65 g, 12 mmol) was added to a solution of 3-(4-

25 acetoxymethyl- I H-indazol-5-yI)-2-benzyloxycarbonylamino-propionie acid methyl 

ester (2.30 g, 5.4 mmol) in methanol (70 mL). Reaction mixture was stirred at room 

temperature for 2 hours. Reaction was quenched with IN hydrochloric acid (50 mL). 

Methanol was removed from the mixture in vacuo. Remaining aqueous was basified 
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with sodium bicarbonate. Aqueous was extracted with ethyl acetate (2 K, 50 L). 

Combined extracts were washed with water (30 mL) and brine (20 mL) Org nic was 

dried (magnesium sulfate), filtered and concentrated. Residue was diss ived i 1:1 

ethyl acetate:hexans (50 mL). IN hydrochloric acid in 1,4 dioxane (1, rnL), was 

5 added to the mixture dropwise causing a precipitate to form. Mixture s stined at 

room temperature for 1 hour, Solids were filtered, washed with 1:1 eth I 

acetate:hexanes, then dried in vacun. Product was obtained in 61.% yiel as a n 

solid. 1H NIvIR (300 M1-Iz, DMSO-D6): 6= 8.67 (s, IH), 7.49 (s, 211), 7. 2 (in, 5H), 

4.99 (in, 4H), 4.50 (in, 1H), 3,73 (s, 3H), 3.41 (in, 1H), 3.13 (dd, J1= 9. .12= 3.9, 

10 IH). MS rn/c (M+H)=384.0. 

ILI 

20 

25 

Intermediate 17 

HCI 
N�NH  

CI 

2-(’R)-Benzy4xycarbonylamino-3-(4-chiorometv1- 1TJ-indazol-5- )-

propionic acid meth,).l ester hydrochloride. 2-(R)-Benzyloxycarbonylam no-3- 4- 

tert-butoxycarbonylairnino-2-hydroxymethyl-3 -rncthyl-phenyl)-propionic acid ethyl 

ester hydrochloride was reacted in a manner analogous to the preparation of 2-( )-(4- 

chloromethyl- 1H-iiidazol-5-ylmethyl)-succiuie acid dimethyl ester hydro hlork e. 

Title compound was obtained as an orange solid in 99% yield. ’H NMR ( 00 M z, 

CD3OD): &= 8.43 (s, IH), 7.50 (d, J= 8.8, 1H), 7.38 (d, J= 8.4, 1H), 7.24 m, S ), 

5.06 (d, J= 11.0, 1 H)A 4.98 (d, J� 4,8, 2H), 4.56 (dd, J1� 5,7, J2 9,3, 1H , 3.71 (s, 

3H),3.42(dd,J15.,J2= 14.3, lH),3.l7(dd,JJ9.3,J2= 14.1, IH). Sm/c 

(M+H)= 402.0. 
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Intermediate 18 

f9-2,2-Dime1hyl-propyl)-8-oxo3, 6, 7 8,9, 10-hexcihydro-2, 3, 9-triaza-(R)-

5 cyciohepiafeJinden-7-ylJ-carbarnic acid benzyl ester. Neopentylamine (600 4L, 4.5 

mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl- I H-indazol-5-yl)-

propionic acid methyl ester hydrochloride were reacted in a manner analogous to the 

preparation of [9-(2,2-diniethyl-propyl)-8-oxo-3 ,6,7,8,9, 1 0-hexahydro-2,3 ,9-triaza-

(S)-cycJohepta[e]inden-7-yl]-acetic acid methyl ester. Silica gel chromatography 

10 afforded the title compound as a lightly colored oil in 88% yield.. ’H NMR (300 

MHz, CDC13): 5= 7.97 (d, J= 2.9, 1H), 7.38 (d, J= 4.0, 31-1), 7.31 (m, 3H), 7.06 (dd, 

J1 3.7, J2= 8.8, 6.32 (d, J= 6.3, 1H), 5.24 (m, 2H), 5.15 (s, 2H), 4.42 (dd, .J1 5.5, 

J2= 17.2, 1H), 3.56 (d, J 13.9, 1H), 3.45 (d, J= 16.5, 1H), 3.07 (m, 2H), 0.82 (s, 

9H). (M+H)= 421.0. 

15 

Intermediate 19 

00 

H HO"-
N 

- 00 
\ 

. N 
HO 

0 

NH2 

7-(R)-Arnino-9-(2,2-dimethyl-propyl)-6, 7,9,1 O-tetrahydro-31-i-2,3, 9-triaza-

20 cyclohepta[eJinden-8 -one bicmethanesulfonate. Methanesulfonic acid (1 mL) was 

added to a solution of [9-(2,2-dimethyl-propyl)-8-oxo-3 ,6,7,8,9, I 0-hexahydro-2,3 ,9-

triaza-(R)-cyclohepta[cjinden-7-yl]-carbamic acid benzyl ester (145 mg, 0.34 mmol) 
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and anisole (100 pL, 092 mmol) in dichioromethane (4 mL). Reaction i5tu] 

stirred at room temperature for 2.5 hours. Mixture was diluted with die yl cli 

inL). Mixture was allowed to stand at room temperature for 30 minutes Solv 

were decanted off. Remaining residue was washed with diethyl ether (2 mL) 

5 dried in vacuo. Crude product was obtained as an orange oil in quantita ive yi 

and was used without further purification.. ’H NMR (300 MHz, CD3O ): / 

(s, 1H), 7.56 (d,J’ 8.8, 1H), 7.39 (s,J"8.8, 1H), 5.42 (d,J= 17.9, 1H), .10 ( 

4.4,J2= 12.4, 114), 4.75 (d, .I= 17.6, 11-1), 3.84 (d, .J’ 13.5, 11-1), 3.42 (m, 314), 

J’ 13.9, 114), 2,71 (, 6H), 0.82 (s, 9H). (M+H)’287.1. 

10 

Intermediate 20 

(’3-Ace1yl-9-bnz).,1-8oxo-3, 6,7,8,9,1 0-hexahydro-2, 3, 9-triaza-(R) 

15 cyclohepiafejinden-7L.yl)-carbamic acid benzyl ester. Bciizylamine (53 l.t 

mmol) was added to mixture of 2-(R)-benzyloxycarbonylamino-3-(4-ch 

I H-indazol-5-y1)propionic acid methyl ester (125 mg, 0.31 mmol) and p 

carbonate (50 mg, 0.316 mmol) in acetonitrile (5 mL). Reaction was heate 

for 1 hour. Mixture Was cooled to room temperature then filtered. Filtrat 

20 concentrated. Residuo was dissolved in a mixture of toluene (5 mL) and 

(50 tL). Mixture wasl heated at reflux for 2 hours. Mixture was cooled to 

temperature. Acetic a’ihydride (500 jsL) was added to the mixture. Reach 

stirred at room temperature for 2 hours. Mixture was diluted with ethyl ac 

mL). Mixture was washed successively with water (15 mL), I  hydrochli 

25 .X 10 mL), and brine (10 mL). Organic was dried (magnesium sulfate), flu 

concentrated. Silica g1 chromatography (ethyl acetate - hexanes) yielded 
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compound in 43% yield as an amber oil. ’NMR (300 MHz, CDC13): 6= 8.33 (s, 

IH), 7.47 (d, J= 8. 8, 1H), 7.33 (m, 5H), 7.17 (m, 5H), 7.02 (d, J= 9,2, U-i), 6.28 (d, 

.1 6.6, 1H), 5.34 (m, IH), 5.16 (s, 2H), 5.00 (m, 1H), 4.84 (m, 111), 5.43 (t, J=14.5, 

in), 4.43 (d, .J 5.9, 1 H), 4.32 (d, 1= 16,8, lb), 4.11 (m, 1H), 2.02 (s, 311). MS nile 

5 (M+H)’= 483.2. 

Intermediate 21 

o �

NN 

Z 
$ N --?10 

10 (3-AceIyl-9-methyl-8-oxo-3, 6,7,8,9, 10-hexa4ydro-2, 3,9-friaza-(R)-

cyclohepta/eJinden-7-yl,-carbamic acid benzyl ester. Methylamine solution in 

methanol (2M, 2 mL, 4 mmol) was added to a mixture of potassium carbonate (130 

mg, 0.94 .mmol) and 2-(R)-beiizyloxycarbony1amino-3-(4-chloromethyl-IIT-indazol-

5-yl)-propionic acid methyl ester (165 mg, 0.41 mmol) in acetonitrile (5 niL). 

15 Mixture was heated at 40 °C for 1 hour, Mixture was cooled to room temperature. 

Mixture was filtered. Filtrate was concentrated. Residue was treated with a mixture 

of toluene (5 mL) and acetic acid (200 .tL). Mixture was heated at reflux for 45 

minutes. Mixture was cooled to room temperature then acetic anhydride was added 

(2 mL). Reaction was stirred at room temperature for 16 hours. Mixture was diluted 

20 with ethyl acetate (10 mL) then washed successively with water (10 mL), saturated 

aqueous sodium bicarbonate (2 X 15 mL) and brine (10 mL). Organic was dried 

(magnesium sulfate), filtered and concentrated. Silica gel chromatography (ethyl 

acetate - hexanes) yielded the desired product as a yellow solid in 18% yield. . 

NMR (300 MHz, CDC13): 6= 8.70 (s, IH), 7.51 (d, J= 9.2, 1H), 7.34 (m, 5H), 7.05 

25 (d, 1=9.2, 1 H), 6.19 (m, IH), 5.23 (s, 2H), 5.13 (s, 2H), 4.18 (d, J= 17.2, IH), 3.46 

(d, J= 17.2, 1H), 3.11 (s, 3H), 2.95 (m, IH), 2.89 (s, 3H). MS mle (M+H)’=407.2. 
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Intermediate 22 

H 

NN 

5N 
0

 

067998 

f8-Oxo-9-(’2piperidin-]-yl-ethyl)-3, 6,7,8,9,] O-hexahvdro-2, 3, 9- laza- ) - 

5 cyclohepta[e]inden7-ylJ-carbamic acid benzyi ester, I -2-Aminoethy1) )iperi inc 

(150 jiL, LI mmol) was added to a mixture of potassium carbonate (1.5 mg, 1 1 

mmol) and 2-(R).-beftzyloxycarbonylamino-3 -(4-chloromcthyl- I H-indaz 1-5-yl - 

propionic acid methy1 ester hydrochloride (220 mg, 0.50 mmol) in aceto itrile 5 

niL. Reaction was heated at reflux for 1 hour. Mixture was cooled to r om 

10 temperature then coicentrated. Residue was dissolved in a mixture of 

dichioromethane (10 mL) and acetic acid (200 p1). Mixture was heated t 40 0 for 

32 hours and heated t refiux for 8 hours. Mixture was cooled to room t era ure 

then washed successively with saturated aqueous sodium bicarbonate (2 10 1 L), 

water (10 mL) and bine (10 mL). Organic was dried (magnesium sulfat ), flute ed 

15 and concentrated. Citude product was obtained as a maroon solid in 860Nield, 

Material was carried forward without further purification. MS rn/c (M+ ’=46 .4. 

HPLCrf 1.19 mm. 

Intermediate 23 

H 

N.N 

/\ 

NH2 

20 
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7-(R)-Amino-9-2-piperidin-1-yl-ethyl)-6, 7,9, 10-tetrahydro-3H-2,3,9-triaza-

cyclohepta[eJinden-8one. Methanesulfonic acid (I mL) was added to a mixture of 

anisole (lOOpt, 0,92 mmol) and [8-oxo-9-(2-piperidin- 1 -yl-ethyl)-3 ,6,7,8,9, 10-

hexahydro-2,3 ,9triaza-(R)-cyclohepta[e]inden-7-y11-carbamic acid benzyl ester (200 

5 mg, 0.43 mmol) in dichioromethane (4 mL). Reaction was stirred at ambient 

temperature for 1 hour. Mixture was diluted with diethyl ether (30 mL). Mixture 

was allowed to stand at room temperature for 15 minutes. Solvents were decanted 

off. Remaining residue was dissolved in water (5 mL). Mixture was washed with 

diethyl ether (2 X 10 mL). Aqueous was basified with IN sodium hydroxide (2 mL). 

10 Mixture was extracted with ethyl acetate (2 X 15 mL). Combined extracts were 

washed with brine (5 mL). Organic was dried (magnesium sulfate), filtered and 

concentrated. Title compound was obtained as an amber oil in 42%yield. Material 

was carried forward without further purification. ’H NMR (300 MHz, CDCh): & 

8.06 (S, 111), 7.35 (d, J 8.4, IH), 7,11 (d, J 8,4, 11-1), 5.16 (d, J= 16.8, 1H), 4.57 (d, 

15 J= 16.8, 1FT), 4.40 (dd, J1= 12.8, J2’- 4.4, 1FI), 3.77 (m, 1H), 3.54 (m, 1H), 3.29 (m, 

1H), 3.03 (m, 11-1), 2.36 (m, 611), 2.14 (m, 2H), 1.38 (m, 4H). MS rn/c (M+H)= 

328.3. 

Intermediate 24 

H 

N" 
N 

N N 

C 
20 

S 
f8-Oxo-9-(2-pyrrolidin-]-vl-ethvl)-3, 6, 7 8,9,1 O-hexahydro-2,3,9.triaza-(R)-

c.yclohepi[e]inden- 7yl]-carbamic acid benzyl ester. 1 -(2-Aminoethyl)pyrrolidine 

(90 iL, 0.71 nimol) was added to a mixture of 2-(R)-benzyloxycarbonylamino-3-(4-

25 ehloromethyl-IH-indazol-5-yl)-propionic acid methyl ester (100 mg, 0,23 mmol) and 

potassium carbonate (120 mg, 0.87 mmol) in acetonitrile (5 mL). Reaction was 

heated at reflux until HPLC suggested the starting material had been consumed (2 
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hours). Mixture ws cooled to room temperature then filtered. Acetic id (’290 1iL) 

was added to the filtrate. Reaction was heated at reflux until judged co plete by 

HPLC (1 hour), Mixture was diluted with ethyl acetate (20 mL) then shed 

successively with saturated aqueous sodium bicarbonate (15 rnL), wate (10 L) and 

brine (10 mL). Organic was dried (magnesium sulfate), filtered and co centra ed. 

Crude product was obtained in 69% yield as a yellow oil. Material was arrie 

forward without further purification. ’H NMR (300 MHz, CDC13): 15= 8 04 (s, ), 

7.38 (m, 5H), 7.28 (d, J 8.4, 1H), 7.02 (d, .J 8.8, IH), 6.25 (d, .1= 6.2, H), 5 25 (m, 

1Ff), 5.15 (s, 2H),4.56 (d, J’= 16.8, IH), 3.70 (m, 2H), 3.47 (dd,J1 3.5 .)12 1 .7, 

1H), 3.01 (m, IH), 2.62 (m, 2H), 2.48 (m, 3H), 1.74 (m, 4H). MS rn/c ( +H) 

448.4, 

Intermediate 25 

H 

N 

NH2 

7-R)-Amino-9-(’2-pyrmiidin-I-yl-ethy1,.)-6, 7,9, 1O-eirahydro-3H- 3, 

cycloheptafeJinden-8-one. Title compound was obtained from 18-oxo-9- 2-

pyrrolidin- 1 -yI-ethy1)3,6,7,8,9, 10-hexahydro-2,3 ,9-triaza-(R)-cyclohepta e 

ylj-carbamic acid beizyl ester following a procedure analogous to the pre a 

7-(R)-amino-9-(2-pipridin-1-yi-ethyl)-6,7,9, 1 0-tetrahydro-31-1-2,3,9-triaz - 

cyc1ohepta[e]inden-8one. Material was obtained as an amber oil in 52% i 

used without further purification. ’H NMR (300 MHz, DMSO-Ds): 3= 8.0 

7.33 (d, J= 8,8, 1H), 7L10 (d, J= 8.8 , IH), 5.16 (d, J= 16.8, IH), 5.48 (d,, 

1H), 4.40 (dd, J1= 13.b, J2= 4.2, IH), 3.67 (rn, 2H), 3.29 (dd, J]= 3.11, J = 

111), 3.01 (dd, J1= 16.8, 12= 12.8, 1H), 2.58 (in, 2H)m 1.87 (m, 4H), 1.67 i 

MS rn/c (M+H)= 422,4. 
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Intermediate 26 

H 

N 

0 

[9(2-Dimethylamino-ethyl)-8-oxo-3, 6, 7,8,9, 1 O-hexaliydro-2, 3, 9-triaza-(R)-

5 cycloheptafeJinden-7-ylJ-carbamic acid benzyl ester. N-Ethy1enediarnine (70 PL, 

0.66 mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl- 1 H-indazol-5-yl)-

. propionic acid methyl ester (100 mg, 0.23 mmol) were converted to the title 

compound following a procedure analogous to the preparation of [8-oxo-9..(2-

py1TOlidifl 1 -yl-ethyl)-3 ,6,7 ,8,9, 1 0-hexahydro-2,3 ,9-triaza-(R)-cyclohepta[e]inden-7-

10 yl]-carbamic acid benzyl ester. Crude product was obtained as an amber oil in 520//0 

yield. Material was carried forward without further purification, LII NMR (300 

MHz, CDCI3): 5= 7.99 (s, IH), 7.36 (m, 6H), 6.27 (d, J 6.2, 1H), 5.25 (m, 114), 5.16 

(s, 2H), 5.13 (m, 1H), 5.06 (d, J= 18.7, 1H), 4.52 (d, J= 17.2, UT), 3.61 (t, J= 6.8, 

2H), 3.45 (dd, J1= 2.4, J2= 16,7, 1H), 3.01 (in, 1H), 2.38 (in, 211), 2.11 (s, oH). MS 

15 rn/c (M-i-H)= 422.4. 

Intermediate 27 

H 

NH2 

0 

20 7-(R)-Amino-9(2-dimethylamino-ethyl)-6, 7,9, 10-teirahydro-3H-2, 3, 9-triaza-

cycloheptafeJinden-8-one. [9-(2-Dimethylainino-ethyl)-8-oxo-3 ,6,7,S,9, 10-

hexahydro-2,3 ,9-triaza-(R)-eyc1ohepta[e]inden-7-yl-carbamie acid benzyl ester (65 
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mg, 0.15 mmol) wits converted to the desired product in a manner anal tgous a the 

preparation of 7-(P,)-amino-9-(2-pyrro1idin- I -yl-ethyl)-6,7,9,lO4etrahy ro-3 -2,3,9- 

triazacyclohepta[e’illden-8-one. Crude material was obtained as a yell w oil in 25% 

yield, Material was carried forward without further purification. ’H N. R (30 MHz, 

5 CDCI3): 6= 8.07 (s, IH), 7.35 (d, J= 8.4, IH), 7.12 (d, J 8.4, IH), 5.15 (d., J 16.8, 

IH), 4.58 (d, J= 16.8, IH), 4.42 (dd, J1 4.8, J2= 12. 8, IH), 3.62 (m, 2 ), 3.3 (m, 

1H), 3.01 (dd,J1= 13.0, i2’ 16.7, 1H), 2.37 (m, 2H), 2.15 (s, 6H). MS Ic ( +H) 

288.3. 

10 

Is 

20 

25 

Intermediate 28 

H 
NN 

I 

, 

$ 
0

 
Ile NAO 

o2 

19-(2-MorphoVin-4-yl-ethyl)-8-oxo-3, 6,7,8,9,1 O-hexahydro-2, 3, 9-t law-

cyclohepiafejinden-7ylj-carhamic acid henzyl ester. 4-(2-Aminoethyl). orpho 

(90 AL, 0.69 mmol) arid 2-(R)-benzyioxycarbonylamino-3-(4-chlorometh l-IH-

inda.zol-5-yl)-propionk acid methyl ester (100 mg, 0.23 mrnol) were cony rtcd i 

the title compound following a procedure analogous to the preparation of 8-oxo-

(2-piperidin- 1 -yl-ethyl)-3 ,6,7,8,9, 1 0-hexahydro-2,3,9-triaza-(R)-cyelohep [e]inc 

7-yl]-carbamic acid bnzyl ester. Crude material was obtained as an ambe oil in 

92% yield. Product ws carried forward without further purification. MS /e 

(M+H) 464.4. HPLC rf= 1.15 mm. 
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Intermediate 29 

H 
NN 

, N 
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7-(R)-Amino-9-(2-moipholin-4-),lethyl)--6, 7,9, lO-tetrahydro--3H-2,3,9-triazci-

5 cyc1oheptafejinden-8-one. [9(2 -Morpho1in4.y1-ethyl)-8oxo-3 ,6,7,8,9, 10-

hexaiiydro2,3 ,9triaza-(R)-cyc1ohepta{e] inden-7-yl]-carbarnic acid benzy] ester (95 

mg, 0.20 mmol) was converted into the title compound following a procedure 

analogous to the preparation of 7-(R)-amino9-(2piperid1n1 -yi-ethyl)-6,7,9, 10-

tetrahydro-3H-2,3,9-triaza-cycloheptafe]inden-8--one. Crude product was obtained as 

10 an amber oil in 62% yield. Material was carried forward without further purification. 

’H NMR (300 MHz, CDCI3): 3=8.06 (s, IH), 7,34 (d, 1= 8.4, 1H), 7.15 (d, J- 8.8, 

lH), 5.22 (d, J=’ 16.8, 1H), 4,51 (d, J" 17.2, 2Ff), 4.44 (m, IH), 4.02 (m, IFI), 3.40 (t, 

J= 4.8, 41-1), 3.31 (m, 3Ff), 3.07 (m, 1Ff), 2.32 (m, 4H), 1.95 (m, 211). MS m/e 

(M+H)= 330.3. 

15 

Intermediate 30 

H 

’ 

1 

$ 
0

 

[8-Oxo9-(J-(S)-phenyZ-eihy1)-3, 6, 7,8,9, 1O-hexahydro-2,3,9trjaza-(J?)-

20 cyc/ohepta[ejinde-7-vlJ-carbamic acid benzyl ester, (S)-(-)-a-Methylbenzylamilie 

(85 pLL, 0.67 mmol)and 2-(R)benzyloxycarbonylamino-3-(4-chloromethy1- 1 H-
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indazol-5-yl)_proipionic acid methyl ester (100 mg, 0.23 mmol) were onve d into 

the desired product following a procedure analogous to the prcparatio of [9 (2,2-

dimethyl-propyl).8-oxo-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-(S)-cycl hepta[ ]inden-

7-yl]-acetic acid methyl ester. Crude product was obtained as a dark ii in 

5 quantitative yield. Material was carried forward without further puri catiot . MS nile 

(M+H) 455.3. HPLC rN 1.68 mm. 

Intermediate 31 

H 

10 

7-Amino9-(J.-(S)-phenyl-ethyl)--6, 7,9,1 O-tetrahydro-31f-2, 3, -triaz -(R)- 

cycloheptafeJinrlen-8-one. [8Oxo-9-( I -(S)-phenyl-ethyl)-3 ,6,7 ,8,9 10-he ahydro-

2,3,9-triaza-(R)cyclohepta[c]inden-7-yl]-carbamic acid benzyi este (105 g, 0.23 

mmol) was reacted in a manner analogous to the preparation of 7-( )-ami o-9-(2- 

15 piperidin- 1-y1-thy1)-6,7,9, 10-tetrahydro-3H-2,3,9-tniaza-cyclohept’ [e]ind n-8-one. 

Crude product was obtained as a dark oil in 82% yield. Material w s carri d forward 

without further purification. MS ni/e (M-H)= 319.3. HPLC rf 1.4 mm. 

20 

Intermediate 32 

H 

N 
/\ 

o 
,LN 
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f8-Oxo4(J-(R)-phenyl-ethyl).-3, 6,7,8,9, 1O-hexahydro-2, 3, 9-triaza-(R)-

cyclohepta[e]inden- 7-y1]carbarnic acid benzyl ester. (R)-(+)-a-Methylbcnzylamine 

(85 tL, 0.67 mrnol) and 2-(R)-benzyloxycarbonylamino-3 -(4-chloromethyl- 1 H-

iridazol-5-yl)-propionic acid methyl ester (100 mg, 0.23 mrnol) were converted into 

5 the title compound in a manner similar to the preparation of [9-(2,2-dimcthyl-propyl)-

8-oxo-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl]-acctic acid 

methyl ester. Crude material was obtained as a dark foam in quantitative yield. 

Material was carried forward without further purification. MS rn/c (M -H)= 453.4. 

HPLCrf 1.98 min, 

10 

Intermediate 33 

H 

V 

OJNH2 

7-Amino-9-(]-(R)-phenyl-ethyl)-6,7,9, I0-tetrahydro3H-2, 3,9-triaza(R)-

15 cyc1ohepta[e]inden-8one. [8-Oxo-9-( 1 -(R)-phenyl-cthyl)-3 ,6,7,8,9, 1 0-hexahydro-

2,3 ,9-triaza-(R)-cyclohepta[e]inden-7-yl]-carbamjc acid benzyl ester (105 mg, 0.23 

mmol) was reacted in a manner analogous to the preparation of 7-(R)amino-9-(2-

piperidin- I -yl-ethyl)-6,7,9, 1 0-tetrahydro-3 H-2,3 ,9-triaza-cyclohcpta[e]inden-8-onc, 

Crude product was obtained as a maroon solid in 78% yield. Material was carried 

20 forward without further purification. ’H NMR (300 MHz, CDCI3): 8� 7.88 (s, LH), 

7.40 (rn,614), 7.14 (d, J= 8.8, 1H), 6.85 (m, IH), 6.09 (in, IH), 4.67 (d, J= 16.8, 1H), 

4.47 (dd, J1 4.6, .12= 12.6, lH), 4.25 (d, J= 17.2, 114), 1.48 (d,J 7,0, 3H). MS nile 

(M-H)= 319.3. 
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Tnterrnediate 34 

H 

N 

/\ 

F3C / 0 

NNA 

[8Oxo-P-(4trifluoromethyl-benzyl)-3, 6,7,8,9,1 0-hexahydro 

cyclohepta[ejinden- 7-yl]-carhamic acid benzyl ester. 4-Trifluorom 

5 (72 tL, 0.51 mrtwl) and 2-(R)-benzyloxycarbonylamino-3-(4-chlor 

indazol-5-yl)-piiopionic acid methyl ester (100 mg, 0.23 mmol) wen 

the title compoind in a manner similar to the preparation of [9-(2,2-

8-oxo-3,6,7,8,91 I 0-hexahydro-2,3,9-friaza-(S)-cyclohcpta[c]inden-7 

methyl ester. Cude material was obtained as a dark brown solid in 

10 yield. Material was carried forward without further purification. M 

509.4. HPLC rf= 1.67 mm. 

Intermediate 35 

H 
N 

N 

/\ 

F3C/I5L, 
0 

NH2 

15 

/067998 

2,3,9- riaza-(R)-

thylb nzylaminc 

nethy -IH-

coiiv rted into 

.irnet 1-propyl)-

yl]-ac Aic acid 

uanti ative 

rn/c ( -t-H)= 

7-Amind-9-(4-trifluoromethyl-benzyl)-6, 7,9,1 0-tetrahydro-3 -2,3, triaza-

(R)-cycioheptafJinden-8-one bis-methanesulfonate. [8-Oxo-9-(4-t fluor methyl-

benzyl)-3 1 0-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden 7-yl]- arbamic 

acid benzyl este was converted into the title compound in a manner analogous to the 

20 preparation of 7(R)-amino-9-(2,2-dimefhyl-propy1)-6,7,9, 1 0-tetrah dro-3 -2,3,9-

triaza-cyclohcpth[e]inden-8-one bismethancslufonate. Crude materi 1 was obtained 
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as a dark foam in quantitative yield. Material was carried forward without further 

purification. MS mlc (M+H)= 375.2. HPLC rf= 1,00 
mm. 

Intermediate 36 

H 

N 

NA 
0 

(9-Isopropy1-8-oxo-3, 6,7,8,9, IO-hexahydro-2, 3, 9-triaza-(R)-

cyclohepwfeJinden-7-yl-carbamic acid benzyl ester. Isopropylamine (300 PL, 3.5 

mmol) and 2-(R)-benzyloxycarbonylarnino-3-(4-ciiloromethyl- 1 H-indazol5-yl)-

10 propionic acid methyl ester were converted into the title compound following a 

procedure analogous to the preparation of [9(2,2dimethyl-propyl)-8-oxo-

3,6,7,8,9,1 0-hexahydro-2,3 ,9-triaza-(S)-’cycloheptafc]inden-7-yl]-acetic acid methyl 

ester. Crude product was obtained as a dark oil in quantitative yield. Material was 

carried forward without further purification. 1H NM  (500 MHz, CDCI3): ö= 8.09 (s, 

15 IH), 7.39 (m, 3H), 7.23 (m, 2H), 7.17 (m, IH), 6.32 (d,J 5.8, IF!), 5.25 (m, IH), 

5.15 (m, 21-1), 4.90 (m, IH), 4.82 (d, J= 17,4, 1H), 4.51 (m, 1H), 3.51 (m, LH), 3.05 

(t, J= 13.6, iM), 1,56 (s, 6H). MS mle (M+H)= 393.4. 

Intermediate 37 

. 00 
\’, 1 

H HO"’" 
NN 

00 

H0SN 
N 

NH2 

20 0 
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25 

7-(R)-Athino-9-isopropyl-6, 7,9, 10-t etrahvdro-3 H-2, 3, 9.-triw 

cyclohepta[eJinden.-8-one bismethanesulfonate. (9-Isopropyl-8.-ox 

hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl)-carbamic acid 

mg, 0.23 inmol) was converted into the title comound following a p 

analogous to ft synthesis of 7-(R)-amino-9-(2,2-dimethyl-propyl).-

tetrahydro-3H-,3 ,9-triaza-cyclohcpta[e]indcn-8-one bismethancslu 

product was obtained as a dark oil in quantitative yield. Crude mat( 

forward without further purification. MS m/e (M1-H)= 259.2. HP] 

Intermediate 38 

H 

N 

0 

S 

/067998 

3,6,7,,9, 10- 

enzyl ester (90 

nate. Crude 

al w 
s 

carried 

rf= .60 ruin. 

/9-(3, 3.Dimeth),,l-butyl,)-8-oxo-3, 6, 7 8,9,1 O-hexahydrn-2, 3, -triw 

cycloheptafeJ4nden-7-ylJ-carhamic acid benzyl ester, 3,3-Dimeth ibuty 

(100.iL, 0.74 nmo1) and 2-(R-benzyloxycarbonylamino-3-(4-chl romel 

indazol-5-yl)-propionic acid methyl ester were converted into the tie cc 

following a procedure analogous to the preparation of [8-oxo-9-(2 piperi 

ethyl)-3 ,6,7,8,9, 1 0-hexahydro-2,3 ,9-triaza-(R)-cyclohepta[e]inden ’7.-yl]- 

acid benzyl ester. Crude material was obtained as a dark oil in qu’ ntitati 

Material was tarried forward without further purification. ’H NM (300 

CDCl): = 803 (m, IH), 4.38 (m, 4H), 7.31 (m, 2H), 7.06 (d, J= .4, IF 

J= 6.2, 1H), .23 (m, 1H), 5.14 (s, 2H), 5.08 (m, 1H), 4.35 (dd, .11 8.8, 

IH), 3.50 (m,2H), 1.33 (dd, J1 6.2, ,T2 11. 0, 2H), 0.91 (m, 2H) 0.55 

mle (M+J-T) H 435.1. 
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Intermediate 39 

H 
N 

N 

/\ 

N 
NH2 

7_(’R)-Amino-9-(3,3-dimethyl-hutyl)-6, 7,9, 1O-tetrahydro-3H-2, 3, 9-tn era-

.5 cycloheptafeJinden-8-one hismethanesulJhnate. [9-(3 ,3 -Dimethyl-butyl)-8-oxo-

3,6,7,8,9,1 0-hexahydro-2,3 ,9-triaza-(R)-cyclohepta[e]inden-7-yl]-carbamiC acid 

benzyl ester (100 mg, 0.23 mmol) was converted into the title compound following a 

. procedure analogous to the preparation of 7-(R)-amino-9-(2,2-diniethyl-propyl)-

6,7,9,1 0-tetrahydro-3H-2,3,9-triaza-cyclohcpta[e]ifldefl-8-One bismethaneslufonate. 

10 Crude material was obtained as a dark oil in quantitative yield. Material was carried 

forward without further purification. MS rn/c (M+H)= 301,2. HPLC rf 1.11 min. 

Intermediate 40 

H 

N- 

 

1 

$ 

N 

0 

Na 
H 

>( 

� 15 

4-(7-(R)-Benzyloxycarbonylain.ino-8-oxo-6, 7 8,10-tefrakvdm-3H-2, 3, 9-tniaza-

cyclohepta[eJinden9-yl)-piperidine-1-carboxylic acid tert-butyl ester. 4-Amino-1 - 

N-Boc-piperidine (110 mg, 0.55 mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-

chloromethyl-1H-indazol-5-yl)-propionic acid methyl ester (150 mg, 0.34 mmol) was 

20 converted into the title compound in a manner analogous to the preparation of [9-

(2,2-dimethyl-propyl)-8-oxo-3 ,6,7,8,9, 10-hexahydro-2,3 ,9-triaza-(S)-
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cyclohepta[e]inden7-y1]-acetic acid methyl ester. Crude product was o 

dark foam in quantitative yield. Material was carried forward without f 

purification. ’H NMR (300 MHz, CDCI3): 8= 8.05 (m, IH), 7.35 (m,6H 

lH), 6.27 (m, 1H), 5.28 (m, IH), 5.15 (s, 2H), 4.87 (d, J= 16.5, 1H), 4.6 

4.47 (m, 1H), 4,24 (m, IH), 3.99 (m, 1H), 3.49 (m, IH), 3.04 (m, IH), 2 

2.63 (m, 1H), 1.90 On, 1H), 1.74 (m, 214), 1.58 (s, 9H). MS rn/c (M-H)-

Intermediate 41 

H 

N \ 

N 
0 

HO" 

/067998 

as a 

,7.15 in, 

83 (rn 2H), 

= 532. 

4-(7-(R)-Ami,io-8-oxo-6, 7,8,1 O-tetrahydro-3H-2, 3, 9-iriaza-

cycloheptafeJinden--yl)-piperidine-1-carboxylic acid tert-butyl ester cc tate. 

catalytic amount of lb% palladium on carbon was added to a solution of -(7-( .)-

Benzyloxycarbonylatnino-8.-oxo-6,7, 8,1 0-tctrahydro-3 H-2,3,9-triaza-

cyc1ohepta[e]inden-9yl)-piperidine- 1 -carboxylic acid tert-butyl ester (20 mg, .37 

mmol) and acetic acid (100 i.tL, 1.7 mmol) in methanol (10 mL). Reactio vess 1 

was placed on a Parr apparatus and charged with 30 psi of hydrogen gas. Mixtu ’e 

was allowed to shakeat room temperature for 3 hours. Mixture was filter d. Fi traft 

was concentrated in vwuo. Crude compound was obtained as a dark oil ii i 

quantitative yield. Mterial was carried forward without further purificati n. ’H 

NMR (300 MHz, CD13): 8=8.06 (s, IH), 7.36 (d, .J 8.8, 1H), 7.12 (d, A 8.8, H), 

4.92 (d, J� 17.6, 1 H)4 4.67 (m, 1H), 4.49 (d, J= 17.2, 1H), 4.26 (m, 1 H), 198 ( 

211), 3.05 (m, IH), 2.l3 (m, 2H), 2.64 (m, 1H), 1.89 (m, 1H), 1.73 (m, 1H, 1.45 (d, 

J= 2.9, 9H), 1.25 (m, H).MS nile (M-C4H8+H)’= 344.2. 
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Intermediate 42 

NH2 

o NyOO 
0 0 

3-(’2-Aceto)vmethvl-4-amino-3methyl-phenyl,)-2- (’Rj)-

5 benzyloxycarbonylantino-propionic acid methyl ester. 3 -(2-Acetoxymethyl-4--tert-

butoxycarbonylamino-3methyl-phenyl)-2-(R)-benzyloxycarbonylamino-propionic 

acid methyl ester was converted into 3-(2-Acetoxymethyl-4amino-3-methy1phenyl)-

. 2-benzyloxycarbonylamino-(R)-propionic acid methyl ester following an analogous 

procedure to the synthesis of 2(2-Acetoxymethyl-4-aniino-3-methyl-benzyl)-(S)-

10 succinic acid diethyl ester. Desired product was obtained as an yellow oil in 95% 

15 

yield. 1H NMR (300 MHz, CDC13): 5= 7,31 (m, 5H); 6.81 (d, .1= 8. 1, 1 H); 6.65 (d, ,J 

8,4, 1H); 5.35 (d, J= 8.1, 14); 5.15 (s, 2H); 5.04 (s, 2H); 4.53 (m, IH); 3.71 (s, 3H); 

3.16 (m, 1H); 3.01 (m, IH); 2.12 (s, 3H); 1,99 (s, 31-1). MS rn/c (M+H)= 415,2. 

Tnterniediate 43 

NH2 

IH 
o 

0 

3-(2-Aceroxymethyl-4-amino-5-chloro-3-methyl-phenyl)-2-(R)-

benzylaxycarhonylaminopropionic acid methyl ester. Desired product was obtained 

20 from 3-(2-Acetoxymethyl-4-amino-3-methyl-phenyl)-2-(R)-

benzyloxycarbonylamino-propionic acid methyl ester in a manner analogous to the 

preparation of 2-(2-Acetoxyinethyl-4-amino-5-chloro3 .-methyl-benzyl)-(S)-succinic 

acid diethyl ester. Silica gel chromatography (ethyl acetate - hexanes) afforded the 
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product as an yellow oil in 40% yield. ’H NMR (300 MHz, CDCI3): 

6.96 (s, 1B); 5.36 (d, J8.4, 1H); 5.12 (s, 2H); 5,05 (s, 2H), 4.53 (in, 

311); 3.15 (in, 1H, 2.99 (m, 1H); 2.15 (s, 3H); 1.99 (s, 3H). MS m/e 

C2H402+14) 39,3, 

Intermediate 44 

N�NH  

o 

wyoO 
0 

7.31(rn, 5H); 

); 3.2 (s, 

3-(4-Acetoxyrnethyl- 7-chloro-1H-indazol-5-yl)-2-R)-

benzyloxycarbonylcmiiiopropionic acid methyl ester. Trifluoroacetic a i( 

0.91 mmol) was added to a solution of 3-(2-acetoxymethy1-4-amino5-c Ii 

methyl-pheny1)-2-(R)-benzyloxycarbony1aminopropionic acid methyl e t 

0.77 mmol) in 5% acetic acid in chloroform (5.2 mL). isoamyl nitrite (1 

mmol) was added to the mixture drop-wise. Reaction mixture was stine 

temperature for 40 minutes. Potassium acetate (300 mg, 3.1 mmol) was 

mixture. Reaction mixture was stirred at room temperature for 45 minut s 

was diluted with dicltloromethane (10 mL) then washed successively wi 

10 mL), and saturatcil aqueous sodium bicarbonate (2 X 10 niL). Organi 

(magnesium sulfate), filtered and concentrated in vacuo. Crude product 

as an orange solid in 3 % yield. Material was carried forward without f 

purification. ’H NMR (300 MHz, CDC13): &’ 8.20 (s, IH); 7.29 (m, 511); 

1H); 5.53 (d, J=7.7, 1); 5.40 (s, 2H); 5.04 (s, 21-1); 467 (m, 1H): 3.74 (s, 

(m, IH); 3.21 (in, 1H) 2.02 (s, 3H). MS nile (M+H)t= 460.1. 
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Intermediate 45 

N -NH 

HO 

2-(R)-Benzyloxycarbonylamino-3-(7-chloro-4-hydroxymethyl-IH-indazoi-5-

5 )4)-pivpionic acid methyl ever. 3-(4-Acetoxymcthyi-7-chloro-1H-indazol-5-yl)-2-

(R)-benzyloxycarbonylamino-propionic acid methyl ester (290 mg, 0.63 mrnol) was 

converted into the desired product in a manner analogous to the preparation of 2-(R)-

benzyloxycarbonylamino-3 -(4-tert-butoxycarbonylarnino-.2-hydroxymethyl-3-

0 methyl-phenyl)-propionic acid methyl cstcr. Crude product was obtained as an 

fl 

10 orange solid in 95% yield, Material was carried forward without further purification. 

’H NMR (300 MHz, CDCI3): 8=8.15 (s, 1H); 7.27 (m, 5H); 7.14 (s, IH); 6.10 (m, 

IH); 5.01 (d,J=4.8, 2H); 4.95 (s, 2H); 4.75 (m, IH); 3.79 (s, 3H); 3.34 (m, 1H);3.09 

(m, 111). MS rnle (M+H)= 418.0. 

15 Intermediate 46 

N -NH 

CLL 
I H 

N 0"?O

 

2-(R)-Benzyloxycarbonylarnino-3-(7-chioro4chlorornethyl]Hjndazol5ylF 

propionic acid methyl ester. Thionyl chloride (2 mL) was added to a solution of 2-

20 (R)-benzyloxycarbonylamino-3 -(7-chloro-4-hydroxynicthyl- 1 H-indazol-5-yl)-

propionic acid methyl ester (245 mg, 0.59 mmol) in dichloromethaue (3 mL). 

Mixture was stirred at room temperature for 1,5 hours. Mixture was concentrated. 

Residue was dissolved in dichlorornethane (15 mL) then washed with saturated 
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aqueous sodiuib bicarbonate (2 X 10 mL). Organic was dried (ma nesiu sulfate), 

filtered and coiticentrated. Title compound was obtained as an orar ge sol d in 86% 

yield. Material was carried forward without further purification. ’ NMR (300 MHz, 

CDC13): 8= 8.19 (s, IH), 7.32 (m, 5H), 7.16 (s, 1H), 5.49 (d, .1= 7.3 214), .07 (d, .J= 

4.4, 2H), 4.85 s, 2H.), 4.68 (d, J= 7.0, IH), 3.72 (s, 3H), 3.27 (m, 2 .). M mle 

(M+H) 436.1. 

Intermediate 47 

H 
N CI 

N 

/\ 

[4-C’hkfl’o-9-"2,2-dimethyl-propyl,)-8-oxo-3, 5,7,8, I 0-hexa dro-. 

triaza-()?)-cyckkheptafeJinden-7-ylJ-carbamjc acid henzyl ester. N opent 

(200L, 1.7 mntiol) was added to a mixture of 2-(R)-benzyloxycarb nylau 

chloro-4-chloromethyl- IH-indazol-5-yl)-propionic acid methyl este (180 

nimol) and potasium carbonate (160 mg, 1.2 mmol) in acetonitrile 5 mL 

was heated at rflux for 1 hour. Mixture was cooled to room tempel ature 

filtered througha 0.45 jtm PTFE syringeless filter system. Filtrate Was co 

Residue was disolved in a mixture of toluene (5 mL) and acetic aci (200 

Mixture was hetcd at 110 °C overnight. Mixture was diluted with athyl. 

inL) then washed successively with water (15 mL), saturated aqueot s sodi 

bicarbonate (2 ) 15 mL) and brine (10 mL). Organic was dried (magnesh 

filtered and conentrated. Silica gel chromatography afforded the title cor 

’3,9-

lamine 

ino-3 -(7-

ng, 0.41 

Reaction 

en 

centrated. 

