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(- ANEXOS

Comprobante de pago de |a tasa de presentacion de la solicitud
Documento que acredita la existencia y representacion legal cuando el solicitante sea persona juridica

Poderes, si fuere el caso

Documento de cesién del inventor al solicitante o a su causante

[: Declaraciones

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

Traduccion de la solicitud internacional al castellano. (Resumen, descripcion, reivindicaciones, dibujos)

E] Copia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen preliminar (IPEA)
D Traduccion del examen preliminar internacional efectuado por la IPEA

D De ser el caso, copia del contrato de acceso

D De ser el caso, documento que acredite [a licencia o autorizacion de uso de conocimientos tradicionales de las comunidades
indigenas
De ser el caso, certificado de depésito del material bioldgico

|:] Arte final 12 x 12

D De ser el caso, informacion sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el mismo titular o su
causante, relacionadas parcial o totalmente con la invencién de esta solicitud
De ser el caso, modificaciones efectuadas a la solicitud internacional.

Otros: Varios solicitud internacional
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4. LLEVA E|_ SELLO DE-
SALLY B, HANSEN, NOTARIQ

CERTIFICADO
5. EN TRENTON, NUEvVA JERSEY
6. EL 28 DE JUNIO DE 2007
7.

FOR BRADLEY ABELOWY, TESORERO

DE NUEVA JERSEY
8. N® A29571¢

SELLO (APARECE ADHERIDO SELLO DORADO)

10 FIRMA (FIRMADO) BRADLEY ABELOW

ylo JUAN PABLO CONCHA

Dado y Suscrito el 30 de Mmayo de 2007
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TRADUGCCION OFICIAL N® 0507071 al espafiol de un documento escrito en inglés, efectuada por
Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial
inglés-espafiol-inglés segun Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio de
Justicia de la Republica de Colombia

CERTIFICACION NOTARIAL

Texto en inglés y en espafol 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. Winslow, Senior Patent Counsel (Abogado de Patentes Senior) para
lo cual se basé en los documentos relacionados en inglés en el punto 6 de la
certificacion los cuales se traducen aqui al espafiol, a saber:

Certificacion 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 Publico

[Sello en tinta que dice; “SALLY B. HANSEN. Notario Publico de Nueva Jersey. Mi
comision vence el 6 de junio de 2010"]

[Aparece sello realzado]

La anterior es traduccion fiel y completa de la cual se deja copia en esta oficina

para su confrontacién,

{-// e " e
//:;t:ww /l( Zf/u Wb ?

Jaime Armando Garavito Burgos

c.c. N° 19.130.702 de Bogota

Traductor e Intérprete Oficial segin Resolucidn N° 034 de enero 11 de 1983
expedida por el Ministerio de Justicia
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APOSTILLE

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

COUNTRY: UNITED STATES OF AMERICA

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:
SALLY B HANSEN

ACTING IN THE CAPACITY OF:
NOTARY PUBLIC OF NEW JERSEY

BEARS THE SEAL/STAMP OF:
SALLY B HANSEN, NOTARY

CERTIFIED

AT TRENTOM, NEW JERSEY

THE 28TH DAY OF JUNE 2007

BY: Bradley Abelow, NEW JERSEY TREASURER
NO. AZ985716

SEAL/STAMP: 10. SIGNATURE
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POWER OF ATT EY
The undersigned.
BRISTOL-MYERS SQUIBE COMPANY
domiciled in

Route 206 and Province Line Road, Princeton,
New Jersey 08543.4000 United States of America

’ declares that it hereby grants to

.“

ALVARO CORREA-ORDONEZ and/or

OLGA GEORGETTE OTERO and/ar

RICARDO METKE and/or

JUAN PABLO CONCHA
with domicile at Av, B2 No, 10 — 62, 6Th floor, of Bogotd D.
C.. Colombin, & full and sufficient power of artomey to obtlain
the protection of my (our) industrial property and against the
unfair competition, for which purpoge I (we) aurhorize he 4aid
avtormeys to represent me (us) before any authorities or persons,
with or without jurisdiction, specially those administrative,
sdrministrative contentious snd judicial, as well as before
Arbirrerion  Court, in all metters concerning the following: a)
Obuwinment of patents, ulility models, induarrial designs,
integrated circuits, layour-designs and vegetal varieties; the
registration of trademarks, denominations of origin, commercial
names, Irade ernblemns, slogans and domain names; its renewal,
assignments, chenge of mname or domicile, voluntary
cancellation; and the registration of licenaes of use of the above
rights; D)Processes of protection to the consumer, vofair
competition, oppositions, cancellations, nullity, precoutionary
injunctions, infringement, granting of licenses, writ mandamus,
the protection of wade secrats, and in general the civil, penal, an
adiunistialive processes reluting w those rights, And that in all
the above matiers they may aubstituze this Power of Attarney,
compromize, conciliate, admir the facts of the case, desist,
cancel, receive, resign, and retify acts done by representatives
without a power of atorncy.

I hereby rarify all actions previously taken on behalf of this
company by the aforementioned aftorneys with respect to the
mentioned maters.

Done ond subscribed in

Om the -';)) L¢ day of ]V} C\&\ of 2007

Signature of the person issuing the Power

A

(-/\?/\./ p U\W
Anastasia P. Winslow
Senior Patent Counsel

Harsneck, Lara, Rodriguez & Rueda
Avw. A2 Na. 10 - a2 8th Floor
Bopots, Colombia

NIT; B8O 066, 540-5
Yol +57 1 834 1500
Fpx: +B7 1 376 2271
www, bakemat.com

PODER DE ABOGADO
La abajo firrnada,
BRISTOIL-MYERS SQUIBB COMFPANY
domiciliada en

Route 206 and Province Line Road, Princeton,
New Jersey 08543-4000 Estndos Unidos de América

declara por el pregents que oforga a

ALVARO CORREA-ORDOREZ y/a

OLCA CGEORGETTE OTERO y/o

RICARDO METKE y/o

JUAN PABLO CONCHA
con damicilio en la Av. 82 No. 10 ~ 62 Piso 6 en Bogota D. C,,
Colombia, poder especial amplin ¥ suficiente, para obtener [a
proteccion de mi (nuestra) propiedad industrizl y contrs la
compelencia desleal, s cuyo efecto autorizo (amos) & los dichos
apoderados para gue mes (nos) representen ante cualesquiera
autoridades o personas, ejerzan o no jurisdiccion, especialmente
ante Jas del orden sdministrativo, contencioso-admanistrativo y
judicial, os{ como los tribunales de arbitraments, en todo lo
concernientc a log sigulentes asuntos: a) Obtencién de patentes
de invencidn, modelos de utilidad, disefios industriafes,
esquemns de trazado de circuitos integrados y vaeriedades
vegetales; el registro de marcas, denominaciones de origen,
niombres comerciales, ensefias, Jemas comerciales y nombres de
dominio; su renavacién, traspaso, cambio de nombre o
domicilio, cancelpcién voluntaria; y e registro de licencias de
vsa de csos derechos; b) Los procesos para la proteceidén del
congumidor, competencia desleal, opasiciones, cancelaciones,
nulidades, medidas cautelares, infracciones, concesiém  de
licenctas, la tutela, la proteccion de secretos indusiriales, y en
general procesos civiles, penales, admivistatives relacionados
con estos derechos, Y parz que en todos los gsunios arriba
determinados, puedan sustituir este mandaco, transigir, conciliar,
agmiir 105 hechos del ¢nso, demsUr. cancelar, recibir, repunciar,
y ratificar loé actos de agentes oficiogos,

Tgualmente, ratifico todoe lo actuado hasta el momento en los
misrnos asuntos, por cualquiera de Jos mencionados apoderados
en representacidn de ésw sociedad,

Dado y firmedo en.

A los 30

de 2007

dius del rnes de

mayo

Firma de [n persona que firma & Poder
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NOTARJIAL CERTIFICATION CERTIFICACION NOTARIAL
On this ;' c, day of /J}?C’h - A los 30 diss del mes de  mayo
2007 , the undersigmned Notary \ de 2007 , @] suscrito WNorario
CERTIFIES DA FE
Thet  Name of the person issulng the power 1 Que Anastasia P. Winslow
i Apastasia P. Winslow
of legaIPagc and dorr,\icill\le? mUSA mayor y domicilisdo en Pyrinceton, NJ
rinceton . . .
Address, city, state, country Estados Unidos de América
get his bond on the forogeing documneny, suscrible de su puilo y leun e] documento qute antecede.
That the grantor is to me personally known and that he/she has 2. Que conozco al oforgante v que éste Tiene capacidad lepal
legal capacity to exectte the mnstrument, para el atorgamiento.
That the grantor has executed the foregoing docurnent as 1 Que el nforgante ha suscrito &l referido documento en su
Senior P%Fentfq?unsel st b carfcter de
§ ] rs » .
Pasition of the person lesulng the Power Abogados de Patentes Senior
of the judicial person  BRISTOL-MYERS SQUTBB de la persona juridica  BRISTOL-MYERS SQUIBB
COMTPANY COMPANY
" Thar the judicial person BRISTOL-MYERS SQUIBDB 4  Que la pergona juridica BRISTOL-MYERS SQUIBB
COMPANY COMPANY
having its home office in son gede en
Route 206 and Provines Line Road, Princeton, Route 206 and Provioce Line Road, Princeton.
Naovy Jorsay 08542 4000 United States of America New Jerocy 0R543-4000 Esatados Unidos de américa
is duly organized, has present Jegal exdstence ond that the csth legalmente constituida, que nene exisiencia legal
purposes for which the power of attorney ig granted are within actual vy que el acto pars el cual se otorga el poder estd
the senpe nf {12 aorporate porposes. somprendide ontre log gque conatituyen su objsto goeial.
Thot the grontor has in fact the referred to authority and thet 5 Que ¢} otorgante tiene efectivamente la representacion que
his/lier representation is legal. ostonta y que &sta es legititna.
That ] have based certifications 3, 4 and 5 obove on the 6. Que he basado las certificaciones 3, 4 y 5 anteriores en los
following authentic docurnents for such purpore exhibited 10 me siguientss  docwmentos muténticos que al efecto se me
apd which T mention specifically, giving their dates and their exhibieton y que menciono especificamente con expresion
. Origin or source: de aua fechas y de m origen o procedencia: | .
(Please indicate here the documents such as the articles of - Cettificacion suscrita por el Vicepresidente
incorporation, by laws or resolution from ¢he Board of Senior y el Asesor Legal de Brkstol-Myers
Directors and thefr dates, on which the notary reifed to Squ1‘ bb Company el 7 de a

grant the certification)

- Certification executed by Sr. Vice President
and Ceneral Counsel of Bristol-Myers Squibb Company Replanteado i
en April 7, 2007 Company fechadbx ¥4

- Amended and Restated Certificare af Tncorporation .
of Bristol-Mvers Squibb Company dated May 24, 2005

R N bt E) Notatio Publico
:?Qb/(}#‘phﬁia\:' I‘;\}S? c\\\k (.At«' \r‘\w""-n‘..\.ru--—‘-\...,“m‘ o a : o ‘.
' SALLY B. HANSEN TT—

Notary Public of New Jersey

My Commisvion Expires June 6, 2010
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SOLICITUD PCT
Original (para PRESENTACION)

"VIlI-2-1 | Declaracién: Derecho a solicitary | En relacién con esta solicitud
otorgarsele una patente internacional
Declaracion en cuanto al derecho del
solicitante, en la fecha de
presentacion internacional, a solicitar
y otorgarsele una patente(Reglas

4.17(ii) y 51bis. 1(a)(ii)), en el caso BRISTOL-MYERS SQUIBB COMPANY

cuando la declaracion conforme a1a | iana derecho a solicitar y otorgarsele

Regla 4.17 (iv) no sea apropiada ) Lo
I W) prop una patente por virtud de lo siguiente:

Nombre (ULTIMO, Primero)
EWFZTTW% Un traspaso de CHATU RVEDULA,
Prasad V. a BRISTOL-MYERS SQUIBB
COMPANY, fechado el 24 de mayo de
2006 (24.05.2006)

Un traspaso de MERCER, Stephen E. a |
BRISTOL-MYERS SQUIBB

COMPANY, fechado el 24 de mayo de
2006 (24.05.2006)

V=241 (iv) Un traspaso de FANG, Haiquana |
BRISTOL-MYERS SQUIBB
COMPANY, fechado el 7 de junio de
2006 (07.06.2006)

Viii-2-1 (iv) Un traspaso de HAN, Xiaojun a
BRISTOL-MYERS SQUIBB

COMPANY, fechado el 25 de mayo de
2006 (25.05.2006)

VII-2-1 (iv) Un traspaso de LUO, Guanglin a
BRISTOL-MYERS SQUIBB

COMPANY, fechado el 25 de mayo de
2006 (25.05.2006)

Vil-2-1 (iv) Un traspaso de DUBOWCHIK, Gene M. |
a BRISTOL-MYERS SQUIBB
COMPANY, fechado el 25 de mayo de
2006 (25.05.2006)

_—

VIH-2-1 (iv)

-— A



p) PCT/US2007/067998

©

Vil-2-1 (iv) Un traspaso de POINDEXTER, Graham
S. a BRISTOL-MYERS SQUIBB
COMPANY, fechado (...)




SOLICITUD PCT

VIHI-3-1

| VI-3-1 (iv)

PCT/US2007/067998

Original (para PRESENTACION)

Declaracién: Derecho a reivindicar

prioridad

Declaracion en cuanto al derecho del
solicitante, en la fecha de
presentacion internacional, a
reivindicar la prioridad de la solicitud
anterior especificada adelante, en
donde el solicitante no es el
solicitante que presenta la solicitud
anterior o cuando el nombre del
solicitante ha cambiado en razén a la
presentacion de la solicitud anterior
(Regilas 4.17(iii) y 51bis.1(a)(iii))

Nombre

En relacion con esta solicitud

internacional

BRISTOL-MYERS SQUIBB COMPANY
tiene derecho a reivindicar prioridad de
la solicitud anterior No. 60/797.400 por
virtud de lo siguiente:

Un traspaso de CHATURVEDULA,
Prasad V. a BRISTOL-MYERS SQUIBB
COMPANY, fechado el 24 de mayo de
2006 (24.05.2006)

VHI-3-1 (iv)

—

VII-3-1 (iv)

Un traspaso de MERCER, Stephen E. a
BRISTOL-MYERS SQUIBB

COMPANY, fechado el 24 de mayo de
2006 (24.05.2006)

—_—

Un traspaso de FANG, Haiquan a

BRISTOL-MYERS SQUIBB
COMPANY, fechado el 7 de junio de
2006 (07.06.2006)

Un traspaso de HAN, Xiaojun a
BRISTOL-MYERS SQUIBB
COMPANY, fechado el 25 de mayo de
2006 (25.05.2006)

VII-3-1 (iv)

Un traspaso de LUO, Guanglin a
BRISTOL-MYERS SQUIBB
COMPANY, fechado el 25 de mayo de
2006 (25.05.2006)




PCT/US2007/067998

VIT-3-1 (iv)

Un traspaso de DUBOWCHIK, Gene M.
a BRISTOL-MYERS SQUIBB
COMPANY, fechado el 25 de mayo de
2006 (25.05.2006)




PCT/US2007/067998

VIIl-2-1 |Declaration: Entitlement to apply for

and be granted a patent

Declaration as to the applicants in relation to this international

entitlement, as at the international filing . .

date, to apply for and be granted a appl:‘cat ion

patent (Rules 4.17(ii) and 51bis. 1 (a)(ii)},

in a case whers 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:

3“3”‘ an assignment from CHATURVEDULA, Prasad
V. to BRISTOL-MYERS SQUIBR COMPANY,
dated 24 May 2006 (24.05.2006)

wwzui an assignment from MERCER, Stephen E. to
BRISTOL-MYERS SQUIBB COMPANY, dated 24
May 2006 (24.05.2006)

xwzui an assignment from FANG, Haiquan to
BRISTOL-MYERS SQUIBB COMPANY, dated 07
June 2006 (07.06.2006)

xwzui an assignment from HAN, Xiaojun to
BRISTOL-MYERS SQUIBB COMPANY, dated 25
May 2006 (25.05.2006)

sz”‘ an assignment from LUO, Guanglin to
BRISTOL-MYERS SQUIBB COMPANY, dated 25
May 2006 (25.05.2006)

ﬂ“zﬂi an assignment from DUBOWCHIK, Gene M. to
BRISTOL-MYERS SQUIBB COMPANY, dated 25
May 2006 (25.05.2006)

ViIl-2-1(i

v)

an assignment from POINDEXTER, Graham S. ///
to BRISTOL-MYERS SQUIBEB COMPANY, dated

(..)




PCT/US2007/067998

VIlI-3-1 |Declaration: Entitlement to claim
priority
Declaration as to the applicant's in relation to this international
entitlement, as at the international filing 14 .
date, to claim the priority of the earlier application
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
4.17(jii) and 51bis. 1 (a)(iii))
Name BRISTOL-MYERS SQUIBB COMPANY
is entitled to claim priority of earlier
application No. 60/797,400 by virtue of
the following:
£W3”' an assignment from CHATURVEDULA, Prasad
V. to BRISTOL-MYERS SQUIBB COMPANY,
dated 24 May 2006 (24.05.2006)
ﬂw$ﬂi an assignment from MERCER, Stephen E, to
BRISTOL-MYERS SQUIEBB COMPANY, dated 24
May 2006 (24.05.2006)
xw&ui an assignment from FANG, Haiquan to
BRISTOL~MYERS SQUIRB COMPANY, dated 07
June 2006 (07.06.2006)
XW&“i an assignment from HAN, Xiaojun to
BRISTOL-MYERS SQUIBB COMPANY, dated 25
May 2006 (25.05.2006)
ww&ﬁﬂ an assignment from LUO, Guanglin to
BRISTOL-MYERS SQUIBB COMPANY, dated 25
May 2006 (25.05,2006)
VII-3-1(

v)

an assignment from DUBOWCHIK, Gene M. to
BRISTOL-MYERS SQUIBB COMPANY, dated 25
May 2006 (25.05.2006)




woO 2007/131620 A2 IR A0 00 000

(19) World Intellectual Property Organization
International Bureau

(43) International Pablication Date
15 November 2007 (15.11.2007)

(10) International Publication Number

WO 2007/131020 A2

(51) International Patent Classification:
CO7D 487/04 (2006.01) AG6IK 31/55 (2006.01)
CO07D 519/00 (2006.01) AGIP 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
11/742,626

3 May 2006 (03.05.2006) US
1 May 2007 (01.05.2007) US

(71) Applcant (for all designated States except US): BRIS-
TOL-MYERS SQUIBB COMPANY [US/US); PO. Box
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CONSTRAINED COMPOUNDS AS

CGRP-RECEPTOR ANTAGONISTS

BACKGROUND OF THE INVENTION

Calcitonin gene-related peptide (CGRP) is a naturally occurring 37-amino-aci
peptide first identified in 1982 (Amara, S. G. et al, Science 1982, 298, 240-244). Two
forms of the peptide are cxpressed (aCGRP and BCGRP) which differ by one and
three amino acids in‘rats and humans, respectively. The peptide is widely distributed
in both the peripheral (PNS) and central nervous system (CNS), principally localized
in sensory afferent and central neurons, and displays a number of biologital cffects,

including vasodilation.

When released from the cell, CGRP binds to specific cell surface G protetn-coupled
receptors and cxerts its biological action prcdominantly by activation of intracellular
adenylate cyclase (Poyner, D. R. et al, Br J Pharmacol 1992, 105, 441-7; Van Valen,
F. et al, Neurosci Lett 1990, 119, 195-8.). Two classes of CGRP receptors
and CGRP2, have been proposed based on the antagonist propertics of the|peptide
fragment CGRP(8-37) and the ability of lincar analogues of CGRP to actifate
CGRP2 receptors (Juaneda, C. ct al. TIPS 2000, 21, 432-438). However, there is|lz
of molecular evidence for the CGRP2 receptor (Brain, S, D. et al, TiPS 2002, 23,|51-
53). The CGRP1 receptor has three components: (i) a 7 transmembrane calcitoni
receptor-like receptor QCRLR); (ii) the single transmembrane recepior activity
modifying protein typei one (RAMP1); and (iii) the intracellular receptor component
protein (RCP) (Evans B. N, et al., J Biol Chem. 2000, 275, 31438-43). RANIP1 is

required for transport of CRLR to the plasma membrane and for ligand binding tothe

CGRP-receptor (McLatchie, L. M. et al, Nature 1998, 393, 333-339). RCP is required
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for signal transduction (Evans B. N. etal., J Biol Chem. 2000, 275, 31438-43). There
are known species-specific differences in binding of small molecule antagonists to
the CGRP-receptor with typically greater affinity seen for antagonism of the human
receptor than for other species (Brain, S. D. etal, TiPS 2002, 23, 51-53). The amino
acid sequence of RAMP1 determines the spocies selectivity, in particular, the amino
acid residue Trp74 is responsible for the phenotype of the human receptor (Mallec et
al. J Biol Chem 2002, 277, 14294-8).

Inhibitors at the receptor level to CGRP are postulated to be useful in
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
flushing, and asthma. CGRP receptor activation has been implicated in the
pathogenesis of migraine headache (Edvinsson L. CNS Drugs 2001;15(10):745-53;
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 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 (Gallai V. et al. Cephalalgia 1995:15: 384-90). Migraineurs exhibit
elevated basal CGRP levels compared to controls (Ashina M, et al., Pain 2000, 86(1-
2)%:133-8.2000). Intravenous CGRP infusion produces lasting headache in
migraineurs (Lassen LH, et al. Cephalalgia 2002 Feb;22(1):54-61). 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
blood flow (Shen, Y-T. et al, J Pharmacol Exp Ther 2001, 2938, 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-

HT1B/1D agonists, ‘triptans’ (e.g., sumatriptan).
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DESCRIPTION OF THE INVENTION

The invention encompasses compounds of Formula 1 which are CGRP antagpnists.

5 The invention also encompasses compositions and methods of using these
compounds in thetapeutic treatment.

One aspect of the invention is a compound of Formula I

R3

R/ R
X

6
A ; X/Y\N’R
o] RS
1
where:
15 AisOorNR':

R' is alkyl, alkenyl, ¢ycloalkyl, Cs..cycloalkenyl, (cycloalkybalkyl, halodlkyl,
alkoxyalkyl, (Ar')alkyl, (NR R®)alkyl, N-(R®)-pyrrolidiny! or N-(R®)-pipéridinyl;

20 R%is hydrogen, halo, alkyl, or alkenyl;

R’ is hydrogen, halo, alkyl, or alkenyl;

or R* and R’ taken together is N(R")N=C(R*);
25 |

R* is hydrogen, halo, alkyl, or alkenyl;

NR’R® taken together s
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& &
N N
AT OTR TN ST G
l\/Z“R12 , = R10 , = R12 , R0 , Rr12 ,or
£ o
N—R’

N
/\{O

R'l'
R’ is hydrogen or alkyl;
R?is hydrogen or alkyl;

or NR'R® taken together is selected from the group consisting of pyrrolidinyl,

piperidinyl, N-(R%)-piperazinyl, morpholinyl, and thiomorpholinyl;

R’ is hydrogen, alkyl, alkylcarbonyl, or alkoxycarbonyl;

R!%is phenyl, naphthyl, pyridinyl, pyridiny] 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;

or R'% s sclected from the group consisting of

0 (@] 0 Q
‘:{N’“\NH "'{‘N)LNH "r‘iN)LNH "{N "{N
k(% Ay Hl)ﬁ ~ S
/’ ” a3 -’ & f’
R11/V\R“ RH/V R RM/N\R” R‘I‘l/\/, rM R V\Rﬂ
L 3 3 L 3
@) 0 0

- -,
.’ J -, -,
R”/N\R“ R11/é\R11 Rﬂ/\ﬁ r" R11/N\R11 RH/\,\ "

3%
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gz gz gz
A “NH | “NH | “NH
- -, - —
AN L’ AN
R11/N\R11 RM/V\R“ Rﬁ/N\R“ Ar?

A and Ar?
R is hydrogen, halo, alkyl, haloalkyl, or alkoxy;

R is selected from the group consisting of
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R NIR7 OyN Y
N E’Nﬁw E’NM/\L\ '-0
Rt ’Y

53~ R"
H-JJ‘ Q ‘_,..r" ] Iy (8] r",\r Q Y Q
\N’-(N'RT \N’4N"R7 \N"(N’RT \N"(N’R7 \N‘_KN"R-]
+ O 0
= \‘N A e .
e L l\,J Nll\, /N!)< A A )
X 1 \Rﬁ 11 \/R” 074 R N=R

(@]
sl s
I G S O /\,N/QN-W
LJNAr’ E/NR’ \{HJNAr’ R

CN and o}

13 is hydrogen, alkyl, alkenyl, alkoxyalkyl, or benzyl;

Ar' is phenyl, naphthyl, pyridinyl, or imidazoly], and is substituted with 0-2

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

Ar? is phenyl, naphthyl, or pyridinyl, and is substituted with 0-2 substituents selected
from the group consisting of halo, alkyl, and haloalkyl;

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

amino(cyano)iminomethyl;

Z 18 N or CH; and

the carbon bearing the asterisk is ¢ither the (S) configuration or the (R) configuration;
or a pharmaceutically acccptable salt thereof,

Another aspect of the invention is 2 compound of formula 11

N
’ L

D
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where;
Ais O orNR":

R! is alkyl, alkenyl, cycloalkyl, Cs~cycloalkenyl, (cycloalkyl)alkyl, hal
alkoxyalkyl, (Ar')alkyl, (NR'R®alkyl, N-(R®)-pyrrolidinyl or N-(R*)-p

R? is hydrogen, halo, alkyl, or alkenyl;
R? is hydrogen, halo, alkyl, or alkenyl,
R* is hydrogen, halp, alkyl, or alkenyl;

NR’R® taken togetﬂer is

£, £,

10
R R , 0

Z"R12
’

*

R’ is hydrogen or alkyl;

R? is hydrogen or alkyl;

oalkyl
iperidinyl;
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or NR'R® taken together is selected from the group consisting of pyrrolidinyl,
i24 y

piperidinyl, N-(R)-piperazinyl, morpholinyl, and thiomorpholinyl;
R’ is hydrogen, alkyl, alkylcarbonyl, 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;

or R" is sclected from the group consisting of

o}
H ‘:HN H ‘J{N/U\NH r‘J{'N ‘:‘iN
1 1

Q{N)LN /lLN
5
/X /\KJ

™ ™ ()
7K /X /X
R =] R R R1 R R RrR* R11 R
0 0 0 s} o)
‘;:'N ‘f NH ',.r’ NH c,r' NH | NH
™ » ) n ™
A X, A 4K
R R R R R R R R R Rr11
L 3 L] 3 ¥
o) o) 0
| NH &~ | NH ‘IYI\NH o~ [ NH J”%NH
N N N
I I I VI
/’ 4 '.’ /’ /’ 4 -,’
Rﬂ/V\R”’ R”/N\Rﬁ, R11/V\R”’ RH/V\R” R'I‘I/N\R”
0 0 0
0, o
5 K3 K3 =5
Y v‘“N)LNH ¢ NH  FoN | S NH S H
A ™ Y 0y Ty
- - o - o }J
-~ -, - - - -
RM/V\R” RM/V\R” R11/V\R11 RM/V\RH 11/v\R‘|1 RM/V\R”

H E] H] . » ’
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© o = N D &E‘ *NH i
Y W o0y o

R R RrM R R R11 R 11 2 N2
[e}
&, o
L NH I N
A and At
R'! is independently hydrogen, halo, alkyl, haloalkyl, or alkoxy;
R12 is selected from the group consisting of
R? O R7 Q R7
>\-N %N’ >\‘-N'
H %; el P A
N‘-J R 2 r\fJ /KJ
S...__/ R‘I‘l R'I‘I R'H R 1
X g i X
N'—( __RT N‘( -U N‘( ’R7 —_( R7 ’_‘( R7
N N N N~ -
N 0
- N N o R
| X ) ,\'J | ,\,,J N ,va\ ‘I;\N"« o
R R Rt R * L N—R
O
0 AN/« \S’S\H\ ,
A A AL A < AT
N—-Ar? N—R™ N—Ar? :
LT , NARS N and XD
13 is hydrogen, alkyl, alkenyl, alkoxyalkyl, or benzyl;
Ar' is phenyl, naphthyl, pyridinyl, or imidazolyl, and is substituted with 0-2
substituents selected from the group consisting of halo, alkyl, and halgalkyl;
Ar® is phenyl, naghthyl, or pyridinyl, and is substituted with 0-2 substjtuents| selccted

from the group cansisting of halo, alkyl, and haloalkyl;
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X-Y is aminocarbonyl, oxycarbonyl, methylenecarbonyl, ethylene, or

amino(cyano)iminomethyl;

Z 13 N or CH; and

the carbon bearing the asterisk is either the (S) configuration or the (R) configuration;
or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is a compound of the following formula Il

where A is NR'

R‘IB
I
~N

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

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

R13
{
~N

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

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

10
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Another aspect of the invention is that any scope of a variable, includJi
R4, RS, Rﬁ’ R7, R*, Rg, RIO’ R”, RIZ, RH’ Arl, Arz, X-Y, A, and Z, can

any scope of any other instance of a variable.

Unless specified otherwise, these terms have the following meanings.

T/US2007/067998

ng RY, R% RY,

be used with

“Alky!l” means

a straight or branched alky! group composed of 1 to 6 carbons. “Alkchyl” means a

straight or branched alkyl group composed of 2 o 6 carbons with at 14

ast one double

bond. “Cycloalkyl” means a monocyclic ring system composed of 3 1o 7 carbons.

“Hydroxyalkyl,” “alkoxy™ and other terms with a substituted alkyl mq

iety include

straight and branghed isomers composed of 1 to 6 carbon atoms for the alkyl moicty.

“Haloalkyl” and “haloalkoxy” include all halogenated isomers from monohalo

substituted alkyl to perhalo substituted alkyl. “Ary]l” includes carbocy

clic and

heterocyelic aromatic ring systems. “Amino” includes includes prim#ry, secondary,

and tertiary aming moietics. “Carbonyl” means CO. “Oxy” mcans -Of.

“Aminocarbonyl” means -N(R)C(=0)-. “Oxycarbonyl” means -OC(=0)-.

“Methylenecarbonyl” means -CH,C(=0)-. “Amino(cyano)iminomethyl” means

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

bonding relationships to those skilled in the art. For example, a term Such as

((R)alkyl) means an alkyl substituent further substituted with the sustituent R. A

term such as N-(R)-pyrrolidinyl indicates that the nitrogen is substitutg

substituent R,

|
The invention inclhdes all pharmaceutically acceptable salt forms of th
Pharmaceutically écceptable salts are those in which the counter ions d
contribute significantly to the physiological activity or toxicity of the ¢

as such function ag pharmacological equivalents. These salts can be m

11

clarify

d with the

¢ compounds.
0 not
pompounds and

ade according
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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, succinate, sulfate, tartrate, tosylate,
and xinofoate. Some cationic salt forms include ammonium, aluminum, benzathine,
bismuth, calcium, choline, dicthylamine, diethanolamine, lithium, magnesinm,
meglumine, 4-phenylcyclohexylamine, piperazine, potassium, sodium, tromethamine,

and zinc.

Some compounds of the invention may cxist in stereoisomeric forms, one example of
which is shown below. The invention includes all sterevisomeric and tautomeric
forms of the compounds.
R‘13
1
N/ N

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
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

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

Scheme 1 describes how to make certain compounds of the invention. Regiospecific

introduction of iodine on a appropriatcly substituted aromatic ring can be

12
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accomplished using iodine monochloride. Aryl iodides () are good ¢

partners in palladium-mediated Heek reactions. The Heck products (1IT) can be

reduced with hydrogen mediated by number of asymmctric catalysts tb produce

enatiomerically pure materials (TV). Subsequent hydrolysis of acetatc

with methanolic potassium carbonate followed by treatment of alcoho

thionyl chloride can produce benzylic chlorides (VI). Treatment of bepzylic

V)

chlorides with various amines in acetonitrile can deliver requisite amiries (VD).

The amines (VII) ¢an be converted into desired azepinones (VIL) in rcfluxing toluene

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

0) can in turn be elaborated into final products. Hydrogenolysis of VI}

under 10% Pd on carbon produces amine intermediate IX (Scheme 1),

functionality can be transformed to the desired urca functionality (X) wi

assistance of phosgenc or N,N’-disuccinimyl dicarbonate and various al
(Scheme 2). Alternatively, the succinic ester VITI (X=CH,) can bc cont
carboxylic acid (XT) with lithium hydroxide, followed by reaction with

amine under TBTU: coupling conditions to give desired amides (X1I) (S

13

mines
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Scheme 1.
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Scheme 2.
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In a manner similar to urca formation, cyanoguanidine XIII can be prepared using

5 diphenyl N-cyanocarboimidate and various substituted amines (Scheme 4).

16
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Scheme 4,
R R
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[ SR
P 10% Pd-C
RN MeOH
0
o
HN-—<
oaBn
/ 3
..—-R4 __R
= HN=T
Rs
‘ NCN
HN
_{N—RG
Xm g,
Scheme 5.
MeO N
oy =
/ N (100%)

5 Conditions: (a) NaH (60%), THF, 0 °C, and then TIPS-CI. (b) sec-Buli,
-78 °C, and then (Me0)30, -78 °C. (c) HCI (4M in 1,4-dioxane), THF, 0|°C ->

PCI/US2007/067998
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Scheme 6.
HO.. 2N e +
o OH
b
(32%)
MeQ N
T Y
Z N
N \
Boc”
d
(94%)
H
0] N
| N
RN
HN \

Conditions: (a) NaH (60%), THF, 0 °C, and then I-Me. (b) Na,COs, LiCl,
((PPh3)}Pd(0), 1,4-dicaxne/H0, 80 °C . (¢) Pd (0)/C, Hy (60 psi), MeOH, rt. (d)
TMS-1, CH,CL, 60 °C.

Scheme 7.
MeO \
N (99%)
H TlPS

O

(100%)l ¢

MeO. N

N TN
N T@s%) F N
o %) TIPS

Conditions: (a) NaH (60%), TIPS-C1. THF, 0 °C. (b) Na;COs, LiCl, ((PPhy)sPd(0),

1,4-dioaxne/H,0, 80 °C. Pd (0)/C, Hy (60 psi), MeOH, rt. (d) TMS-I, CH,Cl, 60 °C.

13
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Scheme &,
H TIPS
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Scheme 9.
H
\ P e N b HN
l ——— o —— @]
s % 50% N 80% TN cho
5 s

95%1 c
Q

H H
N 2. X 0, N
e D oo b
S N -—
21~45% S 9% ]
HN HN
' _N OH
Boc

Conditions: (a) pyvaloyl chloride, py, reflux. (b) n-BuLi, THF, -78 °C angl then DMF,
-78 °C -> rt. (¢) DIEA, n-Buli, -78 °C, THF; NaH(60%), THF, 0 °C. (d)
10 Hy0, MeOH, reflux. {e) McOH, silica gel, NBS or NCS, rt or 60 °C.
|

19
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Biological Methods

CGRP Binding Assay. Tissue Culture. SK-N-MC cells were grown at 37 °C in 5%
CO, as a monolayer in medium consisting of MEM with Earle’s salts and L-
glutamine (Gibco) supplemented with 10% fetal bovine serum (Gibco). Cell Pellets.
The cclls were rinsed twice with phosphate-buffered saline (155 mM NaCl, 3.3 mM
Na,HPQ,, 1.1 mM KH2PO4, pH 7.4), and incubated for 5-10 min. 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
homogenized using a polytron. Homogenates were centrifuged at 32,000 x g for 30
min. 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.

Radioligand Binding Assay. The compounds of invention were solubilized and
carried through serial dilutions using 100% DMSO. Aliquots from the compound
scrial dilutions were further diluted 25 fold into assay buffer (50 mM Tris-Cl pH 7.5,
5 mM MgCl,, 0.005% Triton X-100) and transferred (volume 50 pl) into 96 well
assay plates. ['2I}-CGRP (Amersham Biosciences) was diluted to 60 pM in assay
buffer and a volume of 50 p! 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 ng/well) was
added in a volume of 100 pl. The assay plates were then incubated at room
temperature for 2 h. Assays were stopped by addition of excess cold wash buffer (20
mM Tris-Cl pH 7.5, 0.1% BSA) immediately followed by filtration over glass fiber
filters (Whatman GF/B) previously soaked in 0.5% PEI. Non-specific binding was
defined with | pM beta-CGRP. Protein bound radioactivity was determined using a
gamma or scintillation counter. The ICso was defined as the concentration of a

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

Cyclic AMP Functional Antagonism Assay. Antagonism of the compounds of

invention was determined by measuring the formation of cyclic AMP (adenosine 3'5"-

20



WO 2007/131020

10

I3

PQ

cyclic monophosphate) in SK-N-MC cells that endogenously express the human

CGRP receptor. CGRP receptor complex is coupled with Gs protein and CGRP

binding to this complex leads to the cyclic AMP production via Gs - d

activation of an adenylate cyclase (Juaneda C. et al., TiPS, 2000; 21:432-438).

Consequently, CGRP receptor antagonists inhibit CGRP — induced cy
formation in SK-N-MC cells (Doods H, et al., Br J Pharmacol, 2000; 1
423). For cyclic AMP measurements SK-N-MC cells were incubated

CGRP alone or in the presence of various concentrations of the compo

invention for 30 min at room temperature. Compounds of invention wire pro-

ependent

clic AMP
29(3):420-
with 0)3 nM

unds

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

receptor occupancy (Edvinsson et al., Eur J] Pharmacol, 2001, 415:39-44). Cyglic

AMP was extracted using the lysis rcagent and its concentration was dé¢termined by

radioimmunoassay using RPA559 cAMP SPA Dircct Screening Assay

Kit

(Amersham Pharmacia Biotech). ICsq values were calculated using Exdel fit. The

tested compounds of invention were determined to be antagonists as thé¢y cxhibited a

dose — dependent inhibition of the CGRP ~ induced cyclic AMP produdtion.

Table 1. CGRP Binding.

CGRP binding

Compound 1Cs0 (nM)

@]
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Compound

CGRP binding
ICso (I]M)

23

PCT/US2007/067998




WO 2007/131020

CGRP binding
Compound 1Cso (M)
N { A

Ot Qo
5

mixture

1
Oy, M.
o
c &
0, H,

H

[}

M.

>

o
1
O,
£
0, N.
Hy
N,
N
mixture

Yz

T

24

PCT/US2007/067998



WO 2007/131020 PCT/US2007/067998

CGRP binding
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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

aM; D = 1000 nM.
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CGRP binding
Compound 1Cso (nM) &
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Fgo-JN @ O'{\/@
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A 0.01-10 nM; B = 10-100 nM; C =
100-1000 nM; D > 1000 nM.

Table 2. CGRP Binding and cAMP Functional Data

Compound CCI}(};{P binding | ¢cAMP Function
so (M) ICso (nM)
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CGRP binding TcAM P F'uncti—iltn
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Compound CGRP binding | ¢cAMP Function
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C nd CGRP binding | cAMP Function
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Compound CGRP binding | cAMP Function
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c d CGRP binding | cAMP Function
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Compound CGRP binding | cAMP Function
b ICso (nM) ICso (nM)
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CGRP binding | cAMP Functiot
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Compound

CGRP binding
].Cs() (nM)

cAMP Function
1Cso (nM)
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Compound CGRP binding | ¢cAMP Function
b ICso (nM) ICso (nM)
B *
A *
C *
B %
D *
N‘\% N A *
RetN

A 0.01~]]‘FHM; B =10-100 nM; C = 100-1000 nM; D >
1000 nM.

Pharmaccutical Compositions and Methods of Treatment

The compounds of Fofmula I inhibit the CGRP receptor. As such, they arg useful for

treating disorders assoipiated with aberrant CGRP levels or where modulat*ng CGRP
levels may have themﬂ»eutic benefit.

i

|

10 Accordingly, another E{Spect of the invention is a pharmaceutical compositipn

comprising a compoun]d of Formula I with a pharmaceutically acceptable afljuvant,

carrier, or diluent. ﬂ

Compounds are generally given as pharmaceutical compositions comprised|of a

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

acceptable salt, and a pharmaceutically acceptable carrier and may contain
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conventional exipients. A therapcutically effective amount is the amount needed to
provide a meaningful patient benefit as determined by practitioncrs in that art.
Pharmaceutically acceptable carriers are those conventionally known carriers having
acceptable safety profiles. Compositions encompass all common solid and liquid
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).

Solid compositions are normally formulated in dosage units providing from about 1
to about 1000 mg of the active ingredient per dose. Some examples of solid dosage
units are 0.1 mg, 1 mg, 10 mg, 100 mg, 500 mg, and 1000 mg. Liquid compositions
are generally in a unit dosage range of 1-100 mg/mL. Some examples of liquid
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,
parentcral, intranasal, sublingual, and transdermal methods. Typically, the daily dose
will be 0.01-100 mg/kg body weight daily. Gencrally, 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
pathophysiologic conditions where excessive CGRP receptor activation has occurred.
Somc 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;
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

44
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headache (Gallai V. et al. Cephalalgia 1995, 15, 384-90). Migraineurs ¢xhibit

US2007/067998

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

2), 133-8). Intravenous CGRDP infusion produces lasting headache in m
(Lassen L.H. ct al. Cephalalgia. 2002, 22(1), 54-61). Preclinical studies

graingurs

in dog and

rat report that systemic CGRP blockade with the peptide antagonist CGRP(8-37)

does not alter resting systemic hemodynamics nor regional blood flow (Shen,

-T. et

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

may present a novel treatment for migraingc that avoids the cardiovasculdr

of active vasoconstriction associated with non-selective 5-HT1B/1D agonists,

“triptans” (e.g., sumstriptan).

Another aspect of the invention is a method of treating migrainc or headache.

“Migraine,” “headache,” and related terms are as understood by medical

practitioners. Migraine encompasses all classes of migraine including common|

classic, cluster, fulgurating, hemiplegic, opthalmoplegic, and opthomalmjc.

“Therapcutically effgctive” means there is a meaningful patient benefit as

by medical practitioners.

liabilities

understood

“Patient” means a pctson who may benefit from treatment as determined by medical

practitioners.

Another aspect of theiinvention relates to a method of treating inflammatipn
(particularly neurogenic inflammation), pain, thermal injury, circulatory shock,

diabetes, Reynaud's syndrome, peripheral arterial insufficiency, subarachroid/ ¢

hemorrhage, tumor growth, flushing associated with menopause and other

the treatment of whicli can be effected by the antagonism of the CGRP redeptor by

the administration of pharmaceutical compositions comprising compoundy

Formula (1) as defined herein.

Another aspect of the {nvention relates to methods sclected from the group

of (a) immune regulation in gut mucosa (b) protective effect against cardia

45




WO 2007/131020 PCT/US2007/067998

10

15

20

25

30

anaphylactic injury (c) stimulating or preventing interleukin-1b(IL-1b)-stimulation of
bone resorption (d) modulating expression of NK 1 receptors in spinal neurons and
(e) airway inflammatory diseases and chronic obstructive pulmonary disease
including asthma. Sec (a) Calcitonin Receptor-Like Receptor Is Expressed on
Gastrointestinal Immune Cells. Hagner, Stefanie; Knauer, Jens; Haberberger, Rainer;
Gocke, 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;
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; (¢) The experimental study on the effect calcitonin genc-related
peptide on bone resorption mediated by interleukin-1. Lian, Kai; Du, Jingyuan; Rao,
Zhenyu; Luo, Huaican, Dcpartment of Orthopedics, Xiehe Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, Peop. Rep.
China. Joumnal of Tongji Medical University (2001), 21(4), 304-307, (d) Calcitonin
gene-related Peptide regulates expression of neurokininl receptors by rat spinal
neurons. Seybold VS, McCarson KE, Mermelstein PG, Groth RD, Abrahams LG.

J. Neurosci. 2003 23 (5): 1816-1824. epartment of Neuroscience, University of
Minnesota, Minncapolis, Minnesota 55455, and Department of Pharmacology,
Toxicology, and Therapeutics, University of Kansas Medical Center, Kansas City,
Kansas 66160 (¢) Attenuation of antigen-induced airway hyperresponsiveness in
CGRP-deficient mice. Aoki-Nagase, Tomoko; Nagase, Takahide; Oh-Hashi, Yoshio;
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; (f) Calcitonin gene-related peptide as inflammatory mediator, Springer,
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 neurogenic inflammation. Hclyes, Zsuzsanna; Pinter, ErikJa; Nemeth,
Jozsef, Szolcsanyi, Janos. Department of Pharmacology and Pharmacothcrapy,
Faculty of Medicine, University of Pecs, Pecs, Hung. Current Mcedicinal Chemistry:
Anti-Inflammatory & Anti-Allergy Agents (2003), 2(2), 191-218 all indorporated by

reference herein.

