WD 2006/ 052378 PCT/ US2005/ 036859 1 CONSTRAI NED COVPOUNDS AS CGRP- RECEPTOR
ANTAGONI STS CROSS- REFERENCE TO RELATED APPLI CATIONS 5 This application

cl ai ns t hgohesmlstizsof U. S. provisional application seri @cT/useas®ssso

60/ 624, 655 filed Novenmber 3, 2004 and 60/678,099 filed May 5, 2005.
BACKGROUND OF THE | NVENTI ON 10 Cal ci toni f gene-rel ated peptide (CGRP) is a
natural ly occurring 37-am no- acid peptide first identified in 1982 (Amara,

S. G et al, ScreNETRABED ZUMPANIIAS CGRMRECEPFORIANTRGERRTEE are
expressed (aCCRP and (3CCGRP) which differ by one and three amno acids in

rats and humans, respectively. The peptide is widely distributed in both
the peripheral (PNS) and central nervous system (CNS), 15 principally

| ocal i zed in sensory &ARESSREFBRENEHTOERELATNEINAPPBICATIONS ays a nunber

of biological effects, including vasodilation. Wen rel eased fromthe cell,
CGRP binds to specific cell surface G protein- coupled receptors and exerts

its biological ac ul ar
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receptors, CGRP1 and CGRP2, have been proposed based on the antagoni st
properties of the peptide fragnent CGRP(8-37) and the ability of |inear

anal ogues of CGRP to acti vVBAEKOEPENTEOEMIPE sNVENGNesa, C. et al. Ti PS
2000, 21, 432-438). However, 25 there is lack of nol ecul ar evidence for the

CGRP2 receptor (Brain, S. D. et al, TiPS 2002, 23, 51-53). The CGRP1
receptor has three conponents: (i) a 7 transnenbrane calcitonin
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menbrane and for |igand Dinding he CGRP-receptor” (McLatchie, L. M et

al, Nature 139ighreg9g1in@a3d3®I}Rts anRbymmars, respedtively. flde psplideais widepsduct i on

I(DE'\I/'? []JZZ g 0 Sroggtglgﬁqed n g&'h%e perlp'frl]era? %@S) a%é%em\r"?n%%%ﬁé (s)ySs e?ﬁz ?CNS),

15  principally localized in sensory afferent and central neurons, and displays a number

of biological effects, including vasodilation.

When released from the cell, CGRP binds to specific cell surface G protein-
coupled receptors and exerts its biological action predominantly by activation of

20  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, CGRP; and CGRP,, have been proposed based on the antagonist properties
of the peptide fragment CGRP(8-37) and the ability of linear analogues of CGRP to
activate CGRP; receptors (Juaneda, C. et al. TiPS 2000, 2/, 432-438). However,

25  there is lack of molecular evidence for the CGRP; receptor (Brain, S. D. et al, TiPS
2002, 23, 51-53). The CGRP, receptor has three components: (i) a 7 transmembrane
calcitonin receptor-like receptor (CRLR); (ii) the single transmembrane receptor
activity modifying protein type one (RAMP1); and (iii) the intracellular receptor
component protein (RCP) (Evans B. N. et al., J Biol Chem. 2000, 275, 31438-43).

30 RAMPI is required for transport of CRLR to the plasma membrane and for ligand
binding to the CGRP-receptor (McLatchie, L. M. et al, Nature 1998, 393, 333-339).
RCP is required for signal transduction (Evans B. N. et al., J Biol Chem. 2000, 275,



2 31438-43). There are known species-specific differences in binding of
smal |l  nol ecul e antagonists to the CGRP-receptor with typically greater
af fm ty swenrodems237ant agoni sm of the human receptor thanptorusedods@sesspeci es
(Brain, S. D. et al, TiPS 2002, 23, 51-53). The am no acid sequence of
RAMPI determ nes the species 5 selectivify, in particular, the amno acid
residue Trp74 is responsible for the phenotype of the human receptor

(Mal'l ee et ab1433B439) TEHRHLRVn %@Zws—@ﬂe@%tﬁfferen&é&hhBlﬂd%{gsof%hallhe recept or

| evel to CCGRP are postul ated to be useful in pathophysiologic conditions
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inplicated in_the pathogenesis of m grai ne headache (Edvinsson L. CNS Drugs
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level s of P aP@e evat e égce ‘3?3 (ﬁ%ﬁ%ﬁﬁﬁé’&éo@% %@J 235614%?28 \nn Neur ol
1990; 28: 183-7) and treat ment with anti- mgraine drugs returns CGRP | evel s
to normal coinci aI | evi ati o eadache I et al.
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2):133-8.2000). Intravenous i nfusi on produces | asti ng headache in
m grai nel s $omeebtheserinclyde a¢urog§@m1‘easaqhgatlanmzogéem ipfigminaten, @ligraine,
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Ther 2001, 298, 551-8). Thus, ecept or__ant agoni stsé@oﬁ&oesent a

novel treat nﬁ;arﬁltogeﬁ‘?“srﬁfg@&ir%%e }E‘Wét‘Ch&\ﬁEIiﬂ@SSOPIIre Ay drugy 28811 phities of
active vasoC@igbikGh 91, %&9 %%F%Ié‘h tZIﬁOPSJTBT $67-§54 | ¥ t5A 'ﬂjﬁflﬁ Ip agoni sts,

“triptans' (eg , sumatriptan). A'nu non- peptidic, mol ecul e
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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-

20 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, 298, 551-8). Thus,

25  CGRP-receptor antagonists may present a novel treatment for migraine that avoids
the cardiovascular liabilities of active vasoconstriction associated with non-selective

5-HTp/ip agonists, ‘triptans’ (e.g., sumatriptan).

A number of non-peptidic, small molecule CGRP-receptor antagonists have
30  been recently reported. WO 04/091514, WO 04/092166 and WO 04/092168 disclose
cyclic compounds containing an amide bond in the ring as CGRP antagonists. WO
97/09046 and equivalents disclose inter alia quinine and quinidine related

compounds which are ligands, in particular antagonists, of CGRP-receptor. WO



97/ 09046 and equi val ents disclose inter alia quinine and quinidine rel ated
conpounds which are ligands, in particular antagonists, of CGRP-receptor.
WO WO 20060Qb@282378CT/ US2005/ 036859 3 98/ 09630 and WO 98TARZ008/036369
equi val ents disclose inter alia variously substituted, nitrobenzam de
conpounds as CGRP-receptor antagonists. 01/ 32649, WO 01/49676, and WO
01/ 32648 and equivalents disclose inter alia a series of 4- oxobutanam des

and rel ated oygbedRRANE 93#567‘79%(‘1’@iuﬁaﬁe&%cl%%ﬁz?ér‘?ﬂm%@ﬂs@f‘hv?t;sﬁtutéi WO
00/ 18764, WD 98/11128 and WO 00/55154 and equi val ents disclose inter alia
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CGRP, a ser SO s..have .been,.di scl os in WO
99/ 52875 andb%%ﬁ‘%@%& qf’d'uH bvﬁ CEES digelosg g ¢l S“éle§8§9449 U. S.
6, 313, 097, Wnsbufanbmide®add reldﬂecﬁcye@oﬁ%@@@nvdﬁe?Q@@Q@%@%toﬂdﬁ%%@ﬁ@ﬂﬁ1068
and WO 03/076432 and rel ated applications. Thus, novel CGRP-receptor
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Formula | R3.s. B 554,083, B8 boasoYs14dy; B820630191668 MW 05/075432 and related

10  applications. Thus, novel CGRP-receptor antagonists effective for the treatment of
neurogenic inflammation, migraine and other disorders would be greatly

advantageous.

DESCRIPTION OF THE INVENTION

15
The invention encompasses compounds of Formula I and II which are CGRP
antagonists. The invention also encompasses compositions incorporating these

compounds and methods of using these compounds in therapeutic treatment.

20 One aspect of the invention is a compound of Formula I

b

wherein:

25
»Rl is Cialkyl, Cy¢alkenyl, Cs.scycloalkyl, Cs_scycloalkenyl,
C1.6(Cs.scycloalkyl)alkyl, Ci_ghaloalkyl, C;.4(C;.salkoxy)alkyl, C1_6(Ar])alky1,
C16(NR'R¥)alkyl, N-(R®)-pyrrolidinyl or N-(R®)-piperidinyl;



R is Cl1_6al kyl, C2.6al kenyl, C3.7cycloal kyl, C5_7cycl oal kenyl, Cl1

.6(C3. 7cycl oal kyl )al kyl, Ci-6haloalkyl, C 1.6(C 1. 6alkoxy)alkyl Cl
-6(Ar' ) avbyboe/oseais6( NR7R$) al kyl , N—(R9) pyrrolidinyl oOPCT/US2005/036859

N- (R9) - pi peridinyl; WO 2006/ 052378 PCT/ US2005/ 036859 4 R2 is hydrogen
hal o, hydroxy, Cl1_6al kyl, C2_6al kenyl, bénzyl oxy, or NR7R8; R3 is

hydr ogen, hydroxy, halo, Cl_6al kyl, or C2 _6al kenyl; 5 or R2 and R3 taken

t oget her arer I ﬁgg R86al kenyl , ;
R5 is hydrogeﬁﬁor fegngﬁPpa§%9g§Qﬁm%ﬁcgf%%%§4 Nhﬁkﬁﬁfmiﬁ IS hydrogen,
Cl.6al kyl, H, or Ho N H yo Np FAN\ NH NH Nz( or NRSR6 taken together
is Z R10, Ar H H NH . N \ Ol \or ; 15 R7 is
hydr ogen or g‘lgﬁwfn,%yggﬁyqﬂﬁ) {}I‘F‘(fgglﬁ'l 8FC€IHE%H )tyl or 20 NR7R8 taken
together is selected fromthe group consisting of pyrrolidinyl,

i peridinyl i perazi nyl hol i nyl, and thi onorpholinyl;
PLP 5y ) ptal?en togetheyr are CH'N%\T J Y P Y

R*is hydrogen, halo or C,_salkyl, or C,¢alkenyl,;

R’ is hydrogen or C,_¢alkyl;

10
(0]
(o) H “
N }=o E_% NH
6 - Y = H Z N o)
R” is hydrogen, C;.salkyl, , or ;
N “ 0 \-‘(N O
S NH NH
N/\j N=<
Spé K/Z 1o
or NR°R” taken together is R Ar?
15

R’ is hydrogen or C,_salkyl;

R® is hydrogen or C,.¢alkyl; or

20  NR'R® taken together is selected from the group consisting of pyrrolidinyl,
piperidinyl, N-(R®)-piperazinyl, morpholinyl, and thiomorpholinyl;

R’ is hydrogen, C,.¢alkyl, C;¢alkylcarbonyl, or C,.¢alkoxycarbonyl;
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ydrogen, Cl_6al kyl, Cl_6al kyl carbonyl, or Cl_6al koxycarbonyl;
2378 PCT/U82005/036859 5 R10 is phenyl napht hyl , pyridi nyl,
ylw2006/@e378qui nol i nyl, qui nol i nyl N—OXIde |soqamnmhMBmmmsmr
olinyl N-oxide, and is substituted with 0-2 substituents selected
e group consisting of halo, Cl_6afFkyl, Cl_6hal oal kyl, Cl1_6al koxy,
and phenyl; 5 or R10 is selected fromthe group consisting of o O
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)OL (0] O O O
"i NH "{ )j\ NH ‘:‘:\N/”\NH ‘:‘iN "’iN
2 N X = SN
[0 ) [ » )
Sa P /% /X /X
R11 R R11 R 1 R11 R11 R11 R11 R11 R11
R11 R11 R11 R11 R11
| O
isl NH #II NH o~ gsl H éél
N N AN N AN
= L x b i L x
R11 R R R R11 R RM R R N R
O
0, 0,
5 S S
SN ;\N/H\NH ¢ NH &~ S~NH o~ SSNH
h (Sfl h “1T) T
AX X /X /XY
10 R R , RrM R ’ R R" ’ ’ R R ’ R R
’\ /
R11 R11 R11



NHO O I\ IV Nz. N N\~ 11 NX 11 0 R11 R11 R11 R11 R11 RR11 R Are Are
~f0 ~s AN \ FO\ NHN A2, and Are ; WD 2006/ 052378 PCT/ US2005/ 036859
6 RL1 is wypdoageps7shal o, Cl_6al kyl, Cl1_6hal oal kyl, or Ckcéalskansyp3esést i s
phenyl, naphthyl, pyridinyl, or imdazol gl , and is substituted with 0-2
substituents selected fromthe group consisting of halo, Cl_6alkyl, and
Cl 6haloalkyl; 5 Ar 2 is phenyl, naphthyl, or pyridinyl, and is

substi t ut ed miltllglh Ro&t Asiol € SEMShRAN, of 1k group consisting of
hal o, Cl1_6al kyl , g%rdgci 6hal g?ﬂ%ﬁ/ ; Glh- th amUrPlgacaé}@,onyl oxycar bonyl ,

met hyl enecar bonyl et hyl ene, or 10 am no(cyano)| m nomnet hyI Zis Nor CH

and nis O tlcall cce ol vat e

t hereof. Ano e‘%‘ph a'é.&apﬁt‘h% eﬂf F%l Ol}% blffﬁ&lst%‘:}wﬁgprﬁsjl a la.

R2.. n_ - - aubRif¥enfs léffecﬂted\lﬁ'aﬁl tthB'ip c3ﬁ?51étﬁlg/§1‘@1hb?c1 afpacindat, Jhblﬁalksll/ent' on
is a corrpound of Formula |b.

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

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

10  amino(cyano)iminomethyl;

Z is N or CH; and

nisOorl;
15
or a pharmaceutically acceptable salt or solvate thereof.
Another aspect of the invention is a compound of Formula Ia.
R3
2 4
R
R 1,N X/Y\l}l’
0 R®
20 Ia
Another aspect of the invention is a compound of Formula Ib.
R3
R 7| R

x Y. RS
RVN\H/\X/\N
o) RS

Ib

25



R2/T Ra RRNx"Y-1 NR6 O R5 Ib 25 WD 2006/052378 PCT/ US2005/ 036859 7
Anot her aspect of the invention is a conpound of Formula Il. HNON | /

/ Ra R1, Nwbl2ygecrostiz@ O R5 Il 5 Anot her aspect of the i peeniSc@s/0BBsa
compound of Formula Ila. HNON 1 Ra RN Xiy-1 NR6 O Rs Ila 10 Another
aspect of the invention is a conmpound of TFormula I1b. H NONI R4 RL N X
NR6 OR5 Ilb Another aspect of the invention is a conpound of Fornula I

or Il where R4 isaAndfefiNpeiQs tie iHOERionQE a BEhPMInd of Formula II.

ITa

10

Another aspect of the invention is a compound of Formula I or I where R* is

15  chloro, fluoro, or methyl.

Another aspect of the invention is a compound of Formula I or II where
NRR® taken together is
"0

Z\R10



Anot her aspect of the invention is a conmpound of Formula I or Il where
NR5R6 taken together is N~ '- Rlo WD 2006/ 052378 PCT/ US2005/ 036859 8
Anot her awpeods/st37gehe i nvention is a conmpound of For nul acir/useooslozsster e
NR5R6 taken together is NN OO AN O AN O NNHNZX NHNH Are 11N AN O
NH NH Oor 5 Another aspect of the invéntion is a conmpound of Formula |
or Il where R10 is selected fromthe group consisting of ~S A0 O N NH
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OO0 O N NH NH, ~fN XNX R11 R11 R11 R11 Rl11 R11 R11 R11 R11
R11 O O O OBR tQEEthEs 13 Y| ~

B Y
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Another aspect of the invention is a compound of Formula I or I where R is

selected from the group consisting of

Al A AN £ )
% K(k % |\
o -
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™ H Ld U »
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> 3 2
0 0
e T T URIE LV SR
[ h Nh ) h
/Kn /Kn /\?K1 /\"1 /NK
10 R R ’ RrM R , R R? , R11 R1’ RrH R”,
0
O,
5 5 S5
SN “'\N/u\NH ¢ NH NS
J Uy . S
AKX X x /X
R R Rr" R R R11 Rr1 RY




INITN NININ\ YIN~~% N 10 R11 R11 R11 R11 R11 R11 R11 R11 R11 R11 OO
OOssss~s 02 NHSNH rANNNHNH\NS, /v\ 11 R11 /v\ R11 R11 / W\
R11 R11 /wb2BklosiFg /vl R11 R11 R11 R11 R WO 2006/ 0523 P8 TRSI40562638%5/ 036859
9 ~s 02020202 SNHFI SNHO ¢ SJJ NHF Il S*NHr~ i(LIN O\ \ NY\HN
11 1 RI11 1 ~R11 N R11 O-N % RI1 RL RR1? Ar2 Ar2 O ~s AN c~ 00 <N H N
Ar2 , and Are . Another aspect of the invention is a conpound of Fornula I

or Il where R11a,s 5 hydregen, chloop, fluorog,or nethyl. Another aspect
of the inventt Nhg @ of < ﬁan_I'al;" Sh\gwhere Z is CH 10
Anot her aspect j of Jthe in lenty on is [k cpnpound| of Eor

Anot her aspeo nis t\hany sC
R4, R5, R6, R A

R9, R 2, X-
any scope of th@ﬁ%m‘u ni j‘(/ 11| abI ﬁg/\‘:‘kr
;"\NJ< ;"‘ o}
‘§<NH I{N

A and Ar?

aI g:; |sl
can R‘gzed W|th

Another aspect of the invention is a compound of Formula I or I where R'! is

5  hydrogen, chloro, fluoro, or methyl.

Another aspect of the invention is a compound of Formula I or IT where Z is

CH.
10 Another aspect of the invention is a compound of Formula I where n is 1.

Another aspect of the invention is that any scope of variables R', R?, R®, R*,
R’ " R6, R, Rs, R’, Rlo, R! 1, Ar', Arz, X-Y, Z, and n can be used with any scope of the
remaining variables
15
“Alkyl,” “hydroxyalkyl,” “alkoxy” and related terms with an alkyl moiety
include straight and branched isomers. “Alkenyl” means a straight or branched alkyl
group with at least one double bond. A term such as C,_¢(R)alkyl means a straight or
branched alkyl group of one to six carbons substituted with the substituent R. A term
20  such as N-(R)-pyrrolidinyl indicates that the nitrogen is substituted with the
substituent R. “Haloalkyl” and “haloalkoxy” include all halogenated isomers from
monohalo substituted alkyl to perhalo substituted alkyl. “Aryl” includes carbocyclic
and heterocyclic aromatic ring systems. “Amino” includes includes primary,
secondary, and tertiary moieties. “Carbonyl” means CO. “Oxy” means -O-.
25  “Aminocarbonyl” means -N(R)C(=0)-. “Oxycarbonyl” means -OC(=0)-.
“Methylenecarbonyl” means -CH,C(=0)-. “Amino(cyano)iminomethyl” means

“NHC(=NCN)-.



"Al kyl," "hydroxyal kyl ," "al koxy" and related terns with an al kyl noiety

i nclude straight and branched isoners. "Al kenyl" neans a straight or

br anched wbkyds/osgz7eup wi th at | east one doubl e bond. A termus3ash3Es9
Cl_6(R)al kyl means a straight or branched al kyl group of one to six
carbons substituted with the substituent!®R A term 20 such as
N-(R)-pyrrolidinyl indicates that the nitrogen is substituted wth the
substituent R " ed |sorrers
from nonohal o st‘gg(??liv E%Me ]ﬁqud %{)ﬂﬁgﬁ %Iﬁ%caé%gg ﬁﬁ?}?ée%ia 12@@?8{“&%
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accept abl e sl aII ccept able salts
are those in V\kl ﬁ%@%éﬁ?sal?fogﬁg?%ﬁde g{eg%? Ute sliXtS’nl Eahtly to the

physi ol ogi cathledds, ¥ittaye, Gimdrate] giutyuromatd, qumbfmﬂidedsydmambraﬁ EylﬁbhoﬂidBCtl on
as pharnmacol ogi cal equivalents. These salts can_be nmade 5 according to

conmon or ganio ldtee]@ﬁﬁarFeqH@Qea@wﬁleW?ﬁ%ngéwaé? Pposphate) sisewatey Bt s.  Some
ani oni ¢ sal tyfpgR.d é‘éﬂ& xRofdal eSmﬁ‘@&a?foﬁﬁ:ts%l 8

hal8
chloride, citraté, mar ate, (fucour onate, hy olmé11 e? al%q FoC I oride,
hydr oi od](lje alumdmml@eniaalunnatbesmmm @idian, cmehyd: ahﬁhylairﬁrreadkthapalmﬁtee,

phosphat e, cinate, sulfate tartrat 0 and xi.nof oat e. Sone
PReT o Sal M e S B RHAN draterg e G DG S GO BT St
cal ci um chodddifn, tfirdthathe] 44@.zifH. et hanol ami ne,  |ithium magnesi um

megl um ne, 4- phenyl cycl ohexyl am ne, piperazine, potassium sodium
t ronet ham ne, and zinc. The invention also includes all solvated fornms of
the conpounds, rI \ vat e Q not ont r . but
significantly to % 1%9 y}solno lsc())dlg%lg%fes a?ltslo\fl\ia{eﬁo%ms ?fit}gF 801%19011 StHIES gar{‘E'ounds
and as such Hydnares. @bl%e@dtﬁﬁdf&@ﬂﬂrfb@te@@gmmlntly% RtphysiologlcvbdceisitpBy formin
stoi chionetric, anmounts or formfrom adventitious solvent

toxicity of the compoun s and as such function as pharmacological equivalents.

Solvates may form in stoichiometric amounts or may form from adventitious solvent

or a combination of both. One type of solvate is hydrate, and some hydrated forms

include monohydrate, hemihydrate, and dihydrate.

20
Some compounds of the invention may exist in stereoisomeric forms, one
example of which is shown below. The invention includes all stereoisomeric and
tautomeric forms of the compounds.
R3 R3
Rk,‘ —\\(R“ RZ\/,-,—\\( R
N X/Y\N,RS RVN\n/ix/Y\h‘l’Rs
0 R® _ o) R
25

Synthetic Methods

The compounds described in the present invention can be synthesized

according to Schemes 1-4 as well as other procedures known in the art. Starting



or a conbi nation of both. One type of solvate is hydrate, and sonme hydrated
forms include nonohydrate, hem hydrate, and di hydrate. 20 Sone conpounds
of the inwenvis323my exist in stereoi someric forns, onepceEABdWsM3EEE9 Wwhi ch
is shown below. The invention includes all| stereoisoneric and tautomeric
forms of the conpounds. R3 R3 R2Ra R217Ra R'N X"Y-1 NIR6 R1L Xi Y-1 N.RG O
R5 OR5 25 Synthetic Methods The conpounds described in the present

i nvention cagReagyR &ﬁﬁlhéx%ijallgaa%@ébq‘é \Aéhalesﬁ% Sontmfn @nih@ld _as_ot her
procedures known in the art tarting 2006/ 052378 P U82005/ 036859 11

mat eri al s ar procedwmes: ¢V, aiahynsam%the edrhpownds sychthie gsdcedureb yo mekerthamsyimthetei c

procedures. Varj.ations of C s and the procedures to nmake them
which are nBt! Ihllﬁt g 5% 84 E’rtgeg\sf"nﬁi?lflﬂlet% skill of the art. 5 Schene 1

descri bes how to make certain conpounds of the invention. Regiospecific
i ntroduction of iodine on a appropriately substituted aromatic ring can be
acconpl i shed usi ngcheai Indesembprs dieMotoinaake captgin comgpards of the) inserdiogood coupl i ng

partners in C product s III) can
e reduced BerhARCHRIERELER o Tt RA b RBRsel SR e Tk o

produce 10 ebleaﬁdcﬁmphsﬁeaMSMgﬁbkﬂlﬁe ﬁﬂ)hedfhlahd?e (ArY) 10dﬁi¢b§ﬂﬂﬁ€@bo@)¢dﬁﬂh}g$| S Of
acetate functionality  wth nethanolic potassiumcarbonate foll owed by

treat ment ofpa&?”@E?h‘BIpal(lé\é‘u%‘fl?fhatf’%ﬁéﬁlﬂeaﬁmﬂr@r iThe Hegh ppadyets éBDisen2g1 i ¢
chlorides ( We)iuce-ﬁ(rjv%] f\ﬁﬂ&%&fmélﬁ&w bi Gumbb? &*ds?r?ﬁ msctt%h A t%#gs nes in

acetonitrile can equl site am nes e’ am VI1) can be
convert eld i n¢matidmsiicaly m;zemareouabs(l‘()\/l Subpequentr lgfdralxsingf adetite/fmetionatiiyat ed by
catalytic acetth me Calnghc ggtgss?uzrg %glr Oniate %orHowe glltf’j‘etaten?en\t/lo alcéhol (V) with

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

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

15 The amines (VII) can be converted into desired azepinones (VIII) in refluxing
toluene mediated by catalytic acetic acid. The azepinone intermediates VIII (X=
NH, CH,, O) can in turn be elaborated into final products. Hydrogenolysis of VIII
(X=NH) under 10% Pd on carbon produces amine intermediate IX (Scheme II). The
amine functionality can bé transformed to the desired urea functionality (X) with the

20  assistance of phosgene or N,N’-disuccinimyl dicarbonate and various amines
(Scheme 2). Alternatively, the succinic ester VIII (X=CH;) can be converted to
carboxylic acid (XI) with lithium hydroxide, followed by reaction with an appropriate

amine under TBTU coupling conditions to give desired amides (XII) (Scheme 3).



NH, CH2, 0) can in turn be elaborated into final products. Hydrogenol ysis
of VIII (X=NH) under 10% Pd on carbon produces anmne internediate | X
(Schere IWwp.200dns237@m ne functionality can be transfor me¢ctrastévs/osessy r ed
urea functionality (X) with the 20 assi sfance of phosgene or

N, N - di succi ni nyl di carbonate and various” am nes (Schene 2).
Alternatively, the succinic ester VIII (X=CH2) can be converted to
carboxylic acid (pepyd £.h 1ithium hydroxide, followed by reaction with an
appropriate am ne under TBTU coupling conditions to give desired am des
(XI'l) (Scherme 3). WD 2006/ 052378 PCT/ US2005/ 036859 12 Schene 1. Pd(QAc) 2
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R -N O Owd2BR&®/05X78 RS | n a nanner sinilar t o urea for ratriusne0s/036859

cyanoguani dine XllI1 can be prepared 5 u ) ng di phenyl N-cyanocar boi m date
and various substituted am nes (Schene 4f WO 2006/ 052378 PCT/ US2005/ 036859

15 Scheme 4. 2 R3 Rz RBRR4A R4 10% Pd-C

Scheme 3.
R
R R3 Rz A3
z|\’\‘/\l Re A R,
/ LiOH Z
_ _N
_N R
Ri THF-H,0' ! o
o o
Xl OH

Hw - RB TBTU

Rs
R R3
A g
R
S
R1/N
o 0
-R
N-Rs
Xl I
Rs

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

5  using diphenyl N-cyanocarboimidate and various substituted amines (Scheme 4).
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Bi ol ogi cavormddnsess5 CGRP Bi ndi ng Assay. Tissue Cul t ur e pCBHrshboMG3689 | s wer e
grown at 37 C in 5% CO2 as a nonol ayer jn nedium consisting of MEMw th
Earle's salts and L- glutam ne (G bco) supplenmented with 10% fetal bovine
serum (G bco). Cell Pellets. The cells were rinsed twice with
phosphat e- buf f er egcigdleine (155 mM NaCl, 3.3 M Na2HPO4, 1.1 mM KH2PO4, pH
7.4), and incubated for 5-10 min. at 4 Cin 10 hypotonic lysis buffer

consisting of 10 MM Tris (pH 7.4) and 5 nM EDTA. The p.cells were
transferred fron1platé§<tﬁgﬁolypropylene tubes (1 <§%ig0 mm and
honogeni zed using a pol|ytr t[L ued at 32,000 x ¢

for 30 mn. The pell r; rggﬁggﬁﬂﬁgz rﬁrgofe

hypot onic |ysis buffer
with 0.1 % manmmaliag prgtease mnibrtor- cockt-ail (3igme) and assayed for
protein concentratio The SK- We@H honpgenat

s then aliquoted and
stored at -80 C unti WD 2006/ 052378 PET/ Usa05/ 036859
O/Bn

NCN
DIEA
Pho” OPh
R R
2 \/\\/\\3 R2 N R3
| R HN - Rs SR
% ) | R
Rs Z
RN T R-N
NCN !
0
HN% NCN
N-Re ° HN—
Xm g, | OPh
Biological methods
5 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 cells were rinsed twice with phosphate-buffered saline (155 mM NaCl, 3.3 mM
Na;HPOys, 1.1 mM KH,POs, pH 7.4), and incubated for 5-10 min. at 4 °C in

10 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.

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



16 Radi ol i gand Bi ndi ng Assay. The conmpounds of invention were solubilized
and carried through serial dilutions using 100% DVSO. Aliquots fromthe
conpound wenrnelosei7But i ons were further diluted 25 fold iPotwsassayssbuf f er
(50 MM Tris- G pH 7.5 5 nmMMd 2, 0.005% Triton X-100) and transferred
(volunme 50 I)) into 5 96 well assay pl at &, [ 1251 ] - CGRP ( Amrer sham

Bi osci ences) was diluted to 60 pMin assay buffer and a volunme of 50.tl
was added to each I say
buffer with freshR%mM an§@z%h§n9%%?"ggge F &ﬁ“fsp ? gﬁgntéég{cttwaeféglu?glugﬁa and
honogeni zed agaiarriedSkroNghviSeried digeerstusingd 0§7aBMSO.wAblquasiftenh the a vol urre of

100 | . Th | h 10 f
Assays me?eafiqsn%a o S i isorE o et A0wSE o8 oS iy bEFRCEE T &
pH 7.5, 0. 1 95 SHRIBER! 006 9) TOUEHXDN00) hhd FAIEGRAYSRnE R9R) frkder

filters (Whatman G/ B) previ ously soaked in"0. 5% P Non-specitic binding
was def iSnedd6uwelhassay pltdsef' 21 ]SCRRP (Pmmmham ]Bm)sndnqea)dwasahmted toyoOvpd in

det erm ned usin or scintillati ter sdeflned as
t he concent raﬁ‘?)gt?‘l"affﬁr% igo‘é‘ﬁﬁﬂféﬁdﬂé‘f“ aﬂ Y"E@ruﬁzgﬁ‘l\gg eP"eEe 50% of
radi ol i gand tﬂhxﬂgd RSute@R bésﬁy ﬁﬁﬁef%ﬂ&?ﬁb%i%@ﬂ&ﬂ&%ﬁﬁ?ﬂﬁ&%@ﬂmﬁ% agoni sm of

the conpounds of * invention was determ ned measur the formation of
cyclic AVP (adktadgBigenad, dildhormrgbmzedn:gaopkSK-rTrhM(éhomngéﬁlﬁeel‘q-Sl‘@/\&dl)lvsast hat
endogenously express the human 20 CGRP receptor. CGRP receptor conplex is
coupl ed wi t trdded By sy enre o dOGRPThansk Plates &’e¥0rﬁh§n BsHbAtedatreels to the

cyol ase runcaiesphefora . R SERERGHRL by JEYYTR! Bl e BRI S0
r eL ere gcg ElemM Tigis- C?:gI:ISkﬁl,Ubl‘% |B§A§G@ﬁ&dﬁ:ﬁiigﬁldh\&(/dﬂrﬁya@ﬁﬁn§: 8\;Ir Igﬂﬂsgfbgr (ZZSGRP -
:DRalrJﬁgcol y TS &@@e@; %gﬂﬁsﬁwwﬁyrfe%e&dp& 3% f@ Eridis bishing w§s  For

cyclic A'VP &Efi‘ éal aBniv b%t%f NGB, GEbieh MRILE réﬂ&é&ﬁ@ft?%a%%t@mqmgd H%gﬁp

alone or in e presence of various concentrations’ o e conpounds of
invention f cganﬁﬁ)a ot seiraillation oonrternThe ACiyrveas c@ﬁmszamﬂs coricenﬁnaztim]tdf@n wer e

pre-incuhated with N-MC cells . faor bef t|on of CGRP to
al | ow ré\geptwnp&ee@.ﬁ mnttoecrww@&ﬂ @P}aﬁﬁrﬂé‘i} ofr aaﬂgf?g} 2001,
415: 39-44; incorporated by reference herein). Q/cl iC

Cyclic AMP Functional Antagonism Assay. Antagoriiém of the compounds of
invention was determined by measuring the formation of cyclic AMP (adenosine 3'5'-
cyclic moﬁophosphate) in SK-N-MC cells that endogenously express the human
20  CGRP receptor. CGRP receptor complex is coupled with Gs protein and CGRP
binding to this complex leads to the cyclic AMP production via Gs - dependent
activation of an adenylate cyclase (Juaneda C et al., TiPS, 2000; 21:432-438;
incorporated by reference herein). Consequently, CGRP receptor antagonists inhibit
CGRP - induced cyclic AMP formation in SK-N-MC cells (Doods H et al., Br J
25  Pharmacol,2000; 129(3):420-423) ; incorporated by reference herein). For cyclic
AMP measurements SK-N-MC cells were incubated with 0.3 nM CGRP alone or in
the presence of various concentrations of the compounds of invention for 30 min at
room temperature. Compounds of invention were pre-incubated with SK-N-MC cells
for 15 min before the addition of CGRP to allow receptor occupancy (Edvinsson et
- 30 | al., Eur J Pharmacol, 2001, 415:39-44; incorporated by reference herein). Cyclic
AMP was extracted using the lysis reagent and its concentration was determined by

radioimmunoassay using RPAS559 cAMP SPA Direct Screening Assay Kit



AMP was extracted using the lysis reagent and its concentrati on was

determ ned by radi oi mmunoassay using RPA559 cAMP SPA Direct Screening
Assay Ki twdRo@aB637852378 PCT/ US2005/ 036859 17 ( Arrer shamwcPharemsaoses9

Bi otech). 1C50 val ues were cal cul ated us{fg Excel fit. The tested
conpounds of invention were determ ned t0 be antagoni sts as they exhibited
a dose - dependent inhibition of the CGRP - induced cyclic AMP producti on.
5 1n the Tabt[@mélnshzﬁﬁ?HMC?J@O@%&?qeﬂ%@aﬁués%ér@\e@lculp‘teg udin ﬁ%x&M £i{B The 10- 100
nM C = 100-1000 nM D > 1000 n Ta . I ng-an

Functi onal Destad céixperpide OCGQI@ntmmwmgiete@:demthtagDnlstimhéthlbi(ﬁm (nM 1

BB 2 C3 C 4 %fpgld%gp E.Elbltlon otthe CBRPS I%dil'lgecﬁ:y%lic H\/[Ppll%dug'tlzon'.a\ A 13 B 14

C 15816A

5 ~ In the Table 4, results are denoted as follows: A 0.1-10 nM; B = 10-100 nM;
C =100-1000 nM; D > 1000 nM.

Table 4. CGRP Binding and cAMP Functional Data

Example CGRP bindingl cAMP Function?
P ICsp (nM) - ICso (nM)
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Pharmaceutical Compositions and Methods of Treatment

The compounds of Formula I inhibit the CGRP receptor. As such, they are
useful for treating disorders associated with aberrant CGRP levels or where

5 modulating CGRP levels may have therapeutic benefit.

Accordingly, another aspect of the invention is a pharmaceutical composition
comprising a compound of Formula I with a pharmaceutically acceptable adjuvant,
carrier, or diluent.

10

Compounds are generally given as pharmaceutical compositions comprised of
a therapeutically effective amount of a compound of Formula I, or a pharmaceutically
acceptable salt, and a pharmaceutically acceptable carrier and may contain
conventional exipients. A therapeutically effective amount is the amount needed to

15  provide a meaningful patient benefit as determined by practitioners in that art.
Pharmaceutically acceptable carriers are those conventionally known carriers having
acceptable safety profiles. Compositions encompass all common solid and liquid
forms including capsules, tablets, losenges, and powders as well as liquid
suspensions, syrups, elixers, and solutions. Solid compositions may by formed in

20  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).

A Solid cbmpositions are normally formulated in dosage units providing from
25  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.
30
The invention encompasses all conventional modes of administration
including oral, parenteral, intranasal, sublingual, and transdermal methods.

Typically, the daily dose will be 0.01-100 mg/kg body weight daily. Generally, more
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of Treatnment The conmpounds of Formula | jnhibit the CGRP receptor. As such,
they are wuseful for treating disorders “associated with aberrant CCRP

| evel s or where 5 nodulating CGRP | evels may have therapeutic benefit.

Accor di ngl y, caR%Rghs RIBREE orffly bile1cb ety $hesRRAITRERISLSH
conposi tion Ccorrprl ésl 1§@a c% }(I)un ¢ srllyForrru }é Ws;{é'& aC pha r?aéc\let?flcal |y

accept abl e aligwerantshouldbe dﬁf@rmm@d byialphgsician uging sound medical judgement.

Inhibitors at the receptor level to CGRP are postulated to be useful in
5  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;
10 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
headache (Gallai V. et al. Cephalalgia 1995, 15, 384-90). Migraineurs exhibit
15 elevated basal CGRP levels compared to controls (Ashina M. et al., Pain 2000, 86(1-
2), 133-8). Intravenous CGRP infusion produces lasting headache in migraiﬁeurs
(Lassen L.H. et al. Cephalalgia. 2002, 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
20  al. J. Pharmacol. Exp. Ther. 2001, 298, 551-8). Thus, CGRP-receptor antagonists
may present a novel treatment for migraine that avoids the cardiovascular liabilities
of active vasoconstriction associated with non-selective 5-HT g/ p agonists, “triptans”

(e.g., sumatriptan).
25 Another aspect of the invention is a method of treating migraine 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 opthomalmic.

30
“Therapeutically effective” means there is a meaningful patient benefit as

understood by medical practitioners.



Compounds are generally given as pharmaceutical conpositions conprised of

a therapeutically effective anount of a conpound of Formula |, or a

phar macewvocaddgs2s7accept abl e salt, and a pharmaceuti cal lpgTaseeshadsse
carrier and may contain conventional §£I ents. A therapeutically
effective anount is the anount needed t 5 provide a neani ngful patient
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acceptabl e safety profiles. Conpositions enconpass all comobn sol |ayand
liquid for nmedN@llmentﬁ@nelapsul es, tablets, |osenges, and powders as well as
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as binding and wetting agents) and vehicles (such as water and al cohols).
Solid cor%os(ﬁaft@ﬁéaﬂé(rf@uﬁtgﬁmlm IBHRLRI) ety thetmabidye. drutatoryshedkdi ng from

25 about 1t h
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i ntranasal, sublin d transdermal ‘nethods. Typitcally, e daily dose
will be 0 01Fdroeil }ksgdetfmdsﬁhmught daily. Generally, nore WD 2006/ 052378
PCT/ US2005/ 036859 21 conpound is required orally and |l ess parenterally.
The specific dosing regine, however, should be determ ned by a physician
usi ng sound medi caho&lm?w@me ihVdtitih €ltes ff méfheds RIRRIddForh @droh® CGRP
are postul ated to be use in 5 pat hophysiol ogi c conditions where
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15  stimulation of bone resorption (d) modulating expression of NK1 receptors in spinal

neurons and () airway inflammatory diseases and chronic obstructive pulmonary
disease including asthma. See (a) Calcitonin Receptor-Like Receptor Is Expressed
on Gastrointestinal Immune Cells. Hagner, Stefanie; Knauer, Jens; Haberberger,
Rainer; Goeke, Burkhard; Voigt, Karlheinz; McGregor, Gerard Patrick. Institute of

20  Physiology, Philipps Univefsity, 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

25 88, Changsha, Hunan, Naunyn-Schmiedeberg's Archives of Pharmacology (2003),
367(3), 306-311; (¢c) The experimental study on the effect calcitonin gene-related
peptide on bone resorption mediated by interleukin-1. Lian, Kai; Du, Jingyuan; Rao,
Zhenyu; Luo, Huaican. Department of Orthopedics, Xiehe Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, Peop. Rep.

30  China. Joumal 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



flushing, and asthma. CGRP receptor activation has been inplicated in the
pat hogenesi s of m grai ne headache (Edvinsson L. CNS Drugs 2001,

15(10), 74503806/053838W | | i anson, D. J. Mcrosc. Res. Techpc2B31905H36859
167-178.; Grant, A. D. Brit. J Pharmacql],. 2002, 135, 356-362.). Serum

| evel s of CCRP are el evated during mgrQé‘}l ne (CGoadsby P. J. et al. Ann.
Neurol . 1990, 28, 183-7) and treatnent with anti- mgraine drugs returns

CGRP | evel s {9hf2Q &muﬁﬁhﬁmfsdmrﬁne%t&hs@éé aNd BlehSn&t ofbﬁﬁq?aebﬁF&Gal lai V.
et al. Cephal al gi a 1995, 15, 384 . Mgraineurs exhibit 15 efevated basal

CGRP | evel s texipdogd anvbTbcmpmics, lémsmmomia@as Medjcabgemie8005as86(1 - 2),

133-8). Int rﬁvenoblgl |on oduc 3SI| n headacohe in m.graineurs
(Lassen L. H ey G%ﬁé 8n° lfenﬁcfuff a%‘ﬂa We”ﬁ%@ls’ivﬁ?%sﬁ st udi es
in dog and CERPL&fFRicht it M@H\QFME: CoIBk &, 10gdeas] Takatidle; tOHHRER] Y 6khio;

ant agoni s 8-37) does not alter resting systemc hermdynam Ccs nor

regi onal bl o‘iiunéq dwk ke Kurnharn, Ye*@@Yamagmcmh‘éaswth%l YargggpotoTHEpshin 001,

298, 551-8).1 , S a t r eat ment
for mgraine (}EH% Teg@ﬁ Ohgeﬁe caf%’g%I | a ﬁIR{)]lSé?mhl YQ&&?%/%
vasoconstri cDepmmtnmsoﬁGama&dc Mddlimmmld}rs&ia&cMhbel &f W&Binbﬂjmgemtgbﬁ
"triptans” tr| pta Anqt aspect Iaventi Is a
met hod of trt‘giy%n?jo 3PhRe SR ‘?r’r‘fé% ?%Ll’(ﬂlﬁlfo&}’@ 2), 'Qgggd%fch)ewggn

rel ated terngogy. @éﬁlc‘x’tﬂﬂiﬁrg'éhé’i)éjatl?d Eﬁﬁe%@knﬂaﬂxﬁ&%&b@&%? ggi}n gai ne

enconpasses al | asses of m graine I ncl.udi.ng comion, cluster,
f ul gur atliOng, JOIqbem' Kleppétt, Plommgdbrﬁlmmglkxel,a@@ndmrgdhahm Clﬁi@lte Campus-

"Ther apeut i ef ective t ere ani ng ati.ent nefit as
under ot ood. bYTHAT PR TR g AT PR o Brda sy itiaty, Biustrosies | o5
"Patient" neR&sareh H@ﬁrﬁ@ﬂdtﬂﬂﬁlv@ﬁc}’ty%ﬂl@f iBerlin, @8rina @At PlEfionas MRhBidHIREd by

nmedi cal practitioners. Another Eect of the invention relates to a nethod

of treating &rheeapreasdA0033, (Gdk 42 tdpAirangd (eltheogasnlegicaltaraetdarithn) , pain,
t he_r mel i nj 1b1ti:dn] oc‘f!‘fllealtog@/lc ﬁﬁ%ﬁnatloql' q—Pe §Q§SZSl§§ g"'lgin?elr SE},/rﬂgr, ngﬁ*feth,

peri pheral arterial insufficiency, subarachhoi crani a
15 Jozsef; Szolcsanyi, Janos. Department of Pharmacology and Pharmacotherapy,

Faculty of Medicine, University of Pecs, Pecs, Hung. Current Medicinal Chemistry:
Anti-Inflammatory & Anti-Allergy Agents (2003), 2(2), 191-218 all incorporated by

reference herein.

20 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
group consisting of COX-2 inhibitors, NSAIDS, aspirin, acetaminophen, triptans,

ergotamine and caffeine for the treatment of migraine.

25 DESCRIPTION OF SPECIFIC EMBODIMENTS

Proton magnetic resonance (1H NMR) spectra were recorded on a Bruker AC
300 or AC 500. All spectra were determined in the solvents indicated and chemical
shifts are reported in d units downfield from the internal standard tetramethylsilane
30  (TMS) and interproton coupling constants are reported in Hertz (Hz). Splitting
patterns are designated as follows: s, singlet; d, doublet; t, triplet; q, quartet; m,

multiplet; br, broad peak. Low resolution mass spectra (MS) and the apparent



henorr hage, tunor growth, flushing associated with nenopause and ot her
conditions the treatnent of which can be effected by the antagoni smof the
CGRP r ecapbanodmns2378he admi ni strati on of pharnmaceutical eoruE005i086359

conpri sing conpounds of 10 Fornula (1) defi ned herein. Another aspect of
the invention relates to nmethods sel ect fromthe group consisting of (a)
i mune regulation in gut nucosa (b) protective effect against cardiac
anaphyl act i CmbRickiay (M) 8t (Mmﬁtwame%mmea\bwmoﬂnms%am r’l‘hel b(l L-1 b)
15 stinul ation of bone resorption (d) nodul ati ng expressi on of

receptors i nelopenial anab@ura@m@paﬁ@ﬂ Lseperesint bmyvelght | Ehevpriodugts ﬂ’ﬁs@aamébddoryd

chronic obstf; nar d¥§@a§ ast h See E? )Ar@al citonin
Recept or - Li ke epeece%f ?ng Xjrng% gﬁj[&g Eapo 3

Hagner, St ef@mniin dﬁﬂ@i&ﬁentilﬁﬂﬁof SRR BRI fromBalvlaﬁtroox@emn oBHphar d;

Voi gt, Karl hei nz Gerard Patrick. Institute of 20 Physi ol ogy,

Phi I'i pps Uni M&PH-69% IVéS‘QJr/gTFéeﬁ\nﬁﬁﬁngﬁléb%lW@ﬁ composijion 8§ 4\)46(3@957% 203;

(b) Protecti G

Cvodi ani ne. on O] Rath TheRoghic el SaNEed B 2l ERRPAGERELMHT Vo i
Hu, Chang- Pi X§ERAY®luke ()0 x BAMmET) sﬁi’tmg; frédarglvetdat ( M MdOH Y980 Jarn.
School of Pha i cal ! artrrent of P colo Centr al
Sout h Uni ver s{)q@f triuOFRACefic ?ﬁ&i&%%)é‘g e@ﬁ&ﬂ%§ﬂ¥emﬁ|ﬂ§%‘%&ter 90%

Naunyn- Schmi ﬁ@tﬁ%‘dlg RIAGHNVRRr Qgraaﬁ%f AREVroG¥in( FRORdw ratd %75 Ly ﬁpgnéll

(c) The experinental study on the effect calcitonin gene-relate peptid

on bone I0esoefsntion timedR&t afdpriogudt ntae mpeasikiedh ati220nmmavelangthDu, Ji ngyuan; Rao
Zhenyu; Luo, Huaican. Departnment of Othopedics, Xiehe Hospital, Tongji
Medi cal Col | ege, Huazhong University of Science and Technol ogy, Wihan,
Peop. Rep. 30 China. Journal of Tongpferd¥edateal University (2001), 21(4),
304-307, (d) Calcitonin gene-rel ated Peptide regul ates expression of

neur oki ni nl receptors by rat spinal neurams. Seybold VS, MCarson KE,
Mermel stein PG Goth RD, Abrahanms LG J. JNeuneSci. 2003 23 (5): 1816-1824.
epart ment of Neuroscience, University ofNWO®006/ 052378 PCT/ US2005/ 036859
23 M nnesota, M nneapolis, M nnesota and Departnent of Pharnmacol ogy,
Toxi col ogy, and Therapeutics, Universit Kansas Medi cal Center, Kansas

Cty, \n/o

15 2-(Acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-benzylidene)-
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 chioride (3.4 g,
12 mmol), and triethylamine (4.0 mL, 29 mmol) in N,N-dimethylformamide (25 mL) |

20  for 5 minutes. Palladium (II) acetate (0.32 g, 1.4 mmol) was added. Mixture was
heated at 100 °C for 45 minutes. Mixture was cooled to room temperature then
diluted with diethyl ether (100 ml). Mixture was washed successively with water (3
X 50 mL), and brine (25 mL). Organic was dried (MgSOQy), filtered and concentrated
in vacuo. Silica gel purification yielded the desired product in 99% yield as an amber

25 oil. '"H NMR (300 MHz, CDCly): 8= 8.0 (s, 1H), 7.78 (d, J=8.4, 1H), 7.08 (d, J=8.4,
1H), 6.32 (s, 1H), 5.11 (s, 2H), 4.27 (q, J=7.3, 2H), 4.11 (g, J= 7.1, 2H), 3.30 (s, 2H),



Kansas 66160 (e) Attenuation of antigen-induced airway hyperresponsiveness
in CGRP-deficient mce. Aoki-Nagase, Tonoko; Nagase, Takahi de; Oh-Hashi,
Yoshi o; Swéhoewiz2378akayuki ; Kuri hara, Yuki ko; Yamaguchi pCYaseéusngssso
Yamanoto, Hiroshi; Tomta, Tetsuji; Oh Eijiro; Nagai, Ryozo; Kurihara,
Hi roki; Quchi, Yasuyoshi. Departnent of riatric Medicine, Gaduate
School of Medicine, University of Tokyo, Tokyo, Japan. Anmerican Journal of
Physi ol ogy (20979, 3H38805(8H),1).55 988, 115976; 9H0)n @Ql(pukomn r3ngr19;3 liehat ed
pepti de as |nflannator nedi at or. Sprlng r, Jochen; Géppétt

Pi er angel o; ﬁﬁs%ﬂi)arMS/Wél(M WoréBé g, David A Charite Canpus- Virchow,
Departnent of Pediatric Pneunol ogy and | mmunol ogy, Division of Allergy
Research, Hunbol dt-University Berlin, Berlin, Germany. Pul nonary
Pharnacology & Therapeutics (2003), %él%} 21-130; and (Q)

Phar macol ogi cal targets for the |nhﬂﬁf gHats neur ogeni ¢ i nflamrati on.

Hel yes, Zsuzsanna; Pinter, Erika; Neneth, 15 Jozsef; Szol csanyi, Janos.
Depart nent of Pharnacology and PharnacothePapy Facul ty of Medicine,
University of Pecs, Pecs, Hung. Current & | Chemi stry:
Anti-Inflammatory & Antl-AIIergy Agents (Jj2003), 2(2), 191-218 al

i ncorporated by reference herein. 20 A er aspect of this invention
relates to a nethod of treatnent usiong ombi nati ons of Formula | conpounds
with one or nore agents selected ffomthdg group consisting of COX-2

i nhibitors, NSAIDS, aspirin, acetéhinoph- ams, ergotam ne and

caf fei ne for the treatment of migraine. 25| DESCRIPTION OF SPECIFIC

EMBODI MENTS Prot on magnetic resonance -(Tid"NMR)- spectra were recorded on a
Bruker AC 300 or AC 500. All spectra were determned in the solvents

i ndi cated and chem cal shifts are reported in S units downfield fromthe
internal standardy mtM@%&;Métﬁﬁl@t@et-%o%&@bnﬁ%n&on; %my%%y@%%hz@g
constants are reported in ( itti'ng patterns are designated as
foll ows: s, @qlqﬁdﬁéftyl esder. do (ﬂ)+(étcetOKymcthyg‘ﬂ-éqrt-bqtoxwabwiammﬂ-3-mﬁtb}/lt| pl et;

2006/ 082375 Ber ebbEFRabedl BT sRATH L R TP PTREARY or i nea

on a M crionedisthplpabsphblno)Beazene(cyclooctadiene)rhodium (I) tr1ﬂuoromethane 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 hydrogen gas.
Reaction mixture was allowed to shake at room temperature for 18 hours. Reaction
mixture was concentrated in vacuo. Residue was passed through a plug of silica gel

15  eluting 80% ethyl acetate-hexanes (250 mL). Filtrate was concentrated in vacuo to
afford the desired product in 97% yield as an amber oil. '"H NMR (300 MHz, CDCl;):
8=17.62 (d, J=8.1, 1H), 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, J2= 4.8, 1H), 2.23 (s, 3H), 2.07
(s, 3H), 1.56 (3, 3H), 1.50 (s, 9H), 1.22 (m, 6H). MS m/e (M-H)=464.0.

20

Intermediate 3

NH,



el enental analysis are reported as percent by weight. The products were
purified by Prep HPLC using the colum YMC S5 ODS (30 x 100 nm at a flow
rate of A90Qooens23ven and gradient time of 8.0 min. starcmgisbesnsasd vent
conposition of 40% 5 MeOH 60% H20-0. 1% TEA and ending with sol vent
conposition 95% MeOH 5% H20-0.1 % TFA. e products were anal yzed by a
HPLC i nstrunment using an XTERA columm (3.0 x 50 nm S7) starting from

sol vent A (10% MefXf -(23@3@66@%%)}1—4-&1’40-%}%eftiz)fllHéﬁioy@)aﬂ%hini’c A8 BieknJFédr. and
reaching solvent B (10% water -"90% nethanol - 0.1 % TFA) over a gradient
tinme of 2 mi Hriflivreaderionciddi @ nily veismdded te.2 sehion®f 2eB-fadetonymictiyl-¢Réry- of
product vas gEaeul 8, 0hnfss MR EN T keinid i8R 2L & Qg SOAR < v

2- ( Acet oxy neinhdithlérobrttank (400XY § 2R bsfivh itk fi€e Wad'@irfedl at beha yenhdedt@:fosucci ni ¢
acid diethyl ester. Ntrogen gas was_bubbl ed_through a sol ution of acetic
acid 3-tert - bateWsc MpBug WasronsentratpddiopuereR psjducysssdipsobeddr (3.85 g, 9.5
mol ), itacgm i i I . . . ni um
cni ot de. (3. Sebbrdfyfhull Py ) o8\ Ancafotiveld oy FRlrared BAIAR BT

N, N- di met hy| bicarbemitel @ X259 ml) ardbriner(3G mii)n Qrgamic Ras Haet @maghtdiymackita), e

(0.32 g, 1.4 s added, ' M xture . was eated at 100 C for 45 m nutes.
M xture was @@%%éﬂ%’%ﬂf%ﬁ%%@% E?ryég@ﬁ}éﬁn‘?esﬁ?‘fmogﬂcwgﬂ/"cﬂl%lfjﬁ?F‘net her
(100 M). M : fwe i Nag er Ornd ), 1and
brine (25 nL .wé%él\gﬁ?%rs@?%)rl eg’%%ﬁ6#ﬁ?’e¢§%?’alnﬁ ’g'gé(:(g’njt_l;@éi%’elp in
vacuo. S0 i cal§éah, i), 4fG9dat, 4bh, 30®(dded/* 6.2, d=s13.2d H)r A6, L H),29%6 m,el d as

m 25 oil ' N 300 , 3): 8-- .0 1 . (.18 . J=8. 4,
TS 05 B, 3.39 GAMIESE SR s 7 SRS (sS3y 2® ot 120 s MY 3
2H), 4. 11 ( Gyt o%.lﬂ)rzgo(%g(s, 2H), WD 2006/ 052378 PCT/ US2005/ 036859
25 2.24 (s, 3H). 2,04 (s, 3H), 1.55 (s, 3H), 1.51 (s, 9H), 1.32 (t, J= 7.1,

3H), 1.23 (t, J=

Intermediate 4

2-(S)-(4-Acetoxymethyl-1H-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 diethyl

20  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

25  concentrated in vacuo. Silica gel chromatography (ethyl acetate - hexanes) afforded
the product in 55% yield as an amber oil. "H NMR (300 MHz, CDCl3): 6= 8.19 (s,
1H), 7.44 (d, J= 8.8, 1H), 7.24 (d, J= 8.8, 1H), 5.49 (s, 2H), 4.06 (m, 4H), 3.25 (m,



7.3, 3H. Mome (MH-=462.0. Internediate 2 0 HNAQg< y I 00-"" 5
~00
2- (S) - (Acwoanynsigl - 4-t ert - but oxycar bonyl am no- 3- net hylpclarszgospsasseci ni ¢
acid diethyl ester.
2-(S)-(Acet oxynet hyl -4-tert-butoxycar bor%7l am no- 3- net hyl -
benzyli dene)-succinic acid diethyl ester (4.4 g, 9.5 mmol) and
-)-1,2-bis( 39R) 5 ) I nox n _ | eng)rihodi um
(1) T 111 uor o o T B3 e T B e ol (B0 L),
M xture was JA=atfed), 3094s,B3&Dr 1.h9 dmogidh aViSonedMpaf)at 337.1React i on vessel was
charged with 60 psi of hydrogen gas. Reaction m xture was all owed to shake
at roomtenperature for 18 hours. Reaction m xture was concentrated in
vacuo. Residue was passed through a plcugiedbteSi |1 ca gel 15 el uting 80% et hyl
acet at e- hexanes (250 nlL). Filtrate was concentrated in vacuo to afford the
desired product in 97%yield as an anpgyy oil. "H NWR (300 MHz, CDC13): S=
7.62 (d, J 8.1, 1 H, 7.01 (d, J= 8. H, 6.20 (s, 1 H, 520 (m 2H),
4.09 (m 4H), 3.14 (m 1H), 2.69 (m , 2.38 (dd, J1= 16.8, J2= 4.8,
1H), 2.23 (s, 3H), 2.07 (s, 3H) ,Hd.5 , 3H), 1.50 (s, 9H), 1.22 (m 6H).
M5 mfe (MH)-=464.0. 20 Intermediate 3 [NH2 DI 0 O ~/ WD 2006/ 052378
PCT/ US2005/ 036859 26 N
2-(S)-(2-Acet oxynet hyl - 4- am no- 3- met hyl - benzyl ) - succi ni ¢ aci d di et hyl
ester. TW®ifluoroacetic acid (10 m.) was” awded to a sol ution of
2-(S)-(acetoxynet hyl -4-tert- butoxycarbonyl am no- 3- net hyl -benzyl ) - succi ni c
acid diethyl ester (4.6 g, 9.9 mmol) .
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-(S)-(4-
acetoxymethyl-1H-indazol-5-ylmethyl)-succinic acid diethyl ester (2.0 g, 5.5 mmol)
10 in methanol (60 mL). Mixture was stirred at room temperature for 1.5 hours.
Reaction was quenched with the addition of 1N hydrochloric acid (30 mL). ‘
Methanol was removed from the mixture in vacuo. Remaining aqueous was basified
with sodium bicarbonate. Mixture was extracted with ethyl acetate (2 X 40 mL).
Combined organic layers were washed successively with water (30 mL) and brine (30
15 mL). Organic was dried (magnesium sulfate), filtered then concentrated in vacuo.
Desired product was obtained in 92% yield as an amber oil. 'H NMR (300 MHz,
CDCl3): 6= 8.21 ((s, 1H), 7.34 (d, J=9.2, 1H), 7.17 (d, J= 8.8, 1H), 5.02 (dd, JI=
12.4,J2=17.9, 1H) 3.63 (s, 6H), 3.23 (m, 1H), 2.98 (m, 1H), 2.77 (dd, JI= 7.7, J2=
16.8, 1H), 2.53 (dd, JI= 6.4, J2= 16.7, 1H). MS m/e (M+H)"= 307.0.
20
Intermediate 6

Cl



in dichloronethane (40 nlL). Reaction m xture was stirred at room
tenperature for 5 1.5 hours. M xture was concentrated in vacuo. Residue
was di ssowveeadodos2zischl or onmet hane (75 nlL) and washed suceesdiSe@sp3asse h

sat urat ed aqueous sodi um bi carbonate (%ﬁx 50 nL) and brine (30 ni).
Organic was dried (nmagnesium sul fate), | tered and concentrated in vacuo

to yield the desired product in 99%yvyield as an anber oil. '"H NWMR (300
MHz, CDC13): 8= 628§ g KﬂChlerﬁet l-]Hndaﬁ)l-@zythhyl])—sugczﬂbc a@ﬂdzm@gzy%sl@ (m
2H), 4.09 (m 4H), J2="13 1H, 6 (m H) 266

(m  2H, 2. Wred@rldgllmorwl cnlz_mdqés ¢y mLi pyas anqutO(asﬁohmq}l ofz @w-s

000 2 (9P R bRl AP e 5 .%OaiYSt o

ester. | soanmal) mrdlctlﬂor(oﬂneﬁmaﬁt(3011£1L}nméa)ct1mﬁiﬁnﬁdfbada§btm\ﬂmsanbféna cool ed
(water ice bath) sollution of

2- (S) - (2-"ac etCBRGRBIR or- Abopirs nYiguieeyanoneraRipd)s secue Residye mas ditbiasd 20
ester in car etp M xt ure was
stirred at OR%B%ugfrié gg@%%jr g%hﬁ(ag%&%%&g@g%?@neﬁggg@% %rré?tg%)”?atth anbi ent

t enper at ur e diohlofiomndtibanes30 nill)thew @neadratdne eatucatRaired pMucl:ovasRémm(b was

di ssolved in nethane e shed ely th

sat ur at ed aq\ﬁ'gd&lf&] W%ﬁr&%ﬁggﬁi%w &Og/a 55@?:%5 éé\% 7rﬁ_9)
Vaguo. S 1T ce be R Ry LAt 632%1?2?256?9%@2%%2@%?%?252

pra;juét ih ?gl% ﬂl@l(dd,&ﬁ"la_%ﬂ argggﬁ S?sz 543 (dﬂSNg?MlIS(EDﬂeMéﬁ-g@m( 532.:H)8 4806159((3,
1H, 7.44 (d, J 8.8, 1 H, 7. , J= 8.8, , 5. S m
4H), 3.25 (m WD 2006/052378 PCT/US2005/036859 27 1 H), 3.11 (m 1 H),
2.97 (m 1 H), 2.72 (dd, J1= 8.8, Jgptekfedatey H 2.43 (dd, J1= 5.1, J2=
16.5), 2.09 (s, 3H, 1.19 (m 6H). M5S me (MtH) += 377.1. Internediate 5

15 [9-(2,2-Dimethyl-propyl)-8-oxo0-3,6,7,8,9, 10-hexahydro-2, 3, 9-triaza-(S)-
cyclohepta[e]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

20  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 mixture was heated at reflux until judged complete by HPLC (44 hours).
Mixture was concentrated in vacuo. Residue was dissolved in ethyl acetate (50 mL)

25  and washed with saturated 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): 8= 8.01 (s, 1H), 7.35 (d, J= 8.4, 1H), 7.13



NNHHO 50 OO 2-(S)-(4-Hydroxynethyl-1Hindazol -5yl nethyl)-succinic
acid dinethyl ester. Potassiumcarbonate (1.6 g, 11.6 mml) was added to a
sol uti on wb 2806(823764- acet oxynet hyl - | H-indazol - 5-yl netrbyhjs2esmsésss ¢ aci d
di ethyl ester (2.0 g, 5.5 mol) 10 in hanol (60 mL). M xture was
stirred at roomtenperature for 1.5 hours. Reaction was quenched with the
addition of IN hydrochloric acid (30 nL). Methanol was renpoved fromthe

mxture in vagyesg. R@PI@'SMI”@ g_Q}@QLIg{)V\@SQlQ@Sj:fj@gi IHI)/I 350 ggdmmb?of(@r bonat e.
M xture was extracted with hyl acefate (2 mbi ned organi c

| ayers were WHSR? @md&ﬁs%ﬁﬂ)éd,)/—vmt% 1ot 18 ((BG— rh3_)5 éH&i 3005 (me 2(D02.43 ) .

Organi ¢ was g u d eredt centrated in vacuo.
Desi r ed prodg‘{c‘fr 7 V\Tasgz’b‘{}g:gh%gﬂ}ﬁhbgg&%’?ﬁ& M ST EaREDAS o™ LR (300 Mz,
CDC13): S=8.21 ((s, 1H), 7.34 (d J 9.2, 1FD 7.17 (d, J- 8.8, I. H, 502
(dd, Jl— 12.4, J2=17.9, | H 3.63 (s, GFD 3.23 (m I H, 2.98 (m | H,
2.77 (dd,5J1= 7.7, J2= 16.8, 1 H) , btomedai 8 1= 6.4, J2= 16.7, 1 H). M
me (MH)+= 307.0. 20 Internediate 6 NNHHCI C | / ~0 0 0 WO

2006/ 052378 PCT/ US2005/ 036859 28 H
2-(S)-(4-Cnhl oronet hyl -1 H i ndazol - 5yl
hydr ochori de. Thionyl chloride (5.0
2-(S)-(4- hydroxynmethyl- | Hindazol -
ester (1.53 g, 5.0 mol) in dichloro
stirred at anbient 5 tenperature L§%+ﬁ

hyl| )-succinic acid dinethyl ester
s added to a solution of

t hyl ) -succinic acid dinmethyl

e ()30 m.). Reaction m xture was
S. M xture was concentrated in
, then concentrated in

vacuo. Residue was triturated in
vacuo. Residue was treated with o

[9-(2,2-Dimethyl-propyl)-8-oxo-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-(S)-

cycloheptafe]inden-7-yl]-acetic acid. Lithium hydroxide monohydrate (335 mg, 8.0

10  mmol) was added to a solution of [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 methyl ester (1.32 g,
3.8 mmol) in methanol (15 mL), tetrahydrofuran (15 mL) and water (15 mL).
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 water (25

15 mL). Mixture was neutralized with 1 N hydrochloric acid (8.0 mL). Mixture was
extracted with ethyl acetate (2 X 30 mL). Combined organic layers were washed
with brine (20 mL) then dried (magnesium sulfate), filtered and concentrated in
vacuo. Desired product was obtained in 88% yield as a light yellow solid. "H NMR
(300 MHz, CDCl3): 6= 7.98 (s, 1H), 7.36 (d, J= 8.8, 1H), 7.10 (d, J= 8.8, 1H), 5.38

20 (d,J=16.8,1H), 448 (d, /= 16.8, 1H), 3.85 (m, 1H), 3.49 (d, J= 13.5, 1H), 3.18 (d,
J=13.9, 1H), 3.08 (s, 2H), 2.92 (dd, J1= 8.2, J2= 16.3, 1H), 2.55 (dd, JI=16.5, J2=
4.8, 1H) 0.81 (s, 9H). MS m/e (M-H)=328.0.

25



di chl oronet hane (30 nL) then concentrated in vacuo. Desired product was
obtained in 96%vyield as an orange solid. 1H NWR (300 MHz, CDC13): & 8.22
(s, 1H), wWo48os/se578J= 8.8, 1H), 7.15 (d, J= 8.8, 1H), 5pt2/us20058bH859 3. 56
(s, 3H, 3.52 (s, 3H, 3.05 (m 10 3H, ?69 (dd, J1= 8.1, J2= 16.5), 2.54
(m 1H. MS nle (MrH)+= 325.2. Intermedidte 7 H NNOO O 15 [9- (2,

2-Di net hyl propyl)-8-0x0-3, 6, 7, 8, 9, 10-hexahydro-2, 3, 9-triaza-(9S)-
cycl ohept a[ eJi nden-7 yl]-acetic aci dipt@tfediatcest er. Neopentylam ne (2.0 ni,
17 mol) was added to a m xture of potassium carbonate (1.2 g, 8.7 nmol)
and 2-(S)- (4-chloronethyl- | Hindazol-5-yl methyl)-succinic acid dinethyl
ester hydrochloride (1.56 g, 4.3 mml-N in acetonitrile (30 nL). Reaction
m xture was heated at reflux 20 untily syarying material was deened to be
consuned by HPLC (1.5 hours). M xture cooled to roomtenperature then
filtered. Filtrate was concentrated in yach Resi due was dissolved in a
m xture of toluene (40 nL) and nc acid2 @l). Reaction m xture was
heated at reflux until judged co 84 hours). M xture was
concentrated in vacuo. Residue was™ dissolgved i nYethyl acetate (50 nlL) 25
and washed wi th saturated aqueous sodi um b| carbonate (2 X 25 nL). Oganic
was dried (magnesiumsulfate), filtered and concentrated in vacuo. Silica

S0% yi ol 4 a5 5 yOLPORPEaH STk R a0 e 2 Cotier SES By 7 3s
I(—Bj é —4? 5(4d 11517)%&:81&&1%%@@9@é@ﬁ@&&gﬁﬁiﬁé@%@?&/ Q%@ﬁél%& 1) afid 2(@?;) (4= g ‘710 (1
, ) , S,
3H), 3.62 ( n{Chipremethgl- B@mdﬁZOBS:ymsetbyl) -$uddjnic 3c14@n(1cthyheste13y@rocmohblq 3.05
E m H)Z[_D_ 347 0§/e1§ ﬁ%ﬁ?eer}]e#e 81]Ig\{vmg§1 proce%ure’ anawgbus to%ge I(Jrepara{_%n OP@ &1 2e
Dimethyl-propyl)-8-o0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[e]inden-

7-yl]-acetic acid methyl ester. Silica gel chromatography (ethyl acetate — hexanes)
10  afforded the desired product in 62% yield as an amber oil. '"H NMR (300 MHz,
CDCls): 6= 17.77 (s, 1H), 7.28 (m, 6H), 7.09 (d, J= 8.4, 1H), 5.18 (d, /= 16.8, 1H),
4.99 (d, J/=15.0, 1H), 4.43 (d, J= 5.9, 1H), 4.39 (d, J= 1.8, 1H), 4.34 (d, J= 4.0, 1H),
3.74 (s, 3H), 3.13 (m, 2H), 2.51 (dd, JI= 5.5, J2=16.8, 1H). MS m/e (M+H)'=
364.0.
15

Intermediate 10

(9-Benzyl-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cycloheptafe] inden-
20 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[e]inden-7-yl)-acetic acid methyl
ester were reacted in a manner analogous to the preparation of [9-(2,2-dimethyl-

propyl)-8-o0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[ eJinden-7-yl]-



H NN ONOH [9-(2, 2-Dinethyl propyl)-8-0x0-3, 6, 7, 8,

9, 10- hexahydro-2, 3, 9-triaza- (S)- cyclohepta[e]inden-7 ylJ-acetic acid.
Li t hi um hyonoos/dessonohydrat e (335 ny, 8 0 10 nmmol ) was paddsdoso3@ssol ution
of [9-(2, 2-di net hyl - propyl)-8-0x0-3,6,7 9, 10-

hexahydro-2, 3,9-triaza-(S)-cycl ohept a] e]%lnden 7-yl]-acetic acid nethyl

ester (1.32 g, 3.8 mmol) in nethanol (15 ni), tetrahydrofuran (15 nL) and
water (15 meetic Eigactijeeﬁed%awt%va%&ah}%fagq y%rlo@%n%b@% ieldOY NMRRE or gani ¢
solvents were renoved fromthe mxture in vacuo. Renal nl ng aqueous was

di | uted wit h(3eaMHz, (BSOS Dy):)o= MXEsut ), Waks (oe uiH)al.1 6 éd, MHI,HOIS(HL J=8.8,

oy 96h! 01 ) 864l Dbt LS e OB 5 T DB M T Sh o o

(magnesi um splf af ejo= 1f6|§t1@r eq{/@ﬁpe ﬁ\qmggnij%t(ﬁd in vacuo. Desired product
was obtained in 88%yield as a t yellowsolid. "HNWR (300 Mz,

CDC13): &= 7.98 (s, 1 H), 7.36 (d JJ’ 8. 8 1 ro 7.10 (d, J=8.8, 1 H)

5.38 20 (d, J 16.8, 1 H, 4.48 (d. ViahSsd }1 . 3.85(m 1H), 3.49 (d, J
13.5, 1 H), 3.18 (d, J= 13.9, 111) ‘% 2H), 2.92 (dd, J1= 8.2, J2=
16.3, | H), 2.55 (dd, J1= 16.5, J2= 4.8, 1H) 0.81 (s, 9H). MS me (MH)-=
328.0. 25 WD 2006/ 052378 PCT/ US2005/ 053685 30 Internediate 9 HN'N N ~

0-- O 0 (9-Benzyl-8-0x0-3, 6, 7, 8,\9
9-triaza-(S)-cycl ohept a[ eJi nden-

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

10 triaza-(S)-cyclohepta[e]inden-7-yl]-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 ester (240 mg, 0.58 mmol) in methanol (10
mL) and ethanol (5 mL). Mixture was stirred at room temperature for 1.5 hours.
Reaction was quenched with the addition of 1 N hydrochloric acid (10 mL). Organic

15 solvents were removed from the mixture in vacuo. Remaining aqueous was basified
with sodium bicarbonate. Mixture was extracted 2X ethyl acetate (15 mL).
Combined organic layers were dried (magnesium sulfate), filtered énd concentrated.
Residue was dissolved in dichloromethane (6 mL). Thionyl chloride (2 mL) was
added to the mixture. Reaction was stirred at room temperature for 1.5 hours.

20 Mixture was concentrated in vacuo. Residue was treated with dichloromethane (25
mL) then concentrated in vacuo. Residue was suspended in acetonitrile (5 mL).
Potassium carbonate (200 mg, 1.4 mmol) was added to the mixture followed by
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

25 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 temperature then

diluted with ethyl acetate (15 mL). Mixture was washed successively 2X saturated



5 7 yl)-acetic acid nethyl ester. Benzylamne (250 .L, 2.3 mmol) and
2-(S)-(4- Chloronethyl-IHindazol-5-yl nmethyl)-succinic acid di nethyl ester
hydr ochl owddeos/os237@ converted foll owi ng a procedur e analpogaissossm3dsse
preparation of [9-(2,2-

D net hyl - pr opyl ) - 8- oxo0-3,6, 7, 8,9, 10- hexa3r?ydr 0-2,3,9-triaza-(S)-cycl oheptale
] inden- 7-yl]-acetic acid nmethyl ester. Silica gel chronmatography (ethyl
acetate - RES oaﬁm%f be‘éﬁ&l TPmdg Skt 19" %abm ??(?/m f an amber
oi_I.'HNI\/Ra%gl Mz, T CD e%mi’ &4 n% © 2{)%09«1 =
8.4, 1H), 5. was @r@bd (ngm@uan snkfate) fikergd a(ldl comcsn&&e@;n \agcugv SHicagel d, J= 5.9,
1H, 4 39 ( 3.13
(m' 2H) 2. sTrolaomyphY kel dhea TN affordiing e eqarpadet ol g

| nt er medi at €a $&lowbiNNHOUMR BO@MHQéﬁCEﬁ'F:YS OB(D XH)37 1@6% 17H) &37 (m,

9, 10- hexahydro-2, 3, 9-triaza-(S)-cycl oheptal e i nden- )-acétic acid.
Li t hi um Hydr bR}, éélZ((QZJ-niﬂ 201Hp 3rﬁﬁ)ﬂ1‘l) 1&hd3. OQ(ﬂ;éHiyfi 533((19)(6-13 9 1H) 3.12 (4,

aci ot hyl o0 il s 01 Bacbbd FHOY ety AN el SO RB IMEEL i on of

[ 9- (2, 2- di meqNyyHY =@B78aYy! ) - 8- 0x0- 3, 6, 7,

8,9, 10- hexahydro-2, 3,9-triaza-(S)-cycl ohepta[e] inden-7-yl] WO 2006/ 052378
PCT/ US2005/ 036859 31 acetic acid. Desired product was obtained as a yell ow
oil in 99%vyield. 'HNWR (300 M—Iz,hp%@%ddag) E= 7.72 (s, 1H), 7.28 (m
4H), 7.16 (m 2H), 7.06 (d, J= 8.8 2lS(d J=16.8, | H), 4.95 (d,
1--15.0, I H, 4.37 (m4H), 3.09 (my 2.59 (dd, J1= 5.1, J2= 16.5,
1H. Ms me (MH) += 350.0. 5 Intermadluatecll

10

[4-Chloro-9-(2,2-dimethyl-propyl)-8-oxo0-3,6,7,8,9, 1 0-hexahydro-2, 3, 9-
triaza-(S)-cyclohepta[e]inden-7-yl]-acetic acid. Lithium hydfoxide monohydrate (30
mg, 0.71 mmol) was added to a solution of [4-chloro-9-(2,2-dimethyl-propyl)-8-oxo-

15 3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[e]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).

20 Mixture was extracted 2X ethyl acetate (10 mL). Combined organic layers were
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, CDCl3): 6= 7.98 (s, 1H), 7.09 (s, 1H), 5.35 (d, /= 17.2, 1H), 4.41 (d, J=
17.2, 1H), 3.82 (m, 1H), 3.48 (d, /= 13.9, 1H), 3.12 (d, J= 13.9, 1H), 3.02 (m, 2H),

25  292(dd,JI=8.4,J2=16.8, 1H), 2.45 (dd, JI=5.1,J2=16.8, 1H), 0.78 (s, 9H). MS
m/e (M-H)=362.0. -



HNL NC NOO Of[4-Chloro-9-(2, 2-dinethyl-propyl)-8-0x0-3, 6, 7, 8,

9, 10- hexahydro-2, 3, 9 10 triaza-(S)-cycloheptale]inden-7 yl]-acetic acid
met hyl eswenroodRBassi um carbonate (190 ng, 1.4 mol) wasTaAZd@3/056358

sol ution of 2-(S)-(4-acetoxynethyl-7-chi 3ro-I H

i ndazol -5-yl net hyl )-succinic acid dletth ester (240 nmg, 0.58 mmol ) in

nmet hanol (10 nlL) and ethanol (5 nL). Mxture was stirred at room
tenperature for 1.5 hours. Reactionpdgsecdaienshed with the addition of 1 N
hydrochloric acid (10 m.). Organic 15 solvents were renoved fromthe

m xture in vacuo. Renmai ni ng aqueous was gbasj fi ed wth sodium bi carbonate.
M xture was extracted 2X ethyl acet ate/QJ\S Conbi ned organic | ayers
were dried (magnesium sul fate), filtédNed an concent rated. Residue was

di ssol ved in dichl oronethane (6 ni) hi onyl chloride (2 nL) was added to
the m xture. Reaction was stirred at mtenperature for 1.5 hours. 20

M xture was concentrated in v R due was t ed with dichl oronet hane
(25 nl) then concentrated in cuo. P\si nue m\?ﬁ@pended in acetonitrile
(5 nL). Potassium carbonate ( , Sl added to the m xture
foll owed by neopentyl am ne (150 L, 4.3 m ). Reaction m xture was heated
at reflux for 1 hour. Mxture was codl ed®to roomterrperature then filtered
through a 0.45 m PTFE 25 nenbrane. Filtrate was concentrated. Residue was
di ssolved in a mxture of toluene (5 nL) and acetic acid (250 L). Reaction
m xture was heat ed(&ricapoedtivl-418r ey canbhaviaminor® trethyl-pkdriylix2-f or 7 hours.

M xture S jature then t thy etate(15
T Moxtar b R BT R T B et b B
PCT/ US2005/ 0@6859n01§3ﬁla§iﬁmﬁﬁlﬂ6a$1ﬁdtumﬁnc€ﬁé haaaterrpatbxytarboyadfino(6ls5 nm) and

brine (10 nL). Organic dri nesmmsulfate) filtered and
concent r at edloﬁﬂ‘z\fﬁétﬁ%l b%izb’]i ST &59 gd-,? yof-dpralinigs mathyt estes (BQanes)

af forded t he; desiG), Pétﬁg{:llﬁ/ianﬁrﬂoéﬁrﬁ’cﬂlcﬁl&é Hdrate (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

10 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
vacuo. Silica gel chromatography afforded the title compound as a yellow solid in
69% yield. "H NMR (300 MHz, CDCls): 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,

15 3H), 1.51 (s, 9H). MS m/e (M-H)=511.0.

Intermediate 14

HNJJ)\OJ<

20 3-(2-Acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-phenyl)-2-(R)-
benzyloxycarbonylamino-propionic acid methyl ester. A solution of 3-(2-

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



ayellowoil. "HNW (300 Mz, CDC13): 8= 8.02 (s, 1H), 7.13 (s, 1H), 5.37
(m 51 H, 4.42 (d, JJ 17.2, I H, 3.88 (m | H, 3.70 (s, 3H), 3.53 (d,

.1 -- 13. 9wol20kdyos28812 (d, J= 13.9, 1H), 3.03 (m 3H), 2cfAstad3ekis 5.9,
J2=16.9, I H, 0.81 (s, 9H. Ms me (MtH) += 378.1. Internediate 12 H N, N
Cl O NOH 10 O [4-Chloro-9-(2, 2-dinethyl propyl)-8-o0x0-3, 6, 7, 8,

9, 10- hexahydro-2, 3,9 - triaza-(S)-cyclohepta[e]inden-7 yl]-acetic acid.

Li t hi um hydrge, I%x h6-at3fic a@ﬂymé}hyljes 31 %%9 ﬁgl‘ijcﬁﬁjmtrﬁetﬁaﬁm ution
of [4-chl oro-9- -di mét hyl - propyl ) - 8- oxo 15

0- hexahydr o- 6_503@) andj @lbdaG&teé%ndhewsa@a@}em in demm?lelyﬂu]mlalaf@ehtr prepaiatiomet hy|

B e e e R T T

hours f ol | ovgidthjyestdie dhtle\ebntoudd vas loBtairtd agian BFRShitdIddidth 97%%&1@115 were
removed fromthe mxture in vacuo. Renmaining aqueous was neutralized with

| N hydr ochl oNMR E890dMHZ56DLC)s): F07-86 «d. uF-NdED) kBt frot V), 809ddhiA 8.4cBilat e (10

(mngnesi um <Pt SEal HIVEVE T EAR HREBRTr dredn s Ot dos Bhai 8bebduct

was obt ai HEdIHﬁ 3973%<s,y3H=.)l Qzaidcamersasmggzsmvdm) BioWEd ﬂ30708 lez,14@DCI 3): 8=
7.98 (s, 1H) ﬁ %d J= 17.2, 1 H),
3.82 (m 1 H;H)@?Zlés,(ﬂ'l) %0013 351)1) 5@4}8 9§)M5(nc¥e( H13593 ., 3.02 (m
2H), 25 2.92 (dd, J1= 8.4, J2= 16.8, | H), 2.45 (dd, J1= 5. 1 J2=16.8, |
H, 0.78 (s, 9H). MB me (MH 362.0. WO 2006/ 052378 PCT/ US2005/ 036859
33 Interiedi ate 13 Intermediate 15

N-NH
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o
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m
o N0 ©

3-(4-Acetoxymethyl-1H-indazol-5-yl)-2-(R)-benzyloxycarbonylamino-

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

15  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 temperature for 1.5
hours. Mixture was concentrated in vacuo. Residue was treated with chloroform (40
mL) then concentrated in vacuo. Residue was dissolved in 5% acetic acid in

20  chloroform (10 mL). Isoamyl nitrite (240 uL, 1.8 mmol) was added to the mixture.
Reaction mixture was stirred at ambient temperature for 20 minutes. Potassium
acetate (690 mg, 7.0 mmol) was added to the mixture. Reaction mixture was stirred
at ambient temperature for 45 minutes. Mixture was washed successively with water
(10 mL), and 2X saturated aqueous sodium bicarbonate (15 mL). Organic was dried

25  (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, J= 8.4, 1H), 7.25 (m, 6H), 5.54 (d, J= 8.1, 1H), 5.44



0O HNAO ONO- 00O

3-(2- Acet oxynet hyl - 4-tert-but oxycar bonyl am no- 3- net hyl phenyl)-2 5

benzyl oxywerbamsbasi no-acrylic acid net hyI ester. Pal | agcwrosgiospiaset at e
(105 ng, 0.43 mmol) was addedtoam eof acetic acid
3-tert-butoxycarbonyl am no-6 - iodo-2- -benzyl ester (2.89 g, 7.1
mmol ), Z-dehydroal ani ne nethyl ester (2 20 g 9.4 mmol),

tetrabutyl a ( AL d

bi car bonaten{yi rgl(yghdzozp{)dg 6'7)(H{ﬁflf~‘3 7% (ZQ}% 3§7Zd Reac%slgo%}dv\éighlegjtne at
reflux for 1@23(%Jhe@rlsJ2M4<BuHé) M(&d@i)eMSm/cdﬂrrﬁ)a’r%ﬂzﬁ&ture t hen
filtered through a plug of silica gel eluting 70% et hyl' acet at e- hexanes
(500 nL). Filtrate was concentrated in vacuo. Silica gel chronatography
afforded the title conpound as a yelheMealé doin 69% yield. 1H NVMR (300
MHz, CDC13): & 7.79 (d, J= 8.4, 1H) 7.42 (s, 1H, 7.27 (m 6H), 6.30 (s,
1 H, 5.11 (s, 2H), 5.02 (s, 2H), R-fd &1 3H), 2.21 (s, 3H, 2.02 (s, 15
3H), 1.51 (s, 9H. Ms me (MH-=(611.0. Internediate 14 OHN A< O/ H

ONO I 1 OO0 O0 20 3-(2- Acetoxyrret N 4-tert - but oxycar bonyl am no- 3- net hyl
phenyl) - 2- (R) benzyl oxycar bonyba

ropi oni c id nethyl ester. A
sol ution of 3-(2- H P&M@
' \'ﬁ/ henyl )-2 WD 2006/ 052378
m

acet oxymnet hyl - 4-tert - but oxycar bonyl a
PCT/ US2005/ 036859 34 benzyl oxycar bonyl amno- acr ylic acid nmethyl ester

(2.51 g, 4.9 mol) in nethanol ~o Yo

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-

10  acetoxymethyl-1H-indazol-5-yl)-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 1N hydrochloric acid (50 mL).
Methanol was removed from the mixture in vacuo. Remaining aqueous was basified
with sodium bicarbonate. Aqueous was extracted with ethyl acetate (2 X 50 mL).

15 Combined extracts were washed with water (30 mL) and brine (20 mL). Organic was
dried (magnesium sulfate), filtered and concentrated. Residue was dissolved in 1:1
ethyl acetate:hexanes (50 mL). 1N hydrochloric acid in 1,4 dioxane (1.4 mL), was
added to the mixture dropwise causing a precipitate to form. Mixture was stirred at
room temperature for 1 hour. Solids were filtered, washed with 1:1 ethyl

20  acetate:hexanes, then dried in vacuo. Product was obtained in 61% yield as a tan
solid. '"H NMR (300 MHz, DMSO-Dg): 8= 8.67 (s, 1H), 7.49 (s, 2H), 7.22 (m, 5H),
4.99 (m, 4H), 4.50 (m, 1H), 3.73 (s, 3H), 3.41 (m, 1H), 3.13 (dd, J1=9.9, J2=13.9,
1H). MS m/e (M+H)"=384.0.
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(50 nmL.) and ethyl acetate (15 nL) was reacted in a manner simlar to the
preparation of

2- (S) - (acwoayBRiTgl - 4-t ert - but oxycar bonyl am no- 3- net hylpclarszgospsasseci ni ¢
acid diethyl ester. Title conpound was obtained as an off-white solid in
97% vyield. 1H5 NWR (300 MHz, CDC13): 8=3%7. 66 (d, JJ 7.9, 1H), 7.31 (m
5H), 6.99 (d, J=8.5, 1H, 6.21 (s, I H, 5.31 (d, J=7.6, | H, 5.17 (d,
JJ 3.7, 2H), 5.04 (d, J= 5.80, 2H), Iﬁeﬁﬁedﬁeﬁbwl H, 3.71 (s, 3H), 3.23 (dd,
J1=5.80, J2=14.7, 1 H), 3.07 (dd, J1= 7.8, J2= 14.2, 1H), 2.21 (s, 3H),
2.00 (s, 3H), 1.50 (s, 9H. M5 me (M Hpg 513.0. 10Interrrediate 15 N-NH
[ 10: 0 3-(4-Acetoxynethyl-IHi nduzmh §:Iyl) 2- (R) - benzyl oxycar bonyl am no-
propionic acid nmethyl ester. Trifldopoacetic acid (2.5 nL) was added to a
solution of 15
3-(2-acetoxynet hyl -4-tert-but oy | am no- 3-gvt hyl - phenyl ) -2-(R)

benzyl oxycar bonyl am no- propi oni ¢ aci d net hyl es(770 ng, 1.5 mol) in

di chl oronet hane (10 nL). Reaction m R S rTed at room tenperature
for 1.5 hours. Mxture was concentrated ign vacuo. Residue was treated with
chloroform (40 L) then concentrate® irPvacuo. Residue was dissolved in 5%
acetic acid in 20 chloroform (10 nL). Isoanyl nitrite (240 L, 1.8 mol) was
added to the m xture. Reaction mxture was stirred at anbient tenperature

for 20 m nutes. Pbt{abBémyioxpambzmyéMzﬁ&G @eshlokoemybl H-indobdgd®d to the
m xture. Reaction.mx |rr ient tenperature for 45
T nutes. W i deule b b 2t HRrdpS PR o4 o
sat ur at ed aqua%@@%ummhwilﬁmﬁ yrhdiR ﬂi&net@lgﬁgﬂé}g) g%gﬂﬁd&qd&@th

(magnesium sul fatey, filtered and concen rated duct was ogt ai ned
in 81 % vyi e¢5@ré1§quhl@mﬂewasr¢ac@ddn aamnneealogoiotetthd prepamatiopof 2-{$)e@t i on.

1H NVR (300 J 8.4 7.25 (m
6H, 5.54 (d Onﬁ%}%)’ﬂfﬂoé%ﬁ“\?\%@o%%@fﬁ‘#@%%ybéﬁ%%’%@@e 35 (s,
2H), 5.03 (SsTitl Hbmpémﬁﬂwﬁs%btbmé‘ﬁ as ah &8ngesSohalrﬁ 99%. fﬂd(kﬂﬂNMm B0D-MHzJ 2=
14. 3, @ 3.22 (dd, J1= 8.1, J2= 14. I-_/l) MS m e (MH) +=
426 0. 10 CD;OD): 8= 8.43 (s, 1H), 7.50 (d, J= 88 1H), 7.38 (d, J~84 1H), 7.24 (m, SH),

5.06 (d, /=11.0, 1H), 4.98 (d, J=4.8, 2H), 4.56 (dd, JI= 5.7, J2= 9.3, 1H), 3.71 (s,

3H), 3.42 (dd, JI=5.5,J2=14.3, 1H), 3.17 (dd, JI= 9.3, J2= 14.1, 1H). MS m/e

(M+H)"= 402.0.

15 Intermediate 18

[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. Neopentylamine (600 puL, 4.5

20  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)-8-0x0-3,6,7,8,9,1 0-hexahydro-2,3,9-triaza-



Internediate 16 NNHHCI HOH NO 5 0O 0 2- (R-Benzyl oxycarbonyl am

i no-3- (4-tert-b utoxycarbonylam i no-2- hydroxynethyl -3-nmet hyl phenyl)

pr opi oni cweebes/osei7Ry| ester hydrochl oride. Potassi um ceclhasaios/fess®s5 g, 12
mmol ) was added to a solution of 3-(4 10

acet oxynet hyl -1 Hi ndazol - 5-yl ) - 2- benzyl o%gycar bonyl am no- propi oni c acid
nmethyl ester (2.30 g, 5.4 nmmmol) in nethanol (70 nmL). Reaction m xture was

stirred at r@%elbﬁééﬂ?ﬁ%ﬂﬁﬁ&@nﬁ Ngﬂfacgné"&% fhettfeaGLL GliMAR] Bh8RERRpH N | N

hydrochl oric acid hanol was rénmoved fromthe m xture'in vacuo.
Remai ni ng acafi §ltlb&9mppleldi asvd lightlyselared oil 0u$856 véeeld .. HCN,M&,@OO\B.S

tyded
w th vater (RIEDGAGSErBEa 5 i) B Rhe by PLAmt Bt

sul fate), filtesedoangs W@”L& ahedm) Rem GNQH’)@ IS“(sS?PI')V@@Z {(da 311‘15 set hyl

acet at e: hexanes (50 m_% hydrochl ori ¢ aci d 4 dioxane (1.4™nl), was
added t o % he/dn ki urlél)d 6@\(\ﬁ1 s I3duditng3. é5fﬁde|1|6l5t zhHé 3@ (ordH), 082 (ur e was

stirred at Ig)ogMJr flt re for 1 hour. Solids were filtered, washed with
1: 1 ethyl a?g xanhes, then dried in vacuo. Product was obtained in
61% yi el d as atan solid. '"H NWR (300 Mz, DIVBODG): 8= 8.67 (s, 1H), 7.49
(s, 2H), 7.22 (m 5H), 4.99 (m 4 4.50 2&} 3.73 (s, 3H), 3.41 (m
1 H, 3.13 (dd, J1= 9.9, J2= 13.9, H)medw e (I\/H—I)+ 384.0. 25 WO
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7-(R)-Amino-9-(2,2-dimethyl-propyl)-6,7,9, 1 0-tetrahydro-3H-2, 3,9-triaza-
cyclohepta[e]inden-8-one bismethanesulfonate. Methanesulfonic acid (1 mL) was
added to a solution of [9-(2,2-dimethyl-propyl)-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-
triaza-(R)-cyclohepta[e]inden-7-yl]-carbamic acid benzyl ester (145 mg, 0.34 mmol)

15  and anisole (100 uL, 0.92 mmol) in dichloromethane (4 mL). Reaction mixture was
stirred at room temperature for 2.5 hours. Mixture was diluted with diethyl ether (25
mL). Mixture was allowed to stand at room temperature for 30 minutes. Solvents
were decanted off. Remaining residue was washed with diethyl ether (25 mL) then
dried in vacuo. Crude product was obtained as an orange oil in quantitative yield,

20  and was used without further purification. . '"H NMR (300 MHz, CD;0D): §= 8.50
(s, 1H), 7.56 (d, /= 8.8, 1H), 7.39 (s, J= 8.8, 1H), 5.42 (d, /= 17.9, 1H), 5.10 (dd, JI=
4.4,J2=12.4, 1H), 4.75 (d, J= 17.6, 1H), 3.84 (d, J= 13.5, 1H), 3.42 (m, 3H), 3.10 (d,
J=13.9, 1H), 2.71 (s, 6H), 0.82 (s, 9H). (M+H)'=287.1.
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N~O OO0 0 2-(R)-Benzyl oxycarbonyl am no-3-(4-chl oronet hyl -JHindazol -S yl)
5 propionic acid nethyl ester hydrochl oride.

2- (R) - Benwpl2000p0323780NnYy| am no- 3- (4- PCT/US2005/036859

tert - but oxycar bonyl am no- 2- hydr oxynet hyl - 3- net hyl - phenyl ) - propi oni ¢ acid
met hyl ester hydrochloride was reacted 38 a manner anal ogous to the
preparation of 2-(S)-(4- chloronethyl- | Hindazol-5-yl nethyl)-succinic

aci d dinethyl ester hydrochloride. pkitd&igoppound was obtai ned as an
orange solid in 99%yield. 1H NWR (300 MHz, 10 CD3OD): S= 8.43 (s, 1 H),
7.50 (d, J= 8.8, 1 H, 7.38 (d, J=¢8.4, 1 H, 7.24 (m 5H), 5.06 (d, J=
11.0, 1H), 4.98 (d, J 4.8, 2H), 4. SMdd, J1= 5.7, J2= 9.3, 1H), 3.71 (s,

3 H, 3.42 (dd, J1 5.5, J2= 14.3, INd, 3.17 (dd, J1 9.3, J2=14.1, 1 H. M
Sme (MH+= 402.0. 15 Internedia H NNNONAOHDO[9-(2,

2-Di met hyl propyl)-8-o0x0-3, 6, 7, & 0- hexahydro-2, 3, 9-triaza- (R)-
cycl ohept a[ eJi nden-7 yl]-carbam c aciyg=Qenzyl ester. Neopentyl am ne (600 L,

4.5 20 nmol) and o]

2- (R) - benzyl oxycar bonyl am no- - o1 t)@yl -1H i ndazol -5-yl) propionic
acid nethyl ester hydrochl oride“were rs acﬂedd/nﬁnner anal ogous to the
preparation of

[ 9- (2, 2-di met hyl - propyl ) - 8- oxo0- 3, 6, 7, 8,9, 10- hexahydro- 2, 3, 9-tri aza WO

2006/ 052378 PCT/ US2005/ 036859 37 (S)-cycl ohepta[e]inden-7-yl] -acetic acid
met hyl ester. Silica gel chromatography afforded the title conpound as a
i ghtly col ored of3tAdery/ F8Bénygilel-aro-3,6H, NVRO-(i30thydi-2, 3, 9@k 3YR)-S= 7. 97 (d, J

RIS NEMHOUS VA PN T R
3782, ( i— H) ,9 l_ré?]né? I\\/>I((+%|j aféeigbla'g%l'i)&uﬂé‘)of 23(R§-%eﬁﬂﬂlox%ar19@n§'lamﬁqot@-’(4-§h1970n€éﬂlyl-2H) d
1H-indazol-5-yl)-propionic acid methyl ester (125 mg, 0.31 mmol) and potassium
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. Filtrate was
10 concentrated. Residue was dissolved in a mixture of toluene (5 mL) and acetic acid
(50 uL). Mixture was heated at reflux for 2 hours. Mixture was cooled to room
temperature. Acetic anhydride (500 L) was added to the mixture. Reaction was
stirred at room temperature for 2 hours. Mixture was diluted with ethyl acetate (20
mL). Mixture was washed successively with water (15 mL), 1N hydrochloric acid (2
15 X 10mL), and brine (10 mL). Organic was dried (magnesium sulfate), filtered and
concentrated. Silica gel chromatography (ethyl acetate — hexanes) yielded the title
compound in 43% yield as an amber oil. 'H NMR (300 MHz, CDCls): 6= 8.33 (s,
1H), 7.47 (d, J= 8.8, 1H), 7.33 (m, 5H), 7.17 (m, 5H), 7.02 (d, /= 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,
20 1H), 4.43(d,J=5.9, 1H),4.32 (d, /= 16.8, 1h), 4.11 (m, 1H), 2.02 (s, 3H). MS m/e
(M+H)"=483.2.
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Internediate 19 OO HHOS- NNHOB NNH to0 O10 7- (R-A mino-9-
(2, 2-di met hyl propyl )-6, 7,9, 10-tetrahydro-3H2,3,9-tri aza-

cycl oheptwpe)peendesrs 8- one bi snet hanesul f onat e. Met hanesulpteniseoaobads¢ 1 nl)
was added to a solution of

[9-(2, 2-di net hyl - propyl ) - 8-o0x0-3, 6, 7, 8, ?%10- hexahydro- 2, 3, 9-

triaza-(R)-cycl oheptae]inden-7-yl]-carbam c acid benzyl ester (145 ny,
0.34 mol ) 15 and anisole (100 L, Oy9¢m®@ltd 2in di chloromethane (4 ni).
Reaction m xture was stirred at roomtenperature for 2.5 hours. M xture
was diluted with diethyl ether (2§ nL). Mxture was allowed to stand at
roomtenperature for 30 m nutes. ents were decanted off. Remai ning
resi due was washed with diethyl etRer (25 nlL) then dried in vacuo. Crude
product was obtai ned as an orangg, obl<i n quantitative yield, 20 and was
used wi thout further purification= NVR (300 MHz, CD30OD): S= 8.50 (s, 1
H, 7.56 (d, J=8.8, 1 H, 7.39 (s, 8.8, 1 H, 542 (d, J 17.9, 1 H),
5.10 (dd, J1= 4.4, J2= 12.4 H) ( 4. (d, J=17.6, 1 H, 3.84 (d, J=
13.5, 1 H, 3.42 (m 3H), 3.N >A13.09, 1H), 2.71 (s, 6H), 0.82 (s,
9H). (MtH) +=287.1. 25 WD 2006/~052 780PCT',2|'U @03(@859 38 Internediate 20
o NNO

NJANH

0

4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine- 1-carboxylic acid (3-
5  acetyl-9-benzyl-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cycloheptafe] inden-7-

yl)-amide. A catalytic amount of 10% palladium on carbon was added to a mixture
of acetic acid (200 pL) and (3-acetyl-9-benzyl-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-
triaza-(R)-cyclohepta[ e]inden-7-yl)-carbamic acid benzyl ester (65 mg, 0.13 mmol)
in methanol (10 mL). Reaction vessel was charged with 50 psi of hydrogen gas and

10 placed on a Parr hydrogenation apparatus. Reaction mixture was shaken at room
temperature for 2 hours. Mixture was filtered. Filtrate was concentrated. Residue
was partitioned between dichloromethane (10 mL) and saturated aqueous sodium
bicarbonate (5 mL). 20% phosgene in toluene (170 pL, 0.32 mmol) was added to the
mixture with vigorous stirring. 4-(2-Oxo-1,4-dihydro-2 H-quinazolin-3-

15 yl)piperidinium acetate (110 mg, 0.38 mmol) was added to the mixture. Reaction
mixture was stirred vigorously for 45 minutes. Layers were separated. Organic was
washed with brine (10 mL) then dried (magnesium sulfate) and concentrated'in
vacuo. Preparatory reverse phase HPLC (acetonitrile — water, 0.2% trifluoroacetic
acid) .followed by removal of the acetonitrile in vacuo yielded an aqueous solution

20  containing the title compound. Extracted from the aqueous solution with
dichloromethane (20 mL). Combined extracts were washed with brine (20 mL).
Organic was dried (magnesium sulfate), filtered and concentrated. Desired product
was obtained as a white solid in 23% yield. MS m/e (M+H)*= 606.4. rf = 2.09 min.



