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CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s application clains
priority to U S. Provisional Application for Patent No. 60/793, 471,
filed April 20, 2006, the entire disclosure of which is hereby
incorporated in its entirely. 10 FIELD OF THE I NVENTION  The present
invention relates to nmethods of reducing or inhibiting kinase
activity of GKIT in a cell or a subject, and the use of such nethods
for preventi a subject a cell proliferative
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25  extensive study and has been dcmonstrated to play a significant role in the

and

development of many diseases, including diabetes, angiogenesis, psoriasis, restenosis,
ocular diseases, schizophrenia, theumatoid 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

30 human and animal discase.

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

essential for hemoatpoiesis, melanogenesis and fertility. SCF acts at mdﬁple levels of
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15
C-Kit expression has been documented in a wide variety of human malignancies,
including mastocytosis, mast cell leukemia, gastrointestinal stromal tumour, sinonasal
natural killer/T-cell lymphoma, seminoma, dysgerminoma, thyroid carcinoma,
small-cell lung carcinoma, malignant melanoma, adenoid cystic carcinoma, ovarian

20  carcinoma, acute myelogenous leukemia, anaplastic large cell lymphoma,
angiosarcoma, endometrial carcinoma, pediatric T-cell ALL, lymphoma, breast
carcinoma and prostate carcinoma. See, Heinrich, Michael C. et al. Review Article:
Inhibition of KIT Tyrosine Kinase Activity: A Novel Molecular Approach to the
Treatment of KIT-Positive Malignancies. Jouranl of Clinical Oncology, Vol 20, No 6

25  (March 15),2002: pp 1692-1703.

SUMMARY OF THE INVENTION

30  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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ABBREVIATIONS

As used herein, the following abbreviations are intcnded to have the following

meanings (additional abbreviations are provided where needed throughout the

Specification):

ATP

Boc or BOC
DCM

DMF

DMSO
DIEA

EDCI

EDTA
EtOAc

FP

HOBT or HOBt
LC/MS (ESD)

MeOH
NMR
RT
TFA

adenosine triphosphate

tert-butoxycarbonyl

dichloromethane

dimethylformamide

dimethylsuifoxide

diisopropylethylamine
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
ethylenediaminetetraaceticacid

ethyl acetate

fluorescence polarization

1-hydroxybenzotriazole hydrate

Liquid chromatography/mass spectrum {electrospray
ionization}

Methyl alcohol

nuclear magnetic resonance

roorn temperature

trifluoroacetic acid



20 The term "cycloal kyl" refers to a saturated or partially
unsaturated ring conposed of from3 to 8 carbon atons. Up to four

al kyl substituents nay optionally be present on the ring. Exanples

i ncl ude cycl opropyl, 1,1-dinethyl cyclobutyl, 1,2, 3-
trimethyl cycl opentyl, cycl ohexyl, cyclopentenyl, cycl ohexenyl, and

4, 4-di met hyl cycl ohexenyl. 25 The term "di hydrosul f onopyranyl " refers
to the foll ow ng radical: The term "hydroxyal kyl" refers to at

| east one hydroxyl group bonded to any carbon atom al ong an all cyl
chain. 30 THEHR er m "am noattkapfdrofuedner s to at | east one prinmary or

secondary a group bondgd.to an arbon atom al ong an al kyl chai n,
wherei n an g: group isqﬁﬁgﬁﬁ5gm%n%ﬁg' achnent to the rest of the
nol ecule. The term "al kyl am no" refers to an amino with one al kyl
substituent, wherein the amno group is the point of attachnment to
the rest of the nolecule. 5 The term "di al kyl am no" refers to an

am no w th tDRFEITK@NSsubstituents, wherein the amno group is the
poi nt of attachment to the rest of the nolecule. The term
"heteroaromatic" or "heteroaryl” refers to 5- to 7-nmenbered nono- or
8- to 10- nempetedd “hkeyaties ta b thdat afd tighcBySdheREadi@YofTup AQ10darbbi Ch
may consi st of 10§%rggpone to_.four heteroatonp selected fromN O or
S wher e t he Py IGEROSHP 1 ficfen &p SPUeRY IS¢ Indigatgdnand mefydesy but
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benzot hienyl , benzoxazoqlyl , furyl 1 mdazaglyl,, ot hi azolyl ,

i soxazol§I ; pmzﬂz@?wyigwaﬁﬂwh f&p%fswﬁ F-2-A0ypethy lpentyl, petthidasshy | |
pyrrolyl, quhdeellizAydeddciti azol yl and thienyl. 15 The term "heteroatont
refers to a nitrogen atom an oxygen atom or a sul fur atom wherein
the nitrogen and sul fur atons can exist in any allowed oxidation

states. ThetehR FRydraIRer refd 8hothiiReslah@bi@idhe@Ehatt RBCAS OF BN
radicals of up to 12_carbon 20 atons, unless ot herw se indicated,

bonded to aRRtBYAARS: &t Which paendrassn ptam hatieeenEapissd with athgk\Erousr opoxy,
i sopropgxy and but oxy. The term"aryl" refers to nonocyclic or
bi cyclic aromatic ring s¥stens containing from6 to 12 carbons in the

ring. Al kyl Th¢sen | hydeprsaliglaminp’ refstola) hpdropbabsrouniy Wiiéh o5 1 ng.
Exanpl es i ngjditen RRRZRGA thdtaldR Bdin RAGeAARHM D HBNE amhdSrbi), M

"aral kyl" refers to .a Cl4 al kyl group containing an aryl substituent.
Exanpl es i n¥hergia theapibogen isthe poinkatigyirchmentio thesost plthe@elegyle. 30 The term
"sul fonyl" refers. to the group -S(0)212., where R is hydrogen,

al kyl, cycloal kyl , hal oal kyl, aryl, aral kyl, heteroaryl and

<Y :
het er oaP@l kyhe temn {F“é’ﬁloﬁg‘ﬁl’y’l Tgfersrig a &ﬁ@ﬁ'{ed OEEP(H%"‘HV Fiésa_nﬁt@) DCcogPesRg of o a
mol ecul e, KGRI B chribdh £oRE EOB RS fol PUBN hRANEATREY SHRRniBl tifSeRlonUS! NQ
t he conpounds of Formula |
the ring. Examplqs include cyclopropyl, 1,1-dimethyl cyclobutyl, 1,2,3-
trimethylcyclopentyl, cyclohexyl, cyclopentenyl, cyclohexenyl, and 4,4-dimethyl
cyclohexenyl.
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25  The term “dihydrosulfonopyranyl” refers to the following radical: C 0

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

atom along an alkyl chain.

30  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.



5 (referred to herein as "the conpounds of the present invention"):
QW NH or a solvate, hydrate, tautomer or pharmaceutically acceptable
salt thereof, wherein: Ais 10phenyl or pyridyl, either of which may
be substituted with one of chloro, Ettore, nmethyl, -N3, -NH2,
-NH(al kyl), -N(allcyl)2,-0(allcyl), or 4- am nophenyl; Wis
15pyrrolyl (including 1H pyrrol-2-yl), imdazolyl, (including
1H i m dazol - 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, imdazolyl, isoxazolyl, oxazolyl,
1,2,4 triazdhy Itcnnd‘lalkfylﬂnﬁﬂq'i refersyto e ahiab vitheae alk@ll substitieht, whioin theOMe, or
rbon; 20 R2 is

-CF3 substitution nect d t 0 any, ot her

cycl oal | cyl afnin?‘?cgrﬁ"lﬂ lﬁ &y ftocf{;‘?fFﬁﬁgWFWc)‘le t hi ophenyl ,
dlhydrosulfonopyranyl phenyl funny!, tetrahydropyridyl, or

di hydr opyr anyl be |nde nden ubstltuted

one or t&o 3‘?‘{‘ %Bﬁ‘ytlﬁ%m%rﬁgg BRP ﬁﬁﬁ‘m hcﬁ’?lﬂg?tﬁuem&nﬁ f(@“f‘ll)eal kyl
(i ncluding 4n1ﬁmﬂhraﬁilﬁlﬂiepﬁhi€d>ﬁ|ﬂ@ém{kﬁitoﬂi’erﬁﬁbhﬁlbnﬁ)%hl@.hexenw 2- et hyl
t hi ophenyl, 3-nethyl thiophenyl), with the proviso that
tetrahydropyridyl is connected to the ring A through a carbon-carbon
bond; DLI B&e terfIkteroaromatic” or “heteroaryl” refers to 5- to 7-membered mono- ot 8-

to 10-membered bicyclic aromatic ring systems, any ring of which may consist of
10 from one to four heteroatoms selected from N, O or S where the nitrogen and sulfur
atoms can exist in any allowed oxidation state. Examples include benzimidazolyl,
benzothiazolyl, benzothienyl, benzoxazolyl, furyl, imidazolyl, isothiazolyl,
isoxazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridyl, pyrimidinyl, pyrrolyl, quinolinyl,
thiazolyl and thienyl.
15
The term “heteroatom” refers to a nitrogen atom, an oxygen atom or a sulfur 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
20  atoms, unless otherwise indicated, bonded to an oxygen atom. Examples include

methoxy, ethoxy, propoxy, isopropoxy and butoxy.

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

25 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.

30  The term “sulfonyl” refers to the group —S(O)2R,, where R, is hydrogen, alkyl,
cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl and heteroaralkyl. A “sulfonylating
agent” adds the —S(0)2R, group to a molecule,



5us CHor N, DL and D2 are each hydrogen or taken together forma
doubl e bond to an oxygen; 10 D3 and D4 are each hydrogen or taken
together forma double bond to an oxygen; Ds is 15hydrogen or - CHS,
wherein said -CH3 may be relatively oriented syn or anti; Ra and Rh
are independently hydr ogen, cycloallcyl, haloallcyl,
aryl, arallcyl, heteroaryl, or 20heterocaralkyl; EiS N S, 0, SO or
S2, with the proviso that E may not be Nif the follow ng three
conditions are sinmultaneously net: Qa is absent, Gh is 25absent, and
Rs is an ami no group or cyclic am no radical wherein the point of
attachment to Eis N Qa is absent, -CH2-, -CH2CH2-, or C(0); @ iS
absent, - NHEQRMUBAIL _CHoCH2-, or C(0), with the proviso that Qo nay
not be C(0) if Qat is C(0), and further provided that Qo nay not be -

The present invention comprises methods of using the compounds of Formula I

5 (referred to herein as “the compounds of the present invention”):
Oa W

NH
X
RZ
1
or a solvate, hydrate, tautomer or pharmaceutically acceptable sait thereof, wherein:

Ais
10 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
15 pymolyl (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, -NOg, -OMe, or -CF; substitution, connected to any other carbon;
20
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
25 following: chloro, fluoro, and Cy.sjalky! (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;



5N+ WE is Nand Q is absent, further provided that Qo may not be -
NH if R3is an am no group or cyclic am no radical wherein the point
of attachnment to Qo is N, R3 is 10hydrogen, phenyl, hydroxyal kyl am no
(i ncluding 2-hydroxy ethylam no), (hydroxyalLkyl)2am no,

hydr oxyal | cyl (al kyeam no (i ncludi ng 1-hydroxyet h-2-yl (net hypam no),

al kyl am no (i ncl udi ng net hyl am no), am noal kyl (including 2-am no

i sopropyl), dihydroxyal kyl (including 1, 3-di hydroxy isopropyl,

1, 2-di hydroxy 15et hyl), alLkoxy (i ncludi ng net hoxy), dialLlcylam no

(i ncluding g¢get hyl am no), hydroxyalkyl (i ncludi ng 1-hydroxy

eth-2-yl), - COOK -CONH2, -CN, -3S02-alkyl-R4 (including -S02CH3),
-NI-12, or a 5 or six ne eJ edRﬁL | ch contains at | east one

het er oat om N andg Qs;ﬂ? Lly c n additional heteronoiety
selected fromS. 2 b gnd 0, "5 or 6 nenbered ring may be
saturated, partiall ted or onatlc (i ncluding piperidinyl,
nnrphollnyl |n1dazolyl and pyrldy wherei n aromatic nitrogen in

the 5 or & nmembered rlng may be present as N-oxidg (including pyridyl
N- oxi de), and the 5 or nenbered r LNg may be(pﬂ onaIIy substituted

wi th 25net hyl , aIkyI B%or al koxy ing 1 nethyl

i m dazol yl); 123 na ent ith thRe- o that R3 is not
absent when E is ni n/ 33 h ro en, ;;C}i al koxy, carboxy,

car boxam do, or carbanny ENBODI nbodlnents of* the present

i nvention include a conpound of Fornula | wherein: a) Ais 5phenyl or
pyridyl, _either whi ch may be substituted with one of chloro,

fluor, néthyl é&? -NH2, -NH(al kyl), -N(al kyl)2, -S(alkyl),
-O(aIIcyI) or 4- anknophﬁﬂyl; b) A is phenyl ;

D! and D? are

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

10
D? and D* are
each hydrogen or taken together form a double bond to an oxygen;
D’ is
15 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
20 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, Q is
25 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);

7



10 ¢) Wis pyrrolyl (including 1H pyrrol-2-y1), imdazolyl,
(i ncluding 1Him dazol -2-y1), isoxazolyl, oxazolyl, 1,2,4 triazolyl,
or funny! (including furan-2-y1l), any of which nmay be connected
t hrough any carbon atom wherein the pyrrolyl, 15im dazolyl,
i soxazol yl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain one -
a, -CN, -NO2, -0OMe, or -CF3 substitution, connected to any ot her
carbon; d) Wis furan-2-yl, 1H pyrrol-2-yl, or 1Him dazol-2-yl, any
of which may be substituted at the 4 or 5 carbons with -CN, 20 e) W
is 3H 2-imdazolyl-4-carbonitrile or 5-eyano-1H pyrrol-2-y1; f) Wis
3H 2-im dazol yl-4-carbonitrile; g) R2 is 25cycloal kyl (including
cycl ohexenyl, cytP&pentenyl), thiophenyl, dihydrosul fonopyranyl,
phen%I,_fgranyg, tFtnﬁh&dhnﬂxnbgyl4}%CH§L&Mdﬁpp%ﬂﬂ?ybmvﬁﬂﬁ?ﬂQ%?ﬁ§Ch
may be independently subs u . ~one or two each o e
foll owing: chloro, f |1196F%&(§ﬁ§&®b8@ aqdir}t";ﬁref (JFOP{&E‘FE H‘idh@b ‘ﬂ?ﬁuﬂﬁ’?@t hyl
cycl ohexgnyl, 4- met hyWHCY ElioRex@QY s absenfy Rty préHIQIRRARTY, Imay otGt-hy |
30t hi ophenyl ), with the ﬁrgyiso that tetrahydropyri.dyl is.connected
to the ring A throughVa i 5GR 2BUROEBMPSS feflic pingradicdl whereindha pojt
(i ncludi ng cycl ohexenyflastactitiehtapepisay! ), which may substituted with
one or two C(13)al kyl (including 4,4-dinethy| cycl ohexenyl, 4-nethyl
cycl ohexenyl); i) R2 is 5cycl ohexenyl, which may substituted with
one or two Co_3)atiyl: j) R2 is cycl ohexenyl, 4, 4-dinethyl
cycl ohexenyl , or 4-nethyl cycl ohexenyl L .
10 hydrogen, phenyl, hydroxyalkylamino (including 2-hydroxy
ethylamino), (hydroxyalkyl);amino, hydroxyalkyl(alkyi)amino
(including 1-hydroxyeth-2-yl(methyl}amino), alkylamino (including
methylamino), aminoalkyl (including 2-amino isopropyl),
dihydroxyalkyl (including 1,3-dihydroxy isopropyl, 1,2-dihydroxy
15 ethyl), alkoxy (including methoxy), dialkylamino (including
dimethylamino), hydroxyalkyl (including 1-hydroxy eth-2-yl), -
COOH, -CONH,, -CN, —SO;;—alkyI—R‘1 (including -SO,CHa), -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,
20 803, 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
25 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;

R*is
30
hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoyl.