Another aspect of this invention relates to a method of treatment using combinations
of Formula I compounds with one or more agents selected from the grodp consisting
of COX-2 inhibitors, NSAIDS, agpirin, acetaminophen, triptans, ergotarhine and

caffeine for the treatment of migraine.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Proton magnetic resbnance (1H NMR) spectra were recorded on a Brukar AC 300 or

AC 500. All spectra were determined in the solvents indicated and chemjical shifts

are reported in 8 units downfield from the internal standard tetramethylsilane (TMS)
and interproton coupling constants are reported in Hertz (Hz). Splitting patterns arc
dcsignated as follows: s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; b
broad peak. Low regolution mass spectra (MS) and the apparent molecular (MH+) or
(M-H)Yt was determined on a Micromass platform. The elemental analysis are
reported as percent by weight. The products were purified by Prep HPL( using the
column YMC S5 O]jS (30 x 100 mm) at a flow rate of 40.0 mL/min and gradicnt
time of 8.0 min. staning from solvent composition of 40% MeOH-60% H0-0.1%
TFA and ending with solvent composition 95% MeOH-5% H,0-0.1% TFA. The
products were ana]yz%:d by a HPLC instrument using an XTERA column {3.0 x 50
mm S7) starting from| solvent A (10% MeOH — 90% water — 0.1% trifluotoaceti
acid (TFA)) and rea:jring solvent B (10% water — 90% methanol — 0.1% TFA) over a
gradient time of 2 min. The flow rate is 5 mL/min. and retention time (Rf} of product

was measured at 220 hm wavelength.
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Intermediate 1

HNJCJ)\OJ<

2-(Acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-benzylidene)-

5 succinic acid diethyl ester. Nitrogen gas was bubbled through a solution of acetic
acid 3-tert-butoxycarbonylamino-6 —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,
12 mmol), and triethylamine (4.0 mL, 29 mmol) in N, N-dimethylformamide (25 mL)
for 5 minutes. Palladium (IT) 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 successivcly with water (3
X 50 ml), and brine (25 mL). Organic was dried (MgSQ,), filtered and concentrated
in vacuo. Silica gel purification yielded the desired product in 99% yield as an amber
oil. "H NMR (300 MHz, CDCls): 8= 8.0 (s, 1H), 7.78 (d, J=8.4, 1H), 7.08 (d, J=8.4,

15 1H), 6.32 (s, 1H), 5.11 (s, 2H), 4.27 (q, J=7.3, 2H), 4.11 (q, /= 7.1, 2H), 3.30 (s, 2H),
2.24 (s, 3H), 2.04 (s, 3H), 1.55 (s, 3H), 1.51 (s, 9H), 1.32 (t, /= 7.1, 3H), 1.23 (t, J=
7.3, 3H). MS /e (M-H)Y=462.0.

Intermediate 2

HN /lcj)\O/J<

20 o g ©

48

>\



WO 2007/131020

10

15

20

25

PCTYUS2007/067998

2-(S)-(Acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-benzyl)-syccinic

acid diethyl ester. 2-(8)-(Acctoxymethyl-4-tert-butoxycarbonylamino-3-methyl-
benzylidene)-succinic acid diethyl ester (4.4 g, 9.5 mmol) and (-)-1,2-bis((2R,5R)-

diethylphospholand)benzene(cyclooctadiene)rhodium (T) trifluoromethdne sulfonate

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

hydrogenation apparatus. Reaction vessel was charged with 60 psi of hydrog

Reaction mixture was allowed to shake at room temperature for 18 hours. Reaction

mixture was concentrated in vacuo. Residue was passed through a plugjof silica gel

eluting 80% ethyl acetate-hexanes (250 mL). Filtrate was concentrated |

afford the desired product in 97% yield as an amber oil. "H NMR (300 NIHz,

& 7.62 (d, J= 8.1, IH), 7.01 (d, J= 8.4, 1H), 6.20 (s, 1H), 5.20 (m, 2H),|4.09 (m,

4H), 3.14 (m, 1H), 2.69 (m, 2H), 2.38 (dd, JI=16.8, /2= 4.8, 1H), 2.23

(s, 3H), 1.56 (3, 3H), 1.50 (s, 9H), 1.22 (m, 6H). MS m/e (M-F)'=464.0.

Intermediate 3
NHz
\n/O
0 o~
0
N

2-(8)-(2-Acetoxymethyl-4-amino-3-methyl-benzyl)-succinic acid diethyl ester.

Trifluorcacetic acid (10 mL) was added to a solution of 2-(S)-(acetoxymg

filtered and concentrated iz vacuo to yield the desired product in 99% yie
amber oil. "H NMR (300 MHz, CDCl;): 8= 6.85 (d, J= 8.1, 1), 6.67 (d,
5.18 (m, 2H), 4.09 (m, 4H), 3.09 (dd, /1= 6.2, J2=13.9, 1H), 2.96 (m, 1H]
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2H), 2.37 (dd, JI= 4.6, J2= 16.7, 1H), 2.15 (s, 3H), 2.06 (s, 3H), 1.20 (m, 6H). MS
m/c (M-CoH,02+4H)'= 306.2.

Tntermediate 4

2-(S)-(4-Acetoxymethyl- 1 H-indazol-5-ylmethyl)-succinic acid diethyl ester.
Isoamyl nitrite (1.6 mL, 12 mmol) was added dropwise to a cooled (water ice bath)
sollution of 2-(S)-(2-acetoxymethyl-4-amino-3-methyl-benzyl)-succinic acid diethy!
ester in carbontetrachloride (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 dichloromethane
(75mL) then washed successively with saturated aqueous sodium bicarbonate (2 X 50
mL), and brine (30 mL). Organic was dried (magnesium sulfate), filtered and
concentrated in vacuo, Silica gel chromatography (ethyl acetate - hexanes) afforded
the product in 55% yield as an amber oil. "H NMR (300 MHz, CDCl;): §=8.19 (s,
1H), 7.44 (d, J= 8.8, 1H), 7.24 (d, /= 8.8, 1H), 5.49 (s, 2H), 4.06 (m, 4H), 3.25 (m,
1H), 3.11 (m, 1H), 2.97 (m, 1H), 2.72 (dd, JI= 8.8, .J2=16.5, 1H) 2.43 (dd, Ji=5.1,
J2=16.5),2.09 (s, 3H), 1.19 (m, 6H). MS m/e (M+H)"=377.1.

Intermediate 5

N—NH
/

HO

50

5
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2-(S)-(4-Hydroxymethyl- 1 H-indazol-5-ylmethyl)-succinic acid dimethyl ester.

Potassium carbonate (1.6 g, 11.6 mmol) was added to a solution of 2-(8)-
acetoxymethyl-1H+indazol-5-yImcthyl)-succinic acid diethyl ester (2.0 g,
in methano! (60 mL). Mixture was stirred at room temperature for I.Sio

Reaction was quen¢hed with the addition of IN hydrochloric acid (30

L).

(4-
5.5 mmol)

Urs.

Methanol was remaved from the mixture in vacuo. Remaining aqueous was basifled

with sodium bicarbonate. Mixture was extracted with ethyl acctate (2 X

40

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

mL). Organic was dricd (magnesium sulfate), filtered then concentrated in vacuo.

Desired product was obtained in 92% yield as an amber oil. 'H NMR (3p0 MHz,

CDCL): 8= 8.21 (G5, 1H), 7.34 (d, J= 9.2, 1H), 7.17 (d, J= 8.8, 1H), 5.03
12.4,.J2=17.9, 1H) 3.63 (s, 6H), 3.23 (m, 1H), 2.98 (m, 1), 2.77 (dd, J/
16.8, 1H), 2.53 (dd, /1= 6.4, J2= 16.7, 1H). MS m/e (M+H)" = 307.0.

Intermediate 6

N-nH HO

cl

2-(8)-(4-Chloromethyl-1H-indazol-5-ylmethyl)-succinic acid diméthyl ester

hydrochoride . Thionyl chloride (5.0 ml.) was added to a solution of 2-(§

hydroxymethyl-1H-ipdazol-5-ylmethyl)-succinic acid dimethy! ester (1.5p g, $.

mmol) in dichloromethane (30 mL). Reaction mixture was stirred at ambjient

temperaturc for 2 hmirs. Mixture was concentrated iz vacuo. Residue wi
in toluene (30 mL), ﬂ“*en concentrated in vacuo. Residue was treated with
dichloromethane (30 inL) then concentrated in vacuo. Desired product w
in 96% yield as an orange solid. "H NMR (300 Mz, CDCly): = 8.22 (s,
(d,/~8.38, 1H), 7.15 (d, J= 8.8, 1H), 5.12 (s, 2H), 3.56 (s, 3H), 3.52 (s, 3H
3H),2.69 (dd, JI1=8.1, J2=16.5), 2.54 (m, 1H). MS m/e (M+H)'= 3252,

51

)(4-

§ triturated

is obtatined
1H), 7\49
), 3.03 (m,
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Intermediate 7

[9-(2,2-Dimethyl-propyl)-8-0x0-3,6,7,8,9, 10-hexahydro-2, 3, 9-triaza-(S)-
cycloheptafe]inden-7-yl]-acetic acid methyl ester. Neopentylamine (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 mL). Reaction mixture was heated at reflux
until starting material was deemed to be consumed by HPLC (1.5 hours). Mixture
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 mixturc was heated at reflux until judged complete by HPLC (44 hours).
Mixture was concentrated /n vacuo. Residue was dissolved in ethyl acetate (50 mL)
and washed with gaturated aqueous sodium bicarbonate (2 X 25 mL). Organic was
dried (magnesium sulfate), filtered and concentrated in vacuo. Silica gel
chromatography (ethyl acetate-hexanes) yielded the desired product in 90% yield as a
yellow foam. 'H NMR (300 MHz, CDCls): 5= 8.01 (s, 1H), 7.35 (d, /= 8.4, IH), 7.13
(d, J=38.4, IH), 5.41 (4, /=16.8, 1H), 4,50 (d, /= 16.8, 1H), 3.90 (m, 1H), 3.70 (s,
3H), 3.62 (m, 1H), 3.50 (d, /= 13.9, 1H), 3.18 (d, J=13.5, 1H), 3.05 (m, 2H), 2.43
(dd, JI=16.7,J2= 5.3, IH), 0.83 (5, 9H). MS nve (M-H)=342.0.

Intermediate 8

52

NN\
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[9-(2.2-Dimethyl-propyl)-8-o0x0-3,6,7.8,9, 1 0-hexahydro-2, 3, 9-triaza-(S)-

cycloheprafefinden-7-ylj-acetic acid. Lithium hydroxide monohydrate

mmol) was added to a solution of [9-(2,2-dimethyl-propy1)-8-0x0-3,6,7,8,9,10

hexahydro-2,3,9-triaza-(S)-cycloheptae]inden-7-yl]-acetic acid methyl
3.8 mmol) in methahol (15 ml.), tetrahydrofuran (15 mL) and water (15

Reaction mixture was heated at 50 °C for 1 hour., The organic solvents were

removed from the mixture in vacuo. Remaining aqueous was diluted with wat

ester (1.32 ¢,
mL).

r (25

mL). Mixtare was nieutralized with 1 N hydrochloric acid (8.0 mL). Mixture was

extracted with ethyl acctate (2 X 30 mL). Combined organic layers werq

with brine (20 mL) then dried (magnesium sulfate), filtered and concentrjated £

vacuo. Desired product was obtained in 88% yicld as a light yellow solidl.

(300 MHz, CDCls): 8= 7.98 (s, 1H), 7.36 (d, J= 8.8, 1H), 7.10 (d, /= 8.8
(d, J= 16.8, 1H), 4.48 (d, J= 16.8, 1H), 3.85 (m, 1H), 3.49 (d, J= 13.5, 1H
J=13.9, 1H), 3.08 (s, 2H), 2.92 (dd, J1= 8.2, J2= 16.3, 1H), 2.55 (dd, J/+
4.8, 1H) 0.81 (s, 9H), MS m/e (M-H)y'=328.0.

Intermediate 9

washed

'H NMR
1H), 5.38
% 3.18 (d,
16.5,J2=

(9-Benzyl-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepia/ ef ingen-

7-vl)-acetic acid methyl ester. Benzylaminc (250 pL, 2.3 mmol) and 2-(S
Chloromethyl-1H-indezol-5-ylmethyl)-succinic acid dimethyl ester hydro

were converted following a procedure analogous to the preparation of [9-(R,2-

(4~
hlorid

Dimethyl-propyl)-8-0k0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[elinden-
{

7-yl]-acetic acid methyl cster. Silica gel chromatography (ethyl acetate — hexanes)

afforded the desired product in 62% vicld as an amber oil. "H NMR (300 N
CDCly): 8= 7.77 (s, 1H), 7.28 (m, 6H), 7.09 (d, /= 8.4, IH), 518 (d, J~ 16
4.99 (d, /=150, 1H), 4.43 (d, J=5.9, 1H), 4.39 (4, /= 1.8, 1H), 4.34 (d, J=

33
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3.74 (s, 3H), 3.13 (m, 2H), 2.51 (dd, J/= 5.5, J2= 16.8, 1H). MS m/e (M+H)'=
364.0.

Intermediate 10

(9-Benzyl-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cycloheptafe]inden-
7-yl)-acetic acid. Lithium hydroxide (32 mg, 0.76 mmol) and (9-benzyl-8-oxo-
‘ 3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[¢]inden-7-yl)-acetic acid methyl

10 cster were reacted in a manner analogous to the preparation of [9-(2,2-dimethy!-

propyD)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[e]inden-7-y1]-

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

(300 MHz, DMSO, Dg): 8= 7.72 (s, 1II), 7.28 (m, 4H), 7.16 (m, 2H), 7.06 (d, /= 8.8,

1H), 5.15 (d, J= 16.8, 1H), 4.95 (d, J= 15.0, 1H), 4.37 (m,4H), 3.09 (m,2H), 2.59 (dd,
15 JI=5.1,J2=16.5, IH). MS m/e (M+H)"™= 350.0.

Intermcdiate 11

20 [4-Chloro-9-(2,2-dimethyl-propyl)-8-oxo-3,6,7,8,9, 1 0-hexahydro-2,3,9-
triaza-(S)-cycloheptafe]inden-7-ylj-acetic acid methyl ester. Potassium carbonate
(190 mg, 1.4 mmol) was added to a solution of 2-(S)-(4-acetoxymethyl-7-chloro-1H-
indazol-5-ylmethyl)-succinic acid diethyl estcr (240 mg, 0.58 mmol) in methanol (10

54
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mL) and ethanol (5 mL). Mixture was stirred at room temperature for 1.

Reaction was quenched with the addition of 1 N hydrochloric acid (10 mL).

solvents were removed from the mixture iz vacuo. Remaining aqueous was basified

with sodium bicarbonate. Mixture was cxtracted 2X ethyl acetate (15 mL).

Residue was dissolved in dichloromethane (6 mL). Thionyl chloride (2

|
added to the mixtur¢. Reaction was stirred at room temperature for 1.5 l}ﬁours.

Mixture was concenitrated iz vacuo. Residue was treated with dichloromethane (25

mL) then concentrated in vacuo. Residue was suspended in acetonitrile

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

neopentylamine (150 pL, 1.3 mmol). Reaction mixture was heated at reflux for 1

hour. Mixture was cooled to room temperature then filtered through a 0.45 um|/PTFE

membrane, Filtrate was concentrated. Residue was dissolved in a mixture of toluene

(5 mL) and acetic acid (250 pL). Reaction mixture was heated at 100°C for 15 hours

then warmed to reflux for 7 hours. Mixture was cooled to room temperafure then

diluted with ethyl acetate (15 mL). Mixture was washed successively 2X
aqueous sodium bicarbonate (20 mL,), water (15 mL) and brine (10 mL).
was dried (magncsiumn sulfate), filtered and concentrated in vacuo. Silicd
chromatography (ethyl acetate-hexanes) afforded the desired product in 4
a yellow oil. "H NMR (300 MHz, CDCls): &= 8.02 (s, 1H), 7.13 (s, 1H), 3
IH), 4.42 (d, J=17.2., 1H), 3.88 (m, 1H), 3.70 (s, 3H), 3.53 (d, /= 13.9, 1
J=13.9, 1H), 3.03 (m, 3H), 2.44 (dd, JI= 5.9, J2= 16.9, 1H), 0.81 (s, 9H)
(M+H)"=378.1.

Intermediate 12

35

saturated
Organic

gel
8% yield as
37 (m,
H), 3.12 (d,
MS
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[4-Chloro-9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9, 10-hexahydro-2, 3,9-
triaza-(S)-cycloheptafe]inden-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)-cyclohepta[c]inden-7-yl)-acetic acid methyl
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 1N hydrochloric acid (750 pL).
Mixture was extracted 2X ethyl acetate (10 mL). Combined organic layers werc
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. 'H NMR
(300 MHz, CDCl): 6= 7.98 (s, 1H), 7.09 (s, 1H), 5.35 (d, J= 17.2, 1H), 4.41 (4, J=
17.2, 1H), 3.82 (m, 1H), 3.48 (d, /= 13.9, 1H), 3.12 (d, /= 13.9, 1H), 3.02 (m, 2H),
2,92 (dd, J1= 8.4, J2=16.8, 1H), 2.45 (dd, JI= 5.1, J2= 16.8, 1H), 0.78 (s, YH). MS
m/e (M-H)=3062.0,

Intermediate 13

O
wloK

3-(2-Acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-phenyl)-2-
benzyloxycarbonylamino-acrylic 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
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

56
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vacuo. Silica gel chromatography afforded the title compound as a yellow solid in
69% yield. "H NMR (300 MHz, CDCly): 8=7.79 (d, J= 8.4, 1H), 7.42 (s, 1H), 7.27
(m, 6H), 6.30 (s, 1H), 5.11 (s, 2H), 5.02 (s, 2H), 3.81 (s, 3H), 2.21 (s, 3H), 2.02 (s,
3H), 1.51 (s, 9H). MS m/c (M-H)=511.0.

Intcrmediate 14

HN /lOLOJ<

3-(2-Acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-phenyl)-2-(R}-

10 benzyloxycarbonylamino-propionic acid methyl ester. A solution of 3-(2
acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-phenyl)-2-
benzyloxycarbonylamino-acrylic acid methyl ester (2.51 g, 4.9 mmol) in{methanol
(50 mL) and ethyl acetate (15 mL) was reacted in a manner similar to the|preparation
of 2-(8)-(acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-benzyl)-succinic acid

15  diethyl ester. Title compound was obtained as an off-white solid in 97% yield. TH
NMR (300 MHz, CDClg): 6=17.66 (d, /~17.9, IH), 7.31 (m, 5H), 6.99 (d, y= 8.5, 1H)
6.21 (s, 1H), 531 (d, J=7.6, 1H), 5.17 (d, J= 3.7, 2H), 5.04 (d, J= 5.80, 2H), 4.56 (rn,
1H), 3.71 (s, 3H), 3.23 (dd, JI=5.80, J2= 14.7, 1H), 3.07 (dd, JI= 7.8, J2= 14.2
1H), 2.21 (s, 3H), 2.00 (s, 3H), 1.50 (s, 9H). MS m/e (M-H)=513.0.

20

Intermediate 15

57
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3-(4-Acetoxymethyl-1 H-indazol-5-yl)-2-(R)-benzyloxycarbonylamino-
propionic acid methyl ester. Trifluoroacetic acid (2.5 mL) was added to a solution of
3-(2-acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-phenyl)-2-(R)-
benzyloxycarbonylamino-propionic acid methyl ester (770 mg, 1.5 mmol) in
dichloromethane (10 ml.). Reaction mixture was stirred at room temperaturc 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 uL, 1.8 mmol) was added to the mixture.
Reaction mixturc was stirred at ambient temperature for 20 minutes. Potassium
acetate (690 mg, 7.0 mmol) was added to the mixture. Rcaction 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 dricd
(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,
CDCL): 6= 8.17 (s, 1H), 7.41 (d, /= 8.4, 1H), 7.25 (m, 6H), 5.54 (d, J= 8.1, 1H), 5.44
(s, 2H), 5.03 (s, 2H), 4.67 (m,1H), 3.78 (s, 3H), 3.37 (dd, JI= 5.9, ./2= 14.3, 1H),
3.22 (dd, JI=8.1,J2=14.3, 1H), 1.98 (s, 3H). MS m/c (M+H)"=426.0.

Intermediate 16

N-NH HCI
]
HO
H
NYO
0
~o X0

2-(R)-Benzyloxycarbonylamino-3-(4-tert-butoxycarbonylamino- 2-
hydroxymethyl-3-methyl-phenyl)-propionic acid methyl ester hydrochloride,
Potassium carbonate (1.65 g, 12 mmol) was added to a solution of 3-(4-
acetoxymethyl-1H-indazol-5-y1)-2-benzyloxycarbonylamino-propionic 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 X 50 mL).

Combincd extracts werc washed with water (30 mL) and brine (20 mL.)

dricd (magnesium sulfate), filtered and concentrated. Rosidue was diss

ethyl acetate:hexanes (50 mL). IN hydrochloric acid in 1,4 dioxane (1.4 mL},

Organic was

lved i

added to the mixture dropwise causing a precipitate to form. Mixture \Jas stirted at

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

acetate:hexanes, then dried in vacuo. Product was obtained in 61% yield as a tan

solid. "H NMR (300 MHz, DMSO-D): 5= 8.67 (s, 1H), 7.49 (s, 2), 7.2

4.99 (m, 4H), 4.50 (m, 1H), 3.73 (s, 3H), 3.41 (m, 1H), 3.13 (dd, J/= 9.9,

1H). MS m/c (M+H)"=384.0.

Intermediate 17

HCI
N~NH
y
cl
H
N\n,O
0
o0

2-(R)-Benzylbxycarbonylamino-3-(4-chloromethyl- 1 H-indazol-5-
propionic acid methyl ester hydrochloride. 2-(R)-Benzyloxycarbonylam
tert-butoxycarbonylamino-2-hydroxymethyl-3-methyl-phenyl)-propionic
ester hydrochloride was reacted in a manner analogous to the preparation
chloromethyl—1H-indazol-s—ylmethyl)-succinic acid dimethy! ester hydro
Title compound was bbtained as an orange solid in 99% yield. "H NMR (
CD;0D): 6=8.43 (5, 1H), 7.50 (d, /= 8.8, 1H), 7.38 (d, /= 8.4, 1H), 7.24
5.06 (d,/=11.0, lH),‘; 498 (d, /=4.8,2H),4.56 (dd, JI=5.7,J2= 9.3, 1H

3H),3.42 (dd, Ji=5.5, J2=14.3, IH), 3.17 (dd, JI= 9.3, J2= 14.1, IH). MS m/c

(M+H)"=402.0.

59
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Intermediate 18

[9-(2,2-Dimethyl-propyl)-8-0x0-3,6,7,8,9, 10-hexahydro-2, 3, 9-triaza-(R)-

5  cycloheptale]inden-7-yl]-carbamic acid benzyl ester. Neopentylamine (600 uL, 4.5
mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl- 1H-indazol-5-yl)-
propionic acid methyl ester hydrochloride were reacted in a manner analogous to the

‘ preparation of [9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-

(S)-cycloheptalelinden-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, CDCly); 8=7.97 (d, J=2.9, 1H), 7.38 (d, /=4.0, 3H), 7.31 (m, 3H), 7.06 (dd,
JI1=37,J2=8.8,6.32 (d, J= 0.3, 1H), 5.24 (m, 2H), 5.15 (s, 2H), 4.42 (dd, /1= 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
N7

H HO’S\
-N

7-(R)-Amino-9-(2,2-dimethyl-propyl)-6,7,9, 1 0-tetrahydro-3H-2, 3,9-triaza-

20 cycloheptafe]inden-8-one bismethanesulfonate. Methanesulfonic acid (1 mL) was
added to a solution of [9-(2,2-dimethyl-propy[)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-
triaza-(R)-cyclohepta[c)inden-7-y!]-carbamic acid benzyl ¢ster (145 mg, 0.34 mmol)

60
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and anisole (100 plL, 0.92 mmol) in dichloromethane (4 mL). Reaction

PCT/*USZOO

1067998

mixture was

stirred at room temperature for 2.5 hours. Mixture was diluted with dicﬂhyl cther (25

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

Solvents

were decanted off. Remaining residuc was washed with diethyl ether (25 mL) then

dried in vacuo. Crude product was obtained as an orange oil in quantitati

and was used without further purification. . '"H NMR (300 MHz, CD;00)): &=

(s, 1H), 7.56 (d, J= $.8, 1H), 7.39 (s, J= 8.8, 1H), 5.42 (d, J=17.9, 1H), §
4.4, J2=12.4, 1H), 4.75 (d, J= 17.6, 1H), 3.84 (d, J= 13.5, 1 H), 3.42 (m,
J=139, 1H), 2.71 (s, 6H), 0.82 (s, 9H). (M+H)"=287.1.

Intermediate 20

(3-Acetyl-9-banzyl-8-ox0-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-(R)-

cyclohepla[e]inden—7i-yl)~carbamic acid benzyl ester. Benzylamine (53 piL, 0.4

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

]H-indazo]—5—yl)~pr0ﬁ)ionic acid methyl ester (125 mg, 0.31 mmol) and pq

ve yield,
50
10 (dd, JI=

3H), 3.10 (d,

carbonate (50 mg, 0.36 mmol) in acetonitrile (5 mL). Reaction was heated at reflux

for 1 hour, Mixture was cooled to room temperature then filtered. Filtratg

concentrated. Residu¢ was dissolved in a mixture of toluenc (5 mL) and aetic acid

(50 pL). Mixture was‘ heated at reflux for 2 hours. Mixture was cooled to
temperature. Acetic aihhydride (500 pL) was addcd to the mixture. Reacti
stirred at room temperature for 2 hours. Mixture was dilutcd with ethyl ac
mL). Mixture was washed successively with water (15 mL), IN hydrochl
X 10 mL), and brine (10 mL). Organic was dried (magnesium sulfate), filt

concentrated. Silica gel chromatography (ethyl acetate — hexanes) yielded

61
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compound in 43% yield as an amber oil. "H NMR (300 MHz, CDCls): 8= 8.33 (s,
LH), 7.47 (d, J= 8.8, 1H), 7.33 (m, 5H), 7.17 (m, 5H), 7.02 (d, J= 9.2, 1H), 6.28 (d,

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

1H), 4.43 (d, J= 5.9, 1H), 4.32 (d, J= 16.8, 1h), 4.11 (m, 1H), 2.02 (s, 3H). MS m/e
(M+H)"=483.2.

Intermediate 21

(3-Acelyl-9-methyl-8-0x0-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-(R)-
cycloheptafe]inden-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)-benzyloxycarbonylamino-3-(4-chloromethyl-1H-indazol-
5-yl)-propionic acid methyl cster (165 mg, 0.41 mmol) in acctonitrile (5 mL).
Mixture was heated at 40 °C for 1 hour. Mixturc 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 uL). Mixture was heated at reflux for 45
minytes. 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
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
(magncsium sulfate), filtered and concentrated. Silica gel chromatography (ethyl
acetate — hexanes) yielded the desired product as a yellow solid in 18% yield. . 'H
NMR (300 MHz, CDCLk): = 8.70 (s, 1H), 7.51 (d, /= 9.2, 1H), 7.34 (m, 5H), 7.05
(d, J=9.2,1H),6.19 (m, 1H), 5.23 (s, 2H), 5.13 (s, 2H), 4.18 (d, J= 17.2, 1H), 3.46
(d, /= 17.2, 1H), 3.11 (s, 3H), 2.95 (m, 1H), 2.89 (g, 3H). MS m/e (M+H)'=407.2.
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Intermediate 22

[8-Ox0-9-(2+piperidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-iaza-

5 coycloheptafe]indeni7-yi]-carbamic acid benzyl ester, 1-(2-Aminocthyl)

(150 puL, 1.1 mmol) was added to a mixture of potassium carbonatc (15

US2007/067998

piperidine

mg, 1|1

mmol) and 2-(R)-behzyloxycarbonylamino-3-(4-chloromethyl-1H-indazpl-5-yl)-
propionic acid methy! ester hydrochloride (220 mg, 0.50 mmol) in acetonitrile (5

mL). Reaction was heated at reflux for 1 hour. Mixture was cooled to rq

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

dichloromethane (10i mL) and acetic acid (200 uL). Mixture was heated ht 40 °©

om

for

32 hours and heated ht reflux for 8 hours. Mixture was cooled to room temperature

then washed successively with saturated aqueous sodium bicarbonate (2 ]
water (10 mL) and bfine (10 mL). Organic was dried (magnesium sulfatd
15 and concentrated. Ciude product was obtained as a maroon solid in 86%

Material was carried forward without further purification, MS m/e (M+H
HPLC rf=1.19 min.

Intermediate 23

O/“"‘-—-../ NH,
(0]
20

63
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yield,
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7-(R)-Amino-9-(2-piperidin-1-yl-ethyl)-6,7,9, 1 0-tetrahydro-3H-2,3,9-triaza-
cycloheptafe]inden-8-one. Methanesulfonic acid (1 mL) was added to a mixture of
anisole (100pL, 0.92 mmol) and [8-0x0-9-(2-piperidin-1-yl-cthyl)-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(R)-cycloheptale]inden-7-yl]-carbamic acid benzyl ester (200
mg, 0.43 mmol) in dichloromethane (4 mL). Reaction was stirred at ambient
temperature for | hour. Mixture was diluted with diethyl cther (30 mL). Mixturc
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 bagified with IN sodium hydroxidc (2 mL).
Mixture was extracted with ethyl acetate (2 X 15 mL). Combined extracts were
washed with brine (5 mL). Organic was dried (magnesium sulfatc), 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, CDCls): 6=
8.06 (S, 1H), 7.35 (d, /= 8.4, 1H), 7.11 (d, J= 8.4, 1H), 5.16 (d, /= 16,8, 1H), 4.57 (d,
J=16.8, 1H), 4.40 (dd, JI=12.8, J2= 4.4, 1H), 3.77 (m, 1H), 3.54 (m, 1H), 3.29 (m,
1H), 3.03 (m, 1H), 2.36 (m, 6H), 2.14 (m, 2H), 1.38 (m, 4H). MS m/e (M+H)'=
328.3.

Intermediate 24

[8-Ox0-9-(2-pyrrolidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2, 3,9-triaza-(R)-
cyclohepla[e]inden-7-yl]-carbamic acid benzyl ester. 1-(2-Aminocthyl)pyrrolidine
(90 pL, 0.71 mmol) was added to a mixture of 2-(R)-benzyloxycarbonylamino-3-(4-
chloromethyl- 1H-indazol-5-y1)-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 was cooled to room temperature then filtered. Acetic &ci

d (200 puL)

was added to the filtrate. Reaction was heated at reflux until judged complete!by

HPLC (1 hour). Mixture was diluted with ethyl acetate (20 mL) then washed

successively with saturated aqueous sodium bicarbonate (15 mL), watet (10 mL) and

brine (10 mL). Organic was dried (magnesium sulfate), filtered and concentrated.

Crude product was obtained in 69% yield as a yellow oil. Matcrial was carrie

forward without further purification. "H NMR (300 MHz, CDCl3); 8= 804 (s,

IF), 5.15 (s, 2H), 4.56 (d, J= 16.8, 1H), 3.70 (m, 2H), 3.47 (dd, JI=3.5/.72=16.7,

1H), 3.01 (m, 1H), 2.62 (m, 2H), 2.48 (m, 3H), 1.74 (m, 4H). MS m/c (M
448.4.

Tntermediate 25

T NH,

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

cycloheptafefinden-8-one. Title compound was obtained from [8-0x0-9-(2-

pyrrolidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3 9-triaza-(R)-cyclohepta

3,9-triaza-

yl]-carbamic acid benizyl ester following a procedure analogous to the preparation of

7-(R)-amino-9-(2-pipéridin-1-yl-ethyl)-6,7,9,10-tetrahydro-3H-2,3,9-triazh-

cycloheptale]inden-8-one. Material was obtained as an amber oil in 52% yield and

used without further purification. 'H NMR (300 MHz, DMSO-Dy): 8= 8.06 (s, 1H),

7.3 (d, J/=8.8, IH), 710 (d, /= 8.8, 1H), 5.16 (d, /= 16.8, 1H), 5.48 (d, A
1H), 4.40 (dd, J7= 13.0, J2= 4.2, 1H), 3.67 (m, 2H), 3.29 (dd, JI=3.11, J2
1H), 3.01 (dd, J7=16.8, J2= 12.8, 1H), 2.58 (m, 2H)m 1.87 (m, 4H), 1.67
MS m/e (M+H) ™~ 422.4.

65




W0 2007/131020 PCT/US2007/067998

Intermediate 26

[9-(2-Dimethylamino-ethyl)-8-0x0-3,6,7,8,9, 10-hexahydro-2, 3, 9-triaza-(R)-

5 cycloheptafe]inden-7-yl]-carbamic acid benzyl ester. N,N-Ethylencdiamine (70 pL,
0.66 mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl-1H-indazol-5-y1)-
propionic acid methyl ester (100 mg, 0.23 mmol) were converted to the title
compound following a procedure analogous to the preparation of [8-0x0-9-(2-
pyrrolidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[ e Jinden-7-

10 yll-carbamic acid benzyl ester. Crude product was obtained as an amber oil in 52%
yield. Material was carricd forward without further purification. 'H NMR (300
MHz, CDCls): &= 7.99 (s, 1H), 7.36 (m, 6H), 6.27 (d, /= 6.2, 1H), 5.25 (m, 1H), 5.16
(s, 2H), 5.13 (m, 1H), 5.06 (d, /= 18.7, 1H), 4.52 (d, J= 17.2, 1HT), 3.61 (t, J= 6.8,
2H), 3.45 (dd, JI= 2.4, J2= 16,7, 1H), 3.01 (m, 1H), 2.38 (m, 2H), 2.11 (s, 6H). MS

15  m/e (M+H)'=422.4,

Intermediate 27

H
N~ N
!
N
— N/““-../ NH,
| (o]
20 7-(R)-Amino-9-(2-dimethylamino-ethyl)-6,7,9, 10-tetrahvdro-3H-2, 3, 9-triaza-

cycloheptafe]inden-8-one. [9-(2-Dimethylamino-cthyl)-8-0x0-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(R)-cycloheptale]inden-7-yl]-carbamic acid benzyl ester (65
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mg, 0.15 mmol) was converted to the desired product in a manner analdgous to the
preparation of 7-(R)-amino-9-(2-pyrrolidin-1-yl-ethyl)-6,7,9,10-tetrahy
triaza-cyclohepta[elinden-8-one. Crudc material was obtained as a yellpw oil[in 25%
yield. Material was carricd forward without further purification. '"H NMR (300 MHz,
CDCl): 6=8.07 (s, 1H), 7.35(d, J= 8.4, 1H), 7.12 (d, /= 8.4, IH), 5.15|(d, J=|16.8,

1H), 4.58 (d, /= 16.8, 1H), 4.42 (dd, J/=4.8, /2= 12.8, 1H), 3.62 (m, 2§), 3.30 (m,

1H), 3.01 (dd, JI=13.0, J2=.16.7, 1H), 2.37 (m, 2H), 2.15 (s, 6H). MS m/e (M+H)"'=
2883.

Intermediate 28

[9-(2-Morpholin-4-yl-ethyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-
cycloheptafe] inden-7-vl]-carbamic acid benzyl ester. 4-(2-Aminoethyl)morpholine

(90 uL, 0.69 mmol) and 2—(R)-bcnzyloxycarbonyla.mino—3-(4-chloromcth+l-lH-
indazol-S—yl)—propionfc acid methyl ester (100 mg, 0.23 mmol) were converted into
the title compound following a procedure analogous to the preparation of [8-0x09-
(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3 9-triaza-(R )~cyclohepta[e]inden-
7-y1]-carbamic acid benzyl ¢ster. Crude material was obtained as an ambef oil in
92% yield. Product was carried forward without further purification. MS /e
(M+H)"=464.4, HPLC rf=1.15 min.
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Intermediate 29

7-(R)-Amino-9-(2-morpholin-4-yl-ethyl)-6,7.9, 1 O-tetrahvdro-3H-2,3,9-triaza-
5 cycloheptafe]inden-8-one. [9-(2-Morpholin-4-yl-ethyl)-8-0x0-3,6,7,8,9,10-

hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-y1]-carbamic acid benzyl ester (95
mg, 0.20 mmol) was converted into the title compound following a procedure
analogous to the preparation of 7-(R)-amino-9-(2-piperidin-1-yl-ethyl)-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[einden-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, CDCls): &= 8.06 (s, 1H), 7.34 (d, J= 8.4, 1H), 7.15 (d, J= 8.8,
1H), 5.22 (d, J=16.8, 1H), 4.51 (d, J= 17.2, 2H), 4.44 (m, 1H), 4.02 (m, 1), 3.40 (,
J=4.38, 4H), 3.31 (m, 3H), 3.07 (m, 1H), 2.32 (m, 4H), 1.95 (m, 2H). MS m/e
(M+H)™=330.3.

15

Intermediate 30

[8-0x0-9-(1-(5)-phenyl-ethyl)-3,6,7,8,9, 10-hexahydro-2,3, 9-triaza-(R)-
20 cycloheptafe]inden-7-yl]-carbamic acid benzyl ester. (S)-(-)-0-Methylbenzylamine
(85 uL, 0.67 mmol)and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl-1H-
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indazo]-5-yl)-propionic acid methyl ester (100 mg, 0.23 mmol) were gonve
the desired product following a procedure analogous to the prcparatio*x of [9+(2,2-

dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclghepta[elinden-
7-yl)-acetic acid methyl ester. Crude product was obtained as a dark ¢il in

5 quantitative yield. Material was carried forward without further purification. MS m/e

(M+H)"=455.3. HPLC rf = 1.68 min.

Intermediate 31

10
7-Amino-9-(1-(S)-phenyl-ethyl)-6,7,9, 10-tetrahydro-3H-2,3,9-triaza-(R)-

cycloheptafe]inden-8-one. [8-Oxo0-9-(1-(8)-phenyl-ethyl)-3,6,7,8.9 ]l 0-hexahydro-
2,3,9-triaza-(R)cycloheptaclinden-7-y1]-carbamic acid benzyl ester (105 mg, 0.23
mmol) was readted in a manner analogous to the preparation of 7-(R))-amino-9-(2-

15 piperidin-1-yl-athyl)-6,7,9,10-tetrahy dro-3H-2,3,9-triaza-cycloheptd[ elinden-8-one.
Crude product was obtained as a dark oil in 82% yield. Material was carried forward

without further'purification. MS m/e (M-H)=319.3, HPLC rf~= 1.4P min.

Intermediate 32

20

69
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[8-Ox0-9-(I1-(R)-phenyl-ethyl)-3,6,7,8,9, 1 O-hexahydro-2, 3, 9-triaza-(R)-

cycloheptafe] inden-7-yl]-carbamic acid benzyl ester. (R)-(+)-a-Methylbenzylamine
(85 pL, 0.67 ramol) and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl-1H-
indazol-5-yl)-propionic acid methyl ester (100 mg, 0.23 mmol) were converted into

5 the title compound in a manner similar to the preparation of [9-(2,2-dimethyl-propyl)-
8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cycloheptafe]inden-7-yl]-acctic acid
methyl ester. Crude material was obtained as a dark foam in quantitative yicld.
Material was carricd forward without further purification. MS m/e (M-H)'= 453 .4.
HPLC rf= 1,98 min,

10

Intermediate 33

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

15 cyclohepiafe]inden-8-one. [8-Ox0-9-(1-(R)-phenyl-ethyl)-3,6,7,8,9,10-hexahydro-
2,3,9-triaza~(R)-cycloheptale]inden-7-yl]-carbamic acid benzyl ester (105 mg, 0.23
mmol) was reacted in 2 manner analogous to the preparation of 7-(R)-amino-9-(2-
piperidin-1-yl-ethyl)-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[ e Jinden-8-one.
Crude product was obtained as a maroon solid in 78% yield. Material was carried

20 forward without further purification. "H NMR (300 MHz, CDCls): = 7.88 (s, 1H),
7.40 (m,6H), 7.14 (d, /= 8.8, 1H), 6.85 (m, 1H), 6.09 (m, 1H), 4.67 (d, /= 16.8, IH),
4.47 (dd, JI= 4.6, J2=12.6, 1H), 4.25 (d, J= 17.2, 1H), 1.48 (d, J="7.0, 3H). MS m/c
(M-Hy=319.3.
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Intermediate 34
H

N'N

[

N y /[A
0 H

e

[8-Ox0-9-(4-trifluoromethyl-benzyl)-3,6,7,8,9,10-hexahydro

2,3,9-triaza-(R)-

cycloheptafe]inden-7-vi]-carbamic acid benzyl ester. 4-Trifluoromethylbenzylamine

5 (72 pL, 0.51 mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chlorq
indazol-5-yl)-priopionic acid methyl ester (100 mg, (.23 mmol) werg

methyl-1H-

convarted into

the title compound in a manner similar to the preparation of [9-(2,2-fimethyl-propyl)-

8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[clinden-7¢

yl}-acetic acid

methyl ester. Clrude material was obtained as a dark brown solid in quantitative

10 yield. Material ‘was carried forward without further purification. M§
509.4. HPLC rf=1.67 min.

Intermediatc 35

15
7-Amino;-9-( 4-trifluoromethyl-benzyl)-6,7,9, 10-tetrahydro-34
(R)-cyclohepla[ie]inden—S—one bis-methanesulfonate. [8-Ox0-9-(4-ty
benzyl)-3 6,7.8.9, 10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-

acid benzyl estet was converted into the title compound in a manner

20 preparation of 7L(R)~amin0-9-(2,2-dimethyl—propyl)—6,7,9_,10—tetrahy

triaza-cyclohepta[e]inden-8-one bismethancslufonate, Crude materi

71

m/e (M+H)'=

-2, 3, 9-triaza-

ifluoromethyl-

7-y1]-¢arbamic
analogous to the

dro-3H-2,3,9-

bl was pbtained
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as a dark foam in quantitative yield. Material was carried forward without further

purification. MS m/c (M+H)"=1375.2. HPLC rf= 1.00 min.

Intermediate 36

(9-Isopropyl-8-0x0-3,6,7,8,9, [ 0-hexahydro-2,3,9-triaza-(R)-
cycloheptafe] inden-7-yl)-carbamic acid benzyl ester. Isopropylamine (300 uL, 3.5
mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl-1H-indazol-5-yl)-

10 propionic acid methyl ester were converted into the title compound following a
procedure analogous to the preparation of [9-(2,2-dimethyl-propyl)-8-oxo-
3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cycloheptalc]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. 'H NMR (500 MHz, CDCls): 8= 8.09 (s,

15 1H), 7.39 (m, 3H), 7.23 (m, 2H), 7.17 (m, 1H), 6.32 (d, J= 5.8, 1H), 5.25 (m, 1H),
5.15 (m, 2H), 4.90 (m, 1H), 4.82 (d, J= 17.4, 1H), 4.51 (m, 1H), 3.5 (m, [H), 3.05
(t, /= 13.6, 1H), 1.56 (s, 6H). MS m/e (M+H)"=393.4.

Intermediate 37

N7

)
H Ho "™~
N

20

72
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7-(R)-Aino-9-isopropyl-6,7,9, 1 0-tetrahydro-3H-2, 3, 9-triazs
cycloheptafe]inden-8-one bismethanesulfonate. (9-Isopropyl-8-o0xo
hexahydro-2,3,9-triaza-(R)-cycloheptafelinden-7-y1)-carbamic acid

mg, 0.23 mmol) was converted into the title comound following a pi

PCT/US2007/067998

analogous to the synthesis of 7-(R)-amino-9-(2,2-dimethyl-propyl)-6,7,9,10-

tetrahydro-3H-2,3,9-triaza-cyclohepta[clinden-8-one bismethaneslufonate, Crude

product was obtained as a dark oil in quantitative yield. Crude matg

rial was carried

forward without further purification. MS m/e (M+H)™=259.2. HPLC rf=0.60 min.
Intermediate 38
H
N’N
|
o]
N
>l/w NJLO
© D
[9-(3, 3-Dimethyl-butyl)-8-ox0-3,6,7,8,9, 10-hexahydro-2, 3,9-triazq-(R)-
cycloheptafe]inden-7-yl]-carbamic acid benzyl ester, 3,3-Dimethylbutylamine
(100uL, 0.74 mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chlgromethyl-1H-

indazol-3-yl)-propionic acid methy! ester were converted into the {

tle compound

following a procedure analogous to the preparation of [8-oxo-9-(24piperidin-1-yl-

ethyl)-3,6,7,8.9,10-hexahydro-2,3,9-triaza-(R)-cyclobeptafelindent 7-yl]-carbamic

acid benzyl ester. Crude material was obtained as a dark oil in qu3

ntitatiye yield.

Material was ¢arried forward without further purification. 'H NMR (300 MHz,

CDCly): &= 803 (m, 1H), 4.38 (m, 4H), 7.31 (m, 2H), 7.06 (d, J=

8.4, 1H), 6.26 (d,

J=6.2, 1H), 5.23 (m, 1H), 5.14 (s, 2H), 5.08 (m, 1H), 435 (dd, JIF 8.8, J2=17.2,

{
1H), 3.50 (m,|2H), 1.33 (dd, JI= 6.2, J2= 11.0, 2H), 0.91 (m, 2H)
m/e (M+H)"=1435,1.
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Intermediate 39

7-(R)-Amino-9-(3,3-dimethyl-butyl)-6,7,9, 10-tetrahydro-3H-2,3,9-triaza-

5 cycloheptafe]inden-8-one bismethanesulfonate. [9-(3,3-Dimethyl-butyl)-8-oxo-
3.6,7,8,9,10-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-dimethyl-propyl)-
6,7,9,10-tetrahydro-3H-2,3,9-triaza-cycloheptale]inden-8-one bismethaneslufonate.

10 Crude material was obtained as a dark oil in quantitative yicld. Material was carried

forward without further purification. MS m/e (M+H)"= 301.2. HPLC rf=1.11 min.

Intermediate 40

15
4-(7-(R)-Benzyloxycarbonylamino-8-ox0-6,7,8, 10-tetrahydro-3H-2,3,9-triaza-
cycloheptafe]inden-9-yi)-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)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza~(S)-

74
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cycloheptale]inden<7-y1]-acetic acid methyl ester. Crude product was obtainé as a
dark foam In quantitative yield. Material was carricd forward without fyrther
purification. 'H NMR (300 MHz, CDCly): 8= 8.05 (m, 1H), 7.35 (m,6H}), 7.15 (m,
1H), 6.27 (m, 1H), 3.28 (m, 1H), 5.15 (s, 2H), 4.87 (d, /= 16.5, 1H), 4.68 (m, 1H),
5 4.47 (m, 1H), 4,24 (m, 1H), 3.99 (m, 1H), 3.49 (m, 1H), 3.04 (m, 1H), 2{83 (m,| 2H),
2.63 (m, 1H), 1.90 (m, 1H), 1.74 (m, 2H), 1.58 (s, 9H). MS m/c (M-H)+ 532.1.

