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WD 2007/ 124369 PCT/ US2007/ 066985 TI TLE OF THE
I NVENTI ON METHOD OF | NHI BI TI NG G- KI' T KI NASE 5

WEROSS2EFERENCE TO RELATED APPLI CATI ONS Thi s PCT/US2007/066985

application clains priority to U S. Provisiona
Application for Patent No. 60/793,47 1, filed Apri
20, 2006, the entire disclosure of which is hereby
TI'Fch QOTHEINVENTION entirely. 10 FI ELD OF THE
| NVENTI ON The present invention relates to nethods of
reduci ng or inhibiting kinase activity of GCKIT in a
MESHORDOFRINHIBEIEMNG @RAT KIRAgEe of such nethods for
preventing or treating in 15 a subject a cel
proliferative disorder and/or disorders related to

cRONREFERE B ey e KEPLACR TR e on ™'

pat hways which 20 catalyze the transfer of the

Tﬁ1§ rdppNadtionh Ql%ﬁﬁkatpﬁoflf}p% ATR. totitienily Siﬁ)@ﬁé’atﬁhoﬂﬁ’ Pdtent No.
yrosi ne, serine and/or threonine residues of

6%?9;%431 IngiledThprs, 20c 3000 tredentinhilistlosuibphivhichps berebyincorporated
i ﬁ S § e.functions are valuable tools for assessing the
6 6?Og|cal consequences of protein kinase
actlvatlon The overexpression or inappropriate
expression of normal or nmutant protein kinases in
FREARQIS TRESINEENTIONpi ¢ of 25 extensive study and has
been denpbnstrated to play a S|gn|f|cant role in the
Thdeﬁ%’lgsoe%e ge grtltlo% rlg ei)sx% g}eih%%g gi{eéiﬁcglﬁg ?r 1nh901ﬁ ?%pm%ﬁ esdectlglé\é of
C-¥iTi i7 QRlN ®R b SubjedicaBhO LSt GTLEH nkihdds &Ir'ib%s@ﬁﬁﬁ@bﬁ@éeﬁmg in
cardi ovascul ar di sease and cancer. The cardi otonic

a B’é’ﬁ?@f p eall prolikgratieedisardersingios dispedersackiedde&nKIEs udi ed.

In sum inhibitors of protein kinases have particul ar
utility in the treatnent of 30 human and ani mal
BACIGROUNDOF #FtHDINVENTION ne kinase CGKIT and its
ligand Stem Cell Factor (SCF) are essential for
henoat poi esi s, nel anogenesis and fertility. SCF acts

ATRSE 7
PrRlefTinbicB it crg¥fattc BdmpcheHof Widred dthduction pathways which

caplpreohe trasdfér of mlncwerminal prosphdteframi AR taliht ﬁlgdl@rxy igaupart,
R R I T A —
prgtregglgi%?st%of}lﬁtﬂgln?éﬁgva%b& 1081s ToH dsbRehEMd Byslspmand
consequences of protein kinase activation. The overexpression or inappropriate
expression of normal or mutant protein kinases in mammals has been a topic of
extensive study and has been demonstrated to play a significant role in the
development of many diseases, including diabetes, angiogenesis, psoriasis, restenosis,
ocular diseases, schizophrenia, rheumatoid arthritis, atherosclerosis, cardiovascular
disease and cancer. The cardiotonic benefits of kinase inhibition has also been
studied. In sum, inhibitors of protein kinases have particular utility in the treatment of

human and animal disease.

The receptor tyrosine kinase C-KIT and its ligand Stem Cell Factor (SCF) are

essential for hemoatpoiesis, melanogenesis and fertility. SCF acts at multiple levels of
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nmegakar yocytes, and a subset of |ynphoid progenitors
(see, Int JBiochemCell Biol. 5 1999 Cct;

WG 1{0102438937- 51) . Sporadi ¢ nutations of C KI T BST/WE1007/066985
as autocrine/paracrine activation mechani sns of the
SCF/ C-KI T pathway have been inplicated in a variety
of malignancies. Activation of CGKIT contributes to

therhemezttpsietic biy:raecﬂyam cpirmtgoib el surgmmmoléfm;htioe,oﬂiﬁ"emgtiation,

t Addi t CKI T f tl t at ed
BR0LER Giae i ReABen i incbbemisule? bieETHare tn e RS efiana
erl@oid Shea®Bbul lel) h&é‘@ﬂ hﬁﬁ%o’%&ﬁﬁl aehl aYlatplr%énﬁf)r &115' Tis

pr esent 1 n sone ng cancers see Leuk
migaka8cBapphd sglstt Qﬁi)'mphhlé ptrpgﬁmrtorse(e@wd Bawrsh@m @ell Biol.

R O0L M ER LG einotis QR (R e st 0506 of
aut@riappachcAM - Sotivetid tncoRhisaisast ths SCFeKEL bahwaiBave been

anti-apoptotic effects in ANLaé«p Curr Hemat ol Rep.
imphigated gha wqrioty sﬁmal)lgnallsle@- Artivasionof EsKbh comEbiesie

m?t%&'rf&g 'B%%ghaln% %%%ﬁ §ﬁ<¥ re‘allflpg F@{hg&‘ﬁl 'ﬁ&?&lﬂSﬁa?ﬁz C-KIT

g Nast
is i@gtienolymested mﬁdi aatvrawatah gasmmtestmal nmmaﬂ almors 4GI8R), and

killer/T-cel] ly .sem nonm, germ no
1&aﬁ ﬁ%‘?‘éﬂ %‘g’i‘%’iVﬁla%opgéﬂgl 1p DEesert 1p ﬁfﬁﬁe gé?%’ﬁ%a ste, Leuk Res.
20@5&'M95ﬂ§$‘§u¢g'13§‘1qnﬂ) fplenqd e 1%&’%%? 5%&151‘8&% oRYx?er #an

20 cdrci no acut nmyel ogenou m a, anaplastic
10%pGelastelid 64% mpkdomayo acaxmlmslag@mxmleukmdmm;éAMIasl) and 95% of

reivcl AEHTR: SR pRa il Sindo it o en SERPP U SR AML (sce

Cre@Rl0iRepet06d JanBemiAvg)Ar ticle:  Inhibition of KIT
Tyrosi ne Kinase Activity: A Novel Ml ecul ar Approach

to the Treat nent of KIT-Positive Mlignancies.

of .din | Oncol, o 6 2 r ch
84 ot 1) b Blon R0l AT ik e B infoafil
indln@ing MBIy tos Ry @BSticon Idukemi: gsmrmitmﬁlal Sfonize ﬁl-iﬁd)LﬂQSlﬁdSnasal

i nhi biting kinase activity o CKITinacell or a
nagyypl liber/ T-5pld Lmrhogise s@pingine ndyseeHEBRM ARy O eSAEHRRY or

IR U LB A B A0 055391 i
caRGTGThIS200(8/mYEBARGousa et eakplasti: lang call ianplages of

the invention will be apparent. fromthe fol

angIS PR JWSBEITHY %fﬁmsmat P%h%t% &gl Lrdgmp %%llﬁ%ast
ca?é1ﬁ‘6rﬁ§ anPproftat) c]a%%@epﬁle%cm\/ﬂaﬂgell @d\éﬁwl{@le%&mcle

terms "conprising I 'ncl udi ng", ‘contai ning" are
Inbdetecbnhaf Tk Tnl yrosind KurraSQQanty A Novel Molecular Approach to the

Treatment of KIT-Positive Malignancies. Jouranl of Clinical Oncology, Vol 20, No 6
(March 15), 2002: pp 1692-1703.

SUMMARY OF THE INVENTION

The present invention provides methods of reducing or inhibiting kinase activity of
C-KIT in a cell or a subject, and the use of such methods for preventing or treating in

a subject a cell proliferative disorder and/or disorders related to C-KIT.
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wo edozon3ng neani ngs (additi onal

non-limted sense. 10 ABBREVI ATIONS As used herein,
the follow ng abbreviations are intended to have the
abbr evi at i onsPEr/ES2007/066985
provi ded where needed throughout the 15
Speci fication): ATP adenosine triphosphate Boc or BCC
tert-but oxycarbonyl DCM dichl oronet hane 20 DVF
Othientetuydsf and rel mandezes DVBE iovemeibhwil be fipparete frobh 54 following

i.] Sopropyl et hyl am ne E .
it RN bR BBy Ay OB FleiPbodi i mi de
hydr ochl ori de EDTA et hyl enedi am netetraaceticacid 25

Et OAc ethyl acetate FP fluorescence polarization HOBT
or HOBt 1-hydroxybenzotriazole hydrate LC/ M5 (ESI)

FqQut doC (el ectrospray
ok gL L BESCSPHABR YETFOE IRAHEIONR nuct ear
magneti c resonance RT roomtenperature TFA
trifluoroacetic acid 3 WO 2007/ 124369 o )
Thegermysiaomrpasgshncludipst, and Jeomipiamer arc Tied hergin in diggropen,
Myt phy 5 DEFINITIONS The term "al kyl" refers
mﬁg&gg?%&%%%ear and branched chain radicals of up to 12
carbon atons, preferably up to 6 carbon atons, unless
ot herw se indicated, and includes, but is not Iimted
to, nmethyl, ethyl, propyl, isopropyl, butyl, isobutyl,

ABBRERUM I ONKErt - butyl, 10 pentyl, isopentyl, hexyl,
i sonexyt, heptyl, octyl, 2,2,4-trinethyl pentyl, nonyl,

Asd Ssce\élh’erein, the following abbreviations are intended to have the following

meanings (additional abbreviations are provided where needed throughout the

Specification):

ATP adenosine triphosphate

Boc or BOC tert-butoxycarbonyl

DCM dichloromethane

DMF dimethylformamide

DMSO dimethylsulfoxide

DIEA diisopropylethylamine

EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

EDTA cthylenediaminetetraaceticacid

EtOAc cthyl acetate

FP fluorescence polarization

HOBT or HOBt 1-hydroxybenzotriazole hydrate

LC/MS (ESI) Liquid chromatography/mass spectrum (electrospray
ionization)

MeOH Methyl alcohol

NMR nuclear magnetic resonance

RT room temperature

TFA trifluoroacetic acid
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undecyl and dodecyl. The term "hydroxyal kyl" refers to
both |inear and branched chain radicals of up to 6

w@ a00bo3ed ons, i n which one hydrogen at om has PEENS2007/066985
replaced with an OH group. 15 The term
"hydroxyal kyl am no" refers to an hydroxyal kyl group in
whi ch one hydrogen atom fromthe carbon chai n has

THBEen repl aced teirgltydeofumm no group, wherein the

jtrogen is the. point of attachnment to the rest of the

Tﬂ@lecule. 20 fﬁgﬂﬁgﬁﬁpmg9%?%ﬁP%&l" refers to a
saturated or partially unsaturated ring conposed of
from3 to 8 carbon atons. Up to four alkyl
substituents may optionally be present on the ring.

Dﬁf@ﬂg@iﬁﬁinC|Ude cycl opropyl, 1,1-dinethyl cyclobutyl,
2, o i met hyl cycl opentyl, cycl ohexyl,
cycl opentenyl, cycl ohexenyl, and 4, 4-di net hyl

cyclohexenyl. , 0O 25 The term "di hydrosul f onopyranyl "
Thegpan Saliyl trrEers 9 hognlinggr alabbr@mhed?%@ntr@lﬁals of up to 12 carbon

o GEENEAU  SERTh 8 DY SEGYR.
is Tihelimizedno, awthyatiigy) fropf Bomopy, bityl, eabutydmec-pudyivacrtbutyl,
eSS TLIE R, DO L o SELE SLp.

AmQ@%ggnngd@ﬁLachnent to the rest of the nolecule. 4 VWO
2007/ 124369 PCT/ US2007/ 066985 The term "al kyl am no"

refers to an amino with one al kyl substituent, wherein

t h i i th i. nt f tt t t th
ThGym AV SRaPHBFE ettt Cholblutes g SRR T S iGe Srun o 6
catireRoBIiA K dhethyaradkk WonS ek h HYMcBd WHRSIMEDA dkHi.

am no group is the point of attachnment to the rest of
the nol ecule. The term "heteroaromatic" or

"hetetparyl” refer.s t0.5- to 7-penbered nono- ,on 8- to
TS B i EhBTRe" B f R R 1 g
hy@fogtfia€din M@y BORSHSH cBiin hBs bécareslacdtvaitlf &limino group,

heteroatons selected fromN, O or S where the nitrogen
whgeindhg pitfpgenis dhgspoiniefataehmens tythe regt ohthednelgswdat i on

state. Exanples include benzi m dazolyl,

benzot hi azol yl , benzot hi enyl, benzoxazolyl, furyl,
ThatedaZohJdalkyls adftisaz alsythirated @@aatzadlyyunsatovasziaing composed of
B Ao e Lkt R s s BpkiondiY e on

the ring. Examples include cyclopropyl, 1,1-dimethyl cyclobutyl, 1,2,3-
trimethylcyclopentyl, cyclohexyl, cyclopentenyl, cyclohexenyl, and 4,4-dimethyl
cyclohexenyl.

O
O

Y

/
. S
The term “dihydrosulfonopyranyl” refers to the following radical: <:/\

4

The term “hydroxyalkyl” refers to at least one hydroxyl group bonded to any carbon

atom along an alkyl chain.

The term “aminoalkyl” refers to at least one primary or secondary amino group
bonded to any carbon atom along an alkyl chain, wherein an alkyl group is the point

of attachment to the rest of the molecule.
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15 The term "heteroatont refers to a nitrogen atom an
oxygen atomor a sulfur atom wherein the nitrogen and

W@ i07az4364 ons can exi st in any all owed oxi dat i BET/US2007/066985

states. The term "al koxy" refers to straight or
branched chain radicals of up to 12 carbon 20 atons,
unl ess otherw se indicated, bonded to an oxygen atom
Exanpl es i ncl ude nethoxy, et hoxy, propoxy, isopropoxy

d but .Th " f I
I e P AR 1T P £ 0paHE Slsar TR e ghe
ardifo %?Jdibqg‘ fhel ﬂ&)lﬂt ke aftéd’lhﬁlenﬂokﬂié r&HOstht Wk, may

optionally be present on the 25 ring. Exanples
i ncl ude benzene, blphenyl and napt ht hal ene. The term

Tléa}y ral kyl %liyrl?elﬁgkts tfo @8 &Biaggnq \ﬁ%tk l‘h\gé o%&h%&n{n%legts "Oh&0in the

anpin@ @ydu@tlb e @it Sf BaGMtit EthBYdst o3 Fibgedu®s, M
"sulfonyl" refers to the group -S(O 2Ra, where Ra is

hydr ogen, al kyl, cycloal kyl, hal oal kyl, aryl,

le?e;tg'{ﬂﬁyhetr: 8{119135’)/& q{l:ge gfgﬁ;’ ﬁe‘%t@ﬁa tQFQ'nernbered nmono- or 8-

onylat1 ng  agent rou
tormolraeubered 61cy01c2z&6ﬁ’1hﬂ,62148@ Sy sR@TY, bis2 (10 bﬂ@ﬁ&ﬁ&nayFﬁRM
| The pres |nvent on conprlses met hods of using the
frmm B8 Hhﬁé‘ g?te@amﬁ sglecteddgrqm & & ¢reyw ﬁeﬁl&@rrﬁg%an%t yyefur
at&ﬁgrpﬁy&ﬁlﬁ 119 Em} DR éieog&c[httloh @fﬁ?@nt]@)&&;{ﬂes i1 b@hz(rmﬁaﬁﬁ
or a solvat'e, hydrate, tautoner phar maceut i cal §
beaz«):thmzallyl @eﬁﬂithlem)ﬂebaﬂeéxazmlyerfeiyﬂl imidezphyl, l@)tkmlamiy] or

ei ther of which substitu
1s§¥azg]p{¥ 8F6Z01Y]-f p}(f&{layl ?}{;}P %y@l p}ﬁp@ldlny 391 (}ulnoﬁlnyl
mﬂﬁ&?lthhgm,rS(alkyl) -(al kyl'), or 4- anlnophenyl W
5 pyrro (i ncluding 1H pyrrol-2-yl), inidazolyl,
(|nclud|ng 1H—inidazo| 2-yl), isoxazolyl, oxazonI

Tlée’ tefné “flertlelaoza 01¥1l’ refols g AN p&’glen (ajtorr]ﬁ: la%dolxg}gen é%gr%nor as if?u’ atom

wherein the nitrogen and sulfur atoms can exist in any allowed oxidation states.

The term “alkoxy” refers to straight or branched chain radicals of up to 12 carbon
atoms, unless otherwise indicated, bonded to an oxygen atom. Examples include

methoxy, ethoxy, propoxy, isopropoxy and butoxy.

The term “aryl” refers to monocyclic or bicyclic aromatic ring systems containing
from 6 to 12 carbons in the ring. Alkyl substituents may optionally be present on the

ring. Examples include benzene, biphenyl and napththalene.

The term “aralkyl” refers to a C, ¢ alkyl group containing an aryl substituent.

Examples include benzyl, phenylethyl or 2-naphthylmethyl.

The term “sulfonyl” refers to the group —S(0O):R,, where R, is hydrogen, alkyl,
cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl and heteroaralkyl. A “sulfonylating
agent” adds the —S(0O):2R, group to a molecule.
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whi ch may be connected through any carbon atom
wherein the pyrrolyl, imdazolyl, isoxazolyl,

W@x@z04b9 1,2,4 triazolyl, or furanyl may coONPEI/DSIINE066985

- d, -CN, -NO2, -Owe, or -CF3 substitution, connected
to any other carbon; 20 R2 is cycloal kyl (including
cycl ohexenyl, cycl opentenyl), thiophenyl,

di hydr osul f onopyranyl, phenyl, furanyl,

Eéﬁ%ﬁﬁigigropyridyl, or di hydropyranyl, any of which
rndependently substituted with one or two of
each of the 25 follow ng: chloro, fluoro, and

C(i _3)al kyl (including 4,4-dinethyl cyclohexenyl,
The-presehy inventiingloaxeingd methodeofising the ophpeyids of FemsmHy I

thio nyl.), with the provi.so that.tetrahydropyridyl
rotgh PRI g 1t Lo BRyRl SRR G oL b

bond; 6 WO 2007/ 124369 PCT/ /066985 X is 3 D D2

DSR-%R3- b DI M4 a-E Z aH Z- / H3C D2 1 D2 D2

~DR3- bp RA\2Dp ~NEONRE! a N X, or Ro 5 Z
is CHor Ny D and D28 ach hydrogen or taken
toget her form a doubl e bond"ttR%an oxygen; 10

I

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:

As
phenyl or pyridyl, either of which may be substituted with one of chloro,
fluoro, methyl, -N3, -NH,, -NH(alkyl), -N(alkyl),, -S(alkyl), -O(alkyl), or 4-

aminophenyl;

W is
pyrrolyl (including 1H-pyrrol-2-yl), imidazolyl, (including 1H-imidazol-2-yl),
isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl (including furan-2-yl), any of
which may be connected through any carbon atom, wherein the pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain one -

Cl, —-CN, -NO,, -OMe, or -CF; substitution, connected to any other carbon;

R%is
cycloalkyl (including cyclohexenyl, cyclopentenyl), thiophenyl,
dihydrosulfonopyranyl, phenyl, furanyl, tetrahydropyridyl, or dihydropyranyl,
any of which may be independently substituted with one or two of each of the
following: chloro, fluoro, and Ci_3jalkyl (including 4,4-dimethyl
cyclohexenyl, 4-methyl cyclohexenyl, 2-methyl thiophenyl, 3-methyl
thiophenyl), with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;



D3 and D4 are each hydrogen or taken together form a

doubl e bond to an oxygen; D5 is 15 hydrogen or -CH3,
wab@rae4asesai d - CH3 may be relatively oriented BYIUS2007/066985

anti; Ra and Rb are independently hydrogen,

cycl oal kyl, hal oal kyl, aryl, aral kyl, heteroaryl, or

20 heteroaralkyl; Eis N, S, O SO or S, wth the
Xpwoviso that E may not be Nif the followi ng three
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15

20

25

conditions are si nultaneousaly net: Qa is absent, Q is

25 absent and R3 ig? group or cyclic amno

r adi epelﬁ the paj nt kﬁ\attachnent to Eis N Q

is a %% %Pf orT(O; 7 WO 2007/ 124369

PCT/ us2 7+EE)66935 Qo i's ab\fsent -NH, -CH2-,
¢(0),,with Flple provi,.so that Q@ may not

be C(O) |f Q is C(O, and further provigled that Qo

may not be 5 NH if Eis Nand Qa isyalsent, further
pr ovi ded th@tZ Q@ may notD2be - NH- i O an am no

grouIB e arrRQoDzj aI elbl\‘—t e nt of
attach [f )Péﬁf\bgen, phenyl ,

hydr oxyal ky no (| ﬁcl g 2 c]],ydr éxy ethyl am no),
(hydr oxyal kyI ) 2ami'no, hydroxyal kyl (al kyl ) am no
(i ncl udi ng 1- hydroxyeth-2-yl (nmet hyl )am no), al kyl am no
(i nﬁ#udi ng nethylam no), am noal kyl (i ncl udi ng
2- anfr'fio i sopropyl), dihydroxyal kyl (i ncluding
1, 3-di hydr@xy N;sopropyl, 1,2-di hydroxy 15 ethyl),
al koxy (i ncluding nethoxy), dialkylamno (including
di met hyl am no), hydroxyal kyl (i ncluding 1-hydroxy
et h- 000H, -CONH2, -CN, -S02-alkyl -
(inc ddd)D alrg()ZCHS) -NH2, or a
cach hydrogen or taken together form a double bond to an oxygen;

D* and D* are
cach hydrogen or taken together form a double bond to an oxygen;
D’ is

hydrogen or -CH3, wherein said —CH3 may be relatively oriented syn or
anti;

R, and Ry, are independently
hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

E is
N, S, O, SO or SO,, with the proviso that E may not be N if the
following three conditions are simultaneously met: Q, is absent, Qy is
absent, and R’ is an amino group or cyclic amino radical wherein the
point of attachment to E is N;

Q. is

absent, -CH,-, -CH,CH,-, or C(0);
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5 or six nmenbered ring which contains at | east one
heteroatom N and nmy optionally contain an additional

whedwenosed ety selected fromsS, 20 SO2, N, and BCT/HRH07/066985

the 5 or 6 menbered ring may be saturated, partially
unsaturated or aromatic (including piperidinyl,

nmor phol inyl, imdazolyl, and pyridyl) wherein

aromatic nitrogen in the 5 or 6 nenbered ring may be
prea&nt as N-oxide (including pyridyl N oxide), and

the %*8Br 6 nenbered ring may be optionally substituted
Wi th 25 neiou! -NIlF-?L@H?[‘fCI@Jdﬁ'ZL?JFGIg%, With HeKRFViso that Qp may
(including 1 methyl i1mdazolyl); may al so be

absent, wiathe Q) gridws €60}, rad fimder grovoted thet Smpaywing e E

IS nitro ;- R4 hydr o - OH, .al kox car bo

car box am'glgg,' lf?r lsg\i%cgﬁﬁﬁﬁl agse'g’efg%h?dﬁ%@ﬁ%ég% may nf e -
PCT/ US200NHO0 G985 an NG Sy b eghieat R alokhdrbi the point
present invention include a conpound of Formnula I

wher ei n: ofgftaghments Qhis¥1 or pyridyl, either of which
may be substituted with one of chloro, fluoro,

met hyl, -N3, -NH2, -NH(al kyl), -N(al kyl)2, -S(alkyl),

- akkigl ), or 4- aminophenyl; b) Ais phenyl ; 10 c)
Ws pyrrolyl (incl ud{@ng 1H i m dazol yl ,

rrol-2-yl),. I

(i ncl udi Mydiegennpheayl hydroyy qﬁylam%&a%rcwg 2-hxdgyy| |
1,2,4 tri j j - :
any of | WOy Sy A A, DR R ko
at om whejimluding &-hyyroxpetit2-yllhethypi)damo), \alk ylarsior dmoluging
oxazolyl, 1,2 4.triazolyl, or furapyl .nay contain one
P& Y ettt otk G Stk FefPiBnnect ed
to any othgydré (incRHin®/ 153 ity arbxg-i3d 1, 1,2-dihyd
1H pyrrol - 2:{; 1rl },%uggnilll—ll-ci rr%n azol - 2-yl ?larll)';Opoyf whi Eﬁ 1&05;1?/1
be ethylgl,

dimethylamino), hydroxyalkyl (including 1-hydroxy eth-2-yl), -

COOH, -CONH,, -CN, -SO,-alkyl-R” (including -SO,CHs), -NH,, or a

alkoxy (including methoxy), dialkylamino (including

5 or six membered ring which contains at least one heteroatom N and
may optionally contain an additional heteromoiety selected from S,
SO, N, and O, and the 5 or 6 membered ring may be saturated,
partially unsaturated or aromatic (including piperidinyl, morpholinyl,
imidazolyl, and pyridyl) wherein aromatic nitrogen in the 5 or 6
membered ring may be present as N-oxide (including pyridyl N-oxide),
and the 5 or 6 membered ring may be optionally substituted with
methyl, halogen, alkylamino, or alkoxy (including 1 methyl
imidazolyl); R* may also be absent, with the proviso that R* is not

absent when E is nitrogen;

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoy].
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substituted at the 4 or 5 carbons with -CN, 20 e) Ws

3H 2-im dazol yl -4-carbonitrile or
wWG2@yam3bH pyrrol -2-yl; ) Ws PCT/US2007/066985

3H 2-im dazol yl -4-carbonitrile; g) R2is 25

cycl oal kyl (i ncluding cycl ohexenyl, cycl opentenyl),

t hi ophenyl, di hydrosul f onopyranyl, phenyl, furanyl,
EMBOTRIMIANGBYri dyl , or di hydropyranyl, any of which
Embydithents od erejreent inyeiiodnsheliitd £ dompdundafi@®@obhulh\Wevhafein:

each of the follow ng: chloro, fluoro, and
EQQQH&B)aIkyI (i ncluding 4, 4-dinethyl cycl ohexenyl,

4- et hyl cycl ohexenyl, 2-nethyl thiophenyl, 3-nethyl

30 tihicoplamyriylyl, githen of héighrmoay bosubkiauted with one of chloro,

tetrahydropyri dyl {5 C ected. to.the L r ough

T e PR

PCT/ 44520pheh066985 cycl oal kyl (i ncluding cycl ohexenyl,

cycl opentenyl ), which may substituted w th one or two
b)GAss 3) al kyl ~ (i ncl udi ng 4, 4-di met hyl cycl ohexenyl ,

4-ngﬁgﬁgr cycl ohexenyl); i) R2 is 5 cycl ohexenyl,

whi y substituted with one or two C(1.3)alkyl: j)
R%”is cycl ohexenyl, 4, 4-di nethyl cycl ohexenyl, or
C)4-n‘(§thyl cycl ohexenyl; k) R2 is cycl ohexenyl; 10 1)

I>—<ll3 f; péé‘@lyl%c%iﬂ% tAopRRR01-P-yB, Phidazdy1Z¢incladiRg 4H-imilazol-2-y1),

isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl (including furan-2-yl), any of

which may be connected through any carbon atom, wherein the pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain one -
Cl, —CN, -NO3,, -OMe, or -CF; substitution, connected to any other carbon;

d) Wis
furan-2-yl, 1H-pyrrol-2-yl, or 1H-imidazol-2-yl, any of which may be
substituted at the 4 or 5 carbons with —CN;

e) Wis
3H-2-imidazolyl-4-carbonitrile or 5-cyano-1H-pyrrol-2-yl;

f) Wis
3H-2-imidazolyl-4-carbonitrile;

g) R%is
cycloalkyl (including cyclohexenyl, cyclopentenyl), thiophenyl,
dihydrosulfonopyranyl, phenyl, furanyl, tetrahydropyridyl, or dihydropyranyl,
any of which may be independently substituted with one or two of each of the
following: chloro, fluoro, and Ci_3jalkyl (including 4,4-dimethyl
cyclohexenyl, 4-methyl cyclohexenyl, 2-methyl thiophenyl, 3-methyl
thiophenyl), with the proviso that tetrahydropyridyl is connected to the ring A
through a carbon-carbon bond;

h) R*is



10

15

20

1~D R3- bplRap-~N D2D2Ra-NaE USN-~, or
Rb m Xis 3 D5 D2 D3 RD2 R3- % E D1_D4 a EZ- R3-
wOREyX24385 D1 \--/ Z- H3C /-/ n) Xis D2 D3 RBCT/DI20D7066985

%E Z- 0) ZisCHor N p) Zis 20 CH q) D and D2
are each hydrogen or taken together forma doubl e bond
to an oxygen; r) D and D2 are 10 WD 2007/ 124369

PCT/ dyskalkyl (6898i5g cydolnexleyyil; Og}é(bpenE)lyDS wanah 1@4y substituted

an oXyare e o ARE e e SaliBR v e

i's W[&g%hygr - CH3, wherei n said -CH3 may be
reI atively oriented syn or anti; 10 v) Ra and Rb are

i) iRidependent | y

cyclohexenyl, which may substituted with one or two C_3)alkyl:

i) R7is

cyclohexenyl, 4,4-dimethyl cyclohexenyl, or 4-methyl cyclohexenyl;

k) R?is

cyclohexenyl;

D) Xis

E 0,5—N 1
, Or b ;
m) Xis
3_ D’
D2 pd b 2
R*—Q, D'} _[-D* —E 7Z— R—Q, D'
%a—E 7— —E
__/ H3C .
n) Xis
2 13
D
R*—Qp D' D*
—E Z—
0) Zis
CH or N;
p) Zis
CH;

q) D' and D* are

cach hydrogen or taken together form a double bond to an oxygen;

r) D' and D* are

10
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hydr ogen, cycl oal kyl, hal oal kyl, aryl, aral kyl,

heteroaryl, or heteroaralkyl; w Eis N S, O SO or
wER7/1n36h t he proviso that E may not be N if PEEUS2007/066985

following three conditions are simultaneously nmet: Qa

is absent, Qb is absent, and R3 is 15 an am no group

or cyclic amno radical wherein the point of

at t ambimbpdrogen;E is N, X) Eis N, with the proviso

t hat my not be Nif the following three conditions
S)aISeancgpn‘?}%t aneously net: Qa is absent, Qb is absent,

and &3n h?dr%@erﬁ&‘ tBRn%b Q& Rerdbrm 4 UoGyIE |bbﬁd %H‘&Myrg@&“ cal
V\,hereln he p0| nt of attachment to Eis N, y) Q is

t) dbsandtD " arcH2- CH2CH2 or (O; Z) Qais absent,

e()l—%tl ar. 25 aa) Qa is absent, or C(O; bb)
Q| &C i‘S}grbC) Q is 30 absent, -NH, - CH- .
-, or C(O) with the proviso t hat Q may not be

u)C]()O)S if Q C(O, and further provided that go my
not fbféirogqmm r@HE wheren sai g Cl may beislasivelyfauientedpyn of anti;

provided that Qb may not be -NH if R3 is an am no

gpou r_cyc no radi cal wherein the point of
V) {‘t%‘g%ﬁﬂe?{ﬂ‘%‘iep%‘%m‘lym dd) Qb is 11 WD 2007/ 124369

PCT/ {32624/ 8REABY |, ARG, ary Ch2RY2-hetedbar{( 6) het&ﬂoﬁﬂalktyﬂ?e
Wfrowso that Qo may not be C(O if Q is C(O; ee)

& iabsent, or C(O) with the proviso that Qb may not
dr o’xyaﬁ) Ky am no 9%1%%1 FOdh Jl;o)tgﬁﬁz @%%%ﬂﬁ?ﬂg&%&?@&g

three conditions are snnultaneously met: Q, is absent, Q is absent, and R’ is
an amino group or cyclic amino radical wherein the point of attachment to E is
N;

x) Eis
N, with the proviso that E may not be N if the following three conditions are
simultaneously met: Q, is absent, Qy is absent, and R? is an amino group or
cyclic amino radical wherein the point of attachment to E is N;

y) Qais
absent, -CH,-, -CH,CH,-, or C(O);

z) Q,1is
absent, -CH,CH,-, or C(O);

aa) Q,is
absent, or C(O);

bb) Q. is
C(0);

cc) Qpis
absent, -NH-, -CH,-, -CH,CH,-, or C(O), with the proviso that Q, may not be
C(0) if Q,1s C(0), and further provided that Q, may not be -NH- if E is N
and Q, is absent, further provided that Q, may not be -NH- if R® is an amino
group or cyclic amino radical wherein the point of attachment to Qp is N;

dd) Qpis

11



wa@bkdyhasno (i ncl udi ng net hyl am no),

(hydroxyal kyl ) 2am no, hydroxyal kyl (al kyl )am no
(i ncluding 1-hydroxyeth-2- yl (nethyl)am no),
am noal kyPCT/US2007/066985
(i ncl uding 2-am no isopropyl), dihydroxyal kyl
(i ncluding 1, 3-di hydroxy 10 isopropyl, 1,2-di hydroxy
et hyl), al koxy (i ncluding nethoxy), dialkylam no
( i ncdbaelitngCHG-hyr @@)nw)th theyehooxy dak @, nfaymok bel00Q) if Q. is
%@xy eth-2-yl), - O000H, -CONH2, -CN,

-SO Kyl -R4 (including -SO2CH3), -NH2, or a 5 or
ez &%, fenbered ring which contains at |east one

et

eroatom N and nay optionally contain an additi onal
het esbsersi @tG(Detvih thedrpyisortdt QsaRy nRt baf O Dif Q.iBCENK

5 ﬂ)hﬁg 5 or 6 menbered ring may be saturated, partially

10

15

20

25

30

dturated or aromatic (i ncludi ng piperidinyl,

mor ph@kdday] phoni, dg@@kydlkylamdlor(yﬂdhdﬁﬁg 2WgetoRly rethylammo)
aromatic nitrogen in the 5 or menbered rin

pr es@ﬁ@mé%alkvlézﬁmél@ hydméy%llsyl@ksdmlay KmNuéwlggel}ydy @mth -2-

Lo DAL Ui SOL o

al ko(mch(dm@QudilﬁtglsdprﬁpylmldlhﬁﬁoxymlmZmblyath)ng l@dﬂ@ylroalys 0

\?ﬁeﬁg(%)%géyln]r {Z téiEOEXYgf‘grjI)%\’/llﬁ(s? k%yﬁ%ﬁéﬁgﬂnﬁﬂgﬁs 1a1T<ylarn1no
P LR RTARo) by gé’ﬁ%yﬁqﬁh&hﬂ%ﬁ mgamweam.%, i

nethlamno mn0|s pro oXxy
[ sopiE@fS?j’ﬂ,,CG)N:sz+GNdSﬁ)gs)allQ&Pet(imyludm@Sﬁb@ﬂg) -NH., ora5 or

di ret th ani 6%%—&33% Vblylghﬁ_lgg( tfﬁ% gtrl%?# RbS hetﬁ@%ﬂbﬁgﬁg fmay

d@}ﬁi@héﬂ'ly cdidih dy laddlﬁbﬁﬁdl ‘M‘Jeron%l ?s@ll%%bed Bomls, B N¥ and O,
|mdazolyl hh) R3 is al kyl am no (i ncl uding

met rfylldatht? ﬁ@y 6 mfinzlickgd g may be pathathidnpartigidy unsaturated or

di 4

) A RRirsBaRaE RN L SRR o
ii) a%mhﬁc ﬂlzrog@ #QAd 5 b26316e9ntFé€éFd Ildsgzﬂl@y bOBaREH as N-oxide
dlrrethlamno ﬁz R4|shdrogen - OH, al koxy,

car udipgpyiskd @P@de)oand: Berdymembgygd ring may be optionally

substituted with methyl, halogen, alkylamino, or alkoxy (including 1 methyl
imidazolyl); R* may also be absent, with the proviso that R” is not absent

when E is nitrogen;

g2g) R?is

hydrogen, phenyl, 2-hydroxy ethylamino, 1-hydroxyeth-2-yl(methyl)amino,
methylamino, 2-amino isopropyl, 1,3-dihydroxy isopropyl, 1,2-dihydroxy
ethyl, methoxy, dimethylamino, 1-hydroxy eth-2-yl, -COOH, -CONH,, -CN, -
SO,-, -SO,CH3), -NHy, piperidinyl, morpholinyl, imidazolyl, pyridyl, pyridyl
N-oxide), or 1 methyl imidazolyl;

hh) R’ is

alkylamino (including methylamino), dialkylamino (including

dimethylamino), or -SO,-alkyl-R* (including -SO,CHs);

ii) R’ is

methylamino, dimethylamino, or - -SO,CH3;

i) R'is

12
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5 11) R4 is hydrogen; and all conbinations of a) to
11), inclusive, herein above. 10 Other preferred

wepdod2adent s of Formula | are those wherein: RBCT/ES2007/066985

phenyl or pyridyl, either of which may be substituted
with one of chloro, fluoro, nmethyl, -N3, -NH2,
-NH(al kyl), -N(al kyl)2, -S(al kyl), -OQ(al kyl), or 4-
am nbplethyldnmind5 Wis pyrrolyl, imdazolyl, isoxazolyl,
olyl, 1,2,4 triazolyl, or furanyl, any of which
H§g§zﬁe connected through any carbon atom wherein the
pyrrolyl, imdazolyl, isoxazolyl, oxazolyl, 1,24
t ri aperggen, $¥H raklkanyy parhexy. sokexamide & cagpmoyl; angy,
1y , -Owve, or -CF3 substitution, connected to any
other carbon; R2 is cycloal kyl, thiophenyl,
di hydr.osul f onopyranyl, phenyl, furanyl,
tetr 8pyridyl, or dihydropyranyl, any of which may

anl&illl ALRRERERNGE ) to AT, iﬁéiﬁﬁfré,th'éie%rganteh one or two of

each of the foll'owing: chloro, fluoro, and C(i _

3)al kyl, with the proviso that tetrahydropyridyl is
Othenpretired cibotiimeents ofgF odmutahlrapel osawbarebon- car bon bond;
AX is 13 WD 2007/ 124369 PCT/ US2007/ 066985 3 D D2 D3 R

%~ R3- b DL D4a-EZ aEZ / \--/ HBCD2 1 D2 D2

~ D piiRByl & pPlidyP<eithdr oR&hichRhay D substituted with one of chloro,

fluoro, methyl, -N3, -NH,, -NH(alkyl), -N(alkyl),, -S(alkyl), -O(alkyl), or 4-

aminophenyl;

Wis
pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl, any of
which may be connected through any carbon atom, wherein the pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain one -

Cl, —CN, -NO,, -OMeg, or -CFj; substitution, connected to any other carbon;

cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and C-
salkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;

X is

13
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20

25

aE U2D_ Ra-N, or Ro and is oriented para with
respect to -NHCOW 5Zis CHor NN D and D2 are

weamh/1twpelr ogen or taken together form a doubl ePO@DOR2DD066985

an oxygen; 10 D3 and D4 are each hydrogen or taken
together forma double bond to an oxygen; DS is 15
hydrogen or -CH3, wherein said -CH3 nay be relatively
oriented syn or anﬁg, Ra mnd Rb are independently
hydr ogen, cﬂl oal kyl", Rl oa)—lexl , aryl, aral kyl,

het eRGaRyb! [F0 heteppeEal kK3~ E is N, S, O SO or
SR, wit\y_t e oviso that E—fay not be Nif the

foll owi ng’ t condi ti ongCare simultaneously met: Qa
is absent, Qb is 25 absent, and 'R3 is an am no group
or cyclic am no radical wherein the pobnt of

attachnment te Eis N, Jds absent, o -~ - CH2CH2-

or GROq, pl4 WO 20&7/ F24869 PCT/ US20 66 Q@ is
absent %N;E CH2- ’(5ﬁ s -, orREND), \wif h the
provi so ‘¥41a may ~2A00\ be i f Is C(O,,and.
further provided that Qb may nx)cg R(QS NH- i f ok psorignted

and I%fa'wﬁth%%eitojl\t}ﬁébﬁfv provi ded that Qo may not be
iIf R3i's an am no group or cyclic am no radical

vvhereln the point of attachment to Qb is N, R3is
AT
CH or N;

D! and D? are

cach hydrogen or taken together form a double bond to an oxygen;

D’ and D” are
cach hydrogen or taken together form a double bond to an oxygen;
D’ is
hydrogen or -CH3, wherein said —CH3 may be relatively oriented syn or
anti;
R, and Ry, are independently
hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

Eis
N, S, O, SO or SO,, with the proviso that E may not be N if the
following three conditions are simultaneously met: Q, is absent, Qy is
absent, and R’ is an amino group or cyclic amino radical wherein the
point of attachment to E is N;

Q. is

absent, -CH,-, -CH,CH,-, or C(0);

14
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10 hydrogen, hydroxyal kyl am no, (hydroxyal kyl)2am no,
al kyl am no, am noal kyl, di hydroxyal kyl, al koxy,

waele@lg43ean no, hydroxyal kyl, - 000H, - CONH2, -EN/US2007/066985

-S02-al kyl -R4, -NH2, or a 5 or six menbered ring

whi ch contains at |east one heteroatom N and may
optionally 15 contain an additional heteronoiety
selected fromS, SO, N, and 0, and the 5 or 6
menbered ring may be saturated, partially unsaturated
or tSmatic, wherein aromatic nitrogen in the 5 or 6

menber ed Jusag, MBY., -OB,-PLEIKM,- &t NOPW IR thedbhisMBaPQPmay
6 menbered ring nay be optionally Substituted with

met hyl , haitbgé€iQ) #lQuis 8@ hend Girrther Rioxided mt faymayl w6 b2
be absent,wth. t i so that R3 i t
e 2bs e U PEEY ek Sy PEE S S

car boxani NI, iftRC i¢ afi baiiydroup 8bcylibemity RERAI ®hkrein the point
enbodi nents of Formula | are those wherein: Ais
phenyl orofftaghayent to Qgisdli s pyrrol yl, ini dazolyl,

i soxazol yl, oxazolyl, 1,2,4 triazolyl, or furanyl, any
of which may be connected t hrough any carbon atom
wherklig the pyrrolyl, imdazolyl, isoxazolyl

oxazolyl, 1,2,4 triazolyl, or furanyl may contain one
- d, -CN, -NO»®2, -Owe, or -CF3 substitution, connected
to any ot r ; : :
PCT/ U200 752 gs%%%xz‘/ai 1%@3 ?8(2?{1%%{@% lamino, afkylamino,
di hydr osulrhiondfyls dihytiroxpdlkyly hlkofwrdadlylamino, hydroxyalkyl, -

be. 1 ndepe Ttk FyON Bt ey R Ob R e OB SenSmarereB
of the falilOwhide costBin®aPleadtlonhterdafifin Mahd ma3) @}thé‘ﬁhléy

with the proviso that tetrahydropyridyl is connecte

to the ridegtain an pedyierial heterpnivoety seledson ooy SO, Nsar@ @ and
D2 D3R thg/ % or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alkoxy; R* may also

be absent, with the proviso that R” is not absent when E is nitrogen;

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoy].

Other preferred embodiments of Formula I are those wherein:

Ais

phenyl or pyridyl;

W is

pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl, any of
which may be connected through any carbon atom, wherein the pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain one -

Cl, —CN, -NO,, -OMeg, or -CFj; substitution, connected to any other carbon;

15



R3- b D14 a -EZa E Z- / 10 A--/ HBC D2 1 ~ D RB3-

pl Ra D1 ~N D2 D2 Ra-N a E U2S-N, or Ro and is
wo@erioen2edd para with respect to -NHCOW Z i s RGI/T52007/066985
N, D and D2 are each hydrogen or taken together form
a double bond to an oxygen; 20 D3 and D4 are each
hydr ogen or taken together form a double bond to an
oxygen; DS is hydrogen or -CH3, wherein said -CH3 nay
Rpe relatively oriented syn or 25 anti; Ra and Rb are

|ﬁdependently hydr ogen, cycl oal kyl, hal oal kyl, aryl,

ar al t 1

30077} SRS RO, diyd 6%%8%%6@5% o R QHMQI

S02, tetiltyldrartysidpk, ov dibwdiopatang, ﬁlasyOﬁ\@hlcb@laM hefmqldpendenﬂy

foll h |
s 0 O LB B R B oD RRn S M RD AR, B0 indR
or CydtkylCwRRHRGrbAcH that tewhRyEbpyridyeisrohidct&f to the ring A

attachnment to Eis N ga i's absent, -CH2-, -CH2CH2-,
or chrough a carbon- carbon bon

X is

10 / HsC

D2
1
whowth
and 1s oriented

para with respect to -NHCO-W;

Z1is
15 CH or N;
D' and D* are
cach hydrogen or taken together form a double bond to an oxygen;
20 D’ and D” are
cach hydrogen or taken together form a double bond to an oxygen;
D’ is

hydrogen or -CH3, wherein said —CH3 may be relatively oriented syn or
25 anti;

R, and Ry, are independently
hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

16
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waea7fizussher provi ded that Qo may not be -

10 Qoi s absent, -NH, -CH2-, -CH2CH2-, or C(O, wth
the proviso that Qo may not be C(O if Q is C(O,
NH- PCT/UR200B066985
N and Qa is absent, further provided that Qb may not

be 15 NH if R3 is an am no group or cyclic amno

radi cal wherein the point of attachnent to Q is N;

R3 is 20 hydrogen, hydroxyal kyl am no,

(hydr oxyal kyl ) 2am no, al kyl am no, am noal kyl,

di hydfoxyal kyl , al koxy, dial kyl anmi no, hydroxyal kyl , -
000H, - CQWHZ.0,-SeNor S6D2vidd ¥ prd¥dso thi¥ZmaPhoBbONG thel X
menbered ring which contains at | east ohe heteroatom
N and mayfobpwingrthtckgonditonsaira siamltadetiuslyonett Q. is absent, Qy is
heteronoi ety .selected fromsS, SO2 and 0,..and, 25.

the 5 or @SHNESEAS P ﬁgm}ga%;bggogg{cﬁ}'p arey, raB%%F‘FYV%?rFS? the
unsat ur at@fint@t attadhdieat toCE isWerei n aromatic nitrogen in
the 5 or 6 nenbered ring may be present as N oxi de,

and the 5 or 6 nenbered ring may be optionally

subs@(iitsut ed wth nethyl, hal ogen, alkylam no, or

al koxy; R3 may also be absent, with the proviso that

R3 i s notabsbaetHWhE€M,EH,s onC{ORgen; 30 R4 is

hydr ogen, -OH, al koxy, carboxy, carboxam do, or
carbanoyl. Oher preferred enbodi nents of Fornula |

are phgse wherein: 17 WO 2007/ 124369 PCT/ US2007/ 066985
A is phenyl or pyridyl; 5 Wis

3H 2-i m dazaityINH- e@dporTH1GH., or (RD)) witle thelppatiky/that Q, may
t hi ophenyl , . di rosul op nyl, phenyl, furanyl, 10
Lot - anydrF Can X GRED G st g et o iR by
be i ndepeqdefttd ¥ N anbol istavsad, (ithél ROEIE thahO, Blay @BEH: —
of the follow ng: chloro, fluoro, and C(1_ aI}ZyI, '
wi th t he WHoUiR gs aaminoegrpuhgieyspy pmend rafisalowhgreintthelpoint
to the rlor}gatt'g‘chment to Qpis N;

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONH, -CN, -SO,-alkyl-R", -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO, N, and O, and
the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alkoxy; R* may also

be absent, with the proviso that R” is not absent when E is nitrogen;

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoy].
Other preferred embodiments of Formula I are those wherein:

17



t hrough a carbon-carbon bond; 15 Xis 3 D D2 D3 R -%

R3- b D1 D4 -E Z- %E zZz- /| \--/ H3C D2 1 D2 D2 OD
WORNB0(A2436D _ Ra\ D1_ ~N t~E US-N Ra~N or Rb apdI/iUS2007/066985
oriented para with respect to -NHCOW 20 Zis CH or
N, D and D2 are each hydrogen or taken together form
a doubl e bond to an oxygen; 25 D3 and D4 are each
hydrogen or taken together forma double bond to an
oxygen; 18 WD 2007/124369 PCT/ US2007/066985 DS is
ﬁsydrogen or -CH3, wherein said -CH3 may be rel atively
or i iRl stYrigyl; anti; 5 Ra and Rb are independently
hydrogen, cycloal kyl, hal oal kyl, aryl, aralkyl,
het eroaryl, or het er oar al kyl; 10 Eis N, S, O SO or
Wsigz, with the proviso that E may not be Nif the

A

3H-2-imidazolyl-4-carbonitrile;

R’ is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
10 tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and C;.
salkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;

15  Xis

3
2 p* _%
3_ 1 4
b DMD —E Z—
%a—E z—
_/ H,C

2 2

D2

D1
7O
1 N
% R, D e
—E 628—N .
, Or Rp and is oriented

para with respect to -NHCO-W;

20 Z1is
CH or N;

D' and D? are
cach hydrogen or taken together form a double bond to an oxygen;
25
D’ and D” are

cach hydrogen or taken together form a double bond to an oxygen;
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followi ng three conditions are sinultaneously nmet: a
is absent, b is absent, and R3 is an am no group or

w@y@izs3edm no radi cal wherein the point of atP@EOIN®NT066985

to Eis N 15 Qa is absent, -CH2-, -CH2CH2-, or C(O;
Qis 20 absent, -NH, -CH2-, -CH2CH2-, or C(O, wth
the proviso that Qo may not be C(O if Q is C(O,
and further provided that Qo nay not be - NH if Eis
N ano’ iQa i s absent, further provided that Qo may not

be - NH Hyfdrdg@nios -@H;,aMdAéin 94i@ W HRMAYd defatiaBllydiented syn or
radi cal whgrein the point of attachnent to is N
25 R3 is hydrogen, hydroxyal kyl am no,

(hydg o ' | kyl am no, am noal kyl ,
di hy %ﬁ@ghﬁéﬁégg%E%Q“, di al kyl am no, hydroxyal kyl, -

30 COOH, hyQeddda, cycl]kyd, IdBoatityk ydry RdsalleyNHiRter@drylaob or
si x menber ed ri@g whi ch contains at |east one

het er oat dRNCHAEYkay optionally contain an additiona
het eronoi ety selected fromS, SO2, N, and 0, and the
5 or 6 nenbered ring may be saturated, partially

unsaf wrated or aromatic, wherein aromatic nitrogen in

the 5 or ed.rin 19 07/ 124369 .
beT U200 Dasens or 505 MR projdoNmydy 6y TG NGNS or
6 e a1 (7R HRIABNI B lan SHABIHELLES: NG, O

met hyl , hal ogen, al] kyl am no, or al koxy;” R3 may al so
absent, viibsentt dng Rorigen sminchgrouRar ¢yslineminbadivnl wherpinghe

is nitrogen;, R4 i,s 5 rogen, -OH, al koxy, carboxy,
carboxanﬂ%%@xgﬁﬁggw%gﬁg§ }fﬁCIher preferred

enbodi nents of Fornula | are those wherein: 10 Ais
pheqzl‘or pyridyl ;
a 1S

absent, -CH,-, -CH,CH,-, or C(0);

Quis
absent, -NH-, -CH;-, -CH,CHj>-, or C(O), with the proviso that Q, may
not be C(O) if Q,1s C(0O), and further provided that Qp may not be —
NH- if E is N and Q, is absent, further provided that Q, may not be —
NH- if R® is an amino group or cyclic amino radical wherein the point

of attachment to Qp is N;

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONH,, -CN, -SO,-alkyl-R", -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO, N, and O, and
the 5 or 6 membered ring may be saturated, partially unsaturated or

aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
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Wis 3H 2-im dazol yl -4-carbonitrile; 15 R2 is

cycl ohexenyl which nay be substituted with one or two
woreaongb43gr oups; X is 3 D D 2 D3 R -% R3- b DICTUS2087/066985

Z- Y%@aE Zz- | 20 H3C D2 1 ~ D R3- b Dl Ra D1 ~N D2 D2

Ra-N ~aE U2S-N or Rb and is oriented para with

respect to -NHCOW Zis 25 CHor N, D and D2 are

each hyd rbmq&nseot ast osnilet agethh éror bonemlzeretbribg malp da (d»ptionally

an oxygen; . 20 007/ 124369 PCT/ US2007/ 066985

and D4 ar@PHAH ﬁ% ataﬁlz ?los%llkgw%@a? REATRgY R amay also

doubl e bo&dabtsﬁlta\'i}ltﬁﬁiégﬁawso aPR’ IsSol ¥BHeROSRerPE is ftiBgen;

wherejn said -CH3 may be relatively oriented syn or
antiR"iRa and Rb are |ndependently 10 hydrogen,
5 cycl oal kyl, hal oal kyl, aryl, aral kyl, heteroaryl, or

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoy].

Other preferred embodiments of Formula I are those wherein:

10 Ais
phenyl or pyridyl;
Wis
3H-2-imidazolyl-4-carbonitrile;
15
R is
cyclohexenyl which may be substituted with one or two methyl groups;
X is
D5
R*—Q,
D? b’ % b
R3_% D’ D* —E Z—
—E Z—
20 b H3C 2
D2
oD’
D2
T O
“howih v
—E 628—N .
, Or Rp and is oriented
para with respect to -NHCO-W;
Z1is
25 CH or N;

D! and D? are

cach hydrogen or taken together form a double bond to an oxygen;

20
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w@onditz43ens are si nul taneously net:

heteroaral kyl; Eis N, S, O SO or S02, with the
proviso that E nmay not be Nif the 15 followi ng three
Qa i s absePtT/USI0T/666985
absent, and R3 is an am no group or cyclic am no

radi cal wherein the point of attachnent to Eis N, Qa
is 20 absent, -CH2-, -CH2CH2-, or C(O; (Qis absent,
-NH, -CH2-, -CH2CH2-, or C(O, with the proviso that
Q@ nay i be C(O if Q is C(O, and further
proCﬁd@Hin]Sh%{F Q may not be - 25 NH if Eis Nand Qa
| s absentgach HydldgEn O tANdrdBEeth&iabrdd ddElcBOhd Ran Mfmehf

R3 is an am no group or cyclic amno radical wheréin

the point of attachment to Q is N, R3 is 30

hydrlbsgisn, hydr oxyal kyl am no, (hydroxyal kyl)2am no,

al kyl am ngdrogefion o@Hk Wherelh Byid —Gkisahdsybe rebtikebyyoriented syn or
di al kyl ang#®, hydroxyal kyl, - 000H, -CONH2, -CN,

-S02-al kyl -R4, -NH2, or a 5 or six menbered ring

whi oy ﬁlgrﬁbaérgglﬁ?geﬂd%ﬁ’@ one heteroatom N and nmay

optionally I'n an additional heteronoiety

sel ect ed Hydorges, cysR]kyN, hadoadkyd,, argln draikly|,\NX @371, 424369
PCT/ US20Q7/ 0669&3 the 5 or 6 nenbered ring may be
sat ur at ed“'Y3FYl y unsaturated or aromatic, wherein
aromatic nitrogen in the 5 or 6 nenbered ring may be
present as N-oxide, and the 5 or 6 nmenbered ring may
be dptsionally substituted with nmethyl, hal ogen,

| kyl am ng, k ; l 5 b Wt h
? heyp?(r)nv iqg’os’;t?fﬁ E¥(3)§¢§ %Fleéo} tﬁgﬁgoglﬁﬁsoot\l/\lﬁtegn)e ga}iné{a%wr%\%t n;

R4 is hydbgehg thfdklcoddikensyare Siaill@KYousEANOORAN Lhlent D), is
carbanmoyl. 10 Qther preferred enbodi nents of Fornul a
| are thodseitheyddt s amamenopgrenyy pr gcligppiggfadical wherein the

point of attachment to E is N;

Q. is
absent, -CH,-, -CH,CH,-, or C(0);

Quis
absent, -NH-, -CH;-, -CH,CHj>-, or C(O), with the proviso that Q, may
not be C(O) if Q,1s C(0O), and further provided that Qp may not be —
NH- if E is N and Q, is absent, further provided that Q, may not be —
NH- if R® is an amino group or cyclic amino radical wherein the point

of attachment to Qp is N;

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONH, -CN, -SO,-alkyl-R", -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally

contain an additional heteromoiety selected from S, SO,, N, and O, and

21



10

15

20

25

30

15 Wis 3H 2-imdazolyl-4-carbonitrile; R2is
cycl ohexenyl which nay be substituted with one or two

woreaongb43gr oups; 20 X is D5 D2 D3 R3- b4 HN Per/US2007/066985

or H3C and is oriented para with respect to - NHCO W
25 Zis CH D and D2 are each hydrogen; 30 D3 and
D4 are 22 WD 2007/ 124369 PCT/ US2007/ 066985 each

hydr ogen;th®S orr  m@hiXredvhrg miap bs aatdrated-iBamially besaturated or

rel I ri.en n or. anti:
osont - dpBaiE N St Miregen in 8 3 & Qipgmftet Fink nay

-CH2-, - Tt asON-ogaQ) ancWhElﬁ ot BEnRhRMEE A kb@% H8Yally
not be C(O if Q is O, further provided t &o

may not b@lbstmm;edivflthRgeﬁhsl halegem abkr}*imng,r@ wjkoay; Bywky elso
amino r adbe a%lsent Wltﬁ thne ptrlgx%sc? ﬁlap f{S 18 not absent when E is nitrogen;
R*is

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoy].

Other preferred embodiments of Formula I are those wherein:

Als
phenyl or pyridyl;
Wis
3H-2-imidazolyl-4-carbonitrile;
R’ is
cyclohexenyl which may be substituted with one or two methyl groups;
X is
D5
P W)
3_ 1 4
b D %D HN
%a—E z—
N/, orHC and is oriented para with respect to —
NHCO-W;
Z1is
CH;

D' and D? are
cach hydrogen;

D? and D* are

22



10

15

20

25

30

attachment to Q is N, R3 is hydrogen,

hydr oxyal kyl am no, (hydroxyal kyl)2am no, al kyl am no,
wapionozad3kyl , 20 di hydroxyal kyl, al koxy, di al kyPErism)7/066985

hydr oxyal kyl , -000H, -CONH2, -CN, -SO2- CH3, -NH2,

pyridyl, pyridyl-Noxide, or norpholinyl. O her

preferred enbodi nents of Fornula | are those wherein:

A is 25 phehyWydropemyridyl; Wis

3H 2-i m dazolyl -4-carbonitrile; 30 R2 is cycl ohexenyl

whi chs may be substituted with one or two nethyl

ar oulBsls X is 23 WD 2007/ 124369 PCT/ US2007/ 066985 N N

H N HN NOCH:~-@heingsagl NCHoMRy bpirddptioly amentedssygor éfitied

para with respect to -NHCO W Exanpl es of conmpounds

of Horsmula | include: 5 5-cyano-furan-2-carboxylic

acid

[4-(4- nEfNyl-plperaZ|n | -yl)-2-(3-nethyl-thi ophen-

2-yl)-phenyl]-am de, and 5-cyano-furan-2-carboxylic

acid

[4-(Q«ﬁethyl piperazin-l-yl) 2- (2- et hyl -t hi ophen- 10

3-yl)- phe | de sal hydr at es, tautoners
and phar rf utl T§}§§g%btégf@fsalts t her eof .
Addi ti onal exanpl es of conmpounds of Fornula | include:
15

Qb is

absent, -CH,-, -CH,CH,-, or C(O), with the proviso that Q, may not be
C(0) if Q.is C(0), further provided that Q, may not be -NH- if R* is
an amino group or cyclic amino radical wherein the point of

attachment to Qy is N;

R’ is
hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino, aminoalkyl,
dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -COOH, -CONH,, -CN, -SO;-
CHs, -NH,, pyridyl, pyridyl-N-oxide, or morpholinyl.

Other preferred embodiments of Formula I are those wherein:

Als
phenyl or pyridyl;

Wis
3H-2-imidazolyl-4-carbonitrile;

R?is

cyclohexenyl which may be substituted with one or two methyl groups;

X is

23



4- cyano- 1H i m dazol e- 2- car boxyl i c acid
[4-(1-acetyl-piperidin-4-yl)-2-(1, 2,5, 6-
WO eqoramper o- pyri di n-3-yl ) - phenyl ] - am de, 4- cyaP@F/UE2007/066985
H i mi dazol e- 2-carboxylic acid [2-cycl ohex- |
-enyl - 4- (1, 1- di oxo- hexahydro- 20 1
X6-t hi opyran-4-yl)-phenyl]-am de,
5- cyanot f uran-2-carbgxylic acid
“4- net hyl - pirgenazi n- 1-yl ) -
N ' 2007/ 124369 P / US2007/ 066985
5- cyanoNf utan- 2-car bdkyl i c acid
[ 2-(3, 6Hd|hydrﬂ\2ikpﬁz -4- yI)»Avyhﬁyethyl pi perazi n-
| -yl)-phenyl] T de, cyéno-
H i m dazol e- 2-
[2-(1, 1-di oxo-

arboxylic acjd
,2,3,6-tetrahydro-1 X6- 5

thiopyran 4- - pi peri dinh-%-yl - phenyl ] -am de,

4- cyano- i_mdazol e- 2- carpPoxylic acid

[4-(]- acetyl prerldln 4-yIN-2-(1, 1- di oxo-

1, 2,3, 6- tetﬁﬁp}d{o 1 X6-t hi opyran-4-yl)-phenyl]-am de,
10 5-cyano-furan carb8 yli cid

[ 2' - met hyl - 5- (4- et hyl - pi perazl n-1-yl ) - @Pgﬁ%ggﬂmggpanrwuh

yl | -Riilen -MNgcd-wyano- f uran- 2- car boxylic acid
[2' -fl'uor o- 5- (4- net hyl - pi perazi n-1-yl) - bi phenyl -
yl]-am de, 15 and sol vates, hydrates, tautoners and

%ﬁﬁ&&ﬁ@%ﬁﬁ@&ﬁbﬁ&u§§|ts thereof. Further
exanpl es op conmpounds of Fornula | are: 20

(4 {4 [ (4-cyano- 1Hi m dazol e- 2- carbonyl) am no] - 3-cycl

5- aya&? aIJHBa%E?/-ceﬁB?Wq% a%gil [g- ?r}r}égﬁ% Iyl%lll A C}%sz (% rnethyl’ thiophen-

2-hB-phén@paRai@yhdret hyl - pi |oelrldI n-4-yl)-2-
cycl ohex- I -enyl - phenyl ] -am de, 25 4-cyano- |
H i m dazol e- 2-carboxylic acid

5-5%?%)?%1@%%%@%%’#%%@%4' etﬂé(th I- Iﬁp@ﬂa@ ﬁ gl]') B (% rneth l th1 phgn-

e ano carb
3-ahiphefdi-amidephex-1 -enyl -4-[ 1-(2-hydroxy-ethyl)- 30
pi peridi n- 4- yI]-phenyI}-anide, 4-cyano- |
H i m dazol e- 2-carboxylic acid

ang?so V%f j?ﬁ‘%lesg gaﬁllltcg{?% ahd W%ﬁl} %llgér%rcg@?ﬂ'e salts thereof.

Additional examples of compounds of Formula I include:

4-cyano-1H-imidazole-2-carboxylic acid [4-(1-acetyl-piperidin-4-yl)-2-(1,2,5,6-
tetrahydro-pyridin-3-yl)-phenyl]-amide,

4-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(1,1-dioxo-hexahydro-
1A°-thiopyran-4-yl)-phenyl]-amide,

5-cyano-furan-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-methyl-piperazin-1-yl)-
phenyl]-amide,
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25 WD 2007/ 124369 PCT/ US2007/ 066985 4-cyano-1
H i m dazol e- 2-carboxylic acid {2-cycl ohex-1 -enyl-4-]

WA 20024 pely oxy- | - PCT/US2007/066985
hydr oxynet hyl - et hyl ) - pi peri di n-4-yl]-phenyl }-amde, 5
4- cyano- 1H i m dazol e- 2- car boxyl i c acid
{4-[1-(2-cyano-ethyl)-piperidin-4-yl]-2-

5-cyaioehex-2-eghyt yl pherly{2} (3 ;6adthgdro-2H-pyran-4-yl)-4-(4-methyl-

azole 2-carboxylic acid
pl?efa%lﬁ}g ig&}el}yﬁ {de4- [ 1- (2- mor phol i n-4-yI -
et hyl ) - pi peridin-4-yl]-phenyl }-am de, 10 4-cyano- |

H i mi dazol e- 2-carboxylic acid
4-¢ panoyldH-Dhitezdle-Sroarboky it peidi[2H(hd 4ligro- 1,3 Bemiethhydode’-

H-.i m. azole 2-carboxylic acid {2-cycl ohex-
thlogﬁggifn éﬁyé 4lplp%r1 134-yl-phenyl armdey { y

nmet hanesul f onyl - et hyl ) - pi peri di n-4-yl ] -phenyl } -an de,
4-cyano- 1H-i m dazol e- 2-carboxylic acid '
4-F@ﬂ@yﬁﬂmheiﬂz¢leér§ﬂrb0$y(m apylr[ﬂdlﬂc@ylylblp@umy+4-yl)-2-(l,l-dloXO-

1 GaRGkle T e R e ¢

{2-cycl opent -1 - enyl - 4- [1 (1 nmet hyl - | H
i m dazol - 2-yl met hyl ) - pi peri di n-4-yl ] -phenyl } -am de,
5-dyanpelnsn-1-cabpxiligazsl [@-methyt-bdfyhdthylaupadazin-1-y])-biphenyl-2-
1;2-0 cl opent -1 - enyl - 4- pi peri di n-4-yl - phenyl)-am de,
yiggm, o-| H pyrrol e-2- carboxyl i ¢ acid
(2-cycl ohex- I -enyl - 4-pi peridin-4-yl -phenyl)- am de,
4-cyano- | H-im dazol e-2-carboxylic acid
5- F@n@;f@ra@h%ﬁarboww acyl [23fluorg-B4-methyhpiperszinzbryl)-biphenyl-2-
ﬂi g 2" ] bi pyridinyl -4-yl)-phenyl]-am de, and
cyaho | H pyrrol e-2-carboxylic acid
[4-(1-acetyl -piperidin-4-yl)-2-cycl ohex-1-enyl -
phenyl ] -anm de, 26 WD 2007/124369 PCT/USZOO7/066985
anéﬁaW@ ntdeates, gpépragrs and phaimaspitisalhercepiablgasléviheicaf | v

acceptabl e salts thereof. O her exanples of conpounds
of Formula | are: 5 4-cyan-1Hi m dazol e-2-carboxylic
Fuathed eXdapdgsod faloerpolindsmfiEodmfith-I(ate:oxy- pyri di ne- 3-

(4-{4-[(4-cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex-1-enyl-phenyl } -
piperidin-1-yl)-acetic acid,

4-cyano-1H-imidazole-2-carboxylic acid [4-(1-carbamoylmethyl-piperidin-4-yl)-2-
cyclohex-1-enyl-phenyl]-amide,

4-cyano-1H-imidazole-2-carboxylic acid [2-(4-methyl-cyclohex-1-enyl)-4-piperidin-
4-yl-phenyl]-amide,

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-hydroxy-ethyl)-
piperidin-4-yl]-phenyl } -amide,

4-cyano-1H-imidazole-2-carboxylic acid [2-(4-methyl-cyclohex-1-enyl)-4-(1-pyridin-
2-ylmethyl-piperidin-4-yl)-phenyl]-amide,
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car bonyl ) - pi peri di n-4-yl]-phenyl }-am de,

4- cyan- 1H i m dazol e- 2- carboxylic acid
wd@ 20chzd3ehex- | - enyl - 4-[ 1- (1- oxy- pyri di ne- 4- 10PCT/US2007/066985

car bonyl ) - pi peri di n-4-yl ] -phenyl }-am de,

4-cyan- 1H i m dazol e- 2-carboxylic acid

{2-cycl ohex-1-enyl -4-[ 1- ( 3- nor phol i n-4-yl -

propi onyl ) - pi peridi n-4-yl]-phenyl} -amde, 15

-y e oo B AT i BRT NGBy T iR .

hyﬁT&éﬂ%{b‘tM i OB et @in 2 ﬁ?-?;ﬁ&i&)r hﬁl&m d

{2- ¢ycl ohex-I-enyl - 4- pyri di ne- 3-
car bonyl ) - plperldln 4-yl]-phenyl}-amde, 20 4-

o hd SRS syl sl M- Geye gepercin-11>
cycRihk-1pdngNphdnyt}-phfaer i di ne-1 - carboxylic acid

(2- hydr oxy- et hyl ) - am de,

4-cyan- 1Hi m dazol e- 2- car boxylic acid

4- éfa %Yﬁ% %Pﬁé%)&% 2?%'&1?0%' EP}' 1?’{% %gnf?;lin?)? a/flﬂr [?—%Z-rnorphohn 4-yl-

dﬂﬂﬁpQQﬂdﬁk49ﬂdﬂmﬁ%$%ﬁn¢arboxylIC aC|d
{2-cycl ohex-1-enyl -4-[1-(2-pyridin-4-yl -
acetyl)-piperidin-4-yl]-phenyl} -amde, 30 4-cyan-1
4- dn'gl fg—?ﬁﬁ diﬁﬁ(ge 93(‘[' P&?&&&lb %‘01@({2 @yélgh&y}: le %plﬂerldﬁwgrl'-‘l'
phamhwmmme4 yl) - acetyl] pi peridin-4-yl} -phenyl)-anide,
27 WD 2007/ 124369 PCT/ US2007/ 066985
4- cyano- 1H i m dazol e- 2- car boxyl i ¢ aci d
4-Lgem@YIH %ﬁi&z&le-@%ﬁkb&yilé a&la {aydyué,hélx 3= t-4-[1-(2-
acetyléle peri di n- 4- ? -am de, 4-cyano-1
methprgsy 1@t12’1)claptf@i@14rjc1 ahwl}{ amidec| ohex-1 -enyl - 4-]
1-(2- 5
nmet hanesul f onyl - acetyl ) - pi peri di n-4-yl]-phenyl }-am de,
4- éy&){)alfﬂlﬂﬁida'kdl'é-‘i%%c&yﬁc géid ppxytioBexaticflyl-4-(1-pyridin-2-ylmethyl-
{2-cycl ohex- I-enyl 4-11-(2-pyridin-2-yl -
plﬁ@&l%)ylb bawilrpida- v | - phenyl } - ani de, and 10
4- cyano- 1H i m dazol e- 2-car boxylic acid
[4-(1-acetyl -piperidin-4-yl)-2-cycl ohex-I -
4-eygno- [ émidatol a2 cheboxgiid asidl {Ratyelpeityldemtl els, 1 -l autthpiet6-
and harna ti.cal |y a eptaple salts thereof. 15
%ryl@széwﬁrpépeé@ﬁﬁséd goarrmsir:aa | is:

4 cyano- 1H-i m dazol e- 2- carboxyllc acid
[ 2-cycl ohex- I -enyl -4-(1-{2-[(2-hydroxy-
4-eydmpt JH-meidagole Araantaixytic atid(-cpélppmtd Fanyl4ytiperphredyl] - a

ph@n?l?—’ amide,

4-cyano-1H-pyrrole-2-carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-

amide,

4-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(3,4,5,6-tetrahydro-
2H-[1,2'|bipyridinyl-4-yl)-phenyl]-amide, and

4-cyano-1H-pyrrole-2-carboxylic acid [4-(1-acetyl-piperidin-4-yl)-2-cyclohex-1-enyl-
phenyl]-amide,
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20 and sol vates, hydrates, tautoners and
phar maceutically acceptable salts thereof. Another
we@ampteecronpound of Fornmula | is: PCT/US2007/066985
4- cyano- 1H i m dazol e- 2- car boxyl i ¢ acid
{2-cycl ohex-1|-enyl -4-[ 1-(2-di met hyl am no- 25
acetyl)-piperidin-4-yl]-phenyl}-am de, and sol vates,
hydrates taut omers and pharmaceutically acceptable
er eof Anot her  exanpl e compound
arfSohGis R it G B amBe S bR L et e st Beredr.
{2-cycl ohex-1-enyl -4-[ 1- ( 2- nor phol i n-4-yl -
acetyl)-piperidin-4-yl]-phenyl} -anide, 28 WO
OtheoTHaMASEY cPOPLWSERY FooBel9dBre:and sol vat es, hydrat es,
tautomers and pharmaceutically acceptable salts
thereof. Still other exanple conpounds of fornula I
4- ayaﬁlo 53| ﬁnﬁﬁ%lazwdrbdﬁydaa@ue{22cy@1@hb;o>1;6ni_yp44m(pLoxy pyridine-3-
1- (3-am no- 3- net hyl - butyryl) -
capbqyék)rmp%mnwjlmll pheayHI-gRiER- | - enyl - phenyl } - ani de
trifluoroacetic acid salt,
4H[1,2,4] -tri azol e- 3- carboxylic acid
4éﬁmoynfmhemﬂﬂeenmhmﬁyhcpaﬂgdume%myiiphghyﬂl{Lany@gnbms4-
trif uoroacetl acid salt,
Caquﬂ,bed%lBerm‘f‘ brbaoyt }r?rﬁliiﬁi e- 3-carboxylic acid
(2-cycl ohex- I-enyI 4- pi peri di n-4-yl - phenyl)-am de
trifluoroacetic acid salt,
4-byDpatbtrhidaroit-Gamobeylie aad 8 ytiobexad ietyl-4-[ 1-(3-morpholin-4-yl-
2-C ohe. yl cis 6-di net hyl - 15
m%?ﬁ@%ﬁ@ﬂﬁ“’Hyfyﬂﬁﬁ@HVﬁzmﬂﬂ?de bis trifluoroacetic acid
salt, 5-cyan- 1H—|n1dazole 2-carboxylic acid
[ 2-cycl ohex-| -enyl -4-(trans- 2, 6-di net hyl -
4- ;ﬁ%@r%@n@rlﬂ ym)iazg@&ﬁewral]boam)@mlm]ﬁ @yqlcﬁheaolr oadebeeylhci d
; 1&ﬁ@f' é)C?h g %a i dazol e- 2-carboxylic acid
pl{"iré SREXRIY YT Y8 1- (R) - (+) - (2, 3-
di hydr oxy- propi onyl ) - pi peri di n- 4- yI] phenyl} - am de,
5- Cyano-1H i m dazol e- 2-carboxylic a

4-peangyldi-iRihzel e@rﬁﬁFb%Y(liﬂﬁét{ﬁW9lobP>bér€in&l -fe[1-(pyridine-3-
r oroacetic acid salt, 25
caﬁtz% npgf;%&( %@%gh élI];clarléboxyl ic acid
[ 6- (4, 4-di net hyl -cycl ohex-1-enyl) -
4- %@-&éﬁ,}y%p{)ﬁﬁ;%g@%q_l%g ggllfh @91}2 -|afmn(ﬁ- -cyc ())/hreg(dll Ql%ll-pﬁ_er%lll% cam
pl?ergﬂﬁ@@ cwokﬂy@%&r’ré r&?)}i op a'rrﬁdé‘c' d

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-3H-imidazol-4-
yl-acetyl)-piperidin-4-yl]-phenyl } -amide,

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-pyridin-4-yl-
acetyl)-piperidin-4-yl]-phenyl } -amide,

4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-{1-[2-(1-methyl-1H-
imidazol-4-yl)-acetyl]-piperidin-4-yl}-phenyl)-amide,
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30 piperidin-4-yl]-2-cycl ohex-1-enyl-phenyl}-am de
trifluoroacetic acid salt, and

WG20yam36dH- | m dazol e- 2- car boxyl i c acid PCT/US2007/066985
[ 6-cycl ohex-1-enyl -1"-(2-nmethanesul fonyl - ethyl)-
1',2',3,4,5 ,6" -hexahydro-[2,4"] bi pyridinyl-5-yl]-am
i de, 29 WD 2007/124369 PCT/ US2007/ 066985 and

4-sypnealttesmidaya -2t @shoxtyiu hadg P scyalotic phanyhd-¢ IH2-patitin-3-yl-

ESTEBLALe LA LR A feteel, | Addi tional exarple

4- Cyano- 1H i m dazol e- 2- carboxylic acid
{2-cycl ohex- I -enyl -4 {1 ( 2- met hyl am no-
4- ey%myﬂﬂ-arpldpeqlﬁarwmxy i aplde[a;qy}: ohexil ebayl-4-[1-(2-
C Cld
et S0 B PR Ea ST Ll
di met hyl - cycl ohex- I-enyI)-I ,2',3 ,4",5 ,6' - hexahydr o-
[2, 4 Jblpyrldlnyl ]-an1de trifluoroacetic acid

4- %ﬁnp Frigidaz mar@rhqéMlﬁwéz{ér%w@h%ﬂ soxHl & (Geyadin-2-yl-

R R e R

- hexhydro-[ 2, 4' ]blpyrldlnyl 5-yl]-am de 15

trifluoroacetic acid aIt sol vat es y S,
-t:féﬁ@pol%wﬂgldaﬁ&eﬁn%fw a@?lé&%?ldr ‘éf‘é%'elﬂt’%%i”é' @gpsscyclohex-l
hep fRicused herein, the term"the conpounds of
m%%@ %ﬁis%nt i nvention" shaII al so include 20
sol vates, hydrates, tautonmers or pharnaceutically

| | th HARMACEUTI CA
or A R AR e TGS G AT G S Eeepp B ot o ot

invention may al so be present in the formof 25
pharmmaceutically acceptable salts. For use in
Apgthergixaeple qonwoyad péFQﬁmﬂhblSConpounds of the present
invention refer to non- toxic "pharnaceutically
acceptabl e salts.” FDA approved pharnaceutically
4-agG0PiRhRlaselt 2 -deaboxy1i Beill [2cntienaat iepyiad-(1{2-Ratiydroxy-
1986, 33, 201-217; J. Pharm Sci., 30 1977, Jan,
ctigd j-methylremingidcaers - pinar ek phamilyamidsept abl e
acidic/anionic or basic/cationic salts. 30 WO
2007/ 124369 PCT/ US2007/ 066985 Pharmaceutically
andGobpteahyelracd, tiuedracs and phaalataiticalty adeptablodalay themeof.
limted to acetate, benzenesul fonate, benzoate,
bi carbonate, bitartrate, brom de, calcium edetate
ARG EhBIc CRATRIRLEFuRilIOf isde, citrate,

di hydrochl ori de, edetate, edisylate, estolate,

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-dimethylamino-
acetyl)-piperidin-4-yl]-phenyl } -amide,

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

Another example compound of Formula I is:

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-morpholin-4-yl-
acetyl)-piperidin-4-yl]-phenyl } -amide,
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esyl ate, fumarate, glyceptate, gluconate, glutamate,
gl ycollylarsanil ate, 5 hexylresorcinate, hydrabam ne,

whyarobsei de, hydrochl ori de, hydr oxynapht hoat BCT/US2007/066985

i odi de, isethionate, |actate, |actobionate, nalate,
mal eat e, nmandel ate, nesylate, nethyl brom de,
nmet hylnitrate, nethylsulfate, nucate, napsyl ate,
andisblvates, hyplaates tanfomgraatdplrematatically acceptable salts thereof.
phosphat e/ di phosphat e, pol ygal acturonate, salicyl ate,
Stearate, subacetate, succinate, sulfate, tannate,
StiPsthEAL@mpl €I RIuBds bORYhahe aand triet hi odide. 10
Organic or inorganic acids also include, and are not
limted to, hydriodic, perchloric, sulfuric,

R RS i Blechr SRy &S P o AR RSB0 P .
piperidth-UeN Bl EIBREC 1 -cRYIChRAGH anrigl ki fibréacctacsiig4li,ni ¢ or

trifluoroacetic acid. 15 Pharmaceutically acceptabl e
basic/cationic salts include, and are not |limted to

uRL AL PR L. ool
el S L PR T P A g Bhen-
anhide bBttHflneroacctic BRIdSA), ammoni a, benzat hi ne,
t-butylam ne, calcium calcium gluconate, cal cium
hydr oxi de, chl oroprocai ne, choline, choline
e L e g SR FieRt # Binggigin-4-
pheaylysimds triflagroesétiompcidsgt,um ne, NH3, NH4OH,
N- et hyl - D- gl ucam ne, pi peridi ne, potassium
pot assi umt - but oxi de, potassi um hydroxi de (aqueous),
5-R% QR ASmidizbRLNEarbsAHIcWAd El%)ocqz'cwﬁbfé-@[&12[141(§is-_2,6-dimethyl-
sodi um 2- et hyl hexanoat e (SEH), sodi um hydroxi de, or
pip¢ritin-428)-PRODELIES AT hes tpflesientcticaemelton al so i ncl udes
within its scope, prodrugs of the conmpounds of the
present invention. In general, such prodrugs wll be
5-Eyumot IFNaldagse2valbosgtic afid [ DeyclomdRp DeRdsA-hing 2, @b nethyl-
readily convertible in vivo into an active conpound.
pimgrifin-4r)-geny Heanpide hisdeflapropgctispgidieltof t he present
invention, the term"adm nistering” shall enconpass
the nmeans for treating, aneliorating or preventing a
5-Cyatly-0OHE midlize r TedrboxylicdicRie s ey dis®e f li-bed-4he k(&) -+ W2, 5
.1 he conmpounds of the present invention or a prodrug
dl{‘}‘FgP?é%PFOP\‘MﬂY FPIGS 1%4665-9%%&&18@%5 ncl uded within the
scope of the invention albeit 31 WO 2007/ 124369
PCT/ US2007/ 066985 not specifically disclosed any
5-Giywen | donmpdaznk-2-Coherenici awi2- qycwbexhl rany1-# 4 i -nbdtleoxy-piperidin-

sel ecti.on and .preparati on of suitable prodrug
4'3@?3%@%13)'9@% < Flgu BeTtiegl ﬁah’, for exanple, "Design of

Prodrugs", ed. H Bundgaard, Elsevier, 1985.
4-Cyano-1H-imidazole-2-carboxylic acid [6-(4,4-dimethyl-cyclohex-1-enyl)-

1’,2°,3°,4°,5,6’-hexahydro-[ 2,4 |bipyridinyl-5-yl]-amide trifluoroacetic acid salt,

5-Cyano-1H-imidazole-2-carboxylic acid {4-[1-(2-amino-2-methyl-propionyl)-
piperidin-4-yl]-2-cyclohex-1-enyl-phenyl}-amide trifluoroacetic acid salt, and

5-Cyano-1H-imidazole-2-carboxylic acid [6-cyclohex-1-enyl-1'-(2-methanesulfonyl-
ethyl)-1',2',3',4',5",6'-hexahydro-[2,4"bipyridinyl-5-yl]-amide,
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5 STEREOCHEM CAL | SOVERS One skilled in the art w il

recogni ze that some conpounds of the present invention
wdaQoharsedne or nore asymetric carbon at ons i PCT/081007/066985

structure. It is intended that the present invention

include wthin its scope single enantioner forns of

t he conpounds of the present invention, racemc

m xtures, and m xtures of enantioners in which an

nantij omerjc excess is present. 15 The term "single

AaRefesRdriey e apEp rduisd hapicopil slyheiear
honmochiral fornms which the conpounds of the present
invention and their N-oxides, addition salts,

Additiowal nzagplawpmesyundsrod Fomyela dlatsyi cal 'y functi onal
derivatives may possess. Stereochemcally pure
isoneric forns nmay be obtained by the application of

4-8hina2 PHKABIMIOREL-BEbEL AR acld BSERIERK SIOEB/-S-[T82-M&hylamino-
seigéated by hgsical separation nethods such as

aACkYy; 19@ﬁ3ﬂ¢bﬂ$§ vli-gmideon and chromat ogr aphic
techni ques, and enantioners nay be separated from
each other by the selective crystallization of the

4-Qiyausd- eH e atidzble-5-adrbsx ylictdeidoj t 4 Z-dlrhgth@aininoeaca o)l J6-(H -
.bases or by chiral chromatography. Pure stereoisoners

dlwaalylz%fdolﬁ‘é-bﬁ@ﬂh# eﬁ ,%;Aqéﬁéig- @%ﬁworwrﬂ%gaﬁmpf?ﬁapf%a%ie
ridlEfoaoghRei £all yuoure starting naterials, or by using
stereosel ective reactions. The term"isoner" refers
to conmpounds that have the same conposition and

4-aphss UHamidwebp-clhdbxdicfde el [ 6-(@, phiysilodlcyalobéet-enyl)-1-(2-
chem cal properties. Such substances. .have the sane

it RN oF ’3aﬂf‘§ﬁ1s6h’bt&lftx LA PSR Eamse

trigitbrGtdialidQdi fference may be in constitution
(geonmetric isomers) or in an ability to rotate the
pl ane of polarized light (enantioners). 32 WO

and G0/ feR A18/618at ACTIudEREO AN D plieBiaceutioeal lyt socoptable salenthseor "
refers to isomers of identical constitution that
differ in the arrangenent of their atons in space.