"k) R2 is cyclohexenyl; 101) Xis D p3 boD5 -~ "D, 2 3n-EZ Z-)-1

H3C m Xis

15 n) Xis 0) Zis CHor N, p) Zis 20CH, q) D and D2

are each hydrogen or taken together forma double bond to an oxygen;
r)y DI and D2 are

10

15

20

25

30

EMBODIMENTS
Embodiments of the present invention include a compound of Formula I wherein:
a) Ais
phenyl or pyridyl, either of which may be substituted with one of chloro,
fluoro, methyl, -Ns, -NH;, -NH(alkyl), -N(alkyl);, -S(alkyl), -O(alkyl), or 4-
aminophenyl;
b) Ais
phenyl ;

¢) Wis
pyrrolyl (including 1H-pyrrol-2-yl), imidazolyl, (including 1 A-imidazol-2-yl),
1soxazolyl, 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;

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)y 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 C;.3jalkyl (including 4,4-dimethyl
cyclohexenyl, 4-methyl cyclohexenyl, 2-methyl thiophenyl, 3-methyl
thiophenyl), with the proviso that tetrahydropyridy! is connected to the ring A
through a carbon-carbon bond;

h) R%is



each hydrogen; s) D3 and D4 are each hydrogen or taken together form
a doubl e bond to an oxygen; t) D3 and D4 are 5each hydrogen; u) D5 is
hydr ogen or -CH3, wherein said -CH3 nay be relatively oriented syn or
anti; 10 v) Ra and RI, are independently hydrogen, cycloal kyl,
hal oal kyl, aryl, orally], heteroaryl, or heteroaralkyl; w) Eis N, S,
0, SOor SO2, with the proviso that E may not be Nif the follow ng
three conditions are sinultaneously net: Q is absent, Q is absent,
and R3 is 15an am no_grqup Qr cyclic am no radi cal wherein the point
of attachnent tocﬁlqaéfyﬁﬁn%d% qygloLexeny *\fyclfamﬁewﬁewmmagauhswedE may
not be Nif the tvﬁhb@ywmc@ar;gaﬁ{yp@mCﬁﬂgag@da{e&yséyzewh&ﬁawmsdemynﬁ_t: Ca
is absent, Qb is absent, and is an amno group or 20cyclic am no
radi cal wherein E¥OISERWD: of attachnment to Eis N, 30 Q is absent,
- CH2-, - CH2@HR24s or C(0); z) Q is absent, -CH2CH2-, or C(0); 25 aa)
i
@ 1s cyclohexenyl, which may substituted with one or two Cp.sjalkyl:

i) Rlis
cyclohexenyl, 4,4-dimethyl cyclohexenyl, or 4-methyl cyclohexenyl;
k) R*is
cyclohexenyl;
10 D Xis
a_ D]
M
R —C{;D D —FE Z—
TR HaC ,
2
2 2 oD’ {
D D
TR s
—£ ,5—N l
; cor  Fo ;
m) Xis

p— ] H30 ] y
15 n) Xis
p? p
RS—%D“ p*
—E Z—
S ;
o) Zis
CHorN;
p) Zis
20 -CH;

a) D'and D*are
each hydrogen or taken together form a double bond to an oxygen;
r) D! and D* are

10



absent, or bb) Q is C(0); cc) Q@ is 30absent, -NH, -CH2-, -CH2CH2-,
or C(0), with the proviso that @ may not be C(0) if Qa is C(0), and
further provided that @ may not be -NH if Eis Nand Q is absent,
further provided that Qb may not be -NH if R3 is an anmi no group or
cyclic am no radical wherein the point of attachment to Qb is N, dd)
Q is absent, -CH2CH2-, or C(0), with the proviso that Qo may not be
C(0) if Q is C(0); ee) Qis absent, or C(0), with the
proviso that @ nmay not be C(0) if Q is C(0); 5ff) R3 is hydrogen,
phenyl, hydr oxyagﬂhﬁﬁb%@;(i ncl udi ng 2- hydroxy et hyl am no),
(hydroxyal | C{%%Zam' no, hydroxyal kyl (al | rypam no (including

1- hydr oxyet 1§} 2 agd PngsehyDani no), al kyl am no (i ncl udi ng net hyl ani no),

am noal I cyl (inc ' -l ' i ]l (including
3 d hydt oxy JorLabracen G GBRRi R o doulle BT BRI 151 L ng
met hoxy) , dit)aDI?'(y!ldaEn ® (including dinmethylamno), hydroxyal kyl

(i ncludigg 1-hyd ¥vfbddn2-y¥1), - COOH, -CONHZ, -CN, -S02-alkyl-R4
(1 ncl udi ﬁg -SOZC%—??!?,Y-{{%& or a 5 or six nenbered ring which contains
at | east on )tﬂatiser oatom N and nmay optionally contain an additional

het er onoi et y’ Sel N, ~an : .,
menber edI ri %g ma %é{ %ﬁé&é@%garl@li %ﬁf yaﬁges%?% {)a%%(t)e? i’? %rg‘%ifl ic

(i ncluding piperidinyl, norpholinyl, imdazolyl, and pyridyl) wherein
aromat i d0ni vy Bgemd Ryer¢ wdeBndantly nenbered ring may be present as

be.opt i onal |y subSrHorRp Rk sRRf saeRlanl FRARRLARGL 00
(i ncludi ng #)reishyl 20i mi dazolyl); R3 may al so be absent, with the
proviso that R3 ILI,SS, @%0%9%69}%%%@ pr%\rljs[)5 thg.i II: 1%1?19 §hve gﬂi}'th@%olio%ving

three conditions are simultaneously met: Q, is absent, Qp is absent, and R® is

15 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

simultaneousiy met: Q, is absent, Qy, is absent, and R? is an amino group or

20 cyclic amino radical wherein the point of attachment to E is N;
y) Quis
absent, -CHy-, -CH,CH,-, or C(O);
z) Qais
absent, -CH2CH;-, or C(O);
25 aa) Q,is
absent, or C(O);
bb) Q. is
C(0);
ce) Qois
30 absent, -NH-, -CHz-, -CH2CHa-, or C(0), with the proviso that Q, may not be

C(0) if Q,is C(Q), and further provided that Q, may not be -NH-ifEis 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) Qs is

11



hydr ogen, phenyl, 2-hydroxy ethyl am no, _

1- hydr oxyet h- 2-yl (et hypam no, nethyl am no, 2-am no isopropyl,

1, 3-di hydroxy isopropyl, 1,2-dihydroxy 25 ethyl, nethoxy,

di met hyl am no, 1-hydroxy eth-2-yl, -COOH, -CONTH2, -CN, - SO2-,
-S02C1-13), -NH2, piperidinyl, norpholinyl, imdazolyl, pyridyl,
pyridyl N-oxide), or 1 nethyl imdazolyl; hh) R3 is al kylamno

(i ncludi ng net hyl am no), dial kyl am no (i ncludi ng 30di net hyl am no), or
-S02-al kyl -R4 (including -S02CH3); ii) R3 is nethylamno,

e AT Gt Lo o bl B gearpo tel R R AR (G R

car banoyl ; and 5Cl)); R4 is hydrogen; and all conbinations of a) to
11), inclusive, herein above. 10 Gther preferred enbodi ments of
Formula | af® Phﬁse wherein: A is phenyl or pyridyl, either of which
may be substit ut gidem] dctC(ON @vithfthesirbwscOthatiQytydot BECID)If Q:iN3(0); N132,
-NH(aIIch), -&«ﬁjkyl)z, -S(al kyl), -0(al kyl), or 4- arninophenyl; 15
Wis pyrro ﬁﬂ i dazol yl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or

funny!, any of i dabierFRhoRy, 15 RASAt, bl (B alingD GG Ry aiing)
e B eaon e bR bin RS ki i
- CF3 substi t ut i o(maRARGHEIEGIEMnaRy ((RIhEIg BahfatnoReminsalkyl
(including 2-amino isopropyl), dihydroxyalky! (including 1,3-dihydroxy
10 isopropyl, 1,2-dihydroxy ethyl), alkoxy (including methoxy), dialkylamino
(including dimethylamino), hydroxyalky! (including 1-hydroxy eth-2-yl), -
COOH, -CONH;, -CN, -SO;,-aIkyl-R4 (including -SO,CH3), -NH,, ora 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,
15 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
20 imidazolyl); R® may also be absent, with the proviso that R? is not absent
when E is nitrogen;
gg) R’is
hydrogen, phenyl, 2-hydroxy ethylamino, 1-hydroxyeth-2-yl(methyl)amino,
methylamino, 2-amino isopropyl, 1,3-dihydroxy isopropyl, 1,2-dikydroxy
25 ethyl, methoxy, dimethylamino, 1-hydroxy eth-2-yl, -COOH, -CONH,, -CN, -
SO;-, -SO,CH3), -NHa, piperidinyl, morpholinyl, imidazolyl, pyridyl, pyridyl
N-oxide), or 1 methyl imidazolyl;
kh) R?is
alkylamino (including methylamino), dialkylamino (including
30 dimethylamino), or -SOz-alkyl-R* (including -SO,CHa);
i} R is
methylamino, dimethylamino, or - -SO,CH3;

i R*is

12



cycl oal kyl ,

t hi ophenyl, di hydrosul f onopyranyl, phenyl, furanyl,

tetrahydropyridyl, or dihydropyranyl, any of which may be

I ndependently 25substituted with one or two of each of the foll ow ng.
chloro, fluoro, and Co_ 3)alkyl, with the proviso that
tetrahydropyridyl is connected to the ring A through a carbon-carbon

bond; Xi s

132 0 131 R3-Rapp a2S-N, orRb para with respect to

-NHCO W 5Z is CHor N, DI and D2 are each hydrogen or taken together
form a double bond to an oxygen; 10 D3 and D4 are each hydrogen or

t aken toget her fgﬁﬁﬁgﬁéngle bond to an oxygen; D5 is 15hydrogen or
- ma

- CH3, wherein sal

5

10

15

20

25

y be relatively oriented syn or anti;
kk)y RYis

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoyl; and
Iy R*is

hydrogen,

and all combinations of a) to 11}, inclusive, herein above.

Other preferred embodiments of Formula I are those wherein:

Ais
phenyl or pyridyl, cither 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, -NOg, -OMe, 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,.
syalkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;

X is

13



R and Rb are independently hydr ogen, cycl oal kyl,

hal oal kyl, aryl, aral kyl, heteroaryl, or 20heteroaralkyl; Eis N, S
0, SO or 502, with the proviso that E nmay not be Nif the follow ng
three conditions are sinultaneously net: Q is absent, Qb is
25absent, and le is an am no group or cyclic amno radical wherein
the point of attachnment to Eis N, Q is absent, -CH2-, -CH2CH2-, or
QS i S absent, -NH, -CH2-, -CH2CH2-, or C(0), with the proviso that
@ may not be C(0) if Qais C(0), andsfurther provided that Qb may
not be - 5 NH if Eis Nand &-@s aRsent further provided that Qb
may not be - NH gBf 581 Rs Re am no, arbups,or cyclic amno radical
wherei n the point o%;t ment to QAL N, R3 is 10 hydrogen,

hydr oxyal kyl am no, (B oxyfar ky1) 2aﬂ3' o, al kyl arai no, am noal kyl

di hydr oxyal kyl , al koxy, dial kyl am no, hydraoxyal kyl, - COOH, - CONH2,
-CN, -S02-al kyl-R4, -NH2, or a 5 or six nenbered g3 ng whi ch contains

at | east one heteroatorrbi\l and may tionally b&ﬂ in an additional
heteronoi ety sel getgdyfiom S, S0 N, and 0, apdnthey5 or 6 nenbered
ring may be saturate&d, p ialéy upsawur at k~or a tic, wherein
aromatic nitrogen in% or, 2Fernpe &j ng ;'qgay be Pr.eg et ’ﬁgd
N-oxide, and the 5 or 6 nenbered ring may be optionally SUBSHitut ed
with nmethyl, hal pgewithatskgdt eNIdCOGV; al koxy; R3 may al so 20be absent,
with the proviso that R3 is not absent when E is nitrogen; R4 is

hydr ogen, -OH, al koxy, carboxy, carboxam do, or carbanoyl. 25 O her
preferrel enbodifénts of Fornula | are those wherein: Ais

CHorN;
D! and D? are
each hydrogen or taken together form a double bond to an oxygen;
10
D* and D* are
cach hydrogen or taken together form a double bond to an oxygen;
D’is
15 hydrogen or -CH3, wherein said ~CHjs may be relatively oriented syn or
anti,
R, and Ry, are independently
hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
20 heteroaralkyl;
Eis
N, 8, O, SO or SO, with the proviso that E may not be N if the
following three conditions are simultaneously met: Q, is absent, Qp is
25 absent, and R’ is an amino group or cyclic amino radical wherein the
point of attachment to Eis N;
Q.is

absent, -CH,-, -CH.CHa-, or C(O);

14



phenyl or pyridyl; 30 Wis pyrrolyl, imdazolyl, isoxazolyl,
oxazolyl, 1,2,4 triazolyl, or furanyl, any of which may be connected
t hrough any carbon atom wherein the pyrrolyl, imdazolyl,

i soxazol yl , oxazolyl, 1,2,4 triazolyt or furanyl may contain one -
c, -CN, -NO2, -0OMe, or -CF3 substitution, connected to any ot her
carbon; cycloal kyl, thiophenyl, dihydrosulfonopyranyl, phenyl,
furanyl, tetrahydropyridyl, or dihydropyranyl, any of which may be

i ndependent|y substituted with one or two of each of the follow ng:
chloro, fluor, and Ca. 3)alkyl, with the proviso that
tetrahydropyridyl, is connected to the ring A through a carbon-carbon
bond; Xis D5 D2 Bo R3--Dda-E Z- Z- H3Q)-1 0O DRa---N, ORb
and is oriented para absénf -NESREHS-, {CHCHNEHCE? GY0), with the proviso that Q, may

not be C(O) if Q. is C(0), and further provided that Q, may not be —
5 NH-ifE 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
10
hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONH;, -CN, -80;-alkyl-R’, -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
15 contain an additional heteromoiety selected from S, SO,, N, and 0, and
the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nifrogen 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
20 be absent, with the proviso that R? is not absent when E is nitrogen;
R*is

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoyl.

