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WO 2007/ 133491PCT/ 1 TS2007/ 010952 TI TLE OF THE
I NVENTI ON SUBSTI TUTED SPI ROCYCLI C CGRP RECEPTOR
ANTAGONI STS BACKGROUND OF THE | NVENTI ON 5CORP
WOV BB490ni N Gene- Rel ated Peptide) is a nat uPgIIG2007/010952

occurring 37-am no 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 CORP is
| ocal i zed predomnantly in sensory afferent and

and nedi ates several biol ogical

TITL%@F%W’H@%F vasodi l ation. CORP is expressed in

al pha- aWBSBBLEE? ogrpﬁ%OCtYﬁ’a%C FERY RBGEGHE AARacHeEe 10

am no acids in the rat and human, respectively.

%W@?ﬁ%ﬁﬁ d| splay simlar bi ol ogi cal

en released fromthe cell,

i ni ti dESBP|(Celcippinddgredicipied Fsptida %nwamgcqrang 37-amino acid
peptidS ac isfgeﬁexﬁ%kl|by&i$§1f@ﬁﬁcifﬁeﬂlﬁhﬁ&5prbmtm§b€calmtomn messenger RNA and

is w1d§ ﬁ%ﬂ%ﬁ%ﬁp &%M ?r?d é thgxea] Q;Ivbﬁ(saé ﬁ'ﬁl @Glgﬁi ?srlééa}f zed

av e e en I
prcdor@waiat#a@cﬁewm affq:r_\ymeamll gBraldieurPis @pd mdlaé%ssgt%él bipiggical actions,
includitg|vaSodilatioh UGGRP it kepeswef ibakphn, anddredi-forms thit &ary by one and three

amino Egﬁggb@elrﬂh?d%aﬂ%gﬁ WII%Q;BJ& |sz§§m %&I@P Q@hlgf'aﬂ%gGRP -beta dtsplay similar

Olca BIFO ertle goi%é)
biologicaLPgPeigs o WikR gFlsased B28 el LGHRY fagatey fin i esagsponses by
bindingnslsfecitiekell surface redpGie 18 af/Predemineatiineripleifto O@RRtivation of

" adeny GE 145é0&§;1ﬁﬁeé %Jt&l'sthg{r%%l idaNiNRQ 228 bgaﬁrﬁébﬁrgﬁ:ﬁlly ksalGated in

severabfsni g S5 GRABImS (ARG ORI B5 LTIy SR A pappsmoots

muscle({uﬁgas(ACMZ 7] CCRP), is a sel ective 20 agoni st of
CORP2. p4hBniphadnd8idital ﬁfé@%&ﬁtt‘@iﬁ tdr@hre IR dOERKD at least two

oL O LTl G A0l of P o

seven Ntermioal aing @mégemém@vétaes@lqcé% RefagmmittORBGRE 1t hereas the lincar
analoght @ECER P @iadetoBmid el ¢ 8t COGRIY[CHRIATMILFJOSRP), is a selective

sty o ol Hpadibtlo i

of cerqbrcg»raaw@r depsare suchpstmigernarbeiRyer iBafackay e¢linjgal studies, elevated
levels bead®ehia, thi@hlar 46in vate B3nd tapdcC@Rng tri glafnchfiacksgGoadsby et al.,

Ann, I\?ﬁ.l?wn ?022'%t rlg%gg*}) %Waé‘ g o@%@@ﬁi}g a%lmiéraﬁlte'subjects
betweftqﬁmgs;@geﬁﬂwgﬂéﬂ# sf#eaéﬂﬁrqié 46 h%fg I@:egﬁllf? CRREnEl tiga been shown to
triggerahfgedihdschehdache @adssergetand.y Ceplai4lgak 3003 22 5@l )ndn clinical trials, the

CGRPY ﬁllét% Bﬁéoc?sﬁ%%é%%n shbwil@be 20 in ding acute attacks of
B e GRS -

headacdhenndtﬁh@brrﬁ-‘ﬁﬂ? irfggden in 200810l WUPZBQte@m):t al,, Clin. Pharmacoi Ther.,
2005, FPCERE1ARdi at ed activat on of the trigem novascul ar

syst e aine at h enesi

Addi ."%ﬁi?ﬁ Gedbieha iR b reB A B PRER IR gy 2 ke rolein
migraing pathegefesis. nﬁddmoanilmcc\?ﬁg gelivates reeRMTy op éhei %rc&!agé@cie of
mtracrﬁﬁip(déslsélﬁ J1edingai ifdreksed vasudilation, ovidernTsthiuhe td contribute to headache

pain dt'gérg%r%c he Eatt%ckg g]r_,annc% Qe%é%ﬁQSatﬁBée%g I&I!'n%‘a%?mras Neuropeptides,

Purinepgpd h%@cé??@dNI{*PIPIBC‘I‘}(Ré‘éGH Rytlishere o997 Rirden The middle meningeal
artery, Phdpiisdigle artedy3A the durd matdi s inheldhied be sémsgaaibers from the trigeminal

ga.nghg’f? %c%r%h}‘:?&lg?evgfal HQﬁrBL?ptg{gg qﬁ%’luhﬂ t({tﬁ{l? eﬁﬁhﬁr élﬁ)n stimulation

rigem nal
in the @aéﬁ@quﬂteﬁ iR eRsddR T i SORES and Heieasspigtigation of the trigeminal
i ncluding CORP. Trigem nal ganglion stimulation in
the cat resulted in increaseddevels of CGRP, and in
humans, activation of the trigerninal WO
2007/ 133491PCT/ US2007/ 010952 system caused f aci al
flushing and increased | evels of CORP in the externa
jugul ar vein (Goadsby et al., Ann. Neurol., 1988, 23,
193-196). Electrical stinmulation of the dun mater in
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35wonmen (Chen et al., ‘Lancet, 1993, 342, 49; Spetz et
at, J. Urol ogy, 2001, 166, 1720-1723); allergic
dermatitis (Wal l engren, Contact Dermatitis, 2000, 43
WQXPT13p4PL- 143) ; psoriasis; encephalitis, braiBfHYRNHH10952

i schaem a, stroke, epilepsy, and neurodegenerative

di seases (Rohrenbeck etal., Neurobiol. of D sease

1999, 6, 15-34); skin diseaces (Ceppetti and Hol zer,
Eds., Neurogenic Inflammtion, 1996, CRC Press, Boca

Rat on, FL), -neurogeni c cutaneous redness, skin

systemrcgﬁﬁ‘aqgéiﬁmm%%d ShAL LA Rovelsi FRIG RIS iof HHE % ?rrag ;_n%%}ar vein

(Gont s TR 95Hs, 2200 e it i S o matr i

rats mcad:asecstlanﬂamam cirthd ouddie meningGaisiriene ah effectabyt, w2 @b ked by prior
adminidfdtibh SGHRER)3 AN pEREIAERP abth &ﬁgtt(mﬂtﬂsoh 'EPLT t@gﬁﬁalgla

1997, 17 é#{]ggﬁ;‘ft ey aﬁ 3%% iy Lﬁﬁ%té%gg el DRt the rat, which

- was miﬁheeqob)e§6|RtP($ﬁVb(ﬁsmmewél Bras Res. 09p6ah @3-9hklecrienl stimulation

of the tﬁﬁ%ﬂ'lal BindlibA ADARinhOdet IR dESHERERES in 'fﬁ:nﬂ"ﬂi&d @Ehat could be

onrsts .fo P rec ses for t

blocked by A rnganay RO guasingt BERABoA S (o bt fral. Pharmacol.,
2000, 1Z8npisHE1o e Swepraseilareifehsof AR Trotay dd stteiuatdsie prpynted or
reverscd HyRQCGREMntapbMMARY The disclosure is directed to

¢ orrpo %e(iﬁv\#gd Lasgﬁlfvag}on cbf r§ R%cn@ﬁ%:sa? ROKINN 66\\;’11 to
sensntlealeuEw.s 0| gl;le tRgemippl nucleyy. cap@hs (Wxﬂlaawgnvt Qir,éﬂng GRP Famﬂy
CalcitotlirsGéenebRelated Peptide {TGERP), Artyla) hivd) adFbmeahilic(RMdes Bioscience,

0

2000, 2%?;2\@/&2 h .é%%‘ﬂ‘gg g@%@ggéggdmwl%b%agggﬁg Q'{II%F.&E gggdache may
sensitizg jpgemalRegrofsn Some ¢f the p5spyified sBRIoms;of apigraing, including extra-
cranial paiowind dakial atiodyrdardajobe thi eesﬁmrdﬂsbrmtlmd Regdidinkll delurdié (Burstein et

al., AnP B3l ﬁoﬁ7,_61ﬁ4624 :"(é LSk aln ohfit &S%Sxf’e{m ol ar(e%).;atmg,
Pfeve“‘b‘fﬁs‘ff)ﬁgi’?'ﬁ‘%ﬁ #3005 hal o, ( 4)

- Si ( CiTaelakifity Qf tthemommfalh«g«hsansmmdmpemdemd @GRP antagonists
makes ﬂh@n%t Js@ﬁﬁ 'ph%?a@o 1c§}1&%§1tstﬂd; @igo%ltsriha]t nlév @é @ umans and
ammal ﬁtl%gyj "éﬁ%ﬁg{ﬁl ﬁxgh &.fﬁfrs % )aﬂcé f%"zﬁ headache i
(DoodS( @ggr Op(;g@)vesmgmm 25090 1(2@3j12684($d\4n)sson £0ali, erhajalg:a, 1994, 14,
320-323¢ bohRdchdionypt heddabbfhina(chl.; CRkBok; 2000084, (1335-1340); pain
(Yu et a1 o). Pharm., 1998, 347, 275-282); chronic pain (Hulsebosch et al., Pain, 2000, 86, .
163-175); neurogenic inflammation and inflammatory pain (Holzer, Neurosci., 1988, 24, 739-
768, Delay-Goyet et al., Acta Physiol. Scanda. 1992, 146, 537-538; Salmon et al., Nature
Neurosci., 2001, 4(4), 357-358); eye pain (May et al. Cephalalgia, 2002, 22, 195-196), tooth pain
(Awawdeh et al., Int. Endocrin. J., 2002, 35, 30-36), non-insulin dependent diabetes mellitus

- (Molina et al., Diabetes, 1990, 39, 260-265); vascular disorders; inflammation (Zhang et al.,

Pain, 2001, 89, 265), arthritis, bronchial hyperreactivity, asthma, {(Foster et al., Ann. NY Acad.
Sci., 1992, 657, 397-404; Schini et al., Am. . Physiol., 1994, 267, H2483-H2490; Zheng et al., J.
Virol., 1993, 67, 5786-5791); shock, sepsis (Beer et al., Crit. Care Med., 2002, 30 (8), 1794-
1798); opiate withdrawal syndrome (Salmon et al., Nature Neurosci., 2001, 4(4), 357-358);
morphine tolerance (Menard et al., J. Neurosci., 1996, 16 (7), 2342-2351); hot flashes in men and
women (Chen et al., Lancet, 1993, 342, 49; Spetz et al., J. Urology, 2001, 166, 1720-1723);
allergic dermatitis (Wallengren, Contact Dermatitis, 2000, 43 (3), 137-143); psoriasis;

~ encephalitis, brain trauma, ischaemia, stroke, epilepsy, and neurodegenerative discases
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A3 is selected from (1) -CR6R7-, (2) -N(R8)-, (3)

-CRIR I-, and (4) -N(RI'l1)-; A4 is selected from

(1) -CR6R7-, (2) -(C0)-, (3) -N(R8)-, (4) -CR R
-, (5) -NCR')-, and ' (6) a bond between A2
and A3; Ea is selected from (1) -C(Rsa)=, (2)
-N=, and (3) Lb is selected from 1
-C(R55=, (2) -N=, and (3) -(1\11--0)=; i's
sel ected from (1) -C(R5)=, (2) -Nr-, and

(3) -0°1+-0)=1 Qis selected from (Il)-(c=0)-,
(RohrehBick-eBER Nek@iot. 5ODjseased 999, 6, 15- 36 )skin@fifeadea (Geppatti and Holzer,

Eds,, NE %lo%%t 'fe:q?fflafn%glitltgll )lggtﬁj '§oe @’resg @oc{;k%hkvﬂ,}, né’ﬂibﬁfﬁld utaneous

St | t ut
rednesn kR rpsadeyenTs anf prdh e HBR S m"ﬁl"% £y adige %’ﬁ?e Biblogy, 2002,
189(3) ﬁSﬂ*GﬁﬂbﬁﬂJa{byj/ botvel)dise@he3 jrrigabit: Yagyel syndrome, (Hoffman et al.

8%%;@ logy, 2069, 3b zwm?m t{tR) Of particular
Scand ?1 1ancfbu§x%g D%Céo g%ye eac &0 en t llcg sel ect eg fust
1mportzp1}c§|qq the acute or p y %%ﬁgﬁen (oglea é:l’l an cluster

beadachifisubstituted or substltut ed with 1-6 haI 0, (3.) haI o,
The present invention relates to compounds that are useful as ligands for CGRP

receptors, in pai'ticular antagonists for CGRP receptors, processes for their preparation, their use
in therapy, pharmaceutical compositions comprising them and methods of therapy using them.

SUMMARY
The disclosure is directed to compounds of the formula I:

(wherein variables A', A%, A®, A, m,n, 1, Q, R* E? E® E°, RS, R”, RS, R, R™ and Y are as
described herein) which are antagonists of CGRP receptors and which are useful in the treatrnent

or prevention of diseases in which CGRP is involved, such as migraine.



(4) -ON and (5) -CN, R6 and R7 are each

i ndependently sel ected from (1)hydrogen,

(2)-Cl_6alkyl, which is unsubstituted or substituted

with 1-5 substituents each independently sel ected

from (a)halo, (b)-OW (c)-C34cycloallcyl, (d)phenyl

or heterocycle, wherein said heterocycle is sel ected

from pyridyl, pyrimdinyl, pyrazinyl, pyridninyl,

pt peri dinyl, piperazinyl, pyrrolidinyl, thienyl,

nmor phol i nyl, thiazolyl, indolyl, indazolyl,
~benzi m dazol yl and oxazolyl, which phenyl or

het erocycl e i s. unsubstituted or substituted with 1-5

substituents each independently selected from (i)

hal o,  (ii) -Cl.6alkyl, which-is unsubstituted or

substituted with 1-5 halo, (iii) (iv) -NRIV (v)
CCON, alia firstiappest dherg s)proiged a qompopndefjthpigrmulaT:

(9)-S(0)R6 , (h)-CN, (i)-NRoRe, (j)-NWC(=0)1r,

(k) -N(Rb) SO2Rd, (1).-CF3, . (m -0-CO2Rd, (n)

-0-(C=0)-NRbl e, (0) -NW(C=0)- NRbl e, and (p)
(3)-C3 8cyc|oal|cy| whi ch i ;s unsubstituted or

s$U%tRfuents each @ndependent |y

substituted with 1{&

sel ect ed fro Qﬁ) h Sp - CNe (chn\l Aatkya,

which is 8 ubif eth Wi -hﬁl halo,
he

and (d) - (4)pheny|
heterocycl e AS sel eA2dQromED A ByAYr ni di nyl
pyrazinyl, py,i,daz ‘pyl pi perid nyI, B per azi nyl ,
pyrrolidinyl AR éh mor phol i nyl, thiazolyl and
oxazol yl , mhlch phenyl or heterocycle is
unsubstituted or substituted with 1-5 substituents
each independently selected firom (a)halo, (b) (c)
(d) phenyl, which is unsubstltuted or substltuted W th
wherejn: 5 substltuents each :

AI is sclected from:
(1 -O-,
(2)  -S(Oh-
3y -Si(OR)-C;.4alkyl-, where alkyl is unsubstituted or substituted with 1-5 halo,
4) -Si(Cjealkyl)2, where each alkyl is mdependentiy unsubstituted or subst;tuted

with 1-5 halo-,
(5) -CR°R’-,
6) -NR®-,
{7y  ~«C=0),

8) -CRH»RY-,
@  -CONR")-SO:RHR?)-,
(1)  -CANR*YC=O)R*)(R?-,
(11) -CINR®YC=0)OR")}R")-,
(12) -CRM™R'Y. and
(13 N®R");

A? is selected from:
(1) -CR®R’-,
() -CR'R'- and
3) HC=0);

A3 is selected from:
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i ndependently selected from (i) halo, (ii)
- Cl. 6alkyl, which is unsubstituted or substituted
with 1-6 halo, and (iii) (e)-002128 , (1)-C(=0)NRbr,
(9) -s(c)ad, (h) (i) -NRbFe, (1)-N(Rb)CE=0)Ra,
'(k)-N(tb) SO2Rd, (1)-0-CO2Rd, (m -0-(C=0)-NRbltc,
(n)-NRb- (C=0) - NTeRc, (0)-C(=0)11.11, (13)-Ci-6allcyl,
whi ch is unsubstituted or substituted with 1-6 hal o,
and (q)oxo; (5)halo, (6)-or, (7)-CN, (8)-0™21t3
(9)-N(It5C(=0)1e (10) -MeR ', (11) -C(=0)NRbRc, and
(](ﬁm-o_g: =0) le; or R6 and |l e and the -carbon atom or
at ith they are attached join to forma ring
sdlkct ef(Rnom cycl opropyl, cyclobutyl, cyclopentyl,
cxg) chegrl®r'tyglphept yl, cycl ooct yl, cycl. ononyl ,
obugﬁgyi/ cycl epent enyI cycl ohexenyl ,
ohe 1,. cycl ooctenyl, dioxolanyl, dioxanyl,
Afis aﬁ#qmijﬁml azeti di nyl , pyrrol i di nyl,  piperidinyl,
pl(ger azcmqt? nmor phol i nyl, tetrahydrofi manyl,
ahy %gyr anyl, tetrahydrothiapyranyl, oxetanyl,
et an nd tet rahydr ot hi enyl, wherein the sul fur
|§3)opt HeeRiL y oxi di zed to the sul fone or sul foxi de,
vvtu)ch teRYRri's unsubstituted or substituted with 1-5

sti t]ggqt S egch i ndependent |y sel ected from
‘ whi, ch |§ unsubstituted or substituted
M h 1590%WF@ménﬁ%déach i ndependent |y sel ect ed

1ssf:reaauﬁ@h) halo, (ii) (iii) (iv) -C®RRa, (v) -NRRc,
Qé&)s (vii). -C(=0)NRbV, and (viii) phenyl, -
(j gl ‘oalkyl, wherein the C3.6cycl oal kyl. group
)opt 1N6R ényusedtothe ring, and which '
qalGquNM)qul group i s unsubstituted or substituted
bio S%&Qd é}:UbSt ituents each independently sel ected
halo, (ii) (iii) -C3_6cycloal kyl, (iv)

Sty
-N“" and
— (3) 0=
E®is selected from:
() -CR*=,
‘2 -N=, and
B o)
Q is selected from:
(1) «(C=0)-"
(2) 'SOZ':
(3) -80-, and
4 CR);

R is selected from:
- (1) hydrogen,
2) -Cgalkyl, which is unsubstituted or substituted with 1-5 substituents each
‘independently selected from: '
()  halo, |
()  -Csecycloalkyl,
(c) -CF3, and
. @ . -ORY
3) -Cs.scycloalkyl,

3b



(v) (vi) -S(0)12, (vii) -C(=0)NRblel and (viii)
phenyl, (c)phenyl or heterocycle, wherein heterocycle
is selected from pyridyl, pyrimdinyl, pyrazinyl,
pyri dazi nyl, piperidinyl, piperazinyl, pyrrolldlnyl
t hi enyl, norpholinyl, imdazolyl, furanyl
tetrahydrofuranyl, thiazolyl and oxazolyl, wherein
t he phenyl or heterocycle is optionally fused to the
ring, and which phenyl or heterocycle is
unsubstituted or substituted with 1-5 substituents
eagh |g nd ntly selected from (i) halo, (ii)-
6al’f ich is unsubstituted or substituted
m(im 1p5mhalo (iii) -or, (iv) -0Rle, (v) -0(C=0)R2
R® R®abY R)S° &Q%ch(lﬁaéacnaé\madxcc&wﬂo&ﬂ 0x0, (ix)
§$ (x) -N(Rb) C(=0) 1e, (xi) -N(Rb)C21e,
B NRbl e, and (xiii) -S(0)RP, (d) -or,
@@2 Rd; Cx(sfi%fk S(eh Nl!&b!mﬁw(@jb or-sgpiRed with)l-6 @N;, (i )
hgho, ﬁﬂa -NRbl td, (k) -N(Rb)C(=0)12,

(@)5 ;502 d, | (M -0-COPRd, (n)
(C= tc, (o) -bab- (C=0)-NR br, (p) -C(=0)1e,
atdd - N' (g) oxo; R8 is independently

R® andRl £ teash thagiehddrly fkdteadrita: (2) -C(=0)1r, (3)
_Hgﬁlrhydgc@en,— S(=0)Rd, (5) -S2Rd, (6) -C(=0)NRb12,,
{2) -Ci¢alkyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:
(a) halo,
(b)  -OR%,
(©) -Cigcycloalkyl,
(d) phenyl or beterocycle, wherein said heterocycle is selected from: pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl, piperazinyl, pyrrolidinyl, thienyl,
morpholinyl, thiazolyl, indolyl, indazolyl, benzimidazoly! and oxazolyl, which
phenyl or hetcrocj'c]e is unsubstituted or substituted with 1-5 substituents each
independently selected from: '

) halo, :
(i) -Cy.salkyl, which is unsubstituted or substituted with 1-5 halo,
(iiiy  -OR?®,
(iv) -NR'RS,
v —CN, and
{(vi) oxo;
(e) : -CO;R_B,

®  -C(=O)NR'R",

(®  -S(ONRY,

)  -CN,

G  -NRRS,

@  -NRMHCEOR',

&)  -NRDHSO:R',

M . -CF, .

(m) -0O-CO;RY,

(n)  -O«(C=O)NR'R°,
(@) . -NR°(C=0)-NR°R®, and

3¢



(7)-Cl_6allcyl which is unsubstituted or substituted

wWth 1-5 substituents each independently sel ected

from (a)halo, (b)-012!, (c) (d)phenyl or

het erocycl e, wherein said heterocycle is sel ected

from pyridyl, pyrimdinyl, pyrazinyl, pyriciazinyl,

pi peridinyl, piperazinyl, pyrrolidinyl, thienyl,

nmor phol i nyl, thiazolyl and oxazolyl, which phenyl or

heterocycle is unsubstituted or substituted with 1-5

substituents each independently selected from (i)

hal o, &a é&%ﬁ) yl, which is urtsubstituted or

subst| t ed t ~5 hal o, and é|||) -0Ra, (iv)
-Canryciailiepl wWhich(iy birsubgiapted or a.rb@tll(utqm Witlok4, subsntuents each

(e) OO%Q@pex{dEﬁ SHdRREHY: . (9)-S(0)R, (b)

(i)-NRYR N( Rb) C( O)le (k) - N(R5802Rd,

(1)-CF8) (nf%. ceRd, (n) (0)-NR'-(C=0)-NRbr, and.

(p) - CX@ﬂ)le(ﬂﬂa) C34cyc|oa||cy| which is

unsubsgdt ut aﬁ@ ky$ Wt s\ @ hshisted of sBbsHHRSE Mmrkth%;o and

¢

each |Qgepe tIy sel ected from (a) halo, (D)
d) Cl_6alkyl,. which is unsubstltuted

of4) subghensl behetwrdcmi&, wgheneih @ald hetgrocRie srrdleR@d drooh: tpyadyl,
gt ons lg)gl,ma ﬂrﬁr%ﬁlﬁ‘ﬂhﬁgeﬂ:&hﬂ ﬁx?erfcl.ﬁﬁﬂ‘ Byrfblidinyl, thienyl,
opt i on’gP OB'EPHEQ%D aﬁ% %5&8 Yf IWC}H% Iﬁ}?@ 8’5{36%5"[‘]'% 15 “nsubm_‘“ted

sel ect@dubstisuied| with l ubgtuaptseaeh mdcmdgulyfsalccm from:
optiong} |y i, di zed to the sul fone or sulfoxide,
mhlch(?Lng [ aunsubstltuted or substituted with 1-4
substittent’s each |ndependently sel ected from (a)

hal o, (€b) phesspcloaliilch is un. substituted or

subst igyt ephshiih which is uhGibbitiRaod st futddnG@p e3daRdnyents each

sel ected fr.g g*@, and --C(=0)01le, (c)
-OR; and ( Ehfﬂﬁéﬁh mﬁwhh is urtsubstituted or
substi t ut eddwi t Hhala.g halo R is independently

sel ected frayn (-0 hyuylpgaih i subitiabd sydubstithicaRviiks! -6 halo, and
unsubstltut g or bstituted with 1-5 substituents

each kggepén engly selected from (a) halo,

2
® fC(-"O)NR"R°,
(®  -S(OLR’,
) -CN,
(i) -NRPR?,
TG . -NERMHCEORY,
(k) -NRHSORY,
) -0-CO,RY,
(m) -O-(C=0)NR'R",
()  -NR’-(C=0)-NR'R,
() -C(=O)R%
(p)  -Cisalkyl, which is urisubstituted or substituted with 1-6 halo, and

@  oxo;
(5)  halo,
6  -OR’
(" -CN,
(8) -COR*

(9) —N(R")C("om*
' 34



(b) -de, (c) -CN, (d) phenyl, and (e)
-C3.6c¢cycloallcyl, which is unsubstituted or
substituted with 1-6 halo, (3)-C3.ocycloallcyl, which
is unsubstituted or substituted with 1-6 halo; is

i ndependently selected fromthe group consisting of:
phenyl, naphthyl, tetrahydronaphthyl, indanyl,

bi phenyl, phenanthryl, anthryl, azepinyl, azepartyl,
‘azetidinyl, benzimdazolyl, benzisoxazolyl,

benzof uranyl, benzofurazanyl, benzopyranyl,

benzot hi o yranyl benzofuryl, 1, 3-benzodi oxol yl,
béH%otHNBgﬁlyl benzothienyl,'benzoxazolyl,

b pgopy@@{gNwﬁf k@azotri azolyl, chromanyl,
L@ﬁé spbenzof uranyl, dihycirobenzofuryl,
dﬂﬂ50|r Hg hi enyl , dlhydrobenzothiopyranyl,
dlhydrobenzothiopyranyl sul fone, furyl, furanyl,
| 6} Iiﬁitﬁi RUinapthe cabblameh brytbms ionwiielz tley bre arachetlijoiylto form a ring

i E]eq A&ogp%gaﬁél%gyﬁxg%lﬁ?@éfﬁ?ﬂﬁc%i cﬁl?ﬁ%gl | Es%dkﬁ}ﬂyl, cyciooctyl,

| azo )
pf eptenyl cyclooctenyl,

aysianepyl aysghutenyh sarlepeRtsY L, CZC'GE’%&E
4d@X@Iﬁﬂjﬂh&IB¥5ﬂyﬂlaﬁiﬂdmﬁ mﬁd;nyppymzhdmﬂl,,ptpendmyl pxperazmyl
mco)x %Bhg b el 2 fdmﬁ.@aﬂgr)rf ?Qt)‘e}}{ Qtokag:laﬂw tet:ét)@}tﬂﬁx }lrgl%h roxetanyl,

oqul

r a.

me plégquhy Whereb?ﬁ]e&a ﬁ§/P ﬁy aw to the sulfone or
pyitfostide, whieh irifigds ﬂjyéubsﬁtyxladmr dybstityvadrwich 1-Gisnstituents each
p%ﬁ&%%ﬁ&ulQ#k@éﬁ Ayl qU|noI|nyI qui noxal i nyl ,

tet raﬁy o any tetrahy%ﬁofu L h
t'et r aHGAr oi 1eal Kk el sypsubsprediop bt il Priybstituents eac
tetrahydroqud@m&quﬂxsd&dmﬁdhnhyl t hi anmor phol i nyl ,
t hi ar nor ph rnyl %glfOX|de thiarnorpholinyl sul f one,
t hi azol yl , hlazo i.nyl ;- thienofuryl, thienothienyl,
t hi enyl ﬂP?azd1 : i soxazol yl , tetrahydrothienyl,

tetrahydrouyOanyKbaqwﬂ¢aMWJ, tetrahydrothiapyranyl,

and thieta &2R' is unsubstituted or
substitute Mﬁth ubstltuents each i-ndependently
sel ected fr®h 11 K Rl15a and RI56; RI 2, RI3,

- nl1l4, Rilb5a dmd Rr§ﬂ3 , each independéntly sel ect ed
front (1) - L{)ymwmmaﬁ@ unsubstituted or
substitute 8ﬁ$ substltuents each i ndependent |y

sel ected f o (b) (c)- cIoalIcyI
(d) phéby!l oCsM@tﬂMﬂN%ﬂmW’@@r H«w@ ligEqupripeptiqrelly fused to the

sel egt ed f lrrﬁ’s a:Wthiin' C3.@Ydlbeﬁlcﬁlgmdp,xs maﬁimydé or sulbstltuted with
pyri dazi ny r%ﬁ&%? Esy%aﬁh ?Ad@%q%l&%ﬁeiec@ﬁﬁf 9+ L diny

t hi enyl azoty oxazo whi ch

phenyl'or Néteré@yhle is unsubstituted or substituted

with 1-5 sgyﬁtitgﬁvts each independently sel ected

from (i) ag %Y [lcyl, whichis :

unsubstit ut®d or éﬁ f'ed with 1-5 halo, and (iii)

(e) - CORRa, (i¢}) - cC9aRN Rle (g)-S(0)R", (h)-CN,

(i) NRbRe, o@l) NURBRE( 0)1e (k) - N(Rb)SOZRd, (1)-CF3,
-002& (%@Oéom NIRbR , (o)

(T (C =0} NRbRe o(=0) 12a,

(2)-C _scyéyipal I‘@QTO)%l hads unsubst it ut ed or

subst it ut egvii) t lphdnyd, substituents each i ndependently

sel ec r:sd fhﬁ)é%l bRhedd g?c]e wﬁ&l&nﬁqgrocgf&}. is sgecéélﬁto‘ﬁylpyndyi

mhlch strituted or, su §tl P gd p ha
pyrimidinyl, pyrazinyl, pyndazinyl, piperidinyl, plperazmy, yITOlldmyl

thienyl, morpholinyl, imidazolyl, furanyl, tetrahydrofuranyl, thiazolyl and
. oxazolyl, wherein the phenyl or heterocycle is optionally fused to the ring,
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(d) -ORa, and (e)phenyl, which is unsubstituted or
substituted with 1-5 substituents where the
substituents are each independently selected from
(i) (ii) halo, (iii) -CN, and (iv) -Cl_6allcyl,
which i s unsubstituted or substituted with 1-5 hal o,
(3) phenyl or-heterocycle, wherein said heterocycle is
selected from pyridyl, pyrimdinyl, pyrazinyl,

- pyridazinyl, piperdinyl, piperazinyl, pyrrolidinyl,
thi enyl, norpholinyl, thiazolyl and oxazolyl, which

-phenyl or het cycl.e i s ynsubstituted or bst

N En 15 sued e oL ey Sl B et Ed win 1-5
from (a) halsobstitientORah independsntbrsptected|fiop:,

(d) phenyl , wnlch}hﬁ,unsubstltuted or substltuted Wi th

1-5 substit ents endentl el ect

(3 haro, (1) Eneampriignrenystitd e et 1-5 balo
substltuted(umth-@RB halo and -0le, (e)-0Q2le,

(f)-C(=0)N q,g (b @(O)Rd (h)-CN," (i) - NRbRe,
(j)-N(R5C(= 23 (R5802Ra (1)-0-CO2Rd, (m
(n) - NRb- (C; *C(D) 12.3, and '
(P)-C1- 6a|1¢w} mﬁth |s unsubstituted or substituted
. wWith 1-6 ha (4NRhgio (5) oxo, (6) -01le, (7) -CN
(8) -CCPRa, N&!Bf?o o= =0j 1e, (10) -NRble, (11) _S(0)Rd,
(12) -C(=0) 0%0(13) -0-C®2Rd, (14) -N(R b)CC2Rd,
, (ix) --C(—O)NR"R‘ ‘- .

C(x) NER)HCEOR',
xi) -NER®CO:R?,
i) -O(C=0)NR°R’, and
(xiii) -S(ONRS,

(d -OR%,

(e) -CO:RS

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

(@  -S(ONR',

() - -CN,
) halo,
G)  -NR°RS,

&)  -NER)HCEOR'
@) -NER®HSORY,
(m) -O-CO.RY,
(m) -O«{C=0)-NR'R%,
(0©) -NR™-(C=0)-NR'R",
()  -C(=O)R? and
(@)  oxo;
R® is independently selected from:
(1)  hydrogen,
2) -C(=O)R%,

(3) -CO.R%,
“4)  -S(=O)R’,
(5)  -SO;RY

(6) -C(=O)NR'RS,
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(15) -0-(CG---0)-NRbR', (16) - NRb-(C=0)-NRbilc, (17)
- SO2NRbf e, (18) -N(Rb)SO02Rd, or Rl5a and Rub and the
aton(s) to which they are attached join to forma
ring selected fromcycl opropyl, cyclobutyl,
cycl opentyl, cyclohexyl, cycloheptyl, aziridinyl,
pyrrolidinyl, piperidinyl, piperazinyl, norpholinyl,
t hi etanyl and tetrahydrothienyl, wherein the sulfur
is optionally oxidized to the sul fone or sulfoxide,
which ring is unsubstituted or substituted with 1-5
substituents each independently selected from
( Y3 C1.-Gakallsyll whighiile insubstinisd g5 sybstifuied voih lsdpahstitugpsgach
W th 1-iddepehsdnilyuerted&aall | ndependent|y sel ected
from (6& h%a% (ii) -01le, (iii) - CG3_6cycl oal I'cyl

(iv) d 11 Cv) NRbRC (vi) -3(0)".12d, (vii)

- O)MﬁbR,;Oﬁhd (viii) phenyl, (b) phenyl or
heteroqyple-cm@gkahuq@aid heterocycle is selected
from Bﬁ!henﬁ)& Ihgtgl'o%#axl whe?é" }:l @%h Hé’t}arocft%.[ s%g 'C(QX Iﬂ’om pyridyl,

pi peri razin
nor phol I nyI pmﬁti%izbi Waalﬁ B)@a%aéinyi Plpﬁifiiheri B‘iﬁ’éﬁi‘iﬂ% pyrrolidinyl,
het er ocycl e thisnyisohsholihyl] ehzolyl sudlasthirdlyl} eHichiphbngl obheterocycle

substituentsg d%%ﬁpi:(dtplgg WE Eﬂﬁﬁﬁltéﬁ Wit §tsv9t%t1{tfe§@eaéﬂ gndependently

hal o, (i1i) I'S unsu stitute
substitutedsﬁﬁﬂﬁd?DE‘halo and (iii) (c) (d)halo,
(ﬁl)Rb%awl?)(@N(C(Rbmﬂ)NRbR (9) -S(0)& (h) -CN, (i) -
oo COQJR d(n)§j 5 e\,gfap@ ﬁﬁh&lﬂ)ﬂs %Bﬁﬁg@%@&m 15 halo, and
and RPG i s (H epeﬁgently sel ected from -(1). hydrogen

(2) -Cl.6al Hy) WANBRRILS unsubstituted .or substituted

wth 1-5 half, ,

- CH2- 0- CH2 ,Si(%#%fgﬁig? CHQOP( =0) (0OR6) 2, (6)
-(C}Q)k-pheﬂﬁi =substituted or substituted
with 1-3 supsihi t uesmts each i ndependently selected

from @) -COzRa,_ (a) halo, (b)
()  -C(=O)NRPR®,

(8 -S(OWRY
(h) -CNa
(i)  -NR°RS,

)] NRMHC(=O)R?,

& -NRM)SORS,
®»  -CFs,
(m) -O-CO:R®
(n)  -O{C=O)-NR'R’,
(0)  -NRP-(C=0)-NR°R®, and .
® -CEOR?,

(®) -Cs¢cycloalkyl, which is unsubstituted or substituted with 1-6 substituents each

independently selected from:
(a) halo,
() -CN,
(©) -OR?, and
(d) - Cisgalkyl, which is unsubstituted or substituted with 1-6 halo;



(c) -CN, and (d) -Cildallcyl, which is
unsubstituted or substituted with 1-6 halo; 7 is
i ndependently selected from (1) =C(Rl6a)-, (2)
-CR 7R16-, (3) -C(=0)-, and (4) -N(Rb)-; Yis
i ndependently selected from =Caz"b). -, (2)
-CRI7R18-, (3) -C(=0)-, (4) =N, and (5)
-N(R16b)-; R17 and R18 are each independently
sel ected from (1) hydrogen, (2) halo, (3) -ORa,

. (4)-aG _6allcyl, which is unsubstituted or substituted
with -4 subst ituents each independentl|y sel ected

 f poR{ a.r(chly_ 4vgll the a(om)s to GvRach they ars@pﬂach@@])mph:eﬁq;yxpa(ﬂ- 5-, 6-or 7-
hﬁxfeﬁib@&)d%lu@i oMHRERbA fﬁn% dﬁbﬁﬁ@%ﬁhﬁnmga@ﬁid@tﬁrﬁdhetemamm

egm "?%‘%?WI ) A ?éfll%qwny]ie}/n the s&ﬁ,lr 1¥ n%/tlto?nyifi Q,% % a thF sulfone or
rmﬁ@hcﬂm which ringtis ahg;tbﬁt@ﬁt?ﬁ@my‘llbshmdrvaﬁly pﬁmm eash

PHEFnAY kY skl mhenyl or heterocycle is
unsubsﬁat uted or substituted with 1-5 substituents

each independently selected from (i) -OR8 , ||L' '
‘hal o, ((bi)| i ) pheawl, whilgh) is ugsubsgfutegyor syltstifitied with -3 substituents each

unsubst i t Utﬁ@e&hd&%@%t&t&ﬁ%n’mﬁam ORB, O] nd C-OheRY|
or het ocyﬁ]ﬁ1 \prein heterocycle is selected from

pyrld f nyI t hi enyl, pyridazinyl,
pi per i nyI -C1.aallsy}, ahbial is upsubatitsier vy subspiadoyithy i -fyhalo;
m)r pholinyl, tetrahydrofuranyl, tetrahydnapyranyl .and

10 - raz henyl or heterocycl e is

R 'S g?’ﬁ”’lﬁeg‘g é SUbstituted with 1-5 .substituents

' dé}:h ihydeqeendent | y selected from (a) halo, (b) -CN, .
(@) - OC,.c4dIhl, WhichQs ufsabstitiibd G kibstitunddi wilth 1-$ substituents each

unsugi‘éé%léég?ﬁg WRsELUted with 1-6 halo; or R17

and omto whi ch they are attached join

to forlm a 4wlo,5. or 6- menbered ri ng optionally.

cont ai(B) ng -@RAet eroat om sel ected from N, 0, and S,
wher ei .y theqogul fur is optionally oxidized to the

sulfo or sulfoxide, which ring is unsubstituted or
subst i(But e®b@ N2 4 substituents each i ndependent!y

sel ect(ed f r-Opgcycloalkyl, which is unfastitigddogr sabstitut@R@ith 1(&halo,

6akk ;
55t1h a&_: gféﬁa oxn'iyyf h»ghal ansuhstihd &%uesrt giuéﬁtm% g%0°and

R16b are each i ndependent |y sel ect ed from.
Tis 1@d¢hyMgedpcté&ﬁ=o@i thé grdupdopsishagdl: i s unsubsti t ut ed

@ h { %n&pkﬁhﬁ URahayh WSty phdhanthryl, anthryl, azepinyt,
Iazep i azet:dm%lrl n%.(l?l"l:l azo yI Obcnz:soxazolyl benzofuranyl, benzofurazanyl,
benzopyranyl, benzothiopyranyl, benzofuryl, 1,3-benzodioxolyl, benzothiazolyl,
benzotﬁienyl, benzoxazolyl, benzopyrazolyl, beniotriazolyl, chromanyl, cinnelinyl,
dibenzofuranyt, dihyd.robenzofuryl, dihydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothiopyranyl sulfone, furyl, furanyl, imidazolidinyl, imnidazolinyl, imidazolyl,
indolinyl, indolyl, isochromanyl, iéoiridolinyl, isoquinolinyl, isothiazolidinyl, iSotl'ﬁazolyl,'
morpholinyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl, 4-oxonaphthyridinyl, 2-
oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxopyndyl, 2-oxoquinolinyl,
piperidyl, piperazinyl, pyrazinyl, pyrazolidinyl, pyrazolyl, pyridaziny}, pyridinyl, pyridyl,
pyrimidinyl, pyrimidyl, pyrrolidinyl, pyrrolyl, quinazolinyl, quinolinyl, quinoxalinyi,
tetrahydrofuranyl, tetrahydrofuryl, tetra.hydmirnidazépyridinyi tetrahydroisoquinolinyl,
tetrahydroqumolmyl tetrazolyl, tluamorpholmyl thiamorpholiny} sulfoxide,
thiamorphohnyi sulfone, thiazolyl, thiazolinyl, thienofuryl, thienothienyl, thxcnyl
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‘RH,R th R'Ganth &8

(a) halo, (b) (c) -C3.6cycloallcyl, (d) phenyl or
het erocycl e, wherein said heterocycle is selected
from ‘ oxazol yl, pyridyl, pyrimdinyl,
pyrazinyl, pyrida7inyl, piperidinyl, piperazinyl,
pyrrolidinyl, thiazolyl, thienyl, triazolyl,

i soxazol yl and nor pholinyl, which phenyl or
heterocycl e is unsubstituted or substituted with 1-3
substituents each independently selected from (i)
halo (ii) (iii) -cN, and (iv) Ch6a||cy| which is

sub |tute t ut al o, ) phenyl
SR T R A R T S
| Wﬁdh&zctwh}uapymah ahd ity vhere prsp ursubstinyted or substituted with 1-5
Py uBYk cadhyibHESAIMNy selebitd &BYOR Bf RPYRY, RI'DAd RINY
pi perazinyl, pyrrolidinyl, azetldlnyl hlamAyI
‘hlgpyhs trlqéolyl |soxazonI and nnlphollnyl whi ch
ﬁﬂt%@h@Hksﬂuh8®m3£¢¥%hﬁnﬁlor substi t ut ed

f it} h l{fiéﬁl%?lstd}ﬁé!ﬂﬂhﬁsu%é\'ﬂbtég %elawla,ﬂ@ieaat»b;?m 5?115)@35&5&8 cach
rom cycl oal i cy
-Cl_4a %?%?Pgﬂﬁp”%EL d&ﬁéﬁbstltuted or substituted

with 1B hdiag. and (e) phenyl, which is unsubstltuted

or subsjituiogd With 1-5 substltuents each

i ndep entl sele dfrom (i) halo, (ii)

-C1 ngf ﬁﬁﬁﬂ% g unsubstituted or substituted

with Xdb hmh@nylame(ermle ‘Oirgein spid)hstgrosycle 89 seppred from: pyridyl,
(6)-CN, ( 7)py3%3ﬁ>myl p8DaziNR) pSdaziriit] pifldingd( pr&rHEih?h pfifolidinyl,

Rips’ and %u%h ?Fx}é {fua?al,ﬁ Ond Q’%P%{i gabtut,h np eny %r heterocycle

jointo forn1a fln rom cyc

cycl ohexeny‘f unsfsqbéthty;ed %ylphsgmted il-ﬁi, =) ﬁypen‘rs eacf'l independently
pyrazinyl, spitctedd@miony!, furanyl, dihydrofuranyl,
dihydropyr?ﬁyl azonI isothiamAyI, oxazolyl,,

- isoxazolyl,”” imdazol yl, trlazolyl t hi enyl, -

di hydr ot hi &y aﬁdéaéllf}ﬂy‘éihlﬁh S Sy RsEmed Ofvﬁﬁgﬁﬁmﬁi MéhilsS halo, and
unsubsti t ut@d or-ORApstituted with 1-5 substituents

each kapepe @g&tly selected from (a) -C _oallcyl,

whi ch |'s unsu%stlguged or substituted with 1-3

subst P uents(® Fﬁdependently sel ected from
(i) halg, (I—$()f))(mb/o(l ii)-C3_6cycloall cyl, (iv)phenyl -
or he rocy e, wherein heterocycle is selected from

pyrid 5 Nﬁ. 1di nyl, pyrazinyl, pyrida7inyl,

plper i nyl”, pera2|nyl pyrrolldlnyl thlenyl and
norphﬁblnyHWG“hCeﬁDBﬁenyl or heterocycle is
unsubgdyi t uhig@besopebstituted with 1-5 substituents
each depe ently selected from (1) -OR8 , (I1)
halo III) %UV and (1v) -Cl1, 6al I cyl which is _
unsub@ﬂ)tuﬂé@QﬂRsubstltuted with 1-6 halo, (v)-002R8

(Vign)  -O-(C=0)-NR°R,
(0)  -NRP-(C=0)-NR°R®, and
(®  -C(=OR?Y
) ~-Ciscycloalkyl, which is unsubstituted or substituted with 1-5 substituents each
mdcpcndcnﬂy selected from:
(a) halo, .
() -CN, y
(©) -Cy.salkyl, which is unsubstituted or substxtutcd with 1-5 halo,
(d) -OR%and
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(vii) (viii) -C(=0)NRblr, (ix)-NRb)CO>2R8, and
(x) - N(Rp) SO2Rd, (b)phenyl or heterocycle, wherein
said heterocycle is selected from pyridyl,
pyri.m di nyl, pyrazinyl, pyridazinyl, plperldinyl,
azeti di nyl, piperazinyl, pyrrolidinyl, t hi enyl and
nmor phol i nyl, which phenyl or heterocycle is :
unsubStituted or substituted with 1-5 substituents
each i ndependently selected from (v) halo, (vi)
-0le, (vii) -CN, and (viii) -Cldallcyl which is
unsubstituted or substituted with 14 hal o, (c)hal o,
(d) - S(®R", pifeayl,0diich {(sfupsehstitugeg)or sgtps)imtepqlzayﬁb I- S($L§>st1tuents where
- C(=0) Me%h@stm_(eln)ts ar@@cﬁﬁnd&ﬂé)ldetﬁ]} sBedip C&Bhe,
(1)-0-(C=0); OR" - (NRb) - (C=0) - NRor ,
(n) oxi do, () i (o) oxo and
(p) - (NRb) SB2Rd; h#8, i s i ndependently sel ected from
(1) hydr oge ﬂnXZ)Qﬁqzﬁgllcyl whi ch is unsubstituted

?Ldzggﬁgle:]t{‘édse]'(é’é?li(al’fvﬁ%c Sits'(.uﬁs) %}rﬁteg% E.’bsututed with 1 S

-0-Cl1_6allcyl, wkMleh is unsubstituted or substituted
Wish h Lstnbidr Betelr8dyialed %&b&tn saﬁcﬂl)etcr@é‘}’cle&i@ gelécyd Phanyyridyl,

or " h e%"b‘é cl F @\sﬁr@fiﬁﬁe Iéhn Jﬂeé % ﬁfﬁ)ﬂ: p:peaﬁm?? Lﬂ%‘bﬁ&nyl thienyl,

from
pi per i Wpwppblinydzdiazdlyhgnd o*a&phhwhmfmf&eﬁapzuhﬁwocyde is unsubstituted

- pyrrol 6r¢hﬂ:§dmtear%ﬂhpbisﬁwdumetn&teraathmdé;fa‘numnwelected from:

tetrag% gy anyl and pyrazinyl, which phenyl or
het er unsubstltuted or substituted with 1-3

‘substlﬁﬂtenﬂgieach i ndependently sel ected from (i)
‘halo, )i) -Qzékidmdiicyl, which is unsubstituted or
- substitute N \, r
hydr o X()(/:l?J g:hgh)z wl'nc%ép %%bﬁt(t'ﬂ eh)o\l;\ﬁfgélﬁtu(éd \)ntlm 15" Rbstit¥ehts each
unsubstit utlé%PP@Pd‘%‘ﬁ ssFleP‘éﬂjéﬂmw th 1-6 hal o, (3)phenyl
or heterocypl e Ws,ein said heterocycle is selected

from pyri dyl; PV'@.&%I%”Wh%chtlbhx%)ﬂéumm bt Qﬁ%ﬁtﬁ)gd’wuh 1-6 halo, and

pi peridi nyl’, azet uranyl, pi perazinyl
pyrrolldlnﬁﬂﬂ nﬁﬁﬂﬁollnyl t et rahydr of ur anyl ,

t et raffydr opgaRy,| and pyrazinyl, whi ch phenyl or
het er ogycl eciSougRYbsSti tuted or substituted with 1-3
substl uents eaﬁg |ndependently selected from (a)
hal o,

.-CN,

r(i) -NRPRS, _

G  NRHC(E=OR?,

k) -NR®SORY,

(h  -O-CORY-

(m) -O-(C=0)-NR°R,

(m  -NR*-(C=O)-NR'R’,

(0) -C(=O)R? and

@ -Cy_galkyl, which is unsubstifuted or substituted with 1-6 halo,

 (4)  halo,
(5) oxo,
(6) -OR’,
(7). -CN,
(8). -CO:R%,
(%) -C(=O)R,



(c) -0-Cl4allcyl, which is unsubstituted or
substituted with 1-6 halo, (d) nitro, (e) hydroxyl,
and (0-Cl. 6alkyl, which is =substituted or
substituted with 1-6 hal o, and (4)-C3.6cycl oal kyl,
which is =substituted or substituted with 1-6 hal o;
RI' and 12' are independently selected from -

(1) hydrogen, (2)Cl_6allcyl, which is =substituted or
substituted with 1-7 substituents each i ndependently
selected from (a).halo, (b) (c) -CN, (d) -0Q2le,
(e) phenyl or heterocycle, wherein said heterocycle
i 6103e| SRR, frompyridyl, pyrimdinyl, thienyl,
Mﬁ9d34MGWhi pt peri dinyl, azetidinyl, furanyl,

p Jrolldlnyl nmor phol i nyl,
Q@? §3%§953§¥ tetrahydropyranyl and pyrazi nyl,

wiliBeh ﬁhéﬁyﬂqor heterocycle i's unsubstituted or
s h t|I RN 1-3 substituents each independently

halo, (ii) -01e, (iii) -Cldallcyl,

V\ﬁlsg ésﬁmbtlm ed or substituted with 1-6 hal o,
a(dd)(l-vl)IRm(@F@) Nféﬁphenyl or heterocycle, wherein

efaerel e is selected from pyridyl,
p Y hi enyl, pyridazinyl, plperldlnyl
qg | d"ﬂ{&) 'OFB‘r anyl , piperazinyl, pyrrolidinyl,
nmor phol i nyl, tet rahydr of uranyl, tetrahydropyr- anyl and
e IR SMHQHE ﬂbﬁi@) lto ﬁzh}ch&h@r @€ yedched ®in to form a ring selected

bst t
SRS SRR L okt AR S, s,
(mfyrohérpybawnee%nyl mee#mé mephelipyl fhishpnyhand ydrgthigpyl,
Wilideid 116 iddu®is dpfionalGBoxidiyed waht sylfone whindivxide, which ring is

)
%g%g%@%‘e&b &ggvchg{ {/gtsg%n%e{rl'nl& c‘!icv\/‘lgznaﬁ!wegder{t@ sefeltY fror:
* unsubg®] t ut-as ISH’B§P i ersubstifpfed °§l5LE§’S‘I'fHYCB with, 1-Rgubgtigpents each
fr and the16&#%ﬁ@ﬁMyEacmbdﬁbnihey are attached join
to forma %, Pr -6-nmenbered ring optionally
cont ai ni ng gn adgftlonal het er oat om sel ected from N,
0; and S. vlier ei®Rhe sul fur is optional 'y oxidized-
to the sul fgihe oC,swkloakiye, which ring is
unsubsti tutgg or cgyRstituted with 1-4 substituents.
each independent|y,sglected from (a) halo, (b) -ORa
and (c) -CK II&?’ *whi ch i's unsubstituted or
subst it ut edvii t hsaQ)aR‘hal o, and (d) phenyl; Rd is
|ndependenqb pR¥%rFoMa (1) G -salkyl, which is
unsubstltutg§ ﬁstltuted with 14 substltuents
each |ndepéﬂﬁénﬁ#§n el ected from %g) hal o, (b) (c)
- 00216 ( d)phel_(im or hetdrogdte,prhemnsin said @mw@eme!@cted from: pyrldyl

wher ei n saigrihes lﬁﬂO Wahigyll l%ef—]ﬂﬁhm Biperadinlyl, pyrrolidinyl,
pyrim di nyl

i en |nyI
azeti di nyl ﬁ“F‘?Y:] ﬁ’hbl&?%’e%f)irﬁgnd %’E}fF‘S Wl hbnyl of heterocycle
nor phol i nylis utsgbstithipd posubstidd Wﬁ’eﬂﬁ&l&?ﬁﬁ%ﬁ@ﬁymdm@nﬂy
pyrazinyl,sg@&g@ﬁgﬁgnyl or heterocycle IS
-tutsubstitgﬁ substituted with 1-3 substltuents

den%ﬂf

each i ndep sel écted from
(ii) -Cealkyl, which is unsubsntuted or substituted with 1-5 halo, and

: (iii) -OR%,
() iORaa
(d)  halo,
& -CO;R?,

® -C(=0)NRPR’,-
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(i) halo, (ii) -0le, (iii) -Cl_.6alkyl, which is
unsubstituted or substituted with 1-6 halo, and (iv)
nitro, (2)phenyl or heterocycle, wherein said
het erocycle is selected frompyridyl, pyrimdinyl,
thienyl, pyridazinyl, piperidinyl, azetidinyl, -
furanyl, piperazinyl, pyrrolidinyl, norpholinyl,
tetrahydrofuranyl, tetrahydropyrartyl and pyrazinyl,
whi ch phenyl or heterocycle is unsubstituted or
substituted with 1-3 substituents each i ndependently
selected from (a) halo, (b) -OR3 , (c) -Cl_6allcyl,
whi ch {Rﬁuted or substituted with 1-6 hal o,
(d) -C%§6cy kyl, which is unsubstituted or
‘substitdted ™ wth 1-6 halo (e) -CN, and (f) -CO2Ra,
and (3}i) C3_8&®oal I cyl, which is unsubstituted or
substi gy tedrwmfﬁ:liﬁRhalo Re and Rare independently
sel ect iﬁkfi ydrogen, (2) -Cl4allcyl, which is
unsubs tut Stituted with 1-6 halo, (3)
phenyrﬂ)andcl@¥bBenzyl or where 12, and -Rf and the
aton1t@nyM|qhﬁph@ WR°attached join to forma 3-,
4- uzﬁi%?_ optlonally contai-ning a
heterog?on1 O ~and S, . wherein the
sul fur(o}s’ oﬁﬂ%@ﬁ 1y OX|d|zed ‘to the sul fone or
Iﬁ“:s%ﬁh &khﬁﬂysaaﬁ&hﬁbyng is unsubstituted or substituted
substltuents each |ndependently sel ect ed
]“2”4‘3{ a1o (c) ; s
L@éubsﬁ rabisbwhic ga Bg%qbﬁml@é Wﬁ‘ﬁt@wé Wit b 50*&]% ( d)
ganyl@}-[gg;{?lZorS ‘nis 1, 2, or 3; vis 0, 1,

0 S and phar maceutical | y
Qéeptgbzéosa. Hﬁ%% and i ndivi dual enantioners

dad drﬁ%ﬁ@W@d%ﬁF%‘%ﬁereof In a second aspect, there

i(8) pr 0oYCHEg phernd/whichds siehibsiretdd br oirstit@ed I\ﬁﬂnl IN3 Sthisttuents each

aMe 0 lkh%gdégﬁlyl KRGV *Me 0 e .
(@  halo,
®  -OR%,
() -CN, and
(@  -Cirealkyl, which is unsubstituted or substituted with 1-6 halo;
I is independently selected from:
(1) =CR'*)-,
@  -CRR',
(3)  -C(=0)-,and

@  NER);
Y is independently selected from:
M =C®R'®),
2) _CR'R! 8_’
3) -C(=0)-,
(4)  =N-,and
(5)  NR®);

R'" and R'® are each independently selected from:
(1) hydrogen,
2) halo,
(3) -OR®,
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(4) -C\.salkyl, which is unsubstituted or substituted with 1-4 substituents each

independently selected from:

(a)
(B
(c)
(@

halo,

-OR?,

-CN, _

phenyl or heterocycle, wherein said heterocycle is selected from pyridyl,
pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, piperazinyl,
pyrrolidinyl, morpholinyl, tetrahydrofuranyl, tetrahydropyranyl and
pyrazinyl, which phenyl or heterocycle is unsubstituted or substituted with
I-5 substituents each independently selected from:

G) . -OR%
(i) halo,
(i) -CN,

(i)  -Crealkyl which is unsubstituted or substitated with 1-6 halo,

(5) pheny! or heterocycle wherein heterocycle is selected from’ pyridyl, pyrimidinyl,
thienyl, pyridazinyl, piperidinyl, azetidinyl, piperazinyl, pyrrolidinyl, morpholinyl,
tetrahydrofuranyl, tetrahydropyranyl and pyrazinyl, which phenyl or heterocycle is
unsubstituted or substituted with 1-5 substituents each independently selected '

from:

(2)
(b)
(e
(@
&

-OR®,
pitro, ' ,
-C,.salkyl which is unsubstituted or substituted with 1-6 halo;

or R 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:

(3
(®)
©
(d)

halo,
-OR?,
-Cjsalkyl, which is unsubstituted or substituted with 1-6 halo, and

phenyl;

R and R are each'independently selected from:

(D hydrogen, .
(2) -Cj4alkyl, which is unsubstituted or substituted with 1-5 substituents each

. independently selected from: -
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(4
(3
&
)
&)
®)

(a) halo,

(b) -OR%,

(©) -Cs.cycloalkyl,

(d) phenyl or heterocycle, wherein said heterocycle is selected from:
imidazolyl, oxazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl,
piperidinyl, piperazinyl, pyﬁolidinyl, thiazolyl, thienyl, tnazolyl,
isoxazoly! and morpholinyl, which phenyl or heterocycle is unsubstituted
or substituted with 1-3 substituents each independently selected from:

@) halo, ’ L

@) -OR%,

(111} -CN, and . .

(v} Ci.¢alky!l, which is unsubstituted or substituted with 1-6 halo,
phenyl or hetérocycle, wherein heterocycle is selected from: imidazolyl, oxazolyl,
pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, tetrahydrofuryl, piperidinyl,
piperazinyl, pyrrolidinyl, azetidinyl, ﬂliazolyl, thienyl, triazolyl, isoxazolyl and
morpholinyl, which pheny! or heterocycle is unsubstituted or substituted with 1-3
substituents each independently selected from: :
(@  halo, '

() -OR%

(<) -Cs.¢cycloalkyl,

(@) -C4alkyl which is unsubstimt_ed or substituted with 1-6 halo, and
(©) phenyl, which is unsubstituted or substituted with 1-5 substituents each

independently selected from:

G)  halo, . - :
(i) -Cysalkyl, which is unsubstituted or substituted with 1-6 halo, and
(i) -OR?, ~ :

halo, o

-OR’,

-CN,

-CO:R",

-NR’R®, and

-C(=0)NR°R";

or R'® and 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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iriu'dazolyl, triazolyl, thienyl, dihydrothienyl and dihydrothiopyranyl, which ring is
unsubstituted or substituted with 1-5 substituents each independently selected from:
(a) -Cyalkyl, which is unsubstituted or substituted with 1-3 substituents each

(b)

(© -

(@)
(©

® .

(&)

independently selected from:

@
(i)
(iii)
()

)
(vi)
(vii) -
(viii)
(ix)
)

halo,

-OR’,

-Cig¢cycloalkyl,

phenyl or heterocycle, wherein hf;tcrocyclé is selected from
pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl,
piperazinyl, pyrrolidinyl, thienyl and morpholinyl, which pheny! or
heterocycle is upsubstituted or substituted with 1-5 substituents
each independently selected from: o

o  -OR%,
{I) haio,
() -CN,and
(IV)  -Cyalkyl which is unsubstituted or substituted with
1-6 halo,

-CO.R?,

-NR'R?,

-S(O).R",

-C(=0)NRR’,

- -N(R"CO,R?, and
-N(R®SO,R,

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

pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl, azetidinyl, piperazinyl,
pyrrolidinyl, thieny! and morpholinyl, which phenyl or heterocycle is
unsubstituted or substituted with 1-5 substituents each independently

selected from:

(v}  halo,
(vi) -OR?
(vii) -CN, and
(viii) -Ci.¢alky!l which is unsubstituted or substituted with 1-6 halo,
halo,
-S(OWR®,

-OR%,

N

. -C(=O)R?,
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0 0 Se NH Mei O O CCNSSNH / M M M HOO O *
O Srit NHM M M 0oO* O0Sil NM MOO Se NH\
FOSe NHM M oOIle M

F41/ Me Me 00 NDL * C

@ NR'RS,
Q) - -C(=O)NR'R®,
G) -COR?

(k) -QNR")CORR®, -
(1)  -O-{C=0)-NR°R’,
(m)  -(NR"):(C=0)}-NRR’,
(n) - oxido,
(o) ox0, and
, ®) -ONRDSO:R';
R*®is independently selected from:
(IA) hydrogen,
(2) C.¢alkyl, which is unsubstituted or. substituted with 1-7 substituents each
- independently selected from: : : '
(@  halo,
(b)  -O-Cjalkyl, which is unsubstituted or substituted with 1-6 halo,
(c) hydroxyl, - ’
(d) -CN, and _
{e) phenyl or heterocycle wherein said heterocycle is selected from pyridyl,
pyx'irﬁidinyl; thienyl, pyridazinyl, piperidinyl, 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:

(iy - halo,
(i) - -O-Cysalkyl, which 1s unsubstituted or _substifuted with 1-6 halo,
(i)  -CN, : '
(iv)  nitro,

V) hydroxyi, and
(vi)  -Cisalkyl, 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, rnorpholinyl, tetrahydrofuranyl, tetrahydropyrany! and pyrazinyl,
which phenyl or heterocycle is unsubstituted or substituted with 1-3 substituents
each independently selected from:

(a) halo,
(n -CN, . _ .
(c) -0-C,¢alkyl, which is unsubstituted or substituted with 1-6 halo,
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4)

@ nitro, _

(¢)  hydroxyl, and

H -C,.¢alkyl, which is unsubstituted or substituted with -6 halo, and
-Cs.gcycloalkyl, which is unsubsututed or subsumted with 1-6 halo;

RP® and R are independently selected from:

(1)

2y

)

[0

hydrogen,
C;.salkyl, which is unsubstltutcd or substituted with 1-7 substituents each

indépendently selected from:

(a) halo,
(b -OR?
() -CN,
(d -CO.R%,

- {e) phenyl or heterocycle, wherein said heterocycle is selected from
pyridyl, pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl,
furanyl, piperazinyl, pyrrolidinyl, morphotinyl, tetrahydrofuranyl,
tetrahydropyranyl and pyrazinyl, which phenyl or heterocycle is
unsubstituted or substituted with 1-3 substituents each independently

selected from:

().  halo,

Giy -OR? -

(iif)  -Ci.salkyl, which is unsubstituted or substituted with 1-6
halo, and '

(iv) nitro,
phenyl or heterocycle, wherein said heterocycle is selectcd from pyndyl
pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidiny!, furanyl, piperazinyl,
pyrrolidinyl, morpholinyl, tetrahydrofuranyl, tetrahydropyrany! and pyrazinyl,

~which pbenyl or heterocycle is unsubstituted or substituted with 1-3 substituents

each mdcpendently selected from:
(a) halo,
®) -OR%
(c) -C).¢alkyl, which is unsubstituted or substztuted with 1-6 halo,
{d) -Cigcycloalkyl, which is unsubstituted or substituted with 1-6 halo,
(¢) -CN,and '
43) -CO:R’,
-Cagcycloalicyl, which is unsubstituted or substlmted with -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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O, and S, wherein the sulfur is 6pti0naliy oxidized to the sulfone or suifoxide,
which ring is unsubstituted of substituted with 1-4 substituents each
independently selected from: '
(a) halo,
®) -OR®, and
(c) -Cj.¢alkyl, which is unsubstituted or substituted with 1-6 halo, and
(d)  phenyl; - |
_ R?is independently selected from: '
(1) - Cisalkyl, which is unsubstituted or substituted with 1-4 substituents each

independently selected from:

(&  halo,
(b)  -OR%,

(&) -CO;R%:
(d) - -CN, and

(¢) . phenyl or heterocycle, wherein said heterocycle is selected from pyridyl,
- pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, furanyl,
piperazinyi, pyrrolidinyl, morpholinyl, tetrahydrofuranyi,
tetrahydropyranyl and pyrazinyl, which phenyl or heterocycle is
unsubstituted or substituted with 1-3 substituents each independently
selected from: - ' '
(i) . halo,
(ii) -OR?,
(i)  -Cj.galkyl, which is unsubstituted or substituted with 1-6 halo, and
(iv)  nitro, h 7 ' '
(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: _

(2)  halo,.
(b)) -OR}, , ,
(5) -Cgalkyl, which is unsubstituted or substituted with 1-6 halo,
{d) -Cig¢cycloalkyl, which is unsubstiruted or substituted with 1-6 halo
(® -CN, and
H -CO:R?, and ,
3y - -C;.scyclo:alkyl, which is unsubstituted or substituted with 1-6 halo; .
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R® and R’ are independently selected from:
(1)  hydrogen, :
(2) -Cj.aalkyl, which 1s unsubstituted or substituted with 1-6 halo,
) phenyl, and : '

“4) 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
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, :
() -OR?, ,

(c) -Cy.¢alkyl, which is unsubstituted or substituted with 1-6 halo, and
(d)  phenyl; |

misl, 2, or3;
nis1,2,or3;
vis 0, 1,0r2;
kis(, 1,0r2;

and pharmaceutically acceptable salts thereof and'individual enantiorners and diastereomers

" thereof.
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~ In a'second aspect, there is provided a compound selected from:
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and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers thereof.