Intermediate 41

10
4-(7-(R)-Amino-8-0x0-6,7,8,10-tetrahydro-3H-2,3,9-triaza-
cycloheptafe]inden-9-yl)-piperidine- 1-carboxylic acid tert-butyl ester acetate.
catalytic amount of 10% palladium on carbon was added to a solution of #-(7-(R)-
Benzyloxycarbonylamino—Snoxo- 6,7,8,10-tetrahydro-3H-2,3,9-triaza-~
15 cyclohepta[e]inden-9+yl)-piperidine-1-carboxylic acid tert-butyl ester (200 mg, 0.37
mmol) and acetic acid (100 pL, 1.7 mmol) in methanol (10 mL). Reactioh vessel
was placed on a Parr apparatus and charged with 30 psi of hydrogen gas. [Mixture
was allowed to shake'jat room temperature for 3 hours. Mixturc was filtered. Filtrate
was concentrated in virzcuo. Crude compound was obtained as a dark oil ing
20 quantitative yield. M%Lterial was carried forward without further purificatipn. 'H
NMR (300 MHz, CDCI;): &=8.06 (s, 1H), 7.36 (d, /= 8.8, 1H), 7.12 (d, J+ 8.8, 1H),
492 (d, S=17.6, 1 H)i 4.67 (m, 1H), 4.49 (d, J= 17.2, 1H), 4.26 (m, 1H), 3.98 (m,
2H), 3.05 (m, 1H), 2.313 (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 m/e (M-CyHg+H) = 344.2.

25
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Intermediate 42

NH;

3-(2-Acetoxymethyl-4-amino-3-methyl-phenyl)-2-(R)-

5 benzyloxycarbonylamino-propionic acid methyl ester. 3~(2-Acetoxymethyl-4-tert-
butoxycarbonylamino-3-methyl-phenyl)-2-(R)-benzyloxycarbonylamino-propionic
acid methyl ester was converted into 3-(2-Acetoxymethyl-4-amino-3-methyl-phenyl)-
2-benzyloxycarbonylamino-(R)-propionic acid methy} ester following an analogous
procedure to the synthesis of 2-(2-Acctoxymethyl-4-amino-3-methyl-benzyl)-(S)-

10 succinic acid diethyl ester. Desired product was obtained as an yellow oil in 95%
yield. "H NMR (300 MHz, CDCly): 8= 7.31 (m, 5H); 6.81 (d, J= 8.1, 1H); 6.65 (d, /=
8.4, 1H); 5.35 (d, J= 8.1, 1H); 5.15 (s, 2H); 5.04 (s, 2H); 4.53 (m, 1H); 3.71 (s, 3H),
3.16 (m, 1H); 3.01 (m, 1H); 2.12 (s, 3H); 1.99 (s, 3H). MS m/c (M+H)"=415.2.

15 Intermediate 43

NHs

3-(2-Acetoxymethyl-4-amino-5-chloro-3-methyl-phenyl)-2-(R)-
benzyloxycarhonylamino-propionic acid methyl ester. Dcsired 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- Acetoxymethyl-4-amino-5-chloro-3-methyl-benzyl)-(S)-succinic
acid diethyl ester. Silica gel chromatography (cthyl acctatc - hexanes) afforded the
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product as an yellow oil in 40% yield. '"H NMR (300 MHz, CDCls): &
6.96 (s, 1H); 5.36 (d, /=8.4, 1H); 5,12 (s, 2H); 5.05 (s, 2H), 4.53 (m, 1HD); 3.72 (s,
3H); 3.15 (m, 1H}, 2.99 (m, 1H); 2.15 (s, 3H); 1.99 (s, 3H). MS m/e (M-
CyH4 O, +H) = 398.3.

Intermediate 44

N~NH
4 Cl
Q
b 1 o )
T
~o g ©

3-(4-Acetoxymethyl-7-chloro-] H-indazol-5-yl)-2-(R)-
benzyloxycarbonylamino-propionic acid methyl ester. Trifluoroacetic a¢id (70 uL,
0.91 mmol) was added to a solution of 3-(2-acetoxymethyl-4-amino-5-chloro-3-
methyl-phenyl)-2-(R)-benzyloxycarbonylamino-propionic acid methyl epter (345 mg,
.77 mmol) in 5% agetic acid in chloroform (5.2 mL). Isoamyl nitrite (120 uL, 0.89
mmol) was added to the mixture drop-wise. Reaction mixture was stirredl at room
teroperature for 40 minutes. Potassium acetate (300 mg, 3.1 mmol) was added to the
mixture. Reaction mixture was stirred at room temperature for 45 minutgs. Mixture
was diluted with dichloromethane (10 mL) then washed successively with water (2 X
10 mL), and saturated aqueous sodium bicarbonatc (2 X 10 mL). Organi¢ was dried
{magnesium sulfate),iﬁltercd and concentrated in vacuo. Crude product was obtained
as an orange solid in $3 % yield. Material was carried forward without fufther
purification. 'H NMRi (300 MHz, CDCl3): &= 8.20 (s, 1H); 7.29 (m, 5H); 7.21 (s
1HY; 5.53 (d, =7.7, IH); 5.40 (s, 2H); 5.04 (s, 2H); 4.67 (m, 1H); 3.74 (s, 3H); 3,34
(m, 1H); 3.21 (m, 1H)l; 2.02 (s, 3H). MS m/c (M+H)'=460.1.
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Intermediate 45

y—NH
cl
HO
H
N\n/o
o
~o" X0

2-(R)-Benzyloxycarbonylamino-3-(7-chioro-4-hydroxymethyl-1H-indazol-5-
5 yl)-propionic acid methyl ester. 3-(4-Acctoxymcthyl-7-chloro-1H-indazol-5-yl)-2-
(R)-benzyloxycarbonylamino-propionic acid methyl ester (290 mg, 0.63 mmol) was
converted into the desired product in a manner analogous to the preparation of 2-(R)-
benzyloxycarbonylamino-3-(4-tert-butoxycarbonylamino-2-hydroxymethyl-3-
methyl-phenyl)-propionic acid methyl cster. Crude product was obtained as an
10 orange solid in 95% yield. Material was carried forward without further purification.
'"H NMR (300 MHz, CDCls): &= 8.15 (s, 1H); 7.27 (m, 5H); 7.14 (s, 1H); 6.10 (m,
1H); 5.01 (d, /=4.8, 2H); 4.95 (s, 2H); 4.75 (m, 1H); 3.79 (s, 3H); 3.34 (m, 1H); 3.09
(m, 1H). MS m/e (M+H)"= 418.0.

15 Intcrmediate 46
y~NH
]
cl
H
NTW@
~o" 0 ©

2-(R)-Benzyloxycarbonylamino-3-(7-chloro-4-chloromethyl-1H-indazol-5-yl)-
propionic acid methyl ester. Thionyl chloride (2 mL) was added to a solution of 2-
20 (R)-benzyloxycarbonylamino-3-(7-chloro-4-hydroxymethyl-1H-indazol-5-y1)-
propionic acid methyl ester (245 mg, 0.59 mmol) in dichloromethane (3 mL).
Mixture was stirred at room temperature for 1.5 hours. Mixture was concentrated.

Residue was dissolved in dichloromethane (15 mL) then washed with saturated
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aqueous sodiurin bicarbonate (2 X 10 mL). Organic was dried (magnesiun
filtered and concentrated. Title compound was obtained as an orarge sol

yield. Material was carried forward without further purification. '"H NMR

32007/067998

n sulfate),
d in 86%

(300 MHz,

CDCls): 8= 8.19 (s, 1H), 7.32 (m, 5H), 7.16 (s, 1H), 5.49 (d, J= 7.3 2H), 5.07 (d, =

4.4, 2H), 4.85 (s, 2H), 4.68 (d, J= 7.0, 1H), 3.72 (s, 3H), 3.27 (m, 2H). M

(M+H)'=436.1.

Intermediate 47

[4-Chloro-9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2
triaza-(R)-cycldheptafe]inden-7-yl]-carbamic acid benzyl ester. Neopenty
(200uL, 1.7 mmol) was added to a mixture of 2-(R)-benzyloxycarbdnylam
chloro-4{:hloroﬁ'nethy1—1H—indazol-s-yl)-propion.ic acid mcthyl ester (180 1

mmol) and potassium carbonate (160 mg, 1.2 mmol) in acctonitrile {5

was heated at rdflux for 1 hour. Mixturc was cooled to room tempetature t

filtered throughia 0.45 um PTFE syringeless filter system. Filtrate was con

Residue was digsolved in a mixture of toluene (5§ mL) and acetic aciil
Mixture was he#tcd at 110 °C overnight, Mixture was diluted with
mL) then washqd successively with water (15 mL), saturated aqueoys

bicarbonate (2 X 15 mL) and brine (10 mL). Organic was dried (m:
filtered and congentrated. Silica gel chromatography afforded the tidtf

ml)

(200

thyl ag

sodi

nesiu

S m/c

,3,9-

lamine

ino-3-(7-
mg, 0.41

Reaction

hen

icentrated.
uL).

etate (15
1m

m sulfate),

¢ compound in

52% yield as a yellow solid. 'H NMR (300 MHz, CDCls): 8= 7.89 (4, J= 10.6, 1H),

7.38 (m, 5H), 6.96 (d, /= 10.3, 1H), 6.35 (d, J= 5.9, 1E), 5.25 (m, 1H1), 5.1

4.28 (m,1H), 3.66 (m, 1H), 3.40 (m, 1H), 2.96 (dd, J1=13.9, J2= 5.1,
J=2.6, 9H). M$ m/e (M+H)"= 4552,
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Intermediate 48

(9-Benzyl-4-chloro-8-0x0-3,6,7,8,9, 10-hexahydro-2, 3,9-triaza-(R)-
cycloheptafelinden-7-yi)-carbamic acid benzyl ester. Title compound was obtained
from benzylamine (100 uL, 0.92 mmol) and 2-(R)-Benzyloxycarbonylamino-3-(7-
chloro-4-chloromethyl-1H-indazol-5-y1)-propionic acid methyl ester (210 mg, 0.48
mmol) following a procedure analogous to the preparation of [4-Chloro-9-(2,2-
dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-
7-yl]-carbamic acid benzyl ester. Silica gel chromatography (ethyl acetate —
hexancs) afforded the desired product as a yellow solid in 52% yield. "H NMR (300
MHz, CDCls): 8= 7.64 (s, 1H), 7.38 (m, SH), 7.19 (m, 3H), 7.12 (m, 2H), 7.00 (s,
1H), 6.36 (d, /= 6.2 1H), 5.28 (m, 1H), 5.21 (s, 2H), 5.19 (m, 1H), 4.88 (m, 1H), 4.75
(d,/=16.8, 1H), 4.34 (d, J= 14.6, 1H), 3.49 (m, 1H), 3.03 (m, 1H). MS m/¢
(M+H)'=475.0.

Intermediate 49

NHAC

OAc |

Acetic acid 3-acetylamino-6-iodo-2,4-dimethyl-benzyl ester. To a well stirred
solution of (3-amino-2,4-dimethyl-phenyl)-methanol (1.5 g) in methanol (70 mL) and
solid sodium hydrogen carbonate (4.0 cq) was added a 1.0 M solution of iodine
monochloride dropwise over a period of 5 min at 0 °C. The cooling bath was

removcd after the addition of iodine monochloride. The reaction mixture was

80
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brought to room temperature and stirring continued for another 1 h.
mixture was concentrated to remove most of methanol, diluted with
(50 mL) and washed with 10% solution of sodium thiosulfate and dn
The desired compound was purified by trituration with dichloromet}
to give in 1.9 g of iodide. The iodide was then treated with dichloro
mL) followed by acetic anhydride (4 ¢q) and catalytic amount of
dimcthylaminopyridine and stirred for a period of 12 h at room temp
reaction mixturé was then washed with aqueous sodium hydrogen c4
hydrochloric acld and dried (Na2SO4). The desired compound was
dichloromethane and hexane to give acetic acid 3-acetylamino-6-iod
benzy] cster in 95% yield. "H NMR (300 MHz, CDCL): in 8 7.68 (s
H), 2.28 (s, 3 H), 2.25 (s, 3 H), 2.18 (s, 3 H), 2.07(s, 3 H); MS (ESD)
=1.12.

Intermediate 50

0OBn

OAc 1

Acetic acid 5-benzyloxy-2-iodo-benzyl ester. To a well stirrg
benzyloxybenz;}rl alcohol (5.5 g, 25.7 mmol) in methanol (100 mL)
hydrogencarbonate (8.4 g, 100 mmol) was added a 1.0 M solution o

monochloride ip dichloromathane (30 mL) at 0 °C. The reaction mi

brought to room temperature and stirring continued for additional 1}.

mixture was concentrated and then diluted with dicholomethane (15

with 10% aqucct}us sodium thiosulfate and dried (Na,SOy4). The desi

CT/US2007/067998

The reaction
dichloromethane
ied (N2SO4).
ane and hexane

methane (100

erature. The
rbonate, 1.0 M
triturated with
0-2,4-dimethyl-
1 H), 6.68 (s, 1
384 (M+Na); Ry

d solution of 3-
ind sodium
Fiodine
Kture was
The|reaction
0 mL), washed

red compound

was purified by{ﬂash chromatography (silica) using 20% ethyl acetate in hexanc to

give S-benzylo)iy—2—iodobenzyl alcohol (6.2 g, 71% yield). The alcq
mmol) was diss;olved in dichloromethanc (100 mL) added acetic anh
24.7 mmol) and catalytic amount of 4-dimethylaminopyridine. The

was then stirred for 12 h, washed with aqueous sodium hydrogencan

81

hol (4,2 g, 12.4
ydride (2.52 g,
reaction mixture

bonate and then
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dried (Na,SOy) to give acetic acid 5-benzyloxy-2-iodo-benzyl ester in quantitative

yicld. MS (ESI) 405 (M+Na) ; Rr=2.27.

Intermediate 51

OBn

H

OAc . NT(07<

0
(0]
5 OMe

3-(2-Acetoxymethyl-4-benzyloxy-phenyl)- 2-tert-butoxycarbonylamino-acrylic
acid methyl ester. In a manner similar to 2-(acetoxymcthyl-d-ters-
butoxycarbonylamino-3-methyl-benzylidene)-succinic acid diethyl ester, 3-(2-

10 acetoxymethyl-4-benzyloxy-phenyl)-2-tert-butoxycarbonylamino-acrylic acid methyl
ester was preparcd by reacting acetic acid 5-benzyloxy-2-iodo-benzyl ester with 2-
tert-butoxycarbonylamino-acrylic acid methyl ester in 74% yield. MS (EST) 456
(M+H); Re= 1.87.

15 Intermcdiate 52

OBn

H
OAc N\f(O\[<
o o}

OMe

3-(2-Acetoxymethyl-4-benzyloxy-phenyl)-2-tert-butoxycarbonylamino-
propionic acid methyl ester. To a solution of 3-(2-acetoxymethyl-4-benzyloxy-
20 phenyl)-2-tert-butoxycarbonylamino-acrylic acid methyl ester (1.9 g, 4.2 mmol) in
anhydrous methanol under nitrogen atmosphere was added 1,2-bis((2R,5R)-2,5-
diethylphospholano)benzene(cyclootadiene)rhodium (1) trifluoromethanesulfonate

(50 mg) and stirred on a Parr shaker at 50 psi of hydrogen atmosphere for 18 h. The

a2
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solvent was evaporated and the desired product was crystallized from ethyl

hexane in 90% yield. MS (ESI) 458 (M+H); Ry= 1.81.

Intermediate 53
ol o

—N o

A

o H ©

(8-Benzyloxy-2-methyl-3-0x0-2,3,4, 5-tetrahydro-1H-benzo/c]

carbamic acid tert-butyl ester. To a solution of 3-(2-acetoxymethyl-#-benz
5 g, 4]0 mmol)

phenyl)-2-tert-butoxycarbonylamino-propionic acid methyl ester (1.4
in methanol (40 mL) was added potassium carbonate (560 mg, 4.0 m|
temperature and stirred for 1 h, The reaction mixture was diluted wit
dichloromethand (150 mL), washed with 1.0 M aqueous hydrogen ch
(Na,S0.) to give the pure 3-(4-benzyloxy-2-hydroxymethyl-phenyl )
butoxycarbonyldmino-propionic acid methyl ester in almost quantita
the alcohol (800img, 1.93 mmol) in dichloromethane (50 mL) was ad
methanesulfonyl chloride (0,18 mL, 2.3 mmol) followed by triethylat
2.70 mmol) at 0 °C and then brought to room temperature. After 1h,
mixture was washed with aqueous sodium hydrogencarbonate, dried
solvent was remci)ved, dissolved the crude product in anhydrous THF
followed by addition of 2.0 M solution of methylamine in THF (10
tube. The sealed tube was heated at 80 °C for a period of 12 h and th
solvent, The crude product was purified by flash chromatography us
acetatc in hexang to give (8-benzyloxy-2-methyl-3-0x0-2,3,4,5-tetrahy
benzo[c]azepin—4—y1)—carbamic acid tert-butyl ester in 39% overall yi
(500 MHz, CDCl3): in 8 7.40 — 7.31 (m, 5 H), 7.01 — 7.00 (m, 1 H), §
H), 6.66 (s, 1 H), 5.91 - 5.90 (m, 1 H), 5.13 - 5.01 (m, 4 H), 3.50 - 3
3.03 (5, 3 H), 2.85 - 2.78 (m, 1 H), 1.45 (s, 9 H).

&3

mol) a

azepin

h
loride
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Intermediate 54

NHBoc

OAc 1

Acetic acid 3-tert-butoxycarbonylamino-6-iodo-2-methyl-benzyl ester. To a
well stirred solution of 3-amino-2-methylbenzyl 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
mL), washed with 10% aqueous sodium thiosulphate and dried (Na2504). The
solvent was cvaporated and the crude product was dissolved in THF (200 mL). Di-
tert-buty! dicarbonate (15.9 g, 72.9 mmol) was added and the reaction mixture was
refluxed for 48 h. The reaction mixture was then diluted with ether (400 mL) washed
with 1 M HCI (2 x 100mL) followed by brine and dried (Na2504). The solvent was
removed and the desired product was crystallized from 20% ethyl acctate in hexane
to give (3-hydroxymethyl-4-iodo-2-methyl-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-
hydroxymcthyl-4-iodo-2-methyl-phenyl)-carbamic acid tert-butyl ester. To a stirred
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 temperaturc, The reaction mixture was then quenched with aqueous sodium
hydrogencarbonate, brine and dricd (Na;SOy). The solvent was removed and the
crude product was purified by crystallization from dichloromethane and hexane to
give acctic acid 3-tert-butoxycarbonylamino-6-iodo-2-methyl-benzyl ester (15.5 g,
94%), "H NMR (500 MHz, CDCl3): in 8 7.71 (d, J=8.5Hz, 1 H), 7.25(d, ] =8.5
Hz, 1 H), 5.30 (s, 2 H), 2.28 (s, 3 H), 2.08 (s, 3 H), 1.50 (s, 9 H); MS (ESI) 428
(M+Na) ; Ry= 1.59.
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Intermcdiate 55

NHAc

3-(2-Acetoxymethyl-4-acetylamino-3, 5-dimethyl-phenyl)-2-

benzyloxycarbonylamino-acrylic acid methyl ester. In a manner simi

PUCT/US2007/067998

ar to 2

(acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-benzylidene)-guccinic acid

diethyl ester, 3-(2-acetoxymethyl-4-acetylamino-3,5-dimethyl-phenyl)-2-

benzyloxycarbonylamino-acrylic acid methyl ester was prepared by reacting acctic

acid 3-acetylamido-6-i0do-2 4-dimethyl-benzyl ester with 2-
benzyloxycarbonylamino-acrylic acid methyl cster in 74% yield. MS
(M+H); Re=1.87.

Intermediate 56

NHAc¢

OAc “YO\/@

o o
OMe

3-(2-Acetdxymethyl-4-acerylamino-3, S-dimethyl-phenyl)-2-
benzyloxycarbonylamino-propionic acid methyl ester. In a manner sin
acetoxymethyl-4—|l)enzyloxy—pheny1)—2—tert-butoxycarbonylamino—acry
ester, 3-(2-acctoxirmethyl—4-acetylamino~3,5—dimethyl-pheny1)~2-
benzyloxycarbonﬂIamino—propionic acid methyl cster was prepared frg
acetoxymethyl-4—é,cetylamino—3 ,S-dimethyl-phenyl)-2-benzyloxycarbd
acrylic acid methyl cster (1.5 g) using 1,2-bis((2R,5R)-2,5-

EST) 491

hilar to 3-(2-

lic acid methyl

m 3-(2-

nylamino-
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diethylphospholano)benzene(cyclootadiene)rhodium (I) triflnoromethanesulfonate
(25 mg) in 98% yield. MS (ESI) 491 (M+H); Re=1.87.

Intermediate 57

l

N
nA
H

(8-Acerlamino-2,7,9-trimethyl-3-ox0-2,3,4, 5-tetrahydro-1H-benzo[c] azepin-
4-yl)-carbamic acid benzyl ester. In a manner similar to 2-(R)-
benzyloxycarbonylamino-3-(4-tert-butoxycarbonylamino-2-hydroxymethyl-3-
methyl-phenyl)-propionic acid methyl ester hydrochloride, the title compound was
prepared by hydrolyzing 3-(2-acetoxymcethyl-4-acetylamino-3,5-dimethyl-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 dichloromethanc (100 mL) and then treated with methanesulfonyl
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 (NaxSOj4). 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.
The chioride (480 mg, 1.08 mmol) was treated with 1.0 M methylamine solution in
THF in a sealed tube for 3h at 90 °C, The solvent was removed and the crude
product was dissolved in toluene and acctic acid (0.5 mL) and refluxed for 2 h to give
(R-acetylamino-2,7,9-trimethyl-3-0x0-2,3,4,5-tetrahydro-1H-benzo[c]azepin-4-y1)-
carbamic acid benzyl ester in 68% yield. To the acetate in chloroform (20 mL)was
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

86
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product was purified by flash chromatography using ethyl acetate as gluent to give

(4.9-dimethyl-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-cyclohep taEc

Jinden-7-yl)-

carbamic acid benzy! ester as a major product in 37% overall yield. "H NMR (500
MHz, CDCls): it 8 7.96 (s, 1 H), 7.35 -7.24 (m, 5 H), 6.7 (s, 1 H), 6|43 — 6,41 (m, 1

H), 5.25 - 5.05 (n, 3 H), 4.18 = 4.10 (m, 2 H), 3.07 - 3.05 (m, 2 H), }
2.40 (s, 3 H).

Intermediate 58

n~NH

.00)s, 3 H),

(9-Isobutyl-8-0x0-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-cyclohdpta/e]inden-7-

yl)-carbamic acid benzyl ester. In a manner similar to [9-(2,2-dimethyl-propyl)-8-

0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[einden-7-yl]-carbamic acid

benzyl ester, the fitle compound was prepared by treating 2-

benzyloxycarbonylamino-3-(4-chloromethyl-1H-indazol-5-yl)-propiohic acid methyl

ester, hydrochloriide with isobutylamine followed by treatment with ag

etic acid in

refluxing toluene %to give (9-Isobutyl-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-

cycloheptalelinddn-7-yl)-carbamic acid benzyl ester in 91% yield. M§
(M+H) ; Re= 1.58.

87

(ESI) 407




WO 2007/131020 PCT/US2007/067998

10

15

20

Intermediate 59

n—NH

(8-Oxo-9-pyridin-4-ylmethyl-3,6,7,8,9, 1 0-hexahydro-2,3, 9-triaza-
cycloheptafe]inden-7-yl)-carbamic acid benzyl ester. In a manner similar to [9-(2,2-
dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e}inden-
7-yl]-carbamic acid benzyl cster, the title compound was prepared by treating 2-
benzyloxycarbonylamino-3-(4-chloromethyl- 1H-indazol-5-y!)-propionic acid methyl
ester, hydrochloride with 4-(aminomethyl)pyridine followed by treatment with acetic
acid in refluxing toluene to give (8-0x0-9-pyridin-4-ylmethyl-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-cyclohepta[e]inden-7-yl)-carbamic acid benzyl ester in 65%
yield. MS (EST) 442 (M+H) ; Ry=1.10.

Intermediate 60

NH,

O,N

4-lodo-2-methyl-3-nitrobenzenamine. To a well stirred sohution of 2-methyl-
3-nitroaniline (10 g, 66 mmol) in methanol (150 mL) was added sodium
hydrogencarbonate (264 mmol) followed by 1.0 M solution of iodine monochloride
(72 mmol) at room temperaturc. After stirring for 1 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.

38
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Intermediate 61

NH,

R CO,Et
CO,Et

(E)-Diethyl 2-(4-amino-3-methyl-2-nitrobenzylidene)succindte. Ta a solution

of 4-iodo-2-methyl-3-nitrobenzenamine (59 mmol) in dimethylformamide (100 mL)

was added diethyl itaconate (13.2 g, 71 mmol), tetrabutylammoniuny

59 mmol), triethylamine (236 mmol) and palladium acetate (675 mg,

nitrogen. The reaction mixture was heated to 80 °C for 2 h, The cru

chloride (16.4 g,
3 mmol) under

de reaction

mixture was then filtered, diluted with ether (250 mL), washed with{water (2 X 300

mL). The crudé¢ product was purified by flash chromatography using 20% |cthy!

acetate in hexane to give 8.5 g of the title compound. "H NMR (500{MHz, CDCl;): in

§7.58 (s, 1 H),7.10(d, T=8.5 Hz, 1 H), 6.73 (d, 7= 8.5 Hz, 1 H), 4
H), 3.40 (s, 2 H), 2.06 (s, 3 H), 1.30 — 1.23 (m, 6 H).

Intermediate 62

ol

0

NH,

CO,Et

Ethyl 2-&’ 7-amino-8-methyl- I-neopentyl-2-oxo-1,2,3,4-tetrah
ylacetate. To 4 solution of (E)-diethy] 2-(4-amino-3-methyl-2-
nitrobenzylidené)succinate (4.5 g, 13.4 mmol) in THF (100 mL) waj
(16 mmol) follo@wed by catalytic amount of dimcthylarninopyridine

reaction mixturé was heated in a sealed tube for 3 h at 100 °C. The {

24 -4.15 (m, 4

droquinolin-3-

added (Boc).0
10 mg). The

eaction mixture

was cooled, removed solvent, diluted with ether and then washed with aqugous

&9
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sodium hydrogencarbonate (SO mL). The crude 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 mi) followed by ammonium chloride
(14.3 g, 268 mmol) and iron powder (8.9 g, 160 mmol). The reaction mixture was
heated at 50 °C for | h, cooled and then filtered over a pad of celite. The solvent
was rcmoved, extracted with ethyl acctate and then washed with brine and dried
(Na:S04). The crude product was purified by flash chromatography using 30% cthyl
acetate in hexanc 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),
trimethylacetaldehyde (11 mmol) and magnesium sulfate (5.0 g). The reaction
mixture was stirred for 2 h and then filtered. To the filtered reaction mixturc 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 NaHCOj solution and dried (Na;S04). The solvent
was removed and the crade product was dissolved in methanol (100 mL) followed by
addition of acetic acid (5 mL) and hydrogenated in a parr bottle at a pressure of 50
pst hydrogen. The catalyst was removced by filtration and the solvent was removed.
The ¢rude product was dissolved in tolucne (100 mL) followed by addition of tosic
acid (100 mg) and sodium cyanide (50 mg). The reaction mixture was refluxed for
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-t-neopentyl-2-oxo-1,2,3 4-
tetrahydroquinolin-3-ylacetate.

MS (ESI) 333 (M+H); Ry=1.29.

Intermediatc 63

N-—~NH
U

_ﬁﬂou

CO,H

2-(1-Neopentyl-2-ox0-2,3,4, 7-tetrahydro-1H-pyrazolo[3,4-h] quinolin-3-

yhacetic acid. To a solution of ethyl 2-(7-amino-8-methyl-1-ncopentyl-2-oxo-

%0

T

z
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1,2,3,4-tetrahydroquinolin-3-yl)acetate (170 mg, 0.51 mmol) in carbom tetrachloride

(4.5mL) was added acetic acid (0.5 mL) followed by isoamy!nitrite (Q

.04 mL) and the

reaction mixture was stirred for 2 h at room tempcrature. The reactioh mixtire was

diluted with dichloromethane (40 mL), washed with aqueous NaHC(
The solvent was temoved and the crude product was dissolved in THY

followed by addition of lithium hydroxide (43 mg, 1 mmol) and watey

3 and dried.

(15 mL)

(5 mL). After

stirting for 12 h, the solvent was removed, acidified with 6 M HCI and cxtragted with

¢thyl acetate to give 2-(1-ncopentyl-2-ox0-2,3,4,7-tetrahydro-1H-pyrazolo[3|4-

h]quinolin-3-ylagetic acid.
MS (ESI) 316 (M+H): Rg= 1.31.

Intermediate 64

NH;
cl

2-(8)-(2-A¢etoxymethyl-4-amino-5-chloro-3-methyl-benzyl)-sud
diethyl ester. 2-(§)-(2-Acetoxymethyl-4-amino-3-methyl-benzyl)-sucd
diethyl ester (3.0 é 8.2 mmol) was dissolved in acetonitrile (40 mL). ]
warmed to 60 °C. |N-Chlorosuccinimide (1.29 g, 9.7 mmol) was added
solution. Reaction mixture was heated at reflux for 10 minutes. Mixty
to room temperature then diluted with ethyl acetate (20 mL). Mixture

successively with saturated aqueous sodium bicarbonate (40 mL), and

cinic acid
inic adgid
Mixturg was
to the|'warm
rc was| cooled
was widshed

brine (20 mL).

Organic was dried (magnesium sulfate), filtered and concentrated in vauo. Silica gel

chromatography (dthy! acctate-hexanes) afforded the desired product ix
an amber oil, "H NIMR (300 MHz, CDCL): 8= 6.98 (s, 1H), 5.15 (d, J=
(m, 4H), 2.99 (m, 2H), 2.69 (m, 2H), 2.39 (dd, JI= 4.8, J2= 16.5, 1H),
2.06 (s, 3H), 1.20 Cm 6H). MS m/e (M-C,H40,+H)' = 340.0.

91

59% yield as
3.3, 2H), 4.09
£.17 (s, 3H),
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Intermediate 635

N-NH
Cl
~©
o o
0
~No 0

2-(8)-(4-Acetoxymethyl-7-chloro-1 H-indazol-5-ylmethyl)-succinic acid diethyl
ester. [soamyl nitrite (700 uL, 5.2 mmol), was added dropwise to an ice cold
solution of 2-(8)-(2-Acetoxymethyl-4-amino-5-chloro-3-methyl-benzyl)-succinic
acid diethy] ester (1.91 g, 4.8 mmol) in 5% acctic acid in tolunc (81.2 mL). Mixture
stirred at 0 °C for 45 minutes. Potassium acetate (1.50 g, 15.3 mmol) was added to
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% vield as an amber oil. "H NMR
(300 MHz, CDCls): &= 8.23 (s, 1H), 7.26 (s, 1H), 5.45 (s, 2H), 4.09 (q, J= 7.0, 4H),
3.20 (dd, J/=7.32,J2=13.2, 1H), 3.10 (m, 1H), 2.97 (dd, JI=7.0, J2= 13.3, 1H),
273 (dd, JI=8.4, J2=16.8, 1), 2.44 (dd, JI=5.5, /2= 16.8, 1H), 2.08 (s, 3H), 1.18
(m, 6H). MS m/c (M+H)"=411.0.

Intermediate 66

N--NH
4
cl

HO

92
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(S)-Dimethyl 2-((7-chloro-4-(hydroxymethyl)- 1 H-indazol-5-

yhmethyl)succinate. 2—(S)-(Z-Acctoxymcthyl-4-amino-'5-chloro-3-metllyl-benzyl)-

succinic acid diethyl ester (2.21 g, 5.4 mmol) was converted to the title compound in

a manner analogous to the preparation of 2-(S8)-(4-Hydroxymethyl- IH-indg

701-5-

ylmethyl)-succinic acid dimethyl ester, Material was obtained as amber solid in 99%

yield. MS m/e (M+H)'=241.2,

Intermediate 67

y“NH
cl

Cl

(S)-Dimethyl 2-((7-chloro-4-(chloromethyl)-1 H-indazol-5-
yl)methyl)succinate. (S)-Dimethyl 2-((7-chloro-4-(hydroxymethyl)-l H-ind
ylymethyl)succinate (2.0 g, 5.9 mmol) was dissolved in dichloromethane (3

Thionyl chlorid¢ (5.0 mL) was added to the mixture. Reaction stirred at ro

azol-5-
5 mL).

PIN

temperature for 1.5 hours. Mixture was concentrated. Residue was flissolved in

cthyl acctate. Mixture was washed twice with aqueous sodium bicabonate and once

with brine. Organic was dried (magnesium sulfate), filtered and congentrat,

ed in

vacuo. Title compound was obtained as amber solid in 89% yicld. MS m/¢ (M+H)'=

359.1.

Intcrmediate 68
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[N

(S)-Methyl 2-(4-chloro-8-oxo-9-(pyridin-4-ylmethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-e]indazol-7-yl)acetate. (8)-Dimethyl 2-((7-chloro-4-

[(chloromethyl)-1H-indazol-5-yl)methyl)succinate (120 mg, 0.33 mmol) was

dissolved in DMF (1.0 mL). 4-Aminomethylpyridine (100 pL, 1.0 mmol) was addcd

to the mixture. Reaction stirred at room temperature for 24 hours. Mixture was

diluted with cthyl acetatc, 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 1o the
mixture. Reaction was heated at reflux for 3.5 hours. Mixture was cooled to room
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 vacuo.

Residue was purified with silica gel chromatography eluting dichloromethane and 2N
ammonia in methanol, Title compound was obtained as yellow solid in 48% yicld.

MS m/e (M+H)™= 399.2.

Intermediate 69

(S)-2-(4-Chloro-8-oxo-9-(pyridin-4-ylmethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-efindazol-7-yl)acetic acid dikydrochloride. (S)-Methyl 2-(4-
chloro-8-0x0-9-(pyridin-4-ylmethyl)-3,6,7,8,9,10-hexahydroazepino[3,4-e]indazol-7-
yDacetate (21 mg, 0.05 mmol) was dissolved in IN hydrochloric acid (1.0 mL),
Reaction was heated at 50 °C for 5 hours. Another 1 mlL of 1N hydrochloric acid
was added to the mixture, Reaction was heated at 50 °C for 17 hours. Mixture was

concentrated /n vacuo. Residue was treated with acetonitrile and then the material

94
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was concentrated. Title compound was obtained as dark yellow solid|i
MS m/e (M+H) "= 385.2.

Intermediate 70

(S)-Methyl 2-(9~((1H-imidazol-2-yl)methyl)-4-chloro-8-oxo-3,4,

hexahydroazepinof3,4-efindazol-7-yl)acetate. (S)-Dimethyl 2-((7-chlg
(chloromethyl)-1H-indazol-5-ylymethyl)succinate (250 mg, 0.63 mmol
imidazol-2-yl)methanamine dihydrochloride (170 mg, 1.0 mmol) were

suspended in acetonitrile (10 mL). Triethylamine (800 uL, 5.7 mmol)

the mixture. Reaction was warmed to reflux for 3 hours. Acetic acid (].

added to the mixture. Reaction was heated at reflux for 20 hours. Mix
cooled to room teniperature then diluted with dichloromethane. Mixtu
extracted twice widl1 water. Aqueous layer was concentrated in vacuo.
purified by preparaitory HPLC. Water was lyophilized off. Remaining
passed through a cqﬁSl‘umn of Dowex 1x4-200 ion exchange resin cluting
Title compound wajs recovered as amber residue in 24% yield. MS m/¢
388.1.

Intermediate 71

NH,

HO

95

n 83% vield.

7.8,9,10-

Residue was
residue was
methapol.
(M+I)'=
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S-Amino-2-iodo-4-methybenzyl alcohol. To an ice cooled solution of 3-
amino-4-methylbenzyl alcohol (10.0 g, 72.9 mmol) in methanol (200 mL) IM
iodinemonochloride in dichloromethane (80.0 mL, 80.0 mmoles) was added drop-
wisc over 30 minutes. Ice bath was removed. Reaction was stirred at ambient
temperature for 40 minutes. Mixture was concentrated in vacuo. Residue was
treated with dichloromethane (250 mL). Solids were filtered off and washed with
dichloromethane. Solids were partitioned between ethyl acetate and IN aqucous
sodium hydroxide. Laycrs were partitioned. Organic layer was washed with 1N
aqueous sodium hydroxide. The combined aqueous layers were back extracted two
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 m/e (M+H)'=
264.

Intermediate 72
L
OJ-LNH

HO

tert-Butyl 5-(hydroxymethyl)-4-iodo-2-methylphenylcarbamate. 5-Amino-2-
iodo-4-methybenzyl alcohol (4.60 g, 17.5 mmoles) was dissolved in tetrahydrofuran
(80 mL). Di-tert-butyl dicarbonate (5.30 g, 24.3 mmoles) was added to the mixturc,
Reaction was heated at 60°C for 20 hours. Mixture was concentrated. Residue was
purified by silica gel chromatography eluting ethyl acetate-hexanes. Title compound
was obtained as off-white solid. MS m/e (M-C4HgO+H)'= 290.

96
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Intermediate 73

>
To

0

NH

5~(tertnButoxycarbonyl)—2-1.‘oa’o—4—methylbenzyl acetate. tert-Butyl 5

(hydroxymethyl)+4-iodo-2-methylphenylcarbamate (4.32 g, 11.9 mmy
dissolved in dichloromethane (60 mL). Acetic anhydride (2.6 mL, 27
added to the mixture followed by potassium acetate (2.0 g, 20.4 mmol
was stirred at room temperature over 15 hours. Mixture was warmed
held for 1 hour. Mixturc was cooled to room terapcerature then diluted
10 dichloromethane. Mixture was washed twice with water, and once wi

aqueous sodium biicarbonate. Organic layer was dried (magnesium su

and concentrated {n vacuo. Residue was treated with 10% ethyl acetat

mL). Material was concentrated iz vacuo. Desired compound was ob
solid in 98% yield; . "H NMR (300 MHz, CD3;0D): 8= 7.64 (s, 1H), 7
4.51 (s, 2H), 2.19 (s, 3H), 1.51 (s, OH).

Intermediate 74

20
benzyloxycarbonyldmino-acrylic acid methyl ester. Title compound w

a manner analogoug to the preparation of 3-(2-Acetoxymethyl-4-tert-

butoxycarbonylamiho—3 -methyl-phenyl)-2-benzyloxycarbonylamino-ac

97

to 50 °

3-(2-Acetoxymethyl-4-tert-butoxycarbonylamino-5-methyl-phen)
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methyl ester, Material was obtained as a white solid in 65% yicld. MS m/e (M+H)'=

513.

Tntermediate 75

3-(2-Acetoxymethyl-4-tert-butoxycarbonylamino-5-methyl-phenyl)-2-(R)-
benzyloxycarbonylamino-propionic acid methyl ester: Title compound was prepared
in a manner analogous to the preparation of 2-(S)-(acetoxymethyl-4-tert-
butoxycarbonylamino-3-methyl-benzyl)-succinic acid diethy] ester. Material was
obtained as clear colorless oil in 99% yield. MS m/e (M-H)=513.

Intermediate 76

\n/V@

3-(2-Hydroxymethyl-4-tert-butoxycarbonylamino-5-methyl-phenyl)-2-(R)-
benzyloxycarbonylamino-propionic acid methyl ester. Title compound was obtained
in & manner analogous to the preparation of 2-(R)-Benzyloxycarbonylaming-3-(4-
tert-butoxycarbonylamino-2-hydroxymethyl-3-methyl-phenyl)-propionic acid methyl

ester. Material was obtained as white solid in 94% yield.

98
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Intermediate 77

Q

>,

cl

NH

3-(2-Ch lor&m ethyl-4-tert-butoxycarbonylamino-5-methyl-phen)
benzyloxycarbonylamino-propionic acid methyl ester. 3-(2-Hydroxym
butoxycarbonylamino-5-methyl-phenyl)-2-(R)-benzyloxycarbonylamin
acid methyl ester (310 mg, 1.1 mmol) was dissolved in dichoromcthane
Triethylamine (250 pL,1.8 mmol ) was added to the mixture followed b
methanesulfonyl chloride (100 uL, 1.3 mmol). Mixture was stirred at r
10 temperature for 1.5 hours. Mixture was diluted with dichloromethane tt
once with water, twice with IN hydrochloric acid, and once with brine.
were dried (magnesium sulfate), filtered and concentrated in vacuo. Titl

was obtained as white solid in 91% yield. MS m/c (M+H)™=491.

Intermediate 78
0
- pa
o)
Q/N o]
o /«b

|
(R)-Benzyl 8-tert-butoxycarbonylamido-2-benzyl-7-methyl-3-0xo0-]

tetrahydro-1H-benzo/c]azepin-4~ylcarbamate. 3-(2-Chloromethyl-4-tert-

20 butoxycarbonylamino;-5—mcthyl—phenyl)—2—(_R)—bcnzyloxycarbonylamino-[_

99

-

PCT/US2007/067998

1)-2-(R)-
pthyl-4-tert-

propionic

e compound

’3)415
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acid methyl cster (335 mg, 0.72 mmol) was dissolved in acctonitrile (10 mL).
Potassium carbonate (220 mg, 1.6 mmol) wag added to the mixture followed by
benzylamine (150 pl, 1.4 mmol). Reaction was heated to reflux for 4.5 hours.
Mixture was cooled to room temperature. Mixture was filtered over celite. Filtrate
was concentrated. Residuc was dissolved in toluene (15 mL). Acetic acid (100 uL)
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 chromatograpby eluting ethyl acetatc-hexanes. Title compound was

obtained as clear colorless oil in 81% yield. MS m/e (M-+H)"= 530,

Intermediate 79
o)
% >-NH
-0
=
T ‘]\,N
0

NH,

(R)-tert-Butyl 4-amino-2-benzyi-7-methyl-3-oxo-2,3,4, 5-tetrahydro- 1 H-
benzo[c]azepin-8-ylcarbamate. (R)-Benzyl 8-tert-butoxycarbonylamido-2-benzyl-7-
methyl-3-0x0-2,3,4,5-tetrahydro- 1H-benzo[c Jazepin-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 Parr apparatus under 50 psi of
hydrogen gas. Reaction shook at room temperature for 1 hour, Reaction was
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 m/e
(M+H)"™= 396.

100
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Intermediate 80

N N’([LN 0
Q\/ o " O\N/U\NH

(R)-tert-Butyl 2-benzyl-7-methyl-3-oxo-4-(4-(2-0x0-1,2-dihydro

3(4H)-yl)piperidine-1-carboxamido)-2,3,4,5-tetrahydro- 1 H-benzo[c[azepi

yicarbamate, (R)-ﬁert-Butyl 4-amino-2-benzyl-7-methyl-3-0x0-2,3,4,5
1H-benzo[c]azepin:-8-ylcarbamate (155 mg, 0.39 mmol) was dissolved
dichloromethane (10 mL). Aqueous sodium bicarbonate (10 mL) was 4

mixture. A solution of 20% phosgene in toluenc (230 uL., 0.43 mmol) ¥

the mixture with vigorous stirring. Reaction stirred at room temperaturg

minutes. 4-(2-0xo-1,4-dihydro-2H-quinazolin-3-yl) piperidine acetatc (

mmol) was added to the mixture. Reaction stirred at room temperature {i

Reaction laycrs werg partitioned. Organic layer was washed successivel

15 hydrochloric acid and brine. Organic was dried (magnesium sulfate), fil
concentrated in vacio. Title compound was obtained as off-white solid

MS m/e (M+H)"= 653.

T/US2D07/067998

n 94% yield.