AERRAHRTR 1R AR “%e%h?%ﬁl?&%ﬁh@ﬁ%s&% VRS %hall also include
stereoi sonmers. 5 The term"chiral”™ refers to the

sostataschydrates, ¢haomcts er psarnwcafticallyradceptable suliatheremkes i t
i npossible to superinpose it on its mrror imge. The
term"enantioner” refers to one of a pair of nolecul ar

PERRMASEUNTMEARLY ACCEPTABIBYRETSf each other and are
not superinposable. 10

As stated, the compounds of the present invention may also be present in the form of

pharmaceutically acceptable salts.

For use in medicines, the salts of the compounds of the present invention refer to non-
toxic “pharmaceutically acceptable salts.” FDA approved pharmaceutically
acceptable salt forms (Ref. International J. Pharm. 1986, 33, 201-217; J. Pharm. Sci.,
1977, Jan, 66(1), p1) include pharmaceutically acceptable acidic/anionic or

basic/cationic salts.
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The term "di astereoner” refers to stereoi soners that
are not mrror inmages. The synbols "R' and "S"
wo epressse the configuration of substituents aPOUNS2087/066985
chiral carbon aton(s). 15 The term "racemate" or
"racem c mxture" refers to a conposition conposed of
equi nol ar quantities of two enantioneric species,
Phaneaeiuhcdllysccepigds atidmranicnideits it ludsf ampare oat limited to

activity. 20 The term"homochiral” refers to a state
ot RSP STFe: DD PP Py Sdetate,
cabRIRES chiBohdIEe cﬁﬁﬁfd%?ciir@te}"dﬁhf&oéhlbﬁ&@ ChEthR! cdTRIAE WsRIAE,

nonracem ¢ m xture of chiral nolecules rotatés a pl ane

esplatq diragrateeglybéngiie. gl@®nkte, glotanmih glyentelstoidde.t hat t he

various substituent stergois r eonetri.c i soners
net Sl e S kel L GRE 0T Pl o BRI i TR e
iollide, i¢tRDAME, labMRNIatRBicALR, mBlatd) Bfal ey ARGl Mesylate,
aval | abl e, can be prepared synthetically from
mefpibereidal methykatete. apdtylsyl g, ingaten sy atcs nisiate apmpee,
red ' [ ' en,: [ S
PR B oS ph SO TRt bk R Bk SRR OB oo
subficetdtéelisnediyats lsulfhte] taniidie tatrite, tedblath®sylarraditdethiodide.
descriptors "R." and "S" are used as described. herejn .
O%g3pici o dhrginicy @md%\ﬁwne&% Bdrag P paifed tey ytdripgicy perghloric,
S e B B By R R o Rt Mic
oxalit €x-adpttel dnk bIPAGI Rpetohmeesd Hbnionsy cfahex faemnd tament sabcharinic or
.ﬁéer eochem stry (Section E), Pure Appl. Chem, 1976,
REOPICA§)ACIArha” copounds of the present invention may
be prepared as an individual isonmer by 5 either
I soner-specific synthesis or resolved froman isoneric
Pharaeeputicaligopoematlo hagic/cationist satth oeludecans ageieet limig¢dige
form ng the free base of each i f an isoneric
aly i 3eqrio 2R rEng d - S40! oot by
trib(hg@toxgmathyDaisdortdthanal réictBmtt sregRIST Ak MdniaPberizAfine,
free base), forming an ester or am de of each of the
-huiyaeing, eFlCiAL, calewar glecoiates calciug) sl dg hloroprocaine,

chBhO 'EBBR% lﬁgir%%a%& F&ﬁ&fﬁﬁé c%gor?d%‘,j oy FIRY e, Hﬁﬁlaﬁggghﬁhe,

auxi’li ar resolving an’ I'soneric m Xture
ctleylti@ianains,tiahiuin §.iO®teel HpdinQ magntdimal mpglodhied, NI, Ng1,OH,
NG kB oo e b apgog R4S pofssum

hy%%%&@(%ﬁggdugﬁ %%gine, quinine, sodium, sodium carbonate,

sodium-2-ethylhexanoate (SEH), sodium hydroxide,or zinc.
PRODRUGS

The present invention also includes within its scope, prodrugs of the compounds of
the present invention. In general, such prodrugs will be functional derivatives of the
compounds which are readily convertible in vivo into an active compound. Thus, in
the methods of treatment of the present invention, the term “administering” shall
encompass the means for treating, ameliorating or preventing a syndrome, disorder or
disease described herein with the compounds of the present invention or a prodrug

thereof, which would obviously be included within the scope of the invention albeit

31



10

15

20

25

30

PCLYMORPHS AND SOLVATES Furt hernore, the conmpounds of
the present invention may have one or nore 5 pol ynorph

worooaBphous crystalline forms and as such arBCT/US2007/066985

intended to be included in the scope of the

invention. In addition, the conpounds may form

sol vates, for exanple with water (i.e., hydrates) or
nat epavdlincadly glisel ased ayvgimescondound e €ohesngional firbedutesifon the

"sal vate" neans hysi cal, associ ati on qf the, .
selSS b ABRro B b RO LSRR Prodr il ATt DNeNATE ACSHESIn: it e
xARIPYERD AR BEPBRues T RIISHPBY R aadd, BREGEH abgoNn i nvol ves

10 varyi ng degrees of ionic and coval ent bondi ng,

i ncl udi ng hydrogen bonding. In certain instances the

solvate will be capable of isolation, for exanple when

one or nore solvent nolecules are incorporated in the
STERBOaHBENICACESOKBERY crystalline solid. The term

"solvate" 1s intended to enconpass both sol uti on-phase

and isolatable solvates. Non-limting exanples of

sui tabl e sol vates i nclude ethanol ates, 15
Onmestkldarbinahest walhcecopmz¢ theesonhd cangpaunteofttbd ptdserit inveation

resent invention.incJude within.its scope. sol vates 0

e HERE BB ARSI OTS HECGT eBnen N eHRFB Trisdonasd BHghe
prERhhRdEntRn ihé18aE WRA i8fschpesiRgIe S8MtionlcP Y&t HsioPthe doiounds

term "adm ni stering"” shall enconpass the neans for
oftthepitepang Inveotiemeddeon amixigresrand meixamies efgenantgymeds orehich an
m%L§%£Q%{;%fsqiSE%%ﬁ descri bed herein with the

coﬁ%oﬁnd% St 't Re %resent i nvention or a solvate

t hereof, which woul d obviously be included within the

scope of the invention albeit not specifically

Thy tsep oyagle cnantiopieps wsd hrﬁéinc@ﬁ»ﬁéwﬁﬁie@m&ih@ hgmeskigal forms
whildlf g@t ‘Jf"gﬁ’r%ﬂﬁ% ‘f*ﬁ%f ﬁl%i{t ﬁxﬁ%nﬁé’n LREnGD N-8§189§ gg&lﬂoﬁkam,

oxXl| g art-known procedures

quaahney tinigs parddrphysioiricatliy turagienali detioativies mal-poxdcde
form Said N oxidation reaction nmay generally be
carried out by reacting the starting material with an

y . : ‘ ; ‘ ot e
St%%%l%%beﬁf SR Hofiefic %rrﬂsrlﬁn;{);g@é‘étﬁalﬁ&l W{&%SPMBR Fhi

I nor gani ¢ peroxi des conprise, for ‘exanple, hydrogen
knoemaxindeplesal[Na$tereomombrsanayetar seharagid bal phye calest pdration

roxi des, .e. g. sodi um per oxi,d t assi.um per oxi de;
miBorvoue &t Becdpaloyaliation BesbinbieaRme Ssbpiaig g
crffidiicrs W) RSepdrdted BOANTRICR othP BPARNRERIPOBS AN RLGoP6H the
or halo substlguted benzenecar boperoxoic acid, e.g. 3
diggerggmono@lts dagptiodly vsroeTidees s or by chiral chromatography.
PEELIORSAZENGEALORETOXRIG (AThdicaRS FRKPRIKGRRLE 2ci ds.
e.g. peroxoacé¥|8 ePaP Y Y PProp

stereochemically pure starting materials, or by using stercoselective reactions.

The term “isomer” refers to compounds that have the same composition and
molecular weight but differ in physical and/or chemical properties. Such substances
have the same number and kind of atoms but differ in structure. The structural
difference may be in constitution (geometric isomers) or in an ability to rotate the

plane of polarized light (enantiomers).
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al kyl hydr oper oxi des, e.g. tbutyl hydro-peroxide.
Suitabl e solvents are, for exanple, water, |ower

w@b@wohoids9 e.g. ethanol and the |ike, hydrocarPOnES$2007/066985

e.g. toluene, ketones, e.g. 2-butanone, hal ogenated

hydr ocar bons, e.g. dichl oronmethane, and m xtures of 5

such solvents. TAUTOVERI C FORMS The conpounds of the
Thertese figteticnisembi ’anfensty isdnsas ekidshtidah cdntsatmlohalmt diféariic the

uch forns alt h not explicitly indicat
al’]faﬁ‘g?fﬁgntﬁ? é‘kﬁ JrittoRp Pl FPA5t: |€W‘1§P@e’fsrﬁn Berft‘%nééﬁére examplees of
stérB&kaHed W thin the scope of the present invention.
PREPARATI ON OF THE COVPOUNDS OF THE PRESENT | NVENTI ON
15 Duri ng any of the processes for preparati on of the

TROERR el Sesirbfo BE SRFimL SRR or b knglRy G rgpkes it

infp@agible V& s\ceitPDsc ﬁﬂnat@ymﬁ{)r tresenol ecul es concer ned.
This may be achi eved by neans of conventi onal

protecting groups, such as those described in

c [ ] -
T Bl o3 eF 1o A o 3 o Ao il S e mirr
infAped etdacl ethefalyrs notsuped@aposabynt hesis, 3rd ed. Wley
Interscience, 1999. The protecting groups may be
renoved at a conveni ent subsequent stage using nethods
TI@"@M “Jiﬁstia'% Gmef imf&?to%r&ﬂ%&g 36 gre%?%%@ia/g@@ 6985
hodsS of Preparation Schene 1 NH2
halogenatlon NH2 1) XH 02N L, (¢l XMXAI X gl 2 2 1A

L, R duct
T gymigpls 4 andeh ewﬁre%gﬁt'tﬁwﬁﬂl@&oa ShaSIE HERBR gl
Caﬁg{n dtbya(spr epar ation of conpounds of Fornula I.

Compounds of Fornula 1-2 can be obtai ned by
or t ho- hal ogenati on,

The term “racemate” or “racemic mixture” refers to a composition composed of

equimolar quantities of two enantiomeric species, wherein the composition is devoid

of optical activity.

The term “homochiral” refers to a state of enantiomeric purity.

The term “optical activity” refers to the degree to which a homochiral molecule or

nonracemic mixture of chiral molecules rotates a plane of polarized light.

It is to be understood that the various substituent stercoisomers, geometric isomers
and mixtures thereof used to prepare the compounds of the present invention are
either commercially available, can be prepared synthetically from commercially
available starting materials or can be prepared as isomeric mixtures and then obtained

as resolved isomers using techniques well-known to those of ordinary skill in the art.

The isomeric descriptors "R," and "S" are used as described herein for indicating

atom configuration(s) relative to a core molecule and are intended to be used as
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preferably brom nation, of am no conpounds of Fornul a
1-1 followed by netal - catal yzed coupling reactions
wawdaoh/1besoni ¢ aci ds or boronate esters (SuzukiPCT/US2007/066985
reactions, 10 where R2RMis R2B(OH)2 or a boronic
ester) or tin reagents (Stille reactions, where R2M
is RRSn(al kyl)3) (for reviews, see N Myaura, A
dcSmzdi ki the GtmatureF{éUPAC%ecbﬁﬁsﬂend@ti@@&))r Fundakien@t Blekachemistry

n 508024 (1986) and A
(ngfg‘l?\lz{:r) ?hre %3%)% g%ﬂ%ﬁﬁ& i ng Reactions, F.
Dei derich, P. Stang Eds., WIley-VCH Wi nhei m

(1988)). nEounds of fqrnula 1-1 may be commercially
Thoxinipeiuhds ofghe p&sert énvabbermea bl adiperedras dn andividual isomer by

ross-cou actions de i bed above used.
cifi R PR B RS e BRoRER At s AR Sl Rsy Eroffg itional
refGiedH @thnlqids imledcefortihgtnaed b0 of tah ildigeriranigdatdriepair
of 1-1 are N-bronosuccinimde (NBS) in a  suitable

s anesticallic petiys st Noleyred hx/frﬁ@trth?ra@al(hmn)n and regeneration
Ofﬁ}é'%:ﬁ’%g%éa%?gl yZ & 2 gOU p | (%glgllggo@%gfrlg gjn?erﬁ of an isomeric palI‘
(folemaddi tonshroraadglaphip aepavstioachndae@o kil rmg tHeachsr banckalialy ) or

H?lggg lﬂlsrﬂnteé]lcogy’ i g{nge;fggé gg%lﬁmlég s‘[tapt?ngpr{la%grelgco? aoff na?product using

PPh3) 4) ,
pr%rﬁtz*‘aéuﬁ%% B R By T D CH PP

sol vent such as toluene, et hanol , di nmet hoxyet hane
(DVE), or DWF. 25 37 WD 2007/ 124369 PCT/ US2007/ 066985
Compounds of Fornula | can be prepared by reaction of
conmpounds of Fornula 1-2 wth carboxylic acids WOOH
according to standard procedures for am de bond
formation (for a review, see: M Bodansky and A
Bodansky, The Practice of Peptide Synthesis,
Springer-Verlag, NY (1984)) or by reaction with acid
chlorides WCOC1 or 5 activated esters WCO2Rg (where Rq
is a leaving group such as pentafl uorophenyl or
N-succinimde). The preferred reaction conditions for
coupling with WCOOH are:  when Wis a furan, oxalyl
chloride in DCMwith DV as a catalyst to formthe
acid chloride WCOCL and then coupling in the presence
of a trialkylanm ne such as DIEA;, when Wis a pyrrole,
1- (3-di net hyl am nopropyl ) - 3- et hyl car bodi i m de
hydrochl oride 10 (EDCl) and
1- hydr oxybenzotri azol e- 6- sul f onam donet hyl
hydrochl oride (HOBt); and when Wis an imdazole, the
preferred conditions are bronotripyrrolidi nophos-
phoni um hexaf | uor ophosphate (PyBrOP) and
di i sopropyl ethylamne (DIEA) in DCM It is understood
that the optional substitution present on ring Ain
Forrmula | may be
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15 present in the starting materials 1-1 or 1-3 and,
in such cases, would be carried through the synthesis
w@edoziiewsed i n Scheme 1. Alternatively various PCT/US2007/066985
substituents on conpounds of Forrmula |I may be
i ntroduced in a nunber of ways described belowto
provi de the optional substitution listed for Fornula
I. The leaving group "Li" present on ring Ain
=0 - be substituted before or at
me 1. When such | eavi ng groups
(preferably fluoro or chloro) are activated by the
nitro group of Fornmula 1-3 for nucleophilic attack,
Furheymeranthasdepgenddiof é@tpremt:in@@lyim ey kevereae jog more
ubstitution. by a ni on .0 m nes, ..
olitRinbict b rhngis SRR MR BR% DEiASpA S dn Phactte B in
thPE&peRE ehedhventidh! IR ERHEA IR igduass mky &} solvates, for
N, N—dllsopropylethylanlne (DI EA) or NEt3. Wen t he
oxpEplg igh @fra&y 019 shyplsates) jof spmeon gF gama Wi vedl o) sysed herein, the
u y r
e A SR e U BF e o R e
1n(7&1m)h vath (81¢zorknore @olSémtlrh@lecflﬂéBC ﬂ“hﬂl’]ﬁlyswﬂ agddosCatiss @t olves
above for the introdu per f or med.
Va@flﬁ%fiegfé%sa@&@a@a@ gwﬁ%gn%@eg hzs%gg%%ﬁnde% Ihe
ccRaRl AYgt el iR déé%tea&fﬁf@é éag)alﬁ@ dr iBELiBH ORF 9}[%151@ When one or
am nation and am dation (for reviews, see:
megchivahtmolketulas are Togrp@dteCur the c@mwamm th@dﬂ’%ﬂme solid.

THGR el el e ey R SR B R Ao et

soM@ést NBAMMiNTEYE tangAtadNsaREblc S610SEs ﬁl@lﬁfdle 'eﬂﬁnélﬁﬁ%@t i ons
h 2,4,6-trinmethyl-cyclotriboroxane may be enpl oyed

mﬁmamqlats‘savﬁ)tmd@/ 124369 PCT/ US2007/ 066985 is brono,
i odo, or chloro activated by nitro to generate
optional nmethyl substitution (see M Gay, et al,

It kehfeab&tihenthé pidsent ithentibR Sheh AR WigI0@} Ycopk RolSRE oL BSES,
the initial substituents can be further derivatized as

cogpoupdnidhe aresept iy entomr Biysg thy sethady of egsment eftthepresent
1n9£nt109rt'ﬂg k& “adél#lgéehﬁ%’nﬁltd 1%6 &ﬁ%ﬂg) ﬂlefrﬁ%ang B& tr atlng

I ntroducti on n~cont ng he erocyc
ansalosdtiniglee @teﬁveﬁﬁﬂig)a pymigorfie, idssokrderfop divedshelchreibed heryecd with the

from group qn ring A The anmino gr
coghnog et 51 ¢ Bieagi fvention gt saluate fhsgeofal IR suf by oty be
inPALLEHRA (R schdc B HeAhREHEH afbQfi Ol PR ML Ibsdar Om

P

he reduction of a nitro group wh al so can
elther originally present in the startlng naterlal or
3 d by a nitration reaction. In addition, the

N4 roup may be formed by reduction of an azide
group which can be present in the starting materi al
or may result from nucl eophilic aromatic substitution
Tl@ﬁf cogipoyndy efdhe repentiieienign may e cemvcsiad 4 thewarrpsneading N-

0X1 f\(l)%n pow%g alr']tq(nown procedures for converting a trivalent nitrogen into its
N-oxide form. Said N-oxidation reaction may generally be carried out by reacting the
starting material with an appropriate organic or inorganic peroxide. Appropriate
inorganic peroxides comprise, for example, hydrogen peroxide, alkali metal or earth
alkaline metal peroxides, ¢.g. sodium peroxide, potassium peroxide; appropriate
organic peroxides may comprise peroxy acids such as, for example,

benzenecarboperoxoic acid or halo substituted benzenecarboperoxoic acid, e.g. 3-
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15 group may al so result from nucl eophilic aromatic
substitution of an activated halide (in, for exanple
wa@2mrtizashal o conpound) by anmonia or by the anP@RUSL00H066985
protected anmmonia equivalent, for exanple, t-butyl
carbamate. If introduced in protected form the am ne
can be deprotected according to standard literature
chi@bbadsnechfboperexainples perofoadidnoe gordst egtpem@m@cﬁimicbnd

uEERLR S BE e N3 5 TR MY G cone e 20,
wétéﬁ %v)zer)alcmgsré BGsth QoM ROhE ﬁﬁgtﬁyafbcamaﬁ@Ievge%lhé&ak&sﬁés
he aniline amno group w a suitabl e optionally

e. s%butamqneew@gena@ﬂ dydrogphihs ¢. gpdl@hbrqbﬁstila@, aidhanlizitaess of
o E nyI conpound, which results in two
& g%vﬁ}ﬁtlons on the amno group to forman optionally
substituted heterocycle. In the case of dihalides,
any of a nunber of suitable bases can be added as an
TAVIOMERIGEQBRMS5 such as potassi um carbonate, sodi um
hydr oxi de, or, a trialkylam ne such as triethylam ne.
Thus, treatnment with a bis(2-hal oethyl)am ne such as
Thy cb(ag)ouﬁdiﬂ efithe pleydnt amvengodmapialso 2x 3t ieheit tHﬁkdrMﬂdf@rms

|d afford a piperazing ri see, for _exa
SL}%E mouglggotpeggbmay (ng_dg(gaégcp B4 gresqpé appl@a[‘gﬂqngre 4@tended to

be%ﬁ@lﬁdé@@ﬁﬁﬂl)th%scgr@& bp{h% és%l?ﬁhbédﬁ%hon on the amne
ni trogen of eagen I'd i ncorporate optional 30
substitution on the tern1na| am ne of the piperazine.
For exanple, treatnent with
N, N- bi s(2-chl oroet hyl )aniline woul d gi ve an
PREPARWTTOR ORTHL COMPDUNDS OIMTHE PRESENT INVENTION
bi s(2- hal oet hyl ) et her or bis(2-hal oethyl)thioether
woul d afford a norpholine or thionorpholine ring,
Duresgpegtofitkd groc&8esidr E%Z#aﬂiﬁm abthe @&ﬁpbﬁﬁﬁ@?ﬁ@ﬁ@%ﬁt

. An? ther alternative ng; g glre SubStItutIOF to
My Feg ot 88y 811‘8?%?8% P OEE e @At e% ATTBTHCR TRCEC grgups
orf MHyBftRembREEIEO kel TRsaRa @b denkded b nfand 60dBndentional
fornmyl group on ring A). The fornyl group may be
protep@mgngﬂougs pucélse@rthoserdemé)eé tlnaPmtémtinQ SrewpsePi lgpcienska

SR BB REL ) 0 T RbaCR LR RS,

Gidubgﬁﬂt)tgraﬁlcl Sifﬁkhédﬂs,r@d @d Wil@@k@gmmacw%e ane Ip@cﬁect{nfgcgiroups
a reV|em10f fornmylation chem stry, see: G A Jah,

mgy be mayeRata cowme{ltl@@sﬁ)q}lentﬁagﬁwﬁa maethegsdppaniie ﬂlec?frt
nltroaronatlcs (see: A Katritsky and L. Xie,
Tetrahedron Lett., 37:347-50 (1996)). 10 Finally it
i s understood that conpounds of Formula | nmay be
further derivatized. Protecting groups on conpounds
of Formula | can be renbved according to standard
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synt heti c net hodol ogi es (Theodora W G eene and Peter
G M Wits, John Wley and Sons, Inc., NY (1991)) and
we@anw7haidshen subj ected to further derivatizatiPCI/US2007/066985
Exanpl es 15 of further derivatization of conpounds of
I include, but are not limted to: when conpounds of
Formula | contain a primary or secondary am ne, the
MarhiodeofiBxepbentioneact ed wit h al dehydes or ketones in the
presence of a reducing agent such as sodi um
tri acet oxyborohydri de (see Abdel-Magid J. Org. Chem
61, pp. 3849-3862, (1996K}hdiRe 17 eductively al kyl at e;
with acid chlorides or carboxylic acids and an am de
bond 20 form ng reagent as descri bed above to form

am des; with sulfo lorides to f sul f onam des;
wi AP SOt yana @ (r)W_j f 015 Fﬁlol?re ”eag%”; 1 C}\giArPyUXHor ON
S oaryf-halkdes in the pr eg(e of, azpaftadiy @ L1
catal yst as described 2B e (see BucHhal 8 "EHH°H& T wig
refEPences abovk) to formaryl and'Beteroaryl an ne$3
I n addi ti on, when conpounds of Forpulae | contain an
aryl halide or heteroaryl halide, these conpounds may
be 25 subjected to netal -catal yzed feactions with
boronic acids (for exanple, Suzuki
coupl ings as descri bed above), or,
(Buchwal d- or Hartwi g- type coup]
and Hartwi g references above). Vg spounds  of
Formul ae | contain a cyan group, this group may be
hydrol yzed to am des or acids under acid or basic
ondi tions. Basic,am,hes, ma oxi di zed to N oxide
SRR B Rer G RGO o) B P Bt e bt S
Féfiunes . COMgiund o oPRetffisa 0 dafbevbaided by@rthaiHaldenation,
sul fide, either acyclic or cyclic, the sulfide can be
prefgrabie brogunationeel 4raing ﬁ@mpew%éﬁ peHanlAd -k allowed e maszl-
ca%‘aﬂﬂcea Qgig%lin L{Jegcc%'ng g]?th%%?otgg acﬁgg & ‘tﬂ)?(gna%/ esteth gﬁlzhﬁ]nrea%tions,
usin propriate oxi dant such as one equi val en
windre A REB{OHpae et caai) d) tid Ccag@t (Killck243089s, where
CT/ 07/ 066985 MCPBA or_ by treatnent wth Nal Q4
R{?\gé%l’{ llqél)@égtgr Eevieyys, pggglgﬂ}/hwraaﬁ. Syglﬂ%@!en@%m, ’ 5:2457
: ng, . suif f [ [ :
(1o Ea R RN Bt Sl 0Een e B, T PAEOA R in
Métalr€ntayzed CooplingReddtions, dfe DarldriclatPa Syang cEds,nWiey-VCH,

I IR ST e s T

thé Bhov@-pallE#ium mediated cross-coupling reactions described above may be used

OQthille
an1m§s or al cohol s

5. See Buchwal d

to generate compounds of Formula 1-1 from starting material 1-0.

Preferred conditions for the bromination of 1-1 are N-bromosuccinimide (NBS) in a
suitable solvent such as N, N-dimethylformamide (DMF), dichloromethane (DCM) or
acetonitrile. Metal-catalyzed couplings, preferably Suzuki reactions, can be
performed according to standard methodology, preferably in the presence of a
palladium catalyst such as tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs),), an
aqueous base such aq. Na,COs, and a suitable solvent such as toluene, ethanol,

dimethoxyethane (DME), or DMF.
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D22Z DFPh2NTf D1 F H2, Pd/C D2 2-1 D1 F 2-2 2-4
wherein Zis CH WCO2H 0 or WNH WCOCI R2 Opti ona
wo eoovhae®d W or derivatization W02Rg as despCT/bszbohbéc9ss
Z for schene 2a X A Conditions as D2 ( R2 described
in DF Schenme 1 1 2-5 Schene 2a illustrates a route
to conpounds of Forrmula |I. F represents - NQQQOR3-, -
Cdafp@inds 8f F@Olof cB0R; praprtcdby reapﬂicﬁs@ﬁuompohlhl% affForiNGgi2. 1-2

i _and f | | ustr ly:
with o8Ot oti REOLH bitorting 1 Rt HOe SRR S paisbingsy
folBatiBR ﬂforad ROiche s 88 HYdandiStA08S B?fdaﬁsq{FrWh@Pﬁctlc&ﬁ‘T’eBﬁde

converted to a vinyl triflate of for
Sxmlmtsnﬁmngmr%ﬂag $0) ¢ hQﬁ:‘I))e@]dm tepgsionavsith aaid hhlasdeLSDh(C&m or
enol at

iy fiFs SIFRAVEDRE G Ry 528 b M SO Rsf alhlleffyospphenyt or

Nanbisindid®. The prefpriaf @aakInyconditions for coupling with WCOOH are:
N-phenyl trifl uoronet hanesul foni m de. Suzuki coupling

whygn Wos gdinan. exalyd shigridp g BRM avithddMF s gfcatabishiql farm thye gcid

I o) I :
e B0 P R e B R Ry RO B
wlear Weie ape tiotds 1-¢8-dirastinlaminbpiopyl padethgidarvddiimi R fdrechitoride
reduce both the olefin ( 20t
(Eﬁ@% apdy| glw@r@x bqr@of@qzolm %@fowﬂowmyéI}ﬁ@f@clapﬂ%%wa and
wherw 1‘5\’%1& 'irﬁld'izélé RLE ?Fe@ér?ed c%%n%ﬁ@ar@%r&h@tﬁggﬁghélh%ﬂos-
compounds of fornu wher e 41 WO 2007/12
phe@inUs2007Vo0p68Phatei(ByBiEID aaddiifoprepydetbylamimbe( IEA) $n DCM.
-S-) by oxidation with MCPBA or other nethods
described in Scheme 1. The nitro group may then be

It 'Isqﬂid@l%ﬂ)o‘d" thdt tiRAS S8l JuBStUEEoPRcert BE ridk tA B RsfutdEmay be
ol ef I n.
present in the starting materials 1-1 or 1-3 and, in such cases, would be carried

through the synthesis outlined in Scheme 1. Alternatively various substituents on
compounds of Formula I may be introduced in a number of ways described below to
provide the optional substitution listed for Formula I. The leaving group “L;” present
on ring A in Formula 1-0 or 1-3, can be substituted before or at any step during
Scheme 1. When such leaving groups (preferably fluoro or chloro) are activated by
the nitro group of Formula 1-3 for nucleophilic attack, they can undergo direct
nucleophilic aromatic substitution by ammonia and azide anion or by amines,
alcohols, thiols and other nucleophiles in the presence of a suitable base such as
K,COs3, N,N-diisopropylethylamine (DIEA) or NEt;. When the leaving group is
suitable for metal-catalyzed couplings (preferably bromo or trifluoromethane-
sulfonyloxy), a number of cross-coupling reactions (such as Suzuki or Stille reactions
as discussed above for the introduction of R”) may be performed. Other metal-
catalyzed coupling reactions that can be employed include aromatic and
heteroaromatic amination and amidation (for reviews, see: S. L. Buchwald, et al, Top.
Curr. Chem., 219:131-209 (2001) and J. F. Hartwig in “Organopalladium Chemistry
for Organic Synthesis,” Wiley Interscience, NY (2002). Additional metal catalyzed

cross coupling reactions with 2,4,6-trimethyl-cyclotriboroxane may be employed if L,
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5 Conpounds of fornmula 2-4 (AAis NH2) are then
converted to conpounds of Fornmula 2-5 (which also

w0 epressse conmpounds of Forrmulae | if no furthB€T/US2007/066985
nodi fications are required) as described in Schene 1.
Compounds of fornula 2-5 may be further nodified to
provi de additional conpounds 10 of Fornula I. For

is bnmmp Ii@do oncldamestivited by Ritrosto-geaeieRPptionPai@dshylsubstitution

oy 2t B P PO B ey gt

st andard nmet hodol ogy such as trifluoroactic acid (TFA)
in DCM (Greene and Wits, ibid.) to provide a
Insemgredsesythamiia Suhsittumcwlt’c@rfuﬁ rfdgrivitercd de desgabéd badow to

e Dl S SRR P Bl Vs ot i ted 15 1o

reactions with al dehydes or ketones in the presence of
a reduci ng agent such as _sodiumtriacetoxyborohydride

An gltgspaficqaetbedfss riatrodugtion of nEragenwRgia BN heferocylirp R3
su%é%tﬁgnts é@oxy :\A‘égsgcgl ﬁih@é&te&%@y&%fgﬁ%g r?)r oérgﬁﬁ of? lEmg A.

Thieeagian tgrc(@&na:gebe:dsmg)ﬁdly memmmae dtprting rpzttemlde a protected or

conmpounds of For where F is - NCOR3;
unpreteeIpd, ?or@rﬂrmya@glit §gmdlé%ﬁqd}lﬁéal fif gz éﬁ%lpﬂvﬂl% alsgcan be

elﬁﬁpﬁﬂlgﬁal%%Pgﬁhggtaﬁ ({grﬂ’lét@nél di"laﬁﬁc%eg ng% ritiRfdaRBaction. In

ates(as des bed in to provide
adcclttrqnotmdlmmcﬁ gifeap mmdydoel fbmhblmreﬁuﬁmn—dﬁ@mmiﬁtkgmmwhlch can

ected to netal-c stit nreaCt OnS as
DRI Moo ioh T G drore SRS GO ml
su:c_)lstY’tﬁﬁ‘(BI?oﬂ: anl &tiviES hal((ﬁ byl-azuﬁ%lfb’i@lsqnetﬁfon@d abdvel dhe ar}nno

. Hartwig, ibid.) For the above exanple, Ra and
gramemam dbp émétrftqny nw@l@mlwaromaky Bubsiz?»ltley of oahiipated hahde

| k h
(PPl 4 iebheta3oRas Yot 10 S et i M smivm of st
arﬁﬁbﬁ&%q&bal@nt RARx RPN cHNbutYY caneabtaé | BintrduBed inf pro¥éted form,

thggr%lin[gzcar?%e %%progc‘%d%cchrEi)ing to %t-aﬁdazrzi ?itezra?lt%re methods. (For examples
of amine protecting groups and deprotection methods see: Theodora W. Greene and
Peter G. M. Wuts, John Wiley and Sons, Inc., NY (1991).) The ring-forming reaction
involves treatment of the aniline amino group with a suitable optionally substituted di-
electrophile, preferably a dihalide or dicarbonyl compound, which results in two
substitutions on the amino group to form an optionally substituted heterocycle. In the
case of dihalides, any of a number of suitable bases can be added as an acid scavenger
such as potassium carbonate, sodium hydroxide, or, a trialkylamine such as
triethylamine. Thus, treatment with a bis(2-haloethyl)amine such as bis(2-
chloroethyl)amine or bis(2-bromoethyl)amine would afford a piperazine ring (see, for
example, J. Med. Chem., 29: 640-4 (1986) and J. Med. Chem., 46: 2837 (2003)).
Optional substitution on the amine nitrogen of the reagent would incorporate optional
substitution on the terminal amine of the piperazine. For example, treatment with

N, N-bis(2-chloroethyl)aniline would give an N-phenylpiperazino group. Treatment
with a bis(2-haloethyl)ether or bis(2-haloethyl)thioether would afford a morpholine or

thiomorpholine ring, respectively.
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5 Schene 2b illustrates a nodification of Schene 2a to
synt hesi ze partially unsaturated conpounds of Fornula
WO 200123 esent s - NQAQOR3-, -0- (D and D2 ar ep&d/US2087/066985
(D and D2 are H), -(D and D2 are H), or -SQ2- (D
and D2 are H), and RA A represents - NH2 or -NO2.
Conpounds of fornmula 2- 4 are prepared as shown in
Schene 2. R Ais -NQ2, the nitro group nust be

r d t hat d not .reduce, 10 ol efin
AL 18?1“%%%%%‘?%%33@% e roRr ko ol

su%stﬁuérﬁs 8o fi‘ﬂﬂgﬂ@ is t8 rf&‘rkpthfe Wl%fér&%rc}%tf?&n b ald@ dﬁlﬁ@é)’fr&ﬁ d
onpounds of fornula 2-4 are al so conpounds of

fOfroylrgrblao on fing 70. phe fermyd gmn‘p@ﬁmhbsor@ﬁnzﬂbrm@ﬂeat iD-the starting

E i -SOP- - SO, h i dat i f h
g idei SER wiboisTr S cnRisiah Tk P pumberof
forJRti@s reall@sBkinbRd iRBRMRerafu®é Inelichoy v ﬂSﬂlél@r-HQQde%a@fd)n

15 Scheme 3 R2 NKal / RBHL3 RRM4 or R 5

(foy acesicy of fgzrrwlmlqn Ppamistrys s¢e3 GRa\. @lﬁs chalkChemy Rems r&7 R@@M )
S
or%lyémga-gﬂ latlo E?Ma{% (]aAhC? %e &hlg ah{i EZS(E@ %?a}zé}ﬁﬁon

par er me for Sis' O
Lam,rﬁi’cﬁmdﬂ)(la%)c).f Formul a 1, vvhere r| ng Ais pyridyl,
and R5 is the optional substitution on ring A or 43
WD 2007/ 124369 PCT/ US2007/ 066985 one of the

Flﬁﬁkﬁﬁ %Cl)ifa'efsﬁ)o%l%ﬁéttcb iastm AF R 18hy 1»% fﬁgﬁspNédQeﬁvégg&g

or ot her tironal groups suc
Pmtectﬁﬁmowps cmccompmmvlss nf Barinlufa beandwrremoy etlaccoalimgriorstandard

0 b nown | erat met hods _suc ed [
syt R thodalogies SHhGudt HorTSar it PR B SEIT v Ehh Wiey ana
SdRat anoe(m®0l ))fafl c46&thkh Qtibjecté €N AWherSREIVENAABh CERamples
Reactions, 3: 337 (1947)). L3 and L4 are hal ogens. (

ofj fgrthMe[rm;@rzagmg of q;yénpqymd@qf I include, but are not limited to: when

compounds of Formula I contain a primary or secondary amine, the amine may be
reacted with aldehydes or ketones in the presence of a reducing agent such as sodium
triacetoxyborohydride (see Abdel-Magid J.Org. Chem. 61, pp. 3849-3862, (1996)) to
reductively alkylate; with acid chlorides or carboxylic acids and an amide bond
forming reagent as described above to form amides; with sulfonyl chlorides to form
sulfonamides; with isocyanates to form ureas; with aryl- or heteroaryl-halides in the
presence of a palladium catalyst as described above (see Buchwald and Hartwig
references above) to form aryl and heteroarylamines. In addition, when compounds
of Formulae I contain an aryl halide or heteroaryl halide, these compounds may be
subjected to metal-catalyzed reactions with boronic acids (for example, Suzuki or
Stille couplings as described above), or, amines or alcohols (Buchwald- or Hartwig-
type couplings, see Buchwald and Hartwig references above). When compounds of
Formulae I contain a cyano group, this group may be hydrolyzed to amides or acids
under acid or basic conditions. Basic amines may be oxidized to N-oxides and
conversely N-oxides may be reduced to basic amines. When compounds of Formula I
contain a sulfide, either acyclic or cyclic, the sulfide can be further oxidized to the
corresponding sulfoxides or sulfones. Sulfoxides can be obtained by oxidation using

an appropriate oxidant such as one equivalent of (meta-chloroperbenzoicacid)
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fromK is COOR by sinple base- or acid-catal yzed

hydrolysis.) In general, the selectivity and order in
WO paorozhsed ng R2 and R5 can be achi eved by the PEI/ES100B066985

reactivity of the hal ogens L3 and L4 chosen in

conmpound (3-1), the intrinsic selectivity of the

het erocycl e and/ or the reaction conditions enpl oyed.
MARBexamtpl ecaddentsiitlgNea 2, (M}: f@lcatmple, F.Raghn,\dr trfy JoM et H&hem.,

RO TSR e aalToRd <EF bE BbhBRO MRS O o GhaL A
or"fﬂ/rtf@dtrﬁerrf’? wﬁtthvmﬁfeﬁlyll-tﬁoﬂpﬁoﬁ‘nef NURER and @B R midn k&rdkide

bronmo group, selective displacenent of the fluoro
(sep buexbyple, Pﬁﬁd@ﬁb@h&héV@éHﬂﬁ@labhleved fol | oned by
substitution of the remaining bronmo group by
nmet al - catal yzed substitution chem stry (such as Suzuki
or Stille cross- couplingsaﬁmﬁenptions as further
outlined below). Simlarly in compounds of Fornula 3-1

where one of L3 and L4 is an iH oup and tfe of her
iIs a bromp or chloro gr o4, sgl@c Afet aIyzed
substitut] on chem stry (guch i or St
crossepUphi nkPA r eact,i or BuqhwaleHartw
ani nat,epsJas furt héf~gi squssed bel ow) ~on taj; ff

t he

gr ouﬁ) carl be B@NTevéﬂ f of 1 owed HeyPar@pl acern#
renalnln? bronmo or chloro 20 group by angp’

net al - élyzed substit#ion reaction. As illygtrated
in Schene 3, leaving group L3 in Formula 3-1 can be
first substituted to obtain conpounds ofwhkesindlisaC3- 3
or Ieavinﬁ group L4 oan be first substituted to

obtain c find of F “#hr mul a 3-2. Conpounds 3-2 or 3-3
can then®be reacteH’thHZS di Iac L3 or L4 to

f urni sh VW%Dgonpound '° rt?%us d%é@t
nucl eophPli c dlsplac t or rlb§§talyzed ankmptlon
of conpolitfePRaf For mu dar

anmoni & or a protecte Z nI
carbanat§m§¥%d %%vmggf_gge Moder n Antnatlon ot Fods:
Ricci, AL E BN\ VCH: Wi nheim 2000), can be
used to |nFroauce R5 g Fornulae 3-2 or 3-3 mhere R5

IS a primary or secondary am ne, am no group (NH2),
and am ne equivalent or a protected antno gr oup.

t zed co ng of, c 1 wth b
s ot il Gt te B ebBPel s FRAIE Lo F famte e PREBLA - -
0bar 901 6r 901, AnGNQUR pRIscROLNPB R -IROL,. €D1 anﬂl‘DWPe shown for
3007/ 124369 PCT/ US2007/ 066985 gr ouH or with

lllmttgeémtpuwoquméw niis r¢e@enizp@by é@@@ plghcd v arsthgip3D° WA &Y anay
n t.h i tue fi

s ARBRL kBRI TR bR B AR ot o

2-0fby Feafmgnae/itB-athddrmidtedphidic Gasgudhds EDA ﬁﬁfth&ﬁtrﬁpﬁiﬁ@@fthe

converted to conmpound 3-4 by a netal -catal yzed . )
resulting enolate with a triflating reagent stich as trifluoromethanesulfonic anhydride
or preferably N-phenyltrifluoromethanesulfonimide. Suzuki coupling of boronic
acids or boronate esters of formula 2-3 to vinyl triflates of formula 2-2 can provide

compounds of formula 2-4 where Z is C (Synthesis, 993 (1991)).

For compounds of formula 2-4 treatment with Pd/C can reduce both the olefin (and
the nitro if AA is NO,) to give Z is CH, AA is NH,. Compounds of formula 2-4

where F represents —SO, can be prepared from compounds of formula 2-4 where AA
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Suzuki or Stille coupling as described above. L4 in
conpound 3-3 al so subsequently can be substituted
WOWRG/1RB64 0 obt ai n conpounds of Fornul a 3-4, ap@i/ns200y066985
a direct nucleophilic substitution or netal -catal yzed

reaction with a nucl eophile or by the sane
nmet al - catal yzed cross-coupling reaction as descri bed
1s aNOy end WhensiREd¢ (F tshs-) DY dxatanmh aeth(NMCPBA3erdthar n3ethddsi s

a praot.ected am and K not an ani no, gr ou |t .can be
dedeihedidSelans D hivale st By Mo cd RonarhalCipreguce
bAMMRGifdRed iRty can then be further derivatized

as described in Scheme 1. When the K group in Fornul a

3-4 is not an am no group (such as functionality

described.abo it .C e _cpnverte 0 an__amn
CRBEHSEERPRRIR-s M SN FreTfa i Eid R sBhne B Shrgrmuta
2-8xahARhalcasmeahesshy@indd ofF ganilL ITif 86 SireHcrBiddoMations are

Larock, R S.; Wley and Sons Inc., USA, 1999) and the

regsqd) es aepcebeid Sshemedn be enpl oyed in ani de bond
formation reactions as described in Schene (1) to
obtain the conmpounds in Fornula |I. Wien K in Formula
C@npouingls afiformmiar®d 5 giayuie futth@anodificdlior@otidy addigdndl @ompounds
am de coupling as .describhed above. 20,Schene 4 L3 1
offkopplarly FOHEEATH: IR RPSTD I MR 5 Qudr 1y igeipborily
b 7 rlole@er® o BoM Fotctidg frofip 408,Buf théBOMQB09 Al 24 3680ved
el B o er ] o BOR fonclice frofip fCO.uf RO R o8 fiove
acRBidingy toRBRHd Im@hdd o ddciNkb trifluoroabkic acid KNFAR) inlJACK Rireene

5.4-5 4-6 4-7 4-8 .5 Schenes 4a and 4p il | ustrat
onf W sy AP O SF<nditnating B 0 (B8 tuRrher dEhaR o
providt ChRfourRis 6P Feinidla 1 OF e RerivatZh@bd indBidEd, B 8 not limited
nonohal o- substituted conpound of Fornmulae 4-1 and 4-5

topeagtians odthodl dediyd ereordestanssl inl thawrasgnagrod apedifoingr agehiesuch as
s SR gt v e P RS TeHES BB EhRSdinas
NOH,R’ (A. F. Abdel-Magid, ibid.); with acid chlorides or with carboxylic acids and
an amide bond forming reagent (as described in Scheme 1) to provide compounds of
Formula IT where F is -NCOR?; with sulfonyl chlorides (as described in Scheme 1) to
provide compounds of Formula I where F is -NSO;R,; with isocyanates(as described
in Scheme 1) to provide compounds of Formula II where F is -NCONR,Ry,; or
subjected to metal-catalyzed substitution reactions as outlined in Scheme 1 to provide
compounds of Formula I where F is -NR*. (S. L. Buchwald, et al, ibid.; J. H. Hartwig,
ibid.) For the above example, R, and Ry, are independently hydrogen, alkyl,
cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl and heteroaralkyl.
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Formula | where ring Ais a pyridine and R5 is either
the optional substitution on Ring 10 A or one of the

whedoenoeyel i ¢ substituents. As in Scheme 3, thECT/US2007/066985

remai ni ng positions on the pyridine ring can be

substituted as described in Formula I. Kis NH2 or

ot her functional groups such as NO2, COOH or COCR

whi ch can eventually be converted to am no group by

known |iterature nmethodsScigate 2bs reductions or Curtius

rearrangenent as described in Schenme 3. @3 and L4 are

hal ogens. In these 15 conpounds, T is eLﬁher Hor is a
Rt 45 OH that can b& cdhyerted to

‘ AT flate or

ae, for

clie— 1

Feme 3, can pfiretgd”conpounds of
Fornmul ag 44-2 and 4-6. At 20 this point, the
substituent T of conpo&ﬂas 4-2 or 4-6 é3&n be converted
to a leaving group L4 or L3 (preferably a hal ogen) by
standard net hods to provide conpounds of Fornul ae 4-3

S cweche2h6i] luftoate sexanghilfieationhaiScheins 20kd) syinitteesize @hetatlg dnsaturated
reagents.to effe this transfaormation are, t hi gny

COBHIOBPTILRY, ﬁw@ﬂsﬂ,l- hoersgs ﬁéﬁéﬂ&e@j 3y and 3 e €. X o

an(lﬁ%zdeﬁ"é H)den! bHel bbgregI)BngSOazl-r(@V%nd(%%ﬂmeﬁ% I@&Sﬁegl?c%%ts -

1953), "and | ddon, B, em Soc. Perkin

NHg ans\O41 , Compaidds off @8@)la, 2-PaeeprIpdred #4 showngaibchame 2. If

di | hal t ed f erabl y _br oni d
R oKL e AU bR R G B g hSTHRPEGE kot Retyge
ol EXRTPLB, as GdRIBARBMAMiuBthRbide. IVRENEBFosmubhd-4 &lafPamino

(2001)). The preferred conditions for brom nation are

graEsthicn ng stopiis Bgsicesagoinfegpmpoyads efsformanr drd aie atsorsiompopeds of
o0 20P] 34362 BTN/ R66935,, Je icamoupds, O

n be conver

or mul ae conp

oxrdutivulofiehe st fidecanhustH8 pbyfoiniddraacioeipoand af4 herc ReRds N O Jas

groups R2 or R5, respectjvely, by the nethods

degerdhediabave. apecddiynitraéedusior-o conpounds of Formul a |

by the nethods described in Schene 3 for conversion
of conpounds of Formulae 3-4 and 3-5 to 5 conpounds of
Formul a |I. Representati v8chanpdunds of the present
invention and their synthesis are presented in the
follow ng chart and exanples thereafter. The foll ow ng
are for exenpl aryg®purposes only and are in no way
meant to limt thelimnyention. Preferred 10 conpounds
of the present iﬂve ion arg Exanples 5, 17, 23, 34,
38, and 51. ﬁ#jtned exarpfles of inhibitors of GKIT

are o1 £Mag, Eod
e|_351 % 2, 55, an

M
6{. R2 R2
- 1 1_NH
/ R5 4 R5 4
3-5

L3
3-1 \\\\\ K ////’
RH ﬂ R’M 34
or R’ RO4NF
3-2

Scheme 3 illustrates the preparation of intermediates for the synthesis of compounds

of Formula I, where ring A is pyridyl, and R” is the optional substitution on ring A or
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Nane Structure 5-Cyano-furan-2-carboxylic acid S/ H ~
\ CN 4 [4-(4-methyl-piperazin-1-yl)-2- NO

W@ 0me24399 -t hi ophen-2-yl)- | 0 phenyl]-am de ¥CT™MURDNI066985
S b5-Cyano-furan-2-carboxylic acid NH~ ACN 5
[4-(4-nethyl -piperazin-l-yl)-2- NO
(4- met hyl -t hi ophen-3-yl)- | 0 phenyl]-amde (N MNJ

or© of O hdelﬁy}a:lhio sdibktituentslag ale@n@d iHFNrotulaclar lKoiQ/NHz or other
acid f( - cIo ex-| -

Gl Giri b ANDy CIN arde ok’ g iin Sty B canygrted

tofagfind brd PIQ&b%‘lR&@%‘P@H&lO@? bkhsalrEductidns HNNO, (g'thgﬁlssed
47 WO 20 124369 PCT/ US2007/ 066985 Nane Structure

foN &chlemeﬂ\l)l—w ﬁl@wnrﬁanrangqmﬁn@ d20l(@QH dar Bosoyidve wei Grgamc
R%zg é? yyl, g?‘é & 94&?)n %9?1 fbﬁﬁ eﬁé)f)%ens ?sl .bB_OLh )élan also be formed
from K is COOR by simple base- or acid-catalyzed hydrolysis.) In general, the
selectivity and order in introducing R* and R’ can be achieved by the relative
reactivity of the halogens L’ and L* chosen in compound (3-1), the intrinsic selectivity
of the heterocycle and/or the reaction conditions employed. An example of using the
relative reactivity of the halogens L’ and L” in selectively introducing R* and R’
would include the situation where, in compounds of Formula 3-1 where L is a fluoro
group and L* is a bromo group, selective displacement of the fluoro group by a
nucleophile can be achieved followed by substitution of the remaining bromo group
by metal-catalyzed substitution chemistry (such as Suzuki or Stille cross-coupling
reactions as further outlined below). Similarly in compounds of Formula 3-1 where
one of L* and L" is an iodo group and the other is a bromo or chloro group, selective
metal-catalyzed substitution chemistry (such as Suzuki or Stille cross-coupling
reactions or Buchwald/Hartwig aminations as further discussed below) on the iodo
group can be achieved followed by replacement of the remaining bromo or chloro

group by another metal-catalyzed substitution reaction.

As illustrated in Scheme 3, leaving group L’ in Formula 3-1 can be first substituted to
obtain compounds of Formula 3-3 or leaving group L can be first substituted to
obtain compound of Formula 3-2. Compounds 3-2 or 3-3 can then be reacted to

displace L’ or L*to furnish the compound of Formula 3-4.

Thus, a direct nucleophilic displacement or metal-catalyzed amination of compound
of Formula 3-1 with a secondary amine, ammonia or a protected amine such as fert-
butyl carbamate (for review, see Modern Amination Methods: Ricci, A., Ed.; Wiley-
VCH: Weinheim, 2000), can be used to introduce R’ in Formulae 3-2 or 3-3 where R’
1S a primary or secondary amine, amino group (NH;), and amine equivalent or a
protected amino group. Metal-catalyzed coupling of compound 3-1 with boronic

acids or boronates esters (Suzuki reaction, M is boronic acid group or boronate ester
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amde No O NCN HN aHNJ 4-Cyano-1H i m dazol e- 2-
carboxylic acid {2-cycl ohex-I- 8

we@eoprAZ3p9L- ( 3- nor phol i n- 4-yl PCT/US2007/066985
propi onyl)-piperidin-4-yl]- phenyl} -am de N O NOO
5- Cyano-furan-2-carboxylic acid HCN 9
[2' - met hyl - 5- (4- net hyl - pi perazin- N O

grauy)l or Viziﬂpd)lgalm&-n&ophﬂouadﬁ (Reill©reachon,MJis SnR3, where R is alkyl and

lic acid, F H

thf ?%{qu W‘Btugnté 4asﬁa?fﬁt§ﬂ)((iyﬁl?oaigr g%q?scrhl?eggllillgcheme 1 can provide

compouhdPLoRMlae3-y bl 3.8m de TN/ O ~NJ
5-'Cyano-f uran- 2-carboxylic acid H CN 11

[ 2-cycl ohex-1-enyl -4-(4-methyl- N ~01

C%@Z% 37 7;26% %é 8@1{3[%‘\% ﬁ%nvgi%g e[? Lﬁpénpé)uné 83 X\Q) 22 Ogl/et]ag %6lyzed

S&u@@f&ﬂfdﬁcﬁ@hﬁg eadkexyed ghotd. L* 1n cornpound 3-3 also subsequently
aci d[ di hydr o- 2H pyr an- 4-
cap| be. &ube‘mtuwéltwh%p tp iR gompgynds %1Fq9nutﬂ1éﬁy gaignbyje diect

nJcleQ)lehc NebEtution or metal-catalyzed reaction with a nucleophile or by the
same metal-catalyzed cross-coupling reaction as described above. When R’ in the
formulae (3-2, 3-3 or 3-4) is a protected amine and K not an amino group, it can be
deprotected to unmask the amino functionality. This amino functionality can then be
further derivatized as described in Scheme 1. When the K group in Formula 3-4 is
not an amino group (such as functionality described above), it can be converted to an
amino group according to known literature methods (see, for example Comprehensive
Organic Transformations: Larock, R.S.; Wiley and Sons Inc., USA, 1999) and the
resulting amine 3-5 can be employed in amide bond formation reactions as described
in Scheme (1) to obtain the compounds in Formula I. When K in Formula 3-4 is an

amino group it can be directly used in amide coupling as described above.

Scheme 4a
\ Introduce 5
R M N X K R H
or R M
4-1 4-2 4-3 4-4
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4- Cyano-| H pyrrol e-2-carboxylic eX\N 13 acid

(2-cycl ohex-1| -enyl -4- pipe ridin-4-yl-phenyl)-am de
wao eiofheusspaceti c acid salt 3COzH N H 0O NAr HPCTMIS2007/066985

4- Cyano-| Him dazol e-2- \ NH 14 carboxylic acid

(2-cycl ohex-1 enyl - 4-pi peri di n-4-yl - phenyl ) -

trifluoroacetic acid salt COzH amde N H ONCrH \

NH 4- Cyano-1 H pyrrol e-2-carboxylic 15 acid

[4-(1-acetyl-piperidin-4-yl)- 2-cycl ohex-|

-enyl - phenyl ] -am de N &%ebﬁ‘éb 2007/ 124369

PCT/ US2007/ 066985 Nane Structure O N NH NC NH

4- Cyanorl H i m dazol e-2 16 car boxyl :L;c acid 2

. .o rodgce -] -
[4-(1ﬁwwwﬁrl ! EZeyeloheedy 1w,
R RS NF RS o R® ~

4-5 4-6 4-7 48
Schemes 4a and 4b illustrate the preparation of intermediates to be further modified
according to Scheme 3 starting from a monohalo-substituted compound of Formulae
4-1 and 4-5 by introducing the second leaving group after the replacement of the first
one has been completed. These can also be used for the synthesis of compounds of
Formula I where ring A is a pyridine and R’ is either the optional substitution on Ring
A or one of the heterocyclic substituents. As in Scheme 3, the remaining positions on
the pyridine ring can be substituted as described in Formula I. K is NH; or other
functional groups such as NO,, COOH or COOR which can eventually be converted
to amino group by known literature methods such as reductions or Curtius
rearrangement as described in Scheme 3. L’ and L* are halogens. In these
compounds, T is either H or is a functional group such as OH that can be converted to
leaving groups L’ or L* such as halogen, triflate or mesylate by known literature
methods (see, for example, Nicolai, E., et al., J. Heterocyclic Chemistry, 31, (73),
(1994)). Displacement of L’ in compound of Formula 4-1 or L* in Formula 4-5 by
methods described in Scheme 3, can yield compounds of Formulae 4-2 and 4-6. At
this point, the substituent T of compounds 4-2 or 4-6 can be converted to a leaving
group L* or L* (preferably a halogen) by standard methods to provide compounds of
Formulae 4-3 and 4-5. For example, when T is OH, the preferred reagents to effect
this transformation are thionyl chloride, PCls, POCl; or PBrs (sce, for examples,
Kolder, den Hertog., Recl. Trav. Chim. Pays-Bas; 285, (1953), and Iddon, B, et. al., J.
Chem. Soc. Perkin Trans. 1., 1370, (1980)). When T is H, it can be directly
halogenated (preferably brominated) to provide compounds of Formulae 4-3 or 4-7
(see, for example, Canibano, V. et al., Synthesis, 14, 2175, (2001)). The preferred

conditions for bromination are NBS in a suitable solvent such as DCM or acetonitrile.
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enyl -phenyl]-amde N OO NH 11
4- Cyano- 1H i m dazol e- 2- NCNH car boxylic acid
W@ 2000424384 hyl - 17 cycl ohex-1-enyl) - 4-pi peri di NPAF/US2007/066985
yl -phenyl]-am de trifluoroacetic acid salt CFSCO2H N
HO NH NC 4-Cyano-1Him dazole-2- NH 18 carb oxylic
acid (2-cyclopent-1- enyl-4-piperidin-4-yl-phenyl)
Tlmﬁouirqadundisf dfiamomabetd-T oati’das bt t:m@@?ﬂeld td\bdﬂlpc@md&bﬂ\l]:bmmd}le

1H-i m dazol e-2-. NH car
4yt QSO bl 6 BT minet aSR Kot e sSGrdliygs by the
m&G8IYdcsc bbb Rrcfeh¥h bn RNESRY Sé&u'ndﬁgf B8 mbda 1 @y'fhe RAOh¥ER
2007/ 124369 PCT/ U52007/ 06698

described in Scheme 3 for conversion of compounds of Formulae 3-4 and 3-5 to

compounds of Formula I.

Representative compounds of the present invention and their synthesis are
presented in the following chart and examples thereafter. The following are for
exemplary purposes only and are in no way meant to limit the invention. Preferred
compounds of the present invention are Examples 5, 17, 23, 34, 38, and 51.
Preferred examples of inhibitors of C-KIT are 51a, 48, 52, 55, and 26.

Name Structure

(3-methyl-thiophen-2-yl)-
phenyl]-amide

5-Cyano-furan-2-carboxylic acid S\ H | NN
4 [4-(4-methyl-piperazin-1-yl)-2- N o
©)
2
MeN\)

(4-methyl-thiophen-3-yl)-
phenyl]-amide

S
5-Cyano-furan-2-carboxylic acid N \ H\p-CN
5 [4-(4-methyl-piperazin-1-yl)-2- N o]
i o}
N

O
N._CN
7
4-Cyano-1H-imidazole-2- ‘ H NJT_&]

carboxylic acid {2-cyclohex-1-
enyl-4-[1-(2-hydroxy-1-

® | hydroxymethyl-cthyl)-piperidin- 0
4-yl]-phenyl}-amide F3CJLOH
trifluoroacetic acid salt KI\L‘

OH OH
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phenyl}-amide N
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5-Cyano-furan-2-carboxylic acid H ] N\ oN
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5-Cyano-furan-2-carboxylic acid F H [\ oN
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L \ NH
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1- O
26 | enyl-4-[1-(2-hydroxy-ethyl)-
piperidin-4-yl]-phenyl }-amide
trifluoroacetic acid salt N CF4C0,H
b
o)
{5 C
. \_NH
4-Cyano-1H-imidazole-2-
carboxylic acid {4-[1-(2-cyano- O
27 | ethyl)-piperidin-4-yl]-2-cyclohex-
I-enyl-phenyl}-amide
trifluoroacetic acid salt
NH CF3CO,H
CN
o)
N
NG \W)J\NH
\_NH ‘
4-Cyano-1H-imidazole-2- O
carboxylic acid [4-(1-
28 | carbamoylmethyl-piperidin-4-yl)-
2-cyclohex-1-enyl-phenyl]-amide
trifluoroacetic acid salt N CF3CO-H
o)
NH,
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4-Cyano-1H-imidazole-2- NH
carboxylic acid {2-cyclohex-1- O
31 | enyl-4-[1-(2-pyridin-4-yl-acetyl)-
piperidin-4-yl]-phenyl}-amide CF3CO,H
trifluoroacetic acid salt
N = IN
o N
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_ NC N\\,)kNH
4-Cyano-1H-imidazole-2- \_NH
carboxylic acid (2-cyclohex-1- O
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32 | imidazol-4-yl)-acetyl]-piperidin-

4-yl}-phenyl)-amide CF3CO.H
trifluoroacetic acid salt
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4-yl)-4-piperidin-4-yl-phenyl]- O
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)
o L
4-Cyano-1H-imidazole-2- S
carboxylic acid [2-(1,1-dioxo- X HN
6 . - H \
36 | 1,2,3,6-tetrahydro-11"-thiopyran- N, s /—CN
4-yl)-4-piperidin-4-yl-phenyl]- I
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TFA HN
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4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
enyl-4-[ 1-(2-dimethylamino-
acetyl)-piperidin-4-yl]-phenyl} -
amide

38b

4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
enyl-4-[ 1-(2-methylamino-
acetyl)-piperidin-4-yl]-phenyl} -
amide

39

4-{4-[(4-Cyano-1H-imidazole-2-
carbonyl)-amino]-3-cyclohex-1-
enyl-phenyl}-piperidine-1-
carboxylic acid (2-hydroxy-
ethyl)-amide

40

4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
enyl-4-[ 1-(2-methanesulfonyl-
ethyl)-piperidin-4-yl]-phenyl}-
amide
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4-Cyano-1H-imidazole-2-
carboxylic acid{2-cyclohex-1-
enyl-4-[ 1-(pyridine-3-carbonyl)-
piperidin-4-yl]-phenyl }-amide

44

4-Cyano-1H-imidazole-2-
carboxylic acid (2-cyclohex-1-
enyl-4-{1-[2-(2-hydroxy-
ethylamino)-acetyl]-piperidin-4-
yl}-phenyl)-amide trifluoroacetic
acid salt

TFA

45

4-Cyano-1H-imidazole-2-
carboxylic acid (2-cyclohex-1-
enyl-4-{1-[2-(2-hydroxy-cthyl)-
methyl-amino-acetyl]-piperidin-
4-yl}-phenyl)-amide
trifluoroacetic acid salt

TFA
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Y

o)

46

4-Cyano-1H-imidazole-2-
carboxylic acid [4-(1-acetyl-
piperidin-4-y1)-2-(1,2,5,6-
tetrahydro-pyridin-3-yl)-phenyl]-
amide trifluoroacetic acid salt

N
TFA  HN m
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N%N
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5-Cyano-1H-imidazole-2-
carboxylic acid [2-cyclohex-1-
enyl-4-(1-methoxy-piperidin-4-
yl)-phenyl]-amide trifluoroacetic
acid salt

MeON
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4-Cyano-1H-imidazole-2-
carboxylic acid [6-(4,4-dimethyl-
cyclohex-1-enyl)-1°,2°,3°,4°,5°,6’-
hexahydro-[2,4’ bipyridinyl-5-
yl]-amide trifluoroacetic acid salt

HN
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4-Cyano-1H-imidazole-2-
carboxylic acid [1’-(2-
dimethylamino-acetyl)-6-(4,4-
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1’,2°,3°,4°,5,6’-hexahydro-
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trifluoroacetic acid salt
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10

(40 nm) was added and the m xture was stirred for 3 h.