NN pHO

(3-Acetyl -9-benzyl -8-0x0-3, 6, 7, 8, 9, 10-hexahydro-2, 3,

9-triaza-(R) 5 cycl ohepta[e]inden-7 yl)-carbam c acid benzyl ester.

Benzyl amwe 20663523780. 49 nunol) was added to a m xture @UT/US2005/036859

2- (R) - benzyl oxycar bonyl am no- 3- (4-chl or Lg)et hyl - 1Hi ndazol -5-yl)-propionic
n

aci d net hyl

ester (125 ng, 0.31 mol) a pot assi um carbonate (50 ng

, 0.36

nmml) in acetonitrile (5 m.). Reaction was heated at reflux for 1 hour.

M Xt ure was

cool ed to room tenperat gfiermhdigfle 21 tered. Filtrate was 10

concentrated. Residue was dissolved in a m xture of toluene (5 nL) and
(50 L). Mxture wasgheated at reflux for 2 hours. M xture was
cooled to room tenperature. Acetﬁc/anhydri de (500 L) was added to the

acetic acid

m xture. Reaction was stirred ?]tNroomtenperature for 2 hours. M xture was
diluted with ethyl acetate (20 L xture was washed successively with
water (15 nmL), IN hydrochloric ati 15 X 10 nmL), and brine (10 niL).
Organic was dried (nmagnesium sul fa filtered and concentrated. Silica
gel chromatography (ethyl acetatef{- hgxanes) yielded the title conmpound in
43%yield as an anber oil. 1H NVRN Mg, CDC13): & 8.33 (s, 1H), 7.47
(d, J 8.8, 1H), 7.33 (m 5H), 7.17 (m BHo™ d, J 9.2, 1H, 6.28 (d,
J=6.6, 1 H, 534 (m 1 H, 516 (s, 2H, 5. 1H, 484 (m 1H),
5.43 (t, JJ14.5, 20 1 H), 4.43 (d, J=5.9, 1 H¥ 4.32 (d, J=16.8, 1 h),

4.11 (m 1 H, 2.02 (s, 3H. Ms me (MH) += 483.2. 25 WD 2006/ 052378
PCT/ US2005/ 036859 39 Internediate 21 o~ NN O N N N
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(3-Acetyl-9-methyl-8-ox0-3,6,7,8,9,10-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 ester (165 mg, 0.41 mmol) in acetonitrile (5 mL).
Mixture was heated at 40 °C for 1 hour. Mixture was cooled to room temperature.
Mixture was filtered. Filtrate was concentrated. Residue was treated with a mixture
of toluene (5 mL) and acetic acid (200 pL). Mixture was heated at reflux for 45
minutes. Mixture was cooled to room temperature then acetic anhydride was added
(2 mL). Reaction was stirred at room temperature for 16 hours. Mixture was diluted
with ethyl acetate (10 mL) then washed successively with water (10 mL), saturated
aqueous sodium bicarbonate (2 X 15 mL) and brine (10 mL). Organic was dried
(magnesium sulfate), filtered and concentrated. Silica gel chromatography (ethyl
acetate — hexanes) yielded the desired product as a yellow solid in 18% yield. . 'H
NMR (300 MHz, CDCls): 6= 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, /= 17.2, 1H), 3.46
(d, J/=17.2, 1H), 3.11 (s, 3H), 2.95 (m, 1H), 2.89 (s, 3H). MS m/e (M+H)"'=407.2.



OH O NILNH 4-(2-0xo-1, 4-di hydro-2H qui nazolin-3 yl)

pi peridi ne-1-carboxylic acid (3 5 acetyl -9-benzyl -8-0x0-3, 6, 7, 8,

9, 10- hexahpdoe/32378, 9-tri aza- (R)-cycl ohept a[ e] i nden- 7- pgir)rsanis@ecssA

catal yti c anmount of 10% pal | adi um on carbon was added to a m xture of
acetic acid (200 L) and

(3-acetyl -9-benzyl - 8-0x0-3, 6, 7, 8,9, 10- hexahydr o- 2, 3, 9-
triaza-(R)-cycloheptale]inden-7-yl) gafhydigoaci d benzyl ester (65 ng, 0.13
mmol) in methanol (10 nmL). Reaction vessel was charged with 50 psi of
hydrogen gas and 10 pl aced on a Parrghydrogenati on apparatus. Reaction

m xture was shaken at room tenperatnre for 2 hours. Mxture was filtered.
Filtrate was concentrated. Residueyj wgspartitioned between dichl oronet hane
(10 nmL) and saturated aqueous sodiu ar bonate (5 nmL). 20% phosgene in
toluene (170 L, 0.32 nmol) was added he m xture with vigorous
stirring. 4-(2-0xo-1, 4-di hydro-2H qui{nazq ine3 15 yl ) pi peridinium acet ate
(110 ng, 0.38 mml) was added to theNu Reaction mxture was stirred
vigorously for 45 mnutes. Layers were seonraPeo xgani ¢ was washed with
brine (10 nL) then dried (nmagpe un1su|fate) and entrated in vacuo.
Preparatory reverse phase HPLC (acetonitrile - water, 0.2%trifl uoroacetic
acid) followed by renoval of the acetonitrile in vacuo yiel ded an aqueous

solution 20 containing the title conpound. Extracted fromthe aqueous
solution wth di ShQue-Sridiieanidif-20/-athyl])-306 s hithexahydot 33, \ﬂ/afnezaﬁﬁé)hed with

b 2Q L 0 | filt d
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M ne (MrH)@5000614. mlﬁlf)l)‘wa% a@@ed‘@o'& miﬁ@lr@@@ﬁé@@%ﬁﬂ%ar@gﬂz{tyw%é 036859 40

Intermediate 22 0o NNN ONNA
mmol) and 2- (R)—benzyloxycarbonylammo 3-(4-chloromethyl-1H-indazol-5-yl)-

propionic acid methyl ester hydrochloride (220 mg, 0.50 mmol) in acetonitrile (5
mL). Reaction was heated at reflux for 1 hour. Mixture was cooled to room

10 temperature then concentrated. Residue was dissolved in a mixture of
dichloromethane (10 mL) and acetic acid (200 uL). Mixture was heated at 40 °C for
32 hours and heated at reflux for 8 hours. Mixture was cooled to room temperature -
then washed successively with saturated aqueous sodium bicarbonate (2 X 10 mL),
water (10 mL) and brine (10 mL). Organic was dried (magnesium sulfate), filtered

15  and concentrated. Crude product was obtained as a maroon solid in 86% yield.
Material was carried forward without further purification. MS m/e (M+H) = 462.4.
HPLC rf = 1.19 min.

Intermediate 24
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(3-Acetyl -9-net hyl -8-o0xo0-3, 6, 7, 8, 9,10-hexahydro-2, 3, 9-triaza-(R) 5
cycl ohepta[e]inden-7 yl)-carbam c acid benzyl ester. Mthylam ne solution
in et hawol2o¢eash378 m, 4 mmol) was added to a m xture eCTpSLESHBASEI
carbonate (130 ngy, 0.94 nmol) and
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acid nethyl ester (165 ng, 0.41 mol) in acetonitrile (5 nL). M xture was
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2- (R) - benzy| Q¥ GRFRQNYVHAtSAp Strddv & Hopdi iRl i ambeloil 22| ekt Widterial

was carried forward without further purification. '"H NMR (300 MHz, CDCl5): 8=

8.06 (S, 1H), 7.35 (d, J= 8.4, 1H), 7.11 (d, J= 8.4, 1H), 5.16 (d, J= 16.8, 1H), 4.57 (d,

15 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 25

20

[8-Oxo0-9-(2-pyrrolidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-
cyclohepta[e]inden-7-yl]-carbamic acid benzyl ester. 1-(2-Aminoethyl)pyrrolidine
(90 pL, 0.71 mmol) was added to a mixture of 2-(R)-benzyloxycarbonylamino-3-(4-
25  chloromethyl-1H-indazol-5-yl)-propionic acid methyl ester (100 mg, 0.23 mmol) and
potassium carbonate (120 mg, 0.87 mmol) in acetonitrile (5 mL). Reaction was

heated at reflux until HPLC suggested the starting material had been consumed (2



propionic acid nmethyl ester hydrochloride (220 ng, 0.50 mml) in
acetonitrile (5 nl). Reaction was heated at reflux for 1 hour. Mxture was
cool ed t owoeoswis@378enper at ure then concentrated. Resi duecras2ais®3sassved in a
m xture of dichl oronethane (10 nL) and %’fetic acid (200 L). Mxture was
heated at 40 C for 32 hours and heated reflux for 8 hours. M xture was
cooled to roomterrperature t hen washed successi vely with saturated aqueous

sodi um bi car hangl Quldr ol o MBHEEOA0EL AT Tecid0eilop P21

was dried (nagnesium suI concentrat ed oduct
was obt ai nedwasadiedas ﬁmrﬁlsﬁthj ﬁeacmoaﬁ%s)heededat rellak entibjudpaiscogpiéte 8d f or war d
w t hout furt purification H) += 462. HPLC rf = 1.19 mn.

| nt er medi at eﬂghc (thP@Nmewa%éﬂW 2’2}%@}%2@%}6 %&WG@Q@GW%@%% 42 7-
(R) - Am no- 9- 2BlRRkElydl it da ta¥e s Sodiut bhirb stat hBza-
cycl ohept a[ eJi nden- g)qglne tblé/JlgEeaagesusfgqc))nll C aC|rd 1@@3%]9) %egéﬁod&%%@

m xture df bnmes(d[)enl()l@h‘gamomdnnd)(r)lamsium sulfate) ﬁltered and concentrated.

8- -9-(2-ni dj th
hexanydr o. 2. ShBFerBLTREabEhed % 3lel] RSB g Materabwereairdy penszy
ester (200 5fd?®ard%ﬂ%uﬁﬁﬂhkr%ﬁ1ﬁdaﬁﬁhdmm@% Mﬂzr@)e 5@05 boR, S stirred

at anbient tenperature for hour. Mxture was diluted with di eth et her
(30 nL). M x7.88ém, fid)s 7228l (dweel8 ol BY, A (di J+ 38 He 612Sr(ds L7 €2f i), 5525r(m;ut es.

o) M xt ur ol Has. eral BB T Ty Rt gl S W At e

baSIfledlomthH 3. o5Qe, ae) e axi 028k 3H 01'M Was npxivaehed with
et hyl acetate j(2 Xq15 m) . Conbzliﬁ)ed e%))r’ac%s Weerhtew}\?vashed with brine (5

nm). Organi c#4%d dried (magnesium sul fate), filtered and concentrated.
Titl e conpound was obtained as an anber oil in 42%ield. Materi al

Intermediate 26

15
7-(R)-Amino-9-(2-pyrrolidin-1-yl-ethyl)-6,7,9, 10-tetrahydro-3H-2, 3,9-triaza-

cycloheptafe]inden-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[e]inden-7-
yl]-carbamic acid benzyl ester following a procedure analogous to the preparation of

20 7-(R)-amino-9-(2-piperidin-1-yl-ethyl)-6,7,9,10-tetrahydro-3H-2,3,9-triaza-
cyclohepta[e]inden-8-one. Material was obtained as an amber oil in 52% yield and
used without further purification. '"H NMR (300 MHz, DMSO-Ds): 8= 8.06 (s, 1H),
7.33(d, /=8.8, 1H), 7.10 (d, /= 8.8, 1H), 5.16 (d, /= 16.8, 1H), 5.48 (d, /= 16.8,
1H), 4.40 (dd, J1=13.0, J2= 4.2, 1H), 3.67 (m, 2H), 3.29 (dd, JI=3.11,J2=17.0,

25  1H), 3.01 (dd, JI=16.8, J2=12.8, 1H), 2.58 (m, 2H)m 1.87 (m, 4H), 1.67 (m, 4H).
MS m/e (M+H)'= 422 4.



was carried forward without further purification. 'H NWVR (300 Mz, CDC13):
8-- 806 (S, 1 H, 7.35 (d, J=8.4, 1 H, 7.11 (d, J=8.4, 1 H, 5. 16 (d,
J= 16. 8, WwoHpos/os2H5¢ (d, 15 J 16.8, 1 H), 4.40 (dd, J1= PerRiS20b3m36k59t, 1 H),
3.77 (m 1 H, 354 (m 1 H, 3.29 (m 4]4I—|) 3.03 (m 1H), 2.36 (m 6H),
2.14 (m 2H, 1.38 (m 4H. Ms me (MH*= 328.3. Internediate 25 H N'N
Il O NNNOHOI \ 20 [8-Ox0-9-(2 pyrrol idin-1 yl-ethyl)-3, 6, 7, 8,
9, 10- hexahydro-2, 3, 9-triaza-(R - ¢uehdaensafe]inden-7 ylJ-carbanmic acid
benzyl ester. 1-(2-Am noethyl)pyrrolidine (90.tL, 0.71 mmol) was added to
a mxture of 2-(R)-benzyl oxycarbonyljam no-3-(4 25
chl oronet hyl -1 H i ndazol - 5-yl ) - propgj-¢ni ¢ acid nethyl ester (100 ng, O0.23
mol ) and potassium carbonate (1 0.87 mml) in acetonitrile (5 m).
Reaction was heated at reflux unti C suggested the starting materi al
had been consunmed (2 WD 2006/ 052378 PCTAUS2005/ 036859 43 hours). M xture
was cool ed to roomtenperature then filtpred. Acetic acid (200 L) was

: t reflux until judged conplete
by HPLC (1 hour). M xture was iIute i h acetate (20 nL) then
washed successively with saturated aqueous SOdIi carbonate (15 nl),
water (10 nmL) and 5 brine (10 nL). Organic was dried (nagnesium sul fate),
filtered and concentrated. Crude product was obtained in 69%yield as a
yellow oil. Material was carried forward without further purification. 'H

ngz( ?go \';/l\]_'z ,8 W@Z-D%t%é%zggsﬁ@}%8 é)xg r‘l%ﬁg é @],5] O%X?Mdrg§3(§j Lrickd- (ﬁ) 4, 18,

5  cycloheptafe]inden-7-yl]-carbamic acid benzyl ester. N,N-Ethylenediamine (70 pL,

2o
-
®

0.66 mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl-1H-indazol-5-yl)-
propionic acid methyl ester (100 mg, 0.23 mmol) were converted to the title
compound following a procedure analogous to the preparation of [8-0x0-9-(2-
pyrrolidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-
10 yl]-carbamic acid benzyl ester. Crude product was obtained as an amber oil in 52%
yield. Material was carried forward without further purification. 'H NMR (300
MHz, CDCl3): 6= 7.99 (s, 1H), 7.36 (m, 6H), 6.27 (d, J= 6.2, 1H), 5.25 (m, 1H), 5.16
(s, 2H), 5.13 (m, 1H), 5.06 (d, J=18.7, 1H), 4.52 (d, /= 17.2, 1H), 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 28

H
N~ N
1
N
| (0]
20 7-(R)-Amino-9-(2-dimethylamino-ethyl)-6,7,9, 10-tetrahydro-3H-2, 3,9-triaza-

cycloheptafe]inden-8-one. [9-(2-Dimethylamino-ethyl)-8-0x0-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(R)-cyclohepta[ e]inden-7-yl]-carbamic acid benzyl ester (65



1H), 5.15 (s, 2H), 4.56 (d, J=16.8, | H), 3.70 (m 2H), 3.47 (dd, J1= 3.5,
J2= 16.7, 10 1H), 3.01 (m 1H), 2.62 (m 2H), 2.48 (m 3H), 1.74 (m 4H).
M5B m e (Mvbess/os43¥8. 4. Internmediate 26 H N'N N GN NH2 pOr/uk2005/036859

7-(R -AmM no-9-(2 pyrrolidin-1

yl -ethyl)-6,7,9, 10-tetrahydro- 3H 2, 3, 9- i aza- cycl ohept a[ e] i nden- 8- one.
Title conpound was obtained from [ 8-o0x0-9-(2-

pyrrolidin-1lmylo €5 hyholy %aﬁecﬁlv%rt@dt%qh@amu fd&uatl%ﬁnar{ﬂe%em& seyfeohept af e
] inden-7- yl[-carbam ¢ acid benzyl ester | owi ng procedur e anal ogous
to the pr epaprgpar@tmomcpf PR)- ammo 9- (2-pyrrohd1n-l yl ethyl) 67 9, 10 tetrahydro 3H- 23 9-

7- (R) - am no- er 67910t tra riaza-
Eycl bhept al STPrER SRRl e d i ade Bauft i SRR EIRY &1 i 2ho,
yield and ugaem Mitawtwéswahmrfowrd iithadt ﬁlfther ﬂdrmvaldraoﬂmwk(smm) S=
8.06 (s, 1H), § ?) 7.10 J= 8 %d J
16.8, | B, @DE&)(QF 92(816H8,7$5(4> 344®HQ,on12 (ﬁli—w @H)@ (41,2—16 , 3.67

0 ey kA% Bt i tda = o = s, TS S 2P0 %%}%-‘]Z'
T 20018, 05348, AETIS20056 O36SH2. 374, D)L TR, 81, RIS mhd (MNI)'E O 1

NOHO[9(2 Drrethylamno ethyl)-8-o0x0-3, 6, 7, 8, 9,10- hexahydroz 3,
9tr|aza(R) 8.3.

10 : Intermediate 29
H
N~ N
|
(o}
N /[k

[9-(2-Morpholin-4-yl-ethyl)-8-o0x0-3,6,7,8,9,10-hexahydro-2, 3, 9-triaza-(R)-

cycloheptafe]inden-7-yl]-carbamic acid benzyl ester. 4-(2-Aminoethyl)morpholine

15 (90 uL, 0.69 mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl-1H-
indazol-5-yl)-propionic acid methyl ester (100 mg, 0.23 mmol) were converted into
the title compound following a procedure analogous to the preparation of [8-0x0-9-
(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cycloheptae]inden-
7-yl]-carbamic acid benzyl ester. Crude material was obtained as an amber oil in

20 92% yield. Product was carried forward without further purification. MS m/e
(M+H)'=464.4. HPLC rf = 1.15 min.

25



5 cycl ohepta[e]inden-7 yl]-carbam c acid benzyl ester. NN Ethyl enedi am ne
(70 L, 0.66 nmmol) and

2- (R) - berxpl2006p0523780NnYy| am no- 3- (4- chl or onret hyl - | H i ndaz elcThrsyéosH3¢s9pi oNni C
acid nethyl ester (100 ny, 0.23 nmol) we converted to the title conpound
foll ow ng a procedure anal ogous to the preparati-on of [8-o0x0-9-(2-
pyrrolidin-| '

-yl -ethyl)-3,6,7,8,9, 10- hexahydr o- 2 jdeSnddidi@z@- (R - cycl ohept a[ e] i nden-7- 10
yl]-carbam c acid benzyl ester. Crude product was obtai ned as an anber oil
in 52%yield. Material was carried forwaigd w thout further purification. 'H
NVR (300 MHz, CDC13): S= 7.99 (s, 1H),-K 36 (m 6H), 6.27 (d, J= 6.2, 1H),
5.25 (m 1H), 5.16 (s, 2H), 5.13 (m Iy 5.06 (d, J=18.7, | H, 4.52
(d, JJ 17.2, 111), 3.61 (t, J= 6.8, 2H); 5 (dd, J1= 2.4, J2= 16.7, |

H, 3301 (m I H, 2.38 (m 2H), 2.11 (s, M5 15 me (MtH) += 422.4.
Intermediate 28 HNN N --NNH 1 0 20
7- (R - Ami no- 9- ( 2- di net hyl ami no-et hyl)-6, ¥
9-triaza- cycl ohepta[ eJdi nden-8-or\(&N a
[ 9- (2- Di met hyl ami no- et hyl ) - 8- oxo-&, 67, 8, 9,10-

hexahydro-2, 3,9-tri aza- (R)-cycl ohepta[ e]i nden-7-yl]-carbam c acid benzyl
ester (65 WD 2006/ 052378 PCT/ US2005/ 036859 45 ngy, 0.15 nmol) was converted
to the desired product in a nmanner anal ogous to the preparation of

7- (R) - ami no- 9- ( 2- pYR)- @i O( LmbkpitInyd-yI-&hyl)-8, 791 0-LradPROL IH -3, 3-Bicda9-
triaza-cycl ohepta[ e]inden-8-one. Crude material was obtained as a yell ow

oi | in 25% gieraplalainsentongadd-$aMeraplimof-uketybi-proud. 6.2 8r
P 5 R TRy e oSt )

H), 4.42 (ddngJi20 fndol) ddscd@eled intddhe tiBle @@mpoundfdllowgdprotadute H), 3. 01

dd, J1= 13.0, J2= 16,7, 1 H), 2,37 . 2H), 2,15 (s, 6H). M5 nle (MtH) +=
(288. 3. analogous fo the prepa.rZan of 7-(R)(-an1]111no|-_8-(2-p1per1d1(n-1-yl-e|:_t?1yl)-6,7,9,10- (MH)

'1"92- tetrahydro-3H 2, 3,

tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Crude product was obtained as
10 an amber oil in 62% yield. Material was carried forward without further purification.
'H NMR (300 MHz, CDCl;): 8= 8.06 (s, 1H), 7.34 (d, J= 8.4, 1H), 7.15 (d, J= 8.8,
1H), 5.22 (d, /= 16.8, 1H), 4.51 (d, J= 17.2, 2H), 4.44 (m, 1H), 4.02 (m, 1H), 3.40 (t,
J=4.8, 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 31

[8-Ox0-9-(1-(S)-phenyl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-
20 cyclohepta[e]inden-7-yl]-carbamic acid benzyl ester. (S)-(-)-a-Methylbenzylamine
(85 pL, 0.67 mmol)and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl-1H-



10 Internmediate 29 H NNO NN\ OHO'c O[9-(2-Mrpholin-4

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

cycl oheptwpediondesrs7 yl]-carbam c acid benzyl ester. PCT/US2005/036859

4- (2- Am noet hyl ) mor pholine 15 (90 L, 0.69 nmol) and

2- (R) - benzyl oxycar bonyl am no- 3- (4-chl or onet hyl -1 H i ndazol - 5-yl ) - propi oni c
acid nethyl ester (100 ng, 0.23 mol) were converted into the title

fgms?gggl L ?lnﬂ_nexudﬂg -)-BFopEREGd RRA1YPEAUT 100 nigh8.28 RSN ek OForRErté Sinex 0- 9-

-yl - et hyl) - 3the d?Sled@rQCthé»U@M@H opcdhge andlegaus (Rhe pyedantiioptod[ 2]2,2nden-

7-yl]-carba |d benz e de vas t ai. ned n_ anber
o1 10 50 ooy et e ek e eI AR oot S e pfRinden:
purification- %'g]ﬁceﬂi@am& Metiyt estébLritde ﬁBﬁ&tﬁ’f’&S'ﬂbﬂ&lﬂdﬂ d¥ladarlebil WO 2006/ 052378
PCT/ US2005/ 03 46 | nternedi ate 30 N,NN NNH O--"

7- ( R) - Ani‘no- @uaptitagiye pighd. i Materigl W@tmle)df@rward V@&O@éﬁmﬁwﬂeﬁ%ﬁp@ MSa/eri aza-
5 cycl ohept a([l\flef‘Q%%S%.mCLfg:ﬁ.%Bmﬁphm in-4-yl-ethyl)-8-0x0-3,6,7,8,9, 10-

Intermediate 32

10
7-Amino-9-(1-(S)-phenyl-ethyl)-6,7,9, 10-tetrahydro-3H-2,3,9-triaza-(R)-
cycloheptale]inden-8-one. [8-Ox0-9-(1-(S)-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 a manner analogous to the preparation of 7-(R)-amino-9-(2-
15 piperidin-1-yl-ethyl)-6,7,9,1 O-tetrahydro-3H-2,3,9-triaza—cyclohepta[e]inden—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= 1.49 min.

Intermediate 33

20



hexahydro-2, 3,9-tri aza- (R)-cycl ohepta[e]inden-7-yl]-carbam c acid benzyl
ester (95 ngy, 0.20 nmmol) was converted into the title conpound follow ng a
pr ocedur evoanedBgsres to the preparati on of 7-(R)-am no- 2ctarspiososisdd n- |
-yl-ethyl)-6,7,9, 10- tetrahydro-3H 2,3, 9-tri aza-cycl ohept al e] i nden-8-one.
Crude product was obtained as 10 an anbel® oi 1 in 62% yield. Material was
carried forward wi thout further purification. 'H NVR (300 Hz, CDC13):

. , L 7. 3% 68-93F- ) bhe . ) BeaPrard A8 9.15.22F)d, J= 16.8,
R A O e

1 H, 4.51 (d, J 17.2, t, J= 4.8,
4H), 3. 31 ( mgycBiHpptaBe]Ditlep iyl kERrba@i3zcid benzgsterl (RB(H)ry-MithylbéiZylaene
(MtH) += 330. 3. 15 Internediate 31 H NN / ~4 NN pH I\

LB Oxo- 0- (1 Ceyn O mBoRng 290 Benmylonycamongemiseaty i bommeiyeHy | aza- (R

20 cycl ohept; i rden- ) - ) i I .
(9-(-)-a %@Hﬁ&égﬁggpéﬁﬁ?& &?%@%Ey? Sﬁgﬂ%{%g%g %815 were converted into

2- (R) - berszy| thx yita cbmpyhmininnondmedsintilaotoaire biephratibh W QOB 4 2Byl $ropyl)-

PCT/ US2005/ 036859 _ 47 .indazal - 5-yl) - propi gni c.aci d_net hyl ter. (100 ny,
0.23 mmol) -Péo-&%é?tl '_qxﬁlﬂ%lro'ﬁr'?)eg'g%g'r(ghCW%WB@{er]EWFTY'JVDﬁJST@“éwﬁF’@cedur e
anal ogous tOmEdB?l QE@Paradd AfeRd] Wad-dbairted as a dark foam in quantitative yield.

di net hyl - propyl ) - 8- oxo0- 3, 6, 7, 8,9, 10- hexahydro-2, 3,9-tri aza-(S)-cycl oheptal e
] inden- 7-yMptengbwaccami¢diformandyyitteut BirtheCpwtfecaponddSm/eddl-Bhedbadd as a
dark oil in ]f§P aP_t' bgti.ve yield. Material was carried forward w t hout
further puri |@§tr|_ok'. ' e (MrH) += 455.3. HPLC rf = 1.68 min.

I nternedigate 32 H NN '

Intermediate 34

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

15  cyclohepta[e]inden-8-one. [8-Ox0-9-(1-(R)-phenyl-ethyl)-3,6,7,8,9,10-hexahydro-
2,3,9-triaza-(R)-cycloheptae]inden-7-yl]-carbamic acid benzyl ester (105 mg, 0.23
mmol) was reacted in a 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]inden-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, CDCl;): 8= 7.88 (s, 1H),>
7.40 (m,6H), 7.14 (d, J= 8.8, 1H), 6.85 (m, 1H), 6.09 (m, 1H), 4.67 (d, /= 16.8, 1H),
4.47(dd, JI=4.6,J2=12.6, 1H), 4.25 (d, /= 17.2, 1H), 1.48 (d, /= 7.0, 3H). MS m/e
(M-H)=319.3.

25



fIN 4NH2 O 10 7-Am no-9-(]-(S)-phenyl-ethyl)-6,7,9, 10-tetrahydro-3H 2,

3, 9-triaza-(R)- cycl oheptale]inden-8-one.

[ 8- Ox0- 9-wb-20&)0spsvenyl - et hyl ) -3, 6, 7, 8, 9, 10- hexahydr o-  PCT/US2005/036859
2,3,9-triaza-(R)-cycl ohepta[e]inden-7-yl]-carbam c acid benzyl ester (105
ng, 0.23 mmol) was reacted in a manner “@nal ogous to the preparation of
7-(R)-am no-9-(2 15

pi peridin-l1-yl-ethyl)-6,7,9, 10-tetr ghyghiash2. 3, 9-triaza-cycl oheptaf e] i nde
n-8-one. Crude product was obtained as a dark oil in 82%yield. Mterial
was carried forward wthout further gurification. MS mle (MH)-= 319. 3.
HPLC rf= 1.49 min. Internediate 33 HNNN/ NN OHOI \ 20 WO

2006/ 052378 PCT/ US2005/ 036859 48 [ § -(1- (R phenyl -ethyl)-3, 6,7,8,9,1
0- hexahydro-2, 3, 9-triaza-(R) - cycl ot Al eJi nden-7 yl]-carbam c acid
benzyl ester. (R)-(+)-a-Methyl benzyl am (85 L, 0.67 mml) and

2- (R) - benzyl oxycar bonyl am nés ) g hyd- | H i ndazol -5-yl)-propionic
acid nethyl ester (100 ny, 0.23 : dhvertedintoSthetitIe
conpound in a manner simlar to the pre a"fi oR" 0

[ 9- (2, 2-di net hyl - propyl) -

8- oxo0-3,6,7,8,9, 10- hexahydro-2, 3,9-triaza-(S)-cycl ofiept a[ e] i nden-7-yl ] - acet
ic acid nethyl ester. Crude nmaterial was obtained as a dark foamin

quantitative yi el f-Oxadt(@rrifuorpestiybbenzi-3 G welh -berahdro-% U vtieaa-(R)-
purificati Oncyc%%eﬁafe]ﬁ%wﬁy'_l]-ggi%a%ic ac'zﬂy begzzw e?vte;.' 2-81' rfﬁu%‘ror%‘gthylbenzylamine

5 (72 uL, 0.51 mmol) and 2-(R)-benzyloxycarbonylamino-3—(4-ch10romethy1-lH-

indazol-5-yl)-propionic acid methyl ester (100 mg, 0.23 mmol) were converted into
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)-cyclohepta[ e]inden-7-yl]-acetic acid
methyl ester. Crude material was obtained as a dark brown solid in quantitative

10 yield. Material was carried forward without further purification. MS m/e (M+H)'=
509.4. HPLC rf=1.67 min.

Intermediate 36

15
7-Amino-9-(4-trifluoromethyl-benzyl)-6,7,9, 10-tetrahydro-3H-2, 3,9-triaza-
(R)-cyclohepta[e]inden-8-one bis-methanesulfonate. [8-Ox0-9-(4-trifluoromethyl-
benzyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-carbamic
acid benzyl ester was converted into the title compound in a manner analogous to the
20  preparation of 7-(R)-amino-9-(2,2-dimethyl-propyl)-6,7,9,10-tetrahydro-3H-2,3,9-

triaza-cyclohepta[e]inden-8-one bismethaneslufonate. Crude material was obtained



Internediate 34 HNN N NH2 O 7-Amno-9-(1-(R) phenyl-ethyl)-6, 7,
9,10-tetrahydro-3H 2, 3, 9-triaza-(R) 15 cycl ohept a[ eJi nden- 8- one.

[ 8- Ox0- 9-wb-20d8)y0spsTenyl - et hyl ) -3, 6, 7, 8, 9, 10- hexahydr o-  PCT/US2005/036859
2,3,9-triaza-(R)-cycl ohepta[e]inden-7-yl]-carbam c acid benzyl ester (105
ng, 0.23 mmol) was reacted in a manner al ogous to the preparation of
7-(R)-am no-9- (2-

pi peridin-1-y a@iri@)f&a)mﬁx c?ua%tlﬂagvé ?fe!@ng{eﬂa%szca?’m&I fo%%%vl%%{ Riveet al e]

i nden-8-one. Crude product was, Obtained as a maroon solid in /78%yield.

Mat eri al wasperaicationt M6 ne (et 58 THhduHPLGmER&00mini f i cation. ' H NMR (300
MHz, CDC13): S=7.88 (s, | H, 7.40 (m6H), 7.14 (d, J 8.8, 1 H, 6.85 (m
1 H), 6.09 (m 1 H, 4.67 (d, J 16.8, 1 H), 4.47 (dd, J1= 4.6, J2= 12.6, 1
H, 4.25 (d, J=17.2, 1 H), 1.48 (dntdmmelidlc33H). MS me (MH)-= 319.3. 25
WD 2006/ 052378 PCT/ US2005/ 036859 49 Internediate 35 HNNO F3CNN OH

Ol \ [8-Ox0-9-(4-trifluoronethyldbenzyl)-3, 6, 7, 8, 9, 10-hexahydro-2, 3,
9-triaza-(R) cycl ohepta[ eJi nden-y-N1J-carbam ¢ acid benzyl ester.

4-Trifl uoronet hyl benzylam ne 5 0.51 mmol ) and

2- (R) - benzyl oxycar bonyl am no- 3- ( 4- @ onet hyl -1 H indazol -5-yl)-propionic
acid nmethyl ester (100 ng, 0.23 D were converted into the title
conpound in a manner simlar to th bpa©at i on of

[9- N4

(2, 2-di net hyl - propyl ) - \(

(9-Isopropyl-8-ox0-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-(R)-
cyclohepta[e]inden-7-yl)-carbamic acid benzyl ester. Isopropylamine (300 puL, 3.5
mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl-1H-indazol-5-y1)-

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)-cyclohepta[e]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, CDCl;): 8= 8.09 (s,

15 1H), 7.39 (m, 3H), 7.23 (m, 2H), 7.17 (m, 1H), 6.32 (d, /= 5.8, 1H), 5.25 (m, 1H),
5.15 (m, 2H), 4.90 (m, 1H), 4.82 (d, /= 17.4, 1H), 4.51 (m, 1H), 3.51 (m, 1H), 3.05
(t, J=13.6, 1H), 1.56 (s, 6H). MS m/e (M+H)'=393 4.

Intermediate 38
N/

_S
H HO” ™™

00
\\S//
HO™ ™

20



8-0x0-3,6,7, 8,9, 10- hexahydro-2, 3,9-triaza-(S)-cycl ohepta[ e]inden-7-yl]-acet
ic acid nethyl ester. Crude material was obtained as a dark brown solid in
quant i t atwoeodshsy37el d. Material was carried forward wi t lpowtusheostobesso
purification. Ms me (MtH += 509.4. HPLC rf= 1.67 mn. Internediate 36 H
NN F3C N NH2 0 15 7-Ami no-9- (4-tr, uordnet hyl -benzyl)-6, 7,
9,10-tetrahydro-3H2, 3, 9-triaza- (R)-cycl oheptale]inden-8-one

bi s- net hanesul f on QX o \V212 3 ;
benzyl)-3, 6,7, 8, 9%9 ﬁ%’%’% 01%2” 737 4 er%g’gwﬁﬁb j@éﬁé’h%‘ﬁs[ e]

i nden-7-yl ] - _ galidbapiafe] irgleird- dwrb,zyﬂzet/astemlfanase c(@ﬂmm;e’di-&-onoé 6/18,9,1804 e

di 0 ation. of
Ry ami no- BB B0, EaRaA R sudohere e g T bR tsidbenzyesser 00
triaza-cycl ofeps.at ﬁinhcﬂﬂ@ﬂs @mﬁr@ﬂecbim%fﬂﬁl@%@ﬂn@fx@d‘ﬁﬂl@m%@?@cé@fr@r' al was
obt ai ned WO 2006/ 052378 PCT/ US2005/ 036859 50 as a dar oamin

quant i t at veanplagious toihe syrithdsisefs/-@arantine 9t @r2ndins il prepyl)-6,8:5t Rer
pur i f : cat| Ontﬁt %%'dg E{H(A% 62trlgzaii’gycio%uep!_| Fljgdeli-g o]he%?sngntﬁ'anellu{“ hafl® %rﬁ‘(tl e 37 H

N, N
product was obtained as a dark oil in quantitative yield. Crude material was carried

forward without further purification. MS m/e (M+H)"=259.2. HPLC rf= 0.60 min.

10 Intermediate 39

[9-(3,3-Dimethyl-butyl)-8-ox0-3,6,7,8,9,10-hexahydro-2, 3, 9-triaza-(R)-

cycloheptafe] inden-7-yl]-carbamic acid benzyl ester. 3,3-Dimethylbutylamine

15 (100uL, 0.74 mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-chloromethyl-1H-
indazol-5-yl)-propionic acid methyl ester were converted into the title compound
following a procedure analogous to the preparation of [8-0x0-9-(2-piperidin-1-yl-
ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-carbamic
acid benzyl ester. Crude material was obtained as a dark oil in quantitative yield.

20  Material was carried forward without further purification. "H NMR (300 MHz,
CDCls): 6= 8.03 (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), 4.35 (dd, JI= 8.8, J2=17.2,
1H), 3.50 (m, 2H), 1.33 (dd, J/= 6.2, J2=11.0, 2H), 0.91 (m, 2H), 0.85 (s, 9H). MS
m/e (M+H)"=435.1.
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5 (9-1sopropyl -8-0x0-3, 6, 7, 8, 9,10-hexahydro-2, 3, 9-triaza-(R)-

cycl ohepta[e]inden-7 yl)-carbam c acid benzyl ester. I|sopropylamne (300 L,
3.5 nmolwoaneb/0s52378 PCT/US2005/036859

2- (R) - benzyl oxycar bonyl am no- 3- (4-chl or Sggt hyl -1 Hi ndazol -5-yl) 10
propionic acid nmethyl ester were .convert into the title conpound
followng a procedure anal ogous to the preparation of

[9-(2, 2-di met hyl - propyl ) - 8- 0x0- 3, 6fePncdiatd 40

0- hexahydro-2, 3,9-tri aza-(S)-cycl ohepta[e] inden-7-yl] -acetic acid nethyl
ester. Crude product was obtained as a dqark oil in quantitative yield.
Material was carried forward without fuwther purification. "H NVR (500
MHz, CDC13): 8= 8.09 (s, 15 111), 7.3 H, 7.23 (m 2H), 7.17 (m 1H),
6.32 (d, J=5.8, | H, 525 (m 111), \ m 2H), 4.90 (m 1 H), 4.82
(d, J=17.4, 1 H, 451 (m 1 H), 3.51 (p H, 3.05 (t, J= 13.6, 1H),
1.56 (s, 6H). Ms nfe (MtH)+= 393.4. Inteynmedpate 38 0 0 HHO NN OO
HO-S~ N NH2 20 0 WD 2006/ 052378 PCIL U « 9%6859 51

7-(R) - Ami no-9-i sopropyl -6, 7, 9,10fetrahydro-3H2, 3, 9-triaza-

cycl ohept a[ eJi nden- 8- one bi snet hanesuuf onat e.
(9-Isopropy|-8-oxo-3,6,7,8,9,10-

hexahydro- 2, 3,9-tri aza- (R)-cycl ohepta[e]inden-7-yl)-carbam c acid benzyl
ester (90 rrg, 0. mir? 4! rit |_Rt e 1 _feround. fol | owing a
procedure 5 anal oég i %%‘%@i@%%‘gﬁb}w%t}a%ﬁrgﬁ? a BizazQ

7- (R) - am5no- @m(oﬂeﬂaﬂa]mmworprbu‘smdtl)an@sﬂfoﬁaibo-[9 (3,3-Dimethyl-butyl)-8-oxo-

G ude. pr odubb R HPHPSB LeSHraar ) GhH NP AR Ao VB paE acidc ude.

material was,dhgyIrdsRe (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-cyclohepta[ e]inden-8-one bismethaneslufonate.
10 Crude material was obtained as a dark oil in quantitative yield. Material was carried

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

Intermediate 41

15
4-(7-(R)-Benzyloxycarbonylamino-8-oxo-6,7,8,10-tetrahydro-3H-2, 3,9-triaza-
cyclohepta[e]inden-9-yl)-piperidine-1-carboxylic acid tert-butyl ester. 4-Amino-1-
N-Boc-piperidine (110 mg, 0.55 mmol) and 2-(R)-benzyloxycarbonylamino-3-(4-
chloromethyl-1H-indazol-5-yl)-propionic acid methyl ester (150 mg, 0.34 mmol) was
20  converted into the title compound in a manner analogous to the preparation of [9-

(2,2-dimethyl-propyl)-8-o0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-



forward without further purification. M5 mle (MtH) += 259.2. HPLC rf= 0.60
mn. 10 Internediate 39 H NN $ ONAO HOT[9- (3,

3- Di net hywehwdens)378- oxo-3, 6, 7, 8, 9, 10-hexahydro-2, 3pcRAISLednacstR) -

cycl ohepta[ e]i nden-7 yl1J-carbam c acid bgnzyl ester. 3, 3-Di nethyl butyl am ne
15 (100L, 0.74 mmol) and 2-(R)-benzy|oxj§%rbonylanino-3-(4-ch|oronethy|-|H
i ndazol -5-yl)-propionic acid nethyl ester were converted into the title -

conpound  f Oé}JcRWeﬁlQ eqmeémgdyac%uéla@ahwyﬁ esr.t ORdRpERRIC AN OBbtBhed as a
[ 8-0x0-9-(2-p Eerldln- -
B

ethyl)-3,6, 7¢ Qoa.r.lmrhmaampdmylzlce Mamrlalam&c(aﬂ)edcfmvarﬂeml@peﬁlrther

dark o 171 h Guinene: PGS QPR Mie Tafhren oty 133 FaRbard oW hou:
Lﬂ;t hgrﬁuzl fo:@tm& 1H|)'|§\M_"S 3@@ wls(s z@@qmd%—l% sO?fH()ru 631{1%1;)11{5)4 38 (m
1H), 5.14 (s4 4?91)1%13) 994((m, 1H>1)3 991(113,51H)da 491&:1H)$041Qn; 1177).2831mlr@H)3 50

Mo (W += 2850 1B TR GbdRiok 408 18T) 5836080 T et 04| Zok ksl b e 0

HNN N NH2 7-(R)-Am no-9-(3, 3- dlnethyl butyl)-6, 7,
9,10-tetrahydro-3H2, 3, 9-triaza- cyclohepta[eJlnden 8- one

bi smet hanesuuf onate. [9- (3, 3- Di net hjitedadiaty 43- oxo-

3,6,7,8,9, 10- hexahydro-2, 3,9-tri aza-(R)-cycl oheptal e]inden-7-yl]-carbamc
acid benzyl ester (100 ng, 0.23 nnDI) Mas converted into the title
conpound follow ng a \

o

" N“ZHo/ﬂ\\
X
10
4-(7-(R)-Amino-8-oxo0-6,7,8, 10-tetrahydro-3H-2, 3, 9-triaza-
cycloheptafe]inden-9-yl)-piperidine-1-carboxylic acid tert-butyl ester acetate. A
catalytic amount of 10% palladium on carbon was added to a solution of 4-(7-(R)-
Benzyloxycarbon)}lamino-8-oxo-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). Reaction vessel
was placed on a Parr apparatus and charged with 30 psi of hydrogen gas. Mixture
was allowed to shake at room temperature for 3 hours. Mixture was filtered. Filtrate
was concentrated in vacuo. Crude compound was obtained as a dark oil in

20  quantitative yield. Material was carried forward without further purification. 'H
NMR (300 MHz, CDCls): 6= 8.06 (s, 1H), 7.36 (d, J= 8.8, 1H), 7.12 (d, /= 8.8, 1H),
492, J=17.6,1 H), 4.67 (m, 1H), 4.49 (d, /= 17.2, 1H), 4.26 (m, 1H), 3.98 (m,
2H), 3.05 (m, 1H), 2.83 (m, 2H), 2.64 (m, 1H), 1.89 (m, 1H), 1.73 (m, 1H), 1.45 (d,
J=2.9, 9H), 1.25 (m, 2H).MS m/e (M-C;Hg+H) = 344.2.
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procedure anal ogous to the preparation of
7-(R) -am no-9- (2, 2-di nmet hyl - propyl ) - 6 7,9, 1 O-tetrahydro-3

H 2, 3, 9- twoasa/isyszBohept a[ e] i nden- -one bi snet hanes| etonmb@s/ 03d3s<r ude
materi al was obtained as a dark oil |n gﬁgantltatlve yield. Mterial was
carried forward w thout further pur|f| ion. Ms me (MtH)+= 301.2. HPLC

rf=121.11 mn. Internmediate 41 H NN O NN NOHO: > 00 15

4- (7- (R) - Benzyl oxycar bonyl am no- 8- 0>h9ce§med7ate§3 10-tetrahydro-3H2, 3,
9-triaza- cycl ohepta[edinden-9 yl) piperidine-I-carboxylic acid tert-butyl
ester. 4-Amno-l- N-Boc-piperidine (1\y,ng, 0.55 nmml) and

2- (R) - benzyl oxycar bonyl am no- 3- (4- _chl or onet hyl -1 H 1 ndazol - 5-yl ) - propi oni c
acid nethyl ester (150 ng, 0.34 nmo s 20 converted into the title
conpound i n a manner anal ogous_t @_t i Q
(2, 2-di net hyl - propyl ) - 8- oxo- 3, 7, 8,[9, 18- hexahf/dr g¢-2, 3,9-triaza-(S) WO
2006/ 052378 PCT/ US2005/ 036859 &3 cycl ¥ 1 -7-yl]-acetic acid
methyl ester. Crude product was obtained asya dark foamin quantitative
yield. Material was carried forward wid t further purification. 1H NWR
(300 MHz, CDC13): S=8.05 (m 1H), 7.35 (m6H), 7.15 (m 1 H, 6.27 (m 1
H),5.28(m1|—|),515(s 2H) , 487(d J= 16. 5, 1H) 463(m1H),5
4.47(m1|—|),424m H) 3.04 (m 1 H,
2.83 (m 2H), 2. @@ﬁ?tometh)i 49@71'("@;9 TF{Y’;?ﬁheﬂﬁl)(ZnéR)Q 1.58 (s, 9H). MS

me (MHs 5Bgen;ylox)JcQ;b% %gh}% ﬁroﬁorﬂ 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 methyl ester following an analogous
procedure to the synthesis of 2-(2-Acetoxymethyl-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, CDCl;): 8= 7.31 (m, 5H); 6.81 (d, J= 8.1, 1H); 6.65 (d, J=
8.4, 1H); 5.35 (d, /= 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/e (M+H)"=415.2.

15 Intermediate 44

NH,

3-(2-Acetoxymethyl-4-amino-5-chloro-3-methyl-phenyl)-2-(R)-
benzyloxycarbonylamino-propionic acid methyl ester. Desired product was obtained
20 from 3-(2-Acetoxymethyl-4-amino-3-methyl-phenyl)-2-(R)-
benzyloxycarbonylamino-propionic acid methyl ester in a manner analogous to the
preparation of 2-(2-Acetoxymethyl-4-amino-5-chloro-3-methyl-benzyl)-(S)-succinic
acid diethyl ester. Silica gel chromatography (ethyl acetate - hexanes) afforded the



NN I O N~Ny HO NOO >I( O 10 4-(7-(R) -Am no-8-0x0-6, 7,
8,10-tetrahydro-3H 2, 3, 9-triaza- cycl oheptale]inden-9

yl ) pi periwonesdoseasboxylic acid tert-butyl ester acetatecTAS2@a3d859 i C
amount of 10% pal | adi um on carbon was added to a solution of 4-(7-(R)-
Benzyl oxycar bonyl ami no- 8- oxo- 6, 7, 8, 10- t et ahydro- 3H 2, 3, 9-tri aza 15

cycl ohept a[ e] i nden- 9- yI) plperldlne I-carboxyllc acid tert- butyl ester (200

Re:’;IC'([)I gz Vg‘rr@] ?“&%9338 aced E%Q%%é’ggghgp%% us anc%irblgEE ged il ﬂ]lg?,glﬁpm of

hydr ogen gasé.986/A(st Hyes.36ved Ja8. homﬁ 5t1Q (8EKe S5 (5,201)) 4.6308 BYBeTF @ 3
hours. M xture was filtered. Fil was concentrated in vacuo. Crude
conpound vvas313bt3a1|5r(BB 150, %9%3144(1}'& I21|5r{S 20g Uat (5t ) MSy1veiM- Materi al was
carried forwar 51@? further purification. 1H NWR (300 MHz, CDCl13): S=
8.06 (s, 1 Pﬂ% fé‘ 98Jjj88 1 H, 7.12 (d, J=8.8, 1 H), 4.92(d, J=
17.6, 1 B, 467(m 1 H, 4.49 (d, J=17.2, 1 H, 4.26 (m 1 H, 3.98 (m

2H), 3.05 | H), 2.83 2H), 2.64 1.89 | H, 1.73 |
H)H? 1. 45 (él,m J:H)2.9, 9H),(m1. 2?(m F!nge%t%@(mmmm)u 5214.2. 25(3\]0

2006/ 052378 PCT/ US2005/ 036859 54 Int_ﬁlflmadl ate 43 NH2 01/ / ONO

b "

3-(4-Acetoxymethyl-7-chloro-1H-indazol-5-yl)-2-(R)-

10 benzyloxycarbonylamino-propionic acid methyl ester. Trifluoroacetic acid (70 pL,
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 ester (345 mg,
0.77 mmol) in 5% acetic acid in chloroform (5.2 mL). Isoamyl nitrite (120 uL, 0.89
mmol) was added to the mixture drop-wise. Reaction mixture was stirred at room

15  temperature for 40 minutes. Potassium acetate (300 mg, 3.1 mmol) was added to the
mixture. Reaction mixture was stirred at room temperature for 45 minutes. Mixture
was diluted with dichloromethane (10 mL) then washed successively with water (2 X
10 mL), and saturated aqueous sodium bicarbonate (2 X 10 mL). Organic was dried
(magnesium sulfate), filtered and concentrated in vacuo. Crude product was obtained

20  as an orange solid in 83 % yield. Material was carried forward without further
puriﬁcatioﬁ. '"H NMR (300 MHz, CDCls): 8= 8.20 (s, 1H); 7.29 (m, 5H); 7.21 (s,
1H); 5.53 (d, J=7.7, 1H); 5.40 (s, 2H); 5.04 (s, 2H); 4.67 (m, 1H); 3.74 (s, 3H); 3.34
(m, 1H); 3.21 (m, 1H); 2.02 (s, 3H). MS m/e (M+H)"= 460.1.
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I 0 0 0 3-(2-Acetoxynethyl-4-am no-3-nethyl-phenyl)-2-(R) 5

benzyl oxycar bonyl am no- propi onic acid nethyl ester.

3- (2- Acetwpyomidsyd7s4-tert - PCT/US2005/036859
butoxycarbonylanino-3-nethy|-phenyl)-2-(§)-benzy|oxycarbonylanino-propionic
acid nethyl ester was converted into 5

3-(2- Acet oxynet hyl - 4- am no- 3- net hyl - phenyl ) -

2- benzyl oxycar bonyl am no- (R) - pr opi ofji&n@Qisk fg&t hyl ester followi ng an

anal ogous procedure to the synthesis of

2- (2- Acet oxynet hyl - 4- ami no- 3- net hyg-fenzyl ) - (S) 10 succinic acid diethyl
ester. Desired product was obtain S yellow oil in 95% vyield. '"H NW
(300 MHz, CDC13): 8= 7.31 (m 5H); d, J=28.1, 1H,; 6.65 (d, J 8.4,
1H); 5.35 (d, J= 8.1, 1H); 5.18o(s ; 5.04 (s 2H); 4.53 (m 1H); 3.71
(s, 3H):; 3.16 (m 1H): 3.01 (m IHY 2,42 (SJ/@ 1,99 (s, 3H. MS nfe
(MtH) += 415.2. 15 Internediate 44 N ®) NOOOO

3- (2- Acet oxynet hyl - 4- am no- 5- chl or o- 3- pret iyl phenyl ) -2-(R) -

benzyl oxycar bonyl am nopr opi oni ¢ aci to (h§¥ ester. Desired product was
obt ai ned 20 from 3-(2- Acet oxynet hyl - 4- am no- 3- net hyl - phenyl ) -2-(R) -

benzyl oxycar bonyl am no-propionic acid nethyl ester in a manner anal ogous to
the preparation of

2- ( 2- Acet oxynet hy2-(R)-Ranzrioxsadtenplagime-get ehlorodripgroomeyyk ilandizel-Saci d

di et hyl t Sili | gh t h | te,- fforded
the Wb 2006 bka i RadtmsBRL ATE s SR R L PGEbaL iy TnABRE P20 400
yi el d. 1H NNR){308/1dd¥carbohdaminio-progibn{dacidikthyl &t@24Bmg10.68 mnbelPorag d,

J=8.4, 1 ; 5.12 (s, 2H); .5.05 ,. 2H), 4.53 1 ; 3.72 ... 3H); 3.15
(m 1H), ;D q@n(?ﬁedgﬁ;tht?dqsye@@,méyﬁb in azr%@gle( @alc(ﬁr%{s twg)e M@a{ngM&§D+m +=

398.3. 5 benzyloxycarbonylamino-3-(4-tert-butoxycarbonylamino-2-hydroxymethyl-3-

methyl-phenyl)-propionic acid methyl ester. Crude product was obtained as an

10 orange solid in 95% yield. Material was carried forward without further purification.
'H NMR (300 MHz, CDCl;): 6= 8.15 (s, 1H); 7.27 (m, 5H); 7.14 (s, 1H); 6.10 (m,
1H); 5.01 (d, J=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 Intermediate 47

N-NH
/

:Tu@

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-yl)-
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



Internediate 45 NNHyci "YOHONO 00O

3-(4- Acet oxynet hyl - 7-chl oro-1 Hindazol -5 yl)-2-(R) 10

benzyl oxywenrbamsbasi no- propi oni ¢ acid nethyl ester. Tri Pcuaseasesdsss aci d
(70.iL, 0.91 nmmol) was added to a sol utjon of

3-(2- acet oxymet hyl - 4- am no- 5- chl or o- 3-

net hyl - phenyl ) - 2- (R) - benzyl oxycar bonyl ani no- propi oni ¢ acid net hyl ester
(345 ng, 0.4 uegﬁpic)dldrﬁ' bfbé?b%ﬁ?tte'(f L. nO?é'b!nﬁr\%sod’rﬁEd( gné’g!n)m SLlll
nitrite (120 mrol ) was adde to the mxture W se. étlon
m xture was ﬁttcnedenld a@ncemmdﬁﬂbwpmpaMEaﬁmhtam@dm ALIbERgZE mtm%erm

300 add ture,.
SCrrre ar v gon Mubaipincatfe S mibeutfrpilaiitstione Ayl afib Sitr,” S
di chl or omet hape1)18= 8ltd (4. hen, 7\@§ hﬁdsﬁ)w%S@' 1\}9‘ y, 4W(§1 hynag %H)( 20%(d, fl m),

and saturated aqueous sodi um bi carbonate I'C was

(magnesi um s#kf Ak B, 85f(s)| 2HEx 488 4dd/~cHhCldht B_é(ﬂésj 3iH) &aﬁ(m 2I€;r Ud8 meoduct was
obtai ned 20 o ‘ﬁ ange solidin 83 %yield. Material was carried forward
wi thout £ urt AAFHS G f6rcat|on "H NMR (300 MHz, CDC13): & 8.20 (s, 1H); 7.29
(m 5H); 7.21 (s, | H; 5.53 (d, J=7.7, 1H); 5.40 (s, 2H); 5.04 (s, 2H);
4.67 (m | H; 3.74 (s, 3H; 3.34 (m 1 3.21 (m 1H); 2.02 (s, 3H). M
me (MtH) += 460.1. 25 WO 2006/ 05237 &tpordused®s5/ 036859 56 | ntermedi ate 46
NNHCI HOI / NYO\ 00O

10
[4-Chloro-9-(2,2-dimethyl-propyl)-8-ox0-3,6,7,8,9,10-hexahydro-2, 3, 9-
triaza-(R)-cyclohepta[e]inden-7-yl]-carbamic acid benzyl ester. Neopentylamine
(200uL, 1.7 mmol) was added to a mixture of 2-(R)-benzyloxycarbonylamino-3-(7-
chloro-4-chloromethyl-1H-indazol-5-yl)-propionic acid methyl ester (180 mg, 0.41
15 mmol) and potassium carbonate (160 mg, 1.2 mmol) in acetonitrile (5 mL). Reaction
was heated at reflux for 1 hour. Mixture was cooled to room temperature then
filtered through a 0.45 um PTFE syringeless filter system. Filtrate was concentrated.
Residue was dissolved in a mixture of toluene (5 mL) and acetic acid (200 uL).
Mixture was heated at 110 °C overnight. Mixture was diluted with ethyl acetate (15
20 mL) then washed successively with water (15 mL), saturated aqueous sodium
bicarbonate (2 X 15 mL) and brine (10 mL). Organic was dried (magnesium sulfate),
filtered and concentrated. Silica gel chromatography afforded the title compound in
52% yield as a yellow solid. '"H NMR (300 MHz, CDCl;): 8= 7.89 (d, J= 10.6, 1H),
7.38 (m, 5H), 6.96 (d, J=10.3, 1H), 6.35 (d, J= 5.9, 1H), 5.25 (m, 1H), 5.19 m, 2H),
25 4.28 (m,1H), 3.66 (m, 1H), 3.40 (m, 1H), 2.96 (dd, JI=13.9, J2=5.5, 2H), 0.76 (d,
J=12.6, 9H). MS m/e (M+H)"=455.2.



2- (R) - Benzyl oxycar bonyl am i no- 3- (7-chl or o-4-hydroxynet hyl -JHi ndazol -5- 5
yl)-propionic acid nethyl ester.

3- (4- Acetwypomidsy37s 7- chl or o- 1H i ndazol - 5-yl ) - 2- PCT/US2005/036859

(R) - benzyl oxycar bonyl am no- pr opi oni ¢ aci? met hyl ester (290 ny, 0.63 mmol)
was converted into the desired product $ a manner anal ogous to the
preparation of 2-(R)-

benzyl oxycar bonyl am no- 3- (4-tert - butygysafifeay! am no- 2- hydr oxynet hyl - 3

met hyl - phenyl ) - propionic acid nethyl ester. Crude product was obtained as
an 10 orange solid in 95%vyield. Matgrial was carried forward w thout
further purification. "H NWR (300, M1z, @DCl 3): S= 8.15 (s, 1H); 7.27 (m
5H); 7.14 (s, 1H); 6.10 (m 1 H); b. d, J=4.8, 2H); 4.95 (s, 2H); 4.75
(m 1 H; 3.79 (s, 3H; 3.3 (m 1 09 (m 1H). M5 mle (M+H) += 418. 0.
15 Internediate 47 NNH C C io

2- (R) - Benzyl oxycar bonyl am no- 3 -ch or op4- ohl or onet hyl - JH i ndazol -5 yl)
propi onic acid nmethyl ester. gny| N i/éLe 2 mL) was added to a

(24

at r

solution of 2- 20 (R)-benzyl oxyTarbony amﬁno- | or 0- 4- hydr oxynet hyl -1
H i ndazol -5-yl)- propionic acid nmethyl ester , 0.59 Mol ) in

di chl oronethane (3 nL). Mxture was stirred mtenperature for 1.5
hours. M xture was concentrated. Residue was dissolved in dichloronethane
(15 nm.) then washed with saturated WO 2006/ 052378 PCT/ US2005/ 036859 57

di bi . J i.ed nesi um
ol Tt o) Tt or D QRIPL Enlo ¥ A A5 S AR S0 JRINCS ae an
orange sd i deyicloh8pisejdehd-yiNadidaindd adb@d Berzpl dstaed Thily suaibuwdl tfae ubtafredt her
purification, 1H NMR (300 MHz, CDC13): 8= 8.19 (s, 1H, 7.32 (m 5H), 7.16
(s, 1H), 5.abompenzylaming (1844L, 92mmel) anl2-RuBanzybyycarhogdamino-»(F -~ 4. 68
(d, JJ 7.0, &l}%ro-ﬁcﬂlaroﬁethﬁﬂ)ﬂ-irf’daﬂ-sﬁyﬂ)-p?c!&mi.':\@ciﬁ’n%thﬁ%@ G040 0ls

| nt er medi ate
mmol) following a procedure analogous to the preparation of [4-Chloro-9-(2,2-

dimethyl-propyl)-8-oxo0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[ e Jinden-
10 7-yl]-carbamic acid benzyl ester. Silica gel chromatography (ethyl acetate —
hexanes) afforded the desired product as a yellow solid in 52% yield. "H NMR (300
MHz, CDCls): 6= 7.64 (s, 1H), 7.38 (m, 5H), 7.19 (m, 3H), 7.12 (m, 2H), 7.00 (s,
1H), 6.36 (d, J= 6.2 1H), 5.28 (m, 1H), 5.21 (s, 2H), 5.19 (m, 1H), 4.88 (m, 1H), 4.75
(d, J/=16.8, 1H), 4.34 (d, J= 14.6, 1H), 3.49 (m, 1H), 3.03 (m, 1H). MS m/e
15 (M+H)'=475.0.

Intermediate 50

NHAc

OAc |

20 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 eq) was added a 1.0 M solution of iodine
monochloride dropwise over a period of 5 min at 0 °C. The cooling bath was

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



NNNCI ONAOHO 10 [4-Chloro-9-(2, 2-dinethyl propyl)-8-o0x0-3, 6, 7, 8,
9, 10- hexahydro-2, 3, 9- triaza-(R)-cycloheptaleldinden-7 ylJ-carbamc acid
benzyl eswenrooddsegrent yl amine (200L, 1.7 mmol) was addeectraisaoosiosdsss e of

2- (R) - benzyl oxycar bonyl am no- 3- ( 7-

chl or o- 4- chl oronet hyl -1 H i ndazol - 5-yl) - p?%pi onic acid nethyl ester (180 ny,
0.41 15 mmol ) and potassi um carbonate (160 ng, 1.2 mol) in acetonitrile (5

m.). Reactio f . ) to room
Femmer atur e Phapr PP Ten Ryl ot tulrgle choliRtiy ol d ILPECRRER,
system Fi | t mattarewes coocmndmateddd esnoveRasst dlimetimsolddgwod witth dichlaromettane e of

t ol 5 d ti ' 00 L). . Mxture s heat ed 0.C
over ni ght . WD LATREaFd ditad 00 T Rfisodet s fas azp ey (Nersh Ahashed
successi vel yTHE ddyird@ EStpéukid Wis)puri$Rl By A@ehiRAYAHS cReinmhankigahbepgt e (2 X
15 nmL) and brine (10 nL). Organic was dried (magnesium sulfate), filtered

and concent r #tgive ing.9 godiqgede. chedadidoyrapiep trhfed vddudichleromethane {0fhound i n
52% yi el d as | olid. 1H.NVR (300 13): 8= 7.89 (d, J= 10.86,
h . 7,38 (nrﬁi)é?e—ifgo,“%g@é‘cf%ﬁafﬁ“éfdﬁ%quﬁ?w%?‘éfgpc ??ll?f .9, 1H), 5.25 (m |
H), 5.19 in, dididthyl@bindpafdifdrand stifed fx Her(od of 2H) at réord @erhpBrathre)The2. 96 (dd,

J1= 13.9, J2= 5.5 2H), 0.76 (d, J= 2.6, 9H. Ms me (MH) += 455.2. WO
2006/ 052378 WEHWSPHHSE 336 850 Washed with papqpus sediug hydragercparbppaie O M H O |\

(9- Benzyl - 4- (1 05k R Partt difed (Ra2804 T RE¥ADYSIER5d whs tdaubdidPdAn (R
10 dichloromethane and hexane to give acetic acid 3-acetylamino-6-iodo-2,4-dimethyl-
benzyl ester in 95% yield. "H NMR (300 MHz, CDCls): in 8 7.68 (s, 1 H), 6.68 (s, 1
H), 2.28 (s, 3 H), 2.25 (s, 3 H), 2.18 (s, 3 H), 2.07(s, 3 H); MS (ESI) 384 (M+Na); R¢
=1.12.

15 Intermediate 51

OBn

OAc |

Acetic acid 5-benzyloxy-2-iodo-benzyl ester. To a well stirred solution of 3-

benzyloxybenzyl alcohol (5.5 g, 25.7 mmol) in methanol (100 mL) and sodium

20  hydrogencarbonate (8.4 g, 100 mmol) was added a 1.0 M solution of iodine
monochloride in dichloromathane (30 mL) at 0 °C. The reaction mixture was
brought to room temperature and stirring continued for additional 1h. The reaction
mixture was concentrated and then diluted with dicholomethane (150 mL), washed
with 10% aqueous sodium thiosulfate and dried (Na,;SOs). The desired compound

25  was purified by flash chromatography (silica) using 20% ethyl acetate in hexane to
give 5-benzyloxy-2-iodobenzyl alcohol (6.2 g, 71% yield). The alcohol (4.2 g, 12.4
mmol) was dissolved in dichloromethane (100 mL) added acetic anhydride (2.52 g,
24.7 mmol) and catalytic amount of 4-dimethylaminopyridine. The reaction mixture

was then stirred for 12 h, washed with aqueous sodium hydrogencarbonate and then



5 cycl ohepta[e]inden-7 yl)-carbam c acid benzyl ester. Title conpound was
obtained from benzylamne (100 L, 0.92 mmol) and

2- (R) - Bernwpl2000p0323780NnYy| am no- 3- ( 7- PCT/US2005/036859

chl oro- 4-chl oronet hyl -1 H i ndazol -5-yl ) -propionic acid nmethyl ester (210 ny,
0.48 mmol) follow ng a procedure anal og@us to the preparation of

[ 4-Chl oro-9-(2, 2- dinethyl-propyl)-8-0x0-3,6,7,8,9, 1

0- hexahydr 0- @y i olR)at nden - - l.c.acid
benzyl ester gm% ﬁa%%d)gg? g(cvﬁragftrgctca{oc g‘??@h‘%’?‘le’?}h@ F‘&%C%e?%{le%iel Hgilgaﬁgg%&%f f orded

t he desired pekdivs (E) 405y@+Na) ;= 2427.n 52% yi el d. 1H NVR (300 MHz,
CDC13): S=7.64 (s, 1H), 7.38 (m 5H), 7.19 (m 3H), 7.12 (m 2H), 7.00 (s,
| H, 6.36 (d, JJ 6.2 1H), 528 (m I H, 521 (s, 2H, 519 (m 1H, 4.88
(m 1H), 4.75 (d, J 16.8, 1 H), 4. 3ftefnsbdiales1i4.6, 1 H, 3.49 (m 1 H),
3.03(m 1 H. MSnme 15 (MtH) += 475.0. Internediate 50 NHAc QAc | 20
Acetic acid 3-acetyl anmi no-6-i odo- 2, 4-giqret hyl - benzyl ester. To a well
stirred solution of (3-am no-2,4-dingthyl-phenyl)-nethanol (1.5 g) in

met hanol (70 nL) and solid sodium ogen carbonate (4.0 eq) was added a
1.0 Msolution of iodine nonochlotri dr opwi se over a period of 5 mn at O
C. The cooling bath was renoved t e gddition of iodine nonochloride.
The reaction mxture was WO 2006/ 39378 005/ 036859 59 brought to
roomtenperature and stirring continued fof another 1 h. The reaction

m xture was concentrated to renove md3t Nefje Net hanol , diluted with

di chl oronet hane (50 nL) and washed with 10% sol ution of sodiumthiosulfate
and dried (Na2SO4). The desired conmpound was purified by trituration with
di chl oronet hane and hexane 5 to give in 1.9 g of iodide. The iodide was
then treated w t h3-G-dhé¢tonormepiherienslo0-phenyl) 2ol tehmalybyrbargemmoandnyidr | de (4

eq) and catal ytic ,a nt ;of di nethyl am ridi and stirred for a period
019 12 h at r%%%"?g?fg%?%'t&?g.ma?ﬂg S@ﬁ%@f’izgﬁgﬁf’ﬁlﬂ‘%gyb\%éer then washed with
aqueous sodi mmmgﬂam@af-mwﬁ,beﬂzﬁid%e)tmdéiﬁﬁaﬁmrdi@thﬁrésfér,aﬁ(iz-dr i ed

(Na2SO™4). The desired conmpound was triturated wt ) _
10 acetoxymethyl-4-benzyloxy-phenyl)-2-tert-butoxycarbonylamino-acrylic acid methyl

ester was prepared by reacting acetic acid 5-benzyloxy-2-iodo-benzyl ester with 2-
tert-butoxycarbonylamino-acrylic acid methyl ester in 74% yield. MS (ESI) 456
(M+H); R¢=1.87.

15 Intermediate 53

OBn

OAc

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 (I) trifluoromethanesulfonate

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



10 di chl oronet hane and hexane to give acetic acid

3-acetyl am no- 6-i odo- 2, 4-di net hyl - benzyl ester in 95%yield. IH NW (300
MHz, CDCMP:2000m58378.68 (s, 1 H), 6.68 (s, 1 H), 2.28 (ecTRskH0502688b (s, 3
H, 2.18 (s, 3 H, 2.07(s, 3 H; M5 (ESI), 384 (MtNa); Rf = 1.12. 15
Internmediate 51 OBn QAc | Acetic acid 5-benzyl oxy-2-iodo-benzyl ester. To
a well stirred solution of 3- benzyl oxybenzyl al cohol (5.5 g, 25.7 nnDI) in

met hanol  ( 10&1\dat was @vaﬁﬁ?ﬁtéﬁ%ﬁ%ﬂh@ weid %memaﬁé@stﬁﬁzéd From Oy 1 ABRhtk-

added a 1.0 Msolution of iodine nonochloride in dichloromathane (30 nL)
at 0 T. The hexase Hb?O%rW)@tldlﬁ\éS@%I) 4568 Mghl); Ro- F.8bm t enperature and stirring
continued for additional 1 h. The reaction mxture was concentrated and
then diluted with dichol omethane (150 nL), washed w th 10% aqueous sodi um
thiosulfate and dried (Na2SO4). The deS|red ggnpound 25 was purified by
flash chromat ography (silica) u5|ng 9 acetate in hexane to give
5- benzyl oxy- 2-i odobenzyl al cohol (6. 2 g, 71%yield). The al cohol (4.2 g,

12.4 mol) was dissolved in dichlgrongt hane (100 nL) added acetic
anhydride (2.52 g, 24.7 mmol) at,f i ¢ amount of

4- di net hyl am nopyri di ne. The rea ﬁ!?§ re was then stirred for 12 h
washed wi th aqueous sodlunlhydrogenca porfat e and t hen WO 2006/ 052378

PCT/ US2005/ 036859 60 dried (Na2SO4) ko gpve pcetic acid

5 benzyl oxy- 2-i odo-benzyl ester in qt g at jjv yleld M5 (ESI) 405 (MtNa)
. Rf= 2.27. Internediate 52 OBn H OA¢ N (KJ{

3- (2- Acetloxynet hyl - 4- benzyl oxy phenyl)-=2- tBrt® oxycar bonyl am no-acrylic
acid nethyl ester. In a manner simlar to 2-(acetoxynethyl-4-tert-

(8-Benzyloxy-2-methyl-3-0x0-2,3,4,5-tetrahydro-1H-benzo[c] azepin-4;yl)-
carbamic acid tert-butyl ester. To a solution of 3-(2-acetoxymethyl-4-benzyloxy-
phenyl)-2-tert-butoxycarbonylamino-propionic acid methyl ester (1.85 g, 4.0 mmol)

10 in methanol (40 mL) was added potassium carbonate (560 mg, 4.0 mmol) at room
temperature and stirred for 1 h. The reaction mixture was diluted with
dichloromethane (150 mL), washed with 1.0 M aqueous hydrogen chloride and dried
(NazS0s) to give the pure 3-(4-benzyloxy-2-hydroxymethyl-phenyl)-2-tert-
butoxycarbonylamino-propionic acid methyl ester in almost quantitative yield. To

15  the alcohol (800 mg, 1.93 mmol) in dichloromethane (50 mL) was added
methanesulfonyl chloride (0.18 mL, 2.3 mmol) followed by triethylamine (0.38 mL,
2.70 mmol) at 0 °C and then brought to room temperature. After 1h, the reaction
mixture was washed with aqueous sodium hydrogencarbonate, dried (Na;SQ4). The
solvent was removed, dissolved the crude product in anhydrous THF (20 mL)

20  followed by addition of 2.0 M solution of methylamine in THF (10 mL) in a sealed
tube. The sealed tube was heated at 80 °C for a period of 12 h and then removed the
solvent. The crude product was purified by flash chromatography using 30% ethyl
acetate in hexane to give (8-benzyloxy-2-methyl-3-0x0-2,3,4,5-tetrahydro-1H-
benzo[c]azepin-4-yl)-carbamic acid tert-butyl ester in 39% overall yield. 'H NMR

25 (500 MHz, CDCls): in 8 7.40 — 7.31 (m, 5 H), 7.01 — 7.00 (m, 1 H), 6.83 — 6.82 (m, 1
H), 6.66 (s, 1 H), 5.91 —5.90 (m, 1 H), 5.13 - 5.01 (m, 4 H), 3.50 — 3.46 (m, 1 H),
3.03 (s, 3 H), 2.85-2.78 (m, 1 H), 1.45 (s, 9 H).



but oxycar bonyl am no- 3- net hyl - benzyl i dene)-succinic acid diethyl ester, 3-(2
10 acet oxynet hyl - 4- benzyl oxy- phenyl ) -2-tert-but oxycar bonyl am no-acrylic
aci d net hyb 20@s3tse378Was prepared by reacting acetic aci dPCT/US2005/036859

5- benzyl oxy- 2-i odo- benzyl ester with 2- tert but oxycar bonyl am no-acrylic
acid nethyl ester in 74%vyield. M5 (ESI)02456 (MH); Rf= 1.87. 15
Intermediate 53 OBn H OAc N~ O OO Ow 3-(2-Acetoxynethyl-4-benzyl oxy
phenyl)-2-tert-butoxycarbonyl am no pLeRiLRiiEsaci d nethyl ester. To a
solution of 3-(2-acetoxynethyl-4- benzy oxy 20

phenyl ) -2-tert-but oxycarbonyl am no-acryl \gggci d nethyl ester (1.9 g, 4.2
mol ) in anhydrous nethanol under nitrogen atnosphere was added

1, 2-bi s((2R, 5R) -2, 5- di et hyl phosphol angybenzene(cycl oot adi ene) r hodi um (1)
trifluoronethanesul fonate (50 ng) and red on a Parr shaker at 50 psi

of hydrogen atnosphere for 18 h. The f\AD 2006/ 052378 PCT/ US2005/ 036859 61
sol vent was evaporated and the desireé®eptoduct was crystallized from et hyl
acetate- hexane in 90%yield. M5 (ESI) 458 (MtH); Rf= 1.81. Internedi ate 54
O-~-NO M 50HO (8- Benzyloxy 2-met hyl - 3-ox0-2, 3, 4, 5-tetrahydro-1
Hbenzo cJazepi ny? %c&gwpzi -&}tgxyacgil’b%n}l%mmobg zgdo 23 e%yl benzy?esstoI Lit | on of

3-(2-acetoxyneth

phenyl) - 2t ewtH Btk @XORRIDGTL 2AinB.2- PEGRibeREYE aRohsl MBLhyd 9eshelyid 1. 85 g, 4.0
mmol) 10 in nmethanol (40 nL) was added potassium carbonate (560 ng, 4.0
mol ) at roo@fthanol (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 réaction
mixture was then brought to room temperature and stirring continued for additional 2
h. The reaction mixture was then concentrated, diluted with dichloromethane (250
10 mL), washed with 10% aqueous sodium thiosulphate and dried (Na2SO4). The
solvent was evaporated and the crude product was dissolved in THF (200 mL). Di-
tert-butyl dicarbonate (15.9 g, 72.9 mmol) was added and the reaction mixture was
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 (Na2SO4). The solvent was
15 removed and the desired product was crystallized from 20% ethyl acetate 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-
hydroxymethyl-4-iodo-2-methyl-phenyl)-carbamic acid tert-butyl ester. To a stirred
20  solution of 3-hydroxymethyl-4-iodo-2-methyl-phenyl)-carbamic acid tert-butyl ester
(14.5 g, 40 mmol) in dichloromethane (150 mL) was added acetic anhydride (7.5 mL,
80 mmol) and catalytic amount of 4-dimethylaminopyridine and stirred for 12 h at
room temperature. The reaction mixture was then quenched with aqueous sodium
hydrogencarbonate, brine and dried (Na,SO4). The solvent was removed and the
25  crude product was purified by crystallization from dichloromethane and hexane to
give acetic acid 3-tert-butoxycarbonylamino-6-iodo-2-methyl-benzyl ester (15.5 g,
94%). "H NMR (500 MHz, CDCl;): in § 7.71 (d, J = 8.5 Hz, 1 H), 7.25(d, J=8.5
Hz, 1 H), 5.30 (s, 2 H), 2.28 (s, 3 H), 2.08 (s, 3 H), 1.50 (s, 9 H); MS (ESI) 428
(M+Na) ; R¢=1.59.



tenperature and stirred for 1 h. The reaction mxture was diluted with

di chl oronet hane (150 niL), washed with 1.0 M aqueous hydrogen chloride and
dried (NadS@k)ostxrsgi ve the pure PCT/US2005/036859

3- (4-benzyl oxy- 2- hydr oxynet hyl - phenyl )-2-tert-

but oxycar bonyl am no- propi oni ¢ acid net hyq3 ester in alnost quantitative
yield. To 15 the al cohol (800 ng, 1.93 mmol) in dichloronethane (50 nL) was
added net hanesul fonyl chloride (O. . nmol ) foll owed by
triethylamne (0.38 nL, 2.70 mml)%f%ed&ﬁﬁ%%% t hen brought to room
tenperature. After 1 h, the reacti oguaf Xxture was washed w th aqueous

sodi um hydr ogencar bonate, dried (Na2SQ4). The solvent was renoved,

di ssol ved the crude product in an s THE (20 nlL) 20 foll owed by
addition of 2.0 M solution of net ine in THE (10 nL) in a sealed tube.
The seal ed tube was heated at 80 C ffor W p 12 h and then renoved
the solvent. The crude product Qs '-a pyA1 ash chr omat ogr aphy usi ng
30% et hyl acetate in hexane to give

(8- benzyl oxy- 2- net hyl - 3- oxo- 2, 3, 4, 50FeyShydro- I H-

benzo[ c] azepi n-4-yl)-carbam c acid tert-butyl ester in 39%overall vyield.
"H NV\R 25 (500 MHz, CDC13): in 8 7.40 - 7.31 (m 5 H), 7.01 - 7.00 (m 1
H, 6.83 - 6.82 (m 1 H, 6.66 (s, 1 H, 591 - 590 (m 1 H, 513 - 5.01
(m 4 H, 3.50 - 3(2Adcéaxymiethy-4-aczthdnins.3, Bdiethyd-plbnyl)-2. 78 (m 1 H), 1.45
(s, 9 H. W) 2006/ 052378 PCT/ US2005/ 036859 62 Internediate 55 NHBoc OAc
| Aceti ¢ Jaci QF3VPBICEr AUV ISR ar BHIG PERTEEE e58d JD A RISy SIBBRA- ester. To a
5 well stirr b AU s 35:a00 A0~ < -hv ki ] ) .9 mol)
in methanol @((;eZt% nﬁ?ﬁ%gr%%gg?dg%f% 6%}1@6’0?&?&}%}?\1 bgﬁk ﬁ%ﬁﬁe&mgiﬁ%c CZ%ri de in
di chl or onet hdisthyl &6ars3-(A-hcatoxypwitisd-deacetylamiperd, Ddimdthd-phienyx2- 0 T. The
reaction mxture was then .brought t.Q rgomtenperature and stirrin

cont i nued fo?enéﬂlaf‘ﬁag??é]ly Fa?’m%'?cgﬂ%a?lgé%%?ﬂ]ﬁs ngﬁ%prgp%gg%y R RSACEH! 1 at ed,
di | uted w t hacili SRtQyRABADEAEII- 220 ikhethl-denzYB&h@dvivd 2-h 10% aqueous sodi um

t hi osul phate and dried (Na2SO4). The “sol vent was evai:)or ated and the crude

product Mas kfingslexyesebanylamimo-porybic a¢iyl methyl ester in 74% yield. MS (ESI) 491
(M+H); R¢= 1.87.

Intermediate 57

NHAc

OAc OE i:\[orov()

OMe

15
3-(2-Acetoxymethyl-4-acetylamino-3,5-dimethyl-phenyl)-2-

benzyloxycarbonylamino-propionic acid methyl ester. In a manner similar to 3-(2-
acetoxymethyl-4-benzyloxy-phenyl)-2-tert-butoxycarbonylamino-acrylic acid methyl
ester, 3-(2-acetoxymethyl-4-acetylamino-3,5-dimethyl-phenyl)-2-

20  benzyloxycarbonylamino-propionic acid methyl ester was prepared from 3-(2-
acetoxymethyl-4-acetylafnino-3,5-dimethyl-phenyl)—2-benzyloxycarbonylamino-
acrylic acid methyl ester (1.5 g) using 1,2-bis((2R,5R)-2,5-



tert-butyl dicarbonate (15.9 g, 72.9 mmol) was added and the reaction

m xture was refluxed for 48 h. The reaction m xture was then diluted with
et her (408o0mhje/osesBed with 1 MHA (2 x | OOrL) foll owedtms26siosessand
dried (Na2SO4). The solvent was 15 renoved and the desired product was
crystallized from 20% et hyl acetate in H¥ane to gi ve

( 3- hydr oxynet hyl - 4-i odo- 2- net hyl - phenyl )-carbam c acid tert-butyl ester
(12.5 g). Th i . | t was
bur 1 o8 by kORI e A G leh kR D 1R AERE IR BIBE L "G ve
addi ti onal 2(25 ngg)oin &% yreyd MoK (EERT) H91 (M+HydRy=21.82t hyl - phenyl ) - carbami c aci d
tert-butyl ester. To a stirred 20 sol ution of

3- hydr oxymet hyl - 4-i odo- 2- net hyl - phenyl )-carbam ¢ acid tert-butyl ester
(14.5 g, 40 mmol ) in dichl oromet hang,éhfQidd-3g was added acetic anhydri de
(7.5 m, 80 mml) and catal ytic anmount of 4-di nmethyl am nopyridi ne and
stirred for 12 h at room tenper af UKR- The reaction m xture was then
qguenched wi th aqueous sodi um hydjog ar bonate, brine and dried (Na2SO4).
The sol vent was renoved and the 2 e product was purified by
crystallization from dichl oronet han d hexane to give acetic acid
3-tert-butoxycarbonyl am no- 6-i odo- Z- nex hyl - benzyl ester (15.5 g, 94%. 'H
NVR (500 MHz, CDC13): in 8 7.71 (dy J 8&® Hz, 1 H, 7.25 (d, J = 8.5 Hz,
1 H, 5.30 (s, 2 H, 2.28 (s, 3 H, )~ ﬁé(gs 3 H, 1.50 (s, 9 H; M (ESI)
428 (M+rNa) ; Rf= 1.59. WD 2006/ 052878 HUS2005/ 036859 63 Internedi ate
56 NHAc CAc N O O O Ow 3-(2-Acetoxynet cetyl am no- 3, 5- di net hyl
phenyl )-2 5 benzyl oxycar bonyl am no-acrylic ad pret hyl ester. In a manner
simlar to 2-

(acet oxynet hyl -4-tert - but oxycar bonyl am no- 3- net hyl - benzyl i dene) - succi ni ¢
acid diethyl ester,

3-(2- hyje- 4- | a, po-.3, 5- di . )z 2 .
benzy oxycar bonyl SR ARPGTE LIS HPRELRot-26et BTGt Udeere bip=eriaict i ng

acetic 4-yl)-carbamic acid benzyl ester. In a manner similar to 2-(R)-

benzyloxycarbonylamino-3-(4-tert-butoxycarbonylamino-2-hydroxymethyl-3-

10 methyl-phenyl)-propionic acid methyl ester hydrochloride, the title compound was
prepared by hydrolyzing 3-(2-acetoxymethyl-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 dichloromethane (100 mL) and then treated with methanesulfonyl

15  chloride (0.35 mL, 4.5 mmol) and triethylamine (0.68 mL, 4.9 mmol). The reaction
mixture was stirred for 12 h, washed with aqueous sodium hydrogencarbonate, 1.0 M
aqueous hydrogen chloride and dried (Na;SO4). The solvent was removed to give
pure 3-(4-acetylamino-2-chloromethyl-3,5-dimethyl-phenyl)-2-
benzyloxycarbonylamino-propionic acid methyl ester in almost quantitative yield.

20  The chloride (480 mg, 1.08 mmol) was treated with 1.0 M methylamine solution in
THF in a sealed tube for 3h at 90 °C. The solvent was removed and the crude
product was dissolved in toluene and acetic acid (0.5 mL) and refluxed for 2 h to give
(8-acetylamino-2,7,9-trimethyl-3-ox0-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-4-yl)-
carbamic acid benzyl ester in 68% yield. To the acetate in chloroform (20 mL)was

25  added acetic acid (0.5 mL) followed by isoamylnitrite (1.0 mL) and 18-crown-6 (50

mg). The reaction mixture was refluxed for 12 h and removed the solvent. The crude



acid 3-acetyl am no-6-i odo- 2, 4-di net hyl - benzyl ester with 2 10

benzyl oxycar bonyl am no-acrylic acid nethyl ester in 74%vyield. M5 (ESI) 491
(MtH) ; Rfwoloé&/s23et ernmediate 57 NHAc H OAc N~ O O @covs2005636859

3- (2- Acet oxynet hyl - 4-acet yl am no- 3, 5-di rrée hyl phenyl) - 2-

benzyl oxycar bonyl am no propionic acid nethyl ester. In a manner simlar to
3-(2- acetoxynet hyl -4-benzyl oxy-phenyl)-2-tert-but oxycarbonyl am no-acrylic

acid met hyl ,RatL&r utidea60 Ry b ; 1 NQs sl ~phenyl ) -2
20 benzyl oxyléar bor}n{/&}szprri lnlg- p?opi ogiﬁ%&é!&gﬁap%g?ﬁ%%{&?gﬁe%a\kggg%{r]%%gégggf rom
3-(2- acet ox{Aetindthyl-&oxe-y)6ah8,8d 0dexahydro-2,3,9-triaza-cyclohepta[e]inden-7-yl)-

5-di net hyl - phenyl ) - 2- henzyl oxycar bonyl am no- ag¢rylic aci I ter (1.5
g) using 1, ZC%?%E%:fﬁdgﬁf‘Z%eéé\é@ %%&@%ﬁ@nﬁ %@%EW éggﬁQWS

di et hyl phos phHA DA LS 2 06Y S 109], 2disener 4 (1ads wm 4. 43 -

trifluoronet hanesul f?nat e (%5 (r?g% in 98% Skiﬁel (ijm I\/?Sks( I%SPII)562$3:)1 6(‘|1\/1Hg551’;1 Rf =
1.87. | ntler nHii%d%— 595 (i, BIH)NG.O8 NA. 10 (h,Q HE 3((F--A8.66 yinaithp3.00 )s7 3 H),

9-trinet hyl -22@@0-3211 3, 4, 5-tetrahydro-JH benzo[c]azepin- 4 yl)-carbanmc
acid benzyl €s i )n a manner simlar to 2-(R)-

benzyl oxycar bonyl am no- 3- (4-tert - but oxycar bonyl am no- 2- hydr oxynet hyl - 3

Intermediate 59

N-NH

10
(9-Isobutyl-8-oxo-3,6,7,8,9,10-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 ester, the title compound was prepared by treating 2-

15 benzyloxycarbonylamino-3-(4-chloromethyl-1H-indazol-5-yl)-propionic acid methyl
ester, hydrochloride with isobutylamine followed by treatment with acetic acid in
refluxing toluene to give (9-Isobutyl-8-oxo-3,6,7,8,9,10-hexahydro-2,3;9-triaza—
cyclohepta[e]inden-7-yl)-carbamic acid benzyl ester in 91% yield. MS (ESI) 407
(M+H) ; Re= 1.58.

20

25



10 met hyl - phenyl)-propionic acid nethyl ester hydrochloride, the title
conpound was prepared by hydrol yzi ng

3- (2- acetwRynmlidsyi7s4- acet yl am no- 3, 5- di net hyl - phenyl ) - 2PCT/US2005/036859

benzyl oxycar bonyl am no-propionic acid nefhyl ester (1.84 g, 3.78 mml) wth
pot assi um carbonate (525 ng, 3.8 mmol ) i MeOH (40 nlL). The al cohol was

di ssol ved in dichloronethane (100 nL) and then treated w th nethanesul f onyl
15 chloride (0.35 nL, 4.5 mmol) and hkeigddt 8gi ne (0.68 nL, 4.9 nmmol ). The
reaction mxture was stirred for 12 h, washed with aqueous sodi um

hydr ogencar bonate, 1.0 M aqueous hxdnngen chloride and dried (Na2SOQ4). The
sol vent was renoved to give pure
3- (4-acetyl am no- 2- chl or onet hyl - 3, 56k yl - phenyl ) - 2-

benzyl oxycar bonyl am no- propi oni ¢ aci d yl ester in alnobst quantitative
yield. 20 The chloride (480 ng, 1.08/mmo\) was treated with 1.0 M
nmet hyl am ne solution in THE in a segled/tube for 3h at 90 T.” The sol vent
was renoved and the crude pro 370 ﬁsé!ved in toluene and acetic acid

(0.5 nL) and refluxed for 2 hito giveo H O
(8-acetyl ami no-2, 7, 9-tri met hyN-3#0xo0- 2, 3, 4, 5-t et)falydro-1 H benzo| c]
azepin-4-yl)- carbam c acid benzyl ester in 68% d. To the acetate in
chl orof orm (20 nmL)was 25 added acetic acid (0.5 fol |l oned by
isoanylnitrite (1.0 nmL) and 18-crown-6 (50 ng). The reaction m xture was
refluxed for 12 h and renoved the solvent. The crude WO 2006/ 052378

PCT/ US2005/ 0368598 65-DIafuGL 4985 6, 7,.8%, AYnSkAsoShS oRLAGr aphy usi ng
ethyl acetate as eluent to glve _

(4, 9- di mex hy®e@hesielgirglen 78 bearbamécadin) bersyizsgr 9 In a manpercyoilotte h2-62,2] i nden-

N e BRI S5 £8 30 B R AL P et €1
H), 6.43 -7-§l14bri{amic dciB behzyl BstdS the thle@pm{pdundwhl prefark8 by téatlth £m 2 H),

1
3.07 - 3.05 2 ,. 3.00 )s,. 3 , 2.40 (s, . 3 . Internediate 59 N-NH
| / \ NO N:g,errrllzyloxyll_ic)arbonyPam1%10-3-(4-cmoromethyl-1Igl-mdazol-S-yl)-propionic acid methyl

ester, hydrochloride with 4-(aminomethyl)pyridine followed by treatment with acetic
10 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 (ESI) 442 (M+H) ; R¢= 1.10.

15 Intermediate 61

NH,

O,N

4-Iodo-2-methyl-3-nitrobenzenamine. To a well stirred solution of 2-methyl-
3-nitroaniline (10 g, 66 mmol) in methanol (150 mL) was added sodium
20 hydrogencarbonate (264 mmol) followed by 1.0 M solution of iodine monochloride
(72 mmol) at room temperature. 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.



0O HO 10 (9-1sobutyl-8-0x0-3, 6, 7, 8, 9, 10-hexahydro-2, 3,

9-triaza-cycl ohepta[e]inden-7- yl)-carbam c acid benzyl ester. In a manner
sim | ar two[2006(B3228di met hyl - propyl ) - 8- PCT/US2005/036859

oxo-3, 6,7, 8,9, 10- hexahydro-2, 3,9-tri aza-éf) -cycl ohept af €]

i nden-7-yl]-carbam c acid benzyl ester,”the title conpound was prepared by
treating 2 15

benzyl oxycar bonyl am no- 3- (4- chl or omggaphedidie kmdazol - 5-yl ) - propi oni c acid
met hyl ester, hydrochloride with isobutylamne followed by treatnment with
acetic acid in refluxing toluene to giyg

(9-1sobutyl -8-0x0-3, 6, 7, 8,9, 10- hexahydrjo-2, 3,9-tri aza-

cycl ohept a[ e]i nden-7-yl)-carbam c acihg Banzyl ester in 91%yield. M5 (ESI)
407 (M+H) ; Rf= 1.58. 20 25 WD 2006 2378 PCT/ US2005/ 036859 66
Intermediate 60 N-NHI1 NO | \ N4 / HO (8- xo-9 pyridin-4

ylmethyl -3, 6, 7, 8, 9,10-hexahydro-2, 3 9-¢vjeaza 5 cycl oheptale]inden-7
yl)-carbam c acid benzyl ester. In a manper_simlar to [9-(2, 2-

di net hyl - propyl ) - 8- oxo- 3, 6, 7, 8, 9, 10- hexagéﬁ’o- 2,3,9-triaza-(R)-cycl oheptale
] inden- 7-yl]-carbam c acid benzyl ester, the title conpound was prepared
by treating 2- benzyl oxycarbonyl am no-3-(4-chl oronethyl -1

H i ndazol -5-yl)-p honi €, agl o et 8S}: | i .

o (am nomet iyl ) pyr Oy AR ESTF SrulPs My L 25 E her AE RIS P g

refl uxi ng t obfieiveot2omgihyk 3 {Btrabenzéhrapying GOnnmol linrdinkerhyl Brfharhidd, (300 thl)

ih ﬁngg%fr gi g| g?sgac}dlé(li ?llze%hy(i ¥tgc|:o%g?ep6 1 g.[Zeé, |7?(31$rp101§, tgtlre%bu%y%grgr%gnm gﬂlgrigee(q%}ill g,eSt er

59 mmol), triethylamine (236 mmol) and palladium acetate (675 mg, 3 mmol) under

nitrogen. The reaction mixture was heated to 80 °C for 2 h. The crude reaction
mixture was then filtered, diluted with ether (250 mL), washed with water (2 X 300

10 mL). The crude product was purified by flash chromatography using 20% ethyl
acetate in hexane to give 8.5 g of the title compound. '"H NMR (500 MHz, CDCl3): in
87.58(s, 1 H), 7.10 (d, J=8.5 Hz, 1 H), 6.73 (d, ] = 8.5 Hz, 1 H),4.24 -4.15(m, 4
H), 3.40 (s, 2 H), 2.06 (s, 3 H), 1.30 — 1.23 (m, 6 H).

15 B Intermediate 63
NH,
%/\N
(o}
CO,Et

Ethyl 2-(7-amino-8-methyl-1-neopentyl-2-oxo-1,2, 3,4-tetrahydroquinolin-3-
yl)acetate. To a solution of (E)-diethyl 2-(4-amino-3-methyl-2-
20  nitrobenzylidene)succinate (4.5 g, 13.4 mmol) in THF (100 mL) was added (Boc),0
(16 mmol) followed by catalytic amount of dimethylaminopyridine (10 mg). The
reaction mixture was heated in a sealed tube for 3 h at 100 °C. The reaction mixture

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



M5 (ESI) 442 (MtH) ; Rf= 1.10. 15 Internediate 61 NH2 2N

4-1 odo- 2-net hyl - 3-ni trobenzenam ne. To a well stirred solution of 2-nethyl-
3- ni t r oanwbi2o@/0518g, 66 nmol) in nethanol (150 nlL) was pattdsdoesosisam 20
hydr ogencar bonate (264 nmmol) followed by 1.0 M solution of iodine
nonochloride (72 mmol) at roomtenperattute. After stirring for 1 h, the
sol vent was renoved, diluted with ether, washed with 10% aqueous sodi um

thi osul fat e sedinthing8ro Iﬁ@b&l@{ewgomngaqheem ARbwhRual Wisodtadibds Was in
t he next step. WO 2006/ 052378 PCT/ US2005/ 036859 67 Internediate 62 NH2

02N COREt COpRBEe- z(q:_d)dlﬁ@tmyqected compounds. The crude product was dissolved in

2- (4-am no- 3: I S To,a_sol uti on

41 odo- 2 met RUTEA 200 By eB8 SRS KUACERBLEF Wk fow LA bl PP RbieReS 00
was added d| (e1t4hyg 2618amaaataﬁd(ra;apawger(839 460 nmbIet TRO Y EMBMre Washl ori de
(16.4 g, i ethylami ne (236 mmol ) and pal | adi um acetate (675 ng,
3 mol ) u%deheatffﬂ ittr589§rf0f T%le CP@S@?DQ)WEW&@W@V%%PM@&Q dhgGolvefor 2 h.

h d di | t.h et 250 m),
anshod it oar Pt d R IR abirkd he Hhen Qs EFibliRe i Fhed, by 1) s
chr omat ogr apm'azﬂm)n grl%&%ﬁdbtmmct mCeDg?gﬁed 2% ﬂ@éﬁ?ﬁ%ﬁéaog‘ay% iy g)‘igafgt}i ne .
TG T MU AT SORMORCRA A e O
H, 2.06 (s, dBsdiled ih-dt@lsrodthdre ((16(1) m(i) %Hov&eﬁi ﬂﬁcﬂﬁt%défaakgtlc%’hd Hld%nLﬁl

10 trimethylacetaldehyde (11 mmol) and magnesium sulfate (5.0 g). The reaction
mixture was stirred for 2 h and then filtered. To the filtered reaction mixture wﬁs
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 NaHCOs solution and dried (Na;SO4). The solvent

15 was removed and the crude 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
psi hydrogen. The catalyst was removed by filtration and the solvent was removed.
The crude product was dissolved in toluene (100 mL) followed by addition of tosic
acid (100 mg) and sodium cyanide (50 mg). The reaction mixture was refluxed for

20 12 h and the crude product was purified by flash chromatography using 50% ethyl
acetate in hexane to give ethyl 2-(7-amino-8-methyl-1-neopentyl-2-oxo-1,2,3,4-
tetrahydroquinolin-3-yl)acetate.

MS (ESI) 333 (M+H); R¢=1.29.

25 Intermediate 64

N~NH
/

ﬁN

CO.H



O CO2Et Ethyl 2-(7-am no-8-nethyl-I-neopentyl -2-o0xo0-1, 2, 3,
4-tetrahydroqui nol in-3- yl)acetate. To a solution of (E)-diethyl

2- (4- am nwoeewaiskerB- 2 20 ni trobenzyl i dene) succi nate (4. pcg/usi@®sA3essml ) in
THE (100 nL) was added (Boc)20 (16 mml% foll owed by catal ytic anmount of
di met hyl am nopyridine (10 ng). The reac Qon nixture was heated in a seal ed
tube for 3 h at 100 C. The reaction m xture was cool ed, renoved sol vent,
diluted with ethe ' 0 / 4R

PCT/ US2005/ 036859 (%‘8% géﬁﬁﬂﬁiﬁr’ggﬁg%@gﬁg’téﬁf %2%924%@5‘?%3 pr oduct
was found t oyiemrtiainnidbdior solmwo-ofathyl 2i(7BoungBanabyledneqpepyltdesxo- The crude

product was di | ved in .nmethangl (20 was .adde ter (150 m)
Poloved by smerinetParnais Spleeas U Shbertiot FRtnlfin ommoisRediorss o o
160 mol ). TResmERGhE fdtlcHia¥étiy Rid\@SS ML EsRbddy i5hnfy1hidhte 10.04 mIOQab &k and
then filtered over a pad of celite. The solvent was renoved, extracted

with et hyl ateagtigrempieretasstied fed wattraomriemperaice. dFheagactioNaRiSma§ waThe
crude product: ri: fii r ¥-10] i % et hyl, acetate
i n hexane as Ehé ue‘ﬁ?ﬂtdéghé‘?rg@%pﬁéé 3%16]%@5’ %%g%%ea%ﬁ&% ﬁgﬁ{@@ gn@o#%/edwas

di ssol ved i nTh¢ sdivait eat haneved aa thd grudoplodia dvddisseided iroDHBf(1 28€hHi ¢ aci d
(10 nm), 10 %orlﬂ?l“rr;t hyl acet alggehyde (11 pyol ) and magnesium sul fate (5.0 g).

