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WD 2007/ 133491 PCT/ US2007/ 010952 TITLE OF THE
I NVENTI ON SUBSTI TUTED SPI ROCYCLI C CGRP RECEPTOR
WADAGEMNPSTS BACKGROUND OF THE | NVENTI ON 5 CQRPI/US2007/010952

(Calcitonin Gene-Related Peptide) is a naturally

occurring 37-amno acid peptide that is generated by

ti ssue-specific alternate processing of calcitonin

nmessenger RNA and is widely distributed in the

central and peripheral nervous system CGRP is

| ocal i zed redom nantly in sensory afferent and
TITLE&H THE NAOMNnd nedi at es several biol ogi cal

acti ons, sUBATITWUEN @ PYRSOTLI@tdcen. RECERPOR sNEagoNessed i n

al pha- and beta-forms that vary by one and three 10

am no acids in the rat and human, respectively.

BACKGROUNPHAF dHtE BERBNIdON di spl ay similar biol ogi cal

proper tcGRP (m&ﬁnoml @a&enelafeamebhae)qe hlnanmgPoccurrmg 37-amino acid
tesHﬁ bi.ol o agf onses

pepid el EaERerntl oL BRI ARBPEE BbeSinel (ARl Pmgyspyeer RNA and
is widehugiseibuted inftke erntial and mrlnilreral agoiops wst@chQBé’ is d;@ahzed
predohﬁﬁﬁmth%eﬁwyeaﬂ&@nt Addﬁfehtrm hréiichniahAEdTRe O kQ @A dhdl¥gical actions,

uat er al tls S Is, |ncIU|
incluifg SRR CORET: RptraRR R PRGBS HfYH by one and three
amins agids n the ranesd haman ispectiBalye @@RPM@GI}PMB display similar
bmlo?(:&’lr}ﬁ'[)}gérﬁés WRES Gelb 268 iRk ﬁlegﬂ'eﬁ éG\Hlﬁﬁﬂxdt&t i&s Bibldg®APtesponses by

enot ed Pl__and
bindit RrgnBeid B9 F LA LR AT CRIBO TPy SORB 0 L g tivation of
adeny\ylteyclasa aC GRF ieccaershave beatudsntifisl andgdiaspadalegically evaluated in

severarﬁsag&%ﬁtcenz iR hng M&r&%hf&r&bo&%mm apab@eia, &d smooth
._di acet oam do net hyl cysteine

muscte[‘@gé'@ACl\/pz 71CGRP), is a selective 20 agoni st of
CGRP2. EBGR¥oh pharmysiobygical prareminsuthesorecetats diadividsarinto at least two

subtybég’g?ﬁg%cg@g%l’ tahe aeRrbo! Hq&laﬁgf ggﬁ{spteer hea 9725 GlAlent of CGRP that lacks
sever N iSHl A G PE reup Gl oo B b g e S CR by yygheleas the linear

analogugyof GGR\Pe diaceweamidcomathyt oystaoeiCGRRE ((Rys@ Va2, AECGRP), is a selective
agom@i SECER Pl CORREDY 5ottt neu:oﬁﬁﬂhﬂeft@xuﬂhgl has beer Qmplggated in the pathology

of cerﬁpg}vé?qﬁ:lax 0 alréq\fr? %Xct{é}l@l@éﬁng% te( E%qed:agl?{ét Igtchg.rcal studies, elevated
levelHefO@GRPan tROMgulad GeinAdder8 FpyndandcOiBRRiringIelgraiha attipdes §Goadsby et al.,

t
ﬂmm 19%@% ﬁm@%@%@%nﬁgf}fgﬁm §1{:ﬁa§é§{a flgraine subjects
betwaepidiReks (isH amBaRpl dAEIEH 2008 A IRBS AL BB i Higpheen shown to
triggdranigeaindusdrebdache i(hasserat 411 §epbalalkzig 062,22, 68-61ii hr diniexl trials, the

cont T OARS Gy b Mol by oo
migrgije (3eeen ArtisNeW fngld- St r 80407 Yl 1 Pdd dPka wes ahle to prevent
headz(EIhe induebd by @GRP infhsion in a 26l gfdyp Ql’(&&r&h’ﬁt al.30lin. Pharmacol. Ther.,
2005 CFBopegkt ed activation of the trigem novascul ar

system I a a key role m gr.ai ne pat hogenesi s
Addi ti o ebvitanehe RS BP GSGHaT HEWRBGY Flay a key role in

migrdins p:hthoge‘nesns ntArdd[trcmlallg,I CUB®Psxetigatesd mdptng; drothe soroetsmdscle of

mtraci\ﬁérﬁgldvié’élé %hdu’lg‘ﬂoclncx'e%etdr\%g&hhnbﬂ \QHE i Bﬂhgmt t8 contribute to headache
during mgraine attac
pain %&@rﬁmpsﬁ%ﬁ%rﬁégm Hﬁﬁ%&ﬁ?ﬁ@@%@»@ém i’&ﬁ% Neuropeptides,
Purinksl thdBistria i@kide, tlrippineatt-Raven Ppidishenst 199%3e9). Plibd hidde meningeal

aner);l' A %m?ﬁ @)& art gﬁnr{héjgﬁﬁ Qll wﬁﬂlervgéd&yg sehdo tﬁ';ﬁgrs d&%m the trigeminal

art I_.nnerv
gangg@rhsva%cy qontsen §e‘4efaé #F?weewqegewwsrng GEREt ToReRHL Banghon stimulation
in thee&dt rdsulted 8V pdasdtblen€lp o p OGRIS and i hutlang a€ii¥#tion of the trigeminal
Trigem nal ganglion stinulation

-1-
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in the cat resulted in increased |evels of CGRP, and

i n humans, activation of the trigemnal -1 WD
wQ@oea7/1188191 PCT/ US2007/ 010952 system caused Par/iugt007/010952

flushing and increased levels of CGRP in the externa

jugul ar vein (Goadsby et al., Ann. Neurol., 1988, 23,

193-196). Electrical stinulation of the dura mater in

rats increased the dianeter of the m ddl e neni ngea

artery, an effect that mas blocked by pri or

adm ni trat on, of ti de CGRP
systempRuseR Fc! dc%ms.aa 'Eﬁ’ie"éf’ éﬂvels q‘E{fﬁ %P an theextemalgygular vein
(Goadiby, etmaR5Am31Neurbt.| 1288, 23] 198ah3p)i Blecticahstimulaion of the dura mater in

e RN %@9@%@%@ et el e i o i

dminsstrgtion g§& 2 panside GGRP ae&agWF%&Wtiharnéﬁn qtiad, Cephalalgia,
1997, 17] 5935%311291 ngérginupghngnoﬁarmm‘bnpmdm&dacam B166d fé%En the rat, which

was m&u%lfea% %gﬁb@gﬁgﬁf gtﬁaltl S?oép%ﬁ%Ob%%S E%O py)egipegrrical stimulation .

of the Bpgen@nalmmghmo1 mmmmggrodm@i ammore4oain fagialjslopd dlow that could be
blockedasCik abn§lep88d EGHP R BIBR4ADEES &B%s&b et eBENt PHarmacol.,

2000, ?g 50 |Of?%§%oﬁ%g? raﬁ&%ﬁfgecﬁfemgglm% e?fl}e%gé’s‘%‘\’/ﬁ?ted or

reversehby §£HdRP japtagomist- ons of the trigem nal nucl eus
caudal iCGKMhddiAaes easoeilatddn of rdh@iddRMehaipehl)artery was shown to
o AT A D T ke o

Calcit@imq%ergela@fié’ienﬁdq (FORP), dunyin, lsnd duirenosaedudling henges Bioscience,
2000, lzmgdzaim e&hﬂml@cb@teﬁayn dPdsanslobi z/ess%rslcg@ﬂilgnﬂd z{iﬁélﬁéhﬂﬁche may

e asso | nclu
sensit g8 Precthigh R0 SRR ARD SRR Yy o Rigretle PifAthe exer-
crania} pajn jand &C@eﬂﬂgﬁrmmax b¢ themreyvdl ofrseumm;i {rBamanag inqunens (Burstein et
al., Ardl. Neuf$1200%e 47 06 1.4- @moxA EGRISHtadyAh may BeBReficial in attenuating,

Prevefﬁ%éﬁ?ﬁﬁamg?‘*ﬁgi%? ol P eue onal

sensi t iThatabidity offthe cabipbinds affth¢ heesedripoanids tohctidsd"GRP antagonists
m&e%&%%&?l Bﬁﬁﬁ]dcgf%g%ll §§etnt@f6r @%Pn%eg@%ggg.&bgfgﬁaﬁﬁ iTRESans and
us
animaleo B R e TN St ghso R ine Lidl fiBraies g d.clpsiey feadache
(Doodis nChm ripris Inn@g dIrugs, 200 tist )i 1AlutR68nEdvimissom anatl, Cepredalgia, 1994, 14,
320- iﬁgﬁdﬁ&%h& teh MO0 e hehddchOpA shihdMes. Neuﬁﬁogﬁ%é@ 12t 1 935-1340); pain

(Vu e ks 3y Edv%SSéﬁg%éﬁin%ﬁ@glﬂg@ﬁ@a‘t‘%ﬂﬁi‘aﬂé{ Pain, 2000, 6,

163-1%3); newdegerot oglgmmaid antiinfladsmidr4ain (Hrdzer, N¢Mosat, 1988, 24, 739-
768; ]ﬁ,llay-GgE’nt Etetdl., KB PRysioll §28nda34992,448; £8R}38.QiABA €t 12Nhture

Nl UL 5 o AN . i SO 390 ot

(Awawiely @sm Int. BeRRrin2}, 20029 35,7883 6 Debmynsgtipaepatdeat diabetes mellitus
(Molif¥fétal. Pb)fe?de@@s 19028920601 983 vakbBlar 5%&&1?58 nfﬁﬁiluﬂﬁ‘lnor?(Zhang etal.,

pain, i, 802348 Srlaiinc pipial ot 5b, SRATAGEpCE Y pARR NY Acad

Sci., 1892,657; BQAAGehSatinialt al., Amt J. Fhydimds; il 994,267, HQM H2890; Zheng et al., J.

Virol. 3?99%6257 m $79 Y/ hﬁbc e&%@ﬂ%ﬁ@er(@tﬁpe@§6 odx?% fgfe'iiu\?go(z: ,30.(8), 1794-

(M al :
1798 AR efE qupre Yok %ﬁﬁ’e% : pnige Neugereaon - S357-358)
morph@ss tokGance vi¢riard ¢ti ., J ¥ aurosvii.all 99 Aé6r(7k 23822365 Y); hot flashes in men and

womeﬂ théﬂ?et 41':%}1@6%0@'*93354& 46n§pet£\'Xt AC%dU ol§§§r 2’00199% 1720-1723);
s iR aY beropin Mngit Bt 3000, GOX3, 157:3488 i

~ encepBalBB; Brmyraumh,oscbhaemeapstreke( Bpidepsg! argll neurddeigenerfliveadiseases

Med., 2002, 30 (8), 1794- 1798); opiate w thdrawal
syndronme (Salnon et al., Natuse Neurosci., 2001, 4(4),
357-358);
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nor phi ne tol erance (Menard et al., J. Neurosci., 1996,
16 (7), 2342-2351); hot flashes in nen and 35 wonen
w@ amwen3mpl al ., Lancet, 1993, 342, 49; Spetz etPEl/US2007/010952
Ur ol ogy, 2001, 166, 1720-1723); allergic dermatitis
(wal I engren, Contact Dermatitis, 2000, 43 (3),
137-143); psoriasis; encephalitis, brain traum,
i schaem a, stroke, epilepsy, and neurodegenerative
di seases -2 WD 2007/133491 PCT/ US2007/ 010952
(Rohrenbeck et al., Neurobiol. of D sease 1999

(Rohrgmheghy pt alg Nayrebigh #5 Biscase FHS: 6i 1 3AH): qunz@feasesé&eppem and Holzer,
Eds., Neulo@er€io Mdﬂﬁhhﬁﬂﬁtﬂ%&ﬂlR@%@ss Bt RarasFL Baearogerio Butaneous

rednefs Hin 9&%&9&&9&;& Aille fﬂﬁé}tiaeu 0P8z08 5{51 TORRARRLN R ogy, 2002,
189(BB| @ﬁbgyﬂmm@@ry bwgt éfeasz,zsl)ta lerbomghmndse e dblodiman et al.

Scandihas@askurral bf GabiréentavkRigy S3003( a'n(a; 4(Habdymnl @fstiad. . Obparticular

impor%i'nandl ? &ﬁn 0‘1] @H{p&?lacﬁé 6@&{ %dgéh%g}ﬁcl@%m e&z&é)and cluster

headaghge acut e or prophyl acti c treat ment of headache

| ncl udiThg pﬂ%@hﬁinﬂentaﬂﬂrel‘dt&b&bfbbmpb&ﬁdb&ﬁh@re ﬁb&ummgentis for CGRP
recep ors g#azg? L r eLal esrugt(s) fcg:r gceﬁ»{or %rgce% es%gr el %Sr'erparc%tmn their use

receptors, TGr %4
in thefaw, mam%@pltwospmé é@@@gsmarthftm and methqsls 04 thesppy using them.

their use 10 in therapy, pharnaceutical conpositions

[JRSY thods of therapy using them

S%@Wﬁv | ON The present invention is

di r ect ddretroeseonmveriéen isfdinepied toeompeunds of thesfopgula IR R

p NRPG R6 RONNEc Mg~ A3 0 Ea Ee ~ Y AZ-A4n

15 (1) (wherein variables Al, A2, A3) A, m n, J. Q

R Ea, E', E, R6, R7, Re,é:gg{, R and Y are as

descri bed hepgi n) WRAcHR&r é&xant agoni sts ©f CGRP

receptors andiwhigh abe usejul |cthe ’F‘trrenRPC?O or
preventi onR@!—/%dl sedqgés T whi » 8 j/hvdNVed, such
as mgraine he inventi

phar maceut i CAI compodNt |

ed./to

b3S S'eYcorrpounds
and the use ol %he é conpounds nd coﬂb05|t|ons in
the preventi oerr Aeat ment of such di seases in which
CGRP is involved. -3 WO 2007/133491 PCT/ US2007/ 010952
DETAI LED DESCRI PTI ON OF THE |@®VENTI ON

(wherein variables A', A2, A%, A*, m, n, J, Q, R, E?, E®, E°, RS, R, R®, R, R" and Y are as
described herein) which are antagonists of CGRP receptors and which are useful in the treatment
or prevention of diseases in which CGRP is involved, such as migraine. The invention is also
directed to pharmaceutical compositions comprising these compounds and the use of these
compounds and compositions in the prevention or treatment of such diseases in which CGRP is
involved.
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The present invention is directed to conpounds of the
formulal: 7R ReRA O RRR, Q NNEc MPG NR
WG@G\R00A339Ea ti |yA2-A4/ E 5 1 wherein: Al | sSPGEUSHBO10952

from

10 (1) 'O" (2) 'S(()),,', (3)

-Si(ORa)-C'al kyl -, where alkyl is unsubstituted or
substituted with 1-5 halo, (4) -Si(Cl4al kyl)2, where
each al kyl is independently unsubstituted or
substituted with 1-5 halo-, 15 (5) -CR6R7-, (6)

DETAI@%ﬁ?ﬁggi g&i}jﬁwg %’)O"}HE 1}%/81%%%2 F\I(Ra Rz)) ( C(—?Jg Ra) ( Ra) -

(11)

“C(N(Rb) (C=0) ORa) (Ra)-, (12) -CRIOR'-, and (13)

L) e SRR Ly G Y )

“CRBR7-, 30 (2) -N(R8)-, (3) CRlOR'-, and -4 WO
2007/ 133491 PCT/ US2007/ 010952 (4) -N(R')-: A4 is

sel ect ed frolgrg7 Rl Re !-?,4 o .
RS %/Q ‘N N \r Ec\ N R
A W o Bl v
\ / EP n J
A2~ A4
I
wherein:
Al is selected from:
(1 -0,
2y  -S(Ow-,
3) -Si(OR®-C,4alkyl-, where alkyl is unsubstituted or substituted with 1-5 halo,
“4) -Si(C,4alkyl),, where each alkyl is independently unsubstituted or substituted
with 1-5 halo-,
(5) -CR®R’-,
(6) -NRY-,
7 -(C=0)-,
8) -CRHR)-,
(9  -CN(R")-SOR%)R?)-,
(10)  -CINR")C=O)R*)(R?-,
(11) -CN(R°)(C=O)OR")R")-,
(12) -CRR'. and
(13) -NR')-;
A? is selected from:
(1) -CR°R’-,
(2) -CR'R'- and
3) AC=0)-
A’ is selected from:
(1) -CR°R’-,
) NERY,
3) -CR'R'- and
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(1) -CR6R7-, (2) -(CO-, 5 (3) -N(Rs)-, (4)
-CR1IR'-, (5) -N(R1')-, and (6) a bond between A2 and

WA07/18891 s selected from 10 (1) -C(Rsa)=, (PQT/UBL807/010952

and (3) Eb is selected from (1) C(Rsb)=, 15 (2)
-N=, and (3) -(N+-O)_; Ec is selected from (1)
-C(Rs)=, (2) -N=, and 20 (3) -(N+-O)=; Qis
selected from (1) -(CO-, (2) -SX2-, (3) -SO, and
25 (4) -C(Ra)2-; R4 is selected from (1) hydrogen,
(2). -A-6a|kyl, which is unsubstituted or substituted
wdh 1-B®Rubstituents each independently sel ected

A415§d]e§&ﬁdﬁsm(a) hal o, (b) -C3_6Cyd oal kyl, (c) -CF3, and
(g 6p 7(3) - C3-6¢cycl oal kyl, 35 (4) benzyl, and

phen ‘Rsa, R5band Rs' are each independently
Ject e T@bm -5

(3) -NR®-,

4) -CR'R'

(5) -NR'")-, and

(6)  abond between A% and A%,
E? is selected from:

(1) -CR*=,

2) -N=, and

@  -N-0)s;
E® is selected from:

(1)  -CR™=,

(2) -N=, and

@ -0
E° is selected from:

(1)  -CR™)=,

) -N=, and

@ -0
Q is selected from:

(1)  -(C=0y),

(2) -S0;-,

3) -SO-, and

4  -CRY2-

R* is selected from:
) hydrogen,

) -C\salkyl, which is unsubstituted or substituted with 1-5 substituents each

independently selected from:
(a) halo,
(b)  -Cs.ecycloalkyl,
(©) -CF3, and
(@ -O-R?%,

3) -Cscycloalkyl,

4) benzyl, and

(5)  phenyl;

R32, R%®and R*° are each independently selected from: .

-5.
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WO 2007/ 133491 PCT/ US2007/ 010952 (1) hydrogen, (2)
-Cl-6al kyl, which is unsubstituted or substituted with
waz2@7had4e1  (3) halo, (4) -ORa, and 5 (5) - CNeCRESzNT010952

R7 are each independently selected from (1)
hydrogen, (2) -G _6al kyl, which is unsubstituted or
substituted with 1-5 substituents each independently
selected from 10 (a) halo, (b) -ORa, (c) .

- C3-6¢cycl oal kyl, (d) phenyl or heterocycle, wherein
said heterocycle is selected from pyridyl,

pyHX

mi dydpeetpyr azi nyl , pyridazinyl, piperidinyl

pPer azCnlkyl pwhichlis dhsubstitutdd @dybstitutkd widr plédalay| ,
tK%PZO| i ndol yl, indazolyl, benzim dazolyl, and
oxdazol

yl, >whi ch phenyl or heterocycle is unsubstituted

ofsubsPR{4Ad with 1-5 substituents each
i gshependsntly selected from (i) halo, (ii) -C "alkyl,

7ch | i tut stituted with 1-5 hal o,
RS an Gl L RRIBRI lefig gL S WL 0, el
(€)) - Chyeogers (f) -C(=ONRbR', (g) -S(O,,Rd, (h)

( i-tl-ad}Bh Rahichl} undbiutdd 89 u8stiturd wilh) 1-5 substituents each

-N(Rb) SO2Rd,”,  (.1) : CF3, - O CO2Rd,
i og(c):dj“-gﬁﬂ%ﬁngly)(ssbegéﬂn%"- n)C:O) -NROR | g\ﬂ)d 35 (p)
-C(=0 Ra), halo,

()  -OR%,

(3

(c)  -Cs.ecycloalkyl, .

(@ phenyl or heterocycle, wherein said heterocycle is selected from: pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl, piperazinyl, pyrrolidinyl, thienyl,
morpholinyl, thiazolyl, indolyl, indazolyl, benzimidazolyl, and oxazolyl, which
phenyl or heterocycle is unsubstituted or substituted with 1-5 substituents each
independently selected from:

(1) halo,
(1) -Cealkyl, which is unsubstituted or substituted with 1-5 halo,
(iii)  -OR?,

(iv)  —NR°RS,
(v)  —CN, and
(vi) oXxo0;
(e)  -CO:R%,
(f)  -C(=O)NR°R’,
(8  -S(ONRS,
(h) -CN,
@) -NR°RS,
G)  -NR’C(=O)R’,
k) -NR"SORY,
H  -CF,
(m) -O-COsRY,
(n)  -O-(C=0)-NR°R®,
(©)  -NR®-(C=0)-NR°R¢, and
(@) -C(=O)R%,
-Cs.scycloalkyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:
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(3) -C3_8cycloal kyl, which is unsubstituted or
substituted with 1-5 substituents each independently

wa@edoeasmdl from -6 WO 2007/ 133491 PCT/ US2007/ ORCPER2007/010952

(a) halo, (b) -CN, (c) -ClAal kyl, which is

unsubstituted or substituted with 1-3 halo, and (d)
-ORa, 5 (4) phenyl or heterocycle, wherein said

het erocycle is selected from pyridyl, pyrimdinyl,
pyrazinyl, pyridazinyl, piperidinyl, piperazinyl,
pyrrolidinyl, thienyl, norpholinyl, thiazolyl and
oxazol%?} Wi phenyl or heterocycle is unsubstituted
or subgb)tut€Nw th 1-5 substituents each

i ndepe ntly s

(0 nggcyc @L(gfmfc %ﬁbut‘sﬁlut%hpﬁubsa&tédb&nﬁ Phalo, and
unsubstﬁiuteﬂnbv substltuted Mﬁth 1-5 substituents

eqen | ﬁlilﬁ@ﬁﬁﬂméﬂoyyde,helﬁﬁraﬂ shidtgterbtycld izl selectkd ffdm:)pyridyl,

L5 g5 A R R,

-C(=0) NF@‘IR ol 11(1 )thag(atg)l aﬂéoxmlxlhym@mhenxlﬁy gle is unsubstltuted
( 1) - N(des)JEz(tFEQ)aR&nth 1[-8)sub$i{tiint SeabRdndepehiently-selR Rd, froth:
)C—O) MNRORe,  (n) -NRb-(C=O-NROR, (o) .
= )ﬁa -’C - 6al kyl , which is unsubstituted or
substlﬂbied va&% 1-6 halo, and (q) oxo: 30 (5) halo,
(6) -ORe) -Cs.scycloalkyl,

(d) phenyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:

Q) halo,
(i) -C.salkyl, which is unsubstituted or substituted with 1-6 halo, and
(i) -OR?,

(e) -COzR%,

(f)  -C(=O)NR'R’,

(8) -S(O)RY,

() -CN,

(i) -NR'RS,

G)  -NR"C(=O)R’,

k)  -NR"SOR’,

()] -0-CO3RY,

(m) -O-(C=0)-NR°RS,
(n)  -NR"-(C=0)-NR°R®,

(o) . -C(=O)R?,
P) -Cisalkyl, which is unsubstituted or substituted with 1-6 halo, and
(@  oxo;

) halo,

(6) -OR?,

(7Y CN,

(8) -CO:RY,

©)  -NR"C(O)R",
(10) -NR'R®,

(11) -C(=O)NRR’, and
(12) —O(C=O)R%;
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(7) -CN, (8) -CO2Ra, (9) -N(Rb)C(=O)Ra, 35 (10) -NR
bR, (11) -C(=ONRbR, and (12) -0(C=ORa; -7 WD

wQo®7/1388491 PCT/ US2007/ 010952 or R6 and R7 anpCt/bi§2007/010952

carbon atomor atons to which they are attached join

to forma ring selected fromcyclopropyl, cyclobutyl,

cycl opentyl, cycl ohexyl, cycl oheptyl, cyclooctyl,

cycl ononyl, cycl obutenyl, cyclopentenyl, cycl ohexenyl,

cycl oheptenyl, cyclooctenyl, 5 dioxol anyl, dioxanyl,
aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl,

plpera2|nyl nnrphollnyl tetrahydrofuranyl

t of RAhydIROANd arydarbdreatomrditahhicaplicankdy, arexeanamdlioin to form a ring

tQ%lgét@@#on?%l%qgé@h%/&ﬁ%le{})é#d ﬁ\é}@g:c?cﬁh%l%ﬁké)g:lléﬂ%tﬂ cyclooctyl,
\/\,ﬁ}/“dﬁ"Q'}thf)’F'&i’buﬁ%‘mb§t/"?IPEﬁ'é?j‘%rC)@lSPIbS’E?TIthCQfIIOWE‘Hnbil gyclooctenyl,
S ubﬁ(bldnlyﬁ raiﬁ@(a@@n hzuidﬂ@emd@xﬂﬂ pyﬁr@h@ﬁyﬁg ;{ehtﬂlf![yl ﬁcﬂpe(raz)myl
Ltute 1,0.Ut e
, TG A B SHER okl O e SR Sl lbiany,
(i tlyeqqul@nd teerahydragmgnyl whpgem te- sg{;fyusdmtwyally a%dizeq yo the sulfone or

- GilB3ade, Whith ribRIRunsubbtitiled 0P stitidd with 1-5 subdiitedrReRh

and I hen I 20 (b) -C3-6cycloal kyl, wherein
E%“% % g@?fél oup is optionally fused to the

r i ng, éal)d whiCalalkgl, 8dwahl io ahkubistimtesligr substimadosith i ti sdpstituents each

or substit utlﬁglc]jyhaéhuylgeﬁgc&ldkﬁ&ht uents each
|ndependent é sele ted from (i) halo, (ii) -ORa, 25
c

(iii) - Ioa (iv) -CO2Ra, (v) -NRbR  (vi)
-S(O),,Rd ((Vi)l) +O)NRbR‘, and

(iii)  -Cjzgcycloalkyl,
(iv) -CO;R?,
(v)  -NR°RY,
(vi)  -S(O)RY,
(vii) -C(=O)NR’RS, and
(viii) phenyl,
(b) -Cyscycloalkyl, wherein the Cj ¢scycloalkyl group is optionally fused to the
ring, and which Cj4cycloalkyl group is unsubstituted or substituted with
1-3 substituents each independently selected from:

1) halo,

(i1) -OR?,

(i)  -Cigcycloalkyl,
(iv)  -COjR?,

(v)  -NRPR®,

(vi)  -S(O)R’,
(vii) -C(=O)NRPR®, and
(viii) phenyl,

(c) phenyl or heterocycle, wherein heterocycle is selected from: pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl, piperazinyl, pyrrolidinyl,
thienyl, morpholinyl, imidazolyl, furanyl, tetrahydrofuranyl, thiazolyl and
oxazolyl, wherein the phenyl or heterocycle is optionally fused to the ring,
and which phenyl or heterocycle is unsubstituted or substituted with 1-5
substituents each independently selected from:

) halo, '
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30 (viii) phenyl, (c) phenyl or heterocycle, wherein
heterocycle is selected from pyridyl, pyrimdinyl,

w@yeoaasayl , pyridazinyl, piperidinyl, piperaziPgl/UsS2007/010952

pyrrolidinyl, thienyl, norpholinyl, imdazolyl,
furanyl, tetrahydrofuranyl, thiazolyl and oxazolyl,
wherei n the phenyl or heterocycle is optionally fused
to the ring, 35 and which phenyl or heterocycle is
unsubstituted or substituted with 1 5 substituents
each i ndependently selected from
2007/ 133491 ®ET/ US268HKYH Mushis WSP?S‘*“@PC’ BQFWPW‘%NLH 1-5 halo,
i s unsubsti t@ied @RSubstituted with 1-5 halo, (iii)
-ORa, (iv) - Raco ) -(CORa, 5 (vi) -CN, (vii)
-NR bR, (viil’) o0Xxo0, X), -C(=O NRbR',  (x)
-N(R) C(=0) RdY) 1O'Q(>@=)0)RN( Rb) CO2Ra, (xii) -O(C=0) NRDR,
and (xiii) ('VS(C))-;C)R' (d) -CRa, (e) -CO2Ra, 15 (f)
-C(=O NRtRc, ) ]\ﬁ%%c,l?d -CN, (i) halo, (1)
-NR bR, 20 -N o} O)Ra (1) -N(Rb) S2Rd, (m
- O OC2R, (n()vm)o &0 -NR bR, (o)
- NRb- ( C=0) - NBORc 225 =()NRRX, O) Ra, and (q) oxo; R8 is
i ndependent I(¥()sel gg&eyc(;@ﬁh,
(xi)  -N(R")CO:R’,
(xii) -O(C=0)NR’RS, and
(xiii) -S(O)R’,
(d  -OR?
(e) -COZRaa
()  -C(=ONR'R’,
(®)  -S(OWRY,

(h) -CN,
(1) halo,
0) _NRbRC’

(k)  -N(R")C(=O)R",

@  -NR"SOR’,

(m) -O-CO;RY,

(n)  -O-(C=0)-NR°RS,
(0)  -NR®-(C=0)-NR'R’,
() -C(=O)R? and

@ 0X0;

R? is independently selected from:

n hydrogen,
(2) -C(=O)R’,

(3)  -CO:R%,
(4)  -S(=O)R‘,
(5)  -SO;RY,

(6) -C(=O)NR'RS,

) -C,4alkyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:
(a) halo,
(b) -OR),
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(1) hydrogen, (2) -C(=O Ra, 30 (3) -CO2Ra, (4)
-S(=O Rd, (5) -S2Rd, (6) -C(=O NRbR, (7)

WO @7had4kyl , which is unsubstituted or substitRPCEUSH0T/610952

1-5 substituents each 35 independently selected from

(a) halo, (b) -ORa, -9 WO 2007/133491

PCT/ US2007/ 010952 (c) -C3-6cycloal kyl, (d) phenyl or

het erocycl e, wherein said heterocycle is selected

from pyridyl, pyrinidinyl, pyrazinyl, pyridazinyl,

pi peri dinyl, azin pyrrolidinyl, thienyl,

mor phol ?%yl C%ﬁ’@ and oxazol yl, whi ch phenyl or

het er odc| e pheng mﬂstdwdylctwtwdrem sad bhsterdaytleds veledted frbm: pyridyl,

bstit t
halo, (i1) %ﬁ*&“ﬁ%‘“%&%ﬁ“ﬁ cﬂ“ﬂn’é‘aﬁﬁi' BiHeRdin Btberbditl, pyrrolidingl,
substit ut ed thieprs mwsp*wénn@f thiggelyhand gxagolybywhich pleny] gy heterocycle
-NRbR, (V) is GhsuBptRdted drwupstiti@dRaith Biscsubgtuents @xdh, independently

(e) - CD2Ra, Fggééte(i ﬁmq O NRbRc, (g) -S(O,,Rd, (h)

-CN, (i) “N(Rb) C(=O Ra, 20 (k)

- N( Rb) SOZRd ® (1)ha1<U:3 (m -OC®Rd, (n) -O(C=0-NR

bR, (ii)  -Cjsalkyl, which is unsubstituted or substituted with 1-5 halo, and
(iii)  -OR3,
(iv) -NR°RS,

(v)  -C(=O)R’,
(vi) -COzR? and
(vii)  oxo,
(e) -CO2R?,
(f)  -C(=O)NRR’,
(8  -S(O)RY,
(h)y -CN,
(G  -NR'R,
()  -NR"C(=O)R’,
&  -N(R"SO:R®,
M -CF3,
(m) -O-CO:RY,
(n)  -O-(C=0)-NR°R’,
(0)  -NR°-(C=0)-NR°R®, and
®) -C(=O)R’,
®) -Cycycloalkyl, which is unsubstituted or substituted with 1-6 substituents each
independently selected from:
(a) halo,
(b)  -CN,
(©) -OR?, and
@ Cisalkyl, which is unsubstituted or substituted with 1-6 halo;

or R” and R® and the atoms to which they are attached join to form a 4-, 5-, 6- or 7-
membered alkyl- or heteroalkyl-ring optionally containing an additional heteroatom
selected from N, O, and S, wherein the sulfur is optionally oxidized to the sulfone or
sulfoxide, which ring is unsubstituted or substituted with 1-4 substituents each
independently selected from: '

-10 -



(0) -NRb-(C=O-NRbR, and 25 (p) C(=O Ra, (8)

- C3-6¢cycl oal kyl, which is unsubstituted or substituted
WOWa/133481 substi tuents each i ndependently selPCT/@82007/010952

from (a) halo, (b) -CN, 30 (c) -ORa, and (d)

A -6al kyl, which is unsubstituted or substituted with

1-6 halo; or R7 and R8 and the atons to which they are

attached join to forma 4-, 5-, 6- or 7- nenbered

al kyl - or heteroal kyl-ring optionally containing an

addi ti onal heteroatom 35 selected fromN, 0, and S,

wher ei §@% he Blf-fur s optionally oxidized to the

sul f ongbpr phehflpwhibh,is whsubstitutetbjor sibstitatedswyith it3eghbstituents each

Selected ?oﬁ?ép@&% @%%%%%?Fﬁé‘%ﬂi T N SR IR

(a) hal®, (bP , Wwhich is unsubstituted or
subst i ta ed -@i kdiill; &hﬁdﬂhshhwﬁﬁhﬁeceacdmbsmmckﬂpemem hato;
selected from halo, ORB, CN, and -C(=O ORa, (c) -OR,
and 5 éd) -G -6alkyl, which is unsubstituted or

1% is Sndependantiyselerted fams hal 0o; R10 is independently
sQl)ect egdfdgem (1) hydrogen (2) -Cl.6alkyl, which is

ubst jt u - ht
e ?)n 8 alqub\g/fu %Li%)ﬁflg d\%d' %b&}}?&??ﬁlﬁi\lgl%@%%gnw each
-OR , indegpendqtly self)cte r&crm and 15 (e)
- C3- 6¢cyg) oalHgyd,, which is unsubstituted or substituted
with 1(@ hal a(3) - C3- 6¢cycl oal kyl , which is
unsubst }ute of substituted with 1-6 halo; R11 is
| ndeper(@l)ent |4*Nsel ected fromthe group consisting of
phenyl (dnaphshexil, aﬁcetrahydronapht hyl, indanyl,

bi pheny'; phenagt hir iy, \%B‘}cﬂﬁéf s, BEGRL érsubs’rquted 1-6 halo,
Ko Al S 431

azepan azettdl
béhk of uﬁwcloabl@/h,z\ameh aSZWPS"tUEéI?ZGBW'é‘#W with 1-6 Kalo;
benzothlopyranyl benzof uryl, 1, 3-benzodi oxol yl,

ot hi en)é enzotxazol yl,

t Qi
'SHE%‘% dengﬁoﬁeyeldedb%% g‘?r?ﬁz%l OPS'S e oman?/I cinnolin
d.p@emzomnhm,| terralsidyenapbibndayl, biphenyl, phenanthiy], anthryl, azepinyl,

diaByshn9h apenti Ry EheHzimilabygT, BeesZdiakb P Yearvfuranyl, benzofurazanyl,
benzopyranyl, benzothiopyrany!, benzofuryl, 1,3-benzodioxolyl, benzothiazolyl,

benzothienyl, benzoxazolyl, benzopyrazolyl, benzotriazolyl, chromanyl, cinnolinyl,
dibenzofuranyl, dihydrobenzofuryl, dihydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothiopyranyl sulfone, furyl, furanyl, imidazolidinyl, imidazolinyl, imidazolyl,
indolinyl, indolyl, isochromanyl, isoindolinyl, isoquinolinyl, isothiazolidinyl, isothiazolyl,
morpholinyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl, 4-oxonaphthyridinyl, 2-
oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxopyridyl, 2-oxoquinolinyl,
piperidyl, piperazinyl, pyrazinyl, pyrazolidinyl, pyrazolyl, pyridazinyl, pyridinyl, pyridyl,
pyrimidinyl, pyrimidyl, pyrrolidinyl, pyrrolyl, quinazolinyl, quinolinyl, quinoxalinyl,
tetrahydrofuranyl, tetrahydrofuryl, tetrahydroimidazopyridinyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, tetrazolyl, thiamorpholinyl, thiamorpholiny!l sulfoxide,
thiamorpholinyl sulfone, thiazolyl, thiazolinyl, thienofuryl, thienothienyl, thienyl,
triazolyl, isoxazolyl, tetrahydrothienyl, tetrahydropyranyl, oxetanyl,
tetrahydrothiapyranyl, and thietanyl, where R'! is unsubstituted or substituted with 1-5
substituents each independently selected from R'2, R R R'*®and R,

R'%, R'3, R", R'** and R'*" are each independently selected from:

-11 -
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di hydr obenzot hi opyranyl sul fone, furyl, furanyl,

i m dazolidinyl, imdazolinyl, imdazolyl, 25
w0 p@ehidzayl , i ndolyl, isochromanyl, isoindoli nyPCT/US2007/010952
i soqui nolinyl, isothiazolidinyl, isothiazolyl,

nmor phol i nyl, napht hyridi nyl, oxadi azol yl,

2- oxoazepi nyl, 4-oxonaphthyridinyl, 2- oxopi perazinyl,
2- oxopi peridinyl, 2-oxopyrrolidinyl, 2-oxopyridyl,
2-oxoquino|iny| pi peridyl, piperazinyl, pyrazinyl,

p azol 0 ri dazj nyl, .pyridiny]|,

p&r )i dyr 3%11 whigh P“—%W%ddv |S“{’15§/¥P‘F8 it ﬂ?ﬁ?(‘l’snmems each
pyrrolykkpqumﬂxsmbﬂydﬁDQU|noI|nyI qui noxal i nyl, 30
tetrahhgrofw' t et rahydr of uryl

tetrahy roim gzopyrldlnyl t et r ahydr oi soqui nol i nyl,

tetrah oqu ﬁbi|nyl tetrazolyl, t hi anor phol i nyl ,

t hi amo(ghol i- @stcysldaﬂ@dgi de, thianorpholinyl sulfone,

t hi azol W [ [

thi enyl(él) ¢ :pl%fg)zl(gr h@éél'o g&%zaﬁg{eﬂ{ Yid hEtEl'O%?Qlteq% gégé/t{ted from: pyndyl,
t et r ahydr opyEHY mYB)PéTa&HW pm@é%m ymezﬂlm aBW%HWY' pyrrolidinyl,
and thiet an)tlu,eny!hﬁfoeplﬁllhyl shibzsivilasidi dXab6igt, 3vhich phenyl or heterocycle

substituted 5 i NS : .
i ndependent Il%mués cjatcttﬁte ?sggn&%il%g%ﬂhlg%%gsmﬁi'gs e%crll]&n dependently
R15b; R 2, sRegtedfiom: R15a and RL 5b are each

I ndependent I() senﬁmied from -11 WO 2007/133491

PCT/ US2007/ QL 952 C | i,C

insubsti Lut 3d9or bbby SR Shoop &l Fpptiugeavin 1-5 halo, anc
each indepdient-OR’sel ected from (a) halo, (b)

-ORa, %e)(c) cfﬁRﬁcycloalkyl (d) phenyl or

het er ogycl e, csald heterocycle is selected
from gérldy é rimdinyl, pyrazinyl, pyridazinyl,
pi per di(@y (ﬁb azinyl, pyrrolidinyl, t hi enyl

nnrphokhﬁyl -ct\qi azol yl and oxazol yl, which phenyl or
heterogﬁcle spunsubstituted or substituted with 1-5
substituents gﬁ i ndependently 10 selected from (i)
hal o, (i) -~BRBYKYIR, which is unsubstituted or
substhkued-wl hsb,R¢halo, and a (iii) -OR, (e)

15 (&) O NRbR (g) -S(O,,Rd, (h) -CN
(i) -NIQBR E;F’N(Rb)C( O Ra, 20 (k) -N(Rb)SC2Rd,

(n) -O-(C—O)-NR°R°,
(0)  -NR"(C=0)-NR°R‘, and
(®) -C(=O)R%
) -Ciscycloalkyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:
(a) halo,
(®)  -CN,
(c) -C).salkyl, which is unsubstituted or substituted with 1-5 halo,
(d) -OR?, and
(e) phenyl, which is unsubstituted or substituted with 1-5 substituents where
the substituents are each independently selected from:

G)  -OR},
(i)  halo,
(iii) -CN, and

(iv)  -Ciealkyl, which is unsubstituted or substituted with 1-5

-12 -
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(1) -CF3, (m -O C®Rd, (n) -O(C=0-NR bRc, (0)
-NRb- (C=0) -NRbRc, and 25 (p) -C(=ORa, (2)

w0 @)078834e1 oal kyl , which is unsubstituted or subPST/UB20®010952

with 1-5 substituents each independently sel ected

from (a) halo, (b) -CN, 30 (c) -Cil-6alkyl, which is
unsubstituted or substituted with 1-5 halo, (d) -ORa,
and (e) phenyl, which is unsubstituted or substituted
with 1-5 substituents where the substituents are each

i ndependently selected from (i) -OR, 35 (ii) halo,
(iii) -CN, and (i"#°-Ci -6al kyl, which is unsubstituted

0(3)s ubghérylibeteteidclicle; \Ehemﬁﬂsamé&@i‘j'dawlected from: pyridyl,

o Ui oﬂ*ﬂéﬁifu “glc%an@ A BB, ARCAERRY G fiolidiny], thieny
y“ n mq&,‘g ol mp/ rthiaz azgkyki WF pbq:tfyépaﬁﬁ?{ocycle is unsubstituted
pi per ast mydsnnmyd tvixhi 1d5 sythstindetsegagh indeperidenely iselgbted from:

t hi azol ang] oxazol yl, which phenyl or heterocycle is
unsubs{ tuted 3 or substituted with 1-5 substituents

each i fepen®®ntly selected from (a) halo, (b) -ORa,

(O - C&)6CyCogikidalkyf,d) phenyl, which is
unsubsg tiUt gleg ndeH{bC?‘tlg W%u%g&nmded or]5u§st ?ﬁ P\u?%ts%bitlments each

each uvé)ﬂ
- C1- 6al kyl , pendqnélmﬁ@e@étfrqtm ed or subst ituted with
1-6 hal o, arm aHald,i) -OR, (e) -CO2Ra, 15 (f)

- (=0 NRORE 1 9) 5By iRlmich is unsubstituted or substituted with 1-6 halo, and
(iiiy -OR?
() -CO.R?
(f)  -C(=O)NR'R’,
(8 -S(OMRY,
(h)y -CN,
(i)  -NR°R,
G)  -NR®C(=O)R’,
&)  -N(R"SO,RY,
()  -O-COsRY,
(m) -O-(C=0)-NR'R°,
(n)  -NR"-(C=0)-NR°R",
(0) -C(=0)R?, and
(p) -C)salkyl, which is unsubstituted or substituted with 1-6 halo,
(4)  halo,

) oxo,

6) -OR’

(7)  -CN,

(8) -CO:R%
(9) -C(=O)R%,
(10) -NR°RS,

(11)  -S(O)RY,

(12) -C(=O)NR'R®,
(13) -O-CO3RY,

(14) -N(R®CO,R?,
(15) -0O-(C=0)-NR°R’,

-13 -
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(h) -CN, (i) -NRoRc, (1) -N(Rb)C(=O)Ra, 20 (k)
-N(Rb) SO2Rd, (1) -O-CORRd, (m) -O (C=O)-NRbRc, (n)

WO NRBAS3eD) - NRbRc, (0) -C(=O Ra, and 25 (p) PCT/US2007/010952

- -6al kyl, which is unsubstituted or substituted with

1-6 halo, (4) halo, (5 oxo, (6) -ORa, (7) -CN, 30

(8) CRRa, (9) -C(=ORa, (10) -NR bRc, (11)

-S(O),,Rd, (12) -C(=O NRbRc, 35 (13) -O C2Rd, (14)

-N(Rb) CO2Rd, (15) -0 (C=0-NRbRc, -13 WD 2007/ 133491

PCT/ US2007/ 010952 ,(16) - NRb- (C=0 -NRbRc, (17)

- SONRORR (@@ NRN\RRp) SO2Rd, 5 or R sa and R 5b and

t lKE7)at oBOSNRERS, whi ch they are attached join to forma

ri se| et §rom cycl opropyl, cyclobutyl,

C)gg%open yl)$66§dl ohexyl , cycl oheptyl, aziridinyl,

azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl,

Mg th:a?ﬂﬁl'_?b ahbited éiﬁm:(s)aﬁ avHiet ﬂﬁ?hﬁb’mabhhﬁﬂjb:ir; to folaraging selected

tne sul tur | Lon oxl a), 7 e _or .. L1

& b rcibrob SRIARE (oSt SGR & e RACaBldiny. aceridingl,

wipytrolidinys pipsridinybrrigerezion, medehsdingb ihieipnyleandciegehydrothienyl,

f RHEreid Ghe Al fur s dptioBallK ¥kidi2ehit6 the sulfeRs UPSEIFNAE HKD ring is

: gxlp\g%l{sgg}t?ecf %r\rl,rmﬁu%?tiit)%feﬁ a»?%&ij?! SI( ﬁttﬁlé)?tqttp%ﬁg%g% 1n:d?geen%grr11t?ye Qctlelc¥ed from:

- C3- 6¢cYy8) oal-Kylkalkyl, which is unsubstituted or substituted with 1-3 substituents each
independently selected from:

(1) halo,

() -OR?,

(iit)  -Cs.scycloalkyl,
(iV) -COzRa,

(v)  -NR'R,

(vi)  -S(O)R",
(vii)  -C(=O)NRPR®, and
(viii) phenyl, ‘

(b) phenyl or heterocycle, wherein said heterocycle is selected from: pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl, piperazinyl, pyrrolidinyl,
thienyl, morpholinyl, thiazolyl and oxazolyl, which phenyl or heterocycle
is unsubstituted or substituted with 1-5 substituents each independently
selected from:

(1) halo,
(i1) -Csalkyl, which is unsubstituted or substituted with 1-5 halo, and
(iii)  -OR’,

(c) -OR?,

(d) halo,

(e) -CO;R?,

(H) -C(=0)NRP°R®,
(8  -S(OMRS,

(.h) -CN,

(i)  -NR°RS,

G)  -NRMHC(=O0)R?,
(k)  -NR®SO;R’,
¢ -0-COzRY,
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15 (iv) -CR2Ra, (v) -NRR,  (vi) -S(O,Rd, (vii)
-C(=O NRoR, and (viii) phenyl, 20 (b) phenyl or
whedoenssaycl e, wherein said heterocycle is sel ertBUS2007/010952
from pyridyl, pyrimdinyl, pyrazinyl, pyridazinyl,
pi peridinyl, piperazinyl, pyrrolidinyl, thienyl,
nmor phol i nyl, thiazolyl and oxazolyl, which phenyl or
het erocycle is unsubstituted or substituted with 1-5
substituents each i ndependently selected from 25 (i)
hal o, %II - 6al kvl . . mhlch IS unsubstituted or
subst i {@ed g\HChq and a (iii) -OR, (c)
o @ eicomdaih () Gt 0
- ) - 1) - ,
PG gégb S(%% O)IQN -0 CO2Rd, -14 WO 2007/133491
R lspmvp@ o0 /xsmgﬂyzﬁomm ~0(C=0-NR bR, (n)
- NBb- ( G5@)ogbROR, and (0) -C(=ORa; RPGis
epen nt ° | ¢t ed [.oge
i &“‘m‘%l SRS ffrubillen of stpb e LRET o paR. i 1
1(39 haIG 20R3) -CH2ORa, (4) - CH2- O CH2CH2SI (CHB) 3,
(8) - CRARGOHORBACHY, (6) -(Cr2) k-phenyl, whi ch is
ugéﬁbstthubgg &(Oiu})st ituted with 1-3 substituents

(6) -(CH;)k-phenyl, which is unsubstituted or substituted with 1-3 substituents each

independently selected from:
(a) halo,
(®)  -OR%,
(c) -CN, and
) -C.salkyl, which is unsubstituted or substituted with 1-6 halo;
J is independently selected from:
(1)  =CR'™)-,
) _CR'R'®.
3) -C(=0)-, and

(4)  -N(R-;
Y is independently selected from:
(1)  =CR'®)-,
(2) -CR”RlB-,
3) -CE=0)-,
(4)  =N-, and
(5)  -NR'*

R'” and R'® are each independently selected from:
) hydrogen,
) halo,
3) -OR?,
“) -C)salkyl, which is unsubstituted or substituted with 1-4 substituents each
independently selected from:

(a) halo,
(®) -OR%
(C) -CN’

) phenyl or heterocycle, wherein said heterocycle is selected from pyridyl,

pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, piperazinyl,
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i ndependently selected from (a) halo, (b) -ORa, (c)
-CN, and 15 (d) -Cil-6al kyl, which is unsubstituted or

wgewstsat ed with 1-6 halo; J is i ndependent|BCT/US2007/010952

selected from (1) =C(Rl6a)_, (2) -CR1L7R 8- (3)

-C(=0) -, and 20 (4) -N(Rb)-; Y is independently

selected from (1) =C(Rl16b) , (2) -CR1L7R18-, (3)

-C(=0 -, 25 (4) =N, and (5 -N(R16b) ; R17 and R 8

are each independently sel ected from (1) hydrogen,

(2) halo, 30 (3) %L -d -6al kyl, which is

unsubst i t ut W‘dS'%sWPTHJ ﬂylm}eﬂarhlldrﬂﬁ’éféﬂi'é’ttwﬂ@'ﬁf%?ym“y‘ and
each i ndepqrydmwlyws&ihqmeﬁyn drierarodya)e ih@ahoubsti(undd or substituted with
-ORa, .35 (g} . Wherein

sai d heteroc cI e | ng%g%ﬂgg&%‘preg?ﬁm; S?!Jf?/&%%oqn

pyrim di nyl, X hi eTQ/!F,’ pyri dazi nyl, piperidinyl,

azetidi nyl, @)peredonyl, -15 WO 2007/ 133491

PCT/ US2007/ 0952, r@yrrol i di nyl, norpholinyl,

t et rahydr of u(r nyl, tetrah ropyranyl and pyrazinyl,

whi ch phenyl(or  heierbkey ¥l€°h|1§, upsibsheMad artsalbistyuted with 1-6 halo,

sy F}st It tpﬂeﬁﬂ dMHefbréc)@leSWEiér"eiﬁh&&b&y&@ﬁheleﬂ@ﬂﬂ’ﬁﬂﬂ@%@ﬂ pyrimidinyl,
sel ec

(I v) - egé R da\(.lﬁ]il)lyéhplP%ﬁdln txdm le%pergzm&%gYH? U(Emél morpholinyl,

with 1- t@trﬁmdmﬁlranyl tetrahydropyranyl and pyrazinyl, which phenyl or heterocycle is
unsubstituted or substituted with 1-5 substituents each independently selected

from:

(a) halo,

()  -CN,

() -OR’,
@ nitro,

(e) -C)6alkyl which is unsubstituted or substituted with 1-6 halo;

or R!'7 and R'® and the atom to which they are attached join to form a 4-, 5-, or 6-
membered ring optionally containing a heteroatom selected from N, O, and S, wherein
the sulfur is optionally oxidized to the sulfone or sulfoxide, which ring is unsubstituted or
substituted with 1-4 substituents each independently selected from:

(a) halo,

(b) -OR’,

© -Cisalkyl, which is unsubstituted or substituted with 1-6 halo, and

(d)  phenyl;

R'® and R'%® are each independently selected from:

)] hydrogen,
) -C 4alkyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:
(a) halo,
() -OR’
(c) -Cj.¢cycloalkyl,
(d) phenyl or heterocycle, wherein said heterocycle is selected from:
imidazolyl, oxazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl,
piperidinyl, piperazinyl, pyrrolidinyl, thiazolyl, thienyl, triazolyl,
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(5) phenyl or heterocycle wherein heterocycle is
sel ected frompyridyl, pyrimdinyl, thienyl,

wowesardaapnyl , piperidinyl, azetidinyl, piperazpoyus2007/010952

pyrrolidinyl, norpholinyl, 10 tetrahydrofuranyl,
tetrahydropyranyl and pyrazinyl, which phenyl or

heterocycle is unsubstituted or substituted with 1-5
substituents each i ndependently selected from (a)

halo, (b) -CN, 15 (c) -ORa, (d) nitro, (e)

-C -6al kyl which js unsubstituted or substituted with

1-6 hal o; orisgezolyhanmeehdinghavhieh Rigny! Qrbeteroeyrds 1s unsubstituted
are attachedorjsabstithedfvathmn 8 shbstithents eichbin2épenderitbr etbcted from:
ring optionq&b% cog&glnlng a heteroatom sel ected from

N, 0, and S erein ~the sulfur is optionally

oxi di zed to Gihe sur®Bne or sul foxide, which ring is

unsubsti t ut eghiyor sONsand uted with 1-4 substituents

ggc?c') ”depeg(ieﬂ;: steIl Gt eiucfhrnombm% bsi n{%é"‘d o subgt?&tea% 1-6 halo,
skt | tnheeﬂ therﬁrqcyﬁlqw a{mrenah@!erche pmqhéyqted Rasairaidazolyl, oxazolyl,
R161 ndgf@brmﬁm Bfiﬁéﬂt Y, pﬁﬂh@ﬁhﬂdteﬁﬁaﬁfﬂmﬁm piperidinyl,

hyd
o 0 by, F it atitoh il Wb o, soxazotyt and

i ndepermemhpling eWb@hmeﬂylmhhetemcmw ig unsybisyitutedror, supgtjtuted with 1-3

- C3- 6Cysabanbibath cac{lﬁhdéﬁ&ﬂb’ﬁtgo{el&@&ﬁﬁ&ﬁy?' e, wherein
sai d hetfroq¥ﬁle is selected from 35 imdazolyl,
Byl

oxazol , pyrimdinyl, pyrazinyl,
pyrldaibhyl 4ﬁbbper|d|nyl plperazinyl, pyrrolidinyl,
t hi azolwl , tm%gayh@ﬂkﬁjazolyl -16 WD 2007/ 133491

PCT/ US2Q07/ 0109 oxazaol Linyl,. i.ch
phenyl 2@? OSSR BT OB i T o
wi th 1-(8) subphenylievhich isawhubsiidspe ntarbstiptglewik t edsubstituents each
from (i) ha@ependbidy sefRted frémliii) -CN, and (iv)
G - 6al kyl mpj ch ﬁﬁ unsubstituted or substituted with
1-6 hal o, !
(ii) -Csalkyl, which is unsubstituted or substituted with 1-6 halo, and

(iii) -OR?,
4) halo,
(5) -OR?,
®) -CN,
(7)  -COzR%,

(8)  -NR°R, and
(9) -C(=O)NR°RS;

or R'%® and R'®® and the atom(s) to which they are attached join to form a ring selected
from cyclopentenyl, cyclohexenyl, phenyl, pyndyl, pyrimidinyl, pyrazinyl, pyridazinyl,
furanyl, dihydrofuranyl, dihydropyranyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
imidazolyl, triazolyl, thienyl, dihydrothienyl and dihydrothiopyranyl, which ring is
unsubstituted or substituted with 1-5 substituents each independently selected from:
(a) -Cialkyl, which is unsubstituted or substituted with 1-3 substituents each

independently selected from:

0) halo,

(i) -OR?,

(i)  -Cs.ecycloalkyl,
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(3) phenyl or heterocycle, wherein heterocycle is
sel ected from imdazolyl, oxazolyl, pyridyl,

wEorasdEdnyl , pyrazinyl, pyridazinyl, tetrahydrPCf/Us2091/010952

pi peridinyl, piperazinyl, pyrrolidinyl, azetidinyl,
thiazolyl, thienyl, triazolyl, isoxazolyl and 10

nmor phol i nyl, which phenyl or heterocycle is

unsubstituted or substituted with 1-3 substituents

each independently selected from (a) halo, (b) -ORa,

(c) -C3-6cycloalkyl, 15 (d) -C i 4alkyl which is

unsubst it ut ét¥)or Phebeltarthgtesecysie hheren hateepcyelgds sedgeted from

phenyl, which is pymgyhsbiibidiad, wasu@stpyhua;ﬁﬁyvat nam§1
substltuents each.. i nde end QFéM ﬁBectgg?from
su

halo, (ii) -CL alBTa4iiRy BETPLIHHS THEP! A sprghotny 1, which phenyl or
substituted with @1660%@%15 uagebstingeq pr substigred with)l-5 substituents
halo, (5) -OR, eaél@)ndeﬁéﬁden(l?)sele@@ﬁ%m :25 (8) -NROR,

and (9) -C(=0O NRbR ; and R16b and the aton(s)

to which they are atta 0|n to forma ring

sel ected fron1cyc|opeﬂDeny$M0cyclohexenyl phenyl ,

pyridyl, pyrimdinyl, azunylmupyrlda2|nyl 30

furanyl, dihydrofurany r t hi.azol . .

i sot hi azol yl, oxazol ylI Psorx}%/{ &ﬁ*??/‘”%f% 'agﬂﬁqbﬁﬁmtéﬂ Or substituted with
triazolyl, thienyl, dlhydroiﬁﬂemyl and

dlhydrothloqy;anyk; which ring is unsubstituted or

substituted w.th ubstltuents each i ndependently

sel ected frdéi (a ih aIkyI whi ch is unsubstituted

or substi t ut(ed) wiSKOLRS, substltuents each
|ndependentlyngeIQgL@gqﬁp 35 (i) halo, (ii) -ORa

(i1i) C3.6cycloal (b] ﬂyfoo7/133491
PCT/U82007/6T9952§y V%ié% or heterocycle, wherein
het erocycl e (k3 seNEBPSO:R om pyri dyl , pyri m di nyl,

pyr azi rqgj lFBh"ehﬂat?r'hréYér@cygleOWh'eruWe{nd he&u&%@ag eemlmted from pyridyl,
I di ny

pyrr ol i.en an holin en
et er oGyl & AYETIHENh SHT EiP Bo Y piReug PR Byl rperaziny

subst i t uent pyrrolidinyl, thienyl and morpholinyl, which phenyl or heterocycle is
unsubstituted or substituted with 1-5 substituents each independently
selected from:
(1) halo,
(ii) -OR?,
(iit)  -CN, and
(iv)  -C,.salkyl which is unsubstituted or substituted with 1-6 halo,

(© halo,

(d  -S(OLRY,

(e) -OR?,

)  -CN,

(g) -C(=O)R’

(h)  -NR°R®,

@) -C(=0)NR°R¢,
()] -COzR?,

(x)  -(NR®)CO;R?,

(1) -0-(C=0)-NR°R¢,
(m)  -(NR°)-(C=0)-NR'R’,
(n) oxido,

-18 -



10

15

20

25

30

35

5 each independently selected from (I) -OR", (I1)
halo, (Il1l) -CN, and (I1V) -Ci -6al kyl which is

wae@ah3upt ut ed or substituted with 10 1-6 hal BCT/{82007/010952

-CQ2Ra, (vi) -NRbRc, (vii) -S(O,Rd, (viii)

-C(=O NRbR', 15 (ix) -N(Rb)CR2R , and (x)

-N( Rb) SO2Rd, (b) phenyl or heterocycle, wherein said
het erocycle is selected frompyridyl, pyrimdinyl,
pyrazinyl, pyridazinyl, piperidinyl, azetidinyl,

pi perazinyl, pyrrolidinyl, thienyl and norpholinyl,
whi ch PenyloX8raMkt erocycl e i's 20 unsubstituted or
subst i tpit ed -@RYSD,R%subst it uents each independently

e BRLSLERLgdgdalo” 1) a1 O ana

s(bst i hydegeni th 1-6 halo, (c) halo, (d) -S(O),, Rd,
(€d) - ORg.calk{f, IwiidtNs Lﬁ@uﬁﬁ}utiﬁr_-@ﬁggmgé J;;tggls\R?klb;aiimeﬁis)each
3 ( 8):?53%?’5&%%‘?%?‘%?35 :)( ) % C:E)) i N)RbR, (n) oxi do,
-18 WO(@007/heBB491 PCT/ US2007/ 010952 (0) oxo, and (p)
- (. " Rpp)SO2Rdy-C, galkyl, which is unsubstituted or substituted with 1-6 halo,
(c) hydroxyl,
(d) -CN, and
(e) phenyl or heterocycle wherein said heterocycle is selected from pynidyl,
pynimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, furanyl,
piperazinyl, pyrrolidinyl, morpholinyl, tetrahydrofuranyl,
tetrahydropyranyl and pyrazinyl, which phenyl or heterocycle is
unsubstituted or substituted with 1-3 substituents each independently
selected from:

(1) halo,
(1) -0-C,alkyl, which is unsubstituted or substituted with 1-6 halo,
(ii)  -CN,
(iv)  nitro,

) hydroxyl, and
(vi)  -Cjsalkyl, which is unsubstituted or substituted with 1-6 halo,
3) phenyl or heterocycle wherein said heterocycle is selected from pyridyl,
pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, furanyl, piperazinyl,
pyrrolidinyl, morpholinyl, tetrahydrofuranyl, tetrahydropyranyl and pyrazinyl,
which phenyl or heterocycle is unsubstituted or substituted with 1-3 substituents
each independently selected from:

(a) halo,
(b) -CN,
©) -0-C,¢alkyl, which is unsubstituted or substituted with 1-6 halo,
d) nitro,

(e) hydroxyl, and
H -C6alkyl, which is unsubstituted or substituted with 1-6 halo, and
@) -Ci.scycloalkyl, which is unsubstituted or substituted with 1-6 halo;

R® and R° are independently selected from:

¢)) hydrogen,
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Ra i s independently selected from (1) hydrogen, 5

(2) C, -6alkyl, which is unsubstituted or substituted
WOWa/133491 substi tuents each i ndependently selPCT/@82007/010952

from (a) halo, (b) -OC, -6alkyl, which is

unsubstituted or substituted with 1-6 halo, (c)

hydroxyl, 10 (d) -CN, and (e) phenyl or heterocycle

wherein said heterocycle is selected from pyridyl,

pyri mdinyl, thienyl, pyridazinyl, piperidinyl

azetldlny furanyl, piperazinyl rro

nEPphoCiadikyl wuchain asultstipused, ot subﬁ'éw%/%w!e ép@mﬁyﬁueaﬁ% Gach

pyraZInykmehhﬂhsabaB&ﬁﬁar heterocycle is 15

unsubs& Jtute g]or substituted with 1-3 substituents

each i Jepen ehtly sel ected from (|) hal o, (ii)

-0 C, (®al kyPR “which is unsubstituted or substituted

wth 1¢& haLQN (|||) -CN, 20 (iv) nitro, (V)

hydr ox 4, Q d -6al kyl , mhich i S unsubstituted

or sub |tute8)mnth 1-6 halo, (3) enyl or

het er o€8)c| e Phpyl@r he@mccrclt@ewémey%ql@ hf:tgr@épléefe gedeatedofipm pynidyl,

pyridyl, whfﬁleimwuneml Wazn‘@)/ rpiskavdim | azetidinyl, furanyl,
P rol .d'd.”%'yl B PR SR o F LR oruriy,
t et rahydr opW@fWFirwwiijmel Whﬂ‘&wf}?hﬁh(w heggrocycle is

het er ocycl e unSubsfsHEs bi dubsGhted wik ST bivsdtiednwichbh drd8pendently
substltuents eaégilndependently selected from (a)

hal o, (b) - O C -6al kyl, which is
unsubst i t ut e€) or babstltuted with 1-6 hal o, (d)
nitro, (e) hyg rowaRéand (f) -C, -6al kyl, which is
unsubstitute ?r S |tut d, with

- C3- 6cycl oal d%g?su#atflgge% G sggsgq%teg g’dl'6 halo, and
with 1-6 haIbV)SSHRUJand R are independently sel ected

f E}?m 5(1 lh))‘ ﬂE@g:ﬁ:@cle WHerd(d é’a@(@ﬁétlﬁﬁé&é is selected from pyridyl,
PCTIUS O I Etshlenyl pyridazinyl, piperidinyl, azetidinyl, furanyl, piperazinyl,

pyrrohdmyl, morpholinyl, tetrahydrofuranyl, tetrahydropyranyl and pyrazinyl,
which phenyl or heterocycle is unsubstituted or substituted with 1-3 substituents
each independently selected from:

(a) halo,

(b) -OR%,

(c) -C,salkyl, which is unsubstituted or substituted with 1-6 halo,

(d) -Cs6cycloalkyl, which is unsubstituted or substituted with 1-6 halo,

(e) -CN, and

(9 -COzR%,

4) -Cscycloalkyl, which is unsubstituted or substituted with 1-6 halo;

or R® and R° and the nitrogen to which they are attached join to form a 4-, 5-, or
6-membered ring optionally containing an additional heteroatom selected from N,
0, and S, wherein the sulfur is optionally oxidized to the sulfone or sulfoxide,
which ring is unsubstituted or substituted with 1-4 substituents each
independently selected from:

(a) halo,

(b) -OR?, and
(c) -Csalkyl, which is unsubstituted or substituted with 1-6 halo, and

(d)  phenyl; |
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(2) C,.6alkyl, which is unsubstituted or substituted
wWth 1-7 substituents each independently sel ected

wo e@m3ygad) halo, (b) -OR, 5 (c) -CN, (d) - OZRRES200T)910952

phenyl or heterocycle, wherein said heterocycle is
selected frompyridyl, pyrimdinyl, thienyl,
pyridazinyl, piperidinyl, azetidinyl, furanyl,

pi perazi nyl, pyrrolidinyl, norpholinyl,
tetrahydrofuranyl, 10 tetrahydropyranyl and pyrazinyl,
whi ch henyl or heterocycle IS unsubstituted or

“is @W??'}ﬁyeﬁf sadnframs syubstituents each i ndependently

sélect € salkoinwhidh)is abubstingtéd dr subBaLutedBwith il 9 substituents each
-C, - 6aFK%$em%ﬁh?@de&eH?%HpStItUted or substituted with

1-6 ha (3) phenyl or heterocycle,
mherelﬁﬁsaléaHEterocycle is selected from pyridyl,

pyr|n1@ymyl-okh|enyl pyridazi nyl, piperidinyl,
azet|d| ?nyl pi perazinyl, pyrrolidinyl,
nnrphoflnyl té rahydr of uranyl, tetrahydropyranyl and
pyrazi f) , 26Nwand h phenyl or heterocycle is

unsubsidyt ut gfemyl osu@fétdctyuteewhwetmsald ﬁet%k&?élletnélméo‘ied from pyridyl,
each |n3ependentl ected f

(o - oar Ryrmighy SRR e efhon Bt antiy, ffov.

with 1-6 halmer%nxldpmm@dympmov«wl teprahydrofuranyl,

unsubsti t ut e@h@fydﬁi,wﬁatnlyt Aol rudih{, M&Meayl or(Yero&Nle is

and (f) C@Rgﬁbs( g) gl ot %“%%C lte%awﬁx i 36\5MLSF Rjem% ea%mdeaendently

unsubstitute
R and the ﬁFkﬁ@Qéﬁ“ﬁo whi ch they are attached jointo
forma 4-, 5¢) or hald) 6-menbered ring optionally
ontalnlng a add|¢ onal heteroatom sel ected from N,
0, and S, whé& e|n e sulfur is optionally oxidized to
t he sul f one @) sut€ oeallge, whighiichnsubsigfuted ansybdssuted withdl -6 halo, and
or substitutgdyw Hhrol-4 substituents each

Ao g%ftl'c%Q?&%'gﬂ%%@ﬁwﬁwwa&ﬁﬁﬂs@m'ae SFig5ped froT ridyl,

subst [ tputla‘nldlwyl; thidnyd, yaldezinghgiperidinyl, azetidinyl, furanyl, piperazinyl,
pyrrolidinyl, morpholinyl, tetrahydrofuranyl, tetrahydropyrany! and pyrazinyl,
which phenyl or heterocycle is unsubstituted or substituted with 1-3 substituents
each independently selected from:
(a) halo,
() -OR’,
© -C)salkyl, which is unsubstituted or substituted with 1-6 halo,
(d) -Cs.¢cycloalkyl, which is unsubstituted or substituted with 1-6 halo
(e) -CN, and
) -CO;R?, and

3) -C;4cycloalkyl, which is unsubstituted or substituted with 1-6 halo;

" R®and Rf are independently selected from:

) hydrogen,

) -Ci4alkyl, which is unsubstituted or substituted with 1-6 halo,

3) phenyl, and

@) benzyl;

or where R® and Rf and the atom to which they are attached join to form a 3-, 4-, 5-, or 6-

membered ring optionally containing a heteroatom selected from N, O, and S, wherein
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(d) phenyl; -20 WD 2007/133491 PCT/ US2007/010952 Rd
is independently selected from (1) Ci _6alkyl, which
WO 2000n34bst i tuted or substituted with 1-4 subspCT/US2WT010952
each independently selected from (a) halo, 5 (b)
-ORa, (c) -CO2Ra, (d) -CN, and (e) phenyl or
het erocycl e, wherein said heterocycle is selected from
pyridyl, pyrimdinyl, thienyl, pyridazinyl,
pi peridinyl, azetidinyl, furanyl, 10 piperazinyl, .
pyrrolidinyl, norpholinyl, tetrahydrofuranyl,
t e suhkpa iopRtanally OéH’dZG&P
hetiestidgyd Math B4 subsithisits tathdfdependettibtdeledteddrovht h 1- 3
substikﬁgnt§]%§ch i ndependently selected from (1)
hal o, (i1) -CRa, (iii) -Cl_6alkyl, whichis
unsubstP} ut e®Ror substituted with 1-6 halo, and (iVv)
nitro, (€R) piagRykyRivhied isuasytstititednedudititusal With 1-6 halo, and
hetero%xfle isniplected frompyridyl, pyrimdinyl,
~ thienyl’ py#f&a rnyl, piperidinyl, azetidinyl,
mis K,dremn3il , pi perazinyl, 20 pyrrolidinyl, norpholinyl,
nis 1{Btorahydrof uranyl, tetrahydropyranyl and pyrazinyl,
s 0 icg‘phenyl or heterocycle is unsubstituted or
VIO uSStTtuted with 1-3 substituents each independently
kisOsblog@ted from (a) halo, (b) -ORa, 25 (c) -G -6al kyl,
whi ch is unsubstituted or substituted with 1-6 hal o,

and pé%&iﬁ%@é %lﬁﬁ?et%:%a é_ %al%%gof(%dqgé%pd?}gk%ﬁj ; 1?)m%&%diastereomers
thereefnd (3) - C3-6¢ycl oal kyl, which is unsubstituted or
substituted with 1-6 halo; 30 Re and Rf are
i ndependently selected from (1) hydrogen, (2)
-C,.alkyl, which is unsubstituted or substituted with
1- 6 hal4n empgyimrne o the ipyrhtion includes compounds of formula Ia:

R7 H O
N. _ES
RH)]\N X NH
T XY
“A2 “EP J7

Ia
wherein A', A%, A%, J, Y, E?, E®, E°, R®, and R are defined herein;
and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers
thereof.
Another embodiment of the invention includes compounds of formula Ib:

R7 O “ Ec O
3 P
RY’

Ib
wherein A', A%, A%, E* E°, E°, R", R%, and R are defined herein;
" and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers
thereof.