After cooling to 60 C, water
wapa7ahsem xture was stirred at RT for 70 h. TR&T/US2007/066985

m xture was acidified to pH 2 with concentrated

10 (250 nL) was added

hydrochl oric acid and extracted with 3:1

di chl or onet hane-i sopropanol (8 x 100 nl). The conbi ned
of gani c IayeNanwere washed with waSeamucfW@0 nL), brjne
(1%0 m_)ahl_g %ﬂ‘ﬁv r anh spdi um sul f at e\ and
cp Pz y %guo 9, afford the ti conmpound [as
a €8 @dlqa&l(t[f Get-gimetlyylog| ' H 50 wWo 2 124
PCty deharolrragsd 862- vaR(CDsoD, 400 MHz):| 614,105 (bf

56s| miethgnesufforgl-¢tiyD1 H, J = 3.8 Hz), 7.¥2%T, | M, Jl =
3| 8°.Biz)’ .4’ Braiptehydr®d 4- Cyaho- JH py 8.2~ caPboxylilc
arcid4’ |bipytiinyl- Ol ]-&hidbe tifle co Rou d was Ipr epar ed| by
t heiflidredcatitiigd palecedur e ( ;
Canadian—J-—Chem 592673 400
MHz): 6 12.70 (br s, | H), 7.13 (s, |
H 5 }Ja%omﬂmdﬁzcﬁe-}
ar %egy-lﬂcéc?d 41 rrgzﬁ {2 | W:g@\

57t Eﬁug@@g é Qxlat e I
1 0227 ﬁ?@" I}yllé) Y&t hok -1 H i mi da¥al e- 4-car
bp Flﬂ(}qtr uorgecqoncidgiall A Fi-askchar ged wit h
i M dazol e-4-carbonitrile (P.5 & 5.2 mmwol) (Synthes|s,
o7, 2003), Z2-(trinethyls)jlyl)ethoxymethyl chloride
(BEMC1) (0.95 mb, 5.3 mml), K2C03 (1.40 g, 10.4
rnéf?b};)analﬂd{ %f\gsﬂmi?i(SlnL) Was stirred 1OHNh at RT.
Theanppxylieras: cyclohex-1- H N

58 | enyl-1'-(2-methanesulfonyl- N N{K}\\N

ethyl)-1',2',3',4',5',6'-hexahydro- # ©
[2,4"Tbipyridinyl-5-yl]-amide Me,s”
Example 1

5-Cyano-furan-2-carboxylic acid

OY@\
o’ ~CN

HO

To a flask with a stir bar and Vigreaux column under Ar was added 2-formyl-5-

furancarboxylic acid (2.8 g, 20 mmol), hydroxylamine hydrochloride (2.7 g, 40

mmol), and dry pyridine (50 mL). The mixture was heated to 85 °C, acetic anhydride
(40 mL) was added and the mixture was stirred for 3 h. After cooling to 60 °C, water

(250 mL) was added and the mixture was stirred at RT for 70 h. The mixture was

acidified to pH 2 with concentrated hydrochloric acid and extracted with 3:1

dichloromethane-isopropanol (8 x 100 mL). The combined organic layers were

washed with water (100 mL), brine (100 mL), dried over anh sodium sulfate and

concentrated in vacuo to afford the title compound as a tan solid (1.26 g, 46 %). 'H-
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20 diluted with EtOAc (20 nL) and washed with water
(20 nm.) and brine (20 nL) and the organic |ayer dried

w@®r/103804. The crude product was el uted fronP@I/B82097/066985

SPE cartridge (silica) with 30 % Et OAc/ hexane to give
0.80 g (70 %9 of the title conpound as a colorless
oil. Mass spectrum (Cl (CH4), mz) Calcd. for

NEROHIDRELSI00 MB23 511 4 08+H) s, FIONRd4224.H,.J 25.81)z), 7.42 (d, 1H, J
_2- Brom) 1-(2-trimethylsilanyl-ethoxynethyl)-JHimdazo
&-H2carbonitrile 60 WD 2007/ 124369 PCT/ US2007/ 066985
NC,,CN~>-Br N SEM To a solution of
1-(2-trimethyl silanyl -et hoxynet hyl )-1H i m dazol e-4-car
bonitrile (0.70 g, 3.1 Exahple2as prepared in the

previ ous step) CC14 dded NBS (0.61 g,
3.4 mmol) and R{%W”(chf’ yrrﬁ?}Fﬁ% “&45f% heated at 60

Cfor 4 h. The 5 reaction diluted with Et CAc (30
m.) and washed with Na’#%%f@{d’{p m.) and brine (30
m.) and the organic |ayey wasS dried over Na2SO4 and

then concentrated. The Pitle conpound was eluted from

T t2f @)n@%ﬁn& CYA E}fe%ﬁl%d(tﬁzl thd GR atWetpPoc%Qur%(Lgid%ﬁﬁd‘ﬁﬁéﬁﬁon

to give 0.73 a yellow solid. Mass spectrum

CaradiaqnCHhem. r5192267(38(Il@811))f 6N EIR (118 6HNYWEM HZ3.02 1 DT B 0ot 50

n 304.1. 10 c)
1@%1‘%-1%(2-??‘7’ hyl si | anyl - et hoxynet hyl ) -1 Hi mi dazo
| e-2-carboxylic acid ethyl ester NC\N O N' O SEM

To a solution of
2 bromo- 1- (2-tri met hyl si Examppleed hoxymet hyl ) - 1Hi m dazo

g e e R D Rt
added drop wi se a sol utpddssehn ¥ i -PrMgCl in THE (1

m.). The reaction was allowed to stir for 10 mn at
-40 C and then cool ed Y 1153 Coknd et hyl

N O
SEM
a) 1-(2-Trimethylsilanyl-ethoxymethyl)-1 H-imidazole-4-carbonitrile

NC N
I
N
SEM

A flask charged with imidazole-4-carbonitrile (0.5 g, 5.2 mmol) (Synthesis, 677,
2003), 2-(trimethylsilyl)ethoxymethyl chloride (SEMCI) (0.95 mL, 5.3 mmol), K,CO3
(1.40 g, 10.4 mmol), and acetone (5 mL) was stirred for 10 h at RT. The mixture was
diluted with EtOAc (20 mL) and washed with water (20 mL) and brine (20 mL) and
the organic layer dried over MgSQ.. The crude product was cluted from a 20-g SPE
cartridge (silica) with 30 % EtOAc/hexane to give 0.80 g (70 %) of the title
compound as a colorless oil. Mass spectrum (CI (CHa), m/z) Calcd. for C,0H17N3OSi,
224.1 (M+H), found 224.1.

b) 2-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)- 1 H-imidazole-4-carbonitrile
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cyanoformate (0.3 g, 3.0 nmmol) was added. The reaction
allowed to attain RT and stirred for 1 h. The

w0 e@cti2em was quenched with satd ag NHACL, di | REEUS201/066985
Et OAc 20 (20 nL) and washed with brine (2 x 20 nl),
and the organic |ayer was dried over Na2SO4 and then
concentrated. The title conpound was eluted froma

NQQ-gy SPE cartridge (silica) with 30 % Et OAc/ hexane to

gilved0.gt g (74 %9 of a colorless oil. Mss spectrum

( N n12) Calcd. for CI3H2IN3@3Si, 296.1 (MH),
foungEﬂ96 1. 25 d)

Cyano-1-(2-trine I si |l anyl - et hoxymet hyl )-1H i m dazo
T<P %S@me%n Pole(d- %%ethb‘éli Lethexgasthyll 12‘%#? iz%@@gltrﬂe

(O&F}f@Té, @%@%M)%?Béﬁare@ﬁn e predﬂ)dﬁ sgp) b @Cﬁ*(la- hid wilddhéPRBS
(0|4’>lcgg émmg)()knﬂrﬁilmt fwt)seiﬂdathy hietireoheptodtan g0 7€ fot-4 Ind Tz o
- 2- . 0.4 g, 3
5 ropdiohragii b i EREA AR L S dhst Mt SGs Y 3 faty and

bR EH8 Qné tl*?eoérgﬁﬂlQ Mhyof wEMIHEHP NG, S@) an@r’tgeﬂ &‘ﬁlcentrated

reaction was 5 stirréd for 10 m n and then

Theoftteesontrmued was clyitadefron 4@ 0cg $RB0angdgsf(siline with P& %

B T G R B
m2HiCaldd. @9 C(sH,8M)0SVE0S. (3PRCY (MAH(,HESind18ep.1/894.) . Cal cd.
for CL1HL7N3C8Si, 266.1 (MH) found 266.0. 10

10 Exanpl e 4 5- Cyano-furan-2-carboxylic acid [4-(4-nethyl

Blhgn{/ ﬁ%}z)ﬂo } é}’ t;)éméf%@flyﬁl %}/}JO&?W&P{/ZW fgd%/go}ed -carboxylic acid

1- ( 3erkriesmer 4- ni t r ophenyl ) - 4- et hyl per azi ne

NC N 0
Lo
SEM
To a solution of 2-bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-4-

15  carbonitrile (0.55 g, 1.8 mmol) (as prepared in the previous step) in THF (6 mL) at —
40 °C was added drop wise a solution of 2M i-PrMgCl in THF (1 mL). The reaction
was allowed to stir for 10 min at —40 °C and then cooled to —78 °C, and ethyl
cyanoformate (0.3 g, 3.0 mmol) was added. The reaction allowed to attain RT and
stirred for 1 h. The reaction was quenched with satd aq NH4Cl, diluted with EtOAc

20 (20 mL) and washed with brine (2 x 20 mL), and the organic layer was dried over
Na,;SO4 and then concentrated. The title compound was eluted from a 20-g SPE
cartridge (silica) with 30 % EtOAc/hexane to give 0.4 g (74 %) of a colorless oil.
Mass spectrum (ESI, m/z): Caled. for C13H;1N3038S1, 296.1 (M+H), found 296.1.

25 d) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylate

potassium salt
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15 2-Brono-4-fluoronitrobenzene (949 ngy, 4.31 mol)
was added in two portions to neat N nethypiperazine

w@ 00m1)43e¢¢ 0 ' C and allowed to warmto room  PCT/US2007/066985
tenperature. The reaction was heated to 60'C for 1 h,
and then it was diluted wth 50 nL of EtCAc and
poured into H2O (50 nL). The | ayers were separated and
the oxganic | ayer was 20 washed with satd ag NaHCGB,
driedr(Wa2SH4), and concentrated in vacuo to afford
580 45 9% of the title conpound as a yellow solid:
Mass sp%/ﬁt rum (ESI, mz): Calcd. for Cl1H14Br N3C2,
300. H), found 300.1. b)

NE . p-Tetranet hyl - 2- (3- et hyl -t hi ophen-2yl)-[1, 3, 2]d
I oxahior e 62 WD 2007/124369 PCT/ US2007/066985 O O
S To a stirred solution of 2-brono-3-nethythi ophene
(337 ng, K9 mol) in 8 nL of THE at -40 C was added

14 B FEo M RINGS) ey F S emoss

cabdxgtipacip @Kyl dstér, (6,45, 1163 ﬁlﬁﬁﬁ) day bre@ared in the previous step) in
2] di oxabor ol ane (775 was added, and

ctbifiol 1A PORIGHES ONSR@T 81 KAT 14 BLAAB Ehseaction vas
st ARG B ﬁ‘l{neandQH c%dc@ﬁtkeﬂ%i ‘E@%ﬁv&@ b %gy it eg %E t% thte c-gﬁﬁoound

reacti on was en Ccoo
asg@teﬂomodewmm4mMHzr@ngotm e8 wasH), pScﬂﬂ'(edZH);Bcﬁz (m,

2098 i IO s B eyt b reengy PR g o

CHASN;65$:1dv6s. PyMSHT], if6@hddR)e.(0r epar ative thin |ayer 10
t1hr%r?gt@o]graphy % % Et OAc- hexanes) afforded 224 ny

(53 %9 of the t|tIe compound as an oil. "H NW

(CDC13; 400 Mz): 6 1.36p(s. 12H), 2.5 (s, 3H, 6.99
g%il-rﬁp—%H J

(d, 1H, J 4.8 Hz), 4.8 Hz). c)
5Jc)JMabJjwm42 &é’rbé%rlz@%MM- (f4hrhé¥ Tﬂ%p&aym)f -4y -0L BLiReRRIEAYphen-
pi perazine S - | ask cont ai ni ng

1- ( 3- br ono- 4- nltro ph%ﬁ?ﬂﬂwﬂyﬁﬁﬂﬁ#1-plpera2|ne (68 ny,
0.2 mml, as prepared i n=fxanple 4, step (a)),

4,4,5, 5- tetranethyl 2- (3@ Rl ophen-

2-yl)-[1, 3, 2] di oxabor ol ang 0, /70°Y7 mol, as
prepared in the previous.% an@ Pd(PPh3)4 (14 ny,

6 nol 9% was charged tol (8 m.), ethanol (3 mnL)

and 2M N
MeN\)

a) 1-(3-Bromo-4-nitro-phenyl)-4-methyl-piperazine

2-Bromo-4-fluoronitrobenzene (949 mg, 4.31 mmol) was added in two portions to
neat N-methypiperazine (8 mL) at 0 ‘C and allowed to warm to room temperature.
The reaction was heated to 60 °C for 1 h, and then it was diluted with 50 mL of EtOAc
and poured into H,O (50 mL). The layers were separated and the organic layer was
washed with satd aq NaHCOs, dried (Na,S0Oy), and concentrated in vacuo to afford
580 mg (45 %) of the title compound as a yellow solid: Mass spectrum (ESI, m/z):
Calcd. for C11H;4BrN;O,, 300.0 (M+H), found 300.1.

b) 4,4,5,5-Tetramethyl-2-(3-methyl-thiophen-2-yl)-[1,3,2]dioxaborolane
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20 Na2CO3 (4 nL). The resultant m xture was heated at
80 "Cfor 2 h and then poured into EtOAc (25 nL). The
wo@r@an24sed ayer was separated, dried (Na2SO4) apdI/UuS2007/066985
concentrated in vacuo. Purification by silica ge
preparative thin layer chromatography (EtOAc)
afforded 40 ng (63 %9 of the title conpound as a |ight
Il ow solid. Mass spectrum (ESI, mz): Calcd. for
f1oNg02s, 318.1 (M+H), 25 found 318.2. d)
ran- 2- carboxylic acid
4- hylpiperazin 1 yl)-2-(3-nethyl- thiophen-2
yI) phenyl )-anm de 63 WO 2007/ 124369 PCT/ US2007/ 066985
ler]r\p(b tpQn qﬁ21brn@p|—%,meﬂ1ypgopl(ege (337 mg, 1.9 mmol) in 8§ mL of
h hi o t [
THﬁ%{ szlgwés a%l'agﬁ‘n%&h )éo g rngila, A é’w{?ﬁ&%}{égbvan@ tggéet%étl(?i V\Xlsa X
allS)WeEil’t@ skivot BO An.my tﬁls%nE%dE -BobropbleH, 4(55 -t&ramhthydnder H2
(1 at for 2 h. The reaction was filtered through

5 [lée?t]ﬂtogmmlae@ el difermad) %wﬂée@ andftheicactiom wigp a(lhawed to
f
wa@ﬂ ﬁ) ﬁmﬁi é]rﬁ t ](%J}Xtﬂr §i)(? gtﬁﬁzmg lwglrsn ¥!r)]%tnguse& gorbl h. The re?ctlan was

thwh C(Stﬂed/\@s() @Szﬁld quﬁﬁlﬁréd alig yatd oy NﬁB]ﬂng(lIOtrﬁE[ The mixture was

purification, procedure simlar to Exanple 9,
pcglf@pm‘(cbgtOAQ ((IQO rnL) washed with H,O (2 x 50 mL), dried (Na,S0,) and

oL AR Pt i R L et
10 cmmhtogr-apwm%ﬁt@mme&amdsbmﬁfd)rdedh D24 mge 58 30 afghe el 9
le 9,

Coarpééle%a%arb?ﬂ %FJEN?\?IBQEPEC)%%QW& p 1t§>(( MP&;%S@' 3Gng99
o B PO ST 5.0 VS L e

2 59-2.62 (m 4FD 3.24-3.27 (n1 4FD 6 92 (d, 1H, J
= 2. 7 d 1H J= 5(d, 1 H J
¢= 3, EW%W 47[3 'éﬁhyllfhmphérﬁg?)# Flfi’jo pﬁegy méer(t%iae | H
J=2.8, 9.0 , 7.42 (d, | H J=5.1 Hz), 8.11 (s, |
H, 8.34 H J =9.0 Hz); Mass spectrum (ESI,
rriz)' Cal cd~For C22H22N402S, 407.1 (M+H), found
: npﬂ% 5 5-Cyano-furan- 2-carboxylic acid
‘TNkTgw Nai perazin-1 yl)-2-(4-methyl -t hi ophen- 20
phenyl ] -@ni de

To a flask containing 1-(3-bromo-4-nitro-phenyl)-4-methyl-piperazine (68 mg, 0.2

15

mmol, as prepared in Example 4, step (a)), 4,4,5,5-tetramethyl-2-(3-methyl-thiophen-
2-yl)-[1,3,2]dioxaborolane (61 mg, 0.27 mmol, as prepared in the previous step) and
Pd(PPhs)4 (14 mg, 6 mol %) was charged toluene (3 mL), ethanol (3 mL) and 2M

20 NayCO; (4 mL). The resultant mixture was heated at 80 “C for 2 h and then poured
into EtOAc (25 mL). The organic layer was separated, dried (Na,SO4) and
concentrated in vacuo. Purification by silica gel preparative thin layer
chromatography (EtOAc) afforded 40 mg (63 %) of the title compound as a light
yellow solid. Mass spectrum (ESI, m/z): Calcd. for C16Hi10N30,S, 318.1 (M+H),

25  found 318.2.

d) 5-Cyano-furan-2-carboxylic acid [4-(4-methyl-piperazin-1-yl)-2-(3-methyl-
thiophen-2-yl)-phenyl]-amide
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SSHCN NO ON MN a)
4,4,5,5-Tetranet hyl - 2- (2-nmet hyl -t hi ophen-3yl)-[1, 3, 2]d

w0 eooahased ane 64 WO 2007/ 124369 PCT/ US2007/ 06BOBBS2007/66985

B, O Using a procedure simlar to Exanple 4, step (b),
3- br ono- 4- net hyl t hi ophene (571 ngy, 3.2 mmol) was
treated with n-BuLi (1.41 nL, 2.5M hexanes) and then
allowed to react with

2-1i sopropoxy-4,4,5, 5-tetramet hyl -[ 1, 3, 2] di oxabor ol ane

{ 358 rmol) 5to afford 189 ng (26 % of the

pound as a colorless oil. "H NWR (CDC13 400

M&z)n_6/1.32 (s, 12H), 2.42 (s, 3H), 6.90-6.91 (m

(d, 1H, J = 2.9 Hz). b)

Mgt h ] @4-rrethyl-thiophen-3 yl)-4-nitro phenyl)
pi per azi ne ASNNMN O 10 Using a procedure simlar
t Exanmpl e 4 p (c), 1-(3-brono-4-nitro-phenyl)-4
nethyl pi perazine (162 ng, 0.54 mol),

4 4,5, 5-tetranet hyl - 2- (2-net hyl -t hi ophen- 3-
1 Me)h;[m B-Bhdethybthdophealeyl -2 4btrorghery] Bgiponaping (@hag, 0.18
PPh3 37 wer.e al.|l owed t to

T0h G 8008 tfteﬂe%}&%%tert@ Stsrlf%we%#ﬁgaaég/ai’ﬁic {PeMegh]

mE?{lﬁ&r H, I(li M’gﬁof @@C]T%e rélanom)a ﬁlt@rea tl@r%uél? Ceﬁ’t@)and 26326

co@dqnt]latqd 1nyae1102togtfﬂe|z() 40 @gg‘?z f/g;) of |4 (|4)met@ybgp6’ra@1® ]( w)-2+(3-

mg%yl-tﬁb%p%ﬁlg%zprl*-@lew 361?18% Psa% P]ﬁ)vx% so%d Whl&g ’was uséd 1rnrned9 ately
without Zarfiter PRfifidHtioh hRRIRaH3YdduRNG MYk A mmﬂwr@ slkép':“(ci MJ(4-

20 Using a procedure simlar to Exa

| e d
e YRz Lo ARy I Rp oy lamint (30 e, 0.

was allowed to react with 5-cyano-furan-2-carbonyl chloride (30 mg, 0.19 mmol, as

rnrnol)

prepared in Example 9, step (c)) in the presence of DIEA (61 pL, 0.34 mmol) to
afford 18.9 mg (36 %) of the title compound as a yellow solid. 'H-NMR (CDCls; 400
MHz): 6 2.13 (s, 3H), 2.38 (s, 3H), 2.59-2.62 (m, 4H), 3.24-3.27 (m, 4H), 6.92 (d, 1H,
J=2.8Hz),7.06 (d, 1H,J=5.1 Hz), 7.15 (d, 1H, J=3.7 Hz), 7.19 (d, 1H, J=3.7 Hz),
7.02 (dd, 1H, J=2.8, 9.0 Hz), 7.42 (d, 1H, J=5.1 Hz), 8.11 (s, 1H), 8.34 (d, 1H,J=9.0
Hz); Mass spectrum (ESI, m/z): Calcd. for C,,H2,N40,8S, 407.1 (M+H), found 407.1.

Example 5
5-Cyano-furan-2-carboxylic acid [4-(4-methyl-piperazin-1-yl)-2-(4-methyl-thiophen-
3-vl)-phenyl]-amide

o

N
Ho >N
N d

Me@N

a) 4,4,5,5-Tetramethyl-2-(2-methyl-thiophen-3-yl)-[1,3,2]dioxaborolane
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3-yl)-4-nitro-phenyl]-piperazine (100 ng, 0.32 mmol)
was stirred with 80 ng 5 % Pd-C under H2 to afford 82
worenof8813¢9 of the title conmpound as a dark oi | PCTHIE20N7/066985
was used i mediately wthout further purification
spectrum (ESI, mz): Calcd. for Cl6H2, N3S, 288.15
(MtH), found 288.1. 25 65 WD 2007/ 124369
PCT/ US2007/ 066985 d) 5- Cyano-furan-2-carboxylic acid
[l4- (L2 methyl piperazin-1 yl)-2-(4-methyl- thiophen-3
S B |]-amide H ONONN N Using a procedure
gmlar to Exanple 9, step (c),

5- - f -2- bonyl chloride, 5 (64 ngy, 0.41
U6 H PP i SRR ERVEE N Shagntay eNa R e
m%,CB.Z ﬁﬁﬁél? Wi} fredted with n-BuLi (1.41 mL, 2.5M/hexanes) and then allowed to

4- met hyl - pi perazi n-1-yl)-2-(4-nmethyl -t hi ophen-3-yl)-p
rehe withalrisoprop8Ry -, 5. O-t@amatixii( |, 38ddipr@pweolent (775 the 3.8 mmol)
[ t in.t f Dl 4
oBHGH) PHEn B DuIRBERRN5T 5] BhEe ok oSl e
2y ir(lo 4 ORI Bim.4 : 0 7
40?’2\,@3%? Lo @%ng 23430?5’%58592. 6o§((nrlﬁ ﬁ?#omgfi’zl%’g o2 He).
(m 10 4H), 6.83 (d, 1H J = 2.9 Hz), 6.98-7.06 (m

2H) , 4-7.21 (m , 7.96 (s, 1H), 8.32 (d,. 1H J
b="9 b !—4@3@%@2@i?ﬁﬁf@%ﬁ?*%ﬁ'@-ﬂég@aﬂpérs%me

C22H22NA025o~407. 1  (MtH), found 407.1. Exanple 6 15

4- Cyano-1 i m dazol e-2-carboxylic acid {2-cycl ohex-|

-enyl - 4-[]/(2- hydr oxy-1- hydroxynet hyl - et hyl)
_(pﬁil/peki di henyl }-am de tr fluoroacetic acid salt
N

Nl%%c-- UOH N

Using a procedure similar to Example 4, step (c), 1-(3-bromo-4-nitro-phenyl)-4-
methyl-piperazine (162 mg, 0.54 mmol), 4,4,5,5-tetramethyl-2-(2-methyl-thiophen-3-
yl)-[1,3,2]dioxaborolane (145 mg, 0.64 mmol) and Pd(PPhs)4 (37 mg, 6 mol %) were
allowed to react to afford 108 mg (71%) of the title compound as a yellow solid. 'H-
NMR (CDCls; 400 MHz): 6 2.02 (s, 3H), 2.37 (s, 3H), 2.55-2.57 (m, 4H), 3.42-3.45
(m, 4H), 6.66 (d, 1H, J = 2.8 Hz), 6.87 (s, 1H), 6.99-7.00 (m, 1H), 7.09 (d, 1H,J=3.2
Hz), 8.13 (d, 1H, J=9.2 Hz).

c) 4-(4-Methyl-piperazin-1-yl)-2-(4-methyl-thiophen-3-vl)-phenylamine
N

Using a procedure similar to Example 4, step (d), 1-methyl-4-[3-(4-methyl-thiophen-
3-yl)-4-nitro-phenyl]-piperazine (100 mg, 0.32 mmol) was stirred with 80 mg 5 %
Pd-C under H, to afford 82 mg (89 %) of the title compound as a dark oil, which was
used immediately without further purification spectrum (ESI, m/z): Calcd. for

C16H21N38, 288.15 (M+H), found 288.1.
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OH OH a) 4-Cyano-JH i m dazol e-2-carboxylic acid
{2-cycl ohex-1-enyl-4-[1-(2, 2-
waleovetigbe [ ], 3] di oxan-5yl) pi peridi n-4yl JphenyP¢FHNI00B066985
20 To a slurry of 4-cyano- | Himdazol e-2-carboxylic
acid (2-cycl ohex-1-enyl -4-
pi peri di n-4-yl -phenyl)-am de trifluoroacetic acid salt
d)( 81 WQyatp-fiGawilalarbaslipuaddy-Ed-med Q2O 324368 methyl-
PCT/ US2007/,066985 i n Exanple 14, step (b)) in CH2C12
(3 501?%%(%'332’@%’&?”1&{@“@”5%3 L, 0.24 mmol). The solution
was thentreated with 2,2-di nethyl-[1, 3] di oxan-5-one
(31 rrg\d 4 mol) and the reaction was allowed to
stirgyforf 3 h. At this tinme NaBH(OAc)3 (51 ng, 0.24
s_added in one portion, and the reaction was
0 stir for an additional 5 4 h. The reaction
§ N h H2O (10 nmL) and extracted with Et OQAc
( 25 nmL) | TRe organic extracts were dried (Na2SO4)
d concentrat’edin vacuo. Purification by silica gel
Nér eparative thin layer chromatography (10 %
MeOH CHC13) afforded 22 ng (28 % of the title '
Usingrp otaedders sapilaste Ewinple % step (@ofcpanonfusan-2-spdenyliphioride

5 (a5 04Ty SbEhusy 4 EmhE L3870 W A e -

(4{detbyichipbraxint1-yigrayl4-riethy - thophyal3oM Y- phenylamine (80 mg, 0.27
1- hydroxynet hyl -ethyl) piperidin-4 ylJ henallg- am de
mgnol.fap GEPALeddR thegrawPes step)dn 81 nieseaer f DIEA (0.10 mL, 0.59

] g Lo ‘ . . o
miigfBIRok . (hiiAseb ey dReAOxhifindGl € yellow solid. 'H-NMR
(ADC12-4dorva Ry 5-1.09 @] 8IHRRBT-(5; IH), 259pR60 ¢hHH); §124-1be6y,

-am de ([iZ , 0.04 muol, as prefared in the
10 4’%}, E¥Pdds! t@?-%ﬂﬁ)ﬂ@%% (P 2R, 7- 33120/ 3fs7 Yithe 4H). 8.32
T 0 , ct i Q. br
(67 D 4000 1) o R ol (R RS 8 C B ROR T
(MAH ydor@Ct0791. of the title conpound as an anber foam
"H NMR (CD30D, 400 MHz): 6 1.78-1.90 (m 4H),
2.03-2.16 (m 3H), 2.29 (br s, 4H), 2.88-2.96 (m 20
1H), 3.37-3.40 (m 1H), -B.03 (m 2H), 3.74-3.78
(m 3H), 5.83 (s, 1H), 7}%:{3@?%—65 I H J =20 Hz),
15 H-@Panod H-ilniddzol3-2=c@bQyy!B abidHZycyc®heB I{egyl-4-[ HY 3-hgdro¥y-1-

d H J =84 Hz); .. ectru ESl, mz): .
Caltio St B Rt Ao BNy e i s acid sal
Exanpl e 7 25 4-Cyano-JH- i m dazgl e-2-carboxylic acid
{2-cycl ohex-1 -enyl - 4-f}- (I—H\I/Pm{/ N n- 4yl - acetyl)
pi peridin-4 yl] pheny

o)
F,C—~OH

OH OH
a) 4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2,2-
dimethyl-[1,3]dioxan-5-yl)-piperidin-4-yl]-phenyl}-amide
20
To a slurry of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (81 mg, 0.16 mmol, as prepared
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O ~(NCN HNHNj~ O- O 67 WO 2007/ 124369
PCT/ US2007/ 066985 To a sol uti on of
worophad3sn- 4-yl -acetic acid ethyl ester (117 neCT/OSBF7/066985
mrol ) in ethanol (4 nL) was added 6N KOH (110 L, O0.67
mml ) via syringe and stirring was continued for 3 h.
Concentration in vacuo afforded 122 ng (100 % of
infBxapiptd 14)sép (ly’)) -11&CHIQCE (&ml_d vstaddsd Nift;9@5 ., 0.04 anmol). The
m xture of nor -4-yl-acetic acid potassiumb5 salt
sofuign yas tbem@eaﬁ%wyth 24 &ipstiyl-118 digxaazorns G eag HeidynmeD)
B B L T
maol )dvasaldtied Bisonk pmg;oﬂ) aﬂLBthmTePlcnoasvas plepat ©dtir forExadpitienal

4 By ThE SRR Bl VAT G T T a9 citane sl RS (2% 25
mL? aﬂsé &gaﬂya%xﬁédtsow@& cfrf%d?N'h{SO% @ﬁ@écgﬂasntrat%% Ja@@&t i on
luted with CH2C12 0 , washed with H20 (2 x

Puzfﬁqamn bylsilietigd @r¢meaSOA)indaygr clonvoateraphgd10 bo VeObCHCL3)

arf o A2k 20 e SRR R o %utelsp S Tna™. vy
SpeERRA RS, ﬁﬁz)aCM&dti%r€%H3W503W9M/§\4G®Qbﬁnd 49 Miz) . 6

168 .04 (m 5H), 2.20-2 2.78 (m
3.09-3.23 (m 6H), 335340(m 1H), 3.72 (br

R Ayt el T b o BB e

Hz) , I-Bydi 3xyiseth-Aehy])-Bipdridi ¥, yﬂ«@héﬂ)‘l}—dmiﬁle&m’ﬁludﬁb)aceﬂc 48d
(s, 1H); Mass spectrum (ESI, mz): Calcd. for
C28H34N603 503 27 (MtH), found 503.1. Exanple 8

5 CyC oﬁex- _ Hlﬁldfaf(ﬁ?ﬁb%ydﬁﬁf Q&ng cyclohax I-enyl-4-[1-
(2;52r dlmedtw-l[) Shilcp»eiml-i}yh pﬂpdnﬂiuphﬁfm]y[bl}en&ﬁ}aimd@ (22 @Yy 0.0iNnid], as
PraPyi B PR P PRI B 3R GOLG Bt AYEN i 1ded TFAAO L)
an@-tfd reaction was allowed to stir for 1 h. Removal of the solvent under vacuum
afforded 14 mg (60 %) of the title compound as an amber foam. 'H-NMR (CD;0OD,
400 MHz): 6 1.78-1.90 (m, 4H), 2.03-2.16 (m, 3H), 2.29 (br s, 4H), 2.88-2.96 (m,
1H), 3.37-3.40 (m, 1H), 3.46-3.53 (m, 2H), 3.74-3.78 (m, 3H), 5.83 (s, 1H), 7.13 (d,
1H,J=2.0 Hz), 7.22 (dd, 1H, J = 2.0, 8.4 Hz), 8.03 (s, 1H), 8.17 (d, 1H, J = 8.4 Hz);
Mass spectrum (ESI, m/z): Caled. for C;sH3NsOs, 450.2 (M+H), found 450.2.

Toa

Example 7
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[I-(2-morpholin-4-yl-
acetyl)-piperidin-4-yl]-phenyl}-amide

0
N__CN
g
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mol , prepared from 3-norpholin-4-yl-propionic acid
ethyl ester exactly as described in Exanple 7,
wa2e@yam3edH- i m dazol e- 2- car boxyl i c acid PCT/US2007/066985
(2-cycl ohex-I-enyl -4 25 pi peridi n-4-yl - phenyl ) - am de
trifluoroacetic acid salt (179 ng, 0.36 muol, as
prepared in Exanple 14 (b)), EDCl (83 ng, 0.43 mmol),
TancolHBBTof 58rphylin-8:y8-ac&& AMd 200I7sk2 4B60mg, 0.67 mmol) in

PCT/ US2007/ 066985 mmol ). was added (4 m). To.the
ctagnof ?%@L% PP RSN 5&’&%@ 1B)1ta 0oy gmmpl) vip @/ﬂn&ﬁemjr Stifrige was
ir,O . ' ' AL CAL
con RGeS b CHER AU APt Bhldeg 12 A0 M morphoin-4
ylviicttic 4 Opotagstuim s@b Tid ) midine: efontiiphelin-drdranitc aid patatsam

dr | sM), trated | d th

safl 6P S AP s P UGS Zsier e g ST Ve
T b Lk oo g
prepéred i, Banplgi4,(stap (BH)and PyB2oR 3 mg, 0. WHnmoR), i88-12.(E8(4 mL)
weacfd baps S1Pod 3 (ot ho i s LB ot ol niehe
TiR RdctRnSeas(dutdd With CBLBL 150 §&8,(mshbd With H}d’(zé-x 75 inl),(dﬁed

| H), 7.09-7.13 ém | "Hy, 7.70 (s, | H, 8.26 (d, I'H,
(N12SO 8 and eicengated i gacup. Phrifigadionns shesqredst pradudt Bgisilica gel

n z).; d.. f 9 3..517, 28 M- f 517, 3
pribihvecoC STedBi 8T e B 90 Bl yey Sl Sotfe. ¥
NM;K]@IBM : !fUO(HM%. [\éliﬁ%lsg%l.dge(flrgzsif%’ 230/ bg?Qthﬁyﬂ.sﬁz.78 (m, 5H),

-am de

3.59-@ 23mo rBD 43 35-8 MO e h).)3. 72 (e AR J6r2d re, 11 462477

D S8 o TP R, Tdp i R o R b tonT b 37 @

11917 E8 PHives 48dde ). 1 Vs Beclrdd-(ESIMBE): Cafcdpfap€r,iHl,NED;,
The solution was stirred at 0 C for 0.5 h and then at

SR TEMH), 4Jound 58d . mi xt ure was concentrated in vacuo,
di ssolved in EtQAc (60 nlL), washed wth water (3 x 100
m.) and brine (100 nL), and dried (Na2SO4).

Concentration in vacuo apgample 8
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[I-(3-morpholin-4-yl-
propionyl)-piperidin-4-yl]-phenyl}-amide

o N

J\(/ CN
e s
O HN

N
o)\AN/\
o0

To a flask containing 3-morpholin-4-yl-propionic acid potassium salt (94 mg, 0.47
mmol, prepared from 3-morpholin-4-yl-propionic acid ethyl ester exactly as described
in Example 7, 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (179 mg, 0.36 mmol, as
prepared in Example 14 (b)), EDCI (83 mg, 0.43 mmol), and HOBT (68 mg, 0.5
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chr omat ography on a 50-g silica SPE colum with 1-3 %
MeOH di chl oronet hane 25 afforded 1.06 g (77 %9 of the

W paoza2436npound as a tanni sh yell ow sol i d. MasBCT/US2007/066985
spectrum (ESI, mz): Calcd. for Cl1H14Br N3O2, 300.0
(MtH, 79Br), found 300.1. 69 WD 2007/ 124369
PCT/ US2007/ 066985 b) 1-Methyl-4-(2

minoljerdsyddd éd DiMF QHan mamtjnh sﬁisrr@d slumz pak adddgdeD VA 2157MIND.9
A m xture of

mmot Fng rtlm?aetl% W%S&llﬁW@ﬁW §t1r@Vﬁ€t1$iw The praction pas didutedwith

7 b gaﬂr%e)%%gtgg e l@t‘é)%cs(bg{)% rn£§ 6 THY c6MbiddP ofgiﬁlc)extracts
weretdriadt i(N@smp hémeh‘pht@d ;uhvma)) padl Hedirudn froduatnds purficdvs

sﬂicglgge Ep@ Al Ee ﬁTGI te %g?)fc’(gquj4 ‘Vba%;ég% nﬁ‘ ﬁ%ém‘ﬁ])filﬁ% glqwgge

solﬁﬁaulqg\HWR Frr()wé” LT 40Ny NGl 49 03 BSHY zfﬁz!sﬁl (; 3008 52 (br

cool e m Xture was concent rat ed and
s, dHi) G 58- @@Ba(mhéH) @742 761y, $H),i3cH)-BPE (10gREHT3 .92 (b s1415),%

3. PadEiona Pt Bt R AFoaN iy TH 502 Uy B (et aRe iy 095

7.0@[ROTH), f7'0|9178133én 1PNeS0LS, altH%dg 2@(@' 1@9&82Hz) 931 (5, THD;
rechromat ograp ona simlar colum w't

Mess@pectiurh I(E)S%Iomézt)h@ﬁtied tfor @foHa™NR6H! 7af M‘FH)hf@unqi b l’é3
conmpound as a yellowresin (75 %purity by '"H NWR as a
m xture with triphenyl phosphine) that was used in the
foll ow ng reaction w t hoptarhpretoher 15 purification:

Mass ectrum (ESI, ) cd. for Cl1H21N303, 312.2
5(%14)9]p uRaguhdarbaudicacid? BedyhAo4truethyi-rpra arindxy/)-pwhenyl-2-
acid [2 '-nmethyl -5-(4-ne erazin-1 yl)-

bi phenyl -2 yl J-ani de H cr@y‘f\’f%g NO20iNI-1j A

m xture of 140 ng (O. 33I based on 75 % purity) of

1- met hyl - 4- (2" - et hyl -
ni tro- bi phenyl - 3-yl ) - pi pe aziHne prepared in the
previ ous step) and 70 ng of &0 ¢ Cdi um on carbon
(Degussa type E101- NE/ drifh, 50 % by wei ght
water) in 5 N O

N

a) 1-(3-Bromo-4-nitro-phenyl)-4-methyl-piperazine
Br

o
N
N
To a cooled (0 °C) solution of 1.00 g (4.55 mmol) of 2-bromo-4-fluoronitrobenzene
(Oakwood) in 12 mL of EtOH was added 1.52 mL (13.7 mmol) of piperidine. The
solution was stirred at 0 “C for 0.5 h and then at 60 °C for 4 h. The mixture was
concentrated in vacuo, dissolved in EtOAc (60 mL), washed with water (3 x 100 mL)
and brine (100 mL), and dried (Na,SO4). Concentration in vacuo and
chromatography on a 50-g silica SPE column with 1-3 % Me¢OH- dichloromethane

afforded 1.06 g (77 %) of the title compound as a tannish yellow solid. Mass
spectrum (ESI, m/z): Calcd. for C,;H4BrN30,, 300.0 (M+H, ”Br), found 300.1.
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m. of THE was stirred vigorously under a balloon of
hydrogen for 1 h. The m xture 70 WD 2007/124369
weEAUSae07/ 066985 was filtered (Celite), wasPedusiono66985
di chl oronmethane (2 x 2 nL), and the solution of the

resulting aniline was placed under Ar and used
i mredi ately in the follomﬁng reaction. Sinultaneously
to the above reduction, 55.4 ng (0.404 nmol) of

b)aangﬂzszi)}f‘??fﬁ%’?y% ?%We&r f% e %craegnldgr a

ing tube was treated with 52.9 L (0.606 mmmol)
chloride followed by 10 L of anh DMF. The
was stirred for 25 mn and quickly
concent at ol N vacuo at 20-25 T. The resulting
5- cyan- Tir an- 2- car bonyl chloride was placed under
ackum for 2-3 min and then i mredi ately pl aced
ndey Ar, 10 cooled to O Cin an ice bath, and treated
the aniline solution produced above followed by

A%%% Lfi & @%&m@?.mﬁﬁg @Ld?%l'@go 'et % rﬁ%tﬂm -Ripgfagine

(aVBRp&RA e He 88 fhepY a%ofn%ﬁ’(i‘%g Rl%ldl)ea?dél' 7 G‘ﬂlg ® @%66’141%101)
was chr omat ogr aphed on a 2 lica SPE col umm wt

ofzethklsfsr@&lwlphps;;hlm@)p@ﬂ@chmar(@) mmieg Av evag agadd bivmlesf ch:gassed

cifsrae R e EL 50 (AR el a2 & il sha e

m¥k@hrk Qs B0 tE A wah QAW drfller By 3t 80T R 14 TP Uirh% chbieh SRT)nrﬁlixture

conpound. The inpure fraction was dissolved in
wa coBr@ated and shemmaipgraphsdtan at)-atHooSPEMok@@0gith 1-:31% 2

MEQRame B h R ()i Bl SiRAGR o SRt pihao
mgoms QISR Arb . Kkl dpecHelltneaki ddiahabepRikn

. VR ( CDCL3; 4OOM-|Z) 6 8.32 (d, 20
sl gagymn with3 -4 B EOF-shaplorpreibine tifford 2Gbye OftQ%tl*(l@

copllyy el vl ¥ i (G366 p i, TR o Bt i, )

trli&héﬂflplﬁ)sﬁﬂnc{)r’that%,usé_’d Bl&hé Sollo&hl)lg reaﬁtﬁbtﬁwilﬁodt Surtkd) .

Nhss spectrum ( ESI, Cal cd. for 1H24N403
pux 1fat201{ MRS SPESTHHG (E%Ilqz) £ealgd, M@Hm 303, 312.2 (M+H), found
312-Lyano-furan-2-carboxylic acid [2' fluoro-5-(4-nethyl

pi perazin-1 yl)-biphenyl-2- yl]-amde F ~ HOCN NN

/ O

c) 5-Cyano-furan-2-carboxylic — acid  [2"-methyl-5-(4-methyl-piperazin-1-yl)-

biphenyl-2-yl]-amide

I\QN

A mixture of 140 mg (0.337 mmol based on 75 % purity) of 1-methyl-4-(2'-methyl-6-
nitro-biphenyl-3-yl)-piperazine (as prepared in the previous step) and 70 mg of 10 %
palladium on carbon (Degussa type E101-NE/W, Aldrich, 50 % by weight water) in 5

mL of THF was stirred vigorously under a balloon of hydrogen for 1 h. The mixture
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, N 71 WD 2007/ 124369 PCT/ US2007/ 066985 a)
1-(2' - Fluoro-6-nitro-bi phenyl -3 yl)-4-nethyl

wee@enadone F NO 2 N NJ The procedure of ExanpdEUS2007/066985

step (b) was followed using 75.0 ng (0.250 nmol ) 1-(3-

5 brono-4-nitro-phenyl)-4-nethyl -pi perazi ne (as

prepared in Exanple 9, step (a)), 136 ng (0.999 mmol)
ws-filkared (ihier)y wbsdred with dichldronRBhaie it x(20mDR 28d mheendojutmh of the

AP BB 5 v,

m xture was heated for 22 h. Chronmatography on a 5-g
silica SPE colum with 1-5 % MeCH in
Sldiucbthmftwslwé@ Hmv@oh@r@inethnl 5.5_)4 rag (bt teningh). @ S1¢yangfugdn-2-

cafffiit bl OB RE i Ftd O 125 B, o PR o gl i cer a

C45try g t‘a'i& W& thQdngit 9@9tu 0@ 6@6&&%1) ofwmmq!londe

purlflcatlon Mass spectrum mz): Calcd. for
foﬂidWHil BFN3Q3B,0f 316 DlVIF( %H}Qluﬁmuwds Qﬂ’&dﬁor 15mi) and quickly

colnp %ge%gfa ?zrﬁgqn?eatzt I?I.@ra% g?é Crﬁsa tlngg § cyzmopiilll%$ carbonyl chloride

wid pla@iy@8erfhigh théim Mr @ 3 IIﬁ'lﬂ arld t&ﬂmﬂ%a‘c@f@ﬂ%ﬁﬁlﬁd&f Ar,
Exanple 9, s%e c | owed usin

coghadl to Pa€dd an aee b‘ﬁ@l,%lgb ([,neatf:g« )Vl‘rd)fthe aniline solutlon pro uced above

roiop b i LB o T N b L DIEAR AT o,
stlfPﬁ‘lllé AAiREMiARt RET BRMixBife QalBord@n@Ald inTiRld, 488 the resultnllg

5- cyanof uran-2-carboxylic acid (as prepared i n Exanple
redijlye ®@8s Ghroma@gre@bed omre 2P-gofilioxER Iy columh ovithd2 10 8o BtQHof

gD Ay rvolob R Py TR e velgl i g RO rhagene)
toMifokd 1712 et @B ORSMBABure title compound as a yellow solid along with 70.3
mg of impure title compound. The impure fraction was dissolved in 50 mL of EtOAc,
washed with satd aqg NaHCO;-1M K,COs (1:1, 2 x 20 mL) and brine (20 mL), dried
(Na;S04) and concentrated to afford 43.4 mg (32 %) additional title compound as a
crystalline yellow solid (total yield 45 %). 'H-NMR (CDCls; 400 MHz): $ 8.32 (d,
1H, J=9.0 Hz), 7.73 (br s, 1H), 7.34-7.54 (m, 3H), 7.25 (d, 1H,J =7.7 Hz), 7.12,
7.14 (AB q, 2H, J =3.7 Hz), 7.01 (dd, 1H, J =9.0, 2.8 Hz), 3.25-3.27 (m, 4H), 2.59-
2.62 (m, 4H), 2.38 (s, 3H), and 2.15 (s, 3H). Mass spectrum (ESI, m/z): Calcd. for
C21H24N403, 401.2 (M+H), found 401.1.

Example 10
5-Cyano-furan-2-carboxylic acid [2'-fluoro-5-(4-methyl-piperazin-1-yl)-biphenyl-2-
yl]-amide

sae
S o

_N

CN
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afforded 69.8 ng (77 %9 of the title conpound as a
yellow resin. '"H NVR (CDC13; 72 WD 2007/ 124369
weOUsSae07/ 066985 400 MHz): 6 8.04 (d, 1H, JPET/BSD07/066985
Hz), 7.93 (br s, 1H), 7.434-7.48 (m 1H), 7.37 (td,
1H J =7.5, 1.8 Hz), 7.22-7.31 (m 2H), 7.13, 7.18
(ABq, 2H J =3.7 Hz), 7.02 (dd, 1H, J =9.0, 2.9
Hz), 6.88 (d, 1H, J = 2.9 Hz), 3.24-3.27 (m 4H),
2.57- 2, (m_4H), . and 2.36 (s, . Mass spectrum
Y ES| 1,-%%ﬁgbfqmc%fll?@:blp@yégaﬁ%ﬁ%wp&w@ (MH), 5
found 408§, 2. Exanple 11 5-Cyano-furan-2-carboxylic
cl ohex- | -enyl - 4-(4-nmet hyl piperazin-1 yl)-
gmde HCNN-rl~o0 NO10 'N a)
1-(3-Cy ohggil-enyl-4-nitropheny|)-4-nethy|piperazine
i 2 1@ NON"N) A mxture of 102 ng (0.340 mmol)
é;és-e 4-ni tro-phenyl)-4-nmethyl - pi perazine 15 (as
/é\grge’?a(red in Exanple 9, step (a)), 59.7 ng (0.474 nmol)

ohexen-| -yl boronic acid, 43.8 ng (0.0379 nmol) of
e e G e s I AR
brgﬂlomglgdgﬁahegyl -4(”)636%2%&1?@1%9m@'0ﬁ PO HENR BRchpl & s'ﬂé-pl%l)& %:36

egassed anh” Et he m xture was heated at
mg 60.92A mmol )2 -flaprapberhyilpayonio aRd, 2.8 engri0x4232 enmals opour ed

T T NE
N&é@'@ TRIAGE RREt AR AixRrrd wab hiféd BPE2 ¢0 |Glﬁ‘8m¥\ﬂo?ﬁpﬁ¥ 3n ¥05-¢
tOH i n dichl oronethane afforded 126 ng of the title

sileangBueduni 4vith b6 % MeQly iRfickprangtigntthoxanasiin) adforded 95.0

L o PR PRERO I ARhe gl ot
triphenylphosphine) as a yellow resin that was used in the following reaction without
further purification. Mass spectrum (ESI, m/z): Calcd. for C17H;sFN3O3, 316.1
(M+H), found 316.2.

b) 5-Cyano-furan-2-carboxylic  acid  [2'-fluoro-5-(4-methyl-piperazin-1-yl)-
biphenyl-2-yl]-amide

] ‘I 4 W(\MN
O O

The procedure of Example 9, step (c) was followed using 93.2 mg (0.225 mmol based
on 76 % purity) of 1-(2'-fluoro-6-nitro-biphenyl-3-yl)-4-methyl-piperazine (as
prepared in the previous step), 46 mg of 10 % palladium on carbon, 37.0 mg (0.270
mmol) of 5-cyanofuran-2-carboxylic acid (as prepared in Example 1), 35.3 uL (0.405
mmol) of oxalyl chloride, 5.0 uL. of anh DMF, and 94.1 uL (0.540 mmol) of DIEA.
Chromatography on a 5-g silica SPE column with 1-4 % MeOH- dichloromethane
afforded 69.8 mg (77 %) of the title compound as a yellow resin. "H-NMR (CDCls;
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WD 2007/ 124369 PCT/ US2007/ 066985 reaction w thout
further purification. Mass spectrum (ESI, mz): Calcd.

w0 2007/12B6H23N303, 302.2 (MtH), found 302. 2. b)PCT/US2007/066985

5- Cyano-furan-2-carboxylic acid [2-cycl ohex-

-enyl - 4- (4-nmet hyl piperazin-1- 5 yl)-phenyl]-am de H

CN NO NYON To 122 ng (0.299 mmol based on 74 %
4q0)LMthy)8 04 (d, (lBI- ¢ y-¢l. @ Hiex -7.93a(by b.- 40T ¥B4-7.48 (m, lH) 7.37 (1d,

pi perazine (as prepared in_th
st A atap) A shof 1 e (AR et 17 M7 02 (dd.
8 s1 PN il e -1
I S o R S ENRT: Lo ne o BT BT R jup
andr2.36os, 312). 'Magsspaddin (B8lain/83 .l fc(rIZﬂEblFNm@i Y062 (M+H),
fir(?n f wder was added, and the m xture was refl uxed
opgf 445 The mixture was poured into EtOAc (12 nl),
filtered (Celite), washed with EtOAc (2 x 4 nl),
concentrated in vacuo and di ssolved in anh THE (4.0
m.). The resulting anil iEx@ampMellti on was pl aced under

R T e e A S M R £

(as prepared in Exanplqﬂkhg}unuggs nmL of anh
di chl or onet hane under a CaSCﬂ dryi ng tube was treated

with 60.0 L (0.688 mml) of oxalyl chloride foll owed
by 10 L of anh DWF. Thelsgbution mas stirred for 25

m n and quickly concentrafedH n t 20-25 T. The
resi due was placed und dh_va or 2-3 mn and
then i medi atel y placed er Ar, 20 cooled to 0 Cin

an ice bath and treated Wih the aniline solution
produced above fo\lowed by 104 L (0.598 muol) of
DIEA. After stirring 30 nin at RT, the nmixture was
concentrated in vacuo, dissolved in EtOAc (20 nl),
washed with 1M K2C03 (2 x 10 nL) and brine (10 m),
a)dr i e(I-Nadelmy [ -snd-cofioaticrel-ddnethyvbeaazinghe
resulting residue was chromatographed on a 10-g
colum with 1-4 % MeOH 25 di chl or onet hane
to givewst yell ow resin which was then crystallized
fron1Et‘0-q$ ane to afford 84.7 nmg (72 % of the
title Rpou as a crystalline yellow solid. 'H NWR
@) MHz): 6 8.57 (br s, 1H), 8.26 (d, 1H, J =
.0 ) 7.20, 7.23 (AB g, 2H, J = 3.7 Hz), 6.86 (dd,
/, J 9.0, 2.9 Hz), 6.74 (d, 1H, J = 2.9 Hz),

5. 84-5. 85 (m 74
A mixture of 102 mg (0.340 mmol) 1-(3-bromo-4-nitro-phenyl)-4-methyl-piperazine

(as prepared in Example 9, step (a)), 59.7 mg (0.474 mmol) cyclohexen-1-ylboronic
acid, 43.8 mg (0.0379 mmol) of tetrakis(triphenylphosphine)palladium (0) under Ar
was treated with 206 pL (0.412 mmol) of 2.0 M degassed aq Na,COs, 0.6 mL
degassed anh toluene and 0.2 mL degassed anh EtOH and the mixture was heated at
100 °C for 21 h. After cooling to RT, the mixture was poured into EtOAc (10 mL),
washed with brine (10 mL), dried (Na,SO4) and concentrated in vacuo.
Chromatography on a 5-g silica SPE column with 1-3 % EtOH in dichloromethane
afforded 126 mg of the title compound (74 % purity by RP-HPLC (C18 column) as a

mixture with triphenylphosphine) as a yellow oil that was used in the following
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WD 2007/ 124369 PCT/ US2007/ 066985 1H), 3.20-3.22 (m

4H), 2.57-2.59 (m 4H), 2.36 (s, 3H), 2.23-2.30 (m
wabkdo7amded. 79- 1.84 (m 4H). Mass spectrum ( ESPCT/DF2)7/066985

Cal cd. for C23H26N402, 391.2 (M+H), found 391.2. 5

Exanpl e 12 5- Cyano-furan-2-carboxylic acid[2-(3,

6-di hydr o- 2H pyran-4 yl)-4-(4-nmethyl - piperazin-1 yl)
repdienyithomntuothe CputifNtioN Masd\spectt@mdESI, m/z): Calcd. for

CII%HE%\B&;Z?I%I%Q &%%fél—ll{dﬁy@n 4yl ) - 4-ni trophenyl J- 4- et hy

1- (3-Brono-4-nitro-phenyl)-4-nethyl - pi perazi ne (as
prepared in Exanple 9, step (a)) (225.1 ng, 0.79
bjrmol - CKROBBa-3X0 i xmtic apid2fs-avtolhyx-divdyl-4-(4-methyl-piperazin-1-

4- (4 5.t et ranmet hyl -

[ 1, 3’51%7/2%”5{(]&%#& an- 2-yl) -3, 6-di hydr o- 2H pyr an

(Mur at 2 et al, Synthesis, 778, 15 (2000)) (157
Dl ) in dioxane (5 nL) was heated at 80 C

over ni giyt” under . The reaction m xture was all owed
to cool ﬁ%ﬂ@'&rat ed, and the resulting
[ as r offat ographed on silica (10 %

51/8% xane & 20 % MeOH EtOAc) to obtain the title
o\g‘g}pund (82 mg, 36 % . 'H NMR (CDC1l3; 400 MHz): 6
A (d, 1 H J=9.4H), 6.78 (dd, 1 H J = 9.

4,
Q8,0 By ity o Bt ey B0

phnPlF-4(iitth¢tDiperdzid8 (4sSprepiirld in the BRvIoWs s in 90 mL of EtOH-
5- Cyano-f uran- 2-carboxylic acid[2-(3, 6-di hydro-2H
wiggr Galayasyddeq B3 Ranery 120 mgBredsion powglen anghyne (59 geno)

ofﬁim aﬁg Qly rﬁ&%@r@ %efﬁggéi H§g8roA71/ f%? ?? §5 Aandditional 83.8 mg (1.50

mmol) of iron powder was added, and the mixture was refluxed for 1 h. The mixture

was poured into EtOAc (12 mL), filtered (Celite), washed with EtOAc (2 x 4 mL),

concentrated in vacuo and dissolved in anh THF (4.0 mL). The resulting aniline
solution was placed under Ar and used immediately in the following reaction.

61.6 mg (0.449 mmol) of 5-cyanofuran-2-carboxylic acid (as prepared in Example 1)
in 2.5 mL of anh dichloromethane under a CaSO, drying tube was treated with 60.0
uL (0.688 mmol) of oxalyl chloride followed by 10 uL. of anh DMF. The solution
was stirred for 25 min and quickly concentrated in vacuo at 20-25 °C. The residue
was placed under high vacuum for 2-3 min and then immediately placed under Ar,
cooled to 0 °C in an ice bath and treated with the aniline solution produced above
followed by 104 uL (0.598 mmol) of DIEA. After stirring 30 min at RT, the mixture
was concentrated in vacuo, dissolved in EtOAc (20 mL), washed with 1M K,CO3 (2 x
10 mL) and brine (10 mL), dried (Na,SO,) and concentrated in vacuo. The resulting
residue was chromatographed on a 10-g silica SPE column with 1-4 % MeOH-
dichloromethane to give a yellow resin which was then crystallized from Et,O-hexane
to afford 84.7 mg (72 %) of the title compound as a crystalline yellow solid. 'H-NMR
(CDCls; 400 MHz): 8 8.57 (br s, 1H), 8.26 (d, 1H, J =9.0 Hz), 7.20, 7.23 (AB q, 2H,
J=3.7Hz), 6.86 (dd, 1H, J =9.0, 2.9 Hz), 6.74 (d, 1H, J = 2.9 Hz), 5.84-5.85 (m,
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whi07p243€y azi ne (as prepared

HCN NO NO

1-[3- (3, 6-D hydro-2H pyran-4-yl)-4-nitro-phenyl]-4-net
i n previous stephCT/BO00TY66985
0.26 mmol ) was converted to the correspondi ng am ne
using a procedure simlar to Exanple 4, step (d), and
coupled with 5-cyano-furan-2 5 carbonyl chloride as

15y, 834220 {m, ARAPTE. D), (nst48h, 2.3% ({, 86D a1 224, 30r(omi 3 Andriy.,79-

14 BB 00 RV 1 Chsialops e« 381 ik

forh®ooch was isolated by flash chromatography on silica

(50 % EtOAc/ hexane-10 % MeOH Et OQAc) to obtain the
title conpound (62.2 ng, 60 %. 1iH NVR (CDC13; 400

MHz): 6 8.35 (br s, 1H),E81 , 1H each, J = 8.76
Hz), 7.24 10 (d, 1H J L3 ), 7.19 (d, 1H, J =
S. ﬁ@yd%)fumﬁz-—%m(b@gylzc]dﬂdd[i 3, ésdzZﬁdroz_Zﬁ pjﬂ%z)? 4 ﬁl) H34- r(l@fhyl—
1H, J 2.7 Hz), 5.88 (br s (m 2H),

(t, 2H, J = 5.3 Hz?}PWQZ”IS’ )(WhemFbamlée 59 (m 4H) 2 38
(br s, 5H. LG M5 (ESI, r@)z) Cal cd. for C22H24N403,
393.1 (M+H), found 39312. 115 Exanple 13

4- Cyano- JH pyrrol e-2- cafQexyl i ¢ acid (2-cycl ohex-|
-enyl -4 piperidin-4 yl phnywc,qri fl uoroacetic
acid salt O NC NH eNH H 20 a)

4- (4- Am no- phenyl )-3, 6 drof2H pyri di ne- |
-carboxylic acid tgntNouty ester 76 WD 2007/ 124369
PCT/ US2007/ 066985 NNH2 N OO -Bu The title conmpound
was prepared by Suzuki coupl i ng of

4-(4,4,5 5tetrarrethy|

a) 1-[3-(3,6-Dihydro-2H-pyran-4-yl)-4-nitro-phenyl]-4-methyl-piperazine

O

=

NO,
N

_N
1-(3-Bromo-4-nitro-phenyl)-4-methyl-piperazine (as prepared in Example 9, step (a))
(225.1 mg, 0.79 mmol), K,CO; (310.9 mg, 2.25 mmol) and 4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-pyran (Murata, M., et al, Synthesis, 778,
(2000)) (157 mg, 0.75 mmol) in dioxane (5 mL) was heated at 80 °C overnight under
Ar. The reaction mixture was allowed to cool to RT, concentrated, and the resulting
residue was chromatographed on silica (10 % EtOAc/hexane - 20 % MeOH/EtOAc)
to obtain the title compound (82 mg, 36 %). '"H-NMR (CDCls; 400 MHz): $ 8.04 (d,
1H,J=9.4 Hz), 6.78 (dd, 1H, J =9.4, 2.6 Hz), 6.58 (m, 1H, J =2.6 Hz), 5.58 (m,
1H), 4.34 (m,2H), 3.95 (t, 2H, J = 5.3 Hz), 3.46 (m, 4H), 2.57 (m, 4H), 2.38 (s, 3H),
2.30 (m, 2H).

b) 5-Cyano-furan-2-carboxylic acid[2-(3,6-dihydro-2H-pyran-4-yl)-4-(4-methyl-
piperazin-1-yl)-phenyl -amide
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[1, 3, 2] di oxaborol an-2-yl ) -phenyl ami ne with

4-trifluoronethanesul f onyl oxy- 3, 6-
waletwydeae®RH pyri di ne-1-carboxylic acid tert-burgl/USRDB066985

(Synthesis, 993, (1991)) 5 according to the procedure

in Exanple 35, step (b). Mass spectrum (ESI, m z):

Cal cd. for Cl6H22N202, 275.2 (M+H), found 275.1. b) 4-

(4- Am p®phenyl ) piperidine-I-carboxylic acid

tent - butyl ester NH2Z N O1-O-Bu 10 A solution of
4-(4-a 0-phe - 3, 6-di hydr o- 2H pyri di ne-| - car boxyl i
c acid tlertnbutlyl r (0.35 g, 1.2 mol) (as

‘ n fJhe Previous step) in nethanol was

gyd( genat ed ver 10 % Pd/C at 20 psi for 1 h. The
olufion was filtered and concentrated to give 0.35 g

M% of the title corrpound as a yellow solid: Mass

_ % Ibufén%j%& 2‘—129{%{211? ﬂ}gﬁl tro- pLenyl] Z} '_%fr’ﬂ%?pzerazme (a52 prepared

1n‘b’rc(v401ﬁr§'téib? ﬁy&goom@ Hﬁﬂmb )Ves Q&Nef’cbd‘% the e8LPINdih afﬁﬁieqlsmg
tf ent - but est ér Br Bu 77 WD 2 07/1 4369

a mtretdusz@orrl/at)ﬁns@@@pleré %eps(@'il) Lﬂrld@nupifsd with S-cyano-furan-2-
caf’bo lghq]?rQﬁ? s 2% eggar%(bp ea%{pq%gfiep n@g{c;%?x%d ff ona}qg? g il 00

as prep
mid€oPs eya@uﬁr@twalrbbﬂylmv&d & prbparvdin Badete N-in CH,Cl, (2

bronpsucci ni m de (NBS) (0.13 %h?O 71 mol), and theo
mEpaich 1Gonllag prodecd ves miat?cbby flas hronrﬁ@gﬁae%ﬁcpm gitiched) %o

S s
'HONOER (CDCiy 800 BEYS: 9826 (Br 100, 842 of, 1Hhe&ch, t+ 8.76 Hz), 7.24
conpound as a ﬁél | ow foam Mass spectrum (ESI

(dchachr 5f0§rH@’1F6 $Brikp dr 5.08E), D48\ 1H lGuRd63BE HZLZ)) @y3
4 4 | |
blngejrlAg: ne- Sggghoxy (:4%14;%’ @ﬁ?%iﬁ%ﬁ%&e?ﬁ%?ﬁéﬂ
4HN, 05901, 480, 2.38 (br s, 5H). LC-MS (ESI, m/z): Calcd. for C;pH4N405, 393.1
(M+H), found 393.2.

Example 13
4-Cyano-1H-pyrrole-2-carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-
amide trifluoroacetic acid salt
O

NC©)J\NH
\_NH l

CF3CO5H

a) 4-(4-Amino-phenyl)-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-butyl

ester
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15

A flask was charged with
4- (4- am no- 3- br ono- phenyl ) - pi peri di ne-1 - carboxylic
wa@eood/1243¢9 t - butyl ester (0.13 g, 0.36 mmol) (aBCT/US2007/066985
prepared in the previous step), cyclohex-1- enyl
boronic acid (0.060 g, 0.48 mmol ), Pd(PPh3)4 (0.04 g,
10 nmol %, aqueous 2M 15 Na2CO3 (1.5 nl), ethanol (1.5
M2 and toluene (3 nL), and heated at 80 C for 3 h.
reaction was diluted EtOAc (10 nL), washed with
B (2 x 10 nL) and brine (10 nL), and the organic
er was dried over Na2SO4 and then concentrat ed.

85 % of the title conpound as a yellow oil. Mass

O spectrum (ESI, mz): Calcd. for C22H32N202, 357.2

o -Buf ound 357.1. e) 4-Cyano-]H pyrrole-2-car boxylic
aci d (2-cycl ohex-I-enyl -4pi peridin-4 yl- phenyl)-am de

Thertitld eporpoané wias pmpmdilafl Suz@ls caupliesdd 4neld, éﬁetc‘gadetwlt h

Rt e B e nbs M P ER bR By

dlﬁﬁ&omﬂa diﬂe-llfbafﬂ"dﬁym 801 et but§t &R, éSyntheszs 993, (199123
yano-| H pyrrol e- 2-car boxyl i c_aci 019 0.1

aCﬁwﬁuyg(taéthpr@g@u&m Exampde $i0 spdy)- 1 D6 gpectrumg(ESI m/z):

/ DCl (0.040 g, 0.21

C%fﬁ%ﬁ%@g?@?@?& @%fﬁ“‘@%ﬁsﬁ DI EA (0.073 ni,
0.42 mmol ), and DCM (0.5 nlL) and stirred at 25 C for
10 h., The reaction was._ |oaded directly on a 10-g
blsol i 4 (4 ude-Rhany BRasHinesPEyrhoaylic acid e &yl ety and

t resulting internmediate was eluted with 30 %

c/ hexane. This conmpound was 5 stirred at RT for 1
n 50 % TFA/DCM (2 nL) and then concentrated and
pur'i fied by RP-HPLC (C18), eluting with 30-50 % CH3CN
in 0.1 % TFA/H20 over 12 mn to give the title
ound (0.052 g, 77 %9. '"H NWR (400 MHz, CD3OD): 6

9 (s, | H, 7.50 (d, | H, 7.22 (d, | H, 7.16 (m
5.74 (m | H), 3.54. (m 2H), 3.16 (m 2H), 2.94
gy iE), 2.29 (m 2H), 2.15 (m 4H), 1.92 (m 2H),
O1.% (m 4H). Mass 10 spectrum (ESI, mz): Calcd. for

A%l%{"gﬁs D¥E.(4 %&@pﬁ&@b’h 6-fdﬁi-§rﬂﬁ) @%y%ldl@ﬁ%b@xﬂﬁ acid tert-

Cyano-] H i m dazol &-2-carboxylic acid
bu(qzl -cstee [(bheg.-1.2 emydl) das ;pnrqp@raddn mhwpryvloupﬁemh)neahnn@éwas

hytd{rcl)gelngtg(ri 0%& elt I"? I%% tf(? psi for 1 h H;Ie soNc%lon was filtered and

concentrated to give 0.35 g (100 %) of the title compound as a yellow solid: Mass
spectrum (ESI, m/z): Calcd. for C16H24N,0,, 277.2 (M+H), found 277.1.

c) 4-(4-Amino-3-bromo-phenyl)-piperidine-1-carboxylic acid tert-butyl ester

NH,
Br

41\ O/t-Bu

o)
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\ NH CF3(CO2H N 15 H a)
4-(4-{[4-Cyano-]-(2-trinethylsilanyl-ethoxynmethyl)-IH

W0 pdodaze3be- 2- car bonyl ] - am no} - 3- cycl ohex- | PCT/US2007/066985

-enyl phenyl ) piperidine-1 -carboxylic acid tent-butyl
ester SEMO NrH 9A NCN O0-1-0~t-Bu 20 To a
sol uti on of

Tdla sglaﬁlm df 4-2-aminvephenl Biph@enygincet - hmkymitcmpi@ teftHuityticstar o

o 87 Amrel (R Sipins e st i DEY! (D) Was added N

T I a 1
b 891831{%%41%{%% (ﬁﬁg’} 5298, é?ﬁgﬁ%ﬁ Ilé? (t)}?eor(eﬁféf g@&%’é@ﬁt REGSA10 h.

Thevehgtionawas dlh@drve&cEth‘hc 61t0i mk pehdavashsd @ithd¥aHGOnZnx 1(AmL)

org et Bt RS ROTS e sesemiss rienue BE £ PR 20 f e ttle
cohqj'ohn@ bé ¥ elest efand. 3VIQsGspedtur® (ESITRY/Y): Calkd Plo€ BYHBEBINIO,,
mple 13, step (d)) in 10 nL DCM was added and the 5
35r5e]a@YI+Hh f@‘ﬂlldr?rﬁdl for 8 h at 25 C. The reaction was
diluted Et OAc (60 nL) and washed wth NaHCO3 (2 x 60
m.) and brine (100 nL) and the organic |ayer was dried
d)ov er4-(Na@BtA3-ancokdvehewgpaent)-pipeddindiecdrboryéic aoiiperibaelry!
was purlfl ed by flash chomatography (silica gel, 2 %

Etoﬁé‘?xma togive 5.5 g (85 % of the title conpound

gl |l ow oil. Mass spectrum (ESI, niz): Calcd. for

AASi, 10 606.2 (M+H), found 606.2. D)

C o<l H i m dazol e- 2- carboxylic acid

cyclohex | -enyl -4 piperidin-4 yl- phenyl)-amde tr

oroacetic acid salt 15 To a solution of

4-{[ 4-cyano-|-(2-trinethylsilanyl-ethoxynethyl)-1H

i m|dazol e-2- carbonyl]-am no

N3- cycl ohex- 1 -enyl - phenyl ) - pi peri di ne-| -carboxylic
I//Q]d éert butyl ester (1.5 g, 2.5 nmol) (as prepared

ofnatie’ previous step) in 10 nL of DCM and 0.3 nL EtOH
2@; added 3 nL._of TFA .and the solution stirred for .3 h

slowagchayged with 4-(4-amino-3-bromo-phenyl)-piperidine-1-carboxylic acid
tert-butyl ester (0.13 g, 0.36 mmol) (as prepared in the previous step), cyclohex-1-
enyl boronic acid (0.060 g, 0.48 mmol), Pd(PPhs), (0.04 g, 10 mol %), aqueous 2M
Na,COs (1.5 mL), ethanol (1.5 mL), and toluene (3 mL), and heated at 80 °C for 3 h.
The reaction was diluted EtOAc (10 mL), washed with NaHCO; (2 x 10 mL) and

brine (10 mL), and the organic layer was dried over Na,SO4 and then concentrated.

The title compound was eluted from a 20-g SPE cartridge (silica) with 30 %
EtOAc/hexane to give 0.10 g (85 %) of the title compound as a yellow oil. Mass
spectrum (ESI, m/z): Calcd. for C2,H3,N,0,, 357.2 (M+H), found 357.1.

e 4-Cyano-1H-pyrrole-2-carboxylic acid (2-cvclohex-1-enyl-4-piperidin-4-yl-

phenyl)-amide trifluoroacetic acid salt
A flask was charged with 4-(4-amino-3-cyclohex-1-enyl-phenyl)-piperidine-1-

carboxylic acid tert-butyl ester (0.050 g, 0.14 mmol) (as prepared in the previous
step), 4-cyano-1H-pyrrole-2-carboxylic acid (0.019 g, 0.14 mmol)(as prepared in
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reaction was diluted with 5 nL of EtCH and t hen

concentrated. The residue was 20 crystallized from
woredonamsbd and et hyl ether to give 0.85 g (70 %CDUS100E066985

title conpound as a white solid. "H NWR (400 MHz,

CD3OD) 6 8.18 (d, 1H), 8.04 (s, 1H), 7.22 (dd, | H),

7.12 (d, I H, 576 (m | H, 3.54. (m 2H), 3.16 (m
Exid)ple 2), EDIr(D.040 Ig) 0.22 nB00ol),HIOB4€4).0192z, DOl 4 mmoDHPIEA (7873

o) PG (P | TG 4785 2 Fe Ve o gectign was

lodd Rty bh BY DI ofid hady &%Uﬁdrﬁ(S@Eg Gartridge (silica) and the
[4-(1-acetyl pi peridin-4yl)-2-cycl ohex-1 -

regitiphgingariciliateny abeclutgd wid 3906 HtO24389aRCTTNUSXOYTRUDE 685

5 sttels BT4Ghb R o gy TFAMICH Cap Bl e BorchRyestd ERFffied by
REHAIThQXH), @il g Wit BOS0i% M :¢NYin-Rh enyk AAR0 e&r 12 min to
trifluoroacetic acid salt (as prepared in Exanple 13,
gie ths t(le)prwersst 1 &7 ' BrOVHY (09 VIHZE RS 7739 (5

: 0 , . l (D
B e R T R
2P|1’), I9|)24((§1-, élg),lﬂ)(.w @1;1,7111)( 3-,:)1’5 lz(réltHH),ai.@S(rﬁmH)l 17303 (mMIgED ¥ays
» 2a20. (M ; m ) . m )
10 spactoign (3L, mup): Czl.Cﬁe&D( Q,zsfbplb%dﬁ?éé @ﬁ%%@und sd-
spectrum (ESI, mz): Calcd. for C25H28N402, 417.2
(MrH), found 417.1. 10 Exanple 16
4- Cyano-] H i m dazol e- 2- ¢xabgd¢lldc acid [4-(1-acetyl

ﬂ%@{@%&%ﬁa&él&z@&%%% _alcz'_d /?-%&B}?eeﬁ}' —lell);l—a&zggri zn—ﬂyl—

phenyl)-amide trifluoroacetic acid salt

0
N

NG \\j)kNH
NH

CF3CO,H
15 H

a) 4-(4-{[4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)- 1 H-imidazole-2-carbonyl]-
amino}-3-cvclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid tert-butyl ester
SEM 0

N%NH
-
Hé

N
O)\ O/t-Bu
20  To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-

carboxylate potassium salt (3.34 g, 10.9 mmol) (as prepared in Example 3, step (d))
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O ~ The title conpound was prepared from

4- cyano- 1H i m dazol e- 2-carboxylic acid (2- 15
W@ yoobusge | - enyl - 4- pi peri di n-4-yl - phenyl ) - am dBCT/US2007/066985

trifluoroacetic acid salt (as prepared in Exanple 13,

step (b)) according to the procedure in Exanple 37:

"H NWR (400 MHz, CDC13) 6 13.12 (br s, I H, 9.58 (s,
inl20k) 1. DECN4vasaddéd PJEA 73.86al(,2,1.8 mHdp]) ehd Py Broldl(5.6 gH)2.0

7.05 ( I ., 5.86 o 4.84, (m .2H) , 00 . I
rnpv)g, %I.l(gt%e (qﬁ'élzlﬁ)n ﬁ}rredza(tié {ZI_I‘,FQ liﬁ}n (sg]@tlt)ynof ﬂiﬁ-arx\?{g%—

he3henyik i ne- SPECAd b 10.