Intermediate 81

20

101
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(R)-Benzyl §-tert-butoxycarbonylamido-2-benzyl-9-methyl-3-oxo-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-4-ylcarbamate. 3-(2-Chloromcthyl-4-tert-
butoxycarbonylamino-3-methyl-phenyl)-2-(R)-benzyloxycarbonylamino-propionic
acid methyl ester was reacted in a manner analogous to the preparation of (R)-benzyl
8-tert-butoxycarbonylamido-2-benzyl-7-methyl-3-0x0-2,3,4,5-tetrahydro- 1 H-
benzo[clazepin-4-ylcarbamate. Title compound was obtained as white solid in 78%

yield. MS m/e (M+H)™= 530,

Intcrmediate 82

(R)-tert-Butyl 4-amino-2-benzyl-9-methyl-3-oxo-2, 3,4, 5-tetrahydro- 1 H-
benzo[c]jazepin-S-ylcarbamate. (R)-Benzyl 8-tert-butoxycarbonylamido-2-benzyl-9-
methyl-3-0x0-2,3,4,5-tetrahydro-1H-benzo[c]azepin-4-ylcarbamate was reacted in a
manner analogous to the preparation of (R)-tert-butyl 4-amino-2-benzyl-7-methyl-3-
0%0-2,3,4,5-tetrahydro- 1H-benzo[clazepin-8-ylcarbamate. Title compound was

obtained as clear colorless oil in 99% yicld. MS m/e (M+H)'= 340,

Intermediate 83

)r:o

QL

0

X
s
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(R)-Benzyl I-acetyi-8-benzyl-7-0x0-1,5,6,7,8,9-hexahydroazey
flindazol-6-ylearbamate. 3-(2-Chloromethyl-4-tert-butoxycarbonylarmi
phenyl)-2-(R)-betzyloxycarbonylamino-propionic acid methyl ester (

mmol) was dissolved in dichloromethane (3 mL). Trifluoroacetic acid

Mixture was concentrated to a yellow oil. Residue was dissolved in ¢!

inof4, 8-

'T/US2007/067998

no-5tmethyl-

{60 mg, 0.33
(1 mL) was

added to the mixtire. Reaction was stirred at room temperature for 45 minutes.

loroform (3

mL). Acetic acid (100 ul.) was added to the mixture followed by isoamyl nitrite (50

uL, 0.37 mmol) then potassium acetate (65 mg, 0.66 mmot). Reactionjwas h

reflux for 30 minutes. Mixture was cooled to room temperature then d
10

sodium bicarbonate. Organics were dried (magnesium sulfate), filtercq

concentrated in va¢uo. Reside was dissolved in acetonitrile (3 mL). B
(100 uL, 0.92 mmi)l) was addcd to the mixture followed by potassium

mg, 0.36 mmol). Reaction was heated at reflux for 1 hour. Mixture w4
15

was trcated with toluene (3 mL) and acetic acid (100 pL). Reaction wal
reflux for 1 hour. Mixture was cooled to room tcmperaturc. Acetic anh
ml) was added to the mixture. Reaction was stirred at room tcmperatul

Mixture was concentrated. Residue was purified by silica gel chromato)
20

yicld. MS m/c (M+H)"=483.

Intermediate 84

25
(R)-benzyl 8-oxo-9-(piperidin-4-y1)-3,6,7,8,9,10-hexahydroazepin
efindazol-7-ylearbamate methanesulfonate. 4-(7-(R)-Benzyloxycarbony

103

luted

dichloromethane, Mixturc was washed once with water, and twice with :

room temperature. | Solids were filtered. Filtrate was concentrated in vac

eluting ethyl acetat¢-hexanes. Title compound was obtained as amber ol i

cated at

0/3,4-

amino-8-
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0x0-6,7,8,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-9-yl)-piperidine- 1 -
carboxylic acid tert-buty! ester (100 mg, 0.19 mmol) was dissolved in
dichloromethanc (2 mL). Anisole (100 pl, 0.92 mmol) was added to the mixture
followed by methanesulfonic acid (200 uL). Reaction stirred at room temperature for
30 minutes. Mixture was diluted with dicthyl ether, and the mixture stirred at room
temperature for 30 minutes, Solvents were decanted off. Residuc was dried in
vacuo. Title compound was obtained as dark oil in quantitative yield. MS m/e

(M+H)'= 434,

Intermediate 85

N
-
\

SESE
BORRANS

0

(R)-benzyl 9-(1-acetylpiperidin-4-yl)-8-0x0-3,6,7.8,9,10-
hexahydroazepino[3,4-ejindazol-7-yicarbamate, (R)-benzyl 8-0x0-9-(piperidin-4-
v1)-3,6,7,8,9,10-hexahydroazepino(3,4-elindazol-7-ylcarbamate methanesulfonate
(100 mg, 0.19 mmol) was dissolved in a mixture of dichloromecthane (4 mL) and
triethylamine (500 uL, 3.6 mmol). Acetic anhydride (500 pL, 5.3 mmol) was added
to the mixture. Reaction stirred at room temperature overnight. Reaction mixture
was washed successively 1x water, 2x IN hydrochloric acid, 2x IN sodium
hydroxide, and 1x brinc. 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 1N hydrochloric acid
(6 mL). Methanol was removed frorn the mixturc in vacuo, Remaining aqueous

mixture was made basic with sodium bicarbonate. Mixture was extracted with ethyl

104
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acctate. Qrganic'layer was dried (magnecsium sulfate), filtered and concentrated.

Title compound was obtained as yellow solid in 43% yield. MS m/c {M+H) =

Intermcdiate 86

ino/3,4-

3,6,7,8,9,10-hexahydroazepino[3,4-¢]indazol-7-ylcarbamate (38 mg, 0J08 mmol) was
dissolved in dichldgromethane (1 mL). Anisole (30 uL, 0.27 mmol) wa$ added to the

mixture followed By methanesulfonic acid (250 pl). Reaction stirred 4

temperature for 2 Hours. Mixture was diluted with diethyl ether. Mixtd

temperature for 30 minutes. Solvents were decanted off. Remaining rasi

dried in vacuo. Title compound was obtained as dark oil in quantitative
m/e (M+H)"=342.

Intermediate 87

105
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25

tert-butyl 3-((R)-7-(benzyloxycarbonyl)-8-oxo-7.8-dihydroazepino/3,4-
e]indazol-9(3H,6H, 10H)-yl)pyrrolidine-1-carboxylate. 2-(R)-
Benzyloxycarbonylamino-3-(4-chloromethyl-1H-indazol-5-y1)-propionic acid methyl
ester hydrochloride (150 mg, 0.31 mmol) and R,S-3-amino-1-N-Boc-pyrrolidine (90
pL, 0.48 mmol) were reacted in a manner analogous to the preparation of [9-(2,2-
dimethyl-propy!)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[ e]inden-
7-yl]-acetic acid methyl ester. Title compound was obtained without puritication as

dark foam in 96% yield. MS m/e (M+H)"=342.

Intermediate 88

HNiOk

3-(tert-butoxycarbonyl)-2-methyl-6-((2-oxo-2, 5-dikydrofiran-3-
yl)methyl)benzyl acetate. Acetic acid 3-rert-butoxycarbonylamino-6 —iodo-2-methyl-
benzyl ester (575 mg, 1.4 mmol) was dissolved in N, N-dimethylformamide (2.5 mL).
a-Methylene-y-butyrolactone (190 ul., 2.2 mmol) was added to the mixture followed
by potassium acetate (420 mg, 4.3 mmol), and then palladium(II) acetate (16 mg,
0.07 mmol). Reaction mixture was heated at 80°C for 26 hours. Mixture was ¢ooled
to room temperature and partitioned between cthyl acetate and aqucous sodium
bicarbonate. Layers were separated. Organic layer was dried (magnesium sulfate),
filtercd and concentrated in vacuo. Silica gel chromatography afforded the title

compound as off-white solid in 54% yield. MS m/e (M-H)=374.
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Intermediate 89

oA
\Tro

o]

(S)-3-(tert-butoxycarbonyl)-2-methyl-6-((2-oxo-tetrahydrofurap-3-
vlmethyl)benzyl dcetate. 3-(tert-butoxycarbonyl)-2-methyl-6-((2-0x02,5-

T/US2007/067998

dihydrofuran-3-yl)methyl)benzy! acetatc (280 mg, 0.75 mmol) was digsolved in a

mixture of ethyl acetate (10 mL) and methano! (10 mL). A catalytic amount of (-)-

1,2-bis((2R,5R )-diethylphospholano)benzene(cyclooctadiene)rhodium|

tetrafluoroborate was added to the mixture. Reaction vessel was placell on a Parr

apparatus and charged with 50 psi of hydrogen gas. Reaction shook at
temperature for 16 hours. A fresh portion of (-)-1,2-bis((2R,5R)-
dicthylphospholanp)benzene(cyclooctadiene)rhodium (I) tetrafluorobo
o the mixture. Reaction vessel was charged with 50 psi of hydrogen g
shook at room temberaturc for 24 hours. Reaction mixture was concen)

vacuo. Residue wis passed through a plug of silica gel eluting 80% et

hexanes. Filtrate was concentrated /n vacuo. Title compound was obtaTined

colorless oil in 69% yield. MS m/e (M-H)=376.

Intermediatc 90
N--NH
/

HO
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rooim

rate was added
ps. Reaction
trated in

hyl acctate-

clear
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(S)-3-((4-(hydroxymethyl)- 1 H-indazol-5-yl)methyl)-dihydrofuran-2(3 H)-one.
(8)-3-(tert-butoxycarbonyl)-2-methyl-6-((2-oxo-tetrahydrofuran-3-yl)methyl)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
temperature for 30 minutes. Mixture was diluted with dichloromethane and then
concentrated /s vacuo, Residue was dissolved in chloroform (5 mL). Acetic acid
(250 pl) was added to the mixture followed by isoamyl nitrite (80 pL, 0.60 mmol).
Reaction stirred at room temperature “or 20 minutes. Potassium acetate (400 mg, 4.1
mmol) was added to the mixturc. Reaction stirred at room temperature for 1 hour.
Mixture was diluted with dichloromethane. Mixture was washed successively 1x
water, 2x aqucous sodium bicarbonate. Organic layer was dried (magnesium sulfate),
filtered and concentrated in vacue. 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 1N hydrochloric
acid. Methanol was removed from the mixture in vacuo. Remaining aqueous was
extracted 2x dicthyl ether, made basic with sodium bicarbonate, and then extracted
again 2x diethyl ether. Combined extracts were dried (magnesium sulfate), filtered,
and concentrated iz vacuo. Title cormmpound was obtained as amber oil in 73% yield.

MS m/e (M+H)"=247.

Intermediate 91

H

N'N

|

(S)-2-(9-neopentyl-8-0x0-3,6,7,8,9, 10-hexahydroazepino [ 3,4-e]indazol-7-
ylethyl acerare. (S)-3-((4-(hydroxyrnethyl)-1H-indazol-5-yD)methy1)-dihy drofuran-
2(3H)-onc (70 mg, 0.28 mmol), was dissolved in dichloromethane (1.5 mL). Thionyl
chloride (500 pL) was added to the raixture. Reaction stirred at room temperature for

45 minutes, Mixture was concentratzd. Residue was treated with dichloromethane

108
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PC

and re-concentrated. Residue was dissolved in acetonitrile (3 mL). P

carbonate (150 mg, 1.1 mmol) was added to the mixture followed by

(100 uL, 0.85 mmol). Mixture was heated at reflux for 45 minutes. NMixtur

cooled to room teimperature and filtered. Filtrate was concentrated in
was dissolved in toluene (5 mL). Acetic acid (200 L) was added to t
Reaction was heated at reflux for 5.5 hours. Mixturc was concentrate
Preparatory HPLC purification gave the title compound as yellow soli
MS m/e (M-H)Y= 356.

Intermediate 92

H

N’N

i

Sn

o OH

(S)-7-(2-hydroxyethyl)-9-neopentyl-6,7.9,10-tetrahydroazepino [ 3,4-

elindazol-8(3H)-one. (S)-2-(9-neopentyl-8-0x0-3,6,7,8,9,10-hexahydr

T/US2007/067998

otassiym
heopentylamine
was
pacuo. Residue
he mixture.

t in vacuo.

0 in 19% yield.

azepino[3.4-

elindazol-7-yl)ethyl acetate (18 mg, 0.05 mmol) was dissolved in methbnol (1) mL).

Potassium carbonate (20 mg, 0.14 mmol) was added to the mixture. Rd
at room temperature for 1 hour. Amberlite IRC-50 ion ¢xchange resin 1
the mixture. Reaction stirred at room temperature for 15 minutes. Mix
filtered. Filtrate was concentrated in vacuo. The title compound was ol

yellow residue in 94% yield. MS m/e (M+H)'=316.

Intermediate 93

HN:'?J\O/l<

action|stirred
vas added to
ure was

btained as




WO 2007/131020

15

20

PCT/US2007/067998

2-(R)-(Acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-benzyl)-succinic

acid diethyl ester. 2-(8)-(Acetoxymethyl-4-tert-butgxycarbonylamino-3-methy!-

benzylidene)-succinic acid diethyl ester (700 mg, 1.5

manner analogous to the preparation o7 2-(S)~(acetox

mmol) was hydrogenated in a

ymethyl-4-tert-

butoxycarbonylamino-3-methyl-benzyl)-succinic acid diethyl ester using (+)-1,2-

bis((28,55)-diethylphospholano)benzene(cyclooctad

ene)rhodium(l) trifluoromethane

sulfonate as the catalyst. Silica gel chromatography afforded the title compound as
lightly colored oil in 75% yield. MS m‘e (M-H)=464.0.

Intermediate 9

N

YI;

o]

Hz
/l:, _I/O\/
P op D

4

Zu(R)-(2-Acetoxymethyl—4-amino-3-methyl-bénzyl)-succinic acid diethyl ester.

Trifluoroacetic acid (2.5 mL) was added to a solution

of 2-(R)-(acetoxymethyl-4-ters-

butoxycarbonylamino-3-methyl-benzyi)-succinic acid dicthyl cster (525 mg, 1.1

mmol) in dichloromethane (10 mL). Reaction mixtu
temperature for | hour. Mixture was concentrated in
with aqueous sodinm bicarbonate and extracted with
Combincd organic layers were dricd (magnesium sul

in vacuo. The title compound was obtained as ambe

CoH40,+H) ™= 306.1.

re was stirred at room

vacuo. Residue was treated

ethyl acetate (2x 20 mL).

fate), filtered and concentrated
r 0il in 99% yield. MS m/e (M-

Intermediate 935

N--NH
4

\n,O\
(o]

Ty
0

o}
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2-(R)-(4-Acetoxymethyl-1 H-indazol-5-yimethyl)-succinic acid
Isoamyl nitrite (170 pL, 1.3 mmol) was added dropwise to a cooled
solution of 2-(R)-(2-acetoxymethyl-4-amino-3-methyl-benzyl)-succii
ester in 5% acetic acid — chloroform (5 mL). Mixture was stirred at (
hours. Mixture was diluted with dichloromethane (20ml.) and then v
saturated aqueous sodium bicarbonate (2 X 20 mL). Organic was dri
sulfate), filtered and concentrated in vacuo. Title compound was obt
oil in 99% yicld. MS m/e (M+H)"=377.1.

Intermediate 96

N-—NH
U

HO

2-(R)-(4-Hydroxymethyl-1H-indazol-5-ylmethyl)-succinic acig
Potassium carbonate (380 mg, 2.7 mmol) was added to a solution of ]
acetoxymethyl-1H-indazol-5-ylmethyl)-succinic acid diethyl cster (41
mmol) in methanol (10 mL). Mixturc was stirred at room temperatur
Reaction was quénched with 1IN hydrochloric acid. Methanol was re
mixture in vacuo, Remaining aqueous made basic with sodium bicarl
was cxtracted wiﬂ1 ethyl acetate (2 X 20 mL). Combined organic lay
successively witﬁ water (20 mL) and brine (20 mL). Organic was dri
sulfate), filtered 4nd concentrated in vacuo. Title compound was obt

oil in 92% yield. | MS m/c (M+H)"=307.1.
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Intermediate 97

'
%J'NMO/

[9-(2, 2-Dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-
cycloheptafe]inden-7-yl]-acetic acid methyl ester. Thionyl chloride (2 mL) was
added to a solution of 2-(R)-(4-hydroxymethyl- 1H-indazol-5-ylmethyl)-succinic acid
dimethy! ester (280 mg, 0.91 mmol) in dichloromethanc (4 mL). Reaction was
stirred at room temperature for 1 hour. Mixture wds diluted with dichloromethane
and then concentrated in vacuo. Residue was suspended in acetonitrile (5 mL).
Potassium carbonate (300 mg, 2.2 mmol) was addgd to the mixture followed by
neopentylamine (250 ul, 2.1 mmol). Reaction was heated at reflux for 30 minutes.
Neopentylamine (150 uL, 1.3 mmol) was added to thc mixture. Reaction was heated
at reflux for 20 minutes. Mixture was cooled to room temperaturc and filtered,
Filtrate was concentrated in vacuo. Residue was dissolved in toluene (5 mL). Acetic
acid (300 pL) was added to the mixture. Reaction was heated at reflux for 16 hours.
Mixture was cooled to room temperature and dilutﬁd with cthyl acetatc. Mixture was
washed successively with aqueous sodium bicarbonate (2x), water, and brine.
Organic layer was dried (magnesium sulfate), filtered and concentrated in vacuo.
Silica gel chromatography aftorded the title comppund as amber oil in 29% yield,
MS m/e (M-Hy=342.1,

Intermediate 98

112
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[9-(. 2,2-Di1'methyl-pr0pyl) -8-0x0-3,6,7,8,9, 1 0-hexahydro-2, 3,94triazai(R)-
cyclohepta[e]indén—7-yl]~acetz‘c acid. Lithium hydroxidc monohydrate (31 mg, 0.74
mimol) was added; to a solution of [9-(2,2-dimethyl-propyl)-8-0%0-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(R)-cycloheptale]inden-7-yl]-acetic acid methy!l estern (90 mg,

5 0.26 mmol) in methanol (2.5 mL), tetrahydrofuran (2 mL) and water (2.5 mL).
Reaction mixture was heated at 50 °C for 1.5 hours. The organic solvénts were
removed from the mixturc i# vacuo. Remaining aqueous was neutralized with 1 N
hydrochloric acid (730 uL). Mixture was extracted with ethyl acetate {2 X 20 mL).
Combined organic layers were washed with brine (20 mL) and then dried

10 (magncsium sulfate), filtered and concentrated in vacuo. Title compound wa

obtained as amber solid in 88% yield. MS m/e (M-H)= 328.1.

Intermediate 99

15
[4-Chloro-3,6,7,8,9,10-hexahydro-8-0xo-9~(2,2,2-trifluoroethyl)i2, 3,9-
(S)-cycloheptafe]inflen-7-ylacetic acid. 2-(S)-(4-acctoxymethyl-7-chlgro- 1H

riqzd-

indazol»S-ylmethyl)}succinic acid diethyl ester (530 mg, 1.48 mmol) and 2,2,2
trifluoroethylamine {1 mL, 12.5 mmol) was reacted following reaction s¢heme and
20 procedures analogous to the preparation of [4-Chloro-9-(2,2-dimethyl-propyl)-8-oxo-
3.6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[elinden-7-yl]-acetic acid.
compound was obtained as white solid in 20% yield. MS m/¢ (M-H)= 3774.0.
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Intermediate 100

NH,
~ Br
D
(o] o~
Ao g ©

2-(8)-(2-Acetoxymethyl-4-amino-5-bromo-3-methyl-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 vesscl was placed in a cool
water bath 10 control reaction exotherm. Bromine (1.1 mL, 22 mmol) was added to
the mixture in one portion. Reaction stirred at ambient tempcrature for 10 minutes.

10 Mixture was poured into IN aqucous sodium thiosulfate solution (400 mL). Material
was cxtracted twice with ethyl acetate. Organic phase was washed successivcly 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 m/e (M-H) = 440.0, 442.,0.

15
Intermediate 101

N—NH
4 Br
Yov
Q OV/
N

2-(8)-(4-Acetoxymethyl-7-bromo-1H-indazol-5-yimethyl)-succinic acid diethyl
20 ester. lsoamyl nitrite (2.3 mL, 17 mmol), was added drop-wise to an ice cold
solution of 2-(8)-(2-Acctoxymethyl-4-amino-5-bromo-3-methyl-benzyl)-succinic
acid dicthyl ester (7.14 g, 16 mmol) ir. 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 temperaturc, Reaction was stirred at
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room temperature for 14 hours. Mixture was washed twice with watér and once with

brine. Organic was dricd (magnesium sulfate) filtered and concentrated. Silica gel

chromatography (ethyl acetate-hexanes) afforded the desired productiin 77% yield as

an amber oil. MY m/e (M+H)"=455.0, 457.0.

Intermediatc 102

y“NH
Br

HO

(S)-dimethyl 2-((7-bromo-4-(hydroxymethyl)-1H-indazol-5-

10 vlmethyl)succindgte. 2-(S)-(2-Acetoxymethyl-4-amino-5-bromo-3-mathyl-benzyl)-

succinic acid diethyl ester (2.78 g, 6.1 mmol) was converted to the title compound in

a manner analogohs to the preparation of 2-(S)-(4-Hydroxymethy!l-1H
ylmethyl)-succini¢ acid dimethyl ester . Material was obtained as aml
yield. MS m/e (M-H)=383.0, 385.0.

Tntermediate 103

N-~NH
4
Br

cl

(S)-dimeth}l 2-((7-bromo-4-(chloromethy])-1 H-indazol-5-ylmd
20 (5)-dimethyl 2—((ibromo—4—(hydroxymethyl)—lH-indazol-S—yl)methyl
(225,58 rnmol)i was dissolved in 2M thionyl chioride in dichlorome
&4 mmol). Reacti&m stirred at room temperature for 2.0 hours, Mixtur
concentrated. Residue was treated with toluene and then concentrated

Residue was dissolved in ethyl acetate. Mixture was washed twice wit]

115
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sodium bicarbonate. Organic was dried (magnesium sulfate), filtered and
concentrated in vacuo. Title compound was obtained as amber s0lid in 99% yicld.

MS m/e (M+H)*= 404.9, 403.0, 406.9.

5 Intermediate 104
N~ k; Br
W

[4-Bromo-9-(2, 2-dimethyl-propyl)-8-oxv-3,6,7,8,9, 10-hexahydro-2, 3,9-triaza-
. (S)-cycloheptafe]inden-7-yi]-acetic acid methyl ester. (S)-dimethyl 2-((7-bromo-4-
. 10 (chloromethy!)-1H-indazol-5-yl)methyl)succinate (860 mg, 2.1 mmol) was dissolved
in acetonitrile (50 mL). Potassium carbonate (625 mg, 4.5 mmol) was added to the
mixture followed by neopentylamine (800 pL, 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-
vap. Silica gel chromatography (ethyl acetate-hexancs) afforded the title compound
as tan solid in 75% yield. MS m/e (M-H)=420.0, 422.0.

20 Intcrmediate 105

( )
M
7L/ OH
O

[4-Bromo-9-(2, 2-dimethyl-propyl)-8-0x0-3,6,7,8,9, 10-hexahydro-2, 3,9-triaza-
(S)—qyclohepta[e]inden—7—yl]-acet[c acid. [4-Bromo-9-(2,2-dimethyl-propyl)-8-oxo-
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3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl]-ac¢tic acid methyl

ester (160 mg, 0.38 mmol) was dissolved in a mixturc of tetrahydrofiiran (3.0 mL)

and methanol (5.0 mL). Water (5.0 mL) was added to the mixturc f

llowed by

lithium hydroxide monohydrate (41 mg, 0.98 mmol). Mixture was Heated to 50°C

and held with stirring for 5 hours. Mixture was cooled to room tempjerature. Organic

solvents were removed from the mixture i vacuo. Remaining aque

with water and then made neutral with 1 mL of 1N hydrochloric acid.

extracted twice with ethyl acetate. Organic phase was dried (magne;
filtered and congentrated to dryness. Title compound was obtained 4
quantitative yield. 'H NMR (300 MHz, CDCls) 8=0.77 (s, 9 H) 2.3
2.91 (dd, /~16.47, 8.42 Hz, 1 H)2.98 - 3.05 (m, 1 H) 3.09 (d, ./=13.1

us was diluted
Material was
ium sylfate),

s tan splid in
-2.60 (m, 3 H)
4 Hz, || H)3.47

(d, J~13.91 Hz, 1 H) 3.71 - 3.89 (m, 1 H) 4.39 (d, J=17.20 Hz, 1 H)5.30 (d, J=17.20

Hz, 1 H) 7.25 (s, 1 H) 8.00 (s, 1 H).

Intermediatc 106

[4-Bromp-9-(2,2-dimethyl-propyl)-8-oxo-3,6,7,8,9, 10-hexahy

dro-2,3,9-triaza-

(S)-cycloheptafe]inden-7-yl]-acetic acid methyl ester. (S)-dimethyl 2-((7-bromo-4-

(chloromethyl)-I H-indazol-5-yl)methyl)succinate (860 mg, 2.1 mmd

) was|dissolved

in acetonitrile (30 mL). Potassium carbonate (625 mg, 4.5 mmol) whs added to the

mixture followeil by neopentylamine (800 pL, 6.78 mmol). Mixturg

was heated to

reflux and held with stirring for 1.5 hours. Mixture was cooled to ropm temperature.

Mixture was filtered over celite. Filtrate was concentrated by roto-vap. Residue was

dissolved in a m‘ixture of toluene (50 mL) and acetic acid (3 mL). M
heated to reflux and held with stirring for 37 hours. Mixture concen
vap. Silica gel ¢chromatography (ethyl acetate-hexanes) afforded the
as tan solid in 7§% yicld. MS m/c (M-H)= 420.0, 422.0.
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Intermediate 107

[4-Bromo-3,06,7,8,9,10-hexahydro-8-0x0-9-(2, 2, 2-trifluoroethyl)-2, 3, 9-triaza-
5 (S)-cycloheprafe]inden-7-yl]acetic acid methyl ester. 2-(S)-(4-chloromethyl-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 pL).
Mixture was heated to reflux and held with stirring for 22 hours, Mixture was
concentrated by roto-vap. Residue was dissolved in ethyl acetatc. 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% yicld. MS m/c (M-H)=431.9, 433.9.

Intermediate 10§

20
[4-Bromo-3,6,7,8,9, 10-hexahydro-8-oxo-9-(2, 2, 2-trifluoroethyl)-2,3, 9-triaza-
(S)-cycloheptafe]inden-7-yljacetic acid. [4-Bromo-3,6,7,8,9,10-hexahydro-8-0x0-9-
(2,2,2-trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[elinden-7-ylJacetic 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-(2,3-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-

cyclohepta[e]inden-7-y1]-acetic acid. Title compound was obtained ps light yellow

solid in quantitative yield. MS m/e (M-H)=417.9, 419.9.

Intermediate 109

[4-Methyl-9-(2, 2-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-

triaza-(S)-cycloheptafe]inden-7-ylj-acetic acid methyl ester. [4-Bropno-9-
dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta
7-yl]-acetic acid methyl ester (110 mg, 0.26 mmol) was dissolved in |V, V-
dimethylformantide (1.0 mL). Nitrogen gas was bubbled through thg mixty
minutes. Tetrakis(triphenylphosphine)palladium(0) (6.0 mg, 0.01 mmol) w
o the mixture fallowed by tetramethyltin (100 pL, 0.72 mmol). Reafction v

flushed with nitrogen gas and then sealed. Reaction was subjected tg micrg

2,2-

[elinden-

re for 5
as added
essel was

wave

heating at 175°C for 35 minutes. Mixture was diluted with cthyl acctate. Matcrial

was washed suc¢essively with water and brine. Silica gel chromatography

‘ethyl

acetate-hexanes) afforded the title compound as white solid in 83% ylield. MS m/e

(M+H)'= 358.2.

Intermediate 110

119
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[4-Methyl-9-(2, 2-dimethyl-propyl)-8-0x0-3,6,7,8,9, 1 0-hexahydro-2, 3,9-
triaza-(S)-cycloheptafe]inden-7-ylj-acetic acid. [4-Methyl-9-(2,2-dimethyl-propyl)-
8-0x0-3,6,7.8,9,10-hexahydro-2,3,9-triaza~(S)-cycloheptaleJinden-7-yl]-acetic acid
methyl ester (70 mg, 196 umol) was dissolved in tetrahydrofuran (2.0 mL).
Methano) (2.0 mL) was added to the mixture followed by water (2.0 mL) and then
lithium hydroxide hydrate (20 mg, 477 pmol). Reaction was warmed to 50°C and
held with stirring for 1.5 hours. Mixture was cooled to room temperature. Organic
solvents were rclmoved from the mixture by roto-vap. Remaining aqueous was
diluted with water and then neutralized with 1N hydrochloric acid (500 pl). Mixture
was extracted twice with cthyl acetate. Organics were dried MgS04, filtercd and
then concentrated to dryness. Title compound was obtained as white solid in 95%

vield. MS m/e (M-H)=342.2.

Intermediate 111

N--NH
y
YO
() 0\/
0
<00

2-(8)-(4-Acetoxymethyl-7-methyl- 1 H-indazol-5-ylmethyl)-succinic acid
diethyl ester. 2-(S)-(4-Acetoxymethyl-7-bromo-1H-indazol-5-ylmethyl)-succinic
acid diethyl ester (350 mg, 0.77 mmol) and tetramethyltin (150 pL, 1.1 mmol) were
reacted in a manner analogous to the preparation of {4-Methyl-9-(2,2-dimethyl-
propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cycloheptalclinden-7-y1]-
acetic acid methyl ester. Title compound was obtained as pale yellow solid in 68%

yield. MS m/e (M-H)'=1389.1,

120
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Intermediate 112

N~NH
!

HO

(S)-dimethyl 2-((7-methyl-4-(hydroxymethyl)-1 H-indazol-5-
yhmethyl)succinate. 2-(8)-(2-Acetoxymethyl-4-amino-5-methyl-3-nethyl-

benzyl)-

succinic acid diethyl cster (230 mg, 0.59 mmol) was converted to the title compound

in a manner analogous to the preparation of 2-(S)-(4-Hydroxymethylt 1H-in

dazol-5-

ylmethyl)-succinic acid dimethyl ester . Material was obtained as off-white solid in

98% yield. MS m/e (M-H)=319.2.

Intermediate 113

N-—NH
i/
Br

Cl

(S)-dimethyl 2-((7-methyl-4-(chloromethyl)-1H-indazol-5-yl)methyl)
(S)-dimethyl 2-((7-mcthyl-4-(hydroxymethyl)-1 H-indazol-5-y)methyl)suce
(180 mg, 0.56 minol) was dissolved in dichloromethane (4.0 mL). 2M Thio

chloride in dichldromcthane (4.0 mL, 8.0 mmol) was added to the mikture.

Succingte.
inate
nyl

Reaction

stirred at room tefmperature for 2.5 hours. Mixture was concentrated. | Residuc was

treated with toluane and then concentrated by roto-vap. Residue was [dissoly
dichloromethane land then concentrated to dryness Title compound was obt
amber solid in 99% yield. MS m/e (M+H)'=339.1.

121
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[ntermediate 114

[4-Methyl-3,6,7,8,9, 10-hexahydro-8-oxo-9-(2,2, 2-trifluoroethyl)-2, 3, 9-triaza-
(S)-cveloheptalelinden-7-yljacetic acid methyl ester. 2-(S)-(4-chloromethyl-7-
methyl-1H-indazol-5-ylmethyl)-succinic acid diethyl ester (190 mg, 0.56 mmol) and
2,2 2-trifluoroethylamine (45 uL, 0.56 mmol) were reacted in a manner analogous to
the preparation of [4-bromo-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-trifluoroethyl)-
2,3.9-triaza-(S)-cyclohepta[c}inden-7-yl]acetic acid methyl ester. Title compound
was obtained as amber residue in 76% yield. MS m/e (M+H)'=370.1.

Intermediate 115

N
NI

F
VK/N OH

[4-Methyl-3,6,7,8,9, 10-hexahydro-8-0x0-9-(2,2, 2-trifluoroethyl)-2, 3, 9-triaza-
(S)-cycloheptafe]inden-7-yl]acetic acid. [4-Methyl-3,6,7,8,9,10-hexahydro-8-0x0-9-
(2,2,2-trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl jacetic acid methyl
ester (250 mg, 0.58 mmol) was rcacted in a manner analogous to the preparation of
[4-Bromo-9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-
cycloheptalelinden-7-yl]-acetic acid. Title compound was obtained as white solid in

97% yield. MS m/e (M-H)'=354.2.

122
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Intermediate 116

[(8)-9-(2,2-Dimethyl-propyl)-4-isopropenyl-8-o0x0-3,6,7,8,9,1

-hexahydro-

2,3,9-triaza-cycloheptfe]inden-7-ylj-acetic acid methyl ester. [4-Brofno-9-(2,2-

dimethyl-propy!)+8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(8)-cycla

lieptaclinden-

7-yl]-acetic acid mcthyl ester (100 mg, 0.24 mmol) was dissolved in 2propanol (1.0

mL). Nitrogen gas was bubbled through the mixture for 5 minutes. T
(60 uL, 0.43 mmgl) was added to the mixture followed by [1,1°-

bis(diphenylphosphino)ferrocenelpalladium(IT) chloride (19 mg, 0.02
potassium 2-propenyltrifluoroborate (41 mg, 0.28 mmol). Reaction vg
flushed with nitrogen gas and then sealed. Reaction was subjected to 1
heating at 150°C for 30 minutes. Silica gel chromatography (ethyl acd
afforded the title dompound as amber solid in 73% yield. MS m/c (M|

Intermediate 117

[(5)-9-(2, 2\[Dimethyl—propyl)-4~1.'Sopr0pyl-8—0xo—3, 6,7,8,9,10-hdxahydro-

[icthylumine

mmol) and
ssel was
microwave
tate-hexanes)

HH)"=|384.4.

2, 3,9—triaza-cyclol}ept[ efinden-7-yl]-acetic acid methyl ester. [($)-9-(2,2-Dimethyl-

prOpyl)-4-isoprOpqny1-8~0xo—3,6,7 ,8,9,10-hexahydro-2,3,9-triaza-cycl
7-yl]-acetic acid niethyl ester (100 mg, 0.26 mmol) was dissolved in a
ethyl acetate (5.0 qle) and methano! (5.0 mL). A catalytic amount of 1

123

i

hept(e]inden-
mixture of

0% palladium
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on carbon was added to the mixturc. 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 m/c (M+H) = 386.3.

Intermediatc 118

[(S)-9-(2,2-Dimethyl-propyl)-4-isopropyl-8-ox0-3,6,7,8,9, 1 0-hexahydro-

10 2,3,9-triaza-cyclohept[e]inden-7-yl]acetic acid. [(S)-9-(2,2-Dimethyl-propyl)-4-
isopropyl-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-cyclohept[e]inden-7-yl]-acetic
acid methy] ester (90 mg, 0.23 mmol) was rcacted in a manner analogous to the
preparation of [4-Bromo-9-(2,2-dimethyl-propyl)-8-oxo-3,6,7,8,9,10-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 m/e (M-H)= 370.3,

Intermediate 119

20 [4-Isopropenyl-3,6,7,8,9, 10-hexahydro-8-oxo-9-(2,2, 2-trifluoroethyl)-2,3,9-
triaza-(S)-cycloheptafe] inden-7-yljacetic acid methyl ester. [4-Bromo-3,6,7,8,9,10-
hexahydro-8-0x0-9-(2,2,2-trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta ¢]inden-7-
yllacetic acid methyl ester (400 mg, 0.92 mmol) and potassium 2-

124
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propenyltrifluoroborate (165 mg, 1.1 mmol) were reacted in a mannar analagous to

the preparation of [(S)-9-(2,2-Dimethyl-propyl)-4-isopropenyl-8-oxot3,6,7,8,9,10-

hexahydro-2,3,9-triaza-cyclohept[e]inden-7-yl]-acetic acid methyl cster, Tit
compound was obtained as amber oil in 71% yicld. MS m/e (M-H)= 394.1,

Intcrmediate 120

[4-Isopropyl-3,6,7,8,9,10-hexahydro-8-ox0-9-(2,2, 2-rifluorodthyl)-2,
10 triaza-(S)-cycloheptafe]inden-7-yljacetic acid methyl ester. [4-Isopropenylt

3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-trifluoroethyl)-2,3,9-triaza-(S

cyclohepta[elind¢n-7-yl]acetic acid methyl ester (150 mg, 0.38 mmol) was

a manner analogaus to the preparation of [(8)-9-(2,2-Dimethyl-propy])-4-isq
8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-cyclohept[c]inden-7-y1]-acktic ac
15 ester. Title compound was obtained as white solid in 73% yield. MS|m/e (I

398.2.

Intermediate 121

le

3,9-

eacted in
propyl-
id methyl
M-+H) =

[ 4—Isopmli7emyl—3, 6,7,8,9, 10-hexahydro-8-oxo-9-(2,2, 2-trifluorpethyl)-2,3,9-

20 triaza~(S)—cyclohdpta[e]inden-7-yl]acetic acid. [4-Tsopropenyl-3,6,7,8,9,10-

hexahydro-8-0x0+9-(2,2,2-trifluoroethyl)-2,3,9-triaza(S)-cyclohepta[ ¢ linden- 7-

yl]acetic acid methyl ester (100 mg, 0.25 mmol) was reacted in a manfer analogous
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to the preparation of [4-Bromo-9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(S)-cyclohepta[elinden-7-yl]-acctic acid. Title compound
was obtained as off-white solid in 98% yield. MS m/¢ (M-HY= 380.2.

Intermediate 122

[4-Isopropyl-3,6,7,8,9,10-hexahydro-8-oxa-9-(2,2, 2-trifluoroethyl)-2,3,9-
triaza-(S)-cyclohepta/efinden-7-ylj acetic acid. [4-Isopropyl-3,6,7,8,9,10-hexahydro-
8-0%0-9-(2,2,2-trifluoroethyl)-2,3,9-triaza-(S)-cycloheptafelinden-7-yl]acetic acid
methyl ester (105 mg, 0.26 mmol) was reacted in a manner analogous to the
preparation of [4-Bromo-9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-
2,3,9-triaza~(S)-cyclohepta[e]inden-7-yl]-acetic acid. Title compound was obtained

as white solid in 99% yield. MS nve (M-H)y=382.2.

Intermediate 123

[4-Ethyl-3,6,7,8,9,10-hexahydro-8-oxo-9-(2,2, 2-trifluoroethyl)-2,3, 9-triaza-
(S)-cycloheptafe]inden-7-ylacetic acid methyl ester. [4-Bromo-3,6,7,8,9,10-
hexahydro-8-0x0-9-(2,2,2-trifluorocthyl)-2,3,9-triaza-(S)-cyclohepta[e]inden-7-
yllacetic acid methyl ester (150 mg, 0.35 mmol) and tetraethyltin (200 uL, 1.0 mmol)

were reacted in a manner analogous to the preparation of [(8)-9-(2,2-Dimethyl-

126
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propyl)-4-methyl-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-cyclohept[c]inden-7-y1]-

acetic acid methyl ester. Title compound was obtained as ¢lear colorless oil in 28%

yield. MS m/e (M+H)'= 384.2.

Intermediate 124

[4-Ethyl-3,6,7,8,9,10-hexahydro-8-oxo-9-(2, 2, 2-trifluoroethyl)-2,3, 91 triaza-
(S)-cycloheptafelinden-7-yl]acetic acid. [4-Ethyl-3,6,7,8,9,10-hexahlydro-8+oxo-9-
(2.2,2-trifluoroethy1)-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl]acetic gcid methyl

ester (105 mg, 0.26 mmol) was reacted in a manner analogous to the greparation of

[4-Bromo-9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3 [9-triaza-(S)-

cyclohepta[clind¢n-7-yl]-acetic acid. Title compound was obtained af whitg solid in

73% yicld. MS m/e (M-H)=368.3.

Intermediatc 125

’H Br

N

(1 (S)-4-Braimo—9—cyclopropylmethy1~8—oxo-3 .0,7,8,9, 10-hexahvdro-2,3,9-

triaza—c_)/clohept[é] inden-7-yl)-acetic acid methyl ester, (S)-dimethyl P-((7-bromo-4-

(chloromethyl)-1H-indazol-5-yl)methyl)succinate (630 mg, 1.6 mmol} was dissolved

in acetonitrile (5 1ir1L). Potassium carbonate (560 mg, 4.1 mmol) was gdded to the

mixture followed by (aminomethyl)cyclopropane (700 uL, 8.1 mmol)

127

Mixture was
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heated to reflux and held with stirring for 1.5 hours. Mixture was cooled to room
temperaturc, Mixture was filtered. Filtrate was concentrated by roto-vap. Residue
was dissolved in a mixture of toluene (10 mL) and acetic acid (1 mL). Mixture was
heated to reflux and held with stirring for 18 hours. Mixture was concentrated by
roto-vap. Silica gel chromatography (ethyl acetate-hexancs) afforded the title
compound as tan solid in 64% yield. MS m/c (M+H)'= 406.0, 408.0.

Intermediate 126

((S)-4-Bromo-9-cyclopropylmethyl-8-0x0-3,6,7,8,9, 10-hexahydro-2,3,9-
triaza-cyclohept/efinden-7-yl)-acetic acid. ((5)-4-Bromo-9-cyclopropylmethyl-8-
0x0-3,6,7,8,9,10-hcxahydro-2,3,9-triaza-cyclohept{elinden-7-yl)-acetic acid methyl
ester (290 mg, 0.71 mmol) was reacted in a manner analogous to the preparation of
[4-Bromo-9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(5)-
cyclohepta[e]inden-7-yI]-acetic acid. Title compound was obtained as yellow solid
in 96% yield. MS m/c (M-H)=390.0, 392.0.

Intermediate 127

,kll Br

128
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[(8)-4-Bromo-9-(2-methoxy-ethyl)-8-oxo-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-
cycloheptfe] inden-7-yl]-acetic acid methyl ester. (S)-dimethyl 2-((4-bromo-4-
(chloromethyl)-1H-indazol-5-yDmethylsuccinate (400 mg, 0.99 mmol) and 2-

methoxyethylamine were reacted in a manner analogous to the preparation|of ((8)-4-
Bromo-9-cyclopropylmethyl-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-
cyclohept[e]inden-7-yl)-acetic acid methyl ester, Title compound whs obtdined as
tan solid in 66% yield. MS m/e (M-H)=408.1, 410.0.

Intermediate 128

[(S)-4-Bromo-9-(2-methoxy-ethyl)-8-0x0-3,6,7,8,9, 1 0-hexahidro-2, 3,9-triaza-
cycloheptelinden-7-ylj-acetic acid. [(S)-4-Bromo-9-(2-methoxy-ethyl)-8-oxo-
3,6,7.8,9,10-hexphydro-2,3,9-triaza-cyclohept[e]inden-7-y1]-acetic a¢id methyl ester
(265 mg, 0.65 mmol) was reacted in a manner analogous to the prepdration of [4-
Bromo-9~(2,2—dimethyl—propyl)-S-oxo«S,6,7,8,9, 10-hexahydro-2,3,94triazad-(S)-
cyclohepta[c]inden—?—yl]—acetic acid. Title compound was obtained 4s tan solid in

89% yield. MS /e (M-H)=394.1, 396.0.

Intermediate 129

0]

HN‘J\O
9]
Y J%Y@
~0"%p © |
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(7)-1-(2-(acetoxymethyl)-4-(tert-butoxycarbonylamine)-3-methylphenyl)-3-
methoxy-3-oxoprop-1-en-2-vl benzoate. 3-(tert-butoxycarbonylamino)-6-iodo-2-
methylbenzyl acetate (18.0 g, 44.4 mmol) in tetrahydrofuran (180.00 ml, 2197 mmol)
was added triethylamine (24.76 ml, 178 mmol) followed by tetrabutylammonium
chloride, hydrate (13.15 g, 44.4 mmol) and 3-methoxy-3-oxoprop-1-en-2-y! benzoate
(11.91 g, 57.7 mmol), After introducing nitrogen atmosphere, palladium(il) acctate
(0.898 g, 4.0 mmol) was added. The reaction mixture was refluxed for 3 h. 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
was evaporated and the crude product was purified by flash chromatography using
30% BEtOAc in hexane to 50% EtOAc in hexane, The product was crystallized from a
mixture of EtOAc - hexane to give a white powder of (Z)-1-(2-(acetoxymethyl)-4-
(tert-butoxycarbonylamino)-3-methylphenyl)-3-methoxy-3-oxoprop-1-cn-2-yl
benzoate (20.5 g, 42.4 mmol, 95 % yield). "H NMR (500 MHz, CDCl;): in 8 8.08 —
8.06 (m, 2H), 7.75 — 7.74 (m, 2H), 7.60 - 7.58 (m, 1H), 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) ; Ry
=261,

Intermediate 130

(0]
Al
o)
¥ O
0 OO

(R)-3-(2-(acetoxymethyl)-4-(tert-butoxycarbonylamino)-3-methylphenyl)- I-methoxy-
l-oxopropan-2-yl benzoate. (Z)-1-(2-(acetoxymethyl)-4-(tert-butoxycarbonylamino)-
3-methylphenyl)-3-methoxy-3-oxoprop-1-cn-2-yl benzoate (20.00 g, 41.4 mmol) in
dichloromethane (120.00 ml) was added (-)-1,2-bis((2R,5R)-2,5-
diethylphospholano)benzene(cyclooctadiene)rhodium (1) tetrafluoroborate (280.00

mg, 0.424 mmol) under nitrogen atmosphere. The reaction mixture was
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hydrogenated at 60 psi pressure of hydrogen for 12h. The solvent was rempved and

crude product whs carried to the next step as such. MS (ESI) 508 (MjrH) ; Re=2.53.

Intermediate 131

NH,

Y Ca O

=0 OO

(R)-3-(2-(acetoxymethyl)-4-amino-3-methylphenyl)- 1-methoxy- 1 -oxppropan-
2-yl benzoate. (R)-3-(2-(acetoxymethyl)-4-(tert-butoxycarbonylaming)-3-
methylphenyl)-1-methoxy-1-oxopropan-2-yl benzoate (19.5 g, 40.2 rhmol) in

10 dichloromethanel (100.00ml, 1554 mmol) was added trifluoroacctic atid (30.00 ml,
389 mmol). The reaction mixture was stirred at RT. After 4h, LC-M$ suggested
complete removeil of protecting group. The solvent was removed and the crude
product was dissolved in dichloromethane (300 mL) and washed with aqueous
NaHCOs. The solvent was removed to give (R)-3-(2-(acetoxymethyl)-4-amino-3-

15 methylphenyl)-1+methoxy-1-oxopropan-2-yl benzoate (15.0 g, 38.9 ool 97 %
yield). MS (EST)|408 (M+H) ; R¢e= 1.69.