.22 .
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(4) benzyl; 35 or where Re and Rf and the atomto

which they are attached jointo forma 3-, 4-, 5-, or
w®200maesdaer ed ring optionally containing a het ePORUS2007/010952

selected fromN, 0, and S, wherein -21 WD 2007/ 133491

PCT/ US2007/ 010952 the sulfur is optionally oxidized to

the sul fone or sulfoxide, which ring is unsubstituted

or substituted with 1-4 substituents each

i ndependently selected from (a) halo, (b) -ORa, 5

(c) -C alkyl, which is unsubstituted or substituted

Wit h 1ﬁe\q4mrsmbgﬁunew thhigngptionynglugepcqsppounds pg formula Ic:

1,2,0r3; visO, £ 10 ki sO or2; and Q

pharmaceutical l'y '3 c bt abl Fﬁ

i ndi vi dual enaRg® rs EofNHL5

An enbodi mnent of t q |nv'e:pt| des unds of

formula la: R7 0 AQEA RGQ\NNYEE b7 a
Eb ~ 1Y la wherein A, A2, A3, J, Y, Ea, E', [E, M,

and R7 are defined herein; 20 and pharmaceuti Cs
acceptabl e salts thereof and individual enantioners
and di astereoners thereof. Anothef, enbodi ment of the

|nv¢nt50r§|p «<onpounds of forrrulalb R7 0 HO
whergt AV N, B e BAANG TR de e et b R 11 25
and phmmaeetchlly agx2ptahB; salfta thdrbof dnd it viduRbenaandmiis andaliastereomers

theredtef i ned herein;

In an embodiment of the present invention Al is independently selected from:

1y -0,

2)  -S(O)-

(3) -CR°R'-,
(4)  -NERY%-,

(5)  -C(N(R")(C=0)OR")(R")-,
(6) -(C=0)-, and
(7)  -N(R')-, wherein v, R, R’, R®, R%, R®, R® and R'' are defined herein.
In an embodiment of the present invention Al is —O-.
In an embodiment of the present invention Al is =S(O),-, wherein v is defined
herein.
In an embodiment of the present invention Al is -CR®R’-, wherein R® and R’ are
defined herein.
In an embodiment of the present invention Alis CH,.
In an embodiment of the present invention Al is -N(R®)-, wherein R® is defined
herein.
In an embodiment of the present invention Al is -NH-.
In an embodiment of the present invention Al is -C(OR™H-, wherein R® is
defined herein.
In'an embodiment of the present invention Al is —C(=0)-.
In an embodiment of the present invention Al is -C(NR’R)H-, wherein R® and
RE are defined herein.
In an embodiment of the present invention Al is -CON(R®)(C=0)OR?)H-, wherein

R? and R® are defined herein. R
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and pharmaceutically acceptable salts thereof and
i ndi vi dual enantioners and di astereoners thereof. -22

wOE0208349133491 PCT/ US2007/ 010952 Anot her enbpdi/mg2o07/010952

deﬁneﬁ

of the invention includes conpounds of formula Ic: R7
O HO c R6 ANNY'YE NHA :AZ A3 0 Ea Ee N 1c wherein
A, A2, A3, Ea, Eb, E, R6 and R7 are defined herein;
5 and pharmaceutically acceptable salts thereof and
i ndi vi dual enantioners and di astereoners thereof. In
an enbodi ment of the present |nvent|on Al is
[ ndepelilﬂemthr)bodmhmt)ﬁdlefprmm m(vit)tlerOA id lhdepondently selected from:
g)O),, CR6R -, (4) -N(R8)- 5

N( Rb ﬁg—Qj(Ra (Ra) - (6) -(C=O-, and 15 (7)

R yC! v, R6, R7, R8, Ra, Rb, R and R are
ded)i neel(dhﬂb)e; whereth%MeR‘(?mﬂndrm'hareodemhé hpre@s ent
i nventi 2 r 6 7
| nvent {ioan fnehiricly of b A AIBIChAGNAZH, -ROREY #REI RS and R are
&R, I'n an enbodlnent of the present i nvention Al
i S - CRGREn embbeinsint oRheareseRVinaestior?A2defCHed her ei n.
In an bi. is CH2.
In an AiaRgrtEdimé of fif MEEREM eLAUERR EXCO)
-N(R8)-, wherein R8 is deflned herein. In an
enbodi e ah eafbotiiigerp e gRPredenventnwon AP i tdeplhden@bsdlécted from:

nboé?. egnt of the present invention Al is
§%b 10Whereln Ra is defined herein. In an

di nER{ Rof- eM& present invention Ais -C(=0-. In
ans)enbosumém whkrdimR® R e Réhind RVend defineliherein.

- NRb%@a#emb%%&it s B!% p%]&nt 5v@£t§or¥jgﬁ iigl-%ildﬁe-r, Q\ift{érein R® and R’ are

defined herein.

In an embodiment of the present invention A% is —-CR'°R''-, wherein R'® and R""

are defined herein.

In an embodiment of the present invention A4 is independently selected from:
(1) -CR°R’,
Q) .CRR''.,
3  -NR")-,
(4)  -N(RY-, and
G a bond between A% and A3 , Wherein R6, R7, R8, R'% and R'" are defined herein.
In an embodiment of the present invention A4 is CH,.
In an embodiment of the present invention A4 is a bond between A% and A’

In an embodiment of the present invention E2 is —C(R*?)=, wherein R** is defined

herein.

In an embodiment of the present invention E2 is —C(H)=.

In an embodiment of the present invention E2 is —-N=.

In an embodiment of the present invention ED is —-CR*")=, wherein R is defined
herein. :

In an embodiment of the present invention Eb is —~C(H)=.

In an embodiment of the present invention Eb is -N=,

In an embodiment of the present invention EC is —C(R*%)=, wherein R*° is defined
herein.
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30 I'n an enbodi nent of the present invention Al is

-C(N(Rb) (GO ORa)H, wherein Ra and Rb are defined
wheeoaisa49t 23 WO 2007/ 133491 PCT/ US2007/ 010952 PET/E82007/010952

enbodi nent of the present invention A2 is

i ndependently selected from (1) -CR6R -, (2)

-CR10R11-, and (3) -(C0O-, wherein R6, R7, R10 and

R11 are defined herein. 5 In an enbodi nent of the

present invention A2 is -CR6R -, wherein R6 and R7 are

defined herein. In an enbodi nent of the present

i nvent ilman AthbiodimEHaf the prasemnirvebioh Eemt —OfH)he

pr esent, iL,RYARLUAReADF1R pikGTPliventddh £B @nnenbodi ment

of the present 1 nvention A3 1s independently sel ected

from (1) -CR6R7-, (2) -CRIOR11-, and (3) -N(R")-

wher ei r]nEB,enFEZ)di:ﬁH:ﬁ odi ek ;R]:éenahs/edﬁcﬁri Qad {@ere)n. In an

enbodi ment of the present invention A3 is -CR6R' -

wherein R6 and R7 are 15 defined heregin. an

enbodi BAR egrbodimen of dhepressny Hrenten R3is %:—'Qcm fiiamr bydrogen and -C;.
calky NI iB uﬁiﬂxfbsﬁﬁﬂed%ﬂsubamtatede&mnecs fgrei n. I n an

errbodl ' 4.i

[ ndepe ént %Ib&jnﬁect egﬁQéreLJﬁYﬁ%hﬁ% ﬁ é %éjﬁog-e,n' (2)

- CR10R11-, (3) -N(R11)-, (4) -N(R8)-, and (4) a bond

bet Y\/eel'lnAa e@tbdAdentwieliceprasdid invBrtioRR>?, Ri0aahR>*Rre @idependently
selectggffﬂon'[eﬁg'd}gé%&d I n an enbodi nent of the pr esent

. I n an enbodi nent ,of Sg gesent
i nvent ilBAn Ambodimgens f ghaypresass invantiom B AR n are hydrogen.
enbodi nent of the present invention Ea is - C( R5a) =

uher el B RalipafiStinRhe DRI fifof Re 3Ry R0CH, g@,;undg&uy selected

the present 1 nven
from:of the present invention Ea |s -N=. In an enbodi nment
of(1y he }gaﬁsgeat invention Eb is -C( R5b) =, wherein R5Db

o0t LB oAl s ERBOSH AR L0 R S where e
prsggséﬁutentmpempqcbn epgentN:selected from: ha]o phenyl and -OR?,

3) -Cs4cycloalkyl, which is unsubstituted or substituted with 1-5 fluoro,

4) phenyl or heterocycle, which is unsubstituted or substituted with 1-5 halo,

wherein heterocycle is defined herein,

(5)  halo,

6) -OR?,

(7)  -NRPR®, and

(8) -O(C=0)R? wherein R?, R® and R° are defined herein.

In an embodiment of the present invention R® and R’ are independently selected
from hydrogen, OH and -C,_salkyl, which is unsubstituted or substituted with 1-5 fluoro.

In an embodiment of the present invention R® and R’ are independently selected
from hydrogen, -NRPR® and -C.galkyl, which is unsubstituted or substituted with 1-5 fluoro,
wherein R® and R° are defined herein.

In an embodiment of the present invention R® and R’ are independently selected
from hydrogen and -C,galkyl, which is unsubstituted or substituted with 1-5 fluoro.

In an embodiment of the present invention R® and R’ are ethyl, which are
unsubstituted or substituted with 1-5 fluoro.

In an embodiment of the present invention R and R’ are methyl, which are
unsubstituted or substituted with 1-3 fluoro.
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In an enbodi nent of the present invention Ec is
-C(R5¢c)=, wherein RS is defined herein. -24 WO
w@o@7/1388491 PCT/ US2007/ 010952 | n an enbodi meptT/o200te10952

present invention Ec is -C(H)=. In an enbodi nent of
the present invention Ec is -N=. In an enbodi nent of
the present invention Qis -(CO-. 5 1In an

enbodi ment of the present invention R4 is selected
from hydrogen and -G _ 6al kyl, which is
unsubstituted or substituted W|th15fluog In an

enbodi eap eatbodimens o& erreseny invention R4 and Rhpes hgeqarbopcatom or

atoms @ vatilick ﬂ%@@kd@dﬂchéﬁ Jdi:hﬁ) foresehhg balvaed from dysRprdfsid, aibbutyl,
re indepen

cyclo?]e&?% d'|°ﬁ°l§ﬂy ecn’)bci erz% h tcyg‘l]ol'n%;%éleﬁ}' ééenrgtter%gr%gltog%xenﬁg 6t‘etrahydropyranyl
pyrrolgibylaand Rperidingl, Iwhictogeg is unsubstitated odiswhstituted Withd -6 substituents each
mdep@ﬁcféﬁﬁptseuea\é@ﬁbhpn R6 and R7 are i ndependent l'y selected

1 ro h 2
gg)u bst tl]gﬂ].l}g Xf?nc?nu% g{m{b eltuae% or, sﬁjlbkt)(tgt lmgl{ IF t3u5éxﬁ§t1tuents where the
wher e tshbstityighistarg Mnn@emnéeréb/cwqcmefp@ndl@qm apd -OR”,

S&)egt %eﬁil%ﬂpﬁhé&lowhﬁmme, pl‘f'éﬁ?ltor%dyl(lg)opnonally fused to the ring,
CycCl,0 unsub i tuted

wth 3Pt perd o By OB EER sRELRUEE it JiS Substivuents
i s unssesh indgpendently squtscql frotre dhalg, t @RY, apd k@) -grlkyl, Wthh is

wher ei \iRIEERIAEY 61 &absBndef WitBd -Hausion, (5) halo, (6)
%a J}(“*Q NRbRc, and 25 (8) O(C—O)Ra wherein Ra, Rb
R

@8fined herein. In an enbodiment of the
prigsent-CRénti on R6 and R7 are independently sel ected

wherdih RN YA REReiH and -G _6al kyl, which is
unsubstituted or substituted W|th 1-5 fluoro. In an

enbodi nent of the present invention R6 and R7 are
| ndeperideantequbodehmtoéme presemt ipénoge R’ is $4RiTRd faord: hydrogen, -

C(=0y _éajzka/ _SOYRH andLé m&bw&% SHsusti SSdr shbdtRbieWivtith 1-5 fluoro,

and are defi ned herein.

, wher &1 n
Wherq‘ﬁiaﬁ“g%b(?ﬁ‘? Hed bereine pr esent |nvent| on R6 and R7
are | ndeperdentines of dut peserit mrmhyldRSgewlwmi from: hydrogen, and

—Csalbedr, %&Vn‘s ,unmvsﬁﬂxtécﬁoﬂ%%&%wdt\%ﬁ@ Pliugybstituted with
1-5 f1 In _an en‘? di ment of the %Sesent i nventi on

R6 and ?“ai’l"g"’@t‘ﬂ‘g’ﬂ‘ of i RIESSDE & venHaY B i BN e&F or
subst i tlntaacbnvbotihndmﬁvfftlhmmsnnt FoentiomR® ennethiyhent of
the present invention R6 and R7 are nmethyl, which are
In an embodiment of the present invention R® and R” and the atoms to which they
are attached join to form a 4-, 5-, 6- or 7-membered alkyl- or heteroalkyl-ring optionally
containing an additional heteroatom selected from N, O, and S, wherein the sulfur is optionally
oxidized to the sulfone or sulfoxide, which ring is unsubstituted or substituted with 1-4
substituents each independently selected from:
(nH halo,
2) phenyl, which is unsubstituted or substituted with 1-3 substituents each
independently selected from: halo, OR?, CN, and -C(=0)OR?,
3) -OR*, and
4) -C)¢alkyl, which is unsubstituted or substltuted with 1-6 halo, wherein R? is
defined herein.

In an embodiment of the present invention R'?is selected from: hydrogen, and
—C,.salkyl, which is unsubstituted or substituted with fluoro.
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unsubstituted or substituted wth 1-3 fluoro. -25 WO
2007/ 133491 PCT/ US2007/ 010952 I n an enbodi ment of the
w@r@sapd49i nventi on R6 and R7 and the carbon atPOT/0K2007/010952
atons to which they are attached join to forma ring
sel ected from cycl opropyl, cyclobutyl, cyclopentyl,
di oxol anyl, cycl ohexyl, cycl oheptyl, cycl opentenyl,
cycl ohexenyl, tetrahydropyranyl, pyrrolidinyl, and
pi peridinyl, which ring is unsubstituted or
substituted with 1-6 substituents ea
i ndeper@@Rempodunent O therRrgiant nyentien éal ﬁ%ydf%ﬁ{‘ch i's
unsubstlh antebodimaulos the preseat wiviehtidn B' Sishsddpendamtly selected from the
substitutents are each i ndependently
gouﬁW%ﬁEEnﬁ%§¥r0n1 halo and -CRa, 22 phenyl or pyri
wirbesyInfurany Lanyesgimy ol?yrmx dRATidyd, Ryp¥giiyf mﬂwé.\éldt%azolyl thienyl,
t azolyigind isuxdzotl, sthephRHYik uasubsyititetydr substituted with 1-5 substituents

ung ﬁntdaée%%g 71?:'&{?(:‘13 bltn%‘i’d wi Rl #"Baﬂi%wﬁ%% RIARI g1 gise

eac y Selected rbm alo
- @ndka WF defpadchereis. unsubstituted or substituted with

1- 5 f | llﬁfaﬁ,emt(oa)m&ﬂ'o@ ,the%ﬂdse(nfr)nvem&RR,” is\/ldheﬁ)ﬂl Whida i$ Gnsubstituted or

substi ég hgr ebstltue if_Teac ﬁ??‘g%nqﬁ n':cte from ?(C?rl%) %E R'*? and R,

wherei - GZIR a!ahB @PMHWI‘ICFWW ch |s unsubsti t ut ed
or substltuted vvlth 15f|uoro wherein Ra and Rd are

defl ned herei,n nt he
oot e R bl 3 R T Bl B LRG0 o e

-Cisallgl, whickys unSM‘?F%‘thdSOTGHB%WStFijt“(]t"eb%’@@ubst ituted with

185 fl uﬁ(r;a entbbdafeariTesH ;Bnigﬁgn afvehtion RI"Esﬁmethlynventl on
R8 is ro | embodi nent ..of Skhie present

i nventi ﬁ%’eb ”nn%rgoqethﬁ%reseménn\%gt orr‘nle{nt o'?yd?% pr esent
i nvention R8 and R7 and the atons to which they 25

ar € at tlﬂ%ﬁ%ﬂd@hlﬂeﬁt(bf&lﬁ ﬁ?eé’erﬁrmveﬁtlon Bis QC(WLGEUEUQRW?@@) or -N(RY)-,

het er gal ky t| onally containing an
Wher%ﬂ rlénalR h%’fJ o%trteoCJ é’d fromN, 0, and S,

wher ei rintahemshedimentios thmmnesnmnrwnngrxﬂ d§ Z6¢R {D-, ttherein R'®? is defined
hereisUl fone or sul fOXI de which ring i s unsubstituted or

substi tut ed 1- ubstituents each gndently. 7 18

el act ot regtoR iR B PR ST BRERIT: Gy o 7 Eorein R and R
are defiredibetdin.ut ed or substituted with 1-3 substituents

?g?h )Im%wtsiﬁ%wt &Qh@ﬁk%tﬁﬁ@ﬂhoﬁ‘@';& 'hCiN's, and
s ubb (el SBoGmE SRS S eROED YT il Rigs defined

herein.s defi ned herein.
In an embodiment of the present invention J is —-N(CH3)-.

In an embodiment of the present invention Y is =C(R'6b)-, -CR'""R'"8- or —C(=0)-,
wherein R'®, R'” and R'? are defined herein.

In an embodiment of the present invention Y is =C(R'")-, wherein R'®" is defined
herein.

In an embodiment of the present invention Y is -C(=0)-.

In an embodiment of the present invention R'®* and R'®" are independently
selected from:
1 hydrogen, , .
) " -Cj4alkyl, which is unsubstituted or substituted with 1- 3 ﬂuoro and
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35 In an enbodi nent of the present invention RO is

sel ected from hydrogen, and -Cl.6alkyl, which is
woipauahsispt ut ed or substituted with fluoro. -26pr&NUS2007/010952

2007/ 133491 PCT/ US2007/ 010952 In an enbodi nent of the

present invention RLO is hydrogen. In an enbodi nent of

the present invention R' is independently sel ected

fromthe group consisting of: phenyl, furanyl,

pyrazinyl, pyridinyl, pyridyl, pyrirnidinyl,

pyrimdyl, tetrazolyl thienyl, 5 triazolyl,and

i §Pxaz @Kymyl ofheleEoTRelE, w@ews%/@gtppwf éﬁcﬁe&ﬁ“eé‘ufb@flt pYTidydh pyrimidinyl,

W th éfgraiumtthiab_@lm ,%hieAAC Ridz6HEAsHAeIy| 3nd/logsHotityl.
from R 3, R4, R 5a and R sb, vvherelnR'Z R 3,

R 4, Rl15a and R sb are defi ned herei L

embodi fean embodireens of gwrreseny myentom R ‘"‘asch rapt the atom(s) to which

they ah“@h%hb@ dif vl 4 HhESk18dted &Hbﬁﬁﬂeh?ll Q0 lt Bqd]-p)"c_}umdmyl which ring is
unsubgtltu%dlczf Eatltgtgggﬁaal &l%esguggtgtﬁgrtlt%%cﬁme ﬁe;ﬁ,n entk;omle dfrom halo, OR?
and - (R}@hkyandnﬂ‘l Bounspbstitetei ve dubssitused withr - &ﬂuem;omenmﬁi of defined
herel,{ he present invention RPGis selected from hydrogen

al whi [
WI t h 193 F@%dmerghgg}ﬁa%iﬁ{%se%#x&ij %%d Oég:ﬁ? Stclltlgeuztatgrql(s) to which
they drquttathedjpiRR fammnetihg kelectdd from lamde/h‘@odipwenudmfyl.t he

present invention RP is hydrogen. In an errbodi nment of
the pr sent inventi o is = - or

.\ Rb)eIn SASCEITRe gé\he ‘ﬁisﬁ"%’gnté%ﬂimﬂﬁ are defl ned
her ei n.Inan esrbodirherdiofithet prefent inveptiessemg L.i nvention J is
=C( RlehaneMb%aﬁhéht%%% g)r@sé#.em\xéﬁdona% herein. In an

\i/hngrog: 9%f gﬁsg’rogéfagt\’ggfqﬁv ﬁlg%cl)rﬁgpgl 4.‘5 Lhef %“Bl s recnted structures or
substructupeli neeitd moftipld substiopersthavingshe same dedignationzach sucharariable may be

the s %xﬁ?ﬁht 85midien BiSSR dés%\‘ﬁ{éﬁ'v‘aﬂa@le for MAie,; if R8 is recited
re|n I n an 0|mant of

rein erl ne
multip é”‘ffﬁség @ﬂtenﬁlﬁggﬂ?r}té’g fgrn?\ga tancef ff gn E%Hml%?ﬁay
indepefidenklg bpraeg efithei sabstnidtanas Heﬁmdq@(daisﬁ) The i1GRbARA 85 nagrlimited to
structuxqs afl)):l subsﬁﬁ@ﬁﬁ% \theﬁl]each RB/mafde @@sﬁ(‘ieefoq %fél%erfjstmcnue The same

ﬂe; In an odi nent of t resent |nvent|L§)ﬁ
is 'I“"? g (‘iﬁ?f%‘t})) a“Y\X/ﬁ'é? £ APREEEIHEIMUIHR T INReYYcre ppsubstructure.
enbodi rMwrtcoaipaubnds pf msepmd:sennmemnomnnay cantai@(or@pr mdre asymmetric

cemee%elréag%m%w& ,saenmse cérmeqnfxmes RifAe anthiBiRR,

are ependent | ect ed from
diastereomeric mxxtures and mdnwdual astereomers. Additional asymmetric centers may be

present depending upon the nature of the various substituents on the molecule. Each such
asymmetric center will independently produce two optical isomers and it is intended that all of
the possible optical isomers and diastereomers in mixtures and as pure or partially purified
compounds are included within the ambit of this invention. The present invention is meant to
comprehend all such isomeric forms of these compounds.

Some of the compounds described herein contain olefinic double bonds, and
unless specified otherwise, are meant to include both E and Z geometric isomers.

The present invention includes compounds of formula I wherein one or more
hydrogen atoms are replaced by deuterium.

Tautomers of compounds defined in Formula I are also included within the scope
of the present invention. For exa.mple, compounds including carbonyl -CH2C(=0)- groups (keto
forms) may undergo tautomerism to form hydroxyl -CH=C(OH)- groups (enol forms). Both

keto and enol forms are included within the scope of the present invention.
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(1) hydrogen, (2) -Cl1 alkyl, which is unsubstituted or

substituted with 1-3 fluoro, and -27 WO 2007/133491
wEEWS2007/ 010952 (3) phenyl or heterocycle, PEUS2007/010952

heterocycle is selected from pyridyl, pyrimdinyl,

pyrazinyl, thiazolyl, thienyl, triazolyl, isoxazolyl

and norpholinyl. In an enbodi nent of the present

i nvention Rl6éa and R16b and the aton(s) to which 5

they are attached join to forma ring selected from

phenyl, pyridyl, and pyrimdinyl, which ring is

unsubstAst wilkef anpreaidssd by thasd ofiskill in-the auinot al @ thesR6 and R7

substiRRAH drd g%@m&’m)hﬁm%@ ©5d 8eudtireMMbrabRer, &3a thédeGubstituents capable

substituted or substituted with

| Of”“%%‘?af'%%‘l?y%@?ye?%sf unl"?"&esln'“ﬁg’tﬂe herein. In an

enbodi rdse andpprécatpd b eimdseiof vleibltinane &t.0wl@ochdigin asnged herein are
e e i by e ot

A onbdth WA TOBTI R br SeuRdsc b dhgang et beangned fa eyic siructures
having np eaibenrip-cafbontiiouplecarariplei bopdnt Thws B1i6alky] is defingdhto identify the
gmup%@’%gdf Eamz 9f4 the doéa‘?ﬁ&{étm a%%a.t amancuea 4 & cloalky!” is an

iy B ] AR GPise 13rmY A ppEe! e EPerCadig tip Do is defined o
1denn§}u1thstplrésaﬁm of hdivécngotdientdaned. desi gnati on each such

vari abl er{% bﬁkeﬁﬁenéﬁ&el {ar di B{)ar%lg{(ga ng%{cﬂﬁése%ﬁ‘combmanons thereof,

simlar deS|‘gnat ed vari a

of thepdicatd nUmBET PhIAEbY HEES; FAVARE BriBRPRE FITOBH-q-BRsRaD goyble bond,
wheredgmbpdropat aag de oéplREdiby dncadditicnal carhyn-te-natdpe doetsit bynde

any of ﬁi@%ﬁ#ba *’H{ ﬁﬁéar%ﬁgra&aefé@d stﬁ&mgp%d combinations thereof,

i nvention I s (%haé structure
of thedpgispied atbes oLgrEbn ﬁO@achmg fhlstst gae £4B0R: a%affbsf' trjple bond.
gi ven sttsr uset thieesin, Faey 1 ssnatended tdmeamiut)hswlﬂs petibcyadicampicyclic

carboy @lrgg t@ F’mﬁ@rﬁlh&g 1WActhi r fe thchg?ﬁ af Ra& onk '}Mgtn y%n&'ﬁc The

urq € conpounds pr esent nventi on
term rhggﬁre%weam Breresyclitor 8s wedmesrin CEC0pt et 0teth RSP 2 stable 4 to
8-mernbered OtdHdcy Elic- loa 6@abRts 30 ADdndrabasd bicytxd tadcydicigesystem which is

eiﬂaer%gﬁﬂ%tie&)gﬂlﬁsamgiﬁg d&}%rxﬁf?n obfsiffs X U BSn %?nsl a[ﬁg' ﬁ’drﬂ' ldﬂl: sysix

ereoners asymetric centers
heterqptenge pelecied ERE the SERBrFomRisting PliNe Oof, Praad @arﬁné werem the nitrogen,

sul furSdasgHob ptegit § h@eroatinsmbe 6 pli¢hal lzaeoxsdiedd, ans avairogeh heteroatom may
optior?aggftbeerqu}ggr#% Q gagﬁgﬁcﬁﬁ&%éﬁp? bt g'yﬁ(te ﬁ‘ll WBOSSI ﬁ%%g gfqﬁr?%l?ove -defined

heterqeygheriggnitdusndds pdreagrnsring. nl e haterpexclisnhednapbs ataghed at any
heterm&rhloabhbboﬁ lafdh ivallch ReMROMNES c@hton 8L dbld swuttard) Exi@nples of such

heter&rﬁgf-l% gt?) pg mc?ud ﬁ&(n%é RP 1MQ%PJ %Eaﬂ'hné QW%OG%Hyﬁhofuran
dihydeqmypasu dins %«H@n emefdff@ﬁﬁaum@'%@bfimse'dmﬁmﬁdwone
muda@snﬁ@hmxdalzefmdnecuﬂeubé @sdaidifan, astinddlitle e 6thsepeiiné, iigrhiazolidine,
nsoxa%lnx%r Wo?%f)h%'ir?e %?ﬁiohtng Jng h%ﬂﬁogeOtoQafoS!ﬂ\%do%azgﬁzgl%,toéiagzolidinone,

oxemﬂ@r%ﬁx@ewawf’émeamoﬁ@xggsngwgﬁl Iﬁ%:ogg@ﬁdmeo xgpygrolidine, piperazine,
piperideid, poRd Pyragaidied, ipyizollad) peirehidinef pyaime Ul fudlriing) @drahydrofuran,
tetrahygrop())';arrr\uhgamo rh%hﬁ‘!; %ﬁa&&ﬁleuﬂﬁéjz&f\fd rl?-:' H’u&lﬂgrp%gﬂgg and N-oxides thereof.
The term “heteroaryl”, as used herein except where noted, represents a stable 5- to
7-membered monocyclic- or stable 9- to 10-membered fused bicyclic heterocyclic ring system
which contains an aromatic ring, any ring of which may be saturated, such as piperidinyl,
partially saturated, or unsaturated, such as pyridinyl, and which consists of carbon atoms and
from one to six heteroatoms selected from the grbup consisting of N, O, S, P and Si, and wherein
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‘and thg, Kk 1smf St gl iPERParerhiEO R 83BE 9T

35 of the present invention. For exanple, conpounds
i ncl udi ng carbonyl -CH2C(=0)- groups (keto forns) nay
wolpeengmot aut oneri smto form hydroxyl -CH=C( OHeT/ysmup610952

(enol forns). Both keto and enol forns are included

within the scope of the present invention. -28 WO

2007/ 133491 PCT/ US2007/010952 As will be appreciated

by those of skill in the art, not all of the R6 and R7

substituents are capable of forming a ring structure.

Mor eover, even those substituents capable of rin
the nifrggemshidur anshPhosPharys Aeferoptnms may Pﬁ@orsqlwmqw@zefg\lage the nitrogen
hetercﬂﬁoxﬂﬁlﬁﬂy&fpt@hﬁlﬂy bel qtuheﬁrﬁzeﬂf aﬁddnlcludhrfg drfyebiaydlic gai@hminoxhich any of the
abovegﬁe}tglggfi]e?ﬁsro%? o g% }?D ﬁllge%%t% l’L)S li‘smg%‘ed’l'ﬂ%hétgrocyglc ring may be
attachied [ak gay’ hertsroamﬂd@%b@reamawhtthre%mts ity therarprtipnanfch stable structure.

Exam%)’éé'df%ucléﬂ ﬁégsrbwgromvmdladdl BuEe MNinIea 36, MRAziEauR ofe,
e DO

| k I 1S d
benz'?%‘ﬁf?l?ybet"ﬁésoxazr%%p asqﬁaw ﬁg thigZo %’%eﬂz &gmgge%e benzotriazole,
benzaxardlercarbqling, cmn@lame Mr@mmmm@ﬁple indole, indolizine,
1soqum@}’1913 agbkidzolel ﬁoﬂ&ol@'dﬁiﬂﬁ&yﬁ%& &{adﬂizbleof)x%léi hMﬂﬂaJa(z‘the pteridine,

e
qumobov,aq\amxabmdetrw,ttbllamazgllemw,do?e theepiene maaineptriazole, and N-oxides

thered¥ anched st r uct ures and conbi nati ons thereof, of the

i ndi cat ;, ”%F'ixpg& (gé %my,hgmté}ﬁiy gtto lrcqglslto nﬂagde alkoxy

car bon-to- carbon erein rogen may
groupsaflfmoed th§ carboadtdms ofabtraighth brantleedcandooyalid emﬂlatratlon

bond The: jighde: pawzméhncm%sedmm&ars R l@)‘e@r}fehﬁﬂ to refer to those
ctures and cormhi nati ons the

comppi: ST AP SO B BOA dPONRE Jom B "agup i fgope of sound
medicA j latgment-suitatle fort wseph eohieridvititheutisdeshfitinmn beamgslahd animals

whdu%ek&fsﬁogﬁgué.@ mlcﬁ.nmagﬁhie@pdﬁe@%mérgr&mer{alowsllnbﬁcauon

car onrltg% 1§ fgﬁg;?ertsln each ring, wher el n
CO”U’A?“SP@é%W ée?%OHEbF oy T8UO-The term "heterocycl e"

or "het&s oseddierah, "pherraedtitalysicnematde paltaiirefee tanddredtives wherein
the p&r@ﬁ?tr c%%%&ﬁd?s %ame% b%/ mh@ng SeiTRIFDALEHITRREYC I HxampHs of

- to nbér e ycllc heterocyclic rin
P w@@f@ﬁ@?ﬁlwﬁcewt? < SO - WAL BRI G RSaR gt gaani acid sals of
basicaegidwdsisabh eomairet;salkdli crgrgamc aalmmf amidic fesodnes nactt @ a@rboxylic acids;
and Llli‘eeﬂfé oﬁé)ﬁ%n%%&ﬁitcﬁﬁy L&:Qgiauéesagg HHudete k&WCQQOQJI In- toxnc salts or

d Wwher 1gro gen, [’F ?
the q%ﬁ%‘ﬁﬁoﬁ‘ﬁ%‘%’é‘f‘é?"é‘ét"éﬁ%‘* PRI SmAgHHaS s  Ggeapnelg, Mgfynon-ioxic

inorghtiie of ot gangeavidre tor eabmplensych copiveraitalal gobexic salts include those derived

from%&ﬁ?@%ﬁuﬂgs A Hgﬂgdcﬁﬁdgrbgnea}xbmnmcwmmgraﬂﬁm,@ mg&tbm nitric

Dove- | eterogyclic rin I's fused
p%/ guch; qﬁg’lCﬁtH‘y pb@lomc succinic,
glycadic] eiedriag latic anylid Sarterics civdt, st arbics parboie, adatwic, \Wydoixymaleic,

pheng)%éé“cr gluw?ltchger%'bﬁ:agél ?ll@f L artil @bi %ce?BJE}bcef-ﬂ%) fugmadcétroéueneéulfomc,

nP het e I C groups.ingc
methaggsulfppir dhanedlisyfons, d’ixﬁ'éc isqthigignandythatkeof ur an,
di hydr opftreanhe chrop@me, ofdhopekan énvenexa iy/biastg 2&lps mey be prepared from

phanhmegﬂgeﬂ'y e bl'erH qqgQJC'agiﬂonrﬂ@}udlr{ gxl%égilcn%ﬁ'or%muc acids. Such acids

azol'l no O I ne, I sochro n,,
inclule agaiic SUPERESUIPES, beriZoiss PATRERTSY Ljis £iFicnghanesulfonic, fumaric,

glucons® ghnrania mar,obrmmpthrnmlomrnmmbhmoMetnc analziel imal¢, mandelic,
meth%%(é%ﬁﬂ”hﬁng' 8 o?ﬁ?r%@' 'amogpggntoﬂ%%c ?f%%ﬂgnc succinic, sulfuric, tartaric, p-
-0 r

exa baze era
toluege%&@wﬁép({ dndéhe ﬁ%%amnﬁraémcapﬁ@e ipy§RgioR theealts are citric, hydrobromic,
hydr¢dhiid, thaleic, ghosplioric) yul&zed, ifdinads, apy tafeicideils. It will be understood that,
pyrrolidine, pyrroline, quinuclidine, tetrahydrofuran,
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t et rahydr opyran, thianorpholine, thiazoline,
t hi azol i di ne, thionorpholine and N oxides thereof. The
wo esomi3daet eroaryl ", as used herein except wherECTOB®U7/010952
represents a stable 5- to 7-nmenbered nonocyclic- or
stable 9- to 10-nmenbered fused bicyclic heterocyclic
ring system 35 which contains an aromatic ring, any
ring of which may be saturated, such as piperidinyl,
partially saturated, or unsaturated, such as
pyridinyl, and whi ch consists of carbon atoms and
as use#rh@fﬁlwéfetr@cg? fo hercempatedrsoidaraedalnre meant Wealspy weiyde the
pharmaoasticatly ageeptabld sdlts. S, P and Si, and wherein -29 WO
2007/ 133450 BGRL uﬁz,qur{tpom@ﬁze&;a%f@g RS e e
phosphor us I onal oxl di ze
Examples and hiewsie @W%Q@é%‘@%ﬁﬁ'%&'ﬁ'@ ghe awamtynmmqa a@%néez@aompound
wmchae delecrell GnD thegMyuPEdnstking of tHELgdnpbuntls EiRclabad @ftht Rblowing

ExamP Oved 'Pﬁf I n%?utnc%ﬁl? ?geg)%blg sgl{sqgérgbéarfdu?ﬁq'ﬁ&%l aiagt%reo [is thereof.

het er oakthsrinbiectentpRayngs are %ﬁﬁé i p Exathadsof antageaism of CGRP receptors
in a pAied@ b asof mam&tamm ﬁee‘éltdfl{kﬁbhléﬁta &uﬁiﬁ%ﬁmpﬁ&n@fm§ B&Hinistration of an

et er oar S |nc
et SRR RR A KU Bt el A RIN e ore
compparisctisslesed hbm@)‘t mtmﬂls?és obeRRR 1gEenibrs NN addltlon to primates,
especﬁﬂ?%%fah@zé}llﬁtety SERBEBARNRs SRAMRAMARR) acebrdd) 1oNBe method of the
furazan, imdazole, indazole, indole,
p“”“ﬁdﬂﬁ??%?ne i soqui nol i ne, isothiazole, isoxazole,
napht hy%mqihqreemhs»daumzqf |thee prosent m\@ntlpmmeemdﬁe a method for the

treatrrﬂ:tn@,rdoﬂtrﬂﬁ amem#altlﬁﬁ; ormédl@cﬁbonﬂ))frrﬂl%lom &dl&ﬂéﬂﬂin&)rder in which the CGRP

recepfitis 581 A Rblofh Mo e P AdhEniaRine 1 B i) a nerapeutically

effectivei amebunt of & comppundihet lStahuaopﬂlgeth of €GRA meecptensi azol e,
and N opt{edf&sent HRERRIN 1s-ﬁiﬁhér%fé’cte§|t5 Qi¥ethodforithe faadufebrure of a

t de al k

medicGimep] i egn s LS DG AP P B PGPS S ApiaFt Orprising

combining g yempeunsbef thg prestitanvenTios witlr agharhplceuticat eartieced dijuent.
accept ameesubje%t goRLoNate B%s@mr}nwoasefsegen&m; RRSEnmAL for example a

un te ials, conposition r dosa
humaf SETRG, TS0 BRI § AP APHECRSELPLC O OBLTRICT A0 g desived. The
term '|thetgpenicalls affecaMeemiommt"useansnhc: ampanttofwhe suthéne compguskthat will

elicit gfe Jimgrbabsa Bgéxcéﬂ‘és;ﬁﬁké@fénswet §RQK, %ﬁﬁa%rmﬁmm that is being sought
t oxI ci |rr|tat|on18% gglc response, or

by the feaRArEhr oY AR CRES S GHISE P s Sped i, the term
“treatimeat o firs bothan did tréatmskt andttp the preversa drgrephylactic therapy of the

mennoﬁméméﬂs' patit¥laf$ QI?QEQtI?AnQ wiR! ik ?redrls?)fogéd foQuch disease or disorder.
deri vat ereln

o 1§ PSRRI TR SR 35/ SehRE s feRatang gpeompass a product
comphisiagphespeoifiedphgred@otun iteasdeyifed captuaty, es valltas any product which

results,Hitedd§ or mﬂue@{lﬁ cbt'niﬂntaﬁgn bPtheGpB&Figh u@’re(ﬂé&@% fhe specified
acl asi c residues uch as.am. nges;

[ al i
amougs. %"ﬁgﬁ‘?r&* wgelatiogto phargageyticaf cRpRROSLnT, ‘%@‘%‘QF‘E&WH"E’P”S a
prodtmt:ccdapnsmg thetdvave urigedﬁme)mﬂrthammga:ldlcpt(a):mapmabet gp the carrier,
as weﬁ%!staﬁ P&dd&ﬂ@m}éﬂere&ﬁ{gv?maumlmcnperaup by c%ﬁibm. h, cdrBiftexation or

quat e ary annonlun1sa ﬁ B t conp ?
aggregaiide Ay VOt F &F Ueripressats ox e 5%°ﬁb":“§8r? engpr more of the
mgred)egtamtcfrmmdmr tHms of xaaepbrs orsidEihactiony efibncosrahore of the ingredients.

Accoﬂﬁxﬁ%% otzlh %ﬁﬂ&%m‘:&? L:ﬁrﬁgo Jl{i‘&%e fgﬁé E%@gnt "f,\t ?%RE&@BASQ any

as_ hydroc ric, ¥ , uric
compggifipn ade hypdapriveiacompoupd of *mfe%eﬂémvrek on 3t phagmaceutically
accepsabllé Sarpee pBy éphdrmacewicglinacepablds itSis Q’maﬁStha@etrlee diluent or excipient
propi onic, succinic, glycolic, stearic, lactic,
malic, tartaric, citric, ascogpic, pamoic, naleic,
hydr oxynmal ei c, ‘
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phenyl acetic, glutam c, benzoic, salicylic,
sul fanilic, 2-acetoxybenzoic, funmaric,
wo odozasmsul f oni ¢, 30 net hanesul fonic, ethane PCT/US2007/010952
di sul fonic, oxalic, isethionic, and the |Iike. Wen the
conmpound of the present invention is basic, salts may
be prepared from pharmaceutically acceptable
non-toxi ¢ acids, including inorganic and organic
acids. Such acids include acetic, benzenesul fonic,

benzoi c, horsul fonic, citric, ethanesulfonic,
must pg; ﬁampgn le gvngb@ﬁ p&her grpgjggﬁpté of ﬁyzcﬁoggp Hpe and not deleterious to the
recipieyciherebf.ori c, isethionic, lactic, maleic, malic,

mandel i-§,. &r@se‘?ﬁ Hl%ﬂﬁ&‘i’ Hc‘PJHeS mmﬁ? & mqrbfet?rrb&rug?ma%bmpounds of this

pant ot heni succ

invengont ) g@ﬁé@lusmbmr@draa will hp &utcnénqthd@évaqwﬁs(ﬂf éhexeqsmpqunds of this
mvenﬁBnWlﬁcH &%Q&idlli)'rbohb&n%fﬁ nSvivd @tcihle Iri uéﬂ%ﬂ]ﬂhﬁm Thus, in the methods

r oric ho b(?d

of trefifithp §F{r rEvenl yEnSan, B RAAREAdrinRaligh F s o bR Gpring o
comppand sjgity mgmassnmp@szmﬂpommouasom@mr@smwd with the compound
specxﬁ&fl@rcﬁm%dtc@ wittea emp@lum@mf] nF@rﬂmlba sbe@ﬁ@anmﬂmlostea but which

a ncl u rrmaceu a
convg{s38 ] Sratitied cofndRR I PR ReT FmihisBE6ER S fhe halnt Trapyentional
procegditrss [forstbe s¢lnctwmandaxram;1a@@n afighitableairadrugslenivatives are described, for
examPRYB! Lm&ssgﬂ%ﬁ mloardgbe elar HSB%dgMdE MBléeQfer] 195U ADEeRbolites of these

compg RO 20 o AESURL St PR R mespag i imvemon

into tEx higpegdeal amiliephar maceut i cal |y acceptabl e sal ts thereof
and i ndfpd @kua& o@lmcﬁﬁmg fn AdeerRate withhige §1‘é§d:rﬁ(iﬁventlon as

aniag QTR G GRP e a1 iR A0 A FRRRY P E dfpov in the art
Inhibisienrofahe bigditigsofi 'CrGHPREjtageceplorsand funstioral puagorfismef CGRP

recepfdrb e&%& Qe ATREN LS RfiltRe conpound. The present |

i nventi H

i sct odSa R HEERTOR Bpurfue 3l vt badipE B 1 G Re o
recepadslirt SRAN{MCpellmatmbrancewpeciaraked putassemsz]ly as vlasrqrmegl (Bdvinsson et al.
(20089 té‘;,eu B RLE. Cals, 38 A4 e aifdarebdAdd (39ub et'EﬁE&ﬁQted in 1 mL of

bindigg B@&ﬁ&lleﬁ@ﬁﬁﬁghﬁvﬁﬁd’ s &@@E%ﬁmﬁ ﬁ%gegfle St Hbumin (BSA))

containingt fpM 'PEE6GMIRPANd mcnmtatAlf@n;nombatncedam'bomnembenahsk for 3 h, the
assay%asate%t?ng@a%yqlnghér?ﬂ'ﬁl% @F ]&5'3 ﬁbp@ﬁ ate}%PerkLnElmer) that had

been gg:ﬁﬁ%i g{tgqus%én;{o e(t}pyjerlﬁgﬁ t téeu%: ?ve & S%ed three times with ice-
cold assé bt fifard 1 QM EBES apld dn@m@ﬁn‘ﬂ\ha‘oﬂg@b) amerahe @gmm s¢re air dried.

samgfangﬁiaﬁi.& )%és add34 aRA wﬁhlaa&\r@w \wgsncdﬁnédw D€bpcount (Packard
direct facture.o

od f he
ISty TR S T AH: O VR BB B & Jsidfeined by using
the ChengrPmesost equatiani(@héng & dhrpsafE(19G3) Bivahemi Plpranacoh@dudap9-3108).
of the present invention with a pharmaceutical carrier

ST G P LT
numtze L7 §3 80yabas smbclbeediingo thenexpinessioarveago pIRIESofg2 CBRPBIiosciences

Clon{egﬁ)e&taof Niel hyd §Ypingl §§§h5rﬁd Hulh RAREST (Genbank accessno number
rapeu |caII effective, anount b ?

o0 B S pEESP UBpaFgneaes Clontech) as

"~ a 5’Niel am:tj?b ‘SNl fregpemts HEK 283 tceBs(hamas\esiteponiakidml cells; ATCC #CRL-

1573 MRl dm%ap@mwwgfg{L |gméo§chq hEP&R \ﬁn‘gpmvate and 2 mM

veterinari an, or other_clini
glutamingysypglegpented wagt@?)ﬁf%ﬁ%wééﬁmﬁ B @9 ynisyipk. pegicillin and 100
pg/milheereptomaytcing ahd anmad ntadnetdhae 3 P@\mdt%emhmmqmyo [Tetlsaadre subcultured by
therapy of the
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mentioned conditions, particularly in a patient who is
predi sposed to such di sease or disorder. The term

w0 canmps®Edi i on" as used herein is intended t0o ePCDUBABY010952
a product conprising the specified ingredients in the
speci fied amounts, as well as any product which
results, directly or indirectly, from conbination of
the specified ingredients in the specified 30
amounts. Such termin relation to pharnaceutlca
conp03|t|on is intended to enconmpass a produ

treatmeppiithd) $77° tResacrily @ 17 §PId shHBSS, Stakle eﬁélmﬁ generation was
accomplghédlbe od-trapsfedtiaiz 1AKE oDPN A evitha30 e Lipofétanitlel 2086 (Invitrogen) in

75 cmf rﬁéslpsr %?FDI%E (‘ﬁ/l\@ é:rni Mﬁ)ﬂ!’lt ec’xeﬁrgés %Cécjrxtrg&s '\Jc]:g% Eoe&u\%fected in equal

amouﬂw; To‘fenrvbf%lr bpu&swéter H@i“ef@ﬁt@ﬂilt the C@lﬂs WPfGrﬁ gﬂ@s@é@u sa{qcahe medium
(growd mRARINOH momyraL Hy@ﬁ)mydiﬂéﬁdill YR BL ;Qﬁ'orf\f/@ﬁ) @hdgdded the following

day. %yﬁonal rl(l;)[ Ieg%ttals e:g% tsnen(rg,l?ecéﬁlloéleppgmon u 1hzm§rml£.»§Cg Vantage SE

(Bect@r@l?p@@mqomb ({aropfth rediysm é‘@éﬁﬂNSWéﬂﬂﬁ@ mtgénbé\wgmcan%d 0.5 pg/mL
puronSRAP 5t ick il pPopiaorPY adni xi ng a conpound of the present

By * phdreOMRINANT FECEREOR B INDRFS AR AEY, Befifghortlsing
reconganant dpmani(Lursaeptor’ RAMP pwen wastgd with EBS'NH.! 33#@4ted in harvest buffer
contaffirly mwﬁmmm&@emwt@bﬁn%& Mm)rgm@dhe) The cell

on and not. de| er
suspep e S Sl 5 B0 A2 8P Be B o 8 gl o ot
membgandsi T hetpslists oyree prsosirended of hartiest buffpopineg 5@ mM shigrose and stored at —
70°C.I PYEBThHIAR asdas, DBNES @fmeﬁl%%eﬁmgé ugab;%a Ln bl binding buffer (10 mM

gn I r t|ve p oun S of
HEPES B 108 R R T2 Y RE GOIRRMIE BT St sontaining 10
pM '% thGBAMCrFeHe@lmmm) m}d arftageniss. nThermsrwewmtﬁgmr@fed by filtration through
96-wdll GEBEAs fer filer 1515@:?3 @mrkmm{sm)l A8 hadReh 80¥Red wnh 0.05%

t t
polveufeimifen tos it P R B UL R el Tiny Butfcr (10 mM HEPES,
pH 7.4 endiStrbhiigffds ¢ Scintidlawpn Auidheascadded and thespletss fwecatdunted on a

Topcélirk @efb‘kﬁﬂi ONOWLstp@cﬁc%'EmQ Wﬁs‘ﬁ@ié:ﬁrhldggﬁmg ‘rﬂ%e @a?a ana.lysns was carried out
whi \' S

t
with @B@BPW'&OA DRBIGRB0TTAT (B8 el S5 RIS 4 Bpi-SRea dedshgauares fitting
the bauendi GMVL. da@)ﬁ@\ﬁbﬂtqm@h bewr ocedures for the sel ection

Y osa FAPL EPAY AL %)p Ofos,SUI tlg@j e,rplyomanugyderlyat Y®RoAL €/100
4 Jescribe d, éan& g% ?g_bgg q Lp@ ugs, = ed.
H. Bundgaard EI Sevi Pm&]d | (TekRadin'pbell B *t hese
Where dfrpaimetyed @PM eumd; fY neisgpat bewndormuits; &6hinlip oon specific bound counts,

(Ymax: I_n{r opfldGhEGeic BBM&MW@?I,TM istehd ﬁmw&ntdemm irmmn&h ®% I min is the

mmméllérg(ﬂ%gzg gjéxhgg ?clhne Fﬁ%ogggl;}néme ﬁ) of g.ﬁ gg nli e appa:!ar?t dissociation
constamitfagniradisligind CoRMerecappiras detrminadybyntdgt daduration experiments.
demDnStr(@@@@b@mmtrh@@tpmbkkmmoﬁmA@s%Y Cells were plated in

complelt Eth Areghum oo DAB AT Bl i STt Iy GG Bah Plates (Coming)

and cakvred fiomedl9 hdefwt hssas. ONT MW RECER TG BBARhEIGhehSBAMated with
inhibil&YeroPBOdiAG: 97 °& 28k SSRRubRdity RCEAI 5%&@@5-5%1}4; Fr&/Low-Protein

medu(.rEgE/{eﬁnes SE: )g\?lrﬁ!; % out es t | ag Apﬁaqlﬂa@écr Itng_(gnthme was added

to the3@1144) a cBrcienfratygn Mrﬂﬂmd(lﬁﬁlbg)edvfer 20 mouabd? 8d. Hunlan o-CGRP
was am}ecpfo tIHE @gl'lg‘ﬁ a%fnfzé{tra&llag o HERERd Mdwedto nﬁ:uUMeMQQ 2C for 5 min.

After oS RS RHOR NS AP et AR RS 208 GFocsrse qars ALY

determérmpion atilizimgftbe tvdo-btage say procedure according to the manufacturer’s
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assay was termnated by filtration through GFB gl ass
fibre filter plates (PerkinElner) that had been
whbkackexiomi t h 0. 5% pol yet hyl enei mi ne for 3 h. #QEUS2007/010952

filters were washed three tines with ice 25 cold assay

buffer (10 mM HEPES, pH 7.4 and 5 mM Myd 2), then the

plates were air dried. Scintillation fluid (50 L) was

added and the radioactivity was counted on a Topcount

(Packard I nstrunment). Data anal ysis was carried out

using Prismand the K; was determ ned by usi ng

recorrmenigd prafeeiical st dlireehssrre nenatssab RSty 55 G Healtheare).
Dose Edsﬁ@ﬂi@murﬂéaﬁd’faplﬁned 27d 16Q99huzi @8jermiHed RECONRL piddheter logistic fit as

ool (S SRRLS - (CORBAY AL SR TP

respopieRESHpYRres BMSB) ©F dnflastien pogrterﬂléaws)loafs a5 NheI and
3" Prel fragrrent Human RAI\/Pl (Genbank accessi on

nunber 1 14) was sub to the expres
Voctor PPARSHT cbe FampRE RARE cbtng PariB] §2P 4Nty as antagonists
of thedCRRE|recaptoran Mo Mqunmﬁien@d assEyRs, pomeraldy Mth(ah!@marﬁcso value of less than
aboutesmb,rmo Hueh Islrelmms GelitSiveATde Hhitisi SRtV D (INEEBnpounds in use as
@ %%‘p ), Mwith 4.5 g/L glucose, 1 nM sodium
an g%wtﬁ\?gte EFSPRM gl ut ani ne suppl emented with 10%
fetal b abaliyef tha qqnasaundagﬁtmmr@@nhmvsemrm get ps QRP antagonists
makeé-ﬁ{ém P@ANLphath &R GV A laBenta 06t dT8Iraé 8 it Gn il veS€ GR Fithumans and
) fg humdrltf}/l Cﬁlls wer e subcultured by -32 WO
animaly, Ppf pAglEt e At838Y7/ 010952 treatment with 0.25%
t rypsi nlhg eommpunds ef3ha presepiBggentmdisive utidiry inl trgaging, preventing,
amel@f%"ﬂl atdrifdlIy \Q&K?{Heﬁm(i)f RYie Q)Qn{d'réleﬁﬁﬁ%ll@@m%(bogdmons or

e e g, L FELAT 5, 200 Y SISOl honi
pain; peuwrsgenic irflagemeti@oand iaflamesten pam; equetipathapaing gye pain; tooth pain;

dlabeEE\éeﬁErMmfsglﬁ'ﬁ d%ﬁél’tlt?ﬂa&'iestrf\ﬁl&ﬁfsse%ﬁrcg\fli&r Hﬁﬁé&@t h}xﬁf}_ﬂkgﬂérgtron arthritis;
bronclal eetre AR, SE iz cHor SRt P L e Tagrghine

tolerahod ;| howilashes daynen/And vomadn; ebedgid darmaniss; @eneslatmemhtls brain
uaum%l @;Qle%swehr&ﬁga%rsmm.wasésl §lhﬂgh§afel§c§er.¥ AdButakeous redness, skin

rosac (blyesﬁr}:_s%nﬁi)g:e&ﬂbnson WaSO%BPWE geﬁ\glgixygdhijefs%? e& émd}ome cystitis; and
other ppudidigag mwm&mmwmm&&melgmsmm@sm re@pitdrs. Of
partictid? ru%§§h5l§be]|9 tHeSe QIR VIR Rrebrlm &t ©8 RE Qe %Ldmg migraine and
ng \/\rﬁs hed with PBS an harvest ed in harvest buffer
cluster Beadachfng 50 mM HEPES, 1 nM EDTA and Conpl et e
pr ot easkhd subjdst tanpoyrids @nefurthEhesefid| ih a retbpe fisyi they pwarsntion,

treatridnt | d4RbBf a%eth%rﬁrolnagrolreaﬁ&fdﬁ JIHRIFZ 8se A8 disorders and conditions
centrifuged at 48,000 g to isolate nenbranes. The

notedfiergiBt s wer e resuspended in harvest buffer plus 250 nv
sucr oseTlenshbgdcoradpaunds ardftrtheousefiulndiangethed fgrahe g vention,
treatrfdnt r@rﬁaroamrwtﬁml 894&99&% dftisk dﬁm@hﬁd&:ﬂ&&%ﬁ 9rse£sl:9 disorders
MM 15 HEPES Cl12, and 0.2% BSA) for
and cpgifnen croabtr—wrtarpwapﬁréa% ‘aining 10 pM 1 hooRP
(CGE Hedltehaanpjundmdf dwetaegent siventidremay beysakis combination with one or

moretoﬁ'g sqg tll?é’ tr%dulnteﬁta l*eQ/@n&JH' QUQ@O] %eﬁ@rlahmg: & rgcll&%%n of risk of

l.ter

er i NEl be
d'seafﬂsas &8&"%’% B “396}3 CQBPSHR Of ge a%m@r thmahr fﬁ?@% @ay have utility,
whera\ﬂree:owmmmnaafttherémgMQQethec ererxafed cassay elfeéd erthid Gitridrug alone.

Such V'F\)'ﬁ’é_}gegggxage(g"rﬂy fe ﬁ(ﬂq r?':’ st MU Aute afd lAn%lhf?Q foknttingly used therefor,

at es vvere coﬁir\ﬁgle a 20 Topcoun
contepoENEPUyly °N6?ﬂ”§B% P Weth BicREIPRYD aerlérh n\aberaﬁaor*ﬁeund of
Formdhi as asal gamtamp@anaastyi eith ond or more other drugs, a pharmaceutical

-34 -



10

15

20

25

30

35

with the apparent dissociation constant (K;)

determ ned by using a non-linear |east squares fitting
wo b@7hsawd/ CPM data to the equation bel ow. Yobedr/ief)7/610952

Yrni + Y aY - YR ~_ (100-%,,, /ax 100) 1 + ([Drug] /

K; (1 + [Radiolabel] / Kd) nH 25 Were Y is observed

CPM bound, Ymax is total bound counts, Ymn is non

speci fic bound counts, (Ymax - Ymin) is specific

bound counts, % Imax is the maximum percent

inhibition, %1 mn is _the mninmm percent
compgsifirpintyngrlosaggifosmasalainiag sueh pibeLiruenare thscorpoped pfEormula lis
preferfdp Hendvetliths canbination theedpytrant alkoinclide thadpiek igavhith the compound

of Forfn%'ia D6 SREGRNGY RerURhey i 3t cdlonsRbicAL g@«%la‘?pmg schedules. It

is alsouentemplaied tht eheg used imEPrERIRFIQN With PBHPRHMAERIPIRT agtive ingredients,
the coﬁfpoﬁﬁms &fahé plesaitlinvdntida-ane ithe Pbikbiyadivk YisdredieaRah80be used in lower

doses %ealnlw egoms \9% aﬁ%ﬁj}{ X%:@g&ﬁ% af ?x{a& nha%lﬁ%%xgggj 6!0%‘:?)%&%5 of the

present wmemlmrnqheﬂe thosenihat eontay oue aHECOKORLAftiEiperedients, in addition to a
comp&?ﬁlldI cﬂ%r@@l’éﬂ' &eh S.SMMafﬁbﬁ@ldcm/&e%ﬁ{bﬁhdhon%ﬂh dBmpound of the present

mventlg%norbct}t yfy n,g{l :??17% )?thr ﬁcthve C Ut ag]eguet a? nd j é P}-B %oref* other active
compaunds e hikeanijeo gompo @iy ofl thgprepent ulbmnéldnmy ®0an11 it aftmtamatlon with

other @ugk"ﬂfﬁ?ﬁretﬂ:smﬂﬁ ré\@%u@ﬂ deghihent béniaR) drfel@iratdon, or reductnon of risk
concentratl

of the 61 FaFESOr 5P 1[}0% {o‘g rw:%'é and%%ld!ﬁﬁfg}e péﬁsepﬂlgmlillgxét r%are urS%ful Such
other dmigh myWetaldntstem bprageeissad if an amanft cagemenhyijused therefore,
contepbrah@du’p (Sr’fh%q&é/i@raﬂ& a@& @Mﬁoﬁd@&ﬁ&b&smw&hﬁﬂ Nhen a

O
compexs BB G0 ToP S SRR GBI BB s cggpore otherdrugs, a
pharmgcewisal eunpasitiorgcadaippgsych ether ms §5additggh to the compound of the

preserhlwetnhgar.ﬁﬂreferﬁas mdc@&n@guj €the lﬂ)hé{xeﬁac‘éﬁtli@] abﬂbbﬁdom the present
mventé%n m&@ rlilécbsels@a {89 Cé)a?féli) Iog%or more? (?téerﬁc}l(i _‘_lt%?%l s\ts, in daddmon toa

compewrsl &f the presegpoymidionx = dose, a = max response, d
M n reqperss tcrano bﬁme%mp@un@efme c@nq)ohna:oﬁhﬁ&ﬁeseat ifvention to the
h arti cula Eng ‘ﬁ{jsof“t ovmng@ n;g £ each
other fiyesiiregieny i8Rt il fePepgn S opoRf eac
ingredi¢rd. &feorwblenar ciﬁ@dnvasigaeysf eaghvaH delugedsi Thusa fag exempleCBhen a

comp&ﬁ‘ld”@f ¢ pleBSst ihVeaionaPEsthbined MithAtethed aé@rﬁ Wht welght ratio of the
e intrinsigc activit

comp?wdl&faéhé\érees%{]ttlg\é%mogttgﬁtﬁ epte\e/g%% ga&f}e Con&om acti)out 1000:1 to

aboutdbid0i0t yr fdémtabeuc2ifhb tmatouofl :208e Gumatyeationsof @rvoimpound of the present
invenﬁ@rt aftbo ct@@ﬁﬁ@’@@:’eﬂs%l]@lﬁ@@]l? Ia}:smb’é%f&uh the aforementloned range, but
. g rmacobogtvcaoa ﬁg%ac C . t?) p ol ve CORP
in cach aren a6 ateehivy dosh DAt e ERdFE hariPe o omans.

The corpeuiiensinatmsshesempoindaithé pwsm\xevamnlomany other active

agent$ i’n%?*bh raamnggt%fe@%bMaeny @xn‘%'doﬁﬁﬁ%h&g moaramﬁ khe'Mlin@histration of one
reduci, n oW

clemeg iy £F GRS" G LGS BhSb SoLSRBUPA 5 AUpaHien oF other ageni(s, and
via the sarst er diffeachachtes echadmingstiabosi on t ype headache; pain;

Cgr gn' CrHea&lothp toﬁﬁél'i’ OO@B ipFeskitf lh%mﬁ)‘h'ttﬁ 4 ﬁé‘&’dd‘lﬂﬁﬂt&@ﬂ BY ¢, parenteral

| uro 1.C 00 |

(e BB, R FAneH LoD Ryt s ier B Pk Pipstipg or infusion,
subcutasoul m;ecdlos,ocrrdmpskam) b lizhmlatidncaprayanadat,iviagsal, rectal, sublingual, or
topical routes of administration and may be formulated, alone or together, in suitable dosage unit

formulations containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants
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bronchi al hyperreactivity, asthma; shock; sepsis;
opi ate withdrawal syndrone; norphine tolerance; hot
wo b@shssoi n nen and wonen; allergic dermatiti SPCT/US2007/010952
psoriasis; encephalitis; brain 20 trauma; epil epsy;
neur odegener ati ve di seases; skin di seases; neurogenic
cut aneous redness, skin rosaceousness and erythena
i nfl ammat ory bowel disease, irritable bowel syndrone,
cystitis; and other conditions that may be treated or
prevented by antagoni sm of CGRP receptors.
and vejugles apprapriatiierqagh ceute of pdipinigtiationgdn B@‘ijﬁ? tyteiteeatment of warm-
bloodtd eaintthe @bmipeasiicdtahe inehtich Ag ofiegtiod fe udd th hrhatst er

headac The j.ect rt.her ~usef ul
ina hﬁh d.)gl acep caq com é)%lt?ngér)] Forq.ﬁrgcgrp.trxr% g{a‘io 85#} c[ompounds of this
inventpme may rcanvwnttyrbermelmatqdon depage; uit fofmiand reyskeamsepared by any of the
memc;ttsamphetoswamothsan@rfbhmc noted herein. The Subj ect

compou are fur r use net hod for the .. .

o1 event g e Py o opb o A4 £ i ien may be i
form swablst foo nradmser, iferkexampih @s aftdetertershenieztnges egaasss or oily suspensions,
dispeﬂitﬁ@?g\eﬂés osgraamts Canelsiohs, rb‘éldtfbn(} qm{w eatdfpttslaa%tea &t '§ﬂps or elixirs.

agen CO gsen ntion

e B R 2 BobHEn 3P Sibod SRR b3 T8 Ysrfion may furher

Omptitsmothpretémemmncaﬂiv @géyr ¢ampounds s obted hntslin whichi ase ususlly applied in the

treatr{eR€ HEtHe QB o mehﬁtfnequaucmegaa%n@moaendltl ons for which
conpou

11y e R SOT R el e a8 REFsk of

conditipms which requireramtagosisirect € GRP ieaepted adtizity dn agpwponae.dodage level will
genergﬂlycge MR 0.8 308)m ntgepaa;ém B S RESES pd?MaR WhidH @ndethdministered

N noun
i singl, o SnlPLe st SuHALE Aaat IS o Abou ia 39 Bk per dav.
about ol el ld)Ol mgMgear day; onpbantd. bfo SFaugrkg reriday.s Wighen this range the dosage
may &W@?MBW@Q&S'&‘ 5Wh 150 rﬁ)%'ﬁ% %33 FRParadHiNidSatidh, the compositions

macetlc i PCT/ 0010105
are mgbﬁf,sgqve e (Ot PSS GOR TG & IR IEHmSoF e active
mgredjemgﬁaranuilatlhé Q613 0ieg 160. FOOMS.Q, 30.0,575. (pgrl@f)é)r 16010, 200.0, 250.0,

300. O'_@(W?U €400.4, %@0@0'7’% 0 g’(ﬁ@ dO'@QT ahy 15?0’0 %ﬁ%rérﬂg BP%E active ingredient

her api es. i oun rul a one
for ‘hS FYRBCECR t“HP?ﬂj@ 101 18¢ BPUGP & Ot FF#Ed e hipe compounds may
be admwvestesgdpinngregohadof Es 4 tltnes ipsr ddys or oap tbe rPmatisterddhaice or twice per
day. When used in conbination with one or nore other active

i ngredi 5. the conmpounds of the present invention

and th ‘s’gt"h@f:a‘éﬂﬁt PlRreR @at%wtlgg@%éawearr equpipgghe risk of
headadbs asigtdiag) chisem headdehe, or sl dsseaggls\for vbobredimpgliyds défithe present
invenfiBR SQH&tegaéen%P‘ﬂr@%h&h&Bﬁ' Rbuitize oB{aﬁ%ﬂ%hénﬂ}éé ELHnB&mds of the

|nc ont ne or nore oth
preseRi gy GHoB e, S adpipiserad of bAebp grase BB RPOYE O dqhiligam to about 100
milligBaralpec kithgramt o fansmalitsldy deeiglanigi veatasandngdé dalyxdogpau mddivided doses
two t@gnxttnﬁesq Bf in §ugt\éﬁﬂ:td' r%a&%nﬁnlﬂ)r motshlapébem%pfaﬁs the total daily

tive co ound al W t .or nore
dosaggdt from agsy ﬁ?ﬁauheemsm RQWSIQOO & emasortffone ﬁ%o‘“ I milligrams to
aboutHiOaadligrahty dntheoraseraf/a B kgaddlt homaojthe nethl duilyvdoisé will generally be

from %Jlﬁr’/ ﬂle@r%.mtsn@tab t%SU%ﬁﬁ Brnb LRI R& %"[dlju gﬂnen ma¥ be acé)usted to

tment, contro atlon or r tion
PfOVlféﬁ H’@“&?a%éhcfé@é"uﬂf T¢SBARRCL i ons for which conpounds of

the pr eSmnatal mederdsifonprapaingstht tbmp&ueds ofahisénvedtidgare illustrated in
the foﬁ@%uhﬁ{i@gﬂ'gl@k Stﬁﬁhﬁg% mg%nglsrag)éq'n%déggcolr&n ? emgmes known in the art or

ore, contenporaneols
as illusgaisd ﬁFFﬁPIy with a conpound of the present i nventi on.