O 08 A1 o MLy Y b 41 102
mg e pepaed MBeMPCTB ,U@?ZD(@W) 1@6@985 DCEﬂazmslaé.dqd?and the

re%c&%? F{y%l Ifgcrﬂ %t?réal Cle 'ahf}r%c 121_)n 1 -ageid%tbé_c (60 mL) and washed

with RREIY);|(2 &rdodal ) and briuer(0eg ﬁiﬂ)@m@ﬂied)rg@dl& laer WadNitiedNver
\' NHCF3CO2H N 5 H The title conpound was prepared

Ng:3emand feasengentratedy The tiHg cemped was eikigady Hiash -
ch%hkaggréj@%gkl Cf(? %ﬁ&“)g%@ﬁ%ﬁ% BN SALS o 7A5¢ RE BRAT ed
coﬁiﬂoﬁnﬁﬁs mgell?ov( 41 NIy bpectramqBSK nh/z e Galgd: foreTiyH ], NpOssay i

d|n rboxylic acid tert- butyl ester (prepared
6%%% 35¥%;% procedure in Exanple 13, step (d),
substltutlng 10 4-nethyl -1-cycl ohex-1-enyl boronic

acid for cycl ohex-I-enyl boronic acid) according to
b)t he P Cowed Ui entdrolkxaopbexli:acid2NVRIoG 46 0-ehpiz4-pPoBaR)-4-yI-
8 s, .| , 7.22 (dd, I H, 7.12
(a, e Pébja@m?)dﬁgﬂ?rwéc,a%éféa?? (1 M 518 (i 24,
2.94 (m 1H), 2.30 (m 3H), 2.12 (m 2H), 1.92 (m
5H, 1.54 (m 1H), 1.12 (d, 3H). Mass spectrum (ESI,

Tort 3Qluti @upled(4- 1{Hrcmaﬂz(iMsmetls&mlazyl(Mquﬂ@dhélflagmdazole-%

caE ngg Ca{rrlgB%}{%-clyc é)HC%/ F09 LFBV pgﬁennl) rplgﬁ}r 621 S& rbox3)1(1¥0 allc(fd f%%tl-bdut |

ester (1.5 g, 2.5 mmol) (as prepared in the previous step) in 10 mL of DCM and 0.3
mL EtOH was added 3 mL of TFA and the solution stirred for 3 h at 25 °C. The
reaction was diluted with 5 mL of EtOH and then concentrated. The residue was
crystallized from methanol and ethyl ether to give 0.85 g (70 %) of the title compound
as a white solid. 'H-NMR (400 MHz, CD;OD) 5 8.18 (d, 1H), 8.04 (s, 1H), 7.22 (dd,
1H), 7.12 (d, 1H), 5.76 (m, 1H), 3.54. (m, 2H), 3.16 (m, 2H), 2.92 (m, 1H), 2.30 (m,
4H), 2.10 (m, 2H), 1.75 (m, 6H). Mass spectrum (ESI, m/z): Calcd. for C,,H,sN50O,
376.2 (M+H), found 376.2.

Example 15
4-Cyano-1H-pyrrole-2-carboxylic acid [4-(1-acetyl-piperidin-4-yl)-2-cyclohex-1-
enyl-phenyl]-amide
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20

phenyl )-am de trifluoroacetic acid salt O N -TA NH

NC\ NHI CF3CO2H N H 20 The title conpound was
WEe@pareed f r om PCT/US2007/066985

4-cyano-|-(2-trimethylsilanyl-ethoxynethyl) -

1H i m dazol e- 2- car boxyl at e potassium salt (as prepared

in Exanple 3, step (d)) and

4- (4-am no- 3-cycl opent - | -enyl - phenyl ) - pi peri di ne-| -car

boxylic acid tert-butyl s Q_2007/ 124369

PCT/ US2007/ 066985 Ner<pal ed ng to the

procedure in Exanple 13, W d)~substituting

cycl openten-1 -yl boronic ac or cycl ohex-1-enyl
procedure for Exanple
14. "H NWR (400 MHz, DMSO d6)A6 14.25 (br s, 1H),
10.00 (s, I H, 8.36 (s, | 7.72 (d, | H), 7.18
(m 2H), 6.06 (s, | H, 4.12\ I H, 3.42 (m 5 2H)
3.18 (m 2H), 3.00 (m 3H), 2.80 (m 2H), 1.92 (m
5H). Mass spectrum (ESI, ndZ)> Calcd. for C21H23N50,

362, 2 (M+H), found 362.2. Exa 19 An_alternate.
w}w&pﬁ% s wangr%ﬂ _‘o‘fcwﬂ@?l'ﬁrﬁyaql@%nca% Sx 54 o
cy'g[bhg%-qf@?l ﬁ4;bi15éiditﬂ-@-gfﬂ-%§§1{ylpﬁqid*é%li%%ro%:egﬁl acid sal;lc_ éas ’&)repared

"5-Cyano-furan-2-carboxyli'c acid C
inZ3@mple, 13, kicp e ecdording tnidie poacedwnefin &skmplg7p pBeNMIR (08

MBSCBRLS SN CofTD: 530 L P TR S Py PR R T,
7.()@(8,1$H§1i6.’f525(s,61m‘,ﬂ3l8)8 ﬁﬂdmycr.wg@,gllfﬁﬁ@%%m,zlﬂ), 3.20 (m, 1H),

ﬂédro§§hanine hydr ochl ori de ( Eﬁ%’ . nnnl&zmas
2.3 e P Rna- 20K, Akt 2k e(swald), Hedh @ 8D ddpsespesgiam (ESI, m/z):
~d ) the reaction was
C%??%?égﬁg%éggbfﬁhé%@@§ﬁ?q§§%gﬁ'"ich time the 20
sol vent was evaporated at 40 C under reduced pressure.

The resi due was di ssol ved in
Example 16

4-Cyano-1H-imidazole-2-carboxylic acid [4-(I-acetyl-piperidin-4-yl)-2-cyclohex-1-

enyl-phenyl]-amide

O
N
NC 4 \W)kNH
NH O

N

N
The title compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid (2-
cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared
in Example 13, step (b)) according to the procedure in Example 37: "H-NMR (400
MHz, CDCls) 5 13.12 (br s, 1H), 9.58 (s, 1H), 8.34 (d, 1H), 7.76 (s, 1H), 7.21 (dd,
1H), 7.05 (d, 1H), 5.86 (s, 1H), 4.84 (m, 2H), 4.00 (m, 1H), 3.22 (m, 1H), 2.72 (m,
2H), 2.30 (m, 4H), 2.21 (s, 3H), 1.80 (m, 8H). Mass spectrum (ESI, m/z): Calcd. for
C4H7N50,, 418.2 (M+H), found 418.1.
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water, basified wwth 2.0 N NaOH solution to pH 9, and
extracted with 4:1 dichl oronet hane/ 2- propanol unti |

wo b@7py36di ne was conpletely renoved (5 x 200 pPdd/US20011@66985
aqueous solution was then acidified with 2.0 N HC1
solution to pH 2, saturated wth solid NaC 1, and
extracted with 4:1 dichl oronethane /2-propanol (5 x
200 nmL). 25 The conbi ned organic extracts were dried
over Na2SO4 and concentrgted in_vacuo to dryness. The
resi due was crystallize +chl or onet hane to give

13 oY REmtibR 13- 2@51%0)599&@85?9‘-@%@%)%@ | d16hex0)- !2/%47 SWeridin-

Mass spectrum (ESI - ne
136.0 (M H), #oirpbe@féiﬁamzdem@uorpumaasyes@itr um was
consistent with the assigned structure. 30 83 WO
2007/ 124369 PCT/ US2007/ 066985 Exanpl e 20
4- Cyano- ]H—|n1dange rbeNylgc™aci d
{2-cycl ohex-1-enyl - |pﬂ2
pi peridin-4 ylJ phenyl}-a NNH NC\ NH5A
flask was charged w th netthgresul fonyl -acetic acid (14
ng, 0.10 nmol), EDC (30 y, 0.15 nmol), HOBt (14 ny,
0.10 mmol ), DIEA (36 L, 0.20~motHC&d 0.5 nL DCM and
stirred at 25 C. After 10mn, a solution containing
4-cyano-| H inmidazol e-2-carBoxylic acid
5 (2- cyclohex | - enyl - 4- pi peridi n- 4-yl - phenyl ) - ani de TFA
I I -
Tlie?tgcte ) )o‘ﬁg@ri] E‘JNQRI %&gﬁﬁg fo&ﬁ @%yg%@?gﬁ-%qmbﬂﬁyﬁﬂﬁ'{gﬂ e@nogigmethyl)
leamldamled @mbbwlﬁée p@tasstunm salt(as pwpdradan ﬁrx@mp@di fst@p (61)0 ahd

t
4 Bhpfiogbr TRt SRS oha P bR ab i ae s thelv s gl
bublidiect @"rg/’h %ﬁ%ﬁﬁ?e BB isMBndedile 18, b @) WhbiRuting

10 4-medyl{lscyclphpx- lgangbb((rgmc@pad for7cyrdohesy-1- q:ny|l.|jooromc62@1ct)d1gcorﬂmg

a
offe sy e 08 P 6,6 By - 0
(2182 72m(d@HH), 2.130d,(1H), 3.8D ,(rnJ.lH)S 3(5’(141 (rﬂJ'BH) B 184(11(, ﬂH) 2.94
5%&1 1.72 ( 1H). Mass sgictr E
(D BB 0NN & 1240b 200, (R SHbdrid (ogtis 115, SF). Mass
spectrum (ESI, m/z): Calcd. for C;3H,7N50, 390.2 (M+H), found 390.2.

15

Example 18
4-Cyano-1H-imidazole-2-carboxylic acid (2-cyclopent-1-enyl-4-piperidin-4-yl-

phenyl)-amide trifluoroacetic acid salt

Nciﬁ)kNH
O

N
H

CF3CO,H

20 The title compound was prepared from 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-
1 H-imidazole-2-carboxylate potassium salt (as prepared in Example 3, step (d)) and

4-(4-amino-3-cyclopent-1-enyl-phenyl)-piperidine-1-carboxylic acid tert-butyl ester
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Exanpl e 21 20 4-Cyano-] H i m dazol e-2-carboxylic acid

[ 2-cycl ohex- I -enyl -4-(1 pyridin-2yl net hyl -
w@eEen2aon- 4yl ) phenyl J-am de trifl uoroacetic arCTUSHDT/066985

84 WD 2007/ 124369 PCT/ US2007/066985 O N NH NC NH

CF3CO2H N N / A flask was charged with

4- cyano- 1Hi m dazol e- 2- carboxylic acid (2-cycl ohex-1
(pepyteddeporpmgitd ithe- plogddumhie Mxainpéend d etep ), saistituti@g ny,

0,18 I as .prepared i ample 14, ste
x-S RS SRy G bR g ttorimr) ket teghe.
praciufelfof PRAnpleadi' HONKAR @08 INKY oK@ioy g isdes £ SbrRD1H), 10.00

0.25 mmol ) and 0.8 nL of 1,2 dichl oroethane and

(ssthl)y, 8e@ (5,0H)10.7R (&t1H57.E8 (Mh2H} 610te(st 1 fad. 18vap dHatedl (m,

28381 kb EEoTE) BRGURT 2T 68 b St e
m)rCdled. gove,  BLNYD, 8682 Wi+ef), RuidBée2sol id. ' H NVR (400
Mz, DMVSO-d6): 6 14.25 (br s, 1H), 9.90 (br s, 1H),

9.79 (s, 1H), 8.72 (s, 1H), 8.36 (s, 1H), 10 7.98 (m

| Hy, 7.88 (dd, | H), 7.@@1%_12 H, 7.52 (m | H),
7.20 (m | H, 7.12 (d, —%5.76 (m 1H), 4.56 (s,
AR kltern@e 4tkti{on fo2 ke, syBthd8s 6fthe 2drmedi B8 d€seribddn, Exaniple 1 is
(m._ 4H) 2.00 (m 4H), 1.72 (m 4H). Mass spectrum
deperdied BeJopy.-  cal cd. for C28H3ONGO, 467.2 (MeH), found

467.2. 15 Exanple 22
4- Cyano- ] Hi m dazol e- 2- car boxyl i c acid
S-CRaKAfumen-Bydarlopeliob@- | - enyl ) -4- (1 pyridin- 2

yl yl pi peridin-4 yl)phenyl J-am de trifluoroacetic
Oaci/d alt O N-TANH NCNH
O

HO

A 250-mL, three-neck, round-bottom flask equipped with a mechanical stirrer, a
heating mantle, and a condenser was charged with 5—formyl-2-furancarboxylic acid
(9.18 g, 65.6 mmol) and pyridine (60 mL). Hydroxylamine hydrochloride (5.01 g,
72.2 mmol) was added and the mixture was heated to 85° C. Acetic anhydride (40
mL) was added and the reaction was stirred at 85° C for 3 h, after which time the
solvent was evaporated at 40° C under reduced pressure. The residue was dissolved in
water, basified with 2.0 N NaOH solution to pH 9, and extracted with 4:1
dichloromethane/2-propanol until the pyridine was completely removed (5 x 200 mL).
The aqueous solution was then acidified with 2.0 N HCl solution to pH 2, saturated
with solid NaCl, and extracted with 4:1 dichloromethane /2-propanol (5 x 200 mL).
The combined organic extracts were dried over Na,SO,4 and concentrated in vacuo to
dryness. The residue was crystallized from dichloromethane to give 6.80 g of the title
compound as a white solid (76%). Mass spectrum (ESI-neg, m/z) Calcd. for
CsH3NOs, 136.0 (M-H), found 136.1. The '"H NMR spectrum was consistent with the

assigned structure.
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CF3C02H N N 85 WD 2007/124369 PCT/ US2007/ 066985
Thi s conmpound was prepared according to the procedure
cyano- 1H i m dazol e- 2- cap@DKy100T066985
acid [2-(4-nethyl-cycl ohex-1|-enyl)-4-piperidin-4-

yl - phenyl]-am de (as prepared in Exanple 17) and

pyri di ne- 2- car bal dehyde. 'H-NVMR (400 MHz, DMSO-d6): 6
14.25 (br s, 1 H) 9. 90 Exampde 2@ H), 9.79 (s, 1 H),
8.72 s, | H, 7,98 H) , 6
(dd, 4ré)f4‘]"0 Igg gﬁzd(z%ple ? qufboxylzgﬁcz(Zrt{?—cycl&&gx—be@d—%é]—gr

H, 7.12 . 3.40
(2 gfe%anbsdﬂ%gyl@c@%]) 8%))7@?‘2611’5])4 v H;‘Lpg'@aﬂ am%ilébz 5 (m
3H), 218206(m 4H) 1.98-1.82 (m 3H), 1.52 (m

1H), 1.02 (s, 3H. Mas SI, mz): Calcd.
for C28H32N60, 481. '2%7@ , 1.2. 10 Exanple 23
4- Cyano-] H i m dazol e- 2- id
{2-cyclopent-I-enyl-4-[]-(1

hyl -1 H i m dazol -2

yl methyl) piperidin-4 ylJ phenyl}-am de
trifluoroacetic acid salt O NNH NC\ NH I CF3, CO2H
U Nonl This conmpound was pr ed from

4- cyano- 1H i m dazol e- 2- car bo ig acid (2 15

cycl opent - | - enyl - 4- pi peri di n /(bhenyl )-ani de TFA
salt (as prepared in Exarrpl@

e RSB 5 4 co

rn% @85 fn'ﬂiiol)2 'FDOBt7(H)5 Qﬂ%@z lO%ﬁl)nolﬂDﬂZA g% ul 1dHo m?ncﬁpar{d'o 5mL
(s,

DCM aIgH)tlrreg ag2s §C46fte( oy mI'IH)a soaltll)a-cmn@mu(gﬁl cﬁa-@o HWHSS
l.cd

ESI :
inE Ry TBORD st e T A (L gy amie TPA
sat&(u%@}a@ ok emaolg qﬁépalrad arﬂmlme’%z@ BéfepoB)f))énh NERWU uL, 0.09

pi peri |ne | - car boxyl'i ¢ aci
mmol) in 0.5 mL DCM was added and the reaction allowed to proceed for 10 h at 25

°C. The reaction mixture was loaded on a 5-g SPE cartridge (silica) and the title
compound was eluted with 10 % EtOH/EtOAc to give 10 mg (25 %) of a white solid.
'H-NMR (400 MHz, CDCls): 5 11.60 (br s, 1H), 9.52 (s, 1H), 8.30 (d, 1H), 7.74 (s,
1H), 7.60 (dd, 1H), 7.03 (d, 1H), 5.86 (m, 1H), 4.84 (m,1H), 4.18 (s, 2H), 4.12 (m,
1H), 3.32 (m, 1H), 3.20 (s, 3H), 2.82 (m, 2H), 2.30 (m, 4H), 1.98 (m, 2H), 1.84 (m,
5H), 1.72 (m, 1H). Mass spectrum (ESI, m/z): Calcd. for C;sHyoNsO4S, 496.2
(M+H), found 496.2.

Example 21
4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(1-pyridin-2-ylmethyl-
piperidin-4-yl)-phenyl]-amide trifluoroacetic acid salt
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86 WD 2007/ 124369 PCT/ US2007/066985 O N NH NC NH N
H2ZN ~O A flask was charged with

wa2@yamsed H- i m dazol e- 2- carboxylic acid (2-cycPOines2007/066985
enyl - 4- pi peri di n-4-yl - phenyl ) -am de TFA salt (51 ny,
0.10 nmmol) (as prepared in Exanple 14, step (b)),
NEt3 (22 L, 0.15 mmol ), trinethylsilyl isocyanate (16
L, 50.11 mol) and 1.0 of DCM and stirred for 10 h
at 25 C. The sol vent [
compound was puri N
35- 60 % CH3CN in 0.1 "%
ng (70 %9 of a white solidg
DVSO-d6): 6 14.28 (br s, 1Hy,

C 18), eluting wth
S er 11 mn to give 30
H-NI\/R(4OOI\/Hz

976(s 1H), 8.34 (s,

1H, 7.84 (d, | H, 7.18 , 7.08 (d, I H,
6.00 (br s, 2H), 5.72 (m é':aé@'&m 2H), 2.80 10
2.60 (m 3H), 2.24-2.10 (m\A 1.60 (m 6H),
1.50 (m 2H). Mass spectrum| ( , mz): Calcd. for
C23H26N60, 419.2 (M+tH), foun .O. Exanpl e 25

4- Cyano- | Hi m dazol e- 2- carboxyl ig acid

[ 2-cycl ohex-1-enyl -4-(3, 4,5, 6-tetrahydro- 15 2H[1, 2
A Jaklpyas diamgédrvéltty u)cypdrte nyllhn@drblﬂ:ez-t:arbéptymraaﬁi:(etdyeloaeid-
salt O N N A flask was charged,
ervdf‘rplmr@yhﬂzy@hpwh aa&i@ﬂﬂzsaéfa@%ée@ﬂr 1& gl (as prepared in

B f4 U e it e o P TR RPL g S
0.31 Bindl) sddiuik2E8Et:8Aortly dAdSG 6rmml 0125 Anidl )adapy mil dhfre-
(27 L, 0.30 87 WO 2007/124369 PCT/ US2007/ 066985

dichloroethane and stirred for 10 h at 25 °C. The solvent was evaporated, and the title
compound was purified by RP-HPLC (C18), eluting with 30-50 % CH3CN in 0.1 %
TFA/H,0 over 20 min to give 81 mg (78 %) of a white solid. 'H-NMR (400 MHz,
DMSO-dg): 5 14.25 (br s, 1H), 9.90 (br s, 1H), 9.79 (s, 1H), 8.72 (s, 1H), 8.36 (s, 1H),
7.98 (m, 1H), 7.88 (dd, 1H), 7.58 (d, 1H), 7.52 (m, 1H), 7.20 (m, 1H), 7.12 (d, 1H),
5.76 (m, 1H), 4.56 (s, 2H), 3.40 (m, 2H), 3.18 (m, 2H), 2.88 (m, 1H), 2.20 (m, 4H),
2.00 (m, 4H), 1.72 (m, 4H). Mass spectrum (ESI, m/z): Calcd. for C,sH30N6O, 467.2

(M+H), found 467.2.

Example 22
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4-methyl-cyclohex-1-enyl)-4-(1-pyridin-
2-ylmethyl-piperidin-4-yl)-phenyl]-amide trifluoroacetic acid salt

Nciﬁ)kNH ‘
C

pd
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mol ) and 0.3 nL of N, N-di met hyl acetam de and stirred
for 8 h at 120 C. The reaction was diluted with 3 nL

wW@booF22a3end the title conmpound was purified byPERPUSHPLES6985

(C 18), eluting with 30-50 % CH3CN in 0.1 % TFA/ H20

over 9 mntogive 50 ng (75 %9 of a white solid.

"H NWR (400 MHz, CD3CD): 6 8.18 (d, 1H), 8.06 (m 5 |
T corBp@ihd(veas prefdygd atcOdli(ghd,thd pidpedure #BEXagypl@®) froth £2

cyéﬁqg-’lg}-igg%%# 'é%&%@%&%ﬁf@ﬁ@;&%%@%- ﬁéﬁ)ﬁ%‘i@gdm#
1 pRenFhmide dPpichrod Sipartp 07 Sart M R orbiRERyde. 'H-NMR
(400 z, HMS@ddaa-‘Eﬁ?MzZS (b0 sEXANPIOA (Bies, 1H), 9.79 (s, 1H), 8.72 (s, 1H),

85T ha - Ry P TR ML et R 7 1) B0k A
7.y2 @d phﬁnwz} (rﬁmmi)e4t56l(§ 1200 ®46 €hi THRAGI 1c$ ($rii|21H)Q 8$\|(thH)
H N CF3CO2H OH The title conmpound was prepare

2.4% 8%24%951&,02 1842 0fi(ena 28).eL W-E&2 x ). d - Bclng 18D 1.95 (S 3H).
C 4P |

Mg%’ﬁ §1p8§lﬁﬁn %E@B%@ CBch gok ¢ %@%ﬁwﬁ 41%5‘%()1 @??&&8 4§'1:/é
hydr oxy- acetaldehyde accordlng to the procedure in
Exanple 21. 1H NWMR (400 MHz, CD30OD): 6 8.18 (d, 1H),
8.02 (s, 1H), 7.22 (dd, Example23, (g 2H) 5,82 (m
T . T/ 7 P2 ] ] L .( - 1Vl EYE R _ _
gy e beath G RUg Lyclpg LRy A it
AHjmidaz Q- Umiethy () mipeidin-4NR5ph apdedmidevi(fE8lroaaetiz yicid2Q1t
Cal cd. for C24H29N502, 42Q.2 (MtH), found 420. 2.
Exanpl e 27 4-Cyano-] Hi njjdazol e- 2- car boxyl i c acid
{4-[]-(2-cyano- et gyl !ZZJ# j ]1-2
cycl ohex- 1- enyl phenyl i uoroacetic acid salt
88 WD 2007/ 124369 PCT/ US2(

This compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid (2-
cyclopent-1-enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (as prepared in Example
18) and 1-methyl-1H-imidazole-2-carbaldehyde according to the procedure in
Example 21. 'H-NMR (400 MHz, CD;0D): § 8.03 (m, 2H), 7.50 (d, 1H), 7.42 (s,
1H), 7.20 (m, 2H), 6.02 (m, 1H), 4.22 (s, 2H), 3.96 (s, 3H), 3.30 (m, 2H), 2.82-2.40
(m, 7H), 2.13-1.84 (m, 6H). Mass spectrum (ESI, m/z): Calcd. for C,sH20N70, 456.2
(M+H), found 456.2.

Example 24
4-{4-[(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex- 1-enyl-phenyl}-

piperidine-1-carboxylic acid amide
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NH N CF3CO2H OCN A flask was charged with
4- cyano- 1H i m dazol e- 2- carboxylic acid (2-cycl ohex-1-
weprAZ3m peri di n-4-yl - phenyl ) -am de TFA salt PGTUSN7/066985
0.16 nmol) (as prepared in Exanple 14, step (b)),
NEt3 (24 L, 0.16 nmmol ), acrylonitrile (12 L, 0.18
mol), 0.1 5 nL MeOH and 1.0 nL of 1, 2-dichl oroet hane
and stirred for 1 h at 80 The reaction was
concentrated and the tiiN.e was purified by
RP-HPLC (C 18), elNéig Wit % CH3CN in 0.1 %
TFA/ H20 over 12 min to gi B3 M 95 %9 of a white
solid. "H NWR (400 MHz, CD3 6 8.18 (d, 1H), 8.06
(m 1H), 7.22 (dd, | H), 7.12 I H, 5.82 (m | H),
3.76 (m 2H), 3.60 (m 2H), 28 (t, 2H), 3.12 (t,
2H), 10 2.92 (m 1H), 2.30{(m| 4H), 2.18-1.98 (m
4H), 1.92-1.74 (m 4H). Mss\gpectrum (ESI, m z):
Cal cd. for C25H28N60, 429.2 (WH), found 429. 2.
Exanpl e 28 4-Cyano-] H i nHgazolce- 2- carboxyl ic acid
[4- (1-car banpy] net hyl E)l peridin-4 yl)-2-

Aél)?&lf WH%S‘(hquféin‘VlﬂbﬁéWﬂK] Hrimidazpler3- F%Ib%é@@tcldc(2a<‘cﬁct9h§>a11t

%gg@ Y f |

en%-f‘ ﬁhl&;@_ﬁg y ar‘]B}N?| El—é\hyﬂ: azo ﬁeﬁ 81”?% OX |OI 186}2%10?%%8 &I%Bérg& ﬂl

Eia&iq?a c4 @k@(’o)‘) Nmy(m ﬁmbne mhiglol); tﬁmeléhmm )sb?cyazmlmedfg LEA
Ssa al e I N e

0.5} aynql bqunPQlEtISOQQQMandﬁtmdrf% ha QZ%r%n“é%ﬁcSéﬂ%ﬁm was
: 9 6
o PRanluiiioiRopR St BEARCY rrﬁ%ﬁ’zﬁpﬁ tgah 3-
60THeCH gad }ui @g %\Hb @ééHQH(E) Eeﬁt lrlarhmdo@mﬂ: Ithegi(7a ‘z/(ﬁ oﬁomﬂmrsd/hd
) | e - I Ng. W %
%"ﬁ@@% Fi uFl. Bttt 1498 Ot 1K oot U St (g pg
f .

Hg 7R Q&B H?)iwg'(é,. 5%?%%9913%2 r{g?/ﬁ? 46k (nf 2H), 2.80-
2. 60 (m, 3H) 2.24-2.10 (rn 4H), 1.80-1.60 (m, 6H), 1.50 (rn, 2H). Mass spectrum
(ESI, m/z): Calcd. for C,3H26N6O, 419.2 (M+H), found 419.0.

Example 25
4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(3,4,5,6-tetrahydro-
2H-[1,2'] bipyridinyl-4-yl)-phenyl]-amide trifluoroacetic acid salt

0]
A
\_NH

A flask was charged with 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-
enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (75 mg, 0.15 mmol) (as prepared in
Example 14, step (b)), K,CO5 (84 mg, 0.60 mmol), 2-fluoropyridine (27 uL, 0.30

87



10

15

20

51 H, 834 (s, | H, 800 (s, I H, 7.88 (d, I H,
7.72 (s, I H, 7.18 (dd, I H, 7.10 (d, I H, 5.76
W@ rgo714B869 3. 94 (s, 2H), 3.58 (m 2H), 3.12 (mPQFHYS2007/066985
2.80 (m 1H), 2.20 (m 4H), 1.98 (m 4H), 1.80 (m
4H). Mass spectrum (ESI, nmfz): Calcd. for C24H28N602,
433.2 (M+H), found 433.2. 10 Exanple 29
mrhoQyaad @-3 L Gﬁl‘dA’zcbmeﬂlglacanabmdqﬂnidcstiaed dor 8 h at 120 °C. The

relory BNt a1 g Y aaorePeid oot by RP-
HBECACSS) b Elu@ng NibH0-N A EEROTBETEN @ dloded A% 50

charge 4- cyano- 1H i m dazol e- 2- carboxylic aci

g B0 Db hesbi 2 solid ERNMR (#0 kit e CR:@D)1 5 m&(@mﬂ)a&ﬂ@ém

F t
], g T TR, T T IR, R R P LERRRE T o R o
1H)18.819m, @H@& mr@h)z)H) %:@glgm( i), ng)o @nQ@l)mg)Xm Jﬂ@}%tz 18 (m,
2‘1&11_%';1 ‘é‘h@nsftH)r s apecpy Sérmizo (alcd-Har @eH@aNdé)n 4%%
2 mL of H2O and the titl d
O g e, FPLG (C 18) - el uting with 30080 % 20
CH3CN in 0.1 @6TFA/H20 over 9 mnto give 22 ng (70 9%
of a white solid. 'H NVR (400 Mz, CD3OD): 6 8.82 (d,
| H), 8.52 (t, | H), 8. Example6y’ g o4 (s, | H),

4 70)%011% zr%b%zolg 24 %261509691’10 %c z?'k%—c }_é]pex(lden 4'_})1 L(Z%y%%x%rgtl@/l)—
(m 1H) DiBBid{ref yﬂkbhenﬂ}%@iz(l@ﬂry‘hdd}qac&z@@cldsﬁlD (m

8H). Mass spectrum (ESI, z): Calcd. for C29H30N602,
495.2.2 (M+H), found 4%;.){1 25 90 WD 2007/ 124369

PCT/ US2007/ 066985 e

4- Qyano- ]H-|n1daz£1éTQLQ@qb

{2-cycl ohex-1-enyl-4-[]-(3

acetyl) pi peri di n-4yl Jphen
acid salt O

OH
The title compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid (2-
cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (as prepared in Example
14, step (b)), and hydroxy-acetaldehyde according to the procedure in Example 21.
'H-NMR (400 MHz, CD;0D): 5 8.18 (d, 1H), 8.02 (s, 1H), 7.22 (dd, 1H), 7.14 (d,
2H), 5.82 (m, 1H), 3.94 (m, 2H), 3.74 (m, 2H), 3.30 (m, 2H), 3.18 (t, 2H), 2.92 (m,
1H), 2.30 (m, 4H), 2.20-1.98 (m, 4H), 1.96-1.74 (m, 4H). Mass spectrum (ESI, m/z):
Calcd. for Cy4H29Ns0;, 420.2 (M+H), found 420.2.

Example 27
4-Cyano-1H-imidazole-2-carboxylic acid {4-[1-(2-cyano-ethyl)-piperidin-4-yl]-2-
cyclohex-1-enyl-phenyl}-amide trifluoroacetic acid salt
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NNH NC\ NHCF3CO2H H N ONJ5 The title conpound
was prepared from 4-cyano- 1H i m dazol e- 2-car boxylic
W@ei0d/ 124369 PCT/US2007/066985

cycl ohex- I - enyl - 4- pi peri di n-4-yl - phenyl ) -am de TFA
salt (as prepared in Exanple 14, step (b)), according
to the procedure in Exanple 29 using
pyridin-3-yl-acetic acid. Oi HNWR (400 MHz, CD3QD): 6
8.80 (m 2H), 8. 54 d, 1H), 8.06 (t,
1H, 7.98 (s, | 7.08 (d, I H),
5.78 (m | H), 4. 68 (n1 4720(m | H), 10 4.18
(s, 2H), 3.36 (m 1H), 2.8/ ZFD 2.28 (m 4H),
2.06-1.70 (m 7H), 1.62 (m Y1H). Mss spectrum (ESI,
mz): Calcd. for C29H30N602,4495.2 (M+H), found 495. 2.
Exanpl e 31 4-Cyano-] H i m dazolle-2-carboxylic acid
{2-cycl ohex-I-enyl-4-[]-(2 “py L$a§f4 |- 15
acetyl ) pi peridi n-4yl Jphenyl } } ani Qi £1 uor oaceti c
acid salt O NNH NC\ NH C2H H NN O The
title conpound was prepared frgNn
4-cyano- 1H i m dazol e- 2- carboxyllc acid
Aé];?élf R shargeyith d-cyrpnsHfdmyidazolet2 wa{h)c aﬁhﬂi (@ecygiopex-1-
en?rﬁhtqée?ﬁhrpﬁ%gﬁﬁ%lj 5}E Xﬁ%a%fﬁ%l ?aét &4 ’m% eI thitbly (a8FCeRLLY P

proc re’in npl e
E%?ﬁﬂﬂﬂﬁﬂ&me»aNEQKQ4@¢Jdl62@nothNH@@&ﬂ@(NTﬁL C8a)ol), 0.1

8.78 (d, 2H), 8.12 dd,
M@ 1200 /(b 569 v by o6 ogsed Tor i 4 $066. 10¢ |
re{%ﬁon?ﬂeﬁ;&f)ﬁ%nﬁte??%nd IO d&nﬂouﬁ& waf p&%ﬁ&?by Rb)HpPre %@ 18),
eluting with 30-50 % CH3CN in 0.1 % TFA/H,O over 12 min to give 83 mg (95 %) of
a white solid. 'H-NMR (400 MHz, CD;OD): 5 8.18 (d, 1H), 8.06 (m, 1H), 7.22 (dd,
1H), 7.12 (d, 1H), 5.82 (m, 1H), 3.76 (m, 2H), 3.60 (m, 2H), 3.28 (t, 2H), 3.12 (t, 2H),
2.92 (m, 1H), 2.30 (m, 4H), 2.18-1.98 (m, 4H), 1.92-1.74 (m, 4H). Mass spectrum

(ESI, m/z): Caled. for C25sH23N60, 429.2 (M+H), found 429.2.

=N

Example 28
4-Cyano-1H-imidazole-2-carboxylic acid [4-(1-carbamoylmethyl-piperidin-4-yl)-2-
cyclohex-1-enyl-phenyl]-amide trifluoroacetic acid salt

N
NG \\W)J\NH
NH

N
Kfo
NH,

A flask was charged with 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-

CF3CO,H

enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (50 mg, 0.10 mmol) (as prepared in
Example 14, step (b)), NEt; (32 uL, 0.23 mmol), 2-bromoacetamide (16 mg, 0.12
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1H), 2.84 (m 2H), 2.24 (m 4H), 2.00-1.70 (m 7H),
1.64 (m 1H). Mass spectrum (ESI, mz): Calcd. for
wE2HH3OMED?2, 495.2 (MtH), found 495. 2. 5 ExanpP@I/B2007/066985
4- Cyano- 1H-i mi dazol e- 2-car boxylic acid
(2-cycl ohex-I-enyl -4-{1-[2-(1-nethyl-]H im dazol -
yl)-acetyl) piperidin-4 yl}phenyl)-am de
mnol )f anubd.6 adedf DCM kel gatad fr 4 NaNEp “MNCThe MactRH3CPH H

coROY e AR TR Gt bR F BV RLr P b ICB. cluting with
3EIEHPORXN R DY %%H@m%zlo%mz‘lmyﬂ rop%ie@ad Ieds 99 oFEAvhitc

ﬁ pr epar ed le 14 (b)), according
sothd Hé\IMBo(é@@MIéz .wsg)a@@lz}z@ (]pg.sng{) 9.78 (s, 1H), 9.50 (brs

1-met h 400
frs e Fob T 485 18 (4 00 B75E. il wagiigh® 9180 m,
5.7 (m7u4)23(9a (s, Izﬂg) 3. 55’(134621@@ 12|(nrH)2H)72 Qﬁ(rhlej (2+3)0 (%48@

1 §8 6, @Q 1§g)(m 281\@,@ sppp;)mmiEég nW): Fcbzp,)d fop czgig(gwpoz, 4332
04470 15 7 1.64 1 Va t
(]\?EQ f&lr??‘?% 2Cal cd. (;nor |(_3|)28|—|31N70(2m 49g|)2 (;ﬁﬁe};ow?
498. 2. Exanple 33 4-Cyano-]H i m dazol e-2-carboxylic
acid {2-cycl ohex-1-enyl-4-[]-(2-1Himdazol -4- 20
yl -acetyl ) pi peri di n- 4yl 2amide trifluoroacetic

%‘)@ﬂ%&ﬁ&ﬂ%&&%@—g—%gﬁo}%s&?d L MFRRO T LAS GG 2 RNy

acetyl)-piperidin-4-yl]-phenyl}-amide trifluoroacetic acid salt

NC\</\})J\NH ‘
»

O N
A flask was charged with 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-
enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (25 mg, 0.05 mmol) (as prepared in
Example 14, step (b)), pyridin-2-yl-acetic acid hydrochloride (10 mg, 0.06 mmol),
EDCI (12 mg, 0.06 mmol), HOBt (8.0 mg, 0.06 mmol), DIEA (36 uL, 0.20 mmol)
and 0.2 mL DMF and stirred at 25 °C for 10 h. The reaction was diluted with 2 mL of
H,O and the title compound was purified by RP-HPLC (C18), eluting with 30-50 %
CH:CN in 0.1 % TFA/H,0 over 9 min to give 22 mg (70 %) of a white solid. 'H-
NMR (400 MHz, CD;0D): § 8.82 (d, 1H), 8.52 (t, 1H), 8.14 (d, 1H), 8.04 (s, 1H),
7.96 (m, 3H), 7.20 (dd, 1H), 7.10 (d, 1H), 5.82 (m, 1H), 4.68 (m, 1H), 4.32 (m, 2H),
4.18 (m, 1H), 3.40 (m, 1H), 2.88 (m, 2H), 2.30 (m, 4H), 2.06-1.60 (m, 8H). Mass
spectrum (ESI, m/z): Calcd. for C,0H30NgO,, 495.2.2 (M+H), found 495.2.
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NH The title conmpound was prepared from
4- cyano- 1H i m dazol e- 2- carboxylic acid (2-

W@ yoobsge | - enyl - 4- pi peri di n-4-yl - phenyl ) - am deCTIB$2007/066985
salt (as prepared in Exanple 14, step (b)), according
to the procedure in Exanple 29 using (1-nethyl-1H5
i m dazol -4-yl)-acetic acid. "H NWVR (400 MHz, CD3OD): 6
8.88 (s, 1FD 8.12 (d, bmyeB 02 (s, 1 H, 7.44 (s,

5 Sl Pmtgeorea stiowiicntyd Pyetsihews Covg 4 G-

1H), 2.84 /H) ,
I A S (R S
C27H29N702, 484.2 (M+H), Ofound 484.2. 10 Exanple 34
4- Cyano- ]H—|n1dazole B Rexy L aC|d
{2- cycl ohex- | - eny¥C Q] 2
pi peri di n-4yl J phenyl
salt (CF3C2H)2 H N XN
4- Cyano-| -(2-trimethyl sil anyl
| e-2-carboxylic acid
{2-cycl ohex-1-enyl -4-[]-(|]2- mpr phol i n-4yl - et hyl)
pi peridin-4 yl]phenyl}- amde 2007/ 124369
PCT/ US2007/ 066985 N i f SLA\N/EiEECN NJ N NC

@)

Oj 15 a)
-ethoxgnethyl)-lkkinidazo
CF3CO,H

The title compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid (2-
cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (as prepared in Example
14, step (b)), according to the procedure in Example 29 using pyridin-3-yl-acetic acid.
'H-NMR (400 MHz, CD;0D): 5 8.80 (m, 2H), 8.54 (d, 1H), 8.10 (d, 1H), 8.06 (t, 1H),
7.98 (s, 1H), 7.18 (dd, 1H), 7.08 (d, 1H), 5.78 (m, 1H), 4.68 (m, 1H), 4.20 (m, 1H),
4.18 (s, 2H), 3.36 (m, 1H), 2.84 (m, 2H), 2.28 (m, 4H), 2.06-1.70 (m, 7H), 1.62 (m,
1H). Mass spectrum (ESI, m/z): Calcd. for C,0H30NgO,, 495.2 (M+H), found 495.2.

Example 31
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-pyridin-4-yl-
acetyl)-piperidin-4-yl]-phenyl}-amide trifluoroacetic acid salt

The title compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid (2-
cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (as prepared in Example
14, step (b)), according to the procedure in Example 29 using pyridin-4-yl-acetic acid.
'H-NMR (400 MHz, CD;0D): 5 8.78 (d, 2H), 8.12 (d, 1H), 8.00 (m, 3H), 7.18 (dd,
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,-) A flask was charged with
4-cyano-1- (2-trimethyl sil anyl - et hoxynet hyl ) - 1H
WO pdodazasbe- 2- car boxyl i ¢ aci d PCT/US2007/066985
(2-cycl ohex- I -enyl - 4-pi peri di n-4-yl -phenyl )-am de TFA
salt (830 ng, 1.34 mol) (as prepared in Exanple 39,
step (a)), K2C03 (600 ng, 4.34 5 mmol ), sodium i odi de
1H}0.084d, TIR3.801Di, | )46 hity 6221(%H2H); 4rb8 ohol iHé.34 (m,

R R e S b ot e gy Ryt PRfmg . aespectrum

ERNG/Z8 8% ¢ L RoMBSHIN 0L eds Wi @nd(4pe omL) and washed
T s s %o%%_), br(F\JEgE}(SO My - and
concentrated. The title conpound was purified by

fl ash chomat ography (silica ge 5 % MeOH DCM to give
650 ng (78 %9 10 of a w@#@gﬂg%kid Mass spectrum (ESI,

1t Qaligdiazbier2-&3A6HANG0H BAS:-fek I-[2-F P1Rghyl-1H-
61€?mj ; 4?éyano- Fﬁ?ﬂldazé?gy% carbgiw%fg écrd g

{ 2indgegobHex)- qaeéfr&&rpmrlfhln -2 -phemshemias- tnﬂwmét?ﬁgﬂ acid salt
pi peridin-4 yl]phenyl}-amgle trifluoroacetic acid salt
15 To a solution of N

4-cyano- 1- (2-tri mg§ sté%WH—e xymet hyl ) - 1H i m dazo
| e-2- carboxylic acid
{2-cycl ohex-1| -enyl - 4- [1-(
i di n-4-yl]- phenyl}-am de
prepared in the previous stegp) in 10 nL of DCM was
added 0.3 nL of EtOH and 30 @ECPEFA, and the
reaction was all owed 20 to_proceed for 2 h at 25 C

The reaction was diluted w th 185 _of EtOH and
concentrated. The title c s purified by
RP-HPLC (C18), eluting with 30- 50 % CH3CN in 0.1 %

ThcHAlHhpewvwed was mdpated fepiny @-cBiib- itrg 1ﬁﬁ<ﬁhz%e Z}Earho}dyﬁictatald (2-
solid. iHN

04
cy(cg)h671-|l|)eny1742)g|pe(rldla1 4-y,l_f})helwl)lgm(d)@ TFAﬂ;zblt (agp@@ar@ﬁ]m Epﬁmple

143 st%ﬂ i[ﬂ?’l acg&lg g%g ?% nétﬁ%ﬁw m ]i?ka 594 v_ﬁﬁ& %l 1%8?[13'1 %H]'l?udazol-

4- 4]9I)a,cet1c 0d. 1" mem(wmyLHz;vamoaoe&s Bmfs (HSI8.10 ad, 2)T), 8.00 (s,

G i 08y 136456 e 0ih o SERs, 1o (R F1 76

0 1 SR AP S A8 .25, ) 20010

(Upl7 rl.64 fmally). Mh@rspbqtnanm{mzl k) HC @i ~fox fbsH31N7O, 498 2
(M-+H), found 498.2.

phol i n-4-yl - et hyl) - pi per
ng, 1.05 mmol) (as

Example 33
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-1H-imidazol-4-
vil-acetyl)-piperidin-4-yl]-phenyl}-amide trifluoroacetic acid salt
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15

gHN O OGSO 5 a) Trifluoronethanesul fonic acid
3, 6-di hydro-2H-t hi opyran-4yl ester FF OSOF S O
woaohu3son of tetrahydro-thi opyran-4-one (1. 0BCYUSBINBGA66985
nmmol) in 10 M of THE was added to a solution of LDA
(2.0 M 4.52 M, 9.04 nmol) in 20 M of THE at - 78 C
under. Ar. The m xture was warnmed to RT and stirred
for 0.5 h, then cooled to® 78 C 10 again. A solution
of N-phenyl trifluoroneth | fomim de (3.42 g, 9.47
mml) in 10 nl ofN he resul ting
m xture was warned to S ed for 0.5 h under
Ar. Treated with 200 m of DAc, the m xture was
washed with H20 (3 x 50 nLC brine (50 nL) and dried
(Na2SO4). Renoval of the solventcripdgy reduced
pressure followed by flash chfomatography of the
residue on silica gel (hexape-3y% 15 Et OAc/ hexane)
gave 810 ng (38 % of the title_compound as a
colorless oil. "H NWR ( 133 MHz): 6 6.01 (m
1 3.30 (m 2H), 2.86 d 2H J = 5.7, 5. Hz), .
iy g cz%r@@u%ﬁqwaé Qe.pamgfgofé 8@9@% W(lngom-y%rge%}ﬂwmd (2-
C - - -
N o e N B S Phy s Do @R ampe
14a step X Wragcatling-tnithe ppbestuyd indexanipde 2¢ hsing 41-8natly1-127-50

: I i fl.uor.g-, ' id
e L ER

' il 5. _ 3
PR R PR T L S 470
118520 0 7).06@068, 2Fond 8p (e iki28t) (0. 21D, 230 (B, $Hhag0y1.70

' 0 f -di 0 d~2;. mg
(“lég’ ut }%(@31%)341\4%5 %@Q@%@%hgéf g‘s%{lr ? %rlﬂdhgﬁ i e
(veag), $bunidr4sd 2at 80 C for 2 h and then cooled to RT.

Treated with 200 mL of Et OAc, the m xture was washed

-
c

Example 34
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[I-(2-morpholin-4-yl-
ethyl)-piperidin-4-yl]-phenyl}-amide di-trifluoroacetic acid salt

H
(CF3CO,H), N. _O
HN™ N

o)

a) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)- 1 H-imidazole-2-carboxylic acid
{2-cvclohex-1-enyl-4-[1-(2-morpholin-4-yl-ethyl)-piperidin-4-yl]-phenyl}-

amide
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with H20 (2 x 30 nL), brine (30 nL) and dried
(Na2SO™4). Renoval of the solvent 5 under reduced

w@e@sse3es f ol | oned by flash chromat ography of BEEUS2007/066985

residue on silica gel (1-3 % Et QAc/ hexane) gave 470

ng (85 % of the title conpound as a |ight brown oil

"H NVR (CDC13; 400 N+E) 6 8.19 (d, 2H, J = 9.1 Hz),

7.48 (d, 2H, 9.1 6 36 (m 1H), 3.39 (m 2H),

2.91 (t, 2H, 5.7 2 (m 2H). Mass spectrum

(ESI, mz): Caltd.nfo Qrfj ﬁDZS 222.1 (M+H), found
++t i op

222.3. 10 c) 4-44-
phenyl) 3, 6 d yran 1, 1-di oxide NO 2
‘ hIoroperoxyben20|c acid (1.04
g, 4.62 nnDI L 15 mL of dichl oromet hane ( DCM
“added>~sT owl y a sol ution of
oé;ﬂ4-nitro-phenyl 3,6 15 di hydro-2Hthi opyran (as
prepared in the previous step, 465 ng, 2.10 nmol) in

A Thask whs dfar@(al\ﬁ«ﬁh 4 -cer&) TQMeﬂlyl‘éﬂanyThﬁld@mEﬂiyﬁ) MES
stirred at - or nd . then warned t

1mniaez3%ee%rcwbpwlmldn@ %@@@&c@nﬁ ﬁénmrséewevlwagn%%m@& TFA
sat(hS0 . 1.3 W5 Ruslrfortyekiin BxdmpRPdd R (R0 (B0 HlgD™.34

m{r2 S m icRﬁde@lmg;fO.l?rmnsﬂ))l ddpichlonotethyt)edopédline

eGPl o e T il ang 33 ol R B B e Smidiga

sn@l%a fo@ 8 Rfat g(h@ t Tltié &a&mé’srkﬁlu@&l \@nl‘{‘@t@ﬁc g‘ﬂj L) and‘bvN}@d
w([]@]NaEIQ03;(2 x X I@L}-li))“me GS(I)lszQ ﬁ];ld q_qrgcentglt@t; Thq tltkH)ornpound was

phfRd b i sk TR b o Mo DS 1S e 650 me (75

ofl\dl-ﬁhl@s%thMe%ﬁ sy¥RtraROBS1 245 QCd?QF F&20BNI66 8819 A (M+H),
m xture of 4-(4-nitro-phenyl)-3,6-dihydro- ZFLthlopyran

foynd 61f1-3xi de (as prepared in the previous step, 502
ng, 1.98 nmmol) and 10 % Pd/C (250 ng, 50 wt % in 15
m. of MeOH was stirred at RT under H2 (ball oon

b)pr essayve)o-1 BriméddaoleTheaBex Gataald/ St cyoltiex-1-enyl-4-[1-(2-

morpholin-4-yl-ethyl)-piperidin-4-yl]-phenyl}-amide trifluoroacetic acid salt

ro-

To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-enyl-4-[ 1-(2-morpholin-4-yl-ethyl)-piperidin-4-yl]-
phenyl}-amide (650 mg, 1.05 mmol) (as prepared in the previous step) in 10 mL of
DCM was added 0.3 mL of EtOH and 3.0 mL of TFA, and the reaction was allowed
to proceed for 2 h at 25 °C. The reaction was diluted with 10 mL of EtOH and
concentrated. The title compound was purified by RP-HPLC (C18), eluting with 30-
50 % CH3CN in 0.1 % TFA/H,0 over 9 min to give 600 mg (80 %) of a white solid.
'H-NMR (400 MHz, CD;0D): 5 8.18 (d, 1H), 8.04 (s, 1H), 7.24 (dd, 1H), 7.14 (d,
1H), 5.84 (m, 1H), 3.84 (m, 4H), 3.76 (m, 2H), 3.50 (m, 2H), 3.30-3.10 (m, 4H), 2.92
(m, 5H), 2.30 (m, 4H), 2.20-2.00 (m, 4H), 1.90-1.74 (m, 4H). Mass spectrum (ESI,
m/z): Caled. for CysH36N6O,, 489.2, found 489.2.

Example 35

94



10

15

20

renoved by filtration on Celite, and the filtrate was
concentrated to give 314 ng (70 5 %9 of the title
w@ooopozu3cd as a slightly yellow solid. 'H NVR (BICZUS2007/066985
400 MHz): 6 7.03 (d, 2H, J = 8.3 Hz), 6.67 (d, 2H, J
8.3 Hz), 3.51-3.79 (br s, 2H), 3.11-3.17 (m 4H),
270(dddd 1H, J = 12.3, 12.3, 2.9, 2.9 Hz),
24 a4 B-{miazdR) 2-carbbayiZ. @3d (31, 1-2¥xo- 10 3 @) tetrahydro-1)°-
2- Br ono- 4- (1 1- di oxo- hexahydr o- 126-t hi opyran-4 yl)
phenyl ani ne 7@pyigue? by iy ridk- Lylsihepdisiiéde of
4- (1, 1- di oxo- hexahydr o- 1 X6<t hi opyran-4-yl) - phenyl am ne
(as prepared in the pr s step, 174 ny, 0.77 nmol)
in 20 mL of 3:1 DCM MeOHX® 3_‘ HRk-was added
N- br onosucci ni m de (NBS) (13 ¢nnmol ) in 5 nbL
of DCM 15 under Ar. The vvalé warmed to RT and
stirred for 1 h unde eabed with 100 niL of
Et OAc, the m xture[was[ wvashed with H20 (2 x 20 nL),
brine (20 nL) an@=Sdried (Na2SO4). Renopval of the
sol vent under redQced pressure followed by flash
chromat ography of the residue on silica gel (2-3 %
Et OAc/ DCM gave 155 ng (66 9% of the title conpound
ajas arnfidremsmdlihdulfonit MR 3 CCDGLE0- ZBOhiNpizun-syl Ese8 (d,
20 1 H J =20 H), 6.97 (dd, | H J =28.3 2.0 Hz),
6.73 (d,) . FH J =8.3Hz), 4.07 (br s, 2H), 3.09-3.14
Wy-<2.66 (dddd, 1H, J = 12.1, 12.1, 3.3, 3.3 Hz),
§2.26-@.89 (m 2H), 2.12-2.21 (m 2H). Mass spectrum
SI, mz): Calcd. for Cl1H14Br NO2S, 304.0 (MtH),

AfSQI‘dﬁgn 8P trahy - thu)p ran-4- one (1.00 ghS .61 mmol) in 10 ml of THF was
| ohex- I-eny 4y di oxo-'hexahydr 0o- 126-t hi opyr an

adda@tq pérdwiydreoh IFQA (@9 M\G Do/ %Q@B@@lPG'QOUSQ@UPHEQGQSS C
10 t
weE gt oo R e ssesd FaOobly i Y89 g

agraiﬂ amaau&@é;f PrpapafleHlvoforhdRarRk @¥drEdeSB &R.g, 340 rﬂiﬁol) in 10
, cycl ohexen-1-yl boronic acid (70

mbofsﬁléF VY |a9idea1n ) hod i) MiX(ET wig Waomed oBR Fpil ytumd Brfs h
ol b TR AR A, a5 AR S 6

mL), brine (50 mL) and dried (Na,SO4). Removal of the solvent under reduced

pressure followed by flash chromatography of the residue on silica gel (hexane-3 %
EtOAc/hexane) gave 810 mg (38 %) of the title compound as a colorless oil. 'H-
NMR (CDCls; 400 MHz): § 6.01 (m, 1H), 3.30 (m, 2H), 2.86 (dd, 2H,J=5.7,5.7
Hz), 2.58-2.64 (m, 2H). Mass spectrum (ESI, m/z): Calcd. for CsH7F303S,, 249.0
(M+H), found 249.3.

b) 4-(4-Nitro-phenyl)-3,6-dihydro-2H-thiopyran
NO,

S

To a mixture of 4-nitrophenylboronic acid (418 mg, 2.50 mmol), trifluoro-
methanesulfonic acid 3,6-dihydro-2H-thiopyran-4-yl ester (as prepared in the
previous step, 931 mg, 3.75 mmol), Pd(PPhs)4 (433 mg, 0.375 mmol) and lithium
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stirred at 80'C for 8 h under Ar, and then cooled to
RT. Treated with 50 nL of EtQAc, the m xture was
wo®hazzes t h H2O (3 x 15 nL), brine (20 nL) anBCTHUE®A7/066985
(Na2SO4). Renopval of the solvent under reduced
pressure followed by flash chromatography of the
residue on silica gel (2-5 % Et OAc/ DCM) gave 130 ny
ch{@6le D1CH (2 hpes.@ ntnhad) oA fpolind 1asdiaxireoms sldbd 2.0 M aq

N@wm ig]g?%ﬁj F@,ngw&élf Tg'e gegs glg’r%ixégy ] aé] stirrqsq aAf:iBOiC for
2 %aﬂd J['F%D)l cog’lea fo K(Um Tlealf@d W1t§ 2(_9'(4'H{Lb(5f EtOP?eH)he r§1x9§e Fad &Ja)shed
wizh PI9O (2 }<sz2) n(m) bBik (3 (pmlL;B alm Qt&“;ed( (mazma) R.‘Bnﬂ)&allothe {atyent

iy egie R ciodroHReBEDY 88 Chr RiingTeb Poiie slup on sfisa e

(IQ’) % EtOAc/hexane) gave 470 mg (85 %) of the title compound as a light brown
Q/ no-1-(2-trinethyl silanyl -ethoxynethyl)-JH I'm dazo

oil. e}ENWI()@ESEIlgl, éO@MHiz) $8.19 (d, 2H, J=9.1 Hz), 7.48 (d, 2H, J = 9.1 Hz),

o iy 1 A S e i N RIEE! Fiiy WnssgroBi

(E%@ J&P aCQ'PcZ{tféf@u‘PfuNOZS 222.1 (M), found 222.3,
2-cycl ohex-1-enyl -4-(1, 1- 1- di oxo- hexahydro 1X6-t hi opyran

-4-yl) phenyl am ne (as prepared in the previous step,
c) ég/%%%% 3 6- d%z()tdlgosihu tgl ofryyra%s zox%w 124369
-4 2ms\t hyl si | anyl - et hoxynet hyl ) - 1Hi m dazol e
| ate (as prepared in Exanple 3, step (d),
744 mol ) and
tr] (pyrrolidino)phosphoni um hexaf| uor ophosphat e
BroP) (205 ng, 0.44 mmol) in 5 nL of DVF was added
| EA (209 L, 1.20 mmol). The resulting m xture was
A solutioe df 2vchldforfeorxyb8ndoiuavdd(1.® &rd.6ZTmolobd/ 7% ) RT1S mL of
Treated wt nL of FEt QA e nmxture wa shed
digpIp st (BCRD ey ftoeo HoR aldg 4 rad oy 113.6-
dlﬁ%ﬁgwﬁmoﬁ%@(‘é@ bre%greﬂl'h@ tRPrEBEs 4851265 n{ge d l’l@qgmol) in 15

pressure followed by flash chromatography
mE@$iDAiM abn 78i C |uudter9*‘ei 1(112 -IBIXOre @mmmmv;r ’@a@éonegﬁ hgnd

thé ﬁ@?f to 1{”P eT}eatteld%vﬁlobeomﬂ of %%Ogc tﬁle (r)rlrl>|(t%1§eswe(1)s \!vashed with 10

% Na,S0; (2 x 15 mL), satd aq NaHCOs3 solution (20 mL), H,O (20 mL), brine (20

mL) and dried (Na;SO4). Removal of the solvent under reduced pressure followed by
flash chromatography of the residue on silica gel (2-5 % EtOAc/DCM) gave 518 mg
(97 %) of the title compound as a white solid. 'H-NMR (CDCls; 400 MHz): § 8.23
(d, 2H,J=9.0 Hz), 7.52 (d, 2H, ] = 9.0 Hz), 6.04 (m, 1H), 3.86 (m, 2H), 3.26-3.31
(m, 2H), 3.18-3.23 (m, 2H).

d) 4-(1,1-Dioxo-hexahydro-12°-thiopyran-4-yl)-phenylamine
NH,
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(CDC13; 400 MHz): 6 9.69 (s, 1H), 8.29 (d, 1H J = 8.4
Hz), 7.78 (s, 1H), 7.14 (dd, 10 | H J = 8.4, 2.2 Hz),
wQ2@/1843691 H J = 2.2 Hz), 5.95 (s, 2H), 5. 83rP¢MUS1007/066985
H, 3.66 (t, 2H J = 8.2 Hz), 3.11-3.20 (m 4H), 2.77
(dddd, 1H, J = 12.1, 12.1, 3.2, 3.2 Hz), 2.35-2.47
(m 2H), 2.17-2.33 (m 6H), 1.74-1.89 (m 4H), 0.97
A (iixtudbf 4-(4nBroZphdnyl)-300-0ly (o2 FHthiopyrvad d -dipeidt Kasmrepared in

tof B85S0 E ) 9% Feyalhr (4 e 51T ALMb e £ of
Mﬁ@%ﬁ@ﬁﬁﬁéﬁh@ﬁ@ﬁm@le@ﬂy taftobrl r%s%.gér?)flgr 2 h. The Pd cataklls‘%N%

exahydr o- 126-t hi opyran-4 vyl ] -am de HN
remoyyl bydfitragog on O'cfite, an@thed%itr@m vk concentrated to give 314 mg (70

s o aPNRU AR IS A LR s ORI RERY DA ARA?
5193 @a/,lcifg h%&k .67 ¢d 2H13 digoxazexaby a9 por kXBHS, hiapyna

n-4-yl) phenyl]-ami de (as prepared in the previous
(ns D), 2. 1@ 6dddd, 110, 2612.4nb1.3, 3.9 269 hiiz),3F3 1IBENB was2Apdeld-2.23 (m,
) .20 mL of EtOH followed by 2 nL of TFA. The resulting

olution was stirred at RT for 3 h. Renoval of the
sol vent under reduced pressure followed by flash
chromat ography of the residue on silica gel (20-25 %
10 eEt OALPDEM-Y¢(AVedi8®-hexahidy0- BY -thibpyiae-+4vi-phenympoend as

a white golid. 'H NWR (CDC13; 400 MHz): 6 12.34 25 (s,

| H, og\%l H, 8.35(d, | H J =8.4 Hz), 7.75
(s, | : (dd, | H, J =8.4, 2.2 Hz), 7.08 (d, |
H, Hz), 5.86 (m | H), 3.11-3.23 (m 4H), 2.80
(¢ H J = 12.2, 12.2, 2.8, 2.8 Hz), 2.40-2.57
Of H, 2.17-2.35 (m 6H), 1.74-1.91 (m 4H). Mass
@pectrum (ESI, mz): Calcd. for C22H24N403S, 425.2

T M+%W%bé]ég-g?dxgagﬁﬁvt\gléi%%gZé-ghgép%gagnA-yl)-phenylarnine (as
s o n g S, o) oo
‘Cywgs-adlded PebriomiopucgingimidsHBA) 1 Bhting 0.7 hnhal binoamétafdPCM

15  un %1Ir gr.sﬂlet rng(ture was warmed to RT and stirred for 1 h under Ar. Treated with
100 mL of EtOAc, the mixture was washed with H,O (2 x 20 mL), brine (20 mL) and
dried (Na,SO4). Removal of the solvent under reduced pressure followed by flash
chromatography of the residue on silica gel (2-3 % EtOAc/DCM) gave 155 mg (66
%) of the title compound as a white solid. 'H-NMR (CDCls; 400 MHz): & 7.28 (d,

20 1H,J=2.0Hz), 6.97 (dd, 1H,J=8.3,2.0 Hz), 6.73 (d, 1H, J =8.3 Hz), 4.07 (br s,
2H), 3.09-3.14 (m, 4H), 2.66 (dddd, 1H, J=12.1, 12.1, 3.3, 3.3 Hz), 2.26-2.39 (m,
2H), 2.12-2.21 (m, 2H). Mass spectrum (ESI, m/z): Calcd. for C,;H4BrNO,S, 304.0
(M+H), found 304.1.

25 f) 2-Cyclohex-1-enyl-4-(1,1-dioxo-hexahydro-1°-thiopyran-4-yl)-phenylamine
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O SHN HNCN ~~\NO 5 TFA HN a)
2-(3,6-D hydro-2H-t hi opyran-4yl)-5,5-dinethyl-[], 3, 2Jd
w0 o00abasnane O ~ BOO S A mixture of PCT/US2007/066985
trifluoronmethanesul fonic acid
3, 6-di hydro-2Hthi opyran-4-yl ester 10 (as prepared
in Exanple 35, step (a), 500 ng, 2.01 mmol),
bi s(neopentyl gl ycol at o) di boron (478 ngy, 2.11 muol),
i 2 (147 ng, 0.20 nmmol) and KOAc (592 nm,
6. 03 nmo in 8 nmL of 1,4-dioxane was stirred at 80'C
for 8 h 4pda&H,Ar, and then cooled to RT. Treated with
50 nmL QAc, the m xture was washed with H20 (2 x
hil ine (10 nL) and dried (Na2SO4). Renoval of
olLhe Jol vent under 15 reduced pressure fol | owed by
@ ash chromat ography of the residue on silica gel (0-5
% Et OQAc/DCM) gave 351 ng (82 % of the title conpound
T@s naxtoed e d-eemosd{(1,1- dkbﬁ&%xal(g@iﬁlf-ﬂﬂ@@rhﬂﬂ)yl) ﬁheﬁyﬁﬂnne
(m 1H), 3.63 (s, 4H 68 (t,
(asmparlqé jn the. PW“?% Ste,m)l 50 Ulg9@ 4'% m CYR}QE%X%‘p]eElt bqyﬂmc acid

(7§ @ ?élfgé)%?&ghf ggg%ﬁlﬁ)é 8370\'5%7 @.83% mnfobiink Mol 4-&i8K0d

5 whs mgh&awmmdgmgwlmbﬁem@ 0 mithddythhobi ﬂég ir%ki;l}’tﬂrgldr néfxgure was
stipeg ol %%%r%@%%%em %QMGW ed&@%glp %(l\fé)?tﬁg mlféljfs)r £or
EtbAd ﬂ?e%&ﬂbg’\x}%ﬁ QERRRNGRY HLORS RaISHHE 18rifs BV BEX¥Nd Gried

acid tert
(Na;S0O4). Removal of the solvent under reduced pressure followed by flash

chromatography of the residue on silica gel (2-5 % EtOAc/DCM) gave 130 mg (86

10 %) of the title compound as a brown solid. "H-NMR (CDCls; 400 MHz): & 6.89 (dd,
1H, J=8.4,2.3 Hz), 6.84 (d, 1H, J=2.3 Hz), 6.65 (d, 1H, J = 8.4 Hz), 5.74 (m, 1H),
3.74 (br s, 2H), 3.08-3.17 (m, 4H), 2.66 (dddd, 1H, J=12.1, 12.1, 3.1, 3.1 Hz), 2.29-
2.42 (m, 2H), 2.13-2.25 (m, 6H), 1.73-1.81 (m, 2H), 1.65-1.73 (m, 2H). Mass
spectrum (ESI, m/z): Calcd. for C;7H,3NO,S, 306.1 (M+H), found 306.1.