The reaction™4 flL'iP_V é‘gwé@n {ifweg hﬁ’@‘i‘”@"r@ §1e:8 11 RO and waten (5 1'1“‘_5)1 cr
filtered r ea&h’riﬁg 8P PO e sent @?gfe%ogﬁg,' a{émiﬁ&? @gﬁ%%%ﬁ@raﬁ’@éq{rb&?d &fn33 9,

11 mol ) and stifring continued Itiona e reaction mxture
was di | utkd whylacheteaneielZ 0 -ntdpentyhd rexd-208 4 17-tewaltyelro-1 H-pyrafalo[dldy , aqueous
NaHCO3 sol uttl]on. all"ld 3dr'bﬂed éNa SH). The solvent 15 was renoved and the
crude produc PsdBGEGa et hanol (100 mL) fol | owed by addition of

acetic acid Mg ))ﬂ@mm;;qgenaned in a parr bottle at a pressure of 50
psi hydrogen. The catal yst was renoved by filtration and the sol vent was

renoved. The crude product was dissolved in toluene (100 nm.) followed by
addition of tosic acid (100 ng) angmgﬁ&&ﬁﬂé ganide (50 mg). The reaction
m xture was refluxed for 20 12 h an e crude product was purified by

fl ash chromat ography usi ng 50% et hyl NH,

Cl

2-(S)-(2-Acetoxymethyl-4-amino-5-chloro-3-methyl-benzyl)-succinic acid

diethyl ester. 2-(S)-(2-Acetoxymethyl-4-amino-3-methyl-benzyl)-succinic acid
diethyl ester (3.0 g, 8.2 mmol) was dissolved in acetonitrile (40 mL). Mixture was

20  warmed to 60 °C. N-Chlorosuccinimide (1.29 g, 9.7 mmol) was added to the warm
solution. Reaction mixture was heated at reflux for 10 minutes. Mixture was cooled
to room temperature then diluted with ethyl acetate (20 mL). Mixture was washed
successively with saturated aqueous sodium bicarbonate (40 mL), and brine (20 mL).
Organic was dried (magnesium sulfate), filtered and concentrated in vacuo. Silica gel

25  chromatography (ethyl acetate-hexanes) afforded the desired product in 59% yield as
an amber oil. "H NMR (300 MHz, CDCL): 8= 6.98 (s, 1H), 5.15 (d, J= 3.3, 2H), 4.09
(m, 4H), 2.99 (m, 2H), 2.69 (m, 2H), 2.39 (dd, JI=4.8, J2=16.5, 1H), 2.17 (s, 3H),
2.06 (s, 3H), 1.20 (m, 6H). MS m/e (M-C;H;0,+H)"= 340.0.



acetate in hexane to give ethyl

2- (7-am no- 8- net hyl -1 -neopentyl -2-o0xo-1, 2, 3,4- tetrahydroquinolin-3

-yl ) acet ave.2odddseES ) 333 (MrH); Rf= 1.29. 25 | nternmedi ace/uddooshsesdiH N O
CO2H WD 2006/ 052378 PCT/ US2005/ 036859 69 2-(1- Neopentyl -2-o0x0-2, 3, 4,
7-tetrahydro-1 H pyrazol o[ 3, 4-h]qui nol i - 3- yl)acetic acid. To a solution
of ethyl 2-(7-am no-8-nethyl-I|-neopentyl -2-o0xo-

1,2, 3, 4-tetrahydroqui nolin-3-yl)acetate,dilfOsg0. 0.51 mmol) in carbon
tetrachloride (4.5nL) was added acetic acid (0.5 nL) followed by
isoanylnitrite (0.04 nL) and the 5 reaction m xture was stirred for 2 h at
roomtenperature. The reaction mxture was diluted wi th dichloronethane
(40 nL), washed wi th agqueous NaHCO3 amd-xki ed. The sol vent was renpoved and
t he crude product was dissolved in THE (15 md)) followed by addition of

l'i thi um hydroxide (43 ng, 1 nmol) and (5 nm). After stirring for 12
h, the solvent was renoved, aci di\tnj/@ 6 MHC and extracted with 10
ethyl acetate to give

2- (1-neopentyl -2-o0x0-2, 3,4, 7-tetr é?hydr 0- I'NP Qul/o[ 3, 4-

h] qui nol i n-3-yl)acetic acid. M (ESI)/3.;6 Mg ; Rf= 1.31. Internediate 65
NH2 C -YO 1500 o” "o

2-(S)-(2-Acet oxynet hyl - 4- am no- 5- chl or o- 3- et hyl - benzyl ) -succinic acid

di et hyl ester. 2-(S)-(2-Acetoxynethyl -4-am no-3-net hyl -benzyl)-succinic
acid 5 2-(S)-(4-Acetoxymethyl-7-chloro-1 H-indazol-5-ylmethyl)-succinic acid diethyl

ester. Isoamyl nitrite (700 puL, 5.2 mmol), was added dropwise to an ice cold
solution of 2-(S)-(2-Acetoxymethyl-4-amino-5-chloro-3-methyl-benzyl)-succinic
acid diethyl ester (1.91 g, 4.8 mmol) in 5% acetic acid in tolune (81.2 mL). Mixture
stirred at 0 °C for 45 minutes. Potassium acetate (1.50 g, 15.3 mmol) was added to

10 the mixture. Reaction was stirred at room temperature for 14 hours. Mixture was
quenched with water. Mixture was extracted with ethyl acetate (30 mL). Mixture
was washed 2X saturated aqueous sodium bicarbonate. Organic was dried
(magnesium sulfate) filtered and concentrated. Silica gel chromatography (ethyl
acetate-hexanes) afforded the desired product in 80% yield as an amber oil. 'H NMR

15 (300 MHz, CDCls): 6= 8.23 (s, 1H), 7.26 (s, 1H), 5.45 (s, 2H), 4.09 (q, /= 7.0, 4H),
3.20 (dd, JI=7.32, J2=13.2, 1H), 3.10 (m, 1H), 2.97 (dd, JI= 7.0, J2=13.3, 1H),
2.73 (dd, JI= 8.4, J2=16.8, 1H), 2.44 (dd, JI=5.5,J2=16.8, 1H), 2.08 (s, 3H), 1.18
(m, 6H). MS m/e (M+H)™=411.0.

20 Intermediate 67
;‘J\NH
Cl
HO
oL
~ (o]



diethyl ester (3.0 g, 8.2 mvl) was dissolved in acetonitrile (40 nL).

M xture was 20 warnmed to 60 C. N-Chlorosuccinimde (1.29 g, 9.7 mpl) was
added t o wbeossarsp37sol uti on. Reaction m xture was heat edpatr/usedosossssor 10
m nutes. M xture was cooled to roomten_})erature then diluted with ethyl
acetate (20 mL). M xture was washed sucMdessively with saturated aqueous
sodi um bi carbonate (40 rrL) and brine (20 nL). Oganic was dried

(magnesi um sul fat@]qnfnl M [35 ql(goc‘p 9;'0%’%’%2[& 1?_{]%@ 19.5.5i | ica gel 25

chr omat ogr aphy (e exane esi red product in 59%
gi]elgdsaszmaryzlﬁﬁ%?ﬂ)satdznate HZJ‘QBIR(Q( B(G%O%thﬁma&)réo -Schlor@8- mahylLbdeéﬁyl?]i 12 (d,
‘(Ja 05_34 502 +|]_'|; ql;féin‘réc afi;dn%lgth;%ﬁ}er 2R210% 5(%nurgal.bwaslcozlger(qd—t‘)oé ;(fq\)g)%@ng 1nt iy
nedi ate
geQ 619%10 ?9?/4;9;@%&% @%@ dﬁl Qs ]yl e RNALY IS

N-NH Cl t oxynet H 1 ndazol -
yl met hyl )5 suydmethyd:) salcmdlcchcei diplethyd sten Matsnahwas abitainéd as MO selid B 92%mnl ),

was added dra I sol ution of
2-(S)-(2-Ace$g@;§€$ﬂg?ag+gﬁfﬁgﬂ ‘chl or o- 3- net hyl - benzyl )-succinic acid
diethyl ester (1.91 g, 4.8 mmol) in 5% acetic acid in tolune (81.2 nl).

M xture stirred at O C for 45 mnutes. Potassiumacetate (1.50 g, 15.3
mol ) was added to 10 the mixture. Réeimmddiate s stirred at room tenperature
for 14 hours. Mxture was quenched with water. M xture was extracted with
ethyl acetate (30 nL). Mxture was wasRgd 2X saturated aqueous sodi um

bi carbonate. Organic was dried (magn€silum gylfate) filtered and
concentrated. Silica gel chromatography (8t hyl acetate-hexanes) afforded.
the desired product in 80%yield ag. a Per oil. 1H NMR 15 (300 MHz,
CDC13): S=8.23 (s, 1H), 7.26 (s, 1 2H), 4.09 (q, J= 7.0, 4H),
3.20 (dd, J1= 7.32, J2=13.2, | H), 19), 2.97 (dd, J1= 7.0, J2=
13.3, 111),

10
(S)-Dimethyl 2-((7-chloro-4-(chloromethyl)-1H-indazol-5-

yl)methyl)succinate. (S)-Dimethyl 2-((7-chloro-4-(hydroxymethyl)-1H-indazol-5-
yDmethyl)succinate (2.0 g, 5.9 mmol) was dissolved in dichloromethane (35 mL).
Thionyl chloride (5.0 mL) was added to the mixture. Reaction stirred at room

15 temperature for 1.5 hours. Mixture was concentrated. Residue was dissolved in
ethyl acetate. Mixture was washed twice with aqueous sodium bicarbonate and once
with brine. Organic was dried (magnesium sulfate), filtered and concentrated in |
vacuo. Title compound was obtained as amber solid in 89% yield. MS m/e (M+H)'=
359.1.

20

Intermediate 69




2.73 (dd, J1= 8.4, J2= 16.8, 1H), 2.44 (dd, J1= 5.5, J2=16.8, | H), 2.08
(s, 311), 1.18 (m 6H). Ms me (MrH) += 411.0. 20 Internmediate 67 N NH
LCl HO | wWoQo6k/08€378006/ 052378 PCT/ US2005/ 036859 71 ( S) rDrrostéuslo3ds9
((7-chloro-4- (hydroxymethyl)-1 Hindazal -5- yl)nethyl)succinate.
2-(S)-(2-Acet oxynet hyl - 4- am no- 5- chl or 0- 3 met hyl - benzyl )- succinic acid
diethyl ester (2.21 g, 5.4 mmol) was converted to the title conpound in a

manner anal ogous %-@K%ﬁl@fﬁp&ﬁ%%@&a‘?@-( r(@%ﬁ%ﬁmg%?&egw Righy). - |

Hindazol -5 5 vyl -succinic acid - di Mat eri al was
obt ai ned as ‘exbhydreadepiho] h4-ePWelazpi-Ehdacdfiren(8)-DivhtthH2-@4XhkroHnt er nedi at e

68 N-NH C | L < 0.00, 1 S) - Di net hyl

22 ((7- ohl or o HIFRRFY b HEr YRl M R RO e sete 13 e 79 SuRel Wat e.

(S) - D met hyl gidsolidel-if MME O1.6 mdIhYY thmaﬂy'lgy&dihb {1083749h Phmol) was added

yl ) met hyl ) succinate (2.0 g, 5.9 mml) was di ssol ved "I n di chl oronet hane (35
mL) . ThiSonyto thhinprtite ReBctibmitiredas randdedpemtirh domdddicure . MRgaretwasn stirred

t 15 t t . ] . M ) ) trated. . i due was
G ssorved i rnBed it sl Seste MRS oAbl B Sieianh Sattiihesod: um
bi car bonat e M. @eEnic Wak QAribd {HfneSFEARIfteNAHteild £fd LABGMARIIUMaMIL at e) ,

filtered and concentrated in vacuo. Title conpound was obtai ned as anber
solid i n 89%Rssidedvasiissaived imtolyene (4 mL). Acetic acid (1 mL) was added to the

mixture. Reaction was heated at reflux for 3.5 hours. Mixture was cooled to room
10 temperature then diluted with ethyl acetate. Material was washed once with water

and twice with aqueous sodium bicarbonate. Aqueous was made basic with sodium

bicarbonate. Back extracted from the aqueous twice with ethyl acetate. Combined

organics were dried (magnesium sulfate), filtered and concentrated in vacuo.

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

MS m/e (M+H)"=399.2.

Intermediate 70

20
(S)-2-(4-Chloro-8-oxo0-9-(pyridin-4-ylmethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-e]indazol-7-yl)acetic acid dihydrochloride. (S)-Methyl 2-(4-
chloro-8-o0x0-9-(pyridin-4-ylmethyl)-3,6,7,8,9,10-hexahydroazepinol[ 3,4-¢]indazol-7-
yDacetate (21 mg, 0.05 mmol) was dissolved in 1N hydrochloric acid (1.0 mL).
25  Reaction was heated at 50 °C for 5 hours. Another 1 mL of 1N hydrochloric acid
was added to the mixture. Reaction was heated at 50 °C for 17 hours. Mixture was

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



359.1. 20 Internediate 69 HNC O N O 0 WO 2006/052378

PCT/ US2005/ 036859 72 (S)-Methyl 2- (4-chloro-8-o0x0-9-(pyridin-4

yl met hyl )w®,2066/0573788, 9, 10- hexahydr oazepi no[ 3, 4- e] i ndazclrAg290s)a6ss4 at e.
(S)-Di methyl 2-((7-chloro-4- '

(chl oronet hyl ) - 1Hi ndazol - 5-yl ) net hyl )su@ci nate (120 ng, 0.33 mmol) was
dissolved in DVF (1.0 nL). 4-Am nonet hyl pyridine (100 L, 1.0 nmol) was
added 5 to t{gs Bincbhttfed. RERIE biiBotld WhEhtahed Romck SARRY Sk 8 8B94 yierd. [‘ﬁur S

M xture was diluted wth ethyl acetate. M xture twce w

wat er and ond me (M+BY'F385.20r gani ¢ was dried (magnesium sulfate), filtered
and concentrated in vacuo. Residue was dissolved in toluene (4 nL). Acetic
acid (1 nL) was added to the mxture. Reaction was heated at reflux for
3.5 hours. Mxture was cool ed to roonediedigeperature then diluted with
ethyl acetate. Material was washed once wth water and twi ce with aqueous
sodi um bi carbonate. Aqueous was made bagic with sodium bicarbonate. Back
extracted fromthe aqueous twice wthyelhyl Ghcetate. Conbined organics
were dried (magnesium sulfate), filtefed)asfd concentrated i n vacuo. Residue

was purified with silica gel chromatogr el uting dichl oronet hane and 2N
15 ammonia in nmethanol. Title conpound was<pbt ai ned as yellow solid in 48%
yield. M me (MrH)+= 399. 2. |nternmdi &te &6iCl NN C
N/ o~
5 0

(S)-Methyl 2-(9-((1H-imidazol-2-yl)methyl)-4-chloro-8-oxo-3,6,7,8,9,10-
hexahydroazepino[3,4-e]indazol-7-yl)acetate. (S)-Dimethyl 2-((7-chloro-4-
(chloromethyl)-1H-indazol-5-yl)methyl)succinate (250 mg, 0.63 mmol) and (1H-

10 - imidazol-2-yl)methanamine dihydrochloride (170 mg, 1.0 mmol) were combined and
suspended in acetonitrile (10 mL). Triethylamine (800 pL, 5.7 mmol) was added to
the mixture. Reaction was warmed to reflux for 3 hours. Acetic acid (1.5 mL) was
added to the mixture. Reaction was heated at reflux for 20 hours. Mixture was
cooled to room temperature then diluted with dichloromethane. Mixture was

15 extracted twice with water. Aqueous layer was concentrated in vacuo. Residue was
purified by preparatory HPLC. Water was lyophilized off. Remaining residue was
passed through a column of Dowex 1x4-200 ion exchange resin eluting methanol.
Title compound was recovered as amber residue in 24% yield. MS m/e (M+H)'=
388.1.

20

Intermediate 72

NH,

HO



HO N~ O | NOH O20 (S)-2-(4-Chloro-8-0x0-9-(pyridin-4 ylnmethyl)-3, 6,

7, 8, 9,10- hexahydroazepi no[ 3, 4-eldindazol-7 yl)acetic acid

di hydr ochvornaas2178) - Met hyl  2- (4- PCT/US2005/036859

chl or o- 8- ox0- 9- (pyri di n-4-yl nmet hyl ) - 3, 6, ; 9, 10- hexahydr oazepi no[ 3, 4- €]

i ndazol -7- yl)acetate (21 ng, 0.05 nnDI)‘Vﬁs di ssolved in I N hydrochloric
acid (1.0 nL). 25 Reaction was heated at 50 C for 5 hours. Another 1 nL of

| N hydrochl oric agighind@sSie@9shkh e ﬂﬁaﬁbﬁéluﬁ%an%@%dlﬁﬁso‘lﬁﬁm%%t ed at 50 C

for 17 hours. M xture was concentrafed in vacuo. Resi was treated with
acet oni t ri | eaming-4-ethylteazytadeohph(1 0@, 20 06h05D37 Sncl@np USR00H,)AM859 73 was

trated. ,Titl bt a d ellaw solid,in 83%
vierd v nedreRieRpSioaRR G BB BOSBL B0 aieed R s o
(S) - Met hyl 2w(s9n@éﬂ3¢mmmzq&et?awﬂl )vﬁ?iéﬁydv):d4R@56ththa%'s€li&@d&@mﬂlel& 9, 10-
hexahydr oazepi no[ 3, 4-e]indazol -7 yl)acetate. (S)-D net ((7-chl oro-4-

h
(chl or omex hyﬂemiﬂﬂﬂﬁ(ﬁ@ mBuias) Mixhwe yaueaicarirated 25ocmy, IXG)S“@}E wasol ) and (1H
10 d | | 7
conbi ned andreidh b GRRRILAG IS0 BN, lfewst HiPRuod b WHREY BS, 5

ol ) was addiehlotoﬁmethdm. iBokidsiwere ;Bﬁaﬁine@betwasn ety hRGtatedanidefN boueoos 3 hours.
f\g? ][ Iu)(z ? glr dZ%(ﬁ):hi‘}gﬁ HLarom' t &ggg%g/g;eopa?rtr;t?ongdx%gé&lc ?/g'rc\}vellsownasvl;%g w?t(lalai%ﬂed at
aqueous sodium hydroxide. The combined aqueous layers were back extracted two
10 times with ethyl acetate. Combined organic layers were washed with brine.
Combined extracts were dried (magnesium sulfate), filtered and concentrated in

vacuo. Desired product was obtained as tan solid in 81% yield. MS m/e (M+H)'=
264.

15 Intermediate 73
S
OJJ\ NH

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
20 (80 mL). Di-tert-butyl dicarbonate (5.30 g, 24.3 mmoles) was added to the mixture.
Reaction was heated at 60°C for 20 hours. Mixture was concentrated. Residue was
purified by silica gel chromatography eluting ethyl acetate-hexanes. Title compound
was obtained as off-white solid. MS m/e (M-C4HzO+H) = 290.

25



cooled to roomtenperature then diluted with dichloronmethane. M xture was
15 extracted twce with water. Agueous | ayer was concentrated in vacuo.

Resi due wwae 20@uski7sed by preparatory HPLC. Water was | yephmidscasadsests .

Remai ni ng resi due was passed through a col umm of Dowex 1x4-200 ion
exchange resin eluting nethanol. Title 7éonpound was recovered as anber
residue in 24%vyield. M5 mMme (MrH) += 388.1. 20 Internediate 72 NH2 HO I
/WD 2006/ 052378 PCT/ US2005/ 036859 14 nsditd A@- 2- i odo- 4- net hybenzyl

al cohol. To an ice cool ed solution of 3- am no-4-nethyl benzyl al cohol (10.0
g, 72.9 mol) in nmethanol (200 nL) 1M i od&nermnochl oride in

di chl or onet hane (80.0 niL, 80.0 nmol es}jlxvas added drop- w se over 30
mnutes. Ice bath was renoved. Reacti wjirred at anbient 5
tenperature for 40 mnutes. Mxture was concgntrated in vacuo. Residue was
treated with dichloronethane (250 nL). Sol kdsxywtere filtered off and washed
with dichloronethane. Solids were parigtigned between ethyl acetate and IN
aqueous sodi um hydroxi de. Layers we partiYioned. Organic |ayer was
washed with IN aqueous sodi um hydroxa de. The conbi ned aqueous | ayers were
back extracted two 10 tinmes wth ethyl acetate. Conbined organic |ayers
were washed with brine. Conbined extracts were dried (magnesi um sul fate),

filtered and concentre j Y0, sDes) C ied as tan
solidin 81 %yi orifer ’@éﬁ%?)ég”(’ﬁ/ﬁf’g %godgg%étﬁgb%?g#%ﬁg%% LSO N HO |
/1 tert5> Buthytiroayfhthgt)ekiode2hmkdhy ibheny carBarmete I14.8p gehlyd eandipwas e.

S-Am no- 2- dissolved in dichloromethane (60 mL). Acetic anhydride (2.6 mL, 27.6 mmol) was

added to the mixture followed by potassium acetate (2.0 g, 20.4 mmol). Reaction
was stirred at room temperature over 15 hours. Mixture was warmed to 50 °C and
held for 1 hour. Mixture was cooled to room temperature then diluted with

10  dichloromethane. Mixture was washed twice with water, and once with saturated
aqueous sodium bicarbonate. Organic layer was dried (magnesium sulfate), filtered
and concentrated in vacuo. Residue was treated with 10% ethyl acetate-hexanes (100
mL). Material was concentrated in vacuo. Desired compound was obtained as white
solid in 98% yield. . "H NMR (300 MHz, CDsOD): 8= 7.64 (s, 1H), 7.54 (s, 1H),

15 4.51 (s, 2H), 2.19 (s, 3H), 1.51 (s, 9H).

Intermediate 75

20 3-(2-Acetoxymethyl-4-tert-butoxycarbonylamino-5-methyl-phenyl)-2-
benzyloxycarbonylamino-acrylic acid methyl ester. Title compound was prepared in

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



i odo- 4- net hybenzyl al cohol (4.60 g, 17.5 mol es) was dissolved in
tetrahydrofuran 20 (80 nL). Di-tert-butyl dicarbonate (5.30 g, 24.3 nmol es)
was addedwboddns23ext ure. Reaction was heated at 60C f ecTAB2008086859 M Xt ure
was concentrated. Residue was purified by silica gel chronatography
eluting ethyl acetate-hexanes. Title conﬁ%und was obtained as off-white
solid. M5 mle (M C4HBO+H) += 290. 25 WD 2006/ 052378 PCT/U82005/036859 75

I nt er medi at ey, t t hyl benzyl
acet ate. tent&édrgﬁx?y ﬁ %h 8?%§$H§{hv$% g§£9 %ﬁ%f yﬂcarganate
(4.32 g, 11. ﬁleﬂlybbs)tervvagateldalsmlobexﬂnddmsdl v@linte(}rod)d'ﬁem 55&’8@/1({160Mﬂ_1)1/e AdeH)'c
anhydride (2 f m., 27.6 nmmol) was added to the m xture foll owed by
potassiun1ac§:%te (2.0 g, 20.4 mmol ). Reaction was stirred at room
tenperature over 15 hours. M xture was warned to 50 C and held for 1 hour.
M xture was cooled to roomtenperature then diluted wth 10

di chl ororfet hane. M xture was washed Inteinossliate 76 wat er, and once with
saturated aqueous sodi um bi carbonate. Organic |ayer was dried (nmagnesi um
sulfate), filtered and concentratedgn vacuo. Residue was treated with 10%
et hyl acet at e- hexanes (100 ni). yghjal was concentrated in vacuo.

Desi red conmpound was obtai ned a teNHsolid in 98% vyield. . '"H NVR (300
MHz, CD30D): 8= 7.64 (s, 1H), 7.54 (s, . 15 4.51 (s, 2H), 2.19 (s, 3H),
1.51 (s, 9H). Internediate 75 0 >~ OO0O~0 N OOO

3-(2-Acetoxymethyl-4-tert-butoxycarbonylamino-5-methyl-phenyl)-2-(R)- -
benzyloxycarbonylamino-propionic acid methyl ester. Title compound was prepared
10 in a manner analogous to the preparation of 2-(S)-(acetoxymethyl-4-tert-
butoxycarbonylamino-3-methyl-benzyl)-succinic acid diethyl ester. Material was

obtained as clear colorless oil in 99% yield. MS m/e (M-H)'= 513.

Intermediate 77

wr“©

15 (0] o]

3-(2-Hydroxymethyl-4-tert-butoxycarbonylamino-5-methyl-phenyl)-2-(R)-
benzyloxycarbonylamino-propionic acid methyl ester. Title compound was obtained

in a manner analogous to the preparation of 2-(R)-Benzyloxycarbonylamino-3-(4-
20  tert-butoxycarbonylamino-2-hydroxymethyl-3-methyl-phenyl)-propionic acid methyl

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



20 3-(2-Acet oxynet hyl - 4-t ent - but oxycar bonyl am no- 5- net hyl phenyl) - 2-

benzyl oxycar bonyl am no-acrylic acid nethyl ester. Title conpound was

pr epar ed wo 20@/052378er anal ogous to the preparati on of PCT/US2005/036859
3-(2-Acetoxynet hyl -4-tert WO 2006/ 0523787 CT/ US2005/ 036859 76

but oxycar bonyl am no- 3- net hyl - phenyl ) - 2- b€nzyl oxycar bonyl am no-acrylic acid
nmet hyl ester. Material was obtained as a white solid in 65%yield. M5 me
(MtH) += 513. 5 Internediate 76 O pEMmdlEo) OO ~ 000

3- (2- Acet oxynet hyl -4-tert-but oxycar bonyl am no-5-net hyl phenyl)-2-(R)-
benzyl oxycar bonyl am no propi onic acidzl met hyl ester. Title conmpound was
prepared 10 in a manner anal og tq) the preparation of

2-(S)-(acetoxynet hyl -4-tert- but© nponyl am no- 3- net hyl - benzyl ) - succi ni c
acid diethyl ester. Material was obtdined as clear colorless oil in 99%
yield. M5 me (MH) 513. Internedi at O>~0CANH HONO Y 15 000

3-(2-Hydroxynet hyl -4-tert-but oxygar am no- 5- nethyl phenyl)-2-(R)-
t hyl esg@ tl e conpound was
N\[ro

benzyl oxycar bonyl am nopr opi oni ¢ aci'd
3-(2-Chloromethyl-4-tert-butoxycarbonylamino-5-methyl-phenyl)-2-(R)-

obt ai ned

5 benzyloxycarbonylamino-propionic acid methyl ester. 3-(2-Hydroxymethyl-4-tert-

butoxycarbonylamino-5-methyl-phenyl)-2-(R)-benzyloxycarbonylamino-propionic
acid methyl ester (510 mg, 1.1 mmol) was dissolved in dichoromethane (5 mL).
Triethylamine (250 puL,1.8 mmol ) was added to the mixture followed by
methanesulfonyl chloride (100 puL, 1.3 mmol). Mixture was stirred at room

10 temperature for 1.5 hours. Mixture was diluted with dichloromethane then washed
once with water, twice with 1N hydrochloric acid, and once with brine. Organics
were dried (magneSium shlfate), filtered and concentrated in vacuo. Title compound

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

15 Intermediate 79

7L03¥NH
Q).

4

N



in a manner anal ogous to the preparation of
2- (R) - Benzyl oxycar bonyl am no-3-(4 20
t ert - but owpceasdnzegzBam no- 2- hydr oxynet hyl - 3- net hyl - phenylprTpSe@sosésso aci d
met hyl ester. Material was obtained as%ite solidin 94%yield. WO
2006/ 052378 PCT/ US2005/ 036859 77 Inter iate 78 0 ~OANH C NO\ 00O
3-(2-Chl oronet hyl -4-tert-but oxycarbonyl am no-5-net hyl phenyl)-2-(R) 5
ge?gy :_;é?’gar Prg?ﬁl (?éﬂﬁk‘?zzﬁ%%&%t&g@&‘bgny%ﬂz%' 2-B84B)-7-methyl-3-0x0-2,3,4,5-

Xy y
but oxycar bontﬂrahydrro-lﬂhetmgd]ameﬁw;caébwe b2 whirgmethybayéram no- pr opi oni c
aci d net hyl te 10 1.m sol yed in dichoronethane (5
n) - T ot nRieatber Sagto-3 e e 52 Bade ﬂ%%ﬁﬁ@omlﬁwoepworlmd by
met hanesul f oqyd m%ﬂig@édték(%ﬂﬁ% B.72 IaBolyWRk Hissdhvdd I RetvRfirikt (10 HgY. at room 10
tenperature for hours. MXxture was diluted with dichl ororrethane t hen
washed oncePatpsskinnearbpnate (§20engilthmpmoelhyes asidad b the maigtvge fodlowed e wi t h

bri ne. Orga wer e na um suI fate filt concentrat ed
in vacuo. ﬁn%yl@‘g’m (ugg iWéQ %‘g“f’gi AN W %feg ‘?fe&ﬁlxﬁd’é%so P81 d. M8 me
(MkH) += 491 Mb&uﬂeﬂif&rdm%% ?ooZﬂten?eréﬂn/e.\ \Mlxi\H: WaSriltbrel o ML RO A61tAR2378
PCT/ US2005/ 036859 78 (R)-Benzyl 8-tert-butoxycarbonyl am do-2-benzyl -

7- met hy| - 3- owes goncentrated. Residae veas yihsolvpdHirioheo Cl)Sambpi Acetielasi B AO0Le.
3-(2-Cnlor orr‘%;[ls élcideé to t%e mixture. Reaction was heated at reflux for 3 hours. Mixture was

=

10 cooled to room temperature. Mixture was concentrated. Residue was purified by
silica gel chromatography eluting ethyl acetate-hexanes. Title compound was

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

Intermediate 80

%NH

L

(R)-tert-Butyl 4-amino-2-benzyl-7-methyl-3-oxo0-2, 3,4, 5-tetrahydro-1H-

15

benzo[c]azepin-8-ylcarbamate. (R)-Benzyl 8-tert-butoxycarbonylamido-2-benzyl-7-
methyl-3-o0x0-2,3,4,5-tetrahydro-1H-benzo[c]azepin-4-ylcarbamate (305 mg, 0.58
20 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

25  (M+H)"=396.



but oxycar bonyl am no- 5- net hyl - phenyl ) - 2- (R) - benzyl oxycar bonyl am no- pr opi oni c
acid nethyl ester (335 ng, 0.72 mmol) was dissolved in acetonitrile (10
m.). 5 Powesséemsezzar bonate (220 ng, 1.6 mmol) was added prw/usb@smBsossaur e

foll owed by benzylamne (150 L, 1.4 mml). Reaction was heated to refl ux
for 4.5 hours. Mxture was cooled to ro tenperature. M xture was
filtered over celite. Filtrate was concentrated. Residue was dissolved in
toluene (15 nL). Acetic acid (100 k}memiﬁgﬁd to the m xture. Reaction
was heated at reflux for 3 hours. xture was 10 cooled to room

trated. Residue was purified by silica gel

tenperature. M xture was conce@
chromat ography eluting ethyl a %{uﬂe- exanes. Title conpound was obtai ned
me (MtH) += 530. Internediate 80 O

as clear colorless oil in 81 Oé{’,el d
O/\\- NHN 15 NHZ (R)-tert~Butyl am no- 2--benzyl - 7- et hyl - 3- oxo- 2, 3,
J

4, 5-tetrahydro-1 H benzo[cJazepi n-8 arbamate. (R)-Benzy]
8-tert-butoxycarbonyl am do- 2- benzyl o

nmet hyl - 3- oxo- 2, 3, 4, 5-tetrahyg | H | S c,]ﬂaz {n-4-yl carbamate (305 ny,
0.58 20 nmml) was dissol ved verhano!l .N A fatalytit anount of 10%
pal | adi um on carbon was added To the i xture. i was pl aced on a Parr

appar atus under 50 psi of hydrogen gas. Reaction hol'€| at room tenperature
for 1 hour. Reaction was renoved fromthe apparat taI yst was filtered
off. Filtrate was concentrated in vacuo. Title conpQung was obtained as
clear colorless oil in 97%yield. M5 me 25 (MtH) += 396. WD 2006/ 052378
PCT/ US2005/ 036859 79 Internmediate 81 0 H NO ~ ’

(R)-tert-Butyl 2-benzyl-7-methyl-3-0x0-4-(4-(2-0xo0-1 ,2-dihydroquinazolin-
5 3(4H)-yl)piperidine-1-carboxamido)-2,3,4,5-tetrahydro-1H-benzo[c] azepin-8-
yilcarbamate. (R)-tert-Butyl 4-amino-2-benzyl-7-methyl-3-0x0-2,3,4,5-tetrahydro-
1H-benzo[c]azepin-§-ylcarbamate (155 mg, 0.39 mmol) was dissolved in
dichloromethane (10 mL). Aqueous sodium bicarbonate (10 mL) was added to the
mixture. A solution of 20% phosgene in toluene (230 puL, 0.43 mmol) was added to
10  the mixture with vigorous stirring. Reaction stirred at room temperature for 20
minutes. 4-(2-oxo-1,4-dihydro-2H-quinazolin-3-yl) piperidine acetate (140 mg, 0.48
mmol) was added to the mixture. Reaction stirred at room temperature for 1 hour.
Reaction layers were partitioned. Organic layer was washed successively with IN
hydrochloric acid and brine. Organic was dried (magnesium sulfate), filtered and

15 concentrated in vacuo. Title compound was obtained as off-white solid in 94% yield.

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

Intermediate 82

20



N NAN O HNNH (R)-tert-Butyl 2-benzyl-7-nethyl-3-oxo0-4-(4-(2-o0x0-1,

2-di hydroqui nazol in- 5 3(4H) yl)pi peridine-1 -carboxam do)-2, 3, 4,

5-t et r ahywo@ods/ds23y8nzo[ c] azepi n-8 yl carbamate. (R)-tert PButugRoos/036859

4- am no- 2- benzyl - 7- net hyl - 3- oxo- 2, 3, 4, 5-1 et rahydr o-

1H benzo[ c] azepi n- 8-yl carbamate (155 ny, Q) 39 mmol) was dissolved in

di chl oronet hane (10 nl). Aqueous sodi um bi carbonate (10 nlL) was added to
the mxture. A sphupiep &ferﬁ&z/@ﬁb&?%ﬁf@m'ﬂb p%&g 8-ARR0-F-0x002, éiﬁm)') was
added to 10 the mxture with goérous stirring eactlon stirre room
t enper at ur e fegahpdro- - h@!zeéC]azlﬁp(fQ40k@raan4atdl M%Céﬂ@miqtlmyhéiatﬂ n-3-yl)

pi peridi ne a e (14 to,the m.xture. Reaction
stirred at rg‘gt%ﬂg Cea"rnt%)él g E}F?de'%%éﬁsil'%o Yg'z\!@g’@ g%XXC&SPfS%laWéI? SPISRIYS i oned.
Organic | ayeaCIths&teldwmsas&1nvﬂaxmvurtahalbgbusha eqﬁbsrla%ﬂcﬁl AGRYbaRg] bri ne.
Organi ¢ was dr| ed (magnesium sulfate), filtered and 15 concentrated’in

vacuo. Titl eStohbBaNycarkanysmido-derenad- birthyhibdtaxoshb Ad-iehalomoyHel d. M5 i e
( M+H) += 653. al. 06 2378
PCT/ US2005/ O%%E@%gfn lcé%am%_e1 Pife compémdlwasgbtaﬁled s%&lnt\/\gol%&) ‘%3/5
8-tert- butoxylehiﬂdﬁyrh/a(erﬁ)%bm]zyl 9- net hyl - 3-oxo-2, 3, 4, 5-

t et rahydr o- JH benzo[ cJazepi n-4 yl carbamate. 3-(2-Chl ororret hyI 4-tert-

but oxycar bonyl am no- 3- net hyl - phenyl ) - 2- (R) - benzyl oxycar bonyl am no- propi oni c
acid nethyl ester was reacted in a [REMIIiIAOR, ogous to the preparation of
(R) - benzyl 5

8-tert-butoxycarbonyl am do- 2- benzyl Z) rret hyl - 3- oxo- 2, 3, 4, 5-tetrahydro-1 H

gy

Qg
o

(R)-tert-Butyl 4-amino-2-benzyl-9-methyl-3-oxo-2, 3,4, 5-tetrahydro-1 H-

10

benzo[c]azepin-8-ylcarbamate. (R)-Benzyl 8-tert-butoxycarbonylamido-2-benzyl-9-
methyl-3-0x0-2,3,4,5-tetrahydro-1 H-benzo[c]azepin-4-ylcarbamate was reacted in a

15 manner analogous to the preparation of (R)-tert-butyl 4-amino-2-benzyl-7-methyl-3-
0x0-2,3,4,5-tetrahydro-1H-benzo[c]azepin-8-ylcarbamate. Title compound was
obtained as clear colorless oil in 99% yield. MS m/e (M+H)"= 340.

Intermediate 84

20



benzo[ c] azepi n-4-yl carbamate. Title conpound was obtained as white solid in
78% vyield. M5 mMe (MtH)+= 530. Internediate 83 OH N CD~- NNH2 10 O

(R) -t ert -\Bot2gde/0b23m81 no- 2- benzyl - 9- net hyl - 3- oxo- 2, 3, 4, peTHUSReEhyasD- JH
benzo[ cJazepi n- 8yl car bamate. (R)-Benzyl ‘

8-tert-but oxycarbonyl am do- 2- benzyl - 9- 81

nmet hyl - 3- oxo- 2, 3, 4, 5-tetrahydr o-|1 H benzo[ c] azepi n- 4-yl carbamat e was reacted

ina 15 manner gz_alte,g%syztzobér)aﬁ -RhRRBI-8lke1- @t (- £ 2N nazolin-

4- am no- 2- benzyl -
oxo0- 2, 3, 4, 5- 3(6‘1119-&16’?11290') %bemto{cmldfz,é%ﬁmBt@yﬂabﬂdiba&féﬂ)@zzoﬁ]m@zrc6npound was

obt 2 ned 25 SR SRLERER AR A S sl e b e o

PCT/ US2005/ omaﬁazo[B}hz .stﬁédrbﬁuatykyaar@e&ayﬁa%m&maro%owg the (4- (2- oxo- 1,
2- di hydr oqui nazol i n- 2 pi peri di ne-1-car boxam do)-2, 3, 4,

5-t et r ahydr oprfpﬂa%@m J@&%p hZ@Bng/ylﬁams@brhﬁ@xo@RM -Qeto- Bt yI

4-am no- 2- begg,

1H benzo[ c] aze% 8%'%:% car (gﬁgﬁgpéaﬁd’?%ac a%dfl n"a (r?a%iﬁesrte%%hgldf)o (I)It}s to the 5
preparation bénz()ﬂajaszmt&plahﬂohmatebé[hﬂeyberﬂpomtlhgds&tam@d aéo(fflwhﬂe solidkid, 2-

di hydroqui n é&l n-3 (4H)-yl)pi peridine-1-carboxam do) -2, 3, 4, 5-tetrahydro-1
H benzo[c] a -yl carbamate. Title conmpound was obtained as off-white
solid in 94%y| el d.

10 Intermediate 85

0

-N
P

SUSY

4

(R)-Benzyl 1-acetyl-8-benzyl-7-ox0-1,5,6,7,8,9-hexahydroazepino[4,3-
Jflindazol-6-ylcarbamate. 3-(2-Chloromethyl-4-tert-butoxycarbonylamino-5-methyl-
15 phenyl)-2-(R)-benzyloxycarbonylamino-propionic acid methyl ester (160 mg, 0.33
mmol) was dissolved in dichloromethane (3 mL). Trifluoroacetic acid (1 mL) was
added to the mixture. Reaction was stirred at room temperature for 45 minutes.
Mixture was concentrated to a yellow oil. Residue was dissolved in chloroform (3
mL). Acetic acid (100 pL) was added to the mixture followed by isoamyl nitrite (50
20 pL, 0.37 mmol) then potassium acetate (65 mg, 0.66 mmol). Reaction was heated at
reflux for 30 minutes. Mixture was cooled to room temperature then diluted with
dichloromethane. Mixture was washed once with water, and twice with aqueous
sodium bicarbonate. Organics were dried (magnesium sulfate), filtered and
concentrated in vacuo. Reside was dissolved in acetonitrile (3 mL). Benzylamine

25 (100 pL, 0.92 mmol) was added to the mixture followed by potassium carbonate (50



10 Intermediate 85 0 ANNNO N OHO(R)-Benzyl

1-acetyl -8-benzyl -7-o0x0-1, 5, 6, 7, 8, 9-hexahydroazepino[4, 3- fJindazol-6
yl car bamawe.20@-(5237€h| or omet hyl - 4-t ert - but oxycar bonyl ani moThssomisioydsse 15
phenyl ) -2-(R) - benzyl oxycar bonyl am no- pr H@nonl c acid methyl ester (160 ny,
0.33 mml ) was dissolved in dichloronet e (3 nm). Trifluoroacetic acid (1
m.) was added to the m xture. Reaction was stirred at roomterrperature for

45 m nut es. S | i
%ﬂhawhﬁnefﬁ R%ﬁ%ﬁ%ﬁ ALadh 51Qe By &) 1%119 MMS A d%%g Maso

di ssolved in | orof orm ( m.). Acetic acid (100 L)
m xture foll mmdtemperaguanﬁbhdﬂ were fidtexe80 Fl0ate, wa3.cBicammate)l it hemvop Reaislse um

t at 65 0.6 t h fl f 3 1 nut es.
M xtor o s BOLIEHCT S Sulnedian A AEE TR D B S RRIP HASIRFER Shret hane.
M xture was washest CHGS. M&Hué"%@éool&ﬂ@ rwﬂqq&ni;\efrgtpre?%%%]ut nh} ﬁijel({”

bi carbonate. Organics were dried (magnesium su and
concent r & edmilpwasedded tRels nixtwrs Réagivolwesdtiired atcebmrtemperagird Srrihour.

Benzyl ani 100 L. 0.9 dded || oned b
pot ass: um cal BN SbeRBd0RR08S Tas TR brloat sho et 0 a6

nol ) . React élgiing\aEylnRafatthexhndse itk cdmbouhd R lobtaM odlad lafbBRSi ﬁppﬂ"/@d to
roomtenperature. Solids were filtered. Filtrate was concentrated in vacuo.

Resi due wasYiekeM2aVodMAH) 6f 4ne (3 nl) and acetic acid (100 L). Reaction
was heated at reflux for 1 hour. Mxture was cooled to roomtenperature.
Acetic anhydride (1 5 nL) was added to the m xture. Reaction was stirred at
roomten@erature for 1 hour. M xtulteragisto®Eent rated. Resi due was
purified by silica gel chromatography eluting ethyl acetate-hexanes. Title
conpound was obtained as anber oil in 2/% yield. M5 me (MH)+= 483. 10

| nternedi ate 86 N-N

(R)-benzyl 8-oxo-9-(piperidin-4-yl)-3,6,7,8,9,10-hexahydroazepino[3,4-
elindazol-7-ylcarbamate methanesulfonate. 4-(7-(R)-Benzyloxycarbonylamino-8-

15  o0x0-6,7,8,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]Jinden-9-yl)-piperidine-1-
carboxylic acid tert-butyl ester (100 mg, 0.19 mmol) was dissolved in
dichloromethane (2 mL). Anisole (100 uL, 0.92 mmol) was added to the mixture
followed by methanesulfonic acid (200 pL). Reaction stirred at room temperature for
30 minutes. Mixture was diluted with diethyl ether, and the mixture stirred at room

20  temperature for 30 minutes. Solvents were decanted off. Residue was dried in
vacuo. Title compound was obtained as dark oil in quantitative yield. MS m/e

(M+H)"'=434.

25



H NN OOOHINO NA O0HO HN(R-benzyl 8-o0x0-9-(piperidin-4 yi)-3,

6, 7, 8, 9,10-hexahydroazepino[3, 4- e]indazol-7 ylcarbamte

met hanes Wwbanas2374- ( 7- (R) - Benzyl oxycar bonyl am no- 8- 15PCT/US2005/036859

0Xxo0- 6, 7, 8, 10-tetrahydro-3H 2, 3, 9-tri aza-gycl ohept a[ e] i nden-9-yl ) - pi peri di n-
1 carboxylic acid tert-butyl ester (100 , 0.19 mmvl) was dissolved in

di chl oronethane (2 nL). Anisole (100 L, 0.92 mvpl) was added to the m xture
fol  owed by nethanesul fonic acid (2QQelhedidRe@6ti on stirred at room
tenmperature for 30 mnutes. Mxture was diluted with diethyl ether, and
the mxture stirred at room 20 tenperature for 30 m nutes. Solvents were
decanted off. Residue was dried in vaeuo. Title conmpound was obtai ned as

dark oil in quantitative yield. Ms m H) += 434. 25 WD 2006/ 052378
PCT/ US2005/ 036859 83 Internedi ate 87 NOO NAON 0 (R-benzyl
9- (1 -acetyl piperidin-4yl)-8-o0xo0-3, 6, 78, 9,10

0

Ny A
\g"@o Re

(R)-benzyl 9-(1-acetylpiperidin-4-yl)-8-ox0-3,6,7,8,9,10-
5  hexahydroazepino[3,4-elindazol-7-ylcarbamate. (R)-benzyl 8-ox0-9-(piperidin-4-

y1)-3,6,7,8,9,10-hexahydroazepino[ 3,4-e]indazol-7-ylcarbamate methanesulfonate
(100 mg, 0.19 mmol) was dissolved in a mixture of dichloromethane (4 mL) and
triethylamine (500 puL, 3.6 mmol). Acetic anhydride (500 pL, 5.3 mmol) was added
to the mixture. Reaction stirred at room temperature overnight. Reaction mixture

10 was washed successively 1x water, 2x 1N hydrochloric acid, 2x 1N sodium
hydroxide, and 1x brine. Organic was dried (magnesium sulfate), and filtered.
Filtrate was concentrated in vacuo. Residue was treated with methanol (3 mL).
Potassium carbonate (40 mg, 0.29 mmol) was added to the mixture. Reaction stirred
at room temperature for 2 hours. Reaction was quenched with 1N hydrochloric acid

15 (6 mL). Methanol was removed from the mixture in vacuo. Remaining aqueous
mixture was made basic with sodium bicarbonate. Mixture was extracted with ethyl
acetate. Organic layer was dried (magnesium sulfate), filtered and concentrated.

Title compound was obtained as yellow solid in 43% yield. MS m/e (M+H)+i 476.

20 Intermediate 88



5 hexahydr oazepi no[ 3, 4-e] i ndazol -7 yl carbamate. (R)-benzyl

8- 0x0- 9- ( pi peri di n-4-

yl) -3, 6, Aw8,2006l032318 xahydr oazepi no[ 3, 4- e] i ndazol - 7- yl car lpamaise005/036859

nmet hanesul fonate (100 ng, 0.19 mmol) s dissolved in a mxture of

di chl oronet hane (4 nlL) and triethylam (500 L, 3.6 mml). Acetic
anhydride (500 L, 5.3 nmol) was added to the mixture. Reaction stirred at

room tenperature gyey i ght,, Reas)| @ﬁ{“maﬁl%%ﬂ@w@&r&@%@%ﬁ@(eﬁf: xg' y I'x

wat er, 2x I N hydrochl oric dcid, sodi um hydr oxi de
Organi ¢ was dunc@dol(%g}}eae mmhszudzswabref)te émebefnz}'lt%ﬂe@betylﬁpbmdla{éleyl\)\ﬁsoxo-

t ted d t th th Pot
carbonat o 46 Sa BxabRor ARt B bR B men Lo Ghinel PR o at
room t enper adisobvedh d?ehmb%ahaﬁe@%w ”AH‘@éle QEREN®Y7 Wirkdl) WhS Byt es fHeor i ¢

acid 15 (6 nL). Methanol was renopved fromthe m xture in vacuo. ' Remai ni ng
aqueous m mlmmre\zﬁa]ﬂ;owmﬂw inethameswiforic aadi(250 ;h)L):aRdzaonm girrdd atreore Was
extracted with eth cet at e, ani c_| ayer (negnesi um sul fate),
filtered ana‘eﬁ’(ﬁﬁr@&ﬁ? fogi2elhpurs. ME*@%WWG% %Wg?tﬁ%rd MEWre st i d i n
43%yield. Mgy uir%di‘)%‘mﬂlaés ngvleﬁ'tE We'f@&’écﬁﬁt@d%gf lﬂémzﬂh‘n%lresfd”{e w2 N O WO
2006/ 052378 PCI/ US2005/ 036859 84 (R)-9-(1-acetyl piperid - /-am no- 6,

7, 9, 10-t et rérieddn vacepiTid§ Bompound I aschbtaanedss3laik ahm quntiaties yulefdo ndfe.

(R) - benzyl 9-(1- t-vL pj peri di n-4-yl)-8-o0xo0-
3,6,7,8,9, loq‘%é(@ﬁ@dr‘%%epi no[ 3, 4-e] indazol -7-yl carbamate (38 ng, 0.08

mml ) wa® dissolved in dichloromethane (1 m). Anisole (30 L, 0.27 mmol)
was added to the 5 mxture followed by nethanesul fonic acid (250 L). ,
Reaction stirred at room tenperature flBtermediaig®?. M xture was diluted with
diethyl ether. Mxture sat at room  tenperature for 30 minutes. Solvents
wer e decanted off. Renai ning resi dNu,u was

\

LA

tert-butyl 3-((R)-7-(benzyloxycarbonyl)-8-oxo-7,8-dihydroazepino[3,4-
15 eJindazol-9(3H,6H,10H)-yl)pyrrolidine-1-carboxylate. 2-(R)-
Benzyloxycarbonylamino-3-(4-chloromethyl-1H-indazol-5-yl)-propionic acid methyl
ester hydrochloride (150 mg, 0.31 mmol) and R,S-3-amino-1-N-Boc-pyrrolidine (90
uL, 0.48 mmol) 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)-cyclohepta[e]inden-
20 7-yl]-acetic acid methyl ester. Title compound was obtained without purification as

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

25



dried in vacuo. Title conmpound was obtained as dark oil in quantitative
yield. M5 nfe (MtH)+=342. 10 Internediate 89 H ,N N/ O N N N-10 ~

~ N p " Gvoende/dsedrgl 3- ((R) - 7- (benzyl oxycar bonyl ) - 8- oX®@€T/US2005/036859
8- di hydroazepi no[ 3, 4- 15 eJindazoI-9(3F§56H, 10H) yl)pyrrolidine-
-carboxyl ate. 2-(R)-

Benzyl oxycar bonyl am no- 3- (4-chl oronet hyl -1 H i ndazol -5-yl)-propionic acid

met hyl ester hydrochloride (150 ng, OpglnEaRtdo@nd
R, S- 3-am no- 1- N-Boc-pyrrolidine (90 L, 0.48 mvol) were reacted in a manner
anal ogous to the preparation of [9-“2,2-
di met hyl - propyl ) - 8- oxo- 3, 6, 7, 8, 9, N0- Rexaghydro- 2, 3, 9-tri aza-(S)-cycl ohepta[e

] inden 20 7-yl]-acetic acid methylt_g
Wi thout purification as dark foami

10

15

20

25

N 0

éijg ° N/H\NH

S5 G <

tert-butyl 3-((R)-8-oxo-7-(4-(2-oxo-1,2-dihydroquinazolin-3(4H)-
Ylpiperidine-1-carboxamido)-7,8-dihydroazepino(3,4-e] indazol-9(3H,6H, 10H)-

Iz

yDpyrrolidine-1-carboxylate. tert-butyl 3-((R)-7-(benzyloxycarbonyl)-8-o0xo-7,8-
dihydroazepino[3,4-¢]indazol-9(3H,6H,10H)-yl)pyrrolidine-1-carboxylate was
dissolved in methanol (10 mL). Acetic acid (300 L) was added to the mixture
followed by 10% palladium on carbon. Reaction vessel was placed on a Parr
apparatus and charged with 30 psi of hydrogen gas. Reaction shook at ambient
temperature for 2 hours. Reaction mixture was filtered. Filtrate was concentrated in
vacuo. Residue was dissolved in dichloromethane (2 mL). Triethylamine (500 pL,
3.6 mmol) was added to the mixture followed by N, N -disuccinimidyl cafbonate (90
mg, 0.35 mmol). Reaction stirred at room temperature for 30 minutes. 3-(piperidin-
4-yl)-3,4-dihydroquinazolin-2(1H)-one acetate (80 mg, 0.27 mmol) was added to the
mixture. Reaction stirred at room temperature for 1 hour. Mixture was diluted with
dichloromethane. Mixture was washed with water. Organic layer was concentrated.
C18 preparative HPLC purification afforded the title compound as yellow solid in
24% yield. MS m/e (M-CsHgO,+H) =543,

. Title conmpound was obt ai ned
1% yield. M5 nmle (MtH) +=342. 25 WO
iﬁ\egO HN NL/ O NNANO

H O



HONANH N Ol-~ Otert-butyl 3- ((R)-8-0x0-7-(4-(2-0x0-1,

2-di hydroqui nazol in-3 (4H) 5 yl)pi peridi ne-1-carboxam do) -7,

8- di hydr omoepiespBs 4-e]i ndazol -9(3H, 6H, 10H) - PCT/US2005/036859
yl)pyrrolidine-1-carboxylate. tert-butyl

3- ((R) - 7- (benzyl oxycar bonyl ) - 8- oxo- 7, 8- 86

di hydr oazepi no[ 3, 4-e] i ndazol - 9(3H, 6H, 10H) -yl ) pyrrol i di ne-| -car boxyl ate was
di ssol ved in methanol (10 nL). Acetic Refedid@®iL) was added to the m xture
foll owed by 10% pal | adi um on carbon. Reaction vessel was placed on a Parr
10 apparatus and charged with 30 psi of hydro@en gas. Reaction shook at
anbient tenperature for 2 hours. Reaction n‘iﬂfur was filtered. Filtrate
was concentrated in vacuo. Residue was di | v8d in dichl oronet hane (2

m.). Triethylam ne (500 L, 3.6 mmol) wa d to the m xture foll owed by
N, N - di succi ni m dyl carbonate (90 ng, 0.3 ). Reaction stirred at room
tenperature for 30 m nutes. 3-(pipenN '
4-yl) -3, 4-di hydroqui nazol i n-2(1H)-ong acetatie (80 ng, 0.27 mml) was added
to the mxture. Reaction stirred at roomte ture for 1 hour. Mxture
was diluted with dichloronethane. M xture wa shed wth water. Organic
| ayer was concentrated. C 18 preparative HRAC purification afforded the
title conpound as yellow solid in 24%vyield. M5 me (M CoHgO2+H) +=543. 20
25 WD 2006/ 052378 PCT/ US2005/ 036859 86 Internediate 91 HNAQIJ< i 100 O

3-(tert-but Oxycar.p-?t@ytl-l)u'tt%c'y%tb9M)lil)—§-'ngéf%ﬂ%(‘b-%xo-%jdi{zﬂ}f(groﬂjrgﬁ-@D' 3

5  ylmethyl)benzyl acetate. Acetic acid 3-tert-butoxycarbonylamino-6 —iodo-2-methyl-

benzyl ester (575 mg, 1.4 mmol) was dissolved in N, N-dimethylformamide (2.5 mL).
o-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 cooled
10  toroom temperature and partitioned between ethyl acetate and aqueous sodium
bicarbonate. Layers were separated. Organic layer was dried (magnesium sulfate),
filtered and concentrated in vacuo. Silica gel chromatography afforded the title

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

15 Intermediate 92

HN)OJ\O/I<
\n/O

o

(S)-3-(tert-butoxycarbonyl)-2-methyl-6-((2-oxo-tetrahydrofuran-3-
yl)methyl)benzyl acetate. 3-(tert-butoxycarbonyl)-2-methyl-6-((2-0x0-2,5-
20  dihydrofuran-3-yl)methyl)benzyl acetate (280 mg, 0.75 mmol) was dissolved in a
mixture of ethyl acetate (10 mL) and methanol (10 mL). A catalytic amount of (-)-



5 yl)nethyl)benzyl acetate. Acetic acid 3-tert-butoxycarbonyl am no-6

-i odo- 2-net hyl - benzyl ester (575 ng, 1.4 mmol) was dissolved in

N, N- di netwpl2bewosesvede (2.5 nL). a- Met hyl ene-y- but yr ol aetons2¢05986859 2. 2
mmol ) was added to the m xture followed y potassium acetate (420 ng, 4.3
mmol ), and then palladiumll) acetate (1% nmg, O0.07 mmol). Reaction m xture
was heated at 80C for 26 hours. M xture was cooled 10 to roomtenperature

and partiti 0|I'QCb1Qﬁ%ﬁﬁdﬁi@ﬂho@ﬁ%ﬂﬂﬁb%e@aﬂ%e@@%i‘d&%d&ﬂ@rhﬁﬁm@' (gar bonat e.

Layers were separated.” Organic tmi;er was dri‘ed (magnesium sul'fate),
filtered andteér@ﬂé@rﬁbwateéﬂasladd«é e mgkfures R llommsmfmasgﬂ@pd\ynaﬂam ded the

T In: L?mg?g{)g@mﬁi WOfﬂf]cbar dgltchogd;% f)gsl Cé% gealsteal}é%on sﬁoék atH2>o 5 o4 15
(tert-but oxy&mﬂemwe)for&mmiuwl A Breblf Bor®iva -of ey 11ghyid((PR SRIN- 3-

yl ) met hyl benz acetate (tert-butoxycarbonyl)-2-nmethyl-6-((2-0x0-2,5 20
di hydr of ut andigt HPH@néw(%l@pa&a@ep?)slww (0 teﬂ@ﬂﬁﬁmbpr%wam%& ved
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1, 2- bi s( (2R, $Rpkdt mtonyiepipespire fardd) vany det iy nbaoteadiseoagdnratidum (1)

t et raf | uor obor at e vva added to xture eac n. vessel | aced on a
Parr appar at{f¥%a 3851 W@%@Wdttﬁ?’ Pluspfﬁ*}F}a? 8%}5’?%“%58 §/R%IQV\ﬁielcﬁ{%tes‘hook at

room tenpergéxah&s. RfralbwiOd¥hdentAidd 5 0RO Til10 @orﬁfwt(nd)w&s dtdthsafkarR) S

di et hyl phosphol ano) benzene(cycl ooct adi ene) r hodi um (1) tetrafluoroborate was
added t1 t heolodlsss gilan 6%oaaeli oM S s éM-Ipis 3dhar ged with 50 psi of hydrogen

gas. Reaction shook at roomtenperature for 24 hours. Reaction m xture was
concentrated in vacuo. Residue was passed through a plug of silica gel

eluting 80% et hyl acetate- hexanes. Filhtdrmb@&até®s concentrated i n vacuo.
Titl e conpound was obtai ned as cl ear :

N~NH
/
HO
(0]
o)
15 (S)-3-(1 (4—(hydr0xymethyl)—] H-indazol-5-yl)methyl)-dihydrofuran-2(3H)-one.

(S)-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

20  concentrated in 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 for 20 minutes. Potassium acetate (400 mg, 4.1
mmol) was added to the mixture. Reaction stirred at room temperature for 1 hour.
Mixture was diluted with dichloromethane. Mixture was washed successively 1x

25  water, 2x aqueous sodium bicarbonate. Organic layer was dried (magnesium sulfate),
filtered and concentrated in vacuo. Residue was dissolved in methanol (5 mL).
Potassium carbonate (120 mg, 0.87 mmol) was added to the mixture. Reaction

stirred at room temperature for 1 hour. Reaction was quenched with 1N hydrochloric



10 colorless oil in 69%yield. M5S mMme (MH-= 376. Internediate 93 N NH
HOI / O O15 (S)-3-

((4- (hydrw®yosidsy37s- | H i ndazol - 5-yl ) net hyl ) di hydr of ur ame2(3r)os086359 (S)-3
-(tert-butoxycarbonyl)-2-nethy|-6-((2-ox§ et rahydr of uran- 3

-yl ) et hyl ) benzyl acetate (190 ng, 0.50 I) was di ssolved in

di chl oronethane (4 nmL). Trifluoroacetic acid (1 nL) was added to the

m xture. Reagdii OMesanbl Wek @mow@@mon;tﬁ@pfﬁkﬁwfnemw @&nﬁhmlgt gﬁeou'é/'wé ure was
diluted with dichl oronethane and then 20 concentrated In cuo. Residue
was di ssol vewtra@tedmx&d@hﬂrqﬁhe(ranmlg basigcwith sodiwh diqafBnate) andathemeitemttado t he

m xture foll 80 . L. 0. 1).. Re Lon stjrred at
room t enper a %éﬁlgz’?&lek gtﬁl&nu oerg m )g u‘?ﬁ%@gﬁ%@%‘%@'ﬁn}@lﬁ%‘) tqlﬁmdol ) was
added t o theand conuérdratdieiacb@n Fitle bbmgo&id WAUBAiREPA bk 8ilfiR 3% JHaur -
M xture was di|uted w th dichl oronethane. M xture was washed successively
| x 25 water, M =2%di um bi car bonat e. Organic | ayer was dried
(magnesi um sul f at e), filtered and concentrated in vacuo. Residue was
di ssolved in nethanol (5 nL). Potassium carbonate (120 ng, 0.87 mml) was
added to the m xture. Reaction stirr ehteinediateradt enperature for 1 hour.
Reacti on was quenched with I N hydrochloric WO 2006/ 052378 PCT/ US2005/ 036859
88 acid. Methanol was renoved fromthe kh xture in vacuo. Remaining aqueous
was extracted 2x diethyl ether, madel wi t h sodi um bi carbonate, and
then extracted again 2x diet hyI et herx pi ned extracts were dried
(magnesium sul fate), filtered, and concengftated in vacuo. Title conpound
was obt ai ned as anber oil in 73% yi;l\d/. \S me (MtH) +=247. |Internedi ate
: N

94 H NON o
o O/K

10 (S)-2-(9-neopentyl-8-oxo0-3,6,7,8,9,10-hexahydroazepino[3,4-e] indazol-7-
Ylethyl acetate. (S)-3-((4-(hydroxymethyl)-1H-indazol-5-yl)methyl)-dihydrofuran-
2(3H)-one (70 mg, 0.28 mmol), was dissolved in dichloromethane (1.5 mL). Thionyl
chloride (500 pL) was added to the mixture. Reaction stirred at room temperature for
45 minutes. Mixture was concentrated. Residue was treated with dichloromethane

15  and re-concentrated. Residue was dissolved in acetonitrile (3 mL). Potassium
carbonate (150 mg, 1.1 mmol) was added to the mixture followed by neopentylamine
(100 pL, 0.85 mmol). Mixture was heated at reflux for 45 minutes. Mixture was
cooled to room temperature and filtered. Filtrate was concentrated in vacuo. Residue
was dissolved in toluene (5 mL). Acetic acid (200 puL) was added to the mixture.

20  Reaction was heated at reflux for 5.5 hours. Mixture was concentrated in vacuo.
Preparatory HPLC purification gave the title compound as yellow solid in 19% yield.
MS m/e (M-H)= 356.

25



N~NO 0 O10 (S)-2-(9-neopentyl-8-o0x0-3, 6, 7, 8,

9, 10- hexahydr oazepi no[ 3, 4-elindazol-7- yl)ethyl acetate.

(S) - 3- ((4wbOhyatrixymet hyl ) -1 H-i ndazol - 5-yl ) net hyl ) - di hy@cefuse@s3@§8H) - one
(70 ng, 0.28 mml ), was dissolved in dicfloromethane (1.5 nlL). Thionyl
chloride (500 L) was added to the m xtur®. Reaction stirred at room
tenperature for 45 mnutes. Mxture was concentrated. Residue was treated
wi th di chl oronmet hane 15 and re-concent padigddiaRes due was di ssol ved in
acetonitrile (3 nL). Potassium carbonate (150 ng, 1.1 mvol) was added to
the mxture followed by neopentylamne #100 L, 0.85 nmmol). Mxture was
heated at reflux for 45 mnutes. M xtulNé was cooled to roomtenperature
and filtered. Filtrate was concentrat ed.i Rcuo. Residue was dissolved in
toluene (5 nmL). Acetic acid (200 .tL) was ded to the m xture. 20 Reaction
was heated at reflux for 5.5 hours. Mxtuyfe Wwas concentrated in vacuo.
Preparatory HPLC purification gave e t}qt | e Jconmpound as yellow solid in
19%vyield. Ms me (MH 356. 25 WO OBpZ3Y8-PCT/ US2005/ 036859 89
Internediate 95 HN- N "N v OMH (S)- o OH

7- (2- hydroxyet hyl ) - 9- neopentyl -6, 7,9, 10-tetrahydroazepino[3, 4 5

e] i ndazol - 8( 3H) - one.

S) - 2- (9- tyl-8-0xo0-3,6,7,8,9,10-h d i no[ 3, 4-
tazol 7oy 1) et i AEe R g gt hdioy oG Gesrbsal T et hanol (1
n) . POtﬁSSéjlﬂﬁHa%VE@(QHﬁbﬁe.((%ﬁ-zﬂ@»né%péiﬁ?rm%-& ,@,SQdﬂﬁﬁexmchfz%nggﬂé-e-

Reaction stifred at roomtenperature for 1 hour.  Anber i on
exchange r es¢lindags-aldethyltagetatet{d8 mgy O D5enmBY aasidirsolyed i methatol (borh).

tenperature ﬁ&gssilu%l erggﬁa?es (20“411%(}(}.] {£ m\ﬁ%?) was added to the mixture. Reaction stirred

at room temperature for 1 hour. Amberlite IRC-50 ion exchange resin was added to

the mixture. Reaction stirred at room temperature for 15 minutes. Mixture was
10  filtered. Filtrate was concentrated in vacuo. The title compound was obtained as

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

Intermediate 96

0]
aael
OH
0]
15
1-(tert-butoxycarbonyl)piperidine-4-carboxylic acid. Isonipecotic acid (1.05
g, 8.1 mmol) was suspended in a mixture of tetrahydrofuran (20 mL) and 1N sodium
hydroxide (20 mL). Di-tert-butyl dicarbonate was added to the mixture. Reaction
stirred at room temperature for 2.5 hours. Mixture was made acidic with IN
20 hydrochloric acid. Mixture was extracted 2x ethyl acetate. Combined organics were
washed with brine and then dried (magnesium sulfate), filtered and concentrated in

vacuo. Title compound was obtained as white solid in 94% yield. MS m/e (M-H)=
228.0.

25



10 filtered. Filtrate was concentrated in vacuo. The title conpound was
obtained as yellowresidue in 94%vyield. M5 me (MH +=316. Internedi ate
96 O N GWo 26152378 (t ert - but oxycar bonyl ) pi peri di ne- 4- carbwrshios/ 036359 .

| soni pecotic acid (1.05 g, 8 1 mmol) was_ suspended in a m xture of
tetrahydrofuran (20 nL) and I N sodi um h%lroxi de (20 m.). Di-tert-butyl

di carbonate was added to the m xture. Reaction stirred at roomtenperature
for 2.5 hours. Mxture was nmade aci di cptRgiN hydrochl oric aci d.

M xture was extracted 2x ethyl acetate. COTT%I ned organics were washed with
brine and then dried (magnesium sul flatep, filtered and concentrated in
vacuo. Title conpound was obtai neg?Q \A&t solid in 94%yield. M5 me
(MH) 228.0. 25 WD 2006/ 052378 PCT/ US200%/ 036859 90 Internediate 97 O
>0~ NN1 O O tert-Butyl 4-(nmethoxy(ne Cc Nbdewoyl)pi peri di ne- |
-carboxyl ate. tert-Butyl 5

4- (met hoxy(met hyl ) car banmoyl ) pi peri di ne-1-carbofyl ate (640 nmgy, 2.8 mmol) and
0- benzotriazol-1-yl-N,N,N ,N -tetranet hyl uroniumtetrafl uoroborate (1.0 g,
3.1 nmmol) were conbined and dissolved in N Ndinethylformam de (12 nL). NN
Di i sopropyl et hyl amrmBurwas (raektlex)(merhyherbamd)peper idoeec-combostlfer egt-Butyl oom

';Tg,r’rper at ug’ © 2-?rliletélll?)xgl?nﬂeltjﬁy?)scérb[e\llhlo%)gpggéigg-l1t]cxgrjbro?();}gltea(?48 ?ngr,]%%rn(g;:nr(])ll)oarnldCi)(-a (450
benzotriazol-1-yl-N,N,N',N'-tetramethyluronium tetrafluoroborate (1.0 g, 3.1 mmol)
were combiﬁed and dissolved in N,N-dimethylformamide (12 mL). N,N-
Diisopropylethylamine was added to the mixture. Reaction stirred at room
temperature for 45 minutes. N, O-Dimethylhydroxylamine hydrochloride (450 mg,

10 4.6 mmol) was added to the mixture. Reaction stirred at room temperature for 1.5
hours. Mixture was diluted with diethyl ether and then washed 3x water, 1x 1N
hydrochloric acid. Organic layer was dried (magnesium sulfate), filtered and
concentrated in vacuo. Title compound was obtained as clear colorless oil in 70%
yield. MS m/e (M-C4Hg+H)"=217.1.

15

Intermediate 98

~OH
o
Acetophenone oxime. Acetophenone (5.0 mL, 43 mmol) was dissolved in
20  methanol (50 mL). Hydroxylamine hydrochloride (6.'1 g, 88 mmol) was added to the
mixture followed by 10N sodium hydroxide (10 mL, 100 mmol). Reaction was
stirred at room temperature for 20 minutes. 10N Sodium hydroxide (5 mL, 50 mmol)
was added to the mixture. Reaction was heated at reflux for 1 hour. Mixture was
cooled to room temperature and stirred for 4 hours. Reaction mixture was

25  concentrated in vacuo. Residue was treated with water. Mixture was extracted 2x

diethyl ether. Combined extracts were washed 1x water, 1x brine. Organic layer was



10 4.6 mmol ) was added to the m xture. Reaction stirred at roomtenperature
for 1.5 hours. Mxture was diluted with diethyl ether and then washed 3x
wat er, | xwoNoodnses7echl oric acid. Organic |ayer was dri edCEBgiespassd
sulfate), filtered and concentrated in vacuo Titl e conpound was obtai ned
as clear colorless oil in 70% vyield. VSl e (M CAH8+H) +=217. 1. 15
Internmediate 98 NOH ()"k Acetophenone oxine. Acetophenone (5.0 nL, 43
nol ) was di r I i de
(61 o 3 m e Y P o de
(10 ni, 100 #swhife sokdan 76Yryields MS /e MHHNE1BGOm t enperature for 20
mnutes | ON Sodi um hydroxide (5 niL, 50 mmol) was added to the m xture.
Reaction was heated at reflux for 1 hour. Mxture was cooled to room
tenperature and stirred for 4 hours. Rpaghk@Btewoxture was 25 concentrated
in vacuo. Residue was treated with water. M xture was extracted 2x di et hyl
et her. Conbi ned extracts were washed | 2 water, |x brine. Organic |ayer was
WO 2006/ 052378 PCT/ US2005/ 036859 i magnesi um sul fate), filtered
and concentrated. Title conpound was bt Yi oaS White solid in 76%yi el d.
M5 nfe (MrH) +=136.0. Internediate 99 O HOOQ N 5 tert-Butyl

4- ( S- hydr oxy- 3phenyl -4, S-di hydroi soxazol -S vyl p'y"beri di ne-1 - carboxyl ate.
Acet ophenone oxime (180 ng, 1.3 nmmol) was dissolwed in tetrahydrofuran (15
m). Mxture was cooled to OC. 2. OM Butyl lithium pent anes

tert-Butyl 4-(5-hydroxy-3-phenyl-4,5-dihydroisoxazol-5-yl)piperidine-1-

carboxylate. Acetophenone oxime (180 mg, 1.3 mmol) was dissolved in
tetrahydrofuran (15 mL). Mixture was cooled to 0°C. 2.0M Butyllithium in pentanes

10 (1.35mL, 2.7 mmol) was added to the mixture drop-wise. Reaction stirred at 0°C for
1 hour. A solution of tert-Butyl 4-(methoxy(methyl)carbamoyl)piperidine-1-
carboxylate (360 mg, 1.3 mmol) in tetrahydrofuran (5 mL) was added to the reaction
mixture drop-wise. Reaction stirred at 0°C for 1 hour. Reaction was quenched with
aqueous ammonium chloride. Mixture was extracted 2x ethyl acetate. Combined

15  extracts were dried (magnesium sulfate), filtered and concentrated in vacuo. Silica
gel chromatography afforded the title compound as clear colorless oil in 71% yield.
MS m/e (M-H)=345.1.

Intermediate 100

20



10 (2.35 nL, 2.7 mmol) was added to the m xture drop-w se. Reaction stirred
at OC for 1 hour. A solution of tert-Butyl

4- (et hoxyOrmedensby7ear banmoyl ) pi peri di ne-1- carboxyl ate ( 26®/usgoosb3gdsemol ) in
tetrahydrofuran (5 nL) was added to the reaction m xture drop-w se.
Reaction stirred at OC for 1 hour. Reactfon was guenched wi th aqueous
ammoni um chl oride. M xture was extracted 2x ethyl acetate. Conbi ned 15
extracts were drigg. j ; € St ered g 4N
vacuo. Silica gefe‘jtc%; ona o}é%ﬁiaxgﬁl?}}g)eﬁéb étr%cgﬁéta?tc?;e%(%%%gﬁﬁ% B}Eﬁ%l gar

col or | ess oi hydroxyz3-phenylel, tdihyi®isokezol 4 H)pipSihinet 1 -chmboeylaedd 20 mgl002 O >~ON
O N 20 WO 2006{ 052378, PCT/ US2005 6859 , 92 tert:Butyl

4. (3phenyl i sSXETlYasdissojisdinme %8{@85‘360&;%?213{1%“ Oﬁsé’hf‘&%ﬁ?rﬁ??naﬁ@ (290 mg,

hydr oxy- 3- phepyhmdl) on Gafdy dioahEPwag fdded 1y theRhRare AR B tion Gk REXY Alene320 no,
0.92 mmol) was dissolved in nmethanol (10 niL). A solution of sodium

car bonat & ( 290 2fgurs. MchanehWas remeueddrong the reactionamix ekl gy areo.t Remainigur e.
Reacti on was ' . nol was, I d fromthe
Feacti on m xiTebls B8 Bk ot e CoB e b R\ SR Rrp

acet ate. ConOrgaait leydr was idsiedvegneambreshifate) Milkeréd) @nd céXcgatated.| aer was dri ed
(magnesi um sul fate), fi gt ergd, gfnd concentrated. Title conpound was

obt ai ned as CRRARAE s gblaingdian oHgwhils solig n BRYecueld-+ (yl=cdhd ) =278.1.
Internediate 101 HN O 1 ~N 4-(3-Phenylisoxazol -5yl)pi peridine.
tert-Butyl 4- (3-phenylisoxazol -5- yl)piperidine-1-carboxylate (225 ng, 0.78
mrol ) wad) dil uted in dichl oronmet hane {iBermediate 101

HN

Wi

4-(3-Phenylisoxazol-5-yl)piperidine. tert-Butyl 4-(3-phenylisoxazol-5-

yl)piperidine-1-carboxylate (225 mg, 0.78 mmol) was diluted in dichloromethane (3

15 mL). Trifluoroacetic acid (3 mL) was added to the mixture. Reaction stirred at room
temperature for 1 hour. Mixture was diluted with dichloromethane and then
concentrated in vacuo. Residue was treated with aqueous sodium bicarbonate.
Mixture was extracted 2x ethyl acetate. Combined extracts were washed 1x water,
1x brine. Organic layer was dried (magnesium sulfate), filtered and concentrated in

20 vacuo. Title compound was obtained as white solid in 76% yield. MS m/e
(M+H)"=229.1.

25



15 m). Trifluoroacetic acid (3 nL) was added to the m xture. Reaction
stirred at room tenperature for 1 hour. Mxture was diluted with

di chl or orwbhasss2s7d t hen concentrated in vacuo. Resi duecwas2d4os@adsse Wit h
aqueous sodi um bi carbonate. M xture mas extracted 2x ethyl acetate.

Combi ned extracts were washed | x water, °I x brine. Organic |layer was dried
(magnesi um sul fate), filtered and concentrated in 20 vacuo. Title conpound
was obtained as white solid in 76% yi ¢hdmdditdn ey (MHH) +=229.1. 25 WO

2006/ 052378 PCT/ US2005/ 036859 93 Internediate 102 O HNAG< OOi, O
~00 2-(R)-(Acetoxynethyl-4-tert-butoxycarbenyl
i no- 3- et hyl - benzyl )-succin is 5 acid diet er.

2-(S)-(Acetoxynethy|-4-tert-butoxycarbonff.niﬂo-S-nethyI-
benzyl i dene)-succinic acid diethyl este ¥Q0 ng, 1.5 muol) was
hydrogenated in a manner anal ogous tP tr eparation of
2-(S)-(acetoxynethyl -4-tert- butoihfareon am no- 3- net hyl - benzyl ) - succinic
acid diethyl ester using (+)-1,2- o
bi s((2S, 5S) - dlethylphospholano)benzene(cyctgggtﬁaiene)rhodiun(l) A
trifluoronmethane 10 sul fonate as the catal @i lica gel chromatography
afforded the title conpound as lightly co ored oil in 75%vyield. MS me
(MH-=464.0. Intermediate 103 N OO,,. O, 10 / \O:

2-(R)-(Acetoxymethyl-4-tert-butoxycarbonylamino-3-methyl-benzyl)-succinic
5  acid diethyl ester. 2-(S)-(Acetoxymethyl-4-tert-butoxycarbonylér_nino-3—methyl-

benzylidene)-succinic acid diethyl ester (700 mg, 1.5 mmol) was hydrogenated in a
manner analogous to the preparation of 2-(S)-(acetoxymethyl-4-zert-
butoxycarbonylamino-3-methyl-benzyl)-succinic acid diethyl ester using (+)-1,2-
bis((285,5S)-diethylphospholano)benzene(cyclooctadiene)rhodium(l) trifluoromethane

10 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 103

TO, Ij

.
o Yo °©
15
2-(R)-(2-Acetoxymethyl-4-amino-3-methyl-benzyl)-succinic acid diethyl ester.
Trifluoroacetic acid (2.5 mL) was added to a solution of 2-(R)-(acetoxymethyl-4-tert-
butoxycarbonylamino-3-methyl-benzyl)-succinic acid diethyl ester (525 mg, 1.1
mmol) in dichloromethane (10 mL). Reaction mixture was stirred at room
20 temperature for 1 hour. Mixture was concentrated in vacuo. Residue was treated
with aqueous sodium bicarbonate and extracted with ethyl acetate (2x 20 mL).

Combined organic layers were dried (magnesium sulfate), filtered and concentrated



O 15 2-(R)-(2-Acetoxynet hyl - 4-am no- 3- net hyl - benzyl ) - succi ni c acid di et hyl
ester. Trifluoroacetic acid (2.5 nL) was added to a sol ution of

2- (R) - (acwoeeyemBRiTgl - 4-tert - butoxycarbonylanino 3- met hycrhmspagloyessaucci ni ¢
acid diethyl ester (525 ng, 1.1 nmmol) in_dichloronmethane (10 nL). Reaction
m xture was stirred at room 20 terrperatu%e for 1 hour. M xture was
concentrated in vacuo. Residue was treated w th aqueous sodi um bi carbonate
and extract eg k) ’FﬂMﬂle @cﬁﬁgcﬁﬁﬁ wad Sbihedlds am@%hhﬂ@%%aan;\&s h@eyg\ra.s wer e
dried (magnesium sul fate), |tered and concentrated WO 2006/ 05237
PCT/USZOOS/O@H$59+H94:ﬂN3Macuo The title conpound was obtai ned as anber
oil in 99%yield. MBS mMe (M CH4R+H) += 306.1. Internediate 104 N-NH O
0 /:Co)o /~5 O 2-(R)-(4-Acet oxynet hyl -] Hindazol -5 yl met hyl)-succinic acid
di ethyl ester. Isoanyl nitrite (170 LIntdmdedid®hdqwas added dropwi se to a
cooled (water ice bath) solution of

2- (R) - (2- acet oxynet hyl - 4- am no- 3- et hyl Nbelﬁzyl) succinic acid diethyl 10
ester in 5% acetic acid - chl oroform(5 M xture was stirred at 0 C for
1.5 hours. Mxture was diluted with dich nmet hane (20nlL) and then washed
Wi th saturated aqueous sodi um bi Cs 2 X 20 nL). Organic was dried
(magnesium sulfate), filtered and goncentypated in vacuo. Title conpound .
was obtai ned as anber oil in 99%yield. VG- += 377.1. 15
Internediate 105 N-NH HOI OO0 O

2- (R) - (4-Hydr oxynet hyl - JHi ndazol - 5y|neth¢?) 9u00|n|c acid di methyl ester.

2-(R)-(- 4—Acetoxymethyl—]H—indazol—5-ylmethyl)-succinic acid diethyl ester.
Isoamyl nitrite (170 pL, 1.3 mmol) was added dropwise to a cooled (water ice bath)
solution of 2-(R)-(2-acetoxymethyl-4-amino-3-methyl-benzyl)-succinic acid diethyl
10 ester in 5% acetic acid — chloroform (5 mL). Mixture was stirred at 0 °C for 1.5
hours. Mixture was diluted with dichloromethane (20mL) and then washed with
saturated aqueous sodium bicarbonate (2 X 20 mL). Organic was dried (magnesium

sulfate), filtered and concentrated in vacuo. Title compound was obtained as amber
oil in 99% yield. MS m/e (M+H)"=377.1.

15
Intermediate 105
N-NH
/
HO
o\
S0 0 ©

2-(R)-(4-Hydroxymethyl-1H-indazol-5-ylmethyl)-succinic acid dimethyl ester.
20  Potassium carbonate (380 mg, 2.7 mmol) was added to a solution of 2-(R)-(4- |
acetoxymethyl-1H-indazol-5-ylmethyl)-succinic acid diethyl ester (420 mg, 1.1
mmol) in methanol (10 mL). Mixture was stirred at room temperature for 2 hours.
Reaction was quenched with 1N hydrochloric acid. Methanol was removed from the

mixture in vacuo. Remaining aqueous made basic with sodium bicarbonate. Mixture



20 Pot assium carbonate (380 ng, 2.7 mmol) was added to a sol ution of
2-(R) - (4 acetoxynethyl- | H-indazol -5-ylnethyl)-succinic acid diethyl ester
(420 ngy, Wokoosmsed7s i n methanol (10 nL). M xture was st iPCrad2@s/086369M
tenperature for 2 hours. Reaction was q;:'senched wi th 1IN hydrochloric acid.
Met hanol was renoved fromthe mxture iff vacuo. Remai ni ng aqueous nade
basic with sodi um bi carbonate. M xture WO 2006/ 052378 PCT/ US2005/ 036859 95

was extracte i onTIRNY : i wer e
washed succgls?évi%%/te °§éd vr\\ny l{tﬂha\@/\ﬁ%%&zé% %E?)%L%)%Orl ne (%Qﬁ;@@%\g‘gh%ﬁﬁs

dri ed (magnesuagessivly With @)aterf(20 tinds) end bnoe @Onukht Omped was dvied (magnkistule
conpound was tai ped as anber il.in 92%yield. M nle H),+= 307.1. 5
ot or modi ar 690 Biified End Rimcepurgted inoBeus Bl Somppit Siss o po a3bes. 7
8, 9, 10- hexaby gt 92%,vield. U9 mlea@a+1J=30%4. cycl ohepta[e] i nden-7 ylJ-acetic
acid met h%:l ester. Thionyl chloride (2 n.) was added to a sol ution of
2-(R) - (4-hydroxynethyl -1 Hindazol -5-yl nmethyl)-succinic acid dinethyl
ester (280 ng, 0.91 mmol) in dichloro ). Reaction was stirred
at roomtenperature for 1 hour. M xtuggttev\‘qggﬁg%ﬁg ed with dichl oronet hane
and then concentrated in vacuo. Residue gpvas suspended in acetonitrile (5
m.). 15 Potassium carbonate (300 ng, 2y?umol) was added to the mixture
foll owed by neopentylamne (250 L, 2. . Reaction was heated at
reflux for 30 m nutes. Neopentylam ne ( , 1.3 nmmol) was added to the
m xture. Reaction was heated at reflux yJor R0 m nutes. M xture was cool ed

to roomtenperature and filtered. Fil/trgte wasjtoncentrated in vacuo.
Resi due was di ssolved in toluene (5 ¢ ety )-acid (300 L) was added
to the m xture. Reaction was heated at refoux for 16 hours.

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

10 cyclohepta[e]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
dimethyl ester (280 mg, 0.91 mmol) in dichloromethane (4 mL). Reaction was
stirred at room temperature for 1 hour. Mixture was diluted with dichloromethane
and then concentrated in vacuo. Residue was suspended in acetonitrile (5 mL).

15  Potassium carbonate (300 mg, 2.2 mmol) was added to the mixture followed by
neopentylamine (250 pL, 2.1 mmol). Reaction was heated at reflux for 30 minutes.
Neopentylamine (150 pL, 1.3 mmol) was added to the mixture. Reaction was heated
at reflux for 20 minutes. Mixture was cooled to room temperature and filtered.
Filtrate was concentrated in vacuo. Residue was dissolved in toluene (5 mL). Acetic

20  acid (300 pL) was added to the mixture. Reaction was heated at reflux for 16 hours.
Mixture was cooled to room temperature and diluted with ethyl acetate. 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 afforded the title compound as amber oil in 29% yield.

25  MS m/e (M-H)'=342.1.



M xture was cooled to roomtenperature and diluted with ethyl acetate.

M xture was washed successively wth aqueous sodi um bi carbonate (2x),

wat er, arwloleens2378COr gani ¢ | ayer was dried (rmagnesi um secfratse)os/obdsse er ed
and concentrated in vacuo. Silica gel chromatography afforded the title
conmpound as anber oil in 29%yvyield. 25 me (MH)-=342. 1. WD 2006/ 052378
PCT/ US2005/ 036859 96 Internmediate 107 H NN OOH O[9-(2, 2-D nethyl
propyl)-8-oxo0-3, 6, 7, 8, 9, 10-hexahyds@egediae 187171 aza-(R) 5

cycl ohept a[ eJi nden-7 yI] acetic acid. Lithium hydroxide nonohydrate (31 ng,
0.74 mmol) was added to a solution of H
[9-(2,2-dinethyl-propyl)-8-0xo-3,6,7,8N9~ 0-
hexahydro- 2, 3,9-tri aza- (R)-cycl ohept a[ &l
ester (90 ng, 0.26 mmol) in methanol (2. 1), tetrahydrofuran (2 nlL) and
water (2.5 nL). Reaction m xture was he‘teo\at(§0 C for 1.5 hours. The
organi ¢ solvents were 10 renoved fram/thg m Xture in vacuo. Remaining
aqueous was neutralized with 1 N hﬁa{DChFﬁfﬁb/égg@ (730 L). Mxture was
extracted with ethyl acetate (2 X 20 nL). 0OConbi ned organic |ayers were
washed with brine (20 nL) and then dried (magnesiumsulfate), filtered and
concentrated in vacuo. Title conmpound was obtained as anber solid in 88%

yield. Ms e (M }ﬁ—{]OZX PiRethyl- ﬁr%ﬁjzl?"@ed'xm alsey ﬂd)ﬁ’exaa»c? Car%‘99rz

tert- Butyl 4- (2- met y- 2- oxoet dene) pi’peri di ne oxy ate. _60@6
cycloheptale]inden-7-yl]- acetzc acid. Lithium hydroxide monohydrate (31 mg, 0.74

-7-yl]-acetic acid nethyl

mmol) was added to a solution of [9-(2,2-dimethy1-propyl)-8-0xo-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-acetic acid methyl ester (90 mg,
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 solvents were

10 removed from the mixture in vacuo. Remaining aqueous was neutralized with 1 N
hydrochloric acid (730 puL). Mixture was extracted with ethyl acetate (2 X 20 mL).
Combined organic layers were washed with brine (20 mL) and then dried
(magnesium sulfate), filtered and concentrated in vacuo. Title compound was
obtained as amber solid in 88% yield. MS m/e (M-H)=328.1.

15

Intermediate 108
o)
aael!
NS O/

tert-Butyl 4-(2-methoxy-2-oxoethylidene)piperidine-1-carboxylate. 60%

20  sodium hydride in mineral oil (7.92 g, 198.02 mmoles) was washed with hexanes
then suspended in N,N-dimethylformamide (220.00 mL). The mixture was cooled to
0°C. Trimethyl phosphonoacetate (29.0 mL,189.82 mmoles) was added drop-wise to
the reaction. The mixture was held at 0°C with stirring on and held for 20 min. A
solution of N-tert-butoxycarbonyl-4-piperidone (30.41 g, 152.62 mmoles) in 80 mL

25 N N-dimethylformamide was added to the mixture drop-wise. Reaction was stirred at

room temperature for 3 hours. Mixture was diluted with diethyl ether (650 mL).



20 sodium hydride in mneral oil (7.92 g, 198.02 mmol es) was washed wth
hexanes then suspended in N, N-di net hyl formam de (220.00 nlL). The m xture
was cool ewlot2006/036378 Tr i met hyl phosphonoacetate (29.0 niL, 8%/182005mBd888) Was
added drop-wise to the reaction. The mxture was held at OC wth stirring
on and held for 20 mn. A solution of ert-but oxycar bonyl - 4- pi peri done
(30.41 g, 152.62 mmoles) in 80 nL 25 N, N-di met hyl f ormam de was added to the
m xture dr opmkeee wReREHe8 dn¥@with Waldre @q@&ous n 28 BRA! SltakRd bRke Rithour s.

M xture was diluted with diethyl ether (650 nl). WO 2006/ 052378

PCT/ US2005/ 04B85bether MgenigrieyennweiseombinednJie mixrewraewashadddones willyer was

back extract Wt h thyI her ani.c._| ayers The
m xture was \;g\’/g% émg;ﬁle |rree°sug Y R T ({’S(:ardg(r%(%ﬁﬁgmélaffe %Pswf)%gggl §m8ia§garded
The mixture Vb&&q\dﬁﬁb@ﬂaww& digdafirdaMlle nidi@iad e aHEd PR ez IS, filiesddahited. The
material was dried over filtered, and 5 concentrated to dryness
Title conboufRPCRRE %WMSailtWﬁWOM Fias bea@2¢@§/wélt@solldln%mle@ieo NHz,

ony, % 25 (.7 oue qbOhd GBS oty th kel ol a Wi g’ s

tert-Butyl 4¢t(2=3 Q6225 axoet 4y )] pes (oAR- | - car boxyl ate. tert- Butyl
4- (2- net hoxy- 2-oxoet hyl i dene) pi peri di ne-| -carboxylate (35.71 g, 140 mmol)

was dissolved in a mxture of ethyl acetate (110 nL) and nethanol (110
m). 50%wet 15 10% pal | adi um on car bqpy fi.Ba@)o¥as added to the mi xture.
Reaction vessel was charged with 55 pié]tle ? %y r%gen gas. Reaction shook on
a Parr apparatus at room tenperature for 16 hours. Reaction m xture was

filtered to renove the catal yst. B tr At e was concentrated in vacuo. Title
conpound was obtained as clear colorl8ss Noil] inP97% yield. 'H NVR (300
MHz, CDC13): 8= 4.04 (d, J10.25, 2H), 3.6 3H) . 2.68 (t, J=12.44,

oH). 2.210 (d, J=6.95, 2H), 1.98-1.77 (m 1H), I.64°(d, J=13.54,

tert-Butyl 4-(2-methoxy-2-oxoethyl)piperidine-1-carboxylate. tert-Butyl 4-(2-
methoxy-2-oxoethylidene)piperidine-1-carboxylate (35.71 g, 140 mmol) was
dissolved in a mixture of ethyl acetate (110 mL) and methanol (110 mL). 50% wet

15 10% palladium on carbon (3.3 g) was added to the mixture. Reaction vessel was
charged with 55 psi of hydrogen gas. Reaction shook on a Parr apparatus at room
temperature for 16 hours. Reaction mixture was filtered to remove the catalyst.
Filtrate was concentrated in vacuo. Title compound was obtained as clear colorless
oil in 97% yield. 'H NMR (300 MHz, CDCl;): 8= 4.04 (d, J=10.25, 2H), 3.64 (s,

20 3H), 2.68 (t, /~12.44, 2H), 2.21 (d, J=6.95, 2H), 1.98-1.77 (m, 1H), 1.64 (d, J=13.54,
2H), 1.41 (s, 9H), 1.25-0.99 (m, 2H).

Intermediate 110

25



2H), 1.41 (s, 9H), 1.25-0.99 (m 2H). Internediate 110 0 >~O0 %92N 25 WO
2006/ 052378 PCT/ US2005/ 036859 98 tert-butyl

4- ( 1- met hweyeo@/052378i t r ophenyl ) - 1- oxopr opan-2 yl ) pi peri diragAk2006@8d3exy| at e.
tert-Butyl 4-(2-methoxy-2-oxoethyl)piperigdine-I|-carboxylate (240 ng, 0.93
mol ) was dissolved in tetrahydrofuran (7 nL). Mxture was cooled to -78C.
A 0.5 Msolution of potassium bistrinmethylsilyl)amde in tol uene (2 2 m.,

1.1 mol) 5 vwas agges,dos- mﬁzemoa?t yre. yﬁﬁ@pfe»we-oxas%hhggy%bérwﬁe - 78C
for 20 mnutes. A solution of ni trobenzyl brom de .1 nmol) in
t et r ahydr of uﬁ@nbopdatﬁuermﬁgtyl éc{aenleth@xyﬂr@wasd)mmndmmiﬂa@odyletp (RF@me,

Reaction sti d at th was re nd the
reaction mx u ér%% &F%&?\ﬁ@ﬁ cf'glt\% M%L@e%@ﬁﬁ? Wtaéc%‘?}‘é(imoggg i'nut es.
Reaction wasAqQuene G $fpAAYRAHS s AR ARiEd thes s zM MU § n\ﬁ%l)
extracted with ethyl acetate (2x 20 nlL).” Conbi ned extrac were dri éd

(magnesi um swis addsyl to fhelmigturel dmpdwrsgnReémtloatsmied at -7 8L Gor 29|rhlnua:s gAI
chr omat ograph affo itle c ound . as L.l ow 0 4 ield. M
me (M CAHBY il F P RobiRy buRisdar e 11 Tmdh i ERidafugn @ By

fe$ t2 g)lj '?yll Za&eé‘té lerradYidh QA iuROHoB-vAisd, | ROICABH ktﬂ‘r&leat L7627 Re%Y lrrﬁfn?tes

4- (1- met hoxyD8y {c2 batht wasphmoyt¢d mmmxoqacwamv@uml\&qslaﬂjeweditmwaﬂn taroboxy| at e
20 (660 ng, t1.7 nmol ) vvi.&disiol in a mxt of eth acetate (15 niL)
and et hanol TPPSTAHTS OVR& UL e@?%‘ ‘yas cﬂleﬂc cﬂﬁ%‘BOIElet he

m xture. 1A @rﬂbﬁdlé(tMﬁ(t@Wﬂ@%x&ﬁct&p%t}‘i@EhyiQc%ta@éltixaﬁ) . Oeoﬁeﬁiae@x%e‘is added
to the m xture. Reaction vessel was cha@ged wth 15 psi of hydrogen gas.

Reacti on shoWRreshied (magresivappafaspusltered prsbeancentrrsedainimend. ofiliea paur s.
Reaction m X&H{)l%am&pflﬂl laffglrcf%g tllieotit'iee&?ﬁ/poqnd as yellow oil in 41% yield. MS m/e

(M-C4Hg+H) = 337.3.

15 Intermediate 111

. >LO)(T\N o

NH

tert-Butyl 4-(2-oxo-1,2,3,4-tetrahydroquinolin-3 —yl)pzperidi'ne—] -carboxylate.

tert-butyl 4-(1-methoxy-3-(2-nitrophenyl)-1-oxopropan-2-yl)piperidine-1-carboxylate
20 (660 mg, 1.7 mmol) was dissolved in a mixture of ethyl acetate (15 mL) and

methanol (15 mL). Acetic acid (250 pL, 4.4 mmol) was added to the mixture. A

catalytic amount of 50% wet 10% palladium on carbon was added to the mixture.

Reaction vessel was charged with 15 psi of hydrogen gas. Reaction shook on a Parr

apparatus at room temperature for 2 hours. Reaction mixture was filtered to removed
25  the catalyst. Filtrated was concentrated in vacuo. Silica gel chromatography gave

the title compound as orange foam in 47% yield. MS m/e (M-H)=329.1.



25 the catalyst. Filtrated was concentrated in vacuo. Silica gel

chromat ography gave the title conpound as orange foamin 47%vyield. M5 me
(M H) - = 3806.2006/08£378006/ 052378 PCT/ US2005/ 036859 99 | nt ecragb@se3dgi® HN O
NH 3-(pi peridin-4 yl)-3,4-di hydroquinolin-2(IH-one. Trifluoroacetic acid
(3 5 nm) was added to a solution of tert=Butyl

4-(2-0xo0-1, 2, 3, 4-tetrahydroqui nol i n-3- yl)pi peridine-1-carboxylate (260 ng,
0.79 mmol) in dichloronmethane (3 n). Rea&dAeA18tirred at room tenperature
for 1 hour. Reaction mxture was concentrated in vacuo. Residue was

di ssol ved in nethanol. Dowex 1x4-200 § xchgnge resin was added to the
m xture to create a slurry. Mxture st d aff roomtenperature for 10 30
m nutes. Resin was filtered off and was it bnwret hanol . Filtrate was
concentrated. Title conpound was obtained ag_datk foamin quantitative
yield: M5 me (MrH) += 231.1. Internediate 11 Ol~1 N O 15 tert-Butyl
4- ( 2- met hoxy- 2- oxoet hyl ) pi perazi ne-|l -carboxyl . Potassium carbonate
(3.4 g, 25 mol) was added to a m xture of N-Boc-piperazine (3.0 g, 16
mmol) in acetonitrile (20 nL). Methyl bronpacetate (1.5 nlL, 16 mmol) was
added 20 to the m xture. Reaftion stirred at roomtenperature for 1.5

hours. M xture wad@Peridisrisd)-dvieditpdpgyigoline (i) ane. dadluemaeeitacid &d i n
vacuo. Resid i £ ebhen 11941 | _zand
concentr Z?ed&?%w@ggg%ﬁqggggl%%ﬁ lgﬁfégﬁ%lﬁtﬁ ?ﬁ? g’? {)ol n21921 %ﬁa&y&{dq%@%ﬁ%%r r) gave
the title coypwperiinslchbdaxylt @60 sps0dP miol) G08tchliosdnkthas (3 mile). ( M+H) +=

259.4. 25 V\q{gzpc 19!1 g’gr%g’d?a rgocgltynslgggt%éeof?&?%%ur. Reaction mixture was concentrated

in vacuo. Residue was dissolved in methanol. Dowex 1x4-200 ion exchange resin

was added to the mixture to create a slurry. Mixture stirred at room temperature for
10 30 minufes. Resin was filtered off and washed with methanol. Filtrate was

concentrated. Title compound was obtained as dark foam in quantitative yield. MS

m/e (M+H)"™=231.1.