UL). 

etate (15 

Un 

n sulfate), 

pound in 

52"/o yield as a yellow solid. H NMR (30X0 Ml-Jz, CDCI3): 6= 7.89 (cl, J= 1 .6, IH), 

7.38 (m, 5H), 6.6 (d,./= 10.3, 1H), 6.35 (d, J’ 5.9, IH), 5.25 (m, 111), 5.1 m, 2H), 

4.28 (m,1H), 3,j6 (m, IH), 3.40 (m, 1H), 2.96 (dd, .11= 13.9, 12= 
5.1

2H), 0.76 (d, 

J= 2.6, 9H). M$ mle (M+H)= 455,2. 
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Tntermediate 48 

H 
N C 

N\ / 

fNo 
OH 

PCT/US2007/067998 

9-Benzyl-4-chloro-8-oxo-3, 6,7,8,9, 10-hexahydro-2, 3,9-triaza-(R)--

5 cyclohepta/eJinden-7-yi,.)-carbarnic acid benzyl ester. Title compound was obtained 

from benzylamine (100 jiL, 0,92 mmol) and 2-(ft)-Benzyloxycarbony1amino-3-(7-

chluro-4-chloromethyl- I H-indazol-5-yl)-propionic acid methyl ester (210 mg, 0.48 

mmol) following a procedure analogous to the preparation of [4-Chloro-9-(2,2-

dimcthy1-propyl)8-oxo-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-

10 7-yl]-carbamic acid benzyl ester. Silica gel chromatography (ethyl acetate 

hexancs) afforded the desired product as a yellow solid in 52% yield. 1H NMR (300 

MHz, CDC13): 3 7.64 (s, IH), 7.38 (m, 514), 7.19 (m, 3H), 7.12 (m, 2H), 7.00 (s, 

1H), 6,36 (d, J’= 6.2 IH), 5.28 (rn, IH), 5.21 (s, 2H), 5.19 (m, 1H), 4.88 (rn, 1H), 4.75 

(d, J= 16.8, 1 H), 4.34 (d, .J 14.6, 1 H), 3.49 (m, lH), 3.03 (m, 1H). MS rn/c 

15 (M-+FI) 475.0. 

Intermediate 49 

NHAc 

OAc I 

20 Acetic acid 3-acetylamino-6--iodo-2,4-climethyl-benzyl ester. To a well stirred 

solution of (3amino-2,4-dimethy1-phcny1)-methanol (1.5 g) in methanol (70 niL) and 

solid sodium hydrogen carbonate (4.0 cq) was added a 1.0 M solution of iodine 

monochioride dropwise over a period of 5 min at 0 °E. The cooling bath was 

removed after the addition of iodine monochioride. The reaction mixture was 
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brought to room temperature and stirring continued for another 1 h, The n 

mixture was coicentrated to remove most of methanol, diluted with dichlc 

(50 mL) and washed with 10% solution of sodium thiosulfate and dried (I\ 

The desired compound was purified by trituration with dichioronieti ane ai 

to give in 1.9 g of iodide. The iodide was then treated with dichioro etha 

mL) followed by acetic anhydride (4 eq) and catalytic amount of 

dimethy1aminoyridine and stirred for a period of 12 h at room temr eratw 

reaction mixture was then washed with aqueous sodium hydrogen c rhona 

hydrochloric acid and dried (Na2SO4). The desired compound was tritura 

dichloromethanc and hexane to give acetic acid 3acetylamino6-io o-2,4-

benzyl ester in 5% yield. ’H NMR (300 MHz, CDC13): in 6 7.68 (s 1 H), 

H), 2.28 (s, 3 H), 2.25 (s, 3 H), 2.18 (s, 3 H), 2.07(s, 3 H); MS (ESI) 384 (i 

= 1.12. 

Intermediate 50 

OBn 

rx 

OAc I 

/067998 

SO4), 

hexane 

(100 

The 

1.0 M 

with 

methyl 

.68 (s, 1 

+Na); Rç 

Acetic acid 5-benzyloxy-2-iodo-henzyl ester. To a well stirred solution of 3-

benzyloxyben7l alcohol (5.5 g, 25.7 mmol) in methanol (100 mL) and sodium 

hydrogencarboiate (8.4 g, 100 mmol) was added a 1.0 M solution o iodin 

monochioride iili dichloromathane (30 mL) at 0 T. The reaction mi ture was 

brought to roont temperature and stirring continued for additional 1 . The reaction 

mixture was coicenftated and then diluted with dicholomethane (15) mL), washed 

with 10% aqu$us sodium thiosulfate and dried (Na2SO4), The desired compound 

was purified by flash chromatography (silica) using 20% ethyl acetate in h xane to 

give 5-benzylo4y-2-iodobenzyl alcohol (6.2 g, 71% yield). The alcohol (4 2 g, 12.4 

mmol) was dissolved in dichloromethane (100 mL) added acetic anhydride (2.52 g, 

24.7 mmol) and catalytic amount of 4-dirnethylaminopyridine. The reacti 11 mixture 

was then stirred for 12 h, washed with aqueous sodium hydrogencarbonate and then 
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dried (Na2SO4) to give acetic acid 5-benzyloxy-2-iodo-benzyl ester in quantitative 

yield. MS (ESI) 405 (M+Na) ; Rr= 2.27. 

Intermediate 51 

OBn 

5 OMe 

3-("2-Aceioxyrneth))l-4-benzyloxy-phenyl,)-2-tert-butoxycarbonyiamino-acrylic 

acid methyl ester. In a manner similar to 2-(acetoxymethy14-tert-

0 butoxycarbonylamino-3-methyl-benzylidene)-succinic acid diethyl ester, 3-(2-

10 acetoxymethyl-4-benzyloxy-phenyl)-2-tert-butoxycarbonylamino-acrylic acid methyl 

ester was prepared by reacting acetic acid 5-benzyloxy-2-iodo-benzyl ester with 2-

tert-butoxycarbonylarnino-acrylic acid methyl ester in 74% yield, MS (EST) 456 

(M+H); 1.87. 

15 Intermediate 52 

OBn 

I 

OMe 

3-(2-Acetoxymethyl4-benz-yloxy-phen,yl)-2-tert-butoxycarbonylamjno-

propionic acid methyl ester. To a solution of 3-(2-acetoxymethyl-4-bcnzyloxy-

20 phenyl)-2-tert-butoxycarbonylarnino-acrylic acid methyl ester (1.9 g, 4.2 mniol) in 

anhydrous methanol under nitrogen atmosphere was added I2-bis((2R,5R)-2,5-

diethylphospholano)benzene(cyclootadiene)rhodium (I) tn fluoromethanesulfonate 

(50 mg) and stirred on a Parr shaker at 50 psi of hydrogen atmosphere for 18 h. The 
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solvent was evaporated and the desired product was crystallized 

hexane in 90% yield. MS (ESI) 458 (M+H); R= 1.81. 

Intermediate 53 

1067998 

acetate-

8-Benzyoxy-2-methy1-3-oxo-2,3,4, 5tetrahydro.-]H-benzofc azepi 

carbarnic acid rt-butyl ester. To a solution of 3-(2-acetoxymethyl- -ben loxy-

phenyl)-2-tert-btitoxycarbonylamino-prop ionic acid methyl ester (1.35 g, 4.0 mmol) 

in methanol (40 ML) was added potassium carbonate (560 mg, 4.0 01) a room 

temperature and ’stirred for 1 h. The reaction mixture was diluted wi h 

dichloromethan (150 mL), washed with 1.0 M aqueous hydrogen cl bride and dried 

(Na2SO4) to give the pure 3-(4-benzyloxy-2-hydroxymcthyl-phenyl) 2-tert-

butoxycarbonylmino-propionic acid methyl ester in almost quantita ive yic Id. To 

the alcohol (800mg, 1.93 mmol) in dichloromethane (50 mL) was added 

methanesulfonyb chloride (0,18 mL, 2.3 mmol) followed by triethyla nine (0.3 8  mL, 

2.70 mmol) at 0 OC and then brought to room temperature. After lh, the reaction 

mixture was washed with aqueous sodium hydrogencarbonate, dried Na2S ). The 

solvent was rembved, dissolved the crude product in anhydrous THF (20 m 

followed by addtion of 2.0 M solution of methylamine in THF (10 n ) in sealed 

tube. The sealed tube was heated at 80 °C for a period of 12 h and th n removed the 

solvent. The crude product was purified by flash chromatography us ng 301/0 ethyl 

acetate in hexane to give (8-benzyboxy-2-methyl-3-oxo-2,3,4,5-tetra dro-1 El-

benzo[c]azepin-4-yl)-carbamic acid tert-butyl ester in 39% overall yield. 1H NMR 

(500 MHz, CDC13): in S 7.40� 7.31 (m, 5 H), 7.01 - 7.00 (in, 1 H), 6.83 - .82 (m, 1 

H), 6.66 (s, I H), 5.91 �5.90 (m, 1 H), 5.13 �5.01 (in, 4 H), 3.50-3 46 (m 11-1), 

3.03 (s, 3 H), 2.85 - 2.78 (m, 1 H), 1,45 (s, 9 H). 
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Intermediate 54 

NHB0C 

0 
OAc I 

Acetic acid 3-terihutoyycarhony1amino-6_iOdO-2-fl7ethylheflZYl ester. To a 

5 well stirred solution of 3-amino-2-mcthylbenzyl alcohol (10 g, 72.9 mmol) in 

methanol (250 mL) was added a 1.0 M solution of iodine monochloride in 

dichloromethame (76.6 mL) dropwise over a period of 5 min at 0 °C. The reaction 

mixture was then brought to room temperature and stirring continued for additional 2 

h. The reaction mixture was then concentrated, diluted with dichloromethane (250 

10 mL), washed with 10% aqueous sodium thiosulphate and dried (Na2SO4). The 

solvent was evaporated and the crude product was dissolved in THF (200 mL). Di-

tert-butyl dicarbonate (15.9 g, 72,9 mmol) was added and the reaction mixture was 

refhixed for 48 h. The reaction mixture was then diluted with ether (400 mL) washed 

with 1 M HC1 (2 x lOOmL) followed by brine and dried (Na2SO4). The solvent was 

15 removed and the desired product was crystallized from 20% ethyl acetate in hexane 

to give (3 hydroxymethyl4_iodo2methyl_phenyl)-carbamiC acid tert-butyl ester 

(12.5 g). The filtrate was then concentrated and the desired product was purified by 

flash chromatography (silica) using 30% ethyl acetate to give additional 2.5 g of (3-

hydroxymethyl-4-iodo-2.-methyl-phenyl)-carbamic acid tert-butyl ester. To a stirred 

20 solution of 3-hydroxymethyl-4-iodo-.2-methyl-phenyl)-Carbamic acid tert-butyl ester 

(14.5 g, 40 mmol) in dichloromethane (150 mL) was added acetic anhydride (7.5 mL, 

80 mmol) and catalytic amount of 4-dimethylaminopyridine and stirred for 12 h at 

room temperature. The reaction mixture was then quenched with aqueous sodium 

hydrogencarbonate, brine and dried (Na2SO4). The solvent was removed and the 

25 crude product was purified by crystallization from dichloromethane and hexane to 

give acetic acid 3-tert-butoxycarbonylamino-6-iodo-2-rnethyl-benzyl ester (15.5 g, 

94%). ’H NMR (500 MHz, CDC13): in i 7.71 (d, J = 8.5 Hz, 1 H), 7.25 (d, J = 8.5 

Hz, 1 H), 5.30 (s, 2 H), 2.28 (s, 3 H), 2.08 (s, 3 I-I), 1.50 (s, 9 H); MS (ESI) 428 

(M+Na); R"�- 1.59. 
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Intermediate 55 

NHAc 

OMe 

3-(2Acel6xyniethyl-4-acetylanzino-3, 5-dimethvi-phenyl)-2-

5 heiizyloxycarhonjlamino-acrylic acid methyl ester. In a manner simi 

(acetoxymethyl-4-tert-butoxycarbonylamino-3 -methyl-henzylidcne) 

diethyl ester, 3-(2-acetoxymethyl-4-acet.ylamino..3 5-dimethyI-pheny 

benzyloxycarbonylamino-acrylic acid methyl ester was prepared by 

acid 3 -acetylamiio--6-iodo-2,4-dimethyl-benzyl ester with 2-

10 benzyloxycarbon’lamino-acrylic acid methyl ester in 74% yield. MS 

(M+H); Rf 1.87 

Intermediate 56 

NHAc 

OMe 

15 

3-(2-Acetrym.ethyl-4-acetylamino-3, 5-ditn.ethyi-phenyl) -2-

benzylo’carbonyamino-propionic acid methyl ester. In a manner s 

acetoxymethyl-4-1enzyloxy-phenyl)-2-tert-butoxycarbonylamino-ac 

ester, 3 -(2-acetoxmethyl_4-acety1amino3 ,5-dimethyl-phenyl)-2-

20 benzyloxycarhon1lamino-propionic acid methyl ester was prepared 

acetoxymethyl-4-acetylamino-3 ,5-dimethyl-phcnyl)-2-benzyloxycarl 

acrylic acid methyl ester (1.5 g) using l2-bis((2R,5R)-25-

85 
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I 

diethylphospholano)henzene(cyclootadienc)rhodium (I) trifluoromethanesulfonate 

(25 mg) in 98% yield. MS (ESI) 491 (M+H); Rr = 1.87, 

Intermediate 57 

N’NH 

/7 "N\ 
0 H O\, 

5 a 

(8-Acetylamino-2, 79-trimethy1-3-oxo-2, 3,4, 5-tetrahydro-’lI-I-benzofcJazepin-

4-yi)-carhamic acid benzyl ester. In a manner similar to 2-(R)-

benzyloxycarbonylamino-3 -(4-tert-butoxycarbonylamino-2hydroxymethyl-3 

10 methyl-phenyl)-propionic acid methyl ester hydrochloride, the title compound was 

prepared by hydrolyzing 3 -(2-acetoxymcthyl-4-acetylamino-3 ,5dimethyl-phenyl)-2-

benzyloxycarbonylamino-propionic acid methyl ester (1.84 g, 3.78 mmol) with 

potassium carbonate (525 mg, 3.8 mmol) in MeOH (40 mL). The alcohol was 

dissolved in dicliloromethane (100 mL) and then treated with methanesulfonyl 

15 chloride (0,35 mL, 4.5 mmol) and triethylamine (0.68 mL, 4.9 mmol). The reaction 

mixture was stirred for 12 h, washed with aqueous sodium hydrogencarbonate, 1.0 M 

aqueous hydrogen chloride and dried (Na2SO4). The solvent was removed to give 

pure 3-(4-acetylamino-2-chloromethyl-3 ,5-dimethyl-phenyl)-2-

benzyloxycarbonylamino-propionic acid methyl ester in almost quantitative yield. 

20 The chloride (480 mg, 1.08 mmol) was treated with 1.0 M methylamine solution in 

THF in a scaled tube for 3h at 90 T. The solvent was removed and the crude 

product was dissolved in toluene and acetic acid (0.5 mL) and refluxed for 2 h to give 

(8-acetylamino-2,7,9-trimethyl-3 -oxo-2,3 ,4,5-tetrahydro- 1 H-benzo [c]azepin-4-yl)-

carbamic acid benzyl ester in 68% yield. To the acetate in chloroform (20 mL)was 

25 added acetic acid (0.5 mL) followed by isoamylnitrite (1.0 mL) and 18 -crown-6 (50 

mg). The reaction mixture was refluxed for 12 h and removed the solvent. The crude 
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product was purified by flash chromatography using ethyl acetate as 

(4,9-dimethyl-8-oxo-3,6,7,8,9, 1 0-hexahydro-2,3 ,9-triaza-cycloheptal 

carbamic acid bnzyl ester as a major product in 37% overall yield. 

MHz, CDC13): in ö 7.96 (s, 1 14), 7.35 �7.24 (m, 5 H), 6.7 (s, 1 H), 6 

5 H), 5.25 �5.05 (m, 3 H), 4.18 �4.10 (m, 2 H), 3.07 �3.05 (rn, 2 H), 

2.40(s,3H). 

Intermediate 58 

N NH 

//? ?NIN

 

10 

(9-Isobutj1-8-oxo-3, 6,7,8,9,1 0-hexahydro-2, 3, 9-triaza-cycloh 

y-carharnic acid benzyl ester. In a manner similar to [9-(2,2-dimetl’ 

oxo-3,6,7,8,9, 10-bexallydro-2,3,9-triaza-(R)-cyclohepta[e]jndcn_7-yl 

benzyl ester, the Jitle compound was prepared by treating 2-

15 benzyloxycarbon,1amino-3-(4-chloromcthyh 1H-indazol-5-yl)-propic 

ester, hydrochloride with isobutylamine followed by treatment with a 

refluxing toluene to give (9-Isobutyl-8-oxo-3,6,7,8,9, 1 0-hexahydro-2 

cyclohcpta[e]inddn-7-yl)-carbamic acid benzyl ester in 91% yield. M 

(M+H) ; Rf= 1,5. 

20 

25 

87 
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Intermediate 59 

PCT/US2007/067998 

(8-Oxo-9-pyridin-4-ylrnethyi-3, 6,7,8,9,] 0-hexahydro-2, 3, 9triaza-

5 cycloheptafe/i,den-7-yiFcarbamic acid benzyi ester. In a manner similar to [9-(2,2-

dimethyl-propyl)-8-oxo-3 ,6,7, 8,9,1 0-hexahydro-2,3 ,9-triaza-(R)-cyelohepta[e]inden-

7-yl]-carbamic acid benzyl ester, the title compound was prepared by treating 2-

benzyloxycarbonylamino-3-(4-chloroinethyl- 1 H-indazol-5-yl)-propionic acid methyl 

ester, hydrochloride with 4-(aminomethyl)pyridine followed by treatment with acetic 

10 acid in refluxing toluene to give (8-oxo-9-pyridin-4-ylmethyl-3,6,7,8,9,10-

hexahydro-2,3 ,9-triaza-cyclohepta[e]inden-7-yl)-earbamjc acid bcnzyl ester in 65% 

yield. MS (EST) 442 (M+H); 1.10. 

15 

Intermediate 60 

NH, 

4 O2N 

4-Iodo-2-methyl-3-nitrobenzenamjne. To a well stirred solution of 2-methyl-

3-nitroanilinc (10 g, 66 mmol) in methanol (150 mL) was added sodium 

hydrogencarbonate (264 mmol) followed by 1.0 M solution of iodine monochioride 

20 (72 mmol) at room temperature. After stirring for I h, the solvent was removed, 

diluted with ether, washed with 10% aqueous sodium thiosulfate solution. The 

solvent was removed and the crude iodide was in the next step. 

88 
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Tntermediatc 61 

NH, 

CO2Et 

/067998 

(’E) -Diethyl 2-’4-arnino-3-methyl-2nitrobenzylidene)succiiu te. To a solution 

5 of 4-iodo-2-methyl-3-nitrobenzenamine (59 mmol) in dimethylfor midc (100 mL) 

was added diethyl itaconate (13.2 g, 71 mmol), tetrabutylammoniu chior de (1.6.4 g, 

59 mmol), triethylamine (236 mmol) and palladium acetate (675 m , 3 mmol) under 

nitrogen. The reaction mixture was heated to 80 °C for 2 Ii, The cn de rca -,tion 

mixture was then filtered, diluted with ether (250 mL), washed with water 2 X 300 

10 mL). The crude product was purified by flash chromatography usin 20% ethyl 

acetate in hexane to give 8.5 g of the title compound. 1H NMR (500 MHz, DC13): in 

ö 7.58 (s,  114), 7,10 (d, J= 8.5 Hz, 1 H), 6.73 (d, J= 8.5 Hz, 1 H), 24� 4.15 (m, 4 

H), 3.40 (s, 2 H), 2.06 (s, 3 H), 1.30� 1.23 (m, 6 I-I). 

15 

20 

Intermediate 62 

NH, 

CO2Et 

Ethyl 2-(7-arnino-8-methyl- 1-neopentyl-2-oxo- 1,2,3, 4-tetrah droq 

yl)acetate. To solution of (E)-diethyl 2-(4-amino-3-methyl-2-

nitrobenzylidene)succinate (4.5 g, 13.4 mmol) in THF (100 mL) was add( 

(16 mmol) followed by catalytic amount of diniethylaminopyridine 10 m 

reaction mixture was heated in a sealed tube for 3 h at 100 °C. The reacti 

was cooled, removed solvent, diluted with ether and then washed with aqi 

89 
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sodium hydrogencarbonate (50 mL). The cnide product was found to contain both 

mono- and di-Boc protected compounds. The crude product was dissolved in 

methanol (200 mL) and was added water (150 ml) followed by ammonium chloride 

(14,3 g, 268 mrnol) and iron powder (8.9 g, 160 mmol). The reaction mixture was 

5 heated at 50 °C for 1 h , cooled and then filtered over a pad of celite. The solvent 

was removed, extracted with ethyl acetate and then washed with brine and dried 

(Na2SO4). The crude product was purified by flash chromatography using 30% ethyl 

acetate in hexane as eluent to give the amine. The amine (4.1 g, 10 mmol) was 

dissolved in dichloroethane (100 mL) followed by addition of acetic acid (10 mL), 

10 trimethyiacetaldchyde (11 mmol) and magnesium sulfate (5.0 g). The reaction 

mixture was stirred for 2 h and then filtered. To the filtered reaction mixture was 

added sodium triacetoxyborohydride (2.33 g, 11 mmol) and stirring continued for 

additional 2 h. The reaction mixture was diluted with hexane (150 mL), washed with 

water (2 X 100 mL), aqueous NaHCO3 solution and dried (Na2SO4). The solvent 

15 was removed and the crude product was dissolved in methanol (100 int) followed by 

addition of acetic acid (5 mL) and hydrogenated in a parr bottle at a pressure of 50 

psi hydrogen. The catalyst was removed by filtration and the solvent was removed. 

The crude product was dissolved in toluene (100 inL) followed by addition of tosic 

acid (100 mg) and sodium cyanide (50 mg). The reaction mixture was refluxed for 

20 12 h and the crude product was purified by flash chromatography using 50% ethyl 

acetate in hexane to give ethyl 2 -(7-amino-8-methyl- 1 -neopentyl-2-oxo- 1,2,3,4-

tetrahydroquinolin-3 -yl)acetate. 

MS (ES1) 333 (M+H); R’= 1.29. 

25 Intermediate 63 

1) 

CO2H 

2-(] -Neopentyl-2-oxo-2, 3,4, 7-tetrahydro-JH-pyrazoio[3, 4-h] quinolin-3-

yl)acetic acid. To a solution of ethyl 2 -(7 -amino-8-methyl- 1 -neopentyl-2-oxo-

OTO 
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5 

10 

15 

20 

25 

/Us2007!067998 

1,2,3,4-tetrahydroquinolin-3-yl)acctate (170 mg, 0,51 mmol) in carb tetra hloride 

(4.5mL) was addtd acetic acid (0.5 mL) followed by isoamylnitrite ((.04 in 
) 

and the 

reaction mixture was stirred for 2 h at room temperature. The reactio i mixi ’e was 

diluted with dichloromethane (40 mL), washed with aqueous NaHC and red. 

The solvent was removed and the crude product was dissolved in TH (1 5 L) 

followed by addition of lithium hydroxide (43 mg, 1 mmol) and wate (5 in ). After 

stirring for 12 h, the solvent was removed, acidified with 6 M HCI an extra ted with 

ethyl acetate to give 2-(l-neopentyl-2-oxo-2,3,4,74etrahydro-1H-pyr olo[3 4 

h]quinolin-3 -yl)aeetic acid. 

MS (ESJ) 316 (M+H); Rf = 1.31. 

Intermediate 64 

2-(’S)-(’2-Aetoxymethyl-4amino-5-chloro-3-nieth),l-benzyI)-su cm/c cid 

diethyl ester. 2-()-(2-Aeetoxymethyl-4-amino-3-methyl-benzyl)suc inic a id 

diethyl ester (3.0 $1,8.2 mmol) was dissolved in acetonitrile (40 mL). ixtur was 

warmed to 60 °C. AT-Chlorosuccinimide (1.29 g, 9.7 mmol) was addedto the warm 

solution. Reactioi mixture was heated at rcflux for 10 minutes. Mixture was cooled 

to room temperature then diluted with ethyl acetate (20 mL). Mixture as washed 

successively with $aturated aqueous sodium bicarbonate (40 mL), and brine ( 0 mL). 

Organic was dried (magnesium sulfate), filtered and concentrated in vacuo. ilica gel 

chromatography (dthyl acetate-hexanes) afforded the desired product i 59% ield as 

an amber oil. 1H NIMR (300 MHz, CDC13): 6=6.98 (s, 11-1), 5.15 (d, .1= 3.3, 2 ), 4.09 

(m, 4H), 2.99 (rn, H), 2.69 (m, 214), 2.39 (dd, J1 4.8, J2 16.5, lI-I), .17 (s 3H), 

2.06 (s, 3H), 1.20 m, 6H). MS m/e (M-C2H402+H)= 340.0. 

91 
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Intermediate 65 

N�NH  

ççci 

PCT/U S20071067998 

5 2-’S)-(4-Acetoxymethyl-7-chloro-1H-indazol-5-ylmethyl,)-succinic acid diethyl 

ester. Isoamyl nitrite (700 tL, 5.2 mmol), was added dropwise to an ice cold 

solution of 2-(S)-(2--Acetoxymethy1-4-amino-5-ch1oro3-methyl-benzyl)succinic 

acid diethyl ester (1.91 g, 4.8 mmol) in 5% acetic acid in tolune (81.2 rnL). Mixture 

stirred at 0 °C for 45 minutes. Potassium acetate (1.50 g, 15.3 mmol) was added to 

10 the mixture. Reaction was stirred at room temperature for 14 hours, Mixture was 

quenched with water. Mixture was extracted with ethyl acetate (30 mL). Mixture 

was washed 2X saturated aqueous sodium bicarbonate. Organic was dried 

(magnesium sulfate) filtered and concentrated. Silica gel chromatography (ethyl 

acetate-hexanes) afforded the desired product in 80% yield as an amber oil. ’H NMR 

15 (300 MHz, CDC13): S= 8.23 (s, IH), 7.26 (s, 1H), 5.45 (s, 214), 4.09 (q, J= 7.0, 4H), 

3.20 (dd, 11= 7.32, J2= 13.2, 1H), 3.10 (m, IH), 2.97 (dd, JJ= 7.0, J2= 13.3, 1H), 

2.73 (dd, ,11=- 8.4, J2= 16.8, 1H), 2,44 (dd, J1= 5,5, J2= 1.6.8, 1H), 2.08 (s, 3H), 1,18 

(m, 6H). MS mle (M -f-H)= 411.0. 

20 

fl 
I:[s 

Intermediate 66 

N- NH 
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(S)-Dimethyl 2-((7chloro-4-(hydroxymethvi)- 1 Tf-indazol--5-

y1)methy1)succ1nate. 2-(S)-(2-Acetoxymethyl-4-amino5-chloro-3-r 

succinic acid diethyl ester (2,21 g, 5.4 mmoi) was converted to the 

a manner analogous to the preparation of 2-(S)-(4-Hydroxyiiiethyl- I 

5 yirnethyl)-succipic acid dimethyl ester. Material was obtained as an 

yield. MS rn/c (M+H)’= 241.2. 

Intermediate 67 

N- NH 

CI 

b 

10 

(S)-Diinthyl 2-((7-chloro-4-(chloromethyl)- 1I-i-indazoi-5-

y1)methy1)succiate. (S)-Dimethyl 2-((7-chloro-4-(hydroxymcthyl)-

yl)mcthyl)succitmtc (2.0 g, 5.9 mmol) was dissolved in dichiorometi 

Thionyl chloridi (5.0 mL) was added to the mixture. Reaction stirr 

15 temperature for 1.5 hours. Mixture was concentrated. Residue was 

ethyl acetate. Mixture was washed twice with aqueous sodium bicai 

with brine. Orgnic was dried (magnesium sulfate), filtered and con 

vacuo. Title coiipound was obtained as amber solid in 89% yield. 

359.1. 

20 

Intermediate 68 

CI 

NOtJ 
0 

0 

93 

/067998 
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(S)-Methyl 2-(4-chloro-8-oxo-9-(p),ridin.4-ylrnethyl)-3, 6,7,8,9,10-

hexahydroazepino[3, 4ejindazol-7’yl)acetate. (S)-Dimethyl 2-(7-chloro-4-

(chioromethyl)- 1 Hindazo1-5-y1)methy1)succinate (120 mg, 0.33 mmol) was 

dissolved in DMF (1.0 .mL). 4-Aminoniethylpyridine (100 1iL, 1.0 mmol) was added 

5 to the mixture. Reaction stirred at room temperature for 24 hours. Mixture was 

diluted with ethyl acetate. Mixture was washed twice with water and once with 

brine. Organic was dried (magnesium sulfate), filtered and concentrated in vacuo. 

Residue was dissolved in toluene (4 mL), Acetic acid (1 mL) was added to the 

mixture. Reaction was heated at reflux for 3.5 hours. Mixture was cooled to room 

10 temperature then diluted with ethyl acetate. Material was washed once with water 

and twice with aqueous sodium bicarbonate. Aqueous was made basic with sodium 

bicarbonate. Back extracted from the aqueous twice with ethyl acetate. Combined 

organics were dried (magnesium sulfate), filtered and concentrated in vacua. 

Residue was purified with silica gel chromatography doting dichloromethane and 2N 

15 ammonia in methanol. Title compound was obtained as yellow solid in 48% yield. 

MS mle (M+H)= 399,2. 

20 

Intermediate 69 

HCI 

HCI 

N3 

S)-2-(4-Chlaro-8-oxo-9-(p)ridin-4-),l1neihyl,)-3, 6,7,8,9,10-

hexa hydra azepinof3, 4-ejindazol-7-yl,,) acetic acid dihydrochloride. (S)-Methyl 2-(4-

chloro-8--oxo-9-(pyridin-4-ylmethyl)-3,6,7,8,9, I 0-hexahydroazepino[3,4-e]indazol-7-

yI)aeetate (21 mg, 0.05 mmol) was dissolved in IN hydrochloric acid (1.0 mL). 

25 Reaction was heated at 50 °C for 5 hours, Another 1 mL of IN hydrochloric acid 

was added to the mixture. Reaction was heated at 50 °C for 17 hours. Mixture was 

concentrated in vacua. Residue was treated with acetonitrile and then the material 

94 
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was concentrated. Title compound was obtained as dark yellow solid 

MS mle (M+H)* 385.2, 

Tntermediate 70 

H 

NH 
NJ

 

07/067998 

in 83% yield. 

(S)-Methyl2(9-((1H-imidazo1-2-))l)methyl)-4-chlorn-8-oxo-3,,7,8,

 

9,0- 

hexahydroazepinoj’3, 4-ejindazol- 7-yl)acetate. (S)-Dimcthyl 2-((7-chl ro-4- 

chloromcthyl)-1H-indazo1-5-yl)methysuccinate (250 mg, 0.63 mmo and (IH-

10 imidazol-2-yl)methanamine dihydrochloride (170 mg, 1.0 mrnol) wore combi ed and 

suspended in acetqnitrile (10 mL). Triethylamine (800 ML, 5.7 minol) vas ad ed to 

the mixture. React ion was warmed to reflux for 3 hours, Acetic acid ( .5 rn ) was 

added to the mixture. Reaction was heated at rcflux for 20 hours. Mix ure w s 

cooled to room tenperature then diluted with dichioromethane. Mixtw e was 

15 extracted twice with water. Aqueous layer was concentrated in vacuo. Resid e was 

purified by preparatory HPLC. Water was lyophilized off. Remaining esidu was 

passed through a column of Dowcx 1x4-200 ion exchange resin ciuting metha iol. 

Title compound ws recovered as amber residue in 24% yield. MS rn/c (M+[ ) 

388.1. 

20 

Intermediate 71 

NH2 

HOJ 
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5-Amino-2-iodo-4-methyhenzyl alcohol. To an ice cooled solution of 3-

amino-4-methylbenzyl alcohol (10.0 g, 72.9 mmol) in methanol (200 mL) 1M 

iodinemonochloride in dichloromethane (80.0 mL, 80.0 mmoles) was added drop-

wise over 30 minutes. Ice bath was removed. Reaction was stirred at ambient 

5 temperature for 40 minutes. Mixture was concentrated in vacua. Residue was 

treated with dichloromethane (250 mL). Solids were filtered off and washed with 

dichloromethane. Solids were partitioned between ethyl acetate and IN aqueous 

sodium hydroxide. Layers were partitioned. Organic layer was washed with IN 

aqueous sodium hydroxide. The combined aqueous layers were back extracted two 

10 times with ethyl acetate. Combined organic layers were washed with brine. 

Combined extracts were dried (magnesium sulfate), filtered and concentrated in 

vacuo. Desired product was obtained as tan solid in 81% yield. MS rnle (M+H)= 

264. 

15 Intermediate 72 

tert-Butyl 5-(h))droymethyl)-4-iodo-2-rnethylphenylcarbamate. 5 -Amino-2-

iodo-4-methybenzyl alcohol (4.60 g, 17.5 mmoles) was dissolved in tetrahydrofuran 

20 (80 mL). Di-tert-butyl dicarbonate (5.30 g, 24.3 mmoles) was added to the mixture. 

Reaction was heated at 60°C for 20 hours, Mixture was concentrated. Residue was 

Spurified by silica gel chromatography eluting ethyl acetate-hexanes. Title compound 

was obtained as off-white solid. MS mle (M-C4H8O+H) 290. 

96 
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Intermediate 73 

OANH 

__#io 

5-(’tert-BWoxycarbony)2-iodo-4-rnethyibenzyi acetate. tert-

5 (’hydroxymethyl)4-iodo-2-methyIphenyIcarbamate (432 g, 11.9 mm 

dissolved in dichloromethane (60 mL). Acetic anhydride (2.6 mL, 27 

added to the mixture followed by potassium acetate (2.0 g, 20.4 mmoj 

was stirred at room temperature over 15 hours. Mixture was warmed 

held for 1 hour. Mixture was cooled to room temperature then diluted 

10 dichioromethane. Mixture was washed twice with water, and once wi 

aqueous sodium bicarbonate. Organic layer was dried (magnesium so 

and concentrated in vacuo. Residue was treated with 10% ethyl acetal 

mL). Material was concentrated in vacuo. Desired compound was ob 

solid in 98% yield. . ’H NMR (300 MHz, CD30D): 7.64 (s, 1H), 7 

15 4,51 (s, 2H), 2,19 (s, 3H), 1.51 (s, 9H). 

20 

Intermediate 74 

0 

ONH 

1o)r 
H 

(NyO 

0 0 

/067998 

utyl 5 

I) was 

6 mm 1) was 

i. Re ction 

oSO° and 

with 

Ii satu ated 

fate), iltered 

--he xa ices (100 

ained white 

54(s, IH), 

3-(2-Acetoxymethyl-4tert-butoxycarbonylcinzino-5-methyl-phen 

benzyloxycarbonyl4mino-aciylic acid methyl ester. Title compound wa 

a manner analogous to the preparation of 3-(2-Acetoxymethyl-4-tert-

butoxycarbonylamiho-3 -methyl-phenyl)-2 -benzyloxycarbonylamino-ac 

97 
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methyl ester. Material was obtained as a white solid in 65% yield. MS m/e (M+H) 

513. 

Intermediate 75 

OANH 

I 
5 0 0 

3-(2Acetorymethyl-4-tert-butoxycarbonylamino-5-methyl-phenyl2-(R-

benzyloxycarbonylamino-prnpionic acid methyl ester. Title compound was prepared 

in a maimer analogous to the preparation of 2-(S)-(acetoxymethyl-4-tert-

10 butoxycarbonylarnino-3-methyl-benzyl)-succinic acid diethyl ester. Material was 

obtained as clear colorless oil in 99% yield. MS mle (M-H)= 513. 

Intermediate 76 

0 

0 N 

HOJL 

Liy0O 
0 

S15 

3-(2-Iiydroxymeth)yl-4-rert-hutoxycarhonylamino-5-methyl-phenyl)-2-(R)-

benzyloxycarbonylamino-propionic acid methyl ester. Title compound was obtained 

in a manner analogous to the preparation of 2-(R)-Benzyloxycarbonylamino-3-(4 

tert-butoxycarbony1amino-2-hydroxymothy13 -methyl-phenyl)-prop ionic acid methyl 

20 ester. Material was obtained as white solid in 94% yield. 

98 
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Intermediate 77 

3-(2-C7ilormethyl-4-tert-hutoxycarhon),Iamino-5-inethyl-

5 henzyloxycarhonykimino-propionic acid methyl ester. 3 -.(2 -Hydr( 

butoxycarbonylamlno-5-methyl-phenyl)-2-(R)-benzyloxycarbony 

acid methyl ester (5 10 mg, 1.1 mmol) was dissolved in dichorom 

Triethylamine (250 j.iL, 1.8 mmol) was added to the mixture followed 

methanesulfonyl chloride (100 iL, 1.3 mmol). Mixture was stirred at 

10 temperature for 1.5 hours. Mixture was diluted with dichiorornethane 

7/067998 

once with water, twice with IN hydrochloric acid, and once with brine. Orgmcs 

were dried (magnesium sulfate), filtered and concentrated in vacua. Tite corn ound 

was obtained as whilte solid in 91% yield. MS nile (M+H)= 491. 

15 Intermediate 78 

(R)-Benzyl 8r1-butoxycarhonylamido-2-henzy1-7-methyl-3-oxo-

tetrahydro-1H-benzo[]azepin-4-yicarbamate. 3 -(2-Chlorornethyl -4-tert--

20 bu toxycarbouylamino5-rncthyl-phcnyl)-2-(R)bciizy1oxycarboriylaniino1 

99 
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acid methyl ester (335 mg, 0.72 mmol) was dissolved in acetonitrile (10 rnL). 

Potassium carbonate (220 mg, 1.6 rnm1) was added to the mixture followed by 

benzylamine (150 tL, 1.4 mmol), Reaction was heated to refiux for 4.5 hours, 

Mixture was cooled to room temperature. Mixture was filtered over celite. Filtrate 

5 was concentrated. Residue was dissolved in toluene (15 mL). Acetic acid (100 .IL) 

was added to the mixture. Reaction was heated at reflux for 3 hours. Mixture was 

cooled to room temperature. Mixture was concentrated. Residue was purified by 

silica gel chromatography eluting ethyl acetate-hexanes. Title compound was 

obtained as clear colorless oil in 81% yield. MS rn/c (M+H) 530. 

10 

hutermediate 79 

0 

do 
-?�O

 
/,?� NH 

OLN 

0 
NH2 

(R)-tert-Butyl 4-arnino-2-benzyl- 7-methyl-3-oxo-2, 3,4, 5-tetrahydro-IN-

15 benzo[cjazepin-8-ylcarharnate. (R)-Benzyl 8-tert-butoxycarbonylamido-2-benzyl-7-

methyl-3-oxo-2,3 4, 5-tetrahydro- 1H-�benzo[c]azepin-4-ylcarbamate (305 mg, 0.58 

mmol) was dissolved in methanol. A catalytic amount of 10% palladium on carbon 

was added to the mixture. Reaction was placed on a Pan’ apparatus under 50 psi of 

hydrogen gas. Reaction shook at room temperature for 1 hour, Reaction was 

q, 20 removed from the apparatus. Catalyst was filtered off. Filtrate was concentrated in 

vacuo. Title compound was obtained as clear colorless oil in 97% yield. MS rn/c 

(M+H)= 396. 

100 
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Intermediate 80 

o H 

oo 

NN)LN 
\\ H 
0 

N NH 

Là 

5 (R)-tert-RuYyl 2-benzyl-2’-methyl-3-oxo-4-(4-(2-oxo-I,2-dihydr uina (; 

3(4H)-yi)piperidin-J-carboxarnido)-2, 3, 4,5-tetrahydro-JH-benzo/c/a epin- - 

ylcarbainate. (R)-ert-Butyl 4-arnino-2-benzy1-7methy1-3 -oxo-2,3 ,4,5 tetrah 

1H-henzo[c]azepinL8-ylcarbamate (155 mg, 0.39 mmol) was dissolved ii 

dichloromethane (110 mL). Aqueous sodium bicarbonate (10 mL) was ddcd t: 

10 mixture. A solution of 20% phosgene in toluene (230 iL, 0.43 mmol) as ad 

the mixture with vigorous stirring. Reaction stirred at room temperatur for 2 

minutes. 4-(2-oxo-1,4-dihydro-2H-quinazolin-3-yl) piperidine acetate ( 40 in 

mmol) was added to the mixture. Reaction stirred at room temperature or I h 

Reaction layers were partitioned. Organic layer was washed successive with 

15 hydrochloric acid and brine. Organic was dried (magnesium sulfate), Lu cred a 

concentrated in vacto. Title compound was obtained as off-white solid n 940/c 

MS m/e (M+H)= 63. 

20 

Intermediate 81 

NAO 

H 
.1 1501 
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S 

(R)-Benzyl 8-tert-hutoxycarbonylamido-2-henzyl-9-methyl-3-oxo-2, 3,4,5-

ietrahydro-JH-benzo[cJazepin-4-ylcarhamate. 3-(2-Chloromcthyl-4-tert-

butoxycarbony1amino-3-methy1-phenyl)-2-(R-benzy1oxycarbonylamino-propioiiic 

acid methyl ester was reacted in a manner analogous to the preparation of (R)-benzyl 

5 8-tert-butoxycarbonylamido-2-benzyi-7-methyl-3-oxo-2, 3 ,4,5-tetrahytho- 1 H-

benzo[c]azepin-4-ylcarbamate. Title compound was obtained as white solid in 78% 

yield. MS rn/c (M+iT)-’ 530. 

Intermediate 82 

0, H 

CNH2 
10 0 

(R)-tert-Butyl 4-amino-2-benyl- 9-methyl-.3-oxo-2, 3,4, 5-tetrahydro- JH-

henzofcJazepin-8ylcarbaniate. (R)-Benzyl 8-tert-butoxycarbonylarnido-2-henzyl-9-

methyl-3-oxo-2,3,4,5-tetrahydro- 1H--benzo[c]azepin-4-ylcarbarnate was reacted in a 

15 manner analogous to the preparation of (R)-tcrt-butyl 4-amino-2-benzyl-7-methyl-3-

oxo-2,3 ,45-tetrahydro- 1 H-benzo[c]uzcpin-8-ylcarbamate. Title compound was 

obtained as clear colorless oil in 990X, yield. MS rn/c (M+II)4= 340. 

20 

Intermediate 83 

0 

NNI

 0

 

N 
0 H 0 
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(R)-Benzy I-aciy18-henzyi-7-oxo-1,5,6, 7,8,9-hexahvdroaze mu 

fJindazoi-6-ylcarbarnaie. 3-(2-Chloromethyl-4-tcrt-butoxycarbonyla in 

phenyl)-2-(R)-beitizyloxycarbonylamino-propionic acid methyl ester ( 60 

mmol) was dissolved in dichlorometbane (3 mL). Trifluoroacetic aci (I 

S added to the mixture. Reaction was stirred at room temperature for 4 mi 

Mixture was concentrated to a yellow oil. Residue was dissolved in c loi 

mL). Acetic acid (100 .tL) was added to the mixture followed by isoa y 

10 

15 

20 

25 

iL, 0.37 mmol) then potassium acetate (65 mg, 0.66 mmol). Reaction 

reflux for 30 minutes. Mixture was cooled to room temperature then d 

dichioromethane. Mixture was washed once with water, and twice wit 

sodium bicarbonate. Organics were dried (magnesium sulfate), filtere 

concentrated in vauo. Reside was dissolved in acetonitrile (3 nit). B 

(100 WL, 0.92 mml) was added to the mixture followed by potassium 

mg, 0.36 mmol). Reaction was heated at reflux for 1 hour. Mixture w 

room temperature. Solids were filtered. Filtrate was concentrated in v 

was treated with toluene (3 InL) and acetic acid (100 jiL). Reaction wa 

reflux for 1 hour. Mixture was cooled to room temperature. Acetic ani 

nit) was added to the mixture. Reaction was stirred at room temperatu 

Mixture was coneeitrated. Residue was purified by silica gel ehromatc 

eluting ethyl acetat-hexanes. Title compound was obtained as amber 

yield. MS rn/c (M-ftI)= 483. 