When a
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15 conmpound of the present invention is used
cont enporaneously wth one or nore other drugs, a
w@bamsgeut i cal conposition containing such ot ber/uszooys10952

in addition to the conmpound of the present invention

is preferred. Accordingly, the pharnmaceutica

conpositions of the present invention include those

that al so contain one or nore other active

ingredients, in addition to a conpound of the present

invention. 20 The weight ratio of the conpound of the

conpouridesPmpeangds el ProspdAY srionican g drepargibicadidy aeperding to
Scherhd g Ea.ﬁ@i bﬁ&ﬁﬁ@éxdﬁ@e@ or wivdi fixchtiafgl tharddf, whiereddilp availaBR starting

maten%}i Ieﬁltg 825n tlgﬁgl@ynthlggg ggdcgg&‘gs Gﬁ'ﬂ&x 9&! #e\éctlc?}ﬂ it 1s also possible

ose ot
to mab%mfevarmenﬂach axsthenpRivestknon torthessrf ordiparytskifhin dis art butare
not mEéMidtiea &4l gidatdd dataglt her agent the weight ratio of the

compound of the present %@bto t he ot her agent

will generally range fro 00:1 to 25 about
1: 1000, or from about 200:1 to about 1:200.

RéCanbi nati ons of a compound of the resegiiginvention

a-dn oot her actips S\In Gwlga ,qqenem
Az \M h|n thé afo ne

al W ,RPG
range——but Aan edch |ca
W % ~e€ H dagé ECea hyadti ve |ngred|e4t13;A ty@%;N;R\EC J"Y
Algel rd n suck® conbi nations the compound othheepwesent
i nyention and othergactive agents may be adni nisgered
separately or in conjunction. In addition, the
adm ni stration of one 30 elenent may be prior to,

C o n Cur reAbmbeq, illQtraedme @uﬁemal stuetéglyefo;a Bt ﬂl@tcioﬁfpoﬁﬁds of the
prese%t mved)rtd %eog'tc(ou%h%%agp ﬁ'ﬁarlbg)% acncfl etdhate {)ﬁf % an, amllr'ltg ?@) to give the

tra
desiradrremat emidy. aéarmmcmbgmwnwtmdnatmm artapse described herein

(vide (rg%ag may Bt caplee W awanétytbf aﬁﬁfelst@ gﬁalme tcnhpam@ @f $he present
racl sterna

mvenbu% C—Lll-i\%\rﬁ &fq many %\N\ 8 te%erS ?or{,pq%eﬁ{ SIg subch COHH pgdf;hemlstry, including use
ofco@myeagea%puchmdilﬁ@mm HOB, Pym,ﬂﬁg H} CDdangthe like. Alternatively,

the catrwmlalacrdomneﬁy 8 actidBieBia bh atid URIGHIE d?mtzxﬁlde for example to facilitate

reactlf)gr»% (gt edy 2fine %grqfe Or § o g%tﬂc{e}tg t bn Su' t th{8 81% asld'xe corresponding
alumiphay amide whickainay bac@e@mda\bitlea@aﬂﬂ mana@i pﬁv«ahwsyhcmsi A, may also be

a useMDs@Q@gf mat : c%]-»rvﬁée;g/ﬂmgh . OQltZ/elQﬂe@ﬁﬁ%l)a\E}Qn eé/&g/{ec g§§ome cases, various
| U |

prote e @B e P cfRla: e Ssileadh e T b et v iiews o be

empleyedpoalows roéparateon ofieeprriiodaragosnpivhd of itheepresant ysgntion.

humans. Itt ;rsh.tﬁld@%(#m Sflieptive Qrﬁmdc;lé 85mhPhisbM@ employed in the
stratir.on o

synthn OBt Fin Pl aleS ¢ B R A5 RGN RSP B SSRGS gy be uilized,
folloveed by chpeal scpdsgticnsyat appropeate Stegre tchpeds idgedomponodmof the phesent

_inven@bh. The RRAVt ¥RSMe of RAgHNAIRCRL te‘ﬁ%eraﬁﬁféﬁ oaﬁtdtdtﬁasreacnon conditions,

deperg@%glg%éngwg G iﬁ({ de $ ggoeddéxﬁta:;l:glsgn}é cgse BlP;ngnate protectmg group

strategres oheyshe Usedenges, aqueous or oily suspensions,

di sger %Qb%e&%‘é’sﬂhé ﬁam AR e, beeﬂiEHhér' RB8ifiedOfor ek &ple, by
r or S or.elli

s r.u The

e A TP L o THE TRBRCHH RR BIP - PREATh pgLlimited to, eduction,
oxidatiougalkyleniomumgyfation,eed hyd®lysisnzactsmnsorvinel are commonly known to those
sk”hghgnaggytically active conpounds as not ed herein mhich

are us [ E treatqgnt of the ah h b

menti o d“%?t 0‘5 er obRYPEipgAYL the foregeing F%aéif‘ﬂ% ﬁt emes may be
varieghtefaeilitatonhe macttcrmbr toaaweid| mnmlmea@ronrmddmm oAddxfnonally, various

rlsk of
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condi tions which require antagoni sm of CGRP receptor
activity an appropriate dosage |level will generally
weooahsab: 0. 01 to 500 ng per kg patient body WeCTDOs2009010952
day which can be adm nistered 15 in single or nultiple
doses. A suitable dosage | evel may be about 0.01 to
250 ngy/ kg per day, about 0.05 to 100 ng/ kg per day,
or about 0.1 to 50 ng/ kg per day. Wthin this range
t he dosage may be 0.05 to 0.5, 0.5 1to 5 or 5to 50
ng/ per day. For oral adm nistration,
protec@a&;%%m stemegiesmay hagmployed & fagudatehy W@C‘F‘H} 9 tgravoid unwanted
reactibiplogusts c @it dbliv wing ExBmples beDfromidet isg tiasheoinvetéon might be more

fully %‘ebs\(c?% h%{egg%{?%\fnplsg%fih% duvla%fé; g S%Bgréi rﬂ?Q bg ggnjr%rugd as limiting

the inpgnt@m@n@ny #3y. 0, 500. 0, 600.0, 750.0, 800.0, 900.0,
and 1000.0 mlligrams of the active ingredient for
the synptomati c adj ust Eﬁﬁuﬁdﬂi osage to t he
patient to be treated.E@ﬂ;—ccnpvuggg'nay be
adm nistered on a reginen ¢f 1 to 4 tinmes per day, or

"may be admi ni stered oncéerll twi ce per day. Wen
treating, preventing, Ueﬁtiégflng, anel i orating, or
reducing the risk of 25 m grai ne, cluster

e
headache, or other diseases f ich conpounds of the
present invention are indicat general ly

satisfactory results are obtaifned when the conpounds

of the present invention are adm nistered at a daily
(65)-a s s aflabropheinl pbwdim@thly Ipipéridig2aond o about 100

m | 1igram per Kilogram of animal body weight, given as

a S|ngle dally dose or in divided doses two to siXx

fi lgmety 'dla' pentasedipaled rel ease form For nost

| ar ge rmmimdpl&noﬁ be3 anaﬂetl@mnhyﬁﬁ@fﬂ@g@g@ 68 Hrdisheabout
(2o.olg,ﬂn4;i”|rMnb§G§5€?edﬁ égﬁ?&i% %%q“édt térﬁé&ﬁﬁl& @{ge&[:dggé @B’l?slﬂém stream of

nitrogpep, was adiiedTMERA(Y 64 Be’G: bFHPOIQ}a%T‘? reggtien wixuregupethg hyated to 60 °C
for 3.€h, $Jf9f@ Woo?edﬂo' dnhlﬂéﬁr(&mb@ra&b@ UTThSBRcidn hin&hﬂ:fmas then

dosa t
concel R S30E SR TEDCBAOP RS TS o B g bARr 100 me) mhe
organiseyrir ity warbed ovifho ofndividunaliynoleach of ﬂm@llomng aqueous
solutibhd: USKNRAGH, 1 M HiD, tvaer it oeraed Emmah@sw&taf brifty The organics

teri Is ar nade rd| roc res known. :
were R St o3 P ISR RET Bt d SorReRBSEH b i e
comppa@T, uﬂad@wp@m@@isznmmhéu@mmoﬁegtm Meempr 2d8A(M + 1).
i nvention can be prepared~readily according to Schene

eotgnnndlflcatlons t her eof

’ materials, reagents
and con%ﬁﬁ@l@nam 0§9mm@§|2s2 -giraetbriperiancdipnte fregeStep A (25.4 g, 135

mol) EREOP (IS0 th) ITHRY m rﬁpﬁ&kbmer (1@ormts)e wasad@éd potassium carbonate
(36. 2vag¢ nt S l!'hjl"ﬁs bl%heatsvi% solu otn »Bas alfg)rw\é\ﬂ t% Qir {grﬁg ht Iatoar{ré%;ent temperature,
after gh@attene thetrasdtionSEHEVBUL 0% cRTRlsta: SolEBnOWRFRFATBirergoved in
vacud“buch thhtahEstaRinERimtefalEAid Abt VapaaaNt PheQdaeblis thfer v diluted with water
(266 é?L) and then extracted with diethyl ether until no additional SM was detected in the
aqueous layer. The aqueous layer was made acidic by the addition of 6 M HCI (95 mL), and was
then saturated with NaCl. This aqueous layer was extracted once with diethyl ether (250 mL).
This ethereal layer was washed with brine, then dryed over sodium sulfate, filtered and

concentrated in vacuo to give the title compound. MS: m/z =175 (M + 1).
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A~A3 NXCO2H HNEc 3 Y AAS NN1E~-IY Il' KRR R4 Rt

Re R4 ABC 10 Schene 1 illustrates the general
waeteoatiggyl f or preparing the conmpounds of the PCESSIN7/010952
i nvention by coupling of a carboxylic acid
internediate (A) to an amne (B) to give the desired
product am de C. Various carboxylic acid
i nternedi ates, such as those described herein (vide
infra), may be coupled to a variety of anmines to give
the conpounds of the present |nvent|on There are

O mM.EY aly Qd i N QXPpPERANAH ng

chem sttroya sdmﬁdwétfmmmﬁmﬁm@ Phigx@p étﬂa&ﬂab&d f£d#6 8tep B (7.00

&, 40 AFEp M) o g BT i g 'ﬁ&ddn%&ﬁﬁ A pddipnaf oxalv

chloride (00 ac324 etrhobioger ¥ mamh;ml dirjag whagh tema thsl rgactiam flask was

mainthiR6d hh?éi%&:on%@ﬂﬁi&e@.ﬂ) o drkén‘i eﬂmgﬂﬁnﬂé Waﬁ%&[tﬁﬁkd under a light stream
Activa

of drydg b HISR AR AU AT KL SREE Gy CIF eGB! ke digride evolution
diminyshtd a?hlsefsetstaty fvened a¢id eblagide oeasthory framsfervdddvidcamay into a 500 mL

mundaéo%erdoeaskacﬁ&eé g&cct) Istr @hemﬂean%ycg(gﬁaﬁnwwteem@ya%%ﬁe
ryaropBPaE 5 A Sos b EbD SR RRIT S & SHEOR: i pinutes e
complekeadaitiorodf the garl ahleydw, ttesps bathywdsgemengd anykbdhe treactibh gvas allowed to
wamnlfitrs1 32%{‘?% 'te%l?é?iam?e %ggﬂr EH 'a?&nﬁféﬂpfémrs?%ret fii\%g@i 8&8N{100 mL) was
acded LR ke RN IS S50 B by GpeBlor b LRbch Sy figtsignd washed
with rabretdiethel dthyr. i Titearomddnat @ganiEowerantbtmmashedrstle AiVEHCI (100 mL x 2),
IM Né@?fgb@%ﬁg ‘j{aét‘té} Q860 gﬁ)ﬂat?aqf Héddatéie&gmte ! gb Lng,")ea?tg\k}%{nuated brine (100
mL). e eseam BE ‘6?’et é‘??é’[s%‘fﬁe g?‘g Bt'hi)’éﬁ%fﬁ Sﬁ‘g“’ﬁﬁ’é‘ gﬁﬁ%‘t""a‘ed in vacuo to

providdibie celecbmpoage mthich wad veedtvsithdue fipdreatpuribsaticanMStriver= 218 (M + 1).
reaction conditions, depends upon the nature of the

Step

cas e t1l’uea §a>lnab pf mdthyl Sttmetthmy(memhlsmnnmc}i-l?_fz -domethydr5-oxopentanoate
from 8t P L68 ?3/21 g‘?xﬂh@t‘ﬂ'ﬁ‘r 48f8 rﬁEP%bfeH%b&c U}sﬁﬁded 3,5-

i pul atrfons may inclu but "are not_limt
difluqraRyay| BAEnesBEm BIaTBge %mlapkfytvfaﬁw %%%/Fﬁtqlbﬁvera?ﬁdmnmes The
reactibiy svag lallsvad restixtat anthictde terhpeaaitarcfondu) hftekwbish tinge ddadditional

reactnﬁ# #)l‘d st'»@a.stJbgﬁr@'e#l AdHntﬁ)?lgFB g%ﬁﬁort)pﬁerﬁ‘ qteagn&fnum bromide (50 mL, 0.5

eactl on sc
M in Jslﬁ & trampb)cwﬁ %déf‘é °t’ﬁe30r’@ﬂ8tt‘tso e I hatl o@dtha ﬁ%&HP'é vas quenched
by thd @pd adahitig oflaicsld (0 AQYEdluGombf FtON 71 ml9 and 3dndMACI (5.0 mL). The
The orgamcs were

reacng?Q\yF 1§e%4cﬁi'ut£’é3l/b&$3a(89r7(’293E}%?%np%%ﬁf&%m o0 At Th

washeg with “émn @0 Qlﬂ%aﬁt3é and Pea%ft 08k} dermcdried ol‘ﬁéS?%PJF’cﬁm‘fﬁRj filtered,
and cem&ﬂnbtee zaweczp;rtﬁ\gmteajresmueh athnstrleadummpuﬂﬁedrbg kntlncbgel

et T LSRR 51000, e e

comppppd-t M3y /¢ 23 r( n?i%\ﬁeﬁ) any way. 5 |'NTERVEDI ATE 1
0

Step E. Methyl (585)-5-{[(S)-tert-butylsulfinyllamino}-5-(3.5-difluorophenyl)-2.2-
dimethylpentanoate

To a solution of methyl 5-(3,5-difluorophenyl)-2,2-dimethyl-5-oxopentanoate
from Step D (500. mg, 1.85 mmol) and (S)-2-methylpropane-2-sulfinamide (336 mg, 2.78 mmol)
in THF (6.5 mL), was added titanium tetraethoxide (616 mg, 2.52 mmol). The reaction vessel
was quickly sealed and placed into a 60 °C bath for 3 hours. After cooling to ambient
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(69)-6-(3,5-D fl uorophenyl) -3, 3-di net hyl pi peri di n-2-on
w@2002Q38bep A. Dinet hyl 2, 2-di met hyl pent anedi op¢ BUSI0@010952

solution of 3, 3-dinethyldihydro-2H pyran-2, 6(3H)-di one

(20.0 g, 141 mmol) in MeOH (140 nL), at ambi ent

tenperature and under a constant stream of nitrogen,

was added TMsCl (7.64 g, 70.3 nmol). The reaction

m xture was then heated to 60 C for 3.25 h, before

bei ng cool ed to anmbi ent tenperature, The reactlon
temperqtyte i PR ardhBifrogsn dlplcwehe alteghed nTias 42 6o B 9k hebodjum

borohgddidd @1 g, 1505 @idoy) wed then ad@€) and h camplarataacti¢d G@s observed after
15 mqu% N%ﬁ‘g'l cgﬁ%]l:c\g%s t“ﬁﬂ glfotv“i‘ Qd#@]ﬂ]ﬁq gﬂ E\h}l&t%)n H}d stopped. The

reactigromipgtueswas thep/dNter with satwrated biiedp .S rnh) whgatempw@amg rapid stirring.
The ré@mm sAE wad ek thrbuinelitd, heamrsgamm‘ FtOWRIE nHSt&EI The combined

organiclﬁ “(Fé% grwoaﬁg?({/m%a)g La e f v l %gémm dsule\he %ﬂ%%ﬁt ggcentrated in
vacuowp tgingan dilir Thie oilpvasi nurtfmmyrslhmel nhxpmatqggpl'(ymehutmg with a gradient

of Eté@cﬁh&&n& 50%&8%3@04«4 G R dRYd cotnSoURRRdhBIniRL GbART18% of the
%Psolu |on getg ﬁ% |nethylpentaned|oate
CO”eSrPPB SEHY i\“?‘zéMft ik £6 ( TYJin MeOH (150 ), THE
(100 nL) and water (100 nL), was added potassium
Step £36506124 6-Dif136rophEnyl 263 - amwtaymﬂSBhgmbz phasi ¢ sol ution

Towed t
D5 art ¢ SiRiehet et R B Gl iy AR -4 8-
difluocephehel) €.2-Sohatbylpentapoate frame$tap IB/308 g 800 mmel iMeOH (16 mL)
was c8q1eh 1d bat. tﬂ}%r@éeﬂrcthﬂ&ﬁie @adBldfoudh dal Qﬁbl')'lé"cp%b@éh this®1d solution

for sty TP S5topdY et U "R g%gCil?H“'?g%LM <Ghi Ll FRGgaco it n e e
bath f8M fvasinutes. eRtyenitriopen was thequlabbled|thrpegh thehlutipneion$0 minutes, prior to

remoVaA %€ 5olVBrt 1%9&03%9+6%@D]-t qugtwgd&ﬁ ShdhElkerh&Rd in vacuo.

an sat u W Thi ue
After Bigsop ks A YBRSE SHAEOH (16 D RS i (23 mmol) was
introd30edrmdsthe tnnistuea vak Ayated wa6sS M $breld urk Bftienegolingen ambient
tempdthtifd 1QV&livenPdial ;rérﬁ&vefd%%mia LiEhede gt w&soﬁﬁ'ﬁﬁ&oﬁ@tl?egween diethy]

In vacuo . to

cther (S0yL S o | WA 99 T4 om0 D hgidfiogal | M HCI (50

mL), Mateny$0 tl]) aed banmsatedetirine )50 mL). The ethereal solution was dried over sodium
sulfat@r@am d zno@fh@h %ﬁé&akméd% RN B8N 8 e} tﬂlé&ﬂrﬁ’ﬁd\ﬁ’nﬂ Qhich could be
OXY - di nmet h y - 5- §agang|c acid fromStep B
used Mcmm 1 ’H/ZIIXJ%/F Hded DVF (0.1 ni),
follomed by the S|OM/addItI0n of oxalyl <chloride
(5.00 g, 39.4 mmol) over 33 minutes, during which tine

the reaction flask was i ntain gnder a const ant
stream of dry nitrogen. conti nued under a

light stream of dry nitzgiii for an additional hour,

during which tinme the rat car bon di oxi de evol ution
M NH

v@

F

SR)-5-(3.5-Difluorophenyl}-2.2-dimethylthiomorpholin-3-one

Step A. 2-{[2-(3.5-Difluorophenyl)-2-oxoethyl]thio }-2-methylpropanoic acid

40-
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di m ni shed. This freshly fornmed acid chloride was then
transferred via canula into a 500 nL round bottom
wo b@sk334epol ed to O C, which al ready contai nedpcT/us2007/010952

N- met hoxynet hanam ne hydrochl oride (5.76 g, 59.1 muol)

and triethylamne (15.9 g, 158 mol ). Fifteen m nutes

after 10 conplete addition of the acid chloride, the

ice bath was renoved and the reaction was allowed to

warm to anbi ent tenperature After | h at anbl ent

tenperature, dieth et her (100 nL) was

preci pikot &l smoﬁ 5%@“@@'&‘1@%'%%@%@6?%&”%@ '(‘}g‘(") in THF (12
mL) anBivedier@s nill) Wey fideasedinastiesbondtt (3 T, 3178 hinibl) and 2-

mercaﬂgﬂls bf&rapcﬁ{c(lsg ”eg,l ﬁ(ﬂ&%ﬁﬁ 3@@ re[ﬁ_a}p s n}l\AQt%Jh e\%a%al'riﬁ_\’/e]d\@o stir at

ambnelnatem@a@tufeaﬁow hpgder @ﬁgearmf n&ﬁtg@atm\ea@@dwmrmﬁére 139 diluted with
diethyl 2thek {50 thilg afd YIS (WS gL ) NEHe cﬁgmd 18)¢€ kvas @ebinumashed with 20 mL

samra eli.!il g at e -lt-k];el (l)r%gri Féj w‘félr%qh%ﬁ ﬁ.rgg%veqtsggl SM?agéJ cﬁl{ ged a%nd concentrated in

h was us
vacuoftgrgmetnhepmleucprrmpndm)vmp;)swamuzedcwzhsut(fwher]gunﬁcst% MS: m/z =229

ety !
5 (3, 5-di fluorophenyl)-2, 2-di net hyl - 5- oxopent anoate To
a sol ut| on of met hyl

heyophenyl )22 -px ¢ thil i SLRYIPrOPARGE e

2‘0 f r OnFosi @cﬂu{;m( 8f B3B3, %1@m%yl)[\2 $k5etﬁﬂl@thﬁ)}ni-}nethylpropanmc

acid l%qng#?d A?é@O r‘ﬁlg VYai%add ﬂu@ﬂﬁOl-ggfrlg.E&,[D% eng% }mg%\ﬂ?lssllyl@lazomethane

(2 M i haxapes) untibyellcvacelpopersiats. diheaorationanisture was strrpd &tan additional

twenty %mtstre@t ¥he rdaRtior midxtuff Wed dmttg@ IWA%m' ermerr(go a&tcbl dnldGRaér (10 mL). The
reacti on serve

organig3a5ate FRSRTORHBAE RUROS R Bl M beh S0 arurgid brige The organic

were it 025 sodivap$ylfara dilede dndoencegatail iy veao tafgivera Bsidue. This

residi@iwil &nﬂé&%)}'s@ﬁ‘&t ge@ @hﬁ%&t ﬁlﬁhgﬂjtgg Woivh & E‘&dﬁéh@ bfl CH,Cl,:Hexanes —

40:6036 S0 10y Bive T P cSmpping? 48t 1 S B oaMel "

with water (200 nmi) and d| et hyl et her (400 m.). The
Step OV G@ADI £ [(9R) - [(WASBRISWTnY1WRERT) - A 29 difudfoshendethyl Jthio} -2-
ther ne (100 nL), then dried over sodium sulfate,
—Jf—P?QP@Pé?é—me € and concentrated in vacuo to give a
r esi duelo ety 2eldR2 d312- Mgorpphq:rfwba-obye@y]]ﬂﬁ,@} gahethylpropanoate from
Step QQSW%W '?@Hﬁ‘nolﬂv% h&ﬁed"(ﬁR 2-%6@ lellbrd?)fanesulﬂnarmde %254 mg, 2.09

g%%oen)é%%legqéain of ‘2‘;?@8?% %ﬁ?@m% 1&9(?@& 107 mL), and to

the at(oS'S)'mﬁu{r{: (@5 -atlded titaniuyr sthbkiday796mignd #9 mmol). The reaction was sealed
and sﬁée& 2 & €t ffé)rulc?ir IQ)CRD? Mtle)refotidn visBHPILL O HARARIEd B9 LEMS analysis

sol uti

and tgngestest %P?‘P%WBBKW‘*} -DheFetingn iR cosle @i KB QS wiler nitrogen.

To thé reactiSh epxfrd 5@6 addag, sodiudb bmmblyc)nm@ 32 mg, 3.49 mmol). The reaction was
comple® after B dbA RIARANS ikdisHLd by ﬁm@ aha ﬁs rr@"he FeadBofTWRY Juenched after

an adﬂﬁlonglE%\%an}tes]%a %1@%%%&1“ ilunn %gtarlgl)élpd%as%g gaturated
brine §2Gind g veaschddedpath heatypstaridg aGd izt tesdlong 3lumyuwas, filedred through celite
and W3R Rth taﬂq@@f@ 0§ Bthy I g&d{p ARYEIRS A Lr was then washed with brine and

PCT/ US2007/ er at ptum and nitr
dried o LTOUR GULLTE o DR e HOTL P ot Hlterga P EORGRngaied Myt provide a
residirothatyas puieﬁ«(dlEMs:hga g8 Bfomaroipplg s luthenwakl d eddienof a

I 0
Eto%qqgiﬁ%g nggsgi t'o\?%) yﬁ% g&g@%@@e g%&ag% + cﬂltﬁgltél?IOA of the undesired

d‘aSteé%‘PE:‘h WHQ& <t The " reaction mixture was then
diluted with satur_ated brine (6.5 nL) while
experiencing rapid stirring. 5 The resultant slurry
was filtered through cellte _Washing with EtOAc as
needed. The conblned - o
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organi cs were then washed with brine, dried over

sodiumsul fate, filtered and concentrated in vacuo to
w@boae/1309pi | . This oil was purified by silica pet/us2007/010952

chromat ogr aphy, eluting wth a gradient of

Et OAc: Hexanes - 10:90 to 70:30, to give the title

conpound cont ai ni ng about 12% of the correspondi ng

ethyl ester. M5 mz = 376 (M+ 1). 10 Step F.

(6S)-6-(3, 5- Dfluorophenyl) 3, 3-di et hyl pi peridi n-2-on

e Asol ut5| or}l of rﬂet h ) .
. o, [P C F ] L AC 5_
di f | uofTopsehytion &, rﬁetﬁymela{ [(gzkpér[(tarrdattﬁsnﬁlﬁmyi)éihew]a -(3,5-

sl B R B e o o
mL), qoet |vga5@§|dad g@hnmtéﬁi%gwpr bpynutesd b§é€?§ﬁ’8§ was sealed and
allowé fosit aa/ol °ghfok ififReh Reinlitefcifieo whithatiebganasasedbdell thngligh the reaction

R T e R

addedraing it @@s aggin ennceptrated fpyaduoof hig cyfaéémeareﬁl witle aeothapaddition of MeOH
and umgmﬁmé mxngva:s_’,sadﬂ&d) wwle t&s&nufgeagu@awwa&dwumuene (10 mL) and

tnem%l?%lg{eﬁg{l(gﬁﬁ% 5 z n_g Atx g ol %Jnn%r was al\% I oéuceg%)mla(me stirred at

115 °Ehé fier sw«uv@elwa stn@agetcbemcegn @ap wdgré thbe P8% gamplete by LCMS. The
mixtufOWhd Mlé@to&ﬁbnéﬁﬂte%@eﬁa&ﬁ@ ah@toRntrhBe i/% 0doeNIThARSsidue was diluted

with ({;%&gﬂgg {rﬁ;) and h&;‘e bﬁ%?i@emgﬁ‘?om%g%%ﬁ f;;lomng aqueous

solutique 1 oYl dEH; (Ewicak rweatmswb@ptwatqd baingi tlihgreaganic hay n dried over

sodlumshlfawaflﬂéreﬁ %d%hc&ftﬁt&ﬂinWa@&@fb QM: AfeiEE k) wasThirified by silica
rea Ll

sel orgpmpigagh s mtinech AR R o MEOHFGRLEE + B985 Rae e the e
compeynd. MEomrou R (Mt dh coul d be used W|thout further
purification. Ms: mz = 240 (M + 1). 25 | NTERMEDI ATE 2
MMNHF F (5R)-5-(3,5
-Di fl uor ophenyl ) -2, 2-di net hyl t hi onor phol i n-3 -one 30
Step A 2-{[2-(3,5-Dif I INIEEMERATER oxoet hyl ]t hi o}
-2-nmet hyl propanoic acid -40 WO 2007/ 133491
PCT/ US2007/ 010952 To a sol utl on of
3, 5-di fl uor ophenacyl br gt 6 , 3.60 mmol) in
THE (12 nli) and water 2\nl) dded sodi um
bi carbonate (317 ng, 3.78 ) and 2-
mer capt oi sobutryic acid (4 NU, “; 60 mmol ). The
reaction mxture was all owed i U at anbi ent
tenperature for 1.0 h under & stw&am of nitrogen. The
reaction mxture was diluted with 5 diethyl ether (50
Benz{11s) { @8 - M cfichifnd Biflinb) - 218i AU AABEGahSXET WAS then
washed with 20 nL” saturated brine. The organics were
then dried over sodiumsulfate, filtered and

Step AoBerenyt 2 Atdichethylpent-4-enoate
To a mixture of K>CO3 (1.58 g, 11.5 mmol), 2,2-dimethylpent-4-enoic acid (1.30

g, 10.1 mmol) and DMF (8.1 mL) was added benzyl bromide (1.40 g, 8.19 mmol) slowly over 15
minutes. After 4 hours the mixture was diluted with a mixture of water (80 mL) and diethylether
(80 mL). The organic layer was separated and sequentially washed with 80 mL of 5% aqueous

sodium bicarbonate, saturated copper sulfate, slightly acidic water, half-saturated brine, and then

saturated brine. The organics were then dried over sodium sulfate, filtered and concentrated in
vacuo to give the title compound which was used without further purification. MS: m/z =219
M +1).
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vacuo to give the title conpound, which was used

W thout further purification. M5 mz = 229 (M-
weesh33480 Step B. Methyl 2- f PCT/US2007/010952

12- (3, 5-di fl uorophenyl) - 2- oxoet hyl | t hi 0} - 2- et hyl pr opa

noate To a sol ution of

2-{[2-(3,5-di fluorophenyl)-2-oxoet hyl ]thi o) -2-net hyl pr

opanoic acid fromStep A (400. ng, 1.46 mmol) in MeCOH

(3 nm), was added trinethylsilyldiazomethane (2 Min

hexanes) until yellow col or persists. The reaction

m xture was stirred for an additional twenty m nutes.

Step grlger{z??9-thiy%x§ﬁ2xi -Hirfethpeftiahbdted vvn th ether (30 nl)
an wa r

Th
odi um 1 £ SBTEOEDRRY 2RO lPeRi AraREdS 0 EndS > TRROL prepared
according an Step AerBHI (1 Womby evas sddédimsduliémo 9-BBNt(€8 ddnl, 31.6 mmol,

0.5 MARATIEONGRALO AtifGkeS, Wvl’ﬁ?ec&mie} RittdgéR. FhE @édcmiﬁ Wa.-sr I511§wed to stir at

resi due was fied silica
ambigaf TGt E 7 P G oie w&?ﬁom SAOR R BRY 3 g 89 mmol,in
18 mI9of ¢@ter) wagyihee addes, foltdveedch)mbo $heay amlomﬁaqnezgghxdvbgen peroxide
(18 mERBH) b @ngﬁl Sutfon) BifYbccasional chilling in a 0 °C bath Thls mnxture was

lon B LRI Fobs ol 04 e BEECE b5 R CAUPLE s

The c@mblidd(ddgdnich were washed with saturated brine. The organics were then dried over
sodiudyl PP l?i@t@éé'd) arf OpREAEMEd N RYio %6 BREWERHAPBRAP LS phii RER by silica

sl chppyeRB ) 5 5 el B (2539 iy 1080l eive the e
comppund. ) Mnder =23¢dhstdht stream of nitrogen. The
reagents were dissolved in THE (17 n), and to 25 the
bve as. added titani um et hoxide (796 ny,
PSR reA THECFEat o RES sealed and stirred at 60
C for 1"50 hle'mr‘éc sdlrheoxt eﬁ@xalyircmvasdeo(étﬁﬂ et3d. Sammol) in DCM (200 mL)

was a8 VI8 10y, g\ﬁnﬁa‘i‘)a&% bise A3 16 hARSESt RFtkr 34 ﬁﬁ'ﬁdt@!‘of additional

M o R e O e
B) in Wu@ﬂ@cﬂdhyﬂraldded Yib32nngla 03edDS mimitys. Afier stieaog faran additional 30

minut\é@stne gr%?.klﬁé 189 %efzvfmo@ﬁ&ammh% 2dv@ﬁt§ﬁ£ﬁ§{ e2YThe cooling bath

YSI S, e reaction
was aHaanefl.twarmt Wik erffmpéénsﬁm?? a!ﬁ v'ﬁa%xsﬁcnon solvent was

then rerioved gasaceo pdndt the e st svedk, dxsmiwdahedmmnemﬁ d(efﬁlQ«l rether and water
(con%ﬁﬁmgaéglgﬁ% g,tl I?%Fbgﬁa\iﬁ aSHjd)! TRE o éshﬁerE ‘?ﬁéﬁl Jd%v%l' Hd'cﬁn)(m sulfated,

'te al |
filteregkandy WFCYH@é?da‘t"eVaC%lé’ %W@éhﬁ g %%?0%95( B, Whatps used without
furthaspukifieatiere and dried over sodi um sul fate. The
solution was filtered and concentrated in vacuo to
pIr QVi de a reS|tdue th t l\/\1as purzlfl ed by Si- I [ ca gel
o ~ - ‘_l{: A ‘_!l\’_ .‘l 37s

Et OAC Hexane’ﬁo a nﬁﬂnﬁé)of benZyl 22 ditmetlyil \beoxtdpentanddte (1.06 g, 4.54 mmol,

Step EPHRY éﬂgdﬁ&gr&ﬁ '(ﬁ‘%figo%ﬁ rghl%"a M@?ﬁd (1%%%%5 added (S)-2-

me&ﬁe@p@g@%ﬁﬂwﬁg@mgmé@ gymnoly; gb.lswlx(\gpz)wa‘g stirred for 22 hours,

before 68ing ﬂ])tefrédjthrm{gh@rpdd)oflﬁﬁtedmmidmyd)rtah Dai v Bpdsalsed ea3washnthe celite. The
| ;
comb? éj ré%l WoR c%@ Jﬁa&*}g z]pl to ive resuZue that was purified by silica gel

ert

chronaatpgreehb%@m wigh h;%r et of Me%t% rd)p%(ﬁaétt@ 113 Q% to give the title
compStied. RIS:428 =038 (M 89A)mol ) in MeCH (20 L), cooled to

0 C, was added anhydrous HClI gas for 1 mnute. The

reaction was sealed and 5 allowed to sit at 0 C for

fifteen mnutes, after which ni trogen was bubbl ed

through the reaction. for twenty m nutes. The reaction

was concentrated in vacuo. Additional MeOH (30 nL) was
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added and it was again concentrated in vacuo. This was
repeated with another addition of MeOH and

wo poostibsgbam ne (440. ng, 4.35 mmol ). To the repol/UBgG7/010952
resi due was added tol uene (10 nL) and triethylamn ne
(440. ng, 4.35 Mol ). A reflux condenser was attached
and the m xture stirred at 10 115 C. After one week of
stirring, the reaction was judged to be 90% conpl ete
by LCM5. The mixture was cool ed to anbient
tenperature and concentrated in vacuo. The residue was
diluted with diethyl @NAERMEBIME 4 nd washed
individually with 20 nL of each of the follow ng
aqueous sol utionsy | M, Bel (twce), water, and

saturated brine. or§ani c | ayer was then dried over
sodi um sul fate, I\I)Jer and concentrated in vacuo to
g|veareS|due?hat urified by silica 15 gel

chromat ogr aphy, elutingfwith a gradi ent of MeOH CH2Cl 2

- 1:99 to 5:95, to give the (najdraulfocidpdsomier) MS: mz =

258 (M+ 1). INTERMEDIATE 3 O M M HN/S M M

llnoclHJ-‘fl 'ymj::;tlcrgcﬂpamalor sulfoxide
I e pentanoat e ep A Be

&—2) 2. d| nmet hyl pent - 4-enoate To a mxture of K2CO33 (1.58
g, 11.5 mmol), 2,2-dinethylpent-4-enoic acid (1.30 25

Ste 'Bé'rgvll[ ( E’mp b)( 3 %néjiﬂ%pggn&)-gj’o&owgéma%%ﬂnbﬁpﬁé@etate

om

A Lor TORNrE PIBOROT (B iR A NrPBRTH R omaRA Br one (247 me,
1.08 muholypreararddty adalognd Idtleahé‘ryhteﬂl)m THFS@.0nnlL) wilsedded sodium hydride

(38 mgﬂr gﬁrﬁ%rgoi @X% b y ag‘fl?u)pegﬁgtgé (L:lgc? éétﬁlalféé rYR80&Fand the reaction
O
was allower i WermR ippep legmemé@mgl . hydrogepiges gylwion had ceased, as

judgedh by bn silttubbteethbir¢aceon afitutdrens cc&ﬂéd,ltoa(b &d, pxidrrte thelineroduction of
benzypg%‘?éﬂé §§7 m%el g B%}nglg O%epg %mﬁt%g' tﬂg‘lé:ﬁtgaftﬂtw%]s rdthb ¥ 8 the reaction

was stirseeh Erhel bawsc H’%Uu%@a mﬂﬁweﬁ refrmeﬁ é‘PdﬁfJFfiF‘Pe@d%rF%er The residue
was tHén:dinted witR 1hter(dvit elher. THE a§W2020 Mafkel 334 Bdtracted once with ether and the

combgl%—{/ %&%@é}% Q\zaé c{ ﬁ‘tﬁ tﬁ{aé%ggt{}%e! _’[l' he or cs were th?n dried over sodium
sulfatbeﬁimd Znéﬁﬂp??é*PﬁSﬂldpé mﬂcw terebe @re(ssiuvmj Waz@@ﬁ?ﬁ@w silica gel

chronf&Rasisd eluimgaﬁm mgraHQenSbﬁl(Me@)H DCMHEO(5199)5 rﬂ&r)s 19888 give the title
SOl ut,i BBN (63.1 nL, 31.6 mol, 5 0.5
Compﬁlmqieqﬁlglr: 9ovté3r7§389m12ut es, while under nitrogen. The
reaction was allowed to stir at anbient tenperature

~ Step B CBenZWI I’(IB’R)’- S+( B@dlﬁggﬁibﬂSmﬂDﬂ Adlxidons @kodickhuphatifidayigacetate

(ﬂpﬁ!m 0 nz%ﬁ%m?) 9&3 \éﬁc}lﬁ[lgrogﬂgn)ﬂ{)?r})x@gﬁl&QOrpholmA-

foIIo

'yl]aceigqg? 4% ldl@g, 399 mmol from Step A.) in MeOH 10 mL) was agded aqueous hydrogen

peroxide (30 drops, ~0.8 mL, 30% by weight), and aqueous HCI (5 drops, 3 M HCl). This
mixture was then heated to 40 °C for 2.5 hours. After cooling to ambient temperature, the bulk
of the MeOH was removed in vacuo, and the residue was partitioned between 50 mL of water
and 100 mL of diethyl ether. The organics were washed with saturated brine, then dried over
sodium sulfate, filtered, and concentrated in vacuo to give a residue that was purified by silica
gel chromatography eluting with a gradient of Hexanes:EtOAc — 1:1 to 100% EtOAc, to yield
24.5 mg of the minor sulfoxide isomer and 93.6 mg of the major sulfoxide isomer. MS: m/z =
394 (M + 1).
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(18 nL, 30% by wei ght solution) with occasional
chilling in a O Cbath. This m xture was allowed to
waeor/13d49anbi ent tenperature for 1.5 hours, bebPOr/€52007/010952
being extracted with ethyl acetate. 10 The conbi ned
organi cs were washed with saturated brine. The
organics were then dried over sodiumsulfate,
filtered, and concentrated in vacuo to give a residue
that was purified by silica gel chromatography,
eI utlng W|th a gradl ent of I\/b(]—| DCI\/I 1: 99 to 10 90

sulfo)ﬁa@goger)Benzyl 2, 2 di met hyI 5 oxopent anoate To a -78 C

(200 néh s AhensREle Rk 393 SCafieRpnafial) i sicdelhorpbolin-4-

yl)acegate (9316) mBg, ﬁl2t3§snm;t\f tnagjoBomen dtoes Step %)dee@Ha(lS mL) was purged with
mtroggﬂI ‘Thb Q&bmﬁ seZI%mth@%ééttﬂoﬁ Wegel QRa8BMLily removed to allow introduction of

Pa.C g Rk af0%p R SO0 i CRTBte 1A P BBy g asyeon, before a

fresh mlmmgé hydfagen was jarta¢hed. fAdfterdriC M8 dinaliysig andigged chat the reaction had
smlle@hﬁéﬂ%%on&é’rén@ﬁ hyt A0drdgek ddnSiplere Wb rBpIR &e)d WAK nAfGRH. The mixture

was s Blche Yehyecn PRk Gl The e hne Pl 1 s, ahloteel .

conceh@ated ur saculgapriide a ofsiduet whinh was lddntedevitly aghicons yedium, bicarbonate
(2%) Qﬁ‘djet}ngxe T@dc&@@ué’\@ eﬂbMﬁé@Qd'»ﬂﬁﬁetﬁbﬁ‘(ﬁqfrﬁes@fto fHredYn-reacted

cont ai ni n ou
startinge PIcEl AT o ee ey BoF FEHe SRR Psope QTR M HCL and was
then stirfitad edth N4Cl. tBrg deidivchquenmesdayarayasdh¢mextmeted threedinygs with DCM
and tl{rQ@theE Wethag U @otﬁ%f%&) werdhlirel 0VBSsodRRA suifdtB Ofikered and

rther purification e Benzy
Conce[“(@begt"é?’{‘cuﬁ&?)ﬂ'%%‘l “ﬁ&?IC]OP}HOHE? %82’”65 né?‘ﬁ% Yelhd-anoat e
To a m xture of benzyl 2,2-dinethyl-5-o0xopentanoate
(1.06 g, 4.54 mol, StRPErERvEistaghydrous CuSO4 (1.59
g, 9.98 mmvol) in DCM (10 ni) was added (S)-2 30
met hyl pr opane- 2- subf i namogp (0.550 g, 4.54 mmol ). This
m xture was stirr hours, before being
filtered through la p d ad celite. Addditional DCM was
used to wash theecel’i't e conbined organics were
concentrated in vacuo gi ve a resi due that was
purified by silica gel [chro h elutlng wth a
gradi ent of MeOH DCM - 0. 5: 9 'tg%'?% ?69‘ Bt o give
thetltle conpound_I\/B n12 338(M+ll) 35 -43 WO

(pyinor sulfoxide

isomery N O O S F F (rmj orsquOX| de isoner)

[ ( 3R) (sg’l’u?lon OH) ng{i%?)él @l’% dl?fl(l gophgnﬁﬁgt%c%@ ro%ﬂl Bmorpholm—4-

ac etl
yl]acetate (%4 S mg, O 062 mmol minor isomer, from the preparation of Intermediate 4, Step B)

in MeOH (2 mL) was purged with nitrogen. The septum sealing the reaction vessel was briefly
removed to allow introduction of Pd/C (~6 mg, 10% Pd/C). The vessel was then purged with
hydrogen from a balloon, before a fresh balloon of hydrogen was attached. After LCMS analysis
indicated that the reaction was progressing slowly, a suspension of 10% Pd/C was introduced via
syringe. After 2.25 hours the hydrogen atmosphere was replaced with nitrogen. The mixture
was then filtered through a pad of celite, washing with MeOH as needed. The filtrate was
concentrated in vacuo to provide the title compound, which was used without further
purification. MS: m/z =304 (M + 1). |
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Step A. Benzyl
[(3R)-3-(3,5-di fluorophenyl)-5-oxot hi onorpholin-4-yl]a
weedoatigs4dp a 0 C sol ution of PCT/US2007/010952
(5R) - 5- (3, 5-di fl uorophenyl ) thi onor phol i n- 3-one (247
ng, 1.08 mmol, prepared by analogy to Internedi ate 2)
in THE (8.0 nL) was added sodi um hydride (38 ng, 1.5
nol , 95% by weight). After 5 mnutes, the ice bath
was renoved and the reaction 10 was allowed to warmto
anbi ent tenperature. Once hydrogen gas evol ution had
ceased, as judged by QH&BYMEBZQII&'Q the reaction
m xture was cooled to 0 C (g)rior to the introduction
of benzyl acetate (272 ng,jj 1.19 fftol). After 5
m nutes, the ice bath was¢(fe and the reaction
was stirred for 15 hour%¢§Ib,é-,,, fof the THE was
renoved under reduced pressure e residue was then
diluted with water and et her. aqueous | ayer was
extracted once with ether and tie 15 conbi ned organics
were washed with saturated brine. The organics were
[(3R) BB 5 - fl @Fo ey 1 ) SR idiiRi d &8 L Ixatig omb ipHoined yl ) @detic acid
concentrated in vacuo to give a residue that was
purified by silica gel chromatography, eluting with a
Step AyrBetizzehf(3R8)-3 B Grifantophenyd)-bd -dioxigoss -agothiomaorplyelin-feyllacetate

title TRARAURSh oMRnZ 23 5)-3-(8,5(dVh torbpheRD)- SlogBthBmorpholin-4-

n . . .
saceRS R mes Ol 73 gl SRR TR o rieredi & S DCM @
mL) wesipdged aeGPBACSSE mesbp 8 Msnolof OBey2ypieht). After stirring for 17 hours at

ve

ambie[nlé i pedat(, aTled‘éﬁdtMrrﬂRhQBWa)salﬁpﬁ%@Hﬂ §iTed phl@biuinfor purification,
: .acet at.e | le,, fo ; . D
etuint ARt Ghifefes S A0S0, E) B ytedMiibing, which is
83% phre falancg bging m-CRB4 hpndwnag iwsgd wWitheutdfyriberupirification
drops, 3 MHCl). This mixture was then heated to 40 C
O 0 .

HE2 Pt %2252 LHOLGPOCHYS 5 S 0o, —atrd

resi due seistipapf berizghk 3R bét(hebedifIBoraphenyl)-hat dipxidard
oxothidiRoiPhopi-4dj1 Rlcbile (ﬁﬂ Nehe, TS RIGANE DS, RBMSSYEAN 86 MUMOHD (3 mL) was

aat.ﬂgaéred b”EHe %gﬁn agl‘l egl oeveé sgdl um slgrli%]atre oved to allow
purgedwith,mirgeen;  fihe gptup sealing §he Fraghian 3evsg! yrs el remoyet
introdubBion wABA/BLG-1#ireg) 1650 BiAG)c dhe gebset mas enayrggahyith hydrogen from a
ballodil, BEforda et bﬁl(gfnaé#b‘gmog% W %ABGRAELANG 30 minditds ShelWR}fdgen

E{fOAc, to yie|ld. 24.5 ng.of the m nor sufoxglerzl oner .
atmosghEReguSgRC A ERSITREEDT TORI SR & Ceteh TG Aad of celitc,
washiB@ v3guMelHad eeded A TONREQY Va3 8dSEnRAITEA S2Q0/0/t0 PO®Ede the title
comptufP NES: m/z = 320 ¥M +1). _ _ _

[(3R)-3-(3,5-Di fl uorophenyl) - 1- oxi do- 5- oxot hi onor phol i

n-4-yl]lacetic acid (major sulfoxide isoner) A '

sol ution of benzyl INTERMEDIATE 7

[(3R)-3-(3,5-difluor ophen&l ) - 1- oxi do- 5- oxot hi onor phol i

n-4- yl]acetate (93.6 ny,,;70.238 mmvl, major isoner,

fromStep B) in MeCH ( ) was purged with 5

ni trogen. The septum seal iMg—t he reacti on vessel was

briefly renmoved to al ntrqoucti on of Pd/C (-18 ng,
10% Pd/ C). The vessel\ wasythen pu i t h hydrogen
froma balloon, befor fresh ballogn of hydrogen

was attached. After LCMS analysis indicated that the
1-{ (2@ RiBldeMsiRAT th iy b @1 8F 3 SO0 ODYLE R B2 3 B K- 045

atnosphiere was replaced Wwth nitrogen. The m xture
was then filtered through a pad of celite, washing
A1_t1h{[RHOringshyleddethoxlhreethyl it I Hipgrodd 2 Boblpegndieat r at ed
in vacuo to provide a residue which was diluted with

agueous sodi um bi carbonate 44
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(2% and ether. The aqueous |ayer was extracted wth
ether (4 tines) to renove un-reacted starting
waordoensab1 The aqueous | ayer was then nmade aci BCT/UB3007/010952
the addition of 3MHC, and was then saturated with
NaCl . This acidic aqueous |ayer was then extracted
three times with DCM and three tinmes with Et CAc. Both
organics were dried over sodiumsulfate, filtered and
15 concentrated in vacuo to give the title conpound
V. rr122304§m+1) | NTERVEDI ATE 5 OOH 0 SJ F
F ( mi néodswn hysiér(§03pdispyrsion in mineral oil; 16.2 g, 0.404 mo]) was added in

portidnk 3Rr 35 fndn ﬁr@s&lhw @phaﬂadhaolé,(ms d06 53 DX NindDBIA{200 imL) at 0 °C
and ttgeorrlﬁ%(l]lulsﬁa(/:ag]tc Itlgrgﬁgl 1 ‘nm 7 Pf n%géhyg)iquemoxymetg)glnﬁﬂonde (71.8 mL, 0.404

mol) fvagRen3dda] Fowiy cbm r§phiankéeping by |t¢mp®amx®oﬁﬁh9 meachinp mixture below
10 °oCl1- ﬂ&ftey Laﬁ]%tréic%o(lzﬂas WeHehe@ a2 wateR (50 ?'énd] ﬁﬁ"?ﬁfxmre was extracted

with &ggﬂ rﬂoeragiw bwtﬁ]hreg%.pnfc Iagetéﬁ wei‘leh\é/a%gs ‘)(}FH Ldturated brine,
dried seerd Mlggota,rﬁalterecacmncﬁnmammﬂd drizd undeetiigh vacwimp vegive the title

comp@hllld)VMSnH/PdlIQ§|(W+qf) Pd/C (-6 mg, 10% Pd/ C). The
vessel was then purged with 25 hydrogen from a

baIIoon before a fresh baIIoon_of_hydrogen was

[ﬂpwﬁﬁﬁgﬂLQn mas progressfng sIomAy, a suspen3|on ofv10@6

hydr ogeh sabHiBE ghdr 42 Hhns YN B oameln - SOt T Blpyridine
from SieptAI(43.1 ga8. 1 7 he mal) intdde>caie ( BODOGH valsgsldedacﬂmpemetcyer 30 minto a
suspe\‘\@%h'o’f‘?r\gﬁﬁég h%l‘%l’(ﬁﬁ.lde %@ﬂﬁgnud-g@ﬁ El b B8V P mMRSin dloxane (300 mL). The

concen vacuo to proyi ti,tle ca
reactigh R SHEES SSUBDISH, RUGETFUECRIE B BUIen FEGHTRA e to produce two
layersnl & fter GDrhir(, Mhetrehtion Whs Jen2BOYWitB 3v@dr (300 mL) and extracted with EtOAc

(500 Fg/ H’ﬁgggﬂo% a%éfz walb B gr @ltp EQUACQZ 360 mL and the combined

orgaqaﬁ)|aiyﬁrs 2Eje Tvgéléqd, wl,{'gr&gﬁ en)é% m;g( theI 1r¥all gv%sh w%)s(% 5 65"1{131 brine (300
mL), Beiad gl {rIRESBq (fdtchedlardd corcepiaed i) vakud- Thoxnadie-preducotvas immediately

disso Eg-l % aﬂ’ldﬁ.}'\ ?&l@tn@ﬁ Itert@ tﬂro%@ll\ Htp'l&g‘opsfmp«f@lzﬂmi with CH,Cl; until
the dﬁt?r%ie?laf Baq %ﬂ@eﬁgvr ogtef%%mﬁ 6r Oht Py E)W@B%’t’?doﬁ“h saturated

aquedfs NaH@OgretiOahE),4herShréne AP0 ImiL)Dd“Med Bverrmgsmﬁiﬁltaﬂ:deﬂ\d concentrated
in va%{oiqrg%e\r ?tlQlerEg QuidOME, =% Ry +V§i ght) . After

ours at anbi ent tenperature t he
reaction m xture was applied to a silica gel colum
Step €ot - {p2(THiine eyl siig])ethOx elmithyi§- 1vil-tithydrog? Heliverol o [@f3-b]pyridin-2-one

Hexanes; 1'?1(:%60 1 3% rﬁolt) Qa3 Qdah ol s HhtYh 5@3 Hitrbfho-1- {[2-
(meth?&lyl)ethoxy]memyl} 1,3-dihydro-2H-pyrrolo[2,3-b]pyridin-2-one (65 g, 0.154 mol) in
THF (880 mL) and saturated aqueous NH4Cl (220 mL). After 3 h, the reaction mixture was
filtered and concentrated in vacuo. The residue was partitioned between EtOAc and H,O which

resulted in the formation of a white precipitate. Both layers were filtered through a Celite pad
and the layers were separated. The aqueous layer was washed with EtOAc (2 x 500 mL) and the
combined organic layers were washed with H,O, dried over MgSQs,, filtered, and concentrated
under reduced pressure. The crude product was purified by silica gel chromatography, eluting
with CH,Cl;:EtOAc — 90:10, to give the title compound. MS: m/z =265 (M + 1).

INTERMEDIATE 8
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83% pure (bal ance being m CPBA), and was used w t hout
further purification. Step B. [(3R)-
w@203/1534Di f | uor ophenyl ) - 1, 1- di oxi do- 5- oxot hi onecpbstN”6010952
4-yllacetic acid A solution of benzyl
[(3R)-3-(3,5-difluorophenyl)- 1, 1 -dioxido-5 15
oxot hi onor phol i n-4-yl] acetate (71.7 ng, 0.145 mol,
83% fromStep A) in MeOH (3 nL) was purged with
. nitrogen. The septum sealing the reaction vessel was
briefly renmoved to allow introductjon of Pd/C (-14
ng, 10% PdJC). The vessel was thengﬁur ged with
hydrogen froma balloon, beforg a’fresh ball oon of
hydrogen was attached. After i nutes the hydrogen
at nosphere was replaced w th L Qgen. The m xture was
then filtered through a% of celijte, 20 washing with
MeOH as needed. The filtrate was c@®centrated in vacuo
to provide the title conpound. MS: nmfz = 320 (M + 1).
1.2-Bls{Oebidvilt A TEA -hitrébezéne O N ~Sc 25 1- {
[2 (Trimethyl silyl)ethoxy] nethyl} »
3-di hydro-2H-pyrrol o[ 2, 3-b] pyridin-2-one Step A |
w&u&a&nﬂ@xﬁm@m@%oxw methyl} - |
H pyrr oA elatidn bf wﬁﬂr@bmﬁalm%lmo@aﬁb;saaﬁm; in THF (500 mL) was
added JrhpRE R ?Js%g 3% 5 soRffb) 49&‘1[,%‘1‘?&( SRILk BPRL, HoB . 400 mmo),

por Tl
keeplog/me rzastwmrtemoeran% b@meen 06C anday 3¢ néddlee &(63@“18'@,, the reaction mixture

was aflowdd tdhym ispwdVio 48R nHenpatatlre@ndaticred fier 18 KINMMEOHWAS0 mL) was
addedS (tfﬁlréf{xﬁde % ;gechﬁi%atgc]— i%l?élrs]%ll Séd y'h] el hn armt g%nr:envt\iated in vacuo to

aboutd8rmh Frogilasd toréb%Cpuang lp%l\ka%mﬁ@ﬂe@ tofadiusbthedbto Yh11. This
mixtuié ¥lakl EﬁtrzbﬁécDWﬁtE Et0AC. (3 Afd(mmL) Bnd tHeQ obritiedd d¥paM@ fayers were washed

with t%lir%een 8\%}1@%2%%0-@& Htc%g I_nﬁ_e)laem.mcuo i rﬁ)ve H’]& title compound.
MS: mhga?@k(May@Hs’f (&é’a@%shed Wi th saturated brine,

dri ed over MgSO4, filtered, concentrated and dried

Ste gn h h L yacuum f o, di ve etnge title conpound. Ms: nlz

3, 3- Di Hthowphdrug fribromiderf@0Hymbi 213 inendibinB @i RS9 fld veisddded
dropwiBy 8V &- 12%waa@ellu%zos 4-RicRY Y bHHen eﬁ erﬁeLﬁQ{dlltﬂo%S&fp A (353 g 193

mmolé)} F-:&c%{js (entahox t]é”m h c%/ le{dﬁtoﬁ Zc;gﬂcglquenched with

H;O QIBOM)ThNdsde decb thpepwcs@ddbe prg&@dqﬂamrtvmsa)vashed with H,O (2 x 200
mL), BREASAON a@leoRY NafidTs;, BHEd 8@&%5@@&%&6@ NindQoheehiratbd in vacuo to

eive B A GaPRplad B 7 SABBIRT 0L usi ng an over head

mechani cal stirrer to produce two |ayers. After 60
mn, the reaction was ouersiegtpyalle sater (300 nlL) and
extracted with EtOAc (500 nl). The aqueous | ayer was
extracted further with EtOAc (2 x 800 nL) and the
conbi ned organic |ayers ashdd with H20 (4 x 300
m.; the final wash was pH '

Step A. (:t)-S-Nitro-lf—{[2-(tn’methvlsi]vl)ethoxv]m'ethvl}-1.3-dihvdrospiro['mdene-2.3'-
pyrrolo[2.3-b]pyridin]-2'(1'A)-one
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m.), dried over MpSOH4, filtered and concentrated in
vacuo. The crude product was i medi ately 20 di ssol ved
w0 po0ZH2LEh2 and the solution filtered through ap@Ei/ug2007/010952

silica, eluting wwth CH2C12 until the dark red col or

had conpletely eluted fromthe plug. The filtrate was
washed with saturated aqueous NaHCO3 (400 niL), then
brine (400 nL), dried over MgSO™4 filtered, and
concentrated in vacuo to gi ve the title conpound. ME:

mz = 423 (M+ 1), 25 Ste {) i methyl sily

01 hoxy] ok fgllion b1 3Tk g hreangie yDHoR PRy S0 8 Hibmmol,
descri®ee in Eltém)e(dizﬂé)g) arid B4 [2vatimenadsibdgethxyimethgQH LB idily ded-2 H-
pyrro%)t[??milp é ; ho%(y 19 r{].wof )deicrgbeg in [nc}erm iate 7 m IV[.F (2 L) was
addedxcegivg) par P'éﬁtﬁ( o897 aamgl), EOF!L‘BIAWH?SI 9vqrr§ mwmggsl@ hyagetic acid (7.6
mL) \admdacﬁaa uh@tmdnmmem d&hlééatra(em aolumébF 86out 500 nill&hen partitioned
between Q dg}-l;‘é@gvaL Y eclr)regxaﬁ:e%yegg»{]a\sig\xgatﬁ Ei ethI-PO (l L), then brine
(500 ma) thex éhe¢squré%azﬁpe,oﬁlitqﬁed radconeratrated tafvawquheecrude product was
purifibd 8¢ isich @Elecm&%tbg}@mraumg @ithid drediesk dfiHeRBGIE Ac — 100:0 to 0:100,

o e ae o B p B ey T ERGACTE 500 ml) and the

conbi ned organl c layers were washed with H2O dried
Step BV@N-MIHHo- 1 { (ot @ @dihyBg) eMOLFIM diiafl £d , 3 -0 @FospRElIERGe-2,3'-
oS SSMLE T e de product was purified by silica gel
with CH2Cl 2: Et QAc - 90:10, to
gi ve thfénvwﬂlreoﬁb%dimg (3 pandH)-=np@s5 '(f{R+ 1). 35

(tnméchﬂ'l g@%&%&hﬁ}‘ﬂ 3%?&@%903%8& E’@%H%l@@é%&%ﬁn] 2'(1'H)-one

o St 20 oo 355k B STBIR Wi ECRRERERE 8 anomospner

of hydrogen fagphtatia). i eftarcl &jh(ma ngxtum@as fiktergd)thiopglTla-pagt of Selite, washing

extengta)elyv‘@fth Masie O AN RO Yl e WS EordeeRtrbteli Gn aa&ral tutglll< R*hetitle compound.

ra omplex (1 M 490 nL, 490 rmol eepi ng
MS: ’f’% ?g%@(_ll tenperature between 0 C and 5 C. After

the addition, the reaction mxture was allowed to
Step M@fem-ﬁb cw(m azao%dw ﬁ@t(ut.ﬁ.mrsﬂtma@.oﬁtmemwneﬁ ofqr 18
tetr 5 Li

concentzﬁaobv@ﬁonrmfﬁ)eil@nnm 10{ [ah(@umemenlmﬂethemjh@@mlbla-
dLhydg\ms findlheb BaSHr 18R, ALARKIdEAD- I’Q%net ﬂ?@m@'ﬁ’eﬂ g (1-@4 1373 mmol) and
di- feré??atyéﬂ R R LS bRt il for 17 b, The
cooledmimgyre avas e dnapngmteNd? 8@ o dnd the rascduea«mzds puoricdrtyrsdiedel

chrorhto (%%EH@ el Qirl With B%n%'ﬁtb@\cc—o PRPYRs50: 5080 gl the rd@mik Mroduct. The
e"”‘i“‘?”%n‘?(%?eéc%ﬁ%fgﬁiﬁiuﬁ Mg EHE oA pryrggand eluting with ECOH.
The first topjpnpeak obuté wes rer2- _‘Dm)rh(rﬁ] -(2'-oro - 22 - (t@Be thylsi lylyathoxy]methyl } -
1,1 ,Zag(#&f]ahygfogﬁ%ﬁﬁdemég 3'15)'5: Q@ Ap JhH -'5 S%c‘afbamate and the second major
peak faalie s ter Ui O S ?af;?ethylgl?mem SR metyy-F1% 3.
tetrahydrospiro[indene-2,3'-pyrrolo[2,3-b]pyridin]-5-yl)carbamate, the title compound. MS: m/z
=482 (M + 1).

. Step D. (R)-5-Amino-1.3-dihydrospiro[indene-2.3'-pyrrolo[2,3-blpyndin]-2'(1'H)-one

A solution of tert-butyl (R)-(2'-0x0-1'-{[2-(trimethylsilyl)ethoxy]methyl} -
1,1',2",3-tetrahydrospiro[indene-2,3'-pyrrolo[2,3- b]pyndm] 5-yl)carbamate from Step C (13.4 g,

~ 27.8 mmol) in MeOH (300 mL) was saturated with HCI (g). The mixture was resaturated with
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mol ) in Et20 (750 nL). After 18 h, the reaction
m xture was cooled to 0 C and quenched with H20(100
wok)o7/133ae1 | ayers were separated and the organi BCT/agmn7/010952
was washed with H20O (2 x 200 20 nL), then saturated
aqueous NaHCO3, dried over Na2SO4, filtered, and
concentrated in vacuo to give the title conpound. Ms:
mz =309 (M+ 1). INTERMEDIATE 9 ONH H2Nt-N 25
(R) - 5- Am no- 1, 3-di hydr ospi ro[ i ndene- 2. 3" -pyrrol o[ 2, 3-b
pyridin]-2' (1 H) -one Step A
HCI (&Y gveBy B trripumtil the Btafting matemal wias gorysumed, and then concentrated in vacuo.

The r&iRYSEERdWed-ih Me(dl—l"(}lg(‘) ﬁﬂ.ﬁ)laﬁla[&e@dﬁ%ﬂe@\ fenediamine (1.9 mL, 27.8

mmolg,é# &%W}lﬁ?%@ér ol 62m1(§b?(mnnboﬂ?§0fad4 ust\{g% Q'ux[ 11331{19970 After 30
min, the 2nibive¢ bRoBwed iilh HaD (104 DbdapAErici! Bith CHAR (k! The organic

layer 48S 8fitdP60kriNG, SO, &fi REREW, 38 cBhcedrdted in vacuo. The crude material was

el W SOTIP S i SRSt Rt S8 Ah DA 1)

described in Internediate 7) in DMF (2 L) vvas added
cesi um carbonate (129 guTERAMEBPATE 10Orti onwi se, over
5 mn. After 18 h, acefic acid (7.6 5 nL) was added
and the m xture was congggt nated to a vol une of about
500 nL, then partitioned tvve@n EtOAc (1.5 L) and
H20 (1 L). The organic | &er shed with H20 (1
L), then brine (500 i), _then dr ed over Na2SO4,
filtered, and concentratedX n vdcuoPHThe crude product
was purified by silica gelxchronmatography, eluting
with a gradi ent of hexane @‘ - 100:0 to 0:100, to
give the title conpouni;_{ dz = 412 (M+ 1). 10
Step B.

(f) 5 Amno 1 -{][ 2- (trlglet]hylyIyI)elthoxy]methyI} 1, 3-
3 ) [ g o @- S 3 g

methﬁyrqunﬂlz s_&_fim:rhme one 15 from St ep A ( 19. 1 g, 46. 4

m) p‘ﬁg?g%ﬂ%éd E‘cﬁat\r{%rgti?f f’Ny((lE') Et{ (400 L) under an
by G RE RO DM PR AP LA GHPEOTRHR 257 R4 U8 (5 A gnd g mmol) [Tang
et al. €XAHEN 1 Qet. yChuint. h6 QYISO - 835!81] inHBHF (73 mdit) @t Ws’C was added 3,5-
dnﬂucﬁ“ gﬁé?ﬁygrg%tr%gmkﬂ“bs‘bﬁﬁbﬂé?m% H{LV@fJ 6;? N_ﬂ'sBiu%oﬁm@}#“@s 8 MY&ol) dropwise.
The re@tnopz‘mx&gg wps s{lfrgd e& T7§m9p Wpé\ H%]Qweﬂé? R s’ovily to ambient
temperadtur8and siirkiap wdis @ piinedi fodéda- 7, ha' mJ}xyure was quenched with saturated

aqueJqul@l[-hQCliaZ?]nW)rdnég%l_tr §(re?f %?@Etfé)gfl@ 3:; a7 tTPQ:rbomzlined (>3rgamc layers

were ik @Y GOF5t: - B SORETAACIEGH D] IF PR Posiet Sgp purified by
silica)gebeierofmacrpr&thypeBtiag Mthep grad@nnoCH,@hEtOACc — 100:0 to 80:20, to give the
title compound. MS: m/z=392 (M + 1).