The disclosure is also directed to pharmaceutical compdsitions comprising these
compounds and the use of these compounds and compositions in the prevention or

treatment of such diseases in which CGRP is involved.
In a third aspect, there is provided a pharmaceutical composition which

comprises an inert carrier and the compound as defined above.
In a fourth aspect, there is provided an effective amount of the compound as

defined above for use in the antagonism of CGRP receptor activity in a mammal.
In a fifth aspect, there is provided the use of the compound as defined above in

the manufacture of a medicament for treating, controlling, ameliorating or reducing the

risk of headache, migraine or cluster headache in a mammalian patient.
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WO 2007/133491 PCT/US2007/010952

DETAILED DESCRIPTION OF THE INVENTION

wherein:

The present invention is directed to compounds of the formula I:

f Re R4

R a R&ﬁn Ee " RP
§ "//
Rﬁﬁ/ "N = N
i A% O E 2 Y
\A2 é E "
—A

Al is selected from:

1 -0,
Z)  -5(0n-,
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’-,
6y  -NERY-,
()  -(C=0},
(8) -CR®R%-,
(9)  -CONR®)-SORH)R?-,
(10)  -CONR"YC=O)R*R?-,
(11) -CAN(R"XC=0)ORM(R™-,
(12) -CR!"R'- and
(13)  -NRY);
A2 is selected from:
(1) -CR°R’,
(2) -CR'™R''-,and
(3)  ~AC=0);
A is selected from:
(1) -CR®R’,,
2) -NERY,
(3) -C_RIOR] 1_, and
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FF -00O NHNOHFF* ONHt O* HO N1 1+10 MeH *
O NHNJIROON" H* 0O NH-- NRNNM * 0OHO
M""NH .---0 0 *HNO NHN/
WO 2007/133491 PCT/US2007/010952
(4 -NRY)-;
A% is selected from:
(1) -CR°R’-,
2) -(C=0)-,
(3) -NR®R-,
(4) CR'9R!'..
(5) -N@R'")- and
(6)  abond between A% and A%,
E" is selected from:
(1)  -CR™=,
) -N=, and
3 -WN-0)
E® is selected from:
1)y -CR™,
) -N=, and
3 -N-0)
E® is selected from:
(1)  -CR*)=,
(2) -N= and
(3) -N"-O)=
Q is selected from:
(1)  (C=0),
(2) -50,-,
3 -80-, and
4y  -CR%-;
R* is selected from:
93] hydrogen,
) -C, galkyl, which is unsubstituted or substituted with 1-5 substituents each

independently selected from:

(a) halo,
(b)  -Cs.ecycloalkyl,
{c) -CFs3, and
@ -O-RS
(3) -Ci¢cycloalkyl,
4 benzyl, and
(5}  phenyl;

R5%, R*and R* are each independently selected from: .

- 5.
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and pharmaceutically acceptable salts thereof and
i ndi vi dual enantioners and di astereoners thereof:
The disclosure is also directed to pharnmaceutica

W%?@%Jéé‘ls‘[il ons conprising these conpounds and RAES¥E/010952

of these conpounds and conpositions in the prevention
or treatnent of such diseases in which CORP is
i nvol ved. In a third aspect, there is provided
a pharmaceuti cal conposition which conprises an inert
carrier and the conpound as defined above. In a
gt, there is provided an effective anpunt
the C ﬁiﬂUnd as, defined above for use in the
t agoftisHids whiykes peebstiptedaespbatityfed with Inb kgt |
Ianeafhddh aspect, there is provided the use of the
ﬁggp efined above in the manufacture of a
canent or treating, controlling, aneliorating or
@duci®d%t he risk of headache, nigraine or cluster
drize?aaiae:tue ihdepandermiyscleardfaim:ent . WO
%& 7/%@%&%& CT/ US2007/ 010952 DETAI LED DESCRIPTION OF
The present inventjon is directed
C@Prpouﬁdéallﬂ’l Vhiehis ppspbgtiguied of sypstipged, with -5 gubstxtuents each
sel ectiadegendentiyl@{etjed@rgmy( 2) -S(0), -, (3)

-Si (0 Ciégtkyl , Where al kyl is unsubstituted or
subst i ited ith 1-5 halo, (4) -Si(Cld4alkyl)2, where
each t ndependent |y unsubstituted or

subst i(t“alrt ed-Caistyeldallsythal o-, 15(5) - CRBR2-, (6)
- N( R8) ) %}:5[1 lQn'(Hetaroé e, WEEB&) {aRBheterob e is selected from: pyridyl,

- N( R g0 %_YB%"H&%’ é#*"ylcﬁ'% 13-&{%1 %mg ﬁg)Ry?%gsrmyr thienyl,

(11) RO
- 14( 11n_t<11)vhol brleetl@ml mdemlylzet L, andmyazolyl, which
- CRI Ripken laiit(ﬂle(ea&cyc(e@@).msubé&uteﬁl drehigtihaed fwtitﬁm-S substituents each

gé%?ﬁ%%’ﬁ?%?’&%%@/ 8$1r4) aRl?Rl Y\)?z) Ad Qs

sel ected fr®m (halo.CR6R7-,
5(3)-N(R8) -(jii) -C;alkiy¥)which is unsubstituted or substituted with 1-5 halo,

(iii) -OR?%,
(iv) —NR°RS,
(v) —CN,and
{vi) ox0;
(e) -CO4R",
(  -C(=O)NR'RS,
(8  -S(OLRS,
(h) -CN,
()  -NRPRS, _
@  NRHCEOR’,
k)  -NR”SOR’,
M -CF3,
(m) -O-CO.RY,
(n)  -O-(C=0)-NR°R’,
(0)  -NRP-(C=0)-NR"R® and
(®) -C(=O)R%
3 -Cj.gcycloalkyl, which is unsubstituted or substituted with 1-5 substituents each
mdependently selected from:
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(5) -N(RIl)-,and (6) a bond between A2 and
A3; Ea is selected from 10(1)-C(R5a)=, (2)-N=, and
(3)-(N.-0)=> Eb is selected from (1)-C(R5b)-=,

WOIB2)3348:, and - (3)-(N+-00=> Ec is sel qsmam2007/010952

from (1) -coisc)=, (2) -N=, and 20(3)-0C+-0)=-; Qis
selected from (1) -(C=0)-, (2) -SX2-, (3) -SO, and
25(4)-C(Ra)2-; R4 is selected from (1)hydrogen,
(2)-Cl_6allcyl, which is unsubstituted or substituted
with 1-5 substituents each i ndependently sel ected
from é?(a)ﬁ%l o, (b) -C3-6cycloal kyl, (c) -CF3, and
(d) (8Y-c3™8ycloal I cyl, 35(4)benzyl, and (5)phenyl
R5a, R#Band-%8° are each independently selected from

WO 2007} 13349 LRGT1, Wped0id i ditiRBRieddlor SpsR@a Rvith( 12} halo, and
- Cl1- 6a(’Ldét yl,gyhich is unsubstituted or substituted

with 1 hal©0,’(3) halo, (4) -OR3, and 5(5)-CN, R6
) R7 phewyl enbeterosudpeniarinisiddircesyels is pelpated from: pyridyl,
(1) hy gpﬁgﬂﬂinyﬁ,@yrﬁln_ nyb,apbirictgdi 'nyM?ip&Hdi'nS'I,lpf}:&btﬁ&tyﬂ,tp&h@[idinyi, thienyl,
ndependig % Midsdid iy Sosby L nERRR: hergrpsycle is unsubstituted
or substituted with 1-5 substituents each independently selected from:
{a) - halo, ' :
(b) -OR®,
{c) -Cs.¢cycloalkyl, 7
(d) phenyl, which is unsubstituted or substituted with 1-3 substituents each
independently selected from:

) halo,
(ii) -C¢alkyl, which is unsubstituted or substituted with 1-6 halo, and
(i) -OR®

(e) -CO-R?,

(f)  -C(=O)NR'R’,

(8  -S(O)MRS,

h)y -CN,

(i) -NR'R®,

()  -NR)C(E=O)R’,

k)  -NR"SOR,

) -O-COzR",

(m) -O-(C=0)-NR°R’,
(n)  -NR°<(C=0)-NR'R®,
(0) . -C(=O)R®,

(p) -Csatkyl, which is unsubstituted or substituted with 1-6 halo, and

(@  oxo;
(5)  halo,
(6) -OR%,
(7) -CN,
(8) -CO4R%,
©)  -NR")CEO)R®,
(10) -NRYR®,

(11) -C(=O)NR°RS, and
(12) —O(C=0O)R%
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(c)-C34cycloal l cyl, (d)phenyl or heterocycle, wherein
said heterocycle is selected from pyridyl, :
pyrimdthyl, pyrazinyl, pyrida7inyl, piperidinyl,

wopogEsainyl , pyrrolidinyl, thienyl, 15 norplraligse6or/010952

thiazolyl, indolyl, inria7olyl, benzimdazolyl, and
oxazol yl, which phenyl or heterocycle is
unsubstituted or substituted with 1-5 substituents
each i ndependently selected from (i) halo, (ii)
-Cl_6alkyl, which is unsubstituted or substituted
with 1-5 halo, 20(iii)-0122, (iv) -NRbRc, (v) --CN,
and (vi) .oxo; (e)-0RR3 , 25(f)-C(=0) NRb12" (
(]?(f)aRd R’ (anyl thmrborp\mbmeor afgrps N(\m):h;(lm@)anaanaohed join to form a ring

3Rlekded I‘ﬂ(o‘ﬁblﬁﬂaﬁd yi{ Bc W pehtd), cySoh&P)cydBR SRy, cyclooctyl,
cg}lo&%nyé {g ?V}’} cy%\ﬁ?er}]eny 13 %lgé%xe%;zf %'céaheé)llenyl cyclooctenyl,
s;hwlmmt @%amt lsziridinyd, azstidinyle Aymolidinyl, pipediendpineiaginy,
&ﬁdn@ﬁ&le@lfte@mydrmazm?é:ﬁaﬁﬁ&r%éﬁﬁﬁluﬁaeﬂydr%%ﬂabxezanyl

*{ﬁ]b&W§ g{d tagﬂlyd?] C@eﬁ’ﬂh %{ﬂg}e% ﬁ!na%u%%rt 10naéle/ Zﬂmq;]zed tP the sulfone or
sulfpedervigh rag imesubstituisdiod S‘H@ﬂéﬁ@t‘y&hé isul%anve@tﬁ egch
fu_&dapencmﬁtllyldylectea)ffdrﬁn di nyl, pyrazinyl, pyridazinyl,

pi peri i ny r

nor pho% nyl C'fﬂﬁglzm ,]m,y )Sé\z ﬁdq-i qxéﬁ%‘rﬁtﬁb gJ]h%'nl ?Subsumems cach
het er ocycl énﬂ@eaﬁ%'ﬁbsiel%m?‘éﬂ?%r subst ituted wit h 1-5

substi t uent(i;) eaclhalm ndependent ly selected from

(a) hal o, a§ -C3_6cycloalkyl, (d) phenyl,

which is ur%s bst r substituted with -5

subst i t uent\$eacmr3Eh dent | y selected from

(i)halo, 15{i)-€0BA kyl., which is unsubstituted or

substi t ut e%b th}‘ﬂRb@chal o, and (iii) (e) -00217,

(1)-C(=0)N ol %9%)) §(10) 12d, 20(h)-CN, (i)
(vi)) -C(=O)NRR’, and
(viii) phenyi,
(b) -Ciseycloalkyl, wherein the Cy4cycloatkyl group is optionally fused to the
ring, and which C;_¢cycloalkyl group is unsubstituted or substituted with
1-3 substituents each independently selected from:

(i) halo,

(it) -OR?,

{iii)  -Ciscycloalkyl,
(iv) -CO:R%,

(v)  -NR'R®,

(vi)  -S(O)RS,
(vii) -C(=0)NR°R®, and
(viii) phenyl,

(c) pheny!l or heterocycle, wherein heterocycle is selected from: pynidyl,
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 cach independently selected from: -
(i  halo, ‘
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(J) -N(Rb)C(--=0)R8 , (k) -Natb)SO02Rd, (I)-0-CO2Rd,

25(i n)

-0- (C=0) - NRbRc, (n) -NRb-(C=0)-NRble, (0) (p)

-Cl_6allcyl, which is unsubstituted or substituted
wouwein3dssé hal o, and (cooxo; 30(5)hal o, (6) - @CE/USEH)/010952
-CN, (8) -021le, (9) -N(Rb)C(=0)R8 , 35(10)-NrRbl2. ",

(11) -

---0)NRbRe, and (12) -0(C=0)1le; WO

2071133491PCT/ US2007/ 010952 or R6 and R7 and the
carbon atomor atons to which they are attached join
to forma ring selected from cycl opr opyl, cycl obutyl

Cy e et e el il RSBk he A B4kl with 15 balo,
cycl ohexenyfiii} cydDthept enyl, cyclooctenyl,
5di oxol anyl ¢, di oxemyd?, aziridinyl, azeti di nyl,

pyrr ol

|d|rt plperazinyl, nmor phol i nyl ,
t et r ahydr of banyT&%{ é:g:l{ahydr opyr anyl ,

t el mhydr ot hivapyr €yl , oxetanyl, thietanyl and
t et rahydr ot(ﬂ,i,anleRmTer ein the sulfur is optionally

oxi di zed to,t

e sul fone or sulfoxide, which ring is

unsubstltutqed or Slbst i ted with 1-5 substituents

each i
whi ch
subst i
(i) hal
(Vi)
20(b) -
group

ndepetident t6(=68NEcRed from 10(a)-Cl_6al | cy1,
i s ungybst iN@ RC(=gnREuUbstituted with 1-3

tuent eac q{kdently sel ected from
0, (|||§}{B 5 -CR2Ra, (v) (vi) -S(0)Rd,

C(— H“)?I phenyl ,
C3 GCQ&Qﬂn)OalS(Q)JRd wher ei n the C3-6cycl oal kyl

opt ally fused to the ring, and which
C3 6cydcd?o ;Qan
with 103

Il cyl group is unsubstituted or substituted
fﬁﬁ uents each i ndependently sel ected

from (f)) haI(eD)I\IRI"R 25(111)-C34cycl oal kyl

(iv)-
- (=0)

hetero

%1V S(( gg\tRbRe (vi)-S(O)R", (vii)

30(V|||) phenyl , (c)phenyl or
cl €] IV}\iher ein heterocycle is selected from

pyri dyii) pyhalm di nyl, pyrazinyl, pyridazinyl,

pi peri

?) nyl .Npigser azi nyI pyrrol idinyl, thi enyI ,

nor phol L nyl furanyl, tetrahydrofuranyl,
r%(l “}é&é‘}é wherein the phenyl or

t hi azo

het er o@llcl e-N@& )ﬁﬁzi’onal |y fused to the ring,

(m) -O-CO;RY,

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

(W oXo;
R?® is independently selected from:
(D hydrogen,
2) -C(=0)R’,
(3) -CORY,
@  -S(=O)RY,
(5)  -SO:RY,
(6)  -C(=O)NR°R®,
€)) -Csalkyl, which is unsubstituted or substituted with 1-5 substituents each

independently selected from:
(@ halo,
(b) 'ORas
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35and whi ch phenyl or heterocycle is unsubstituted or
substituted with 1-5 suhstituents each-i ndependently
selected from (i)halo, WO

. WO2DO713388491PCT/ US2007/ 010952 (ii) - Cl. 6al ky IRCTWbN2047/010952

IS unsubstituted or substituted with 1-5 halo, (iii)

_(iv) -0Ce, (v) -0(C=0)12%5(vi)-CN, (vii) -NR b12",

(viii) oxo, (ix) -C(=0)NRbe, (x) -N(R5C(=0)12",

10(xi)-N(R5CO212", (xii) -0(C=0)NRbR1, and (xiii)

- S(0) Rd, (d) (e) -0Re, 15-C(=0)NRble, (g) -S(0)R',

(h) - haI Hl -Nee, 20(k)-N( Rb) C(=0) 1e,

(1)-N( 0- CORRd, (n) -0- (C=0) - NROR',

(0) - NFi ( Cﬂplwré@tef%(cm M@éﬁm Smd))iﬂsrocmiam(ag)e@wd Jfrom: pyridyl,

R8 is i ndepghg )mami thu{yg)pyn-ohdmyl
h]c

(6) &= 0)%5%&% T ézofﬁ(a%’oxevﬁof%ﬁ

unsu bst i t utiegnbsy W&Bb@ﬁ‘“\ﬁﬁf‘ﬁ'—hll 5 ssbqunm@ﬂh gndependently
each 15i ndepepeaatdni: sel ect ed from (a) halo, (b)

O%nenyi or heterocycle

ORa, " ) halo, |

(1) -C;¢alkyl, which is unsubstituted or substituted with 1-5 halo, and
(iiiy  -OR%,
(iv) -NR°R®,
v)  -C(=0)R’,
(vi)  -CO;R" and
{vil) oxo,

(e) -CO2R%,

)  -C(=O)NR'R’,

(8  -SONR’,

¢h) -CN,

(G)  -NRRS,

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

&  -NR"SO;R’,

(0 -CF3,

(m) -O-CO;RY,

(n)  -O-(C=0)-NR'R,

(0)  -NR°-(C=0)-NR°R’, and

) - -C=OR,

8) -Csgcycloalkyl, which is unsubstituted or substituted with 1-6 substituents each

independently selected from:

(a) halo,

() -CN,

{©) -OR", and _
(@) Ci.salkyl, 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 14 substituents each
independently selected from: | :

- 10-
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(d) phenyl or heterocycle, wherein said heterocycle is.
selected from pyridyl, pyrimdinyl, pyrazinyl,

wopgevgapinyl , piperidinyl, piperazinyl, pyrr ®drdisngd7/010952

thi enyl, norpholinyl, thiazolyl and oxazolyl, which

phenyl or heterocycle 5is =substituted or substituted

with 1-5 substituents each i ndependently sel ected

from (i) halo, (ii) -Cl_6alkyl, which is .

unsubstituted or substituted with 1-5 halo, and (iii)
10(iv) - (v) -C(=0)1e, (vi) CCQRa and (vii)

0XO0, %3 0 °J:8, 15(f) - %O)NRble -S(0)Rd, (h)

-CN, ((®) ngﬁeei, whjch is N f@mdmrﬁabst%e&yam(lﬁsmnamnts each
(1)-CF3, (nthde n@é@@%le@&)ﬂ ﬁ&n(}ﬁt&bﬁ%i@aﬁ@)&—@)ow

- NRb- (CZ- and 25(p) (8)-C3_6cycloallcyl,
whi ch €% =g ted or substituted with 1-6
subst |(t€|DJent-§1e#l§ﬂ hitdoe noerbstifitasersubatiguied vnth (-@halo;

~halo, (b) -CN, 30(c)-ORa, and (d)C _6allcyl, which is

RYis

ubstlt t stituted with 1-6 halo; or R7 and
ﬁsqwnamgﬁusg?%ns %% whi ch they are attached join to
f@p m hygrogeB.  6- or 7- nenbered al kyl - or

" hy er od, lsalydt; whithy i0 phsubsadukad w@anbsitmid gridii -dabstinenaleach

tS

het I N, O, d S wh inth
su ?Lﬁﬂ’ﬂ%‘%ﬁtﬁ‘? SEPEI S0 (o i ne or

Iy oxi di zed to the sul fone or

sul f oX®tle, Mfch ring is unsubstituted or substituted
Wi th kkﬁ suﬁﬁi;tuents each i ndependently sel ected
from 2@93/133491PCT/U82007/010952 (a) halo, (b)
phenyl substituted or substituted with

h
1-3 sd@§t|ﬂ§EH¥% ch independently sel ected from
hal o (@ e, -hlscymtmrliod whichRounsubgituted or subgtitited with 1-6 halo,

Cl, 8&Jchdatiyt, WHEER s drSubftiines bl 5ubsBEitd with 1-6 halo;
su stltuted Wth 1-6 halo; RL is i ndependent |y

sel ected from (1)hydrogen (2)-Cl. 6alkyl, which is
undependentiyetegtedrfrasn it group eonspting of- 5 substituents

Qﬂﬁhyl, naphthyl, tetrahydronaphthyl, indanyl, biphenyl, phenanthryl, anthryl, azepinyi,
azepanyl, azetidinyl, benzimidazolyl, benzisoxazolyl, benzofuranyl, benzofurazanyi,
benzopyranyl, benzothiopyranyl, benzofuryl, 1,3-benzodioxolyl, benzothiazolyl,
benzothienyl, benzoxazolyl, benzopyrazolyl, benzotriazolyl, chromanyl, cinnolinyl,
dibenzofuranyl, dihydrobenzofuryl, dihydrobenzothieny!, dihydrobenzothiopyranyl,

dihydrobenzothiopyrany! sulfone, furyl, furanyl, imidazolidinyl, imidazolinyl, imidazolyl,
indolinyl, indolyl, isochromanyl, isoindolinyl, isoquinolinyl, isothiazolidinyl, isothiazolyl,

morpholinyl, naphthyridiny!, oxadiazolyl, 2-oxoazepinyl, 4-oxonaphthyridinyl, 2-
oxopiperazinyl, 2-oxopiperidinyl, 2-oxopytrolidinyl, 2-oxopyndyl, 2-oxoquinolinyl,
piperidyl, piperazinyl, pyrazinyl, pyrazolidinyl, pyrazolyl, pyridaziny!, pyridinyl, pyridyi,
pyrimidinyl, pyrimidyl, pyrrolidinyl, pyrrolyl, quinazolinyl, quinolinyl, quinoxalinyl,
tetrahydrofuranyl, tetrahydrofuryl, tetrahydroimidazopyridinyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, tetrazolyl, thiamorphotinyl, thiamorpholinyl 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”, R”, RN, R'>® and R"?;

Ru, R'}, R™, R'5* and R'*® are each independently selected from:

-11 -
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10i ndependently selected from (a) halo, (b) -01le,
(c) -CN, (d) phenyl, and 15(e)-C34cycloallcyl, which
is unsubstituted or substituted with 1-6 hal o,

wa(BY#B3a%8cycl oall cyl, which is unsubstituted mrr/usz007/010952

substituted with 1-6 halo; R' is independently
selected fromthe group consisting of: phenyl,
napht hyl , tetrahydronaphthyl, indanyl, biphenyl,
phenant hryl, anthryl, azepinyl, 20azepanyl,
azetidinyl benzi m dazol yl , benzisoxazolyl,

zof of urazan benz, nyl ., .

2Ol o BRAR AL R o BSREREN S s copicents cach
benzotlhd@z:odgﬂlﬁy spientedtftineny| , benzoxazol yl,
benzopy azcﬂa@ benzotriazolyl, chromanyl, |
C|nnou%g benzofuranyl di hydr obenzof uryl,
di hydr enz t enyl , dlhydrobenzothiopyranyl,
dlhyddébenzﬁbhh@byﬂahyl sul fone, furyl, furanyl,

|2r5n| SQFP' i ﬁitﬁﬁ}l,orlhﬁieﬂﬂ:%/@icl Whbreid m&ﬁé‘t%&’ﬂ'&le 1s seIected from: pyridyl,
i ndo |ny

" ooqui ot ATl Rzt A RIRA L PRl b iy pyrlidiny,
mor phol i ny|t enﬁpml@yhymazc@xl@d@z{mg}yl which phenyl or heterocycle
2- oxoazepi ny hnsu‘ﬂ:s%&ﬂ&ﬁ@hbéﬂtm@ﬂ RYth, 1-8 substituents each independently
oxoplpera2|@}éC d’i!.roxoplperldlnyl 2- oxopyrrolidinyl,

2- oxopyrldjﬁ ¢ oxqu|noI|nyI plpetidyl, :

pi per azi nyl() pyr@nyl, pyrazolidinyl, pyrazolyl,

pyri dazi nylii) py r-Cqlisa1yd1, wayehi isl uhsubptytuted odisBydtituted with 1-5 halo, and
pyrim dyl, @ Ayrrogdi nyl, pyrrolyl, quinazolinyl,

qU|noI|nyI U|poxallnyl 30tetrahydrofuranyl

tetraﬁ?ﬂrof R tetrahydr0|nldazopyrldlnyl

t et r akf)dr oi-€Ge@INRIRNY| , tetrahydroqui nol i nyI :

tetraqgjyl Efjﬁnnrphollnyl t hi anor phol i nyl

sul fo anor phol i nyl sul fone, thiazolyl,

t hi az ]nyl hlenofuryl t hi enot hi enyl , thienyl,
triazdlyl, -N®SR&zol yl , tetrahydrothienyl,
tetraQﬁdropr@qykTogxetanyl t et rahydr ot hi apyr-anyl ,
and thyetan ﬁ@@ﬁ ' is unsubstituted or

subst i¥lt ed 9 15 35substituents each

i ndepdhdent-Cfssel ected from R12, R13, Rl14, Rlisa and
R sb; (R)2, 18180, R sa and Risb are each

i ndep ent from
2007/igg491b%f?%§§883?010952 (1)-Cl.6allcyl, which is
unsubge) t ut-BR EE=E)RIR verd with 1-5 substituents
each i(pdepea¢enid®y sel ected from (a) halo, (b) -01le,

C) , ; . i
3e) -4 &Eiog.ﬁt:yk#/hsml'g AR 0d ﬁ“&%ﬁ@%}@%% 14568 ents each
pyr|n1 %NP e iy selsFtRg OBy r i dazi nyl, ~ pi perdi nyl ,
pi per &) nylhalpyrrol i di nyl, thienyl, norpholinyl,
thiaz 1 aa@»oxazolyl whi ch phenyl or heterocycle

i'S un sti bstl ted w bsti ts

each ifﬁbdepehd'éaﬁ‘ﬁ l Eﬁﬁé? é%%“@amm%ﬂ 1?5)““%#]‘6”&' ? halo,

-C1 6&4]cleanm@h i s unsubstituted or substltuted

With %e hfﬂh@m la‘ﬂrﬁllc(':'lé subS@ied (@ alleRkM with 1-5 substituents where

D % %t%Wé o b A A P 1,

-0-C2Rd, (h) -0 —O) NRbRY, (0) -NRb-(C=0)- NRbfe
and 25(p) @i¥0) Raio, (2)-Cl_6cycl oalkyl, which is
unsubstltute orciybséltuted wth 1- substltuents

each
(w) -Cisalkyl, which is unsubstituted or substituted with 1-5
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i ndependently selected from (a) halo, (b) -CN,
30(c)-Cl4alicyl, which is,unsubstituted or
substituted with 1-5 halo, (d) -0123, and (e)

wooempgb491whi ch is unsubstituted or substitut edmvsbioro10952

1-5 substituents where the substituents are each

i ndependently selected from (i)-01e, 35(ii)halo,

(iii1)-CN, and (iv)-Cl4al kyl, which is unsubstituted

or substituted with 1-5 WO

2007/ 133491PCT/ US2007/ 010952 hal o, (3)phenyl or

het erocycl e, V\:heha?l n said heterocycle is selected

from pyridyl, pyri mdinyl, pyrazinyl,

69 i dashemyllor hpuepmydllenthepl pat betemyycle pyekected diony [pyridyl,

nor pha)ykiRliny FB&&%Q%V' yﬁg%elgﬁaﬁlgéﬁéln yL, Wi &&%h%olﬁfn 1, thienyl,

ut e

het er o€ ubst i
subst .ne%?h?igv B A G A s
(a) halog,sulqsgl)utmlm I¢ &;ut(sd)@hgm}lbh inglapanidentyy selected from:
unsubghy t utiggh or substituted with 1-5 substituents
each- Q)nde ?{rcgdently selected from (i) halo, (ii)
h is unsubstituted or substituted with

1-6 ha{P)o akasqyclaalkyl.ole, (e)-OCR2R2 |,
1% E %;%(X Q)ﬂNBb)l’Iewh{Cﬁ)lS uﬂu@)stﬁuteg% Snkﬁ(ﬁlnitédoﬁég %ﬁ@t{sﬁjﬁems each
-0- (C=0) - N ﬁ“?%%%%@?j? NROR', (0) -C(=0)fr,
and 25(p) - &4al KO, which is unsubstituted or
substi t ut ediiy t hCl_;ﬁkﬁam;ch(lé)lhﬁibmm(eﬁ)dbXﬁbstlﬁlﬁéd @1tBa -6 halo, and
(7)-CN, 30(&% 0QRk33 , (9) -C(=0)R8 , (10) - NRORc,
(1D) <50 " Rdpa

(ﬂ -C(=0)NR"R’,

(8  -S(ONRY,

(h) —CNQ

@ -NR"RS,

Gy NROHCEOR,

)  -NR")SOR’,

)  -O-CO;RY

(m) -O-(C=0)-NR°R®,

(n)  -NR°-(C=0)-NR°R®,

(0) -C(=O)R? and

(p) -Cjialkyl, which is unsubstituted or substituted with 1-6 halo,
4) halo, :

&) 0xo0,

6)  -OR%
9 -CN,
(8)  -COJR?,

(%) -C(EO)RS,

(10) -NR°RS,

(i1)  -S(OWRY,

(12) -C(=O)NR°R®,
(13) -O-CO.R"Y,

(14) -NR®HCOR®,
(15) -O-(C=0)-NR°R’,
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(12) -C(----0)NRDRO , 35(13) -0- CORRd, (14)
-N(R5CO2Rd, (15) -0-(C=0)-N efe, WD
2007/ 133491PCT/ 1JS2007/ 010952 (16) - NRb- ( C=0) - NRORG,

WOy 1334802NRbr, (18) -N(R5S02Rd, 5or RD and micIhusaedo10952

the aton(s) to which they are attached join to forma
ring selected from cycl opropyl, cycl obutyl,
cycl opentyl, cycl ohexyl, cycloheptyl, aziridinyl,
azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl,
nor phol i nyl, -thietanyl and tetrahydrothienyl, wherein
the sulfug is optiQpally oxidized to the sul fone or
4PX oxi 1?5%?‘@71@1:‘%% gng is unsubstituted or substituted
WilTh 1-S©,88BR%ituents each independently sel ected
f . ogd6allcyl, which is unsubstituted or
S(E%))g]t i tﬁgﬁ?g W th 1-3 substituents each independently
selected from (i) halo, (ii) (iii) '
0ER ' Bopd RIA dnd phe atom(s)u) whishlbey e )atadliRiglioiv, o farin) a ring selected
'Mlﬁqop&}ﬂfﬂ tyci &) RNty ARG ciodédyil ) cyRR@BMY ), aziridinyl, azetidinyl,
Zgrs?bgﬁhe[%' or.. het er o%clle, \&]\eﬁﬂql n satgrg heé‘%ro %/cﬁl & vl
RSP QPP AR SN dh RyT a0 P e rofhien,
pyheirela zhensutiur pi qraionelingkidized pethesiligne onspHowide dwiigh ring is
s @SYYikutedTBF Bt with NisausiithefghchlAdPkidentivRéiehted from:
phenyl(agr het er y&b‘%hm un ut_l?s&:l toute?txg‘_lgt c2ub tll_g utbe{iiu s each
wi th” 125 subdeT tUentE et P RAETE Ta SHYT G PER gy Substituents eac
from 25(i )indgrsndgrty)seleciedifegniy| | which is -
unsubstitut@d orhagslbstituted with 1-5 halo, and (iii)
-OR% (c)  ( u% ha_ICﬂ%NSO( e)-021ka, (f) -C(=0)NRbltc,
(9) -S(O)Rd, “(h) ~CN, (i) -NR'R,
35(j ) - N( Rt ") =0Fp20velqafyln( Rb) SO2Rd, (1) - 0- CO2Rd,
WD 2007/ 133481PCGUAJIR2007/ 010952 (m
-0-(C=0) - Nggfeg, SRR NR6- (C=0) - NRoW and
(o) -C(=0)Ra;. RP_is ipdependently selected from
5(1) hydr ogedt) (2QER »6al I cyl which is unsubstituted
or substitutval wWOhOINB Rfabmei (3) - CH2012a,
(viii) phenyl, ' .
(b) phenyl or heterocycle, wherein said heterocycle is selected from: pyridyt,

pyrimidinyl, pyrazinyl, pyridazinyl, pipendinyl, ptperazinyl, 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 1-3 halo, and
(i)  -OR%,

(c) -OR?,

(d) halo,

(e) -CO,R?,

() -C(=0)NRR’,
(g) 'S(O)VRd>

(h) 'CN,

(i) -NR"RS,

Gy  -NRHCEOR?,
(k) -N(R®)SO;R‘,
0 -0-CO5RY,
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(4)

- CH2- 0- CH2CH2Si (CH3) 3, (5) - CH2OP(=0) (0R52,

10(6) - (CH2) k- phenyl, which is unsubstituted or

substituted with 1-3 substituents each i ndependently
wossbecsed from (a)halo, (b)-OR (c¢)-CN, and BCEUS2007/010952

15(d)-Cl_6al Il cyl, which is unsubstituted or

substituted with 1-6 halo; J is independently

selected from (1) =C(R1")-, (2) -CRL7R18-, (93)

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

selected from (1)=C(R16b)-, (2)-CR17R18-,

3 4 eo@nNd (5)-N(R166 R17 and R18
gere ea{Eﬁ)l n@zgée %bﬁlﬁ ’sel éc% ed(from) (1) hydr ogen, -

(2) hdhb, 3OERNGH)-MR Ratidcyl, which is
unsubs(g,}tut =gfyrsubstituted with 1-4 substituents

. i,ndepende sel ected from (a) halo, (b) -ORa,
15 %’gf%ﬁnd ?}P ?’r{sﬁéﬁn or heterocycle, wherein said

Iiél er dn'simgen,l s selected from pyridyl, pyrinmdinyl,

B enylG, (sl WAZhGY hnsubiReid d El){:lstmﬁécﬁkitﬂ'l[ﬁ’ﬂlalo

er ag H%l WD 2007/ 133491PCT/ US2007/ 010952
B; rol’ RI nor phoI [ nyI t et rahydr of uranyl ,
t(élrah%déﬁ Byrazinyl, which phenyl or

st er OGYQb@(*@)(QHSHbStItUt ed or substituted with 1-5

?Hfs“ é'ﬁ{} Eﬁ%ﬁ:@ﬂ';@l §s!?%h¥ci :eé‘s%%%%df&n%g‘l 3 Substituents each

i s unéﬁ‘l@f‘éle

‘ituted with 1-6 hal o,

(5) pheayl diald)et erocycle wherein heterocycle is

sel ect fr@jﬁapyrl dyl, pyrimdinyl, thienyl,

pyridn7i ny ip r|d|nyl azetidinyl, piperazinyl,
Rﬂjl nyp\P (ii

pyrro

phollnyl 10t et r ahycl r of ur anyl ,

t et r al{gdr opyh aadidyl, mhﬂ:h;iynmlbstjn}tedwhisc&stiphwyvith de6 halo;

Tis md@ﬁérﬁéwgl&técﬁﬁ.wnsubstltut ed or substituted with 1-5
ﬁg} stit Eng:a%Neach i ndependently selected from (a)

2) CRVRE, '
(3} -C(=Q0)-, and
4 -NR")-;
Y is independently selected from:
1y =CR'™):-,
@) .CR''R'%.,
3) -C(=0),
4 =N-, and
() -NR'™)-
R'” and R'® are each independently selected from:
(1)  hydrogen,
) halo,
3) -OR%,
4) -Cjgalkyl, which is unsubstituted or substituted with 1-4 substituents each

independently selected from:

(a) halo,
(b) -ORay
(C) -CN:

- {d) phenyl or heterocycle, wherein said hctemcyclé is selected from pyndyl,
pyrimidinyl, thienyl, pyridazinyl, ptperidinyl, azetidinyl, piperazinyl,
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15(c)-01r, (d) nitro, (e) -G _6allcyl which is
unsubstituted or substituted with 1-6 halo; or 12.17
and R 8 and the atomto which they are attached join

wot200fioB4via 4-, 5-, or 6- 20nenbered ring opt iPGTAIS2407/010952

containing a heteroatomselected fromN, 0, and S,
wherein the sulfur is optionally oxidized to the
sul fone or sul foxide, which ring is unsubstituted or

~ substituted with 1-4 substituents each i ndependently

sel ected from (a) halo, (b) -OR3 , 25(c)-Cl4dallcyl,

which is unsub t ed r S bstit h 1-6,.hal o

and (d) phengHT™o ‘ﬁli'@’  BEhe %Féhyg‘é%ﬁ’%"ﬁfa Sihdqpyrphyl and

sel ect ed frmmxzroylhythrqbwgénﬁnyl(@)lﬂ@rmtlleewnsum'tehd iog substimted with
unsubst it ut pd sQhstiUdSE Eidutiggkpshddntd sSSP Sbht; uent s

each 30i nde endeq%éy selected from (a) halo, (b)

(c) -C3_6cycd oall (d) phenyl or heterocycle,

wher ei n salﬁﬂhetb¢ecycle i's selected from

35|n1dazoly¢m)oxamolyl pyridyl, pyrlrnldlnyl
pyrazinyl rld er|d| |
t hi dz(’ca)'?‘?f W]R.t 1s un ugyt{tmeﬁ opsulzf%ﬁ{ure%mth 1-6 halo,

rrolldln

0)7/ u3sn 1@@1@@%0@9@5@@@@%&%5%61 from pyridyl, pyrimidinyl,
mor phodhieayl, pmﬂuﬁ:kylpﬁpayamﬂ; aRBHRIQ Gysr£in8, pyrrolidinyl, morpholinyl,

ggi E blstnl éh g‘u_%tnlylS Ygs. &{égggpwo p%r(e%.rﬁ'ltl %Ei Pﬁ%ﬁtyg?{sheterocycle is
, 50 ysu tutaqﬁ ar E\,llqp)m@qd B(ﬁ-hlléi/?”bs\}\]ﬁ'ie%tﬁ eixg] independently selected

unsubsfrémtit ed or substituted with 1-6 hal o, (3)phenyl
or het POCW%h wherein heterocycle is selected from
i m dAzol yl oXazonI pyridyl, pyrimdinyl,

pyrazi@?l, ﬁ??ﬂda2|nyl tetrahydrofuryl plperidinyl,
piperaZDnyI%DRWrrolidinyl, azeti di nyl, thiazolyl,
thieny&i tr&agolyl i soxazol yl and 10nor phol i nyl

whi ch phenyl het er cle is unsubstituted. or .
Subst ét o Gur BB Sespitd S At iteR det ety
selected from (a) halo, (b) -0le, (c)
ﬁﬁﬁﬁgk%d%éatﬁfm%% | Etté‘:‘!ﬂé& nﬁﬁ)form a4 5-, or 6-

unsuEstltut

(BFPRERS F1oe RRH ‘i’\alfysc"&?‘ﬁéﬁ‘ﬂg F%ﬁff oy ngﬁ BS ?’f’f“ut o W4 wherein
1ths selfilsss priieally oxibited tadbpeanhen or yulfidss erbiingnis unsubstituted or

(dubsti@te@ witd i} subhif@bats ¥dch i dﬁéhdé@ly}gmm@ fokdit ed or
subst i ytedmﬁéth 1-6 hal o, 20(i1i)-0R8 , (4)halo,
5)-0 ’
(5) %  -OR’
(<) -Ci¢alkyl, which is unsubstituted or substituted with 1-6 hale, and

(d)  phenyl;

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

e} hydrogen,
(2) -Ciaalkyl, which is unsubstituted or substituted with 1-5 substituents each

independently selected from: -

(a) halo,

(b) -OR", .

(c) -Cs.gcycloalkyl,

(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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, (6)-CN, (7)-002128, 25(8)-NRbl2", and
(9)-C(=0)NRbitc; or Rl6a and RI6b and the aton(s) to
which they are attached join to forma ring sel ected

wof2nemssye! opent enyl , cycl ohexenyl, phenyl, pyicrdyskeo7010952

pyrirnidinyl, pyrazinyl, pyridazinyl, 30furanyl,

di hydr of uranyl, di hydropyranyl, thiazolyl,

i sot hi azol yl, oxazolyl, isoxazolyl, imdazolyl,

triazolyl, thienyl, dihydrothienyl and

di hydr ot hi opyranyl, which ring is unsubstituted or
substituted with substi tuen ch in endent |y

sel ect ed fr'é?ﬁazt’lijla@lm%? olipy!, "Wtkh‘i eF‘%‘ %%&EH&%’F‘F&% Wepubstituted
or subst it udresdbstitttad it b3lssbstituent sach aisdzpendently selected from:
|ndependentdy selggged from 35(i)halo, (ii)-O0OR3 ,

(irii) - cl oal WO

2007/ 133491 / US 7/ 010952 (iv)phenyl or
het er ocycl eiiimher &, drelt er ocycl e is selected from

pyr idyl, p)’(ﬁ mi di @Ylal {vﬂfc'hriﬂmsulﬁyt'idziia%'r Msntuted w;th 1-6 halo,

eri rrolidinyl . a

ph(ﬁ eﬁgh or W? allzg %ea lgetﬁrgf: %5’&8 egte? cD'izolyl oxazolyl,
unsubspyiridyt, esrimidisylbeyratioyk gyndaznyl.- t&f@lylds:tﬁuwu eipesidinyl,
Seach ﬁnﬁ&%ﬂﬁﬂdSﬁéle@ﬁ' getiethyl iRzl (il QL riaZ3PNakSxazolyl and
E : IV; ) r&?rpgg%wgy\ih\m p&nﬁnyl Sr ﬁ%{ﬂ%‘f‘i %ltmesabsututed or substituted with 1-3

subst i substadenis egehindepgndently, seleev;ifmlr (vi) (vii)

-S(0) Ray (wialé,) -C(=0)NRble, 15(ix) -N(R5CO2le, and

(x)-N )SO%ﬁ;g, (b) phenyl or heterocycle, wherein

said h eroc cl’e is selected frompyridyl,

pyri mi@ nyl-CippcteAld | pyridazinyl, piperidinyl,

azeti didpy! -qame:rylazmaylis urp})dbsitilhliedioﬂyﬁhsntukédeumyﬂl tdrchlo, and

mor ph nyl phe Qjﬂio[ﬂng %Lubgfimge%t&rsg&x &d lvﬁth L-5 substituents each

20unsu stltute or su -5 substituents

each i ndepentenspfsptlyeselsetdd™dPom (i) halo, (ii) -OR2
, (1i1) -CNp) antha&(iv)-Cl. 6al kyl which is

unsubsti t ut or . . | Qs o, an
(d)-S(0)" 5’ é}fﬁﬁgﬁw&a kb Gosh GLEFR 1.6 halo, and

(4) halo,
(5) -OR%
(6)  -CN,
(7)  -COzR%,

~(8)  -NRP°RS, and

(9) -C(=0)NR°R%

or R'*® and 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,
imidazolyl, trtazolyl, thienyl, dihydrothienyl and dihydrothiopyranyl, which ring is
unsubstituted or substituted with 1-5 substituents each independently selected from:
(a) -Calkyl, which is unsubstituted or substituted with 1-3 substituents each

independently selected from:

() halo,

(ii) -OR%,

(itiy ~ -Ciecycloalkyl,
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(h) -NRbr, (i) -C(=0)NRR 0)-0C212% (k) - (NRb) CC2Ra,
35(1)-0-(Cr-0)-NRRc, (m) -(NRb)-(C=0)4NRbltc, (n)
oxi do, WD 2007/ 133491PCT/ US2007/ 010952 (0) oxo, and

wO(2p)7/13444Rb) SO2Rd; | e is independently sel ect e Hfusaonr/010952

(1) hydrogen, 5(2)C,salkyl, which is unsubstituted or
substituted with 1-7 substituents each independently
selected from (a)halo, (b)-0-Ct_6alkyl, which is
unsubstituted or substituted with 1-6 hal o,

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

wher ei n sald heterocycle is selected fromp

pyrim di ny| V) hl;gﬁyyl oerqr%cgf}enw erem %?qoay 65-/}5 selected from

azetidinyl, furasyidyl, pyisidinyinyirazipyk pehidatinyy) piperidinyl, '
mor phol i nyl, t etfﬁygﬂenagf gmyamylt s.ﬁgn@hmlgesghenxyl #A8h phenyl or

pyrazi nyl, whic het eT oc

15unsubst i t ut ed e‘"g%ée( S BRI °rls“§5t§ﬁ?§§t‘1“t‘h]eﬁtsgbsmuems
each i ndependentdagh selcpaidedtly sdeated frpmhal o, (i)
-0-Cl_6alicyl, whi ch ungyrstituted or substituted

wth 1-6 halo, (iii) qﬁ:l IFP%I v)nitro, (v) hydroxyl,

and (vi) -Cl_6allcyl, i chiii’s unsubstituted or

substituted with 1-6 @& o,-@R)asdenyl or heterocycl e

wherei n said het er 0cygle |5, SSAOLkRM Y ABBMIAY br substinuted with

pyrimdinyl, thienyl, pyr|g§%ﬁ§¥ pi peri di nyl,
azetidinyl, furanyl, piper 25pyrroI|d|nyI,

nmor phol | nyl(v}tet ﬁ&hﬁ&r of uranyl, tetrahydropyranyl and
pyrazinyl, ohi chmt\’gnyl or heterocycle is
unsubstltuted taltuted with 1-3 substituents
each |ndepe(n )ent IC; ected from (a) halo, (b) -CN,
30( c) - 0- G 43D cyt( ‘W%Wbs unsubstituted or

substi t ut ediwi t hI\[(RB)d{@IRQ,anﬁd) nitro, (e)hydroxyl, and

(f)-Cl4al ky msubstituted or substltut ed
W|th16ha(}‘ Ngﬁb)g %3 cloall¢ which is

unsubd$Pl t ut@&hﬁr"ré‘ﬁﬁﬁqyﬂﬁt ‘é( ergiTt *ﬁ“dl})‘/%erﬁgl’%e, isg5iRpted Agm pyridyl,
17e are i ngependenst, pyrazglytglyedatingdnpipérdihyld aagdiny!, piperaziny!,
‘pyrrolidinyl, thienyl and morpholinyl, which phenyl or heterocycle is
unsubstituted or substituted with 1-5 substituents each independently
selected from:
(1) halo,
(i) -OR?%
(i) -CN, and
(iv)  -Ci.salkyl which is unsubstituted or substituted with 1-6 halo,

«©) halo,

(dy  -S(OWRY

()  -OR%

H  -CN,

(g) -C=OR’,

(k)  -NR°R®,

(i) -C(=O)NR°R’,
Gy  -COR%,

k)  -(NR"CO:R,

(0 -0-(C=0)-NR°R",
(m)  -(NR®)-(C=0)-NR°R’,
(n) oxido,
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WD 2007/ 133491PCT/ US2007/ 010952 (2) A . oal kyl , Whi ch
IS unsubstituted or substituted with 1-7 substituents
each i ndependently selected from (a)halo, (b)

woeyrei1 (d) -02W (e) phenyl or heterocycleT/us2007/010952

wherein said heterocycle is selected from pyridyl,
pyrimdinyl, thienyl, pyridazinyl, piperidinyl,
azetidinyl, furanyl, piperazinyl, pyrrolidinyl,

mor phol i nyl, tetrahydrofuranyl, 10tetrahydropyranyl
and pyrazinyl, which phenyl or heterocycle is
unsubstjtuted or substituted with 1-3 substituents
each iflepelde®y selected from (i) halo, (ii)
-0le, @®5(iiiNREYSGBARY cyl, which is unsubstituted or

lsuﬁ}épé{deh edeWid Bof=6 halo, and (iv)nitro, (3)phenyl

etero cle, wherein said heterocycle is selected
f(l1 m %%P pyrimdinyl, thienyl, pyridazinyl,

dizper i Gi-galiyl, veimelh nsdmsytbsnnitbcueramblst,itup;idpeiﬂat-i?rqpbaiments each

pyrr ol lhgiéﬂgxhemm@pggghlm t et rahydrof uranyl ,

tetrag%d any and pyrazi nyl, 20which phenyl or

het er %/ 3% unsubstituted or substituted with 1-3

subst |(bl|ent-§) -Gasdkylnebizbnsiemmubstitael ec setifutadwith d}6 halo,

hal 0, &p) -KMbotys) -C 4alkyl, which is unsubstituted

or su gltu%ﬁﬂ vvlth 1-6 hal o, 25(d)-C3_6cycloalkyl,

whi ch i nsu satnltuted or substituted vvlth16halo

(e) -CGR} arRheppl @ipterecyclesybarginsyidihstaroasyle is wHeesed from pyridyl,
unsubst i t utBeindiBinsAlaRehFIUbaiaving 1) pipefidiat, aze@dinfDfANE1,

R and the e in

to form a AbbEAT okl bbb AR IR

cont ai ni ng ‘EHARERRTBITARBTEFBY: whichaheryen hF‘iefﬂﬁYNe is

0, and S, wheulsktilutedier sibstitnted Wit P43 wbadithynto xadhi if@fpendently
to the sul fQpe,Qrgsi foxide, which ring is

unsubstituted or, substituted with 1-4 substituents

each |ndepe(Hdent}P3§/°’sel ected from (a)halo, 35(b)-0W

and (c)-C (@l ky4Q-01\&§1eilk:I’l, which nsuissbitituted @r eubstituted with 1-6 halo,
substi t ut ect hclg6 halo, and (d) phenyl; WO

2007/ 133491P 1U820071010952 Rd is |ndependently

selected fr&h (@ oal kyl, which is unsubstituted

or substituted visdiodd.andubstituents each

| ndependent %) Sej(ﬁgﬁlﬁﬁl WhR is @Mlﬁted%ghbgﬁﬁed (Sth 1-6 halo,
\X/?I) blé)((bht ca{é isegx alg&%ge C elero %r dyl,
er eupﬁ‘ 4i% PREF Yy EEoP S L o'y BHATRGA oy pyridy
pyri mmrrlnyﬂmylt et pyrpi,azmdlammylrlmyb|ap@trd1wln®4ranyl piperazinyl,
azet i glyhyhidinyl mddtpholinyl, tetrabydrofuranyl, tetrahydropyranyl and pyrazinyl,
which phepyl or heterocycle is unsubstituted or substituted with 1-3 substituents
each independently selected from:

{a) _ halo,

(b) -CN, .

(<) -0-Cisalkyl, which is unsubstituted or substituted with 1-6 halo,
{(d) nitro,

(e} hydroxyl, and

(f) -Cisalkyl, which is unsubstituted or substituted with 1-6 halo, and

€)) -Cascycloalkyl, which is unsubstituted or substituted with 1-6 halo;

R® and R® are independently selected from:
(b hydrogen,
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10pi perazi nyl, pyrrolidinyl, nDrphoIihyI,
tetrahydr of uranyl, tetrahydropyranyl and pyrazinyl,
whi ch phenyl or heterocycle is unsubstituted or

woursssut ed with 1-3 substituents each i ndepemdenodrpioos2

selected from (i)halo, 15(ii) (iii) -Cl.6allcyl,
which is unsubstituted or substituted with 1-6 hal o,
and (iv) nitro, (2)phenyl or heterocycle, wherein
said heterocycle is selected from pyridyl,
pyrimdinyl, thienyl, pyridazinyl, piperidinyl

azetidi nyl, anyl ynr idi nhyl |

Ay BN DM R RE O A A —

pyr aziimddpendeintig lsclptred yioror heterocycle IS

unsub $hy tutggh or substituted with 1-3 substituents

each depeggﬁntly sel ected from (a) halo, (b)

25(0) unsubstituted or substituted with 1-6

hal o, (¢§)d) -€BL6cycl oall cyl, which is unsubstituted or
substlaptedcmhkh 1-6 halo (e) -CN, and (f) -0Q21e,

238 s§ I%% ut ol )fll r é gfslg wé&r gxssaair’:cghe%b %Eé}lfctleuttsesglegted from pyridyl,
i ndependentplyw’fséllnehﬂé@hl)fl;mmda\tlnyhymeagé!ﬁl aggtydinyl, furanyl,

-G hci al6l ﬁxﬂl engﬁhpmiw %bi-;ihgh@ﬁl Rirayddsfurdnyt, ed

Wi t e r

Re and an Wg&:#p al.?l Pﬂﬁpﬂ%ﬂ{\)& %m%ﬁg%&{.yl o?ﬁgt rorD8L &

to forma msubﬂrmtsd or %»bswsmtqﬁléﬁ%leyé*cﬁubﬂﬁgerﬁmcaﬁ%ﬂqpyndenﬂy
Contalnlngs&eaeﬂeﬁmaton1selected fromN, 0, and S,

wherein 007/§%3491PCT/USZOO7/010952 the sul fur

I's optlonal oxi dl zed to the sul fone or sulfoxide,

which ring f® unsdBstituted or substituted with 1-4

substi t uent éiigac hCime.rrlLetnhienﬁd ynsgedumpibd dr fubstituted with 1-6 halo, and
(a) hal o, (iv (b) 5(c)-C, _6al kyl,

%Ch Iswg #etsf’:%ﬁlctp/ tei\gbgrgglfs% lgehérgéyo?e lsie!egt%a gcorr]rspl))fq;’giyl,
0, 1, pannﬁdmstbmucwlmmazwl Elpeadmybhmtmmémlirwl | piperazinyl,
acceptﬁ%ﬁd& ih?or})ﬂi}ﬁ )fte &Jf@axyldwmﬁﬁa@&m&pymmyl

and di ast.er

i nventBHY Pﬁonﬁare%et%%ﬁ%cgﬁﬁdgls‘éé?%? %‘%Eté teg vﬂghlﬁ -g substituents
Nl Ec Reddviddepindpptly sdected fyomy

{a) halo,
®  -OR%, |
(c) -Cyalkyl, which is unsubstituted or substituted with 1-6 halo,
(d) -Ciscycloalkyl, which is unsubstituted or substituted with 1-6 halo,
(e)  -CN, and '
(£ -CO:R%,
(4) -Cjscycloalkyl, 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,
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?, and
{c) -C,salkyl, which is unsubstituted or substituted with 1-6 halo, and
(d)  phenyl; | '
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wherein Ai, A2, A3, J, Y, Ea, EI', E, R6, and R7 are
defi ned herein; 20and pharmaceutically acceptable

salts thereof and individual enantioners and
- wodbeaseweoners thereof. |b 25wherein A, A2, PAS/USER7/010952

Eb, Ec, n b, R6, and R7 are defined herein; and

phar maceutically acceptable salts thereof and

i ndi vi dual enanti oners and di astereoners thereof. WO
2007/ 133491PCT/ US2007/ 010952 Anot her enbodi nent of
the invention includes conmpounds of fornula Ic: |Ic

4. . Wherein Al .. A3, Ea, Eb, E, R6 and R7 are defined
R7is mﬁi‘g?%ﬁﬁ‘?ﬂya??&“%a#%ceuti cally acceptable salts thereof

ahd i rMdisadikell) afhicbria nbiubgingedagrdsulistiuted matned suldtidyeatsf cach

In an ued‘gaggdegapgelggteg BePresent invention Al is

|ndep2§g selected from (1)-0-, 10(2)-S(0),, -,

(3) §4) -N(R8)-, (5) (6) -(C=0)-, and

15(7)(NRI -D -, Wherein v R6, R7, R8, Ra, Rb, 12

and Retyare ._deftkned herein. In an enbodi ment of the

prese{’ |nvgjﬂ]£|o¥ Al is -0-. In an enbodi nent of the

prese i nv Al is -S(O)-, wherein v is defined _
her ei ¢} | n phanyd wbbelerasneleovherhin saidelaserpcycin/ig nelegnd Apm pyridyl,
is - CRER7- ymiaylnﬂ%ﬁrﬁﬁk@y@pgﬁﬂawna&tmﬁlfﬂmyl

In an errbo L e pl.&S

Cl-12. In 5 er%oc?g‘l I#é%?ldléﬁ rﬁg}phomséghe grﬂ’ventl on

i s - N(R8) - tetisfopirargl WWMWWF@PW* Phh%tﬁrocycle is
enbodi nent uabutistiend @sabitituedenth D3 sbstitgentdNkdch iRizpondently
an embodi mept. . Qf (e pPresent invention Ais

-C(01r) H- erein is defined herein. Than

enbodi ment 6 t hial Bresent invention Al is -C(=0)-

I n an enbodiifent -@R*t he present invention Al is

- C(NRbl t c) HE)(J) Wher afley R, 08 ishars G iR e 46 éd@%t&%rﬁml -6 halo, and

30ln an enb |rren1 of “t'he present 1nvention Al
- C(N(Rb) (C= OYb1VME®: wherein Ra and Rb are deflned _
K2x ei pheny\Or BOOWcIS84A9UREIN/ Safi0et 0 OLBO5 2elected from pyridyl,

enbodlﬁgpﬁﬁ{,dlﬁf;] Hﬁ&})@rﬁﬁﬁﬁﬁmﬂnﬁ LB lﬁgeticﬁnyl furan 1 Fglperazmyi

i ndepende

seI
M A R O € S S E)
def i nehittepksing! oicteragychis ouswhstitutest ortmstnmgdemhl -3 substituents

I AVentehinfepdnientyRRREad yar €in R6 and R7 are
{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
(e} -CN, and
H -CO,R?, and
(3) ~Csgcycloalkyl, which is unsubstituted or substituted with 1-6 halo;

R® and R are independently selected from;

1) hydrogen,

(2) -C4alkyl, which is unsubstituted or substituted with 1-6 halo,

3) phenyl, and

(4) benzyl;

or where R® and R’ 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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defined herein. In an enbodi nent of the present

invention A2 is -CH2-. In an enbodi nent of the

present invention A2 is -(C=0)-. 10l n an enbodi nent
woaboAiBeigpr esent i nvention A3 is independent| ycydalseazemnos?2

from (1)-CR6R7-, (2)-CRI6R11-, and (3)-N(RII)-

wherein R6, R7, Rl and RI | are defined herein. In an

enbodi ment of the present invention A3 is -CR6R7-,

wherein R6 and R7 are 15defi ned herein.

In an enbodi ment of the present invention A3 is .

CR1R11-, wherein Rl and R' are defined herein

|the BT iheRfarely osritedo hecsbisne PRI dsnWhEhiting is unsubstituted or

i sndaperdentd -4sabatbads EachindepofdentICRERted fpRY):
- CR1R", (%)alo N(R11)-, (4) -N(128)-, and (4)a bond
bet ween A2 and A3, wher ei n R6, R7, R8 RI and R' are
def i néd? herdh: 251 n an enbodi ment of the pr esent
i nventebn AL isalk@hvhidhnis ansubshotkdesuboitutehentbrles balp, and
i nventdqon %eln?[ a bond between A2 and A3. In an :
'\e%z‘o SI ment of the present invention Ea is -C(R5a)-=,
misl,28F &in Rsa i s defined herein. 30In an enbodi nent of
nis 1,2ha resent invention Ea is -C(H = In an enbodi nent
vis 0, @fortjqe present invention Ea is -N=. In an enbodi nent
1e present invention Eb is -C(R5b)=, wherein |le
i s%"defi ned herein. In an enbodi ment of the present
invention Eb is -C(H) =. 35In an enbodi ment of the
and phRf@RQBicAlIp\wetdptdle Ellisitheredfand lindigiuairddatidRert afd diab@reomers
present invention ECis -C(R5 )=, wherein RS is
defined herein. WD 2007/ 133491PCT/ US2007/ 010952 I n
an enbodi nent of the present invention ECis -C(H)=.
In an enbodi nent of the present invention ECis -N -%
In an
e O)mg%mt 8F e i, dRi6 Gl dcQ K EADLHYs O Fomula T
present inventi 0R7R4 I's sel ectgfl from hydr 6§en and
-Cl, 6allcyl, V\lgi bs N
W|th15fluor an é\lrbodl

invention R4 is h n a enbog i
present inventi ony’g g(?:gF(‘aSS and R5' &t |ndepehde(:1tly
sel ected from hydrogen and hal o. I n an enbodi nent of
the present invention R5a, R56 and R5' are hydrogen.
In an enbodi ment of the present i vent| on R6 and R7
ar e i ndependent |y selected 15fro (I)hydrogen (2)
whereinGL', 83) Aty Y, BhiE?hET, 8°pasil'sare defimd lereisubst i t ut ed
and ph%&e&ﬁélweééﬁdme Bhe MBS CaraNRdiSHRaL drlakli GRS a8d Biastereomers
tea(: i ndependently selected from hal o, phenyl, and
thereol. o (3) -3, 6¢ycloallcyl, which is unsubst i t ut ed
or subsnothen @obadinhntiefhed irwe!rtt@pn ipolgdypteempundg of formula Tb:
het erocycl e, whi cr;, i© unsubsti Wt ed or subsiytuted

with 1-5 hal o, J’)j\ /\n/ YEC
N
2 A b’ /&

thereo

A1
“A

. ib
wherein A', A2, A% E* E® E°, R®, R®, and R’ are defined herein;

" and pharmaceutically acceptable salts thereof and individual enantiomers and diastercomers

thereof.
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wherei n heterocycle is defined herein, (5) halo, (6)

(7) -NRobR , and 25(8)-0(C=0)12", wherein R', le and

Itc are defined herein. In an enbodi nment

woahotBespr esent i nvention R6 and R7 are i ndepenaentd7nioees2

- sel ected from hydrogen, OH and -C, "&allcyl, which is

unsubstituted or substituted with 1-5 fluoro

In an enbodi ment of the present invention R6 and R7

are i ndependently selected from hydrogen, -NRobR and

- C1, 6al kyl, which is unsubstituted or substituted

wth 1-5 fluoro . 30wherein RI'and 12,' are defined

her ei rinothes eapposifp ea.qﬁél?ﬁmafmmem P%%Secﬁfnmﬁv%%ﬁf fgrmyg Ic:
and R7 are |ndep Atly selec d from hydrqgen and

-G _6al kyl, whi c |s unsu stlt ed Erc substifut ed
with 1- 5f|uorFQ5 Redient oNH he
present invention d R7 g L 2R aré

ute Y=3<

unsubstituted or éu-b 22\ %
enbodi nent of the present |nvent|on
met hyl , which are unsubstituted or substitutey
'1-3 fluoro. WD 2007/ 133491PCT/ US2007/ 010952 I an
enbodi nent of the present inventilegn R6 and R 7 and

wherenkb\e gartgo 2 HOfY Qf6 B &Qd%e%me}é'iﬁy are attached

form a rlng sel ecte rom cycl opropyl, -
and phewcaﬁmayy ac:(ieya bep%lffypcreqflaaQ w%ﬁvPai Wtf%gﬁwd diastereomers
thereofLycl oheptyl, cycl opentenyl, cycl ohexenyl,
tetrahydropyranyl pyrrolidinyl and piperidinyl,
which ring is unsub tituted or substjtuted wth 1-6
cubst i1 @B APUOULEST &F MscieraL RUPSHRch b iy A HEPAAty Sgitcted from:
«(€1. 6afeyl, which is unsubstituted or substituted
wes h ls@ogubstituents where the substitutents are
h i pdependently selected from halo, and -ORa, (2)
nyl —or pyr|dyl wherei n the phenyl or pyridyl is
dﬁilonhKRstused to the ring, and which phenyl or

QYY | dyCONR WSHBOR Y@ pd or substituted with 1-3

ﬁgf)st | E(g_e aroeach i ndependent ly selected from
Q{f “and -Cl. 4al |,c }{ Mhich is _unsubstituted
f

&7 subBHRt i adetgin b R-B R UK oR > FOpdRI care defipedprein.

- 021rin awkeibeitimdsa of thedeédenetvbeiai Al 18-,

I'n an grhadigBibe R f&ﬁ & ﬁ?i%% 'iJhV}?nH Jvﬁ defined

sel ect egpf rom Jﬁ?wdfoge " -e m 1r, _002@%8'5? erem les ehine
herein.gng - C3. 6al kyl, which is unsubst ituted or substi t ut ed

with InGnihbodopentoétieimeRat aventeh A & 42 Rigovherein R® and R are

definedB&rSinN - In an errbodl ment of the
pr ese i nv 1on R3.is sel ected fr dr ogen and
20 1. BaPFEOTOR oh e PrEReL BYERISR Bt Haybt |t ut ed,

Wi th 1In5nfﬁmbeﬂmnerltnf the meatsotinyestionoh ! tshé\l(yﬂr psehtrein R is defined
hereind Nvention R8 is hydrogen. In an errbodl ment of the

present .inv tlon i ment of

the pr eseﬁ’fn sty ogmeﬁgeaﬁg%ﬁmmn t lg(tioms to ]

whi ch Ipﬁeyrr@séveer&pf Hetrsesepbinyenieprf At 17 SR ), wherein R is
definedherdmirenber ed al kyl - or heteroall cyl -ri ng optionally

contal r g d fromN,
GLH é%ﬁ?@?«%ﬁtt@k%ﬁdrr%ﬁ{ 51';8‘%0 A‘ %@g %1.di 26d b
to thelnemefr@ﬁeuwteﬁmedafmet lrwﬁmeqw JH-, wherein R" and
R® are tethishdHetcinit ed or substltut ed with 1-4 substltuents

each | ) hal 3
3Q(2) enyFrﬁ;gv\ﬁltl énﬁ 0§ﬁle gg{n:;«tg I:i}}ioen( &ad&gg ut e)é) ROH-, wherein
a“d\ﬁr e Ei)e fiped BEIR¢ yent s each i ndependent |y «sel ect ed

from halo, O CN, and -C(=0)011a, (3) -O, and (4)

-Cl4al I cyl, which is unsubstituted or substituted

wth 1-6 hal o, wherein Ra isydefined herein. 35

I n an enbodi ment of the present invention R is

sel ected from: hydrogen, and -Cl.6al kyl, which is
unsubstituted or substituted with fluoro. WO

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

present invention R16 is hydrogen.