Intermediate 84 

H 
NN 

OH 
$N 

0 

NA 
HNOc 

(R)-henzyl 84xo-9-(piperidin-4-yl)-3, 6, 7 8,9, 10-hexahydroazep 

ejindazol- 7-ylcarbaiate ineihanesuifonate. 4-(7-(R)-Benzyloxycarbon 

103 

20071067998 
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0 

oxo-6,7,8,10-tetrahydro-3H-2,3,9-triaz:a-cyclohepta[e]inden-9-yl)-piperidine- 1 -

carboxylic acid tert-butyl ester (100 mg, 0. 19 mmol) was dissolved in 

dichloromethanc (2 mL). Anisole (100 .IL, 0,92 mmol) was added to the mixture 

followed by methanesulfonic acid (200 j.iL). Reaction stirred at room temperature for 

5 30 minutes. Mixture was diluted with diethyl ether, and the mixture stirred at room 

10 

temperature for 30 minutes, Solvents were decanted off. Residue was dried in 

vacuo. Title compound was obtained as dark oil in quantitative yield. MS mle 

(M-+ H)’-= 434. 

Intermediate 85 

H 

(R)-henzyl 9-(1 -acetylpiperidin-4-yl)-8-oxo-3, 6, 7,8,9,10-

hexahydroazepino[3, 4-e]indazol- 7-ylcarhamate. (R)-benzyl 8-oxo-9-(piperidin-4-

15 yl)-3,6,7,8,9,1 0-hexahydroazepino[3,4-e]indazol-7-ylcarbamate methanesulfonate 

(100 mg, 0.19 mmol) was dissolved in a mixture of dichloromethane (4 mL) and 

triethylamine (500 tL, 3.6 mmol). Acetic anhydride (500 jiL, 5.3 mmol) was added 

to the mixture. Reaction stirred at roam temperature overnight. Reaction mixture 

was washed successively lx water, 2x IN hydrochloric acid, 2x IN sodium 

20 hydroxide, and lx brine. Organic was dried (magnesium sulfate), and filtered. 

Filtrate was concentrated in vacuo. Residue was treated with methanol (3 mL). 

Potassium carbonate (40 mg, 0.29 mmol) was added to the mixture. Reaction stirred 

at room temperature for 2 hours. Reaction was quenched with IN hydrochloric acid 

(6 mL). Methanol was removed from the mixture in vacuo. Remaining aqueous 

25 mixture was made basic with sodium bicarbonate. Mixture was extracted with ethyl 

104 
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5 

10 

15 

20 

acetate. Organic layer was dried (magnesium sulfate), filtered and co 

Title compound was obtained as yellow solid in 43% yield. MS rn/c 

Intermediate 86 

H 

N 

N 
NH2 

0 

(R)-9-(Ia4eIy1piperidin-4-yl)7-arnino-6, 7.9, 10tetrahydroaze]1 

eJindazo1-8(311)-orie meihanesulfonale, (R)-benzyl 9-( 1 -acetyl_iperid 

3,6,7,8,9, l0-hcxa1ydroazepino[3,4-e]indazol-7-ylcarbamate (38 mg, O. 

dissolved in dichldromethane (I mL). Anisole (30 j.tL, 0.27 mmol) Wa: 

mixture followed by methanesulfonic acid (250 ML). Reaction stirred 

temperature for 2 hours. Mixture was diluted with diethyl ether. Mixti 

temperature for 30 minutes. Solvents were decanted off. Remaining r( 

dried in vacuo. Title compound was obtained as dark oil in quantitativ 

rn/c (M+H)=342. 

Intermediate 87 

Ni?/\ 

0 

>O’0 
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0 

tert-butyl 3-(R)- 7-(henzyloxycarhonyi)-8-oxo- 7,8-dihydroazepino3 , 4-

ejindazol-9 (3 H, 6H, IOH)-yl)pyrrolidine-I-carhoxvlate. 2-(R)-

Benzyloxycarbonylamino-3-(4-chloromethyl- 1H-indazol-5-yl)-propionic acid methyl 

ester hydrochloride (150 mg, 0.31 mmol) and R,S-3-amino-1-N-Boc-pylTolidinc (90 

5 IAL, 0.48 mmol) were reacted in a manner analogous to the preparation of [9-(2,2-

dimcthy1-propyI)-8-oxo-3,6,78,9, I 0-hexahydro-2,3 ,9-triaza-(S)-cyclohepta[e]inden-

7-yl]-acetic acid methyl ester. Title compound was obtained without purification as 

dark foam in 96% yield. MS mle (M+F1)1=342. 

10 Intermediate 88 

HNAO 

i o o 

3-tert-butoxycarbony)-2-methy1-6-((2-oxo-2, 5-dihydrofiiran-3--

yl)rneihy1)henzyl acetate. Acetic acid 3-tert-butoxycarbonylamino-6 �iodo-2-niethyl-

15 benzyl ester (575 mg, 1.4 mmol) was dissolved in N,N-dimethylformamidc (2.5 ML). 

cr-Methylene-y-butyrolactonc (190 tL, 2.2 mmol) was added to the mixture followed 

by potassium acetate (420 mg, 4.3 mmol), and then palladium(II) acetate (16 ing, 

0,07 mmol). Reaction mixture was heated at 80CC for 26 hours. Mixture was cooled 

to room temperature and partitioned between ethyl acetate and aqueous sodium 

20 bicarbonate. Layers were separated. Organic layer was dried (magnesium sulfate), 

filtered and concentrated in vacuo. Silica gel chromatography afforded the title 

compound as off-white solid in 5401/0 yield. MS mle (M-H)= 374. 

25 
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Intermediate 89 

HNAO 

0 V 

S-3-(’te)-tbuto,ycarbonyl,)-2-methyl-6-’(’2-oxo-tetrahydroJiir 1-3-

5 y)m.ethy)henzyl acetate. 3 -(tert-butoxycarbonyl)-2-rnethyl-6-((2 -oxo 2,5-

dihydrofuran-3-yl)methyl)benzyl acetate (280 mg, 0.75 mmol) was di  solvec in a 

mixture of ethyl acetate (10 mL) and methanol (10 mL). A 

catalytic;atroom

 

ount f(-)-- 

1 ,2-bis((2R,5R)-djethylphospholano)benzene(cyclooctadiene)rhodiuI) 

tetrafluoroborate as added to the mixture. Reaction vessel was plaon a Parr 

10 apparatus and chagcd with 50 psi of hydrogen gas. Reaction shook  

temperature for 16 hours. A fresh portion of(-)-1,2-bis((2R,5R)-

diethylphospholanp)benzene(cyclooctadiene)rhodium (1) tetrafluorobo we w s added 

to the mixture. Reaction vessel was charged with 50 psi of hydrogen g s. Re ction 

shook at room temperature for 24 hours. Reaction mixture was concei rated n 

15 vacuo. Residue ws passed through a plug of silica gel eluting 80% et yl ac tate-

hexanes. Filtrate was concentrated in vacuo. Title compound was oht ’ned clear 

colorless oil in 69° yield. MS rn/C (M-H)= 376. 

Intermediate 90 

N-NH 

HO

 

20 
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(S)-3-((4-(hydroxymethy1)- 1H-indazol-5yl)methyl)-dihydrqran-2(3J-J)one. 

(S)-3 -(tert-butoxycarbonyl)-2-mcthyl-6-((2-oxo--tetrahydrofuran-3 -yI)rnethyl)benzyl 

acetate (190 mg, 0.50 mmol) was dissolved in dichloromethane (4 mL). 

Trifluoroacetic acid (1 mL) was added to the mixture. Reaction stirred at room 

5 temperature for 30 minutes. Mixture was diluted with dichloromethane and then 

concentrated in vacua. Residue was dissolved in chloroform (5 mL). Acetic acid 

(250 pL) was added to the mixture followed by isoamyl nitrite (80[IL, 0.60 mmol). 

Reaction stirred at room temperature -.or 20 minutes. Potassium acetate (400 mg, 4.1 

mmol) was added to the mixture. Reaction stirred at room temperature for 1 hour. 

10 Mixture was diluted with dichloromethane. Mixture was washed successively lx 

water, 2x aqueous sodium bicarbonate. Organic layer was dried (magnesium sulfate), 

filtered and concentrated in vacuo. Residue was dissolved in methanol (5 mL). 

Potassium carbonate (120 mg, 0.87 mmol) was added to the mixture. Reaction 

stirred at room temperature for 1 hour, Reaction was quenched with IN hydrochloric 

15 acid. Methanol was removed from the mixture in vacua. Remaining aqueous was 

extracted 2x diethyl ether, made basic with sodium bicarbonate, and then extracted 

again 2x diethyl ether. Combined extracts were dried (magnesium sulfate), filtered, 

and concentrated in vacua. Title corr.pound was obtained as amber oil in 73% yield. 

MS rn/c (M+H)=247. 

20 

>L1 

Intermediate 91 

(S)-2-(9-neopen1yl-8-oxo3, 6, 7,8,9, 10-hexa hydra azepino[3 , 4-eJindazal- 7-

25 yl)ethyl acetate. (S)-3-((4-(hydroxyrnethyl)- 1 H-indazol-5-yl)methyl)-dihydrofuran-

2(3H)-one (70 
mg, 

0.28 mmol), was dissolved in dichloromethane (1.5 mL). Thionyl 

chloride (500 L) was added to the rilixture. Reaction stirred at room temperature for 

45 minutes, Mixture was concentrated. Residue was treated with dichloromethane 

108 
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and re-concentrated. Residue was dissolved in acetonitrij.e (3 ml..). P t.assi in 

carbonate (150 mg, 1,1 mmol) was added to the mixture followed by ieopel tylamine 

(100 &L, 0.85 mtoJ). Mixture was heated at rcflux for 45 minutes. ixtur was 

cooled to room tehiperature and filtered. Filtrate was concentrated in UCUO. Residue 

5 was dissolved in toluene (5 mL). Acetic acid (200 L) was added tot e mi ture. 

Reaction was heated at reflux for 5.5 hours. Mixture was concentrate in va un. 

Preparatory HPLC purification gave the title compound as yellow soli in I % yield. 

MS rn/c (M-H)’= 356. 

10 Tntermediate 92 

0 

(S)- 7(2 -hydrnxyethyl)-9-neopentyi-6, 7,9, lO-tetrahydroazepino 3,4-

eJindazol-8(’3H)-oe. (S)-2-(9-neopcntyl-8-oxo-3 ,6,7,8,9, I 0-hcxahydr)azepi o[3,4-

15 e]indazol-7-yl)ethyl acetate (18 mg, 0.05 mmol) was dissolved in meth ol (1 mL). 

Potassium carbonate (20 mg, 0.14 mmol) was added to the mixture. Raction stirred 

at room temperaturefor 1 hour. Amberlite IRC-50 ion exchange resin as ad led to 

the mixture. Reaction stirred at room temperature for 15 minutes. Mix urc w’ s 

filtered. Filtrate w*s concentrated in vacuo. The title compound was o tame as 

20 yellow residue in 94% yield. MS rn/c (M+H)316. 

Intermediate 93 

HNAO 

T 0 
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Ll 

2-(R)-(’Acetoxymethyl-4tert-hutoxyc.arhonyl 

acid diethyl ester. 2-(S)-(Acetoxymethyl-4-tert-buti 

benzylidene)-succinic acid diethyl ester (700 mg, 1. 

manner analogous to the preparation o:2-(S)-(aceto 

5 hutoxycarbotiylamino-3-methyl-benzyl)-succinic ac 

bis((2S,5S)-diethylphospholano)benzene(cyclooctac 

sulfonate as the catalyst. Silica gel chromatography 

lightly colored oil in 75% yield. MS m7e (M-H)46 

10 Intermediate 

NH, 

01

 

n.ino-3ni.ethyl-benzyl)-succin /c 

ycarbonylainino-3 -methyl-

mmol) was hydrogenated in a 

vmethvl-4-tert-

diethyl ester using (+)_ 1,2-

e)rhodium(1) trifluoromethane 

’forded the title compound as 

Dl 

2-(R-(2-Acetoxyrnethyl-4-amino-3-methyl-bezy)-succinic acid diethyl ester. 

Trifluoroacetic acid (2.5 mL) was added to a solution of 2-(R)-(acetoxymethyl-4-tert-

15 butoxycarbonylamino-3-methyl-benzyj.:)-succinic acid diethyl ester (525 mg, 1.1 

mmol) in dichloromethane (10 mL). Reaction mixtu c was stirred at room 

temperature for 1 hour. Mixture was concentrated in vacuo, Residue was treated 

with aqueous sodium bicarbonate and extracted with ethyl acetate (2x 20 mL). 

Combined organic layers were dried (magnesium sulfate), filtered and concentrated 

20 in vacuo. The title compound was obtained as amber oil in 99% yield. MS nile (M-

C2H402+H)= 306.1. 

.Intermediate 95 

N-NH 
4I 

0 

AN 
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2-(R)-(4-Acetoxyrnethyi-]H-indazoi5-ylrnethyl)-succinic ac 

Isoamyl nitrite (170 sL, 1.3 mmol) was added dropwiseto a cooled 

solution of 2-(R)-(2--acetoxymethyl-4-amino3--mcthyl-benzy1)-succ 

ester in 5% acetic acid - chloroform (5 mL). Mixture was stirred at 

5 hours. Mixture Was diluted with dichioromethane (20mL) and then 

saturated aqueous sodium bicarbonate (2 X 20 mL). Organic was d 

sulfate), filtered and concentrated in vacuo. Title compound was ol 

oil in 99% yield. MS rn/c (M+H)= 377.1. 

10 Intermediate 96 

N--NH 

HO)L 

Lo 

2-(R)-(4-J-Iydro)(ymethyl-11-1-indazol-5-ylmeth1)1,-succinic ad 

Potassium carboiate (380 mg, 2.7 mmol) was added to a solution of 

15 acetoxymethyl-1H-inda.zol-5-ylmethyl)-succinic acid diethyl ester (4 

mmol) in methanol (10 mL). Mixture was stirred at room temperatui 

Reaction was quenched with IN hydrochloric acid. Methanol was rc 

mixture in vacuo Remaining aqueous made basic with sodium bicar 

was extracted with ethyl acetate (2 X 20 mL). Combined organic lay 

20 successively witit water (20 mL) and brine (20 mL). Organic was dr 

sulfate), filtered nd concentrated in vacuo. Title compound was ob 

oil in 92% yield. MS m/e (M+H) 307.1. 

( 
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Intermediate 97 

H 
N N 

PCT/US2007/061998 

1.9-(2, 2-Dimeihyl-propyl8-oxo-3, 6, 7,8,9, 10-hexahydro-2 
, 3, 9-triaza-(R)-

5 cycloheptafejinden-7-ylJ-acetic acid methyl ester. Thionyl chloride (2 mL) was 

added to a solution of 2-(R)-(4-hydroxymethyl- lH4ndazol-5-ylmethyl)-succinic acid 

dimethyl ester (280 lug, 0.91 mrnol) in dichloromehane (4 mL). Reaction was 

stirred at room temperature for 1 hour. Mixture was diluted with dichioromethane 

and then concentrated in vacua. Res:Ldue was suspended in acetonitrile (5 mL). 

10 Potassium carbonate (300 mg, 2.2 mmol) was addØd  to the mixture followed by 

neopentylamine (250 tL, 2.1 mmol). Reaction wa heated at reflux for 30 minutes. 

Neopentylamine (150 iL, 1.3 rnmol) was added 
to 

the mixture. Reaction was heated 

at reflux for 20 minutes. Mixture was cooled to room temperature and filtered. 

Filtrate was concentrated in vacua. Residue was dissolved in toluene (5 mL). Acetic 

15 acid (300 L) was added to the mixture. Reaction, was heated at reflux for 16 hours. 

Mixture was cooled to room temperature and dilutd with ethyl acetate. Mixture was 

washed successively with aqueous sodium bicarbonate (2x), water, and brine. 

Organic layer was died (magnesium sulfate), filtered and concentrated in vacua. 

Silica gel chromatography afforded the title compound as amber oil in 29% yield. 

20 MS rn/c (M-H)342. 1. 

Intermediate 98 

H 
N 

N 

/\ 

N 
1OH 
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f9-(2,2-Dmethvl-propyD-8-oxo-3, 6,7,8,9, /0-hexa hydrn-2 , 3,9 1 

cyclohepiafeJinden-7-yl] -acetic acid. Lithium hydroxide monohydra 

mmol) was added to a solution of {9-(2,2-dimethyl-propyl)-8-oxo-3 ,6, 

h exahydro-2,3,9-triaza-(R)-cyclohepta[e]ind en-7-yl]-acetic acid meth 

0.26 mmol) in methanol (2.5 mL), tetrahydrofuran (2 mL) and water ( 

Reaction mixture was heated at 50 °C for 1.5 hours. The organic solv 

removed from the mixture in vacuo. Remaining aqueous was neutrali 

hydrochloric acid (730 IlL). Mixture was extracted with ethyl acetate 

Combined organic layers were washed with brine (20 rnL) and then dr 

(magnesium sulfate, filtered and concentrated in vacua. Title cornpo 

obtained as amber solid in 88% yield. MS rn/c (M-H)= 328.1. 

Intermediate 99 

H 
N,.N CI 

°OH 

(31 4ng, 074 

,8,9,10-

I estel (90 nig, 

.5 mi ). 

f4-Chloro-36, 7 8,9, ]O-hexahydro-8-oxo-9-(2,2,2-trtluoroeth);l) 

-cycloheptafejin41en-7-ylJ acetic acid, 2-(S)-(4-acetoxymethyl-7-chl 

indazol-5-yimethyl).succinic acid diethyl ester (530 mg, 1.48 mmol) an 

trifluoroethylamine (1 mL, 12,5 mmol) was reacted following reaction s 

procedures analogous to the preparation of [4-Chloro-9-(2,2-dimethyl-pr 

3,6,7,8,9, 10-hexahy0ro-2 ,3 ,9-triaza-(S)-cyclohepta[e]inden-7-yl] -acetic 

compound was obtained as white solid in 20% yield. MS rn/c (M-H)= 3 

113 
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Intermediate 100 

2S)-(2-Acetox),methyl-4-czmiro-5-hromo-3-rnethyl-benzyl)-succinic acid 

5 diethyl ester. 2(S)-(2-Acetoxymethyl-4.-amino-3-methyl-benzyl)-succinic acid 

diethyl ester (7.6 g, 21 mmol) was dissolved in acetic acid (100 mL). Sodium acetate 

(4.2 g, 51 mmol) was added to the solution. Reaction vessel was placed in a cool 

water bath to control reaction exotherm. Bromine (1.1 mL, 22 mmol) was added to 

the mixture in one portion. Reaction stirred at ambient temperature for 10 minutes. 

10 Mixture was poured into IN aqueous sodium thiosulfate solution (400 mL). Material 

was extracted twice with ethyl acetate. Organic phase was washed successively with 

water and brine. Organic was dried (magnesium sulfate), filtered and concentrated in 

vacuo. Silica gel chromatography (ethyl acetate-hexanes) afforded the desired 

product in 77% yield as an amber oil. MS rn/c (M-H)- -- 440.0, 442.0. 

15 

Intermediate 101 

N-NH 

Br 

0 

b 

2-(S)-(4-A eel oxym ethyl- 7-hronw-1H-indazol-5-ylmethyl)-succinic acid diethyl 

20 ester, Isoamyl nitrite (2,3 mL, 17 mmol), was added drop-wise to an ice cold 

solution of 2-(S)-(2-Acetoxymethyl-4..arnino-5-bromo-.3 -methyl-benzyl)-succinic 

acid diethyl ester (7.14 g, 16 mmol) if. 5% acetic acid in toluene (280 mL). Mixture 

stirred at 0°C for 40 minutes, Potassium acetate (4.00 g, 41 mmol) was added to the 

mixture. Mixture was slowly warmed to room temperature. Reaction was stirred at 
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room temperature for 14 hours. Mixture was washed twice with water and nec with 

brine. Organic was dried (magnesium sulfate) filtered and concentra ed. Si ica gel 

chromatography (ethyl acetate-hexanes) afforded the desired product in 77 yield as 

an amber oil. M m/e (M+H)= 455.0, 457.0, 

7. 

Intermediate 102 

(S)-dimetIyi 2-((7-bromo-4-(h))droxymethyl) -]H-lndazol-5-

10 yl,)methyl,)succinajte. 2-(S)-(2-Acetoxymethyl-4-amino-5-bromo-3-m thyl-b nzyl)-

succinic acid diethyl ester (2.78 g, 6.1 rnmol) was converted to the tide corn ound in 

a manner analogous to the preparation of 2-(S)-(4-Hydroxymethyl-1 inda ol-5- 

ylmcthyl)-succinic acid dimethyl ester. Material was obtained as aml er solid in 96% 

yield. MS m/e (M-H) 383.0, 385.0. 

15 

Intermediate 103 

N�NH 

Br 

00 

(S)-dirnethi(l 2-((7-bromo-4-(chloromet&vl)-]H-indazol-5-yl)m 

20 (S)-dimethyl 2-((7bromo-4-hydroxymethyl)-1H-indazo1-5-yl)methy1 

(2.25 g, 5.8 mmolA was dissolved in 2M thionyl chloride in dichiorom 

84 mmol). Reaction stirred at room temperature for 2.0 hours, Mixtui 

concentrated, Residue was treated with toluene and then concentrated 

Residue was dissolved in ethyl acetate. Mixture was washed twice wi: 

115 
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sodium bicarbonate. Organic was dried (magnesium sulfate), filtered and 

concentrated in i.’acuo. Title compound was obtained as amber solid in 99% yield. 

MS nile (M+H)= 404.9, 403.0, 406.9. 

5 Intermediate 104 

[4 -B rorno-9-(2, 2-diniethyl-propyl)-8-vxo-3, 6,7,8,9, 10-hexahydro-2, 3,9-triaza-

(5)-cycloheptafeJinden-7-yl]-acetic acid me/hyl ester. (S)-dimethyl 2-((7-bromo-4-

10 (chloromethyl)-1H-indazol-5-yl)methyl)succinate (860 mg, 2.1 mmol) was dissolved 

in acetonitille (50 mL). Potassium carbonate (625 mg, 4.5 mmol) was added to the 

mixture followed by neopentylamine (800 VtL, 6.78 mmol). Mixture was heated to 

reflux and held with stirring for 1.5 hours, Mixture was cooled to room temperature. 

Mixture was filtered over celite. Filtrate was concentrated by roto-vap. Residue was 

15 dissolved in a mixture of toluene (50 mL) and acetic acid (3 mL). Mixture was 

heated to reflux and held with stirring for 37 hours. Mixture concentrated by roto-

yap. Silica gel chromatography (ethyl acetate-hexanes) afforded the title compound 

as tan solid in 75% yield. MS m/e (M-H= 420.0, 422.0. 

20 Intermediate 105 

H 
N Br 

0H 

[4-Brnrno-9-(’2, 2-dimethyl-prnp))l,)-8-oxo-3, 6,7,8,9,1 O-hexahydro-2, 3, 9-triaza-

(S)-cyciohepta[eJinden-7-ylJ-aceiic acid, [4-Bromo-9-(2,2-dimethyl-propyl)-8-oxo-
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3,6,7,8,9,l0heahydro-2,3,9-triaza-(S)-cyc1ohepta[e]indefl-7-y1]-aC tic acid methyl 

ester (160 mg, 0.38 mmol) was dissolved in a mixture of tctrahydro iran (5.0 mL) 

and methanol (5,0 mL). Water (5.0 mL) was added to the mixture fullowed by 

lithium hydroxide monohydrate (41 mg, 0.98 rnmol). Mixture was I eated lo 50°C 

and held with stirring for 5 hours. Mixture was cooled to room tcrnl eratur . Organic 

solvents were removed from the mixture in vacuo. Remaining aqueous wa diluted 

with water and then made neutral with 1 mL of IN hydrochloric aci . Material was 

extracted twice With ethyl acetate. Organic phase was dried (magne ium sulfate), 

filtered and con4entratcd to dryness. Title compound was obtained s tan solid in 

quantitative yield. 1H NMR (300 MHz, CDCI3) 5=U7 (s, 9 1-1) 2.3 - 2.6 (m, 3 H) 

2.91 (dd, J=16.47, 8.42 Hz, 1 H) 2.98 - 3.05 (m, 11-1) 3.09 (d,,1=13.14 Hz, I II) 3.47 

(d,.1=13.91 Hz, I H) 3.71 - 3.89 (m, 1 H) 4.39 (d,.1=17.20 Hz, 1 H) 5.30 (d,.1=17.20 

Hz, I H) 7.25 (s 11-1) 8.00 (s, I H). 

15 Intermediate 106 

H 
Br 

20 

25 

f4-Brom-9-(2, 2-dimethyl-propyl)-8-oxo-3, 6,7,8,9, 10-hexak 

(S)-cycloheptaf4’Jinden- 7-ylJ-acetic acid methyl ester. (S)-dirnethyl 

(chloromethyl)- H-inda.zol-5 -yl)methyl )s uccinate (860 mg, 2.1 mm 

in acetonitrile (0 mL). Potassium carbonate (625 mg, 4.5 mmol) w 

mixture followed by neopentylamine (800 j.L, 6.78 mmol). Mixture 

reflux and held With stirring for 1.5 hours, Mixture was cooled to i’c 

Mixture was filt1red over cehite. Filtrate was concentrated by roto-v 

dissolved in a mixture of toluene (50 mL) and acetic acid (3 mL). 

heated to reflux and held with stirring for 37 hours. Mixture concen 

yap. Silica gel Chromatography (ethyl acetate-hexanes) afforded the 

as tan solid in 7$% yield. MS rn/c (M-H)= 420.0, 422.0. 

117 

dro-2, ?,9-triaza-

-((7- romo-4-

I) was dissolved 

.s add d to the 

was h ated to 

)m temperature. 

p. Residue was 

ixture was 

rated by roto-
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Intermediate 107 

H 
..N Br 

N / 

FhO 
FN 

F 

PCT/US2007/067998 

[4 -B romo-3, 6,7,8,9, 1O-heahydro-8-oxo-9-(2,2,2-triJluoroethyl)-2, 3, 9triaza-

5 (-cyclohepta[eJinden-7-ylJaceiic acid methyl ester. 2-(S)-(-ch1oromethy1-7-

bromo-1H-indazol-5-ylmethyl)-succinic acid diethyl ester (325 mg, 0.81 mmol) was 

dissolved in acetonitrile (10 mL). Potassium carbonate (310 mg, 2.2 mmol) was 

added to the mixture with 2,2,2-trifluoroethylamine (1.2 mL, 15 mmol). Mixture was 

heated at 60°C and held with stirring for 15 hours. Mixture was cooled to room 

10 temperature. Mixture was filtered over celite. Filtrate was concentrated by roto-vap. 

Residue was dissolved in a mixture of toluene (10 mL) and acetic acid (600 IlL). 

Mixture was heated to reflux and held with stirring for 22 hours. Mixture was 

concentrated by roto-vap. Residue was dissolved in ethyl acetate. Material was 

washed successively with water and aqueous sodium bicarbonate. Organic phase was 

15 dried (magnesium sulfate), filtered and concentrated to dryness. Title compound was 

obtained as amber residue in 74% yield. MS rnle (M-H)= 431.9, 433.9. 

20 

Tntermediate 108 

N 
Br 

’ / 

FO 
F N 

F 

[4.Bromo-3, 6,7,8,9, iO-hexahydro-8-oxo-9-2, 2,2-!rijluoroethyl,)-2, 3,9-triaza-

(S)-cycloheptafeJinden-7-ylJacetic acid. [4-Bromo-3,6,7,8,9, I 0-hexahydro-8-oxo-9-

(2,2,2-trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[e]inden7yj]acetjc acid methyl 

ester (250 mg, 0.58 mmol) was reacted in a manner analogous to the preparation of 

118 
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[4-Bromo-9-(2,2-dimethyl-propyl)--8-oxo-3,6,7,8,9, I 0-hexahydro-2, 

cyclohepta[e]inden-7-yl]-acetic acid. Title compound was obtained 

solid in quantitative yield. MS mle (M -H.) 417.9, 419.9. 

5 Intermediate 109 

H 
N"1’1 / 

Nk 
0 

N 

0 

14-Methyl-9-(2,2-dimeth),l-propyl)-8-oxo-3, 6, 7 8,9,1 O-hexah itro-

triaza-(S)-cyclollepta[e]inden- ?’-ylJ -acetic acid methyl ester. [4-Bro o-9 

10 dimethyl-propyl)-8-oxo-3 ,6,7,8,9, 10-hexahydro-2,3,9-triaza-(S)-cyc ohcp 

7-yl]-acetic acid methyl ester (110 mg, 0.26 mmol) was dissolved in ,N-

dimethylformanlide (1.0 mL). Nitrogen gas was bubbled through the mix 

minutes. Tetraks(triphenylphosphine)palladium(0) (6.0 mg, 0.01 01) 

to the mixture followed by tetramethyltin (100 tL, 0.72 mmol). Re’ tion 

15 flushed with nitliogen gas and then sealed. Reaction was subjected to mic 

heating at 175°C for 35 minutes. Mixture was diluted with ethyl ace ate. 

was washed suc4essive1y with water and brine. Silica gel chromatograph,. 

acetate-hexanes) afforded the title compound as white solid in 83% ield. 

(M+H) 358.2. 

20 

Intermediate 110 

H 
N\ / 

&fUOH 
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5 

10 

[J 

15 

20 

I 

/4-Methyl-9-2,2-dimethyl-propyl)-8-oxo-3, 6,7,8,9,1 0-hexahydro-2, 3,9-

triaza-(S)-cyclohepla[eJinden- 7-y 1] -acetic acid, [4Methyl-9-(2,2-dimethy1-propy!)-

8oxo-3 ,6,7,8,9, I 0-hexahydro-2,3 ,9-triaza-(S)-cyclohepta[e]inden-7-yl] -acetic acid 

methyl ester (70 mg, 196 Lmol) was dissolved in tctrahydrofuran (2.0 mL). 

Methanol (2.0 mL) was added to the mixture followed by water (2.0 mL) and then 

lithium hydroxide hydrate (20 mg, 477 lJmol). Reaction was warmed to 50°C and 

held with stirring for 1.5 hours. Mixture was cooled to room temperature. Organic 

solvents were removed from the mixture by roto-vap. Remaining aqueous was 

diluted with water and then neutralized with IN hydrochloric acid (500 ML). Mixture 

was extracted twice with ethyl acetate. Organics were dried MgSO4, filtered and 

then concentrated to dryness. Title compound was obtained as white solid in 95% 

yield. MS rn/c (M-H)= 342.2. 

Intermediate 111 

N-NH 

r0Io 

2-’S)-(’4-Acetoxymethyl- 7-methyl-1H-indazol--5-ylmethyl)-succinic acid 

diethyl ester. 2-(S)-(4-Acetoxymethyl-7-bromo- I H-indazol-5-ylmethyl)-succinic 

acid diethyl ester (350 mg, 0.77 mmol) and tetramethyltin (150 .LL, 1,1 mmol) were 

reacted in a manner analogous to the preparation of [4-Methyl-9-(2,2-dimethyl-

propyl)-8-oxo-3,6,7, 8,9,1 0hexahydro-2,3,9-triaza-(S)-cyclohepta[c]indcn-7-yl]-

acetic acid methyl ester. Title compound was obtained as pale yellow solid in 68% 

yield. MS rn/c (M-H)-= 389.1. 

120 
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Intermediate 112 

N- NH 

(S)-dirnethyl 2-((7-methyl-4-(h))droxyniethyl)- JH-indazoi-5-

5 y)’nethyl)succinate. 2-(S)-(2-Acetoxymethyl-4-amino-5-methyl-3 i 

succinic acid diethyl ester (230 mg, 0.59 mmol) was converted to ti 

in a manner analogous to the preparation of 2-(S)(4-FIydroxymethy 

y1methy1)-succiic acid dimethyl ester. Material was obtained as o 

98% yield. MS tn/c (M-H) 319.2. 

10 

Intermediate 113 

N-NH 

Br 

(S)-dimethyl 2((7-methyl-4-(ch1orornethyl).-]H-indazo1-5-yl), 

(S)-dimethyl 2-((7-methyl-4-(hydroxymothyl)- 1 H-indazol-5-yl)rneth 

15 (180 mg, 0.56 mo1) was dissolved in diebloromethane (4.0 mL). 21 

chloride in dichkromcthane (4.0 mL, 8.0 mmol) was added to the mi 

stirred at room temperature for 2.5 hours. Mixture was concentrated. 

treated with tolune and then concentrated by roto-vap. Residue was 

dichioromethane land then concentrated to dryness Title compound i 

20 amber solid in 9% yield. MS mle (M+H) 339.1. 
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Intermediate 114 

H 
N\ / 

L 

FN 

F 
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/4-Metkv1-3, 6,7; 8,9, 1O-hexaliydro-8-oxo-9-(2,2,2-trijluoroethyl)-2, 3, 9-triaza-

5 (S)-c.ycloheptafejinden-7-ylJacetic acid methyl ester. 2-(S)-(4-chloromethyl-7-

methyl-1H-indazol-5-ylmethyl)-succinic acid diethyl ester (190 mg, 0.56 mrnol) and 

2,2,2-trifluoroethylamine (45 LL, 0.56 rnmol) were reacted in a manner analogous to 

the preparation of [4-brorno-3 ,6,7,8,9, I 0-hcxahydro-8-oxo-9-(2,2,2-trifluoroethyl)-

2,3,9triaza-(S)_eyc1ohepta[e]inden-7-yl]acetic acid methyl ester. Title compound 

10 was obtained as amber residue in 76% yield. MS rn/c (M+H) 370,1. 

Intermediate 115 

H 
N’ / 

F N 
OH F 

15 [4-Methyl-3,6,7,8,9, 1O-hexahydm-8-oxo-9-(2,2,2-tr.(tluoroethyl)-2,3, 9-triaza-

(’S)-cycioheptafejinden-7-ylJacetic acid. [4-Methyl-316,7,,9, 10-hexahydro-8-oxo-9-

(2,2,2-trifluoroethyl)-2,3,9-triaza-(S)-cyelohepta[e]inden-7-yljacetic acid methyl 

ester (250 mg, 0.58 mmol) was reacted in a manner analogous to the preparation of 

[4-Bromo-9-(2,2-dimethyl-propyl)-8-oxo-3 ,6,7,8,9, 1 0-hexahydro-2,3 ,9-1riaza-(S)-

20 eyclohepta[e]inden-7-yl]-acet.ic acid. Title compound was obtained as white solid in 

97% yield. MS rn/c (M-H= 354.2. 

122 
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Intermediate 116 

1!] 

[(S)-9-(22-Dimethyl-propy)-4-isopropenyl-(3-oxo-3, 6,7,8,9,1 

5 2,3, 9triazacycloheptfeJinden- 7-yl]-acetic acid methyl ester. [4-Bro 

diinethyl-propyl)8-oxo-3,6,7,,9, I 0-hexahydro-2,3 ,9-triaza-(S)-cycl 

7-yl]-acetic acid methyl ester (100 mg, 0.24 mmol) was dissolved in 

mL). Nitrogen gas was bubbled through the mixture for 5 minutes. 1 

(60 p.L, 0.43 mmol) was added to the mixture followed by [1,1’-

10
1,1’-10

 bis(diphenylphosphino)ferroccne]palladium(II) chloride (19 mg, 0.02 

potassium 2-propnyltrif1uoroborate (41 mg, 0.28 mmol). Reaction v 

flushed with nitrogen gas and then sealed. Reaction was subjected to 

heating at 150°C for 30 minutes. Silica gel chromatography (ethyl ac 

afforded the title compound as amber solid in 73% yield. MS rn/c (1 

15 

Intermediate 117 

:1] 

7,8,9,10-h 

20 2,3,9-triaza-cycloleptfeJinden- 7-yl/-acetic acid methyl ester. [(S)-9-( 

propyl)-4-isopropnyl-8-oxo-3,6,7,,9, 1 0-hexahydro-2,3 ,9-triaza-cycl 

7-yl]-acetic acid methyl ester (100 mg, 0.26 mmol) was dissolved in a 

ethyl acetate (5.0 L) and methanol (5.0 mL). A catalytic amount of 

123 
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[IJ 

5 

on carbon was added to the mixture. Reaction vessel was placed on a Parr apparatus 

and charged with 50 psi of hydrogen gas. Reaction shook at room temperature for 1 

hour. Mixture was filtered and the filtrate was concentrated to dryness. Title 

compound was obtained as brown residue in 90% yield. MS rn/c (M+H)= 36.3. 

Intermediate 118 

0 

f(’S)-9-(2, 2-Dimethyl-propy i,.L4-isop ropyl-8-oxo-3 , 6,7,8,9, /0-hexahydro-

10 2, 3,9-triaza-cyclohept[e]inden- 7-yl]acetic acid. [(S)-9-(2,2-Dimethyl-propyl)-4-

isopropyl-8-oxo-3,6,7,8,9, I 0-hcxahydro-2,3 ,9-triaza-cyclohept[e]inden--7-yl]-acetic 

acid methyl ester (90 mg, 0.23 mmol) was reacted in a manner analogous to the 

preparation of [4-Bromo-9-(2,2-dirnethyl-propyl)-8-oxo-3 ,6,7,8,9, I 0-hexahydro-

2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl]-acetic acid. Title compound was obtained 

15 as white solid in 92% yield. MS rn/c (M-H) 370,3. 

Intermediate 119 

F 

F o 

20 [4-lsopropenyl-3,6, 7,8,9,] O-hexahydro-8-oxo-.9-(2,2,2-tri/luoroethyO-2,3, 9-

triaza-(S)-cyclohepta[eJinden- 7-ylJacetic acid methyl ester. [4-Bromo-3 ,6,7,8,9, 10-

hexahydro-8-oxo-9-(2,2,2-trifluoroethyl)-23 ,9-triaza-(S)-cyclohepta[e]inden-7-

yl]acetic acid methyl ester (400 mg, 0.92 mmol) and potassium 2-

124 
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propenyltrifluorłborate (165 mg, 1 1 rnrnol) were reacted in a mannc r anal( 

the preparation of [(S)-9-(2,2-Dimcthyl-propyl)..4-isopropenyl-8-oxo 3,6,7, 

hexahydro-2,3,94riaza-cyclohept[e]indcn-7-y1]-acetic acid methyl ester. T 

compound was obtained as amber oil in 71% yield. MS mle (M-H)-j 394.1 

Intermediate 120 

/067998 

to 

9,10- 

f4-Isopropyl-3, 6,7,8, 9,1O-hexahydro-8-oxo-9-(2,2,2-trijiuoro thyl)-, 3,9-

10 triaza--cyclohptafeJinden-7-ylJacetic acid methyl ester, [4-Isopr pen 

3,6,7,8,9, i0-hexhydro-8-oxo-9-(2,2,2-trifl uoroethyl)-2,3 ,9-triaza-(S)- 

cyc1ohepta[e]indn-7-y1]acctic acid methyl ester (150 mg, 0.38 mmol was 

a manner analogthis to the preparation of [(S)-9-(2,2-Dimethyl-propy )-4-i 

.-oxo-3,6,7,8,9, 1 0-hexahydro-2,3 ,9-triaza-cycloheptc]inden-7-y1]a tic a 

15 ester. Title compound was obtained as white solid in 73% yield. MS rn/c 

398.2. 

Intermediate 121 

20 

f4-I5opr0eny1-3, 6,7,8,9, 10-hexahydro-8-oxo-9-2 ,2 , 2-truor eth 

triaza-(S)-cyclohptafejinden-7-ylJacetic acid. [4-Isopropenyl-3,6,7, ,9, 1 

hexahydro-8-oxo9-(2,2,2-trifluoroethyl)-2,3 ,9-triaza-(S)-cyclohepta{ ]ind 

yllacetic acid methyl ester (100 mg, 0.25 mmol) was reacted in a man er i 
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to the preparation of [4-Bromo-9-(2,2-dimethyl-propyl)-8-oxo-3 .6,7,8,9,1 0.-

hexahydro-2,3 ,9-triaza-(S)-cyclohepta[e]inden-7-yI]-acctic acid. Title compound 

was obtained as off-white solid in 98% yield. MS rn/c (M-H) 380.2. 

5 Intermediate 122 

F 

[4-Isopmpyl-3, 6,7,8, 9,1O-hexahydro-8-oxo-9-(2,2,2-irUiuoroethyl)-2, 3.9- 

triaza-(S)-cycloheptafeJinden- 7-yl]acetic acid. [4-Isopropyl-3 ,6,7,8,9, 1 0-hexahydro-

10 8-oxo-9.-(2,2,2-trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[e]inden-.7-yI]acetic acid 

methyl ester (105 mg, 0.26 mmol) was reacted in a manner analogous to the 

preparation of [4-Bromo-9-(2,2-dirnethyl-propyl)-8-oxo-3,6,7, 8,9,1 0-hexahydro-

2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl]-acetic acid. Title compound was obtained 

as white solid in 99% yield. MS rn/c (M-H= 382.2. 

15 

Intermediate 123 

H 
N_N\ 

F N . 
F?O 

F 

[4-Ethyl-3, 6, 7 8,9,1 O-hexa/zydro-8-oxo-9-(2,2,2-trifluoroethyl).-2,3, 9-triaza-

(S)-cyclohepta[e]inden-7-yl]acetic acid methyl ester. [4-Bromo-3,6,7,8,9, 10-

20 hexahydro-8-oxo-9-(2,2,2-trifluoroethyl)-2,3 ,9-triaza-(S)-cyclohepta[e]inden-7-

yl]acetic acid methyl ester (150 mg, 0.35 mmol) and tctraethyltin (200 j.L, 1.0 mmol) 

were reacted in a manner analogous to the preparation of [(S)-9-(2,2-Dimethyl-

126 
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5 

10 

20 

propyl)-4-methyl-8-oxo-3,6,7,9,9, 1 0-hexahydro-2,3,9-triaza-cy 

acetic acid methyl ester. Title compound was obtained as clear 

yield. MS nile (M+H) 384.2. 

Intermediate 124 

H 
N\ 1 

N 
CH 

f4-Ethy1-.1, 6,7,8,9,? 0-hexahydro-8-oxo-9-(2, 2,2-trfluoroethyl - 

"S,-cycloheptafeJinden- 7-ylJacetic acid, [4-Ethyl-3 ,6,7,8,9, 1 0-hcxah d 

(2 ,2,2-trifluoroetlliyl)-2,3 ,9-triaza-(S)-cyclohepta[e]inden-7-yl]acetic aci 

ester (105 mg, 0.6 mmol) was reacted in a manner analogous to the I ire 

[4-Bromo-9-(2,2dimethy1-propyl)-8-oxo-3 ,6,7,8,9, 1 0-hexahydro-2,3 9-

cyc1ohepta[e]indn-7-y1]-acetic acid. Title compound was obtained as v 

73% yield. MS rllle (M-H)’= 368.3. 

1067998 

en-7-yl]-

in 28% 

f LUU 

)Xo-9-

hyl 

Lon of 

solid in 

Intermediate 125 

H 
N Br 

NJ 

S)-4-Brmo-9-cyclopropylmethyi-8-oxo-3, 6,7,8.9,1 0-hexahy ro-2, , 9-

(riaza-cycloheptf4’Jinden-7-y -acetic acid methyl ester. (S)-dimethyl -((7- rom( 

(ch1oromethy1)-14-indazol-5-y1)methyl)succinate (630 mg, 1.6 mmol was dissoll 

in acetonitrile (5 ML). Potassium carbonate (560 mg, 4.1 mmol) was dded o the 

mixture followed by (aminomethyl)cyclopropane (700 VtL, 8.1 mmol) Mixt re 

127 
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40 

heated to reflux and held with stirring for 1.5 hours. Mixture was cooled to room 

temperature. Mixture was filtered. Filtrate was concentrated by roto-vap. Residue 

was dissolved in a mixture of toluene (10 niL) and acetic acid (1 mL). Mixture was 

heated to reflux and held with stirring for 18 hours, Mixture was concentrated by 

5 roto-vap. Silica gel chromatography (ethyl acetate-hexanes) afforded the title 

compound as tan solid in 64% yield. MS m/e (M+H) 406.0, 408.0. 