15
g 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid
[2-cyclohex-1-enyl-4-(1, 1-dioxo-hexahydro-12’-thiopyran-4-yl)-phenyl] -
amide

N/
-Si

!
O ¢

y N:\>~CN
o

0=s5

/

20  To amixture of 2-cyclohex-1-enyl-4-(1,1-dioxo-hexahydro-1)°-thiopyran-4-yl)-

phenylamine (as prepared in the previous step, 122 mg, 0.50 mmol), potassium 4-
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ester (as prepared in Exanple 13, step (c), 200 ng,
0.563 mmol ), 2-(3, 6-di hydro-2H
W kioopga3en- 4-yl ) -5, 5-di net hyl -[ 1, 3, 2] di oxabor i PEIESZ08%066985
prepared in the previous step, 5 131 ng, 0.619 mmol)
and Pd(PPh3)4 (65 ng, 0.056 mmol) in 5 nL of
1, 4-di oxane was added 2.0 M ag Na2CQO3 sol ution (2.25
cyaho-1428rimediy)silailylecthagudcthiyh)y | Hiint dazele-2negbatyilate b pabpared

. 80'C 7 Ar, dth | to RT. ted
infefinke ieng T8 e 04 RmeD A PR s R s
he&gﬂﬁ&)réﬁdg?ﬁ%t% ey BI6P| 205 Wy, Oﬂﬂqn%()iﬁﬁi 5 NS 250 Wa? addv?éid

Renova e ‘'sol vent under reduced pressure follo
DIBA 208911, 1X2 0chmobatldhg reguittyngohixiture wae siigtedatdil’ firl li8deaunder

A Zopbd BRpod re e SOt peE DGy e roifugsgt bl Wi 0
3 H'\demgﬁ 2&%1% l{é 9 ﬁﬂg ,a%% dited é\iaiaéa)ﬁ 'R:%‘é(?vgl'gl_i)lz she §%1§é11t(u?lﬁ]exll
retced 4r@gurt ollsyedh) flash cinihogsphy2H)the B:s2e 8n3ilichmpel (1-3 %

Et%)}&ﬂ_)él\/géa%gg & }3’%, (7% %?)g)gfk(tlge, tit%_gorgpl@zczyhi 2_52 8 Z%l,@s 0211|._|) "H-NMR
(Pear TR I ReRebo8 AT I TR MTa

113,75 84, 20 Hz), 7.04 (d, 1H, J = 2.2 Hz), 5.95 (s, 2H), 5.83 (m, 1H), 3.66 (t, 2H, J

S AR AR U P AR ekt S EE X
9- 11 - [ [ e
ol o aar GHOERT A0, MpEoH g 2 RPN B0 GO
MasBpectruxh (08, Wix)2 GBTgdl fot 369H RETO ISR 055/ D06 9185 fodral £55.3.

m xture of
4-[ 4-am no- 3- (3, 6-di hydro-2H-t hi opyran-4-yl)-phenyl]-p
wi per ydnyagol 1H-GRubNYLIGrREVE: 4@ g2—@}:ttl&%exeﬁ&;@ﬂ—4((ql,sl—dioxo—
prepared in the previous step, 45 ng, 0.12 mol),
pot asgihydo-1 A’-thiopyran-4-yl)-phenyl]-amide
4-cyano-1-(2-trimethyl silanyl -et hoxynet hyl)-1H i m dazo
g Xyl ate (as prepared in Exanple 3, step (d),
44 ny, Y44 nﬂﬁl and PyBroP (67 ng, 0.144 5 nmol) in
/g}mgNDl EA (42 L, 0.24 mmol). The
r was stirred at RT for 4 h under Ar.
h 380 nL of EtOAc, the m xture was washed
W't h 3 x 10 nL), brine (10 nL) and dried
Rermoval of the

To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid [2-cyclohex-1-enyl-4-(1,1-dioxo-hexahydro-1A°-thiopyran-4-yl)-
phenyl]-amide (as prepared in the previous step, 145 mg, 0.261 mmol) in 6 mL of
DCM was added 0.20 mL of EtOH followed by 2 mL of TFA. The resulting solution
was stirred at RT for 3 h. Removal of the solvent under reduced pressure followed by
flash chromatography of the residue on silica gel (20-25 % EtOAc/DCM) gave 83 mg
(90 %) of the title compound as a white solid. "H-NMR (CDCls; 400 MHz): & 12.34
(s, 1H), 9.60 (s, 1H), 8.35 (d, 1H, J = 8.4 Hz), 7.75 (s, 1H), 7.30 (dd, 1H, J =8.4,2.2
Hz), 7.08 (d, 1H, J=2.2 Hz), 5.86 (m, 1H), 3.11-3.23 (m, 4H), 2.80 (dddd, 1H, J =
12.2,12.2,2.8, 2.8 Hz), 2.40-2.57 (m, 2H), 2.17-2.35 (m, 6H), 1.74-1.91 (m, 4H).
Mass spectrum (ESI, m/z): Caled. for C,,H,4N405S, 425.2 (M+H), found 425.6.
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sol vent under reduced pressure followed by flash
chromat ography of the residue on silica gel (1-2 %
wEe@natBeM) gave 64 ng (85 % of the title conpons20a%066985
a light 10 yellow oil. "H NWVR (CDC13; 400 MHz): 6 9.51
(s, 1H, 8.21 (d, 1H, J =8.5 Hz), 7.78 (s, | H,
7.16 (dd, I H J =8.5, 2.1 Hz), 7.02 (d, I H J =21
Hz), 6.00 (m | H), 5.92 (s, ZFD 4.25 (br s, 2H)
3 66 (t, 2H J = 8.2), 42 gnh 2.93 (dd, 2H, J =
5.7 Hz), 2.79 (m 3 dddd 1H, J = 12. 3,

13 Cg/ang’ ] nﬁdgkobéz)—ca%o?)gl' czac?_g’[i ?) 1- %’}79(0 1, 13 %%9&@% 130

2 H, tdiopy@in24-Yi¥;pip&idinRyl{igendHumidb) trzﬂuoroacetzc acid salt
4-[4-{[ 4- Cyano-]-(2- trrnethxﬁsrlanyl et hoxynet hyl ) - JH
I m dazol e- 2- %g
car bonyl ] -am no}-3-(1, 1-dioxXg-1, 2, 3, 6-t et rahydro-126-t
hi opyran-4 yl)- phenyl J pigedi di ne-1-carboxylic acid
tent-butyl ester 20 -Si r)[ 0 BOHWX13 CN O Boc' N A
sol ution of 3-chl oroperox fd Q 1 ng, 0.404
mmol, 77 % in 1 nmL of
4-[4-{[ 4-cyano-|-(2-
I m dazol e- 2- carfpanyy 1 no} - 3- (3, 6-di hydr o- 2H-t hi opyr
an-4-yl)-phenyl]-pi peridine 25 1-carboxylic acid
tert-butyl ester (as prepared in the previous st ep,
120 , 0.192 mmol) in mL of DCM at - 78 'C under

Q)Ar . FheO-vRiRdie-€ Hndoryrin- r‘e/év ab-dim@ha-fl oy 2] dicoabangypane
2007/ 124369 PCT/ US2007/ 066985 15 min, and then war ned
to Rd: ated with 40 nL of Et OAc, the m xture was
washgd with 15 % Na2SG3 (5 nl), satd aq NaHCC3

tion (2 x 10 n.), H2O (10 nL), brine (10 n.) and

sdried (Na2SO4). Renoval of the solvent under reduced
pressure followed by flash chronat ography of the

A mgsfuduef toiflusidmatteangsilfohR- 4o Q/éliilﬁtc@dFBEl«)pygdilv@yBEsterg

o e bt AT o BRI 11
gliﬁo:fatgéd%dfgﬂ (476 r§§| A Bl m&idl)opa(dégf)égcta 49 nﬂé; 9 20 mrﬁo@ and K@Ac
(592 ng, 6.032 mel) }1—12§ mL of 1,4-dioxane was stirred at 80 C or & h under Ar

and then cooled to RT. Treated with 50 mL of EtOAc, the mixture was washed with
H,0 (2 x 10 mL), brine (10 mL) and dried (Na,SO4). Removal of the solvent under

reduced pressure followed by flash chromatography of the residue on silica gel (0-5 %
EtOAc/DCM) gave 351 mg (82 %) of the title compound as a colorless oil. 'H-NMR
(CDCl3; 400 MHz): § 6.62 (m, 1H), 3.63 (s, 4H), 3.21 (m, 2H), 2.68 (t,2H,J = 5.8
Hz), 2.37 (m, 2H), 0.96 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for C;0H7BO;S,
213.1 (M+H), found 213.1.

b) 4-[4-Amino-3-(3,6-dihvdro-2H-thiopyran-4-yl)-phenyl]-piperidine-1-

carboxylic acid tert-butyl ester
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WORN7124339- 2. 86 (m 2H), 2.64 (dddd, 1H, J

4.25 (br s, 2H), 3.86 (br s, 2H), 3.66 (t, 2H J = 8.2
= 5.4
16CBY

Hz), 3.29 (t, 2H J = 6.3 Hz), 3.03 (t, 2H J
= 7/066985

wn

20

=

12.3, 3.3, 3.3 Hz), 10 1.82 (d, 2H, J = 12.3 Hz),
1.55-1.65 (m 2H), 1.49 (s, 9H), 0.98 (t, 2H, J = 8.2
Hz), 0.01 (s, 9H). Mass spectrum (ESI, mz): Calcd.
for C32HASNS(6SSi, 656.3 (MrH), found 656.7. e)
i m dazol e- 2-carboxylic acid
6x0-1, 2, 3, 6-tetrahydro- 15
126-t hi opyr angy4, yl)-4 piperidin-4 yl phenylJ-am de,
8tic acid salt 0 SO HHNCN N N O TFA
S tion of
4-[14-{] 4-cyano-|-(2-trimethyl sil anyl - et hoxynet hyl ) -1H
Bl daZol e- 2- car bonyl]-am no} -3-(I,

-di oxo-1,2,3,6-tetrahydro-1 X 6 o
Ta ¢ gL efrft-@-gmipophbieorphrny Bimegridion bcprbexylisoaeid feet-butyl

: but . .
SRS Do PR3 P, o Te PRBRALCE S8 il B B dro-21r-
thﬁxp?ﬁtlnm_-yk)fS,Efiﬁtﬂ;tlﬁ}dl[ﬂ ﬁv&Hdito_bglb(Qinﬁhi (€13 R_Igréblél‘&d Sif[ E& péevious Ttep,

r t1ng soluti.qn s stirred a r . va
1 it dWl@Htanér?aié?mﬁlsMe(é@H@dg&Péé@m‘i ?rg%mil &4l n?%@e

0 t i t J 1 | I ! .
Wb D MO TR RS RIS TEmSN, Tl ropfitRFrixgre
wikirred 480 (@fhr 71Hnder Argnd tha@bcc@ldd tiRT. Tre@td fdth 30 thi. of
£y, T Tty s isiet with b 015 8L 68Hne L) s

3; = ,

CFEG, Bl Sl ulder ool pfifim RURBLAIDy ) |
chdipatdgrapip oBtheizdsidut. dalsil{amgeRd,5-30 HOBRXOAND/IRBOTY) 2438 691 mg

ST e B T B o
- 6 ¥ -
(deMHr) 5 = found 'ff%’a ?.%}) &d?iﬁ‘ﬁ J&‘zéi:[zgﬁq@?mﬁl 82 Hz), 5.91 (m,

H 1 mdazof e- yl'ié acid -acet i peridin-4
1), #:22(brls, DHYj D@ br, 2H),3,29-3.31 (m, 2H), 2.87 (dd, 2H, J = 5.7, 5.7 Hz),

297 LML 226 HRYRAR-AY! - PREMA )T &1 95 (&) o). 15s
(s, 9H). Mass spectrum (ESI, m/z): Caled. for C;;H30N>O,S, 375.2 (M+H), found
375.2.

c) 4-[4-{[4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)- | H-imidazole-2-
carbonyl]-amino}-3-(3,6-dihvdro-2H-thiopyran-4-yl)-phenyl]-piperidine-1-

carboxylic acid tert-butyl ester

N/
_Si
S o)
“ {
H N N
NW/KN
o)

Boc
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H73- \ NI NCN OH3CQ N O To a suspension of
4- cyano-| Hi m dazol e- 2- carboxylic acid

W 2000124B6di oxo-1, 2, 3,6 10 PCT/US2007/066985
tetrahydr o- 1X6-t hi opyran-4-yl)-4-piperidin-4-yl-phenyl
]-am de trifluoroacetic acid salt (as prepared in
Exanple 36, step (e), 62 ng, 0.115 mmol) in 4 niL of

Tda iGN [ 4- :aninRIB -(¥e(s dty ded2 D EAp Y 18.0-4ky])-Ph 3B -pipraidine-1 -

irred for 5 mn, then

Th i xt.
cafbtiy It Kt e B S bThhehBEy e Perdels Sarads (et § 12 mo).
pdﬁs)éﬁiﬁ{ &c?llzﬁﬂ)dl (ﬁ%lrﬁ&ﬁﬂlsflérﬁr@e%?MEﬁ?g?l ﬁhidﬁfcﬁgQactarﬂggylate

Treated wth he 15 m xture
(awa@pmd e Bxavhpla 3HCp (P, 44 2@, Ol 4 niped) aqu%xﬁngl(éX/mgso 144

mBRhanEan] 8 DREF Wat Bddegratidy (2uda Do ik by it Mixture

wasessﬁl%eat wqufopm hivhi&dabyTEhds klm%"y"o%ﬁb@ Qf@ﬁb,wh@ﬁnﬁwel Wi
gel (1-4 % MOH DCM vyieldin :
washbdi ezl‘rbdmﬁb@rvdl(hmla Twrict(&0 mﬂ)ladd dhbﬁ @msp@oaanovan Of)the

1
SO Veg gfnd'_qE je ug»edﬂ%re%s&re fliﬂlppve@ %}5 ﬂ%slsc @mp@grap%y Qg %dasldqe on
sﬂ'i'&a gl:l (:l 8. 0/A'Et(gAQ/Ij'dzl\)I; ga?ve% Iﬁg 285l %b"of ﬂle‘tltl% cgrnﬁév)lnd & 71?ght

denyv 0114 (BDNMR (CDA:; 400:1\41&)36 9311s, I-I:H) 8 31 3«9 I(H;ﬂ =38 5 Hi),,

73607168 ) i, 23 B B, B 9 2 M. 60 1),
5, ézlg 92H§ 4425 (%rél iﬁ)) 3, 63§5§H( qdck 2)1!3*42{m 2%1/% 2593 Hd; &1, Z=9.7,

Ss s ect rum
5. ?EBI),,Z 7ﬁ (ZI) 2H)a12 6& (dddels IHZBHZBI%@ZLS, 3 a583 2z, |\2rl-4-9 2.56 ¢unaH),

124 B 1 8B E 50 a6 AV PR B8 2 g Rt

0.8¢{dofg- cycl ohex-1 -enyl -4-[]-(2-di met hyl am no- acetyl)
pi peridin-4 ylJ phenyl}-amde HHNNCN ON N1O
d) 4-[4-{[4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)- 1 H-imidazole-2-
carbonyl]-amino}-3-(1,1-dioxo-1,2,3,6-tetrahydro-1°-thiopyran-4-yl)-
phenyl]-piperidine-1-carboxylic acid tert-butyl ester

C
O

Boc/N
A solution of 3-chloroperoxybenzoic acid (91 mg, 0.404 mmol, 77 %) in 1 mL of
DCM was added slowly to 4-[4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-
imidazole-2-carbonyl]-amino }-3-(3,6-dihydro-2 H-thiopyran-4-yl)-phenyl]-piperidine-
1-carboxylic acid tert-butyl ester (as prepared in the previous step, 120 mg, 0.192
mmol) in 3 mL of DCM at — 78 "C under Ar. The mixture was stirred at — 78 "C for
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A m xture of 4-cyano-1Hi m dazol e-2-carboxylic acid
(2-cycl ohex-I|-enyl -4 5 piperidin-4-yl-phenyl)-am de

wa piofhzusspaceti ¢ acid salt (as prepared i n Exapgl/esid7/066985

step (b), 655 ng, 1.30 mml) in DCM (15 nlL) was
cooled to O Cand DIEA (0.92 nL, 5.2 mol) was added.
Di met hyl am noacetyl chloride hydrochloride (211 ny,
151m8B, andthen wasmed enR Ad dechtqowith 46 mii sfeEtOear, tHeOmixiure whke
reaction mxture was stirred at o Cfor. 30 mn and
waPPOWA 10 et b TR )4l %N%H%&s slition (7 X Kl ari2hd
' . ¢ . .
mLEFRYERIO B B YATNE00,! TR R ILTRLANG MiTed
promsresfoawed byl flaghr ¢hedm g2 df thi descdireaand li aat getl (2-Th o

[ bt ai ped i fied ] 5 % X
BSOS GBS SRS B el b it M
[ {.&.g>HN 3i4p0 . ;
(P 1AL UM SRR P0 M, 88 ) .
1H.dd= 8.8, M0 Hi)=7.66 &, 121, 1=Hz0 Hzy,.50B ($s2H), 5Hp, (3182 <(41 Hz),

4, 5 X = .4 4 =
+ oy S, St B 28 28 gl 3 dgm d b i 00
(t2H, Y4 24k8), 2 $4-236((hA QH%, X4 gidﬁd,lﬁ{ﬁ]a: 2 4, 1123 3.2 378Hy),
(dddd, 1 H~J =11.9, 11.9, 3.8, 3.8 Hz),  2.'65°(ddd,
1.42d, 2H-J £3238 HaB 135- R6%4(rHz3H), 2.48s.(%1), 668 (t, 2H18=3.3H2),

vl 60-1. 98 H) S Spgc E :

08005 89 s CPisIRab . migh oty CRAGNR o3 By,
foX@pm. 2 38b 4- Cyano- JH i m dazol e- 2-carboxylic acid

{2-cycl ohex-1-enyl -4-[]-(2-nmet hyl am no- acetyl)

pi peridin-4 yl]phenyl}-am de 105 WO 2007/ 124369

PCT/ 7/ ~N H,N NrrlL” N-"'-r H HRLC
our 1 TEC bh B Rl oo B e 25 o a2 e oS
ano Um6—tﬂfopﬂra‘ﬁy@ﬁ@:ﬁﬁzbeﬂidihdaﬂ?h@nﬁ 7GRk ROWYoBo@eti€l acid salt
{2-cycl ohex- | -enyl-4-[ 1-(2-nethylam no-acetyl) 5

pi peridin-4-yl]-phenyl}-amde. 'H NVR (CD30OD; 400
MHz): 6 8.025(d, 1H, J = 8.4 Hz), 7.92 (s, | H), 7.07
(dd, I H 3¢=8.4 Hz, J =2.4 Hz), 6.98 (d, | H J =
2.4 Hz), § 5,68 (m | H, 4.60-4.51 (m | H),
3.76-3.68 20-3.11 (m | H, 2.81-2.70 (m

\ HI)-|N/‘§\
Nj(k\N CN
0

TFA HN
To a solution of 4-[4- {[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carbonyl]-amino}-3-(1,1-dioxo-1,2,3,6-tetrahydro-1A°-thiopyran-4-yl)-phenyl]-
piperidine-1-carboxylic acid tert-butyl ester (as prepared in the previous step, 81 mg,
0.123 mmol) in 6 mL of DCM was added 0.20 mL of EtOH followed by 2 mL of
TFA. The resulting solution was stirred at RT for 3 h. Removal of the solvent under
reduced pressure gave 64 mg (96 %) of the title compound as a white solid. "H-NMR
(CDs0OD; 400 MHz): 6 8.02 (s, 1H), 7.78 (d, 1H, J = 8.3 Hz), 7.29 (dd, 1H, J = 8.3,
2.0Hz), 7.21 (d, 1H,J=2.0 Hz), 5.71 (t, 1H, J = 4.2 Hz), 3.83 (br s, 2H), 3.51 (d, 2H,
J=12.4 Hz),3.33 (t,2H, J = 6.0 Hz), 3.15 (td, 2H, J = 13.1, 2.6 Hz), 3.01 (m, 2H),
2.94 (dddd, 1H,J=12.2,12.2,3.5,3.5 Hz), 2.08 (d, 2H, J = 12.9 Hz), 1.91 (m, 2H, J
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2H), 2.67 (s, 3H), 2.22-2.13 (m 4H), 1.88-1.66 (m
6H), 1.66-1.46 (m 2H). Mass spectrum (ESI, mz):
w@2adocd24360r C25H30N602, 447.2 (MtH), found 447pGr/usdo7/066985
Exanpl e 39
4-{4-[ (4-Cyano-JH i m dazol e- 2- car bonyl ) - am no] - 3-cycl o
hex-1 -enyl phenyl}- piperidine-I-carboxylic acid

= (23 hiB,abdy3, 8tehiik)) -Massdpedtrush HNINTYZ)Cald. for KHNYND4S, \

42 (%&?%hé?‘%f& io\nyl et hoxymet hyl ) - JH-i ni dazol e-2-carb

oxylic acid (2-cycl ohex-I-enyl-4pi peridin-4
yIphenyI) amde , trifluoroacetic acid salt SEMH'N
~ O TFA HN To aEsemnpledh of

4{ %&%0{ %{41 énﬁzzgégr%ézyt?%ﬂlzgelﬁtc% £ h | aacre]yyl pzeptelljz Y 4'1“5 )—W(I)l :CIZzoxo—
}-3-cycl onemlé-z@ﬁwgf S YNATN) r@ﬁwgg)l CTyf Calhexyl i c
acid tert-butyl 6 WD 2007/1243 S2007/ 066985

ester (as prepared in Exafpl® 14, step (a), 81 ny,
0.123 mmol ) in 18 nL of DCEWM~was added 1 m of EtCH
followed by 5 nL of TFA a OV The resulting solution
was stirred at RT for 0.5 W with 20 nL of
Et OH fol | owed by 20 nL of gﬂ?/%m ML of H20, the
m xture was then concentr | under 't educed pressure
to 5 give a slightly ye sol id. Flash
chr omat ogr aphy "EE t he conpound on silica gel (2-4 %
MeOH DCM) gave U 35 % of the title conpound as
a white solid. "HHNWR (CDC13; 400 MHz): 6 9.70 (s, |
H), 966(brs I H), 915(brs I H), 829(d I H,
=83 Hz), 7.78 (s, 1 H, 7.13 (dd, 1 H J 8. 3,

% é@“%ﬁmﬁf oy fhicked el BB iiuang

tefFahldrd 1 iz dhiopdr&P4-31) UL plpdidin-4-yl-phenyl]-amide trifluoroacetic acid salt
(as prepared in Example 36, step (¢), 62 mg, 0.115 mmol) in 4 mL of 1:1 DCM/DMF
at RT was added DIEA (60 uL, 0.345 mmol). The mixture was stirred for 5 min, then

acetic anhydride (11 pL, 0.121 mmol) was added slowly to the mixture, and the
resulting mixture was stirred at RT for 0.5 h. Treated with 40 mL of EtOAc, the
mixture was washed with H,O (2 x 20 mL). The aqueous layers were extracted with
EtOAc (4 x 10 mL). The combined organic layers were concentrated in vacuo. The
residue was purified by flash chromatography on silica gel (1-4 % MeOH/DCM)
yielding 50.9 mg (95 %) of the title compound as a white solid. 'H-NMR (CDCl;;
400 MHz): 6 13.0 (s, 1H), 9.10 (s, 1H), 8.13 (d, 1H, J=8.4 Hz), 7.77 (d, 1H, J = 2.3
Hz), 7.26 (dd, 1H, J=8.4, 2.0 Hz), 7.08 (d, 1H, J=2.0 Hz), 5.77 (t, 1H, J = 4.3 Hz),
4.84 (dt, 1H,J=13.3, 2.1 Hz), 4.00 (dt, 1H, J=13.3, 2.1 Hz), 3.89 (br s, 2H), 3.31 (t,
2H,J=6.2 Hz), 3.23 (td, 1H, J=13.2, 2.5 Hz), 3.02 (m, 2H), 2.77 (dddd, 1H, J =
11.9,11.9,3.4,3.4 Hz), 2.68 (ddd, 1H, J=12.6, 12.6, 2.9 Hz), 2.18 (s, 3H), 1.70-1.97
(m, 4H). Mass spectrum (ESI, m/z): Calcd. for C,3Hz5Ns04S, 468.2 (M+H), found
468.1.

Example 38
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10 2H), 2.76 (m 1H), 2.18-2.33 (m 4H), 1.99-2.15 (m
4H), 1.82 (m 4H), 0.97 (t, 2H, J = 8.3 Hz), 0.00 (s,

w@Rk)o7/1Maes spectrum (ESI, nmz): Calcd. for PCT/US2007/066985

C28H39N502Si, 506.3 (M+H), found 506. 1. b)
4-(4-{[4-Cyano-]-(2-trinmethylsilanyl-ethoxynethyl)-JH
i m dazol e-2- 15 carbonyl]-am no}-3-cycl ohex-1 -enyl
41iheny Y- piigerldPwertoxy liaadid {3 ydolaest [dery24- [ 1-(2-dimethylamino-
Rlydgozysg} E%/: %ng%fyq)epzlsygll\zﬂdm 4!\| vi] ?hgnl\)l/l} 8mlz_c|le HO -y~ e
4-cyano-1- (2-trimet hyl si |l apyk: et hoxynet hyl )-1Hi m dazo
| e-2- carboxylic acid ‘
(2-cycl ohex- I -enyl - 4- pi per "{N- 4- enyl ) -am de
trifluoroacetic 20 acid sallt S pre in the
previ ous step, 116 ng, 0. 1§ aNd DIEA (134 L
0.770 mml) in 4 nL of \DCMWes added slowy to
solution of triphosg 23mg, 0.0768 mol) in 4 nL
of DCM at -78 &YAr. The m xture was stirred
at-78'"C for 15|m warnmed to RT and stirred for 15
mn and cooled to -78 C again. A suspension of
A Zniatirof Lt Yool H-{13kidzdle-25carboxyiin ladldi(h-cﬁclnhexef -ef[jrlE4-\NaS
.added and 25 the esyl ting mxture was war
PiBgTT S A mbER ISR (e ets&rwdﬁagéﬁwew?ﬂe e e

(b5 mg, L1 HinbhUh DT %&pla%s%&'%d 2§ ¢ §nd<lo)¥@Af(b))2 mL,

rine (20 m) and dried . Renoval
5.2 oima@hivas addedc d@lm@hylma@}ylfdhastdediydmwhmgﬁ &blHymg off.3

YL da%g%(g Mol Ez;ésaelcg'% 90 i i XIS W stiered at 0

"‘CReT 8¢/24R8rd DERARS0 W t¥R TO4ndt Jigretl iféd 2h.C SGIQ@M%Sarém@Ved in
coI orless oil. '"H NVR (CDC13; 400 MHz): I

3o aigl thg r@s@lltn]g epidye wasgpmlugr)ed b'ptwepn(‘tgme |anqi-|P,CM_ 1 ’Qe organic

laif(z% wasge@iatgd,’ drfﬁ;h\laé(gé F%c%toqceﬁ%}a}t&g. Blée r(eF{du?] otirl’m%ﬁg was

pLﬁlfﬁd kda)silick. (i% I\/&OPP Hi)CM) %o oﬂt&nmﬂﬂlﬁg (73) %50{ e ditlc 2binpdund
4.4 Hz), 3.66 (t, ), 344 (ddd 2H )
as=8 ghigp @hpﬁsz WB@IC(HCIS,ﬂOH MBlk 54 @sz;H) B.31(d( bdd) = 21,

1), 7763, 3127 %2 (8, 1125 6& 4 900, L gt (1), 5.82 (m, 1H), 4.75 (d,
1H,J=13.4Hz),4.13(d, 1H,J=13.4 Hz),3.57 (d, 1H,J = 142 Hz), 3.18 (d, 1H, J =
14.2 Hz), 3.12 (td, 1H, J=13.3, 2.4 Hz), 2.73 (dddd, 1H, J=11.9, 11.9, 3.8, 3.8 Hz),
2.65 (ddd, 1H,J=13.3, 13.3, 2.4 Hz), 2.40 (s, 6H), 2.18-2.32 (m, 4H), 1.60-1.98 (m,
8H). Mass spectrum (ESI, m/z): Calcd. for C;6H3,N6O,, 461.3 (M+H), found 461.2.

Example 38b
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-methylamino-
acetyl)-piperidin-4-yl]-phenyl}-amide
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12.2, 12.2, 3.3, 3.3 Hz), 2.18-2.33 (m 4H), 1.75-1.91
(m 6H), 1.67 (dddd, 2H, J = 12.9, 12.9, 12.9, 4.0 Hz
W0 200018864 t, 2H, J = 8.3 Hz), 0.00 (s, 9H). MBBGI/US2007/066985

spectrum (ESI, nz): Calcd. for C31H44N6O4Si, 593.3

(MtH), found 593.1. 10 c)

4-{4-[ (4- Cyano-JH i m dazol e- 2- carbonyl) am no] - 3-cycl o

hex-1-enyl phenyl}- piperidptesl-carboxyNic acid

(2- hydr oxy- et hyl ) - am de H ~\N CN OH

HO ,-,,~NYN O To a sol uti onyo

4-(4-{[4-cyano-1-(2-trinethyl IﬁnyILe hoxynet hyl ) - 1H

i m dazol e-2- carbonyl]-am n

}-3-cycl ohex-1 - enyl - phenyl o/¢erﬂm|ne | - car boxylic

acid (2 15 hydroxy-ethyl)tanm de (as prepared in the

previ ous step, 9y ~16 mMmmol) in 3 nL of DCM was

added 0.10 nL ofké?%g‘follomed by 1.0 nL of TFA. The

resulting solution was stirred at RT for 6 h. Renoval

of the solvent under reduced pressure followed by

hronat ra due n Sili el -8

HEL R o AR o Sra S MEE Ry of F i
m?&az@le\l\ilbﬁr?oﬁﬂid é}?ld {zdcme&QD@@M HO(Q ra@thglalzfmno @ce%;_l?g
piperglin-4-yi]-phesy)} - arsld¢9 I(erMRl sQD O(MHZ) @r& 02)(d=1H3] 3 8.4
15 3l AT, 1B TP P B s o
5.68(mJ1H), 1504.51@n 1 H)R 3 66-3268(nigz)H), 2.283.11((m, 14{-))2 81-2.70 (m,

1.73-1.88 ( 6%,3 1.62 ﬁdddd 2H, J = 12.6, 12.6,
2Hp267 (%, %{)r%n? NRs(@. 4D EBSUMO(Es0H) ] 69-1.464me dH)  Hfass
e 40
“ﬁagggg Jﬁg%nsghzoﬁe- Sggﬁgg%gﬁ??%ggﬁggﬁnﬁﬁ%ﬂﬁs.

{2-cycl ohex-1-enyl -4-[ 1- (2- met hanesul f onyl - et hyl)
pi peridin-4 yl] phenyl} n1d 8 WD 2007/ 124369
PCT/ US2007/ 066985 H HN

4-{4-[(4-Cyano-1 H—imidazole—Z—carbonyl)—amzno ]/ —3 -cyclohex-1-enyl-phenyl}-
piperidine-1-carboxylic acid (2-hydroxy-ethyl)-amide

HN

H \
CN

NWK\N

ol
H

Ho/\/NT
ol

N

a) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)- 1 H-imidazole-2-carboxylic acid
(2-cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide , trifluoroacetic acid salt

) sem
® W/&RCN
TFA HN

To a solution of 4-(4- {[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carbonyl]-amino}-3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid tert-butyl
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O SNGC- ~10a) Methanesul fonic acid

2- met hanesul fonyl -et hyl ester OS00SO To a sol ution of
woredonamssul f onyl chloride (484 ng, 4.23 nmol) POI/LS2001/066985

of DCMat 5 0 C was added 2-net hanesul f onyl - et hanol

(500 ng, 4.03 nmol) in 10 nL of DCM followed by D EA

(1.05 n, 6.05 nmmol) under Ar. The m xture was war ned
estap (RTprepamet sit Examgde fstep@ah Slimoe 0. 188 . mfibk invil & talir & IEM

waged 1 i pRECHD e i i neATen Ty setion
wﬁ@s%rreﬁ%'t ReNbr 0. '3 hv &eHed %1’1‘205% o Bt 18 Foltdw R b i‘ﬂﬁmﬂ df Ine

onpound as a brown oi | H NMR 10 ( CDC13;
Prﬁ)Hsé?nc( AmIef H0, ihesmsitm)wasghaﬁcc(ndentmd uhdf:r Ed@chzgressure to

glge éé‘léé@l’y yﬁﬂ)% sagg O?‘lélglg Clggﬁ%gg%phg 05 El}eocornpound on silica gel (2-4
%{Me(orymb@m)ga&e eeylg (85 M) -df Zhe i3 danRaull Lo whitetblyd.) 'H-NMR
C%t eridin-4 vy Hﬁhenﬁ }-amide HHNC N N~--CN O N 15
( ;F90MElg): @t9 (sotH} 9&366@?08,11&!1)5 Pril 8 dbrod, dH2-&2 G ¥ ©

ST DR TN o de2 20191 103 6hdB 1 5 22 P 993
2H)as SBI(BHAH! oB 66t XAt €.41H42), $ESPd, 2(HJ)I 853 mg), 2051341 (m,
I7) and 91L, 0.521 rmol) nL of DCM at
2K\ad 6dauéﬂ)£l SR&medt.floM-3. lé&md4H) 1.82 (m, 4H), 0.97 (t, 2H, J

I
- DTl G351 27 Bl rd
(MIF-EXY, iouendvi®®s.1st i rred at RT for 3 h. Treated W|th 50 nL
of Et OAc, the m xture was washed vvlth H20 (2 x 20 nl),
bri ne (10 nm.) and dried (Na2804) Renoval of the

bSO VI AR NBEND. ok oNEA 119»/ R nd ) V- AOOLIA24369

PCT 698 rap e residue on

si | |ctzzabcggzll] qraind)} %CNEW)DGWylgdweyMzmgzd(@Sl egrbonflictdasd (2-

titI )Z.led as,a white solid. 'H NWMR (CDC13; 400
&nidgy 8. 25 (d, | H J = 8.4 Hz), 7.72

(s | H), | H J =28.4, 2.0 Hz), 7.04 (d, |
H J = SEM,
\
Nm)sN CN
0
H
HO/\/N\H/

A solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide trifluoroacetic
acid salt (as prepared in the previous step, 116 mg, 0.192 mmol) and DIEA (134 uL,
0.770 mmol) in 4 mL of DCM was added slowly to solution of triphosgene (23mg,
0.0768 mmol) in 4 mL of DCM at —78 "C under Ar. The mixture was stirred at —78 'C
for 15 min, warmed to RT and stirred for 15 min and cooled to —78 "C again. A
suspension of 2-amino-ethanol (350 uL, 5.77 mmol) in 4 mL of THF was added and
the resulting mixture was warmed to RT and stirred for 20 h under Ar. Treated with
100 mL of EtOAc, the mixture was washed with H,O (3 x 20 mL), brine (20 mL) and
dried (Na,SO4). Removal of the solvent in vacuo followed by flash chromatography
of the residue on silica gel (10 % EtOA¢/DCM then 5 % MeOH/DCM) gave 95 mg
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2.0 Hz), 5.85 (m 1H), 3.21 (t, 1H J = 6.5 Hz), 3.09
(s, 3H, 3.02-3.11 (m 2H), 2.92 5 (t, 2H, J = 6.5
woi2007/12436% (dddd, 1H, J = 12.1, 12.1, 3.3, 3.3P¢®VS2007/066985
2.18-2.34 (m 4H), 2.18 (t, 2H J = 10.8 Hz),
1.64-1.94 (m 8H). Mass spectrum (ESI, m z): Calcd.
for C25H31N503S, 482.2 (M+H), found 482.2. 110 WO

(82 00)/df1RABBO cdPdudd20 @ CoROIGRBE!. 1H4NMR)I(CD@13ﬂQO@MMU&Q$8

have been Pre ared _according to the exanpl es as
(s Tk 8etod: T NS S St 6 (s P Bldsfel Pir. o 701 (&

S 954 (Fans s M, 63655 11§ -5 ¢ A e
1342Ha),4975. (@dd.2H,3 f?lg H-IESJ\BG@(t?_QIl{ N=RI3 x)EX deiddiaed, 281, 5= 5.0
i SAR 36 L4 o ari CSE Oy H 8372 el 25 g . T -

1203 per dixns4 Hi)Jz nRemy (}{nH . )dF7B\ll 9 (zhh INH) B (dadhbzﬁd jO

A’sol ution of4cano m dazol e-2-car OX|IC aci d
12 %2- 1(2)9@|1é1994(0|H33)19|9.74t 2H, J = 8.3 Hz), 0.00 (s, 9H). Mass spectrum (ESI,

m/z): Calcd. for C3;H44NgO4S1, 593.3 (M+H), found 593.1.

c) 4-{4-[(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex- 1-enyl-phenyl}-
piperidine-1-carboxylic acid (2-hydroxy-ethyl)-amide

‘ HN
H \
CN
Nj(k\N
O

H
Ho/\/Njc])/

N

To a solution of 4-(4- {[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carbonyl]-amino}-3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid (2-
hydroxy-ethyl)-amide (as prepared in the previous step, 95 mg, 0.16 mmol) in 3 mL
of DCM was added 0.10 mL of EtOH followed by 1.0 mL of TFA. The resulting
solution was stirred at RT for 6 h. Removal of the solvent under reduced pressure
followed by flash chromatography of the residue on silica gel (2-8 % MeOH/DCM)
gave 68 mg (92 %) of the title compound as a white solid. 'H-NMR (CD,0D; 400
MHz): § 8.09 (d, 1H, J = 8.4 Hz), 8.00 (s, 1H), 7.15 (dd, 1H, J = 8.4, 2.2 Hz), 5.79 (m,
1H), 4.15 (dd, 2H, J=13.3, 1.1 Hz), 3.61 (t, 2H, J = 5.9 Hz), 3.27-3.32 (m, 2H), 2.90
(ddd, 2H, J=13.0, 13.0, 2.5 Hz), 2.73 (dddd, 1H, J = 12.1, 12.1, 2.6, 2.6 Hz), 2.26
(m, 4H), 1.73-1.88 (m, 6H), 1.62 (dddd, 2H, J =12.6, 12.6, 12.6, 4.0 Hz ). Mass
spectrum (ESI, m/z): Calcd. for C,5H30NgO3, 463.2 (M+H), found 463.2.

Example 40
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-
methanesulfonyl-ethyl)-piperidin-4-yl]-phenyl}-amide
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WO 205/ 124369 )

10 pi peridin-4-yl-phenyl)-amde trifluoroacetic acid
salt (as prepared in Exanple 14, step (b), 75.0 ng,
in CH2C12 (10 nlL) was treated w t hPEt/BBR007/066985
(64.1 L, 0.46 mol) and cooled to 0 C. The m xture
was treated with nicotinoyl chloride hydrochloride
(0.030 g, 0.17 mmol) and stirred at 0 C for 15 mn
then at room tenperature ~ 17 h. The reaction

m xture was adsorbed direc onto silica gel. 15
Silica gel chromatography (10 %1 n Et OAc)
afforded the title corrpoun 2007/ 124369
PCT/ US2007/ 066985 ny, 83 s vvmte solid. '"H NW
(CDC13; 400 MHz): ' > , 8.77 (s, 1 H),
8.70-8.66 (m 1 ,J 8.4 Hz),
7.86-7.81 (m 1H), 7.42-7.37 (m 1H),
7 17 (d, 1H, Neg: ol Hz) 7.06-7.04 (m 1H), 5.87-5.82

1
"o g R RSP i P St (L S e
O;LJQ) 20342.20 (m 4H), 1.94-1.72 (m 9H. LC M5 (ESI,
cd. for C28H28N602, 481.2 (MtH), found

481 3. Exanpl e 44 4-Cyano-JH i m dazol e- 2- car boxylic
Tae bau(i@: ofyratthhiesulforgh yhloﬂidé (4842m ¢, 2428/ )yin 150nL of DCM at

0 & v b atatFedutabilions] o Radil T Airpom

foﬂo%&\lbﬁ IjﬂE@ (@X)S mL, 6.05 mmol) under Ar. The mixture was warmed to RT
[2 ano- | Hi m dazol e- 2- car bonyl ) - am no] - 3-¢

anylcshuhé ior| ZOén\yn r plnehhe }mgumewamqa.teﬁ with 100 mL of EtOAc and
W%lh%(?\lWI %q‘i&h%&é ﬁiir k%%lrél (EO ?nCL) anEi %rled PM z)éb4e3[£emoval loe
solvent in vacuo gave 534 mg (66 %) of the title compound as a brown oil. 'H-NMR
(CDCls; 400 MHz): 6 4.67 (d, 2H, J = 5.5 Hz), 3.46 (d, 2H, J = 5.5 Hz), 3.11 (s, 3H),
3.04 (s, 3H).

(D

b) 4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-
methanesulfonyl-ethyl)-piperidin-4-yl]-phenyl}-amide

HN
H N\
CN
NTKK\N
0

\S/\/N
7N

O 0

To a solution of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared in Example 14, step
(b), 85 mg, 0.174 mmol) and DIEA (91uL, 0.521 mmol) in 3 mL of DCM at RT was
added 2- methanesulfonic acid 2-methanesulfonyl-ethyl ester (as prepared in the
previous step, 42 mg, 0.208 mmol). The resulting mixture was stirred at RT for 3 h.
Treated with 50 mL of EtOAc, the mixture was washed with H,O (2 x 20 mL), brine
(10 mL) and dried (Na,SO4). Removal of the solvent in vacuo followed by flash
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H O 15 A solution of N-BOC-glycine (0.29 g, 1.63
mmol) in CH2C12 (10 nL) was treated wth DI EA (0.85

wWorko74206 nmol ), HOBt (0.26 g, 1.96 mmol ), andP@&DI$2007/066985
(0.38 g, 1.96 mmol). The m xture was stirred at room
tenperature for 10 mn and added to a suspension of
4-cyano- | Him dazol e-2-carboxylic acid

chf@natpgtaphesf the ecsyducdn s;iiiiqa@ei di-B Y4 MO BEN) Javarbideg (65 %)

|quoroacet|c aci.d s as red |n
0f§§%bﬂ%>rmun 35 80vHyte selig F&WR (aarede: I(%)S@gp&%‘ sTH:
8 39|07 Map 5]t zeg al), ﬁqer(udtlmef@wsﬁzzw 0 (d1m, 1=

So vent S wWwere eva at ed I N vacuo
2.6 bzt ognaphy3.2( 50 19 EE@ATHE) 3HSxats) 3@2f3olrblémt AHe2.92

(82605 Thcabs? e UsToio7  5aebBE T iR easc ¥t (aghD.
2. M‘g%EH(SJ 2. l?% I-ﬁz% }_DM'DI 948(n12£%ﬂfj’M%Ji)§|’spéctrun§(7 "K%z%: Clalclgib. for

CazHods0alS, 48213, (MI+H) SoundM4B2.7.00 (s, | H), 5.83 (br s,
1H), 5.76 (br s, 1H), 4.78-4.68 (m 1H), 3.96-3.85 (m
2H), 3.17-3.03 (n1 1H), 2.78- 2.63 (m 2H), 2.29 (br
s, 2H), 2.22 (br s, 2H), 1.95-1.87 (m 2H), 1.86-1.72
(m 4H), 5 1.70-1.55 (m 2H), 1.44 (s, 9H). LC M
(ESI, mz): Calcd. for C29H36N604 533.3 (M+H), found
532.9. b) 4-Cyano-JH i m dazol e-2-carboxylic acid
{4-[]-(2-am no-acetyl) piperidin-4-
yl J-2-cycl ohex- | - enyl phenyl J-am de trifl uoroacetic
acid salt N HNNN OTFAHN' N 10 O A solution
of
[2-(4-{4-[ (4-cyano-| H i m dazol e- 2-car bonyl ) -am no] - 3-c
ycl ohex-1I -
enyl - phenyl } - pi peridin-1-yl)-2-oxo-ethyl]-carbamc
acid tert-butyl ester (as prepared in the previous
step, 0.41 g, 0.77 mmol) in CH2Cl2 (20 nlL) was treated
with EEOH (0.2 nL) and TFA (6 nlL). The m xture
stirred at roomtenperature for 45 mn, and 15 the
sol vents were evaporated in vacuo. The crude nateri al
was used directly in the
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next step. LC-Ms (ESI, mz): Calcd. for C24H28N602
433.2 (M+H), found 433.2. ¢)
wa20yam3e6dH- i m dazol e- 2- car boxyl i c acid PCT/US2007/066985
(2-cycl ohex-I-enyl -4-{1-[2-(2
hydr oxy- et hyl am no) - acetyl ) piperidin-4
yl } phenyl)-am de trifluoroacetic 20 acid salt N HN
ThY fNlloWH cOmpe@ids-Hade be¢d prerdd Bconlirg @rthd 24868cs as indicated:
PCT/ US2007/ 066985 A suspensi on of
4- cyano- 1H i m dazol e- 2- car boxyl i ¢ acid
{4-[1-(2-am no-acetyl)- Mass
eRAREE! di - 4- Wl ovel onex- Ienyl: Phanyl ]~ AR proc. o Ex
TP uor oacet¥ ¢ aci d salt (a§ prepareH in the
previ ous step, 0.42 g, 0. 7MfoPylcd n CH2C12 (20 ni)
was treated with~ Na(OAc)3BH (0.33 g, 1.54 mmol) and
solid gl yoxal (6 0.77 mmol ). The 5 m xture
stirred at room tenpe ove for 1 h, and the sol vent

evapor at ed @-, uo. The,Lesidu st aken-up i
V\I\/g?]—l a@@gﬁ splids filtered 4(59??, an%7%ecfsﬁfsﬁ&3t e \/\/2239
concentratdd in vacuo. Reverse phase HPLC (C-18

col um) (2(5) %to 60 % acetonitrile in water with 0.1
% TFA over 30 mn) afforded the title conmpound (83

nmg, 19 % over t steps) as a white solid. "H NWR

(CD30D; 400 MHz 6 §N%>§'8-09 10 (m | H), 8.05-8.01
(m | H, 7.22-7 w@‘% PNH), 7.11-7.06 (m | H),
5484-5.79 ( I , 04.72-4.6 m 1. 4024-3.91 (m
2»‘—‘65, 32§943./80/ (m 2H), 3.28- .7%8 (m@é&mf:zsg'?g%@ 2. 76
(m 2HY, 2.28 (br s, 4H), 1.98-1.89 (m 2H), 1.89-1.76
(m 4H), 1.76-1.57 (m 2H). LC-Ms (ESI, mz): Calcd.
for C26H32N603 477.2 (MtH), found 477.2. 15 Exanple 45
4- Cyano- JH i m dazol e- 2- carboxylic acid

(2-cycl ohex-1-enyl -4-{I - ! 2-(2- hgdr OoXYy-
et hyl') - met hyl - am no- aceti}a peridin-4
y li@pﬁm} f}—'ir%magae—b[&c)‘r})wyig 381%??—8)}5%3%9—15%)/9—4” 1 —(E'y»ldine—S -

carbonyl)-piperidin-4-yl]-phenyl}-amide

N
oI,
H ﬁ'{
O N\[(kN
H
= O
Na | N
O

A solution of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-

piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared in Example 14, step
(b), 75.0 mg, 0.15 mmol) in CH,Cl, (10 mL) was treated with EtsN (64.1 uL, 0.46
mmol) and cooled to 0 °C. The mixture was treated with nicotinoyl chloride
hydrochloride (0.030 g, 0.17 mmol) and stirred at 0 °C for 15 min then at room

temperature for 17 h. The reaction mixture was adsorbed directly onto silica gel.

Silica gel chromatography (10 % MeOH in EtOAc) afforded the title compound (61.0
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NN TFA Il / OH HOB/ .N(NO 1 OA solution of
4-cyano- | Him dazol e-2-carboxylic acid
w@ 20chzd3ehex- | -enyl -4-{1-[2-(2- 20 PCT/US2007/066985
hydr oxy- et hyl ami no) - acetyl ] -piperidin-4-yl
}-phenyl)-am de trifluoroacetic acid salt (as
prepared in Exarrple 44, step (c), 50.0 ng, 0.085 mmol)
mir8VEDRS § Shitk polias' H-NW(@HC\M #00 MHDAE P 3BKb1( SIHS, 8157 (s,

180 et B (et by B b ol S e b 7 T

7.92-9.37.(nANE) I NE7 %@@W§&t£§4m 91(76977@518&‘ 1), %982 gm 1H),
Rever se hase H LC C- 18 co um) %to 50 % 2

4.48418drin, rlHl),e3 94’?3\8ét(91‘ 15013293 18‘(/611]1:121) GVA-2.80 (mi hbl), 2.86-

> PR ™ A R bl LB, Bt

C2%H28&6@2,H?8)12(1\$+1Q)?f&ﬁ}d481|'3) 7.19 (dd, 1 H J = 8.4,
), 7.09 (d, 1 H J = 2.0 H), 5. 84-5.79 (m
1H), 4.72 4.64 (m 1H), 4.39-4.23 (m 2H), 3.84-3.79
(m 1H), 3.31-3.21 (m 440 2007/ 124369
PCT/ US2007/ 066985 3. 03-%. 6H), 2.92-2.80 (m

20 yand - F24diddd0 160y cafbl)yli? add- 1-c9okaxy 1 -2i)l4- 1. BZO(Zlhﬂﬁoxy—

(m 5H), 1,78-1.59 (m Cal

f oref@@%@mw%gweeldl’rw%pheﬂﬂm allgffgfiv‘lzlor@cmq? slye
4- Cyano- ] H i m dazol e- 2- car boxyl jc acid [4-N1-acetyl
piperidin-4 yl)-2-(1,2,5,6- tg ydro /I

pyri di n-3yl ) phenyl J-am de trifluseftoacetjiq acid salt N
TFAHNHN C NAN OH \/NO| 1dla) 5-3rif

| uor onet hanesul f onyl oxy-3, 6-dr® wyridi ne-|
-carboxylic acid tI&EAt - but) H

HO\/\ N
Oy

a) [2-(4-{4-[ (4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex-1-enyl-

phenyl}-piperidin-1-yl)-2-oxo-ethyl]-carbamic acid tert-butyl ester

N
D
H '\,'/\<
NYKN
H
jj)\ O
N
N
Y

A solution of N-BOC-glycine (0.29 g, 1.63 mmol) in CH,Cl, (10 mL) was treated
with DIEA (0.85 mL, 4.90 mmol), HOBt (0.26 g, 1.96 mmol), and EDCI (0.38 g, 1.96
mmol). The mixture was stirred at room temperature for 10 min and added to a
suspension of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared in Example 14, step
(b), 0.80 g, 1.63 mmol) in CH,ClI; (20 mL). The solution was stirred at room
temperature for 17 h. Solvents were evaporated in vacuo. Silica gel chromatography

(50 % EtOAc in hexanes) afforded the title compound (0.41 g, 47 %) as a white solid.
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O NIk O FFS O O10A solution of LDA (23.4 ni,
35.1 mol, 1.5 Min cyclohex) in THE (50 nmL) was
w@omaeh3so - 78 C under Ar. The sol ution was trBaEr/Es2007/066985
wi t h 3-oxo-piperidine-I 15 carboxylic acid tert-butyl
ester (5.00 g, 25.1 mmmol ) as a solution in THE (15 nl)
via drop wise addition and stirred for 15 mn. The
"HANMRIKE@DWhs 400 BEHDIS %58 s, 1,HD, 426 (d, 1H, J = 8.4 Hz), 7.80-7.78 (m,

R g7 i D ad b2y 1! b6 b T R AR T s
1H*8. 781br s, 108, 74 W m\VasD).ad dQwRE (hO21Rr3M £-9.08 ‘%1‘?1mlH?1 2.78-
t'énperature and stir 2.5 h. The reaction was quenched

2.04 trh, Hax 428t(bus, A3 (126, NdHESS:1.87 (t Hd), wisohl . B g0, 4H),

1 B0 S TRsaI bl o T B e LR RADAE G EangR B 533
(M pI&RiRe3aphy (5 % Et OAc in hexanes) afforded the

title conpound (2.45 g, 30 %9 as a colorless oil.
"HNVR (CDC13; 400 MHz): 6 5.97-5.89 (m 1H),

4. 09-4. iy »54-3. : . g
0077 T34 Aed TR AR I RS 5 (Ao i pin-+-

OH) . yIL-C-MNBok &SI -enyi e nyiCahidb. triflaordGc b ar3NIBS 332. 1

(MtH), found 332.1. b) 5-(4,,4, 5 5-Tetranethyl-[1,

3, 2] di oxaborol ar - di hydr o-2H pyridi ne-1- 5

carboxylic acid ster O N11~- O O B, O

[ H\ Pdd 2dppf (0.16 oy mmol ), KOAc (2.18 g, 22.2

0

mmol ), 4,4,5,5 4 4 N , B /octamethyl-[2,2"]bi[][

1, 3, 2] di oxabor ol 2.0ﬁ g, 8.13 mmol), and dppf

(0.12 g, 1Q-0: Aol ) re placed in a round-bottoned

flask, and.the] flask was flushed with Ar. A degassed
TR | ULNERYOT

5-trifl ug onet hanesul f onyl oxy- 3, 6-di hydr o- 2H pyri di ne-

1- carboxylic acid tert-butyl ester (as prepared in
Applytign @f/ﬁ%(ﬁ‘s{‘%E(é'p?}’a@.'ll‘il'l@}lda?.olfoz'ﬁ%‘fbf’l}yl)'ﬁlﬁl oxasoherd-
enﬁ?—-}a%_@} r}?@tglg?nelt IQyB-QQOJJ-&ﬁh]-%%aﬁ%c?@te}@blﬁﬂ et Bls pl'@pared

in the previous step, 0.41 g, 0.77 mmol) in CH,Cl, (20 mL) was treated with EtOH

(0.2 mL) and TFA (6 mL). The mixture stirred at room temperature for 45 min, and
the solvents were evaporated in vacuo. The crude material was used directly in the

next step. LC-MS (ESI, m/z): Calcd. for C24H2sNsO, 433.2 (M+H), found 433.2.
c) 4-Cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-{1-[2-(2-

hydroxy-ethylamino)-acetyl]-piperidin-4-yl}-phenyl)-amide trifluoroacetic

acid salt

N

o,

Ho T

N\ﬂ/kN

m T
HO\/\ N

N

o
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was filtered through a glass-fritted funnel to renove
the solid KOAc, and the filtrate 15 was concentrat ed

w0 poovaza3e® Silica gel chromatography (5 % Et OARCT/IS2007/066985

hexanes) afforded the title compound (1.62 g, 71 %
as a colorless oil. "H NWR (CDC13; 400 MHz): 6
6.69-6.60 (m 1H), 3.98 (br s, 2H), 3.49-3.42 (m 2H)
A 2uspéndon 6f 4-Hayar@dH) 7/-imidaddle{2scarBodylic Beid A 4€[S 7 (2dadkino- ab@le/B
for G8

pibr Rl 5> &yﬁa L@rk Rk Pl&nﬁﬁgﬂyﬁs %F’uer%Cﬁ%%C&Y% (oS epared
mmyé pr‘émﬁs ktegaﬁbpgxd 7ﬁmafdlﬁnthmgcnpmmﬁ%aset&eaté&q%uﬂl I'N

| e conpound prepar ed t he Suzuki

Ni(@ﬁﬂ)?-% ((bﬁi)geblﬁl‘i emafl) Extafmbkiglmal @ﬂ@ng H).7Uminng). The
t
i \9@*%67‘% %ggé %@?&{%&dbﬁ%@%égé’em was eva?aorapeg in vacuo.

Tﬁerﬂeéluu@wmkaa sUMEORYArMle SolfatsdiltayedroTt, bk e filehRerds-
carboxylic acid tert-butyl ester (as prepared in

comGenE i 306 ey PhesdRE (-GG oRTaD) 20 5 19 @tgel
oGPPI RYL AR 495 rENQR b Ry aRRS AL fFlpb IR s

rn% SDC‘}EI]&R)VeﬁﬁQ) ) as @Wauagomcu HRNMR (@Daos 1) MEE) 598, 6-8.09
(0, ) 283- gé)lg@ @Ef)) y.g 7. 135 ( 1@3 g bhj? 064 ,@f%{-g._7mg,H),
4.12%1 187! (o, RERES 2 AB 31 Yy bit) & §A0 R0 @m, NP 3% ﬁ\'lS'ﬁn,SQﬂ{}J,@.QD

2.29 (rd- 2 aasmhesmﬁ)) BB KoMy 26D 2K By 176 dimn 4H - Ic3-D S i,

218 d S OB D641 T L i ST TRCATED: B Fde of
DCM TFA (10 nL) was stirred at roomtenperature for 3

h and concentrated. The residue was dried in vacuo
overni ght, was taken upEBEEﬂEEﬁ&Z (10 nL) and was

co0l ed .0. C. 50 uti 0 L,
«ﬁ@yagaa’é?ﬂ'@lf’gﬁoleﬁ-cear’w%f by AREe Pty (-
&AAR methy L amiil-dcetyThpipe gL 1-V D HahXi-Biel B uSoaE R salt
15 0 Ctor 1 h and allowed to warmto roo

tenperature. The reaction m xtufe, was waghed with
brine, and the organic |ayer separated, dried and
concentrated. The resulting prgdugy \ educed to
obtain the title conpound (14 , N%%ﬁb sing a

TFA

HO_~ N
Y

A solution of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-{1-[2-(2-
hydroxy-ethylamino)-acetyl]-piperidin-4-yl}-phenyl)-amide trifluoroacetic acid salt
(as prepared in Example 44, step (¢), 50.0 mg, 0.085 mmol) in MeOH (3 mL) was
treated with Na(OAc);BH (39.5 mg, 0.19 mmol) and 37 % aqueous formaldehyde
(8.2 uL, 0.10 mmol). The mixture was stirred at room temperature for 5.5 h, and the
solvents were removed in vacuo. Reverse phase HPLC (C-18 column) (10 % to 50 %
acetonitrile in water with 0.1 % TFA over 30 min) afforded the title compound (19.5
mg, 47 %) as a white solid. 'H-NMR (CDsOD; 400 MHz): § 8.12 (d, 1H, J = 8.4 Hz),
8.02 (s, 1H), 7.19 (dd, 1H, J= 8.4, 2.0 Hz), 7.09 (d, 1H, J = 2.0 Hz), 5.84-5.79 (m,
1H), 4.72-4.64 (m, 1H), 4.39-4.23 (m, 2H), 3.84-3.79 (m, 1H), 3.31-3.21 (m, 1H),
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procedure simlar to Exanple 4, step (d). 'H NWR

(CDC13; 400 MHz): 6 6.97 (d, 2H, J = 8.4 Hz), 6.64
W@ 2007244369 = 8.4 Hz), 4.75 (m | H), 3.93 (m PCHYS2007/066985

3.13 (m 3H), 2.66 20 (m 2H), 2.12 (s, 3H), 1.84 (m

2H), 1.57 (m 2H). e)

1-[4-(4- Am no- 3- bronophenyl ) pi peridin-1 yl]-ethanone
3.08+2.98r(m, NH),12792AD8R @017 ZH 2423692 PETMUSAD XA 669 8h, 214), 1.90-

| ution. aqf
130 700 dfrloSHRrfP) LD (B e g rtl e 4913
(W@p%ﬁg@qghe previous step, 0.36 g, 1.66 nmol) in
CH2C12 (10 ml) was cooled to -78 C and treated with
NBS (0.28 g, 1.58 mml) as a suspension in CH2Cl2 (4

m.). The reaction was | o 0O warmto room
tenperature and stir foiﬁggﬂﬁ$%7 The reaction 5 was
Oi- s 1 A P el QL 2a rBbve) T s Ied - M&BwﬁQWdebﬁ%%WQOMS 6-

NaHCO3. The organic I?yer was dried over
concenfdttipd g Wrm@:écvl Tresy Grangide refusy padetigaeid waiéd

directly in the next reaction. LCM (ESI, mz):
Cal cd. for C13H 7Br NE® 28R 1Y (M+H), found 297.1. 10
J) 5-[5-(1-Acetyl piperidilq-4 yl)-2-dm no phenyl]-3,
6- di hydr o- 2H pyri di ne-1 - c:rbwkyI”c\ cid tent-butyl
ester O NO"j< NH2 \/N 2
5-(4,4,5,5-tetranethyl -[ 1, | di gxaher ol an-2-yl)-3, 6-d
i hydro-2H pyridi ne-k<cs lic acid tert-butyl ester
(as prepared in annl e J46, step (b), 0.62 15 g, 2.02
mmol ) and
1-[ 4- (4- ami no- 3- br - phenyl ) - pi peri di n-1-yl ] - et hanone
(as prepared in the previous step, 0.20 g, 0.67 nmol)
in toluene:EtOH (2:1, 9 nL) was treated with 2.0 M
a)aqu @W&ﬂb@fmw&ﬂfoﬁﬂoxﬁa? 38/ihwib L rapylidies | degasskdacid
with sonlcatlon under Ar. The mixture was heated to
80 Certthugd teéférwuth Pd(PPh3)4 (54 ng, 0.05 mmmol), and
stlrredcﬁt O Cfor 4.5 h. The reaction was cooled to
roo rature, diluted with Et OAc, and washed
§$tant d aqueous NaHCO3. The

Non of

// W\

A solution of LDA (23.4 mL, 35.1 mmol, 1.5 M in cyclohex) in THF (50 mL) was
cooled to —78 °C under Ar. The solution was treated with 3-oxo-piperidine-1-
carboxylic acid tert-butyl ester (5.00 g, 25.1 mmol) as a solution in THF (15 mL) via
drop wise addition and stirred for 15 min. The mixture was treated with 1,1,1-
trifluoro-N-phenyl-N-[(trifluoromethyl)sulfonyl Jmethanesulfonimide (12.5 g, 35.1
mmol) as a solution in THF (40 mL). The mixture was allowed to warm to room
temperature and stir 2.5 h. The reaction was quenched with saturated aqueous
NaHCOs, diluted with Et,O, and washed with water. The organic layer was dried
over MgSQO, and concentrated in vacuo. Silica gel chromatography (5 % EtOAc in
hexanes) afforded the title compound (2.45 g, 30 %) as a colorless oil. 'H-NMR
(CDCl3; 400 MHz): 6 5.97-5.89 (m, 1H), 4.09-4.01 (m, 2H), 3.54-3.45 (m, 2H), 2.36-
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organi c layer was dried over MgSO4 and concentrated in

vacuo to afford the title conmpound (0.25 g, 93 % as
w@rooofit43ehi te solid. LCMS (ESI, nfz): Calcd. POF/US2007/066985

C23H33N303 422.2 (M+Na), found 422.0. 25 g)

5-(5-(1-Acetyl pi peridin-4yl)-2-{[4-cyano-]-(2-trinmethy

I silanyl - ethoxynethyl)-1
2.B6 (mj 2dg ol48<(2-9%Br hahi Edhi mé&): phkedyfoy C3,H1sFsNOsS 332.1

- di hydr .o pyridine-l -carboxylic acid tent-butyl
(“g%‘g)e%?fg’%zoow 124369 PCT/ US2007/ 066985 0 NI KCk/ N

HNNN OO \/N oS, A solution of

5-[5-(1-acetyl - pi eri din- 4-yl)-2-am no- phenyl]-3,6-dih
b)ydr oS-2H¥, 5+§yT6tm W~/ ¢, éerdwyabwolaaf@y@ér& dibdrgt2lepyiddine-1-

(as vious step, 0.25 g, 5 0.63
%r?%y@ﬁefger&gvfﬁi%t ed with PyBroP (0.44 g, 0.94
nnDI) and 4-cyano- 1-
(2-trinmethylsilanyl-ethoxynethyl)-1H i m dazol e- 2- car bo
xyli Gj aci potassiumsalt (as prepared in Exanple 3,
\0.21 g, 0.69 nmmol ). The resulting slurry was
coojed to O C and treated with DIEA (0.33 niL, 1.88
). The ice bath was renoved and the m xture
sgirred at roomtenperature for 18 h. The reaction was

ji lQted with 10 CH2C12 and washed with saturated
gous NaHCO3. The organic |ayer was dried over
and concentrated in vacuo Silica ge
r »%
PR VE B Al R A Ot o P T 35407 e a
octdmdtkyl-[2A Joal[ 1, BQ}d‘l/&e(bEﬁﬂanyﬂ (2)07 €8l I(Sdnmbt)[ and dppf (0.12 g,
N6 b Si 649. .
0.22 w&ﬁbwmn %ﬁegé%r@nﬁ h?étpﬁlsﬁglaﬁle agd ﬂt? %k (“PS dlughap with Ar.
ARERRE ot fbn¥df)s= 8 ubrbnfot RenBsi £l RRY A R dihy dro-2H-pyridine-1-
Q%(%n- npheny J-am de t?%f Bor%acet1g>%E| pgn]ne N
caﬂ%@;ylﬂb\lad_ldl tert—butyl ester (as prepared in the previous step, 2.45 g, 7.40 mmol)
in dioxane (70 mL) was added to the flask and heated to 80 °C for 16 h. The mixture
was filtered through a glass-fritted funnel to remove the solid KOAc, and the filtrate
was concentrated in vacuo. Silica gel chromatography (5 % EtOAc in hexanes)
afforded the title compound (1.62 g, 71 %) as a colorless oil. 'H-NMR (CDCls; 400
MHz): 6 6.69-6.60 (m, 1H), 3.98 (br s, 2H), 3.49-3.42 (m, 2H), 2.24-2.16 (m, 2H),
1.47 (s, 9H), 1.27 (s, 12H). LC-MS (ESI, m/z): Calcd. for C;sH2sBNO4 310.2

(M+H), found 311.0.

c) 4-(4-Nitro-phenyl)-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-butyl ester
NO,

The title compound was prepared by the Suzuki coupling procedure of Example 35,

step (b) using 4-nitrophenylboronic acid (167 mg, 1.00 mmol) and 4-
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HN NCN H -yNO A solution of

5-(5-(1-acetyl -piperidin-4-yl)-2-{[4-cyano-|-(2-tri et
whgiogittany| - PCT/US2007/066985

et hoxynet hyl ) - 1H i m dazol e- 2- car bonyl ] - am no

}- phenyl) - 3, 6-di hydr o- 2H- pyri di ne 20 1-carboxylic acid

tert-butyl ester (as prepared in the previous step,
triflndngpthadeGd fonpriolxy -3, 6-0i hHRDEAR2- pfy A Oined ) caabak ylhc @6l d(tEt-butyl

esbs b Tt TRaT I b 068538 bitad Deipu S bm
cHrSHRBEADKY (elof%rEtéA% iR he;ﬁ%s)séffo\‘@éﬂttﬁe Yiﬁé @oﬁy&%f@v%gl 90

vacuo, andt e residue \A/a5|mTE|ateyta en up
%ERCH ¢i25 HANMREDEH.0 FE0 Mifz)55 8. 19dd, M, J -h 8.8TH, %60LQd1|2H1J—

concent r at in t
s 5585 BeatsD. £38 (Y AEHcbftthol - il SRRt Ed
with TFA (6 nL). The reaction was stirred 5 at room
tenperature for 2 h, and the solvents were evaporated
di n veaftioi-ARénephayl) e &P -¢@an@ecol urm) (10 to 80
% acetonitrilg,in water with 0.1 % TFA over 30 mi n)
af f or ded title compound (56.9 ng, 22 %9 as a white
i ' (CDC13; 400 MHz): 6 8.06 (s, 1 H), 7.81
=8.4 H), 7.32 (d, 1 H J =28.4 Hz), 7.22
: 610603(m | H, 4.74-4.64 (m 2H),
11402(m| ,395(5 2H), 3.50-3.37 10(m

3. 29- 2.93-2.82 (m 1H), 2.80-2.69
A(sggutlglp-pf 4 ﬁ4-@21:02p1§31yt):2 6- g}-h)ydro Qijgr]@gle-lgpgrboqylgglclﬂ tg-butyl

¥ g}(aszﬂ%@aép%‘%@ﬁgk t(e ﬁ/ﬁ%“ Iﬁé: ‘oun dl(ngﬁ) 55) lﬁry ]ZExla rrpgil"fﬂérg g 9

DQH®/TFA (10 mL) was stirred at room temperature for 3 h and concentrated. The
(4-{4-[(4-Cano-1 Himdazol e-2-carbonyl )-am no] - 3-cycl
re@ﬁ%@(wrls é% G MpteyR,pyernighty wiap Ekeo yp yn ?Plydgt(i%ﬂ%a ipad pyas

cooieldo[{) %aeetfocthﬁ%bﬂltl%ﬂ,l Etﬁ@(ﬂ% M:! 2 Mglo\l) D &ﬁ%&:%ﬂ wise,

followed by acetic anhydride (102 uL, 1 mmol). The resulting mixture was stirred at

0 °C for 1 h and allowed to warm to room temperature. The reaction mixture was
washed with brine, and the organic layer was separated, dried and concentrated. The
resulting product was reduced to obtain the title compound (143 mg, 65 %) using a
procedure similar to Example 4, step (d). "H-NMR (CDCls; 400 MHz): § 6.97 (d, 2H,
J=8.4Hz), 6.64 (d, 2H, J = 8.4 Hz), 4.75 (m, 1H), 3.93 (m, 1H), 3.13 (m, 3H), 2.66
(m, 2H), 2.12 (s, 3H), 1.84 (m, 2H), 1.57 (m, 2H).

e 1-[4-(4-Amino-3-bromo-phenyl)-piperidin-1-yl]-ethanone

NH,
Br

A
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NYO OH Aflask was charged with

4- cyano- 1Hi m dazol e- 2-carboxylic acid (2-cycl ohex-1
WQ@oengd3edt- pi peri di n-4-yl - phenyl ) - am de TFA saPCT/{SB07/066985

ng, 0.067 mmvol) (as prepared in Exanple 14, step

(b)), t-butyl bronmpacetate (10 L, 0.067 mol), NEt3

(20 L, 0.135 mmol) and 0.25 nL of DCM and stirred for
A Z6luhiombf PH4-Cl-aifive-pleagt)tpopermined qd]eet\has)ne I(mﬂephrod]inathS g

prgggyéﬁ%;t( Z)I dgeacpsql rlp'i_n%?) n %HZC% (10 rnL) Was cooPed to 78 °C and

tréa'fed%ﬁ@iw%s {%qu%'&mémagql u§3 M&hﬂf‘gu%y THL) phﬁ@y'}

- pi peridi n- acetic acl 5 tert r was
reaadtminemhsvaillbbve&&) Wouldh @Q@b@ﬁh‘lnp&'ﬂanﬁe endrgodfod3Gasn. The reaction

%Fﬂf\ 1\?@@%&3@@%@5 vraghed @5@@%%@%@3%%%%5@2 4@@90@&1110

laﬁ’ﬂés’%@igg OhO66A280, and bdcestr &y 1n3\7aeu@t Tl?e'scrgde hARribi \tvllseused
onpound was purified by RP-HPLC (C 18), eluting wt

dl®©t15®n e Ceiganhdtion0 LL-MSTES HRG) 0 Celcd 1fr mulﬂml%ﬂ‘bﬂ/@hlo

(ng[_ll%% é) f a\/\hlte solid. "H NWR (400 MHz, CD30OD): 6

&l 8. 02 (s, 1H), 7.22 (dd, 1 H), 7.10 (d, 1
,572(m 1H) 04 (s, 2H) 3.76 (m 2H), 3.22

}-2# (m 5 , 2.29 }—% 2. 10@é‘m 4?
ﬁl 825( 1- 4Ff)lyl M@fgdlé‘éﬂeb’f ﬁtﬂfﬂl(uE-sﬁeny!ff yp-dilgslred H-pysidine-1-
C24 found 434.2. Exanple 48
4- Q/F%%L\%%f %ég%ﬂrgp Car boxylic acid
{4[] (3 amrﬁbSrrethyI butyryl) piperidin- 10 4
yl]- oheXx- | <ényl phenyl }-am de trifl uoroacetic
aC|dsaIt\HQN~ \ NNO H2N~ N TFA O a)

[ 3-(4- {4 (4- Cyano- | H i m dazol e- 2- car bonyl ) -am no] - 3-¢
ycl ohex- | en)ﬂ]ﬁ phenyl} piperidin-1
yl) -1, 1-diwet hyl - 3- oxo propyl J-carbami ¢ aci d

t ent=bu ester \ HN- H

A solution of 5-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-
pyridine-1-carboxylic acid tert-butyl ester (as prepared in Example 46, step (b), 0.62
g, 2.02 mmol) and 1-[4-(4-amino-3-bromo-phenyl)-piperidin-1-yl]-ethanone (as
prepared in the previous step, 0.20 g, 0.67 mmol) in toluene:EtOH (2:1, 9 mL) was
treated with 2.0 M aqueous Na,COs (2.7 mL, 5.38 mmol) and was degassed with
sonication under Ar. The mixture was heated to 80 °C, treated with Pd(PPhs), (54
mg, 0.05 mmol), and stirred at 80 °C for 4.5 h. The reaction was cooled to room
temperature, diluted with EtOAc, and washed with saturated aqueous NaHCOs;. The
organic layer was dried over MgSQOj4 and concentrated in vacuo to afford the title
compound (0.25 g, 93 %) as an off-white solid. LC-MS (ESI, m/z): Calcd. for
C23H33N303 422.2 (M+Na), found 422.0.

g 5-(5-(1-Acetyl-piperidin-4-yl)-2-{[4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazole-2-carbonyl]-amino }-phenyl)-3,6-dihydro-2H-
pyridine-1-carboxylic acid tert-butyl ester
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\' NN N OH OQUN~\~/N 1510 O To a mxture of
4- cyano- 1H i m dazol e- 2- carboxylic acid

w@ 20chzd3ehex- | - enyl - 4- pi peridi n-4-yl - phenyl ) - BaN/tig2007/066985
trifluoroacetic acid salt (as prepared in Exanple 14,
step (b), 40.0 ng, 0.0818 mmol),
3-tert-butoxycarbonyl am no-3-net hyl -butyric acid (J.
Med. Chem, 34(2), 633-642, (1991), 21.4 ng, 0.0981
nol ) and Py%;oP (55.0 ng, 20 0.0981 nmol) in

di chl or oet ha was added DI EA (43 L, 0.25 nmol)
and the S bn xture was stirred at RT for 1 day
under Ar\Terrixt e was diluted with EtQAc (30 ni)

and washeq wig h (2 x 10 mL), brine (10 niL), dried

over Niyﬂ,dl\t n concentrated in vacuo. The

resi due urnli fied by flash chomat ography 121 WO

, 007/ 066985 (silica gel, 10-40 %
c/hexane) to ive 33.0 ng (70 % of the title
pound as a cgf?orl ess oil. Mass spectrum (ESI,

W z): Calcd. forgC32H42N604, 575.3 (M+H), found
574.8. 5 b) 4-Cgano-JH i m dazol e- 2- carboxylic acid

Ay o FEhEeq b ment T bl BT PSRt
p}&fdind:t Bahrﬂookjrlfdl‘&md iNrtNbutyD cSlieB GODkt iy in thd\bre@oud eted 0.25 g,
ol utio

0.9 Zmmply <?I(Iz£1e yanhbeated with Ky B (044 &b dhpmeDandfosraaod -

2ytﬁh{3 silanyl-ethoxymeth 1)- lH 1rn1dazole-2 carboxyhc a01d 8ota551urn salt (as
enyl eny?’ - pi peri c?, -yl) 1-di net’hy X0- propyl

pr]:parad blaEwamm@B,cbtttpe(rdD (bZﬂt %l0. Gﬂ)memtl)e rTl(e%su])tm@slu@y 0589 dooled

o dt DT el el T B e blhibeferfa and
thE 'ﬂﬁxtﬂ}exsttﬁ'feﬁ amnmg@%%tﬁ@ ESPRITh SRR L i d it e

reacti on was W th
Cdgrig emd washed withsanaetod aqmmas NeBliCdue T\ha@rgamq lyedvasydried

fl horat ogr (silic e i
ot §TE565 a0 itoBRiy it SR Iek! ShmBaHERAY G By 4 ECOAC
in$Rkdrds thed 100 % EtOAc) afforded the title cornpound (399 mg, 98 %) as a white
solid. LC-MS (ESI, m/z): Calcd. for C34H4sNsOsSi 649.4 (M+H), found 649.9.

h) 4-Cyano-1H-imizazole-2-carboxylic acid [4-(1-acetyl-piperidin-4-yl)-2-
(1,2,5,6-tetrahydro-pyridin-3-yl)-phenyl]-amide trifluoroacetic acid salt

N
TFA  HN m
Pz
H '\,"\<
N%N
o) H

\H/N

0]
A solution of 5-(5-(1-acetyl-piperidin-4-yl)-2- {[4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazole-2-carbonyl]-amino}-phenyl)-3,6-dihydro-2 H-pyridine-
I-carboxylic acid tert-butyl ester (as prepared in the previous step, 0.40 g, 0.61 mmol)
in CH,Cl;, (20 mL) and EtOH (0.4 mL) was treated with TFA (3 mL). The solution
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15 NWR (400 MHz, CDC13): 6 13.3 (s, 1H), 9.52 (s, 1H),
8.57 (br s, 3H), 8.26 (d, 1H, J =8.6 Hz), 7.69 (s, 1
wog7/1208 (dd, 1 H J = 8.6, 1.7 Hz) 6.98 (d, P(].T/HSZOD7/066985
1.7 Hz), 5.78 (m 1 H), 4.67 (br d, 1 H J = 13.4
Hz), 3.88 (br d, 1 H J = 13.4 Hz), 3.10 (m 1 H),
2.55- 2.85 (m 4H), 2.23 (m 4H), 1.72-2.01 (m 8H),
wis, Sidrefl sif rddH) tendpassurs percd. 5 bmThESblventsveye ev@pdmtkd if oucuo,

nﬁ%{%ﬁ@%&%a@ ?rzlglf%‘ g}gg%gl} found 47220%1 an(F)S[ornB at5° 8 for 11
h. ('izhé:%éu tRJAE¥ s Qoﬁ@éﬂtr.a%ﬁ iR %éz}y anﬁlﬁﬁ% 9%?&%' v}% tgﬁ'@ng'% 1Q'CSH

ri fluoroacetic aci salt HN 122
(220417/ 2b2 43691 (B@TﬂlU$ﬂﬁﬁ'ﬂ/e@ﬁ69831 T (6 mL). The reaction was stirred

1-(%]%- Tri met hyfl s'gila%}g met h -1 H 2,4J-tri azol
at oogn LIMFEIAAS e Al tﬁ%ts VP Ry %Poraf—e b EicuQ: FNEEs
pﬂrélée @PECT(@ o8 &lwﬁﬁgl&:a 89% &@e‘fb&é@e@rﬁw&@ﬁ&zﬁh 9n) %(ﬁ@@over 30

C, a sol ul1'| on of
mmétaffytdei rehelmize apoppiuag éife% mgbé&y&)ansa wleBsotig, 18-N0dR (CDCl3;

QR S et P2 T ™, PR e Al TR 300

11, B.1816103 (rﬁaltflad4\7ﬂ414f‘64§(5mﬁ)04 90-40d2, (nb- 1@1)@95 Is, 2ThEs3. 50 3.37
resultin solution was stirred at for 30 mn and

pabieti2brtcd md! D73 ARadmt it Ry don et 0-4isetm. 210
2.5 PEat by Pl devseh o e B LG4RS S SRRD, Qe

C@H&@I@@dl%@@ﬁ)pﬂﬁhd’gmahed on silica (10%
Et OAc/ hexane) to obtain the title conpound (530 ny, 41
% . Mass spectrum (ESI,

Example 47
(4-{4-[(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex-1-enyl-phenyl}-

piperidin-1-yl)-acetic acid trifluoroacetic acid salt

A flask was charged with 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-
enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (33 mg, 0.067 mmol) (as prepared in
Example 14, step (b)), t-butyl bromoacetate (10 uL, 0.067 mmol), NEt; (20 uL, 0.135
mmol) and 0.25 mL of DCM and stirred for 10 h at 25 °C. The reaction mixture was
loaded on a 5g SPE cartridge (silica) and 23 mg (70 %) of (4-{4-[(4-cyano-1H-
imidazole-2-carbonyl)-amino]-3-cyclohex-1-enyl-phenyl}-piperidin-1-yl)-acetic acid
tert-butyl ester was eluted with 25 % EtOAc/DCM. This compound was dissolved in
I mL of DCM and 20 pL of EtOH and 1 mL of TFA were added and the reaction
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mz): Calcd. for CILOHI9N3M3Si, 258.1 (M+H), found
258.2. 15 b)

WA 20342369 ohex- 1 -enyl -4-{[]-(2-tri nmet hyl si | anyPECBURIRY0G6985
ethyl)-1H[1,2,4- ]Jtriazol e-3-carbonyl]-am no} phenyl)
pi peridine-l1 -carboxylic acid tent-butyl ester \ -
/-ONN NN OOUN 1A 20 To a solution of

stitrefl Zott ¥ h a2 1A sThatityd ccevromyt vets pytified biy RP;I2PUTC (€ 8 azloting

i S0 SRR EninE TP Sk S 5o BE RRBFSE a1 85
whieH ol SHINMRI(MI)IZ,V@S@?}#%@:16g(t1,emﬁ%tdzt(is,nm ,?lr%gt(a@,n

was stirred at RT for 20 mn and concentr ate

1N)RadU.(d;TH®), b 2i(dudHabt @4 e dHiak 76 (npdie é22i(m, Hhet. 9028,

20 S o et (o R Re” e S0 ey ot or

CMESHRONMBAN@I+HE Foulddi 4397, esi due was dried for 4 hr to
obtain 1-(2-trinethylsilanyl-ethoxynmethyl)-1 H
[1,2,4]-triazol e-3-carboxylic acid potassiumsalt (273
ng, 97 %9 which was dir ed in the next step
wi t hout any further purM. 5 A mxture of

4-Cylr2o-1 Hiinkddayles3-tabytylietde kit BBydmind 3-fndh2 - Byt gipetidin-
e-3-carboxylic ~acid potassjumsalt_ (as prepared
above, 24/wyclohao! wrdnhenyy pridauiiuorescsle agideey |
4- (4- am no- 3-cycl ohex-1-eny henyl ) - pi peridi ne-1-carb
oxylic acid tert-butyl est (as prepared in Exanple
14, step (b), 35.6 ng, 0.108 Dl ) Hi PyBroP (69.9 10
mg, 0.150 mmmol) in DCM (2 nL) ws stir @t RT for 12
h. The reaction m xture 7 edMith DCM (5 nl)
and washed with satura qqueousoNaHCO3 (10 nli) and
water (10 nmL). The organilc | ayer was separated, dried
(Na2SO™4) andHqN Nated in vacuolFAhe product was
chr omat ogr aphedﬁg:a%il ica (20-40 % Et OAc/ hexane) to
obtain the title corfpound (31.9 ng, 55 % . Mass

a)psecy3-wy4-ESBLCyavlo- M -Zidakalb-Ccb.arbony]) AL NGB Shex- ABRyI2

(M BOC+2H), found. 481. 2. ) )
phenyl}-piperidin-1-yl)-1,1-dimethyl-3-oxo-propyl]-carbamic acid tert-butyl

ester
S
“Yk\}\:N
B
H
0] N N
10 <Y

To a mixture of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared in Example 14, step
(b), 40.0 mg, 0.0818 mmol), 3-tert-butoxycarbonylamino-3-methyl-butyric acid (J.
Med. Chem., 34(2), 633-642, (1991), 21.4 mg, 0.0981 mmol) and PyBroP (55.0 mg,
0.0981 mmol) in dichloroethane (2 mL) was added DIEA (43 uL, 0.25 mmol) and the
resulting mixture was stirred at RT for 1 day under Ar. The mixture was diluted with
EtOAc (30 mL) and washed with H,O (2 x 10 mL), brine (10 mL), dried over Na,SO,4

and then concentrated in vacuo. The residue was purified by flash chomatography
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c) 4H[1, 2, 4 J-triazole-3-carboxylic acid
(2-cycl ohex-1 -enyl-4 piperidin-4 yl- phenyl)-am de
whe®7t124369 uor oacetic acid salt N H N 2 TFA NeQT/NS2007/666985
20 HN To a solution of 4-(3 -cyclohex- | -enyl-4- { |
1-(2-trimethylsilanyl -ethoxynethyl)-1 H [1
,2,4]-triazol e-3 -carbonyl] -am no}
(sHipheply 10-40i1% Ex@Ai/thexant) tocaavddX  img(78Ck Hoftthe titloodrypound as a

conoh o e 8L W PR RST SheRio 378 M, foune
sAadded TFA (0.13 nlL). The resulting solution was

stirred at RT for 3 h and concentrated in vacuo. The
resi due obtai ned was dri ed under vacuumfor 1 h,

d i t 0 nL d. i d.f 5 m,n.
bihe” SRt B A el & D et vt Db -
t il Didken B et DMNVIRsdi24
N S IR O MM ckp amule DB Mhoccit INRsAE
8.53 (br s, 1H), 8.20° (%, 1H J = 8.4 Hz), 7.21 (dd,
1H, J = 8.4, 2.1 Hz) .11 (d, 1H, J = 2.1 Hz), 5.83

br s, 1H), 3.45 2A), 8.1 2H), 2.98 1H),
.(2. .r288(m I_I)4I—|), 2. 1Sfm( qz \gi;&}ln\%l'\_‘bl 75 (m(r6nH). K
| cd

Mass spectrum (ESI, . . for C20H25N50, 352.4
anple 50

(MtH), found 352725
chchhongnattl, R, 41-triazol e-3-carboxylic acid
(2-cycl oheX:- | fenyl"- 4 pi peridin-4 yl- phenyl)-am de

trifluoroaceticc acid salt NN TFA HNNJ OH 10 HN
TE g Sh TRk vlony iy miaegls: 2zcasp ok amigp 3y clohex-1-
en§BpRE%YI-pipeAgind -PBLINY Hin@$ikyBI3-oxo-propyl]-carbamic acid tert-butyl
ester (33.0 mg, 0.0574 mmol) (as prepared in the previous step) in 3 mL of DCM and
0.10 mL EtOH at 0 °C was added 1.0 mL of TFA, the mixture was warmed to RT and
stirred for 3 h. The reaction was diluted with 3 mL of n-PrOH and then concentrated
in vacuo. The residue was purified by flash chomatography (silica gel, 3-8 %
MeOH/DCM) to give 33.5 mg (99 %) of the title compound as a white solid. 'H-
NMR (400 MHz, CDCls): & 13.3 (s, 1H), 9.52 (s, 1H), 8.57 (br s, 3H), 8.26 (d, 1H, J
=8.6 Hz), 7.69 (s, 1H), 7.02 (dd, 1H, J = 8.6, 1.7 Hz), 6.98 (d, 1H, J = 1.7 Hz), 5.78
(m, 1H), 4.67 (brd, 1H, J = 13.4 Hz), 3.88 (br d, 1H, J = 13.4 Hz), 3.10 (m, 1H), 2.55-
2.85 (m, 4H), 2.23 (m, 4H), 1.72-2.01 (m, 8H), 1.50 (s, 6H). Mass spectrum (ESI,
m/z): Caled. for C;7H34N6O,, 475.3 (M+H), found 475.1.