In an enbodi nent of the present invention 13.11 is
i ndependently selected fromthe group consisting of:
phenyl , fin-any!., pyrazinyl, pyridinyl, pyridyl,
wogers@inyl , pyrimdyl, tetrazolyl, thienyl pct/us2007010952
5triazolyl,and isoxazolyl, where R' is unsubstituted
or substituted wth 1-5 substituents each
i ndependently selected from R12, R13, n K14, R15 -a
and R sb, wherein R12, R13, Rl14, R153 and R151) are
defined herein. In an enbodi nent of the present
invention R11 is phenyl, which is unsubstituted or ,
. n14 Iswbstritbdinecht f the presSnsinhsttionueh isinderehdently selected from: -
igplepepgert) y sel ected fromR12, R 3,5 3 and RI15b,
#(é)mher%Rnolﬁlz, R13, Rw, R153 and R15b are defined
ei it - an I'n an enbaodi ment of the present
i(AY ent-{GrORP&hersisR, &t BY ahd &1 arhydfiogbheraind - Cal Kyl |
Whi ch [h%n@RibdBEhdr OF 86 pREseitiBSénitoal £21iMARFRE- 3yHeredh RS and R7 are
deﬁnec{,ﬁ an enbodi ment of the present invention RPGis
- ¥RV . 151 n an enbodi ment of the present invention
REG i dnhapgmbgdianent of the present inyentipn tHent of the
pr esenh ahR¥HIHInAEI f ihe préseht i8¥entionA2isL{BE8y-. or
wherein R163, R17, R18 and Rb are defned herein. In
an enbodi nent of the present inventipn J is '
=C( 12.1n@8 pmboditesns of tRIESeniSInyTtioned” BoRdenspdentlyselgpfed from:
gmpodi-mRiR’0f the present invention J is -CR17R18-,
rei 1a R18 are defined herein. In an
\gﬁn‘ﬁodi %rﬁ?{zofg? e pgesent, invention J is -CH2-. In an
ddbodi-RERt Jetvberran BrodseRt fhRentiedisiiped BereNy Ry) - |
wher eiln aReribedihednt néthe pdsensinmention AhiseGRORI-nwhireidfR® and R7 are
defined RGeRr €sent invention J is -N(C113)-. _ In
20 ok Tk RS b NN AR o e '
are defened hREBn.are defi ned herein. 30In an enbodi nent of the
present invention Y is =C(R16b)-, wherein R16b is _
e i Syl of e AL P B B BEER R steced o
fiesenCR Rienti on R163 and R16b are independent!y
3opel egtretkfrom (1) hydrogen, (2)-G 4alkyl, which is
gggubs_ j tuted or substituted with 1-3 fluor, and WO
711 ? PCTJUS2007/ 010952 ( 3) phenyl or
Két er obBle,anglher ei n heterocycle is sel ected from
¥y | dyd borayetwided m’lyz&mi Ay rerdrenilR®, RAJ Tsz ®/'YAnd RNiarniekined herein.
triaz : i_ny4 . an
erbodi TP ARAR st beBRieRRh BRI ‘ﬁﬁ-é{:}ﬁd R 61 and
t he atlBpsmbodinit o thsipresgnbinenttonghis pagidbepeengt and A
a ring selected from phenyl, pyridyl, and
pyrir rﬂ\%%body}gélﬁ I%f {Heg',geée_ﬁt iHOérHRﬁtEé Mt . B'E)z', wherein R*? is defined
. Substituted wth 1-3 sdbstituents each independently
herein.go| ected from halo, Oe and -Cl.4allcyl, which is
unsubdhiangrdddoners @b gtei presepdinventtpnlERisHAH)5. wher ei n

Ranbi (Sj IFi%Biteﬂﬂ:?)dP'ﬁ&ﬁ o the pr(tesept inver;t.ion EE_\)ijS"—N% |€Ln R'agl'

enbodi_men e present inventio F o5 -
 andt hd® ZSRESHTE R TP ERHEY MR Yt BT or Hereig R is defined
hereinform a ring selected frompyridyl, and pyrimdinyl.

In an Iﬁ'm@ﬁt@iﬁHﬂerﬁfofm&q;r@ieﬁﬁiﬁﬂéntidﬁmisi—QT(H'Y*J:LS : I'n
. n an

an emhodi nent .of the present. inventipn n,is
enbodienrgroner S MR B R D, 151t s
) t 0 -be lnnoermfrodudent ipdtheieseat ipHeninn Eose GdR Yhevheban & is defined
herein.r eci ted structures or
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substructures recite nmultiple substituents having the
sanme desi gnation each such variable may be the sane
or different fromeach sinlarly designated vari abl e.
woPos/sxeple, if RB is recited nultiple tinmeedrusanmioiess:
enbodi nent of fornmula |, each instance of R8 in
formula | may i ndependently be any of the
substructures defined under R8. The invention is not
limted to 20structures and substructures wherein
each R8 nust be the same for a given structure. The
sanme is true with respect to any variabl e appearing
nmul t i ghenteibegdirhentaf se pretent evemtigUESsts X Hir.e.
The coRRAURRRdRhedt e HRY HE&AT inV MR EOR iRy contain
one or nore asymetric centers and can thus occur as
racemat es and racem c m xtures, single enantioners,
di ast dneaorsrtodimenttofi tlespraseat imdriltidnd@aﬂ —~di=d¥t.er eoners.
Addi ti onal asymmetric centers nay be 25present

depen t he ure of.the, varj.ous, su t|t

on ¢ hdng BRGEn R o by st S SERTIER B iy bogen and ~Ci.
salkyl, iwid@pis mdsyitstifntgt odwbetitvwd vapt 1 -6dluorsoners and it is

| nt endgdnchtodfthbnt @ uté“ﬁe&asmbﬁzﬁom is H3lrogs@mer s and

di astereoners in mxtures and as pure of partially

purified conpounds are included V\/lth; n 5tbhe arrmt of

this ilnvaseitedimanief grepresent invortion BT RS apd Rt mt-'endependently
selecteﬁ@ﬂ@&ﬁf&ﬂ@eﬂddwh i someric fornms of these

COMPOUAQS. . FOIE Ol w15 GATROLAS, a5 HIRIRDEL Gl rogen
cont ai'n ol eétini ¢ ub Bonds, and unless speC|
ot herwi se, are neant to include both E and Z
geonetlhia erfb@dRh6nt of the present inventiche® gidaseart independently selected
i nvention includes conpounds of fornula | wherein one
or _nore hydrogen atons are replaced by deuterium

AP conpounds defined in Fornula | are al so

i8¢ udeq satkyihivhidhhe usodyperuBbalr snmme@mu b mutesnitucars. where the
FObsifiRAR afe eafeﬂrm@éb@q&emxg}%l:vé%mmﬁ%mn %P"A%@CGR)

groups ander go . tau S rm
o oxhorlatiply yhich Fumsubrieries o a{bawedgm?;éfef?wo
addl ermmhiehylfayheeredyeld, mbiahde dnsubsiitutedton sulstioped ofithtlkehalo,
pr esen;,hérg“q,ggér@gwe V@ A0 233491 PCT1US2007/ 010952
albe appreci ated by those of skill in the art,

_ ! alk} %f the R6 and R7 substituents are capabl e of
f@) mi n@Rd. ring structure. Moreover, even those

ipstl NIERE sapgapabl e of ring for-mati on may or may not

fruct Urea pb Al so as
(gi)r ecl é?eg))% E’E')esmé?to’fR dIR h df%ned he emhal o or
hal ogéh aa§ﬂﬁ§>éﬂnﬁé|°é ithe %rﬁiﬂnsm’w@m?e%ﬁ and R sp itlspendently selecied
from h?tﬂﬂogért} OH htud¥C ;. Jar@nrmlaﬁhi is0dabstituted or substituted wish USdithoro.

her ei Ny, an@dt¥him %x?t df@i«#}gl&%t &Qemrk" Ad?ﬁ@" are ‘?%d%ﬁ&tb%ﬂtly selected

and cycl g.structures no ca bon-to-c

from ha@f@g% HR® Rr a8 & isahks whigh /8 upgo S@%}qumsubsytat@# il -3 fluoro,
whereth® |aderlitt°|afeyddﬁiedgiemmp as having 1, 2, 3, 4, 5 or 6

car bong jz %gﬂmldinqgrﬁ of %e %@nl%gnt%nr I@“‘Qﬁr@“ e l dep ndcﬁtly selected
g

cl oal ar t or I C
from hwg% alky! t"ﬁ\’%b‘sd’r“ e st eriggied P’“@i’o Qs
def i ndd apenitodinentiof yhe presqpt wentom R aral Ril areethyl, which are

unsubs%%{é’& &@anQt@tﬂ%dJﬁellﬁeﬁ%Bmal kenyl " means Iln;ear ?f H
branched strugtures .and conbinatio £of , of the

 Ph oo cn S LSRR AT e Fasdath Siigh ar

unsubmnbbmmsmtédomnmétﬁoﬂ@rbond wher ei n hydrogen may be
repl aced by an additi onal carbon t o- car bon doubl e
bond.. The term "allcynyl" neans: |inear or branched
structures ‘and conbi nati ons_4dereof, 150f the :
i ndi cat.ed nunber of carbon atons, ‘having at 'l east one
car bon- to carbon triple bond. As used
herein, "aryl" is intended to nmean any stabl e
nonocyclrc or bicyclic carbon ring of up to 7 nenbers
in each ring, wherein at |east one ring is

from:
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The term "al koxy," as in Cl -C6 allcoxy, is intended

to refer to include al koxy groups of from1l to 6

carbon atons of a straight, branched and cyclic
wocRiisaat i on. The phrase "pharmaceutical |y pcrus2007/0109052

acceptabl e" is enployed herein to refer to those

15conpounds, materials, conpositions, and/or dosage

forms which are, within the scope of sound nedi cal

judgnment, suitable for use in contact with the

ti ssues of human beings and animal s w t hout excessive

toxicity, irritation, allergic respopse or other
pr obl ekm @remmftl‘éa’f thsypresenhinyastinmi cang R hang the carbon atom or

atoms E&ﬁﬁﬁﬁ@ﬁéy@r@@tﬁh@:ﬁé{! jd'uh 5d<fdrﬂntd fag é?edt@ﬁﬁorh %Sfcﬂb}ﬁbopyl cyclobutyl,
sal,ts

esclopgfiof (TR Rl SRR SEERRST, BT RaiehS fop iy pirayaropyranst
pyrroliginyetal m»gacaémdl orhigfnties ssamssb%tmﬁé of Subsmrﬁél@éh bf6 substituents each
mdepeﬂh&’fﬂy&,@%uteﬁ%lrﬂ y acceptable salts include, but are

‘ n@é, lcl ;B g{’}t Q/hlcw ﬁﬁﬁlbsgﬂltéﬁr &‘asﬂP§ r-]?tgél %tﬁql i §ul%tltuents where the

és suc
salts wst&e}eaism exhdndspeaginlyseiceiss 6@5@}/ alo: apd d%$ :
a0l t hghehivke pyfiig, phareifateythesy! dr pyadyd épombinal Ig Alstd to the ring,
i ncl Ud&dtmcw\ﬁ? b rﬂgﬁ SLQ eGed B gu%s%tehu%th 1-3 substituents

quaternary a .
f or medeach ¢d Tlfés‘ﬂ?ﬁ't ﬂ%%ﬂ@ CL&' “g\“’h s

or gani msabstnhsgd bosubstiangdl with deicflumonvent i onaI

B-toliG @l ts include those derived frominorganic

acids &Iij&)as hydr ochl oric, hydrobromc, sulfuric,

W anm hosphori c, nitric andthelike; and t he
wheremdR tis dpfirgdaesdn.f r om or gani ¢ aci ds such as aceti c,

propi onic, succinic, glycolic, stearic, lactic,

malic, tartari,.c ascor

nyclr oA Eedrhgr o Phecire e myenpaRCe SHeHs bR Syarogen.-
C(=0)BAICERT . SOsRY], e i-Ci-galkd, wb@bos(wmhztw@d of substifuted with 1-5 fluoro,
wherein® U098 WS @éﬂ:ﬁd hafet hanesul foni ¢, et hane

di sul fonic, éd'ﬁ of h’f’eté ée%mnqﬂe t"ilc;hd tNQ LK I fromy h?’drogen, and

Waen the co |nvent I'on
—Crsaliyl, tiéhichnlp %@%ﬂ%ﬁé‘r@‘cﬁuf??%eﬁhﬁ%ééh{or‘b al ly
accept mbinenitedih@iiof tacprdsent imehtish Rbjisingarogani ¢ and
or gani c% As.4i [
_benzenlg]s onidc gﬁg}%gl @éSéggﬁp\%gﬁgﬁ f%r#eéh 1c:i tric,
et hanesul fonic, ftunaric, gluconic, glut am c,
hydr 0 bnCati ambohy‘ddfmtblﬁ tlﬁirpre$enlt gpkhiianR and RiC4ridathe atomns to which they

are atté@l & :;cﬁn t&TﬁJrhCa 4- r@g%ﬁg# Jm%glgé?gd Qﬁﬂe&‘hét%é}ﬁcglc%%bﬁmnally
contaiging i OB, EGF P I SH b e Pk B S MRsretn gy is optonally

oxidizéd foethe bulforer asifeade, ofhitheng mresubonuteher shbtiwtegngth 1-4
substxtﬁéﬁtg b&oh ﬁ&%eﬁ@nﬁ?‘s@lect‘%}d@&&m oric, maleic,
S)sp oric, sul faric, fiu-naric, and tartaric acids.
, wi 1 7% under st ood that, WO
2@07/ 10809 POIhds 00sutot BeBDorEbHiEd hdthel -k substituents each
refer eme;&naaxttﬁbaidammﬂﬁa]@,foﬁfgmlaad Lces@oreant to
g% o i t he pharnaceutically acceptable salts.
mpl 1 y|ng the invention is the use of- the
cipourtdsakiyk ehirdied unsrbsHstakempbaiuga o ithel-@ halo, wherein RYis
Speci f d¢fileompeinds Wi thin the present invention
i ncl ude a conpound 5which is sel ected fromthe group
consi sting of the conpounds disclosed in th
foll ovx]“r@@(boﬂﬁ‘ﬂ? SO lﬁ)‘ﬁm"éﬂfi?‘bﬁl I‘?Sea?ﬁf%ffﬁlﬁf fydrogen, and
—C).¢aB@l, tvehitihenaedbsanded srdiubsiiuedd witaftieweoner s t her eof .
The subj ect conmpounds are useful in a method of
~antagoni sm of CORP receptorssn a patient such as a
mammal in need of. such antagoni sm conpr|3| ng the =
~administration of an effective anount of the
conmpound. The present invention is directed to t he
use of the 10 conpounds di scl osed herein as
ant agoni sts of CORP receptors. In addition to
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The present invention includes within its scope
prodrugs of the conpounds of this invention. In
general, such prodrugs will be functional derivatives
wo%heigssgompounds of this 5invention which arf%arﬂ?@ ¥ o052
convertible in vivo into the required conpound. Thus,
in the nethods of treatnent of the present invention,
the ternms "adm nistration of' or "admi nistering a"
conmpound shal |l enconpass the treatnent of the various
condi tions described with the conpound specifically
di scl osed or with a conpound which  not be
speci finca qmbagirsentod e Pretnt WreRetBnve hYdogd- t he
speci finefh diﬁlfﬂbl@uco et of md@rr!&ngfﬂveﬁti(gdm Nk ?idbp&ﬂﬁﬂﬂl)t slected from the
. i_ent . nventi onal 10procedures for the
gouPé%ﬁé&?%Sﬁ and preparation of_ suitable prodrug )
ddrepyhafyrond. Rirezigdseyridied, Prsiyl diayl, pyrimpsybjtejrazelyl, thienyl,
Rriagbivigad is@dizolsl, vBisrdg dds dnsubksmiedert sulli@ied with 1-5 substituents
“@Eg%eg&%%ng; OGS E HEAPOURUSRHNREu]E, AT Mﬁ?réﬁ%“,%”, R™ R

produced upon” introduction’ of coffpounds of’ t

iddht | YA dehpet BREDhi ol ogical milieu. The utility of

t he colpoumisdinesedt dicdaaeat MvelidrhR' s pisaiyt, which is unsubstituted or

o | D) : ' cGRE or p&CHIVi 15y 15b
subsci RS £ B R P Rkt R 7 and R
whereip dh R £ Bn: Bt epeRhi A degned hatsBn- CGRP to receptors

and fiuictional antagoni smof CGRP receptors were

det er ninrﬁcim%dfirﬁél!lt%\ﬁ@ie dpresent invention RMIISMECI%%T%OgCH and
Coeal INDbQJ .ASSAE: 't'-[lh bi n |iggwgf %‘ﬁ?# P to receptors '

o2l [yl RRICRY 1R ANHESTITU R A8 SUbr ¢ PES out essentially

as deslranismbodEdented gprpreseal inveoti¢rPRO 1 nigghyl. J.

Phar megalh. enfbodime®-of fhe prifeneiivintidiERYY i@ mosroEed Pi )

were incubated in 1 inL of binding buffer [1I0 rnM

HEEPES, pH 7.4, 5 nM MCL2 and 0. 2% bovi ne serum, . .

al bum ¥ anRgodimenttod the prgsendInyRpias) sGGR ghdCR 'R or -N(R")-,
whereidR'&g @M1, $1'8 2 R®Areidafiniptidrein, at room tenperature for

3 h, the . ' Jilirati thio 16a
ore o) DOn RN of B RPERE b Bl L TRACTy TREBRRG s cetined
hereinpeen bl ocked with 0.5% pol yethyl eneinmine for 3 h. The
' filterk avngbodabach ity gesdnt esntér hisi GR''RY- caletkin R'” and R'?
ffer (10 iri.MHEPES, pH 7.4 and 5 nM Wyd 2),

are'de‘?%g%{ g’ plates were air dried. Scintillation fluid

(50 MIp apeenbadiragnton dha piesenhiveadan List¢Hans count ed

on a Tepacustod(Rewledtit prashr invention J BabhyRERaMystis RRdsdefined
hereinCarried out by using Prismand the | C was determ ned

o) B e rens Sty SRR 7 ooef
30RECOMBI NANT RECEPTOR: Human CL receptor (Genbank
accessinQi dm%eﬁ{maﬁgare%i; iSRG ORQE = ') h@R”RmH)or ~C(=0)-,

expeessi on, yact or, ol REShyg2 (BD Bi osci ences "Gl ont ec
whema a’ I\fﬁnéﬂar%cgﬂpnﬁ%ﬁ%'?agnent. Human Rﬁlé/fl b
( Genbaktenzsekosiment of therreseal ouemtion YWasCEuHOt ovhetkin R'® is defined
hereini Nt 0 t he expression vector pl RESpiu-02 (BE)
Bi oscigences 0 C as _a 5 Nher apd 3 I
Fr ageiien ARt e et B San e Bhaney
cells; ATCC #CRL- 35 1573) were cultured in DVEM wi t h
4.5 g/l @l ssetiémerdt oThiesndiantiyhtvaR E° antiR #° ARe.iMiependently
seiecteglr_ﬁ%t ui ne suppl enented with 10% fetal bovine serum
, 100 units/nmL penicillin and 100 pg/nL
) eptBiyR8s®; and maintai ned at 37 C and 95%
h@ari di 4G4-sal€el, M steis ensubbduitddorestbitutel\@ith 1-3 fluoro, and
~ 2007/-133491PCT/ US2007/ 010952 treatnment with 0.25%
trypsin- with 0.1% EDTA in HBSS. Stable cell |ine
- generation was acconplished by co-transfecting 10 pg
of DNA with 30 1ig -Li pofectam ne 2000 (Invitrogen) in
75 cn? flasks. CL receptor and RAMP( expression :
constructs were co-transfected in equal anounts.
Twenty-four hours after transfection the cells were
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The conpounds of the present invention have utility

in treating, preventing, aneliorating, controlling or
reducing the risk of one or nore of the follow ng

wooeRsiztde9ns or 15di seases: headache; m grai ngicredsiT@®h00s2

headache; chronic tension type headache; pain;

chroni c pain; neurogenic inflamation and

i nfl ammat ory pai n; neuropathic pain; eye pain; tooth
pai n; di abetes; non-insulin dependent diabetes

nmel litus; vascul ar disorders; inflamation;

arthritis; bronchi al hyperreact|V|ty ast hma; shock;

d8psi henyiateterpayhles whateinshaterpoyeie isspleptil fom: pyridyl, pyrimidinyl,
t ol er 3ReLin10hidzbB$ RBR N} INUTERHy R b xWedTRtindahbr@h iy 1.
dernat|t|s psoriasis; encephalitis; brain 20trauma;

~epi |l epsy; neurodegenerative diseases; skin diseases;

neurodeﬁp@Hﬁwﬂawvé@§ﬂﬁﬁﬂﬁ@§smvgnﬁﬁI%os%%%%Mbﬁ@%@eaWGﬁﬂto“mﬂm
they arew&dheﬂ?om ik fdranarah @ ssleieBbmPBhs LA S Byridyl, lAnt @iptitidiayieivhich ring is

unsubs%'mec[ gég?tbst?t}ﬂfégv\iélﬁ ega:ggst «%L% eszﬁ%%*:r?%%&%@gltectgﬁ%opne halo, OR?
and -Cfallpartbleh ESHnSP REIHEARE BTSSR b o1 RO P B e Aefined

hereint r eat ment of headache, including mgraine and cluster

headagh ogﬁo} ?ﬁ%%t {CQAPRYBG R 1@ Ltar:th%msl tlm(s) to which

in a_ met I on, treat tro
they arg gtachsd Jqip 4! Orsta PBY a%!t%ﬁ&er' prdyl. g Wé“tﬂ"@’ ases,
di sorders and condi ti ons noted herein.

The SLmJasetn&anpaa%@&eagreseﬁurnueﬁtonqﬁeJ pl in a method
treatnment, control,, amelioration,

for t re tion,

or regﬂég HﬁmgF“?stﬂHW”?%@tﬂ?@?&ﬁﬂh?loned di seases,

di sor damrs <8tadinedpdihs pasnt mvenimni matd on wit h ot her

agent sn is 1B ®e eaaa@%edsh@fwﬁe&eo&rc@mt of &ié%hb@fbcﬂ&%th@tures or

subsenf 5% 2B RIS b SUBITIsdRTE SR - ooy S apch fiable may be
the sameohdffersnt pmrdask sifilagly slssignased varsabindi Karenamplss xf\ﬂvﬁ véﬁecned

multipRARQUAAS eafbolinhenllo@ forgfuld ) eadi RGN IfRS INEYriaY @ may
mdepen&énltll t ‘any o? fhe stug&'l.%c?\gg Heq{ne? rllmgér ﬁg]eT}gJ Jéggnt gthgkgtehmtted to

er- or nore I t her
stmcmee ase éhb%ftlﬁetrewbge@)eaﬁw tseusaa?rtha samg fegpe glb'yn 8rySheie e The same
is true &R redpedito ANV Watiall© Appeatiye uatdpit hﬁfe@ﬁto.ﬁ structure or substructure.
conte t
”ﬁ%ré% WRhY oPthe rréounﬁ%*@#nor oty aéBné.;rF&(QO g'ﬂgre%ymmemc

Formul a | en a Co . 1S use
center, W@t%ﬁ‘ﬁ@l’saﬂ%‘é‘lﬁl GCRRpALES B HMIRFHEEShERelg (eegRomess,
diasterpbraeramedtites ahd indyid04 didbi3a T AUS20021 L3 HARBIC conters may be
presenf:@émf?&ilng h80h LHe rlé@dr!: of %ﬂ%ofxﬂd@s%%@bﬂ 'ﬂ@xn%lé@@leoﬁila&( such

ugs and fhe, co For nu
mqsmweter R S SF%BK}“?LVOEF ik isdsnded that all of

the possitde apicabisomersdndhdizswereomens du mdxtofes Bod asibarelor padiaby gurified
compo%dﬂ’ﬁ[: %%&ﬁﬁw@{tﬁﬂ% ﬁ'ﬁﬁt afj'ﬂﬁhﬂh%rﬁfoﬁd TO8 petisEhtah@ttion is meant to

aﬁ ﬂ g Is}chﬁgu esf & |Cs al S s cont enpl at ed t hat
comprghehd af] SUe PRTEBHHT S 6‘% Wt RPBHE or nore ot her

act i veSamgpidie sampousisiiesersied dareirs casnaip jodefimiedeyple bonds, and
unless sPatRdd csmeraﬂgb hREmOdnd & inafide \botH B ghdHisefmstritbyorhérs.

used i S
. Accor dilakheg‘?r %\@entt ﬂr\%ﬁﬁ%'% ﬂlggje\l%?I ca g%%@%. ?%nlsdv%f%%(' Je© ormore
hydroggp ataspg arg ﬁ%ﬁ*ﬁeﬂ&ﬁ qul?F‘Hﬂ’e those that contain one or
- nore orhesmasiof ¢empogidsdieintdin Fammatidl dré aito tiscldded within the scope
of the }9{@5@9 #dnQén, FF’(SH‘@Jtlaﬂtple c&ﬁﬁ@mmmlﬁtﬁhg e&Sohy1ClaRC(=0)- groups (keto

onbi nati ons of a conpound t he present |nvent
formsm%r Hmeyngwntfﬁ@mdp%p B&@tw P, smpps §5794 bforms). Both
keto anvdl 4ol fovmsaire imheicdtitiin tetscope df0he prepow idsntibn.kew se,
conpounds of the present invention may be used in
combi nation wi'th other drugszghat are used in the
-~ prevention, ‘treatment, control, anelioration, or
reduction of risk of the diseases or condltlons'for
whi ch conpounds of the present invention are useful.
Such ot her drugs may be adm nistered, by a route and
in an anount commonly used therefore,
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10conpri se other therapeutically active conpounds as

noted herein which are usually applied in the.

treatment of the above nentioned pathol ogi ca
WOCRl3849@NS . ~I'n the treatnent, pcrus2007.010952

prevention, control, anelioration, or reduction of

ri sk of conditions which require antagoni sm of CORP

receptor activity an appropriate dosage |evel wl|

generally be about 0.01 to 500 ng per kg patient body

wei ght per day which can be adm nistered 15in single

O multiple doses. A suitable dosage |evel may be

about s Will boamBeciagd ky tmse ofiskill imBwwrt, 0008l ¢fohd B§ and R7

substithdHtsl 58 cﬁ’}%bléj@ﬁ’fonﬁh stiicturt OMRedBE Qe P Bosddbstituents capable

be 0.05 to 0.5, 0.5
: ofnng:%rr%atlgfl rgzllsf’?frr%ﬁgwg/ Rg" 6%&‘33% “Hy—%reor al °

adni niAlse as appreciatad by grmse of skillne terast, halp dpbalogey poesgd herem are
intendddtoliR@udOéHIBf nherd! Bxb&rcﬁeﬁﬂh@ﬂ@' ng 1.0t o 1000

m l lig amggxef?ﬁrlﬂ?‘gﬁ%f J i § t cﬂ:ﬂ dl&)%g.ébm ?u gr | cbchc structures .
havmgw@adaonzteo:aﬁoonz:gwbty oréﬁplg@@nés Iﬂ’ﬂﬁ (%)] é@w 1 C%Ué b)) identify the

group #sXavihg 8003 U, SAUHE QubRGn 3 08CarbrBrdrlched Q’Eﬁlg@:fneﬁﬂ"le(:ycloalkyl“ is an
aliyl, L drifl dUBHLARS thRks 4 Rfe BY APLOGbE RIS fTBAEO Mk is defined 1o

osage to the patient 'to be treated.
identify. Siepraeacace ofeydiret savalentdeeded on a regi rren of 1to 4
tinmes wteﬂﬂyalkmylma&sem&dmmmﬁmeedmms ahd tovhbi@ations thereof,
of the Bﬂfaeéﬁ%mn‘é’é?!i‘féarﬁéﬂ JQ&S ezﬂtléa@ <G Cf'aﬂ:ﬁm double bond,

whereify o lzg R maE G §$éﬁ§q3&a&a%%em°§?f%?m ogfedadiobl
© whi ch Tenpoufigsywnf” tteenplirese ot branchedtsirortuses end combmatlons thereof,

of the ﬂnHQb&@%ﬁ%begm%ﬂ Ho2a! ﬂa%‘.r%oclt Pkt 5Mﬁﬁ-t@[&:bon tnple bond.

obt al ne e, qunds of the es lnve
are adh HEODERD 40TabaaFT o Aiodage By PR mamsn P ieycli
carbonrirlgl dfgipam7trocrabarain 480 rinigl vhepcbmtpeast doid rong iaarahatic. The

term * l?e@érH@:}cléé’Qﬁ%h%hﬂ:@&hc”Qhé’@d&d%@reﬁu SRS Whsahbid d@pRs&Mis a stable 4- to
|1 de

8-merniied morogy 1 BLgaDIE O 1 | EOICTHSCR: Tiar e Hisefrar e rippaystem which is
either saptratied @nihsangagdsangevhish tonsintabitsrbon Qoms pnd Frarapettosix -
hctcrozﬁ@&b‘&elé&&@ﬁﬁlﬂ the %’Ecﬁi’;ﬁﬁaongﬁtufgfm abosItp dndSil AddOwRErsInttRe nitrogen,

sulfur ?ﬂj!o n]%)osg]?%rus %etfr% Po(rjns. rPSa/y of a&f ﬁf? Ogldlz%d %dl&g%gﬁlﬁggn heteroatom may
optiongl kst quptqﬁmzpql @FQH%CIP@“&B@UPIC%W g’fP‘PH’ F‘g‘f”}é\‘ﬁ% anyrpf the above-defined

heterodoRagagy BFus@no ﬁwﬁnb@xeaﬂggusmemeteeoq@amm@nﬁp ®e @fidhaB lat any
hetemf}tyl? 0?%%#)11 %tc[n? W&SIQSUJS in the creauo ftabﬁﬁéfﬁfc re. Exam%les of such

arlng t he conpoun I's 1nventio
heterocyelic ETq“B§ﬂ°éHd€d tr?rgs?wémﬁ%% qOo%eﬁslex &g, dilgrdrofurag,,
dihydromtrat, ididxanerdioxmale, hoabydicazepine, propedidiss nhmamndlmne
imidazbfife. #nida9blifthe! HdHﬁEJ AR A RABNC 1 BindoMhe, 1sothlazohne isothiazolidine,
007/ 133491PCM S2 0/ 01095ﬁ

tsoxaz Hﬁpg’aﬁﬁ‘@ ne, mo & fROED Qlérluﬁqe ?]xag_anebé)Xﬁoilﬁg}eeaxazohdmone
oxetang gadkéhexalmclovatiepig, 2 ox8pipermeing, 2mdompadding, @-ewampbledine, piperazine,
p:pend?ﬁe E?thﬂaﬁéidlﬂ'i}& b?m%:&ﬂ{e pPSHIENg, %@rﬁbhﬁ{c a,mu;@ah@ tetrahydrofuran,

nat e e venti.onal
cevai Qi taoe Uy el SURETe, kel Pk PIOGREDRIRe agd N-grgdes thereor.
possi bTh; tteun rhiterogsd”’, @b w@rh&aﬁp@xmt ovhererotadh eapseseniea stable 5- to

-men&b@f&%&rﬂbc&ﬂﬂﬁ @r @tfablérsdlt@ 20 ¥neilbdréd filked Bﬂcﬁclﬁrﬂeté%ﬁycﬁé Bing system
L. nent|

which SO TR oty it BB DSR2 b ned syt FfRainy),

from oh¥ % snﬁ&hﬂﬂﬁ)dm}ns é/&iécléd frdinche groupl cmaRR% 0N, [0 &8, RBfmd Si, and wherein
10Schenme 1 illustrates the general strategy 't or
_preparing the conpounds of tsqie. present invention by

~ . coupling . of a carboxylic acid internmediate (A) to an

amne (B) to give the desired product amde C
Vari ous carboxylic acid internmedi ates, such as those
descri bed herein (vide infra), may be coupled to a
variety of nines to give the conpounds of the present
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skilled in the art. In sonme cases the order of
carrying out the foregoing reaction schenes may be
varied to facilitate the reaction or to avoid

woudyensed reaction products. Additionally, vagimarkseo7Resz2
2007/ 133491PCT/ US2007/ 010952 protecting group

strategies nmay be enployed to facilitate the reaction

or to avoid unwanted reaction products. The foll ow ng

exanpl es are provided so that the invention m ght be

nore fully understood. These exanples are. -

illustrative only and should not be construed as
the nittdeantsulyr aleptioapRares betesoatommaggptionall Rperudmedudthe nitrogen
hetero&t68) m&#Aepthnbily bel quaphesn ldndSindludingeinh bl dyc Pe Biotlp i @hizh any of the
ab""e'g‘%ﬁl“gﬁ%f hgeﬁerc'g?ycﬁc Irrl?l%p }/sl fugedzt'o%I 6@%&&%‘ r&%‘jtﬁ{éqgke?ggy%lic Egg ﬁ'nay' be

attachg! 3 agy hesetopiom pyenrborHiopywhish zespits By thgicergtion phpstaplg structure.
ExampléslofrsiB®hgtedoaryMetidpé 1dude b, ar@hotlirhitanio, batmpaidatale.e

d 0
benzxs%%&%ﬂ %t{rg%og.%%g %ghzcﬁ{l iﬂgﬂ%te)ﬁ%g[: : Ig%%'o%u\‘\%'xeﬁg Ci)%qzotnazole
benzoxagls, PPéB?'él?= Ppnglinecfyran, fyrazan Amigazpls, wdpen! ﬁgﬂ@ﬁ%ﬁ%@hm

:soqumajmanisbmmzotegampmz@w mephtfijréding axhdiarplel oxaesle, nheisaldzven pteridine,

I a ﬁ'gzd Q ﬁﬁ@:@%ﬁn@eﬂ}?{d?ne d@ﬁé H?ﬁ evﬁlﬁllihzolme
éﬁg%ﬁ% r{] é menq ﬁtaﬁz\wed H‘éﬁng? and N-oxides

thereoDf each of the followi ng aqueous solutions: | M NaCH,
1 M HOhergte I“aikb)_&ljr,f’ 286 8t Qf Teslkdit, heintndedatidfeateiiclude alkoxy

Th ani cs re then dri.ed o sodi
roupsqf o 4 10 B cRROR Al an e & ST Para oY S ronh Bymien
.~ the ti Theep@mﬁ‘obw@aomr@ﬂiymgep@@éﬂ inemploved hereinte refer to those
compddHd, hfatdo Qomf:@smﬂiﬂsz azrd/@tg@os(a@/é fbn?ﬂk w}%h §Ee@1t]§n the scope of sound

meaic IR ot b B B e SR R o7 e nppgmimas
withouft egensSiyve poxicify2 Brimtign, Qgsgmtwonw, N/eemel(msbletrrmcpmrfhmm

comménkQfd)th anehwaiie bédB/ ik katiovas added pot assi um
car bonﬁg s %}%re%n g’ph%?l%i gg@éa?]ly aI{Hp?abPé Qal“:?‘s Yertd ldylll a(l?wes wherein

was al 1 owe 0 st ggn
the parza: esrRRSIIG ERAFICHDY IR B A PORESFASIEDBITPE S9RmpIes of
pharmeaiitfilyeaccénbble pile; inelide,tar efeltiok Yimiedny etintal vagrganic acid salts of

basic n?r‘%ﬁwlﬂes slﬂéﬁ ad Qﬁm@g %ﬁﬁdlﬂg’ Ciﬂ:?&rﬁé dﬁls%f %ﬂwﬂ@gld @S%Efl carboxyllc acids;

e agueous | ayer
and th¢ ik, PW@%%#WW@PWC Saihisr "amﬁrq Coﬁéﬁe'ﬁlﬂ’c‘j‘r"'t %‘ar*c salts or
the quﬁ%masmb&mtreﬁlus of tihepaaeru eompolig/formed Her @Gurgnde) Srom non-toxic
morgall}lg s Amdle }%‘P leglhe IQYSJCH%oﬂ%tIBthoﬂftoﬁc WhiEQREIRARe those derived

was .t h

rate
fom S bne il S A b e i e Ssphaspyoric, nitrc
and th8 (K¢jiapd ehcheite atenawjdefrommgmm sNck hs getinepropilalg, succinic,

“glycolf¥! yt@zg‘ncp‘faﬁ:hc SRt Rrec &, afddrbie r;%@@ qnaa@ieqwé

o s B AL 5 gyt ot
memasespifemhmtb@mwfommn@)& Psethigiipeandthe Bkgxopent anoat e
To a SWHéhltlQJhdiﬁpound of the present invention is basic, saits may be prepared from

pham%oeﬁ%% %ce fz:])blg nggtt%g‘ abke dgégﬂﬁ&&lgr&%rgﬂﬁg L.%\Eg%gl: ?&%9 Such acids

includgpgetic W@V@Hifwc{ W@!Co%%mw@ﬁl%ﬁ%% gihppeifopici franaric,
glucori®.dhtaric, Bdrébrontio) Dydovehlord3 isethiodiedactidy miakeie, whiliehmandelic,

metha}xésqﬁ'oﬁjg 58@%1 A P%@&kﬁﬁ‘ﬁém@mé' ﬂ{o@%m Hﬂ:@ﬁ“ﬁc Rulfuric, tartaric, p-

tant stream itro rei

toluene%fiorw&ai andiEe ket iy ﬁpe §§Reé'g O tBF WyEption ‘?‘Péﬁ&?’? Bitrig pydrobromic,
hydrocidstid, ineabet, ghosphordusutigionhincdrict hmdbtatthie pate ofvilt de boderstood that

di oxi de' evol ution dimnished. This freshly forned

acid chloride was then transggired via canula into a

500 nmL round bottom fl ask, cooled to 0O C, which

al ready cont ai ned N—nethoxynethananlne hydr ochl ori de

(5.76 g, 59.1 mmol) and triethylamne (15.9 g, 158

rnnol ). Fifteen mnutes after 10conplete addition of

the acid chloride, the ice bath was renoved and the



10

20

25 .

30

35

WO 2007/ 133491PCT/ US2007/ 010952 tenperature a septum
and nitrogen inlet were attached prior to cooling to
0 C. Sodi um borohydride (191 ng, 5.05 rnrnol) was
wobbensa@dded, and a conpl ete reaction was obsegyak2007/010952
after 15 mnutes. Methyl alcohol was then slowy
added until gas evol ution had stopped. The reaction
m xture was then diluted with saturated brine (6.5
nmL) while experiencing rapid stirring. 5The resultant
slurry was filtered through celite, washing vvith
Et OAc as needed. The conbi ned organics were th
as usedipspiarefirenrenq e comPPERis R EOTBBIIl grs TERTIAR also inchude the
pharmddelifi@ligAceupthbtosutent rat ed in vacuo to give an oil.

Thi s Cﬁierﬁ’i@uh 1§g5ﬁre; F%ﬁ{&‘.o?hlg L%%Og e R Q{IRJng&@&QXm the

el utlng W't c: Hexan

Exampieg:agd hegedn. Gipgeifif [fampp ypds YEdup ShmeressshinyPRioTgnalyg  compound
which ik2%eofed thven ﬂmrgms;pmdnsngg ef thglcosgpbends dilSlosed it the folBRGing

Examp enth acceptable salts thcreof and 1ncl1v1dual dla.stereomers thereof.

E:Jélg)n Thessub_;—ect i&jg(gug ? eefglyl ﬁfugfn Wﬁ&%ﬂ 0¥ aﬁtagoenrllsm O?C%R(_)P receptors
in a pa(&f sudh 49 { Mpmivesd in heetydf Sudt amygdnéam nemprising the administration of an
cffectl\%,l inlléb{glrt ap n%%il%)ogng Tgé ﬂ@gé}ﬁ( L Reatisn %ﬂ%{:ﬂ‘eﬁq’mtﬁp DELhe

s Ggool e
compotads el GANCEH 81 FUEOBES QPO el BB Prmates.
especidllyriomgins t hivagiegod Totbglroemarlsksh de tabedrc@Bdise totdsyethod of the
p,esenﬁmg{uo\ppl ch time the reaction vessel was seal ed and

allo t sit i,n the_,ce bat

oL 4§ oo RS B L ERrb Ty Ao SBPAET i Pihod gor the
treatmenitemirs!, amelioration. grapdnetipn of riglo Pl disedsn oy disorsier wowvkich the CGRP
receptdYEQlﬂv()h@Q uiTh patiért tafl d@dprisd ddiisiBefigg/@e phifent @ thtdapeutically
eftecti(d it of 8 Skl Aafls bl bl P Giee MEbbleler 0 0

t he mXerreseppinvartinned fugheg girected o asleH@drfgr thamagpfacture of a
medica@k Ed}gmtagoﬂiﬁbi STTGRD réepes adtivie in hirRasodndanimai@somprising

combilﬁﬁ%rgv\e\ég tc)l ct/ tﬁﬁﬁ@ g?&ﬁ,&t Jéﬁedn'ixgﬁ '»\qgﬁea ff{]l%ﬁing%lr hl(;)zrd' g%%g or «]:l_yluent
The or%u&w%é?aée%sth% arefFRt i ebrsts gengratly wmmt gy example a
humanrejng, wasledr f(:ﬁn@lel, i yhem dnegonisat i GR P neeep O activity iTlesired. The

term @éﬁg&ﬁ& 15 Ol RRnYRR héd u%ﬁoﬁfa@wmsﬁyjeé%ﬁ.pmd that will
I ere en concen rate I N vacyo pr OVI
elicit “?%‘éohgtqaé‘“c‘&ﬁéiﬁﬂrfasp%ﬁﬁ CBUE-FYHETy U it is being sought

by the fasedrblgar, yauendfaraat medical Mectonof gther @40cifM As 1;;)ed I2%ein, the term
“treauﬂcwl-:x@%@pl}&ﬁﬁo ¢he treatment and to the revennon or {)rophylactlc therapy of the

'mentioggscg%@sdg orgt Bq,%lfﬂ!ligr(?}r’ % zp gant}/e% w}lo 15 prggtspgsed to sun?xrc{i)sease or disorder.

2-1' 1. Dha(18rs - @irhpaseriany ae psed) hezeipipistandpd togngempagsatirgduct
comprﬂsﬂrg(lﬂ@ﬁ%cﬁiéﬂﬁhﬁedmsz@ @He/ sh3Si9d BabhikiS 236/ Q&Q&§ %roduct which

results é):recgyg() uef: Y, &orq.ﬁ&'n% 4 %?P&%gsgdé[iecpm%?ggg Atlhe spec:ﬁed

amoun&d Fagh sert v Ieaf%ahﬁamécwffﬂ GRFIPOSItPY, WF')deéﬁ@J egcompass a
producf@dirﬁ@ﬁilﬂg sRbuativy ingratiénd(s(, 432 thgined ibediemd) that hae up the carrier,

as welireg%& Ip et &H:Eﬁi%%é cﬂl'elcgggg u{d@reéttl}" rEro ‘ﬂ?&?g‘%“ﬁ con?ﬁiexatlon or
aBEregRGRIL el BN IO m@eﬁé?edwrs@'@awm ﬁﬁOTBd’i‘Sét’ﬂWO“e‘? He of grpre of the

_ingredighfs, &nfilorh ovhdr 388k of iéicm)rts)or ifitaencaomsesficne loayeire vlihe ingredients.

Accor&xn%gh*(gzag%a\%&ﬂzaggo sxtx&@tolflil?é st irﬂf@?txomcompass any

wer e .t r sodi um sul
compofitipp gpasks bypdmi Hﬁéérﬂ“f‘ii’?léﬁ‘? Pﬁthszf&famt iBvegition apia phpppageutically
acceptghdepauiad, By\hpimnmuudbdacmmhbiat itfisumeanhe carrier, diluent or excipient
purification. M5 mz = 229 c\if - CO21-0- 10Step B.

thy| 2- -31 -
112- (3, 5- dlfluorophenvll 2- oxoethV|Ith|o} 2- nethylpro
panoate - - To a solution of -

2-([2-(3,5-difluorophenyl)- 2- oxoet hyl ] t hi o} - 2- nEthyIp
ropanoi c acid fromStep A (400. ng, 1.46 mmol) in
@@Of{(S rnL), was addgd tr!tnethylsiIyldia;onelhane
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for twenty mnutes. The reaction was concentrated in
vacuo. Additional MeOH (30 inL) was added and it was
agai n concentrated in vacua. This was repeated with
woabh@ihge, addi tion of MeOH and triethyl am ne (eé4ais2608019952
4.35 rrunol). To the resulting residue was added
toluene (10 tnL) and triethylam ne (440. ng, 4.35
nmol ). A reflux condenser was attached and the
m xture stirred at 10115C. After one week of
stirring, the reaction was judged to be 90% conpl ete
by LCM5. The m xture was cool ed to anbi ent -
must bp@ﬁpv@ﬁtable mathgthe othsr érgredienteaf the fomrulationrand nos delgieious to the
recipie@fhetbofut ed wi th di ethyl ether (50 nm.) and washed

i ndi vi P%a%xjd n‘MJJ}n&? K/ptc lﬁfes :9; sc%Bg 8.%3!@%% e  compounds of this

aqueous s
inventign; i gerprdl YichpRpdrugay et b%\é@cvm d%nl yasigengkthe §6‘@P9‘|'ﬁd5 of this
inventiklvWiatiearelreddigr@dyertibit 2on0dportht fdulred YaBpeurido THY én the methods

of treag'ﬁén?%f ﬁulégmgéﬁ{ mW@’ﬁ'ct‘t Cglu %J tegﬁiﬁ’] ba)ﬁm% dﬁﬁ)n@?l "adm1mstenng a"

compoyadehatiencempass 9ge§t61€511 ggthctvanwnfl“@nf Fl@chbed with the compound
peczﬁcﬂiwd)smdsed MB:with 4 Zomp Al it mby nol DETERMEDRINT BisSlofed? But which

convex?;el%@fé ciffed ¢ pound i» vzvo after adm;mstratlon to the patient. Conventional
(S t but Isufln ||mtn 2l meéhvl ent an ateedf
procedicz forbe slfEn SOl DEsuR dePrgtseh it A bed. for
examptsf, TKABGR( df. E‘Bdg.ggs,l’ ]:dSHanmIg)aard Elsevier, 1985. Metabolites of these

(:ompo%.ngsr Eﬁhﬁﬁ& Q&'ﬂl%c%\é gi’!:glg:geecg&‘ﬁgg r]lgli;clatﬁ%?gz?n Q(fj (éédg%&ﬁﬁgg}”ﬁus invention

into ‘hg%ﬁ°%| hg'f ‘oM y over 15 ninutes. After 4 hours the

m xt ur Ehawtdlitdiof theegpmpohdginrricgerdarceofitiniie gresegnyentipn as
antagodl3t FEGRY k&depRr atBBnNiaky bd h&n@ﬁ@a&ld(by' ANBEdNESy known in the art.
Inhibitor G tﬁ‘ gd and f‘aﬁqm % {e\éeg@%rﬁng cmagoam‘%oms1nf fOCGRP

HauEols E6di=um bi car bona satura
feceptwvgmﬂiﬁefﬁéheﬁ@spréﬁ hal f - sat ur at ed br| ne, and then

sat ur aiadTYEI RIBCEFNORMB DN ABSAEY : t’hl@d’lblﬂﬂin@d)fd)’\?ECGRP to

receptfrggﬁ g Iﬁ't“m&%teﬁ ﬁlélﬁ!}llaﬁgse\ga%%gn&pﬂﬁ%gstekﬁﬁlgddasl cﬂ:ts%r% a%msson et al.

(200 l)ffafrt ﬁe"rhapwmh 8L, .38rfg‘p )\vBriefly Zmembrages (gp pg} jrere w-jlbated inJ mL of
binding BQHF&rlBEL%ﬂIMFIGEPEJSZﬂ@W/ 4) FAABPMBCEanB.0. 296 oy ine serum albumin (BSA)}

contain%n% %W'SIZC%[@ [EE aﬁ@(@tt ﬁcuba_tnor_'} gﬁ rogF\ete -Egangre for 3 h, the
assay Vs tsnﬂwaﬁe ejrfﬁ @t@i@ﬁ §¥a€§$ Qﬁc teRplatet CPRRKIRELBige) that had

~ been binckyd with (biﬁd@@[)a:ﬂaddmﬂmm fof 3 B- BBAf{te3. WerertvasiAl three times with ice-

cold agxﬁﬂ%uffé%é e FEE) p1PY & and G VD ), thBh e ﬂagsecvere air dried.

rea

seini3gignafi (30010Y affdﬁgaf@@%élga%&?jm&mﬂe hn Griopcttnt (Packard
Instrurgerd}.- ulaata@eﬂasle W@ carrigd @O byrnsing Prifm ang the Kiobasdetesmyined by using
the ChéRS-Priifr @pldashn (CRdrQududdyr () D3 )Hiokead tinkFhdo@f22, 3099-3108).

aqueous hydrogen peroxide (18 rnL, 30% by wei ght

solution) with occasional chilling in a 0 C bath.

Thi s MREGNBRAS NG REGEFTOR: npanLaptsiptt(Genbank accession
number @TPEEBtwlsSub&bndd Mtd)idlexprebab® vetHIGRESaYEY @I Bibsciences

Cionte\éﬁ)t% d§ Nﬁ ﬁ?cp%’alt’rgel ﬂ'Qggr_‘[ = neﬁ%%@ﬁ Qé@ﬁ&&k‘%%eﬁsmn number -

saf urat ed organi'cs _were

AJGOIBW@H&W@F oagf Iniprihe ppErsaion peetoRPIRESPYIRE & Binseienges §lontech) as

" a 5’Nhehaivbt'iNott Pagyhate. HEKEDE ueilst(hamawambgmmcfmemb}mclls ATCC #CRL-
35

1573) Neld &S in W@mmg{w%m gﬁké’s‘e' DehMsh 7 %&%ﬂt@ﬁ‘ﬁd Pfm

ta%sqpp%men%lﬁ"/ﬂ 8PS Ive(gégivlfd()tumts/ml., pemmﬂm and 100
pgmlﬁtﬁpmmm.rh\ahd Sonepedtaad o &t end 95% humidity, Cdlls were38b@ltured by
sol ution of oxalyl chloride (4.80g, 37.8 mmol) in DCM
(200 mL). was add DMSO (5.91.¢-75.6 nmol) dropw se
over 10 minutes. After. 25 m nutes of additional
“stirring,- a -78C solution of benzyl :
5- hydr oxy- 2, 2- di net hyl pent anoate (4.06 g, 17.2 mmol,
Step B) in DCM (200 ralL) was added via cannul a over
75 mnutes. After stirring for an additional 30 20
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To a 0 C solution of
(5R)-5-(3, 5-di fl uor ophenyQ hi onor phol i n- 3- one (247
ng, 1.08 nrnol, prepared by analogy to Internediate
Wozz)m?'/lﬁsiﬂ I'F (8.0 nL) was added sodi um hydri G@r{iASed 10952
5 mol, 95% by weight). After 5 mnutes, the ice
bath was renoved and the reaction 10 was aI | owed to
warmto anbi ent tenperature. Once hydrogen gas
evol uti on had ceased, as judged by an oil bubbler,
the reaction m xture was cooled to 0 C, prior to the
i ntroduction of benzyl acetate (272 ng, 1.19 nmmol).
treatmeft et G2 fforypeig, withh@. 1/ ED 4t iv MBSS §kﬁblﬁe€@“dﬁ@ geheration was

accomplRed bp Bolﬁaﬁsf‘é&tirfgr Bopf er DN& h@mrm ugﬁlﬁofébﬂaﬁnﬂé Zﬁdiﬁ(mvztrogen) in
75 cm”® tll_lask% & egg?qﬁrt anéfﬂg.ﬁ%‘é’l extprcs%on o8 {s wc:erlgg tra%‘g’f’ec 8 in equal

amounfsgylayenfigfous hpurg afist traprdectigntthe @ﬁtihe*rer%\ﬁdlul?% éﬂd Selectwe medium
(growth Beeaitish ROBOREANI Ky Erateycin Wab Nad/nil plirofdicil) e ddidd Me following

- day. Afﬁﬁ?aﬁ) Ql?ﬂhe? ér?ercgtg(? B&?m&%dccﬁvd%éoﬁt?%l ﬁjtmﬁxg Il ?55\%8 Vantage SE |

once a res

(Bectop Pafkim &nowm Bdpyn ¥iap pdigsigero b Ie&fﬂ'tlo@f%%ycm and 0.3 rg/mL
purom@dit fdrngll prégagaigt. adi ent of MeOH: DCM -0.5:99.5 to

5: 952 opg’s@c k"@ﬁﬁgﬁ ﬂéé@?f@ﬁ%ﬁﬁhﬂd\@ssﬁ&z CelR B pleMids

recomB(puimar SLEoeR U A ARENET) Yashesk il BB Aok essise i Gprvest buffer
contaiding 80 wiNf #EARR, @ mM EDTA and Completegprsekstinkibitofs (Recizy] The cell

SuSpeﬂLIQ)ﬁ R)as %lé’@bté—’d gﬁt‘x'a%%&@@; nuarhoéen%f"m 9&?‘1‘&&@@9& itrkSA‘UOO g to isolate
membrﬁé a[?’»f (\'ﬁé T ng dﬁ:g e ISO| EE] 0 d stored at —
HH £ WS TR GRS ecs@ 258%%%6%“ red a
70°C. Hoopading@s@ysri20 18006 hymbeinghwpre ingubateguedus! Hi@ling Suffer (10 mM
HEPES![##P3.4, 8l hd@édlz aklal (5294 B AIY for Wax%t&sfh@ Rodie eén@;;&rérereﬂc%n&mng 10
ot LRE TR HES etk 1 BRI, s 3TBL AL L STRSLEL B pon v
96-wel @EBaless\ibsT flen plates RagkipEimen thas bamtef:@fbimé w05 %
polyethb®h el’ﬂnn@f THE altbdsl wet RRkhedThames gamu@escm hSsay@sied 10 mM HEPES,

| pH 7. 4}%\# %E]z dSleuﬂg ﬁ&g dgsl a%geé) Xne the paltel’érgzesrg lC(f) aggd ona

concen
T OPCOWéPa%@) pmopfspé@ﬁwuéimg vas @%Prr@h%fm gﬁleﬂ@ﬁya!ysm was carried out
with the lagpdregt ddsbiafiogt@stian (K 9lcldaxaied by btidAa nondinkat @ast squares fitting

the bourdPe i AC0 L%Q%Q/da%gfbgl%“f) my of the minor sulfoxide

I soner and or sul fOXI de |sorrer NB:
obsd 'Sr in/ Al! 2 o ,.,-I

Stet) C 1+ ({Drug] / K (l + [Radtolabel] / Kd)

Where [\f %/o%;elsec( 8pRy a)&dduq* Cp@ e&x:lﬂmﬂad% ﬁm,,pkgqlton'ssgeaﬁ@ta&md counts,
(Ymax—/_\ y %F %I C aCI or. sul f e I sone

max 1S the maxnmum percent nzjubmon % I min is the

mmlm{lr('@Ryceﬁt 1 BibH, i‘éhdmhaquheﬂytl prolie, end tho-i&-io et dpparpt Pkeiciation
constaﬂtrfm‘]ﬁle Yadlay %ﬁ:atf& H8 3L f& as BedABinBIbP Hot BRh@lion EQFWiments.

5:“0?] rog e'se tué P&{rﬁﬁé ﬁ%rgg'gt‘%o%eggléﬁ weigplated in

compldig g@wﬂy ﬁﬁém e, %mlbwv@lhmr%dwekl polp-I Ay sy @ated dates (Coming)
and cultired I81% PEWEEford Bay.eSsiRd waRSwished witt PEStandl thén mcubated with

mhlbnﬂ'yfgl: g)@ﬁ‘ﬁn E{ P t&%‘sjsgpﬁﬂ%’cﬁ{y Eg\eﬂglroré(?rggl ?el oon lprfc%(}w -Protein

en was a s Thdrca
mediup lediaRshy B0 TN i2ming Tndd EL Rsob Iso btk ety apthine was added
to- the djidlapgeshcantrmphe3e0Wad and loabadd Yirt30 mintat 30eq. Hiligan o-CGRP

was adgéci( HhE cgv?ss%talzggcgnlujahgﬁ 890 3“‘5\%[2{95] ?.l@?\péfltoqgcu%%e att%V °C for 5 min,
After ax@&éﬂ%’cgﬁwlate% Pﬁek}%\w@ \t’fb‘s hed sothdd Sandaperseed dor eAMP -

~ determwasioutilitieg the two-siggreossy srodédure hicoatitpnahe n{adtacand’s

ether. The aqueous |ayer was extracted with ether (4
times) to renove un-reacted gtarting material. The
aqueous | ayer was then nmade acidic by the addition of
-3M HC1, and was then saturated with NaCl. This acidic
aqueous |l ayer was then extracted three tines with DCM
and three tinmes with Et OAc. Both organics were dried.
over sodium sul fate, f| ltered and 15concentr at ed in

o~ & s a
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20 washing with MeOH as needed. The filtrate was

concentrated in vacuo to provide the title conpound.

MS: in/fz = 320 (M+ 1). INTERMEDIATE 7 0 251 -f

Wdz%of/ﬁﬁimmst hyl'si vl et hoxyl met hyl | PCI/US2007/01095
3-di hydro-2H ovrrol o[ 2, 3-b] pyridin-2-one Step A
- f[2 (Trinmethyl silvllethoxyl nethyl }

-1H-pyrro| o(2,3-bl pyridine -46- WO

2007/ 133491PCT/ US2007/ 010952 Sodi um

hydride (60% di spersion in mneral oil; 16.2 g, 0.404

mol ) was added in portions over 25 min to a solution
recompkndedprotodol @AM SBAGliregt FBRNMA 3ssaynsyBINm; RPFOS i ORHealthcare).
Dose r@spﬁn?@éhrb&ew&’e 3@ A ICHalues dedhindd Ifrom a 4-pa:ameter logistic fit as

| sil t hl ori de _
define bgg}f: {'é( ({{@/agéég)e)tbﬁbmﬁere vefes se x dQ% épl nraax
rCSPDrwmelemeqsa@Wec oﬁnﬂweon@awm i Skensr e bel ow 510 C.
After 1 h, the reaction was quenched W|th wat er (500

58'6) nLag;'\ patﬁ;]hc?ﬂ%nb %élglagasds o)%tth otll%vn exam lesqaf%] étméﬁf antagonists

organi ¢ I ayer
of the SHRE r@p@do@p,%&fom@@og%@ssmwerﬂm \[nél'li adi or ICsp value of less than
about SOAFE Buchtaadsanid ishitaoe wides intrirghc acaioityof the cgmpeuﬁdxan use as

antago lsgcg(g@ﬂp(?%gtorévs nmz =249 (M+ 1). 10Step S

(12- (t Phsriuhodithe ansenauegt ABTAPIER iBvatiRgde 8ot AR CRRY antagonists
makesahoh Bseful pHajpyedickicel 2geme for disorders that invoAeJOGRP iohurofns and
animald; ﬁ\[t%aﬁic{xla?ﬁtlnynhﬁﬂaﬂsyl ) et hOXY' met hyl -1k pyr rolo[2,3-b

] pyrid from P é) % %@ o i n di oxane -

(300 e sePrade oL UF GpaF SanBen 8 iy g feating, prevening,
amelicgatgyze pentoiling oy dudnmthe ksl odbno ot tergefithe Grilosang @otidgtions or
dlseas& ﬁ@a@lﬁcﬁ'@ Ixﬂ1g1‘afhed ERX@PReAd3G2; ERlehic tdR€onl8pk ﬁ@ﬁab&n p¥&S chronic

an_overh

t.e at ure Uusi
pain; R i P &HE%&U% Betie o B bR E7S apin: tooth pain:
diabetes, non-irselin depandont debsteguesiitvedvasculhr diatrders( @d@miratioy; arthritis;

bronc}ﬁtil%yﬁ&tréa@ﬁbﬁ)d a¥hhfd: SRRCs 51@00 mﬂ&%@@?ﬁiﬁm@%@fphne

tolerangsabcﬁﬁféiaﬁa %::,le g}?lfngarn%:lgveoé?%x vver g d% th ttmpf.%naflsz nc(ezge)léms brain
trauma3 gDil¢nAsy; nweg¢m¢t!mwa§9ésslewdeﬁe)es feHENgeRicicHRNE@BQedaess, skin
rosacebibshesstHridedythstas; iM)SDhatdry bbeelediscass iahikle bbwall §tldiofhe, cystitis; and

d
cner 461 MO RBLB 1 LR IR ER S chte o
particudarimpgrtagge s theqoiiictds pepphofastic Feptmephel laegﬁkchﬁelac@srrtgrmrgrame and
clustetteddenapl etely el uted fromthe plug. The f| I t rate was

h t .
ﬁ?fnzdﬁ% ﬁﬁ%ﬁ%@%ﬂ%&:ﬁﬂ ﬁm‘% bftiba'Tol the'phERntion,
treatmens heQiiof mlor%w\vaws PEIOP; esméﬁte. l?eeseoﬂe%f fig anfgonditions
noted Idrzin= 423 (M + 1). 25Step C

1 {p arrhém}bmek §M1¥<§dn%fsla&xﬁ(ﬂr&1&t®ééﬁ .ﬁla%le@xdayf@f ﬁle%#e\m-'.ﬁon

-blavrid

treatmints%) ) graélda&e(ar rtﬁgu%log &fﬁ’ts’( &‘q L}B:faforcmennéne% cgéeascs disorders
and coBd@wds b‘rmmingat(c[nzmth other agents.

(trir ”?E@Hdrgﬁ'd%ﬁﬁbh% é@hﬂbémﬁm%@ beebe® i EbrRYihh®dOwith one or

more clé ?&r%%pé é'?% attmar?tneueou n%lc)r tlorr]1 %_' {Eed&ct§rhof risk of
diseasqsmer cpagitieRDPTAThighPErRAISdS Pf F 2 hprithe @ﬁ@e Arugamay hawe utility,
where aCdddabiddtR o F3hdlt@gyagcther hictshfen oflmbed yravEIHAAGI tAarug alone.