Step B. (2R)-2-Amino-2-(3.5-difluorophenyl)ethanol

To a solution of N-[(Ss, 1R)-2-{[tert-butyl(dimethyl)silylJoxy}-1-(3,5-
difluorophenyl)ethyl]-2-methylpropane-2-sulfinamide from Step A (1.50 g, 3.81 mmol) in
MeOH (40 mL) at 0 °C was added HC1 (9.5 mL ofa2 M solution in Et;O, 19 mmol). After 20
min, the reaction mixture was concentrated to dryness in vacuo. The residue was dissolved in
H,O (25 mL) and the mixture was extracted with EtOAc (2 x 50 mL) and these orgahic extracts
were discarded. The aqueous phase was adjusted to pH 10 by addition of | N NaOH and .
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di-tert-butyl dicarbonate (71.5 g, 328 mmol) in CHC13
(1 L) was heated to reflux for 17 h. The 25 cool ed
woRousRINas concentrated in vacuo and the respODes2w8%010952

purified by silica gel chromatography, eluting with

hexane: Et OAc - 100:0 to 50:50, to give the racemc

product. The enantioners were resolved by HPLC,

utilizing a Chiral Pak AD colum and eluting with Et OH

The first maj or peak to elute was tert-butyl

(%)-(2‘-oxo- a-irfi S’trlrrethlsu yl ) et hoxy] net hy
extraciediwith EtQACLZ ¥ @lL Sigpf,s(g[qrmﬁglygrsswersﬁippg|05fr2NgLSQ4p9ltered and
concehirgted fr Bacydo)to giveahatide camgotue SIS erig=map@M 3Q)peak to

el ute vvas tert-butyl

' -oxo-1' 2-(tri hyl si | yl hox hyl}-1,1'

Step (g i) Chloro-N-[(1R)- I{J} S ﬂuog)el)thel)mlyﬁz h{/d)roe;yet?hy ]]acr:re?t;m%/de}

t et r ahydy SSRGS bNQEN2-Zmido=2(7, 5Jahm£ozoa,eka}y9yﬂhad¢lrfimﬁsy/ep B (630

mg, 3f%30ar b@ma Gihe&hleajmne t(?S]CnEpgl'gl mmMB mrE}iClz (4408mLS at O °C was added

cruorc(aﬁzqwscmmmz%nm Bysdrromelx o fterddrreing U8 repgtianonirare vds quenched
with shR¥ate@ h§keods NaHOO P08 mB) dhB&lticicarwiaf CHEC, (tzut ¥4 mL). The

combirdyo gzﬂm%e’iqmsa%a agb?ﬁﬁ?ﬁ&éﬁ@@ S0t BRAT I drjoq over NasSO,

filtered] mdqoxﬁewate@rrbmoéo gverhSidpcanpadds MS: m227‘ QSMMI 7 1).
in MeOH (300 nL) was saturated with HO (g). The
3 as., . esatura ed 0th -49 WO 2007/ 133491

‘ &7 phic eVet2%0 min until the
© st artl rTg) mlemrabf %vablowﬁéuhﬁhl -(3dediflneropbeomd At r at ed

hydrok?etM}?%J:@%amJ@ ﬁ‘toﬁegite (848§l Iﬁ:sﬁhm&q inTNE @rk (T&E)Q.t Ole” was added
reat e e

NaH @O mp SR S ditntegion B hel 6D o ﬁ%‘ﬁé\“i‘“&‘% G (gEe &t ambient
temperatarenfox tl Ur. eSaterated KﬂoeowTﬂHnle{OO nm&)rwas dlediapd mheemvmr,re was extracted
with DAL @0k 96 ttL) "me(c‘b%u'i@d) or@ﬂqc WFS&Q&%WWC% ( filtered, and

e or er, was dr
concef*%fmegwéam@n%ow Bl SR S T Himatosaphy, clutin
with ayghdienadf hexane ErOAnat56eZb i 2h7Ve@elvie3be 1itly compguvk MBem/z =214
(M+t1'%tl e conmpound. Ms: niz = 252 (M + 1). | NTERVEDI ATE
MM OO HO ~NJOH Ja F F 10
[ (5R) - 5- (3 5-Dif uorophenyl) 2, 2-di et hyl - 3- oxonor phol
R Ret3i > A)-Speongpholine-4-carboxylate

1|R)u 2-{§ réﬁm.owmds @sm@?béwﬂgge@ﬂo@ Sndirom Step D (570 me,
2.67 rg.n@?)' 8?@6’ E%&Eéﬁc oB?te égﬁ % féiergyolé a.rﬁé{ gp'@etg])slammopyndme (327

mg, 267t pin(od ineT Y1) 30 mll) twey]setrhg/ ht zdehnex)t-tampetahyb poropbbn@&h solvent was
remove?i%fd'ep%g@d &és&@e fnd thé r& r 3s kLA b §11194 gel QWograp hy,

cluting g g ogt BT beanE HP s %Q}?r&gﬁ%éguﬁw%ﬁﬁa%em&*pemd MS: m/z
=377 efNa+CH;MWsol uti on | n THF, 35.8 nrnol) dropw se.
The reaction m xture was stirred at -78 Cfor 5 h, and

then allowed to m sl
Step F. tert-Butyl (5R)-5-(3, SWgnrﬂuorop%enLL 2= 1methyl 3-oxomorpholine-4-carboxylate

To a 1 M solution of sodium bis(trimethylsilyl)amide in THF (1.60 mL, 1.60
mmol) at -78 °C was added dropwise a solution of tert-butyl (3R)-3-(3,5-difluorophenyl)-5-
oxomorpholine-4-carboxylate from Step E (500 mg, 1.60 mmol) in DME (15 mL) at -78 °C.

The resulting mixture was stirred at -78 °C for 10 min then iodomethane (0.099 mL, 1.60 mmol)
was added. After stirring at -78 °C for a further 1 h, the reaction mixture was slowly transferred
via cannula into a 1 M solution of sodlum bzs(mmethylsﬂyl)am1de in THF (1.60 mL, 1.60 mmol)
at -78 °C. The resulting mixture was stirred at -78 °C for 10 min then a second equivalent of
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tenperature and stirring was continued for 18 h. The
m xture was quenched with saturated 20 aqueous NH4CI
W@ 2&07me349and extracted with EtOAc (3 x 75 L) . rdh@s2007/010952

conmbi ned organic layers were dried over Na2SO4,

filtered, and concentrated in vacuo. The crude product

was purified by silica gel chromatography, eluting

with a gradient of CH2Cl2: Et OAc - 100:0 to 80:20, to

give the title conmpound. Ms: mz 392 (M+ 1). 25

Step B. (2R)-2-Am no-2-(3,5-difl uorophenyl et hanol To a

iodomggiape (G A9DMINI[§0Smmol) was added. Afier stirring at -78 °C for a further 1 h, the

reacné'{Paml “ufd W& § uehdﬁ?dh\(vﬁh rmhha(&a \dewhd BH4E L BLPand extracted with

| e ropane

E0Af (4 0 3RES AN dted ot iheS WRRO B el ¥y Ny 730) Hjereg, and
conce@ratad iravitberd. Hile C('Lgieaarndqufwaé pzmlﬁleé bl @thcgrgel chrem@graphy, eluting

with a8¥Rbiknt AHfHeRine2BIO Ak 0,90t Ietol 604U, it BivEItKS HlE cMBBound. MS: m/z = 286
™M é?‘iéen”at ed to dryness in vacuo. The residue was

olved in 30 H20 (25 nL) and the m xture was
extracted with EtOAc (2 x 50 nmlL) and these organic

Step EXBERASLS 5- WG rEbRnINIESLdich by BAIBRSIE-BlRse Was

2007/ 132450 Becp TRiaOr0 15683 CeSetiflior R 2 i3+
oxomurph0lingd-}#-cafftivagatofrgan$tep FA225 sngn@ré® rdmiobdn GIECING2BD) at ambient

tempefrétlﬁee&&daddéﬁ‘ ffFACWHM tfﬁﬂnd V&ﬁé’x"stﬁﬁn@fo‘fﬁ #, ke felatdidh mixeure
was c%ncgﬁggtgg nNycfc(qo to gnve t%e tl[lg comp {\AGSD mgz =242 (M + 1).
R) - 1- (3 5-di fluor ophenyl ) 2- hydr oxyet hyI ]acetam de 5

from BteplQ (IISIO Wn(mtﬂ) n‘LlPI\/ﬁt‘ (Z)mC) aBs °€1d’m¢ddcﬁ1Nch(2@ mg/bfa 60%
dlsper?reggggl :ogﬁo %1@ )ﬁ?gL'A@ér66 rmglgLe:t}l yl @lfohﬁﬁgittgtgr hg .62 mmol) was added
and RIS (8 SHEF A GoET SOTUR SPLIPedBeaus DaHCRY (yh) was added
and thEhmixtaaiwas edtractgdimi th Eiﬂf’[ca(@t s 1 0vele). s lvechbmddrorgfitic layers were dried
over r%%u,, lﬁ&w aa.m%ncéma% inyAelh. HAELQY BladlRes pmés](a by silica gel

tered concentrated 1n v cuoto Ive_t
chronm&m'de uNBg gra g@t qzcaﬁ 5 to 70:30, to give the title
comp$utd). - MS( Wﬁ-DQSKW(b))henyl ) rmEphoI | n 3 -one To a
solution of 2-chloro-N[(IR)-1-(3,5-difluorophenyl)-2-
y acetham de from St eg ) g, 3 37 ,mm_ld)

60% d| Sm solotion mfahj/l [(YR)Zﬁ(nﬁrmt)lumplddyE) ZttxiimeelyM&xomorpholm-

-yua%&g{er@an%ﬁHqutz q{%‘h}%ﬁ %%fog (6 THF ol 2BRHHIO B was added | N

agueous m Xt ure
aquecus 1 QHIQES Tt stfrmel apd Jbefzeﬂmg MRRC YA HER at ambient
tempepatgsanioe 1B dy &fte remntiendnixede ows puNGRStectly by HPRQ, usimya reversed
phase%@i&m‘aﬁg eld@w 3GHPa ﬁ ot bFRGORFQLMG ICPIRS éﬁurbé '18‘6 1 to 5:95:0.1.

I ca onat o ting wth 4 gradient
LYOP‘B%W&E‘&H@“%FW ttlezepmypp &37'5216 iNg the title
conpound. Ms: mz = 214 20 (M+ 1). Step E. tert-Butyl
(3R) - 3- (3, 5-di f| uor ophegykkMEBKRTENRRNO! | ne- 4- car boxyl
ate A solution of
(5R) - 5- (3, 5-di fl uor ophenyl ) nor phol i n-3-one from Step D
(570 ng, 2.67 mmol), di-tert-butyl dicarbonate (584
ng, 2.67 nmol), .and 4-di nmet hyl am nopyri di ne (327 25
ng, 2.67 mmol) in CH2C12 (30 nlL) was stirred at
anbi ent tenperature for 1 h. The sol vent was
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removed under reduced pressure and the residue was
purified by silica gel chromatography, eluting with a
w@r@diigzab1 of hexane: Et OAc - 90: 10 to 50: 50, t opgi/vs20bire10952
title conpound. Ms: mlz = 377 (M+ Na + CH3CN). 30
Step F. tert-Butyl
(5R) - 5- (3, 5-di fl uorophenyl) -2, 2-di net hyl - 3- oxonor phol i
ne-4-carboxylate To a | Msolution of sodium
bis(trimethylsilyl)amde in THE (1.60 nL, 1.60 nmol)
at -78 C was added dropwi se a solution of tert-butyl
(3R)-3-(3,5-di fluorop en )Mé Me
oxonor phol i ne- 4-car b E (500 ng, 1.60
mrol) in DMVE (15 nlL 78C he esulting mxture
was stirred at -78 C for 10 (Sdorret hane
(0.099 nL, 1.60 nmol) 35 was adde AFPLY stirring at
-78 Cfor a further 1 h, the ~eaction mxture was
slowy transferred via can |nto a 1 Msolution of
sodlumbls(trlrrethylsuyli} Rede TI-1F (1.60 ni,
1.60 mol ) at -78 C. The resulting m xture was

sti rred at -78 C for 10 mn then a second equi val ent
oryl iflogrophemd p 3. 3-dimeths 2aexopiperazin-1-

yllacetfte 099 m_ 1.60 rmol) was added. After stirring at -78
Cfor a further I h, the reaction m xture was

quenched vvlth sat ur at ed aqueous NI-I4CI (10 n.) and
"\ 'dl OB h D) ,‘ 2 O@Y d 'll.‘ : Y opanoate

or ganl CA hﬁ)(ﬁ‘fréoﬂ\ﬁﬂéﬂlyﬂwz&ﬂnOMSBuMcﬁ@droéhwh@é ad.3 grﬁdv 0 mmol), 3,5-
dlﬂuq&} r}éce%?ct:yrl trgnq'derthr Sk og'rl'he @r Udch?éBdl(lg‘/t 6waf12§}i!mlo f?leMF (100
L) waceatiressitat ef bigsK fHepdRErRClor 330; sla@wd@auws NaH gDy #400BL) was
added add e GRIRRPE 0Es eMpictéd With E288.c ({ M) Thé ldfganiHa@r Kas washed with
brine,(d?'a%i_cgfeg ﬁa%%(?‘bf ll%?erd? g.p(f n%{fzeg}tfzrated in vacturo]y Lﬂ\% CPJ‘G%' ;I)rgduct was purified by
silica (g6 Ryhroma ghapdiyf ¢lugpg)pht@rwgr)idlgmzofd1q>@m@1030 4d 00:0 to 0:100, to give the

title cOXPIRRPNRIS: nfz - Trard@pxyhate from Step F (225 ng, 0. 66
mmol) in CH2C12 (3 nlL) at anbient tenperature was

added TFA (0. 49 nm., 6.6 mml) After stlrrlng for I h,
1 O ; YIE o)

g' ve t h& ntu'xhj.rgoﬁ g > 5 dThﬁom Ré‘r?yl Moﬁoé{)}yl]&ﬁﬁ} 2-

methyTgropagase %%&R%ﬁpﬁ@ 59 %& AT AL AT

317 n@ho()5arm) AsOH((:; 'H mbj 9% mmol) in MeOH (300 mL) was stirred at ambient
tempuaﬁ@@hﬁmol hin? RaCVBEL Y OB p80IhioB winQded aﬁunh%tp@poﬁhe mixture

waschs a4t BT < s B g T i SR el so o o
18 h. 18dditinpalet¢H (bminpaeserdded aid 0w ragtiod. X tymotas heated to 60 °C for 6 h
then ARARA 102861 AdEcIRcXt tHEd Wazicab td & Q6ludte & &a. | 96 m20 Tﬂenresultmg

s o i ST e e SRS, 0050 e et

with CbinGir(@d.)orIpamirganiagdrast wes washddeditl briogalrieNa®e0¥ 2,504, filtered, and
concéﬂtﬂa&e@irzﬁ@fac%‘dlﬁ@mgg bfRBOWAS Mmt y stifi€& gé]‘éﬂal%n?e[tggﬂﬁﬁy, eluting
ie mat 0 y Ut i
with B s b o3 b L Bpt ceg*%eu{i’@ WS g g7 M+ D).
give the title conpound. M5 mz = 328 (M + 1) Step

Step & rert- Butyl (5R1 5-(3.5-difluorophenyl)-4-(2-ethoxy-2-oxoethyl)-2.2- dlmethyl 3-
5R ['uor ophenvl ) -2, 2-di met hyl - 3- oxonor phorl

QXOPIESIagIRg-1- f&e%ci d 25 To a solution of ethyl
[ (5R) - 5A(s8]Biogidflethor 6§k hidi fluctppheiytyel 0-0x0-6,9- -diazaspiro[4.5)dec-9-
yl]acéth fr&n%%é}ﬁﬁf(@h@ B%%ﬁhb])aﬁzgv ?at@oﬁrsmépﬁanhk (015@7 %, 3.48 mmol),

and d: terr brmtr dxcarbonate lg% gmB)9 6a mmol_gzm agzetomtzﬂevﬁa was salhrrNed at 60 °C for
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aqueous LiOH (0.55 nL, 0.55 mmol) and the resulting
m xture was stirred at anbient tenperature for 18 h.
wab@7ngmeti on m xture was purified directly bypdrBk£007/010952
using a reversed phase C18 colum and eluting with a
gradi ent of H20: CH3CN:. CF3CO2H - 90:10: 0.1 to 5:95:0.1.
30 Lyophilization provided the title conmpound. M5: mz
= 300 (M+ 1). |INTERMEDI ATE 13 -52 WD 2007/ 133491
PCT/ US2007/ 010952 OMe Me ~Oit, NOO v N~OL.. F\ F
Lithium [ (6R _
18 h, than ceded andieanoprarted Hpfgrredycgd pressurieu s sedpmrpdarct svagjpurified by
silica tchbﬁma&z%)épﬁy ,REutaH WitH a @&ﬂbﬁh@xﬁleﬁtmﬁ 10807y D:100, to give the

| uor op 0X.0€ [ ]am n
oA T SHRELE L R LI LB FOD
elutingyithdeBi: dleiQfd — (80023 Hhe Brpt mamegk tcgelgt.e was tert butyl (55)-5-(3,5--
difluofh EIU)QF aR QQJ@I@&W—2BR@£&?§-2(215ertByI -H3x& 1)1e laMboxylate and the

- secondma bcms)gé]g{o lgﬁ;pw 1teﬁ B 3/ ¢5ﬁ§lgl\f': &pra%phag%‘ - @ edloxy ﬁj-oxoethyl)

2,2-dingHEEs -xpipen2) nephsarbpo plate, mnier@mwdr M ry/z =371 (M - C4Hy).
extracted with EtOAc (1 L). The organi c |ayer was

Wﬂ:ﬂmm chr ormt ogr aphy eluting wit h a gradi ent
of hexaRe: fhidn oftlﬂ%x@ylt(QRQSJ(@@»dtho gmgnﬁlsm 2Ieltﬂdx§2 oxoethyl)-
X

2 - R el 5 e e 1o e 3o PR . P (18 L

and HyO (2 odt)avas adibd A Nraguasue LoPHr(8t0dyrhL, 3.04 mmol) and the resulting mixture
was st%rréc{ ;% “aribi émqb&k)g&q]gl?g Eﬁsrﬂt/llé) n'%Ae Hﬁﬁg}mbé ' ﬁea to BH 6 by addition of 1 N
HCI aff snceBirgleq 1 dpdess Mgt e Hirdniokprapaynd 515 s 343 (M -
CsHr)and AcOH (5. 71 m., 95 nmol) in MeCOH (300 nlL) was

stirred at anbient tenperature for 10 m n. NaCNBH3

(2.39 g, 38.0 mmol) wa | dr hg pH of the

m xture was checked a mj—é-pH - 5 as
necessary. The reacti onohﬁn t'\blr?_e was heated to 50 C for
20 18 h. Additional was added and the

reaction mxture was hea @Cfor 6 h then
all owed to cool and concéntrgted|fjn vacuo to a vol une
of ca. 150 nlL. The resul tis rxtyplg was carefully

guenched wi th saturated aqgeous NaHC03 (300 ni) and
then extracted wth CH2@ 1 L). The organic extract
was washed with brine, d over Na2SO4, filtered,
and concentrated in vacuoy Thé& crude product was
purified by silica gel chrgpatography, eluting 25 with
hexane: Et OAc - 100 0 to O: 100 to give the title

2, 2- d! met hyI - 3- oxopi perazine- | -car boxyl ate A
Step 80($it4- PJ'lFRfor@Mh'YllethvlnhenL) 3.3-dimethylpiperidin-2-one

98 (3, 5['0 2|1 gtllrlr'lé)J %\IPU r}'}/ot) be]ﬁgyloé% ? [(%zrsi Ibagyzf\ssu%nyq{lmmtl]df?
dimethylpentanoate (1.00 g, 2.96 mmol, described in Intermediate 3) in toluene (28 mL) at -78
°C was added 3-fluoro-4-methylphenylmagnesium bromide (11.9 mL of a 0.5 M solution in
THF, 5.93 mmol). The reaction mixture was warmed to ambient temperature for 2 h, and then
heated at reflux for 2 h. The solvent was removed in vacuo and the crude solid dissolved in
DMSO (5 mL). The crude product was purified by HPLC using a reversed phase C18 column
and eluting with a gradient of HO:CH;CN:CF;CO;H - 90 10:0.1 to 5: 95 0.1. Lyophilization
provided the title compound MS: m/z = 236 M +1).
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30 yl]acetate from Step B (2.27 g, 6.96 nmol),

N, N- di i sopropyl et hyl am ne (0.607 nL, 3.48 mol), and
wolkearasisobut yl di carbonate (15.2 g, 69.6 nmol)PCTVUS2007/010952

acetonitrile (30 nm.) was stirred at 60 C for -53 WO

2007/ 133491 PCT/ US2007/ 010952 18 h, then cool ed and

concentrated under reduced pressure. The crude product

was purified by silica gel chromatography, eluting

with a gradient of hexane: EtQAc - 100:0 to 0:100, to

give the racem c product. The enantioners were

separated by SFC, using a Chiralcel OD colum and

Step B! m%g(3vﬁ:lhhrmé\!ﬁtheny$p3 BAimEls1-Rid@ipipesidi- | peaketictacid

elute vsﬁ)s tSth‘rr Ext 8 65(3(f?fuoro ethylphegyl methylpiperidin-2-
dlfluorop (}J S e oxoéﬂﬁlm @Qd fjh? 3
one ftoux‘éi@pp%ﬁ%pzmﬁe P4 arrb@l&ym Qd\éF éhmlt)héam{?@@bmnw}tme was added NaH

(19 6095 QlpERiMeH ciilelotctﬂ@%ﬂol) After 15 min, methyl bromoacetate (0.051 mL,

0.54453301 5\H§’ e Iaf%cll enyle?sr?élr{eaé‘grr E@ﬁypogoxoﬁﬂ} Yilz (0.061 mL of a

10 Mtsbhitienc® 2 amiol) MBs adqle_d and3hg nfikture irrer) for 23t effhecrude product was
purifikdl Wity )ggIBLC“us(ﬁ 5 Fev@k&k@ hase C18 column and elutmg w1th a gradient of

H;O: él%géﬁo(gg ;S-l ( %0 (;1 $0¥h% §8ma{)1uz§ﬂe t\{mher purified by SFC,

utlhzhlgretCRuml?hkADcolumn and elutmg with CO,;:MeOH - 91:9, to give the title
compbRR- Brsk BuB=ciohlupraphenyl ) - 4- (2- et hoxy-2- oxoet hy| ) -
2- di met hyl - 3- oxopi per azi ne-1-carboxyl ate from Step C

(1 18 g, 2.77 mol) in THE (18 nL) and H20 (2 nL) was
added 1 N aqueous Li OHINTEBRMEDIATERS nmol ) and t he
resulting mxture was stirred at anbi ent tenperature
for 5 h. The mixture was adMested to pH 6 by addition
of I N 15 HC1 and cong@atrated i®» dryness in vacuo to
give the title conpound. NB: z ©343 (M- C4H7).
| NTERVEDI ATE 14 Me Me O &_oNH JE Me 20
(S)-[6-(3-Fluoro-4-net hyl phényl )- 3, éDHWnethvl-Z-oxopip
eridin-1-yl]acetic acid Step_ A
(S)-6-(3-Fluoro-4-nethylp ) - 3, 3-di net hyl pi peridin-
2-one To a stirred sol uti ox benzyl

added 3 quoro 4- nethylphenylnagne5|un1bron1de (11.9
Step AL Mithya (@RﬁzMﬁ@wmmnwemWEm.& l%pﬁﬁ&ité TFA6alt

r eact i o o a r ur
o it oF AR aRe Wil 3o B RLESbSEP AT @ U £0d fimo), 2-
brommtqrémwm & &sddomard), tand I\Laﬂﬂé@s 6629 & - Smwnalpih PNF (20 mL)
was stie@al Bmbieht tehtpRrattédBr O mﬁtred@ﬁnﬁﬂka&h%@éemle@wnth 1IN

reve phase. C18 col [
aquediS I B B PSR IR Feh R e R0 g Rs to ' BDGnd the organic
phaseLy@qowwaré%ﬁ i Bire BDiepuorhage wvas ladj usted]te pHokhwith datured agueous Na,CO;
and ther?e@ract¥dwilh EtOASE x 75 mL). The combined organic extracts were dried over

Na;S0yq, filtered, and concentrated in vacuo. The crude product was purified by HPLC using a
reversed phase C18 column and eluting with a gradient of H,O:CH3CN:CF3;CO,H - 90:10:0.1 to
5:95:0.1. Concentration of product-containing fractions in vacuo provided the title compound.
MS: m/z =222 (M + 1).

Step B. Methyl [(3R)-3,4-dimethyl-2-0x0-6-phenylpiperazin-1-yl]acetate
To a stirred mixture of methyl (2R)-2-[(2-0x0-2- phenylethyl)amlno]propanoate
TFA salt, from Step A (152 mg, 0.452 mmol) and glycine methyl ester hydrochloride (85 mg,
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WD 2007/ 133491 PCT/ US2007/ 010952 St epB.
(S)-[6-(3-Fluoro-4-nethyl phenyl) -3, 3-di net hyl - 2- oxopi p
we@roodiBe491 -yl ]acetic acid To a stirred sol utipor/k2007/010952

(S)-6-(3-fluoro-4-nethyl phenyl) -3, 3-di met hyl pi peri di n-

2- one fromStep A (80 ng, 0.340 mmol ) in DVF (3 nl)

at anbi ent tenperature was added NaH 5 (19 ng of a

60% di spersion in oil, 0.476 nmol). After 15 mn,

nmet hyl bronoacetate (0.051 ni, 0.544 mmol) was added

and the mxture was stirred for 16 h. Sodi um hydroxi de
0.678 ron@p in MeQd (amlj) gvayaddeddvinGaiisgpremdetiraming s 1 2geée 1.13 mmol),
followad Gy t/ttﬁ)mé@tl 85 %I§t21 Tr @¢hdl I THe ll@sumhg nfikHEE wak eahed atvmb.em

tcmpegagl]uﬁf O a‘ll réle QBW@L@4USI \fﬂv%segdcpelaasf%e reaction mixture
was had2gt IOHICOE @ﬁ@@@ﬂhen aQ@Witﬂ)toocoplt 50611@5611%12 (09h@é mL of a 37% aqueous

soluu&pm&ﬂﬂ'n Wasad addeBahd M hfde@d W6 sBFed al @mblenk t teZﬂxpﬂ:@alﬂre for 30 min.
The reﬁgtua} %@a%évgﬁcﬂegngyef ngﬁ,#&lcllﬁr\% V\H@ (@@%ﬁ_ nﬁmlré was extracted
with BtQERKED OWRE) 28d thepornifiplin® way dikdardetls Thetdgueens phase was adjusted
to pH 16 3R shedta@iighEdls Nr,0932d Bﬁk‘%{%tﬁbﬁﬁr\ﬂm EtdAé/U RAQSLAL). The

combieq ﬂ&ﬁpamﬁoeagﬁata&eré %fﬁz\d gza% 1S5S E FlRa e Ry gt g vaewo. The
crude pestdngt W%pmﬁdd)/tm HEhCoxsmma feye3ed ghasg QB ¢niwinh an@ eluting with a

gradxepfé)mf@ m@w ﬁ&o 00 oh%% 1) . n%ar}g Wmng fractions
were dapifiiaedt bed e PRIy F‘%&“LPP 89 Btagué Naltoia anaiatafien Hhd dlac. e

organiggatratiecvend diedlowr NpaBOuilid@td, @RS crhdentmatdtih@asroxtoprevide the title
Comp(y@,g s acted7nphe B CAc (2 x 35 nl) and the organic

phase was di scarded.” The aqueous phase was adjusted to

pH 10 with saturated agueous Na2CO3 and then
Step Gltithaah ¢B AMX.hdiEhéN]-2-Bxx-67 ipeFamndoyifiacetate or gani ¢

extracy\ssdwe;& glmeﬁt PN SR 3I>éad%§«% 1 J»toeg%@lenﬁmer in-1ylJacetate
o GRRRRS ) B H L e MOS0 DR Bt .30

mmolehrut thagesmiting langumd«wsmtlrmﬂ al-lﬁﬁnb(éldB@Na;ﬁlFéiﬁEZﬂdr 4 h. The mixture was
adjustgé)toégﬂ 4&31(1&1 ot R-Hel mgﬁtﬂté@{b &}fyness in vacuo to give the title

ntarning fractions in vacuo pfovided the
ComP?H‘“@r Médﬂ%ou%@ Ms)-niz = 222 (M+ 1). Step B. Methyl

[ (3R) - 3, 4-di net hyl - 2- oxo- 6- phenyl pi per azi n-1-yl ] acet at

e 30 To a stirred m xt gg¢ 20

(2R) - 2-[ (2- ox0- 2- pheny y opanoate, TFA
salt, fromStep A (152 gy, 4. 452 nmmol ) and gl yci ne

nmet hyl ester hydrochl ori 8 My, -55 WO 2007/133491
PCT/ US2007/ 010952 0.670@ ih MeOH (1 nL) was
added N, N-dii sopropyl et iyl agg ne (0. 197 nmi, 1.13 mol),
fol l owed by AcOH (0.155 nt; 2>71 ®idl). The resulting

m xture was stirred at apbjent tenperature for 10
mn, then NaCNBH3 (34 n 54 mmol ) was added. The
reaction m xture

[(5R)-2.2-Diethyl-3-0x0-5-phenylmorpholin-4-vllacetic acid

Step A. 2-Chloro-N-[(1R)-2-hydroxy-1-phenylethyl]butanamide

To a solution of (R)-2-phenylglycinol (2.00 g, 14.6 mmol) and tnethylamine (2.03
mL, 14.6 mmol) in CH,Cl; (100 mL) at 0 °C was slowly added 2-chlorobutyryl chloride (1.66
mL, 14.6 mmol). After 30 min, the reaction mixture was quenched with saturated aqueous
NaHCOj; (30 mL) and extracted with CH,Cl, (2 x 75 mL). The combmed organic extracts were
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was heated to 50 C for 18 h then allowed to cool.
For mal dehyde (0.067 nL of a 37% aqueous 5 sol ution,
w0280/188m1 ) was added and the m xture was stirpenusi007/010952

anbi ent tenperature for 30 min. The reaction mxture

was quenched with I N aqueous HC (5 nL) and the

m xture was extracted with EtQAc (2 x 10 nL) and the

organi ¢ phase was di scarded. The aqueous phase was

adjusted to pH 10 with saturated agueous Na2CO3 and

then extracted with EtOAc (3 x 15 nL The conbi ned
washegh yith 1 8%esitricaasids thas brings theg dsipdrovRaDaeSOs. filtereds apd copegntrated in
vacuc W&Qﬁtxdeﬁﬁ:@duﬂﬂvé&@ﬂfﬁed%m&%& chidenasraplot, elaing with a gradient of

L f|ed S rs £
xR O b U B SR AR B B R -
90: 10: O 1 to 5 95:0.1. The product-contai ni ng
Step Er(@szetsmr@mws%mam@gdombasm@l ed with saturated

ey LB ARy AL rom
A (2. Zosddnt maayin FHEA200mL) app §¢i wes added NaH @83 ogrpba 876 dispersion in
oil, 246 mtbB and ye7m()Mu'€ »Hs stibred 2k G@Mblent tnigtiratiie for 18 h Saturated aqueous
NaHCLeé;A%dT‘{ﬁ Yvaﬁn%*e r"f’élfj e? égxtgreo vggsnyxtpac%%r\%ztﬁ Et(}AX (3% S mL) The
combfr(cdRygBid lagerserdry Idngd oxer-8a 3k nfiltere deand xoncentrpitddaivetaaro. The crude
produ‘?:t wh Bﬂ?ﬂ%cﬁﬂ’y glleasge]@uorgaé%'ﬂﬁfl e)ut Wikh b §d]i<;rinfb&fthﬁ§§1e:EtOAc -
75:25 t8g)uldqq ﬁ‘bg‘%gglf ?ti %EP%"S’F’ 8 &% ?%@F nper at ur e

for 4 h. The m xture was 20 adJ usted to pH 6 by

Ste @.di@thB R kR JekHly1- 306k L 06 1ih@4d&a¥ 1
vacuo bp%\? ?22%%}? ? egey?g@%enéﬂr@rphm-onf qm (Step B (900 mg,

4.41 t(nﬁi%)) j-2er Bbetyhgticadooxte (36 Dngnd i4onphb| and 4-dith¢thylatigopyridine (538
mg, L mNER A, @l 191'L W [sfidre e é’mBﬁéQ{ @ 'erdtm‘em?lem}ﬂ' The mixture was

| ut 2
B L, e Rk
vacudmbhe crude GrRAGEOW 400 firdd) byagilica gelwhmrsdtggdayh)aduemg with a gradient of
hexarfe: £18 2L 0*99%%3@0 m@gw ¢hd d16EompSurt- ME 4 mbm - CaHy)

Affer 30 mn, the'reaction m xture was quenched w
sat ur at ed aqueous NaHCO03 (30 nlL) and extracted W|th
Step DH2&I-Bu(y2 (%RY¥A2 alidthylThexcSnftienebin@phalinec4-exthoaglag wer e

56 VO 2001 ARATLRFLLHSRONUAHES i NEARR YD (¥in, 1 64
br|

¢itric acl rine, I‘ e
mmo})iat ¢'eh e%waaﬁeé%egmmsg ‘Ioﬁ ° \f‘l?;f b“y\{%@l\%ﬁa"éhy' 3-0x0-5-
phenyrimdpiailinasds cabioxflate drdmy Ssipl € ¢€200gmE, Lh4 omraold g B (25 mL) at -78 °C.
The rgédi%gﬂnmehwé‘s QYrAel eﬁn?s @é fo:hﬁ%m?th%h%foetha?@ é@@.ﬂ fL, 1.64 mmol)
g @ X for B0, Fheg b ko FRSEOHBIT frseaction mixcur

was aii):ied 5A§leébtlrgng<am:\7 or E{"‘W eg ﬁ é&hra eSreactnon mixture
was cooled 16678 °C ahdguarched wAthcdahoatod Nq(xe(olls RHZLIKZad ndxyther extracted with
EtOAnggﬂanXb rrﬁ_,_RE')gl% chltbmrHr?ﬁué ‘28'@531'&9 dnAd Q)ger715a%04:,l-ﬂiltéred and

200 wa
conceo{m@m iivepes-

a
Bfcrude product was pur?ﬁe %y silica gel c romgtggraphy, eluting
with a gradient of hexane:EtOAc — 95:5 to 70:30, to give the title compound. MS: m/z =278 (M
— C4Hjy).

Step E. [(5R)-2.2-Diethyl-3-0x0-5-phenylmorpholin-4-vyl]acetic acid
Essentially following the procedures described for Intermediate 10, but using rers-
butyl (5R)-2,2-diethyl-3-oxd—5-phenylmorpholine-4-carboxylatc in place of rert-butyl (5R)-5-
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oil, 24.6 mmol) and the m xture was stirred at anbi ent
tenperature for 18 h. Saturated aqueous NaHCO3 (20
waok)o7mesondded and the mi xture was extracted wWetuEL0DAG10952
(3 x 40 nmL). The 10 conbi ned organic | ayers were dried
over Na2SO4, filtered, and concentrated in vacuo. The
crude product was purified by silica ge
chr omat ogr aphy, eluting with a gradi ent of
- hexane: EtCAc - 75:25 to 0:100, to give the title
conpound. M5: mz = 206 (M+ 1). Step C. tert-Butyl
(3,5-difrrephrny -2, 2=dimgthylSB -oggmporpholine-4-carboxylate, the title compound was
m@pm@@hﬁnybmeﬁﬂﬁQu?meeg-carboxylate 15 A sol ution of
(2R, 5R) - 2- et hyl - 5- phenyl nor phol i n-3-one from Step B

(900 ng, 4.41 mmol), di-tert-butyl dicarbonate (962
mg, 4.41 mol), and 4JBEIE&h§ﬂHﬁﬂ%b%yridine (538 ny,
4.41 mol) in CH2CI 2 (50 nL) was stirred at ambient
tenperature for 4 h. Theme Xfsere was washed with 10%
citric acid (35 nmL), Hagn I edoover Na2SO4, filtered,
and concentrated in vacup. e cbude product was
purified by silica gel chko ograph eluting with a
gradi ent of 20 hexane: Et OAc: - 95:5 60:40, to give
the title conpound. M5: mz=z 250 (M- C4H7). Step D
tert-Butyl (5R)-2
2- di et hyl - 3- oxo- 5- phen ngne-4-carboxy|ate To a
| Msolution of sodlun1 bi s(trinethylsilyl)amde in THE
(1.64 n., 1.64 mol) at -78 C was added dropw se a
[(4S, 6§PBL(§ 'SOBlfﬂIoréﬁfehyﬁ M aré2R8 3Rline R I@Y&xo%u@fﬂlé 1 4Pacetic acid
phenyl mor phol'i ne=24-carboxylate from Step C (500 ng,
1 64 mmol) in DME (25 nl) at -78 C. The resulting

Step Aviéx{us-®iflasrophe 3atime ¢riding0.4adiong hen
doet 3
IS?I (r)rGI E%ndeso(lgli()"n oéf ﬂ-’dlr%etﬁﬁ]pgnginﬁ -2 m% ?ﬁgﬁgn??'f@fng, 7.03 mmol)

[U.S. Ratent %, A2 23 HdnihsReshe L) \Wa?sadé%?éddlhaowéwlﬁﬁanesm bromide
(50 mpwdadche M vélttiors at THA} 28 magpl pandsthhlriddiltifg2@ixvide wiseieated to reflux for

1.5 h. eﬂglﬂﬂlﬁ{é wﬁst&olé:n{ %cggd %iha Mue&ﬂ@l??{]@rﬂf made asic with

ani c | ayers ried over ter ed

saturatgg RRIAEOn P RIBR | 40 Pho oA CHFRA TR EAD Bt LSHL) e comines
organeUsyedrs edrédyashieivdeh gD (Shmdypthey bepdy30 mltandglriediovhr Ha;SOa,

ﬁlte:reg1 %ﬁi’ &Ww%m&??&%uﬁhﬁ% cruggg &HcPWZQ gﬁ ied % 9']1¥§gélhe

conpound
chronaagrRgRhy, SLBNEMI 3 Zadkat %flrﬂ’féﬂ‘ifﬂ%%hollqorﬂ .50 fdegive the tite
comp&@idd NMS: mssenta @My 1.0l 1 owi ng the procedures described
for Internediate 10, but using tert- butyl
5R)62 2- dlethyl 3- Pxo %hphen InDroh?I|ne 4- car boxyl at

PCT/ USZW%(Q&@(Q‘E&f 6-(3,5-difluorophenyl)-3,3- dunethylpnpendme -2,4-dione from
Step & P20 8! RORERAN BNV (GoPrlly AR Mngn gzgorgeggmk%%nﬁdzi@d NaBH,
(4.57 3922 l(wlh)Aﬁfmﬁr&hwmrmommxwe N@S@P?nched wishd 124299 mL) and
concehtratdd fn vacuo. The residue was partitioned between H,0 (600 mL), saturated aqueous
NaHCO; (200 mL) and EtOAc (1 L). The organic layer was separated and the aqueous layer was
extracted with EtOAc (600 mL). The combined organic layers were dried over Na,SQ,, filtered,
and concentrated in vacuo. The crude product was purified by silica gel chromatography, eluting
with a gradient of CH;Cl;:CH30H - 100:0 to 88:12, to give the title compound, which contained
appfoximately 20% of the corresponding trans-isomer. MS: m/z =256 (M + 1).
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5
j (4S,6S)-6-(3,5-Di fl uorophenyl) - 4-hydroxy- 3, 3-di net hyl
wo 2e00M8qapperi din -1 -yllacetic acid Step A PCT/US2007/010952
6- (3.5-D fluorophenyl) - 3, 3-di m et hyl
pi peri di ne-2, 4-dione To a solution of
3, 3-di net hyl pyridine-2,4(IH, 3H)-di one (978 ng, 7.03
nmmol) 10 [U. S. Patent 2,525,231] in benzene (10 ni)
was added 3, 5-difluorophenyl nagnesi um bronmide (50 ni

of a 0.5 Msolution in THF 25 rmol) and t he resultln
Step (K (] fa_._:ﬁl.ffa.aul werophanyl)y He ox- - lm thid - 4ri p_a‘_. n-1-

ylJaceVié coI ed quenched wWith 1 N aqueous HC (10 rrL)

gﬁge eg aaci lon ?fs cz%%‘)l- ggéll\%r n}ﬁrgéll‘fwﬁiﬁ&y( odu[ye%nylpiperidin 2-
one fromgfitep B (Ilaya,émemm% \MQQ]mHQ@I 5@ was)added plaH (60% dispersion
in oil bl"@l”é 135Pmixhdl). ARer 90 hif, é@N rbrMﬂgﬁgﬂate @852(5 nlIt, %eﬂmnﬂiﬁﬂwas added.

t
After TG o 2 ipn %ﬁﬁ%%%faav%nﬁ SRR A Y T mo,
diluted fwithebl 2 €708 @Ry and boge Ol QOOTIBDamDextIa@tegl Wleh EH2AE£(1Q0emL). The
org anf‘coém‘al:'tr\gas d\@d &Vt N§2§é4 f(eré"d Hd c&&ﬂt’rﬁed m vacuo. The crude product

was ppa?ﬁd6 9§ 61;l]|éa ge clpggrrggtg @%y,oe{utéqg %'ng %acHFtiatl ofJE%xal}/e ]’;)tICP Ac—100:0to
0:100u@r gipheryalgohd] & almietire/dffbpeisboicrse Additiontil praificatimn was achieved by
HPLCStu‘;ﬂr%L él%Paniﬁ( D &9111““%)1 el inpNG K ﬁ%giﬁtowétzﬁtﬁﬁbb 10:0.1. The

firs. oy pheals (G ey PALA PURRYS BrETOLAT é§\£§3 o Dr-hydroxy-3.5-
dimethil2 -0208 peridindnylJacctne amd ethy 4S5, ﬁR)fé{(B.KS diftheropbenyd}ié-hydroxy-3,3-

dlmetﬂ@lsz Bﬂ{)ﬁ b&ﬂl&lﬂﬂdy?&te%@fba"@q) ) THO sédehd n@&% Ak Q8 elute was a mixture of

o S S 1) EL55 CT TRe SLAET n

ethyl EARIGS) 1668, SaliflvoEs Dy 1)-8ay dnbyy-3, Frbime tryb2 reab pipregidini- ¢-ylJacetate (ca.
3:1). [FQMGE df\ﬁfc% 8':‘1 b?ﬁme%@&nd‘\!ﬂ%%%eaﬁ Whe fc’h?é?b»ed BFC, using a ChiralPak AD

corb s S On SRR DHREY S5 MR AR B

dlﬂudmf)p}@H?méQh)@rB)@% 3- d.l&&'tl@lﬂeoﬂﬂ)lﬂfﬂ‘[dlm -0-ydlacetatehe/hidht dleted first, and

ethyl E@W&g‘;} dé"'ﬁffﬁlarcg;ﬁuféhﬂg dr@)Qpﬁ @ﬁl%@é—%6 '@&fndﬁm yllacetate,

(579 Péi*EPQ@fét mStOérPe WEf ﬁg}}le ﬁ‘(dztg SFC, using a
aﬁﬁ)( ﬁB(ﬁllﬁnﬁjaﬁd elating h&m)ﬂ:())z MdOHIEoNH 3 9}0 164t at @vd ethal {(4S,6R)-6-

(3 5- d?ﬂL&{gbi%nyg)u hﬁirox dlm?(Snyl -2- ﬁx%plgenmg 1- yl&acetat% wh;ch eluted first, and

uor ophen
cthy! [ §525-@refgrarbeay) & i3 & meeymxmnﬁn mzl-yllacetate which
eluted $@Onduithe ditle Corapumsd. add;edz/zf\lalamz 610% d).spersion 5 in

oil, 4.91 g, 73.7 mol). After 30 mn, ethyl

brom)acet ate (¢ . After.. 30
Ste 4S NNITEWTAN phe A4 e roxopipendin: - 1]Jacetic acid

aqueouSTd\lh-ld&IilmérlGDethyl) |;(4S de 6|-t(33,d dAﬂtndjtobB@yQ)?@(hydlto)c)'@lﬁdunemyl -2-
oxop%‘éh&‘ﬁa\ K—}@ch'fgté fr%prijé géqt rﬁe V4 lh.lél’% &%CTI-W Qpnma)and Ig@ (0.5 mL) was

added bRUAH mqn@héféfaxerﬁ 65%& 1ol dhesiesulting mike pas stiredjat ambient
tempdhitusé fordeh. gFhe ehcurmindguapys, quehcliddngi thvl thh }H:lgﬁadmln,moo mmol),

e L

purification was achieved by HPLC, using a Chiral Pak
AD col um and el uti ng UINTERMEBIRTEOH: Et 2NH -
90:10:0.1. The first major peak to elute was a

m xture of ethyl-

[ (4S, 6S)-6-(3,5-difluorophenyl)-4-hydroxy-3, 3-

di net hyl - 2- oxopi peridin-1-yl]acetate and et hyl

[ (4S, 6R)-6-(3,5-difluorophenyl)-4-hydroxy-3, 3

-59.




10

15

20

di met hyl - 2- oxopi peridin- | -yl]acetate (ca. 5:1). The
second maj or peak to elute was a m xture of 15 et hyl

w eebR1683)1 6- (3, 5- di f| uor ophenyl ) - 4- hydr oxy- 3, 3pdi/msiooyb10952
- 2- oxopi peridin-1-yl]acetate and et hyl
[ (4R, 6S)-6-(3,5-di fl uorophenyl)-4-hydroxy-3, 3-di ne
t hyl - 2- oxopi peridin-1-yl]acetate (ca. 3:1). Further
‘purification of the second najor peak was achi eved by
SFC, using a Chiral Pak AD colum and eluting with
C02: MeOH: Et 2NH - 90:10'0 1, to gi ve et hyl
[ (4R, 6R) - 6- (3, 5- ‘

di f1 uor ophenyl ) - 4- hydr @x 3-o°nethyl 2- oxopi peri di n-
| -yl ]acetate, which elut-o St Oand 20 et hyl
[ (4R, 6S)-6-(3, 5- dlf|u0r00 ydr oxy- 3, 3-di net hyl

- 2- oxopi peri di n- I-yI]acetate |cﬁ”tluted second.
Further purification of thex{irst major peak was

achi eved by SFC, using a al Pak AD col um and
eluting with C02: MeCH: Et °0:10:0.1, to give ethyl
[ (4S, 6R) - 6-

(3, 5- dlfluorophenyl) 4- hydroxy 3, 3- dlnethyl 2 oxopi per
I ' : n -

- 2- oxoplpe ri d|n 1- yI]acetate whi ch 25 eluted
Step SEANd(68)Pe (3.5 diftuseopizayn &, 3 -Nbhethiy22 2-B3dxopipdridid-)l -yl Jacetate

Step Dol Atﬁm %? f@&l‘ﬁ J(45,58)-653,5-giluorppheny) & ydrongy-3.3-dimethyl-2-

5-Difl
oxoplpmdjmlggiagﬁag: g, a3 74 rggqobtqeéq{lt@p ip{pgme |ate 21) 1n acetone (24
mL) af  48,6&) added 3,s51udbﬁ bootrephenyVI) didxydd Q1Y nd, 3-d0meinb1)lin H,O (0.5

mL) a&é]ilz%ér)gl ‘;y o RS mCIiHE 7(5'I mm%[l_ﬂ) BEaLAL S, (5f i J‘%@r Q0nfs &9‘3}.89%%3 was stirred

at 0 °C fard hwito hlymtaaféhq aCLIoRY, wmmws yaﬁacepﬁen%qu%gand the residue
was biBi ¢ dhv@hwatirattd hiRGuaNaBliD,&NE mn)@m@x&ww widrEtDAT (2 x 100 mL).
he o B3R B UL TR CUTREIRO AN AD) oy Py, r
and copiceatraieq frevadup| dhe @mﬂ@m@ducwas ipeified 914111@Mg¢1 c_h)romatography, elutmg
with al NAERMESN AHIECI122Z H, 9 - W00 209 52183 34 Bilve R (i IS2OH B CHO AR : m/z = 340
M+ M Ozz OO0 NIOH F\ F[(6S)-6-(3

M+ 85 t1 uor ophenyl ) - 3 3-di met hyl -

4- di oxopi peridin-l-yl]acetic acid Step A Ethyl

Step H. ([@@) fﬁ(iﬁ[ﬁﬂdbﬁobﬂ@fy@ppgf&lhﬁt@l 2.4-dioxopiperidin-1-yl]acetic acid

Sorut| b aidtugen ot RR R -0, Dl eniofb RASH A £ afd Ry® 4-

dioxopipagd BS) -y Haqqsatsﬁ@m Bieproptéme) 0. 30 hparadkin BHE (4 imdetang|H.O (1 mL)
was ad&d PO kroh firce (B6 )ﬂd 0%‘8&11&0()4171@ thresdlid g MmiltmRE was snrred at

scribed i i Doacet one 24 )
ambich Etpengiis o5 1 Bhy TRRSHRPr SFOIF s Burpered s ERYHGLQ L, 1
mmoljgongertrrtedrolayu¢ andHid ©. gforml)e tircamopd( M9 awzit 312 (M + 1).
2.75 mol ), in three portions over 5 mn and the
m xture was stirred ahé@ﬁé%ﬁﬁ?g§3%25n' Most of the
acetone was renoved by i n vacuo, and the
resi due 10 was basified with saturated aqueous NaHCO3 -
(75 mL) and extracted with EtOAc (2 x 100 rnL). The
conbi ned organic |ayers were washed with brine (40 ni)
and dried over Na2SO4, filtered, and concentrated in
vacuo. The crude product was purified by silica ge
chromat ography, eluting wth a gradient of
. CH2C12: CH3OH - 100: 0 to 92:8, to give the title
compound. Ms: nmlz = 340 . :
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(M+ 1). 15 Step B. f(6S)-6-(3 5-Difl
uor ophenyl) - 3, 3-di net hyl - 2, 4- di oxopi peridin-1-yl | aceti

W@ 2@0i18349T0 a sol uti on of et hyl PCT/US2007/010952
[ (65)-6-(3,5-difluorophenyl)- 3, 3-di net hyl - 2, 4-
di oxopi peridin- | -yl]acetate from Step A (170 ny,

0.501 mmol) in THE (2 nL) and H20O (1 nL) was added

Li OH nonohydrate (36 ng, 0.858 mmol) and the resulting
m xture was stirred at 20 anbient tenperature for 18
h. The reaction m xture was quenched with 1 N HO (1
mL, | mmol), concentratse vacuo and dried to
afford the title conmpoundh MS: niz =312 (M+ 1).

| NTERVEDI ATE 25 -60 WO 3 PCT/ US2007/ 010952
HNOON | F\ F Lithium]

5-di fl uorophenyl ) - 10- oxoqug

R) (3
- ijro[ 4. 5] dec-9-yl ac

etate Step A. Methyl | -afinocyc | ope

nt anecar boxyl at e hydroch e 5 A solution of

1- am nocycl opent anecar bo acid (2.00 g, 15.5 mmol)
in MOH (30 nL) was sptu edp th HO (g). The

resulting mxture was aged at anbi ent tenperature for

(9 @"?s 4. biddefrte

{[2-(3
Step &- wl'bffhlyuNa&ﬁhwlokﬁtaﬁmdkw@ammw&mmh@pent anecar boxy

late 1
ani noc%bé pe&% anecar F’?% ‘;‘%“8‘"‘”‘?41'%??‘8 (200 &l 2P mmg\l) in MeOH
(30 mL) wap sauratesl withhih Qg) 3The FFRIRE MRS ik 485 REtst et temperature for

2h an@&oaaex@ratc’uan@amtd pro&idd thatilléBorhpoudid. QVS: A 7 Laarah)+ 1).
in DM (30 nL) was stirred at anbient tenperature for
6_h_ I P aqueous HCl (50 ) ma% added and the

difluergghenvin2-pxesthyljamina} ayclopentanecarboxylate

or ganl A ﬁﬁiﬂhﬂi)éf athyl d—laﬁﬁﬁd@em;)eﬂ'thﬁecafhb&@)m hyirechlovade from Step A
.50 8L B AR Bl G s A0 ¥R 1.2
15.7 r&meielcnm (?@ n@)wm@reéwhwt tmperdtarel fay 6hs 1 Nagueous HCL (50
mL) W@Haaed ¥hd thelhixge vdi’sle&da&&@ kvitNEAS(AE, (76irhL Parithisadiglanic extract was
dlsca:féocli1 Eﬁt ! a&e%gl agfe}/gv%g gd us e Hq@ bfgard%ﬂi"o%totvggﬁu&% %l!le%% Na,CO;,

rever

(150 mi hnchmgmmatwaéfextrmed M@u%ma@oﬂﬁ ml9:Thg.combined Orgamc layers
were RashedQvith brih& dpic@dvet Nﬁz@'ﬂjﬂﬁﬁérﬁg {Hda%ht@fitteei®acuo. The crude

produ&bwﬁ%g?e{gﬁeépb)f ﬁg Erigi% {eevet od% OVI@&Z@QG } Iatnld ee%mﬁ with a gradient of
H,0:GHeNEF:60p ~ 90:10:0.1 to 5:95:0. 1. The product- contalmng fractlons were

comb]red E)m Bohcbnbratlidfth pesuadi@r )t e-cblrpoxad s BrediRL 88P1 MY: 41/5= 298 (M +
1). ]dec-9-yl]acetate To a stirred m xture of nethyl

1-{[2-(3,5-difluorophenyl)-2-
oxoethyl]anino)cyclopentanecarboxylate TFA salt, from

Step StERYF(§2)-893 3-diBubrophBmH)- | dslo 49-glaysiph@d[£5 ek ﬁgdﬂétate
gégggc ol It%?eé 560turr(cgdf metgyl ﬂ]m 23 é &fiv%ropl'{ezlyl% 2m‘) was

oxoethyl]am'mo}cyclopentanecarboxylate, TFA salt, from Step B (1.10 g, 2.67 mmol) and
glycine ethyl ester hydrochloride (560 mg, 4.01 mmol) in MeOH (7.5 mL) was added N, V-
diisopropylethylamine (1.17 mL, 6.69 mmol), followed by AcOH (0.77 mL, 13.4 mmol). The
resulting mixture was stirred at ambient temperature for 10 min, then NaCNBH3 (252 mg, 4.01
mmol) was added. The reaction mixture was heated to 60 °C for 72 h then allowed to cool. The

" reaction mixture was quenched with saturated aqueous NaHCOj3 and then extracted with EtOAc

(3 x 50 mL). The combined organic extracts were dried over Na,SO,, filtered, and concentrated
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di i sopropyl ethylamne (1.17 m, 6.69 nmmol), followed
by AcCH (0.77 nL, 13.4 nmmol). The resulting m xture
woR®7aB34pr ed at anbi ent tenperature for 10 m npCT/O81V07/010952
NaCNBH3 (252 ng, 4.01 mmvol) was added. The reaction
m xture was heated to 60 C for 72 h then allowed to
cool. The reaction m xture was quenched with
saturat ed aqueous NaHCO3 and then extracted with Et OAc
30 (3 x 50 nL). The conbi ned organic extracts were
dried over Na2SO4, filter and concentrate
in vacyg o 7hg SRl produr] wgg@el?ﬂecigm‘?% uyag ageverifd PS\%SI 8 column and

elutm| mathuc gradieat el )@ iGHL Y. CGHRCO, Hs+ 9@ 1 & Orletwet: 32 d. 1p HAmeproduct-

‘“ﬁ%’% %éﬁg @?C&&M%%%hm ifh &rﬁg{egg!qa@éus NgHCOs, and extracted

By chhe erepiapniergs PercdiesheveandaeS Qo filtersk angh ganqepagted in vacuo to
give th: td&eﬁnad ph'oahad ma waamtsorhakiGidse sepacht@kby SECeakingvh TChiralPak AD

colu.n}n % elutgnhgea nce S a?ﬁf_}% \pﬁ{eq'lrg{l]n?ﬁr gé(agcr to%ﬁ%s ethyl [(8S5)-8-

vacuo

(3.5- dﬂﬂ@@ﬁpl@erwbokﬂ:@xo 6?h@amaﬁp[%frﬂéﬁeﬁwé]eéetg@pamchﬂ@dewd major peak to
elute Smthysu(m) &(%L&ﬁh&@h@h&@l) ¢Oloi BT, Rarhzedpiko[ /1 9)dat 19hy1]acetate, the title

Compce)ltuhd l"ﬁ? Igléﬁ— 5 Thse first major peak to elute was
(3, 5 di f | uor ophenyl ) - 10- oxo- 6, 9-d. i azaspi r o[ 4. 5] dec- 9-

Step Iy Il.alqaﬁmm 80315 diuGrepRE) | TB)-0k o 5RHiab A pire[ 415 Rlc¥BSyl]acetate

eth y

[ (8R) - 8- 5B P SPUILAR B2 1t B oBh gy W X305 4. 5
dmzaﬂn!@&‘l Ql#lcj%bléqcataée fromeStep 0 @0 rogrfhfumenolMs: THF £3 mI3zmd H,0 (1 mL)
was aldédtl N)aq ul@ussﬁ,le?-ll B.3 Lml(}mﬁ mmol) and the resulting mixture was stirred at

[ ar.ophenyl

ambn%?e %CF%P{J.&' 1(5% gz as’l:h RS a ustﬁd] tgcpé-f gtbé adchslog of 1 N HCl and
concentrRigdite ﬁrxyrpsseznhypuo to give the tntle compound MS: m/z=325 (M + 1).

[ (8R)-8-(3,5-difluorophenyl)-10-oxo-6, 9-

di azaspi ro[ 4. 5] dec-9-y T q Step C (90 nm,

0.26 mmol) in THE (3 ) was added 1 N

aqueous Li OH (0.31 ni, O.31Rgno and the resulting

m xture was stirred at 1 ent tenperature for 1 h.

The m xture was adjuste 6 by addition of 1 N
HCl and concentrated S in vacuo to give the

title conpound. MS: mz 25’ r1). | NTERVEDI ATE
26 OOOH NHF F 20 [(6S)-6%(3/5-Difl

uor ophenyl) - 3, 3-di et hyl - 2- oxopf peridin- | -yl]acetic
acid Step A. Ethyl '

5- (3 5 dlfluorophenyl) 5 oovalerate (5. OO g, 19 5
Step mlm (NS (e 27 RINLIRORARGTA: S §1HABrI hdnohBEhBhoate

mol ) | Zo 111
t et r aeﬂmw@“@sofi@ﬁw 035*’0“@%139“%% OF%‘é?il?r?i’ir(S 00 g, 19.5 mmol)
and (§eZsedthypopans-2ishifinaeade. 881g, 28. &aenbl) mTHFe(lB})nm)b%radded

tltammrtet}@etltfb éﬁ ¢8e1r8 ﬁiﬂobé B%QI)anﬁiquﬁcntoﬁ%g{e gu@kly sealed and placed
Se uman A&n I nl wer.e tache rio 1

into a&iﬁ‘i gihder b b, ASGHFeRNNES P ARRIFRdemparaige esemgm@nﬁmr?gen inlet

were m&hhh phoatt@dling to 0 °C. Sodium borohydride (1.48 g, 39.0 mmol) was then added,

and a complete reaction was observed after 1 h. Methyl alcohol was then slowly added until gas

evolution had stopped. The reaction mixture was then diluted with brine (60 mL) while

. experiencing rapid stirring. The resultant slurry was filtered through celite, washing with EtOAc

as needed. The combined organics were then washed with brine, dried over sodium sulfate,

filtered and concentrated in vacuo to give an oil. This oil was purified by silica‘gel
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35

and a conplete reacti on was observed after | h. Methyl
al cohol was then slowy added until gas evolution had
web@ppsxior The reacti on m xture was then dil ut eBcmusive7/010952

brine (60 nmL.) while 30 experiencing rapid stirring.

The resultant slurry was filtered through celite,

washing with Et OAc as needed. The conbi ned organics

were then washed with brine, dried over sodium ‘

sulfate, filtered and concentrated in vacuo to grve

an oil. This oil was purified by silica
chronREOFANB34BinpEUS2EAIENDID EXDAcHiexanas oggéﬁny 50éI0utq gige the title
comp¥dd) MSIRadkagd (0f + . OAC: Hexanes - 10 90 to 50:50, to

give the title conpound. M5: mz = 362 (M+ 1). Step

B. (6SL(3 5- Di fl uor ophenyl ) - pi peri din-2-one 5 A
Ste - ifhtongpphenyl)-piperidin-2-one

( 58) 54 E&rﬁhoﬁ 81 &thbutsyd-sLd[ S)ny,ld@wlmhnﬁne{rﬁmé} 5- 3 5-

drﬂuo%e#)glﬁ S %lgéentﬁgogvgs g?? FBAO 4% %Pég&é was cooled to 0

°C. Hyldragengblagils gaafdnhidmus) wanbuthldshiheohghtthisuaphd sdibsorcair @bout 1
minut® At WHicH anealp@#gactlon ng‘éltv@as s@&l‘é@ ram&@]l&@'e@ kd"8t fnhBe ice bath for 15

minutEg SOk oRER Xo5 MBS Thergh it oG 12D paits P t remova of
solvertublvkead. t MooulyteOth &-ahli) wenadded, 8t®d thenueragyedoini varua. oAfter

dnssolrvﬁ-%q)‘%l th2f vbinsObMORbH (i Ob%%')om Af t g{?eqad’lizrﬁ@r 13?—% n’ﬁﬁ@l) was

then renove
introdieeguic g gpifiEe S RERER (oo G 3 holrss RIS RPAIE g A e
temparhtnre} gheSsatvamit )Nawaemoverzrltmwdcwedrchtrhd r¢diduenwag paretigresi between diethyl
ether [RRLAL) era PR ﬁjér Q50 Obrrh% org%trﬁ@srw&@%sngd LahaaBieR4l 1 M HCI (50

e solv nt was re In vacuo an

L), Pt ISP LTI GO Wl T SHgA SOBiRGtsd over sodium
sulfateyl f)Itexediadd MehiCindenrareld )iz vadhie torpgavide shanetieecomasivad, which could be
used SAOLIARL: durdHn 096 4B bla el g, (50 L) and

sat ur at ed brr ne (50 nl). The ethereal solution was

dri ed over sodi um sulfate, filtered and then
Step € oacreBibty bEESO-2i-(3 ,&dﬂmﬂ@emlg}ﬂd@mm&nd— | earborylatend,

whi ch could be used mrthout further purrfrcatron \VSH

mz =212 (M+ 1), tert

(29) - 2- /’csoletlamorf mépﬁemrf}uoeommw ri’éP‘irmlh@ nedfem Sigp B (2.08 g,
9.85 mhm®l), ADreAr-batylidlicarboahte (4.30 g, 19.7 mmol), and 4-dimethylaminopyridine (1.20 g,

9.85 e&ﬁ@) .g ér?ncﬁz gr @12“0 @ﬁ‘Hé{& A eemrrs@r tgrqer %&e?%rfwm RheRditional

I car bonat

t
portno(n40f3@ rgt- l-fl q,ﬁr,laﬂrbate é El rainelthf:eso(hitrwtmed for a
furtheg,16 0. The soivknt Wik r@hﬂ)@b&u()(f@ r@dlbced/@sessmnerahédheartesrdue was purified by

srlrca?rgpﬂﬁghla{ogq%% lﬂgﬁ%t&t@ azé'ta ?A@@Q%é E@RL rl%@rotto(b”roo to give the
title cgapelndniIS: Wé/zsoqsét Mmcslt*i’rred for a 25 further 16 h
The solvent was renpved under reduced pressure and the

Step DeRVAHE

utin | e [0
0: 100, “Toa g‘?l\veor Hé’e"( P‘rtr’e@é?; @ﬁérﬁrﬂlﬂ“ﬁs)?*ﬁw') 6- mlrremdme 1-
carboflaie) frorbtSep D. (1t568rg, 4BuUt mnol) and iodoethane (0.993 mL, 12.3 mmol) in THF (15

mL) a{tﬁﬁ Car% a%dga £huq §8R@OHY>'f)so<ﬁu§1 ﬁk(%‘r?&éh@ig‘?@@&%c{é A 190€(10.8 mL,

10.8 rpggl opgn@ QYier |1§J§papﬂ'gﬁ§q SQ@%uﬁéyqscﬁuﬁ'@d |at -78 °C for 10 min and at
0 °C frariigxlydraguenthahwith eprufatddlaqudogs NELEL(S0nml) amdhektracted with EtOAc (3

x 50 Jaialaeﬁrg ggr%g n%d%?%ﬁ.rm'}aa';t% v?’ergrgmea 8{'& r&'@dlﬁrt&& a?lh cozgentrated in

vacugyj The ¢rude pradust wos purmiicdeby siliagel cliepnpatpgraphy, eluting with a gradient of
hexane:EtOAc — 100:0 to 50:50, to give the title compound. MS: 'm/z =312 (M - C4H>).
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10.8 mmol ) dropwi se over 15 min. The resulting mxture
was stirred at -78 Cfor 10 mn and at 0 C for 2 h,

wo b@n/isprenched wit h saturated aqueous NHACI ( 5B8cTvivk208110h0952
extracted wwth EtQAc (3 35 x 50 nlL). The conbi ned
organic layers were dried over Na2SO4, filtered, and
concentrated in vacuo. The crude product was purified
by silica gel chromatography, eluting with a gradi ent
of hexane: EtQAc - 100:0 to 50:50, to give the title
conpound. MS: mz = 312 (M- C4H7). -63 WO 2007/133491
PCT/ US2007/ 010952 Step E

| Step K.G83)-6-(1.3, @ﬂﬁbfddheﬁﬂmbemiei}w&;@ewﬁmepi peri di n- 2- one

2-88? 2 ga“%) gh uotree%tt-%u*?ﬁﬁ?) g (é SOdlﬂu?rﬁ\yPenyl) -3,3-diethylpipendin-2-one-
1-carbpixytatd ﬁpm-SzemEe(l 22 gar-bosyrad) & EHfpk &7 &-)Bt emnbixent ggmperature was
added3}"}3/2 é _F) Affer Ghilgdd g2fok 1. 91ﬂ-)théi¥ea&r@i R tutcONRES B tPat¥®i: vacuo. The

residf SRR a%e%%ﬁg P el g CR T mD). The layers

were sepaiathdeandetbe paueoius layee dvab firthee px G2 with STHAE]) (2and@0 mL). The
combitdll lé'f%ﬁ-\ﬁg WaEERqd @391' d¥dlum I\E]I?atlz &red aﬂ@tﬂm@n %69@%%@@ in vacuo to

oy e B SRR ANt o A5 -6

+1). over sodlun1sulfate filtered and then concentrated in
vacuo to provide the title conpound whi ch coul d be

Step I«L’ﬁ?«s%)lﬁ }3@-&&3&%?&&195’5 Jletﬁelt oxoplpendm l-yl]accgc agllgl

1( 6S) - erqaastﬁvdzi sfqlmmmqaﬁéﬁyb)@:; difidorphgny!)-3,3edietbiylpiperidin-2-one
from ‘?ieg %tis:n@m inlPHR (qss %@'aﬁgle‘rﬂt e?fture was added NaH (178

mg o rsg)rgljgl];cldyorz%phen ?—(ﬁg? ﬁdl & Iqéd?)i er{;rr:r_ldla%{ate ?(51269 mL, 5.09
mmo R s eddect BRipbe ativfuze was sami@tbfbrl‘llatH §adi@m hl'Srcngd@@ o Bd%fal M

solutifhh SPS4 ﬁin%l? Wfls Qac!led ﬁrd“lﬁe e stitfddSfor 4 addiflondBisMWAt 50 °C. The
bronoacet a

469 [)  was

reactih FUGHEE HASPRETH 0BP | Bt HENAS0 S PRyl HgAsdS g0 mL). The
combﬁfeda)rgarM lageds wdredrie® obér NagSIO), filxedicaiddoacmhttalse in vacuo to provide
the tn”é &t (ﬁmﬁt Wc(ﬁctofuﬂf b@ﬂseﬁ%ﬁﬁdu@ ﬁﬁ{hel&mqﬁ tionOMS: MBe 326 M +1).

reaction mxture was poured onto (30 nl) and

extracted wth EtQAc (3 x 30 nL). The conblned

organic |layers were drilSTERMEDNIPEQ8, filtered, and

concentrated in vacuo to provide 20 the title

compound, which could be us i t hout further

purification. M5: mz = 32 + 1). | NTERVED ATE 28

HO HNOO 1Q NJ omc O

[ (8R) - 10- Oxo- 8- phenyl - ! H z
ic acid hydrochl oride 25 %bea
1-[ (2- oxo- 2- phenylethyl)an1nelcyclopentanecarboxyl ate
A m xture of nethyl 1-amn opent anecar boxyl at e
hydrochl oride (2.00 g, 11. |, described in
I nternedi ate 25), 2-bronpaceé®dphenone (2.44 g, 12.2
mol ), and NaHCO3 (2.34 g, 27.9 mmol) in DMF (20 nl)
[(BRVEBOS bi8r sl yB6, 9adthi £piro f4e31ned-atyllacetfctacibhydro 6L S

m.) 30 was added and the m xture was extracted with

Et OAc (2 x 75 nL). The conbi ned organic |ayers
Step A. Methyl 1-[(2-0x0-2- phenylethyl)amino]cyclopentanecarboxylate

[4.51dec-9-yl ] acet
I

A mixture of methyl 1-aminocyclopentanecarboxylate hydrochlonde (2.00 g, 11.1
mmol, described in Intermediate 25), 2-bromoacetophenone (2.44 g, 12.2 mmol), and NaHCO;
(2.34 g, 27.9 mmol) in DMF (20 mL) was stirred at ambient temperature for 5 h. H>O (25 mL)
was added and the mixture was extracted with EtOAc (2 x75 mL). The combined organic layers
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-64 WO 2007/ 133491 PCT/ US2007/ 010952 were dried over
Na2SO4, filtered, and concentrated in vacuo. The crude
wer@dusisonas purified by HPLC using a rever sepCpisme7/010952
18 colum and eluting with a gradient of
H20: CH3CN: CF3CO2H - 90:10:0.1 to 5:95:0.1. The
product - contai ni ng fracti ons were conbi ned, adjusted
to pH 10 by addition of saturated agueous Na2CO3 and
extracted with EtQAc (2 x 75 nL). The conbined 5
~organic layers were dried over Na2SO4, filtered, and
were drisdoeiet Nab$@:, ifilteveslc amd cancgnoated é vamvot ﬂﬂwleerructamrpd;m avas purified by

PLC'\@énﬁ’X ?everosgé_ hwhcél 8130]u1§5%§;1§luts Ihar/iléh a gradlent of H,0:CH;CN:CF3CO,H
- 90:190E o35 ] FrERsc A B RPN Yieeoihinsth Sgiyiied to pH 10 by

adqunheﬁgalne'ate;dIa)]amlmd*]laﬂﬂ;(apé ek araaed WitxtOtee(2f > d5mdit)eTha combined
orgam(:::ha Qs g/ere2dr§eZi JUEP N, S'E@%j £ ey&f Qﬁd g&mél'\tratgégrﬁ{zacuo to provnde the title

Ior| nmmol) in EtOH (10 nlL) wa
Comp '(g :ggwrﬂ'_%ng 6 rmol) The resulting
mxture was stirred at anbient tenperature for 5 mn,

Step B. 180yINERBBR o0k 38 pheAB- 6 6- d’ié!zaHES'iPArh e -49fgtatd he

reaction m Xt ure. was rf]eateq ﬂ% for 3 h then

al | oned %tdSUTEsdgPix TR of methtlilsli219%Rtir e was quenched
phenyldthyl)ap@iho}catlede maneeathe x XakdGEBmdStelp N(érﬂO@(tZr(ﬂcmenbl)]fﬁld glycine ethyl
ester %ﬁ&hﬁ; gsémg %@1%01)Tn%t@@ﬂhmﬁﬂ %QQJHe‘a ,@e@ﬁfwbém 12.6

dri ed over tered and centrated | n

mmoly o Eio e SR GE° B maéa%f waagn 6P (gAY {9, i i HACIBH, (397
mg, 6 3¢ \mmsBdvizimided. Cfﬁﬁreacmd)mnmlamjwes beatetgtoW0t I€C for 3 h then allowed to

cool. grh@%a%ﬂka 3&{(&%% v&t‘ﬁg‘ylcﬁg(? %@amrgtgd :Lguegzru} #D é:O 9ar}1d0th(1,n extracted

f ntalinin ractions were co I ned
with Q&G Beg>hmin- Jhe GP%‘P&H’ AneEBe exRantionere died ovexNamtQee filtered, and
concetiratbd Bt (Awo. Tihe caudgaproduce xias patifieddy HRIIC asingd@éversed phase C18

colun%ﬁ%un r%\lvhﬁ E%ga IQR%{L%@@C@H ﬂt@ﬁ' (:76’ H D o¥ag4P Eoos 95‘()‘31 The

enan Jver e separ a
produmwmwgrfgacaonmpmoe&mﬁa e%jﬁailmv driatspied PRI N@HCYOL and
extracheikank DA -The@rgihic dhimacts watk died ovepNaiS Q0 fikbndtd candlacdncentrated

in vac‘fzé I?%E J%ggezgaﬁgt?m i%%g?c& g)ék t(;ﬂocrréergl were sed)arahed %y I—[PLg using a

Cfuralﬁgﬁ 1{}3@1%@?} {OH 60 40. The first major peak to elute was

ethyl [(8SR)0- anQX@Teaypﬁ,Qfdlhzaﬁpl%[dlSE]aaSQJyI]@[:étatE]ad& theéksegbidm@jor peak to
elute ?%g § Sk N) Bx§ %%%ledci 9- M&ﬁ%ﬁéw é)yﬂageﬁat@t {He tnge compound.