25 Other preferred embodiments of Formula I are those wherein:

Als
phenyl or pyridyl;

30 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,, -OMe, or -CF3 substitution, connected to any other carbon;

15



Zis 15CH or N, DO and D2 are each hydrogen or taken
toget her form a double bond to an oxygen; 20D3 and D4 are each

hydr ogen or taken together forma double bond to an oxygen; D5 is
hydrogen or -CH3, wherein said -CH3 may be relatively oriented syn or
25anti; Ra and Rb are independently hydrogen, cycloal kyl, haloallcyl,
aryl, arallcyl, heteroaryl, or heteroaralkyl; Eis N S, 0, SO or
502, with the proviso that E may not be Nif the follow ng three
conditions are sinmultaneously net: Qa is absent, @, is 5absent, and
R3 is an am no group or cyclic am no radical wherein the point of

att achnment tlﬁlf is N Qis absent, -CH2-, -CH2CH2-, or C(0); 10 Qb
is absent, - , -CH2-, -CH2CH2-, or C(0), wth the pnviso that Q
may not be C(0) tfclo@kyl, shiGhedyl, dindirdsulforiopyrapyl phiegi@dutanglf Qb nmay not

be - NH if Eis i, ahsent. further provided. that may not
be - 15N i1 R3S ENAIPREYr o AR e A SEw B Y PeisaRhee o)
the poi n of at t subksitetet with ofidor teo Nf each of the following: chloro, fluoro, and Cg.

ajalkyl, with the proviso that tetrahydropyridyl is connected fo the ring A

through a carbon-carbon bond;

Xis
D5

2 3 Ra—%
oo P E_E>—\Z_

—E 72— >
10 / H3C

U
R
v b M
and 1s oriented

para with respect to -NHCO-W;

Zis
15 CHorN;

D' and D? are

each 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 -CHjs, wherein said ~-CHz may be relatively oriented syn or
25 antt;

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

16



R3 i s 20hydrogen, hydroxyal kyl am no, (hydroxyal kyl)2am no,

al kyl am no, am noal kyl, di hydroxyallcyl, alLkoxy, dial kylam no,

hydr oxyal kyl , - COOH, -CONH2, -CN, -S02-al kyl-R4, -NH2, or a 5 or six
menbered ring which contains at | east one heteroatom Nand may
optionally contain an additional heteronobiety selected from8, SQ2,

N, and 0, and 25the 5 or 6 nenbered ring may be saturated, partially
unsaturated or aromatic, wherein aromatic nitrogen in the 5 or 6
menbered ring may be present as N-oxide, and the 5 or 6 nmenbered ring
may be optionally substituted with nethyl, hal ogen, al kylam no, or

al koxy; R3 may alEd$ be absent, with the provi so that R3 is not absent
when E i s nitrogen; gﬁif‘

car boxy, carboxam dogﬁ%dcgpborsoz w1thct)}:1?_r%118¥1 err e)alg#b Rk rrents of
Formula 1 are those vﬁo&wmathrqeﬁ:ondmms dmwnyltanmuslyqut @.II; a1$erWQtstb

3H 2-im dazol y1-4-car Lt

di hydros§| fonopyranylﬁg&ﬁgﬁ% i Er%%l;]n%lg%{l%é)?@{f 1y811r0p rl %ﬂ%(xjemthe

di hydropyranyl, any qfOlM/hf@fralclnagnttmeElsri“ﬂependent |y substituted with
one or two of each of the follow ng: chloro, fluor, and Co_ 3)al kyl,
with the proviso that tetrahydropyridyl is connected to the ring A
t hrough a carbonQg®rbon bond; 15 Xis R3-D2 D3 , R3-1t) a -E Z- ZH3C

absent, -CHj-, -CH,CHo>-, or C{0);

10
Quis
absent, -NH-~, ~-CH>-, -CH,CHz-, or C{0), with the proviso that Q, may
not be C(O) if Qai8 C(0), and further provided that Qp may not be —
NH-if E is N and Q, is absent, further provided that Qp may not be —
15 NH- if R? is an amino group or cyclic amino radical wherein the point

of attachment to Qp is N;

20 hydrogen, hydroxyalkylamino, (hydroxyalkyl);amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONHa, -CN, -SOz-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

25 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;

30 R'is

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoyl.
Other preferred embodiments of Formula 1 are those wherein;

17



para with respect to -NHCOW 20Zis CHor N, DI and D2 are each
hydr ogen or taken together forma double bond to an oxygen; 25 D3 and
D4 are each hydrogen or taken together forma double bond to an
oxygen; D5 is hydrogen or -CH3, wherein said -CH3 nmay be relatively
oriented syn or anti; 5 R and Rb are independently hydrogen,
cycl oal kyl, hal oal kyl, aryl, arallcyl, heteroaryl, or heteroaralkyl;
I1I0Eis N, S, 0, SO or 502, with the proviso that E nay not be N if
the following three conditions are sinultaneously net: Q is absent,
Q is absent, and R3 is an am no group or cyclic am no radical
wherein the point of attachnment to Eis N, 15 Q is absent, -Cl12-,

- CH2CH2-, or*€(0);

phenyl or pyridyl;

3H-2-imidazolyl-4-carbonitrile;

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

through a carbon-carbon bond;

15 Xis
o5
R?*—
2 -3 b >_\
R3_% D1 D4 %a_E 7—
—E 2— ’ HyC ’
2
2 2 oD1D
D D
RB—% D’ R, D y‘b‘
a Ra““N
E  )— 0N )
. Jor o and is oriented
para with respect to -NHCO-W;
20 Zis
CHorN;
D' and D? are
each hydrogen or taken together form a double bond fo an oxygen;
25

D® and D? are

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

18



@ is 20absent, -NH, -Cl-12-, -CH2CI-12-, or C(0), with the proviso
that @ may not be C(0) if Qais C(0), and further provided that Qb
may not be - NH if Eis Nand Q is absent, further provided that Qb
may not be - NH if R3 is an amno group or cyclic am no radical
wherein the point of attachnment to Qb is N, 25 R3 is hydrogen,
hydr oxyal | cyl am no, (hydroxyal kyl)2am no, al kyl am no, am noal kyl ,
di hydr oxyal kyl, al koxy, diallcylam no, hydroxyal kyl, - 30COCH,
-CONH2, -CN, -802-alkyl-R4, -NH2, or a 5 or six nmenbered ring which
contains at |easpsgne heteroatom N and may optionally contain an
addi tional heteronpi efursl Qﬁ-mg,@ﬁe% ;ﬁid-&ﬁ%’mi\y‘vbef’r@lgti\%ldv iell % @ OF
6 nmenbered ring may bﬁ,ﬁ?aturate , partially unsaturated or aronatic,
wherein aromatic nitrogen in the 5 or 6 nenbered ring may be present
as N-oxide, and RhgdR.0ke AdspeARayEd ring may be optionally
substituted wth nmethyl, hal'ogen,” al kyl am no, or al koxy; R3 may al so
be absent, with the phéwigss cydiealkyihaloglkplperyh brabayt, holarykEor s ni t r ogen;
R4 is 5 hydrogen, - " J%eﬁl@{ car boxy, carboxam do, or carbanoyl.
O her preferred enb(c)lgllergélts of Formula | are those wherein: 10 Ais
phenyl or pyridyl; 3H 2-irnidazol yl-4-carbonitrile; K2 is
cycl ohexgnyl whigh, may be substituted with one or two nethyl groups;
Xi s

N, S, O, SO or SO, with the proviso that E may not be N if the

following three conditions are simultancously 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;

15
Quis
absent, -CH;-, -CH,CHz-, or C(O);
Qo is
20 absent, -NH-, -CHz-, -CH;CHj~, or C(0), with the proviso that Qp may
not be C(O) if Qais 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 Qy is N;
25

R3is

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -

30 COOH, -CONH,, -CN, -SO;-alkyl-R?, -NH,, or 2 5 or six membered
ring which containg at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, $O;, 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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D5 ) _ThD2 D3R3-9b A a-E Z- E Z- 20\H3C para with respect to - NHCO W
Zis 25CH or N, DI and D2 are each hydrogen or taken together forma
doubl e bond to an oxygen; D3 and D4 are each hydrogen or taken

t oget her forma double bond to an oxygen; 5D5 is hydrogen or -CH3,
wherein said -CH3 may be relatively oriented syn or anti; Ra and Rb
are independently 10hydrogen, cycl oal kyl, hal oal kyl, awl, aral kyl,
heteroaryl, or heteroaralkyl; Eis N S 0, SOor S, wth the

provi so that E may noﬁeﬁ?@sembak‘}véx%%éﬁtﬁﬁ %&gbgr ﬁ%\{ﬁwl hﬁ are

si mul t aneously met: sent,
gr oup or cyclic am nosubsidutedivithvmethpl helogse, q@mlamn@foraﬂwmﬂnmy alstb E is

N, be absent, with the proviso that R? is not absent when E is nitrogen;
Ris

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoyl.

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;

Xis
R3— D;
2 3 b
Ra—rt D1-.:D; {D.,D" %,;—E z7—
S—

20 N/ HaC

D1
3. 1 D2 O
R "‘%;D
Ra""-N
—E / S—N
5 and is oriented

para with respect to -NHCO-W;

Zis
25 CHorN;

D! and D? are

each hydrogen or faken together form a double bond to an oxygen;

20



Q is 20absent, -CH2-, -CH2CH2-, -or C(0); @b is.absent, -NH, -CH2-,.
-CH2CHr, or C(0), with the proviso that @ may not be C(0) if Qais
C(0), and further provided that Qb may not be - 25 NH if Eis N and
Qa is absent, further provided that Qb may not be - NH if R3 is an
am no group or cyclic am no radical wherein the point of attachnent
to Q@ is N, 123 is 30hydrogen, hydroxyall cyl am no,

(hydroxyal | cyl) 2arni no, allcylam no, am noallcyl, dihydroxyal kyl,

al | coxy, dialLkyl arnino, hydroxyal kyl, - COOH, -CONH2, -CN,

-S02-al kyl -R4, -NH2, or a 5 or six nmenbered ring which contains at

| east one heteroatom N, and may optionally contain an additional
het er onoi ety sel PctPt#®&m S. 802, N, and 0, and the 5 or 6 nenbered

ring may be saturat ethacPRydidgah bytalkddSadetteAtops a@buié BEHAlth Gn oaed;ei N
aromatic nitrogen in the 5 or 6 nenbered ring may be present as

N-oxi de, and the 5 or 6 nenbered ring nmay be optionally substituted
with nmetRyl, halBg¥n, al kylanino, or allcoxy; R3 may al so 5be absent,
with the proviso thattyResesormEHsathsein s spnaydeglativslyaiiented sinor
hydrogen, -OH, allcoX# carboxy, carboxami do, or carbanoyl. 10 O her
preferred enbodi nents of Fornula | are those wherein: Ais 15 Wis
phenyl or pyri dyRgangRe2rq indepasdsntlyl - 4- carbonitrile; R2 is

cycl ohexgnyl whi ch My figesetisaibyltistlaitil &y PRANE kbR FELRY! o oups:
heteroaralkyl;

Eis
N, S, O, SO or SO,, with the proviso that E may not be N if the
15 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
20 absent, -CH,-, -CH,CH;-, or C(O);

Quis
absent, -NH-, -CH3z-, -CH.CHp-, or C(0Q), with the proviso that Q, may
not be C(0) if Q, is C(O), and further provided that Qp may not be —
25 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 Q, is N;

R’ is
30 hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONH;, -CN, -SO;-aIkyl-R“, -NHo,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally

contain an additional heteromoiety selected from S, SO5, N, and O, and
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Xis R3-9bD2 D3DAFIN Z- , or I13Cand is oriented para with respect to
- NHCO-W 25Z is CH, DI and D2 are each hydrogen; 30 D3 and D4 are
each hydrogen; D5 is -CH3, wherein said -CH3 may be relatively
oriented syn or anti; 5 Eis N, Q is l1l0absent, -CH2-, -CH2CH2-, or

C(0); Q is

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

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

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoyl.

10 Other preferred embodiments of Formula I are those wherein:

Alis
phenyl or pyridyl;
15 Wis
3H-2~imidazolyl-4-carbonitrile;
R?is
cyclohexenyl which may be substituted with one or two methyl groups;
20
X is
D%
2P Q
R*—Qp DT-..‘; é.,D“ HN
—E Z—
v, orHC and is oriented para with respect to —
NHCO-W;
25 Zis
CH;
D' and D? are
each hydrogen;
30
D’ and D* are
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absent, -CH2-, -CH2CH2-, or C(0), with the proviso that Qb nmay_not be
C(0) if Q is C(0), further provided that Qb may not be -NH if R3 is
15an am no group or cyclic amno radical wherein the point of
attachment to Qo is N, R3 is hydrogen, hydroxyallcyl am no,
(hydr oxyal ky02am no, al kyl ami no, am noal | cyl, 20 di hydroxyallcyl,
al | coxy, diallcylam no, hydroxyal kyl, -COOH, -CONH2, -CN, -SO2- CH3,
-NH2; PYridY1l, pyridyl-Noxide, or norpholinyl. Qher preferred
enbodi ments of Formula | are those wherein: A is 25phenyl or pyridyl;
Wis 3H 2-im dazol y1- 4-ﬁ§$£oni_t rile; 30 R2 is cycl ohexenyl which may
be substituted with oH& Of a0 nethyl groups; Xis HO)% OHor OH and
is orientedpara with respect to - NHCO W Exanpl es of conpounds of
Formul a | includ®?®is5-cyano-firan-2-carboxylic acid
[4;1(4- met hyl - pi per azi JCH; WHetei® s B~ Ot Myt bel Blati@esinied pyAqdreny) | - am de,
an 5

Eis

N;

Quis
10 absent, -CHs-, -CH>CHa-, or C(0);

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

attachment to Qp is N;

R®is
hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino, aminoatkyl,
20  dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -COOH, -CONH;, -CN, -SO;-
CHa, -NH,, pyridyl, pyridyl-N-oxide, or morpholinyl.

Other preferred embodiments of Formula I are those wherein:

Alis
25 phenyl or pyridyl;
W is
3H-2~imidazolyl-4-carbonitrile;
30 Rlis

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

Xis
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5- cyano- f ur an- 2- car boxyl'ic acid

[ 4- (4- et hyl - pi perazin-1-y1)-2-(2-nethyl -thi ophenl0

3-y1) - phenyl]am de, and sol vates, hydrates, tautoners and
pharmaceutically acceptable salts thereof. Additional exanples of
conpounds of Fornmula | include: 4-cyano-1Him dazol e-2-carboxylic
acid [4-(1-acetyl-piperidin-4-y1)-2-(1, 2,5, 6-

t et rahydr o- pyri di n-3-y1) - phenyl kam de,

4- cyano- 1H i m dazol ¢- 2- car boxyl ic acid

[ 2-cycl ohex- 1-enyl-4: (1, 1-di oxo-thexahydr 020

1X6-t hi opyr and-y1)[- phenyl ] - am dle, |5- cyano- flur an- 2- car boxylic acid
At R

[2 cycl ohex- 1- enyl 4- met hyl - erazin- phenyl ] - am de,

5- cyano-furan-2-carboxylic i d

2- (3, 6-di hydr o- 2H pyr an2 4H§1)>4-04- neth?l p&r azi n- 1-y1) - phenyl i - ami
e, 4-cyano- 1Hi m dazol e- 2-car boxylic acid
2-(1,1-dioxo-1,2,3,6-tetrahydro-1 X6

hi opyran-4-y1) - 4-pi peri ¢irny4-yl - phe am de,
-cyano- 1H i m dazol e- 2- carboxylic ac

4-(1- acetyl - pi peridi n-4-yW)-2-(1, 1- dﬂoxol 2,3, 6-tetrahydro-12' 6-thio
pyran-4-yl)-phenyl | -am @ggr™~405-cyano-fiy ran- 2 carboxylic acid

[ T-met hy1- 5- (4- met hyl - pi per ggi n; 1-¢¢1) - bggpheny1- 2- v igmn%pamth
5-cyano-furan-2-carboxylic acid

[2' - fl uor o- 5- ( 4- reenckbto—DiS&r-8z2i n- 1- y1) - bi phenyl-2- yl]-ani de, 15 and
sol vat es, hydrates, tautoners and pharnmaceutically acceptable salts

t hereof. Fu ther exa I of conpoundf of Formula | are: 20 (4-

(4- [ (4- cyan&xaPRlesRteq d%“@?ﬁﬂ&ﬁ}FW“&ﬁlno]-3-cyc|ohex-l-enyl-phenyl
)- piperkdin-1-y1)- acetlc acid, 4- cyano 1H- i m dazol e- 2- car boxylic
acid [4-(1- arba plperl

cycl ohex-1] - r??’?n r;ﬁ[)@ﬁ_ "Raé Hléc ciid4, 2 %%P@ﬁa?‘mld’é)z%ﬁ%m?hﬂé}l%b&vn c
acid [2-(4- a%&ﬁﬁkmﬂy&hﬂmedl enyl) - 4- pi peri di n4-yl - phenyl ] - am de,

4- cyano- 1H-i m dazol e- 2-car boxylic acid

(2-cycl ohex- 1- enyl-441- (2- hydr oxy- et hyl) -

[
d
[
t
4
[

30pi peri di ns‘kyéiﬂaJﬁlﬁH%moxﬂm déﬂ:[4‘é4-ﬁﬁéﬂ1 pplgaé-iazlﬂmga)zptzemam ol i C
acid [2-(4-neth clohex 1-enyl)-4 pyridin ylnethy plperldln 4
y1) - pheddi ] ad enY -amide,

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

Additional examples of compounds of Formula I include:

15
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-
20 1AS-thiopyran-4-yl)-phenyl]-amide,

5-cyano-furan-2-carboxylic acid [2-cyclohex-1-enyi-4-(4-methyl-piperazin-1-yl)-
phenyl]-amide,