Such O'E{rgegc\p%(gﬂpéo B%géijp‘tnfs(#ere&] bt)/rhe g i g%}[ﬁﬁa tﬂé rglg aﬂ{oHﬁto\Ml]l#ﬂgnly used therefor,

contemuOrancau R @T setpcttiadly w'éﬁgowe%n% bl ne’i‘cﬁ?étﬂ%“d of
Formul e usedbSoraspaanaviukly Va0 ¢ranxreaiter kin)gsamghdrigceutical
conmbi ned organic |ayers were washed with H20, dried
- over MhSO4, filtered, and cogcentrated under reduced
pressure. - The crude.product was purified by silica
gel .chromat ography, - el uting with CH2C12: Et OAc -
90:10, to give the title conmpound. MS: nmlz = 265 (M +
1). 35 I NTERMEDI ATE 8 WO
2007/ 133491PCT/ US2007/ 010952 |
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10 Step B.
()-5-Am no-1. -{[ 2- (tr|nethyIS|bll)ethoxylnethyl} 1, 3-
di hydr ospi rof i ndene- 2, 3'
Wogwﬁlgj,,@;z, 3-bbovri dinj - 211‘ 111-one A m xt ur @c9fusi@¥i09s2
C(3 g and ()-5-nitro-11-([ 2-
(trlrnethyIS|Iypethonynethyl
-1, 3- dlhydrosplro[lndene 2,3 -pyrrolo[ 2,3 -12] pyridi
*21( | ' 11)-one 15fron1Step A (19.1 g, 46.4 mol) was
stirred vigorously in EtOH (400 nL) under an
at mosphere of hydrogen (ca. 1 atgzg{1 After 18 h, the
composifisat i vdpsagd formrcertaiting suslh wberahugstanddbs eampayrdint Fgrmula Iis

preferr@X LIgnSEeE| tie VorhBinb6the gl nidyealéd intludt eherd@fies in which the compound
of FOUT?HQQ fgnéérgetfrwbrg Y@e?%léésoar@@(rﬁnﬁ&&e% Bld?:fé}grmwﬂgppnll\gschedules It

is also gqryemplated toat men(uzect F‘rqoﬁé’(“i‘ﬁﬂ%ﬁ mgre%wpwaﬂpﬁﬂacw ingredients,
the compbuhds @ thdpresétihadhyioh asgiheadtherdetiee tgdiqnyy hay bd Bsed in lower

doses Lii' b\%ﬁéﬁréagh rts]\is% Fk)gg)ar | ?Téé;ﬁ]xﬁ% g he phamhaceu# e%]ern?s%erof the

presemdnwﬁpas!pﬁlmtbweth@ opnigyn w‘r ?roqna{ezot fk?f%&’fr‘ ingredienss pmaddition to 2
compound- @fmm&mmn Shep cBmbitAdony in2lhde nomblinatiamobf a compound of the present
inventi% n? 36|ne ghﬁa@ Bag%%?rl[!oZAd B ms§%§m| tWBDor)mér@ other active

eat to ref

compowis o SRS H RDRIPERRAST LR RIGHT BB ER ] cpRbination veith
other drugs itiditi erensssd puthiefpr@gniign, siekingentgaintroh rowhivagpapityeduction of risk
of the cﬁ&e‘dﬁés%g cmﬁ ﬁoﬁ%@%cﬁt AGoundPOF Be bresel irtbntibR afl &é@ful Such

od uc The enanti omers were resol v
other ApyREFtSS REHI DI PR TPt B S BB IOy Biep g rerore
contemppiahedsQHr stheermaﬂs withey eompeenl of ghegiregent wasmwn When a

compoﬁuﬁf d£thébdkent invention is used contemporaneously with one or more other drugs, &

pharma%e%nc(a.gcorgpc%s:t{ L%)(n ; Otsr :31?31[ ormtla S&ru!g%gg'&@%n }Jﬂ{ d of the
presentyﬂ‘t’ft!ﬁ“ﬁ]lJ%Pfyfﬁé@ﬁbd‘rqﬁi%’e"g sanhe PWT@@%ﬁal warm«slt@ob e?ﬁbe resent
inventib®irhdl @hd¥a Shdt@lo-dautai o )r-rh@ie-calkdatbtive ingredients, in addition to a

th t hyl 1,11, 298-
Conmmé&f ‘ﬁ HE&HXA&%& eneO)Z(y]:%nE yyrglo 2, 3- Qﬁq&r|d|n

osplro
yCcar ﬂéweéghttr o f’f the gopg Picthe Wp BRregant mventnon to the
other adt)ve infiledienils) rhiy) bdvafednmd Will depend upon the effective dose of each
mgredzgl?l_tdld%g{a@lg pé.r{ &%&’[Cﬂqg Hgse%f%acl{)w;ﬂ)l‘)@[l%d3 ﬂu@yﬂ)f gﬁeﬁ]ﬂp'lg WHen a
uti on e
compoyiid 0 1he PERGHLISTION i3 SPRIRFH P PYAER H5RY ot Fight tio of the
compodndlof tRe pRstmtinaimyidn ds ticrotisr ndemevifl, Bhemplly ravige f2nBatiziup 1000:1 to
about lyfd()%' 5 frémya@G@tr mioeabfoﬁp Mo, e@oﬁbﬁrﬂa%oﬂs 8fa %&)Mi’ the present

wa turat

300 nt
mvennml Qy{u’\%?g ng%% CUF%S Sﬁ\%‘exeeﬁal %so Ee mthmct_lhe gg:?remclnnoncd range, but

- in each208¢7 20 8HAGIMROPST 9620 2L UM0TBEAHD Skpuldbersed30 nin

untl | 1h b&m&o&ﬁﬁlhﬁmnﬁme%dn@bom%mmamdmva;mbddjﬂrbmer active

entrated hin.yac e
agents wgé (a_dl.gnbmﬁﬁsed t%@ra?r Ego&tﬁﬁ«lzﬂ#h I}Q@ﬁdlglog fﬁBLn ég gratlon of one
elemen riay be prigr i ﬁemqur@nam ensubseattenhioHpelrdRinisratign pf othgpagent(s), and
via the BERE br Hiffendht uedted Sadfinisttigori.0 pH 10. After 30 min,

the m t !E:§
extr acT?je o?hpt\é@ﬁ tgé Eﬁ;ﬁt 1&1ﬁlﬁttag%agﬁb%%d%ﬂ_\st@%% Wg oral, parenteral
(e-2., infarmpgoigl intgpssioncals itpErays. Kni IPEAUFR it por infusion,
subcutah@elifinjetkien Gfrlid\@lz{m)t By irdhalanas sprayf nasalt esgivall feclulb @hblingual, or
topical Qg’% {%ﬁ I\cﬁ:%&%EDﬁoArEr %‘?dlltn%%}é@ f&-ﬁ!mﬁ&’@ %onlg%r d!g&her iR 36itdM dosage unit
fom“‘iteﬂ‘f’(swytaﬁ"’(‘%"@"ﬁf‘?‘?f@g PB‘E)‘FF@HS/ ES'”E’“‘?“HP Y RSACPBPISEBTAD adl“"ams

holin-4-yllacetic acid Step A N f(Ss, '

1R)-2-{[tert-Butyl (di methyl)silylloxyl-1-(3.5- dlfluor

ophenyl I ethyl ) -2- - et hyl pr.ogane- 2-sul finam de To a

stirred sol ution of (Ss)-N-((IE)-2-{[tert-

-15but yI (di met hypsi | yl ] oxy} et hyl i dene) - 2- nethylpropane

-2-sulfinarnide (5.00 g, 17.9 nmmol ) [Tang et a
(2001) Org. Chem, 66, 8772-8778] in THF (75 niL) at
-78C was added 3, 5- difluorophenyl magnesi um brom de
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5To a sol ution of

(2R) - 2-arai no-2- (3, 5-di fl uor ophenypet hanol from Step

B (630 ng, 3.64 mml) and triethylanaine (0.51 mi,

wo20fAsam®l ) in CH2C12 (40 ni) at 0C was addetcrus07/010952

chl oroacetyl chloride (0.29 nL, 3.64 nunol). After 20

mn, the reaction m xture was quenched with saturated

aqueous NaHCO3 (15 nlL) and extracted with CH2Cl2 (2 x

25 md). The conbi ned organic extracts were washed

with 10%citric acid, then brine, then dried over

Na2SO4, 10filtered, and concentrated in vacua to give
and vetlﬁgestappqogn@t@ dporash ro%of pdrainistaggn. ( 171 add]_t)on Qtthprgztment of warm-

' bloodeﬂaﬁﬂmﬂs (lﬁ c@n@aﬁh&wf&ﬁé‘l afhfisrie ekt thveFoP G& in humans.

To a c? ,%t] uorcguHcal CET%E%U%E:[ fo; ) Wstratl?n of the compounds of this |

1-(3,5- droxye

: m'vent:prl@mysp@per@er(t 4@ rrfgsens‘:dsv dﬁﬁﬁac)umtrformm( T3y ﬁapre@@red bg any of the

methodrSelfRcach ibthdNah of pRdmim@yof a 60% di spersion in oil,

{25 T T AT Ryl

form swlea@u eaal ap ferfexample. @8 @%% t@;@b?s@&q%g% PR Q’zsuspensrons
dispersibl2 @owii}rs of pEanaRRPimEdions, galitions, AueT & oBr@apeanésedr gvaers or elixirs.

I\Iazsmfhe Jlahﬁcric%gucﬂ%g ?)Iggggﬂ%@h@%&d%f%ﬁgsenﬂ}ﬁemmn may further

uri

Compng% gg\%ﬁﬁﬁpﬁb LY &P ?f@"‘%”t“ﬁglﬁ" @9‘3‘%?@%&“ Which are usually applied in the
treatmére 0 te; eEb@d\memﬂr&da@thc:QOQ&I'bﬁpdltlong| ve the title

conpoyQye &@tm%% revérdor? Q&Mo"[ é!r)lehcglt% Br red8EdonBHtnk of

- oxormr hol i ne-4-ca

condmlg)gf g'hlch(reqmre antzlzguo%rﬁng%ﬁ g{_’% ;{e%ﬁptor actl ity an appropnate crl)osagc level will

genera(l Ry aboyt §,(8-1diS0P ueg pyriarpatipntdraghi ovdight peoday Vhighc8t kpadministered
in single ((rEhZIQU dodeD /A @E@Ab)e d&gagé l%ﬁ/t:l'rhbﬂi e aEBU@ @rd? A 26@ nighddper day,

about (gg%o I(g) rggﬁqé rp)ﬁF] c(i)a);] or abca_&g mg)llOp Y s Iltgurng%xs Jange the dosage
may befrBp en-St @ApeP ar arte SF)mg/lrtg Rer dﬁbfe F@bpvé h«ﬂmm%rarlewﬁbfe@pmposmons
are mablBE @Fovi@AUG ek RIMRSTULRedBEnthinend ESitsl llJ@OO/\ﬁﬂhQM&isfdf@Q active

ingreall, BhdieEAn9elp, S, OffR! ggbafdﬂgozs%%wssw&qﬁ (AL, 250.0,

exane:
300.0, 46 otfttel. 60R:0. MQO—S@;@; 9@&404. O@_@QN;T tthfpaqnve ingredient
for thetsempeoitiy ladjustment of the dosage to the patient to be treated. The compounds may

be adn“n%@ere% c;n é)%g*lél‘l &1 f%pthﬁﬁ%g' EJandag ol rgg}t BY daes3 YR &%&Eﬁ’&%% twice per

I'Ne-4-car b tion
day.  sodi um bi s(trinethylsilypanide in THF (1.60 ni, 1.60
t r unol Whes reatbhgCpwaentérdyl echtdyl pwiaseliarasiop Ldrireductfy the risk of

headacgg gf'lflo g?éiﬁéc’) |c|lt£sgé|1?‘)ne§%ar@§% >t @g{e(lg H%E%?hb g}m cécom%ounds of thc resent
inventigp A TQPPIteﬁI\EnnglyrsF?i;mfﬁy res/uéts @re ertﬁ,gmp%gv?}fe fl}r%ompounds of the

" presenninx¢ntros anmadministered aha dailgd@agoefl @m phpatHehmilligram to about 100

mzlhgrh&qﬁml!t?w dfAnf198 dokl bvelghtGQWréHak )1 sm%ﬁ‘, dm d@géi&otn divided doses
I StLrri

oo to et 0 91T B g gt oo o P treg ety e caiy
dosagejip frompabpupi oniliigrams bo a%%ﬂ@ﬁ@ piildigramsrer fpmeiboyDhamiligrams to
about 300 milililEratb. 60 tHElcasd o £ 70 kyBOhY) hidthan, 68 G:al ARy 882 ULlligegerally be

from a%ﬁ%‘?“ o35 W 5B ot 20 Bl TR o 85

providg HErqRgUBO BsRPNSe1. 60 rnmol ) was added. After
: stirriSugest meﬂﬁ:d@ﬁﬁmfemfdgrthhecﬁmﬂmh;ds ohehig aedtiodrare illustrated in
igt.i q asaf
the fol %ﬁg tra%'!t%g ﬁ‘%’i’x%{g G %595)(0% ﬁ%ﬁ%ﬁaegm&\%g in the art or
as illusirg éﬁ’d"organl c Iayers were dried over- Na2SO4,
flltered and concentrated in vacua. The crude
product was purified by silica gel chromatography,
eluting-5with a gradient of.{ygexane: EtOAc -90:10 to
60:40, to give the title -compound. MsS. ink = 286 (M -
CAH7). Step G
(5R)-5-(3, 5- D|fluoropheny1) 2, 2- di rrethyl m)rphol|n 3-0
ne To a solution of terr- butyl
(5R)-5-(3, 5-di fl uorophenyl)-2, 2- d| nmet hyl 3- 10
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10 brine, dried over Na2SO™4, filtered, and
concentrated in vacuo. The crude product was purified
by silica gel chromatography, eluting with a gradi ent
wohoexanpe: Et OAc - 100:0 to 0:100, to give t%ﬁﬂstzb@mm%z
conpound. Ms: mz 272 (M+ 1). Step B. ()-Ethyl
[6-(3,5-difluorophenyl)-3
3-di met hyl- 2- oxopi perazin-1-vllacetate 15A m xture
of methyl 2-
- {[2- (3, 5-di fl uor opheny1) - 2- oxoet hyl ] ani no} 2-
met hyl propanoate from Step A (8.60 g, 31.7 nunol),
gl yci nbhestompouads ef thhperseathingmtige cin e pregared Iﬁ'adn&vr@ix)ordmg 10
Schem8NhnlGHErifiSexapled, lor bl fiodEibhs !hBreM? Qbsing 304di kv hilaAS starting '
maten%l% rgﬁg%gltsaa%g cgtn)ve%rtlltort 15 :ﬁ&re? g ﬁro% 1[% tgc]aSﬁ reeP:I? ?\lsé '11315 also possible
to makgjuge of wearmg; whgl grﬁgplgqgsj qusgw@do thysppf orc@-xaarg skill in this art but-are
not meRB6RRISA lgyearckietalileact i on ni xture was heated to 50 C

for 20 18 h. Additional é&%m jiL) was added and the

reacti on m xture was hea Cfor 6 h then
all owed to cool and concentrated in vacuo to a vol une
R? ¢ ca. 150 nL. The reQulting njxtyre Rbar efully o

A1><qﬁwnched Wi t has ga.aﬁ QeSgeNe G 8t h)gadn N,RPG
then fact e 12 (I—L—}—'-T or ext.ra .
\A \ﬁa%(h (%E\brl ed7dried over Na2%GH, | TET etk n v

amld ancentﬁ(“at ed in vacuo. The crude pro®ictRvifs

parified by silicasgel chromatography, eluting 25with
hexane: Et OAc - 100;0 to 0:100, to give the title

compound. Ms: nlz = 327 (M+ 1). Step C. ten-Butyl

( 5R1- 55qhemB-dilpstmesoph amerl-stratezy Erposparnpg shoeangdupdof the
presen?mdéﬂfﬁinl'bﬂcoa%h@g(@pé p&b&zyli&acima&hh@mﬂeqm tdarb Shbtei (B to give the

des:recppmgu{!%.ngf% 8(? 93% %Iéfcl?r) ace F hi%n&/ ‘]ﬁre&%\hgé?iég Séltgig B‘%sg described herein
(vide f@g@sw ke |°5>up1Ni 1 2V B POFTINES Kygiug meﬁeﬂ(peue@wfﬁguresem

inventidn4 §hemkd many Unelvn kedtk gibuifoy leffeétinarsnom adiepling Th@mitry, including use

| ofcou%%}gﬁreﬁé’% i%%%g&g&p%ggg% 16%@? %éj)fﬁ[n%d[ﬁghkésOAlternatlvely,

the carpgpeligcpeioht ARtV aiPd as e At CRioe Bt @S dtifer expple, to facilitate
reactioarwitethp aodnecef ineesespuAicfivanlyf tis dmica Byédr example as the corresponding

alurmn‘ﬁm ARk Qﬂﬁ@:%)éy b@ 'réHc{éan\m &hes@ergfeﬂ%ttmtofq;g:boxyhc acid A, may also be
hexane: Et OAC - e racernic

a useful sRIEEY in opfes IR BheTEng *wfﬂéwgléﬁ&?e&e%e E’f} SQIRE CaRfS; Yigious
protecangQronmbicatgi@aguliammn candkidledin thg awidf lor@OR: dMelidsis may be

emplo}%& tg QJIO\I p\ﬂ]?a!ritﬁ)tn ITR i AR eohipothdib ¥R e sk Alihvdidby!
d| f I u |‘ R CAAh A ermRE XS MERdBlogify M2y 2192 b srakiAyRd in the

synthegs ok thgbgplkavaniermediatcar Eglxsmls'fan@, mrdmidrgag iswdugnapomay be utilized,
followBEBK chifhl GANrRi0Na St hiHitoprikty kteps to provide compounds of the present

_ mventi%gz)rgg e&%ci‘q %ﬁggé !)P%r g&ﬂ? QXlli%né tgl%ggxlamg%%/ a%d S%Qﬁxte@%mh conditions,

erazi ne-1 -
dependsgippB lglppdnanp,yg of mezmtengqq;)r(omm da pome cases apgt(@f,nag protectmg group
strateglels tnfylb® used.

:L%JGPI? z‘jl 1341 sg{?%r %&%ﬁ%ﬁ%ﬁ rQé’J&Y Er)aﬁ @i(ﬁﬁ'f% %Jdliﬁ%?mgzg%ﬁ e, by

OoXOopl pera
mampqlau% gtbqumqnta?pt%f Tp%})étm%uptyptﬁns may include, but are not limited to, reduction,
oxidatipbRlicPali@, acylafidn and hldwik)s-rdadtidne hishier@ e anmehlyinpwn to those
skjlled%n@l\edalx{TEt hyl - 3- oxopi per azi ne- 1- car boxyl ate from St ep

C (1 , 2.77 T|-IF 18 and H20 (2 nL

was ao‘&égmf °ﬁF%§c}B‘°e8{§e§rE “?%TEL Qgsﬂtw 5"%&%35 may be
vaned thicilaaelthe negctinndgrup QVMSmmamerl @chction proviuetst Add!tlonally, various

t enper at ure for 5 h. The m xture was adjusted to pH 6

by addition of I N 15HCI andyconcentrated to dryness

in vacuo to glvethetltle compound. M5 niz 343(M

- CA4E17). | NTERVEDI ATE 14 Me Me )Cf 0 OH Me-

20('S) - 1- 6- (3- Fl uor o- 4- net hyl phenvl) - 3, 3- di t net hyI

xopi peridin-l-yllacetic acid Step A (S)-6-(3-Fl uoro

4 met hvl phenvl) - 3, 3-di net hyl pi peri di n- 2- one
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20was stirred at anbient tenperature for 6 h. The
reacti on mxture was quenched with 1 N aqueous HO (25
nm.) and the m xture was extracted with Et0OAc (2 x 35
wo'Bed7/ 801t he organi c phase was di scarded. The@EawReH10952
phase was adjusted to pH 10 with saturated aqueous
Na2CO3 and then extracted with Et0OAc (3 x 75 nlL). The
conbi ned organi c extracts were dried over Na2SO4,
filtered, and concentrated in vacua. The crude
product was purified by HPLC using a 25reversed phase
C18 colum and eluting with a qradl ent of
protectipmeron stkategigrmpybe engloygd tp facilgate thegregptipn or to avoid unwanted
reactiofPiadits Altedbll®fingreasinpies eonraividedigo thaatheiiorentibn might be more

fully u?{@e%*gocgr ?I\{ésg%gﬁt{}lﬁs %ule 18 tRRP QHf}damd MRoulll BbZbécomdudd's limiting

the inveptagy) ingny "’t’ﬂyrret hyl - 2- oxo- 6- phenyl pi perazin-1-yljaceta
te 30To a stirred m xture of nethyl
(2R) - 2- [ (2- oxo0- 2- phenyhaldRARMLREERr Opanoate, TFA
salt, from Step A (152 ng, 0.45Z mol) arid glycine
nmet hyI ester hydrochloride (85 ng, - 55 -~ WD

2007/ 133491PCT/ USZOO?(WOT §.,0- 678 nmol ) in MeOl1l-1 (1
- nL) was added N'N-diiSopfop @thylarnlne(o 197 tril,
®

1.13 nunol), followed by 0. 455 nL, 2.71 nrnol).
The resulting m xture was s at anbi ent
tenperature for 10 mn, then NaCNBH3 (34 ng, 0.54
rrimol) was added. The reacti'on mxture was heated to
SOC f_or 18 h then aI | owed to .cool . Fornal dehyde

> dgtlugrophenyl)-3edimethyipiperilingZegnesy 0. 90 nrnol ) was
added and the mxture vvas stirred at anbi ent

Step Al PYRELA 35 Qi O obe reaction mxture was
Wai s exéqaé?léww&?%%%@y “gg”m hﬁ%({)ﬁbe '?Pégﬁ{ﬁ

" (20.0 phiaidenmab oM El (e mLheat ambmnu enltaswenad uadhrastoestant stream of

mtrogetnowQ_Uaé&deMBC§ é‘tﬁf:@ AP Uﬁhé\l%Z&?Q% ARt '&%5‘ then heated to 60 °C
0AC (3 x 15 m_ e conbi ned

ted . wth
for 3.28 ol Rekts SIS A ieh, PG GYe: \EBGER Vo Bre s then
concergmatkdoe veent bedvredeing dibcerawitly Ide:tm@ etheu@&0 pnloicandtwaters(100 mL). The

organi®Ukéd it ‘bxshbﬁ’h@hu%mamam&faﬁ doﬂ%ﬁé!ﬁ@ftﬁé foliHEBqueous

FF"HQ
solutlogﬁdlllgi Igt ?p[t 6%&—@ ﬁgtfaq'lfﬁg aturat Cl{m NIt atuﬁategzgzrme The organics

were tHanglriedsysr sashium culiaie, rféléﬁrﬂb@zyi ¢qnéerlw€td1ns’amﬂ t@taeds the title
compoafdl8okish NakieEd, witidh Exkliea puatcdnh MES 0AC = TRIEME-JINI C
extracts were dried over Na2SO4, filtered, and
concent rat ed in vacuo to provide the title corrpound
Bpg-Methoxy-4 ddimefavl:Soxopgmangigacid. | j ¢ hi um f (3R) - 3
4- di rTETdﬂy];elﬁhoxofﬂifrm&&}ﬂ\?_lbdmmthyzlpméne;liola&cf&trﬂﬂespA(25 4g,135

mol) rflv%%ﬁgfs%q-aﬂ%gfﬁiq g angd w?]ter EOE) ImL wasl e}]ddfd ﬁtélssmrn carbonate
(6.2 5288 B ep™B bewswoluemww.ﬂs s dps Qi r?\tlym&ffet temperature,
after waiithettind thY raguieo weaslaboit {0 26mplefe. (Etohnmwaie)caaﬁdlﬁ femoved in

vacuo \ﬁ:‘ﬁl{hﬁt' the stﬂi‘t?ﬁ"g%eﬁer\i\ﬁ? dRf hdt rvﬁgor?ge m'as{l‘goug ?:J;EP&@& Hifi@ed with water

266 nﬂﬁ@ﬂ? o5 pager ik Se Ot Papttion M Bt deteried in the

aqueowsdeyro. ffbe gaweus hroet Wad madoapdigriny. thdvBlditgizot=6 PHHCY (35+mL), and was
then sahkrated wit?RECP R)'hlg aqueous iayer was extracted once with diethyl et‘ner (250 mL).

h i,n-4-vyl.l acet
s epiggl T otbvd e PR ThAe o8 DRt B il 35 Shbfe, Hifsfog anc
conceriyiptehvanee to ghee thedislewompeund. MRy 72z pREngMgt yki nol
" (2.00 g; 14.6-mol) and triethylanine (2.03 nL, 14.6
S trimol) in CH2C12 (100 ni) at OC was slow y added
2-chl orobutyryl® chloride (1.%6.30 nL,- 14.6 nrnol).
After 30 mn, the reaction m xnue was quenched with
saturat ed aqueous NaHCO3 (30 mL) and extracted with
CH2A 2 (2 x 75 nmL). The conbi ned organic extracts
were WD 2007/ 133491PCT/ US2007/ 010952 washed with 10%
citric acid, then brine, then dried over Na2SX4,
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To a 1 Msolution of sodiumbisftrinethylsilyOam de
in TI-1F (1.64 n., 1.64 mol) at -78 C was added
dropwi se a solution of tert-butyl

wodd3 138y 2- et hyl - 3- oxo- 5- 25 PCT/US2007/016952
phenyl nor phol i ne- 4- car boxylate from Step C (500 ng,

1.64 rrunol) in DME (25 nL) at -78 C. The resulting
m xture was stirred at -78C for 10 m n then
i odoet hane .(0.131 niL, 1.64 mvl) was added. After

o stirring at -78 Cfor 30 mn, then at -30 C for 30
m n, the reactlon mxture vvas cool ed to 78 C and

eXt r act@éi S{Vﬁjf@n gf %feﬂ'(og(ym 4131“%&134 g@ﬁoﬁéﬁ@iefﬂild frém Step B (7.00

g, 40.23}6%8{:} ré)¢§f re‘%aﬁmec{deg?M'E ‘E% é'ne{,c)r Eﬁ? SO% b& tl'n% slg{vea%dltlon of oxalvl
chloridg f 0P ige d% Bynmplliover Hemintgse ml@ggwhpgylmfeMtrmgowlﬁ# was

maintaﬂfeta;ﬂlhﬁékta &nshaxaranHOne mtrc%@ng Stlﬁ'n'YgOWéﬂ)co;ﬁLﬁu@t Welet HHght stream
r
of dry Tkrg;% %;o%%ﬁg‘?’on%uf d'un i-gc?h .&Mm%r%]n]f Lf)arqoi d%p’} Ee evolution |

et n GXO0-
diminighefld ThiHsesbin ﬁoarm@/ agig |chl@wdﬁ gvats ﬁ@nﬁrz@é@m# &g ‘Ei’é!é]ér*ml?é’cﬁoo mkL
round Bodford Nkey, aeae@tceo 1@ wbnldh ausad}gcohefmedwmmoxmemanmme

hydrocfﬂ%rpﬁie %S %6 %ég% ? : er f gﬂ?g @%l Sﬁqﬁ‘nmA'olf alfxlﬁgéw nln"f’nutes after

comp]%gﬂlg%qg@pewdm; fe%iza was removed and the reaction was allowed to
warmn to 3nfbigit fidraperamie nyfigr- Ph 2t ahhisiehtrgihpraaxandietpylcithen €100 L) was

added %r;gggﬁg%% So %%? Ff\I'IIELR | AT%H%']%O%JH QRAHETas fﬂ@re@éﬂﬁashed

with mppe,dedss) ether 3lhs. mhi%r&r%ﬁmwﬁfezihﬂw?%ﬁ} wathaN el (hQO mL x 2),
1M NaOP¢ ld0apLlp evatei (ho0 ml)) laﬁﬁianua@dlbdln&(b@ AL) and saturated brine (100
mL). ﬁae(c?fg&g &E&%&P&%\/&eﬁ sottiGnRihy! Rivdred hel Bsicede M PP acuo to

provide he TR EPIR LR P NERS 48 PP OH MRRBTRUF ORI i 218 M+ 1)

mrol ) 10[U. S. Patent 2,525,231] in benzene (10 tnL)

Step D\Aﬁﬁ:;@@9@,§d1@ue+6dnmgphanﬂemaﬁdogm@s&m de (50 nL
of 5 M.sol ut

tr
esul (158 Rt L A g gt il Ryn 852 et gpxopentanoate
from Siepy& (68 @a%l .6 owheld in GHEAHE kil cepled 1o QEfoevarsedded 3510
difluorfpheny NREEnd3amh Brothi (SRl atsad iNTHEO32 Sahmbi)@vef A®Minutes. The

reacttomv)l%%ﬂg étt(; aﬁ'ta? Wﬁe&mhteﬁ %é&ur(ezfoﬁ2 gS Ml—aﬁm? 8additional

Ine ani c ye S re Was
reactton@}ogrg&ﬁ@qas s?fé(e(é 56d ﬁlﬁl})nalaﬁq%dbqqoé@fﬁggrmwg@ bromide (50 mL, 0.5
M in THH, b anhed]) easthdded ¢ esnt30ahmatdsn Afme A at THE, aterdaction was guenched

by the Pirpﬁ)cgyﬁmé{\@§%?%ihf(ﬂ) G@) Q:Mué(#rl %e CIOST 7 P%&%&%@BV@ O0mL). The
reactloaova&oheq th@?%mgw@t?f (€Pemdg3pd érﬁ!ﬁyi ﬂﬁ’PiﬂU 2@& qrgnics were
washedrwith wéBtrdROBmL x 3) and brine (100 mL), then dried over sodium sulfate, filtered,
and coﬁée%trﬁfeﬁ?ln 5.«,:5210&55#%0@#&@.@% 17415%29&&&@@&&5 ReiiiEtshida Rl pe

a sol u

chromgoEabhL AN NGTORRERY LT & SRR R PR U902 i iy e it

componied.f Mgt e238 (M3 1®1e )80 nunol ) in. THE (600 inlL)

and CH3CH (25 rrL) at 0C was added NaBH4 (4.57 g, 121
h

Jm_eﬁu@mue_ﬁ/as partitioned between H20 (600 rti L)
sat ur aref salaten BSMB 6288usiophanth- L0 QhGethH- beopemanoate :

from s\%é)eogg ”'t%"aLfsy Wwaaﬁ]d sg%r %L@%’lgﬂﬁ%é E_‘irﬁﬂr%%? Sg%é%egf 2.78 mmol)
in THR{Ggnniles Wawdgdmmart?t@&tw&c Qb zEe2-SEimmpab edhe gigtion vessel

- was qUiEKIE el édediRichladedvanac0 Theathfod® hpuredadier yasingus ambied:

by silica gel chromatography, eluting with a gradient
. of CH2C12: CH3OH - 100:0 to 8% 12, to give the title
conpound; whi ch contai ned approxi mately 20% of the
: correspondl ng trans-i.soner. MS: ink = 256 (M+ 1).
WD 2007/ 133491PCT/ US2007/ 010952 Step C. Ethyl
114S, 6S) - 6- (3, 5-di f1 uor ophenyl) - 4- hvdr oxv- 3, 3- di net hy
| - 2- oxopi peridin-lyllacetate To a



10

15

20

25

30

IN | ER_MEDI ATE 22 WD 2007/ 133491PCT/ US2007/ 010952
j (65)-6-(3,5-Di fl uorophenvl) - 3. 3-di net hyl - 24- di oxopi p
eridin-I-vllacetic acid 5To a sol ution of ethyl

wo[z()é%s%) 6- (3, 5-di fl uoropheny1) - 4- hydroxy e G U5 a1 (1)
| -2- oxopiperidin-l-yliacetate (470 ng, 1.377 mmol,

described in Internediate 21) in acetone (24 L) at 0

C was added a solution of chromum (VI) trioxide (174

ng, 1.740 nunol) in H20 (0.5 nL) and H2SO4 (0. 147 i,

2.75 1=01), in three portions over 5 min and the
| m xture was stirred at 0 C for 30 rm Mst of the
teroperaiies DirPtASNY aitnged Kot woR eapthcdriontd ¢poliag i “gndodium
borohytiH8e (183l & . ADmWRS) Wasihkh addat, hitd 5 abipRiadadipueisSobserved after

15 mmﬁll\%l_%egn}%ﬁ a.[y‘ %olaxggs %éﬁ Isl%%}lf gdd@dtxguv\é%:égg \Em g%&g&? "The

reactiop JYXHEY waswtitea ﬁ!fle@dwér samazeé)bnnﬁ i(§- @e?fe)owh'&rﬂpenencmg rapid stirring.
The rePAREIMrEAlvadfiltfred Aitld0gh ddiRe, GrdsimgpriadBad Avasngaded. f TiRdcombined

orgamgyw%k%itgv%ﬁé%ﬁm%ﬁ%o%{eﬁp%ﬁ @ %'sﬂﬁat\;‘éﬂeﬁlﬁ{@d gﬁcﬁ?dn%%trated in

vacuo @gipoyhell. Ts oplires puridied b@mlyca@c! c}ysmgtogpa y, eluting with a gradient
of Bt }xdef 3,16:901 tb 170 00 phginy fhe-1dleZoth prRhd ¥dntRindirgtHbouO[E% of the
corresp%?ﬁtn?'eﬂ‘fyjl ééﬂtxj. %gt %z @5'781 M+1), To a solution

[(6S)- 6 (3, 5- dlfluorophenyl) 3, 3 di met hyl- 2, 4-
Step F di68X64i8 Sdpifidbropbenyit f % 170 ng, 0.501

ol ) A Gorltibn &gmteﬁiyk-%SSZ-Bd{ tﬁqgr(tjbu@gulﬂﬁﬁ]ﬁ%qg SL(B@d

cinao AR £ P lincied Bomiaior E4e00 i e Gpop g Mepr 16

was cohled Th @ °Ce ébtdrmnmhiaﬂm@awé@hq@@nem@ ibbledthiguildthig cold solution
for abdit-30 decORB, hfte CORCR Mifedhe fedcllol 26481 iiGedich @8d Efowed to sit in the ice

v 2o Bl b S Se GEVBEIA pubfied Byl bbbl g0 minues, ror o

removaljof kplyent i vacuo. More MeOH (~50 mL) was added, and then removed in vacuo.
After dls(sgﬁlng&n(aﬁhﬁd dblmeosarbenyd 0y, exehBalndi(3ZR6R1 §.9lnfmol) was

et ate_St
mtmdwacgﬁ'?d %‘ ﬁ%%%cfgoxylév?er mtéyhé’ s g cggling; R ambient
tempergtsllrmtﬂineowl*@mt mfaarﬁm@wgn opasmandabarastieg Mas pagitignedbgpreen diethyl
ether (§0 mlﬁaﬁd M HC1i(B0 MIOH Tha Qrgin)csWedte sabhwdat@d additi bnaHCIM HCI (50

‘mL}Y, \x\(age)rn_'rgS ) L&§ F{Jra}a%glhmglﬂ Y n‘éygsm%%%r@a‘i sam%r? wé% dried over sodium

are ntrated 1 n vacuo
Sulfmpﬁlwpéénct hen CPRICBUBE AR UFHAC INWBIOVFE, i&l&teewow)d whichirould be
used wiholtHuhiydr purification. MS: m/z =240 (M + 1).
1-{{2-(3,5-difluorophenvll-2-oxoethyl | am nol cycl ooent
anecar boxylate 10 A m xture of nethyl
1. - am nocycl opent anecar boxyl ate hydrochl oride from
Step A (1.50 g, 10.5 rINIERANEDRATED f| uor ophenacyl
brom de (3.20 g, 13.6 xrunol), and NaHCO3 (1.32 g,
15.7 mol) in DMF (30 r s stirred at anbi ent
tenperature for 6 h. 1m gous HCl (50 nL) was
added and the ‘m xture vvasae)(th"éct ed with EtOAc (75
rnL) and this organic extract @i scarded. The
aqueous | ayer was adjusted to* 1 10 by addition of
saturated aqueous Na2CC3 15(150 inL) and the m xture
was extracted with EtOAc (3 x 75 nlL). The conbi ned

5R)-5Q8 amfﬁmlr 8h -V & @sbmbrbRoli-RR@e dried over

254, tere and concentrated i n vacuo. The
s crude roduct vvas pu5|f| ed by HPLC usi ng a revecrlsed
tep Anki i h ™ N

H20: CHSCNCFSCOZH- 90: 1001t059501 The
product - cont ai ni ng fracti ons were comnbi ned and
concentrated to provide the 4dt| e conmpound as the TFA
salt. 'Ms: mz = 298 (M+ 201). Step C Ethyl

[ (8R)-8-(3,5-difluorophenyl)-10-oxo- 6, 9-di arerlrof4 5
ldec-9-yljacetate To a stirred mixture of nethyl
1-{[2-(3,5-difluorophenyl)-2-

oxoet hyl j am no} cycl opent anecar boxyl ate, TFA salt,
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5give the racem c product. The enantionmers were

separated by SFC, using a Chiral Pak AD col uim and

eluting with CO2: MeOH - 90:10. The first major peak
wol%Bisfee was ethyl [(8S)-8- _ PCT/US2007/019952

(3, 5-di fl uoropheny0- 10- oxo- 6, 9-di a7Aspi ro[ 4. 5] cl ec- 9-

yflacetate, and the second major peak to elute was

et hyl '

[ (8R)-8-(3,5-difluorophenyl)-10-oxo-6, 9-di naspiro[ 4.5

]dec-9-yl]acetate, the title conmpound. Ms: nfz = 353

(IVI + 1). 10 Step D. Lithiu

[(8R)-Bip scguﬁqnf pﬁgﬁdbﬂ@wg_t)enaq:yl bromide (845 mg, 3.60 mmol} in THF (12

mL) a3 wxer @,zang] WZSRIde &Amﬁ&\c&:eﬁb&xavé {330eh@13€78 mmol) and 2-

t
merca}:ilt-?xé% Q/ui %c %?4(jﬁfrr1§o$ EX) pﬁml.!] y&) Tl'ieoreactloné'n_&nue was allowed to stir at
ambienyitAREATIE] ﬁ?ré]% BOAEr PSRRI O4 PRIRER T BE BRFCET WX, was diluted with
diethy QR4 (50alL)) ahd | NME (131 i L)arithe d2ganfd lay erlwasnhsn adsted vhith 20 mL

' saturat% qu Ol‘"k?e (!Frrkgl_'cg Qren%]thgﬁ-mgi c?\;lcr 55&1%%' s).lifgﬁdfifta‘@d and concentrated in

xture was stirred at
vacuo focgipe MEilied oMo UL O &SP QB Sty L Bepion Pign'z = 229
M —-epthddition of 1 N HC1 and concentrated to dryness in
vacua to give the title conpound. Ms. mz = 325 (M +

i d| n- 1To yn@laem of M[H(B%GM@“YUQSOWMFHJG} -2- meﬂl}’lpfopanmc
acid frJn%uéitéﬂ A (10@%é |IU4H |ME\®HQ§tr@‘) QJaI Qddkdstﬁhié MyRfiazomethane

oro - -o oval. erate(
@ M i) St 1450 SRS s Psplin PLELR Frtrtd o an adaicona
twenty(12in88sg The Beastlwm rokture wasTdifuted] Eh ether (Hsmba aajwater (10 mL). The
organidokire aisHER WRh 5eeEdHNh Becatfbnd® dfl thédOwith Bitataled bHiR. The organics

were clgﬁ%c%gfsﬁd;{%f S\%at itk %‘&l é/onl%gnatl*a%?d %%%6% {%Cg‘%ge h P, This

c00
residug WppRiraiady Blicregnd Ghﬁoﬁ}?@&ﬁﬁiﬂbﬁo@‘éﬂﬂg Hitda &'éﬁhéma&ft ‘aldHelgHexanes —
40:60 Rraooro, te give ohd e éanfound. Sosh mn-brdaiyy drg@aid)1l. 48 g,

39.0 nunol) was then added, and a conpl ete reaction

was observed after I h. I\/let hyI al cohol was then
C l.‘. > FHEha & = If 2 LH & ;;i;i l A

ov-' Ct

z!@momﬂ mxture was then diluted with brine (60 ni)

whi | e ”Bcp ﬁ'?é Qe{re[‘_?Jég,g cﬁﬁ@érgﬁ@ggr)f% ggoetﬂ—)hﬁ.mﬁ?iuhﬁﬁi?tpropanoate from
Step Bé9§ b LB 0 B A B AP GE ORI S PRt (254 me, 2.09

mmol)v«mslh:eajcwstalm bréanepf grpeeh. olterresgraisuwers dlifsatved in THE (17 mL), and to
the abcijel xﬁﬁ:‘hﬁg “%B%mh&a&ﬁ@lxla@(mqﬁg 140 Qﬁr\é@) arhelehotion was scaled

and s 3 88 ST 055 A S Rl gty Gy s

and trappasterificgtionivenvbwsfvedt (The refsxign ogs £oqigd gaduails®: G upder nitrogen.
To theGtatBoh @ xturd Wes EQHAQYAThm Dorohylride<1 3D B49 turkdl). Phe€Reaction was

compige r’afl{:r%ﬁecn fnuhegas m%ga?%ynﬂéhé)én%?fsksdlﬂe regcrt]%n%s quenched after

an add(tg)gyl BREDEY( @)nqt@rqf_sgmlyg with meanphystd gps svqlation ceased. Saturated
brine (80 KMIVorapideay vithdrbanadtias kidtheStemtink {ldod drag filtdidd Zhrough celite
and wzﬂﬂ?& %t&%hgﬁé& te %1 Ple ﬁ@%r%%géblﬁg Y th'l B%gﬁlrbnne and

dr ous

ou
dried qugr PR FEIHA: ?'afr i ~as Rkered ead %ﬂ‘“tc'é?t‘wf? Frvagiie provide &
residud that vaapiinifsd wesbed galabresmeadeeplandiuvaht ovithth gradisntofl n

EtOA%ﬁEﬁ.ﬂ%? -ty tBG;rs ﬁﬁ[@.eyi&%.ue%mgauha QaRIaiNRAS 169ESF the undesired
roug t@z sQlution for 30 m nutes, prior

d‘aSIerF%‘i‘?BVal é:ﬁ’"f(f‘% dtDin vacua, More MeOH (-50 ni)
was added, and then renoved in vacua. After
dissolving in a third volunme of MeOH.(100 nl),
triethylarnine (6.78 nlL, 48.%9; omol) was introduced
and the m.xture was heated to 65 C for '3 hours. After
cool i ng to anbient tenperature; the solvent was
renoved in vacua and the residue was partitioned
bet ween di ethyl ether (100 niL) and 1 M HO (50 inL).
The organics were washed with additional 1 M HO (50
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To a solution of tert-butyl

(65)-6-(3,5-di fluorophenyl)- 3, 3-di et hyl pi peri di n-2-on

el-carboxylate fromStep D (1.22 g, 3.32 mmol) in
wonakzef 7 ML) at anbient tenperature was 5SagggeistéAvoercesz

(3 m). After stirring for 1.5 h, the reaction
m xture was concentrated in vacuo. The residue was
partitioned between CH2Cl 2 (30 nlL) and saturated
NaHCO3 (30 rnL). The layers were separated and the
aqueous | ayer was further extracted mnth CH2C12 (2 x
30 nL). The conblned oroanlcs were drjed over sodi um
(IR & HOEORNENMIAL . 4 -HHBET ._l’:;ﬂvo-u-_ M€ qcuo to

provi de athxéutidnt SemebDUAR). Milroh-brolduitid assed)-2-(3.5-
diftuordbiell ém;‘?lﬁ!ﬁd}ej R 6 &l da rodYBiegE 2458 881 0V in MeOH (20

mL), copqiggsio. Qs-(E vas-added et dptheda) 2as far imipyis | The i5Reinyues tpaled and

allowed m dit atl0l AT B ififtean indnutes, after which mfagea vetsibubkidd through the reaction
for tw Hél , Ghe reaction was ﬁoncentrated in vacuo. Addltlonal MeOH (30 mL) was
deif

.5-di fluorophen di eth er|
aclded an agbc%)ceggﬁeﬁgﬂ: u?LST}HEI %ap )-ege?] ee}- (afgg]ehﬁ dnéci_)n of MeOH
and meah'jdamrrte (#etrpeg, at 3 mmads Tadble cbshlaibg (dsYBie Maspddéd whedey 10 mL) and
tnethqu}nﬁée(rﬁb ?rg% idn .‘ph'lmol)4 Af"@fﬂﬂ%n&emé‘f W& arthehdindTRE B¥lcure stirred at

ace
115 °CF (GEERE UPE: RESTEPPY PRI Yo G IR NP AP GRPRE oY LCMS. The
mncmrg 9254oqled (0 apfibigntiiemperetue prchcorgemraterhis »)acmST@qj@@due was diluted

with dn@thgl dther (80 mraedsiashé@ﬁ;dmauam@ Va2 ¢ moNFleadibofthatolfving aqueous

solutmﬁ{ ITI\DI%{G&IG g Xt X sallzafr\/\%%d% )%E e?‘ggnxt;%%u% lMc‘.IIT_IHQaQ %\%n dried over
sodmnz:@mien éaer@figeaﬁu C@npew@@ Wﬂeucm e Hiesd N&?ews purified by silica

gel chrf:inhfo@fe@ﬁy, e&ﬁtd‘:gC\Oﬂﬁ_G@f‘]a[cﬁl&rﬂld;g |_rge®Ho@ugzct19 ﬁrsmmo?se%zﬂct b&e the title
conpo cou e used wi thout further
°°mp°%é|$ﬁsc%o%5§%%w2 = 326 (M + 1). | NTERVEDI ATE 28
HCl HNO Nj - LOH
j (8/)-10- 0xo0- 8- ohenvi - 6, 9- di anspi rof 4. 51dec- 9-yl | acet
ic acid hydrochlorldefﬁﬁ-§5§§D£AT@@thyl I
-1(2- oxo- phenylethyﬁﬁﬁ#hﬁréyérﬁﬁentanecarboxylate
A m xture of met hyl - 1- an1n@cyclopentanecarboxylate
hydrochl oride (2.00 g, ) |~ described in
I nt ernedi ate 25), 2- erPm cee (2.44 g, 12.2
nmrnol), and NaHCOB (2.34 ¢y 27.9 pl ) in DMF (20 nli)
was stirred at anbient tegmpegature for 5 h. H20 (25
m.) 30 was added and the ﬁ]%t was extracted wth
Et 0OAc (2 x 75 nL). The combPhe (@Rganlc | ayers WO
2007/ 133491PCT/ US2007/ 010952 were dried over Na2SO4,
cu The crude
; St HiE s .%?’ Q ersed phase
C18 colunn and eluting wwth a gradi ent of

Step AHBORAHS ONifledioifdn-420d@Q: 0. 1 tO 5:95:0.1. The

" pr oduci; contalnig L6act ke ve :15% e AR B acia 130
g, 10.lerrphend P (h | mrloaveg 38ded ’Psmm_ rorile (b i §gimmol) siowly over 13
minuted 0 BFROH dolR )R Mixvarewsy diddedwizh ahﬁ&ﬁ@of tvidet €80adL) aniddiethylether

(80 m%%ﬁ%‘i’éaﬁ‘celg%ér as%ﬁ%a{e 284 gédu@&tn%l Eh&l G FEHRE %@ 5% aqueous

sodiumg Peﬂ)bon@e@ﬁemee% ﬁewisef@e cHighths pfidlig fyptesg hpdsagurpier heige, and then
saturatt@bfne. Thhetorghnity @drenthant diried ofer nedinyl sulfae( Rliard aRd concentrated in
vacuo @b@g\% tﬁfefagkg@wa W&V&L?ﬁﬁ@ﬂﬁ&%ﬁ@ﬁz@ﬂéﬁﬁﬂfﬁaﬁm MiS: miz =219
(1 2.67 mmol ) and glycine ethyl ester

lhydrochlorlde (881 ng, 6.31 mml) in EtOH (10 L) was

added AcOH (0.72 L, 12. 6 ranol ). The resulting

m xture was stirred at ambiefi-tenperature for 5 nm

~then NaCNBH3 (397 ng, 6.31 nrnol) was added. The .

reaction mixture was heated to 70 Cfor 3 h then

all owed to cool. The reaction m xture was quenched

wi th saturated agueous NaHCO3 and then extracted

15with EtOAc (3 x 50 nL). The conblned organlc

Ste VD
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1-(6/0-6-(3,5-Di fluorophenyl) -3, 3-di et hyl - 2- oxopi pera
zin-1-yllacetic acid hydrochloride Step A Mt hyl
- 2-am no- 2- et hyl but anoat e hydrochl oride A solution of
wo2n@izBe1 2- et hyl but anoi c acid (3.009, 22.9 nmmglpyd26u7/010952
MeOH (200 nmL) was saturated with MCI (g). The
resulting mxture was heated at reflux for 24 h,
during which time it was allowed to cool to anbient
tenperature and was again saturated with HC (9)
twice. After 24 h at reflux, the cooled m xture was
concentrated in vacua to provide the title conpound.
' MS: mlz = 146 (M+ 1). 10 Step B. Methyl 2-f
Step BI ﬁeﬁz?w@ whfdxyor pabheautbegmadaet hyl 1ar ni nol - 2- et hyl but

anoa f t hyl

o i nE 3 SHHSR BRSSP DTNt (5574 &3 mmol, prepared
accord{rz, 1o Btep AL BHRGHI0) mL3 was dﬁﬁdﬁ)mwmﬁcwiﬂﬂ & ek, 31.6 mmol,
05M (n2rﬁ9) Gver 28 .mfin0WB) WhileedsheNad@8n ( Zhé Zagior?Baal W@l ) stir at

smbio TR 287 Bt G sl ool el 27 o mmot i
18 mL@E)wa\mkwaaavéa agidet, falio oL ibe SRR e A8 oMU Ogen peroxide
(18 mIEBOACHE Boight Jolaitsh) titisoaganilchihg Bicd 0 WA dathi. Sy téxdure was

aliowea- ?c? gt% r%gltlﬂ:zeéxlt %6%@%'@%% ?%S%Qfop%—‘aéxv\a% Qﬁ’t(rfgfjeg \L:'ttp&hyl acetate.

The compingd sgaies Wers vwashehribdaliraied RrigpacTheorganes Wﬁf)f eanaﬂed over
sodiunt Qutite) ddtecadg amd eoncanytemsd eraeut tegived redidie th3C6Hdrified by silica

gel chr@gnaﬁvg'ﬁ'a g[lhl?éjwm{ %fgr&&&ﬁ% MEGHISERM — 188%ko 10 90, 10 g:vg the title

concentraf The crude product was purifi

M EI
compob‘ﬂ)dl—MS(:"U§| r?a M &vérsed phase C18 20col urm and
eluting with a gradi ent of H20: CH3CN: CF3CO2H

Step C; r%gég%?l D2 hirh@nwt. RaxShehtanb@ product - cont ait B:r nged
aqueous® M“ﬁ‘d‘r\(g‘ %ﬁ?’fﬁé}’ t g&qﬂeqﬁ% X?g "ﬂ@s St GEh 200 mb)

was addXRWVISEY 6. 9eg.  Sdrinawoirepwia 2San1 0 minutes: gfter @adninutes of additional
stirring QNG 8 AL IsB1uEEn bN bMBS LS hiyBrogiy\E2 ittethilbbtagddf@LIB%k, 1V8 mmol, Step

" B}in Efql 0@%(%3 c?‘df:’l%d w%% !H&% eJVFst Hé’lm sh ‘A[&eﬁ snmn f(r))r an additional 30

uoropnen
mmutqsntqelwmm@@éﬂa} 2g, 137 rnmo! \Xfas qc[gieg slopyly péea %WH 6}1{: oooimg bath

was allRieljtb warm, while the reaction stirred for an additional 18 hours. Reaction solvent was

then re%u:&‘eﬁ zr( §aé§xod dI LPQ E—é%m%Wa]s)d’;%EMQQB 93{111 k&&é‘bf‘é&?@r ed(l:]er and water

but anoate from S I
(CC'“W@HEC?W@ Hiye eéfeagﬁl agig &5’0%? 8FgagKs (“ses@zt ngde\sef sodium sulfated,
filteredaniDégnebmtrauislir vabuaio) givethe tatidethtoubd 3.6 g}, Which was used without
farth Hﬁgﬁfgg&ﬁ(l de (1.16 ni, 3.97 nunol) and AcOH (0.273
¢ c4 76 innol). The resulting mxture was stirred
at anbl ent tenperature for 15 30 mn, then NaCNBH3
Bs 0y - { [RS)38rrraumd vl fing fimadefed.2-dinethyipentandate eact | on

L seshgaisis meew 13&%%@@1&539%%@@3 2 454 mimol,
Step C§ 8"%8‘6‘?5"1"9!% Sk Fs el 0 ol g e S5 2-

methylpepreoe<- M@l@@@defmﬁ%erﬂ %&mr%fdi eli}uwntihma M&:St(r@dimsm hours,
before belhg: ﬁﬂ%!’ﬂ@d Gesiphneshd@fgaliieC AdditataBD OB Svatl hbeido MasH the celite, The

r:toml:mll\éad2 (g’ a:’n %J ;ee(‘!’oggenu%{lag ?Q}B%ﬁg{orﬁg %r_éénjugﬁaqguas}nﬁﬁed b},asﬂlca gel

chrom@tﬁgga@h(;legutgw \ﬂﬂﬁamqut af RiGMg— Qrsa%ﬁ gml §18.5, to give the title
compoah2 0 MEAON-GR3@PH 1. 90: 10: 0.1 to 5:95:0.1. The
product -contai ning fracti ons were conbi ned, basified
with saturated aqueous NaHCOB, and extracted with
" EtOAc. The organic extracts were dried over Na2SO4,
filtered, and concentrated in vacua to give the
racenai ¢ product. The enanti oners were separated by
HPLC, using a Chiralcel OD cgiutimand eluting with
- hexane EtOH - 60:40. The first major peak to elute
was mret hyl [(6S)-6- (3,5- di f| uor opheny1) --
103, 3-di et hy1- 2- oxopi perazi n-1-yl | acet ate and the
second maj or peak to elute was nmethyl [(6R)-6-
(3, 5-difluorophenyl) -3, 3-di et hyl - 2- oxopi perazi n-1-yli
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 Step B.

10oxoet hyl ] am nol cycl opent anecar boxyl ate from Step A
(10.0 g, 33.6 nunol), giycine ethyl ester
hydrochl oride (46.9 g, 336 nmol), and AcOH (5.78
wobbdzkssdhPl mmol) in MeOH (300 nl) was stirregcgiusz007/010952
anbi ent tenperature for 10 mn. NaCNBH3 (2.54 g, 40.4
mol ) was added and the pH of the m xture was checked
and adjusted to pH - 5 as necessary by addition of
AcCH. The reaction m xture-was heated to 50 C for 18
h then allowed to cool. The reaction m xture was 15
carefully quenched with saturated aqueous NaHCO3 (250
mL) and then extractedWERMERDHBA(3 x 200 tnL). The
conbi ned organi c extracts were dried over Na2504,
filtered, and congentraf®d in vacua. The crude

product was purigi by silica gel chromatography,
eluting with Q9ﬁaLPe; - - 100: 0 to 0:100, to give
the title conpound. mz = 353 (M+ 1). 20Step C
tert-Butyl

(8R)-8- (3, 5- d|f|uoropﬁénvlﬁn@o(QﬂébhmuuoﬂwdxoethyI) 1
0- ox0-6,9- diazaspirof4.51decane- 6-car boxyl at e
3553bm15d?6 idnyBL NYkido-5-oxothiomorpholin-4-vllacetic acid (major sulfoxide
isom :I -(3,5-difluorophenyl)-10-oxo-6, 9-di a7aspiro[ 4. 5] dec
9- yljacetate fromStep B (3.00 g, 8.51 nunol),
N, N—dltsopropylethylanlne (0. 743 m., 4.26 nmol), and
Step A diBe R : B
aceto [
then g3 %déas%fé&gh%% RS s i it fhne 247 m,
1.08 mmgh p&?ﬂ}ﬁt‘é‘] tewaatf: ajmo'gﬂg (§.p é’%L)g\giiS added sodnum hydncle
(38 megchbonmbh Qﬁ‘afptb}ywe@lhut IArfg:r\Mmﬂnuas,gha(heéth whs removed and the reaction

_was alIB‘@é@fbewgthﬁpmnbt%ﬁt empratfe SBncd Qytﬂbé’& éaQ %v&l@ﬁgmﬁgd ceased, as

Judged Eg?aﬁgniapuéh e? d.gg gqna%%%ﬁ@%ﬁ%ggﬁa tO g: ‘R%{.nhto tﬁe introduction of
benzyl heptan €272- g OHL Endhb).- AGer 46niduds, tﬁéh!@e bathsvasmajnoredi@aliche reaction
was stifr€d £lrH$ 8oW@s The bunddkid THF was rernoved under reduced pressure The residue

was they it vih i B RIRL ] Bt BrE Sy S Yl e and the

combingf @rmn@rﬁwagheq)@ak satgragdd&rmev\ﬁge organichwerd then dned over sodium
sulfate, (3 RBreB ab@ cOnddhnirbicaip phanyd rv% -a(résidue that was unﬁed by silica gel
chroma?oc%?%{vﬁeﬁug%ng%{}ﬁ%&?g{iepte c))(fg\éi ﬁg%ﬁgﬁ 5! %’% Jsc*f % ange (éne title

compo@g-MIS: m/Z = 333@[34 DD-Li t hi um
1 tert-butoxycarbonyl 5-di fl uorophenyl
(8/)-6-( b b )-8-(3,5-difl h ) -

f- -D?llig%qogo%lohﬁ) cﬂ'{neti llacetate

'yl}acetﬂte(mdang (93@9 mmslpﬁom[%eﬁ]ﬁcjen Mﬁ)lﬁ{ t@nﬁz)wisatiéecf aquevus hydrogen

peroxid 38 b 491PCT/ 9%%)52 ok HGY (5 Wdps, 3 MHCD. This
mixturg yas Q)aa atgd o é%% eﬁs( gfigs © % Afre 1, afgv iga'ré?fypeé e the bulk
of the Mbh@Hresuletriorvgd i xctqgtpeamlabe stsidue echs partiivined bttween 50 mL of water
and 106 ﬁﬂp@frcﬁ&&wpeé.&r ﬁjefbﬁ%ﬂ?& Wir kb Bed\Rsh agthibeddestideOtHRhldAed over

s 89140 S J S E RIS O N RIS Sl R g i

getl chr@mgra@hy e|luNTIERNED: arpgieBBof Hexane$iEtide — 1:1 to 100% EtOAc to vield
24.5 mf 3R InibesdIfHEAONYERF BNYNS Brg(ct the fiafdr dOIfOARE Rbdkr. 3MS: m/z =

- 5-o0x0- 1,4- dia 7a
394(N%€Fi0[5 5lundec-4-vfl acetate 10 Step A

D -tert-butyl

I'1-(3, 5- d|f|uorophenvl)ethyll|n1dod|carbonate

To a solution of [1-(3,5-difluorophenypethyliam ne

(10.0 g, 63.6 rrunol) in CH2Q.2 (200 nL) at OC was-
.~ .added di-tert-butyl dicarbonate (13.9 g, 63.6 nrnol)

.. and the resulting m xture was stirred at anbient

tenperature for 18 h. The sol vent was renoved under

| Sreduced pressure. To the residue was added

dl-tert butyl dicarbonate (20.8 g, 95.4 !nano() and
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di f 1 uor ophenyl ) propanoate from Step B (2.00 g, 5.60

trunol) in THE (20 nL) at -78 C was added Li All-14

(5.60 nmL of a 1 Msolution in THF, 5.60 nmol),
wodbh@pPssse. The reaction mxture was stirred aeoRBod@o10952

for 6 h, then quenched with EtOAc (5.6 rnL), then H20

(15.6 m,), then 1 N aqueous NaCH (5.6 nlL), then

Et OAc (17 nmL). The reaction m xture was warmed to

anbi ent 10tenperature, stirred for 1 h, filtered, and

extracted wth EtOAc (2 x 40 ma). The organic

extracts wer e drl ed 0\{er Na2804 f||terled and _

u]foxﬁblﬁgcglr;{yrﬁnt purlty for usel nthe next step I\/Bntz =

186- { e .

| o iOEEI GRS EERL BTy P rcmygpheny pydo-s-oxothiomorpholin-s
yljaceta® 8% 6 md, Q123§ nuapl, God aiseimer. fostign Ba én N (had) jvyas purged with
nitrogenN TR RBSHLAL Ral2fy thelredBBbA Yesstt was briefly removed to allow introduction of

PcUC(affpxjn Oﬁé‘s}?'lﬂ‘&fi@mﬁf& g%(ég%é%ﬁ}x@gcﬁrvgi }3:1}6%%’ ﬁr@}dta bafloon, before a

fresh baliea ?fd&?fﬂgéibé‘@@éﬁé@}i’ﬁb MFArLENE enlvy Hgdicatelahat the reaction had

 stalled @066 B Alvarsisn abt Aydreden Moiosphiare wad Eplacht with. ni@0&ine The mixture

was thép gﬁl&tmit%&%q{;{ H L Rlekind utagmg HHAMOARiROded2 b rrate was
uor ophe pr.op m XJC ghex ne‘gar box E

concenfratgd g Heerodp p{(é\flfie Bmsyc?ue \ﬂhjch ilute aqueo s sodium bicarbonate
(2%) ahd ¢35 SFitH ddueowsOphanyds)extranted gith-cZ2hep xdutney) tboambagrat-ecacted
slaﬂm%ﬁﬁm ePheQ. 2O 1A%er %asﬁﬁex@{ﬁﬁh% acn&'f@tbmﬁlle ada.’utlc%n of BI\gtHCl and was

-am,nqQ anecars boxyl at.e oride . fromSte
then sagpied s NS el AT 1 AP RAHE MO S5 SREactes YseS et s DM
and thrien tive§ H:@lBOerg SHothasgaidsrwad daed oBrapdihmrulfate, filtered and
concerﬁ%f@@ﬁ bdoto foPle BO tiffe RomBLNBINGS (85 311, M2+, nmol )

was added and the pH of the m xture was checked and

adj usted to pH - 5 asvﬂ?&g}izg%ﬂ%_addltl on of AcCH.
The reaction m xture 5 anbi ent
tenperature for | _h, then quenched with saturated
aqueous NaHCG3 (1§ nL d extracted wwth CH2A 2 (2 X
50 xnL). The corl hed gani c extracts were dried
over Na2504, fd')ASt\er'Je.d concentrated in vacuo. The
crude product was pu ed by silica 30gel
chromat ography, eluting wth hexane: Et0Ac - 100:0 to
80:20, to give the titfe cdmpoerrsdlfonge isefer 427 (M +
). Step F. Methyl
[(3R)-1 2TAMuAtepRenlyB. Bodidol Lok sthivamybhNihehyllhabt acidayth@tmifoxide
anecar boxyl ate A solution of nethyl 1-

[ 24(tert-but oxycarbon .)#a\mn
35di f |@é%ﬁﬂ@ﬁ§émbw¥5 <ﬁé}ebepreﬁeswﬂelcatle‘sﬁpﬁq%wmorpholm4-

yl]acethtedD% Str@ OElé(ZZBﬁhot[gmnBr Bbmhenrirteh )hcl prefatQide of Sinrdrinediate 4, Step B)
in MeOH2 WaS e@t%tttb el gl se séﬁﬁgtﬂl@&agﬁdﬂ Wskel was briefly

150Mme

e L T P R T e

hydrogen tonr & bakbeon, YEoR0D fL 4188 BPRET hiBRBATWEs806Red. After LCMS analysis
md:cat@ifttﬁa@meergadﬂohhvéttg@gregs@ng(sle@l?(Blsﬁlspefm@n 601k PRI was introduced via

syring ARG E b A GRBOr ) Ve ERACT] V1B MEIRED e mixure

was thiyBfiltered throggiya pM of @ltc gfaébm&\mth MeOH as needed. The filtrate was
concex{n%@d i3 vk Pm P Vive Haphenschpdmaphiigh whs dsddi RARARIALY

pmﬁc&n?q ggg %0532&?@4 5f sol ution of nethyl

di fI uor ophenyl ) propyl i-am no} cycl ohexanecar boxyl at e

. fromStep F (205 ng, 0.628 mmol), and AcOH (0,36 ni,
6:28 nmmol) in xylenes (5 nm.) was heated at 80C for 3

- _h, allowed to coal, then poujed into saturated ,
~aqueous NaHCO3 (5 'TEL). The resulting mxture was . |
extracted:with EtOAc (2 x 10 nl). The conbi ned
organi c extracts were dried over Na2SO4, filtered,
and 10concentrated under reduced pressure. The crude
product was purified by silica gel chromatography,
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mz = 397 (M- CIRO 10 | NTERMEDI ATE 34
115"R1- 1. -(tert-Butoxycarbonvl)-4",6"-difluoro-3'-o0x0
-2",3"-di hydro-411-di spi rof cycl opent anel

Woag(}ﬂg,ﬂ@[ azine-5',1"-indenl-4"'-vllacetic aci @cthsshepioss2

41 61-Di fluoro-2', 3" -di hydro-2H. 5Hspirolimdazolidin
e41-|ndene125d|one A m xture of

4, 6-di fl uoroi ndan-1-one [Musso et al, (2003)J. Med.
Chern., 46, 399-408] (14.5 g, 86 rnnol), NaCN (12.9
g, 262 intnol), and (NH4)2CO3 (16.8g, 175 innol) in

H20 (150 nml) and EtOH heated at 70C for
3 h. Additional (NH4) 2C(130(16 8 g, 20175 mmol) was
added and heating at 70 C inued for 4 h. The

m xture was concentrat ed Ndr ess w der reduced
pressure. To the resid e-;’a‘,maé od FI1 20 (200 nmL) and
the precipitate was |soI@ted @adltrati on, washed
with H20, and dried to give thg title conpound VE:
mz = 280 (M+ 1 + CH3CN). 25Sfep B.
1- Ami no- 4, 6-di fl uoroi ndane 1-car boxyl ic acid

AR alip -vl}acetlc acid

enct o nadufeneEernar [(H0- T3 b Baciontr i)v?r@ewpemmohM-
yl]acet@t@QlS?d g 001 76, mmeN ideh tharpeépirdtion difheanaliaak| Seph)tio DCM (3
mL) w%% FALCT Ry ’O[a&‘é%s &8&%‘%%&1%% i e SRITPRORA LM for 17 hours at
ambicT GETFPE T3S m?mzmpmo‘@szpeff@pme siligarag| Folpmy forpyrification,
elutingbwith f lethaianit BlHBRares: EaDAoxy b &bt eo BYdOooIHior thel éitle compound, which is

83% é BJﬂHJid % lCPBA d was used without further purification.
° Pz 631 éfq% (1 uor0|n ane- | - carboxylic agld

hydrochl oride (2.00 g, 15.5 mnol) in I\/leOH (100 rrL)
1 ) % . - : {]