10 

Intermediate 126 

((S)-4-Bromo-9-cyclopmpylrnethyl-8-oxo-3, 6,7,8,9,1 O-hexahydro-2, 3,9- 

triaza-cycloheptfejinden-7-yl,.)-acelic acid. ((S)-4-Bromo-9-cyclopropylrnethyl-8-

oxo-3 ,6,7,8,9, I 0-hexahydro-2,3,9-triaza-cyclohept[e]in den -7-yl)-acetic acid methyl 

ester (290 mg, 0.71 mmol) was reacted in a manner analogous to the preparation of 

15 [4-Bromo-9-(2,2-dimethyl-propyl)-8-oxo-3 ,6,7,8 ,9, 1 0-hexahydro-2 ,3 ,9-triaza-(S)-

cyclohepta[e]inden-7-yl]-acetic acid. Title compound was obtained as yellow solid 

in 96% yield. MS nile (M-H)’= 390.0, 392.0. 

20 
’’0 

Intermediate 127 

128 
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[(S)-4-Bfomo-9-(2-methoxy-eth);l,)-8oxo-3, 6,7,8,9, 10-hexah dro-2 3, 9-triaza-

cyclohept ejinden-7-y l]-acetzc acid methyl ester. (S)-dimethyl 2-(( -brom -4-

(chloromethy1)-lH-indazol-5-y1)mcthysuccinate (400 mg, 0.99 rn 01) an 2-

inethoxyethylaiiinc were reacted in a manner analogous to the preparation of ((S)-4-

5 Bromo-9-cycloropylmethy1-8-oxo-3,6,7,8,9, I 0-hexahydro-2,3 ,9-triza-

cyc1ohept[e]indn-7-yl)-acetic acid methyl ester. Title compound wks 
ol 

tan solid in 66% yield. MS nile (M-H)’= 408.1, 410.0. 

Intermediate 128 

Br 

- OH 

10 0 

6,7,8,9,1 0-hexa 

cyclohept1eJindn- 7-yl] -acetic acid. [(S)-4-Bromo-9-(2-methoxy-

3,6,7,8,9,1 0-hcxhydro-2,3 ,9-triaza-cyclohcpt[e]inden-7-yl]-acetic 

15 (265 mg, 0.65 
rnmol) 

was reacted in a manner analogous to the pre 

Bromo-9-(2,2-dmethyJ-propy1)-8-oxo-3,6,7,8,9, 10-hexahydro-2,3, 

cyclohepta[c]in4cn-7-yl]-acetic acid, Title compound was obtaine 

89% yield. MS bile (M-H)-= 394.1, 396.0, 

20 Intermediate 129 

HN_JLA_ 

129 

as 

2, $,9-triaza-- 

ne hyl ester 

on of[4-

ts tan olid in 
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(Z)-I(2-(a(,,etoxynieihyl)-4--(tert-butoxycarhony/wnino)-3-rnethvlphenyl)-3- 

methoxy-3oxoprop-1-en-2-yl henzoate. 3-(tert-butoxycarboriylamino)-6-iodo-2-

methylbenzyl acetate (18,0 g, 44,4 mmol) in tetrahydrofliran (180.00 ml, 2197 mmol) 

was added triethylamine (24.76 ml, 178 mmol) followed by tctrabutylammonium 

5 chloride, hydrate (13.15 g, 44.4 mmol) and 3-methoxy-3-oxoprop-1-en-2-yl benzoate 

(11.91 g, 57.7 mmol). After introducing nitrogen atmosphere, palladium(l1) acetate 

(0.898 g, 4.0 mmol) was added. The reaction mixture was refluxed for 3 Ii. The 

crude product was cooled and most of the solvent was removed. The crude product 

was diluted with ether (300 mL) and solids were removed by filtration. The solvent 

10 was evaporated and the crude product was purified by flash chromatography using 

30% EtOAc in hexane to 50% EtOAc in hcxane. The product was crystallized from a 

mixture of EtOAc - hexane to give a white powder of(Z)-1-(2-(acetoxymethyl)-4-

(tert-butoxycarbonylamino)-3-rnethylphenyl)-3-methoxy-3-oxoprop-1-en-2-yl 

benzoate (20.5 g, 42,4 mmol, 95 % yield). ’H NMR (500 MFIz, CDCI3): in ö 8.08 - 

15 8.06 (m, 2H), 7.75 �7.74 (m, 2H), 7.60 �7.58 (m, IH), 7.49 �7.44 (m, 3H), 5.25 (s, 

2H), 3.85 (m, 3H), 2,24 (s, 3H), 2.07 (s, 3H), 1.52 (s, 9H); MS (ESI) 506 (M--H); Rf 

2.61. 

Intermediate 130 

0 

0 0 YJO 20 0 

(R)-3-(2-(acetoxyinethyl)-4-(tert-butoxycarbonylarnino)-3-rnethylphenyl)- / -methoxy-

J-oxopropan-2-yl benzoate. (Z)- 1 -(2-(acetoxymethyl)-4(tcrt-butoxycarbony1amino)-

3-methylphenyl)-3-methoxy-3 -oxoprop- 1 -en-2-yl benzoate (20.00 g, 41.4 mmol) in 

25 dichloromethane (120.00 ml) was added (-)-1,2-bis((2R,5R)-2,5-

diethylphospholano)benzene(cyclooctadiene)rhodium (1) tetrafluoroborate (280.00 

mg, 0.424 rumol) under nitrogen atmosphere. The reaction mixture was 

130 
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hydrogenated at 60 psi pressure of hydrogen for 12h. The solvent 

crude product ws carried to the next step as such, MS (EST) 508 (i 

Intermediate 131 

NH9 

5 

/067998 

.s rcnived and 

-H) ;?f = 2.53. 

(R)-3-(2-(acetoxymeth),l)-4-amino-3-nzethylphenyl)-1-methox - 1 -ox 

2-yl benzoate. (R)-3-(2-(acetoxymethyl)-4-(tert-butoxycarbonylamin )-3-

mcthylpheny1)-1methoxy-1-oxopropan-2-yl benzoate (19,5 g, 40.2 r itnol) 

10 dich1oromethan (100.00ml, 1554 mmol) was added trifluoroacctic a id (3C 

389 mmol). The reaction mixture was stirred at RT. After 4h, LC-M1 sugg 

complete remov1 of protecting group. The solvent was removed and the cr 

product was dissolved in dichloromethane (300 mL) and washed with aque 

NaHCO. The solvent was removed to give (R)-3-(2-(acetoxymethy -4-air 

15 methylphenyl)-14.mcthoxy-1-oxopropan-2-yl benzoate (15.0 g, 38.9 mol, 

yield). MS (ESI)1408 (M+H) ; Rf= 1.69. 

Intermediate 132 

NH2 

1(L(c1 

\r0LoyO 

-0 00 

20 

(R)-3-(2-acetoxvmethyl)-4-amino-5ch1oro3methylphenyl) 

oxopropan-2-yl bnzoate. (R)-3-(2-(acetoxymethyl)-4-amino-3 -meth 

methoxy-1-oxop4opan-2-yl benzoate (15.00 g, 38.9 mmol) in aceto.ni 

3829 mmol) was added N-chlorosuccinimide (5.72 g, 42.8 mmol). T 

25 mixture was then heated to reflux for 2 mm. The solvent was rernov 

131 

.00 ml, 

7% 

1 and the crude 
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t3 

product was washed with aqueous Nal-ICO3. The crude product was purified by flash 

chromatography using 30% EtOAc in hexane to give (R)-3-(2-(acetoxymethyl)-4-

amino-5 -chloro-3 methylphenyl)- I -methoxy- 1 -oxopropan-2-yl benzoate ill 57% 

yield. MS (ESI) 442 (M+H) R 2.42. 

Intermediate 133 

N�NH  

0 0 YO 
00 

(R)-3-(4-(acetoxymethyl)- 7-chloro-IH-indazol-5-yl)-1-methoxy-1 -oxopropan-

10 2-3’l benzoate. (R)-3-(2-(acetoxymethyl)-4-amino-5-chloro-3-inethylphenyl)- 1-

inethoxy.-1-oxopropan-2-yl benzoate (16.33 g, 38.9 nimol) in toluene (100.0 ml, 939 

mniol) was added acetic acid (5.0 ml, 87 mmol) followed by isoamyl nitrite (5.76 ml, 

42.8 mmol) at 0°C. After 15 mm, potassium acetate (7,64 g, 78 mmol) was added 

and the reaction mixture was stirred for 12h. The solvent was removed and the crude 

15 product was dissolved in dichioromethanc (250 mL) and washed with aqueous 

NaHCO3. The solvent was dried (Na2SO4), evaporated and the crude product was 

purified by flash chromatography using 40% EtOAc in hexane to give (R-3-(4-

(acetoxymethyl)-7-chloro- 1H-indazol-5-yl)- 1 -methoxy- I -oxopropan-2-yl benzoate in 

88 % yield. MS (ESI) 453 (M+Na) ; Rf� 2.46. 

20 

Intermediate 134 

dk N�NH  

HO 

(R)-3-(7-chloro-4-(hyclroxymethyl)-JH-indcizol-5-yl)-]-,nethoxy-] -oxopropan-

25 .2-yl benzoate. (R)-3-(4-(acetoxymethyl)-7-chloro- I FI-indazol-5-yl)- I -methoxy- 1-

132 
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oxopropan-2-yl benzoate (8.5g. 19.73 mmol) in a mixture of chtorof rm (&).0 ml, 

992 mmol) and nethanol (60.0 ml, 1483 mmol) was added magnesii. m me oxide 

(4,18 ml, 39.5 mmol). After 3h, quenched with 1.0 M HCl and extracted with 

dichloromethan (300 mL). The crude product was purified by flast chroi atography 

5 using 70% EtOc in hexane to give (R)-3-(7chloro-4-.(hydroxyrnet1 yl)-1 -indazol-

5-y1)-i-methoxy-1-oxopropan-2y1 benzoate in 67% yield. ’H NMR 500 Hz, 

CDCI3): in ö 8.09 (s, 1H), 7.93 (d, J 7.5 Hz, IH), 7.47 (m, 114), 7.3(t, J 8 Hz, 

2H), 7.22 (s, IH), 5.49 (m, IH), 4.99 (m, 2H), 3.45 �3.41 1H. (m. ....68 (s 3.H.), 3.36 

�3.31 (m, 1H); MS (EST) 389 (M+H) ; R1= 2.07. 

10 

Intermediate 135 

(R)-3-(7-chloro-4-(chlorometh))l)-I1-T-in(iazoi5yl)-1-niethox -1-ox 

15 2-yl benzoate. (]I.)-3 -(7-chloro-4-(hydroxymethyl)- 1H-indazol5-’yl) 1 -meti 

oxopropan-2-yl benzoate (6.5 g, 16.72 mmol) in dichioromethane (100.0 m 

mmol) was addei Diisopropylethyl amine (2.59 g, 20.06 mmol) follewed h 

methanesulfony1chloridc (1,433 ml, 18.39 mmol). After 2h, the re  ion rr 

was quenched with aqueous NaHCO3, dried (Na2SO4) and the solven was i 

20 MS(EST) 407 (M+H); Rf = 1.69. 

Intermediate 136 

N�NH  

133 

xy- I - 

1554 

46 
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(R)-3-(7-chloro4- ((2,2, 2-trifluoroethylamino)methyl)- IH-indazol-5-yl)- J 

meiho.xy4-oxoprnpan-2-yl benzoate. (R)-3 -(7-chloro-4-(chloromethyl)- 1 H-indazol-

5-yl)-1-methoxy--1-oxopropan-2-yl benzoate (6.80g. 16.7 mmol) in acetonitrile (70,0 

ml, 1340 mmol) was added 2,2,2-trifluorocthylaminc (8.27 g, 84 mmol). After 20 

5 min, potassium carbonate (2,308 g, 16.70 mmol) was added and the reaction mixture 

was refiuxed for 2h. The solvent was evaporated and the crude product was 

dissolved in a mixture of dichioromethane and chloroform. A thick emulsion formed 

and addition of methanol provided a clear organic phase. The organic layer was 

dried (Na2SO4), the solvent was removed and the crude product was used as such for 

10 the next step. MS (ESI) 470 (M+H) ; Rf= 1.56. 

Intermediate 137 

N�NH  

� 

/F  

15 (R)-4-c’hloro-8-oxo-9-(2, 2, 2-tr/fluoroeth),l)-3, 6,7,8,9,10-

hexahydroazepino[3, 4-e]indazol- 7-yl benzoate. (R)-3 -(7-chloro-4-((2,2,2-

trifluoroethylamino)methyl)- I H-indazol-5-yl)- 1 -methoxy- 1 -oxopropan-2-yl benzoate 

(7.75 g, 16.5 mmol) in toluene (70.00 ml, 657 mmol) was added acetic acid (1.2 ml, 

20.96 mmol) and refluxed for 12h. The solvent was evaporated and the crude 

20 product was dissolved in EtOAc, washed with aqueous NaHCO3. The solvent was 

removed and the crude product was purified by flash chromatography using 50% 

EtOAc in hexane to give (R)-4-chloro-8-oxo-9-(2,2 ,2-trifiuorocthyl)-3 6,7,8,9,10-

hexahydroazepino[3,4-e]indazol-7-yI benzoate in 74% yield. MS (ESI) 438 (M+H); 

Rf= 2.60. 

25 
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Intermediate 138 

N�NH  

cI 

F3C 
0 OH 

(R)-4-ch1ôro-7hydroxy-9-(2,2,2-trfluoroethy1)-6,  7,9,10-

tetrahydroazepin&f3, 4-eJindazol-8"3H)-one. R)-4-ch1oro-8-oxo-9-( ,2,2-

rifluoroethyl)-3,6,7,8,9, 10-hexahydroazepino[3,4-e]indazol-7-yl ben oate (7, .00 g, 

16.0 mmol) in TIF (60.00 ml, 732 mmol) was added lithium hydroxi le (0.7 56 g, 

32.0 mmol) followed by water (6.0 ml, 333 mmol). After 3h, the solv nt w 

removed and the crude product was diluted with dichloromethaiie and neutra ized 

with 1.0 M HC1. The organic phase was dried and the crude product as puiified by 

flash chromatogrçhy using 70% EtOAc in hexane to give (R)4-chlo o-7-h droxy-9-

(2,2,2-trifluoroeth’l)-6,7,9, I 0-tetrahydroazepino[3 ,4-e]indazol-8(3H)- ne in 53% 

yield. ’IT NMR (500 MHz, CDC13): in ö 8.12 (s, 1 H), 7.16 (s, 1H), 5.1 - 5.1 (in, 

2H), 4.55 (d, J= 17 Hz, 1H), 4.30-4.28 (m, IH), 4.27 �4.24 (m, 1H) 3.86 m, 1H), 

3.46 (dd, J 5 H; J= 1,5 Hz, 111), 3.09 (dd, J 5 Hz, J 1.5 Hz, 1 ), 1.5 (s, 911); 

MS (ESI) 334 (M-t-I-I) ; R= 1.49. 

Intermediate 139 

F3C 
o 

0a�c--NO2  

(R)-1-chlo -8-oxo-9-(2,2,2-trfluoroethyl)-3, 6, 7, 8,9,10-

hexahydroazepinoj’3, 4-ejindazol- 7-yl 4-nitrophenyl carbonate. (R) 

hydroxy-9-(2,2,2.-tifluoroethy1)-6,7,9, I 0-tetrahydroazepino[3,4-e]i: 

(1.2 g, 3.60 mmol) in dichloromethane (100.0 ml, 1554 mmol) was 

135 
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diisopropyl ethyl amine (0.651 g, 5.03 mmol) followed by 4-nitrophenyl 

carbonochioridate (0.942 g, 4.67 mmol). After 48 h, the reaction mixture was 

washed with 1.0 M HCl and the crude product was purified by flash chromatography 

using 75% EtOAc in hexane to give (R)-4-chloro-8-oxo-9-(2,2,2-trifluoroethyl)-

5 3,6,7,8,9,1 0-hexahydroazepino[3 ,4e]indazoI-7-yl 4-nitrophenyl carbonate (1.0 g, 

2.005 mmol, 56% yield), MS (ESI) 499 (M+H) ; R= 1.64. 

Intermediate 140 

H 

N
-N CI 

\/ 

F 0 
FN 

NAO F 
o 

H 

10 

(R)-henzyl 4-chloro-8-oxo- 9-(2, 2, 2-tri:fluoroethyl)-3, 6, 7 8,9,10- 

hexahydroazepinof3, 4-ejindazol- 7-ylcarbamate. (R)-Methyl 2-(benzyloxycarbonyl)-

3-(7-chloro-4-(chloromethyl)- 1H-indazol-5-yl)propanoate (630 rug, 1444 i.tmol) was 

dissolved in acetonitrile (15 ml). Potassium carbonate (240 mg, 1737 .tmol) was 

15 added to the mixture followed by 2,2,2-Trifluoroethylamine (400 1.11, 5028 jimol). 

Mixture was warmed to reflux and held with stirring for 1 hour. Another I mL of 

2,2,2-trifluoroethylarnine was added to the mixture followed by another 320 mg of 

potassium carbonate. Mixture was heated at reflux for 45 minutes. Mixture was 

cooled to room temperature and then filtered over celite. Filtrate was concentrated by 

20 roto-vap. Residue was dissolved in toluene (15 ml). Acetic acid (0,50 ml, 8734 

ev 

i.tmol) was added to the mixture. Reaction was warmed to refiux and held for 16 

hours. Mixture was concentrated by roto-vap. Silica gel chromatography eluting 

ethyl acetate-hexanes afforded the desired product as tan solid in 67% yield. MS 

(M+H) 466.8. 

25 
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Intermediate 141 

H 

NH2 

(R)- 7-anino-4-chloro-9-(2,2, 2-iiifluoroethyl) -6, 7 9,10-

5 tetrahydrocizepi$o[3, 4-eJindazol-8(31i)-one. (R)-Benzyl 4-chloro-8 

trifluorocthyl)-36,7,8,9, 1 0-hexahydroazepino[3 ,4-e]indazol-7-ylcar 

964 .imol) was dissolved in dichioromethanc (20 ml), Anisole (250 

was added to the mixture followed by methanesuifonic acid (5.0 ml, 

Reaction stirred lat room temperature for 1.5 hours. 100 mL of dieth 

10 added to the mhtture. Reaction stirred at room temperature for 45 n 

were decanted off. Remaining solid was washed with diethyl ether 

decanted. Solids were dissolved in water. Mixture was made basic 

sodium bicarboiate. Mixture was extracted twice with ethyl acetate 

phase was discarded. Material was washed successively with aquco 

15 bicarbonate, water and brine and the aqueous phases were discarded 

dried MgSO4, filtered and then concentrated to dryness. Title comp 

obtained as light yellow solid in 78% yield. MS (M+H) 321,2. 

Intermediate 142 

N�NH  

Br Br 

0 

20 0O 

(S)-dietlb’l 2-((4-(acetox),methyl)-3, 7-dthromo- JH-indazol-5 

yl,)methyl,,)succiAate. (S)-Diethyl 2-((4-(acctoxymethyl)-7-hromo- 11 

yl)methyl)succihate (555 mg, 1.219 mmol) was dissolved in dichlor 

137 
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imate (450 mg, 

1, 23(0trnol) 

7051 .mol). 

ethe was 
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I the liquids 
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niL). N-Bromosuccinimide (250 mg, 1.405 mmol) was added to the mixture 

followed by a small amount of silica gel. Reaction stirred at room temperature for I 

hour. Mixture was concentrated some by roto-vap. Silica gel chromatography 

eluting ethyl acetate-hexanes afforded the title compound as clear colorless oil in 

5 84% yield. MS (M-H) 533.1, 531.2, 5351. 

Intermediate 143 

N�NH  

HO 

Br Br

10 (S)-dimethyl 2-((3, 7-dibromo-4-(hydroxymethyl)-IH-indazo/-5-

yl,.)m.ethyi,.)succinate. (5)-Diethyl 2-(4-(acetoxymethy1)3,7-dibromo- 1H-indazol-5-

yl)mcthyl)succinate (540 mg, 1.011 mmol) was dissolved in methanol (12 mi.). 6 - 

10% Magnesium methoxide solution in methanol (2.7 mL, 2.041 mmol) was added to 

the mixture. Reaction stirred at room temperature for 18 hours, Reaction was 

15 quenched with 5 mL IN hydrochloric acid. Mixture stirred at room temperature for 

30 minutes. Methanol was removed from the mixture by roto-vap. Residue was 

dissolved in water and then made basic with aqueous sodium bicarbonate. Material 

was extracted twice with ethyl acetate and the aqueous phase was discarded. 

Organics were dried MgSO4, filtered and then concentrated to dryness. Title 

20 compound was obtained as white foam in 99% yield. 1H NMR, MS (M-II)= 463.1, 

461.1, 465.1. 

Intermediate 144 

Br 

Br

 

0 

138 



WO 2007/131020 PCT/EJS20011067998 

5 

10 

15 

20 

25 

(S)-methyl 2-(J,4-dibromo-8-oxo-9-(2,2,2-trfluoroethyl)-3,6, 7, 9,10-

hexahydroazepinof3, 4-ejindazol- 7-yl)aceiate. (S)-Dimethyl 2-((3 , 7 -di rot-no 

hydroxymethy1)- ILI-indazol-5-yl)methyl)succinate (460 mg, 0.991 mn 01) w: 

dissolved in thionyl chloride (2.0 M in dichioromethane) (496 .t1, 0.992 rnmo: 

Reaction stirred at room temperature for 4 hours. Mixture was concentrated 1 

yap. Residue was dissolved in ethyl acetate. Material was washed twice with 

aqueous sodium bicarbonate and the aqueous phase was discarded. Organics 

dried MgSO4, filtered and then concentrated to dryness. Residue (415 ing, 0. 

mrnol) was dissolved in acetonitrile (15 mL). Potassium carbonate (165 mg, 

mrnol) was added to the mixture followed by 2,2,2-trifluoroethylamine 350 

mrnol). Mixture was warmed to reflux and held with stirring for 30 mi utes. 

Mixture was cooled to room temperature. Mixture was filtered over cc ite. F 

was concentrated by roto-vap. Residue was dissolved in toluene (17 m ). Ac 

acid (200 l.tl, 3.49 itnmol) was added to the mixture. Reaction was war ed to 

and held with stirring for 16 hours. Mixture was cooled to room temperature 

then diluted with ethyl acetate. Mixture was washed with aqueous sodium 

bicarbonate and the aqueous phase was discarded. Organics were dried MgS 

filtered and then concentrated to dryness. Silica gel chromatography ejuting 

acetate-hexanes afforded the title compound as white solid in 45% yiel . MS 

= 512.1, 510.1, 514.1. 

F-

F 

Intermediate 145 

19 

-2-(1, 4- ibromo-8-oxo-9-(2, 2, 2-trifluomet hy )-3 , 6, 7 8,9,10-

hexahydroazepin/3, 4-ejindazol- 7-yl,) acetic acid. (5)-Methyl 2-( 1,4- ibrom 

9-(2,2,2-trifluoroethyl)-3,6,7, 8,9,1 0-hexahydroazepino[3,4-e]indazol- -yl)ac 

(220 mg, 0.429 mno1) was dissolved in a mixture of methanol (5.0 m ) and 
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tetrahydrofuran (5.0 mL). Water (5.0 mL) was added to the mixture followed by 

lithium hydroxide hydrate (66.0 mg, 1.573 mmol). Reaction was warmed to 60°C 

and held with stirring for 1.25 hours. Mixture was cooled to room temperature and 

then neutralized with 1,6 mL iN hydrochloric acid. Mixture was concentrated by 

5 roto-vap. Residue was partitioned between ethyl acetate and water. Layers were 

separated and the aqueous phase was discarded. Material was washed with brine and 

the aqueous phase was discarded. Organics were dried MgSO4, filtered and then 

concentrated to dryness. Title compound was obtained as white solid in 96% yield. 

MS (M-H= 498.1, 496.1, 500.1. 

10 

Intermediate 146 

(S)-methyl 2-(4-bromo-8-oxo-6, 7,8,1 Oietrahydro-3H-oxepino[3, 4-e]indazol-

15 7-yl,.)acetate. (S)-Dimethyl 2-((3 ,7-dibromo-4-(hydroxymethyl) I H-indazol-5-

yl)methyl)succinate (440 mg, 1.065 mmol) was dissolved in toluene (30 mL). p-

Toluenesulfonic acid monohydrate (28 mg, 0.147 mmol) was added to the mixture. 

Reaction was warmed to reflux and held for 18 hours with stirring. Mixture was 

cooled to room temperature and then diluted with ethyl acetate. Material was washed 

20 with aqueous sodium bicarbonate and the aqueous phase was discarded. Organics 

were dried M9SO4, filtered and then concentrated to dryness. Silica gel 

chromatography eluting ethyl acetate-hexanes afforded the title compound as amber 

oil in 42% yield. MS (M+H) 367.2, 369.2, 
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Intermediate 147 

[’ITh 

(S)-2-((7-bromo-4-(hydro.rymelhyl)- 1H-indazol-5-yl)nlethyl)SL 

5 (S)-Methyl 2-(4-romo-8-oxo-6,7, 8, 10-tetrahydro-3H-oxepino[3 ,4-e] 

yl)acetate (135 mg, 0.368 mmol) was dissolved in a mixture of tetrah 

mL) and methantl (4.0 rnL). Water (4.0 rnL) was added to the mixtu 

lithium hydroxide hydrate (31.5 mg, 0.751 mmol). Reaction stirred a 

temperature for I hours, Another 30 mg of lithium hydroxide hydrat 

10 the mixture. Reaction stirred at room temperature for 18 hours. Rea 

quenched with 1,6 niL IN hydrochloric acid. Organic solvents were 

the mixture by rłto-vap.  Material was extracted from the remaining 

with ethyl acetate and the aqueous phase was discarded. Organics w 

MgSO4, filtered and then concentrated to dryness. Title compound 

15 white solid in 73% yield. MS (M-H)-= 355.2, 357,1. 

20 

Intermediate 148 

S-2--bromo-8-oxo-6, 7,8,] O-tetrahvdro-3H-oxepinof3, 4 

yl,)acetic acid. (S)-2-((7-Bromo-4-hydroxymethyl)- IH-indazol-5-

acid (95 mg, 0.66 nmiol) was suspended in toluene (15 niL), p-i 

acid monohydftate (3.5 mg, 0.018 mmol) was added to the mixture. 

warmed to reflux and held with stirring for 18 hours. Mixture was 
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5 

dryness. Title compound was obtained as tan solid in 99% yield. LCMS (MH) 

339.0, 337.0. 

Intermediate 149 

N�NH  

CI Br 

oo 

(S)-diethyl 2-((4-(acetwcvmethy4)-7-hrotno-3-chloro- 1J-I-indazol-5-

y)rnethy/)succinate. (S)-Diethyl 2-((4-(acetoxyrnethyl)-7-bronio- 1H-indazol-5-

yl)methyl)succinate (400 mg, 0.879 mmol) was dissolved in NN-dirnethylformamide 

10 (5.0 ml), N-Chlorosuccinimide (130 mg, 0.974 mmol) was added to the solution. 

Mixture was warmed to 150°C and held with stirring for 1.5 hours. Mixture was 

cooled to room temperature and then diluted with ethyl acetate. Material was washed 

twice with water and the aqueous phase was discarded. Material was washed with 

brine and the aqueous phase was discarded. Organics were dried MgSO4, filtered 

15 and then concentrated to dryness. Silica gel chromatography eluting ethyl acetate-

hexanes afforded the title compound as clear colorless oil in 8% yield. MS 

(M--H)’ 49L0. 

20 

Intermediate 150 

N- NH 

0, 

(S)-dirnethyl 2-((7-bromo-3-chloro-4-(hydroxynie/hyl)-JH-inc/azol-5-

ymethyi)succinate. (S)-Diethyl 2-((4-(acetoxymethyl)-7-bromo-3-chloro- iN-

indazo1-5yl)methyl)succinate (550 mg, 1. 123 mmol) was dissolved in methanol (15 
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niL, 370 mmol). 610% Magnesium methoxide in methanol (3.4 mL, 2 

was added to the mixture. Reaction stirred at room temperature for 18 1 

Reaction was quenched with 6 mL of IN hydrochloric acid. Mixture St 

temperature for 10 minutes. Mixture was concentrated by roto-vap. R.� 

5 suspended in water, Mixture was made basic with aqueous sodium bic 

Material was extracted twice and the aqueous phase was discarded. Or 

dried MgSO4, filtered and then concentrated to dryness. Title compoun 

obtained as white solid in 96% yield. MS (M-H)-= 419.0. 

10 Intermediate 151 

Br 
\ I 

N 

0 

15 

20 

25 

57 in ci) 

ours, 

rred at room 

ddue was 

rbonat 

anics ere 

I was 

(S)-methyl 2-(4-bromo-1-chloro-8-oxo9-(2,2, 2-tr/luoroeth),l)- 6 7,8, ,1O-

hexahydroazepino3,4ejindazo1-7-y1)acetate. (S)-Dimethyl 2-((7-bro o-3-c loro-

hydroxymethyl)-1I-indazol-5-yl)mct1iyl)SuCciflate (450 mg, 1.072 mn ol) was 

dissolved in thionyt chloride (2.0 M in dichloromethane) (5.0 mL, 10.0 mmo). 

Reaction stirred at room temperature for 2.5 hours. Mixture was conce trated by 

roto-vap. Residue Was dissolved in ethyl acetate. Material was washed twice with 

aqueous sodium biarbonate and the aqueous phase was discarded. Or anics were 

dried MgSO4, filteited and then concentrated to dryness. Residue (430 trig, 0.982 

mmol) was dissolved in acetonitrile (15 mL). 2,2,2-Trifluoroethylamin (400 1.il, 

5.03 mmol) was adkled to the mixture followed by potassium carbonate 195 

1.411 mmol). Mixture was warmed to reflux and held with stirring for 30 mir utes. 

Mixture was coo1el to room temperature. Mixture was filtered over cc ite. Filtrate 

was concentrated by roto-vap. Residue was dissolved in toluene (15 in ). Acetic 

acid (500 l.d, 8.73 ihmol) was added to the mixture. Reaction was warr led to eflu, 

and held with stirripg for 14 hours. Mixture was cooled to room tempe ature. 

Mixture was diluted with ethyl acetate. Material was washed twice witli aquc us 

143 



( WO 2007/131020 PCTIUS2007/07998 

5 

sodium bicarbonate and the aqueous phase was discarded. Organics were dried 

MgSO4, filtered and then concentrated to dryness. Silica gel chromatography eluting 

ethyl acetate-hexanes afforded the title compound as white solid in 46% yield. MS 

(M-H)= 467.9, 

Intermediate 152 

H 

N 
_N Br 

/\ 
Ct 

OH 

S)-2-(4-bromo-]-chloro-8-oxo-9-(2,2,2-tiijluoroethyl)-3, 6,7,8,9,10- 

10 hexahydroazepino[3,4-eJindazol- 7-y acetic acid. (S)-Methyl 2-(4-bromo- I -chioro-

8-oxo-9-(2,2,2-trifluoroethyl)-3,6,7,8,9, I 0-hexahydroazepino[3 ,4-e]indazol-7" 

yl)acetate (2 10 mg, 0.448 mmol) was dissolved in a mixture of tetrahydrofuran (3.0 

ml) and methanol (3.0 ml). Water (3.00 ml) was added to the mixture followed by 

lithium hydroxide hydrate (30 mg, 0.715 mmol). Reaction was warmed to 50°C and 

15 held with stirring for 5 hours. Mixture was cooled to room temperature and allowed 

to stand for 64 hours. More lithium hydroxide hydrate (24.9 mg, 0.593 mmol) was 

added to the mixture. Reaction was warned to 50°C and held for 3 hours. Mixture 

was cooled to room temperature. Organic solvents were removed from the mixture 

by roto-vap. Residue was diluted with water. Mixture was neutralized with 1.4 mL 

20 IN hydrochloric acid, Material was extracted twice with ethyl acetate and the 

aqueous phase was discarded. Organics were dried MgSO4, filtered and then 

concentrated to dryness. Title compound was obtained as off-white solid in 

quantitative yield. LCMS (M-H)"= 453.9. 
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Intermediate 153 

N-NH 

C1 

0 

(S)-dietflyl 2-((4-(acetoxymeihyl)-3, 7dichloro-1U-tndazol-i 

yl)methyl,)succinale. (S)-Diethyl 2-((4-(acetoxymethyl)-7-chloro- L 

y1methy1)succiinate (1.12 g, 2.73 mmol) was dissolved in NN-dim( 

(30 ml), Mixture was warmed to 70°C. N-Chlorosuccinimide (400 

was added to the solution. Mixture was warmed to 150°C and held 

30 minutes. Mixture was cooled to room temperature and then dun 

acetate. Material was washed twice with IN sodium thiosulfate an( 

phase was discarded. Material was washed successively with wate 

aqueous phases were discarded. Organics were dried MgSO4, filte 

concentrated t6 dryness. Title compound was obtained as dark am 

quantitative yield. MS (M.-H)= 443.0, 

Intermediate 154 

N -NH 
/ 

CI 

HO 

0 

N1-
 0 

0 

(S)-c*methyl 2-((3, 7-dich1oro-4-(hydroxyinerhyl)-1IIinc 

yl,rnethyl)succinate. (S)-Diethyl 2-((4-(acetoxymethyl)-37-dic 

y1)methy1)s4cinate (1.30 g, 2,92 mmol) was dissolved in meth 

Magnesiummethoxide in methanol (8.4 mL, 6.35 mmol) was a 

Reaction stired at room temperature for 16 hours. Reaction w; 

niL IN hydoch1oric acid. Methanol was removed from the ml 
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Residue was treated with aqueous sodium bicarbonate. Material was extracted twice 

with ethyl acetate and the aqueous phase was discarded. The combined organic 

phases were washed with water and the aqueous phase was discarded. Organics were 

dried MgSO4, filtered and then concentrated to dryness. Title compound was 

5 obtained as dark amber oil in 91% yield. MS (M-H)= 373,0, 375.0. 

Tntermediate 155 

H 

CI 

0 

LA 

. 10 (S)-methyl 2-(1,4-dich1oro-8-oxo-9-(2,2,2tr’fluoroethyl)-3, 6,7,8,9,10-

hexahydroazepino[3, 4-(ejindazol- 7-y) acetate. (S)-Dimethyl 2-((3 ,7-dichloro-4-

(hydroxymethyl)-IH-indazol-5-yl)methyl)succinate (990 mg, 2.64 mmol) was 

dissolved in thionyl chloride (2.0 M in dichlorornethane) (20 mL, 40.0 mmol). 

Mixture stirred at room temperature for 3 hours, Mixture was concentrated by roto-

15 yap. Residue was dissolved in ethyl acetate. Mixture was washed twice with 

aqueous sodium bicarbonate. Organics were dried MgSO4, filtered and then 

concentrated to dryness. A portion of the residue (535 mg, 1.359 mmol) was 

dissolved in acetonitrile (IS ml). 2,2,2-Trifluoroethylamine (600 tl, 7.57 mmol) 

was added to the mixture followed by potassium carbonate (225 mg, 1.628 mmol). 

20 Mixture was warmed to reflux and held with stirring for 1 hour. Mixture was cooled 

to room temperature and then filtered over celite. Filtrate was concentrated by roto-

Syap. Residue was dissolved in toluene (15 mL), Acetic acid (500 l, 8.73 mmol) 

was added to the mixture. Reaction was warmed to reflux and held with stirring for 

14 hours. Mixture was cooled to room temperature and then diluted with ethyl 

25 acetate. Material was washed twice with aqueous sodium bicarbonate and the 

aqueous phase was discarded. Organics were dried MgSO4, filtered and then 

concentrated to dryness. Silica gel chromatography eluting ethyl acetate-liexanes 
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afforded the title compound as off-white solid in 42% yield. MS (M.+l-{) 

425.9. 

Tntermediate 156 

CI 

5 0"’ ni 
0 

423 

(S)-meihyl 2-(1,4-dichloro-8-oxo-9-(2-(piperidin-1-),,l)ethyl)-3, 6, ,8,9, 

hexahydroazepino[344indazolJyl)acetate. (S)-Dimethyl 2-((3 ,7-dic loro-

(hydroxymethyl)- I iit.-indazol-5-yl)methyl)succinatc (990 mg, 2.64 rnrnol  I was 

10 dissolved in thionyl thloride (2.0 M in dichioromethane) (20 mL, 40.0 m 01). 

Mixture stirred at room temperature for 3 hours. Mixture was concentrat d by 

yap. Residue was dissolved in ethyl acetate. Mixture was washed twice with 

aqueous sodium bicarbonate. Organics were dried MgSO4, filtered and ien 

concentrated to dryness. A portion of the residue (460 mg, 1.169 rnrnol) was 

15 dissolved in acetonittile (15 mL). 1-(2-Aminoethyl)-piperidine (600 .tl, .21 ii 

was added to the mixture followed by potassium carbonate (200 mg, 1.4 7 mn 

Mixture was warmed to reflux and held with stirring for 1 hour. Mixture was 

to room temperature and then filtered over celite. Filtrate was concentrat d by 

yap. Residue was dissolved in toluene (15 mL). Acetic acid (1.0 mL, 17 47 iii 

20 was added to the mixture. Reaction was warmed to reflux and held with tirrir 

16 hours. Mixture was cooled to room temperature and then concentrated by r 

yap. Residue was suspended in ethyl acetate. Mixture was washed twice with 

aqueous sodium bica’bonate and the aqueous phase was discarded. Organics v 

dried MgSO4, filterel and then concentrated to dryness. Silica gel chrom togr 

25 eluting 2M arnmoniai in methanol-dichioromethanc afforded the title corn olin 

amber oil in 51% yield. (M+H)= 453.0, 455.0. 

Intermediate 157 
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CI 
N_N  

Ci\ 

FN 

F OH
 

(S)-2-(1, 4-dichioro-8-oxo-9-(’2 ,2 ,2-trifluoroethy)-3 , 6,7,8,9,10-

hexahydrnazepino[3, 4-eJindazol-7-y1) acetic acid. (S)-Methyl 2-( 1 ,4-dich1oro8-oxo-

5 9-(2 ,2 ,2-trifluoroethyl)-3,6,7,8,9, 1 0-hexahydroazepino[3 ,4-e]indazol-7-yl)acetate 

(230 mg, 0.542 mmol) was dissolved in a mixture of tetrahydrofuran (5M mL) and 

methanol (5.0 mL). Water (5.0 mL) was added to the mixture followed by lithium 

hydroxide hydrate (66 mg, 1.573 mmol). Reaction was warmed to 50°C and held 

with stirring for 4.5 hours. Mixture was cooled to room temperature. Organic 

10 solvents were removed from the mixture by roto-vap. Residue was neutralized with 

1.6 mL IN hydrochloric acid, Material was extracted twice with ethyl acetate and the 

aqueous phase was discarded. Organics were dried MgSO4, filtered and then 

concentrated to dryness. Title compound was obtained as white solid in 94% yield. 

MS (M-H)= 407.9, 409.9. 

15 

Intermediate 158 

H 

(S)-2-(1,4dichloro-8-oxo-9-(2-(piperidin-1-yl) ethyl) -3,6,7,8,.9, 10-

20

3,6,7,8,9,10-

20 hexahydroazepino[3, 4-e]indazol- 7-yl) acetic acid. (S)-Methyl 2-( 1 ,4-dichloro-8-oxo-

9-(2-(piperidin- 1 -yl)ethyl)-3 ,6,7,8,9, 1 0-hexahydroazepino[3,4-ejindazol-7-yl)acetatc 

(260 mg, 0.573 mmol) was dissolved in a mixture of tetrahydrofuran (5.0 mL, 61.6 

mmol) and methanol (5.0 mL, 123 mmol). Water (5.0 mL, 278 mmol) was added to 
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20 
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the mixture followed by lithium hydroxide hydrate (65 mg, 1.549 mmol 

was warmed to 50°C and held with stirring for 4.5 hours, Mixture was c 

room temperature. organic solvents were removed from the mixture by 

Residue was neutralized with 1.6 mL IN hydrochloric acid and treated u 

acetate. Mixture sat at room temperature for 20 minutes allowing solids 

Solids were filtered off and washed with water. Solids were dried in vac 

compound was obtained as white solid in 50% yield. MS (M.-H)= 437.1 

Intermediate 159 

NO2 

Br 

1(2-brornoe4yl-2-nitrohenzene. Triphenylphosphine (6.60 g, 

was dissolved in dicliloromethane (75 ml). Mixture was cooled to 0°C. 

Nitrophenethyl alcohol (3.0 ml, 21.36 mmol) was added to the mixture 

solution of carbon tefrabromide (8.50 g, 25.6 mmol) in 5 mL dichlorom 

added to the reaction mixture drop-wise. Reaction stirred at 0°C for 45 

Mixture was concentrated by roto-vap. Residue was treated with 100 in 

ether. Solids were filtered off, washed with diethyl ether and discarded. 

concentrated. Silica gel chromatography on the residue eluting ethyl ac 

afforded the title compound as yellow oil in 81% yield. 1H NMR (3 00 . 

CHLOROFORM-D) 8 ppm 7.97 (d, J=8.05 Hz, 1 H) 7.49-7.68 (rn, I F 

J=7.68 Hz, 2 H) 3.66(t, J6.77 Hz, 2 H) 3.43 (t, J=7.14 Fiz, 2 H). 

Intermediate 160 

()"?"aNH 02N 

Q?b 

N-(2-nitropheiethy/)- 1-benz’ylpiperidin-4-ainine. 1 -(2Bromoeth) 

nitrobenzene (1,5 g, 6.52 mmol) and 4-amino-1 -ben zylpiperidine (3.0 ml, 
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mmol) were combined. Mixture was heated neat at 100°C and held with stirring for 

17 hours, Mixture was cooled to room temperature. Residue was triturated in 30 niL 

diethyl ether. Solids were filtered off, washed with diethyl ether and discarded. 

Filtrate was concentrated. Silica gel chromatography on the residue eluting 2M 

5 ammonia in methanol-dichioromethane afforded the title compound as brown oil in 

81% yield. MS (M+H) 340.4. 

Intermediate 161 

NaNH H2N 

Q-b 
. 10 

N-(2-aminophenethy)-1-benzylpiperidin-4-amine. N-(2-Nitrophenethyl)- 1-

benzylpiperidin-4-amine (1.98 g, 5.83 mmol) was dissolved in methanol (60 mL). 

Platinum(IV) oxide (55 mg, 0.242 mrnol) was added to the mixture. Reaction vessel 

was placed on a Parr apparatus and charged with 50 psi of hydrogen gas. Reaction 

15 shook at room temperature for 75 minutes. Mixture was removed from the apparatus 

and then filtered over celitc. Filtrate was concentrated to dryness. Title compound 

was obtained as brown oil in quantitative yield. MS (M+H)= 310.4. 

Intermediate 162 

Na 0 

NNH 

20 

S 

N-(2-Aminophenethyl)-1-benzylpiperidin-4-amine (1.90 g, 6.14 mmol) was dissolved 

in acetonitrile (200 ml). NN’-Carbonyldiimidazole (1.08 g, 6.66 mmol) was added to 

25 the mixture. Reaction stiffed at room temperature for 1.5 hours. Solids were filtered 

off and washed with acctonitrilc. Solids were dried in vacuo. Title compound was 

obtained.as white solid in 63% yield. MS (M+H) 336.3. 
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Intermediate 163 

HNL 
N,)L N H 

?-b 

7998 

3-’p!peridin-4-yl)-4, 5-dihydro-JH-benzo IdJ[l, 3]diazepin-2(3J-])-frne. 3-( 1-

5 Benzylpiperidin-4-yl)-4,5-dihydro- 1H-benzo[d] [1,3 ]diazcpin-2(3R)-one (1.30 g, 3.88 

10 

15 

Pic 

25 

mmol) was dissolved in methanol (50 ml). 10% Palladium on carbon (6,30 mg) was 

added to the mixture. Reaction vessel was placed on a Parr apparatus anI char ed 

with 60 psi of hydrogen gas. Reaction shook at room temperature for 15 hours, 

Reaction was removed from the apparatus. Mixture was filtered through a 0.45 jim 

PVDF membrane, Viltratc was concentrated to dryness. Title compounc was 

obtained as white solid in 82% yield. MS (M+H)= 246.4. 