4- cyano- 1Hi m dazol e- 2- car boxyl i c acid

(2-cycl ohex- 1-enyl-441-(2-hydroxy-1-

hydr oxynmet hyl - et hyl ) - pi peri di n-4-yl kphenyl}-am de, 5

4- cyano- 1H i m dazol e- 2- car boxyl i c acid

{441- ( 2- cyano- et hyp- pi peri di n-4-y1]-2- cycl ohex- 1-enyl - phenyl | - am de,
4- cyano- 1H-it ni dazol e- 2- carboxylic acid

{2-cycl ohex-1-enyl-4-11-(2-norpholin-4-ylethyl)-piperidin-4-yl kphenyl
)-am de, 10 4-cyano 1H i m dazol e- 2- carboxylic acid

(2-cycl ohex-1-en eri di n4-yl phenyl)-amd

4 ey ano- 11 ISARYBre-De Bk - Qe S evohd it dhpetar- (2 15
met hanesul fqﬁpép@{nhy )- Qénggrahﬁlden 4- A- pheny1} - am de,

4- cyano- 1H i m dazol e- B carboxy ic acid

[ 2-cycl ohex- 1-enyl-4- (1-pyridi n-2-yl met hyl pi peri di n- 4-34) - phenyl j - am
de, 204-cyangs i Lk C 5

(2. cyel Open'?‘- f%xgﬁ;&/l i %%l@%%arﬁéﬁﬁ?ﬁ& &ZC(IQ CliGro-1,2,3,6-tetrahydro-1A5-

i m dazol $52- yhipgstrén4-yDdipiesridisi-hylphenydlemida) - ani de,

4- cyano- 1Hi t ni dazol e- 2- carboxylic acid

(2-cycl opent - 1- enyl- 4- pi peri di n- 4-yl phenyl) - am de, 25

4- cyano- 1H- gyayeust- Bl-midazolxod-parbaxylic aaik [4-(1-acetyl-piperidin-4-yl)-2-(1,1-dioxo-

(2-cycl ohex- i di n- 4, vl am de,
4- cyano- 1H it %’fégY&}rF@dg&car 18%}@'%%@5 il HLde
[ 2-cycl ohex- 1-enyl-4-(3, 4,5, 6- tetrahydr0302k+[| 21] bi pyridi nyl-4-y1l)-

phcnyTh 'd and. 4- I|c a .

s O adl yPioyen s st BRI e Ru s Rt s ke hipheny
sol vat es, hytjraatiéSand aut oners and pharnaceutlcally acceptable salts
t hereof. O her exanples of conpounds of Fornmula I are: 5

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

{ 2- cycl ohex skyamyfirafdlealBoxolicyacit[R*-fllioRs5-B4-methyl-piperazin-1-yl)-biphenyl-2-

car bonyl) - pi peri.di n-4-yl1] - pheny1}-am de,

4- cyano- 1H Pri?@% %ol e- 2- carboxyl i c aci d

(2-cycl abex- 1-enyl -441- ( 1- oxy pyridi ne-4-

10car bonyl) al?cl s%? ra%e(sj,l h?zdrdéteg taut mhg_gl and) pharmacgutlcally acceptable salts thereof.

Further examples of compounds of Formula I are:

20  (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-yi)-2-
cyclohex-1-enyl-phenyl]-amide,

25
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)-
30 piperidin-4-yi]-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,

25



4~ cyano- IH- i m-dazot-e=2- car b’UI\_yI -e—aecid

(2-cycl ohex- 1-enyl - 441- ( 3- nor phol i n-4-yl propi onyl ) - pi peridin-4-yli-ph
enyl) -amde, 15

4-{4-[ (4-cyano- 1H i m dazol e- 2- car bonyl) - am no] - 3- cycl ohex- 1- enyl - phen
y1l)- piperidine-1-carboxylic acid am de,

4- cyano- 1H-i m dazol e- 2- car boxylic acid

{2-cycl ohex-1-enyl-441-(pyridi ne- 3-

carbonyl) - pi peri di n-4-yl kphenyl) - am de, 20

4-{444-cyano- 1H i m dazol e- 2- car bonyl) - am no] - 3-cyclohex- 1- enyl - phenyl

- piperidi ne: 1- c xylic,.a oxy-et '
1 cano. 1ht HefsHRS BRI 2 S 2 45 SolonEk Mend AR Cyarony-1-
{ 2- cycl ohex-hideryetdAktiyD-pigetidind-gifpidnyl -amide,
25yl - acetyl) - pi peridi n-4-yli-phenyl}-am de,
4-cyano- 1H-i m dazol e- 2-car boxylic acid
{ 2- cycl obsex-4leyany IH4dilatole- wﬁrbdtyncﬁm&keage@y@hndmﬂﬁ) pigbritidt4 Adjgheny 1} - a

m de, 30 4-c daz - carboxylic acid
(2-cycl ohcx- 38@?@‘%'%‘5’ likaEY‘g hyl - 1Hi r ni dazol - 4-y1) - acet yl ] - pi peri d
i n-4-y1)-phenyl kam de, 4-cyano-1H i m dazol e-2-carboxylic acid

{2- cyclohex 1l-enyl- 44 (2-pyridin-3-ylacetyl)-piperidin-4-yll-phenyl)
- ani de, A-ygehb -4y Fﬁ%ﬁfﬁk@%c ach ﬁ%&xﬂq}ﬁ -geng-t1-GrmorpHolin- 4y

{ 2-cycl ohex eﬂmy@ﬁﬂpbn&rﬁh-?l?—phenyl} -amide,
Snet hanesul fonyl'-acetyl ) - pi peridi n-4-yli-phenyl}-am de,
4-cyano-1 H i m dazol e- 2-carboxylic acid

{ 2- cycl ohex4lyaiy i 4dilladole P¥Arbsiyle deid (286581 k) 1-BhyRaLfighrandeyl | - pheny1}

-am de, and 104-cyano-1H-i m dazol e- 2-carboxyl i c aci
[4-(I- acetylp hesyDedids n- 4- y1) - 2- cycl ohex- 1- enyl - phenyl ] ani de, and
sol vates, hydrates, taut orrers and pharmaceuti cal I y accept able salts

thereof . 15 Another exanpl e conmpound of Formul a
4- cyano- 1H thfyde, Bl-dvidezols Heae ’iyﬁcgé‘iﬁzcy"bhex -1- enyl“‘ [1’(2'

[ 2- cycl abex mbaamsstitdyl-dthiF-plpeRdiR AR NYiideTet hyl - am no] - acetyl) - pi
peridi n-4-y1)-phenyl kam %Z—pp&:o angn]g% l?/)tat1 es, hydrat es, tautoners and
pharmaceutically acceptable salts thereof. Another exarrpl e conpound

of Formul a |4-05r§ﬂo-1H-umﬂaz%mgargdi" hﬂdﬂ?—[@@g@o%xcﬁérg@ﬂfh-'p?ntﬁﬁ-&q;lmethyl-
(2-cycl ohex-1-enyl -441- (2-di net yI am no

acetyl) - pi pé’rPF’aqhﬂ"‘ZV-[)AllhﬁNé]T?m}dﬁam de, and sol vates, hydrates,
taut omers and pharmaceutically acceptable salts thereof. Another

exanpl e conmpound of Fornula Ifs: 30
2 4-cyano-1H-imidazole-2-carboxylic acid {2-cyclopent-1-enyl-4-[1-(1-methyl-1H-

imidazol-2-ylmethyl)-piperidin-4-yl]-pheny!}-amide,

4-cyano- 1H-imidazole-2-carboxylic acid (2-cyclopent-1-enyl-4-piperidin-4-yl-
phenyl)-amide,

25
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-
30  2H-[1,2'lbipyridinyl-4-y])-phenyl]-amide, and

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

26



.4-cyano-1Hjm_dazol e-2-carhoxylic.acid.. ... . . . .. o - - < . . . .
{2-cycl ohex-1-enyl-441- (2- nor phol i n-4-yl acetyl) - pi peri di n-4-yl kphenyl
}-am de, and solvates, hydrates, tautoners and pharnmaceutically
acceptable salts thereof. Still other exanple conpounds of fornula I
are: 5 4-Cyano4H-i m dazol e- 2-carboxylic acid

{411- (3-am no- 3-net hyl - butyryl) -

pi peridi n-4-yl]-2-cycl ohex- 1-enyl - phenyl)-am de trifl uoroacetic acid
salt, 41141,2,4]-triazol e-3-carboxylic acid

(2-cycl ohex- 1-enyl- 4-pi peridin-4-yl-phenyl)- am de bis
trifluoroacetic acid salt, 10

5- Chl or o- 4Hahd sadyatds, hydradesolautoBers andpheythiceutigailylacceptable salts thereof.

(2-cycl ohex-1-enyl-4-pi peri di n-4-yl phenyl )-am de trifluoroacetic acid
salt, 5- Cyano- 1H-i m dazol e- 2-car boxylic acid

[ 2- cycl ohex-Other nydinples(af cempqubdofifetrmylh 1&pi peri di n- 4-y1) - phenyl ] am de
big ttifluoroacetic acid salt, 5-cyano-1H i m dazol e-2-carboxylic acid
[2-cyc|oﬁex-l-eny1-4-(trans-2,6-dinethylpiperidin-4-y1)-pheny|]-anide
bi s trifl uodegeet1-imidesbls2akirbo3lic seiyamyeiohbk-1 whylatzfiH@-o2y-pauidineyH i C
acid {2-cycl ghexs1-enyd-441-(R) <(+)~(2, 3-

dihydroxy-pF%EPBﬁb@ g%@ﬁé?ﬁﬁ%ﬁﬁﬁtv%% heny1} - am de,

5- Cyano- 1H i m dazol e- 2- car boxyl i ¢ acid

[ 2-cycl ohex-1-eny].-4-(.1- hoxy- pi peri.gdind-y1)-phenyl ]-am de..

r1 1] or oac iy Bkttt S8do e AL LEptionb G S Bar S g abiinetac o
[ 6- (4, 4-1di medrbytiyl)epipdridiesd-yIl-phenyl)-amide,

1',2',3,4,5 ,6' -hexahydro-[ 2, 41bi pyri di nyl - 5-y1J-am de
trifluoroacetic acid salt, 5- Cyano- 1H i m dazol e- 2- car boxylic acid
(411-( 3- am ﬂQyM-hﬁFaﬂﬁ[d@bﬁbﬁ@)ic a&H@ {2-cysclohex-é-enyl-4-|%1l—(3-morph01in—4-yl— g
pi peridin-4-yl]-2-cycl.ohex-1-enyl - phenyl)-am de trifl uoroacetic aci
salt, and SP%?gﬂéb? e?%?ﬂ%ﬁ%? o 5'é"g}“%’oxylic aci d

[ 6-cycl ohex- 1-enyl-1142- met hanesul fonyl ethyl)-1',2",3",4',5 , 6" -hexah

Ind phat e SETLEDRP- I bEeadr g e on R PR R ampl &

conpounds  Obipk@difiasl-darbosyli€ aci® amide,

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(pyridine-3-
carbonyl)-piperidin-4-yI]-phenyl }-amide,

20
4-{4-[(4-cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex-1-enyl-phenyl} -
piperidine-1-carboxylic acid (2-hydroxy-ethyl)-amide,

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-3H-imidazol-4-
25  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-ylj-phenyl}-amide,

30  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,

27



4- Cyano- 1Hi m dazol e- 2- car boxyl i c acid

{2-cycl ohex-1-enyl-4-[1-(2-nmet hyl am noacetyl) - pi peridin-4-yl]-phenyl)
-am de, 4-Cyano-1H i m dazol e-2-carboxylic acid

[1' 42- di met hyl am no- acetyl)-6- (4, 4-

10di met hyl - cycl ohex-1-enyl)-1',2'",3 ',4",5 "

, 6' - hexahydro-[ 2, 41bi pyridinyl-5-ylFam de trifluoroacetic acid salt,
and 4- Cyano- 1H-i m dazol e- 2- carboxylic acid

[ 6- (4, 4-di mgj 3 2l

ot hanesul £ arglt et {Pagte SO byt (Feydote lemtU-Gridin ol )

yl kani de 15tap¢i?mﬂmpufh@étﬁlhpl‘&wlﬂ-amet and sol vates, hydrates,
tautoners and pharmaceutically acceptable salts thereof. As used
herein, the term"the conpounds of the present invention" shall also
i ncl ude 20s droyance B-imigdzobe-2-sarboxylic ecie £ 2-cynlohpkrdrendeiit@eal | y

accept abl.e JEUEL PTABLE SALTS As
st at ed, Phe%%%%%%ﬁﬂﬁéﬁg%mﬂﬁgAprese#Eﬁgﬁﬁ- ﬁ%ﬁﬁnay al so be present in
the form of 25phar maceutical ly acceptable salts For use in
medi ci nes, the nvenllo refer
t o nont oxi c4ﬁc;3'fq1a°r'irr%c%u§%%°§:eéh &Q%LPC a‘fléﬁ)gy é‘F%se’W Ifi&' Sroved ri'

phar maceut i eadtylyp@aumpﬂqﬂil-;élemm-amfda;m (Ref Internati onal J. Phann.
1986, 33, 201-217; J Phann. Set, 301977, Jan, 66(1), pl) include
pharmaceutically acceptabl e acidic/anionic or basic/cationic salts.
Phar macdaot i eaiyhryo-Ht—mﬁhmtd—bcabd:@hcécad\[tle(nLacetglaﬂipﬁidim«cbl)decyclamar e not
limted to aceﬁﬁ -5 be zenesulfonate benzoat e, bicarbonate,

bi t adr at e, e8¢ um edet at e, cansyl ate, carbonate, chloride,
citrate, dihydrochloride, edetate, edisylate, estolate, esylate,

e e e OB SR AN eBbo B = ©

hydr oxynapht hoat e, |od|de i sethionate, |actate, |actobionate,

mal at e, | eat elate | a met hyl brom de, methylnitrate,
nethylsdg?a?@?%ﬂﬁ%ﬁT ecﬂﬁﬂgvagf%m“Wﬁﬂﬂ%te panpat e, pant ot henat e,
phosphat e/ di phosphat e, pol ygal acturonate, salicylate st earate,
subacet at e, ,succi ate, tannate, tart tosyl ate
ond tri ot b davee iRt SR O RIE Bk P o ar e
not | i m t edethgl)-nieshgl-bnttbBaceBEy-piptridii-g-y)sikkdyl-dngide, phosphori c,
propionic, glycolic, methanesul fonic, hydroxyethanesulfonic, oxal i c,
2- napht hal enesul foni ¢, p-tol uenesul fonic, cycl ohexanesul fam c,
sacchar Qi camf solviief, hydraRaaaitdrierf SidbhadhPichAic IR R tHptabRIsklys tA&espt abl e
basi c/cationic salts include, and are not Iimted to al um num

2- am no- 2- hydr oxynet hyl - propane-1, 3-di ol (al so known as

tri s( hydr oxpaethéreranplo osmpdiad 6f Fdrim@gtidiane or "TRIS"), ammoni a,
benzat hi ne, t-butylam ne, cal cium calciumgluconate, cal cium

hydr oxi de, chl oroprocai ne, choline, choline bicarbonate, choline
chlori de, CB!!éi/:ﬁbEll-yinﬂﬂazﬁﬁa-&ﬂﬁix?ﬁd\é&cﬁ{ﬂ-@%lohéﬁl eliﬁml[@m@dm@dmymm-
Iithiunh Li OMe, | ysine ga e5|3n1 megl um ne, NH3, NHACH

N et hy P2 D- @‘feﬁ’(l)a@?ﬁq‘?@“"ﬁu‘é’ FiY “pot assi um potassi umt - but oxi de,

pot assi um hydr oxi de (aqueous), pr ocal ne, quinine, sodium sodium

car bonat e, .
and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

Another example compound of Formula I is:

30
4-cyano-] H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-morpholin-4-yi-
acetyl)-piperidin-4-yl]-phenyl}-amide,
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sodi um 2- et hyl hexanoate (SEH), sodi um hydroxide, or zinc. 25 PRODRUGS
The present invention also includes within its scope, prodrugs of the
conpounds of the present invention. In general, such prodrugs will be
functional derivatives of the conpounds which are readily convertible
in vivo into an active conpound. Thus, in 30 the nethods aof treatnpent
of the present invention, the term"adm nistering"” shall enconpass
the means for treating, aneliorating or preventing a syndrone,

di sorder or di sease described herein with the conpounds of the
present i nve¥d selvptess hygdrgeso@piggerssad psrmacgpiicely easenteblowits bawpl be
included within the scope of the invention albeit not specifically
di scl osed any gi ven conpound. Conventional procedures for the

sel ection ar%ﬂlmﬂ@pa*aaxpimmpwgpf@nwa peredr ug derivatives are
described in, for exanple, "Design of Prodrugs”, ed. H Bundgaard,

El sevier, 1985. STEREOCCHEM CAL | SOMERS One skilled in the art wll
recogni zé t Ha€yasoriH-imidnsoladastbokyliclieiddAds-€hemingdantthdibutydylrave one or
nore asymete.c rhos. it hel s : , 1.8 Lt ended t hat
t he present tpliﬂr?\%de%% %ﬁgicg%%gel é\?\ﬁ %ﬁgﬁ? tiél E&sé::%%%“eo?%ﬁcél%ldg%es%lgnti onmer
forns of the conpounds of the present invention, racem c m xtures,

and m xture I LDy Whl nt | I.G o SS$. |
resent. 15 HhaanaROE Sl NG RoFRL ARl |

t he possi bl enlierbis tu@hdrpadetid adwmitvhi ch t he conpounds of the present

i nventi and their N oxides, addition salts, quaternary am nes, and
physi ol ogi cally functional derivatives may possess. Stereochem cally
pur e i somner iSeCHlgomEl-[iey4]tiazolet adanmotyio/aci h@-capphdxelatnybi-piferidinid-#0
known pri nci D ol sonen y be separated by physical
Separation g@%ﬁ?@&gﬂq@sﬁ?ﬁ%@?ﬁ%g lflgar%tgﬁ crystallization and

chromat ogr aphi ¢ techni ques, and enantioners may be separated from
each ot her the.selecti,ve crystal l.,zati on of the di I e ric
ol s wi th SRR SRR s EE bRl (s 208 AR

chr omat d§r aplpgridiRdryd)-siteaylpansle bistsflumyacettcsoidiselt,pr epar ed synt hetical ly
from appropriate 25stereochemcally pure starting nmaterials, or by
usi ng stereosel ective reactions. The term"isomer" refers to
conpounds t Balyarveldiniieokdverayiosid [2ayclahek- valybdytras-2@diglathybut

differ in physical, and/ or.chemcal.properties.. Such substances have
t he sane nuH%’Sl?&gﬁfﬂkﬁ%ﬂlﬁm@%ﬁ%‘%ﬁmgﬁﬁa@ SFIFI structure. The
structural 30 difference nay be in constitution (geonetric isoners)
or in ag,abilit .rotate.th .ane l.ari.ze 1.0

Cenant | oher S1O=lort b Rneaetpeligang i Risdr B4 LaR 067

i dentical cdihgdokypropiongifpiperttifi-#gt]-ghenglhemates angement of their atons
in space. Enantioners and di astereoners are exanpl es of

stereoi soners. 5The term"chiral" refers to the structural
char act er i stiQyand-113-imidk ated-earbdralic BEHE (S cyiclohex-1-enyi-4-(1-methoxy-piperidin-

4-yl)-phenyl]-amide trifluoroacetic acid salt,

25
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)-
30  piperidin4-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-
cthyl)-1,2",3',4'",5' 6-hexahydro- 2,4 Tbipyridinyl-5-yl}-amide,
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i npossi bl.e to.superinpose. it on.its mrror_ipage. The term. _ _ .
"enantioner"” refers to one of a pair of nolecul ar species that are
mrror images of each other and are not superinposable. The term

"di astereoner” refers to stereoisoners that are not mrror inages.
The synbols "R" and "S" represent the configuration of substituents
around a chiral carbon aton(s). The term "racenmate" or "racemc

m xture" refers to a conposition conposed of equinolar quantities of
two enantioneric species, wherein the conposition is devoid of

optical activity. 20 The term "honochiral” refers to a state of
enantionmeric purity. The term"optical activity" refers to the degree
to which a hodediatesahydmidscleutbmens pndpharmesettiveily sncsiablesalis theof al

nol ecul es rotates a plane of polarized light. 25It is to be
understood that the various substifuent stereoisoners, geonetric

i soners and Additionzlesamiile cagioundsed Forouby lgpar e t he conpounds of the
present invention are either commercially avail able, can be prepared
synthetiCally fromcomrercially available starting nmaterials or can
be prepared 4aGyah&denﬁctazmté 2{cambex,yliarac[dt{hemoloitckdkemng-@]s(ﬁcmetbﬂmnﬁo-

I somers usin chni. Sy n to those of ordinary skill in the
art. 30 The® t%ﬁgwmmﬁgﬁ lflgwa and "S" are used ;S descri bed
herein for |nd|cat|ng aton1conf|gurat|on(s) relative to a core

nol ecul e an en dinth ILferature
(TUPAC Reco et PoRbiarclRafaiie ira i @ ahsigneSei ot bidf o',
Pure AppDb. Ghmnhyl-cjhﬂ&&x 14é.ﬁy113 BB A The-hexalipdion o4’ oibyt dieyl s rydlsanitle

i nvention as, an i ndi vi dual isoner by 5 either

i soner - speg%¥w@“?yﬁF 8@F%t8? resol ved froman isoneric nixture.
Conventional resolution techniques include formng the free base of

each isoner 4GIyaﬁm1HSmiﬂ§Ele2-m&ib6xyﬂiS belg [B@,PPikethgl-tycichet-1-¢eyl s &k

A e e e

i somer i q5pakdfluofaatdtiowsid siiy chr omat ogr aphi ¢ separation and renoval of
the chiral auxiliary) or 10 resolving an isomeric mxture of either a

PRt (IR R R

SOLVATES FurthernDre t he conpounds of the present |nvent|on nay have
one or nore . 5 pal h or hou stalline for d as such
are intend eésluge re:fnt,I edﬂ-@d%eﬁo pounds otr tYe present {rllventlon I’r%alflaﬂso ﬁclug

20  solvates, hydrates, tautomers or pharmaceutically acceptable salts thereof,
PHARMACEUTICALLY ACCEPTABLE SALTS

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

25  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.,
30 1977, Jan, 66(1), pl) include pharmaceutically acceptable acidic/anionic or

basic/cationic salts.
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the scope of the invention. In addition, the conmpounds may form

sol vates, for exanple with water (i.e., hydrates) or comon organic
sol vents. As used herein, the term"sol vate" nmeans a physi cal
associ ati on of the conpounds of the present invention with one or
nore sol vent nol ecul es. This physical association involves 10 varying
degrees of ionic and coval ent bondi ng, including hydrogen bonding. In
certain instances the solvate will be capable of isolation, for

exanpl e whenyone iR &F%%Yeﬁ@fdiémko%ﬁ&hﬁﬁ?ﬁg&f LCRL PQndhies n the

crystal lattice of t crystalline so [ erm "solvate” is
i nt ended t o ae¢teiorhsazepemtivnnts béngodte hicpthasate, bitetrats dromidb) calciin] adatates .

Non-limtin gggpl i1 ol Lpcl I 15
nmet hanol at egsé,aﬁ n ’tcﬁlz)oﬁt?iggb{l?e%%aﬁgh 1%/?]%%@[0%1 Eéz;te Hﬁqﬁ%’%%{gg@%het%%%%\?ent ion
i ncl ude wi t esylatetfsmersepayssplatcaglasonate, ditematogheoiidarsafilatthe present

i nvention. [Egg i r f .th rese

i nventi o%, t :tese(%rér}qn&tgg%gﬁﬁs@gg Ihﬂ%pﬁrgﬁgahn}%g%og@%g% gyﬁﬂénﬁ@%hﬁ’gtef or
treating, 20oddeeisetbioastelertae, lapiobionate) majate, rsateatty owedelad, sesydae, or

di sease desc/ | rej it h th 0 unds. of the present invention
or a solvat gﬂeltﬂﬁ'er %%ﬁ?’%mﬁ%%ﬁl&\?\tﬁhmghﬁﬁl\ﬁ? %U%l ?teb%apl‘sjﬂ%tf?ﬁﬂhé SRPTR ¢ he
scope of t heantothemnte, phospliarddiphaspitates peygatacmadnby, dlisditgsearateN- OXI DES 25
The conpoun of .the prese i pvent i on converted to.the

cor r espondi %@Jaﬁﬁt%t?(’i SB%C%%aoel’ Fﬁq & ﬁ&%t%bméartg?%’ﬁfé&mmf}ﬂ%g 1giiodige.
convertillg @rganiosalimmnganiv dcids gisminchitle and are hbtdiniitke td, hydrodBapalchloric,

N- oxi dati on_r,eacti.on.nma ener. al be carri out by reacting. the
starting rratsuelrﬁllnézi PR v?fqhﬁrléﬁg%?b??fcoBw%ﬂcemﬁtﬁ@]ﬁﬂﬁ%mc?;hxdﬁ%‘?&tgﬁe%"%gﬁpbxi de.
Appr opr i at e o@dicj haaphaleaespiom ipdelsenzautfonics&icloh©ianexHiikc Sacdhydiiogen

per oxi de, al k@l i tal..or earth al kaline netal peroxides, e.g. sodium
per oxi de, pgf & cﬁtélldbxi de; appropriate organi c peroxi des may
conpri se peroxy acids such as, for exanple, benzenecarboperoxoic acid

or hal o,subsgtitute enzenecar boperoxoi¢c acid, e.qg. 3-.. .

Ohl o obdny o Phirted et AR EER HESOSEONS il Richib-etd fie gl limitg o

per oxoacet i elumiduch, 2akiiyd-Iigiropedethvl-pegancel, Bdiol @lsh ¥hoWwry4r o- per oxi de.

Sui t abl e solvents are or. ex | e ter, . al coho] s, e.qQ.

et hanol andLrlsﬁE’dfol"@?th ‘ B%q?%ﬁﬁm\é.ﬁé‘?e ‘Erollrgﬁ)é,am&’&n@n "é’?a@.“g.

2- but anone],c t-h@@%&a?ﬂxﬂﬂtcﬁ@l%ﬂ&glﬁlcgm l@idfdxﬁldé[ ﬂﬂi&bpha@gme, a][\d .

m xtures of 5.such ,solvents. TAU! . e. compounds. of the

present i nv@l?ﬂhfl%ﬁgﬂﬁ&? bﬁa@(?mg?cic@%ﬂrnfor\‘iﬁf’ﬂ‘g’ F’%E?yl‘?@ﬂ?’ﬁw gmgoSych

fornms alzogougjilemtanﬁm_ llifhging,|LX'QMﬁQj,-l§@iF]18,dndgﬂc§idi@angﬁh§1ﬁﬁﬁ, NERVEGH, I on

are intended to i ncl uded.wi,thin the scope.o e present

i nventi on. gﬁé@&a%rﬁ RS, Pipert BIRIE B aWﬁEESEHFFPPWENTI ON 15
hydroxide (aqueous), procaine, quinine, sodium, sodium carbonate,

sodium-2-¢thylhexanoate (SEH), sodium hydroxide,or zinc.
25 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 ir vivo into an active compound. Thus, in
30 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
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During any of the processes for-preparation of the conpounds of the - -
present invention, it may be necessary and/or desitable to protect
sensitive or reactive groups on any of the nol ecul es concerned. This
may be achi eved by nmeans of conventional protecting groups, such as
t hose described in Protecting Goups P. Kocienski, 20 Thicnme Medica
Publ i shers, 2000; and T.W Geene & P.GM Wits, Protective Gottos
in Omni Synthesis, 3rd ed. Wley Interscience, 1999. The protecting
groups may be renoved at a conveni ent subsequent stage using nethods

_klnlovvn in theloﬁsrpbc;iﬁ?A@Hﬁﬁﬁzed?ﬁf’gﬁa%@ipﬁ@ﬁ. Sohediional pﬁ>c]§iﬁmﬁatﬁe ds of
| ustrates ener al ., net hodo or the preparatlon conpounds o
Formula |. &IRPOH ﬁﬁ%PYSPafﬁ&“ﬁg%fa{ﬁ? 2?085%?5%"3@‘5?%%@%"'&}‘1 in, 107

or t ho- hal ogeRahile "Defifebfrradhs” kORI MabAr, EREviaigss, conpounds of
Formula 1-1 followed by netal-catal yzed coupling reactions wth

boroni c acids or boronate esters (Suzuki reactions, 10 where RRMis
R2B(OH) 250r a boronic ester) or tin reagents (Stille reactions, where
ReMis R2Sn(al kyl)3 I\Hor reviews, see N. Myaura, A Suzuki, Chem
Rev., 95:24%} MICALISO e, Angew. Chem nt. Ed. Engl., 25:
508024 (1986) and A. Suzuki in Metal-Catal yzed Coupling Reactions, F.
Dei derich, P. Stang, Eds., WIley-VCR, Winheirn (1988)). Conpounds of
formul a 1-10o¥R¥kil&s i MERS willabdoynidd/Bh! sBiab @o%;%n&s%f&ﬁeepr@s@m@emdd adi um
medi at ed cross-coupling reactions described above may be used to
gener at d0cofpE e ST BereRSTRTIEEC darjonratesn 18 theprsirariugy Hds intender tigpt the
Preferred cgndig i98stioh Mchidd il sBipk s@Ble Shantiothe®ofins of the compounds

N- bromosuccinimde (NBS) in a suitable Solvent such as =~

N, N- di net hy Pf ¢ peepingEverior) raceie mixresrandranargs pErgangpmerg in which an
acetoni tril g, Nehdhe &adabmp&daccoupl i ngs, preferably Suzuki reactions,
can be perforned according to standard net hodol ogy, preferably in the
presence of a palladium catal yst such as

tet ral dsgt r pheny-ehasalhABRald B HAkDAcrBUPRDIEIc FRARHPRYS Dase
such ag. Na2CCO3, and a suitable solvent such as toluene, ethanol,

di met hoxyet Whish thermpounsis of shepregent ingentipn eddbeioN-oRislesnaidition salin be
prepared by gﬁ&} : |23 it i Qe M oxylic

aci ds V\COO—quaScor diglﬂlélg%’g g@ﬁ%‘e{g&a r%lgg{ggir{ ggn‘?agrges\éﬂﬁﬁ}’eog%gﬁd formation
(for a review, see: M Bodanslcy and A Bodanslcy, The Practice of

Peptide S i : i - : i ith
nord ol of | SefeolRmicRl plgslonéRlt ks mbl b doliialyte OUCABELIQE 111
| eavi ng29r okpvaypincialespBiistarepigomerpmenhe seperated by pleisisekseprajtionThe

; 3 . = SN i ) : Wi
B uran. - oxarepUipE ARl ozl B At debop B KBS gt T, 101 S
aci d chl ori crani@®Rcy may be scparnted dnapl eaehypthen by ke spieetive nrstablization of the
trialkyl . : B . .
1 (3 d et hoPSHEbndle soheryter SRR Nek AigRSE B Soe by chil ehromatonspghy ey )
and 1- hydr oRyb etereoisemmers olap aBe beiprepanedwydthetealy frompppropidtor i de ( HOBO,

4 whem. W i o - _ _ e .