- Step BWHSRB A BIS DT

vas heﬁ%@ﬂu% of Sé K w 3%9 smlﬁn&og " ni [-%tc%’dd KL
oxothl%/r%gg%)) o f)é%cgat ﬁn!g,td fiLompound, Mo il & 3 Ma8H (3 mL) was

purgedlwit tigrogeipuThx sep@mh oralingahe reettion el fwas drielincmeed tg allow
introd RkiBR%Y bak?(~14 mg, 10% Pd/C) AhE Qkditl \Qﬁls ©En pBlBY With hydrogen from a

balloog Hiase pitiseh GeargThta ot ves e g Rk 3 Finyess the hydrogen
atmosptieit whd splacobyitbmitydsam fde fBx8rgwag dieq ﬁrkﬁﬁftﬂd)ﬂlmaa]@iﬂ pad of celite,
wasmr%l wite Meoﬁ: Qbudaded dmaﬁhﬁa?@t»es (dReStgled FudbudDbhvide the title
(g trllez{gé\q was stirred at 60C for 3 h, then
compoREYIed” Bifd content rat ed under reduced pressure. The
crude product was purified by silica gel :
chr omat ogr aphy, el uti MWTHRMEB®IATEd ent of
hexane: Et 0Ac - 100:0 to 40:60, to give the title
compound. MsS: rniz = 228/(M - CO2C4AH7) |SStep E.
tert-Butyl :
[4,6-difluoro-1- (hydr XV [)-2,3-di hydro- 1H i nden-
| -yl ] carbarnate O a stirred solution
of nethyl 1-Rtert- bt oxygarbonyl jpoej -4, 6-
di fl uor oi ndane-1 -car 'ate from Stgep D (2.80 g,
8.55 mnol) in TI-1F (30 rnL) at -78C was added
1-{[2- Hr%gﬂlﬁsﬁ@%tﬁoﬁ‘]rlrlethw} B3 iR Et hefblbM 3bfEyridi@-Lone
. dropw $e, over 30 mn. The reaction m xture
) vvas stlrred at -78 Cfor 2 h, then uenched W|th H20

(2 raL) then EtOAc (2 m) . The reaction nixture was
war med to anbi ent -t enper at ur g . sat urat ed aqueous

- NaHCO3 (150 rnL) was added, -and the mi xture was
extracted with Et OAc- (200 nL):. The organic extract
was dried over Na2SO4, filtered, and concentrated in
vacuo. The crude product was purified by silica gel
chromat ogr aphy, eluting with a gradi ent of
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A solution of nethyl

1-T({1-[(tert-butoxycarbonyl)am no)-4, 6-di fl uoro-2, 3-

20di hydr o- 1H i nden-1 -yl } met hyBar ni no) cycl opent anecar b
wosyiss@ifrom Step G (753 ng, 1.77 nmmol) in BEdGAS206D10952

m) at 0 C was saturated with HO (g). The reaction

m xture was aged at 0 C for 45 mn then concentrated

in vacua to give the title conpound. Ms: mz = 325 (M

+ 1). Step |
4", 6"-Di fl uoro-2" 3 - di hydro- 31H di sni ro[ cycl opent ane
-1 21- pi ner azi ne- 1"-i ndenl-3.-one 25A sol utjon

net hyl odium hydnde (60% dlspersmn in mineral oil; 16.2 g, 0.404 mo ) was added in
portiords-dvef 25 aith 002 dol6tich & Trazandhl8¢3H.1y,dr. 83 Tiddel)rid EAVH (200 mL) at 0 °C

| ot'fﬁ%t%%%?t %%”’ﬁ' @ﬁ@tt*?ﬁﬁgt‘%%ﬁ’a&%t%@%w PR, 0.404
mol) vegs shenadded slomly QYA égm( keppiag) theirmnreaiiie Pl dpe Fagion mixture below
10 °C.f otfte24 Hj ;heatehcmmﬁdvdsa]wﬂﬂ‘led vartowetenCaNtmak ad themixrure was extracted

with C‘iif Ryl %SK %}Uﬁﬂ%% r?ﬂé"&ﬁﬂblﬂé@ﬁ&ﬁéﬁ lay-gtbew&gsdrégl'f@d Wah saturatid brine,

artl tween satu

NaHCG3 (80
dried aa*ﬁaMeS@Ac ‘i‘?ESenUﬂFé‘ Fb‘%‘i&’?\‘é&’aﬁ%@ %rréhe ttle
compwmﬁhmtdﬂ@ (%G (Mht)). dried over Na2SO4, filtered, and
concentrated under reduced pressure to give the title

btpmqhﬁf%menpent ane-1, 2 -

pl per azishRrion ok | - ({ndeRedthlditg Rtk hah ) - 1I30HyHEb L, mrpyndme

from Sﬁe,p % (43 Itgf 1735 Eml)sm dao:hana I(3003mh2 was aclidreg ro (s)% gver 30 30 mm toa
suspen.sxpn;_uf .pyptirfgg ,hacirohgmgvde Penblr(mjrgq](ZZ:, g 7f7rr§ 31 digxgne (300 mL). The
reactiond®a stigred &t AbiIEHDEMNpefinie dbing ap boaiikat Mydtandcabst{rter ISproduce two
layers. ra ﬁ%%“p fmr? éﬂ%ﬁgjzt}d ?@c#@néﬁc%r Fil wa?élr (%gclﬁif?{%acted with EtOAc

nr no acetonitri
(500 oﬁhzesu@rperﬁueeeewm@g@ehtra‘gl%ﬂq e 1208alg apgthe combined
organid &ybrs widre wasieeat wisn HeOX(8 w 200wak; tha finkl washedasaad We®Nnthen brine (300
mL), d?‘t@ﬁ yeat s8&4 Lfﬁ&k’éd M“&% d‘trAaQ afm)vagur}:g Fl02G4d %@;‘8{:1{.& l-v)cfrs inmediately

rie ere

| C e ver
drssoheﬁdn &S%? atﬁ uﬁﬁ% ; trrea Heea&br B‘é‘&&’r?fé‘ e ‘é‘r“lﬁd‘e‘th CHCl, until
the danrred nelpr mcqmwlctﬂye&jutbsi et theplge | Tiehloretvogrephyd with saturated

aqueo@sl PUJJJI@@ Wdohme), %ﬁcﬂrﬁﬁtmg(ﬁ nllgx&th% dtitepTh eSOé;r]fg%trelgbo%ﬁde ?t:éncentratcd
imvaciiteinie o e b iy 2R 1l Bk A oot

and eluting wth hexane: Et OH: Et 2NH - 40:60:0.1. The
Step Cf 1 1{$3- (ﬂﬁh@&yﬁﬁﬁh&ﬁt@xﬁtﬂ&@lM@S-&tﬁ{dm@lﬂ ﬁ{/ﬂ&!éfﬂ~b‘ﬂpyﬁ@tﬁ- 2-one

d| fI uog o [ c ent
% 6£}'&% héttgnol was X%Je ])ast tmg g?,g a/: Al {ilﬂe
(mefthtftsllel)‘t{b@rﬁﬂ@ﬁﬁlﬂ}ahé Ctlhleifgé’ébﬁwﬂﬁ%?r bh’éﬂﬂ"’tzﬂeti (f%g, 0-154 mol) in
THF (8%®BmLE Bndibtyrhted 20 od NI8,CL (220 mL). After 3 h, the reaction mixture was

ﬁltererf!ar(d #} rcgnt?ateaoi)ﬁq’aguo 3['591‘&'3?’@‘35 gvas gaxghrgh?dsﬁémé& EtOAc and H,0 which

| era
resu]tegéﬁ g]e f[;?rmathyttgraoﬁw aqe@t%z% Emtl%laferg g mterempggl) a Celite pad
and thSlagprsKvert egpardBtit. yThe aqueous layer was washed with EtOAc (2 x 500 mL) and the

combaﬁél tﬁ)gazﬁc (%eﬁtm5¥va§ﬁ£f(@ﬁﬂ Iﬁéb) dfted Ever %ééé’ 'ﬁﬂé?é:d' RccRcentrated

under reﬂﬁ?@ﬁf?%ﬁey cttrspfémeamed&ctzrﬂsﬁr"ﬁérgkr Alicg eel phromafagraphy, eluting
with GHsz:zaEtlﬁthr 80:¢0.To gavesthe titledospburtd. oM Sof/2 ©R65 Bty ).
(5"R)-4",6"-difluoro-3"-oxo-2",3"-di hydro-111! -
15di spi ro[ cycl opent ane@@@ﬁgﬁgﬂ ne- 51, 1"-i ndene] -
| ' -carboxylate from St 0.553 nmrnol) in -
THE (4 m,) at anbient tenperature was added NaH (44
nmg of a 60%dispersion in oil, 1.11 mmol). After 15
mn, ethyl bronpacetate (1854ng, 1.11 mmol) was added
-and ‘the mxture was allowed to warm to ambi ent
~tenperature and stirring was continued for -3 h.
Sat ur at ed aqueous NaHCO3 (25 nlL) was added and the
m xture was extracted wwth EtOAc (2 x 30 rnL). 20The
combi ned orgam c Iayers wer e vvashed vvlth brine, dried
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104- (tert-Butoxycarbonyl)-3,3-dinmeth yl-2-ox o- |
,4-di R ZR spiral 5.6l1ldodec-1 -yljaceti ¢ acid
Essentially follow ng the procedures described in
wol2berzeB4i at e 34, but using nmethyl a-am noi s@uiyed®16952
in place of nethyl 1-am nocycl opentanecarboxyl ate,
and using nethyl 1-am nocycl oheptanecarboxyl ate
hydrochl oride in place of nethyl 1-am no-4,6-
di fl uor oi ndane-1-carboxyl ate hydrochl oride, the title
conpound was obtained. Ms: nik = 369 15(M + 1).
| NTERMEDI ATE 37 -WD 20071133491PCT/ TJS2007/ 010952
J(38)-3-(3,5-Difl uorophenyl) - 1- ox§* 9- oxa- 2- azaspi r 015
. 51undec- 2-yl | acetic acid Essentially
foll owi ng the procedures deg bed in Internediate

26, but using 2- iodoekyﬁL Q in place of
iodoethane, the title ¢C@ 3 obtained. Ms5: niz

340 (M + 1). S | NTERVEDI ATE 38 Bre HN-2 HCI
10th hyl 1-1f
; yl

C x@wwa-oropylIanlnoScycIopentanecarboxy
Iate bIS hydrochlorlde Step A Ethyl

(34§%u%-fﬁfﬁéﬁlqy xvear opygkag}nol 3- phenyl pronanoa

( S) - 3- Arphiog op Aarydnhtispiarrei (4@, d82f mynolg & EHF (500 mL) was
added B%%K»QEJEL\QE i1 G6h (2% Rutthn KOb&ahRTOIF) co&qﬂeﬁpmammml, 480 mmol),

keepm%éhe 1&8&1 ntlthlng?% a)r:ﬁéﬁgelzcglzgléd(i% grl‘r)ne@?cfltléx}&qﬁé Yeaction rmxturer

was allpwgdig ifagm sjgydy rt‘éar@bieahtempitqﬁvré awaétuaﬁbfqréa h Meﬁ%“éf 1060 mL) was
added tapfudlfy add shd predipiistd sdldudissolanid Thel thixvire gvag bokideotiated in vacuo to

about %Ot 1FL c&)ﬁ&ﬂ'oqmc %d Lﬁ) Wabﬁ%@@de té ac%ﬁétttf?fz %‘i} tg QOtIIT € This

npou nd t al ned
mlxmrstvgaﬁ thrac(t%q vat&ﬁt?r\cl(i} j< 600 mL) and the combme

with bBje, dried over- PRS0y Ditapd, lahd aphameted 20 Toa to give tooullecdompound.

MS: sz ~7§0QMS—%HH ey éf\\') et hyl
[(tert- butoxycarbonypan1no]-

3 phenylpropanoate fronmStep A (1.00g, 3.41 mmol) was
Hellsa 91i-4 Bxenél (6.82 na, 6.82 rrunol, 1
M in Cﬁ?&;@an@ krm%am&v(go 139Lram mﬂoﬁﬁﬁ Es’t‘:lﬁ) @Bd'xﬁn.m&l added

cropwiia e, § by sk lPe Pl skt opn e S F e B Sy s 53 5,193
mmol)Ro Endd (B0gmkh| Aft¢3i8 ithe refpidorcmotthiggrdsaonhiedas 0 *hamd quenched with
H,O (FooRLEdriaddydeb Guefee@ﬁﬁﬂa&ﬂ aaSh@ bl dayled wWad Plashad Wikl H,0 (2 x 200
mL}, Llé%agf%lﬁg 5n§et08%§agH g?e% I\Ilagsbh %}Ig:n%dé Qltédr a({ncant.rat%d in vacuo 10
give thefglezgmpousd | %‘Serﬂf%vaé()%kMJaé@ ed with CH2Cl 2 (2 x 30

nm.). Conbi ned organics were dried over WO

OTganic lay rs were washed

2007/ 133491PCT/ US2007/ aesRdigs sul fate, filtered
and concentrated in vacuo to give an oil. This oi

was purified by silica gel chronagyography, eluting
with a gradi ent of EtOAc:h B 95 to 40:60, to
give the title conmpound. X /= 9 (M -

CORCAF17). 5Step C. Meth b £/
(3S)-3-1(tert- butoxVeHrbonynan1no =3>N phenyl propyli
e /

arni n o)c ycl opentanecarbox yl To
a solution of tert-butyl
(19) - 3- ogo I-phenylpro.yljcarbanate frog|8tep

Aminm b .- edrogpiratinide Cd —PITOi0) 2. 3-b]p

Z . er s |rr|ng
-"”rMUreforZOrnn NaHB( 0Ac) 3
(1 74g 8 22 nnDI) was  addedqms a- SO|Id Upon
conpl etion-of the reaction, saturated aqueous NaHCO3
(3 nL) was: added and the mxture was allowed to stir
for at least 2 h. Water (5 nL) and additiona
saturated NaHCO3 (3 nL) was then added to formtwo
| ayers. The aqueous | ayer was extracted once with
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3- Arni no-5, 7-di hydr os_pi roi cycl opent ar bi nvri di ne-6, 3'
-pyrrolor2,3-blpyridiol-21(11M one, isonmer 30 A WO
2007/ 133491PCT/ US2007/ 010952 Step A

wo(okiszdoi 2- (Tri met hyl si | yflethoxyl met hvl } - 3HpgaitRbdMg0052
| opent ane-1, 3*- Pw ol 012, 3- ,
bl pyridine]-2'",3(1" H)-di one To a
solution of 1- ( [2-(tritnethylsilyflethoxy]methyl }
-1, 3-di hydro- 2Hpyrrol of 2, 3- b] pyri di n-2-one (2.50 g,
9.46 mmol, described in Internmedi ate 7) and ceS| um
5carbonate (6.78 8 mml& in DMF (45 )
added & era‘ahugen af g@rfm@mﬁnwe y&“—@ﬁ@?%mﬁ‘*ﬁr? 2 15% gmol,

descriffdybihjifeanatiaag) emD0-Y)2-GtimethllsiOh@thotdemathy §.1,3-dihydro-2H-

7 pyrrolcgé%gbﬁgﬁﬁlln i—%{.es & 1% & ]1% 9%111?8[' gg%ce gg% %{;ﬁ%g}g&) {Q?&iﬁ (2 L) was

added p@sptg)‘x caxﬂp@nﬂg@l}{92@@9ﬁLn}molw@rgprg\gﬁp,(pqeg§ 8inyAdter 18 h, acetic acid (7.6
ml) waepdledtd tandlixte mweﬁmtﬂaeeﬁetb aV\@Emﬁd:JdSﬁ dbant ﬂ)ama@ﬂhEﬁ partitioned

bemeéﬂ é&)’? ‘i%edf‘?ver %&F@ ﬂ%@ﬁger e 8.9 coqugxgnﬁ% 21 L), then brine

(500 miy, thee deied THe Naeifle Hicoeriapd \ﬁa%,ceﬁﬁi“i"-? iratpyg- dipf prude product was
purifieddly stiivaqebtiogmapiyaphe| albiingwith talgradigrad hextnedfOAc — 160:0 to 0:100,

togweﬂﬁé@ﬂ@cgﬁlge\‘hd' ﬁ(@om(pz;@liéd%l)to give the title
~ conpound. "Ms: rrz/z = 3 (M + 1) Step B.

()-3-Ni tro-3 - ff2- (tr| rnet hyl si | vf) et hoxyl net hyl
Step B} (5-7Amino-1'-{[2-(tnmethylsilyDethoxy]methyl}-1,3-dihydrospiro[indene-2.3"-

Q:ﬂolﬁgcﬂ Qpé% gsibl PESYeL opent ar bl ovri di ne-6. 3' -pyrrol of 2,3
pyrl ture of ()-
. Wff%??@.% o e T
(mmemslﬂtislmth@[}dy@ﬂwﬂehﬁedqb}ﬁrasmwmdm%% 2'-Batsliely Bi-dlicwedinp2'(1°H)-one
from St A'(D.1 ¢, ap8 uﬁ:h@mw%ts efrréd (/%%Q)lﬁgj mQSI:@ 4011%)) uRBEk an atmosphere

i A e fllcge v
extenswess\gﬂhﬁiﬁqfh wdzhwﬁhmwaacmwemw (rsvasumq glv&aﬁw ticle compound
MS: miteaged otor kef lux for 18 h. The 20m xture was

concentrated in vacua and purified by silica gel
chrorratorahy, el ut| ng with al gradl ent ofl

tetrah\ﬁﬁfﬁbﬁdhﬂdenw& 3 rﬂv‘z‘robm]&aﬂbh‘hdmu xl\ﬁm@amae ()-3- Ar ni no-

1 1 {J A S()quIIOH%}“ b:y)l 5’55141-\{1{39{ hﬁ%‘(hﬂﬁétﬁﬁé&yl ethoiy\fmethy!%
dihydrp e 23 ;%@13@ b]pgggp ?g{}émaffr%ggépaﬁ%% %75’ mmol) and

di- terr{hy)yl dmjrl:(o)}a&-(ﬁ 1 5rn 328 i@y in CHCI; (1 L) was heated to reflux for 17 h. The
cooled(r%duﬂ’éw |c§hée)ﬁ&h@ﬁ |?»9¥Nc1u@%€¥l4§ re'édee WabparinsPhy alieygdi 0

r.r ol

chromgtfwlp Bi ﬁF)(ngElj hmeﬁ%’%ﬁc St 13:{9 % (51015/0 @gw& %&ccmlc product. The
enantigruers Merquessolyed by EPLE, gotipms|a/Chiral REOAD(®lumnn a)d elndieg with EtOH.

The ﬁ@nma}oﬂgs@h@rem@fwabym-ea@n(g()qa-oﬁo &tm: uﬂﬁénﬁils;ﬂytﬁ&ﬁmy]memyl}

ture

R AWA EI'EetﬁarEH(yiros irafind cnce er ed k/gggﬁ st d }?%gl){,:arfn?xp ’d the second major

peak t@elwteewwarfelwtylr{f? @aOtb{B@@nwthmlﬂ)ﬁﬂméy]@mmémd 2',3-
tetrahyNbspifofindend 833 (pVirblol 2, 3- 5b#fdiR) - 5-yl)carbamate, the title compound. MS: m/z
—482&4 0- 5. 7-di hydr ospi rof cycl opent ar bbvri di ne- 6, 3" - py
2 3- bl pvridi nF2T1Thone, isomer A A solution of
()-3-amno-1'"- ([2-(trinmethylsilypethoxylnmethyl}-5,7-

- Step DO BRI-Bydninepli, 3-d[leviadspipefindrinb] Y riveioh2 8 - t3 pyrinkin ¥ B{ 10 Pora:

- b] pyr A%%TH&EQ%WWPB@%T Sg.f@ Ci,][(z&%?mém lsﬁ)xr%%mé&yl}
L2 r”ﬁ‘%‘fl\%yér‘{ﬁﬁ‘é‘) LdePEeef’ ﬂﬁm PNk e C?:rBi’fB%‘ﬁtﬁiOé% ggp C (134 g,

© 27.8 mimmoly acMaOHT(360 mels) wasssanasted iva SOHCEEE) | ThivbOkiuf3wad fesaturated with

and treated with "WD 2007/ 133491PCVM52007/ 010952

et hyl enedi am ne (0.020 nL, 04806 nrnol) - -and 10 N
- sodi um hydroxi de to adjust the nmixture to pH 10.

After 1 h, the reaction mxture was purified directly
by HPLC using a reversed phase CI8 colum and el uting
with a gradient of H20: CH3CN: CF3CO2H -90: 10: 0.1 to
5:95:0.1. Lyophilization provided the racemc title
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WO 2007/ 133491PCT/ TJS2007/ 010952 chr omat ogr aphy,
eluting with a gradi ent of hexane: EtOAc - 100:0 to
25:75, to give the title conpound. Ms: mz = 291 (M+
wol2be7/133491 Step C. PCT/US2007/010952
()-2"-Ox0-1', 21,5, 7-tetrahydr ospi r o[ cycl opent af
cl oyri di ne- 6 31l-pyrrolol2, 3-bl
pyridi nel 53-carbonitrile To a solution
of 4, 5-bi s(brononet hyppyri di ne-2-carboni m I e from
- Step B (2.56 g, 8.83 nmol) and
1, 3-di hydr o- 2H pyrrol o[ 2, 3- b] pyri di n-2-one [Marfat &
HCI (gfavdrp 30 198 TntiNbe stinény watebel was QMsumO® Zp theb8ogser@agd in vacuo.
The redT8® Jvad &is%&(é&@a@k)awd}mkﬂ@ we88d With er2dt®fne (1.9 mL, 27.8

it hydr oxi.de éﬂ%ﬁ
mo”ﬂf’figpw &{umq’yfihoemif.rg(g hﬁxgs:?a"rh )utPea%1 tthf(5mxour ed} Ao A fter 30
min, thganigparg r@@dﬁ@)fd ant B@ (e4¥ial) Wct W@F@A@Nl(feckicido [m_)The organic
layer whB @rie@ Bl SO, ORifired, axd tandesitri@l ¢ tidiod The Qi‘udm&{’al was

tnturatf j | g&r QOH%ggnﬁS Cent rtﬁé 89 ngger#f)cl}/]lghe/zc—'g Egjf

was puri‘f I'ca romat ogra y
eluting with a gradl ent of CH2C12: MeOH: NH4COH -
100:0: 0 to 95:5:1, tongrERMHIBIATE i@ conpound. NS
mz = 263 (M+ 1). 15Step D. ()-Sodiurn
- 2'-o0x0-1',2",5.7- tetraM@IrM@i rorcycl openta[clpvridin
e-6, 3 pynrol o[ 2, 3- Db]ovr e - 3 car boxvl at e
To a sol ution of 0
()-2"-o0ox0-1',2",5,7- tet cSx%cycl opent af c] pyri
di ne-6, 3' - pyrrolo[23b]@yr|d|nel carbonimle from
Step C (1.53 g, 5.83 rnppi.in EtOH (20 nL) was added
5 M aqueous NaCOH (3. 50he m xture was heated at
reflux for 72 h, w thgaddktiogal 20 5 M aqueous NaCH
(2.00 tnL) added at 6 h. The reactlon m xture was

sp)-2H 98,48 - concentratad £a dré(é‘aeé In
purity for use |n subsequent steps. M5 mz = 282 (M
Step A"‘NHZSS LR)-2- {Ambke@Rvi BUMbx v} -1-(3,5-difluorophenyllethyl}-2-

. 6547 tet rahydr ospi roJ cycl opent aj c]oyrid

[2 &I‘Idl n] - 3-yricarbamat e
To a stfsbéﬁlﬁ‘v?tbwl@wr(t)f <§z:}d’¥1§ £+ 2- gt 10295, 7-
butyl(diethahyti P ¢ibf ldenk epesdtiafl slopysid- s 0Ememade- (5)00r 1 2 93nmol) [Tang

er al. (Jodi) ?ybh%@}%ln %?Z?%?%Lﬂtﬁ%%"@f HhPatDrf dc b daaea 3
dlﬂuorpgqanygm%)ﬁgpm(lyeme) (7 dded %%%WW o‘ilsyq mmol) dropwise.
The re@Ziod eniffur8 Yamktirr&d #5788 dby) 5 Anghdithen aliowadrte weans: slowly to ambient

tempe%&@é th ﬁﬂnﬁgfu.lay XoftHued 208 BOTAGH AR quenched with saturated

saqueouz i Kl B phimded ki EroRs Gl TsrdmiiRggersanic tayers

were dgehoestt¥a b0, filtered@od camgntried ipagaviot (Tha ethidperevdiehwas purified by

silica g@ﬂ-c}i‘gga%gfaz)'ﬁy”éﬁmﬂé Wﬂh%@'&ﬂxéﬁteﬂ dﬂﬁlﬂ@cﬁtdﬂ@ﬂ 10D to _ﬂ?QO to give the
title col, an| CM5a¥;9z~"§§2(§fpﬁ5at ed and the aqueous | ayer was
tRer Vektt act ‘CH2C12 (2 x 50 rnL).. The
corrbl ned organic |layers were dried over Na2804,

Step Bf iR 8ehin® D3 comeasiobatBdetianypcua. The crude

d h
o1 Ut ik SRR BEAGRS YRR 185 M5k ERSI AR RS T V0.

difluorgplgenylethy - ?gsleéﬂprome -fafiparaideiffqre Steprp 6LHY e, I mmol) in

MeOHN\@ L) 353 Whstadked H@A@zoﬁrz/ofaammwommd 09260H). After 20

min &tlon X ewas oncentrate tod ess irn vacyo. The residue was dissolved in
’d%%\m "%”}H rospirolcy ent g %pvrldlne6%s

P.

H20 (35pby) ef[dzths "P)‘]"W? e ﬁ’i“afie(dl‘itli*i Bf& (2 Fodrfak) and these organic extracts
were dcadedit Thaapfeo() phase twab atijpktetl 26 pbIXId Wy additjdm, &f-1 N NaOH and

t ef rahydr ospi ro[ cycl opent a[ c§pyri di ne-6, 3' - pyrrol of 2,

3-b] pyri dinj - yl)carbarrate fromStep E 5(1.39 g,

3.94 rnnol) was stirred. in CH2Cl12 (10 ni) and. TFA (3

mL.) for 18h and then concentrated in vacua to

“provide the racemc title conmpound as the TFA salt.

The enantionmers were resolved by HPLC, utilizing a
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WD 2007/ 133491PCT1US20071010952 quenched m xture was
extracted with Et0OAc (9 x 100 nL). The conbi ned
organi c extracts were dried over Na2SO4, filtered,
woaish/gegentrated in vacua. The crude productpCerS2007/010952
purified by silica gel chromatography, eluting with a
gradi ent of CH2C12: MeOH - 100: 0 to 85:15, to give the
title conpound. Ms: mz = 165 (M+ 1). 5 Step C
5, 6- Bi s(bronmonet hyl ) pvri di ne-2-carbonitrile
To a solution of
6- bi_ s(hydr oxymeth yri di ne- carbonlt ile
exu-actg% gbth @té) Y gg/ Té’))Z/ |o)rgqn|;f; lﬂ:ﬁgs bwics «iiﬁl_ ]\& filtered, and
concenphed ph oadi® tb piverthekide compdndy, ME9m& <rivdd {iMHn!)THF (20
m.) dropwi se. The reaction mixture was stirred at
'Sd to O
94 6 HHCES i Yot 5 AR | oM y
and t hlé) qscemdiredf @R)}mmmnmﬂsoe%ﬂﬁ'motc@ﬂewlidmaﬁb@ﬁﬂ)m Stép B (630
r [ I §6
mg, 3.64 M@g gﬁ?laﬁﬂer gﬁ?ﬁn& 984 icfim 6l i BELE1,UR0 &nrdat 69C was added

in vacua. The

Cmﬂfowwaélﬂﬁ%%@c%’ s 3 rrPF'PBd Con@ﬁl“?‘&a f&faction mixture was quenched
with sanireeiatogua pyCel uﬁumg) wdtdxtzactgd adihe®>@f (2 x 25 mL). The

comblrn:@@él'ﬁngé)gé"éts wéigq'eéhéd)wﬁgl@% 5191c9¥cl@ tHelA®rink! th€n dried over Na,SO,,
e P o o e M ¥ Ry BB 204 51

Step Dt étH‘)ﬁShGBdE m@udreﬁwﬁt)w i-di ne-6, 3" -pyrrol o 2,
. 8- pyll:I I’i liorloFALBRM N, -f({}%-l«(3,5~diﬂuor0phenyl-;-%—a

soluti'o
hydroxseteym@(amléﬁﬁﬁm Bipp Y plB0 dish é-J-maebdn TEH (78 ek brh0Seyyas added
NaH (09 1(dg 80960%. Hspepdi®h )n .28 mmol) and the mixture was stirred at ambient

tempcr%tu?‘i ﬁq}él r%?fn!ﬂ‘)é aﬁ g@szm Q‘ﬁ%% aggcgi %56%9 Fgm&/as extracted
with E{RARYS had iy, [Theeombin cgrqsgapjc aﬁe*w-eff( o ey 7 NaaOs, fltered, and
concenadaddn 0LQIoU IMhearbdprbéudt Gvad pgrifidBbH sitio® kgl chromatography, ciutmg
: 5 ftce .
win PRGOS IS T0: A5 Mgl ol BT ARSBE, 21
M+1 HCCB (100 inL) and brine (200 mL) The organic |ayer
was renoved and the aqueous | ayer was extracted

Step Efﬂéﬁrté\_ﬂ 1 (High 3. Q-ox¥Melpholine4CQRRY

or gani :

and cdn @H B o%‘j{o%ggep D (570 me,
2.67 mpat]. di- @dr-bwlsdrbanbanmI(S%*hngﬁa'ﬁbgmaﬁhynd étdimethglapinepyaidine (327
mg, 2.61 ﬁﬂ'lo?ﬂ}l @A,k :ﬁﬁﬁL HQAGtxrred]—eQQaQnérﬁ t&@pe?&uréﬁr gihV &he solvent was

f“’mO"?%]‘"‘?[“ 6§8°°i£?‘555“§e$“ %Ffeshduﬁ rg:‘? ?F%"XP%‘“.%‘?P%& glopraphy.
elutinggyifea ﬁaﬁlmpyfh@a@iit@f&ﬁl—pﬂm%ﬁo SOZIQﬁWBébMI‘i‘%CCH@%Fﬂd MS: m/z

=377 @@FoNa-+THIONN of
()-2'-ox0-11-([ 2- (tr|nethyIS|Iypethoxy]nethyl} 11, 2

3 b] pyrd ﬂl} Mjsoﬁtleﬁhlﬁﬁdiﬂ:ﬁrhlH:ﬂﬁmmyiﬁﬁ)&m@dé ﬁQDHﬁQI 60 mL 1.60

2
rlrimf:)l)ga{>> 5 J&;Ja'gér%ddeﬁ ﬂglgwéé 6\151871)\1 g@%g %gmﬁq?rls(??&%%?%oéﬁﬁgs%}menyl}f-
oxomozgphodigd-4aEbegiate Fom SGRENDP Mt d-OmmPPia BME L] ‘%/g'&a gt -78°C.
The reskiigng macmtemmnxtedrae T flird§ohivaben indomthang C039ML, 1.60 mmol)
was ad@@cfj RHE:‘ Jt r7§®6 $6r Q)fm'ﬂ?elr@ W%eﬁga@ioﬁl%‘iﬁﬁg 2B BRS By transferred

via ca.nrngx m EEEIHO chiéllug bs(timeeéh)gggr q_e mOItHF (1.60 mL, 1.60 mmoi)
at -78 1G.oPhe tesulsing orixofre thae spratiacl? 8@r§cbralﬂ1mngthfsn actdopd squivalent of
provided the title compound. MS: mfz = 282 WO :
2007/ 133491PCT/ US2007/ 0109525 St ep F. ()-tert-Butyl
(2'-oxo-F.2'.5,7-tetrahydrosnirorcycl opentaj bl pyridin-
e-6,3 -pwolo[2,3- bloyridin]-2-yl)carbamate
To a suspensi on of
()-2"-ox0-11,2',5,7- tetrahydrospiro[cyclopenta[b]pyri
di ne-6, 3' - pyrrolo[2 3 b]pyrldlne] carboxylic acid
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di carboxylate from Step A (1.69g, 5.29 mmol) and
anhydrous CuSO4 (2.36g. 10.6 nanpl) in CH2A 2 (10 nl)
was added (S)-2-met hyl propane-2-sul fi nam de (0.641 g;
wd0891330l ). This Mxture was stirred for 25 griehes 10952

being filtered through a pad of celite. Additional
CH2C12 was used to wash the celite. The conbi ned

organi cs were concentrated in vacua to give a residue
that 15was purified by silica gel chromatography,
eluting with a. gradi ent of hexane: Et 0Ac - 95:5 to
0:100, to give the title conmpound. Ms: nmh = 423 (M +

iodomgthaneg0 3 @1L. 11 Hemrval) wasraddegd| Adter stirring at 78 °C for a further 1 h, the

reactiok %B)mﬂe %3@@311&&@5}1 Bbﬁféte@hﬂlhébﬁﬂhfhﬁjb’dlbaﬂﬂ,% extrbe® with

n o] | r [ olid

EtOAcz(zd I 'Car g‘gxy a? 'XL%gq' ax‘stll 2d 5o u? (o] ﬁerzsP %QH%‘}P and
concengratpgiify ypcuop Bhe zaydsmroduqt [V(ag):mﬂgpqi by silica gel chromatography, eluting
with a @uﬂ;dnsut Hdxaiyd: Et@h.0 090t pys@oy4a, @ gide R-tikleZothpoahdOXA: /2 = 286

?)from Step B (1.56 g, 3.70 mmmol) in toluene (30 m)

78 C was added 3, 5-di fl uor ophenyl magnesi um
brom de (14.8 nL of a 0.5 Msolution in THF, 7.41

Step GN(HRNS)-(3H- Dt ephehlt - Padhetninttrglioline3-was stirred for

30 m Araf 5 ?on%f égﬁﬂﬂyiﬁki %Ql’r nglﬂQ&oép&ggaj %gp étﬁ?lh}

t enper at ur e
oxomozholizg Grearhaxy RifuEBwsS RN €72 is’@ o9 mipel) gk?ﬁa‘élaéa mijj)ah ambient
temperbufAwag Blded IT A0 49 ke 6 Gamimiohe dh forr gauting fbay By the wescdon mixture
was coiﬁ\@e?ﬁ%&d% L RSyl BE itk bomPbluRe m%/z'\laﬁpéw +1).
Itered, and concentrated i n vacua. The crude
pr oduct was purl fi ed by silica gel chromatography,
R p 2 ’ Del.2 kkmathel-Fo@démorphobn B -¢ltacetate

0: 100 TJ@stg'l'éﬁ%oidiﬁmtdft(Bﬂ) S-QBT}QQHﬂQero?@nyf)rﬂ ZditnaRyin{d¥holin-3-one

from S%pé.)r alesggﬁt ﬁ’]lspmlgb %LLUISM {2 mLFat% % was acfg%d (\831—? Srnlg rcpfa 60% -
dispersisinip|odle 0 68 mengh. A fws 1 Qmiionetby! tromeaceidte O 0dmrd\i1.62 mmol) was added
and the( BRmrd 4ad §)irrdd at 0 °C for 30 min. Saturatcd aqueous NaHCO3 (5 mL) was added

and me;r[n(xﬁrek\ras tté(c! %fl':'i%c] 0@ él ?jé cc%nclitlnne AR 16 erl])}érs were dried

FrolTdrne-
over Nezf%e l'gere 20 caRGrajTaled rwyew( 2Eﬁerﬁzt) eanro@mc“fa@ purified Py silica gel
chromadb grephys tiufih g Mgt Dgradichs of K an@BEYAORA 9BI5%b TDSO\WRSgive the title

fedol)) t;,,@ztsg Qid,[ ess- in vacuo. To the crude
compoprodﬁ@t suspended YE 35 toluene (25 nL) was added

triethylamne (2.12 nm, 15.2 nmol), and the reaction
Step . PA5SRD-GF(B. SR Eluvesthedy -G . 2-dinhathylf BoxGBordbholihé-yilaeici aoiy

M Xt Urg, AN PurcN ek g% -§- 5’ ﬁFﬂﬁlﬁ) n)tl § Cﬁn%ﬁly} 3-oxomorpholin-

-yl Hem gion ) 10 oa Gap munp @?%Oéﬁh@ angd 0 Ot s added 1 N

aqueoug L#IHEA S b, @mmm thilresbii)ig mixtir® Ovad sGrredat ambient
temper%réfoila 8 ho T%b\‘@achﬁﬁ nlikiur€ wa® PROEEGIr By bITHPLE d8dg & Mversed

phase Cli&atyngp aqd § 5}5 SR GTASPLAkPA CHEEY SR PRGN o 59501

LYOPhIm;at@nmt@Mw itleempopad S Me @87 =\3 &etid acid To a
stirred solution of benzyl
(5R, 8S)-8-(3,5-difluo -1 7-
di anspi r o[ 4. 5} decane- %gu 13 Sxcy rom Step D (541
mg, 1.35 rrunol) in THE (3 inL) at anbient
tenperature was added NaH (81 ng of a 60% di spersion
inoil, 2.03 rnnol). After- 30 mm ethyl bronoacetate
(0.196 nmL, 1.76 mml) was. added and the mixture was
stirred for .30 10 min. Sodium hydroxide.(8.11 nL of a
1 Msolution, 8.11 nrnol) was added and the m xture
stirred for 16 h. The reaction m xture was poured '
.onto 1 MHC (20 raL) and exbracted with CH2A 2 (3 X
20 nm.). The conbi ned organic | ayers were dried over
Na2SO4, filtered, and concentrated in vacuo. The
crude product was purified by HPLC using a reversed
phase CI 8 colum and eluting with a gradient of
H20: CH3CN: CF3CO2H - 90:10: 0.1 to 5:95:0.1 to give the

Step H
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.1(38)-9-1(Benzvl oxy)carbonyl1l-3-(3.5-difluoro

Dhenvl)-1- oxo0-2,9-d azaspiro [5 .51lundec-2- vyl

| acetic acid 25Essentially follow ng the procedures
woaesenisded for Internedi ate 44, but using 1- pegAR¥H07/010952

4- et hyl 4- (2- oxoet hyl ) pi peri di ne-1, 4-di car boxyl ate

in place of 1-benzyl 2-nethyl (2R)-

2- (3-oxopropyl ) pyrrolidine-1, 2-di carboxyl ate, the’

title conpound was prepared. MsS: mlz = 473 (M+ 1).

30EXAMPLE! N4 -3-Meth 1-2 5-di oxo-1."'dros

phenyl pi neri di n-1-vfl acet arni de WO

2007/ 133491PCMS200 1oﬁdzw t bie
() - (2- Oxo- 6- phen_ y?ﬂn %(D) cetic acid To a
stirred solution o ()06 enyl p\g%r\ldln 2-one (155
ng, 0.885 mmol) in THF (10 N.c to 0 C, was
added NaH (30.0 ng, 1.24 mmok). 5 Th ‘ce bath was
renoved and the reaction wag=allowed to warmto

anbi ent tenperature. After at anbi ent
tenperature, the reacti B ofl ed to O C prior to
the introduction of nethyl brom)acet ate (149 ny,

0.97
Lithi

vilacetber 12 h. Addltl onal quantltl es of NaH and net hyI
bronpacetate were then added in parts to nearly

~ sodi umﬁmﬂ@&pa@emmmws‘e@wte hydpaplfopide Af§.a g, 7.0 mmol), 3,5-
dxﬂuorﬁﬁh@fabfrl)br@rhldef[% 0B, BY 8 resbB] antbls,SapAnid 4,848 (ol }n DMF (100

mlL) w%%gﬁ{ejoaaqtalm nﬁ%ﬁc&c@& 3 W tSIAtul‘at% gé{lgélﬁg Naﬁ@(% (@6(5 ﬁilL) was

organrcs were
added gid thegpixiira s SXFa &%})\c {7 RaTiR éftreamas Sashed with

brine, dtidd @t Nab$D1, éiltedadaﬁdj coeardtecdiradcin Vactade pwdyitelad purified by

- c t -

silica % ifr?wl Cgbe%r%mn'y %g%ﬂﬁ%%%t&%%‘f&miﬂe é}?ﬁ;é: e|]OOOB(.) to I\E 100, to give the

“ﬂecoﬂHPUS Myvwet'ry/2 Bl dildxo-1', 3' -dihydro so iro :
flmdaZO|IdI ne-4, 2' -i ndeni - 5 -v11- 24(6) -

Step B2[OX 6)(2%@52 ni‘g’ib 7 13 sVNACal AR A8 i-gf)az& 59l HLk A0

Step. AMCTOBT REeE 28 (i it iqspghensy Zoorps B aming )2
methylpragiahioata drofrd Siep 34 (%afi 80137 nmdiy Eimmegth)duebﬁydhxﬁmchlonde (443 g,
317 mré@ Ha@'bs.s,@ﬁr [m%daisollnhdﬂm Me@H (I30d&ng]wa%,55nédi Qtﬂeﬁnb;ent

g I ordi n
e P it S0 85 SR L e
was cheekagl and)adivsedde ol E@@pec(efa%y nghe ragiom wu)e Wa‘ﬁrheéted to 50 °C for
18 h. ﬁahiﬂﬁghﬂmm (Shinnesd Atcail @8 tedcEoP ativdutd @ad Ratelifo 60 °C for 6 h

then all%ged('t a%:rl_ &%éﬂt%i% ?tggngy §3da p&é Q%f 99‘315*0',191[1 %e }'B%ilmg

anl CS

- mixturp uvqswewfvwsmc wﬂaﬁafa@eﬁdﬂ%ﬁ% mi\pchen extracted

with CfILQ L (L1)), Thi@ngasit entatedabwashed (wAth tbﬁnc),( aamd & Olah DO dhiltered, and
concer@gmdc{w Jégu@Vﬁﬁe S04l 3&&'& AEADy ng;a@:epauma&giaﬁsﬁp cluting

concentra d app

with hexaneE404¢— L0 #89 ‘B&f‘ief ?sﬁmpwmg mfztm?%iﬂmﬂ
gradi ent of CH2C12: MeOH - 99. 5 0.5 to 95:5. dean

¥-2.2-dimeth .l -3-

= ¥ 1). HRVE: nth = 447.2013; cal cul at ed
mz = Mﬁllﬂﬁzbfﬁﬁwl (652N pBOY IEXANRIORS, 2-diapgypiro{4.5])dec-9-

yl}acet%@of?érgl%ﬁ?ﬁ RED7 WS BQ tARA0 96 A - dnsopropylethylajmne {0.607 mL, 3.48 mmo!),

| and d*ﬁf’(ﬁ :%19)6 ﬁbClaFWilT I{IS lel('lgg rg? %h R nvf)ﬁg} laceio%l'tnqet(w ? wig gnr%e& at 60 °C for

“di oxo-11. 3" - di hydrosni rol i ni gazol i di ne-4, 2" -i ndenJ -
-yl lacetam de Starting from

(5R) --5- (3, 5-di f| uor ophenyl) - 2, 2- di et hylthl onor phol i n
-3-one 5 (Intermediate 2), the conpound in Exanple 2
was prepared follow ng anal ogous procedures for the
preparation of Exanple 1, to provide the title
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providgdgle &Elé CREo

WD 2007/ 133491PCT/ US2007/ 010952
24(28)-2-(3..5-Di fluorophenyl)-2,5,5-trinethyl-6-o0xo-
| -piperidinyll-Nj( 4S)-3-nethvl-2,5- dioxo- 1
wo 208//t3gliohhydr ospi rof i mi dazol id ine-4 PCT/US2007/010952
2' -indenl-5'-yljacetam de Step A Met hyl
(5M5-1(tert-butyl sul finynimnol-5-(3,5-difluoropheny
1) - 2, 2-di net hyl pent anoat e To a solution
of nmet hyl
5- (3, 5-di fluorophenyl) -2, 2- dlnethyl 5- oxopentanoate
fromlInternediate 1, Step éSOOrrgof 85% purity
18 b, thgnggolesrang canrentrapd znﬁ%trﬁﬂncs sprastas-2 The erude ﬁﬁ?ﬁ“ﬂ%was purified by
silica geRhBofBograpk P, dhutiyey With B glddidnlF of Ecﬁn&ﬁk@Ac%@O&ﬂdeﬁlOO to give the

racerm& E}oﬂpétu r’?’hte%% rpn% 'u.%?e &gg‘%‘ c? g&? OD co]umn and

| on vess Wa s QUIC ace
eiutmgent*tcgawqfér 89:3{bulhe fi “fb‘Rf‘Pé Pﬂ%‘oteleihﬁ@ “taé f%ffrswéh@s) 35
difluortepel)-at @rehéhe2oeaahypad, Miixtethné- 3wadpigeesrich- 1 waddxylate and the

. second @% % aluedwiy }eptebl.ftﬁ §Rp5'(.|3-)5 Mﬁhé)r%pﬁ&w 4 @@ﬂhegy 2-oxoethyl)-

2.2-diry yaagwoééé%ra?zﬂne-lgem%%i”awﬁ i iR RPoyed S gt - FHL M - Cot).

combi ned organics were then washed with brine, dried

. VaQUO t Ive an oll. IS Ol was puri Yy Sl

0xopt et raphy, eluting with a gradient of
MeOH:; G.Hmuticﬁl & 199 tmttl §5B)- B3, 5 tdoflyprophenBhe(2-¢thexy-2-oxoethyl)-

2, z-dmc&}gu PRz e -1 -carbdk fafcMrom L*}ep SCEPS B, 2. M2 tAWbI) in THF (18 mL)

and B> te%&;gxa&g&@gn%ﬁmm B iy LA ORISEN mixture
was stlmbd ignt temperature for 5 h. The mixture was adjusted to pH 6 by addition of 1 N
HCI anfl éEhce'étr[a(cBeds Bty Subddioydiyd e Mok <omp3uht. A kos-ophe (M —
CH)n y1l) - 2, 2-di net hyl pentanoate (342 ng, 0.920 mmol) in
7 CH2C12 (6 nL) at OC, was added dropw se 20over five

_mnutes nethyl magnesi um brom de as a 3Msolution in

di ethyl ether (0.61 nINTHRSEDIAIIE) 14 After 15 m nutes

the reaction was determ ned to be conplete by LCVS

anal ysis. The reaction sMeuenched by the ciropw se

addition of IMHCL (5 i Ol Lowed by 5 nL of

wat er. The aqueous | aye[f was extjracted once with

CH2C12 (10 nL) and the i combi ned and

washed once with brine (15 nth). The organics were

dri ed over sodi um sul f at.e iltered and
25concentrated in vacuai ve a residue that was
purified by silica gel chyomatography, eluting with a

gradi ent of EtOAc: Hexaneﬁy‘- 10: 90 to 55:45, to give
the title conmpound. ME: Z 390 (M+ 1). ataC. 6
-6- 3 5-Difrimetherjdin-2-one 30To a sol ution of

{ﬁ}_—_@@éﬂﬁgﬂo 4- mcth\'lphenvl) 3 3-dimethyl-2-oxopipendin- 1 -vljacetic acid

(5S)-5-Vert-butylsul finyl)am no]-5-(3,5-difluoropheny
Step A1}5)-&(RFRPRU L AGHARAR. € 3 (dmidvBipetiadd2 el ) in MeOH

, coole 0 ! n r-aqus, HC
for 1T et sPhuPaiBena s Lesr M sHam e rsnee o
GimehspenascC 1 4.9 veesirdcions minivps) s S i) s 78

°C was/a@asd i;imoy@a h IR¥greOMm Broadi NS¢ 130971}}%&%&93851 M\&stution in

07/ 1 3 349 1PCT/ U
TiF, SRl (e r?ae%*@ﬁ"aﬁ SAHPET TR AITEE “CRRER L fop 2dyy and then
heated g oy ferehb.r Thesolventyes aamomﬁormwamamdl\mg Eryds@old jissolved in

Dmsovvasn@ddmt MGk produUeSwARGRifie8 BN CENIC adifga | meVs@s ﬁﬁase C18 column

d [

and elutmg WP?\g{a gi%;igﬁg;fg éI-P cﬁ@f;ht%ﬁm ;Q{JIO I.Pqp

eMStm%Jeé(rS'O* ) andtrlethylamne
(1.18 g, 11.7 nunol). A-reflsux condenser was attached
5and the mixture stirred at. 110C. After five days of
stirring at relux, the reaction. was judged to be
conplete by LCMS. The mi xture was cool ed to anbi ent
tenperature and concentrated in vacua. The residue
was diluted with diethyl ether (75 nL) and washed

ghlhzauon



10

15

20

25

30

Starting from potassi um
[(2S)-2-(3,5-difluorophenyl)-2,5,5-trinethyl -6-
oxopi peridin-1-yl]acetate (182 ng, 0.522 mmol),
woby@Rs®14 was prepared foll owi ng the anal ogai§/us2007/010952
procedure for the preparation of Exanple 1, Step B
to provide the title conpound. Ms: nifz 525 (M + 1).
HRIVIS: mz = 525.2326; calculated mz 525. 2308 for
C28H30F2N404. EXAMPLE 6 10
~24(48,68)-6-(3.5-D fl uorophenvl) - 4- hydroxy- 3. 3-di neth
yl -2-oxoni peridin-1-v11-N1(2R)-2'-0ox0l.1',2',3-tetra
hydr ospi roundene- 2, 3' - _pyrrol o[ 2. 3- bl pyri di nl1-5-vll ac .
Step Bet(8N A& -Fluoro-4-methvlphenvA- 3B Xt vBE -oxopiperidin- 1 -vljacetic acid

4S, 65) - 6. - i | _ - -3 3-di-mehhy. 1
12" oRbRRTaH fiiflin HISHRAS MG AL e b o BBt piperdin-

one from §61P, A (L0 HEA40 rameh ePME(3amE) phambipmyicmpgatupwas added NaH

(19 mgl 56la 80%didispafsRsinrod], DTS RRMAL)3BREE 1 6 Intih 2ndthpl irytriodéaite (0.051 mL,

iyt ) : . ‘
o304 S S 08 el By 51 0 o504 s 0001 o
10 M segsiomg0.642 aggol pydgdangiiee poxthe) stifged 1ok § by elhezprude product was

| purificdrtideetit by HRDEY &hnl £rdhversed phase TS dobatd heheltiing Uil avi@sdient of

) ey b .
oo GIFNEEE: S AT chl g o cithingsy o v
utitiziggea ChirplBak 4dbrolngpgod elutingvathnGOx MePi oriEh e e hie
componad.udS: Fe=a%daddi pripduct was purified by silica ge

20 chromat ography, eluting with a gradi ent of

CH2C12: C1- 130H - 100: R '6 T]qu'give the title

compound. MsS: rn/z = » MB: nlz =

547.2169; calculated mz =,547.2151 for

C301- 129F2N404. EXAMPLE 7 =

2007/ 133491PCT/ US200 M@ o
24(63)-6-(3,5-Di fl uoroph ﬁ??gii;ﬁadinethyl-2,4-dioxop
i peridin-1-v11-N-[(210-2™0x0~1~R, 3-
tetrahvdrospiro[indene-2,3j-pyrrolo(2,3-b]jiwidiril-5
-yilacetam de A m xture® '
[(68)-6-(3,5-dif|uoropheL\ 3, 3-di met hyl - 2, 4- di oxopi p
eridin-1- 5yl]acetic acid 56 ny, 0.501 mol,
described in Internediate 22), (R)-5-am no-1, 3-

i[RI nsdimethyln2lone-6opt@nyipyeradim|l vl Redthtayri din] - 2' 0
70-one (145 ny, 0.577 mmol, described in Internediate

Step AN EOT (95T 0.EDC (123, 0.642
t enperAteixbre of (RA)elarmne methyb aster yprephlarided! f8g. 7.16 mmot), 2-

bromoR&idpHehonad . 836i, wa SnmmD), 6AONaHIO,and0E, 0AG k6l iDME (20 mL)

vas 18 AR o Bty 35 ST S URLol GRSl bl v
aqueoys Gk (Zadrdpland the gnixyes wehegrastedgh abRiPAe{Ur Paglniang the organic
phase gaadiseticdf THHRGEuGHAEHHwas AdJ0st6d toopI2 A0 3Ath daturaied @aqueous Na,CO4

al cul atted _mz = 54
Na,5 tereds GancepRalgp| i vacuoq ol he crude proguct was purnified by HPLC using a

revers@ B4SC68 polmhmiosl @ir(e3yBh digkddiant of Byl @%:QFs 68t Hyd 90:10:0.1 10
5:95:0712 B&{onWtProduct-containing fractions in vacuo provided the title compound.

- li- 1(2R) - 2"-0x01,1",21. 3-t et rahydr ospi r oundene- 2,
MS: T_%?i_FBF%,S-bIpyridinl-5-y1]acetan1de
A m xture of

Step B.2Meﬁﬁ)ﬂ@ﬂ(ﬁ,ﬁamuf,muoz_em%%)w@io%r&nmlméeﬁe4- di oxap
i peridkn-1- . ,
o y1] - N [ 3R misureofmethyl GRY 2GRy als Py g HaRinojoropancate, .
TFA sgit, froym Bisipoh 21 - BEpYf P rmpalband glyeiae mikaé ester idigeehingide (85 mg,
- - 0.698 mmol, described in Exagple 7) and NH40Ac (571
' Mg, 7.41 nunol) in CH3OH (2 nmL) was stirred at
anbi ent tenperature for 20 nm NaCNBH3 (498 ng, 7.92
nmol ) was added and stirring was continued at anbi ent
tenperature for 12 h. The reaction m xture was
diluted with H20 (40 nL) and aqueous NaHCO3 (70 nlL)

and thénrl; ﬁaigiegiwi?‘g%g%%ﬂ@gi x V@mﬁ)ﬂ Lﬁe%oﬁ%e@%r%ag%% e)]gtg;!r%@'vere dried over
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WD 2007/ 133491PCM52007/ 010952 2-[(8R1-8-(3.5 -D fl

uor ot henvl)-10-0x 0-6,9-d i a 7.R

spirol -4.5}dec-9-yfl-N[(2R)-2' -0x0-1,1",2" 3-

woleb7ahsdr osai r of i ndene- 23" - pyrr ol o[ 2, 3- b] oy rceiirskadeyoes?

|l acet am de hydrochloride A mxture of l|ithium

[(BR)-6-(tert-butoxycarbonyl)78-(3,5-difl uorophenyl)-

10- 5o0xo0-6, 9-di a7nspiro[ 4.5]dec-9-yll acetate (30 ny,

0.070 mmol, described in Internediate 32), (R - 5

-amno -1 ,3 -dihy dr ospir oUndene-2,3" -pyrrolo[2

, 3 - D] g/érpidi nj-2'(1"' 1%%-one__(20 ml; 0. 079 mmol ,
0.678 mmebrin H Al mho) eraredias & 0 isqpomriqthylamipe (.19 L, 1.13 mmol),
followdiins) ;).coar(d 15D I(, 287 Infmdl). OBk rasultihg rﬂ:fh@l\ﬁas(s@m@d labhhbient
tcmperg\%se f%‘- 116 Lﬁ n ﬁgEN%tﬂ (Fsg ??e% r()85t4tulﬁgng )Qﬁas ?ggd e reactnon mixture

was hc’%ﬁ% Hé%p %&f é§§1 %1‘ @IW"?WO&WG cFemmaddeliy et @5 Tl yof a3tk aqueous
solutio, 2. 93 ;nmod privay’ diided add teqHiisons vhiaHEoBd ét.?arﬂ&l):m tefiferBtuk 1 Byr 30 min.

The rea%a xm'r)xxra;r asoﬁlgzﬁ@ﬂe(a JJ@( ¢N QQE H%ﬁi (:ﬂh%g nd gﬁlrxture was extracted

concentrated in vac

with BG4 (@ ol 53% §P‘P FReprganic BRASE mms&gicafaeg} T8 8AYRYS Mhash was adjusted
to pH 1CbHBCIaRurEted Aqueont 08008 and thE@Gxtrhcted)wth HtOdc (3 x 15 mL). The

combm§9 %;gg&gte %&rasg R OGHES oveTlEkea,-ﬁsg fngegécﬁ %@ﬁo%ﬁ@%ﬁ% B0, The
crude prfaf a%‘n ‘(L'E waglgwsmfé%d PWS? @.J 8f°'ﬂfffw Mflwémmg with a
grad:ennpﬁﬂu@élﬂxﬂé\i £FedOat P00 K04 1¢5:97:(h] aitble phodutt-ddnguning fractions

were c&%ﬂa@m)@sm@@wﬁ%ﬁ&a@h e%g% rarlanm;ltjcgﬁ% te%ctéaf@]mﬁi&c The

orgamc,aqggaité%:viarff %ed@wﬂ_er \hféedigb.n téatﬁfg’” vacuo to provide the title
compowgl MEERIzB2{BM + 1).
5-Di fl uor ophenyl) 3 3 di r net hyl 2- oxop| perazin-1-y11-

: ' 0o di nl - 5-yl
I acet M@@'Mﬂ@@hﬂdﬂ@é 4-lmethyi 3 0x0~6-ﬂ1‘eﬁnalpmexm -¢-yl]acctate
from S@p B (50hhgl .18 mmol) in THF (1 mL) was added ! N agueous LiOH (0.20 mL, 0.20

mmol) %&g@e Sl %r%rfl @&i’e%‘éﬁﬁ@@ﬁﬁrhfﬁnfém} g{nl-:%()r Orgh?ﬁ‘eyxlnlxmre was

eraz

adjusteq mzl?Hrénw addgfioncef I a+ rﬁnﬁﬁPéP%@Feé'tté d{ésyess femfcaso to ghs the title

compouHi) W18 38404 PEIT(NS2D07/ 010952
am no- 1, 3-di hydrospi ro[ i ndene-2, 3" -pyrrol o 2, 3-bl pyri
dinj-2"( 1 "H)y-one (83 ,..3..32._nunol , described in
I nternediate 9), and . EH 37 rnnol) in DWF
(12 nL) was added N t hyl nor pholine (0.61 nL 5 54
mmol ) and the resulti:% ture was stirred at
anbi ent tenperature faqp 'ng The reaction mxture
was diluted with Et OAC%(SKO m_}} and washed
Ssuccessively with 10% tt acog4 (100 nm), H20 (100
nm.), saturated aqueous NaHCO3 (100 nlL), and brine
(100 nL). The organic ey was dried over Na2SO4,
filtered, and concentrated/in vacua. The residue was
purified by silica gel chromatography, eluting with
CH2012 I\/EOH - 100:0 to 90: 10 to give the

SR)-235Risth rphendmerpholind-vdacelic asidct ed product was
di ssol ved in Et 0Ac (75 rnL), the sol ution was cool ed

Step Atzocﬂlo% Aﬁﬂ%t@lmhmxy“ﬁﬁh&%%ﬁﬂamd}m&%e 2 m n. Af t er

agdi ubpbl e
R el i (Bnd mhem g 2 Fp. 1 Feblhd tethylamine (2.03
l4cﬁanmh)tm &Ll (1 OV ailieat 0F Cowayslde iyt ehteled Rtdhirolanrpylinidoride (1.66

30 mL, 4M a3 rﬁM the r):actla'l%mré Bag U'emr:‘,ﬁgd Sk %aturated agueous

NaHC(i%%é%n]%ﬁ%g:%rLciﬁig Mtﬁ@%%(ﬁé@i 7éCZE?)Hzﬁle com%med orgamc exte:acts weré

0-di naspi ro[ 4. 6] undec- 10-yl lsg\- U2R1- 2" -0x0-1 |' 2' 3-
t et rahydr ospi r of i ndene- 23’ pyrrolo[2 3- blnyrldln] 5-y
tlacetarnide 20 Step A- Methyl 1-(f
(38)-3-1(2-0x0-2- f [(2R)-2'-0ox0- |
,1'.2",3-tetrahydrospirofindene-2, 3" -

oyrrol or2, 3-bl oyridinl-5-yliamnol et hyl)am nol-3-phen
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compound. Ms: mlz = 554 (M+ 1). Step C 2-1(93)-11
- x0- 9- phenyl - 6, 10- di azaspi ro[ 4. 6] undec- 10-y13-N-[ (2R
)-2.-o0xo0-1,11,2". 3-
wolBi7B5ugr ospi ro[ i ndene-2, 3' - pyrrol of 2, 3- bl P_perhiihemP09s2

-vl | acetam de 20To a sti rred sol ution of potassium
1-({(35)-3-[(2-0x0-2-{f(2R)-2' -0ox0-1,1", 21, 3-
tetrahydrospiro[indene-2, 3" -pyrrol of 2, 3- b] pyri di n] - 5-
yl ] am no} et hypar ni no] - 3-
phenyl propyl}am no) cycl opent anecar boxyl ate from Step _
B (0.147 g, 0.249 nmmol) in DVF (8.3 nL) was added

washedRGh 1006 oFXoaqid, thergirinarthen)drigd @ vee WapROq( Bliggd,ging concentrated /n

vacuo.OTRAGBEPIoduct g ﬂ@ﬂﬁdd E:Ilt@f%llma)@e%l&omg)g}dpﬁsl é]&t&igednth @ gradient of

| n

v By 220 o Dp e HelssBreliba W2 PR A 1y

50 C, for 15 h. The reactlon vvas al l owed to cool to

Step BA(TH, €02 Fepar sHeurendiphaie3 ek ng. di luted with 5%

aqUEOﬁf §9<$HH£'P. Qf Q%RB%W ﬁlk&a%ﬁmé}(g %ue?ngileg{g%bgémrﬂlde from Step
5 7500 T ey A G S e NS 31 btk o dispesion i
oil, 24 GafikioNesd AR ORANGR WRItindd iaeambieat tegpdiature $or I8l eSaturated aqueous

 Natich) HPEES AN GNGATI 2866 Dasid ASHOCB HOAN 0 by mi. i

was pur I ronat
combu@qdlﬁrgﬁgc yesgiwase gn gmr Qp @Fﬁ?ﬂ Zan%@r'qentrggd 1:: \fa(guo The crude

produc® a® putifiedby silitdh geitdhtdmatﬁgnphbu rethtinyBvithd gradiebB6f Helvhre EtOAc —

\ : 4; W w5 = 536. 2656
75:25 @01 IR %XE(%%%% Eéﬁmﬁpl\%ﬁé M§arlz§ e 3. =

2007/ 133491PCT/ USZOO?/ 010952

; 7t yllAMbﬁJaon QF Slﬁ) 2a'étht -prhenylmdorpholm 30ne from Sltc;:)l-g (900 mg,
e Cl O rldai,ne- - n r 0l.0
.1 meryl AVHBRPL 6 @f%%éa%t PR B el mbopangpaimbbldndsidine (s38
mg, 4.¢1 88)clBin(GHE (0 mb) vish eiyad aterahient 7ermpyspra OF 4 ho] dhegixture was
washed Z\nﬂﬁl loae @fm&a&@ SJImL Jrhcm;dn&; S&f N2ob,, fihefal akPcbnténtrated in
vacuo. d gl Taotdgl ﬁs%:l be]% 1ca e(ljgl’rx]rgmétc)?raph =relu n \é} t.t}’aﬁradlent of
hexang;: Bﬁwrﬁ}iﬁzm(éﬂﬁ%%me (mltﬁgcor@%ql Mﬁ>|m G@é@ﬂvbeé:ﬁ?)
in Intermediate 43) PyCI u (28 rTg, 0. 080 nol ), and
X ] é)l ) | n

. AP Bl e
. h. Thel®¢ ééé‘t‘l%h‘“ﬁf‘)@f a?%umdgs(wpﬂbwéayl léevr WEW 4L, 1.64
mmol)lat F AL wak Added drepeiss adomnae ef@l«Sbm@l mwarmemyumng—s-
phenylg&og@ncﬁm%qggﬂgé)ﬁﬁﬁtf %ﬁ%@ Ayt de d e Ioil g[gl\QEQﬁ- rﬁLq at -78 °C.

The reglting s U Fimedr -1 & B %gnt“wf\in octhpggeD T AL 1.64 romol)
was adelb®.. ABEBstirciaf eul78t°€dfomB 2 nrin5%8n 2660 f:dior &3 min, the reaction mixture
was cdolebXg@FZ28e03nd &Ew?tg sathPated a ueous Nl—L;CI (20 mL) then extracted with

E,tOAce(:Z[ %gé TESI\I-("E'E <o @ego ! ozi[:)%ce%\}/rél' we_re? Qcd o %l%néfu, fi iltere%l and

concernttetqdaitydris pl rottede pogesitamniedibisilBazel gdypmalogfaphy eluting
with aﬁa(ewém ol helem3 FYOhacet aMIro: 30,56 B Ve the tifle BbthoURL. MIS: m/z = 278 (M

. H 8S) - 8- (3, 5-di fl uorophenyl) - 6--oxo- 7- anspi r o[ 4. 5] dec-
“*7-yl}acetic 20acid (50 nmy, 0.16 nmol, described in

Interrredi ate 86), 3-am no 57-

Step B | GYEAPPEhRE oligneidrete aﬂtgr rolo[2,3-b

] pyrid :

| descn%g% b Otk g%&gq@ Eﬁ%b%%@r?nt;@rbgd 09, but using rert
butyl ()2 digherl-Rromon- aﬁlw bperapolias-frprtbex Hatedp, b Bless offert-pgyl (5R)-5-

~mmol) in DM (1 nm.) was stirred at anbient WO

2007/ 133491PCT/ 1JS2007/ 010952 tenperature for 16 h.

NR, OH (10 drops) was added aggl_the reaction m xture

was purified directly by HPLC using a reversed phase

"Cl18 columm and eluting with a gradi ent of '

H20: CH3CN: CF3CC2H - 90:10: 0.1 to 5:95:0. 1.