Intermediate 113

ﬁ\o)oj\N 0
S %

15

tert-Butyl 4-(2-methoxy-2-oxoethyl)piperazine-1-carboxylate. Potassium

carbonate (3.4 g, 25 mmol) was added to a mixture of N-Boc-piperazine (3.0 g, 16
mmol) in acetonitrile (20 mL). Methyl bromoacetate (1.5 mL, 16 mmol) was added

20  to the mixture. Reaction stirred at room temperature for 1.5 hours. Mixture was
filtered over celite. Filtrate was concentrated in vacuo. Residue was treated with
diethyl ether (10 mL), filtered and concentrated in vacuo. Bulb to bulb distillation
(165°C at 700 mtorr) gave the title compound as clear colorless oil in 60% yiekld. MS
m/e (M+H)"'=259.4.

25



100 Internediate 114 O >0AN O N O 02N tert-Butyl
4- (1- met hoxy- 3-(2-ni trophenyl)-1-oxopropan-2 yl)pi perazine-1- 5

car boxyl ave.2odearse37But yl
(1.0 g, 3.9 mol) and 2-nitrobenzyl bro

in a manner

anal ogous to the preparati gh of tert-butyl

4- (2- met hoxy- 2- oxoet hyl ) pi per azipoeak2@manbsssy| at e
jde (1.0 g, 4.6 nol) were reacted

4- (1- met hoxy-3-(2-nitrophenyl)-1 oxopropan-2-yl)pi peridi ne-1-carboxyl at e.
Title conpound was obtained as anber @ilmddmioiidoyield. M5 me (MH) +=
394.4. 10 Internediate 115 O>>~ON O N NH tert-Butyl

4- (2-o0x0-1, 2, 3, 4-t et rahydr oqui nol i n43ylQpi perazi ne-1-carboxylate. 15

Title

tert-Butyl 4-(1-methoxy-3-(2-nitrophen - 1. oxopr opan- 2-yl ) pi per azi ne- |
carboxylate (770 ng, 2.0 mmol) was refctdd in a nner anal ogous to the
preparation of tert-butyl N o~

4-(2-o0x0-1, 2, 3, 4-tetrahydroqui nol i n-3-yl ) pi peridine- | - carboxyl ate.
conpound was obtained as anber oil in quantitafty ield. M5 nme (MtH) +=

332.3. 20 WD 2006/ 052378 PCT/ US2005/ 036859 101

10

15

20

O.N

tert-Butyl 4-(1-methoxy-3-(2-nitrophenyl)-1-oxopropan-2-yl)piperazine-1-
carboxylate. tert-Butyl 4-(2-methoxy-2-oxoethyl)piperazine-1-carboxylate (1.0 g,
3.9 mmol) and 2-nitrobenzylbromide (1.0 g, 4.6 mmol) were reacted in a manner
analogous to the preparation of rert-butyl 4-(1-methoxy-3-(2-nitrophenyl)-1-
oxopropan-2-yl)piperidine-1-carboxylate. Title compound was obtained as amber oil

in 51% yield. MS m/e (M+H)"= 394.4.

Intermediate 115

L
NH

tert-Butyl 4-(2-oxo-1,2,3,4-tetrahydroquinolin-3-yl)piperazine- 1-carboxylate.
tert-Butyl 4-(1-methoxy-3-(2-nitrophenyl)-1-oxopropan-2-yl)piperazine-1-
carboxylate (770 mg, 2.0 mmol) was reacted in a manner analogous to the
preparation of fert-butyl 4-(2-oxo-1,2,3,4-tetrahydroquinolin-3-yl)piperidine-1-
carboxylate. Title compound was obtained as amber oil in quantitative yield. MS

m/e (M+H) = 332.3.

rmedi ate 116 HN O



N NH 3-(Piperazin-1 yl)-3, 4-dihydroquinolin-2(1 H-one. tert-Butyl

4-(2-oxo 5 1, 2, 3, 4-tetrahydroqui nol i n-3-yl) pi perazi ne-1-carboxyl ate (640

rrg, 1.9 nwolz))omswsreact ed in a manner anal ogous to thepprapas@iossss of
3-(piperidin-4-yl)-3,4- dihydroquinolin-2(1H) -one. Title conpound was

obtai ned as light brown solid in quant|9 tive yield. M rde (MtH) += 232. 4.

10 Internediate 117 0 1~1o ci / Methyl

2-(2-(chlorornethyl)phenyl)acetate. ﬁgmqhtgm@rl de gas was bubbl ed

t hough a solution of 3-isochromanone .1 nmol) in nethanol (30 15

m.) for 3 mnutes. Reaction stirred a,I,N(bﬁ/l t@rrperature for 8 hours.

M xture was diluted with water (70 nL re was extracted with

di chl oronet hane (2x40 nL). Conbi ned o%ﬂ e 17

(20 mL). Mxture was dried (nagnesiumsulfa

in vacuo. Title conpound was obtained as cl o golorless oil in 90%yield.

1H NVR (300 MHz, CDCl13): S= 7.40 20 7.26 (m 4.67 (s, 2H), 3.80 (s,

2H), 3.69 (s, 3H). 25 WD 2006/052378 PCT/ US2005/ 036859 102 |Internedi ate

118 0 ~CANO N tert-Butyl 4-(3-o0xo0-3,4-dihydroi soqui nol i n-2( 1 H)

yl ) pi peridine-1 5 carboxyl ate. Potassi um carbonate was

added to a sol utidrPBeraziel-pii3, ‘éd(hzdf(oamn@h@ﬁé{fﬁwrjapH@ﬁﬁgﬁlcfb(% @%0- (2940 ny,
4.7 mol )s i nl,Q,%%—@%ﬂidr&ﬁnﬁ(ﬁﬁm-3-y1)p1perazme-1—carboxylate (640 mg, 1.9 mmol) was

reacted in a manner analogous to the preparation of 3-(piperidin-4-yl)-3,4-

prs were washed with brine
filtered and concentrat ed

dihydroquinolin-2(1H)-one. Title compound was obtained as light brown solid in

quantitative yield. MS m/e (M+H)'=232.4.

10 Intermediate 117
(o}

Cl

Methyl 2-(2-(chloromethyl)phenyl)acetate. Hydrogen chloride gas was
bubbled though a solution of 3-isochromanone (1.2 g, 8.1 mmol) in methanol (30
15 mL) for 3 minutes. Reaction stirred at room temperature for 8 hours. Mixture was
diluted with water (70 mL). Mixture was extracted with dichloromethane (2x40 mL).
Combined organic layers were washed with brine (20 mL). Mixture was dried
(magnesium sulfate), filtered and concentrated in vacuo. Title compound was
obtained as clear colorless oil in 90% yield. "H NMR (300 MHz, CDCl;): 8= 7.40-
20  7.26 (m, 4H), 4.67 (s, 2H), 3.80 (s, 2H), 3.69 (s, 3H).

25



m.). 4-Am no- N-Boc-piperidine (1.13 g, 5.6 mmol) was added to the m xture.
Reaction was heated at reflux for 1 hour. Mxture was cooled to room

t enper at we 20@nd2378en filtered over celite. Filtrate wagcrase@siosased in
vacuo. Residue was treated 10 with tol uelﬂg (29 nmL). Acetic acid (1.5 m)
was added to the m xture. Reaction was ated at reflux for 2 hours.

M xture was concentrated in vacuo. Residue was treated wth ethyl acetate
(50 m.). Mxture was washed successi vaghprhbdite@ggeous sodi um bi car bonat e
(2x30 L), IN hydrochloric acid (30 nL), and brine (20 nL). Organic |ayer
was dried (magnesiumsulfate), filtgredoand concentrated in vacuo. 15
Silica gel chromatography gave the 'tl/ﬂ\c ound as lightly colored oil in
40% vyield. MS me (MH += 331.2. Tnt@rnefliatle 199 HNO N N 20
2-(Piperidin-4 yl)-1, 2-di hydr oi soqui nol i n3 e. tert-Butyl 4-(3-oxo-

3, 4-di hydr oi soqui nol i n-2(1H) -yl ) pi peri di ne-1-carbokylate (730 ng, 2.2 mol)
was reacted in a nmanner anal ogous to the prepa n of
3-(piperidin-4-yl)-3,4 di hydroqui nolin-2(1H)-one | e conpound was
obtained as yellow solid in 96% 25 yield. M5 nle H += 231.4. 1| WO
2006/ 052378 PCT/ US2005/ 036859 103 Internediate 120 0 >~O~ N/ N
tert-Butyl 4-(quinolin-3 yl)-5, 6-dihydropyridine-1(2H)-carboxylate. 3- 5
Qui nol i nebor oni ¢ &ed-Buh2b03-0%n-3,Y-dhyarolsdqanslin- 21D BYpieridine- 1 -

5 carboxylate. Potassium carbonate (1.4 g, 10 mmol) was added to a solution of

methyl 2-(2-(chloromethyl)phenyl)acetate (940 mg, 4.7 mmol) in acetonitrile (20
mL). 4-Amino-N-Boc-piperidine (1.13 g, 5.6 mmol) was added to the mixture.
Reaction was heated at reflux for 1 hour. Mixture was cooled to room temperature
and then filtered over celite. Filtrate was concentrated in vacuo. Residue was treated

10 with toluene (29 mL). Acetic acid (1.5 ml) was added to the mixture. Reaction was
heated at reflux for 2 hours. Mixture was concentrated in vacuo. Residue was
treated with ethyl acetate (50 mL). Mixture was washed successively with aqueous
sodium bicarbonate (2x30 mL), IN hydrochloric acid (30 mL), and brine (20 mL).
Organic layer was dried (magnesium sulfate), filtered and concentrated in vacuo.

15  Silica gel chromatography gave the title compound as lightly colored oil in 40%
yield. MS m/e (M+H)'=331.2.

Intermediate 119

N

20
2-(Piperidin-4-yl)-1,2-dihydroisoquinolin-3(4H)-one. tert-Butyl 4-(3-oxo-
3,4-dihydroisoquinolin-2(1H)-yl)piperidine-1-carboxylate (730 mg, 2.2 mmol) was
reacted in a manner analogous to the preparation of 3-(piperidin-4-yl)-3,4-
dihydroquinolin-2(1H)-one. Title compound was obtained as yellow solid in 96%
25  yield. MS m/e (M+I—(I)+= 231.4.



(trifluoronethyl sul fonyl oxy)-5, 6-di hydropyri di ne-1(2H)-car boxyl ate (580 ng,
1.8 mmol) were conbined and di ssolved in a m xture of toluene (10 nL) and
et hanol (W0 20d6)052281 aqueous sodi um bi car bonat e sol ut i onpCInS2005/036359 nmol )
was added to the mxture foll owed by Iib?i'um chloride (180 nmg, 4.2 mmuol).
Ni trogen gas was bubbl ed 10 through the ¥ xture for 10 mi nutes.

Tetraki s(tri phenyl phosphi ne) pal | adi um{0) (75 ng, 0.07 mvpl) was added to
the m xture. Reaction was heated at rqffep¥ediftt 1305 hours. M xture was
cooled to roomtenperature and diluted with ethyl acetate (50 nlL).. Mxture
was washed successively with water (2x3 m.) and brine (20 niL). Organi o

| ayer was dried (magnesium sulfate) d and concentrated in vacuo. 15
Silica gel chromatography afforded th@ d d product as lightly col ored
oil in 76% yield. M5 me (M C4H38+H)+= 25 pter mediate 121 HN N 20
3-(Piperidin-4 yl)quinoline. A catalytic armuntl of | 50% wet 10% pal | adi um
on carbon was added to a m xture of tert-butyl
4- (qui nolin-3-yl)-5,6-di hydropyridi ne- 1(2H)-car | ate (260 ng, O0.84
mmol ) in nmethanol (10 nmL). Reaction vessel was pP&ced on a Parr apparatus
and charged with 10 psi of hydrogen gas. Reaction shook 25 at room
tenperature for 4 hours. Mxture was filtered to renoved catalyst. Filtrate
WD 2006/ 052378 PG@M&Z@D&M)&&S&%W@% VS dPPESNE 128 HcdrBoM sk 03- Resi due
was di ssolved in dichlgoronethane (4 nL). Trifluoroacetic acid (1 nlL) was
added to X heQ Hin?llﬁ?@m%&@fii(%wl@gﬂr?&mé) al?%ffrbllﬁélrf‘per ature for 2 hours.

i el or omet hea R R P e G s

bi car bonat e 1(nﬁﬁ>l)m1y¢re chlb&mdsand d;seaslvcmm dxabdkurexf tc&mdrmdlﬁ)\mﬂj add ethbnslgiret hane

(30 ni). ers i ned, drie g siu sul f , filtered
and concent '%ZS gM: %H,Slf(? luﬂ 'E"F%r 8%6%“%0'1/\@55( 'g‘& 31 é” a;?é‘a?i‘?ffﬁodh? in
45% yi el d.  MgixtifeSoldéd By lithkdn Shloride (180 mg, 4.2 mmol). Nitrogen gas was bubbled

10 through the mixture for 10 minutes. Tetrakis(triphenylphosphine)palladium(0) (75

4

mg, 0.07 mmol) was added to the mixture. Reaction was heated at reflux for 3.5
hours. Mixture was cooled to room temperature and diluted with ethyl acetate (50
mL). Mixture was washed successively with water (2x30 mL) and brine (20 mL).
Organic layer was dried (magnesium sulfate), filtered and concentrated in vacuo.

15 Silica gel chromatography afforded the desired product as lightly colored oil in 76%
yield. MS m/e (M-C4Hg+H)'=255.1.

Intermediate 121

HN

Y

20
3-(Piperidin-4-yl)quinoline. A catalytic amount of 50% wet 10% palladium
on carbon was added to a mixture of fert-butyl 4-(quinolin-3-yl)-5,6-dihydropyridine-
1(2H)-carboxylate (260 mg, 0.84 mmol) in methanol (10 mL). Reaction vessel was
placed on a Parr apparatus and charged with 10 psi of hydrogen gas. Reaction shook

25  atroom temperature for 4 hours. Mixture was filtered to removed catalyst. Filtrate



10 Intermediate 122 0 0 OHN~S~ 0 - " --d Methyl

2- (met hyl sul f onam do) benzoate. Mt hanesul fonyl chloride (3.4 nL, 44 mol)
was addedwbDao@/sed7at i on of nmethyl acnthranilate (5.0 nlLpc3@sooslojessn 15
pyridine (10 m, 124 mmol). Mxture stirred at roomtenperature for 16
hours. Reaction was quenched with IN h>}9 ochloroic acid (150 nmL). M xture
was extracted with ethyl acetate (2x200 nL). Organic Iayers wer e washed
successi vel yway\@anheﬂt{\itéwrvg&m qusedlﬁcwéi digs a8 i ﬂh)c Rgn (mg. ) .
Organic layer was dried (magnesium sulfate) tere concentrat ed in
vacuo. Resi dlieflvereacstiy scidi(l nzIédV@@ldﬂubmtE@rmx_turesdﬁ;naomd staded@hoiom Sol i ds

were filtere washe th i r | .al cohol an |ed|n u Title
conpound vvaspglé’f“éﬁ%ﬁggo gsh%’i‘%ﬁ‘?%ﬁg‘?m‘%“fe VaASPRGS Iiaged "Racy }\‘fﬁ)was 228. 0.
| nt er medi at edidsddved/in dhrOmthdne 20 mL). MixPe 24 W 4IBBW Bh E’ ol Rh 036859
105 Met hyl 2-(N- benzz@r net han-2 yl sul f onam do) benzoat e. % Sodi um hydri de

in mneral obicarbeme (A9 mhp @quﬂw )ayvya\yas/\b&r;h@atrmt@dwwnbxdmhégomﬁ@amm@ﬁ
ded to 0C. A
ot ot on of "L RO bR BeSthaa Uik G SRR B8, 0 VS

N, N-di met hy| dcocermtritetioin (vhEud Titl): coapoadidess dbtaihditasnielbwrod] iElrdops ywekle MEt h
stirring. Rea was held at OCwith stirring for 15 m nutes.

Benzyl br oni d’é‘?e(@?&{htszqgﬂ mmol ) was added to the m xture drop-w se.
Reaction was stirred at roomtenperature for 16 hours. Reaction was

guenched with IN hydrochloric acid (50 nmL.). Mxture was extracted with
10 Intermediate 122 ,

N
.S
O HN™ ™

\OJ\©

Methyl 2-(methylsulfonamido)benzoate. Methanesulfonyl chloride (3.4 mL,

44 mmol) was added to a solution of methyl acnthranilate (5.0 mL, 39 mmol) in

15  pyridine (10 mL, 124 mmol). Mixture stirred at room temperature for 16 hours.
Reaction was quenched with 1N hydrochloroic acid (150 mL). Mixture was
extracted with ethyl acetate (2x200 mL). Organic layers were washed successively
with 1IN hydrochloric acid (2x100 mL) and brine (50 mL). Organic layer was dried
(magnesium sulfate), filtered and concentrated in vacuo. Residue was crystallized

20  from 50 mL isopropyl alcohol. Solids were filtered, washed with isopropyl alcohol
and dried in vacuo. Title compound was obtained as pink crystals in 75% yield. MS
m/e (M-H)=228.0.

Intermediate 123

\O)J\Ej
25



di ethyl ether (2x50 nlL). Organic |ayers were conbi ned and washed
successively 10 with water (2x50 nL) and brine (30 nL). Organic | ayer was
dried (rmagoeasiemse37sul fate), filtered and concentrated i pcraseems/0s6sks ca gel
chromat ography afforded the title corrp d as clear colorless oil in 76%
yield. M5 me (M CH4O+H) += 288. 1. Inter diate 124 0 0 SN 0\ ~ 151
-Benzyl -2, 2-dioxo-2, 3-dihydro-1 H 2, 1-benzot hi azi n-4-one. 60% Sodi um

hydri de in i ner alyeiy 2K nBHmehan3- ha¥iRh ) BERshBE 8ok RobrxaRREidNd then
suspended in N, N-dIeITEt hyl forérgg%etden( 0)6.2 £<ture was cogl ed ?%ﬁoc A 20

sol ution of mnmral 2il(66(bmgzl4. hammdhwas yh@wﬂmﬁahnmwsmdzlwtsesm@d%@, 10. 2

Vit Ur e ms AR REHAE P ROBTR Gt a Pdere R cor o (&0 Grr Rgolbof BEES o
tenper at Ur e ﬁ%eﬁlyﬁﬁ%&mldgﬁ@ﬁida%r?"l@é lg%ﬂﬁf&ﬁ%WN mlﬂn%{hg}mtl% ¢ acid

(40 nmL). Mxture Wwas extracted di ethyl éether (2x40 ni I ned
or gani ¢ |\ayemd) wes eddwish dltk Numlhre\damleW1s25m(tht1¢m1g.)Ree@1gamas hbld;aef)°®vaz$thdr| ed

ma ne5|un1sulfat filtere con t n |tIe conpound
s obt ai nect btk RS ok hwBeBhromsas Pof 40 MBS RS agdp W
2006/ 052378 Rixkid RGN/ Q3G a8kionl0& dtiMel Al Efdnfiefipbature @)P[B%ug @M&'ﬂop I\
4-(2,2,4-Trioxo-1, 2,3, 4-tetrahydro-2, 1-benzot hiazin-3 yl) piperidine-15

car boxyl ic awasjque@r:hedo‘utﬂyﬂNéwﬂthOIwmmiﬁﬁﬂ)ZMnxoxgn@s sxteickaddwith 1 H- 2, 1-

llil—e[%?t hi azi ndlethypgthér](Zggo glL)SO2 gmm@ygrs WaZe 9011%1)318.'3 a6n% \!vanshgg Elllc%lesgleveinO m‘) '

10 with water (2x50 mL) and brine (30 mL). Organic layer was dried (magnesium
sulfate), filtered and concentrated in vacuo. Silica gel chromatography afforded the

title compound as clear colorless oil in 76% yield. MS m/e (M-CH,O+H) = 288.1.

Intermediate 124
QR
S.
N /\©
(o]
15

1-Benzyl-2,2-dioxo-2,3-dihydro-1H-2, 1-benzothiazin-4-one. 60% Sodium

hydride in mineral oil (500 mg, 12.5 mmol) was washed with hexanes and then
suspended in N, N-dimethylformamide (15 mL). Mixture was cooled to 0°C. A

20  solution of methyl 2-(N-benzylmethan-2-ylsulfonamido)benzoate (3.25g, 10.2 mmol)
in N,N-dimethylformamide (20 mL) was added to the mixture drop-wise. Mixture
was warmed to room temperature. Reaction stirred at room temperature for 3 hours.
Reaction was quenched with 1N hydrochloric acid (40 mL). Mixture was extracted
with diethyl ether (2x40 mL). Combined organic layers were washed with water

25  (2x40mL). Organic layer was dried (magnesium sulfate), filtered and concentrated in
vacuo. Title compound was obtained as light yellow solid in 85% yield. MS m/e
(M-H)'= 286.1.



But oxycar bonyl - 4- pi peri dinone (1.24 g, 6.33 mvl) was added to the m xture
foll owed by piperidine (110 L, 1.11 mmol). Mol ecul ar sieves were added to
the m xtwoeoodRs2s78i on stirred at roomtenperature for #QThsRe0s/3d8sact i on
m xture was 10 filtered over celite. Filtrate was concentrated in vacuo.
Resi due was purified by silica gel chrd t ography. The maj or conponent was
i solated and the fractions concentrated in vacuo. Residue was dissolved in
met hanol (50 nlL). A catalytic anount 1gfrRQ%aMab510% pal | adi um on car bon
was added to the m xture. Reaction vessel was placed on a Parr apparatus
and charged with 55 psi of hydrogen jgas® 15 Reaction shook at room
tenperature for 2 hours. Reaction mpxt s filtered over <celite. Fresh
catal yst was added to the filtrate. R8acthon veQsPl was placed on a Parr
apparatus and charged with 55 psi of hydroger g¢§\N eaction shook at room
tenperature for 1 hour. Mxture was filtered oyer celite. Athird batch of
fresh catalyst was added to the m xture. Reget nngessel was placed on a

Parr apparatus 20 and charged with 55 psi of hyd n gas. Reaction shook
at roomtenperature for 7.5 hours. Catalyst was ™W1tered off. Filtrate was
concentrated in vacuo. Silica gel chromatography afforded the title
conpound as pale yellowsolid in 24%yield. M5 me (MH 379.1. 25 WO
2006/ 052378 PCT/ U004 D36B58 2, 3 Motetrunide b 10plbédzothidtn- 350 pip&idike-©. O S, NH O
Il \ 2, 2-Dioxo-3 piperidin-4 yl-2,3-di hydro-1H -2, 1-benzot hi azi n-4-one 5
hydr ochl oY i dearboxylic acid tert-butyl ester. 1-Benzyl-2,2-dioxo-2,3-dihydro-1H-2,1-

4-(2,2,4-Tri ad:2:344-1 ef y&ls 0= ‘0t i azi ns 33 L per hdine-

1- car boxyl i cpeei{lg?% latglenro,‘jt1 %B%Jﬁf Iagsf%?nﬁo%%\gﬁg&g%o%%%%ﬁ§%\%\g%@%%s%lldtl\e/;gd in 4M
hydr ogen chl Butoggcarlony]-4-pipevidameae (B2 gnt. 33 déindl) manhddedRe detmiiurst i rred at
room

followed by piperidine (110 pL, 1.11 mmol). Molecular sieves were added to the
mixture. Reaction stirred at room temperature for 40 hours. Reaction mixture was

10 filtered over celite. Filtrate was concentrated in vacuo. Residue was purified by
silica gel chromatography. The major component was isolated and the fractions
concentrated in vacuo. Residue was dissolved in methanol (50 mL). A catalytic
amount of 50% wet 10% palladium on carbon was added to the mixture. Reaction
Vessel was placed on a Parr apparatus and charged with 55 psi of hydrogen gas.

15  Reaction shook at room temperature for 2 hours. Reéction mixture was filtered over
celite. Fresh catalyst was added to the filtrate. Reaction vessel was placed on a Parr
apparatus and charged with 55 psi of hydrogen gas. Reaction shook at room
temperature for 1 hour. Mixture was filtered over celite. A third batch of fresh
catalyst was added to the mixture. Reaction vessel was placed on a Parr apparatus

20 and charged with 55 psi of hydrogen gas. Reaction shook at room temperature for
7.5 hours. Catalyst was filtered off. Filtrate was concentrated in vacuo. Silica gel
chromatography afforded the title compound as pale yellow solid in 24% yield. MS
m/e (M-H)=379.1.

25



tenperature for 45 mnutes. Reaction m xture was concentrated to dryness in
vacuo. Title conmpound was obtained as pink solid in quantitative yield. M
me (MrHWwo 20060528%. 1. Intermediate 127 O >~0 Na O N Hpi¥/uSkéos/03@3s90O 15
tert-Butyl 4-(3-(2-ethoxy-2-oxoethyl)- 3p?$nyl ur ei do) pi peridi ne-| -

car boxyl ate. 4-Am no-|- N Boc- pi peri di ne 60 ng, 3.79 mmol) was di ssol ved
ina mxture of dichloromethane (40 nmi) and aqueous sodi um bi carbonate (30
m). A solution of 20% phosgene in tqLidaR&i4tdQ26L, 18.9 mmol) was added to
the mxture wth vigorous stirring. Reaction stirred vigorously at room
tenperature for 40 20 m nutes. Reacti ciCll ayers were partitioned. Organic

| ayer was dried (magnesium sulfate), fiktered and concentrated in vacuo.
Resi due was di ssolved in toluene (30 ™ NOPRenyl gl yci ne ethyl ester was
added to the m xture. Reaction was heateg Sgxeflux for 15 hours. Mxture
was cooled to roomtenperature and diluted wthyethyl acetate (50 niL).

M xture was washed successively with IN h ARaric acid (3x50 WO

2006/ 052378 PCT/ US2005/ 036859 108 nlL) and bri (30 mL). Organic | ayer was
dried (magnesiumsul fate), filtered and concentrated in vacuo. Silica gel
chromat ography afforded the title conpound as pale yellow solid in 63%
yield. "H NWR (300 MHz, CDCl13): 8= 7.47-7.26 (m 5H), 4.30 (s, 1H), 4.16
(g, J=7.32, d2H) 328810(:@3-ﬂﬂel’%iir%%yl@t@-dihﬁcgglfm%b&rﬁbthid%n-tl-%nB9 5 2. 703( m
2H), 1.83 12.62, J2=3, 11, 2H), 1. s , 1,23 (t, J=7,14,
2. b 53 (i S8 RSty 2 S b oo W poeriste. o

1-carboxylic acid zert-butyl ester (175 mg, 0.46 mmol) was dissolved in 4M

hydrogen chloride in 1,4-dioxane (3.0 mL, 12.0 mmol). Reaction stirred at room
temperature for 45 minutes. Reaction mixture was concentrated to dryness in vacuo.

Title compound was obtained as pink solid in quantitative yield. MS m/e (M+H)'=

10 281.1.
Intermediate 127
S
1A
O\/
O
15 tert-Butyl 4-(3-(2-ethoxy-2-oxoethyl)-3-phenylureido)piperidine- I -

carboxylate. 4-Amino-1-N-Boc-piperidine (760 mg, 3.79 mmol) was dissolved in a
mixture of dichloromethane (40 mL) and aqueous sodium bicarbonate (30 mL). A
solution of 20% phosgene in toluene (10 mL, 18.9 mmol) was added to the mixture
with vigorous stirring. Reaction stirred vigorously at room temperature for 40

20  minutes. Reaction layers were partitioned. Organic layer was dried (magnesium
sulfate), filtered and concentrated in vacuo. Residue was dissolved in toluene (30
mL). N-Phenylglycine ethyl ester was added to the mixture. Reaction was heated at
reflux for 15 hours. Mixture was cooled to room temperature and diluted with ethyl

acetate (50 mL). Mixture was washed successively with 1N hydrochloric acid (3x50



10 tert-Butyl 4-(2,5-di oxo-4 phenylimdazolidin-1

yl ) pi peridi ne-|-carboxylate. Triethylamne (200 L, 1.43 mmol) was added to
a sol uti omoabosisedzsbut yl  4- (3-(2- PCT/US2005/036859

et hoxy- 2- oxoet hyl ) - 3- phenyl ur ei do) pi peri (ahne-l -carboxylate (90 ng, 0.22
mmol) in ethanol (1.8 nlL). Reaction wad%Bel d at 60C with stirring for 3
hours. Reaction 15 m xture was concentrated in vacuo. Reside was treated

wi th di chl or B8 ) t ' '
conpound msm}g:&g?ne%ég’?%n?t%p%gmll in w%@%lf{x@/f‘{rﬁ%%x%%%uﬁ?ﬁ:&?ﬁe&&%@w +=
304. 2. | nt er peeRirated 2vaciHCl Sikisa gelHrorzgo ghepiR0difor0&P Bz SitlPChmpsRadsy 036859

109 '5- Phenyl pzﬁe @91 cpv&%cl)l ci in 6% )/}'1)61({ ”hdmf{ (%quI‘EZ éD%lSng—g 9r70§g1% N '}Be

tert-Butyl

4- (3-(2- et hoxyogs, A49E4. Wtc} J37Bbeﬂéﬂ 4rggi Qo)znm%qf!zﬂ) '368113 @9&&0@1 j alge_ (60 ny,
0.17 mml) was dissolved in ydrogen chioride’solution i'n 1,4-di oxane
(2.0 nb).5 RedB{inoAH}1i&3(dd, é&—lﬂtﬁérﬂi—é:ﬂﬂeﬁb{ﬁ Ur38 (so9HBA .25 (k=2 4, Td),i ds wer e
filtered off Bq&(‘érllvai d with diethyl ether and dried. Title conpound was
obt ai ned as whit'é In quantitative yield. M5 me (MH) += 260. 2.
Internediate 130 0 O HNAO-~ tl 10 Ethyl 3 fornyl pyridin-2 ylcarbamate.

Di ethyl pyrocarbonate (570 L, 3.9 nmol) was added to a solution of

2- ani nopyr i di ne- 3- car boxal dehyde (400 Intgrmalige 12%p|) in benzene (20 niL).

M xture was warned to 60C and held for & hours. Diethyl pyrocarbonate (1
m., 6.8 mmol) was added to the m re Reactlon was

o)

A

10
tert-Butyl 4-(2,5-dioxo-4-phenylimidazolidin-1-yl)piperidine-1-carboxylate.
Triethylamine (200 pL, 1.43 mmol) was added to a solution of ferz-butyl 4-(3-(2-
ethoxy-2-oxoethyl)-3-phenylureido)piperidine-1-carboxylate (90 mg, 0.22 mmol) in
ethanol (1.8 mL). Reaction was held at 60°C with stirring for 3 hours. Reaction
15 mixture was concentrated in vacuo. Reside was treated with dichloromethane (20

mL) and then concentrated in vacuo. Title compound was obtained as white solid in

81% yield. MS m/e (M-CsHg+H)™=304.2.

Intermediate 129
HCI
HO\ o
N/Z<NH

20



15 warmed to 60C and held for 1 hour. Mxture was cooled to room
tenperature. D ethyl pyrocarbonate (1 n, 6.8 nmol) was added to the

m xt ure. Weaeds/m7stirred at roomtenperature for 16 heuras2idsosesse was
concentrated in vacuo. Silica gel chr(l\)/g%h;)graphy afforded to title
conmpound as white solid in 58%yield. e (MrH)+= 195.1. 20
Internediate 131 O >~ON O NANH N 25 WD 2006/ 052378 PCT/ US2005/ 036859

110 tert-Butyl 4- 6221%0-3-gRAp&idwY-AUOPMIdaSSYiAne3 2 3IRYHd Wb i1 Nerst-Butyl
yl ) pi peridine-|- carboxylate. 4-Am'no- | -N-Boc-piperidine (290 ng, 1.4
mol ) was adfdd-2-sthexySoxeethyh-bphenyvhyridg)piperidideplcatipxyl2e (6@ mghb@uidt e (240

, 1.2 1) i | (.1 . M : d.to 6 hel d f
s nour o, et B A eaidm Brdropdh ot st Db B0y ri de (o2

my, 1.6 ol Rexw@idnatddedatirooiempéeratticeifor 30 Beacies. 0Solsdsi were dltdled 0PI
tenperature for 30 mnutes. Toluene (20 nL) was added to the m xture
fol | oned by ¥ededwiicgigthyhetherany driggx f ifleccompoung mae abteined ag phite sdidianol  was
driven from react | ! r _ ected in a Dean-Stark trap.
M xt ure was ﬁ{@g[ﬁ?@}r%d&lﬂgr (ﬁ%ﬁpg 2 'gture was cooled to room 10
tenperature and held for 16 hours. Reaction was quenched w th aqueous
sodi um bi carbonate. M xture was extri‘(_ft ed with 8t hyl acetate (2x30 nl).
Conmbi ned organi cs were washed succes tGEn A0 wat er (30 nmL) and brine
(20 m.). Organic layer was dried (magnesiunsulfate), filtered and
concentrated in vacuo. Silica gel chromatography afforded the title
conpound as white solid in 44%yiel d. dVBHRT €015~ (M H) - = 311. 2.
| nter medi ate 132 | .

)

4
10
Ethyl 3-formylpyridin-2-ylcarbamate. Diethyl pyrocarbonate (570 pL, 3.9

mmol) was added to a solution of 2-aminopyridine-3-carboxaldehyde (400 mg, 3.3
mmol) in benzene (20 mL). Mixture was warmed to 60°C and held for 4 hours.
Diethyl pyrocarbonate (1 mL, 6.8 mmol) was added to the mixture. Reaction was

15 warmed to 60°C and held for 1 hour. Mixture was cooled to room temperature.
Diethyl pyrocarbonate (1 mL, 6.8 mmol) was added to the mixture. Reaction stirred
at room temperature for 16 hours. Mixture was concentrated in vacuo. Silica gel
chromatography afforded to title compound as white solid in 58% yield. MS m/e
(M+H)"=195.1.

20

Intermediate 131

j\OJ?\N o
O\NJJ\NH

B
P
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HC HN O N J~ NH N HC 20 3-(Piperidin-4

yl) -3, 4-di hydropyrido[ 2, 3-d] pyri mdin-2(1H)-one dihydrochloride. A
suspensi onoabogiseizsbut yl  4- (2- oxo- |, 2- di hydr opyri do[ 2, 3PCT/US2005/036859

d] pyri m di n-3(4H) -yl ) pi peri di ne-1-car bory}tbate (220 ng, 0.66 mml) in 4N
hydrogen chloride in 1,4-dioxane (5.0 was stirred at roomtenperature
for 45 mnutes. Mxture was concentrated in vacuo. Crystallization from

et hanol and et hyl ,acpi Bl £ 2547 Hoyd bl | SIMUA-is0)id in
6206 yiel d (M) +2 oo 5x2006/'0’%33_[77’_85EF@’t’éT/ BRI BS WP i

| nt er medi at ecc!z@axylme 4p@inot I -NFB@-pipetidife 90 rhg,-1Chinanad) Bas glded fo 8,

9, 10- hexahydr

(S)-cycl ohepf0 fté(ﬁ %&ngz@ﬁggﬁ IB %@Fﬁ%g’é‘%{e)éfg? H’Bakz R ﬁé‘?ﬁﬂ?ﬁ’a’?(ﬂc(ﬂpor o-1H

i ndazol - 5- y| g hwkikrusdiead whﬁnemb%o@ktah@uém@&tps hb@30 MBrurd waScdgid ¢ and
2,2,2- trifluoroethylam ne mmol ) was reacted foll ow ng reaction

schenme and mooc@dmﬁmanébéigmlmrolwdirﬂde (% mgal.&mimel) efas added to the

4- Chl or 0- 9- 2- di 8- 0x0

E) hexahydr o- 1>§u1§ t}{m %‘S(U%eg O? ?&pﬁfagfé%{dgeoﬁh’fmﬁs Tolpepe (0L Was Ti ¢ e
10 conpound y@fed edthRimieiré Solihied dysRtiidadid( 1201y elidturd®agivarnidd ) - = 374. 0.
Internediate 134 O O HN 1* N 15 N-(3-Fornyl pyridin-2-yl)pival am de.

Tri et hl yam nélQ°E. Methanod vagdpivyn frapmghe reaction mixture and collected in a Dean-Stark

trap. Mixture was held at 110°C for 5 hours. Mixture was cooled to room

10  temperature and held for 16 hours. Reaction was quenched with aqueous sodium
bicarbonate. Mixture was extracted with ethyl acetate (2x30 mL). Combined
organics were washed successivély with water (30 mL) and brine (20 mL). Organic
layer was dried (magnesium sulfate), filtered and concentrated in vacuo. Silica gel
chromatography afforded the title compound as white solid in 44% yield. MS m/e

15 (M-H)=311.2.

Intermediate 132

HCI

HO\ o
NJ\NH

/
z

\

20 3-(Piperidin-4-yl)-3,4-dihydropyrido[ 2, 3-d]pyrimidin-2 (1 H)-one
dihydrochloride. A suspension of fert-butyl 4-(2-oxo-1,2-dihydropyrido[2,3-
d]pyrimidin-3(4H)-yl)piperidine-1-carboxylate (220 mg, 0.66 mmol) in 4N hydrogen
chloride in 1,4-dioxane (5.0 mL) was stirred at room temperature for 45 minutes.
Mixture was concentrated in vacuo. Crystallization from ethanol and ethyl acetate

25  afforded the title compound as white solid in 62% yield. (M+H)'=233.2.



added to a solution of 2-am nopyridi ne-3-carboxal dehyde (4.45 g, 36 mmol)
in dichloronmethane (70 nL). M xture was cooled to OC. A solution of

pi val oyl wohbawdiseEs(5.3 L, 43 mmol) in dichl or onet hane pC3Qsoigs/opese added
to the mxture. Reaction was warnmed to roomtenperature. M xture stirred
at room tenperature for 20 63 hours. M dtdre was washed successively with
wat er (2x50 nL) and brine (30 nL). Oganic layer was dried (nmagnesi um
sulfate), filtered and concentrated i nNute¥asdife 19811 ca gel chromat ography
afforded the title compound as off-white solid in 90%yield. (MH)+=
207.1. 25 WD 2006/ 052378 PCT/ US2005/ 036889 112 Inter mediate 135 O
>~O00~-- HN' N tert-Butyl 4-(1-hydroxyN3- oXy- 3-0x0-1-(2

pi val am dopyridin-3 5 yl)propan-2 yl)pi ne-1 -carboxylate. A solution
of diisoproplyamne (6.0 nL, 43 mmol) rahydrofuran (200 nlL) was
cooled to -78C. A 2.5M solution of n- pu &m in hexanes (17.0 nL, 43
mmol ) was added to the m xture dropfwi/se.y e was held at -78C with
stirring for 20 mnutes. A solution o erffFb off- (2-

net hoxy- 2- oxoet hyl ) pi peri di ne-1-carbéxyl at@ (9.3g, 36 mmol) in
tetrahydrofuran (35 10 nL) was added to the m xture drop-wi se. M xture was
held at -78C for 1.5 hours. 1In a separate flask, 60% sodi um hydride in
mneral oil (1.57 é&lg%bﬁ__' _Q S ]| | ded in
t et rahydr of ur an (ézgcﬁgoml\ﬁ)j)’(%t?\r@s;\l/\as coéglgedcicIa t%@’(%?:%ﬂAg@%f%P?ghfg?’g 28

N- ( 3- f or iyl p§y-icolelnbepigle]ipderal-affadaic(@idi 2-(R)-(B3Rcetoninethpl-7-cblorahHdr of ur an

(20 nm.) was added .tqg the.m xture d -W Sse. cti was .hel 15 0C with
stirring formg%ogﬁr_@meﬁay}()f ngl%aglﬁgw\%es?% (geg%lﬁlngt ga%EFE?IE?IEP%IZét hen

added to theurfilbydektiyldthiag( T IS, AR 13i oD O ad tréfedFoDOw g S 8actiBR 8t enfinail Xt ur e
was held at -78Cwth stirring for 2 hours. Mxture was allowed to slowy

warm t o r oonProfessesangliegeus tnthe prepargtion oidd-Ghlovd .2 wlirpethuk propy-Sroxpd
hours. React} @R #6$0.hexahydro-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl]-acetic acid. Title

10 compound was obtained as white solid in 20% yield. MS m/e (M-H)=374.0.

Intermediate 134
o

0 HN)*
l | A
=

15 N-(3-Formylpyridin-2-yl)pivalamide. Triethlyamine (7.6 mL, 54 mmol), was
added to a solution of 2-aminopyridine-3-carboxaldehyde (4.45 g, 36 mmol) in
dichloromethane (70 mL). Mixture was cooled to 0°C. A solution of pivaloyl
chloride (5.3 mL, 43 mmol) in dichloromethane (30 mL) was added to the mixture.
Reaction was warmed to room temperature. Mixture stirred at room temperature for

20 63 hours. Mixture was washed successively with water (2x50 mL) and brine (30
mL). Organic layer was dried (magnesium sulfate), filtered and concentrated in
vacuo. Silica gel chromatography afforded the title compound as off-white solid in
90% yield. (M+H)'=207.1.

25



guenched w th aqueous anmoni um chl oride. The m xture was extracted with
ethyl 20 acetate (2x100 niL). Organic extracts were conbined, dried

(magnesi wwouédsEy, filtered and concentrated in vacuecTRiskesasgsd
chromat ography afforded the title conp%ggd as white foamin 93%yield.
(MtH) += 464.2. 25 WD 2006/ 052378 PCT/ US2005/ 036859 113 Internedi ate 136
HN O NH ~N 3-(Piperidin-4 yl)-1,8-naphthyridin-2(1H)-one di hydrochl ori de.
5 Concentrated hydrochloric acid (25 nhermfdaeBs) was added with stirring
to a mxture of tert-butyl

4- (1- hydr oxy- 3- net hoxy- 3- oxo- 1- ( 2- ivaI nidopyridin 3-

yl ) propan- 2-yl ) pi peri di ne- 1- car boxy 14.0 g, 30 2 mol) and water (75
m.). Reaction was heated to refl uXx aﬁH hel d |f or 0925 hours. M xture was
concentrated in vacuo. Residue was cryst om et hanol. Title
conmpound was obtained as 10 white solid in 339 (M+H) += 230. 2.
Internediate 137 O 0Ol~1 NOO HOHN O 15
4- (1- hydr oxy- 3- net hoxy- 3- oxo- 1- (4 pi val am dopyri di n-
yl ) pi peri di ne-1-carboxyl ate. tert-butyl 4-(2-msth

oxoet hyl ) pi peri di ne-I-carboxylate (1.33g, 5.2 ) and
N-(3-fornyl -4-pyridinyl- 2,2-dinethyl propanafi’de .0 g, 4.7 mol) were
reacted in a nmanner anal ogous to the preparation of tert-butyl

4- (1- hydr oxy- 3- net hoxy- 3- oxo- 1- ( 2- pi val am dopyri din

- yI)propan-Z
2-

tert-Butyl 4-(1-hydroxy-3-methoxy-3-oxo-1-(2-pivalamidopyridin-3-

5 ylpropan-2-yl)piperidine-1-carboxylate. A solution of diisoproplyamine (6.0 mL,
43 mmol) in tetrahydrofuran (200 mL) was cooled to -78°C. A 2.5M solution of »-
butyllithium in hexanes (17.0 mL, 43 mmol) was added to the mixture drop-wise.
Mixture was held at -78°C with stirring for 20 minutes. A solution of fert-butyl 4-(2-
methoxy-2-oxoethyl)piperidine- 1-carboxylate (9.3g, 36 mmol) in tetrahydrofuran (35

10 mL) was added to the mixture drop-wise. Mixture was held at -78°C for 1.5 hours.
In a separate flask, 60% sodium hydride in mineral oil (1.57 g, 39 mmol) was washed
in hexanes and then suspended in tetrahydrofuran (70 mL). Mixture was cooled to
0°C. A solution of N-(3-formylpyridin-2-yl)pivalamide (6.74 g, 33 mmol) in
tetrahydrofuran (20 mL) was added to the mixture drop-wise. Reaction was held at

15 0°C with stirring for 2 hours. Mixture was warmed to room temperature and then
added to the butyllithium containing solution drop-wise. Reaction mixture was held
at -78°C with stirring for 2 hours. Mixture was allowed to slowly warm to room
temperature. Mixture stirred at room temperature for 14 hours. Reaction was
quenched with aqueous ammonium chloride. The mixture was extracted with ethyl

20 acetate (2x100 mL). Organic extracts were combined, dried (magnesium sulfate),
filtered and concentrated in vacuo. Silica gel chromatography afforded the title
compound as white foam in 93% yield. (M+H)'=464.2.

25



20 3-yl)propan-2-yl)piperidine- 1 -carboxylate. Title conpound was obt ai ned
as white foamin 54%yield. (MtH)+= 464.2. WD 2006/ 052378

PCT/ US20080086a59378114 I nternediate 138 HN O NH N j, p8T(use@snaadsn- 4
yl)-1, 6-napht hyridin-2(1H)-one. Concent rj%}ed hydrochloric 5 acid (8.0 ni,
97 mmol ) was added with stirring to a mXture of tert-butyl 4-(1-

hydr oxy- 3- net hoxy- 3- oxo- 1- (4- pi val am dopyri di n- 3-yl ) propan- 2-yl ) pi peri di ne-
| - carboxylate (1.2 g, 2.6 mmol) and mehaEdise438L) . Reaction was heated to
reflux and held for 14 hours. M xture was concentrated in vacuo. Residue
was treated with acetonitrile (70 nmijy t hgn concentrated in vacuo.

Resi due was crystallized from 10 ethanpl. [Tit|e conpound was obtai ned as
white solid in 77%yield. (MH) += 230. I ernredi ate 139 Oo OHN.S~ O
15 Met hyl 2-(nethyl sul fonam do) benzoat e. I\/btlhyl ant hranilate (11.73 g, 77.6
mmol ) was dissolved in pyridine (25 m, 309 N M xture was cooled to
0C. Methanesul fonyl chloride (6.60 nL, 85.3 @J) was added to the m xture
drop-wi se. Reaction m xture was warned to roomtenperature and held with
stirring overnight. Mxture was diluted with ethyl acetate Materi al was
washed twice with ter an O three tinmes wth hydr ochl ori c aci d.

Organi ¢ | ayer was>d Wéﬁd(”n%éjﬁeles# -Gerehiridin-gy L H)- 6?4614’ achigidda hen

concent r a§ edcofResitrdidd nY@dchibhit Ysial &Smi 8bs Mlg{yﬁg et(19|g %1ﬁ%t1rh£%to Xanes.

Solids were filtered o washed with 50% exan washed
Wi th hexanesnaxtdretdfemtbniyéd -(lnhgrdroxiyi 3gimethasyHimxoTl-{2-pivelanpdopyddina3- obt ai ned

as an off- "‘"‘1')I§r%p§n95 y%p1per1§me lycart)oxyla%s(lrz(? g,(Mf?mnzo%)?én%' we?tgr (75 mL).

Reaction was heated to reflux and held for 25 hours. Mixture was concentrated in

vacuo. Residue was crystallized from ethanol. Title compound was obtained as

10 white solid in 33% yield. (M+H)"=230.2.

Intermediate 137

15 tert-Butyl 4-(1-hydroxy-3-methoxy-3-oxo-1-(4-pivalamidopyridin-3-
ylpropan-2-yl)piperidine-1-carboxylate. tert-butyl 4-(2-methoxy-2-
oxoethyl)piperidine-1-carboxylate (1.33g, 5.2 mmol) and N-(3-formyl-4-pyridinyl-
2,2-dimethylpropanamide (1.0 g, 4.7 mmol) were reacted in a manner analogous to
the preparation of tert-butyl 4-(1-hydroxy-3-methoxy-3-oxo-1-(2-pivalamidopyridin-

20  3-ylpropan-2-yl)piperidine-1-carboxylate. Title compound was obtained as white
foam in 54% yield. (M+H)'=464.2.



WD 2006/ 052378 PCT/ US2005/ 036859 115 Internediate 140 O yip SNo 1\ 2,
2-Di oxo-]-(2-trinmethylsilanyl-ethoxynethyl)-2, 3-dihydro-1 H226-2,1 5
benzot hi axoneds@rEs | n a dry round bottom fl ask under apblrarskeis/osdssni trogen
60% sodium hydride in mneral oil (1.051 , 26 mMmol) was washed with
hexanes and then suspended in N, N-di net H% formam de (50 nmL). M xture was
cooled to OC. A solution of nethyl 2-(nethylsulfonam do)benzoate (5.0 g,
22 mmol) in 10 nL N, N- di net hyl f or mamigeWaga@dded to the mxture

drop-w se. Reaction was held at 0OC 10 with stirring for 25 m nutes.
2-(Trinmethyl silyl)ethoxynethyl chlori s agded to the mxture

drop-wi se. Reaction stirred for 2 hourp sljow}} warm ng to anbi ent
tenperature. Reaction was quenched wth mechloric acid. Material was
extracted twice with ethyl acetate. Mteri aI| washed successively with
water and brine. Organic phase was dried (magiffestum sul fate), filtered and
concentrated to 15 dryness. Residue was di ssol in N, N-di net hyl f ormam de
(5 nL) and added drop- wise to a m xture of 609 sodi um hydri de in m neral
oil (1.02 g, 26 mmol) that had been washed wi th hexanes, suspended in

N, N- di met hyl f ormam de (50 nL) and cooled to OC. . Ice bath was renoved and
the nmxture was a${(@peddine-yigd o-raphthyoidin-£ @i)emat CoecenRerdhiydrochlasichel d at

roomte ratu verniLght wth irring. .20 Reaction was.quenched with IN
nydrochl of 1 et o e et et e it B Pt e P RO Ad  at o
Organi ¢ phaskydiesy- Nasdiiek ySUELE S U NarbidbPyrieh- BLyl RehAL1-PBpipeRifal ¢ phase
was dried (magnesi um sul Tyat e), filtered and concentrated to dryness.

Silica gel cearomuiasytlapey2-6 aungl) andwatar E4akhnResction s tieated togeflin insl
conmpound as %&mg%@% g\gg(glg'e %%ggﬁc%hgate% \cgc?to .( M’eg_i%ﬁezwg’szt?éagéd \%ﬁh VO

2006/ 052378
acetonitrile (70 mL) and then concentrated in vacuo. Residue was crystallized from

10  ethanol. Title compound was obtained as white solid in 77% yield. (M+H)"=230.1.

Intermediate 139

N\~
-
O HN™

\OJ\©

15 Methyl 2-(methylsulfonamido)benzoate. Methyl anthranilate (11.73 g, 77.6
mmol) was dissolved in pyridine (25 mL, 309 mmol). Mixture was cooled to 0°C.
Methanesulfonyl chloride (6.60 mL, 85.3 mmol) was added to the mixture drop-wise.
Reaction mixture was warmed to room temperature and held with stirring overnight.
Mixture was diluted with ethyl acetate. Material was washed twice with water and

20  three times with 1IN hydrochloric acid. Organic layer was dried (magnesium sulfate),
filtered and then concentrated. Residue was triturated with 50% diethyl ether in
hexanes. Solids were filtered off, washed with 50% diethyl ether-hexanes, washed
with hexanes and then dried under high vacuum. Title compound was obtained as an
off-white solid in 88% yield. MS m/e (M-H)=227.9. |

25



Internediate 141 0 JOANOOS NO I \ 4-12, 2,
4-Trioxo-]-(2-trinethylsilanyl-ethoxyrnethyl)-1, 2, 3, 4-tetrahydro-226- 5
2,1 -benawbhoezisps78 yl J pi peridine-1 -carboxylic acid tectalsedogiosesss er .
N-tert- Botoxycarbonyl -4-pi peridi none (%. g4 g, 12 mmol) was dissolved in
1, 2- dichl oroethane (20 nmL). Piperidine (1 .2 nm, 12 nmmol) was added to the
m xture. Reaction was heated to 50C and held with stirring for 1.25 hours.
M xture was cooled to room tenper at ungerfedfk yhon of
2,2-Dioxo-1-(2-trinethylsilanyl 10
et hoxynet hyl ) - 2, 3-di hydr o- 1H 2X6- 2, 1- l@\e;/Ozot hi azi n44-one (2.0 g, 6.1 mml)
in pyridine (5.0 nL, 62 nmol) was addeéq t/e\tjqe\/msix\/ture. Reaction was held
overnight at roomtenperature with i r i n® Miterial was concentrated by
rot o-vap. Residue was dissolved ir\? 2 cetate. Material was washed
successively with three portions o dr ochl oric acid and one portion
of water. Organic phase was dried 15 ( esiumsul fate), filtered and
concentrated to dryness. Residue was purified by silica gel chromatography
(et hyl acetate-hexanes). Mjor peak was isolated and the fractions were
concentrated to dpyr _1Resj.; i NUEL O} r7(40-nL). A
catal yti c anount %?%&3 ég??g&?%&%mg;?@g#@ggbgﬁg%@% }t gﬁsgmjti on.
React i on 5 vebsebthiwms-ploae eth ndryaoiial totmpplasktungesablaskaofairoged 80%0 psi  of
hydrogen gas. 20 Reacti.on shopk_ at room tenperatur verni ght . xture was
filtered ovefoddEn g@"gr.“}e lﬁr“é‘gﬁag‘éﬁl&'%% %rga‘gmggd’&f ‘Y%?EF‘ﬁ@’“‘"ihﬂ‘ffnﬁf én!\‘q R&lct i on
vessel was p ; ’ rat ] i~ of hydrogen
gas. Reacti O%@gﬁ%gﬁhﬁfg@%@gﬁ%ﬁﬁsgm@g M{%r&gs tc?ﬁ)lg(?bo?(zdc\ivaé filtered
over celite sihdidnhd fmethyt 2d(@ethgsulfonado)beatoatt @ gjr22nmasl) idvbd eri AlNV-was
urified by silic el chromatography (ethyl 25 acetate-hexanes). Major
Beak was i soq?lgtegw?’@%aam asdeediodhumibdurserRmtiseatsacion way §aid 80°CResi due
was di ssq] ved:d, @ ) (¢ .
it ur . RReagth SaTEdaer midie ol iAok She P RIREm AL | 1y 60
psi of hydribgenxgasdroRedst.i Reacihoedirrat for @ twutseshpydy atammingae @mbiepht . M xt ur e
was

temperature. Reaction was quenched with 1N hydrochloric acid. Material was
extracted twice with ethyl acetate. Material was washed successively with water and
brine. Organic phase was dried (magnesium sulfate), filtered and concentrated to

15 dryness. Residue was dissolved in N,N-dimethylformamide (5 mL) and added drop-
wise to a mixture of 60% sodium hydride in mineral oil (1.02 g, 26 mmol) that had
been washed with hexanes, suspended in N, N-dimethylformamide (50 mL) and
cooled to 0°C. . Ice bath was removed and the mixture was allowed to warm to
room temperature. Reaction was held at room temperature overnight with stirring.

20 Reaction was quenched with 1N hydrochloric acid. Material was extracted twice
with ethyl acetate. Organic phase was washed successively with water and brine.
Organic phase was dried (magnesium sulfate), filtered and concentrated to dryness.
Silica gel chromatography (ethyl acetate-hexanes) afforded the title compound as a
white solid in 72% yield. MS m/e (M-H)=326.0.

25



WD 2006/ 052378 PCT/ US2005/ 036859 117 filtered over celite. Filtrate was
concentrated to dryness. Silica gel chronmatography (ethyl acetate-hexanes)
af f or ded wbeoddidsbmsconpound as yellow oil in 43%yi el d. peBUSHE/060864) - =
509.1. 5 Internediate 142 0 >~ON OO ﬁ‘N AO"~Si" HO I \ 4-[4-Hydroxy-2,
2-di oxo0-]-(2-tri-methyl silanyl - et hoxymet HyP)-1, 2, 3, 4-

t et rahydro-22. 6- 2, 1- benzot hi azin-3 yl J piperidine-| -carboxylic acid
tert-butyl ester 10 Title conpound wagieRRiRiteqd; as yel low oil in 85%
yield. Material was carried forward wi thout purification. Internediate 143
+H2ZN OO 0 0 SNH .OAS / | | \} 18 3-Piperidin-4 yl-1H 2, 1-benzot hi azi ne

2, 2-di oxi depar a-t ol uenesul f geat ¢! 2,2,4-Trioxo- |

-(2-trimethylsilanyl -et hoxyhet Ryl )N1, 2, 3040t et r ahydr p- 2?7 6-2, 1-

benzot hi azi n-3-yl]-pi peri di ne- | - cakgoxyl i-8. aetg terssiQutyl ester (865 ny,
1.7 mol) was dissolved in nethanol (25 VI xture was cooled to OC
Sodi um 20 bor ohydride (100 ng, 2.6 ]

) perSyadded to the mxture in three
portions. Reaction stirred at OC for . M xture was concentrated by
roto-vap. Residue was treated with IN hydréChloric acid. Material was
extracted twce with ethyl acetate. Organic phase was dried (nmagnesi um
sulfate), filtered and concentrated to dryness. Residue was dissolved in
benzene (20 nl). pyFoluenesuliapisedskdnsne WW?,@, A3 IWeiro2 B- ol )
was added to the m xture. Reaction was héatedto 2006/ 052378

PCT/ US200%/ 0368%8zothiazin-3-yl]-piperidine- I-carboxylic acid tert-butyl ester. N-tert-

Botoxycarbonyl-4-piperidinone (2.44 g, 12 mmol) was dissolved in 1,2-
dichloroethane (20 mL). Piperidine (1.2 mL, 12 mmol) was added to the mixture.
Reaction was heated to 50°C and held with stirring for 1.25 hours. Mixture was
cooled to room temperature. A solution of 2,2-Dioxo-1-(2-trimethylsilanyl-

10 ethoxymethyl)-2,3-dihydro-1H-2A%-2,1-benzothiazin-4-one (2.0 g, 6.1 mmol) in
pyridine (5.0 mL, 62 mmol) was added to the mixture. Reaction was held overnight
at room temperature with stirring. Material was concentrated by roto-vap. Residue
was dissolved in ethyl acetate. Material was washed successively with three portions
of 1N hydrochloric acid and one portion of water. Organic phase was dried

15 (magnesium sulfate), filtered and concentrated to dryness. Residue was purified by
silica gel chromatography (ethyl acetate-hexanes). Major peak was isolated and the
fractions were concentrated to dryness. Residue was dissolved in methanol (40 mL).
A catalytic amount of 10% palladium on carbon was added to the solution. Reaction
vessel was placed on a Parr apparatus and charged with 60 psi of hydrogen gas.

20  Reaction shook at room temperature overnight. Mixture was filtered over celite.
Fresh catalyst was added to the filtrate. Reaction vessel was placed on a Parr
apparatus and charged with 60 psi of hydrogen gas. Reaction shook at room
temperature for 7 hours. Mixture was filtered over celite and the filtrate was
concentrated to dryness. Material was purified by silica gel chromatography (ethyl

25  acetate-hexanes). Major peak was isolated and the fractions were concentrated to
dryness. Residue was dissolved in methanol (40 mL). Fresh catalyst was added to
the mixture. Reaction vessel was placed on a Parr apparatus and charged with 60 psi

of hydrogen gas. Reaction shook at room temperature overnight. Mixture was



118 reflux and held with stirring for 1 hour. Mxture was cooled to room
tenperature. Solids were filtered off. The sticky solid was treated with
hot i soprwpyboecalsezygol (10 mnl). M xture was cool ed to regmusermpesasur e and
allowed to stand overnight. Solids vverﬁlzi ltered off, washed with

i sopropyl al cohol and then dried under hiilgh 5 vacuum Title conpound was
obtained as tan solid in 65%vyield. M5 me (MH) += ~265.2. Internediate 144
NH2 LBr " Yfifleled o¥erQefiteOFildhte was concentrated to dryness. Silica gel chromatography
2-(S)-(2-Acet oxynet hyl - 4- am no- 5- br ono- 3- net hyl - benzyl )-succini ¢ acid

di et hyl est efethyl agetytebpxaqesy afiorded thy ltitls campaendasristlnyl oibisr2(4 yiekiuddbni c
acid diet hytn/éa lgfle_fé{)-(__%og g, 21 mmol) was dissolved in acetic acid (100 nL).
Sodi um acet at'e ? . 270, 'f'mml) was added to the solution. Reaction vessel
was placed in a cool 15 water bath to control reaction exotherm Brom ne
(2.1 m, 22 mmol) was added to the m xture_in one portion. Reaction
stirred at anbient tenperature for 10 Ipterpediate 1431 xture was poured into IN
aqueous sodi um thiosul fate solutjon (400 nL). Material was extracted twice
with ethyl acetate. O gani c~ghasg was washed successively with water and
brine. Organic was dried (neaghesi lfgtg), filtered and concentrated in
20 vacuo. Silica gel chromatography (gthyy” acetate- l>eanes) af forded the
desired product in 77%vyield as an™a T oBRIEN( M H) - = 440.0, 442.0.
Internediate 145 NNH ~~Br ~0 O

HO

4-[4-Hydroxy-2,2-dioxo-1-(2-trimethylsilanyl-ethoxymethyl)-1,2,3,4-
tetrahydro-2%-2, 1-benzothiazin-3-yl] -piperidine-1-carboxylic acid tert-butyl ester
10 Title compound was obtained as yellow oil in 85% yield. Material was carried

forward without purification.

Intermediate 143

15
3-Piperidin-4-yl-1H-2, 1-benzothiazine 2,2-dioxide para-toluenesulfonate. .

4-[2,2,4-Trioxo-1-(2-trimethylsilanyl-ethoxymethyl)-1,2,3,4-tetrahydro-2A5-2,1-
benzothiazin-3-yl]-piperidine-1-carboxylic acid zerz-butyl ester (865 mg, 1.7 mmol)
was dissolved in methanol (25 mL). Mixture was cooled to 0°C. Sodium

20  borohydride (100 mg, 2.6 mmol) was added to the mixture in three portions.
Reaction stirred at 0°C for 3 hours. Mixture was concentrated by roto-vap. Residue
was treated with 1N hydrochloric acid. Material was extracted twice with ethyl
acetate. Organic phase was dried (magnesium sulfate), filtered and concentrated to
dryness. Residue was dissolved in benzene (20 mL). p-Toluenesulfonic acid

25  monohydrate (475 mg, 2.5 mmol) was added to the mixture. Reaction was heated to
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2-(S)-(4-Acet oxynet hyl - 7- brono-] H i ndazol -5 yl net hyl )-succi nic acid diethyl
ester. | swarmybe/spigite (2.3 nL, 17 mmol ), was added dr opewWUS2005036@89 | Ce
cold solution of

2-(S)-(2-Acet oxynet hyl - 4- am no- 5- br ono- 31fet hyl - benzyl)-succinic acid
diethyl ester (7.14 g, 16 nmol) in 5% acetic acid in toluene (280 n).

Mxture 5 st féf]iﬁ@n&hel@‘%qﬂ%ﬂrﬁ@% ForNUides. I\P%ﬁ,S\%hsL'JBo%QB%&n Q&H%Qatgre 41 mol)
was added to the mxture ure was slowy warned to room'tenperat ure.

React i on wasSelidsrwerd fidteredrodlo nihteestipley salidreasf tmateliélwmmtssomwl alkceheld$0 washed

Sul ate) 111 PpchiRfe’ ATl dhr s EnertRGind B e i St RRERL hy/

acet at e- hean@l$ds wdrt dileed olfihﬁfaﬁiﬁ:ﬁlv(/ﬂﬂls@ﬁr@gylcdlcdﬂibl dinh efi€ld dser b han amber
oil. M5 mMe (MtH) += 455.0, 457.0. Internediate 146 NNH / Br Oo~1 O

0 0 15 () - dvamsumy|Tilg PR o(opwamd@s;quh@uylﬁi%mﬁlda%%se (M+H) =
yl ) met hyl) suggd pate. 2-(S)-(2-Acetoxynethyl-4-anmi no-5 -bronp-3

- et hyl - benzy - succinic acid diethyl ester (2.78 g, 6.1 mol) was
converted to the title conpound in a manner anal ogous to the preparation

of 2-(9S)-(4-Hydroxynethyl -1Hindazol - ?%t ?rjri;a @% succi nic acid di nethyl
ester. Material was obtained as anber ‘6% % 20 yield. Ms nie

(MH)-=383.0, 385.0. Internediate 147 N-hH Br c
Br

10
2-(S)-(2-Acetoxymethyl-4-amino-5-bromo-3-methyl-benzyl)-succinic acid

diethyl ester. 2-(S)-(2-Acetoxymethyl-4-amino-3-methyl-benzyl)-succinic acid
diethyl ester (7.6 g, 21 mmol) was dissolved in acetic acid (100 mL). Sodium acetate
(4.2 g, 51 mmol) was added to the solution. Reaction vessel was placed in a cool

15  water bath to control reaction exotherm. Bromine (1.1 mL, 22 mmol) was added to
the mixture in one portion. Reaction stirred at ambient temperature for 10 minutes.
Mixture was poured into 1N aqueous sodium thiosulfate solution (400 mL). Material
was extracted twice with ethyl acetate. Organic phase was washed successively with
water and brine. Organic was dried (magnesium sulfate), filtered and concentrated in

20 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.

Intermediate 145

N~NH
/

\[fo

o} O\/

Br
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(S)-dimethyl 2-((7-brono-4-(chloronethyl)-1Hindazol-S yl)nethyl)succinate.
(S) - di netwpl206@705¢378br ono- 4- (hydr oxynet hyl ) -1 PCT/US2005/036859

H i ndazol - 5-yl ) net hyl ) succi nate (2.25 q 5.8 mmol ) was dissolved in 2M

t hi onyl chloride in dichloronethane (42 rld? 84 mmol ). Reaction stirred at
roomtenperature for 2.0 hours. Mxture was 5 concentrated. Residue was

treated with tol ugng)- @ﬁﬂ'céf&l@zﬁzeﬂ?ﬁﬁfw&tﬁ&]?ﬂerMzJIgtﬂm%ﬁn?l)-suE"&ﬁﬂcQﬂéﬁd&’P@ﬁv /

di ssolved in ethyl acetate ure was washed twice W th aqueous SOdI um
bi car bonat e. e@erg éﬁﬁa@lbd/alﬁrlm(ﬁédn%hbm@mlh iias addesidsdp-whise to @anact cohdl

Cone e oL, RS Told & SR A SR R PR %

O NO O [4adi5<|1 dféth}@eét&; (72-40d, M6t b]) P STYEcti Bacdd Br Bluefie (20 IBL) Mixture
9, 10- hexahydr o- 2, -triaza- 15 (S)-cycl oheptaledi nden-7 -acetic acid

net hyl ester Stlr{@)alé?l %‘Prﬁ&ﬂ mEﬂl(emet’szﬁDet@@Kﬁ@ﬂ@réi myphgl) was a ded to the

1H-i ndazol - ucci e s di ssol ved
acetonitril emz, nthﬁrf&%gtwégglloﬁv tgggmf‘é%p%u&%v@e ﬁﬁ%‘f‘f' AT éicﬁﬁed to
the m xt ur erdoad lempethtiry f@elanemsy I M[ﬂtl!ile Wl %shed t@lae‘BwnHWaier aMl yhderwithvas
heated to reflux and held wth Stll’l’lr:]g@for ) hours. M xture was cool ed

to room t enp®iag fPreanisovaydkied (magpssium Feé@ltsvéranéépmeetratpdl Pilige gehas

d. o |
((328(3 renr_]; r g;g a}gbé?l:é@%% Kg?et%ﬁedéktgféﬁﬂems) Qi}f&’agél ﬂl%qjehl?eﬂ)r%ﬁ(ctt W 8701 1et1((i) as!€Ne

10  an amber oil. MS m/e (M+H)"=455.0, 457. O

Intermediate 146

N~NH
/
Br
HO
SN
N0 o ©
15 (S)-dimethyl 2-((7-bromo-4-(hydroxymethyl)-1H-indazol-5-

yl)methyl)succinate. 2-(S)-(2-Acetoxymethyl-4-amino-5-bromo-3-methyl-benzyl)-
succinic acid diethy] ester (2.78 g, 6.1 mmol) was converted to the title compound in
a manner analogous to the preparation of 2-(S)-(4-Hydroxymethyl-1H-indazol-5-
ylmethyl)-succinic acid dimethyl ester . Material was obtained as amber solid in 96%

20 yield. MS m/e (M-H)= 383.0, 385.0.

Intermediate 147

N~NH
/
Br

Cl



heated to reflux and held with stirring for 37 hours. M xture concentrated
by roto- vap. Silica gel chromatography (ethyl acetate-hexanes) afforded
the titl ewoenmwmspsis as tan solid in 75%yield. M5 mle (WeHusz004006889 422. 0.
25 WD 2006/ 052378 PCT/ US2005/ 036859 12]1 bnt ernediate 149 HNBr N O N
OH O [4-Bromp-9-(2, 2-dinethyl propyl)-é-oxo-S, 6, 7, 8, 9,10-hexahydro-2,
3, 9-triaza- 5 (S)-cyclohepta[e]inden-7 ylJ-acetic acid.

4- Brono- 9- ( 2, 2- d{SyRtiM¥lyPI-QPYrdm8:-QpfRioromethyl IH-zndazol- - thyl)succinate.

% 6,7,8,9, 18 hexa dro y gptrlaza-?&s cycIJ(}) yd)ee7y) ]-acetic

acid net hyl (Séscil@ﬁﬂl(yh%éﬁn@ron@ %@my)nevm) bﬁis zo &yﬁ)medmﬁsmqmaee of e
hydr of s adde
Lo the m xt 2ty ompiny AR BN RY et b o B b Rrestink 150G

mrol ). M xt uB&mines). hleaicﬁdnttﬁréiﬂﬁrd&n@diﬁbdﬂﬁhﬁfﬁﬁbmhfsr lMRﬁlrEWas5 hours.

M xture was cooled to roomtenperature. Organic_ solvents were renoved from
the m xtute FoncgaiEates. Resiievasdreatedertistolysae and (her gonagntraied iy eotoaap t hen

e e LA el S s BT MR L

twice with ethyl acetate. ase was ate),
filtered andsadfiunnb'rmrl:@mnd ®ngadrcywnssmed'(nmgmesnmmpﬂfm@ fihgedbiidi ned as tan

solid in antltalve |e 'H NVR, (300 ) 820.77 (s, 9 H)
2.31 - 2. 60 %PH ejraigd inya chb‘le ?Pnﬂ’é’“ﬁdig’vaéohtﬁlﬁﬂé as gm rs?ﬁéfkn -39é.yeﬁdd-(m 1 H)
3.09 (d, J13 MngHawuog(@l 403313, 91 Hz, 1 H) 3.71 - 3.89 (m 1 H
4.39 (d, J=17.20 d, J517.20 Hz, 1 H 7.25 (s, 1 H 8.00 (s,
1 H). 2010 ntermedi at e 150

Intermediate 148

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

15 (S)—cyclohepta[e]inden—7—yl]-aceﬁc acid methyl ester. (S)-dimethyl 2-((7-bromo-4-
(chloromethyl)-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.

20  Mixture was filtered over celite. Filtrate was concentrated by roto-vap. Residue was
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-hexanes) afforded the title compound
as tan solid in 75% yield. MS m/e (M-H)=420.0, 422.0.

25



H Br -~ O NO O[4 -Bronp-9-(2, 2-dinethyl propyl)-8-o0x0-3, 6, 7, 8,

9, 10- hexahydro-2, 3, 9-triaza- (S)-cycloheptaleldinden-7 ylJ-acetic acid
met hyl eswenoo60®)37di met hyl 2-((7-bronp-4 WD 2006/ 052378 PECI/SLiBR 085936859
122 (chl oronet hyl)-1H i ndazol - 5-yl ) net hyl isucci nate (860 ng, 2.1 mml) was
di ssolved in acetonitrile (50 niL). Pot 3€4i um car bonat e (625 nmy, 4.5 mol)
was added to the mxture followed by neopentylamne (800 .tL, 6.78 mol).
M xture was heated to reflux and hejfeMelibtsSidgring for 1.5 hours. Mxture
was cooled to roomtenperature. 5 Mxture was filtered over celite.
Filtrate was concentrated by roto-vap. HResiEﬂ/lue was dissolved in a mxture
of toluene (50 nL) and acetic acid (3Mh). xture was heated to refl ux
and held with stirring for 37 hours. t uUNe concentrated by roto- vap.
Silica gel chromatography (ethyl acetat ¢xanes) afforded the title
conpound as tan solid in 75%vyi el d. H)-= 420.0, 422.0. 10
Internmediate 151 HNBr N | ~ ~F OyF- ~/ OO[4-Bronp-3, 6, 7, 8,
9, 10- hexahydr o- 8- ox0-9-(2, 2, 2-trJ ons: 9-triaza-

[4-Bromo-9-(2,2-dimethyl-propyl)-8-oxo-3,6,7,8,9,10-hexahydro-2,3,9-triaza-
5 (§)-cycloheptafe]inden-7-yl]-acetic acid. [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 methyl
ester (160 mg, 0.38 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 monohydrate (41 mg, 0.98 mmol). Mixture was heated to 50°C
10 and held with stirring for 5 hours. Mixture was cooled to room temperature. Organic
solvents were removed from the mixture in vacuo. Remaining aqueous was diluted
with water and then made neutral with 1 mL of IN hydrochloric acid. Material was
extracted twice with ethyl acetate. Organic phase was dried (magnesium sulfate),
filtered and éoncentrated to dryness. Title compound was obtained as tan solid in
15  quantitative yield. '"HNMR (300 MHz, CDCl;) §=0.77 (s, 9 H) 2.31 - 2.60 (m, 3 H)
2.91 (dd, J=16.47,8.42 Hz, 1 H) 2.98 - 3.05 (m, 1 H) 3.09 (d, J/=13.54 Hz, 1 H) 3.47
(d, /=13.91 Hz, 1 H) 3.71 - 3.89 (m, 1 H) 4.39 (d, /=17.20 Hz, 1 H) 5.30 (d, J=17.20
Hz, 1 H) 7.25 (s, 1 H) 8.00 (s, 1 H).

20 Intermediate 150
n Br

[4-Bromo-9-(2,2-dimethyl-propyl)-8-ox0-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-
(S)-cycloheptafe]inden-7-yl]-acetic acid methyl ester. (S)-dimethyl 2-((7-bromo-4-



15 (S)-cycl oheptale]inden-7 ylJacetic acid nmethyl ester.
2-(S)-(4-chloronethyl -7- brono-| Hindazol -5-yl net hyl)-succinic acid diethyl
ester (3250mgoe/328% nmol ) was dissolved in acetonitril ecfA®200s)36859t assi um
carbonate (310 ng, 2.2 mol) was added tg the mxture with
2,2,2-trifluoroethylamne (1.2 nm, 15 i ). Mxture was heated at 60C and
held with stirring for 15 hours. Mxture was cooled to room 20 tenperature.
M xture was fd VA _: it i ; tyr : ~yap.
Resi due s B e D O B B, kR0
L). M xt ur eingestomsites@Omol ) dfotassiumnertmmsate (62§ ngs #iSrminnl) Wasrad@&i tfedhe s.

M xture was _concentrat by roto-vap,, Resi was di.ssol ved in et hyl
ac)e<t ;'[ e. Mat BIFife _ gweigléH%QPGEW@&{%‘Q:&%PE@’%M)erﬁ’éﬂﬂeé{@ﬁbwg Yodi um
bi car bonat e. & ganlGeRNFRIEsHRRG 2 194 hads. ( NRGRASKA o%é@dft@tr&)m térfq&érs d and

concentrated to dryness. Title conpound was obtained as anber Tresidue in
74% vyi el & MSlintuee Whg filtered a4 colite4 FPirgte WAB cROOBIHBEE DY oRSRPUBRO1ISL 026859

123 Internmedi;ate 152 H N N | F ~N, F 4- Br -3, 6, 7, 8,

5 20+ hexahy dPBEGY SR aghpiet s lobuane (5(haby Y ARl st 3 TIg) fiigys wa

('S) - cycl ohephedi&] fonreix dnd/hel@Gathishrra@i fdr 37 hours. Mixture concentrated by roto-

[ 4- Bronp- 3, 6, 7, 8,9, 10- hexahydr o- 8- 0x0- 9 .

(2,2, 2-trif| v oulies/gel chromasographyAgthy B)cetajehewapy) aifferdeddbatitte gamprimdi ¢ aci d
met hyl estey &ﬁ?&’li&'ﬂr75@6§§lmb)m)é’aﬁ\dfkﬁa—%ﬁpo if3>@ nmanner anal ogous to the
preparation i ) A

[ 4- Br omol®- ( 2, 2- di net hyl - propyl ) - 8- oxo-3, 6, 7, 8,9, 10- hexahydro-2, 3,9-tri aza-
(S)- cyclohepta[e]inden-7-yl]-acetic acid. Title conpound was obtained as
light yellow 10 solid in quantitativedma¢datelaglme (M H-= 417.9, 419.09.

I nternedi ate 153 H H
N’N Br

[4-Bromo-3,6,7,8,9,10-hexahydro-8-oxo-9-(2,2, 2-trifluoroethyl)-2, 3, 9-triaza-

15 (S)-cycloheptafe]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

20  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 puL).
Mixture was heated to reflux and held with stirring for 22 hours. Mixture was
concentrated by roto-vap. Residue was dissolved in ethyl acetate. Material was
washed successively with water and aqueous sodium bicarbonate. Organic phase was

25  dried (magnesium sulfate), filtered and concentrated to dryness. Title compound was
obtained as amber residue in 74% yield. MS m/e (M-H)=431.9, 433.9.



NON | ~~O NO O15 [4-Methyl-9-(2, 2-dinethyl propyl)-8-o0oxo0-3, 6, 7,

8, 9, 10-hexahydro-2, 3, 9- triaza-(S)-cyclohepta[edinden-7 yl]-acetic acid
met hyl eswenoodoé2880n0- 9- ( 2, 2- PCT/US2005/036859
dinethyl-propyl)-8-oxo-3,6,7,8,9,10-hexq?§dro-2,3,9-triaza-(S)-cycIohepta[e
] inden 7-yl]-acetic acid nethyl ester ("0 ng, 0.26 mmol) was dissolved in
N, N dinmethylformam de (1.0 nmL). N trogen gas was bubbl ed through the

m xture for 5 20 minutes. Tetrakis(trhRRa&yheRAGsPI ne)pal | adi un({0) (6.0
ng, 0.01 nmmol) was added to the mi xture followed by tetranmethyltin (100 L,
0.72 mmol ). Reaction vessel was flushedHw tlg nitrogen gas and then seal ed.
Reacti on was subjected to m crowave haals at 175C for 35 m nutes.

M xture was diluted with ethyl acet at e.\ ial was washed successively
with water and brine. Silica gel chronmato hy (ethyl WD 2006/ 052378

PCT/ US2005/ 036859 124 acet at e- hexanes edothe title conpound as
white solid in 83%vyield. MS e ( +3 Internmediate 154 H N.N O
Nv OH 50 [4-Methyl-9- (2, 2-dineth py oRAxo-3, 6, 7, 8,

9, 10- hexahydro-2, 3, 9- triaza-(S)-cyclohepta[e]inden-7 yl]-acetic acid.

[ 4- Met hyl -9- (2, 2-di net hyl - propyl) -

8- oxo0-3,6,7,8,9, 10- hexahydro-2, 3,9-triaza-(S)-cycl oheptal e]inden-7-yl]-acet
ic acid [4-Bromo-3,6,7,8,9,10-hexahydro-8-ox0-9-(2,2, 2-trifluoroethyl)-2, 3, 9-triaza-

5 (8)-cyclohepta[e]inden-7-yl]acetic acid. [4-Bromo-3,6,7,8,9,10-hexahydro-8-0x0-9-

(2,2,2-trifluoroethyl)-2,3,9-triaza-(S)-cycloheptal e ]inden-7-yl]acetic acid methyl

ester (250 mg, 0.58 mmol) was reacted in a manner analogous to the preparation of

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

cyclohepta[e]inden-7-yl]-acetic acid. Title compound was obtained as light yellow
10  solid in quantitative yield. MS m/e (M-H)=417.9, 419.9.

Intermediate 153

15 [4-Methyl-9-(2, 2-dimethyl-propyl)-8-ox0-3,6,7,8,9,10-hexahydro-2, 3,9-
triaza-(S)-cycloheptafe]inden-7-yl]-acetic acid methyl ester. [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 methyl ester (110 mg, 0.26 mmol) was dissolved in N,N-
dimethylformamide (1.0 mL). Nitrogen gas was bubbled through the mixture for 5

20  minutes. Tetrakis(triphenylphosphine)palladium(0) (6.0 mg, 0.01 mmol) was added
to the mixture followed by tetramethyltin (100 pL, 0.72 mmol). Reaction vessel was
flushed with nitrogen gas and then sealed. Reaction was subjected to microwave
heating at 175°C for 35 minutes. Mixture was diluted with ethyl acetate. Material

was washed successively with water and brine. Silica gel chromatography (ethyl



10 nethyl ester (70 ng, 196 }inol) was dissolved in tetrahydrofuran (2.0
m.). Methanol (2.0 nL) was added to the m xture followed by water (2.0 niL)
and t hen woi2béwoses7B8ydr oxi de hydrat e (20 ng, 477 pnol). Rezaisc@s/09as9 war med
to 50C and held with stirring for nggg M xture was cooled to room
tenperature. Organic solvents were re d fromthe mxture by roto-vap.
Remai ni ng aqueous was 15 diluted with water and then neutralized with IN
hydrochl or i c,@¢diénéaRes gla)fforaéd%hyﬁﬁe RS0t iR ol L83 )@ﬂgiemem\/&l/eac etate.
Organi cs were dried |tered and then concentrat to dryness.
Title corrpou@dﬂ%%-bi&?al ned as white solid in 95% vyield MSme (MH)-=
342.2. 20 Internediate 155 N-NH -1yO 0 ~\0 0 O WO 2006/ 052378

PCT/ US2005/ 036859 125

2-(S)-(4-Acet oxynet hyl - 7- net hyl - JH i ndagghedimk 4 hyl ) - succinic acid

di et hyl ester.

2-(S)-(4-Acet oxynet hyl - 7- br ono- 1H—|ndazqy 5-
diethyl ester (350 ng, 0.77 mmol) and Net
reacted in a manner anal ogous to the p
[4- Met hyl -9- (2, 2-di nethyl 5
propyl)-8-oxo0-3, 6,7, 8,9, 10- hexahydro- 2, 3¢9-t §i aza- (S) - cycl ohept a[ e] i nden-7-
yl]- acetic acid nethyl ester. Titl ) I wags obtained as pal e yel |l ow
solidin 68% yield MS me (MH-= 1. NI nterhggli ate 156 N--NH HO I 10
0 OO (S)5dinmethyl 2-((7-nmethyl-4-(hydroxyf®ethyl)-1 Hindazol -S-

yl ) met hyl ) succi nate. 2-(S)-(2-Acetoxynet hyl -4-am no-5-net hyl -

- nmet hyl - benzyl ) -

[4-Methyl-9-(2,2-dimethyl-propyl)-8-ox0-3,6,7,8,9, 10-hexahydro-2, 3,9-
triaza-(§)-cycloheptafe]inden-7-yl]-acetic acid. [4-Methyl-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

10 methyl ester (70 mg, 196 pmol) was dissolved in tetrahydrofuran (2.0 mL).

| met hyl )-succinic acid
thyltin (150 L, 1.1 mol) were
L i on of

Methanol (2.0 mL) was added to the mixture followed by water (2.0 mL) and then
lithium hydroxide hydrate (20 mg, 477 nmol). Reaction was warmed to 50°C and
held with stirring for 1.5 hours. Mixture was cooled to room temperature. Organic
solvents were removed from the mixture by roto-vap. Remaining aqueous was

15 diluted with water and then neutralized with 1N hydrochloric acid (500 uL). Mixture
was extracted twice with ethyl acetate. Organics were dried MgSO4, filtered and
then concentrated to dryness. Title compound was obtained as white solid in 95%

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

20 Intermediate 155

N~NH
/4



succinic acid diethyl ester (230 ng, 0.59 mmmol) was converted to the title
conmpound in a manner anal ogous to the preparation of . .

2- (S) - (4-wipdoexseeshyl - 1H i ndazol -5 15 yl et hyl ) - succi nipcTaskehsadsesss hyl
ester. Material was obtained as off-white_solid in 98%yield. M5 me
(MH-= 319.2. Intermediate 158 N--NH B> G Ol-1 00 0 20 _
(S)-dimethyl 2-((7-methyl-4-(chloronethyl)-1Hindazol -S yl)net hyl)succi nat e.

S) - di met hyl 2- (( 2-RENYberbeyli- ORI Yndbzol- 5-yimethyl)-succinic acid.
g—indazol-S-yI)netﬁgf suéiinatgg¥18dgﬁ%, Oj%GZ%nnffwﬁég)sfgggvgéd in

di chl or onet hdiggn/({ astey. rﬂ:@s.)-(chﬁmxdmﬁhylﬂkhrgmbdé{-indamleﬂaymmm}kltwnmic( 4. ? m.,
8.0 I .added ;to t 1 . ctiaon tirr at. room t enper at ure
For 2.5 hour MBS0 B e PR Ddn idemi (B LB 2 docrosbavee
PCT/ US2005/ 026824 in 4 Afanhéra@hREowd th hh%?}lgﬁzlﬁ-ﬂﬁo@@ﬁ4lﬂ%gﬁg@,g%@fhﬁﬁ by

roto-vap. Residue was dissolved in or onmet hane “then concentrat ed
to dryness TPtopel)oersodhd,dsd O-dioxatiyded2.39-trianb6F)-golohdptafe]i@88s-YivEl- d. M5 ni e

= 3309. . nt iate159 H NN EFEOFF N F a ... o
L Mot i 3, ey gt B RL PrdisSontioudd Bas Shiginba i pite s fathygioynse
9-triaza- (SyieklyaVShepi(®lHYERden: 7yl Jacetic acid nethyl ester.
2-(S)-(4-chloronet hyl -7
Intermediate 156

N~NH
/

HO

10 \O (o] o

(S)-dimethyl 2-((7-methyl-4-(hydroxymethyl)-1H-indazol-5-
yl)methyl)succinate. 2-(S)-(2-Acetoxymethyl-4-amino-5-methyl-3-methyl-benzyl)-
succinic acid diethyl ester (230 mg, 0.59 mmol) was converted to the title compound
in 2 manner analogous to the preparation of 2-(S)-(4-Hydroxymethyl-1H-indazol-5-

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

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

Intermediate 158

y\NH
Br
Cl
o<
oS0 ©
20 (S)-dimethyl 2-((7-methyl-4-(chloromethyl)- 1 H-indazol-5-yl)methyl)succinate.

(S)-dimethyl 2-((7-methyl-4-(hydroxymethyl)-1H-indazol-5-yl)methyl)succinate
(180 mg, 0.56 mmol) was dissolved in dichloromethane (4.0 mL). 2M Thionyl
chloride in dichloromethane (4.0 mL, 8.0 mmol) was added to the mixture. Reaction

stirred at room temperature for 2.5 hours. Mixture was concentrated. Residue was



10 net hyl -1 H i ndazol -5-yl nmet hyl )-succinic acid diethyl ester (190 ng, 0.56
nmml) and 2,2,2-trifluoroethylamne (45 L, 0.56 mml) were reacted in a
manner amnebegeus237®  the preparation of PCT/US2005/036859

[ 4- brono-3, 6,7, 8,9, 10- hexahydr o- 8- oxo- 9-1%5, 2,2-trifluoroethyl)-
2,3,9-triaza-(S)-cycl ohepta[e]inden-7-ylTacetic acid nethyl ester. Title
conpound was obtained as anber residue in 76%vyield. Ms me (MH) += 370. 1.
15 | nt er medi gtRed Gh tblubheMndfhéd cocéntfidd 1 dofo-M. ¥dsidhe v dlssoed in

9, 10- hexahydr o- 8- 0x0-9-(2, 2, 2-trfuoroethyl)-2, 3, 9-triaza- 20

(S)-cycl ohep{ilglfll@mm@b@pﬁpnwtlgwp@t@@ddp dryness Title compound was obtained as

[ 4- Met hyl - 3, d OX O 1P+ —

(2,2,2-trifl %Bg%rgépﬁ?/ﬂ]?g%%%at m@f@ I-%cygpgﬁ'ept al[ e]i nden-7-yl Jacetic acid
met hyl ester (250 ng, 0.58 nmmmol) was reacted in a manner anal ogous to the
preparation of [4-Brono-9-(2,2-dinethyl-propyl)-8-o0xo-3,6, 7,

8,9, 10- he§<ahydro- 2, 3,9-triaza-(S) Woeowedi®e3dr8 PCT/ US2005/ 036859 127
cycl oheptal e]inden-7-yl]-acetic acid. Tijle conpound was obtained as white
solidin 97%yield. Msme (MH 354.2NIntermediate 161 t O5 O
[(S)-9-(2, 2-D nmethyl propyl)-4-isopropenyt{8-o0xo-3, 6, 7, 8,

9, 10- hexahydro 2, 3,9-triaza-cycl ohept|[ eJi -7 yl]-acetic acid nethyl
ester. [4-Brono-9-(2,2- dinethyl-propyl)-8-06ko-3, 6, 7, 8,

9, 10- hexahydro-2, 3, 9-tri aza-(S)-c%/)cIF ohep @ inden- 10 7-yl]-acetic
acid nethyl ester (100 ng, 0.24 nun 8l ved in 2-propanol (1.0
m.). Nitrogen gas was bubbl ed through the & xturePfor 5 mnutes.
Triethylamne (60 L, 0.43 mmol) was added to the m xture foll owed by
[1,1-

[4-Methyl-3,6,7,8,9,10-hexahydro-8-oxo0-9-(2,2, 2-trifluoroethyl)-2, 3,9-triaza-
(S)-cycloheptafe]inden-7-yl]acetic acid methyl ester. 2-(S)-(4-chloromethyl-7-

10 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[e]inden-7-yl]acetic acid methyl ester. Title compound
was obtained as amber residue in 76% yield. MS m/e (M+H)"=370.1.

15 ‘

Intermediate 160

H
N

By N2
OH

[4-Methyl-3,6,7,8,9,10-hexahydro-8-oxo-9-(2,2, 2-trifluoroethyl)-2, 3, 9-triaza-
20 (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]acetic acid methyl
ester (250 mg, 0.58 mmol) was reacted in a manner analogous to the preparation of

[4-Bromo-9-(2,2-dimethyl-propyl)-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-



bi s(di phenyl phosphi no) ferrocene] pal I adi un{11) chloride (19 ng, 0.02 mmol)
and potassium 2-propenyltrifluoroborate (41 ng, 0.28 mml). Reaction
vessel wawolbodidseaBed with nitrogen gas and then seal ed PCRABECU050B63PAS

subj ected to m crowave heating at 15001§?r 30 mnutes. Silica gel

chr omat ogr aphy (et hyl acet ate-hexanes) forded the title conpound as
anber solid in 73%vyield. M mMe (MH) += 384.4. Internediate 162 H NN @)
N ~ O 20 Q)@c(l@ep&{egﬁmdegﬂ@l]rﬁéé?ﬁélacﬂr R édrfépdlﬁgma@%tau?éd%%ﬁte Blidfh 8

9, 10- hexahydro- tri aza-cycl ohept[edi nden-7 -acetic acid nethyl
ester. [(S) 97%2/16de1\4&me|(va 2(3662052378 PCT/ U82005/ 036859 128
propyl)-4-isopropenyl - 8-0x0-3, 6, 7, 8,9, 10- hexahydro-2, 3,9-tri aza-cycl ohept[ e
] inden- 7-yl]-acetic acid nmethyl ester (100 ng, 0.26 nmol) was dissol ved
in a mxture of ethyl acetate (5.0 mdrmrafte®y1hanol (5.0 m.). A catalytic
anount of 10% pal | adium on carbon was added to the m xture. Reaction
vessel was placed on a Parr apparatus B ang _charged with 50 psi of hydrogen
gas. Reaction shook at room tenperat nr¥ fo hour. M xture was filtered
and the filtrate was concentrated to s. Title conpound was obtai ned
as brown residue in 90%vyield. M5 nfe ( += 386.3. Internediate 163 H
N,NO tNN

[(S)-9-(2,2-Dimethyl-propyl)-4-isopropenyl-8-ox0-3,6,7,8,9, 10-hexahydro-
2,3,9-triaza-cyclohept[e]inden-7-yl]-acetic acid methyl ester. [4-Bromo-9-(2,2-
dimethyl-propyl)-8-oxo0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[ e]inden-

10 7-yl]-acetic acid methyl ester (100 mg, 0.24 mmol) was dissolved in 2-propanol (1.0
mL). Nitrogen gas was bubbled through the mixture for 5 minutes. Triethylamine
(60 pL, 0.43 mmol) was added to the mixture foll.owed by [1,1°-
bis(diphenylphosphino)ferrocene]palladium(II) chloride (19 mg, 0.02 mmol) and
potassium 2-propenyltrifluoroborate (41 mg, 0.28 mmol). Reaction vessel was

15 flushed with nitrogen gas and then sealed. Reaction was subjected to microwave
heating at 150°C for 30 minutes. Silica gel chromatography (ethyl acetate-hexanes)
afforded the title compound as amber solid in 73% yield. MS m/e (M+H)'=384.4.

Intermediate 162

20

[(5)-9-(2,2-Dimethyl-propyl)-4-isopropyl-8-0xo-3,6,7,8,9, 10-hexahydro-
2,3,9-triaza-cyclohept[e]inden-7-yl]-acetic acid methyl ester. [(S)-9-(2,2-Dimethyl-



OH 10 0 [(S)-9-(2, 2-D methyl propyl)-4-isopropyl-8-0x0-3, 6, 7, 8,

9, 10- hexahydro- 2,3,9-triaza-cycl ohept[e]inden-7 ylJacetic acid.

[ (S)-9-(2vd-20eemsb3vgl - propyl ) -4- isopropyl -8-o0xo0-3, 6, 7, 8PeT/UB2005/036859

0- hexahydro-2, 3,9-tri aza-cycl ohept[e] inden-7-yl] -acetic 15 acid nethyl
ester (90 ng, 0.23 nmmol) was reacted i n %Smanner anal ogous to the
preparation of

[ 4- BronD 9- ( 5 )
2,3,9-tri azaa(%ygcycggkﬁgg%%g%{o}l%fg:@x@] h@xa tgll’og2 %?l tgﬁ%#b%/ ggnlpl%dueﬁd was
obt ai ned as 7whj-acetis a¢id andtinyl @9%4 (1i06Inoig, Ol\E ml)(MSP@ISSBR@d&l aﬁﬁxthretdr medi at e

doe] NN bl Fod QUSRORY ASPATE POLUROSHI SO0, A28,

uor oet hyl ) - 2on 3arbén wtag Ia@e?e@‘té S)erﬁmm@haeaaioa]vbgk@mag Mtelased P&t afpafari®t hy!
ester. [4-Brono-3, 6, 9, 10- hexahydro- 8- 0x0-9- 2% 2-trifluoroethyl)-2,

3,9-triaza- (9d @%qun@m 50 pgi of hyidsiegan gas) ]R%@tzqncsha@k at eemHgmperstues for400 my,
0.92 mol ) aﬂ&up%&ﬁﬁk W& %ltg 8&) ﬁ{yflﬂ{ra{ fvllalé% gpe%rg{eg té a%?lesnsg ’Tltjfe 1 mmol)

were reacted Th a nanner anal reparation

[(S)-9-(2, 2- tympdundl wazrobpimed- a@ﬁr@mrs@pﬁlyﬁ 9@%cgmd3MS A/ (P+H)*= 386.3.
hexahydro- 2, 3, 9-tri aza-cycl ohept[e]i nden-7-yl]-acetic acid nethyl ester.
Title conmpound was obtained as anber oil in 71%yield. MS mMme (MH 394.1.
10 Internmediate 165 H NN F O F~N

Intermediate 163

10

[(S)-9-(2,2-Dimethyl-propyl)-4-isopropyl-8-oxo-3,6,7,8,9, 10-hexahydro-
2,3,9-triaza-cyclohept(e]inden-7-yl]acetic acid. [(S)-9-(2,2-Dimethyl-propyl)-4-
isopropyl-8-o0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-cyclohept[e]inden-7-yl]-acetic

15 acid methyl ester (90 mg, 0.23 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 92% yield. MS m/e (M-H)=370.3.

20 Intermediate 164




F OO[4-Isopropyl-3, 6, 7, 8, 9, 10-hexahydro-8-o0x0-9-(2, 2,
2-trifluoroethyl)-2, 3, 9- triaza-(S)-cycloheptale]inden-7yl]acetic acid

nmet hyl esWer200¢0$237sopropenyl 15 3,6,7,8,9, 1 PCT/US2005/036859
0- hexahydr o- 8- 0x0-9- (2, 2, 2-trifluoroethyl.)-2,3,9-triaza-(S) cyc |oheptale]
i nden-7-yl] acetic acid rret hyl ester (1513 ng, 0.38 nmol) was reacted in a

manner anal ogous to the preparation of

[(S)-9-(2, 2-D net yls ph%ra d}1)3 é—7l8,899m ARNhydro-8-ox0-9-(2,2,2- trzﬂuoroethyl) 2,3,9-
8-o0x0-3,6,7,8,9, 10- hexa 3,9-triaza-cycl ohept]e]i hden-7- -‘acetic

aci d net hyl triazadS)- cmlqheetaofdwp@uﬂdyéimnobcz mﬁélmvlgste 4t Brogg- 367|, 9,18%

0o oS LB 28 090 2 TS Bl W gl 1 O
9, 10- hexahy dyladtiouoid IndtRyl egter emrrﬁg!@mn))ana,po&ss&n 2.

tri aza-(og cycl ohe t a[ e].i nden- ]acetic acid. [4-]sopropenyl-3,6,7,8,9,10-
hexahydr 0 8 P&Psnbé (fl_ilOQOb?r%t? (Wdﬁg det Aol weregeasiqd inaApanmey analegoyRpt af e]

i nden-7- yl] ﬁféﬁ)tsréﬁérﬁfanq)fg@{ @{432 29Eﬁﬂﬁéth911@%p9i§44-1901%§pé£'§9h)ox¥¥?3§6,5,%‘?1}3f(?-d ina

manner anal ogous 5 to re arat’ion
[ 4- Br onp- 9- ( Bexzhgdnoel, h9+trimaermclo)heﬁt{dnmleﬂr76yl]7a&,ti@ atid-methyl ester. Title

Compound . waEOBBTE SRS RRERodar T fonte @eW i BT s Bl 1y <

380.2. Internediate 167 HNN F O

10 Intermediate 165

[4-Isopropyl-3,6,7,8,9,10-hexahydro-8-ox0-9-(2,2, 2-trifluoroethyl)-2, 3,9-
triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid methyl ester. [4-Isopropenyl-
15 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 methyl ester (150 mg, 0.38 mmol) was reacted in
a manner analogous to the preparation of [(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 methyl
ester. Title compound was obtained as white solid in 73% yield. MS m/e (M+H)'=
20 398.2.

Intermediate 166




F--/ N10 F O OH [4-lsopropyl-3, 6, 7, 8, 9,10-hexahydro-8-o0x0-9-(2, 2,
2-trifluoroethyl)-2, 3, 9- triaza-(S)-cycloheptaleldinden-7yl]acetic acid.

[ 4- 1 sopr opwl20@/0323788, 9, 10- hexahydro- 8 PCT/US2005/036859
-0Xx0-9-(2,2,2-trifluoroethyl)-2,3,9- trlgz (S)-cyclohepta[e] i nden-7-yl ]
acetic acid 15 nethyl ester (105 ny, rrrml) was reacted in a manner
anal ogous to the preparation of

[ 4- Br onp- 9- ( 2, 2- d 7

2,3,9-triaza-(S) ngsrogﬁaesggoggy? )rflsrggjn@é&y @gcgelg{ogggg??e %QHXF&Q@}J Zound was
obt ai ned astrvmﬂt(é"y -sisiardpiafe o8 yi- Jd}’cctetwsczn'i ¢4-{9vprpeBHEA,6,7,82010-nt er medi at e

(4 £t hyl -3, 6P NGO TSR A RS INIGE (- Bt DrppERE Ry ey
[94t Ea i aza- 3( gﬁ]@oﬁﬁb @ag Ry les @00 gy, l01BCRHIOE) s réadi®E AW mﬁﬁie%nalogous
I Ono-

hexahydr o &(‘be greparagion of [4-Bramn-9¢2 Aydimethyb popyhi faoxo-3.6)7. 894 Oohept al e]

i nden-7- yl]ﬁgg}] ) )~and tetraethyltin
(200 L, 1.0 mo %f&gaf\ﬂgérgetﬂ%;@b egagﬁgpé[%ﬁl%dr?g?? ?’aﬁ ?%lcgggd t%lﬁf ﬁ%mB?%nﬁgr ation
of [(S)-9-(2w2s bhtamedys offpriirysb)id 4 MB'ydld.8Wm%e3(mH'6,:83@l2

10- hexahydro- 2, 3,9-tri aza-cycl ohept[e]i nden-7-yl]- acetic acid nethyl
ester. Title conmpound was obtained as clear colorless oil in 28% yield. M

me (MrH) += 384.2. 10 Internmediate 169 H N
Intermediate 167

10

[4-Isopropyl-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2, 2-trifluoroethyl)-2,3,9-
triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid. [4-Isopropyl-3,6,7,8,9,10-hexahydro-
8-0x0-9-(2,2,2-trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[ e]inden-7-yl]acetic acid

15 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 m/e (M-H)=382.2.