Intermediate 132

NH»
Cl
YO
0 OW/Q
0" 0 ©

20 .
(R) —3—(2—(|l1cetoxymethyl)—4-am ino-5-chloro-3-methylphenyl)- {-methoxy-1-
oxopropan-2-yl benzoate. (R)-3-(2-(acetoxymethyl)-4-amino-3-methyIphenyl)-1-

methoxy-lﬂoxopx{opan-z-yl benzoate (15.00 g, 38.9 mmol) in acetonittile (200, ml,
3829 mmol) was added N-chlorosuccinimide (5.72 g, 42.8 mmol). The reaction

25 mixture was thenjheated to reflux for 2 min. The solvent was removetl and the crude

131
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product was washed with aqueous NaHCO;. The crude product was purified by flash
chromatography using 30% EtOAc in hexanc to give (R)-3-(2-(acetoxymethyl)-4-
amino-5-chloro-3-methylphenyl)-1-methoxy-1-oxopropan-2-yl benzoate in 57%
yield. MS (ESI) 442 (M+H) ; Ry~ 2.42.

5
Intermediate 133
V“NH
: Cl
T O
0 O
=0 OO

(R)-3-(4-(acetoxymethyl)-7-chloro-1 H-indazol-5-yl)- I-methoxy-1-oxopropan-

10 2-yl benzoate. (R)-3-(2-(acetoxymethyl)-4-amino-5-chloro-3-methylphenyl)-1-
methoxy-1-oxopropan-2-yl benzoate (16.33 g, 38.9 mmol) in toluene (100.0 ml, 939
mmol) was added acetic acid (5.0 ml, 87 mmol) followed by isoamyl nitrite (5.76 ml,
42,8 mmol) at 0°C, After 15 min, potassium acetale (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 dichloromethane (250 mL) and washed with aqueous
NaHCOj;. The solvent was dried (Na;SOy), 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-1-oxopropan-2-yl benzoate in
&8 % yield. MS (ESI) 453 (M+Na) ; Ry= 2.46.

20
Intermediate 134
y“NH
Ci
HO
O
e OO

(R)-3-(7-chloro-4-(hydroxymethyl)-1H-indazol-5-yl)-1-methoxy-1-oxopropan-
25 2-yl benzoate. (R)-3-(4-(acetoxymethyl)-7-chloro-11-indazol-5-yl)-1-methoxy-1-
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oxopropan-2-y1 benzoate (8.5g, 19.73 mmol) in a mixture of chlorofprm (80.0 ml,

992 mmol) and methanol (60.0 ml, 1483 mmol) was added magnesiy

(4.18 ml, 39.5 mmol). After 3h, quenched with 1.0 M HCI and extracted with

dichloromethane (300 mL). The crude product was purificd by flash|
using 70% EtOAc in hexane to give (R)-3-(7-chloro-4-(hydroxymetl
5-yl)-1-methoxy-1-oxopropan-2-yl benzoate in 67% yield. 'H NMR

m methoxide

chromatography
yl)-1H-indazol-
500 MHz,

CDCls): in 6 8.09 (s, 1H), 7.93 (d, J= 7.5 Hz, 1H), 7.47 (m, 1H), 7.32 (t, J+ § Hz,

2H), 7.22 (s, 1H), 5.49 (m, 1H), 4.99 (m, 2H), 3.45 — 3.41 (m. 1H), ]
331 (m, 1H); MS (EST) 389 (M+H) ; Rg=2.07.

Intermediate 135

y“NH
Cl
Cl
' 0
~0" 0 o '

(R)-3-(7-chloro-4-(chloromethyl)-1 H-indazol-5-yl)- I-methox)
2-yl benzoate. (R)-3-(7-chloro-4-(hydroxymethy!)-1H-indazol-5-y1)
oxopropan-2-yl benzoate (6.5 g, 16.72 mmol) in dichloromethane ( 14
mmol) was addeﬁ Diisopropylethyl amine (2.59 g, 20.06 mmol) folla
rnethanesulfonyli chloride (1.433 ml, 18.39 mmol). After 2h, the reag
was quenched with aqueous NaHCO;, dried (NaSO4) and the solven
MS (ESI) 407 (M+H); R¢= 1.69.

Intermediate 136

l/\l"‘NH
| cl
!
| N
CF, 0
(0]
~0" N0

133

.68 (s, 3H), 3.36

- [-oxapropan-
l-methoxy-1-
0.0 ml, 1554
wed by
tion mixture

t was removed.
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(R)-3-(7-chloro-4-((2, 2, 2-wrifluoroethylamino)methyl)- 1 H-indazol-5-y1)- -
methoxy-1-oxopropan-2-yl benzoate. (R)-3-(7-chloro-4-(chloromethyl)-1H-indazol-
5-y1)-1-methoxy-1-oxopropan-2-yi benzoate (6.80 g, 16.7 mmel) in acetonitrile (70.0
ml, 1340 mmol) was added 2,2,2-trifluorocthylamine (8.27 g, 84 mmol). After 20
min, potassium carbonate (2.308 g, 16.70 mmol) was added and the reaction mixture
was refluxed for 2h, The solvent was evaporated and the crude product was
dissolved in a mixture of dichloromethane and chloroform. A thick emulsion formed
and addition of methanol provided a clear organic phase. The organic layer was
dried (N2;SO4), the solvent was removed and the crude product was uscd as such for
the next step. MS (ESI) 470 (M+H) ; Ry= 1.56.

Intermediate 137

thH
cl

(R)-4-chloro-8-ox0-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepino(3,4-efindazol-7-yl benzoate. (R)-3-(7-chloro-4-((2,2,2-
trifluoroethylamino)methyl)- I H-indazol-5-y1)-1-methoxy- 1 -oxopropan-2-y! benzoate
(7.75 g, 16.5 mmol) in tolucne (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
product was dissolved in EtOAc, washed with aqueous NaHCQ;. The solvent was
removed and the crude product was purified by flash chromatography using 50%
FtOAc in hexane to give (R)-4-chloro-8-0x0-9-(2,2 2-trifluorocthy)-3,6,7,8,9,10-
hexahydroazepino[3,4-elindazol-7-yl benzoate in 74% yield, MS (ESI) 438 (M+H) ;
Ry=2.60.
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Intermediate 138

/N“*NH
cl

[IN

FsC
0 oH

(R)-4-chlaro-7-hydroxy-9-(2,2,2-trifluoroethyl)-6,7,9,10-
5 tetrahydroazeping[3,4-e]indazol-8(3H)-one. (R)-4-chloro-8-0x0-9-(2

5

2,2-

trifluoroethyl)-3,4,7,8.9, 10-hexahydroazepino[3,4-e]indazol-7-yl benzoate (7.00 g,
16.0 mmol) in THF (60.00 ml, 732 mmol) was added lithium hydroxide (0.766 g,

32.0 mmol) followed by water (6.0 ml, 333 mmol). After 3h, the solvent was

removed and the ¢rude product was diluted with dichloromethane andneutralized

10 with 1.0 M HCL The organic phase was dried and the crude product was purified by

flash chromatography using 70% EtOAc in hexane to give (R)-4-chloto-7-hydroxy-9-

(2,2,2-trifluorocthiyl)-6,7,9,10-tetrahydroazepino[ 3 4-eJindazol-8(3H)-pne in | 53%
yield. "H NMR (500 MHz, CDCl3): in § 8.12 (s, LH), 7.16 (s, 1H), 5.18 — 5.14 (m,

2H), 4.55 (d, /=17 Hz, 1H), 430 - 428 (m, 1H), 4.27 ~ 4.24 (m, 1H)
15 3.46(dd, J=>5Hz, J=1.5 Hz, 1H), 3.09 (dd, J=5 Hz, J= 1.5 Hz, 1H
MS (EST) 334 (M+H) ; Re= 1.49.

Intermediate 139

N-NH
c

20

(R)-4—chlon-8—oxo~9-(2, 2,2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepz‘no[j’, 4-efindazol-7-yl 4-nitrophenyl carbonate. (R)-4-q
hydroxy-9—(2,2,2~tﬁﬂuoroethyl)-6,7,9, 10-tetrahydroazepino[3,4-eJindas

(12 g, 3.60 rmol) in dichloromethane (100.0 ml, 1554 mmol) was add

135

3.86 (m, 1H),
), 1.52 (s, 9H):

hloro-7-
rol-8(3H)-one
ed
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diisopropylethyl amine (0.651 g, 5.03 mmol) followed by 4-nitrophenyl
carbonochloridate (0.942 g, 4.67 mmol). After 48 h, the rcaction mixture was
washed with 1.0 M HCI and the crude product was purified by flash chromatography
using 75% EtOAc in hexane to give (R)-4-chloro-8-0x0-9-(2,2 2-trifluoroethyl)-
3.6,7,8,9,10-hexahydroazepino[3,4-eJindazol-7-yl 4-nitrophenyl carbonate (1.0 g,
2.005 mmol, 56 % yield). MS (ESI) 499 (M+H) ; Rq=1.64.

Intermediate 140

N o«

(R)-benzyl 4-chloro-8-oxo-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepinof3,4-efindazol-7-ylcarbamate. (R)-Methyl 2-(benzyloxycarbonyl)-
3-(7-chloro-4-(chloromethyl)-1H-indazol-5-yl)propanoate (630 mg, 1444 pmol) was
dissolved in acetonitrile (15 ml). Potassium carbonate (240 mg, 1737 umol) was
added to the mixture followed by 2,2,2-Trifluoroethylamine (400 pl, 5028 pmol).
Mixture was warmed to reflux and held with stirring for 1 hour. Another 1 mL of
2,2 2-trifluoroethylamine was added to the mixture followed by another 320 mg of
potassium carbonate. Mixture was hcated at reflux for 45 minutes. Mixture was
cooled to room temperature and then filtercd over celite. Filtrate was concentrated by
roto-vap. Residuc was dissolved in toluene (15 ml). Acetic acid (0.50 ml, 8734
pmol) was added to the mixture. Reaction was warmed to reflux and held for 16
hours. Mixture was concentrated by roto-vap. Silica gel chromatography cluting
ethyl acetate-hexanes afforded the desired product as tan solid in 67% yield. MS
(M+H)'= 466 8.
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Tntermediate 141

H
C
NNy

\
F
F N
'}\/ NH,
[0}

(R)-7-amino-4-chloro-9-(2,2, 2-trifluoroethyl)-6,7,9,10-

T/US2007/067998

tetrahydroazepino[3,4-efindazol-8(3H)-one. (R)-Benzyl 4-chloro-840x0-9+(2,2,2-

trifluorocthyl)-3,6,7,8,9,10-hexahydroazepino[3,4-¢]indazol-7-ylcarh

amate|(450 mg,

964 umol) was dissolved in dichloromethane (20 ml). Anisole (250 l, 2300 wmol)

was added to the mixture followed by methanesulfonic acid (5.0 ml, 77051 [umol).

Reaction stirred 'at room temperature for 1.5 hours. 100 mL of diethyl ether was

added to the mixture. Reaction stirred at room temperature for 45 m

nutes. | Liquids

were decanted off. Remainihg solid was washed with diethyl ether and the liquids

decanted. Solids were dissolved in water. Mixture was made basic With aqueous

sodium bicarbonate. Mixture was extracted twice with ethyl acetate and the aqueous

phase was discatded. Material was washed successively with aqucops sodium

bicarbonate, water and brine and the aqueous phases were discarded.
dried MgSQ,, filtered and then concentrated to dryness. Title compd
obtained as light yellow solid in 78% yicld. MS (M+H)'= 321.2,

Intermediate 142

N-NH
!
Br Br
b
0 0\/
(o]
/\o o

(S)-diethyl 2-((4-(acetoxymethyl)-3, 7-dibromo-1H-indazol-51

und -

Organics were

as

yhmethyl)succinate. (S)-Dicthyl 2-((4-(acetoxymethyl)-7-bromo- 1 4-indazol-5-

yDmethyl)succinate (555 mg, 1:219 mmol) was dissolved in dichlorpmethdne (20

137
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mL). N-Bromosuccinimide (250 mg, 1.405 mumol) was added to the mixture
followed by a small amount of silica gel. Reaction stirred at room temperature for 1
hour. Mixture was concentrated some by roto-vap, Silica gel chromatography
eluting cthyl acetatc-hexanes afforded the title compound as clear colorless oil in

5 84%yield MS (M-H)=533.1, 531.2, 535.1.

Intermediate 143

7""’NH
Br Br
HO
o
SN0 ©
10 (S)-dimethyl 2-((3, 7-dibromo-4-(hydroxymethyl)-1 H-indazol-3-

vhmethyl)succinate. (S)-Diethyl 2-((4-(acetoxymethyl)-3,7-dibromo-1H-indazol-5-
yl)methyl)succinate (540 mg, 1.011 mmol) was dissolved in methanol (12 mL). 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 tcmperature for
30 minutes. Mcthanol 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 MgSOy, filtered and then concentrated to dryness. Title

20 compound was obtained as white foam in 99% yield. 1H NMR, MS (M-H)=463.1,

461.1, 465.1.

Intermediatc 144
H

Br
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(S)-methyl 3-(1,4-dibromo-8-0x0-9-(2, 2, 2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepinof3,4-efindazol-7-yl)acetate. (8)-Dimethyl 2-((3,7-difromo-d-
(hydroxymethyl)-1H-indazol-5-yl)methyl)succinate (460 mg, 0.991 mmol) was -
dissolved in thiony| chloride (2.0 M in dichloromethanc) (496 pl, 0.992{mmol).

Reaction stirred at room temperature for 4 hours. Mixture was concentfated by roto-

vap. Residue was dissolved in ethyl acetate. Material was washed twide with

aqueous sodium bi¢arbonate and the aqueous phase was discarded. Organics were

dried MgSOQ,, filtered and then concentrated to dryness. Residue (415

mmol) was dissolved in acetonitrile (15 mL). Potassium carbonate (165

g, 0.860
mg, 1.194

mmol) was added to the mixture followed by 2,2,2-trifluorocthylamine (350 wl, 4.40

mmol). Mixture was warmed to reflux and held with stirring for 30 miputes.

Mixture was cooled to room temperature, Mixture was filtered over celite. Filtrate

was concentrated biy roto-vap. Residue was dissolved in toluenc (17 mL

). Agetic

acid (200 pl, 3.49 mmol) was added to the mixture. Reaction was warthed to reflux

and held with stirring for 16 hours. Mixture was cooled to room tempeyature and

then diluted with ethyl acetate. Mixture was washed with aqueous sodjum

bicarbonate and the aqueous phase was discarded. Organics were dried MgSQs,

filtered and then concentrated to dryness. Silica gel chromatography efuting othyl

acetate-hexanes afforded the title compound as white solid in 45% yielfl.

=512.1,510.1, 514.1.

Intermediate 145
H

Br

(S)-2-(1,4-dibromo-8-0x0-9-(2, 2, 2-trifluorvethyl)-3,6,7,8,9, 1 0-

MS|(M-H)

hexahydroazepinq[ 3,4-e]indazol-7-yl)acetic acid. (8)-Methyl 2-(1,4-dibromo-8-oxo-

9-(2,2,2-triflucroethyl)-3,6,7,8,9,10-hexahydroazepino[ 3,4-¢]indazol-7-y1)acetate

(220 mg, 0.429 mnol) was dissolved in a mixture of methanol (5.0 ml.)

139
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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). Recaction was warmed to 60°C
and hcld 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
roto-vap. Residue was partitioned between ethyl acetate and water. Layers werc
separated and the aqueous phase was discarded. Material was washed with brine and
the aqueous phase was discarded. Organics were dried MgSQy, 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.

Intermediate 146
H

Br

(S)-methyl 2-(4-bromo-8-0x0-6,7,8, 1 0-tetrahydro-3H-oxepinof 3, 4-ef indazol-
7-yDacetate. (S)-Dimethyl 2-((3,7-dibromo-4-(hydroxymethyl)-1#-indazol-5-
yDmethyl)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 tempcerature and then diluted with ethyl acetatc. Material was washed
with aqueous sodium bicarbonate and the aqueous phasc was discarded, Organics
were dried MgSQy, filtered and then concentrated to dryness. Silica gel
chromatography eluting ethyl acetate-hexanes afforded the title compound as amber

oil in 42% yicld. MS (M+H)"=367.2, 369.2.
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Intermediate 147

?““NH
Br

HO

OH

HO 0

PCT;

(S)-2-(( 7-bromo—4—(hydroxymelhyl)- 1H-indazol-5-yl)methyl)syccinic|acid.

(S)-Methyl 2-(4-hromo-8-0x0-6,7,8,10-tetrahydro-3 H-oxepino[ 3,4-¢]

yDacetate (135 mg, 0.368 mmol) was dissolved in a mixturc of tetrahydrofuran (4.0

mL) and methanol (4.0 mL). Water (4.0 mL) was added to the mixtu
lithium hydroxide hydrate (31.5 mg, 0.751 mmol). Rcaction stirred

re follgwed by

temperature for § hours, Another 30 mg of lithium hydroxide hydraté¢ was added to

the mixture, Redction stirred at room temperature for 18 hours, Reagtion was

quenched with 1,6 mL 1N hydrochloric acid. Organic solvents were
the mixture by roto-vap. Material was extracted from the remaining
with ethyl acetate and the aqueous phase was discarded. Organics w
MgSQ,, filtered and then concentrated to dryness. Title compound W
white solid in 73% yield. MS (M-H)= 355.2, 357.1.

Intermediate 148

,H Br

N

i
1

(S)-2—(4{-bromo—8-oxo-6, 7,8, 10-tetrahydro-3H-oxepino[3,4-dfindazol-7-
ylacetic acid. {(S)—2-((7-Bromo—4-(hydroxymethyl)—IH—indazol-S—y Dmethyl)succinic

removed from

hqueoys twice
bre dried

ras obtained as

acid (95 mg, O.PG6 mmol) was suspended in toluene (15 mL). p-Tgluenesulfonic

acid monohydﬂate (3.5 mg, 0.018 mmol) was added to the mixture. | Reaction was

warmed to reflux and held with stirring for 18 hours. Mixture was foncentrated to

141
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dryness. Title compound was obtained as tan solid in 99% yield. LCMS (M-H)=
339.0, 337.0.

Intcrmediate 149

N--NH
/
Cl Br
bl
o Q.-
[¢)
/f\o o

(S)-diethyl 2-((4-(acetoxymethyl)-7-bromo-3-chloro- | H-indazol-5-
yl)methyl)succinate. (S)-Diethyl 2-((4-(acetoxymethyl)-7-bromo- 1 H-indazol-5-
yhmethyl)succinate (400 mg, 0.879 mmol) was dissolved in N, N-dimethylformamide

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 MgSQ4, filtered

15 and then concentrated to dryness. Silica gel chromatography eluting ethyl acetate-

hexanes afforded the title compound as clcar colorless oil in 88% yield. MS

(M+H)'=491.0.
Intermediate 150

N—~NH
/

Cl Br

HO

o
o}
20 ~o" o

(S)-dimethyl 2-((7-bromo-3-chloro-4-(hydroxymethyl)- 1 H-indazol-5-
yhmethylsuccinare. (S)-Diethyl 2-((4-(acetoxymethy!)-7-bromo-3-chloro-1H-

indazol-5-yl)methyl)succinate (550 mg, 1.123 mmol) was dissolved in methanol (15

142
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mL, 370 mmol). 6-10% Magncsium methoxide in methanol (3.4 mL, 2
was added to the mixture. Reaction stirred at room temperaturc for 18 1
Reaction was quenched with 6 mL of 1N hydrochloric acid. Mixture sti

temperature for 10 minutes. Mixture was concentrated by roto-vap. Re:

suspended in water, Mixture was made basic with aqueous sodium bicarbonate.

Material was extracted twice and the aqueous phase was discarded. Orgd
dried MgSO,, filtered and then concentrated to dryness. Title compoun
obtained as white solid in 96% vield. MS (M-H)=419.0.

Intermediate 151

(S)-methyl 2-(4-bromo-1-chloro-8-0x0-9-(2,2, 2-trifluoroethyl)-3
hexahydroazepino[3,4-eJindazol-7-yl)acetate. (S)-Dimethyl 2-((7-bron
(hydroxymethyl)-1H-indazol-5-yl)methyl)succinate (450 mg, 1.072 mnj
dissolved in thionyl chloride (2.0 M in dichloromethane) (5.0 mL, 10.0(

(152007/067998

57 mmol)
ours.
rred at room

ridue was

anics were

l was

6,7.8,9,10-
o-3-chloro-4-
ol) was

mmol).

Reaction stirred at foom temperature for 2.5 hours. Mixture was concentrated by

roto-vap. Residue was dissolved in ethyl acetate, Material was washed

aqueous sodium bigarbonate and the aqueous phase was discarded. Org

dried MgS0,, filtetied and then concentrated to dryness. Residue (430 thg, 0.982
mmol) was dissolved in acetonitrile (15 mL). 2,2,2-Trifluorocthylaming (400 pl,

5.03 mmol) was adkied to the mixture followed by potassium carbonate

twice with

anics were

195 mg,

1.411 mmol). Mixrurc was warmed to rcflux and held with stirring for B0 minutes,

Mixture was coole@ to room temperature. Mixture was filtered over celite. Filtrate

was concentrated bbf roto-vap. Residue was dissolved in toluene (15 mL). Acetic

acid (500 ul, 8.73 mmol) was added to the mixture. Reaction was warmed to reflux

and held with stirripg for 14 hours. Mixture was cooled to room tempefature,

Mixture was diluted with cthyl acetate. Material was washed twice wiq] aqueous
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sodium bicarbonate and the aqueous phase was discarded. Organics were dried
MgSO0,, 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)Y=467.9.

Intermediate 152

JH Br

(S)-2-(4-bromo-1-chloro-8-ox0-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9, 1 0-
hexahydroazepino[3,4-e]indazol-7-yl)acetic acid. (S)-Methyl 2-(4-bromo-1-chloro-
8-0x0-9-(2,2,2-trifluoroethyl)-3,6,7,8,9,10-hexahydroazepinof 3,4-¢}indazol-7-
yhacetate (210 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
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 voto-vap. Residuc was diluted with water. Mixture was neutralized with 1.4 mL
IN hydrochloric acid. Material was extracted twice with ethyl acetate and the
aqueous phase was discarded. Organics were dried MgSQ.,, 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

y“NH
cl ¢l
e
o O~
//\O o 0

(S)—dieti{yl 2-((4-(acetoxymethyl)-3,7-dichloro-1 H-indazol-5
S ylmethyl)succinate. (S)-Diethyl 2-((4-(acetoxymethyl)-7-chloro-1

30 minutes. Mﬁxture was cooled to room temperature and then diluted with ethyl

10 acetate. Matcrial was washed twice with 1N sodium thiosulfate and the aqueous
phase was discarded. Material was washed successively with watef and brine and the
aqueous phases were discarded. Organics were dried MgSQOs, filteted and then
concentrated tb dryness. Title compound was obtained as dark amber oil fin

quantitative yield. MS (M-H)=443.0.

15
Intermediate 154

N--NH
4

cl ci

HO

0\
0
| o o

20 _v[)methyl)su(ccinate. (8)-Diethyl 2-((4-(acetoxymethyl)-3, 7-dichloro- |
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Residue was treated with aqueous sodium bicarbonate. Material was extracted twice
with ethyl acctatc and the aqueous phase was discarded. The combined organic
phascs were washed with water and the aqueous phase was discarded. Organics were
dried Mg8Q,, filtered and then concentrated to dryness. Title compound was
obtained as dark amber oil in 91% yield. MS (M-H)=1373.0, 375.0.

Intermediate 155

(S)-methyl 2-(1,4-dichloro-8-ox0-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-efindazol-7-yl)acetate. (S)-Dimethyl 2-((3,7-dichloro-4-
(hydroxymethy!l)-1H-indazol-5-yl)methyl)succinate (990 mg, 2.64 mmol) was
dissolved in thionyl chloride (2.0 M in dichloromethane) (20 mL, 40.0 mmol).
Mixture stirred at room temperature for 3 hours. Mixture was concentrated by roto-
vap. Residue was dissolved in ethyl acetate. Mixture was washed twice with
aqueous sodium bicarbonate. Organics were dried MgSQ,, filtercd and then
concentrated to dryness. A portion of the residue (535 mg, 1.359 mmol) was
dissolved in acetonitrile (15 ml.). 2,2,2-Trifluorocthylamine (600 pl, 7.57 mmol)
was added to the mixture followed by potassium carbonate (225 mg, 1.628 mmol).
Mixture was warmed to reflux and held with stirring for 1 hour. Mixture was cooled
to room temperaturc and then filtered over celite. Filtrate was concentrated by roto-
vap. Residue was dissolved in toluene (15 mL). Acetic acid (500 pl, 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
acetate. Material was washed twice with aqucous sodium bicarbonate and the
aqueous phase was discarded. Organics were dried MgSOy, filtered and then

concentrated to dryncss. Silica gel chromatography eluting cthyl acetate-hexanes
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afforded the title compound as off-white solid in 42% yield. MS (M+H)[~ 423

425.9.

Intermediate 156

(S)-methyl 2-(1,4-dichloro-8-oxo-9-(2-(piperidin-1-vl)ethyl)-3,6,7,

hexahydroazepino[3,4-elindazol-7-yl)acetate. (S)-Dimethyl 2-((3,7-dichloro-4

(hydroxymethyl)-1H-indazol-5-yl)mcthyl)succinate (990 mg, 2,64 mmol

dissolved in thionyl ¢hloride (2.0 M in dichloromethane) (20 mL, 40.0 mmol).
Mixture stirred at room temperature for 3 hours. Mixture was concentrated by 1

vap. Residue was digsolved in ethyl acetate. Mixture was washed twice ith

aqueous sodium bicarbonate, Organics were dried MgSO,, filtered and

concentrated to dryness. A portion of the residue (460 mg, 1.169 mmol) wvas

dissolved in acetonitrile (15 mL). 1-(2-Aminoethyl)-piperidine (600 pl, 4

was added to the mixture followed by potassium carbonate (200 mg, 1.447 mmg
Mixture was warmed to reflux and held with stirring for 1 hour. Mixturciwas cc

to room temperature and then filtered over celite. Filtrate was concentratgd by 1

vap. Residue was dissolved in toluene (15 mL). Acetic acid (1.0 mL, 17

was added to the mixture. Reaction was warmed to reflux and held with $tirring

16 hours. Mixture was cooled to room temperature and then concentrateq

vap. Residue was suspended in ethyl acctatc. Mixture was washed twice]

aqueous sodium bicarbonate and the aqucous phase was discarded. Orgapics were

89,14
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dried MgSOs, filtered and then concentrated to dryness. Silica gel chromptography

eluting 2M ammonia; in methanol-dichloromethane afforded the title com
amber oil in 51% yield. (M+H)™=453.0, 455.0.

Intermediate 157
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(S)-2-(1,4-dichloro-8-oxo-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-e]indazol-7-yl)acetic acid. (8)-Mcthyl 2-(1,4-dichloro-8-oxo-
9-(2,2,2-trifluorcethyl)-3,6,7,8,9,10-hexahydroazepino[ 3,4-¢Jindazol-7-yl)acetate
(230 mg, 0.542 mmol) was dissolved in a mixture of tetrahydrofuran (5.0 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
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 acetatc and the
aqueous phase was discarded. Organics were dricd MgSQy, filtered and then
concentrated to dryness. Title compound was obtained as white solid in 94% yield.
MS (M-H)Y=407.9, 409.9.

Intermediate 158

(S)-2-(1,4-dichloro-8-oxo-9-(2-(piperidin-1-yl)ethyl)-3,6,7,8,9,10-
hexahydroazepinof3,4-efindazol-7-yl)acetic acid. (S)-Mcthyl 2-(1,4-dichloro-8-oxo-
9-(2-(piperidin-1-yl)ethyl)-3,6,7,8,9,10-hexahydroazepino| 3,4-¢|indazol-7-yl)acetate
(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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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 cboled 1
room temperature. Qrganic solvents were removed from the mixture by roto-vap.

Residue was neutralized with 1.6 mL IN hydrochloric acid and treated with cth

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
NO,

0

1~(Z—bromoelhyb-2-nitmbenzene. Triphenylphosphine (6.60 g, 25.2 mn

A

was dissolved in dichloromethane (75 ml). Mixture was cooled to 0°C. 2

Nitrophencthyl alcohol (3.0 ml, 21.36 mmol) was added to the mixture dy

solution of carbon tetrabromide (8.50 g, 25.6 mmol) in 5 mL dichloromethane w

added to the reaction mixture drop-wise, Reaction stitred at 0°C for 45 nf
Mixture was concentrated by roto-vap, Residue was treated with 100 ml]

ether. Solids were filtered off, washed with diethyl ether and discarded.

concentrated. Silica gel chromatography on the residue eluting ethyl acetate-hes

afforded the title compound as yellow oil in 81% yield. 1H NMR (300 M
CHLOROFORM-D) 6 ppm 7.97 (d, J/=8.05 Hz, 1 H) 7.49 - 7.68 (m, | H
J=7.68 Hz, 2 H) 3.66{ (t, J=6.77 Hz, 2 H) 3.43 (t, J=7.14 Hz, 2 H).

Tntermediatc 160

O

N-(2-nitrophenethyl)-1-benzylpiperidin-4-amine. 1-(2-Bromoethy)-2-

nitrobenzene (1.5 g, 6.52 mmol) and 4-amino-1-benzylpiperidine (3.0 ml,
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mmol) were combined. Mixture was heated ncat at 100°C and held with stirring for
17 hours. Mixture was cooled to room temperature. Residue was triturated in 30 mL
dicthyl ether. Solids were filtered off, washed with diethyl ether and discarded.
Filtrate was concentrated. Silica gel chromatography on the residue eluting 2M
ammonia in methanol-dichloromethane afforded the title compound as brown oil in
81% yield. MS (M+H)"= 340.4.

Intermediate 161

O

N-(2-aminophenethyl)-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 mmol) 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 tempetature for 75 minutes. Mixture was removed from the apparatus
and then filtered over cclite. Filtrate was concentrated to dryness. Title compound

was obtained as brown oil in quantitative yicld. MS (M+H)™=310.4.

Intermediate 162

SRS
0

3-(1-benzylpiperidin-4-yl)-4,5-dihydro-1H-benzo[d] [1,3]diazepin-2(3H)-one.
N-(2-Aminophenethyl)-1-benzylpiperidin-4-amine (1.90 g, 6.14 mmol) was dissolved
in acetonitrile (200 ml). N, N"-Carbonyldiimidazole (1.08 g, 6.66 mmol) was added to
the mixture, Reaction stirred at room tempcrature for 1.5 hours, Solids were filtered
off and washed with acetonitrile. 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

(OS
O

3-(piperidin-4-yl)-4,5-dihydro-1H-benzo[d] [ 1,3] diazepin-2(3H)-one. 3(1-
5  Benzylpiperidin-4-yl)-4,5-dihydro-1H-benzo[d][1,3]diazcpin-2(3H)-one|(1.30 g, 3.88

mmol) was dissolved in methanol (50 ml). 10% Palladium on carbon (650 mg) was
added to the mixture. Reaction vessel was placed on a Parr apparatus ang charged
with 60 psi of hydrogen gas.. Reaction shook at room temperature for 15{hours,
Reaction was removed from the apparatus. Mixture was filtered througha 0.45um
10 PVDF membranc. Hiltratc was concentrated to dryness. Title compound was
obtained as white solid in 82% yield. MS (M+H)'= 246.4.

Intermediate 164

>LOJOLN
Clu’\or o ®
15 “

tert-butyl 4-(2,2-dimethoxyethylamino)piperidine- 1-carboxylate. |tert-Butyl
4-oxopiperidine-1-carboxylate (10.56 g, 53.0 mmol) was dissolved in 1,2

dichloroethane (100 bl). 4A Molecular sieves were added to the mixturd followed
by aminoacetaldehyde dimethyl acetal (8.0 ml, 73.4 mmol). Mixture wag heated to
20 reflux and held with stirring for 2 hours. Mixture was cooled to room tethperature,
Sodium triacetoxybotrohydride (12.05 g, 56.9 mmol) was added to the mikture.
Reaction stitred at room temperature for 3 hours. Another 3.22 g of sodiym
triacetoxyborohydride was added to the mixturc. Reaction stirred at room
temperature for 17 hcj)urs. Mixture was filtered over celite. Solids were washed| with
25  50mL dichloromethajme. Materia] was extracted from the filtrate 3 times|with 1IN
hydrochloric acid a.mﬁ the organic phase was discarded. Aqueous phase was mate
basic with sodium carbonate. Material was cxtracted three times with

dichloromethane and the aqueous phase was discarded. Organics were dried MgSOQ,,
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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

XOAQNJ\H e
/°W)

5 ~°
tert-butyl 4-(1-(2,2-dimethoxyethyl)-3-phenylureido)piperidine- I-carboxylaie.

tert-Butyl 4-(2,2-dime¢thoxyethylamino)piperidine- I -carboxylate (1.10 g, 3.81 mmol)
was dissolved in dichloromethane (15 mil). N,N'-Carbonyldiimidazole (650 mg, 4.01

10 mmol) was added to the mixture. Reaction stirred at room temperature for 1 hour.
Aniline (400 pl, 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 aqucous phase was discarded. Mixture was washed with brine and the aqucous
phase was discarded. Organics werc dricd MgSOs, filtered and then concentrated to

15 dryness. Title compound was obtained as white solid in 83% yield. IH NMR (300
MHz, CHLOROFORM-D) 6 ppm 8.36 (s, 1 H) 7.14 - 7.40 (m, 4 H) 6.96 (t, /=7.14
Hz, 1 H)4.25-4.45(m, 2 H) 4.18 (d, J=12.81 Hz, 2 H) 3.46 - 3.55 (m, 6 H) 3.32 (4,
J=5.12Hz,2H)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

22080e

\—/

tert-butyl 4-(2-ox0-3-phenyl-2,3-dihydroimidazol- 1-vl)piperidine-1-
25 carboxylate. tert-Butyl 4-(1-(2,2-dimethoxyethyl)-3-phenylureido)piperidine-1-

carboxylate (1.29 g, 3.17 mmol) was dissolved in a mixture of water (5 ml) and

152

o

g

QA



WO 2007/131020 PCT/YS2007/067998

10

15

20

25

methanesulfonic acid (5 ml, 77 mmol). Reaction was heated to 100°C and held with

stirring for 20 minutes. Mixture was cooled to room temperature. Sodiu

m carbonate

(3.75 g, 35.4 mmol) was slowly added to the mixture. Mixture was madg basic with

aqueous sodium bicarbonate. 1,4-Dioxane (20 ml) was added to the mixture

followed by di-ters-butyl dicarbonate (1.0 g, 4.58 mmol). Mixture stirred at room

temperature for 18 hours. Reaction was quenched with aqueous ammoni

um chloride.

Matertal was extracted twice with cthyl acetate and the aqueous phase was discarded.

Organics were dried MgSQy, filtered and then concentrated to dryness. $ilica gel

chromatography eluting ethyl acetate-hexanes afforded the title compour
solid in 59% yield. MS (M-CsHzOp+H)'=244.2,

Intermediate 167

HCI

04,0

o/

3-phenyl-1-(piperidin-4-yl)- 1 H-imidazol-2(3H)-one hydrochlorid|
4-(2-0x0-3-phenyl-2,3-dihydroimidazol- 1 -yDpiperidine-1-carboxylate (2
umol) was dissolved in ethy! acetate (3.0 mL). 4M Hydrogen chloride in
(3.0 mL, 12 mmol) was added to the mixture. Reaction was allowed to sf
temperature for 18 hours. Matcrial was concentrated by roto-vap. Resid

triturated in diethyl éther. Solids were filtered and washed with dicthyl ¢

d as white

™

e, terttButyl
D0 mg, 844
1,4-dioxane
ir at room

C was

ther., Air

was pulled through the filter cake to dry. Title compound was obtained als tan splid

in 91% yield. MS (M+H)"=244.1.

Intermediate 168

>L°)k"©\ﬁimo

.
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tert-butyl 4-(3-(2,2-dimethoxyethyl)ureido)piperidine-1-carboxylate. 4-
Amino-1-Boc-piperidine (1.02 g, 5.09 mmol) was dissolved in dichloromethanc (25
mL), Aqueous sodium bicarbonate solution was added to the mixture followed by
20% phosgenc in toluene (3.2 mL, 6.08 mmol). Mixture stirred vigorously at room
temperature for 45 minutes. Aminoacetaldehyde dimethyl acetal (760 pl, 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 phasc was discarded. Organic phases were
combined. Mixture was dried MgSQy, filtered and then concentrated to dryness.

Title compound was obtained as pale ycllow oil in 96% yicld. MS (M-H)= 330.2.

Intermediate 169
HCI

HPO\ o
N)LNH
\—/

I-(piperidin-4-yl)-1H-imidazol-2(3H}-one hydrochloride. 1ert-Butyl 4-(3-
(2,2-dimcthoxyethylureido)piperidine-1-carboxylate (1.62 g, 4.89 mmol) was
suspended in water (15 mi). Concentrated hydrochloric acid (15 ml, 183 mmol) was
added to the mixture. Reaction was held at room temperature for 20 minutcs.
Mixture was concentrated by roto-vap. Residue was treated with ethanol and the
mixture was then concentrated by roto-vap. Residue was treated with ethyl acetate
and then concentrated to dryness. Resulting ycllow oil was triturated 1 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

was obtained as off-white solid in 99% yield. MS (M+H)'=168.1,

Intermediate 170

!

OZNW/;(O\/

0
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ethyl 3,3-diethoxy-2-nitropropanoate. Ethyl nitroacetate (1.70 myl, 15.31

mmol) was dissolved in dichloromethane (50 ml). Mixture was cooled fo -10°

|

Titanium(IV) chloride (1.90 ml, 17,23 mmol) was added to the mixture drop-wisc.

Mixture was held at -10°C with stirring for 15 minutes. A solution of NJV-

diisopropylethylamine (3.0 ml, 17.22 mmol) in 10 mL dichloromethane was added to

the mixture drop-wise over 25 minutes. Mixture was held at -10°C with|stirring 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. Reactipn mixture

was poured into a mixture of 40 mL ethanol and 100 mL aqucous sodium bicarbonate

to quench. Mixture was stirred vigorously for 10 minutes. Organic solvpnts were

removed from the mixture by roto-vap. Residue was treated with cthyl acetate and

celite. Sharry was filtered over celite. Filtrate layers were separated. Aqueous|phase

was back extracted twice with ethyl acetate. Organic phases were combined.

Material was dried MgSQ,, filtered and then concentrated to dryness. Tifle compound
was obtained as yellow oil in 68% yield. 1H NMR (300 MHz, CHLOR(QFORM-D)
Sppm 5.19 - 5.26 (m, 1 H) 5.10 - 5.17 (m, 1 H) 4.26 (q, /=6.95 Hz, 2 H)3.68 -|3.85

(m,2 H)3.52-3.68(m, 2H) 1.28 (t, /=7.14 Hz, 3 H) 1.12 - L.21 (m, 6 H

Intermediate 171

!

HZNL‘/O\/

(o}

).

ethyl 2-aming-3, 3-diethoxypropanoate. Ethyl 3,3-diethoxy-2-nittopropanoate
(245 g, 1042 mmol} was dissolved in Ethanol (70 mL, 1240 mmol). Nitrogen gas

was bubbled througﬂ the mixture for 5 minutes. Remey® nickel was addad to th

[£]

mixture. Reaction v@ssel was placed on a Parr apparatus and charged with 13 psi of

hydrogen gas. Reaction shook at room temperature for 1 hour. Mixture Was

removed from the apparatus and filtered over celite. Filter cake was washed with 150

mL ethanol followed by 250 mL hot ethanol. Filtrate was concentrated t

- Title compound was iobtained as red oil in 92% yield. 1H NMR (300 MHz,

dryness.
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CHLOROFORM-D) & ppm 4.59 (d, ./=4.39 Hz, 1 H) 4.05 - 4.30 (m, 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

X
>Lo hQ\N)OLNH

tert-butyl 4-(4-(ethoxycarbonyl)-2-oxo-2, 3-dihydroimidazol-1-yl)piperidine-1-
carboxylate. 4-Amino-1-Boc-piperidine (1.60 g, 7.99 mmol) was dissolved in a
mixture of dichloromcthane (30 mL) and aqucous sodium bicarbonate (15 ml.). 20%
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 cthyl 2-amino-3,3-diethoxypropanoate (1.95 g, 9.50 mmol) in
20 mL dichloromethanc was added to the mixture. Reaction stirred vigorously at
room temperature for 30 minutes. Reaction layers were partitioned and the aqueous
phase was back extracted with dichloromethanc. 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 MgSQ,, filtered and then concentrated to dryness. 2.70 g (6.26
mmol) of the residue was suspended in water (25 ml). Concentrated hydrochloric
acid (25 ml, 304 mmol) was added to the mixture. Reaction was warmed to 80°C
and hcld with stirring for 5 minutes. Mixture was cooled to room tempcrature.
Reaction mixture was carefully poured into a stirred solution of sodium carbonate
(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
temperature for 2 hours. Mixture was cxtracted twice with ethyl acetate and the
aqueous phase was discarded. Organics were dried MgSQy, 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

>Loim

o]
N)LNH
\#OH
o

I-(I-(tert-butoxycarbonyl)piperidin-4-yl)-2-oxo-2, 3-dihydro- 1 H-fmidazple-4-

5 carboxylic acid. tert-Butyl 4-(4-(ethoxycarbonyl)-2-0x0-2,3-dihydroimigazol-1-
yDpiperidine-1-carboxylate (400 mg, 1.179 mmol) was dissolved in tetrdhydrofuran
(10 mL). Water (10 mL) was added to the mixturc followed by lithium hydroxide
hydrate (180 mg, 4.29 mmol). Mixture was warmed to 70°C and held with stirring
for 16 hours. Mixtute was cooled to room temperature. Reaction was quenched with
10 4.5mLIN hydrochlbric acid. Material was extracted twice with ethyl agetate,
Organics were dried MgSO,, filtered and then concentrated to dryness. Title

compound was obtained as white solid in 98% yield. MS (M-H) = 310.2.

Intcrmediate 174
o)
sae!
AN

o)
NH

15 o

tert-butyl 4-(#-carbamoyl-2-oxo-2, 3-dihydroimidazol-1-yl)piperidine- -

carboxylate. 1-(1-(tdrt-Butoxycarbonyl)piperidin-4-yl)-2-0x0-2,3-dihydgo-1H-
imidazole-4-carboxylic acid (355 mg, 1.140 mmol) was dissolved in a mixture of

20 tetrahydrofuran (20 thL,) and N, N-dimethylformamide (15 pl, 0.194 mmgl). Mixture
was cooled to -10°C. Oxalyl chloride (150 pL, 1.714 mmol) was added to the
mixture drop-wise. Reaction mixture was warmed to room temperature 4nd held

with stirring for 1 hour. Another 60 uL of oxalyl chloride was added to the mixture.

Reaction stirred at room temperature for 30 minutes. Mixture was cooled to -10°C.
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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. Mixturc 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
phase was discarded. Organics were dried MgSOy, filtered and then concentrated to
dryness. Title compound was obtained as off-white solid in 79% yicld. MS (M-H)=
309.2.

Intermediate 175

I
2ee8y
=

N

tert-buryl 4-(4-cyano-2-oxo-2,3-dihydroimidazol-1-yl)piperidine-1-
carboxylate. tert-Butyl 4-(4-carbamoyl-2-0x0-2,3-dihydroimidazol-1-yl)piperidine-
1-carboxylate (175 mg, 0.564 mmol) was suspended in pyridine (3.0 mL).
Phosphorus oxychloride (53 pL, 0.569 mmol) 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 phascs were discarded. Organics were dried
MgSQ,, filtered and then concentrated to dryness. Silica gel chromatography eluting
ethyl acetatc-hexanes afforded the title compound as white solid in 29% yicld. MS
(M-H)y=291.1.

Intermediate 176
HCI

I-IFEj\NJOJ\NH
N\

N
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2-oxo-1-(piperidin-4-vi)-2, 3-dihydro-1H-imidazole-4-carbonitrife

hydrochloride. tert-Butyl 4-(4-cyano-2-oxo-2,3-dihydroimidazol-1-y1)

carboxylate (45 mg, 0.154 mmol) was dissolved in cthyl acetate (5.0 ml.). 4M

Hydrogen chloride in 1,4-dioxane (10 mL, 40 mmol) was added to the mhixture.

iperidine-1-

Reaction was stirred at room temperature for 18 hours. Liquids were decanted| off.

Remaining solids were dissolved in methanol and then transferred to a smaller|flask.

Material was concentrated by roto-vap. Residue was treated with dichldromethane

and then concentrated to dryness. Title compound was obtained as yelld
quantitative yield. MS (M+H)™=193.0.

Intermediate 177

X
ﬁ\o U\NJOLN,@
PO

0

tert-butyl 4-(1-(2, 2-dimethoxyethyl)-3-(2-fluorophenyl)ureido)pi

carboxylate. 20% Phosgene in toluene (4.0 ml, 7.6 mmol) was diluted W

w solid in

eridine-1-

1th cthyl

acetate (20 ml, 205 tmol). 2-Fluoroaniline (0.600 ml, 6.2 mmol) was adlded tg the

mixture in one portion causing a white precipitate. Mixture was heated to refluk and

held with stirring fot 1 hour. Mixture was concentrated by roto-vap. Rchidue was

dissolved in a small emount of dichloromethane. Resulting solution wasg

added|to a

mixture of tert-butyli4-(2,2-dimethoxyethylamino)piperidine-1-carboxylhte (1.99 g,

6.9 mmol), dichloromethane (30 mL) and aqueous sodium bicarbonate (1
stirring vigorously, Reaction stirred at room temperature for 2 hours. 1.4

scparated and the aghieous phase was discarded. Material was washed tw

hydrochloric acid anh the aqueous phase was discarded. Organics were dried

MgSQ,, filtered and fthcn concentrated to dryness. Title compound was
yellow oil in 53% yiéld. MS (M-H)=424.1.
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Intermediate 178
o]
Ay
S
=/ |

tert-butyl 4-(3-(2-fluorophenyl)-2-0x0-2,3-dikydroimidazol-1-yl)piperidine-1-
carboxylute. tert-Butyl 4-(1-(2,2-dimethoxyethyl)-3-(2-
fluorophenylyureido)piperidine-1-carboxylate (1.39 g, 3267 pmol) was dissolved in a
mixture of water (8.0 ml) and methanesulfonic acid (8.0 ml, 123281 pumol). Mixturc
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 pmol).
Mixturc was diluted with aqueous sodium bicarbonate. 1,4-Dioxane (10 ml) was
added to the mixture followed by di-zerz-butyl dicarbonate (880 mg, 4032 umol).
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 MgSOy, filtered and then
concentrated to dryness. Silica gel chromatography eluting ethyl acetate-hexanes
afforded the title compound as clear colorless oil in 64% yield. MS (M-
C4HioO+H)=288.1.