MS: myz ool ’dMrehy| - 6, 9- di azaspi ro[ 4. 5] dec- 9-yl | acetic acid
hydr ochloride To a solution of et hyI

THE (8 Tfﬁ-‘) S%\h‘doqﬂ@tbﬁ [('ﬂ_1§) Wu@x%adé\ﬁ“ﬂ' N a@qﬁéﬁklso[flﬁ gc-9-ylJacetate
from $tkp BH(4087, mé 1520 A1) indTEF (B enl)esidI HJON@ milX ivdk @ddédsl N aqueous LiOH

(1.54 i?hL r1r ra%l e)adﬁ{é tﬁgh EEE@% é\H‘tE:ewafsosgl{r%? Ig]\F’ﬁEj%“g t%g\peragu.re§or 4 h. The
mlxme%weé pged e pd 40‘?3'3/4?@;*,‘50‘1 of LRdE! angl cogicoriratetbto drypess in vacuo to

give thOtiNOuoEpoddd. Mz iz 2899 (M +11) . | NTERVEDI ATE 29 - 65
WD 2007/ 133491 PCT/ US2007/ 010952 HCI HN O O

INTERMEDIATE 29
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VNJOH F\ F j(6R)-6-(3 5-Difl uorophen}

1) -3, 3-di et hyl - 2- oxopi perazin-|-yl]acetic acid
whiyarasibpri de Step A Met hyl 2-am no- 2- et hyl bot/armat/e10952

hydrochloride 5 A solution of 2-am no-2-ethyl butanoic

acid (3.00 g, 22.9 mmol) in MeOH (200 nl) was

saturated with HCL (g). The resulting m xture was

heated at reflux for 24 h, during which tinme it was

allowed to cool to anbient tenperature and was again

saturated with HCl (g) twice. After 24 h at refl ux,

the cooled m xture was con¢gentyrated in vacuo to

providethetitle corrpoun rriz:146(M+ 1). 10

Step B. Methyl 2-'12g i

uor ophenyl ) - 2- oxoet hyI ] am g\e{ yl but anoate A

m xture of nethyl 2-am no- 'Hybkfui\ ate

hydrochl oride from Step A (2:10 g, 11 6 mmol ),

3, 5-di fl uorophenacyl brom @ 99 g, 12.7 mmol ), and

NaHCO3 (2.43 g, 28.9 mol) DMF (20 nL) was stirred
at 45 Cfor | h, and at mhbRefit “Fenperature for 2 h. |
N 15 aqueous HC (50 nL) was added and the mxture was

' agueous 1 ay Wa O '
by addltl on of saturated aqueous NaZCCB (150 L) was
Step /addedwam@n{,h@zmtmlun@nmshg@m@hw with Et OAc (3 x 75

d_or n| r i
CFhooeh iofu@omffaa} A3 b UESE G ol £ 22 hntobhn MeoH (200
mL) veasrrabwated el HG! (@c doe rambting migaurs mag teﬁaérﬁﬂm for @4yh, during

whichyméRLasgioRe@dao ceyieh Saibigliastp&atird hd ohsiaghia ssturated with HCI (g)

twice., %&Tbag h\%ﬁt %gh% g‘geat%) TeQitr?.ﬁI pr o?ﬁgﬂcon%%{dﬁuo to provide the title

ColeFrH’ctM(SnS?/i/\Eﬁé%Mm%ed basified with saturated
aqueous NaHCO3, and extracted with EtOAc. The organic

Step ﬁ)ﬂdgélc%[ §-i l% E; dthuorogh e[{yl )I\?oxo;eql¥ :] 1&§F3qem¥al%gtanaate VB

Fomixreofimethyl2-gmino-2-ctindbwipnoaty Bryroghlogde frgmf $tep A (2.10
g, 11 emshemld)iﬂ&rapﬂérﬁtmﬂmm?dmw AR &Zinfrol), any NaBTED ARS3 g, 28.9

mmolgnr{ P&ﬂ‘ éi(gm.gP ?Jiaaxg 166% gt ﬁﬁ‘é gc}/rolx% eapﬁ )?f jngblem semgfrature for2h. I N
aqueous IO adoavas dddednsi tis MiXCUESvasgxiractsd withgEtD Amd S mL) and this
org angJ KeiaBEws! li¥tar8sd. erh&ycgreeamaw g a(d?@sZed% pH 203§ a@8Rioh of saturated
aqueocli l\%%% ?S&Om‘ @\;) s esigeéﬂ %W%e ma&e% V&Rﬁ@?‘ (3 x 75 mL).
The cTmbinedsuarin tpyatsxyere areaied voth @F&Dﬁi (afivilongried over Nazsoa, filtered,
and cbRFRBERY W Sadi® TR c3BlddPradudtReR PaGhBIHG HISO ubBilg aZevidsed phase C18

B8 B R A KRR R i os1.

produtbeomntaining fransions wercanbiped, hasified arith satyratgd dquepusdiptCOs, and
extracT&Ew'iﬂ\)Et@rA& VB dtp@0E BREadl Whre drildwvat B, S04 §10iéged, and concentrated

2 30 nL Th
in vaqupg BRa e POt Y eV SN E 2 X PRassts, |

filtered, and concentrated in vacuo. The crude product
hi9-3%3-8R ae& Rs&if: 118 acetate

: : ni%hglrgqt 6&55 8ghb>riphe?HQ 2-oxoethyl]amino}-2-
ethyliprtadhats fromriitep Bi (ﬁ@S mgidti9gnmowegmd glycine ethyl ester hydrochloride (332 mg,
2.38 mmol) in MeOH (5 mL) were added titanium(IV) isopropoxide (1.16 mL, 3.97 mmol) and
AcOH (0.273 mL, 4.76 mmol). The resulting mixture was stirred at ambient temperature for 15

min, then NaCNBHj; (150 mg, 2.38 mmol) was added. The stirred reaction mixture was heated
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conbi ned, basified with saturated agueous NaHCO3, and
extracted with Et OAc. The organic extracts were dried
wor@r/13a2604, filtered, and concentrated in vaPCDUS®07/010952
give the racem c product. The enantioners were
separated by HPLC, using a Chiralcel OD colum and
eluting with hexane: EtOH - 60:40. The first major
peak to elute was nethyl [(6S)-6-(3,5-difluorophenyl)
10 3, 3-diet hyI 2- oxopi per azin- 1- yl]acet ate and the
ndma peak to _elute was nethyl _I(I_R 6-
at 50 (C‘afos 13k, %aﬁeﬁnyf 24 bz apd é'tlw?d@%ebp e Pusture Wps quenched with

saturateyl dq&é@lsaﬂﬂ-ICOB and ilidneextranted wich E1@Ac (2 2 36 ndd)l THeMombined organic
extracg's)(\g bip {j?v rBla%S‘O‘gé rﬁé)te ed 1C(§1c§ntaate?h Yacgoo)"([‘gg Ica%dre 6Froduct was
purifig by VPL&Cusinga prviceper] ¢olymn apd efying wish awerashensof

H,0: (EH;@NJCHCOZH 90:10:0.1 to 5:95:0.1. The product-containing fractions were

combl[ng:g I%)asﬁ~ e(i ? I ye%r %%?&psy@lzlég h%]de%c%%ﬁtgg vSRi]O?{cPE organic

extrac(.soweng qﬂg}i ogﬁng@é)( @ltg@dﬂgr)d sRnsentiied| 7 vacdo de gBEURe racemlc product.
The ehdrtion{eds W32 gzba:acbdlb%&mnol ms@@d ChivaideEOD ¢dla@nrind teliltrg with

hexanw'{ﬁ Eltr e%B\/\gg gfgxe 1rst rﬁgjt .ﬁ%‘dvr g r?e%o)ﬁl [84&)16 %e?_ﬂﬂuorophenyl)

3,3- dlatnhdl %mx@m@ramrmlj yllaéetaméébe mov@mrtmalg it elutehwas methyl [(6R)-6-

3.5- dtﬂmdrspmsmcmmleth@ 2-BkdpiperaZih- (-M)aceldte, tRO il NEERYRIAATHS: m/z = 341

(M+E7>)2 O1-1 >LOAN OO NO.i F\ F Lithium
(8R)-6-(tert-butoxycarbonyl)-8-(3,5-difluorophenyl)-1

0- oxo0- 6, 9-di azaspiro[ 4. 5l dec-9- |acetate 25 Step A

Step mmﬁsm 6—1% {shﬁlﬁﬁ{)&m\dhﬂb@q @i@t}ﬁ/mLaxo%1mmthyJ1iaam1@@&1d hydrochloride
CyCl O anecar po
O o P AT St By D e a S S ardtRbmiya s digttyl-g-oxopiperazin-
1-ylJag8ate frommditep dé4E mgh&d 26nnmnt)en r'ﬁ!réf ¢85 m4) and HzO (0.25'mL) was added
IN aﬁé eoudl Lfd)HQOQBb%@@Wi3¢>&@EBI aad thé 1ésulkingOrh i >durdds) stirRA Gt ambient

tempeé?m%?%r iﬁf? 'ﬁgﬁbg&%&eﬂnagoqdilfst@ e pﬁ{ Q%H @d%)opmgjtﬁ%él ang concentrated

to drynesstiavecuget® ges theftitlecbomipond. NlSiquesuR2 MBI +ahd t he
m xture was extracted with EtQAc -67 WD 2007/133491
PCT/ US2007/ 010952 (ZOOMQMr gani ¢ extract
was di scarded. The aqu adjusted to pH
8-9 by addition of saturated=a
m xture was extracted, wit® (3 x 250 nL). The
conbi ned organic Ia?L I e e with brine, dried
over Na2SO4, filter€d, ‘@nd Ncontgentrated in vacuo. The
crude product was purified SN gel
chromat ography, eluting 5 wth a gfadi@hit of

hexane: Et OAc - 90:10 to 50:50xto give the title
compound. Ms: mlz = 298 (

F F

Lithium [(8R)-6-(tert-butoxycarbonyl)-8-(3.5-difluorophenyl)-10-0x0-6,9-diazaspiro[4.5]dec-9-
yl]acetate

" Step A. Methyl 1-{[2-(3.5-difluorophenyl)-2-oxoethyl]amino }cyclopentanecarboxylate

A mixture of methyl 1-aminocyclopentanecarboxylate hydrochloride (10.0 g, 55.7
mmol, described in Intermediate 25), 3,5-difluorophenacyl bromide (14.4 g, 61.2 mmol), and
Na3;P0O, (22.8 g; 139 mmol) in DMF (100 mL) was stirred at ambient temperature for 3.5h. The
reaction mixture was acidified with 1 N aqueous HCI and the mixture was extracted with EtOAc
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Step B. Ethyl
[ 8-(3,5-difluorophenyl)-10-o0xo0-6, 9-di azaspi ro[ 4. 5] dec-
w@200h3ziet ate A m xture of nmethyl PCT/US2007/010952

1-{[2-(3,5-difluorophenyl)-2 10

oxoet hyl ] am no) cycl opent anecar boxyl ate from Step A

(10.0 g, 33.6 mmpl ), glycine ethyl ester

hydrochl oride (46.9 g, 336 nmmol), and AcOH (5.78 ni,

101 mmol) in MeOH (300 nL) was stirred at anbient

tenperature for 10 mn. NaCNBH3 (2.54 g, 40.4 mmol
(200 mplandddiseraaric exnEags wanhSdeW@ﬂéewéaxqﬁmeém g to pH 8-9 by
addntlﬁdbﬂﬁnﬂdteﬂaqp%us MaHCSOpane ganixnlry veddixtriacwd ®\f1th°l€107kc (3 x 250 mL).

C t e

The corpﬁmeé g?%agucolg6{p Qfﬁé %ag\gegjt\lbgﬁ{)rﬁng% ttﬂleg%vgr &% ﬁlﬂfiltep thd
concepiialpé Frevranpt (he srudearedudd gvas pys firg bredicazs cfﬁewamaaphy, eluting
with af fiedie RS MR&ARIEID AH-GH@ B 0350, X0 giVe the lifle cdfipound. MS: m/z = 298

gpnblned organi c extracts were dried over Na2SO4,

I'l tered, and concentrated in vacuo. The crude

product was purified by silica gel chronmatography,

Step BB/ Rth {18 -(3 S i ARBXHheAFI)-DOGx0:6 905 s i o[ A:5142 -9 t/na@nau@
the tit) &JCO fumethyllvfs{[{r{¥5 dlf:l%uoro;ghenyl)]g 20 Step C

tert-Bat
oxoetfg Rmigof Fchpdntahemsroptybaty FpnoSep-Aef Kok g- 3.0 xueslhglycingethyl ester

hydroclqzsed@(zﬁs 9 gl %%mdlp hAd AROHIEL 2881 6102 nRAKY iRMEOM (300 mL) was
t.1.on o

stired i JPPIATD U Tim CYRRYBE 2 AQPBOR. w35 pdded and the pH
of thegnixplre a@etcheakefl raodna&u@pdao eBlL 00 ag ne@ssary m@ﬂghtlon of AcOH. The
reactiOh MigtutSQRY H’&Yéaet"omd NFdRQ 8(H0théA 3115Wed b 51MMRL YeactiéM fhixture was

rhbonat e
caretfly hiier T SRt AL SIED, a0 el Bieh sisBacipd with CraCla 3
x 200trhien Bmombtaqrdjoxg@mequans eeredded ov%dﬂm@@apﬁl@egs@uaed concentrated in
vacuol MeheCriidiep @HQ&% piditicH Wy sﬁlh&%eb?ihro%la'tég?@plﬂeklutmg with hexane:EtOAc

BB eth@@“f?ﬁffﬁ%@%% FENBBE D acom o

product. The enantionmers were separated by HPLC, using
Step @ IE p@k)@uzcﬁhmmrmnyﬁwzl QoMb Ibxoethyl)-10-0x0-6.9-

hex: Pr O BT ZNH - 60 Z40°0.1. The first major peak
di aldse (88)8(3,5d|

f | uor ophesiptiyn 6Ff chyle&SH(dxgﬁdmlmxmtenyll) 10400k 8-dbaAspirc{ 2 H]dec-9-
yllacetk Fnl §teg]si@30@@ & § 5 Bthrhéth DOXY h@goﬁr@d}qietﬁmmmnmm 4.26 mmol),

and dt ij) {)\ggk% S)apqtp Zégg\gﬁg%%%utngf) (lggcetommle (25 mL) was stirred at 60 °C for
6 h, tleinhoriedZ2indxcoat dnpla)edhithdox ediic@ phiessuas pThofrds padnatneatpurified by
silica &?f m&%lat%tg{?aphg'h@uMé L\ﬁh%oém&k'ﬁ\dof HRane: BIGAE-39% Mo 50, to give the

Ithiu

racentig Biopugt (M TARPBST A SFRAFYISA by BIRL.Cy ingeh Ghlfg (G goluma and
elutin@-vaxohdxafe: i-PrOHI: Bz M+ 6012: (Bn.dﬁbe firsy njagargteak ¢o gloteawas tert-buty!

(85)- @gj S‘H‘nt@ﬁbr@%hén?f)b—?ﬂ%’c‘ﬁt)xy -2-oxoeth 10 pxo- 6 9- d1azasp1ro[4 S]decane-6-

i 1 uor

Carbowafwdé @se&SmiaSw" t%f%'éfgy gt tgr @é‘ Allerophen-o-co-
ethox$t2epx deti(yBP 1 Orgxo @, 4-diazngplino[4.6]dEEEDe( @c%oxylﬁ& W@ title compound. MS:
m/z _23@97({\,@3%9%) PCT/ US2007/ 010952 nlL) and H2O (0.25 nl)

was adde N aqueous LiCH (0.12 nL, 0.12 mmol ) and

the resulting mxture was stirred at anbi ent
Step Dehipleinat [(8 R)-6 GrerSbiitox Jdaebaoriykit 81 35 whiBuardphisiyel 0-ox @bl97
diazairor2 46 Tclé) l&fet‘,jteN HCI and concentrat ed to dryness in

le co MS: m z LEM
C4HY) B3 F\PI{EWREBf mtEbng] (8KR) 8 (3 5- dlﬂuorophenyl) 9 (2 -ethoxy-2-oxoethyl)-

‘ . iO-oxo-6,9-dlazasp1ro[4 S5]decane-6-carboxylate from Step C (50 mg, 0.11 mmol) in THF (0.75
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O~OkNOO Q1f-- M ' --ACh F \ F Lithium
[(BR)-1-(tert-butoxycarbonyl)-3-

w@27dsIsbuor ophenyl ) - 3- et hyl - 5- oxo- 1, 4- PCT/US2007/010952
di azaspiro[ 5. 51 undee-4-yl|l acetate 10 Step A
D-tert-butyl [1
(3,5-difluorophenvl)ethyl]imdodi carbonate To a
solution of [1-(3,5-difluorophenyl)ethyl]amne (10.0
g, 63.6 mol) in CH2Cl12 (200 nL) at 0 C was added

mi) b 848 05 ik S4ell Shaanbs IO P2 R Dy e esulting

mixtufeowasl@irted afhhmbsoit vanperamse foe 6o ethamianrelsay ajutetito pH 7 by

zc;c;lt(l%rg 8% irs g{)ﬁgtl e é%ﬁgﬁ@&%@&?ﬁ%éssal q}‘égu {oﬁé[}f(egmeyéompound. MS: m/z =

) and the reaction mxture was heated at 80 C
for 2 h. The m xture was allowed to cool and
addi tional di-tert-but (69.4 g, 318
mol ) was added. The }NTE BP §3e was heat ed at
80 Cfor 2 h, allowed to cool

and concentrated in
vacuo. The crude pr oduct rifi ed by silica gel

chr omat ogr aphy, el utijng gr adi ent of 20

- hexane: Et CAc - 98: : eyl g the title
conpound. M5 mz = 421 (M # Nal+ CN) Step B.
tert-Butyl &N\%
2-[(tert-but oxycarbonyl )aM%oL 2- (3, 5- d| fI uor ophenyl ) p

ropanoate To a stirred suspeAsign of potassium
tert-butoxide in THE (300 -78 C was added a

solution of di-tert-butylF F
[1- (3, 5-difluorophenyl)ethyl]imdodi carbonate from

Lithiu§§ g(%ﬁ- 1 -e(?ég\(l)étr%xgcabom)-§-(§'3§Ddihumpﬁélﬁ/li-299etﬂw5-oxo- 1.4-

, _ mn. The reaction m xture was
diazaspinopyaindec-daullacetaieanhi ent tenperature and stirring
was continued for 3 h. The reaction mxture was

Step &OBI Fe(;jt B&Yr [718(3C5 GBHJOI‘U ﬁQﬁQthﬁﬁd&anSHﬁ‘tQ“S HC (300

Tie' or g EIVBYEPT (e, DAIRAERBETEE I RGILO0S. FaFdnmo) in
CH,OMQO00 ety At ¥lwhsladdedrdiweribubtl Adcaf BdHaten(1B.9 gl68.6 mmol) and the
result&%:‘%ﬂex?\gg an[as%gpljg& a?ﬁ{)i%m ég?’iﬁ?a‘?m%rf*oﬁ ?8 Ve I&’3'15/15:'1(3%as‘?’tgmoved under

oncentrated I n vacuo he cru roduct
reducggprestiie f @ dhipsidiur wag agded dizregyebupy) diesbpnatg a8 g, 95.4 mmol) and

DMAPCQT(79S2 60 & fid{dP)bahd thé reactib® gii amby/ wae hettédgt 80i ¥Whfor 2 h. The mixture

was aﬂS&S@&‘ & 55 (P%Ed adc?jbﬁ%téfi %&b%%d dﬁ&r%%\ﬁsb%s% '3t1|8%1mol) was added. The

reactnp@ mlxgm yas haqatgdatR0iG fasgr by gHemgd to cool, and concentrated in vacuo. The
crudeplod®t ik pdrifix® by biyich galr dhasmhwghaphy, éusiig withd gadieit ain

f t- (1& t I I N9l = 5¢

vl L0 IMLof L LEEL W GRTRRRRN = v + oo
nmmol) in THE (20 nL) at -78 C was added LIAIH4 (5.60

Step Bleat Batyll2 M:&0!butdx@BarbBnylidminb]-84 3 Fadifluorophemuis épanbae

€2, % POttt S o/ By 1R 70
was agdq\,ql a solutlon of di-rert-butyl [1-(3,5- dlﬂuorophenyl)ethyl]lmldodncarbonate from Step A
(22.0 g, 61.6 mmol) in THF (200 mL), dropwise, over 45 min. The reaction mixture was
allowed to warm to ambient temperature and stirring was continued for 3 h. The reaction
mixture was cooled to -78 °C and quenched with 1 N aqueous HCI1 (300 mL), warmed to 0 °C,
and poured into Et;O (300 mL). The organic layer was extracted and the aqueous layer was
extracted further with Et;O (300 mL). The combined organic extracts were drived over Na;SOq,
filtered, and concentrated in vacuo. The crude product was purified by silica gel ‘

- 69 -




10

15

20

25

30

35

aqueous NaOH (5.6 nL), then EtOAc (17 nL). The
reaction m xture was warned to anbient 10 tenperature,
wateorngdof or | h, filtered, and extracted w t hpE/C8m0(/210952

X 40 nmL). The organic extracts were dried over

Na2SO4, filtered, and concentrated in vacuo to afford

the title conpound in sufficient purity for use in

the next step. Ms: nfz = 186 (M- CO2C4H7). Step D.

Met hyl | -am nocycl ohexanecar boxyl ate hydrochl oride 15

Essentially follow ng the praocedures described in
chrompiogeaphdelytiag pathihgxagpslEyAc 195:5 to 80:20, to give the title compound. MS:

m/z = am (McySkepEHL@Ngcar boxyl at e hydrochl oride, but using
1- am nocycl ohexanecar boxylic acid in place of

1 am nocycl opent anecar boxylic acid, the ti tI e conpound
A -t 5-d quogaphe 1 Eamethxh-2-0 arpaimat

I\/Et hyl T a{s[t&reki(sb&m‘onwwm&so@n bqwh)mxyﬂa:bﬁn@aﬁmoqhz @3,5-
diftuofgoHBEARISIHRR O 1B 0b £ SLOMFIANETHPLOME) & A8 °C was

added[LiA{ld4 6-&f} mmfraobwam)ommn’élﬂﬁy:’r 60 minelatdrgPyissr JARHEastion mixture
was stfrEéliTétSt]@ PCGof §80theB qudnchad Wit EtOAEE@SWhL) then H,O (15.6 mL), then I N

aqueobs ?nbg-g&y é: "‘@57%1 %?(?r b? g&hegjqxd g %ﬁk%‘?%%.gmméﬁ £ ambient
temperaﬁummﬂrf(d1®r b, fw@@dsmdr mcacmd »215h EHDAeR? *tA0mE) al kg @reanic
eancfsQWergQirﬁHr&wef\ﬁmj? fi(td R4, A co%cﬁrﬂrdﬁﬁ)}n) vabias l(ﬁdﬂ@f? thé Eltle compound
xture was ecke o
n S“f}'m%maf’sunkg At i IS exGgeR N 8¢ A @Qﬁ/’rhe (?Ize%ac P
m xture was sti rred at anbi ent tenperature for 1 h
Step I, h@@thqu@féﬁhﬁ&ywomexmwbamdtea&ﬁﬁuﬁmduaHCOS (10 ni)

o qan £-e5tval Pl e o ol dsatbe Mg 1R FRFRAEA for metnyt 1-

aminog el opemenearbaxeldte y dyerhilideThet @rwbammébhmecmboxyhc acid in

place BET JafrifstyBM pehiah&arbikyB€ heiadihe MRl Q@AM wak WbitadgedWiNIB: m/z = 158
(M + exane: Et OAC - 100:0 to 80:20, to give the title

ompound. MsS: mz = 427 (M+ 1). Step F. Methyl
1-{[ 2-am no- 2- (3, 5-di fl uorophenyl ) propyl | am no}cycl ohe

Step EXQEHI mmt@etrabm%x%ur y&ﬂmnﬁﬁomtml
dﬂ1 tert-but ox re 0]-2-(3,5 35
R I SR Proby cyttohexanecar boxyl at e

f r om StemiBuf@siyerrehutyl. [(1557 Sndiﬂpyrqphenm bapethgl-2rioxoethyldcarbamate
from ﬁew@s(ﬁ)@trﬁl alt %jrdMJl ) nhéeh l(lginunm?c]{)ﬁé’)&}\é%dﬂ Xdtd! h?dr‘b@lﬂonde from

R Vi e i

ambiemt tdnweeat\mfor 30@1\»0@@@47353@@1@@1@@3)%& and the pH of the
mlxﬁﬁ?ﬂﬁﬁgﬁchac?hﬁ@ go( PHX 3l& ﬁge)essa;gj" E&ﬁmmsﬂ/\eomann{é reaction

S | ve
mixtuEeEa T BdTT Y ETBO R BT d R Wﬁ"sﬁ%@miﬁ ghratgaqueous
NaHGRz(18 mRy7ard\gxtrated vgﬂeﬁl-]eplz((gﬁ)i(gmm The combined organic extracts were
dried évéﬁrﬁizsmpﬁiﬂ&ea | and3oREdHMatedlin vacuo. The crude product was punﬁed by silica

gel cqror(\ftfégﬁ%zﬁ eqétl?gslvgn %%g%% o%h a r@? f)&) gb n%xlg% g-je tltpey compound.

MS: mig Bive@drtebar boxyl ate from Step F (205 rrg 0. 628
nmol ), and ACO-I(O 36 nL, 6.28 mml) in xylenes (5
h I

Step

r esul t |Angolntmn qu metd;a& leb{ﬁﬂé(atéx;{nmyparbogylmlnp]}b@ﬁe
dlﬂucmr;)he IBBro f)?ﬂJQr'nﬂ%chl&?eQ'aﬁec%MJx?FattéfrWﬁeg E @90 AYL10.657 mmol) in
EtOAN?S mL) at 0 was saturate% with HCI (g). The reaction mixture was aged at 0 °C for 30
min, then poured carefully into saturated aqueous NaHCO; (10 mL). The resulting mixture was
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10 concentrated under reduced pressure. The crude
product was purified by silica gel chromatography,
webkawitsmowi th a gradi ent of Et QAc: MeCH - 100: OP¢DUSRDB010952

to give the racem c product. The enantioners were

separated by HPLC, using a Chiral Pak AD col um and

eluting wth hexane: Et OH Et 2NH - 40:60:0.1. The first

maj or peak to elute was (3R)-3-(3,5

difluorophenyl) 3-nmet hyl - 1, 4- di azaspi ro[ 5. 5] undecan- 5-
extracfedi @%%ZO&;;% §< lCSOx!r'EE?u[P'Ee co Einteg %rgsa%?cogx(%ractlsswqujdned oggrkNaZSO‘,,
filtered 3@)d @nt&hthatell 1 waoro pheivyithe Gleredrhyduntl, MEi azzs 2T QU5 1).

5] undecan-5-one. Ms: mz = 295 (M+ 1). Step H .
Ier/ I%utyl (3R) 3 (3

. Q Sicgiagaspiro[5.5Jundecan-5-one

4- di azasmlmc[)rSSoﬁn]nHﬂdew{mEaa&nn@ar(deyI ate 20 A solution
diﬂu:i&ts’z%l);(rgp%l]adnﬁoac clo exaneic)arng?rét%fr?m Stip FI(%(%Sa g1 | roﬁ% mmol), and
AcO Bdaf28-mmad nprxd nes gfpm@ ) (/99 hﬁ@t &C forot ;\?allowed to cool,
then quhtosﬁﬁ[r%hl la IIMSNHH@OQ 05 ALY, Mhe r&uﬂtﬁ% Xk )wasakeracted with

& t d| carbonat e. (6
T A
conceptyated elmémreémémﬁswe dhgrraede preduterpspuadisd by sitiggeel
chronfat6igtepl, eRliuah WitSa gradicht 6EYASMd@A — 19810 to 92:8, to give the racemic

h
produﬁg r”gl}]ngén%.?@% P %Le ggéﬁgtg%ﬁbgg{ﬁ.t(g ru%m\g aﬂ{lﬁ@&?ak (\D ﬁcgumn and eluting
with kezaprsBHIH BURYH 1y 40:60:9d9 The O TSUA‘PﬂPf peals wyelyte was (3 Rpdt(§)5-
dlﬂuo(r&ﬁ-)en?vl')(ﬁméﬁﬁl flM%hb%bﬁB[S 5Jundecan-5-one, the title compound, and the second

majoropeégéog.;% \%%s g&?f Iggprt]‘lél% Car%lh)xyrln t;ﬁgf-#g-dnazatspnrogdﬂundecan 5-one.

MS: migl=u2g dfbtert - but yl

(3R)-3-(3,5-difl uorophenyl) 3- et hyl - 5-oxo- 30
), o

mmaulz rrg of a 60%d|sper3| onin oil, 0.30 mml)
After 5\ @iBiiofbhYIR)- ﬁ(pmﬁraﬁ&n@ﬂﬂmylﬁ ,£diaBRkb[5.5]undecan-5-

one B O S S AT e 0153 e, o

di-ternbuShtligabioeate {662 mgs 3 RaHODB1)(iR apttdniwals (Addedvasaatigrediag 60 °C for 8 h,

then dBo@dLHé]ng c%@erg?étééﬁlﬁkﬁg rétiubdy ﬁ‘e%@e (?hé(cédgb)oduzh@as purified by silica
nbi % |

gel CHEpRAISEER o R BT TR TH 0 AR OANE 00 uRe Tpr b glve the fte
comppasd. pMS: 7i/2d 389 (M +iCaH-gel chromat ography, el uting
with a gradl ent of hexane: EtOAc - 95:5 to 60:40, to

dnazaRmeRS FS]undecane 1 carboxylate

- (ter t Ryl QXYEAEIGN b z%rz(t;’ut?l (@Rf)J3LtC3r53@1|i'ﬁ16Vd}ﬂ1e$yl§E@ter]yl -5-0%o0-
1 4- d%ﬁ(ﬁn{o B%Sblpdg(%x?\% qg{)ﬁr{}&ﬁate Hondee h Y d 2585355 mroi}in THF (0.5 mL)
at 0 °C3R)s Bided NaH( 121 pbp e Mydiypetsip imbihok§O tnodpe gt § nBn, ethyl

broméacetate (437 mg, 2 62 mmol) was added and the mixture was allowed to warm to ambient

0X0 di azasp 5.5 cane I
tempytH a&iﬁ'mng @@Sﬁﬁn"wféjsr %m%altffﬁte FEEQE @[@? LS was added
and th2@ixt0reSvas oxtraasd adteBtOAN(2g beols ThekorhBinddiorganiclaylets were dried
over RO, &tereliNgnd dFR GO aELY! §h¥RRdR prddRH wak purified by silica gel
|

oy G A S ot R B LR35 BaUL ¢ e

‘ commbn;ldleB/ES imz vad20dM e @HsE the title conpound. MsS: m z

= 397 (M- CA4H7).
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10 INTERMEDIATE 34 OOANOO OO ---~-OH FF
j (5"R)-
wo 20071183401 But oxycar bonyl ) - 4", 6" -di f | uor o- 3' - oxBe R USBIO7/010952
i hydro-4' Hdi spiro[cycl opentane- 1,2'-piperazine-5, |
"-inden]-4'"-yllacetic acid 15 Step A
4' ,6'-Difluoro-2', 3" -di hydro-2H, 5H spiro[i m dazol i di ne
-4,1' -indenel -2,5-di one A m xture of
4,6-difluoroindan-I-one [Musso et al. (2003) J. Med.
Chem, 46, 399-408] (14.5 g, 86 mmol ), NaCN (12.9 g,
262 mol ), and (NH4)2CO38 (16.8 g, 175 mo]) in H20
Step L l5@utﬂ‘h)'( 3@ - OufokSOarbb vl Wa g 3 hedifledrophend)-C-thethyl35 loxo-1.4-
chmméqgl n%I_QN] 33 (16.8 g, 20 175 mmol) was added
C was continued for 4 h. The m xture
was contemselatieriof GrighymeE3&)Indet-dHb @iy nphds@gthoxytroxoethyl)-3-
memﬁltﬁoi@&iﬁ&m&oﬁdﬂﬁﬁdm-ﬁ 2030bdRy)at@fidm $18p 1 (65 mg, 0.135 mmol) in

THF ﬁz%%{Lg 8319 d"@% migl Ve%ﬁﬂ?&’ N %Je%é beﬁgﬁ‘%ﬂ%g ] H”mmol) and the

resultgmn()mug wasqstigyed @p\ﬂm zt gpmgragme for 1 h The mixture was adjusted topH7
by additidRi 070-M4 HCdindl cdaEdiratbdne driness ad Xy lid givadhdltitle compound. MS:

hl e A mxture of
m/z ?éqé%dl(?ﬁugro 2', 3" -di hydro- 2H, 5H spi ro[ i ni dazol i di ne

-4, 1" -indene] - 2,5-dione fromStep A (16.7 g, 70.1

nmol ) and conc. HCl (9@NTERMBPDRAME®A pressure reactor
was heated at 180 C for 5 h. The m xture was cool ed

to 0 C, vented carefully an ncentrated to dryness

in vacuo to afford &ﬁ; ound. MS: nlz = 214

(M+ 1). 30 -72 V\D L§2007/ 010952 Step
roi

C. Methyl 1I-am no-4, 6- dlf|UI ane| -carboxylate
hydrochl oride A sol ution of
-am no- 4, 6-di f| uor oi ndane
hydrochl ori de (2.00 @&— el ) in MeOH (100 nl)

was saturated with HC (g he resulting m xture was
heated at reflux for 20 h ard concentrated in vacuo
M5: mz =228 (M+ 5

i e rboxyllc acid

dis iro[pvclopentane-

1,2'- m@_ﬁﬂﬁé@‘ﬁl Htmdéhlsmwmamm a@fd rret hyI
1-am no- 4, 6-di fl uoroi ndane- | -carboxyl ate
hydrochlorlde fron1Step C (3 82 g, 14.5 mmo

Step N. ALY 89§04 g

di-terta nli&nbblb}?h 6d:llﬂ&6|bﬁmﬂlhel ()ﬂéS[}augso e72zl sza;lJ) Mear Chem., 46,
399- ARG P54 b Girldf NoN P50 3t 26T BTh &S, 88 RH.AESS (16.8%1$%5 mmol) in
H,0 (150 mL) and EtOH (150 mL) was heated at 70 °C for 3 h. Additional (NH4),CO; (16.8 g,
175 mmol) was added and heating at 70 °C was continued for 4 h. The mixture was
concentrated to dryness under reduced pressure. To the residue was added H,O (200 mL) and
the precipitate was isolated by filtration, washed with H;O, and dried to gnve the title compound.
MS: m/z =280 (M + 1 + CH3CN).

Step B. 1-Amino-4.6-difluoroindane-1-carboxylic acid hydrochloride

A mixture of 4',6'-diﬂuoro-2',3‘-dihydro-2H,5H—spiro[imjda.zolidine-4,1 '-indene]-
2,5-dione from Step A (16.7 g, 70.1 mmol) and conc. HCI (90 mL) in a high pressure reactor was
heated at 180 °C for 5 h. The mixture was cooled to 0 °C, vented carefully,' and concentrated to
dryness in vacuo to afford the title compound. MS: m/z=214 (M + 1).
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cool ed and concentrated under reduced pressure. The
crude product was purified by silica gel

W@ beoorsd4egr aphy, eluting with a gradi ent of PCT/US2007/010952
hexane: Et OAc - 100:0 to 40:60, to give the title
conpound. MS: mz = 228 (M- C02C4H7). 15 Step E
tert-Butyl [4,6-difluoro- |
- (hydroxynet hyl ) -2, 3-di hydro-1 H i nden- |
-yl Jcarbamate To a stirred solution of nethyl

- (tert butoxycgrbonyl '

m’ml ) iAnsollitidr-of B@miitg- 4;’6t-d|ﬂ38roﬁtdme 1 aﬂd@d/hhlaéllil-%/drochlonde (2.00

g, 15. § mncak m‘l\/ﬁbl-? Poggﬂnﬁnfh}dé %.‘ﬂﬂrakel?i -”d'l:H ﬁf ﬂg)llelultmg mixture was heated

ove reaction “m'xtur
at reﬂsvs fqrr2é>d1 and corgenrated imvaruo o Brpvideche Hidlg ompﬁ dW(SL miz =228 (M +
1). nmL), then 1 N aqueous 20 NaOH (2 nlL), then H20 (2 nl),
then EtQAc (2 nL). The reaction mxture was warned to

anbi ent tenperature, saturated aqueous NaHCO3 (150 m.)
Step D@de&whl:-rli(temhmtowaarrbowlbmmmhé 6-diflupraindane yi-easbeivipe

(200 MQ solién 6F g.amymazﬁmm% modfmmeoweirbbmeﬁ@ﬁydmcmonde

from %Fggie@%aﬂl % gg\v,{y (?lt edﬁoigglegg? 65%?” Eig%hmmc»l) and di-rert-

butyl dicgrbionafe (Wh-Big, 42 érram-pbnn agftomirya (@0 mLdneas- stm@d ap6@ 8C for 3 h, then
coolePiPEbnctOrAtY AnddiQeddel %r&s@tﬁEo e crd¥e: prod et wad Hirifidd by silica gel

t.er

chromalezagtsr Pnkipg i gl Enbo e BIQAS 1 100ifut0 10:69 o g he tte
componnde MS: w/zT 228 & s6QuERIN. of oxal yl chloride (0.91

m, 10.4 nmol) in CH2A2 (40 nL) at -78 C was added
Ste erl- y § -di 2100'-- ! - = -1-

whi ch  tlioneestirred gl ytian efgnetbyl lc[(tqrhbntoay%bmw}@mW] ,6-
dlﬂuokﬁhaadeut yb:b%ﬁyl@te from Step D (2.80 H§ 8.55 mmol) in THFd (30 mL) at 78 °C was

I O I hden-

added JipHEE O it B BSbeR s £ PO BHERRR: dropRiEprerSo'in. The
reacti¢re@ixfuje wasstadted -78PC foi 3 b, thow querBbedrivith Hy@ (hgloitben 1 N aqueous
NaOHi@dﬂrﬂ,b Qfen HHO éaw {IRRA Et rrﬁlL}”ﬁlJ 1Q§&16rprni>&§1'egvér\darmed to

was stirre ISt at r an d|t|
ambieD e eratyts, LA DT Ko T aadeged and Hmixcure was
extrackgd\vidh IEsOpicdRO0 ety Mmionganf7eaBichivas dded onerd¥a:SOs, filtered, and
conceQﬁé’tQWu? @aczBV EfheZrade Huct-wfﬁ P HS sHRA g2l Li¥RAdRaphy, eluting
E dﬁpo thenh poured into
with § GaoHDS of hepant EKPAE G900 B0 160 B RS Forbhprdh Jis: mz = 244
M -@wt)ure was extracted with CH2CI 2 (2 x 100 nlL). The
comnbi ned organic extracts were vvashed with HO (30

and coritpemtumdes:blmtmrvdmml)ﬂ Gh@nde (@. ﬁé mL,tlIOe4 umm:lbur@HzClz (40 mL)
at -78M8; wil de%dms o 48 %W)) mr§B§Pdr@pr%t b¥dr ¢ m[r{ (The reactlon mixture
was sBr_rgé e;rB:ngﬁ]t gg rgv ‘)'7%? btpyé‘ﬂ%gﬁé?: ag(t) ([;(,}}.geré? éol'k{tlon 0¥tert-butyl (4,6-
difluond-i t(hydroafmiedryl }-13tdrhydro-1 H-inden- 1-yl]Jcarbamate from Step E (2.08 g, 6.95
mmol§ ‘flh él—lqtle g9 rn‘ﬂ:i wgsoe[d@éh &o bhfyvq:'i- O:Hﬂ'n' rl‘ﬂﬁ—n\gl the addmon the reaction

NSRS RAE T i

' resultd‘@snmnluedvasradtindl & Meliisairop @ bthy laariole R:B—Irr(l.Z 410 minolB @ropwise, over 2

min, TREixiute rM%Qgh&\%Zd td‘%m\'ﬁﬁo Sé' &fcfld Bt l§‘mh% pours cimto ice (60 mL)

and 108 Bhrads B O Ay e S o At A i Dl 4 100 mL)

The canhbustientgdric pxiractbwas washed sathyH 16y (el ),itben bfine (50 mL), then dried
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AcCOH. The reaction m xture was stirred at anbi ent
tenperature for 23 h, then quenched with saturated
waoueas®s9INaHCO3 (80 nl) and extracted w th Et GAcT/(8£007/010952

m.). The organic extract was washed with H20 (50 ni),

dried over Na2SO4, filtered, and concentrated in

vacuo. The crude product was purified by silica gel

chr omat ogr aphy, eluting with hexane: EtOAc - 100:0 to

15 30:70, to give the title conpound. MS: mz = 425 (M

1). Step H Met

over Pia:@ﬂqﬁlatfpﬁm cenaqrmatﬁstld vacro 1) &yl s tig qamrapnd. MS: m/z =224 (M
— OCjHo) et hyl I ami no } cycl opent anecar boxyl at e hydrochl ori de

A solution of methyl 1-[({]
[(ter| lbut]oxyca}rjbonyl)am no] 4 6- dlf| uor o- 2 3- 20

yl}méMImh@mabs&nﬁae(cZEb%xe 177 ol ) | n EtOAc (40 ni)

at C was_satu
it ur ¢ TR A ALl (L Bkt oL S AR pripgn-1-
yhcarbametgdram Stepgh (89 0tthe, 2.9 mumeld.rpetbil! amocmlz)pmtma{mxylate (4.25
g,29.7 mhol, dSic@Bed in Intermediate 2d) and AcOH (2.10 mL, 36.7 mmol) in MeOH (32
p)

i fas Sl 81 R byadl M8 NACSRBASY08 G ERERL A was e

and theegphhf the mixture was checked and adjusted to pH ~ 5 as necessary by addition of
AcOH-- Thé feﬁ@!l%r{mnﬂuﬁf daslf ttmcitcm%m?tnehg hé’rﬂ%&atl)ﬂr ford8 iy, khen quenched with
me c anecar bo |
sansr DL VGICRS) B LOBSHLARG6R1 R £ BIOFREL B Hfanic cxc
was vashel with|H:Q ($0xmpl bdeisd 5er We)S a§ltpreds and concarsoted pioracuo. The
cmde?;ﬁ%cthct aJa(kj gttﬁf:lea By SRk gel @r'ﬁgmﬁ b abesk tvﬁ%td'{e)(ﬁ%%tOAc -100:0 to
under redu res er ue was partitione
30:70, B ke At i M8 A "m) and Et OAc
(100 nmL). The or ganl c extract was vvashed with 30 H20
Step l(IGQIe'ﬁ'M 1-4Ui-8diRVe6-haeseh 3fduk;td$5 q¢-inegliconcent r at ed

nq reduced pressure 1o e the, title conpound.
m oc¢ €Bu |t5!
(5"R) - 4A§61tmdn oF ootiyd 3-[ Okt e!- -b8toxg¢drbomblaidikpld4 .6 pliflagro-2,3-

dlhy&a/qkpme@t-arw rhe ér)aﬂatnoqeyc%ehenéca:ﬂoxywe BN Slep G (753 mg, 1.77

mmolin EOZEHE S ARG S HEL G T geactisRmiaE: wes aeed a

0°C t.erS-mnpl ther ecmcnet:r@éd 1# vchqen]gn@ thohde fompp8ik pMS: (1453 325 (M + 1).
ng, 1.55 nmol), N, N-dllsopropyl et hyl am ne (0.135 ni,
I d b

Step 19472" |” l!J(%rb;Z?,r}g- hydro 3 45 d,

Q 3 B i 2,',,1 "-inden]-3'-one
PCT / USZ@@@W@QG@SEIQM IS{[I(I atmhcat# 65(0ﬂ®1f062 3 lﬁh)hiro 'IItiiémden 1-
y))metRATInhian) Pt h&&@@qohﬁé WeRNSE A HIAN §Hlg, 2.05 mmol), and
AcOI—ZE%J 55@ md?? 40 m_gsNgg g&t\%ﬁ%e%ggégilggné l}gr ?J: ﬂ ar“owed to cool,
and concengntedae ddmgsdender egilvced| pmssss uil be Tasaluerwedepaptitozhed tbetween
saturfW@@a obf Nefrdyy, (%blrh]‘:)aarﬂieé rﬁpﬁd{' arik 'é&irﬁ’cg was washed with
ardle EtOAc- 0005
120 B A o RS, Srcencd s 2l pres ot give e

title coapmuatd e MDyn/ERL293 @ iHnd. a Chiral Pak AD col unmm and
eluting wth hexane: Et OH Et 2NH - 40: 60 0. 1 The first

i erazh 5 i '1 ate| ndene] 1'- car boxyl ate the
t ' t ' e CR@B%BQ,O)@”@J" i[tRac?6.208d aitBkRY-3 W&Kpﬁé{c%wb&n&‘?&l 2'-
pipergfipy aot"dnéenlo%< &n{}f%m StiPdydr 3 me. i i e {edliiseRsapylethylamine

(0.135 anle- (l?&huqmlpandzin-mm Huyl dioarlmhetee(p 4%' g, 10.8camob)xinlaattenitrile (6 mL)
ME: mz = 337 (M- CAHY) .
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Step K. tert-Butyl
(5"R)-4"-(2-ethoxy-2-oxoethyl)-4",6"-difl uoro-3'-o0xo0-2

woO 2@%7A884bydro- 1' H PCT/US2007/010952
di spiro[ ccycl opent. ane-1, 2' - pi perazine-5", |
"-indenel -1"'-carboxylate To a stirred solution of
tert-butyl

(5"R)-4",6"-difluoro-3"-oxo0-2",3"-di hydro-1'H 15

di spiro[ cycl opent ane-1, 2' - pi perazi ne-5",1"-indene]-1'-

car bo IatefromStepJ (217 ng, 0.553, mol) in THE
was st(rneqmﬁ%atc £ B dint ThegRpfaioa e as RAFEIPIRE hepeen sgtuggted aqueous
NaHC®; 690l )smarOawe (60 ntll). , Thelorgatic eRBAJt.wadfdired olbr Wai$ s, filtered, and

conceﬁﬂe\ﬁ u\p{eq TRALEG g]ie“gfv](r% %8 Q?Jdeﬁ%&um @Oupm%d @9 dg Qa%@p

chromptoggrahat dpEngthe grediepeifexang Ri@Ated 0Pdr toF IS0, to give the racemic
produ&iatThe@hastiorférs @ais sdyatdtéBby PP L, usivgs CldedPalaAd ddiemn and eluting

with h"k%“ét%g-\(@? NPFL %lcé(%’ 1 W fﬁ-&%@ﬁ( éeﬁic Q:hglslvas 28 EDP;VI (5"R)-4" 6"

ani c
difluogsy &roqga'sitid lh?¢110tlelrléhsplmﬁ@vclwn&a@ﬁtlr,%ltmﬂerwvéclj'omderrr?é I
ca:bo>§)fléi€ ehp i01d Weinpoasd, Rt ithd @dohy rrfahdrl peak @etlute was rert-butyl (5"S)-4",6"-

dlﬂuoho-;;(omat %gg‘i&nydrfewdi %;groébycgﬁ) 0 Sl:j%znn{)eﬁgzl{\e tSl,l" -indene]-1'-
carboxydatpo . Mg 33 M= Gitb). (M + 0 25 Step L.
[ (5" R) 1'-(tert-Butoxycarbonyl)-4",6"-difluoro-3'-oxo-

Step é;rg ; Brgg% hg%d)‘él :o% 4§%H-| %} éx_yi-2-ggoeth¥lg -4".6!'- g%ﬂuqro-j'-oxo-Z' 3"-dihydro-1'H-
dispird[cyeldperntant-1.]-j ing-% aarbaxytate of tert-butyl

(5"R) - 4o a(&rrﬁatdfwuro% &xmtbhwl)(s R).4,6" Wi flhd+6130080- 20>3udmyd:o 1'H-
dlspnroﬁgyg’lfpcn ndeneflplﬁ__lfag'{n% ro Cd% le]o ec%}t?nelajféﬁ "@E i’ﬁmg,O 553

-car rom

mmomug‘g‘lgﬂmm) 3t gyt c«:«xnmrytmvm/aa@mtsd MaPN(%ﬁqmemﬁg 60 /Cfispersion in oil,
1.11 n(qu@5 A{ﬂer 18. rﬁﬁ eﬂﬁpi &roﬂfbdca&et(mss hﬁgSlllhtllrﬁﬂlom\»‘&ésLHdﬂe&Vaﬁd the mixture

ves i i S B CRARGITL ol By ol g fy Samed
aqueops Nabgiqdh 25 mbhwm&@emammqmmumwasoemcwﬁww Hehe (e 30 mL).

The cb@BiHel | |09@n'f@ vstye% av&@&agtddrm bAhe aHd@VEr m{%w &ltbfeq, and
I.t1ron, o

aci di f.i
conceR2g o i bt oS5 AR e b Mg B el Raphy. cluing
with aomymessoti hexeneBtOA0- g|00é)t0t9rﬁ>eSQ,|tQ grvecherpieipempimd. dyl8: m/z =479
M+T 451 (M + 1). 35 INTERVMEDI ATE 35 -75 WD 2007/ 133491
CT/ US2007/ 010952 Ove M >~ON OO NOH F F
(t)-f4'-(tert- Butoxycarbonyl) 4 6- dlfluoro 5'
Step IS [¢ R - Grent-Haitexgpcartd ngl gii £ i

dlspxrg[cyé-l%bprﬁﬁﬁﬁzll Bl piperaﬂdeaﬁqt’hﬁdeﬂ?—"’«dyﬁ&%ﬁ@tabﬁl l'y fo' | owi ng
t he pr edures de Crlbe

MR SR T G-
2",3"-dihydion b@@bmpdnydnm@mbok?l-mpeazmhé A tridene] I'-carboxylate from Step K
(258 mg, 0.539 mmol) in THF (3 mL) was added 1 N aqueous LiOH (0.65 mL, 0.65 mmol) and
the resulting mixture was stirred at ambient temperature for 20 h. To the reaction mixture was
added THF (3 mL), EtOH (0.2 mL), and 1 N aqueous LiOH (0.20 mL, 0.20 mmol) and the
resulting mixture was stirred at ambient temperature for 16 h. The mixture was acidified by
addition of 1 N aqueous HCl (0.9 mL, 0.9 mmol) and concentrated to dryness in vacuo to give
the title compound. MS: m/z =451 (M + 1).

INTERMEDIATE 35
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conpound was obtained. M5 mz = 425 (M+ 1).
| NTERVEDI ATE 36 ~0,JO. ~Me. M NOON ---1-CH 10

w@ 4doens34But oxycar bonyl ) - 3 PCT/US2007/010952
3-di met hvl - 2- oxo-1, 4-di azaspi rof 5. 61 dodec-I -yl | acetic
acid Essentially follow ng the procedures described
in Internmedi ate 34, but using nethyl
a- am noi sobutyrate in place of nethyl
1-am nocycl opent anecar boxyl ate, and using nethyl
| - am nocycl ohept anecar boxyl ate hydrochl oride in place
of nethyl 1-am no- - P IMeyr Mendane- | - car boxyl at e
hydr ochl ori de, the \,,CM?g obt ai ned. M&:

E

mz =369 15 (M+ 1). ATETB7 -76 WO
2007/ 133491 PCT/ US2007/ 0109: N\O/gxcw;i(}l F\ F
azaspi ro[ 5. 5] undec- 2-y

1(35)-3 -(3

S-D'fluorophenyl)-I-Oﬁo- Q

| lacetic acid Essentiall | ow ng the procedures

described in Internediate but using 2- iodoethyl

ether in place of iodoethanef the title conmpound was
~obtained. Ms: mlz = 340 (M+ 1). 5 INTERVEDI ATE 38 O

HB-di flbrdst BrydimbtHyl-6'-ox0-2,3-dihydro-1'H-spiro[indene-

a henyl propy] am no}
} S0 C% Xyl at e bi s-hydrochloride Step A
Et hyl Essentially following the procedures described in Intermediate 34, but using

meth)(l &Sa.mﬁrois(obﬁtyiatbhﬂ pb&y@af wethyl )amm@ycﬁyp&adaemawqumambame

3 henyl propanoi c acid
comp%Wﬁ§ %ﬁ gﬂ% forlgé}?(EGSO gp 10y9pnngl) gnd !

Boc-anhydrlde (2.38 g, 10.9 mmmol) in CHRC 2 (16.3 nl)
was slowy 15 added t INEERMEDIAEE 38. 03 nl, 21.8
mol ). After 4.5 hours, the reaction m xture was
applied to the top of,a sDljyeappe!l col um, and
foll owi ng elution m?ﬁhTa radient pf Et OAc: hexanes -
5:95 to 40:60 the t1tT@ cONpou W obtained. VE:
mz = 294 (M+ 1). Step B. tert pput [(1 S)-3 -oxo-
- phenyl propyl ] carbamate 20 Tg Il dodl ed (-78 O

9y

solution of ethyl (3S)-3-[(4% utoxycarbonyl)an1no]-

4-(tert-Butoxycarbonyl)-3.3-dimethyl-2-0x0-1.4-diazaspiro[5.6]1dodec-1-yl]acetic acid
| Essentially following the procedures described in Intermediate 34, but using
methyl a-aminoisobutyrate in place of methyl 1-aminocyclopentanecarboxylate, and using
methyl 1-aminocycloheptanecarboxylate hydrochloride in place of methyl 1-amino-4,6-
difluoroindane-1-carboxylate hydrochloride, the title compound was obtained. MS: m/z = 369
M +1).

INTERMEDIATE 37
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3- phenyl propanoate from Step A (1.00 g, 3.41 nmol) was
added a solution of DIBAI-H (6.82 nl, 6.82 mol, 1 M
WO D00ZH25382) slowy over 30 min. After an addi t Ponak2089010952
mn of stirring at - 78 C, the reaction was quenched
by the rapid addition of saturated aqueous Rochelle's
salt (32 nL). The cooling bath was then renoved and
the reaction was allowed to rapidly stir until a 25
noti ceabl e decrease in the anount of enul sion was
observed. The | ayers were separated and the aqueous
| ayer was extracted with 12 (2 x 30 nL). Conbi ned
organi cs were dried over WO 2007/ 133491
PCT/ US2007/ 010952 sodi u fge filtered and
concentrated in vacuo torgiveEan®il. This oil was
purified by silica gel aphy, eluting with a
gradi ent of Et OAc: hexanes %7 95~fo 40H60, to give the
title conmpound. NE: niz ==150 (M- Q02C4H7). 5 Step
C. Methyl 1-C {(3S)-3- but oxycar bonyl ani no] - 3-
phenyl propyl) am no)cg --ntanecarboxyl ate To a
sol ution of tert-butyl
[(IS)-3-oxo-1-phenyIpropyl]carbanate fromStep B
[(35)-843 820i fluorGh2AylRted o -AadaiPesdaypirof 5. 5Jundec-2-yl]acetic acid

1-am n%{% tﬁﬁg%lﬁlﬁﬁg?ﬁé)ﬁétéﬁtﬁ&%@fﬂgg& 3&]1%%@&&%92]6 But using 2-

3.29 was a unlg
1od0e@é{g@h?10m5p}§perﬁf 1o@e§gmﬁngp)n e apweurd was ph m/z =340 (M + 1).
anbi ent tenperature for 20 mn, NaHB(OAc)S (1. 74 g,

8.22 mmol) was added a ?EﬁﬂkﬁﬁLAf@@ conpl eti on of
the reaction, saturated aqueous 3 (3 nL) was
added and the mixture was allomed to stir for at
least 2 h. Water (5 nl) d ad%gl onal saturated
NaHCO3 (3 mlL) was then ddedCt o.f ggm two | ayers. The
aqueous | ayer was extracttd omee with chl orof orm (50
m.). The conbined organic yers were dried over
sodiumsul fate, filtered and gongentrated in vacuo to

15 give an oil. This oil was pw=ified by silica ge
chronatography, eluting with a gradient of MOH DCM
Meth 13 9 gl S t\]Lﬁ:a,litnllr&)l}%yérlo;ggjntanecarboxylatrybls hydrochloride

1- {[(38‘) 3 am no- 3 phenylpropyl]an1no I
Step /gg%ghggﬁm %r}%@g llglgéi/»lc%}tgovrn@)ﬁmhrh:i‘il@' Pl Rirbgiogld TO a

1- ({ (39" %s% F?%l", ?tt @8{30 ff{)—aﬁv}y)l%{ﬁpwﬂiq gc_id ethyl ester hydrochloride
(2.50 ghth9 Inpnop) yhl Baxianbydrydd @pshg, el aunixd x il GHeC I I(bevB Brleypwas slowly
addedritly 9eg-lq)ing (3,83 L, fﬁ‘”ﬂﬂ dmd). MefEL 4 é%oum-)he"l@&tﬁqqgg(mre was applied to

excess. anh drous y en chlarid te%# nh
the top of asijcaigebro RS tﬁﬂéﬁ wing eliigh itk 4 PAGER! ¢ Qipsapeanes - 595 o
40:6040Be nitla corhpewsbivaeobtainad. M¥em/r eP9¢€M +n1).vacuo to

provide a solid/oil mx. Additional MeOH (50 ni) was

then adde n subsecpe t eq?ved in vacuo to 25
Ste 2 L €= 277 (M+ 1).

TNTERVEDR) AdEy, 4doled (-7R °NB|solHﬁbh Nf ethyl (35)-3-[(tert-butoxycarbonyl)amino]-

3-phenylpropanoate from Step A (1.00 g, 3.41 mmol) was added a solution of DiBAI-H (6.82
mL, 6.82 mmol, 1 M in CH,Cl,) slowly over 30 min. After an additional 30 min of stirring at -
78 °C, the reaction was quenched by the rapid addition of saturated aqueous Rochelle's salt (32

mL). The cooling bath was then removed and the reaction was allowed to rapidly stir until a
noticeable decrease in the amount of emulsion was observed. The layers were separated and the
aqueous layer was extracted with CH,Cl, (2 x 30 mL). Combined organics were dried over |
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3- Ami no- 5, 7-di hydr ospi ro[ cycl opent a[ b] pyri di ne-6, 3' - py

rrolo[2,3-b]pyridin]-2' (1" H-one, isoner 30 A -78 WO
w@o@71388191 PCT/ US2007/ 010952 Step PCT/US2007/010952

A [2-(Trinmethylsilyl)ethoxv] nmethyl 1- 3H spi ro[ cycl opent

ane-1,3" -pyrrolo[2,3- blpyridine]-2',3(1" -dione To a

solution of 1-{[2-(trimethylsilyl)ethoxy]nethyl}-

1, 3-di hydro-2H pyrrol o[ 2, 3-b] pyri di n-2-one (2.50 g,

9.46 mmol , described in Intermed ate 7) and cesium 5

carbonate (6.78 20.8 mmol) in DVF 4? WEH S adde -
SOd‘U'HrSBHG\ﬁes@‘%‘eé6P@|FP'&Fﬁ“BP‘e§ lmvm%rter%mw 2T @V\[a d by silica
gel chﬁimabgrabﬁﬁl&lt)tnﬁlmth a gradient ofiEeON c 22 x aigs 899 BibH]: 6, 10 @9«3 the title

1 ;gml After 68 h, the m xture
compélind. %\gstltl orllé%l bet wed &4%)20 (200 nL) and H2O (200

rrL) The organic | ayer was separated and the aqueous
Stepdlaly/ﬁ[hw\ﬂs({flﬂ)tjlﬁferﬁlﬁﬁtbﬁﬁdaﬂibdwYah1md€]t-:2-0 (2 x 100 n).

hen TQE é?% gcd o4 gﬁ&ngcar!§¥xsﬁ§e\/\ere dri ed over Na2SO4,
n vacuo. The crude

|
pr oductl W@a@lb‘mfl ¢f texi-twy1d (1 Sao¥eil - R pRERRY YearpRgpate from Step B
(0. 8209 .29 ghmoth hid alegfyadlaﬂﬁho@fcknﬁx@aecﬁ&%ate h}&QcRlokie (0.591 g, 3.29

mmol c%?(’)rogrgg %eﬁ;e INH %JST:L)“EO;(I)Q% (0N5§4 nqlz3 29 ?r’t%%o]) After stirring at

bnepetememnerfyr 20 Imyin) NaliBLQAaBt(hy7H g, 8,22 mmol) was added as a solid. Upon
compm.&y dr Qﬁnemfo@.y%t&ra&ata@a@aﬁmmCoe(ﬁ n&)wmsrardab@&.;’d the mixture was

allowe(d( o]s?:¥ rf('{ ([jaléri%atsgz S}E ﬁ)elé %o m@ 8{@1 ad f ?re%l saTUj-ated NaHCO; (3 mL) was then

added-tg Kp@prw@[qyym &a@rﬂqaﬁ@m ayer was extracted once with chloroform (50 mL). The
combihed’ orMJ l@&éﬂs 2ve3e 8liey 6V sB@lun?sul Bt 'fitders e ohteitatide® vacuo to

aive 48 SF ST B o AT gqﬂ*%ﬁ%%@ﬁ%ﬁ%a%h& clyfing Wjthgogradient of

MeOIBRGCM ARt 6:84cto gapthe 813, copgrund gt rr(/217§77 iy +3).869

mml) in 2 Manmmonia in MOH (3.5 nL) was heated to
was ,co centrat eg) [

ta, OX r]ate bis-

_Yd_TQQ_IhiQ_QﬂEIgWIth a a| ent ofhexane Et OAC © 100:0 to
50: 50, 1ty0a Ghoi&d gdqft)tdoldt%n(@m&k)ﬂdl ({¥Bs)- W[@ert—bﬂ@&yé%'o"nyl)ammo] 3-
phenyi%rﬂB&@Trﬂ.g‘tcﬁé)} opegta?ecarboxylitlz %rogn gten% ?(}/ bf‘d é 44 mmol) in MeOH (49

ml) vdisredded sxiesp anycropdydaigeh plitaridie pas.6 ABter pY nrinlthef ®lution was purged
with &y %i%h%ﬁ&w& 4 nfh: ARE s8R et WhthBh SerRd Vel RE, S1o(#8vide a

ohd/gg mlﬁegﬁéill éqr‘a”vj Q]ﬁ 6;1&1%]‘.& %lmﬁn added and subsequently removed in vacuo to
provndeSt;hEmllewy’dTmSpdrM[Scy?éd ogent™= bl pyri di ne-6, 3" -pyrrol o[ 2
,3- blpyridin]-2'(I"H)-one fromStep B (117 ny, 0.284
mml) was stirred vi gowﬁ (5 L) under an
at nosphere of hydrogen Hfter 4.5 h, the
m xture was filtered through a pad of Celite, vvashi ng
extensively with MeOH, and the fRtrate was
concentrat ed in vacuo tqgzd tMhegyi t1 e conpound.
MB: mz = 383 (M+ 1). tep| X Ani|no- 5
7-di hydr ospi r ol cycl'ng '
bl pyridinl-2'" (1" H)- 6ne,
()-3-amino-1"-{[2-(trinmethylsilyl)athkhoxy]nmethyl)-5,7
35
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0.306 mmol) in MeCH (5 nL) was saturated with HO (Q).
The m xture was stirred for 30 mn and then

w@oncapdat ed i n vacuo. The resi due was di ssol P€DUBIV07/010952
MeOH (3 nL) and treated with -79 WD 2007/ 133491
PCT/ US2007/ 010952 et hyl enedi am ne (0.020 niL, 0.306
mol ) and 10 N sodi um hydroxi de to adjust the m xture
to pH 10. After 1 h, the reaction m xture was

purified directly by HPLC using a reversed phase Cl8

col umm and elutln

3 R T S opentane- 1.3'-p
blpyrnixepm 3(|1'Zﬂtd|0me pr ovi ded the racem c t| tI e compound as
the TF I d
e oSl S, 0B O %ﬁgﬁa%ﬁﬂ%e‘ i iREE
pyrroltrh?@}bﬂpygndlma]qyp 2 é@@{( 9146 mmg}.glesgrbed in Intermediate 7) and cesium
ca:bo&t@m mg 3078 eHroh gl OBPF (x{scmgb aasaa@e{dﬂrpywwémrw-ﬁ;oa offy4-
dlbrore% =21 negl/ge\{]tehe etr}J]I (880 f) Eu'?D Joﬁgga %%@PU?BJ %St] (f k& g, 12.3

mmolBi 45 mL). After 68 h, the mlxture was partitioned between Etzo (200 mL) and
H,0 (gommn fof:1 13 b@éa&y&ﬂa?&w;is%[CBMWdl dhidnBe BqEoupydyenival Rirthebbxtracted with

£ G |t eBlesrih 3R s sep el il s FpaSoL ierdd ang

concemuatet rivasypi THP cpleapedicamas pyrifigd by sdicg eehghrppiagesarty, eluting
with a@r@&ﬁ&hmmﬂex&ae(ttdﬂ)c 0Ne0:0 BOTSETS, td\gil® ti Bfle fompound. MS: m/z =333
- Bi s(hydr oxymnet hyl ) pyri di ne-2-carbonitrile To a
M+ yol ution of dinethyl 6-cyanopyridine-3,4-dicarboxyl ate
[Hashinoto et al. (1997) Heterocycles 46, 581] (2.00

Step B, (23.-0R; mi-)rztmﬁewlsﬁl?z&emb)o Meshadder. | ithium
dnhyd%mno cgélbgéen&%l il 85 Bufo b2 0 i ). ST pnd- 08

e reactton nrxture 20 ™ red at

arrbl entA m#peer@ﬁ(éfb-é ﬂ@r(temth%mbﬂ)@ﬁ@ﬁymméd -} spirgfcyclopentane-
1 3'-p llél[ziﬁflﬁ‘% Las 3 H@%ne(ﬁ%ﬂn Skep §3mﬂlﬁed 691 @vhyl) and 1 -methy]-

3,5-dipjts Opy"$ l&‘? %{rﬁleégéﬁcéﬁ?s% éEﬁrl ;,%\_;ezrélz% 28271173

mg, Ol\aézmol)fm IZtMraednorandn daid 63 .6 avleldwanheatasito. refTWefor 18 h. The
mixtufd Hae P eRYstd W%c@ldrahfﬂp@ﬂﬁbél b$ |shic§%eg&lromatography, elutmg with a

s LB REEIB M o S LS008 A LN Gl s i =13 04+ 1)
conpound. M5 mz = 165 (M+ 1). 25 Step B. 4,5

StepcBm(izmmHm - ?tﬂHe'tl?Ulﬂ?ﬂ)%ﬂfb@M}ﬁ&Mﬂ'-i ¢. To a solution
dr ox 2 pyr.i d 2-cr_ni |Iefrom

iy 2t dded
phospho*usxtturathﬁ%d’ei/@ﬂ@mgganﬂﬂ@)ﬁmtm) -{[&- THF (5

(trim sx‘ii};l x%?rne ?F} -5 ?ﬂﬁﬁ&&ﬂsﬂﬂd{é}éﬂ@peﬂ@?b%&hﬂfn@% .mpyrrolo[Z 3-

SRR [ Qlizéad0 %ﬂd RS MeOH (5
oyt BB e R SRR in MeOH (
mL) anldr ahatngpspherh e(ﬂ hydnogen &a. 1 atm) Aﬁer 4.5 h, the mixture was filtered through
a pad of Celite, washing extensively with MeOH, and the filtrate was concentrated in vacuo to
give the title compound. MS: m/z =383 (M + 1).