Intermediate 164 

>?o 
’J? 
Na 

N 

tert-butyl 4-(2, 2-di’nethoxyethylamino)piperidine-I-carhoxylate, tert-B 

4-oxopiperidine-1.-c4rboxylate (10.56 g, 53.0 mmol) was dissolved in 1, - 

dichloroethane (100 iiil). 4A Molecular sieves were added to the mixturc follo 

by aminoacetaldchy4e dimethyl acetal (8.0 ml, 73.4 mmol). Mixture wa,, heate 

reflux and held with Stiffing for 2 hours. Mixture was cooled to room ter perati 

Sodium triacetoxyboohydride (12.05 g, 56.9 mmol) was added to the mi ture. 

Reaction stirred at room temperature for 3 hours. Another 3.22 g of sodi m 

triacetoxyborohydride was added to the mixture. Reaction stirred at roo 

temperature for 17 hurs. Mixture was filtered over celite. Solids were washed 

50 mL dichloromethne. Material was extracted from the filtrate 3 times with I 

hydrochloric acid anl the organic phase was discarded. Aqueous phase was ma 

basic with sodium carbonate. Material was extracted three times with 

dichloromethane and the aqueous phase was discarded. Organics were d ied M 
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filtered and then concentrated to dryness. Title compound was obtained as amber oil 

in 74% yield. MS (M+H)= 289.1. 

Intermediate 165 

N 
)? 
Njo 

oy H 

>?o 
)? 
NCL 0

 1-10 

tert-butyl 4.-(1-(2,2-dimethoxyethyl)-3-phenylureido)piperidine-1-carhoxylaie. 

tert-Butyl 4-(2,2dirncthoxyethyIamino)piperidinc- 1 -carboxylate (1.10 g, 3.81 mmol) 

was dissolved in dichioromethane (15 ml). N,N’-Carbonyldiimidazole (650 mg, 4.01 

10 mmol) was added to the mixture. Reaction stirred at room temperature for 1 hour. 

Aniline (400 tl. 4.38 mmol) was added to the mixture. Reaction stirred at room 

temperature for 2 hours. Mixture was washed twice with IN hydrochloric acid and 

the aqueous phase was discarded. Mixture was washed with brine and the aqueous 

phase was discarded. Organics were dried MgSO4, filtered and then concentrated to 

15 dryness. Title compound was obtained as white solid in 83% yield. 1H NMR (300 

MHz, CHLOROFORM-D) Sppm 8.36 (s, I H) 7.14-7.40 (m, 4 H) 6.96(t, J=7.14 

Hz, 1 Fl) 4,25 -4.45 (m, 2 H) 4.18 (d, J12.81 Hz, 2 H) 3.46 -3.55 (m, 6 Fl) 3.32 (d, 

J5.12 Hz, 2 H) 2.46-2.97 (m, 2 H) 1.61 - 1.83 (m, 2 H) 1.47 - 1.64 (m, 2 H) 1.37 - 

1.47 (m, 9 H). 

20 

Intermediate 166 

O 

4 
0 

N1oO 

tert-butyl 4-(2-oxo-3-phenyl-2, 3-dihydroimidazol-I-y1)piperidine-]-

25 carhoxylate. tert-Butyl 4-( 1 -(2,2-dimethoxyethyl)-3-phenylureido)piperidine- I - 

carboxylate (1.29 g, 3.17 mmol) was dissolved in a mixture of water (5 ml) and 

152 



WO 2007/131920 

5 

10 

15 

20 

25 

methanesulfonic acid (5 ml, 77 mmol). Reaction was heated to 100°C  at 

stirring for 20 minutes. Mixture was cooled to room temperature. Sodii 

(3.75 g, 35.4 mmol) was slowly added to the mixture. Mixture was mad 

aqueous sodium bicarbonate, 1,4-Dioxane (20 ml) was added to the mix 

followed by di-terr-butyl dicarbonate (1.0 g, 4.58 mmol). Mixture stirre 

temperature for 18 hours. Reaction was quenched with aqueous ammoni 

Material was extracted twice with ethyl acetate and the aqueous phase w 

Organics were dried MgSO4, filtered and then concentrated to dryness. 

chromatography eluting ethyl acetate-hexanes afforded the title compour 

solid in 59% yield. Ms (M-05H302+H)= 244,2, 

Intermediate 167 

HCI 

HNOOJ 

d helc with 

u cart onat 

basic with 

tire 

atroom 

im chloride 

s discarded 

ilica gel 

i as w hite 

3-phenyl-1-(piperidin-4-yl)-]H-imidazol-2(3H)-one hydrochiori . ten 

4-(2-oxo-3 -phenyl-23-dihydroimidazol- 1 -yl)piperidine- 1 -carboxylatc (2 )0 mg. 

!.tmol) was dissolved in ethyl acetate (3.0 mL). 4M Hydrogen chloride ii. 1,44 

(3.0 mL, 12 mmol) was added to the mixture. Reaction was allowed to s ir at r 

temperature for 18 hours. Material was concentrated by rote-yap. Resid ic was 
-- 

ri lili.111 I 

Butyl 

844 

triturated 111 uieuiyi Other. oiius were uiiereu and wasnea Witfl alCII1yt ener. Jir 

was pulled through the filter cake to dry. Title compound was obtainedals tan s]id 

in 91% yield. MS (M+H)" 244.1. 

Intermediate 168 

1.53 
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tert-butyl 43-(2,2-dimethoxyethyureido)piperidine-J-CarhOXylate. 4-

Amino-I-Boc-piperidine (1.02 g, 5.09 mmol) was dissolved in dichloromethane (25 

mL). Aqueous sodium bicarbonate solution was added to the mixture followed by 

20% phosgene in toluene (3.2 mL, 6,08 mmol). Mixture stirred vigorously at room 

5 temperature for 45 minutes. Aminoacetaldehyde dimethyl acetal (760 p.!, 6.98 mmol) 

was added to the mixture. Reaction stirred vigorously at room temperature for 30 

minutes. Reaction layers were partitioned. Aqueous layer was back extracted with 

dichloromethane and the aqueous phase was discarded. Organic phases were 

combined. Mixture was dried MgSO4, filtered and then concentrated to dryness. 

10 Title compound was obtained as pale yellow oil in 96% yield. MS (M-H) 330.2. 

Jnterrnediate 169 

� 

HN3O 

15 1-piperidin-4-yl-1H-iniidazol-2(3H)’one hydrochloride. tert-Butyl 4-(3-

(2,2-dimethoxyethyl)ureido)piperidine- 1 -carboxylate (1.62 g, 4.89 mmol) was 

suspended in water (15 ml). Concentrated hydrochloric acid (15 ml, 183 mmol) was 

added to the mixture. Reaction was held at room temperature for 20 minutes. 

Mixture was concentrated by roto-vap. Residue was treated with ethanol and the 

20 mixture was then concentrated by roto-vap. Residue was treated with ethyl acetate 

and then concentrated to dryness. Resulting yellow oil was triturated in 80% 

acetone-diethyl ether. After 10 minutes a consistent solid was formed. Solids were 

filtered off and washed with acetone. Solids were dried in vacuo. Title compound 

S was obtained as off-white solid in 99% yield. MS (M’U-1) 168.1. 

46 
25 

Intermediate 170 

0:? 

O2N 
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ethyl 3, 3-diethwty-2-nitmpropanoate. Ethyl nitroacetate (1.70 ml, 15.31 

mmol) was dissolved in dichioromethanc (50 ml), Mixture was cooled to -10’C. 

Titanium(IV) chloride (1.90 ml, 17.23 mmol) was added to the mixture drop-wise. 

Mixture was held at -10°C with stirring for 15 minutes. A solution of N - 

diisopropylethylamine (3.0 ml, 17.22 mmol) in 10 mL dichioromethane vas added to 

the mixture drop-wise over 25 minutes. Mixture was held at -10°C with stirrin  D, for 

1.25 hours. Triethyl orthoformate (6.4 ml, 38.5 mmol) was added to the mixture 

drop-wise. Reaction was held at -10°C with stirring for 2 hours. Reaction mix ire 

was poured into a mixture of 40 niL ethanol and 100 mL aqueous sodium bicar onate 

to quench. Mixture was stirred vigorously for 10 minutes. Organic solv nts were 

removed from the mixture by roto-vap. Residue was treated with ethyl letate and 

celite. Slurry was filtered over celite. Filtrate layers were separated. Ac ueous phase 

was back extracted twice with ethyl acetate. Organic phases were combined. 

Material was dried MgSO4, filtered and then concentrated to dryness. Ti ic corr pound 

was obtained as yellow oil in 68% yield. IH NMR. (300 MTIz, CI-ILOR FORM-D) 

ö ppm 5.19 -5.26 (iii, 1 H) 5.10- 5.17 (m, 1 H) 4.26 (q, J=6.95 Hz, 2 Fl) 3.68 - 3.85 

(ni, 2 H) 3.52- 3.68(m, 2 H) 1.28 (t, J=7.14 Hz, 3 H) 1.12- 1.21 (rn, 6 F 1). 

Intermediate 171 

0:: 

H2NO 

ethyl 2-amino-3,3-diethoxypropunoate. Ethyl 3,3-diethoxy-2-nit prop noate 

(2.45 g, 10.42 mmol was dissolved in Ethanol (70 mL, 1240 mmol). Ni rogen gas 

was bubbled through the mixture for 5 minutes. Raneyfi nickel was added to th’ 

mixture. Reaction vessel was placed on a Parr apparatus and charged wi h 13 p i of 

hydrogen gas. Reaction shook at room temperature for 1 hour. Mixture as 

removed from the apparatus and filtered over celite. Filter cake was washed wi Ii ISO 

mL ethanol followed by 250 mL hot ethanol. Filtrate was concentrated t dryn S. 

Title compound was obtained as red oil in 92% yield. lH NMR (300 M z, 
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1’5 

CHLOROFORM-D) 8 ppm 4.59 (d,,1=4.39 Hz, I H) 4.05 - 4.30 (in, 2 H) 3.65 - 3.81 

(m, 2 H) 3.38 -3.63 (m, 3 H) 1.87 (s, 2 H) 1.20- 1.29 (m, 3 H) 1.12 - 1.20 (m, 6 H). 

Intermediate 172 

0 

aN NH 

5 

tert-butyl 4-4-(-tho(vcarhony)-2-oxo-2, 3-dihydrnirnidazol-1-y)piperidine-J-

carboxylate. 4-Amino-1-Boc-piperidine (1.60 g, 7.99 mmol) was dissolved in a 

mixture of dichloromethane (30 mL) and aqueous sodium bicarbonate (15 mL.). 20% 

10 Phosgenc in toluene (4.8 mL, 9.12 mmol) was added to the mixture in one portion 

with vigorous stirring. Reaction stirred vigorously at room temperature for 15 

minutes. A solution of ethyl 2-amino-3,3-diethoxypropanoatc (1.95 g, 9.50 mmol) in 

20 mL dichiorornethanc was added to the mixture. Reaction stirred vigorously at 

room temperature for 30 minutes. Reaction layers were partitioned and the aqueous 

15 phase was back extracted with dichioromethanc. Organic layers were combined. 

Material was washed twice with IN hydrochloric acid and the aqueous phase was 

discarded. Material was washed with brine and the aqueous phase was discarded. 

Organics were dried MgSO4, filtered and then concentrated to dryness. 2.70 g (6.26 

mmol) of the residue was suspended in water (25 ml), Concentrated hydrochloric 

20 acid (25 ml, 304 mmol) was added to the mixture. Reaction was warmed to 80°C 

and held with stirring for 5 minutes. Mixture was cooled to room temperature. 

Reaction mixture was carefully poured into a stirred solution of sodium carbonate 

Ô 

(16.19 g, 153 mmol) in 50 mL water. 1 ,4-Dioxane (50 ml) was added to the mixture 

followed by di-tert-butyl dicarbonate (1.60 g, 7.33 mmol). Reaction stirred at room 

25 temperature for 2 hours. Mixture was extracted twice with ethyl acetate and the 

aqueous phase was discarded. Organics were dried MgSO4, filtered and then 

concentrated to dryness. Silica gel chromatography eluting ethyl acetate-hexanes 

afforded the title compound as tan foam in 19% yield. MS (M-H)= 338.2. 
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Intermediate 173 

>?o 
’k 
Na 0 

NANH 

OH 

PCT/1 

J-(1-ter1-buoxycarbonyl,)piperidin-4-yI)-2-oxo-2, 3-dihdro- il-I-

5 carboxylic acid. ier-Butyl 4-(4-(ethoxycarbonyl)-2-oxo-2,3-dihydroimi 

yl)piperidine-1-carbłxylate (400 mg, 1.179 mmol) was dissolved in tetr 

(10 mL). Water (10 mL) was added to the mixture followed by lithium I 

hydrate (180 mg, 4.29 mmol). Mixture was warmed to 70°C and held w 

for 16 hours. Mixtute was cooled to room temperature. Reaction was qi 

10 4.5 mL IN hydrochloric acid. Material was extracted twice with ethyl a 

Organics were dried MgS041 filtered and then concentrated to dryness. 

compound was obtalined as white solid in 98% yield, MS (M-H)= 310.: 

15 

20 

Intermediate 174 

0 

OANO 

N NH 

NH, 

0 

tert-bulyl 4-(4-carbamoyl-2-oxo-2, 3-dihydroimidazo1-1-yl)p4er 

carboxylare. 1-( 1 -(tdri-Butoxycarbonyl)piperidin-4-yl)-2-oxo-2,3 -dihyt 

imidazole-4-carboxylic acid (355 mg, 1.140 mmol) was dissolved in an 

tetrahydrofuran (20 4L) and NN-dimethylformamide (15 1.11, 0.194 mn 

was cooled to -l0°C. Oxalyl chloride (150 1iL, 1.714 mmol) was added 

mixture drop-wise. Reaction mixture was warmed to room temperature 

with stirring for I hoer, Another 60 gl, of oxalyl chloride was added to 

Reaction stirred at room temperature for 30 minutes. Mixture was coolc 
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Ammonia gas was bubbled through the mixture for 5 minutes. Reaction was held at - 

10°C with stirring for 30 minutes. Mixture was warmed to room temperature and 

then diluted with water. Material was extracted three times with ethyl acetate and the 

aqueous phase was discarded. Material was washed with brine and the aqueous 

5 phase was discarded. Organics were dried MgSO4, filtered and then concentrated to 

dryness. Title compound was obtained as off-white solid in 79% yield. MS (M-H)-= 

309.2. 

Intermediate 175 

0 
OANO 

N NH 

10 

tert-butyl 4-(4-(.yano-2-oxo-2,3-dihydroimidazol-J-yl)piperidine-1-

carhoxylate. tert-Butyl 4-(4-carbamoyl-2-oxo-2,3-dihydroimidazol- 1 -yl)piperidine-

1-carboxylate (175 mg, 0.564 mmol) was suspended in pyridine (3.0 mL). 

15 Phosphorus oxyehloride (53 IIL, 0.569 mrnol) was added to the mixture drop-wise. 

Mixture stirred at ambient temperature for 30 minutes. Reaction was quenched with 

the drop-wise addition of water. Material was extracted twice with ethyl acetate and 

the aqueous phase was discarded. Material was washed successively with IN 

hydrochloric acid brine and the aqueous phases were discarded. Organics were dried 

20 MgSO4, filtered and then concentrated to dryness. Silica gel chromatography eluting 

ethyl acetate-hcxanes afforded the title compound as white solid in 29% yield. MS 

(M-H)°= 291.1. 

Intermediate 176 

HCl 

HN 
N A NH 

25 
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2-oxo-1-(’pijPeridin-4-vl)-2, 3dihydro-]H-imidazole-4-carbonit, 

hydrochloride. tertDuty1 4-(4cyano-2-oxo-2,3 -dihydroimidazol- 1-yl 

carboxylate (45 mg 0.154 mmol) was dissolved in ethyl acetate (5.0 n 

5 Hydrogen chloride In 1,4-dioxane (10 mL, 40 mmol) was added to the 

Reaction was stirred at room temperature for 18 hours. Liquids were 

Remaining solids were dissolved in methanol and then transferred to a 

Material was conce1trated by roto-vap. Residue was treated with dick 

and then concentrated to dryness. Title compound was obtained as yel 

10 quantitative yield. MS (M+H)= 193.0. 

Intermediate 177 

0 

0N 0 

NAN 
HI 

--? 

F 

,,_0 

iperid ne-i-

), 4 

ixtur 

anted off. 

nailer flask. 

romet ane 

w soli in 

15 tert-butyl 4-(1-(2, 2-dimethoxyeth))l)-3-(2-fluorophenyl)ureido)pJ eridin -1- 

carhoxylate. 20% Phosgene in toluene (4.0 ml, 7.6 mmol) was diluted ith ethyl 

acetate (20 ml, 205 ’inmol). 2-Fluoroaniline (0.600 ml, 6.2 mmol) was added tc the 

mixture in one portion causing a white precipitate. Mixture was heated to feflUK and 

held with stirring fol 1 hour, Mixture was concentrated by roto-vap. Re idue as 

20 dissolved in a small amount of dichioromethanc. Resulting solution was added to a 

mixture of terl-butyl’ 4-(2,2-dimethoxyethylamino)piperjdjne- I -carboxyl ite (1. 9 g, 

6.9 mmol), dichloroilnethane (30 mL) and aqueous sodium bicarbonate ( 5 mL) while 

stirring vigorously. eaction stirred at room temperature for 2 hours, L yers xA ore 

separated and the aqieous phase was discarded. Material was washed W ice wi h IN 

25 hydrochloric acid anJ the aqueous phase was discarded. Organics were dried 

MgSO4, filtered and then concentrated to dryness. Title compound was obtaine as 

yellow oil in 53% yield. MS (M-H)’= 424. 1. 
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Intermediate 178 

0 

O)LNO 

F 

PCT/US2007/067998 

ter -’butyl 4(3-(2-fluorophenyl)-2-oxo-2,3-dihydroimidazGl-1-yl)piperidine-]-

5 carboxylate. tert-Butyl 4( I -(2,2--dimethoxyethyl)-3 -(2-

fluorophenyl)ureido)piperidine-1-carboxylate (1.39 g, 3267 .tmol) was dissolved in a 

mixture of water (8.0 ml) and methanesulfonic acid (8.0 ml, 123281 j.imol). Mixture 

was heated to 100°C and held for 15 minutes, Mixture was cooled to room 

temperature. Reaction was neutralized with sodium carbonate (6.15 g, 58025 p.mol). 

. 10 Mixture was diluted with aqueous sodium bicarbonate. 1,4-Dioxane (10 ml) was 

added to the mixture followed by di-tert-butyl dicarbonate (880 mg, 4032 rnol). 

$ 
Reaction stirred vigorously at room temperature for 3 hours, Reaction was quenched 

with aqueous ammonium chloride. Material was extracted twice with ethyl acetate 

and the aqueous phase was discarded. Organics were dried MgSO4, filtered and then 

15 concentrated to dryness. Silica gel chromatography eluting ethyl acetate-hexanes 

afforded the title compound as clear colorless oil in 64% yield. MS (M-

C4l-Ij0O+H)=288. 1. 

Intermediate 179 

HCI 

HNJO9 

20 
=" F 

S 
3-(2fluorophenyl-1-’piperidin-4-yl)-]I-I-imidazol-2(3H)-one hydrochloride. 

tert-Butyl 4-(3-(2-fluorophenyl)-2-oxo-2,3 -dihydroimidazol- 1 -yl)piperidine- 1-

carboxylate (215 mg, 594.9 l.tmol) was dissolved in ethyl acetate (4.0 mL). 4N 

25 Hydrogen chloride in 1,4-dioxane (5.0 mL, 20.0 mmol) was added to the mixture. 

Reaction stirred at room temperature for 18 hours. The material was concentrated by 

roto-vap. Residue was triturated in diethyl ether. Solids were filtered off and washed 
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with diethyl ether. Solids were collected and dried in vacuo. Title 

obtained as tan solid in 46% yield. MS (M+H)= 262.0. 

Intermediate 180 

’1?0 Na 0 

5 F 

PCT/ 

tert-butyl 4-(3-(2-fluorophen),,l)-2-oxoimidazolidin-1-yl)piperidi; 

carboxylate. tert-Bityl 4-(3-(2-fluorophenyl)-2-oxo-2,3-dihydroirnidaz 

yl)piperidine-1-carboxylate (530 mg, 1.5 mmol) was dissolved in metha 

10 Platinum(IV) oxide 28 mg, 123.3 imoles) was added to the mixture. R 

vessel was placed on a Parr apparatus and charged with 60 psi of hydro 

Reaction shook at room temperature for 4 hours. More platinum(IV) ox 

123.3 j.imol) was added to the mixture. Reaction vessel was placed on a 

apparatus and charged with 60 psi of hydrogen gas. Reaction shook at r 

15 temperature for 18 hurs. Mixture was removed from the apparatus and 

over celite. The filtrate was concentrated by roto-vap. Silica gel chroma 

cluting ethyl acetate-iexanes afforded the title compound as clear colorh 

45% yield. MS (M-C4H10O+H)= 290.0. 

20 Intermediate 181 

HCI 

HNJO9 

l-(2-fluorophnyl)-3-(piperidin-4-yl)imidazo1idjn-2-one hydrochi 

Duty! 4-(3-(2-fluorophenyl)-2-oxoimidazolidin-1 -yl)piperi dine- 1-carbox 

25 mg, 0.647 mmol) was dissolved in ethyl acetate (3.0 rnL). 2N Hydrogen 

diethyl ether (5.0 mL, 10.00 mmol) was added to the mixture. Reaction 

room temperature for22 hours. Solids were filtered off, washed with die 
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and then dried in vacuo. Title compound was obtained as white solid in 52% yield. 

MS (M+H)= 264.1. 

Intermediate 182 

??o 

Na NJ IN
 

5 NH2 

tert-butyl 4-(’2-(ininopyridin-3-ylamino)piperidine-1-carbwcylate. ter -Butyl 

4-oxopiperidine-1 -carboxylate (9.59 g, 48.1 mmol) and pyridine-2,3-diamine (5.0 g, 

45.8 mmol) were combined and dissolved in 1,2-dichloroethane (75 ml). Sodium 

10 triacetoxyborohydride (14.5 g, 68.4 mmol) was added to the mixture. Reaction 

W stirred at room temperature for 7 hours, Additional sodium triacetoxyborohydride 

(3.60 g, 16.99 mmol) was added to the mixture. Reaction stirred at room temperature 

for 18 hours. Reaction was quenched with IN sodium hydroxide. Material was 

extracted twice with dichioromethane and the aqueous phase was discarded. Material 

15 was washed successively with iN sodium hydroxide, water, and brine and the 

aqueous phases were discarded. Organics were dried MgSO4, filtered and then 

concentrated to dryness. Silica gel chromatography eluting methanol-

dichioromethane afforded the title compound as tan foam in 48% yield. MS (M-H)= 

291.2. 

20 

Intermediate 183 

� OANLo 

� 
t<NH

ert-butyl 4-(’2 -oxo-2 , 3-dihydroirnidazof4,5-bJpyridin-]-y/,)pjperidjne-J-

25 carboxylate. ter/-uty1 4-(2-aminopyridin-3-ylamino)piperidine_ 1 -carboxylate (6.45 

g, 22.06 mmol) was dissolved in acetonitrile (750 ml). NA"-Carbonyldiimidazole 
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(4.2 g, 25.9 mmol) was added to the mixture. Reaction stirred at room 

for 23 hours. Additional N,IVt-carbonyldiimidazole (4.2 g, 25.9 mmol) 

the mixture. ReactiOn stirred at room temperature over 66 hours. Mat 

concentrated by roto-vap. Residue was dissolved in dichioromethane. 

S washed twice with water and the aqueous phase was discarded. Mated 

with brine and the aqueous phase was discarded. Organics were dried 

filtered and then concentrated to dryness. Silica gel chromatography el 

acetate-hexanes afforded the title compound as white foam in 85% yiel 

H= 317.2. 

10 

Intermediate 184 

HCI 

HN o 

jNH 

HCI 

I-(piperidin-4-yl)- / I-I-/rn idazo[4, 5-bJpyridin-2(3H)-one dihydn; 

15 tert-Butyl 4-(2-oxo-2,3 -dihydroimidazo [4,5-b]pyridin- 1 -yl)piperidine- 1 

(5.97 g, 18.75 mmol) was dissolved in methanol (180 ml). 4M Hydrog 

1,4-dioxane (50 ml, 200 mmol) was added to the mixture. Reaction Stir 

temperature for 18 hdrnrs. Solids were filtered off and washed with met 

were collected and dried in vacuo. Title compound was obtained as wh 

20 87% yield. MS 4+{)219.1. 

Intermediate 185 

OAN 

JNH 

?t 
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4(4-oxy-2-oxo-2,3-dihydro-imidazo14,5-bJpyridin-1yl)-piperidine- 1 -

carboxylic acid tert-butyl ester. tert-Butyl 4-(2-oxo-2,3-dihydroimidazo[4,5 

b]pyridin-1-yl)piperidine-1-carboxylate (1.0 g, 3.14 mmol) was dissolved in 1,2-

dichloroethane (50 ml), Mixture was cooled to 0°C.3-Chloroperoxybenzoic acid 

5 (1.67 g, 9.68 mmol) was added to the mixture in one portion. Ice bath was removed 

and the mixture was warmed to room temperature. Reaction stirred at room 

temperature for 4 hours. Reaction was quenched with IN sodium thiosulfate. 

Aqueous sodium bicarbonate was added to the mixture. Material was extracted three 

times with dichioromethane and the aqueous phase was discarded. Organics were 

10 dried M9SO4, filtered and then concentrated to dryness. Title compound was 

obtained as white solid in 70% yield. MS (M-H)= 333.3. 

. Intermediate 186 

HCI 

� HNc10 

N 
NH 

d0 
15 

4-Ox-y-1-piperidin-4-yl-1,3-dihydrn-imidazof4,5-bJpyridin-2-one 

hydrochloride. 4-(4-Oxy-2-oxo-2,3 -dihydro-imidazo[4,5-b]pyridin- 1 -yl)-piperidine-

1-carboxylic acid tert-butyl ester (730 mg, 2.183 mmol) was dissolved in a mixture 

of methanol (30 mL) and 4M hydrogen chloride in 1,4-dioxane (15 mL, 60.0 mmol). 

20 Reaction stirred at room temperature for 18 hours, Mixture was concentrated by 

roto-vap. Residue was triturated in 25 mL hot isopropanol. Mixture was allowed to 

cool to room temperature. Solids were filtered off and washed successively with 

isopropyl alcohol and diethyl ether. Solids were dried in vacuo. Title compound was 

obtained as white solid in 77% yield. MS (M+H)= 235.3. 

25 

Intermediate 187 
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5 

EI 

15 

20 

25 

o o 

NO2 

F 

cl/methyl 2-(3-fluoro2-nitrnphenyl),nalonate. 1,3 -Difluoro-2nit ohe 

(2.83 g, 17.79 mmol) was dissolved in NN-dimcthylformamide (25 mL) Pa 

carbonate (2.49 g, 18.02 mmol) was added to the mixture followed by di eti 

malonate (2.033 ml, 17.79 mmol). Mixture was warmed to 65°C and held fo 

hours. Mixture was cooled to room temperature. Reaction was quenchewi 

hydrochloric acid. Material was extracted three times with diethyl ether tild 

aqueous phase was discarded. Material was washed twice with water and the 

aqueous phase was discarded. Material was, washed with brine and the ai luec 

phase was discarded Organics were dried MgSO4, filtered and then con enfl 

dryness. Residue was crystallized with hexanes. Solids were filtered off and 

with hexanes. Title compound was obtained as yellow crystals in 52% y eld. 

(M-H)= 270.1. 

ntermediate 188 

NO2 

Hoy3F 

2-(3-fluoro-2nitropheny)acetic acid. Dirnethyl 2-(3-fluoro-2- 

nitrophenyl)malonat (2.53 g, 9.33 mmol) was suspended in water (20 m ). 

Concentrated hydrochloric acid (20 ml, 653 mmol) was added to the mixture, 

Reaction was heated to reflux and held with stirring for 5 hours. Mixture was c 

to room temperature. Material was extracted twice with diethyl ether and the 

aqueous phase was djscarded. Organics were dried MgSO4, filtered and t ion 

concentrated to drynss. Residue was crystallized from 5:1 hexanes : eth 1 acet 

Solids were filtered dif, washed with hexanes and then dried in vacuo. Ti he 

compound was obtaiiied as white solid in 90% yield. 1H NMR (300 MI-I 

CHLOROFORM-D) ppm 3.85 (s, 2 1-1) 7.08 - 7.19 (m, I II) 7.20 7.28 rn, 11 

7.38 - 7.55 (m, 1 H). 
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Intermediate 189 

H 
NO2 

I 

ONCh 0 

PCT/US2007/067998 

5 W-(]-benzyipiperidin-4-y)-2-"3-fluoro-2-nitrophenyi)acetamide. 2-(3-Fluoro-

2-nitrophenyl)acetic acid (1.17 g, 5.88 mmol) was dissolved in tetrahydrofuran (50 

ml). NN’-Carbonyldiimidazole (1.06 g, 6,54 mmol) was added to the mixture in one 

portion. Reaction stirred at room temperature for 30 minutes. 1-Ben7ylpiperidin-4-

amine (1.15 ml, 6.09 mmol) was added to the mixture in one portion. Reaction 

10 stirred at room temperature for 1.25 hours. Reaction was quenched with water. 

. Material was extracted twice with diethyl ether and the aqueous phase was discarded. 

Material was washed once with water and once with brine and the aqueous phases 

were discarded. Organics were dried MgSO4, filtered and then concentrated to 

dryness. Title compound was obtained as amber oil in 99% yield. MS (M+H)= 

15 372.4. 

Intermediate 190 

NO2 

LNO1Th5 
20 N-(3fluoro-2-ni1rophenethy-1-benzilpiperidin-4-arnine. N-(l - 

Benzylpiperidin-4-yl)-2-(3-fluoro-2-nitrophcnyl)acetamide (2.19 g, 5.90 mmol) was 

dissolved in tetrahydrofuran (40 ml). Mixture was warmed to 60°C. 

Chlorotrimethylsilane (2.7 ml, 21.27 mmol) was added to the mixture followed by 

lithium borohydride (7.2 ml, 14.40 mmol). Mixture was held at 60°C for 2 hours 

25 with stirring. Reaction was quenched with 2 niL methanol. Water (4.0 ml, 222 

mmol) was added to the mixture followed by concentrated hydrochloric acid (4.0 ml, 

47.4 mmol). Mixture was warmed to reflux and held with stirring for 3 hours. 

Mixture was cooled to room temperature. Reaction was made basic with 5 mL ION 

sodium hydroxide. Mixture stirred at room temperature for 15 minutes. Reaction 
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5 

layers were partitioned and the aqueous phase was discarded. Organic 

concentrated by roto-vap. Silica gel chromatography cluting 2M amm 

methanol-dichloromethane afforded the title compound as grey oil in 3 

(M+H)= 358.4. 

Intermediate 191 

NH2 

N1d1 

N-(’2-amino-3-fluorophenethy)-]-benzy/piperidin-4arnine, N-( 

10 nitrophenethyl)-1-bnzy1piperidin-4-amine (800 mg, 2.23 8 mmol) was 

methanol (30 mL). Platinum(IV) oxide (18.5 mg, 0.081 mmol) was ad 

mixture. Reaction vessel was placed on a Parr apparatus and charged p 

hydrogen gas. Reaction shook at room temperature for 1 hour 20 minu 

was removed from te apparatus. Mixture was filtered through a 0.45 

15 membrane. Filtrate Was concentrated to dryness. Title compound was 

grey oil in 97% yield. MS (M+H) 328.5. 

Intermediate 192 

Na 0 

?_b_ 

20 

3(J-benzyipAperidin-4-yl)-9fluoro-4, 5-dThydro-] FI-benzo[d][], 

2(3H)-one. N-(2-Aniino-3-fluorophenethy1)-1 -benzylpiperidin-4-amine 

2.138 mmol) was dissolved in acetonitrile (50 mL). N.N-Carbonyldiimi 

mg, 2.344 mmol) wais added to the mixture in one portion. Reaction stir 

25 temperature for 1 hoir. Another 50 mg of NN-carhonyldiimidazole wa 

the mixture. Reaction stirred at room temperature for 30 minutes. Reaci 

concentrated by rotowap. Residue was dissolved in dichioromethane. 

washed twice with water and the aqueous phase was discarded. Organic 
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MgSO4, filtered and then concentrated to dryness. Residue was dissolved in 

tetrahydrofuran. A few drops of concentrated aqueous hydrochloric acid were added 

to the mixture. Solids were triturated, filtered and then washed with tetrahydrofliran. 

Air was pulled through the filter cake for 15 minutes. Solids were dissolved in water. 

5 Mixture was made basic with IN sodium hydroxide. Material was extracted twice 

with dichioromethane and the aqueous phase was discarded. Organics were dried 

MgSO4, filtered and then concentrated to dryness. Title compound was obtained as 

purplish foam in 72% yield. MS (M+H) 354.4. 

10 Intermediate 193 

HCI 

HNL,,, 
)-NH F 

� Nj 

S 
it 

9-fluoro-3-piperidin-4-y1)-4,5-dihydroJ H-benzofdJfl, 3Jdiazepin-2(3H)-one 

hydrochloride. 3 -(1 -Benzylpiperidin-4-yl)9-.fluoro-4,5-dihydro-1 H-

15 benzo[dJ[1,3]diazepin2(3H)-one (530 mg, 1.500 mmol) was suspended in 1,2-

dichloroethane (10 mL). Mixture was cooled to 0’C. I -Chioroethyl chioroformate 

(175 p1, 1.603 mrnol) was added to the mixture drop-wise. Reaction was then 

warmed to reflux and held for 45 minutes. Mixture was concentrated by roto-vap. 

Residue was dissolved in methanol (10 nit). Reaction was warmed to reflux and 

20 held with stirring for 3 hours. Mixture was concentrated by rob -yap. Residue was 

treated with 20 mL acetone and warmed to reflux for 20 minutes, Resulting solids 

were filtered off and washed with acetone. Title compound was obtained as tan solid 

in 67% yield. MS (M–H) 264.4. 

25 Intermediate 194 

NO 

168 
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30 

2-nitro-3-vinylpyridine. 3-Bromo2-nitropyridine (1.0 15 g, 5.0 rnofl 

te1rabuty1ammoniun chloride (1.390 g, 5.00 mmol), and bis(triphenylph sphi 

palladium(H) chloride (0.351’g, 0,500 mmol) were combined. Mixture as 

suspended in acetonUrile (10m]), The mixture was stirred at room tern ratui 

30 minutes while it was degassed by a flow of nitrogen. Tribulyl(vinyl) in (1 

6.00 mmol) was added and the mixture was further degassed for 5 minu es. T 

was capped and heated at 90°C for 4 hours. Solvents were removed fro the 

mixture. The residue was dissolved with dichioromethane. Material w ’was 

with brine and the aqueous phase was discarded. Organic layer was dri d ove 

Na2SO4, and filtered. Solvents were removed by roto-vap. Silica gel 

chromatography aorded the title compound as tan solid in 68% yield. 1H NI 

(500 MHz, CHLOROFORM-D) 6 ppm 8.39 (dd, J=4.58,1.53 Hz, 1 H) 8.06 

P-7.94,1.53 Hz, 1 R) 7.55 (dd,J7.93, 4.58 Hz, I H�) 6.90 (dd, J17.2 , ill 

H) 5.82 (d, J=17.40 Hz, 1 H) 5.55 (d, J=10.99 Hz, I H). 

Intermediate 195 

HN 
NO2 

OyN 

for 

4 ml, 

vial 

Hz, 1 

lert-butyl 4+(2.-(2-nitropyridin-3-yl)ethylamino)piperidine-.1-ca oryl te. 2-

Nitro-3-vinylpyridlne (0.300 g, 2 mmol), tert-butyl 4-aminopiperidinc 1 -car oxylate 

(0.601 g, 3.00 mmol), and ethanol (5 ml) were combined. Triethylamii e (0.8 6 ml, 

6.00 mmol) was aded. The vial was capped and heated at 90°C for 6 hours More 

tert-butyl 4-aminoiperidine-1-carboxy1ate (0.601 g, 3.00 mmol), and iethyl mine 

(0.836 ml, 6.00 m4nol) were added and the mixture was heated at 90°C for 20 hours. 

Mixture was conc4ntrated by roto-vap. Silica gel chromatography elut ng ct 1 

acetate-hexanes afiforded the title compound as tan solid in 48% yield. I H N .R 

(500 MHz, CHLOOFORM-D) 8 ppm 8.38 (dd, J=4.58, 1.53 Hz, I H 7.84 dd, 

7.63, 1.53 Hz, 1 H) 7.49 (dd, J=7.63, 4.58 Hz, 1 H) 3.92 (s, 2 H) 2. 5 - 2.9 (m, 3 

H) 2.75 (t, J=1 1.7 Hz, 2 H) 2.50-2.62 (m, 1 H) 1.75 (d,J°l2.51 Hz, 2 H) 1.40 (s, 9 

H) 1.00- 1.27 (m,4 H). 
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Intermediate 196 

0 Na 0 

NNH 

Q-tD\

5 terl-butyl 4-2-oxo-I,2,4,5-Ietrahydropyridof2,3-dj[J,3]diazepin-3-

y/)piperidine-J-carboxylate. tert-Butyl 4-(2-(2-nitropyridin-3 - 

yl)ethylamino)piperidine-1-carboxylate (0.561 g, 1.601 mmol) was dissolved in 

methanol (60 mL). A catalytic amount of 10% palladium on carbon was added to the 

mixture. Reaction vessel was charged with 2 atm hydrogen gas. Reaction shook at 

10 room temperature for 16 hours, The reaction mixture was filtered through a pad of 

celitc twice. Filtrate was concentrated in vacuo. Residue was dissolved in 

acetonitrile (100 mL). Triethylamine (0.672 ml, 4.82 mmol) was added to the 

mixture followed by NN’-carbonyldiimidazole (0.32 g, 1.97 mmol. 1.2 equiv). After 

1.5 hours more NN’-carbonyldiimidazole (0.32 g, 1.97 mmol, 1.2 equiv) was added. 

15 Reaction stirred at room temperature for 16 hours. Additional N,N’-

carbonyldiimidazole (0.32 g, 1.97 mmol) and triethylamine (0.672 ml, 4.82 mmol) 

were added and the clear solution was stirred at room temperature for 20 hours. 

Additional N,N’-carbonyldiimidazole (0.32 g, 1 .97 mmol) and triethylamine (350 giL, 

251 mmol) were added to the reaction mixture. The clear solution was stirred at 

20 room temperature for 68 hours. All solvents were removed by roto-vap. Silica gel 

chromatography eluting 2M ammonia in methanol-dichioromethane afforded the title 

compound as off white solid in 92% yield. IH NMR (500 MHz, CHLOROFORM-

D) ö ppm 8.20 (d, J=4.88 Hz, I H) 7,92 (s, I H) 7.33 (d, J7.63 Hz, 1 H) 6.82 (dd, 

J=7.48, 4.73 Hz, 1 H) 4.35 -4.50 (m, I H) 4.19 (bs, 2 H) 3.37 -3.48 (m, 2 1-1) 2.87 - 

25 2.92 (m, 2 H) 2.71 - 2.83 (m, 2 H) 1.72 (d, .J=1 0.38 Hz, 2 H) 1.50- 1.63 (m, 2 H) 

1.44 (s, 9 H). 

Intermediate 197 

170 



WO 2007/131020 
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10 

15 

PCT/1. 

HCI 

HNO 

HCI 

3-(piperidin-4-),l)-4,5-dihydro-JJI-pyrido[2,3-d][1, 3]diazepin-2 H) -o e 

dihydrochioride. tett-Butyl 4-(2-oxo-4,5-dihydro- lH-pyrido[2 ,3-d] [1,3]diazep n. 

3(2H)-yl)piperidincl-carboxylate (0.51 g, 1,472 mmol) was dissolved ii i 

dichloromethane (8 ml). Trifluoroacetic acid (2 ml, 26.0 mmol) was added to tic 

solution. The mixture was stirred at room temperature for 4 hours. All volatil s were 

removed by roto-va. Residue was dissolved in dichloromethanc (10 
m ). 2 

Hydrogen chloride 
in 

diethyl ether (2.58 ml, 5.15 mmol) was added tot e mix re. 

The mixture was stitred at room temperature for 15 minutes and then all volati es 

were removed. The resulting off-white solid was washed with anhydrous diet 1 

ether four times to afford the title compound as white solid in 99% yield 1H MR 

(500 MHz, D20) ö Øpm 8.01 - 8.29 (111, 2 H) 7,38 (t, ..J6.71 Hz, 1 H) 4.0 - 4. 8 (m, 

2 H) 4.29 ..4.53 (m, 1 H) 3.61 - 3.71 (m, 2 H) 3.45 - 3.62 (m, 2 H) 3.01 3.27 m,4 

H) 1.93 - 2,21 (m, 4H). 

Intermediate 198 

[NO 

N 

20 3-nitro-2.-viiylpyridine. To an oven dried 20 niL of vial, was ad  led 2 

3-nitropyridine (0.73 g, 5 mmol), tetrabutylammonium chloride (1.390 g, 5.0 

mmol), and bis(triphenylphosphine) palladium(II) chloride (0.351 g, 0.5)0 mr 

After addition of actonitrile (10 ml) the resulting mixture was stirred at room 

temperature for 30 inin while it was degassed by a flow of nitrogen through a 

25 inserted to the bottom of the vial. Tributyl(vinyl)tin (1.754 ml, 6.00 mmol) w 

added and the mixttre was further degassed for 5 minutes. Vial was caf. ped a 

heated at 90°C for 2 hours. All solvents were removed. The residue w s dissi 
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dichioromethane and washed with brine. Organic layer was dried over Na2SO4, and 

filtered. Solvents were removed by roto-vap. Silica gel chromatography eluting 

ethyl acetate-hcxanes afforded the title compound as dark brown oil in 67% yield. 

1H NMR (500 MHz, CHLOROFORM-D) ö ppm 8.77 (dd, J=4.58,1.53 Hz, 1 H) 

5 8.18 (dd, J8.24, 1.53 Hz, I H) 7,06 7.57 (in, 2 H) 6.63 (dd, J=16.79, 1.83 Hz, 1 H) 

5.74 (dd, .1=10.68, 1,83 Hz, 1 H). 