20 Intermediate 168




N5 FO Fes( ' NFv OH OJ[4-Ethyl-3,6,7,8,9, |0-hexahydro-8-o0xo0-9-(2, 2,
2-trfuoroethyl)-2, 3, 9-triaza- (S)-cyclohepta[e]inden-7 ylJacetic acid.

[ 4- Et hyl -806006/828810- hexahydr o- 8- oxo-9- 15 PCT/US2005/036859
(2,2,2-trifluoroethyl)-2,3,9-tri aza-(S)-(é){cI ohepta[e] inden-7-yl] acetic
acid nethyl ester (105 ng, 0.26 nmol) wdslreacted in a manner anal ogous to
the preparation of [4-Bronp-9-(2,2-dinethyl-propyl)-8-o0x0-3,6, 7, :
8, 9, 10- hexahydr o- 24. B Isi 1055 Qhebiafe] b s ol 240 e aci d.
Titl e conpound vval? gi) éig’glé?i&g’slb\?ﬁf?@wg%?%pi n 7%‘@?@@4?%{%%%%?’%& H) - =
368. 3. 20 | nferomeldheptal elin@en- FyNaBrtic adid methN &ter0 [AABr@00-6/0%2.9719-

0. 10- hexahydiganrg g0 2 2 AR L s SR BB ST bt IBIciT 4 et hy
ester. (9 -d%lg%hyhciarﬁe&?yllegtgl S58mg, 0.35 mmol) and tetraethyltin (z(l)o thTlr.gln)qmol)

(chl oronet hyl ) - 1H i ndazol™- 5 met hyl ) succi nate (630 was

di ssol ved® i wemgeadatsd i thannebamdlygouPod the preparatimnvd f)-©-@56Dimehyl4d. 1 Mol )

R R fc A S A Tt A Sal s SR R R R A R S L
hours. M xt uiRtivasideethd@sted TRRFompeHREWad dHtSinedvhxdledr@olaisd dil fnersed

Filtrate was concentrated by roto-vap. Residue
yield. MS m/e (M+H) = 384.2.

10 Intermediate 169

[4-Ethyl-3,6,7,8,9,10-hexahydro-8-oxo-9-(2, 2, 2-trifluoroethyl)-2, 3, 9-triaza-
(S)-cyclohepta[e]inden-7-yl]acetic acid. [4-Ethyl-3,6,7,8,9,10-hexahydro-8-0x0-9-
15 (2,2,2-trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[e]Jinden-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

73% yield. MS m/e (M-H)= 368.3.
20

Intermediate 170

N Br




was dissolved in a mxture of toluene (10 nL) and acetic acid (1 niL).

M xture was heated to reflux and held with stirring for 18 hours. M xture
was concewbDrade@d23rg 10 roto-vap. Silica gel chromat ogr apoy/usedosybssso

acet at e- hexanes) afforded the title cor@gund as tan solid in 64%yield. M5
me (M-H) += 406.0, 408.0. Internediate 1H NBr NN O NOH O15
((S)-4-Brono-9-cycl opropyl net hyl -8-o0xo0-3, 6, 7, 8, 9,10-hexahydro-2, 3, 9-
triaza-cycl ohept|[ 919)-WﬁamZ-%)cn?ﬁgﬁylﬁezﬂfmoxo-i 6,7,8,9,10-hexahydro-2,3,9-
((S)-4-Bronmop-9-cycl opropyl net hyl - 8- _

oxo- 3, 6, 7, 8, Uiaka-cher 18?17 ivdon-39)-aqetia paidenathid lsetpr. | @) idimethy2-((7brametd-c aci d
methyl  est e{)@ic%%r%etﬂ?l)-19{-17n]dazmp§-2rl)r\1lq\%§1yf)seu%%fn% € (%90 ?ng[r?. o Qéia's%%%’é’ﬁ/e& 0 the

preparation

[ 4- Br ono- 9- ( i atenitEIe$ ImIDy dRydshufr @Xondtef(S60 thed 4 1GnmeR s dtd@ePioInd-tri aza-
(S)- cyclohepta[e]inden-7-yl]-acetic acid. Title conpound was obtai ned as
yel | ow sof i dmlxrnre9°eki@~y¢cblp3d%/anN@ormtéyl()wmprepasg07.Q§), nizgel omals MOIteE0Es052378

TR SR B TR e o, b R O
temperature. 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. Mixtiire was concentrated by
10 roto-vap. Silica gel chromatography (ethyl Vaceta-te-hexanes) afforded the title

compound as tan solid in 64% yield. MS m/e (M+H)"=406.0, 408.0.

Intermediate 171

15

((S)-4-Bromo-9-cyclopropylmethyl-8-oxo0-3,6,7, 8,. 9,10-hexahydro-2,3,9-
triaza-cycloheptf[e]inden-7-yl)-acetic acid. ((S)-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 (290 mg, 0.71 mmol) was reacted in a manner analogous to the preparation of

20 [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 yellow solid

in 96% yield. MS m/e (M-H)™=390.0, 392.0.

25



5 cycl ohept[e]inden-7 yl]-acetic acid nethyl ester. (S)-dinethyl
2-((7-bromo-4- (chloronethyl)-1 Hindazol -5-yl)nethyl)succinate (400 ng,

0. 99 mmolwoaneb/R2378et hoxyet hyl ami ne were reacted in a meomAS2@38Ba3gOUS tO
the preparation of ((S)-4- Brono-9- cycl éopyl net hyl - 8-oxo0-3, 6, 7, 8,

9, 10- hexahydro-2, 3, 9-triaza- cycl oheptP ]inden-7-yl)-acetic acid nethyl
ester. Title corrpound was obtained as 10 tan solid in 66%yield. M5S me
(MH 408.1, 410.0. Intermediate 17 dfnd¥dBie 174 O N OH O 15

[ (S)-4-Brono-9-(2-nethoxy-ethyl)-8-o0xo0-3, 6, 7, 8, 9, 10-hexahydro-2, 3,
O9-triaza- cyclohept[edinden-7 yl] -acetig} acgd.

[ (S)-4-Brono-9-(2-nethoxy-ethyl)-8-o0x8- @, 7,8,9, 1

0- hexahydro- 2, 3, 9-tri aza-cycl ohept|[ e] } 7-yl] -acetic acid nmethyl ester
(265 ng, 0.65 nmmol) was reacted in a manget/ anal ogous to the preparation of
[4- Brono-9-(2, 2-dinethyl-propyl)-8-ox o 8, 9,10-hexahydro-2,
3,9-triaza-(S ) 20 cyclohepta[e]inden-7 acq ic acid. Title corrpound was
obtained as tan solid in 89%yietgy M My—394. 1, 396.0. WO

2006/ 052378 PCT/ US2005/ 036859 134 Inter n@dl ate 174 H2NNF U-- O

N- (6- Fl uor opyri di n-2-yl ) pi val am de. 6-fluoropyridin-2-amne (13.1g, 5 11
7mmol ) was di ssol ved in anhydrous pyridine (I OOr), and cooled to 0 C

[(S)-4-Bromo-9-(2-methoxy-ethyl)-8-0x0-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-
5 cyclohept[e]inden-7-yl]-acetic acid methyl ester. (S)-dimethyl 2-((7-bromo-4-

(chloromethyl)-1H-indazol-5-yl)methyl)succinate (400 mg, 0.99 mmol) and 2-

methoxyethylamine were reacted in a manner analogous to the preparation of ((S)-4-

Bromo-9-cyclopropylmethyl-8-oxo0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-

cyclohept[e]inden-7-yl)-acetic acid methyl ester. Title compound was obtained as
10  tan solid in 66% yield. MS m/e (M-H)=408.1, 410.0.

Intermediate 173

15 [(S)-4-Bromo-9-(2-methoxy-ethyl)-8-0x0-3,6,7,8,9, 1 0-hexahydro-2,3,9-triaza-
cyclohept[e]inden-7-yl]-acetic acid. [(S)-4-Bromo-9-(2-methoxy-ethyl)-8-oxo-
3,6,7,8,9,10-hexahydro-2,3,9-triaza-cyclohept[e]inden-7-yl]-acetic acid methyl ester
(265 mg, 0.65 mmol) was reacted in a manner analogous to the preparation of [4-
Bromo-9-(2,2-dimethyl-propyl)-8-oxo0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-

20  cyclohepta[e]inden-7-yl]-acetic acid. Title compound was obtained as tan solid in

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



foll owed by fast dropw se addition of trinethylacetyl chloride (15.9nL, 129
nmmol ) over 2min. 5 mn later, the resulting slurry was stirred over night
at room wernpevmskirge. Partial of the solvent was renpve@dCoscasasessyacuum
The residue was partitioned between satH rat ed anmoni um chl oride (200m)
and Et OAc(200nL). 10 After separation organi c | ayer was washed with
brine (50nm), dried over MSO4, concentrated on rotary vacuum and
purified on flash chromatography elndriegia i74 25- 75% Et OAc/ Hexanes
(1400nL) to afford the expected product as a white solid(21.4g, 93%yi el d)

; "H NVR (400 MHz, CDC13) 8ppm12 , 6.63 (dd, J=8.06, 2.01 Hz, 1
H, 7.76 (q, J=8.14 Hz, , 7.85 F09(dd 15 JJ8. 06, 176Hz
1 H; Mass spec. 197.15 (M—I+) Cal c. form , 3FN20196.1 Internedi ate
175 H NNF Ol OHC 20 N (6-Fl uor & | pyridin-2 yl)pival ani de.

N (6-fluoropyridin-2- yl)pival am de(1l.67g, 8.5mvl) was dissolved in

THF(15m.) at roomtenperature, and the colorless solution was cooled to
-78 C, followed by dropwi se addition of t- BuLi (10.3nL, 1.7Min heptane,
17.4 mmol ) under r(ﬁrﬂg@fﬁipgaéln&vﬂ)plmdﬁmzde ﬁﬁhorqp@sdmtz ﬂ@%ﬁé”d)gl sol uti on

\(’)\?S DI(\:/IC:)?tZISr(;ue l’ﬁjété [))'\&ng d?s%ol(\)/%cg},n %c(l)rrouégl?. 1d1{1e glh m\é% ern%yco% egq%ﬁpg'nse addi tion

stirred for fdidived ORdhst Abpwise amultmﬁ&ftﬁnefﬁbmsetyhaﬂmd@t(us@nﬁ@azquﬁﬂabed
Wi th saturated NH4 hémo m.), partitioned between H20/ Et OAc (1 OOrL/|00m) .
After separ a®Ys§gmig. B?’@?Frltée paaliag GREy s SEIredoVer THERtBEIoRm nl) , dri ed

over WD 2006 H’S@H M tr ary
vacuum and {881?)%% ed on as ﬁéé(ﬂg‘%ﬁn&?‘gég@% SI% batr g%b%\%ﬂlt hﬂ%gg%% o
Et CAc/ hexanepar(ilig®d tebyeencatafdtet ammonmxpedomd: (2000ALY tnd BO Ac(200mLE

sol i ds(343 18% vi el d | us. he recov d starti terial (622 ' H
NVR (4((301 mg’,*ft é‘)a %‘b)ﬁh‘? rgnic Jajier s pas sheg Shb%n @8@? tefover. 18 ) 8. 27

(m 2 MgSO,, concentrated on rotary vacuum, and purified on flash chromatography
eluting with 25~75% EtOAc/Hexanes (1400mL) to afford the expected product as a
white solid(21.4g, 93% yield) ; 'H NMR (400 MHz, CDCls) Sppm 1.29 (s, 9 H),
6.63 (dd, J/=8.06, 2.01 Hz, 1 H), 7.76 (q, /=8.14 Hz, 1 H) ,7.85 (s, 1 H), 8.09 (dd,
15 J=8.06, 1.76 Hz, 1 H); Mass spec. 197.15 (MH"), Calc. for C;oH;3FN,0196.1

Intermediate 175

0] =
OHC
20 N-(6-Fluoro-3-formylpyridin-2-yl)pivalamide. N-(6-fluoropyridin-2-

yl)pivalamide(1.67g, 8.5mmol) was dissolved in THF(15mL) at room temperature,
and the colorless solution was cooled to -78 °C, followed by dropwise addition of t-
BuLi (10.3mL, 1.7M in heptane, 17.4 mmol) under nitrogen gas over 10min. The
resulting yellow solution was continued stirring at -78 ° C for 3 hr, followed by

25 dropwise addition of DMF(2.0 mL, 25.5 mmol) over 5 min. The light yellow
solution was stirred for additional 30 min at -78 °C. Thus the mixture was quenched
with saturated NH4Cl (30 mL), partitioned between HO/EtOAc (100mL/100mL).

After separation, the organic phase was washed with brine(30 mL), dried over



5 H, 10.13 (s, 1 H); Mss spec. 225.13 (MH), Calc. for Cl I HL3FN202 224.1
Internmediate 176 HN O MeO ON F Boc'N OH 10 tert-butyl 4-(1-(6-Fl uoro-2
pi val am depyoecdises78 yl ) - 1- hydr oxy- 3- net hoxy- 3- oxopr opamr€2/usS2005/036859

yl ) pi peri di ne-1-carboxylate. To diisopr O§¥| am ne(0.47nm., 3.35 mmol) in
anhydrous THE (1 OrL.) was dropw se added 142 BuLi (2.5 Min heptane, 1.4 ni,
3.48mmol ) at -78 C under N2 over 10 min. 15 mn later, tert-butyl

4- ( 2- met hoxy X i it R8s 1) in
THF(I OL) mgégr%bﬁgﬁﬁ%waﬁggég ZEI,Q ?dmung’%hg%%{h%&(mﬁ%k T Oeméggﬁf) mg m xt ure
was stirred tlutingwithi2d~50% Bt c/leaamest(1408 mL) to afford an expected product , as a

N- (6-fluoro-3-for ridins2-yl)pi yal am de(50 . 2.23 ,

di gsol ved i nWQHﬁfl‘?rJ%é%%ﬁET%%’éﬁﬂgﬂo P séﬁ%ﬁeﬁ%éerﬁcggﬁhﬂg%er%%mgmom f1 ask,
and dropw sg % hBern: 19 1) %31 . Sos I ip THF(10
m.) at C. Tk@?gg)ul}dﬁz%gﬂfg I@;)Iwﬁ?sg?gergoo(ﬁ’ S{/va%%i}tzl d}?legﬁ b?ﬂ%nggbﬁrr?ﬂgr N2
for 1 hr,5 whH3h 2B sheH)wdesstspan2611BEMH ), Gdle fabOwEl N6 234lut i on at - 78
C through a syringe over 10 nmin. The resulting suspension was continued
stirring at -78 C for |hr. Quenched wth saturated NH4C1(50 nl),
extracted with Et OAc (2x]1 COnl). Thengaaeunaed76or ganic | ayers were washed
with brine(30 nL), dried on MgSO4, concentrated on rotary vacuum and
purified on flash chronmat ography colum eluting with 2075% 25

Et OAc/ hexanes(1000n.), 75-100% Et OAc/ hexanes 00nL) to afford the expected
i nseparabl e stereo isonmer m xture, as a whitelproduct (536 ng, 50%yield),
plus recovered starting material, .o, o™ n.©

N- (6-fluoro-3-fornyl pyridin-2-yl)pival ant
(M), Calc. for C24H36FN306 481. 26
Internediate 177 H ONMN F\ | /

rd

O

F
nmg); Mass spec. 482.23
78 PCT/ US2005/ 036859 136

Boc

10 tert-butyl 4-(1-(6-Fluoro-2-pivalamidopyridin-3-yl)- 1-hydroxy-3-methoxy-3- -
oxopropan-2-yl)piperidine-1-carboxylate. To diisopropylamine(0.47mL, 3.35 mmol)
in anhydrous THF (10mL) was dropwise added n-BuLi(2.5 M in heptane, 1.4 mL,
3.48mmol) at -78 ° C under N, over 10 min. 15 min later, tert-butyl 4-(2-methoxy-2-
oxoethyl)piperidine-1-carboxylate(861 mg, 3.35 mmol) in THF(10mL) was dropwise

15  added at -78 °C over 10 min. The resulting mixture was stirred for 45 min. At the
same time, N-(6-fluoro-3-formylpyridin-2-yl)pivalamide(500mg, 2.23 mmol), was
dissolved in anhydrous THF (10mL) in another oven dried round bottom flask, and
dropwise added to NaH(60% in mineral oil, 93.7mg, 2.34 mmol) in THF(10 mL) at
°C. The resulting yellow suspension was stirred at 0 ® C under N, for 1 hr, which

20  then was transferred to the above anion solution at -78 ° C through a syringe over 10
min. The resulting suspension was continued stirring at -78 ° C for 1hr. Quenched
with saturated NH4C1(50 mL), extracted with EtOAc (2x100mL). The combined
organic layers were washed with brine(30 mL), dried on MgSOy, concentrated on
rotary vacuum and purified on flash chromatography column eluting with 20~75%

25  EtOAc/hexanes(1000mL), 75~100% EtOAc/hexanes (600mL) to afford the expected
inseparable stereo isomer mixture, as a white product(536 mg, 50% yield), plus
recovered starting material, N-(6-fluoro-3-formylpyridin-2-yl)pivalamide (140mg);
Mass spec. 482.23 (MH"), Calc. for Co4H36FN304 481.26



Cl HAN 7- Fl uor o- 3- (pi peridin-4-yl)-1, 8-napht hyri di n-2(] H) -one hydrochl ori de.
The 5 mxture of tert-butyl

4- (1- (6- fWoane@2z8val am dopyri di n-3-yl) -1 -hydroxy-3-  PCT/US2005/036859
nethoxy-3-oxopropan-2-y|)piperidine-I-c%Egoxylate (238 ny, 0.494mmol), and
concentrated HC (1nm) in MeOH (I nmL) and O(lI'm.) was refluxed under N2 over
ni ght. The solvents were renpbved on rotary vacuum the residue, as a yell ow
solid, was triturated with cold Et@ifrdmd)77 filtrated and dried under
vacuumto afford an 10 expected product, a yellow solid(139 ng, 99%yield);
1H NWVR (400 Miz, MeOD) 8 ppm1.27 (s, 1 H, 1.83 - 1.95 (m 2 H, 2.13 (d,
JJ14.10 Hz, 2 H ,3.06 - 3.18 (m 3 HP N(dsF J=12.84 Hz, 2 H), 6.47
(d, JJ8.81 Hz, 1 H, 7.69 (s, 1 H),7.85 d §J9l06 Hz, 1 H); Mass spec.
248. 13 (M#), Calc. for C13H14FN3O AT /lernedlate 178 HZN\ F Br
2- Brono- 5-f | uor obenzenam ne. To @@l ut)i on of 1-brono-4-fl uoro-2-

ni trobenzene (5.0g, 22.7 mml) in c/ Et OH (20nL/20nL) was added iron 20
powder in one portion at roomtenperature. The m xture was bubbled with N2
for 5mn, and then refluxed for 2 hrs. Partial of the solvents were
renoved on rotarys i aqueous
NaCH (1 ON, 200ni) el éy%’&o?n_%[%ﬁag}r’%%ﬁ%?u t.%hﬁé@%zg%’?‘%”f?mﬁhase
was washed wnixtutd2d (tBt) brutyl 4-(16(6+ fhwr¢-3pivaldmiddpyredinGay )l SOdroxgyrt

concentrated o r vacu af for 5 cte odu t S an
Taht tan of POpGsgPoRIOB S bies it R 1 Dol AR sed 1
next step w é(ﬁﬁbﬁtrzftéHHURﬂ ik MeCBH (1 s)and }NWI&EQQ/aNkB}ux%&}I\%

2006/ 052378 PCT/ US2005/ 036859 137 4.1 6.34 (td, JJ8.44, 2. 77

Hz, 1 H), 6. 48ighiddl hewmn@(yvergr@mqé onzotrépy vaizu@m, the dwd@, & ®yellos; spdidrz, 1
) eSS spega; Al ilEka B Roxht), SRERE E HA8 88er VDL R TS 3n170
10 expected product, a yellow solid(139 mg, 99% yield); '"H NMR (400 MHz, MeOD) 6
ppm 1.27 (s, 1 H), 1.83 - 1.95 (m, 2 H), 2.13 (d, J/~14.10 Hz, 2 H) ,3.06 - 3.18 (m, 3
H), 3.49 (d, /=12.84 Hz, 2 H), 6.47 (d, J/=8.81 Hz, 1 H), 7.69 (s, 1 H),7.85 (d, /=9.06
Hz, 1 H); Mass spec. 248.13 (MH+), Calc. for C3H14FN;0 247.11

15 Intermediate 178
HZND/ F
Br

2-Bromo-5-fluorobenzenamine. To a solution of 1-bromo-4-fluoro-2-

nitrobenzene (5.0g, 22.7 mmol) in HOAc/EtOH (20mL/20mL) was added iron

20 powder in one portion at room temperature. The mixture was bubbled with N, for
Smin, and then refluxed for 2 hrs. Partial of the solvents were removed on rotary
vacuum, then the residue was partitioned between aqueous NaOH (10N, 200mL) and
Et;0 (200mL). After separation, the organic phase was washed with HO(50 mL),
brine (50 mL), dried on MgSO,, and concentrated on rotary vacuum to afford the

25 expected product, as an light tan oil (quantitative yield), which was pure enough to be

used in next step without further purification; '"H NMR (400 MHz, CDCls) § ppm



5 Br N-(2-Brono-5-fluorophenyl)pival am de. Trinethylacetyl chloride (4.2,
34.1m) was fast dropw se added to a sol ution of

2- br ono- 5wOl20@wsbEezenanmi ne  (4.31 g, 22. 7mmol) in CH2CPRT(UsGoosiolesas room
tenperature, followed by the addition 1Q_of DI EA (7.9 niL, 45.4mmol). The
resulting mxture was stirred at roomtéﬁ’gerature for 2 hrs, and then
partitioned between HC (1N, 200nmi) and Et QAc(250nl). After separation,

the organi c phage 1v@s sWaSReI=wl v b1 rel APHA6 (Al @20 2MaFA 1 1), 7.31

concentrated on rotary vacuum and purified on flash chromatdgraphy el uting
with 20- 40%dd: &7% 8 héxdhds, [ HR00ass speco 189.94 (MH hCabox ferctHBprNAEso6 as a
colorless 15 oil (6.07g, 98%yield); 'H NWR (400 MHz, CDC13) 8ppm 1.33 (s, 9
H, 6.69 (ddd, J8.81, 7.55, 3.02 Hz, 1 H), 7.45 (dd, J=8.81, 5.79 Hz, 1

H, 8.04 (s, 1 H, 8.28 (dd, J=11.R&m3dd H®, | H); Mass spec. 274.04
(M#), Calc. for C, 1H13BrFNO 273.02 Internediate 180 H NF O1 / 20 OHC

N- (5- Fl uor o- 2- f or nyl phenyl ) pi val am de. (2- brono- 5-

fl uor ophenyl ) pi val am de(2. 4g, 8. 75&%} Fssolved in THF(30nm.) at room
tenperature, and the colorl ess sol uti nﬁol ed to -78 C, followed by
fast 25 dyopwise addition of t-BuLi (%, 1.7Min heptane, 17.4 mmol)
under N2 over 10mn. The resulting yellow solution was continued stirring
at -78 Cfor 1 hr, followed by dropw se addition of DMF(2.7 nmiL, 35.0 mml)

over 5 min. The [ight WD 2006/ 052378 PCT/ US2005/ 036859 138 yell ow sol ution
was stirred for aNdiBromals-Bloropkenglpivdlamide. Trirusthylaeetyi chilatide (4@l ,quenched

ARGt TV iET R A N N
R i e T L T
10 of DIEA (7.9 mL, 45.4mmol). The resulting mixture was stirred at room temperature
for 2 hrs, and then partitioned between HCI (1N, 200mL) and EtOAc(250mL). After
separation, the organic phase was washed with brine(50mL), dried on MgSQOy,
concentrated on rotary vacuum, and purified on flash chromatography eluting with
20~40% EtOAc/hexanes (1200mL) to afford the expected product, as a colorless
15 0il(6.07g, 98% yield); 'H NMR (400 MHz, CDC13)‘ dppm 1.33 (s, 9 H), 6.69 (ddd,
J=8.81,7.55,3.02 Hz, 1 H), 7.45 (dd, J=8.81, 5.79 Hz, 1 H), 8.04 (s, 1 H), 8.28 (dd,
J=11.08, 3.02 Hz, 1 H); Mass spec. 274.04 (MH+), Calc. for C;;H;3BrFNO 273.02

Intermediate 180

*HQF

20 OHC

N;(5-F luoro-2-formylphenyl)pivalamide. N-(2-bromo-5-
fluorophenyl)pivalamide(2.4g, 8.75mmol)) was dissolved in THF(30mL) at room
temperature, and the colorless solution was cooled to -78 ° C, followed by fast

25  dropwise addition of t-BuLi (10.3mL, 1.7M in heptane, 17.4 mmol) under N, over
10min. The resulting yellow solution was continued stirring at -78 °C for 1 hr,

followed by dropwise addition of DMF(2.7 mL, 35.0 mmol) over 5 min. The light



solids(1.03g, 53%yield); "HNW (400 MHz, CDC13) 8ppm 1.30 (s, 9 H, 6.80
- 6.86 (m 1H, 7.63 (dd, J=8.5 6, 6.04 Hz, 1 H, 8.53 (dd, J 12.21, 2.39
Hz, 1 H) ,w8.28&05¢xs | H), 11.54 (s, 1 H) Mass spec. 22#ctaishdsipsessal c. for
012H14FN02 223.1. 10 Internediate 181 N.OF 70PH Boc N tert- butyI

4- (1- (4- Fl uor o- 2pi val am dophenyl ) - 1- hydr (§§y 3- et hoxy- 3 oxopropan- 2

yl ) pi peridi ne-l -carboxylate. The procedure was the sanme as the 15

synt hesi s of éli&&'&d’l{ltlon was stlrred for add1t10na1 30 min at -78 ° C. Thus the mixture was
4-(1-(6-fl uoro 2- pi val am dop di n-3-yl)-1- hydr oxy- 3- met hoxy-

3- oxopr opan- u§Ached Wb shtyr Nﬂa@llr(ﬁﬁmlt)acﬁracwldevlﬂeﬁbﬂ(@nlfgmlé dihe

i nsepar abl e somer mxture

o (e (et uor BB oleBRRa i ¥ imed Riegst0.mb, ek 0ves MESr opan- 2-y1 )
pi peri di ne- | camehwatyd ah mtarihacﬁrnu%d@aﬂﬂe&sﬂlﬂwﬁchru&@%ﬁ% he elutiMg witht he next
step without furthe urification. Mass spec. 481.25 50 20%:a for

C25H37FN2D6 480 03B Et(PK?@?’F?@G? Q480 g to Plffouj angxpected pmuw;az@méwmzs?s

nydr ochi or e R gikal R SRBRBE e TOCKL OBt B e

7-f 1 uoro- 3- (BJSﬁle,le) 2.6¥kdd, JIr85686)¢)14 HYFIHI)FB-QI j—m,, 2@3@0&{;94\@) blizg

expected product, 7-fl uoro-3-(piperidin-4- i ui nol i n- -one
hydr ochl ori d6; 145, hl-§h(% & BoMass sect 4. 14311\’%75 %éil‘“d f@ﬁ@eHMﬂ: :A28ps: ' H NWR

(400 MHz, 5 MeOD) 8ppm 1.84 - 1.96 (m 2 H), 2.15 (d, J=14.10 Hz, 2 H),
3.07 - 3.16 (m 3H, 350 (d, J=12.84 Hz, 2 H, 6.98 - 7.05 (m 2 H),
7.69 (ddl0J=8.56, 5.79 Hz, 1 H), 7.Ih8rmediatelld); Mass spec. 247.12( MH+),
Calc. for Cl4H15FN20 246.12. Internedi ate 183

X

HN 0
MeO 0) F

Boc

tert-butyl 4-(1-(4-Fluoro-2-pivalamidophenyl)-1-hydroxy-3-methoxy-3-
oxopropan-2-yl)piperidine-1-carboxylate. The procedure was the same as the
15 synthesis of t-butyl 4-(1-(6-fluoro-2-pivalamidopyridin-3-yl)-1-hydroxy-3-methoxy-
3-oxopropan-2-yl) piperidine-1-carboxylate. The reaction gave an inseparable stereo
isomer mixture, tert-butyl 4-(1-(4-fluoro-2-pivalamidophenyl)-1-hydroxy-3-
methoxy-3-oxopropan-2-yl) piperidine-1-carboxylate. The crude compound was
used directly in the next step without further purification. Mass spec. 481.25(MH"),
20 Calc. for C,sH37FN,0¢ 480.26.

Intermediate 182

H
O N F
AN

CIH.HN



H2N 7 CI 10 OH (2- Am no- 4-chl orophenyl ) net hanol . Met hyl

2- am no- 4-chl orobenzoate (1.59,8.08 nmol) in THE (15n) was dropw se added
to the suwwpenss/m@e7ef LAH(429ng, 11.3 mmol) in THE (I OrerTwsdes/obidsat 0 C
over 10 mn. The 15 resulting m xture was stirred at roomtenperature for 2
hrs, then the reaction was quenched at 189 Cc with saturated Na2SO4 (50 nb),
extracted with Et20 (2x70 nlL). The conbi ned organi c sol uti ons were washed

with brine (30 miy, gl%rb%dgfﬁkg %)quﬁz@gn Q?Q?)%J}J ﬁﬁaﬁ&h%grécg Ot’ﬁlre r%/c%ﬁﬁllﬁm to

afford the expected product I'te soli
(400 Mz, Me@R) thgppme 4s B® systheds bl 7- ﬂﬁmlﬁ«%((pd)endm éﬂ-yB I%na;ﬂxtmndﬂz 2(TH)H) |

6.70 (d, J=2.01 8 06 ; 157. 06
(M—I+)( Cal c. %% F“I%%Xéég%\@pf%‘f’g‘@&d“%t eﬂ‘f?é%rﬁaﬁ’é’eli‘g%""%ﬂﬁmg F UGN o 25
N- (5- Chl or o- Rydrbotiléraey B4 Wkt BhIRN I thiRiay ey dyaeluci@ter trd sresn Vi aQaRY koG MEps 1 de
(0.72 nmL, 5. 82 mmol ) was fast dropw se a to -am no-4 WD 2006/ 052378

PCT/ US2005/ 0BBO5D & ppt0 1 8HI-dr Wphe i), li‘dtSF(anﬂM(l@?Hz ), 3.055frbd §m,i NHEH2 C12

15,5 fmol). TR st bt HLRds e NI DD 2h0Fal Yo R 1 Hreh Ft i i ur

was partitiog eﬂmemge@e@@wn@m@l*gmm&?ﬁg‘m @@dé@lleClZ (100OM). After

separ ati on, he organi ¢ phase was washed with brine (30nL), dried on
MySO4, and concentrated on rotary vacuumto afford the expected crude

product (1.34, 100%yield), which I ugh to be wused in next step.
NaSs Spec. 24208 (M), Calc. for DISHEREEDS 241, 00. I ntornediato 185

HZN(\©/CI

10 OH

(2-Amino-4-chlorophenyl)methanol. Methyl 2-amino-4-chlorobenzoate
(1.5g,8.08 mmol) in THF (15mL) was dropwise added to the suspension of
LAH(429mg, 11.3 mmol) in THF (10mL) under N, at 0 ° C over 10 min. The
. 15 resulting mixture was stirred at room temperature for 2 hrs, then the reaction was
quenched at 0 ° C with saturated Na,SO4 (50 mL), extracted with Et,O (2x70 mL).
The combined organic solutions were washed with brine (30 mL), dried on MgSQq,
and concentrated on rotary vacuum to afford the expected product as a White solid
(874 mg, 69% yield); '"H NMR (400 MHz, MeOD) Sppm 4.50 (s, 2 H), 6.58 (dd,
20 J=8.06,2.01 Hz, 1 H), 6.70 (d, /=2.01 Hz, 1 H), 7.01 (d, /=8.06 Hz, 1 H); Mass spec.
157.06 (MH"), Calc. for C;HsCINO 157.03.

Intermediate 184

H
>kﬂ/N cl
o
OH

N-(5-Chloro-2-(hydroxymethyl)phenyl)pivalamide. Trimethylacetyl chloride

25

(0.72 mL, 5.82 mmol) was fast dropwise added to (2-amino-4-



HN\ C O 10 OHC N-(5-Chloro-2-fornyl phenyl)pival am de.

Pyri di ni unthl orochromate (1.67g, 7.77mvl) was added to

N- ( 5- chl owo-28e¢(d3yztBOXy et hyl ) phenyl) pival am de (1. 34gpCTHIS2@SMBISS9 i N
CH2C12 (1OCOnL) at O T. 5 mn later, the reaction mxture was stirred 15 at
roomtenperature for 3 hrs. Then it was !f8ssed through a thin silica gel
pad with CH2ClI 2(100Or), concentrated on rotary vacuum and purified on

flash chr onghiggha 340%B1 LOEXSREE m ford
the expected p%dﬁt(}?)ngésth%om%qme&%oszl d( Q%EE@H )( yi el )d§ "H H{Lq g
CHL OROFORM D3C,8§i}§hﬂ01ﬂ0‘2'8d by thexuidition of DJI)EA 2. 415nLd1cB J thnglB 1Ihezrean1tmg 1 H)

115222((35- 1 9thmwas SH}‘B%%%? gb?ﬂteﬁ‘/lﬁﬁ mlj@ﬂe Was@&?%fﬁ%%%f%ﬁa(t%? 07.

| nt er medi at eNaBE0; KN aMﬂQIlQ(EIL BosmIN BteY\2paRiohOthe 3, §50805/ 036859
141 tert-butyl 4- 3I£M)4 ) | or o- iﬁl(val érmn do ehenyl )-1- hydrgga;lg-qg{arret hoxy- 3-

oxopr opan® 2 wwﬂm@m lzﬁn?e(wm% Eéwﬂ\é{g%%mocplz@a@tmt@dw@rqs@re@mm t he
same as the

4-(1-(6-fl uo?% ljgtt}%,f"%la{)%ctga opytrp %ﬂltcy Q 34,)10(1Awlcad)owh1c§1 was pure enough to be

met hoxy- 3- oxugedapaext2tepl Maps spet.i B208- MKy Oalk yfoate,H, JORNG,eratooon af f or ded
tert 5 butyl

4-(1- (4-chl oro-2-pi val am dophenyl ) - 1- hydr oxy- 3- met hoxy- 3- oxopr opan- 2-yl )

pi peridine-|-carboxyl ate stereoi SoNperfedhall &5aS @ white solid (73% ot al
yield) after purification on flash chr omat ogr aphy, which was directly used
in next step. Mass spec. 497.19 ( , Cal e. for C25H37C1N206 496. 23. 10
Internediate 187 H

10

N-(5-Chloro-2-formylphenyl)pivalamide. Pyridiniumchlorochromate (1.67g,
7.77mmol) was added to N-(5-chloro-2-(hydroxymethyl) phenyl) pivalamide (1.34g,
5.55mmol) in CH,Cl, (100mL}) at 0 °C. 5 min later, the reaction mixture was stirred

15 at room temperature for 3 hrs. Then it was passed through a thin silica gel pad with -
CH,Cly(100mL), concentrated on rotary vacuum and purified on flash
chromatography eluting with 20~40% EtOAc/hexanes (800mL) to afford the
expected produpt as a white solid(937mg, 70% yield). '"H NMR (400 MHz,
CHLOROFORM-D) 6ppm 1.28 - 1.34 (s, 9 H), 7.15 (dd, J=8.31, 2.01 Hz, 1 H), 7.53

20 -7.59 (m, 1H),8.87(d, /=2.01 Hz, 1 H), 9.84 - 9.88 (m, 1 H), 11.42 (s, 1 H); Mass
spec. 240.07 (MH"), Calc. for C;,H;4CINO, 239.07.

Intermediate 186

X

HN
MeO o) C!

N OH
Boc”



ONC \ I / CHHN 7-Chloro-3-(pi peridin-4 yl)quinolin-2(1H)-one

hydr ochl ori de. The procedure was the sane as the synthesis of

7-f 1 uor o-\8o(2pegae37di n-4-yl ) -1, 8- napht hyridi n-2(1H)- 15pcons2008/o36359
reaction, partial of the solvent was rqui;ed on rotary vacuum the expected
product canme out fromthe solution, filtFation and washing wwth EtOH to
gave a white solid (71%vyield). '"HNWR (400 WHz, MeOD) 8ppm 1.83 - 1.94 (m

2 2.14 (d, J 2CHby Llami 3.1 H), 3.51
(d1H?] PR Hg relﬂbﬁgtﬁg(z; ckl)pOQr%@J 5=61§10 nwn %ﬁ%ﬁnfzéﬁzg%ﬁs [')

H,7.30 - 7. @@p(’cmanaz H))pzpér@ge-]z@rﬁox@&te( rﬂ' he]_re&{)tlonz)rdaedurewazah«( sqme:l_asH) : Mass

moec 260 01 e Bl SRR B 100 2N

2- Ami no- 4, 5- ghiefhok @3O@PEdPak-25¢1) dpel(l&naﬁgaar ylatéTHe) rehdlioh ORI} rt A S
dr opw se added to the suspension on LAH WO 2006/ 052378 PCT/ US2005/ 036859

142 (1. 65y, agyE-pirtt- yhlpw Frpivalapgdephenydy-1rivgretyeimetheryrieoxapenani2ybver 10

m n. The S 0, b

Then the m wPF i e UEREYEY TebSydl e 3t WERTSOETPRY LMY ficl iy 0504
(100n.), andpwexfication enl flask d‘nro:EhtB@ra@Hxlx@ﬁanwas thectiyantd nﬁd:xostg;a Mgss| ayers
wer e washed vmth in dr| r S, and concentrated on
rotary vacuufhefdt w&mghga@x@égﬁ 9?3&%duct as a brown solid, which
was pure enough to be used in next step WlthOUt further purification. "H
NVR (400 MHz, CDC13) 8ppm 4.07 (s, 1 H), 4.56 (s, 2 H, 6.46 (dd, J=11.71,

6.92 Hz,10L H), 6.87 (dd, J=10.58, Singsmetiatell8d): Mass spec. 160.04 (M),
Cal c. for C7H7F2NO 159. 05.

H
0] N Cl
X
CIH.HN

7-Chloro-3-(piperidin-4-yl)quinolin-2(1 H)—oﬁe hydrochloride. The procedure

was the same as the synthesis of 7-fluoro-3-(piperidin-4-yl)-1, 8-naphthyridin-2(1H)-

15 one. After reaction, partial of the solvent was removed on rotary vacuum, the
expected product came out from the solution, filtration and washing with EtOH to
gave a white solid (71% yield). '"H NMR (400 MHz, MeOD) Sppm 1.83 - 1.94 (m, 2
H), 2.14 (d, /=12.84 Hz, 2 H), 3.07 - 3.19 (m, 3 H) ,3.48 (s, 1 H), 3.51 (d, /=3.02 Hz,
1 H), 7.18 - 7.23 (m, J=6.30, 4.34, 2.20, 2.01 Hz, 1 H),7.30 - 7.35 (m, 1 H), 7.59 -

20 7.65(m, 1 H), 7.74 - 7.78 (m, 1 H); Mass spec. 263.07 (MH"), Calc. for
C14H;5CIN,0 262.09.

Intermediate 188

H2N: : :F
F

OH

25
(2-Amino-4,5-difluorophenyl)methanol. 2-Amino-4,5-difluorobenzoic acid
(5.37g, 31.0 mmol) in THF(50mL) was dropwise added to the suspension on LAH



10 Internmediate 189 HNaF OF OH

N- (4, 5- Df uor o- 2- ( hydr oxynet hyl ) phenyl ) pi val am de. Trinethyl acetyl 15

chl ori de Wwé.20¥enls23782. 55rmmol ) was added to the sol uti on eCTHUS20050B6$89

(2-am no-4, 5- difluorophenyl) nethanol 9 CH2C12/ THF (50nmL/1QOM) at 0 C,
foll owed by the addition of D EA (10.8r1r1‘_‘, 62 mmol ). The resulting m xture
was stirred for 30 mn, and then partitioned between saturated

NaHCOB( | GOl 1. @sgd4§1512&1a81)(ul$ml()5 mIAfat Rdon$ REHeAthRAindéde, HeddDnfinPlTRse was
washed with brine (40 nL), dried over 20 MyS and concentrated on rotary

vacuum t o af Fesvliing Kespensier wasistisraschli seom {empsretursefer bbr. eTkenchgmixtorepeasused i n

(o g%ty o R dol " PG g o NS Dom Fpa SRigdcfd BRR™ ™ =°
J=12. 72 7. 6Bt282(2x110(]ri)L) the@dmbsned orgdnic &S wepewashéd 4vithlbr{d¥tis) mL§8| c. for

Cl 2HI5F2N02 243, 11. 25 intermediate 190 HN)CCF_O1 /| OHC F
2006/ 052378 s Yy DaeEhencentrted qrurotarpyaduyst i9-afford the expected rude

f or nyl phenyl rBHM I mugﬁ g.%tg, 49 ﬁ%g' 3vithdypol ) was
added to the solﬁta?ongg?, tE)(?:Hed gjrhué1 fﬂg,?é gﬁ??t%%rlsg g SEféoxlymst hyl )
phenyl) pi vaﬁmﬁedmlfmaﬁbﬂéﬂiZ\JMRS@nﬁMHt (IIDC135I'59pmei 0D, sol) W56, 2tH) ned
into dark br ({1 and t was continued stirring for 3hr,
g S48 G4 AL o2 1 BS dRAT" 10%% 828 B0, Rase e
160.04 (MH"), Calc. for C;H;F,NO 159.05.
10

Intermediate 189

H
*rN; : :F
O
F
oH

N-(4,5-Difluoro-2-(hydroxymethyl)phenyl)pivalamide. Trimethylacetyl

15 chloride (4.01mL, 32.55mmol) was added to the solution of the crude (2-amino-4, 5-
difluorophenyl) methanol in CH,Cl,/THF (50mL/10mL) at 0 °C, followed by the
addition of DIEA (10.8mL, 62 mmol). The resulting mixture was stirred for 30 min,
and then partitioned between saturated NaHCO;3(100mL) and CH,Cl, (150mL).
After separation, the organic phase was washed with brine (40 mL), dried over

20  MgSOs, and concentrated on rotary vacuum to afford the expected product, which
was pure enough to be used in next step without further purification; "H NMR (400
MHz, CDCl;) 6ppm 1.28 (s, 9 H), 4.62 (s, 2 H), 6.94 (dd, J=10.20, 8.44 Hz, 1 H),
8.08 (dd, J=12.72, 7.68 Hz, 1 H), 9.04 (s, 1 H); Mass spec 244.11 (MH"), Calc. for
Ci2HisFaNO, 243.11.

25

Intermediate 190

H
>kmN -
e
OHC



5 then passed through a thin silica gel pad with CH2C12 (2x501L). The

conbi ned organic solution was concentrated on rotary vacuum and purified

on fl ash wohnesnstzrgr aphy el uting with 2060%kt QAc/ hexane®(Ta%000slo}ess® af f or d
the expected product as a brown solid(é 2; g, 26%yield after three step);
"H NVR (400 WMHz, CDC13) Bppm 1.29 (s, .42 - 7.48 (m 1 H), 8.75 (dd,
JJ13.35, 7.30 Hz, 1 10 H, 9.77 - 9.80 (m 1 FD 11.40 (s, 1 H); Mass spec.

242.08 (MH+), Cal g gfson; A2 Wn%vagmu&t & AR #h&18R0hrolhO MO O F
Boc' / NOH 15 tert-bu 1

5-Di f | uor o- 2(%-36g éwdupﬁgwsp qedhymmoj'utmmétthmyd@l (éxirprfbpacrﬂz

)sllyalflhgg:’ Isdlop o Car bﬁvw enyl) g&gla&‘?&é:fn'é’ﬁ' (ﬂr 8%8 'tr)%t Ivtvaﬁ“he ygllow maluf’ion

4-(1-(6-fl UOﬁlﬁICa'lﬁﬂo\(ﬁﬂalﬁfbd@ﬁﬁﬂOdIhlﬁ Ardythe mixthpedvd6n8nued stirring for 3hr, and
nmet hoxy- 3- oxopr opan- 2 plperldlne | - car boxyl ate. The reaction af f or ded

an 20 i nSSepama@,p@Jssgq;ﬂ}go tes,thln@](xqp.gehpad with CH,Cl, (2x50mL). The combined
5-difluoro-2;5 an-2-yl)

pi peri di ne-1° RS H} iGPRAEENckchard S SRS ¥ %’i‘rﬁ%ﬁ?%k{ purifipd BRHERA" (70%
total vyiel d)c}abﬂnevogmphy tiuaag wath 20r-609.EsDA c/hexumas(00emLY to adivrd thavas used i n

2006/ 052375 POVERBOUAF IS EET0h sal AT br A BIbATEs e sicey RANKIAS ol H by
F MHz, CDCl) Sppm 1.29 (s, 9 H),7.42 - 7.48 (m, 1 H), 8.75 (dd, J=13.35, 7.30 Hz, 1
10 H),9.77-9.80 (m, 1 H), 11.40 (s, 1 H); Mass spec. 242.08 (MH™), Calc. for
C12H;3FoNO; 241.09

Intermediate 200
HP\IO
MeO (0] F
F
N OH

Boc

15
tert-butyl 4-(1-(4,5-Difluoro-2-pivalamidophenyl)- 1 -hydroxy-3-methoxy-3-

oxopropan-2-yl)piperidine-1-carboxylate. The reaction procedure was the same as
the synthesis of tert-butyl 4-(1-(6-fluoro-2-pivalamidopyridin-3-yl)-1-hydroxy-3-
methoxy-3-oxopropan-2-yl) piperidine-1-carboxylate. The reaction afforded an

20  inseparable tert-butyl 4-(1-(4, 5-difluoro-2-pivalamidophenyl)-1-hydroxy-3-methoxy-
3-oxopropan-2-yl) piperidine-1-carboxylate stereo isomer mixture, as a white solid
(70% total yield) after purification on flash chromatography, which was used in next
step. Mass spec. 499.19 (MH+), Calc. for Cy5sH36F2N>Og 498.25

25



6, 7-Di fl uoro-3-(pi peridin-4 yl)quinolin-2(1H) -one hydrochloride. The 5
procedure was the sane as the synthesis of 7-fluoro-3-(piperidin-4-yl)-1,
8- napht hyoixdeens2{74H) - one. After reaction, partial of tlIreTasRosnEcsPRS
removed on rotary vacuum the expected product cane out fromthe solution,
filtration and washing w th ethanol toldéve a white solid (77%vyield); "H
NVR (400 MHz, MeOD) 8ppm 1.81 - 1.93 (m 2H), 2.13(d, J=2. 01Hz, 2H), 3. 07-3. 19
(m4H),3.50(d, J=14.35 10 Hz, 2 H), [yt emdk (m 1 H, 7.55- 7.62 (m 1
H, 7.710 - 7.77 (m 1 H); Mass spec. MH), Calc. for Cl4H14F2N20
264.11 Internediate 202 C 02N 0 W 15 N@thyl 3-chl oro-2-nitrobenzoate.
To 3-chl oro-2-nitrobenzoic acid (3.15g0 ) in

nmet hanol / acetonitrile (20nm/201L) was dr ;dded TMSCHN2 (2N in
hexanes, 11.7 nlL, and 23.4 mvl) at A>G-UR pver 10 mn until the

yel | ow col or persist. The m xturg,ugs gdontinued stirring for 20 mn,

foll owed by 20 dropwi se addition of MOAc until the yell ow col or disappeared
to kill excessive TMSCHN2. Partial of the solvent was renoved on rotary
vacuum the product canme out solution as a |light yeIIOM/soIid whi ch was

filtered and wash f X duct as a
white solid(2.5g, g%@%}% d?ﬁp ¢%ﬁ|@1)q(’zf§)6’%n%ﬁz%jj %yﬁ %793,1 "?% E&g
7.51 (t, Y=8pi0dbedirs wis tHe same 40 thedsnthdsi8oDBfludi-3-(jAperkdin- 4|-y1}=|), 8-7. 97 ( dd J
7.81, 1.26 Hz X spec.. 216. 02 (MH+ Calc. for CBHECILNO4 215. 00.
VO 2006/ 05231?@1‘&@;?}1{95% B e ads’ Topaesn, HPWL%P%MV% 3vas ggmoygshgn rotary

vacuum, the expected product came out from the solution, filtration and washing

with ethanol to gave a white solid (77% yield); '"H NMR (400 MHz, MeOD) éppm

1.81-1.93 (m, 2 H), 2.13 (d, J/=2.01 Hz, 2 H), 3.07 - 3.19 (m, 4 H), 3.50 (d, J=14.35

10 Hz,2H),7.16-7.23 (m, 1 H), 7.55-7.62 (m, 1 H), 7.71 - 7.77 (m, 1 H); Mass spec.
265.07 (MH™), Calc. for C4H4F2N,0 264.11

Intermediate 202

cl
O,N

o
OMe
15
Methyl 3-chloro-2-nitrobenzoate. To 3-chloro-2-nitrobenzoic acid (3.15g,
15.6 mmol) in methanol/acetonitrile (20mL/20mL) was dropwise added TMSCHN;,
(2N in hexanes, 11.7 mL, and 23.4 mmol) at 0 °C under N, over 10 min until the
yellow color persist. The mixture was continued stirring for 20 min, followed by
20  dropwise addition of HOAc until the yellow color disappeared to kill excessive
TMSCHN,. Partial of the solvent was removed on rotary vacuum, the product came
out solution as a light yellow solid, which was filtered and washed with Et,O
(2x2mL) to afford the expected product as a white solid(2.5g, 74% yield); '"H NMR
(400 MHz, CDCl3) dppm 3.91 (s, 3 H), 7.51 (t, J=8.06 Hz, 1 H), 7.70 (dd, J=8.06,
25 1.26 Hz, 1 H), 7.97 (dd, /=7.81, 1.26 Hz, 1 H); Mass spec. 216.02 (MH"), Calc. for
CsHgCINO4 215.00.



Ol / Owe Mthyl 2-am no-3-chlorobenzoate. Iron powder (1.94g, 34.8 mol)
was 5 added to the solution of nethyl 3-chloro-2-nitrobenzoate (2.5g,

11. 6nmol )worroodise3HOAC (I OOnl/ | OOrL) at room t enper aturuso0@ngssshen t he
suspensi on was refluxed under N2 for 2 grs. After cooling dowmn to room
tenperature, partial of the solvents wd§>r enoved on rotary vacuum the
resulting residue was partitioned between H20/Et OAc (200nlL/300nL). The
separated organi c phase was washed ferMelifateamgzeous NaOH (1N, 50nL), brine
(50 mL), dried over MgSO4, and concentrated on rotary vacuumto afford the
expected product as a tan oil (1.7g, 79% yjeld) which becane wax type
solid standi ng on bench. The crude pr ct |was pure enough to be used in
next step without further purification? (400 MHz, CDC13) 8ppm 3. 86
(s, 3 H, 6.25 (s, 2 H, 6.57 (t, J=7,93 1 H, 7.39 (dd, J=7.81, 15
1.51 Hz, 1 H), 7.79 (dd, J8.06, 1.51 N\ 1 H); Mass spec. 185.95 (MH),
Cal c. for C8HBCINO2 185.02. Internedi at®204 C1 H2N OH 20

(2- Am no- 3-chl or ophenyl ) met hanol . A sol ution of methyl 2-am no-3-

chl orobenzoate(1.7g, 9.16 mmvol) in THE (40 nlL) was dropw se added to a

suspensi on of the . Y [ ta enper ature
over 10 mn undejr\}eﬁgg§§%%%stgi]cﬁogo oér)tﬁ ﬁ?lglﬁi g%%ﬁ')ggg’t%%ér)}%v%@ v(‘:’ngz@isr efully
quenched 5w t #dd28 te tie s Ation oNa2GEH 3 {chdror2)nidbdbedzodls (25¢, Nadnadolvid h Et 20
(2x50m). T i pe or ic layers were washes with brine(30nmL), dried
on MySo4, agﬁt(ﬁm‘f 8199@&9@%%%? RS TEUIeCAIBID B SBFEBYON WEAE ot ary
vacuum t o af foanded Mf1ePXP eSteEhs PAGLHES01RS dBwheh lr% f&éﬂe t%re?ﬁ&tiaﬂ e Whi ch

was pure enough to be used in the next Step wt urther” purification;
H NVR solvents was removed on rotary vacuum, the resulting residue was partitioned

between HyO/EtOAc (200mL/300mL). The separated organic phase was washed
10 with aqueous NaOH (1IN, 50mL), brine (50 mL), dried over MgSQ,, and

concentrated on rotary vacuum to afford the expected product as a tan oil (1.7g, 79%
yield) which became wax type solid standing on bench. The crude product was pure-
enough to be used in next step without further purification; 'H NMR (400 MHz,
CDCl3) dppm 3.86 (s, 3 H), 6.25 (s, 2 H), 6.57 (t, J/=7.93 Hz, 1 H), 7.39 (dd, J=7.81,

15 1.51 Hz, 1 H), 7.79 (dd, J=8.06, 1.51 Hz, 1 H); Mass spec. 185.95 (MH+), Calc. for
CsHsCINO, 185.02.

Intermediate 204

cl
H,N

OH

20
(2-Amino-3-chlorophenyl)methanol. A solution of methyl 2-amino-3-
chlorobenzoate(1.7g, 9.16 mmol) in THF (40 mL) was dropwise added to a
suspension of the LAH(521mg, 13.7 mmol) in THF(15mL) at room temperature over
10 min under N, and stirred for 2 hrs. The reaction was carefully quenched with
25  saturated Na;SO4 (10 mL) at 0 ° C, extracted with Et,0 (2x50mL). The combined

organic layers were washes with brine(30mL), dried on MgSQOy,, and concentrated on



(400 MHz, CDC13) Sppm 1.65 (s, 1 H, 4.59 - 470 (m 4 H, 6.60 - 6.65 (m
1 H, 6.96 (dd, JJ7.55, 1.26 Hz, 1 H), 7.19 - 7.25 (m 1 H); Mass spec.
158. 02 ( Mvo)RpocdstaBc. for C7HBCINO2 157.03. | nternedi at ec2s52008l03685p N O |
[/ OH 10 N-(2-Chloro-6-(hydroxynet hyl )phg,-nyl ) pi val am de. To the crude
(2-ani no- 3 chl or ophenyl ) net hanol (1. 08g, 16°88mol ) in CH2C12(15nL) was f ast
dropw se added trinethylacetyl chloride(.89nm., 7.23 mmol), followed by

DI EA(2. 4L, A3ard vA¥RIN to &tor8 the ex?eﬁ%c?pxlo%%&ras alyRBoweBGd( 98 %{WUS)S%}[:' 5)&@1(%@?5

t
stirred at room tenperature for rmal "aqueous wor K ord the
expect ed pr odagpurasneughtip e uses indlid nS@ gtep 96HoUGuythet piirificatiorg HHWMESRour e

Fy o1 3"a6° SRR LGN, apb5Phes b 195 ASE) Mo b e BT (5 of
2. 1), 7. 8861048355 @8k 1 T B (305 I nens: §REAssRAAMA( M),

Calc. for CI2HI6CINO2 241.09. 20 1 nternedi at e

N- ( 5- Chl or o- Qaleolon{hBdhd2) 137\Wal ani de. Pyri di ni um chl orochromate (1.19g,
5.5nmmmpl ) was added to a solution of N-(2-chloro-6-(hydroxynethyl) phenyl)
25 pival am de (884ng, 3.67mmol) in CH2C1l2 (100nL) at 0O C 5 mn later the
m xture was allowed stirring at ropmrinegperasure for 3 hrs. The reaction
m xture was passed WO 2006/ 052378 PCT/ US2005/ 036859 147

N
o
OH

10 N-(2-Chloro-6-(hydroxymethyl)phenyl)pivalamide. To the crude (2-amino-3-
chlorophenyl)methanol(1.08g, 6.88mmol) in CH,Cly(15mL) was fast dropwise added
trimethylacetyl chloride(.89mL, 7.23 mmol), followed by DIEA(2.4mL, 13.8 mmol)
at 0 °C. 5 min later, the reaction mixture was stirred at room temperature for 1 hr.
Normal aqueous work-up to afford the expected product as a white solid(1.58g, 95%

15  yield), which was pure enough to be used in next step; 'H NMR (400 MHz, CDCl) 6
ppm 1.30 (s, 9 H), 3.35 (s, 2 H), 4.36 (d, /=6.29 Hz, 1 H), 7.06 - 7.22 (m, J=7.81,
7.81 Hz, 1 H), 7.29 - 7.33 (m, 2 H), 7.58 (s, 1 H); Mass spec. 242.08 (MH"), Calc. for
Ci2H6CINO, 241.09.

20 Intermediate 206

L

OHC

N-(5-Chloro-2-formylphenyl)pivalamide. Pyridinium chlorochromate (1.19g,
5.5mmol) was added to a solution of N-(2-chloro-6-(hydroxymethyl) phenyl)
25  pivalamide (884mg, 3.67mmol) in CH,Cl, (100mL) at 0 °C. 5 min later the mixture

was allowed stirring at room temperature for 3 hrs. The reaction mixture was passed



through a thin pad |layer of silica gel with CH2Cl 2(2x1 OOrL), concentrated
on rotary vacuo, and purified on a flash chromatography col um el uting
wi t h 2050%0 2BidDAgI7TRexanes (1000nL) to afford the expect edTpsedsosssas a
white solid(414 ng, 47%yield); 1H NWR &%00 MHz, CDC13) 8ppm 1.37 (s, 9
H, 7.30 (t, J=7.81 Hz, 1 5 H), 7.64 (dd, J 7.93, 1.39 Hz, 1 H, 7.77 (dd,
J=7.55, 1.51 Hz, 1 H, 8.25 (s, 1 H, 9.84 (s, 1 H); Mss spec. 240.08
(M), Cal c. thrQuehGIRRAANGS 0238cDFel witERL TEDXAdGmE /
Boc' N OH 10 tergt-but yl 4&%3{ 3-Chlor o-}g 5 “@IX _ongehlﬁatgi Onl}/&g}p

pi val am dophwesspp) and-tyidied ep-aFlase chompt@raphysohopaelutng withi20e50%i ne- |

- b | at t) re.was the.sa as the sy sis of
tort-butyl aEtORERREB00RLP G oS phlrn D905 S e i Blad T e

met hoxy - 3- oxopy,GRady; 2HWMRRUOG M, '@@3)0@;?;;}9)1}’373(%,99 Hpﬁ%d gagi7 ngafif or ded
an 15 inseparable stereo isonmer m xture of tert-buty

4- (1- ( 3- ¢hl oHd-26%(ddalzh? dp9ehs: ) H), 1. Hydd.oky- 33, hdtl e | -1B); 82665, dpdn- 2- y1 )
: N iren . | ) . it 4
7T ash cnr SRabar bR mas B e O 3y AR LB G Koo

496.23. 20 Internmediate 208 HCI ONC CHHN\ 8-Chloro-3-(piperidin-4
yl ) qui nolin-2(1H)-one hydrochl oride. The procedure was the sane as the
synthesis of 7-fluoro-3-(piperidin-mgmediate 007/napht hyri di n-2(1H) WO
2006/ 052378 PCT/ US2005/ 036859 148 one. After reaction, partial of the
sol vent was renoved on rotary vacuum the pected product cane out as a
solid fromthe solution, filtration and washing wwth ethanol to gave the
expect ed product, 8-chl oro-3-(piperidin-4 'nol i n-2(1H) - one

MeO

10
tert-butyl 4-(1-(3-Chloro-2-pivalamidophenyl)- 1-hydroxy-3-methoxy-3-

oxopropan-2-yl)piperidine-1-carboxylate. The reaction procedure was the same as
the synthesis of tert-butyl 4-(1-(6-fluoro-2-pivalamidopyridin-3-yl)-1-hydroxy-3-
methoxy-3-oxopropan-2-yl) piperidine-1-carboxylate. The reaction afforded an

15 inseparable stereo isomer mixture of tert-butyl 4-(1-(3-chloro-2-pivalamidophenyl)-
1-hydroxy-3-methoxy-3-oxopropan-2-yl) piperidine-1-carboxylate, as a white solid
(56% yield) after purification on flash chromatography. Mass spec. 497.22(MH"),
Calc. for Cy5H37CIN;Og 496.23.

20 Intermediate 208
H Cl
(o) N
N
CIH.HN

8-Chloro-3-(piperidin-4-yl)quinolin-2(1H)-one hydrochloride. The procedure
was the same as the synthesis of 7-fluoro-3-(piperidin-4-yl)-1, 8-naphthyridin-2(1H)-



hydrochl oride, a white solid (71%yield); 1H NWVR (400 MHz, MeOD) Sppm 1. 85
5 1.96(m2H),2.17(d, JJ13. 85Hz, 2H), 3. 10- 3. 20(m 4H), 3. 46-3.54(m 2H), 7.23
(t, J7.8lwbzpocloskhrs 7.59 - 7.64 (m 2 H), 7.81 (s, 1 H)pchvAssospesssy 263. 08
(M), Calc. for Cl4H15CLIN20 262. 09. Intlggrredi ate 209 2N Mm®2C ,q 10 F
Met hyl 2-fl uoro-6-nitrobenzoate. To 2-fl'Udro-6-nitrobenzoic acid (712nyg,
3.85 mmol ) in nethanol/acetonitrile (10 nL/I Q1) was dropw se added TMSCHNZ2

at 0 C under of2 Atfidrirkbactioh) utisl O @ OBFeht WheRmoved dn $dtht g\%@ulﬁﬂd’tﬁe' onal 30
mn. Then the 15 reaction was quenched with HOAcat O until the yell ow

col or di sapp&tiested mipdychcame ontas asselid dipm thg soldap\dtraior ardavashingowithm  t he

Chr omar ogr apry i i Ehvs'de PHFRssd sBIRUER Mok s ek boh a2k ABlene: ne
expected pr oﬂytﬁbcmmmlwﬁtédouﬁar(m% léw)t ﬂHquaO@MHz?Mé@D) Qg ﬁ1Y1'83§d)
whi ch was used in step-2; 'H NWMR 20 CDC13) pm 3.9

7.40 - 7.8 18 (m HH), 2717581 JEs. SQSEB %_H) %1@434%9(m14|1=5), 46 9434((m, 21?8 l?:Dl ;|z10
1 ;. Ma I i ate
N Moo S@%@ TeeRyReol E 7302 B o LR RIS He R spee! S04

2-f 1 uor o- 6- n{MHébe]ako&irejl(HgGIN@ 26230%9 mol ) was di ssol ved in

Et OH HOAc/ (1 Om./ 10nmL), foll owed by addition of WO 2006/ 052378

PCT/ US2005/ 036859 149 iron powder (602ng, 10.8nmpl) at room tenperature.
The resulting mxture was refluxedpugdegiafddgoor 2 hrs. After cooling down
to roomtenperature, the brown suspension was partitioned between H2O0
(30m) and Et20 (100OM.). After 0N

MeO,C l

10 ' F

Methyl 2-fluoro-6-nitrobenzoate. To 2-fluoro-6-nitrobenzoic acid (712mg,

3.85 mmol) in methanol/acetonitrile (10 mL/10mL) was dropwise added TMSCHN,
at 0 °C under N; until yellow color persistent, and stirred additional 30 min. Then the

15  reaction was quenched with HOAcat 0 °C until the yellow color disappears. Partial
of the solvent was removed o rotary vacuum, the residue was dissolved in small
amount of EtOAc, purified on flash chromatography eluting with 30~50%
EtOAc/hexanes (600mL) to afford the expected product, methyl 2-fluoro-6-
nitrobenzoate, (716mg, 94% yield) which was used in step-2: '"H NMR (400 MHz,

20 CDCls) 6ppm 3.96 (s, 3 H), 7.40 - 7.48 (m, 1 H), 7.58 (td, J=8.31, 5.54 Hz, 1 H),
7.94 (d, /=8.31 Hz, 1 H); Mass spec. 200.05 (MH+), Calc. for CgHgFNO,4 199.03.

Intermediate 210
H,N
MeOZC l
F

25
Methyl 2-amino-6-fluorobenzoate. Methyl 2-fluoro-6-nitrobenzoate (715 mg,
3.59 mmol) was dissolved in EtOH/HOAc/(10mL/10mL), followed by addition of



separation, the aqueous solution was extracted wth Et20 (50nL). The
conbined 5 organic layers were washed with I N NaCH (3x50n.), brine (50n),
dried on wbb8hs2eed concentrated on rotary vacuumto abtond2ddsesespect ed
product, nethyl 2- am no-6-fluor obenzoat% an colorless oil which becane
wax-type solid on standing. The crude cloﬁ*pound was pure enough to be used
in next step without further purification; '"H NWR (400 MHz, CDC13) Sppm

3.89 (s, 3 HironpoRded§02rZz, ) SnfindfatlBomdeldperdfuid - P reSulfife mixtlt W& 1 H),
6.41 (d, J=8.31 Hz, 1 , 7.13 (td, J=8.18, 5.79 Hz, 1 ; Mass spec.
170. 06 ( MH+) refluxpd undes NodgHi ftgpepobisg dpwnée rasd terepepature, thelrawry OH F

15 (2- Am no- §- . -am-ho- 6.f | Uor ghenzoate, a
orude compouniPShat RAGPHiN L tR0%en L BRSBTS (Tp0n’ RRETE )"\
dropwi se adsepdrdtion] the agquespe slition @hs dxdtdcled M TDEL S .(S3GATR| Theddonitagin
terrperatgge over,ﬁ m nutes. The m xture was stirred for |hr, then cool ed

down to O COrEGUnRYEHVRiCrHAshed with | NAEAHNEs ol )a henetdOrtor depddnt h Et 20
(2x501) . Thegr & TPAREINLERRR Cor RVE) Saculthl 6 ABPIEd o ct (rﬁgﬁ}rl)Z- dri ed

bR
on MySO4, concentrated on rotary vacuumto give an expected crude’product,
(2- ami no- 6- f kmoepAeobimmateaarotqlodsss aillwinvinbecamkivex2§Be sdlidny) standliigch was

h b dinith t st i t hqut furt her, rification; 'H
RVR (400 N TPeHaq8 oo vgs pie cnohighfo bepisgg s sextstepwithuy Brier - o5 5 1y

6.39 - 6.47 i ibh- 7 , . , 24142. 08
(i) . cal ool SRR C00ut= 3Pl 98 595578 e T3 63 Bdeso 150
| nt er medlGt e(ddd2/~14.58)\8.06, 1.01 Hz, 1 H), 6.41 (d, /=8.31 Hz, 1 H), 7.13 (td, J=8.18, 5.79

Hz, 1 H); Mass spec. 170.06 (MH+), Calc. for CgHgFNO; 169.05.

Intermediate 211

H,N

OH F

15
(2-Amino-6-fluorophenyl)methanol. Methyl 2-amino-6-fluorobenzoate, a

crude compound obtained in the last step, dissolved in THF (15mL) was dropwise
added to the suspension of LAH (204mg, 5.39mmol) at room temperature over 5
minutes. The mixture was stirred for 1hr, then cooled down t00° C, quenched with

20  saturated Na,SO, and extracted with Et,0 (2x50mL). The combined organic layers
were washed with brine (30mL). dried on MgSO,, concentrated on rotary vacuum to
give an expected crude product, (2-amino-6-fluorophenyl)methanol, as a brown
solid(268.1mg), which was pure enough to be used in the next step without further
purification; "H NMR (400 MHz, CDCl;) 6ppm 1.64 (s, 1 H), 4.30 (s, 2 H), 4.75 (s,

25 2H),6.39-6.47(m,2H), 7.02 (td, J/=8.18, 6.30 Hz, 1 H); Mass spec. 142.08 (MH"),
Calc. for C;HgFNO 141.06.
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Ol /| OHF N (3-Fluoro-2-(hydroxynethyl)phenyl)pival am de. Trinethyl acetyl
chloride 5 (.25nm, 1.99¢mmvl) was added to a sol ution of

(2- ami no-wefbesrsegreenyl ) net hanol (268ng, 1.90 mmol ) i npCHAGR@SO3sHL) at O
C, followed by the addition of DIEA (1. g m., 5.7 mmol ). The m xture was
stirred for 1 hr, foll owed by nornal L}8 work-up to afford the
expected crude product, N- (3-fl uoro- 2 (hydroxyrret hyl ) phenyl ) pi val am de, as
a colorless oil (415mg, 97%vyield), wuimbkdpes20 used directly in the next
step; 1H NWR (400 MHz, CDCl 3) Jppm 1.29 (s, 9 H, 2.64 (s, 1 H, 4.78 (d,
J=4.78 Hz, 2 H, 6.75 - 6.84 (m 1 H 23(td J 8.62, 5.92 Hz, 1 H),
7.86 (d, J=8.31 Hz, 1 H), 8.97 (s, ?LQH,/N spec. 226.11 (M#), Calc. for
C12H16FNO2 225.12. 15 Internediate 213 /| OHC F

N- ( 3- Fl uor o- 2- f or nyl phenyl ) pi val am de. 9P i um chl orochromate (596nyg,
2.76 mmol ) was added to a solution of N %Hfzg uor o- 2- (hydroxymet hyl ) 20
phenyl) pival am de (415ng, 1.84 mml) in Cl2 (50nmL) at O T. 5 mn later
the mxture was allowed stirring at roomtenperature for 3 hrs. The
reaction mxture was passed through a thin pad |ayer of silica gel with
CH2C12(2x50m.), c bl £ g%?, nand ash

chr omat ogr aph com eélsﬁtl ghy %E@%hél%@wé?&cl he%g&s]yﬁgetgﬁh%rgdg afford

t he expect ed(-piobBuLPImmo )SVEfSIadd?:Cth’@ sphutfonrafy2-ehdmy b )fbllorﬁ&)lhamm@ethasola white

155", o POt %bﬁ'ﬂ%@@ TR Rl ¢ douste by 8gaim pebieds P

PCT/ US2005/ 036B59., 5ﬂ5ﬁm61)55’hHmeﬂard‘bvas ﬁlrﬁﬁ o1 hd 8l SedH: nokmad ac'\%QusBS (s, 1

Hy, 11.57 (s, 1 H); Mass spec. 224. ?\] Cal c. for CL2HL4FNO2 223. 1.
work-up fo afford the expected crude product (3-fluoro-2-

(hydroxymethyl)phenyl)pivalamide, as a colorless 0il(415mg, 97% yield), which was

10 used directly in the next step; "H NMR (400 MHz, CDCl3) oppm 1.29 (s, 9 H), 2.64
(s, 1 H), 4.78 (d, J=4.78 Hz, 2 H), 6.75 - 6.84 (m, 1 H), 7.23 (td, J=8.62, 5.92 Hz, 1
H), 7.86 (d, J/=8.31 Hz, 1 H), 8.97 (s, 1 H); Mass spec. 226.11 (MH"), Calc. for
C2H16FNO; 225.12.

15 : Intermediate 213

OHC l

N-(3-Fluoro-2-formylphenyl)pivalamide. Pyridinium chlorochromate
(596mg, 2.76 mmol) was added to a solution of N-(3-fluoro-2-(hydroxymethyl)

20  phenyl) pivalamide (415mg, 1.84 mmol) in CH,Cl, (50mL) at 0 °C. 5 min later the
mixture was allowed stirring at room temperature for 3 hrs. The reaction mixture
was passed through a thin pad layer of silica gel with CH,Cl,(2x50mL), concentrated
on rotary vacuum, and purified on a flash chromatography column eluting with

-20~50% EtOAc/hexanes (600mL) to afford the expected product, N-(3-fluoro-2-

25  formylphenyl)pivalamide, as a white solid(396 mg, 46% yield after five steps); 'H

NMR (400 MHz, CDCl3) éppm 1.33 (s, 9 H), 6.76 - 6.83 (m, 1 H), 7.54 (td, J=8.44,



Internediate 214 HN O MeO O5 Boc' N OH F tert-butyl 4-(1-(2-Fluoro-6

pi val am dophenyl ) - 1- hydr oxy- 3- met hoxy- 3- oxopr opan- 2

yl ) pi per iwonessloseasboxyl ate. The reacti on procedure waspChassasm3iaso t he
synthesis of tert-butyl

4-(1- (6-f1 uoro- 2- pi val ami dopyri di n- 3-yl }21- hydr oxy- 3 10

nmet hoxy- 3- oxopr opan- 2-yl ) piperidine-I|-carboxylate. The reaction afforded a
Zt (eg e?z | Songss glzzdi )€8.96 (4,723 S¥REL T 88, £0.98 6, RTEDIWEST (4 §TH): RESY bpec.

- - - u - -

pi val am doph2y1l) (MHR Gatsx for ©1ét:ANQy 223.0xopr opan- 2- yl ) pi peri di ne- | -
carboxylate, as a colorless oil which was used directly in the next step
wi t hout further purification. Mass spec. 481.24 (MH), Calc. for
C25H37FN206 480.26. 15 Internedi atptedhediatd 219 N\ | / CIHHNF

5- Fl uoro- 3- (pi peridin-4 yl)quinolin-2(1H)-one hydrochl oride. The procedure
20 was the sane as the synthesis of 7-fluoro-3-(piperidin-4-yl)-1,

8- napht hyridin-2(1H)- one. After reaction, parti of the solvent was
removed on rotary vacuum the expected product me out as a solid from
the solution, filtration and washing w tfo et _ePhanol to gave the
expected product, 5-fluoro-3-(piperidin-4-y¥¥yqup in- 2(1H)-one .
hydrochl ori de, a white solid (43%yvyield-afte 0 _steps); 1H NMR (400 25
MHz, MeOD) Sppm 1.85 - 1.96 (m 2 H), 2. (df J=#14.10 Hz, 2 H), 3.16 (td,
J=13.03, .90 Hz, 3 H), 3.51 (dd, JgloVssr 2.¥ Az, 2 H, 4.55 (s, 1 H),
6.94 - 6.99 WO 2006/ 052378 PCT/ US2005/036859. 152 . (m 1 H), 7.13
(d,./--8.31 Hz, 1 H), 7.48 (td, J=8.31, 5.79 Hz, 1 H), 7.90 (s, 1 H; Mass

spec. 247.11 ( M*)ei’t—b%l%‘-(Jt&[F/gg‘f%tk-gﬁllc\zl?a%iggpgie%}%)-] -hydroxy-3-meth0xy-3-

oxopropan-2-yl)piperidine-1-carboxylate. The reaction procedure was the same as

the synthesis of tert-butyl 4-(1-(6-fluoro-2-pivalamidopyridin-3-yl)-1-hydroxy-3-

10 methoxy-3-oxopropan-2-yl) piperidine-1-carboxylate. The reaction afforded a stereo
isomer mixture of the expected crude product, tert-butyl 4-(1-(2;ﬂuoro-6-
pivalamidophenyl)-1-hydroxy-3-methoxy-3-oxopropan-2-yl)piperidine-1-
carboxylate, as a colorless oil which was used directly in the next step without further

purification. Mass spec. 481.24 (MH"), Calc. for C,sH37FN,O¢ 480.26.

15
Intermediate 215
O N
X
CIH.HN F

5-Fluoro-3-(piperidin-4-yl)quinolin-2 (1 H)-one hydrochloride. The procedure
20  was the same as the synthesis of 7-fluoro-3-(piperidin-4-yl)-1, 8-naphthyridin-2(1H)-
one. After reaction, partial of the solvent was removed on rotary vacuum, the
expected product came out as a solid from the solution, filtration and washing with
ethyl ethanol to gave the expected product, 5-fluoro-3-(piperidin-4-yl)quinolin-
2(1H)-one hydrochloride, a white solid (43% yield after two steps); 'H NMR (400
25  MHz, MeOD) 6ppm 1.85 - 1.96 (m, 2 H), 2.16 (d, J=14.10 Hz, 2 H), 3.16 (td,
J=13.03, 2.90 Hz, 3 H), 3.51 (dd, J=10.58, 2.01 Hz, 2 H), 4.55 (s, 1 H), 6.94 - 6.99



EXAMPLE1 HN N/ ~O NN'NO ONNH 56 _
4- (2- xo-1, 4-di hydro-2H qui nazolin-3 yl) piperidine-I-carboxylic acid (9

benzyl - 8-weQod/ 0583787, 8, 9, 10- hexahydro-2, 3, PCT/US2005/036859
9-triaza-(R)-cycl oheptal e]inden-7-yl)- %m de. Potassium carbonate (25 ny,
0.18 mml ) was added to a solution of 4-f2- 10 :

Oxo- 1, 4-di hydr o- 2H qui nazol i n-3-yl ) - pi peri di ne-1-carboxylic acid

(3-acetyl -9 (m, 1H%,713(d =831 Haz, 1 H), 7:48 (1d, /=831, 5.70 Hz, 1 H), 7.00 (s, 1 H

benzyl - 8- oxo- io- hexahydr 0-2 9 triaza- (R)-cycl ohepta[ e}

i nden-7-yl) - N@ma@c(zm Iy MIg" )OGalmeIrFMPReBMiOMﬁMs stirred at room
tenperature for 1.25 hours. Reaction was quenched with IN hydrochloric
acid (5 nL). Methanol was renmoved fromthe m xture in vacuo. Remai ning
aqueous was nade basic w th sodi um 1ExiAnMarkqnate. M xture was extracted

wi th dichloronethane (3 X 10 nL). Conbined extracts were dried (nmagnesi um
sulfate), filtered and concentrated in vacuo. Title conpound was obt ai ned
as an off-white solid in 90%yield. "N NVR (300 MHz, CDC13): S= 7.64 (s, 1
H, 7.18 (m 6H), 7.06 (m 1 H, 6. 7.1, 1 H, 6.84 (m 2H), 6.67
(m 1 H, 6.24 (d, J 5.9, 1 H, 5.40 H, 4.96 (d, J=14.6, 1 H), 4.76
(d, 20 J 17.2, 1H), 4.58 (m 2H) 4.15 Ho 3.83 (d, J= 13.2, 1H), 3.46

(dd, J1= 3.1, J2=16.7, | H, 2 98 (m 1.8 4H). MB me (MtH) +=
564.3. 25 WD 2006/ 052378 PCT/ usz 68 153 EXAWPLE;2 H N
o

N NH

4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid (9-
benzyl-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta/e] inden-7-yl)-
amide. Potassium carbonate (25 mg, 0.18 mmol) was added to a solution of 4-(2-

10 Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid (3-acetyl-9-
benzyl-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl)-
amide (19 mg, 0.03 mmol). Reaction was stirred at room temperature for 1.25 hours.
Reaction was quenched with 1N hydrochloric acid (5 mL). Methanol was removed
from the mixture in vacuo. Remaining aqueous was made basic with sodium

15 bicarbonate. Mixture was extracted with dichloromethane (3 X 10 mL). Combined
extracts were dried (magnesium sulfate), filtered and concentrated in vacuo. Title
compound was obtained as an off-white solid in 90% yield. '"H NMR (300 MHz,
CDCl3): 6= 17.64 (s, 1H), 7.18 (m, 6H), 7.06 (m, 1H), 6.96 (t, /= 7.1, 1H), 6.84 (m,
2H), 6.67 (m, 1H), 6.24 (d, J= 5.9, 1H), 5.40 (m, 1H), 4.96 (d, J=14.6, 1H), 4.76 (d,

20 J=17.2,1H), 4.58 (m, 2H), 4.15 (m, 5H), 3.83 (d, J= 13.2, 1H), 3.46 (dd, JI=3.1,
J2=16.7, 1H), 2.98 (m ,3H), 1.78 (m, 4H). MS m/e (M+H)"= 564.3.

25



M / O NNI~I1 N O HI OLNNH 4-(2-Oo0-1, 4-di hydro-2H qui nazolin-3 yl)
pi peridi ne-1-carboxylic acid (9- 5 nethyl-8-o0x0-3, 6, 7, 8,

9, 10- hexahpdn@/32378, 9-tri aza-(R)-cycl ohepta[ eJi nden-7 pCI/tEdIED36889

catal yti c amount of 10% pal | adi um on car ?ﬁn was added to a m xture of
(3-acetyl -9-nethyl -8-o0x0-3, 6, 7, 8,9, 10- exahydro-2,3,9-triaza-(R)-

cycl ohept a[ e] i nden-7-yl)-carbam c acid benzyl ester (30 ng, 0.07 nmmol), and
acetic acid (20 L, 0.35 nmmol) in megkangbrg6 nL) and ethyl acetate (3 ni).
Reaction 10 vessel was placed on a Parr hydrogenation apparatus and charged
with 50 psi of hydrogen gas. Reagjion mxture was allowed to shake at room
tenperature for 1.5 hours. Mxture was filtered. Filtrate was
concentrated. Residue was treateQq, di chl oronet hane (3 nL) and

sat urat ed aqueous sodi um bi car bon m.). 20 % phosgene in toluene (48
L, 0.09 mmol) was added to the m xtuyre\Reaction was 15 stirred at room
tenperature for 5 mnutes. 4-(2-Oxo:1l, 44di tlLLdr 0- 2H qui nazol i n- 3-yl)

pi peri di nium acetate (25 ng, 0.09 wids dddeyd t§ the m xture. Reaction
m xture was allowed to stir at room tegpel NHour. Anot her 20 gL
of phosgene sol ution was added to the m xture fol ed after 15 m nutes by
anot her 20 ng of 4-(2-Oxo-1, 4-di hydro-2H qui nazol i 2=y ) piperidinium
acetate. Reaction 20 mxture was stirred at roomt ature for 30

m nutes. Reaction |layers were partitioned. Organic was washed successively
with I'N hydrochloric acid (2X 5nL), and brine (5 nm). Oganic was dried
(magnesium sul fate), filtered and concentrated in vacuo. Residue was

di ssol ved in et Hho0xed frdifiydmpoi Bysingaelens bOmipeiding Iwgrboxplia griddl ) was
added to 4 he,_pi r [ ] .St erature
For 1 houy. PELE#LE-2 P e b RN R AP R itk B St Bl O den- /S

trifl uoroacetmideacA datalgtid 8mpnetprl@topallatiinCon carbon was added to a mixture of

(aceton! 11 g: et e o ] ot oa%ed 6 361l M0, SUORLOSEHE PCT/ US2005/ 036858

cyclohepta[e]inden-7-yl)-carbamic acid benzyl ester (30 mg, 0.07 mmol), and acetic

acid (20 puL, 0.35 mmol) in methanol (6 mL) and ethyl acetate (3 mL). Reaction

10 vessel was placed on a Parr hydrogenation apparatus and charged with 50 psi of
hydrogen gas. Reaction mixture was allowed to shake at room temperature for 1.5
hours. Mixture was filtered. Filtrate was concentrated. Residue was treated with
dichloromethane (3 mL) and saturated aqueous sodium bicarbonate (1 mL). 20 %
phosgene in toluene (48 L, 0.09 mmol) was added to the mixture. Reaction was

15 stirred at room temperature for 5 minutes. 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)
piperidinium acetate (25 mg, 0.09 mmol) was added to the mixture. Reaction
mixture was allowed to stir at room temperature for 1 hour. Another 20 puL of
phosgene solution was added to the mixture followed after 15 minutes by another 20
mg of 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl) piperidinium acetate. Reaction

20  mixture was stirred at room temperature for 30 minutes. Reaction layers were
partitioned. Organic was washed successively with 1N hydrochloric acid (2X 5mL),
and brine (5 mL). Organic was dried (magnesium sulfate), filtered and concentrated
in vacuo. Residue was dissolved in methanol (3 mL). Potassium carbonate (25 mg,
0.18 mmol) was added to the mixture. Reaction mixture was stirred at room

25  temperature for 1 hour. Reaction was quenched with a couple of drops of

trifluoroacetic acid. C18 preparatory HPLC (acetonitrile-water-trifluoroacetic acid)



yielded the title conpound as a white solid in 16%yield. '"H NVR (300 MHz,
CDC13): 8= 7.94 (s, 1 H, 7.17 (m 2H), 7.06 (t, J=7.1, 2H), 6.93 (m 2H),
6.82 (d, wo208/032378 H, 6.66 (d, J 7.3, 1 H) 6 19 (d, #CP/U32005/0bH8595.3 7
(m 1 H, 5.16 (m 1 H, 5.03 (dJ— 17%% , 4.59 (m | H), 4.34 (s,
3H), 4.19 (m 2H), 3.42 (m | H), 2.94 ¢ 4H) 51.80 (m 4H). MS me
(M+H) += 488.4. EXAMPLE 3 H N 3N\/~O NNNIOAOI Nom OHL JO NNH10
4- (2- Oxo- 1, ﬂle@b@wtﬁre%nq%ﬁ@m wﬂltéyéﬁd iRl 189 yi@kf‘eHNd\QRr(?@O(MHzC acid [8-
0X0-9-(2pi peridin-1 yl-eth hexah

9-tri aza- ( R) €Dy hepd &, dBﬁ)nﬂéﬁ(rﬁ gm;wm(ud— N, ISZIH-),EB 9%16mj 2H O B21(d,cAT bonat e

(75(5R;rgam0n(2) 2%?&3&3#”5%&); gfiwg) u§§ &hé 37 (m, 1H), 5.16 (m, 1H), 5.03
tetrahydro- 3ig. /& 3, 29 ltH’)' @39(&}’?}!{?*&@%(@[3611)' mngnﬁzﬁg% 426?%@{) 9943mmm)) and

15 triethylam ne (15 di‘chl oronet Reactt1 Gn was
stirred 5t }SQ)(InI‘éhﬁaM&mm éMfrHD ‘3@8rﬁ nut es.

4- (2- Oxo0-1, 4-di hydr o- 2H qui nazol i n-3-yl) piperidiniumacetate (65 ng, 0.22
ninol) was added to the reaction m xture. Reaction was stirred until

j udged conplete by HPLC (1.75 hours)ExMmverEe was washed successively with
water (2 X 5 nm) and brine (1 X5 nm). Oganic was 20 concentrated in
vacuo. C 8 preparatory HPLC (acetonitwile-water-trifluoroacetic acid)

af forded the desired product as a tan olidin 34%yield. '"H NVR (300 MHz,
DVMSO-D6): 8= 9.23 (s, | H, 8.34 (s, 7.43 (d, JJ 8.8, | H), 7.13 (m

2H), 6.86 (t, J=7.0, 1 H, 6.77 (d, 1 H, 6.68 (d, J=7.7, 1 H,
5.26 (m 2H), 4.71 (d, J 17.2, 1H), 4. loH), 4.13 (m 4H), 3.48 (m
2H), 3.26 (m 2H), 3.08 (m | H), 2.92 AL 5 24, -2.80 (m 2H), 1.80 (m
2H), 1.62 (m 4H. M5 me (MHH) += 585 4 2906/"052 78/?ECT/ US2005/ 036859
O
10 . 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid [8-

oxo0-9-(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-
cycloheptafe]inden-7-yl]-amide. N,N’-Disuccinimidyl carbonate (55 mg, 0.21
mmol) was added to a mixture of 7-(R)-amino-9-(2-piperidin-1-yl-ethyl)-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one (60 mg, 0.18 mmol) and

15  triethylamine (150 pL, 1.1 mmol) in dichloromethane (3 mL). Reaction was stirred
at room temperature for 30 minutes. 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)
piperidinium acetate (65 mg, 0.22 mmol) was added to the reaction mixture.
Reaction was stirred until judged complete by HPLC (1.75 hours). Mixture was
washed successively with water (2 X 5 mL) and brine (1 X 5 mL). Organic was

20  concentrated in vacuo. C18 preparatory HPLC (acetonitrile-water-trifluoroacetic
acid) afforded the desired product as a tan solid in 34% yield. '"H NMR (300 MHz,
DMSO0-Dg): 6=9.23 (s, 1H), 8.34 (s, 1H), 7.43 (d, J= 8.8, 1H), 7.13 (m, 2H), 6.86 (t,
J=1.0, 1H), 6.77 (d, J/= 7.7, 1H), 6.68 (d, J= 7.7, 1H), 5.26 (m, 2H), 4.71 (d, J=17.2,
1H), 4.36 (m, 1H), 4.13 (m, 4H), 3.48 (m, 2H), 3.26 (m, 2H), 3.08 (m, 1H), 2.92 (m,

25  2H), 2.80 (m, 2H), 1.80 (m, 2H), 1.62 (m, 4H). MS m/e (M+H) = 585 4.



155 EXAMPLE4 HN M / ~ O ~/NNO OCONNH J1 1-6

4-(2- xo-1, 4-di hydro-2H qui nazolin-3 yl) piperidine-I-carboxylic acid [8- 5
0Xx0- 9- ( 2pyorodd/de3181l yl -et hyl)-3, 6, 7, 8, 9, 10- hexahydr o- 2 p8TArsteosaias§ R)

cycl ohepta[e]inden-7 yl]-am de.

7-(R) - Ani no-9- (2-pyrrolidin-1-yl -ethyl )87, 9, 10- tetrahydro-3

H 2,3,9-triaza-cycl ohepta[e] inden-8 -one (27 ng, 0.09 mml) was reacted
in a manner anal ogous to the preparagkxMPIE 4

4- (2- oxo0-1, 4-di hydr o- 2H qui nazol i n-3- yl)-pi peridi ne-1-carboxylic acid

[ 8- 0x0-9-(2-piperidin-l-yl-ethyl)-3,647,8,9,10 10

hexahydro-2, 3,9-tri aza- (R)-cycl ohept aNe] i nden-7-yl]-am de. Title conpound
was obtained as a white solid in 2 . 1H NWR (300 MHz, DVBO D6): 8=
9.23 (s, | H, 8.34 (s, | H, 7.43 8.4, 1H), 713(m 2H), 6.86
(t,J=7.3, I H, 6.76 (d, IJ= 7.7, | N7 6d, JJ?O I , 5.26

(m2H), 4.70 (d, J= 17.2, | H), 4.37 )4? m 6H) , 362 (m 2H),
3.36 (m 4H), 3.04 (m 3H), 2.80 (m, 2 00 186 15 (m 2H),
1.70 (m 2H), 1.57 (m 2H. MS mf 4! @ HN N/ ~
JO. [ "/NN'NaO-NONNH\S@ \ ]

4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid [8§-

5 oxo-9-(2-pyrrolidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-
cycloheptafe]inden-7-yl]-amide. 7-(R)-Amino-9-(2-pyrrolidin-1-yl-ethyl)-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cycloheptafelinden-8-one (27 mg, 0.09 mmol) was reacted
in a manner analogous to the preparation of 4-(2-oxo-1,4-dihydro-2H-quinazolin-3-
yl)-piperidine-1-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-

10 hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide. Title compound was
obtained as a white solid in 20% yield. "H NMR (300 MHz, DMSO-Dg): 6=9.23 (s,
1H), 8.34 (s, 1H), 7.43 (d, J= 8.4, 1H), 7.13 (m, 2H), 6.86 (t ,/=7.3, 1H), 6.76 (4, J=
7.7, 1H), 6.67 (d, J= 7.0, 1H), 5.26 (m,2H), 4.70 (d, J= 17.2, 1H), 4.37 (m, 2H), 4.12
(m, 6H), 3.62 (m, 2H), 3.36 (m, 4H), 3.04 (m, 3H), 2.80 (m, 2H), 2.00 (m, 2H), 1.86

15 (m, 2H), 1.70 (m, 2H), 1.57 (m, 2H). MS m/e (M+H)"= 571 4.

EXAMPLE 5




WO 2006/ 052378 PCT/ US2005/ 036859 156 4-(2- Oxo-1,

4- di hydr o- 2H qui nazol i n- 3yl ) piperidine-I-carboxylic acid [9-

(2- di net hwbamans2zshyl ) - 8- oxo-3, 6, 7, 8, 9, 10-hexahydr ®CZ/US3005/036859
9-triaza-(R)- cyclohepta[e]inden-7 ylJ- 31316

7- (R) - Am no- 9- ( 2-di et hyl am no-ethyl)-6 9, 10-

tetrahydro-3H 2, 3,9-tri aza-cycl oheptal[e]i nden-8-one (1 ling, 0.04 mmol) was

reacted 5 in a maneIORNAYORIBUR-DY- iﬁﬁ‘azl@[zﬁ-g 1BbipORIRE-1-carboxylic acid [9-
4- (2-o0xo0-1, 4-di hy dlrro 2H qui nazol i n- % %foe‘%l%vdl ne-1|-car ngyl iC [aC| d

[ 8- 0x0- 9- ( 2. - W/dﬂmwlmOWhyé)t&qu-.?@, 9 IQ igqugydro 2,3,9-triaza-(R)-

ey oo 2 BRSO Ll e T A o

9.23 (s, 1 H)trahi&irBéBHBS %tridia—ciclél?ep(aﬂe]mhén&éhe (111&&,, Omjlﬁm()mwa%'r&act&l 87
(t, J 7.5, 1.H, 6.77 (d, JJ 10 8.1, 1 4( 5.26 (m
2H), 4.69 (din gmgmnep angloggus tat@@rfnﬁratzpmmf 4G (‘Tﬁlhm 2H3q13rrazehp 32H)

o 2 Ay oD )il Eiboriedeid Blodd o- %p%dm yifhypd@re ol 20 VB
? NFopeEt IyI Rexalydmee, 339(t14az(a2(309c¢ye]loh<ﬂatm[§hy®hnengl raamldd: .1 Des3{eddpmploymd was | di n-

t [ ul nol 1
poaberrolt] adbipined oy %w rsnd RIGE R S avi e M Ss 0o oBn a2ttt o (116

, 20 0.3 | a
ST neopentydz g, 9%27(8#;?3}]}%1 QF&R 2H) 6.87 (t, /= 7.5, 1H), 6.7 (d, J=

pyr azol o]®, 48] tid), |6cﬂ4|(d B=Y.B) b}&)emﬁ (e i28) (D69 (y, /=072, iHip|4)36a(nel 1M)NA. 13

Mt O e s ROy a4 Ao e O 2Ps (ropiha v asee: 171 ah, 20, 157
4- (2- Oxo- 1, 4 dmdMs dld (MHiTazakign- 3-yl) piperidine (70 ng, 0.3 mmol) was

then added to the mxture. After 25 3 h stirring at roomtenperature, the
crude reaction mxture was purified by prep

EXAMPLE 6

N~NH
/

15 O

3-Neopentyl-7-(2-oxo-2-(4-(2-oxo0-1,2-dihydroquinazolin-3(4H)-yl)piperidin-

1-yl)ethyl)-7,8-dihydro-1H-pyrazolo[3,4-g]quinolin-6(5H)-one. O-(7-

Azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (116 mg,
20 0.3 mmol) was added to a solution of 2-(1-neopentyl-2-0x0-2,3,4,7-tetrahydro-1H-

pyrazolo[3,4-h]quinolin-3-yl)acetic acid (95 mg, 0.3 mmol) and N,N-

diisopropylethylamine (158 pL, 0.9 mmol) in dichloromethane (5.0 mL). Mixture

was stirred at room temperature for 45 minutes. 4-(2-Oxo-1,4-dihydro-2H-

quinazolin-3-yl) piperidine (70 mg, 0.3 mmol) was then added to the mixture. After
25 3 hstirring at room temperature, the crude reaction mixture was purified by prep

HPLC starting from 30% methanol in water to 90% methanol in water over a period



HPLC starting from 30% net hanol in water to 90% net hanol in water over a
peri od WO 2006/ 052378 PCT/ US2005/ 036859 157 of 8 mn and at a flow rate of
40 m / m nwoResmams2d7sof sol vent furni shed the desired. MBCTESR)osH2B5E M+-H) ;
Rf=1.57. EXAMVPLE7 H,N M / ~~/NNH\NOOJ, NN UHIb*5
4- (2- Oxo0-1, 4-dihydro-2H quinazolin-3yl) -pi peridine-|-carboxylic acid [9-
(2-norpholin-4 yl-ethyl)-8-oxo0-3, 6, 7, 8, 9,10-hexahydro-2, 3,
9-triaza- (R) of8¥h Qh@m@ﬂé\blrﬁl@ %@45 nﬁﬂfﬂmameﬁﬁwal of sglvent furnished the desired.
7- (R - Amn09é2rmr holin-4-yl-ethyl)-6,7,9,10 10
t et rahydr o- 3M (58195 (MiH),cR/ﬂFl bhépt a[ e] i nden-8-one (18 ngy, 0.05 nmol) was
reacted in a manner anal ogous to the preparation of
4- (2-oxo0-1, 4-di hydr o- 2H qui nazol i n-3- yl)-pi peri di ne-1-carboxylic acid
[ 8- 0x0-9- (2-pi peridin-1-yl-ethyl)-3, EXAMPRELO-
hexahydro- 2, 3,9-tri aza- (R)-cycl ohepta[e]inden-7-yl]-am de. The title
compound was obtained as a light yellaw solid in 43%yield. 1H NVR (300
MHz, DMSO D6): 5- 15 9.23 (s, 1H), 8. H, 7.44 (d, J= 8.4, | H,
7.13 (t, J= 8.4, 2H), 6.86 (t, J= 7. 6.77 (d, J= 8.4, 1 H), 6.66
(d, J=7.0, 1 H, 527 (m 2H), 4.71 ( .2, 1 H, 4.38 (m 1H), 4.16
(m 4H), 3.98 (m 2H), 3.61 (m 4H), 3. 46, 3.29 (m 2H), 3.10 (m
4H), 2.79 (m 2H), 1.72 (m 2H), 1.56 ( , M. 56 (m 2H) M5 nie
(MrH) += 587.4. 20 25 — N- N JL

N~ "NH

S
0\) ‘\@ '
5
4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid [9-

(2-morpholin-4-yl-ethyl)-8-oxo-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-
cyclohepta[e]inden-7-yl]-amide. 7-(R)-Amino-9-(2-morpholin-4-yl-ethyl)-6,7,9,10-

10 tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one (18 mg, 0.05 mmol) was reacted
in a manner analogous to the preparation of 4-(2-oxo-1,4-dihydro-2H-quinazolin-3-
yl)-piperidine-1-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide. The title compound was
obtained as a light yellow solid in 43% yield. '"H NMR (300 MHz, DMSO0-Dg): 6=

15 9.23 (s, 1H), 8.33 (s, 1H), 7.44 (d, J= 8.4, 1H), 7.13 (t, J= 8.4, 2H), 6.86 (t, J= 7.5,
1H), 6.77 (d, J= 8.4, 1H), 6.66 (d, J/=7.0, 1H), 5.27 (m, 2H), 4.71 (d, J=17.2, 1H),
4.38 (m, 1H), 4.16 (m, 4H), 3.98 (m, 2H), 3.61 (m, 4H), 3.42 (m, 4H), 3.29 (m, 2H),
3.10 (m, 4H), 2.79 (m, 2H), 1.72 (m, 2H), 1.56 (m, 2H), 1.56 (m, 2H). MS m/e
(M+H)'=587.4.