Example 49
4H-[1,2,4]-triazole-3-carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-

amide bis trifluoroacetic acid salt

J
H '\,'\> 2TFA
Nm/‘\
N
O o H
HN

122



10

15

20

7-O N-N MO NCI O 15 To a suspension of NaH (60%
di spersion, 53.9 ng, 1.34 mol) in DMV (5 nL) at 0 C

W@ 2®oi12d36on of PCT/US2007/066985
5-chloro-1H1[1, 2,4]-triazol e-3-carboxylic acid nethyl
ester (Bull. Pharm Sci., 20(1): 47-61, (1997), 218

nmg, 1.35 mmol) in DMF (10 nL) was added dropw se. The
resul ti ng suspension was stirred at the sarre

s BT Mgy %wwf%é’%&%ﬂf ol G lgid

stirgefyi2Repat RT for 30 mn and poured onto ice. The
mxture was extracted with ether (3 x 20 nL) and the
et her Iayers\SWere combi ned, dried (Na2SO4) and
concent rat ed”kn vacuo. The residue obtained was
chromat ographed on silica (10% Et QAc/ hexane) to obtain
the titl O(:orrpound (227 ngy, 58 %9 . Mass spectrum (ESI,
m z) :Ngglecd. for CLOH 8CLN3G3Si, 292.0 and 294.0
MtH); fHound 291.5 and 293.6. 25 125 WO 2007/ 124369

M 07/ 066985 D)
4- (4-{[5-Chl oro-1-(2-trimethylsilanyl -ethoxymethyl)-IH
-[1,2,4J3-triazol e-3 carbonyl J-am no} - 3-cycl ohex- |

Te eﬁgﬂpemimnqﬂ Iyahpi(@B6 id'ds'pﬁtsidn) (%)@rrbg;@(b() mnmb)i id DMF (5 rnL) at 0

Sg:g{?lltuF %tlfne%yfil—/ ]{ gl- 4-tr1azolecar oXy atec%6 rng, \dO rnrnol) 15 DMF

(5[rBE PRhPEdIed dfopwlisd. nﬁiew&lﬁﬂlﬁgaﬁmbaﬁtda%mﬁhla& b thd skiné
1,2,4]triazol e-3-carboxylic acid nethyl ester %hf@
teppergare pri3N minangd tisgicd wgthsyBYCl g0 Hﬂcg 5 Ogmpngd. Irgsufting

soFng_l v§a% smﬁ)ed f‘g]td\l f&‘% Iglgl éldngb‘u ae% (%%t(g[r[,% lf h@%%)cﬁlgpwgs edﬂagted

I on was s
wﬁl@ etchem@rpaz(edm) nTH& Etther la%t@ wek@Sdntibiged) dtiad (€4l S@)Sand
suspended i n ether and sonicated for 5 mn

COPRYEH KR Vﬂ@lcwé'éhetrﬁ%ﬁuer @ﬁw%wah%hft)ﬁ’ét%@hﬁi phgilica (10%

R A SR RO S e

m/z%) Ealedifol @B 0aOsRIXP58. € (e ), found 258.2.

b) 4-(3-Cyclohex-1-enyl-4-{[1-(2-trimethylsilanyl-ethoxymethyl)-1H-[1,2,4-
[triazole-3-carbonyl]-amino}-phenyl)-piperidine-1-carboxylic acid tert-butyl

ester

To a solution of 1-(2-trimethylsilanyl-ethoxymethyl)-1H-[1,2,4]-triazole-3-carboxylic
acid methyl ester (as prepared in the previous step, 257 mg, 1.00 mmol) in EtOH (2
mL), 2 N KOH (0.5 mL, 1 mmol) was added. The resulting solution was stirred at RT

for 20 min and concentrated in vacuo. The residue obtained was suspended in ether
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potassiumsalt (223 ng, 91 %9 which was directly used
in the next step without any further purification. 15
WO200742436%  Of PCT/US2007/066985
4-(4-{[5-chloro-I-(2-trinethylsilanyl-ethoxynethyl)-1H
-[1,2,4]- triazole-3-carboxylic acid potassium salt
(as prepared above, 35 ng, 0.10 mmol ), DI EA (34 L,
(10 nilQ) amdwbiicated for 5 min. The ether was then removed in vacuo and the

4- (.4- ami no- 3- gy.cl ohex- | - enyl - nyl)-pi peridjne-| -
relfi g v Aieq B e e Pk P i bt sioRymey -1
[1,@‘4;]%5%1&@ aSR1i€ Bdid pdRsGuiBalt 27808, 917“%? whthdy RydBreefty

(69.9 ny, 0.150 mol) in DCM (2 nl) Was stirred at RT
ustdm the npgy step Whleout eaye further pinxicationwas di l uted with DCM

(5 m) and washed with saturated aqueous NaHCO3 (10

m.) and water (10 nL). The organic |ayer was
A SRk Qb eH(2-BHrh&Hysi{ N2 SBbXyaady g ArE BNt A RirReolicrB-¥aBos/lic

The product was chromat ographed on silica 20-40 %

. ( (
ackt tayshiex selps prepatsd abave, B8 mgd, 0118 monpobheA (Bbub-2@5

i g PR 90, Mk Sy Pyl by
A8 i o )0 ST W e
mpOF W9sP0w?) io §2 ngl)pgay sirred 4 RTAos 82 b. Bize pagptigrypixture

o i & Tt 33050 s g dfRom
anﬂhl)'a;tetq.l 0.onI()s , Th8dyganio la;ﬁetﬁbdscsépar]’aﬂdd,[ dlr’ieﬂ, (Wa,S0,4) and
J-triazaol e-3-carboxy]ic acid (2-cyc| ohex-| -

I |-4- 5
coppyrTafesiipvacyn. The@rsAurt Was %Oélﬁﬁog%/aab%%@%ipg%&lod%s al t
EAR D B Ao RO A MER ek M i

WZD:lCﬂC(ﬂ]fOﬂQlH47N504Si, 481.2 (M-BOC+2H), found. 481.2.
tri azol e- 3-carbonyl ] -am no}- 3-cycl ohex-1| - enyl - phenyl ) -
pi peridine-l-carboxylic acid tert-butyl ester (as
prep i a7t eyl A ; -4l
Do (0 R ME BB B (B o8 VPRl 0
Af t grhesyli-amidegpis éluosearetic ngdwiakt ure at RT for 12 h,
another 0.1 nL of TFA was added. The reaction m xture
was stirred for an additional 5 h at RT, the solvents
were evaporated, and the title conpound was 15
i fi by RP-HPLC (C 18) eluting with 20-70 % CH3CN
% TEA HRBNover mn to obtain the title
%58 %fpﬂh NVR (CD3OD, 400 MHz): 6
J % 8.4 Hz), 7.20 (dd, I H J =8.4, 2.1
3 (dO I 'H J =2.1 Hz), 5.82

To a solution of 4-(3-cyclohex-1-enyl-4-{[1-(2-trimethylsilanyl-ethoxymethyl)-1H-
[1,2,4]-triazole-3-carbonyl]-amino}-phenyl)-piperidine-1-carboxylic acid tert-butyl
ester (as prepared in the previous step, 81.9 mg, 0.140 mmol) in DCM (0.4 mL) and
EtOH (13 uL), was added TFA (0.13 mL). The resulting solution was stirred at RT
for 3 h and concentrated in vacuo. The residue obtained was dried under vacuum for 1
h, suspended in ether (10 mL) and sonicated for 5 min. The solid formed was

collected by suction filtration to obtain the title compound (56 mg, 68 %). 'H-NMR
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(br s, 1H, 3.45 (m 2H), 3.19 (m 2H), 2.98 (m 1H),

2.28 (m 4H), 2.14 (m 2H), and 1.95-1.75 (m 6H).
wok®g/1spertrum (ESI, mz): Calcd. for C20H24CILNSODDS2007/066985

386.1 and 20 388.1 (M+H), found 386.2 and 388. 1.

Exanpl e 51 5-Cyano-JH i m dazol e-2-carboxylic acid

[ 2-cycl ohex-I -enyl-4-(cis-2, 6-dinethyl-

(€ R A |400rMI4yj ):‘)Mké lem SleobdslH rJ|=f$u®{z(),zﬂ:EI (da, aHLﬁ 8.4,
salt, an zol e- 2- carboxyl i ¢ aci
2f ey elbwem 7 &yﬂyﬂzm(&sﬂm B8, §a&imantyio (n, 37 %08 (.

I

P, 00T AR LT 038 ) DaBhaPeRrE Rl

ClcCNor B, 50, Bl52.44r|(M+JH]\folulht1 A5TEA 2TFA a) C s/trans 2,
6- Di met hyl - 4- oxo pi peridine-1 -carboxylic acid

3 tent-butyl ester OAN O 5 A solution of

ci s/trans-2, 6-di met hyl pigg@nislé s¢ne (Coll. Czech. Chem
Commun. : 31(11), 4432-4‘,_(‘Itg'6:§, 1.27 g, 10.0 nmol)

St @hlercaét - /(| LAY -tmlayo lwelscarbeadie dci (BWyelqhqzC—IW)Ma@{pmziin-4-yl-
m., 11 nmol) an The
resul ting m xt ﬁ?’@'sy%%’)"g%t%ﬁ%%roﬁ?é”ﬁa?lg ﬁ8 hr The

et her | ayer was separated, dried and concentrated. The
resi due was chromat ographed on silica (10 %

Et OAc- hexane) to obta he title 10 conpound (1.10 g,
50 %9: LCGMS (ESI, m Cal cd. for Cl?rll;glNGS 128.1
(M BOC+2H), found 12871. I-ID) N’\>\CI

2, 6-di et hyl pi peri d| caoboxp,{l ic acid tert- butyl

10

a) 5-Chloro-1-(2-trimethylsilanyl-ethoxymethyl)-1H-[1,2,4]-triazole-3-
carboxylic acid methyl ester

\
|

N—N
MeOYlN)\ Cl
0]

15  To a suspension of NaH (60% dispersion, 53.9 mg, 1.34 mmol) in DMF (5 mL) at 0
°C, a solution of 5-chloro-1H-[1,2,4]-triazole-3-carboxylic acid methyl ester (Bull.
Pharm. Sci.,20(1): 47-61, (1997), 218 mg, 1.35 mmol) in DMF (10 mL) was added
dropwise. The resulting suspension was stirred at the same temperature for 30 min
and then treated with SEMCI (0.24 mL, 1.4 mmol). The resulting solution was stirred

20  at RT for 30 min and poured onto ice. The mixture was extracted with ether (3 x 20
mL) and the ether layers were combined, dried (Na,SO,4) and concentrated in vacuo.
The residue obtained was chromatographed on silica (10% EtOAc/hexane) to obtain
the title compound (227 mg, 58 %). Mass spectrum (ESI, m/z): Calcd. for
C10H13CIN305Si, 292.0 and 294.0 (M+H), found 291.5 and 293.6.

25

125



10

15

20

25

A solution of cis/trans N Boc-2, 6-di nethyl pi peri di none
(as prepared in the previous step, 1.14 g, 5.00 mmol)

WO p00THE36R0 nl) was cooled to -78 C and treat eBCTMISI007/066985

LDA (1.5 Msolution in cyclohex, THE and

et hyl benzene, 4.4 nL, 6.5 mol) under Ar. The

resulting mxture was stirred at the sane tenperature
b)f or BOI-HiSAClalneh-1 1 2atimethyistiv2@thoxymethyl)-1H-[1,2,4]-triazole-3-

N-phenyltrjfluo ul f (2,34 g, 6.55 .
ol wﬁfwénw% )3‘77‘% -enﬂflgara%ﬁ)rlgﬁlnwfﬁf 22 %ngy?lc acid
stirgathQts@nother 30 mn and allowed to warmto RT.
After 30" 128 WD 2007/ 124369 PCT/ US2007/ 066985 mi n.

at RT the reaction mxture was concentrated in vacuo
and the reSidue was tak in ether (20 nL) and
washed w ’ﬁf_ 2 x| Or). The ether |ayer
was dried ( concentrated to afforded
cis/trans-

ound was then prepared according to the Suzuki
Opling procedure of Exanple 35, step (b) using
-am nophenyl boronic acid (219 ng, 1.00 mmol) and
ci s/trans-2, 6-di net hyl -4-trifl uoronet hanesul f onyl oxy- 3
Tq & salittigrdofd-2 [Syctilationle2-trindetindsitrayisk thoxaoétbly -4 Ht-- but I

gt ek BEBBERA G s R R e i e bgeviatt e
% cﬂﬂfhn)qulahﬁow (2L 92 N KOH (0.4 mL, 0.8 mmol) was added The
i met hyl - 3, 6-di hydr o-2H pyri di ne-1-carboxylic acid

regwiing mlutwn ey Eén“re@_’wBTrfgr &gy and msnt mrwamlq EShe
re%\dug ?btfune& Wa§ suspet%e% in ether %’O r%g)g and s%mc'él?ed Q4! rmn O§he ¢ther

wik-thén fdved Bﬂ@ﬂw r}:suitnﬁ; @dhides By dﬁecﬁmd«iably(ﬂ fop 42Hofyprdinl 4q4-
e-l-carboxylic 15 acid tert-but ester (as prepared

{{atsbinso- lfféﬂrlﬁﬁ’tthSﬂEl:Syln%Y]@fP’%YmQﬁhM% (11?-@4 ma)zol\ﬁ/a%carboxyhc acid
PR ETOELL 20 TRl MRl gy

1hahﬂqamﬁkmm@ﬁ to give the title conpound (360 ny, 94

% . Mass spectrum (ESI, mz): Calcd. for G 8H28N202,
305.2 (M+H), found 305.6. 20 c)

Aﬁlgﬁrm ner-3rscottb8here- {rlm&ﬂ?‘lhm‘?p ¥tlh))xﬁhe°tﬁ%l5 Q?§[122 @]’ di m

et hyl piperidine-1- carboxylic acid tent-butyl est
trigigHiR-3-c@rbaxylic heid pbt&s@m’i(sa]a (eg(prcgam;dqahmﬁfe 35mg, 0.10 rnrnol)

DﬁZAaé%uri gflc(P h?nrg) ), )4 ( a?nnqcl) cyc%(/)lhe}P I1 pe%gl -dﬁe%(;zl)lﬁlgé"nrf ne XY| |

carboxylic acid tert-butyl ester (as prepared in Example 14, step (b), 35.6 mg, 0.100
mmol) and PyBroP (69.9 mg, 0.150 mmol) in DCM (2 mL) was stirred at RT for 12
h. The reaction mixture was diluted with DCM (5 mL) and washed with saturated

aqueous NaHCOs; (10 mL) and water (10 mL). The organic layer was separated, dried
(Na;S04) and concentrated in vacuo, The product was chromatographed on silica
(20-40 % EtOAc/hexane) to obtain the title compound (52 mg, 85 %). 'H-NMR
(CDCls; 400 MHz): 8 9.60 (s, 1H), 8.29 (d, 1H,J =8.4 Hz), 7.18 (dd, 1H, J=8.4,2.2
Hz), 7.13 (d, 1H, J=2.2 Hz), 5.99 (s, 2H), 5.84 (br s, 1H), 4.18-4.25 (m, 2H), 3.72-
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butyl ester (as prepared in previous step, 334 ng,
1.09 mol) in DCM (10 nL) was 25 added NBS (195 ny,

wa2@91m3ed ) and the reaction mixture was stirrRCI/ES20RT066985
for 12 h. The reaction m xture was diluted with DCM
(10 m.) and washed with saturated aqueous NaHCO3 (10
m.) and water (10 nL). The organic |ayer was

3.3@0ay 2 )ed,58d).6 26, 21292 WD 260, 12193898 RCH (0520071 .088985m,

o133 B LSS T et B ARELSh % SBISO

2, 6-di net hyl - pi peridine-1-carboxylic acid tert-butyl
ester (367 ng, 87 % . Mass spectrum (ESI, mz):
c¢)Cal c@Chiae- 1@! BII—@?BHNZ@)Z@ 332rb@cvEindcidZg-coclohit - B4,
found 2} % gg 5.,The tttle qpound was then
or ogaP AR C e S i i Thg  pr ocedur o of
Exanpl e 12, step (d) using cycl ohexan-1-enyl boronic
acid (157 ng, 1.25 mml) and
q 0- 3- br ono- phenyl ) - 2, 6- di et hyl - pi peri di ne-1-c
acid tert-b | ester (as prepared above,
and chromat ographed on silica (20 %
@b afford 254 nmy (66 % . Mass
Calcd. for C24H36N202, 384.2

! {[4 Cyano- ] (2 trimet hyl sil anyl - et hoxynet hyl ) -1 H
{dazol e-2- carbonyl ] -am no} - 3-cycl ohex-

- enyl phenyl)-cis-2, 6- dinethyl pi peridi ne-1- 15
carboxylic acid tent butyl ester; and

TQla @qlu@mo%édné[j]-cl(lqmt lr(mnﬁﬂﬁhﬁéﬁllaélﬁ ﬂrPth@%m@@ﬂéﬂ Hy[ 12.4]-
|
trlalz]ol IC)% %n?rg 2 gop-g I]OB%WI p%rlbéhe%gﬁ ) epe%d_l%ealr %’91‘%’1%:0 acid
teﬁﬂ:iu@lltea@i @bpf@phreﬁﬁﬁ €iie (S0 $Wp, 631 o 0:10Nmmot) hHAEM (M5
\ N-\ O -~O0 20 A mxture of '
mk) @beﬁf@fl(l(lzule)rwwe%yd g FAa(nlel mp}-hoRgnustrrys the Tesultngoapgure
I b d
at §a€% lcig %381%9{1%&?) ?\%}SL of. gsc’ ' (%{'n 88%% realcsleIP 8? {e?\ﬁasl,osﬂlrred

foL an deitldiml)lﬁ)h at RT, the solvents were evaporated and the title compound was
(4-am no-3-c cl ohex- | - enyl

e T e (drheuing aitboly T Sl ie 4 % TFgYH pwer 20
mfrAS RIFPAG e BrpBEnPBhE YR %). 'H-NMR (CD;0D; 400 MHz): 5
8.14 (d, 1H, J = 8.4 Hz), 7.20 (dd, 1H, J = 8.4, 2.1 Hz), 7.13 (d, 1H, J = 2.1 Hz), 5.82
(brs, 1H), 3.45 (m, 2H), 3.19 (m, 2H), 2.98 (m, 1H), 2.28 (m, 4H), 2.14 (m, 2H), and
1.95-1.75 (m, 6H). Mass spectrum (ESI, m/z): Calcd. for C,0H24CINsO, 386.1 and
388.1 (M+H), found 386.2 and 388.1.

Example 51
5-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(cis-2,6-dimethyl-
piperidin-4-yl)-phenyl]-amide bis trifluoroacetic acid salt, and
S-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(trans-2,6-dimethyl-
piperidin-4-yl)-phenyl]-amide bis trifluoroacetic acid salt
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step, 384 ng, 1.00 mol) and PyBroP (699 ng, 1.50

mol) in DCM (20 nL) was 25 stirred at RT for 12 h
wabh@7neget i on m xture was diluted with DCM ( 10P@i/ySENT066985

washed with saturated aqueous NaHCO3 (10 ni) and water

(10 nmL). The organic 130 WO 2007/ 124369

PCT/ US2007/ 066985 | ayer was separated, dried (Na2SO4)

and co trated in vacuo to obtained a p ure of
two title conpounds (321 ng, 50 % . The
asy chy t ographed on silica (105204% N/§>\
3 e n the individual title N ’N CN
58-(4 { [4-cyano-| H

gt hyl@&i | anyl - et hoxynet hyl
1 dazol e- 2- car bonyl ] -

0} - 3-cycl ohex- | - enyl - phenyl ) - tra: - 2, 6- di medTirpl - pi
pedi di ne-| -carboxylic acid tert-butyl ester (3lng).
Mass spectrum (ESI, mz): Calcd. for C35H51INSOA4S
634.3 (MtH), found 634.1. 10 4-(4- { [4-cyano-

( 2- (E‘lg}t%# Byé Pl rlré? ?ﬁd“ﬁ?gw%?)? c)arﬂ'oxylzc acid tert-butyl ester

azol e-2- car
-BbecIohex | -enyl - phenyl) ci s-2, 6-di net hyl - pi peri di ne
-l Agarboxylic acid tert- butyl ester contaminated with
0% of 4-(4- { [4-cyano-|-(2-trinmethylsilanyl-
nethyl) 1 Himdazol e-2-carbonyl] -amno }
cyclohex- -enyl - phenyl ) -trans 15
6>l met hyl - plperldlne | -carboxylic acid tert-butyl
ester (290 ng). Mass spectrum (ESI, mz): Calcd. for
C3 NSO4Si, 634.3 (MtH), found 634.1. e)
5-Cyano-]FL|n1dazoIe 2-carboxylic acid

5 Apoliyebeiescn-eayl iy iperalEncdlmbi gt e -
d
D AREe1- OPPhY a2t 10 RS BRAL B R DS Bty 1

N-Nalﬂ)H (A-faLr 8ngmadl) éhd (BOC)ZO (2.18 g, 10.0 mmol). The resulting mixture
dLneth%R£ peri di n-4yl ) phenyl J-am de bi s
aSSHTER AR AT - i SR Iy R Re- ek Ird apcagngeaatagy The

[ r
0L INRIEARIED ST0 L ARSI e
10 copdpound teldy) 30 YearlyC-MS$ (ESdy mét)h§hicd for C1,H,1NOs, 128.1 (M-
ol carbonyl] am no} -3 -cyclohex-1 -
Béhﬁghb%éﬁyf fs- 2, 6-di met hyl - pi peridi ne-I-carboxylic
acid tert- butyl ester and 31 ng
b) 4-(4-Amino-phenyl)-cis/trans 2,6-dimethyl-piperidine-1-carboxylic acid tert-
butyl ester

o)
DN
)
15
A solution of cis/trans N-Boc-2,6-dimethylpiperidinone (as prepared in the previous
step, 1.14 g, 5.00 mmol) in THF (20 mL) was cooled to -78 °C and treated with LDA
(1.5 M solution in cyclohex, THF and ethylbenzene, 4.4 mL, 6.5 mmol) under Ar.
The resulting mixture was stirred at the same temperature for 30 min and treated with
20  N-phenyltrifluoromethanesulfonimide (2.34 g, 6.55 mmol) in THF (20 mL). The

reaction mixture was stirred for another 30 min and allowed to warm to RT. After 30
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(0.048 mmol ) of
4-(4-{[4-cyano-1-(2-trinmethylsilanyl -ethoxynethyl)-1H
w0 pdodazebe 131 WO 2007/ 124369 PCT/ US2007/ 06698BCT/US2007/066985
2- car bonyl ] - am no}
- 3-cycl ohex-1| - enyl - phenyl ) -trans- 2, 6- di et hyl - pi peri di
ne- | - carboxylic acid tert-butyl ester according to
mirhet RT doeadact®ni mixEramab eorcéntratém Ydoho and the residue was taken

uqs fﬁ%l?;:g ?%QE]E}L;JB g}ug%)z% leﬁ_v%l_ C ar OX | kfé? ﬁlg]ﬁ) 5 The ether layer was
drEEdRﬁra%Sbﬂ afld Méﬁcéﬂ/téi‘aﬁ@d/{d afﬁﬂhéiﬁcé%grﬁnstﬁ 5fd1ﬁ&eﬂh9ﬁqsg I g ?gl d

trl@dororndﬂlan@s&foeybxylz?)6 -dyd®-H; pyrldm)% 1-qarboxylid, acid teft-bgtyk

. 7 11.(s. | H..5 72 (b | H, 3.87 |
GSE?)‘?S@%%’ ‘t%ﬁ’}lWhiY)%,W%? ‘E%Ct%usﬁd 1&0"?"%@2’3 (H) m 1 H, M, o7
(m 1H), 2.22 (m 4H), 219(m 2H). 1.75-1.92 (m

4H), 1.56 (m 3H), 1.37 6H). Mass spectrum ESI,
The tife compasad wes ﬁhe@mmmwcom to thavhyguki equphiae pegegure of

Eyfagnp'% % S %ﬁélﬁ%ﬁ%ﬁ%ﬁﬁﬁgﬁéﬁ%@& ddckong% 'ofk, 1.00 mmol) and

c1$1tr|axesnl ,didimdthyl-J-tipfheorginkthandsd ot ext- BJ6fdlluyatroa¢Epy1¢d1ﬂ@ﬂd
( CDC13;

Sa tylslc ag}ﬁ)tertn‘%@tyge%tgr(a%premqj:d a@)x@83%lsmgﬂ_]_§0 ngnqﬁ_ %&wa gel

ch%&nat%gragh@(fb i’(')z% EtZ)A705 hé}pcfne 'affor(wd 4- @%ﬁm()%en%l%? 61-5

dlmethsz 6- @mhmo(z}ﬁ pgum;me-a’ @goo(xmlc a6l ter@bﬂtyBeSﬁer((ﬂﬂZ i) 57%):

Mgspppgiiint ot STy o ot CisFbotg), Lo Ry O

A@i)liﬁlon OQ—ngH{(Q%/ kﬁ@-@ﬁﬂetbﬂoﬂ6%ﬂ{ G H-ffyRldne- ff—@érngyhc

ano- JH i m dazol e- 2- carboxylic acid

ac{(ttectmtyjh:@wr (asepmé;parqi.a[b})yq Q)Sﬂ(mg 1¢23, Igmo@| IpMEQH Y10 mL) was
hyRk O%In i Ig% rgIIQ_Q/e %%i/gf Hgﬁ 8¥ E%& B%Bﬁ) lhanhée S&Nltlon v)/asl}lll%—e'red

thfo%gﬁ%@a@ ReKelitenY lcodcchirateRYo fivd 2he2tltle2c5)mpound (360 mg, 94 %).
di nmet hyl - % 3] di_oxol ane- 4 carbonyl)glperldln 4y|%pheny
Mp3s. spagtaen m)zﬁafwilgn@@élz@@ﬂzué@ 1Moo rmnd3

~CNOHON

c) 4-(4-Amino-3-cyclohex-1-enyl-phenyl)-cis/trans 2,6-dimethyl-piperidine-1-

carboxylic acid tert-butyl ester

To a solution of 4-(4-amino-phenyl)-2,6-dimethyl-piperidine-1-carboxylic acid tert-
butyl ester (as prepared in previous step, 334 mg, 1.09 mmol) in DCM (10 mL) was
added NBS (195 mg, 1.09 mmol) and the reaction mixture was stirred at RT for 12 h.
The reaction mixture was diluted with DCM (10 mL) and washed with saturated

aqueous NaHCO3; (10 mL) and water (10 mL). The organic layer was separated, dried
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O O~ To a solution of nethyl

(R -(+)-2,2-di net hyl -1, 3-di oxol ane- 4- car boxyl ate (0. 16
worzgo7a206mol ) in MeOH (2 L), 2 N KOH (0.5 nlpCURw01/)66985

was added. The resulting solution was stirred at RT

for 20 mn and concentrated in vacuo. The residue 5

obt ai ned was suspended in ether (10 nL) and sonicated
(Nag80 D amil noncEheated revacwaso dlbtem 4-(demnineeB-brothd-pleenyl)-cis/trans-

A B B SR i A
spRQHARPENTNP) Lalcd e WU.b1, D, V0L £ 18320 J UECHL YN Gsha

in the next step w thout purl ication. To a solution
32010 andc328th- | H-i mi dazol e- 2- carboxylic acid

(2-cycl ohex-I-enyl -4- 10 pi peridin-4-yl-phenyl)-am de,

trifluoroacetic acid salt (as prepared in Exanple 14,

Tisd tetR dddpouft® walg thed. &&)aiﬁ&k{c):oﬂd[hg%%d dudmkitouphiag pastd@de of

to a mxture of (R -(+)-

Exfinppde h3p|step, (d) a%& aarcawxan éaqnwb&qrpm@ agieli (45 pergad 2P anol) and
PR yhifo 2 RRBRAET NP e b MRsrigie-p M RB i e

esél (as dobfifed dvk, 382.112d, INGOMmol)Tdng dhesnidtbgraphadi ot dikiex (\216&%
oA et kit e BTG R
cﬁ?%@ng% gg%ﬁ%ﬁMlﬁgnfogl ?%12@( gbg/oall\/ggo—ll/ \g?:i/p to obtain

title conpound (47 mg, 97 % . Mass spectrum (ESI,

Daos bR Ghene’ Cﬁ%ﬁ%?ﬂﬂéfé Sl iyid 208

2- ! 3 " 7
i %’P%E??d?ﬁfaﬁ%%Z‘%”ﬁ’;%f%%’;rﬁ BB A peridine-]

200 /arbar369 a@@Tm@zo@W@ﬁ@@@S (4@ [HNcyapoH -(2- )rmthmwyé
?gl g%/ xgﬁzg&ayﬁ [g—y zmzdgch%Z -car. Onybe an%ng}a %%9/2’%%@)6 1 %}%I/l -phenyl)-
(R) -dedns22, Syl pibh driBh 81 Q4D We: deift 2erbbivyl dstdpi peridin
-4-yl]-phenyl }-amde (as 5 prepared in the previous
step, 45 nmg, 0.090 nmol) in MeOH (1 nL) was added aqgq 2
N HC1(2 nL). The resulting mxture was stirred at RT

for 12 hr. Solvents syere renoved in vacuo and the s.
resul ting resi duej@é dried for 4 h. The ether (19//rrL)

Was\@; W/CXCN j(l\lCN

A(

A mixture of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid, potassium salt (as prepared in Example 3, step (d), 384 mg, 1.00
mmol), DIEA (0.34 uL, 2.0 mmol), 4-(4-amino-3-cyclohex-1-enyl-phenyl)-2,6-
dimethyl-piperidine-1-carboxylic acid tert-butyl ester (as prepared in the previous
step, 384 mg, 1.00 mmol) and PyBroP (699 mg, 1.50 mmol) in DCM (20 mL) was
stirred at RT for 12 h. The reaction mixture was diluted with DCM (10 mL) and
washed with saturated aqueous NaHCO3 (10 mL) and water (10 mL). The organic
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added and sonicated for 5 mn. The ether was renpved

in vacuo and the residue was dried for 12 h to obtain
w0 b@7t12436® conpound (21.3 ng, 52 % . 'H NVR ( DMEIDUS2000066985

10 MHz): 6 14.1 (br s, I H, 9.85 (s, I H), 8.32 (s, |

H, 7.92 (d, | H J =8.4 Hz), 7.18 (dd, | H J =

8.4, 2.1 Hz), 7.13 (d, I H J =2.1 Hz), 5.72 (br s, |
lay§r, wa sbardtagl, dricH)NaAGB3 afdwoncentifted . vhbudg tn obitaikfd a BriBbre

I . 3..43 I 3.0 I .. 2.81 I ,
of gapopfivo it LobPuics (b i St dpniaisg el ™ 10 17
ch@@rﬁﬁogﬁﬁﬁéd &f@lﬁga%l() ) %)EtO@%hféQanef) @6 obtﬁ%%ﬁh@%%@cﬂual title
464.2 (MrH), found 464.1. 15 Exanple

comOyadn- JH-i m dazol e- 2- car boxyl i ¢ aci d [2 cycl ohex- |
-enyl - 4- (1-net hoxy piperidin- 4 yl) phenyl]-am de
trifluoroacetic acid salt H NNCNHTFA g NO |o~

4- -Gyaho-1 stk taw 1)-BH-ifrideblcahyabenyl
O oyaho. 2§2 phgﬁ;}?amh%e V%”ZOO?I/ 124369 il

di'n- 4
anmgﬁ @é&e@%mémlsphqnm-twm §-Himethyl-pipgrigincoregpboxylic acid

05 YRR LTl 5 Sre 8 0.5, s

(MeH), Teurn@d 34d .t reated with LDA (1.5 Msolution 5 in
cycl ohex, THE and et hyl benzene, 4.3 niL, 6.4 mol)
under Ar. The resulting m' xture was stirred at sane

4- g@ gpe y%hb‘ r1 2ftﬂﬁle§glléﬂaﬁ Wdﬁfj it 1H‘dauble-2 carbon l]

tri f or onet hanesu
afﬂiHE}'@@ clohyx-1Fhgl-peagt)ion2, 6nd1mbthyép1msdmb+ 1 caebbﬁydlc ac1d tert-

anot her 30 m o to, warm T. After 30 mn

bl s{e Contipaita it ) ot ke s htpesbe i acuo

etﬁ&@rﬁéﬂ?lf ?ﬁllﬂﬁ&zgfétﬁbﬁﬁgn}%ﬁim%z Iﬁkﬁﬂbﬂé& - éhylf-%;%%zlﬂ -#fhs-
washed with cold ‘water

2 6-;§1yrg¢thyl -piperidine-1-carboxylic acid tert-butyl ester (290 rng) Mass spectrum

(ESI, m/z): Calcd. for C3sHs1NsO4S1, 634.3 (M+H), found 634.1.

e 5-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(cis-2,6-
dimethyl-piperidin-4-yl)-phenyl]-amide bis trifluoroacetic acid salt and 5-
cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(trans-2,6-
dimethyl-piperidin-4-yl)-phenyl]-amide bis trifluoroacetic acid salt

J D,
H\H/L}CN H\H/L}\CN
O o " O o "

HN HN
2TFA ; 2TFA

The title compounds were prepared from 290 mg (0.457 mmol) of 4-(4-{[4-cyano-1-
(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carbonyl]-amino}-3-cyclohex-1-
enyl-phenyl)-cis-2,6-dimethyl-piperidine-1-carboxylic acid tert-butyl ester and 31 mg
(0.048 mmol) of 4-(4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-
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was dried (Na2SO4) and concentrated to afforded
trifluoronethanesul fonic acid 1-
woredonox4ped, 2, 3, 6-t et rahydr o- pyri di n-4-yl est erPCPB200T066985
71 %9 as a white foamwhich was directly used in
next step. 15 The title conpound was then prepared
accordi ng to Suzuki coupling procedure of Exanple 35,

2- sarbpnﬂb)muml}rﬁgcmmde@tyfhpyb@ib) -omise2, Galidethgifipendind-100
el 639 cor-burs! STGT s syipechreangixogliol. pigg ()

pr epar ed above 261 nmg, 1.00 mmol ). Silica gel

chromat ogr aphy (20-50 % Et OAc/ hexanes) afforded 60
5-fryaii YHognidavales? -spbetyligrac{dd3tcy clahey-1 -yl -d dcisf2gh-dimethyl-

piekionsnns S eRgRe b dioney iR mig vy R

C@}@W'%U‘M‘Hz @8NH2(dMEﬁN R sRbuRioans,afH), 722 (d 1H, ] = 8.4 Hz),
1- et hoxy 1, 2, 3, 6-tetrahydro- pyridin:4-yl)-phenyl am

7. ilh . (H} 2B (dvtrepleﬂ)ea 87 impd By 938 (1t éld), 3(4P0(n8 IMQ, 3.3 2001H),

3 FEBhJ s HECH, Ry Sy deRgepat ety oy es AOUPY' G

6}2!\4&S9§pe@trﬂﬁthSf m/235CUE. 2810@!4%@946’@/(1&43290%%6%5

lite and concentrated to give
4- (1 - met hoxy- pi peri di n-4-yl)-phenyl am ne (38 ng, 92

5- c% ﬁ@!llgg{n\{\@a%og- -Sﬁbb%ilfésa%fjd n[IZan_);Cﬂ)%quxetnyﬁh?Raﬂ 3 Bfhethyl-

plﬁeg((ﬁn-ﬁ%tlhpb@ryﬂl-mde ﬁlsﬁrlﬂu@!ﬂo)leqﬁlheiﬁw @m(mas hfgs 55 P/&)p émetMR
above

R g Mty 8 G oG rambly 1ARADY na Ty S8 (5 SHIR 4t 6k &b

h t
8“1 Ao G e obone (4 e Rakheh St Pl o2 or
S, aﬂll)l,e@ms(nﬁall-ﬂm 5(91@11 I‘HH) amds Xl\lﬁheﬁtH)(, IQS M) (m,1618), 0)0gaNT&(m,
was separ at ed J(Na and concentrated

6Iﬂ1¥\¢g(§gﬂﬁfﬂ 3= obHa) 43 (d 3H 6.3 Hz). Mass spectrum (ESI, m/z):

12 rahydro-pyridin-4-yl)-

Caziﬁen aﬁﬁ%&igﬁﬁbb9§ ) %ﬁn@3§$3h ch was used in the
next step wthout purlflcatlon The title conpound was

t hen prepared according Eo Suz léi coupl i ng procedure
of Exanple 12, step (d ycl ohex- I -enyl boronic
aﬂ@aﬁ@?[—ﬁmﬁﬁawﬂ&@@a%l}c &‘Mi{}?cycl%&m Al fmﬁ hoxyr 3.
1,2,3,6-tetrahydro-pyridi n-4-yl)-phenyl am ne

pr epar ed 1Bihadove pradond; Pl@ed@nfﬁmﬂ? phemid}- amld@

chromat ogr aphed on silica (20-50 % Et OAc/ hexanes)
af f orded ’
2-cycl ohex- | -enyl - 4- (1- m&{Bexy- pi R | di n 4-yl) - phenyl a
mne (33 ny, 74 9% . Mass spe€tru m z): Calcd.

a) 5-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(R)-(+)2,2-
dimethyl-[1,3]dioxolane-4-carbonyl)-piperidin-4-yl]-phenyl}-amide
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c)

4- Cyano-| - (2-trimethylsilanyl-ethoxynethyl)-IHimdazo
wo eso2Aazasboxyl i c acid 20 [ 2-cycl ohex-| PCT/US2007/066985
-enyl - 4- (1-net hoxy piperidin-4 yl) phenyl]-amide QN

HL-CN \ N~/ 0O MON A mxture of
4-cyano-1-(2-trimethyl silanyl -ethoxynet hyl)-1Hi m dazo
| e-2- ca ylic acid, potassiumsalt (as prepared in
Exanpl e step (d), 35.6 ng, 0.100 mmol), DIEA (0.34
L, 0.20 nmyol )y Nz%ijﬁﬁe
2-cyc|ohe»-|-m§%ﬂL4 t hoxy- pi peridin-4 25
yI)-phen i ndl (ag prepared in previous step, 28.6
ww!) &hd PyBroP (69.9 ng, 0.150 nmol) in DCM
o(zrft) was stirred at RT for 12 h. The reaction
fe was diluted with DCM (10 nL) and washed wth
turated aqueous NaHCO3 (10 nmL) and water (10 ni).
Th® organi c | ayer was separated, dried (Na2SO4) and
A-36-WO 2007/ 124369 PCT/ US2007/ 066985 concentrated in
vacuo. The product was chromat ographed on silica

T(E %golﬂngon"/%fsﬁg%@% (@%?Q%é%lt :%bh%‘? (@S@nokﬂﬁ % e @0921%% N4 mL,
1.CaGh ] MNOXI8OH, (ZFIBB) |3 N K[EHH (% B mllnd Iﬁ%l)gy?gddéd lThI:c] resulltlng
JH oxyl i c aci cycl ohex
Soﬁgmwafﬁ 1¥eilirr§t lﬁii i Bﬁfr{do@ﬁg%tw@? B 17 Theadue
oﬂtzﬁhéd \%Qg Qf’s‘ﬁﬁ{d'e& 1@&h9f GBI NN ALY FEA meh. GHd dherMehen

To a sol ution of
resrogychmrst the fGuttmigmedithyd wid dureyll in eahroxdpré g bptairHR )i+l 20

le-2- carboxylic acid . . , o ,
dignsihyld PofiENO s PR e 36 RRIRSPIR {17 e 951 ) highyyes
dﬂe‘cﬁ%’hﬁ’&i ibase nelx@ D&ﬂmbﬁﬁpdrfﬁcﬁﬁ&y i ous step, 31 ny,

0.0 and EtCH (11 L) was added
TOI'Fﬂol(l‘@Of.ﬂ.O yyanvhléhregiamlﬁﬂgcasbﬂxwhp eeldWarsyelohex- bgnet4-RT
plB%I‘édlg 4~ gn a)Lterﬁyl) Fuglgcﬁ trﬁ{]uonc}aé:étl d%cé&\@\l\gt &g Ip%ei) ltefialtl %iamﬂle 14,
stdpendag, 0.08 ﬁ]h’(tﬁ) 1n(UQM)5 ANYwa o Addxalted niiRfur®oMR)-(+)-2,2-

The solid fornmed was
dimethyl-1,3-dioxalane-4-carboxylic acid potassium salt (as prepared above, 18 mg,
0.090 mmol), EDCI (18.8 mg, 0.0900 mmol), HOBt (13.2 mg, 0.0900 mmol) and

DIEA (42 uL, 0.24 mmol). The resulting mixture was stirred at RT for 6 h. Water (10

mL) was added and DCM layer was separated, dried (Na,SO4) and concentrated. The
residue obtained was chromatographed on silica (2 % MeOH/DCM) to obtain title
compound (47 mg, 97 %). Mass spectrum (ESI, m/z): Calcd. for C,sH33NsO4, 504.2
(M+H), found 503.9.

b) 5-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(R)-(+)-
(2,3-dihydroxy-propionyl)-piperidin-4-yl]-phenyl}-amide
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coll ected by suction filtration to obtain the title
conpound (17.3 ng, 58 %9. 'H-NMR 15 (DVBO 400 WVHz): 6
wW@2000/1¢469 1H), 8.30 (s, 1H), 7.83 (d, 1H, J = BCHUSW)7/066985
7.14 (d, 1H J = 8.4 Hz), 7.05 (s, 1H), 5.71 (br s,
1H), 3.30-3.55 (m 5H), 2.41-2.62 (m 2H), 2.12- 2.19
(m 4H), 1.60-1.85 (m 8H). Mass spectrum (ESI, nlz):
Calcd. f C23H27N502, 406.2 (MtH), found 406.1. 20
Exanpl e 4- Cyano-JH i m dazol e-2-carboxylic acid [6-

(4, 4-diny hyﬁ hex-1 -enyl) 1
02,3 ,4 4y w’\g‘ﬁﬁ&#o [ 2, 4] bi pyri di nyl -5yl J- ani de
t| aclyjd salt ~N NH~\ NN | / OH

trifluor @
HN FRA 43 O 2007/ 124369 PCT/ US2007/ 066985 a)
' -3 "', 6'-dihydro-2'H[2,4]bipyridinyl -
poxylic acid tent-butyl ester NNO2 O YNO 5
sol ution of 202 ng (0.994 mmol)
2- no-5-nitropyridine in 4 nmL of toluene and 2 nL
Oodf EtOH was treated wth 338 ng (1.09 mol)
4-trifluoronethane-sul fonyl oxy-
3, 6-di hydr o-2H pyri di ne-1-carboxylic acid tert-butyl
TES bStidryM- E‘?a%'oSLH-%ﬁﬁi»az&lé-@gcja}BoxyﬁB dcid- {éQ:yGlehé;?—l%%%l 4-[1-

2 M aqueous Na2CG3. he m xture was assed vi a

(Rédaﬂ)cchme&lorl [bﬁhim@lamnzﬂe¢arb@@éhplpmcbm4eﬂ]ﬂmmny BamBlertas

oo e PRl Gl o B b EPUEOR okt a2

NWMIgR mL)ThEh@feglﬁﬁhg: nliges wiasirdiaeH Tdwer2 My Svaindwere
concentrated in vacuo. The resulti gt% resi due was

repRY ey gHRprEte serulingoeydus Vacdriagdor 48- Nbgathsh 6l Oemly was
8 Y 953505 O DRAELOG AL AR Bl
driddser £hk ¢d obtain(tkStitle odmpound4P t.d mg (017 %)15[—]1&'1\1&041)1\@@13 400
Mhz):? 14.1 (brs, 1H), 9.85 (s, 1H), 8.32 (s, 1H), 7.92 (d, 1H, J = 8.4 Hz), 7.18 (dd,
1H,J=8.4,2.1Hz),7.13 (d, 1H,J = 2.1 Hz), 5.72 (br s, 1H), 4.51 (m, 1H), 4.33 (m,
1H), 4.15 (m, 1H), 3.55 (m, 1H), 3.43 (m, 1H), 3.08 (m, 1H), 2.81 (m, 1H), 2.63 (m,
1H), 2.12-2.24 (m, 4H), 1.31-1.38 (m, 10 H). mass spectrum (ESI, m/z): Calcd. for

CosH20Ns504, 464.2 (M+H), found 464.1.

Example 53
5-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(1-methoxy-piperidin-
4-yl)-phenyl]-amide trifluoroacetic acid salt

‘ N
H \
N\n/l/N>\CN
O o H

MeON

a) 4-(1-Methoxy-1,2,3,6-tetrahydro-pyridin-4-yl)-phenylamine
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15 found 305.7. b) 5-Am no-3
, 4" ,5",6"-tetrahydro-2'H[2,4 ]bipyridinyl-I

WO 2@anbesylic acid tert- butyl ester N NH2 | EUMUS200(/066985

A 20 A solution of 226 ng (0.740 nmol)
5-nitro-3",6"'-di hydro-2'H[2,4"]bipyridinyl-I"-
carboxylic acid tert-butyl ester (as prepared in the
previ ou 2in 15 nL MeOH was treated with 110 ng
10 % Pd/ Degussa type E101-NE/W Aldrich, 50 % by
er) and 1 atm H2 at roomtenperature for 18
MBonThe m xture was filtered through Celite, and the
filtér cake was washed with MeCH. Concentration

af forded 220 ng 25 (107 %9 of the title conmpound as a

Aganian ngfrn%ﬁm;z%@%s@;g? &%r Seciia 3961obs0ms, 500

m@?ﬂmg qﬁﬁ'&@ﬁ‘?ﬁ)& B\%I/ é@%g &y 27%6 rhe%) d WIE], Ir_]l_)ﬁz(l Z? M. solutlon

in@lyclphex, T-Hfaa[daiw(bljlb@qzel@e‘; Uch hens. 4b1t|!fhyﬂ) uﬁ&éreaﬁr Brhe rNsulNiri%
OUN O (L( A sol ution_of 220 J mml)
mg(w&rﬁ]\x@é s‘grre at sgmeéempg@tluéq.&)a ng mjn ppng treated with V-

pI{egylﬁlﬂhmr%&hgﬁé@mf%ﬂlml&a@by%3@ A ﬁmﬁ?) o) ”PI@F gZ(leﬁLé_Qﬁéfe%tlon

as prepared int revious ste
mmgetv\rasatlﬁdd ﬁnrtahoth% (hmy i hd7BB wierhod ))varrn to RT. After 30 min at

ronosucci.ni m de at oom.te rat re f
RESHEE B GRS i eIt RD 2 e BLre et s
taR@ 4 ALIRO ARQUE AHS) Na eGhed Wi cOH 9@Rdq2 ka0 L \WASOAL I B
over MJSAA and concentrated in vacuo. Chronatography

wasf dridde Neg). iad gancengated (e aﬁﬁi)rdad yihjosemdtbangsylé®oe dcid 1-
5 xaneg ford

m%‘%?ﬁxﬁ%? 20#@%%%3@0 Hyé%éno oun (258 ol orf acg_\ssaswgcée 4 WHicn

waditedtly ubtdNVRek(@pl 3; 400 MHz): 6 6.97 (d,

The title compound was then prepared according to Suzuki coupling procedure of
Example 35, step (b) using 4-aminophenylboronic acid (219 mg, 1.00 mmol) and
trifluoromethanesulfonic acid 1-methoxy-1,2,3,6-tetrahydro-pyridin-4-yl ester (as
prepared above, 261 mg, 1.00 mmol). Silica gel chromatography (20-50 % EtOAc/
hexanes) afforded 60 mg (29 %). Mass spectrum (ESI, m/z): Calcd. for C;,H6N,O,
205.1 (M+H), found 205.2.

b) 2-Cyclohex-1-enyl-4-(1-methoxy-piperidin-4-yl)-phenylamine

O NH,

A solution of 4-(1-methoxy-1,2,3,6-tetrahydro-pyridin-4-yl)-phenylamine (as

MeON

prepared in previous step) (40.8 mg, 0.200 mmol) in MeOH (5 mL) was hydrogenated
over 10% Pd/C (20.4 mg) at 20 psi for 1h. The solution was filtered through a pad of
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1H J =8.0 Hz), 6.91 (d, 1H, J = 8.0 Hz), 4.28-4.15
(br s, 2H), 4.06-3.90 (m 2H), 2.85-2.75 (m 2H),
WQ207A24368 (m 1H), 1.92-1.83 (m 2H), 1.68-1.Bd1/{#3007/066985
2H), 1.47 (s, 9H). 15 d)
5- Ami no- 6- (4, 4-di et hyl - cycl ohex-I-enyl)-3
4", 5" ,6"-tetrahydro-2'"H [2, 4 ]bipyridinyl-I
C¢lite amdboongbntcatatiodived HHonethdxy gsparditN4NHRphdnly laGlie (3BImg, 92

olutiopn of 209 . 0. 587 mol : :
%ng}iﬁhn%as P%YTBS “,q%“e,(l?x?%‘ep %P@Wﬁ%’% 20
[2,4" ] bipyridinyl-I"'-carboxylic acid tert-butyl ester

(as prepared in the previous step) in 5 nL of toluene
Taneol2ticon of 4-0f-methoxy weperidire dtybepheany o @s p@p@@d@have 42

mE Pl p BEVFLGHEL s RROBSRE A ettt &t

refl@RATHIREIrY| was &@mct:aatmoa)r 1plhaced rengieh ndak@enwad di@atedith
with 47.4 0.0410 nmol ) Pd(PPh3)4, and heated to 80

DEM g mb) #d- wwélewth@a@r%awep@ﬁ NeHGOs p10 mByangovater (10

T30 TSR TREP oy RO Rl g
obiEiAhromdeh-( Ihmecthorpil (3] 6-actghiyd - pyaidin-g-yiepleengtantide Chemng,
5 d conc ntrated in cuo. .Chr omat ogr aphy of
7%“%6%@ Wésldﬁ’? an@@@xgst?n W&ﬁ%rﬁug ct¥aBond El ut
colum with 25 % Et OAc- hexanes afforded 150 ng (66 %
of the title conpound as a 5 white foany solid. Mass
Tlepatt commoE$Sivas then)prep@addcatcorfdorg tCABHBE N8O ng3B6cSlure of

i f 386. 3. .
B 2y e pySlolhrdy Pt aepic wich Gy henl P9 el pd 2
br@lﬁ%ﬂi er- &eﬁ@wqrwi é'tet@dl?;}rﬂ RLpRidida- 34; E}'lé’ﬁ%la%ihe Sassq)lr@aeea I
-enyl) - et rahydr o-2
abplé, ;ﬂﬁrmgu thid mlmol) adrdboyytperanleddcort @lma(ﬁgt%@l % E$OAE/ hexmnes)
afH)rde(f\' 2-cy'élogex-?-/eny§h-(l-rnethoxy-p1per1d1n-4-yl)-phenylarmne (33 mg, 74

%). Mass spectrum, (ESI, m/z): Calcd. for C1sH,6N,0, 287.2 (M+H), found 286.8.

c) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid
[2-cyclohex-1-enyl-4-(1-methoxy-piperidin-4-yl)-phenyl]-amide

MeON

A mixture of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid, potassium salt (as prepared in Example 3, step (d), 35.6 mg, 0.100
mmol), DIEA (0.34 uL, 0.20 mmol), 2-cyclohex-1-enyl-4-(1-methoxy-piperidin-4-
yl)-phenylamine (as prepared in previous step, 28.6 mg, 0.1 mmol) and PyBroP (69.9
mg, 0.150 mmol) in DCM (2 mL) was stirred at RT for 12 h. The reaction mixture
was diluted with DCM (10 mL) and washed with saturated aqueous NaHCO; (10 mL)
and water (10 mL). The organic layer was separated, dried (Na;SO4) and
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A solution of 150 ng (0.389 nmol)
5-am no- 6- (4, 4-di net hyl -cycl ohex-I-enyl) -
W®2004/124369 6' -t et rahydro-2' H [ 2, 4' ] bi pyri di nyl - RCFUS2000D%66985
ylic acid tert-butyl ester (as prepared in the
previous step) in 15 nL of CH2Cl2 was treated with 131
nmg (0.428 15 nmmol ) of

coficayrmat-ih vadid, rThegtrogics Waalylomatdgoephae bhyilica (29-#0daz o
BT ang o BB pafic CoRpouR s b 3R 9hh R bischbn (Eshg

m?z(z%agéd e élemN%b;SlDb%% au-HOoRuEEsREsat ure for 3 h.

e mxture was diluted with CH2C12 and washed with
sat ur at ed aqueous I\IaHC(IB The orgam c layer was dried

d,. t
Dot L ROBG A BARSE BBt o B le T TR Moy
El utp /galzdimwpm?q %z‘a&@%dﬁsmn@acﬂfshm ded 215 ngy
(87 9% of the title conpound as a white solid. Mss

BSI, mz): Calcd. for C34H50N6OASI, 635.4

(MtH) f)

4- Cyano-] - 2- carboxylic acid

[6-(4, 4-4 c%’Hex_lj enyl)- 25 1',2',3,4,5
,6'-her 2, 4] bi pyrléT_rA‘nyI 5 ylJ-am de

tri i acid salt 140 WO 2007/ 124369

glu ion of 215 ng (0.339 mmuol)
T&a $dldtisy @nPcdano2t- (zr irRdthybisdnly 28%bx @h&axy-TeL fyiddzold-2-

H i m dazol e- 2-carbonyl] -amn

corglic acidiervighoc y@nﬂr@gl-nww%p@ndm 490)-grenyl-amide (as

ek it oge it 3¢ dnd DB bRt G5 BV RuBE iy

wéﬁéi%l@d TeAQD. IGhR C1Phov@Sultihg %1@%%&%&&@% RA" 1@96 hWﬁlrl

mL FA at roomtenperature for 4 h.
remyon\mlgtlml vesl censantrated ovageperd th@\reqybﬂmreadumwaa rumi for 1

5 arl an
h RGBSt AR RS Tl Rty el fofd Bt
coﬂé&eﬁfgy é&llo%ﬁlﬁﬁtldnh@ obtdin Ehe tﬁl@l’ébﬁipﬁdndiﬁ 78 I\AQJ 5&%3 dH-NMR
H NVR ( CD3OD; 400 MHz):

(DMS@, @Qp V2)239.70 1, 2@1)(%130 (LSHlHJ 72838(61411:12; 864 Hzxé’ 1)§3(d IH,

{94 A 743 ((55%@*61% bPs ). 823%(33%5 ép‘)os’i{)le} %Eﬂ (g HD. 2.12-
2. l\@&ﬁ APLeteouns s @3 8H). Mass spectrum (ESI, m/z): Caled. for C23Hy7N50;,
406.2 (M+H), found 406.1.

Example 54
4-Cyano-1H-imidazole-2-carboxylic acid [6-(4,4-dimethyl-cyclohex-1-enyl)-
1°,2°,3°,4°,5°,6 -hexahydro-[2,4 ] bipyridinyl-5-yl]-amide trifluoroacetic acid salt

N
i
H '\,‘/\<
N
NTX %N
I/ o H
HN TFA
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mz): Calcd. for C23H28N60, 405.2 (M+H), found 405. 2.

Exanpl e 55 15 4-Cyano-JH i m dazol e- 2-carboxylic acid
wQ 200712436 et hyl am no- acetyl)-6- (4, 4- PCT/US2007/066985

di met hyl - cycl ohex-|1 -enyl)-1',2 , 3, 4", 5,

6' - hexahydro-[2, 4 ]bipyridinyl-S ylJ-am de

trifluoroacetic acid salt /N / HNNNN 1, OH i

TFA O A suspension of 20.9 nmg (0.203 nmol)

a)WI t hg 4@? %69 g%hm neZ ﬁ,&? fl%zp%zny? 1 carboxygzc aczdatertdbulyl

bi s(Z:pXx0- 3- oxazol i di nyl ) phosphinic chloride (BOP-C)
and 75 gL (0.54 nnnl) Et 3N at room tenperature for |h.
The mi xt ur ey NPhen treated with 70.0 ng (0.135
mol ) 4-cyapo- 1H i m dazol e- 2- carboxylic acid [6-
(4, 4-dime fy <cycl ohex-1 -enyl) -
"N , 5", 6" -hexahydro-[2,4" ]bipyridinyl-5-yl]-
007/ 124369 PCT/ US2007/ 066985 ami de
trifQuoroacetate (as prepared in Exanple 54, step(f))
. y {
A %&tuﬁ&gEE%%HE r@béﬁ §1nnf1(g5 2 Jo?%mé;‘ 5 nTHSpﬁL&é’ieglgl%alﬁ?%f%lhéﬁe%%d 2
mas BdDHechsawated MiSB3 samg (.00 eansl) attﬁﬂud)rbmé&ﬁtle}sulfdﬁ@lloxy-
resi due_was purlf ed by RP- HPLC (C 18) with 10-80 9%
3. eddudre-aHepyrideneriaathowyligAsid tgt-Gut cptsr Yﬁ&}ealse%%&?alb
3 a
an%iSI LN ) %@M@ h&u %ag%%gg €0, T%@@iguﬁ%%gaskbd%
so(lE:,atldIH)placE‘d Bﬁde(rdrgom—trealed:wﬁhQOHZI)lg (@O@H)Oﬁn%l)(ﬂd(PHM% and

4 or ol
nesip o §016 far Db i i W it it BipAgipd okl pger
Tﬁéﬁrgm laygr %gs (ﬁﬁed &4 Mg%quaha cé@ceﬁﬁhtea 'iﬁ Vac%oo%é r&{lting
(m 59 (m ~ 2H), 2 (s, 6H).
resﬁe@wammremslogramg} on @éptgjsllwao\’ar@m%MQ Eluigwhmm with

1 5}4&29 ]?ﬁtoéﬁ:ﬁ?xr%n%gz%?%dézg g}%@g )/e (gfqg% tl%e compound as a light

ydll6w(sblid- M8t FxctruenEsohex):| €@16&|ﬂ)r (LISHIQ\%m, 306.1 (M+H),
nmet hanesul fonyl -ethyl)-1 "'

fougd 3¢%hydr o-[ 2, 4 ]blpyrld;nyl S yIJ anlde

b) 5-Amino-3°,4°,5°,6 -tetrahydro-2"H-[2,4 | bipyridinyl-1 ’-carboxylic acid tert-
butyl ester

N NH2

L~

Oo.__N
Y
A solution of 226 mg (0.740 mmol) 5-nitro-3’,6’-dihydro-2’H-[2,4’ |bipyridinyl-1°-
carboxylic acid tert-butyl ester (as prepared in the previous step) in 15 mL MeOH was
treated with 110 mg 10 % Pd/C (Degussa type E101-NE/W, Aldrich, 50 % by weight
water) and 1 atm H; at room temperature for 18 h. The mixture was filtered through
Celite, and the filter cake was washed with MeOH. Concentration afforded 220 mg

(107 %) of the title compound as a colorless glassy solid. Mass spectrum (ESI, m/z):
Calcd. for C15H23N302, 278.2 (M+H), found 278.0.
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15 trifluoroacetic acid salt N HNNN1OH ,g N
TFA O \O A solution of 70.0 ng (0.135 mmol)
wa2@yamsed H- i m dazol e- 2- carboxylic acid [ 6-(4,BET/US2007/066985
di met hyl - cycl ohex-I -enyl)-1',2",3,4",5 ,6
- hexahydro-[2,4" ]bipyridinyl-5-yl]-amde (as
prepared in Exanple 54, step (f)) in 10 nL of CH2C12
cowas i-Hedned-brbub332., T, (ge@Oh)(do-262-[Gro\b)pyridinyl-1’-carboxylic
nmet hanesul on c acid 2-nmet hanesul fonyl -ethyl ester (as
pr eg4r e YV R %hpl e 40, step (a)) and 70.5 gL (0. 405
mmol ) DI EA atBrroom tenperature for 6 h. The m xture
was di luted Wi thy@R2Cl2 and washed with water. The
organi c | ayer dried over MgpSOX and concentr at ed
i n vacues esi due was purified by RP-HPLC (C18)
with 20-60 % CH3CN in 0.1 % TFA/ H20 over 30 mn to
:az ng (85 % 25 of the title conmpound as a
itg solid. "H NWR (CD3OD; 400 MHz): 6 8.65 (d, 1H, J
= 8.4 Hz), 8.05 (s, 1H), 7.34 (d, 1H, J = 8.4 Hz),
AB0I0Bo5 0D mg (A.FP3 nBu@b5-3mbiEo- g .5 BFhtctradyd®-ZH21 (m

3 rdidsd A S S TS T Rtk step)

in(IOmB A, CE &y tPoaldd With 14 g (8.762 n{ntlel RibroshosuRirAmid)at
1.11 (s, 6H). Mass s ectrun1 (ESI, L Cal cd. for

rog@@?@ﬂ%@@@for@@ mip. ( mm)lxqu)wn&jdlwqd with Stk ardsyasged with
sa 1&9@‘ (? ‘g)gsm adl rre@ﬁ %rga%;cglg % d%%d %Ver MéSO4 2nd

coyib&rg[ﬂtdzilyiﬁ Iv@hﬁx chremﬁio@f@hy lof tl‘&rfbﬁ@ud (b’ﬂ zi B(w,(grsﬁaa@at drian
acCl sal t

H
Megafond Ejut qOAungf afﬁf@ 1]0 %%%E@aéér@%@ﬂ aéewqiede?c%&g: frisk oy pf the
[t -
BRI S0) ok Sy e RO pEL Sl e 097
1H, ] = 8.0 Hz), 6.91 (d, 1H, J = 8.0 Hz), 4.28-4.15 (br s, 2H), 4.06-3.90 (m, 2H),
2.85-2.75 (m, 2H), 2.77-2.68 (m, 1H), 1.92-1.83 (m, 2H), 1.68-1.54 (m, 2H), 1.47 (s,

9H).

d) 5-Amino-6-(4,4-dimethyl-cyclohex-1-enyl)-3°,4°,5",6 ~tetrahydro-2 H-
[2,4°] bipyridinyl-1’-carboxylic acid tert-butyl ester

NH,

\

A solution of 209 mg (0.587 mmol) 5-amino-6-bromo-3°,4",5",6’-tetrahydro-2"H-
[2,4’[bipyridinyl-1’-carboxylic acid tert-butyl ester (as prepared in the previous step)
in 5 mL of toluene and 2.5 mL of EtOH was treated with 99.3 mg (0.645 mmol) 4,4-
dicyclohex-1-enylboronic acid and 2.34 mL (4.69 mmol) 2 M aqueous Na,COj;. The
mixture was degassed via sonication, placed under argon, treated with 47.4 mg

(0.0410 mmol) Pd(PPhs)4, and heated to 80 °C for 16 h. The mixture was diluted with
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oxo-ethyl}-carbam c acid tent-butyl ester s\ < N\ H
\ N-NN O/ ON HOTo a solution of
wWaA2@04A34349 cyano- 1- (2-tri met hyl si | anyl - et hoxynmer¢yU$2001966985
i m dazol e-2- 15
car bonyl ] - am no} - 3- cycl ohex- | - enyl - phenyl ) - pi peri di ne-
| -carboxylic acid tert-butyl ester (231 ng, 0.380
EtOrad and(vessshpd ephvederi A hExaququiue lazlyér ws$ epracgy)withnaddlitional

f d 0.4 nL Et d 700 TEA dth
B b oo mpied emiakeravopsesd ovip Myl srois s in
vl UCﬁfj)nWt(S aﬁhyrﬂf th’é re@dﬁyoﬁﬁgotgﬁﬁcwm@%dtﬂut

ive ca. :1° mxture of

oy aitd-25- %E@ACMWS siffoeded| 158 miptOprier Glthy titlglcompelaas a
%1% BoiF AR Men e aTh MBS ik Galet ForGrbT: Qi 1G5 (M,

fotiid Bga1or oacetic acid salt to starting material by
"H NWMR and LC/ M5 which was used in the follow ng step
wi thout further purification. The mxture in 3 nL of

o)DM 125y AURD) 10,8 SRR bR WO ASTAAEAZE arbony -

2- t edrhinbsgA Wedimbminy b atoao-12enmybt iyl 56 opinranjdoaxiHd (53
ng, 0.70 mol), DI (122 L, 0.700 mmol ) and PyBroP
(144/%@?[”@?@@’@”%%%0%%%“%%t%f'bz@)gﬁséﬁ’fd the reaction

was stirred~at- 25 C overnight. The reaction was
diluted witp Bt OQAc (25 ) and washed with satd ag
NaHCO3 (1 x m.) and /MBrine (25 nL) and the organic 5
| ayer was dr QverNtNg2SO4 and then concentrated.
Purlfl cation f Nj{lhe i due by preparative TLC (50%
o f 40 ng (15% of the title
conpou as. whi®e golid. Mass Spectrum (ESI, mz):
Calocd. C37HS55N6(O5Si, 691.3 (M+H), found 691.1. 10
S5rCyatio- JH- i m da Ie2c:arboxyllc acid
{l4-[3- (2-am no- 2- ne hyl - propionyl) piperidin-4
yl]-2-cycl ohex-I-emny phenyl }-amde trifluoroacetic

A 381ufigR B 30 B0 380 TimdlDs pminasbrig elmsttyl-cesishses ey )

3486 -tetrahydro-2"H-[2,4’ bipyridinyl-1’-carboxylic acid tert-butyl ester (as

prepared in the previous step) in 15 mL of CH,Cl, was treated with 131 mg (0.428
mmol) of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylate
potassium salt (as prepared in Example 3, step (b)), 272 mg (0.584 mmol) PyBroP,
and 203 pL (1.17 mmol) DIEA at room temperature for 3 h. The mixture was diluted
with CH,Cl, and washed with saturated aqueous NaHCO;. The organic layer was
dried over MgSO4 and concentrated in vacuo. Chromatography of the residue on a
50-g silica Varian MegaBond Elut column with 50 % EtOAc-hexanes afforded 215
mg (87 %) of the title compound as a white solid. Mass spectrum (ESI, m/z): Calcd.
for C34Hs0NgO4S1, 635.4 (M+H), found 635.3.

¥, 4-Cyano-1H-imidazole-2-carboxylic acid [6-(4,4-dimethyl-cyclohex-1-enyl)-

1°,2°,3°,4°,5°,6 -hexahydro-[2,4 ] bipyridinyl-5-yl]-amide trifluoroacetic acid

salt
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15 i m dazol e- 2- car bonyl ] -am no
}-3-cycl ohex-1-enyl - phenyl)-piperidin-I-yl]-1,1-
wa@lRovetighe 2- oxo- et hyl } - carbam ¢ acid tert-but yPCEESB®D7/066985
(40 mg, 0.050 mmol) in 2 nL of DCM and 20 L of EtOH
was added 1.5 nL of TFA. The solution was stirred for
3 h at 25 C, diluted with 2 nL of EtOH and
ated in vaguo. Trituration of the residue

er afford 8.4 nmg (29% of the title conpound
{Q
1

e solid,/'H 20 NVR (CD3CD ; 400 MHz): 6 8.10
JH= 8NA\Hz), 8.00 (s, 1 H), 7.16 (d, 1 H J =
H, 5.79 (s, 1H), 4.55 -4.48 (m
, 2.89-2.87 (m 2H), 2.40-2.25 (m
83 (m oH), 1.86-1.83 (m 6H), 1.64-1.61
. Maas Spectrum (ESI, mz): Calcd. for
C26H33N602, 461.2 (MtH), found 461.3. 25 Exanple 58

A 501@171'&9 ]@f 2?2 1*11@1(? zﬁ)g@ hﬁmfl]z 54[?@9%U c(agintkthdsitangl-efexyrhethyl)-
- Met nanesul 1T on
Hfétlmgdayoliazcasbonaﬂ] %nwo}ﬁe(ﬂélhgﬂme@y[l-zywlvbwheww A459149= a

R4 Y01 30T 7SRO RT HE20ATE SRR A, Bl

pr5V16ﬁ§ $1ep)an a9 G:IhIDbE(XH;CBWJs tiBated 4vithShree drops MeOH and 3 mL
'-tetrahydro-2'H[2, 4 Jhi Fyrldl nyl-1 '- carboxylic

TFaf% EHrOoBhEMpERaire dutdh- Me% O Nvas ad(d\ed@ndrgleéomewur e
e\Ghoraddn ey Chrapargeraghy g gpidye 50 ol Vi,
MigiBonid-Elut cobanibexthl 0% amwﬂe(énﬁclmuffmde@gt@mg((% Yoy the title

coperphae e sy borakR AP BTN ME 74 3B o I g o

2
vvassoggged Péi( %’ghgj):}f Lpfiloi?@ BTG gﬂdnﬁ) @158)59‘418(2)(11%%@ paR3.03

(ny, @80 2. 5vdst 2Hen 28, 2323 8®2G§Hf éH),1161h(S GHy matmeotmuméESI

m?zhe&plga bh\?\g#gg Sgt@}giﬁ)rrﬁeag%gé%oc ml_agfar b\r/viaged?lngd

Example S5
4-Cyano-1H-imidazole-2-carboxylic acid [1’-(2-dimethylamino-acetyl)-6-(4,4-
dimethyl-cyclohex-1-envl)-1°,2°,3°,4°,5°,6 -hexahydro-[2,4’] bipyridinyl-5-vl]-amide

trifluoroacetic acid salt

//N
H '\,‘/\<
N\H/kN
o) H

~ N
ll\l/\g/ TFA

A suspension of 20.9 mg (0.203 mmol) N, N-dimethylglycine in 4 mL CH,Cl, was
treated with 49.8 mg (0.197 mmol) bis(2-ox0-3-oxazolidinyl)phosphinic chloride
(BOP-CI) and 75 uL (0.54 mmol) Et;N at room temperature for 1h. The mixture was
then treated with 70.0 mg (0.135 mmol) 4-cyano-1H-imidazole-2-carboxylic acid [6-
(4,4-dimethyl-cyclohex-1-enyl)-1°,2,3°,4°,5°,6’-hexahydro-[2,4  |bipyridinyl-5-yl]-
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(Na2SO4) and concentrated in vacuo. Purification of
the residue by colum chromatography (silica gel,
wWQ@006024364 her - hexanes) afforded 248 ng (74% tPET/UB100T066985

conpound as an light brown oil LC-M (ESI, mz):
Cal cd. for C21H32N302 (M+H), 15 358.2, found 358. 1.
b)
arﬁd{: frdfl©yeavetale (@R ptaphredtih Ekampla rﬁyﬂ step(lﬁX) xaymoetrthtghipetakre fior 18

Zegll*mextt%rte S}%{ggﬂglpgdémm @n&} ag% %5{}&‘18 ﬁwvatfr nyhe orgarf'lc ldyer

W&@Jr%)ﬁ(ilef /g@@ dnd %ﬁceﬁﬁlﬁ%a 11?@50@6 1ﬂ§re\“§ug QQé /pﬁtﬁﬁg’(ﬁ%RP-
PCT/ US2007 66985 O - \ ~I( N

HRLCTE1%) with 1080130 @tHgCN in O 1 % TFA/HZO over 30 rmn to afford 34.9 mg

(57 SR i G s e SR A B TR Ry Gy O 2
(d( a9, p£gpiaMeKs ios (£><1H)p‘l’ 33&1 1$1 gp- 8.4 tiz), 6.05-8.981mDOM), wass (d,
added DI EA (291 L and BroP 512 1. 10

11, Jimb?.-§ Hzanti®% (e 1Heéct1|5e?nHWa§ 16t3.9% . 391E. &E@n

S 0
2 B0t ST by L 280 B 21 2000, aﬁﬁ@;wg.-a%m
2H)d iLngl(s, 6H)C meyédtmna(@scn het Caladt fpk Ceg1:eX,(,23%.BrgM+H),
O.%? nmol ) (as prepared in the previous step) in 4 nL
fo M  added and the reaction stirred over ni ght at
25 C. The reaction was diluted with EtQAc (25 nlL) and
washed with NaHCG3 (1 x 25 nmL) and brine (25 nlL) and
the 10 organic | ayer wadixampeSever Na2SO4 and then

Rt sl Bro S el LDy R et 4 Vi bS] el -
1}@22‘]139@5@13‘9”@1 Ahthe’ 3t’ gt 596 42@8](@?0@15&% O?g) bide

Mass Spectrum (ESI, m z) for

607.3 (M+H), found a@ﬂueroamazcoﬁ)czcﬁsc@yano 1

H i mi dazol e- 2- car boxylic aC|d 6- cycl ohex- | -enyI 1, 2
3, 4, 5, 6'- hexahydro-p 4 Jbi py Mdlnyl

yI) amide trifluoroacetic a sal t H

TFA

A solution of 70.0 mg (0.135 mmol) 4-cyano-1H-imidazole-2-carboxylic acid [6-(4,4-
dimethyl-cyclohex-1-enyl)-1°,2°,3",4°,5°,6’-hexahydro-[ 2,4  |bipyridinyl-5-yl]-amide
(as prepared in Example 54, step (f)) in 10 mL of CH,Cl, was treated with 32.7 mg
(0.162 mmol) methanesulfonic acid 2-methanesulfonyl-ethyl ester (as prepared in
Example 40, step (a)) and 70.5 uL (0.405 mmol) DIEA at room temperature for 6 h.
The mixture was diluted with CH,Cl, and washed with water. The organic layer was
dried over MgSO, and concentrated in vacuo. The residue was purified by RP-HPLC
(C18) with 20-60 % CH3CN in 0.1 % TFA/H,0 over 30 min to afford 48 mg (85 %)
of the title compound as a white solid. 'H-NMR (CDsOD; 400 MHz): & 8.65 (d, 1H, J
= 8.4 Hz), 8.05 (s, 1H), 7.34 (d, 1H, J = 8.4 Hz), 6.05-5.98 (m, 1H), 3.85-3.66 (m,
6H), 3.29-3.21 (m, 2H), 3.20-3.01 (m, 1H), 3.14 (s, 3H), 2.53-2.45 (m, 2H), 2.30-2.15
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O HN The title conpound was prepared from
5-{[4-cyano-I-(2-trinmethylsilanyl- ethoxynethyl)-1
woRiomi2ksgol e- 2- car bonyl ] -am no } -6-cycl ohex-PET/US2007/066985
-enyl-3",4",5 ,6" 20
tetrahydro-2'H[2,4" ] bipyridinyl-1"-carboxylic acid
tert-butyl ester (167 ng, 0.27 mmol) using a
(nprdh 2 UF-2. 19 (mi, 28D, 1.62 ExAdpl © 684 z)s1 ép (£, HH)t dMass Spacdubi/

439 f th itl it lid.
AL b8yt il BRI E 0 sy
found 377.2. 146 WD 2007/124369 PCT/ US2007/ 066985 d)
5- Cyano- | H i m dazol e- 2- carboxylic acid

[ 6- cycl ohex-1-enyl - 1' - ( Examyefésul fonyl -ethyl )-1 ',
)Z/P:]é))gﬁz?—g é—ﬁin%ids?z&l%?éc%?@log%ﬁ%%czzd £ é—[ ZJ —%—%%zrii%oqb—rr]iyelthyipmpionyl)—
S- C}é@a@ﬁdﬂqﬂ—'y{ﬁﬂ@i%}@xz = GRI-PRXYI L &mide tdfluoroacetic acid salt
(6-cycl ohex-1-enyl -
1',2',3,4,5,6'" - hexahyd 2,4 1 bi pyridinyl-5-yl)-am
ide trifluoroacetic acid (57 nmg, 0.11 mmol) in 5
m. of DCM was added DI EA (50. 41 LHNON90 mmol) fol | owned
by 30.5 ngy (0.150 nmol) o Mzuéslq forie aci d
2- met hanesul f onyl - et hyl (ads prepared in Exanple
40, step(a)). Thﬁg{ j lowed to stir

(

overni ght, dil 10 with 20 mL offDCM washed with
satd aq NaHCO3( 1 20 nL) and dried over Na2SO4.
Purification by preeparative TLC (silica gel, 40%

Et OAc- hexanes) afforded 22.3 ng (40% of the title
conmpound as a white solid. 'HNWVR (DVBG, 400 MHz): 6

10. 02_fss44- - -H-inidazdle4-
BT T e e e Pl g;'?ld%f%z

(s, @ponvl-@ping/-ggyciahedHenyiphpayl|-vipepidin-§-yH-B 1 -plinpihyl-2-
2.39-2. : 5 (m 4H), 1.85-1.64
G G Rt aqd Bt 5197 T car b o

C24H31N603S, 483.2 (MtH), found 483.3. Exanple 59 An
alternate nethod for the synthesis of the internediate
descri bed in Exa 3ig ZOépescribed bel ow.