Intermediate 199 

HN 
0 
Y mcr 

10 

tert-butyl 4-(2-(3-nitropyridin-2-))ethylamino)piperidine-1-carboxyZate. To 

an oven dried 10 mL of a vial, was added 3-nitro-2-vinylpyridine (0,300 g, 2 mmol), 

4-amino-1-Boc-piperidine (0.601 g, 3.00 mmol), and ethanol (5 ml). Triethylamine 

(0.843 ml, 6.00 mmol) was added and the vial was capped and heated at 90°C for 24 

15 hours. Solvents were removed from the mixture by roto-vap. Silica gel 

chromatography eluting 2M ammonia in methanol-dichioroniethanc afforded the title 

compound in 74% yield. 1H NMR (500 MHz, CHLOROFORM-D) S ppm 8.73 (dd, 

J=4.58, 1.53 Hz, 1 H) 8.19 (dd, J=8.24, 1.22 Hz, 1 H) 7.33 (dd, ,J8.24, 4.58 Hz, 1 H) 

3.95 (bs, 2 H) 3.30 (t, J6.87 Hz, 2 H) 3.10 (t, J6.71 Hz, 2 H) 2.78 (t, .1=11.60 Hz, 2 

20 H) 2.56 - 2.69 (m, I H) 1.76 - 1.84 (m, 2 H) 1.42 (s, 9 H) 1.13.. 1.27 (m, 2 H). 

Intermediate 200 

� LNNH 

� 

tert-butyl 4-(2-oxo-1, 2,4, 5-tetrahydropyrido/3 , 2-dJ[1, 3Jdiazepin-3-

25 y1.)piperidiiie-1-cai’ho.rylate. tert-Butyl 4-(2-(3 -nitropyridin-2-

yl)ethylamino)piperidine-1-carboxylate (0.864 g, 2.466 mmol) was dissolved in 
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methanol (50 ml), 10% Palladium on carbon (0.3 g, 0,28 mmol) was ad ed to 

mixture. Reaction vessel was placed on a Parr apparatus and charged w th 2 a 

hydrogen gas. Reaction shook at room temperature for 16 hours. The r actioj 

mixture was twice filtered through a pad of celite. Filtrate was concent ted Ic 

tan solid. Residue (808 mg, 2.52 mmol) was dissolved in acetonitrile ( 0 ml 

Triethylamine was added to the mixture (1.05 mL, 7.56 mmol) followe by N, 

carbony1diimidazo1 (0,50 g, 3.08 mmol). Reaction stirred at room tern eratw 

hours. More NN’-arbonyldiimidazole (0.50 g, 3.08 mmol) was added to the 

mixture. Reaction stirred at room temperature for 16 hours. More N, N - 

earbonyldiimidazole (0.50 g, 3.08 mmol) was added to the reaction mix ire fo 

by triethylamine (1,05 mL, 7.56 mmol). Reaction stirred at room temp raturc 

hours. More N,1T’-arbony1diiniidazole (0.50 g, 3.08 mmol) was added to the 

mixture followed by triethylamine (0.50 mL, 3.58 mmol). Reaction sti ed at 

temperature for 68 hours. Mixture was concentrated by roto-vap. Silic gel 

chromatography elating 2M ammonia in methanol-dichloromethane af rded 

compound as off-white solid in 93% yield. 1H NMR (500 MHz, CHL ROF 

7998 

yield 

for 5 

20 

title 

D) 8 ppm 8.05 - 8.13 (m, 2 H) 7.21 (d,,1=7.94 Hz, 1 H) 701 (dd, J=8.24, 4.58 Hz, 1 

H) 4.29- 4.44 (m, 1 H) 4.19 (bs, 2 H) 3.44- 3.51 (m, 2 H) 3.08- 317 ( i, 2 H 2.76 

(rn, 2 H) 1.71 (d, .J10,99 Hz, 2 H) 1.53 - 1.65 (m, 2 H) .1.42 (s, 9 IT). 

Intermediate 201 

HCI 

HNOJ 
’NH 

HCI 

3-(piperidii-4-yl)-4, 5-dihydro- I H-pyrido[3 , 2-d][],3Jdiazepin- (31 

dihydrochioride. trt-Butyl 4-(2-oxo-4, 5-dihydro- 1H-pyrido{3 ,2-d] [1, ]di 

3(2H)-yl)piperidine-1-carboxy1ate (0.814 g, 2.350 mmol) was dissolve I in 

dichloromethane ($.0 ml). Trifluoroacetic. acid (2.0 ml, 26.0 mmol) w s a 
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mixture at room temperature. The mixture was stirred at room temperature for 4 

hours, All volatiles were removed and the residue was dissolved in dichioromethane 

(10 mL). 2M Hydrogen chloride in diethyl ether (4.11 ml, 8.22 mmol) was added to 

the mixture. The reaction was stirred at room temperature for 15 minutes and all 

5 voiatiles were removed. The resulting off-white solid was washed 4 times with 

anhydrous diethyl ether. Title compound was obtained as white solid in 88% yield. 

1H NMR (500 MHz, D20) ö ppm 8.28 (d, .1=4.88 Hz, 1 H) 8.05 (d, 1=8.24 Hz, I H) 

7.74 -7.82 (rn, 1 H) 4.30- 4.41 (m, 1 H) 3.71 - 3.78 (m, 2 H) 3.51 - 3.62 (ni, 2 H) 

3,343.41(m,2H)3.09-3.20(m,2H)1.98-2.14(m,4H). 

10 

Intermediate 202 

O NaNH 0 

Ct(’F- 
OH 

2-(l-(iert-butoxycarbonyl)piperidin-4-ylamino)-6-fluorohenzoic acid, 2-

15 Amino-6-fiuorobenzoic acid (2.01 g, 12.93 mmol) and tert-butyl 4-oxopiperidine-1-

carboxylate (5.15 g, 25.9 mmol) were combined and dissolved in methanol (50 mL). 

Sodium cyanotrihydroborate (1.625 g, 25.9 mmol) was added in one portion at room 

temperature. Reaction stirred at room temperature for 1 hour. The solvent was 

removed in vacua. The resulting foam was partitioned between dichloromethane 

20 (170 mL) and IN sodium hydroxide (65 mL). Layers were separated. The 

dichloi-omethane layer was extracted with water (2 x 65 mL). The aqueous layers 

were combined and acidified with citric acid to pH around 3. The aqueous layer was 

. extracted with ethyl acetate (3 x 100 mL). The ethyl acetate layers were combined, 

dried (Na2SO4), filtered and concentrated to dryness. Title compound was obtained 

25 as off-white solid in 92% yield. 1H NMR (400 MHz, MeOD) öppm 7.18 -7.28 (in, 

I H) 6.57 (d, J8.56 Hz, I H) 6,27 (dd, Jl 1.58, 8.06 Hz, 1 H) 3.83 - 3.95 (m, 2 H) 

3.56-3.67(m, 1 H)3.00-3.15(m,2H) 1,93 -2.04(m,2H) 1.44(s,9H) 1.31-1.43 

(in, 2 H). 
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Intermediate 203 

ANH 

5F 

/067998 

5 tert-butyl 4-(4-Jluoro-2-oxo-2,3-dihydro-JH-henzofdjiinidazol-

yl)piperidine-1-carbox,ylaie. 2-(1 -(tert-Butoxycarbonyl)piperidin-4-yI’mino) 6- 

fluorobcnzoic acid (1.081 g, 3.19 mmol) and triethylamine (0534 ml, - .83 nil o1) 

were combined and suspended in toluene (20 mL), Diphenyl azidopho pliate (0.826 

ml, 3.83 mmol) was added to the mixture. Reaction stirred at room te perat re for 

10 35 minutes. The reaction was heated to 80°C for 1 hour. Solvent was emov d in 

vacuo. Silica gel chromatography eluting ethyl acetate-hexanes afford d the itle 

compound as white solid in 97% yield. IH NMIR (500 MHz, CHLOR FO -D) 

ppm 9.64 (s, 1 H) 6,94 -7.02 (m, 1 H) 6.91 (d, ,J-=8,24 Hz, I H) 6.82 (t J=9.1 Hz, 1 

H) 4.42-4.54 (m, 1 H) 4.31 (d, Jl0.07 Hz, 2 H) 2.86 (t, .J12.67 Hz, 2 1-1)2 21 - 

15 2.35 (m, 2 H) 1.78 - 1.87 (m, 2 Fl) 1.49 (s, 9 H). 

Intermediate 204 

HCI 

HNaN’oN

 ,H 

20 4-fluoro-1piperidin-4-yl)-1H-henzofdJimidazol-2(3H)-.one h rochi ride. 

tert-Butyl 4-(4-fluro-2-oxo-2,3-dihydro- 1H-hcnzo[d]imidazol-1 -yl)p peridii c-i - 

carboxylate (1.03 g, 3.07 mmol) was dissolved in diehioromethane (3C ml), N 

Hydrogen eh1orid in 1,4-dioxane (8 ml, 32 mmol) was added to the r action at room 

temperature. The reaction stirred at room temperature for 5 hours. T solv nt was 

25 removed in vacuoJ Title compound was obtained as white solid in qw titati e yield. 
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I  NMR (400 MHz, MeOD) 6 ppm 7.14 (d, J8.81 Hz, 1 H) 7.00 -7.10 (m, I H) 

6.80 - 6.92 (m, I H) 4.48 - 4.63 (m, 1 H) 3.52 -3.60 (m, 2 H) 3.16 -3.26 (m, 2 H) 

2.64 - 2.82 (m, 2 H) 2.04 (dd, J12,46, 1.89 Hz, 2 H). 

5 Intermediate 205 

MeO,).> 

TIPS 

5-methoxy-1-(triisopropylsily)-1H-pyrrolof3,2-1)Jpyridine. To a solution of 

5-methoxy-I14-pyrrolo[3,2-b]pyridine (4.0g, 27.0 mmol) in THF (50mL) was added 

10 NaH (60%, 1.30g. 32,4 mmol) in small portions at 0 °C over 10 mm, The resulting 

’ mixture was stirred under N2 for I hr, followed by dropwise addition of TIPS-Cl 

°C (6,86 mL, 32.4 mmol) in neat through an syringe at 0 over 2mm, and stirred for 

additional Ihi’. The reaction was quenched with sat. NH4CI(5OmL), extracted with 

Et20 (500mL). The extract was washed with brine (50mL), dried (MgSO4), 

15 concentrated on rotary vacuo, and the residue was purified on Biotage Flash 

Collector eluting with 20-75% EtOAc/Hexanes (1600mL) to afford the expected 

product, 5-methoxy- 1 -(triisopropylsilyl)- 1 H-pyrrolo[3 ,2-b]pyridine (8.25g, 100%). 

’H NMR (400 MHz, CHLOROFORM-D) 6 ppm 1.11 (d, ,J7.55 Hz, 19 11)1,57 - 

1.67 (m, J=7.55, 7.55, 7.55, 7.55 Hz, 3 H) 3.98 (s, 3 H) 6.54 (d, J=9.06 Hz, 1 H) 6.67 

20 (d, J=3.02 Hz, I 1-1) 7,35 (d, J=3.27 Hz, I Fl) 7.65 (d, J=9.06 Hz, 1 H); Mass spec 

305.1 (MH+) caic. for C17H28N20 Si 304.2. 

Intermediate 206 

S MoO N 

OH TIPS 

25 

methyl hydrogen 5-methoxy-1-1’triisopropylsilyl)- I H-pyrrolof3 , 2-hjpyridin-6-

yihoronate. To a colorless solution of 5-methoxy-1 -(triisopropylsilyl)-1 H-

pyrrolo[3,2-b]pyridine (5.01 g, 16,45 mmol) in THF (100 mL) was dropwise added 

2nd-BuLi (21.15 mL, 29.6 mmol) at -78 °C under N2 over 5 min to give an orange 
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solution, the mixture was stirred for 30 mm, followed by dropwise addi ion of 

trimethyl borate (3.31 mL, 29.6 mmol) through a syringe over I mm. T e rest iting 

light orange solution was stirred at -78 ’C for 1 hr, quenched with sat. i-L1C1 .30 

mL), partitioned between H20/Et20 (lOOmL/150niL). After seperatio the o ganic 

5 layer was washed with brine(5OmL), dried on MgSO4, concentrated on rotary vacuo 

and purified on Bitage Flash Collector eluting with 10-50 % EtOAc! exanc ( 

1300mL) to afford the expected produc,methyl hydrogen 5-methoxy- I 

triisopropylsilyl)- 1H-pyrrolo[3,2-b]pyridin-6-ylboronate (2.5g, 42%), s a c 1orles 

thick gum. Mass spec.363.24 (MH+) caic. for C18H31BN203 Si 362.22 

10 

Intermediate 207 

AHO
 

yN 

H 
OH 

5-met hwcy1H-pyrrolo3, 2-bjpyridin-6-ylboronic acid. To a s lution of 

15 methyl hydrogen -methoxy- 1 -(triisopropylsiiyl)- 1 H-pyrrolo[3 ,2-b]p idin- - 

ylboronatc (1.5 g, 4,14 mmol) (from 65236-015) in THF (10 mL) was troate with 

HC1 (4M in 1,4-dioxane) for lhr at 0 °C, checked with LC/MS: �50% conve sion, 

thus additional 1. ml HCl (4M in 1,4-dioxane) was added, stirred at over ight. 

Most of the solvct was removed on rotary vacuo, and the residue as white solid 

20 was triturated with Et20 (3m1), filtration and washing with Et20 (20 L) to afford 

the expected product, 5-methoxy-1H-pyn’olo[3,2-b]pyridin-6-ylboron c acid (0 .78 g, 

98%) as a white solid. 1H-NMR (500 Mi-li, MeOD) 8 ppm 1.04 - 1.1 (in, H) 1.1 X 

(d, J=7.32 Hz, 1 ’I) 4.28 - 4.33 (in, 4 H) 6.74 (d, J’2.44 Hz, 1 H) 7.8 (d, .1-305 Hz, 

1 H) 8.42 (s, 1 H; Mass spec 193,20 Cale for C8H9BN203 192.07. 

25 

Intermediate 208 

OH TIPS 
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5-rneihoxy-1-triisopropylsilyl)-JH-pyrrolo/3, 2-hJpyridin-6-ylhoronic acid. 

To a white suspension of 5-methoxy-1H-pyrrolo[3,2-b]pyridin-6-ylboronic acid (500 

mg, 2.60 mmol) in tetrahydrofuran (25 mL) was added sodium hydride (281 mg, 

11,72 mmol) in several portions at 0 °C, the resulting light grey suspension was 

5 stirred for 30 min, followed by dropwise addition of chlorotriisopropylsilane (2260 

mg, 11.72 mmol) through a syringe over 30 sec. under N2. The mixture, as a 

suspension, was continued stirring at 0 °C for 2hr, and the conversion was completed 

as determined by LCIMS. The reaction was carefuly quenched with sat. NH4CI 

(lOmL), extracted with Et20(2x5OmL), the combined organic solution was washed 

10 with brine(2OmL), dried (Na2SO4), concentrated on rotary vacuo to afford the 

expected product, 5-methoxy- I -(triisopropylsilyl)- 1 H-pylT010[3 ,2-bjpyridin-6-

ylboronic acid (900 mg, 99%), as a grey gum. IH.-NMR (500 MHz, 

CHLOROFORM-I)) s ppm 1.11 (d, J--7.63 Hz, 21 H) 1.62- 1.72 (ni, 3 H)4.03 - 

4.10 (in, 2 H) 6.67 (d, J’3.36 Hz, 1 H) 7.31 (s, 1 H) 7.43 (d, .J3.05 Hz, I H); Mass 

15 spec 349.21 (MH+) Cale for C17H29BN203Si 348.2. 

Intermediate 209 

(r 

" 
TIPS 

Boc
  

20 tert-butyl 4-(5-inethoxy-1-(Iriisopropylsilyl)-JH-pyrrolo[3,2-b]pyridin-6-yl)-

5, 6-dihydropyridine-1(2H)-carboxylate. To 5-methoxy- I -(triisopropylsilyl)- 1 H-

pyrrolo{3,2-b]pyridiri-6-ylboronic acid (900 mg, 2,58 mmol) was added sodium 

carbonate (548 mg, 5.17 mmol), lithium chloride (219 mg, 5.17 mmol), tert-butyl 4-

(trifluoromethylsulfonyloxy)-5,6-dihydropyridine- 1 (2H)-carboxylate (856 mg, 2.58 

. 25 mmol) and deairared 1,4-dioxane (15 niL) at rttemperaturc, followed by 

tetrakis(triphenylphosphiiie)palladium(0) (149 mg, 0.1297mo1), and H20(lmL). The 

resulting light brown mixture was stirred at 80 °C for 2lir, and the conversion was 

completed as determined by LC/MS. After cooling down to rt, the mixture was 

partitioned between H20/EtOAc (50niL/100mL). After separation, the organic phase 

30 was washed with brine, dried (Na2SO4, concentrated on rotary vacuo, and purified 
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on Biotage Flash Collector eluting with 3080% EtOAc/Flexanes (120 L) t afford 

the expected product, tert-butyl 4-(5-methoxy-1-.(triisopropylsilyl)-1H- yrrolo[3,2- 

b]pyridin-6-yl)-5,6dihydropyridine-1(2H)-carboxylate (998 rug, 80%) as a w ite 

solid. ’H-NMR (400 MHz, MeOD) 8 ppm 1.12 (s, IS H) 1.49 (s, 9 H) 2.52 (s 2 H) 

3,47 (s, 3 H) 3.62 (, 2 H) 4,00 (s, 3 H) 4.09 (s, 2 H) 5.78 (s, 1 H) 6,65 , I H 7.33 

(s, I H) 7.51 (s, 114). Mass spec 486.28 (MH+) Cale for C27H43N303Si 485.3 

Intermediate 210 

11"0
 N 

Bcc’ 

PS 

tert-butyl 4.(5-methoxy-1(’triisopropylsi1yl)-1H-pyrrolof3, 2-h ridin 6-

yl)piperidine-1-cwboxylczte. To colorless solution of tert-butyl 4-(5-m thoxy 1-

triisopropy1sily1).’ j H-pyrrolo[3 ,2-b]pyridin-6-yl)-5,6-dihydropyridine- (2H)-

carboxylate (998 mg, 2.055 mmol) in MeOH (30mL) was added platin m(IV oxide 

(98 mg, 0.432 mml) at rt. The mixture was shaked on Par Shaker for hr un er H2 

(55psi). The mixture was filtered with McOH(20mL), concentrated on rotary vacuo 

to afford the expected product, tert-butyl 4-(5-methoxy- 1 -(trilsopropyl iIyl)-1 - 

pyrrolo[3,2-b]pyrif in-6-yl)piperi dine- 1-carboxylate (995mg, 100%) asa ugh grey 

solid. Mass spec 488.27 CaIc for C27H45N303Si 487.32, which was pu e eno gh to 

be used in next reaction. 

Intermediate 211 

HQ> 

6-(piperidi4’-4-yl)-]H-pyrrolo[3,2-b]pyridin-5(4H)-one. To ter 

methoxy- 1-triisoropylsi1yl)- 1H-pyrrolo [3 ,2-b]pyridin-6-y1)piperidin 

(130 mg, 0.267 mihol) in CH2Cl2 (3mL) was added TMS-I (163 p1, 1. 

The resulting brown solution was stirred at 60 °C over night. Partial 0: 

was removed on rtary vacuo, the residue was purified on reverse pha 
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to afford the expected product, 6-(piperidin-4-yl)- I H-pyrrolo[3 ,2-b]pyridin-5(4H)-

one (49.3mg, 85%). ’H-NMR (400 MHz, MeOD) 3 ppm 185 (dd, J12.84, 3.53 Hz, 

2 H) 2.12 (d, J=14.10 Hz, 3 H)3.06 - 3.18 (m,4 H) 3.42 -3.52 (m, 3 H) 6,14 (t, 

J=2.14 Hz, 1 H) 7.20 (dt, J=2.96, 1.42 Hz, 1 H) 7.62 (s, 1 H); Mass spec 218.14 

5 (MHH-), Caic for C12H15N30 217.12. 

Intermediate 212 

HOBLQ 

10 5-methoxy-1-methyl-]H-pyrrolol3.,2-bJpyridin-6-ylboronic acid, To a white 

suspension of 5-methoxy-1H-pyrrolo[3,2-b]pyridin-6-ylboronic acid (500mg, 2,60 

mmol) in tetrahydrofuran (25 mL) was added sodium hydride (281 mg, 11.72 inmol) 

in several portions at 0 °C, the resulting light grey suspension was stirred for 30 mm, 

followed by dropwise addition of iodomethane (1664 mg, 11.72 inmol) in syringe. 

15 The mixture was continued stirring at 0 °C for 2 hrand the reaction was quenched 

with cone. HC1 at 0 °C to �pH 6, MeOH (20inL) was added, stiired for 2mm, the 

resulting suspension was passed through a thin layer silica gel with 10 mL MeOFI. 

The collected solution was concentrated on rotary vacuo, and purified on PrepHPLC 

to afford the expected product, 5-methoxy- 1 -methyl- 1 H-pyrrolo[3,2-b]pyridin-6-

20 ylboronic acid (3 98mg, 74%) as a grey gum. 1H-NMR (500 MHz, MeOD) 3 ppm 

3.33 (ddd,J3.20, 1,83, 1.68 Hz, 3 H) 4.24 (s, 3 H) 6.62 (d,J=2.44 Hz, I H) 7.71 (d, 

J=3.36 Hz, 1 H) 8.39 (s, 1 H); Mass spec 207.16 (MH+) Cale for C9H11BN203 

206.09. 

25 Intermediate 213 

1110
 N 

Boc" 
Nf"" 
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tert-butyl 4-(5-meihox))- l-methyl-11-I-pyrmlo[3,2-b]pyridin-6-vl-5,6- 

dihydropyridine-] (2H)-carboxylate. To 5-methoxy- 1 -methyl- 1H-pyrro o[3 ,2-

b]pyridin-6-ylboroiic acid (398 mg, 1.932 mmol) was added sodium ca bonat (410 

mg, 3.86 mmol), lithium chloride (164 mg, 386 mmol), tert-butyl 4-

(trifluoromethylsult’onyloxy)-5 ,6-dihydropyridine- 1 (2H)-carboxylate (6 0 mg 1.932 

mmol) and deairard 1,4-Dioxane (15 mL) at rt temperature, followed y tetr is 

(tripheny1phosphin )pladdinum (0) (112 mg, 0.097mo1), and H200mT). Th 

resulting light brown mixture was stirred at 80 °C for 2hr. After cooling dow to rt, 

the mixture was partitioned between H20/EtOAc(3OmL/5OmL), and sc arate. The 

organic layer was Washed with brine (lOmL), dried (Na2SO4), concentrated o rotary 

vacuo, purified on 13iotage Flash Collector eluting with 30-80% EtOA /Hexa es 

(1200mL) to afford the expected product, tert-butyl 4-(5-methoxy-1-m thyl-1 

pyrrolo[3,2-b]pyridin-6-yl)-5,6-dihydropyridinc-1 (21-1)-carboxylate (20 mg, 2%). 

’H-NMR (400 MHz, MeOD) ö ppm 1.44 - 1.51 (m, 9 H) 2.51 (d, J=1.51 Hz, H) 

3.59 (s, 2 H) 3.78 (s, 3 H) 3.93 (s, 3 H) 4.04 (s, 2 i-I) 4.86 (s, 1 H) 5.82 s, 1 Fl 6.39 

(d, J=2.52 Hz, 1 H) 7.27 (d, J3.27 Hz, I H) 7.58 (s, 1 H); Mass spec 3 44.18 MH+) 

Cale for C19H25N303 343.19, 

Intermediate 214 

HOX 

I-methyl-6-(piperidin-4-yl)-1H-pyrrn1o[3,2-b]pyridin-5(4[I)-o e. To tert-

butyl 4-(5-methox’- 1-methyl-i H-pyrrolo[3,2-b]pyridin-6-yI)piperidin -1-car oxylal 

(104 mg, .301 mntoi) in CH2C12 (3mL) was added TMS-1 (123 l, 0.9 3 mm 1) at rt. 

The resulting brorn solution was stirred at 60 °C over night. Partial o the s lvent 

was removed on rtaiy vacuo, the residue was purified on reverse pha e Prep PLC 

to affordthe expected product, 1 -methyl-6-(piperidin-4-yl)- 1 H-pyrrolo 3,2-b] yridin 

5(4H)-one (65mg. 94%). ’H-NMR (400 MHz, MeOD) Sppm 2.05 (s, H) 2.13 (s, 3 

Fl) 3.20 (s, 4 H) 355 (s, 3 H) 6.25 (s, 1 H) 7.35 (s, I. H) 8.01 (s, 111); Mass s cc 

232.19 CaIc for C3H17N30 23 1,14. 
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Intermediate 215 

TIPS 
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5 6-chiom-T"triisopropyl5i4yl)-]H-pyrrolof2, 3-bJp yr/dine. To 6-chioro- I H-

pyrrolo[2,3-b]pyridine (1.00g, 6,55mmoI) in THF (lmL) was added NaH (60%, 

0.315g, 7.86 rnmoL) at 0 4C in several portions. The resulting mixture was stirred for 

1 hr, followed by addition oftriisopropylsilyl chloride (1.67 mL, 7.86 mmol) in neat 

at 0 T. The mixture was continued stirring at 0 °C under N2 for 2 hr, quenched with 

10 H20 (40 mL), and extracted with Et20 (100 niL). After separation, the organic phase 

was washed with brine (30 mL), dried (MgSO4), concentrated on rotary vacuo, and 

purified on Biotage Flash Collector eluting with 1530% EtOAc/Hexanes (600 niL) 

to afford the expected product, 6-chioro- I -(triis opropylsilyl)- 1 H-pyrrolo[2,3 - 

b]pyridine (1.51g, 75%). 1H-NMR (400 MHz, CHLOROFORM-D) ö ppm 1.09-

15 1.13 (in, 18 H) 1.80 (dt,J=14.92, 7.52 Hz, 3 H) 6.52 (d, J=3.53 Hz, 1 H) 7.02 (d, 

J8.06 Hz, 1 H) 7.25 (d, .1=3,53 Hz, 1 H) 7.77 (d, J8.31 Hz, 1 H); Mass spec 309.19 

Cale for C16H25C1N2Si 308.15. 

Intermediate 216 

TIPS 

CIN 

XHO?’ 

20 oc 

tert-butyl 4-(6-chloro- l-(tr/Lsopropy/si/y/)-Jff-pyrrolof2, 3-bJpyridin-4-y1)-4-

hydroxvpiperidine-]-carboxylaie. To a colorless solution of 6-chloro- 1-

(triisopropylsilyl)-1I-I-pyrrolo[2,3-b]pyrjdine (500 mg, 1.63 mmol) in THF (16 mL) 

25 was dropwise added sec-BuLi at -78 °C under N2 over 6 mm, and the resulting tan 

solution was stirred for 2hr. Tert-butyl 4-oxopiperidinc-1-carboxylate (1. l3g, 5.70 
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10 

15 

20 

25 

FNV.t 

mmol) in THF( 3 mL) was dropwise added over 10 min to give a light tai so1uton at 

-78 °C under N2, and continued stirring for 2 hr. The reaction was quenched with sat. 

NH4C1 (30 mL), extracted with Et20 (2x 50 mL). The combined organic phase was 

washed with brine(30 mL), dried (MgSO4), concentrated on rotary vacu and purified 

on Biotage Flash Colector eluting with 2050% EtOAc/Hexanes (800 n. L) to give 

the expected product, tort-butyl 4-(6-chloro- 1 -(triisopropylsilyl)- I H-pyrr lo[2, - 

bjpyridin-4-yl)-4-hydroxypiperidine- 1-carboxylate (400 mg, 48%), as a light y 110w 

solid. 1H- NMR (400 MHz, CHLOROFORM-D) 8 ppm 1.25 (t, J=768 z, 18. 

1.64 (s, 9 H) 1.94 (dt, J15.17, 7.65 Hz, 5 H) 2.33 - 2.44 (m, 2 H) 3.42 ( , 2 H) 4.24 

(d, J=7.05 Hz, 2 H) 6.88 (d, J=3.53 Hz, I H) 7.38-7.41 (m, 3 H); Mass pec. 5 825 

(MH+) caic. for C26H42C1N303Si 507.27. 

Intermediate 217 

H Or 

4-(6-chloro-IH-pyrrolo[2, 3-b]pyridin-4-yl)piperidin-4-ol. To 1� 

chioro- 1 -riisopropylsily1)- 1H-pyrrolo[2,3 -b]pyridin-4-yl)-4-hydroxypi 

carboxylate (5 10 m, 1.00 mmol) in CH2C12 (6 mL) was slowly dropwi 

TMS-I (0.43 mL, 3.01 mmol) at rt, and stirred at 60 °C over night. Parti 

solvent was removed on rotary vacuo, and the residue was purified on n 

PrepHPLC to afford the expected product, 4-(6-chloro-1 14-pyrrolo[2,3-

y1)piperidin-4-o1(310 mg , 63%), as a dark brown solid. 1H- NMR (400 

CHLOROFORM-DJ ö ppm 2.02 (d, J14.35 Hz, 2 H) 2.65 - 2.76 (m, 2 

J=11.33 Hz, 2 H) 3.8 (d, J=11.83 Hz, 2 H) 4.61 (s, 2 H) 6.91 (d, J=3.5 

7.13 (s, 1 H) 7.28 (dj J3.53 Hz, 1 H); Mass spec. 252.05 (MH+) calc, f 

C121-114C1N30 25 1.03. 

Intermediate 218 

183 

add 

of t 

sc 
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1’/-(thiophen-3-y)pivalam.ide. To an oven dried flask was charged with 

methyl 3-aminothiophenc-2-carboxyl ate (30 g, 191 mmol) and pyridine (300 ml), 

5 followed by addition of pivaloyl chloride (253 g, 210 mmol) at room temperature. A 

mild exotheim occoured, and solid was formed. 10 min later, the reaction mixture 

was refluxed under N2 overnight (=20hr), and stirred at rt on weekend. Most of the 

solvent was removed on rotary vacuo. The brown residue was partitioned between 

IN HCI and CH2Cl2(l00mL/l50mL). After seperation, the aqueous solution was 

10 extracted with CH2C12(100mL), the combined organic layers were washed with 

brine(70mL), dried on MgSO4, concentrated on rotary vacuo, the residu as a brown 

solid, was triturated with Et,0(30mL), filtered and washed with Et20(2xl0mL) to 

afford the expected product, N-(thiophen-3-yl)pivalamide (15.4g, 50%) as an off 

white solid, 1H-NMR (400 MHz, CHLOROFORM-D) 6 ppm 1.28 (s, 9 H) 6.98 (dd, 

15 1=5,16, 1.39 Hz, 1 H) 7.20 (dd,J=5.29, 3.27 Hz, 1 H) 7.57-7.66 (m, 2 H); Mass 

spec. C184.05 (MH+) caic. for C9H13N0S 183.07, 

intermediate 219 

20 

N-(’2-Jbrmy1thiophen-3-y)pivalarnide. To an oven dried flask was charged 

with N-(thiophen-3-yl)pivalamide (2.0 g, 10.91 mmol) and THF (50mL) at rt, then 

the light tan solution was cooled down to -78 °C, followed by dropwise addition of n-

BuLi (2.4M in hexanes, 9.60 mL, 24.01 mmol) over 5 min under N2. The resulting 

25 off-white suspension was stirred for 1 hr, followed by addition of DMF (3.21 mL, 

41.5 mmol) through a syringe over 2 mm. In 20 mm, the suspension became tan 

solution and the reaction mixture was warmed to rt and continued stifling for 30 mm. 

The conversion was completed as determined by TLC, thus the reaction was 
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quenched with sat. NFI4C1, partitioned between Et20/H20 (1 5OrnL/5Oni ) 
separation, the organic solution was washed with brine, dried (Na2SO4), 

and purified on Biotage Fresh Collector eluting with 10-40% EtOAC/Hex 

afford the expected product, N-(2-forrnylthiophen-3-yl)pivalarnide (185 

5 tan oil. 1H-NMR (50 MHz, CHLOROFORM-D) ö ppm 1.32 (s, 9 H) 7. 

Hz, 1 H) 8.19 (d, J=5.19 Hz, 1 H) 9.71 (s, 1 H) 10.97 (s, 1 H); Mass Sped, 

212.09(MH+) calc. for C10H13NO2S 211.07. 

Intermediate 220 

0 

I HN 

)?b 
10 Boc’? 

NIC OH 

anes 

0°i) as a 

(d, /=5 19 

tert-butyl 4 -hydroxy-3-methoxy-3-oxoJ-"3-pivalamidothioph n-2-

ylpropan-2-yl)pipeidine-J-carboxylate. To a solution of diisopropyla. inc (5.84g. 

8,16 mL, 57.7 mmo) 1nTHF (100 mL) was dropwise added n-BuLl (23. 10 ml, 577 

15 mmol) at -78 °C Linder N2 over 5 mm, and the resulting colorless solutio a was tirred 

for 20 mm, followed by dropwise addition of tert-butyl 4-(2-mcthoxy-2 

oxoethyl)piperidin& I -carboxylate (14.62 g, 56.8 mmol) in THF (20 mL) over mm, 

and stirred for 30 man. 

20 On the other hand, to a light yellow solution of N-(2-formylthio hen-3 

yl)pivalamide in TI-IF was added NaH (1.99 g, 49.7 mmol) in several p rtioj.j 

°C, the resulting red orange solution was stirred for 30 mm. Then it wa drop, 

added to the anion Oftert-butyl 4-(2-inethoxy-2-oxoethyl)piperidine-1 -c arbwc 

through an addition! funnel at -78 °C under N2 over 15 mm. The resultijig red 

25 solution was stirred! for lhr, checked with TLC. Conversion was completed, ti 

reaction was quenched wit sat. NH4CI (lOOmL), partitioned between H2 /Et2( 

(150mL/300mL, after seperation the organic phase was washed with bt ’ne (i 

dried with MgSO4, concentrated on rotary vacuo, and the residu was purified 

Biotage Flash Collctor eluting with 15-60% EtOAc/Hexanes (1400m L), 6011/ 

185 

at 0 

late 
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EtOAc/Hexanes (600rnL) to afford the expected diastcreo mixture of tert-butyl 4-(] - 

hydroxy-3-methoxy-i-oxo- 1 -(3-pivalamidothiophen-2-yl)propan-2-yl)piperjd inc.- 1-

carboxylate ( 21.1 g, 95% ) as a tan foam. Mass spec 469,20 (MH+) calc. for 

C23H36N206S 46.23. 

Intermediate 221 

HNQ 

6-(piperidin-4-yl)thieno[3, 2-bJpyridin-5(4H)-one. Tei’t-butyl 4-( 1 -hydroxy-3-

10 methoxy-3-oxo- 1 -(3-pivalamidothiopheii-2-yl)propan-2-yl)piperidine 1-carboxylate 

(10 g, 21.34 mmol) was dissolved in MeOH (20 niL), water (20.00 ml), hydrochloric 

acid (concentrated, 20 ml, 244 mmol), the resulting red pink solution was heated, the 

color changed to dark tan, and the mixture was refluxed in a oil bath under N2 over 

night, conversion was completed as determined by LC/MS. Most of the solvent was 

15 removed on rotary vacuo, the resulting gum type residue was triturate with 

EtOAc/MeOH (10 mL/2mL), filtered and washed with EtOAC/McOH (lOmL/l mL) 

to afford the expected product, 6-(piperidin-4-yl)thieno[3 ,2-b]pyridin-5(4F1)-one 

(4.85g, 97%), as a brown solid. 1H-NMR (400 MHz, MeOD) S ppm 1.83 - 1.94 (m, 

J=13.41, 13.13, 13.13, 3.90 Hz, 2 H) 2.13 (d, J=13.85 Hz, 2 H) 3.08 - 3.19 (m. 4 H) 

20 3.50 (dd, Jr10.58, 2.01 Hz, 2 H) 7,08 (d, J’6.04 Hz, 1 H) 778 (d, J=5.54 Hz, 1 1-1) 

7.96 (s, 1 H); Mass spec. 235.16 (MH), Caic, for C12H14N20S 234.08. 

25 

Intermediates 222 and 223 

H Br 

HN 

3-bromo-6-(piperidin-4-yi)thieno/3,2-/]pyrjcijn5(4FJ)one and 2-broni.o-6-

(piperidin-4-))l)thieno[3,2-h]pyrjdjn-5(41-J)one To a suspesion of 6-(piperidin-4-

y1)thicno[3,2-h]pyridin5(4H)one (250mg, 1.067 mmol) in MeOH (10 mL) was 
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added silica gel (750 mg) and NBS (220mg, 1.236 mmol) at rt in one no ion. The 

resulting yellow suspension was stirred for 2 hr to give 85% conversion as 

determined by LC/MS, thus the reaction mixture was filtered with MeO (10 ), 

and concentrated on rotary vacuo. The crude compound was purified on revers 

5 phase PrepHPLC to afford the expected products, an unseperabie mixture of the 

regioisomers, 3-bromo-6-piperidin-4-yl)thieno[3,2-b]pyridin-5 (4H)-one and 2-

bromo-6-(piperidin-4-yl)thieno[3,2-b]pyridin-5(414)-OflC (68mg,2 1,6%). ass spec 

312.98 (MH+) caic. for C12H13BrN20S 311.99. 

10 Intermediates 224 and 225 

H C1 
N ?,N 

HOHQ 

15 

20 

25 

3chloro-6-(piperidin-4-yl)1hieno[3,2-b]pyridin-5(4H)-one and 2 chior -6-

(piperidin-4-yl)thieno[3, 2bJpyridin5(4W-one. To a suspention of 6-(p peridi -4-

y1)thieno[3,2-b]pyriiin-5(4H)one (25 mg, 0.107 mmol) in MeOM (5 ml) and THF 

(10 mL) was added silica gel (750 mg), and NCS in one portion at rt. Ti c resul ing 

mixture was stirred at 60 ’Cover night. The suspension was filtered wit 

MeOH( lOmL), concentrated and purified on reverse phase PrepHPLC to afford the 

expected products (13mg, 45.3%), as a tan gum, an unscperable mixture f the cgi 

isomers, 2-ch1oro-6-piperidin-4-yl)thieno[3 ,2-b]pyridin-5(4H)-one and -chloi o-6-

(piperidin-4-yi)thienb[3,2-b]pyridin-5(4H)-one. Mass spec. 253.06 (MI- f) Cal for 

C12H13C1N2S 252.05. 

Intermediate 226 

NID�.?.HN 

 5-piperidin-4-y)imidazolidine-2,4dione. To a solution of tert-bjutyl 4-

formylpiperidine-1-4arboxylatc (1.0 g, 4.7 mmol) in a mixture of water 5 mL) and 

187 
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16 
methanol (10 mL) were added sodium cyanide (345 mg, 7 mmol) and ammonium 

carbonate (902 mg, 9.4 mmol) and heated at reflux for 6 h. The reaction mixture was 

cooled, removed most of the solvent. The crude product was extracted with 

dichloromethane, dried (Na2SO4) and removed solvent. The crude product was 

5 dissolved in dichiorometbane (5 mL) and treated with trifluoroacetic acid (5 niL) for 

2h. The solvent was removed and dried. 

MS (EST) 184 (M+H) ; Rr 1.83. 

Intermediate 227 
NC 

1çbci  
10 

. Tert-hutyl 4-(’4-chloro-2-cyanopheny-5, 6-dihydropyridine-] (2H)-

carhoxylate. Tert-butyl 4-(4-chloro-2-cyanophenyl)-5 ,6-dihydropyridine- 1 (2H)-

carboxylate was prepared as described by Boice et al. in Tetrahedron 2004, 60, 

15 11367-11374. 

Intermediate 228 

NC 

HCI. HN_----CI 

20 4-(4-chloro-2-cyanophenl)-5, 6-dihydropyridine hydrochloride. In a round 

bottom flask, leri-butyl 4-(4-chloro-2-cyanophenyl)-5,6-dihydropyridine- 1(2J-I-

carboxylate (160 mg, 0.502 mmol) was dissolved in CH2Cl2 (10 mL). To this 

solution was added trifluoroacctic acid (2 mL, 26.0 mmol) and the reaction mixture 

turned bright yellow. The reaction was stirred at room temperature for 3 hours. 

25 Solvent was evaporated under high vacuum to give sticky green/grey residue. 

Treated with 2N HCl in ether (2.0 mL). Evaporated solvent and then triturated with 

Et20. Dried under vacuum to give 5-chloro-2-(1,2,3,6-tetrahydropyridin-4-

yl)bcnzonitrile, HC1 salt (135 mg, 0.529 mmol, 105 % yield) as a maize colored 

solid. ’H NMR (500 MHz, MeOD) 8 ppm 2.81 (d, J=1.53 Hz, 2 H) 3.51 (t, J5.95 
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Hz, 2 H) 3.92 (d, J=2.44 Hz, 2 H) 6.11 (s, 1 H) 7.51 (d, J=8.55 Hz, 1 H) 7.73 ( d, 

J-8.55, 2.14 Hz, 1 Fl) 7.88 (d, J=2.14 Hz, 1 H); MS (ESI): 219 (M+1H)’ R= 1.01(4 

min run). 

5 General procedure for the preparation of N-alkylated ester derivatives. rhe 

alkyl halide (Mel, EU, n-PrI, or benzylbromide, 3-10 equivalents) was added to a 

stirred suspension of indazole 1(0.5 mmol) and cesium carbonate (3.0 ol) in 15 

mL of dry acetonitrile. The resulting suspension was stirred at room terrr peratu e 24 

h or until judged complete by tic analysis. The reaction mixture was the 

10 concentrated under reduced pressure and the resulting residue partitione betwC en 

CH202 and H20. The layers were separated and the organic portion w shed ith 

H20, brine and dried over MgSO4. After filtration the filtrate was concentrated in 

vacuo to give a crude mixture of the N-alkylatcd adducts 2 and 3. These were 

purified by use of a $iotage@ SP-1 chromatography apparatus using a i ixture of 

15 EtOAc and hexane solvents as cluants. The purified compounds were characterized 

by NMR either a Bncker AC 300 or a Brucker Avance 500 spectrometei in the 

solvents indicated. LC/MS data was obtained using a Schimadzu LC eqi. ipped with a 

3.0 x 50 mm SlO column Phenomenex-Luna: 10-90% B at a flow rate o’4 ml mm 

over a period of 3 min. Mobile phase A = (10% MeOH, 90% H20, 0. P/3 TFA); 

20 mobile phase B =(90% MeOH, 10% H20, 0.1% TFA). A Schimadzu S D10a 

detector at 220 nm was used for peak detection and a Micromass ZMD s eetroieter 

used for mass determination. The following products were isolated and haract rized 

using this method: 

25 

Ii 

Intermediate 229 

r3 

(8) -Methyl 2-(4-Chloro-3-methyl-8-oxo9_(2.22-trifluoroefhyl)-345, 7,8,.I  10-

hexahydroazepiiw[3,4-eJindazol-7y1)acetaie This compound was obtaiied as 
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5 

IV 
colorless solid in 54% yield: 11-fNMR (500 MHz, CDCI3) 5 ppm 7.91 (s, 1H), 7.06 

(s, IH), 5.36 (d, IH, J = 17,0 Hz), 4.52 (d, IN, J 17.0 Hz), 4.35 (s, 3H), 4+20 (in, 

1H), 418 (in, 1H), 3.90 (m, 1H), 3.69 (s, 3H), 3.04 (in, 4H), 2.46 (m, 1H). LC/MS: 

single peak @ 2.28 mill, (M+H) = 404. 

Intermediate 230 

Et 

N\ 

CO2Me 

N 
F3C-

10 (S)-Methyl 2-(4-Chioro-3-ethyl-8oxo-9-(2,2,2-trfluoroethys9-3, 6,7,8,9,10-

lthexahydroazepino[3, 4-e]indazol-7-yacet ate. This compound was obtained as a 

clear oil in 47% yield: 1HINMR (500 MHz, CDCI3) 6 ppm 7.94 (s, lH), 7.08 (s, 

1H), 5.69 (d, IH, J = 17.0 Hz), 4.78 (q, 2H, J = 7.5 Hz), 4.54 (d, 1H, J = 17.0 Hz), 

4.11 (m2H), 3.90 (m, IH), 3.70 (s, 311), 3.05 (in, 3H), 2.47 (in, IH), 1.24 (t,3H, J = 

15 7.5 Hz). LC/MS: single peak @2.41 min, (M+H) = 418. 

Intermediate 231 

e--\\ C1
 

N\ I _, 
CO2Me 

�N  

F3C 

20 (5)-Methyl 2-(3-Benzy1-4-chloro-8-oxo-9-(2,2, 2-1rfluoroethyl)-3, 6, 7 8,9,10-

hexahydroazepino/3, 4-el indazal- 7-yl) acetate. This compound was obtained as a 

colorless oil in 42% yield: IHNMR (500 Mhz, CDCI3) ö ppm 8.03 (s, IH), 7.24 

(In, 3H), 7.12 (m, 2H), 7.07 (s, 1H), 5.94 (m, 2H), 5.38 (d, 1H, J = 17.0 Hz), 4,56 (d, 
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I’l 

J= 17Hz), 4.10(m, H), 3.89 (m, 1H), 3.70 (s, 3H), 3.05 (m, 3H), 2.46 ( 

LC/MS: single peak @ 2.65 mm, (M+H) = 480. 