b orot £ Py PereRehLAAARE Suechl Ballilh o b7 oA bROR BB |

di i sopropyl et hyl ani ne (DA) in DCM

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
30 difference may be in constitution (geometric isomers) or in an ability to rotate the

plane of polarized light (enantiomers).
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It is understood that the optional substitution present on ring Ain
Formula | may be 15present in the starting materials 1-1 or 1-3 and,
in such cases, would be carried through the synthesis outlined in
Schenme 1. Alternatively various substituents on conmpounds of Fornul a
| may be introduced in a nunber of ways described below to provide
the optional substitution listed for Fornmula | The | eaving group "LI"
present on ring Ain Formula 1-0 or 1-3, can be substituted before or
at any step during 20 Scherme 1. \Wen such | eaving groups (preferably
fluoro or .Chilhgr %)n“ Lo gr%éry%tfeer tobgonserl]seo .1c'ietn{i b & ﬁ?‘t@tic? fmﬁ%rif%i”it?th%_ 3 for
nucl eophi li ¢ aFiacg%*%ﬁey*can undergo direct nuc eodthlc aronmatic
substi t ut i onrrmgesmmf ileiratuthsag spghee. dtvaotiontars dny déastereemprs atecaxhraplss of
thiols and of her nucl eophiles in the presence of a suitable base such
as K2cos, /VRCEPTE€Spr opyl et hyl amine (DI EA) or NEt3. Wen the | eaving
group is 25 suitable for netal -catal yzed couplings (preferably brono

or trifluor hanesul,f onyl oxy), a nunber, of. cross-coupling reactions
(such asSSudTR =8, Sl rgad i Snd B RaReetie BEFBREH 0 Pat P

i ntroduct i otmedssiRR o supyrimposp &oh @ Medor ikkdter net al - cat al yzed coupl i ng
reactions that can be enployed include aromati c and heteroaromatic
ani mati on and am dation (for reviews, see: S. L. Buchwald, et al,

Top. 30 Car mhe fehf Menantzokrl fer2Qdné 300dar cftblsdulaFspedies thitiae hifror
"Organopal | adi unz C%gg isn% for Crggnic nthesis,” Wley

| nt er sci enc&M2gkfokes ;@a HeEPOHBRF RSN cat al yzed cross coupl i ng
reactiong with 2,4,6-trinethyl-cyclofriboroxane nay be enployed if Li

is bronmo, ioggdo, or. .chloro activated by nitro to generate optional
met hyl subsgﬁ‘fmoﬁ*‘—%@é@ﬁﬁlm P stegqoisgmers{haf Fa REGRIGRT ges- | 41
6237-40 (2000)). In sone cases, the initial substituents can be

further derivatized as described below.to 5 provide the final,
substituti onﬁ{%‘fyﬂéSgnﬁl and"S” eRresent e papiigietion pHYhsHsntsaRund ﬁPi“Eﬂlucti on
of nitrogencqBstadmis)g heterocyclic substituents onto ring Ais to
formthe_ heterocycle froman amno group on ring A. The am no group
may be 6§iginally present in the starting material in a protected or
10 unpr ot ectrRshefrR Fabeatd RY “fabihib hﬁitﬁx@”%e&‘é?@to@_%@hﬁ?ééi% Bfnpésedbtro group
whi ch al so can he either originally present in the starting materi al
or at t achedeBymalarfuentiies shiwosaaRtogisric sRscisgy dihereiyihe somwosiomis dgvadip may
be formed byrdpgeiatdwy. of an azide group which can be present in the
starting material or may result from nucl eophilic aromatic
substitution of an activated halide by azide anion as nentioned
above. jhe 21 ©@fn YRuBLRHP FBYs BlaSitd GFeHdiomhE A Punde! eophi lic aromatic
substitution of an activated halide (in, for exanple a nitrohato
conmpound) by anmonia or by the anion of a protected amoni a

equi val ent, ThOee*GHBA1 Qetiviry PR 1038 BRMR kEwhibi 2 hothS AFMGRSedult or
protected form the amne can be deprotected accordln? to standard
literature ReF¥sa migmeyofchisphsmaleculss rofdtesienlane of pltrizsd Dgtoups and
deprotecti on nmethods see: Theodora W Greene and 20 Peter G M Wits,
John Wley and Sons, Inc., NY (1991).) The ring-formng reaction

i nvol veds t r Bas tabnundsrstqodahas thelvariens subsHiierrsistapisqime s, geomelric dsomsrs
optionally 4 Qﬁ%h ha i J i.de or

di car bonyl %g%%%ﬁ%%, (?Bﬁ#?%E%#%EH?ﬁ&ﬁa%ﬂgﬁﬁg%ﬁ$%%wgﬁ§h§%{?ﬁe am no
group to f o¢ithenspnuparéielydviiabla, bart hernrenared smthatiod lydtom cammerpiallc ase. of
dihalides, aayaf stm%mg@ﬁa@&r G ob BR G PATG A8 i RG LARG AR 42C T
scavenger 25 such as ‘potassium carbonate, sodi um hydroxi de, or, a
trial kyl ani ssgesobiet issmersnusing beghuigues evell-knewsy totthasa bherdinamyiskill ia the art.

bi s(2- hgl oet hyDam ne such as bis(2- chloroethyl)am ne or

bi s(2- bronoet hyl )am ne woul d afford a piperazine ring (see, for

exanpl e, J. Tivesomatieanscrip@ss "Re4d4S| 28869d mmdscibedVeckin for indithting 46:

atom configuration(s) relative to a core molecule and are intended to be used as



10 Finally it is understood that conpounds of Forrmula I may be
further derivatized. Protecting groups on conpounds of Formula |I can
be renoved according to standard synthetic nethodol ogi es (Theodora W
Greene and Peter G M Wits, John Wley and Sons, Inc., NY (199]))
and can be then subjected to further derivatization. Exanples 15 of
further derivatization of conpounds of | include, but are not limted
to: when conpounds of Formula | contain a primry or secondary am ne,

t he am ne be .reacted w ehydes.or ketgones i e esence of
 Feduci g yama AR AR (ERERoutPL A e SHeRh SRR
Abdel - Magi d (Sectign EX;\iPara Aspl Chep., 188485 888®, (1996)) to reductively
allcylate; with acid chlorides or carboxylic acids and an am de bond
20 form ng reagent as described above to form am des; with sul fonyl
chl Ior i des ht aht Qdirf’@)cﬁlkiﬂsc tffﬂlgerﬂréteﬁt, m\!#nﬁdjh msplcaqﬁépa%eess mollnlfi@édﬁmugm b;lz with
ar or _heteroaryl -haljdes in. the nce of a, pall adi um cat al yst
a5 descr PhediaB SoHer SEESBEIRE 4 TrelvSLIFa LR LS CRUREPDLy
formaryl arﬂ@bomab@feemﬁquembmwfor&lmgmetelbesa,ofmﬁ ﬁboﬁﬁﬁmuﬁﬂﬁleﬁf: pair
Forrmul ae | contain arﬁl hgl%@eﬁg{ h terﬁf ﬂpallde t hese
compounds migneh ot Bl dollowat by feckon el st phmeraE

bgr om) c aCI @sthefres ba%é}iﬁ?ﬂnﬁmh alﬁlégtl(a'ﬂélraﬁﬁde%&'bilﬁo@&@ﬁﬁohﬁﬁ%{aﬁlsdﬁ&% dned
above m nes, or al cohol s uchwa coupl i ngs,
see Buchwal @ obpied-byr ahygrept %&P&P@ﬁ@é@wa%@@yﬂow@g %&sﬁ%wp ’

Fornul ago!  ¢&Bkvaghin FsofMAN R BPeithePd ﬁarﬁﬁg)bl&eﬂabr bﬁnénsﬂfd%mmg to
am des or acids under _acid or basic conditions Basic am nes may be

oxi di zed t oPRPERITFELGHRR yerdrrratesmriy N e EEHG o educed t o
basi ¢ am nes. \Wen conpounds of Formula | contain a sulfide, either
acyclic or cyclic, the sulfide can be further oxidized to the
correspondi ng sul foxi des or sul fones. Sul foxides can be obtai ned by
oxi dation using an appropriate oxi dant such as one equival ent of
(tneta-chl oroperbenzoi cacid) MCPBA or by treatnment with NalO4 (see,
for exanple, J. Regan, et at J. Med. Chem, 46: 4676-86 (2003)) and
sul fones can be obtained using two equi val ents of MCPBA or by
treatment with 4-nethyl norpholine N-oxide and catal ytic osm um
tetroxide (see, for exanple, PCT application WO 01/47919). Schene 2a
CRAA /13R2 2-4 Rd 2-3 112, Pd/C wherein Zis CH
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2-5 Schene 2a illustrates a route to conpounds of Fornmula 1. F
represents -NQ@R3-, - 10 0-, S, SO or 502, and AA represents -NH2
or -NQ2. DI and D2 are shown for illustrative purposes only; it is
recogni zed by those skilled in art that D5 D6 D7 Ds may al so be
present. Ketones of formula 2-1 can be converted to a vinyl triflate
of formula 2-2 by treatnment with a non-nucl eophilic base such as LDA
and then trapping of the resulting enolate with a triflating reagent
such as trifluoronmethanesul fonic anhydride 15 or preferably

N-phenyl trifl uor onet hanesul foni m de. Suzuki coupling of boronic acids
or boronate to vinyl triflates of formula 2-2
can provi depeﬁ'tﬁ\ﬁé BEVAZAE -4 where Zis C (Synthesis, 993
(1991)). For compounds of fornula 2-4 treatnment with Pd/ C can
reduce both f Lo Lk ive Zis
CH AAis Nﬁgnﬁeegh% *hga&f?@? mfsgorftrtrl%ﬁ)é&lﬁétﬁ \E,h{é? e 19)1?‘6%%)5"@” éeg- SO2 can
be prepafed pblwumnh@mpmumuwsofysfaﬂinﬁmrmszndﬂawshérzee infendédso bpiRludedtinF i s

a sulfide ( d -\ 0 hads

Gooor | bag « Medonedlny Wil q’%‘w“q‘b"\r@fo{h A@%ﬁﬁb PR TRLTRES | oy
to reduce b@annIﬂdsmth]wateoﬁanhbzctMes) of efmmon GgaBangpbrenisisApised bernin] the 2- 4
(AAis NH2) are .t a?e conver,t ed whi ch

o0 T epr os ST D RHRY Epb G o RERRRS s oo BBt (o o
are requir ed)vemsandaﬂmmbenlonersolsahmwecihles Thisphyshckd assdeidtion vblre?- 5 may

be furtﬂg rrgdlf i.ed éo c)rocvfm gvaegl naI Eg%ij goselﬁ f F rmula |.
For exanpl e’ rlngélg%rgﬁs BT @% % 55?1? ond, and
R3 repr esentatain ﬁ@ﬁhcps the e@lt:atm@ugrecwpnbde@ﬂzso&uﬁ ,fm’raaalﬁﬁlﬁv@emrm aray be

removed accordi ng' (il dard matPag (g%y as I.%lifl oacti.c aC| d
(TEA) in DCMTCEPEERE" %{%ﬂcw ‘fmt °;5¥S a&b“ﬁ 88‘8’?\ iP5

t hat can the’he faem f'soltated is idtenided ad ¢ricompdse beth eslutila -shasead ikditable For rrul a
. Further v tion includes,. but js not |imt 15 to:

eactt one. whiHASs Sek i R Bupl el Puts BhhgRed”, cduici ng
agent sush asthanslatesynid thatlet oxybor ohydri de to provi de conpounds of
Formula Il where Fis - NCH2ZR3 (A F. Abdel-Magid, ibid.); with acid
chlorides or with carboxylic acids and an am de bond form ng reagent
(as descri bads h&n&ﬂhﬁﬁfﬁe@)esém ipearidndactedenpidinitsscofe sEMﬁMbﬂihél Wher e F

i's - NCOR3; wlths l.ori des . (as.descrjbed jn Sche tQ
br ovi 6. confURURESE TRAHER 4VEh e 10 f G° FIQu8BYef SogmER of e poser
i socyanat es{n@sntidastis tehﬁdadnﬁmﬁﬁM&hﬂlb erk&np{s@tﬁb deax&dbﬁlmaﬁﬁg of Fornmul a
|1 wher F|s %g\l ngr subjectegl 8 al- t al égd substjtution
react i o Q' ATeipratng QRPN R HEtP e, HrEsricqes ?‘r%c‘i as "G Ry a |l
WnerehF IE cd}mundssalftﬂe.praummmhﬁbn dta Sal|vr:ljte tlbredf,whﬂch Wdulcﬂ'é%ﬁrio\délgbtla ikb: d.)
For the aboye .e,. Ra e | nen en, alky
25cycl oal ky%“d“ﬁ%ffggl?“%yﬁe,smcfre)??theg} ‘Ptlﬁﬂaﬂ’ Vﬁy gﬁ% 3§58t er oar al ky! .
Scheme 2b D2

N-OXIDES

25
The compounds of the present invention may be converted to the corresponding N-
oxide form following art-known 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

30 inorganic peroxides comprise, for example, hydrogen peroxide, alkali metal or earth
alkaline metal peroxides, e.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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D1EDOEDE 2-42-72-8 5 Schenme 2b illustrates a nodification of Schene
2a to synthesize partially unsaturated conpounds of Formula I. E
represents -NQ Qol4.3-, -0- (D1 and D2 are H), -S- (DI and D2 are H),
-(D1L and D2 are H, or -S2- (D1 and D2 are H), and RAA represents -
NH2 or -NO2. Conpounds of fornula 2-4 are prepared as shown in Schene
2. If RAAis -NO2, the nitro group nust be reduced by a nethod that
does not reduce 10 olefins, such as iron and anmonium chloride. If

RAA of for g}h rc%érf%eﬁe%%@ﬁpé?&o&%cﬂr ﬁéf&ofaﬂﬁ 9;9;1 t{% Ip'eéfigh%glﬁ';a%ﬁq_y and

COITpOUI’ldS ormula < are a OUI’I S
prepar ed confulydopepxifies mltbufﬂh?dmmuﬁ $lstab15®2ven®rara BDexample

oxi dati on O&va‘epqo‘%& éﬁ&o 83 %th%%l a9 &ﬂegﬁlgeﬁ%{d?&al%fg ncglu@nellé % e RAA

is -NO2 as descri rore |on eme 3
R2 R2M, ... &g Z-butannne;halogendtdﬂ hydﬂocctrbous,a g(d[chlmomethane,laﬁd mixtures of
3-1--" .1 KRS5H....... j2r. RMor RBMRS 3-2

Schene 3 | I rs?fshtsf)g %t!é the preparation of internediates for the

synt hesi s of conmpounds 20 of Fornula |, where ring Ais pyridyl, and

R5 is the OH’IAiIﬁQﬁ!IEﬁﬂpﬁéﬁdgti on on ring A or

The compounds of the present invention may also exist in their tautomeric forms.
10 Such forms although not explicitly indicated in the present application are intended to

be included within the scope of the present invention.