4- Cyano- 1-(2-tri yIsi%ggyT-ethoxynethyl)-lFLinidazo
| e-2-carboxylic ac yootmsgi umsalt NC N OK+ N O

N j§>\:N

To a solution of 4-(4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carbonyl]-amino}-3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid tert-butyl
ester (231 mg, 0.380 mmol) (as prepared in Example 14, step (a)) in 2.5 mL of DCM
and 0.4 mL EtOH was added 700 uL of TFA and the solution stirred for 3 h at 25 °C.
The reaction was diluted with 4 mL of EtOH and then concentrated to give ca. a 2:1
mixture of 5-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic
acid (2-cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt to
starting material by "H-NMR and LC/MS which was used in the following step

without further purification. The mixture in 3 mL of DCM was added to a solution of
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25 a) IH1mdazole-4-carbonitrile NC NI NH A 22-1L,
four-neck, round-bottom flask equi pped with a

wore@hnamsecal stirrer, a 30 tenperature probe, aPCT/US2007/066985
condenser, and an addition funnel with a nitrogen
inlet was 147 WD 2007/124369 PCT/ US2007/ 066985
charged with 1H i m dazol e-4- car boxal dehyde (Al dri ch,
2-flerttButbegy catbbnplamong-2-amdhylgpropidnic@cidd 58 nig, 0300nmol)) DIEA €122

B e L

reéﬁ%ﬁ%a%'sﬁi‘i‘e& :{So‘%oé%rﬂl@ﬁt e rIRUG AhafihEd (N[ﬂg\%gﬁtc {25 mL)

nper at ur e The reaction was al
arxdo;mdshecbwﬁh aattilaqmaH@mp(dmﬁJm) andibsté (25edlf ord the brganic

nb it h | t thi ck | | .
eSS A A TSDean e soE Rtk tidisel vy S F it
prgﬁfa‘gﬁﬂl\fe 12U 0) RIS @%A&h@ﬁfanek—) affokd & f](plln)é (Y853) 86@EGtle compound

Wi se over mn to maintai e tenperature
aSbiermW solid0 Mxsdl tSp@cnglm deSlandi)t Calnd. f¢h637HesaN>sﬂsSn 60 X t(Mrdd),
fo (26(51]? ted at 100 C for 30 mn, after which tine it

WA ‘owed to cool to anbient tenperature and then

further 10 cooled in an ice bath. The pH was adj usted

to 8.0 (pH nmeter) by the addition of 25 wt % NaCOH
b)( 5 55- an'&rlé’uwﬂ@oliea% earppatictasls {intleraninpepetiak ur e

N T e R g A S
extraed @dr wth ethyl acetate (6.0 L). The conbi ned

organic | ayer was washed with brine (2 x 4.0 L),
dried over MgSHA, filtered, and concentrated to

TEE Y8IESh Ur el %5{[g%§ze ﬁ"(ﬁ’rtﬁﬁés Rilahy1 &y hRughv AL he

cru e produc oW sem resul’ting
insdarokel-caboad |-smsg Adeytlohext benydphedyd)-pipk)idimndyHli, -r ed

i 2y aproi Sopa s ey TSt dsbige GO Ry GG At of
DER hd 20 L PRAERSH WEAdALN 1.3 nfl: of TeA M BRid RS ﬁds%ﬁﬁ%d‘f@r% h

flltered and the filter cake washed wth toluene (2 x
at200Cndijuttdwith 2emk. lo€ Et@Hlaed compotradd asvarubi Tituragieh lobvhe

al {aé% S froos R e G Pl PR RN RRAHACNE S
eIty g a8ulok ke itk .bb (1 ARZel frt e -

e and
8.4 HzDré?t(dessUH}arjy]Q(ei Hox ¢ st-hyB Y n8HH)N3 .d 0 bED 2. 8AL2 183 r{int,

2100, 5 G058,y PN oV A SEY 3% 3 (m, 611, 1.64-1.61 (m, 281).

Mass Spectrum (ESI, m/z): Calcd. for C;6H33N60,, 461.2 (M+H), found 461.3.

Example 58
5-Cyano-1H-imidazole-2-carboxylic acid [6-cyclohex-1-enyl-1'-(2-methanesulfonyl-
ethyl)-1'2"3"4"5",6'-hexahydro-[2,4'] bipyridinyl-5-vl]-amide
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wa@aa7t2em f unnel

A 22-L, four-neck, round-bottom flask equi pped with a
mechani cal stirrer, a tenperature probe, and an

with a nitrogen inlet was char@QBRUSMOT/666985
1H i m dazol e-4-carbonitrile (830 g, 8.91 nol, as
prepared in the previous step), potassium carbonate
(2.47 kg, 17.8 nol), and acetone (6.0 L). Agitation
was initiated 30 and the mxtwe was cooled to 10 C
with an ice bath. SEMCL(1.H 9.00 nmol) was added

t hrough the addition funnel gvery 2H (nh to maintain
the internal 148 WD 2007/ 124369 NP N066985
tenperature below 15 C. Thg r€actilon was then al | oned

to warmto anbient tent e aRd stirred at anbient
t enperature overni htN(20 h). The reaction m xture was
t hen cool ed mBO ' pat h to 10 C and quenched by the
slow addition of water (8.0 L) over 30 mn to
mai ntain the internal tenperature below 30 C. The 5
,)f €su tin u ty.gnsf 0 se ry
o ot SRS B LR SR e S R
The @opdiynedcianganusseer e concentrated under reduced
pressure at 35 Cto give the crude product as a dark
brown oil, yhigh was purified through a plug of
silica gel 5x 20 cm 2.4 kg silica gel) using 2:1
hept ane/ et hyl| acetate (15 L) as eluent. The fractions
cont ai ni ng j+re pNdduct were conbi ned and concentrat ed
10 under renuc:d pressure at 35 Cto afford a m xture
: onpounds as a light brown oil [1785 g,

neo structure and |nd|cated the presence of a
6 :36 rati o of reg|0|soners

2- trl il yih lazo
TE R TR ot G R Y- tetmi*zgr 12Nkl
catsuxk tipaeil ,terf-eu@ded@@t(wmﬁgl a9k n@asl mqﬁep@nrédmn@xample 54 step
mechani cal stirrer, a erature probe, and
(CD@ﬁd@M@IQhethhyldoqmm@ é‘@}élﬁn;ﬁnméil J/\hmmqihmgia@lhmftﬁwhl 10 mL
A L 912 VAN Oar Wasadted RIFRPR k(07 g, AP0, mmgD
anldahd: te@hllt e/aahéhté’d z(t280 °C for 16 h. The reaction was diluted with 100 mL of
tr| I sil et hox nethyl) 3H i mi dazol e- 4- car boni
eﬂilfma@ [ 8% ﬂazl@gmﬁfélpe ARAS HETOIBPRIT T orgmiplagss Wirgdried
t was
ORLRD 258 Mﬁ%ﬁ%‘ﬁ@ﬁ-ﬁ"eﬁf&%ﬁ 12 B Reiakgh @R, poe
chpamatbgiiphy Golosiget, 3016096 eth¢Ghékanes) affoBRd 28R @4 Yadaketle

contponnd 5% &1 1B ko S EERSRST M) VRL R HERUH ST, d, B,

358.2, found 358.1.
b) 5-{[4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carbonyl] -

amino}-6-cyclohex-1-enyl-3',4",5",6'-tetrahydro-2'H-[2,4'] bipyridinyl-1'-

carboxylic acid tert-butyl ester
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exothermto 74 C. The reaction was allowed to cool to
60 C and further stirred at 60 Cfor 1 h. The

w0 e@cti243m was al l owed to cool slowy to anbi eneCT/US2007/066985
tenperature and 25 the resulting slurry was filtered
and the filtrate washed wth satd NaHCO3 sol uti on
(4.0 L). The organics were passed through a plug of
silica gel (8. x 15 c s|Lica gel; 600 g) using 2:1
hept ane/ eth cet lQ L) as el uent. The fractions

cont ai ni ng (based on TLC anal ysis) were
conbi ned and conUent a der reduced pressure to
give a crysy i | ow solid, which was then
filtered an 30 mnth hept ane (500 m) to give
the ti oun as a crystalline white solid [593

0.149 2007/ 124369 PCT/ US2007/ 066985 73% . The 'H
:%/d\ﬁéc NMR spectra were consistent with the assigned
struéture and showed no evidence of the minor

T(EE %lﬁﬁoc‘tp{}@{ Eyegl)o 1-(2- qulestlln(lsﬂa 1 eth eth}lll)] lﬂ nﬁndazole- -

ano- any azo
cak@x&lam@pdﬂassyim salaa% m§g, (b@TQ/ﬂnnEﬂ;)t (es plfdﬁaﬂed @EExahple N, @ep
2-L, four-neck, round-bottom fl ask equggped 110

19 r$ raL P&Maﬁlﬂsaéﬁeckpl% é¥91 sk b Enaiolt e yhireh
m%!&tl)ﬁﬁgd fnk 2O HHNREL st It 5sPEUELIL M. ”A%Blu%ﬁ of Bahfgss-

cyblohie-] kenfyR3'14' Bt étydhy oaRibi [2et Thipyyidistyhy -Jar idtyiiviadidzedt-e
- tri] 39 1.29 10 I i
btttﬁee%%? ' : 'Os?e%%?wgh@s awaefr&%@g?péw@w%r@%?%ﬁt P@l\é was

addbd and\Bk tréﬁch@ﬁ‘ sHRSI bvrtibRt£9520d ThRG B8 Wa O Bil fHo Wikhe
was cooled to -50 C using a dry icel/acetone bath.

EtOg'op(26 pyll. reag rvesshedrwish NatH @@ (1% 25 ioiLi) andrbifine (260nipLand the

dd th dit]j f |
orgi ey o SR s e Prrore itk e RRuR Biied
byqlasmﬁoﬁle@gi P (RG &, % MLGIRICHCT, otk 367 ﬂsgg%é%) of the

3 C 15 after which tinme it was cooled to -

tltla toypouid ey afditeaelid. (e SnectromaBShery): Gieled.-deided
C%ﬁ%3%@qﬁt5@79ﬁ9%$%$ B&@ ﬁ over 10 min to maintain

ter nal Fur & elom1 60 C. The reaction was
stirred for a further 40 mn at -70 C, at which p0|nt
the dry icel/acetone bath was renpved and the reacti

Swas HPSRtidagalen-taPanticastd Genpenat-dreyioler’ 14 é 6

to d “@%‘Z R PN L g B BRe bR

anmon chl oride sol ution
N
H
erl£§>‘5EN
o H

HN

The title compound was prepared from 5-{[4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazole-2-carbonyl]-amino}-6-cyclohex-1-enyl-3',4',5',6'-
tetrahydro-2'H-[2,4"|bipyridinyl-1'-carboxylic acid tert-butyl ester (167 mg, 0.27
mmol) using a procedure similar to Example 14, step (b) to afford 57 mg (43%) of the
title compound as a white solid. LC-MS (ESI, m/z): Caled. for C;1H4N6O, 377.2
(M+H), found 377.2.
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(1.8 L) at such a rate that the internal tenperature
was mai ntai ned below 10 C. The reaction m xture was

wao e@nstesyed into a 12-L separatory funnel, diPCr/es2007/066985
with ethyl acetate (4.0 L), and the |ayers were
separated. The organic | ayer was washed wwth brine (2
X 2.0 L) and concentrated under reduced pressure at 35
Cto give a brown 25 oil. The crude oil was dissol ved

d)'cﬂro%qéhl orZ}f}?{ v?ne g-gfgr lwflcgf/pgcy&ﬂhgfﬂb%alée@ 10: 1

to l;raceta i
R e T e

heptane (2.0 L), and stored |n a refrlgerator for 5

sul t n tere e .the
s Tqh S ke Bl Yokl R ¢ st {19y,
37 Bnaexkd G hid@ tieg id R
e D O e ag ol (57

mg>,(§)r1 Uspad yingemd.as D(él)/[ was added DIEA (50.4 uL, 0.290 mmol) followed

oy RS ihD BE hifhaf Bt A CE TRy ikl 8% s
pr&EMGInERmiple BOSPI)E Cihe réRUBEWaghlowed loasik oesHighp iduted

with a nechanical stirrer, a t enper at ure probe, and

10 wih2@adi of REM. ovesksd with patd ap NeHSE 1ixnd emLivard diveshgjisa
%SH‘ Iﬁlrlf{céggn Rrje{pgr% {0 ll"icggl?ic%@al%%gtéAg H‘GZ(&HGS ?fforged

fation was |a ed an er'b
22a3 tn%r(4a%b obthettitie csﬁipbdndmh whissallidedH NNHD(I])JMISOTI 400 MH?z):
was added throu

5 ij@? £ S)H),f&ﬁ?n@t Hé);@r“l@ thI T 8- 4ot dﬁrﬁd,tl%%ﬁw% ériray 5.96
H7 ST SR ESHD, 20t oA Lenct o 8 A8
15 2. cmmr(hf aﬂedl ssncmxmesssm nMags $educedEST es's)alat 20 C

lid. The resulting solid was

Calsfeand i (WA Fowndifieys et her (MTBE, 4.0 L) and

stirred for 30 mn, after which tine the slurry was
filtered and the filter cake washed with MIBE (1.0 L)
to give the title conpodixangde 89 white solid, which was

S B B 2 PR STRSLAS

20 dSBssldnRIgMer e consistent with the assigned structure.
Anal . Calcd for ClI1HI6KN3G3Si: C, 43.25; H 5.28; N,
13.76. Found: C, 42.77, H, 5.15; N, 13.37. Karl

4—Clyc§ipoel (2 ]frz ?h)l;?szgany%—%thoxymethyl)—1H—imidazole—Z—carboxylic acid
potassium salt
Ne_N, OK
R
N
SEM

25

a) 1H-Imidazole-4-carbonitrile
NC N
w
NH

A 22-L, four-neck, round-bottom flask equipped with a mechanical stirrer, a

30 temperature probe, a condenser, and an addition funnel with a nitrogen inlet was
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BIOLOG CAL ACTIVITY In Vitro Assays 25 The fol |l ow ng

representative in vitro assays were perforned in
waledoenzidsd ng the C KIT biological activity ofP€TES2007/066985

conmpounds of Fornmula I. They are given to illustrate

the invention in a non-limting fashion. c-Kit

Fl uorescence Pol ari zati on Ki nase Assay 30 151 WO
cha@ammmmmmuszmwom&&ﬁg&e (AlHect; dniddign d $. Soﬁolb hed

P T B SR bl 3 St an

h}fd%xyl}'a?rﬁin@ﬁy@roglhlbrlﬂ@{gﬂ'gt 03 rﬁ@?waﬁ)@dcfe@rsm%ﬂy '1ﬁ‘p(§11ﬁ%ns to
["owi ng manner using an in vitro kinase assay t

rnamaistuthe intermmial eihtpeciturobelohe3( Yol Bhedaktionases a:lbnva:dmo odol to
uor escence

h k i f
el o RO G AT G o e o Pe s RS aT e e g hick
ylb& olRhess il absh ed w1ﬂth§egﬁﬁ§ﬁﬁhﬂé1 EnPRdtit Benydride (2.04

anti - phosphot yrosi ne anti body included in the Panvera
L Fﬂic(smhb Wradéq:dwdzromvrsa@@en@(m (i@ teerdintgnghé tasepepaure below

LA addt i, T ot R RRE S WaR b AT 9P Ol iop ag min.

afthi SDlichCrafle ftrvwmallb@e@ftt ¢oob fpsabiehite@péatireumtd ed furthér
t he phosphoryl ated poly 10 3 u4Tyr, thus decreasing

copfsd iEpn el hadh. Threpkd wap edjiptad 8. péﬁﬂtm%ﬁ) W gho afﬁi@luwtccfQS wt
%ﬁ\ga[(?l{é&? @L)% B%trg{eqheft?ﬁ%%?erﬁgl@&{qs%? %d\%s hLig an%ed below 30

ng”’condi ti ons

°C5pﬂ£b5r)aactibQQﬂ1§fu‘!‘b wao then @addEded ift®b Q’Q-@R.pal‘éfdw Mt Pand
1InM DIT, 01%ween- 20, 1% DVMSO or conpound in 100nM

expapied Wl%lwtlwl @CGtaﬁﬁ 66.0)ndbe comhedl @fgwéamrdr?@wswct Yyith
er% 2§d4fj(') ig gﬁﬂAﬁg%gﬁ e&éd" Rtrelt@cpﬁ)l cﬁg (%S? und, r

Sphopept osp Otyr 081 ne

reded pasiead aaslsi °C ¢ piva tiRcerhi@y prodetal BYERSw 3¢miseRdn The
temperature and fluorescence pol ari zati on was read.

refdting mlmlgi wisetuspendcavetolitgac 6F.0 Ly pd pirsdefos aphfées which
L
tlljgia} 5ﬁ C]if%%datn %we@?ﬁ’ hcti 35@%“2 g{ﬁl&/n zwélﬁchvggsr reeglg gnde % poluefthe (3.0

L)aanﬂu;hh‘e@ asranmt €he res@lnggr@llud@lwasidﬁerdd@sﬂon@ ﬁltér\/oakd: ahkied
| ope) equation. The IC5Q for klnase inhibition 20
erﬂétﬂl‘éf‘élé e & 08 énld)dgé“@fth%“@% roysperndias atlighg sl loavesplid {870 g,

Yo i
ehi HerEiok PN RG] kidoh yRERE, St PR,
dog mastocytoma line that expresses a
b)ConS}—l(j ;l%i\éﬁy%%}-lll’l)%—eet oxymetthy}( I-I[:I imidazole-4-carbonitrile and 3-(2-

trimethylsilanyl-ethoxymethyl)-3H-imidazole-4-carbonitrile

NC N

“SEM “SEM

A 22-L, four-neck, round-bottom flask equipped with a mechanical stirrer, a
temperature probe, and an addition funnel with a nitrogen inlet was charged with 1H-
imidazole-4-carbonitrile (830 g, 8.91 mol, as prepared in the previous step),
potassium carbonate (2.47 kg, 17.8 mol), and acetone (6.0 L). Agitation was initiated
and the mixture was cooled to 10 °C with an ice bath. SEMCI (1.50 kg, 9.00 mol)

was added through the addition funnel over 210 min to maintain the internal
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(Ma Y., B.J. Longley, X. Wang, J.L. Blount, K
Langl ey, G H Caughey. Custering of activating
worioat2ees in c-kit's juxtamenbrane codi ng r egP@ONUBIV07/066985
cani ne mast cell neoplasns. J Invest Dermatol 112:
165-170, 1999.). Proliferation of BR-1 cells can be
inhibited by KIT inhibitors, and a good rel ationship
tempestse bebwelerf(c oﬁmﬁmﬁoﬁ@vqwh@mﬂp\xied t&Whrrena ymbient

a an nhi bi ti on of BR-1 prol rati.o a
e RRRIE RO OERTO BB fmgeaNTie Gy Gt . 1 hedFIcon, &

mBYSRERY %n(c%of@dllh L@ ﬂ:eooee&ﬂ &/ 18l dd qu@h@\éld(bpqhgﬁs%' aﬁdﬁlon of
Modi fied Eagle's Media) containing 10%-CS, and

whttn8l0 L) &2 30mhia 00 #a 243 6o ﬁfefniau&zmweﬁaﬁa&sw 3ar>e The
plated. into clear-bottonmed 96 we culture plate
reputidieg REXtas RS tRERICHRHINY 25 qep%ﬂat% @I@ﬁh@éldr%aﬁ%red with ethyl

ac%fé Wﬁiﬁd%l“% F&nﬁfﬁ%& a'*gagicg We eoaﬁlc&{tratt&f& (%Pf%ﬁf@ﬂ?ressure

mredi at'el y’ OW n at 1 ng t| ne zero

at @e ﬁC&tb Riveghe etulds pﬁrdacﬁ afse:aiaeld bimtnrbll 1:@0cH wad pd?rf@ﬂe@@ugh a
Titerd o _reagent and |ncubated 10 m n

pl% afdlh@a ZeFRED- @XlthtC@h 24 ke fics gd) wang 2‘hhteé‘ia@/6th§l state (15

LB SRR En SIS, D0, A ORI i
urideZgedudeal fressinregit 85 eC'ta affbier mintartolfl thartitkr soadpouddidasla loght
Prone%a Cell Titerd,o reagent is added to each well .

browa ofi AT 85080 rdabHMN Raspeaiaem tas sansistentiyyify the asspgnc
st ?ﬁ'llfé i Pﬂ?ttelﬁghé dﬁ{e?eﬁéé bYa 8436 Mﬁ% o%%énofgbﬂl%rsg o signal

sec/ we erm ned usi nete Cel
10 proliferation is defined by the di fference betmeen

the tinme zerqQ and tinme 72 hour _sjgnals | ues
Vot tebionepauras sidapdicdiraned ud i 6@% SRS
NCesSINting in 50%inhibition of growh. 15 Bl OLOG CAL
dﬁé?}fﬁblogical Data for C-KIT The activity of
seledt ed conmpounds of the present invention is
prese&d below. All 20 activities are in Mand have

f
AL NS EAIL Ep SE hee A,

telﬁ‘lpblatura atdbemnléraaianﬂetsat wioh a nfit@pen (et \I&/@S(ﬂla(g‘egi with a mixture
0151 (9/ e f)ﬂvf nﬁﬁﬁtéar bo-%xyl gr—l?i%%i_g%zg)_le-ﬁﬁawgnitrﬂe and 3-(2-
mm%mmlrahw ARG Mcth M- HAREMYble=4-carbonitrile [600 g, 2.69 mol, as
prepared in the previous step) and carbon tetrachloride (1.8 L). Agitation was
initiated and the mixture was heated to 60 °C. At this point N-bromosuccinimide (502
g, 2.82 mol) was added in several portions over 30 min, which resulted in an
exotherm to 74 °C. The reaction was allowed to cool to 60 °C and further stirred at
60 °C for 1 h. The reaction was allowed to cool slowly to ambient temperature and
the resulting slurry was filtered and the filtrate washed with satd NaHCOj3 solution
(4.0 L). The organics were passed through a plug of silica gel (8 x 15 cm, silica gel;
600 g) using 2:1 heptane/ethyl acetate (6.0 L) as eluent. The fractions containing the
product (based on TLC analysis) were combined and concentrated under reduced
pressure to give a crystalline light yellow solid, which was then filtered and washed

with heptane (500 mL) to give the title compound as a crystalline white solid [593 g,

149



10

15

20

25

30

am de 5- Cyano-furan-2-carboxylic acid 5
[4-(4- et hyl - pi perazin-1-yl)-2-(4- ND ND
woreaohgt436hi ophen- 3-yl ) - phenyl ] - am de 4- Cyano- BCT/US2007/066985
H i m dazol e-2- carboxylic acid {2-cycl ohex-1 6
enyl -4-[1-(2-hydroxy-1- ND ND
hydr oxynet hyl - et hyl ) - pi peri di n-4- 153 WO 2007/ 124369
73T/ TUSZ000d066 DBER sfediilaTvede KoniBiR viiathpassighed structure and
Fl uor escence nber Nane Pol arization Proliferation
shops e n Gy st (g MIPY EGRNSOI. i i dazol e- 2 car boxyl i ¢
acid {2-cycl ohex-1 enyl-4-[ 1-(2-norpholin-4-yl- ND ND
acetyl)-pip eridin-4-yl]-phenyl} 4-Cyano-1
dH- | -Gaziel-é 2-trivetplodyil-cthasimetho)-d lelaiexid-2-8arboxylic acid
enyl _féf [ 1t';(3' nmor phol i n-4-yl- 0.042 ND
pr opﬁ rﬁ?lgf pi peridi n-4-yl]-phenyl}-
NE: Q/,\?no-dlilran- 2-carboxylic acid 9
?~'\£ | -5-(4-nmethyl - pi perazin-1- ND ND
yl Y=l phényl - 2-yl ] -am de 5- Cyano-furan-2-carboxylic
acid gPul 2' -fl uoro-5-(4-nethyl -pi perazin-1- ND ND
yl) - bi phenﬁl -2-yl]-am de 5-Cyano-furan-2-carboxylic
Adéild faur-feek gpunehetiom flasleequipped (withemisghania! g8Tem

teglipgr% 4 {){(])_ble,_ ADanPRE B A Uih nitrogen inlet was charged with 2-
bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-4-carbonitrile [390 g, 1.29
mol, as prepared in the previous step) and anhydrous tetrahydrofuran (4.0 L).
Agitation was initiated and the reaction mixture was cooled to —50 °C using a dry
ice/acetone bath. Isopropylmagnesium chloride (2.0 M in THF, 760 mL, 1.52 mol)
was added through the addition funnel over 30 min to maintain the internal
temperature below —40 °C. The reaction was stirred for a further 30 min at —43 °C,
after which time it was cooled to —78 °C. Ethyl chloroformate (210 mL, 2.20 mol)
was added through the addition funnel over 10 min to maintain the internal
temperature below —60 °C. The reaction was stirred for a further 40 min at —70 °C, at
which point the dry ice/acetone bath was removed and the reaction was allowed to
warm to ambient temperature over 1.5 h. The reaction mixture was cooled in an ice
bath to 0 °C and quenched by the slow addition of satd ammonium chloride solution
(1.8 L) at such a rate that the internal temperature was maintained below 10 °C. The
reaction mixture was transferred into a 12-L separatory funnel, diluted with ethyl
acetate (4.0 L), and the layers were separated. The organic layer was washed with
brine (2 x 2.0 L) and concentrated under reduced pressure at 35 °C to give a brown
oil. The crude oil was dissolved in dichloromethane (300 mL) and purified by
chromatography (15 x 22 cm, 1.5 kg of silica gel, 10:1 to 4:1 heptane/ethyl acetate) to
give a yellow oil, which was dissolved in EtOAc (100 mL), diluted with heptane (2.0
L), and stored in a refrigerator for 5 h. The resulting slurry was filtered to give the
title compound as a crystalline white solid (141 g, 37%). The 'H and *C NMR

spectra were consistent with the assigned structure.
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5- Cyano-furan-2-carboxylic acid[2 12
(3, 6-di hydro-2H pyran-4-yl)-4-(4- >0.25 ND

woreaohgt43pd per azi n-1 -yl ) -phenyl am de 4- CyanoPdI/US2007/066985

H pyrrol e-2-carboxylic 13 acid (2-cycl ohex-1-enyl -
0.26 ND piperidin-4-yl-phenyl)-amde trifluoroacetic
acid salt 4-Cyano-1 Him dazole-2 14 carboxylic acid
(2-cycl ohex-1-enyl- 0.071 ND

4p| i din m de i.f] uoroacetic acid
R B B e L AR S
[4 (p'lo-t‘%g%}alpl peridin-4-yl)-2- ND ND cycl ohex- |

-enyl -phenyl] -anmide 4-Cyano-1 Him dazol e-2-
Near pryl@'& acid [4-(1l-acetyl 16

p n-4-yl)-2-cycl ohex-I-enyl- 0.057 ND

lyl ]-€Qni de 154 WD 2007/ 124369 PCT/ US2007/ 066985
C— Kl TsEM Kl T BR-1 Conpound Fl uorescence Nunber Nane

i zation Prolifergtion f(%’\%"&
Aéollqiéﬁ?s -ngckyrougdgboriany Hask squinpg C&Wl F%plf%ﬂ%tahw
teﬂﬂéel‘ﬁﬁﬁ'& Btlﬂ)%é dnd@m¥dliihn FlRRT Wikhn- Iﬂfrbféen iRy N charged with 5

]-am de trifluoroacetic acid 4-Cyano-1

[499 gni darwieand ctiginobdbky | Agitamndvasdnitigicd apeé atwater bt WD
ap%ﬂgé after%lllp %rtllledslohdzhax dlssct)jlvec\l/ A solution of 6 N KOH (214.0 mL, 1.29
mol) was added through the addition funnel over 15 min to maintain the internal
temperature below 25 °C and the reaction was stirred for 5 min at room temperature.
The solution was then concentrated to dryness under reduced pressure at 20 °C to give
a white solid. The resulting solid was suspended in methyl t-butyl ether (MTBE, 4.0
L) and stirred for 30 min, after which time the slurry was filtered and the filter cake
washed with MTBE (1.0 L) to give the title compound as a white solid, which was
further dried under vacuum at ambient temperature for 4 d [366 g, 89%). The 'H
NMR, *C NMR, and mass spectra were consistent with the assigned structure. Anal.
Calcd for C11H16KN3OsS1: C,43.25; H, 5.28; N, 13.76. Found: C, 42.77; H, 5.15; N,
13.37. Karl Fisher: 1.3% H,O.

BIOLOGICAL ACTIVITY

In Vitro Assays

The following representative in vitro assays were performed in determining the
C-KIT biological activity of the compounds of Formula I. They are given to illustrate

the invention in a non-limiting fashion.

c-Kit Fluorescence Polarization Kinase Assay
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am de trifluoroacetic acid salt 4-Cyano-1
H i m dazol e-2- carboxylic acid {2-cycl ohex-1 ~~
wWe@eorAZ3pIL- ( 2- met hanesul fonyl - ND ND acetyl) - pPCPpUS2007/066985
eridin-4-yl]-phenyl} 4-Cyano-1 H i m dazol e-2-
carboxylic acid [2-cycl ohex-I-enyl 21
4- (1 -pyridi n-2-yl net hyl - pi peridin- 0.05 ND
Tl ggin)pophdnofl the presete invenfibn anecm@espb@ﬁdirﬂijdaﬁms af c-Kit.

Sel&_gpl(‘slgh% }Zzl%:feeré O?n?pkgtolq)ig (aj)f?q kldlé[)zw% mal%lt ¥nh1b1tors was
pe)‘fo%%dﬂiﬂ th@ fRRIWids Hfaﬁnéirl U)srn%l'h%rm lv}tro ﬁn@é%@ ty]to measure
H i m dazol e-2 carboxylic acid {2-cycl open 23

1nb1ﬂq>}tlon4}f [thq_LSQlﬁted:équt dampinjofitlkalnghan ¢NRit Npeptor in a fluorescence

pfirtaalTh DD B 8oBs] o BT mifiess st dieriiBdined o o
plﬁ)@ﬁ/ﬂop@btﬂfb%{nh th@hRPphdbhAGtytosmraRa¥Ydy 1ﬁc1@@écﬁm&m Hénvera
Cyano-1 Him dazol e-2- carboxylic acid

Pl[ozple,%ymm Kingsgyqit (Byregn)sgpplicd, 'fel Ingitioger: dWVGen cEkiD ND

prigef UL B AL R bR pengige was
%'lé/ded‘hrc{m %e(a%tlrﬁh%ﬁf&/yr@&ﬁé’ ﬁﬁtlbogy @é?hé\piosphorylated poly
I peridin-4-yl]- yl }-am de no-1 H1im dazol e-2
Glvailpo )tlyi.&d@cm@smg {h¢ P[P]_va(hza- cMereki® Rinase reaction was incubated at

et hyl ) - pi peridin-4-yl]-2-cycl ohex-1- 0,080 ND
room temperature for 45 minufes under the following conditions: 1nM c-kit

(ProQinase, lot SP005), 100ug/mL poly GlugTyr, 50uM ATP, SmM MgCly 1mM

DTT, 0.01%Tween-20, 1% DMSO or compound in 100nM Hepes, pH 7.5. The
kinase reaction was stopped with the addition of EDTA. The fluorescein-labeled
phosphopeptide and the anti-phosphotyrosine antibody were added and incubated for
30 minutes at room temperature and fluorescence polarization was read. Data points
were an average of triplicate samples. Inhibition and ICs, data analysis were done
with GraphPad Prism using a non-linear regression fit with a multiparamater,
sigmoidal dose-response (variable slope) equation. The ICs, for kinase inhibition
represents the dose of a compound that resulted in a 50% inhibition of kinase activity

compared to DMSO vehicle control.
c-Kit BR-1 Assay

BR-1 cells are a dog mastocytoma line that expresses a constitutive-active mutant KIT
(MaY., B.J. Longley, X. Wang, J.L. Blount, K. Langley, G.H. Caughey. Clustering
of activating mutations in c-kit’s juxtamembrane coding region in canine mast cell
neoplasms. J Invest Dermatol 112: 165-170, 1999.). Proliferation of BR-1 cells can
be inhibited by KIT inhibitors, and a good relationship exists between compound
potency in KIT enzyme assays and inhibition of BR-1 proliferation. To assay
inhibition of BR-1 cell proliferation, BR-1 cells are suspended (1 million cells/ml) in

DMEM (Delbeccio's Modified Eagle's Media) containing 10%FCS, and 100 pl/well
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IC50 (M 1C50 (M 4-Cyano-1 Himdazol e-2 carboxylic
acid [4-(1 28 carbanoyl net hyl - pi peridin-4-yl)-2- ND ND
cycl ohex- | -enyl-phenyl] -am de 4-Cyano-1

artiplatdddamad] @r-bottomed Qﬁydeillccuam'req)la{té’s @(Suslmhiéxej con®uining 50 ul
enyl -4-[1-(2- %rldln 2- ﬁl-acet

ofﬁhfpmedmﬁdlaswq crpeided, Vit é?ﬁl%lémuﬂ@l@ﬁcﬁ%“ iompwﬂda azol e- 2

eny aptélx,' fﬁﬁ?‘g’&ggﬂa{tﬁ‘gﬁ(ﬁ%%&gé % gon’t\alltl)m N% cells are treated with

100 eyt IPdcbrﬂegfh Ol Tl}ﬁéi@ﬂtyfe]agamaddi incdb&ydh®@min RHihrshaldag! €he
carboxylic aci (.{:2'_ cycl ohex-1 31 . . .

1n‘@ﬁ§1fy tpq_ C(:Q T&tﬁ lgisyEnal g}| S-efé/@@lugl 19) detqupingd using a luminometer.

T}Pé il %é‘%e‘fgété dg@%ﬁ%} Rbis @97 °C4an?%§g801) HEIGWARZ fleen?

hdhr @fov{ftﬂ iktdrvaB 1 by lut bf‘Pﬂoﬁle@@C@ll T4ter(!}1@ rél%ent is added to cach well.
yl)-acetyl]-piperidin-4-yl}-phenyl) - Cyano-1 '
The plateslareanaibated an @d&lylpnai 1Qanigutes weipohakiag and 4R ietaysityspf
ND ND , acet

thé el& (ther loI sTgnaE@n /we}lly Ey(geﬁ%mline]q_usmg llil)a{ilg(;_rge_ter. Cell

proliferation is defined by the difference between the time zero and time 72 hour
signals. ICs values of test compounds are calculated as the concentrations resulting

in 50% inhibition of growth.

BIOLOGICAL DATA
Biological Data for C-KIT

The activity of selected compounds of the present invention is presented below. All

activities are in uM and have the following uncertainties: C-KIT kinase: +10%.

CKIT e KITBR-1
Compound Fluorescence . .
Number Name Polarization Proliferation
150 (uM) | 130 (uM)
5-Cyano-furan-2-carboxylic acid
[4-(4-methyl-piperazin-1-yl)-2-(3-
4 methyl-thiophen-2-yl)-phenyl]- ND ND
amide
5-Cyano-furan-2-carboxylic acid
[4-(4-methyl-piperazin-1-yl)-2-(4-
S methyl-thiophen-3-yl)-phenyl]- ND ND
amide
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
6 eny1-4-}E 1 -(2-hy(i{rox3}1,- 1- ND ND
hydroxymethyl-ethyl)-piperidin-4-
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carboxylic acid {2-cycl ohex-|
-4-

enyl

34

[ 1- (2- nor phol i n-4-yl - et hyl

w@e@en2aon- 4-yl | - phenyl } - am de di

) -
4- Cyano-1

0.052 ND
PCT/US2007/066985

H i m dazol e-2- carboxylic acid [2-(1,1-dioxo- 35 1,2,
3, 6-tetrahydro- i X6-thiopyran-4- 0.073 ND
yl)-4-piperidin-4-yl-phenyl]-an de 4-Cyano-1
H i m dazol e-2 carboxylic acid [ 24 (1,CLKdToxoC- K”ﬁ BRI
Cokn u%d -t et rahydr 0- 1X6-t hi opyr an- ity sbNRce [ . a
leth ord- pi peri di n- 4NAMHheny! | - ani dq)olaﬂ-i-Z@{@{l()Ertheratlon
H-i'm dazol e- 2 car boxyl i c aci d [4 S%gﬁwl 3G50 (uM)
IJI IJCI I JI4I "|' (_' I OX0~= B \J Ik L, ’2,
3,6-tef o”i a?‘ﬁ?g yran-4 156 WO 2007/ 124369
PGT/ Ush6erPPe ToIIE kI T BR- 1 ggypound np
Fl'uor e 6BYck(-NameE ONIQﬁ‘EY Pol ari zation Prolliferatiop
| G50 ( Mpedtds@igerdin-4-ylyrheoyt- H- i i dazol e- 2|38
car boxyUiCyamol IH{Mrdaysitahex-1- 0,039 0.09 |enyl-4-]
1- (2- d| RRLBYYIRNARE {ReRddek= Ri peri di n-4-yl | iphenyl } -
?'stameﬁyl"lrjmﬁ%{ h%fftg 38b car boxylQ-@2ci d N
CycC| Ql
1 5 et BT AP S onind
pi per i j'Srt'DfanWﬂlraBr@E‘Mbc})xﬁf@a@ﬁi 41 {4-[(4-Cyano-1
Hg md {9l rﬁetgyl 5-(4-methyl-piperazin-1- ND ND
yl)-biphenyl-2-yl]-amide
5-Cyano-furan-2-carboxylic acid
10 [2'-fluoro-5-(4-methyl-piperazin-1- ND ND
yl)-biphenyl-2-yl]-amide
5-Cyano-furan-2-carboxylic acid
11 [2-cyclohex-1-enyl-4-(4-methyl- 0.15 ND
piperazin-1-yl)-phenyl]-amide
5-Cyano-furan-2-carboxylic acid[2-
1 @3 ,6-d1hydro-2H-pyran-4-yl)-4-(4- ~0.25 ND
methyl-piperazin-1-yl)-phenyl -
amide
4-Cyano-1H-pyrrole-2-carboxylic
acid (2-cyclohex-1-enyl-4-
13 piperidin-4-yl-phenyl)-amide 0.26 ND
trifluoroacetic acid salt
4-Cyano-1H-imidazole-2-
carboxylic acid (2-cyclohex-1-enyl-
14 4-piperidin-4-yl-phenyl)-amide 0.071 ND
trifluoroacetic acid salt
4-Cyano-1H-pyrrole-2-carboxylic
15 acid [4-(1-acetyl-piperidin-4-yl)-2- ND ND
cyclohex-1-enyl-phenyl]-amide
4-Cyano-1H-imidazole-2-
carboxylic acid [4-(1-acetyl-
16 piperidin-4-yl)-2-cyclohex-1-enyl- 0.057 ND
phenyl]-amide
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{2-cyc| ohex-1- 0.035 ND enyl-4-] 1((-K{T)xy-(;;)ﬁ'lirqi1{1?- 4-
Cdagduagy! ) - pi peridin-4-yl ] -phenyl } Flvbrdsyanesl .. .
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enyl - 4t [ 1- (1- oxy- pyri di ne-3- ND NQcs0 ) 1C50 (uM)
anr h~ a1 raria | 1
carooh ) PIICIIyI = ST yartuoT L
Him daéo(Fga 51 g?gg?v( aci d|{2-cycl ohex-1 -eny|-
Nip; ND &a ORYIt (}ﬂﬂ‘ gthé( bonyl )  ND ND
pi peri dickiclabex-1-¢ aihi-deyl- 44 coyano- 1
H i i dapbﬁlé’-l amlﬁﬁrtlbﬂmﬁ@tla@iﬂld (2-cycl ohex4l -enyl 44
4- g 1r Efc afomdm[@fg;ﬂﬁgnyl am 20%4_ N'DdND I a(:gtyl l1-pip
eri di nt 43k gIRNERY L cyhidphane: i m dazol eq2-
c&¥ boxyl | 6_a 1%4:_ J ? | -enyl 4%y { ND
;Ia-:n[ E;\( ZEE-? 5?2%01%210% aCI R\y [Df\N-E)nn 1 L dazanl 2
ATTT 1TTOU OO \JI II \./_yullu = LI LA % YA A I v
car box yl4“¢:yaé‘€| il rﬁl E’LOIS@et
ph?)eri dicatbaxyli acgi (160201‘5{166 1 ND ND D ND
t et r ahy ¢nd=p }r-(?qut ngsuifopyieny| ] - 157
acetyl)-piperidin-4-yl]-phenyl} -
4-Cyano-1H-imidazole-2-
carboxylic acid [2-cyclohex-1-enyl-
21| 4-(1-pyridin-2-ylmethyl-piperidin- 0.05 ND
4-yl)-phenyl]-amide trifluoroacetic
4-Cyano-1H-imidazole-2-
carboxylic acid [2-(4-methyl-
22 cyclohex-1-enyl)-4-(1-pyridin-2- ND ND
ylmethyl-piperidin-4-yl)-phenyl]-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclopent-1-
23 enyl-4-[ 1-(1-methyl-1H-imidazol- ND ND
2-ylmethyl)-piperidin-4-yl]-
4-{4-[(4-Cyano-1H-imidazole-2-
24 carbonyl)-armnp]-3'-c'yclohex- 1- ND ND
enyl-phenyl}-piperidine-1-
carboxylic acid amide
4-Cyano-1H-imidazole-2-
carboxylic acid [2-cyclohex-1-enyl-
25 4-(3,4,5,6-tetrahydro-2H- ND ND
[1,2"Tbipyridinyl-4-yl)-phenyl]-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
26 enyl-4-[1-(2-hydroxy-cthyl)- 0.026 ND
piperidin-4-yl]-phenyl }-amide
4-Cyano-1H-imidazole-2-
carboxylic acid {4-[1-(2-cyano-
27 ethyl)-piperidin-4-yl]-2-cyclohex-1- 0.080 ND
enyl-phenyl}-amide trifluoroacetic
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Name Pol ari zati on
(4- {4-[ (4-ByHOS2007/066985

H i mi dazol e-2 47 carbonyl)-am no] - 3-cycl ohex-1- 0.1 ND
enyl - phenyl} -piperidin-l-yl)-acetic acid
trifluoroacetic acid salt 4-Cyano-1 Him dazol e-2-
carboxylic acid {4-[1-(3-ani no-3][48C-KIT lk
Cdommpdwb but yryl ) - pi er| di n-4-yl ] - 2F1ddr&38Encl gﬁ%ﬂex
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-carbokylic 49 aC| d (2 cycl ohex I -ml fr) NECND(LM)
pl per. .,||4 hen r-de—bi-srt I(&OT)O"Ceti e—ac{d
sal t &Yac#’ol% (562] triazole-3- carboxylic ac|d
(2gcyc GE@QXtheqm %d-4 pi peri di n- 4- Wp phenyl )xpm de
ND ND P?ﬁbﬁmeﬁlﬁéﬁé]@dtﬂlkeﬂéﬂ&-d-%)a¥ 5- Cyano- 1
H i mi dazptlebex-Geaylahebpdypmide aci d [ 2- cycl ohex-1 - eny| -
0. 0043| NI y#ofIH -$midagoleli2oet hyl - pi peri di n-4-yl) -
phenyl | c@ibbidictd §7-tidisionceti ¢ 5-cyan-1
H2? m da (jj,ef%-_ %%5)0( big. ac@?[)d [ 2-cy&Ndhex{l ND
- | - - -
ohomyt | AR AL ThrEn llBL Y, B B ano
Him daf‘ofb@nﬁl 1&%’&2 fic a]gi d {2-cycl ohex{l 52
epyl - 4t ¥ 1 cglehiryldr oxy{ 0. ND
8 [gnylpﬁ Cgpl})ymdln 3-yl- athyl) g i ND
piperidin-4-yl]-phenyl }-amide
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
31 enyl-4-[ 1-(2-pyridin-4-yl-acetyl)- ND ND
piperidin-4-yl]-phenyl }-amide
4-Cyano-1H-imidazole-2-
carboxylic acid (2-cyclohex-1-enyl-
32 4-{1-[2-(1-methyl-1H-imidazol -4- ND ND
yl)-acetyl]-piperidin-4-yl}-phenyl)-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
33 enyl-4-[1-(2-1H-imidazol-4-yl- ND ND
acetyl)-piperidin-4-yl]-phenyl} -
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
34 enyl-4-[ 1-(2-morpholin-4-yl-cthyl)- 0.052 ND
piperidin-4-yl]-phenyl }-amide di-
4-Cyano-1H-imidazole-2-
carboxylic acid [2-(1,1-dioxo-
35 1,2,3,6-tetrahydro-11°-thiopyran-4- 0.073 ND
yl)-4-piperidin-4-yl-phenyl]-amide
4-Cyano-1H-imidazole-2-
carboxylic acid [2-(1,1-dioxo-
36 1,2,3,6-tetrahydro-11°-thiopyran-4- ND ND
yl)-4-piperidin-4-yl-phenyl]-amide
4-Cyano-1H-imidazole-2-
carboxylic acid [4-(1-acetyl-
37 | piperidin-4-yl)-2-(1,1-dioxo- =025 ND
1,2,3,6-tetrahydro-11°-thiopyran-4-
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5-Cyano-1
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-enyl )| 158 WO 2007/ 124369 PCT/ US2004,Q68p85 1T @M
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456y anpSAOPEYlR ot BYPOlSE-ar boxyl igomei d| ¢ g9
[ 6- ( 4, peaylEt hid-dingetiodgnimos  cycl ohex- | -enyl)-1' -
met han agﬁﬁtﬂd’r}?ypeﬂéﬂh%}’}]-p@n@ano- 1 Hinidazol e- 2-
car boxylicyaael H{rdadol€2=- am no- 2|57
gi%fbyh%:/: Eﬁl‘BBkﬁlg)’a{c)d D). E‘ﬁ‘dlbl&?@xné 4-yl] s CN,{:?)EFL‘]\IE 1 ND
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Him da ﬁf é‘ rBoxyh cycl ohexql-enyl 5
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carbonyl)-amino]-3-cyclohex-1-
39 enyl-phenyl}-piperidine-1- ND ND
carboxylic acid (2-hydroxy-ethyl)-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
40 enyl-4-[ 1-(2-methanesulfonyl- 0.16 0.25
ethyl)-piperidin-4-yl]-phenyl}-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
41 enyl-4-[ 1-(1-oxy-pyridine-4- 0.035 ND
carbonyl)-piperidin-4-yl]-phenyl} -
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
42 enyl-4-[ 1-(1-oxy-pyridine-3- ND ND
carbonyl)-piperidin-4-yl]-phenyl} -
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-enyl-
43 4-[1-(pyridine-3-carbonyl)- ND ND
piperidin-4-yl]-phenyl }-amide
4-Cyano-1H-imidazole-2-
carboxylic acid (2-cyclohex-1-enyl-
44 4-{1-[2-(2-hydroxy-ethylamino)- ND ND
acetyl]-piperidin-4-yl}-phenyl)-
4-Cyano-1H-imidazole-2-
carboxylic acid (2-cyclohex-1-enyl-
45 4-{1-[2-(2-hydroxy-ethyl)-methyl- ND ND
amino-acetyl]-piperidin-4-yl}-
4-Cyano-1H-imidazole-2-
carboxylic acid [4-(1-acetyl-
46 piperidin-4-yl)-2-(1,2,5,6- ND ND
tetrahydro-pyridin-3-yl)-phenyl]-
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METHODS OF TREATMENT / PREVENTION 5 The present
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I n anot her exanple, the invention pertains to nmethods

of treating in a subject a cell proliferative
waele@oneissd or a di sorder related to C KIT conprPGI/NfR007/066985

adm nistering to the 20 subject a therapeutically

effective anount of a pharmaceutical conposition

conprising a conpound of the present invention and a

phar magceuti cal |y acceptabl e carrie(LKAﬂnng L l§ﬁ”
Céthpovatfl therapeutic agent can OCCHMOERBEILE] i#%;g,'th
Niéher mRni f est at i oANA€ synpt ons charagt bt BT Re

2|

di sorder, such that said therapeltjs, nt 1624 (18d)
a—ther ]y Hf 1q% é?gﬁif

di sor der

A Aot ~ £~y o+ b ho oar ot 1 o
T Ul UT1Ic  C©TT 1 Tl atrT vce

nﬂﬁ%?gﬁfb 5 related to CGKIT| The term
" pg ophy IFECPFEY] 4 Pt iehrount " gefers|to @y
amount | 6¥clabex iendindpbdind  or phar maceutical agent

t hat i himgdhanssubtongkeethyls- in a subjlect the onmset of a

di sor des-@gnobigi-ngidagslght by a researcher,
vet er i Nakibakvlid R 1-agho-mr other clinician. 30
THe Fer@&&&ﬁ%ﬁ&@g&ﬁf&@ﬁﬁ&m§L§$ptive.aﬂﬁunt' asNHsed
hEL?In 2QS£E%§XﬂQ§§Pp&ﬂ&ﬁ”£ ?Qifdctlve compound or

byt ) r tha hi Al n~ ~al or
A>3 N OUT Y

sharraceulical ent—that—elcits—th gical—o
nedicin§ﬁiﬂpé§ﬁg_ %mﬁﬂeg'subject that is being sought
b% a r pseRpEEacid Krerclobarilamylmedi cajp docfor 460 WO
2 %7/12436@H$@Wn@@ﬂbmﬂﬁm@6985 of ot her clinician,
whi ch | A2’ B04's' aHhexehyatroon of the synptons|of the

di sease or disorder being treated. Methods for
determ ning therapeutically and prophylactically
effective doses for 5 pharnaceutical conpositions
co risin% a conpound of the present invention are

MET1HODSQF AREAR TURRBVENHRON art . As used herein,

the term "conposition” is intended to enconpass a

roduct. comprising the specified ingredients in the.
TR A R bRt AP ShE G ron B SR B elintifion o
inh®HW-KIT kiHak@&dthtyOh alcBllbf £6iUjd0t, dritd® Wil tonsd &f
the specified ingredients in "the specified anounts.

CAd Tudrage hethaiymr cxprsssient isa subjosbr ders rel ated to
C-KIT", or "disorders related to CGKIT receptor”, or
"disorders related to CKIT receptor tyrosine kinase "

Instha lembodighant & thh «dp&eabeprodss anicatied pivivides @fimethod for
implicating. GKIT activity, for exanple, the,
redyang et inhibiting the kinasq activin @f €dntl i aoiedl comprisedbnpamgt
T T A R L AVIE SV A e
et g H R g LR s R AR e prBenion
alswopromldey a dethodtfor edpeies sr @hKiitlng By kakd dctextp o €SKONinby
ell's which ﬂprnallg do.not express g—KIT; : .
subject comprising the step of administering a compound of the present invention to
the subject. The present invention further provides a method of inhibiting cell
proliferation in a cell comprising the step of contacting the cell with a compound of

the present invention.

The kinase activity of C-KIT in a cell or a subject can be determined by procedures

well known in the art, such as the C-KIT kinase assay described herein.

The term “subject” as used herein, refers to an animal, preferably a mammal, most

preferably a human, who has been the object of treatment, observation or experiment.
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3) increased C-KIT expression |eading to unwanted cel

proliferation; or 4) mutations 20 |leading to
w@emwstiz43ed i ve activation of G KIT. Exanpl es of PCT/US2007/066985

"disorders related to GKIT" include disorders

resulting fromover stinulation of CGKIT due to

abnormal ly high anmount of GKIT or nutations in

C-KIT, or disorders resulting fromabnornmally high
Tl&ﬁn‘})%l’] II@QEO]C @%ngK,:’lérsa\?s‘% :};}\éll‘eﬁ rédf%esl&t) %eaqb IQ[{OEIH qlflﬁ Wﬁogh arggﬂs such
thg%ﬁhﬂﬁhh&kﬁﬂkéﬁuﬁqmﬁhgngs been inplicated in the 25

pat hogenesi s of "a nunber of diseases, including the

cell proliferative disorders, neoplastlc di sorders

and can rs Ilst d be  The term.’ce liferative,.

o SRRl QAR RGPy R h R G e
an@rtﬁer@peutlﬁ%&hcﬁid b@ﬁﬁ‘ea@fﬁ% aglibject a8 rigk BE(dr isGREptiblato) developing

organismresulting in harm ., disconfort or 30

a %Féldrr@la%éaﬂlvp |d159r®i2 pee disardpy r%@d eCAiTt i cel | ul ar
organisns. Cell proliferative disorders can occur in
di fferent types of aninmals and humans. As used herein
In"onelekarpple) the &i[\&hﬁMEprodld‘B:S) hateiorlS forpetweaeng aopdugdot & cell
orders. 2007/ 69 PCT/ US2007/ 066985 As
pra@%aat% désord s ar a @emeagq]fﬁtef 0 G&rldepompraying admigisiering g the
I
RS o T ORRE Bl MR SLABCICE A
coaq’msmgta cdmiuhé of the présemammwloatand aghhsmnagdeutscaiy@bcepgmble
inst.ance, ro iferative disorders
cuzry {BHBBEG AL AIe RORB i B O BER EE0 © PRy estation
oﬁ?ﬂ?&%‘iﬁ EhaPachY R bﬂth@%&l@@f&ﬁér@ﬂve’m%@@ﬂ R Ger c&ied to
ofibrosis with nyeloid netaplasia (MW, chronic
Tophihas ardjsspest ortstispsdey i prvryntedien alientexeln datescd rits
ééﬁgg the cytopenias, and pre-malignant
PIRFET R yspl astic syndrones; cancers such as glionma
cancers, lung cancers, breast cancers, colorectal
cancers, prostate cancers, gastric cancers,
In@&@thﬁmwa%@,.thﬁam@mw@@rtam psthods aftycatiag dbp agiegt a cell
prSHf%‘Ea“t‘fv% ’dlS%P P ﬁr & ﬁﬁSﬁ{e% relJtQ RAR! %%hﬁ)ﬂ%ﬂl@%ﬁﬁﬁ?lstgﬁﬂ% {Pe
cancers, nd 0g |ca mal 1 gnanci es,” 1 ncludin
subjeet @dmmpbmaaﬂy effdd:ti\lepin&)uli’[yef Dpiearmhedikieat c@papition
I homas. s of hematol ogi cal malignancies
copiEREe: Ccmoupggf FESsepggkgtoRand |a¢hﬁ%§m@ﬂas feceptable
caH@Qg lﬂdﬁnﬁls{r)(t'im] B thgﬁg&hicrhgéntc@aﬁ S8k c()ﬁ‘éﬁfénﬁg Wi@dhe
Hodgki n' s | ynphoma) oma - - I nst ance,
mag tesetiby op syoaytoine cheadtensti G(fAILd_dlsordctu Blmhrttwl seiddherapeutic

kPR b AR S PR e SO (AP

rela@dkg@-g1fCWM) , chronic neutrophilic | eukema (CNL),
acute wundifferentiated | eukem a (AUL), anaplastic
| arge-cel |l |ynmphoma (ALCL),

The term “prophylactically effective amount” refers to an amount of active compound

or pharmaceutical agent that inhibits or delays in a subject the onset of a disorder as

being sought by a researcher, veterinarian, medical doctor or other clinician.

The term “therapeutically effective amount” as used herein, refers to an amount of

active compound or pharmaceutical agent that elicits the biological or medicinal

response in a subject that is being sought by a researcher, veterinarian, medical doctor
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prol ynphocytic | eukema (PM.), juvenile
nmyel ononocyctic | eukema (JMW), adult T-cell ALL,
WO 7MR30 tri | i neage nyel odyspl asi a ( AML/ TNDS) PCTHUSBA7/066985
i neage 20 | eukem a (ML), nyel odyspl astic syndrones
(MDSs), nyeloproliferative disorders (MPD), and
multiple nyeloma, (MM. In a further enbodinent to
ortduliles cﬁﬁipémt whichendludes ntlevati@ncfohp agseema of dreblistasd an
di g %% or treatlng or inhibiting the onset of a cel
1§F fhi - di sorder or a disorder 25 related to
CGKITin a subj ect. The conbi nati on therapy conprises
adm nistering to the subject a therapeutically or
Mpthoéahfdr determmingthefapedicale aahpiophyladtically foF)QﬂYﬁdiOSﬁfS for

i nvention, and one or ot her, .anti.-cel |

PG R by s o R R S un B G e Gy Ao Bt

di§céhcatheRih ddvetrmy, ingiehat.t her apy and i nmunot herapy. 30

In an enbodi ment of the present invention, a conmpound
of the present invention nay be administered in

h er: '
A&ﬁ ht%ﬁeerlé gﬂe %@h’h F&Hg&?ﬁ&h ?ﬁ%erng@ @J%%\jcgr@ﬁ%sgaﬂ @oduct
cobipeiviigtie @fmetﬂddan@gélehts iftheapedfiyd ahourtd)eswiches apgpiddact
agent s may %g}use ,|n t he combi ne d tr tnent met hods

wWiirl ggsgls diregy Qionoirsiy192mes Blestsefies ingredients in
m@g&gﬁ&déggaﬁgherapeutlc agents contenplated as
enpl ary, i1nclude, but are not Ilimted to: platinum

conpounds (e.g.,cisplatin, carboplatin oxal i pl atin);

A%lé {Fﬂrhgfg)‘%%ggﬁ%é%q%é r%lgtﬁaé l;%i {-21% !;!:2, or ?dg%c eéégéa%xgo llgt d to C-KIT

re¥dpiéid, GH WALRIcHSre(sfedto.CKIMGEdeplor RRosié RiRLAS! iHAR include
vI nor el bi ne anti -tunor 5 nucl eoside derivatives

digeasep. ass@igte witbor meplicating Gelelorativity glerrexanae.rtbs overactivity

b k | at . . " L
ofSeRTS AR e LSBT RS iy syt
of&PKPDdapfay tbeithed INT-KI'Pedseiydd atels fsicheodmally do not

et oposi de, tenl oside); aromatase inhibitors (e

exprras Crighlo 28 C-KEY peression byxeshis sthighenormahy fo aet %vgf‘éﬁ CKIT;
3)?8&9%%5‘ eSKiF e}%)ressg%glgagféﬁoé E)ﬂ,}nv&;aﬁge\ﬂec%h fflratlgﬁltdf 49 bt fifons

e.g., prenetrexe
lcadiegtosconstitgtive agaaiion off OKIT. Hxamptisos “dleomlens related to C-KIT”

infl e (RS AP BHRLA G ot 8 G RIT dde o Bbtormally high
arfSUinkt BF etKﬁSéﬁHﬁtQﬁé}fsMﬁ ld_Res, ({r%h%rderé Q@ﬁlﬂg% Glofh abnorrnally high

act i nonycin D, onyci n, daunor ubi ci n, doxor ubi ci n,
anmauno Hf]el'lﬁlT@l,Ctlvdﬁdtl‘t trorbpoimgllycagimamommtaif € - K@[Eonmmyxtuong m

bollt e.d,.,. anl rin, claofar ,
Rl oot rRp iRt P Or s Byen FRlsReR T e ng
AAPOh S & adhurdtRer 6PIREREA ThALdiRg theQLR PtAif&&tive disorders,
nocodazol e); topoi sonerase inhibitors (e.g.,

neophiptiodinerdiand Furcersdistaddasiaw. agent s i ncl ude
verapam |, a cal cium antagoni st found

The term “cell proliferative disorders” refers to unwanted cell proliferation of one or

more subset of cells in a multicellular organism resulting in harm (i.e., discomfort or
decreased life expectancy) to the multicellular organisms. Cell proliferative disorders
can occur in different types of animals and humans. As used herein “cell proliferative

disorders” include neoplastic disorders.
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to be useful in conmbination with antineopl astic agents
to establish chenosensitivity in tunor cells

w0 e®7a244 to accepted chenot herapeuti c agent SPENTS1007/066985
potentiate the efficacy of such conpounds in
drug-sensitive malignancies. See Sinpson W5 The 20
cal ci um channel bl ocker verapam | and cancer

Ag hediicteen, appeorladtic dsirddrlimfers 985 tunberap6lti)g &d@-abAormal or

oS LIS S B A SR TR PR e
lnﬁlté‘d)t%PHéiﬂéioﬁcflet‘idW&s&H@r% 80¢h as RYFGRtdRB; th@ﬁly'efbp?él%ﬂaﬁ{ze

mbodi ment of the present invention, the cornpounds of
dlsdréerp,rselsle as thrombaenythicona, nvasf:nb@l thetmilwicgtosis éBT) ragnogenic

C in on wWth ada erein,
mf O B PRl D ROHE PUPT pRaAREs SRy i BB
(MMPOS tidnich@iopathjcaselbfibrosie diMIinge a@olywnmh%faqw) the

Such therapy 1's known to those sk ed in the art. The
CYSMSREprAngtREc-Srahemnt afyekmm@stwymemwawqm sygd as glioma
R L R e
cafterk,zastosibicstadal @ﬂﬂomaltthmoﬁ;t(ﬁHST)’.} beophh gl egpesitsi adon dbBers,

WO 2007/ 124369 PCT/ US2007 066985 1 n ?T)t her
PRBRISBET PARGETS P VAL IR CHtEEefitd homalaglpgigal m hgna%m&&dlw

n d
Sl o e B o s of
hehgeolegichlenappancief ierlnde,doainstasea pypktmiagetympyomas (non-

rti,cul ar vol ved i tu r, ..devel opnent.
HEAG ool  FndeRR difthsd GiodaNte Bpduign s Rifithoma), and
my&8a L afor ditdke, dehR I h¥RoI1i6 ?éﬁ‘k@ﬁnd MBI § RkYmYEIBRSlcukemia
cell transduction or transfection with anti sense DNA

(AL}, @slgttg peioageleaytig mgmeao@*iﬂlg) ¢hoenigdywphocy tie teokema{§LL),

h
ot by R Rl M SR B B BBk SR e, asuee
ulﬁiﬁﬂérbntldtéli l%ﬁlfdﬁlilh SAURMnﬁpﬂaBM)lrgﬂﬂeﬁ Qi pforanALOE),

so-cal l ed 'suici enes 10 I n other enbodi nents of

prolymphpgxficrieilemia ﬂFM SOHTRAR ey chmensy ¢icd s eepmip MMMh)o%dult
e
T- %%%f ﬁe\?g]“@{hst@{l@% éﬁﬁ‘f’&&pﬁgﬁg '(RNILWF%/{?% frglnxed hne
letileendia (Mﬂapyyéladgptasmsmrdm@qll\/ﬁbSqf)rmyabproihfbmth\xe&ﬁsdrmers
t unor el opnent via anti bodi es specific to such
(Myrldt é%m“é%ﬂle Bwsioiee M¥nocl onal  anti bodi es agai nst
vascul ar endothelial growth factor have been used in
treating 15 cancers. \Were a second pharmaceutical is
Inusfedhémrengdubdirhérdno thos @spedinhe umentén thmnpasse atcombination

thlgrg\plfg t g%ggﬁégﬁn%@)%a% tﬁ% g}lasce 81‘ Ell (c:eal proFPe&fatPVee da songieqlo?ta Es%gder

related to C-KIT in a subject. The combination therapy comprises administering to

the subject a therapeutically or prophylactically effective amount of a compound of
the present invention, and one or more other anti-cell proliferation therapy including

chemotherapy, radiation therapy, gene therapy and immunotherapy.

In an embodiment of the present invention, a compound of the present invention may
be administered in combination with chemotherapy. As used herein, chemotherapy
refers to a therapy involving a chemotherapeutic agent. A variety of

chemotherapeutic agents may be used in the combined treatment methods disclosed

162



10

15

20

25

30

Separate or unitary conpositions) sequentially in
either order, at approximately the 20 sane tinme, or on
W@ epanated dosi ng schedules. In the | atter casePCT/O8200W66985
conpounds w Il be adm nistered within a period and in
an anount and manner that is sufficient to ensure
t hat an advantageous or synergistic effect is
heaghi €hedothetapantid ag@etsapmeemilaad:cba:h exbhnatarjz heclpalaefoer aredot

nd order of m n rat ective
gl g6 PTG G- r o B LA G 4
hialel Opalidakcd edb%@t‘dx&? dafPotrhdRal édn‘ﬁwuﬁﬂs (irinotecan,

Cchem)therapeutlc agent being adm ni stered
tOB@ncpammotww alkatlmdi » Gorpdinadintflagtive, ‘pn@@kkme) anti-tumor
n g at r % Eler %f ng]l[‘n mvs’t natd L4 abine) ;
Yskep SSF%Y ’t R A Eard 2R $HE %B‘Pﬂ anryf
all@stind>gich@ (¢. geayadpho%phamhb daemuntilef 15ioGh Hyhidtapse of
ordinary skill 1n the art, the appropriate doses of
epg@d@n@r%ﬁmnwﬂmﬁppwlkg@ﬂ@%(% RFloppedeyderapesido); dpmptasy
S3 Y,
inh Ri8 b & SphP% b PRE s B a BT R R Rl Rl .
tamoRifen, Silec@ans) anidolaws (e a, p@tﬂ&treﬂddl disodmrhj) hgpdrecthylating
chenntherapeutlc 164 WO 2007/ 124369
agepHF (€482 O/ BRYB BI0lGgES (518t STITA4ASIaR otF AT BBy it Kimeso,
t S
R S L A s S
1dg[$lbmg1 @omeemitciroPableomty fio ddavandibiam,\dogwrubfcit, metomycin C,

f { t t .h .
5T GOROIHEL- SREOUY i MGy & 4 B BA™
clfardh@®asRofhe drabRoSile, rﬁ&h&%xa&ﬂ,%ﬁﬁﬁlﬂlﬁhﬁfng(aggﬁtﬂ@ g.of

body surface area, for exanple 50 to
cogidqrcta@@ﬂnarcpvhfcm, n¢<s>§aml¢)ntqpnlsamétagegénlufora 1 '75

d Q tin in about
co R Bt iPlhsr B0 ABeat sy G ki P R Pl Ropist oy
todRGsEBin dohigfion evileartiabopl@tie dgMitatd Biadlibh Oitmosensitivity in
i ntravenously, subcutaneously, 10 intratunorally or

tumgy ellyaesistanda proepte\ehargthsrapaytinigcats gl o Pﬁ?tﬁ&%ﬁ@he
efﬁ?e{ng}f@Q %gﬁpo%ﬂ&aﬁ&toﬁﬂqgar R t}rgee%ge[rﬂg?héé/lé‘sf §9% § %B%% RSt 1S

cataiuirh @b enrat Bl@ckefr%ra@lmﬂp\lné canier tigenZ@Berapy. ]l Calcium. 1985

part rly for p clitaxel in a dosage of about 175
D%“é%g%r@ b ddiionilis v catsea chemIoticRSELAZoE 478 150
cITRatPE s GAKE §&AQfin tcBﬁﬁfnﬁﬁ@ﬁ with¥% ¢ %%)Oglfld mﬁ;l&e%elﬁnl Y,
canpt ot heci n Tonpounds ar e advantageously adm ni stered
inventmndosage of 0.1 to 400 ny per square neter (ng/ nR)
of body surface area, for exanple 1 to 300 ng/n2,
particularly for irinotecan in a dosage of about 100
Inta@obePed BodiBchfofaRdplefint HRRAGAE A ddpRAM oflthé Bredent

ng/ n2 per course of treat ment.
invention may be administered in combination with radiation therapy. Asused

herein, “radiation therapy” refers to a therapy that comprises exposing the subject in

need thereof to radiation. Such therapy is known to those skilled in the art. The
appropriate scheme of radiation therapy will be similar to those already employed in
clinical therapies wherein the radiation therapy is used alone or in combination with

other chemotherapeutics.
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By way of exanple only, vinca al kal oi ds may be
advant ageously adm nistered in a dosage of 2 to 30 ny
w@enaguser e neter (nmg/ n2) of body surface areaPCT/US2007/066985
particularly for vinblastine in a dosage of about 3
to 12 mg/n2 , for vincristine in a dosage of about 1
25 to 2 ng/n2 , and for vinorel bine in dosage of about
Inh@oﬁler &ﬁbmrtjmnﬁt qfehe presans envehtion, teatomgroind Byf thapresént
. exa nl nti-t.unor | eosj de der.ivatives be
ingyieh %%an%# IRCOmBEHOR N1k %hs8a Jeer - AHoEg horein,
M\[@%&ﬁ%@rﬁ@er t§1r eﬁﬁ%()ﬂfgartl@lfﬂapgé;%s fHbvaaen ttff'&)r
area, tor exanple 7 . | uor our ac
de(vglOPmrnﬁ d?QSSJhiﬁ?mhg/th@Sﬁ@d' sv‘a@gleﬁumém@rtb@@smhm czftdp&tctwm

200 / |
Caf%fﬂl%%s’fﬁfsyl%%ﬁ%fglg T e e SRR i ARSIl
g@cﬁﬂdﬁtg&b @dndstodingFoAgRwWa facahOuid BOP réceptba) RNmba:d
capeci tabi ne i s advantageously adm ni stered in

st%‘@tﬁs suqko%ﬂh%ywss RNy /dgeossesntisense seeseingey RAwaad smal
y\é)Rgp 0 . of
]n%ggﬁp e onﬁﬁgﬁéﬁg%ﬂgﬁiﬁg§gggﬁ{§gﬁg§% wﬁ%&%ﬁﬁiageously
adn1n|stered in a dosage of 100 to 500 ng per square
net er of body surf ce ar ea, r exanp

e
Int%h@m@l IFIFPE“S Hdhis |H&Yﬂn59w ¢ eﬁmw@%a @gﬁrﬁéﬁ%@vqnﬁoa may
Qigte%d 1ﬁk&8H15011f599n Wh%q)ianﬁE{o{P%ra (Ns B4 RERApUC |
|n a dosage of about 0.1 to O. FE body MEIght
“ifnorunbthepapyil stfenseo meaapdfcta@geng)parabxdam prﬂ)&ﬁh ingoRO imhmR
nd for. stine i about 100 to 1
dygPRBeptis cOTRREs oot Pe b HERPTOE]. i) SSteapI e GREy.
anPiBE@RY é[%aﬂu%tt 0xdcllaf e dotiddliaV 8SWIRYacRR hatlyBrthagePistdating
adm nistered in a dosage of 30 to 300 ng per square
caneqrer (ng/ nR) of body surface 10 area, for exanple 50
to 250 ng/ n2, particularly for etoposide in a dosage
of about 35 to 100 ng/nR2 and for teniposide in about
WhEretased&dl cRfital GOWeE en Bdditioet MM pounBY{ WRYpr&¥ent
exanpl e only, anthr ac cline derivatives may be
m*a@xt@ﬁttaaémﬁh@rmaa@rmﬁ g@@rwmnﬁt%%@élt@fcomw%g 75
I
raﬁgi)'{ éﬁﬂ’iﬂg E%Elﬁél&s() @é\%‘u&&l ﬁ?e?%le %Ia ‘311‘9 g&)?oxqﬁlgély the
sadexme) br oi Bcfarata dokisgghedilcablauhe lfhﬁer cta@e the v ﬂﬁnpo‘uﬁﬂs

orubicin in a dosage of about 25 to 45 , d
W‘I?@?e JaPIST Within g p&“@% §%€€1 B ABPBG AN @a{n&e ﬁ%ﬁlﬁgcwnt to
enRfife thft %ﬁ%@vﬁftag&)ﬁ%ﬂ‘gﬁ/ﬂ&gls@é cffadt 195ch%§%ﬂp |Itewﬂ’lrﬂe)’aé)premated

anti-estrogen co be advant ageously
thatothw: preﬁtrmderdethvd aldj@slatg@“ admlmbmitonlanticbheim}v@tldadmﬁge

arno n sngnld rgglrnes tf01r eagﬁl E:(t)rlnl():(l)'llle%{ oﬁge combination will depend on the

particular chemotherapeutic agent being administered in conjunction with the
compound of the present invention, their route of administration, the particular tumor

being treated and the particular host being treated.