Intermediate 179

HCI

"L S Q
N)J\N
\=—=/ |

3-(2-fluorophenyl)-1-(piperidin-4-yl)-1 H-imidazol-2(3H)-one hydrochloride.
tert-Butyl 4-(3-(2-flaorophenyl)-2-ox0-2,3-dihydroimidazol-1-yl)piperidine-1-
carboxylate (215 mg, 594.9 umol) was dissolved in ethyl acetate (4.0 mL). 4N
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 compaund was

obtained as tan solid in 46% yicld, MS (M+H)™= 262.0.

Tntermediate 180

P
2ae¥ e
L

tert-butyl 4-(3-(2-fluorophenyl)-2-oxoimidazolidin-1-yl)piperiding-1-
carboxylate. tert-Butyl 4-(3-(2-fluorophenyl)-2-0x0-2,3-dihydroimidazol

yDpiperidine-1-carboxylate (530 mg, 1.5 mmol) was dissolved in methan
Platinum(IV) oxide C28 mg, 123.3 pmoles) was added to the mixturc. Ra

vessel was placed on a Parr apparatus and charged with 60 psi of hydroggn gas.

1-
ol (25 mL).

action

Reaction shook at room temperature for 4 hours. More platinum(IV) oxigle (28 mg,

123.3 pmol) was added to the mixture. Reaction vessel was placed on a Parr

apparatus and charged with 60 psi of hydrogen gas. Reaction shook at ropm

temperature for 18 hours. Mixture was removed from the apparatus and then filtered

over celite. The filtrate was concentrated by roto-vap. Silica gel chromatpgraphy

cluting ethyl acetate-hexanes afforded the title compound as clear colorle
45% yield. MS (M-C4H00+H) ™= 290.0.

Intermediate 181

HCI

QP Q
N)LN
s |

{ —(2ﬂuoroph%nyl)—3~@zperidin—4—yl)imidazolidin—2-one hydrochlq
Butyl 4-(3—(2—ﬂuor0pﬁ1enyl)~2—oxoimidazolidin—1 -yDpiperidine-1-carboxy
mg, 0.647 mmol) was dissolved in ethy] acetate (3.0 mL). 2N Hydrogen ¢
diethyl ether (5.0 mL, 10.00 mmol) was added to the mixturc. Reaction st

room temperature fori22 hours. Solids were filtered off, washed with diet
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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

ﬁ\OJLQN '@

H
. NH,

tert-butyl 4-(2-aminopyridin-3-ylamino)piperidine-1-carboxylate. tert-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 triacctoxyborohydride (14.5 g, 68.4 mmol) was added to the mixture. Reaction
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

L X

for 18 hours. Reaction was quenched with IN sodium hydroxide. Material was
extracted twice with dichloromethane 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 Mg8Q,, filtered and then
concentrated to dryness. Silica gel chromatography eluting methanol-
dichloromethane afforded the title compound as tan foam in 48% yield. MS (M-H)=
291.2.

20

Intermediate 183
S
® L
NJ(NH

¢ »

tert-butyl 4-(2-oxo-2,3-dihydroimidazof4,3-b]pyridin-1-yl) piperidine- 1 -
25 carboxylate. tert-Butyl 4-(2-aminopyridin-3-ylamino)piperidine-1-carboxylate (6.45
g, 22.06 mmol) was dissolved in acetonitrile (750 ml). N,N’—Carbonyldiimidazole.
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(4.2 g, 25.9 mmol) was added to the mixture. Reaction stirred at room t¢mpera
for 23 hours. Additjonal N, V'-carbonyldiimidazole (4.2 g, 25.9 mmol) was add

the mixture. Reactipn stirred at room temperature over 66 hours. Materjal was

/067998

ture

ed to

concentrated by roto-vap. Residuc was dissolved in dichloromethane. Naterial was

washed twice with water and the aqueous phasc was discarded. Materia] was w
with brinc and the aqueous phase was discarded. Organics were dried MgSOy,

filtered and then concentrated to dryness. Silica gel chromatography elufing et}

acetate-hexanes afforded the title compound as white foam in 85% yield|
Hy=317.2.

Intermediate 184

HCI _

HDQ\ 0
N/U\NH
@\l HCI

I-(piperidin-4-yl)- 1 H-imidazo[4, 5-b]pyridin-2(3H)-one dihydroch

tert-Butyl 4-(2-0x0-2,3-dihydroimidazo[4,5-b]pyridin-1-yl)pipcridine- 1-¢arb 0X)

(5.97 g, 18.75 mmol} was dissolved in methanol (180 ml). 4M Hydrogen

1,4-dioxane (50 ml, 200 mmol) was added to the mixture. Reaction stirrdd at ro|

MS

lorida.

chlor]

vashed

hyl

M-

ylate
de in

om

temperature for 18 hours. Solids were filtered off and washed with methdnol. Solids

were collected and dried in vacuo. Title compound was obtained as whité
87% yield. MS (M+H)'=219.1.

Intermediate 185

LA,
L,

J=o

NH
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4-(4-oxy-2-oxo-2,3-dihydro-imidazo(4,5-b] pyridin-1-yl)-piperidine- /-
carboxylic acid tert-butyl ester. tert-Butyl 4-(2-0x0-2,3-dihydroimidazo[4,5-
blpyridin-1-yDpiperidine- 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
(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 tempcrature, Reaction stirred at room
temperature for 4 hours. Reaction was quenched with 1N sodium thiosulfate.
Aqueous sodium bicarbonate was added to the mixture. Material was extracted three
times with dichloromethane and the aqueous phase was discarded. Organics were
dried MgSQy, filtered and then concentrated to dryness. Title compound was
obtained as white solid in 70% yield. MS (M-H)=333.3.

Intermediatc 136
HCI

(ol
N

J=o

NH

S

4-Oxy-1-piperidin-4-yl-1,3-dihydro-imidazo{4,5-b[pyridin-2-one
hydrochloride, 4-(4-Oxy-2-0x0-2,3-dihydro-imidazo{4,5-b]pyridin-1-yl)-piperidine-
1-carboxylic acid rerr-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).
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
isopropy! alcohol and diethyl cther. Solids were dried in vacuo. Title compound was
obtained as white solid in 77% yield. MS (M+H)"=235.3.

Intermediate 187

164
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. 7.38 -7.55 (m, 1 H).

dimethyl 2-(3-fluoro-2-nitrophenvl)malonate. 1,3 -Diﬂuoro—2~nit1'oben.zene

(2.83 g, 17.79 mmol) was dissolved in N, N-dimcthylformamide (25 mL)

carbonatc (2.49 g, 18.02 mmol) was added to the mixture followed by dinethyl

malonate (2.033 ml, 17.79 mmol). Mixture was warmed to 65°C and hel

Potagsium

d for 24

hours, Mixture was cooled to room temperature. Reaction was quenchegl with [IN

hydrochloric acid. Material was extracted three times with diethyl ether and the
aqueous phase was discarded. Material was washed twice with water and the

aqueous phase was discarded. Material was washed with brine and the agueous

phase was discarded; Organics were dried MgSQ,, filtered and then cond
dryncss. Residue was crystallized with hexanes. Solids were filtered off]
with hexanes. Title compound was obtained as yellow crystals in 52% v
(M-H)y=270.1.
ntermediate 188
NO,

HOYUF

(o]

2-(3-fluoro-2+nitrophenyl)acetic acid. Dimethyl 2-(3-fluoro-2-

nitrophcnyl)malonatd (2.53 g, 9.33 mmol) was suspended in water (20 m]

Concentrated hydrochloric acid (20 ml, 653 mmol) was added to the mixdure.

Reaction was heated to reflux and held with stirring for 5 hours. Mixturce
t0 room tempcrature.“ Material was extracted twice with diethyl ether and|
aqucous phase was discarded. Organics were dried MgSO,, filtered and t
concentrated to dryne'tss. Residuc was crystallized from 5:1 hexanes : ethy

Solids were filtered c;lff, washed with hexanes and then dried in vacuo. Tit

compound was obtaiied as white solid in 90% vield. 1H NMR (300 MH%

CHLOROFORM-D) & ppm 3.85 (s, 2 H) 7.08 - 7.19 (m, 1 ) 7.20 - 7.28
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Intermediate 189
’ NO,
N F
5 N-(I-benzylpiperidin-4-yl)-2-(3-fluoro-2-nitrophenyl)acetamide. 2-(3-Fluoro-

10

20

25

2-nitrophenylacetic acid (1.17 g, 5.88 mmol) was dissolved in tetrahydrofuran (50
ml). N,N'-Carbonyldiimidazole (1.06 g, 6.54 mmol) was added to the mixture in one
portion. Reaction stirred at room temperaturc for 30 minutes. 1-Benzylpiperidin-4-
amine (1.15 ml, 6.09 mmol) was added to the mixture in one portion. Reaction
stirred at room temperature for 1.25 hours. Reaction was ¢uenched with water.
Material was extracted twice with diethyl ether and the aqueous phase was discarded.
Matcrial was washed once with water and once with brine and the aqueous phases
were discarded. Organics were dricd MgSOq, filtered and then concentrated to
dryness. Title compound was obtained as amber oil in 99% yield. MS (M+H)"=
372.4.

Intermediate 190

N-(3-fluoro-2-nitrophenethyl)- 1-benzylpiperidin-4-amine. N-(1-
Benzylpiperidin-4-y1)-2-(3-fluoro-2-nitrophenyl)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
with stirring. Reaction was quenched with 2 mL methanol, Water (4.0 mi, 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 10N

sodium hydroxide. Mixture stirred at room temperature for 15 minutes. Reaction
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layers were partitioned and the aqueous phase was discarded. Organic phase was

concentrated by rotg-vap. Silica gel chromatography cluting 2M ammonia in

methanol-dichloromethane afforded the title compound as grey oil in 38
(M+H)'=358.4,

Intermediate 191

NH,

cUSRa s

o vield. MS

N-(2-amino-3-fluorophenethyl)- 1 -benzyipiperidin-4-amine. N-(3-Fluorp-2-

nitrophenethyl)-1-bénzylpiperidin-4-amine (800 mg, 2.238 mmol) was dissolvdd in

methanol (30 mL). Platinum(IV) oxide (18.5 mg, 0.081 mmol) was add¢

d to the

mixture. Reaction vessel was placed on a Parr apparatus and charged with 60 psi of

hydrogen gas. Reaction shook at room temperature for 1 hour 20 minutg

was removed from the apparatus. Mixture was filtered through a 0.45 uth PVDF

s. Reaction

membrane. Filtrate was concentrated to dryness. Title compound was obtained as

grey oil in 97% yield. MS (M+H)"=328.5.

Intermediate 192

)

3-(1 -benzylpzineridin-tl-yl)—_9~ﬂu0r0-4, S-dihydro-1H-benzo[d][1,3
2(3H)-one. N-(2-Anpino-3-fluorophenethyl)-1-benzylpiperidin-4-amine
2.138 mmol) was diésolved in acetonitrile (50 mL), N,N'-Carbonyldiimig
mg, 2.344 mmol) was added to the mixture in one portion. Reaction stitr
temperature for 1 hofr. Another 50 mg of N, N-carbonyldiimidazole was
the mixturc. Reaction stirred at room temperature for 30 minutes. React
concentrated by roto+vap. Residue was dissolved in dichloromethane, M

washed twice with water and the aqueous phase was discarded. Organic
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MgS0y,, 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 tetrahydrofuran,
Air was pulled through the filter cake for 15 minutes. Solids were dissolved in water.
Mixture was made basic with 1N sodium hydroxide. Material was extracted twice
with dichloromethane and the aqueous phase was discarded. Organics were dried
MgSQy, filtered and then concentrated to dryness. Title compound was obtained as

purplish foam in 72% yield. MS (M+H)'=354.4.

Intermediate 193
HCI

9-fluoro-3-(piperidin-4-yl)-4, 5-dihydro-1 H-benzo[d] [ 1, 3] diazepin-2(3H)-one
hydrochloride. 3-(1-Benzylpiperidin-4-y1)-9-fluoro-4,5-dihydro-1H-
benzo[d][1,3]diazepin-2(3H)-one (530 mg, 1.500 mmol) was suspended in 1,2-
dichloroethane (10 mL). Mixture was cooled to 0°C. 1-Chlorocthyl chloroformate
(175 ul, 1.603 mmol) was added to the mixture drop-wise. Reaction was then
warmed to rcflux and held for 45 minutes. Mixture was concentrated by roto-vap.
Residue was dissolved in methanol (10 mL). Reaction was warmed to reflux and
held with stirring for 3 hours. Mixture was concentrated by roto-vap. Residue was
treated with 20 mL acctone 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,
Intermediate 194

i NO,

l

N

=

168
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2-nitro-3-vinylpyridine. 3-Bromo-2-nitropyridine (1,015 g, 5.0. mmol),
tetrabutylammoniunt chloride (1.390 g, 5.00 mmol), and bis(triphcnylphpsphing)
palladium(I1) chloride (0.351 g, 0.500 mmol) were combined. Mixture was
suspended in acetonitrile (10 ml). The mixture was stirred at room temperature for
30 minutes while it was degassed by a flow of nitrogen. Tributyl(vinyD{in (1.754 ml,
6.00 mmol) was added and the mixture was further degassed for § minufes. The vial
was capped and heated at 90°C for 4 hours. Solvents were removed from the
mixture, The residue was dissolved with dichloromethane. Material was washed
with brine and the ahueous phase was discarded. Organic layer was drigd ove
Na,S0,, and filtered. Solvents were removed by roto-vap. Silica gel
chromatography afforded the title compound as tan solid in 68% yicld. [IH NMR
(500 MHz, CHLOROFORM-D) & ppm 8.39 (dd, /=4.58, 1.53 Hz, 1 H)[8.06 (dd,
J=1.94,1.53 Hz, 1 H) 7.55 (dd, J=7.93, 4.58 Hz, | H) 6.90 (dd, /=17.24, 11.14 Hz, |
H) 5.82 (d, J/=17.40 Hz, 1 H) 5.55 (d, J=10.99 Hz, 1 H).

Intermediate 195

tert-butyl 4+(2-(2-nitropyridin-3-vl)ethylamino)piperidine- I-canpoxylate. 2-
Nitro-3-vinylpyridine (0.300 g, 2 mmol), tert-butyl 4-aminopipcridined I-carboxylate
(0.601 g, 3.00 mmpl), and ethanol (5 ml) were combined. Triethylamine (0.836 ml,
6.00 mmol) was added. The vial was capped and heated at 90°C for 6% hours) More
tert-butyl 4-amino?iperidine—l-carboxylate (0.601 g, 3.00 mmol), and quethyl nine
(0.836 ml, 6.00 mihol) were added and the mixture was heated at 90°C|for 20 hours.
Mixture was concéntrated by roto-vap. Silica gel chromatography cluting ot
acetate-hexanes aﬂjforded the title compound as tan solid in 48% yield. | TH NMR
(500 MHz, CHLOROFORM-D) & ppm 8.38 (dd, J=4.58, 1.53 Hz, 1 H} 7.84 (dd,
J=1.63, 1.53 Hz, 1 H) 7.49 (dd, J=7.63, 4.58 Hz, 1 H) 3.92 (5, 2 H) 2.85 - 2.98 (m, 3
H)2.75(t, ~11.75 Hz, 2 H) 2.50 - 2.62 (m, 1 H) 1.75 (d, /~=12.51 Hz,|2 H) 1.40 (s, 9
H) 1.00 - 1.27 (m, 4 H). '
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Intermediatc 196

il
Saesy

7\

tert-butyl 4-(2-0x0-1,2,4,5-tetrahydropyrido(2,3-d] [ 1,3]diazepin-3-
Yl)piperidine-1-carboxylate. tert-Butyl 4-(2-(2-nitropyridin-3-
ylethylamino)piperidine-1-carboxylate (0.561 g, 1.601 mmol) was dissolved mn
methanol (60 mL). A catalytic amount of 10% palladium on carbon was added to the
mixturc. Reaction vessel was charged with 2 atm hydrogen gas. Reaction shook at
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 N,N’-carbonyldiimidazole (0.32 g, 1.97 mmol. 1.2 equiv). After
1.5 hours more &, N '-carbonyldiimidazolc (0.32 g, 1.97 mmol, 1.2 equiv) was added.
Reaction stirred at room temperature for 16 hours. Additional NN -
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 pL,
251 mmol) were added to the reaction mixture. The clear solution was stirred at
room temperature for 68 hours. All solvents were removed by roto-vap. Silica gel
chromatography eluting 2M ammonia in methanol-dichloromethane afforded the title
compound as off white solid in 92% yicld. 1H NMR (500 MHz, CHLOROFORM-
D) & ppm 8.20 (d, J/~4.88 Hz, 1 H) 7.92 (s, 1 H) 7.33 (d, /=7.63 Hz, 1 H) 6.82 (dd,
J=7.48,4.73 Hz, ] H)4.35 -4.50 (m, 1 H) 4.19 (bs,2 H) 3.37 - 3.48 (m, 2 H) 2.87 -
2,92 (m,2H)2.71-2.83 (m, 2 H) 1.72 (d, /<1038 Hz, 2 H) 1.50 - 1.63 (m, 2 H)
1.44 (s, 9 H).

Intermediate 197

170
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HCI

3-(piperidin-4-yl)-4,5-dihydro-1H-pyrido[2,3-d] [1,3] diazepin-2(3H)-one
dihydrochloride. tert-Butyl 4-(2-ox0-4,5-dihydro-1H-pyrido[2,3-d][ 1,3 idiazepin-
5 3(2H)-ybpiperidinc-1-carboxylate (0.51 g, 1.472 mmol) was dissolved in

dichloromethane (8 ml). Trifluoroacetic acid (2 ml, 26.0 mmol) was added to the
solution. The mixture was stirred at room temperature for 4 hours. All yolatiles were
removed by roto-vap. Residue was dissolved in dichloromethance (10 mL). 2M
Hydrogen chloride in diethyl ether (2.58 ml, 5.15 mmol) was added to tije mixturc.
10 The mixture was stitred at room temperature for 15 minutes and then alljvolatiles
were removed. The resulting off-white solid was wéshed with anhydrous diethyl
ether four times to affford the title compound as white solid in 99% yield] 1H NMR
(500 MHz, D;0) & ppm 8.01 - 8.29 (m, 2 H) 7.38 (t, /=6.71 Hz, 1 H) 4.43 - 4.88 (m,
2H)4.29 - 4,53 (m,;; 1 H)3.61-3.71 (m, 2 H) 3.45 - 3.62 (m, 2 H) 3.01 1 3.27 (m, 4
15 H)1.93-221(m, 4H).

Intermediate 198
I NO,

20 3-nitro-2-vinylpyridine. To an oven dried 20 mL of vial, was added 2-¢hloro-
3-nitropyridine (0.793 g, 5 mmol), tetrabutylammonium chloride (1.390|g, 5.0(
mmol), and bis(trip’liimnylphosphine_) palladium(II) chloride (0.351 g, 0.500 mmol).
After addition of actonitrile (10 ml) the resulting mixture was stirred at{room
temperature for 30 11hin while it was degassed by a flow of nitrogen thropigh a needle

25  inserted to the bottom of the vial. Tributyl(vinyD)tin (1.754 ml, 6.00 mmol) was
added and the mixtyre was further degassed for 5 minutes. Vial was cagped and

heated at 90°C for 4 hours. All solvents were removed. The residuc was dissolved in
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dichloromethane and washed with brine. Organic layer was dried over Na,SOy, and
filtered. Solvents were removed by roto-vap. Silica gel chromatography eluting
ethyl acetate-hexanes afforded the title compound as dark brown oil in 67% yicld.
1H NMR (500 MHz, CHLOROFORM-D) & ppm 8.77 (dd, /=4.58, 1.53 Hz, 1 H)

5  8.18(dd, J~8.24,1.53 Hz, 1 H) 7.06 - 7.57 (m, 2 H) 6.63 (dd, /=16.79, 1.83 Hz, 1 H)
5.74 (dd, J/=10.68, 1.83 Hz, 1 H).

Intermediate 199

HN
O’ NO,

oL _N
oY [
[o] N. =

. tert-butyl 4-(2-(3-nitropyridin-2-yl)ethylamino) piperidine- 1 -carboxylate. To
an oven dried 10 mL of a vial, was added 3-nitro-2-vinylpyridine (0.300 g, 2 mmol),
'Q 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-dichloromethanc afforded the title
compound in 74% yield. 1H NMR (500 MHz, CHLOROFORM-D) & ppm 8.73 (dd,
J=4.58, 1.53 Hz, 1 H) 8.19 (dd, /=8.24, 1.22 Hz, 1 H) 7.33 (dd, /=8.24, 4.58 Hz, 1 H)
3.95 (bs, 2 H) 3.30 (t, /~6.87 Hz, 2 H) 3.10 (t, J/=6.71 Hz, 2 H) 2.78 (t, /=11.60 Hz, 2
20 H)2.56-2.69 (m, 1 H) 1.76 - 1.84 (m, 2 H) 1.42 (s, 9 H) 1.13 - 1.27 (m, 2 H).
Intermediate 200

S A~
® LS

° oy

tert-butyl 4-(2-oxo0-1,2,4,5-tetrahydropyrido(3,2-d] [ 1, 3] diazepin-3-
25 yl)piperidine-1-carboxylate. tert-Butyl 4-(2-(3-nitropyridin-2-
ylethylamino)piperidine-1-carboxylate (0.864 g, 2.466 mmol) was dissolved in
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methanol (50 ml). 10% Paliadium on carbon (0.3 g, 0.28 mmol) was ad
mixturc. Reaction vessel was placed on a Parr apparatus and charged w,
hydrogen gas. Readtion shook at room temperature for 16 hours. The r
mixture was twice filtered through a pad of celite. Filtrate was concents
tan solid. Residue (808 mg,'2.52 mmol) was dissolved in acetonitrile (2
Triethylamine was added to the mixture (1.05 mL, 7.56 mmol) followed
carbonyldiimidazole (0.50 g, 3.08 mmol). Reaction stirred at room tem
hours. More N,N’-¢arbonyldiimidazole (0.50 g, 3.08 mmol) was added
mixture, Reaction stirred at room temperature for 16 hours. More NN
carbonyldiimidazole (0.50 g, 3.08 mmol) was added to the reaction mix
by triethylamine (1,05 mL, 7.56 mmol). Reaction stirred at room tempg
hours. More NN ’-Ca.rbon'yldiimidazole (0.50 g, 3.08 mmol) was added
mixture followed by triethylamine (0.50 mL, 3.58 mmol). Reaction stir

temperaturc for 68 hours. Mixture was concentrated by roto-vap. Silicg gel

to the

1S2007/067998

ded to the
th 2 atm

paction
ated 1o yield
00 mL)).
by NN'-

heratuge for 5

ture followed

rature [for 20

to the

red at room

chromatography eluting 2M ammonia in methanol-dichloromethane affprded the title

compound as off-white solid in 93% yield. |H NMR (500 MHz, CHL(

ROFQRM-

D) & ppm 8.05 - 8.13 (m, 2 H) 7.21 (d, /=7.94 Hz, 1 H) 7.01 (dd, J=8.24, 4.58 Hz, |
H) 4.29 - 4.44 (m, 1 H) 4.19 (bs, 2 H) 3.44 - 3.51 (m, 2 H) 3.08 - 3.17 (fn, 2 H) 2.76

(m, 2 H) 1.71 (d, J=10.99 Hz, 2 H) 1.53 - 1.65 (m, 2 H) 1.42 (s, 9 IT).

Intermediate 201

HCI
HN (o}
LR,
I\
-
HCI

3-(pz‘peridiﬁ—4—y1)- 4,5-dihydro-1H-pyrido[3,2-d] [1,3] diazepin-}

(3H)-one

dihydrochloride. tert-Butyl 4-(2-ox0-4,5-dihydro-1H-pyrido[3,2-¢][ 1,3 ]diazgpin-

3(2H)-yl)piperidine- 1 -carboxylate (0.814 g, 2.350 mmol) was dissolvef] in

dichloromethane (8.0 ml). Trifluoroacetic-acid (2.0 mi, 26.0 mmol) w3

173
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mixture at room temperatute. The mixture was stirred at room temperature for 4
hours. All volatiles werc removed and the residue was dissolved in dichloromethane
(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
volatiles were removed. The resulting off-white solid was washed 4 times with
anhydrous diethyl cther. Title compound was obtained as white solid in 88% yield.
1H NMR (500 MHz, D,0) & ppm 8.28 (d, /~4.88 Hz, 1 H) 8.05 (d, /=8.24 Hz, | H)
7.74 -7.82 (m, 1 H)430-4.41 (m, ] H)3.71-3.78 (m, 2 H) 3.51 - 3.62 (m, 2 H)
334-341(m,2H)3.09-320(m,2H)1.98-2.14 (m, 4 H).

Intermediate 202

S
oy

2-(1-(tert-butoxycarbonyl)piperidin-4-ylamino)-6-fluorobenzoic acid. 2-
Amino-6-fluorobenzoic 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
temperaturc. Reaction stirred at room temperature for 1 hour. The solvent was
removed in vacuo, The resulting foam was partitioned between dichloromethane
(170 mL) and IN sodium hydroxide (65 mL). Layers were separated . The
dichloromethane layer was extracted with water (2 x 65 mL). The aqueous layers
werc combined and acidified with citric acid to pH around 3. The aqueous layer was
cxtracted with ethyl acetate (3 x 100 mL). The .ethyl acetate layers were combined,
dried (Na;S0,), filtered and concentrated to dryness. Title compound was obtained
as off-white solid in 92% yield. 1H NMR (400 MHz, MeQD) 6 ppm 7.18 - 7.28 (i,
1 H) 6.57 (d, /=8.56 Hz, | H) 6.27 (dd, J=11.58, 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, 2 H) 1.44 (s, 9 H) 1.31 - 1.43
(m, 2 H).
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Intermediate 203
S
°J\“CL °
N/[(NH
F

C-

5 tert-butyl 4-(4-fluoro-2-oxo-2,3-dihydro-1H-benzo[d] imidazol-J

yl)piperidine-1-carboxylate. 2-(1-(tert-Butoxycarbonyl)piperidin-4-yldmino)+6-
fluorobenzoic acid (1.081 g, 3.19 mmol) and triethylamine (0.534 mi, 3.83 mmol)
were combined and suspended in toluene (20 mL). Diphenyl azidophogphate (0.826
ml, 3.83 mmol) was added to the mixture. Reaction stirred at room temperature for
10 35 minutcs. The r¢action was heated to 80°C for 1 hour. Solvent was femoved in
vacuo. Silica gel chromatography eluting ethyl acetate-hexanes affordgd the title
compound as whit¢ solid in 97% yield. 1H NMR (500 MHz, CHLOROFORM-D) &
ppm 9.64 (s, 1 H) 6.94 - 7.02 (m, 1 H) 6.91 (d, /=8.24 Hz, 1 H) 6.82 ({/=9.15 Hz, |

H) 4.42 - 4.54 (m, 1 H) 4.31 (d, /~10.07 Hz, 2 H) 2.86 (1, ./=12.67 Hz, 2 ) 2|21 - .
15  2.35(m,2H) L.78-1.87 (m, 2 H) 1.49 (s, 9 H). ‘
Intermediatc 204
' HCI

A,
e

20 4-fluoro-1 J(piperidin-tl—yl)—] H-benzofd]imidazol-2(3H)-one Wdrochloride.
tert-Butyl 4~(4-ﬂu;bro—2-oxo-2,3 -dihydro-1H-benzo[d]imidazol-1-yl)piperidine-1-
carboxylate (1,03 g, 3.07 mmol) was dissolved in dichloromethane (30 ml). 4N
Hydrogen chloridé in 1,4-dioxane (8 ml, 32 mmol) was added to the rdaction|at room
temperature. The ;Lreaction stirred at room temperature for 5 hours. The solvent was

25 removed in vacuo, Title compound was obtained as white solid in quaPtitati\ e yield.
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1H NMR (400 MHz, MeOD) & ppm 7.14 (d, /=8.81 Hz, ] H)7.00 - 7.10 (m, 1 H)
6.80 -6.92 (m, 1 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, J=12.46, 1.89 Hz, 2 H).

5 Intermediate 205
MeOQ N
P
!
TIPS

S-methoxy-1-(rriisopropyisilyl)-1H-pyrrolof3,2-b]pyridine. To a solution of
5-methoxy-1H-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 min, The resulting
mixtyre was stirred under N for 1 hr, followed by dropwise addition of TIPS-CI
(6.86 mL, 32.4 mmol) in neat through an syringe at 0 °C over 2min, and stirred for
additional 1hr. The reaction was quenched with sat. NH,CI(50mL), extracted with
Et,O (500mL). The cxtract was washed with brine (50mL), dried (MgS0y,),

15 concentrated on rotary vacuo, and the residuc was punfied on Biotage Flash
Collector eluting with 20~75% EtOAc/Hexanes (1600mL) to afford the expected
product, 5-methoxy-1-(triisopropylsilyl)-1H-pyrrolo[3,2-bJpyridine (8.25g, 100%).
'H NMR (400 MHz, CHLOROFORM-D) & ppm 1.11 (d, /<7.55 Hz, 19 H) 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, /=9.06 Hz, 1 H) 6.67

20 (d,J=3.02Hz, 1H)7.35(d,J=3.27 Hz, 1 H) 7.65 (d, J=9.06 Hz, 1 H); Mass spec
305.1 (MH+) calc. for Ci7H2sN20 Si 304.2,

Intermediate 206

) Ma0 N\
. JON,
. OH TIPS
25
methyl hydrogen 5-methoxy- [-(triisopropylsilyl)-1 H-pyrrolo[3,2-b] pyridin-6-
yiboronate. To a colotless solution of 5-methoxy-1-(tritsopropylsilyl)-1H-
pyrrolo[3,2-blpyridine (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 N; over 5 min to give an orange
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solution, the mixture was stirred for 30 min, followed by dropwise addition of]

trimethyl borate (3.31 mL, 29.6 mmol) through a syringe over Imin. T

PCT/US200

/067998

he resulting

light orange solution was stirred at -78 °C for 1 hr, quenched with sat. NH4Cl (30

mL), partitioned between H,O/Et,O (100mL/150mL). After scperation, the organic

layer was washed with brine(50mL), dried on MgSQ,, concentrated on

rotary (vacuo

and purified on Biotage Flash Collector eluting with 10~50 % EtOAc/Hexancs (

1300mL) to afford the expected produc,methyl hydrogen S-methoxy- 1t

(triisopropylsilyl)-1H-pyrrolo[3,2-b]pyridin-6-ylboronate (2.5g, 42%),
thick gum, Mass spee.363.24 (MH+) cale. for CysHxBN,O3 Si362.22

Intermediate 207

_o ' N
HO., - N
B H

|
OH

S-methoxy-1H-pyrrolo[3, 2-b]pyridin-6-ylboronic acid. To a s(

methyl hydrogen $-methoxy-1-(triisopropylsilyl)- 1H-pyrrolo[3,2-blpyridin-6-

ns a calorless

lution|of

ylboronate (1.5 g,'4.14 mmol) (from 65236-015) in THF (10 mL) was{trcated with
HC1 (4M in 1,4-dioxane) for thr at 0 °C, checked with LC/MS: ~50% [conversion,

thus additional 1.3 ml HCI (4M in 1,4-dioxane) was added, stirred at rf

Most of the solvent was removed on rotary vacuo, and the residue as 4

over pight,

white|solid

was triturated with Et,0 (3ml), filtration and washing with Et,O ( 2x311PL) to lafford
the expected product, S-methoxy-1H-pyrrolo[3,2-b]pyridin-6-ylboronfc acid (0 .78 g,

98%) as 2 white éolid. 'H-NMR (500 MHz, MeOD) & ppm 1.04 - 1.1p
(d, /=7.32 Hz, 1 H)4.28 - 4.33 (m, 4 H) 6.74 (d, /=2.44 Hz, 1 H) 7.84
1 H) 8.42 (s, 1 H); Mass spec 193,20 Calc for CgHoBN,05 192.07.

Intermediate 208
O.. _N

| S
HO, A ey

1
SH TIPS

177

(m, 1H) 1.18
(d, /=3.05 Hz,
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S-methoxy- 1-(triisopropylsilyl)- 1 H-pyrrolo[3, 2-bpyridin-6-ylboronic 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
stirred for 30 min, followed by dropwise addition of chlorotriisopropylsilane (2260
mg, 11.72 mmol) through a syringe over 30 sec. under N,. The mixture, as a
suspension, was continued stirring at 0 °C for 2hr, and the conversion was completed
as determined by LC/MS. The reaction was carefuly quenched with sat. NH4(C]
(10mL), extracted with Et;O(2x50mL), the combined organic solutton was washed
with brine(20mL), dried (Na,SO,), concentrated on rotary vacuo to afford the
expected product, 5-methoxy-1-(triisopropylsilyl)- L H-pyrrolo3,2-b]pyridin-6-
ylboronic acid (900 mg, 99%), as a grey gum. 'H-NMR (500 MHz,
CHLOROFORM-D) s ppm 1.11 (d, /=7.63 Hz, 21 H) 1.62 - 1.72 (m, 3 H) 4.03 -
4.10 (m, 2 H) 6.67 (d, /=3.36 Hz, 1 H) 7.31 (s, 1 H) 7.43 (d, /=3.05 Hz, 1 H); Mass
spec 349.21 (MH+) Calc for Ci7HoBN203S1 348.2,

Intermediate 209
/O I N\ N
g NN
S
_N TIP

Boc

tert-butyl 4-(3-methoxy-1-(triisopropyisilyl)-1H-pyrrolof3,2-b] pyridin-6-yl)-
3, 6-dihydropyridine-1(2H)-carboxylate. To 5-methoxy-1-(triisopropylsilyl)-1H-
pyrrolo[3,2-b]pyridin-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)-3,6-dihydropyridine-1(2H)-carboxylate (856 mg, 2.58
mmol) and deairared 1,4-dioxane (15 mL) at rt temperature, followed by
tetrakis(triphenylphosphine)palladium(0) (149 mg, 0.1297mol), and H,O(ImL). The
resulting light brown mixture was stirred at 80 °C for 2hr, and the conversion was
completed as detcrmined by LC/MS. After cooling down to rt, the mixture was
partitioned between HoO/EtOAc (50mL/100mL). After separation, the organic phase

was washed with brine, dried (Na,SO,), concentrated on rotary vacuo, and purified
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on Biotage Flash Collector eluting with 30~80% EtOAc/Hexanes (1200mL) to afford

the expected product, tert-butyl 4-(5-methoxy-1-(triisopropylsilyl)- 1H-pyrrolo

blpyridin-6-y1)-5,6-dihydropyridine- 1(2H)-carboxylate (998 mg, 80%) s a wlritc

solid, TH-NMR (400 MHz, MeOD) & ppm 1.12 (s, 18 H) 1.49 (s, 9 H) 2.52 (s,
3.47 (s, 3 H) 3.62 (s, 2 H) 4.00 (5, 3 H) 4.09 (s, 2 H) 5.78 (5, 1 H) 6.65 (5, 1 H
(s, 1 H) 7.51 (s, 1 H). Mass spec 486.28 (MH+) Calc for C,7H3N30381{485.3

Intermediate 210
O N

-~ P A
ZF N
A

TIPS

=

Boc

tert-butyl 4-(5-methoxy- 1-(triisopropylsilyl)-1 H-pyrrolof3,2-b] pyridint

v)piperidine-1-carboxylate. To colorless solution of tert-butyl 4-(5-methoxy-
(triisopropylsilyl)-1H-pyrrolo[3,2-b]pyridin-6-y1)-5,6-dihydropyridine-{L (2FH)-
carboxylate (998 mg, 2.055 mmol) in MeOH (30mL) was added platingm(TV’
(98 mg, 0.432 mmol) at rt. The mixture was shaked on Par Shaker for fhr un
(55psi). The mixturc was filtered with MeOH(20mL), concentrated onjrotary

to afford the expedtcd product, tert-butyl 4-(5-methoxy-1-(triisopropylsily1)-1H-

pyrrolo[3,2-blpyridin-6-y)piperidine- 1-carboxylate (995mg, 100%) as(a light
solid. Mass spec 488.27 Calc for C,7HisN305S81 487.32, which was puge enoy

be used in next reaction.

Intermediate 211

H
Q N

| N
\ N
H

HN

6-(piperidin-4-yl)-1H-pyrrolo[3,2-b]pyridin-5(4H)-one. To tert-butyl f-(5-

(3,2-

2 H)
7.33
L

6-
1-

oxide
Jer H,

vacuo

grey
gh to

mcthoxy-1-(triisodropylsilyl)- 1H-pyrrolo[3,2-blpyridin-6-y)piperiding-1-carboxylate

(130 mg, 0.267 minol) in CH,Cl; (3mL) was added TMS-I (163 pul, 1.20 mmg

The resulting brown solution was stirred at 60 °C over night. Partial of the so

1) at rt.

lvent

was removed on 1'q?3t&ry vacuo, the residue was purified on reverse pha.s% PrepHPLC
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to afford the expected product, 6-(piperidin-4-y1)-1H-pyrrolo[3,2-b]pyridin-5(4H)-
one (49.3mg, 85%). 'H-.NMR (400 MHz, MeOD) & ppm 1.85 (dd, /=12.84, 3.53 Hz,
2H)2.12(d, /=14.10 Hz, 3 H) 3.06 - 3.18 (m, 4 H) 3.42 - 3.52 (m, 3 H) 6.14 (1,
J=2.14 Hz, 1 F) 7.20 (dt, /=2.96, 1.42 Hz, 1 H) 7.62 (s, 1 H); Mass spec 218,14
(MH+), Calc for CjpHsN;0 217.12.

Intermediate 212
O N

-~ =
\$ ’q\
OH

S-methoxy-1-methyl-1H-pyrrolof3,2-b]pyridin-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 mmol)
in several portions at 0 °C, the resulting light grey suspension was stirred for 30 min,
followed by dropwise addition of iodomethane (1664 mg, 11.72 mmol) in syringe.
The mixture was continued stirring at 0 °C for 2 hrand the reaction was quenched
with conc. HCl at 0 °C to ~pH 6, MeOH (20mL) was added, stiired for 2min, the
resulting suspension was passed through a thin layer silica gel with 10 mL MeOH.
The collected solution was concentrated on rotary vacuo, and purificd on PrepHPLC
to afford the expected product, 5-methoxy-1-methyl-1H-pyrrolo| 3,2-b]pyridin-6-
ylboronic acid (398mg, 74%) as a grey gum. 'H-NMR (500 MHz, McOD) & ppm
3.33 (ddd, /=3.20, 1.83, 1.68 Hz, 3 H) 4.24 (5,3 H) 6.62 (d, /=244 Hz, 1 H) 7.71 (d,
J=3.36 Hz, 1 H) 8.39 (s, 1 H); Mass spec 207.16 (MH+) Calc for CoH;;BN;O4
206.09,

Intermediate 213
_O._N

| N
N

\

=
N =

Boc
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tert-buyl 4-(5-methoxy-I-methyl-1H-pyrrolof3,2-b]pyridin-6-yi)-5,6-
dihvdropyridine-1(2H)-carboxylate. To 5-methoxy-1-methyl-1H-pyrrolo[3,2-
blpyridin-6-ylboronic acid (398 mg, 1.932 mmol) was added sodium carbonate(410
mg, 3.86 mmol), lithium chloride (164 mg, 3.86 mmol), tert-butyl 4-

5 (triﬂuoromethylsulfonyloxy)-s,6—dihydropyridinem1(2H)—carboxy1ate (680 mg| 1.932
mmol) and deairargd 1,4-Dioxane (15 mL) at rt temperature, followed biy tetr:
(triphenylphosphine )pladdinum (0) (112 mg, 0.097mol), and HoO(1mL}). Th
resulting light brown mixture was stirred at 80 °C for 2hr. After cooling down to rt,

The

the mixture was partitioncd between H,O/EtOAc(30mL/50mL), and scparated.
10 organic layer was washed with brine (10mL), dried (NazS04), concentrated o rotary
vacuo, purified on Biotage Flash Collector eluting with 30~80% EtOAd/Hexanes
(1200mL) to afford the expected product, tert-butyl 4-(5-methoxy- 1-mgthyl-1H-
pyrr010[3_,2-b]pyriglin-6-yl)-5_,6-dihydropyridinc-1(2H)_carb0xylate (207 mg, 32%).
'H-NMR (400 MHz, McOD) & ppm 1.4 - 1.51 (m, 9 H) 2.51 (d, J=1.5]1 Hz,
15 3.59(s,2H)3.78 (s, 3H)3.93 (5, 3 H) 4.04 (s, 2H) 4.86 (s, 1 H) 5.82 (s, 1 H) 6.39
(d, J=2.52 Hz, 1 H) 7.27 (d, J=3.27 Hz, 1 H) 7.58 (s, 1 H); Mass spec 344.18 (MH+)
Calc for CygH,5N303 34319,

Intermediate 214

H

Oa N
N
SN
\

20 HN

1-methyl-6-(piperidin-4-yl)-1H-pyrrolo[3,2-b]pyridin-5(4H)-one. Toltert-
butyl 4-(5-methoxyy-1 -methyl-1H-pyrrolo[3,2-b]pyridin-6-y1)piperiding- 1 -carboxylate
(104 mg, 301 mmiol) in CH,Cl; (3mL) was added TMS-1 (123 ul, 0.903 mm
25  The resulting brov}‘m solution was stirred at 60 °C over night. Partial of the solvent
was removed on r#tmy vacuo, the residue was purified on reverse phade PrepHPLC
to affordthe expected product, 1-methyl-6-(piperidin-4-yl)-1H-pyrrolo[3,2-blpyridin-
5(4H)-one (65mg, 94%), "H-NMR (400 MHz, MeOD) & ppm 2.05 (s, § H) 213 (s, 3
H)3.20 (s, 4 H) 3,55 (5,310 6.25(s, 1 H)7.35 (5, 1 H) 8.01 (s, 1 II); Mass spec
30 232.19 Cailc for CysH7N;O 231.14. ’
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Intermediate 215
TIPS
!

Chn Ny N
o

PCT/US2007/067998 .. i opmeets™

6-chloro-1-(triisopropylsilyl)-1H-pyrrolo[2,3-b]pyridine. To 6-chloro-1H-
pyrrolo[2,3-blpyridine (1.00g, 6.55mmol) in THF (1mL) was added NaH ( 60%,

0.315g, 7.86 mmoL) at 0 °C in sevcral portions. The resulting mixture was stirred for

1 hr, followed by addition of triisopropylsilyl chloride (1.67 mL, 7.86 mmol) in ncat

at 0 °C. The mixture was continucd stirring at 0 °C under N; for 2 hr, quenched with

H>0 (40 mL), and extracted with Et;0O (100 mL). After scparation, the organic phase

was washed with brinc (30 mL), dried (MgSO,), concentrated on rotary vacuo, and

purified on Biotage Flash Collector eluting with 15~30% EtOAc/Hexanes (600 mL)

to afford the expected product, 6-chloro-1-(triisopropylsilyl)-1H-pyrrolo[2,3-
blpyridine (1.51g, 75%). 'H-NMR (400 MHz, CHLOROFORM-D) é ppm 1.09 -
1.13 (m, 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,
J=8.06 Hz, 1 H) 7.25 (d, J=3.53 Hz, 1 H) 7.77 (d, J=8.31 Hz, 1 H); Mass spec 309,19

Calc for Ci¢HpsCIN,SI 308.15.

Intermediate 216

ITIPS
Cl N\ N
P
HO
N
f
Boc

tert-butyl 4-(6-chloro- I-(triisopropylsilyl)-1H-pyrrolo[2,3-b] pyridin-4-yl)-4-

hydroxypiperidine-1-carboxylate. To a colorless solution of 6-chloro-1-
(triisopropylsilyl)-1H-pyrrolo[2,3-b]pyridine (500 mg, 1.63 mmol) in THF (16 mL)

was dropwise added sec-BuLi at -78 °C under N, over 6 min, and the resulting tan

solution was stirred for 2hr, Tert-butyl 4-oxopiperidine- l-carboxylate (1.13g, 5.70
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mmol) in THF( 3 mL) was dropwise added over 10 min to give a light tah solution at
-78 °C under Ny, and continued stirring for 2 hr. The rcaction was quenched with sat.
NH,C1 (30 mL), extractcd with EtO (2x 50 mL). The combined organiq phase|was

washed with brine(30 mL), dried (MgSO,), concentrated on rotary vacuq and purified

5  on Biotage Flash Collector eluting with 20~50% EtOAc/Hexanes (800 mL) to give

3

the expected product, tert-butyl 4-(6-chloro-1-(triisopropylsilyl)- IH-pyrrplo[2,3
blpyridin-4-y1)-4-hydroxypiperidine- 1-carboxylate (400 mg, 48%), as a light yellow
solid. 'H- NMR (400 MHz, CHLOROFORM-D) & ppm 1.25 (1, J=7.68 Hz, 18 H)
1.64 (s, 9 H) 1.94 (dt, /=15.17, 7.65 Hz, 5 H) 2.33 - 2.44 (m, 2 H) 3.42 (3, 2H)|4.24
10 (d,J=7.05 Hz, 2 H) 6.88 (d, /=3.53 Hz, 1 H) 7.38 - 7.41 (m, 3 H); Mass gpec. 508.25
(MH+) calc. for C2sHCIN3038i 507.27.