PREPARATION OF THE COMPOUNDS OF THE PRESENT INVENTION

15
During any of the processes for preparation of the compounds of the present

invention, it may be necessary and/or desirable to protect sensitive or reactive groups
on any of the molecules concemned. This may be achieved by means of conventional
protecting groups, such as those described in Protecting Groups, P. Kocienski,

20 Thicme Medical Publishers, 2000; and T.W. Greene & P.G.M. Wats, Protective
Groups in Qrganic Synthesis, 3™ ed. Wiley Interscience, 1999. The protecting groups

may be removed at a convenient subsequent stage using methods known in the art,
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one of the heterocyclic substituents as defined in Formula 1. Kis
NH2 or other functional groups such as NO2, COOH or COOR which can
eventual |y be converted to am no group by known |iterature nethods
such as reductions for NO2 (as discussed for Schenme 1) or Curtius
rearrangenent for COOH (for a review, see Organic 5 Reactions, 3: 337
(1947)). L3 and L4 are halogens. (Kis COCH can al so be formed fromK
is COOR by sinple base- or acid-catal yzed hydrolysis.) In general,
the selectivity and order in introducing R2 and R5 can be achi eved by
the rel ati véetbedswf Frapgragpnt he hal ogens L3 and L4 chosen in conpound
(3-1), the intrinsic selectivity of the heterocycle and/or the
reaction conditions enployed. An exanple of using the 10 relative
reactivity of the hal ogens L3 and LS3cliemede| ectively introducing R2
and R5 woul d include the situation where, in conpounds of Forrmula 3-1
where L3 is a fluor group and L4 is a bronD group, selective

di spl acenent of Hfl uor zwhaagwet@h p - chl?ﬁ-l be emhi
fol | oned by &aof t ut&8n he rerar mngx |_1
net al - cat al yzed™~Subst i tut| Of che@ &My (suc s% Su?zlskuctloom? |l e

cross-coupling 1% reactiong-ias further outlimed below). Simd$arly in
conpounds of Formula 3-1 where one of L3 and L4 is an iodo group and
the other is a bromo or chloro group, selectijve metal-catalyzed
substitution chem stry (such as Suzuki or Stifll e cross-coupling
reactions or Buchwal d/ Hartwi g am nations as fu? r di scussed bel ow)
on the iodo group can be achieved followed b | acenment of the
remai ni ng brono or chloro 20 group by anott al -catal yzed
substitution reaction. As illustrated in Scheaer3, |eaving group L3
in FormulLa 3-1 can be first substituted to ob}al n conpounds of
Formula 3-3 or |eavi ng group L4 can be first Ssubstituted to obtain
conpound of SFlgemal dugraks g@mﬁémﬂvéoi%ﬁooﬂleBPcBarcmcrflqempdmde@act ed to
25 di spl aceg r Thus, a
di rect nucl eéﬁrﬁﬁ# & ?B &aéé)([gkr:r(t?}%ltlﬁarc:lrez?ré\gltr‘}agl%l’dgi eghjrg @gng‘ﬁégn of
conpound of p#éﬁararhlw btomlmhw,toﬁaramg eorapeaiadsyof Fnitmea l-drfnlinwed bymetal-

%nOtngtCut gﬁ a tﬂg%fﬁ%&lﬁg :éa@t%ns Q}éé%hm@%a%w?)b% {7&% sr\%@‘(ﬂ;%ﬂiiu R foRy dem

can be u8 edwhereﬂ%%Mrls)E.LB:(@H?Sonar’oomtmﬂeé@r 8a Peagent3SBlloveertionRo/hers a
primary or 0 ) d e | ent

or a protec ggqg%%hgugﬁg%@qﬁ%ﬁ e%@?%ﬁ{/agl’é\y;%cou |%ép6 e@b%%%ﬁd 3-1
wi th bor oni €1988), 8. Stillgeingerat(Bemclst En.SEARBLAUERIS0RE OB AVSugikbior oni ¢
acid group St. i 0 nds
(Sti1 e r oableRallA ECRRIEE refioRY ctiochil 2 SRIZRAL AuERTER

subst i t uent ¥eastheaeflD8 @dmpmpdmf fmtmstarh—bmdybmccﬁnimcmlly avadblepoovi de
conpoun For mu be furiher
conver t &8 ¢ ol fefbeed o o RGeS Rlaeoss i

coupl i ng astmaeraﬂebedpmddeobﬁula ih-1fompaartiolg adriallls subsequently can
be substituted with R5 to obtain conpounds of Fornula 3-4, again, by
a direct nucl eophilic substitution or nmetal -catalyzed reaction with a
nucl eophi | ePrferfay cmlemafmtlmm&nnmﬁyzede N+oasosaatininide NBEgiatal on as

e eetod amiiEe solksihes Bat- Al iaes BME), fendone s i o

]lc,lnl’ra?] k nge @dﬂdﬁﬁnfeumalgﬁtaﬂykéd}(:méﬂﬁﬂgﬁ pmrmy Smgizlemaﬂs banmzan t hen be
urt her er|vt|z escriped in e K group in
Fornul a 3- 4P§f %%areﬁmewﬂw LS faﬁalieme cri bed

above), it pamdfael caEedute sk t&@mnﬁf&weh@pm@pﬂmmm@)r(gd(Ppthﬂm
literature nethods (see, for_ exa ehensi ve
aqueous base such aq. Na;COs, an e.ulta e 5o vent such as toluene, ethanol,
dimethoxyethane (DME), or DMF.

25
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_15 Organic Transformations: Larocic, RS.;_ WIley and _Sons Inc., USA
71999) and the resulting amne 3-5 can “be enployed in anide bond
formation reactions as described in Schene (1) to obtain the
conmpounds in Fornmula I. When Kin Forrmula 3-4 is an amno group it
can be directly used in am de coupling as described above. 20Schene
4a 4-14-24-4 Schene 4b 4-54-84-74-8 5 Schenes 4a and 4b
illustrate the preparation of internediates to be further nodified
according to Schenme 3 starting front a nonohal o-substituted conpound

the. repl acofSTPoRRE pREHHALeR HEP R i aran e e R 1 s
be used for mm&aﬁymlhasﬁsmo&ﬂmmo@n‘andiﬁd protegtudes Fdaem&ierbbmg A is a

pyridine and R?.is, either the i 0 itu
Pre of "t ho. IERORGE A B ee A RHEBRy A &Bodumihebs Mhelies S Zssidh
positions orsyﬁthalspsprﬁr@ememagnmc(ammr$3dtha&ﬂo&1umd1cﬂ5chdﬁae‘srwca¢l bin

Formul a | Kis NH2 o er, functi.on ups such as . NO2, or
COOR whi 2h e%twa@ssﬁ?raW@ q‘@éwg % a‘P Rt %?Sd{?BtaﬂWRﬂﬁgéﬁ
literature E@iddﬁdﬁm&d)c’flfh@ﬁrefeﬁé&lfbhd:tﬁﬂ%oﬁncﬁblfdrlc&ﬁ)llhgﬁith&mﬂ)ﬂ@}e as

described in_ Sc are hal ogen I'n these_ 15 conpounds,
T is either “‘Ihe’ba?‘r“é ﬁéfa?u?ﬁ?:la]l %Fﬁﬂﬁ 8%HM s peptlpsiio oy theacid

converted t @nbR&WIDCYaRI S éo%pm{g ﬂyfh Bnc@%fb&laﬂ@!%&unetshhﬁ As«'mngr
mesyl at e by known Ilterature met hods (see, .for exanple, N col aj

et al., .1.vher ¥iseperele lcdutimetylgminggropyly3ythytogdodijnyide Efdé‘kﬂhg’é’éﬁenf
of L3 i']OCOK'EI%@and)f hﬁﬁamb@o&raiol%-s%ﬂaﬂudaﬁfe lleydéocﬁlohxe gﬁm}?%d
n

descri bed i chene 3,. can npounds of ornul ag 4-

At 20 this PéemP isenunidemgls %w&q’ﬁ”%rre# CRFAIYH RS GO tARyIOldingpligs-c an pe
converted t ?h&udneﬁeﬁaﬂﬂorsgﬁahima{eftpfgrobiiaﬁwﬁéﬁ&ﬁmWﬁmH@tmﬁyhrbxyM
standard net hods to provide conpounds of Fornulae 4-3 and 4-5. For
exanple, when T is OH, the preferred reagents to effect this
transf or mat QaufeRiobf tHankk oﬁt'iﬂn@fduﬂﬁﬁutﬁ%@sen?%ﬁg Ahin P&ﬁﬁ[a(l%‘?dg’bef or

exanples Kol der, den Hertog Reel . Tray. Chinn. Kﬁ]Bas
(1953) , 1&ndpiesrabi thestardpg maqeﬂalsa 1 op b-3@ndtin suckgases, wouldhesamiedns. | .

1370, (19803nkoughfifi\ydthbsks dutlidell i SeheRE 1 dArt&ﬁédvmynaﬁ&ﬂ%{a@shﬁxénts on
(preferably brornlnated) to provl de conpounds of Fornul ae 4-3 or 4-7
(see, for esempsMads cEXpMBRHbmaybe gfrodiced mswﬁmh@"ﬁwmdﬁsc@wkelow $001) ) .
The preferr El@vfae Wﬁ&msmm@ﬂm&%mﬁﬁw fmedvﬁlga%r t@bﬂresem

sol vent suc or acetonitril The co ounds ormul ae 4-3
or 4-7 can pergpiieFeeyial0 eohpounbesubstited befprger atany giep durgighy

i ntrodugg i Ogc&&eHhWeﬁﬁﬁdhrlbﬁﬂlggér%Qﬁﬁra%a Ky fidero di@ﬁl@l%&gfc\é&h%tcdlw the

met hods descri bed above and then onto cofpounds of Formula I, t he

met hods des&ﬁﬁﬁ@dﬁ@ﬂ‘é@h@ﬁ%ﬁ33ﬁhmﬂﬁbﬁM%#%ﬁﬂm* Bey evrydersel direst Fornulae

3-4 and 3- Snﬁc@eophﬂlc 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,COs, N, N-diisopropylethylamine (DIEA) or NEt;. When the leaving group is

25  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.

30  Cuwrr. Chem., 219:131-209 (2001) and J. E. Hartwig in “Organopalladium Chemistry
Jor 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 conmpounds of Formula 1. Representative conpounds of the present
I nvention and their synthesis are presented in the foll ow ng chart
and exanples thereafter. The follow ng are for exenplary purposes
only and are in no way neant to limt the invention. Preferred 10
conpounds of the present invention are Exanples 5, 17, 23, 34, 38,
and 51. Preferred exanples of inhibitors of GKIT are 5l1a, 48, 52,
55, and 26. Nane Structure 4 5-Cyano-furan-2-carboxylic acid

[ 4- (4- met hyl - pi perazin-1-y1)-2- (3-nethyl-thiophen-2-y1)-

phenyl ] . - aniigeoneNoddsiar dlprvagfiveted bpoit® 16 a@puteptionahmetby babssitationi ¢

acid [4-(4- Gy ' 32413 hi ophen- 3-y1) -
ohenyl Fani - 8L Ry oY, REN AR Ao ere 41 ¢ 7ab b0,
In some cases, the initial substituents can be further derivatized as described below to

5  provide the final substitution of Formula I.

An alternative method for the introduction of nitrogen-containing heterocyclic
substituents onto ring A is to form the heterocycle from an amino group on ring A.
The amino group may be originally present in the starting material in a protected or
10 unprotected form or may result from the reduction of a nitro group which also can be
either originally present in the starting material or attached by a nitration reaction. In
addition, the amino group may be formed by reduction of an azide group which can
be present in the starting material or may result from nucleophilic aromatic
substitution of an activated halide by azide anion as mentioned above. The amino
15  group may also result from nucleophilic aromatic substitution of an activated halide
(in, for example a nitrohalo compound) by ammonia or by the anion of a protected
ammonia equivalent, for example, t-butyl carbamate. If introduced in protected form,
the amine can be deprotected according to standard literature methods. (For examples
of amine protecting groups and deprotection methods see; Theodora W, Greene and
20  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 dicarbony! 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
25  such as potassium carbonate, sodium hydroxide, or, a trialkylamine such as
triethylamine. Thus, treatment with a bis(2-halocthyl)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. Chen., 46: 2837 (2003)).
Optional substitution on the amine nitrogen of the reagent would incorporate optional
30  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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\' NHNO * o CN 6 4-Cyano-1Him dazol e-2-" carboxXyli ¢ acid” e
{2-cycl ohex-1- enyl-441-(2. hydroxy-1- hydroxynethyl -ethyl)-piperidin-
4- 341-phenyl )-am de trifluoroacetic acid salt Ol ONat" HNW O
F3CIL.OH rim OH OH

Another alternative method to direct substitution to introduce heterocyclic
substituents onto ring A. is to form the heterocycle from an aldehyde (i.e. from a
formyl group on ring A). The formyl group may be originally present in the starting
5  material in a protected or unprotected form or may result from or any of a number of

formylation reactions known in the literature including a Vilsmeier-Haack reaction
(for a review of formylation chemistry, see: G. A. Olah, et al, Chem Rev., 87: (1987))
or by para-formylation of nitroaromatics (see: A. Katritsky and L. Xie, Tetrahedron
Lett., 37:347-50 (1996)).

10
Finally it is understood that compounds of Formula I may be further derivatized.
Protecting groups on compounds of Formula I can be removed according to standard
synthetic methodologies (Theodora W. Greene and Peter G. M. Wats, John Wiley and
Sons, Inc., NY (1991)) and can be then subjected to further derivatization. Examples

15  of further derivatization of compounds of 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, (1596)) to
reductively alkylate; with acid chlorides or carboxylic acids and an amide bond

20 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

25  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

30  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 suifoxides or sulfones, Sulfoxides can be obtained by oxidation using

an appropriate oxidant such as one equivalent of (rnefa-chloroperbenzoicacid)
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Name Structure 7 4-Cyano- 1H i m dazol e-2- carboxylic acid

{2-cycl ohex- 1-
enyl-4-[1-(2-norpholin-4-ylacetyO-piperidin-4-A-phenyl}- am de LN CN
ap HN -1 1 d4th HN W 8 4-Cyano-113-i m dazol e-2- carboxylic acid
{2-cycl ohex-1- enyl-441-(3-norpholin-4-yl propionyl)-piperidin-4-yl1-
phenyl)-amide o zCNINN HN O L., o0

MCPBA or by treatment with NalOy (see, for example, J. Regan, et al, J. Med. Chem.,
46: 4676-86 (2003)) and sulfones can be obtained using two equivalents of MCPBA

or by treatment with 4-methylmorpholine N-oxide and catalytic osmium tetroxide

(see, for example, PCT application WO 01/47919).

Scheme 2a
OR

O

OTf
D“ F

D F thNTf

AA

9 w ®
. )
y4
Hy, Pd/C D2>E]
D" F

2-1 : 2.2
wherein Zis CH
WCOH i
or
WGCOCI R2  Optional further Ow W
or @ derivatization
as described NH
w 7 for scheme 2a X

Conditions as D2 >[ j R2
described in 1 F
Scheme 1 1

2-5

Scheme 2a illustrates a route to compounds of Formula ¥. F represents ~-NQ,QpR>-, -

10 0-, 8, SO, or SO,, and AA represents —-NH; or -NO,. D' and D? are shown for
illustrative purposes only; it is recognized by those skilled in art that D° D® D7 D® may
also be present. Ketones of formula 2-1 can. be converted to a vinyl triflate of formula
2-2 by treatment with a non-nucleophilic base such as LDA and then trapping of the
resulting enolate with a triflating reagent such as trifluoromethanesulfonic anhydride

15  or preferably N-phenylirifluoromethanesulfonimide. 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
20  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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9 5-Cyano-furan-2-carboxylic acid [21-nethyl -5-(4-nethyl - pi perazin-
1-y1) - bi phenyl -2-ylJ-am de O 110 0 CN 10 5-Cyano-furan-2-carboxylic
acid [2'-fluoro-5-(4-nethyl-piperazin- 1-yl)-biphcnyl-2-yl]-amde 0 0O

0 CN 11 5-Cyano-furan-2-carboxylic acid _
[ 2-cycl ohex- 1- enyl-4- (4- et hyl - piperazin-1-yl)-phenyTham de 1101 101

0 CN
is -NO; and F is a sulfide (F is -S-) by oxidation with MCPBA or other methods

described in Scheme 1. The nitro group may then be reduced with Pd/C to reduce
both the nitro and the olefin.

5  Compounds of formula 2-4 (AA is NH;) are then converted to compounds of Formula
2-5 (which also represent compounds of Formulae I if no further modifications are

required) as described in Scheme 1.