20

25



WO 2006/ 052378 PCT/ US2005/ 036859 158 EXAMPLE 8 H N N OO NHNam" NH
NONH O'H Spiro[piperidine-4, 4'-quinazolinJ-2' (3 H-one-|I -carboxylic

aci d [9- (We 2boaqmspgreol i n-4 yl -ethyl)-8-o0xo0-3, 6, 7, 8, 9pt@Asenahysiso-

9-triaza-(R)- cycl ohepta[edinden-7 ylJ- 3 de NN - Di succi ni m dyl carbonate

(21 ng, 0.08 nmmol) was added to a m xt

7- (R) - Am no-

tetrahydro-3H 2, 3, 9-tri aza-cycl ohept gikalNpdeR- 8- one (22 ny,

9- (2-nor phol i n-4-yl -et hyl) - 6,7,9,10-

2, 3,

0.07 mmol ) and

triethylamne (40 L, 0.29 muol) in dichloronethane (1 nL). Reaction was
stirred 10 at roomtenperature for 30 i nutes.

4- (2- xo0-1, 4-di hydro- 2H qui nazol i n- 3- yN
mmol ) was added to the reaction mxtUdge

conpl ete by
preparatory

desired product as a white solid in. 3496X|

3H), 6.91 (t
5.28 (m 2H),

Reaction was stirred until
HPLC (1.5 hours). M xture Wa _
HPLC (acetonitrile-water-tri g oagetic acid) afforded

elld. {H NWVR (300 MHz, 15

pi peridi nium acetate (65 ny, 0.22

j udged

concentrated in vacuo. C 18

t he

DVBO-D6): S= 9.26 (s, 1H), 8.34 (s, 4”(dNJ- 848, olH), 7.18 (m
J=7.0, 1 H), 683((-6 |-- 1H 1 .56 (d, J 7.0, 1 H),
4.70 (d, J 17.6 ~8>3 62 (rn 6H) , NHm 4H), 3.41 (m

6 (m 1. 2H . M5 me

4H), 3.27 (m 4H), 3.09 (m 2H)

(M+H) += 573.

10

15

20

25

4. 20 25 V\D 2006/ 052378 PCT/ U82005/ 036

'H-Spiro[piperidine-4,4'-quinazolin]-2'(3'H)-one-1-carboxylic acid [9-(2-
morpholin-4-yl-ethyl)-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-
cyclohepta[e]inden-7-yl]-amide. N,N’-Disuccinimidyl carbonate (21 mg, 0.08 }
mmol) was added to a mixture of 7-(R)-Amino-9-(2-morpholin-4-yl-ethyl)-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one (22 mg, 0.07 mmol) and
triethylamine (40 pL, 0.29 mmol) in dichloromethane (1 mL). Reaction was stirred
at room temperature for 30 minutes. 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)
piperidinium acetate (65 mg, 0.22 mmol) was added to the reaction mixture.
Reaction was stirred until judged complete by HPLC (1.5 hours). Mixture was

concentrated in vacuo. C18 preparatory HPLC (acetonitrile-water-trifluoroacetic

acid) afforded the desired product as a white solid in 34% yield. '"H NMR (300 MHz,

DMSO-Dg): 8= 9.26 (s, 1H), 8.34 (s, 1H), 7.43 (d, J= 8.8, 1H), 7.18 (m, 3H), 6.91 (t

J=1.0, 1H), 6.83 (d, /= 8.1, 1H), 6.66 (d, J= 7.0, 1H), 5.28 (m, 2H), 4.70 (d, J= 17.6,

1H), 3.62 (m, 6H), 3.62 (m, 4H), 3.41 (m, 4H), 3.27 (m, 4H), 3.09 (m, 2H), 1.86 (m,
2H), 1.72 (m, 2H). MS m/e (M+H)'= 573 4.



159 EXAMPLE 9 HIN M Or JNNNNO OHNH 'H Spiro[piperidine-4,

-qui nazolin]-2' (3 Hy-one-|I -carboxylic acid [8-0x0-9- 5
(1- (S) phewpho@tisyds-3, 6, 7, 8, 9,10-hexahydro-2, 3, PCT/US2005/036859
9-triaza-(R)-cycl ohepta[e]inden-7 yl]- arp g
7- Am no-9- (1-(S) - phenyl -ethyl)-6,7,9, 10- £ trahydro-3H2,3,9-triaza-(R)-
cycl ohept a[ e] i nden-8-one (27 ng, 0.08 nmmol) was reacted in a manner
anal ogous to the preparation EXAMPLE 9
of H-spiro[ pi peridine-4,4' -quinazolin]-2' (3 H)-one-|-carboxylic acid
[ 9- (2-nor phol i n-4-yl -ethyl)-8-0x0-3, 647, 8,9, 10- hexahydro-2, 3,9-tri aza- (R
10 cycl ohepta[e]inden-7-yl]-amde. Th# _title conpound was obtained as a
white solid in 14%vyield. 1H NWR ( CD3OD): S=7.92 (s, 1H), 7.46
(m 5H, 7.37 (m | H, 7.30 (m | (m 2H), 700(tJ77 IH),
6.85 (d, J=7.7, I H, 598 (q, J=

1 H, 4.98 (d, J 17.2, 1 H), 4.90 4. 47 (d, J= 176 H, 4.11
(m 2H), 3.40 (m 4H), 3.22 (m Ao (MmN .ﬁz\é 15 13. 5,

2H), 1.24 (d, JJ 7.3, 3H). MBS me +=0664" 1. 10 HN M O NN
0 0 H aN ~NH WD 2006/ 052378 PCT/ US2005/ 036859 16Q.A__NH

'H-Spirol] pfperidine-4, 4'-quinazolin]-2'(3'H)-one-1-carboxylic acid [8-0x0-9-
5 -b (1 -(S)-phenyl-ethyl)-3,6, 7 8,9,10-hexahydro-2,3,9-triaza-(R)-cycloheptafe]inden-7-
yl]-amide. 7-Amino-9-(1-(S)-phenyl-ethyl)-6,7,9,10-tetrahydro-3H-2,3,9-triaza-(R)-
cyclohepta[e]inden-8-one (27 mg, 0.08 mmol) was reacted in a manner analogous to
the preparation of 'H-spiro[piperidine-4,4'-quinazolin]-2'(3'H)-one-1-carboxylic acid
[9-(2-morpholin-4-yl-ethyl)-8-o0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-

10 cyclohepta[e]inden-7-yl]-amide. The title compound was obtained as a white solid in
14% yield. "H NMR (300 MHz, CD;0D): 8= 7.92 (s, 1H), 7.46 (m, SH), 7.37 (m,
1H), 7.30 (m, 1H), 7.19 (m, 2H), 7.00 (t J= 7.7, 1H), 6.85 (d, J/= 7.7, 1H), 5.98 (q, J=
6.8, 1H), 5.46 (dd, JI=4.6, J2=13.0, 1H), 4.98 (d, /= 17.2, 1H), 4.90 (m, 1H), 4.37
(d, J=17.6, 1H), 4.11 (m, 2H), 3.40 (m, 4H), 3.22 (m, 2H), 2.12 (m, 2H), 1.92 (d, J=

15 13.5,2H), 1.24 (d, J= 7.3, 3H). MS m/e (M+H)"'= 564.1.

EXAMPLE 10
H
N

-

N
\

O *Q%



4-(2-Oxo0-1, 4-di hydro-2H qui nazolin-3yl) piperidine-|-carboxylic acid [8-
ox0-9- (1-(S)phenyl -ethyl)-3, 6, 7, 8, 9, 10-hexahydro-2, 3, 9-triaza-(R)-
cycl oheptwpebiendesrs7 yl]-am de. 7- Ami no-9-(1-(S)-phenyl retrhysk)os636859, 10-
tetrahydro-3H 2, 3,9-triaza-(R)-cycl ohept gée]inden-&one (27 mg. 0.08 mmol)
was 5 reacted in a manner anal ogous to d preparation of

4- (2- oxo0-1, 4-di hydro-2H qui nazol i n-3-yl)-pi peridine- I -carboxylic acid
[ 8- 0X0- 9- (2- pi per i -nd:- yo-ughiN I lin-3-yl arboxylic acid [8-
3,6,7, 8,09, 10- hexahgdrg P4 St S quinggolin S Upiperiding lneqrbonylic gid [82 je.

Title comw-%hég)aﬁteeylf@dﬂhé6a7 &ﬁdﬂézemﬂydcb 2.3, 92@%@4(@) d. 1H NIVR (300

(a3 8.6, PRperalenlhunge R gyl et o) 517

I , 5:98 d-381- a54cﬂﬂld derft th €v8(d
L T)7 ) M(t@ga%h(?n 21%9%324(116(%6 3|e_8t [Je?e 80né§27 §(708ildfﬁol) a@ 5 o4

(m | H),5 2.9ectedin pppnner aga:logqhs tothe, prqpa?aglc(nrﬁf(42®0x01l, vﬂhl(xﬂlro ghl 7. o '3H).

MB me (M N NH
4-(2- eO(f) 1|_D%uuc]i£}z1’ﬁrc]ir%oy%al- Piui nazo a%}?ﬂbxé'ﬁ f‘ydg‘&"’g%%—zn% rl\ﬂ\{&'gf bxy"f c acid [8-
0x0-9- (1- (R 3;5,9@9 1@hbydhyd®-2,8,9- t?laz£(R)9c;yl:Q)hbmekﬂhyldérD7%/l aamde Titleaza- (R) 20

| ohept a[ eJi nden-7 y1 de. 7-A 1- thyl)-6,7,9, 10-
féfrihiﬁri[%sin%ooiﬂwa%pé@%%?ame?ﬁfé%%@w( BR300 8, o) ot
B2 oxe 1 T ES TR AT IR Q9PYSAG s heR AT ﬁ%iﬂ ?’g W 143 ¢ aci d
[ 8- 0X0- 910(2 I{Hpél%c(t o= 710, 1$=1|) &T8yd, V= 7.7, 1H), 5.98 (d, /= 7.0, 1H), 5.44 (dd, JI= 4.4,

3,6,7,8, d -am de.
01 1 8.5, 10l o B B bt s bR b TS 8 0%
(300 Mz, (m, 1H), 3.24 (m, 1H), 2.99 (m, 2H), 1.93 (m, 2H), 1.73 (m, 2H), 1.24 (d, J= 7.0,

3H). MS m/e (M+H)"= 578.2.

15 ' EXAMPLE 11

4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid [8-
oxo-9-(1-(R)-phenyl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-

20 cyclohepta[e]inden-7-yl]-amide. 7-Amino-9-(1-(R)-phenyl-ethyl)-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-(R)-cyclohepta[e]inden-8-one (48 mg. 0.15 mmol) was
reacted in a manner analogous to the preparation of 4-(2-oxo-1,4-dihydro-2H-
quinazolin-3-yl)-piperidine-1-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-
3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide. Title

25  compound was obtained as an off-white solid in 10% yield. '"H NMR (300 MHz,
CD;0D): 6= 7.50 (s, 21H), 7.25 (d, J= 8.4, 1H), 7.14 (m, 2H), 7.07 (m, 4H), 6.93 (t,



CD3OD): 8= 7.50 (s, 21 H), 7.25 (d, JJ 8.4, 1 H, 7.14 (m 2H), 7.07 (m
4H), 6.93 (t, WD 2006/ 052378 PCT/ US2005/036859 161 J= 7.5, 1 H), 6.83 (m
2H), 6. 78w0@pochos2378. 7, 1 H), 5.97 (q, J 6.7, 1 H, 5.40prCudiS2eb3m36849 6, J2=
13.0, 1H), 5.05 (d, J= 17.6, 1H), 49( 3H) 4.42 (s, 2H), 4.30 (m 3H),
3.37 (m I H, 3.24 (m I H, 2.99 (m .93 (m 2H), 1.76 (m 2H),
1.70 (d, J= 7.3, 3H. M me (M+H)+-5781 5EXAI\/PLE12 HCI N\ NNNN O
ONNHI-b 4J£2504H)16845-@m mgrw@khqwmzmhl 5‘93(%']):63’79?1[)' SIUngdd gar boxylic

acid (9- 10 benz | or 0- 8- oxo- 3 hexahydr o

9-triaza- (R) 46yé -oh-’e@tlé’[)e]ﬁoﬁdé,nl‘ 7.1 H) a9 ém, FEIN4. 42|(§,ul:{ﬂ A3Ri(ay BH3ar bonat e
72 (R no- 320 Sk st GELHT2 20 () B3 im GH L PSP 4040 .

triaza-cycl ongpsH]. elisnderv8-loyie 5¢4.20 ng, 0.24 mmol) and triethyl am ne (500
L, 3.6 mml) in dichloronmethane (5 nL). Reaction was stirred at room
terrperatu?e for 30 15 m nutes. 4- (2 Oxo- 1, 4-di hydr o- 2H qui nazol i n-3-yl)

pi peridine (54 ng, 0.23 mmol) was e reaction mxture. Reaction
was stirred until judged conpl ete by HPLCL,“( .5 hours). M xture was washed
successively with water (2 X 5nL) yand _ brine (5 m.). Organic |ayer was
concentrated in vacuo. Residue was pufi ed by C 18 preparatory HPLC
(acetonitrile-water-trifluoroaceyi & d). Acetonitrile was 20 renoved from
t he product containing fractions TN vgcuo. Remaining aqueous was nade
basic with sodi um bi carbonate. M xtgre\waspextracted with ethyl acetate (2
x 20 nmL). Conbined extracts were th brine (10 nL). Organic was

dried (magnesium sulfate), @-- ahd Nconken ratﬁd. Desi red product was
o " N~ “NH

obtai ned as a

4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine- 1 -carboxylic acid (9-
10 benzyl-4-chloro-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cycloheptafe] inden-
7-yl)-amide. N,N’-Disuccinimidyl carbonate (63 mg, 0.25 mmol) was added to a
mixture of 7-(R)-Amino-9-(2-morpholin-4-yl-ethyl)-6,7,9,10-tetrahydro-3H-2,3,9-
triaza-cyclohepta[e]inden-8-one (120 mg, 0.24 mmol) and triefhylamine (500 uL, 3.6
mmol) in dichloromethane (5 mL). Reaction was stirred at room temperature for 30
15 minutes. 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl) piperidine (54 mg, 0.23 mmol)
was added to the reaction mixture. Reaction was stirred until judged complete by
HPLC (0.5 hours). Mixture was washed successively with water (2 X SmL) and
brine (5 mL). Organic layer was concentrated in vacuo. Residue was purified by
C18 preparatory HPLC (acetonitrile-water-trifluoroacetic acid). Acetonitrile was
20  removed from the product containing fractions in vacuo. Remaining aqueous was
made basic with sodium bicarbonate. Mixture was extracted with ethyl acetate (2 x
20 mL). Combined extracts were washed with brine (10 mL). Organic was dried
(magnesium sulfate), filtered and concentrated. Desired product was obtained as a
white solid in 24% yield. 'H NMR (500 MHz, CD;0OD): 8= 7.91 (s, 1H), 7.16 (m,
25  4H),7.10 (d, /= 7.3, 1H), 7.04 (m, 3H), 6.92 (t, J= 7.5, 1H), 6.79 (d, J= 7.9, 1H),
 5.45(dd, JI= 4.4, J2=13.3, 1H), 5.29 (d, /= 16.8, 1H), 4.99 (d, J=14.7, 1H), 4.60 (m,



white solid in 24%vyield. '"H NW (500 MHz, CD30OD): S= 7.91 (s, 1H), 7.16
(m 25 4H), 7.10 (d, J 7.3, I H, 7.04 (m 3H), 6.92 (t, J=7.5, | H, 6.79
(d, J= 7.N90 2boe52378. 45 (dd, J1= 4.4, J2= 13.3, 1 H), 5. 2eT(u$2003m368898, 1
H, 4.99 (d, J=14.7, 1 H), 4.60 (m WO 21%96/ 052378 PCT/ US2005/ 036859 162

2H), 4.49 (m 3H), 4.39 (s, 2H), 4.28 (t'29J= 12.7, 2H), 3.36 (m 1H), 3.19
(dd, J1= 14.0, J2=16.2, | H), 2.98 (m 2H), 1.91 (m 2H), 1.71 (m 2H).
S Te (MrH) 25), 45 n13}§ EZ@\WQE)M—’%@JM@ ﬁN\BP%E%ClHH\@ (@ s+ ONI

NH 4-(2-Oxo-1, 4-di r - 2H qui nazol i n* 3y g)erl di ne-| -carboxyllc aci d
2 O ot T a0 B 75 8 ST 2 cm e o s
9-triaza- (R) 54, cycl oheptale]inden-7 ylJ-am de.

7- Am no- 9- (4 trlfluoronethyl benzyl)-6,7,9, 10-

tetrahydro-3H 2, 3,9-triaza- (R)-cycl ohept a[ e] i nden- 8- one bi snmet hanesul f onat e
was reacted in a manner anal ogous to the preparation of

4- (2- oxo0--1, 4- di hydr o- 2H qui nazol i n- bgri dine- | -carboxylic acid

[ 8- oxo0- 9- (2 pi peridin-1-yl-ethyl)-

3,6,7,8,9, 10- hexahydro- 2, 3, 9- trlazan(R) cycl ohepta[ e] i nden-7-yl]-am de.
Title 15 conpound was obta| ned asna vkt e solid in 19%vyield. IH NW (500
MHz, DMSO D6): 8= 9.19 (s, 1 H, ’ s, 1 H, 7.48 (d, J 7.9, 1 H, 7.3
8 (d, J 84 1H, 7.34 (d, JJ 8.5, 7.10 (m 3H), 6.85 (t, J=7.0, 1
H, 6.77 (d, J 7.9, 1 H, 6.66 (d, J H, 5.35 (m 2H), 4.71 (m
3H), 4.36 (m 2H), 4.29 (sSF;& 21 . 2k, 3.29 (m 1 H),
3.13 (dd, J1= 13.6;, J2= 16.6, : : (m 2H, 1.5 6 (d,
20 J 11.3, 2H). M5 me (MtH) += 632. 1. HPCT/ US2005/ 036859

4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid [§-
oxo-9-(4-trifluoromethyl-benzyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-

10 cycloheptafe]inden-7-yl]-amide. 7-Amino-9-(4-trifluoromethyl-benzyl)-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-(R)-cyclohepta[ e]inden-8-one bismethanesulfonate was
reacted in a manner analogous to the preparation of 4-(2-o0xo-1,4-dihydro-2H-
quinazolin-3-yl)-piperidine-1-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-
3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide. Title

15  compound was obtained as a white solid in 19% yield. '"H NMR (500 MHz, DMSO-
Dg): 6=9.19 (s, 1H), 8.09 (s, 1H), 7.48 (d, J= 7.9, 1H), 7.38 (d, J= 8.4, 1H), 7.34 (d,
J=8.5, 1H), 7.10 (m, 3H), 6.85 (t, J= 7.0, 1H), 6.77 (d, J= 7.9, 1H), 6.66 (d, J= 6.4,
1H), 5.35 (m, 2H), 4.71 (m, 3H), 4.36 (m, 2H), 4.29 (s, 2H), 4.18 (d, J= 12.8, 2H),
3.29 (m, 1H), 3.13 (dd, JI=13.6, J2= 16.6, 1H), 2.81 (m, 2H), 1.72 (m, 2H), 1.56 (d,

20  J=11.3,2H). MS m/e (M+H)"= 632.1.

25



163 EXAMPLE 14 HN NO Il NNH F3SC5 OHNO NH

"H-spiro[ pi peridine-4,4"-quinazolin]-2" (3 H)-one-|-carboxylic acid [8-0x0-9
5 (4-trfusoammbdsyizsbenzyl )-3, 6, 7, 8, 9, 10-hexahydro-2pc3usoscnsaza- (R) -
cycl ohepta[e]inden-7 yl]-am de.

7- Am no-9-(4-trifluoronethyl -benzyl)-6, '}6é 10-

tetrahydro-3H 2, 3,9-triaza-(R)-cycl ohept a[ e]i nden- 8-one bi snet hanesul fonat e
was reacted in a manner anal ogous tgxARNI gparati on of

"H-spiro[ pi peridine-4,4'- quinazolin]-2'(3" H)-one-1-carboxylic acid

[ 9- (2-nor pholin-4-yl-ethyl)-8-ox0 1

3,6,7,8,9, 10- hexahydro-2, 3,9-tri aza:NR) - cycl ohept a[ e]i nden-7-yl]-am de. The
title conmpound was obtained as a Wit oIid in 6%yield. 1H NMR (500 MHz,
CD30D): 8= 7.91 (s, 1H), 7.46 (d, S 7.35 (d, JJ 8.6, 1H), 7.30
(m 5H), 7.17 (m 2H) 701(t J—. H)o684(d J=8.2, 1 H, 551
(dd, Ji= 4.6, J2= 13. , 1 H?__ 40 d, JJ17.00 5 07 (d, J 15.3, 1
H, 4.64 (d, J 4.9, 1 : @ ' 4.M3 ), 4.09 (m 2H),
3.42 (m 3H), 335(m|H),3(m H, 2.07 (m 1 H),
1.92 (d, JJ 13.4, 2H). M5 nle (M+H) += 618. 1. EXANP NBHN N/ ~O NN
Nk Na O OH

'H-spirol] piperidine-{4 "-quinazolin]-2'(3'H)-one-1-carboxylic acid [8-0x0-9-
5 (4-trifluoromethyl-benzyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-
cycloheptafe]inden-7-yl]-amide. 7-Amino-9-(4-trifluoromethyl-benzyl)-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-(R)-cyclohepta[ e]inden-8-one bismethanesulfonate was
reacted in a manner analogous to the preparation of 'H-spiro[piperidine-4,4'-
quinazolin]-2'(3'H)-one- 1-carboxylic acid [9-(2-morpholin-4-yl-ethyl)-8-oxo-

10 3,6,7,8,9,10-hexahydrd-2,3,9-triaza—(R)-cyclohepta[e]inden-7-y1]—amide. The title
compound was obtained as a white solid in 6% yield. 'H NMR (500 MHz, CD;0D):
8=17091 (s, 1H), 7.46 (d, /= 8.2, 1H), 7.35 (d, J= 8.6, 1H), 7.30 (m, 5H), 7.17 (m,
2H), 7.01 (t, J= 7.6, 1H), 6.84 (d, /= 8.2, 1H), 5.51 (dd, JI= 4.6, J2=13.1, 1H), 5.40
(d,/=17.1, 1H), 5.07 (d, J= 15.3, 1H), 4.64 (d, J= 4.9, 1H), 4.61 (s, 1H), 4.43 (s,

15 1H), 4.09 (m, 2H), 3.42 (m, 3H), 3.35 (m, 1H), 3.22 (m, 1H), 2.16 (m, 1H), 2.07 (m,
1H), 1.92 (d, J=13.4, 2H). MS m/e (M+H)"'=618.1.

EXAMPLE 15

N j\N o)
o g O\NJ\NH

A

20



N NH 20 WD 2006/ 052378 PCT/ US2005/ 036859 164

4-(2- xo-1, 4-di hydro-2H qui nazolin-3 yl) piperidine-I-carboxylic acid (9-

i sopr opylw8-2000m533786, 7, 8, 9, 10- hexahydro 2 3, PCT/US2005/036859
9-triaza-(R)-cycl ohepta[e]inden-7 yl)- aig 7- (R) - A no- 9-i sopropyl - 6,
7,9,10-tetrahydro-3 H 2,3,9-triaza- cycl ﬁept al e] i nden- 8- one

bi snet hanesul fonate was reacted in a manner anal ogous to 5 the preparation

of 4-(2-oxo-1, 4- dhydse- 12 dnglé)lf%a%ouh)_aﬂ) Oﬁ%éﬁz&'ﬂn@@ Aarmgm)é&b'@ acid

[ 8- 0x0-9-(2-piperidin-1-y -e exahydr o- 2 9-triaza-(R)-
cycl ohept a[ efsppiben- &oycv ]3r6a%n? Qd 0- h‘léheh)de@ﬂr%trmzaerﬁﬁcympmﬁhnmw -ph- | i ght

|1 | d &= 9.21 1
245 (s, "1 Smidy. TR U gOpOnT 4 PN S d ouger o 1%y T 77
(d, J 7.6, Ilcydlehepta 1r(d€ih S%Hd)blsnléihﬁ}e&ﬁfc(nﬁle Vlash‘):actéi #Q hghned analdgobs tcg- H,
4.74 (m 2H), 4. 65 J17.4, 1 H), 6 (m 1H, 429 (s, 2H, 4 15 (m

2H), 3.25° ( dhe preparagion of 442-oxg-1gd- dmnydgo 2I§ -quanageldn-3yD=pipgridine- lchﬂvomh@ |

, 2. 80
SDH), 0. 80(?] da&%} 8’}%33%%9“‘%@ m‘y% MI§ ¢ 7%?1 ng%g&g%{;é%gg%@H N N (
NNNO O H I\bw&bhepta[ﬂrr@&m—nyl]!laldldeydﬂled&'rlfddlprﬂdm:@ivlasloﬁamed as light yellow
yI)plperldlneI-carboxyI 3-di rreth%rl-but -8-o0x0-3, 6, 7, 8,

9, 10- hexahydiQldan 287 yeld, |}5¥M%é0%M&@yPW@'@6&[ =13 2h6n 1 H).\843 @l k.
7- (R - A 3
t e§ r ?athycTr 203292%% @@tgﬁtgggl; %g?&y%ﬂ%t%agﬁ (?1 ]Ig%’n6 §7 8ﬁe bi § Ht)’h%%ée 34 ]f%)hat e was
react ed ih asS.@ametHpdloddois11.0, lfh)e4ﬁne§mQle40<Bﬁ @f J417.23; DH)H 36 (m,
[18403'0hydr o ﬁé&%ﬁfﬁﬁl IHSZ{nhé])-I A PRl 2% b PR RO ) & B8 (b, =136,
J2=16.5, 1H), 2.80 (m, 2H), 1.71 (m, 2H), 1.57 (d, J= 11.7, 2H), 1.23 (d, J= 6.9,
3H), 0.80 (d, J= 6.9, 3H). MS m/e (M+H)'=516.4.

15 EXAMPLE 16
H
N

N
\

N Nj\N o

4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid [9-
(3,3-dimethyl-butyl)-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-

20  cycloheptafe]inden-7-yl]-amide. 7-(R)-Amino-9-(3,3-dimethyl-butyl)-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one bismethanesulfonate was
reacted in a manner analogous to the preparation of 4-(2-oxo-1,4-dihydro-2H-
quinazolin-3-yl)-piperidine-1-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-
3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide. The desired

25  product was obtained as an off-white solid in 29% yield. '"H NMR (500 MHz,
DMSO-Ds): 6=9.19 (s, 1H), 8.32 (s, 1H), 7.38 (d, J= 8.6, 1H), 7.10 (t, J= 9.2, 3H),



3,6,7,8,9, 10- hexahydro-2, 3,9-tri aza-(R)-cycl oheptal e]i nden-7-yl]-am de. The
desired 25 product was obtained as an off-white solid in 29%yield. 'H NWR
(500 MHz,woDMB@sRGE: 8= 9.19 (s, 1H), 8.32 (s, 1H), 7.38ctdis2eb3/08s889 1H),
7.10 (t, J 9.2, 3H, WD 2006/ 052378 PCT/1 2005/ 036859 165 6.86 (t, J 7.5,
1 H, 6.77 (d, J= 7.6, 1 H, 6.53 (s, 1 , 5.24 (d, JJ 16.5, 2H), 4.62 (d,
J 17.9, 1H, 4.35 (m 1H), 4.29 (s, 2H, 4.14 (m 2H), 3.57 (m 1H), 3.36
(m 1H), 3.3886(d9=731HR 6817 @27 16, 1H) 155)3,(s,31-}9,15.(2m(d,ué)16.?,-2@@, £%2(d= 12. 4,
2H), 1.72 (m 2H), 1.56 (d, J= 11.3, 2H), 1.27 (m I’ H, 1.15 (m IH),
0.79 (s, 9H)J=NBntld). émtrm2H)54 8865, ZH)BM@,@HH&SWN, INB:336HOIN 0 O N
NH N O 10 =hd[4=(2-0 14 di H-qui iy N, I
pi peri di ne- | gzzgiggggnér%émﬁﬁé} ¥§5]3701 @gfgﬁ’?ies(? éh&ﬁ?%ggﬁtln@?tn}: 2h)’
9-tri aza- (R) 169¢l obentR28])i hd2m91K),)I-15apeH).D.ne¢s] 9BAr MSan/d (B1-H8) ¢
tert-buty 6%835' 4-(7- (R) - Am no- 8- oxo-6, 7, 8, 10-
t et rahydro-3 ~3,9-triaza-cycl ohept al[ e] i nden-9-yl) - pi peridi ne-1-carboxylic
acid 15 tert-butyl ester acetate was reacted in a manner anal ogous to the
preparation of 4-(2- oxo-1,4-dihydro-2H qui nazolin-3-yl)-piperidine- |
-carboxylic acid [8-0x0-9-(2 p iperikKAMROH 12t hyl)-3, 6, 7, 8,
9, 10- hexahydro-2, 3, 9-triaza-(R)-c ycl ohepta[e] inden-7- yl]-amde. C 18
preparatory HPLC gave the desired product as an off-white solid in 26%
yield. 1H NVR (500 MHz, DMBO-D6): S= 9.22 (s, 1H), 8.38 (s, 1H), 7.38 (d,
20J 8.6, 1 H, 7.10 (m 3H, 6.8 ¢m 1 H, 6.75 (d, J=7.6, 1 H), 6.57

N

(s, 1 H, 5.28 (m \

N Nj\N 0
(j o " O\N/U\NH
A% kS

4-(8-Oxo-7-{[4-(2-0x0-1,4-dihydro-2 H-quinazolin-3-yl)-piperidine-1-
carbonyl]-amino}-6,7,8,10-tetrahydro-3H-2,3,9-triaza-(R)-cycloheptafe] inden-9-yl)-
piperidine-1-carboxylic acid tert-butyl ester. 4-(7-(R)-Amino-8-0x0-6,7,8,10-

10

tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-9-yl)-piperidine-1-carboxylic acid

15 tert-butyl ester acetate was reacted in a manner analogous to the preparation of 4-(2-
0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid [8-0x0-9-(2-
piperidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-
yl]-amide. C18 preparatory HPLC gave the desired product as an off-white solid in
26% yield. "H NMR (500 MHz, DMSO-Dg): 6= 9.22 (s, 1H), 8.38 (s, 1H), 7.38 (d,

20 J=8.6,1H), 7.10 (m, 3H), 6.85 (m, 1H), 6.75 (d, J= 7.6, 1H), 6.57 (s, 1H), 5.28 (m,
1H), 5.02 (d, /= 17.1, 1H), 4.66 (d, J= 17.1, 1H), 4.46 (m,1H), 4.34 (m, 1H), 4.30 (s,
2H), 4.08 (m, 4H), 3.76 (m, 1H), 3.25 (d, /= 17.4, 1H), 3.04 (m, 1H), 2.79(m, 4H),
1.91 (m, 1H), 1.68 (n, 2H), 1.54 (m, 4H), 1.39 (s, 9H). MS m/e (M+H)"= 679.3.

25



1H, 5.02 (d, J=17.1, 1 H), 4.66 (d, ,P-- 17.1, 1 H), 4.46 (m | H), 4.34
(m 1 H), 4.30 (s, 2H), 4.08 (m 4H), 3.76 (m | H, 3.25 (d, J= 17.4, |
H), 3.04 wonods/d37s2. 79(m 4H), 1.91 (m 1H), 1.68 (n, peiRus2dshbdesim 4H),
1.39 (s, 9H. Ms me (M+H)+= 679.3. 25 2006/ 052378 PCT/ US2005/ 036859

166 EXAMPLE 18 HIN N / \ O N NN aN OHNH C
4- (2- xo-1, 4-di hydro- 2H qui nazolin-3 yl) p| peridine-I-carboxylic acid (8- 5
0x0-9 piperidin-4 EXAMPLE 18

y1l-3,6,7,8,9, 10- hexahydro-2, 3,9-tri aza-(R)-cycl ohepta[ e]i nden-7- yl)-am de.
Trifluoroacetic acid (250 L) wasyadded to a chilled (water ice bath)
solution of 4-(8-oxo0-7- f N

[ 4- (2- oxo0- 1, 4-di hydr o- 2H qui nazgl i/n-¥:- yl ) - pi peridine- | - carbonyl]-am no }
17/a- (R) - cycl ohepta[ e] inden-9-yl)-

ester (60 ng, 0.08 mmol) in
sflirred at OC for 1 hour. Mxture
obt ai ned as al i ght

. S=9.23 (s, 1 H,
6.86 (t, J 7.5 1 H,
H, 5.11 (d, J=

di chl oronethane 10 (1 nL). Reactid ‘
was concentrated in vacuo. The_deli red Nor ofluct
yel low solid in 65% vyiel d. 1H@ H

8.32 (s, 1 H, 7.41 (d, J 8.6nN 7.11 (m 3
6.76, d, J 7.9, 1 H, 6.62 (d, J 6.7, 1 H, 529
16. 8, 1H),4.66(t,J:1H),453(d J 17.4, 1 .35 (m 1 H, 4.29
(s, 2H), 4.16 15 (d, J= 12.5, 4H), 3.42 (d, J 11.9, H, 3.26 (dd, Ji=
3.8, J2=16.3, | H, 3. 16 (d J— 10. 7 1H) 3.05 (m 2H), 2.83 (m 3H),

2.15 1H), 1.70 10. 2 MS nle (MrH) += 557, 2.
20 (m 1K (5 Ion dzhydro 21(1 qumazolzn 3-yl) pzpy)rldzne 1 -carbox;(vlzc ggzd (8-

5  oxo-9-piperidin-4-yl-3,6,7,8,9,10-hexahydro-2,3,9- triaza- (R)-cyclohepta[e]inden-7-

yl)-amide. Trifluoroacetic acid (250 pL) was added to a chilled (water ice bath)
solution of 4-(8-ox0-7-{[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-
carbonyl]-amino}-6,7,8,10-tetrahydro-3H-2,3,9-triaza-(R)-cyclohepta[e]inden-9-yl)-
piperidine-1-carboxylic acid tert-butyl ester (60 mg, 0.08 mmol) in dichloromethane

10 (1 mL). Reaction was stirred at 0°C for 1 hour. Mixture was concentrated in vacuo.
The desired product was obtained as alight yellow solid in 65% yield. 'H NMR (500
MHz, DMSO-Dg): 6= 9.23 (s, 1H), 8.32 (s, 1H), 7.41 (d, J= 8.6, 1H), 7.11 (m, 3H),
6.86 (t, J/=17.5, 1H), 6.76,d, J= 7.9, 1H), 6.62 (d, J= 6.7, 1H), 5.29 (m, 1H), 5.11 (d,
J=16.8, 1H), 4.66 (t, J= 1H), 4.53 (d, /= 17.4, 1H), 4.35 (m, 1H), 4.29 (s, 2H), 4.16

15 (d,J=125,4H),3.42 (d, /= 11.9, 1H), 3.26 (dd, JI= 3.8, J2= 16.3, 1H), 3.16 (d, J=
10.7, 1H), 3.05 (m, 2H), 2.83 (m, 3H), 2.15 (m, 1H), 1.70 (m, 4H), 1.57 (d, J= 10.7,
2H). MS m/e (M+H)'=557.2.

20

25



25 WD 2006/ 052378 PCT/ US2005/ 036859 167 EXAMPLE 19 HN M O NCLN'X O
NH 9-(2,2-Dirnethyl propyl)-7-(R)-{2-0x0-2-[4-(2-0x0-1, 4-di hydro-2H 5

qui nazol iwe2oylgs2grsperi di n-1 PCT/US2005/036859
yl J-ethyl }-6,7,9, 10-tetrahydro-3H 2, 3, 9-t?i aza- cycl ohept a[ eJi nden- 8- one.
O (7- Azabenzotriazol- | -yl)-NN,N , N t 0/ anet hyl ur oni um '

hexaf | uor ophosphate (62 ng, 0.16 nmol) was added to a solution of

[ 9- (2, 2-di met hyl - propyl ) - 8-0xo0- 3, 6, BEBAMPI®E hexahydro- 2, 3,9-tri aza-(S)-

cycl ohepta[ e]inden-7-yl]-acetic acid (45 ng, 0.14 mml) andN, N 10

di i sopropyl ethylamne (100 L, O0.R7 mmol) in DW (1.5 nL). Mxture was

stirred at roomtenperature fqQr.N45 m nutes.

4- (2- Ox0-1, 4-di hydr o- 2H qui nazoyi |) piperidine (40 ng, 0.17 mmol) was

then added to the m xture. Reacti s stirred at roomtenperature until

Cl8 Preparatory HPLC
performed on the 15 crude

e iragti s containing the desired
N i h sodi um bi car bonat e.

Conbi ned extracts

(acetonitrile-water-trifluorocacet\ c
m xture. Acetonitrile was re d Nram
product in vacuo. Renmining agdeous was nad
M xture was extracted with ethyl acetate (2 X 15|nL
were washed with saturated aqueous sodi um bi car boy (10 nL). Organic was
dried (magnesiumsulfate), filtered and concentra in vacuo. Title
conmpound was 20 obtained as a white solid in 50%yiefd. 'H NVR (500 MHz,
DMSO-D6): b=9.23 (s, 1 H, 823 (s, 1 H, 7.37 (d, J=85 1 H, 7.10 (m
3H), 6.86 (t, J= 7. 1H, 6.77 (d,_J= 7.9, 1 H, 538 (d,.J 16.2, 1 H,
4.H233 (d, J= 17. 4,Z{g?ol?lmﬂ’?fbp’(wl)f-@:{Zzlf’.xao?-("’rr(-?-qxqqi’f’-dl’ardzg?(%, 2H), 4.09
(m 1 H,53. %n&z@link-ﬂ)-pz}r@ri?ﬁz-f-ﬂ]-e}h:yl}l-a'@,JOLteltj)ahya@'oJﬁi-@,@&-g*wza- 3.01 (m

cyclohepta[e]inden-8-one. O-(7-Azabenzotriazol-1-yl)-N,N,N’ N -

tetramethyluronium hexafluorophosphate (62 mg, 0.16 mmol) was added to a
solution of [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 (45 mg, 0.14 mmol) andN, V-

10 diisopropy]ethylamim (100 pL, 0.57 mmol) in DMF (1.5 niL). Mixture was stirred
at room temperature for 45 minutes. 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)
piperidine (40 mg, 0.17 mmol) was then added to the mixture. Reaction was stirred
at room temperature until it was judged complete by HPLC (45 minutes). C18
Preparatory HPLC (acetonitrile-water-trifluorocacetic acid) was performed on the

15 crude mixture. Acetonitrile was removed from the fractions containing the desired
product in vacuo. Remaining aqueous was made basic with sodium bicarbonate.
Mixture was extracted with ethyl acetate (2 X 15 mL). Combined extracts were
washed with saturated aqueous sodium bicarbonate (10 mL). Organic was dried
(magnesium sulfate), filtered and concentrated in vacuo. Title compound was

20  obtained as a white solid in 50% yield. '"H NMR (500 MHz, DMSO0-Dg): 6=9.23 (s,
1H), 8.23 (s, 1H), 7.37 (d, J= 8.5, 1H), 7.10 (m, 3H), 6.86 (t,J= 7.3, 1H), 6.77 (d, J=
7.9, 1H), 5.38 (d, J= 16.2, 1H), 4.63 (d, J= 17.4, 1H), 4.50 (m, 1H), 4.40 (m, 1H),
4.28 (s, 2H), 4.09 (m, 1H), 3.87 (m, 1H), 3.55 (t, /= 13.0, 1H), 3.10 (m, 2H), 3.01 (m,
3H), 2.88 (m, 1H), 2.59 (m, 1H), 2.34 (m 1H), 1.84 (m, 1H), 1.59 (m, 3H), 0.74 (d,

25  J=19.2, 9H). MS m/e (M+H)'=543.2.



3H, 2.8 (m 1H), 2.59 (m 1H), 2.34 (m1H, 1.84 (m 1H, 1.59 (m 3H),
0.74 (d, 25 J=19.2, 9H. Ms me (M+H)+= 543.2. WD 2006/ 052378

PCT/ US2008008@&352378168 EXAMPLE 20 HC N N, / ~ r O pCUY2005636389 H aN | |
~NH 1-6 4-(2-0xo-1, 4-dihydro-2H—quiq §olin-3yl) pi peridine-|-carboxylic
acid [4 5 chloro-9-(2, 2-dinethyl propyl%-B-oxo-S, 6, 7, 8,

9, 10- hexahydro-2, 3, 9-triaza-(R)- cycl oheptaleldinden-7 ylJ-am de.

Met hanesul fonic acid (250 L) was addegdabpra 2ol ution of

[ 4-chl oro-9-(2, 2-di et hyl - propyl ) - 8- oxo- 3, 6, 7, 8, 9, 10- hexahydr o- 2, 3, 9-
triaza-(R)-cycIohepta[e]inden-?-ul]-%?rbanic acid benzyl ester (90 ng, 0.20
nmmol) and anisole (70 L, 0.64 nwnpl),;1n dichloronethane (2 nL). Reaction
stirred at room 10 tenperature \or ours. Mxture was diluted with

di ethyl ether (40 nL). Mxture Wwas_gllowed to stand at roomtenperature
for 30 mnutes. Solvents were decantery, obf. Residue was washed with

di ethyl ether (30 nL) then dri va uqﬂ\R sidue was dissolved in a

m xture of triethlyam ne (250 N8y ) Nn di ronmet hane (5 nl).

N, N' - Di succi ni mi dyl carbonate {61 ngp 0r24 Li;ﬂ% aS,,pdded to the m xture.
15 Reaction was stirred at anmbient tenperature f 30" m nut es.

4-(2- Xo-1, 4-di hydro- 2H qui nazolin-3-yl) piperidi~peé 155 ng, 0.24 nmol) was
then added to the m xture. Reaction was stirred a bi ent tenperature for
30 minutes. Mxture was washed successively with water (2 X 5 nL) and
brine (5 nL). Oganic was dried (magnesiumsulfate), filtered and

concentrated. Cl18 Preparatory HPLC (acetonitril e-
4-(2- xo-],4-dih)}/1dro-2H-q(uinazolin-3-yl)-piperidine—] -carboxylic acid [4-

5 chloro-9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-

cycloheptafe]inden-7-yl]-amide. Methanesulfonic acid (250 pL) was added to a
solution 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 (90 mg, 0.20 mmol)
and anisole (70 puL, 0.64 mmol) in dichloromethane (2 mL). Reaction stirred at room
10 temperature for 2 hours. Mixture was diluted with diethyl ether (40 mL). Mixture
was allowed to stand at room temperature for 30 minutes. Solvents were decanted
off. Residue was washed with diethyl ether (30 mL) then dried in vacuo. Residue
was dissolved in a mixture of triethlyamine (250 pL, 1.8 mmol) in dicloromethane (5
mL). N,N’-Disuccinimidyl carbonate (61 mg, 0.24 mmol) was added to the mixture.
15 Reaction was stirred at ambient temperature for 30 minutes. 4-(2-Oxo-1,4-dihydro-
2H-quinazolin-3-yl) piperidine (55 mg, 0.24 mmol) was then added to the mixture.
Reaction was stirred at ambient temperature for 30 minutes. Mixture was washed
successively with water (2 X 5 mL) and brine (5 mL). Organic was dried
(magnesium sulfate), filtered and concentrated. C18 Preparatory HPLC (acetonitrile-
20  water-trifluoroacetic acid) was preformed on the residue. Acetonitrile was removed
from the product containing fractions in vacuo. Remaining aqueous was made basic
with sodium bicarbonate. Mixture was extracted with ethyl acetate (2 X 15 mL).
Combined extracts were dried (magnesium sulfate), filtered and concentrated in
vacuo. Title compound was obtained as a white solid in 37% yield. "H NMR (500
25  MHz, CD;0D): 8= 8.26 (s, 1H), 7.26 (s, 1H), 7.13 (m, 3H), 6.93 (t, /= 7.5, 1H), 6.78
(d,J=17.9, 1H), 5.44 (d, /= 17.1, 1H), 5.34 (dd, JI= 3.5, J2=13.0, 1H), 4.70 (d, J=



20 water-trifluoroacetic acid) was prefornmed on the residue. Acetonitrile
was renoved fromthe product containing fractions in vacuo. Renai ning
aqueous wae 20wB237asi ¢ wi th sodi um bi carbonate. M xt ur ecoas2esisass ed with
ethyl acetate (2 X 15 nL). Conbi ned extrgcts were dried (magnesi um
sulfate), filtered and concentrated in cuo. Title conpound was obtai ned
as a white solid in 37%yield. 1H NVR (500 25 MHz, CD3CD): 6= 8.26 (s 1H)
573 421?1 23 %H)UZ i) ﬁEDv(l%gﬂH) Gt(&ﬁ(s(m) Jﬁ67(n5,2H3}|'§ 82§i 78 13{)(4d,1H§ 3 179§m

2006/ 052378 BEFAUEAd0E? bRESHY), Z%lezH% 1. 9_(H)rr,1, ?4{)41774@;1 Ji=1|%%2d 2&1)4@8(@ 2IH)
4.26 (m 2H) 13 , 3.19 (m | H), 3.08 J= 13.7,

H, 2.94 (mggﬁ)ﬁ%f‘(‘%él\%@ ?«?831 71 (d. 3= 12.2, 2H), 0.81 (s, O9H). MBS
me (MH)+= 578.3. 5 EXAMPLE 21 HC N N ONa ONNH

4-Chl oro-9- (2, 2-di met hyl propyl)-7-(S)-{2- oxo 2-[4-(2-o0x0-1, 4-di hydro-2H
qui nazol In-3 yl)-piperidin-1 yl]-et ¢EZ 9, 10- tetrahydro 3H 2, 3,
9-triaza 10 cycl ohepta[ e]i nden- 8- one.

O (1H-Benzotriazol -1-yl)-N, N, N HN -gcet ranet hyl uroni um tetrafl uoroborate
(90 ng, 0.28 mmol) was added tNO | ution of [4-chloro-9-(2, 2-

di met hyl - propyl ) - 8- oxo- 3, 6, 7, 8\.9 exahydro-2, 3,9-triaza-(S)-cycloheptale
] inden- 7-yl]-acetic acid (85 ng 23 rrm)l) and N, N-di i sopropyl et hyl
amne (100 L, 0.57 mol) in DVF{(3 OM xture was stirred at ambi ent
tenperature for 15 minutes. 1§ 4-(2-0xQ ,@hyc&o 2H qui nazol i n- 3-yl)

pi peridine (65 ng, 0.28 muol) then adgded to),t\he m xture. Reaction was
stirred at anbient tenperature for ? hour XNuréHwas diluted with ethyl

acetate (20 nL). M xture was washed successi vel ith water (2 X 15 nl),
and brine (10 nL). Organic was dried (magnesiums te),

4-Chloro-9-(2, 2-dimethyl-propyl)-7-(S)-{2-0x0-2-[4-(2-oxo0-1,4-dihydro-2H-
quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9, 10-tetrahydro-3H-2, 3,9-triaza-

10 cyclohepta[e]inden-8-one. O-(1H-Benzotriazol-1-yl)-N,N,N’,N -tetramethyluronium
tetrafluoroborate (90 mg, 0.28 mmol) was added to a solution of [4-chloro-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 (85 mg, 0.23 mmol) and N, N-diisopropylethyl amine (100 uL, 0.57
mmol) in DMF (3 mL). Mixture was stirred at ambient temperature for 15 minutes.

15 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl) piperidine (65 mg, 0.28 mmol) was then
added to the mixture. Reaction was stirred at ambient temperature for 1 hour.
Mixture was diluted with ethyl acetate (20 mL). Mixture was washed successively
with water (2 X 15 mL), and brine (10 mL). Organic was dried (magnesium sulfate),
filtered and conceﬁtrated in vacuo. Residue was purified by C18 preparatory HPLC

20 (acetonitrile-water-trifluoroacetic acid). Acetonitrile was removed from the product
containing fractions in vacuo. Remaining aqueous was made basic with sodium
bicarbonate. Mixture was extracted with ethyl acetate (2 X 20 mL). Combined
extracts were washed with brine (10 mL). Organic was dried (magnesium sulfate),
filtered and concentrated in vacuo. Title compound was obtained as a white solid in

25 37% yield. "H NMR (500 MHz, DMSO-Ds): 8= 13.55 (s, 1H), 9.21 (s, 1H), 8.36 (s,
1H), 7.25 (s,1H), 7.09 (m, 2H), 6.86 (t J= 7.3, 1H), 6.77 (d, /= 7.9, 1H), 5.36 (d, J=



filtered and concentrated in vacuo. Residue was purified by C18 preparatory
HPLC 20 (acetonitrile-water-trifluoroacetic acid). Acetonitrile was renoved
from t he woedests237gont ai ni ng fractions in vacuo. Remai niPOY/(BQMSOBGBsNaS nmade
basic with sodium bicarbonate. M xture \9@5 extracted with ethyl acetate (2
X 20 nmL). Conbined extracts were washed i t h brine (10 mL). Organic was
dried (magnesiumsulfate), filtered and concentrated in vacuo. Title
conpound was]9bt BiIa%3aag, ﬁ:Whltﬁ{ glsh @mi PH 5143)7 g VHz,
DVBO-D6): S= 13 55)] x )S qu ? (Eﬁmm ﬁﬁi)g(mﬁg& {&@p‘] H)
7.09 (m 2H) 138, %),%tSHrnzlﬁ) 3151—§m 16{)73 l(l(ﬂm ZH)' 300 (n,H), B.886m( HH)J WO

(2%06’105;02?78 %3585?@9%??&?330(%9 119)41%3% 3%36§1é?<§ﬂ 18§ 9 W - 4.51

1H), 3.57 (mn/dM™YH)37r.qm 2H, 3.00 (m 2H), 2.88 (m 1 , 2.59 (m
111), 2.32 (m I H, 1.8 (m I H, 1.59 (m 3H), 0.74 (d, J= 18.3, 9H. M
me (MH)2= 577.0. 5 EXAMPLE 22 NNH O ?INOH O NANH 4-(2-Oxo-1,

4- di hydr o- 2H qui nazol i n- 3yl ) pi peri )ggMisz %poxyl ic acid [9 (2, 2-dinethyl
propyl)-8-o0x0-3, 6, 7, 8, 9,10-hexahydr , 9-triaza-cycl ohepta[ e]inden-
10 7-yl]-amde. In a manner simlar to

4- (2- xo-1, 4-di hydro- 2H qui nazol i n-3-yl)- piperidine-1-carboxylic acid

[ 8- 0x0-9-(2-pi peridin-1-yl-ethyl )N36, 7, 8,9, 10-

hexahydro- 2, 3,9-tri aza- (R)-cycl oh ]inden-7-yl]-am de, the title
conpound was prepared by reacting
(7R) - 7-am no- 9- ( 2, 2-di net hyl - pr opy
2,3,9-triaza-cycl ohept al e] i nden- 8-

3-piperidin-4-yl-3,4 15 di hydro INp
give the title conpound (80%Yyiel d)g

7,9, 10-tetrahydro- 3H
di gydrochloride with
i/n,%zol i n-2-one, hydrochloride to

H o\
oF
<
4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid [9-
(2,2-dimethyl-propyl)-8-oxo-3,6,7,8,9,10-hexahydro-2,3,9-triaza-cycloheptafe] inden-
10 7-ylJ-amide. In a manner similar to 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-
piperidine-1-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide, the title compound was
prepared by reacting (7R)-7-amino-9-(2,2-dimethyl-propyl)-6,7,9,10-tetrahydro-3H-
2,3,9-triaza-cyclohepta[e]inden-8-one, dihydrochloride with 3-piperidin-4-yl-3,4-

15 dihydro-1H-quinazolin-2-one, hydrochloride to give the title compound (80% yield).
MS (ESI) 544 (M+H); R;=1.51,

20



M5 (ESI) 544 (MtH); Rf= 1.51. 20 WD 2006/ 052378 PCT/ US2005/ 036859 171

EXAMPLE 23 NNHI ~ NOHONH NYO NH NJ[9-(2,

2- di met hywpnro@yls)378- oxo-3, 6, 7, 8, 9, 10- hexahydr oazepi rofras26b5H36859

elJi ndazol -7 y1J-2'-o0x0-2 , 3'- dlhydro ]H.1 ' H spiro[ pi peridine-4,

4' - qui nazol i ne] -1- carboxam de. |na mandél sinilar to

4- (2- xo-1, 4-di hydro- 2H qui nazol i n-3-yl ) - pi peridi ne-1-carboxylic acid

[ 8- 0x0- 9- ( 2- pi peri di n-1-yl -et hyl ) - 3, Bx AT 19

hexahydro- 2, 3,9-triaza-(R)-cycl ohepta[e]inden-7-yl]-amde, the title

conpound was prepared by reacting

(7R) - 7- Ami no- 9- (2, 2-di net hyl - propyl )6, 7,9, 10-t etrahydro-3H 10

2,3,9-triaza-cycl ohepta[e] inden--8 ye, di hydrochloride with

1' Hspiro[ pi peridine 4,4 -quinazolikl:2" (3" H-one, hydrochloride to give

the title conmpound (8096y|eld) s ) 530 (M+tH); Rf= 1.44. EXAMPLE 24

NNH?2INO X O HNO NANH 15 Wy / 092378 PCT/ US2005/ 036859 172

4- (2- Oxo0-1, 4-di hydr o- 2H qui nazo/)i n- Q/ﬁ]perldlne | - carboxylic acid (9-
H

O H N H o
b

NH

N-[9-(2,2-dimethylpropyl)-8-ox0-3,6,7,8,9, 10-hexahydroazepino[3,4-

5  elindazol-7-yl]-2"-ox0-2",3"-dihydro-1H,1'H-spiro[piperidine-4,4'-quinazoline] - 1-
carboxamide. In a manner similar to 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-
piperidine-1-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(R)-cycloheptae]inden-7-yl]-amide, the title compound was
prepared by reacting (7R)-7-Amino-9-(2,2-dimethyl-propyl)-6,7,9,10-tetrahydro-3H-

10 2,3,9-triaza-cyclohepta[e]inden-8-one, dihydrochloride with 1'H-spiro[piperidine-
4,4'-quinazolin]-2'(3'H)-one, hydrochloride to give the title compound (80% yield).
MS (ESI) 530 (M+H); R¢=1.44.

EXAMPLE 24

N—NH

0
N/H\NH
s O



i sobutyl -8-0x0-3, 6, 7, 8, 9, 10-hexahydro-2, 3,

9-triaza-cycl ohepta[e]inden-7 yl)-amde. 1In a manner simlar to

4- ( 2- Ox0-Wp2Le@id5y3t80- 2H- qui nazol i n- 3-yl ) - pi peri di ne- 1- earhiszyosiosssaei d

[ 8- 0x0-9-(2-piperidin-l-yl-ethyl)-3,6,7, 2 9, 10- hexahydro-2,3,9 5
triaza-(R)-cycl ohepta[e]inden-7-yl]-am d 2 the title conmpound was prepared
by reacting (7R)- 7-am no-9-isobutyl-6,7,9,10-tetrahydro-3H 2, 3,9-tri aza-

cycl ohept a[ e] i ndep B8ape;, 4. G 281 68- W) iperidine- 1 -carboxylic acid (9-
3 pi per i di n-4-yl - 3 4<dr by dr i qyi”naﬁm i n-yz@'i)’ﬁeer,’ T ArSEB 4T give

the title coiplures-08030yi &P .dY-heMBriESL3, 9-&80a{chibleptdfiefindend 1-yl) XBniEXANVPLE

25 N-NH | QOO0 HNN.O N 9- - et byl propyl.) -.8-0x0-3,. 6, 7, 8,

9, 10- hexahy oaa%‘meﬁéf%*gf&?%é%‘%a%ﬁﬁ?ﬁ?o'%‘f%‘“a%ﬁ%f’ YO-pigendingidar o- 1H1

" H spiro[ pi peirbskylieadid [4-ox69-Q23FREAdIR1= ¥1-ct16)-D 828D d6-hexdHydeo-DBIYIEr Sim | ar
to 4-(2-0xo-1, 4-di hydro- 2H-qui nazol i n- 3-yl )-pi peri di ne-1- "carboxylic acid

[ 8- 0x0- 9-X 2-tpiap@(R)dwlopeptlategtnﬁyn-y=>él—@pmp8t,h9 titlo corapeunfoves remired by

triaza-(R)-c [e] 1 nden- 3 g€ iatd onpound was prepar ed
by reacti nglbé%l‘/t%éetlggil a‘irenlﬁr}gg - fsszg%tgl 36/’?@ 6&%33%%81}% e?’;dr g’%%{ﬂégﬁl—k 2,3,9-triaza
20 cycl ohept afctlhepeEpNindenBane ddihydtoctlodidy wille 3wipdridin-4-yl-3,4-dihydro-1H-

1' Hspiro[ pi peri dhg%4 4' - qui nazolin]-2' rochloride to give

: 1] -2' (3' H)-one,. hydra
the title coMPRRRS hydepehloridpgo giyedhs glﬁieomwwd;(f%éf/oﬂ@dhws #SD
2006/ 052378 RGIALSIPRGLG3H859 173 EXAMPLE 26 N-NHI N \ N O
10
EXAMPLE 25

NI/NH

N (o]
/( o H”QN H
N (o]

Y

NH

N-[9-(2-methylpropyl)-8-0x0-3,6,7,8,9,10-hexahydroazepino[3,4-e]indazol-7-

15 yl]-2"-ox0-2",3"-dihydro-1H, 1'H-spiro[piperidine-4,4'-quinazoline]-1-carboxamide.
In a manner similar to 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-
carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-
triaza-(R)-cyclohepta[e]inden-7-yl]-amide, the title compound was prepared by
reacting (7R)- 7-amino-9-isobutyl-6,7,9,10-tetrahydro-3H-2,3,9-triaza-

20  cyclohepta[e]inden-8-one, dihydrochloride with 1'H-spiro[piperidine-4,4'-
quinazolin]-2'(3'H)-one, hydrochloride to give the title compound (80% yield). MS
(ESI) 516 (M+H); R;=1.35.



OHONANH 1-6 4-(2-0xo0-1, 4-dihydro-2H quinazolin-3yl)

pi peridi ne-1-carboxylic acid [8 5 oxo0-9-(2pyridin-4 yl-ethyl)-3, 6, 7, 8,

9, 10- hexahpadon@/32378, 9-tri aza-cycl oheptal edi nden- 7 yl] pamudeoosiopasyanner

simlar to 4-(2-Cxo-1,4-dihydro-ZFLquinqéglin-B-yl)-

pi peridine-I-carboxylic acid

[ 8- 0x0-9-(2-piperidin-l-yl-ethyl)-3,6,7,8,9, 10-

hexahydro-2, 3, 9-tri aza- (R) -cycl oheptptghMmaers 7-yl ] -am de, the title

conpound was prepared by reacting (7R)-

7-am no-9-(2-pyridin-4-yl-ethyl)-6,N7% 10-tetrahydro-3H 10

2,3,9-triaza-cycl ohept a[ e] i nden- 8- othe tnhydrochl oride with

3-pi peridin-4-yl-3,4- dihydro-| H qui ng i n-2-one, hydrochloride to give

the title conmpound (80@6yie|d). VS (E 530 (M+tH); Rf= 1.41. EXAMPLE 27

NNHIT N\ NN \ OHN H N_YO \ 5 2006/ 052378 PCT/ US2005/ 036859

174 N-[9-(2 pyridin-4-yl- 0 ;& 8 9, 10- hexahydroazep|n0[3
% 1

- e]indazol -7 y1J- 2'-oxo 2 w3 =i hy F+sp|ro[p|per|d|ne
4'-quinazoI|ne] 1- carboxamde. In a to
4-(2-CX0-1,4-dihydro-2k+quinazolin-3-y|) pi /ﬂg-l-carboxylic acid
[8-oxo-9-(2-piperidin-l-yl-ethyl)-3,6,7,8,9,1
hexahydro- 2, 3,9-tri aza- (R)-cycl ohepta[e]inden-7-yl]-am de, the title
conpound was prepared by reacting (7R)-
7-am no-9-(2-pyridin-4-yl-ethyl)-6,7,9,10-tetrahyd
2,3,9-triaza-cycl ohept a[ e] i nden-8-one, di hydrochloride with
1' H spiro[ pi peridine- 4,4 -quinazolin]-2 (3" H)-one, hydrochloride to give
the title conpoun % yi el d M5 (ES 1.35.

P 9 § %x001y4-dzhyc)1ro 2H—qu$nazol)m 3-yg -piperi I_c?me 1- carboxylzc acid [§-

5 oxo-9-(2-pyridin-4-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-cycloheptafe] inden-
7-yl]-amide. In a manner similar to 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-
piperidine-1-carboxylic acid [8-ox6-9-(2-piperidin-1 -yl-ethyl)-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide, the title compound was
prepared by reacting (7R)- 7-amino-9-(2-pyridin-4-yl-ethyl)-6,7,9,10-tetrahydro-3H-

10 2,3,9-triaza—cyclohepta[e]ihden—8—one, dihydrochloride with 3-piperidin-4-yl-3,4-
dihydro-1H-quinazolin-2-one, hydrochloride to give the title compound (80% yield).

MS (ESI) 530 (M+H); Re= 1.41.

EXAMPLE 27

N-NH

15



10 EXAMPLE 28 N-NHI NO N OHNO

4- (2- xo-1, 4-di hydro- 2H qui nazol i n-3 yI
15 oxo-9 wynoebos23ysyl net hyl -3, 6, 7, 8,
9-triaza-cycl oheptale]inden-7- yl)- an1d
4- (2- Oxo-1, 4-di hydr o- 2H—qU|nazoI|n 3-vyl
[ 8- oxo0- 9- (2 plperldln- -yl -
hexahydr o- 2, 3, 9- t ji/@za@:

conpound was prepared reacting

NNH 1-b
) piperidine-1-carboxylic acid (8-
9, 10- hexahydr o- BCTA1S2005/036859
I na manner simlar to
§7 pi peridine- | -carboxylic acid

ethyl)-3,6,7,8,9,10-
pgﬁ)my Sl %9918%@13 RIS, ToNbdardoiSepitdys, A1t e

7- ami no- 9- pyefintianel4Z- yll]fﬂévwsz d?hJQJFQGHéHFS@?W&HD@&HnQ-G 4'-quinazoline]-1-

2,3,9-triaza-c¢

3- pi peri di n-#* %la%’hggtﬁl[ﬁé&g&gHﬁkagﬂc?ﬁégm%d{%%ﬂh@;I26#“35:2}29]6? Padto give

the title ¢

2006/ 052378 PCT/ US2005/ 036859 75 EXA|
N NH 5  hexahydro-2,3,9-triaza-(R)-cyclohepta[e

prepared by reacting (7R)- 7-amino-9-(2

opipexridife-( £AMoxi B 8oid 8 o @&%13%65@51 Q%T-Hﬁhyl)@ & 738N@90

25 WO

OHNH NO
]Jinden-7-yl]-amide, the title compound was

-pyridin-4-yl-ethyl)-6,7,9,10-tetrahydro-3H-

2,3,9-triaza-cyclohepta[e]inden-8-one, dihydrochloride with 1'H-spiro[piperidine-

4,4'-quinazolin]-2'(3'H)-one, hydrochloride to give the title compound (80% yield).

MS (ESI) 516 (M+H); R;= 1.35.
10

EXAMPLE 28

NIfNH

\
of

4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl )-piperidine-1-carboxylic acid (5-

15

oxo-9-pyridin-4-ylmethyl-3,6,7,8,9,10-hexahydro-2, 3, 9-triaza-cycloheptafe] inden-7-

yl)-amide. In a manner similar to 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-

piperidine-1-carboxylic acid [8-0x0-9-(2

-piperidin-1-yl-ethyl)-3,6,7,8,9,10-

hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide, the title compound was

prepared by reacting (7R)- 7-amino-9-pyridin-4-ylmethyl-6,7,9,10-tetrahydro-3H-

20

2,3,9-triaza-cyclohepta[e]inden-8-one, dihydrochloride with 3-piperidin-4-yl-3,4-

dihydro-1H-quinazolin-2-one, hydrochloride to give the title compound (80% yield).

MS (ESI) 565 (M+H); R¢= 1.09.

25



N-[ 9pyri di n- 4yl met hyl - 8-o0x0-3, 6, 7, 8, 9, 10-hexahydroazepi no[ 3,
4-e]indazo|- 57 ylJ-2'-0x0-2 , 3 -dihydro-1 H 1 'H spiro[piperidine-4,

- qui nazwbi2nejoskz7scar boxam de. In a manner sinilar to PCT/US2005/036859
4 (2- Oxo- 1, 4-di hydr o- 2H qui nazol i n- 3- yI) glperidine-l- car boxylic acid
[ 8- ox0- 9- (2 pi peridin-1-yl-ethyl)-3,86, 7189, 10- hexahydro- 2, 3, 9-
triaza-(R)-cycl oheptal e] inden-?-yl]-anlde the title conpound was prepared
by reacting (7R)- EXAMPLE 29 .
7-am no-9-pyridin-4-ylmethyl -6,7,9, 10-tetrahydro-3H2,3,9-triaza 10
cycl ohepta[e] inden- 8 -one, dlhydrgghlorlde wth
1' H spiro[ pi peridine-4,4"- quinaz@glig]-2' (3" H)-one, hydrochloride to give
the title conpound (80%vyield). 8 ) 551 (MHH); Rf= 1.07. EXAMPLE 30
NNNH N O OB5N~ QNANH 15 WD 2006 78 PCT/ US2005/ 036859 176
4- (2- Ox0- 1, 4-di hydr o- 2H qui nazol i ny3 y\) piperidine-|-carboxylic acid (4,9-
di net hyl - 8-o0x0-3, 6, 7, 8, 9,10-he ahyvro @, 3,
9-triaza- cyclohepta[e]lnden 7 yl i
(4, 9-di net hyl - 8- 0xo0-3, 6,7, 8,
cyclohepta[e]inden-?-yl)-car
5 net hanol and chloroform (0.% L) was added
ng) under nitrogen atnosphere. The reaction
hydrogen atnosphere (1 atn) and stirred for
and the solvent was evaporated to give
7-am no-4, 9-di net hyl -6, 7, 9 10-tetrahydro-3H 2, 3,9-tri aza-
cyclohepta[e]lnden 8-one, -hydrochl oride in al nost quantltatlve yield. To

the anine 10 salt T[Hmrleim b resdneronh s 7ekit 68 harabdgaripialy -alandoetiat e (37
ng, O. 14 ] 8, r,00 rature.

0, o 143 T2 W LI i P TR P SRR

hydr ochI ori dhz(ﬁi@mrm slnﬁlai%4mm]x)a 1, avdihydetd 2 - quinchz8 in-Bryiagipeddihe-nued for 12

h. The sol vent ma rat and the crude
carboxy ic am%rf -0XO0- (2-pr}perEd1n 1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-

Outri aza-

250 ng, 0.132 nmol) in
% pal, 1 adi um on carbon (20

re was brought to

The catal yst was filtered

triaza-(R)-cyclohepta[e]inden-7-yl}-amide, the title compound was prepared by
reacting (7R)- 7-amino-9-pyridin-4-ylmethyl-6,7,9,10-tetrahydro-3H-2,3,9-triaza-

10 cyclohepta[e]inden-8-one, dihydrochloride with i'H-spiro[piperidine-4,4’-
quinazolin]-2'(3'H)-one, hydrochloride to give the title compound (80% yield). MS
(ESI) 551 (M+H); R¢=1.07.

EXAMPLE 30

N—NH

/E\NH
: 0



product was purified by Prep HPLC to give

4- (2- xo0-1, 4-di hydro- 2H qui nazolin-3 15 yl)-pi peridi ne-1-carboxylic acid
(4, 9- di mewbybesdsexe- 3, 6, 7, 8, 9, 10- hexahydr o- 2, 3, 9- PCT/US2005/036859
triaza-cycl oheptale]inden-7-yl)-amde i r] %9% overall yield. M5 (ESI) 502
(MtH); Rf = 1.31. EXAMPLE 31 ONO N HO N1I~1 NH 20 b

4-(2- xo-1, 4-di hydro- 2H qui nazol i n-3 yl ) pi peridi ne-1-carboxylic acid (8

benzyl oxy- 2- met hyk-B-m%0r, 2dzf§drﬁ2H§;uE;%tz£ﬁ;m§QI b iperitiRE 12k BAPBERER (4 9-

yl)-am de. To a stl rred sol ution of
(8- benzyl oxydlzwlﬂm’ Bydxo33 ©X.8-%2] Bhaxabydretd éﬁydamdr)}slldlspta[e]mden 7-yl)-amide.

benzo[c]azep est.er 0.76 nunol) in
WO 2006/ 052378 @¥‘} %&Qg@?%’%“é@é 8d‘1 5%1 A Jlr%?}ﬁ'gﬁeig% {‘Tﬂ%z ‘was added a
4.0 M sol ut i erldHeplaydindes- }qja&a@balﬂ@ aciil tngyaner (10kagd-132 dhiriyigaction

m xture was stirred and renoved the solvent to give the amne salt in

quant i t atd vemgthane] angighlogefprm (& amL)wees adied )% @alladiumticniathos (20 e (20I n)
fol owed by gl mn%@?xg;tggb ﬁiﬁrghﬁé&%c@ rg%f%rg?;a?%p%gﬁf {o3hard@n O- 83 mmol)

and 5 triethylamne
3- pi peri di n-a@mgkplRreliditiny dndstirktd ford haZbkicataBsowes filkgted andhihe sbident(wad N,

0. 84 1) dded d st ti f Th t t
was then hasHEROHEHo %&r}f&iﬂé{nre' G0 dirvehyit S5 oRc o 35 55 8 Rakty or ochl or ¢
acid and drigednBERPhlien-§ ke HASHRIRAUS BIm VR §udiikdive SEL1BY TS gﬁsﬂnme

chr omat ogr aphy usi 5% nmet hanol 1 n di chl oromethane to’gi ve
4- (2- Oxol01, 4sadfi lh}imhganetl}amm‘azs)addnd axsycqlmpumequamoneteIstmgbaxys monelgi d (8-

Y 2 R e Bl Ol G T B Ly i RERZ KB TP 42 v! ) -2 de
piperidin-4-yl-3,4- d1hydro 1H- qumazol1n-2 -one, hydrochloride (39 mg, 0.145 mmol)
was added and stirring continued for 12 h. The solvent was evaporated and the crude
product was purified by Prep HPLC to give 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-
15 yl)-piperidine-1-carboxylic acid (4,9-dimethyl-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-
triaza-cyclohepta[e]inden-7-yl)-amide in 59% overall yield. MS (ESI) 502 (M+H); R
=1.31.

" EXAMPLE 31
o) O
N o
v
0 H N
¥
. N/U\NH
. ﬁ

4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine- 1 -carboxylic acid (8-
benzyloxy-2-methyl-3-oxo-2,3,4,5-tetrahydro-1 H-benzo[c] azepin-4-yl)-amide. To a
stirred solution of (8-benzyloxy-2-methyl-3-oxo0-2,3,4,5-tetrahydro-1H-

25  benzo[c]azepin-4-yl)-carbamic acid tert-butyl ester (300 mg, 0.76 mmol) in



EXAMPLE 32 HO N O O QNANH | -b 15 4-(2- Oxo-1, 4-di hydr o- 2H qui nazol i n-3

yl ) pi peridi ne-|-carboxylic acid (8- hydroxy-2-nethyl-3-o0x0-2, 3, 4,

S-t et r ahywlo@ods/dseizenzo[ c] azepin-4 yl)-anmi de. To a stir red/tseésiB6389 Of

4- (2- oxo-1, 4-di hydr o- 2H qui nazol i n- 3-yl ) - ﬁi peridine-|-carboxylic 20 acid
(8- benzyl oxy- 2- et hyl - 3-oxo0-2, 3,4, 5-tet fd ydro-| H benzo[ c] azepi n-4-yl ) -

am de (187 ng, 0.34 mol ) in nethanol (30 niL) followed by 10% pal | adi um on

carbon (30 n@khbAsiRsthatiel(® AR wWasTdiicl QQ%M%ldﬁo}Stolfh?%ﬁtﬂg% brieHehh &iﬁaé?e 4 and

at nosphere of hydrogen and stirred for 12 h. The C st was fi
t he sol vent (@smLpvEpoeacton migtuge was stirred and removed the solvent to give the amine

ety Usp005) 0ReAg SR TRF g o RSGLEa i acnictomeliane BOR)
(8- hydr oxy- 2fometey rbrad@man 3f B, M -Bist@iniatiyd &;@Ibhhhltbgzzmggj G RInbIfandy! ) - am de

in quantitative yield. M5 (ESI) 464 &I\/&Hiﬁ Rf= 1.34. 5 EXAWPLE 33 HO Cl1 Cl
NO 0 HXN et ine K0.44 no). Aiftey 4 BLRE3-pinendin gy, 4-diftydro-1H-
pi peri di ne-| ¢ N | 9 - _
di chl or o- 8- h%@?go%%?ﬁ )26 &r)rrr?set’ ﬁg‘?@‘\élé&% (52 § % gi8t4e r é’RyV&arSo"‘f‘ flf_ﬂ ﬁednszn&"é% azepin-4
yl) 10 am deconfmued & il 2 he The ataction miofure was then washed with aqueous sodium g
4- (2-0xo0-1, 4-dj hydr o- 2H- qui ol jn-3-yl)-piperidine-_ 1-carboxylic aci
( 8- hydr oxy- Zh)fdé?gﬁ%@@g’%%ﬁé? g’lz ]213,’459‘7( 1f arsl driqd (Bepd9)c [Tk epidg product
was purified by flash chromatography using 5% methanol in dichloromethane to give
10 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid (8-
benZyloxy-Z-methyl-3 -0x0-2,3,4,5-tetrahydro-1H-benzo[c]azepin-4-yl)-amide in
66% yield. MS (ESI) 554 (M+H); R¢=1.67. '

EXAMPLE 32

0
NJJ\NH
15 K©
4-(2-Oxo-1,4-dihydro-2 H-quinazolin-3-yl)-piperidine-1-carboxylic acid (8-
hydroxy-2-methyl-3-oxo0-2,3,4, 5-tetrahydro-1H-benzo[c] azepin-4-yl)-amide. To a
stirred solution of 4-(2-oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic
20  acid (8-benzyloxy-2-methyl-3-0x0-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-4-yl)-
amide (187 mg, 0.34 mmol) in methanol (30 mL) followed by 10% palladium on
carbon (30 mg) under nitrogen. The reaction mixture was brought to 1 atmosphere of
W

hydrogen and stirred for 12 h. The catalyst was filtered and the solvent was
evaporated to give 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-



4-yl)-amde (27 ng, 0.058 mml) in dichloronethane (10 nL) was added

nmet hanol (2 nlL), ether (3 nL) followed by sulfuryl chloride (70 L) at room
t enper at we.2o00s2378eacti on m xture was stirred for addi conabkoosds3dssand t hen
concentrated. The crude 15 product was qggified by Prep HPLC to give

4- (2- Ox0-1, 4-di hydr o- 2H qui nazol i n- 3- yl'Y®pi peri di ne-1-carboxylic acid
(7,9-dichl oro-8-hydroxy- 2- net hyl - 3-oxo- 2, 3, 4, 5-

t et rahydro- | ; dRs&=L j L3 28%e M 1 ME 3-4. Mr-H)
e R e e S

Br h N O Npapids injurntMpfive YigldOxo- 1, 4- di hydr o- 2H qui nazol i n-3 yl)

pi peri di ne-1 3 i (¢ (7,9- 5
dibronD-8-hyyﬁgggﬁgﬁgéﬁﬁaﬁi fo 625,3,4,5-tetrahydro-lFkbenzo[c]azepin-4

yl)- amde. To a stirred solution of

4- (2- oxo-1, 4-di hydr o- 2H qui nazol i n- 3-yl ) - pi peri dine- | -carboxylic acid
(8-hydro%§-2-nethy|-3-0xo-2,3,4,5-teﬂ%¥3ﬂﬁi 3 H benzo[ c] azepi n-
4-yl)-am de (39 ng, 0.084 nmmol) in dichloronethane (10 nL) was added

di i sopropylamne (0.06 nmL, 0.42 Mf®pl) dioll owed by N bronosuccinimde (33
ng, 10 0.185 mmol) at room tenperapure. The reaction mxture was stirred
for additional 1 h and then tk& ﬁﬂ!& nt was renoved. The crude product was
purified by Prep HPLC to give
4- (2- Oxo- 1, 4- di hydr o- 2H qui nazol ifn- 3-
di br onp- 8- hydr oxy- 2- net hyl - 3- oxoNx:
azepin-4-yl)- amde in 74%yie|d.o

Q

A
v,

| ) - pi peridine-|-carboxylic acid (7, 9-
, °tetrahydro-1 H benzo] c]

4
WESL)_620 (MH); Rf= 1.45.

(0]
z
4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid (7,9-
dichloro-8-hydroxy-2-methyl-3-oxo-2,3,4,5-tetrahydro-1H-benzo[c] azepin-4-yl)-

10 amide. To a stirred solution of 4-(2-ox0-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-
1-carboxylic acid (8-hydroxy-2-methyl-3-ox0-2,3,4,5-tetrahydro-1H-benzo[c]azepin-
4-yl)-amide (27 mg, 0.058 mmol) in dichloromethane (10 mL) was added methanol
(2 mL), ether (3 mL) followed by sulfuryl chloride (70 pL) at room temperature. The
reaction mixture was stirred for additional 12 h and then concentrated. The crude

15 product was purified by Prep HPLC to give 4-(2-Oxo0-1,4-dihydro-2H-quinazolin-3-
yl)-piperidine-1-carboxylic acid (7,9-dichloro-8-hydroxy-2-methyl-3-o0x0-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-4-yl)-amide in 58% yield. MS (ESI) 532 (M+H); R¢=
1.40.

20

25



15 20 25 WD 2006/ 052378 PCT/ US2005/ 036859 180 EXAMPLE 35 NN CI N~ O N
O%:NH (S)-4-Chloro- 7-(2-o0xo-2-(4-(5phenyl-1H pyrazol-3 yl)piperidin-1

yl ) et hyl )wo20&5pymsi di n- 4 PCT/US2005/036859

yl met hyl)-6,7,9, 10-t et rahydr oazepi no[ 3, 4-¢el i ndazol - 8(3H)-one. (S)-2-

(4-chl or o- 8- ox0-9- (pyridin-4-yl net hyl) - é,7 , 7, 8,9, 10- hexahydr oazepi no[ 3, 4
e]indazol -7-yl)acetic acid di hydrochloride (66 ng, 0.23 nmol) and

4- (5-phenyl -1 H pyrazol -3-yl) pi peri dipgeMpi@r fehl oride (40 nmg, 0.15 mmol)
were reacted following a procedure anal ogous to the preparation of

4-Chl oro-9- (2, 2-di et hyl - propyl ) 4 (S), 10

{ 2- 0x0- 2- [ 4- ( 2- ox0- 1, 4- di hydr o- 2H yui ffazol i n-3-yl)-piperidin-1-yl]-ethyl }-6
, 7,9,10- tetrahydro-3H 2, 3, 9-t gj.azd- aqycl ohepta[ e] i nden-8-one. Title
compound (34 ng) was obtained as \Wwhite solid. M5 (ESI) 594 (MtH); Rf=
1.99. EXAMPLE 36 HNON N O N O\N -\ NH

4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid (7,9-
5 dibromo-8-hydroxy-2-methyl-3-oxo-2,3,4,5-tetrahydro-1H-benzo[c] azepin-4-yl)-
amide. To a stirred solution of 4-(2-oxo0-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-
1-carboxylic acid (8-hydroxy-2-methyl-3-0x0-2,3,4,5-tetrahydro-1H-benzo[c]azepin-
4-yl)-amide (39 mg, 0.084 mmol) in dichloromethane (10 mL) was added
diisopropylamine (0.06 mL, 0.42 mmol) followed by N-bromosuccinimide (33 mg,
10 0.185 mmol) at room temperature. The reaction mixture was stirred for additional 1
h and then the solvent was removed. The crude product was purified by Prep HPLC
to give 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid (7,9-
dibromo-8-hydroxy-2-methyl-3-ox0-2,3,4,5-tetrahydro-1H-benzo[c]azepin-4-yl)-
amide in 74% yield. MS (ESI) 620 (M+H); R¢=1.45.
15

20

25



15 WO 2006/ 052378 PCT/ US2005/ 036859 181

(S)-9-Neopentyl -7-(2-0x0-2-(4-(2-0x0-4 phenyl -2, 3-di hydroi m dazol -1 -

yl ) pi per iwoneds/oskd7et hyl ) -6, 7, 9, 10 tetrahydroazepi no[ 3pcEArSP005/036859

i ndazol -8(3H)-one. O (7- Azabenzotri azol - ‘
1-y|)-N,N,N‘,N'-tetranethyluroniun1hexaﬁ§%orophosphate (62 nmg, 0.16 nmol)
was added to a solution of [9-(2,2-dinethyl-propyl)-8-0x0-3,6,7,8,9, 10 5
hexahydro-2, 3, 9-triaza-(S)-cycl oheptat glipigess 7-yl ] -acetic acid (50 ng,
0.16 mol) and N, N-diisopropylethylamne (85 .iL, 0.48 mml) in DW (2.0
m.). Mxture was stirred at roomgenperature for 45 m nutes.

4-phenyl -1 - (pi peridin-4-yl)-1HiydNazgft 2(3H)-one hydrochl oride (53 ny,
0.19 Mol ) was then added to thelmqre. The desired conpound was
purified by prep HPLC. The title CQEJQ nd (49 ng) was 10 obtained as a
white foam M (ESI) 555 (MtH); Rf 71 54. EXAMPLE 37 N HNC O NN~ NOO

N~ NH 1-b 15 (R -N- (8-B | - o)o o1, 5, 6, 7, 8,
9- hexahydr oazepi no[ 4, 3 J]i\adaxzql >%
(2-o0xo0- 1, 2-di hydr oqui nazol i n=3(4H) ) pi perNdrye-| - car boxam de. (R)-Benzyl

1- o)
acetyl - 8-benzyl -7-o0xo0-1, 5, 6, 7, 8, 9- hexahydr oazépinwel4, 3-f]i ndazol - 6- yl car bam
ate (52 ng, 0.11 nmol) was dissolved in a mxtuke M methanol (7 nlL) and
acetic acid (100 L). A catalytic amunt of 10% palN adi um on carbon was
added to the m xture. 20 Reaction was placed on a P appar atus under 60
psi of hydrogen gas. Reaction shook at roomtenpe e for 2 hours.

M xture was filtered. Filtrate was concentrated. ReESidue was dissolved in
di chl oronet hane (5 nlL). Aqueous sodium bicarbonate (5 nL) was added to the

m xture. 20% Phos e.in toluene (62 L, O. nmol ) s added to the
mxture with vi go(%g'g'sdél op 1(%1’6%‘0'r%e(g‘c’é‘Péﬁ”ﬂ!\ézﬂ"@frﬂfq]é&%lpe”‘gng-yl)efhyrl}-
5 9-(pyridin-4-ylmethyl)-6,7,9,10-tetrahydroazepino[3,4-e] indazol-8(3H)-one. (S)-2-
(4-chloro-8-ox0-9-(pyridin-4-ylmethyl)-3,6,7,8,9,10-hexahydroazepino[3,4-
elindazol-7-yl)acetic acid dihydrochloride (66 mg, 0.23 mmol) and 4-(5-phenyl-1H-

~ pyrazol-3-yl)piperidine hydrochloride (40 mg, 0.15 mmol) were reacted following a
procedure analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(S)-
10 {2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound (34 mg) was
obtained as white solid. MS (ESI) 594 (M+H); Ry=1.99.

EXAMPLE 36

15



25 vigorously at roomtenperature for 20 m nutes. 4-(2-oxo- 1, 4-di hydro-2H
WO 2006/ 052378 PCT/ US2005/ 036859 182 qui nazol i n-3-yl)pi peridinium acetate
was addedwbDaoddns23ext ure. Reaction stirred at room t emperaiszes/obssso 1 hour .
Layers were partitioned. Organics were vi/%ihed twice with IN hydrochloric
acid and once with brine. Oganic |ayer s dried (magnesium sulfate),
filtered and concentrated in vacuo. Residue was dissolved in nethanol (5 5

m.) . Potassi um cayhongbspekf 7118.oxB- L - (fmdo)z; %yﬁQ@eﬁh}&oﬁﬁ%ﬂ)ﬂ ure.

Reaction stirred at roomtenperature for Reacti on was quenched

wi th trifl uoriripetdio-1-dbathy))-60 % 10 f@trwhndrp@ﬂepfmoéﬂﬂgjﬂndwwmﬂeneTuQ (’é_r
R 21 8o m nARs R By p Rl St R Ry s patd g, °0%

(S) - 9- Benzyl 016 nzmel ova2 added(t8 a@¥hrtidn 3f (- tmiﬂﬁﬂahmi@;bylps%&éﬁ)é yR)piqeri di n-
1 yl)ethyl)-6, 7, 9,10-tet rah¥droazep| nol 3, 4- e]|ndazo - 3H)-one T)ltle

conpound 15 hexghpirarsad-edriszs-@ ‘h‘ﬁ]éqpt@e[ﬁhlll‘iﬁgduxl 'ta@ettcr?éldp@&%g

4- chl or o- 9- )

(2 oxo- o 2 S SEGTRPRpTAARA €5 RRL0 AP manel) iy PME (0 1l Mixpr wes
ethyl }-6,7, 9stﬂrfbdt£trdscﬁﬂydﬂﬂi@rﬁhi-e3"oﬁ49mﬁﬁm@szapﬁyﬁ}‘lqhgmi@{dﬂ] 4%@)9H-18mmh@ol-
Material was_ _obtained as white solid in 18%yi el M5 me (MrH) += 563. 1.
"H NMR (500 M3 -Onsmor%‘?ﬂd@,(:531r2gdél%@mmas thempadded to #Eem?tiure 1he 8. 05

|(_|)d ‘é ég 38, dé]shl)el_ﬁl cgmﬁéﬁ%as%r@d%g’pé% T?%LC7}11§9£1§% %EgmndG(4ggn%)Snwas‘] =7. 62 41

(m 1H), 104 2abt@m¢daszmhaefoazHMSQEsnsw(M&HJZR&l 54 H), 3.99 (m 1H), 3.14
(d, J=15.87, 2H), 3.07 (m 1 H), 2.61 (m 1 H), 2.42 (m 1 H, 1.84 (m
1H), 1.62 (m 3H).

EXAMPLE 37

HN

O

O s

o %

15 (R)-N-(8-Benzyl-7-ox0-1,5,6,7,8,9-hexahydroazepino[4,3-f] indazol-6-yl)-4-
(2-oxo0-1,2-dihydroquinazolin-3(4H)-yl)piperidine-1-carboxamide. (R)-Benzyl 1-
acetyl-8-benzyl-7-oxo0-1,5,6,7,8,9-hexahydroazepino[4,3-f]indazol-6-ylcarbamate (52
mg, 0.11 mmol) was dissolved in a mixture of methanol (7 mL) and acetic acid (100
uL). A catalytic amount of 10% palladium on carbon was added to the mixture.

20  Reaction was placed on a Parr apparatus under 60 psi of hydrogen gas. Reaction
shook at room temperature for 2 hours. Mixture was filtered. Filtrate was
concentrated. Residue was dissolved in dichloromethane (5 mL). Aqueous sodium
bicarbonate (5 mL) was added to the mixture. 20% Phosgene in toluene (62 uL, 0.12

mmol) was added to the mixture with vigorous stirring. Reaction was stirred

25  vigorously at room temperature for 20 minutes. 4-(2-oxo-1,4-dihydro-2H-



25 WD 2006/ 052378 PCT/ US2005/ 036859 183 EXAMPLE 39 HNNO NNa O N J-~
NHF (S)-7-(2-(4-(8-Fluoro-2-o0xo-1, 2-di hydroqui nazol i n-3(4H)

yl ) pi per iworeds/oskd7s 5 2- oxoet hyl ) - 9- neopent yl -6, 7, PCT/US2005/036859

9, 10- t et rahydr oazepi no[ 3, 4-e]indazol - glg} one. Title corrpound was
prepared in a manner anal ogous to the préparation of 9-(2,2

D met hyl - propyl )-7-(R)- {2-oxo-2-

[ 4- (2- 0x0- 1, 4uidAJ¥idI Ry 1%@1{&@%94&&%&4 addem(p@le itk e | Reakliba @ﬁr!?eyc{ & -6,7,9,
10- tetrahydro 3H 2, 3, % triaza-cycl oheptale] inden-8-one. Material was

obt ai ned as wieitt emperatute ifor Bissury Leyats WS pattatiqniv HDrganiG 1w @ e whbhelOwideR (500

Ies sa Ty M d T RirourRiacts dgonts Siu e fifaniglog e Vs oriod hiaghesil
1H), 5. 38 (dsulfateﬁ fillefedShd dontBntrafedd? vhéo. JEé‘s?du@Qvas |dls|‘ﬂ>lwe$m5r¥etﬁﬁlhol éS 4 40
(m I 4.35 (5 2H), 410 (d J 13,43 2H), 388 (m 1M

12. 67, 1|_‘b 131Lj_ 1P¢(>t|a}§su.gﬂ):arbgnqjq_ g A4 mnz)lgwas( qrﬁ]ded t-ghe nZIXB@e (R@acpopl\j)P LE ig
|(_|m 1H) i"m—%&'aNl‘?\?l%ten@ %&W@ur %ezzlh({n%as]tﬁleﬂc_h]eé \3191 tr%roagg%

Cl IN N\
acid. Mixture was purified by prep HPLC. Title compound was obtained as a white

solid in 11% yield. MS m/e (M+H)*= 564.3. R;=1.89 min.

10 EXAMPLE 38

(0]
‘ Z
(S)-9-Benzyl-7-(2-oxo-2-(4-(2-oxo-1,2-dihydroquinazolin-3(4H)-yl)piperidin-
I-yl)ethyl)-6,7,9,10-tetrahydroazepino[3,4-e] indazol-8(3H)-one. Title compound
15 was prepared in a manner analogous to the preparation of 4-chloro-9-(2,2-dimethyl-
propyl)-7-(S)- {2-ox0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-
ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Material was
- obtained as white solid in 18% yield. MS m/e (M+H)"=563.1. '"H NMR (500 MHz,
DMSO-Dg): 6=12.93 (s, 1H), 9.23 (d, J=6.71, 1H), 8.05 (d, J/=10.38, 1H), 7.33 (4,
20  J=8.55, 1H), 7.13 (m, 7H), 6.99 (d, J=7.63, 1H), 6.84 (m, 1H), 6.76 (m,»lH), 5.34 (d,
J=17.4, 1H), 4.62 (m, 4H), 4.41 (m, 1H), 4.27 (d, J/=22.89, 2H), 4.11 (d, /=12.82,
1H), 3.99 (m, 1H), 3.14 (d, J/~15.87, 2H), 3.07 (m, 1H), 2.61 (m, 1H), 2.42 (m, 1H),
1.84 (m, 1H), 1.62 (m, 3H).
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WD 2006/ 052378 PCT/ US2005/ 036859 184 (S)-4-Chloro-7-(2-(4-(8
fluoro-2-oxo0-1, 2-di hydroquinazolin-3(4H)- yl)piperidin-1

yl ) - 2- oxowdhyde)osB78eopent yl -6, 7, 9, 10-tetrahydroazepi nefc3;usdeosjosesdazol -
8(3H)-one. Title conpound was prepared ig a manner anal ogous to the
preparation of 4-Ch|oro-9-(2,2-dinethyﬂ-%ropyl)-?-(S)-
{2-ox0-2-[4-(2-0x0-1, 4-di hydro-2H 5 qui nazolin-3-yl)-piperidin-Il-yl]-ethyl
}-6,7,9,10-tetrahydro-3H 2, 3, 9-tri azax Agsglpohept af e] i nden-8-one. Materi al
was obtained as white solid in 49%yvyield. M5 me (MH) += 595.2. "H NWR
(500 MHz, DVMSO-D6): &= 13.55 (s, [AH), 9.24 (s, 1 H, 837 (s, 1 H, 7.37
(d, J8.54, 1 H, 7.24 (s, 1 H),,ﬂ 05 (m 1 H, 696 (m 1 H, 6.88 (dd,
J1=12.21, J2=7.32, 1H), 5.36 (& 01, 1H), 4.63 (d, J=17.09, 1H), 4.50
(m 10 1H), 4.42 (m 1H), 4. 35 4.10 (d, J12.51, 1H), 3.88 (m

1H), 3.57 (m 1H), 3.09 (d, JJ15.5 , -00 (m 2H), 2.88 (t, J=13.12,
1H, 2.60 (m 1H 2.33 (d, J 15.26, | 1.85 (m 1H), 1.60 (m 3H), 0.73
(d, J=17.09, 9H). EXAMPLE 41 CI N N N Oo N 15
(S)-4-Chloro-9-neopen tyl- 7- =0xo0- (4-[E§§E§qj§3 4-d i hydro isoqu inol
in- 2(IH) yl)piperidin-1 yl)ethyl)-6,7,9, N~ "NH

10-t etrahydroazepi no[ 3, 4-e] i ndazol -8(3H)-one. Titl e!conpound was prepared

from 2-(piperidin-4-yl)-1,2-di hydroi soqui nolin-3(4 one hydrochl ori de
in a manner analogous to the preparation of 4-Chlor (2, 2-

di met hyl - propyl )-7-(S) - {2 0X0- 2- [ 4- ( 2- ox0- 1, 4-di hydr o- 2H qui nazol i n-3-yl ) -
pi peridin- | -yl]-ethyl -6,7,9,1 0- tetrahydro 3

AL ST L CHE RSP T AL
13.55 (.5 | Foxoddnydl9bRopdnnls, 7,9 189etkdhydiddtepido/33- é]%azol—8(3H)-one. Title
compound was prepared in a manner analogous to the preparation of 9-(2,2-
Dimethyl-propyl)-7-(R)- {2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.
Material was obtained as white solid in 35% yield. MS m/e (M+H)'=561.3. 'H
10 NMR (500 MHz, DMSO-Dg): 6= 13.00 (s, 1H), 9.24 (s, 1H), 8.22 (s, 1H), 7.37 (d,
J=8.54, 1H), 7.11 (d, J=7.63, TH), 7.05 (m, 1H), 6.94 (m, 1H), 6.88 (m, 1H), 5.38 (d,
J=17.09, 1H), 4.62 (d, J=17.09, 1H), 4.51 (m, 1H), 4.40 (m, 1H), 4.35 (s, 2H), 4.10
(d, /~=13.43, 2H), 3.88 (m, 1H), 3.55 (t, J=12.67, 1H), 3.11 (m, 2H), 3.01 (m, 2H),
2.87 (m, 1H), 2.60 (m, 1H) 2.34 (m, 1H), 1.84 (m, 1H), 1.61 (m, 3H), 0.74 (d,
15 J=17.70, 9H).

EXAMPLE 40

H Cl
N

YO
K@F



25 J1=7.63, J2= 6.10, 4H), 5.37 (dd, J1=16.48, J2=7.63, 1 H), 4.64 (d,
J=17.70, 2H), WD 2006/ 052378 PCT/ US2005/ 036859 185 4.48 (s, 1H), 4.38 (s,
2H), 4. 09wOrmocldN3783. 57 (m 1H), 3.54 (s, 2H), 3.11 (m p8i)us2003/08@s¢ m 2H),
289 (m I H, 2261 (m | H, 2.36 (m | _H, 1.54 (m 2H, 0.74 (d,
J=28.08, 9H). 5 EXAMPLE 42 H N N O N!0 NH

(S)-9-Neopentyl -7-(2-0x0-2-(4-(2-0xo0-1, 2-di hydroqui nolin-3 yl) pi peridin-1-
yl)ethyl)-6,7, 9, 1@ Lebgphysd gm?@yzn%% &@J'mﬁgn%? b dmopen Tt @

compound was 10 prepared fr (pi peridin-4-yl -one
hydr ochl or i dé)piiperadinvdnibe?- ox@aﬁ@t&a@maavmw{%9 Megm}aftlramamhoﬁ 4-e]indazol-

9- 2, 2- Di et R - 2-[ 4- ( 2- oxo0- _
by o SR ERE Keichirgoyad & Wﬁ? PP 4 faBitanaloggys t thegropagation

10 t et rahydrgrBthRri02,2tdih@ Pghﬁfg)a{bedgonﬂﬁ:(ﬁow¢ A-dBY @b, was

obtained as white solid in 31A) = 540. 2. 1H NMR (500

MHz, DVBO Dejuinaelin-B-yippipsridin- lHyIJ -ethy2p 679, (Ostetnahﬂ;ro -3H-26,9-tt1azd=8. 85, | H),

5 50, 7y, relpbepretlyagt Eone vgterh ol pilinlgs BB 0y in'aghhygerdy 195_( 7 o5
1H), 4. 62 (Cin/eJ(Mﬁ{)79,595|2|) H4N5/{5R(5b0 MH%lDRffSO-IJ'D ,6:4131§ ((sSIH)1|9|)24 (8- 88 (s,

1H), 3.58 (s, 2H), 316% |}_|)I é; =14.34, 1H), 2.64
(m 1H), 2. 38 &371s)1H), 1. @@(JES 5541. )5@4 ($HHD, 109 H)fz:91 (ned H)16{88 1. 57

m 1 4
bt Usoos) (tels 2 2b Blaet Bt @ b518 62 1) 08354388 1, 43500,
10 1H), 4.42 (m, 1H), 4.35 (s, 2H), 4.10 (d, J=12.51, 1H), 3.88 (m, 1H), 3.57 (m, 1H),
3.09 (d, /=15.56, 2H), 3.00 (m, 2H), 2.88 (t, J/=13.12, 1H), 2.60 (m, 1H) 2.33 (d,
J=15.26, 1H), 1.85 (m, 1H), 1.60 (m, 3H), 0.73 (d, /=17.09, 9H).

EXAMPLE 41

15

(S)-4-Chloro-9-neopentyl-7-(2-0xo-2-(4-(3-0x0-3,4-dihydroisoquinolin-

2(1H)-yl)piperidin-1-yl)ethyl)-6,7,9, 10-tetrahydroazepino(3,4-e] indazol-8(3H)-one.

Title compound was prepared from 2-(piperidin-4-yl)-1,2-dihydroisoquinolin-3(4H)-
20  one hydrochloride in a manner analogous to the preparation of 4-Chloro-9-(2,2-

dimethyl-propyl)-7-(S)-{2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-

piperidin-1-yl}-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.