Intermediate 217
H
Cl | N\ N
P
HO

I=

15
4-(6-chloro-1H-pyrrola[2,3-b]pyridin-4-yl)piperidin-4-ol. To tent-butyl 4-(6-

chloro-1 -(triisopropjlsilyl)-1H-pyrrolo[2,3 -blpyridin-4-yl)-4-hydroxypiperiding-1-
carboxylate ( 510 mg, 1.00 mmol) in CH,Cl, (6 mL) was slowly dropwise added
TMS-I (0.43 mL, 3.01 mmol) at rt, and stirred at 60 °C over night. Partigl of th

o

20  solvent was removed on rotary vacuo, and the residue was purified on reyerse phasc
PrepHPLC to afford; the expected product, 4-(6-chloro-1 H-pyrrolo[2,3-t]pyridin-4-
yl)piperidin-4-ol (3 1{0 mg , 63%), as a dark brown solid. 'H- NMR (400 MHz,
CHLOROFORM—Dj Sppm 2,02 (d, /=14.35 Hz, 2 H) 2.65 - 2.76 (m, 2 }1) 3.42 (d,
JF11.33 Hz, 2 H) 3.&8 (d, /=11.83 Hz, 2 H) 4.61 (s, 2 H) 6.91 (d, /=3.53|Hz, 1 H)

25  7.13(s, 1 H)7.28 (d; J=3.53 Hz, 1 H); Mass spec. 252.05 (MH+) calc. fgr
C1,H14CIN30 251.08.

Intermediate 218

183
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s

N-(thiophen-3-yl)pivalamide. To an oven dricd flask was charged with
methyl 3-aminothiophene-2-carboxylate (30 g, 191 mmol) and pyridine (300 ml),
followed by addition of pivaloyl chloride (25.3 g, 210 mmol) at room temperature. A
mild ¢xotherm occoured, and solid was formed. 10 min later, the reaction mixture
was refluxed under N 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 CH,Cly(100mL/150mL). After seperation, the aqueous solution was
extracted with CH,ClL(100mL), the combined organic layers werc washed with
brine(70mL), dried on MgS0s4, concentrated on rotary vacuo, the residu as a brown
solid, was triturated with Et;Q(30mL), filtered and washed with Et,O(2x10mL.) to
afford the cxpected product, N-(thiophen-3-yl)pivalamide (15.4g, 50%) as an off
white solid. "H-NMR (400 MHz, CHLOROFORM-D) & ppm 1.28 (s, 9 H) 6.98 (dd,
J=5.16, 1.39 Hz, 1 H) 7.20 (dd, /=5.29, 3.27 Hz, 1 H) 7.57 - 7.66 (m, 2 H); Maxys
spec. C184.05 (MH+) calc. for CoH3NOS 183.07.

Intermediate 219
>
NH

(\S*CHO

S

N-(2-formylthiophen-3-yl)pivalamide. 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 N». The resulting
off-white suspension was stirred for 1 hr, followed by addition of DMF (3.21 mL,
41.5 mmol) through a syringe over 2 min. In 20 min, the suspension became tan
solution and the reaction mixture was warmed to rt and continued stirring for 30 min.

The conversion was completed as determined by TLC, thus the reaction was
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quenched with sat. NH4Cl, partitioned between Et;O/H,0 (150mL/50mL), after
scparation, the organic solution was washed with brine, dried (Na;SOy), poncentrated
and purified on Biotage Fresh Collector eluting with 10~40% EtOAc/Hexanes to
afford the expected product, N-(2-formylthiophen-3-yl)pivalamide (1.85f, 80%) as a
5 tanoil. '"H-NMR (500 MHz, CHLOROFORM-D) & ppm 1.32 (s, 9 H) 7.58 (d, /=5.19
Hz, 1 H) 8.19 (d, J/=5.19 Hz, 1 H)9.71 (s, 1 H) 10.97 (s, 1 H); Mass speg,
212.09(MH+) calc. for C,oHisNO2S 211.07.

Intermediate 220

"

10

tert-butyl 4-(1-hydroxy-3-methoxy-3-oxo-1-(3-pivalamidothiophen-2-
yl)propan-2-yl)piperidine-1-carboxylate. To a solution of diisopropylamine (5.84g,
8.16 mL, 57.7 mmof) inTHF (100 mL) was dropwise added n-BuLi (23.10 ml,|57.7

15 mmol) at -78 °C undler N; over 5 min, and the resulting colorless solutioh was stirred
for 20 min, followed by dropwise addition of tert-butyl 4-(2-methoxy-2-
oxoethyl)piperidiner 1-carboxylatc (14.62 g, 56.8 mmol) in THF (20 mL) over § min, o

and stirred for 30 min.

20 On the othet hand, to a light yellow solution of N-(2-formylthiopfhen-3-
yDpivalamide in THF was added NaH (1.99 g, 49.7 mmol) in several portions|at 0
°C, the resulting red orange solution was stirred for 30 min. Then it wag dropwisc
added to the anion (j:>f tert-butyl 4-(2-methoxy-2-oxoethyl)piperidine-1-carboxylate

through an addition/ funnel at -78 °C under N, over 15 min. The resulting red orange

[

25  solution was stirredifor 1hr, checked with TLC. Conversion was completed, th
reaction was quenciled wit sat. NH,CI (100mL), partitioned between Hy[)/Et,(
(150mL/300mL), after seperation the organic phase was washed with brfine (100mL),
dried with MgSOy, concentrated on rotary vacuo, and the residu was pufified an
Biotage Flash Colldctor eluting with 15~60% EtOAc/Hexanes (1400mL), 60%
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EtOAc/Hexanes (600mL) to afford the expected diastereo mixture of tert-butyl 4-(1-
hydroxy-3-methoxy-3-0x0-1-(3-pivalamidothiophen-2-yl)propan-2-ylpiperidine-1-
carboxylate ( 21.1 g, 95% ) as a tan foam. Mass spec 469.20 (MH+) calc. for
Co3H36N2068 468.23.

Intermediate 221

H
Ox N

A

X8

HN

6-(piperidin-4-ylthieno/3, 2-bjpyridin-3(4H)-one. Tert-butyl 4-(1-hydroxy-3-

10 methoxy-3-0x0-1-(3-pivalamidothiophen-2-yl)propan-2-yl)piperidine- 1-carboxylate
(10 g, 21.34 mmol) was dissolved in MeOH (20 mL), 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 N, 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
EtOA¢/MeOH (10 mL/2mL), filtered and washed with EtOAC/McOH (10mL/1mL)
to afford the expected product, 6-(piperidin-4-yl)thieno[3,2-blpyridin-5(4H)-one
(4.85g, 97%), as a brown solid. '"H-NMR (400 MHz, MeOD) 6 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, J=10.58, 2.01 Hz, 2 H) 7.08 (d, /=6.04 Hz, 1 H) 7.78 (d, J=5.54 Hz, 1 H)
7.96 (s, 1 H); Mass spec. 235.16 (MH™), Calc. for CyoH 4N,0S 234.08.

Intermediates 222 and 223

H Br H
Os N Os N
N N Br
A SN
HN HN

25
3-bromo-6-(piperidin-4-yl)thienof3,2-b] pyridin-5(4H)-one and 2-bromo-6-
(piperidin-4-yl)thienof3,2-b]pyridin-3(4H)-one. To a suspesion of 6-(piperidin-4-
yhthieno[3,2-b]pyridin-5(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 onc portion. The

resulting yellow suspcnsion was stirred for 2 hr to give ~85% conversion|

as

determined by LC/MS, thus the reaction mixture was filtered with MeOH (10 mL),

and concentrated on rotary vacuo. The crude compound was purified onjrevers

phase PrepHPLC to afford the expected products, an unseperable mixtur¢ of the
and 2-

regioisomers, 3-bromo-6-(piperidin-4-yl)thieno[3,2-blpyridin-5(4H)-one

n
L/

bromo-6-(piperidin-4-yl)thieno[3,2-b]pyridin-5(4H)-one (68mg,21.6%). Mass spec

312.98 (MH+) calc. for CioHi3BrN,OS 311.99.

Intermediates 224 and 225
cl

N A\

pm o

4
4

HN HN

3-chloro-6-(piperidin-4-yl)thieno(3,2-b] pyridin-5(4H)-one and 2ichloro-6-
(piperidin-4-yl)thienp[3,2-b]pyridin-5(4H)-one. To a suspention of 6-(p{peridin-4-
ythieno[3,2-b]pyridin-5(4H)-one (25 mg, 0.107 mmol) in MeOH (5 mL}) and THF

(10 mL) was added silica gel (750 mg), and NCS in one portion at rt. The resul

mixture was stirred 4t 60 °C over night. The suspension was filtered witlh
MeOH(10mL), concentrated and purified on reverse phasc PrepHPLC to
expected products (13mg, 45.3%), as a tan gum, an unseperable mixture

isomers, 2-chloro-6-{piperidin-4-yl)thieno[3,2-b]pyridin-5(4H)-one and }

afford

fthet

-chlot

(piperidin-4-yl)thienb[3,2-bIpyridin-5(4H)-one . Mass spec. 253.06 (MH+) Cal

Ci,H,5CIN,S 252.05.

Intermediate 226
(o]

NH
HND_SJ“:&

(o]

S-(piperidin-d-yl)imidazolidine-2,4-dione. To a solution of tert-butyl 4-

formylpiperidine-1-¢arboxylate (1.0 g, 4.7 mmol) in a mixture of water (5 mL)

187

ting

the
regio
0-6-

for

and
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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 (Na,SQ,) and removed solvent. The crude product was

5 dissolved in dichloromethane (5 mL) and treated with trifluoroacetic acid (5 mL) for
2h. The solvent was removed and dried.

MS (EST) 184 (M+H) ; Re= 1.83.

Intermediate 227
NG,
YO~
N cl
A

Tert-butyl 4-(4-chloro-2-cyanophenyl)-5,6-dihydropyridine-1(2H)-

10

carboxylate. 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

20 4-(4-chloro-2-cyanophenyl)-3,6-dihydropyridine hydrochloride. In a round
bottom flask, rers-butyl 4-(4-chloro-2-cyanophenyl)-5,6-dihydropyridine- 1(2H)-
carboxylate (160 mg, 0.502 mmol) was dissolved in CH;Cly (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
Et,0. Dried under vacuum to give 5-chloro-2-(1,2,3,6-tetrahydropyridin-4-
yl)benzonitrile, HCI salt (135 mg, 0.529 mmol, 105 % yicld) as a maize colored
solid. "H NMR (500 MHz, McOD) § ppm 2.81 (d, J=1.53 Hz, 2 H) 3.51 (t, J=5.95
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Hz, 2H) 3.92 (d, /=2.44 Hz, 2 H) 6.11 (s, 1 H) 7.51 (d, /=8.55 Hz, 1 H)|7.73 (dd,

J=8.55,2.14 Hz, 1 H) 7.88 (d, J=2.14 Hz, 1 H); MS (ESD): 219 (M+1H);

min run).

Rg=1.01 (4

General procedure for the preparation of N-alkylated ester derivatives. The

ol)in 15

mL of dry acetonitrile. The resulting suspension was stirred at room temperature 24

h or until judged complete by tlc analysis. The reaction mixture was the

concentrated under teduced pressure and the resulting residue partitioned

between

CH2CI2 and H2Q. The layers were separated and the organic portion washed with

H20, brine and dried over MgSO4, After filtration the filtrate was concgntrated in

vacuo to give a crude mixture of the N-alkylated adducts 2 and 3. These|were

purified by use of a Biotage@ SP-1 chromatography apparatus using a mixturc jof

EtOAc and hexane solvents as cluants. The purified compounds were chiracterized

by NMR either a Brucker AC 300 or a Brucker Avance 500 spectromete
solvents indicated. LC/MS data was obtaincd using a Schimadzu LC equ
3.0 x 50 mm S10 column Pﬁcnomencx—Luna: 10-90% B at a flow rate of
over a period of 3 min. Mobile phasc A = (10% MeOH, 90% H20, 0.1°
mobile phase B = (90% MeOH, 10% H20, 0.1% TFA). A Schimadzu S}

in the

ipped with a

4 mL/min

TFAY,;
D-107

detector at 220 nm was used for peak detection and a Micromass ZMD spectrometer

used for mass determination. The following products were isolated and d

using this method:

Intermediate 229

Me Cl
N
Ny
CO2Me
N
F.c— O

haracterized

(8)-Methyl 2-(4-Chloro-3-methyl-8-0x0-9-(2, 2, 2-trifluoroethyl)-3,6,7,8,9, 1 0-

hexahydroazepino[3,4-¢findazol-7-yl)acetate. This compound was obtained as a
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colorless solid in 54% yicld: THNMR (500 MHz, CDCI3) & ppm 7.91 (s, 1H), 7.06
(s, LH), 5.36 (d, 1H, J = 17.0 Hz), 4.52 (d, 1H, J = 17.0 Hz), 4.35 (s, 3H), 4.20 (m,
1H), 4.18 (m, 1H), 3.90 (m, 1H), 3.69 (s, 3H), 3.04 (m, 4H), 2.46 (m, 1H). LC/MS:
single peak @ 2.28 min, (M+H) = 404.

Intermediate 230
Et Cl
N
Ny
CO;Me
N
Fo O

(S)-Methyl 2-(4-Chloro-3-ethyl-8-ox0-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepino(3,4-e]indazol-7-yl)acetate. This compound was obtained as a
clear oil in 47% yield: 1HNMR (500 MHz, CDCI3) & ppm 7.94 (s, 1H), 7.08 (s,
1H), 5.69 (d, 1H, J=17.0 Hz), 4.78 (q, 2H, ] = 7.5 Hz), 4.54 (d, 1H, J = 17.0 Hz),
4.11 (m2H), 3.90 (m, 1H), 3.70 (s, 3H), 3.05 (m, 3H), 2.47 (m, 1H), 1.24 (1,3H, ] =
7.5 Hz). LC/MS: single peak @ 2.41 min, (M+H) = 418.

Intermediate 231

O

N

2

Ny

Co,Me

N
Fc— O

(S)-Methyl 2-(3-Benzyl-4-chloro-8-oxo-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9. 10-
hexahydroazepino(3,4-e]indazol-7-yl)acetate. This compound was obtained as a
colorless oil in 42% yield: 1HNMR (500 MHz, CDCI3) § ppm 8.03 (s, 1H), 7.24
(m, 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 = 17Hz), 4.10 (m, 3H), 3.89 (m, 1H), 3.70 (s, 3H), 3.05 (m, 3H), 2.46 (n, 1T).

LC/MS: single peak @ 2.65 min, (M+H) = 480.

Intermediate 232
n-pr cl
N
Ny
CO,Me
N
Fc—/ O

(S)-Methyl 2-(4-Chloro-8-oxo-3-propyi-9-(2, 2, 2-trifluoroethyl)-316, 7,8,

hexahydroazepino[3,4-¢]indazol-7-yl)acetate. This compound was obtained as

067998

,10-

i

colorless oil in 25% yield: 1THNMR (500 MHz, CDCI13) 6 ppm 7.93 (s, [H), 7.06 (s,
1H), 535 (d, 1H, T =17.0 Hz), 4.65 (m, 2H), 4,53 (d, ] = 17Hz), 4.08 (m{ 2H), 4.11

(m, 2H), 3.88 (m, 1H), 3.68 (s, 3H), 3.02 (m, 3H), 2.47 (m, 1H), 1.24 1.9p (b, 2
0.89 (¢, 3H, T = 7.5 Hz). LC/MS: singlc peak @ 2.73 min, (M+H) = 432

Intermediate 233
Cl
N Oxy - OMe
O’\N
/
Naw
N (o]
FaC)

(S)-methyl 2-(4-chioro-3-(methoxymethyl)-8-oxo-9-(2,2, 2-trifluorpethyl)
3,6,7,8,9,10-hexahydroazepino[3,4-ejindazol-7-yl)acetate. The compounid was

isolated as a white salid in 58% yield: 1H NMR (400 MHz, CHLORQFQRM-1J) &

ppm 2.47 (dd, J=17.00, 5.41 Hz, 1 H), 2.99 - 3.11 (m, 3 H), 3.71 (s, 3 H),.87 -

4.07

(m, 3 H),4.14 -4.25(m, 2 H),’4.38 (5,3 ), 448 -458(d, J=17.2 Hz, 1[H), 5.38 (d,

J=17.12 Hz, 1 H), 7.09 (s, 1 H), 7.94 (s, 1 H); Mass spec. 434.02 (M+H) |Calc, |
C1sH19CIF3N30,4 433.1 '
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Intcrmediate 234

2-(8)-methyl 2-(4-chloro-3-(2-methoxyethyl)-8-ox0-9~(2,2,2-trifluoroethyl)-
3,6,7,8,9,10-hexahydroazepino/3,4-efindazol-7-yl)acetate. This compound was
isolated as a white solid in 30.9 % yield. 1H NMR (400 MHz, CEILOROFORM-D)
8 ppm 2.46 (dd, J=16.87, 5.54 Hz, 1 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, J=17.12 Hz, 1 H), 4.60 (dd,
J=6.04, 3.78 Hz, 2 H), 5.38 (d, J=17.12 Hz, 1 H), 7.03 (s, 1 H),8.01 (s, 1 H); Mass
spec. 448.07 (M+H) Cale. for Cigta CIF3N3;O4 447.12.

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
mmol) dissolved in 10 mL of H20. The resulting solution was stirred at room
temperature for 1 h or as judged complete by TLC analysis. The solution was then
made acidic by the addition of a minimal amount of 0,1 N HCI, poured into 50 mL
of H20 and extracted with CH2CI2, The combined organic layers were washed with
H20 and brine and dried over anhydrous MgS04. After filtration the volatiles were
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.

Intermediate 235
Me\ Cl
N
N \
COH
N
Fc— O
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(S)-2-(4-Chloro-3-methyl-8-0x0-9-(2, 2, 2-trifluoroethyl)-3,6,7,8)9, 10-
hexahydroazepino[3,4-e]indazol-7-yl)acetic acid. This material was obftaincd jas a
colorlcss white solid in 98% yield: 1HNMR (500 MHz, DMSO-d6) & ppm 12,2 (br s,
1H), 8.28 (s, 1H), 7.25 (s, 1H), 5.41 (d, J = 17 Hz, 1H), 4.82 (d, J =170 Hz, 1H),
4.54 (m, 1H), 4.30:(s, 3H), 4.07 (m, 1H), 3.84 (m, 1H), 3.12 (d, J = 18 [z, 1H), 2.82
(d, J= 18 Hz, 1H), 2.71 (m, 1H), 2.44 (m, 1H). LC/MS: single peak

(M-+H) = 390.

) 2.12/min,

Intermediate 236

g Gl
N
N N
COH
N
Fc— O

(s, 1H), 7.26 (s, 1H), 5.42 (d, J = 17.0 He, 1H), 4.82 (d, ] = 17.0 Hz, }H), 4.71 (m,
2H), 4.56 (m, 1H), 4.10 (m, 1H), 3.88 (m, 1H), 3.14 (d, T=17.5 Hz),| 2.81 (m,
2.74 (m, 1H), 2.41 (m, 1H), 1.40 (m, 3H). LC/MS: single peak (@ 2|30 mi
=404,

Intermediate 237

Su

N
Ny

COLH

N
F3CJ 0

(S)-2-(4-Chloro-3-benzyl -8-0x0-9-(2, 2, 2-trifluoroethyl)-3,61 7,8,9, 1 0-

hexahydroazepino[3,4-e]indazol-7-yl)acetic acid. The acid was isoated as a colorless
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white solid in 89% yield: THNMR (500 MHz, DMSO-d6) 6 ppm 12.2 (br s, 1H),
8.41 (s, 1H), 7.28 (m, 3H), 7.22 (s, LH), 7.06 (m, 2H), 5.96 (d, ] = 16.5 Hz, 1H), 5.88
(d, ] = 16.5 Hz, 1H), 5.45 (d, J = 17.0 Hz, 1H), 4.85 (d, ] = 17.0 Hz, 1H), 4.55 (m,
1H), 4.12 (m, 1H), 3.88 (m, 1H), 3.12 (d, J= 17.5 Hz, 1H), 2.83 (m, 1H), 2.75 (m,

5  1H), 2.44 (m, 1H). LC/MS: single peak @ 2.51 min, (M+H) = 466.

Intermediate 238

n-Pr %
N
N N

CO,H
N
Fc— O
10 (8)- 2-(4-Chloro-8-oxo-3-propyl-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9,10-
_. hexahydroazepinof3,4-e]indazol-7-yl)acetic acid. This compound was isolated a

colorless solid in 76% yield: 1HNMR (500 Mhz, DMSO-d6)  ppm 12.2 (brs, 1H),
8.32 (s, 1H), 7.26 (s, 1H), 542 (d, J=17.0 Hz), 4.83 (d, J = 17.0 Hz, 1H), 4.65 (m,
2H), 4.54 (m, LH), 4.08 (m, 1H), 3.86 (m, 1H), 3.14 (d, J = 17.0 Hz, 1H), 2.82 (m,

15 1H),2.73 (m, 1H), 2.44 (m, 2H), 0.85 (1, ] = 7.0 Hz, 3H). LC/MS: single peak @
2.46 min, (M+H)=418.

Intermediate 239
Cl

Oxy-OH
~
O"'\’I\l
N,
o 3
FsC
. 20 (8)-2-(4-chloro-3-(methoxymethyl)-8-oxo-9-(2, 2, 2-trifluoroethyl)-

3,6,7,8,9, 10-hexahydroazepino(3,4-efindazol-7-yl)acetic acid. This compound was
obtained as colorless crude white solid in 100% yield. Mass spec. 420.26 (M+H)
Calc. for C17H17C1F3N304 419.09.

25 Intermediate 240
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(S)-2-(4-chloro-3-(2-methoxyethyl)-8-ox0-9-(2,2, 2-trifluoroethyl
3,6,7,8,9,10-hexahydroazepino[3,4-e]indazol-7-yl)acetic acid. This compound

obtained as colorless crude white solid in 100% yicld. Mass spec. 434.12 (M+H)

Cale. for Ci3H;oCIF3N;04 4331,

EXAMPLE 1

(S)-4-chloro-7-(2-0x0-2-(4-(2-0x0-1,2,4,5-tetrahydrobenzo[d] [1, §] diaz
3-yDpiperidin-1-yDethyl)-9-(2,2,2-trifluoroethyl)-6,7,9, 10-tetrahydroazepino/3,
efindazol-8(3H)-one. [4-Chloro-3,6,7,8,9,10-hcxahydro-8-0x0-9-(2,2,2-
trifluoroethyl)-2,3,9-triaza~(8)-cyclohepta[e]inden-7-yl]acetic acid (170 thg, 0.4
mmol) was dissolve& in N,N-dimethylformamide (4.0 mL). N,N-
Diisopropylethylamihe (300 pl, 1.722 mmol) was added to the mixture fqllowed
TBTU (152 mg, 0.473 mmol). 3-(Piperidin-4-yl1)-4,5-dihydro-1H-
benzo[d][1,3]dia.chih—2(3H)—one (155 mg, 0.632 mmol) was then added to the
mixture. Reaction stirred at room temperature for 45 minutes. Reaction yas
quenched with 50% acetonitrile-water. Mixture was purified by reverse ghase p
HPLC (acetonitrile-watcr-trifluoroacetic acid). Acctonitrile was removed from
fractions by roto-vap; Remaining aqueous was made basic with sodium Hicarbo

Material was extractdd twice with ethyl acetate. Organics were dricd MgBO,, fi
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and concentrated to dryness. Title compound was obtained as white solid in 60%
yield. 1H NMR (500 MHz, DMSO-D6) & ppm 13.57 (s, 1 H) 8.50 (s, 1 H) 8.33 (s, 1
H) 7.23 (5, 1 H) 6.97 - 7.06 (m, 3 1) 6.73 - 6.84 (m, 1 H) 5.43 (d, /=16.79 Hz, 1 H)
4.85(d, J=17.40 Hz, 1 H) 4.52 - 4.62 (m, 1 H)4.41 - 4.52 (m, l H)4.23 - 4.36 (m, 1
H) 4.00 - 4.14 (m, 2 H) 3.87 - 3.99 (m, 1 H) 3.34 - 3.39 (m, 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 (m, 1 H) 2.33 - 2.45 (m, 1 H)
1.58 - 1.84 (m, 3 H) 1.37 - 1.56 (m, 1 H). High resolution MS m/e (M+H)'=
603.2108.

EXAMPLE 2

0
N 0
SRIRE Ve

(S)-4-chloro-7-(2-0x0-2-(4-(2-0x0-3-phenyl-2,3-dihydroimidazol-1-
ylpiperidin-1-ylethyl)-9-(2,2, 2-trifluoroethyl)-6,7,9,10-tetrahydroazepino( 3,4-
elindazol-8(3H)-one. [4-Chloro-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-
trifluoroethy})-2,3,9-triaza-(S)-cycloheptale]inden-7-yl]acetic acid (97 mg, 258
umol) was dissolved in N, N-dimethylformamide (1.5 mL). N, N-
Diisopropylethylamine (45 pl, 258 pmol) was added to the mixture followed by 3-
phenyl-1-(piperidin-4-yl)-1H-imidazol-2(3H)-one hydrochloride (36 mg, 307 pmot).
Reaction stirred at room temperature for 3.5 hours. Mixture was diluted with 50%
water-acetonitrile. Mixture was purified by reverse phase prep HPLC (acetonitrile-
water-ammonium acetate). Acctonitrile 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. 1H NMR (500 MHz, DMSO-D6) & ppm 13.56 (s, 1 H)
8.32 (s, 1 H)7.72(d, /=7.93 Hz, 2 H) 7.44 (t, J=8.09 Hz, 2H) 7.19 - 7.28 (m, 2 H)
7.05 (t, J=2.75 Hz, 1 H) 6.86 (dd, ./=8.55, 3.05 Hz, 1 H) 5.44 (d, /<17.09 Hz, 1 H)
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

196



WO 2007/131020 PCT/1JS2007

10

15

20

25

H) 3.88 - 4.00 (m, 1 H) 3.10 - 3.26 (m, 2 H) 3.02 (dd, /~16.33, 8.70 Hz,

2.95 (m, 1 H)2.61 - 2.73 (m, 1 H) 2.43 (dd, /<16.48, 4.27 Hz, 1 H) 1.73

H) 1.56 - 1.68 (m, 1 H). MS (M+IT)"= 600.8.
EXAMPLE 3

(5)-4-chloro+-7-(2-oxo0-2-(4-(2-0x0-2,3-dihydroimidazol- 1-yl)pipdridin-1
yhethy))-9-(2,2, 2-trifluoroethyl)-6,7,9, 10-tetrahydroazepino[ 3, 4-e] indazol-8(3]
.393 mmol)
was suspended in a mixture of N,N-diisopropylethylamine (33.5 ul, 0,192 mmqg

one. 1-(Piperidin-44yl)-1H-imidazol-2(3H)-one hydrochloride (80 mg, (

N,N-dimethylformamide (2.0 mL). [4-Chloro-3,6,7,8,9,10-hexahydro-84
(2,2,2-trifluoroethyl)-2,3,9-triaza~(S)-cyclohepta[e]inden-7-yl]acetic acig

0.192 mmol) was then dissolved in the mixture. TBTU (61.5 mg, 0.192 mmol)

added to the mixturd, which quickly became homogenous. Reaction stirt

temperature for 3 hours. Reaction was quenched with 50% acetonitrile-y

Mixture was purified by reverse phase prep HPLC (acetonitrile-water-anjmonit

acetate). Acetonitrile was removed from the fractions by roto-vap. Rcsi
extracted twice withiethyl acetate. Organics were dried MgSQ,, filtered
concentrated to dryness. Title compound was obtained as white solid in
1H NMR (500 MHz DMSO-D6) 6 ppm 13.56 (s, 1 H) 9.91 (s, 1 H) 8.32
7.22 (s, 1 H) 6.48 (d, /~8.85 Hz, 1 H) 6.33 (d, /=2.44 Hz, 1 H) 5.43 (4, J|
1 H) 4.84 (d, /<16.79 Hz, 1 H)4.52 - 4.63 (m, 1 H) 4.48 (d, /=12.51 Hz,
4.15 (m,3 H) 3.86 - B.98 (m, 1 H)3.08 - 3.22 (m, 2 H) 3.00 (dd, /=16.33
H)2.79-2.91 (m, 1 iH) 2.55-2.72(m, 1 H)2.32-248 (m, 1 H)1.59 -1
1.43 - 1.60 (m, 1 H). High resolution MS m/e (M+H)'= 525.1629.

EXAMPLE 4
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(S)-4-chloro-7-(2-0x0-2-(4-(2-0x0-2, 3-dihydrobenzofd]imidazol-1-
Ylpiperidin-1-ylethyl)-9- (2,2, 2-triftuoroethyl)-6,7,9, 10-tetrahydroazepino[3,4-

5 elindazol-8(3H)-one. [4-Chloro-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-
trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[¢Jinden-7-yl]acetic acid (115 mg, 0.306
mmol) was dissolved in N,N-dimethylformamide (2.0 mL). N,N-
Diisopropylethylamine (150 pl, 0.861 mmol) was added to the mixture followed
successively by TBTU (103 mg, 0.321 mmol) and 4-(2-keto-1-

LN

10 benzimidazolinyDpiperidine (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). Acetonitrilc was removed from the fractions by roto-vap. Remaining
aqueous was extracted twice with ethyl acctate and the aqueous phase was discarded.

15 Organics were dried MgSOy, filtered and then concentrated to dryness. Title
compound was obtained as white solid in 57% yield. 1H NMR (500 MHz, DMSO-
D6) & ppm 13.56 (s, 1 H) 10.84 (s, 1 H) 8.34 (d, J=5.80 Hz, 1 H) 7.40 (d, /=7.63 Hz,
1 H)7.24 (s, 1 H) 6.97 (s, 2H) 6.82 - 6.96 (m, 1 H) 5.45 (d, /<17.09 Hz, 1 H) 4.86
(dd, /=16.94, 5.95 Hz, 1 H) 4.34 -4.71 (m, 3 H) 4.09 - 4.24 (m, 1 H) 3.91 - 4.10 (m,

. 20 1H)3.13-3.27 (n,2H)2.96-3.13 (m, 1 H) 2.83 - 2.95 (m, 1 H) 2.62 - 2.78 (m, 1
H) 2.52-2.59 (m, 1 H) 2.26 - 2.46 (m, 1 H) 2.01 - 2.21 (m, 1 H) 1.58 - 1.85 (m, 2 H).
- High resolution MS m/e (M+H)'= 575.1785.
EXAMPLE 5
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(8)-1-(1-(2-(4-chloro-8-ox0-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9,10}

hexahydroazepino[3,4-efindazol-7-yl)acetyl)piperidin-4-yl)-2-0xo-2,3-
imidazole-4-carbonitrile. [4-Chloro-3,6,7,8,9,10-hexahydro-8-0x0-9-(2

trifluoroethyl)-2,3,9-triaza-(S)-cycloheptae]inden-7-yl]acetic acid (62

mmol) and 2-oxo-1-(piperidin-4-y1)-2,3-dihydro-1H-imidazole-4-carbonitrile

hydrochloride (35 mg, 0.182 mmol) were combined and dissolved in a
N,N-dimethylformamide (1.5 mL) and N, N-diisopropylethylamine (28.7
mmol). TBTU (530 mg, 0.165 mmol) was added to the mixture. React

room temperature for 1,5 hours. Reaction mixture was purified by revetse pha
HPLC (acetonitrile+water-trifluoroacetic acid). Acetonitrile was removed fron
fractions by roto-vdp. Remaining aqueous was made basic with aqueoul sodiy

bicarbonate. Material was extracted twice with cthyl acetate and the aqucous |

was discarded. Organics were dried MgSO¢, filtered and then concentr
dryness. Title compound was obtained as white solid in 10% yield. 11
MHz, DMSO-D6) & ppm 13.55 (s, 1 H) 11.13 (s, 1 H) 8.32 (s, 1 H) 7.8
Hz, 1 H) 7.22 (s, 1 H) 5.43 (d, J=16.79 Hz, 1 H) 4.85 (d, J=17.09 Hz, 1

4.62 (m, 1 H)4.48 (d, /=13.12 Hz, 1 H) 4.03 - 4.18 (m, 3 H) 3.87 - 3.99)
3.08 -3.22 (m, 2 H} 2.95-3.05(m, 1 H)2.80-2.92 (m, | H) 2,60 -2.7

237-245(m, 1 Hj 1.83-193 (m, 1 H) 1.76 - 1.83 (m, 1 H) 1.64 - 1.7}

1.49 - 1.61 (m, | H,f. High resolution MS m/e (M+H) = 550.1603.

EXAMPLE 6
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(S)-4-chloro-7-(2-(4-(3-(2-fluorophenyl)-2-oxo-2, 3-dihydroimidazol- 1-
vl)piperidin-1-yl)-2-oxoethyl)-9-(2,2, 2-triflucroethyl)-6,7,9, 10-
tetrahydroazepinof3,4-ef indazol-8(3H)-one. [4-Chloro-3,6,7,8,9,10-hexahydro-§-
0x0-9-(2,2,2 -trifluorocthyl)-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid (84
mg, 0.224 mmol) was dissolved in N, N-dimethylformamide (1.5 mL). N,N-
Diisopropylethylaming (200 ul, 1.1 mmol} was addcd to the mixture followed by
TBTU (75 mg, 0.224 mmol). 3-(2-Fluorophenyl)- 1-(piperidin-4-y1)-1H-imidazol-
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 (acetonitrile-water-ammonium acetate), Major peak was
isolated. Acetonitrile was removed from the fractions in vacuo. The mixture was
extracted 2 times with ethyl acctate and the aqueous phase was discarded. The
material was dried over MgSO,, filtered, and concentrated to dryness. Title
compound was obtained as white solid in 59% yield. 1H NMR (500 MHz, DMSO-
D6) & ppm 13.56 (d, J=1.53 Hz, 1 H) 8.33 (s, 1 H) 7.55 (t, /=7.78 Hz, 1 H) 7.35 -
7.44 (m, 2H)7.29 (1,/=7.32 Hz, 1 H) 7.23 (s, | H) 6.83 (d, /=5.49 Hz, 1 H) 6.77 (s,
1 H)5.43 (d, /~17.09 Hz, 1 H) 4.85 (d, /=17.70 Hz, 1 H) 4.41 - 4.67 (m, 2 H) 3.88 -
4,26 (m, 4 H) 3.09 - 3.26 (m, 2 H) 3.02 (dd, /~16.33, 8.70 Hz, 1 H) 2,80 - 2.93 (m, 1
H) 2.67 (t,./=11.90Hz, 1 H) 2.38 - 2.47 (m, 1 H) 1.72 - 1.94 (m, 3 H) 1.54 - 1.70 (m,
1 H). High resolution MS m/e (M+H)"= 619.1844.

EXAMPLE 7
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(S)-4-chloro-7-(2~(4-(3-(2-fluorophenyl)-2-oxoimidazolidin-1-y
yl)-2-oxoethyl)-9-(2,2, 2-trifluoroethyl)-6,7,9,10-tetrahydroazepino/3, 44
8(3H)-vne. [4-Chloro-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-trifluoro
triaza-(S)-cycloheptale]inden-7-yl]acetic acid (90 mg, 0.24 mmol) was
N,N-dimethylformamide (1.5 mL). N,N-Diisopropylethylamine (150
was added to the mixture followed by TBTU (82 mg, 0.26 mmol). 1-(2
fluorophenyl)-3-(piperidin-4-yl)imidazolidin-2-one hydrochloride (80.]

mmol) was added 1o the vessel with stirring. Reaction was stirred at ropm

temperature for 3 hours. Reaction was quenched with 50% acetonitrilerwater

Mixture was purified by reverse phase prep HPLC (acetonitrile-water-4
acetate). Major peak was isolated. Acetonitrile was removed from the

vacuo. Material was extracted from the remaining aqueous mixture tw

US2007/067998

\)piperidin-1-
elindazol-
sthyl)-2,3,9-
dissolved in

, 0.86/mmol)

mg, 0.27

mmonium

fractions in

ce with ethyl

acetate and the aqueous phase was discarded. Organics were dried MgBO,, filtcred

and then concentrated to dryness. Title compound was obtained as white solid in
44% yield, 1H NMR (500 MHz, DMSO-D6) 8 ppm 13.56 (s, 1 H) 8.32 (s, 1 H) 7.49

(t, J<7.93 Hz, 1 H)7.02 - 7.37 (m, 4 H) 5.43 (d, J=17.09 Hz, 1 H) 4.85
Hz, 1 H) 4.53 - 4.64 (m, | H) 4.49 (d, J=12.51 Hz, 1 H) 4.03 - 4.19 (m,
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,
H) 2.94 - 3.06 (m, 1 H)2.74 -2.93 (m, 1 H) 2.57 - 2.71 (m, 1 H) 2.32 -

1.60 - 1.83 (m, 3 H) 1.39 - 1.55 (m, 1 H). High resolution MS m/c (M4H)"=

i

621.2000. j

EXAMPLE 8

201
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(S)-4-chloro-7-(2-ox0-2-(4-(2-0x0-2,3-dihydroimidazo[4,5-b]pyridin- 1 -
yvl)piperidin-1-ylethyl)-9-(2, 2, 2-trifluoroethyl)-6, 7,9, 10-tetrahydroazepino/3,4-
elindazol-8(3H)-one. [4-Chloro-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-
trifluoroethylt)-2,3,9-triaza~(8)-cycloheptale]inden-7-yl]acetic acid (110 mg, 0.293
mmol) was dissolved in N, N-dimethylformarnide (1.5 mL). N,N-
Diisopropylethylamine (200 ul, 1.148 mmol) was added to the mixture followed by
TBTU (104 mg, 0.324 mmol). 1-(Piperidin-4-yl)-1H-imidazo[4,5-b]pyridin-2(3H)-
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-trifluoroacetic acid). Acetonitrile was removed from the mixture by roto-vap.
Remaining aqueous was made basic with aqueous sodium bicarbonate. Material was
extracted twice with ethyl acetate. Organics were dried MgSQy, filtered and then
concentrated to dryness. Title compound was obtained as white solid in 41% yield,
IH NMR (500 MHz, DMSO-D6) 8 ppm 13.56 (s, 1 H) 11.55 (s, 1 H) 8.34 (d, J=9.77
Hz, 1 H) 7.90 (d, /=5.19 Hz, 1 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, /=17.85, 5.34 Hz, 1 H) 4.87 (dd, J/=17.09, 5.49 Hz, | H)
4.36-4.65(m,3 H)3.86-4.26(m,3 H)3.13-3.28 (m, 2 H) 2.97 - 3,13 (m, 1 H)
2.83-2.96 (m, 1 H)2.61 -2.76 (m, } H)2.51-2.58 (m, 1 H) 2.34 - 2.48 (m, 1 H)
2.00-2.32 (m, 1 H) 1.63 - 1.87 (m, 2 H). High resolution MS m/e (M+H)'=
576.1738.

EXAMPLE 9

202



WO 2007/131020 PCT/US2007/067998

(S)-4-chloro-7-(2-0x0-2-(4-0xy(2-ox0-2, 3-dihydroimidazo [4, 5-b]pyridin-1 -

yDpiperidin-1-yl)ethyl)-9-(2,2, 2-trifluoroethyl)-6,7,9, 10-tetrahydroazepino[3,4-

5 elindazol-8(3H)-one. [4-Chloro-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,24

trifluoroethyl)-2,3,9-triaza-(S)-cycloheptale]inden-7-ylJacetic acid (87.3{mg, 0232

mmol) was dissolved in N,N-dimethyiformamide (1.5 mL). N,N-

Diisopropy]ethylamine (120 pl, 0.689 mmol) was added to the mixture fpllowed by
TBTU (79.3 mg, 0.247 mmol). 4-Oxy-1-piperidin-4-yl-1,3-dihydro-imiflazo[4}5-

10 b]pyridin-2-one hydrochloride (70.5 mg, 0.260 mmol) was added to the mixture.

Reaction stirred at room temperature for 4 hours. Reaction was quenchefd with [50%
acetonitrile-water. Material was purified by reverse phase prep HPLC (Water-
acetonitrile-trifluoroacetic acid). Acetonitrile was removed from the fradtions by
roto-vap. Solids wete filtered from the remaining aqueous. Air was pulled through o
15 the filter cake for 1.5 hours. Solids were collected and then dricd under high vacuum.
Title compound was obtained as white solid. 1H NMR (500 MHz, DMSD-D6)/8
ppm 13.55 (s, 1 H) 8.34 (d, J=9.46 Hz, 1 H) 7.90 (t, /=7.48 Hz, 1 H) 7.39 (dd,
J=75.84,8.09 Hz, 1 H) 7.23 (s, 1 H) 6.90 - 7.07 (m, 1 H) 5.45 (dd, J=16.94, 5.95 Hz,
1 H) 4.86 (dd, /~17.55, 6.26 Hz, 1 H) 4.36 - 4.63 (m, 3 H) 3.86 - 4.24 (m, 3 H) 3.13 -
20 3.27(m,2H)2.96-3.11 (m, 1 H)2.82-2.95 (m, 1 H)2.59 - 2.76 (m, 1 H) 2.17 -
244 (m,2 H) 1.91-2.10 (m, 1 H) 1.64 - 1,88 (m, 2 H). High resolution MS m/e
(M+H)*= 592.1707.

EXAMPLE 10
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(S)-1,4-dibromo-7-(2-0x0-2-(4-(2-0x0-2,3-dihydroimidazo[4, 5-b] pyridin-1-
yvl)piperidin-1-yl)ethyl)-9-(2,2, 2-trifluoroethyl)-6,7,9, 10-tetrahydroazepino(3,4-
efindazol-8(3H)-one. (S)-2-(1,4-Dibromo-8-0x0-9-(2,2,2-trifluorocthyl)-
3,6,7,8,9,10-hexahydroazepino[3,4-elindazol-7-yl)acetic acid (51 mg, 0.102 mmol)
was dissolved in N, N-dimethylformamide (1.5 mL). N N-Diisopropylethylamine (90
ul, 0.517 mmol) was added to the mixture followed by TBTU (36.1 mg, 0.112
mmol). 1-(Piperidin-4-yl)-1H-imidazo[4,5-b]pyridin-2(3H)-one dihydrochloride
(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). Acctonitrile was removed from the fraction by roto-vap. Remaining aqueous
was made basic with aqueous sodium bicarbonate. Material was extracted twice with
ethyl acetate. Organics were dried MgSQy, filtered and then concentrated to dryncss.
Title compound was obtained as white solid in 34% yield. 1H NMR (500 MHz,
DMSO-D6) & ppm 13.92 (s, 1 H) 11.56 (d, /=6.41 Hz, 1 H) 7.90 (d, ./~5.19 Hz, 1 H)
7.65 (dd, /~69.89, 7.93 Hz, 1 H) 7.49 (s, 1 H) 6.81 - 7.06 (m, 1 H) 5.54 - 5.68 (m, 1
H)5.35-550(m, 1 H) 4.49 - 4,63 (m, 1 H)4.32 - 4,42 (m, 1 H) 4.20 - 4.49 (m, 1 H)
413-420(m, 1 H)3.93 -4.14 (m, 1 H) 3.22 (d, /=16.17Hz, 2 H) 2,97 - 3.12 (m, |
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,
J17.09 Hz, 1 H)2.34-2.42 (m, | H) 1.93-2.32 (tn, 1 H) 1.74 - 1.85 (m, 1 H) 1.65 -
1.74 (m, 1 H). High resolution MS m/e (M-+H)"= 698.0314.