As will be understood by those of ordinary skill in the art, the appropriate doses of
chemotherapeutic agents will be generally similar to or less than those already
employed in clinical therapies wherein the chemotherapeutics are administered alone

or in combination with other chemotherapeutics.
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and the condition being treated. Tanoxifen is
advant ageously adm nistered orally in a dosage of 5

W 2003024369 preferably 10 to 20 ng tw ce a day, PCT/US2007/066985
continuing the therapy for sufficient tinme to achieve
and maintain a therapeutic effect. Toremfene is
advant ageously adm nistered orally in a dosage of

l?eb(%ﬁ 13O PR HRIACH d Braldf a&rﬁﬂﬁétﬁﬁbﬁ‘ Gnd fr JOE‘%G a%uﬂ%yanﬁ%glme

|C|ent time to achieve and maintain a therapeutic

capfoededdily dafeamined py|those skidlgd ahthﬁggdu&gwoaa%twpékreetéads and
in@idY bythe infardafaget Gt kkeut |1 mg once a day.
Dr ol oxi fene i s advantageously adnministered orally in a
dosage of about 20- 100ngy once a day. Raloxifene is
Buwazof axpeenle bylyaplaiinis cempdunss ard a,dvamtaaemh@@avg@lmstered ina

about 60 once a da anta u
i o CPePeaRE e B ARG ooy SRR AIERY Hitfuate 50
toa 00 aya/mBypavednlfy X aidplhén @i &osage of &@ue$5 ﬁfwmbﬁld for

advant ageousl y adm pistered in dos%g about 1 to
cagbqpiptisep ab @f&é@@mﬁéveper@ﬁgnsw Beatmerfy (Genlaticis ngf eporbgd
L L A e R B T
inﬁ&uﬁforallytcmﬁtramhnﬁleai@rtl cularly 2 to 4ng/ n2 per course

of treatnment. 166 WO 2007/ 124369 PCT/ US2007/ 066985

Dosages may be adnmi ni stered, for exanple once, tw ce

or nore per, course of treatnment, which be. .
By w3 af etfnirs OBl aldping poyngs arg &dva@iagswséssz@awter%@ a
dosegpsilaods 400 nidyserpgese ntetdr mmgrm%) ofi bednsupfrcaaithNos tamgtle

4 ReBoTRbtaty B Rt o O R 1 ioastme
anidrfor dabetaprall in aboutdérte dﬁ@ n@/ﬂny peermsrsctmd‘rp@@tmt of the
present invention can also be admnistered to a
subj ect | ocall Non-limting exanples of |ocal
Byaky 9épyanaye palyscamiiethgels compownsts a5 advantasqusyrgiministered

1ngQgis ofd)emtoﬁﬂ)f) th pér dq0sre Weler (ﬂtgr/ﬁ?f)ftﬁrb@hﬁlguﬂc@g{ea for
elLv a ers e har macol ogi ca en
xR Lif B wLJvfariﬁof'os A i 2Pl pr BbEH D0 81550

mgmf@nﬁﬂlfm*top@tecafnuntabeut e 2adgintipet eswast sfaratmehj ect in
conbination with a targeting agent to achi eve high

| ocal concentration of a conpound at the target site.
BY wagdflexdnae onlyevisonplsalngls nedfy hcrrelvprtegeouslyiadmemstcrsd in a

(19@ tof 30Ny &t §flade hetbddle /ﬁl? &%3% Qi il Q¥eal gérﬁ@uﬁgrl for

WI h. t he obrﬁggtlveo mai nt-al drugs r agents
Vlnwa%wﬁtuaétdowgﬁwf eyttt P sagis . qurvnafﬂﬁ‘él@q aaa Aassge ﬁ&aboutl

tol2rrapinkIQUn8 féra/in&elbse ik dodade oPLBRSEND td BY BIphdpPeradosfie of
%r ovi des a pharmaceutical conposition conprising a
%ﬁgund of the present invention in association with
a pharmaceutically acceptable

By way of example only, anti-tumor nucleoside derivatives may be advantageously
administered in a dosage of 200 to 2500 mg per square meter (mg/m?) of body surface
area, for example 700 to1500 mg/m”*. 5-fluorouracil (5-FU) is commonly used via
intravenous administration with doses ranging from 200 to 500mg/m” (preferably
from 3 to 15 mg/kg/day). Gemcitabine is advantageously administered in a dosage of
about 800 to 1200 mg/m” and capecitabine is advantageously administered in about

1000 to 2500 mg/m” per course of treatment.
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carrier. The pharmaceutical conposition nmay contain

bet ween about 0.1 ng and 1000 ny, preferably about
wao®7aoi3690 ny, of the conpound, and may be coPSTL/US200B066985

20 into any formsuitable for the node of

adm ni stration sel ected. The phrase "pharmaceutically

acceptable" refers to nolecular entities and

BEQADGP LIS ohhad gtlnggge%quse maﬁ%@&ggﬂe RlihRISCin a

or ot her 1 on adm nrste 0. an
dospgqrfl 1004p 590 m&p&ﬁ SAUREC BISISF Qﬁg/nat) ef bagst wifppmprga. fepgrample
12@&6 286 nﬁgqmélﬂayudumlyuaﬁ@lydm Bk phabhige InMVE@RhEOF a@@dt 100 to 500

m B e bRy | iRy $f?ﬂb8315iﬁ<a OnGBRRF pediryHEG for

caBGanstiner i a dushgedef abestel®ao R0ANt/inh eartd foh mmu:-mautm aalosage of
ASUE R ¢ r]%ﬁm /chl(pg‘déﬂ%g% I etn limited to, binders,

suspen ing rican flavorants, sweeteners,
30 preservatives, dyes, and coatlngs Cbnpositions

B Wa?] Bpbeukie o{i’l&af)ocﬁ)%[{}l‘lﬁté}hﬁ abfiotivel Rab e %d%aita%goﬁsqy s,

Suc cap | ets, cap sul es

t
adfﬂﬁewt%qm%%%%ﬁ Qetorsfg@ BgRer Sﬂli%alereéﬁ@ @@%é’rﬁ&o@ surface
ar64) Sbradxangld 59 t@lem rﬁg?ﬁflﬁa&iﬁimﬂzrﬁi}) for gto@aulhce?q, a @hdge of about 35
er,s a I.qUul 0l NB, u S Utl ons, r.ups
B B aorifBidtih ab 8 oan e Al Pebthact g ot R A
2007/124369 PCT/ US2007/ 066985 useful for parenteral
BEAALOF Stiiht B aﬁq,ﬁgfcl REGLLL £SOkl aavan%gébégl ns

SuUsp nSIO arnaceutlca I on

adﬁrnélswr@sl@r@tdqsetﬁﬁéﬁﬂOdﬁ 7é|nsgapqrr$@w@| @@é@rﬁmﬁﬁa D 196 Sedit Mﬁ@lce
ar6Q m&%sdtahipms‘ 1@{60%@%Tzr ﬁirﬁé\ﬁ@rl@fotrtdbﬁoﬁgﬁﬁpl%rhdcﬁ)s &de dth®out 40
esen venti.qQon S| U1 I n ugdes a | o

to} S8k %’55?‘?“@[‘“‘3(1?19& egpwe oha t?ﬁeﬂ %ﬂg By 11y idgpgpicin
ina dosarasfaboaf]0ttba Sprgaeptr éouvendfiteatmesst.ow rel ease

bi odegradabl e carriers are well known in the art.

These are materials 10 that may form particles that
Bwa@y@femnmﬂﬁenh'aﬁia%MEV@C@anmuﬂd@sﬁpaddMEM5mhyy
AR RLAE! idlia gé@éeofléﬁgﬁrl B ﬁ)@g@%ﬁ&? d@ﬁ%‘ Wﬂ% pﬁﬁicgl'ar agent

ueous, acl basi c
ané@@@ eRnelitinshsang taeatad. ploayoxien ivadvanaesas badmipissredarpijpin

a SAROSMTHoSY0 b qfr@fefhbly Tdﬂﬁ) m&lgltwic@% c&@recdihhﬁﬁﬁtg alms%lgrapy for
0 nm

suf OS] A Buthicht wRLimatfn ASTAPeae See DI S i or
adaata gaasisly prlefis ateidyorabointa di3dganehiabdbt 60m gloraet dary) con'ﬁh&mg
RIEPRR ol INAOEH A LRy IO B0 IR DS LR REGT © he

A@atstrpzxumls emifvamthgeqyslwémlnlstmﬁémralbmn aa@sagﬁeofaibputvleng once a

dayN P8Rk GBo islagviddeBRIUSLIMALNT X E glra‘{‘l‘ytlﬁ| a@osage of about 20-
0ohar maceutical carrier” according t

100mg once a day. Raloxifene is advantageously adrmmstered orally in a dosage of

about 60mg once a day. Exemestane is advantageously administered orally in a

dosage of about 25mg once a day.

By way of example only, biologics may be advantageously administered in a dosage
of about 1 to 5 mg per square meter (mg/m?) of body surface area, or as known in the
art, if different. For example, trastuzumab is advantageously administered in a dosage

of 1 to 5 mg/m” particularly 2 to 4mg/m” per course of treatment.
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20 conventional pharmaceutical conpoundi ng techni ques,
which carrier may take a wide variety of forns
waelepengi3ng on the form of preparati on desired POF/US2007/066985
adm nistration, e.g., oral or parenteral such as
intramuscular. In preparing the conpositions in ora
dosage form any of the usual pharmaceutical nedia

DB@%% ?Pgh&}}{ﬁﬁjsterg@ YSr exaffpld diftdi QVIQ{ & rnoﬁ:rp%P ah@td gns,

r exanpl e, susp nS|ons I Xi rs and

treglnenti wh@ iy, eABp @ eslPF PRVl Svaimd: M (F 88avcl ude
wat er, glycols, oils, alcohols, flavoring agents,

TR @$ffovadd ahe preS&lt O cRBoRERMSSadHistcR&l tolaks@ibjetor
solid oral preparatlons such as, for exanple,” powders,

Syetapsmllefsfor cagnlelﬁslntrg@dn@afﬁs, canldy, sabsugtnsousdyjintedshescular,

s and additives inclu
infiferinil 3 PP | 1 ol g ThFPERT 1 Bl Praiso be
adelifisRt QO atsubcelgedtys Naidliitehg dxakBles BE tREB&19Er é?@ﬂefns
ease in admnistration, tablets and capsul es represent

inglyde thegwse ghinglaminal geestien! apwpesdbatdpeudmintrayasewpr dyg
LS SaBRAT I PR BRI L SRR Byying. 8,

congauied obthe endsetit iavaviah edn ﬁ;ﬁhes baadiaimiktdéred tond qibgst inFor

parenterals, the carrier usual |y conprise sterile
C%ﬁ%ﬂ&twn witot FReSing @gent gy ﬁ%wérhlgh ocglcopgeitiztien of gpompound
at Mt@%%? SiteS YR RdaFioR i @(Qm%&lnldp bt {hteé)r&rentf 19561117@% lbe

2007/°124369 PCT/ US2007/ 066985 preservation, may be
foi*mullatwdefdr fastmekxaseadm shove-uiel pasa svithnb e oy clay e meantpnn}l@the drugs

ropriate liquid carri.ers endi ng
or gt & S R RE Ty e &hiesabeng Forbha AR Ty
for slom1release a slowrelease carrier, typically a
polymeric carrier, and a conpound of the present
Themmmt mwe@tm #lsor providess pharadoanticall eopEosidign icamarising a
cop AR B P henlf BB PR BB R abcpraic
ca@iidr: Mhe pWah@iactytal eoMmipSitin. mEr &nglia Bbtyveeﬁ a@omoue[ﬁg and
solution includes surface-active agent(s)

1080 s griefiably, abopel W g0 engs of therrompued, apd maydy copgituted
1n{ohﬁ1 %hn Liha \gf?et ok tﬁeyrﬁ deeMdﬁhﬁQtr&tR)n%Q{?aeﬁ a col | oi dal

suspensi on part es contarning t sl ow rel ease
carrler and the conpound of the present invention. 10
?1gﬁa ceutlc fions herein will conéaln
gyt ica ée(fers ta H}S’&?P re

olgfcﬂﬁﬁlbhé)ﬂlat 8@@&299&1{09 |an %H%rgeh a1k gi%eor offikr %Wyid Féfacttl(;}?

tive 1ngredient necessary to deliver an effective
whi@s%inamsnbwi:umab@mmﬁomm huTlhrm aphEropceet Vetatinary uses are

0S| t| Qns her ei.n
eq&ﬁ ¥ ne da Wl‘ihgbﬁhgenvewgo% LH 8rmdﬁ;8a%llly apﬁejpgag)?qa%ermulatlons
inSIMBO RSk RMidns FRBSMOAMA a6k Jdagirlaiyk@se. f rom about 0.01
ng to 200 ng/ kg of body wei ght per day. Preferably,

the range is fromabout 0.03 to

Carriers include necessary and inert pharmaceutical excipients, including, but not
limited to, binders, suspending agents, lubricants, flavorants, sweeteners,
preservatives, dyes, and coatings. Compositions suitable for oral administration
include solid forms, such as pills, tablets, caplets, capsules (each including immediate
release, timed release and sustained release formulations), granules, and powders, and

liquid forms, such as solutions, syrups, elixirs, emulsions, and suspensions. Forms
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about 100 ng/ kg of body wei ght per day, nost
preferably, from about 0.05 to about 10 ng/kg of body
waowioght43per day. The conpound may be admi ni st ePEHUSINOH066985
regimen of 1 to 5 tinmes per day. The dosages,
however, may be vari ed dependi ng upon the 20
requi renent of the patients, the severity of the
usc fuh dortpacmtdyeli adgitiseaicdnende sthele sobmipos) rohudsiornseindg
enpl oyed. The use of either daily adm nistration or
“ﬁ%@?“%%rlodlc dosi ng may be enpl oyed. Preferably
t hese conpositions are in unit dosage fornms such as
tablets, pills, capsules, 25 powders, granules,
Thst pharthaceptiead wowpaditign aftthopresant iryasmh@lmmgludﬁet er ed
aer 0so

pHhaRRlisdsompodtior BRI RisasE 0Re sPTBRICE B thg,pypsent

inP&itidAt @halkomp&difidnasildes & slblvi rogud caﬁﬁerr(@@oallﬁ a polymeric
admi ni stration, or for adm nistration by al at1on

cagier) prasl ¢ £QrAPQUEA Of I RERIFAE INVEINON. t he conpositi on may be
presented in a form suitable for once-weekly or
once-nont hly adm nistration; for exanple, an insol uble
S13Q rsighde tﬁédetgkaﬂaaletcw&mampmurldmmm heast. t Neesdecanaatids
salt, may be adapted to provide a depot rep ration
thatgpay fﬁmmgé?ﬂ E%t AU tﬁlFlES’h“ UV CRPAPIHES B Wy
depPATRARIHHE %ﬁdéflécéﬂutalﬁé ct eﬁmt I ng cbie haﬁ c, BEid ¥R) and
i'ngredient 1s mxed armacettical cafrier,
therely degr@atn/dmiqlmalboﬁﬁ tﬁllueimang ré¢leage ¢tdh antvs campdunass) ¢1mre1n
starc | act sucrose, rbi.tol, talcg, 9 .
T 558 6 e eS0T e - eI habert IHagHRerLi
dl%@@f drFeraBlyCadbi 3012 GRS RA dlatnc®r, SldMRest pRIcr@bR&bout 100 nm
phar naceuti ¢al diluents, e.g. water, to forma solid
inghiapaieniul ati on conposition contalnlng a honobgeneous
m xture of a conmpound of the present invention, or a
pharmaceutically acceptable salt thereof. Wen
Thegfredgent ﬁ@eﬁtamt dn@slﬁoﬁﬁei REMalato R8pde eRMpashidc0nGl as
honng@neous i.s nmeant that the active ingredient is
cogrpspidiogeal thé‘;'ﬁé’ﬁpﬁ}mt hisagmerd efHac pespidntengan.gs thanstive
TP S AR SR Kol
coanehtmalslhhaﬁﬁaceiih(:a& csmbbldldllm’ etlatiqudsatvhieh ceoitp ﬁﬁuyttakma wide

is the i vided |nt uni it dosage faor of the t
VeSET IBEE %@8 ¢ing gRthe Ffﬁg’f PRBAAIOR deRred R AIHAD AR £
orﬁlrkﬁ Iﬁ?etn'téfﬁ s'uE‘lQ 5§fi11't1§ﬁhhsc%flart @@8136?? %t%@ QBmPBéiﬁ@ﬁs' ifl %ralﬁB?age

I'ets or pills of the conpos resent
formvmytof(blme canl plhemecatied nordipmhe be\ﬁmglos'odrpﬁhmd&ﬁ ltquid oral

rovide a s e formaffording,the a nt a
pr asf‘tb%ge%wg B reppt SRBmbins Y e SErRhERe mlﬁaﬁle&sﬂlefs
andQUBItiveSindMidk W!l@err 0818 ®ilRNAcohdIs, A& ingRS MY preservatives,
conponent, the | atfer belgg in the formof an envel ope

cobwréng agkptsfand therlikeTfrs splido nisoMenoRs syakh ah dorsexgmphy, pawders,
ca%g(ulg ce?p%tg rge‘fcap? Ml ta\f)\Pelts sultsa%[ V&Fridr® and additives include starches,

sugars, diluents, granulating agents, lubricants, binders, disintegrating agents and the
like. Because of their ease in administration, tablets and capsules represent the most
advantageous oral dosage unit form, in which case solid pharmaceutical carriers are
obviously employed. If desired, tablets may be sugar coated or enteric coated by
standard techniques. For parenterals, the carrier will usually comprise sterile water,

though other ingredients, for example, for purposes such as aiding solubility or for
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15 resist disintegration in the stomach and permts

the i nner conponent to pass intact into the duodenum
wW@eoor0243¢9 del ayed in rel ease. A variety of matRCT/EE200H066985

be used for such enteric |ayers or coatings, such

materials including a nunber of polyneric acids wth

such materials as shellac, acetyl alcohol and
pre@lr‘rauilonsmaﬁbetmtudﬁdzmj Jtaebl¢ supperbidne mmy dlso behprepared, in which

ound 0 resent i ventr I ncor por at e
caf PR i ErmBieTe S IASE sty aoake 1 iy oF RefRioyed. In
pr@ﬁdrmﬁfoﬁ Aot RAS, a §wva @Q,laye édrﬁ&orﬁ%auwrﬁégﬁmr@%ﬁ%sand a
or oil suspenS| ons and | avored eénul sions wWith edib 1 e
copifjosng Qﬁﬂne @sesentonvmge @tb fist dissodeslme diipersed otonengami|

o d siml '
sofeaP nheti fast oBanEp Bt ihesul Badng s adisegt sptuton o
ob%éiﬁ RE B LNy AGERHS crh@lkiodd PeEBbRS tHRUSREANSIsORiSion intthdéde

nthetic and natural guns such_ as tragacanth, acacia,

sug agf-ARttve, agertest Pabred ke OsEAPIENh Pl cyapqrated diom the oil-
ey,

in O BE B o B 0L B o Bk e

ﬂdWS@e%Sbm@wa@ﬁhmﬁcﬂﬂ@omﬁhﬁﬁhepﬁ%ﬂd@n&hﬁmsynthetiC and
natural guns, for exanple, tragacanth, acacia, nethyl-
cellulose and the |like. For parenteral adm nistration,

Tl%tﬁfahhgceﬁff@ﬂ%e g@ﬁtqtorﬁr}féréﬁ’ Wit LORSin3PerdfoSaddaRiitt €. tablet,
I'sotoni ¢ preparations which generally contain stitable

ammﬂsqxwakrvmsaamewaqnphﬁyaddﬂhdmﬁ;mtmammmoﬁﬁwzwnve

stration desi 1 WD 20Q7/
in DO P EB SR S R heis Fy B EBBEuABS of
pHaﬂﬁad%ﬁﬁ&ﬁ Rbmb BB s RN @Sntﬁ‘ﬂ”bé}'@ﬁt%@%e' di’utae gS kdhite
daily dose, or the total daily dosage ma

g iestler jeoneasisrisesootul e Feproabaus 001 me
Fur.t of t
o005 KEht togy WANTLIRRE; pE RIRRN e raRke WIFR RER M0 o
abbﬁﬂl(ﬁﬁhgﬂk@%f@ﬁdﬁ%igﬁb% dait hadi @setbra¥BN troheHouol.05 o afdo@t
transdernmal skin patches well known to those of

10ymgikg it pody veight nertdﬁat The eommeprgemaygpmidipistsearedion , regiaen
of 198 @h sape&hags?ﬁé ﬁ@ag&ehb%&r& m ;gféeewneh.*h% S%Oﬁl the

adm ni s rat our se, contln ou
refjiiagmént b thRipatiens, thdwsevudiyaiftthd dumddamagangr tegiatemd thd-or
i nstance, for oral admnistrati inthe formof a
Corrgmue@(sbrel%ﬁ%{oged -t hi2e weraf rf‘gﬁ r(@r&y POMEBHEGRBQF Pesipehadic
(g GhpByap oral, non-toxic pharmaceutically
ept’abl e nert carrier such as ethanol, glycerol,
mater and the |ike. Mreover, when desired or

PRGN Do D e 1591155218?8&6 HERAER s tablefs. Pillssgnwes

powHesy, gﬁﬁﬁk@ Ghtdré BarehRralsdlttb®s orIubgeaibas, PARGEd Serosol or
inclu without |imtation, starch, gelatln nat ur a

liguidyenrayss desips ennglulgs oao-o ctfer devices PHSEPPOBIETigs; for oral
pa% W?er%le a?%sagc anltn?guafl'or 2081 n% %tlon %Br aﬁHﬁ 1st?‘¢f1 tn by

or sodium o I um S eara
1nhalat10n or insufflation. Alternatively, the composition may be presented in a forrn

suitable for once-weekly or once-monthly administration; for example, an insoluble
salt of the active compound, such as the decanoate salt, may be adapted to provide a
depot preparation for intramuscular injection. For preparing solid compositions such
as tablets, the principal active ingredient is mixed with a pharmaceutical carrier, e.g.

conventional tableting ingredients such as corn starch, lactose, sucrose, sorbitol, talc,
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magnesi um st earate, sodi um benzoate, sodi um acet ate,

sodiumchloride and the like. D sintegrators include,
wowahozsed i mtation, starch, nethyl cell ul ose, PEIyE§2007/066985

bentonite, xanthan gumand the |like. 20 The daily

dosage of the products of the present invention may be

varied over a wwde range from1l to 5000 ng per adult
stérnivaidp eragokesyum Foaraty, dicaledm phasphatt ioopyms,ed other

i L O e
co%ta@mné@ hgmoéélegus g@xt@re o?@- c%mp@agﬁ)d oflth® pre%@& 1n3€§go§r5%' a

I grans of active | ngr edi ent for
pl@yrnmeoh@allycacaﬁntM@ sﬁéhtile@bf t Wecnl ﬁ@g@gﬁ@theh@p@mmlono

d. An eff
copineBiohS ST araR ol ot 4R ey % e SRR R dSbFed
evdf &Hﬁ)u?l@cytﬁ hhe(lfon{p’o@moﬁ Reiat thebnifwkkion inthyaeavidiBAbdivided
body wei pe Particularly, the range

d
mtcseqﬂlﬁlémﬁ%llyﬁ dosags I@Sasblrémf %ébleﬁﬁgpﬂlg apd C%Rﬂﬂ@S wBisgak
0
prERlmin B0fpIRidh R SRR in LAT AR ot thetvpe

he co
de@érlﬁehabpve&ﬁmlmmg \fraint 0 dno agut 300 agnafiths aarvedngmdlant&ﬁ‘ the

regi men up t r or i mes per d preferably
preyent Iy gntion; éalg%ﬁs o8 Hﬂo O%HW %H}Poéll(%%(j’gé‘et%es&%t mVentlon can

|
i g A e T

ofqmulpngﬂddaCUSE dFortt dxempiﬁ;i ¢heathbladon mil sér edrmomse anhener Yddagd@nd
lg é&?4369 PCT/ %O 6985 streng%h of BPe h
ey éi‘%ecfr?mpf’ﬂ%“ 8 f DR hihSH PR Phd CIYSIPPE Qaer the

foRHMANMERMRBLoRpohdifs chll REBFA LD 'ah'eﬁférlc 4y epdglichi seRies to
factors associated wth the particular patient being

resiptadisiniggrating inydic ntpnprgh iaad pe@g@ thmngmomlmn@nt tapdss lnﬁiﬁt
| strati su int he
info SRR b Suciblod ina B3l ub PlebEanBe b b B iRbe or
sudh sMtekie 1:38#% dicsitaigs dsuc R nialfeial soh lu@ing a| HupaRe Hﬁﬁxﬂy’?ﬂnleﬁ@ BMids
ﬁ%stens such as small unil anell ar vesicles ar ge

puckrraatergls ayshsileq. asctybalepholiptd ¢ellwlase aeetatesi cl es.
Li posones can be forned froma variety of i pids,
including but not limted to anphipathic |Iipids such

Tlashcpiild) gphatin dlobrodonmpeand dOths phdsogany@itionspay be incorporated
sphat i.dyl et hanol ami nes, phati dyl chgl i nes
fog g(? }antliaﬁplﬁ gra ly%ggbﬁgqt}ogyp%lg G- jggecous solutions, suitably flavored

yﬂﬁﬂ &E%Busdéﬁ] Rl %@ Qioﬁs aﬁ‘la%pm&'eﬁiu%lﬁﬁ'VQﬁl edible oils such as

tldyllnos tols, diacyl trinmethylanmoni um
ammDﬁadeﬂ sedaracyil, @mqmnhwkmmmmnnoﬂuwnmﬂhneﬂmnandd$nnbr

PR SD BT R0 e U SRR 5 S hagind B adienis
suSh@kRat, eh@LdOdyniRYic RRd ﬁﬂﬁfa‘? §t85 Qhchf ds@Rgacanth, acacia, alginate,
dextran, sodium carboxymethylcellulose, methylcellulose, polyvinyl-pyrrolidone or
gelatin. The liquid forms in suitably flavored suspending or dispersing agents may
also include the synthetic and natural gums, for example, tragacanth, acacia, methyl-
cellulose and the like. For parenteral administration, sterile suspensions and solutions
are desired. Isotonic preparations which generally contain suitable preservatives are

employed when intravenous administration is desired.
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15 Another alternative nethod for adm nistering the
conpounds of the invention may be by conjugating a
w@ovpoeH3cd t 0 a targeting agent which directs tPEI/US2007/066985
conjugate to its intended site of action, i.e., to
vascul ar endothelial cells, or to tunor cells. Both
anti body and non-anti body targeting agents nay be
Adrsathge ety tisecanipduhds sftbe pfasent20vennoe mag the admipesterednn a

.1 t rg eting, agent, and its correspondi nq .bi ndi ng

sglf B R S BR a Some? S e BRR e dn o onesr

twROHréd SLBLEEW ddyNiFIRhbRRE, BRIPEERIS FithOPRsen@inv@htion can
near a target sité and thus treats the disorder at the

beragingeistesdd i imtoanasad firer viavepigal usThesuatabli bmagnased rvgleucles\,g)r

.agents | ude, anti b or ant | ra t
vigFER Bl St WA Ry O uBRt SR U bR CETER B
ad@EiReRR&NL tB formtdf ﬁﬁfan@@rﬂnal ddiverly syVRES teadodig, ad@finistration

tunmor stroma. The "targetable or accessible conponent”

wibk ofcquiisep be ceinuous iathsF thea detarmaittartdhiugheirghe daspgmiggimen.
is preferably a surface-expressed, surface- accessible
or surface-localized conponent. The anti body targeting

Fageydrg c aflos oral hdralnikdetianid tho dor@sofd tadlet blg@apsﬂb,rtdé agive drug
fragnments ther that bind to an intracellular 30

CORMIPBEH AR DE Ko gmg d patheanaQuel, ReRsHAXIC PREmaEuEcs! iiasreeRtahlp inert
calti &fsGeipd e gglg'f’ea}dl RS £5h AhE ik SPRRERRA lwléﬁtd'ea&%' &S

or antigen-b fragnents thereof, that bind t
nacasatyybliable hmdeais; élhbrwlaalrs dismtegeamm)agmteamhdzolomg:@ehs can

|nd ed.to b e able,. or .in.cell .172.W\D
S R R e p S I O e Bt IR AR
stath, JAeRR! ﬁaﬁﬁﬂaps@ﬁ% 06K BREIuE&k 08 betaUhctddee catR lswRERR@ A thatural
or accessible on the exterior of nornal l'iving cell's

andfsyathﬁmrmms sm@ ag gebich drgiqanthtdisodiemmlcantsodioaystedrate,

m%gnﬁ:aﬁurnn gsq%aé%tﬁ’t sog dlé%g%nszo?tadotdom%aé/qtat%?%@ c,g(]é?ré%e 31121 th%hke
Didinitapadtentinélnég MEthouskkahatash, 5akeh, mefhgbeeliddde, A%r, WehtonAS
englneered ant i bodi es such as reconbi nant anti bodi es,

xapthsamunenddhe likbdi es, bi specific antibodi es, and the

|i ke. The anti body can be either the polyclonal or

t he nmonocl onal, al though the nonoclonal is preferred.
Thidhdilg dosagg of vlearprobmanﬁdf the p&yerﬁfm‘mﬁﬁb@ ﬁﬁiyefe vidriedovdra wide

the_ art tha ave ol ogi ca ecifjicity. 10 for the
rageq fm@drtf)é@éo 58 ReF ﬁmea%w far ergh#srmipjphation dhe

{oXs J@%‘r&‘e&{lg %TBWBSJI anak et 6#%99!%%%056%{1111%%’ loi (ﬂ 0.05,0.1,
t nmors 1 n US Pat No. 855, 866 to Thor pe

0.5k OGS St d 0K b5, 20 HoB & 08K1 30, 3eD, 260 he: 5&@ tnlllilgrarns of the
Qe N ol 2L AL bodce PRl OSL. LWL 58k, 1B
trddeedd . BteZedti9e bR oudt¥ITaRdnoudd of the present invention is ordinarily
supplied at a dosage level of from about 0.01 mg/kg to about 200 mg/kg of body
weight per day. Particularly, the range is from about 0.03 to about 15 mg/kg of body
weight per day, and more particularly, from about 0.05 to about 10 mg/kg of body
weight per day. The compounds of the present invention may be administered on a

regimen up to four or more times per day, preferably of 1 to 2 times per day.

Optimal dosages to be administered may be readily determined by those skilled in the

art, and will vary with the particular compound used, the mode of administration, the
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15 Techni ques for conjugating therapeutic noiety to
anti bodies are well known. (See, e.g., Anon et al.

wO dnozd3enal Anti bodi es For | nmunot argeti ng O PCX/UgE01/066985

Cancer Therapy"”, in Mnoclonal Antibodies And Cancer
Therapy, Reisfeld et al. (eds.), pp. 243- 56 (Alan R
Liss, Inc. 1985); Hellstromet al., "Antibodies For
stiongty dbelhd wepariition? thel modeooftadolihietratiomy gld)hb iathemgerg2mebf the
obi n

digiekian oG 11 2639t b gasocsh b A iy Gy beine

tr&a¥ddo hfélﬁd‘fngﬁ%ﬂ%ﬁtsagle an%ﬁf: @let aﬂ—J‘ﬁﬁléBY adrﬁltﬁ%éltlgw will IEsult in
Monocl onal~ ‘Anti bodi es " 84: Biol ogical And Cinical

thapedd toadjushdosa@isnchera et al. (eds.), pp. 475-506
(1985)). Simlar techniques can also be applied to
attach conpounds of the invention to non-anti body

THdoBgioungs FYRE beserd vERASIE cHikilsd Badniinisk@edintthddrin of
know, or be able to determ ne, nethods of form ng

liposping gakivesy ay (s svcharesmsdaypilame bapicnigleadaree smﬂ%ruélllﬁras
Vegﬁég,r a%ﬁ‘fﬂﬂn?eﬂar V&g Fﬁg&_o F,]IPBé ﬁoﬁ»&%& fﬁ]%?x{ng?%bet;‘? bt

yani oni ¢ compoun any
lipig, eicyudim@butinet Hedaso nahhprhlpzttaial lfpmlsnsubh aophospratidyhobed,
npoun of t ent..invention to

spiqﬁgk{ng‘é theh@pggmﬂeth%ao ygee ath%lEig? lehQlisp-ardiplues,
E&h&%g%@%ﬂaﬁg%ﬁy&m& pROGHSfidic QEid} Sﬂl’r'()glﬂl%néi?lﬁlosuols

prefer gic r éf easabl e bond
diie Itmntthylehyncmuua\p&maaess dacglr(hnmﬁlylamnhmnsﬂl Bopdnks,hade

s RGP fiBdh awesonebiiGrySdsPtSighyheRel Tisy
m208THol 24368 cﬁg&wgpz{ag)@@%ﬁ&est%@ment ially under

certain conditions, i.e., within a certain
environnent, or in contact wth a partl cul ar agent

d di f,i
AR MR B et S PER o g epvgup o
byl dbnfhigatinPatomPosnd t0.a térgétindozcanehieh @éctd Uk coaftbate to its
enzyne-sensitive bonds, including ﬁeptlde bonds,

m@@ti%dr gte of s 1.cpHospRdar exsiodickial ellarmy ty FW&PPH% sBetd
7
oA5AS Ayt i o 4,160 808, 0, o
infugtiah betvcee tleasgcohg ddvat enhipotorttspdiding bihdiag partner, the
conju s at the intende rget site e pres
an}RPé‘Hg Péﬁlefpaffs[eﬁfépvw@vlca% c 33 fged mthtmghlppﬂgoa?engatlons
at Sk A& AGhr I§E@§1étaﬁg thR trehf the gﬂsgvdepﬁrtﬁé &&e@ Gt mBrd 4fRfively.

conprising admnistering to a subject
therapeutically effective anount of a conpound of the

Tl A b O SO B0 Pk e 200
theebd, S 61th d@srodtaBle s 8Ebe8Sible component of a tumor cell, tumor
vasculature, or tumor stroma. The "targetable or accessible component” of a tumor
cell, tumor vasculature or tumor stroma, is preferably a surface-expressed, surface-
accessible or surface-localized component. The antibody targeting agents also
include antibodies or antigen-binding fragments thereof, that bind to an intracellular
component that is released from a necrotic tumor cell. Preferably such antibodies are
monoclonal antibodies, or antigen-binding fragments thereof, that bind to insoluble

intracellular antigen(s) present in cells that may be induced to be permeable, or in cell
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15 targeting agents, they are preferably adm ni stered
in the formof injectable conpositions. The
w0 pjogazad e anti body solution will be adm ni stBCEUSINT/@66985
a vein, artery or into the spinal fluid over the
course of from2 mnutes to about 45 m nutes,
preferably from10 to 20 mnutes. In certain cases,
gh'osﬂs mﬁdldxsmjtiaklm dl nedplacaand aorynal aclin, hutsdre adt jopscat er

ageous, for tunors.restr d to areas close to
QISP sk gt BT R syt HAFAL Tt part) cul ar
body cavities. In addition, intrathecal

adm ni strations may be used for tunors |ocated in the
Apnsidhercin, tthetcap &antiiodyT {5 infehdet fovefctbwediyfto any onpoueidgic

.0f. the ent. j.n td qQn ' ted to tar ,
vifiling Ao SR 0 18 IR TeRaI P AP Fhal ol hdhdshiith pab
Fdbh, DaBs8 vadleds@nginkercd antiidi@duet ag@dodmbishiitaintibedias)d

other clinical variables. The effective dosages are

humeanénerpnfeediesaispenide wfibegicgaand the bke. abiarntibpdaednsbe cither
th B&E’H@ tﬂ‘i‘e" n@Jl(ﬁ fh@tﬁgu%%%{b By 1§P{$'£§E{dg;@%fé 99

I'cation teac r|nC|p es of
verynbmiatl iagay of\aritibodiex &nple i fhe atithia thal ©immbeolpgicgdapecififity
|IIus[rat|on it wll be. nderstoodthat the'l}ag
fopthsccell surfage af yartyahy sy soli (s ipsdeess Summyy Tagle aisyal

of
mMﬁJc'l&Hal Qrﬁﬁyod%g%lts%hh?ﬂzm?nﬁﬁgwatéﬁ@ﬂ 5885 kBOR %1?9 8Eal).

hin the scope of I'owi ng cl ai s and t hei
Meﬂpudwaieémbwn to thiode WillRDDthd 24 8B6ProBCK 183807, @66I38kEes dgéinst

tuﬁ#ogigﬁrya,e S }%ﬁe@tlgg.%?ggﬁgégbﬁ"ﬁqaégg ﬂplapcillﬁgﬂten% No%,34,2219 to

T L figghering to the subject a therapeutically
effective anount of a pharmaceutical conposition
conprising a conpound of Fornmula I: O/W NH XA R2 |

hyd h
e S O e PR B g L AR S AT IRY R E 250
c.fYAhtbylct ak] MﬁfocnﬁlaMn@bdmwob emﬁmhsﬁatgeuhg d)mm B€ancer
of chloro, 15 fluoro, neth

-NH2, - NH(al
Thqr\m"klgwMgnoclcg(abﬁwbgdle&fa%fimqey Th@ﬁpﬂR%ﬁfﬁlﬁ@p fﬁﬂi@) pp.
243- 56 (Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibodies For Drug Delivery",
in Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel
Dekker, Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer
Therapy: A Review", in Monoclonal Antibodies '84: Biological And Clinical
Applications, Pinchera et al. (eds.), pp. 475-506 (1985)). Similar techniques can also
be applied to attach compounds of the invention to non-antibody targeting agents.
Those skilled in the art will know, or be able to determine, methods of forming
conjugates with non-antibody targeting agents, such as small molecules,

oligopeptides, polysaccharides, or other polyanionic compounds.

Although any linking moiety that is reasonably stable in blood, can be used to link the
compounds of the present invention to the targeting agent, biologically-releasable
bonds and/or selectively cleavable spacers or linkers are preferred. "Biologically-
releasable bonds" and "selectively cleavable spacers or linkers" still have reasonable

stability in the circulation, but are releasable, cleavable or hydrolyzable only or
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Wis pyrrolyl, imdazolyl, isoxazolyl, oxazolyl, 1,2, 4
triazolyl, or furanyl, any of 20 which may be
weonezeed t hrough any carbon atom wherei n t hBCT/US2007/066985
pyrrolyl, imdazolyl, isoxazolyl, oxazolyl, 1,2, 4
triazolyl, or furanyl may contain one - C, -CN, -NQO2,
-Ove, or -CF3 substitution, connected to any ot her
preferdnointly uRRricsrtdp comﬁtima;L kgl withini mlntailllyén,vironment or in contact

i hydr | f f
wi E PR agreh e PGy FEIONE: distfidh sndiria Ty
bd28s hﬁkﬂ@o@@-‘l‘ﬂﬁl@tbbﬂds ﬁM@étchBéH adw ph. N8§ 505174 WS)S) afd 59@@1‘918

of the follow ng: | oro, fluoro, and
angj enyrhereciprtoieiboods, hmtludleg pertiidd Poop@sr egigs, arsldc$> rphemhedhesters

oot Satele b feaSr P atate na ong RSkt 5, -
schBtiverd¥asDhesign Featlrescifitatd sustaided MBCadddf thHe ddnpgddnds fom
R3- b pl Ra\2Dp ~-NE U Ra- a N X, or Rb Zis 5

th@FPIHldg@‘;PS atthe iatfadesbtaggce s&ch hydrogen or taken
together forma double bond to an oxygen; 10 D3 and
D4 are

The present invention further provides a method of treating of a disorder related to
C-KIT, particularly a tumor, comprising administering to a subject a therapeutically
effective amount of a compound of the present invention conjugated to a targeting

agent.

When proteins such as antibodies or growth factors, or polysaccharides are used as
targeting agents, they are preferably administered in the form of injectable
compositions. The injectable antibody solution will be administered into a vein,
artery or into the spinal fluid over the course of from 2 minutes to about 45 minutes,
preferably from 10 to 20 minutes. In certain cases, intradermal and intracavitary
administration are advantageous for tumors restricted to areas close to particular
regions of the skin and/or to particular body cavities. In addition, intrathecal

administrations may be used for tumors located in the brain.

A therapeutically effective dose of a compound of the present invention conjugated to
a targeting agent depends on the individual, the disease type, the disease state, the
method of administration and other clinical variables. The effective dosages are

readily determinable using data from animal models, including those presented herein.

While the foregoing specification teaches the principles of the present invention, with
examples provided for the purpose of illustration, it will be understood that the
practice of the invention encompasses all of the usual variations, adaptations and/or

modifications as come within the scope of the following claims and their equivalents.
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each hydrogen or taken together forma double bond to
an oxygen; DS is hydrogen or -CH3, wherein said -CH3
woreon7hsi3s®el ati vely oriented syn or 15 anti; RaCHOS20R066985
are i ndependently hydrogen, cycl oal kyl, hal oal kyl,
aryl, aral kyl, heteroaryl, or heteroaralkyl; 20 Eis
N, S, O SO or SO, with the proviso that E nay not be
Nif the following three conditions are
Weichaitt aneously nmet: Qa is absent, Qb is absent, and
R3 is an am no group or cyclic amno radical wherein
the 25 point of attachnent to Eis N, Qa is absent,
-CH2-, -CH2CH2-, or C(O); 176 WO 2007/ 124369
1. PCT/ AJSR0IBY) @feBe88g inGhsubsecabdsatder ralied to HP3C-KIT comprising

- CH2 CH? - r O, . WMth the proviso that not.
odgReeEfnq B shigia B BesbiduEr BS s rd e ffca
comgositioh ch@prisita cofmpbundofifaiidldda is absent, further

provided that Qb may not be 5 NH if R3 is an am no

group or cyclic amno radical wherein the point of
attachnment to Qb is N, R3 isO0dQwhydrogen

hydr oxyal kyl am no, (hydroxyal kil ) 2am no, al kyl am no,

am noal kyl, di hydr oxyal ky xy, dial kyl am no,
hydr oxyal kyl, - 000H, - -CN, -S02-al kyl - R4,
-NH2, or a 5 or six nenbe Ri ng which contains at

| east one heteroatom N and may optionally contain an
addi ti onal heteronpiety selécted fromsS, S, N, and
0, and 15 the 5 or 6 nenbered ring nmay be saturated,

parti al unsaturated or ar ic, wherein aromatjc .
ool i Rl o ebisanBarEany frgPRal s batfdohfroin:
as N-oxide, and the 5 or 6 nenbered ring may be
optionally
1S
phenyl or pyridyl, either of which may be substituted with one of chloro,
fluoro, methyl, -N3, -NH,, -NH(alkyl), -N(alkyl),, -S(alkyl), -O(alkyl), or 4-

aminophenyl;

Wis
pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl, any of
which may be connected through any carbon atom, wherein the pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain one -

Cl, —CN, -NO,, -OMeg, or -CF; substitution, connected to any other carbon;

R’ is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and C;.
salkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;
X is
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substituted wth nethyl, hal ogen, alkylam no, or
al koxy; R3 may also be absent, with the proviso that

WR0782436¢ absent when E is nitrogen; 20 R4 i SPCT/US2007/066985

hydr ogen, -OH, al koxy, carboxy, carboxam do, or

carbanoyl. 2. The nethod of claim1l, wherein 25 Ais
phenyl or pyridyl; X i s 177 WO 2007/ 124369
PCT/ US2007/ 066985 D2 B8 R-%~ R3- b DI D4 a-E

Z-aEZ-/‘D2b3H3 DR 10242 ~D R3- b DL tX> i

Ra \RD1 D Ra-Q5Eor B and is oriented para
withre ec ~-NHCO- W 5 The met hod of claim?2
wherein 2-im dazbll;(yl _4-carbonitrile. 4. The

met hod of cI aim 3 wherein i s cycl ohexenyl which may
be substituted w th one or two nethyl Bfoups. 10 5.
The net hod %fz claim4 \Mereln X1 D3 R3-
% CRB B4 \HN Z D' >\_N
a Ra\
-
; ,or Ry ;
AT
CH or N;

D! and D? are

cach hydrogen or taken together form a double bond to an oxygen;

D’ and D” are
cach hydrogen or taken together form a double bond to an oxygen;

D’ is
hydrogen or -CH3, wherein said —CH;3 may be relatively oriented syn or
anti;

R, and Ry, are independently
hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

Eis
N, S, O, SO or SO,, with the proviso that E may not be N if the
following three conditions are simultaneously met: Q, is absent, Qy is
absent, and R’ is an amino group or cyclic amino radical wherein the
point of attachment to E is N;

Q. is

absent, -CH,-, -CH,CH,-, or C(0);
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or H3C Zis CH, 15 Di and D2 are each hydrogen; D3
and D4 are 20 each hydrogen; DS is -CH3, wherein said

WO gi3/1za899 be rel atively oriented syn or anti; PRBUR0WT066985

N, 178 WD 2007/ 124369 PCT/ US2007/ 066985 Qb is absent,
-CH2-, -CH2CH2-, or C(O, with the proviso that Q nmay
not be C(O if Q is C(O, further provided that Qb
may Qots be -NH if R3 is 5 an am no group or cyclic

"0 N andtegts SR e Ben T Ry e AR g rovisd fhatB, may
(hydr oxyaldspk b%@mff@ s @k(B)/ |aﬁ&7ﬁﬁﬂrer pRMRA ), may Illot be —

di hydroxyal kyl, al koxy kyl am no, hydroxyal Ky
000H, - OONHIE is N andoiy, 1s-a39@,t Cfugher-mdecmhat Qytnay not be —

i dyl - [ h
Y i 5 Wi HEis SRR P iyl am i Tty Whorfingnqpoint
HO OH or d&PHttadfment to Qyis N;

R?is

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONH, -CN, -SO,-alkyl-R", -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO,, N, and O, and
the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alkoxy; R* may also
be absent, with the proviso that R” is not absent when E is nitrogen;

R is

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoy].

The method of claim 1, wherein

Ais

phenyl or pyridyl;

X is
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7. The nmethod of claim®6, further conprising
adm nistration of a chenotherapeutic agent. 8. The
woredonozhized claim 6, further conprising adm ni SPCHUSINT/066985
of gene therapy. 20 9. The nmethod of claim®6, further
conprising adm ni stration of inmmunotherapy. 10. The
met hod of claim 6, further conprising adm nistration
of radiation therap% 179DWM)2007/124369
PCT/USZOO?/Q66385 1. d for reducing kinase
act it in a §+E comptrising the step of
contact?% eII wi th a eefrpound of Formula I:
O/wW 5 or HﬁSoIvate hydrate, tautoner
or pharnaceutlcally acceptabl e salt thereof, wherein:
A is phenyl or pyridyl, either of mhlchDﬁay be
substituted %Ath one of hl oro, 10 kj@ nmet hyl ,
(al kyl)2, - ky

I,:)1-NH(a|k ) p'-
A al nopheny ; Wil%a\m/rr
|n1da;i?g ~§i;;&520|
furanyl, any o 15 mhlc

oryl, 1.2, 4 triazoly
fay #¥ connect ed thﬁ%ﬂd%ogﬂ§ai
car o, alilespibeleiNtdbewpyrrol yl, i mi dazol yl
i soxazol yl, oxazolyl 1,2,4 trlazolyl or furanyl may

contain one - d, Owve, or -

*ayel %rﬁ%ﬁ“ﬂ%%?P””Z%Eh%?m% 0 St i rb‘ﬁﬁ%}Porf"lﬁHéﬁyf?

furanyl, tetrahydropyrldyl or di hydropyranyl, any of
whi ch may be |ndependen t substituted with one or

4.t wo Brc reathpd of claie3 Mdicramin i cyeloherayl whishmeny benwbetitpted
with Bh&¥ i 8w%&ﬂ¥ﬂggm%rOV|so that tetrahydropyridyl is

CoRnect & ng A through a carbon-carbon bond;
5. The method of claim 4 wherein:
X is
D5
T Lo )
3_ 1 4
laD\§_4(D HN
?bg—E z—
— or HsC it
AT
CH;

D' and D? are
cach hydrogen;

D’ and D” are
cach hydrogen;

D’ is

-CHs, wherein said —CH3 may be relatively oriented syn or anti;
Eis

N;
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25 X is 180 WD 2007/ 124369 PCT/ US2007/066985 3 D D2

D3 R-%~ R3- bDl1 D4 a-EZ ae z- /| \--/ H3C D2 1

w@200022436D R3- b pl Ra \2D p ~N E U_ Ra- a N POI/USM07/066985

Rb Zis5CHor NN D and D2 are each hydrogen or

taken together form a double bond to an oxygen; 10 D3

and D4 are each hydrogen or taken together forma

doubl e bond to an oxygen; DS is hydrogen or -CH3,

wherein S@;d -CH3 may be relatively oriented syn or

15 anti; Sand Rb are independently hydrogen,

cycl oal kya{bserﬁaJG}EL KﬁHgC%y lor Cg)?lv&kibﬂ theg V?sro‘%ﬁét)(bymé?}'f not be

heteroaral kyl: 20 E is N,

provi so tG&) IEQMyC(ﬁbtfubben\prpfnd@%élat Qama&mh@e HNHeef R is

condi ti ons ar.e si i mul t aneousl & 1(\}% bsent Q@ is
group or cyclic amrho radica erem epomt 'of

attachment to Qy is N; and
R’ is hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -COOH, -CONH_, -

CN, -S0O,-CH3, -NH,, pyridyl, pyridyl-N-oxide, or morpholinyl.

6. The method of claim 5 wherein:

“@ o 8

O ) O
HO
OH » or OH
7. The method of claim 6, further comprising administration of a
chemotherapeutic agent.
8. The method of claim 6, further comprising administration of gene therapy.
9. The method of claim 6, further comprising administration of immunotherapy.
10.  The method of claim 6, further comprising administration of radiation therapy.
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absent, and R3 is an amno group or cyclic am no
radi cal wherein the 25 point of attachnent to Eis N,

waeoora2asent, - CH2-, -CH2CH2-, or C(O); 181 RX/US2007/066985

2007/ 124369 PCT/ US2007/ 066985 (b is absent, -NH,
-CH2-, -CH2CH2-, or C(O, with the proviso that Q nmay
not be C(O if Q is C(O, and further provided that
11Q0  ndaynatiodd foe redublidg kirfas&adtsritl ol KK CRIin & cabeoamirising the step

urther provided that no e 5N+ if RBis an

of i B P Moot bl P BAEET wher e n ¢ ho por

of attachnment to Qb is N, R3 is 10 hydrogen,

hydr oxyal kyl am no, (hydroxyabkyv)Zanino, al kyl am no,

am noal kyl, di hydroxyal kyl , aﬁﬁbxy, di al kyl am no,

hydr oxyal kyl, - 000H, - , _NHEN, -S02- al kyl - R4,

-NH2, or a 5 or six nenbé ring which contains at

| east one heteroatom N and_way,optionally contain an

addi tional heteronoiety selected fromS, SO, N, and

0, and 15 the 5 or 6 nenbered ring nmay be saturated,

partially unsaturated or aromatic, wherein aromatic

nitrogen in the 5 or 6 nmenbered ring nmay be present
orassoN-ates ihglérateatattdniivg ob pharnfacemitbity ectepiablg sayhddeof, wherein:

optionally substituted with nethyl, hal ogen

al kyl am no, or al koxy; R3 may al so be absent, with
Athe proviso that R3 is not absent when E is nitrogen;

20 R4 is hydrogen, -OH, al koxy, carboxy, carboxam do,
or cebgnpylyridyl] 2ithed ofiethinbidndyobe substitutedavittearte affchioro,

i v PRRg: 05 (o<l R B nsBE TR GPD. pr +-

25 GehiMbpiiryl: X A R2

Wis
pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl, any of
which may be connected through any carbon atom, wherein the pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain one -

Cl, —CN, -NO,, -OMeg, or -CF; substitution, connected to any other carbon;

R’ is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and C;.
salkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;

X is
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| or a solvate, hydrate, tautonmer or pharnmaceutically
acceptable salt thereof, wherein: 30 Ais 182 W

WQOB71234869 PCT/ US2007/ 066985 phenyl or pyriByl/pS2007/066985

ei ther of which nay be substituted with one of chloro,
fluoro, nethyl, -N3, -NH2, -NH(alkyl), -N(alkyl)2,
-S(al kyl), -Q(alkyl), or 4- am nophenyl; 5 Wis
pyrrolyl, im dazol yé i soxazol yI oxazolyl, 1,2,4
triazol yI 0P bﬁlran I kany whi ch may be connect ed
t hr o ato —wWher ez t he pyrrolyl,

i mi dazol I EIS cazol yl , oxa>zel/yl 1,2,4 triazolyl, or
furanyl nhy contain one H;@, CN, -NC2, -Owe, or -CF3
substitution, connected to any ot'her carbon; 10 R2 is
cycl oal kyl , thlophenyl dlhydrosulfonopy%anyl phenyl ,
furanyl, t t,grahydropyrl yl, or di hprP anyI any of
whi ¢ [ ndepﬁnd y substit ul}eqh Wi one or
two of &ach /0f\t he Follo : chifwgy f o, and C(1_
15 3) ;%4_,EWI h&28TByi so that tefrahydropyridyl is
connected to e ring A roudi a car bon- car bon bond;
Xis3D5 D2D3R-%R3- b DD4 a EZ ~a E zZ- /
\--/ H3CD2 1 ~D R3- bpl Rapl ~-N D2 D2 Ra-N ~a E
U2S-Ais

CH or N;

D! and D? are

cach hydrogen or taken together form a double bond to an oxygen;

D’ and D” are
cach hydrogen or taken together form a double bond to an oxygen;

D’ is
hydrogen or -CH3, wherein said —CH;3 may be relatively oriented syn or
anti;

R, and Ry, are independently
hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

Eis
N, S, O, SO or SO,, with the proviso that E may not be N if the
following three conditions are simultaneously met: Q, is absent, Qy is
absent, and R’ is an amino group or cyclic amino radical wherein the
point of attachment to E is N;

Q. is

absent, -CH,-, -CH,CH,-, or C(0);
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20 ~, or Rb Zis CHor N, 25 D and D2 are each

hydr ogen or taken together form a double bond to an
wW@z200ge24369 183 WO 2007/ 124369 PCT/ US2007/ 066985PCDBSBINT066985

D4 are each hydrogen or taken together forma double

bond to an oxygen; DS is 5 hydrogen or -CH3, wherein

said -CH3 may be relatively oriented syn or anti; Ra

and @bisare i ndependent I y hydr ogen, cycl oal kyl,

hal oal kyl ,, aryl k ero l, or 10 .
het er oa?/aar it t N5 & él]I_I\IF 4 %‘ﬁzsﬁrgf’(béo‘ﬁgh ficeoyipthat Q, may
proviso trﬁﬁ'be @((W}f 1G4 CE@) |é|ndl ?ur%ﬂ%?profvﬁielci%t'@ rﬁzﬁfﬁgg be -

conditions are sinu taneous Yy i s absent
15 absentNHaddE RN and Qnisabbens, fgrtb@porovldc@/&llat Qb ey mot be -

s jadioal tRARD S anDR BouPl: &) 1%)%&%%‘1’%% ndfiodhs pohn

i s absent’,

- NH-, -CF&-attac}QrB@kd;?lem C(O) with the proviso that
Q@ my not be C(O if Q is C(O, and further
provided that Qo may not be - NH if Eis Nand Qa is
absefgiis further provided that Qb may not be 25 NH if
R3 i's an am no group or cyclic amno radical wherein
the point of attachment to Q is N, R3 is 30

P T e R TR .
di al ky! arﬂn@l‘ﬂoalkylg Hﬂ%bﬁ%l)&é/lkyl, alkoxy, dialkylamino, hydroxyalkyl, -

COOH, -CONH, -CN, -SO,-alkyl-R", -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO,, N, and O, and

15 the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alkoxy; R* may also

be absent, with the proviso that R” is not absent when E is nitrogen;

20
R" is hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoyl.
12. A method for the treatment of a disorder related to C-KIT in a subject
comprising administering to the subject a compound of Formula I:
25
NH
X
R2
I
or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:
30 Ais
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O00H, -CONH2, -CN, -S02-al kyl-R4, -NH2, or a 5 or six
nmenbered ring which contains at | east one heteroatom

woOl@nd243ey optionally contain an additional PCT/US2007/066985

het eronoi ety selected fromS, SO2, N, and 0, and 184
WD 2007/ 124369 PCT/ US2007/ 066985 the 5 or 6 nenbered
ring may be saturated, partially unsaturated or

ar onmtenyl, orwlyedel, nitlaor offethich mayt bogbstitfutedtviich dneosf dbloro,

menbered ri y e sen N- QXi nd e .5 or
6 resE BTG e e B Rahar gt BapSerll dalalith of &
met Whino ogen, al kylanmino, or al koxy; R3 may also 5
be absent, With the proviso that R3 is not absent when
E is nitrogen; R4 is hydrogen, -OH, al koxy, carboxy,
Vvc.arboxam'do, or carbanmoyl; 10 in a therapeutically
éffective anmount by the controlled delivery by rel ease
fr ompyarolyll Mtiti@dolyTi RetazOBAi dxakoldie ¥ i2¢etrabol§Riof G SO HT
13. The nmethod of claim1l, wherein said intralum na
nedi vaich guyibecoppend theygh ang eahen atpm, yhcrephde pyrabi

of clai ) ! e - . o
corpr Lol isRZGL BaM, L B BB A G U e -
di soClderCN,eNaLedMe, dc--KFT substitutisn,jodtd ctabispiny theg carBon;
adm nistering to the subject a therapeutically
10 ef fective anount of a conpound of Forrmula I: O/W NH
R%sA R2 | 25 or a solvate, hydrate, tautoner or
pﬁar maceuti cal ly acceptable salt thereof, wherein: A

i s plyeloplkybrthipphdngyldihyeliresadfonafyradyil,githengy fupgnyl,

substj tuted wi.th one of chloro, | voy o, t.hyl , - N3,

>N oot of Sy dioegnst Shsply i oy Toitaegngenty,

4-  3QpaiRARNBIVHe or two of cach of the following: chloro, fluoro, and Cq-
15 salkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;

X8
5
3 D
2 po R _% .
R —% D' p* —E Z—
a HsC
D2
D1
2 2 O
R*—Q D' R, D’ >_?\:>7
a Ra\N
—E 0,5—N .
20 ; , Or Rp ;
Z1is
CH or N;
25 D' and D? are

cach hydrogen or taken together form a double bond to an oxygen;
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185 WO 2007/ 124369 PCT/ US2007/ 066985 Wis pyrrolyl,

i m dazol yl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or
wo eoangd3ed any of  which nmay be connected thr ouRtT/a82007/066985
carbon atom wherein the pyrrolyl, imdazolyl,

i soxazol yl, oxazolyl, 1,2,4 triazolyl, or furanyl may
contain one 5 d, -CN hKE -Ove, or -CF3

subsbi andtDbare connected to any other carbon: R2 is
cycl oal kyl di hydr osul f onopyr an hen
AR BRCR IR el AR R e M AR R e
whi ch may be i ndependently 10 substituted with one or
t wo f seach of the follow ng: chloro, fluoro, and C(1_

3) al 5‘% h%‘? @HO%A%Q?lﬁQQH tﬁ n"ﬁgy r%Pd¥1% %rleht%d gyn or

connecte rou on- car

Xis 3 D% ZEBR %R3 bD1D4-EZ-%EZ-
15 N3CD2 1 ~D Fég b pl Ra p ~N D2 D2RaNaE
U2 S-1 and Regre pyglepen %ﬂBCH or NN 20 Di and D2 are each

hydr ogen l%ir%%ﬁ?%ﬂ%?ﬁﬁhﬁioaﬁl%ﬂ,@rﬂ, %H@h,%e@é?@ﬂylt, gr an

oxygen;
heteroaralkyl;

Eis
N, S, O, SO or SO,, with the proviso that E may not be N if the
following three conditions are simultaneously met: Q, is absent, Qy is
absent, and R’ is an amino group or cyclic amino radical wherein the

point of attachment to E is N;

Q.is
absent, -CH,-, -CH,CH,-, or C(0);

Quis
absent, -NH-, -CH,-, -CH,CH,-, or C(O), with the proviso that Q, may
not be C(O) if Q,1s C(0O), and further provided that Qp may not be —
NH- if E is N and Q, is absent, further provided that Q, may not be —
NH- if R® is an amino group or cyclic amino radical wherein the point

of attachment to Qy is N;
R*is

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONH, -CN, -SO,-alkyl-R", -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally

contain an additional heteromoiety selected from S, SO,, N, and O, and
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25 each hydrogen or taken together form a double bond
to an oxygen; DS is 186 WO 2007/124369

weEAUSae07/ 066985 hydrogen or -CH3, wherei n BEI/US20CHB6985
may be relatively oriented syn or anti; Ra and Ro are
i ndependently 5 hydrogen, cycloal kyl, hal oal kyl, aryl,
aral kyl, heteroaryl, or heteroaralkyl; Eis N S O
SO or S02he Wior b nodnebauedning may batatEranaly patinllpenddtirhted e

10 fol | ow three conditions are.si t aneousl y net:

o 1o hndaloy e A M A e b ST RE R ke
or cycli cifat iadickale, M@&@'S%r%hﬁem@é?éd‘ﬁngﬁlay be optionally
attachment to Eis N, Qa is 15 absent, -

- CH2CH2- substltq](ed))mth apthgl, Ablogert, alk.yMHnno c(r:}qﬂcoxy, R’ may also

- CH2CH2- th t.he vi so. that

be C(O) |t?e 3656 ‘)V@%g) © PraH° %‘ﬁ ghgrnoﬁ?]%s\?fl ‘%"}nﬁi m%Bgen
may Rog be - 20 NH- if Eis N and Qa is absent,

further provided that Qb may not be NH if R3 is an

amino gr q‘rr#grég’encl(ﬁjl'ﬁgﬁﬁ' E‘é}bé}%ﬂb%bxé’fﬁﬁf)e&rrbaﬂﬂﬁlo%” nt

of attachrent to R3 1I's 25 hydr ogen,
hydr oxyal kyl am no, (hydroxyal kyl ) 2am no, al kyl am no,
inartherapdukivhlly elifdvyicle axpantkdyyl the adrkaxiyd ddiivdrk ) a¢ieaso from an
hydro al kyl 000H, . - CONH2, -CN, -S02-al kyl - R4,
intrijjup %lmeéhoﬁl 6‘1""1%&1 Qfsﬁ’éir%’gﬂ’é’é}ndrl ng whi ch contains at
Ieast one heteroatom N and may optionally contain an
addi tional heteronoiety selected fromS, SO, N, and
13), dhiet 1B&thothef Saion 1 6 wiembie said intraigmmay misdicslatewicatoethprises a
artially unsaturated or aronmatic, wherein aromatic
t%’fttrogen inthe 5 or 6 nenbered ring may be present
as N-oxide, and the 5 or 6 nenbered ring may be
optional | substituted with nethyl, hal ogen,
145] kyTlgq-mﬁ%od of claink dywheran aigl 1@t|ra§@m1nal medical device comprises a

stent.

15. A method of treating of a disorder related to C-KIT in a subject comprising
administering to the subject a therapeutically effective amount of a compound of

Formula I;

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:

Als
phenyl or pyridyl, either of which may be substituted with one of chloro,
fluoro, methyl, -N3, -NH,, -NH(alkyl), -N(alkyl),, -S(alkyl), -O(alkyl), or 4-

aminophenyl;
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be absent, with the proviso that R3 is not absent when

E is nitrogen; 187 WD 2007/124369 PCT/ US2007/ 066985
wW@RA00742439dr ogen, - OH, al koxy, carboxy, carboxaPeTU$2007/066985

carbanoyl; 5 conjugated to a targeting agent. 16. A

met hod for reducing kinase activity of GKIT in a cell

conprising the step of contacting the cell with a
Wcienpound t he conpound of the present invention:

\ H
R o e v g e LSt Of R of
17. ﬁm@ﬁhﬁ%efc@ﬁnécwal tﬁfdugﬂ gniﬂ bﬁ@@@a@ﬁi Whiforn 8k p%lyT

in a cell Conmprising the step confacting thé céel
Wi t hnadarzolm,omzowl ohezabyles, éﬁlttrlamlgln of Guany| mdy lentainNpne -

1 I hyd
5 pharfcetti R P9 sERo B Bt el Eand B9 Rer drkan
for redu0|ng ki nase activity of GKIT in a subject

2conprl sing the step of adm nistering a conpound of
Rilke present invention: 20 188 WD 2007/ 124369

PCT! N2kt 90888y 1, i NutbhorPrMy 1 Nndnd}, furanyl,

tetrahydropyridyl, or dihydropyranyl, any of which may be independently
10 substituted with one or two of each of the following: chloro, fluoro, and C;.
salkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;

X is
D5
R3—Q,
D* D’ % b
R3_% D’ D* —E Z—
—E Z—
15 — FsC :
D2
D1
2 2 0]
ol el WO
Ra\N
—E 0,5—N .
or Ry ;
Z1is
CH or N;
20
D' and D? are
cach hydrogen or taken together form a double bond to an oxygen;
D’ and D” are
25 each hydrogen or taken together form a double bond to an oxygen;

D’ is
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or a solvate, hydrate, tautomer or pharmaceutically
acceptable salt thereof, to the subject. 5 19. A

woredonoe3bor i nhi biting kinase activity of C KIACT/DSH07/066985

subj ect conprising the step of adm nistering a

conmpound of the present invention: \ HHN\ NCN / O
NN 1 Oor a solvate, hydrate, tautoner or

phar mac e utyideadehor aCHe ptleindie ssid HCH:meayelof relativelyoeientt@ syn or
subj ect. #Qi; A nethod for preventing in a subject a

di sorder related to CGKIT conprising admnistering to

t he pubjiaglardiddcpivh@rtical ly effective amount of a
pharmaceuti cal conposition conprising a conmpound of

t he pr eséntdrogenesyciatkyl,d@loalkyLiaxyl, amlk@N heter@rliNor 1 O
or a sol vai;[e rhmgll;iate, taut omer or pharmaceutically
Lo

accept abllée ereof, and a pharmaceutically

acceptable carrier. 189 WO 2007/ 124369
PCT/ US2007/ 066985 21. A nmethod of treating in a
subj&t a disorder related to C-KI T conprising

adm ni st ggi t sybi& - ' -
ef fecti vg(l’aér:‘g?jn%b é?ggz’p Jéhrt%ggoﬁ @?gﬁ%@%ﬁ%@l&.{)e{lﬁéﬁhe
conpri si nigllawathee redndifiodidwe pihagentousivest QQ ik abSent, @, is
HN\ NCN ONN_ _.. . . : . .
absent, and R” is an amino group or cyclic amino radical wherein the

point of attachment to E is N;

Q. is
absent, -CH,-, -CH,CH,-, or C(0);

Quis
absent, -NH-, -CH;-, -CH,CHj>-, or C(O), with the proviso that Q, may
not be C(O) if Q,1s C(0O), and further provided that Qp may not be —
NH- if E is N and Q, is absent, further provided that Q, may not be —
NH- if R® is an amino group or cyclic amino radical wherein the point

of attachment to Qp is N;

R’ is
hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONH, -CN, -SO,-alkyl-R", -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO,, N, and O, and
the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alkoxy; R* may also

be absent, with the proviso that R” is not absent when E is nitrogen;
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1 0 or a solvate, hydrate, tautonmer or
phar maceutically acceptable salt thereof, and a

webarnaeeuti cal |y acceptable carrier. 10 22. TPeT/Dsi0hDeh6985
of claim21, further conprising adm nistration of a
chenot herapeuti c agent. 23. The nethod of claim 21,
further conprising adm nistration of gene therapy. 15
24. Rhis nethod of claim21, further conprising
adm ni stration of imunotherapy. 25. The nethod of
claim 21, h}fd%geh,efOH,CHmﬁdZ,S td¥Bo:8d Bhmbedrhiab] @taffamoyl;
radi ation therapy. 20 26. A nethod for the treatnent
of a cell proliferative disorder in a subject

5 conprgpteiddd adprgetimigrigstteri ng to the subject a compound of

the present invention: \ HHN\ NCN ONN O 190 WO
2007/ 124369 PCT/ US2007/ 066985 or a solvate, hydrate,

16. aut QRIth foP twwia? ®ifak€ &tlvity d¢ CeRIBH @cdbddmprivaioant step
in a therapeutically effective anmpunt by the ]

of contariing b cald Mithey gonipupe thecompopadhPhihc ProseRtanYARiiaRa]
nmedi cal device of said conpound. 5 27. A nethod for
the treatnment of a disorder related to CGKIT in a
subject conprising adm nistering to the subject a
conmpound of the present in ion:  \ HHN\ NCN O

NN 1 0 or a solvate, hydraty, ﬁawmbnggﬁ?r

pharmaceutically acceptabl e almj%ﬂep Nin a

therapeutically effective nt y the controlled

delivery by rel ease f A0 ithtral uni nal nedi ca

devi ce of said conpoynd.|28. The nethod of claim 26,

wherei n said iﬁNfﬁﬁF nmedi cal device conprises a
| 0]

10

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof.

17. A method for inhibiting kinase activity of C-KIT in a cell comprising the step

of contacting the cell with a compound of the present invention:

| HN
H \
CN
0]

~ N
Y

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof.

15

18. A method for reducing kinase activity of C-KIT in a subject comprising the
step of administering a compound of the present invention:

20

188



10

15

stent. 15 29. The nethod of claim 27, wherein said

intralum nal nedical device conprises a stent. 30. A
woredonozhized treating of a cell proliferative diBOF/U82007/066985

conprising admnistering to a subject a

therapeutically effective anmount of a conpound of the

present 20 invention: \ HHN~ \ NN CN ONN 1 Oor

a solvate, hydrate, tauto or pharnmaceutically

acceptable salt thereof, c gated to a targeting

agent. 191 WD 2007/ 124369 PgTT/ 2@@V7866985 31. A

met hod of treating of a disa d3§ r \\eéwto CGKT

conpri sing adm nistering t ecﬁ a

t herapeutically effectiwe

present invention: \ NNCN ONN 510 or

a sol vat e, hyd? eyrtautoner or pharnaceutically

accept abl e salt It hepeof , conjugated to a targeting

agent. 192 ,
or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, to the

nt “of a conpound of the

subject.

19. A method for inhibiting kinase activity of C-KIT in a subject comprising the

step of administering a compound of the present invention:

’ HN
H \
CN
NWKK\N
O
\N/\H/N
| O

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, to the

subject.

20. A method for preventing in a subject a disorder related to C-KIT comprising
administering to the subject a prophylactically effective amount of a pharmaceutical

composition comprising a compound of the present invention:

I HN
H \
CN
NWKK\N
O
\N/\H/N
| O

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.
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21. A method of treating in a subject a disorder related to C-KIT comprising
administering to the subject a therapeutically effective amount of a pharmaceutical

composition comprising a compound of the present invention:

5
| HN
H \
~ CN
N j(k N
O
~N /\n/ N
| O
or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.
10 22.  The method of claim 21, further comprising administration of a
chemotherapeutic agent.
23. The method of claim 21, further comprising administration of gene therapy.
15 24.  The method of claim 21, further comprising administration of immunotherapy.
25.  The method of claim 21, further comprising administration of radiation
therapy.
20  26. A method for the treatment of a cell proliferative disorder in a subject

comprising administering to the subject a compound of the present invention:

O n#ﬁ}\m

o)
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or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, in a
therapeutically effective amount by the controlled delivery by release from an

intraluminal medical device of said compound.

27. A method for the treatment of a disorder related to C-KIT in a subject

comprising administering to the subject a compound of the present invention:

‘ HN
H \
CN
S
O
~N /ﬁ( N
| O
or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, in a

therapeutically effective amount by the controlled delivery by release from an

intraluminal medical device of said compound.

28. The method of claim 26, wherein said intraluminal medical device comprises a
stent.

29, The method of claim 27, wherein said intraluminal medical device comprises a
stent.

30. A method of treating of a cell proliferative disorder comprising administering

to a subject a therapeutically effective amount of a compound of the present

I HN
H \
CN
0]

invention:

~ N
N
"
or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, conjugated

to a targeting agent.
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31. A method of treating of a disorder related to C-KIT comprising administering

to a subject a therapeutically effective amount of a compound of the present

’ HN
H A\
CN
Nj(k\N
0

invention:

~ N
N
"
or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, conjugated

to a targeting agent.
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