Lyophilization provided the title conmpound as the TFA

salt. MS: mz =558 (M+ 1). FIRVS: mz = 558.2301,
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applied in some routes Sone of the exanples described
in the tables were synthesized as WO
2007/ 133491PCT/ US2007/ 010952 mi xtures of

- wosh@jefesoners and subsequently purified to Gictfusao07/010052
i ndi vidual isoners. In sone cases, relevant _
experinmental procedures are indicated in the tables.
TABLE 12 Exanple R R7 R R* ' ")/0 LCM5 (Mm+1l) 22 H
H H phenyl S 447 23 Me Me H 3, 4-difluorophenyl S
511 24 Me Me H 3, 4-difluorophenyl S'S 511 25 M Me H

(3,S-diﬂuorophenyl)—2,2—dimethyl—B—oxe'morpholine-4-carboxylate, the title compound was
prepared. MS: m/z=292 (M + 1).

. INTERMEDIATE 21

e Me
HOG,, Q

[{45.65)-6-(3.5-Difluoropheny!)-4-hydroxy-3.3-dimethyl-2-oxopiperidin- 1 -vllacetic acid

3.5-Difluorophenyl)-3.3-dimethylpiperidine-2.4-dione
' To a solution of 3,3-dimethylpyridine-2,4(1 H,3 H)-dione (978 mg, 7.03 mmol)
[U.S. Patent 2,525,231] in benzene (10 mL) was added 3,5-difluorophenylmagnesium bromide
(50 mL of a 0.5 M solution in THF, 25 mmol) and the resulti.ng mixture was heated to reflux for
1.5 h. The mixture was cooled, quenched with 1 N aqueous HC1 (10 mL}), made basic with
saturated NaHCOj3 solution (100 mL) and extracted with EtOAc (2 x 150 mL). The combined
organic layers were washed with H;O (50 mL), then brine (50 ml.), and dried over Na;SO,,
filtered, and concentrated in vacuo. The crude product was purified by silica gel
chromatography, eluting with a gradient of hexane:EtOAc — 100:0 to 60:40, to give the title
compound. MS: m/z =254 (M + 1). '
Step B. cis-6-(3.5-Difluorophenyi)-4-hydroxy-3.3-dimethylpiperidin-2-one
To a solution of 6-(3,5-difluorophenyl)-3,3-dimethylpiperidine-2,4-dione from
Step A (20.18 g, 80 mmol) in THF (600 mL) and CH30H (25 mL) at 0 °C was added NaBH,
(4.57 g, 121 mmol). After 2.5 h, the reaction mixture was quenched with H;O (200 mL) and
concentrated in vacuo. The residue was partiticned between H,0 (600 mL}, saturated agueous
NaHCOQ; (200 mL) and EtOAc (1 L). The organic Ia)}er was separated and the agueous layer was
extracted with EtOAc (600 mL). The combined organic layers were dried over Na,;50,, 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
approximately 20% of the corresponding frans-isomer. MS: m/z =256 (M + 1)

-58-
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3,4-difluorophenyl RS 511 26 M Me H

3,5-di fluorophenyl . S S 511 27 M Me H

3-methyl-2-thienyl RS 495 28 Me Me H 3-m
woebbyibs@1thienyl S S 495 29 Me Me Me PCT/US2007/010952

3,5-di fluorophenyl S S 525 30 HPh HH

Step C. Ethyl [{45.65)-6-(3,5-difluorophenyl-4-hvdroxy-3.3-dimethyl-2-oxopipendin-1 -
yllacetate

To a solution of ¢is-6-(3,5-difluorophenyl)-4-hydroxy-3,3-dimethylpiperidin-2-
one from Step B (17.1 g, 67.0 mmol) in THF (400 mL} at 0 °C was added NaH (60% dispersion
in oil, 4.91 g, 73.7 mmol}. After 30 min, ethy! bromoacetate (8.20 mL, 73.7 mmol) was added.
After 30 min, the reaction mixture was quenched with saturated aqueous NH4Cl1 {100 mL),
diluted with H,O (700 mL) and brine (100 mL) and extracted with EtOAc¢ (700 mL). The
organic extract was dried over Na»SOQq, filtered, and concentrated in vacuo. The crude product
was purified by silica gel chromatography, eluting with a gradient of hexane: EtOAc — 100:0 to
0:100, to give the alcohol as a mixture of four isomers. Additional purification was achieved by
HPLC, using a ChiralPak AD column and eluting with hexane: EtOQH:E;NH — 90:10:0.1. The
first major peak to elute was a mixture of ethyl [(45,65)-6-(3,5-difluorophenyl)-4-hydroxy-3,3-
dimethyl-2-oxopiperidin-1-ylJacetate and ethyl [(45,6R)-6-(3,5-difluorophenyl}<4-hydroxy-3,3-
dimethyl-2-oxopiperidin-1-yljacetate (ca. 5:1). The second major peak to elute was a mixture of
ethy! [(4R,6R)-6-(3,5-difluorophenyl}-4-hydroxy-3,3-dimethyl-2-oxopiperidin-1 -yl]acetate and
ethyl [(4R,65)-6-(3,5-difluorophenyl)-4-hydroxy-3,3-dimethyl-2-oxopiperidin-1-yl]acetate (ca.
3:1). Further purification of the second major peak was achieved by SFC, using a ChiralPak AD
column and eluting with CO2:MeOH:Et:NH — 90:10:0.1, to give ethyl [(4R,6R)-6-(3,5-
difluorophenyl)-4-hydroxy-3,3-dimethyl-2-oxopiperidin- 1 -yl}acetate, which eluted first, and
ethyl [(4R,65)-6-(3,5-difluorophenyl}<4-hydroxy-3,3-dimethyl-2-oxopiperidin- I -yl]acetate,
which eluted second. Further purification of the first major peak was achieved by SFC, using a
ChiralPak AD column and eluting with CO;:MeOH Et;NH — 90:10:0.1, to give ethyl [(45,6R)-6-
(3,5-difluorophenyl)-4-hydroxy-3,3-dimethyl-2-oxopiperidin-1-yljacetate, which eluted first, and
ethyl [(45,65)-6-(3,5-difluorophenyl)-4-hydroxy-3,3-dimethyl-2-oxopiperidin-1-yi]acetate, which
eluted second, the title compound. MS: m/z =342 (M + 1).

Step D. [(45.65)-6-(3,5-Difluorophenyl)-4-hydroxy-3.3-dimethyl-2-oxopiperidin-1-yl]acetic acid
To a solution of ethyl [(45,65)-6-(3,5-difluorophenyl}-4-hydroxy-3,3-dimethyl-2-
oxopiperidin-1-yl}acetate from Step C (64 mg, 187 mmol) in THF (1 mL) and H,0 (0.5 mL) was

_added LiOH monohydrate (14 mg, 334 mmol) and the resulting mixture was stirred at ambient

termperature for 1 h. The reaction mixture was quenched with 1 N HC! (0.40 mL, 400 mmol),
concentrated in vacuo and dried to afford the title compound. MS: m/z =314 (M + 1).

INTERMEDIATE 22

-59. ..



447 31 HPh HI1-1 R 447 32 Et Et H
3,5-di fluorophenyl S S 539 TABLE 13 Exanple R6 R7
Re RO At R* LCM5 (M+l) 33 Me Me HH O phenyl 477 34

woblt1bb491 PCT/US2007/010952

F

I 68)-6-( 3.5-Difluorophenyl)-3.3-dimethyl-2 . 4-dioxopipendin-1 -yl]acetic acid

Step A, Ethyl -6-(3,5-diftuorophenyl}-3.3-dimethyl-2 4-dioxopiperidin: 1 -vl]Jacetate
5 To a solution of ethyl [(45',68‘)-6-(3,5-diﬂuorophenyl)-4-hydfoxy—3,3—dimethyl-2-

oxopiperidin-1-yl]acetate (470 mg, 1.377 mmol, described in Intermediate 21) in acetone (24
mL) at 0 °C was added a solution of chromium (VI) trioxide (174 mg, 1.740 mmol) in H>O (0.5
mlL) and H;S0, (0.147 mL, 2.75 mmol), in three portions over 5 min and the mixture was stirred
at 0 °C for 30 min. Most of the acetone was removed by concentration in vacuo, and the residue

10 was basified with saturated aqueous NaHCO; (75 mL) and extracted with EtOAc (2 x 100 mL).
The combined organic layers were washed with brine (40 mL) and dried over Na;SOu, filtered,

and concentrated in vacuo. The crude product was purified by silica ge! chromatography, eluting
with a gradient of CH,Cl;:CH;OH — 100:0 to 92:8, to give the title compound. MS: m/z = 340
(M + 1). '

15

Step B. [(65)-6-(3.5-Diflucrophenvl)-3.3-dimethvl-2.4-dioxopipendin-1-yl]acetic acid
' To a solution of ethyl [(65)-6-(3,5-difluorophenyl)-3,3-dimethyl-2.4-
dioxopiperidin-1-yl}acetate from Step A (170 mg, 0.501 mmol) in THF (2 mL) and HzO (1 mL)
was added LiOH monohydrate (36 mg, 0.858 mmol) and the resulting mixture was stirred at
20  ambient temperature for 18 h. The reaction mixture was quenched with 1 N HCi (1 mL, 1
mmol}, concentrated in vacuo and dried to afford the title compound. MS: m/z=312 (M + ).

INTERMEDIATE 25
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10

15

20

25

H S 3,5-difluorophenyl 501 35 HHHHSO S
3, 5-di fl uorophenyl phenyl 533 493 36 HH Me Me
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°o

HN
K{N\)'\OU

L,

Lithium [(8R}-8-(3.5-difluorophenyl}-1 O-oxo-6.9-diazasp_ir0[4.5]dec-9-yllacetate

Step A. Methyl 1-aminocyvclopentanecarboxylate hydrochionde

A solution of l-aminocyclopentanecarboxylic acid (2.00 g, 15.5 mmel) in MeOH
(30 mL) was saturated with HCI (g). The resulting mixture was aged at ambient temperature for
2 h and concentrated in vacuo to provide the title compound.. MS: m/z = 144 (M + 1).

Step B. Methyl 1-4[2-(3,5-difluorophenyl-2-oxcethyllamino } cyclopentanecarboxylate

‘ A mixture of methyl 1-aminocyclopentanecarboxylate hydrochloride from Step A
(1.50 g, 10.5 mmol), 3,5-difluorophenacyl bromide (3.20 g, 13.6 mumol), and NaHCO; (1.32 g,

15.7 mmol) in DMF (30 mL) was stirred at ambient temperature for 6 h. 1 N aqueous HCI (50

mL) was added and the mixture was extracted with EtOAc (75 mL) and this organic extract was
discarded. The aqueous layer was adjusted to pH 10 by addition of saturated aqueous Na;CO4
(150 mL) and the mixwre was extracted with EtOAc (3 x 75 mL). The combined organic layers
were washed with brine, dried over Na; S0, filtered, and c_:oncentratcd in vacuo. The crude
product was purified by HPLC using a reversed phase C18 column and elﬁting with a gradient of
H,0:CH;CN:CFiCO,H - 90:10:0.1 10 5:95:0.1. The product-containing fractions were
combined and concentrated to provide the title compound as the TFA salt. MS: m/z = 298 (M +

1.

Step C. Ethyl [{8R)-8-(3.5-difluorophenyl}-10-0x0-6,9-diazaspiro[4.5 Jdec-9-ylJacetate

To a stirred mixture of methyl 1-{[2-(3,5-diftuorophenyl)-2-
oxoethyl]amino} cyclopentanecarboxylate, TFA salt, from Step B (1.10 g, 2.67 mmol) and
glycine ethyl ester hydrochioride (560 mg, 4.01 mmol) in MeOH (7.5 mL) was added N.N-
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 NaCNBHj; (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

30

(3 x 50 mL). The combined organic extracts were dried over Na,S0y, filtered, and concentrated
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WO 2007/ 133491PCT/ US2007/ 010952 TABLE 14 LCVS

woBi@MBie: R6 R7 1211 % (Mrl) 41 H H phenyl  pcrws2007/010952

in vacuo. The crude product was puriﬁéd by HPLC using a reversed phase C18 column and
eluting with a gradient of H,0:CH;CN:CF3CO;H — 90:10:0.1 to 5:95:0.1. The produet-
containing fractions were combihed, basified with saturated aqueous NaHCQ;, and extracted
with EtOAc. The organic extracts were dried over Na;SOy, filtered, and concentrated in vacuo to
give the racemic product. The enantiomers were éeparated by SFC, using a ChiralPak AD
column and eluting with CO2:MeOH - 90:10. The first major péak to elute was ethyl [(85)-8-
(3,5-difluorophenyl)-10-oxo-6,9-diazaspiro[4.5]dec-9-yl]acetate, and the second major peak to
elute was ethy! [(8R)-8-(3,5-difluorophenyl)-1 O—0x0-6,9-diazaspiro{4.5]decI-9-yI]acetate, the title
compound. MS: m/z =353 (M + 1).
Step D. Lithium [(8R)-8-(3.5-difluorophenyl)- 10-ox0-6.9-diazaspiro{4.5}dec-9-vllacetate
To a solution of ethyl [(8R)-8-(3,5-difluorophenyl)-10-ox0-6,9-
diazaspiro[4.5]dec-9-yl]acetate from Step C (90 mg, 0.26 mmol) in THF (3 mL) and H,O (1 mL)
was added 1 N aqueous LiOH (0.31 mL, .31 mmol) and the resulting mixture was stirred at

ambient temperature for 1 h. The mixture was adjusted to pH é by addition of 1 N HCl and
concentrated to dryness in vacue to give the title compound. MS: m/z =325 (M + 1).

INTERMEDIATE 26

[{6S)Y-6-( 3,S-Diﬂﬁorophenyl)-fi,3~diethvl—2-oxopip€ridin-1 -yllacetic acid

Stelp A. Ethyl (385)-5-{[(S)-tert-butylsulfinyllamino}-5-(3.5-difluorophenyl)pentanoate

To a solution of ethyl 5-(3,5-difluorophenyl)-5-oxovalerate (5.00 g, 19.5 mmol)
and (§)-2-methyipropane-2-sulfinamide (2.88 g, 23.8 mmol) in THF (123 mL) was added
titanium tetracthoxide (8.18 mL, 39.0 mmol). The reaction vessel was quickly sealed and placed

into a 60 °C bath for 16 h. After cooling to ambient temperature a septum and nitrogen inlet
were attached prior to cooling to § °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 sodiur_n' sulfate,

filtered and concentrated in vacuo to give an oil. This oil was puﬁﬁed by silica ge!
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cd d phenyl R 515 TABLE 15 Exanple RR * %
LCVS (M+1l) Rel evant experl ment al procedures 45 Me Me
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chromatography, eluting with a gradient of EtOAc:Hexanes — 10:90 to 50:50, to give the title
compound. MS: m/z =362 (M + 1).

Step B. (65)-6-(3.5-Diflucrophenyl)-piperidin-2-one

A solution of ethyl (55)-5-{[(S)-rers-butylsulfinyllamino}-5-(3,5-
difluorophenyl)pentanoate from Step A (4.42 g, 12.2 mmol) in MeOH (200 mL) was cooled to 0
°C. Hydrogen chloride gas (anhydrous) was bubbled through this cold solution for about 1
minute, after which time the reaction vessel was sealed and allowed to sit in the ice bath for 15
minutes. Dry nitrogen was then bubbled through the solution for 30 minutes, prior to removal of
solvent in vacuo. More MeOH (~50 mL) was added, and then removed in vacuo. Afier
dissolving in a third volume of MeOH (100 mL), tnethylamine (6.78 mL, 48.9 mmol) was
introduced and the mixture was heated to 65 °C for 3 hours. After cooling to ambient
temperature, the solvent was removed in vacuo and the residue was partitioned between diethyl
ether (100 mL) and 1 M HCI (50 mL). The organics were washed with additional 1 M HCI (50
mL), water (50 mL) and saturated brine (50 mL). The ethereal solution was dried over sodium

suifate, filtered and then concentrated in vacuo to provide the title compound, which could be

used without further purification. MS: m/z =212 (M + I).

Step C. terr-Butyl (25)-2-(3.5-difluorophenyl)-6-oxopiperidine- 1 -carboxylate

A solution of (65)-6-(3,5-diflucrophenyl)-piperidin-2-one from Step B (2.08 g,
9.85 mmol), di-terr-butyl dicarbonate (4.30 g, 19.7 mmol), and 4-dimethylaminopyridine (1.20 g,
9.85 mmol) in CH>Cl> (50 ml.) was stirred at ambient temperature for 20 h. An additional -
portion of di-rert-butyl dicarbonate (1.25 g, 5.73 mmol) was added and the solution stirred for a
further 16 h. The solvent was removed under reduced pressure and the residue was purified by
silica gel chromatography, eluting with a gradient of hexane:EtOAc — 100:0 to 0:100, to give the
title compound. MS: miz =256 (M - C4Hq).

Step D, rert-Butyl {65)-6-(3.5-difluorophenyl}-3.3-diethylpiperidin-2-one- | -carboxvlate

To a solution of rert-butyl (25)-2-(3,5-difluorophenyl}-6-oxopipendine-1-
carboxylate from Step C (1.53 g, 4.91 mmol) and iodoethane (0.993 mL, 12.3 mrnbl) in THF (15
mL) at -78 °C was added a 1 M solution of sodium &is(trimethylsilyl)amide in THF (10.8 mL,
10.8 mmol) dropwise over 15 min. The resulting mixture was stirred at -78 °C for 10 min and at
0 °C for 2 h, then quenched with saturated agueous NH4Cl (50 mL) and extracted with EtOAc (3
x 50 mL). The combined orga.mc layers were dried over Na,SO,, filtered, and concentrated in

vacuo. The crude product was punfied by silica gel chromatography, eluting with a gradient of
hexane: EtOAc - 100 0 to 50:50, to give the tltlc compound MS:miz =312 (M- C4H7)
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Siep E. (65)-6-(3.5-Difluorophenyl)-3.3-diethylpipenidin-2-one

To a solution of fert-butyl (65)-6-(3,5-difluorophenyl)-3,3-diethylpipendin-2-one-
}-carboxylate from Step D (1.22 g, 3.32 mmol) in CH;Cl; (7 mL) at ambient temperature was
added TFA (3 mL). Afier stirring for 1.5 h, the reaction mixture was concentrated in vacuo. The
residue was partitioned between CH,Cl; (30 mL) and saturated NaHCO; (30 mL). The layers
were separated and the aqueous layer was further extracted with CHxCl; (2 x 30 mL), The
combined organics were dried over sodium sulfate, filtered and then concentrated in vacuo to
provide the title compound, which could be used without further purification. MS: m/z = 268 (M

+1).

Step F. [(65)-6-(3.5-Difluorophenyl)-3,3-diethyl-2-oxopiperidin-1-yllacetic acid

To a stirred solution of (6S}-6-(3,5-diﬂuorophenyl‘)-3,3—diethyipiperid'm-Z-One
from Step E (850 mg, 3.18 mmol) in THF (15 mL) at ambient temperature was added NaH (178
mg of a 60% dispersion in oil, 4.45 mmol). After 15 min, methyl bromoacetate (0.469 mL, 5.09
mmol) was added and the mixture was stirred for I.h. Sodium hydroxide (9.54 mL ofa I M
solution, 9.54 mmol) was added and the mixture stirred for an additional 16 h at 50 °C. The
reaction mixture was poured onto | M HCI (30 mL) and extracted with EtOAc (3 x 30 mL). The
combined organic layers were dried over Na;SQy, filtered, and concentrated in vacuo to provide
the title compound, which could be used without further purification. MS: m/z =326 (M + 1).

INTERMEDIATE 28

HCl HN © O

s

henyi-6.9-diazaspirof4.5]dec-9-

OH

Hacetic acid hydrochloride

Step A, Methvl 1-[{(2-ox0-2-phenvlethyDamino]cvclopentanecarboxylate

A mixture of methyl I-aminocyclopentanecarboxylate hydrochlonide (2.00 g, 11.1
mmol, described in Intermediate 2.3), 2-bromoac'etophen0ne (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 EtQAc (2 x 75 mL). The combined organic layers -
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were dried over Na;SOy, ﬁltered; and concentrated in vacuo. The crude product was purified by
HPLC using a reversed phase C18 column and eluting with a gradient of HyO:CH;CN:CF3CO;H
—90:10:0.1 t0 5:95:0.1. The product-containing fractions were combined, adjusted to pH 10 by
addition of saturated aqueous Na;CO; and extracted with EtOAc (2 x 75 mL). The combined
organic layers were dried over NaySOs, filtered, and concentrated in vacuo to provide the title
compound. MS: m/z =262 (M + 1).

Step B. Ethyl [{8R)-10-0x0-8-phenyl-6.9-diazaspirof4.5]dec-9-yllacetate
To a stirred mixture of methyl 1-[(2-oxo0-2-
phenylethyl)amino]}eyclopentanecarboxylate from Step A (1.10 g, 2.67 mmol) and glycine ethyl

‘ester hydrochloride (881 mg, 6.31 mmol} in EtOH (10 mL) was added AcOH {(0.72 mL, 12.6

mmol). The resulting mixture was stirred at ambient temperature for 5 min, then NaCNBH;3 (397
mg, 6.31 mmol) was added. The reaction mixture was heated to 70 °C for 3 h then allowed to
cool. The reaction mixture was quenchéd with saturated aqueous Nal{CO; and then extracted
with EtOAc (3 x 50 mL). The combined organic extracts were dried over Na,SQ,, filtered, and
concentrated in vacuo. The crude product was punfied 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. The
product-containing fractions were combined, basified with saturated aqueous NaHCO3, and
extracted with EtOAc. The orgamic extracts were dried over Na,S0y, filtered, and concentrated
in vacuo to give the racemic product. The enantiomers were separated by HPLC, using a
Chiralcel OD column and eluting with hexane:EtOH — 60:40. The first major peak to elute was
ethyl [(85)-10-0x0-8-phenyl-6,9-diazaspiro[4.5]}dec-9-yl]acetate and the second major peak to
elute was ethy!] [(8R)-10-oxo0-8-phenyl-6,9-diazaspiro[4.5]dec-9- y}]acetate the title compound.
MS: m/iz=317 (M + 1).

Step C. {(8R)-10-Ox0-8-phenyl-6.9-diazaspiro[4.5]dec-9-vl]acetic acid hydrochloride

To a solution of ethyl [(SR)-10-oxo-S-phehyl—G,Q-diazaspiro{4.S]dec'—9-yl]acetate
from Step B (407 mg, 1.29 mmol) in THF (8 mL) and H,O (2 mL) was added 1| N aqueous LiOH
(1.54 mL, 1.54 mmol) and the resulting mixture was stirred at ambient temperature for 4 h. The

mixture was adjusted to pH 4 by addition of 1 N HCI and concentrated to dryness in vacuo to
give the title compound. MS: m/z =283 (M + 1).

INTERMEDIATE 29
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[(6R)-6-(3.5-Difluorophenyl}-3.3-diethyl-2-oxapiperazin- 1 -yl]acetic acid hydrochloride

Step A. Methy! 2-amino-2-ethvibutanoate hvdrochloride

A solution of 2-amino-2-ethylbutanoic acid (3.00 g, 22.9 mmol) in MeOH (200
mL) was saturated with HCI (g). The resulting mixture was heated at reflux for 24 h, during
which time it was allowed to cool to ambient temperature and was again saturated with HCI (g)

twice. After 24 h at reflux, the cooled mixture was concentrated in vacuo to provide the title
compound. MS: m/z=146 (M + 1).

Step B. Methvyl 2-{[2-(3.5-difluorophenyl)-2-oxoethyllamino}-2-ethylbutanoate

A mixture of methyl 2-amino-2-ethylbutanoate hydrochloride from Step A (2.10
g, 11.6 mn"aol), 3,5-difluorophenacyl bromide (2.99 g, 12.7 mmol), and NaHCO; (2.43 g, 28.9
mmol) in DMF (20 mL) was stirred at 45 °C for 1 h, and at ambient temperature for2h. 1 N
aqueous HCI (50 mL) was added and the mixture was extracted with EtOAc (75 mL) and thus
organic extract was discarded. The aqueous layer was adjusted to pH 10 by addition of saturated
aqueous Na;CO; (150 mL) was added and the mixture was extracted with EtOAc (3 x 75 mL).
The combined organic layers were treated with CF3CO;H (1.5 mL), dried over Na SOy, 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:.CH;CN:CF;CO,H — 90:10:0.1 to 5:95:0.1. The
product-containing fractions were combined, basified with saturated agueous NaHCO;3, and
extracted with EtOAc. The organic extracts were dried over Na;SO,, filtered, and concentrated
in vacuo to give the title compound. MS: m/z =300 (M + 1).

Step C. Methyl [(6R)-6-(3.5-difluorophenyl}-3.3-diethyl-2-oxopiperazin-1-yl]acetate

To a stirred mixture of methyl 2-{[2-(3,5-difluorophenyl)-2-oxoethyl]amino}-2-
ethylbutanoate from Step B (475 mg, 1.59 mmol) and glycine ethyl ester hydrochlonide (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 NaCNBH; (1 50 mg, 2.38 mmol) was added. The stirred reabtion_ mixture was heated
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at 50 °C for 1'8 h, then at 70 °C for 24 h, and allowed to cool. The mixture was quenched with
saturated aqueous NaHCO; and then extracted with EtOAc (2 x 30 mL). The combined organic
extracts were dred over Na;SQy, filtered, and concentrated in vacuo. The crude product was
purified by HPLC using a reversed phase C18 column and eluting with a gradient of
HzO:CH3CN:CF3002H —90:10:0.1 to0 5:95:0.1. The product-containing fractions were
combined, basified with saturated aqueous NaHCO;, and extracted with EtOAc. The organic
extracts were dried over Na;SOs, filtered, and concentrated in vacuo to give the racemic product.
The enantiomers were separated by HPLC, using a Chiralcel OD column and eluting with
hexane:EtOH — 60:40. The first major peak to elute was methyl [(65)-6-(3,5-difluorophenyl)-
3,3-diethyl-2-oxopiperazin-1-yljacetate and the second major peak to elute was methyl [(6R)-6-
(3,5-difluorophenyl)-3,3-diethyl-2-oxopiperazin-1-yl]acetate, the title compound. MS: m/z = 341
(M + 1),

Step D. [(6R)-6-(3.5-Difluorophenyl)-3,3-diethyl-2 -oxapiperazin-1-yllacetic acid hydrochloride

To a solution of methyl [(6R)-6-(3,5-difluoropheny!)-3,3-diethyl-2-oxopiperazin-
I-yl}acetate from Step C (43 g, 0.126 mmol) in THF (0.75 mL) and H,O (0.25 mL) was added
1 N aqueous LiOH (0.139 mL, 0.139 mmol) and the resulting mixture was stirred at ambient
temperature for 1 h. The mixture was adjusted to pH 4 by addition of 1 N HCI and concentrated
to dryness in vacuo to give the title compound, MS: m/z =327 (M + 1},

INTERMEDIATE 32

.O
S >
: l\E/N\/LkOLi

AL,

Lithium [(8R)-6-(tert-butoxvearbonyl)-8-(3.5-diflugrophenv]}-10-ox0-6,9-diazaspiro[4.51dec-9-
yllacetate )

' Step A. Methyl 1-{[2-( 3,S—diﬂuorophenyl)«2-oxoethv1]amino}cvcloventanecarboxylaté

A mixture of methyl 1-aminocyclopentanecarboxylate hydrochloride (10.0 g, 55.7
mmol, described in Intermediate 25), 3,5-diftuorophenacyl bromide (14.4 g, 61.2 mmol), and
Na3;PO,; (22.8 g; 139 mmol) in DMF (100 .I'I’-lL) was stirred at ambient temperature for 3.5h. The
reaction mixture was acidified thh 1 N aquecus HCl and the mixture was extyacted‘with EtOAc
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{200 mL) and this organic extract was discarded. The aqueous layer was adjusted to pH 8-9 by
addition of saturated aqueous NaHCQO; and the mixture was extracted with EtOAc (3 x 250 mL).
The combined organic layers were washed with brine, dried over Na;S0Oy, filtered, and
concentrated in vacuo. The crude product was punfied by silica gel chromatography, eluting
with a gradient of hexane:EtOAc —90:10 to 50:50, to give the title compound. MS: m/z = 298

M +1).

Step B. Ethyl [8-(3,5-difluorophenyl}-10-0x0-6,9-diazaspiro[4.5]dec-9-vl]acetate

A mixtre of methyl 1-{[2-(3,5-difluorophenyl)-2-
oxoethyljamino }eyclopentanecarboxylate from Step A (10.0 g, 33.6 mmol), glycine ethy! ester
hydrochloride (46.9 g, 336 mmol), and AcOH (5.78 mL, 101 mmol) in MeOH (300 mL) was
stirred at ambient temperature for 10 min. NaCNBH; (2.54 g, 40.4 mmol) was added and the pH
of the mixture was checked and adjusted to pH ~ 5 as necessary by addition of AcOH. The

reaction mixture was heated to 50 °C for 18 h then allowed to cool. The reaction mixture was
carefully quenched with saturated aqueous NaHCO; (250 mL) and then extracted with CH,Cl; (3
x 200 mL). The combined organic extracts were dried over Na;SQy, filtered, and concentrated in
vacuo. The crude product was purified by silica gel chromatography, eluting with hexane: EtOAc
— 100:0 to 0:1900, to give the title compound. MS: m/z=353 (M + 1).

Step C. terr-Buty! (8R)-8-(3_5-difluoropheny])-9-(2-ethoxy-2-oxoethvl}-10-0x0-6,9-
diazaspiro[4.5]decane-6-carboxvlate '

A solution of ethyl [8-(3,5-difluorophenyl)-10-ox0-6,9-diazaspiro[4.5]dec-9-
yljacetate from Step B (3.00 g, 8.51 mmol), N,N-diisopropylethylamine (0.743 mL, 4.26 mmol),
and di-rers-butyl dicarbonate (9.29 g, 42.6 mmol) in acetonitrile (25 mL) was stirred at 60 °C for

6 h, then cooled and concentrated under reduced pressure. The crude product was purified by
silica gel chromatography, eluting with a gradient of hexane:EtOAc — 95:5 to 50:50, to give the '
racemic product. The enantiomers were separated by HPLC, using a Chiralcel OD column and
eluting with hexane:i-PrOH:Et:NH — 60:40:0.1. The first major peak to elute was tert-bury! -
(85)-8-(3,5-difluorophenyl)-9-(2-cthoxy-2-oxocthyl)-10-ox0-6,9-diazaspiro[4.5]decane-6-
carboxylate and the second major peak to elute was rers-butyl (8 R)-8-(3,5-difluorophenyl)-9-(2-
ethoxy-2-oxoethyl)-10-0x0-6,9-diazaspiro(4.5)decane-6-carboxylate, the title compound. MS:
miz =397 (M — C4Hy).

Step D. Lithium [(8R)-6-(ter-butoxycarbonyl)-8-(3.5-diflucrophenvl)-10-0x0-6.9-
diazaspiro[4.5]dec-9-yl]acetate
To a solution of fers-butyl (8R)-8-(3,5- dlfluorophenyl) 9- (2-ethoxy 2- oxoethyi)

| _ 10-0x0- -6,9- dlazasp1r0[4 S]decane -6-carboxylate from Step C (50 mg, 0.11 mmol) in THF (0.75
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mL) and H,O (0.25 mL) was added 1 N aqueous LiOH (0.12 mL, 0.12 mmel} and the resulting
mixture was stirred at ambient temperature for 6 h. The mixture was adjusted to pH 7 by
addition of } N HCI and concentrated to dryness i» vacuo to give the title compound. MS: m/z =
369 (M — C4Hy). ' : _ o :

INTERMEDIATE 33

OLi

L

Lithium [(3R)-1-(rerr-butoxycarbonyl)-3-(3.5-difluorophenyl}-3-methyl-5-0x0-1.4-

diazaspiro[$.5]undec-4-vllacetate

Step A. Di-fert-butvl [1-(3,5-difluorophenvl)ethvijimidodicarbonate

To a solution of [1-(3,5-difluorophenyl)ethyl}amine (10.0 g, 63.6 mmol}) in
CH,Cl; (200 mL) at 0 °C was added di-terz-butyl dicarbonate (13.9 g, 63.6 mmol) and the
resulting mixture was stirred at ambient temperature for 18 h. The solvent was removed under

reduced pressure. To the residue was added di-tert-butyl dicarbonate (20.8 g, 95.4 mmol) and
DMAP (7.78 g, 63.6 nimo_l) and the reaction mixture was heated at 80 °C for 2 h. The mixture
was allowed to cool and additional di-terr-butyl dicarbonate {(69.4 g, 318 mmol) was added. The
reaction mixture was heated at 80 °C for 2 h, allowed to cool, and concentrated in vacuo. The
crude product was purified by siiica'gel chromatography, eluting with a gradient of
hexane:EtOAc — 98:2 to 90:10, to give the title compound. MS: m/z = 421 (M + Na + CH;CN).

Step B. rerr-Butyl 2-[( rert-butoxycafbonv])amino'{-Z-( 3.,5-difluorophenyl)propancate

: To a stirred suspénsion of potassium rers-butoxide in THF (300 mL) at -78 °C
was added a solution of di-tert-butyl [1-(3,5-difluorophenyl)ethyl}imidodicarbonate from Step A
(2 2.0 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 I N aqueous HCI (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;0 (300 mL). The combined organic extracts were dried over Na2;S04,
filtered, and concentrated in vacuo. The c':rude‘prqduct was purified by silica gel ‘
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- chromatography, eluting with hexane:EtQAc — 95:5 to 80:20, to give the title compound. MS:

m/z =421 (M + Na + CHiCN).

Step C. tert-Butyl [1-(3.5-difluorophenyl)-| -methyl-2-oxoethyl]carbamate

To a stirred solution of rert-butyl 2-[{tert-butoxycarbonyl)amino}-2-(3,5-
difluorophenyl)propanoate from Step B (2.00 g, 5.60 mmol) in THF (20 mL) at -78 °C was
added LiAJH, (5.60 mL of a | M solution in THF, 5.60 mmol), dropwise. The reaction mixture
was stirred at -78 °C for 6 h, then quenched with EtOAc (5.6 mL}, then H,O (15,6 mL), then I N
aqueous NaOH (5.6 mL), then EtOAc (17 mL). The reaction mixture was warmed to ambient
temperature, stirred for_ 1 h, filtered, and extracted with EtOAc (2 x 40 mL). The organic
extracts were dried over Na;SQy, filtered, and concentrated in vacuo to afford the title compound
in sufficient pprity for use in the next step. MS: m/z = 186 (M - CO,C4Hy).

Step D. Methyl 1-aminocyclohexanecarboxylate hydrochloride
Essentially following the procedures described in Intermediate 25 for methyl 1-

aminocyclopentanecarboxylate hydrochloride, but using 1-aminocyclohexanecarboxylic acid in
place of I-aminocyclopentanecarboxylic acid, the title compound was obtained. MS: m/z = 158
(M + 1).

Step E. Methvyl 1-¢ [2—{(tert—but6xycarbonyl Yamino]-2-{3.5-

difluorophenylpropyllamino tcyclohexanecarboxylate
A mixture of rert-buty! [1-(3,5-diftuorophenyl)-1-methyl-2-oxoethyljcarbamate

from Step C (500 mg, 1.75 mmol), methyl 1-aminocyclohexanecarboxylate hydrochloride from
StepD (1.38 g, 8.76 rﬁmol), and AcOH (0.301 mL, 5.26 muool) in MeOH (15 mL) was stirred at
ambient temperature for 3¢ min. NaCNBH; (165 mg, 2.63 mmol) was added and the pH of the
mixture was checked and adjusted to pH ~ 5 as necessary by addition of AcOH. The reaction
mixture was stirred at ambient temperature for 1 h, then quenched with saturated aqueous
NaHCOj; (10 mL) and extracted with CH,;Cl; (2 x 50 mL). The combined organic extracts were
dried over Na;SQq, filtered, and concentrated in vacuo. The crude product was purified by silica
gel chromatography, eluting with hexane:EtOAc — 100:0 to 80:20, to give the title compound.
MS: miz=427 (M + 1).

Step F. Methyl 1-{[2-amino-2( 3,S-diﬂuoronhenvl)nrowl]amino}cvclohexanecarboxvléte

A solution of fnethyl i-{[2-{(rert-butoxycafbonyl)amino]-2—(3,5-
difluorophenyl)propyl)amino} cyclohexanecarboxylate from Step E (280 mg, 0.657 mmol) in
EtOAc (5 mL) at 0 °C was saturated 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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extracted with EtOAc (2 x 15 mL). The cbmb'ined organic extracts were dried over Na; SOy,

filtered, and concentrated {7 vacuo to give the title compound. MS: m/z =327 (M + 1).

Step G. (3R)-3-(3.5-Difluorophenyl)-3-methyl-1.4-diazaspiro[5 Sjundecan-5-one

A solution of methyl 1-{[2-amino-2-(3,5-
difluorophenyl)propyllamino} cyclohexanecarboxylate from Step F (205 mg, 0.628 mmol), and
AcOH (0.36 mL, 6.28 mmol) in xyiénes (5 mL) was heated at 80 °C for 3 h, allowed to cool,
then poured into saturated aqueous NaHCO3 (5 mL). The resulting mixture was extracted with
EtOAc (2 x 10 mL). The combined organic extracts were dried over Na SOy, filtered, and:
concentrated under reduced pressure. The crude product was purified by silica gel
chromatography, eluting with a gradient of EtOAc:MeOH — 100:0 to 92:8, to give the racemic

product. The enantiomers were separated by HPLC, using a ChiralPak AD column and eluting
with hexane:EtOH:Et;NH — 40:60:0.1. The first major peak to elute was (3R)-3-(3,5-
diﬂuorophenyl)G—methyl-l,4-diazaspiro[S._S]undecan-S-one, the title compound, and the second
major peak to elute was (35)-3-(3,5-difluorophenyl)-3-methyl-1,4-diazaspiro[ 5.5]undecan-5-one.
MS: m/z=295(M+ 1). '

Step H. rert-Butyl (3R)-3-(3.5-difluorophenyl}-3-methyl-5-oxo0-1.4-diazaspiro[5.5Jundecane-1-
carboxvlate

A solution of (3R)-3-(3,5-difluorophenyl)-3-methyl-1,4-diazaspiro[5.5}undecan-5-
one from Step G (90 mg, 0.306 mmol), N, N-diisopropylethylamine (0.027 mL, 0.153 numnol), and
di-rerr-butyl dicarbonate (667 mg, 3.06 mmol) in acetonitrile (2 mL) was stirred at 60 °C for 8 h,
then cooled and concentrated under reduced pressure. The crude product was purified by silica
gel chromatography, eluting with a gradient of hexane:EtOAc — 95:5 to 50:50, to give the title
compound. MS: m/z =339 (M - C4H»).

Step L. tert-Butyl (3R)-3-(3,5-difluorophenyl}-4-(2-ethoxy-2-oxoethyl}-3-methyl-5-0x0-1.4-
diazaspiro]5.5jundecane-1-carboxylate

To a stirred solution of rert-butyl (3R)-3-(3,5-difluorophenyl)-3-methyl-5-oxo-
1,4-diazaspiro[5.5]undecane- 1-carboxylate from Step H (60 mg, 0.152 mmol) in THF {0.5 mL)
at 0 °C was added NaH (12 mg of a 60% dispersion in oil, 0.30 mmol). Afier 5 min, ethyl
bromoacetate (437 mg, 2.62 mmol) was added and the mixture was allowed to warm to ambient
temperature and stirring was continued for 1 h. Saturated aqueous NaHCO; (2 mL) was added
and the mixture was extracted with EtOAc (2 x 5 mL). The combined organic layers were dried

over Na;S0,, filtered, and concentrated in vacuo, The crude product was purified by silica gel
chromatography, eluting with a gradient of hexane:EtOAc —95:5 to 60:40, to glve the t:tle
compound, MS: m/z = 425 (M CaH5). :
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Step J, Lithium [(3R)-1-(tert-butoxycarbonyl}-3-(3.5-difluorophenyl)-3-methyl-5-0x0-1.4-
diazaspiro] 5.5]undec-4-v1]acetéte

To a solution of rert-butyl (3R)-3-(3,5-difluotophenyl)-4-(2-cthoxy-2-oxoethyl)-3-
methyl-5-oxo-1,4-diazaspiro[5.5Jundecane-1-carboxylate from Step I (65 mg, 0.135 mmol) in
THF (1.5 mL) and H,O (0.5 mL) was added 1 N aqueous LiOH (0.14 mL, 0.14 mmol) and the
resulting mixture was stirred at ambient temperature for 1 h. The mixture was adjusted to pH 7
by additionof 1 N HCI and concentrated to dryness in vacuoe to give the title compound, MS:
miz = 397 (M - C4H7). '

INTERMEDIATE 34

ﬁ\oierf\c’j\

(5" R)-1'-(tert-Butoxycarbonvl}-4".6"-difluoro-3'-ox0-2".3"-dihydro-4'H-dispiro{cvclopentane-

1.2-piperazine-3'.1"-inden}-4'-vl}acetic acid

Step A, 4'.6'-Difluoro-2".3'-dihydro-2 /.5 H-spirofimidazolidine-4.1'-indene]-2,5-dione

| A mixture of 4,6-difluoroindan-1-one {Musso er al. (2003} J Med. Chem., 46,
399-408] (14.5 g, 86 mmol), NaCN (12.9 g, 262 mmol), and (NH4);CO; (16.8 g, 175 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,0Q, and dried to grve the title compound.
MS: m/iz =280 (M + 1 + CH3CN).

Step B. 1-Amino-4.6-difluoroindane-1-carboxylic acid hvdrochloride

A mixture of 4',6'-difluoro-2'3'- dlhydm-ZH 5H-spirofimidazolidine-4,1' mdene]
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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Step C. Methvl 1-amino-4.6-difluoroindane-1-carboxylate hydrochlonide

A solution of 1-amino-4,6-difluoroindane- | -carboxylic acid hydrochioride (2.00
g, 15.5 mmol) in MeOH (100 mL) was saturated with HCl (g). The resulting mixture was heated
at reflux for 20 h and concentrated in vacuo to provide the title compound. MS: m/z =228 (M +

1.

Step . Methyl 1-[(teri-butox ycarbonyllamino]-4.6-difluorcindane- 1 -carboxylate

A solution of methyl 1-amino-4,6-difluoroindane- 1-carboxylate hydrochloride
from Step C (3.82 g, 14.5 mmol), M, N-diisopropylethylamine (5.62 g, 43.5 mmol), and di-rert-
butyl dicarbonate (15.8 g, 72.5 mmol) in acetonitrile (40 mL) was stirred at 60 °C for 3 h, then
cooled and concentrated under reduced pressure. The crude product was purified by silica gel
chromatography, eluting with a gradient of hexane:EtQAc — 100:0 to 40:60, to give the title
compound. MS: m/z =228 (M —~ CO,C4H>).

Step E. rert-Butyl {4.6-difluoro-1-(hydroxymethyi}-2.3-dihydro-1H-inden-1-yljcarbamate

To a stirred solution of methy! 1-[(zerf-butoxycarbonyl)amino]-4,6-
difluoroindane-1-carboxylate from Step D (2.80 g, 8.55 mmol) in THF (30 mL) at -78 °C was
added LiAlH, (18.0 mL of a | M solution in THF, 18.0 mmol), dropwise, over 30 min. The
reaction mixture was stired at -78 °C for 2 h, then quenched with HoO {1 mL), then 1 N aqueous
NaOH (2 mL), then H,O (2 mL), then EtOAc (2 mL). The reaction mixture was warmed to
ambient temperature, saturated aqueous NaHCO; (150 mL) was added, and the mixture was
extracted with EtQAc (200 ml.). The organic extract was dried over NaSQy, filtered, and
concentrated in vacuo. The crude product was purified by silica gel chromatography, eluting
with a gradient of hexane:EtQAc — 100:0.to 50:50, to give the title compound. MS: m/z = 244

M — C4Hy).

"~ Step F. tert-Butyl (4.6-difluoro-1-formvl-2 3-dihydro-1H-inden-1 -vlicarbamate

To a stirred solution of oxalyl chloride (0.91 mL, 10.4 mmol) in CH,Cl; (40 mL)
at -78 °C was added DMSO '(l A48 mL, 20.9 mmol), dropwise, over 5 min. The reaction mixture
was stirred for 30 min, during which time it warmed to -60 °C, then a solution of ters-butyl [4,6-
difiuoro-1-(hydroxymethyl)-2,3-dihydro-1H-inden-1-yljcarbamate from Step E (2.08 g, 6.95
mmol) in CH>Clz (22 mL) was added, dropwise, over 30 min. During the addition, the reaction
temperature rose to -45 °C and it was stirred at this temperature for an additional 15 min. To the

‘resulting mixture was added N,N-diisopropylethylamine (7.28 mL, 41.7 mmol), dropwise, over 2

min. The mixture was allowed to warm to ¢ °C, stirred for 15 min thenboured into ice (60 mL)
and I N aqueous HCI (30 mL). The resulting mixture was extracted with CH,Cl, (2 x 100 mL}.

- The combined organic extracts were washed with H,O (30 mL), then brine (50 mL), then dried
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over Na,S0,, filtered, and concentrated in vacuo 1o give the title compound. MS: m/z =224 (M
—OCsH,). ' ' :

Step G. Methyl 1-[({1-{(fert-butoxycarbonyl)amino]-4.6-difluoro-2.3-dihydro-1H-inden-1-
ylimethylamino]cyclopentanecarboxylate

A mixture of rert-buty! (4,6-difluoro-1-formyl-2,3-dihydro-1 H-inden-1-
yl)carbamate from Step F (890 mg, 2.99 mmol}, methyl 1-aminocyclopentanecarboxylate (4.25
g, 29.7 mmol, described in Intermediate 25), and AcOH (2.10 mL, 36.7 mmol) in MeOH (32
mL) was stirred at ambient temperature for 20 min. NaCNBH; (405 mg, 6.44 mmeol) was added
and the pH of the mixture was checked and adjusted to pH ~ 5 as necessary by addition of

AcOH. The reaction mixture was stirred at ambient temperature for 23 h, then quenched with
saturated aqueous NaHCO; (80 mL) and extracted with EtOAc (200 mL). The organic extract
was washed with H,O (50 fnL), dried over Na;SQ,, filtered, and concentrated in vacuo. The
crude product was purified by silica gel chromatography, eluting with hexane:EtOAc - 100:0 to
30:70, to give the title compound. MS: m/z =425 (M + 1).

1-amino-4.6-difluoro-2.3-dihvdro-1H-inden-1 -

ymethyllamino}cyclopentanecarboxylate hydrochloride
: A solution of methyl 1-[({1-[(rerr-butoxycarbonyl)amino]-4,6-difluoro-2,3-

dihyd_ro-IH-inden-l -yl}methyDamino}cyclopentanecarboxylate from Step G (753 mg, 1.77
mmol) in EtOAc (40 mL) at 0 °C was saturated with HCI (g). The reaction mixture was aged at
0 °C for 45 min then concentrated in vacuo to give the title compound. MS: m/z = 325 (M + 1).

Step 1. 4" 8 -Difluoro-2".3"-dihydro-3'H-dispiro[cyclopentane-1.2'-piperazine-5'.1"-inden]-3"-one
A solution of methyl 1-{[(l-aminc-4,6-diflucro-2,3-dihydro-1#-inden-1-
ylmethyl)amino}cyclopentanecarboxylate hydrochloride from Step H (741 mg, 2.05 mmol), and

- AcOH (5.0 mL, 6.28 mmol) in xylenes (50 mL) was heated at 150 °C for 24 h, aliowed to cool,

and concentrated to dryness under reduced pressure. The residue was partitioned between
saturated agqueous NaHCO; (80 mL) and EtOAc (100 mL). The organic extract was washed with
H,0 (60 mL), dried over NaySQy, filtered, and concentrated under reduced pressure to give the
title compound. MS: m/z=203 (M + 1).

 Step J. tert-Butyl (5"R)-4" 6"-difluoro-3'-oxo0-2".3"-dihvdro-1'H-dispirofcyclopentane-1.2'-

piperazine-5'.1"-indenel-1'-carboxvlate

A solution of 4",6"-difluord-2",3"-dihydro-3'H—dispiro[cyclopentane-1 ,2'-
piperazine-3',1"-inden]-3"-one¢ from Step I (453 mg, 1.55 mmol), N,N-diisopropylethylamine
(0.135 mL, 0.78 mmol), ar_ldrdi-teﬂ-butyl dicarbonate (3.45 g, 15.8 mmol) in acetonitrile (6 mL)
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was stirred at 50 °C for 18 h. The reaction mixture was partitioned between saturated aqueous
NaHCOj; (40 mL) and EtOAc (60 mL). The organic extract was dried over Na;SOQ;, filtered, and
concentrated under reduced pressure The crude product was purified by silica gel
chromstography, eluting with a gradient of hexane:EtOAc - 100:0 to 50:50, to give the racemic
product. The enantiomers were separated by HPLC, using 2 ChiralPak AD colurnn and eluting
with hexane:EtOHEt;NH — 40:60:0.1. The first major peak to elute was rert-butyl (5"K)-4",6"-
diftuore-3'-oxo0-2",3"-dihydro-1'H-dispiro[cyclopentane-1,2"-piperazine-5', 1 "-indene}-1'-
carboxylate, the title compound, and the second major peak to elute was Iert-};;utyl (5"8)-4".6"-
difluoro-3'-oxe-2",3"-dihydro-1'H-dispiro[cyclopentane-1,2'-piperazine-5',1"-indene]}-1'-
carboxylate. MS: m/z =337 (M - C4H»).

Step K. ters-Butyl (5"R)-4'-(2-ethoxv-2-oxoethvl)-4".6"-difluorg-3'-0x0-2",3"-dihydro-1'H-
dispirolcyclopentane-1.2'-piperazine-5'. 1"-indene]l-1"'—<carboxylate - _

To a stirred solution of fert-butyl {(5"R)-4",6"-difluoro-3'-ox0-2",3"-dihydro-1'H-
dispiro{cyclopentane-1,2'-piperazine-5',1"~indene]-1'-carboxylate from Step J (217 mg, 0.553
mmol) in THF (4 mL) at ambient temperature was added NaH (44 mg of a 60% dispersion in oil,
1.11 mmol). After 15 min, ethyl bromoacetate (185 mg, 1.11 mmol) was added and the mixture

was allowed to warm to ambient temperature and stirring was continued for 3 h. Saturated
aqueous NaHCQO; (25 mL) was added and the mixture was extracied with EtOAc (2 x 36 mL).
The combined organic layers were washed with brine, dried over Na;SQ,, filtered, and
concentrated in vacuo. The crude product was purified by silica gel chromatography, eluting
with a gradient of hexane:EtOAc — 100:0 to 50:50, to give the title compound. MS: m/z =479

M+ 1).

Step L. [(5"RY-1'-(tert-Butoxycarbonyl}-4".6"-difluoro-3'-oxo0-2"_3"-dihydro-4'H-
dispiro[cvelopentane-1.2'-piperazine-5'.1"-inden}-4'-vl]acetic acid

To a solution of rerr-butyl (5"R)-4'-(2-ethoxy-2-oxoethyl)-4",6"-difluorc-3'-oxo-
2",3"-dihydro-1'H-dispiro[cyclopentane-1,2'-piperazine-5',1"-indene]-1'-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 mmo!) and the
resulting mixture was stirred at ambient temperature for 16 h. The mixture was acidified by

addition of 1 N aqueous HC1 (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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(ﬂ:)-f4'-( tert-Butoxvearbonyl}-4.6-difluoro-3'.5'-dimethyl-6'-ox0-2.3-dihvdro-1'H-spirolindene-
1.2'-piperazinj-1'-yl Jacetic acid

Essentially following the procedures described in Intermediate 34, but using

5  methyl a-aminoisobutyrate in pl-ace of methyl 1-aminocyclopentanecarboxylate, the title
compound was obtained. MS: m/z=425 (M + I).

INTERMEDIATE 36

O Me Me

10 [4-(rerr-Butoxvcarbonyl)-3.3-dimethyt-2-oxo-1.4-diazaspirof 5.61dodec-1-yl]acetic acid
. Essentially following the procedures described in Intermediate 34, but using
methyl o-aminoisobutyrate in place of methy!t 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
15 M+ 1)

INTERMEDIATE 37

- 76-



10

L5

20

25 .

Et Et 3,5-difluorophenyl S 573 Ex. 7 109 Et Et
3, 5-di fluorophenyl R 573 Ex. 7 TABLE 19 WO
2007/ 133491PCT/ US2007/ 010952 Exanpl e R R %LCVS

wo(bd#i3491' Rel evant experinental procedures 1POTNE20d3/0H0952
R 3, 5-di fluorophenyl R 547 Ex. 6 111 M M HR
3, 5-di fl uor ophenyl

N

[(38)-3-(3.5-Difluorophenvl}-1 ;oxo~9-oxa-2-azaspiro[5.Slundec-2-yﬂacetic acid

Essentially following the procedures described in Intermediate 26, but using 2-
iodoethyl ether in place of iodoethane, the title compound was obtained. MS: m/z = 340 (M + 1).

INTERMEDIATE 38

Qi
. Me
© =2 HCI

HHN

"

-

Methvl 1-{[{38)-3-amino-3-phenylpropyllamino}cvclopentanecarboxylate bis-hvdrochloride

Step A. Ethvl { 3S‘}-B-[(rert—butokvcarbonvnmnino]-3-nhenylpropan0ate

To a solution of (§)-3-amino-3-phenylpropanoic acid ethyl ester hydrochloride
(2.50 g, 10.9 mmol) and Boc-anhydride (2.38 g, 10.9 mmol) in CH;Cl; (16.3 mL) was slowly
added triethylamine (3.03 mL, 21.8 mmol). After 4.5 hours, the reaction mixture was applied to
the top of a silica gel column, and following elution with a gradient of EtOAc:hexanes — 5:95 to
40:60 the title compound was obtained. MS: m/z =294 (M + 1). .

Step B. rerr-Butyl [(15)-3-ox0-1-phenylpropvl]carbamate

To a dry, cooled (-78 °C) solution of 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, I M in CH,Cly) 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
aque0us Iayer was extracted with CH2Cly (2 % 30 mL) Combined organics were dried over
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sodium sulfate, filtered and concentrated in vacuo_tb give an oil. This oil was purified by silica
gel chromatography, eluting with a gradient of EtOAc:hexanes 5:95 1o 40:60, to give the title
compound. MS: m/z = 150 (M - CO,CHy).

Step C. Methyl 1-({(38)-3-[(ferf-butoxycarbonyl)amino]-3-
phenvipropyliamino)cyclopentanecarboxyvlate

To a solution of tert-butyl [(15)-3-0x0-1-phenylpropyl]jcarbamate from Step B
(0.820 g, 3.29 mmol) and methyl 1-aminocyclopentanecarboxylate hydrochloride (0.591 g, 3.29
mmol) in chloroform (33 mL) was added Hunig's base (0.574 mL, 3.29 mmol). After stirring at
ambient temperature for 20 min, NaHB{(OAc); (1.74 g, 8.22 mmol) was added as a sohid, Upon
completion of the reaction, saturated aqueous NaflCO; (3 mL) was added and the mixture was
allowed to stir for at least 2 h. Water (5 mlL) and additional saturated NaHCOQOj; (3 mL) was then
added to form twe layers. The agueous layer was extracted once with chloroform (50 mL). The
combined organic layers 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
MeOH:DCM 1:99 to 6:94, to give the title compound. MS: m/z =377 (M + 1).

Step D. Methyl 1-{[(35)-3-amino-3-phenylpropyllamino} cyclopentanecarboxvlate bis-
hydrochloride

To a cooled (0 °C) solution of methyl 1-({(35)-3-[{rerr-butoxycarbonyl)amino]-3-
phenylpropyl}ai'nino)cyclopentanccarboxylate from Step C (0.920 g, 2.44 mmol) in MeOH (49
mL} was added excess anhydrous hydrogen chloride gas. After 30 min the solution was purged
with dry nitrogen for about 40 min. The solvent was then removed in vacuo to provide a
solid/oil mix. Additional MeOH (30 mL) was then added and subsequently removed in vacuo to
provide the title compound. MS: mZz =277 (M + 1).

INTERMEDIATE 41

3-Amino-5,7-dihvdrospirofcyclopentalblpvridine-6,3'-pyrrolof2.3-blpyridin}-2(1' H)-one. isomer
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3, 5-di fluorophenyl S 646 Ex. 8 119 M M H

Step A. (£)-1'-{[2-{Trimethylsilyl}ethoxyimethyl }-3H-spiro[cyclopentane-1,3'-pyrrolo[2.3-
blpyridine]-2'.3(1'H)-dione _

To a solution of 1-{ [2-(trimethyl.silyl)ethoxy]me;hyi }-1,3-dihydro-2H-
pyrrolo[2,3-b]pyridin-2-one (2.50 g, .46 mmol, described in Intermediate 7) and cesium
carbonate (6.78 g, 20.8 mmol) in DMF (45 mL) was added dropwise a solution of 1,4-
dibromobutan-2-one [Meijere et al. (2001) Eur. J. Org. Chem. 20,3789-3795} (1.59 g, 12.3
mmol) in DMF (45 mL). After 68 h, the mixture was partitioned between Et;O (200 mL) and
H,0 (200 mL). The organic layer was separated and the aqueous layer was further extracted with
Et;O (2 x 100 mL). The combined organic layers were dried over Na;SOy, filtered, and
concentrated in vacuo. The crude product was purified by silica gel chromatography, elating
with a gradient of hexane:EtOAc — 100:0 to 75:25, to give: the title compound. MS: m/z = 333

M + 1)

Step B. (i) 3-Nitro-1' -{I2- (tnmethyls:lyl)ethoxv]methyi} 5.7-

A mixture of (+)-1'-{[2-(trimethyisilyl)ethoxy}methyl }-3 H-spiro[cyclopentane-
l,3'-pyrfolo[2,3—b]pyridine]-Z',3( 1'H)-dione from Step A (230 mg, 0.692 munol) and i-methyl-
3,5-dinitropyridin-2(1H)-one¢ [Tohda ef al. (1990} Buil. Chem. Soc. Japan 63, 2820-2827] (173
mg, 0.869 mmol) in 2 M ammonia in MeOH (3.5 mlL) was heated to reflux for 18 h. The
mixture was concentrated in vacuo and purnified by silica gel chromatography, eluting with a
gradient of hexane:EtQAc ~ 100:0 to 50:50, to give the title compound., MS: m/z =413 (M + 1),

Step C. (+)-3-Amino-1"-{[2-(timethylsilyDethoxylmethyl}-5.7-
dihvydrospiro{cvclopentalblpyridine-6.3"-pyirolof2.3-b]pyridin}-2'(1'H)-one

A mixture of 10% Pd/C (20 mg) and {£)-3-nitro-1'-{[2-
(trimethylsilyl)ethoxylmethyl}-3,7-dihydrospiro{cyclopenta{b]pyridine-6,3"-pyrrolo(2,3-
b)pyridin}-2'(1'H)-one from Step B (117 mg, 0.284 mmol) was stirred vigorously in MeOH (5
mL) under an atmosphere of hydrogen (ca. 1 atmn). After 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-dihvdrospirofcyclopental ]pyridine-6 3'-pyrrolof2.3-4]pvridin] -2'(1'AN-

one_isomer A

A solution of (£)-3-amino-1'-{[2-(trimethylsityl)ethoxy]methyl}-5,7-

Adlhydrosplro[cyc]openta[b]pyndme—(v 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 HCI1 (g). The m\:xture was stirred for 30 min

- and then concentrated in vacuc., The residue was dissolved in MeOH (3 ml) and treated with
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ethylenediamine (0.020 mL, 0.306 mmol) and 10 N sodium hydroxide to adjust the mixture to
pH 10. After 1 h, the reaction mixture was purified directly by HPLC using a reversed phase
C18 column and eluting with a gradient of H,0:CH;CN:CF1CO-H — 90:10:0.1 10 5:95:0.1.
Lyophilization provided the racemic titie compound as the TFA salt. The enantiomers were
resolved by HPLC, utilizing a ChiralPak AD column and eluting with EtOH. The first major
peak to elute was 3-amino-5,7-dihydrospiro[cyclopenta[b]pyridine-6,3'-pyrrole[2,3-b]pyridin]-
2'(1'H)-one, isomer A, the title compound, and the second major peak to elute was 3-amino-3,7-
dihydrospiro[cyclopenta[b]pyridinc—ﬁ,B'-pyn'olo['z,3~b]pyﬁdin]-2'(l'H}-one, isomer B. MS: m/z
=253 M+ 1).

INTERMEDIATE 42

e
N= ! NH
S
HQN = N
A /

3-Amino-5.7-dihvdrospiro{cyclopenta[clpyridine-6,3'-pyrrolof2.3-blpyridin}-2'(1'H)-one, 1somer
A

Step A. 4.5-Bis(hvdroxymethyDpyridine-2-carbonitrile

To a solution of dimethyi 6-cyanopyridine-3,4-dicarboxylate [Hashimoto er al.
{1997) Heterocycles 46, 581] (2.00 g, 9.08 mmol) in EtOH (50 mL) was added lithium
borohydride (4.54 mL of 2 2 M solution in THF, 9.08 mmol) dropwise. The reaction mixture
was stirred at ambient temperature for 3 h, and then cooled to 0 °C. Saturated aqueous NaHCO;
(20 mL) was added slowly and the quenched mixture was extracted with EtOAc (9 x 100 mL).
The combined organic extracts were dried over Na;SQy, filtered, and concentrated in vacuo. The
crude product was purified by silica gel chromatography, eluting with a gradient of
CHLClo:MeOH — 100:0 to 85:15, to give the title compound. MS: m/z =165 (M + 1)}.

Step B. 4.5-Bis(bromomethvl)pyridine-2-carbonitrile

To a solution of 4,5-bisthydroxymethyl)pyridine-2-carbonitrile from Step A (750
mg, 4.57 mmol) in THF (15 mL) was added phosphorus tribromide (1.61 g, 5.94 mmol) in THF
(5 mL) dropwise. The reaction mixture was stirred at ambient temperature for 2 h, and then '
cooled to 0 °C. Saturated aqueous NaHCO; (5 mL) was added slowly and the quenched mixture
was extracted with CHCl; (2 x 30 mL). The combined organic extracts were dried over Na;SOs,
filtered, and concentrated in vacuo. The crude product was purified by silica rgeir )
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chromatography, eluting with a gradient of hexane:EtOAc —~ 100:0 to 25:75, to give the title
compound. MS: m/z=291 (M + 1).

Step C. {(£)-2-Oxo-1"2".5.7-tetrahvdrospiro[cvclopenta[clpyridine-6.3"-pyrrolo[2.3-b]pyridine]-
3-carbonitnle

To a solution of 4,5-bis(bromomethyl)pyridine-2-carbonitrile from Step B (2.56 g,

' 8.83 mmol) and 1,3-dihydro-2H-pyrrolo[2,3-b]pyridin-2-one [Marfat & Carta (1987)

Tetrahedron Lett. 28, 4027](1.18 g, 8.83 mmol) in THF (120 mL) and H,O (60 mL) was added
lithium hydroxide monohydrate (1.11 g, 26.5 mmol). After 20 miﬁ, the reaction mixture was
poured onto water (100 mL) and extracted with EtOAc (3 x 100 mL). The combined organic
extracts were dried over Na,;SQy, filtered, and concentrated in vacuo. The crude product was
purified by silica gel chromatography, eluting with a. gradient of CH2Cl:MeOH: NH,OH —
100:0:0 to 95:5:1, to give the title compound. MS: m/z=263 (M + 1}.

Step D. (+)-Sodium 2'-ox0-1',2'.5 7-tetrahydrospiro[cyclopenta[c]pyridine-6.3'-pyrrolo[2.3-
blpvridine]-3-carboxylate | ' -

‘ To a solution of (x)-2'-oxa-1",2",5,7-tetrahydrospiro[cyclopenta[c]pyridine-6,3"-
pyrrolo[2,3-b}pyridine]-3-carbonitrile from Step C (1.53 g, 5.83 mmol) in EtOH (20 mL) was
added 5 M aqucoué NaOH (3.50 mL). The mixture was heated at reflux for 72 h, with additional
5 M aqueous NaOH (2.00 mL) added at 6 h. The reaction mixture was allowed to cool and was
concentrated to dryness in vacuo to afford the title compound in sufficient purity for use in
subsequent steps. MS: m/z = 282 (M + 1).

Step E. (+

bjpyridin]-3-ylicarbamate

To a suspension of ()-sodium 2'-oxe-1',2',5,7-
tetrahydrospzro[cyclopenta[c]pyndme -6,3"-pyrrolo[2,3-b]pyridine]-3-carboxylate from Step D
(1.64¢g,583 mmol) and triethylamine (1.62 mL, 11.7 mmol) in tert-butanol (50 mL) was added
diphenylphosphoryl azide (1.89 mL, 8.75 munol) and the mixture was heated at reflux for 72 h.
Additional diphenylphosphoryl azide (1.89 mL, 8.75 mmol) was added afier 24 h and 56 h. “The
reaction mixture was concentrated in vacuo and then partitioned between CH;Cl; (75 mL) and
saturated NaHCQ5 (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;SQOq,
filtered, and concentrated in vacuo. "The crude product was purified by silica gel
chromatography, eluting with a gradient of CHzClz:MeQH: NH4OH - 100:¢:0 to ©5:5:1, to give
the title compound. MS: m/z =353 (M + 1). ‘ .
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Step F. 3-Amino-5.7-dihydrospiro[cyclopentalclpyridine-6.3'-pyrrolof2.3-blpyridin]-2'(1 ' H)-

one, isomer A

A solution of (+)-rere-butyl (2'-o0x0-1',2',5,7-
tetrahydrospiro[cyclopenta[clpyridine-6,3"-pyrrolof2,3-b]pyridin}- 3-y1)carbamate from Step E
(1.39 g, 3.94 mmol) was stirred in CH,Cl; (10 mL) and TFA (3 mL) for i8 hand then
concentrated in vacuo to provide the racemic title compound as the TFA salt. The enantiomers

" were resolved by HPLC, utilizing a ChiralPak AD column and eluting with MeOH. The first

major peak to elute was 3-amino-3,7-dihydrospirofcyclopentalc]pyridine-6,3'-pyrrolo[2,3-
b]pyridin}-2'(1'H)-one, isomer A, the title compound, and the second major peak to elute was 3-
amino-> ,7-dihydro.<;pirotcyclopema{c] pyridine-ﬁ,3'-pyrrolo[2,3-b]py1'idin]—2'(1'H)-onc, isomer B.
MS: miz=253 (M + 1).