Step D. 3-Amino-5.7-dihydrospiro[cyclopenta[b]pyridine-6.3'-pyrrolo[2.3-4]pyridin]-2'(1'H)-
one, isomer A
A solution of (+)-3-amino-1'-{[2-(trimethylsilyl)ethoxy]methyl}-5,7-

‘dlhydrosplro[cyc]openta[b]pyndme -6,3'-pyrrolo{2,3-b]pyridin]-2'(1'H)-one from Step C (117 mg,

0.306 mmol) in MeOH (5 mL) was saturated with HCI (g). The mixture was stirred for 30 min
and then concentrated in vacuo. The residue was dissolved in MeOH (3 mL) and treated with
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was extracted with CHC13 (2 x 30 nL). The conbi ned
organi c extracts were dried over Na2SO4, filtered,
waparassgentrated in vacuo. The crude product PaBUS2007/010952

purified by silica gel -80 WD 2007/ 133491

PCT/ US2007/ 010952 chromat ogr aphy, eluting with a

gradi ent of hexane: EtQAc - 100:0 to 25:75, to give the

title corrpound. Ms: nlz =291 (M+ 1). Step C

(+)-2"-Oxo-1",2",5,7-tetrahydrospi ro[ cycl opent a[ cl pyri

di ne-6, 3' rrolo£2 3-b]lpyridinel- 5 3-carbonitrjile To
ethyleaecg@pmq(@,ﬁ)ZéﬁnL 0.306 mmol) and 10 N sodium hydroxide to adjust the mixture to

pH 104 .Aftdpi 1K, bhoramsriniyrmery 4 pieifizdatirdoanibly HRIEC hisiagaSeepsed phase

C18 c%u&nﬁmﬁ%\mngzﬁfi I'g&%{é t%‘?%l%CHPCIaII%F o [90 1001 19 5:95:0.1.

Lyoph@igatign @1@8¢9d tht—'étqeah@afl@ﬁome?tmd %thezifcfm t 1! llesertj*ntlomers were
resolvé&d 8y HPIW )Jtllllﬁm-é}ﬁlﬁllélga]{@ &N amin2ad (ebidglyithE@sOHJ dj@ first major

peak t%gtu@r %% 18X|t5g'§d|?§§§0t§ ﬁ%?lo?gnt}[%\l%'m%g §3“}]g.1r3|o[123 _b]pyridin]-
2'(1'Hnan®s nsqnmm rth titlp eor@pﬂwasbtaedi the segord m;or(psalx tojglgtenyys, 3-amino-5,7-
dmydrB ré{@ﬁd}bﬁ@ﬂa BRI re-6,8Xpyratftd (2, 3B ridin ST IV LEndNadBR4 B. MS: m/z
_253 ?EJ , and concentrated in vacuo. The crude product
urified by silica gel chromatography, eluting
with a gradient of CH2Cl 2: MeOH NH4OH - 100:0:0 to
95:5:1, to give the timnNegErMmWIEE 4M5: Mz = 263 (M +
1). 15 Step D. ()-Sodium
2'-oxo0-1",2",5,7-tetrahydrospirqpcycl opentafc] pyridine
-6, 3 pyrrol 0[2 3- Db] pyr| di nel - 3ycar boxyl ate To a
sol ution of
(f)-2'-oxo0-1',2",5,7- te{ah
di ne-6, 3' - pyrrol O[HLNB- bTPYri di ne=3-marbonitrile from
Step C(1.53 g, 5.83 mol) in Et QY (20 nL) was added
5 M aqueous NaOH (3.50 nlL). The m Xture was heated at
reflux for 72 h, with additional 20 5 M aqueous NaCH

cycl opent af c] pyri

-one, isomer
ryness I n

a
2 vacuo to afford the title conpound in sufficient
purity for use in subsequent steps. M5 mz = 282 (M

Step 11)5 Bi§fl"ﬁ'8r(§<\m{ﬁttllv'l poFilli n@% Yarbonitrile o
ranydrospi rof cycl opent af %p)ﬂ:rll I.n
e 6, 3 Tm ?Q!%‘[@O%d'mfﬁ%%tfyﬁt‘%ﬁyﬁﬂd"? e s (Hgshimoto er ar.
(19975 Hepeosictay 46f 5§)]-(3@0i g)MIB momod)-in'EtDH &0AnL) was added lithium

boroh&%{lcﬁeagy 9{ I%ip(;fr O%R/y é:cll &{‘%ahﬂft @’58 %ﬁbc?b»w%y rfﬁ’é Rh&ich mixture

di ne) - ate fro
was StirT atrﬁ%tlyntatﬁ@pﬁtar\éﬁﬁw friand than gsieh o 1C7Sﬁwestt$d pgpeous NaHCO;

(20 mLgias Addahadbw(yodhdnth quershadl degiturdlivah extydapdibsph @Et@Ac (9 x 100 mL).
The c%'bﬁl% (ozlg(ﬁx? 9}(1'73 %}»zéremh) vélnlqa s!tﬁ, mtételdr ﬁtd‘@cﬁtcgﬁ@gt&gm vacuo. The

30 Additional %I pgosp cgﬁ%t
crudewttast (Wfssgnﬁ?_ bysiiga gehAhyomale sRb e atr't With 4 gradif e
CH,Oh: MEIDH —réadkto®s: Irfi, xd give tivaatstlccomopoindatM8: infe v 465 Man d).
t hen partiti oned between CH2CI 2 (75 nL) and saturated
1e. anl c |layer was separated and
Step Bphd.538ishsomomed ding gbonitd&t r acted with CH2CL2
(2 X 50rm}oluEFdsreoEQﬁﬂ:zﬂhyid:oxgaauhgl)baymns-zvmlsordmle&om Step A (750

mg, 4%“7%@&‘92&%5 ({4 Jni w Pd@ééfj%tfbggﬁcﬁﬂg E%r%ﬁu %é;(lvétcgos 94 fnol) in THF

(5 mLgremiseglBp thn@p H’t"l‘tﬁﬁ WRs ﬁm(:f,dgql émt%qﬁt tejpperature for 2 h, and then
coole@i2C22: ¥atiratellddG¥dus N O; (B inbd) Vs added slowdyi arel the quenched mixture

was extracted with CHCl; (2 x 30 mL). The combined organic extracts were dried over Na>SOyq,

filtered, and concentrated in vacuo. The crude product was purified by silica gel

. -80-
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the title conpound. M5 mz = 353 (M+ 1). -81 WD
2007/ 133491 PCT/ US2007/ 010952 Step F. 3-Anmi no-5
w@ 2@i7hyxippspi r of cycl opent a[ c] pyri di ne- 6, 3' - pyr pot/akR03610952
bl pyridin]-2"(1"1)_ one, isomer A A solution of
()-tert-butyl (2'-oxo-1',2",5,7-
tetrahydr ospi ro[ cycl opent a[ c] pyri di ne-6, 3" -pyrrol o[ 2, 3
-b] pyridin]-3-yl)carbamate from Step E 5 (1.39 g,
3.94 mmol) was stirred in CH2C12 (10 nL) and TFA (3

nm.) for 8han t hen congentr din t 0 provijde
chrompggraphiesthing Pt e%s%a exane KO AT 100100 2505 0 give the title
compeamdniM®nerzs= 29l + Esol ved by HPLC, utilizing a

Chiral Pak AD colum and eluting with McOH The first
peak tzo el ute was

d s ( QBRea yne-¢ \arvells
3carbbhmhra[23 b]pyrldln] 2(I H) one, isoner A thetltle
CO”DOU'T’Q it S8R MR tny K dl2-£LULER MR bt Step B (2.56 ¢,
8.83 nsnch enwérélepsﬁmléwrr@b&%ﬁaq BYdip; ZparelMarfat & (arg|(§98)
Terra;;%dh}fpwzr cisn]te%?](A(l é Bi)g 833, mindDNR THE: 12NEan:m H,@%60 ) was added
llt}umz:{l d:fm < mon yi;ra ’S 6I§r\lo H2|2|| A I\% (ErblT erecf.ctlongl §ture was
orpﬁyrwqierd[lQO:gnlb)] ap1d| e.xg'aetgd mlublﬁt@Acg{J 3ep 100 nihy y:pmbmed organic

exuacfs VOora SR lolv el IN8;SD 3 filteed) daxonaéraled & &okalt 1ma cRide product was

punﬁed b@p Pé’a eﬁ%&%ﬁ%ﬁ% %Pé)g %@%ﬂ%ﬁ%ﬁ%&o?ﬁ%%ﬂfwﬁ'ﬂmOH—
100: 0@&9% 51 tvgl‘@tﬁﬁérrtycamoww mdShyrsrI268 Maddde (15. 7
20 rrL 117 mmol) in DME (161 nm.) was added

b]DWlﬂmﬁ}ﬂrCﬂFbQédA*_@ O C. Saturat ed aqueous NaHCCB ’(80 m.)
was added éiJhQYbirﬁ/ofE(BW—ﬂ-Bbﬁ) (H'UEth@&amdfb:wiﬁb[&ﬁ%pema[c]pyndme 6,3'-

pyoolfle - BRREEL arbelih ol 5Pl 506 8 Pl BRSO mL) s
added Nalgis@ueous Ne®Hr @ch0 mhi Em@@ﬁuweavesdlqawd\mgwx fond?2 h, with additional
5M a&&e‘é@@ N%tmim)o WES dadéd il CH. PHe sdaul@@nﬁ)e&u@&as allowed to cool and was

concefEERE S0aS ¥ 1616 V0rStab PR it Rureiepy guris for use i
SUbSCWnpsigm MSsm/nt282 (301 1EM + 1). Step B.

5, 6- Bi s(hydroxymet hyl ) pyri di ne- 2- car bon| trile To a
f

_lpxr_ldaﬂj.amm&ﬂ‘ﬂ_bl um borohydr|de (29 5 nm of a2 M
sol uti q@ 4 $us JAdFonéf%slsm}n)zd;xen\Mzsm The reaction

S EAn O Sk L iPlaied DR aune P Aty P fjom Step D

(1.64 g3 SMdddedmmmmr(d.étzheLr BR7 mnﬁ@ovlemtzmml (50 mL) was added
dipheEy@ﬁ&%ﬁ@r@?éﬂaggﬁ@9 mL, 8.75 mmol) and the mixture was heated at reflux for 72 h.
Additional diphenylphosphoryl azide (1.89 mL, 8.75 mmol) was added after 24 h and 56 h. The
reaction mixture was concentrated in vacuo and then partitioned between CH;Cl; (75 mL) and

saturated NaHCOj; (100 mL). The organic layer was separated and the aqueous layer was further
extracted with CH,Cl; (2 x 50 mL). The combined organic layers were dried over Na;SOa,
filtered, and concentrated in vacuo. "The crude product was purified by silica gel
chromatography, eluting with a gradient of CH,Cl;:MeOH: NH4OH - 100:0:0 to 95:5:1, to give
the title compound. MS: m/z =353 (M + 1). |
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quenched m xture was extracted with Et OAc (9 x 100
m.). The conbi ned organic extracts were dried over
wol@3@d349f i | tered, and concentrated in vacuo. ROEUSINTE10952
product was purified by silica gel chromatography,
eluting with a gradient of CH2Cl 2: MeOH - 100:0 to
85:15, to give the title compound. M5: mz = 165 (M +
1). 5 Step C
5, 6- Bi s(brononet hyl ) pyri di ne-2-carbonitrile To a
soILnl on of _
2 E YGRS C S cpfalcd 06— p 104y din}-2'(1'H)-
one .&&,«B (2. 50 g, 15 2 mml) in THE (76 nm.) was added
phosphar t L mmol ) in THE (20
) dr 2\ yoﬁutlon %%Ttgr“? bh?ylg?’ (g<o illf%é%\xlas stirred at
teuwMSmm[cx@mtadfmdmﬁ ¥ nyrmé(?{é 3 plppridim] Baddeasbanepatg from Step E

(1.39& 3. &huﬁat; atis@aﬂe@uscN@ddQ@O R0 ad) TR ES ady st B Pwhy then
concenggtﬁé n uo ﬁg?ovn e T ce%um@“%le c)c%nr %c? gs Wetﬂ-‘Acggp 1'lzhe( gnanttomers

I ned organi

" were yelvediy SBAC Mlllﬁ%@cma%é&@imtaeé eiqt"\gat%Meﬂté The first

major(HeHEIﬁ) am:du&m MR$ndR8 rﬂ-(ﬁlh?&obp’lrcﬁ[bf/dl d@emk]p idine-6,3'"-pyrrolo[2,3-

blp Wﬁé‘}l%@t@? ‘H&p h’fgléugfl‘{] tgtl%ﬁor?Bo | t éf Sﬁ;] d majlor peak to elute was 3-
amine b7pbihydtospud cyel opesataf glpytifiane- 61; pymlogggépb].yndm] -2'(1'H)-one, isomer B.

MS: k)= 23 @a-1b -{[2-(trimethylsilyl
et hoxyl methyl | -1",2",5, 7-

tetrahydrosplro[cyclopenta!b]géridine-6,3'-pyrro|o[2,3
- bl py idine]-2-carboni 43t i on of
5, 6- bi s(bronmonet hyl ) pyri di ne-2-carbonitrile from Step
C(1.80 g, 6.21 mml) and O
1-{[2-(trinethylsilyl)ethox
rrol o[ 2, 3-b] pyridin-2- 1 7 6.21 mol ,
descri bed in Interned at VE-(207 nL) was added
cesi um carbonate (d'dY g, Ni8. 6 -I) Npor ti onwi se,
over 5 mn. After 18 h, the m xt URg s partitioned
bet ween CH2Cl 2 (100 nL), saturated aqueous NaHCG3 (100
m.) and brine (200 nL). The organic |ayer was renoved
(£)-2-206inbhe7 dthieesspirb foyelopanta| i piridiat 6B fpurrd kg2, 3 vl pyridin]-2'(1'H)-one
CH2CI 2 (2 x 100 nL). The conbi ned organic extracts
mere drled over Na2804 f||tered and concentrated in
methy! 6enanepvdiness drlicarbudate r i fied by silica gel
chr omatngx &ﬂhtjon Sf dhtrﬂdﬂl@b/l\ﬁyhbuﬂ @Bdﬁhaﬂf&xyhfte 1-oxide [Niiyami e! al.

(200@%’?&9@ ? Qﬁ}ghem 109 Qégg)ﬁﬁ’ﬂ(%oﬁ 928k Y& t)*&ﬁd thht@ylsilyl cyanide (15.7

mL, 1(1f7)m12101)ex SME, (261 ml3) waétqdaﬁ%mbyl%gweylcfe&ﬂ@[@?m 114 mmol).
The rdadfhen Enidtur@was tOER areAhpYod TH llil,eind tRercavobeaixipl G °C.asatdrated aqueous

$ -%%O%E)ow%{ 5(%1'[%3%[ow1 r%t{i I'tthﬁ %uel xture \?/Taéﬁ;](rras;tei WIS] EtOAc (2 %
1 L) e7c_ombmed organic extracts were was ed vn nne é , dried over Na;SO,,
ﬁlterdcﬁbﬁcﬁbc}td:kﬂﬁabdl O eytadoo [Tt tcadde] grydind iwae parified py rsnmla@kQ, 3

chrongl)@'%f)lln)d I}Ek ?‘gﬁ?n{?% lidnt 'ok gegngrﬁl\léagﬂe&osé E%%O:?‘g,éto%i_{e?the title
comppied. (M it'e= é(Nheaﬂed at reflux for 18 h, allowed to
cool and concentrated to dryness in vacuo. The

“QL&SﬁnhQ water (12 mL) and

SJomae . PSP a reversed phase 35 C
18 col iFma seleitien af dnﬁ@etwlténcwgmadlew Jodicarboxylate from Step A (13.0 g,

59.0 AL GHICNHCERGE@RLY wadaddedQithiuhPbéroBadriiel(29.5 mL of a 2 M solution in
THF LS\réngnglnog)z%g%se?r@egga&{ogqgﬁ‘%%%%?bH'Iecﬁlg %‘Eg‘tgg*}&ﬁcratm'e for4 h,

and then cooled to 0 °C. Saturated aqueous NaHCOj; (200 mL) was added slowly and the
82 o ‘
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~ Step D.NERRNAEN0AT H [2Atrimeth vy pethe

-83 WO 2007/ 133491 PCT/ US2007/ 010952 Step F
(+)-tert-ButyL'-oxo-1',2"',5,7-tetrahydrospiro[cycl open
wWo agoajipsapi di ne- 6, 3' - pyrrol o 2, 3- PCT/US2007/010952
b] pyri din]-2-yl)carbamate To a suspensi on of
(t)-2'-oxo0-1'",2",5,7-tetrahydrospiro[ cycl opent a[ b] pyri
dine-6,3 - 5 pyrrol o[ 2, 3-b] pyri dine]-2-carboxylic acid
fromStep E (224 ng, 0.796 mmol) and triethyl am ne
(O 333 L, 2.39 nnDI) in tert butanol (5 nL) mas added
henyl phosphor azi de
quencle Rgees %@0%8 AVEYELR A é? r< dQO%E) |Tfh= cow@n%‘ar@?ws [gxtracts were
dried m@KNﬂ‘zSOW&'ﬁteCﬂij apd tomdeadated in vaouoo Brecrideeproduct was purified by silica

gel ch%g% %@r@ og%@l @l’z) MR Se}bHrﬂBé&g 15 g) give the title

or gani c ayer was separ at
conuxvﬁ@radﬁeﬁag—ﬂ QW'MAE further extracted with CH2Cl12 (2
x 20 10 nL) The conbi ned organic | ayers were dried

Step OVEE_ AR, eﬁJ <ﬂn 3nd conece trated in vacuo. The
chr ormtE@; dr bHion ceﬂaﬁwbw@lmr@wtgylmr&we -gfcarbonitrile from Step B (2.50
g, 15. %Qll?.ui\/mﬁ (76\lhlﬁ9Hvas aliG@d h é}-@nﬂfm&olmdé 05.96 %€19.8enmol) in THF
11T

20 m]% glro%»\i%nplg‘ne,are%ctgm 1&(}135 ;vagg Q(M at am%)ent t%mpera“?u:e?‘or 2 h, and then
cooled 15y GpSatuamtes] pyuchs NeHE G (2B ywlkioves 2ided slowly iard e aepched
mixtute Whs exARRted With QHzgl} (@fx 200 n€h.t The'E¥mbined organic extracts were dried

over N8P Rk e Bpt o ESFOIBISS o 4oy TISATHAS Broguct s g by silica el
chromatsjgnanhiydeln}ing with) agradigneeichekpegiEE Ap —H 00(01 @B O, to give The title

compdial )IMBas/S+ o1 @d + m. CH2C12 (6 nL) and TFA (1 nl) for
3 h and then 20 concentrated in vacuo to provide the

title conpound as the TFA salt NB niz = 253 (M+ 1).

teuah&dré%lmydod&@m%@m)@ar@%ydm 38b5m61 Qlddﬂfdimhﬂsfm
-6 oxci"o édtu%/ 6’;}8 50 é bzsf(éronlome%hyl)pmsd 1¥e-£-car IJrom Step C(1.80 g,

Ste
6.21 mam tanyll1(2[&)(metbybﬂblp¢tbw]m¢rw}rllﬂddnh&dm &Hmma}dcﬁa,ﬁyl?]pyndm -2-
2 Amb1U8dseAb& inBYREnESiatkl7)Th ,DM? (io’ﬂml))wdsracided cesium

one (16’54e
‘ carbo%z % 67 éhf%gL [r%gglé,é)oﬁowvsvgégebg ?Af Ollglhg] of xfgemﬁs partitioned

between 63hrCde(1 0Afnnlek Samratﬂoiqmﬁwxiﬂaldﬂﬁhl(mﬁmﬂa) and bring (R00zmL). The
organi2Qhtr v} r@lfno'le(pﬁﬁizt)ﬁk MWer was extracted further with CH2C12 (2 x 100

‘mL). fl%éfc:gwgn g&ggz{ %pr 2 w%r%yc&%gl el ﬁia é?é fi ?I %gr bocf( (Yoncentrated in

vacuol Gﬁﬁazrq_d}aﬁ'@yuc(ﬁyaﬁz)ugﬁe@by@ﬂlcml thpma(agz@hz, ¢15tngrimithat gradient of
hexane: E&os&c\ﬂaﬁo@d@@do 9008 @eethe/éiftlte%Bg?Bhﬁdl | NES: FrRE =893 (M + 1).

additional 1 h, - 84 2007/ 133491 PCT/ US2007/ 010952
Step E. (+)-2'-Ox0-1'.2".5.7-tetrahydrospiro[cyclopenta[b]pyridine-6.3'-pyrrolo[2,3-5]pyridine]-
2-carboxylic acid . '
To a solution of (+)-2'-ox0-1'-{[2-(trimethylsilyl)ethoxy]methyl}-1',2',5,7-
tetrahydrospiro{cyclopenta[b]pyridine-6,3'-pyrrolo[2,3-b]pyridine]-2-carbonitrile from Step D
(690 mg, 1.76 mmol) in THF (5 mL) was added 3 N aqueous HCI (36 mL). The mixture was
heated at reflux for 18 h, allowed to cool and concentrated to dryness i» vacuo. The reaction
mixture was dissolved in water (12 mL) and purified directly by HPLC using a reversed phase
C18 column and eluting with a gradient of H,O:CH3;CN:CF3CO,H — 95:5:0.1 to 5:95:0.1.
Lyophxhzanon of the product contammg fractions prov1ded the title compound. MS: m/z = 282
M+ 1)..

-83-
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triethylamne (16.7 nmL, 120 mmol ) was added sl owy.
The reaction mxture was stirred for 1 h at -78 C and
w@2m7h3ab1 anbi ent tenperature. Water (100 nl) pewUsH®010952

slowy and the quenched m xture was extracted with
Et OAc (3 x 100 nmL). The conbi ned organic extracts were
washed wth 10% HO (50 nL) and brine (50 nL), dried
over Na2SO4, filtered, and concentrated in 5 vacuo.
The crude product was purified by silica gel
chromat ogr aphy, eluting with a gradient of \
hexane: Et QAc - 90:10 to 0:100, to give the title

Step EomaumtcButMy2'-o%d-152' 32Dt tah ydrbypirdft egoientdl b Beynidide-6.3'-pyrrolo[2.3-

b DKL %ﬁLZ((BELB {[(S)-tert-bu ‘
yrrolidine-1,2- dicarboxyl ate
10 To dag ﬁ\@sl}pp@mgnp oF Xﬂ@e’g p-152 n%?-ﬁ@)rahydrospxro[cyclopenta[b]pyndme -6,3'-
pyrrolofRB- @Pfﬁdlﬁ@%@!@bk)’myﬁdi@ |fxlo(fh Sep EL(224 Mg,y 9oyl #hd triethylamine

. 33% B %‘&&ngm 83 t?.itanol %%E@B’?L @?89 By V\%ﬁ&&‘ogsaﬁ?gr?%lde (0.258 mL,

1.20 mg)ol)zaqﬁetbﬁmxpma/ﬁg hoated, pfrefuxiferel p.0Tha reagtiommpxpure was concentrated
in vammi:h the-:rrhbﬁ'tltlghéﬁ Wtﬁze&ﬂ@l-ﬁtlzr(m %E)%d%&mbatb@f\rme:@qao @nL). The

tered t i tional
organ, 5 i s AL e s fonf Fvek Fas st kSRRt nCL @ < 20
mL). lbe combimsdirganiethyers wete doed oveyi N&SQsr bltsrg tegncentrated in vacuo.
The cfede &Hﬂuétlvﬂ{i i fied lbly Galic@glel &h’bﬁﬁ&ig@ﬂﬂﬁfpaﬁtmg hkidhi engad.em of

c1+12(i’i’11z (ﬁ%ﬁ?ﬂt}ﬁ; é@émoun eﬁ\gtolﬁxve the 3 %p_lquici‘ogg 097 =353 (M +

1). C 1- Benzyl 2- et hyl
(2R) 2- f(SS) 3-{[(S)-tert- butylsulflnyllam no} - 3- (3, 5-
fl [,) | A Y1, at e.

one (2R) 2((3E) 3 {[(S) tert-.
butyl suAben,y,Iohlom“l(Qp}ep[. I Ppy%s-0l 2 dine- 1, 2- di car boxyl a

St e
el R EBe el e R A LS B o st ¥
(147 (4 08 1 fimrobl) aves. SWsmC@bCM&mL)er THA 41 mdwdby 3 h and then
conctARM i3 SacddR g@@ﬁ%lt@anm LsHpSundas thd Traedid Wis3A/-8 253 (M + 1).
at -78 C, 3.5 h -10 C, and then at anbi ent
tenperature for 1.5 h. The m xture was quenched wth

25 saturated aqueous NHMTERMBDIAYEA#I extracted with
Et OAc (3 x 30 nmL). The conmbined organic |ayers were

washed with brine (30 ni), drj eeL PHNa2504
filtered, and concentrated n H The crude
product was purified by silii ge ,Qhr omat ogr aphy,
eluting with a gradi ent ofo evBROAe - 95:5 to

0: 100, to give the tj onpound.’nizzSB?(M+

1). 30 Step D. Benzy

(5R, 8S) - 8- (3, 5-di fl uorophenyl ).- 6- oX¥o- 1, 7- di azaspi r of 4.

5] decane | - car boxyl ate HCI (g) was bubbl ed through a
" : 11-¢edif S 72414

m]acgtgcsgc,? ert butylsul finyl]am no}-3-(3, 5- d| 1 uor ophenyl ) p

ropyfl [ pyrrolidine-I,2-dicarboxylate from Step C(1.02
g, 1.90 mmol) in I\/b0-|(25 m) at O Cfor I mn. After

. Step 2t i ¥-Bemay! Ranethyh(2 R)#e(3-0xmaedpydipyniokitlineel . dicarbox ylate

concent T@B%Eihg@n%ffm% DNIVAELP2L 13%&12%1 BHHes B5ACH -78 °C was

suspended i n i)

addeg PuS%'t“HW ghrray| 2lepdats 1 51123%511310‘)% A Pe4pt) digpwise. After 10
min &ff a)dﬂurcmall\aﬁnng,eaatcédmtmoff E—bélwyl Ranetbgl (BR)-EHB-hydamtyipeopyl)pyrrolidine-

1,2-dRaXb 3Nyt EM@S 8).7 YACER At 1) GHHER 10668] (7.72 g, 24.0
broduct %@%) 30077 1334971 BCT7 US50071 010952
mmowﬁ(%“v&dz ptA g&we%?%%‘fﬁtda@wfaﬁy, Aftgr SHTRG %wd&“mnal 1h,

gradi ent of CH2CI 2: MeOH: NHAOg,-
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100:0:0 to 95:5:1, to give the title conpound. MS: niz
=401 (M+ 1). Step E
wa e@R188Yt | - [ Benzyl oxycar bonyl ] - 8- (3. 5-di f | uor pphvery)/610952

6- oxo-1, 7-di azaspiro[ 4. 5] dec- 5 7-yllacetic acid To a
stirred sol ution of benzyl
(5R, 8S)-8-(3,5-di fluorophenyl)-6-o0xo0-1, 7-
di aza‘spi ro[ 4. 5] decane-1| -carboxylate from Step D (541

ng, 1.35 mmol) in THE (3 m.) at anbi ent tenperature

tneth%%rr d(qggtrgﬁ %81 mi) glc}deég %Itrganzelﬁn wél‘rﬁi%ag g’tirred forl h
at -78 fcwm hjat ambieati mpeamret h‘é’amr ﬁtQﬂ@was sddad shewlyoand the quenched
mixtudPwad SxtFicled »SF?E’EKUAB Sj&ol)OOCiﬁLﬂ 8THe cdthbinbd @rg]a.nM extracts were washed

with % H5 gl 25 Frve kel Pl SEiGh o NeaP et rofh Gpd qonsepigated in

vacuol THeHGhde [ROdndt )wasrpahriétet rbacsiltmh gel throm@rTAphy( 8lukin@ @vith a gradient of

hexm@t@tOA-EhB9§@m 0560064 thelAkSlopiRhe. Mid: eg/zQVﬁO(M-F 1).
254, filtered, an concentrated in vacuo.

crude product was purlfl ed by HPLC using a reversed
il (2R ‘ gulfingineind } propylDpyrrolidine-1.2-

d,carggg(glagrsd\r CF3002H - 90 10: 0. 1to 5 95 1 to give the
le co ound = | NTERVEDI AT
45 o O OH N“ES‘Pf E{D ? gl([2§ ,?,Zg}r%gpropy )pyrrolidine-1,2-

dicarbpaylatnirbin-Bepp 2, (5 ! g ISLIZﬂ mp’nﬂhgd@ arhydrous CuSOj4 (2.36 g, 10.6 mmol) in
CH2C1 0049~ ngL)gwgé aded Ri}aRe-3=subtharhiid e BJ&F aCh6lmmol). This

Mo LR O e L O TR

used tbuvashybacdjmmquocqimbmdd oezaficsawdye xyhdentraed d» pdduartg gite a residue that
as p ﬁeé 3994 Ebpﬂﬁ&naM%pNg‘"@ 2%%&1 g"rﬁdlentzoﬁr h%QZée BV - 95:5 to

0: 1ooh%,éag§ttltwuﬁr M e Z&Z%%ﬁ i‘)o The sol ution was

ncentrated in
vacuo to give the title conpound as the hydrochlorlde

Step éalltB Y™ 2 m&h 2 B *ﬁ eanEi,u Slﬁﬁ _u B4 %-

DI peri ai ne- -| a - 30

—01_1%dlﬂ“ renyDpregylIpyenglidingy b2 4199 s em xture of rret hyl
4- al | yIT o pstinradi Mtﬂomcﬂ’r]bbmdyaﬂanéthylrmﬁb-emMB{ BO)-grt-

buwl%fﬁélé]lm%f? )gglsgﬁ%lng)%@ ?gcgg{%k% ﬁyl aE}FBr@I %%Zé é ﬁ)smmol) in
toluery (30 7BLYAt Y & wag agledohSedifluprop wémggrrqsrtea bagpidg §148 mL ofa 0.5
M soliitien 1rS'®H‘FeVit41\lrﬂﬁ0Y)eimpAelde | The seadtiomfdxtifeewaestirtidefond8 min at -78 °C,

Il ol I e
231 AR ISR A P g e i
saturat¢rbaqieaHfElCh{POmed ang extiactsd with Bt QAL 63 G MLE: Epgcqmbined
organic [hO&s Meye Washedorikh benk (B0gah),clriedtovaciNg, Sy ltered, and concentrated in
vacuo: oﬂ%ed}h&@f)r%Quétha\éa;ﬁﬂﬂied by silica gel chromatography, eluting with a gradient of

hexane:EtOAc — 95:5 to 0:100, to give the title compound. MS: m/z =537 (M + 1).

Step D. Benzyl (5R.85)-8-(3.5-difluorophenyl)-6-ox0-1,7-diazaspiro[4.5]decane-1-carboxylate
HCl (g) was bubbled through a solution of 1-benzyl 2-methyl (2R)-2-[(3S)-3-
{[(S)-tert-butylsulfinylJamino }-3-(3,5-difluorophenyl)propyl}pyrrolidine-1,2-dicarboxylate from
Step C (1.02 g, 1.90 mmol) in MeOH (25 mL) at 0 °C for 1 min. After stirring for 1 h, the
reaction mixture was concentrated to dryness in vacuo. To the crude product suspended in
toluene (25 mL) was added triethylamine (2.12‘ mL, 15.2 mmol), and the reaction mixture was

heated to reflux for 66 h. The reaction mixture was conce'ntrated in vacuo and the crude product

85
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to give a residue that was purified by silica gel
chromat ography, eluting wwth a gradi ent of
wheooansssbt OAc - 100:0 to 40:60, to give the tipPCEUS2007/010952
conpound. MS: mz = 318 (M+ 1). 10 Step C 1-Benzyl
4- et hyl 4- (2- oxoet hyl ) pi peri di ne- 1, 4-di carboxyl ate
To a solution of 1-benzyl 4-nethyl
4-al |yl pi peridine-1, 4-di carboxylate from Step B (4.45
g, 14.0 mol) in THE (70 nL) at 0 C was added

_borane-net hyl, sul fide coml ex (
was p i et qptorag iR RETRI Fihgl it 8 grdtie] of RiikpeMeQpt: NHLOH -
100:0:9|toRb 3 : Wdp gixt the titlarispmppund. ee iz Gri@ldivti+ddi rred for

16 h, then quenched with water and concentrated in

(137 glazasznrom 5]dec-

I) and 4A m)l ecul ar sieves (665 g) in CH2CI 2
(50 m—)l"oaht stitred: som%nro?%ﬁi}@%m&f Qf(g 5- cWﬁ%o h@i%q) EQxo- l ,7-
t]e eraL e :}H)s%lrr ? gg dyrpu&
diazasglipl- DRGNS DEPORY 2 AP Py b ﬁara L) at
ambieneteirtperatiigddidsi added Nath@1 mgmsf a16@% dispersisi irt did, @3 mineol). After 30
min, etH}f bF&HPAc@Eﬁe gf mq% 78"?1'180 %%BHE@E&?M&:%M%H 8va§ Qtirred for 30

I"ve r e3| [i.ca gel

B M S P Muaorgrsatyja B0 af pgstenZngtley ixture
stirred-foit @6 hO Tbe gachon mixtgreweas praured oite 1 NIdAGDRO0MLMVENd edtracted with
CH2C1'2 (§ 5462(‘ Pflﬂl coh(aﬁéh in( Zerv@fé{ dned over Na;SOy, ﬁl\ered and

uor o n 0X0- 2 di azaspiro
conce*_rt{m cugn ﬁlleé‘ﬂd@ ik z%'s Ege’éﬁ? Péﬂl’ﬁ B?lpewrnger efjphase C18
columpramdeuungswmea(gradmd of th Ol GHgCINECH G HA4 9011 0t0. Ligd $t§5:D-1 to give the
tile cAEAGIHd. MBEhiyL 3o (Rr-Pxpet hyl) pi per i di ne-
, 4-di carboxyl ate” i'n place of 1-benzyl 2-nethyl (2R)-

2 ( 3- oxopropyl ) pyrrolidine-1, 2-di carboxyl ate, the

titl'e conpound was preDITERMBYHATH 25= 473 (M+1l). 30

EXAMPLE 1 OHO NN-x1 Np M

N-[ (4S) - 3- Met hyl -2, yoxo-1', 3" -di hydrospiro[i m dazo

i di ne-4, 2" -indenl -5’ 1-2-((6)-2-0x0-6-

phenyl pi peridin-1-yl)jacetam de -87 WO 2007/ 133491

PCT/ US2007/ 010952 Step A

()-(2-Cko-6-pheny|pigfﬁl i

stirred solution of ()-6tph

ng, 0.885 mml) in THE (1

added NaH (30.0 ng, 1.24 mo

QOH . .

3acet|c acid To a
peridi n-2-one (155
,Booled to 0 C, was-
K The ice bath was

renoved and the reaction was al Kgwgd to warmto

anbi ent tenperature. After 1 h dt anbient
tenperature, the reaction was cobled to 0 C prior to
thelntroductlon o3f ngeth I brom)acet atze

yl]acetnemaMed and. t he reaction vvas stirred under ni t rogen
for 12 h. Additional quantities of NaH and net hyl

Step A. Methyl 4-allylpiperidine-4-carboxylate

HCI (g) was bubbled through a solution of 4-allyl-1-(zert-
butoxycarbonyl)plpendme—4 -carboxylic acid [Jiang et al. (2004) Bioorg. Med Chem. Lett. 14,
3675-3678] (6.50 g, 24.1 mmol,) in MeOH (200 mL). The solution was heated at reflux for 16 h
and then concentrated in vacuo to give the t1tle compound as the hydrochloride salt. MS: m/z =

184(M+1)

. Step B. 1-Benzyl 4-methyl 4-allylpigeridine-1.4-dicarboxylate

_86 -
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bronpacetate were then added in parts to nearly

consune the lactam as judged by LCM5S 10 anal ysi s.
wabaensmaf fici ent | actam was consuned, 1 M aquBPOD®S2007/010952

sodi um hydroxi de was added (1 nL, 1 mml). After a

majority of the nethyl ester was saponified (-3 h),

the reaction was quenched with 1 M hydrochloric acid

(5 nm), and Et OAc (50 nlL). The organics were washed

Wi th saturated brine (twice), dried over sodium

ncentrate

| fat filte
S B e e S R s Bal St o us Agad0 8, 242
mmol)/gy- (lpdnzybxg@ztbt(nwexﬂguccgﬁmﬁee(ﬂ 2.g, 29.1 mmol), and N, N-

dusoa}bdMéﬁ}la%u%@(tlbw mi 92 e}" lﬁfﬁ%r)lm,c%cdn (0105 Wak AidrBd #5328 h. The

-ind -

solvens. %%éd%%%%ﬂ%p @P?&?’ CF’ u e@%lﬁfla%bwean EPoei(Hp mL) and
saturatdd NaHCOs (k@) mlph&hy opganer lagemwds-sgpiratedtand theaghebnohayer was further
extrac‘%oeﬁtﬁ}i(tég? iZ xho m’}‘l%ﬁe mlb rﬁd ’d%lmc( g)&ﬁ:@h ere Sgée‘htrated in vacuo

] no- -rre ydr o
to givopy rw@sp@ﬁwmlaafm byisiHea ae ?mqrﬁfaeﬁéy » e@tmgo‘wéh g gglient of
hexaneEtOA.c47 P00T0ed 40:60 £loai e¢lthraitlerdbmipguhd. MR Irk/z =1 318\MM +elt).
al., PCT Int. Appl., WD 2004082605 A2) in DMF (5.0 nL)
vvasBadded EDCI 115 ng O 600 m{ol ). Th| S ;c,ol ution
A [AC : aethypine A XVYAi3

react i d a/\aﬂundrheml-bamft herdethyl 4- hﬂylaqﬂntimani ,ofdicarbéxsildte from Step

t h
DL oD BT 0 E S Sy o b0
L of 3,2 @élttmnape"l&{%rﬁ bmme mactl%mﬂweowlwlwm to ambient

tempevatare anadktidied Soul f(ah,etheﬂ' beermhg«ammswamr #ndt d’dfhﬂerftrdtécﬁfnadzcuo The
remdtféqpé‘sed]gsrf'oﬁ;eﬂqn 'C'quza t’lQ#O mﬁﬁ%@ﬁﬂ H 9?(&;{1\913@ téh bﬁlﬁog %k PCC (6.65 g.

1 on utin
8 )| an M;}gqo ecglpr 5le(ye55(§@5 g)5|n§3 mL at 0 °C The reaction mixture

was virmed €4 aabighederipeghtifeamidistingd &1 8 m&ﬂérﬁﬁlﬁ&ﬂi w1th ether (200 mL) and

e BRI 8 By A AU, o

organmSzwefe capppnraed it prcugts EENIEaidug that xapPuRS zd by sdicayeel
chror?REFAPR3 4Rinp GAHSZRA TN D 8PRC 1, N OIHO- MINO to ¥5 Gotdogive the title
com P'Fg%’s-':/ﬂs Na
paund-s¥5: 823386 M T N opheny! ) - 2, 2- di net hyl - 3- oxo- 4-t h

i onor phol i nyl]-N-j (4S)-3-nethyl -2, 5-

[(3S)-9i [PB ezl 0x3 ) catth iyt DEPE LdifliidFo e ) HoRE-2D-diazapateNy.S fandec-2-
Nacillacetam de  Starting from (5R)-5

Ll—(gf—%‘fdl fl uorophenyl)-2,2-d inmethylthionorphol in-3

-one 5 RSlSmt@Hbré@hltawgz;le prasedwresnifiesgnbed for ixtgrmediate 4dglut using 1-
benzyl® ﬁﬁﬁ&h?m tpbk@awlgngmdlﬁan UsdiRadeRAudfeds pl4k oftltenzyl 2-methyl (2R)-
2-(3- (Pxo o&ﬁlﬂ R}g?lnﬁﬁ)z(fm%ggjfx?ﬁ{ ﬂ%aotYl de L hedt IatsI perepared MS: m/z =473

(M+5)39 1734; calculated nmz = 529. 1716 f or 026H26F2N404S
10 EXAMPLE 3 |

EXAMPLE 1

H o)
N/\'H/NWNH
o) ,N’go

Me

| . N-[(48)-3- Methyl 2.5-dioxo-1'.3'- dlhydrosplrohmldazol|dme-4 2' inden]- 5'-v1] 2-((6+)-2-0x0-6-

phenylplpendm 1 yl)acetamxde
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Me O M NNH ii,obpo OQF M" F 2-[(5R)5-(3,5-Difl
uor ophenyl) -2, 2-di nethyl - |

WO 0007d8348t 0X0- 4-t hi onor phol i nyl | -N-[ (4S) - 3- PCT/US2007/010952
met hyl - 2, 5-di oxo-1', 3' -di hydrospi ro[ i m dazol i di ne-4, 2

-indent-5"-vl |acetam de 15 Step A (5R)

5-(3,5-D fI uor ophenyl) - 2, 2-di net hyl t hi ormrphol i n-3- one
To a solution of :
2-[(5R)-5- (3, 5-difluorophenyl)-2, 2-di mathyl 3- 0x0- 4-
t hi onor phol i nyl]-N-[(4S)-3- rrethyl 2,5-dioxo-1",3" -di hy
drospl ro[| m dazol | d| ne- 4, 2 -inden] - 5 yl ] acet am de
A 2(1% Q ' ofioacrd at O C, was added

3- Ch' 0“1‘9&%‘&19?&)1*%81?&19&1:%%&@ phéApiperidinl Jlofe PUri ty of

(155 0,883 ool D¢ &°°?ﬁ%l°h| 3ot it Tt ok e, 124 mmol).

The icpdsthcwastiemeded @ad teuradipd rvoas alleowel4o mprmQo h8bienttdnyperature. After
1 h atWabieddlg r‘hﬁlré rﬂlt?euxﬁeg@tgﬂ Whs @Jaie\:;gf:du(ﬁ b€ In{of’for 1218 lﬂr'it%(yductlon of methyl
S PR A N e A R AT L
reaction3xaslQirrdd)undéheitdogen fatle hNaAddluomﬂemlananmbf Nal acdimethyl
bromogééfgte@vérg %eql-b‘adg@ﬂltpéi\ﬁ%o Bgéﬂl b(ﬁgumé tﬁé ldcfzﬁ’r% gigl_]udged by LCMS

g 3{ In .a gradi ent
anal ysm: C}E%_qg% nt a_ctgg \Yaa c%n%ne .d I\g[l ﬂﬂé‘e?wofif'-{“l‘ Bydroxide was added (1
mL, 1 conpl)uAdter Nﬁiaajm‘iw of thelfnethyl 2Gertwad sapbﬁl\ﬂféd (13 h),the reaction was

15e4d5w&ﬁ5%v1 Sl el idWsZmt) Sha £ G e O hed
arene 6@9 V\D 2007/ Py ?u o8 S é%ﬁ y o washe
with SWWUN: gwr lgé(er spdlum sul ate, filtered and concentrated in vacuo to

yield a2refidd&vhieh( @a:EusBdfvhtlmuo flrdrey byrificdidn: IMBeley+ 284 Ao~ 1).
p| peridinyll-N[(4S)-3-nethyl-2,5- dioxo-

I 3' dlhydros |ro[|mdazoI|d|ne 4,2' -inden]-5"-yl]a
Ste 1-5- in,'l. "“dihydrospiro[imidazolidine-4.2'"- mdenl—S \Ll] 2-((6+)-

2- oxo{65@en5}pl;§drehm—lmlla\tétamhdd nyl )i m nol - 5- (3, 5-di fl uor ophen

| 2 | J
y ) tmﬁ ;F);Bg&% &Eﬁé@ﬁeﬁldkﬁ hg)‘)ggént{cga‘%‘(i)&;ﬁbm Step A (100.
mg, 014? mm?h) elfl%ai( "!S’ 0g1 & mmopznd (y)->ramigospmethpl 1',3"-dihydro-
2H, SHLSFBED[nﬁﬂbiolﬂhﬁk—éﬁ}rrﬂeimthy-ldmmaﬂeﬁ 0sAM2f hmelyipiepat @3 cording to

Bell, '8k, egezﬁgg'fghk AT% 6283507@(?61)5 %ﬁn?ﬂ%ﬁ 5, acr{LEi‘évHéTAdded EDCI (115

mg, 0.8 guro Wad higurtutiop wafiged ah#mpicat sanerteredophS b The meaction was
then qfi@fch2d b9 wiesaddl®orPbft EM HODK 1 0Wahlt) @nd B AR50 allpe Mhk WEganics were

mnhe{)&gst{e%%%ﬁ an nﬁléé\%aﬁ F‘méi\@o?t JeRR ! rg'i’é ?xﬁﬂ"‘%&ﬂ sgtﬁ{‘alf&?gﬁr.?ehgo mL x2),

experi encl stir
followed Hy|drying oypisadjumaaliate,| Tae éEBWdKF‘gﬁ thea) fjlteged , W§?ﬂtf?g§ed in vacuo,
and applied tdch 6Wica galscon@f €6t puHiiadomilingd: With aradientT eCHEEIR:MeOH —

99.5: Ov%r%ds Wb‘iélnq) J)cﬂl%t-cgﬁthﬁgng fractions were pooled and concentrated in vacuo to
give the title compound. MS: m/z =447 (M + 1). HRMS: m/z = 447.2013; calculated m/z =
4472027 for C25H27N404.

EXAMPLE 2
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over sodiumsulfate, filtered and concentrated in
vacuo to give an oil. This oil was purified by silica
w@edo7abssenat ogr aphy, eluting with a gradi ent 0PCT/US2007/010952
McOH: CH2C12 - 0.5:99.5 to 3:97, to give 15 the title
conpound. Ms: mz = 374 (M+ 1). Step B. Methyl
(5S)-5-[(tert-butyl sul finyl)am no]-5-(3,5-difl uorophen
yl1)-2,2-di met hyl hexanoate To a solution of methyl
(5E)-5-[(tert-butylsul fryl)im no]‘-5-(3, 5-di fl uoropheny
|)- 2, 2-dimethyl pentangate (342 ng, 0.920 mmol) in
CH2Cl12 (6 nlL) at 0Gvew@s addﬁd dropwiO e 20 over five
m nut es methyl nag*ﬁﬂa%rﬁbr m { AW solution in
di et hyl ether (0.61 \)1,,833 1% tgr 15 mnutes
the reaction was deterni @ @ be cmrpl ete by LCVB
anal ysis. The reaction was/quenched by the dropw se
addition of . I MHO (5 nt), followed by 5 nL of water.
The aqueous | ayer was extracted once with CH2C12 (10

r(smﬂémamblﬂa@owm 23- dr/:ﬁkﬁwﬁ-@f@do@ﬁduaﬂﬂr mg&ﬂdwpmm -methy]:2.5-
I[., € over

dioxo: idS ed i n vacuo
to gi v§taatm@§rm1u@,5&)’r§a€3 wdElyonephicnpl-253-din¢ thylshigmjorpholin-3-one

(Intenﬁé&@t@'%%é%@ﬂ%ouﬁdl H EQdinpléi2t\Rastprepaed edlioviahg ana]ogous procedures for
th Hj)iaa 1611928 t8t55 15 tp%{;l.' V?\é%he 3%19 £Na). HRMS:
epr%"&FPﬁ‘cS’&rP XGEIPIE £ 10ProYY o ézsﬁ 4 “5Na). ;
m/z = ST 4 Tk calshiatgd /235 3.2561ﬂ6 fm&Wﬁaﬁqusdl n-2-one 30 To
a solution of nethyl
(5S)-5-[(tert-butyl sul finyl)am no]-5-(3,5-difl uorophen
yl)- 2, 2-dinet hyl hexanoate (1.14 g, 2.93 nmol) in MeOH

(60 nL), cooled to 0 C, vieXAMBIdH3 anhydrous HCl gas
for 1 mnute. The reaction was sealed and allowed to

sit at OC for fiftems Jm nutes at whikch poi nt the
reacti on was COWIWWNNHOQW was
bubbl ed -90 WD 2007/ 33491 ®CT /4’3*8952 t hr ough
the reaction for twenty tes. The&reacti on was
concentrated in vacuo. Al ional MOH (50 nL) was
added and it was again cgncentrated in vacuo. This was
repeated with another addition of MeOH and

2- r(sﬁ)fsﬁ @ﬂﬂlﬁﬂbr%%héﬁlﬂ)@ 2%Uimbthyl-118R49-3-0k3-4 lﬂ'ﬂo&%%ﬂotthﬂ-N-[MS) 3-

due was, added toluene (bU nL). and Trietn
Lthi‘l‘ 5 D 14 Lihyd GHEOS ) : _.4.-_':”_ -. ]
and the m xture sti rred at 110C After five days of
Step A?'t(SH-B i SabnﬁxﬁJrHﬁhenﬁ'hez 34 q”éthﬂ%x%%@r&ﬂeﬁ oh®  be
¢ I PR BHLGAY TAenorpER) Ayt
terrper O Rl i eRPABed ‘Iﬂh‘orQP 8{%') 2ﬂzn 1 ld?l]%xo""
thiomugpbo dny I [{48)-8 tmathgt hiidietda¥y3'-itty drdspirafichiderslidihe-4,2'-inden]-5'-
yl]acetadi‘lgﬂt\! E}g*%{;#ﬂx Wid . SElgL'Ehlor@fforrﬂ%?b opf vJaE‘?cé{ié?i is gltﬁl(}?tg)eroxybenzmc acid
21 mgifhea PR o gt’@a)?: 12 |rawg"ﬁ V%WF%%OBW FaEApB S g twio hours
showesluhéteailatarftmgmwdal veascboosuoeth tGadtien hydrasadeld 4trog 0. V&5 mmol) was
addedrtgﬁiedﬂégcti]&l zhﬁasttld’ﬁsfopﬂfuﬁ'tf)"rﬁi‘ﬁu@é Bhd n e\lvas then vacuum filtered
omat ogr ap ti1ng adl ent of 12
through ltwapfroar@‘ 69911 wag &%ﬂ%@hgﬂm prgn &%ffrb%tmd Tyiitate was
concentrated-ir2 babup b £ivk)a reSidep tHat wab phyified by silica gel chromatography, eluting
with a érg(mzmzof( e%}@ldﬁzltq{roﬁ%%'s)%z 10 g@fe%é 8L BYhp 8 MWSPRy/z = 545 (M

tate

%g

-+ H). BESear SIGT6 bt GRS 5% 6065 nSrtfaob QS n- 2

-one (540. 15 ng, 2.13 mmol) in THE (20 ni), chilled
to OC was added pot assi U@W@A approxi mately 86
nmy, 2.13 nmol, as a 30% suspension in oil) under a
constant stream of nitrogen. The reaction
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was allowed to stir for 30 mnutes at which tine
nmet hyl bronoacetate (391 ng, 2.56 mmol ) was added at
wOeo7ABB4LCMS aft er one hour indicated that thepcrasitonons:2
was i nconplete, thus nore potassium hydride was added
(approximately 43 ng, 1.06 mml, as a 30% suspensi on
inoil) at 20 OC. The reaction was sealed well and was
stirred for an additional 16 hours, during which tine
the bath tenperature warned to anbient tenperature.
The reaction was judged to be 46% caonplete by LCVS
anal ysi s. - The reactMenj wa Rilled t 0C and saturated
agueous ammoni um A&%’ﬂ;)g . ed to quench
‘'t he. potassi um hydri de G, t AC s added 1 M
aqueous HCO (5 nL) and t tionMdas diluted with
et hyl acetate. The organl ayer was 25 washed once
with brine and then drie®l over sodium sulfate,
filtered, and concentrated in vacuo to give a residue
2- r(zsuiza(ts SAD‘ifl@Jbblfdn@d 225 S%kndtl&/lgﬁebx@hlrtﬁﬁakﬁ@aﬂaw%489)03 -methyl-2,5-
. . S - to
' S =326 (M +

1). Step E. Pot assi um _
Step A. (Ma}wlz(scss,samwf-bwrsotfhmrh)no%ﬁ(ﬁs-ﬁrﬂmdhyhylﬁzozca@@lepentanoate

d fy
rl ' n oﬁo@ﬁgxﬁmfarftﬁ%ertgglﬁ ?cﬁg %Bél?%ﬁlyﬂ ?%Elflwgyl 5-oxopentanoate
from Iﬁi@é@ﬁé’é?ei WiSierDy(FPQ g oft fﬁ pamysﬂ & rwne.b_)gved@ 2gnahygpropane-2-
sulfindifiidle)(3 3impBtE. 78 Sniib)) iA THETE. 8 AIL), vaspddedititifumastradiledde (904 mg,

3.70 nﬁ)ﬂ% sz‘hg %ac[nbﬁ%&y @gé au ‘c@ f@ﬁlgc}gd ggiaec?‘m}o a'gpmbbbaﬂ;r Po% 2 hours.

I OoNn wWas lrre our s
After ? msﬁp embiqny teLW‘HFFaWéP@POAdW‘W%W&F thepahiuiad wigh gaturated brine
(9.5 mi9tvitiik dxpetiéncimt Rplddtlmingl ahe rmne:nasqiﬁﬁ;dwa%gnaed @kough celite,
: 1 0N 0 vac | . . .
washJ%%nt%%& cél }rg\&%ﬁ:l& " g’gg ng n%?ﬁ)r?amcas \9? Fglg n \gzrz]s% %\f/éwﬁ)nlinne dned
over sedigmpsyl fatey fr 1tefqdrm|§aaoemnt@@é¢cw)n vacu@!p giypar 00 7/Thaned was purified by

silica QMQ a ﬂﬁ%ﬁau@@ﬁh k. gra')dlér(t@M%HQZHZClz —0.5:99.5 to 3:97, to give
the mﬁe ‘ﬂ_%l’f l!f%? m%l_)”% &Q_ 1t)rl met hyl - 6- oxo- 1- pi peri di nyl

2, 5-dioxo-1', 3" - d| hydrospi rori m dazol i di ne-4, 2' -i ndent
Step B. FMetYllli @S'i‘-b'q%@%ut‘aﬁﬂmlyn&nfﬂcﬂfﬂ-ﬂos—ﬁﬁﬁio‘l’kﬁ'ﬁhenvl) 2 2- dlmethvlhexanoate

SRR Iy P R e LYy —
2,2-difbetihibentanonts<(3 53 oy2a D@ OfrompBin (G TACke(S mbhBCSUvas added dropwise
over fWeQﬁﬁﬂtHsQné‘tﬂﬂ rﬁi‘@leﬁhﬁp&’foﬂlﬂ@ﬂs Q@W%ﬁﬁ%rﬁnjdleﬁleeﬁhé (0t mL, 1.83

mmolflpgh%:rdlﬁirgmutegéée %ggtg n?wg.f gﬁtfg?lgad 19 ée corgégteﬁdsc&gﬁ analysis. The
reactx@gpgg@qh@ﬂb%@g@w@e reddition®f lM)HCl (Hndd)NfHowe by 5 mL of water.

The agieouXlayeMNwvaserttrdtteddorte with CI—IZClz (10 mL) and the organics were combmed and

washg) c[n%4 igxé?rg}ecr((lg ngL)DlI{\la ;(}?qran%lj en%ﬁfinid 0 %Ls%m{lm élﬁfaQe ered and

concentrated 2 v@upde giMeyoresidpt Huft vad erafied By sibige gell dbramatogigphy, eluting

with ar%fadh@hmf E_IO)&Q}HE%QW—Q@ R 1315645, €0 gfve the title compound MS: m/z = 390
M + [)2 5)-6-(3,5-di fl uorophenyl) - ydr oxy- - di et hyl

- Step C. (65)-6-(3.5-Difluorophenyl)-3.3,6-trimethylpiperidin-2-one

To a solution of methyl (55)-5-[(tert-butylsulfinyl)amino]-5-(3,5-difluorophenyl)-
2,2-dimethylhexanoate (1.14 g, 2.93 mmol) in MeOH (60 mL), cooled to 0 °C, was added

"anhydrous HCI gas for 1 minute. The reaction was sealed and allowed to sit at 0°C for fifteen
" minutes at which point the reaction was complete by LCMS analysis. Nitrogen was bubbled
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oxopi peridin-1-yl]acetic acid (130 ng, 0.415 mol,
described in Internediate 21), (R)-5-am no- 15
W@ 2@7dsdaydr ospi ro[ i ndene- 2, 3' - pyrrol o[ 2, 3- b] pyp¢Tiusjeo210952
(I"H)-one (140 ng, 0.557 mml, described in
Internmediate 9), HOBT (82 ng, 0.535 mmol), and EDC (95
nmg, 0.498 mmol) in DMF (2 nL) was stirred at anbi ent
tenperature for 6 h. The reaction m xture was
partitioned between H2O (50 nL) sat ur at ed aqueous
~Na nL) and Et QAc (100 . The organi -
throughy ea?%C&an f%’v%?" DREBEIES. £ ‘1"1’8? 06 N ’5‘t 6“? pAdditional
MeON §zimL) Pres addediandoit ods egainaongantiatdded vioyus iThicwagmipe@ed with
anoth&ll{dgggfno&fﬁgbﬂ a:.LnglOd’iEih glrﬂo th 21 .28 Er ﬂﬁ?\ﬁ}%o ];Tct) Ithe resulting residue was
addedggﬁﬁ%@ﬁﬁg@w@q@we@ &) D meﬂﬂxgavd@f@gwas attached
and theghiztirastdedniz] H9°64 A B Fivefdays oC3 oD R MA@ thoXABlidn Was judged to
be corngl%te @@Q/@ 1%%1‘)(1’@\4'%@;({ tQ)]an%gnt t%lphﬁupe Ql(ﬁ)cglclélhtrated in
b g Py e SR S
vacuo, ile 46%9%&%’? é)é thldl yl fr(( Was_«[)eq -mdzvndgally with 30 mL

of eacheif Itlﬁdﬂtjodilbmmg aql{ebndmiea&lSS 1MMQL ¢ivafge), Bratek saturalied bribe.y The organic

layer g%velﬁ‘soﬁ}uﬁﬁ lré{é)l?%tg ﬁlte)re% aénd a:oncerhtmfedzm Araayo to Cgpve a residue
that Wé? PHFFI % Sijic geleth?;mafegffp bysduiigg Wil @cgraqifﬁ@q of MeOH!CH,Cl; ~ 1:99
to 5.500as; 1o e thmuﬂabempadtdatlﬂSZ%)’z @B% (Bf amj.no- 1, 3-
dihydrospiro[indene , 3 pyrrolo[2 3-b]pyridin]-2'(1'H
descrlbed in Internediate
2,5 1 Y ugpipgridin-lgyljacetate

| ) ITN) Mutﬁ(ﬂl M_()SS)WS SSﬂilflubhyla-BtB G-lﬂ[ﬁethylplpendm 2-one (540.
{.
mg, 2t1%r$x%{olﬁ Olﬁé bg{ thgﬁnggé:ﬁé OeEldgzl E{)%&?HT%GHH’?_ approximately 86

mg, 21*ﬁen@|0§;a?ﬁ |ac30r’/a91§pewa%n Hr 9iDndgt copstantstrea of Biengen aFf reaction -
was alldwed ticairtfons @ thihitey/Aoutgich fike rﬁétﬂidEbf@ErQﬁUélhteV(@SI mg, 2.56 mmol) was

addedpcllll g)g(ltj e&ﬁ L@W%ﬂ%ﬂ&ﬁ%‘l%&lgﬁ% ﬁ%& ﬂpe %Bctfodm %é:mgltepﬁ,] hus more

potaswmﬂwdeéw@a added\@ppigkimately 43 mg). ¢6 mymol, A& 30% suspension in oil) at
0°C. Bifthred&idin wﬁﬁie@lﬂd&t’ﬁﬂaﬂ’ﬁ Wasstirftol f1;99l5aﬁdlhoﬁ§iq|dmgﬂng which time

the baﬁ-g(éwl‘eEatgxel\@armedQO am 1erft ‘tempe(r)al[ure Tl>|1 reacuon was )u(fged to be 46%

complete by LCMS analysis. The reaction was chilled to 0°C and saturated aqueous ammonium
chloride (5 mL) was added to quench the potassium hydride. To the reaction was added 1M
aqueous HCI (5 mL) and the reaction was diluted with ethyl acetate. The organic layer was

washed once with brine and then dried over sodium sulfate, filtered, and concentrated in vacuo to
give a residue that was purified by silica gel chromatography, eluting with a gradient of
EtOAc:Hexanes — 10:90 to 75:25, to give the title compound. MS: m/z =326 (M + 1).