Intermediate 232 

n-Pr CI 

N\ I 
CO2Me 

N 
F3C1 

D’ IH1 

(S) -Methyl 2-’4-Ghloro-8-oxo-3-propyb’9-(2,2,2-trifluoroethy)-3 6,7,8, 10-

hexahydroazepino[3 4-e] indazol- 7-yl,.)acetaie. This compound was obtailled as 

10 colorless oil in 25% yield: 1FfNMR (500 MHz, CDC13) S ppm 7.93 (s, H), 7.06 (s, 

1H), 5.35 (d, 1H, J 17.0 Hz), 4.65 (m, 2H), 4,53 (d, J 17Hz), 4.08 (m 2H), .11 

(m, 2H), 3.88 (m, 111), 3.68 (s, 3H), 3.02 (m, 3H), 2.47 (m, 111), 1.24 1.9 (h,2 ), 

0.89 (t, 3H, J = 7.5 Hz), LC/MS: single peak @ 2.73 mm, (M+H) = 432 

15 Intermediate 233 

C1 
0 We 

Nt,L 

F3C 

(S)-methyl 2-(4-chlorn-3-(methoxymethyl)-8-oxo-9-(2,2, 2-trUluor 

20 3,6, 7 8,9, 10-hexahydroazepino[3, 4-ejindazol- 7-yl)acetate. The compoun 

isolated as a white solid in 58% yield: I   NMR. (400 MHz, CHLOROFC 

ppm 2.47 (dd, J=17.00, 5.41 Hz, 1 H), 2.99 - 3.11 (m, 3 H), 3.71 (s, 3 Fl). 

(in, 3 H), 4.14 -4.25 (m, 2 H),’4.38 (s, 3 H), 4.48 -4.58 (d, J= 17.2 Hz, I 

J=17.12 Hz, I H), 7.09(s, 1 H), 7.94(s, 1 H); Mass spec. 434.02 (MH-H) 

25 C18H19C1F3N304 433.1 

191 

was 

.M-1I) 8 

87- 4.07 

[), 5. 8 (d, 

ale. or 
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Intermediate 234 

C’ 
° -OMe 

N/ 

F3C 

PCT/US2007/067998 

5 2-(S)-ine1hy1 2-(’4-ch/oro-3-(2-nielhoxyethv)-8-oxo-9--(2,2,2-trijluoroe1hyl 

3,6,7,8,9, 10-hexahydroazepino[3, 4-ejindazol- 7-y/.) acetate. This compound was 

isolated as a white solid in 30,9 % yield. I F-I NMR (400 MHz, CFILOROFORM-D) 

15 ppm 2.46 (dd, J=16.87, 5.54 Hz, I H), 2.96-3.07 (m, 3 H), 3.31 (s, 3 H), 3.69 (s, 3 

H), 3.81 -3.92 (m, 3 H), 4.04-4.15 (m, 2 H), 4.34 (d, Jl 7.12 Hz, I H), 4.60 (dd, 

10 J6.04, 3.78 Hz, 2 H), 5.38 (d, J=17.12 Hz, 1 H), 7.03 (s, 1 H),8.01 (s, I H); Mass 

spec. 448.07 (M+H) Cale. for C191-121C1F3N304 447.12. 

L 

General procedure for the hydrolysis of N-alkylated acid derivatives. To a 

solution of ester (0.3 mmol) in 15 mL of THF was added a solution of LiOH (3.0 

15 mmol) dissolved in 10 mL of H20. The resulting solution was stirred at room 

temperature for 1 Ii or as judged complete by TLC analysis. The solution was then 

made acidic by the addition of a minimal amount of 0.1 N HCl , poured into 50 mL 

of H20 and extracted with CH2CJ2. The combined organic layers were washed with 

H20 and brine and dried over anhydrous MgSO4. After filtration the volatiles were 

20 removed in vacuo to generally give the free acids which were used without further 

purification. The acids were characterized in similar fashion to those above. 

25 

Intermediate 235 
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’S,2-(4-Chloro-3-methyl-8-oxo-9-’(2, 2, 2-trfluoroethyl) 3, 6,

 

7-8,11,11- 

hexahydroazepinof3,4-eJindazol-7-yl)acelic acid. This material was a ained as a 

colorless white solid in 98% yield: IHNMR (500 MHz, DMSOd6) ö pm 12.2 (br s, 

ff1), 8.28 (s, 1H), 7.25 (s, 11-1), 5.41 (d, J= 17 Hz, IH), 4.82 (d, J = 17. Hz, H), 

5 4.54 (m, 1H), 4.30(s, 31-1), 4.07 (m, IH), 3.84 (rn, IH), 3.12 (d, J = 18 .Tz, IE ) 2.82 

(d, J 18 Hz, 1H) 2,71 (m, 1FT), 2.44 (in, li-I). LC/MS: single peak ) 2.12 mm, 

(M+H) = 390. 

Intermediate 236 

10 

2H 

(’S)-2-(’4-(hloro-3-elhyi-8-oxo-9-(2,2,2-trlfluoroeth),l)-3, 6,7,8 9,10- 

hexahydroazepiniof3, 4-eJindazol-7-yl)acetic acid. This material was ’solat 

yield as a white solid: IHNMR (500 MHz, DMSOd6) 5 ppm 12.2 ( r s, 1 

15 (s, 111), 7.26 (s, tH), 5.42 (d, J = 17.0 Hz, 11-1), 4.82 (d, J 17,0 Hz, H), 4 

211), 4.56 (in, 10), 4.10 (in, 1H), 3.88 (m, IH), 3,14 (d, J = 17.5 Hz), 181 

2.74 (m, 1H), 2.41 (in, 1H), 1.40 (in, 3H). LC/MS: single peak @ 2 30 mi 

404. 

20 Intermediate 237 

02H 

(-2-(4-Ch1oro-3-benzl -8-oxo-9- (2,2, 2-irfluoroethyl)-3, 7,8,9, 0-

hexahydroazeinof3,4-eJindazo1-7-y1,1acetic acid. The acid was iso ated a’ a colorless 
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white solid in 89% yield: I H.NMR (500 MI-1z, DMSO-d6) S ppm 12.2 (br s, 1H), 

8.41 (s, 114), 7.28 (m, 311), 7.22 (s, 1H), 7.06 (rn, 2H), 5.96 (d, J 16.5 Hz, IH), 5.88 

(d, J = 16.5 Hz, IH), 5.45 (d, J = 17.0 Hz, 11-T), 4.85 (d, J = 17.0 Hz, IH), 4.55 (m, 

111), 4.12 (m, IH), 3.88 (m, IH), 3.12 (d, S 17.5 Hz, 1H), 2.83 (rn, 1H), 2.75 (m, 

5 IH), 2.44(m, IH). 1.C/MS: single peak @2.51 mill, (M+H)= 466. 

Intermediate 238 

1 

10 (S)- 2-(4Chloro-8-oxo-3-propyl-9-(2,2,2-trIj1uorQeth),,l)-3, 6,7,8,9,10-

hexahydroazepino[3,4-eJindazol-7-yl,)acetk’ acid. This compound was isolated a 

colorless solid in 76% yield: 1HINMR (500 Mhz, DMSO-d6) S ppm 12.2 (br s, IH), 

8.32 (s, 1H), 7,26 (s, IH), 5.42 (d, J = 17,0 Hz), 4.83 (d, S = 17.0 Hz, IH), 4.65 (m, 

2H), 4.54 (m, IH), 4.08 (m, 114), 3.86 (m, 1H), 3.14 (d, J 17.0 Hz, 1H), 2.82 (m, 

15 IH), 2.73 (rim, IH), 2,44 (m, 211), 0.85 (t, S 7.0 Hz, 3H). LC/MS: single peak CO, 
2.46 mill, (M+H) = 418. 

Intermediate 239 

C1 
0 OH 

� 
F3C 

20 (S)-2-4-chloro-3-(’methoxyinethyl)-8-oxo"9-(’2, 2, 2-trifluoroethyl)-

3,6, 7 8,9, 10-hexahydroazepino[3, 4-ejindazol.- 7-yl)acetic acid. This compound was 

obtained as colorless crude white solid in 100% yield. Mass spec. 420.26 (M-tH) 

Caic. for C17H17C1F3N304 419.09. 

25 Intermediate 240 
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3,6,7,8,9, 1O-hexahyIroazepinof3, 4-eJindazol-7yl)aceiic acid, This compound was 

obtained as colorless crude white solid in 100% yield. Mass spec. 434. 14 M–F) 

5 Cale. for C15H19CIFN304 433.1. 

EXAMPLE 1 

H CI 
N / 

F 
FN"2N 

F 
NNH 

?�b

 

10 

(S)-4-chloro7-(2-oxo-2(4-(2-oxo-], 2,4, 5-tetrahydrohenzo[dJ[1, ]diaz(pin 

3-yl)piperidin-1-yl)ethyl)-9-(2,2,2-trijluoroethyl), 79, 10-tetrahvdroaze ino[3, 4 

eJindazol-8(3H)one. [4-Chloro-3,6,7,8,9, I0-hcxahydro-8-oxo-9-(2,2,2-

trifluoroethyl)2,3,9-triaza-(S)-eyc1ohepta[e]inden7y1]aeetjc acid (170 g, 0.452 

15 nimol) was dissolved in NN-dimethylformamide (4.0 mL). A1,.V-

Diisopropy1ethylame (300 gl, 1.722 minol) was added to the mixture fc howe by 

TBTEJ (152 mg, 0.4’3 mmoi). 3-(Piperidin-4-yl)-4,5-dihydro--iw 

benzo[d][1,3]diazcpii-2(3B)-one (155 mg, 0.632 mmol) was then added o the 

mixture. Reaction stirred at room temperature for 45 minutes. Reaction as 

20 quenched with 50% cetonitri1e-water. Mixture was purified by reverse hase p cp 

HPLC (acetonitri1e-WatcrErjfluoroacctjc acid). Acetonitrile was remove from he 

fractions by rotovapi Remaining aqueous was made basic with sodium 1 

Material was extracted twice with ethyl acetate. Organics were dried M 
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and concentrated to dryness. Title compound was obtained as white solid in 60% 

yield. IH NMR (500 MHz, DMSO-D6) 3 ppm 13.57 (s, 1 1-1) 8.50 (s, I H) 8.33 (s, 1 

1-1) 7.23 (s, 1 H) 6,97 - 7.06 (m, 311) 6.73 - 6.84 (m, 1 H) 5.43 (d, J=16.79 Hz, 1 H) 

4,85 (d, J17.40 Hz, 1 H) 4,52 -4.62 (m, 1 H) 4.41 - 4,52 (m, 1 H) 4.23 -4.36 (m, 1 

5 H) 4.00- 4.14 (m, 2 H) 3.87- 3.99 (m, I H) 3.34- 3.39 (iii, 2 H) 3.06 -3.19 (m, 2 H) 

2.94 - 3.04 (m, 1 H) 2.80 - 2.92 (m, 3 H) 2.53 - 2.62 (in, 1 H) 2.33 - 2.45 (m, I H) 

1.58 - 1.84 (m, 3 H) 1.37 - 1.56 (m, 1 H). High resolution MS mle (M+FI)= 

603.2108. 

F 

[Si  

EXAMPLE 2 

No 

(S)-4-chloro-7-(’2-oxo-2-(4-(2-oxo-3-phen))1-2,3-dihydroimidazoi-1-

yl)piperidin-1-yl)ethy-9-(2, 2, 2-trifluoroeth))l)-6, 7,9,1 0-tetrahydroazepino[3 , 4-

e]indazol-8(3-one. [4-Chloro-3 ,6,7,8,9, 1 0-hexahydro-8-oxo-9-(2,2,2-

15 trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[e]indcn-7-yl]acetic acid (97 mg, 258 

jimol) was dissolved in NN-dimethylformamide (1.5 mL). N,N-

Diisopropylethylamine (45 i1, 258 p.mol) was added to the mixture followed by 3-

phenyl- 1 -(piperidin-4-yl)- 1H-imidazol-2(3H)-one hydrochloride (86 mg, 307 tmol). 

Reaction stirred at room temperature for 3.5 hours. Mixture was diluted with 50% 

20 water-acetonitrile, Mixture was purified by reverse phase prep HPLC (acetonitrile-

water-ammonium acetate). Aectonitrile was removed from the fractions by roto-vap. 

Remaining aqueous was diluted with water. Solids were filtered off and washed with 

water. Solids were collected and dried in vacuo. Title compound was obtained as 

white solid in 24% yield. 114 NMR (500 MHz, DMSO-D6) 3 ppm 13.56 (s, 1 H) 

25 8.32 (s, I H) 7.72 (d, J=7.93 Hz, 2 H) 7.44 (t,.1=8.09 Hz, 2 H) 7.19 - 7.28 (m, 2 H) 

7.05 (t, J=2.75 Hz, I H) 6.86 (dd, .J’8.55, 3.05 Hz, 1 H) 5.44 (d, J=17.09 Hz, 1 1-1) 

4.86 (d, J=17.40 Hz, 1 H) 4.46-4.64 (m, 2 H) 4.14-4.26 (m�1 H) 4.01 -4.14 (m, 2 
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H)3.88 -4.00(m, 1H)3.l0-3.26(m,2H)3.02(dd,J=16.33,8.7OHz, I H)179 - 

2.95

) 79-

2.95 (m, 1 H) 2.61 - 2.73 (m, I H) 2.43 (dd, .Jl6.48, 4,27 Hz, 1 H) 1.7 - 1.9 (m, 3 

H) 1.56- 1.68 (m, I H). MS (M–JI) 600.8. 

EXAMPLE 3 

1’ 

F 

H CI 
IN 

)N’-LNO 

0 
NA 

NH 

S)-4-chloro- 7-"2-oxo-2-’4-2-oxo-2, 3-dihydroirnidazol-1-yl)pip rid/n-

yl)ethyl)-9-’2,2,2-tr4f1uoroethyO-6, 7,9, JO-tetrahydroazepbio[3, 4-eJinda 1-8(3 )- 

one. 1-(Piperidin-4yl)-1H-imidazol-2(3H)-one hydrochloride (80 mg, U93 mol) 

was suspended in a mixture of NN-diisopropylethylamine (33.5 tl, 0,19 2 mm( 1) and 

7’N-dimethyJfonnanide (2.0 mL). [4-Chloro-3,6,7,8,9, I 0-hcxahydro-8 oxo-9 

(2,2,2-trifluoroethy1-2,3 ,9-triaza-(S)-cyclohepta[e]inden-7-yI]acetjc aci (72 111g, 

0.192 mmol) was then dissolved in the mixture, TBTU (61.5 mg, 0.192 moD was 

added to the mixture, which quickly became homogenous. Reaction stir ed at room 

temperature for 3 hoiurs. Reaction was quenched with 50% acetonitrile- atcr. 

Mixture was purifiedl by reverse phase prep HPLC (acetonitrile-water-ai moni m 

acetate). Acetonitrile was removed from the fractions by roto-vap. Residue w’ s 

extracted twice with ethyl acetate. Organics were dried M9SO4, filtered and then 

concentrated to drynss. Title compound was obtained as white solid in 2% y eld. 

1H NMR (500 MI-1z; DMSO-D6) i ppm 13.56 (s, 1 H) 9.91 (s, I H) 8.3 (s, 1 1) 

7.22 (s, I H) 6.48 (d J8.85 Hz, I H) 6.33 (d, J=244 Hz, 1 H) 5.43 (d, 16.7 Hz, 

1 H) 4.84 (d, J=I 6.70 Hz, 1 H) 4.52 -4.63 (m, 1 H) 4.48 (d, J= 12.51 Hz, 1 H) 3.99 - 

4.15 (m, 3 H) 3.86- 3.98 (111, 1 H) 3.08 -3.22 (m, 2 H) 3.00 (dd,Jl6.33, 8.70 Ffz, I 

H) 2.79-2.91 (m, 1 i-I) 2.55-2.72 (m, 1 H) 2.32-2.48 (m, 1 H) 1.59- .1 86 (m 3 H) 

1.43 - 1.60 (m, 1 H). High resolution MS m/e (M+H)= 525.1629. 

EXAMPLE 4 
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H ci 

N’ 
/ 

FL 

F 0 

NH 

(S)-4-chloro- 7-(2-oxo-2--(4-(2-oxo-2, 3-dihydrobenzo[dJimidazol-1-

yl)pz’peridin-1-yl)ethyl)-9-(2,2,2-trijluoroethyl)-6, 7,9, 10-tetra hydroazepino[3 
, 4-

5 eJindazol-8(3H)-one. [4-Chloro-3 ,6,7,8,9, 1 0-hexahydro-8-oxo-9-(2 ,2,2-

trifluoroethyl)-2,3,9-triaza-(S)-cyelohepta[e]iuden-7-yl]acetic acid (115 mg, 0.306 

mmol) was dissolved in NN-dimethylformamide (2.0 mL). N,N-

Diisopropylethylamine (150 pJ, 0.861 mmol) was added to the mixture followed 

- successively by TBTU (103 mg, 0.321 mmol) and 4-(2-keto-1-

10 benzimida2olinyl)piperidine (74 mg, 0.341 mmol). Reaction was stirred at room 

temperature for 2 hours. Reaction was quenched with 50% acetonitrile-water. 

Mixture was purified by reverse phase prep HPLC (acetonitrile-water-ammonium 

acetate). Acetonitrile was removed from the fractions by roto-vap. Remaining 

aqueous was extracted twice with ethyl acetate and the aqueous phase was discarded. 

15 Organics were dried MgSO4, filtered and then concentrated to dryness. Title 

compound was obtained as white solid in 57% yield. 1H NMR (500 M1-lz, DMSO-

D6) 8 ppm 13.56 (s, 1 H) 10.84 (s, 1 1-1) 8.34 (d, J=5.80 Hz, I H) 7.40 (d, J7.63 Hz, 

1 H) 7.24 (s, 1 H) 6.97 (s, 2 H) 6.82 
- 6.96 (m, 1 H) 5.45 (d, Jl7.09 Hz, I H) 4.86 

(dd, J"16.94, 5.95 Hz, 1 H) 4.34-4.71 (in, 3 H) 4.09 -4.24 (m, 11-1) 3.91 -4.10 (in, 

20 1 H) 3.13 -3.27 (in, 2 H) 2.96-3.13 (m, I H) 2.83 -2.95 (m, I H) 2.62- 2,78 (m, I 

H)2.52 -2.59(m, I H)2.26 -2.46(m, 1 H)2.01 -2.21 (in, 1 H) 1.58- 1.85 (rn,2H). 

- High resolution MS rn/c (M+H)= 575.1785. 

EXAMPLE 5 
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(S)-1-(1-(2-(4-chloro-8-oxo-9-(2, 2, 2-trijluoroethyl)-3, 6,7,8,9,1 

hexahydroazepino/3, 4-eJindazol-7-yl) ace 1)piperidin-4-yO-2-oxo-2, 3 

5 i,nidazole-4-carhrnitrile. [4-Chloro-3 ,6,7,8,9, 10-hexahydro-8-oxo-9-( 

trifluorocthy1)-2,3,-triaza-(S)-cyc1ohepta[e]inden-7-yl]acetic acid (62 

mmol) and 2-oxo- 1-(piperidin-4-y1)-2,3-dihydro-1H-imidazole-4-carb 

hydrochloride (35 11g, 0.182 mmol) were combined and dissolved in a 

N,1rdimethylfonn4mide (1.5 mL) and NN-diisopropylethylamine (28. 

10 mmol). TBTU (5340 mg, 0.165 mmol) was added to the mixture. Rca 

room temperature fbr 1.5 hours. Reaction mixture was purified by rev 

HPLC (acetonitrile4water-trifluoroacetic acid). Acetonitrile was remo 

15 

20 

hydr -JH’- 

2,2- 

g, 0. 165 

itrile 

Lixtur of 

tL, 0 165 

on stirred at 

e phase prep 

.1 from the 

fractions by roto-v4p. Remaining aqueous was made basic with aqueou  sodium 

bicarbonate. Mateilial was extracted twice with ethyl acetate and the aqueous phase 

was discarded. Organics were dried MgSO4, filtered and then concentrated to 

dryness. Title compound was obtained as white solid in 10% yield. 111NM (500 

MHz, DMSO-D6) ppm 13.55 (s, I H) 11.13 (s, I H) 8.32 (s, I H) 7.8. (d, J- 2.44 

Hz, 1 H) 7.22 (s, 1 I) 5.43 (d, J=16.79 Hz, I H) 4.85 (d, .1’ 17.09 Hz, 1 ) 4.5 2 - 

4.62 (m, 1 H) 4.48 d, J=13.12 Hz, 1 H) 4.03 -4.18 (m, 3 H) 3.87 - 3.99 (m, 1 ) 

3.08 -3.22 (m, 2 H)2.95 - 3.05 (m, 1 H) 2.80 - 2.92 (m, 1 H) 2.60 - 2.7 (m, I H) 

2.37-2.45 (m, 1 H 1.83 - 1.93 (m, 1 H) 1.76- 1.83 (m, 1 H) 1.64- 1.7 (m, 1 H) 

1.49- 1.61 (m, 1 H, High resolution MS mle (M+H)= 5501603. 

EXAMPLE 6 
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(S)-4-chloro- 7-(2-(4-(3-(2-fluorophenyl)-2-oxo-2,3-dihydroimidazol-]- 

yl)piperidin-J-yi)-2-oxoethyl)-9-(2,2, 2-trijluoroethyi)-6, 7,9,10- 

5 tetra4ydroazepino[3, 4-e]indazol-8(3H)-one. [4-Chloro-3,6,7, 8,9,1 0-hexahydro-8-

oxo-9-(2,2,2-trifluoroethyl)-2,3 ,9-triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid (84 

mg, 0.224 mmol) was dissolved in NN-dimethylformamide (1.5 mL). N,N-

Diisopropylethylamine (200 t1, 1.1 mmol) was added to the mixture followed by 

TBTLJ (75 mg, 0.224 mmol). 3-(2-Fluorophenyl)- 1 -(piperidin-4-yl)- 1 H-imidazol-

S10 2(3H)-one hydrochloride (75 mg, 0.252 mmol) was added to the vessel with stirring. 

Reaction stirred at room temperature for 2 hours. Reaction mixture was purified by 

reverse phase prep HPLC (acctonitrile-water-ammonium acetate). Major peak was 

isolated. Acetonitrile was removed from the fractions in vacuo. The mixture was 

extracted 2 times with ethyl acetate and the aqueous phase was discarded. The 

15 material was dried over MgSO4, filtered, and concentrated to dryness. Title 

compound was obtained as white solid in 59% yield. 1 H NMR (500 MHz, DMSO-

D6) 8 ppm 13.56 (d, J1.53 Hz, I H) 8.33 (s, I H) 7.55 (t, J=7.78 Hz, 1 H) 7.35 - 

7.44 (m, 2 H) 7.29 (t, J7.32 Hz, 1 H) 7.23 (s, 1 H) 6.83 (d, J5.49 Hz, 1 H) 6.77 (s, 

1 H) 5.43 (d, J=l7.09 Hz, 1 H) 4.85 (d, J=17.70 Hz, 1 H) 4,41 -4.67 (m, 2 H) 3.88-

20 4.26 (m, 4 H) 3.09 - 3.26 (m, 2 H) 3.02 (dd, J=16.33, 8.70 Hz, I H) 2.80 - 2.93 (m, 1 

H) 2.67 (t, J=I 1.90 Hz, 1 H) 2.38 -2.47 (m, 1 [’1) 1.72 - 1.94 (m, 3 H) 1.54 - 1.70 (m, 

1 H). High resolution MS nile (M+H.) 619. 1844. 

EXAMPLE 7 
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(S)4-chloro- 7-(2-(4-(3-(2-fluorophenyl)-2-oxoimidazolidin-1-y )pipe ’din-I-

yi)-2-oxoethyl)-9-(’?,2,2-frfluoroethyl)-6, 79, 1O-ietrahydroazepino[3,4 e]ind wl-

8(3H)-one. [4-Chloro-3 ,6,7,8,9, 10-hexahydro-8-oxo-9-(2,2,2-tri fluoro thyl)- ,3 ,9-

triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid (90 mg, 0,24 mmol) was dissolved in 

N,N-dimethylforn*mide (1.5 mL). N,NDiisopropylethylamine (150 .t , 0.86 mmol) 

was added to the mixture followed by TBTU (82 mg, 0.26 mmol). 1-(2 

fluorophenyl)-3-(plperidin-4-yl)imidazolidin-2-one hydrochloride (80. mg, .27 

mmol) was added to the vessel with stirring. Reaction was stirred at ro in 

temperature for 3 hours. Reaction was quenched with 50% acetonitril water 

Mixture was purified by reverse phase prep HPLC (acetonitrile-water- mrno ium 

acetate). Major peak was isolated. Acetonitrile was removed from the fracti ns in 

vacuo. Material was extracted from the remaining aqueous mixture tw cc with ethyl 

acetate and the aqueous phase was discarded. Organics were dried Mg 304, filtered 

and then eonccntrted to dryness. Title compound was obtained as wh te solid in 

44% yield. 1H NMR (500 MHz, DMSO-D6) ö ppm 13.56 (s, I H) 8.32 (s, 1 H) 7.49 

(t, J7.93 Hz, 1 H) 7.02 - 7.37 (m, 4 H) 5.43 (d,,1=17.09 Hz, I H) 4.85 (d,.1=17.40 

Hz, 1 H) 4.53- 4.64 (m, I H) 4.49 (d,J=12.51 Hz, 1 H) 4.03 -4.19 (m, 2 H) .82-

4,00 (m, 2 H) 3.76(t, J=7.78 Hz, 2 H) 3.44 (t, J=7.63 Hz, 2 H) 3.14 (d, .J=14. 4 Hz, 2 

H) 2.94- 3.06 (m, It H) 2.74 -2.93 (m, 1 H) 2.57 - 2.71 (m, I H) 2.32 - 2.45 (in, 1 H) 

1.60- 1.83 (m, 314)1.39- 1.55 (m, 1 H). High resolution MS rn/c (M H)= 

621.2000. 

EXAMPLE 8 
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(S)-4-chloro-7-(2-oxo-2-(4-(2-oxo-2, 3-dihydroimidazo[4, 5-b]pyridin-1-

vl)piperidin-1-yl)ethyl)-9-(’2,2, 2-trijZuoroethyl)-6, 7,9, 10-etrahydroazepino[3,4-

5 e]indazol-8(311)-one. [4-Chloro-3 ,6,7,8 ,9, 1 0-hexahydro-8-oxo-9-(2,2,2-

trifluoroethyl)-2,3 ,9-triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid (110 mg, 0.293 

mmol) was dissolved in NN-dimethylformamide (1.5 mL). N,N-

SDiisopropylethylarninc (200 i1, 1.148 mmol) was added to the mixture followed by 

TB]TJ (104 mg, 0.324 mmol). 1 -(Piperidin-4-yl)- IH-imidazo[4,5-b]pyridin-2(3R)-

10 one dihydrochloride (101 mg, 0.347 mmol) was then added to the mixture. Reaction 

stirred at room temperature for 5 hours, Reaction was quenched with 50% 

acetonitrile-water. Mixture was purified by reverse phase prep HPLC (acetontrile-

water-trifluoroacetie acid). Acetonitrile was removed from the mixture by roto-vap. 

Remaining aqueous was made basic with aqueous sodium bicarbonate. Material was 

15 extracted twice with ethyl acetate. Organics were dried M9SO4, filtered and then 

concentrated to dryness. Title compound was obtained as white solid in 41% yield. 

lH NMR (500 MHz, DMSO-D6) 3 ppm 13.56 (s, 1 H) 11.55 (s, 1 H) 8.34 (d, J9.77 

Hz, 1 H) 7.90 (d, .1=5.19 Hz, I H) 7.66 (dd, J=82.25, 8.09 Hz, 1 H) 7.24 (s, 1 H) 6.81 

- 7.05 (m, 1 H) 5.45 (dd, .1=17.85, 5.34 Hz, I H) 4.87 (dd, J=17.09, 5.49 Hz, 1 Fl) 

20 4.36-4.65 (in, 3 H) 3.86-4.26 (m, 3 H) 3.13-3.28 (m, 2 H) 2.97-3.13 (in, I H) 

2.83 . 2.96 (m, 1 H) 2.61 
- 2.76 (m, 1 H) 2.51 

- 2.58 (m, 1 H) 2.34 
- 2.48 (m, 1 1-1) 

2.00 
- 2.32 (m, 1 H) 1.63 

- 1.87 (in, 2 H). High resolution MS rn/c (M+H)= 

576.1738. 

25 EXAMPLE 9 
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H 
N 

N 

FJNN3NH
 

(S)-4-chloro7-(2-oxo-2-(4-oxy(2-oxo-2,3-dThydrojrnjdazo[4, 5-b pyridi-1- 

yl)piperidin-Ty1)ethyl)-9-(2,2, 2-lrifluoroethyl)-6, 7 9,1 0-tetrahydroazep o[3, 4 

e]indazol-8"3I-i)-on. [4-Chloro-3 ,6,7,8,9, 10-hexahydro-8-oxo-9-(2,2,2 

trif1uoroethy1)-2,3,9-triaza-(S)-cyc1ohepta[e]inden-7y1]acetic acid (87.3 mg, 0.232 

mmol) was dissolved in NN-dimethylformamide (1.5 mL). IVN-

Diisopropylethylamlne (120 1.11, 0.689 mmol) was added to the mixture f )llowed by 

TBTU (79.3 mg, 0.247 mmol). 4-Oxy-1-piperidin-4-yl-1,3-dihydro-imi azo[4 5-

b]pyridin-2-one hydrochloride (70,5 mg, 0.260 mmol) was added to the nixtur 

Reaction stirred at room temperature for 4 hours. Reaction was quench e with 50% 

acetonitrile-water. Material was purified by reverse phase prep HPLC (N ater-

acetonitri1c-trif1uoro4cetic acid). Acetonitrile was removed from the fractions 
y 

roto-vap. Solids wete filtered from the remaining aqueous. Air was pulled through 

the filter cake for 1.5 hours. Solids were collected and then dried under Iligh vacuum. 

Title compound was obtained as white solid. 1H NMR (500 MHz, DMS -D6)6 

ppm 13.55 (s, 1 H) 8.34 (d, J9.46 Hz, 1 H) 7.90 (t,.1=7.48 Hz, 1 H) 7.3 (dd, 

J75.84, 8.09 Hz, It-I) 7.23 (s, I H) 6.90 
- 7.07 (m, 1 H) 5.45 (dd, J-16. 4, 5.9 Hz, 

1 H) 4.86 (dd, J=17.$5, 6.26 Hz, 1 H) 4.36 -4.63 (m, 3 H) 3.86 -4.24 (ru, 3 H) 3.13 - 

3.27 (m, 2 H) 2.96- .h1 (m, I H) 2.82-2.95 (m, 1 H) 2.59-2.76 (m, 1 
) 

2.1 - 

2.44 (m, 2 H) 1.91 -2.10 (m, I Fl) 1.64- 1,88 (m, 2 H). High resolution qS mI 

(M+H)= 592.1707. 

EXAMPLE 10 
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Br 
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/N- jN 

F 0 
NH 

($)-1, 4-dibromo- 7-(2-oxo-2-(4-(2 -oxo-2,3-dihydroimidazo[4, 5-b]p yr/din-i-

yl)piperidin-1-yl)ethyl)-9-(2, 2, 2-trUluoroethyl)-6, 7,9,1 0-tetrahydroazepino[3, 4-

5 e]indazol-8(31-1)-one. (S)-2-( 1 ,4-Dibromo-8-oxo-9-(2,2,2-trifluorocthyl)-

3,6,7,8,9,1 0-hexahydroazepino[3 ,4-e]indazol-7-yl)acetic acid (51 mg, 0.102 mmol) 

was dissolved iii N,N-dimethylformamide (1.5 mL). AYV-Diisopropylethylamine (90 

S 1.d, 0.517 mmol) was added to the mixture followed by TBTU (36.1 rug, 0.112 

mmol). 1-(Piperidin-4-yl)- 1H-imidazo[4,5-h]pyridin-2(3H)-one dihydrochioride 

10 (36.5 mg, 0.125 mmol) was added to the mixture. Reaction stirred at room 

temperature for 2.5 hours. Reaction was quenched with 50% acetonitrile-water. 

Mixture was purified by reverse phase prep HPLC (acetonitrile-water-trifluoroacetic 

acid). Acetonitrile was removed from the fraction by roto-vap. Remaining aqueous 

was made basic with aqueous sodium bicarbonate. Material was extracted twice with 

15 ethyl acetate. Organics were dried MgSO4, filtered and then concentrated to dryness. 

Title compound was obtained as white solid in 34% yield. IH NMR (500 MHz, 

DMSO-D6) S ppm 13,92 (s, 1 H) 11.56 (d,.1=6,41 Hz, 1 H) 7.90 (d, .1=5.19 Hz, I H) 

7.65 (dd, .,J69,89, 7.93 Hz, 1 H) 7.49 (s, 1 H) 6.81 - 7.06 (m, 1 H) 5.54 
- 5.68 (m, 1 

H) 5.35 - 5.50 (m, 1 Fl) 4.49 - 4.63 (m, 1 H) 4.32 - 4.42 (m, 1 1-1) 4.20 
- 4.49 (m, 1 H) 

20 4.13 -4.20 (m, I H) 3.93 -4.14 (m, I H) 3.22 (d,.1=16.17 Hz, 2 H) 2.97-3.12 (m, I 

H) 2.86 - 2.97 (m, 1 H) 2.67 -2.79 (m, 1 H) 2.52 - 2.66 (m, 1 H) 2,42 
- 2.48 (m, 

J=17.09 Hz, I H) 2.34 - 2.42 (m, I H) 1.93 - 2.32 (m, I H) 1.74 - 1.85 (m, 1 H) 1.65 - 

1.74 (m, 1 H). High resolution MS mle (M+H)= 698.0314. 
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(S)-1, 4-dihr6nno- 7-(2-oxo-2-(4-(2-oxo-1,2, 4,5-

tetrahydrobenzo[d][1,3]diazepin-3-y1)piperidin-1-yl)ethyl)--9(2, 2, 2-trif oroevi)-

6, 79, ]0-tetrahydroazepino[3,4-eJindazol-8(3H)-one. (S)-2-(1 ,4-Dibro o-8-o o-9-

(2,2,2-trif1uoroethy1-3 ,6,7,8,9, 1 0-hexahydroazepino[3 ,4-e]indazol-7-y1  acetic acid 

(52 mg, 0.104 mmol) was dissolved in NW-dimethyiformamide (1.5 mL. NN-

Diisopropylethylamine (70 i.tl, 0.402 mmol) was added to the mixture followed by 

TBTU (34.8 mg, 0.108 mmol). 
3-(Piperidin-4-yl)-4,5-dihydro- IH-

benzo[d][1,3]diazepin-2(311)-one (35.4 mg, 0.144 mmol) was then added to the 

mixture. Reaction stirred at room temperature for 1 hour. Reaction was quenc ied 

with 50% acctonitrie-water. Material was purified by reverse phase pre) HPL 

(acetonitrile-water-ttifluoroacetic acid). Acetonitrile was removed from the fra tions 

by roto-vap. Remaining aqueous was made basic with aqueous sodium bicarbonate. 

Material was extracted twice with ethyl acetate. Organics were dried M SO4, filtered 

and then concentratd to dryness. Title compound was obtained as whit solid in 

67% yield. 1HNMR(500 MHz, DMSO-D6) 6 ppm 13.92 (s, 1 H) 8.51 (s, 1 .) 7.48 

(s, 1 H) 6.98 - 7.08 (ku, 3 H) 6.76 -. 6.86 (m, 1 H) 5.58 (d, .1= 17.40 Hz, 1 
) 

5.3 (d, 

J17.09 Hz, 1 H) 4.49 (d, .1=13.12 Hz, I H) 4.26- 4,42 (m, 2 H) 4.10-4 24 (m 1 H) 

3.90-4.09 (m, 2 H) 3.33 -3.41 (m, 2 H) 3.19 (d, .1=16.79 Hz, 1 H) 3.05 3.15 rn, I 

H) 2.95 
- 3.02 (m, 1 -T) 2.83 -2.94 (m, 3 H) 2.53 

- 2,65 (m, 1 H) 2.33 - 2 46 (m 1 H) 

1.58 - 1.85 (m, 3 H) 11.40- 1.57 (m, I H). High resolution MS rn/c (M+ T--)+= 
725.0720. 
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(S)-4-chloro- 7-(2-(4-(9-fluoro-2-oxo- 1,2,4,5-

PCT/US2007/067998 

tetrahydrobenzofdj[1, 3]d/azepin-3 -);l.)piperidin- 1-yl)-2-oxoetv1)-9-(2,2, 2-

5 tri,fluoroethvl-6, 7,9,1 O-tetrahydroazepinof3, 4-eJindazo1-8(31-i)-one. [4-Chioro-

3,6,7,8,9, 10-hexahydro-8-oxo-9-(2,2,2-trifluoroethyl)-2,3 ,9-triaza-(S)-

cyclohcpta[e]inddn-7-yl]acetic acid (76 mg, 0.202 mmol) was dissolved in N,N-

dimethylforniamide (4.0 niL). NN-Diisopropylethylarnine (0.035 niL, 0.202 mmol) 

was added to the mixture followed by TBTU (64.9 mg, 0,202 mmol). 9-Fluoro-3-

10 (piperidin-4-yl)-4,5-dihydro- 1H-benzo[d][ 1,3 ]diazepin-2(31I-one hydrochloride 

(60.6 mg, 0,202 nunol) was then added to the mixture. Reaction stirred at room 

temperature for 2 hours. Reaction was quenched with 50% acetonitrile-water. 

Mixture was purified by reverse phase prep HPLC (acetonitrile-water-trifluoroacctic 

acid). Acetonitrile was removed from the fractions by roto-vap. Remaining aqueous 

15 was made basic with aqueous sodium bicarbonate. Material was extracted twice with 

ethyl acetate. Organics were dried MgSO4, filtered and then concentrated to dryness. 

Title compound was obtained as tan solid in 47% yield. I H NMR (500 MHz, 

DMSO-D6) 3 ppm 13.56 (s, I H) 8.32 (s, 1 H) 7.37 (d, .J4.S8 lIz, 11-1) 7.23 (s, 1 H) 

7.00 - 7.10 (111, 1 H) 6.90 - 6.97 (m, 1 H) 6.82 - 6.90 (m, I H) 5.43 (d, J=17.40 Hz, 1 

20 H) 4.85 (d, ,J17.09 Hz, 1 H) 4.52 -4.66 (m, I H) 4.41 -4.52 (m, 1 H) 4.19 -4.32 (m, 

1 H) 4.00 - 4.15 (rn, 2 H) 3.86- 3.99 (m, I H) 3.39 - 3.48 (m, 2 H) 3.06- 3,20 (m, 2 

H) 2.92 - 3.05 (m, 3 H) 2.79 -2.92 (m, 1 H) 2.53 - 2,66 (m, 1 H) 2.34 - 2.46 (m, 1 H) 

1.61 - 1.87 (m, 3 H) 1.44 - 1.59 (m, 1 H). High resolution MS rn/c (M+H)= 

621.2015. 
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(S)-4-chIoro7-(2-oxo-2-(4-(2-oxo-1,2,4,5-teirahydropyrido[2, 3- 

dj[l,3]dia.zepin-3-y4)piperidin- l-yl)ethyl)-9-(2,2,2-trifluoroethyl)-6, 7; 9, 0-

tetrahydroazepino/3 4-eJindazoi-8(3H)-oiie, [4-Chloro-3,6,7,8,9,10-he hydr -8-

oxo-9-(2,2,2-trifluorOethyl)-2,3,9-triaza-(S)-eyclohepta[e]in den-7-yl]ace ic aci (78.3 

mg, 0.208 mmol) was dissolved inN,N-dimcthylformamide (1.5 mL). N-

DiisopropylethyIamie (120 jil, 0.689 minol) was added to the mixture f Howe by 

TBTU (70.3 mg, 0.219 mmol). 3-(Piperidin--4-yl)-4,5-dihydro-1H-pyrid [2,3-

d][i,3]diazepin-2(3)-one dihydrochloride (71.0 mg, 0.222 mmol) was a dod t the 

mixture. Reaction stirred at room temperature for 2 hours. Reaction was quenc ed 

with 50% acetonitril-water. Material was purified by reverse phase prep HPL 

(water-acetonitrile 0.1% trifluoroacetic acid). Acctonitrile was removed om the 

fractions by roto-vap. Remaining aqueous was made basic with aqueous odiu 

bicarbonate. Material was extracted twice with ethyl acetate and the aque us ph se 

was discarded. Orgartics were dried M9SO4, filtered and then coneentrat to 

dryness. Title compound was obtained as white solid in 49% yield. I H MR ( 00 

MHz, DMSO-D6) S pm 13.54 (s, I H) 8.32 (s, I H) 8.19 (s, 1 H) 8.07 (d,,1=4.5 

Hz, I H) 7.49 (d, J=’5.0 Hz, 1 H) 7.23 (s, I H) 6.90 (dd, J=7.32, 4.88 Hz, I H) 5 43 

(d, J18.01 Hz, I H) ,85 (d, i=17.40 Hz, I H) 4.41 -4.66 (m, 2 Fl) 4.22 - 4.39 ( , 1 

H) 3.99-4.16 (m, 2 H 3.83 - 3.98 (m, I H) 3.42 (d, J=3.66 Hz, 2 H) 3.06 3.17 nn,, 

2 H)2.93 -3.05 (in, I rI)2.77 -2.93 (m, 3 H) 2.53-2.67 (m, 1 H) 2.31 -244 (in I 

H) 1.57- 1.87 (m, 3 H 1.39- 1.57 (m, 1 H). High resolution MS ni/c (M )" 

604.2070. 
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(S)-4-chloro- 7-(2-oxo-2- (4-(2-oxo-], 2,4, 5-tetrahydropyrido[3, 2-

d][1, 3]diazepin-3-yl)piperidin-1-yl)ethyl)-9-(2,2, 2-trzfluornethyl)-6, 7,9,10-

5 tetrahydroazepinof3, 4-eJindazol-8(’3H)-one. [4-Chloro-3, 6,7,8,9,1 0-hexahydro-8-

oxo-9-(2,2,2-trifluoroethyfl-2,3,9-triaza-(S)-cyc1ohepta[einden-7-y1]acetic 

acid (63.2 

mg, 0.168 mmol) was dissolved in N,N-dimethylformamide (1.5 niL). N,N-

Diisopropylcthylamine 

(120 t1, 0.689 mmol) was added to the mixture followed by 

TBTU (57.5 mg, 0.179 mmol). 3-(Piperidin-4-yl)-4,5-dihydro- 1H-pyrido[3,2-

10 d][l,3ldiazepin-2(3H)-one dihydrochioride (59.6 mg, 0.187 mmol) was added to the 

mixture. Reaction stirred at room temperature for 2 hours. Reaction was 
quenched 

with 50% acetonitrile-water. Material was purified by reverse phase prep HPLC 

(water-acetonitrile-trifluoroacetic 

acid). Acetonitrile was removed from the fractions 

by roto-vap. Remaining aqueous was made basic with aqueous sodium bicarbonate. 