INTERMEDIATE 43

(:t)-Z-Amino-S,7-dihvdrosniro[cvclooentalblmm'dine-éj'—pyrrolo[2,3—b]Dvridin]-2'( 1'H}-one

Step A. Dimethyl 6-cyanopyridine-2, 3-dicarboxylate

To a solution of dimethyl pyridine-2,3-dicarboxylate 1-oxide [Niiyami ef ai.
(2002) Bioorg. Med. Chem. Lert. -12,73041] (15.3 g, 72.5 mmol) and trimethylsilyl cyanide (15.7
mL, 117 mmol) in DME (161 mlL) was added dimethylcarbamoyl chloride (10.5 mL, 114 mmol).
The reaction mixture was heated at reflux for 72 h, and then cooled to 0 °C. Saturated aqueous
NaHCO; (800 mL) was added slowly and the quenched mixture was extracted with EtOAc (2 x
1 L). The combined organic extracts were washed with brine (200 mL), dnied over Na;S0,,

- filtered, and concentrated in vacuo. The crude product was purified by silica gel

chromatography, eluting with 2 gradient of hexane:EtOAc — 100:0 to 50:50, to give the title
compound. MS: m/z=221 (M + 1).

Step B S.6-Bis( hydroxvmeth}gl)gm'dine -2-carbonitrile
To a solution of dimethyl 6-cyanopyridine-2,3-dicarboxylate from Step A (13.0 g,

59. 0 mmol) in EtOH (295 mL) was added lithium borohydride (29.5 mL of a 2 M solution in

THF, 59. 0 mmol) dropwise. The reaction mixture was stirred at ambient temperature for 4 h,

and then cooled to 0 °C. Saturated aqueous NaHCO; (200 mL) was added slowly and the
-82 - .
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quenched mixture was extracted with EtOAc (9 x 100 mL). The combined organic extracts were
dried over Na;SOq, filtered, and concentrated in vacuo. The crude product was purified by silica
gel chromatography, ehiting with a gradient 6f CH,Cl:MeOH — 100:0 to 85:15, to give the title
compound. MS: m/z=165 (M + 1). '

Step C. 5.6-Bis(bromomethyDpyridine-2-carbonitrile .

To a solution cf 5,6-bisthydroxymethyl)pyridine-2-carbonitrile from Step B (2.50
g, 15.2 mmol) in THF (76 mL) was added phosphorus trnibromide (5.36 g, 19.8 mmol) in THF
(20 mL) dropwise. The reaction mixture was stirred at ambient temperature for 2 h, and then
cooled to 0 °C. Saturated aqﬁeous Nat{CO; (20 mL) was added slowly and the quenched
mixture was extracted with CHyCl (2 x 200 mL). The combined organic extracts were dried
over Na,SQ,, filtered, and concentrated in vacuo. The crude product was purified by silica gel
chromatography, eluting with a gradient of hexane:EtOAc — 100:0 to 30:70, to give the title
compound. MS: m/z=291 (M + 1}.

Step D. (£)-2'-Oxo-1'-{[2-(trimethvisilyDethoxy]methvl}-1.2'.5.7-

tetrahvdrospiro[cvciopenta[b]pyridine-6.3"-pyrrolof2.3-blpyridinel-2-carbonitrile

To a solution of 5,6-bis(bromomethyD)pyridine-2-carbonitrile from Step C (1.80 g,
6.21 mmol) and 1-{{2-(trimethylsilyl)ethoxy]methyl}-1,3-dihydro-2 H-pyrrolof2,3-b]pyridin-2-
one (1.64 g, 6.21 mmol, described in Intermediate 7) in DMF (207 mL) was added cesium

- carbonate (6.07 g, 18.6 mmol), portionwise, over 5 min. After 18 h, the mixture was partitioned

between CH,Cl, (100 mL.), saturated aqueous NaHCOQ; (100 mL) and brine (200 mL). The
organic layer was removed and the aqueous layer was extracted further with CH;Cl; (2 x 100

'mL). The combined organic extracts were dried over Na; SOy, filtered, and concentrated in

vacue. The crude product was purified by silica gel chromatography, eluting with a gradient of
hexane:EtOAc — 100:0 to 10:90, to give the title compound. MS: m/z =393 (M + 1).

olo[2.3-b

2-carboxylic acid ‘

To a solution of (£)-2"-oxo0-1'-{[2-(trimethylsilyDethoxylmethyl}-1',2'5,7-
tetrahydrospiro{cyclopentalbjpyndine-6,3'-pyrrolof2,3-b]pyndine]-2-carbonitrile from Step D
(690 mg, 1.76 mmol) in THF (5 mL) was added 3 N aqueous HC1 (36 mL). The mixture was
heated at reflux for 18 h, allowed to cool and concentrated to dryness iz 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 H0:CH3;CN:CF;CO;H — 95:5:0.1 to 5:95:0.1.
Lyopmllzatlon of the product—contaimng fractions prov1ded the title compound. MS: m/z= 282

M+1)
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Step F. ()-tert-Butyl (2'-ox0-1".2'.5. 7-tetrahvdrospiro[cyclopental blpyridine-6.3'-pvrrolof2.3-
blpyridin}-2-yl}carbamate - '

To a suspension of (£)-2'-oxo0-1',2",5,7-tetrahydrospirof{cyclopenta[b]pyridine-6,3'-
pyrrolo[2,3-b)pyridine}-2-carboxylic acid from Stép E (224 mg, 0.796 mmeol) and triethylamine
(0.333 mL, 2.39 mmol) in ferz-butanol (5 mL) was added diphenylphosphoryl azide (0.258 mL,
1.20 mmol) and the mixture was heated at reflux for 1 h. The reaction mixture was concentrated
in vacuo and then partitioned between CH>Cl (20 mL) and saturated NaHCO; (20 mL). The
organic layer was separated and the aqueous layer was further extracted with CH,Cl; (2 % 20
mL). The combined organic layers were dried over Na>S0y, filtered, and concentrated in vacuo.
The crude product was purified by silica gel chromatography, eluting with a gradient of
CH;Cl;:MeOH: NH4,OH — 100:0:0 to 95:5:1, to give the title compound. MS: m/z =353 (M +
1).

Step G. (£)-2-Amino-5.7-dihvdrospiro{cyclopental blpyridine-6 .3 -pvrrolof2.3-Aloyndin}-2'(1' HN-
one

A .solution of (x)-tert-butyl (2'-oxo0-1',2'.5,7-
tetrahydrospiro[cyclopental d]pyridine-6,3"-pyrrolof2,3-b]pyridin]}-2-yl)carbamate from Step F
(147 mg, 0.417 mmol) was stirred in CH,Cl, (6 mL) and TFA (1 mL) for 3 h and then

‘concentrated in vacuo to provide the title compound as the TFA salt. MS: m/z =253 (M + 1).

INTERMEDIATE 44

(\ o Oj/OH
o H
o7
F
[{5R.85)-1-[(Benzvioxv)carbonvl}-8-(3.5- daﬂuorophcrwl)—é—oxo—l 7-d1az.aspxrof4 Sidec-7-
yl]acetic acid

olidine-1.2-dicarboxvylate
To a solution of DMSO (5.11 mL, 72.1 mmol) in CH2Cl; (25 mL) at -78 °C was
added a solution of oxalyl chlonide (3. 15 mL, 36.0 mmol} in CHzCl, (25 ml) dropwise. After 10
min of additional stunng, a solution of 1 benzyl 2- methyl (2R)-2- (3 hydroxypmpyl)pyrrohdme-
1,2-dicarboxylate [Cox and Lectka (1998) J. Am. Chem. Soc. 120, 10660-10668] (7.72 g,24.0
mmol) in CH,Clz (50 mL) at -78 °C was added dropwise. After stirring for an additional 1 h,
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triethylamine (16.7 ;ml., 120 mmol) was added slowly. The reaction mixture was stirred for 1 h
at -78 °C and 2.5 h at ambient temperature. Water (100 mL) was added slowly and the quenched
mixture was extracted with EtOAc (3 ¥ 100 mL). The combined organic extracts were washed
with 10% HCI (50 mL) and brine (50 mL), dried over Na;SQy, filtered, and concentrated in
vacue. The crude product was purified by silica gel chromatography, eluting with a gradient of
hexane:EtOAc — 90:10 to 0:100, to give the title compound. MS: m/z =320 (M + 1).

olidine-} 2-

Sten B. 1-Benzyl 2-methy! (2R)-2-((3E)-3- -tert-bu .lsuiﬁn imino

dicarboxylate

To a mixture of 1-benzyl 2-methyl (2R)-2-(3-oxopropyl)pyrrolidine-1,2-
dicarboxylate from Step A (1.69 g, 5.29 mmol) and anhydrous CuSQO; (2.36 g, 10.6 mmol) in
CH,Cl; (10 mL) was added (5)-2-methylpropane-2-sulfinamide (0.641 g, 5.29 pumol). This
mixture was stirred for 25 h before being filtered through a pad of celite. Additional CH,Cl, was
used to wash the celite. The combined organics were concentrated in vacuo to give a residue that
was purified by silica gel chromatography, eluting with a gradient of hexane:EtQAc —-95:5 to
0:100, to give the title compound. MS: m/z =423 (M + 1). -

Step C. 1-Benzyl 2-methvl (2R)-2-[(35)-3-{[{S)-tert-butvisulfinylJamino}-3-(3.5-
diflucrophenvylpropylipvrrolidine-1.2-dicarboxylate

To a stirred solution of 1-benzyl 2-methyl (2R)-2-((3E)-3-{[(S)-tert-
butylsulfinyl]imino } propyl)pyrrolidine-1,2-dicarboxylate from Step B (1.56 g, 3.70 mumnol) in
toluene (30 mL) at -78 °C was added 3,5-difluorophenylmagnesium bromide (14.8 mL of a 0.5
M solution in THF, 7.41 mmol) dropwise. The reaction mixture was stirred for 30 min at -78 °C,

3.5hat-10 °C, and then at ambient temperature for 1.5 h. The mixture was quenched with
saturated aqueous NH4Cl (50 mL) and extracted with EtOAc (3 x 30 mL). The combined
organic layers were washed with brine {30 mLI), dried over NaS0,, filtered, and concentrated in
vacuo. The crude product was purified 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).

-8-(3.3-diflucrophenyl)-6-oxo-1.7-diazaspiro[4.5}decane-1-carboxylate
HCY (g) was bubbled through a solution of 1-benzyl 2-methyl (2R)-2-[(35)-3--
{[{S)-fert-butylsulfinyllamino }-3-(3,5-difluorophenyl)propylipyrrolidine-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 b, the
reaction mixture was concentrated to dryness in vacuo. To the crude product suspended in
toluene (25 mL) was added triethylamine (2.12mL, 15.2 mmol), and the reaction mixture was

heated to reflux for 66 h. The reaction mixture was con_ceh&'ated in vacuo and the crude product
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was purified by silica gel chromatography, eluting with a gradient of CH2Cl,:MeOH: NH,OH —~
100:0:0 to 95:5:1, 10 give the title compound. MS: m/z =401 (M + 1).

7-yllacetic acid

To a stirred sclution of benzyl (5R,85)-8-(3,5- dlﬂuorOphcnyl) 6-o%0-1,7-
diazaspiro[4.5}decane-1-carboxylate from Step D (541 mg, 1.35 mmol) in THF (3 mL) at
ambient temperature was added NaH (81 mg of a 60% dispersion in oil, 2.03 mmol). After 30
min, ethyl bromoacetate (0.196 mL, 1.76 mmol) was added and the mixture was stirred for 30
min. Sodium hydroxide (8.11 mL of a 1 M solution, 8.11 mmol) was added and the mixture
stirred for 16 h. The reaction mixture was poured onto 1 M HCI (20 mL) and extracted with
CH;Ch (3 x 20 mL). The combined organic layers were dried over NayS0O,, filtered, and
concentrated in vacuo. The crude product was purified by HPLC using a reversed phase C18
column and eluting with a gradient of HyO:CH3CN:CF3CO,H — 90:10:0.1 to 5:95:0.1 to give the
title compound. MS: m/z = 459 (M + 1). |

INTERMEDIATE 45

[(35)-9- {(Benzvloxy)carbonyﬂ 3-(3.5- dlﬂuorophenyl) 1-ox0-2.9-diazaspiro[5.5lundec-2-
yi [acetxc acid

Step A. Methyl 4-allylpiperidine-4-carboxvlate

HCI (g) was bubbled through a solution of 4-allyl-1-(ters-
butoxycarbonyl)piperidine-4-carboxylic acid [Jiang er al. (2004) Bioorg. Med. Chem. Lett. 14,
3675-3678] {6.50 g, 24.1 mmol,) in MeOH (200 mL). The solution was heatéd at reflux for 16 h
and then concentrated in vacuo 1o give the ntle compound as the hydrochloride salt. MS: m/z =
184 (M + 1) '

- Step B. 1-Benzv1 4-methyl 4—allylpiﬁéridfne-1;4—dicarboxv]ate .
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: . . A mixture of methyl 4-allylpiperidine-4-carboxylate from Step A (5.30 g, 24.2
mmol), N-(benzyloxycarbonyloxy)succinimide (7.25 g, 29.1 mmol), and N, N- '
diisopropylethylamine (12.7 mL, 72.7 mmol) in CH3CN (61 mL) was stirred for 16 h. The
solvent was removed in vacuo and the residue was partitioned between EtOAc (100 mL) and
saturated NaHCQO; (100 mL). The organic layer was separated and the aqueous layer was further
extracted with EtOAc (2 x 100 mL).The combined organic extracts were concentrated in vacuo
to give aresidue that was purified by silica gel chromatography, eluting with a gradient of
hexane:EtOAc — 100:0 to 40:60, to give the title compound. MS: m/z =318 (M + 1).

Step C. 1-Benzyl 4-methyl 4-(2-oxoethylIpiperidine-1 4-dicarboxvylate

- To a solution of |-benzyl 4-methy! 4-allylpiperidine-1,4-dicarboxylate from Step
B (4.45 g, 14.0 mmol) in THF (70 mL) at 0 °C was added borane-methyl sulfide complex (28.0
mL of a 2M solution in THF, 56.1 mmol). The reaction mixture was slowly warmed to ambient

temperature and stirred for 16 h, then quenched with water and concentrated in vacue. The

residue was dissolved in CH;Cl; (140 mL) and added drop wise to a solution of PCC (6.65 g.
30.8 mmol) and 4A molecular sieves (6.65 g) in CH;Cl; (50 mL) at 0 °C. The reaction mixture
was warmed to ambient temperature and stirred for 16 h, then diluted with ether (200 mL) and
filtered through a pad of celite. Additional ether was used to wash the celite. The combined
organics were concentrated in vacuo to give a residue that was purified by silica gel
chromatography, eluting with a gradient of CH,Cl:MeOH — 100:0 to 95:5, to give the title
compound. MS: m/z = 356 (M + Na).

‘ [{(35)}-9-[(Benzvioxy)carbonvl]-3-(3.5-difluorophenvl)-1-ox0-2.9-diazaspirof 5.5lundec-2-

vilacetic acid -

Essentially following the procedures described for Intermediate 44, but using 1-
benzyl 4-methyl 4-(2-oxoethyl)piperidine-1,4-dicarboxylate in place of 1-benzyl 2-methyl 2R)-
2-(3-oxopropyl)pyrrolidine-1,2-dicarboxylate, the title compound was prepared. MS: m/z = 473
M+ 1), -

EXAMPLE |
H e
N/\'“/N\©:><“\NH
o Ng
' \ Mme

. N-[(48)-3 -Methyl-2.5-dioxo-1".3"- dlhvdrosmrohmldazohd1nc-4 2' inden}- 5'—"!11 2-{(6x)-2-0x0-6-
ghenylmpendm l—zllacetamme
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2-Oxo-6-phenylpiperidin-1-yDacetic acid

To a stirred solution of (£)-6-phenylpiperidin-2-one

(155 mg, 0.885 mmol) in THF (10 mL), cooled to 0 °C, was added NaH (30.0 mg, 1.24 mmol).
The ice bath was removed and the reaction was allowed to warm to ambient temperature. After
1 h at ambient temperature, the reaction was cooled to 0 °C prior to the introduction of methyl
bromoacetate (149 mg, 0.973 mmol). After 40 minutes, the ice bath was removed and the
reaction was stirred under nitrogen for 12 h. Additional quantities of NaH and methyl '
bromoacetate were then added in parts to nearly consume the lactam, as judged by LCMS
analysis. After sufficient lactam was consumed, | M aqueous sodium hydroxide was added (1
mL, 1 mmol). After a majority of the methy! ester was saponified (~3 h), the reaction was
quenched with 1 M hydrochloric acid (5 mL), and EtOAc (50 mL). The organics were washed
with saturated brine (twice), dried over sodium sulfate, filtered and concentrated in vacuo, to
yield a residue which was used without further purification. MS: m/z =234 (M + 1).

Step B. N- -3-Methvl-2.5-dioxo-1'.3'-dihydrospiro[imidazolidine-4.2'-inden}-5'-
2-ox0-6-phenyipiperidin-1-yDacetamide

To a solution of (+)-(2-0x0-6-phenylpipendin-1-yhacetic acid from Step A (100.
mg, 0.429 mmol), HOAt (29.0 mg, 0.214 munol) and (45)-5"-amino-3-methyl-1',3'-dihydro-
2H,5H-spiro[imidazolidine-4,2"-indene}-2,5-dione {109 mg, 0.472 mmol, prepared according to
Bell, I. M., et al., PCT Int. Appl., WO 2004082605 A2) in DMF (5.0 mL) was added EDCI (115
mg, 0.600 mmol). This solution was stirred at ambient temperature for 15 h. The reaction was
then quenched byt the addition of 1"'M HCI (10 mL) and EtOAc (50 mL). The organics were
further washed with an additional aliquot of 1M HCI (10 mL), then saturated brine (20 mL x2),
followed by-drying over sodium sulfate. The organics were then filtered , concentrated in vacuo,

and applied to a sitica gel column for purification, eluting with a gradient of CH,Cly:MeOH -
99.5:0.5 to 95:5. Clean product-containing 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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2-H{(5R)-5-(3,5-Difluorophenyl)-2.2-dimethy!-3-oxo-4-thiomorpholinyl]-N-[ (45}-3-methv]-2.5-
dioxo-1.3"-dihydrospiro{imidazolidine-4.2'-inden]-5'-yiJacetamide '
Starting from (5R)-5-(3,5-difluorophenyl)-2,2-dimethylthiomorpholin-3-one
5  (Intermediate 2}, the compound in Example 2 was prepared following analogous procedures for
the preparation of Example 1, to provide the title compound. MS: m/z = 551 (M + Na). HRMS:
miz = 529.1734; caleulated m/z = 529.1716 for CagH26FaN4O4S.

10 EXAMPLE 3

2-E(5RY-5-(3.5-Difluorophenvyl)-2.2-dimethyl-1-oxido-3-oxo-4-thiomorpholinyl1-N-[(45)-3-
methvl-2.5-dioxo-1'.3'-dihvdrospiro[imidazolidine-4.2'-inden]-5'-vilacetamide

Step A. (5R)-5-(3.5-Difluorophenyi}-2.2-dimethylthiomorpholin-3-one

To a solution of 2-[(5R)-5-(3,5-difluoropheny!)-2,2-dimethyl-3-ox0-4-
thiomorpholinyi}-N-[(45)-3-methyl-2,5-dioxo-1',3'-dihydrospiro[imidazolidine-4,2'-inden]-5'-
yHacetamide (Example 2) in 1.5 mL chloroform at 0 °C, was added 3-chloroperoxybenzoic acid
(21 mg with a purity of 77%, 0.121 mmol). An LCMS of the reaction mixture after two hours
20 showed that all starting material was consumed. Calcium hydroxide (14 mg, 0.185 mmol) was

15

added to the reaction and stirred for fourty minutes. The mixture was then vacuum filtered
throug,h filter paper and the solid was washed with chloroform (3x 10 mL). The filtrate was
concentrated in vacuo to give a residue that was purified by silica gel chromatography, eluting
~with a gradient of MeOH:CHCl; ~ 1:99 to 5:95, to give the title compound. MS: m/z = 545 (M
25 +H). HRMS: m/z = 545.1653; calculated m/z = 545.1665 for CogHasFaN4,OsS.

EXAMPLEA4
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2-[( 25’)—2;( 3.S-Diﬂuorophenvl)-Z‘S,S—trimeﬂlvf-6-oxo— I-piperidinyl}-NV-f(4.5)-3-methyl-2.5-
dioxo-1'3"-dihydrospiro[imidazolidine-4.2'-inden

-5'-yljacetamide

Step A. Methyl (SE)-5-[( rert—but\ilsuiﬁnvl’)imino]-S-( 3,S-diﬂuorophenvl)-2.2—dimeth\ilpent:anoate
To a solution of methyl 5-(3,5-difluorophenyl}-2,2-dimethyl-5-oxopentanoate
from Intermediate 1, Step D (500 mg of 85% purity, 1.85 mmol) and (S)-2-methylpropane-2-
sulfinamide (336 mg, 2.78 mmot) in THF (9.5 mL), was added titanium tetraethoxide (904 mg,
3.70 mmol). The reaction vessel was quickly sealed and placed into a 60 °C bath for 2 hours.

After cooling to ambient temperature the reaction mixture was then diluted with saturated brine
(9.5 mL) while experiencing rapid stirring. The resultant slurry was filtered through celite,
washing with EtQAc, as needed. The combined organics were then washed with brine, dried
over sodium sulfate, filtered and concentrated i vacuo to give an oil. This oil was purified by
silica gel chromatography, eluting with a gradient of MeOH:CH,Cl, — 0.5:99.5 to 3:97, to give
the title compound. MS: m/z = 374 (M + 1).
Step B. Methyl (55)-5-[(fert-butylsulfinyDamino 3.5-difluorophenyl)-2 2-dimethylhexanoate
To a solution of methyl (SE)-5-{(tert-butylsulfinyl)imino}-5-(3,5-difluorophenyl)-
2,2-dimethylpentanoate (342 mg, 0.920 mmol) in CH,Cl, (6 mL) at 0°C, was added dropwise
over five minutes methyl magnesium bromide as a 3M solution in diethyl ether (0.61 mL, 1.83

mmol). After 15 minutes the reaction was determined to be complete by LCMS analysis. The
reaction was quenched by the dropwise addition of 1M HCI (5 mL), followed by 5 mL of water. .
The aqueous layer was extracted once with CH.Cl, (10 mL) and the organics were combined and
washed once with brine (15 mL). The organics were 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 55 45, to give the title compound. MS: m/z = 390
(M +1).

3.5-Difluorgphenyh-3.3.6-trimethylpiperidin-2-one
To a solution of methyl (55)-5-[(tert-butylsulfinyl)amino]-5-(3,5-difluorophenyl)-

2 2-d1methylhexanoate (1.14 g, 2.93 mmol) in MeOH (60 mL), cooled to 0 °C, was added
"anhydrous HCI gas er 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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tert-butoxycarbonyl 3 H 3,5-difluorophenyl S 658 Ex.
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176 H S phenyl S 508 Ex. 10 177

through the reaction for twenty minutes. The reaction was concentrated in vacuo. Additional
MeOH (50 mL) was added and it was again concentrated in vacuo. This was repeated with
another addition of MeOH and triethylamine (1.18 g, 11.7 mmol)}. To the resulting residue was
added toluene (50 mL) and triethylamine (1.18 g, 11.7 mmol). A reflux condenser was attached
and the mixture stirred at 110°C. After five days of stirring at relux, the reaction was judged to
be complete by LCMS. The mixture was cooled to ambient temperature and concentrated in
vacuo. The residue was diluted with diethyl ether (75 mL) and washed individually with 30 mL
of each of the following aqueous solutions: 1M HCI (twice), water, saturated brine. The organic
layer was then dried over sodium sulfate, filtered, and concentrated ir vacuo to give a residue
that was purified by silica gel chromatography, eluting with a gradient of MeOH ‘CH.Cl; — 1:99
to 5.5:94.5, to give the title compound. MS: m/z =254 (M + 1). '

Step D. Methyl [(25)-2-( 3.5-difluorophenyl}-2,5.5-trimethyl-6-oxopiperidin-1-yljacetate

To a solution of (6S)-6-(3,5-difluorophenyl)-3,3,6-trimethylpiperidin-2-one (540.
mg, 2.13 mmol) in THF (20 mL), chilled to 0°C was added potassium hydride (approximately 86
mg, 2.13 mmol, as a 30% suspension in o0il) under a constant stream of nitrogen. The reaction -

was allowed to stir for 30 minuies at which time methy] bromoacetate (391 mg, 2.56 mmol) was
added at 0°C. An LCMS after one hour indicated that the reaction was incomplete, thus more
potassium hydride was added (approximately 43 mg, 1.06 mmol, as a 30% suspension in oil) at
0°C. The reaction was sealed well and was stirred for an additional 16 hours, during which time
the bath temperature warmed to ambient temperature. The reaction was judged to be 46%
complete by LCMS analysis. The reaction was chilled to 0°C and saturated agqueous 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, eiuting 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-trimethvl-6-oxopiperidin-1-vilacetate
To a solutiori of methyl '[(28}-2-(3,S-diﬂuorophenyl)-z,5,5-n'imethyl-6-

oxopiperidin.—l—yl}acetate from Step D (298 mg, 0.516 mmol) in THF (9 mL) at ambient

temperature was added potassium trimethylsilanolate (147 mg, 1.14 mmo!). The reaction was

stirred for 24 hours and found to be incomplete by LCMS analysis. Additional quantities of
potassium trimethylsilanolate 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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Step F.2-[(25)-2-(3 ..5 -Difluorophenyl)-2.5. 5-tnimethyl-6-ox0- 1 -piperidinyl]-N-[(48)-3-methyl-
2.5-dioxo-1'3'-dibhydrospiro[immdazolidine-4 2'-indenl-5'-vilacetamide

Starting from potassium [(25)-2-(3,5-difluoropheny!)-2,5,5-trirnethyl-6-
oxopiperidm-l—yl]acgtate (182 mg, 0.522 mmol), Example 4 was prepared following the

.analogous procedure for the preparation of Example 1, Step B, to provide the title compound.

MS: m/z =525 (M + 1). HRMS: m/z = 525.2326; calculated m/z = 525.2308 for CagH3oFaN4Oy4.

EXAMPLE 6

Me Me '®)

- N\)J\N "'/ N
z H L
F~ : ~F

2-[(48.65)-6-(3.5-Difluorophenyl}-4-hvdroxy-3.3-dimethvi-2-oxopiperidin-1 -yii1-N-[(2R)-2'-0%0-
2'.3-tetrahydrospiro[indene-2.3'- olo[2.3-blpyridin]-5-vl]acetamide

A mixture of T(4S5,65)-6-(3,5-difluorophenyl)-4-hydroxy-3,3-dimethyl-2-
oxopiperidin-1-yljacetic acid {130 mg, 0.415 mmol, described in Intermediate 21), (R)-5-amino-

- 1,3-dihydrospire[indene-2,3'-pyrrole[2,3-b6]pyridin]-2'(1'H)-one (140 mg, 0.557 mmol, described

in Intermediate 9), HOBT (82 mg, 0.535 mmol), and EDC (95 mg, 0.498 mmol) in DMF (2 mL)
was stirred at ambient temperature for 6 h. The reaction mixture was partitioned between H,O
{50 mL}, saturated agueous NaHCOs (30 mL) and EtOAc (100 mL). The organic layer was dried
over NaySQy, filtered, and concentrated in vacuo. The crude product was purified by silica gel
chromatography, eluting with a gradient of CH>Cl>:CH;0H — 100:0 to 90:10, to give the title
compound. MS: m/z =547 (M + 1). HRMS: m/z = 547.2169; calculated m/z = 547.2151 for
CaoH29F:N4Oa.

EXAMPLE 7
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tetrahydrospirofindene-2_3'- olofZ2.3-b idin]-5-vljacetamide

A mixture of [(65)-6-(3,5-difluorophenyl)-3,3-dimethyl-2,4-dioxopiperidin-1-
yllacetic acid (156 mg, 0.501 mmol, described in Intermediate 22), (R)-5-amino-1,3- -
dihydrospiro[indene-2,3'-pyrrolo[2,3-5)pyridin}-2'(1'H)-one (145 mg, 0.577 mmol, described in
Intermediate 9), HOBT (95 mg, 0.620 mmol}, and EDC (123 mg, 0.642 mmol} in DMF (2 mL)
was stirred at ambient temperature for 16 h. The reaction mixture was partitioned between H,O

(60 mL} and EtOAc (100 mL). The organic layer was dried over Na;SQy, filtered, and

concentrated ir vacuo. The crude product was purified by silica gel chromatography, eluting

“with a gradient of CH,Cl:CH30H — 100:0 to 90:10, to give the title compound. MS: m/z = 545

(M + 1). HRMS: m/z = 545.2025; calculated m/z = 545.1995 for C3oH27F N4 Qs

EXAMPLE 8

O
o
. : « IN

Me Me

HoN,,. 5
- N A
i H
FQ\F

-4-Amino-6-(3,5-difluorophenyl)-3,3-dimethyl-2-oxopiperidin-1-yI1-N-
1.1'.2'. 3-tetrahydrospirofindene-2.3'- olof2.3-b idin]-5-yl]acetamide

A mixture of 2-[(65)-6-(3,5-diftuorophenyl)-3,3-dimethyl-2,4-dioxopiperidin-1-
VIJ-N-[(2R)-2'-0x0-1,1',2',3-tetrahydrospiro[indene-2,3-pyrrolo[2,3-blpyridin]- 5-y[]acetamide
(380 mg, 0.698 mmol, described in Exampie 7) and NH:OAc (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 was continued at ambient temperature for 12 h. The reaction mixture was diluted
with H20 (40 mL) and aqueous NaHCO; (70 mL) and extracted with EtOAc (2 x 100 mL). The
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combined organic layers were dried over NaxSQa, filtered, and concentrated in vacuo. The crude
product was purified by silica gel chromatography, eluting with a gradient of CHCly:CH30H ~
100:0 to 80:20, to give 2-[(4R,65)4-amino-6-(3 ,2-difluorophenyl)-3,3-dimethyl-2-oxopiperidin-
1-y1]-N-{(2R)-2'-0x0-1,1",2',3-tetrahydrospiro[indene-2,3"-pyrrolo[2,3-4]pyridin]-5-yl Jacetamide,
which eluted first, and 2-[(45,6.5)-4-amino-6-(3,5-diflucrophenyl)-3,3-dimethyl-2-oxopiperidin-
1-yl}-N-[(2R)-2'-0x0~1,1',2",3-tetrahydrospirofindene-2,3"-pyrrolo[2,3-b]pyridin]-5-yl Jacetamide,
which eluted second, the title compound. MS: m/z = 546 (M + 1).- HRMS.: m/z = 546.2287;
calculated m/z = 546.2311 for C3oH30F2NOs. | .

EXAMPLE 10

o

HN %5 /@)\NH
RO N ém
PN

3.5-Dufiuorophenvl}-3.3-diethyl-2-oxopiperazin-1 -yl
tetrahvdrospiro[indene-2.3"-pyrrolof2.3-51pvridin]-S-yl]acetamide

A mixture of [(6R)-6-(3,5-difluorophenyl)-3,3-diethyl-2-oxopiperazin-1-yllacetic
acid hydrochloride (43 mg, 0.119 mmol, described in Intermediate 29}, (R)-5-amino-1,3-
dihydrospiro[indene-2,3'-pyrrolo[2,3-4)pyridin}-2'(1'H)-one {30 mg, 0.119 mmol, described in
Intermediate 9), HOBT (27 mg, 0.179 mmol), and EDC (34 mg, 0.179 mmol) in DMF (0.5 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,Q:CH;CN:CF:CO,H ~

90:10:0.1 to 5:95:0.1. The pure, product-containing fractions were combined, basified with
saturated aqueous NaHCO;, and extracted with EtOAc. The organic extracts were dried over
Na, S0y, filtered, and concentrated in vacuo to give the title compound. MS: m/z = 560 (M + 1).
HRMS: m/z = 560.2469; calculated m/z = 560.2468 for C3H3;FN;05.

EXAMPLE 12
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tert-butoxycarbonyl 3 F R 684 Ex. 13 190

tert-butoxycarbonyl 3 F S 684 Ex. 13 191

HC! HN

.k/N\/”\s

2-[(8R)-8-(3.5-Difluorophenyl)-10-0x0-6.9-diazaspiro[4.5]dec-8-vI}-N-[(2R)-2'-ox0-1.1" 2" 3-
tetrahvdrospiro idin}-5-yl]lacetamide hydrochloride -
A mixture of lithium [(8R)-6-(fert-butoxycarbonyl)-8-(3,5-difluorophenyl)-10-

5 oxo-6,9-diazaspiro[4.5]dec-9-yl]acetate (30 mg, 0.070 mmol, described in Intermediate 32), (R)-
5-amino-1,3-dihydrospiro[indene-2,3"-pyrrolof2,3-b]pyridin}-2'(1'H)-one (20 mg, 0.079 mmol,
described in Intermediate 9), HOBT (14 mg, 0.092 mmol), and EDC (18 mg, 0.092 mmol) in
DMF (C.S mb}) was stirred at ambient temperature for 18 h. The reaction mixture was diluted
with EtOAc (5 mL) and washed successively with 10% citric acid (2 mL), H20 (2 mL), saturated

10 aqueous NaHCO; (2 mL)}, and brine (2 mL). The organic layer was dried over Na:SO,, filtered,
and concentrated in vacuo. The residue was purified by silica gel chromatography, eluting with
CH,CI:EtOAc — 100:0 to 0 100, to give the Boc-protected product. The Boc-protected product
was dissolved in EtOAc (3 mL), the solution was cooled to 0 °C, and HC! (g) was bubbled in for
I min. The mixture was aged at 0 °C for 15 min and the title compound was isolated by

15 filtration. MS: m/z =558 (M + 1). HRMS: m/z = 558.2300; calculated m/z = 558.2311 for
Cs1H30F2N50s5.

indene-2 3'-

EXAMPLE 13

Me WMe O
HCI HN

°0 NH

LN PN

z H - Y/
F /@F |

3,5-Diflucrophenyl)}-3.3-dimethyl-2-oxopiperazin-1-yl
tetrahydrospirofindene-2.3"-pyrrolaf2.3-blpvridinl-5-vilacetamide hydrochloride

‘ . To a mixture of lithium [(6R)-4-(tert-butoxycarbonyl)-6-(3,5-difluoropheny!)-3,3-
'dimeﬂlyl-Z-oxdpipérazin—l-yI}acct;te (117.12 g, 277 mmol, described in Intermediate 13), (R)-5-
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tert-butoxycarbonyl 3

émino-l,3-dihydrGSpiro[indenc-2,3‘-pyrrolo[2,3-b]pyridin]é2'(l'H)-one (835 mg, 3.32 mmol,
described in Intermediate 9), and HATU (1.26 g, 3.32 mmol) in DMF (12 mL) was added N-
methylmorpholine (0.61 mL, 5.54 mmol) and the resulting mixture was stirred at ambient

- temperature for 90 min. The reaction mixture was diluted with EtQOAc (500 mL) and washed

successively with 10% citric acid (100 mL), H>O (100 mL), saturated aqueous NaHCO; (100
mL), and brine (100 mL). The organic layer was dried over Na;SQ,, filtered, and concentrated in
vacuo. The residue was purified by silica gel chromatography, eluting with CH>Cl:MeOH -
100:0 to 90:10, to give the Boc-protectéd product. The Boc-protected product was dissolved in
EtOAc (75 mL), the solution was cooled to 0 °C, and HCI (g) was bubbled in for 2 min. After 15
min, additional HCI (g) was bubbled in for 1 min. The mixture was aged at 0 °C for 30 min and
concentrated in vacuo to provide the title compound. MS: m/z =532 (M + 1). HRMS: m/z =
532.2172; calculated m/z = 532.2155 for CasHa3F2N50s. :

EXAMPLE 15

HNQ?) R |
N : MNH
N X
O
2-[( 98}-1‘1 ~Ox0-9-phenyl-6.10-diazaspiro[4.6]undec-10-vi1-N-[(2R}-2'-ox0-1.1'.2".3-
tetrahvdrospirofindene-2_3'-pyvrrolo[2.3-blpyridini-5-vilacetamide

Step A. Methyl 1-({(35)-3-[(2-0x0-2-{[(2R)-2'-0x0-1.1'.2" 3-tetrahydrospiro[indene-2_3'-
pyrrolo[2.3-5]pyridin]-5-vlJamino}ethyDamino]-3-phenylpropyl \amingeyclo-

pentanecarboxylate

To a cooled (0 °C}) solution of (2R)-5-amino-1,3~dihydrospiro[indene-2,3'-
pyrrolof2,3-£]pynidin}-2'(1'H)-one (0.100 g, 0.398 mmol, Intermediate 9) and triethylamine (100.
nL, 0.716 mmol) in THF (8 ml) was added bromoacetyl bromide (46.0 pL, 0.523 mmol). After
allowing the reaction to warm to ambient temperature, triethylamine (0.230 mL, 1.67 mmol) and

methyl [-{[(3.S’)—3‘—an"xino-3-phenylpropyl]amino}cyclopentanecarboxylate bis-hydrochloride
(0.129 g, 0.398 mmol, Intermediate 38) were added, prior to heating the reaction to 50 °C for 17
h. After cooling to ambient temperature, the reaction mixture was diluted with chloroform and
saturated aqueous sodium bicérbor;atei The aqueous layer was extracted twice with additional
chloroform. The ccl)mbined' 6rgam'cs were dried over sodium suifate, ﬁltered and concentrated in

. vacuo to give an oil. This oil was purified by silica gel chromatography, eluting w1th a gradient
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of CH3Cl;:MeOH:NHL,OH — 99:1:0.1 to 92:8:0.8, to give the title compound. MS: m/z = 568 (M
+1). '

Step B. Potassium [1-({(38)-3-[(2-ox0-2-{[(2R)}-2'-0x0-1.1".2" 3-tetrahvdrospiro[indene-2 3'-
pyrrolo{2_3-blpvridin]-5-yllamino}ethyDamino]-3-phenylpropyl Y amino)eyclo-

pentanecarboxvlate

To a stirred solution of methyl 1-({(35)-3-[(2-ox0-2-{[(2R)-2"-0x0-1,1",2",3-
tetrahydrospiro[indene-2,3'-pyrrolo{2,3-5]pyridin}-5-yl)amino }ethyl)amino}-3- »
phenylpropyl}amino)cyclopentanecarboxylate from Step A (0.141 g, 0.249 mmol) in dry THF (5
mL) was added KOTMS (64.0 mg, 0.498 mmol) and the reaction mixture was heated to 40 °C, at
which point the desired product began to precipitate.  Two additional quantities of KOTMS (~60
mg * 2) were added over the next 2 h resulting in a complete consumption of starting material.
The mixture was then allowed to cool to ambient temperature. The THF, which contained only
traces of product, was then decanted away from the precipitated product. This solid was then
washed with two additional quantities of anhydrous THF (5 mL x 2), to provide the title
compound, MS: m/z =554 (M + 1).

Step C. 2-[(95)-11-Ox0-9-phenyl-6,10-diazaspiro[4.6]Jundec-10-y1]-N-[(2R)-2"-0x0-1.,1".2".3-

tetrahydrospiro{indene-2_3'-pyrrolo[2.3-b]pvridin]-5-vljacetamide
To a stirred solution of potassium 1-({(35)-3-[(2-ox0-2-{[(2R)-2"-ox0-1,1',2",3-
tetrahydrospiro[indene-2,3'-pyrrolo[2,3-b]pyridin]-5-ylJamino }ethyl }Jamino]-3-

phenylpropyl} amino)cyclopentanecarboxylate from Step B (0.147 g, 0.249 mimol) in DMF (8 3
mL) was added EDCI (0.0720 g, 0.374 mmol) and HOAt (0.0340 g, 0.249 mmol). The reaction

mixture was then heated to 46 °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

- ammbient temperature before being dituted 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 sodiumn 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,H4N;50s.

EXAMPLE 19

-97 -



LCMS Rel evant experinmental Exanple XY Z n RI11 %
(NM 1) procedures 199 CH2 Cl-12 CH2 1
5- dlfluorophenyl S 537 Ex. 10 200 CH, CH2 0 2
W032°% W4 uor ophenyl S 553 Ex. :10 201 CH2 CH?C@%%QWOMSZ

3, 5-di fl uorophenyl S 551

2-{(85)-8-(3.5- D1ﬂuorophenvl)~6—oxo— 7-azaspirof4.5]dec- 7-yl]—N (2'-ox0-1",2'.5.7-
tetrahydrospiro[cvclopentalb i
A mixture of [(8S)-8-(3,5- dlﬂuorophenyl) -6-0x0-~7-azaspirof4.5]dec-7-yljacetic
5  acid (21 mg, 0.067 mmol, described in Intermediate 86), (+)-2-amino-5,7-
dihydrospiro[cyclopentafblpyridine-6,3'-pyrrolo[2,3- -blpyridin]-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
10 gradient of HyO:CH3CN:CF3;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 = 558.2313; calculated m/z =
558.2311 for C3;H3FaN50;3.

EXAMPLE 20

15

2-[(85}-8-(3.5-Difluorophenyl)-6-0x0-7-azaspiro[4.5)dec-7-yl}-N-(2'-0x0-1".2".5.7-
tetrahvdrospiro[cyclopenta[b]pyridine-6.3'-pyrrolo[2,3-b]pyridin)-3-vllacetamide, isomer A

. A mixture of [(85)-8-(3,5-diflucrophenyl)-6-oxo-7-azaspiro[4.5]dec-7-yl]acetic
20 acid (50 mg, 0.16 mmol, described in Intermediate 86), 3-amino-5,7-
dihydrospiro[cyciopenta[b]pyridine 6,3"-pyrrolof2,3- b]pyridin] -2'(1'"H}-one, isomer A
(39 mg, 0.16 mmol, described in Intermediate 41), HATU (88 mg, (.23 mmol}, and N, N N-
diisopropylethylamine (0.135 mL 0.77 mmoi) in DMF (1 mL) was st;rred at ambient

.98 -



10

15

20

25

Ex. 10 202 NEt CH, CH, 1 3,5-difluorophenyl S R 566

Ex. 10 203 NH CH2 CH2 1 3,5-difluorophenyl S R 538

Ex. 10 TABLE 30 - - LCMS Rel evant ,
WORRPERE#HENt al Exanple X Y Z n R’ PCT/US2007/010952

temperature for 16 h. NH,OH (10 drops) was added and the reaction mixture was purified
directly by HPLC using a reversed phase C18 column and eluting with a gradient of
H,0:CH;CN: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 = 558.2301; calculated m/z = 558.2311 for
C31H30F2NsO;.

EXAMPLE 21
o _
o O N* I NH
| N A Ny
z H L

F F

2-[(85)-8-(3.5-Difluoropheny])-6-oxo0-7-azaspiro[4.5]dec-7-vI}-N-(2'-ox0-1'.2".5.7-

‘tetrahydrospiro{cyclopentafc]pyridine-6.3'-pyrrolof2.3-blpvridinl-3-vl)acetamide. isomer A

A mixture of [(88}-8-_(3,5~diﬂuorophenyl)-é-oxo—?-azaspiro[4.5]dec—?—y,l]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]pynidin]-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 HyO:CH;CN: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:
miz = 558.2334; calculated m/z = 558.2311 for C3yHaoF2N;05.

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 caées, additional synthetic
transformations that are well known to those skilled in the art were utilized afier 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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Al (M+l) procedures WD 2007/ 133491PCT/ US2007/ 010952

204 CH, CH? OH, 1 3,5-difluorophenyl S 557 Ex. 10

205 CH, CH, NH 2 3 5-difluorophenyl S 572 Ex. 10 206
WOCOT/IBBPINVe 2 3, 5-di fl uorophenyl S 586 Ex. PXO/DRP07/010952

CH, bond bond 1 phenyl +

mixtures of stereoisomers and subsequently purified to give individual isomers. In some cases

Ed

relevant experiméntal procedures are indicated in the tables,

TABLE 12
RS O H o)
Y N
SN P9 3y
kL)
G e
R / O
R Me
LCMS
Example R® R | R R * 1% ] (M+1)
22 H H H phenyl *{ s 447
23 Me Me H 3. 4-difluorophenyt + 18 511
24 Me Me H 3, 4-difftuoropheny! SIS 511
25 Me Me H 3,4-diffuorophenyl | R | S 511
26 Me Me H 3,5-difiuorophenyl S|S 511
27 Me Me H 3-methyl-2-thienyl | R | & 495
28 Me Me H 3-methyl-2-thienyl | S| & 495
29 Me Mie Me 3. 5-difluorophenyl 8|8 525
30 H Ph H | H |8 447
31 H Ph H H E 447
3z Et Et H 3,5-difluorophenyt S18 538
TABLE 13
Rw .
LCMS
Example | R® | R | R | R®| A" R' . (M+1)
33 MeliMe|] H ] H 8] phenyl 477
34 H | H |- H]HI{| S | 35dfluorophenyl | 501
35 H H H H | 80, | 3.5difluorophenyl | | 533
36 H H IMei{Me} S -phenyl 493
37 H| H) H]| H | SO | 35difiucrophenyl | minor | 517
38 H1H- 1 HJ]H}| SC| 3 5-diflucrophenyt { major 517
39 Me | Me]| H H . S0 | 3 5-difluorophenyt | minor 545
40 Et |.Et ] H H O | 3.5diftuorophenyl 541

. ~100 -
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493 Ex. 10 208 CH, CH, 0 2 3,5-difluorophenyl S Ex.
10 209 NH CH2 CH, 1 3,5-difluorophenyl S R 556 Ex. 10
210 NCO2CH2Ph CH, CH, 1 3 5-difluorophenyl S R 692

[

WORBKT/1884911 NMe CH, CH2 1 3 5-difl uorophenyl ETRIBIF/010952
Ex. 10 212

TABLE 14

. R'TRS o n 0
) N NH
t /\Oﬂr O. % L
N
R o omd °

. s ; LCMS
Example | R R R" * % | (M+1)
41 H H phenyl £ | S 447
42 H H phenyl IR 447
43 Cl Cli phenyl +1 8 515
44 Cl cl "~ phenyl + IR} 515
TABLE 15
rRe Q H o)
;
R N/Y N NH
R % O WEN
) R4 _ M e/ O
Relevant
: o LCMS | experimental
Example | R® | R R R" . % | (M+1) procedures
45 Me | Me | OH 3,5diflucrophenyl S S 527 Ex. 6
TABLE 16
O
/Y NH
Rit R” : fN )
‘ ) Relevant
‘ LCMS | experimental
Example | R* | R’ | RY RrR" “ | (m+1) | procedures .
46 Me | Me | H 3.4-diftluorophenyl + | 531 Ex. 10
47 Me | Me ] H 3,4-difluorophenyl R| 531 . Ex. 46
48 Me I Me | H 3.4-difluorophenyi S| 531 Ex. 46
48 | Me | Me ; H 3,5-difluorophenyl S| 531 Ex. 10 .
50 Il Me|{me] H 3-chloro-4-fiuorophenyl S| 547 Ex 10,
51 Me | Me | H 3-fluoro4-methylphenyl .| 8| 527 Ex 10
52 | Me | Me| H 5-fluoro-2-rmethyiphenyl S| 527 £x10
53 Me [ Me! H 4-fluoro-2-methylphenyl Si-527 |- Ex 10
54 - | Me |Me| H 4-fluoro-3-methylpheny §] 527 | Ex.10
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NCH2CF3 CH2 CH, 1 3 5-difluorophenyl S R 640 Ex. 10
213 CH2 CH2 NCO, CH, Ph 2 3,5-difl uorophenyl S 706 EL

10 TABLE 31 5 LCVS Rel evant experinents
WORRKBIIX Y Z Al n R PCT/US2007/010952
55 Me | Me | H 5-fluoro-2-methoxyphenyl S| 543 Ex. 10
56 Me | Me | H 3-flucrophenyl S| 513 Ex. 10
57 Me | Me | H 4-chioro-3-fluorophenyl S| 547 Ex. 10
58 Me [ Me|{ H 3-fluoro-2-methyiphenyl S| 527 | Ex. 10
59 Me | Me | H 2-methoxyphenyi S| 525 Ex. 10
50 Me | Me | H 4-methoxypheny! S} 525 Ex. 10
61 Me [ Me | H 3-methoxyphenyl 5| s25 Ex. 10
62 Me | Me | Me 3,5-diflucrophenyl s | 545 Ex. 10
63 Me | Me | H 3,5-dichlorophenyl S| ssa Ex. 10
64 | Me [ Me | H 3-thienyl 18| 501 Ex. 10
65 Me | Me | H 2-thienyl S| 501 Ex. 10
66 Me [ Me ]| H 5-chloro-2-thienyl 5| 535 Ex. 10
67 Me | Me | H 1,3-benzodioxol-5-yl S| 539 Ex. 10
58 Me | Me !l H 3-fluaro-4-methoxyphenyl S| 543 Ex. 10
&9 Me | Me | H 3-chloro-5-flucrophenyl S| 547 Ex. 10
70 Me [ Me | H phenyt s|{ 495 | Ex. 10
71 Me | Me | H 2-trifluoromethylphenyt s| se3 Ex. 10
72 Me { Me | H 4-fluorophenyl S| 513 Ex. 10
73 Me | Me | H- 2-{methyithio)phenyl 5| 541 Ex. 10
74 Me [ Me | H cyclohexyl sS4 501 Ex. 10
75 Me | Me | H cyclopropyl S| 459 Ex. 10
76 Me | Me ] H 3-chlorophenyl S| 529 Ex. 10
77 Me | Me ] H 3.4-dichiorophenyl S 563 Ex. 10
78 Me | Me | H 3-methylphenyl S 509 £x. 10
79 Me | Me | H 4-methylphenyl S| 509 Ex. 10
80 Me | Me | H 4-(methylthio)phenyl S| s41 Ex. 10
81 Me | Me] H 4-chloro-2-methyiphenyi S| 543 Ex. 10
82 Me | Me | H benzyi Si 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-triffluoromethyiphenyl 563 Ex. 10
86 | Me lMe| H 2-{methylsulfonyl}phenyl S| 573 Ex. 73
87 e t Me | H 4-{methylsulfonyliphenyl 5| 573 Ex. 80
88 Me [ Me | H 3-trifluoromethylphenyl | 563 Ex. 10
B9 Me | Me H 8-bromo-2,3,4-trifluorophenyl 527 Ex. 10
90 - Me | Me | H 2-methyiphenyl S| 509 Ex. 10
g1 “Me [Me | H 2.3.4-triflucrophenyl 549 Ex. 10
92 Me | Me | H 3-chloro-2 4-difiuorophenyl 585 Ex. 10
93 Me | H H 3,5-difluorophenyi S| 517 Ex. 10
94 Et Et H 3,5-diflucrophenyi S 559 Ex. 10

TABLE 17
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10

Rti % (M+1) procedures 214 CH2 CH2 CH, CH2 1 H
3,5-di fluorophenyi S 558 Ex. 20 215 CH2 CH, CH, CH,
1 H 3,5-difluorophenyl S Isomer B 556 Ex. 20 216 CH,
WOQWHIEHL NH 1 H 3, 5-di fl uorophenyl R | soner BEXIHER0EHH10952
20 217 CH2
RS \RY o
.0
Al o NH
. n A
N - N
R‘IO R11 H Y /
Relevant
& ; . . LCMS | experimental
Example | R* | R A R RrR" * | (M+1) | procedures
95 Me | Me ) H phenyl R| 497 Ex. 6
o6 Me | H 9] H phenys R| 483 Ex. 6
o7 H | H 0 H phenyl R [ 489 Ex. 6
98 Me | Me 9] H 3,5-diflucrophenyl | R | 533 Ex. 6
89 . | Et | Et 0 H phenyi R| 525 Ex. 6
100 H | Me 0 H phenyl R| 483 Ex. 6
101 Me | Me o} H 3,5-difluorophenyl | S| 533 Ex. 6
102 Me | Me g H 3,5-difluorophenyt R 549 Ex 2
103 H | Et o] H phenyi R 1 497 Ex. 6
104 Et | Et o] H 3 6-difluorophenyi | R | 561 Ex. 6
105 Me | Me CF, H 3,5-difluorophenyl S| 567 Ex. 7
108 Me | Me | 1,3-dioxolan-2-yl H 3,5-diflucrophenyt | S | 588 Ex. 7
TABLE 18
]
8 Xy
x N\/lkN o
N
H
Relevant
6 5 . LCMS | experimentat
Example | R" | R R . (M+1) | procedures
107 Me | Me 3,5-difluorophenyl "R 545 Ex. 7
108 Ft | Et 3.5-difluorophenyl S 573 Ex. 7
109 Et | Et 3,5-difluorophenyl R 573 Ex. 7

TABLE 19
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CH O OH 2 H 3,5-difluorophenyl S Isomer A 574 Ex.
20 218 CH2 CH, OH, NH 1 Me 3,5-difluorophenyl R

Il somer A 573 Ex. 20 TABLE 32 10 LCMVS
WORBYEIL experimenta Exanple X Y 7 PCT/US2007/010952
R7 R® 0
RO.__~ 0
* O NH
R11 H U
‘Relevant
| - LCMS | experimental
Example { R R R * R" % (M+1) | procedures
110 Me ]l Me | H R 3,5-difluorophenyl R 547 Ex. &
111 Me | Me | H R 3,5-difluorophenyl S 547 Ex. 6
i12 Me|l Me | H S 3,5-difluorophenyl R 547 Ex. 8§
113 - Me | Me | Me s 3,5-difluorophenyl S 561 Ex. 6
- 114 Et]| Et | H s 3,5-difluorophenvi S 575 Ex 6
115 Et{ Et | H R 3,5-difluorophenyi R 575 Ex. 6
116 Eti{ Et | H R 3,5-difluprophenyl S 575 Ex. 8
117 Me[Me | Me | R 3.5-difluorophenyl R 561 Ex. 6
TABLE 20
H
-N
R
Relavant
- . ; “ LCMS | experimental
Example | R R R * R % (M+1) procadure
118. Me | Me | tert-butoxycarbonyl | + 3.5-difiuorophenyl S | 646 | Ex 8-
119 Me | Me H * 3,5-difluorophenyl S 546 Ex. 8
120 Me | Me Me S 3,5-diffuorophenyl S 560 Ex. 8
121 Me | Me __H S 3,5-diftluorophenyt S | 548 Ex. 8
122 Me | Me H R 3 5-diflucrophenyl 5 546 Ex. 8
123 Et | Et H S _ 3.5-diflucrophenyl 5 574 Ex. 8
124 Et | Et H R 3,5-diflucrocphenyl S 574 £x.8
TABLE 21
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Al n RL R % (M1l) procedures 219 CH CH, CH CH2 1

H 3, 5-di fl uorophenyl S Isoner B 558 Ex. 21 220 CH?