Step E. Potassium [(25)-2-(3.5-difluorophenyl)-2.5.5-trimethyl-6-oxopiperidin-1-yl]acetate
To a solution of methyl [(28)-2-(3,5-diflu0rophenyl)-2,5,5-trimethyl-6-
oxopiperidin;l—yl]acetate from Step D (298 mg, 0.916 mmol) in THF (9 mL) at ambient
temperature was added potassium trimethylsilanolate (147 mg, 1.14 mmol). The reaction was
stirred for 24 hours and found to be incomplete by LCMS analysis. Additional quantities of

potassium tx-irriethylsilanolate were added as needed. The reaction was concentrated in vacuo to
give a residue that required no further purification. MS: m/z =312 (M + 1 for parent acid).
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2-[(4S, 6S)-4- Ami no-6- (3, 5-di fl uorophenyl) -3, 3-di net hyl
-2-oxopiperidin- | -yll-NF(2R)-2"-0x0- 1 1
wa@ 2@tiet4onhydr ospi ro[ i ndene-2,3"-p, r PCT/US2007/010952

j2,3-blpyridinl-5-yl]acetamnm de A m xture of
2-[(6S)-6-(3,5-difluorophenyl)-3, 3-di met hyl - 2, 4- di oxop
i peridin-I-
yI] N[(2R)-2'-0x0-1,1",2",3-tetrahydrospiro[indene- 2,

pyrrolo [ 2, 3- b]pyrldln] 5- yl)acetanlde 20 (380 nm,

69 i ' 7

g ‘LN :"(48) 3-methyl-
Jr‘ng, 7.92

nnDI) mas‘added and stlrrlng mas contlnued at anbi ent
temmrtweforth T mxune di.l ut.e
£ OB SR PAT U LB S R ST T TimetrS -

oxopiperidiadtdiacafaten( 182 @hg, Ot 22mird)), Fixpmplee wad prep@red following the

‘ analoé:ng ?rc}c%a&x%]fop o ﬂr'%é}gtﬁrp%pl%%plg Qn8icngs 9 @W&i&tﬂeQMﬁrc%mpound

MS: RIS (b Oy BBOIS SPaghEts bl RAF R By S +8 B AHidFNOx

chr omat ogr aphy, eluting with a gradi ent of

CH2Cl 2: CH3OH - 100:0 to 8@ £969|ve :
2-[ (4R, 6S)-4-am no-6-( 3, 5‘§§$4%Urﬁp nyl ) -3, 3-di net hy

- 2- oxopi peri di n-
ospi ro[ i ndene-

1-yl]-N[ (2R - 2" MsoMe1'  2' 3-tetrahy

2,3 -pyrrol of /8- 28 ) - 5- K5 Wwhi ch
eluted first, and 5

2-[(4S, 6S) -4-am no>$ o< dipt'u p il= T@-dinethy

- 2- oxopi peri di n- z H /
[

1-yl]-N-[(2R) - 2' -@%0-%, 1' , 2", 3-tetrahydr ro[i ndene-
2,3 -pyrrolo[2,3-p i din]-5-yl]acetam de, which
e tI'e conpound. MS: mz = 546 (M +

el uted second, F
1). 1-IRMS: mz = 546.2287; calculated mz = 546.2311

for C30H30F2N503 10 EXAMPLE 10 O HN O O/ I NH NN '~
2-[(46e6-(3.5- Diﬂumorphomrl} ft;g}ydroxy-B 3-dimethyl-2-oxopiperidin-1-yl]-N-[(2R)-2'-0x0-

1.1'26- ﬁ&[al(avzd?bédmrxﬂ@ Dy -byRoR{ B & pyHdir}- 9yDREARhAR N- | - I
t etr ahy‘dg?nds 7 oﬁ dé‘sr?egp’g dlﬂuoroBPe"[}’P% hBFﬁ’/‘P’Pd pogthyl-2-

oxopip¢radiat lantlapstic Acidi(k3Qms, @f415 mmol, described in Intermediate 21), (R)-5-amino-

1,3- dM@:B)s 160[(&e5eiilﬂpyﬂbmpbstmb)man ﬁ]t)J&}Ab(l?ctmﬁﬁ@PO BST &dhol, described

sl EHORT IS 1% A AEIL 1485 620 Sl gn o i)

was stithy ar BpEROE npeeue Forss hp e maspen iy wasipitiphedibesween HzO
(50 mL)Magurbt38 a Bg/i:u@ NalHcondo mﬂ ad E@Aﬂc 100 thDj.eThEE: layer was dried

over Iﬁ%zg 15 ngogc?ﬂjtia?e in v CS(E a’ﬁlj eude E)lé(}%] \ﬁ/?s punf9 ed by silica gel
chromagegyephat, gluting orithi gtadienh ef CHachi G Ol xt 1000 1ga0:10, to give the title

comeM{d fse nfly Eesatyl (vt by ) HRERM S Usl g 527 D e5BIcaRMIAEEHE £387.2151 for

and eluting with a gradient of
Cb&iﬁgﬁﬂggBCN CF3CO2H - 20 90:10: 0.1 to 5:95:0.1. The pure,

product-containing fractions were conbi ned, basified
with saturated aqueous NeKGA®Eprpmd extracted with

Et OAc. The organic extracts were dried over Na2SO4,
filtered, and concentrated in vacuo to give the title
conmpound. MS: mz = 560 (M + 1).
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HRVE: nfz = 560.2469; cal culated mz = 560.2468 for

C31H32F2N503. 25 EXAMPLE 12 -94 WD 2007/ 133491
wEEWWS007/ 010952 0 HO HN O O/ NH.  ~, N ~ pCt/ubboelz/e10952

I F\ F

2-[(8R)-8-(3.5-Difluorophenyl)-10-o0xo-6, 9-di azaspiro[ 4

.5]dec-9-yl]-N[(2R)-2"' -0x0-] ,1',2". 3-

t et rahydrospi ro[ i ndene-2, 3" -pyrrol o] 2,.3-b] pyridinl-5-y

| ]acet am de hydrochl oride A m xture of lithium

[(BR)-6-(tert-butoxycarbonyl)-8-(3,5-difluorophenyl)-1
0 5 oxo-6, 9-di azMepi Mel 4. 5] dec-9-yl ]Jacetate (30 ny,

0.070 mmol, de&xyi 1@ dj VY

idin]-2' (1" H) -one
Intermediate 9), H@BT (14

my, 0.092 mmol) i p~DVF (O. ) Re
anbi ent tenperat ur 18 h. The reaction m xture was
diluted wth EERA3gL) and washed successively

with 10%citric acid (2 m.), H20 (2 n.), saturated 10

aqueous NaHC03 (2 nL), and brine (2 nlL). The organic
2-[(6h BV S -MaSudstobkschyDVEB-daBON 2 AL dibk 6pigekidinard]-N-[(2R)-2'-0x0-1,1',2',3-
tetran SRRSSIYL AL ST B0 VBGUP, o G ) I, Yqs PRI [T ed by

Stirrca g . CH2Cl 2: Et OAc

- 100: @ mextprelgfd (6D -G rdiflupsophsay brisi-dimetylp?.ddliexopiperidin-1-
yl]aceﬁE@ciQﬁ seh@tl, efsm GnMbD @Hﬁirilbegﬁlrﬂé&%ahé@ dzjﬁgkﬁs%ﬁin(;:%l 3-

. . S i on 0ol. 0. C, wa v
dinyaffshi(tens o o AT - ARRRER 201, P ips Il Q8 hmiRR pescribed in
Intermie@iat¢ R), FHIBTKRS mig 0626 ammpolnend BB Ci(d 8% me:Q.69¢ m®ol) in DMF (2 mL)
was stifréd 4t3Hnh918nt tdRperdhife Fora®th. (Mherreddtiod RMRure s partitioned between H,0

(60 mP3 36 B3 o SRICr B MR- Dichnis 197 vES et epiars Q. fitpregh and

concehfratif #-vadgoN The cyrude gr@duct was purified by silica gel chromatography, eluting
with ZgrhdieR) of K12 dAL 01 0nepRWo) 163 (S e TR (id canpreRl IBS: mvz = 545

Zln- -yl 1- -2'-0x0-1.1' —
o+ FERENR A o Ran e dSed s 2 S48 085 Sor CrsbrTalpes. y
|l acet am de hydrochloride To a mixture of |ithium
[ (6R)-4-(tert-butoxycarbopyAMPBrk Y, 5-di fl uor ophenyl ) -3
, 3- di met hyl - 2- oxopi perazin-T-ylJacetate (L12 g, 2.77
nunol , described |n Ipternediate 13), (CR)-S- -95 WO

2007/ 133491 PCT/ 40952
| 2 o) /©:>)\NH
N S
N /

: N
: H

2-[(45.,68)-4-Amino-6-(3.5-difluorophenyl)-3.3-dimethyl-2-oxopiperidin-1-yl1]-N-[(2R)-2'-0x0-
1.1'.2'.3-tetrahydrospiro[indene-2.3'- olo[2.3-b idin]-5-yl]acetamide

A mixture of 2-[(65)-6-(3,5-difluorophenyl)-3,3-dimethyl-2,4-dioxopiperidin-1-
yl]-N-[(2R)-2'-0x0-1,1",2',3-tetrahydrospiro[indene-2,3'-pyrrolo[2,3-b]pyridin]-5-yl]acetamide
(380 mg, 0.698 mmol, described in Example 7) and NH4OAc (571 mg, 7.41 mmol) in CH;0H (2

mL) was stirred at ambient temperature for 20 min. NaCNBHj3 (498 mg, 7.92 mmol) was added

and stirring w‘as continued at ambient temperature for 12 h. The reaction mixture was diluted
with H>O (40 mL) and aqueous NaHCO3 (70 mL) and extracted with EtOAc (2 x 100 mL). The
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am no- |, 3-di hydrospi ro[i ndene-2, 3" -pyrrol o[ 2, 3-b] pyrid
inl-2"(I"11)-one (835 ny, 3.32 mmol, described in

wo pdoensrdi ate 9), and HATU (1.26 g, 3.32 nmol)pcTuBie7/010952
(12 m.) was added N net hyl norpholine (0.61 nL, 5.54
mrol ) and the resulting m xture was stirred at anbi ent
tenperature for 90 mn. The reaction m xture was
diluted with Et OAc (500 nL) and washed 5 successively
with 10%citric acid (100 nL), H20 (100 niL), saturated

0, nL 1Q0
°°mbg\%§§géj%'ﬁ AYEP Wﬁé%gﬂ?‘f 8&2‘"3"\/%58 5 (ar“ CPE?%‘&’ ate rfa vacuo. The crude
produgowaspurifagdeley $ihca M@bmmarh@rap@suewmgvmh pugrad‘lﬁtmj@f 6§12Cl,:CH30H —

100:0%b 8098, GLive DI[ImRE DL -ARTNG-685 Lﬂ-dﬁﬂo%ﬁh@n ﬂb@ﬁgﬂz-oxoplpendm—

SRR RS i e i
whicht ¢lated dirstt arth-\Mﬁé' &éaﬁll-gdlr[ofﬁ-(ﬁ & diffmatopi@inyep, BWatgethyl 2-oxopiperidin-
1-y1] R’U PRRsh- d)&‘) {,902' 3.(Rirkh d‘ﬁ;stp%[lilléerkoz g‘-ﬁ&mﬂg@' 3 b4l rﬂ'g -yl]acetamide,

bhled. in for
whickhteflGeooRy: ﬁaeﬁ“&rf@mrt?aﬁé RSty 598 (it b (RN Grla 2's6.2287;
calculated izt 623t donsoHyBN30z. = 532 (M + 1). HRVE: mz =
532.2172; calculated mlz = 532.2155 for C29H28F2N503.

EXAMPLE 15 15 HO O H' SNNHON
2-1(9S)-11- Oxo- 9- phenyl - pi ro[ 4. 6] undec- 10-y
[1-N[(2R)-2" -0x0-1 1' 2' ' 3- :

tetrahydrospiro[ipdeng-2,3" -py!lolo[2, &b]pyridin]-5-y
|] acetam de 20 St A dVEt hyl

1- ({(39)-3-[(2 -2- (20 -2 L/ 2’NB- t et r ahydr
ospirorind ene-2 8_- rr.elo o
i di n]-5-yl | am no}et yI,)am’ n -3 phenyl p opyN am no) cyc

| o- pent anecar box e To a cooled (O ution of
(2R) - 5-am no-1, 303pi ro[ i ndene- 2, 3 25

pyrrol o[ 2, 3- b]gy 2 %‘(I'H)-one (0.100 g, 0.398
mol , I nternediate 9) and triethylamne (100. pL,

0.716 mmol) inTHF (8 nL) was added bronvacetyl brom de

2-[(6RA6(D51DiMoRdBeifIPE )3-dibfHyED -oxdbl e Yzivg 1 ITEM [€BREL 2 Yol 01'.2' 3-

tetrah\/\@rmt anbi gny,_te gtyre. tyke ax(lﬂglrnnéne (0.230 nmi,

- ani no-@nph@nglb%ﬁ(éﬁ)yﬁi(%d‘l uyrophenybpaatdietbrh sanpiparain-1-yljacetic
acid Hyuro%hmmreqabh% 0116 mB1, H3&ribed n &t&%néamé 29), (R) 5-amino-1,3-

iy PIRAbE L e B o By o435 o, DS Bl geserivea i

Intermestigge OAHOBT (27 eng, OakH0i romob), xud EDGARS mg,lmt’équlhm DMF (0.5 mL)
was sﬁl%@ hO{RbBh AR petAlrd fet AFh.aTHE AlaSti SIP FHi ki OWaSH R PR cﬁrectly by HPLC

er. was tractedtvvl
using fEyd SR FRE BT it et fitne kidett dhads %@%ICW ,COzH -
90:10b Hitu 98 ). kF.aTke piinie| produet-comthiniog deantionst wekeicambyngsl, basifsed with
sa&uﬁéd@q@ﬂu@NhHCﬁ}l @@éﬂm\e@a Wwidi E{0RE 1le sfgah&aemkts were dried over

NazSé Bg;ga %@%@i‘e@éﬂlﬁgﬁé S}gflvegtlila?itle compouna/\q\/ls m/z =560 (M + 1).

HRMS: m/z = 560.2469; calculated m/z = 560.2468 for C3H3,F,NsO;.

EXAMPLE 12
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of CH2CI 2: MeOH: NHAOH - 99:1:0.1 to 92:8:0.8, to give

the title conpound. Ms: mz =568 (M + 1). Step B
w@edaa s34om PCT/US2007/010952

1- ({(3E)-3-[(2-o0x0-2- {[(2R) 2'-o0x0-1,]1",2",3-tetrahydr

ospi ro[i ndene-2 3' -

pyrrol o 2. 3- b]pyrldln] 5-yl ]am no} et hyl )am no] -3

phenyl propyl | am no) cycl o- pent anecar boxyl ate To a

stirred sol ution of nethyl

1- ({(3S)-3-[(2-oxo- [ (2R)-2' -0x0-],1",2",3

tetrahydrospi ro[ind 2, 3 pyrrolo[2 3(b]pyr|d|n] 5-y

I ] am no) et hyl ) am no

phenyl pr opyl }'ami yclope ane‘ -

(0.141 g, 0.249 [ Tr~

KOTMS (64.0 nyg, 0. 498 d t he reactlonlﬂ1xture

was heated to 40 C mhlch poi nt the
product began to ate Two addi ti onal
quantities of K 60 F My X 2) were added over the

next 2 h resulti g in a conplete consunption of
'starting material. The mixture was then allowed to

2- r(smmks smlﬁmo%ﬂ%nJlﬁm%&m a.azl%owﬁdem €l'iLAﬁRQI?§U2‘3&Ei> 1.1'2'3

vvashed A/\mn*turwf lalmlm [(8R:b- (Oﬁnéthtlﬁotib’%b@fylh&ﬁ§dI‘d)ﬂsor'ﬁpEen}’l) 10-
ox0-6{9di irdj4. 5fd@c—9[ﬂ}é'cg(ﬁtet(|3§ g, 10L670 AR AUEREHbNER IfeAnediate 32), (R)-

s-amig oS arkpi S Rof2 erolat2 oy ok 3Ry 2R g0 979 ol

describ¢d it IngerRediate ) BLABT (149mg30.092 mmol), and EDC (18 mg, 0.092 mmol) in
DMF (&5 rn%tb\’\dﬁsoﬁﬂi‘erdcﬂt A RENE tefn ratﬁbér foP 1 81h2 Fhe reaction rruxtuxe was diluted
with ﬂﬁg.y él [H'IT? and5 wgsl'legggct:caegwe y w1 PO‘Q c?tyc racrzl 2%%1., (2 mL) saturated
aqueol;s NaHZ®)> @-1hLR aost brifie (] (il fR) The oggamicllager, \Was died over NaZSO4, filtered,
and cdriRh@bted EtP%ZHuBO[T’h@‘#%eZW% Mé‘doé)ps[llgca?’gé?]c%nﬁa‘ib@']apl@ ¥luting with

CHzcénﬁm%yaS@%hW fﬁr%ﬁ@r i%c PGl %rﬁdgct( d.hg Bpcgprotected product

was d3s@4ed imBtQAc¢ (8 mlf, th8s@ution vasvasolad ced °EDaid Q1 (2)30asdubdbled in for
1 min9 ﬁz%xml: Xvaglaged_% (§ Qcﬂol%%ﬁugandq})gﬁ%e gH%lp)) d bvgs 1sol1ated by

react| on xtore was t eated to 4
filtrationq NP o4 = E&fM(‘olb%‘Wﬁ;yn/ﬁasﬁ&?&é’e %ﬁ%ﬂﬂ?tﬁé”% 558:2311 for
C; HypB260;50n tenperature was increased to 50 C, for 15 h.

The reaction was allowed to cool to anbient

tenperature before being diluted with 5% aqueous

sodi um bi carbonate (100 ﬁﬁ%ﬁgﬁﬁii%%loroforn1(loo m) .

The organi cs were wp d succeSS|ver with water (100

m.) and saturated ﬁ @nbi

organi cs wer ey [

concentrated 1.n vaquo
purified by S|I|caqgeP 30 with

' Il
hpﬁ¥qq gra y _
a gradient of CH2CI 2::2MeOH - 99: 1 to 01: 9 toygi ve the
title conpound. ::#§:E@%$3536 (M + 1). " mz =

536. 2694; cal cul at = 536. 2656 for C32H34N503
EXAMPLE 19 -97
I NH N NrN __ N H

3491 PCT/ US2007/010952 0 O

2-[(6R)-6-(3.5- Dlﬂuorophenvl) 3.3-dimethyl-2-oxopiperazin-1-yl]-N-[(2R)-2'-0x0-1,1'.2".3-
tetrahydrospiro[indene-2.,3'-pyrrolo[2.3-b]1pyridin]-5-yi]acetamide hydrochloride
. To a mixture of lithium [(6R)-4-(tert-butoxycarbonyl)-6-(3,5-difluorophenyl)-3,3-

‘dimethyl-Z-oxdpipéra'zin-l-yl]aceta;e (1.12 g, 2.77 mmol, described in Intermediate 13), (R)-5-
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FF ja
2-1(8S)-8-(3,5-Di fluorophenyl)-6-o0xo0-7-azaspi ro[ 4. 5] de
WG 20075B3491N- (2' - 0xo0-1" 2' S 7- PCT/US2007/010952
t et rahydr ospi ro[ cycl opent a[ b] pyri di ne-6. 3" -pyrrol o[ 2,3
-b] pvridinl-2-yl)acetam de A m xture of
[(8S)-8-(3,5-difl uorophenyl)-6-o0xo0-7-azaspiro [4.5
]dec-7-yl] acetic 5 acid (21 ng, 0.067 mmol,
described in Internediate 86), (f)-2-am.no-5, 7-

i}, DRSBTS L LS, A RS

describgd llnrin@nne@iam% 4y HARLO( 26 2.83. 33 mrol) BODMID (2, mbhdvas added N-

methyhho\}'ph'oﬁlﬁé I Ry 5 Suindl 8 thé Q.‘SQ[%]% hixtfle 335 IRLA at aﬂnbnent

tempe tur& Sgt Wa g’p”ed a)t<aw ﬁti%tg tture Bg 10 washed
i (315 AN FEX RESWBLATY P Y I EOAq OB yliming washe

succesgpiehgwah it @anmm 6 ral ), 3160100y datetattd ayprevdind NaHCO; (100

mL), 2hd bﬁHn@Q'l@ﬂnL f Tﬂggrm RSB ov%QN%QS?A,]ﬁl{eped and concentrated in

vacuoaﬁ?ﬁe#et A B Ao s T e SRR o -
100:0 RB@ 23,]13 ,gl‘«ratlhe lB(Et—}Hdtenfezd produsb8TRE BhcHposteEad pafu2NmaBdissolved in

NREE 6205 Suti HPwabkod¥Eh t(NTBbﬂn'M ép 5 wa Hubbled i m for 2 mm After 15
min, aédn%ng)g)é H& égg-waagb&)g 82n (%elgmlm (? él?xttuea»%'a?ssaglezj%[l C] for 30 min and
concentettechimndicag po paividectho pigia tcafmipppyd.i i ev/6=3 32 +d).OHRNS: m/z =
532. 2r7l%ea{15hlq{ea|m/§ Y4 328655} @?ﬁﬁ fRD,A A mxture of

di f1 uor opheny 6- OX0- 7- azaspiro[ 4. 5] dec-
7 yI]acetlc 20 acid (50 ng, 0.16 mmol, described in
Internmedi ate 86), 3-am nEXAMPLE 15
di hydr ospi ro[ cycl opent a[ b] pyri di ne-6, 3" -pyrrol o] 2, 3-b]
pyridin]-2‘(1‘kb-oE§; isomer A (39 ng, 0.16 mmol,

described in Inter e 41), HATU(88 nmg, 0.23

mmol ), and NN N 4N1S lﬁ%?“ j : :
0.77 nmmol) in DVF ( '§) @ al anbi ent - 98
WD 2007/ 133491 PCT/ 0109

h. NH4OH (10 drops) ma dded and the

was purified directly By HPLC using a reversed phase
C18 colum and el uting W|th a grad| ent of

2-[(9SHA Q- SR ONHERAG R diazh
tetrahyafotpitoridene 3 J-Pre Al lscetamide
: . =5 HRME 558. 2301,

calculated niz = 558.2311 for 5 C31H30F2N508. EXAMPLE
Step A2 M&hyO1-BfAlsNEL[(2-0x0-2-{[(2R)-2"-0x0-1.1" .2'.3-tetrahydrospiro[indene-2,3'-
pyrrolo[2.3-b]pyridin]-5-yl]Jamino}ethyl)amino]-3-phenylpropyl }amino)cyclo-
pentanecarboxylate

To a cooled (0 °C) solution of (2R)-5-amino-1,3-dihydrospiro[indene-2,3'-

pyrrolo[2,3-5]pyridin}-2'(1'H)-one (0.100 g, 0.398 mmol, Intermediate 9) and triethylamine (100.
pL, 0.716 mmol) in THF (8 mL) was added bromoacetyl bromide (46.0 uL, 0.523 mmol). After
allowing the reaction to warm to ambient temperature, triethylamine (0.230 mL, 1.67 mmol) and
methyl 1-{[(3S5)-3-amino-3-phenylpropyl]amino}cyclopentanecarboxylate bis-hydrochloride

- (0.139 g, 0.398 mmol, Intermediate 38) were added, prior to heating the reaction to 50 °C for 17

h. After cooling to ambient temperézturc the reaction mixture was diluted with chloroform and
saturated aqueous sodium blcarbonate The aqueous layer was extracted twice with additional
chloroform. The combmed orgamcs were dried over sodium sulfate, filtered and concentrated in

~ vacuo to give an oil. This oil was purified by silica gel chromatography, eluting with a gradient
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N "'~ NN HF\ F 2-[((85)-8-(3,5
-Di fl uorophenyl)-6-o0xo-7-azaspiro [4.5] dec-7-yl]

wo bbogas34exo- 1',2,5,7 10 PCT/US2007/010952
t et rahydr ospi ro[ cycl opental c] pyridine-6,3 -pyrrolo[2,3
-b] pyridin]-3-yl)acetam de, isomer A A m xture of
[(8S)-8-(3,5-difluorophenyl)-6-o0xo-7-azaspiro[4.5]dec-
7-yl]lacetic acid (128 ng, 0.395 mmol, described in
Internedi ate 86), 3-am no-5, 7-

' ofC.Hgé; y1\21 ﬁfﬁiolgi—!gg)%'9%°§8tﬁ£>§kep$’6'ﬁd't02§vguﬁgntél’r ! 0'02%;§ RISz = 568 (M

described in Internediate 42), HATU (160 ng,
0. 422 mml ), and N net hyl nor phol i ne (O 087 niL, 0.791

pentaﬁgcg}b(ﬁyg{eadl ent of H20 CHSCN CF3C02H - 90: 10 O 1 to

e s SR PLEY 3@%%&% PN 2.
tetrahﬁ&@sﬂ&i[ﬂ;dena—lZgﬁHp&trehb[mZb]pyﬁdiﬁ] Sal]hrrfxﬁd)}eﬂ&l)dﬂﬁﬁd]\ISOS
pheny%}]’%gﬁ? o?&cﬂ%%ﬁ%k@bé)ﬁ'létg ?%)fnpg g‘% Eg IHaQ ! @%49(\@111?01) in dry THF (5

mL) WanadRrL SRS (040 TaeL498immal) anst e asaction sniatire was heased to 40 °C, at
whlclﬁpcmli the dhm&rdqfrodmﬁ)egmsto predipitaredi Twe addidosal kpawmtids@f KOTMS (~60

mgx?rgt eria s an% n%%?e??rée ltﬂtﬁg a\;\eé/g)lrr“ J%ggﬁg'gﬁeﬁéloﬁ%fsmmg material.
The migtuge wag Biea)2llowshie Feqldp pIpbigps fqrapsraturgc nBign HF. whigh contained only

traces| aftpeoditctirvess then deradied\avay ftdie shezprdcipitated @rcsdact | Blals sollid was then
washéd%tﬁ‘%o alidh SR ’of%ﬂﬂ%'#ogp?th(%S%b &3Cto RE0; 1|de ahe title
e e

nown to tho

tra tions t are we
Comp?‘ﬁ“‘fﬁ@gd% WM DI zed after the key amide coupling
to provide other products of |nterest ~Strai ghtforvvard

PCT/ Usmﬁa?étﬁi&%mmcm cxftpmmumf 15((@@&[@46&6& {a[n:m) 2'-0xo 1,1,2',3-

T z%r%?zézbagwnk? Bl TR

pheny{lprapyldemind) quntaamaééoxmB@EnﬁtepsB RCRIGH™ @24?mm1plm+m DMF (8.3
mL) vrilstadded FEXCIQ0I0ZMD ¢, 0.374 mmol) and HOAt (0.0340 g, 0.249 mmol). The reaction

mixture was then heated to 40 °C. After 1 h, additional EDCI (0.0350 mg) was added and the
reaction temperature was increased to 50 °C, for 15 h. The reaction was allowed to cool to

- ambient temperature before being diluted with 5% aqueous sodium bicarbonate (100 mL) and

chloroform (100 mL) The organics were washed successively with water (100 mL) and
saturated brine (100 mL). The combined organics were dried over sodium sulfate, filtered and
concentrated in vacuo to give an oil. This oil was purified by silica gel chromatography, eluting
with a gradient of CH;Cl;:MeOH — 99:1 to 91:9, to give the title compound. MS: m/z = 536 (M
+ 1). HRMS: m/z = 536.2694; calculated m/z = 536.2656 for C3;H34N;0;.

EXAMPLE 19
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Exanple Re R7 RO R' % (Mrl) 22 HH H phenyl S 447
23 M Me H 3,4-difluoro hen| S 511 24 M Me H
w@2edsfsbuoro hen | S S 511 25 M Me H 3, 4-di PCTIO82907/010952

hen | RS 511 26 M Me H 3,5-difluoro hen| S S 511

27 M M H 3-neth |-2-thien | RS 495 28 Me M H

3-meth | -2-thien | S S 495 29 Me Me Me 3,5-difluoro

hen | S S525 30 HPh HHt S 447 31 HPh HHt R

447 32 Et Et H 3,5-difluoro hen | S S 539 TABLE 13
10 Re HO ~ RA N O Re RO R MN O LCVM5 Exanple

R6 R7 Re RO A 1) 33 M M H Hpo0 phenyl 477 34

HHHHS 3,5-di hen | H SO
3,5-difluoro hen 3 Q6 H phéhyl 493 37
HHHH SO 3,5-difl o i 38 H-H HH
SO 3, 5-difluoro hef | rmjon 51N Me M H SO
3,5-di fluoro hen nor 545 40 Et 0
3,5-difluoro he 1 - 100 WD 2007/133491

PCT/ U82007/ 019__ E14 R6 ORH NI /% C<N

2-[(85)-8-(3.5-Difluorophenyl)-6-0x0-7-azaspiro[4.5]dec-7-y1]-N-(2'-0x0-1'.2".5.7-
tetrahydrospiro{cyclopenta[b]pyridine-6.3'-pyrrolo[2.3-b]pyridin]-2-yl)acetamide

A mixture of [(85)-8-(3,5-difluorophenyl)-6-oxo0-7-azaspiro[4.5]dec-7-yl]acetic
acid (21 mg, 0.067 mmol, described in Intermediate 86), (+)-2-amino-5,7-
dihydrospiro[cyclopenta[b]pyridine-6,3'-pyrrolo(2,3-b]pyridin]-2'(1'H)-one (17 mg, 0.067 mmol,
described in Intermediate 43), PyClu (28 mg, 0.080 mmol), and N,N N-diisopropylethylamine
(0.058 mL, 0.33 mmol) in THF (1 mL) was stirred at ambient temperature for 16 h. The reaction
mixture was purified directly by HPLC using a reversed phase C18 column and eluting with a
gradient of H;O:CH3CN:CF3CO,H — 90:10:0.1 to 5:95:0.1. Lyophilization provided the title
compound as the TFA salt. MS: m/z =558 (M + 1). HRMS: m/z = 558.2313; calculated m/z =
558.2311 for C;3,H3oF;N50;.

EXAMPLE 20
0
o N
o P NH
N AL A A\
H

2-[(85)-8-(3.5-Difluorophenyl)-6-oxo-7-azaspiro[4.5]dec-7-yl]-N-(2'-ox0-1'.2".5.7-
tetrahydrospiro[cyclopenta[b]pyridine-6.3'-pyrrolo[2.3-b]pyridin]-3-yl)acetamide, isomer A

A mixture of [(85)-8-(3,5-difluorophenyl)-6-0x0-7-azaspiro[4.5]dec-7-yl]acetic
acid (50 mg, 0.16 mmol, described in Intermediate 86), 3-amino-5,7-
dihydrospiro[cyclopenta[b]pyridine-6,3'-pyrrolo[2,3- b]pyridin] -2'(1'H)-one, isomer A

(39 mg, 0.16 mmol, described in Intermediate 41), HATU (88 mg, 0.23 mmol), and NN N-
diisopropylethylamine (0.135 mL 0.77 mmol) in DMF (1 mL) was stlrred at ambient
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10

15

20

25

MR 11 e OLCMS Exanmple R6 R R' * % (M+l) 41 HH
phenyl t s 447 42 H H phenyl R 447 43 d d phenyl
w&2mta33444 C A phenyl t R 515 5 TABLE 15 R6prOI1/HS£007/60952
N N R MeN Rel evant LCMS experinental Exanple R6 R7
RR * % M1 procedures 45 Me Me OH 3, 5-difluoro hen |
S S 527 Ex. 6 10 TABLE 16 R OHO R7,. N~y \ NH
R10 R11 O/ N Relevant LCMS experinental Exanple R6
R7 R1I0 R* M+l procedures . 46 Me Me H 3,4-difluoro hen

| t 531 FEX. 7 Me, H3 4-difluoro hen | . R 531 .
empergriredie 16 piLiqut 1 ddoprs) yrtedlstinn Ye @egiph piotupivaseprified
directlybyNBPHC 3isthgdi elversedphase 0183 05@hn Brd elb@ng Sdth\e giddiert of
H,0:CH I gﬂ?ﬁzﬁlg—g%::?o.@?q 555?41; Igﬁn}%tiggﬁrﬁcﬁmﬂytitle compound as
the TEA pIEoN: J/hg oA MED1 HEMSImEe 5352385 calgplaged pyz = 558.2311 for

CyHdENsQer o-2-neth | hen | s 527 Ex. 10 54 M M H
4-fluoro-3-neth | hen | S 527 Ex. 10 - 101

EXAMPLE 21
@)
© @) N= | NH
| N\V/H\N x =\
z H N /

F F

2-[(88)-8-(3.5-Difluorophenyl)-6-oxo0-7-azaspiro[4.5]dec-7-y1]-N-(2'-ox0-1'.2'.5.7-
tetrahydrospiro{cyclopenta[c idine-6.3'- olo[2.3-b idin]-3-yl)acetamide. isomer A

A mixture of [(85)-8-(3,5-difluorophenyl)-6-ox0-7-azaspiro[4.5]dec-7-yl]acetic
acid (128 mg, 0.395 mmol, described in Intermediate 86), 3-amino-5,7-
dihydrospiro[cyclopenta[c]pyridine-6,3'-pyrrolo[2,3-b]pyridin]-2'(1'H)-one, isomer A (66.5 mg,
0.264 mmol, described in Intermediate 42), HATU (160 mg, 0.422 mmol), and N-
methylmorpholine (0.087 mL, 0.791 mmol) in DMF (1 mL) was stirred at ambient temperature
for 18 h. The reaction mixture was purified directly by HPLC using a reversed phase C18
column and eluting with a gradient of H,O:CH3CN:CF5;CO,H — 90:10:0.1 to 5:95:0.1.
Lyophilization provided the title compound as the TFA salt. MS: m/z =558 (M + 1). HRMS:
m/z = 558.2334; calculated m/z = 558.2311 for C3;H30F>N;50;.

The examples appearing in the following tables were prepared by analogy to the
above examples and intermediates, as described or prepared as a result of similar transformations
with modifications known to those skilled in the art. The requisite starting materials and
intermediates were described herein (vide supra), commercially available, known in the
literature, or readily synthesized by one skilled in the art. In some caSes, additional synthetic
transformations that are well known to those skilled in the art were utilized after the key amide
coupling to provide other products of interest. Straightforward protecting group strategies were
applied in some routes. Some of the examples described in the tables were synthesized as
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WO 2007/ 133491 PCT/ US2007/ 010952 55 M Me H
5-fluoro-2-netho hen | S 543 Ex. 10 56 M M H
w@2d07ugss91 hen | S 513 Ex. 10 57 M Me H PCT/US2007/010952
4-chloro-3-fluoro hen | S 547 Ex. 10 58 M Me H
3-fluoro-2-neth | hen |l S 527 Ex. 10 59 M Me H
2-nmetho hen | S 525 Ex. 10 60 M Me H 4-netho hen | S
525 Ex. 10 61 Me Me H 3-nmetho hen | S 525 Ex. 10 62
Nb Me- M 3,5-difluoro hen | S 545 Ex. 10 63 Me Me H
mixtuds 3 He SRR ER SRR bt o Al ok B TRl St some cases,
relevangexpegmehtab precedurps aneyindigatsd in the tablles. 67 Me Me H
1, 3-benzodi oxol -5- | S 539 Ex. 10 68 M Me H
3-fluoro-4-netho hen | S 54 ...10 69 M Me H
3-chl oro-5-fl uoro hen | SE%QQE%%; 10 70 M M H
phenyl S 495 Ex. 10 71 Me Me H 2-trifluoronmeth I hen

| S 563 Ex. 10' g6720Me Me H 4-fluoro heryl S 513 Ex.
10 73|vewe»§72 h I1thio en |_S 541 fex. 10 74 Me
Me H c clohe | : ‘ NHO ro | S
459 Ex. 10 76 H 3- ¢hl ord A\%829 Ex. 10 77
Me Me H 3, 4-dichl orgRh I~ S 563 oN78%e M H

3-meth | hen |l S5 . 10 79 Me I\/EM¢4 meth | hen |
s 509 Ex. 10 80 M Me H 4- neth Ithio hen | S 541 Ex.

10 BI ™M MEJH 4-Chtorg- 2-metir T hen S H431EX| 10
82 M Me H benﬂy S 509 E& |1O 831Wb Me H 4t ch| ciGMmS
hen @‘ag“g? = VRN %/! I\ H_i Q(th nn\/l 5 "46% ExiM+ip
85 Me—M22H4-lt rHe luoHonethh | henbhenyks” £y ] #1hS B 4R |
Me Hi2-ngth Usdig 11| Sdifiugrophend | 7| Gl o1l |
4- meth—t 24,1 £ dn Me HoMe I W~ h 34-diflgorophenyind S\L S| 511
3-tr (oM |hdde || HgE P fdifluarpphegy R his Ly 511
6- br brp-2L 34 Me ¢} Me | o I3 5d%ugrophepy [ S |'S 511
27 ‘Me Me H 3-methyl-2 thlenyl R]S 495
28 Me Me H 3-methyl-2-thienyl | S| S 495
29 Me Me Me 3,5-difluorophenyl | S| S 525
30 H Ph H H |8 447
31 H Ph H H + | R 447
32 Et Et H 3,5-difluoropheny! S| S 539
TABLE 13
RG O H fo)
R’ N
é’xj/? by
- N
R8 RQ R11 Me/ o
LCMS
Example |R®* | RT|RP[R°[ A" R" N (M+1)
33 Me|Mej{ H | H @) phenyl 477
34 H H |- H H S 3,5-difluoropheny! 501
35 H H H H | SO, | 3,5difluorophenyl | 533
36 H H[MelMe]| S phenyl 493
37 H H H H | SO | 3,5-diflucrophenyl | minor 517
38 H]|]H | H H | SO | 3,5-diflucrophenyl | major 517
39 Me|Me| H H SO | 3,5-difluorophenyl | minor 545
40 Et |.Et [ H H O | 3,5-diflucrophenyl 541
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10

90 M Me H 2-neth | hen | S 509 Ex. 10 91 Me Me H
2,3,4-trifluoro hen I 549 Ex. 10 92 M M H
w@2@hi18349t 2, 4-di fluoro hen | 565 Ex. 10 93 Mep¢ir/Hs2007/010952
3,5-difluoro hen | S 517 Ex. 10 94 Et Et H 3
5-difluoro hen | S 559 Ex. 10 TABLE 17 -102 WD
2007/ 133491 PCT/ US2007/010952 R6 R7 0 11 Al OO/
JNH N~ N R10 Rf H Relevant LCMS experi nent al
‘Exanmple R6 R7 A° R10 R'" (M+l) _procedures 95 M Me O H
phenyl R 497 Ex. 6 96 M ,l:| E%henyl R 483 Ex. 6 97
H H.O0 H phenyl R 469 Ex. Me O H3,5-difluoro
hen | R533 Ex.6 99 B Et 0 H phenyl R 525 Ex. 6 100
H M 0 H phenyl R 488 . 6 401 v Mp»O H

3,5-difluoro hen IR? Mg S H

3,5-difluoro hen | ) By 2 %€t 0 H phenyl R

497 Ex. 6 104 Et Et_/D 3 5-di FfuorpMerw | R 561 Ex.
5

6 105 Me Me CF2 H §'5-difluoro hen Y¢S 567 Ex. 7 106
2. .

oT

I
~Me Me 1 3-dioxol an- | H 3. 5-difluoro hen | S 589 Ex.
7 TABLE 18 5 R7|IR6 Q OO|NH N-N R11 H \|[ N Retmagant
| Example | R® | R’ R" * | % | (M+1)
41 H H phenyt + [ S 447
42 H H phenyl + | R| 447
43 Cli Ci phenyl + 18 515
44 Cl Cl phenyl + | R 515
TABLE 15
rRe O H o}
7
R % O A
‘ RM _ me O
Relevant
e ,; " LCMS | experimental
Example | R R R R * % {M+1) procedures
45 Me | Me | OH 3,5-difluorophenyl S S 527 Ex. 6
TABLE 16
RS (o] H fe)
7.0
"Gy
o)
R1O R11 - N
™
‘ Relevant
‘ . , o ‘ LCMS | experimental
Example | R®* | R” | R R" * | (M+1) | procedures .
46 Me | Me [ H 3,4-difluorophenyl +{ 531 Ex. 10
47 Me | Me| H 3,4-difluoropheny! R| 531 . Ex. 46
48 Me | Me| H 3,4-difluorophenyl S| 531 Ex. 46
49 Me | Me | H 3,5-difluoropheny! S{ 531 Ex. 10 .
50 | Me |Me| H 3-chloro-4-fluorophenyl S| 547 - Ex. 10
51 Me | Me| H 3-fluoro-4-methylphenyl S| 527 Ex. 10
52 . | Me [Me] H 5-fluoro-2-methylphenyl S| 527 Ex. 10
53. Me | Me | H 4-fluoro-2-methylpheny! S| 527 |+ Ex. 10
54 - | Me | Me | H 4-fluoro-3-methylpheny! S| 527 | Ex.10
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LCVS experinental Exanple R6 R7 R11 (Mt1l) procedures

107 M Me 3,5-difluoro hen | R 545 Ex. 7 108 Et Et
w@2&7dsidbuoro hen | s 573 Ex. 7 109 Et Et 3, S5pdi/ik2007/010952

hen | R 573 Ex. 7 TABLE 19 10 103 WO 2007/ 133491

PCT/ US2007/ 010952 R7 R6 ORO*. OO0 )NH N'-ANR' HN

Rel evant LCMS experinental Exanple R6 R7 R* R' %

(Mr1) procedures 110 M Me HR 3,5-difluoro hen | R

547 Ex. 6 111 Me Me HR 3,5-difluoro hen | s 547 Ex.

6—112 Mo Mo H S 3 B.difluoro hen | R 547 Ex 6 113 =
Me-I9e MeMe BMs |l | (o dfiutar2rmethasyphenyl g S § 1543 ] g Bx 10
S $65_ g MeybMs hd s pze-fiuprophenyi 15 gy 19 1 LA13 Ex. 10
3 7di 1] sy bMee o-3gfluoropRenyt pyl Gyl R547 Ex 10
3984 ) Mer bMee 55 A5fluero-2-methyiphe P27 Ex 10
3, 9 ¢ Mer bMegl i R56. Jpethgxyplrenyl £ o0 (5 ) 525 gg gEx. 10
R 900 of Ma | Me i H N RoA-@etiaxyphemhs oxdcd | nBdh 4 Bx 10
ol ol Ms BMed «H i1 o4 \emelonpbenyt os 116 Je5dk | EX 10
Jt-etﬁ%-but-b(‘—eaﬂﬁeln Me 13 5. giSdillropheayh | ol 46 |g Ex 10
1163 _pMe Mﬁ, R-_’?ﬂ! | uor &:.Srdighlgrophenyig Ey | 1 887 v 5’5 10
Ve B4 3 EM8iF Meok Hhen | s 5&dhiesy! g S| 501 Ex. 10
65 Me | Me | H 2-thieny! S| 501 Ex. 10
66 Me | Me | H 5-chloro-2-thienyl S| 535 Ex. 10
67 Me | Me | H 1,3-benzodioxol-5-yl S| 539 Ex. 10
68 Me { Me | H 3-fluoro-4-methoxyphenyl S| 543 Ex. 10
69 Me [Me | H 3-chloro-5-fluoropheny! S| 547 Ex. 10
70 Me [Me ]| H phenyl S| 495 Ex. 10
71 Me [ Me | H 2-trifluoromethylphenyl S| 563 Ex. 10
72 Me {Me | H 4-fluoropheny! S| 513 Ex. 10
73 Me | Me | H 2-(methyithio)phenyl S| 541 Ex. 10
74 Me [ Me | H cyclohexy! S| 501 Ex. 10
75 Me | Me | H cyclopropy! S| 459 Ex. 10
76 Me [Me | H 3-chloropheny! S| 529 Ex. 10
77 Me | Me | H 3,4-dichlorophenyl S| 563 Ex. 10
78 Me [ Me | H 3-methylpheny! S| 509 Ex. 10
79 Me [ Me | H 4-methylphenyl S| 509 Ex. 10
80 Me | Me | H 4-(methylthio)phenyl S| 541 Ex. 10
81 Me | Me | H 4-chloro-2-methylphenyl S| 543 Ex. 10
82 Me [ Me | H benzyl S| 509 Ex. 10
83 Me [Me | H 4-chlorophenyl S| 529 ° Ex. 10
84 Me | Me | H isopropy! S| 461 Ex. 10
85 Me | Me | H 4-trifluoromethylphenyl 563 Ex. 10
86 Me [ Me | H 2-(methylsulfonyl)phenyl S| 573 Ex. 73
87 Me [ Me ] H 4-(methylsulfonyl)phenyl S| 573 Ex. 80
88 Me | Me | H 3-trifluoromethylphenyl +| 563 Ex. 10
89 Me | Me | H 6-bromo-2,3,4-trifluorophenyl 627 Ex. 10
90 Me | Me | H 2-methylphenyl S| 509 Ex. 10
91 Me [ Me | H 2.3 4-triflucropheny! 549 Ex. 10
g2 Me | Me | H 3-chloro-2 4-difluorophenyl 565 Ex. 10
93 Me | H H 3,5-diflucropheny! S| 517 Ex. 10
94 Et | Et H 3,5-diftuorophenyi S| 559 Ex. 10

TABLE 17
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121 M@ M HS 3 5-difluoro hen | s 546 Ex. 8 122 Me
M HR 3 5-difluoro hen | s 546 Ex. 8 123 Et Et H S
w@2e7ds3sbuoro hen | s 574 Ex. 8 124 Et Et H ReCT/US2007/010952

3,5-difluoro hen | S 574 Ex. 8 TABLE 21 - 104 WO

2007/ 133491 PCT/ US2007/010952 R7 R6 p RIN OO/ NH *
N'AN N R11 H Relevant LCMS experinental Exanple R 6

R~ R R" M+l procedures 125 Me Me .tert-buto carbon |
phenyl t 596 Ex. 12 126 Me Me H phenyl t 496 Ex. 12

127 Me Me tent-bygo carbon | phenyl s 596 Ex. 12 128

Me Me tert-buto Bqridn | phenyl R 596CEx. 12 129 Me
}5%

Me H phenyl R 496,

3,5-difluoro he S :
carbon | 3 5-difkug bl\hylrLl 83 /
3,5-difluoro hen I/R 546 EN 13 133

3,5-difluoro heR'® RY74 Ex. 13 134 MM
Isulfon I 3,5-difluoro hen | R 610 Ex. 13 135 H M Me

phenyl t 496 Ex. 10 136 Me H Me phenyl t 496 Ex. 10
137 H Br{ Me|phenyl s 572 Ex. 10 138 H Bn M phenyl |R Relevant |
57 139 Ei, Et M nyl t 524, Ex. 10 iﬁ experimenta
Exagp%e %IGC Ilré? +—538 1EA 4 ilycr = ?RA" 5—chi fT ot 5 ,,we,procedures
: I~ Ex. 6
S HUEER L4618+t phenyt MR Sl ) R
%% D l—l—ﬁLl_ 410 hd AlA Ll . en [ d-I 4 LoV, EX6
.,,HJl cHy R =X JU— P Iap—TT 1 Coyl ph |”‘|"¥'| zngL'-r Ex 6
58 ['Me |'M&[ ' T "o Ve PTETY! 3 5-diflorophenyl | R | 533 Ex. 6
99 . | Et | Et 0 H pheny! R| 525 Ex. 6
100 H | Me (o] H pheny! R| 483 Ex. 6
101 Me | Me O H 3,5difluorophenyl S 533 Ex. 6
102 Me | Me S H 3,5-difluorophenyl | R| 549 Ex. 2
103 H | Et @) H phenyl R | 497 Ex. 6
104 Et | Et (o] H 3,5-difluorophenyl | R | 561 Ex. 6
105 Me | Me CF, H 3,5-difluorophenyl | S| 567 Ex. 7
106 Me | Me | 1,3-dioxolan-2-yl H 3,5-difluorophenyi S| 589 Ex. 7
TABLE 18
O
| O NH
H N
Relevant
6 ; LCMS | experimental
Example | R® | R R . (M+1) | procedures
107 Me | Me | 3,5-difluorophenyl "R 545 Ex. 7
108 Et | Et 3,5-difluoropheny! S 573 Ex. 7
109 Et | Et 3,5-difluorophenyl R 573 Ex. 7

TABLE 19
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146 Hi-Bu Me phenyl s 538 Ex. 10 147 Hi-Bu Me
phenyl R 538 Ex. 10 148 i-Bu H Me hen | S 538 Ex. 10
wa4@7ii3Bar H Me phenyl R 538 Ex. 10 150 CH2CF3p¢i/dsSB07/010952
5-difluoro hen | R 586 Ex. 10 151 CH2CF3 H H 3
5-difluoro hen | S 586 Ex. 10 152 H CH2CF3 H 3
5-difluoro hen | R 586 Ex. 10 153 Me Me PhCH2 3
5-difluoro hen | R 622 Ex. 13 154 M Me CF CH 3
5-difluoro hen | R 614 Ex
3,5-di fluoro hen |
2007/ 133491 PCT/ US2(
N R10 R' H ReR g

. 13 155 M Me H

2 Ex. 13 5 TABLE 22 =105 WO

NH N N-A
nmple R n

R10 R' M1 procedyries (156 Ex. 10
157 H 3 H phenyl s~82NEx. shenyl 508
Ex. 10 159 Me 2 H ghenyl . Mrt-buto
carbon | 3 H 3,5-diffuoro hen | R 658 EXX 161 H 3
H3 5-difluoro hen | s 558 Ex. 12 162 H4 H
3 5-difluoro hen | R572 Fx 12 163 H4 H 3
5-diflyorqg hen | § 5721Ex. 12 164 H 3 H 2-brnomp.3 exR:'r?r;ae’:‘ttal
Eié#-pflé H G50 he_rA!R R 63? EX; 108"1'65 H B H‘Vg,m (M+1), pr‘())cedures
#-1360MD e, [om @1 T HUCT R NEN Sls dwldrddnedyy U RIOO[HZ71 Ex. 6
5,191 01 T MY (e TEW T PR 5$0 35%diflubrophemyl || 2 SVE 1 847 Ex. 6
O-UbT T U] MET) W § 90 ER.5 difioropREnyl! P " 8h7 THUT Ex. 6
NeRs3T RvdOmE{ mdJ 409 '3‘.550@%01&55#' U 0 Melg] Ex. 6
OUY4EX] &} Et | H S 3,5-difluorophenyl S 575 Ex. 6
115 Et | Et H R 3,5-difluorophenyl R 575 Ex. 6
116 Et | Et | H R 3,5-difluorophenyl S 575 Ex. 8
117 Me | Me | Me R 3,5-difluorophenyl R 561 Ex. 6
TABLE 20
I 3
R~ . O NH
Wl A _
R H . N /N
Relevant
. 5 “ LCMS | experimental
Example | R R R v R % (M+1) procedure
118. Me | Me | tert-butoxycarbonyl + 3,5-difluorophenyl S 646 . Ex. 8"
119 Me [ Me H + 3,5-difluoropheny! S 546 Ex. 8
120 Me | Me Me S 3,5-difluorophenyl S 560 Ex. 8
121 Me | Me H S 3,5-difluorophenyl S 546 Ex. 8
122 Me | Me H R 3,5-difluorophenyl - S 546 Ex. 8
123 Et | Et H S 3,5-diflucrophenyl S 574 Ex. 8
124 Et | Et H R | 3,5-diflucrophenyl S 574 Ex. 8

TABLE 21
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we 20783811 12 172 H3 Me 3,5-difluoro hen |

170 tert-buto carbon | 3 Me 3,5-difluoro hen | R 672
Ex. 12 171 tert-buto carbon | 3 Me 3 5-difluoro hen |

12 173 H3 Me 3 5-difluoro hen | s 572 Ex. 12 174
tent-buto carbon | 3 H3 5-difluoro hen | s 658 Ex. 12
TABLE 23 5 # RS 0O NO O NH Ly- N'UN R11 H N Rel evant
LCVS experinental Exanple R6 # R' M+l procedures 175
H S phenyl" R 508 Ex. 10 176 H S phenyl s 508 Ex. 10
177 H R phenyl R 508 Ex. 10 178 H R phenyl s 508 Ex.
10 179 Me s phen 522 Ex. 10 180 Me s phenyl s
522 Ex. 10 -10 07/133491 PCT/U*0|O7/010952 181

I\/bSSSdlfIUBr 55 S
3,5-di fluoro hen R6 0O RN
ONH R NN R wﬁf , exy al
Exanple R6 R R PMvie 1 resN183 Me Me
H Me R phenyl R 51 Ex 10 184 Me Me HWe-s phenyl s

510 Ex. 10 185 M M H Me R 3,5-difluoro hen | R 546
Ex__10

Re&T/RS1067/010952

Relevant
LCMS | experimental
Example R® R’ R’ RY . (M+1) | procedures
125 Me Me tert-butoxycarbony! phenyl + 596 Ex. 12
126 Me Me H pheny! + 496 Ex. 12
127 Me Me tert-butoxycarbonyl pheny! S 596 Ex. 12
128 Me Me tert-butoxycarbonyl phenyl R 596 Ex. 12
129 Me Me H phenyl R 496 Ex. 12
130 Me Me tert-butoxycarbonyl | 3 5-difluoropheny! S 632 Ex. 13
131 Me Me tert-butoxycarbony! | 3,5-difluorophenyl R 632 Ex. 13
132 Me Me Me 3,5-difluorophenyl R 546 Ex. 13
133 Me Me acetyl 3,5-difluorophenyl R 574 Ex. 13
134 Me Me methylsulfony! 3,5-difluoropheny! R 610 Ex. 13
135 H Me Me phenyl + 496 Ex. 10
136 Me H Me phenyl + 496 Ex. 10
137 H Bn Me pheny! S 572 Ex. 10
138 H Bn Me phenyl R 572 Ex. 10
139 Et Et Me pheny! + 524 Ex. 10
140 Et Et H phenyl + 538 Ex. 10
141 Et Et H 3,5-difluorophenyl S 560 Ex. 10
142 H Ph Me phenyl S 558 Ex. 10
143 H Ph Me pheny! R 558 Ex. 10
144 H i-Pr Me - _phenyl S 524 Ex. 10
145 H i-Pr Me phenyl R 524 Ex. 10
146 H i-Bu : Me phenyl S 538 Ex. 10
147 H i-Bu Me ~phenyl R 538 Ex. 10
148 i-Bu H Me pheny! S 538 Ex. 10
149 i-Bu H _Me phenyl R 538 Ex. 10
150 CH,CF, H H 3,5-difluorophenyl R 586 . Ex. 10
151 CH,CF,4 H H 3,5-difluorophenyl S 586 Ex. 10
152 H CH,CF4 H 3, 5-difluorophenyl R. 586 Ex. 10
153 Me Me PhCH, 3,5-difluorophenyl R | 622 Ex. 13
154 Me Me CF3CH, 3,5-difluorophenyl R 614 Ex. 13
155 Me Me H 3,5-difluoropheny! S 532 Ex. 13
TABLE 22
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186 M@ M HMe S 3,5-difluoro hen |

TABLE 25 X 0O RL ANO O/ |

wRedosM 331

NH X,

Ex.

13 190 ter

t - but

3 F R584 Ex. 13

N N X Rel evant

LCVS experi nent al

NH

s 546 Ex.
NN N R10 R

10 5

H

Exanpl e R X RLOPE/UN0D7/010952
procedures 187 HO H 3 5-difluoro hen |
188 HO H 3,5-difluoro hen |
-. 107 WD 2007/133491 PCT/ US2007/ 010952

s 574 EX.

LCVS experi nent al
n X (M+rl) procedures.189 tert-buto carbon |
car bon |

R 574 Ex.
10 10 TABLE 26
YN 0 RN OO
Exanple R
3 F R 684

3 FS 684 Ex. 13 191 H
JH3 F S 584 Ex. &3 193

10

tert-butox carpdn 648 13 194 H 3 H . 548
Ex. 13 TABLE 27 M M 1 NH
*
N N =N\
R10 R H A /
Relevant
LCMS | experimental
Example R' n R' R" * | (M+1) | procedures
156 H 3 H phenyl R 522 Ex. 10
157 'H 3 H phenyl S 522 Ex. 10
158 Me 1 H phenyl + 508 Ex. 10
159 Me 2 H phenyl + 522 Ex. 10
160 tert-butoxycarbonyl 3 H 3,5-diflucrophenyl R 658 Ex. 12
161 H 3 H 3,5-difluorophenyl S 558 Ex. 12
162 H 4 H 3,5-difluorophenyl R 572 Ex. 12
163 H 4 H 3,5-difluorophenyl S 572 Ex. 12
164 H 3 H | 2-bromo-3,5-difluorophenyl | R 636 Ex. 10
165 H 3 H | 4-bromo-3,5-difluorophenyl | R 636 Ex. 10
166 H 4 Me 3,5-difluorophenyl R 586 Ex. 13
167 H 4 Me 3,5-diflucropheny) S 586 Ex. 13
168 H 5 Me 3,5-difluorophenyl R 600 Ex. 13
169 H 5 Me 3,5-diflucropheny! S 600 Ex. 13
170 tert-butoxycarbonyi 3 Me 3,5-difluorophenyl R 672 Ex. 12
171 tert-butoxycarbonyl 3 Me 3,5-diflucrophenyl S 672 Ex. 12
172 H 3 Me 3,5-difluorophenyl R 572 Ex. 12
173 H 3 Me 3,5-difluorophenyl S 572 Ex. 12
174 tert-butoxycarbony! 3 H 3,5-difluorophenyl S 658 Ex. 12
TABLE 23
6
# R o =
N 0 lillnll" NH
w
R11 H NN I/
: Relevant
LCMS experimental
Example | R® # R" . (M+1) procedures
175 H S phenyl R 508 Ex. 10
176 H S phenyl S 508 Ex. 10
177 H R pheny! R 508 Ex. 10
178 H R phenyl - S 508 Ex. 10
179 . Me S phenyl R 522 Ex. 10
180 Me S phenyl S 522 Ex. 10
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10

RAN OONH HN X Rel evant

LCVS experi nent al

Exanple R n X M+l procedures 195 tert-buto carbon | 3
w62006688348K. 13 196 H 3 F f 558 Ex.13 TABLE 2BC1/0S2007/010952

-108-.

RAN 00 NH N H N Rel evant
R~ M+l procedures

197 tert-buto carbon |

LCVS experi nent al

WD 2007/ 133491 PCT/ US2007/ 010952 Me Me O -If

[ Exanpl e
602 Ex. 13

198 H 502 Ex. 13 TABLE 29 5 Y-Z X)n O O NH %N, N
N"-1-0 R" HM Relevant LCV5S experinental Exanple
XY Z AR Y- (M—precedures—199—CH2CGH2—CH2 ]
5 288ty Med hen | L3dilustophanyl ook oy pl ofpf o],  Ex 10
3’ T—"_SZ gy [ M J . % ! 3-;51_'d4ﬂUP(QPhQWI 5018 ALy r\ége Al o Ex 10
, - Ul T 1T UOUI 11T 1 JJIO LA, LU UL Ul Ul Ui &
3,5-difluoro hen | s 551 Ex. 10 202 NEt CH2 1
3,5-difluoro hen | s R 566rARLEDPQ 203 NH CH2 CH 1
3,5-difluoro hen | s R 538 Ex. 10
R’ RS o)
R, ~ o)
NA]? o) NH
#
+«_N :
RZJ\\r' \¢/H\N == N
R H N
Relevant
, LCMS | experimental
Example R® R R' | R? # R" . (M+1) | procedures
183 Me Me H Me R phenyl R 510 Ex. 10
184 Me Me H Me S phenyl S 510 Ex. 10
185 Me Me H Me R | 3,5-difluorophenyi R 546 Ex. 10
186 Me Me H Me S 3,5-difluoropheny! S 546 Ex. 10
TABLE 25
X
. O
R\ O
N O NH
R10 R11 H N /
Relevant
, LCMS | experimental
. _Example R X R' R" . (M+1) | procedures
187 H o] H 3,5-difluorophenyl R 574 Ex. 10
188 H 0 H 3,5-difluorophenyl S 574 Ex. 10

TABLE 26
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TABLE 30 10 Y-Z X )n O OO NH %NANRL1I N H
Rel evant LCMS experinental Exanmple XY Z n R % M+l

WO 0@ dB3486
CH CH2 CH2
CH2 NH 2 3

109 WO 2007/ 133491 PCT/ US2007/ 0109CT/UREM7/010952
1 3,5-difluoro hen | S 557 Ex. 10 205 CH2
5-difluoro hen | S 572 Ex. 10 206 CH2 CH2

NVve 2 3,5-difluoro hen | S 586 Ex. 10 207 CH2 bond
bond 1 phenyl t 493 Ex. 10 208 CH2 CH2 0 2

3, 5-di fl uor
.3, 5-di fl uor

CH2 1 3,5-difluoro |
CH2 1 3,5-difl uoRd

NCO CH Ph 2 3,5-dif
Y-z X)n0 A 00'

o hen | S 573 Ex. 10" 209 NH CH2 CH2 1
o hen | SR 558 Ex. 10 210 NCO CH Ph CH2
¥ 'nS R 692 Ex. 10 0211 Nve CH2

LCVS exper i 5
procedures 2 '/ CH2 CH2 1 H 3, 5- d|fluoro hen |
S 558 Ex. 20 2 CH2 CH CH2 CH2 1 H 3,5-difluoro hen
| S |soner 8558EXX20 216 CHCH2 CH2 NH 1 H 3
" 5-difluoro hen | R Isoner A 559 Ex. 20
Relevant
. LCMS | experimental
Example R n X * (M+1) procedures
189 tert-butoxycarbony! 3 F R 684 Ex. 13
190 tert-butoxycarbony! 3 F S 684 Ex. 13
191 H 3 F R 584 | ~ Ex. 13
192 H 3 F S 584 Ex. 13
193 tert-butoxycarbonyl 3 H £ 648 Ex. 13
194 H 3 H + 548 Ex. 13
TABLE 27
5
X
Relevant
LCMS | experimental
Example R n X * | (M+1) | procedures
195 tert-butoxycarbony! 3 F * 658 Ex. 13
196 _H 3 F + 558 Ex. 13
TABLE 28
10
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10

217 CH2 CH 12 CH2 2 H 3 5-difluoro hen

S | sone

r A

574 Ex. 20 218 CH2 CH CH2 NH 1 Me 3,5-difluoro hen

wdR2008a8@01 A 573 Ex. 20 TABLE 32 Y-z

N /o NH

experi nment a

Example XY Z A

LCVS
% M+l

procedures 219 CH2 CH2 CH2 CH2 1 H 3,5-difluoro hen |

S |l somer

3,5-difluoro hen_

CH2 NH1 H

3,5 flugro
222 CH2 CH2 CHZCM %3 5-di fl uoro he®@ |

21 223 CH
574 Ex. 21
224 CH, |

condi ti ons

to: using
mat eri al s;
chirality

enant i oner

CH2 CH
| sonmer A 573 Ex.

di ast ereoners apqp
I nt er mredi at es,

hen | R I

CH2R
- 11

It [

soner

é&?&% 5- difhuora .
SR

Al t houg) speC|f|c enarn i omers and
t he above Exanp
under st ood by those skilled

B 558 Ex. 21 220 CH2 CH2 CH2 NH 1 H
R Isonmer A 559 Ex. 21 221 CH2 CH2

B 559 Ex.
R+ 5
e

sob%Y7 010

2s—and

in the art that nodifications to reaction 5
and reagents (for exanple but not |
he opposite chirality| for..dt aRee
giffaLent catglysts; u%ﬁﬂ@t W i
OT 447 aUCEh Dutoky LaMbohiTY] 1602U3E dedhBT er
OT g4l a3t er eongy SUbSE TO & api 7 a
W T _provide atternative enanti oners

resol uti on

di ast er eoners,

al |

21
59 Ex.

S Isoner A

952

mted

te

ent

I
and

of which are included in the spirit

and scope of the inventi oABLE 20s i ntended that al

of the possible optica
m xtures and as
conmpounds are

i nventi on.
conpr ehend

Wil e the |nvent|on'q§;rmgen
w th reference to~cer n-Npar

t hose skigihed in the art wimé appreci ate that

t her eof

vari ous adaptati ons,
substitutions,

or
d within the
B.i nvention

'(amgrlc

The
al |

15 changes,
del eti ons,

anb
IS Mg

nmodi

t of this

Qpe. o

i ment

fications,

i soners and di astereoners in
10 partially purified

ounds.

illustrated

S

or additions of procedures

X )n 0 PCUSN7/010952
"N Rlo R11 HN 10 Rel evant
n R10 R’

afd prptocdls y bd nade w thout [depart]ing frjom the Relevant
sgirit|and|scopg of |[the inveption. |For exanple, LCMS | experimental
Exampﬁffﬂx‘f \/é_c Notlher t h&n the p rti‘cullar %o n@ﬂt“)nc. procedures
199 o gy Chizyl Ohl2 HelPs 1 Apgyed Sréfiflusaphenyl] || as o | 537 Ex. 10
200 ¢ nQ'ébq (EHed O LaRidt i DpreMuorophes ilvenesd o853 hg Ex 10
201 . P Eéigﬁrpli‘lar a?e f3~,5-d opfien | S 551 Ex. 10
202 NEt | CH, |CH, | 1 3,5-difludropheny! S R 566 Ex. 10
203 NH | CH, | CH, 1 3,5-difluorophenyi S R 538 Ex. 10
TABLE 30
O
‘ NH
N
N _ N
N
Relevant
LCMS | experimental
Example X Y z n . R" * 1% | (M+1) | procedures
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i ndications with the conpounds of the invention
i ndi cat ed above. Likew se, the specific 20

wWQ k@ 3301 ogi cal
to and dependi ng upon the particular active conmpounds
sel ected or whether there are present pharnmaceuti cal
carriers, as well as the type of fornulation and node
of admi nistration enployed, and such expected
variations or differences in the results are
contenpl ated in accordance with the objects and

responses observed nmay vary arCDU81007010952

pract ices-of the present Lnvention Lt _is_intended
204 pdr of Sz itz b he SHavent iloh3Baelifluerephsad [ 1R, [+ hh $7ode EX. 10
2056 It peCHas” ol Hsl whitith ¢ of Polyarifuerpphenil 3 1oy Ly g2 1y Ex 10
206" | o O L1 CHal o NMe T 2 3,§;gg§%%\enyl S o3l Ex. 10
207, 1= PO, o L eopong, 22l a2l =Eephenyl o & -] 493 Ex 10
ZOBfUJII J.eﬁﬁz’-RjIJ. L” IZ{ UDILJBII IUJ. §D£3'5V EOIF Ih\g \rI.-I-S‘WELJ :_‘5}3!\ “EX.10
2007 FOTOREMA Bl e TJIUTa 11394 ﬁorﬁhg%? [ R RS NEx 10
210N Fret,d¥gpn el U el @ TIY 1V 5 sRingsbbrenyt | 1S [ R 692 Ex. 10
21"WNET EiNiMe A 1 dip [SET &4, €0 THOITS 5 difddropHenyl | & 4)R [ 579) ¥~ O Ex. 10
21215 ((®EH;CH, ( 10 @HKYT -} 1W1ebRingbkpHenyiS S | R | 640 Ex. 10
213un$ubstmt ut ¢cerpr] websh.ALL ed| wsidhudrognehal & | (#) 706 Ex. 10
-Si (C, 4al kyl')2, where each alkyl 1s 1 ndependently
unsubstituted or substituted W|th 1-5 halo-, (5)
-CR6R -, (6) -N(R8)-, 2 C-O) (8)
-C(R8) (Ra)-, (9) -C(N(Rb)-SO02Rd)(Ra)-, (10)
-C(N(Rb) (C=0) Ra) (Rag-, (11) - (N Rb) ( C=0) CRa) ( Ra) -,
25 (12) -CR10OR'-X n (13) -N(R'")-© A2 is selected
from A1 O o) e | NH
R"(N\/U\N X —
R10 R11 H \ /N
5
Relevant
LCMS | experimenta
Example | X Y z A n R R" * % (M+1) | procedures
214 CH, | CH, | CH, [ CH, 1 H 3,5-difluorophenyl | S + 558 Ex. 20
215 CH, | CH, CH, | CH; 1 H 3,5-difluorophenyl | S | IsomerB 558 Ex. 20
216 CH, { CH. | CH, NH 1 H 3,5-diflucrophenyl | R | Isomer A 559 Ex. 20
217 CH, | CHy 0 CH; 2 H 3,5-difluorophenyl | S | Isomer A 574 Ex. 20
218 CH, | CH, | CH, NH 1 Me | 3,5-diflucrophenyl | R | Isomer A 573 Ex. 20
TABLE 32
10
Relevant
. . 0 " LCMS | experimenta
Example X Y Z A n R R * % (M+1) procedures
219 CH, | CH, | CH, | CH, 1 H 3,5-difluorophenyl | S | Isomer B 558 Ex. 21
220 CH, | CH, | CH, | NH 1 H 3,5-diflucrophenyl | R | IsomerA | 559 Ex. 21
221 CH, { CH, | CH, | NH 1 H 3,5-difluorophenyl | R | IsomerB | ss9 Ex. 21
222 CH, | CH, | CH, NH 1 H 3,5-difluorophenyl | R * 559 Ex. 21
223 CH, | CH, 0 CH, 2 H 3,5-difluorophenyl | S | Isomer A 574 Ex. 21
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(1) -CRGR -, (2) -CRR t-, and 30 (3) -(CO-, * 3
is selected from - 112 -. WD 2007/ 133491

wEeWE2007/ 010952 (1) -CR6R -, (2) -N(R8)-, prCBUS2007/010952
-CRR'-, and (4) N(R')-; 5 A4 is selected from (1)
-CR6R -, (2) -(CO-, (3) -NR®)-, (4 -CR R'-, 10
(5 -N(R')-, and (6) a bond between A2 and A3; Ea is
selected from (1) -C(Ra)=, (2) -N=, and 15 (3)
(N‘ O)— Eb |s selected from (1) C(R5b)— (2)

T2 liﬁﬁ-ﬂ chen 'l',I"érI\IS‘c?merAL 573 | Ex.21

224 ICHaanc:ﬁg"T CHes WHYT 297 Earoph

=—N=,—and—3
from 25(1) -(CO-, (2 SOZ- (3) SO and (4)
-C(Ra)2-; R4 is selected from 30 (1) hydrogen,

Although specific enantiomers and diastereomers appear in the above Examples

N

and Intermediates, it is well understood by those skilled in the art that modifications to reaction

5  conditions and reagents (for example, but not limited to: using the opposite chirality for starting
materials; different catalysts; using the opposite chirality for reagents; choosing to use a different
enantiomer or diastereomer subsequent to a chiral resolution) will provide alternative
enantiomers and diastereomers, all of which are included in the spirit and scope of the invention.
It is intended that all of the possible optical isomers and diastereomers in mixtures and as pure or

10 partially purified compounds are included within the ambit of this invention. The present

invention i1s meant to comprehend all such isomeric forms of these compounds.