Material was obtained as yellow solid in 35% yield. MS m/e (M+H)*=576.2. 'H

NMR (500 MHz, DMSO-Dg): 6= 13.55 (s, 1H), 8.37 (s, 1H), 7.29 (s, 1H ), 7.23 (dd,
25 JI=7.63,J2=6.10, 4H), 5.37 (dd, JI=16.48, J2=7.63, 1H), 4.64 (d, /=17.70, 2H),



N N O NNONH 5
S) - 4- Chl or 0- 9- neopent yl - 7- (2- oxo- 2- (4- (2- oxo- |, 2-di hydr oqui nol i n- 3-
| ) pi periworods/oskyret hyl )-6, 7, 9, 10-tetrahydr oazepi no[ 3PCT/US2005/036859
]indazol -8(3H)-one. Title conpound vvgg prepared from

pi peri di n-4-yl)quinolin-2(1H)-one hyd chloride in a manner anal ogous
to the preparation of 4-Chloro-9-(2,2-dinethyl-propyl)-7-(S)- {2-
0x0- 2- [ 4- (2- px@sl.1 )d4kwg.e QH?'Zi‘(WJQt 8149'3@7%}’&1)1) I@'ﬂe(]%'ﬂil 3.1 @ybinethyl }

-6,7,9,10 10 tetrahydro r'i aza- cycl ohept al e en8one ‘Mat eri al
was obt ai ned3.89 (mfiH) RO @, S8 261 mABY, ¢i36I(th, KB lrd‘é(n(lMiPH) 074%34.2. 'H NWR
(500 MHz, DI\/_F%%%) qS= 13.54 (s, | H, 11.76 (s, | H), 8.36 (s, 1H, 7.70
(d, J=5.80 M1 (d, 3=7.63, 1 H), 7.43 (t. J 7.63, 1 H. 7.28 (d.
J=7.93, 1 H), 7.24 (s, 1 H, 7.15 (t, J=7.32, 1 H, 5.37 (d, J=17.09, 1H),
4.63 (d, J 16 79, 1H), 4.55 (d, J=12.21, 1H), 4.13 (m 1H), 15 3.87 (m
1H), 3.59 (d, J=13.12, | H), 3.15 (HXAMPLE®D3 (m 3H), 2.88 (m | H),
2.63 (m 1H), 2.34 (d, J=16.17 1 H), 1.91 (d, J=1.22, 1 H), 1.84 (d,
J=11.29, 1 H, 1.57 (m | H, H.40 (m | H), 0.72 (s, 9H). 20 25 WO
2006/ 052378 PCT/ US2005/ 036859N~ N AMPLE 44 HC N, \ O NNa O 0O NH
(S)-4-Chl oro-9-neopentyl -7-(2- 4- (2- oxo-4 phenyl -

I

(S)
yl)
4-¢
3-(

(S)-9-Neopentyl-7-(2-oxo-2-(4-(2-oxo- 1, 2-dihydroquinolin-3-yl)piperidin- 1 -

ylethyl)-6,7,9,10-tetrahydroazepino[3,4-e] indazol-8(3H)-one. Title compound was

10 prepared from 3-(piperidin-4-yl)quinolin-2(1H)-one hydrochloride in a manner
analogous to the preparation of 9-(2,2-Dimethyl-propyl)-7-(R)-{2-0x0-2-[4-(2-0x0-
1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-
triaza-cyclohepta[e]inden-8-one. Material was obtained as white solid in 31% yield.
MS m/e (M+H)"=540.2. '"H NMR (500 MHz, DMSO-Dg): 6= 11.76 (s, 1H), 8.22

15 (s, 1H), 7.70 (d, J=8.85, 1H), 7.62 (s, 1H), 7.43 (t, J=7.48, 1H), 7.37 (d, J= 8.55, 1H),
7.28 (d, J=8.24, 1H), 7.15 (t, J= 7.32, 1H) 7.11 (d, J=8.55, 1H), 5.38 (d, J=17.09,
1H), 4.62 (d, J=16.79, 1H), 4.55 (d, J=11.29, 1H), 4.13 (s, 1H), 3.88 (s, 1H), 3.58 (s,
2H), 3.16 (m, 2H), 3.07 (m, 3H), 2.88 (t, J=14.34, 1H), 2.64 (m, 1H), 2.36 (m, 1H),
1.92 (d,J=10.38, 1H), 1.84 (d, J=11.29, 1H), 1.57 (m, 1H), 1.40 (m, 1H), 0.73 (s,

20 9H).

25



5 di hydroi m dazol -1 yl)piperidin-1

yl)ethyl)-6,7,9, 10-tetrahydroazepi no[ 3, 4-e]i ndazol - 8(3H)-one. Title
conpound weogspased from 4-phenyl -1 - (pi peridi n-4-yl) - PEH/US2005/036859

i m dazol -2(3H)-one in a manner anal ogous1 %o t he preparation of

4- Chl or0-9- (2, 2- di met hyl - propyl)-7-(S) -8

{2-oxo0-2-[4-(2-0x0-1, 4-di hydr o- 2H qui nazol in-3-yl)- piperidin- | -yl]-ethyl
} -6,7,9, 1 O-tetrahydro-3 H 2, 3, 9- tgxx Ak@1Gy#] ohept a[ e] inden-8-one. 10
Material was obtained as white solid in 46%yield. M5 mle (MH)+= 589.2. 'H
NVR (500 MHz, DMBSO-D6): &= 13.55 (s, 1H), 10.68 (s, 1H), 8.37 (s, 1H), 7.50
(d, J=7.63, 2H), 7.32 (t, J=7.02, 2H), 7.24 (s, | H), 7.16 (m 2H), 5.37
(d, J=14.34, 1H), 4.63 (d, J 16.79¢ci! H), 4.51 (t, J=10.83, | H), 4.13 (m
2H), 3.89 (m | H, 3.57 (m }- .18 (m I H, 3.03 (m 3H), 2.89 (t,
J=15.11, | H, 2.66 (m 1H), 15 J16.17 1 H), 1.84 (m 3H), 1.60
(m 1 H, 0.73 (d, J=13.73, 9H). 25 WD 2006/ 052378 PCT/ US2005/ 036859
188 EXAMPLE 45 HC NONO O

Titl e conpound was
NHH i ni dazol - 2(3H) - one
9-(2, 2-

- 2H- qui nazol i n- 3-yl)

prepared from 1-(piperidin-4-yl)-4-(pyridine-2-
in a manner anal ogous to the preparation of 4- C
di met hyl - propyl )-7-(S)- {2-o0xo-2-[4-(2-0x0-1, 4-di
pi peridin- | -yl] -ethyl } -6,7,9, 1 O-tetrahydro
H 2,3,9-triaza-cycl ohepta[e] inden-8-one. 10 Material was obtained as
white solid in 37%yield. M5 me (MH) += 590.2. 1H

5 (S)-4-Chloro-9-neopentyl-7-(2-oxo0-2-(4-(2-oxo-1, 2-dihydroquinolin-3-
ylpiperidin-1-yl)ethyl)-6,7,9, 10-tetrahydroazepino[3,4-e]indazol-8(3H)-one. Title
compound was prepared from 3-(piperidin-4-yl)quinolin-2(1H)-one hydrochloride in
a manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(S)- {2-
0Xx0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-

10 tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Material was obtained as off-
white solid in 46% yield. MS m/e (M+H)™=574.2. '"H NMR (500 MHz, DMSO-Ds):
&=13.54 (s, 1H), 11.76 (s, 1H), 8.36 (s, 1H), 7.70 (d, J=5.80, IH), 7.61 (d, J=7.63,
1H), 7.43 (t, J=7.63, 1H), 7.28 (d, J=7.93, 1H), 7.24 (s, 1H), 7.15 (t, J/=7.32, 1H),
5.37(d, J=17.09, 1H), 4.63 (d, J~16.79, 1H), 4.55 (d, J=12.21, 1H), 4.13 (m, 1H),

15 3.87 (m, 1H), 3.58 (d, /=13.12, 1H), 3.15 (m, 2H), 3.03 (m, 3H), 2.88 (m, 1H), 2.63
(m, 1H), 2.34 (d, J=16.17 1H), 1.91 (d, J=1.22, 1H), 1.84 (d, J=11.29, 1H), 1.57 (m,
1H), 1.40 (m, 1H), 0.72 (s, 9H).
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NVR (500 MHz, DMBSO-D6): S= 13.54 (s, | H), 10.69 (d, | H), 8.45 (s, | H),
8.37 (s, 1 H, 7.74 (s, 1 H, 7.54 (d, J=8.24, 1 H, 7.33 (d, J=4.88, 1 H),
7.25 (s, WoHpg6/0é2378 (dd, J1=6.71, J2 5.19, | H), 5.37pCwusdensnsddS9 | H),
4.63 (d, J 15.87, | H, 4.50 (s, | %12 (m 2H), 3.87 (m 1H), 3.56
(dd, J1=28.69, J2=13.43, 1H), 3.18 (t 1813 73, 15 1H), 3.10 (d, JJ14.65,
1H, 3.01 (m 2H), 2.88 (t, J 15.26, 1H), 2.66 (m 1H), 2.35 (d, J=14.95,
1H), 1.84 (m 3H), 1.57 (m 1H), O. BxAfrprrk4s.17, 9H. 20 25 WO

2006/ 052378 PCT/ US2005/ 036859 189 EXAMPLE 46 H C N NN O NNNO O~
NH (S)-4-Chloro-9- neopentyl 7|_(2 0Xp- 2-(4-(2-0x0-1 'Hspiro(pi per|d| ne- 4,
4'- 5

gui nazoline)ethyl)-6,7,9, 10-t t
Titl e conpound was prepared fr
1' Hspi ro(pi peridine-4,4")quinaz 3'H-one in a manner anal ogous to
t he preparatlon of 4- ChI oro- 9- (2§ 2- difret iyl - propyl ) -7-(S) - { 2-

0X0- 2-[ 4- (2- oxo- 1, 4-di hydro-\%g}u ) - piperidin- | -yI] -ethyl }
-6,7,9, 10- tetrahydro-3 H2/3,9-trtaza- cy@gp CF i nden- - one.
Material was obtained as white 10 solid in % NBrﬂe(MrH)+— 563. 2.
"H NVR (500 MHz, DMBO D6): 8-- 13.54 (s, 1H), 9. d J 10.68, | H), 8.36
(s, I H, 7.30 (m 2H), 7.24 (s, | H, 7.12 (m 1 6.85 (m 2H), 5.36
(d, J16.78, 1H), 4.62 (dd, J1=16.94, J2= 9.31, 1H) .26 (t, J=14.34, 1H),
3.89 (m 2H), 3.63 (m 1H), 3.52 (m 1H), 3.09 (m , 2.98 (m | H),
2.88 (m | H, 2.33 (dd, J151.12, J2=15.72, | H), 196 (m | H, 1.74 (m

roazepi no[ 3, 4- e] i ndazol - 8( 3H) - one.

(§)-4-Chloro-9-neopentyl-7-(2-0xo-2-(4-(2-oxo-4-phenyl-2, 3-

5 dihydroimidazol-1-yl)piperidin-1-yl)ethyl)-6,7,9,10-tetrahydroazepino[3,4-e] indazol-
8(3H)-one. Title compound was prepared from 4-phenyl-1-(piperidin-4-yl)-1H-
imidazol-2(3H)-one in a manner analogous to the preparation of 4-Chloro-9-(2,2-
dimethyl-propyl)-7-(S)-{2-ox0-2-[4-(2-0x0-1 ,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.

10 Material was obtained as white solid in 46% yield. MS m/e (M+H)'=589.2. 'H
NMR (500 MHz, DMSO-Dg): 6= 13.55 (s, 1H), 10.68 (s, 1H), 8.37 (s, 1H), 7.50 (d,
J=7.63, 2H), 7.32 (t, /=7.02, 2H), 7.24 (s, 1H), 7.16 (m, 2H), 5.37 (d, J/=14.34, 1H),
4.63 (d, J=16.79, 1H), 4.51 (t, /=10.83, 1H), 4.13 (m, 2H), 3.89 (m, 1H), 3.57 (m,
1H), 3.18 (m, 1H), 3.03 (m, 3H), 2.89 (t, /=15.11, 1H), 2.66 (m, 1H), 2.34 (d,

15 J=16.17 1H), 1.84 (m, 3H), 1.60 (m, 1H), 0.73 (d, /=13.73, 9H). ‘
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15 3H), 0.74 (d, J=16.48, 9H). EXAMPLE 47 HNONCI O N%NOF W

2006/ 052378 PCT/ US2005/ 036859 190 (S)-4-Chloro-7-(2-(4-(8

f I uor o- 2-weeds/B2xi8hydr oqui nol i n-3 yl ) pi peridin-| - PCT/US2005/036859

yl)-2- oxoet hyl ) - 9- neopentyl -6, 7, 9, 10- a}gér ahydr oazepi no[ 3,

4-eJi ndazol -8(3H)-one. Title conpound prepared from
8-fluoro-3-(piperidin-4-yl)quinolin-2(1H)-one hydrochloride in a manner
anal ogous to the preparation of 4-ChywaRfE-H 4 2-di nethyl 5
propyl)-7-(S)-{2-o0xo0-2-[4-(2-0x0-1, 4-di hydr o- 2H qui nazol i n-3-yl ) - pi peri di n-
| -yl]- ethyl}-6,7,9, 1 O-tetrahyl_glro-gll-l-Z,S, 9-triaza-cycl ohepta[e] inden-8
-one. Material was obtained as,mhitg solid in 36%yield. M5 nle (MtH) +=
592.2. "H NWR (500 Mz, DMVMSO-D®) 65 13.54 (s, | H), 11.78 (s, | H), 8.36
(s, I H, 7.76 (d, J=5.19, | H); (d; J=7.93, I H, 7.34 (dd, J1=10.5
3, J2=8.70, | H, 7.24 (s, | H, 7 | H, 5.36 10 (d, J=16.48, 1H),
4.63 (d, J=17.40, 1H), 4.55 (d, Jgl1.2 H, 4.12 (m 1H), 3.87 (m | H),
3.58 (d, JJ13.12, | H), 3.17 N-H) 3~ 4Hy 2.88 (m | H), 2.65
(m 1H), 2.34 (d, J=15.87 1Hy, 1.925(d, J={2. 1,%1—!), 1.84 (d, J 11.29,
1H, 1.57 (m I H, 1.40 (m | H, 0.72 (s, NISNVEXAMPLE 48 H ONC O
NNO ONH =

(S)-4-Chloro-9-neopentyl- 7—(2-0xo-2—(4-(2‘-0x0-4-Q)yridin-Z-yl)-Z3-
5 dihydroimidazol-1-yl)piperidin-1-yl)ethyl)-6,7,9, 10-tetrahydroazepino[3,4-e]indazol-

8(3H)-one. Title compound was prepared from 1-(piperidin-4-yl)-4-(pyridine-2-yl)-
1 H-imidazol-2(3H)-one in a manner analogous to the preparation of 4-Chloro-9-(2,2-
dimethyl-propyl)-7-(S)-{2-o0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl}-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[ e]inden-8-one.

10  Material was obtained as white solid in 37% yield. MS m/e (M+H)"=590.2. 'H ‘
NMR (500 MHz, DMSO-Dg): 6= 13.54 (s, 1H), 10.69 (d, 1H), 8.45 (s, 1H), 8.37 (s,
1H), 7.74 s, 1H), 7.54 (d, J=8.24, 1H), 7.33 (d, /=4.88, 1H), 7.25 (s, 1H), 7.15 (dd,
JI1=6.71,J2=5.19, 1H), 5.37 (d, J=17.09, 1H), 4.63 (d, J=15.87, 1H), 4.50 (s, 1H),
4.12 (m, 2H), 3.87 (m, 1H), 3.56 (dd, J1=28.69, J2?13.43, 1H), 3.18 (t, J=13.73,

15 1H), 3.10 (d, J/=14.65, 1H), 3.01 (m, 2H), 2.88 (t, J=15.26, 1H), 2.66 (m, 1H), 2.35
(d, /=14.95, 1H), 1.84 (m, 3H), 1.57 (m, 1H), 0.73 (d, J/=16.17, 9H).
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pzd

S) - 4- Chl or 0- 9- neopent yl - 7- (2- oxo- 2- (4- (3-0x0-3, 4-di hydroqui noxal in-2-
iperidin-1 yl)ethyl)-6, 7, 9,10-tetrahydroazepi no[ 3,
i ndazwb-28¢caisy37ene. Title 20 conpound was prepared PCOUS2005/036859

1) p

]

pi peri di n-4-yl)qui noxal in-2(1H)-one hydrochl oride in a manner anal ogous
t

(

7,

(
)
-e

(
he preparation of 4-Chloro-9- (2, 2-ditfiet hyl - propyl )-7-(S)- {2- oxo- 2-
2- 0x0- 1, 4-di hydro-2H qui nazolin-3 -yl)-piperidin- | -yl]-ethyl}

9, 10- tetrahydro-3H 2, 3, 9-tri azax Sy@eept af e] i nden-8-one. Materi al
was obtained as white solid in 49%vyield. MSme (MH-= 573.2. "H NW
(500 MHz, DMSO-D6): 6= 25 13.53 : 1C|H), 12.35 (s, 1 H, 836 (s, 1 H,
7.72 (t, J=8.70, 1 H, 7.48 (t, .78 1 H, WD 2006/ 052378
PCT/ US2005/ 036859 191 7.28 (mN \ .24 (s, 1 H, 537 (d, J=17.09, 1
H, 4.63 (d, J 17.09, 1 H, 4.4 H),4.12(mIH) 3.86 (m | H,

Il—|f—f'clk)_b\<

0
4-
6,

3.59 (t, J=12.36, | H), 3.45 (m 1 (m I H, 3.10(m 1 H, 2.99
(m 1 H, 2.87 (dd, J1=15.56, J2=1 .34 1 m 1H, 2236 (m 1
H, 1.96 (d, J=12.82, 1 H), 1 (d = 1.70 (m 1 H, 1.52 (m
1H, 50.72 (s, 9H). EXAMPL 0 O ONNMNH 10
(S)-4-Chloro- 7-(2-o0xo0-2-(4-(2-o0xo0-1, [ i na oIin-3(4H)yI)p| peri di n-
1 ylethyl)-9-(pyridin-4 ylnmethyl)-6, 7, 9, 10- dr oazepi no[ 3,
4-e]indazol -8(3H)- one.

(S)-2-(4-Chl oro-8-0x0-9-(pyridin-4-ylnethyl)-3,%677,8,9, 10-

hexahydr oazepi no[ 3, 4-e] i ndazol - 7-yl )acetic acid di hydrochl oride (90 ny,
0.23 mol) and 4-(2-oxo-1, 4-di hydr o- 2H qui nazol i n-3-yl ) pi peridi ne
hydrochl ori de ( 75S)-8-@ijorD9-280penpll-y - (Beaixe- -Gt e - 1 '6l-$poni(pigeddipe-goedur e
anal OgOUSS ' Oqz}ir?aezo l}rqgg&)r}g_tg 981 Bftetrahydroazepino[ 3,4-e]indazol-8(3H)-one. Title
compound was prepared from 1 H-spiro(piperidine-4,4”)quinazolin)-2’(3’H)-one in a
manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(S)-{2-
0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin- 1-yl]-ethyl }-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Material was obtained as white
10 solid in 37% yield. MS m/e (M+H)"=563.2. '"H NMR (500 MHz, DMSO-Dy): 8=
13.54 (s, 1H), 9.22 (d, J/=10.68, 1H), 8.36 (s, 1H), 7.30 (m, 2H), 7.24 (s, 1H), 7.12
(m, 1H), 6.85 (m, 2H), 5.36 (d, J/=16.78, 1H), 4.62 (dd, J1=16.94, J2=9.31, 1H),
4.26 (t, J=14.34, 1H), 3.89 (m, 2H), 3.63 (m, 1H), 3.52 (m, 1H), 3.09 (m, 3H), 2.98
(m, 1H), 2.88 (m, 1H), 2.33 (dd, J/=51.12, J2= 15.72, 1H), 1.96 (m, 1H), 1.74 (m,
15  3H),0.74 (d, J=16.48, 9H).

EXAMPLE 47




4-Chl oro-9- (2, 2-di met hyl -propyl )-7-(S)- {2-o0xo-2-[4-(2-0x0-1, 4-di hydro-2H
qui nazolin-3-yl)-piperidin- | -yl] -ethyl } -6,7,9, 1 O-tetrahydro-3

H 2, 3, 9- twDas@s/052378| ohept a[e] inden- 8 -one. Title conpegmdseas/osdssai ned as
white solid in 27%vyield. M5 nfe (MH) += 598.2. 'H NWR (500 MHz, DMSO- D6):
S= 13.47 (s, 1H), 9.19 20 (s, | H, 8. 49 (s, 2H), 8.23 (s, | H, 7.22 (s,
| H, 7.12 (s, 3H), 6.99 (m | H), 6.84 (m 2H), 6.77 (s, 1H, 5.40 (d,
J=15. 26, 1H), 4. { (4. . 23( 4.30 (s,
1 H. 422 (5 1 é’{Mhﬁ@?(é (‘5‘(’{37510;'0]2]%90 39 dz%{%mqﬁméﬁn r%?'}pznjerzla‘)njo:% (m
| H), 2.93 (¥)-Ztoxpipthy-Ie@opentylid,9, Jﬂ—tma/qwoctzeﬁﬁﬁﬁlﬁ‘%ﬁn(iaml aﬁﬂ) -a2%. \\D

F0S) 237 5 A e T TR E N

yl') pi peridinh d)h:&dh)oﬁde(lﬁ(a%diﬂﬂel) arRidgoms tdihsgﬂepufaﬁeh BY 4)CHBeroH-(2,2- dlmethyl-
9, 10-t et rahydr oazepi no azol

g} S) - ﬁ g 4-5Chi 1eBYI3-7dRdr-{ é oe(pgzrié‘da?-rpm wmm -PHaquinazolin g vlppiperidin-1-yl]-
A e A e R %ﬁhﬂaﬁhﬁé%%% Bl 30 19 one

hydr ochl ori dﬁ)t(nﬁ&d agwhibe lidninBoondeld. Msat/eMi-H) = sEmeH NvR QSJID)lMthp t he
10 preparation of

4- Chl or o- 9- (IQM_S(&%MQ YrepUiy 1778 &, 11D, %%6(821{{4 170 64 d=21%-1H), 7.46

di hydr o- 2H 3 L | e
}-6.7,9, 10-1 frahyolrlrlLD ﬁ%k@@%{dﬁé% %%I%ﬂé%? (&t Eabh? §noHD: 5785 e
corrpoundl()was(domhﬁ 48 dHas4.6h(d, g=5040,d H)nN4.36 %, Al ebd, 1 iS4l em( VHbj)3+87 616. 2.

(m 21y 5. ZCHD Y58k Ag, 1 3370 1bigsosimpode b 12650, © T

1H), 2.34 (d, J=15.87 1H), 1.92 (d, J=12.51, 1H), 1.84 (d, J/=11.29, 1H), 1.57 (m,
1H), 1.40 (m, 1H), 0.72 (s, 9H).

15 EXAMPLE 48

(S)-4-Chloro-9-neopentyl-7-(2-oxo-2-(4-(3-oxo-3,4-dihydroquinoxalin-2-
yl)piperidin-1-yl)ethyl)-6,7,9,10-tetrahydroazepino[3,4-e] indazol-8(3H)-one. Title
20 compound was prepared from 3-(piperidin-4-yl)quinoxalin-2(1H)-one hydrochloride
in a manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(S)-
{2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl }-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Material was obtained as white
solid in 49% yield. MS m/e (M-H)'=573.2. '"H NMR (500 MHz, DMSO-Dg): 6=
25 13.53 (s, 1H), 12.35 (s, 1H), 8.36 (s, 1H), 7.72 (t, J=8.70, 1H), 7.48 (t, J=7.78, 1H),



15 J1=9.46, J2=4.88, 2H), 7.05 (m | H, 6.91 (m 1H),- 6.85 (s, | H, 5.40
(d, J 17.09, I H, 4.66 (m 3H, 4.54 (d, J 11.90, | H, 4.41 (m | H,

4.36 (s, woMpo6/4228 (d, J=4.58, 1 H), 4.10 (d, J 12.5 pcTAUSR)05/046889 (m 1
H, 3.17 (m 2H), 3.04 (m 1 H, 2.94 ( 1 H, 262(d JJ11.29, | H),
2.43 (m 1H), 1.83 (m 1H), 1.62 (m 3H'?120 25 WO 2006/ 052378

PCT/ US2005/ 036859 193 EXAMPLE 51 HNNC O NOYUNF ) .
S)-4-Chloro Of 19y 33 |hHr4qg nekyi idin-1- 5
yl ) - 2- oxoet h?zé%mﬁﬂHfﬁ Ml(gﬁ 4}@)_ (7>(9 JLIE}D@ }j Ltld Ztr énga“z)?)&{rllo[B

4- e] i ndazol Igi 3H2-(ondH), 3.86 (rn lH) 359 (t J—12 36, lH) 3.45 (m, lH) 3.22 (m, 1H),

oxaiyar onrent Ra UL 2o B 280 1d T S a4 Tt 0l s UD- 2260 g,

0.22 mml) eadH; {beed,0=328pi N4y, |1C89l“(d4f%d|3)1QU|1H§>|ll70@1( Jllr@) pB@(@CﬁHﬁte (90

ng, 0.29 mmol) were reacted foll ow ng a procedure anal ogous to th

preparatidn 8724s.8Moro 10 9-(2, 2-di met hyl - propyl)-7-(S)-

{2-oxo0- 2-[4-(2-o0xo0-1, 4-di hydr o- 2H qui nazol i n-3-yl ) - piperidin- |

-yl]-ethyl} -6,7,9, 1 O-tetrahydro-3 H2,3,9-triaza-cycl ohepta[e]

i nden- 8- one. T|tIe conpound was obtmmmq an solid in 13%yield. M5 me

(MtH) += 613.3. 'H NWR (500 MHz, DVMBO- D6): 8= 13.46 (s, | H, 11.78 (s, |

H, 8.30 (s, 2H), 8.23 (s, | H), 7475 (d, J=19.53, | H, 7.45 (m | H),

7.34 (m | H), 7.21 (s, 1H, 7.1g-V , 15 5.40 (d, J=16.48, 1 H), 4.64

(m 4H), 4.13 (d, J 12.82, 1 H), 4. m 1 H, 3.17 (m 2H), 3.04 (m

2H), 2.94 (m | H), 2.67 (m | H, (m I H, 1.94 (m | H, 1.86 (m

I H, 1.57 (m | H, 1.42 (m_I| H.
/4

o
~
RO
N™ °NH
10 (S)-4-Chloro-7-(2-oxo0-2-(4-(2-oxo-1,2-dihydroquinazolin-3(4H)-yl)piperidin-

1-yDethyl)-9-(pyridin-4-ylmethyl)-6,7,9,10-tetrahydroazepino[3,4-e] indazol-8(3H)-
one. (S)-2-(4-Chloro-8-0x0-9-(pyridin-4-ylmethyl)-3,6,7,8,9,10-
hexahydroazepinol 3,4-e]indazol-7-yl)acetic acid dihydrochloride (90 mg, 0.23
mmol) and 4-(2-oxo-1,4-dihydro-2H-quinazolin-3-yl) piperidine hydrochloride (75
15 mg, 0.28 mmol) were reacted following a procedure analogous to the preparation of
4-Chloro-9-(2,2-dimethyl-propyl)-7-(S)- {2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-
quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-
cyclohepta[e]inden-8-one. Title compound was obtained as white solid in 27% yield.
MS m/e (M+H)"=598.2. '"H NMR (500 MHz, DMSO-Dg): = 13.47 (s, 1H), 9.19
20 (s, 1H), 8.31 (s, 2H), 8.23 (s, 1H), 7.22 (s, 1H), 7.12 (s, 3H), 6.99 (m, 1H), 6.84 (m,
2H), 6.77 (s, 1H), 5.40 (d, J=15.26, 1H), 4.65 (m, 3H), 4.54 (d, J/=10.38, 1H), 4.40
(m, 1H), 4.30 (s, 1H), 4.22 (s, 1H), 4.09 (m, 1H), 3.99 (m, 1H), 3.14 (m, 2H), 3.03
(m, 1H), 2.93 (m, 1H), 2.60 (m, 1H), 1.78 (m, 1H), 1.58 (m, 3H).

25



25 WD 2006/ 052378 PCT/ US2005/ 036859 194 EXAMPLE 52 HNNC NO NONDO
NH (S)-4-Chloro-7-(2-0x0-2-(4-(2-0x0-1, 2-di hydroqui nolin-3 yl)piperidin-|I
5 yl) et hywp-2006(q3y378di n-4 yl nethyl )-6, 7, 9, 10-tetrahydr eezapkesfo3sss9
4-e]indazol -8(3H)-one. (S)-2-(4-Chloro-_8-o0xo0-9-(pyridin-4-ylnethyl)-3, 6,
7, 8, 9,10-hexahydroazep ino [ 3, 4- e]iﬁ zol -7-yl)acetic acid

di hydrochl oride (100 ng, 0.23 mml) and 3-(pi peridin-4-
yl)quinolin-2(1H) -one (55 ng, 0.24 mwA)pMers) reacted foll owi ng a procedure
anal ogous to the preparation of

4- Chl oro0-9- (2, 2-di net hyl -propyl )-7-(S)-{2-0x0-2-[4 10
(2-oxo-1,4-dihydro-ZFLquinazolin; pi peridin-1-yl]-ethyl
}-6,7,9,10-tetrahydro- 3H 2, 3, 9yt r paxa- cycl ohept a[ e] i nden-8-one. Title
conmpound was obtained as white g in 41%yield. M5 me (MtH) += 595. 2.
"H NWVR (500 MHz, DMSO D6): 8-- A H, 11.76 (s, 1H), 8.30 (d,
J5.19, 2H), 8.23 (s, | H,,#§9 JMI9.&4, | H, 7.62 (m | H), 7.44 (m
| H, 7.28 (d, J=7.93, | H{i;ﬁ*g/ ., 7.14 (m 3H), 5.40 (d, 15
JJ17.09, 1H), 4.65 (m 3H) ,~47I37(d]] J2I3 43 \1H), 4.01 (m 1H), 3.17 (d,
J14.95, 2H), 3.04 (m 2H), 2.94 (n® 1 H),[2.66 ( 1 H, 2.45 (m 2H

1.93 (d, J=11.60, 1 H, 1.85 (d, J=12.82, N~ Dy (m 1H, 1.41 (m 1
H) . 20 25 WD 2006/ 052378 PCT/ US2005/ 036859 19% E %E 53 H

(S)-4-Chloro-7-(2-(4-(8-fluoro-2-oxo-1,2-dihydroquinazolin-3(4H)-

5 ylpiperidin-1-yl)-2-oxoethyl)-9-(pyridin-4-ylmethyl)-6,7,9, 10-tetrahydroazepino(3,4-
elindazol-8(3H)-one. (S)-2-(4-Chloro-8-0x0-9-(pyridin-4-ylmethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-e]indazol-7-yl)acetic acid dihydrochloride (100 mg, 0.2
mmol) and 8-fluoro-3-(piperidin-4-yl)-3,4-dihydroquinazolin-2(1H)-one
hydrochloride (61 mg, 0.2 mmol) were reacted in a manner analogous to the

10 preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(S)-{2-0x0-2-[4-(2-0x0-1,4-
dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl }-6,7,9,10-tetrahydro-3H-2,3,9-
triaza-cyclohepta[e]inden-8-one. Title compound was obtained as white solid in 16%
yield. MS m/e (M+H)'=616.2. 'H NMR (500 MHz, DMSO-Dg): 8= 13.46 (s, 1H),
9.23 (d, J=6.41, 1H), 8.31 (m, 2H), 8.24 (d, J=6.10, 1H), 7.22 (s, 1H), 7.13 (dd,

15 | J1=9.46, J2=4.88, 2H), 7.05 (m, 1H), 6.91 (m, 1H), 6.85 (s, 1H), 5.40 (d, J=17.09,
1H), 4.66 (m, 3H), 4.54 (d, J=11.90, 1H), 4.41 (m, 1H), 4.36 (s, 1H), 4.28 (d, J=4.58,
1H), 4.10 (d, J=12.51, 1H), 4.00 (m, 1H), 3.17 (m, 2H), 3.04 (m, 1H), 2.94 (m, 1H),
2.62 (d, J~=11.29, 1H), 2.43 (m, 1H), 1.83 (m, 1H), 1.62 (m, 3H).
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NONCl NO NONoOo NH (S)-4-Chloro-7-(2-0x0-2-(4-(2-o0x0-4
phenyl - 2, 3-di hydroi m dazol -1 5 yl)piperidin-1 yl)ethyl)-9-(pyridin-4

yl met hyl )w6,2006/0593780- t et r ahydr oazepi no[ 3, 4- eJi ndazol - C3H)S2@8036859
(S)-2-(4-Chl oro-8-0x0-9-(pyridin-4-yl mst?‘;gl)-.B, 6,7,8,9, 10-

hexahydr oazepi no[ 3, 4- e] i ndazol - 7- yI)acet aci d di hydrochl oride (100 ng,
0.23 mmol) and 4-phenyl -I-(piperidin-4-yl)-1Himdazol-2(3H)-one (60 ng,
0.28 mmol) were reacted foll ow ng gpsNEeguse anal ogous to the preparation
of 4-Chloro-9-(2,2 10

di met hyl - propyl )-7-(S)-{2-oxo- 2 [ 4;
pi peridin-l-yl]-ethyl } -6,7,9, % 5
3,9-triaza-cycl ohepta[e] i nden- 8 jong
solid in 30%yield. M5 nle (MH)+=
13.46 (s, 1H), 10.68 (d, J=4.27, :
7.50 (d, JJ7.93, 1 H, 7.4 J=T.
H, 7.14 (m 4H), 5.41 (d, y=18. 78N.1
(m 2H), 3.99 (m 1 H, 3.3 m~1 H), 3.
J2=8.70, 1 H, 2.94 (m 1H), 2.68 Pm. |
1.62 (m 1 H). 20 WD 2006/ 052378 PCT/ US2005/ 03
Cl CLANOO N ONNH \ |

(2- oxo-1, 4-di hydr o- 2H qui nazol i n- 3-yl ) -
teQIahydro 3 H2,

Title corrpound was obtai ned as white
3. 1H NWR (500 MHz, DWVBO D6): S=
8.30 (d, J3.97, 2H), 8.23 (s, 1 H,
146, 7.3 (m 2H), 15 7.22 (s, 1
.66 (m 3H), 4.55 (m 1 H), 4.13
7w 1 H, 3.05 (dd, J1=16.02,
j(m 1H, 1.81 (m 3H),
mP6 EXAMPLE 54 H N _ N

(S)-4-Chloro-7-(2-(4-(8-fluoro-2-oxo0-1,2-dihydroquinolin-3-yl)piperidin-1-

5 yl)-2-oxoethyl)-9-(pyridin-4-ylmethyl)-6,7,9, 10-tetrahydroazepino[3,4-e] indazol-
8(3H)-one. (S)-2-(4-Chloro-8-0x0-9-(pyridin-4-ylmethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-¢]indazol-7-yl)acetic acid dihydrochloride (100 mg, 0.22
mmol) and 8-fluoro-3-(piperidin-4-yl)quinolin-2(1H)-one acetate (90 mg, 0.29
mmol) were reacted following a procedure analogous to the preparation of 4-Chloro-

10 9-(2,2-dimethyl-propyl)-7-(S)- {2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[ e]inden-8-one.
Title compound was obtained as tan solid in 13% yield. MS m/e (M+H)'=613.3. 'H
NMR (500 MHz, DMSO-Dg): 6= 13.46 (s, 1H), 11.78 (s, 1H), 8.30 (s, 2H), 8.23 (s,
1H), 7.75 (d, J=19.53, 1H), 7.45 (m, 1H), 7.34 (m, 1H), 7.21 (s, 1H), 7.12 (m, 3H),

15  5.40 (d, J=16.48, 1H), 4.64 (m, 4H), 4.13 (d, J=12.82, 1H), 4.00 (m, 1H), 3.17 (m,
2H), 3.04 (m, 2H), 2.94 (m, 1H), 2.67 (m, IH), 2.44 (m, 1H), 1.94 (m, 1H), 1.86 (m,
1H), 1.57 (m, 1H), 1.42 (m, 1H).
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(S)-9-((IH1mdazol -2 yl)nethyl)-4-chl oro-7-(2-0x0-2-(4-(2-0x0-1,2 5

di hydroqui nazol i n-3(4H) yl)piperidin-1

yl ) et hyl )w6,2606%5188t et r ahydr oazepi no[ 3, 4- e]i ndazol - 8( 3Tarse00s/(05Hssdet hyl
2-(9-((1 Himdazol -2-yl)nethyl)-4-chl or§-8-oxo-

3,6,7,8,9, 10- hexahydr oazepi no[ 3, 4-e] i nddzd -7-yl)acetate (58 ng, 0.15 mmol)
was dissolved in a mxture containing nethanol (2 nlL), tetrahydrofuran (2
m.), and water (2 nlL). Lithium hydrpoxigerpswohydrate (20 ng, 0.48 mmol)
was added to the 10 m xture. Reaction stirred at roomtenperature for 15
hours. Reaction was quenched wth AN hydrochloric acid (0.5 nL). Mxture
was concentrated in vacuo. Residug_.Nwas ali ssolved in DVMF (2 nl).

N, N-Di i sopropyl et hyl am ne was addgd pe=t he m xture followed by
0-Benzotriazol-1-yl-N,N, N, N -tetran /‘ uroni um Tetraf |l uoroborate (60 nyg,
0.19 mmol). Mxture stirred at room perperature for 30 mnutes. 4-(2-Oxo 15
1, 4- di hydr o- 2H qui nazol i n-3|—_\;\‘ pi pé e gydrochloride (50 ng, 0.19 mmol)
was added to the m xture. actli onnst iy at roomtenperature for 3
hours. Reaction mxture was i T ed[|by pr eparat ory HPLC. Desired
fractions were identified. AcetonitrPle was/re ve fromthe fractions in
vacuo. Remaining aqueous was made basic w th>sodiumfi carbonate. M xture
was extracted twice with ethyl acetate. 20 Conbi ngd extracts were dried
(magnesium sul fate), filtered and concentrated in yo. Title conpound
was obtained as white solid in 28%yvyield. M5 nme ( = 587.2. "H NMR
(500 MHz, DMSO-D6): S= 13.46 (s, 1H), 11.75 (s, 1H),>.20 (s, 1 H, 8.14
(s, 1 H, 7.19 (s, 1 H, 7.12 (m 2H), 6.84 (m 2H), 6.77 (d, J 7.93, 1 H,
5.23 (d, J15.16, 1H), 4.76 (m 1H), 4.69 (dd, J1=15.26, J2=5.19, 1H), 4.53
(d, J=13.43, 25 (5)-M)ChidrodT-(2-dxo-2Y252-260-12-Hhydrbgdolinn3-A)pideridi-29 (d,

J=3.97, 2H), 4.0 1.H, 3.89 2006/ 052378 PCT/ US2005/ 036859 197

J=9.77, ?H) ,y%?@@'é‘%’?’ﬁ)‘f"yé’ﬁ@gﬂ(ﬁdz%Xé?,’emf. gdroasapirgly #-elinggzq(SHipne . 44

(m 2H),  1.8%2A@cHibho-8-x89-(bidiRHL yInfettWMEE.6, 7580, 1 Rk Rydtdazepino[3,4- |
e]indazol-7-yl)acetic acid djhydrochloride (100 mg, 0.23 mmol) and 3-(piperidin-4-

yDquinolin-2(1H)-one (55 mg, 0.24 mmol) were reacted following a procedure
analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(S)- {2-ox0-2-[4-

10 (2-oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro- -
3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained as white
solid in 41% yield. MS m/e (M+H)"=595.2. 'H NMR (500 MHz, DMSO-Dg): &=
13.46 (s, 1H), 11.76 (s, 1H), 8.30 (d, J=5.19, 2H), 8.23 (s, 1H), 7.69 (d, /=19.84, 1H),
7.62 (m, 1H), 7.44 (m, 1H), 7.28 (d, J=7.93, 1H), 7.21 (s, 1H), 7.14 (m, 3H), 5.40 (d,

15 J=17.09, 1H), 4.65 (m, 3H), 4.13 (d, J=13.43, 1H), 4.01 (m, 1H), 3.17 (d, /=14.95,
2H), 3.04 (m, 2H), 2.94 (m, 1H), 2.66 (m, 1H), 2.45 (m, 2H), 1.93 (d, /=11.60, 1H),
1.85 (d, J~12.82, 1H), 1.56 (m, 1H), 1.41 (m, 1H).

20
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(3JNV\t NANLDO N J~ NH 5 (R)-N-(8-Am no-2-benzyl -7-net hyl - 3-oxo-2, 3, 4,
5-tetrahydro-1 H benzo[cJazepin-4 yl)-4-(2-o0x0-1, 2-di hydroqui nazol i n- 3(4H)
yl ) pi per iwoneedos2zzar boxam de trifl uoroacetate. PCT/US2005/036859

(R) - N- (8- Am no- 2- benzyl - 7- met hyl - 3- oxo- 2 , 4,5 10

tetrahydro-| H benzo[ c] azepi n-4-yl)-4-(2- 8 0- 1 2- di hydr oqui nazol i n- 3(4H) -

yl ) pi peri di ne-| -carboxam de (95 ng, 0.15 nnnl) was dissolved in

di chl oronethane (2 nlL). TrifluoroagegApadH €5 (1 nL) was added to the

m xture. Reaction stirred at roomtenperature for 1 hour. M xture was
concentrated in vacuo. Residue was purlfled by preparatory HPLC. Sol vent
was | yophilized fromthe proper f antlomx 15 Titl e conpound was obt ai ned
as white solid in 64%yield. M += 553. EXAMPLE 56 H2N O NNH WO
2006/ 052378 PCT/ US2005/ 036859 19
(R) - N- (8- Ami no- 2- benzyl - 7- met hyl - 2, 3, 4, 5-tetrahydro-1 H benzo[c]

azepin-4 yl)-4-(2-oxo0-1, 2-di o] i np3(4H) yl)piperidine-|-
carboxam de trifluoroacetate|_(
2- benzyl - 9- net hyl - 3- oxo- 4- (4-Z- oX0- [ Lf;z:U|nazoI|n 3

(4H) -yl ) pi peridine- | -carboxanido)- 293, 4 5 etrahﬁz’o 1 HS5
benzo[ c] azepi n- 8-yl carbamate was reacted in a anal ogous with the
preparation of (R)-N-(8-am no-2-benzyl-7-nmethyl-3 Qjo“2,3,4,5-tetrahydro-1
H benzo[ c] azepi n-4-yl)-4-(2-oxo- 1, 2-di hydroqui nazol\i n- 3(4H) - yl ) pi peri di ne-
| - carboxam de trifluoroacetate. Title conpound wa i [
solidin 31%vyield. MS me (MH) += 553. 10 EXAMPL

(S)-4-Chloro-7-(2-ox0-2-(4-(2-0x0-4-phenyl-2, 3-dihydroimidazol-1-

5  yDpiperidin-1-yl)ethyl)-9-(pyridin-4-ylmethyl)-6,7,9, 10-tetrahydroazepino[ 3,4-
efindazol-8(3H)-one. (S)-2-(4-Chloro-8-0x0-9-(pyridin-4-ylmethyl)-3,6,7,8,9,10-
hexahydroazepino[3,4-e]indazol-7-yl)acetic acid dihydrochloride (100 mg, 0.23
mmol) and 4-phenyl-1-(piperidin-4-yl)-1H-imidazol-2(3H)-one (60 mg, 0.28 mmol)
were reacted following a procedure analogous to the preparation of 4-Chloro-9-(2,2-

10 dimethyl-propyl)-7-(S)-{2-o0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.
Title compound was obtained as white solid in 30% yield. MS m/e (M+H)=610.3.
'H NMR (500 MHz, DMSO-Dg): 8= 13.46 (s, 1H), 10.68 (d, /=4.27, 1H), 8.30 (d,
J=3.97, 2H), 8.23 (s, 1H), 7.50 (d, J/=7.93, 1H), 7.45 (d, J=7.63, 1H), 7.31 (m, 2H),

15 7.22 (s, 1H), 7.14 (m, 4H), 5.41 (d, J/=16.78, 1H), 4.66 (m, 3H), 4.55 (m, 1H), 4.13
(m, 2H), 3.99 (m, 1H), 3.33 (m, 1H), 3.18 (m, 1H), 3.05 (dd, J1=16.02, J2=8.70, 1H),
2.94 (m, 1H), 2.68 (m,. 1H), 2.44 (m, 1H), 1.81 (m, 3H), 1.62 (m, 1H).

20



, N N ~~O NNNO ON((R-9-Benzyl-8-0ox0-3, 6, 7, 8,

9, 10- hexahydr oazepi no[ 3, 4-elindazol-7 yl)-4- 15

(2- oxo- 1,R03pdk/asesrgahydr oqui nol i n- 3 yl) pi peri di ne- 1- car lpoxarse@s/036859
(S)-2-(9-Benzyl -
8-oxo-3,6,7,8,9,10-hexahydroazepino[3,418findazol-?-yl)acetic acid (80 nyg,
0.24 nmol) and 3-(piperidin-4-yl)-3, 4-di hydroqui nolin-2(1H)-one (75 ng,
0.33 mmol) were reacted in a mannerg@RR/FAGOs to the preparation of

4-Chl oro-9-(2, 2-di met hyl - propyl)-7-(S)-

{2- oxo- 2-[ 4- (2- oxo0- 1, 4-di hydr o- 2H qui nazol i n-3-yl ) -piperidin- | -yl] 20
ethyl} -6,7,9,1 0- tetrahydro 3 Fh 3,9¢triaza-cycl ohepta[e] inden-8 -one.
Material was obtained as white : . 3.
1H NWR (500 MHz, DWMSO-D6): S= 13 , I H, 10.11 (s, | H, 8.21 (s,

H, 7.36 (d, J=7.93, 1 H, 7.17 FD, 7.11 (m 2H), 6.91 (m | H),
6.83 (d, J=7.63, 1H), 5.35 %§:Nﬂ 1 .09) | , 4.61 (d, J 17.40, 1 H, 4.3

8(m 1H, 4.02 (m 1H 55(t JJ1236V\O

2006/ 052378 PCT/ US2005/ 03685 H) 2 2.79 (m 1H, 2.42
(m I H, 2.31 (m 2H), 1.90 (m lmo 1.63 : 117(m 1 H, 0.72
(d, J=9.77, 9H. EXAMPLE 58 H ,N M ~ ~ N OLNNH 5

e

(S)-9-((1H-Imidazol-2-yl)methyl)-4-chloro-7-(2-0x0-2-(4-(2-oxo-1,2-

5 dihydroquinazolin-3(4H)-yl)piperidin-1-yl)ethyl)-6,7,9, 10-tetrahydroazepino[3,4-
efindazol-8(3H)-one. (S)-Methyl 2-(9-((1H-imidazol-2-yl)methyl)-4-chloro-8-oxo-
3,6,7,8,9,10-hexahydroazepino[ 3,4-e]indazol-7-yl)acetate (58 mg, 0.15 mmol) was
dissolved in a mixture containing methanol (2 mL), tetrahydrofuran (2 mL), and
‘water (2 mL). Lithium hydroxide monohydrate (20 mg, 0.48 mmol) was added to the

10 mixture. Reaction stirred at room temperature for 15 hours. Reaction was quenched
with IN hydrochloric acid (0.5 mL). Mixture was concentrated in vacuo. Residue
was dissolved in DMF (2 mL). N,N-Diisopropylethylamine was added to the mixture
followed by o-Benzotriazol-1-yl-N,N,N',N'-tetramethyluronium Tetrafluoroborate
(60 mg, 0.19 mmol). Mixture stirred at room temperature for 30 minutes. 4-(2-Oxo-

15 1,4-dihydro-2H-quinazolin-3-yl) piperidine hydrochloride (50 mg, 0.19 mmol) was
added to the mixture. Reaction stirred at room temperature for 3 hours. Reaction
mixture was purified by preparatory HPLC. Desired fractions were identified.
Acetonitrile was removed from the fractions in vacuo. Remaining aqueous was made
basic with sodium bicarbonate. Mixture was extracted twice with ethyl acetate.

20  Combined extracts were dried (magnesium sulfate), filtered and concentrated in
vacuo. Title compound was obtained as white solid in 28% yield. MS m/e (M+H)"=
587.2. '"H NMR (500 MHz, DMSO-Dy): 8= 13.46 (s, 1H), 11.75 (s, 1H), 9.20 (s,
1H), 8.14 (s, 1H), 7.19 (s, 1H), 7.12 (m, 2H), 6.84 (m, 2H), 6.77 (d, J=7.93, 1H), 5.23
(d, J=15.16, 1H), 4.76 (m, 1H), 4.69 (dd, J1=15.26, J2=5.19, 1H), 4.53 (d, J/=13.43,

25 1H), 4.47 (d, J=15.26, 1H), 4.40 (m, 1H), 4.29 (d, J=3.97, 2H), 4.08 (m, 1H), 3.89 (d,



(7S)-9-Benzyl -7-(2-0x0-2-(4-(2-0x0-1, 2, 3, 4-tetrahydroquinolin-3-

yl ) pi perazin-1

yl ) et hyl )w6,2d06%5188t et r ahydr oazepi no[ 3, 4- el i ndazol - 8( 3HPcENB2005836529
(9-Benzyl - 8-o0xo0-3,6,7,8,9, 10- hexahydroazeglno[B 4-e]indazol -7-yl)acetic
acid (80 10 ny, 0.24 nnDI) and

3- (pi perazin-1-yl)-3, 4-di hydroqui nol i n-2(1H)-one (75 ng, 0.32 mol) were

reacted in ay t r
i ot byl - pr oyl ) TR D, SR | BN Gh AN, Reatut s datal BE o 1)
pi peri di n- I-yBQOchﬁ)'D6QGm73H9 1
O-tetrahydro-3H 2, 3,9-tri aza-cycl ohepta[e] inden-8-one. Material was
obtained as white solid in 21%yield. M5 me (MtH)+= 543.3. 'H 15 NWR (500
MHz, DMBO D6): S= 13.01 (s, 1H), 10.g3ak®rpEldd ., 8.21 (s, 1H), 7.36 (d,
,1--8.54, 1 H, 7.19 (d, J7.02, 1 H, 7.11 (m 2H), 6.90 (t, J=7.32, 1 H),
6.82 (d, J=7.93, 1 H), 5.36 (d JJ17.40, 1 H, 4.61 (d, J=17.09, 1 H,
3.84 (m 1 H), 3.57 (d, JJ13. f? , 3.47 (m 2H), 3.3 8 (m 1 H, 3.32
M 1H, 3.09(m 1H), 3.02 (d, 4.04, 1H), 2.985 (m 2H), 2.85 (m |
H, 2.75 (m 1H), 2.65 (m 3H), 2. (m 20 2H), 2.31 (d, J=16.48, 1 H),

1 (s, 9H). 25 WD 2006/ 052378 PR 2065/036859 200 EXAMPLE 59 H N O

0.7

HNNU Q~NH ON

40xo-2pheny|-1,3,8-triaza'.gw degl- ne80 rboxylic acid [(R-9 5
(2, 2-dinethyl propyl)-8-o0x 6 70 8, 9, 10- %50-2; 3,

9-triaza-cycl ohepta[e]inden- 7 yl]-am de.

~

2- Phenyl -1, 3,8-triaza-spiro[ 4.5]dec-|-en-4-one try roacetate (55 ng,
0.16 mmol ) and
(R) - 7- amsno- 9- neopent yl -6, 7, 9, 10-t et r ahydr oazepi no -e]indazol - 8(3H)-one

(40 ng, 0.14 mmol) were reacted in a manner anal ogous to the preparation
of 4-(2-oxo0-1, 4-di hydro- 2H qui nazol i n-3-yl ) - pi peridine-I-carboxylic acid

[ 8- 0x0-9 (R)-N-(8-Amino-2-benzyl-7-methyl-3-oxo-2,3,4,5-tetrahydro-1 H-
benzo[c]azepin-4-yl)-4-(2-oxo-1,2-dihydroquinazolin-3(4H)-yl)piperidine-1-
carboxamide trifluoroacetate. (R)-N-(8-Amino-2-benzyl-7-methyl-3-ox0-2,3,4,5-

10  tetrahydro-1H-benzo[c]azepin-4-yl)-4-(2-0x0-1,2-dihydroquinazolin-3(4H)-
yDpiperidine-1-carboxamide (95 mg, 0.15 mmol) was dissolved in dichloromethane
(2 mL). Trifluoroacetic acid (1 mL) was added to the mixture. Reaction stirred at
room temperature for 1 hour. Mixture was concentrated in vacuo. Residue was
purified by preparatory HPLC. Solvent was lyophilized from the proper fractions.

15  Title compound was obtained as white solid in 64% yield. MS m/e (M+H) = 553.

EXAMPLE 56

H,N



10

(2-piperidin-1-yl-ethyl)-3,6,7,8,9, 10- hexahydro-2, 3,9-triaza-(R)-cycl ohept a
[ e] i nden-wo-29édfosasvede. C18 preparatory HPLC af f orded t hectriusb@sosespound as
white solid in 25%vyield. Hi gh resol Utl%@ I\/S me (MH)+= 542, 2888. EXAMPLE
60 H,N N/ ~O NMNN ~/ / OHO NH

Spiro[ 2, 3-di hydr o-] H qui nol i ne-2-one-4(1H), 4 pi peridine]-1"'-carboxylic

acid [(R-9- (2, gryi. I@IMhOQ[&Qﬁlh'ﬁem%p_? %xo 6,34 5- téralﬁdﬂ@]ﬁexahydr 0-2, 3,
9-triaza- cyclohepta[e]inden-7 ylI']-amde. Spiro [2, hydr o-

H- qui nol i ne- Qercméda@ptt( 1-ybh4-42- mopéﬁtdﬂﬂmql(lmohg-ﬂﬁlf)iﬂ)m}gﬂg; malhd Jo1
R)-7- 9- t 2
'E e% rahf/l(Tr ggzg%r A8 ’é‘%ﬁ¥réﬁ"fdﬁa%f6‘i]’e 8%@@)393%@%5%% Fg eﬁ}y%%ﬁ%’f E’&i?@ f®act ed

in a manner 1 2ndh Ao SindZlihBe4H)- ?D@gaﬁdlﬁé’llfbfarboxamm@ -2,3,4,5-tetrahydro-1H-
4-(2-o0x0-1,4-dih dro 2H- qui nazol 1 n-3-yl ) - piperidine- 1- carboxyllc acid

[ 8- 0x0- 9-F 5. Bengetq @eﬁmi&y]cm&aﬁ&are)wg 1gacteding manner analogous with the

nexahydr o2 debib A8 Sy YL A0SRLae L AGRYL bl SEdEGH pyepar atory

HPLC 5 affor oun i gh
resol uti on NMeemrbgladep-yH- 45@90;2:92,4 dilkpdéddlitazolin- 3 HY- yan@ndme 1-

carboxamide trifluoroacetate. Title compound was obtained as off-white solid in
31% yield. MS m/e (M+H)™=553.
10
EXAMPLE 57

NH

N-((R)-9-Benzyl-8-o0x0-3,6,7,8,9,10-hexahydroazepino[3,4-e] indazol-7-yl)-4-
15 (2-ox0-1,2,3,4-tetrahydroquinolin-3-yl)piperidine-1-carboxamide. (S)-2-(9-Benzyl-
8-0x0-3,6,7,8,9,10-hexahydroazepino[ 3,4-e]indazol-7-yl)acetic acid (80 mg, 0.24
mmol) and 3-(piperidin-4-yl)-3,4-dihydroquinolin-2(1H)-one (75 mg, 0.33 mmol)
were reacted in a manner analogous to the prepération of 4-Chloro-9-(2,2-dimethyl-
propyl)-7-(S)- {2-ox0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl}-
20  ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Material was
obtained as white solid in 33% yield. MS m/e (M+H)™=542.3. 'H NMR (500 MHz,
DMSO0-Dg): 6= 13.01 (s, 1H), 10.11 (s, 1H), 8.21 (s, 1H), 7.36 (d, J=7.93, 1H), 7.17
(m, 1H), 7.11 (m, 2H), 6.91 (m, 1H), 6.83 (d, J=7.63, 1H), 5.35 (d, J/=17.09, 1H),
4.61 (d, /~=17.40, 1H), 4.38 (m, 1H), 4.02 (m, 1H), 3.83 (s, 1H), 3.55 (t, J=12.36,



NN-N HONHO 10 Spiro[2, 3-di hydro-I Hisoquinoline-I-one-4(1H), 4

pi peridined-1 "'-carboxylic acid [(R-9-(2, 2-dinmethyl propyl)-8-o0x0-3, 6,
7, 8, 9, Mohewalsysiso-2, 3, 9-triaza- cycloheptale]i ndenpCryisheoanaiss Spiro
[2 3-di hydr o- 1Hi soqui noI ine-l1-one 4(1 H) 4' pi peridine] (32 ng, 0.15 nmol)
and (R)-7-ami no-9-neopentyl -6,7,9, 10- 189 |

t etrahydroazepi no[ 3, 4- e] i ndazol - 8(3H)-one (35 ng, 0.12 mmol) were reacted
in a mannerq SOQYBH)O r &t f

4- (2-oxo0-1, 4- Ig?? dr o- 35&) %?%grgg I?PQ@(H)QH? 231( ZH) 1-9((:)a(r I1|6c3 161 d

[ 8- ox0- 9- (2 %Hbelrﬂoﬁnm I[H)yﬂ) 72{hy-y-73, ®l)X, 8, 9, 10

hexahydro-2, 3,9-tri aza- (R)-cycl ohepta[e]inden-7-yl]-am de. Cl8 preparatory
HPLC afforded the title conpound as white solid in 41%yvyield. H gh
resolution MS me 20 (MH) += 529. 292%xAMBT_ PR 2006/ 052378 PCT/ US2005/ 036859
202 EXAMPLE 62 HIN N/ O cNANO HONNH NO\

(R -N-(9-(1-acetyl pi peridin-4 yl)-8-oxo- 3 6, 7, 8,

9, 10- hexahydr oazepi no[ 3, 4- 5 e]lNpdazol -

yl)-4-(2-o0xo0-1, 2-di hydroqui nazd| i 4H) yI ) pi peri di ne-1-carboxam de.

NH

(78)-9-Benzyl-7-(2-oxo0-2-(4-(2-0x0-1,2,3,4-tetrahydroquinolin-3-
ylpiperazin-1-yl)ethyl)-6,7,9, 10-tetrahydroazepino[3,4-e]indazol-8(3H)-one. (S)-2-
(9-Benzyl-8-0x0-3,6,7,8,9,10-hexahydroazepino[ 3,4-e]indazol-7-yl)acetic acid (80

10 mg, 0.24 mmol) and 3-(piperaziri-l-yl)-3,4-dihydroquinolin—2(lH)-one (75 mg, 0.32
mmol) were reacted in a manner analogous to the preparation of 4-ch10rd—9-(2,2-
dimethyl-propyl)-7-(S)- {2-ox0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.
Material was obtained as white solid in 21% yield. MS m/e (M+H)'=543.3. 'H

15 NMR (500 MHz, DMSO-Dg): 6= 13.01 (s, 1H), 10.13 (s, 1H), 8.21 (s, lH), 7.36 (d,
J=8.54, 1H), 7.19 (d, J=7.02, 1H), 7.11 (m, 2H), 6.90 (t, J/=7.32, 1H), 6.82 (d,
J=7.93, 1H), 5.36 (d, J=17.40, 1H), 4.61 (d, J/=17.09, 1H), 3.84 (m, 1H), 3.57 (d,
J=13.12, 1H), 3.47 (m, 2H), 3.38 (m, 1H), 3.32 (M, 1H), 3.09 (m, 1H), 3.02 (d,
J=14.04, 1H), 2.985 (m, 2H), 2.85 (m, iH), 2.75 (m, 1H), 2.65 (m, 3H), 2.50 (m,

20 2H),2.31(d,J=16.48, 1H), 0.71 (s, 9H).

25



(R -9-(1-acetyl piperidin-4-yl)-7-am no-6, 7,9, 10-tetrahydroazepi no[ 3, 4- €]

i ndazol - 8(3H)-one net hanesul fonate (42 ny, 0.08 nmol) and

3- (pi per iwonodk/osk37s 3, 4- di hydroqui nazol i n-2(1H) - one acetatras¢@B/osasss 0. 10

mmol) were reacted in a manner anal ogous to the preparation of

4- (2- 0x0- 1, 4- di hydr o- 2H qui nazol i n- 3-yl ¥99i peridine 10 1 -carboxylic acid

[8-oxo-9-(2-pi peridin- | -yl-ethyl)-3,6,7,8,9,10-hexahydro-2, 3, 9-

triaza-(R)-cycl ohepta[e]inden-7-yl]- [§l&y preparatory HPLC aff orded

the title conpound as white solid in @6y|eld Hi gh resolution M5 nme

(MtH) += 599. 3085. EXAMPLE 63 HHIN N/ ~ O ~)NAN O H O NKNH 15

4- (2-oxo0-1, 2-di hydroqui nazol i ng3(4H i di

3, 6, 7, 8, 9, 10-hexahydroazepi

yl ) pi peri di ne- 1-car boxam de. (R)- I

4- (8- ox0-7-(4-(2-o0x0-1, 2-di hydroq 3 (4H)-yl)piperidine- | 20

car boxam do) - 7, 8- di hydr oazepi nq[ 3, % , 6H, 10H) -yl ) pi peri di ne- |
: yl a

1
D
<
-
o
o
N
=k

WD 2006/ 052378 PCT/ US2005/ 03685¢€ (45 nmg, 0.06 mol) was
di ssol ved in dichloronethane (4 nL). ©Triflu CeNHc aci.d (0.25 nm)was
added to the mixture. Reaction stirred at room Nf¥nperature for 1.5 hour.
Reaction m xture was concentrated in vacuo. Cl8 p aratory HPLC
purification afforded the title conpound as yello idin 52%5 vyield.
Hi gh resolution M5 mle (M+H) += 543. 2830. EXAMPLE H N

4-Oxo-2-phenyl-1,3,8-triaza-spiro[4.5] dec-1 -ene-8-carboxylic acid [(R)-9-
5 (2,2-dimethyl-propyl)-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-cycloheptafe] inden-
7-yl]-amide. 2-Phenyl-1,3,8-triaza-spiro[4.5]dec-1-en-4-one trifluoroacetate (55 mg,
0.16 mmol) and (R)-7-amino-9-neopentyl-6,7,9,10-tetrahydroazepino[3,4-¢]indazol-
8(3H)-one (40 mg, 0.14 mmol) were reacted in a manner analogous to the preparation
of 4-(2-ox0-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid [8-0x0-9-
10 (2-piperidin-1-yl-ethyl)-3,6,7,8,9,1 O-he.xahydro-2,3 ,9-triaza-(R)-cyclohepta[e]inden-
7-yl]-amide. C18 preparatory HPLC afforded the title compound as white solid in
25% yield. High resolution MS m/e (M+H) = 542.2888.

EXAMPLE 60

(0]
N )J\ N
H
NH
15
Spiro[2,3-dihydro-1H-quinoline-2-one-4(1H),4 piperidine]-1’-carboxylic
acid [(R)-9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9, 10-hexahydro-2,3,9-triaza-

cyclohepta[e]inden-7-yl]-amide. Spiro[2,3-dihydro-1H-quinoline-2-one-
20 4(1H),4’piperidine] (32 mg, 0.15 mmol) and (R)-7-amino-9-neopentyl-6,7,9,10-



NNaNOONH 1 1-6 10

(S)-9-neopentyl -7-(2-(4-(2-o0xo0-1, 2-di hydroqui nazol i n-3(4H) yl) pi peri din-1-
yl) et hyl )w6,2006/0593780- t et r ahydr oazepi no[ 3, 4-e]i ndazol - 8p8iHuses/03dsS) - 7- ( 2-
hydr oxyet hyl ) - 9- neopentyl -6, 7,9, 10-tetr %Bidr oazepi no[ 3, 4- e] i ndazol - 8(3H) - on
e (15 ng, 0.04 mmol) was dissolved in hl oronet hane (1 nL). Thi onyl
chloride (100 L) was added to the m xture. Reaction stirred at room
tenperature fe‘ﬂfah?drbﬁébﬁlo[ﬂ-}ﬁ eﬁﬁ&&@ﬁk({ﬁ-ﬁloﬂ@(ﬂf 35@92ﬁmﬁ\2§ve?éjl@§ ecﬁ 4 he

m xture. Reactionh stirred room tenperature for urs an en was
warnmed to r efﬂaunerfaoalogomgrﬂse prRearationosf 4a(2xoxno-b4- dnhﬁeclredhi:@nnazaﬂmd ylr vacuo.

Resi due was di ss i.n et o ril 1.m). Potassiu C nate (25 ny,

.18 Mol WHESAaE -%aaqup@( T S ;lw-]sé- ll)g?ﬁﬂef? iﬁﬁ- o
1) - 3, 4- di hyB&: ZDDitHaz OldBerit Arfia®)! 18 tRP HPE heat e
gt)zo refl ui fo?wzrahours Prggbacryat o?dg[@HLLCn Ulqufl cation g&?or deg the title

conpound &s aﬁﬁwrdﬁfétl@dltiecfompoggd@%/whlmsolﬂ iy I46%elsdldu Highravgubipe M9nk +=
529.3282. 25 M%@_ﬁ@/ 0%%;%78 PCT/ US2005/ 036859 204 EXAMPLE 65 HIN N/ \
O N N NN H( - (R) -N-(9-neopentyl -8-0x0-3, 6, 7, 8,

9, 10- hexahydr oazepi no[ 3, 4-e]indazol-7 yl) 5 4- (3 phenyllsoxazoI-S

yl ) pi peri di ne- 1- carboxam de. 4-(3- Phen¥l i sQxazol - 5-

PLE 61

H

_N

N

\

o
N NJ\N
% / H
0 NH

10
Spiro[2,3-dihydro-1H-isoquinoline-1-one-4(1H),4 piperidine]-1-carboxylic
acid [(R)-9-(2,2-dimethyl-propyl)-8-ox0-3,6,7,8,9, 10-hexahydro-2, 3,9-triaza-
cycloheptafe]inden-7-yl]-amide. Spiro[2,3-dihydro-1H-isoquinoline-1-one-
4(1H),4’piperidine] (32 mg, 0.15 mmol) and (R)-7-amino-9-neopentyl-6,7,9,10-

15 tetrahydroazepino[3,4-e]indazol-8(3H)-one (35 mg, 0.12 mmol) were reacted in a
manner analogous to the preparation of 4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidine-1-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-
hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl}-amide. C18 preparatory HPLC
afforded the title compound as white solid in 41% yield. High resolution MS m/e

20  (M+H)'=529.2927.
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yl ) pi peridine (46 ng, 0.20 mmol) and (R)-7-am no-9-neopentyl-6,7,9, 10-
t et rahydr oazepi no[ 3, 4-e] i ndazol -8(3H)-one (110 ng, 0.22 nmol) were reacted
in a mamnweno@nskrgous to the preparation of PCT/US2005/036859

4- (2- oxo-1, 4-di hydr o- 2H qui nazol i n-3-yl )- _piperidine- | -carboxylic acid

[ 8- oxo0- 9- (2 pi peridin-1-yl-ethyl)-3,6, 72929 10 10

hexahydro-2, 3,9-tri aza- (R)-cycl ohepta[e]inden-7-yl]-am de. Cl8 preparatory

HPLC afforded the title conpound as gRAVEalE g i n 33% yield. Hi gh

resolution Ms me (M+H)+= 541.2916. EXAMPLE 66 H NN O Lp-z N\ NANH 15

WO 2006/ 052378 PCT/ US2005/ 0368591 205 9-(2, 2-dinethyl

propyl)-7-(R)-{2-o0ox0-2-[4- (2 ona- 4xdi hydr o- 2H qui nazol i n-3

yl)piperidin-1 yl]-ethyl]-6,7, 9\ rahydro-3H—2, 3,9-triaza-

cycl ohept a[ eJi nden- 8- one.

[9-(2, 2-di et hyl - propyl )-8-0x0-3,6 7,8,° 1 hexahydro- -

2,3,9-triaza-(R) cycl ohept a[ e] i nde ~acpd (75 ng, 0.23 mmol)

and 4-(2 5 Oxo-1, 4-di hydro-2Hq Zo |nH3 yl) Qi pefidine (65 ng, 0.28

mol ) were conblned in a nannér a;alegous to ENPr eqmar at i on of

4- Chl or0-9- (2, 2-di met hyl - propylN-7-(R) -

{2- oxo-2-[4-(2-0x0-1, 4- dlhy 2H qui nazolin-3-yl)-Pprparidin-1-yl]-ethyl }

-6,7,9,10- tetrahydro-3H 2, 3 9et ri aza- cycl ohept a[ e] igden-8-one. Title

conmpound was obtained as a white solid in 32%yield. H gh resolution M

me (MtH) += 543.3084. 10 EXAMPLE 67 H N
(R)-N-(9-(1-acetylpiperidin-4-yl)-8-0x0-3,6,7,8,9,10-hexahydroazepino[ 3,4-

5 elindazol-7-yl)-4-(2-oxo-1,2-dihydroquinazolin-3(4H)-yl)piperidine- 1 -carboxamide.

(R)-9-(1-acetylpiperidin-4-yl)-7-amino-6,7,9,10-tetrahydroazepino[ 3,4-e]indazol-
8(3H)-one methanesulfonate (42 mg, 0.08 mmol) and 3-(piperidin-4-yl)-3,4-
dihydroquinazolin-2(1H)-one acetate (30 mg, 0.10 mmol) were reacted in a manner
analogous to the preparation of 4-(2-ox0-1,4-dihydro-2H-quinazolin-3-yl)-piperidine-
10 I-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-
triaza-(R)-cyclohepta[e]inden-7-yl]-amide. C18 preparatory HPLC afforded the title
compound as white solid in 28% yield. High resolution MS m/e (M+H)"= 599.3085.

EXAMPLE 63

ZX

N/E\N o
ZTTSN 5 L::]\N’M\NH
15 0

4-(2-oxo0-1,2-dihydroquinazolin-3(4H)-yl)-N-((R)-8-oxo0-9-(pyrrolidin-3-yl)-
3,6,7,8,9,10-hexahydroazepino[3,4-e]indazol-7-yl)piperidine-1-carboxamide. (R)-
tert-butyl 4-(8-oxo0-7-(4-(2-o0xo0-1,2-dihydroquinazolin-3(4H)-yl)piperidine-1-
20  carboxamido)-7,8-dihydroazepino[3,4-e]indazol-9(3H,6H,10H)-yl)piperidine-1-



N/ O NHON((R)-9-neopentyl-8-o0x0-3, 6, 7, 8, 9, 10-hexahydroazepi nol 3,
4-elJi ndazol -7 yl)- 15 4-(2-o0x0-1, 2, 3, 4-tetrahydroqui nolin-3

yl ) pi per iwoneedoseasboxam de. 3-(pi peri din-4- PCT/US2005/036859

yl) -3, 4-di hydr oqui nol i n-2(1H)-one (50 rrgo 0.22 mvol ) and (R)-7-am no-9-
neopentyl -6, 7,9, 10-tetrahydroazepi no[ 3, %]lndazol -8(3H)-one (110 ng, 0.22
nmmol) were react ed in a manner anal ogous to the preparation of

4- (2- ox0- |, 4eg a0 &thcwwﬁmh) @aéalxéolveal&%{dhfar&ﬁet%a&@(mﬁy' ic acid
[ 8- oxo0- 9- (2 pi p er|d|n 1-y

3,6,7,8,9, 10Tmﬁwarh§q¢tlga®d:{0 95 tmh)azaaacéd%)d to yhud mh@mﬁa!?@]mtmiesmr?d gt fooari de. C18
re arator HPL t tle conpound a te sol in 25%
Sl elod Hi g% %ﬁﬂ??‘?{g‘%ﬁo ﬁe(‘mqlbf!& ﬁ?%@%ené%te 5881 glégS ’
PCT/ US2005/ & ﬁﬁL%M?'eﬁ &Baffdr‘d d\he Ntle compdid 116 @&Nd\b%
N-((R) 9- mgﬁgﬁ?gri 0X0- 3, 1 ¢ 18 ﬁe;(;ahydr oadzdygl no[531 1 8

B

4- e] i ndaZol -YilﬁldS I%OPZD@%@S EI/Q(MJFH) Fe¥4324%38+ oqui nol i n- 3

yl ) pi perazi ne-| -carboxam de. 3

(Pi perazin-|-yl)-3, 4-di hydroqui nolin-2(1H)-one (45 ng, 0.19 nmol) and

(R)-7- am no-9-neopentyl -6, 7,9, 10- t etBXahyPLE6zepi no[ 3, 4- e] i ndazol - 8( 3H) - one

75 ng 0.15 mol) were react ed in a manner anal ogous to the preparation
4- (2-o0xo0-1, 4- di hydro- 2H-qU| Hazol i n-3-yl) - pi peridine-I-carboxylic acid

(
of
[ 8- 0x0-9- (2-pi peridin-I-yl N\

N,
0

10 (S)-9-neopentyl-7-(2-(4-(2-oxo-1,2-dihydroquinazolin-3(4H)-yl)piperidin-1-
ylethyl)-6,7,9,10-tetrahydroazepino([3,4-e]indazol-8(3H)-one. (S)-7-(2- '
hydroxyethyl)-9-neopentyl-6,7,9,10-tetrahydroazepino[ 3,4-¢]indazol-8(3H)-one (15
mg, 0.04 mmol) was dissolved in dichloromethane (1 mL). Thionyl chloride (100
nL) was added to the mixture. Reaction stirred at room temperature for 2 hours.

15  Thionyl chloride (500 nL) was added to the mixture. Reaction stirred at room
temperature for 2 hours and then was warmed to reflux for 2 hours. Reaction mixture
was concentrated in vacuo. Residue was dissolved in acetonitrile (1 mL). Potassium
carbonate (25 mg, 0.18 mmol) was added to the mixture followed by 3-(piperidin-4-
yl)-3,4-dihydroquinazolin-2(1H)-one (16 mg, 0.07 mmol). Reaction was heated at

20 reflux for 2 hours. Preparatory HPLC purification afforded the title compound as
white solid in 25% yield. High resolution MS m/e (M+H)"= 529.3282.
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10
ethyl)-3,6,7,8,9, 10- hexahydro-2, 3,9-triaza-(R)-cycl ohepta[e]inden-7-yl]-am
de. Cl18 woepavwtzsy HPLC afforded the title conpound agcrhist@sssdssd in 17%
yield. Hgh resolution M5 nfe (MrH) += 544.3022. EXAMPLE 69 H ,N N/ O N
NNt~NO HON 15 (R)-N (9-Neopent yPV%-oxo0-3, 6, 7, 8,

9, 10- hexahydroazepi no[ 3, 4-eJi ndazol -7- '
yI)-4-(3-oxo-3,4-dihydroisoquinoIin-%baﬁggﬂ%ggperidine-I-carboxanide. 2-
(Pi peridin-4-yl)-1, 2-di hydroi soqui nol'1'n- -one (60 ng, 0.26 mmol) and
(R-7 20 H
anino-9-neopenty|-6,7,9,10-tehr5
ng, WO 2006/ 052378 PCT/ US2005/93
manner anal ogous to the preparati f 4-(2-o0xo0-1, 4-

di hydr o- 2H- qui nazol i n- 3-yl ) - pi perfdin -Ij%?rboxylic acid

[ 8- 0x0-9-(2-piperidin-I|-yl- NN

ethyl)-3,6,7,8,9, 10- hexahydr o- fb riza-|(R) {cycl ohept a[ e]

i nden-7-yl]-am de. C18 preparatory ®PLC af ®he title conmpound as
yellow solid in 29%vyield. H gh 5 resolution M N(NHFD+: 543. 3074.
EXAMPLE 70 HN N O NNO ON

oazepi no[ 3, 4-e] i ndazol - 8(3H)-one (100
207 0.20 nmol) were reacted in a

(R)-N-(9-neopentyl-8-0x0-3,6,7,8,9, 10-hexahydroazepino[3,4-e]indazol-7-yl)-
5 4-(3-phenylisoxazol-5-yl)piperidine-1-carboxamide. 4-(3-Phenylisoxazol-5-
yDpiperidine (46 mg, 0.20 mmol) and (R)-7-amino-9-neopentyl-6,7,9,10-
tetrahydroazepino[3,4-e]indazol-8(3H)-one (110 mg, 0.22 mmol) were reacted in a
manner analogous to the preparation of 4-(2-oxo-1,4-dihydro-2H-quinazolin-3-yl)-
piperidine- 1-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-ethyl)-3,6,7,8,9,10-
10 hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide. C18 preparatory HPLC
afforded the title compound as tan solid in 33% yield. High resolution MS m/e
(M+H)"=541.2916.

EXAMPLE 66

15



10 (S)-9-Neopentyl -7-(2-0xo0-2-(4-(3-0xo0-3, 4-di hydroi soqui nolin-2(1H)-
yl)piperidin-1 yl)ethyl)-6, 7, 9,10-tetrahydroazepi no[ 3,

4- e] i ndazwb-28¢calsr379ne. 2- (Piperidin-4-yl)-1, 2-di hydr oi poquispasiopss3¢ 4H) - one
(105 ng, 0.46 mmol) and [9-(2, 2-

di net hyl - propyl) 8-0x0-3,6,7,8,9, 10- hex&ﬂ?dro 2,3,9-triaza-(S)-cycloheptale
] inden- 7-yl]acetic acid (110 ng, 0.33 mmol) were conbined in a manner
anal ogous to the I§ f7. 2-[4-(2-0x0-1,4-d -2H-

4-Chl or 0- 9- (2, 2- dﬁé?@l%%%hgp 97(1%{2 P3G b e 2

di hydr o- 2H qmlna@bmiﬂylﬁpsﬂeﬁdm bﬂﬂr@hﬁ} 6J7 9 190 letr@tipgio-3H-23, F{régzal

vas obt o) ned A0 &Gl (CA0iRs Pl hrorh oL Gt o ket —?EATED
-a008/ Y6 H
ST ONNH RO o &ﬁ’s‘i‘ A ICAERET A ﬂ%ogfgpﬁlﬁg‘ﬂ%(% )

9, 10- hex asnyd?)éo‘é ‘b%aér@péifﬁﬁpglazoim -3 ya]nlmalm (65 mg, 0.28 mmol) were combined

| Jacetyl J s i .
>épl rof p?/perl epglﬁlgﬁﬁ 5 t(t)Jlth% J-? %?4%?11 gZ %'déi‘% %'@QP 313'7(%' ny,
0.20 mol) émdxo 2-[4-(2-0x0-1,4-dihydro-2H-quinazolin- ErS] yl)—ph1p%r1d1n21 -yl]- Sthtyl} -6,7,9, I(Oé)

9- 22d|rrethl-r 8- 0x0-3 7 9, 10- hexa r o- riaza- -
E:ycl(ohept a[ e'Fl" '3&/# %Qcté‘la?accﬁg‘iﬁﬁpfagﬁg"‘ﬁiﬁn'gﬂmf7 h%?()mmémé waseblaied in a
manner  anal RGOy %Hdhﬁ 3@6/6351@1'&1&%@%&61 fjon MS /e (MH)"= 543.3084.

4- Chl oro-9- (2, 2-di et hyl - propyl) {u - 0X0- 2 e[

(2- oxo- 1M-di hydr o- 2H qui nazol i n- 3 yI) pi peridin-1l-yl]-ethyl o
}-6,7,9,10-tetrahydro- 3H2,3,9-tri aza; ta[e]inden-8-one. Title
conpound was obtained as white mw}‘%h&o

N N~ N o
H
%J 0 NH

N-((R)-9-neopentyl-8-oxo-3,6,7,8,9, 10-hexahydroazepino[3,4-e]indazol-7-yl)-

15 4-(2-oxo-1,2,3,4-tetrahydroquinolin-3-yl)piperidine-1-carboxamide. 3-(piperidin-4-
yl)-3,4-dihydroquinolin-2(1H)-one (50 mg, 0.22 mmol) and (R)-7-amino-9-
neopentyl-6,7,9,10-tetrahydroazepino[ 3,4-e]indazol-8(3H)-one (110 mg, 0.22 mmol)
were reacted in a manner analogous to the preparation of 4-(2-oxo-1,4-dihydro-2H-
quinazolin-3-yl)-piperidine-1-carboxylic acid [8-oxo-9-(2-pipéridin- 1-yl-ethyl)-

20 3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide. C18
preparatory HPLC afforded the title compound as off-white solid in 25% yield. High
resolution MS m/e (M+H) "= 543.3084.
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solid in 35%yield. Hgh resolution M5 nfe (MrH) + 529.2921. EXAMPLE 72 H N
O NN ON 151 -[[7-(S)-9-(2, 2-Di methylpropyl)-3, 6, 7, 8,

9, 10- hexahpdone/B237180azepi no[ 3, 4- eldindazol -7 PCT/US2005/036859

yl Jacet yl J- 4- (3-qui nol i nyl) pi peri di ne. % gpl peridin-4-yl)quinoline (75 ng,
0.35 mml ) and [9-(2, 2-di net hyl - propyl ) - 8% oxo- 3,6,7,8,9, 10- hexahydro-2, 3,9
20 triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid (95 ng, 0.29 mol) were
conmbi ned in WO 2006/ 052378 PCT/ US200%03885%F 62209 a manner anal ogous to the
preparation of 4-Chloro-9-(2,2-dinmethyl-propyl)-7-(R- {2-

0X0- 2- [ 4- (2- oxo0- |, 4-di hydro- 2H—ﬂUI nazolin-3-yl)-piperidin- | -yl]-ethyl }
-6, 7,9, 10- tetrahydro 3H 2, 3,8- Za -cycl ohepta[ e]i nden-8-one. Title
corrpound was obtained as of f- m@ idin 50%vyield. H gh resolution MS
me (MtH) += 522.2878. 5 EXAMPLE 7 {C N NO NNO O
1-[[7-(S)-4-choro-9-(2, 2-Di nethylprof l)/U\?’ 6, 7, 8 9, 10- hexahydro-8 10
oxoazepi no[ 3, 4-e] i ndazol -7 N
yl Jacetyl J- 4- ( 3- met hoxy- 2- naph eny! )bl pet{\d
( 3- Met hoxynapht hal en- 2-yl ) pi pefi di ne®hydr ochbori mss ng, 0.28 nmmol) and
[4- chloro-9-(2, 2-dinethyl-propyl)-8-o0x0-3, 6, 8l 9, 10- hexah ydro-2, 3,
9-triaza-(S)-

N-((R)-9-Neopentyl-8-ox0-3,6,7,8,9,10-hexahydroazepino[3,4-e] indazol-7-

5 yl)-4-(2-oxo0-1,2,3,4-tetrahydroquinolin-3-yl)piperazine- 1-carboxamide. 3-
(Piperazin-1-yl)-3,4-dihydroquinolin-2(1H)-one (45 mg, 0.19 mmol) and (R)-7-
amino-9-neopentyl-6,7,9,10-tetrahydroazepino[ 3,4-e]indazol-8(3H)-one (75 mg, 0.15
mmol) were reacted in a manner analogous to the preparation of 4-(2-oxo-1,4- |
dihydro-2H-quinazolin-3-yl)-piperidine-1-carboxylic acid [8-0x0-9-(2-piperidin-1-yl-

10 ethyl)-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(R)-cyclohepta[e]inden-7-yl]-amide. C18
preparatory HPLC afforded the title compound as white solid in 17% yield. High
resolution MS m/e (M+H)'= 544.3022. |

EXAMPLE 69
H
N

rd

N
\

o
N N )]\ O\ 0
H
% .
15
(R)-N-(9-Neopentyl-8-oxo-3,6,7,8,9, 10-hexahydroazepino[3,4-e] indazol-7-
yl)-4-(3-ox0-3,4-dihydroisoquinolin-2(1H)-yl)piperidine-1-carboxamide. 2-

(Piperidin-4-yl)-1,2-dihydroisoquinolin-3(4H)-one (60 mg, 0.26 mmol) and (R)-7-
20 amino-9-neopentyl-6,7,9,10-tetrahydroazepino[3,4-eJindazol-8(3H)-one (100 mg,



cycl ohepta[ e]inden-7-yl]acetic acid (88 ng, 0.24 mmol) were conbined in a
manner anal ogous to the preparation of

4- Chl or o-Weo(28¢cse878et hyl - propyl )-7-(R)-{2-0x0-2-[4 15 PCT/US2005/036859
(2-oxo-1,4-dihydro-ZFLquinazolin-3-y|)-§é eridin-1-yl]-ethyl}-6,7,9,10-tetr
ahydro- 3H 2,3,9-triaza-cycloheptale]in -8-one. Title conpound was
obtained as tan solid in 88%yield. An analytical sanple was prepared by C
18 prepar at of y0 Hith?) Gledd refttedMhl 4 BaSiel hﬁal(\i‘%&u@ tS BOpr SRPURIOT 4l Ak L £50! uti on
M5 mle (MrH) += 587.2791. 20 25 WO 2006/ 052378 PCT/ US2005/ 036859 210
EXAMPLE 74  dihgironH-nuigazalinhB-ght pigeridinef [-parpey ylit-askb|8eox-9-£2-piperidin-1-yl-

2- Di net hyl pr - o -hexahydr o- Zepi 3,

4- e] i ndazol -%Bil:)_éa(’gé{;%1‘?3%}%&(&9é%0§'§3359ﬁg%ﬁ¥ﬁ811?‘3@%?@&%&?}%1%@&ACISlM

sol ution of fpepaatoty HPLONfedddthéltitlbtanpe®idaRelléo8lid-in 1995 Gieldrplijh wWas
added to a solution of .

1- [ [ 7- ( S)- 4-SpRIperoMSmze. (MR hivthe ! ) - 3, 6, 7, 8, 9, 10- hexahydr o- 8-

oxoazepi no[ 3, 4-e] i ndazol - 7-yl ] acetyl ] - 4- ( 3- net hoxy- 2- napht hal enyl ) pi peri din
e (78 mg, 0.13 mml) in dichloronmethane (3 nm.). Reaction stirred at room
tenperature for 10 4 hours. 1M Boron BXAliPQE e i n di chl oronet hane (500.tL,
0.5 mol) was added to the m xture. Reaction stirred at roomtenperature
for 30 mnutes. Reaction nmixturf was concentrated in vacuo. Residue was
purified by C18 preparatory HRNC. jor peak was isolated. Methanol was
removed fromthe conbined fractd n vacuo. Renaini ng agueous was
extracted with ethyl acetate (30 Orggnic |layer was 15 washed with
agueous sodi um bi carbonate (2x15 O gini c was dried (nagnesium

sulfate), filtered and concerg—a_t/ i acug. Yitle conmpound was
o N
10 (S)-9-Neopentyl-7-(2-oxo-2-(4-(3-0x0-3,4-dihydroisoquinolin-2(1 H)-

yl)piperidin-1-yl)ethyl)-6,7,9,10-tetrahydroazepino[3,4-e]indazol-8(3H)-one. 2-
(Piperidin-4-yl)-1,2-dihydroisoquinolin-3(4H)-one (105 mg, 0.46 mmol) and [9-(2,2-
dimethyl-propyl)-8-o0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-cyclohepta[ e]inden-
7-yl]acetic acid (110 mg, 0.33 mmol) were combined in a manner analogous to the
15  preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-ox0-2-[4-(2-0x0-1,4-
dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-
triaza-cyclohepta[elinden-8-one. Title compound was obtained as a white solid in

40% yield. High resolution MS m/e (M+H)'= 541.3111.
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obtained as tan solid in 37%yield. H gh resolution M5 nle (M-H) +=
573.2636. 20 25 WD 2006/ 052378 PCT/ US2005/ 036859 211 EXAMPLE 75 H
N O F Rwoel2bbddse378F ' O NNH 1 -[[(7S)-4-Chloro-3, 6pCT/US3005/036859
9, 10- hexahydr o- 8-0x0-9-(2, 2, 2 5 trfuorogethly)azepino[ 3, 4-e]indazol -7
yl ] acetyl]-4-(1, 4-di hydr o- 2- oxo- 3(2H) - &anazolinyl) pi peri di ne.
[4-Chloro-3,6,7, 8,9, 10- hexahydr o- 8- oxo-9- (2, 2, 2-

g,

trifIuoroethyl)-2,3,9-triaza-(S)-cych%@g e}i nden-7-yl Jacetic acid
0.28 nmmol) and 4-(2-Oxo-1, 4-di hydr -EE! ;

qui nazol in-3-yl) piperidi

Cl IN

(105
ne

hydrochloride (85 ng, 0.32 noly were conbined in a manner anal ogous to

the preparation of 4 10 Chl or oy\9-
{2-o0xo0-2-[4-(2-0x0-1, 4-di hydro-¥
} -6,7,9, 1 O-tetrahydro-3 H 2, 3,
conpound was obtained as pale yellow sylidiin 58%

-di et hyl -propyl )-7-(R) -
nazolin-3-y|)-piperidin- | -yl]
MNtr{ aza-_ cycl ohept a[ e] i nden- 8- one.

M5 me (MrH) += 589. 1932. 15 EXAMPLE 76 N NNO NNOO ONMNH

v NYO

NH

1-[[7-(S)-9-(2,2-Dimethylpropyl)-3,6,7,8,9, 10-hexahydro-8-oxoazepino[3,4-
5 elindazol-7-yl]acetyl]-spiro[piperidine-4,4°(1 'H)-quinazolin]-2 (3 H)-one.
Spirofpiperidine-4,4’(1’H)-quinazolin]-2’(3’H)-one hydrochloride (50 mg, 0.20
mmol) and [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 (55 mg, 0.17 mmol) were combined in a manner
analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-ox0-2-[4-
10 (2-oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-

3H-2,3,9-triaza-cycloheptafe]inden-8-one. Title compound was obtained as white

solid in 35% yield. High resolution MS m/e (M+H)'= 529.2921.

EXAMPLE 72

15

1-[[7-(S)-9-(2,2-Dimethylpropyl)-3,6,7,8,9, 10-hexahydro-8-oxoazepino[3,4-
efindazol-7-yl]acetyl]-4-(3-quinolinyl)piperidine. 3-(piperidin-4-yl)quinoline (75
mg, 0.35 mmol) and [9-(2,2-dimethyl-propyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-
20  triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid (95 mg, 0.29 mmol) were combined in

- et hyl
Title

yield. Hi gh resolution



0 WO 2006/ 052378 PCT/ US2005/ 036859 212 1 -[[7-(S)-4-choro-9-(2,

2-Di net hyl propyl )-3, 6, 7, 8, 9, 10-hexahydro-8- oxoazepi no[ 3,

4- e] i ndazwb-2decpsij7acet yl J- 4- (3, 4-di hydro-2, 2-di oxi do- #coams2dosios6354 -
benzot hi azi n-3 yl ) pi peri di ne.
2,2-Ejoxo-3-piperidin-4-y|-2,3-dihydro-l%%b,l- benzot hi azi n- 4-one (86 ny,
0.27 mmol ) and [4-chloro-9-(2,2-di nethyl-propyl)-8 5 0x0-3,6,7,8,9, 1

0- hexahydr o- 3n3ar&eﬁ£ﬂaﬁ?g%u§@m6¥fép9ﬁﬁ9ﬁ e{‘@Jcchélﬂﬁ@?z Mhﬁetﬁﬁﬁﬁrbﬁylﬁ?'(ﬁ) ({§5 ng,

0.23 Mol ) were conbined in a manner anal ogous to the prepardtion

Chl or 0- 9- ( 2, zxm2nfét(ﬂ;qxoplrﬁ1dwmror2lclmmna{zg o Ppiparidin- lexldremyh}—dﬂwym-o 2H-

qui nazol i n- 34

O-tet rahydrotéﬁ%ﬁgﬂiglp“ﬁ_i ? Sil %%réa_za 4 CI h?&%%hf%e]nlfﬁglé%gg%ﬁgmpmq s %ﬂ%d was
obt ai ned as tasffsatitedsolid 11836%W1ﬁﬂdH1§tDreHb19ﬂ‘bﬂBMﬂét(ﬂW¥H%5@QS?EM*‘H) +=
626.2217. EXAWMPLE 77 HCI N NO NNO ONO_ N15

1-[[7- (S) 4-choro-9- (2, 2-Dinethyl propyl)-3, 6, 7, 8, 9,10-hexahydro-8-
oxoazepi no[ 3, 4- e] i ndazol -7 yl Jacetyl Jp¢AQfp5g 94 0x0- 3 phenyl -1 -

i m dazol i di nyl) pi pi eridine.

5- Phenyl - 3- (pi peridi n-4-yl)im dagol idine- 2, 4-di one hydrochloride (46 ny,
0.16 mmol ) and [4-chloro-9- (2, 2~6L nEt hyl - propyl) 8-oxo- 3,6,7,8,9, 1

0- hexahydro-2, 3,9-triaza-(S)-c ta[e] inden-7-yl] acetic acid (46 ngy,
20 0.13 Mol ) were conbined in a er anal ogous to the preparation of
4-Chl oro-9- (2, 2-dinethyl -propyl)- y- O
{2- ox0-2-[4-(2-0x0-1, 4-di hydr o- 2H\qui
} -6,7,9, 1 O-tetrahydro-3 H 2\3,
conpound was obtai ned as yell soI|@| n 67¢

s | Y- plperldln- | -yl]-ethyl
(i aza-c clo‘epPa[e] i nden-8-one. Title
i i gh resolution Ms nie

1-[[7-(§)-4-choro-9-(2,2-Dimethylpropyl)-3,6,7,8,9, 10-hexahydro-8§-

10 oxoazepino[3,4-e]indazol-7-yl] acetyl]-4-(3-methoxy-2-naphthalenyl)piperidine. 4-
(3-Methoxynaphthalen-2-yl)piperidine hydrochloride (78 mg, 0.28 mmol) and [4-
chloro-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 (88 mg, 0.24 mmol) were combined in a manner
analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-o0x0-2-[4-

15 (2-oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-
3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained as tan solid
in 88% yield. An analytical sample was prepared by C18 preparatory HPLC giving
white solid with 30% recovery. High resolution MS m/e (M+H)"= 587.2791.
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(MtH) += 605. 2645. 25 WO 2006/ 052378 PCT/ US2005/ 036859 213 EXAMPLE 78 H C
N N/ O NNaO ONJ~NHN 1-[[7-(S)-4-choro-9-(2, 2-D nethyl propyl)-3,
6, 7, 8, WolOedsxmBydro-8 5 oxoazepi no[ 3, 4-eldi ndazol -7 PCT/US2005/036859

yl Jacetyl ] -4-(1, 4-di hydr o- 2- oxopyri do[ 2, i dl pyrimdin- 3(2H) yl)

pi peridine. 3-(Piperidin-4-yl)-3,4-di hy& 8pyri do[ 2, 3-d] pyri m di n-2(1H)- one
di hydrochl oride (64 ng, 0.21 mol) and [4-chl oro-9-(2, 2-di net hyl - propyl ) - 8-
oxo-3, 6,7, 8,9, 10- hexahydro- 2, 3, 9-tri gzaaAMPI-EEy£!| ohept a[ e] i nden-7-yl Jacetic
acid (63 ng, 0.17 mmol) were conbined in a manner anal ogous to the
preparation of 4 10 Chl oro-9-(2H2-di%et hyl - propyl )-7-(R)-
{2-0x0-2-[4-(2-0x0- | ,4-di hydyo~2H qui nazolin-3-yl)-piperidin- |
-yl]-ethyl } -6,7,9, 1 0-tetralyd H2,63,9-tri aza-

cycl ohept a[ e]i nden-8-one. Title ¢
yield. Hgh resolution MS nme (
NNO ONHN

1-[[7-(S)-4-choro-9-(2,2-Dimethylpropyl)-3,6,7,8,9, 10-hexahydro-8-

5 oxoazepino[3,4-e]indazol-7-yl] acetyl]-4-(3-hydroxy-2-naphthalenyl)piperidine. A
1M solution of boron tribromide in dichloromethane (580 UL, 0.58 mmol) was added
to a solution of 1-[[7-(S)-4-choro-9-(2,2-Dimethylpropyl)-3,6,7,8,9,10-hexahydro-8-
oxoazepino| 3,4-e]indazol-7-yl]acetyl]-4-(3-methoxy-2-naphthalenyl)piperidine (78
mg, 0.13 mmol) in dichloromethane (3 mL). Reaction stirred at room temperature for

10 4 hours. 1M Boron tribromide in dichloromethane (500 pL, 0.5 mmol) was added to
the mixture. Reaction stirred at room temperature for 30 minutes. Reaction mixture
was concentrated in vacuo. Residue was purified by C18 preparatory HPLC. Major
peak was isolated. Methanol was removed from the combined fractions in vacuo.
Remaining aqueous was extracted with ethyl acetate (30 mL). Organic layer was

15 washed with aqueous sodium bicarbonate (2x15 mL). Organic was dried

(magnesium sulfate), filtered and concentrated in vacuo. Title compound was

obtained as tan solid in 37% yield. High resolution MS m/e (M+H)'= 573.2636.
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1-[[(7S)-4-chloro-9-(2, 2-dinethylpropyl)-3, 6, 7, 8, 9, 10-hexahydro-8-

oxoazepi no[ 3, 4-e] i ndazol -7

yl Jacet ylweodedslos237di hydr o- 2- oxo- 1, 8- napht hyri din-3 yl) P2OTRiSP@sSi0sksse.

3-(piperidin-4-y|)-1,8-naphthyridin-2(1ﬁ?-one (57 nmg, 0.19 mml) and WO

2006/ 052378 PCT/ US2005/ 036859 214 [4-c 16ro-9-(2,

2-di net hyl - propyl )-8-0x0-3, 6, 7, 8, 9, 10-hexahydro-2, 3, 9-triaza-(9S)-

cycl ohept a[ e]i nden-7-yl] acetic am(jﬁﬁﬁhJ§L59516 nnDI) were conmbined in a

manner anal ogous to the preparation of

4- Chl oro-9-(2, 2-di net hyl - propyl ) #7- (F- {2- oxo- 2- [ 4-

(2-oxo0-1, 4-di hydr o- 2H-qU|naZM|NL‘ /) -piperidin- | -yl]-ethyl } -6,7,9, 1

O-tetrahydro 5 3H2,3,9-triaza- & ept a[ e] i nden-8-one. Title conmpound was

obtained as white solid in 64% yi g Hi gh resolution M5 mle (M+H) +=

575.2538. EXAMPLE 80 HC N NO/NNOOGWNHN 10 1

-[[(7S)-4-chloro-9-(2, 2-dinethkyl pyop 3 7 8 9, 10- hexahydr o- 8-

oxoazepi no[ 3, 4-e] i ndazol - 43\~/ Aﬁ;:lk

yIJacetyIJ 4- (1, 2-di hydr o- 2- oko- 1, 6- ®apht hy hL pi peri di ne.
3-(piperidin-4-yl)-1, 6- naphthyrldln 2( 1H) - one (8 0.29 mmol ) and

[4-chloro-9-(2, 2- dlnethyl propyl)- 8-o0xo0-3, 6, 7, 9,10- h exahydro-2, 3,

9-triaza-(S ) 15 cyclohepta[e]inden-7-yl]acetic aci 5 ng, 0.26 nmol)

were conbined in a manner anal ogous to the preparat

4-Chl oro-9- (2, 2-di met hyl -propyl )-7-(R) -{2-o0x0-2-[ 4-

(2-oxo-1, 4-di hydr o- 2H qui nazolin-3-yl)-piperidin- | -yl]-ethyl } -6,7,9, 1
O0-tetrahydro- 3H 2[H?S}#dema-i;eyaI8®ﬁphdaﬁ}dmc&m£9qme2 Ti t I e conpound was
obtainedSaSV\hte olid.in 27%yield. H gh resoluti 1(_1 H) +=

575. 2538.0 2oYluoroethly)azepino/3,4- -e]indazol-7-yl]acetyl]-4-(1,4- dzhydro 2-0xo 302

quinazolinyl)-piperidine. [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]acetic acid (105 mg, 0.28
mmol) and 4-(2-Oxo-1,4-dihydro-2H-quinazolin-3-yl) piperidine hydrochloride (85
mg, 0.32 mmol) were combined in a manner analogous to the preparation of 4-

10 Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-
quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-
cyclohepta[e]inden-8-one. Title compound was obtained as pale yellow solid in 58%

yield. High resolution MS m/e (M+H)"= 589.1932.

15 EXAMPLE 76

H Cl
N



25 WD 2006/ 052378 PCT/ US2005/ 036859 215 EXAMPLE 81 HC N 0O NNO O
(S)-1-[[(7S)-4-chloro-9-(2, 2-dinethylpropyl)-3, 6, 7, 8, 9, 10-hexahydro-8
5 oxoazepwvoap@,/b288i ndazol -7 yl]acetyl]-4-(2-oxido- 3-i sequiusedosnydsso
piperidine. Title conpound was prepar eg %r om 3- pi peridi n-4-ylisoquinoline
hydrochl oride in a nmanner anal ogous to {he preparation of

4-Chl oro-9-(2, 2-di net hyl -propyl )-7-(S)- {2-

2-[4- (2- oxo- 17 47d Ui 13)6, R8EI0-Rbxinydro--
?i(/f)] e% hyl(} 6, 7, 9] % @ﬁﬁ@ﬁ%g BD%Q}:?L%O?%?a)za fg ogéept acl[,rg]Sl nden- 8- one.