CH? CH2 NH 1 H 3, 5-difluorophenyl R Isomer A 559 Ex.
WOZeo723349CH2 CH, CH, NH 1 H 3, 5-di f| uor opheny|PCX/US2007E10952

B 559
R? R® O
1 - .
R‘N’47?Oc3 NH
K"”/ N \)’L =
R N
G Relevant’
M .
Example R® R’ R R * {M+ 19)) e;%e;:ie'?jrrgs |
125 Me Me tert-butoxycarbony! pheny! £ 596 Ex. 12
126 Me Me H phenyi 1 496 Ex. 12
127 Me Me terf-butoxycarbonyl pheny! S 596 Ex. 12
128 Me Me tert-butoxycarbonyl phenyi R 596 Ex. 12
129 Me Me H phenvi R 496 Ex. 12
130 Me Me tert-butoxycarbonyt | 3 5-difluorophenyl S 632 Ex. 13
131 Me Me tert-butoxycarbonyt | 3 5-diflucrophenyl R 632 Ex. 13
132 Me Me Me 3,5-diflucrophenyi R 546 Ex..13
133 Me Me acetyl 3,5-diffuorophenyl R 574 Ex. 13
134 Me Me methylsulfonyl | 3,5-diffluorophenyl R 610 Ex. 13
135 H Me Me phenyt kS 498 Ex. 10
136 Me H Me phenvl + 496 Ex. 10
137 H Bn Me phenyl S 572 Ex. 10
138 H- Bn Me phenyl R 572 Ex. 10
139 Et Et Me phenyl x 524 Ex. 10
140 Et Et H phenyl t 538 Ex. 10
141 Et Et H 3,5-difluoropheny) S 560 Ex. 10
142 H Ph Me phenyl S 558 Ex. 10
143 H Ph Me “phenyl R 558 Ex. 10
144 H i-Pr Me phenyt S 524 Ex. 10
145 H -Pr Me phenyl R 524 Ex. 10
146 H i~Bu Me phenyl 5 538 Ex. 10
147 H iBu Me phenyl R 538 Ex. 10
148 -Bu H e phenyl S 538 Ex. 10
145 i-Bu H _Me phenyl R 538 Ex. 10
150 CH,CF, H H 3,5-difluorophenyl R 588 . Ex. 10
151 | CH,CF, H H 3,5-difluorophenyl S 586 Ex. 10
152 H CH,CF, H 3,5-diflucrophenyl R. 586 Ex. 10
153 Me Me PhCH, 3 S-difluorophenyl R 622 Ex. 13
154 Me Me CFiCH, 3,5-diflusrophenyl R 814 Ex. 13
155 Me Me H 3.5-difluorophenyl 5 532 Ex. 13

TABLE 22
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WOZRUY13§891| 2CH, |

Ex. 21 222 CH2 CH, OH, NH 1 H 3,5-difluorophenyl R +
559 Ex. 21 223 CH, CH, 0 CH2 2 H 3,5-difluorophenyl

| soner A 574 Ex. 21 WD 2007/ 133491PCT/ US2007/ 010952
CH2 I NHVe | 3, 5-difl uor oph®GITReT#16952
573 I Ex. 21 Al though specific enantioners and

di astereoners appear in the above Exanpl es and
Intermediates, it is well understood by those skilled
in the art that nodifications to reacti.on 5conditions
and reagents (for exanple, but not limted to: using

t he opposite chiral')y for starting materi-als;

different catalys\s/ uslng t he opp05|”e chlrallty for
reagent s; choﬁéuq ent Je
di ast ereonmer sub equ nt o a »
provi de al ternati i '
all of which are gn
the invention. [
possi bl e optical isoners and diastereoners in

S

Al

et 1

A-xt-tH-es—ane—as—pure—or10—partatt-y—pured P
‘donpounds are ifncluded Wi thin the ambit of jthi$|cus eﬂmﬁmimm
Examplei jnvent i &). The ppresem'®ifnventi onrl's neant fo* | (M+1) | procedures
156 _cdonprehend all_jsugh|i sofreric f opwsviof thes¢ R 522 Ex. 10
157 _donpounds. Wille $he HnVention besyibeen descBi beskzand Ex 10
158 jll | ustr¥eed with_tefleHence to cewendi n partic@larSOS Ex 10
159 dnbodin¥ats theredf | Hhose skil bhedvlin the are i B22 Ex 10
160 gniertdutogycarbondt] var il abls | ada@adiflverapherivbchangBs| 658 Ex. 12
161 'T\r‘ll ficdtions lsubstlituti nnq3 Sﬂmomphmyh of _8d#Hi B3eans  EXx. 12
182 gf Tals ggéﬁ_u_r_gg_amd“ pt ofladol s %@ﬂmphﬁ?i’b wit hdut 572 Ex 12
163 eparf i !l'.-'g flr omtt h% S nHrl i _ar?hs‘@ﬂ'lﬁmheﬁy] theli %\I bndiZa Ex. 12
189 Cor—exaible—effedt] "E—i&%ﬁ&i@%h% 636 z’" 10
165 et i ogb .’mlno ot dcoHe +4-’anmp135ﬁlm'lu h Q 6364 x. 10
TR IO T AR Ot T WA 045+ i I 4 LR
167 e omsitreness ot St el o3 Ssdifluorophenyl, 1S T Ex. 13
tog {[ESponSreness ot the ais SRR URcod e o o103
169 'ILIIC f IIUIHuaLI oS v@ t :I I\hell P L;Ul PSU—&ii‘th,,éFOpHény ||:n| ||§\. e Ex 13
R e A o T A S AT Y e LS 7 N
171 " h-tdtokycdibo kﬂ' "IN e YO U%b‘f—éiif\{u%rbpﬁe | VArY §CP ORI, 12
172 1|0 a@nd (Eependr g Jpor,d P& d ikt dthe Pt T VE RO[TPFRTAS ™ Ex 12
173 §€I ECTEQy Or WNEU NgT TLRET € AT FhfordphenyP el TG EPT ELAl Ex 12
174 QalehloBloRycamengl 13 a$ LNE ty@%-& uotdph att onsantedPUde  ex 12
of adm nistrafton enployed, and such expected
variations or differences in the results are
contenpl ated i n accordandé&Blif B3t he objects and
practices of the present invention, h is.intended,
t her ef ore, e jsnventi on be defbned by the scope
of the 250Ia| chg ol low gnd thaty such claims be
interpreted as oa y |s gl eNH WO
2007/ 133491PCT/ .
N
R11
: Relevant
. ” ) LCMS experimental
Example R # R * {M+1) procedures
i75 H S phenyl R 508 Ex. 10
176 H 5 phenyl S 508 Ex. 10
177 'H R phenyl R 508 Ex. 10
178 H R phenyl - S 508 Ex. 10
179 . Me S phenyi R 522 Ex. 10
180 Me 5 _phenyi S 522 Ex, 10
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VWHAT IS CLAIMED I S: 1. A conpound of the formula I: 5

R6' |

EbJ 10wherei n:

-0-,

(2)

N-.N ALA30 R7 A2 MM Rf Re Fr \1 NRPG Ea.,--Y
Al is selected from (1)

- WO2G70334091 15(3)-Si (0/2a)-Cl_al |l c34-, where alPKifIUS2607/010952
unsubstituted or

-Si (d

urtsubstituted or substituted with 1-5 hal o-,

substituted wth 1-5 hal o,
itallc-yl)2, where each al kyl

(4)

i s independently

(5)

- CR6R7-, (6) -N(R8)-, 20(7)-(C=0)-, (8) -C(R8)(Ra)-,

(9) (10) -C(N(Rb)(C=0)-Ra)(1r)-, (I 1) ,

- Yehl RD) V) UgE) (LB s.gifbadopKenyr wLl-,] adid Ex. 10
(1gp- N( -, 82 153 8R4m6leRbAt T PM T -[CRE7-|, Ex. 10
(2)-CRIORLI-, and 30(3)-(C=0)-; A3 is selected from -

WD 2007/ 133491PCT/ US2007/ 010952 (1)

-N(R8) -,

(3)

-CRIR11-,

- CR6127-

,» (2)

24N(R11)-; 5M4 is

selected from (1) -CR6R7-, (2) -(C=0)-, (3) -N(R8)-,
R7 R® 0 -
R - -
N O NH
# ‘
RZ’J\‘*/N\)kN N
- RY H N
' Relevant
s , . ) . LCMS | experimental
Exampie R R R R # rR" * {M+1) | procedures
183 Me Me M 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-diflucrophenyl R 546 Ex. 10
186 Me Me H Me S 3, 5-difluoropheny! S 546 Ex. 10
TABLE 25
X
1 o)
R
s, X
N
N = N
R10 R H N S
Rélevant
; 10 i LCMS | experimental
- _Example R X R R * {M+1) | procedures
187 H 0] H 3,5difluoraphenyl R 574 Ex 10
188 H 0 H 3,5-difftucrophenyi S 574 Ex. 10

TABLE 26

-107 -




10

(4) -CR1R11-, 10(5)-N(R11)-, and (6)a bond between A2
and A3; E8 is selected from (1)-C(R6a)=, (2)-N=, and
15(3)-(N+-0)=; Eb is selected from (1) -C(R5b)=, (2)

WOowasend (3) -(Nt-O =; 20Eb is sel ected frdfaT/US2007/010952

(1) -C(R44)=, (2) and (3) Qis selected
from 25(1)-(C0)-, (2)-SXx2-, (3)-SO, and
(4)-C(Ra)2-; R4 is selected from 30(1)hydrogen,
(2)-C 4allcyl, which is unsubstituted or substituted
with 1-5 substituents each independently sel ected

“from (a) halo, (b)_-£3 6cycloal kyl, 35(c)-CF3, and ' .
(d) (3)-C3.6cycl ?al /n WO - O

2007/ 133491PCT/ R 0§52 (4 yI ,

(5) phenyl ; Rsband 1250 ar ejjeac Hdenf 1y :
selectedfrom (1) hye vg«eﬂj'L ichis
unsubstituted or jtutedHwith 1-6 hIo; 3) hal o,

(4) -ORa, and  R6 and R7 are eact
independently S8 ted from 10(1)hydrogen,

(2)-d _6allcyl, whixgh is unsubstituted or substituted
with 1 5 substltuents each i ndependently sel ected

from (a) hal o,

Relevant
; LCMS | experimental
Example R n X * {M+1) procedures
- 189 tert-butoxycarbonyl 3 F R 684 Ex. 13
180 tert-butoxycarbonyl 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 t 648 Ex. 13
194 H 3 H * 548 Ex. 13
TABLE 27
O
NH
7N
N
Relevant
] LCMS | experimental
Example R n X > {M+1) procedures
195 tert-butoxycarbonyl 3 F % 658 Ex. 13
186 : H 3 F + 558 Ex. 13
TABLE 28
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(b)

15(c) - C3_6cycloalkyl,

(d) phenyl

or heterocycle,
wherein said heterocycle is selected from pyridyl,
pi peridi nyl,

nmor phol iRGAIVYS2007/010952

pyrimdinyl, pyrazinyl, pyrida7inyl,
WORpREBaPInyl , pyrrolidinyl, thienyl,

thi azolyl, indolyl, indazolyl,

oxazol yl, which phenyl or heterocycle is

benzi m dnol y1 and

unsubstituted or substituted with 1-5 substituents
each 20i ndependently selected from (i) halo,

(i)

-C _6alkyl, which is unsubstituted or substituted
Y

with 1-5 hal o, (4d i e (iVv) NRor, 25(
(vi)oxo; (e)- ?521 . (fb ( 0)141tbR
30(h) - CN, (D) -N

- N( R5S02Rd, (1) -0 CCE

(0) -NR'-(C--0)- a m

(3)-C3_Kcycl oal
substituted with

ichis unsubstlt '
substituents each i ndependently

-CN, and

selected from (a)halo, 5(b)-UN, (c) -d _aal kyl,

whi ch i s gnsubstiftuted or SubsStitutey didizdr 31 hal o,

and (d) -01r, (4)phenyl or heter @xpatfrengi h sai d
- het er ocycl &Exé¢mplee| ect edRt rom pyM*dy | procedures

pyri m di nyl 193y r azterputoxysebparhai §92 | ni F¥r13i nyl |

p| per azi ny ,15 Jlrrnl i r‘|1 n\HI thi n\ﬁ'p2 mmﬁ"n‘H”nl i ’]y| ,

thiazolyl and oxazolyl, whi ch phenyl or heterocycle

i's unsubstituted or subsﬁudﬂlgggmnth 1-5 substituents

each independently selected from

- C3_6cycl oal kyl,,

or substituted VWT

15(d) phenyl
1-5

(a) halo,
whi ch i s unsubstituted
substltuents each

(b)

(c)

I ndependent |y ad from (i) ha (i)
-Cl. 6all cyl, r j sub d rﬁ¥bstltuted
with 1-6 hal o, tand i(iii
N N™"o
R11 H Me
Relevant
" LCMS | experimental
Example X Y Z n R * % (M+1) procedures
199 CH; | CH; § CH, 1 3,5-diflucrophenyl 8 537 Ex. 10
200 CHy | CH, | © 2 3,5-diflucrophenyi S 553 Ex. 10
201 CH, | CH: { CH, 2 -3,5-diflucrophenyl S 551 Ex. 10 -
202 NEt | CH, | CH; 1 3,5-diflucrophenyl S R 566 Ex. 10
203 NH | CH, | CH, 1 3.5-difluorophenyl S R 538 Ex. 1D
TABLE 30
)n O
O .
Q NH
H N
Relevant
N LCMS | experimental
Example X Y Z n - R U % (M1 procedures
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20(e)-021r, (f) -C(=0)NRble, (g) (h) -CN, (i)
-NRbRa 250) (k) -N(R b)S02Rd, (1)-0-CO2Rd,
- 0- (C=0) - NRbr, (n)

WO&’@Q”&?“@Q—- 0)12.a, (p)-C _6allcyl, which is PCI/US2007/010952

tui substituted or substituted wth 1-6 hal o, and
(cl)oxo; (5)halo, (6)-0Ra, 35(7)-CN, (8) -0Q212.a (9)
-N(R5C(=0) 12, WD 2007/ 133491PCM52007/ 010952 (10)
-NRbitc, (11) -C(=0)NRbR , and (12) -0(C=0)R8; 5or R6
and | e and the carbon atomor atons to which they are
attached join to forma ring selected from

cyctopropYT. syt ot Y TGV L ORI Vet V& PHEXYE; Ex. 10

204 , ,
205 CYCI Oﬁﬁpt yi ,CHPZYC' oagt yi - &Y L5 ORI dphedy/ CISOPULIETEYS | Ex. 10
206 CYCl 0paNT eNYdH, [CYCNRBEXENYT | 3 6Bl RRBR,ENY 585 Ex. 10
207 cycl oosi enylbpondi oXedranyli, 1d] oxaBydnyt azi f idj Nyl 4s3 Ex. 10
208 azet i dunyl . @yrirol i di nyl | 2p] pewifchrappbnyi PBpEr dzisny | Ex. 10
203 nor phokHi nyl!,CHzett r alover of ur any.b-difteedphadyyd Bopfrianys Ex. 10
210 t aiNGEhGIhPht Hitaplyr ik aix &t hh§difuotaphirivel SnlyR |acep Ex. 10
211 t gt r NIy ot Hity] | i t ha-d@ygrenhienyl s SobRilos3d | Ex. 10
212 g; MCHaeFst d Gthal cuCHane o/ baprlBuaropienylh SchR,l g0 (L EX 10
213 s by ¢ el e NGOG ER | 2o b3 Guivoroohenvil St o]t V Ex 10

each [ ndependently sel ected from (a)-GC _6allcyl,

which is unsubstituted oraBubstituted with 1-3

substituents each i ndependently selected from
15(i)halo, (ii) \p E’ (iii)-C3_6eycloall cyl,

(iv)-0Q21r, (v) fO(w )-S(0), R4 ,o(Vvii) '

- C(=0) NRbR an ) phen b) ZWC3 6c¢cycl oal I cyl,
wherein the @%B&Cj%oal yl tonal |y fused
to the » N SN I'Rg=~.and which

C3_6cycl oal | cyligrgup is ﬂmsubst i tuy ed O substituted
with 251-3 substituents each independer Iy sel ect ed

5 from (i)halo, . (ii) (iii) -C3_6cycloal kyl, (iv) ‘
-0OZ21r, - Relevant
LCMS | experimenta
Example | X Y Z Al n R0 RrY . % (M+1) | procedures
214 CH, | CH, | CH, | CHz 1 H 3,5-diflucrophenyl | 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-difluorpphenyl | R | Isomer A 559 Ex. 20
247 CH, | CH, O CH; 2 H 3,5-diflucrophenyl | S | lsomer A 574 Ex. 20
218 CH, | GH, | CH, | NH 1 Me | 3.5-difiuorophenyl | R | IsomerA | 573 Ex 20
TABLE 32
10
o Relevant
_ : , 10 “ LCMS | experimenta
Example X Y Z A n R R * % {M+1) | procedures
218 CH; | CHy | CH, | CH; 1 H 3,5-diflucrophenyl | S | isomer B 558 Ex. 21
220 CH; | CHp | CH, | NH 1 H 3,5-diflucrophenyl | R | 1somer A 559 Ex. 21
221 CH; | CHy | CH; [ NH 1 H 3.56-diflucrophenyt | R | IsomerB | 559 Ex. 21
222 CH. | CH, | 'CH, | NH 1 H 3,5diflucrophenyl | R * - 559 Ex. 21
223 CH, | CH, o CH; 2 H 3,5-diflucrophenyt | § | Isomer A 574 Ex. 21
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30(v) (vi)-S(O)R', (vii) -C(=0)NRbEe3 and (viii)

phenyl, (c)phenyl or heterocycle, wherein heterocycle

is selected from pyridyl, 35pyrimdinyl, pyrazinyl,
wopgevidaozi nyl , pi peridinyl, piperazinyl, pyr PEIEHeng010952

thi enyl, norpholinyl, imdazolyl, furanyl,

tetrahydrofuranyl, thiazolyl and oxazolyl, wherein

t he phenyl or heterocycle is optionally fused to the

ring, WD 2007/133491PCT/ TJS2007/010952 and whi ch

phenyl or heterocycle is unsubstltuted or substituted

10

15

20

25

CHM L RBHLI-|O GHPGLMMUENY S [€ T NE8RGS RE e 573 | EX 21
from (1) halo, (Ii) -CL 6allcyl, WhT G s :

unsubstituted or substituted with 1-5 hal o, 5(iii)
(iv) -CRRa, (v) -0(C=0)1r, (vi) -CN, (vii) -NRbl2",
10( Vi i Althe Evspemf ic enantiomers and diastereomerk b¥pear in the above Examples

-and Imfl%chgte% tdé_ﬁgeﬁﬁgd?rgtogh g&f%?%%Rﬁl eé lté%?ﬁ)aﬁ at(ra?&if Ezét ons to reaction

condltmmeagcm)s ({g(exanpks Rat nc(tgf;mtcg(tg) Ring @@@pposﬁ]ﬁ chirality for starting
matena(l&)dhﬂér@nt da’;kglgsti Kakin N( rt@a\ﬁlﬁ?ah forr sid® tdhse a different

enantlo(ne)r Of er gt(x)bds(e Rl %’%a.l&%s)olunoR? I?gmdéé)% qlt'éégtwé

enantloggqr%ech@aspt‘z@mne(s”l Wb@@@ﬁe inchaded gy t;b@)ngxt and gc)opc of the invention.
It is inte{aARAat AIH théSp=EpRooptRal fspmSESHRd 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.

‘While the invention has been described and illustrated with reference to certain
particular embediments thereof, those skilled in the art will appreciate that various adaptations,
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 2above 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
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. Itis intended, therefore, that the invention be defined by the scope of the

 claims which follow and that such claims be interpreted as broadly as is reasonable.
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(6)-
-Cl_

C(=0) NRbR', WO 2007/133491PCT/ US2007/ 010952
6allcyl, which is unsubstituted or substituted

with 1-5 substituents each independently sel ected
WOR0GW33498) hal o, (b) (c¢)-C3_6cycloal l cyl, (d) pasiigLoonnieos:

het erocycl e, wherein said heterocycle is sel ected

from pyridyl, pyrimdinyl, pyrazinyl, pyridazinyl,

pi peridinyl, piperazinyl, pyrrolidinyl, thienyl,

nor phol i nyl, thiazolyl and oxazolyl, which phenyl or

het erocycl e is unsubstituted or substltuted with 1-5.

substituents each independently selected from (i)

Cl_6allcyl, which bstituted
xSk Qupptbly 1 0 VL W Eh e insubsty e i
“NRb12', (v) -C(r-0)12.a, (vi) -0CR123, and (vii)

0Xo,

(i)

(1)-

Oe)-QQZQc_rmpd&d-o@Qh%%Nﬁmal(g) -S(0)R, (h) -CN
“NR6R, (j) -N(RL')C(=0)12,, (k) -N(Rb)S02Rd,
CF3, (m) -0-C2Rd, (n) -0-(C=0)-NRbRc, (0)

-NRb- (G --=0)-NRbRc, and (p) -C(=0) 1le,
-C3..6cycl oallcyl, which is unsubstituted or
substi t ut ed Wi th ;U6 ﬁ%pq?utuents each |ndependently

sel ect ed fr m (a
Cl_6al | cyl QL i Efed
wth 1-6 200 133 1P
and R8 and 1he ato tg)mhl t he
to forma @‘ or 7- nengére

CN (chﬂ Ole, Eg (d)

@\10952 or R7
atgached join

heteroalkyI-A?ngpdptlonally cont ai ni ng- an addltlonm
het eroatom sel ected fromN, 0, and S, wherein the
sul fur is.optionally oxidized to the sul fone or
sul foxi de, which ring is tnsubstituted or substituted
with 1-4 substituents each 3independently sel ected
whereinftrom (a) halo, (b) phenyl, which is unsubstituted or
substituted with 1-3 substituents each i ndependently
1 selected from halo, 012a, CN, and -C(=0)0Ra, (c)
Al is selagtied froad 10(d) - Cl4al I cyl, which is unsubstituted or
@ybstid-yted with 1-6 halo; R is independently

é§lec%gg)from

3) —Sl(OR”)—CMa]kyI- where alkyl is unsubstituted or substituted with 1-5 halo,
4) -Si{C;aalkyl);, where each a[kyl 1s :ndependentiy unsubstituted or substituted
_ with 1-3 halo-, -

(5} -CR°R’-,
(6)  NE®RY-,

(7)  «(C=0},

@) -CRHRY-,

(9  -CNER®-SORHRY)-,

(10)  -CN(R"YC=O)RH(R?-,

(11)  -C(NR®XC=0)OR*)(R")-,

(12) -CRM™R!. and

(13)  -NR")-;

A? is selected from:

(1) -CRSR’.,

@ -CR'R'- and

(3) AC=0)

A3 is selected from:
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(1) hydrogen, (2)-C 4allcyl, which is unsubstituted or
substituted with 1-5 substituents each
15i ndependently selected from (a) halo, (b) -0Ra,
wO(20)7/13¢44) phenyl, and 20(e)-C3. 6¢cycl oal | cyl, pomivsivor/e109s2
unsubstituted or substituted with 1-6 hal o,
(3)-C3.4cycloalkyl, which is unsubstituted or
substituted with 1-6 halo; R' is independently
sel ected fromthe group consisting of: phenyl,
naphthyl t etrahydronapht hyl, indanyl, ‘bi phenyl,
na Rﬁyﬂ ant hryl , azepinyl, 25azepany|,
etldﬁag benzi m dazol yt, benzi soxazol yl,
nzof l; benzofurazanyl benzapyr anyl ,
3Nz ot@R By?aayl benzofuryl, 1, 3-benzodi oxol yl,
‘gnzoqh}gz lyl, benzothienyl, benzoxazol yl ,
s Al E nzo grazoWyI benzotri azol yl, chronmanyl,
is selg di benzof uranyl, di hydrobenzofuryl,
didhy dr@B®&iZot hi enyl, di hydrobenzot hi opyranyl ,
hyd[ zothlopyranyl sul fone, furyl, furanyl,

da izdi’'nyl , imidazolinyl, 30indolinyl, indolyl,
ﬁﬁ%c 5%#%5 |SO|ndoI|nyI i soqui nol i nyl, '
P@othﬂﬁi%R?dln |soth|azolyl, mor phol i nyl ,
10 (Bpht hyri'y L@Mh oxadiazolyl 2- oxoazepi nyl ,
énoxonggQ{ |d| é oxoplpera2|nyl
oxoprst P ﬁ?ﬂ S&opyrrolidinyl, 2-oxopyridyl,
wse@m§§§§91nollnyl plperldyl pi perazinyl, pyrazinyl,
Qyr azaireayl , pyramAyI, pyridazinyl, pyridi nyl,
ridyk r|n1d|nyl pyrimdyl, pyrrolidinyl,
g rrqﬁéﬁ qU|nazoI|nyI qui nol i nyl, qui noxalinyl ,.
t et KBMKIF®f ur anyl | tetrahydrofuryl
msekebdabydr0|n1dazopyr|d|nyl tetrahydroisoquinolinyl,
¢§traqX t§QU|noI|nyI tetrazolyl, t hi anmor phol i nyl ,
|anDrp I|nyI sul f oxi de, thi anorpholinyl sulfone,
|az%+yﬁn thiazolinyl, thienofuryl, thienothienyl,
mlen{N*()yi)2007/133491PCIPTU82007/010952 triazolyl,
2 yl, tetrahydrothienyl, tetrahyciropyranyl,
0 ) l.s Selé&g%(gégﬁ t et rahydr ot hi apyr anyl and thietanyl, where
_ IS sﬁbstltuted or substituted with 1-5
@ubstN=uemd s each i ndependently selected fromR12, .
(3}3,-@&4 7Bl5a and 1215b; 5R12, R13, r.14, 15 R a and
leseict are each i ndependent |y sel ect ed fron1
? 158 cyl, which is unsubstituted or substituted
W)th-@3ﬁ3bubst|tuents each i ndependently sel ected
(gyom.gbHa) halo, (b) 10(c)-C3_6cycloallcyl, (d)phenyl
($i heg roc cIe wherei n said heterocycle is sel ected
om %{ ~pyrimdinyl, pyrazinyl, pyridazinyl,
) per&(Ryi; plperazinyl, pyrrolidinyl, thienyl,
R*is seleméphomt nyl , thiazolyl and oxazolyl, which phenyl or
30 ' tergﬁ%%le IS unsubstituted or substltuted with 1-5
subst At's each i ndependently 15sel ected from (i)
(Bhl o,-C+allsyl, whichas Rysubstithted lor bubstimtadbith 1 +ft ebstonents each
subs&mdeptﬁénﬂytsblc&teEﬁbﬂ{ o, and (iii) (e)-CO2Ra,
20(fk Rbre (g)‘JS(O)Rd, (h) -CN, (i) -NRbRc,
(i) ?& ---O]Ra, 25(k) - N(Rb) SO2Rd, (1)-CF3, (m
: . -0- C@)Rd —C;.chcloa kvl,
35 () -CF3, and
(@ . -O-R%,

(3) —Cg.ﬁcycl_oalkyl,

15

25

13-



(n) -0-(C=0)-N1lRblte, (0) -NRb-(C=0)-NRbRe, and 30(p)

(2)-CG _6cycloallcyl, which is unsubstituted or

substituted with 1-5 substituents each i ndependently
wosetassset from (a) halo, (b) -CN, 35(c)-C _6arkgion7inioos:2

whi ch is unsubstituted or substituted with 1-5 hal o,

(d)-012a, and WD 2007/133491PCT/ US2007/ 010952 5

(3) 10 15 20 25 30 (4) (9) (6) 35 (7) (8)

(9) (e) phenyl, which is unsubstituted or

"substituted with 1-5 substituents where the

?ﬂbstbg&sﬂgadare each independently sel ected from

|
3) phenyl;
R*, R*®and R* are each independently selected from:

(1>  hydrogen,

5 (2) -Ci-salkyl, which is unsubstituted or substituted with 1-6 halo,
3) halo,
(4)  -OR® and
&) -CN;
R6 and R’ are each independently selected from:
10 {H) hydrogen,

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

(a) halo,
(b) -OR?,
15 {c) -Csgcycloalkyl,

(@) 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

20 independently selected from:
' (1) halo,

Gi) -Cjsalkyl, which is unsubstituted or substituted with 1-5 halo,
(iiiy -OR?, '
(iv) —NRR°,

25 ™ —CN, and
(vi) oxo;

()  -CO.R%,

)  -C(=ONR'RS,
(&  -S(ONRY,

30 (b  -CN,

' (i)  -NR°RS,
G -NRHCEORY,
k) -NERMSO.RY

: ) | -CF, .

35 . (m) -O-COR%
(n)  -O{C=0)-NR°R®,
(0) . -NRP-(C=0)-NR°RS, and
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(ii) halo, (iii) -CN, and (iv) -Cl_6al kyl, which is
unsubstituted or substituted with 1-5 hal o, phenyl or
het erocycl e, wherein said heterocycle is selected

wobeonmss4pyridyl, pyrimdinyl, pyrazinyl, pyrizczusepdroresz

pi perdi nyl, -piperazinyl, pyrrolidinyl, thienyl,

nmor phol i nyl, thiazolyl and oxazolyl, which phenyl or

het erocycl e is unsubstituted or substituted with 1-5

substituents each independently selected from

(a)halo, (b)-or, (c)-C3_6cycloal kyl, (d)phenyl, which

S un bstl g%ﬁﬁror substituted Mﬁth 1-5 substituents

each de en sel ected frqom i% hal o, S

(1 655[%92[‘310%18 Cé‘ 1§ HaTH st ted 08 sribsHtutahwith f ot gipstituents each

Wi th ihdépelmabm!y @ebtdd from: - 012a, (e)-0Q21le,

(t)-G50) ﬁ;égbR (9) -S(O)R', (h) -CN, (i) (])

-N(R5 o (k) -N(R5802Rd (1)-0- CO2Rd, (in) (n)

- NRb- O)' itc, (o) -C(---0)1r, and

(P) - Qe 6al lcclyhlkynmmdsh isamsnitstitusdd dristibdineed suumsILB haﬁbeﬁ;d

VVI t h 6 h% hal o, oxo, -OR% -CN, - 002172
2007/133491PCT/U82007/010952 10)

(4I9\IRbr phenyi Pl&gtezogg@ym e(rgpg)sa @@m@gqﬂpj‘gfx%selfecigs from: pyridyl,

- 0- CRRinidalyl.HyradigRopyeiddRayl, pibboidikyl piperazinyl, pyrrolidinyl, thienyl,

NRb- (rg‘ %F@@?m&%@l m@%%‘fﬂ 2wh1c}( ﬂaﬁ%n 1 Ml@grggjfclipﬁ ugrgubstltuted

re at

B e A AN R e

" cycl ofeht yl haleycl opentyl cycl ohexyl, cycl oheptyl,

azi ri(@b nquoI@zeU dinyl, -pyrrolidi nyI , piperidi nyI ,

pi per |nyI &Hgﬂhnyl t hi et anyl and
tetra zdro erein the sulfur is optionally
oxi di@2d" tRhentile wdith ismeswstistsdiapsibrsitutohivah 1-5 sigpsiigients each

15unsubst i fhyt d@,gﬂ)séél;&tddtﬁgrﬁd wth 1-5 substituents

each i ndepgn nltgl selected from (a)-Cl_6alicyl,

whi ch i s urrsubs uted or substituted with 1-3

substi tuerfig eadh-spik p‘éﬁ@@ﬁﬂmvlbg@@étoeduwmd with 1-6 halo, and

Gii) -OR?
(&) -COR®,
()  -C(=O0)NR'R’,
(g  -S(OWRY,
) -CN,
® -NR°R®,
() . -NRHC(=0)R?,
(0 -NR®SORS,
)  -O-CO,RY,
(m) -O-(C=0)-NR°R®,
(m)  -NR’-(C=0)-NR'RS,
(0) -C(=O)R%,
(p)  -Cisalkyl, which is unisubstituted or substituted with 1-6 halo, and

(@  oxo;
(5)  halo,
(6) -OR?
() -CN,
(8). -COR* .

(9) —N(R")C( c:»)Ra
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(i) halo, (ii) 20(iii)-C34cycloallcyl, (iv) -0Q212a,
(v) JRORC (vi) -S(O0)R, (vii) -C(=0)NRbR,, and
25(viii) phenyl, (b)phenyl or heterocycle, wherein

woSdi7Azef erocycle is selected from pyridyl, pcr/sze07/010952

pyri mdinyl, pyrazinyl, pyridazinyl, piperidinyl,

pi perazinyl, pyrrolidinyl, thienyl, norpholinyl,

t hi azol yl and oxazol yl, which phenyl or heterocycle

IS unsubstituted-or substituted with 1-5 substituents

each independently 30selected from (i) halo, (ii):

-Cl 6allgyl, which is unsubstituted or substituted

HXh N8 alo and (iii) -01r, (c)-Ofe, 35(d)halo,
WO

(1) - OGRO)NRRD a6 r - O) NROR'
6@97/ JRET/ US2007/ 010952 (g)-S(0),Rd, (h)-CN,
N12b 0)ZN(R1' ) C(=0) Ra, 5(K) - N(Rb) SO2Rd,
(|) 0- cosz (m -0-(C=0)-NRbV, (n) -NRb-(C=0)-NRbRY,
amkl® ardo} a@(dztbé Rarbor 610RPG dtemp ttdefbeh theevtakeyattaehedjiogto form a ring

fn Q4 fedoh ¢ ?ﬂc &l&u@l@y(ﬁ@ﬂﬁk\b&h c‘j’ﬂbﬁ:ﬁcy’[ St:jj,'cloheptyi cyclooctyl,

%f_ﬂ'»@%/ll E}(LJ: eb Ol s %H?%Eév d ny]l5 cyca}ohe‘pte(nyP cyclooctenyl,
diStSpaxtHEoR{nD) #@R@lﬂ? az(eeyimyt:pmhdxpﬁemyendxm pipesaginyl,
thﬁ:ﬂzQﬁhylt cﬁbﬁﬁ'ﬁﬁﬂittb&éﬂy@ wahm aetéh)&ub&tapw@mt Sxetanyl, ,
l%be?%yll @\?e R& d(;a eei/Fégf { eﬁ the V%:m%gaétnﬁ%élab écs %e&ttg éhe sulfone or
afosisiss phichiring lwupwaﬂmqﬁé?réubsmutﬁ%\wthdebm%wmy cach
ﬁnaémaamyfsfemw from:

(a) -C,salkyl, which is unsubstituted or subst:tuted with 1-3 substlruents each
independently selected from:

(i) halo, -

(i} -OR%,

(i)  -Csscycloalkyl,
Gv) -CO;R%

&)  -NR°R,

(vi)  -S(OWR',

(vii) -C(=O)NR'R®, and
(viil) phenyl,

=) -Cyscycloalkyl, wherein the Cy¢cycioalkyl group is optionally fused to the
ring, and which Cs scycloalkyl group is unsubstituted or substituted with
1-3 substituents each indepehdently selected from:

@@  halo, '

. (1) -OR?,
(iiiy  -Cigeycloalkyl,
(iv) -CO.R%,
(v) -NR°R°
(vi)  -S(O)WRY,
(vii) -C(=O)NR'RS, and
{viii} phenyl,

{c) phenyl or heterocycle, wherein 'h_cterocyclc 1s selected from: pynidyl,
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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(1)=c

azieay, (2)-CR17R18-, 25(3)-C(=0)-, and

(4)-N(Rb)-; Y is independently selected from
(1)=C(R16b)-, (2)-CRI7R18_, 30(3)-C(=0)-, (4)=N, and
wo(2b)7/8M9eR16b) - ; R17 and R18 are each i ndependentiswor/o10952

sel ec
2007/
unsub
each

5(c) -

het er
t hi en

pi per

ted from (1)hydrogen, 35(2)halo, (3)-01le, WO
133491PCM S2007/ 010952 (4)-C _6allcyl, which is
stituted or substituted with 1-4 substituents

i ndependently selected from (a)halo, (b)-or,
CN, (d)phenyl or heterocycle, wherein said

SlcyCl v %igvé%:el‘h&cny dcfrglrg?e[r%ﬁpyﬁ{ff': 1sd X%SZ’E?%H eﬁg)lr gt!lbr.];}/tuted with I-5
azi nylsubépjqutﬂ ¢agh n}deperrd@n@hmlwm from:

tetrahydrokgranyﬁk,tetrahydropyranyl and pyrazi nyl ,

whi ch
subst i
i ndep

(iit1)

subst

wherein heté%ocy

phenyl e C IS u bstitu ed or

Put ol t RCTgog Y8 i Prsbfah oSt with 1-5 balo,
endenﬁuy sePBEted from (i) -Qle, (ii) halo,

- é& hv) -cO3kyl which is unsubstituted or

ituted W th.1=6 15(5) phenyl or heterocycle
Qﬂc (i)géSel ected from pyridyl,

pyri mi di nyKvi)t hi-ehyl pyri dazinyl , plperldlnyl,

azeti

dlnyl(wglpengzkhyl pyrrolidinyl, nmor phol i nyl ,

tetrahydrofur n tetrahydropyranyl and.pyrazi nyl,
o
et

whi ch
subst
sel ec

w th

phen Y"1 eroggsle i s unsubstituted or _
i tut edxhi t RCEDNRYBstituents each independently
t ed f(;gm 21&(}&)@@403)R3(b) CN, (c)-OR% (d)nitro,

(e)-G _ 6algﬁ unsubstltuted or substituted
1-6 h E% ~and R18 and the atomto
whi ch they ’%H JRo:laH‘dto forma 4-, 5-, or 6-

menber ed r(mg) opﬁ(Q;Wi%ﬂ |y containing a het er oat om

selec d frg and S, wherein the sulfur is
optlon Iy $§1%;zed to the sul fone or sul foxide,
mhlch( ?i ng nsubstituted or substituted with 1-4
subst {f uentG=E¥dR Rhdependent | y sel ect ed from

30(a) pal 0, b ,rOLr, (c) -Cl_6alkyl, which is
unsubnaltut or substituted with 1-6 hal o, and (d)

" phenyl;

| sa~kK* and Ri sb are each independently

sel ectidd f hadm 35(1) hydr ogen,

(G)  -NR°R’,

k) -NRMHC=0)R?,

0 -NR"SOR',

(m) -O-CO:RY,

()  -O«(C=0)-NR°R’,
(©)  -NR"-(C=0)-NR°R",
() -C(=O)R? and

(q9)  oxo;
R®is independently selected from:

(1) hydrogen,

(2) -C(=O)R®,

(3) -COR’,

4)  -S(=O)R’,

(5)  -SO:RY,

(6) -C(=O)NR'RS,
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(2)-Cl4allcyl, which is unsubstituted or substituted
wWth 1-5 substituents-each independently sel ected
from WO 20071133491PCT/ US2007/ 010952 (a) hal o,

wo(20)7718481 (c)-C3. 6¢cycloall cyl, (d)phenyl or pCr/US2007/010952

het erocycl e, wherein said heterocycle is sel ected
from 5imdazolyl, oxazolyl, pyridyl, pyrimdinyl,
pyrazi nyl, pyridazinyl, piperidinyl, piperazinyl,
pyrrolidi'nyl, thiazolyl, thienyl, triazolyl,
i soxazol yl and nDtphoIinyI mhich phenyl or

194 212k SRR O AR i o

(.)ha|1fafiepmftqnltlysefﬁprr¢§1ft0a\| and (i v) Cl_6al l cyl, which

i s ungabst ikale, ed or substituted with 1-6 hal o,

(3) ph I 0hHR heterocycle wherein heterocycle is

sel ect€d fron1 |n1dazolyl oxazol yl, pyridyl,

pyri nkdi nyrCagyeiealion | pyridazinyl, t et rahydrof uryl,

pi per i nylphexi;&mpe&aﬂyﬂy,l whepsth sgill ibeierytycleag @iléclidWdm: pyridyl,

thiazol yl,

nor phol | ny g’ﬂ&% L, flo %}}ﬁ]l%azinzpég%ﬁdwyl ?nﬁjerazmyl pyrrolidinyl,
=subst i t ut &4¢ %t Bep=zgivl an 10’@2%1%&“‘?}!1%‘??6’@ or heterocycle
each i ndependsnbitituted Ioesal:sdmtadomh (-&)substitoent§ &jch independently
-012", 20(glialaa Beye! oal lcyl, (d)-C_alltyl which is
unsubstituh&ﬂ o&afubstltuted with 1-6 hal o, and

(e) phenyl i cH®% unsubstituted or substituted with

1-5 subst i Cent sCesdkyli wiieh snoewhstifutabdreubstitufed ovith 1-5 halo, and
(1) hal o, Zﬁﬁ |)_§hﬂallcyl whi ch is unsubstituted or

substltute chan and (iii)-0R3 , (4)halo,
(5)-0R3 -CO2Ra, (8) -NRbr, and (9)
- ( 0)NR6 )or d Rlt he atom(s) to which they

are attach@ﬁ)JOL@c%@ﬂEgﬁnwa ring selected 35from
cyclopenteﬁxl cycl ohexenyl, phenyl, pyridyl,

pyri m di ny p 2|nyl pyridazi nyl, furanyl,
dlhydﬁ%fur539ﬂ¥ »di hydropyranyl , thiazolyl,

| sot hifpzol y&(=coxa@tmfyl , isoxazolyl, WO
2007/$§349%ﬁ5% A32007/ 010952 i m dazolyl, triazolyl,

t hi enyT, rof hi enyl and di hydrot hiopyranyl, which
ring Stituted or substituted with 1-5
subst it uentdR®Ech i ndependent |y sel ected from (a)

-G | cyln RS unsubstitutecl or-substituted
mﬁthiig ﬁiﬁéﬁ?ﬁhﬁts each i ndependently sel ected
froms(i) d& (ii1)-C3_6cycloal ky1,

o -CF3,

(m) -O-CO;RY,
(n)  -O«{C=0)-NR'R°,
(0)  -NR°-(C=0)-NR°R°, and .
®) -C(=O)R%
®) -Cj.¢cycloalkyl, which is unsubstituted or substituted with 1-6 substituents each
independently selected from:
(a) halo,
® -CN,
{© -OR?, and
(d)  Cisalkyl, which is unsubstituted or substituted with 1-6 halo;
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(iv)phenyl or heterocycle, wherein heterocycle is
sel ected frompyridyl, pyrimdinyl, pyrazinyl,
pyridavi nyl, piperidinyl, 10p|pera2|nyl

wopyenielsedi nyl , thienyl and norpholinyl, Whl Chcp/hsmy’wom%z

or heterocycle is unsubstituted or substituted Wi th
1-5 substituents each independently selected from

(1)-Ae, (11)halo, 15(11l) -CN, and (nr) -Chisallcyl
which is unsubstituted or substituted with 1-6 hal o,
(v)-0Q21r, (vi) 20(vii) -S(0) R", (viii) C(O)NRbRe

)

ol padeim eGPk 1 D ey Ao sirbafag - Cor 7
mdfyalleig}i or hesgroalkpi-immentionglly alzlitﬁpin,g ap;adﬁr@analriyieroatom

EHI&ﬂiEd ﬂibmyﬂi,,o mts WHaYdin tH smﬁnazsidpybnamwxﬁcnizédibﬁué sulfone or

hol he
kR, A0 TR ot O R0 L ARG
w&ewqdﬁ@ép@imﬁgmsei ect ed from (v) hal o,
30( vi Jy0lehaloyii) -CN, and (viii) -C _oallcyl which

. I(i) Eg ,bSt E@z}&dh Egi!i stng.tigéjoé’\éqib vii% 103 stituents each

2007/ 133495#&14? —C( O)ORa

- [ OQd)lelel)R”CJa.)ld -021r, (k) -(NR 50021r

e et

i ndependent |y sel ect ed from (1) hydrogen, (2)

1s:x@egeﬂlekwselmmoms unsubstituted or substituted wth

dnuent s each independently selected from
e c U PR RO T
independently selected from: |
(a) halo,
() -OR},
) CN,

@ phenyl, and
- (&) -C3.5cycloalky'l_,r which is unsubstituted or substituted with 1-6 halo,
3 -Cs.cycloalkyl, 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-benzodioxoly!, benzothiazolyl,
benzothienyl, benzoxazolyl, benzopyrazolyl, ben.iotriazo!yl, chromanyl, cinnolinyl,
dibenzofuranyl, dihydrobenzofuryl, dihydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothiopyrany! sulfone, furyl, furanyl, imidazolidinyl, imidazolinyl, imidazolyl,
indolinyl, indolyl, isochromanyl, isoindelinyl, isoquinolinyl, isothiazolidinyl, iisoﬂliazolyl','
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, tetrahydroisoquinoiinyl,
tetra.hydroqmnohnyl tetrazolyl, thxamorpholmyl thiamorpholinyl sulfoxide,

thiamorphoimyl sulfone, thiazolyl, th.lazolmyl thienofuryl, thienothienyl, thlcnyi
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(c) hydroxyl, (d) -CN, and (e) phenyl or heterocycle
wherein said heterocycle is selected from pyridyl,
pyrimdinyl, thienyl, pyridazinyl, piperidinyl,

woaaetisdbnyl , furanyl, 20pi perazinyl, pyrrolietmy$z007/010952

nDrphollnyI t et rahydrofuranyl, tetrahydropyranyl and
pyrazi nyl, mhich phenyl or heterocycle is
unsubstituted or substituted with 1-3 substituents
each i ndependently selected from (i)halo,

25(i1i)-0- Ci4a||cy| which is unsubstituted or

t
BB e Kals Sl s B0, (V)
xrag)ﬁ%%tp}ap ang fhietagyl h\«élpege RBOE WﬁWéﬁVFeddF substituted with 1-5
Subbiimenty ehah mﬂqreedmt@enelici&dtfﬁhokyc RE, RS, setrepti@d®™f r om
pyridyl, pyrimdinyl, thienyl, pyri dazi nyl,

pL e gu n azetidin fur anyl | per azi nyI
5 R%RP t; gl %blm %?ﬁ?ﬁé?&leﬁwde“tléﬁeﬂ% Fomur anyl |
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tigt r aldaleply méuinH is anshheyitueedi orghbstindted ithheh ytllbsﬁfuents each.
heterﬁgyrgnged disphstdfuted or substituted with 1-3
substda}iluenh each I ndependently selected from

35(a)ftal o E'i‘b) UN, (c)-0-d 6allcyl, which is
unsub®i t HORT, or substituted with 1-6 halo, WO

2007/¢¢ §349_130 1;c;u,ﬁ@lgﬁ71010952 (d) nitro, (e) hydr oxyl ,
d | k t t
21 0 e b BB, Lt o i,

which is unsiabdinv.wyediol, pyuezingupiecdinyl,tpigergziind) myrolidinyl,
SRb and Ftihiendl, %drﬂ@tﬂﬁx?ﬁ@ﬁﬁﬁdlg aﬁ&'oﬁ&io@ﬂ WhiRHlpheny! or heterocycle

1) hyd i tut

O o038 upl ARyt 8 DS Remprdenty
sel ected fselsated(fEOmal o, 10(b) (c) -CN, (d) -0O2122 ,

(e) phenylgyr heligrocycle, wherein said heterocycle

ip; r fg'ﬁlgf;sﬂ) fr OE‘E p%gyld%:hichpy ! 's'ﬂ‘glct% y%éd oié%‘fgﬁ% with 1-5 halo, and

pi per azi nyd pyﬂReI» I di nyI mor phol i nyl,
tetr ghydr oCanRAYy! , tet rahy_dr opyr anyl| and pyrazi nyl,

whi chaphen wRgicerocycle is unsubstituted or
substrelﬂt ut egk—@ ?3 substituents each independently

sel ed8kd FPEMKR (=| Yhal o, 20(ii)-OR, (iii) -Cl.6alkyl,

whi clth} s u@diibstituted or substit ut ed with 1-6 hal o,

and Q; V) nN’Rw:ﬁc (3) phenyl. or heterocycle, wherein

sai d het er Selected from pyridyl,

25pyrq)m dlﬁﬁﬁcﬁ‘ﬁéﬁ}l pyri dazi nyl, piperidinyl,

azet il nyI-N(R DEBRT,, p| perazi nyl, pyrrol i di nyl,
etrahydrofuranyl tetrahydropyranyl and

nnrp@gllnyt
yra W@b phenyl or heterocycle IS
unsu |tu substituted with 1-3 substituents

each(lﬂhdep@r(élbﬁ?t)HVR%%cl,ect ed from (a)halo, 30(b)-OR,
(0) -NRP-(C=0)-NRR®, and °
(® -C(=O)RY,
2) -Ciscycloalkyl, which is unsubstituted or substituted with 1-5 substituents each
mdepcndently selected from:

(a) halo, .-

(b) -CN, -

{c) -Cj.gsalkyl, which is unsubstituted or substltuted with 1-5 halo,
(d -OR%and
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(c) -G _6allcyl, which is unsubstituted or
substituted with 1-6 halo, (d) -C3 _6cycloallcyl,
which is unsubstituted or substituted with 1-6 hal o,

wokey/1sE and (f) -CR2R', 35(4)-C3_6cycl oall pyirpsabni/abosz -

IS unsubstituted or substituted with 1-6 halo; or R'
and R' and the nitrogen to which they are attached
join to forma 4-, 5-, or 6-nmenbered ring optionally
cont ai ni ng an addi ti onal het er oat om sel ected from N,
WO 2007/133491PCT/U82007/010952 0, and S, wherein the

sulfur .is o [.ly.oxid
sul f ofPde, SRR LI FRE bR Eed 6 LG MBS pgts where
with thepubsiigents eréma@h éﬂepﬁndﬁ@épi@maﬁtﬂwn 'sel ect ed
from (a)hgho, SOR}-Ole, and (c)
Cl_6al kyl ,...whi %Ql i s unsubstituted or substituted
with 1-6 hiPo. (d) phenyl: Rd is
i ndependenfily se@%‘cl’fé’d from (1)G _6alicyl, which is.
unsubst it utied OrCs4alisA,iwiitiets ukishiistifuted SraBétithie@ Rt 1-5
each 10i ndependﬁgléNy selected from (a) halo, (b)
c) -0Q21r and 15(eLphenyI or heterocycle,
er eph@nghwdlqﬁ@pev%yé}eéem said Sptsraciele 15 Sicisgrony pyndyl,

pyri ”bﬁ*lrﬂbﬂ'myltlfyrﬁwl pyidakitgy ipipekdinyl] piperagingly pyrrolidinyl, thienyl,
azet | o ny mIziuhﬁ%h{} SBHQQ%'I”%M@MEWB} ﬁété%k yels is unsubstituted

mor pho uran I any

pyr azPhiH St‘Wﬁdc‘ﬁl heripb s‘&l’lerﬁ%f”élhd end Yselecw from:
unsubgidi t uhsd, or substltut ed W|th 1- 3 substituents

each j} dep aently 20sel ected from (i) halo, (ii)

(i) ich is unsubstituted or

subst{“t)ut et %cl’ 0 Ik%Yhhal o, and (iv) nitro,

25( 2) phenybpheayl, vétieh Goylsﬂllgtltmcr»resiuhstimﬁed vhidt lep gehstitugnts each

i's sel ect eghdbpideiyy iclddied from: t hi enyl,
pyri dazi nyb pi E ari di nyl , azetl di nyl, furanyl,
pi per azi ny 1|d|nyl rphol i nyl

" tetrahydr ofillr any¢: 6atke’larvdh91u¥se1@9¢lﬁh§nteda¢rc$up§tmzﬁ i, 1-6 halo, and

whi ch phengiiy or -hrt erocycle is unsubstituted or
subst ut eq:dvlﬁah 1- 3 substituents each i ndependently
sel ec d from (’1&2 hal o, (b) -01r, (c) -Cl.6allcyl,
whi chlft s urfEEESNRIREed or substituted with 1-6 halo,
(d) -&3_6cysgboAicyl, which is unsubstituted or
subst ute th 1-6 halo (e) -CN, and 35(1)-002Ra,
and ( cygl oal kyl, which is unsubstituted or
substl ut eﬂ“R\n&h 1-6 halo; WO -
2007/@}3349-1\!{@3’}(14821}37/ 010952 Re and R are
|ndep dent]\b ted from (1) hydrogen, (2) ,
v% o1 s’ unsubstituted or substituted with

1 6 h@o nyl and 5(4)benzyl; or where Re and
Rf ar{atn)t he-(ht@nﬁ)b-bl Fch they are at t ached join to
formg@y3- ,_Nﬁgb )-RRPRe, nenbered ring optionally
cont g &%\ero tom’sel ected fromN, 0, and S,
mhere S s optionally oxidized to the

sul fo(iﬁ’é or G uhliagk wdhch iatvneipstitutegl drsubmisutbd withut@talor
@ybstm{wt ed with 1-4 substituents each independently
88! ech%oi from

(6) -ORY,
(M. -CN,
(8) -COR’,

9 -CEORY,
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10(a)hal o, (b) -OR, (c) -Cl4al kyl, which is
unsubstituted or substituted with 1-6 halo, and (d)
phenyl; mis 1, 2, or 3; 15 nis 1, 2, or 3; vis O,

wolpo7om33®1 k is 0, 1, or 2; and phar macearivsaotg109s2

acceptabl e salts thereof and individual enantioners
and di astereoners 20t hereof. The conpound of claim1l
having the fornul a La: 25Ta and pharmaceutically
acceptabl e salts thereof and individual enantioners
and di astereoners-thereof. 3. The conmpound of claim1l

Qgél nq%%ﬂg formula Ib: WO
711 1PCT/ US2007/ 010952 | b and

Har net®th cal | y acceptabl e salts thereof and
(laghwcd(lsm})NRﬁahtl oners and di astereoners thereof. 5

he(s nd of claim1l1l having the fornmula Ic: O
gl{'? Tl Al"A2 A3 OEQEb Ic and

'ﬁﬁér nﬁﬁ@‘h?‘?@ﬁby acceptabl e salts thereof and

(1sgli v+@4@6+=0§>M¢‘?Rforrers and di astereoners 10t hereof.

6 he nrQ u@giz\%bRel aiml, wherein Al is selected

S(0)-, 15(3)-CR8R7-, (4) - N( R8) -

@é) R3) (C=0) 01r) (Ra) -, (6) (C—O) and (7)
CIR RI -N(R")SO:RY, 6. The conpound of claim1l, wherein: A2
| s independently selected from- CR6127-, -CRI12.11-,

154 ér%)s o ot['l wher e)ltg v."A\ 3%&16&%?&&@%%%9%1}% el ez? %gg\ﬁelected
ﬁgrmcmd]@pmpdlg ny¢lyb|ggl|, expﬂ@nﬁﬂmypk@%&?cyciohcpryl aziridinyl, azetidinyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thietany] 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) -Cgalkyl, which is unsubstituted or substituted with 1-3 substituents each
independently selected from: - ' 7
(i)  halo,
(i) -OR%, _
(i) -Ciscycloalkyl,
(iv) -CO;R%
(v} -NR'RS,
(vi)  -S(OMR',
(vii) -C(=O)NRPR’, and
(viii) phenyl, _ 5
(b) phenyl or heterocycle, wherein said heteroéyclé is selected from: pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperi.diny!, piperazinyl, pyrrolidinyl,
thienyl, morpholinyl, thiazolyl and oxazolyl, which pheny! or heterocycle
is unsubstituted or substituted with 1-5 substituents each independently
selected from:

(i) halo,
(ii) -C;.ﬁaikyl which is unsubst:tuted or substltuted with 1-5 halo, and
_ (iii) -OR®,
()  -OR’,
(d) halo,
{e) -CO,R%,

(f -C(=0)NRPR®, .
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N(RI -N(R8)-, and a bond between A2 and A3. 25 WO
2007/ 133491PCT/ US2007/ 010952 7. The conpound of claim
1, wherein Ea is independently selected from -

woeka%m1 -N-=, and -(N+-0)=; or wherein Eb pgrus2007/010952

i ndependent|y selected from-C(R55=, -N=, and - or
wherein EO is independently selected from-C(12.5 )=,
-N=, and -(N4-0")=. 58. The conpound of claim1,
wherein Qis -C(=0)-. 9. The conpound of claim1,
wherein R4 is selected from hydrogen and -C
6al kyl , which is, unsubstituted or substituted “with
1-5 f (&or o‘S(f@iL% The conpound of claim1, wherein
R56, BRBb ar(dNR56 are i ndependently selected from
hydr ogen ar’[dR I I .The conpound of claim]l,
wher el ﬂzd,)g( rq |ndependently sel ect ed from
15(1) Hgdro Rc14al cyl, which is
unsubi t utléR Q?BOsRﬁ;)st ituted with 1-5 substituents
vvhere; he sgdg@ﬁdutents are each independently
sel ecé_gd fr((}r&Vﬁ henyl and -01r, (3) phenyl or
het er &cle Unsubstltuted or substituted
with 5 hafl -(Cf@}l\ﬂ?alR&anQO(S) 01r, and (6)-NRble.
12. Th@))conpgpqd)mf claim1l1l, wherein R6 and R7 and the
nms to V\,hl ch they are attached join

R™ s ‘P‘gepfa%ﬁ?eﬁﬂaés&eﬁtﬁdgr&“éct ed from cycl opropyl, cyclobutyt,

953 cybydspeam yl , di oxol anyl, cycl ohexyl, cycl ohept yl,

eycl ope maﬂm Iwmayréhﬁhﬂasaﬁuéd ortsabsaiyd wmyzr-aﬁwb

rrold (ﬂ%/ and piperidinyl, which ring is
substituted or substituted with 1-6 substituents

ach iGliePrterthSi(SBhect ed from (1)-d _6al kyI
Bhi ch-G18,0rshEdRYyt ed or substituted with 1-

&z gz:ol (bgleg Fﬁ]y%glz ;%hl'}g u?%{%%ﬁ tlut]egltog @Iﬂ?st:gft&b%ﬁ.ﬁn =3 substituents each

30( 2) peeprpdersly spjestefifrompher ei n the phenyl or pyri dyl
IS op(al)onahély, fused to the ring, and which phenyl or
pyrid is_dﬁqubstituted or substituted with 1-3- :
subst | guent éach i ndependent ly selected from halo,
-o1r, € -&dy| . which is unsubstituted or
subst (M ut edCvmliyl, wiich jsumsubsfiBiterhdraubstitated Sith) L~6) msmr
g&,g;/sglgg{é@gpgl US20071010952
ecoga?ug claim1l, wherein R8 is selectedfrom
dr og 'C(=OW -021r, -S2Rd, and -C1, 6alkyl,
@D chG& Rmsubstltuted or substltuted with 1-5
gg‘uor@ 14. The corrpound of claiml,
erei B% and R7 and the atonms to which they bare
t ac binto forma 4-, 5-, 6- or 7-nenbered

Y is indgpangentlyoselastadefromt kyl -ring optional ly containing an

agdi t+opefyhet eroatom sel ected fromN, 0, and S,
ereidpitpa sul fur is optionally oxidized to the
| fone or sSul foxide, which ring is unsubstituted or
GlbstiG@P&d with 1-4 substituents each independently
@l ectNdahdom (1) hal o, 10(2)phenyl, which is

gsub M&} ed or substituted with 1-3 substituents
and

h mdependentll){ ei=l ected from halo, de. CN, and
af@)ee%md%%f)ﬂde xpselegd % -G _6allcyl, which is
Omsubistdrégened or substituted with 1-6 hal o. 1515. The

dro and - G _6al Kyl, which is urisubstituted or
bsti ted with fluoro.

Errp oppdl of claiml, wherein Rl is selected from
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16. The conpound-of claim1l1, wherein R' is
i ndependently selected fromthe group consisting of:
20 phenyl, furanyl, pyrazinyl, pyridinyl, pyridyl,

woRwsAEs@iLnyl , pyrimdyl, tetrazolyl, thienyl pcrausz07010952

triazolyl,and isoxazolyl, where R' is unsubstituted
or substituted wth 1-5 substituents each

i ndependently selected fromR12, R13, Rl4, Risa and
RIR, .. 2517. The conpound of claim11l, wherein RPGis
sel ected from hydrogen, and -Cl4allcyl, which is

bst.i t ut ed bstj tut ith.1-3 hal o. o
W Tr '@ﬁo‘ﬁﬁrah? BbeEe of hikPutied M 024 sufppigpenys each
- CR17 Rad®pensiengy gelogted &om:Y is(.".c_ CR Ror -0(=-0)-.

.30 (a halo, 19. The conpound of claim1, wherein

R1" a R1(§8Rare'i ndependently sel ected from (1)

hydr og n, ’(2) -G _4al kyl, which is unsubstituted

or sub®dtitcde®¥d with 1-3 fluoro, and 35(3)phenyl or

het _el(r]I @clﬂaycl Phetil OF ﬁét&ohﬁ&i&r\ﬁw&illl%aftkiz;e&%c?@fqu?ﬂwéﬂ 1|’rom pyridyl,

pyridyl, pyrimdiny razi.n hiazolyl, .thien .

DY ot 1 PRI e (Rl BRLAGRI ety Biperazing!,

2007113349 proiidisgi) oprhrdigsh terghydre detmhygfopgtaayiand

tl,h wher ei n p??h@ﬂ;yﬁ,%& Shengnst Het@olewik &thb@ttngBd?ch substituted with
ey are att ‘ o._f.or cte rom

phenyl , pyﬁ_i%ﬁg%%g?%hmmé?pﬁ% &%%g%ﬁ%rglfﬁoén s

unsubst i t ufidd orOBubstituted with 1-3 substituents

each i ndepéiddenthkl, sel ected from halo, or, and

-G .h4al 3 C%’kiii)"‘“—@% s un/subst i tut e;j or substituted

with 1-3 fl uor. 2007/ 133491PCT/ US2007/ 010952, 21. A

conpound sélict é@lﬂl%’gfvz@hmqu%’é@teg PEuRined vty 1o halo,

M aMphendl ddHdieiOcitldivhereinMsdtrodfclNstibdedirbrOgyridyt, Mykimidinyl,

Ot 1 - LBRenylByFaMinMeRipEin9CaMildinyl, piperazinyl, pyrolidinyl, morpholinyl,
tetrahydrofuranyl, tetrahydropyranyl and pyrazinyl, which pheny! or heterocycle is
unsubstituted or substituted with 1-5 substituents each independently selected

from: _

(a) halo,
® -CN,
(c) -OR%,
(d) nitro,

{e) -C,.salkyl which is unsubstituted or substituted with 1-6 halo;

or R” 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 ting is unsubstituted or
substituted with 1-4 substituents each independently selected from:

(@  halo, | |

(b) -OR?,

() -Cjgalkyl, which is unsubstituted or substituted with 1-6 halo, and

(d)  phenyl;

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

(1) hydrogen, o
2) -C)4alkyl, which is unsubstituted or substituted with 1-5 substituents each
. independently selected from: -
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3)

C)
(3
(6
)
(8)
&

(a) halo,

() -OR’

©) -Ci¢cycloalkyl, -

(@) phenyl or heterocycle, wherein said heterocycle is selected from:
imidazolyl, oxazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl,
piperidinyl, piperazinyl, pyrrolidinyl, thiazolyl, thienyl, triazolyl,
isoxazolyl and morpholinyl, which phenyl or heterocycle is unsubstituted
or substituted with 1-3 substituents each independently selected from:

@) halo,

(i) -OR®,

(i)  -CN,and .

(iv) Ci.salkyl, which is unsubstituted or substituted with 1-6 halo,

phenyl or heterocycle, wherein heterocycle is selected from: imidazolyl, oxazolyl,
pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, tetrahydrofuryl, piperidinyl,
piperazinyl, pyrrolidinyl, azetidinyl, ﬂ)iazolyl, thienyl, toazolyl, isoxazolyl and
morpholinyl, which pheny! or heterocycle is unsubstituted or substituted with 1-3
substituents each independently selected from:

(&)  halo, '

(b)  -OR%,

- {c) -Csecycloalkyl,

(d) -C4alky! which is unsubstituted or substituted with 1-6 halo, and
() phenyl, which is unsubstituted or substituted with 1-5 substituents each
independently selected from:

(i) halo, o :
an -Ci.salkyl, which is unsubstituted or substituted with 1-6 halo, and
Gii) -OR%, : :

halo,

-OR?,

-CN,

-CO,R?,

-NRPRE, and

-C(=O)NR"R";

or R!% ah,d R'®® and the atorn(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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imidazolyl, triazolyl, thienyl, dihydrothienyl and dihydrothiopyranyl, which ring is
unsubstituted or substituted with 1-3 substituents each independently selected from:

{a) -Cjalkyl, which is unsubstituted or substituted with 1-3 substituents each
independently selected from:

®

(©) -

(d
©

(0 .

(g)

(1)

@i1)
(i)
(v)

v)
(vi)
(vii)
(viii)
(ix)
(x)

halo,

-OR?,

-Cs.scycloalkyl,

phenyl or heterocycle, wherein heterocycle is selected from
pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl,
piperazinyl, pyrrolidinyl, thienyl and morpholinyl, which phenyl or
heterocycle is unsubstituted or substituted with 1-5 substituents

each independently selected from:

O  -OR%,
(1) halo,
() -CN,and
(IVy -C,galkyl which is unsubstituted or substituted with
1-6 halo,
~-CO;R?,
-NR'R®,
-S(O)R",

~C(=0)NRPR®,
-N(R")CO;R?, and
“N(R®)SO,RY,

phenyl or heterocycle, wherein said heterocyélc is selected from pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl, azetidinyl, piperazinyl,
pyrrolidinyl, thieny! and morpholinyl, which pheny} or heterocycle is
unsubstituted or substituted with 1-5 substituents each independently

selected from:

{v) halo,
(vi) -OR?
(vii) -CN, and
(viii) -Calkyl which is unsubstituted or substituted with 1-6 halo,
halo,
-S(OWRY,
-ORY,
" .CN,
. .C(=O)R?,
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) -NR'RY,
i) - -C(=O)NR°RS,
G) --CO.R?,
k) (NR®HCORY -
5 6] -0-(C=0)-NR°R",

(m) -(NR°)-(C=0)-NR'R’,
{(n) - oxido,
- {0) 0x0, and |
| ®  -(NRHSOR';
10 R%is independently selected from:

() hydrogen,

@ Cgalkyl, which is unsubstituted or.substituted with 1-7 substiments each
independently selected from: '

(@  halo,
15 (b)  -0-Cjalkyl, which is unsubstituted or substituted with 1-6 halo,
(¢)  hydroxyl,
(@)  -CN,and

{e) phenyi or heterocycle wherein said heterocycle is selected from pyridyl,
pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, furanyl,
20 - piperazinyl, pyrrolidinyl, morpholinyl, tetrahydrofuranyt, '
' tetrahydropyranyl and pyrazinyl, which pheny! or heterocycle is
unsubstituted or substituted with 1-3 substituents each independently
selected from:

(i) - halo, _
25 (1)  -O-Cysalkyl, which is unsubstituted or substituted with 1-6 halo,
' (i) -CN, ‘ ‘
(iv)  nitro,

V) hydroxyl, and _ .
(vi)  -Cisalkyl, which is unsubstituted or substituted with 1-6 halo,

30 3 phenyl or heterocycle wherein said heteroeycic is selected from pyridyl,

' pyrimidinyl, thienyl, pyridézinyl, 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:

5 (a) halo, '
L ' ®)  -CN, : ' A _
{c) -0-C;¢alkyl, which is unsubstituted or substituted with 1-6 halo,
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#)

(d) nitro,

(¢)  hydroxyl, and
(ﬂ -C6alkyl, which is unsubstituted or substituted with 1-6 halo, and
-Csi.scycloalkyl, which is unsubstituted or substituted with 1-6 halo;

R® and R° are independently sclected from:

1)

(2)

3)

@

hydrogen,
C,.salkyl, which is unsubsttmted or substituted w:th 1-7 substituents each
independently selected from:

{a) halo,

(b) -OR?,

(cy -CN,

(d) -COzR’,

(&) phenyl or heterocycle, wherein said heterocycle is selected from

pyridyl, pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl,

furanyl, piperazinyl, pyrrolidinyl, morpholinyl, tetrahydrofuranyl,

tctrahydropyranyl and pyrazinyl, which phenyl or heterocycle is

unsubstituted or substituted with 1-3 substituents each independently
~ selected from:

(i) halo,

(i1) -OR?, -

(ifi)  -Cjsalkyl, which is unsubstituted or substituted with 1-6
halo, and

(iv)  nitro, _
phenyl or heterocycle, wherein said heterocycle is selected from pyridyl,
pyrimidinyl, thienyl, pyridazinyl, piperidinyl, azetidinyl, furany!, 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)_¢alkyl, which is unsubstituted or substituted with 1-6 halo,

(d) -C;.scycloalkyl, which is unsubstituted or substituted with 1-6 halo,
(¢)  -CN,and '

§3; -CO:R%,

-Cs¢cycloalkyl, which is unsubstituted or substltuted with -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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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’, and

() -Cialkyl, which is unsubstituted or substituted with 1-6 halo, and

(d)  phenyl;

RYis independently selected from:

1

@

(3

- Cjgalkyl, which is unsubstituted or substituted with 1-4 sﬁbstituents each

independently selected from:

(a) halo,

() -OR%,
(©) -CO;R?,-
@) -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,

(i) -OR?

(it}  -Cjealkyl, which is unsubstituted or substituted with 1-6 halo, and
(iv)  mitro, '

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

pyrimidinyl, thienyl, pyridazinyl, pipenidinyl, 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¢alkyl, which is unsubstituted or substituted with 1-6 halo,

(d) -Cs.scycloalkyl, which is unsubstituted or substituted with 1-6 halo

(e) -CN, and

() -COzRa, and

: —C3_5cycloélkyl, which is unsubstitated or substituted with 1-6 halo; .
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R and Rf are independently selected from:

) hydrogen,
(2) -C;4alkyl, which is unsubstituted or substituted with 1-6 halo,
(3)  phenyl, and '

5 . 4) benzyl;
or where R® and R 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
the sulfur is optionally oxidized to the sulfone or sulfoxide, which ring is unsubstituted or
substituted with 1-4 substituents each indépendently selected from:

10 ‘ . {a) halo,
(b)  -OR%,
{c) -C; galkyl, which is unsubstituted or substituted with 1-6 halo, and
(d)  phenyl,

misl, 2 or3;
15 nisl,2, or3;
vis0, 1,0r2;
kisQ, 1,o0r2;

and pharmaceutically acceptable salts thereof and individual enantiorers and diastereomers

.20 - thereof.

2,  The compound of claim 1 having the formula Ia:
R? H . O
RL})J\ N NS e
_1 ) ! :Y \IE |
ALLA® O Bl Y
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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2007/ 133491PCT/ US2007/ 010952 Me MeO O 04111111NH N1
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lall Me Me MeO 00 O* NH NJL N 411 Me Me MeO O N 0Op*

NH N 010" N.
R7 O H O
N ES
1 3 a
. Rb,
Ib
and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers
thereof. ' '
5 .
4. The compound of claim 1 having the formula Ic:
N ES
RGA)L N NS NH
1 3 =
A A2 A O E2 5 _ N
L
Ic

and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers

10  thereof

5. The compound of claim 1, wherein Al is selected from:
(1 -0,
2) -S(O)v-,
15 (3) -CRSR’-,
@ -NERY-

() -CNRNC=O)ORHR")-,
(6) -(C=0)-, and
(M -NR")-
20
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'RY., and -N(R'")-: or wherein A% is independently sc]ected from -CR*R’-, -CR'R!-,
N(R'")-, -N(R®)-, and a bond between A® and A,
25
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7. The compound of claim 1, wherein E?2 is independently selected from -
C(R*"=, -N=, and -(N*-0")=; or wherein EY is independently selected from -C(R*)=, -N=, and -
(N"-O")=; or wherein EC is independently selected from -C(R**)=, -N=, and -(N"-O")=.

8. The compound of claim 1, wherein Q is —-C(=0)-.

9. The compound of claim 1, wherein R* is selected from: hydrogen and —C,.
salkyl, which is unsubstituted or substituted with 1-5 fluoro.

10.  The compound of claim 1, wherein R*%, R*® and R*® are independently

selected from hydrogen and hale.

11.  The compound of claim 1, wherein R® and R are independently selected
from:
) hydrogen, i
(2) -C galkyl, which is unsubstituted or substituted with 1-5 substituents where the
substitutents are each independently selected from: halo, phenyl, and -OR?,
(3) phenyl or heterocycle, which is unsubstituted or substituted with 1-5 halo,

(4)  halo,
(5) -OR?, and
(6)  -NRPR®.

12.  The compound of claim 1, wherein R® and R’ and the carbon atom or

atorns to which they are attached join to form a ring selected from cyclopropyl, cyclobutyl,
cyclopentyl, dioxolanyl, cyclohexyl, cycloheptyl, cyclopentenyl, cyclohexenyl, tetrahydropyranyl,
pyrrolidinyl, and piperidinyl, which ring is unsubstituted or substituted with 1-6 substituents each
independentfy selected from: ' , -
-(1) -C)galkyl, which is unsubstituted or substituted with 1-3 substituents where the
substitutents are each independently selected from: halo, and -OR?,

(2)  phenyl or pyridyl, wherein the phenyl or pyridyl is optionally fused to the ring,
and which phenyl or pynidy] is unsubstituted or substituted with 1-3 substituents
each independently selected from: halo, -OR?, and -C, 4alkyl, which is
unsubstituted or substituted with 1-5 ﬂudro,

3 halo, and

(4)  -COR™.
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- 13, The compound of claim 1, wherein R® is selected from: hydrogen, -
C(=0O)R?, -CO,R?, -80,R¢ and -C 1-salkyl, which is unsubstituted or substituted with 1-5 fluoro.

14.  The compound of claim 1, wherein R® and R7 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:

¢)] 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;6alkyl, which is unsubstituted or substltuted with 1-6 halo.

15. The compound of claim 1, wherein R!? is selected from: hydrogen, and —
Ci.salkyl, 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"?, R, R’ and R'*".

17. The compound of claim 1, wherein R™ is selected from hydrogen, and
—C|6M1 which is unsubstltuted or substituted with 1-3 halo.

18.  The compound of claim 1, wherein J is =C(R'®")-, -CR'"R%- or -NR")-;
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} - -Cjiaalkyl, which s unsubstztutcd or substituted wzth 1-3 fluoro, and
3) phenyl or heterocycle, wherein heterocycle is selected from: pyridyl, pynmldznyl
pyrazinyl, thiazolyl, thienyl, tnaz_oiyl, isoxazolyl and morpholinyl.
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20, The compound of claim 1, wherein R'® and R'®" and the atom(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. An effective amount of the compound of claim 1 for use in the antagonism of CGRP

receptor activity in a mammal.

24. Use of the compound of claim 1 in the manufacture of a medicament for treating,
controlling, ameliorating or reducing the risk of headache, migraine or cluster headache in a

mammalian patient.

25. The compound of claim 1 having the formula:
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26. The compound of claim 1 having the formula:
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