15 Material was extracted twice with ethyl acetate and the aqueous phase was discarded. 

Organics were dried MgSO4, filtered and then concentrated to 
dryness. Title 

compound was obtained as white solid in 39% yield. 1FI NMR (500 MHz, DMSO-

D6) ö ppm 13.54 (s, 1 H) 8.61 (s, I H) 8.32 (s, I H) 8.03 (d, J=4.27 Hz, I H) 7.42 (d, 

J8.24 Hz, 1 H) 7.23 (s, 1 H) 7.11 (dd, J8.24, 4.58 Hz, I H) 5.43 (d, .fi17.40 Hz, 1 

20 1-I) 4.85 (d, J=17.09 Hz, I H) 4.42 -4.63 (m, 2 H) 4.25 - 4.38 (m, I H) 3.84 -4.19 (m, 

. 3 H) 3.39 - 3.49 (lii, 2 Fl) 3.06- 3.21 (m, 2 H) 2.94- 3.06 (m, 3 H) 2.80 - 2.93 (m, 1 

H) 2.52 - 2.67 (m, 1 H) 2.32-2.48 (iii, 1 El) 1.60- 1.87 (m, 3 H) 1.41 
- 1.60 (m, I H). 

High resolution MS mle (M+H) 604.2064. 
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(S)-4-chloro- 7-(2-(’4-(4fluoro-2 -.oxo-2, 3-dihydrobenzo[d]irnidciz i-I-

yl)piperidin-1-yl)-2-ôxoeihyl)-9-(2,2, 2trifluorneihyl)-6, 7 9,10-

tetrahydroazepinof3, -eJindazoJ-83H)-one. [4-Chloro-3,6,7,8,9, 10-hex iydro 8-

oxo-9-(2,2,2-trifluorocthyl)-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yljaceti acid 65 

mg, 0.175 mmol) was dissolved in N,N-dimethylformamide (1.5 mL). N, - 

Diisopropy1ethylamin (120 t1, 0.689 nimol) was added to the mixture fol owed y 

TBTIJ (59.1 mg, 0.184 mmol). Fluoro-1-(piperidin-4-yI)-1H-benzo[d]imi azol-

2(311)-one hydrochloride (54.3 mg, 0.200 mmol) was added to the mixture Rea io 

stirred at room teniperture for 4 hours, Reaction was quenched with 50% 

acetonitrile-water. Material was purified by reverse phase prep HPLC (Wa er-

acctonitri1e-trifluoroactie acid). Acetonitrile was removed from the fracti ns by 

roto-vap. Remaining aqueous was made basic with aqueous sodium bicarb nate. 

Material was extracted ’twice with ethyl acetate and the aqueous phase was iscar cc 

Organics were dried MgSO4, filtered and then concentrated to dryness. Titi 

compound was obtained as white solid in 61% yield. 1H NMR (500 MHz, MS - 

D6) 6 ppm 13.54 (s, 1 1-t) 11.41 (s, 1 H) 8.33 (d, J=7.02 Hz, 1 H) 7.24 (s, I ) 7.2 

(dd, J81.18, 7.63 Hz, 1 H) 6.80- 7.05 (ni, 2 H) 5.45 (d, J=17.09 Hz, 1 H) 86 (d 

J-=17.24, 4.12 Hz, I H) 437 -4.69 (m, 3 H) 3.85 -4.28 (m, 3 H) 3.13 -3.27 m, 2 

2.96 -3.13 (m, 1 H) 2.8 -2.95 (m, 1 H) 2.69 (q,.1=12.31 Hz, 1 H) 2.51 - 2. 8 (ni, 

H) 2.24- 2.44 (ni, I H) 1.01 -2.21 (m, I H) 1.59 - 1.88 (m, 2 H). High resol lion 

MS m/e(M+H)593.1716. 
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(S)4-bromo-J-chloro- 7-(2 -oxo-2-(4-(2-oxo-1 ,2, 4,5-

tetrahydrobenzofdj[J, 3Jdiazepi3-yIpiperidin-1-yl,)ethy1.)-9-(’2,2,2-triJluoroethyO-

5 6,7,9,1 O.-ietrcthydroazepino13,4-eJindazol-8"3R)-one. (S)-2-(4.-Bromo- 1-chloro-9-

neopentyl-8-oxo-3,6,7,8,9, I 0-hexahydroazepino[3,4-e]indazol-7-yl)acetic acid (73 . mg, 0161 mmol) was dissolved in NN-dimethy1formatnide (1.5 ml). N,N-

Diisopropylethylamine (100 1tL, 0.574 mmol) was added to the mixture followed by 

TBTU (54.7 mg, 0.170 mmol). 3-(Piperidin-4-yl)-4,5-dihydro-IR-

10 benzo[d][i,3]diazepin-2(3R)-one (50.0 mg, 0.204 mmol) was added to the mixture. 

Reaction stirred at room temperature for 2.5 hours, Reaction was quenched with 

50% acetonitrile-water. Material was purified by reverse phase prep HPLC (water-

acetonitrile-trifluoroacetic acid). Acetonitrile was removed from the fractions by 

roto-vap. Residue was treated with aqueous sodium bicarbonate. Material was 

15 extracted twice with ethyl acetate and the organic phase was discarded, Mixture was 

held at room temperature open to the air overnight. Solids were filtered off, washed 

with ethyl acetate and then dried in vacuo. Title compound was obtained as white 

solid in 231N) yield. iH NMR (500 MHz, DMSOD6) S ppm 13.76 (s, 1 Fl) 8.48 (s, I 

H) 7.45 (s, 1 H) 6.99 - 7.07 (m, 3 H) 6.76 - 6.84 (m, 1 H) 5.33 - 5.49 (m, 2 H) 4.49 

20 (d, J12.21 Hz, 1 H) 4.33 - 4.43 (m, I Fl) 4.26 -4.33 (in, I H) 4.11 -4.23 (m, 1 H) 

4.02 -4,10 (m, I H) 3.92-4.00 (m, 1 H) 3.34-3.40 (m, 2 H) 3.19 (d, J17,70 Hz, I 

H) 3.06 3.15 I H) 2.94-3.03 1 H) 2,82 - (in, (in, -2.93 (in, 3 H) 2.53 - 2.66 (in, 1 H) 

2.33 -2.46 (in, I H) 1.58 - 1.85 (m, 3 H) 1.44 - 1.57 (m, 1 H). High resolution MS 

rn/c (M+H) 681.1219. 
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3-dihydroimidazof4, - 

b]pyridin-1-yl)piperidln-1-v1)ethy1)-9(2,2,2-trfluoroethy1)-6, 7,9, 10-

tetrahydroazepinof3, 4’eJindazol8’3HFone. (S)-2(4Bromo- 1 -chloro-9-ii opent 1-

8-oxo-3,6,7,8,9,10-hex.hydroazepino[3,4-e]indazo1-7-yl)acetic acid (125 m’, 0.2 5 

mmol) was dissolved in N,Ndi.methy1formamide (3.0 ml). N,N-

Diisopropylethylamine (150 t1, 0.861 mmol) was added to the mixture folio cd b 

TBTU (93.4 rag, 0.29 1 rnmol). 1-(Piperidin-4-yl)4ff-imidazo[4,5h]pyridin 2(3F - 

one dihydrochioride (938 mg, 0.322 mmol) was added to the mixture. Reac ’on w’ s 

stirred at room temperature for 4.0 hours, Reaction was quenched with 50% 

acetonitrile-water. Mixture was purified by reverse phase prep HPLC (water-

acetonitri1e-trifluoroaceti acid). Acetonitrile was removed from the fractions by 

roto-vap. Residue was treated with aqueous sodium bicarbonate. Material wa 

extracted twice with ethyl acetate and the aqueous phase was discarded. Orgai ics 

were dried MgSO4, filtere4 and then concentrated to dryness. Title compound as 

obtained as white solid in th% yield. IH NMR (500 MHz, DMSO-D6) i ppm 13.77 

(s, I H) 11.54 (s, 1 H) 7.90 d, .J4.27 Hz, I H) 7.71 (d, .J8.24 Hz, 0.6 H) 7.57 d, 

J’=’7.63 Hz, 0.4 H) 7.49 (s, I H) 6.99 (dd, J7.63, 5.49 Hz, 0.4 H) 6.90 (dd, .J=’7. 8, 

5.34 Hz, 0.6 H) 5.43 (d, J=4 27 Hz, 2 H) 4.36 - 4.61 (m, 3 H) 3.95 4.32 (m, 3 1-) 

3.22 (dd, Ji7.24, 3.51 Hz, H) 2.97 -3.12 (m, l H) 2.87-2.97 (m, I H) 2.61 - .77 

(m, I H) 2.17-2.45 (m, 2 Hj 1.92 -2.14 (re, I H) 1.64 - 1.87 (m, 2 H). High 

resolution MS mie (M+H)=’ 654.0853. 
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(S)- 1, 4-dichioro- 7-(2-oxo-2-4-(’2-oxo-1,2, 4,5-

tetrahydrobenzoldJ/1, 3jdiazepin-3 -y/,)piperidin- I -yl) ethyl,) -9-(2,2, 2-tr(fluoroethyl)-

5 6, 7,9,1 O-tetrahydroazepino[3, 4-e]indazol-8’3I-i-one. (S)-2-(1 ,4-Dich]oro-8-oxo-9-

(2,2,2-trifluoroethyl)-3,6,7,8,9, 1 0-hexahydroazepino[3 ,4-e]indazol-7-yl)acetic acid 

(95 mg, 0.232 mmol) was dissolved in N-dimethy1formamide (2.0 ml). TBTU (79 

mg, 0.246 mmol) was added to the mixture followed by 3-(piperidiri-4-yl)-4,5-

dihydro-1H-benzo[d][1,3]diazepin-2(3H-one (72 mg, 0.293 mmol) and then NN-

10 diisopropylethylamine (150 il, 0.861 mmol). Reaction stirred at room temperature 

for 4 hours. Reaction was quenched with 50% acetonitrile-water. Material was 

purified by reverse phase prep HPLC water-acetonitrile-trifluoroacctic acid). 

Acetonitrile was removed from the fractions by roto-vap. Remaining aqueous was 

made basic with aqueous sodium bicarbonate. Material was extracted twice with 

15 ethyl acetate and the aqueous phase was discarded. Organics were dried MgSO4, 

filtered and then concentrated to dryness. Title compound was obtained as white 

solid in 59/o yield. IH NMR (500 MHz, DMSO-D6) ö ppm 13.88 (s, 1 H) 8.49 (s, 1 

H) 7.35 (s, 1 H) 7.00 - 7.09 (m, 3 H) 6.70 - 6.87 (m, 1 H) 5.42 (s, 2 H) 4.49 (d, 

J12.51 Hz, 1 H) 4.36-4.45 (m, 1 H) 4.25 -4.36 (nn, 1 H) 4.11 - 4,24 (m, 1 H) 3.91 - 

20 4.10 (m, 2 H) 3.34- 3.41 (m, 2 H) 3.19 (d, .]l8.01 Hz, 1 H) 3.05- 3,15 (in, 1 H) 

2.93 - 3.03 (m, 1 H) 2.83 - 2.93 (m, 3 H) 2.53 - 2.65 (m, 1 Fl) 2.32 - 2.47 (m, I H) 

1.57 - 1.87 (m, 3 H) 1.44- 1.57 (in, 1 H). High resolution MS mle (M+H)= 

637.1735. 
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(S)-1,4-dichloro- 7-(’2 -oxo-2-(4-(2-oxo-2, 3-dihydro/rn/dazo[4, 5-b yr/c/iI-

yl)piperidin-1-yl)ethyl)-9-(2,2,2-trifluoroethyl)"6, 7,9, lO-tetrahydroazepi o[3, 4 

e]indazol-8(3H)-one. (S)-2-(1 ,4-Dichloro-8-oxo-9-(2,2,2-triflnoroethyl) 

3,6,7,8,9,10-hexahydroazepino[3,4-e]indazol-7-yl)ac6tic acid (110 mg, 0 268 mol) 

was dissolved inN,N-dimethylformamide (2.0 ml), IVN-Diisopropyleth lamin (150 

Id, 0.861 mmol) was added to the mixture followed successively by TBT (92 g, 

0.287 mmol) and 1 -(piperidin-4-yl)-1H-irnidazo[4,5-h]pyridin-2(3 H)-on 

dihydrochloride (92 mg, 0.316 mmol). Reaction stirred at room tempera re fo 5 

hours. Reaction was quenched with 50% acetonitrile-water. Material wa pun ed 

by prep HPLC (water-acetonitrile-trifluoroacctic acid). Acetonitrilc was emov d 

from the fractions by roto-vap. Remaining aqueous was made basic with queo s 

sodium bicarbonate. Material was extracted twice with ethyl acetate and he aqi eous 

phase was discarded. Organics were dried MgSO4, filtered and then cone ntrate to 

dryness. Title compound was obtained as white solid in 70% yield. 1H NMR ( 00 

MHz, DMSO-D6) Sjpm 13.89 (s, 1 H) 11.55 (s, 1 H) 7.90 (dd,J=5.19, 1 22 Hz 1 

H) 7.64 (dd, J"70.19, 7.93 Hz, 1 H) 7.35 (s, 1 H) 6.99 (dd, J=7.78, 5.34 z,0.4 

6.90 (dd, J=7.93, 5.19 Hz, 0.6 H) 5.44 (d, J=4.88 Hz, 2 H) 4.35 -4.62 (rn, 3 H) 3.95 - 

4.32 (m,3 H) 3.15 -328 (m,2 H)2.85 -3.12 (m, 2 H)2.61 -2.76 (m, I ) 2,20 - 

2.47 (in, 2 H) 1.93 - 2412 (ui, 1 H) 1.64- 1.87 (in, 2 H). High resolution N S rn/c 

(M+H)� 610.1328. 
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N NH 

(S)-J, 4-dichioro- 7- (2-oxo-2-(-(2-oxo-J , 2,4,5-

ietrahvdrnbenzo [d]ll, 3Jdia7epin-3-y1)piperidin-1-y1)etvl)-9-(2-(piperidin-l-

5 y/)ethyl)-6, 7,9, 10-tetrahydroazepino[3,4-e]indazol-8(3H)-one. (S)-2-(1,4-Dichloro-

8-oxo-9-(2-(piperidin- 1 -yl)ethyl)-3 ,6,7 ,8,9, 1 0-hexahydroazepinu [3 ,4.-e]indazol-7-

yI)acetic acid (54 mg, 0,123 mmol) was dissolved in NN-dimethylformamide (1.5 

ml). N,NDiisopropylcthylamine (100 .iL, 0.574 mmol) was added to the mixture 

followed successively by TBTU (42 mg, 0.131 mmol) and then 3-(piperidin-4-yl)-

10 4,5-dihydro- IH-benzo[d][ 1 ,3]diazepin-2(3J1)-onc (43 mg, 0.175 mmol). Reaction 

stirred at room temperature for 4 hours, Reaction was quenched with 50% 

acetonitrile-water, Material was purified by reverse phase prep HPLC (water-

acetonitrile-trifluoroacetie acid). Acetonitrile was removed from the fractions by 

roto-vap. Remaining aqueous was made basic with aqueous sodium bicarbonate. 

15 Material was extracted twice with ethyl acetate and the aqueous phase was discarded. 

Organics were dried MgSO4, filtered and then concentrated to dryness. Title 

compound was obtained as white solid in 54% yield. IH NMR (500 MHz, DMSO-

D6) ö ppm 13.85 (s, 1 H) 8.50 (s, 1 H) 7.32 (s, 1 H) 6.96- 7.11 (m, 3 H) 6.80 (s, 1 H) 

5.26 (s, 2 H) 4.44 - 4.54 (m, 1 H) 4.27 - 4.37 (m, 1 H) 4.06 (d, J14.04 Hz, 11-1)3.79 

20 - 3.96 (m, 2 1-1)3.34 - 3.44 (in, 2 H) 3.05 - 3.25 (m, 3 Fl) 2.82 - 3.02 (m, 4 H) 2.45 - 

2.66 (m, 2 H) 2.28 - 2.40 (m, 1 H) 2.04-2.26 (m, 4 H) 1.80- 1.95 (m, 2 H) 1.58 - 

1.73 (in, 2 H) 1.40.- 1.57 (in, 1 H) 1.18 (bs, 6 H). High resolution MS mle (M+H)= 

666.2756. 

25 EXAMPLE 21 

214 
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CI 

a / 

I-I 

(S)-1,4-dithioro-7-(2-oxo-2-(4-(2-oxo-Z3-dih))droirnidazo[4, 5’bJpyrdin-1- 

y1)piperidin-]-yl)thy1)-9-(2-(pzperidin-1-yl)ethyl)-6, 7,9, JO1etrcihydr4azepiPo[3,4- 

5 e]indazol-8’31-I,)-one. (S)-2 -(1 ,4dichloro-8-oxo9-(2-piperidin- I -yl)thyl)-

3,6,7,8,9, 10-hexaljiydroazepino[3 ,4-e]indazol-7-yl)acetic acid (74 mg, p11. 168 mol) 

was dissolved in 7VN-dimcthylformamide (2.0 ml). NN-Diisopropy1ehylaminc (120 

.tl, 0.689 mmol) was added to the mixture followed successively by TTU (8 mg, 

10 

15 

20 

0.181 mmol) and I -piperidin-4-yl)- I H-imidazo[4,5 -b]pyridin-2(3H)- no 

dihydrochloride (58 mg, 0.199 mmol). Reaction stirred at room tempc ature C 

hours. Reaction Was quenched with 50% acetonitrile-water. Material as pu 

by reverse phase prep HPLC (water-acetonitrile-trifluoroacetic acid). ceton 

was removed from the fractions by roto-vap. Remaining aqueous was ade a 

with aqueous sodiim bicarbonate. Material was extracted twice with e yl ac 

and the aqueous phase was discarded. Organics were dried MgSO4, flit red ai 

concentrated to dryhess. Title compound was obtained as white solid i 71% 

1  NMR (500 MH, DMSO-D6) 8 ppm 13.86 (s, 1 1-1) 11.55 (s, I H) 7. 0(s, 

7.84 (d, 3=7.63 Hz, 1,0.6 H) 7.59 (d, J=8.24 Hz, 0.4 H) 7.33 (s, 1 H) 6.84 - 7.06 

H) 5.22 -5.36 (m, 2H) 4.40-4.64 (m, 2 H) 4.16 (t, J14.65 Hz, 1 H) 3.0 -4. 

2 Fl) 3.12 -3.29 (m,3 H) 2.95 -3.09 (m, 1 H) 2.84 -2.96 (m, I Fl) 2.62 2.78 

H)2.53 -2.60(m, 1H)2.39 -2.49(m, I H) 2.01 -2.33(m,5H) 1.62- .98(i 

1,09 - 1.22 (m, 6 H) High resolution MS mle (M+H)= 639.2393. 

EXAMPLE 22 

215 
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(S)- 7chloro-4-(2-(4-(I-m et hyl-5-oxo-4 , 5-dihydro- IH-pyrrolof3,2-hjpyridin-

6-yl,)pieridin-J-yl-2-oxoethyl2-neopentyl-1, 2,4, 5-reirn hydroazepino[3, 4-e]indol-

5 3’8H,) -one. To a mixture of 1-methyl-6-(piperidin-4-yl)-1H-pyrroloj3,2-bjpyridin-

5(411)-one (41 mg, 0.177 mmol), (S)-2-(4-chloro-9-neopentyl-8-oxo-3 ,6,7, 8,9,10-

hexahydroazepino[3,4-eindazol-7-y1)acetic acid (64.5 mg, 0,177 mmol), HOBT 

(26.3 mg, 0.195 mmol) and EDC (37.4 mg, 0,195 mmol) in DMF (2mL) was added . diisopropylethylamine (108 .tl, 0.620 mmol) at rt. The resulting mixture was stirred 

10 at rt over night, most of the solvent was removed under N2, the residue was purified 

on reverse phase PrepHPLC to afford a grey gum which was triturated with Et20 

(2mL), filtered and washed with Et20 (2x0.5mL) to afford the expected product, (S)-

7-chloro-4-(2-(4-( 1 -methyl-5-oxo-4,5-dihydro- 1 H-pyrrolo[3 ,2-b]pyridin-6-

yl)piperidin- 1 -yl)-2-oxoethyj)-2-neopentyl- 1 ,2,4,5-tetrahydroazepino[3 ,4-c]indol-

15 3(8H)-one (32 mg grey solid. Mass spec: 577.30 (MH+) caic. for C11H37C1N601 

576.26. 

EXAMPLE 23 

I-i 
??N 

i 

K NL" 

N 

NO 

 20 

(S)-6-(l-(2-(7-chloro-2-neopentyl-3-oxo-1,2, 3,4,5, 8-hexahvdroazepinol3,4-

ejindol-4-yl,.)aceiyl)pipertdin-4-yl,)thienof3, 2-hJpyrjdin-5(4H)-one. To a solution of 

216 
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(S)-2-(4-chloro-9-ncopentyl-8-oxo-3,6,7,8,9, I 0-hexahydroazepino[3 4-e]indazol-7-

yl)acetic acid (123 mg, 0.338 rnniol), 6-(piperidin-4-yI)thieno[3 .2-b] vridii -5(4H.)-

one (79mg, 0.338 mmol), HOBT (56.9 mg, 0.372 mmol), EDC (71.3 mg, 0372 

mmol) in DMF 5 mL) was added DIEA (0.295 niL, 1.690 nimol) at , and the 

5 mixture was stirred over night. Partial of the solvent was removed ui derN at 60 °C, 

and the residue was purified on reverse phase PrepHPLC to afford th expe ted 

product, (S)-6-( I (2-(7-ch1oro-2-neopenty1-3 -oxo- 1,2,3,4,5 ,8-hexahy roaze ino[3 ,4. 

e]indo1-4-y1)acet’1)piperidin-4-yl)thieno{3 ,2-b]pyridin-5(4H)-one (’113 mg, 7.6%) 

as a white solid. H-NMR (400 MHz, CHLOROFORM-D) 8 ppm 0,8 (d, .J 6.80 Hz, 

10 11 H) 1.52 (ddd,=12.46, 8.06, 4,41 Hz, I H) 1.87 - 1.96 (m, 1 H) 2. 0 (s, 1 H) 2.38 

-2.49 (m, I H) 2.75 (td, J12.84, 2.01 Hz, 1 H) 2.94- 3.04 (in, I H) .07 -3.18 (m. 4 

H) 3.66 131.  2.77 Hz, I H) 3.96-4.06 (m, I H) 4.23 (s, I H) 4.61 - .72 (in, 

2 H) 5.51 (d, J17.37 Hz, 1 H) 7.04 (dd, J5.29, 2.01 Hz, I H) 7.22 (. 1 H) 70 (dd, 

5.41, 2.14 Hz, I H) 7.89 (d, J18.38 Hz, I H) 8.24 (s, I H); Mass s cc. 58 .25 

15 (MH), Cale. for C30H34C1N503S 579.21. 

20 

25 

EXAMPLES 24 AND 25 

(S)-3-bro,ncl-6-(]-(2-(4-chlorn-9-neopenl}’l-8-oxo-3, 6,7,8,9,10-

hexahydroazepinof.’,4-eJindazoi-7-yace1yl)piperidin-4-y1)thienof3,2-/ pyrid 

5(411) -one and (S)-.2-bromo-6-(1-(2-(4-chloro-9-neopentyl-8-oxo-3, & 7, c .9,10- 

hexahydroazepinof.t 4-eJindazol-7-yacety)p4eridin-4-yZ,)thieno[3, 2-h pyrid 

5(4H) -one. To a 10nL vial was charged with (S)-2-(4-chloro-9-ncopen 1-8-0 

3,6,7,8,9,1 0-hexahy1roazepino3 ,4-e]indazol-7-yl)acctic acid (43.4 mg, .119 

2-bromo-6-(piperiditi-4-yI)thieno[3 ,2-b]pyridin-5(4H)-one and 3 -bromo 6-(pi 

4-yl)thieno[3,2-b]pyridin-5(41-I)-one (37.4 mg, 0.119 rnmol), EDC (25.2 g, O431 

217 
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4 

mmol), FTOBT (20.11 mg, 0.131 mmol) and DMF (2 mL)respectively at rt, followed 

by DJEA (0.083 mL, 0.478 mmol). The resulting mixture was stirred at rt over night, 

most of the solvent was removed under N2, and the residue was purified on reverse 

phase PrepHPLC to afford the expected products, an unseperable mixture of (S)-3-

5 bromo-6-(I -(2-(4-ehloro9-neopenty1-8-oxo-3 ,6,7,8 ,9, I 0-hexahydroazepino [3,4-

10 

15 

20 

25 

e)indazol-7-yl)acetyl)piperidin-4-yl)thieno[3,2-b]pyridin-5(4H)-one and (S)-2-

bromo-6-( I -(2-4-ch1oro-9-ncopenty1-8-oxo-3 ,6,7, 8,9,1 0-hexahydroazepino [3,4-

e]indazol-7-yI)acetyl)piperidin-4-yl)thieno[3,2-b]pyridin-5(41-1)-one (31.2mg, 39%). 

Mass spec. 658.11 (MH+), cale. for C30H33BrC1N0S 657.12. 

EXAMPLES 26 AND 27 

H 

cl 
CI 

No 
1N 

yo cl o i 

CI 

HN 

(S)-2-chloro-6-(1-(’2-(’4-chloro-9-neopentyl-8-oxo-3, 6,7,(3,9,10-

hexahydroazepino[3, 4-ejindazol- ?’-yl) acetyl)piperidin-4-yl)thieno[3, 2-b]pyridin-

5(4H) -one and (S)-3-ehloro-6-(I-(2-(4-chloro-9-neopeniyl-8-oxo-3, 6,7,8,9,10- 

hexahydrnazepino[3, 4-e]indazol- 7-yl) acetyl,)piperidin-4-yl,.) thieno[3, 2-b]pyridin-

5(4H)-one. To 2-chloro-6-(piperidin-4-yI)thieno[3,2-b]pyri din- 5 (4H)-one and 3-

chloro-6-(piperidin-4-yl)thieno[3,2-b]pyridin-5(4H)-one (3.0 mg, 0.011 mmol) were 

added (S)-2-(7-chloro-2-neopcntyl-3 -oxo- 1,2,3,4,5, 8-hexahydroazcpiiio[3 ,4-e]indol-

4-y])acetic acid (4.6 mg, 0.011 mmol), EDC (2,247 mg, 0.012 mmol), HOBT (1.795 

mg, 0,012 mmol), DMF (1.5 ml) at rt, followed by diisopropylethylamine (0.012 ml, 

0.067 mmol). The resulting mixture was stirred at rt for 6 hr, checked with LC/MS: 

conversion was compleated. Partial of the solvent was removed under N2, the residue 

was purified on reverse phase PrepHPLC to afford the expected produets(2.3 mg), an 

unseperable mixture of(S)-2-chloro-6-(l-(2-(4-chloro-9-neopentyl-8-oxo-

3,6,7,8,9,1 0-hexahydroazepino[3,4-e]indazol-7-yl)acetyl)piperidin-4-yl)thieno[3, 2-

bj3yridin-5(4H )-one and (S)-3-chloro-6-( 1 -(2-(4-chloro-9-neopentyl-8-oxo-

218 
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3,6,7,8,9,1 0-hexahydroazepino[3 ,4-e]indazol-7-yl)acetyl)piperid 

b]pyridin-5(4H)-one, as a white solid. Mass spec 614.27 (M1-I+) 

C30F133C12N503S 613.17. 

EXAMPLE 28 

H 
0 N 

HN 

4A,N 

�41 

for 

/067998 

(S)- 7-chlaro-2-neopenty1-4-(2-oxo-2-(4-(5-oxo-4,5-dihydro-1 T-pvrr lo/3,2-

b]pyridin-6-yl)piperidin-1-yl)eihyl)-I,2,4, 5-tetrahydroazepino[3 , 4-eJ dol-3 8H) - 

one. To 6-(piperilin-4-y1)-11,I-pyrro1o[3,2-b]pyridin-5(4Ii)-one (60.0 rng, 0. 76 

mmol) was added (S)-2-(7-chloro-2-neopentyl-3-oxo- 1,2,3,4,5,8-

hexahydroazepin[3,4-e]indol-4-yl)acetic acid (100 mg, 0.276 mmol), EDC( 8,3 mg, 

0.304 mmol), HOflT (41.0 mg, 0.304 mmol), DMF (2.0 ml) at rt, foil wed b 

diisopropylcthylaitnine (0.192 ml, 1.10 mmol). The resulting mixture as sti ed at rt 

over night, partial of the solvent was removed under N2, and the resid was urified 

on reverse phase repH PLC to afford the expected products (25.2 mg, 6%), S)-7-

chloro-2-neopenty-4-(2-oxo-2-(4-(5-oxo-4,5-dihydro- I H-pynolo[3 ,2- ]pyri in-6-

yl)piperidin-1 -yI)ethyl)-1 ,2,4,5-tetrahydroazepino[3,4-e]indol-3(8H)-o ie, as tan 

solid. ’H-NMR (4I0 MHz, MeOD) d ppm 0,79 (d, J=5.29 Hz, 11 H) 1. 2 - 1. 2 (m, 

I H) 1.81 (s, I H) .38 - 2,49 (m, 1 H) 2.75 (s, 1 H) 3.01 (d, J13.35 H , I H) 3.09 - 

3.21 (m, 4 H) 3.66(d, J13.85 Hz, 1 H) 3.96 (s, 3 H) 3.99 - 4.06 (m, 1 ) 4.2 (s, .1 

H) 4.65 (d, J"1 7,3T Hz, 2 H) 5,46 -5.55 (m, 1 H) 6.27 (dd, .J529, 3.0 Hz, I H) 

7.22 (s, I H) 7.36 (ld, J7.81, 3.02 Hz, I H) 8.24 (s, I H); Mass spec 5 2.48 H+) 

caic for C3iH36CINJO,3 561.25. 

219 

11 



a 

WO 2007/131020 

EXAMPLE 29 

CI 

OH 

NH 

HNI’ 
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(S)- 7-chloro-4-(2-(4-(6-chloro-IH-pyrmlo[2. 3-b]pyridin-4-yl)-4-

5 hydroxypiperidin-1-y1)-2-oxoethyl)-2-neopeivl-],2, 4, 5-t etrahvdroazepino[3, 4-

e]i,idol-3 (’8H)-one. To 4-(6-chloro- I I-T-pyrrolo [2,3 -b]pyridin-4-yl)piperidin-4-ol (69 

mg, 0.304mmol) in DMF (2 mL) was added (S)-2-(7-chloro-2-neopentyl-3-oxo-1

,2,3,4,5,8-hexahydroazepino[3,4-e]indol-4-yI)acetic acid (100 mg, 0.276 mmol), 

BOC (58.3 mg, 0.304 mmol), H.013’1’(41.0 mg, 0,304 mmol), at rt, followed by 

10 diisopropylethylamine (0.192 ml, 1,10 mmol). The mixture was stirred at p over 

night, partial of the solvent was removed under N2, the residue was purified on 

reverse phase PrepHPLC to afford the expected product, (S)-7-chloro-4-(2-(4-(6-

chioro- 1 H-pyrrolo[2,3 -b]pyridin-4-yl)-4-liydroxypiperidin- I -yl)-2-oxoethyl)-2-

neopentyl- 1 ,2,4,5-tetrahydroazepino [3 ,4-e]indol-3(8H)-one (126 mg, 57%) as a tan 

15 solid. ’H-NMR (400 MHz, MeOD) S ppm 0.78 - 0.84 (m, 11 H) 1.73 (s, 1 H) 1.76 - 

1.83 (m, I H) 2.25 - 2.36 (rn, 2 H) 2.66 - 2.76 (m, 1 H) 3.03 (d, J=13.35 Hz, 1 H) 

3.09 -3.20 (m, 4 H) 3.62 -3.73 (m, 2 H) 4.08 (d, 1=12.84 Hz, 2 H) 4.51 (d, 1=10.83 

Hz, I 1-1) 4.65 (d, 1=17.12 Hz, 1 H) 5.51 (d, 117.12 Hz, 1 H) 6.99 (d,.1=3.53 Hz, 1 

H) 7.20 - 7.24 (m, 2 H) 7.26 - 7.29 (m, 2 11) 8.24 (s, 111); Mass spec. 596.47 (MH+) 

20 caic, for C31H35C12NO3 595.21. 
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EXAMPLE 30 

N�NH  

F3C ’I \ 
0 

1 
N 

)�NH 

O 
(R)-4-ch/oro-8-oxo-9-(2,2,2-trfluoroethvl)-3, 6,7,8,9,10-

hexahydroazepino[3, 4-e]indazo1-7-yl 4-(2-oxo-4, 5-dihydro-1H 

benzo[d][1, 3]dtazepin-3(2H)-yl)piperidine-1-carhoxylate. (R)-4-ch oro-8 oxo-9- 

(222-trifluorodthy1)-3 ,6,7,8,9, I 0-hexahydroazepino[3 ,4-e] indazol- -yl 4 itrophenyl 

carbonate (60 mg, 0.120 mmol) in dichioromethane (15 niL) was added 3-( iperidin-

4-yl)-4,5-dihydio-1H-benzo[d][1,3]diazcpin-2(3H)-one (32,5 trig, 0. 132 m 01). The 

reaction mixtura was stirred for 2h. LC-MS analysis suggested formation o product 

(R2.473, 605.2 (M+H)). The reaction mixture was washed with 2 queou NaHCO3 

followed by 1.0 iM HCI. THe crude product was purified by flash chi omato graphy 

using 5% MeO}j in dichioromethane to give (R)-4-chloro-8-oxo-9-( ,2,2-

trifluoroethy1)-36,7,8,9, 1 0-hexahydroazepino3,4-eJindazol7yI 4-( -oxo- ,5-

dihydro- 1Hbeno[d] [1 ,3]diazepin-3 (2H)-yl)piperidine- 1 -carboxylat (29.00 mg, 

0.048 mmol, 40% yield). ’H VMR (500 MHz, CD0D): in S 8.30 (s IH), .32 (s, 

111), 7.09 (m, 314), 6.93 �6.87 (m, 311), 6.09 �6.05 (m, 111), 5.50 (s, 2H), 5.44 (m, 

1H),4.68 -4.54(m, 1H),4.39-4.35 (m, 2H), 4.32-4.19 (m, JH), .16� .05 (m, 

3H), 3.55 
- 3.50(m, 3H), 3.12-2.92 (m, 2H), 1.87� 1.74 (rn, 4H); I AS (EST) 605 

(M+H) 
; 

R 2.47. 
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N N AN H 
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R)-4-ch1oro-8oxo-9-.(2,2,2-trifluoroet hyl,) -3,6, 7 8,9,10-

5 hexahydroazepinof3, 4-ejindazol- 7-yl 4-(2-oxo-2, 3-dihydrn-IH-imidazo[4, 5-

b]p yr/din- I-yi)pperidine-1-carhoxylate. (R)-4-chloro-8-oxo-9-(2,2,2-trifhioroethyl)-

. 3,6,7,8,9, 10-hexahydroazepino[3,4-c]indazol-7-yl 4-nitrophenyl carbonate (115 rng, 

0,23 mmol) in DMF (10.00 mL, 129 mmol) was added triethylamine (0.128 mL, 
0,920 mmol) followed by 1 -(piperidin-4-yl)- 1 H-irnidazo[4,5-b]pyridin-2(3 11)-one, 

10 1,001-10 (70.3 mg, 0.276 mmol). After 12h, the solvent was removed and the 

product was purified by flash chromatography using 5% methanol in 

dichioromethane to give (R)-4-chloro-8-oxo-9-(2,2,2-trifluoroethyl)-3 ,6,7,8,9, 10-

hexahydroazepino[3,4-e]indazol-7-yl 4-(2-oxo-2,3-dihydro-1H-imidazo[4,5-

bpyridin- I -yl)piperidine- 1 -carboxylate (106 mg, 0.183 mmol, 80 % yield). NMR 

15 (500 MHz, CD101)): in 88.29 (s, 1H), 8.03 (br, lH), 7.96 (d, .J= 5.5 Hz, 114), 7,71 

(in, IH), 7.27 (s, 1H), 7.13 �7.12 (m, IH), 6.10 (in, 114), 5.44 (d, J= 17 Hz, IH), 

4.88 (d, J= 17Hz, IH), 4,72 - 4,60 (in, 2H), 4.50-4.39 (111, 1H), 4.38-4.22 (m, 

11-1), 4,21 �4.02 (in, 114), 3.40-3.40 (in, IH), 3.39 �3.27 (m, 21-1), 3.23 �2.97 (m, 

211), 2.71 �2,23 (m, 2H), 1.95 �1.74 (111, 2H); MS (EST) 578 (M+1I) ; R1= 2.15. 

� 
20 
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EXAMPLE 32 

N--NH 

ç 

NJçci

 

FLNj 
/-\HN - 

H N 

F
  

’S)-4-chlo-o-7-(’2-oxo-2-’2’-oxo-2 .3 ’-dihydro-]’H-spirofpiperi ine-

7,9, ]O-tetrahydroaz j)/no 

eJindazol-83J-I)-ojne. To a solution of(S)-2-(4-chloro-8-oxo-9-(2,2,2- riflu 

3,6,7,8,9,10_hexa1iydroazepino3,4-e]indazoI7-yl)acetic acid (50 mg, A33 

dichioromethane (25 mL) was added 1’H-spiro[piperidinc-4,4’-quinazo in]-

one (31 mg, 0.14 mmol) followed by 2-(1H-benzotriazol-1-yl)-1, 1,3,3-

tetramethyluroniuij tetrafluoroborate (47 mg, 0.15 mmol) and triethyl inc 

mL. After 12h, the reaction mixture was washed with aqueous NaHC 3 fo 

by 1.0 M HCl and dried (Na2SO4). The solvent was removed and thee de 

was purified by f10h chromatography using 7% MeOH in dichioromet ane 

(S)-4-chloro-7-(2-dxo-2-(2’-oxo-2’,3’-dihydro-1 ’H-spiro[piperidine-4,4’ uin 

1 -yl)ethyl)-9-(2,2,-trifluoroethyI)-6,7,9, 10-tetraliydroazepino[3 ,4-e] in azol 

one (61 mg, 79%) as a white powder. MS (ESI) 575 (M+H) ; R= 2.133. 

EXAMPLE 33 

N-NH 
Cl 

0/� NH 

HN 

223 

7/067998 

F-

4-

mol) in 

’H)-

.0 

give 

)line] -

’3 H)-
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5-(] -(2-((S-4-chloro-8-oxo -9-(2, 2, 2-trifluoroethyl)-3, 6, 7,8,9,10-

hexahydroazepino[3, 4-e]indazol-7-y1)aceIyl)piperidin-4-yl,.)imidazolidine-2, 4-diane. 

To a solution of (S)-2-(4-chloro-8-oxo-9-(2,2,2-trifluoroethyl)-3 ,6,7,8,9, 10-

hexahydroazcpino[3,4-e]indazol-7-yl)acetic acid (50 mg, 0.133 mmol) in DMF (2.0 

5 mL) was added 5.-piperidin-4-y1)imidazolidine-2,4-dione (37 mg, 0.2 mmol) 

followed by 2-( I H-benzotriazol- l-yl)- I ,1,3 ,3 -tetramethyluronium tetrafluoroborate 

(47 mg, 0.15 mmol) and triethylamine (1.0 mL). After 2h, the solvent was removed 

under reduced pressure and the crude product was purified by Prep HPLC to give 5-

(1 -(2-((S)-4-chloro-8-oxo-9-(2,2,2-trifluoroethyl)-3 ,6,7,8 ,9, 10-

10 hexahydroazepino[3,4-e]indazol-7-yl)acetyl)piperidin-4-yl)imidazolidinc-2,4-dione 

(30 mg) in 42% yield. ’H NMR (500 MHz, CD30D): in ö 8,27 (s, IH), 7.21 (s, 1H), 

5,54 (d, J= 17 Hz, lH), 4.82 (d, J = 17 Hz, IH), 4.69-4.54 (m, 2H), 4.18� 3.95 (in, 

411), 3.30-2.96 (iii, 4H), 2.71 �2.62 (m, 111), 2,58 - 2.48 (m, 1H), 2.21 �2.12 (m, 

15 

1H), 1.91 - 1.84 (m, 2K), 1.66� 1.31 (ni, 2H); MS (ESI) 541 (M+H) ; R= 2.05, 

EXAMPLE 34 

N�NH 

F 01 
ONQH

 N

 

(S)-8-(2-(4-chloro-8-oxo-9-(2, 2, 2-tr(fluornethyl)-3, 6.7,8,9,10-

20 hexahydroazepinof3, 4-eJindazol- 7-yaceiy1,) -1,3, 8-triazaspirof4. 5Jdecane-2, 4-diane. 

To a solution of (S)-2-(4-chloro-8-oxo-9-(2,2,2-trifluoroethyl)-3 ,6,7,8,9, 10-

hexahydroazepino[3,4-e]indazol-7-yl)acetic acid (50 mg, 0.133 mmol) in DMF (2.0 

mL) were added I ,3,8-triazaspiro[4.5]decane-2,4-dione (34 mg, 0.2 mmol) followed 

by 2-( I H-benzotriazol- 1 -yl)- 1, 1,3,3 -tetrametliyluronium tetrafluoroborate (47 irig, 

25 0.15 mmol) and triethylamine (1.0 mL). After 2h, the solvent was removed under 

reduced pressure and the crude product was purified by Prep HPLC to give (S)-8-(2-

(4-chloro-8-oxo-9-(2,2,2-trifluoroethyl)-3 ,6,7,8,9, I 0-hexahydroazepino[3 ,4-

224 
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e]indazol-7-yl)acetyl)-1 ,3 ,8-triazaspiro[4.5]decanc-2,4-dione (32 mg) 

MS (ESI) 527 (M+H) ; Rr 1.66. 

EXAMPLE 35 
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yield. 

(S)-5-chloro-2-(7-(’2-(4-chioro-8-oxo-9-(2,2,2-trifiuoroethyO-3, .7,8,9 10-

hexahydroazepino/t3, 4-ejindazol-7-y )acety l)-1, 2,3, 6-ietrcthydropyridin4 

yl)henzonitrile. Tn an oven-dried round bottom flask, (S)-2-(4-chloro-8 oxo-9 (2,2.2-

trifluoroethyl)-3,6,’,8,9, 10-hexahydroazepino[3,4-e]indazol-7-yl)acctic acid ( 0 mg, 

0.133 mmol) and 5+chloro-2-(1,2,3,6-tetrahydropyridiii-4-yI)benzonitril (44.1 mg, 

0.173 mmol) were dissolved in DMF (2 ml.), To this solution was adde DIE 

(0.093 ml, 0.532 nUnol) followed by PyBOP (69.3 mg, 0.133 mmol), T e re tion 

mixture was allowed to stir at room temperature under a nitrogen atmos here r3 

hours during which time it became dark red in color. The DMF was cv, porate 

under high vacuum. The residue was subjected to column chrornatogra hy (si ica, 

20:1 CH2C12/2M N43 in MeOH). The most pure fractions were collect 1, eva orated 

and again subjected to column chromatography (silica, 40:1 CH202/2M NH3 i 

MeOH). The fractions were collected, evaporated and dried overnight u ider v uurn 

to give (S)-5-ch1oro2-(1 -(2-(4-chloro-8-oxo-9-(2,2,2-trifluorocthyl)-3 ,6 7,8,9, 0-

hexahydroazcpino{3,4-e]indazol-7-yI)acctyl)- 1,2,3 ,6-tetrahydropyridin- - 

yl)benzonitrile (40ng, 0.069 mmol, 52.1 % yield) as a light tan solid. 1H NMR (500 

MHz, MeOD) l ppnli 1.24- 1.34 (m, I H) 2.50-2.60 (m, 3 H) 2.60 -2.7 5 (rn, H) 

2.95 -3.05 (m, 1 H) 3.l4 -3.23 (m, 2 H) 3.82 -3.91 (m, 1 H) 3.90 -4.02 (m, 1 ) 

4.05 -4.14 (m, I H) 4.53 -4.62 (m, 2 H) 5.54 (d, J17.4 Hz, I H) 6.07 (, J=13.7 Hz, 

1 H) 7.21 (s, I H) 7.6 (d, J 8.3 Hz, 1 H) 7.64 (d, ,J= 8.5 Hz, I H) 7-78(s, 1 � 

8.24 (s, 1 H); MS (EI): 575 (M-IH); Rf = 1.90 (4 min run). 

EXAMPLE 36 
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