While the invention has been described and illustrated with reference to certain

particular embodiments thereof, those skilled in the art will appreciate that various adaptations,

15 changes, modifications, substitutions, deletions, or additions of procedures and protocols may be
made without departing from the spirit and scope of the invention. For example, effective
dosages other than the particular dosages as set forth herein above may be applicable as a
consequence of variations in the responsiveness of the mammal being treated for any of the
indications with the compounds of the invention indicated above. Likewise, the specific

20  pharmacological responses observed may vary according to and depending upon the particular
active compounds selected or whether there are present pharmaceutical carriers, as well as the
type of formulation and mode of administration employed, and such expected variations or
differences in the results are contemplated in accordance with the objects and practices of the
present invention. It is intended, therefore, that the invention be defined by the scope of the

25 claims whjeh follow and that such claims be interpreted as broadly as is reasonable.
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(2)
W th

-G .6al kyl, which is unsubstituted or substituted

1-5 substituents each independently sel ected

wéeam3isa) hal o, (b) -C3-6c¢cycloal kyl, 35 (c) rPCHBS20am010952

(d)

~ORa, (3) -C3.6Cycloalkyl, 113 WD 2007/ 133491

PCT/ US2007/ 010952 (4) benzyl, and (5) phenyl; R5',
Rsband RSO are each independently selected from (1)
hydrogen, 5 (2) -G -6al kyl, which is unsubstituted or
substituted with 1-6 halo, (3) halo, (4) -ORa, and

(5)

from

-CN;, R6 and R7 are each independently sel ected

10 (1) hydrogen, (2) -C "alkyl, which is

WHAT EsGbAIMERISd or substituted with 1-5 substituents

each
- ORa,

het erocycl e,

i ndependently selected from (a) halo, (b)

15 (C)A C300 Aé)tel}llé}z?{g} i?el phenyl.

jcycle is selected

from pyridyl, pyrlnldlnyl, pyrazi nyl, pyridazinyl,
pi peridinyl, piperazinyl, pyrrolidinyl, thienyl,

nmor phol i nyl, thiazolyl, indolyl, |ndazolyl
benzi m dazol yl and oxazolyl , which phenyl or
heterocycle L unsu® th‘Elt&f‘or substityped with 1-5

hal o,

substi tuents aq5| 20
(i1)RECHBalhyt,
substi t ut ed th 1- hm

25 (v) -CN, hd (Vi )Aach

wherein:

e

ndeﬁnderéd:y S ed fR@m (1)
or

iv) _NROR,

AZ“A4

Al is selected from:

1 -0,
(2)  -S(O)-,
3) -Si(OR?)-C,4alkyl-, where alkyl is unsubstituted or substituted with 1-5 halo,
@) -Si(C;4alkyl),, where each alkyl is mdependently unsubstituted or substituted
with 1-5 halo-, :
(5) -CR°R’-,
6) -NRY-,
7y  -(C=0),
®) -CRHRY-,
()  -CN(R®)-SO;R*)RY)-,
(10) -CIN(R")(C=O)R*)(R?)-,
(11)  -C(N(R°)C=0)OR")(R"-,
(12) -CRMR!. and
(13)  -NR")-;
A?is selected from:
(1) -CR°R’-,
@)  -CRR!- and
(3) ~«(C=0)-;

Al is selected from:
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(e) CO2Ra, (f) -C(=ONRLR, (g) -S(O,,Rd, 30 (h)
-CN, (i) -NRbRc, (j) -N(Rb)C(=O Ra, (k) -N(Rb)SCO2Rd,
w@ 200746581 35 (nm) -O C2Rd, (n) -0 (C=0 - NRbR, PCT/0¥200MR 0952
b- (C=0 -NRbR, and - 114 WD 2007/ 133491
PCT/ US2007/ 010952 (p) -C(=O Ra, (3) -C3_8cycl oal kyl,
whi ch is unsubstituted or substituted with 1-5
substituents each independently selected from (a)
halo 5 (b) -CN, (c) -G -4alkyl, which is
ubst%{sﬁﬁd or substituted W|th 1-3 halo, and (d)
, henyl or heterocycle, wherein said
h@)er ocy (Ré is selected from pyridyl, pyrimdinyl,
pynazi ngRIROVL Agtpzi nyl, piperidinyl, piperazinyl,
p@'rol ;}g IQ,\AL thienyl, 10 norpholi nyI t hi azol yl and
azol ich phenyl or heterocycle is unsubstituted
Atis wiectdifsernt uted with 1-5 substituents each
g%eper@lgwy selected from (a) halo, (b) -ORa, (O
{cyc kyl, 15 (d) phenyl, which is unsubstituted
subs ed wth 1-5 substltuents each
|€ﬂdepe|=id 1,y selected from (i) halo, (ii)
6alég logiwhi ch is unsubstituted or substituted with

1-% al nd a(lll) -(]?, 20 (e) -CRRa, (f)
7€0=0 N&J?R% -S(0), |

6) a bond betweenA andA
E® is selected from:

(1) -CR™=,
(2) -N=,and
@ N0
E’ is selected from:
(1) -CR®=,
(2)  -N=, and
(3) -N"-O)=;
E°® is selected from:
(1 -CR®=,
'(2) -N=, and
(3) -(N-O)
Q is selected from:
()  «C=0)-,
2) -80,
3) -SO-, and
4  -C(RM-;

R* is selected from:
(D hydrogen,
2) -C,alkyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:
(a)  halo, |
(b) -Cs.gcycloalkyl,
(©) -CF3, and
(@  -O-R}
3) -Cs.¢cycloalkyl,
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(h)y -CN, (i) -NRR, 25 (1) -N(Rb)C(=O)Ra, (k)
“N(R)SO2Rd, (1) -O-CRRd, (m -0 (C=0-NRbR, (n)

wo biA$Es0) - NRbR, 30 (0) -C(=O Ra, (p) -C i-6ab&plus2007/010952

whi ch is unsubstituted or substituted with 1-6 hal o,
and (q) oxo; (5) halo, (6) -ORa, 35. (7) -CN, (8),
-C02Ra (9) -N(Ro)C(=O)Ra - 115 WD 2007/133491

PCT/ US2007/ 010952 (10) -NR bR (11) -C(=0) NRLRc, and
(12) -0(C=ORa; 5 or R6 and R7 and the carbon atom or
aéc; go vxl?ic they are attached join to forma ring

Pect BFPHSRcycl opropyl, cyclobutyl, cyclopentyl,

c(f0l oheksrlyl; cycl oheptyl, cyclooutyl, cycl ononyl

R Rtbxsdx RBuULeRYh inQ¥SdraRRN} ldeked £¥G) Ohexenyl

Ioh en cycl ooctenyl, dioxol anyl, dioxanyl,
rldﬁﬁ§Pg&hzetldlnyl pyrrolidinyl, piperidinyl,

p@be r azCixplKyl, winclp iwllrisnwtitutleétor ahlysaiimédl mathyl-6 halo,
rahuggopyranyl t etrahydrot hi apyranyl, oxetanyl, 10

SI eta an tetrahydrothi enyl, wherein the sulfur is
|ona |dized to the sul fone or sulfoxide,

wich FGINg is unsubstituted or substituted with 1-5

ancﬁﬂbéxte'efaeﬁmperﬁﬁﬁhysélél&i@&%ﬂﬁnt'y sel ected from (a)

b% ch 1s unsubstituted or substituted with
1(13 suB¥ Pg?}bnts each independently selected from 15
({2) hal@,salkyi, whickRayns@bstithted G solesyichtod withl 1-5 Gubsktituents each

- CO2R, incfe}fénd’ehﬁpgﬁgaeé Hoh:- S(O "Rd, (vii) -C(=0 NRoR,

and (a) halo,
(b) -OR’,
(c) -Csscycloalkyl,
(d) phenyl or heterocycle, wherein said heterocycle is selected from: pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl, piperazinyl, pyrrolidinyl, thienyl,
morpholinyl, thiazolyl, indolyl, indazolyl, benzimidazoly! and oxazolyl, which
phenyl or heterocycle is unsubstituted or substituted with 1-5 substituents each
independently selected from: '

) halo,
(1) -C,salkyl, which is unsubstituted or substituted with 1-5 halo,
(iii)) -OR?,
(iv) -NR'RS,
%) —CN, and
(vi)  oxo;
(e) . -CO;R%,

()  -C(=O)NR'R’,

(8  -S(O)LRY

(h) -CN,

(i  -NR°R,

G)  -NR"C(=O)R?,

k)  -N(R®SO,RY,

() . -CFs, .

(m) -O-CORY,

(n)  -O-(C=O)-NR'RS,

(@) . -NR®-(C=0)-NRP°R®, and
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(viii) phenyl, (b) -C3-6cycloal kyl, wherein the
C3-6¢cycl oal kyl group is optionally fused to the ring,

wa@pa7mbsseh C3- 6cycl oal kyl group is unsubstit ut BOT/0K2007/010952

substituted with 25 1-3 substituents each

i ndependently selected from (i) halo, (ii) -ORa,

(iii) -C3_6cycloal kyl, (iv) -CQ2Ra, 30 (v) -NRbRc,

(vi) -S(O,R , (vii) -C(=O NRbRc, and (viii) phenyl,

(c) phenyl or heterocycle, wherein heterocycle is

sel ect fro W dyl, 35 pyrimdinyl, pyrazinyl,

pyrlda |nyI ELlperfdlnyl pi per azi nyl, pyrrolldlnyl ‘
fenytCs- mpl@ﬁ@yi ryhtich ;smr@amm&tpd of s}rbgny.]ted with 1-5 substltuents each

tet r ahygie ém@ﬂylselegﬁéumﬂ, yl and. oxazolyl, wherein

t he pha? \%ﬁheterocycle Is optionally fused to the

ring, 16 %2007/ 133491 PCT/ US2007/ 010952 and whi ch

phenyl (kr he€® ocycle is unsubstituted or substituted

wi th 1{05 SUé%.ﬂdlque%&hﬂ?%ﬂsdb@@ﬁ&\%&%ﬂ%tﬁué@|vﬁ9-f £8 halo, and

from al kyl , ichis
unsubs‘#)zuteb%m substltuted with 1-5 halo, 5 (iii)

- @a, (phehyl@IRRapcycle) WhefiCsi) Raterodyvle)is s€dtted froiri: pyridyl,

-NR bR nﬂq@dlﬁw b Pr 192= ipepd2inyl, pyrralidinyl, thienyl,
aEgR?%W%ql nwxﬂ bm@?gzolywﬁ?;“&@ eracj))c”lj: is unsubstituted

C( =0) MRRstituted with 1-5 substituents each independently selected from:
(a) halo,
(®) -OR%
(c) -Cscycloalkyl,
(d) phenyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:

(1) halo,
(i1) -C,.salkyl, which is unsubstituted or substituted with 1-6 halo, and
Gii)) -OR?,

(e) -CO3R",

()  -C(=O)NR'R",
(8  -S(O)RY,
(h)  -CN,
'0) -NR°R®,
@) -NR")C(=O)R?,
(k)  -N(R"SOR’,
0 -0-CO3RY,
(m) -O-(C=0)-NR°RS,
(n)  -NR’-(C=0)-NR'R’,
(o) -C(=O)R%,
(p)  -Cisalkyl, which is unsubstituted or substituted with 1-6 halo, and

(@  oxo;
(5)  halo,
(6) -OR?
(7 -CN,
(8). -COR*

(9)  -N(R®)C(=O)R®
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(g) -S(O,,Rd, 20 (h) -CN, (i) halo, V) -NR bR, (k)
“N(Ro) ((=O)Ra, (1) -N(R')SO02Rd, 25 (m) -O CCRRd, (n)

wo @3 Ht NR bR, (0) -NRb-(C=0 -NRbR, (p) - CbectuR07/010952

and (g) oxo; 30 R8 is independently selected from

(1) hydrogen, (2) -C(=ORa, (3) -CQ2Ra, (4)

-S(=O Rd, .35 (5) -SO02Rd, (6) -C(=ONRLR, -117 WO

2007/ 133491 PCT/ US2007/ 010952 (7) -C-6al kyl, which

IS unsubstituted or substituted with 1-5 substituents

e@g g@% endently selected from (a) halo, (b)

- , »- C3-6cycl oal kyl, (d) phenyl or

hetldr oeYEMNRIREraidn sai d heterocycl e is sel ected

f(l%n p@td’:g@sw. pyri mdinyl, pyrazinyl, pyridazinyl,

pi péridinyl,” piperazinyl, pyrrolidinyl, thienyl,

nnrpholinyl, t hi azol yl and oxazol yl, which phenyl or
and

het R acy/R and the carteulssdrhtonbeahow vehibls they uteattashedjoin & form a ring
>thethdd HER! S RPEI RIERBAAL W LMoperd SPUIBREEH LERREDHH, kycloocty),

ool Sl Slenegienshayelpheienyh exelonaptapyl, cyclooctenyl,

- ek i {15 dioxanyl C{ZlRg], az¢tidipyl; fPdEdindnpiperidinyl) pipeeazinyl,
morpholinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothiapyranyl, oxetanyl,
thietanyl and tetrahydrothienyl, wherein the sulfur is optionally oxidized to the sulfone or
sulfoxide, which ring is unsubstituted or substituted with 1-5 substituents.each
independently selected from:

(a) -Cialkyl, which is unsubstituted or substituted with 1-3 substituents each
independently selected from:

(1) halo, -

(i) -OR’,

(iii)  -Csscycloalkyl,
(iv) -COzR%,

(v)  -NRPR®,

(vi)  -S(O)RY,

(vii) -C(=O)NR'R®, and
(viii) phenyl,

(b) -Ciecycloalkyl, wherein the Cy_¢cycloalkyl group is optionally fused to the
ring, and which Cjscycloalkyl group is unsubstituted or substituted with
1-3 substituents each indepéndently selected from:

(i)  halo,
(1) -OR?,
@iii)  -Csecycloalkyl,
(iv)  -COzR%,
(v)  -NR°RS,
(vi)  -S(O)RY,
(vii) -C(=O)NRPR®, and
(viii) phenyl,

(c) pheny! or heterocycle, wherein ’heterocycle is selected from: pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl, piperazinyl, pyrrolidinyl,
thienyl, morpholinyl, imidazolyl, furanyl, tetrahydrofuranyl, thiazolyl and
oxazolyl, wherein the phenyl or heterocycle is optionally fused to the ring,
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(e) -C02Ra, (f) -C(=ONRLR, 20 (g) -S(O,,Rd, (h)

-CN, (i) -NRbR', (1) -N(RC(=O Ra, (k) -NRb)SO2Rd,
wW@200743349CF3, (m) -O CO2Rd, (n) -0 (C=0 - NRORCPCT/{/83007/010952

-NRb- (C=0) -NRbRc, and (p) -C(=O Ra, 30 (8)

- C3-6¢cycl oal kyl, which is unsubstituted or substituted

wWth 1-6 substituents each independently sel ected

from (a) halo, (b) -CN, (c) -ORa, and 35 (d)

G -6al kyl, which is unsubstituted or substituted with

1-6 halo; - 118. 2007/ 133491 PCT/ US2007/ Q10952 . or, .
R7 and R8 ar?&ét‘_'ﬁ“éc%{’ép?roh%ﬂf‘ﬁw? ReXnsdpitiee Q8 Aegtituted with 1-5
join to for rubsttugntSeachGrdapendentlysselseteddrankyl - or

het er oal kyl -y ng H%PJdi onal | y containing an additi onal
het eroatom sel ecte romN, O, and .S, wherein the .
sulfur is ofth onaliryalxd hisdds ppsubstituter eroppbstifpted with 1-5 halo,
sul f oxi de, wWhi)ch ‘ORfg i s unsubstituted or substituted
with 1-4 sque\I)itu_ 2f{aeach 5 i ndependently sel ected
from (a) halo, ggg hepyl , which is unsubstituted or
substituted M th “PS=OMRstituents each i ndependent | y
sel ected frdam) haldN, ORa, CN, and -C(=O)CRa, (c) -ORa,
and 10 (d) -(9&- 6@% ¢ Which is unsubstituted or
substi t ut ed WI% h 1- ral 0; R10 is independently
sel ected frdMid(19%%hydrogen, (2) -C 1-6alkyl, which is
unsubst i t ut gtk)or -SLOINRMed with 1-5 substituents
each 15 inggpendfpkby-(s ted from (a) halo, (b)
i AR P kaﬁé( 8)ec
(xi) -NR")COR’,
(xii) -O(C=0)NR°R®, and
(xiii) -S(ONRS,
) -OR?,
(e) -COsR%,
()  -C(=O)NR'R,
®  -SOOWRY,

(h) _CN:
(1) halo,
(i) -NRbRcy

(k) -NR")C(=O)R%,
)  -NR"SOR’,
(m) -O-CO;RY,
(n)  -O-(C=0)-NR°RS,
(0)  -NR°-(C=0)-NR°R®,
(p) -C(=O0)R? and
(@  oxo;
R8 is independently selected from:
49 hydrogen,
(2) -C(=O)R’

3) -CO:R’,
(4)  -S(=O)R’,
(5) -SOzRS,

(6) -C(=O)NR'RS,
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(c) -CN, (d) phenyl, and 20 (e) -C3_6cycloa kyl,
which i s unsubstituted or substituted with 1-6 hal o,

w@ 3)07a8896cycl oal kyl , which is unsubstituted oPCT/US2007/010952

substituted with 1-6 halo; RL 1 is independently
sel ected fromthe group consisting of: phenyl,
napht hyl , tetrahydronapht hyl, indanyl, biphenyl,
phenant hryl, anthryl, azepinyl, 25 azepanyl,
azeti di nyl, benzinidazolyl benzisoxazolyl,

b zof u benzof uraza ranyl .

zot hlbbeyr ahyﬁJCﬁB%HQS"é’ﬁ{}g;'Itéd Qégﬁ%&ﬂ Ié&b'ls)ﬁups“mems each
benzot hidependantly spleatediftrirany| | benzoxazol yl,
benzopysyzolhglo, benzotrlazolyl chromanyl, cinnolinyl,
dlbenzgg)urangﬁ dlhydrobenzofuryl
di hydr obenzo enyl , dlhydrobenzothiopyranyl,
dihydrébbnzoChmapym@qyJ sul fone, furyl, furanyl,

i m dazehy di 'Bfl%n¥l'dpl1@%¥84ycw lwhefem Q@&ﬁé%l’oc 3 is selected from: pyridyl,
|ndoI|nyI |nd | SOl n

i sochr , yl
i soqui nol i Ny é’é‘? hiPXPE Wﬁydw%‘of’meagw&P‘Pefazmyl pyrrolidinyl,
mor phol i nyl mnaﬂhmhdmylmam&mr@zn@yblyl which phenyl or heterocycle
2- 0x0azepi Nyt undib RIS BEtecANbith 75 SABQRLORS @Zdhrﬁﬂhependently
2- oxoplperldl ¥I -oxopyrrolidinyl, 2-oxopyridyl,
2- oxoqui nol if G Weridyl, piperazinyl, pyrazinyl,
pyrazol i di nyh), pyadeolyl, pyridazinyl pyridinyl
pyridyl,  pyfim d—'O?)élalkpr}héH lgﬂlsub@ﬁﬁﬁ&i 61d§u@¥t|1mted Véléh 1-5 halo, and

pyrrol yl azo qui nol i nyl, qui noxal i nyl,
tetrahydrofEPﬁnylCh?%trahydrofuryl

tetrahydr0|(ndazom91BﬁJnyI tetrahydroisoquinolinyl,
tetrahydroqupol|@XL€)Retrazolyl t hi anor phol i nyl ,
thlanDrpholln%I S Ifoglde thlanDrphollnyI sul f one,
thiazolyl, tKDazoG, al’tdhlenofuryl t hi enot hi enyl
t hi enyl, -119uymn2@o7/133491 PCT/ US2007/ 010952
triazolwy zonI t etrahydr ot hi enyl ,
tetrahyé}opyran etanyl tetrahydrothiapyranyl,
and t hit tanyF: éﬂ%$§§R 1 is unsubstituted or
subst i (gt ed -8{®KRL-5 substituents each i ndependent |y
selectg% fro 2, R13, R14, R Sa and Rl15b; 5 R12 ,
, 4 1 a and R 5Sb are each independently
selecté@ fr ohR 1) i _6alkyl, which is
unsubs(ﬂtuteﬂKﬁbC$aﬁ$¥1tuted MAth 1-5 substituents
each [ epepQ%Q E% rsel ected from (a) halo, (b)
- (c) ¢ycl oal kyl, (d) phenyl or
hetero& cl e, -Cikrer ei n sai d heterocycle is selected
from mmbldy{)ccp&?|n1d|nyl pyrazi nyl, pyridazinyl,

pi per dipyl ¥he pyrrolldlnyl t hi enyl,
nnrphoﬁ?%yl gggzowﬁl gnd oxazol yl, mhlch phenyl or

hetero&?ble F%(&h§UH§R| Rugd or substltuted wth 1-5
substi (plent sC&aOIRT, ndependently 15 selected from (i)

N80 ., 4cycloalkyl, which is unsubstituted or substituted with 1-6 substituents each
independently selected from:
(a) halo,
(b) -CN,
(©) -OR?, and
() Ciealkyl, which is unsubstituted or substituted with 1-6 halo;
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(ii) -Cl.6alkyl, which is unsubstituted or substituted
wth 1-5 halo, and (iii) -ORa, (e) -CO2Ra, 20 (f)

wo Sz@MNBRbR , (g) -S(O"Rd, (h) -CN, (i) -NRpRypsfod)/010952

- N(Rb) C(=0 Ra, 25 (k) -N(Rb)SO02Rd, (1) -CF3, (m
-O-C2Rd, (n) -0 (C=0-NR bRc, (0) -NRb-(C=0 -NRbRc,
and 30 (p) -C(=ORa, (2) -d-6cycloal kyl, which is
unsubstituted or substituted with 1-5 substituents
each independently selected from (a) halo, (b) -CN,

whi ch. IS, unsubsti .t yted or
SORRE e i homdt Shish g Rperie iR o o 5 6- 0r 7
206HbesddkylPOITHaUS2alkY]-6ih0 @Btiorally qomtaying anjadditional heteroatom
U%é@@d bt 19 00 O4ndSe! RS drtintiRd sl &p t5or§a!l‘l %tx'uilk@ﬁttosthe sulfone or

LTINS QAN CRE R U hreeriey kg gt
(indpperdenBpbdigdted fshinch i s unsubstituted or substituted
with 1> hqgldg (3) phenyl or heterocycl e, wherein

sai d het eroc | ected. . from

pyri mi ny| p Wﬁa‘i’ﬁ‘ﬁ s “W'Sf’tét&ﬁdrﬂflsu tbéflewlﬂwy} 3 substituents each
pi per azi nyl mctmpenddnnlgl|sal¢bt,edtﬂ‘unemdlq, ORDOMrap&eJO(ﬂ@bQRa

t hi azol(%l angR@xﬁaol yl, which phenyl or heterocycle is
unsubstituted or substituted with 1-5 substituents

each i fepentieslly). Whickds upsubstifpted qrapbstipisd With 1'-6¢REP
(c) -C3_6cycl oal kyl

R'? is independently selected from:

(D hydrogen,
) -C,.salkyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:

(a)  halo,
(b)  -OR%,
(C) -CN9

(d) phenyl, and
(e -Cj.scycloalkyl, which is unsubstituted or substituted with 1-6 halo,
3) -Cs.6cycloalkyl, which is unsubstituted or substituted with 1-6 halo;

R'! is independently selected from the group consisting of:

phenyl, naphthyl, tetrahydronaphthyl, indanyl, biphenyl, phenanthryl, anthryl, azepinyl,
azepanyl, azetidinyl, benzimidazolyl, benzisoxazolyl, benzofuranyl, benzofurazanyl,
benzopyranyl, benzothiopyranyl, benzofuryl, 1,3-benzodioxolyl, benzothiazolyl,
benzothjenyl, benzoxazolyl, benzopyrazolyl, benzotriazolyl, chromanyl, cinnolinyl,
dibenzofuranyl, dihydrobenzofuryl, dihydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothiopyranyl sulfone, furyl, furanyl, imidazolidinyl, imidazolinyl, imidazolyl,
indolinyl, indolyl, isochromanyl, isoindolinyl, isoquinolinyl, isothiazolidinyl, isothiazolyl,
morpholinyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl, 4-oxonaphthyridinyl, 2-
oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxopyridyl, 2-oxoquinolinyl,
piperidyl, piperazinyl, pyrazinyl, pyrazolidinyl, pyrazolyl, pyridazinyl, pyridinyl, pyridyl,
pyrimidinyl, pyrimidyl, pyrrolidinyl, pyrrolyl, quinazolinyl, quinolinyl, quinoxalinyl,
tetrahydrofuranyl, tetrahydrofuryl, tetrahydroimidazopyridinyl, tetrahydroisoquinolinyl,
tetrahydroqumolmyl tetrazolyl, thiamorpholinyl, thiamorpholinyl sulfoxide,
thlamorphohnyl sulfone, thiazolyl, tl'uazolmyl thienofuryl, thienothienyl, thlenyl
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15 (d) phenyl, which is unsubstituted or substituted
wth 1-5 substituents each independently sel ected

wo ec@mi3fgp) halo, (ii) -C -6alkyl, which is PCT/US2007/010952

unsubstituted or substituted with 1-6 halo, and a
(iii) -OR, 20 (e) -CRRa, (f) -C(=ONRBR, (9)
-S(O,,Rd, (h) -CN, (i) -NRbR, 25 (1) -N(Rb)C(=0O Ra,
(k) -N(Rb) SO2Rd, (1) -OC®2Rd, (m -0 (C=0O-NRbR,
(n) -NRb-(C=0-NRbR 330 (0) -C(=O Ra, and (p)

_ | 19(?%@'1‘ hg/(lxaﬁ@i,‘iﬁfihsyd%’g%% bt {e"%gﬁ?' or Sulet'faPt d Wlth

RIZ

Rayl, wiprne 19 opybst Ut or substltuted with 1-5
Pﬁﬂshﬁ%ﬂ@ﬂa&lﬁﬁﬁ en({eiaﬂi' seldRbREron{ BB) R*SRY), R 'Rthnd K '12)

(=0 NROR', 13) -0 C2Rd, 5 (14) -N(Rb) CO2Rd,
15) O%C_O) (16) - NRb-(C=0-NROR, (17)
s@é‘hj@o and gy axm(em) ®dependentlsalectdd frsm:and R Sb and

thg at oo @lkyl OvMidh G udsiBtitales o@fsﬁl?s‘ﬁtﬁ?cgd R -5 Qub@ftirs each
ring Seld%pencf:f ntly selected from:

(a) halo,

()  -OR’ .

(©) -Cscycloalkyl,

(@ phenyl or heterocycle, wherein said heterocycle is selected from: pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperdinyl, piperazinyl, pyrrolidinyl,
thienyl, morpholinyl, thiazolyl and oxazolyl, which phenyl or heterocycle
is unsubstituted or substituted with 1-5 substituents each independently
selected from:

@ halo, ,
(i) -Ci.ealkyl, which is unsubstituted or substituted with 1-5 halo, and
@iii)  -OR?,

(e) -COzRa,

()  -C(=O)NR'R’,
()  -SO)R’,
(h)y -CN,
(i)  -NR°RS,
() -N(R")C(=0)R?,
(k) -NR®»SOR,
(Y -CFs,
(m) -O-COR’,
(n)  -O-(C=0)-NR°R®,
(0)  -NR®-(C=0)-NR°R®, and
®) -C(=O)R’,
#3) -Ciscycloalkyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:
(a) halo, .-
(b) -CN, :
© -C-salkyl, which is unsubstituted or substltuted with 1-5 halo,
(d -OR*and - | |
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fromcycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl,
cycl oheptyl, aziridinyl, azetidinyl, pyrrolidinyl,

woR@ensdbnyl , pi perazinyl, norpholinyl, thietapgt/uszd7/010952

tetrahydrothienyl, wherein the sulfur is optionally
oxi di zed to the sulfone or sulfoxide, which ring is 15
unsubstituted or substituted with 1-5 substituents
each independently selected from (a) -G -6alkyl,

whi ch .is unsubstituted or substituted with 1-3

subst i ents ently sel cted fr.

hal o, t(%l i ) wgﬁ:ﬂ ﬁps)u s@%nt%jcvcsr.l %{t%?fi wﬁﬂ é)suz)stltuents where
- COZRathe(w))SmNRMRare (asbh)md@é@)mﬂy selevted fron€( =0) NRbRc,

and 25 (viid)) phewrel, (b) phenyl or heterocycle,
wherein salé het j’fFCyCI e is selected from pyridyl,

pyrim di nyl, Syl , pyridazinyl, piperidinyl,
piperazinyl(nﬁyrﬁﬁﬁtdndyl t hi enyl, norpholinyl,

thiazolyl ap goxaé% 1, Whichs ARG HShBEARIEENGh 1-5
IS unsubsti tuted 0{ substituted wth 1-5 substituents
each independent I%*°30 selected from (i) halo, (ii)
-Q@D. 6 abhyﬂy,l onhétetociysleuwhersit saidihaterooycls idxeldctadt feemwpyridyl,

(1e)5 ha %}H¥ f?y&ck&}o)p&zm)(lc%%%l,zég%%g %&P{Ohdmyl thienyl,

PCT/ Usml;qjmggbtaz? an )@zo wlejﬁl) phml or tnq:t)arocme is unsubstituted
bRc, ( by suﬁﬂ(lﬂmédlﬁmﬁ))ll?ﬁt substinfen)s eabh Rajepeitiedtly s€lé¢ted from:
-0 2 E{S (hmo O ( C—O) NRbR',
() -OR%
(© -Cj¢cycloalkyl,
(d) phenyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:

@) halo,
(i) -C).ealkyl, which is unsubstituted or substituted with 1-6 halo, and
(ili) -OR?,

(e) _COZRB,

®  -C(=O)NR'R‘,

(8)  -S(OMRY,

(h) -CN,

(i)  -NR°RS,

G)  -NR"C(=O)R’,

k)  -NR®»SO,RY,

() -0-CO,RY,

(m) -O-(C=0)-NR°R’,
(n)  -NR"-(C=0)-NR°R’,
(0) -C(=O)R% and
(p)  -Cialkyl, which is unsubstituted or substituted with 1-6 halo,

@) halo,
(5) 0X0,
(6) -OR’,
(7)  -CN,
(8)  -CO:R%,

9) -C(=O)R’,
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(n) -NRb-(C=O-NRbR', and (0) C(=ORa; 10 RPGis
i ndependently selected from (1). hydrogen, (2)

wo @ln78ad4kyl which is unsubstituted or substitupedus2mio10952

1-5 halo, (3) -CH2ORa, (4) -CH2-O CH2CH2SI (CH3) 3, 15
(5) -CH2OP(=0) (ORc) 2i (6) -(CH2)k-phenyl, which is
unsubstituted or substituted with 1-3 substituents
each independently selected from (a) halo, (b)
-ORa, 20 (c) -CN, '‘and (d) -G _6alkyl, which is
quzbsgi% €d or substituted with 1-6 halo; Jis

i per%\él ry selected from (1) =C(Rl6a)_, (2)
-GRR SO R(3) -C(=0 -, and (4) -N(Rb)-; Y is

i ndgpence)NrPrel ected from (1) =C(R16b)_, (2)
-%F{?R’ 30 (3) -C(=0-, (4) =N, and (5)
B (3 6b "_(?O *7 and R18 are each i ndependently

s@upct ARDGMRY, (1) hydrogen, 35 (2) halo, (3) -ORa,

-15%3 _d{@l@)ﬁﬂﬁ@ggl PCT/ US2007/ 010952 (4)

S’% 6al kyl, \Mﬁi?@%{ﬁc unsubstituted or substituted wth
1U8) s up 8 1Geitds h i ndependently selected from
(@)7) hatDNRIR’, - ORa,

(18) -N(R®)SO,RY, '

or R"** and R'*" and the atom(s) to which they are attached join to form a ring selected
from cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, aziridinyl, azetidinyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thietanyl and tetrahydrothienyl,
wherein the sulfur is optionally oxidized to the sulfone or sulfoxide, which ring is
unsubstituted or substituted with 1-5 substituents each independently selected from:
(a) -C-¢alkyl, which is unsubstituted or substituted with 1-3 substituents each
independently selected from:

(i)  halo,

(i) -OR?

(iii)  -Ci.scycloalkyl,
(iv) -CO,R?

(v)  -NR°RS,

(vi)  -S(OMR',
(vil) -C(=O)NR°R®, and
(viii) phenyl,

(b) phenyl or heterocycle, wherein said heterocycle is selected from: pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperi‘dinyl, piperazinyl, pyrrolidinyl,
thienyl, morpholinyl, thiazolyl and oxazolyl, which phenyl or heterocycle
is unsubstituted or substituted with 1-5 substituents each independently
selected from:

@) halo, : ,
(i1) -Cj.¢alkyl, which is unsubstituted or substituted with 1-5 halo, and
(iii) -OR? | '

(© 70Ra,

(d) halo,

(e) -CO5R?,

()  -C(=O)NRPRS,
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5 (c) -CN, (d) phenyl or heterocycle, wherein said
heterocycle is selected frompyridyl, pyrimdinyl,

wo baoenyiqo1 pyri dazi nyl, piperidinyl, azetidinylpcT/US2007/010952

pi perazinyl, pyrrolidinyl, norpholinyl,

tetrahydrofuranyl, tetrahydropyranyl and pyrazinyl,

whi ch phenyl or heterocycle is unsubstituted or

substituted with 10 1-5 substituents each

i ndependently selected from (i) -ORa, (ii) halo,

(iii) ( 6al kyl which is unsubstituted or

substlﬁéi\led s\@)hRf 6 halo, 15 (5) phenyl or

het er o¢lyxcl e -Ghgrei n heterocycle is selected from

pyri dyl( perf@bﬁp nyl, thienyl, pyridazinyl,

pi peri |n az t|d|n , piperazinyl, pyrrolidinyl,

nor phol(Jl)nyI N@%Fﬁa@ pof uranyl , tetrahydr opyr anyl and

pyrazi () , \AN(R‘I‘)SOBR yl or het er ocycle is

unsubs& htut egd_eH. 1 cubstltut ed wth 1-5 substituents

each| &ependent ﬁn cted from 20 (a) halo, (D)

C%ﬂ tro, (e) -G _6alkyl which is

unsubs(m)t ut eNR&(C@ﬂ)QﬂR?Rﬁ,emvath 1-6 halo; 25 or R7

and R 5;) and (hé)}@i omto which .they are attached join

to for or 6- menbered ring optionally

ISGB%P&P%’MQ’ Sfiieﬁ&deff‘b‘atom selected fromN, 0, and S,

WBr ei mydioigen,sul fur is optionally oxidized to the
oneor t d or

s%stlt_ﬁjo %}%&ﬁé&qﬁur?u ?Hegéﬂ?’lslﬁ%ggﬁé:&ﬁ efpgﬁ ently
Eect e@HePBm 30 (a) halo, (b) -ORa, (c) -G -6al kyl,
wi)ch -EHWB-@IS0H,8I(@H;py, substituted with 1-6 hal o,

a a and Rl16b are each mdependently
ﬂect e%ngoE%/é))(ggf hydrogen, (2) -G
i é Juns udde-pheyloyhish bsersuhstamtedior ﬁulam@ltg@ b@@n Ly aéhlf%ltuents each

each iimdtppedwh@piskiecedlfesied from - 124 WO
2007/ 1'\3%491 hggl'/ US2007/ 010952 (a) hal o,
(b) -OR?,
(©) -CN, and
(d) -Ci.salkyl, which is unsubstituted or substituted with 1-6 halo;

J is independently selected from:

(1) =CR'®-,
() -CR”R'S—,
3) -C(=0)-, and

4  -NR"-;
Y is independently selected from:
(1) =CR'"")-,
(2) -CR”R'S-,
3) -C(=O0),
(4) =N-,and
(5)  -NR');

R'” and R'® are each independently selected from:

) hydrogen,
2) halo,
3) -OR%, |
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(b) -OR3, (O -C3_6Cyd oal kyl, (d) phenyl or
het erocycl e, wherein said heterocycle is selected

wo e@m133481 | m dazol yl, oxazolyl, pyridyl, pyrinmdimogtoo7/010952

pyrazinyl, pyridazinyl, piperidinyl, piperazinyl,
pyrrolidinyl, thiazolyl, thienyl, triazolyl,

i soxazol yl and norpholinyl, which phenyl or
heterocycle is unsubstituted or substituted with 1-3
substituents each independently selected from (i)

T2 26t e B s o

(3) pherdependentigiselecied tom: wherei n heterocycle is

sel ect egh frauo,i m dazol yl, oxazolyl, pyridyl,
pyrin1§$nyl O%%ra2|nyl pyrlda2|nyl tetrahydrofuryl,
pi peri pi-per azi nyl , pyrrolldlnyl azeti di nyl,
t hi azol(g)l , Pﬁ%@nyl trlazolyl i soxazol yl and

nor phol dﬂ"yl haiN1Gh h@&%leo(vhgﬁgr?gﬁgﬁge?ogéle is selected from pyridyl,
unsubstltuted or, sugstlt

stit
each i ndeperPéfé‘HPfh;?y higy eHy"f‘g&fﬂyl (Pélyerhjz? H)ny .@iperazinyl,
20 (O - C3- gyyrolidmlykyhorphdlinyl Getrdlaldeyfurasdyl, (Iétral"sfdropyranyl and
unsubsti t Ut ?ﬁr?&qnﬁ u\bﬁ%h{pﬂ&g}q o%egrc}c leh?bﬂsubgpﬁ!lte{dﬁc)r fugstltuted with

phenyl, I'S “uns ed or Substitute

substit uent d- %é‘étP?““?el’?&e‘i?éhd%q?PF?d%‘é‘D’éE ggdframm (i)

hal o, 25 (iiQ) - CHCHFkyI whi ch is unsubstituted or
substltuted( ]%ﬂ@ halo, and (iii) -Ora, (4) halo,

(5) -ORa, 30 (7) -C2Ra, (8) -NR bRc, and

(9 - C»Nﬁb 'R16a and R16b and the aton(s) to

whi ch t hey e(r\E) at G;uadﬂkyll Wwhich i¢ ansubstinugedrar sgbstishted twédh 1-6 halo,
3%5 fr O?h&i/)q | PRERE ¥l|e’wl§e¥glh?%a2| %}%Ie’ 1s Q%\gg%b ﬁioﬂ'}'f)yr%yl pyrimidinyl,

pyr i m pyr a uran
di hydr SRgrYngYTdagioy, & Blyzeti Wémﬂmyl pyrrolidinyl, morpholinyl,
i sot hi asedhytrofareaylotepiahydrepyrandl and, pyrazlid, which phenyl or heterocycle is

2007/ 1334 kiRidd LR LEHARRE 1-5 substituents each independently selected

from:

(a) halo,

®  CN,

() -OR®,
(d) nitro,

(e) -C,.salkyl which is unsubstituted or substituted with 1-6 halo;

or R'7 and R!® and the atom to which they are attached join to form a 4-, 5-, or 6-
membered ring optionally containing a heteroatom selected from N, O, and S, wherein
the sulfur is optionally oxidized to the sulfone or sulfoxide, which ring is unsubstituted or
substituted with 1-4 substituents each independently selected from:

(@) halo, |

(b) -OR?,

© -C)ealkyl, which is unsubstituted or substituted with 1-6 halo, and

(d)  phenyl;

"R'6a and R'® are each'independently selected from:

1 hydrogen, :
)] -Cj4alkyl, which is unsubstituted or substltuted with 1-5 substituents each
‘ independently selected from: -
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i mdazolyl, triazolyl, thienyl, dihydrothienyl and
di hydr ot hi opyranyl, which ring is unsubstituted or

wephstiaisat ed with 1-5 substituents each i ndepeprdeukiog7/010952

selected from (a) -C _6alkyl, which is unsubstituted
or substituted with 1-3 substituents each

i ndependently selected from 5 (i) halo, (ii) -ORa,
(ii1) -C3-6cycloal kyl, (iv) phenyl or heterocycle,
wherein heterocycle is selected from pyridyl, :
pyrimglnyl,h razinyl, pyridazinyl, piperidinyl, 10

pi pera |nyI Eyrrolldlnyl t hi enyl and nor phol i nyl,

whi ch ﬁﬁenyIOBr heterocycle is unsubstituted or
subst i fyyt ed @i § yfubstituents each independently
sel ect fro 5

(V) - & gaPken! Jr%ﬁ?‘&ﬁ’?r?c%c'ﬁng%}ﬁ@ﬂ Bid bisevdabsiaenEiom
with 1-6 haﬂnmal()lb’) ox@3 i pyridydi pyriiRilgRcpyradyl} pyridazinyl,
-S(O), Rd, e'rid) f%poMB?pr&melem B@enﬁ'}gazolyl

(x) -N Rb) S grgdgrpg#glj“}dr gﬁ*c&}% \B/il: SF he%ocycie is unsubstituted

said heteroé

pyri m di nyl or pls]bsalzmtntylwnhpin isulastiitupynits eq@hpmdapdndthly selected from:
azeti di nyl, glpera&ﬂ@yl pyrrolidinyl, thienyl and

norphollnyl |ch6ﬁgpnyl or heterocycle is
unsubstltutéﬂ)or ituted with 1-5 substituents

each indepemdently{niemected from (v) halo, 30 (vi)
-ORa, (Vi )iy ON, @E K] Whikh @méaﬁkt‘ftﬁled‘m'sﬁ&d el with 1-6 halo,
unsubstjtu edhor Ftl uted]1 } d fr
( 333 6 ylgg] etef%;y% &) Whesgin ete(rpj:yc N se ecte om
pyrldyl pyrimidinyl, pyraz.myl pyridazinyl, tetrahydrofuryl, piperidinyl,
piperazinyl, pyrrolidinyl, azetidinyl, thiazolyl, thienyl, triazolyl, isoxazolyl and
morpholinyl, which phenyl or heterocycle is unsubstituted or substituted with 1-3

1m1dazo’lyl oxazolyl,

substituents each independently selected from:
(a) halo,
(b) -OR%,
- (c) -Cs¢cycloalkyl,
(d) -Csalkyl which is unsubstituted or substituted with 1-6 halo, and
(e) phenyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:

(1) halo,
(i) -C.salkyl, which is unsubstituted or substituted with 1-6 halo, and
(i)  -OR?,

C)) halo,

(5) -OR’,

(6) -CN,

(7)  -CO:R%,

(8) -NRPRS, and
(9)  -C(=O)NR°R;

orR'® ah,d R'® and the atom(s) to which they are attached join to form a ring selected

from cyclopentenyl, cyclohexenyl, phenyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl,
furanyl, dihydrofuranyl, dihydropyranyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
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(g) C(=ORa, - 126 WD 2007/133491 PCT/ US2007/ 010952
(h) -NR bR, (i) C(=ONRBR, (j) CO2Ra, (k)

wo e0Rh3ERPRA5 5 (1) -0-(C=0-NRbR, (m PCT/US2007/010952

-(NRb) - (C=0) -NRbR, (n) oxido, (0) oxo, and (p)

- (NRb) SO2Rd; 10 Ra is independently selected from
(1) hydrogen, (2) Ci-6al kyl, which is unsubstituted
or. substituted with 1-7 substituents each
independently selected from (a) halo, 15 (b)

-O k Sti ubstit
wpigarcigl s Yt SRR AR L EeaBioisy sl B rine i
0 PHM@@W\WI sabstiuiediwiths 35115d5u|bét1!t@¢1@i§ yacheindependreridy sedected from:
from pg&)‘ -d)’malkypzmhéﬂ el lﬁl\éhbstﬁ\!ﬂb? Bygtbbsﬂkiftécﬂ@?thrlyil" rsubstituents each
pi peri aze in ur any pi perazi nyl,
pyrroli dl%ﬁj? "ﬁﬁ?t;% ‘%/cﬁ%g IF’etlrahydr of ur anyl ,
t et r ahydr opyanylhalmd pyrazi nyl, which phenyl or
het erocycl e 1’, upgubstituted or substituted with 1-3
substi t uent ch i nde egd ntly selected from (i)

hal o, 25 (i i -0 EpsB% > which is unsubstituted or
substituted (lM)t h pheﬁylrmllmeroc(yclei Whefeh hé¢texocydlietis selected from

hydroxyl, and (vi Qﬂh{f t

or substituted Wll%yﬁ 98 allnyl ?g'lagg&" E)I%Maﬁ#gﬁ bfp%&ﬂyl

het er ocycl e wher d1PFaZny. HW%IF‘BE% envd a@%P@é?‘éﬂmﬁ’} drhich phenyl or
pyridyl, pyrim dietsrboyclehisamyhbstipyted dagibsgituted with 1-5 substituents

pi peri di nyl, azete‘agﬁ mdep rtdé ¥électgﬁ BehLAzi nyl,
pyrrolidinyl, norpholi ? ;a hydr of ur anyl ,

tetrahydropyranyl and ra2| whi ch phenyl or
heterocycl e is unsubst(®ut ehialo,r substituted with 1-3
substituents each i nd@ﬂpnde(fm,l Mhgsel ected from
(IV)  -C,salkyl which is unsubstituted or substituted with
1-6 halo,

(v)  -CO;R%

(vi) -NR°R®,

(vii) -S(O).RY,

(viii) -C(=O)NR°RS,

(ix) -NR")CO;R? and

(x) -N(R®SO,RY,

(b) phenyl or heterocycle, wherein said heterocycle is selected from pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl, azetidinyl, piperazinyl,
pyrrolidinyl, thienyl and morpholinyl, which phenyl] or heterocycle is
unsubstituted or substituted with 1-5 substituents each independently
selected from: |

\2 halo,
(vi) -OR?,
(vii) -CN, and
(vii) -Cealkyl which is unsubstituted or substituted with 1-6 halo,
(c) * halo,
@  -S(O)LRY,
() -OR’,
®  -CN,

@ - -C(=O)R’,
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35 (a) halo, (b) -CN, (c) -OG -6alkyl, which is
unsubstituted or substituted with 1-6 halo, -127 WD

wQoe@7/1388191 PCT/ US2007/ 010952 (d) nitro, (e)PCT/US2007/010952

hydroxyl, and (f) -Cl.6al kyl, which is unsubstituted

or substituted with 1-6 halo, and (4)

-C3_6¢cycl oal kyl, which is unsubstituted or substituted
with 1-6 hal o; 5 Rb and R are i ndependent |y sel ect ed
from (1) hydrogen, (2) Cl-6alkyl, which is
unsubstitute ﬁ }g substituted wth 1-7 substituents
each depé e tly selected from (a) halo, 10 (b)
-ORa, (ijc) -o(vomm*’}z s C02Ra, (e) phenyl or

het erogycl e_ceprrein said heterocycle is selected from
pyridyl,  pyrim thienyl, pyridazinyl,

pi peri Qf)nyl C@Eg??’yﬁn( , 15 'f uranyl, piperazinyl,
pyrrol (g nyI-O (maq(plzNR Ryl , tetrahydropuranyl,

t et rahygs opy ¥ggzi nyl, which phenyl or
heterogygl e {]@%unsu slfllxt uted or substituted with 1-3

substi flent X¥%n i ndependent |y selected from (i)

hal o, (&0 (ioxp,ardRa, (iii) -Cl.6alkyl, which is
unsubs tuteﬁ\, wpstituted with 1-6 halo, and (iv)
nitro, F or ’heterocycle, wherein said

Yis ‘ﬂ‘éetpé%%‘v]é'l% c?dsfé‘f‘@ct ed frompyridyl, 25 pyrinidinyl,

t (i)enyhydrogen,dazi nyl , pi peri di nyl, azeti di nyl,
tgi{)anyb Fgleanﬁmxlunsubgﬁfug&i 6|'d§u‘3¥tll te@%m?w Jﬁ‘ﬁgm ents each

r ahydf t et rahydropyr an and pyraziny
whi ch HH’@F{’?‘P C&Fyﬁ%'ﬁ%‘%gf?&} eis unsubst ituted or
substi {a)t ed hala,h 1-3 substituents each independently

ot cn (2 unsobetElGEen S PET ch it Y bt

(c)  hydroxyl,

() -CN, and ‘

(e) phenyi or heterocycle wherein said heterocycle is selected from pyridyl,
pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, furanyl,
piperazinyl, pyrrolidinyl, morpholinyl, tetrahydrofuranyl,
tetrahydropyranyl and pyrazinyl, which phenyl or heterocycle is
unsubstituted or substituted with 1-3 substituents each independently
selected from: ‘

(1) halo,

(i1) -0O-C,salkyl, which is unsubstituted or substituted with 1-6 halo,
(i) -CN, ‘

(iv)  nitro,

%) hydroxyl, and
(vi)  -Ci.salkyl, which is unsubstituted or substituted with 1-6 halo,
3) phenyl or heterocycle wherein said heterocycle is selected from pyridyl,

pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, furanyl, piperazinyl,
pyrrolidinyl, morpholinyl, tetrahydrofuranyl, tetrahydropyranyl and pyrazinyl,
which phenyl or heterocycle is unsubstituted or substituted with 1-3 substituents
each independently selected from:
(a) halo,
(b) -CN, ; . . ,
(©) -O-Cealkyl, which is unsubstituted or substituted with 1-6 halo,
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(d)

- C3-6¢cycl oal kyl, which is unsubstituted or

substituted with 1-6 halo, (e) -CN, and (f) -CO2Ra
W@G2000A433488B- 6¢cycl oal kyl, which is unsubstitut edror/US2007/010952

substituted with 1-6 halo; or Ro and R and the

nitrogen to which they are attached join to forma 4-,

5-1

or 6-nmenbered ring optionally containing an,

addi ti onal heteroatom selected fromN, 128 WO

2007/ 133491 PCT/ US2007/ 010952 0, and S, wherein the
sul fur is»optlonally oxi di zed to the sulfone or

sul foxfBe, Mi:ch ring i s unsubstituted. or substituted
wi th 1¢e} subgdiokyenhd each |ndependently sel ect ed

from
mhlchl

affd

a

12) uﬂgtuogalk A, i hésgﬂzsd]bgtpgtegsgé iu&t%t@&%%l -6 halo, and
tfys-¢5he ﬁ@hiy Rau%lsma@ﬁ@ﬂa Py ¢ §%w&&wf1 %‘#ﬁ

R® anc(R§ ar@hﬁidpleydicmmmhlddsfrmsubst ituted or substituted

é% tituents each 10 independently sel ected
AR IR W ST

heterohybbaukaﬂgeaeabeﬁohronlpyrldyl pyrimdinyl,
t hi enyl, ?Sldaﬁh @yl , piperidinyl, azetidinyl

furanyl,
tetrahydro

pera2|hyl pyrrolldlnyl nDrphollnyI
ranyp , tetrahydropyranyl and pyra2|nyl

whi ch pheng) or -0t erocycle is unsubstituted or
substitutegnmnthcé a Substituents each |ndependently

20 sel ecte

d

froni ) halo, (ii) - (i)

- Gi - 6al kyl (&whi ehen ouhgtemt/@lewb%re@rSM@rpﬁmlw splected from

% 6 hal o, | and ()ytddylnp)tﬁrﬁsdl@ t(l%)’lypbgﬁ&izuﬁv’ll piperidinyl, azetidinyl,
eterocyc e, e | e

pyridyl, py r| i r%ﬁkegafﬁz/l 15}9'?&1&!1%1 x§10 %oﬂﬁgll getiaﬁ?&‘ofuranyl

pi peri dinyl, az éftqaéwﬁvpyrapmlraaﬁwyrazm)ﬁewalf @jenyl or heterocycle is

pyrrolidi nyI m&hﬁh@hhﬂ}d or subktitatedovied u3asupktituents each independently
tetrahydropyrangl tfl%%[nazmyl whi ch phenyl or
het erocycle is unsuBs uted or substituted with 1-3
substituents () halo,
(i) -OR? -
(iii)  -Cj.alkyl, which is unsubstituted or substituted with 1-6
halo, and
(iv)  nitro,
3) phenyl or heterocycle, wherein said heterocycle is selected from pyridyl,

@)

pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, furanyl, piperazinyl,
pyrrolidinyl, morpholinyl, tetrahydrofuranyl, tetrahydropyranyl and pyrazinyl,
which phenyl or heterocycle is unsubstituted or substituted with 1-3 substituents
each independently selected from:

(a) halo,

(b) -OR?, .

(c) -C).¢alkyl, which is unsubstituted or substituted with 1-6 halo,

(d) -Cscycloalkyl, which is unsubstituted or substituted with 1-6 halo,

(¢)  -CN, and |

® -CO,R?,
-Cs¢cycloalkyl, which is unsubstituted or substltuted with 1-6 halo;
or R® and R® and the nitrogen to which they are attached join to form a 4-, 5-, or
6-membered ring optionally containing an additional heteroatom selected from N,
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each i ndependently selected from 30 (a) halo, (b)
-ORa, (c) -Cl_6al kyl, which is unsubstituted or

wonistidimt ed with 1-6 hal o, (d) -C3-6cycl oal kyP¢T/MB2001010952

is unsubstituted or substituted with 1-6 halo (e)
-CN, and 35 (f) -CO2Ra, and (3) C3_6cycl oal kyl, which
IS unsubstituted or substituted with 1-6 halo; - 129
WO 2007/ 133491 PCT/ US2007/010952 R and Rf are

i ndependent|y sel ected from (1) hydrogen (2)

- ClAal kyl h is unsybstit

15 halthend E5phgei e BHRE o 00031287 b Bttt Suifoxice,
and Rf vwimch th@isamnsnbstigutedh ioc butshayedivghdi4 awhstthentsiaach o

form al&epeﬁdmﬂ sele®ed froprebered ring optionally

cont ai ni ng i? oatom sel ected fromN, 0, and S,

wher ei n is optionally oxidized to the

sul f one or (b;)ul fe@Rﬂea,ndV\hi ch ring is unsubstituted or

SubST LUt efly tho Ll BB BB of IIRRTASENI-6 halo, and
selectedfrom 16" (ay hal o, ( yl,

which is uff@ubslpf‘?‘ihl’ed or substltut ed vvlth 1-6 hal o

R4 isnaﬂeben(iek)tl){ﬂmn:ydd,frdsmsl 2, or3 15 nis 1, 2, or 3;

I
00, By e B SR e o
and di Rdegrrdsntly seleetsd ﬁ‘?é‘? ‘eof . 2. The conpound of
cI ai m {ahavihalp,t he formula la: R7 OH O R6 N~NyEc NH

A ~A2 OEggke i |Y 25 la and pharmaceutically
accept ahl e salt’s,thereof and individual enantioners

and di & ereGPéF‘s

(d) -CN, and
(e) phenyl or heterocycle, wherein said heterocycle is selected from pyridyl,
pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, furanyl,
piperazinyl, pyrrolidinyl, morpholinyl, tetrahydrofuranyl,
tetrahydropyranyl and pyrazinyl, which phenyl or heterocycle is
unsubstituted or substituted with 1-3 substituents each independently
selected from:
(i) halo,
(i1) -OR?,
(i1)  -Cjealkyl, which is unsubstituted or substituted with 1-6 halo, and
(iv)  nitro,

2) phenyl or heterocycle, wherein said heterocycle is selected from pyridyl,
pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, furanyl, piperazinyl,
pyrrolidinyl, morpholinyl, tetrahydrofuranyl, tetrahydropyranyl and pyrazinyl,
which phenyl or heterocycle is unsubstituted or substituted with 1-3 substituents
each independently selected from:

(a) halo,
® -OR’, |
(c) -C.¢alkyl, which is unsubstituted or substituted with 1-6 halo,
(d) -Cj.scycloalkyl, which is unsubstituted or substituted with 1-6 halo
(e) -CN, and
® -COzRa, and
3) -C3-6cycloélkyl, which is unsubstituted or substituted with 1-6 halo; .
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t hereof. 3. The conpound of claim1 having the formula
Ib: - 130 WD 2007/133491 PCT/ US2007/010952 R7 0 H O
WERe0oANBME- NH A "A2 A3 0 Ea Eb b, N R I b andpCt/US2007/010952
pharmaceutically acceptable salts thereof and
i ndi vi dual enantioners and di astereoners thereof. 5
4  The conmpound of claim1l having the fornula Ic: R7 0
HORG AN -YNYE'', NH A A2 A3 0 Ea Ee N Ic and
phar maceutl cally acceptable salts thereof and
e | BAi Vi nanti oners. and di astereonmers 10 thereof.
R m%ﬁ afﬁémge cgeﬁ‘ﬁlé{ SS@C%:F;TOM“L wherein Al is selected
f €10m hydl)ogem)- (2) -S(OV-7 15 (3) -CR6R - (4) ‘
AE)RS) = Hiﬁ}y %%@Ms%@t%@)o@@@%s’trmteé Q)lth 1 gfhgo ' and
Eg . The conpound of claim1, wherein
i s ’e‘mﬁlent ly selected from- CR6R7-, -CRIOR'
5 atg 7(6:1@)y4,, or wherein A3 is independently sel ect ed

f 60WheRERnd R -an@ M atom todMlch e eAttach %ﬁin@xab‘f' 4-, 5-, or 6-
is i %deeeiendent l(}ﬁ el ected fr

Npiemperdd rigg-gptionallk goniainpes B%tﬁfa@aﬁn {olecii Bag Np@, and S, wherein

the sulfur is optlonally oxidized to the sulfone or sulfoxide, which ring is unsubstituted or
substituted with 1-4 substituents each independently selected from:

10 : (a) halo,
®  -ORrR%,
(c) -C,alkyl, which is unsubstituted or substituted with 1-6 halo, and
(d)  phenyl;

mis 1,2, or3;
15 nisl1, 2, or3;
vis 0, 1,0r 2;
kisO, 1, or2;

and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers
20 thereof.

2. The compound of claim 1 having the formula Ia:

,O‘ o
%*N“WY M

25 ‘ | | la
) and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers
thereof.

3. The compound of claim 1 having the formula Ib:
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- 131 WD 2007/133491 PCT/ US2007/ 010952 7. The
conpound of claim1l, wherein Ea is independently
woeedeasrdi from - C(RSa)=, -N=, and -(N+-O)=; PCT/US2007/010952
wherein Eb is independently selected from-C(Rsb)=,
-N=, and - (N+-O')=; or wherein Ec is independently
selected from-C(R$0)=, -N=, and -(N+-O')=. 5 8. The
compound of claiml1l, wherein Qis -C(=0-. 9. The
conmpound of claim1l, wherein R4 is selected from
hydrogen and -C, _ 6gLlkyl, which is unsubstituted or
substituted with g75 ! uoro. 1OH10 The conp@nd of
claim1l, wherein
sel ected from
claim1, wherein
from 15 (1) hydr efp 2 ) - Ci- 6alkyl ¢h |N; o
unsubstituted or substituted with 1- Esubst plient s
where the substitutents are each independently
sel ected from halo, phenyl, and -ORa, (3) phenyl or
het erocycl e, which is unsubstituteh or subst i t ut ed

and p%gc%i%aﬁﬁg&egtﬁ%g%sggg l?eT%q%(a%Pé] ?%d’i\'/i%glreen%ﬂu d H:fstereomers

thereofnd the carbon atomor atoms to which they are
attached join to forma ring selected from

cycl opropyl t clo I onanyI
cycl ohéxyl é‘)%}ccﬁh]‘? XPfCIalmW‘av"{%gﬁ%/r ycf

I"'open ohexenyl
tetrahydropyr anyIR7 rrolidinyl4 and piperi @nyl
which ring is u

or BRubst8uted w
substituents edt mdehbnde |y Sgl ectyd

-G -6al kyl, which As un u;bsti ut ect:r@r S

'1-3 substituents wherg2 sUbst i T o acl

i ndependent |y sel ect ed from hal o, and -ORa, 30 (Z)N

phenyl or pyridyl, wherein the phenyl or pyridy i+

optionally fused to the ring, and which phenyl or

pyridyl is unsubstituted or substikuted with 1-3
and pl?a&'rh%ﬁ&élfn@ ?}‘ &ceﬁ@ﬁﬁ §aﬂ9 %@M%ﬂ& llﬂdl%%hﬁcetnﬁﬁin&ﬁ&?anﬁ ARtereomers
b , 4al kyl, which is unsubstitut or
tere°§ubs,t|tuteo| vvlth 1-5 fluoro, (3) halo, and 35 (4)

-CO2Ra. - 132 WD 2007/133491 PCT/ US2007/ 010952 13.

The CO@POUH%Q oﬁlrgghﬂaefclwrle{vcﬁggx}\ é?él%‘ié “’m

m%]]roge - , and
i ’unsubstltuted or substituted with 1-5 quoro.

gen hhd h T The u (Nldf
sand \R7 ar, |n Qend

2  -S(O)-,
3) -CR®R’-,
4)  -NER®-,

(5)  -CN(R®)(C=0)OR*R?-,
(6) ~(C=0)-, and
(7 -NR"M-.

6. The compound of claim 1, wherein A2 is independently selected from -
CR®R’-, -CR'’R''-, and -(C=0)-, or wherein A3 is independently selected from -CR®R’-, -
CR'"R'-, and -N(R'")-; or wherein A% is independently selected from -CR°R’-, -CR'’R!!-, -
NR')-, N(Rs) and a bond between A2 and A2,
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14. The compound of claim 1, wherein R8 and R7 and the
atons to which they 5 are attached join to forma 4-,
w6 2007633491 7- menber ed al kyl - or het eroal kyl - ri pPgr/US2007/010952
optionally containing an additional heteroatom
selected fromN, 0, and S, wherein the sulfur is
optionally oxidized to the sulfone or sulfoxide,
which ring is unsubstituted or substituted with 1-4
substituents each independently selected from (1)
hal o, 10 (2) phenyl, which is unsubstituted or
subst i fut ed T\hemrrmogné gbslaim JewhsreemER is indepandantbnelggted from -

C(RS"%E'HEtﬁQiJ‘ fO?f‘QJerheQ?ﬂ,EbQNm gndegﬂy;@lgﬁed foR) -CRB=, -N=, and -
st ¢
O of oSl HpelOR R TSR ERARE R o j0v.0)-

claiml1l, wherein R10 is selected from hydrogen, and -
Cl. 6al gyl , Wﬁiefclan{p%uﬁal%y@ﬁtmhumerem QSivbgfEdyt ed with
fluoro. 16. The conpound of cfaim1, wherein RL1 is
i ndependently selected fromthe group consisting of:
20 pheflyl, fllheaoppoupy péziaiy|l, whyreirdRA selgoyedi fiiyrh; hydrogen and ~C).
6all<yl¥")('ﬁicml§jhﬁ§ﬁlbstmm/€d' d'psqwtltufe@t\%?nz PlsYuord i enyl
riazolyl,and isoxazolyl, where R11 is unsubst i t ut ed
or substituted with 1-5 substituents _each
i ndepen@ent | Ehesemgoued of claim R] #hefRiBRRRA ardIBY asmiddependently
selectEl ggm}%,@ deen ah@GafPmpound of claim 1, wherein R Gis
sel ected from hydrogen, and -C 14al kyl, which is
unsubstituted or substituted wth 1-3 halo, 18. The
conpound. of Bieaiompbundhériaim 1] wheresCRRa6AR are iGRIRRIStly selected
from:0" - N(RDb) - and wherein Y is =C(R16b)-, -CR'R 8- or
gﬁ)c» 30 19. The compound of cIa|n11 wherei n Rl6a
R1&¥d 8E™ ndependently selected from (1)
hy2ir oge@; aliRy)l, @hithlik yhsubstifutdd arsubstiuted twithul -©dsubstituents where the

SHQ&RM@&F%J\%H ifdeBehdd) SelcBd d frbn:(rhlo, RAEAVE, af -OR",

teroc er el ete e .S se rom
p§3) dy Phemylior betgronyple, Wawlaé “ﬂ§H 5“Wl‘ﬁda%’cﬂ ubstitutedj vty | -5 halo,
t (4)azolhglo, i soxazol yl and norpholinyl. -133 WO
Qg)) 1 133491, dCT/ US2007/ 010952 20. The conpound of
chaim 1 wherein Rl6a and R16b and the aton(s) to
wiPleh ‘FRe? -are attached join to forma ring selected
from phenyl, pyridyl and pyrimdinyl, which ring is

unsubst;i tut Wil 6 b

each |i n epen ent Ia sepgg;dfea flr’omlare#ﬁ a ahélmd&ﬂ%?f atom or
atomsFpyhich they are atachpdimie{q farmerrieg sdemed ! romalapanyl eyglobutyl,
cyclopdnitid| dioxSlanyl, cyclohexyl, cycloheptyl, cyclopentenyl, cyclohexenyl, tetrahydropyranyl,

pyrrolidinyl, and piperidinyl, which rmg is unsubstituted or substituted with 1-6 substituents each
mdependently selected from:

) -Cisalkyl, which is unsubstituted or substituted with 1-3 substituents where the
substitutents are each independently selected from: halo, and -OR?,

@) phenyl or pyridyl, wherein the phenyl or pyridyl is optionally fused to the ring,
and which phenyl or pyridy! is unsubstituted or substituted with 1-3 substituents
each independently selected from: halo, -OR?, and -C,4alkyl, which is
unsubstituted or substituted vs}ith 1-5 fluoro,

€)) halo, and

@) -CO,R%
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- 134 WD 2007/133491 PCT/ US2007/ 010952 21. A

conpound selected from 0O HOO OONH M NI NH M ~H
we200¥134DE N M NNH / NOS ONN'I\VO o,s 0 pCMUX007/010952
190\ ~ M FMFM FF M OHOHO M M OOM M
O MNNONHOOONH I / ONNNNNN\N I FMHI1H
IN FF\ FFFHNMMOOONIHNOO 4,3 NHHNO
NH N~-N NN Ni N.HVN I/ INN T 11 FFFF FF M
I\/EOO HNNOO\ I NHHNNNONHDOI NH ,/j, N~

~N N 1:3:: N (Phyc(o&rlﬁlslyund clff <\:la1m 1, vther%inORpisl\slel\leI(_:lte(c)i d'\cl)rrl}l I_!'xyd%gen -

C(= O)R -CO;R?, -SO,RY, and —~C,.salkyl, which is unsubstituted or substituted with 1 -5 fluoro.

14. The compound of claim 1, wherein R® and R” and the atoms to which they
are attached join to form a 4-, 5-, 6- or 7-membered alkyl- or heteroalkyl-ring optionally
containing an additional heteroatom selected from N, O, and S, wherein the sulfur is optionally
oxidized to the sulfone or sulfoxide, which ring is unsubstituted or substituted with 1-4
substituents each independently selected from:

(1) halo,

2) phenyl, which is unsubstituted or substituted with 1-3 substituents each
independently selected from: halo, OR?, CN, and —C(=O)OR?,

(3)  -OR? and '

@ -Csalkyl, which is unsubstituted or substituted with 1-6 halo.

15. The compound of claim 1, wherein R'? is selected from: hydrogen, and —
C,.¢alkyl, which is unsubstituted or substituted with fluoro.

16. The compound of claim 1, wherein R'! is independently selected from the
group consisting of:

phenyl, furanyl, pyrazinyl, pyridinyl, pyridyl, pyrimidinyl, pyrimidyl, tetrazolyl, thienyl,
triazolyl,and isoxazolyl, where R'' is unsubstituted or substituted with 1-5 substituents
each independently selected from R'?, R'3, R!*, R!*? and R'*®.

17. The compound of claim 1, wherein R™C is selected from hydrogen, and
-C,salkyl, which is unsubstituted or substituted with 1-3 halo.

18. The compound of claim 1, wherein J is =C(R'6’)-, -CRR". or -N(R)-;
and wherein Y is =C(R'®")-, -CR''R'%- or —-C(=0)-. ‘

19. The compound of claim 1, wherein R'®® and R'®® are independently
selected from: |
(1) . hydrogen, ‘ .
(2) - -Cjaalkyl, which is unsubstituted or substituted with 1-3 fluoro, and ‘
3) phenyl or heterocycle, wherein heterocycie is selected from: pyridyl, pyrimidinyl,
pyrazinyl, thiazolyl, thienyl, triazolyl, isoxazolyl and morpholinyl.
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QAN fIN/LNHI NH O/ N~N\O/ N~ M O M F MOHDO
H/ 00 H MYNh(NNHN~NNH O NN M OMe OF F NH
N FM FO ~01-400H\-)-i HO s/ NN/ I C=S
N--NONONI/ NH 0V NO/ \ OMNO M M\ M
FNHM,, N~F FOOHO1O0HOCORO ONM M M

Ve O NBONE '\ébcol\r{lbpo%nd Iapclgirrcx) l/, wklergll_ln L aycll_| R 6"(gm/d tl'x\éHatom(s) to which

they are attached join to form a ring selected from phenyl, pyridyl and pyrimidinyl, which ring is
unsubstituted or substituted with 1-3 substituents each independently selected from: halo, OR?,
and -C;4alkyl, which is unsubstituted or substituted with 1-3 fluoro.
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and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers
thereof.

22. A pharmaceutical composition which comprises an inert carrier and the

compound of Claim 1.

23. A method for antagonism of CGRP receptor activity in a mammal which

comprises the administration of an effective amount of the compound of Claim 1.
24. A method for treating, controlling, ameliorating or reducing the risk of

headache, migraine or cluster headache in a mammalian patient in need of such which comprises

administering to the patient a therapeutically effective amount of the compound of Claim 1.
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