EXAMPLE 11
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(S)-1,4-dibromo-7-(2-ox0-2-(4-(2-0x0-1,2,4, 5-

tetrahydrobenzofd] [ 1,3]diazepin-3-yl)piperidin-1-yl)ethyl)-9-(2,2, 2-trifluoroet
6,7.9,10-tetrahydroazepino(3,4-e]indazol-8(3H)-one. (S)-2-(1,4-Dibromo-8-o
(2,2,2-trifluoroethyl)-3,6,7,8,9,10-hexahydroazepino[ 3,4-e]indazol-7-yDacetic

(52 mg, 0.104 mmol) was dissolved in N, N-dimethylformamide (1.5 mL). N,N-

Diisopropylethylamine (70 ul, 0.402 mmol) was added to the mixture fol
TBTU (34.8 mg, 0.108 mmol). 3-(Piperidin-4-y1)-4,5-dihydro-1H-

benzo[d][1,3]diazepin-2(3H)-one (35.4 mg, 0.144 mmol) was then added to the
mixture. Reaction stirred at room temperature for 1 hour. Reaction was |quenc]
with 50% acctonitrile-water. Material was purified by reverse phase prep HPL

(acetonitrile-water-trifluoroacetic acid). Acetonitrile was removed from the fra

by roto-vap. Remaihing aqueous was made basic with aqueous sodium
Material was extractcd twice with ethyl acctate. Organics were dried Mg
and then concentratdd to dryness. Title compound was obtained as whitd
67% yield. 1H NMR (500 MHz, DMSO-D6) & ppm 13.92 (s, 1 H) 8.51

(s, 1 H) 6.98 - 7.08 (m, 3 H) 6.76 - 6.86 (m, | H) 5.58 (d, /~17.40 Hz, 1 H) 5.3

J=17.09 Hz, 1 H) 4.49 (d, J=13.12 Hz, 1 H) 4.26 - 4.42 (m, 2 H) 4.10 - 4
3.90 - 4.09 (m, 2 H)B8.33 - 3.41 (m, 2 H) 3.19 (d, /~16.79 Hz, 1 H) 3.05
H) 2.95 - 3.02 (m, 1 H) 2.83 - 2.94 (m, 3 H) 2.53 - 2.65 (m, 1 H)2.33 - 2

1.58 - 1.85 (m, 3 H) 1.40 - 1.57 (m, 1 H). High resolution MS m/e (M+H)"=

i

725.0720.
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(8)-4-chloro-7-(2-(4-(9-fluoro-2-0x0-1,2,4, 5-
tetrahydrobenzof[d] [1,3]diazepin-3-yl)piperidin-1-yl)-2-oxoethyl)-9-(2,2,2-
trifluoroethvl)-6,7,9, 10-tetrahydroazepino[3,4-eJindazol-8(3H)-one. [4-Chloro-
3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-trifluorocthyl)-2,3,9-triaza-(S)-
cycloheptaleinden-7-yl]acetic acid (76 mg, 0.202 mmol) was dissolved in N, N-
dimethylformamide (4.0 mL). N, N-Diisopropylethylamine (0.035 mL, 0.202 mmol)
was added to the mixture followed by TBTU (64.9 mg, 0.202 mmol). 9-Fluoro-3-
(piperidin-4-y1)-4,5-dihydro-1H-benzo[d][1,3]diazepin-2(3 H)-one hydrochloride
(60.6 mg, 0,202 mmol) 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). Acetonitrilc was removed from the fractions by roto-vap. Remaining aqueous
was made basic with aqueous sodium bicarbonate, Material was extracted twice with
ethyl acetate. Organics were dried MgSQy, filtered and then concentrated to dryness.
Title compound was obtained as tan solid in 47% yield. 1H NMR (500 MHz,
DMSO-D6) & ppm 13.56 (s, 1 HY8.32 (s, L H) 7.37 (d, /=4.88 ¥z, 1 H) 7.23 (5, 1 H)
7.00 - 7.10 (m, 1 H) 6.90 - 6.97 (m, 1 H) 6.82 - 6.90 (m, 1 H) 5.43 (d, /=17.40 Hz, 1
H) 4.85 (d, /~17.09 Hz, 1 H) 4.52 - 4.66 (m, 1 H) 4.41 - 452 (m, 1 H) 4.19 - 4.32 (m,
1 H)4.00-4.15 (m, 2 H)3.86-3.99 (m, 1 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 m/e (M+H)=
621.2015. '

EXAMPLE 13
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(S)-4-chloro+7-(2-oxo-2-(4-(2-0x0-1,2,4,5-tetrahydropyrido/ 2, 3-
dj[1,3]diazepin-3-yl)piperidin-1-vl)ethyl)-9~(2,2, 2-triftuoroethyl)-6,7,9, 1 0-
5 tetrahydroazepino[3,4-¢] indazol-8(3H)-one. [4-Chloro-3,6,7,8,9,10-hexihydr

0x0-9-(2,2,2trifluorpethyl)-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid (78.3
mg, 0.208 mmol) was dissolved in N, N-dimethylformamide (1.5 mL). N|V-
Diisopropylethylamihe (120 pl, 0.689 mmol) was added to the mixture followed by

TBTU (70.3 mg, 0.219 mmol). 3-(Piperidin-4-y1)-4,5-dihydro-14-pyridg[2,3-
10 d][1,3]diazepin-2(3H)-one dihydrochloride (71.0 mg, 0.222 mmol) was aflded to the

mixture. Reaction stirred at room temperature for 2 hours. Reaction was|quenched

with 50% acetonitrilg-water. Material was purified by reverse phase prepf HPL
(water-acetonitrile 0.1% trifluoroacetic acid). Acetonitrile was removed 4r
fractions by roto-vap. Remaining aqueous was made basic with aqueous sodiu

15  bicarbonate. Mateﬁai was extracted twice with ethyl acctate and the aquebus phpse
was discarded. Organics were dried MgSQ,, filtered and then concentrated to
dryness. Title componnd was obtained as white solid in 49% yield. 1H NMR (500
MHz, DMSO-D6) 6 ppm 13.54 (s, 1 H) 8.32 (s, 1 H) 8.19 (s, 1 H) 8.07 (d,|./
Hz, 1 H)7.49 (d, J=5.ZBO Hz, 1H)7.23 (s, 1 H) 6.90 (dd, /=7.32, 4.88 Hz, |l H) 5|43

20 (d,/=18.01Hz 1 H) 1.85 (d, /~17.40Hz, 1 1) 4.41 - 4.66 (m, 2 H) 422 -14 39 (
H)3.99 - 4.16 (m, 2 HD 3.83-3.98 (m, 1 H)3.42 (d, /=3.66 Hz, 2 H) 3.06 | 3, _
2H)293-3.05(m,! ]H) 277-293(m,3H)2.53-2.67 (m, 1 H)2.31 - 2}44 (] 1
H) 1.57 - 1.87 (m, 3 Hb 1.39 - 1.57 (m, 1 H). High resolution MS m/e (MHH)
604.2070.

25
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(S)-4-chloro-7-(2-ox0-2-(4-(2-0x0-1,2,4, 5-tetrahydropyrido/[ 3, 2-
dj[1,3]diazepin-3-yljpiperidin-1-yl)ethyl)-9-(2,2, 2-trifluoroethyl)-6,7,9,10-
tetrahydroazepino[3,4-efindazol-8(3H)-one. [4-Chloro-3,6,7,8,9,10-hexahydro-8-
0x0-9-(2,2 2-trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl jacetic acid (63.2
mg, 0.168 mmol) was dissolved in N, N-dimethylformamide (1.5 mL). N,N-
Diisopropylethylamine (120 ul, 0.689 mmol) was added to the mixture followed by
TBTU (57.5 mg, 0.179 mmol). 3-(Piperidin-4-y1)-4,5-dihydro-1H-pyrido[3,2-
d][1,3]diazepin-2(3H)-one dihydrochloride (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,
Material was extracted twice with ethyl acetate and the aqueous phase was discarded.
Organics were dried MgSOy, filtered and then concentrated to dryness. Title
compound was obtained as white solid in 39% yicld. 1H NMR (500 MHz, DMSO-
D6) 8 ppm 13.54 (s, 1 H) 8.61 (5, 1 H)8.32 (s, 1 H)8.03 (d, /~4.27 Hz, 1 H) 7.42 (d,
J=8.24 Hz, 1 H)7.23 (s, 1 H) 7.11 (dd, /~=8.24, 458 Hz, 1 H) 5.43 (d, /=17.40 Hz, |
H) 4.85 (d, /~=17.09 Hz, | H) 4.42 - 4.63 (m, 2 H) 4.25 - 438 (i, 1 H) 3.84 - 4,19 (m,
3 H)3.39-3.49 (m, 2 H)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 (m, 1 H) 1.60 - 1.87 (m, 3 H) 1.41 - 1.60 (m, 1 H),
High resolution MS m/e (M+H)"= 604.2064.

EXAMPLE 15
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(8)-4-chloro~7-(2-(4-(4-fluoro-2-ox0-2, 3-dihydrobenzo/d]imidazdl-1-
vl)piperidin-1-yl)-2-dxoethyl)-9-(2,2, 2-trifluvroethyl)-6,7.9, 1 (-
tetrahydroazepino(3,4-elindazol-8(3H)-one. [4-Chloro-3,6,7,8,9,10-hexalrydro-8-

0x0-9-(2,2,2trifluorocthyl)-2,3,9-triaza~(S)-cycloheptale]inden-7-yl jJacetic acid (65.7
mg, 0.175 mmol) was dissolved in N, N-dimethylformamide (1.5 mL). N, V-

Diisopropylethylamine (120 pl, 0.68% mmo!) was added to the mixture followed by
TBTU (59.1 mg, 0.184 mmol). Fluoro-1-(piperidin-4-yl)-1H-benzo[d)imifazol-
2(3H)-one hydrochloride (54.3 mg, 0.200 mmol) was added to the mixture] Reaction
stirred at room temperature for 4 hours. Reaction was quenched with 50%
acetonitrile-water. Material was purified by reverse phasc prep HPLC (water-

acctonitrile-trifluoroacetic acid). Acetonitrile was removed from the fractigns by
roto-vap. Remaining afjueous was made basic with aqueous sedium bicarbonate.
Material was extracted ;twice with ethyl acetate and the aqueous phasc was dliscarded.
Organics were dried MgSOy, filtered and then concentrated to dryncss. Titlp
compound was obtained as white solid in 61% yield. 1H NMR (500 MHz, DMSQ-
D6) 6 ppm 13.54 (s, | H) 11.41 (s, 1 H) 8.33 (d, /~7.02 Hz, 1H)7.24 (s, 1 1) 7.2
(dd, /=81.18, 7.63 Hz, 1 H) 6.80 - 7.05 (m, 2 H) 5.45 (d, /~17.09 Hz, | H) 4,86 (d

J=17.24,4.12 Hz, 1 H) 4.37 - 4.69 (m, 3 H) 3.85 - 4.28 (m, 3 H) 3.13 - 3.27 (m, 2 H)

2.96-3.13 (m, 1 H) 2.8 - 2.95 (m, 1 H) 2.69 (q, J/=12.31 Hz, 1 F) 2.51 - 2.8 (m,
H)2.24 - 2.44 (m, 1 H) 2\.01 -2.21 (m, 1 H) 1.59 - 1.88 (m, 2 H). High resolhtion
MS m/e (M+H)"= 593.1716.

EXAMPLE 16

209
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(S)-4-bromo-1-chloro-7-(2-ox0-2-(4-(2-0x0-1,2,4,5-
tetrahydrobenzofd][1,3]diazepin-3-yl)piperidin-1-ylethyl)-9-(2,2, 2-trifluoroethyl)-
5 6,79 10-tetrahydroazepinof3,4-efindazol-8(3H)-one. (S)-2-(4-Bromo-1-chloro-9-
neopentyl-8-0x0-3,6,7,8,9,10-hexahydroazepino[3,4-elindazol-7-yl)acetic acid (73

mg, 0,161 mmol) was dissolved in N, N-dimethylformarmide (1.5 ml). N,N-
Diisopropylethylamine (100 L, 0.574 mmol) was added to the mixture followed by
TBTU (54.7 mg, 0.170 mmol). 3-(Piperidin-4-yl)-4,5-dihydro-1H-

10 benzo[d][1,3)diazepin-2(3H)-one (50.0 mg, 0.204 ramol) was added to the mixture.

®e

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 23% yield. 1H NMR (500 MHz, DMSO-D6) 8 ppm 13.76 (s, 1 H) §.48 (s, 1
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,J=12.21 Hz, 1 H)4.33 - 4.43 (m, 1 H) 4.26 - 4.33 (m, 1 H) 4.11 - 4.23 (m, 1 H)
' 4,02 -4.10 (m, 1 H)3.92 - 4.00 (m, 1 H) 3.34 - 3.40 (m, 2 H) 3.19 (d, J=17.70 Hz, 1
. H) 3.06 - 3.15 (m, 1 H) 2.94 - 3.03 (m, 1 H)2.82 - 2.93 (m, 3 H) 2.53 - 2.66 (m, | H)

2.33-246(m, 1 H) 1.58 - 1.85 (m, 3 H) 1.44 - 1.57 (m, 1 H). High resolution MS
m/e (M+H) = 681.1219,
25
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EXAMPLE 17

(S)-4-bromo-I+chloro-7-(2-oxo-2-(4-(2-0x0-2, 3-dihydroimidazo[4,
blpyridin-1-v])piperidin-1-ylethyl)-9-(2,2, 2-trifluoroethyl)-6,7,9,10-
tetrahydroazepino(3,4-elindazol-8(3H)-one. (S)-2~(4-Bromo-1-chloro-9-n¢opentyl-
3-0x0-3,6,7,8,9,10-hexihydroazepino[3,4-elindazol-7-yacetic acid (125 myg, 0.275
mmol) was dissolved in N, N-dimethylformamide (3.0 ml). N,N-
Diisopropylethylamine (150 ul, 0.861 mmol) was added to the mixture followed b
TBTU (93.4 mg, 0.291 tmol). 1-(Piperidin-4-y1)-1H-imidazo[4,5-b]pyridint2(3H)-
one dihydrochloride (93.8 mg, 0.322 mmol) was added to the mixture. Reaction was
stitred at room temperature for 4.0 hours. Reaction was quenched with 50%
acetonitrile-water. Mixture was purified by reverse phase prep HPLC (water-
acetonitrile-trifluoroacetis acid). Acetonitrile was removed from the fractions|by
roto-vap. Residue was tréiated with aqueous sodium bicarbonate. Material wa!
extracted twice with ethyl acetate and the aqueous phase was discarded. Organics
were dried MgSQy, ﬁltcreq and then concentrated to dryness. Title compound vas
obtaincd as white solid in dl% yield. 1HNMR (500 MHz, DMSO-D6) & ppm|13.77
(s, LH) 11.54 (s, 1 H) 7.90(d, /=4.27 Hz, 1 H) 7.71 (d, /=8.24 Hz, 0.6 H) 7.57 {d,
J=7.63 Hz, 0.4 H) 7.49 (s, 11H) 6.99 (dd, /~=7.63, 5.49 Hz, 0.4 H) 6.90 (dd, ./=7.18,
5.34 Hz, 0.6 H) 5.43 (d, /=427 He, 2 H) 4.36 - 4.61 (m, 3 H) 3.95-4.32 (m, 3 H)
3.22 (dd, /=17.24, 3.51 Hz, 2 H)2.97-3.12 (m, 1 H) 2.87-2.97 (m, 1 H) 2.61 - P.
(m, 1 H)2.17-2.45(m, 2 Hi 1.92-2.14(m, 1 H) 1.64 - 1.87 (m, 2 H). High
resolution MS m/e (M+H)'= 654.0853.

- EXAMPLE 18
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(S)-1,4-dichloro-7-(2-0x0-2-(4-(2-0x0-1,2,4,5-
tetrahydrobenzofd][1,3]diazepin-3-yl)piperidin-1-ylethyl)-9-(2, 2, 2-trifluoroethyl)-
6,7,9,10-tetrahydroazepino[3,4-ejindazol-8(3H)-one. (5)-2-(1,4-Dichloro-8-0xo0-9-
(2,2,2-trifluoroethyl)-3,6,7,8,9,10-hexahydroazepino[3,4-elindazol-7-yl)acetic acid
(95 mg, 0.232 mmol) was dissolved in N, N-dimethylformamide (2.0 ml). TBTU (79
mg, 0.246 mmol) was added to the mixture followed by 3-(piperidin-4-y1)-4,5-
dihydro-1F-benzo[d][1,3]diazepin-2(3/)-one (72 mg, 0.293 mmol) and then N, N-
diisopropylethylamine (150 pl, 0.861 mmol). Reaction stirred at room temperature
for 4 hours. Reaction was quenched with 50% acetonitrile-water. Material was
puritied 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
ethyl acetate and the aqucous phase was discarded. Organics were dried MgSO,,
filtered and then concentrated to dryness. Title compound was obtained as white
solid in 59% yield. 1H NMR (500 MHz, DMSO-D6) & 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,
J=12.51 Hz, 1 H) 4.36 - 4.45 (m, 1 H) 4.25 - 4.36 (m, 1 H) 4.11 - 4.24 (m, 1 H) 3.91 -
4.10 (m, 2 H) 3.34 - 3.41 (m, 2 H) 3.19 (d, ~18.01 Hz, 1 H) 3.05-3.15(m, 1 H)
2.93-3.03(m,1H)2.83-2.93(m, 3 H)2.53-2.65(m, 1 H) 2.32 - 2.47 (m, 1 H)
1.57 - 1.87 (m, 3 H) 1.44 - 1.57 (m, | H). High resolution MS m/e (M+H) =
637.1735.

EXAMPLE 19
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(S)-1,4-dickloro-7-(2-ox0-2~(4-(2-0x0-2, 3-dihydroimidazof4, 5-bflpyridin-1-

ylpiperidin-1-yDethyl)-9-(2, 2, 2-trifluoroethyl)-6, 7,9, 10-tetrahydroazepino /3,4

elindazol-8(3H)-one. (8)-2-(1,4-Dichloro-8-0x0-9-(2,2,2-trifluoroethyl){
3,6,7,8,9,10-hexahydroazepino[3,4-ejindazol-7-yl)acétic acid (110 mg, 0
was dissolved in N,N-dimethylformamide (2.0 ml), N,N-Diisopropylethyl
pl, 0.861 mmol) was added to the mixture followed successively by TBT
0.287 mmol) and 1-(piperidin-4-yl)-1H-imidazo[4,5-b]pyridin-2(3 H)-ong
dihydrochloride (92 mg, 0.316 mmol). Reaction stirred at room temperaty

hours. Reaction was:quenched with 50% acetonitrile-water. Material wa

268 mmol)
laming (150
U (92 mg,

hre forn 5

b purified

by prep HPLC (watet-acetonitrile-trifluoroacctic acid). Acctonitrilc was femoved

from the fractions by roto-vap. Remaining aqueous was made basic with

pqueous

sodium bicarbonate. Material was extracted twice with ethyl acetate and the aqueous

phase was discarded. - Organics were dried MgSOy, filtered and then conc

entrated to

dryness. Title compound was obtained as white solid in 70% yield. 1H NMR (500

MHz, DMSO-D6) & fipm 13.89 (s, 1 H) 11.55 (s, 1 H) 7.90 (dd, J=5.19, 1

22 Hz| 1

H) 7.64 (dd, /=70.19,7.93 Hz, | H) 7.35 (s, 1 H) 6.99 (dd, /=7.78, 5.34 HE, 0.4 H)

6.90 (dd, J=7.93,5.19Hz,0.6 H) 5.44 (d, /=4.88 Hz, 2 H) 4.35 - 4.62 (m,

432 (m,3 H)3.15- 3128 (m, 2 H) 2.85 - 3.12 (m, 2 H) 2.61 - 2.76 (m, 1 H) 2.20 -
247 (m, 2 H) 1.93 - 2112 (m, 1 H) 1.64 - 1.87 (m, 2 H). High resolution MS m/e

(M+H)"=610.1328.

EXAMPLE 20
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(S)-1,4-dichloro-7-(2-ox0-2-(4-(2-0x0-1,2,4,5-
tetrahydrobenzo(d][1, 3]diazepin-3-yl)piperidin-1-yl)ethyl)-9-(2-(piperidin-1-
ylethyl)-6,7,9, 10-tetrahydroazepinof3,4-e] indazol-8(3H)-one. (8)-2-(1,4-Dichloro-
8-0x0-9-(2-(piperidin-1-yl)ethyl)-3,6,7,8,9,10-hexahydroazepino[3,4-¢Jindazol-7-

yhacetic acid (54 mg, 0.123 mmol) was dissolved in N, N-dimethylformamide (1.5
ml). N,N-Diisopropylethylamine (100 pL, 0.574 mmol) was added to the mixture
followed successively by TBTU (42 mg, 0.131 mmol) and then 3-(piperidin-4-yl)-
4,5-dihydro- 1 H-benzo[d][1,31diazepin-2(3/)-one (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 phasc prep HPLC (water-
acetonitrile-trifluoroacetic acid). Acetonitrile was removed from the fractions by
roto-vap. Remaining aqueous was made basic with aqueous sodium bicarbonate,
Material was extracted twice with ethyl acetate and the aqueous phase was discarded.
Organics were dricd MgSOy, filtered and then concentrated to dryness. Title
compound was obtained as whitc solid in 54% yield. 1H NMR (500 MHz, DMSO-
D6) dppm 13.85 (s, 1 H) 8.50 (s, 1 H) 7.32 (s, L H) 6,96 - 7.11 (m, 3 H) 6.80 (s, 1 H)
5.26(s,2H)4.44 - 454 (m, 1 H)4.27 - 437 (m, 1 H) 4.06 (d, /~=14.04 Hz, 1 H) 3.79
-3.96(m,2 H)3.34-3.44(m, 2 H) 3.05- 3.25 (m, 3 H) 2.82 - 3.02 (m, 4 H) 2.45 -
2.66 (m, 2 HY2.28 - 2.40 (m, | H)2.04-2.26 (m, 4 H) 1.80 - 1.95 (m, 2 H) 1.58 -
1.73 (m, 2 H) 1.40 - 1,57 (m, 1 H) 1.18 (bs, 6 H). High resolution MS m/e (M+H) "=
666.2756.

EXAMPLE 21
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(S)-1,4-dithloro-7-(2-ox0-2-(4-(2-0x0-2,3-dikydroimidazof4, 3-hjpyridin-1-
ylpiperidin-1-ylethyl)-9-(2-(piperidin-1-yl)ethyl)-6,7.9, 1 0-tetrahydrdazepino/ 3,4-
elindazol-8(3H)-one. (S)-2-(1,4-dichloro-8-0x0-9-(2-(piperidin-1-yl)¢thyl)-
3,6,7,8,9,10-hexahydroazepino(3,4-eJindazoi-7-yl)acetic acid (74 mg, 0.168 mmol)

0.181 mmol) and 1-(piperidin-4-y1)-1H-imidazo[4,5-b]pyridin-2(3H)-qne

was removed from the fractions by roto-vap. Remaining aqueous was fnade basic
with aqueous sodiim bicarbonate. Material was extracted twice with ethy! acetate
and the aqueous phase was discarded. Organics were dried MgSQ,, filtered and then
concentrated to dryness. Title compound was obtained as white solid i 71% yicld.
IH NMR (500 MHz, DMSO-D6) & ppm 13.86 (s, 1 H) 11.55 (s, 1 H) 7.80 (s
7.84 (d, J/=7.63 Hz,10.6 H) 7.59 (d, /=8.24 Hz, 0.4 H) 7.33 (s, 1 H) 6.84}- 7.06 {m, 1
H)5.22-5.36 (m, 2i H)4.40 -4.64 (m, 2 H) 4.16 (1, /=14.65 Hz, 1 H) 3.80 - 4.02 (m,
2H)3.12-3.29 (m,3 H)2.95-3.09 (m, 1 H)2.84 - 2.96 (m, 1 F[) 2.62 } 2.78 (m, 1
H)2.53 -2.60 (m, 11H) 2.39 -2.49 (m, 1 H) 2.01 - 2.33 (m, 5 H) 1.62 - 1.98 (m, 4 H)
1.09-122(m, 6 H)l High resolution MS m/e (M+H) = 639.2393.

EXAMPLE 22
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(S)-7-chloro-4-(2-(4-(1-methyl-5-oxo0-4, 5-dihydro-1H-pyrrolo[3,2-b] pyridin-
6-ylpiperidin-1-yl)- 2-oxoethyl)-2-neopentyl-1,2,4, 5-tetrahydroazepino [ 3, 4-¢ ] indol-
5 3(8H)-ome. To amixture of 1-methyl-6-(piperidin-4-y])-1H-pyrrolo{3,2-blpyridin-

5(4H)-one (41 mg, 0.177 mmol), (S)-2-(4-chloro-9-neopentyl-8-0x0-3,6,7,8,9,10-
hexahydroazepino[3,4-e]indazol-7-yl)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 pl, 0.620 mmol) at rt. The resulting mixture was stirred

10 atrt over night, most of the solvent was removed under Ny, the residue was purified
on reverse phase PrepHPLC to afford a grey gum which was triturated with Et,0
(2mL), filtered and washed with Et;O (2x0.5mL) to afford the expected product, (S)-
7-chioro-4-(2-(4-(1-methyl-5-ox0-4,5-dihydro- 1H-pyrrolo[3,2-blpyridin-6-
yD)piperidin-1 —yl)—2—oxoethj])—2—neopentyl— 1,2,4,5-tetrahydroazepinof3,4-¢lindol-

15 3(8H)-one (32 mg grey solid. Mass spec: 577.30 (MH+) calc. for C3 H37CINgO5
576.26.

EXAMPLE 23

20
(S)-6-(1-(2-(7-chloro-2-neopentyl-3-oxo-1,2,3,4,5,8-hexahydroazepino[3,4-

efindol-4-yl)acetyl)piperidin-4-yl)thieno (3, 2-b]pyridin-5(4H)-one. To a solution of
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(S)-2-(4-chloro-D-ncopentyl-8-oxo0-3,6,7.8,9,10-hexahydroazepino[ 3|4-c]indazol-7-
yDacetic acid (123 mg, 0.338 mmol), 6-(piperidin-4-yl)thieno[3,2-b]pvridin-5(4H)-
one (79mg, 0.338 mmol), HOBT (56.9 mg, 0.372 mmol), EDC (71.3|mg, 0,372
mmol) in DMF (5 mL) was added DIEA (0.295 mL, 1.690 mmol) at yt, and|the

at 60 °C,

and the residue was purified on reverse phase PrepHPLC to afford the expected

mixture was stirted over night. Partial of the solvent was removed ulLdCr N;

product, (8)-6-(1-(2-(7-chloro-2-neopentyl-3-oxo0-1,2,3,4,5,8-hexahydroazepino[3 4-
elindol-4-yDacetyl)piperidin-4-yl)thieno[3,2-blpyridin-5(4H)-one (113 mg, 57.6%)
as a white solid. "H-NMR (400 MHz, CHLOROFORM-D) & ppm 0.80 (d, /=6.80 Hz,
11 H) 1.52 (ddd, /=12.46, 8.06, 441 Hz, | H} 1.87 - 1.96 (m, 1 H) 2.0 (s, 1) H) 2.38
-2.49 (m, 1 H) 2.75 (td, /=12.84,2.01 Hz, 1 H) 2.94 - 3.04 (m, 1 H) 3.07 - 3,18 (m, 4
H) 3.66 (dd, J=13.60, 2.77 Hz, 1 H) 3.96 - 4.06 (m, 1 H) 4.23 (s, | H)i4.61 - 4.72 (m,
2H)5.51(d,/~11.37Hz, 1 H) 7.04 (dd, /=5.29, 2.0l Hz, 1 H) 7.22 (s, 1 H)[7.70 (dd,
J=5.41,2.14 Hz, 1 H) 7.89 (d, /~18.38 Hz, 1 H) 8.24 (s, 1 H); Mass spec. 580.25

(MH™), Cale. for C3H3,CINsOS 579.21.

EXAMPLES 24 AND 25

H Br

ZT

4
J

(S)-3-broma-6-(1-(2-(4-chloro-9-neopentyl-8-oxo-3,6,7,8,9,10-
hexahydroazepino[3,4-ef indazol-7-yl)acetyl) piperidin-4-yl) thieno 3, 2-W pyridin-
5(4H)-one and (S)-2-bromo-6-(1-(2-(4-chloro-9-neopentyl-8-oxo-3,6,7,8,9,10-
hexahydroazepinof3,4-efindazol-7-yl)acetyl) piperidin-4-yl) thieno[ 3, 2-bfpyridin-
S(4H)-one. Toa 10¥nL vial was charged with (8)-2-(4-chloro-9-ncopentyl-8-oxo-
3,6,7,8,9,IO-hexahy&lroazepino[B,4me]indazol-7~y])acetic acid (43.4 mg, .119
2—bromo~6-(pipcridih—4-yl)thieno[3,2-b]pyridin-5(4H)-one and 3-bromo-46~(pipgridin-

- 4-yDthieno[3,2-b]pyridin-5(4H)-one (37.4 mg, 0.119 mmol), EDC (25.2 jmg, 0.131
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mmol), HOBT (20.11 mg, 0.131 mmol) and DMF (2 mL)respectively at rt, followed

by DIEA (0.083 mL, 0.478 mmol). The resulting mixturc was stirred at rt over night,

most of the solvent was removed under N», and the residuc was purified on reverse

phase PrepHPLC to afford the expected products, an unscperable mixture of (S)-3-

bromo-6-(1-(2-(4-chloro-9-neopentyl-8-0x0-3,6,7,8,9,10-hexahydroazepino[3,4-

elindazol-7-yl)acetyl)piperidin-4-yl)thieno[3,2-b]pyridin-5(4H)-one and (5)-2-

bromo-6-(1-(2-(4-chloro-9-neopentyl-8-0x0-3,6,7,8,9,10-hexahydroazepino([3,4-

glindazol-7-yl)acety)piperidin-4-ylthieno[3,2-b]pyridin-5(4H)-one ( 31.2mg, 39%).

Mass spec. 658.11 (MH+), calc. for C3pHzBrCINsO3S 657.12.

EXAMPLES 26 AND 27

H
0, N

N
cl g i
N N
N, N
>HN i hj i

(S)-2-chloro-6-(1-(2-(4-chloro-9-neopentyl-8-oxo-3,6,7,8,9, 10-
hexahydroazepino[3,4-e]indazol-7-yl)acetyl) piperidin-4-yljthieno{3,2-b] pyridin-
5(4H)-one and (S)-3-chloro-6-(1-(2-(4-chloro-9-neopentyl-8-oxo-3,6,7,8,9,10-
hexahydroazepino[3,4-e]indazol-7-yl) acetyl) piperidin-4-yl)thieno[ 3,2-b] pyridin-
5(4H)-one. To 2-chloro-6-(piperidin-4-yl)thieno[3,2-blpyridin-5(4H)-one and 3-
chloro-6-(piperidin-4-ylthieno[3,2-b]pyridin-5(4H)-one (3.0 mg, 0.011 mmol) were

added (8)-2-(7-chloro-2-neopentyl-3-oxo-1,2,3,4,5,8-hexahydroazepino[3,4-¢)indol-
4-yDacetic 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 N, the residue
was purified on reverse phase PrepHPLC to afford the expected products(2.3 mg), an
unseperable mixture of (S)-2-chloro-6-(1-(2-(4-chloro-9-neopentyl-8-oxo-
3,6,7,8,9,10-hexahydroazepino{3,4-elindazol-7-yl)acetyl)piperidin-4-yl)thieno[3,2-
bipyridin-5(4H)-one and (8)-3-chloro-6-(1-(2-(4-chloro-9-ncopentyl-8-oxo-
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3,6,7.8,9,10-hexahydroazepino(3 ,4-clindazol-7-yl)acetyl)piperidin-4-yl)thienof 3,2~
b]pyridin-5(4H)-one, as a white solid. Mass spec 614.27 (MH+) calg for
C30H33CILNsO38 613.17.

5 EXAMPLE 28
H
@) N

l

A\
RN
H

(S)-7-chlaro-2-neopentyl-4-(2-ox0-2-(4-(5-0x0-4, 5-dikydro- 1l -pyrrolof3,2-
blpyridin-6-yl)piperidin-1-yl)ethyl)-1,2,4,5-tetrahydroazepinof 3,4-e] indol-3(8H) -
10 one. To 6-(piperidin-4-yl)-1H-pyrrolo[3,2-blpyridin-5(4H)-one (60.0{mg, 0.276
mmol) was added (S)-2-(7-chloro-2-neopentyl-3-ox0-1,2,3,4,5,8-
hexa.hydroazepind[3,4-e]indol-4-yl)acctic acid (100 mg, 0.276 mmol),|EDC(58.3 mg,
0.304 mmol), HOBT (41.0 mg, 0.304 romol), DMF (2.0 ml) at rt, follgwed b
diisopropylethylamine (0.192 ml, 1.10 mmol). The resulting mixture Was stitred at rt
15 over night, partial of the solvent was removed under Ny, and the residue was purified
on reverse phase ErepH PLC to afford the expected products(25.2 mg, 16%), (S)-7-
chloro-2 -nEOpcntyil~4—(2—oxo—2 -(4-(5-ox0-4,5-dihydro-1H-pyrrolo[3,2-b]pyridin-6-
yDpiperidin-1-yl)ethyl)-1,2 4,5-tetrahydroazepino[ 3,4-elindol-3(8H)-one, as a tan
solid. "H-NMR (400 MHz, MeOD) d ppm 0.79 (d, J=5.29 Hz, 11 H) 1.52 - 1.62 (m,
20 1H)1.81(s,1H) 2.38-2.49 (m, 1 H) 2.75 (s, 1 H)3.01 (d, /~13.35 Hg, 1 H) 3.09 -
321 (m,4 H) 3.66}(d, J=13.85Hz, 1 H)3.96 (5,3 H) 3.99 - 4.06 (m, 1 H) 4.24 (s, 1
H) 4.65 (4, J=17.31 Hz, 2 H) 5.46 - 5.5 (m, 1 H) 6.27 (dd, /=5.29, 3.02 Hiz, | H)
7.22 (s, 1 H) 7.36 (@d, J=7.81,3.02 Hz, 1 H) 8.24 (s, 1 H); Mass spec 562.48
calc for CnHzCINKO; 56125,
25
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EXAMPLE 29

(S)-7-chloro-4-(2-(4-(6-chloro-1H-pyrrolo[2, 3-bjpyridin-4-y)-4-
hydroxypiperidin-1-yl)-2-oxoethyl)-2-neopentyl-1,2,4, 5-tetrahydroazepino[3,4-
ejindol-3(8H)-one. To 4-(6-chloro-1H-pyrrolo[2,3-b]pyridin-4-yl)piperidin-4-ol (69
mg, 0.304mmol) in DMF (2 mL) was added (S8)-2-(7-chloro-2-neopentyl-3-oxo-
1,2,3,4,5,8-hexahydroazepino[3,4-elindol-4-yacetic acid (100 mg, 0.276 mmol),
EDC (58.3 mg, 0.304 mmol), HOBT (41.0 mg, 0.304 mmol), at rt, followed by
diisopropylethylamine (0.192 ml, 1.10 mmol). The mixture was stirred at rt over
night, partial of the solvent was removed under Ny, the residue was purified on
reverse phase PrepHPLC to afford the expected product, (5)-7-chloro-4-(2-(4-(6-
chloro-1H-pyrrolo[2,3-b]pyridin-4-yl)-4-hydroxypiperidin- 1-yl)-2-oxoethyl)-2-
neopentyl-1,2,4,5-tetrahydroazepino[3,4-eJindol-3(8H)-one (126 mg, 57%) as a tan
solid. "H-NMR (400 MHz, MeOD) & ppm 0.78 - 0.84 (m, 11 H) 1.73 (s, 1 H) 1.76 -
1.83 (m, 1 H)2.25-2.36 (m, 2 H) 2.66 - 2.76 (m, l H)3.03 (d, /~13.35Hz, 1 H)
3.09-320 (m, 4 H)3.62-3.73 (m, 2 H) 4.08 (d, /~12.84 Hz, 2 H) 4.51 (d, /=10.83
Hz, 1 H) 4.65 (d, /=17.12 Hz, 1 H) 5.51 (d, J/=17.12 Hz, 1 H) 6.99 (d, ./=3.53 Hz, ]
H)7.20-7.24 (m, 2 H) 7.26 - 7.29 (m, 2 1) .24 (s, 1 I); Mass spec. 596.47 (MH+)
calc. for Cy1HasClLNsO5 595.21.
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EXAMPLE 30
/N“‘NH
Cl
N
F C/, 0
3 O 0_4

(R)-4-chiloro-8-ox0-9-(2,2, 2-trifluoroethyi)-3,6,7,8,9, 10)-
hexahydroazepino[3,4-e]indazol-7-yl 4-(2-0x0-4, 5-dihydro-1H-
benzold][1,3]diazepin-3(2H)-yl)piperidine-1-carboxylate, (R)-4-ch
(2,2,2-trifluoroethyl)-3,6,7,8,9,10-hexahydroazepino[3,4-c)indazol-7

carbonate (60 mg, 0.120 mmol) in dichloromethane (15 mL) was added 3(

Oro-8-

-yl 4-n

0X0-9-

itrophenyl

piperidin-

4-yl)-4,5-dihydro-1H-benzo[d][1,3]diazepin-2(3H)-one (32.5 mg, 0.132 mmol). The

reaction mixture was stirred for 2h. LC-MS analysis suggested formation o

(R=2.473, 605.22 (M+H)). The reaction mixture was washed with dqueou

followed by 1.0 M HCL. THe crude product was purified by flash chs
using 5% MeOH in dichloromethane to give (R)-4-chloro-8-0x0-9-(2

trifluoroethyl)-3,6,7,8,9,10-hexahydroazepino[3,4-¢Jindazol-7-yl 4-(P-oxo-
c (29.0
1H), 7.32 (s,

dihydro-1H-bengo[d][1,3]diazepin-3(2H)-yl)piperidine- 1-carboxylat
0.048 mmol, 40'% yield). 'H NMR (500 MHz, CD;0D): in 5 8.30 (s
1H), 7.09 (m, 3H), 6.93 — 6.87 (m, 3H), 6.09 — 6.05 (m, 1H), 5.50 (s,
1H), 4.68 — 4.54/(m, 1H), 4.39 — 4.35 (m, 2H), 4.32 — 4.19 (m, 1H), 4
3H), 3.55 - 3.50@ (m, 3H), 3.12 - 2,92 (m, 2H), 1.87 — 1.74 (m, 4H); 1
(M+H) ; Ry=2.47.
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f product
5§ NaHCOs
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EXAMPLE 31

/N“‘NH
Cl

Fj\zN O 0
o o’lLND*N’U\NH

\ N

(R)-4-chloro-8-oxo-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9, 10-
5 hexahydroazepino[3,4-¢]indazol-7-yl 4-(2-ox0-2,3-dihydro-1H-imidazo[4, 5-
bl pyridin-1-yl)piperidine-1-carboxylate. (R)-4-chloro-8-ox0-9-(2,2,2-trifluorocthyl)-
3,6,7,8.,9,10-hexahydroazepino(3,4-¢lindazol-7-yl 4-nitrophenyl carbonate (115 mg,
. 0.23 mmol) in DMF (10.00 mL, 129 mmol) was added triethylamine (0.128 mL,
0.920 mmol) followed by 1-(piperidin-4-y1)-1H-imidazo[4,5-b]pyridin-2(3H)-one,

10 L.OOACL(70.3 mg, 0.276 mmol)., After 12h, the solvent was removed and the
product was purified by flash chromatography using 5% methanol in
dichloromethane to give (R)-4-chloro-8-ox0-9-(2,2,2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-¢]indazol-7-yl 4-(2-ox0-2,3-dihydro-1H-imidazo[4,5-
bipyridin-1-yl)piperidine-1-carboxylate (106 mg, 0.183 mmol, 80 % yicld). '"H NMR

15 (500 MHz, CD;0D): in 8 8.29 (s, 1H), 8.03 (br, 1H), 7.96 (d, /= 5.5 Hz, 1H), 7.71
(m, 1H), 7.27 (s, 1H), 7.13 — 7.12 (m, 1H), 6.10 (m, 1H), 5.44 (d, J= 17 Hz, 1H),
4.88 (d, J= 17Hz, 1H), 4.72 — 4.60 (m, 2H), 4.50 — 4.39 (m, 1H), 4.38 — 4.22 (m,
1H), 4.21 — 4.02 (m, 1H), 3.40 — 3.40 (m, 1H), 3.39 — 3.27 (m, 2H), 3.23 - 2.97 (m,
2H), 2.71 — 2.23 (m, 2H), 1.95 - 1.74 (m, 2H); MS (ESI) 578 (M+H) ; Ry=2.15,

o !
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(S)-4-chloro-7-(2-0x0-2-(2"-0x0-2", 3 "~dihydro-1'H-spiro{piperidine-4,4’-
5 quinazoline]-1-ylethyl)-9-(2,2, 2-triflucroethyl)-6,7,9,10-tetrahydroazepino/3,4-
efindazol-8(3H)-one. To a solution of (8)-2-(4-chloro-8-0x0-9-(2,2,2frifluoroethyl)-

3,6,7.8,9,10-hexaliydroazepino[3,4-elindazol-7-yDacetic acid (50 mg,

dichloromethane (25 mL) was added 1'H-spiro[pipcridine-4 4'-quinazolin]-2'

one (31 mg, 0.14 mmol) followed by 2-(1H-benzotriazol-1-yl)-1,1,3,3

.133 mmol) in

10 tetramethyluronium tetrafluoroborate (47 mg, 0.15 mmol) and triethyl

mL). After 12h, the reaction mixture was washed with aqueous NaHCQ; followed
by 1.0 M HCl and dried (Na,S0Q4). The solvent was removed and the cfude product

was purificd by flagh chromatography using 7% MeOH in dichloromethane to give
(S)-4-chloro-7-(2-dx0-2-(2'-0x0-2',3'-dihydro-1'H-spiro[piperidine-4,4"yquinazoline]-
15 1-yDethyl)-9-(2,2,2-trifluoroethyl)-6,7,9,10-tetrahydroazepino[3,4-e]indazol-8(3H)-

onc (61 mg, 79%) 4s a white powder. MS (ESI) 575 (M+H) ; Ry=2.133|

EXAMPLE 33
y‘NH
‘ Cl
.
‘ F
': 0 N:>——€LNH
HN"‘&

o)
20
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5-(1-(2-((S)-4-chloro-8-oxo0-9-(2, 2, 2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepino(3,4-e]indazol-7-yl)acetyl)piperidin-4-yl)imidazolidine-2,4-dione.
To a solution of (8)-2-(4-chloro-8-0x0-9-(2,2,2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-elindazol-7-yl)acetic acid (50 mg, 0.133 mmol) in DMF (2.0
ml.) was added 5-(piperidin-4-yl)imidazolidine-2,4-dione (37 mg, 0.2 mmol)
followed by 2-(1H-benzotriazol-1-y1)-1,1,3,3-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-((8)-4-chloro-8-0x0-9-(2,2,2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-¢]indazol-7-yl)acetyl)piperidin-4-yl)imidazolidine-2,4-dione
(30 mg) in 42% yield. "H NMR (500 MHz, CD;0D): in 8 8.27 (s, 1H), 7.21 (s, 1H),
5.54 (d, §= 17 Hz, 1H), 4.82 (d, ] = 17 Hz, 1H), 4.69 — 4.54 (m, 2H), 4.18 - 3.95 (m,
4H), 3.30 — 2.96 (m, 4H), 2.71 - 2.62 (m, 1H), 2.58 — 2.48 (m, 1H), 2.21 - 2.12 (m,
1H), 1.91 — 1.84 (m, 2H), 1.66 — 1.31 (m, 2H); MS (ESI) 541 (M+H) ; Ry=2.05.

EXAMPLE 34

/N“‘NH
Cl

(S)-8-(2-(4-chloro-8-ox0-9-(2,2, 2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepinof3,4-elindazol-7-yl)acetyl)-1, 3, 8-triazaspirof4. 5] decane-2,4-dione.
To a solution of (8)-2-(4-chloro-8-0x0-9-(2,2,2-trifluoroethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-¢lindazol-7-yl)acetic acid (50 mg, 0.133 mmol) in DMF (2.0
mL) were added 1,3,8-triazaspiro[4.5]decane-2,4-dionc (34 mg, 0.2 mmol) followed
by 2-(1H-benzotriazol-1-y1)-1,1,3,3-tetramethyluronium tetrafluoroborate (47 mg,
(.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-8-0x0-9-(2,2,2-trifluoroethyl)-3,6,7,8,9,10-hexahydroazepino[ 3,4-
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elindazol-7-ylacetyl)-1,3,8-triazaspiro[4.5]decane-2,4-dione (32 mg) In 46% yield.
MS (ESI) 527 (M+H) ; Rr= 1.66.

EXAMPLE 35

(S)-5-chloro-2-(1-(2-(4-chloro-8-0x0-9-(2, 2, 2-trifluorvethyl)-3,6,7,8,9, 1 0-
hexahydroazepinoﬁ, 4-elindazol-7-yl)acetyl)-1,2, 3, 6-tetrahydropyridint4-
yi)benzonitrile. Tn an oven-dricd round bottom flask, (8)-2-(4-chloro-8{0x0-91(2,2,2-

10 triﬂuorocthyl)—3,6,7,8,9,10-h¢xahydroazepino[3,4-c]indazol-7—yl)acctic acid (50 mg,
0.133 mmol) and 5+chloro-2-(1,2,3,6-tetrahydropyridin-4-ylbenzonitrilg (44.1 mg,
0.173 mmol) were dissolved in DMF (2 ml). To this solution was added DTE
(0.093 ml, 0.532 mmol) followed by PyBOP (69.3 mg, 0.133 mmol). The reaction
mixturc was allowed to stir at room temperature under a nitrogen atmosphere
15 hours during which:time it became dark red in color. The DMF was cvdporate
under high vacuum. The residue was subjected to column chromatography (silica
20:1 CH,Cl/2M NH; in MeOH). The most pure fractions were collected, evaporated
and again subjected to column chromatography (silica, 40:1 CH,Cly/2MNHj i
MeOH). The fractions were collected, evaporated and dried overnight upder vacuum
20 to give (8)-5-chloro-2-(1-(2-(4-chloro-8-0x0-9-(2,2 2-trifluorocthyl)-3,6{7,8,9,10-
hexahydroazepino[3,4-e]indazol-7-yDacetyl)-1,2,3,6-tetrahydropyridin-4-
yl)benzonitrile (401ﬂg, 0.069 mmol, 52.1 % yield) as a light tan solid. "H/NMR (500
MHz, MeQOD) § ppfﬁl 1.24-1.34 (m, 1 H) 2.50 - 2.60 (m, 3 H) 2.60 - 2.76 (m, 2 H)
295-3.05(m, 1 H‘)i3.l4 -3.23 (m,2H) 3.82-3.91 (m, 1 H) 3.90 - 4.02|(m, 1 H)
25  4.05-4.14(m,1H) i4.53 -4.62 (m, 2 H) 5.54 (d, J=17.4 Hz, 1 H) 6.07 (d, J=13.7 Hz,
1H)7.21 (s, 1 H) 7.4:16 (d, /=83 Hz, 1 H) 7.64 (d, /= 8.5 Hz, 1 H) 7.78|(s, 1 H)
8.24 (s, 1 H); MS (EBI): 575 (M-1H); R¢ = 1.90 (4 min run).

EXAMPLE 36
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