Material  waso¥sigEaHinald 4o l’ldagfﬂt7 1aderidind- (&dtdikydras, I-@igxipoSfrdro: N JC_) 1§f =
3 t
(9= 111 ( 18 B Blrsd Pbigerinea oD fSoridibry -4 gy H 1

pyri di nyl met lsr;dz)»ﬂnmm #Hohd (86 Bd) Gﬂﬂ’aﬁﬁlholYand 4-chloro- 9 (2 2- d1methy1 propyl)-8-
yl ] acetyl]-4-(2-0xido-3-isoquin (é?} perldlne Titl e conpound wa

prepar ed ¥ r off%3 6:7&?’|191hﬁmil}’9¥q %é(?uﬁ}; £ypohopalslindas791] P@P/C@S@CI@QI 036859

216 hydrochl
216 hydr oct (@g' 083 bl g@&r&h@l@ gg?g@m&oaﬁawgoeg RPRE Btdp2MtiBh of 4-
{ 2- ox0- 2- [ 4- CRloox8~(2,2 4inethytprop2 b H(R)nEzatd-2{ B(3-bxe-pidpdihydior2H -yl ] -

quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-
cycloheptale]inden-8-one. Title compound was obtained as tan solid in 37% yield.

10  High resolution MS m/e (M+H)"= 626.2217.

EXAMPLE 77

15 1-[[7-(S)-4-choro-9-(2,2-Dimethylpropyl)-3,6,7,8,9, 10-hexahydro-8-
oxoazepino[3,4-e]indazol-7-yl] acetyl]-4-(2,5-dioxo-3-phenyl-1-
imidazolidinyl)pipieridine. 5-Phenyl-3-(piperidin-4-yl)imidazolidine-2,4-dione
hydrochloride (46 mg, 0.16 mmol) and [4-chloro-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 (46 mg,

20 0.13 mmol) were combined in a manner analogous to the preparation of 4-Chloro-9-
(2,2-dimethyl-propyl)-7-(R)- {2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl}-ethyl}-6,7,9,10-tetrahydro-3H-2,3 ,9-triaza-cycloheptale]inden-8-one.
Title compound was obtained as yellow solid in 67% yield. High resolution MS m/e
(M+H)"= 605.2645.
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ethyl} -6,7,9, 1 O-tetrahydro-3 H2,3,9-triaza-cycl oheptale] inden-8-one.
Material was obtained as white solid. M5 (ESI) 595 (MtH) ; Rf= 1.73 (3 mn
gradi ent wonpos/BB2E¥XAMPLE 83 HC N M O N IINN N N O0POTNS2005/036859
(S)-1-[[(7S)-4-chloro-3, 6, 7, 8, 9,10-hexahydro-8-0x0-9-(4 10

pyri di nyl met hyl ) azepi no[ 3, 4-el indazol ¢/ yl]acetyl]-4-(1-oxido-S phenyl -
pyridinyl)- piperidine. Title conpound was prepared from

5- phenyl - 2- pi peridi n-4-yl pyridi ne 1- gBxig@rlgydrochl oride in a manner

anal ogous to the preparation of 4-Chloro-9-(2,2- dinethyl-propyl)-7-(S)-
{2- oxo- 2-[4- (2- oxo-1, 4-di hydr o- |2H-q i nazolin-3-yl)- piperidin-1 -yl]-ethyl
} -6,7,9, 10- tetrahydro 3H 2,3 9- za-cycl ohept a[ e] i nden- 8-one. 15
Material was obtained as vvhlte\s M5 (ESI) 621 (MtH) ; Rf= 1.87 (3 mn
gradient run). 20 WD 2006/ 052378 US2005/ 036859 217 EXAMPLE 84 H C N
NN O NNO ONM (S)-1-[[(7S)-4fchl -(2, 2-dinethyl propyl)-3, 6, 7,
8, 9, 10-hexahydro-8 5 oxoazepi no } -7 yllacetyl]-4-(1-oxido-S

phenyl -2 pyridinyl) piperidi r%’/ )J\

N~ "NH
=~ "N
\I

1-[[7-(S)-4-choro-9-(2,2-Dimethylpropyl)-3,6,7,8,9, 10-hexahydro-8-

5  oxoazepino[3,4-e]indazol-7-yl]acetyl]-4-(1,4-dihydro-2-oxopyrido[2,3-d] pyrimidin-
3(2H)-yl)-piperidine. 3-(Piperidin-4-yl)-3,4-dihydropyrido[2,3-d]pyrimidin-2(1H)-
one dihydrochloride (64 mg, 0.21 mmol) and [4-chloro-9-(2,2-dimethyl-propyl)-8-
0x0-3,6,7,8,9,1 O-hexahydro-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl]ace.tié' acid (63
mg, 0.17 mmol) were combined in a manner analogous to the preparation of 4-

10 Chloro-9—(2,2-dimethyl-propyl)-7-(R)- {2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-
quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3 9-triaza-
cyclohepta[e]inden-8-one. Title compound was obtained as white solid in 41% yield.

High resolution MS m/e (M+H) = 578.2630.

15 EXAMPLE 79

1-[[(7S)-4-chloro-9-(2,2-dimethylpropyl)-3,6,7,8,9, 10-hexahydro-8-
oxoazepino[3,4-e]indazol-7-yl] acetyl]-4-(1,2-dihydro-2-oxo-1,8-naphthyridin-3-yl)-
20  piperidine. 3-(piperidin-4-yl)-1,8-naphthyridin-2(1H)-one (57 mg, 0.19 mmol) and



Titl e conpound was prepared from _ _

2- (pi peridin-4-yl)-1, 2-di hydroi soqui nolin-3(4H)- one hydrochloride in a
manner arwbegeus2i7e the preparation of 4-Chloro-9-(2, 2- PCT/US2005/036859

di met hyl - propyl )-7-(S)- {2-oxo-2-][4- (2 gﬁg 1, 4- di hydr o- 2H qui nazol i n- 3-yl ) -
piperidin- | -yl]-ethyl } -6,7,9, 1 O-t ahydro-3 _

H 2,3,9-triaza-cycl ohepta[e] inden- 8 one. 10 Material was obtai nedEaZS\m'Hte
solid. M5 (E

TN O e e S T B eAR g R
(S)-4-chlor oCWﬂQ@P(ahe](qdﬁmdwl}?Gﬁﬁlma@d (40 pE.detg vimpl)lwere combined in a manner

| 3,
i 01 ndazol - B R Hhtpatof MO Ge Snupup e Fpy R (S TSR P
3- (pi peridi n€240>w IMSDHULHIGQH mﬁndmodh@ciﬂb@!peﬁam-nyq dmgnp@w 0,20%tRUES-1 0 t he

ration - Chl.oro-9-(2, 2-di met hyl - pr )-7- ‘0X0- 2- 4 5
?rzegio 1I Y- d?lﬁ BtQ%acﬁYFWi?EH?ECMQQWS')On& Béﬁmrrmpn@wps ebtaiped agwhite, 10-t et r

ahydro- 3H-2 b C |aI was obt ai ned as
V\h?/te sol i d. So,l%/]éigm%%A’ @fd % Bﬁ;ﬁkg\}[@%ﬁfé‘g\%gp‘e mn gra ient run). EXAMPLE

86 N,NC ONH O/ ZO _ NNH 10 OH(+/ )-J -[[(7S)-4-chloro-9-(2,
2-di net hyl propyl )-3, 6, 7, 8 9, 10- hmm%&)
H Cl
_N
N
\ .
o

10
1-[[(78)-4-chloro-9-(2,2-dimethylpropyl)-3,6,7,8,9, 1 0-hexahydro-8-
oxoazepino[3,4-efindazol-7-yl] acetyl]-4-(1,2-dihydro-2-0xo0-1,6-naphthyridin-3-yl)-
piperidine. 3-(piperidin-4-yl)-1,6-naphthyridin-2(1H)-one (89 mg, 0.29 mmol) and
[4-chloro-9-(2,2-dimethyl-propyl)-8-oxo-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-

15  cyclohepta[e]inden-7-yl]acetic acid (95 mg, 0.26 mmol) were combined in a manner
analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)- {2-ox0-2-[4-
(2-o0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9, 10-tetrahydro-
3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained as white
solid in 27% yield. High resolution MS m/e (M+H)+= 575.2538.

20
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oxoazepi no[ 3, 4-el indazol-7 ylJacetyl J-Am no-3 ,

4' -di hydro-1' H-spiro[im dazolidine- 4,2 -naphthal ene]-2,5-dione. Title
conmpound we0mepased from (+/-)-6"-Am no 15 PCT/US2005/036859
3',4'-dihyudro-1'H-spiro[inidazolidine-iqg'-naphthalene]-2,5-dione in a
manner anal ogues to the preparation of

4- Chl oro-9-(2, 2-di net hyl -propyl )-7-(S)-{2-oxo- 2-[ 4-

(2-o0xo0-1, 4-di hydr o- 2H qui nazol i n- 3- ygxamMmeg ggin- | -yl]-ethyl } -6,7,9, 1
O-tetrahydro- 3H 2, 3,9-triaza-cycl oheptale]inden-8-one. Material was
obtained as a white solid. ' H NYR (G@P30D, 400 MHz) S 0.78(s, 9H)

1.80-1.89 (m 1 H, 2.07-2.15(mN 20 2.53 (dd, J= 15.61,5.04 Hz, 1H),
2.76 (d, J=16.87 Hz, 1H), 2. 92Xg. 8H), 3.62- 3.70 (m | H), 3.90-4.07
(m I H, 4.64 (d, J=17.37 Hz, - .47 (d, J=17.37 Hz, | H), 7.02 (d,
J=8.31 Hz, | H, 7.21(s, | H), 7.22-7\30 gm | H), 7.35-7.45 (m| H), 8.22
(d, J= 2.52 Hz, 1H); Mass spec . ), Calc. for C30H33C1N604 576. 23;
Rf=-2.15 (4 mn gradient runt;gg/vv 6/ OB2378 POT/ US2005/ 036859 219
EXAMPLE 87 N,NCI O N/ N N Fi [ W[[(7S)-4-chloro-9-(2,

2-di met hyl propyl )-3, 6, 7, 8, 9,10- hexahydro- gxoazepi no[ 3, 4-ejindazol-7

yl Jacetyl ] - Am no- splro[lnldazolldlne 4, 2 '-indang]-A._5 5 dione. Title
conpound was prepared from (+/-)-5-Am no-spirof[imgdg i di ne-4, 2

i ndane] - 2, 5-di onei n a manner anal ogues to the prepa on of

4-Chl oro-9-(2,2- dinethyl-propyl)-7-(S)-

{2-ox0-2-[4-(2-0x0-1, 4-di hydr o- 2H qui nazol in-3-yl)- piperidin- | -yl]
-ethyl } -6,7,9, 1 O-tetrahydro-3 H2,3,9-triaza-cycl oheptale] inden-8-one.

113, 10 098 ey oS IR R 8,070
16. 49, 9. MHzoxodtpino (3,464 ikdhzold7-}Ba&edy 32 (2-bxidb: 3-BoQ%indlid®)-piperidink) Titkk. 63 (d,
J=1r.37 ke, 2 ml_li‘))duncSl vffaz p(redpared from 3-piperidin-4-ylisoquinoline hydrochloride in a
manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(S)- {2-
0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl }-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Material was obtained as light

10 brown solid. MS (ESI) 574 (M+H) ; R¢=2.39 (3 min gradient run).

EXAMPLE 82

H Cl
N

15 (S)-1-[[(7S)-4-chloro-3,6,7,8,9, 10-hexahydro-8-oxo-9-(4-
pyridinylmethyl)azepino[3,4-e]indazol-7-yl] acetyl]-4-(2-oxido-3-isoquinolinyl)-

piperidine. Title compound was prepared from 3-piperidin-4-ylisoquinoline



J=16.87 Hz, | H), 7.15 (d, J=8.06 Hz, | H), 7.21 (s, | H, 7.25-7.35 (m |
Hy, 7.50 (d, J=16.12Hz, 1H), 8.23 (s, 1H); Mass spec. 563.24(MH), Calc.
for C29H3ALGLNENS237862. 21; RfF=2.15 (4 m n gradient run) PETEHXS2MBlES88 N NH
NNCN )" NN O OHNNH W 2006/052378_PCT/ US2005/ 036859 220 (E,
Z)-N'-cyano-N—(9-neopentyI-8-0xo-3,6,7,§}@,10-hexahydroazepino[3,4-

el i ndazol - 7-yl ) -4-(2-oxo0-1, 2-di hydr oqui nazol i n-3(4H) -yl ) pi peridine- | -

car boxam di

ot r ahyar oaz g o GG kR ine Gl RO pRASRRSh B A el S gy o, 76
mmol) 5 in QHZQXLIN((SD{MQXO%H -@elaiedl did}ﬂt}elrQLBHquwnbn-éij)}plpmldmtby(]-221 ny,

0.93 I i on e was

sti rrgjm a% r @’H}l} %}{\Z%Qﬁﬁf%‘?g %1{_13@2&% Wéfcfpgﬁw%hebﬂ "% Clte Wé?] washed
Wi t h aqueousottsidedias wmedsro@laemsa(mmse(h&mw R (.18 (3 min gradient run).

Z) - 1- cyano- 3- (9- neopent yl - 8- oxo0-3,6,7,8,9,1

hexahydr @azepi no[ 3, 4- e] i ndazol - 7-yl ) - 2 phenyllsourea in 95% vyield. M5 (ESI)
431 10 (MtH) ; Rf= 2.22 (3 min gradient run). To a solution of (E,

Z) - 1- cyano- 3- (9- neopent yl - 8- oxo- 3, 6 EXSVPLEX3

hexahydr oazepi no[ 3, 4- e] i ndazol - 7-yl ) - 2- phenyl i sourea (301 ng, 0.7 mol) in
i sopropanol (25 nL) was added H cl

3-(piperidin-4-y|)-3,4-dihydrqu' azol in-2(1H)-one 15 (323 ny, 1.4 mol)
and the reaction m xture was rf f for 72 h. The solvent was evaporated
and the crude product was purifi i

Z)-N - cyano-N—(9-neopentyI-8-oxo- , 809, 10- hexahydr oazepi no[ 3, 4- e]

i ndazol - N '

yl) - 4- (2 oxo- 1, 2- di hydr oqly na R iper ©di ne- | - car boxami di ne (130
o)

(S)-1-[[(7S5)-4-chloro-3,6,7,8,9, 10-hexahydro-8-oxo-9-(4-

10 pyridinylmethyl)azepino[3,4-e]indazol-7-yl] acetyl]-4-(1-oxido-5-phenyl-2-pyridinyl)-
piperidine. Title compound was prepared from 5-phenyl-2-piperidin-4-ylpyridine 1-
oxide hydrochloride in a manner analogous to the preparation of 4-Chloro-9-(2,2-
dimethyl-propyl)-7-(S)- {2-oxo0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.

15 Material was obtained as white solid. MS (ESI) 621 (M+H) ; R¢= 1.87 (3 min

gradient run).
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in 33%yield. M5 (ESI) 568 (MtH) ; Rf= 2.19 (3 mn gradient run). 20
EXAMPLE 89 HC N N O FF~ N F O W 2006/ 052378 PCT/ US2005/ 036859
221 (S) - Awohbewp32378( 2- oxo- 2- (4- (2-ox0-1, 2-di hydro-1, 8puapstévgnsasn- 3-
yl) pi peridin-1 yI)ethyI)-9-(2,2,2-trifILig oet hyl ) -6,
7,9, 10-t et rahydr oazepi no[ 3, 4- e]indazol - lESH) - one.
[ 4- Chl oro-3, 6, 7, 8, 9, 10- hexahydr o- 8- oxo-9- (2, 2, 2-
trifluoroethyl)-2,3,9-triaza-(S)-cygtolspiiad g i nden-7-yl]acetic acid (120
ng, 0.32 5 nmol) and
3- (pi peridin-4-yl)-3,4-di hydropyyidao§2, 3-d] pyrim di n-2(1H) - one
di hydrochl oride (120 ng, 0.40 qyuMgl ) /were conbined in a manner anal ogous to
the preparation of 4-Chloro- di met hyl - propyl )-7-(R) -
{2- oxo-2-[4-(2-0x0-1, 4- di hydro- gui nazolin-3-yl)-piperidin- | -yl]-ethyl
} -6,7,9, 1 O-tetrahydro- 3H 2,3, 9 |a7@ cycl ohepta[e] inden- 8 -one.
Titl e conpound was obtai ned as, pale y§ll solid 10 in 43%yield. High
resolution Vs me (MtH) += 58 788: VPN H&l NM \ O FF)--/ N
NO O o N

| R

=

(S)-1-[[(78)-4-chloro-9-(2,2-dimethylpropyl)-3,6,7,8,9, 10-hexahydro-8-

5 oxoazepino[3,4-e]indazol-7-yl] acetyl]-4-(1-oxido-5-phenyl-2-pyridinyl)-piperidine.
Title compound was prepared from 2-(piperidin-4-yl)-1,2-dihydroisoquinolin-3(4H)-
one hydrochloride in a manner analogous to the preparation of 4-Chloro-9-(2,2-
dimethyl-propyl)-7-(S)-{2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.

10 Material was obtained as white solid. MS (ESI) 600 (M+H) ; R¢=2.51 (3 min

gradient run).

EXAMPLE 85

H Cl
N

15



NH 15 (S)-4-chloro-7-(2-0x0-2-(4-(2-o0xo0-1, 2-di hydroqui nolin-3
yl)piperidin-1- yl)ethyl)-9-(2, 2, 2-trifluoroethyl)-6, 7,

9, 10- t et rmbydospEzzpi no[ 3, 4-edindazol -8(3H)- one. PCT/US2005/036859 _

[ 4-Chloro-3, 6,7, 8,9, 10- hexahydr o- 8- oxo- %I-l 2,2,2-trifluoroethyl)-2,3,9-triaz
a- (S)-cycl oheptale]inden-7-yl]acetic aci'd (115 ng, 0.31 mml) and
3-(piperidin-4 20 yl)quinolin-2(1H) -one hydrochloride (96 ng, 0.36 nmol)
wer e conbined in @s)- mma;e;r 7-qngd- 9@&72)4,&&19, -3 pypzpéﬁmrﬁw OB thyl)-9-(pyridin-

Chl 9- (2, 2- di net |
gxo 20[2 (2(632/611%}7&}3 éi%/hglﬂg Ef:?%%mﬂmm[ﬁ A= e:eryila;alpii(w preti. Titld comypdundet hyl }

-6, 7,9,10- [ h den-8-one. Title
conmpound ms%%?épﬁrgg%ogls—b @uﬁ%@dééﬁ ﬂé@oqﬁ}%ﬁ%@ %gdﬁogﬁ]oﬁﬁgﬁl?@%rfeﬁti on Ms me
(M+H) += 586. ax&ldgouQEo m®p2@ﬁﬁz’t165%l&mﬁl%&ﬂﬂﬁhﬁﬁﬁ%ﬁ%yl%%sﬁmb@ gi HOd
N M O ISIOFO/F(S)4ch ro-7-(2-( (t

or o- 2- xo( O’? iy dBedtherinszoing- Xlﬁripﬁtﬁflidtﬂ h')’l] etlgyl}-6,7,9,10-tetrahydro-

| u
| )e 2- oxoet hYH%Z %)9-&3;12% -&cloheptabPn&E-B¥he - Riatetial Yad Optafil AOUANORGEPNSL 3,

i ndazol
4- ]Chl or o- 3, &5) §/DMOHheReh {48 @3 Brimgmdienf Ay, 2-tri f | uor oet hyl ) -2, 3, 9-
riaza-(S)-cyclohepta[e]inden-7-yl] acetic acid (115 ng, 0.31 mol) and
8-fluoro-3- (piperidin-4-yl)quinolin-2(1H) -one hydrochloride (96 ng, 0.36
mmol ) were conbined in a manner anal g )gAus to the preparation of
4- Chl oro-9-(2, 2-di net hyl 10
propyl)-7- (R) {2-ox0-2-[4-(2- oxo 1, 4-di hydro 2H-qU| nazol i n-3-yl ) - pi peri di n-

-yl ]-

f
y
4-
[
t

10

(+/-)-1-[[(7S)-4-chloro-9-(2,2-dimethylpropyl)-3,6,7,8,9,10-hexahydro-§-
oxoazepino[3,4-e]indazol-7-yl] acetyl]-Amino-3',4"-dihydro- 1 'H-spiro[imidazolidine-
4,2"-naphthalene]-2,5-dione. Title compound was prepared from (+/-)-6'-Amino-

15 3'4-dihyudro-1'H-spiro[imidazolidine-4,2'-naphthalene]-2,5-dione in a manner
analogues to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(S)- {2-0x0-2-[4-
(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl }-6,7,9,1 O-tetrahydro-
3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Material was obtained as a white solid.
'H-NMR (CD;0D, 400 MHz)  0.78(s, 9H), 1.80-1.89 (m, 1H), 2.07-2.15(m, 1H),

20 2.53(dd, J=15.61,5.04 Hz,1H), 2.76 (d, J=16.87 Hz, 1H), 2.92-3.18 (m, 8H), 3.62-
3.70 (m,1H), 3.90-4.07 (m, 1H), 4.64 (d, J=17.37 Hz, 1H), 5.47 (d, J=17.37 Hz,1H),
7.02 (d, J=8.31 Hz, 1H), 7.21(s, 1H), 7.22-7.30 (m, 1H), 7.35-7.45 (m 1H), 8.22 (d,
J=2.52 Hz,1H); Mass spec. 577.25(MH"), Calc. for C3oH33CINgO4 576.23; R=2.15
(4 min gradient run)
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ethyl}-6,7,9, 1 O-tetrahydro-3 H 2,3,9-triaza-cycl ohepta[e] inden-8 -one.
Title conpound was obtained as white solid in 55%yvyield. H gh resolution
M5 me (WbHposrseyd. 1760. 15 EXAMPLE 92 H CI N N O NpNT@S&h0503685NH
3-Piperidin-4-yl-1 H 2, 1- benzot hi azi ne 221§-di oxi de p-tol uenesul fonate (55
ng, 0.13 mmol) and

[ 4- chl oro-9-(2, 2-di net hyl - propyl ) - 8-0oxo0-3, 6, 7, 8,9, 10- hexahydro WO

2006/ 052378 PCT/ US2005/ 036859 223 2ER8AMPBIE 87a- (S) - cycl ohept a[ e]

i nden-7-yl] acetic acid (40 ng, 0.11 nmol) were conbined in a manner
anal ogous to the preparation of 4 Chloro-9-(2,2-dinmethyl- propyl)-7-(R)-

{ 2- 0x0- 2- [ 4- (2- 0x0- 1, 4- di hydr 02N qui®azol i n-3-yl)-piperidin- | -yl]-
ethyl}-6,7,9, 1 O-tetrahydro-3H:2 -triaza-cycl ohepta[e] inden-8-one.
Title 5 conpound was obtai ned as solid in 57%y,eld. H gh resolution M

me (MH) += 610.2268. EXAVPLE 93, NQ NNMO od 10
pi c@@ i") - 2-oxoet hyl ) - 9-
N H 0

lo) H

(+/-)-1-[[(78)-4-chloro-9-(2,2-dimethylpropyl)-3,6,7,8,9,10-hexahydro-8-
oxoazepino[3,4-e]indazol-7-yl] acetyl] —Amino-spfro[ imidazolidine-4,2'-indane]-2, 5-
5 dione. Title compound was prepared from (+/-)-5'-Amino-spiro[imidazolidine-4,2'-
indane]-2,5-dionein a manner analogues to the prepération of 4-Chloro-9-(2,2-
dimethyl-propyl)-7-(S)- {2-ox0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.
Material was obtained as a white solid. '"H-NMR (CD;0D, 400 MHz) 6 0.79 (s, 9H)
10 2.53(dd, J=15.61,5.04 Hz, 1H), 2.92-3.3 (m, 6H), 3.46 (dd, J= 16.49,9.44Hz, 2H),
3.66 (d, J=13.60 Hz, 1H), 3.98-4.08 (m, 1H), 4.63 (d, J=17.37 Hz, 1H), 5.47 (d,
J=16.87 Hz,1H), 7.15 (d, J=8.06 Hz, 1H), 7.21 (s, 1H), 7.25-7.35 (m, 1H), 7.50 (d,
J=16.12Hz, 1H), 8.23 (s, 1H); Mass spec. 563.24(MH"), Calc. for CyoH3CINgO4
562.21; R=2.15 (4 min gradient run)

2

15

EXAMPLE 88



neopentyl -6, 7, 9,10-tetrahydroazepino[3, 4-e]indazol-8(3H)-one. 4-(2,4-
Di chl or ophenyl ) -pi peridine (32 ng, 0.0.8 mmvol) and

[ 4- chl or owB-2(&s/R238 et hyl - PCT/US2005/036859
propyl ) - 8- oxo- 3, 6, 7, 8, 9, 10- hexahydr o- 2, %Rﬁot riaza-(S)-cycl ohept a[ e]

i nden-7-yl] acetic 15 acid (25 ng, 0.07 | ) were conbined in a manner
anal ogous to the preparation of 4-Chloro-9-(2,2-dinethyl-propyl)- 7 (R -
{20x02[4(20x A NO(idop Bty N86Rb 306, P8 Y

-yl]-ethyl}-6, 7, 9€Ei0 te?lryahydro 3H—p2 %?rﬁgbzg-»cl))?clmggg}ﬁrgézgfl n en 8- one.
Title conpouslindsael- b @e@‘oals%i‘lhydl\mm@ngmﬁﬂm)ﬁyl)mpﬁr@meeld H gh

et/ Us2005, 0EBRE B ERaRpRc st Ao nepbbyRe Y8220

(|S§ 4- br o(rjm Qtlralemmmho[&z( -2li8de20R8 (4D (0Be, M ethdneseifeHabyB0OY, 0018 hiof 5
| peri dl n-
§| ) gt Eyl )2 6, in GHAY: (20 mbhyay edded dindspg, Mﬁwqwézz@mméqts Kj2long. 0.9 mmol)

Bronmo-9- (2,2 0

8,9, 10- hexahg/gl glggkré&?ﬁ%?g (?g)%) ;131(??8%38 I'n %sns-tlf-efl ®E&tic acid (56
ng, 0.14 mmle)npammrafqmjzpierﬂch meactionythixqure nak tlrenzz(akhbd witk alpyeduossdighi de (35
ng, 0.15 vvere onbl ned i aZ mannerazgnal o ous_to the reparatl on of
4-Chl or o- 9- ( Wtem%&,ﬂ% ?l(gjano{ 1#popentyl-8-oxo-3,6,7,8,9,10-
0X02[4(21§B$<@h &zéﬁ% 4 £81-7390) b o !
}-6,7,9, 10- tetrah dr o- © 9- trlg?a c@%rg]gﬁ(ge%%aginpgﬁgigg{ MS/@SI?EI_?% e

conpound Ovas(Mblhi Rew?. 2a§3mg@dmtnm)| n 61%yield. High resolution MS nmie
(MtH) += 618. 2064. EXAMPLE 95 H Br IN

To a solution of (E, Z)-1-cyano-3-(9-neopentyl-8-0x0-3,6,7,8,9,10-
hexahydroazepino[3,4-e]indazol-7-yl)-2-phenylisourea (301 mg, 0.7 mmol) in
isopropanol (25 mL) was added 3-(piperidin-4-yl)-3,4-dihydroquinazolin-2(1H)-one

15 (323 mg, 1.4 mmol) and the reaction mixture was refluxed for 72 h. The solvent was
evaporated and the crude product was purified by flash chromatography to give (E,
Z)-N'-cyano-N-(9-neopentyl-8-ox0-3,6,7,8,9,10-hexahydroazepino[ 3,4-e]indazol-7-
y1)-4-(2-ox0-1,2-dihydroquinazolin-3(4H)-yl)piperidine-1-carboxamidine (130 mg)
in 33% yield. MS (ESI) 568 (M+H) ; R¢=2.19 (3 min gradient run).

20

EXAMPLE 89




M O NNO O/ F 15 (S)-4-brono-7-(2-(4-(8

fl uoro-2-o0xo-1, 2-di hydroqui nolin-3 yl)piperidin-1-

yl ) - 2- oxowbhybe)osB7weopent yl -6, 7, 9, 10-tetrahydr oazepi n@L3US2005/036859

4-eJi ndazol - 8(3H)-one. [4 WO 2006/ 052378 PCT/ US2005/ 036859 225

Br ono- 9- ( 2, 2-di net hyl - propyl ) - 8- oxo- 3, 6,2

8,9, 10- hexahydro-2, 3,9-triaza-(S)- cycl ohept ale]linden-7-yl]-acetic acid (65

, 0.16 I 34 f 9-3- . Diper idin- i)jgy
Hgdr ochl omrSe) (22%’54 c%)}b%g_néocl(x?lj.\j\g gd%%nglzr%}g IJW&%? eWa%glnggous to
t he ngEaE gt 'ybpvpaficjliﬂ IGyiJ)adw)d)—Q-(zZmmumewﬂl}@r@dﬂ-t)ewhx@azepmlof? 4-t o
0Xx0- 2- [ 4- ( 2- oxo0- ro- u in-3- - pi per.i e
}-6,7,9, 10- Fﬁ??‘&ﬂ{zé&égy ‘é‘%ﬂﬁf Bg%é’;)@ﬁﬁﬁé‘é‘f‘@f‘g]‘ixﬁgd ?@%%ne Title
conpound was trﬁ)ﬂmo%é%%%w@@ tMM ?Sﬁ@cldﬂnek}\@[%ﬂ%%b%h%cedﬂ'd&m (rlga%gfbmn MS nfe

(M-H) += 636. 1973 E 9% HB
(S) - 4- br oho- mnidl) end3-Ppiperidin-4eapp3.#; dikydippyritod, 3-d]grivaig -2y H) @ing - 3-

5,10 et any PSR 2B ] UPSE g s nogous o

[ 4- Br ono- 3, 6 prepéraflod Of H&hidty - Q; Bdivnethyd-prehyd)- ‘2—(R§ {2 oxo 2-[4-(2-0x0-1,4-

trifluoroethyl)-2,3, 9-triaza-(S -cyclohep tagje] -7-yl] acetic acid (69

ny, O.16 dihydro-2H-quinazolin-3-yI)- plperldm-l -yl]-ethyl}-6, 7 9 10 -tetrahydro-3H-2,3,9-
triaza-cyclohepta[elinden-8-one. Title compound was obtained as pale yellow solid

10  in 43% yield. High resolution MS m/e (M+H)'= 587.1785.

EXAMPLE 90

15
(S)-4-chloro-7-(2-0x0-2-(4-(2-oxo0-1,2-dihydroquinolin-3-yl)piperidin-1-

yl)ethyl)-9-(2,2,2-trifluoroethyl)-6,7,9, 10-tetrahydroazepino[3,4-e] indazol-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]acetic acid (115 mg, 0.31 mmol) and 3-(piperidin-4-

20  yl)quinolin-2(1H)-one hydrochloride (96 mg, 0.36 mmol) were combined in a
manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-
0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained
as white solid in 65% yield. High resolution MS m/e (M+H)'= 586.1811.

25



mmol ) and 3-(pi peridin-4-yl)-3,4-di hydropyrido[2, 3-d] pyrimdin-2(1 H)-one
di hydrochl oride (120 ng, 0.40 mmol) were conbined in a nmanner anal ogous to
the prepwoabicnd2zy8 4- Chl or o- 9- (2, 2-di net hyl - propyl ) - 7- PRrAIS2005/036859

{2- oxo-2-[4-(2-0x0-1, 4- di hydro-2H qui nazolin-3-yl)-piperidin- | -yl]
-ethyl} -6,7,9, 1 0-tetrahydro-3H—2,3,92§é triaza-cycl ohept a[ e] i nden- 8- one.
Titl e conpound was obtained as white solid in 55% vyield. H gh resolution
MS me (M+H) += 631.1279. 25 v{)2006[é§%5%ﬁiﬂP / US2005/ 036859 226 EXAMPLE
97 HBr , NN \' OF F~/NNOFO (S)-4-brono-7-(2-o0xo0-2-(4-(2-o0xo0-1,
2-di hydroqui nolin-3 yl)piperidyn-1 5 yl)ethyl)-9-(2, 2, 2-trfuoroethyl)-6,
7, 9,10-tetrahydroazepi no[ 3, 4Ne]i pdazol -8(3H)- one.
[4-Brono-3,6,7,8,9,10-hexahy§ B-®0-9-(2,2,2-trifluoroethyl)-2,3,9-triaza
- (S)-cycl ohepta[e]inden-7-yl acid (73 ng, 0.17 mmol ) and
3-(piperidin-4- yl)quinolin-2(1 A -ype kydrochloride (50 ng, 0.19 mmol )
were conbined in a nmanner apal dgousftojthe preparation of _
4-Ch|oro-9-(2,2-dinethyl-pno%¥$}N 1(R >N o)
0X0- 2-[ 4- (2- oxo- 1, 4-di-hydr op qui @azol i n3-yl) -pli peridin-1-yl]-ethyl}-6,7,
9, 10- tetrahydro-3H 2, 3,9-tri aza-cycl ohept af'e] ndeNH8-one. Title conpound
was obtained as yellow solid in 62%yvyield. H ¢ olption M5 me (M+H) +=
630. 1315. EXAMPLE 98 H Br N N

(S)-4-chloro- 7—(2-(4;( 8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)piperidin-1-
5 yl-2-oxoethyl)-9-(2,2,2-trifluoroethyl)-6,7,9, 1 0-tetrahydroazepino[3,4-e] indazol-

8(3H)-one. [4-Chloro-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-triflucroethyl)-2,3,9-
triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid (115 mg, 0.31 mmol) and 8-fluoro-3-
(piperidin-4-yl)quinolin-2(1H)-one hydrochloride (96 mg, 0.36 mmol) were
combined in a manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-

10 propyl)-7-(R)-{2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-
ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title
compound was obtained as white solid in 55% yield. High resolution MS m/e
(M+H)"= 604.1760.

15 EXAMPLE 92

Cl

N
" e
o “NH

3-Piperidin-4-yl-1H-2,1-benzothiazine 2,2-dioxide p-toluenesulfonate (55 mg,
0.13 mmol) and [4-chloro-9-(2,2-dimethyl-propyl)-8-o0x0-3,6,7,8,9,10-hexahydro-



O FFNNONHF 15 (S)-4-bronmo-7-(2-(4-(8

fl uoro-2-oxo0-1, 2-di hydroqui nolin-3 yl)piperidin-1- yl)-2-oxoethyl)-9-(2, 2,
2- t r f uor owohyde)0583787, 9, 10-tetrahydroazepi no[ 3, 4-eli nderwlus2@685Hssone.

[ 4- Brono- 3, 6, 7, 8,9, 10- hexahydro- 8-0x0-9-(2,2,2-trifluoroethyl)-2,3,9 WD
2006/ 052378 PCT/ US2005/ 036859 227 tri aZ 3(S)-cyclohepta[e] i nden-7-yl ]
acetic acid (80 ng, 0.19 mol) and 8-fl uoro- 3- '
(pi peridin-45ylg ) , Lhol) were
conbined in %Xégﬂﬁg?@gﬁﬁm%g%ﬁ%r?%&?hgq%@%%%?§¥ﬂ%2%@%omglngmgamgb

4- Chl or o- 9- ( qrabidédret uykanep anglygqus To (HR)preparation of 4-Chloro-9-(2,2-dimethyl-

16 7.9, 10t ctPRR) A0SR S BT b e RS A uf i o ™)

corrpound \NaSetaplgaa ned 0astrafyldroBHI 23, 901ih£h- dﬁlo@éﬁﬁ%ﬁh& -gtdng@hTitRsOl utl on M5
me += 648. 1217. EXAWPLE 99  H C N NNNN OHI10

(R) - 7 Am o- mmwdo&agﬂp@u@dmsmwmméé%wwlda Higloresolution Mshypdr G45H) =
2,3,9-triaza ﬁy hept[e]lnden 8-one (108 ng, 0.34 mmol) was dissolved in
N, N- dinethy? ormam de (1.8 nmL). N, N-Disopropylethylamne (200 L, 1.1
mmol ) was 15 added to the m xture followed by di phenyl cyanocarboni m date

86 0.36 mol ).
(86 ng, ol ) EXAMPLE 93

Ci

4

Ci

10
(S)-4-chloro-7-(2-(4-(2,4-dichlorophenyl)piperidin-1-yl)-2-oxoethyl)-9-

neopentyl-6,7,9,10-tetrahydroazepino[3,4-e] indazol-8(3H)-one. 4-(2,4-
Dichlorophenyl)-piperidine (32 mg, 0.0.8 mmol) and [4-chloro-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

15  acid (25 mg, 0.07 mmol) were combined in a manner analogous to the preparation of
4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-o0x0-2-[4-(2-0x0-1,4-dihydro-2H-
quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-
cyclohepta[e]inden-8-one. Title compound was obtained as off-white solid in 40%
yield. High resolution MS m/e (M+H)'= 575.1747.

20

25

30



M xture was held at roomtenperature with stirring for 1.25 hours.

3-(Pi peridin-4- yl)quinolin-2(1H)-one hydrochl oride (100 ng, 0.38 mmopl) was
added t o wbeossostirse wi th NN-di net hyl formam de (2.0 nlPpcTRS2@6i096359aS
warnmed to 110C and held wth stirring for 5.5 hours. Mxture was cooled to
80C and held with stirring for 20 20 hod?4. Reaction was guenched with 1:1
acetonitrile:water. Material was purified by preparatory HPLC (C18,
acetonitrile-water-anmoni um acet at e)px NRIf'E ¢£ak was isol at ed.
Acetonitrile was renoved fromthe proper fractions in vacuo. Mterial was
extracted fromthe renai ning agyeoug twice with ethyl acetate. Organic
phase was dried (magnesi um sulRate filtered and concentrated to dryness.
al e yellow solid in 40%vyield. Hi gh

WO 2006/ 052378 PCT/ US2005/ 036859 228

resolution Ms nmfe (MrH) += 599728
EXAMPLE 100 HN N O NN O NH
(S)-4-met hyl -9-neopentyl -7-(2-0xqQ
yl ) pi peridin-1-yl)ethyl)-6, 9,N- ahydroazepi nol 3,
4-e]indazol - 8(3H)-one. [4- hyl - 95(2, 2- digretlyyl jpr opyl) -8-oxo- 3, 6, 7,
8, 9, 10-hexahydro-2, 3, 9-triaza-(S)- cycl ofiept
(37 ng, 0.11 nmol) and 3-(piperidin-4- yl)quinol
(32 ng, 0.12 mol ) were conbined in a nmanner anal
of 4-Chloro-9-(2,2-dinmethyl-propyl)-7-(R- {2 10
0X0- 2- [ 4- (2- ox0- 1, 4-di hydr o- 2H- qui nazol in-3-yl)-piperidin-l-yl]-ethyl}-6,7,
9,10- tetrahydro-3H 2, 3,9-triaza-cycl oheptale]inden-8-one. Title conpound
was obtained as white solid in 55%vyield. H gh resolution M5 me (MtH)+=
554. 3121. EXANMPLE (§04-bromo-9-neopentyl-7-(2-oxo-2-(4-(2-oxo-1,2-dihydroquinolin-3-

5 ylpiperidin-1-yl)ethyl)-6,7,9,10-tetrahydroazepino[3,4-e]indazol-8(3H)-one. [4-
Bromo-9-(2,2-dimethyl-propyl)-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-

s to the preparation

cyclohepta[e]inden-7-yl]-acetic acid (56 mg, 0.14 mmol) and 3-(piperidin-4-
yl)quinolin-2(1H)-one hydrochloride (35 mg, 0.15 mmol) were combined in a
manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)- {2-

10 oxo-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1 -yl]—éthyl} -6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cycloheptafe]inden-8-one. Title compound was obtained
as white solid in 61% yield. High resolution MS m/e (M+H) = 618.2064.

EXAMPLE 95

H Br
N

NH

15

(S)-4-bromo-7-(2-(4-(8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)piperidin-1-
yl)-2-oxoethyl)-9-neopentyl-6,7,9, 10-tetrahydroazepino[3,4-¢]indazol-8(3H)-one. [4-



H.N NOONNO O/ F 15 WD 2006/052378 PCT/ US2005/ 036859 229
(S)-7-(2-(4-(8 fluoro-2-o0xo0-1, 2-di hydroqui nolin-3 yl)piperidin-1 yl)-2-
oxoet hyl )wé-2omtd3y3789- neopentyl -6, 7, 9, 10-t et r ahydr oazepicmals3005/036859

4- eJi ndazol -8(3H)-one. [4-Methyl-9-(2, 2-di net hyl -propyl)-8-o0ox0-3, 6, 7,
8,9, 10- hexahydro-2, 3,9-triaza-(S)- cycRéhepta[e]inden-7-yl]-acetic acid
(60 ng, 0.18 nmol) and 8-fluoro-3-(piperidin-4-5 yl)quinolin-2(1H)-one

hydr ochl ori d ' ] : t
the. propar b DB T2 dlnédhy THRPLIE R S BTN DS0 Ry ard B ARk s2R R p00us to
0X0- 2- [ 4- ( 2- opotohtptfe]indyt7od Rhtetjuiacid 165 ing; 616 mmpl) pad B-dluord-3y(piperdinyd-}
-6,7,9, 10- tetrahydro-3 H 2,3, 9-triaza-cyc| t i -8 -one. Titl
compound vasy SR ek T Eone A FacR BT P aoAS FEI o GRPPESBITE on NS 1 e
(MH) += 572. 302der adfofstV ke z&f@p%ratl'c&n'\éf4!-\&thro-E-(ﬁz-dﬂn%{h —prop$)-7-(R)-{2-
(S)-4-nmethyl-7-(2-o0xo0-2-(4-(2-o0oxo0-1, 2-di hydroqui nol i n- -ylfplperldln-l - 15
yl ) et hyl )5 9- ¢x0-2-p4-(20k0-l f4-dibydret W qhinazolin; 3-91) pipearstin-ahydetbplz €p7,.83 03,

4- eJi ndazol - 8 - : : . :

Ca vty s, Gurire 302.8 8 sineaseveloheptalielindenyS.ons. T SQmAUBENGS PPBINS0g 1 ¢

a- as white solid in 57% yield. High resolution MS m/e (M+H) = 636.1973.

EXAMPLE 96

10

(S)-4-bromo-7-(2-oxo0-2-(4-(2-oxo0-1,2-dihydro-1,8-naphthyridin-3-
yl)piperidin-1-yl)ethyl)-9-(2,2, 2-trifluoroethyl)-6,7,9, 1 0-tetrahydroazepino[ 3,4-
elindazol-8(3H)-one. [4-Bromo-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-

15  trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[e]inden-7-yl]acetic acid (69 mg, 0.16
mmol) and 3-(piperidin-4-yl)-3,4-dihydropyrido[2,3-d]pyrimidin-2(1H)-one
dihydrochloride (120 mg, 0.40 mmol) were combined in a manner analogous to the
preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-0x0-2-[4-(2-0x0-1,4-
dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-

20  triaza-cyclohepta[e]inden-8-one. Title compound was obtained as white solid in 55%

yield. High resolution MS m/e (M+H)"=631.1279.

25



(S)-cycl ohepta[e]inden-7-yl]acetic acid (65 ng, 0.18 nunol) and
3-(piperidin-4- yl)quinolin-2(1H)-one hydrochloride (55 ng, 0.21 mmol) were
conbi ned wo 2806/052378er anal ogous to the preparation of PCT/US2005/036859

4-Chl oro-9- (2, 2-di met hyl -propyl )-7-(R)-{2 20

0X0- 2- [ 4- (2- ox0- 1, 4- di hydr o- 2H qui nazol 226 3-yl ) - pi peri di n-1 -yl ] -et hyl
}-6,7,9,10- tetrahydro-3H 2, 3,9-triaza-cycl oheptal[e]inden-8-one. Title
conpound was obtained as white SOlE%H%ﬂEgg%%yield' H gh resolution M5 nie
(MtH) += 566. 2364 25 WD 2006/ 052378 /036859 230 EXAMPLE 103 H N
NO FF~-/NWNFOF ( S)-?-(2-g4-(8 fl uor o- 2- oxo- 1, 2- di hydroqui nolin-3
yl )piperidin-1 yl)-2- 5 oxoeth 4FPhet hyl -9- (2,2, 2-trifluoroethyl)-6, 7,
9, 10-t et rahydr oazepi no[ 3, 4- *Ji xol - 8( 3H) - one.

[ 4- Met hyl -3, 6, 7, 8,9, 10- hexahyo X0-9-(2, 2, 2-
trifluoroethyl)-2,3,9-triaza-(S)- ohept al e] i nden-7-yl]Jacetic acid (65
ng, 0.18 mmol) and 8-f|uoro}3-( i i fi-4-yl)quinolin-2(1H)-one

hydrochl oride (62 ng, 0.22 I pre.eonpimed ig a manner anal ogous to
t he preparation of 4-Chloro- , 2\ i bpyl )-7- (R) -
{2- oxo- 2-[4-(2-oxo0-1, 4-di hydr o- 2H qUi nazol im yf) =Nppi peridin- | -yl]-ethyl

e] inden- 8 -one.

Titl e conpound was obtained as white solid in 539 | d. High resolution M5

me (MH) += 584.2302. 15 20

| (S)-4-bromo-7-(2-oxo-2-(4-(2-0xo-1,2-dihydroquinolin-3-yl)piperidin-1-

5 yDethyl)-9-(2,2,2-trifluoroethyl)-6,7,9, 10-tetrahydroazepino(3,4-e] indazol-8(3H)-
one. [4-Bromo-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-trifluoroethyl)-2,3,9-triaza-
(S)-cyclohepta[e]inden-7-yl]acetic acid (73 mg, 0.17 mmol) and 3-(piperidin-4-
yl)quinolin-2(1H)-one hydrochloride (50 mg, 0.19 mmol) were combined in a
manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-

10 oxo-2-[4-(2-0x0-1 ,4-dihydro-2H-quinazolin—3-yl)—piperidin- 1-yl]-ethyl}-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained

as yellow solid in 62% yield. High resolution MS m/e (M+H) = 630.1315.

EXAMPLE 98

NH

15

(S)-4-bromo-7-(2-(4-(8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)piperidin- 1-
yl)-2-oxoethyl)-9-(2,2, 2-trifluoroethyl)-6,7,9, 10-tetrahydroazepino[3,4-e] indazol-
8(3H)-one. [4-Bromo-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-trifluoroethyl)-2,3,9-



25 WD 2006/ 052378 PCT/ US2005/ 036859 231 EXAMPLE 104 HIN N O NN O
(S)-4-isopropyl -9-neopentyl -7-(2-0x0-2-(4-(2-o0x0-1, 2-dihydroquinolin-3 5
yl ) pi per iworeds/052378 PCT/US2005/036859
yl)ethyl)-6,7,9,10-tetrahydroazepi no[ 3, 4- e] i ndazol - 8(3H)-one. [4-

| sopr opyl - 9- (2 2-di nmet hyl - propyl ) - 8- 0x02%, 6,7, 8,9, 10- hexahydro-2, 3,
9-triaza-(S)- cyclohepta[e]inden-7-yl]-acetic aC|d (42 ng, 0.11 mmll))and
3- (piperidi | oI|n2 hydr Ior 14 ol) were
COI(ﬂF;I ﬁed i nqgazanél)l) ggbﬂrpa?[ogguest‘%ﬁﬁ?ﬁgcg ggg(?a 3% ol)a THa 8 husio-5T

4- Cnhl or o- 9 ((@iperidine i hyhinplie PYIH)-ofre HRiroCRlotide (61 mg,022 rnmol) were
0X0- 2-[ 4- (2- 0x0- 1, 4-di hydr o- 2H qui nazol i n- 3-yl) - eridin-l-yl]-ethyl}-6,7,
9, 10- tetr atfpibinediing, rea@@t %qamu&gpc%ﬁee@@@peql ioﬁ Gorhel.2 qhntrqtbylconpound

vas ObL a1 necho AT KL SRR L0 R Mo AR ERRbALIR BTy 1 -
PCT/ US2005/ G316859,7 QBQ-tc(tﬁhyGro(Iﬂ{-QéB-S( &idzhw@clohéptax hrdenZR-dnd1yTitlequi nol i n- 3
Yl )18| F g{ Ir ghﬂ@?é‘ﬁwﬁﬁf@mn&d 81 pﬁdﬁllytsyo &8 %4‘%-yr1]§8p%?gtl¥ rleécghtic?ri MS m/e

(M+H)"= 648.1217.

EXAMPLE 99

10

(R)-7-Amino-4-chloro-9-(2,2-dimethyl-propyl)-6,7,9,10-tetrahydro-3 H-
2,3,9-triaza-cyclohept[e]inden-8-one (108 mg, 0.34 mmol) was dissolved in N,N-
dimethylformamide (1.8 mL). N,N-Diisopropylethylamine (200 uL, 1.1 mmol) was

15  added to the mixture followed by diphenyl cyanocarbonimidate (86.mg, 0.36 mmol).
Mixture was held at room temperature with stirring for 1.25 hours. 3-(Piperidin-4-
yDquinolin-2(1H)-one hydrochloride (100 mg, 0.38 mmol) was added to the mixture
with N, N-dimethylformamide (2.0 mL). Reaction was warmed to 110°C and held
with stirring for 5.5 hours. Mixture was cooled to 80°C and held with stirring for 20

20  hours. Reaction was quenched with 1:1 acetonitrile:water. Material was purified by
preparatory HPLC (C18, acetonitrile-water-ammonium acetate). Major peak was
isolated. Acetonitrile was removed from the proper fractions in vacuo. Material was
extracted from the remaining aqueous twice with ethyl acetate. Organic phase was
dried (magnesium sulfate), filtered and concentrated to dryness. Title compound was

25  obtained as pale yellow solid in 40% yield. High resolution MS m/e (M+H)'=
599.2622.



one.
[ 4-1 sopropyl -9-(2, 2-di net hyl - propyl ) -8-o0xo0-3, 6,7, 8,9, 10- hexahydro-2, 3, 9-tri
aza- (S)-wopcbhesnspizal e]i nden-7-yl]-acetic acid (80 ng, 0prez/usows)3ass
8-fluoro-3 5 (piperidin-4-yl)quinolin-2(1H)-one hydrochloride (70 ng, 0.25
mmol ) were conbined in a manner anal og to the preparation of

4-Chl oro-9-(2, 2-dinethyl - propyl)-7-(R)-

{2-oxo0-2-[4-(2-0x0-1, 4-di hydro- ZFFqgkgﬁ% -yI)-piperidin-I-yI]-
ethyl}-6,7,9, 1 O-tetrahydro-3 H2 rlaza cyclohepta[e] i nden- 8 -one.
Title conpound was obtained ag, white solid in 60%yield. H gh resolution
MS me 10 ( M+H) += 600. 3372. LEE106 HN N O FF/NNO F O15
(S)-4-isopropyl -7-(2-oxo-2- (4“«2 -1, 2-di hydroqui nol i n-3 yl) pi peridin-| -
yl)ethyl)-9-(2, 2, 2-trifluoroe -6, 7, 9,10-tetrahydroazepino[ 3,
4-e]indazol -8(3H)- one.
[ 4-1sopropyl -3,6,7,8,9, 10- hexahy(r o- ¢ -9-(2,2,2-trifluoroethyl)-2,3,9-tr
i aza- (S)-cycl oheptale]inden-V-yN-a i 0.13 mmol ) and

3- (pi peridin-4- yl)quinolin- ijfle (41 ng, 0.15 nmmol) were
conbined in a 20 manner anal ogous to the preparyg of

4-Chl oro-9-(2, 2-di net hyl -propyl )-7-(R) - {2- oxod2-[4-(2-oxo-

1, 4-di hydr o- 2H qui nazol i n-3-yl ) -piperidin- | -yl] nyl } -6,7,9, 10-
tetrahydro-3H 2, 3,9-triaza-cycl ohept a[ e] i nden- 8- oK Titl e conpound was
obtained as white solid in 62%yield. H gh resolution M5 mle (MtH) +=
594.2682. 25 WD 2006/ 052378 PCT/ US2005/ 036859 233 EXAMPLE 107 H

(S)-4-methy7—9-neopentyl- 7-(2-0x0-2-(4-(2-0x0-1,2-dihydroquinolin-3-

5 ylpiperidin-1-yl)ethyl)-6,7,9, 10-tetrahydroazepino[3,4-e] indazol-8(3H)-one. [4-
Methy1-9-(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 (37 mg, 0.11 mmol) and 3;(piperidin-4-
yl)quinolin-2(1H)-one hydrochloride (32 mg, 0.12 mmol) were combined in a
manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-

10 oxo-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained

as white solid in 55% yield. High resolution MS m/e (M+H)"= 554.3121.

EXAMPLE 101

NH

15



N NO FF~- NNONHF (S)-7-(2-(4-(8 fluoro-2-oxo-1, 2-di hydroqui nolin-3
| )pi peridin-1 yl)-2- 5 oxoethyl)-4-isopropyl-9-(2, 2, 2-tr?uoroethyl)-6,

, 9, 10- twonadwudezrazepi no[ 3, 4 e]i ndazol - 8(3H) - one. PCT/US2005/036859

4- 1 sopropyl -3,6,7,8,9, 10- hexahydr o- 8- oxo-9- (2, 2, 2-
rifluoroethyl)-2,3,9-triaza-(S)-cycloh&# a[e]inden-7-yl]acetic acid (50
ng, 0.13 mol) and 8-fl uoro-3-(piperidin-4-yl)quinolin- 2(1H) one

hydr ochl ori de (43 1 0 mann ogous to
t%e preparation o @ﬁ(40(3(ﬂu§m(£ 03010? J(\hygpoqumolznr}-)%)pzpemden 3 ﬁb

di met hyl - pr wﬁwéthy174(r%thﬁ129 w;}omzzy[ -6, 7(;210»@% I?Mg@#%?bﬂuidl@%m} -n3-yl) -
pi peridin- -yl 11 9, 10- t et rahg triaza-cycl ohepta[ €]
i nden- 8- one. [ -Mgt }’]e9é %YW@pblb'tgaQWeﬁ asb, %@&@c%dﬁodl pR-teigza-(Rel d. H| gh

£°0 W0 2006/ BEIRH® %%%@éﬂ%ﬁ%%%ﬁﬂ%? b Pdha fgubbort apbergily;
2- di hydr 6quiyheuinoliBya() 19)-pes hydirochloride)(60 g, D-24-mifaph) ogeré ecﬁﬁblaed/in)a 9-(2, 2,

2-tri quoroeth I 10-tetrahydrao epln 3,.. 4-eldi ndazol - _8(3H)-one.
[ 4- | sopr oper¥ % @ﬂ%gosw%epm 9an %Flg%dgnezhﬁzlmrppxlbﬁdgaﬁ%)

g 3,9-tri aza)x@ r&qac&ah?mcﬁxﬁﬁilrb Qﬁeqmzazmlh%% IofpeRlind1 -G %oy 60 ¢ £ommol ) - and

tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained

as white solid in 48% yield. High resolution MS m/e (M+H)'= 572.3021.

y
7
[
t

10
EXAMPLE 102

NH

(S)-4-methyl-7-(2-oxo0-2-(4-(2-0x0-1,2-dihydroquinolin-3-yl)piperidin-1-

15 ylethyl)-9-(2,2,2-trifluoroethyl)-6,7,9, 10-tetrahydroazepino[3,4-e] indazol-8(3 H)-
one. [4-Methyl-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-trifluoroethyl)-2,3,9-triaza-
(8)-cyclohepta[e]inden-7-yl]acetic acid (65 mg, 0.18 mmol) and 3-(piperidin-4-
yDquinolin-2(1H)-one hydrochloride (55 mg, 0.21 mmol) were combined in a
manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-

20 oxo-2-[4-(2-oxo0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained
as white solid in 58% yield. High resolution MS m/e (M+H)"= 566.2364

25



5 (piperidin-4-yl)quinolin-2(1H)-one hydrochloride (42 ng, 0.16 mvl) were
conbi ned in a manner anal ogous to the preparation of

4- Chl or o-wWe(Bochsei7eet hyl - propyl )-7-(R)- PCT/US2005/036859

{2- oxo- 2-[4- (2- oxo0-1, 4-di hydr o- 2H qui nazol in-3-yl)-piperidin- | -yl]-
ethyl}-6,7,9, 10- tetrahydro 3H2,3,9-trid¥k-cycl ohept a[ e] i nden-8-one. Title
conpound was obtained as white SO|Id in 55@6y|eld H gh resolution Ms me
10 (MtH) += 592. 2544. EXAMPLE 109 %‘A NNO FOF 15
(S)-7-(2-(4-(8 fluoro-2-oxo-I, 2-di hydr qu|no?|n 3 yl)piperidin-1-yl)-2-
oxoethyl)-4-(prop-1 -en-2 yl)-9-(2, 2, 2- tr|fluoroethyl) 6, 7,

9, 10-t et rahydr oazepi no[ 3, 4- A
[ 4-1 sopropenyl -3,6,7,8,9, 10-1
trifIuoroethyl)-2,3,9-triaza-

ng, 0.12 mmol) and 8-fl uoro-3- eridin-4-yl)quinolin-2(1H)-one
hydr ochl oride (44 ng, 0.16 2 conbi ned in a nmanner anal ogous to
t he preparation of 4-Chlorp-9- i progyl)-7-(R)-

{2- oxo-2-[4-(2-o0x0-1, 4-di hy 3 )- piperidin- | -yl]-ethyl

} -6,7,9, 1 O-tetrahydro-3H 2, 3, 9- mfe] inden-8-one. Title
conpound was obtained as white solid in 60%vyield lH resolution Ms me
(MtH) += 610. 2457. 25 WD 2006/ 052378 PCT/ US2005/ OF 235 EXAMPLE 110 H N

(S)-7-(2-(4-(8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)piperidin-1-yl)-2-

5 oxoethyl)-4-methyl-9-(2,2, 2-trifluoroethyl)-6,7,9, 1 0-tetrahydroazepino[3,4-
elindazol-8(3H)-one. [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]acetic acid (65 mg, 0.18
mmol) and 8-fluoro-3-(piperidin-4-yl)quinolin-2(1H)-one hydrochloride (62 mg, 0.22
mmol) were combined in a manner analogous to the preparation of 4-Chloro-9-(2,2-

10 dimethyl-propyl)-7-(R)- {2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.
Title compound was obtained as white solid in 53% yield. High resolution MS m/e
(M+H)"= 584.2302. '
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25



N O FF~-NNO FO/ F (S)-4-ethyl-
2- (4-(8fluoro-2-o0xo-1, 2-di hydroquinolin-3 yl)piperidin-1yl)- 5

xoet hyWp-28e6((32378, 2-tr?uoroethyl)-6, 7, 9,10-tetrahyecoase@snsss

]i ndazol - 8(3H)- one.

4-Ethyl -3, 6,7, 8,9, 10- hexahydr o- 8- oxo- 923, 2, 2-trifluoroethyl)-2,3,9-triaza
-(S) - eyelohepta[e]inden-?-yl]acetic acid (25 ng, 0.07 mml) and

8-fl uoro-3-(piperidin-4- yI)quinoI| éé%gﬁ g&¥ hydrochl ori de (24 ng, 0.09
mmol ) were conbined in a nmanner ana § § he preparation of

4-Chl oro-9- (2, 2-di met hyl -propyl )-7:(R) -

0X0- 2-[ 4- (2- oxo0- 1, 4-di hydr o- 2H-{ui Ny =I|n 3 yI) pi peridin-1-yl]-ethyl
}-6,7,9, 10- tetrahydro-3F+2,3N£N rifaza- cycl ohepta[ e]i nden-8-one. Title
conpound was obtained as white g din 49%yield. Hgh resolution M5 nme
(M+H) += 598. 2465. EXAMPLE 111 N N O /~IJ/NNONH 15
(S)-4-brono-9-(cycl opropyl net hyl - 0¥0-2-(4-(2-o0x0-1, 2-

di hydr oqui nol i n- 3 yI)piperidin-l
yl)ethyl)-6,7,9,10-tetrahyd

PCT/ US2005/ 036859 236 8(3H) one
((S)-4-Brono-9-cycl opropyl net hyl - 8- oxo 3, 6,
triaza-cycl ohept[e]inden-7-yl)-acetic acid (90
3-(pi peridin-4-

7-(
2-0
4-e
[

I njazoP WO 2006/ 052378

. 10hthexahydr o- 2, 3, 9-
23 mmol ) and

(S)-4-isopropyl-9-neopentyl-7-(2-0xo0-2-(4-(2-oxo-1,2-dihydroquinolin-3-

5 ylpiperidin-1-yl)ethyl)-6,7,9,1 O-tétrahydroazepino[ 3,4-e]indazol-8(3H)-one. [4-
Isopropyl-9-(2,2-dimethyl-propyl)-8-ox0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-(S)-
cyclohepta[e]inden-7-yl]-acetic acid (42 mg, 0.11 mmol) and 3-(piperidin-4-
yDquinolin-2(1H)-one hydrochloride (36 mg, 0.14 mmol) were combined in a
manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-

10 oxo-2-[4-(2-oxo-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-l-yl]-ethyl}-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained
as white solid in 33% yield. High resolution MS m/e (M+H) = 582.3466.

EXAMPLE 105

-\
= o

4
-4
(o]

NH

15



yl ) qui nol i n-2(1H)-one hydrochloride (80 ng, 0.30 mmol) were conbined in a
manner anal ogous to the preparation of

4- Chl or o-we(Bychsei7eet hyl - propyl )-7-(R) - {2 5 PCT/US2005/036859

0X0- 2- [ 4- (2- 0x0- 1, 4-di hydr o- 2H qui nazol i n-3-yl)-pi peridin-1-yl]-ethyl
}-6,7,9,10- tetrahydro-3H 2, 3,9-tri aza-23xl ohepta[e]inden-8-one. Title
conpound was obtained as white solid in 32% yi el d H gh resol uti on M5 me

M+-H) += 602. 1776. 2 HB N O .OF
ES) H)4+br ono- 9- (cy@ll;' %&fg#&?ﬁ@i?)w‘;'/\%d%ldr Oguf’ﬁoffﬁrgoyl)f’%‘%y”i'J yé)- -
di hydr oqui nQlxbériy) ylz}d})r@%rﬂsidﬂzébpémy} aﬂrmz@%)aydrbaz@pmoﬁ 4-e]indazol-8(3H)-
7,9, 10-t et r ahydr'oazepi no[ 3, 4- eJi ndazol -

((S)-4-Br ommmg— [éy1é¢mppsdpﬂ1(2n9edhwhﬂ mst@leS@xw 386 @ﬁml OtBexahydro-2,3, 9 triaza-

hexahydr o- 2, 7- t my, 0.23
o) and#SP P PERIREL APk G R il D3RS a8 R Een or  de (20
ng, O. 285mmbi)l3erlmrét%ymﬂmlﬁﬁltlﬂ—ll) e mmr@emoﬁaatmg,so 2Pminfie) weepar ati on of

4- Chl 9- (2, 2- dimethyl-p
{2- oxgrg [4(C(>§n Wéllggwdmﬁma@gg flﬁa%ﬁﬁaﬁmzww Fhlqspi9eti tlimethyl: y| | - et hyl

} -6,7,9,1 I r 3l e20T|tI

conpound wa r%}@{lé?:qgg {gé) %'-22[?3220 otol fciéll%lrﬁnyg%&/h Hr}&%ﬁ [)ﬁl r?mjg@ 0 CEII'? |nl o M5 m e

(M+H) += 620.¢1l6656,7251 0(ABHADREH BF 3,38- ﬁﬁfé@ﬁﬂﬁhﬁﬁﬂ@ﬁt&ﬁ:ﬁ 8 a7 BAAVPLE 113
compound was obtained as white solid in 60% yield. High resolution MS m/e

10 (M+H)"=600.3372.

(¢

EXAMPLE 106

NH

15 (S)-4-isopropyl-7-(2-oxo0-2-(4-(2-0x0-1,2-dihydroquinolin-3-yl)piperidin-1-
ylethyl)-9-(2,2, 2-trifluoroethyl)-6,7,9, 10-tetrahydroazepino[3,4-e] indazol-8(3 H)-
one. [4-Isopropyl-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-trifluoroethyl)-2,3,9-triaza-
(S)-cyclohepta[e]inden-7-yl]acetic acid (50 mg, 0.13 mmol) and 3-(piperidin-4-
yhquinolin-2(1H)-one hydrochloride (41 mg, 0.15 mmol) were combined in a

20  manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-
0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained
as white solid in 62% yield. High resolution MS m/e (M+H)"= 594.2682.
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HBr N N\ O NNO OONH

(S)-4-brono-9-(2-net hoxyet hyl ) -7-(2-0x0-2-(4-(2-0x0-1, 2-di hydroquinolin-3-

5 yl) pi pewodbes/os2yB) et hyl ) -6, 7, 9, 10-t et r ahydr oazepi no[ 3 p¢TaIS2005/036859

i ndazol -8(3H)-one. [(S)-4

Br ono- 9- ( 2- net hoxy- et hyl ) - 8- oxo- 3, 6, 7, 8233 10- hexahydro-2, 3, 9-tri aza-

cycl ohept[e]inden-7-yl]-acetic acid (100 ng, 0.25 nmol) and 3- (pi peridin-4-

yl ) qui nol i n-2( 1H) - one hydrochl ori d ?‘%ﬂ;% 18 30 nmol ) were conbined in a

manner anal ogous to the preparation o

4-Chl oro-9-(2, 2-di met hyl -propyl )-{-(R-{2 10

0X0- 2-[ 4- (2- oxo0- 1, 4-di hydr o- 2Hk qui olin-3-yl)-piperidin-l-yl]-ethyl}-6,7,

9, 10- tetrahydro-3H 2, 3,9-t rha"k cl ohept a[ e] i nden-8-one. Title conpound

was obtained as white solid\in yield. H gh resolution M5 nmle (MH) +=

606. 1730. EXAMPLE 114 H Br IN O NNO -_ OO/ F 15

(S)-4-bronp-7-(2-(4-(8 fluoro-2/0x031, 2edi hydr oqui nolin-3 yl)piperidin-|-

yI) 2- oxoet hyl ) - 9- ( 2- met hoxyret h I) 7 9,10-tetrahydroazepi no[ 3,
4-e]indazol - 8(3H) - one. F 0

[ (S)-4-Bronop-9-(2-nmet hoxy- et hyl)-8eo0xo0-3,

WO 2006/ 052378 PCT/ US2005/ 036859 238

r?ﬁ hexahydro-2, 3,9-tri aza

(S)-7-(2-(4-(8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)piperidin-1-yl)-2-

5  oxoethyl)-4-isopropyl-9-(2,2, 2-trl’j’luoroethyl)-6, 7,9, 10-tetrahydroazepino[3,4-
elindazol-8(3H)-one. [4-Isopropy1-3,6,7,v8,9,10-hexahydro-8-oxo-9-(2,2,2-
trifluoroethyl)-2,3,9-triaza-(S)-cycloheptae]inden-7-yl]acetic acid (50 mg, 0.13
mmol) and 8-fluoro-3-(piperidin-4-yl)quinolin-2(1H)-one hydrochloride (43 mg, 0.15
mmol) were combined in a manner analogous to the preparation of 4-Chloro-9-(2,2-

10 dimethyl-propyl)-7-(R)-{2-ox0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.
Title compound was obtained as white solid in 66% yield. High resolution MS m/e
(M+H)"=612.2578.

15 EXAMPLE 108

f
Z
=z
)

NH



cycl ohept[e]inden-7-yl]-acetic acid (100 ng, 0.25 mml) and
8-fluoro-3-(piperidin-4- yl)quinolin-2(1H)-one hydrochl oride (85 ng, 0.30
mmol ) werwocosdnispezd in a nanner anal ogous to the preparetriuspoosfniesso

4- Chl or0-9- (2, 2-di met hyl -propyl )-7-(R) - i
0X0- 2- [ 4- ( 2- 0x0- 1, 4- di hydr o- 2H qui nazol 3t 3-yl ) - pi peri di n- | -yI] et hyl }
-6,7,9, 10 5 tetrahydro 3 H2 3 9-triaza-cycl ohepta[e] inden- - one.

T e compound e obkRLned e bRl Ly ’&Q’”%%)X’ﬁgwf”ﬂﬁ%@é/e 0
||§I|)NR (4g(; g/l-lz(prd)tk@) -2S1ppe,0, ﬂlef(uSro&WW), 6, I,.%B)-tktrﬁﬂydrﬂ&zeﬁznbw,4—2]18301202. 02 (m2

4 1 3.04- 3. 17 4 .. 3.64 -
3.68 (m 2 r@lglglowiﬁw@sop@ﬁyl 3,64% ,5,35 bexahzxd%f? OKp-91(212-tr EWJ&D{DM (m( 3
, 5.46- 5. A 7.59 (m 1
L)'), - 48 5,25519&{&2&1321)%@&&%@%(1&%9 acétslégméc%%?oo 1%@1)?&13% [29.0r
C32H34C1§2NE(@®eﬁ®19 AESI)E)(ANRLE(IHD@ne(BIdecth@: (42 tNgND. 1 G\nfBhol) ®Ere' H NVR (400

Mz, MeCD) So%me% ina nganner anH]ogous to7the prepaxfatlon OF)I Ch:l'oroﬁ)-(2 2-dimethyl-
propyl)-7-(R)-{2-ox0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-
ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[ e]inden-8-one. Title
compound was obtained as white solid in 55% yield. High resolution MS m/e '

10  (M+H)"=592.2544,

EXAMPLE 109

15 (S)-7-(2-(4-(8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)piperidin-1-yl)-2-
oxoethyl)-4-(prop-1-en-2-yl)-9-(2,2, 2-trifluoroethyl)-6,7,9, 1 0-tetrahydroazepino[ 3, 4-
elindazol-8(3H)-one. [4-Isopropenyl-3,6,7,8,9,10-hexahydro-8-0x0-9-(2,2,2-
trifluoroethyl)-2,3,9-triaza-(S)-cyclohepta[ e]inden-7-yl]acetic acid (47 mg, 0.12
mmol) and 8-fluoro-3-(piperidin-4-yl)quinolin-2(1H)-one hydrochloride (44 mg, 0.16

20  mmol) were combined in a manner analogous to the preparation of 4-Chloro-9-(2,2-
dimethyl-propyl)-7-(R)-{2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-
piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.
Title compound was obtained as white solid in 60% yield. High resolution MS m/e
(M+H)"= 610.2457.
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1.80 (m 1 H), 1.88-2.03 (m 2H), 2.32-2.48 (m 1 H), 2.68-2.78 (m 1 H),
3.07- 3.18 (m 4 H), 3.66-3.68 (m 1 H), 3.96-4.05 (m | H), 4.13-4.24 (m
| H), 4.5800806/@234%, WO 2006/ 052378 PCT/ US2005/ 036859 P8/ k2634046832 (m 2
H, 5.45-5.60 (m 1 H), 7.17 - 7.24 (m 1 H), 7.33 (s, 1 H, 7.61 (d,
J=8.31 Hz, 1 H), 7.75 (d, J=14.86 Hz, 1239, 8.23 (s, 1 H) ; Mass spec.
608.23 (MH), Calc. for C32H35CI12N503 607.21 5 EXAMPLE 117 C N OON N
Cl  1H NVR (400 MHz, MeQD) 8 ppm 0.79 gngEgl , 1.46-1.70(m 2 H), 1.73
1.85 (m 1 M), 1.90 - 2.08 (m 2 HEOMEEIY 51 (m 17 H), 2.73 - 2.81 (m
1 H, 2.97- 10 2.06 (s, 1 H, 3.09 - 3.20 (m 4 H, 3.60 - 3.68 (m 1 H,
3.95- 4.08 (s, 1 H), 4.21 - 4 1 H, 4.66- 4.73 (m 2 H), 5.46 - 5.54
(m 1 H, 7.15 - 7.23 (m 2 5-7.62 (m 2 H, 7.79 (d, J=15.86 Hz,
1 H, 823 (s, 1 H; Mss spec: .26 (MH), Calc. for C32H35C12N503
607.21. 15 EXAMPLE 118 C N Ny N,N NF 'HNW (400 Mz, MeQD) 8
ppm 0.80 (s, 9 H), 1.46- 1.56 ( 1.57- 1.74 (m 1H), 1.80-2.08 (m
2H), 2.35-2.50 (m 1 H), 2g69- A-8 N 2.89- 3.04 20 (m 1 H), 3.09
- 3.20 (m 4 H), 3.63 (dd, j}rfl% 13. 85| Hz, 3.95- 4.07 (m 1 H,
4.20- 4.32 (m 1 H, 4.60 - 4.72 (m 3 H 5. HJ19.14 Hz, 1 H), 6.88 -
6. 96 F

(S)-4-ethyl-7-(2-(4-( 8-ﬂu0rb-2—0x0-1 ,2-dihydroquinolin-3-yl)piperidin-1-yl)-
5  2-oxoethyl)-9-(2,2,2-trifluoroethyl)-6,7,9, 10-tetrahydroazepino[ 3,4-e] indazol-8(3H)-
one. [4-Ethyl-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 (25 mg, 0.07 mmol) and 8-fluoro-3-(piperidin-4-
yl)quinolin-2(1H)-one hydrochloride (24 mg, 0.09 mmol) were combined in a
manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-
10 oxo-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained

as white solid in 49% yield. High resolution MS m/e (M+H)"= 598.2465.

EXAMPLE 111

NH

15

(S)-4-bromo-9-(cyclopropylmethyl)-7-(2-oxo-2-(4-(2-oxo0-1,2-
dihydroquinolin-3-yl)piperidin-1-yl)ethyl)-6,7,9, 1 0-tetrahydroazepino/[3,4-e] indazol-



(m 1H),

7.

12 (t, J=8.94 Hz, 1 H), 7.22 (s, 1 H), 7.39 - 7.47 (m 1 H),

7.88 (d, WO 2006/ 052378 PCT/ US2005/ 036859 240 J=21.66 Hz,.| H), 8.23 (s,

H); Mass wpeoos/B322828 (M), Calc. for C32H35CIFN503 59¢TAA2008MA08FRE 119

CC NOO NN NONF 51HNW (400 Mz, MeOD) 8 ppm 0.79 (s, 9 H),
1.45-1.66 (m 2 H), 1.70- 1.83 (m 1H)2361 90207(m 2 H), 2.38 -

(m 1 H,
3.95- 4.07

(m 1H),

H, 8.23 (s,trlazat@yc1&@§t§e ﬁiaem 35)3396215 aéllw@() mgCelzg .mih6l) a@ngg;%Emﬁﬁmw) S

2.

69-280(m1H) 2.92- 3.18 m4H) 3.60 - 3.69 (m 1 H),

(%H)l g}@ E(Sﬁ‘flg %g&loarogglineﬁxyg%- gG@% é nb-'qfxe@erog%ﬁ

592. 24. EXAMPLE 120 C 15 HNWR (4
ppm 0. 79 (s yl)gu]q))hn-jg(]@,). qnedgld(qghlogqu)(SO gpng_BO mmol) were combined in a

10

15

20

25

manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)- {2-
0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl}-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained
as white solid in 32% yield. High resolution MS m/e (M+H) = 602.1776.

EXAMPLE 112

H Br
N

4
4
(@]

NH

(S)-4-bromo-9-(cyclopropylmethyl)-7-(2-(4-(8-fluoro-2-oxo-1,2-
dihydroquinolin-3-yl)piperidin-1-yl)-2-oxoethyl)-6,7,9, 10-tetrahydroazepino/ 3,4-
efindazol-8(3H)-one. ((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 (90 mg, 0.23 mmol) and
8-fluoro-3-(piperidin-4-yl)quinolin-2(1H)-one hydrochloride (80 mg, 0.28 mmol)
were combined in a manner analogous to the preparation of 4-Chloro-9-(2,2-

dimethyl-propyl)-7-(R)- {2-0x0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-

piperidin-1-yl]-ethyl}-6,7,9,10-tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one.

Title compound was obtained as white solid in 56% yield. High resolution MS m/e
(M+H) "= 620.1665.

2. 50

-5.58
-84(m

1



1.82 (m

4. 17- 4. 30§0020d6/d23784. 55 20 4.68 (m 3 H),

(m 2 H
(s, 1 H

2006/ 052378 PCT/ US2005/ 036859 241 CLAIMS W claim 5

For mul a

1 H, 1.90-2.07 (m 2 H, 2.37 - 2249 (m 1 H, 2.68 - 2.79 (m 1
H, 2.92- 3.18 (m 4 H), 3.59 - 3.68 (m 1 H), 3.94- 4.06 (m 1 H),

7.22 (s, 1 H 7.61 - 7.68 (m | H) 7.75 (d, J14.60 Hz, 1 H)

5.43-5.58 (m ptTh)S2805836859 7. 04

8.23

; Mass spec. 592.28 (M), Cal c23%or C32H35CLFN503 592.24. WD

1. A conpound of

| R3 R2ZR4A On R1L N X"Y\N~5a( gﬁ% Y\perei n: 10 Rl is Cl_6al kyl,
C2_6al kenyl , C3_7cycl oal kyl, C5_7c ) § , Cl_6(C3_7cycl oal kyl)al kyl,

Cl. 6hal oal kyl , C1.6(Cl. 6al koxy) "i.‘,l kyl
N-(R9)-pyrrolidinyl or N-(R9)-pinperi

hydr oxy,
hydr oxy,
CHNNRS;

%’i nyl; 15 R2 i s hydrogen, hal o,

Cl. 6al kyl , C2_6al ken HER

hal o, Cl1_6al kyl, or enyl ; or R2 and R3 taken together

20 R4 is hydrogen, halo ¢ 1_6aol kyl, or C2.6alkenyl,; R5is

hydrogen or C 1.6al kyl; O NH >: NH7 N N

| NH

(S)-4-bromo-9-(2-methoxyethyl)-7-(2-0x0-2-(4-(2-oxo-1,2-dihydroquinolin-3-
5  yDpiperidin-1-yl)ethyl)-6,7,9,10-tetrahydroazepino[3,4-e]indazol-8(3H)-one. [(S)-4-
Bromo-9-(2-methoxy-ethyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-
cyclohept[e]inden-7-yl]-acetic acid (100 mg, 0.25 mmol) and 3-(piperidin-4-
yl)quinolin-2(1H)-one hydrochloride (80 mg, 0.30 mmol) were combined in a
manner analogous to the preparation of 4-Chloro-9-(2,2-dimethyl-propyl)-7-(R)-{2-
10 ox0-2-[4-(2-0x0-1,4-dihydro-2H-quinazolin-3-yl)-piperidin-1-yl]-ethyl }-6,7,9,10-
tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained

as white solid in 35% yield. High resolution MS m/e (M+H) = 606.1730.

EXAMPLE 114

H B
N r

=
-4
(@)

NH

15

(S)-4-bromo-7-(2-(4-(8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)piperidin-1-
yl)-2-oxoethyl)-9-(2-methoxyethyl)-6,7,9, 10-tetrahydroazepino[3,4-e] indazol-8(3H)-
one. [(S)-4-Bromo-9-(2-methoxy-ethyl)-8-0x0-3,6,7,8,9,10-hexahydro-2,3,9-triaza-

yl oxy, or NR7R8; R3 is hydrogen,

Cl.6(Arl)al kyl, Cl.6(NR7R8)al kyl |

are



~ 25 R6 is hydrogen, C 1.6alkyl, H, or H WD 2006/ 052378 PCT/ US2005/ 036859
242 NHNY OQ~NH N NH NZ or NRS5R6 taken together is ZRRO , Ar2 AN ON
N O \'N NvwoNodd/dsks7’BH O or ; R7 is hydrogen or Cl_6al lglrjus20088348s9
hydrogen or Cl_6al kyl ; or NR7R8 taken together is selected fromthe group
consi sting of pyrrolidinyl, piperidiny?38 N-(R9)-piperazinyl, norpholinyl,
and thionorpholinyl; 10 R9 is hydrogen, C 1.6alkyl, CI. 6a|ky|carbony| or

C 1. 6al koxy%ga%ﬁgm RS- BRR0 ULy (IRPOE VoS pfNE) ) S0 oS Hibp 2 00

qui nol i nyl, ‘quin 11'ny I'soqur not | oxi de,
and i s substyllquiretinvi(t})- Gn&hﬁu@aﬂdridfte(ei Mgl B. 3$)ehmat)e»deré canbihb®ings oup
consisting of halo, Cl.6alkyl, Cl1 6haloalkyl, | koxy, ﬁi;droxy and

phenyl : or PAYICEANAEOus 0¥ phapAtaRen of 6&5‘1@8%(73?1‘1}{36%?1 “RePYbddROE2378
PCT/ USZOOS/ %@825%1&22&?6 94(311%)@1929 %m%ﬁlﬁwi)_'plﬂehdmbﬁyﬁ‘l\éthﬁ}-BN 9 16\ 1\ Nz

R11 R11 R11 R11
5 tetrahydro-3H-2,3,9-triaza-cyclohepta[e]inden-8-one. Title compound was obtained

as white solid in 56% yield. High resolution MS m/e (M+H) = 624.1631.

EXAMPLE 115

Cl

10
'"H NMR (400 MHz, MeOD) & ppm 0.79 (s, 9H), 1.45-1.52 (m, 2 H), 1.83-
2.02 (m,2 H), 2.37-2.42 (m, 1 H), 2.68- 2.76 (m, 1 H), 3.04- 3.17 (m, 4 H), 3.64 -
3.68 (m; 2 H), 3.92-4.06 (m, 1 H), 4.18-4.25 (m, 1 H), 4.63- 4.74 (m, 3 H), 5.46-
5.54 (m, 1 H), 7.23 (s, 1 H), 7.12-7.23(m, 1H), 7.53 - 7.59 (m, 1 H), 7.75 (s, 1 H),
15  8.23 (s, 1 H); Mass spec. 610.25 (MH+), Calc. for C3,H34ClF,N504 609.23

EXAMPLE 116

cl
N
Ny o o
N N
N \
3
cl
20 '"H NMR (400 MHz, MeOD) & ppm 0.80 (s, 9 H), 1.47-1.60 (m, 2H), 1.75-

1.80 (m, 1 H), 1.88-2.03 (m, 2H), 2.32-2.48 (m, 1 H), 2.68-2.78 (m, 1 H), 3.07- 3.18
(m, 4 H), 3.66-3.68 (m, 1 H), 3.96-4.05 (m, 1H), 4.13-4.24 (m, 1H), 4.53 (s, 2 H),



~~ss OO0OO0O0OO0O ANNHNHNHNH INI AXN R11 R11 R11 R11 R11 R11 R11 R11
RlI1 RI1 O~s O~-O~O/'"AONHNHYNH'YNHNH \ INN I NII' I ,NNRLIR1

R1/ N R1t WO 26k6l05R78R' R1I~-N~ R11 OO O Os s s s Oz 02 'PciHushbosliozddsh T\N | f
SSNH/ SSNH \ \ \ \ pp NR11 /vl R11 R11 /v\ R11 R11 /v\ R11 R11 /~\ Ri11l
R11 /v\ R11 R11 R11 02 02 02 02 NH NH @39S, / S-NH I(LINS, NHr~1 S, 0\
NH>1 N~ N5 RRI1 R11 R11 R11 R11 R11 R11 Are Are O ~s N\ ¢c~" O NH N

Ar2 , and Arge_, h ES <l e I en : |, CI
Nohai oal kyl - L6422 aiPhador s SEBR A R e mit o et Cg TRl 1 1 or
i m dazol yl, BRI Hz,SlUHEUi.ISL(H?ﬁ:WE@HQ'IZH),%UZBS(EJIH?E‘Nﬁas§§ﬁe€.C6(Bd23f(fl\mgt he
group consisting of halo, Cl 6al kyl, and Cl1_6hal oal kyl ; WD 2006/ 052 78
PCT/ US2005/ d38s5or CallisGeN®5i6)7gdenyl , naphthyl, or pyridinyl, and is
substituted with 0-2 substituents selected fromthe group consisting of
hal o, Cl1_6al kyl, and Cl_6hal oal kyl ;
5 EXAMPLE 117

0
N

N \ Cl

'H NMR (400 MHz, MeOD) & ppm 0.79 (s, 9 H), 1.46-1.70(m, 2 H), 1.73 -
1.85 (m, 1 H), 1.90 —2.08 (m, 2 H), 2.36 - 2.51 (m, 1 H), 2.73 - 2.81 (m, 1 H), 2.97-
10 2.06 (s, 1 H), 3.09 - 3.20 (m, 4 H), 3.60 - 3.68 (m, 1 H), 3.95- 4.08 (s, 1 H), 4.21 -
4.27 (m, 1 H), 4.66- 4.73 (m, 2 H), 5.46 - 5.54 (m, 1 H), 7.15 - 7.23 (m, 2 H), 7.55 -
7.62 (m, 2 H), 7.79 (d, J=15.86 Hz, 1 H), 8.23 (s, 1 H); Mass spec. 608.26 (MH+),
Calc. for C35H35C1,Ns05 607.21.

15 EXAMPLE 118

'H NMR (400 MHz, MeOD) & ppm 0.80 (s, 9 H), 1.46- 1.56 (m, 1 H), 1.57-
1.74 (m, 1H), 1.80-2.08 (m, 2H), 2.35-2.50 (m, 1 H), 2.69- 2.80 (m, 1 H), 2.89- 3.04
20 (m, 1 H), 3.09 - 3.20 (m, 4 H), 3.63 (dd, J/=19.14, 13.85 Hz, 1 H), 3.95- 4.07 (m, 1
H), 4.20- 4.32 (m, 1 H), 4.60 - 4.72 (m, 3 H), 5.47 (d, J=19.14 Hz, 1 H), 6.88 - 6.96
(m, 1 H), 7.12 (t, /=8.94 Hz, 1 H), 7.22 (s, 1 H), 7.39 - 7.47 (m, 1 H), 7.88 (d,



X-Y is am nocar bonyl, oxycarbonyl, nethyl enecarbonyl, ethylene, or 5

am no(cyano)imnonethyl; Zis Nor CH and nisOorl; 10 or a

phar macewvoeaddos2zamecept abl e salt or sol vate thereof.

Formula Il 15 H NONI RA R'NIIY-~ NNR6 o R5 Il where 20 R is
Cl_6al kyl, C2_6al kenyl, C3_7cycloal kyl ,24%_7cycl oal kenyl, C

1.6(C3_ 7cyc| oal kyl ) al kyI C 1. 6hal oal kyl, C1 .6(C 1.6al koxy)al kyl, C
1. 6(Ar'

N SO ) oot ot AT ol l R 0¥t B i G B Reny
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Ni / , or HO; R6 is hydr ogen, C 1.6alkyl, H N

R5 is hydrogeé.2dr C 1. 6al kyl ;

NH

~0

EXAMPLE 119

Cli

N 0 o
N
N \
valh 3
| ~/F

'H NMR (400 MHz, MeOD) & ppm 0.79 (s, 9 H), 1.45-1.66 (m, 2 H), 1.70-
1.83 (m, 1 H), 1.90-2.07 (m, 2 H), 2.38 - 2.50 (m, 1 H), 2.69 - 2.80 (m, 1 H), 2.92-
3.18 (m, 4 H), 3.60 - 3.69 (m, 1 H), 3.95- 4.07 (m, 1 H), 4.18-4.32(m, 1 H), 4.56-
10 4.69 (rri, 3 H),543-558 (m, 1 H), 6.41 (s, 1 H), 7.23 (s, 1 H), 7.64-7.70 (m, 1 H),
7.80-7.84(m,1H), 8.23 (s, 1 H); Mass spec. 593.25 (MH+), Calc. for C31H34CIFN¢O;
592.24.

EXAMPLE 120

Cl

15

'H NMR (400 MHz, MeOD) § ppm 0.79 (s, 9 H), 1.45-1.68 (m, 2 H), 1.71-
1.82 (m, 1 H), 1.90-2.07 (m, 2 H), 2.37 - 2.49 (m, 1 H), 2.68 - 2.79 (m, 1 H), 2.92-
3.18 (m, 4 H), 3.59 - 3.68 (m, 1 H), 3.94- 4.06 (m, 1 H), 4.17-4.30(m, 1 H), 4.55-
20  4.68 (m, 3 H), 5.43-5.58 (m, 1 H) 6.95 - 7.04 (m, 2 H) 7.22 (s, 1 H) 7.61 - 7.68 (m, 1
H) 7.75 (d, J=14.60 Hz, 1 H) 8.23 (s, 1 H); Mass spec. 592.28 (MH"), Calc. for
CsHi35sCIFNsO3 592.24.

2 PCAYVUS003056389 Of

NH



NHNNYOO NNHNH oars NR5R6 taken together is RO NHNTONNO O
NHNHNNH ~ON-~/ Are or , 5 R7is hydrogen or CIl -6alkyl; R8 is
hydr ogen wo 2@is/B2378y| ; or 10 NR7R8 taken together is selpettusdoosnsssss he
group consisting of pyrrolidinyl, piperidinyl, N (R9)-piperazinyl,

mor phol i nyl, and thionorpholinyl; RO is2flydrogen, C 1.6alkyl, C I

- 6al kyl carbonyl, or C 1. 6al koxycarbonyl; 15 R10 is phenyl, naphthyl,
pyridinyl, pyridinyl Noxide, quinoli ?{}LMM%W nol i nyl N-oxide,

i soqui nolinyl, or isoquinolinyl N-oxide, and is substituted with 0-2
substituents selected fromthe group consisting of halo, Cl_6alkyl,
Cl_6hal oal ky\&, 6al koxy, hydroxy, and phenyl; .20 or R10 is selected
fromthe grolp @Hsisting of WD 2006/ 052378 PCT/ US2005/ 036859 246 0 0 ~s o
OO NNHNNHNNH" NNV IN V' \ INN /"~ R11 R11 R11 R11 R11 R11 R11
R11 R11 R1I1 OO0 OO N NH NH NH NH

5 1. A compound of Formula [
R3
RZ /R _R*
~ X
{¢]
n
,N /Y\ /R
R? N
o} RS
I
wherein:
10

R!is Crealkyl, Cy¢alkenyl, Cs.;cycloalkyl, Csscycloalkenyl,
C1.6(Cscycloalkyl)alkyl, C,haloalkyl, C¢(Calkoxy)alkyl, C.s(Ar')alkyl,
C1.s(NR'R¥)alkyl, N-(R®)-pyrrolidiny! or N-(R®)-piperidinyl;

15  R%is hydrogen, halo, hydroxy, C;.salkyl, Cs.¢alkenyl, benzyloxy, or NR'R®;
R}is hydrogen, hydroxy, halo, C,salkyl, or C.¢alkenyl;
or R? and R taken together are CHNNR?;

20
R%is hydrogen, halo or C,alkyl, or C,.salkenyl,;
R’ is hydrogen or C,.¢alkyl;

T

25 RSis hydrogen, C,salkyl, Z , Or H O;



INIl R11 R11 R11 R11 R11 R11 R11 R11 R11 R11 ~s 0 ~s Onss’ Oter’ OO0 NH
NHNH{ YNHNH \NIN NV\NNN IN RI1 R11 R11 R11 R11 R11 R11 R11 R11
R11 O o Wo@u&/5288S ~S Oz OZ "\N \N NH NH ~ N SI?N H 8ciRds260s5)03ds5d R11
R11 R11 R11 R11 /v\ R11 R11 /v\ R11 R11 /v\ R11 R11 R11 ,s 02 ~s 02 02
FS-NHS, NH/. 1 S NH/ | SSNHO 0 \242\ NNHN' N N~ o~ N5 R11 R11

R11 R11 R11 R11 R11 R11 Art t Ar NH/NAr2 , Are and ; each R11 is
0-2 substituents selected fromthe group

fromthe grou i,sting.of .hal €1_pal kyl d C _6haloalkyl; X-Yis
aninocarbonﬁﬁﬁﬂgggzﬁﬁﬂﬁﬁ%pyrﬁbthyIené@arbonyl, et hyl’ene, or ‘% ’

i ndependent |y hydrogen, hal o, Cl_6al kyl, _1_6haloalkyl; or Cl1_6al koxy; 10
and Cl_6hal oal kyl ; WO 2006/ 052378 RCT/ US200
bsfituted wj
am no( cyano) igm nonet hyl ;
. 0 N.__0O | ';E
NH NH
NH
o
- s s , Or N

Arl is phenyl, naphthyl, pyridinyl, or i aqgmi sugstituted with
g oN"hal of Cl_6al kyl
2 i S phenyl,
napht hyl, or pyridinyl, and is substi nts sel ected
R’ is hydrogen or C.alkyl;

5
R® is hydrogen or C;.galkyl; or
NRR® taken together is selected from the group consisting of pyrrolidinyl,
piperidinyl, N-(R9)-piperazinyl, morpholinyl, and thiomorpholinyl;
10

R’ is hydrogen, C;.¢alkyl, Ci.salkylcarbonyl, or C,salkoxycarbonyl;

R'? is phenyl, naphthyl, pyridinyl, pyridinyl N-oxide, quinolinyl, quinolinyl N-oxide,
isoquinolinyl, or isoquiholinyl N-oxide, and is substituted with 0-2 substituents

15 selected from the group consisting of halo, C,¢alkyl, C,¢haloalkyl, C|_salkoxy,
hydroxy, and phenyl;

or R'% is selected from the group consisting of



Zis Nor CH and the carbon bearing the asterisk is either the (S
configuration or the (R) configuration; 10 or a pharnaceutically

accept ablwo=addioses7ssol vat e thereof. 3. A conpound of cl acoR2eus@86354 he
carbon bearing the asterisk is of the (S) configuration. 15 4. A conpound
of claimi1 or 2 where R4 is chloro, fludd, or nethyl. 5. A conpound of
claiml1l or 2 where NRS5R6 taken together is NZ' R10O 20 6. A conpound of
claiml or 2 where NRSR6 tpken together is 1\NgN O O AN @ AN N O N NH NH

NH\ Nz:z A, N O H O, er 2006/05p378 PCJ/ U$2005/ 036859 248
ot gha nfworwa vinébe Ra

7. A conpound Nt T ai i s ‘sal’edtt ed frown the group
consisting of(~ 00O WNH NAN \HNN N 1 R1I R11 R11 R11 R11
R11 R11 Ri1 | [ J | | |

R R R R R11 R rH RM R R11

0] o) 0 o) O
e{N a:' NH ‘:\: NH ‘_‘f NH ‘s‘: NH

[ [ [ » [
/% /X /X X /X
R R R R R R R R R11 R
b b s
&~ o - %
= LA
N NN
R11 R R11 R
2 b
(0]
N e R
(Y 0. |
AKX AKX S
R R r1 - RY R
b >
0, | O,
~ S NH & SSNH
1. ™
/NK 11 /\ﬁK 11
5 R R R R
b
v‘:{\ /( f;’ O\
\\(NH \E(N
A and Ar?

each R'!is independently hydrogen, halo, C,.salkyl, C,¢haloalkyl, or C,.salkoxy;

10 Ar' is phenyl, naphthyl, pyridinyl, or imidazolyl, and is substituted with 0-2
substituents selected from the group consisting of halo, C,.salkyl, and C,_¢haloalkyl;



OOOO0OO NNHNHNHNH NI A R11 R11 R11 R11 R11 R11 R11 R11 R11 R11 O
OOOO NHNH'YNH s YNH s YNH NNI\ NIt,NN5 RI1 R11 R11 R11
R11 R11 wvoRdds/Rif1sR11 R1I1I N> > > OO OO0OSs s S S ~S @eT@32003/0b6ssd NH P NH
\NSNHI SNH '\ V' \ OO~NRI1 R11 R11 R11 R11 R11 R11 R11 R11 R11 R11
R11 ~r 02 ~s 02 ,s 02 ~s 02 S" NHc~ 128 NHO F S-I NHs~1 S, NHr~
C(LN ONHN 11 O-N NR11 ~ R11 v\J Y. IN' RI11 R R11 R11 RR11 Arz 0O AN N

nyar ogen, " croreepth i orRuFRTRE g i B Rl Pl S IRl T er e 2

s CH . from the group consisting of halo, C,alkyl, and C,_¢haloalkyl;

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

5 ° amino(cyano)iminomethyl;

Z is N or CH; and

nisOorl;
10 _
or a pharmaceutically acceptable salt or solvate thereof.
2. A compound of Formula II
15
II
where
20

R'is Ci.salkyl, C,¢alkenyl, Cs.scycloalkyl, Cs.scycloalkenyl,
C1.6(Csscycloalkylalkyl, C)haloalkyl, C¢(Csalkoxy)alkyl, Cy.¢(Ar)alkyl,
C1.s(NR'R¥alkyl, N-(R®)-pyrrolidinyl or N-(R®)-piperidinyl;

25 RYis hydrogen, halo or C,_alkyl, or C,.¢alkenyl;

R’ is hydrogen or C,_salkyl;



WD 2006/ 052378 PCT/ US2005/ 036859 249 10. A conpound of claim 1l where n is
1. 11. A conposition conprising a conpound of claim1 and a

phar macewvoeaddos237accept abl e adj uvant, carrier, or dil ueotr/us2005836880 et hod
of treating mgraine conprising the admnistration of a therapeutically
effective anount of a conpound of clain?45to a patient. 13. A conposition
conprising a compound of claim2 and a pharmaceutically 10 acceptable
adjuvant, carrier, or diluent. 14. met hod of treating mgraine conprising

the adm nistration of a therapeutic Hef fecti v armu t of a conpound of
claim2 to a patient. 15 =0 %_| NH
. N P y

, Or H 9,

H T&N
N 0]
j\N %/NH
or NR’R® taken together is Z\Rm
S S & % “
N H 0] N N c‘iw
N
' \<Ar2 .

3 2

R is hydrogen, C,_¢alkyl,

R’ is hydrogen or C,_salkyl;
R?® is hydrogen or Ci.salkyl; or

10 NRR® taken together is selected from the group consisting of pyrrolidinyl,
piperidinyl, N-(R®)-piperazinyl, morpholinyl, and thiomorpholinyl,

R’ is hydrogen, C,.salkyl, C,alkylcarbonyl, or C,_alkoxycarbonyl;

15  R'%is phenyl, naphthyl, pyridinyl, pyridinyl N-oxide, quinolinyi, quinolinyl N-oxide,
isoquinolinyl, or isoquinolinyl N-oxide, and is substituted with 0-2 substituents
selected from the group consisting of halo, C,.salkyl, C;.shaloalkyl, C|.¢alkoxy,

hydroxy, and phenyl;

.20 or R"is selected from the group consisting of
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10
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each R'! is independently hydrogen, halo, C,_salkyl, C,.ghaloalkyl, or C,alkoxy;

Ar' is phenyl, naphthyl, pyridinyl, or imidazolyl, and is substituted with 0-2
substituents selected from the group consisting of halo, C,.salkyl, and C;.¢haloalkyl;



WO 2006/052378 PCT/US2005/036859

10

15

20

247

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

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

amino(cyano)iminomethyl;
Z is N or CH; and
the carbon bearing the asterisk is either the (S) configuration or the (R) configuration;

or a pharmaceutically acceptable salt or solvate thereof.

3. A compound of claim 2 where the carbon bearing the asterisk is of the (S)
configuration.
4, A compound of claim 1 or 2 where R* is chloro, fluoro, or methyl.
5. A compound of claim 1 or 2 where NR’R® taken together is
;\ N/ﬁ
K/Z\R10
6. A compound of claim 1 or 2 where NR°R® taken together is

E\N ;\N ;\N H

N0 v"S\N 0 o N.__0
\E Q/(NH NH
=~

Ar?
5

£, £, 0

NH NH

, or
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A compound of claim 1 or 2 where R'? is selected from the group consisting

A compound of claim 1 or 2 where R'' is hydrogen, chloro, fluoro, or methyl.

8.

10

A compound of claim 1 or 2 where Z is CH.



WO 2006/052378 PCT/US2005/036859
249
10. A compound of claim 1 where n is 1.
11. A composition comprising a compound of claim 1 and a pharmaceutically
acceptable adjuvant, carrier, or diluent.
5
12. A method of treating migraine comprising the administration of a
therapeutically effective amount of a compound of claim 1 to a patient.
13. A composition comprising a compound of claim 2 and a pharmaceutically
10 acceptable adjuvant, carrier, or diluent.

15

14. A method of treating migraine comprising the administration of a

therapeutically effective amount of a compound of claim 2 to a patient.