Compounds of formula 2-5 may be further modified to provide additional cotnpounds
10 of Formulal. For example, in cases where F is -NQ.QuR>-, Q,Qs is 2 direct bond,
and Rj represents a BOC protecting group (CO»tBu), the BOC group may be removed
according to standard methodology such as trifluoroactic acid (TFA) in DCM (Greene
and Wuts, ibid.) to provide a secondary amine that can then be further derivatized to
provide compounds of Formula I. Further derivatization includes, but is not limited
15  to: reactions with aldehydes or ketones in the presence of a reducing agent such as
sodium triacetoxyborohydride to provide compounds of Formula IT where F is -
NCH;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 II where F is -NCOR?; with sulfony! chlorides (s described in Scheme 1) to
20  provide compounds of Formula I where F is -NSO;Rq; with isocyanates(as described
in Scheme 1) to provide compounds of Formula II where F is -NCONR.Rg; or
subjected to metal-catalyzed substitution reactions as outlined in Scheme 1 to provide
compounds of Formula T 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,
25 cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl and heteroaralkyl,
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Name Structure 12 5-Cyano-furan-2-carboxylic

aci d[ 2- (3, 6-di hydro-2H pyran-4- y1)-4-(4-nethyl -pi perazin-1-y1l)-
phenyl -amde SI ../ HNCN O 13 4-Cyano-1H pyrrol e-2-carboxylic acid
(2-cycl ohex-1-enyl-4- piperidin-4-yl-phenyl)-amde trifluoroacetic

acid salt NC ---- NHO NH a
Scheme 2b
0]
Raa HN)LW
R2
Reduction, 6
ana,L\A NO, I
D2 = D2 = SN
D' E E E
2-4 2.7 2.8

10

15

20

Scheme 2b illustrates a modification of Scheme 2a to synthesize partially unsaturated
compounds of Formula 1. E represents -NQ.QuR>-, -O- (D' and D* are H), -S- (D
and D? are H), -(D" and D? are H), or -SO;,- (D' and D? are H), and R 44 represents -
NH; or -NO,. Compounds of formula 2-4 are prepared as shown in Scheme 2. If
Rya is -NO,, the nitro group must be reduced by a method that does not reduce
olefins, such as iron and ammonium chloride. If Raa of formula 2-4 is an amino
group then no step is necessary and compounds of formula 2-4 are also compounds of
formula 2-7. To prepared compounds of formula 2-7 where E is ~-802- or -SO-, the
oxidation of the sulfide must be performed on compound 2-4 where Ra4 is -NO; as

described above, followed by nitro reduction.

Scheme 3
R2
NP
[ R°H

L4 R
1K -
1 R}\ NS a4 s
or R RS 4 Z
32

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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W CF3CO2H 14 4-Cyano-1Hi m dazol e-2- carboxylic acid (2-cycl ohex-1-
enyl-4-piperidin-4-yl-phenyl)- amde trifluoroacetic acid salt NC N O
NH 101 SO CF3CO2H 15 4-Cyano- 11-1-pyrrol e-2-carboxylic acid
[4-(1-acetyl -piperidin-4-yl)- 2-cycl ohex-1-enyl - phenyl kam de NC 0
---NHre NHsil,. IP

one of the heterocyclic substituents as defined 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 for NO; (as discussed

for Scheme 1) or Curtius rearrangement for COOH (for a review, see Organic

5 Reactions, 3: 337 (1947)). 1* and L* are halogens. (K is COOH can 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

10 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

15  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

20  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

25  displace L’ or L" to fumnish 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 zert-
butyl carbamate (for review, see Modem Amination Methods: Ricei, A., Ed.; Wiley-
30 VCH: Weinheim, 2000}, can be used to introduce R® in Formulae 3-2 or 3-3 where R®
is 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

44



Name  Structure 16 4-Cyano-1H i m dazol e-2- carboxylic acid

[ 4- (1- acetyl - piperidifi- 4-y1)-2-cyclohex-1- enyl-phenylJanide NC 0O N
NH O 17 4-Cyano-1H i m dazol e-2- carboxylic acid

[ 2- (4- et hyl cycl ohex- 1- eny0- 4- pi peridin-4- y[-phenyl]-an de
trifluoroacetic acid salt NC N

group) or with organotin compounds (Stille reaction, M is SaRs, where R is alkyl and
the other substituents as defined above, as described in Scheme 1 can provide

compounds of Formulae 3-2 or 3-3.

5 Compound 3-2 can be further converted to compound 3-4 by a metal-catalyzed
Suzuki or Stille coupling as described above. 19 in compound 3-3 also subsequently
can be substituted with R® to obtain compounds of Formula 3-4, again, by a direct
mucleophilic substitution or metal-catalyzed reaction with a nucleophile or by the
same metal-catalyzed cross-coupling reaction as described above. When R’ in the

10  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

15  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.

20 Scheme 4a
L? 2 2 2
N \1 K 22 R K Introduca R 5 R N
1 P M h{ 2 L4 l\]I =N K % Nl o H2
or &°M
T 4 T =~ Lt P RS L
4-1 4-2 4-3 4.4
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0O NH 10 CF3CO2H 18 4-Cyano-I H i m dazol e-2- carboxylic acid

(2-cycl opent-1- enyl-4-piperidin-4-yl-phenyl)- amde trifluoroacetic
acid salt NCNO HN NH 1101 fio CF3CO2H 20 4-Cyano-1H i m dazol e- 2-
carboxylic acid {2-cycl ohex-1- enyl-441-(2-nethanesul fonyl-
acetyl)-piperidin-4-yll-phenyl)- amide NC O N

Scheme 4b
1 Introduce
L
b‘]/}( RH or RM Q, N K R
i
45 4-5 4-7 48

5 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 mtroducing 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

10 A or one of the heterocyclic substituents. As in Scheme 3, the remaining positions on
the pyriding ring can be substituted as described in Formula 1. 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

15 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, friflate or mesylate by known literature
methods (see, for example, Nicolai, E., et al., J. Heferocyclic 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

20  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 PBr; (see, for examples,
Kolder, den Hertog., Recl. Trav. Chim. Pays-Bas; 285, (1953), and Iddon, B, et. al., J.

25  Chem. Soc. Perkin Trams. 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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NH NH 1101 N . i 1 N Nane Structure 21

4- Cyano- 1H-i t ni dazol e-2- carboxylic acid [2-cycl ohex-1-
enyl-4-(1-pyridin-2-yl net hyl pi peridin-4-yfl-phenyl]-am de
trifluoroacetic acid salt , NCNO NHsi O

The compounds of Formulae 4-3 or 4-7 can be converted to compounds of Formulae
4-4 or 4-8 by introduction of the remaining groups R or R®, respectively, by the
methods described above and then on to compounds of Formula I, by the methods
described in Scheme 3 for conversion of compounds of Formulae 3-4 and 3-5 to

5  compounds of FormulaI.

Representative compounds of the present invention and their syntliesis 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

10 compounds of the present invention are Examples 5, 17, 23, 34, 38, and 51.
Preferred examples of inhibifors of C-KIT are 51a, 48, 52, 55, and 26,

phenyl]-amide

Name Structure
o 'y ‘
5-Cyano-furan-2-carboxylic acid uo NN
4 [4-(4-methyl-piperazin-1-yl[)-2- N o
(3-methyl-thiophen-2-yl)- (\ o]
phenyl}-amide N
MeN._/
Qe
5-Cyano-furan-2-carboxylic acid N n T d)—cN
5 [4-(4-methyl-piperazin-1-yl)-2- N o
(4-methyl-thiophen-3-yI)- o]

9

MeN

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

O
N, CN
KT
O

o)
N FgC’ILOH

OH OH




CF32H N 22 4- Cyano- 1H-i m dazol e-2- carboxylic-acid

[ 2- (4- et hyl cycl ohex- 1-enyl)-4-(1-pyridin-2-

yhnet hyl - pi peri di n-4- A-phenyl k am de trifluoroacetic acid salt NCNO
1110 NH 4. CF3CQ2H 23 4- Cyano- 1H i mi dazol e-2- carboxylic acid

{2-cycl opent - 1-

enyl-441-(1-met hyl- 1H i m dazol - 2-yl met hyO- pi peri di n-4-yli-phenyl}-am
de trifluoroacetic acid salt NCNO NNH H.

Name Structure
)L{N CN
p
4-Cyano-1H-imidazole-2- " HY HN]
carboxylic acid {2-cyclohex-1- O

7 | enyl-4-[1-(2-morpholin-4-yl-
acetyl)-piperidin-4-yl]-phenyl}-

amide N ]/\o

4-Cyano-1H-imidazole-2- Q
carboxylic acid {2-cyclohex-1-

8 | enyl-4-[1-(3-morpholin-4-yl-
propiony!)-piperidin-4-yl]-~

phenyl}-amide N
o)\/\N’\
o]
5-Cyano-furan-2-carboxylic acid Ho S en
9 | [2-methyl-5-(4-methyl-piperazin- N 0O
1-yD)-biphenyl-2-ylj-amide O 0
N
N
5-Cyano-furan-2-carboxylic acid F R CN

10 | [2'-fluoro-5-{4-methyl-piperazin- N '8
1-y])-biphenyl-2-yl]-amide O o)

N
N
5-Cyano-furan-2-~carboxylic acid H N N
11 | [2-cyclohex-1-enyl-4-(4-methyl- N o
piperazin-1-yl)-phenyl}-amide ‘/\ O 0
N
N
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CF3C2H / LTA, tu 24 4-{4-[(4-Cyano-1Hi m dazol e- 2-
car bonyl ) - am no] - 3-cycl ohex- 1- enyl - phenyl ) - pi peri di ne-1- carboxylic
acid amde NC O NH2ZN NH imgi N "LO Nane Structure

Name : Structure
0
5-Cyano-furan-2-carboxylic = H
15 | 2cid[2-(3,6-dihydro-2H-pyran-4- Ho D—on
y1)-4-(4-methyl-piperazin-1-yl)- o
phenyl -amide I/\N o

4-Cyano-1H-pyrrole-2-carboxylic

13 acid (2-cyclohex-1-enyl-4- O
piperidin-4-yl-phenyl)-amide
trifluoroacetic acid salt

4-Cyano-1H-imidazole-2- \_NH

carboxylic acid (2-cyclohex-1- O
enyl-4-piperidin-4-yl-phenyl)-
amide trifluoroacetic acid salt CF3COH

14

4-Cyano-1H-pyrrole-2-carboxylic
15 | acid [4-(1-acetyl-piperidin-4-yl)-
2-cyclohex-1-enyl-phenyl]-amide
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NC NO NH *
[ 2-cycl ohex-1

4- Cyano- 1Hi m dazol e- 2-

0 carboxylic acid

- 25 enyl-4-(3,4,5,6-tetrahydro-2H

Name Structure
O
N
"C— YU\NH _
. . NH
4-Cyano-]1H-imidazole-2- O
16 carboxylic acid [4-(1-acetyl-
piperidin-4-yl}-2-cyclohex-1-
enyl-phenyl]-amide
N
O
O
. NC NQHJ\ NH
4-Cyano-1H-imidazole-2- N\ _NH
carboxylic acid [2~(4-methyl- O
17 | cyclohex-1-enyl)-4-piperidin-4-
yl-phenyl]-amide trifluoroacetic
acid salt CF3COH
N
H
O
N
NC— ‘%NH )
4-Cyano-1H-imidazole-2- NH
18 carboxylic acid (2-cyclopent-1- O
enyl-4-piperidin-4-yl-phenyl)-
amide trifluoroacetic acid salt
CF3COH
N
H
O
NCMNH _
4-Cyano-1H-imidazole-2- \_NH
carboxylic acid {2-cyclohex-1- O
20 | enyl-4-[1-(2-methanesulfonyl-
acetyl)-piperidin-4-yl]-phenyl}-
amide
(0] ~

50




[ 1, 211bi pyri di nyl-4-y0- phenyl | - amde trifluoroacetic acid salt
N 1CF3CO2H

Name Structure
G
NCK’}HL NH
\NH
4-Cyano-1H-imidazole-2- O

carboxylic acid [2-cyclohex-1-
21 | enyl-4-(1-pyridin-2-yimethyl-
piperidin-4-yl)-phenyl]-amide

trifluoroacetic acid salt CFaCO,H

N

I s
>
0]
T C
\_NH

4-Cyano-1H-imidazole-2- O

carboxylic acid [2-(4-methyl-

22 | cyclohex-1-enyl)-4-(1-pyridin-2-
ylmethyl-piperidin-4-yl)-phenyl]- CF3CO,H
amide trifluoroacetic acid salt

N
N
| sy
P
o]
N
T 1D
4-Cyano-1H-imidazole-2- \_NH
carboxylic acid {2-cyclopent-1- O
23 enyl-4-[ 1-(I-methyl-1H-imidazol-
2-ylmethyl)-piperidin-4-yl]-
phenyl}-amide trifluoroacetic CF3CO.H
acid salt N /
N
N2
O
2308
.. NH
4-{4-1(4-Cyano-1H-imidazole-2- O
24 carbonyl)-amino]-3-cyclohex-1-
enyl-phenyl}-piperidine-1-
carboxylic acid amide
N
sz’go
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7 N~ NC NH* 4-Cyano-1Himdazole-2-__* carboxylic acid
{2- cycl ohex- 1- ' e - _

Name Structure
O
% 2 O
\_NH
4-Cyano-1H-imidazole-2- O
carboxylic acid [2-cyclohex-1-

25 | enyl-4-(3.4,5,6-tetrahydro-2H-
[1,2'Tbipyridinyl-4-yl)-phenyl]-

amide trifluoroacetic acid salt N
CF3C0,H
N ‘e
)
o
2338
. N NH
4-Cyano-1H-imidazole-2- O
carboxylic acid {2-cyclohex-1-
26 | enyl-4-[1-(2-hydroxy-ethyl}-
piperidin-4-yll-phenyl}-amide
trifluoroacetic acid salt rI; CFACOLH
CH

4-Cyano-1 H-imidazole-2- O
carboxylic acid {4-[1-(2-cyano-

27 | ethyl)-piperidin-4-y}]-2-cyclohex-
l-enyl-phenyl}-amide
trifluoroacetic acid salt

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 CF3COH
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26 enyl-441-(2-hydroxy-ethyl)-

pi peri di n-4-y1]-phenyl }-am de

trifluoroacetic acid salt CF3CO2H LI oH 0
Name Structure
Q
L C
4-Cyano-1H-imidazole-2- \NH
carboxylic acid {2-cyclohex-1- O
29 | enyl-4{1-(2-pyridin-2-yl-acetyl)-
piperidin-4-yl]-phenyl}-amide CF3CO-H
trifluoroacetic acid salt
NT & ]
0 SN
O
L
4-Cyano-1H-imidazole-2- \_NH
carboxylic acid {2-cyclohex-1- O
30 | enyl-4-[1-(2-pyridin-3-yl-acetyl)-
piperidin-4-yl]-phenyl}-amide CF3COH
trifluoroacetic acid salt
N~ & l
o 2N
o]
NG N‘ﬁ)LNH _
4-Cyano-1H-imidazole-2- \ N
carboxylic acid {2-cyclohex-1- O
31 | enyl-4-{1-(2-pyridin-4-yl-acetyl)-
piperidin-4-yl]-phenyl}-amide CF3CO.H
trifluoroacctic acid salt
N = N
0 ~
O
N
4-Cyano-1H-imidazole-2- NC—Q \Iﬁ\NH ‘
carboxylic acid (2-cyclohex-1- O
39 enyl-4-{1-[2-(1-methyl-1H-
imidazol-4-yl)-acetyl]-piperidin-
4-y]}-phenyl)-amide CF3C0zH
trifluoroacetic acid salt
N N=\
O)\A/Nh
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N NC NH 4-Cyano-1H-i m dazol e- 2- 11101 carboxylic acid
{441- (2- cyano-

Name Structure

8]
NN _
4.Cyano-1H-imidazole-2- \_NH
carboxylic acid {2-cyclohex-1- ' O
33 | enyl-4-f[1-(2-1H-imidazol-4-yl-
| acetyl)-piperidin-4-yl]-phenyl}- CF3CO.H
amide trifluoroacetic acid salt

4-Cyano-1H-imidazole-2- l H
carboxylic acid {2-cyclohex-1- (CF3COzH) N._-0
34 | enyl-4-[1-(2-morpholin-4-yl- O
ethyl)-piperidin-4-yl]-phenyl}- HN™ SN
amide di-trifluoroacetic acid salt N \—={
l/\ N/\/ oN

4-Cyano-1H-imidazole-2- ’ HN
carboxylic acid [2-(1,1-dioxo- ﬁ \\ CN
35 | 1,2,3,6-tetrahydro-1A°-thiopyran- O m/kN
4-yl)-4-piperidin-4-yl-phenyl]- 0
amide 0=s
¢

4-Cyano-1H-imidazole-2- s
carboxylic acid [2-(1,1-dioxo- x HN

36 | 1,2,3,6-tetrabydro-12°-thiopyran- B =N
4-yI)-4-piperidin-4-yl-phenyl]- I N

amide trifluoroacetic acid salt




27 ethyl)-piperidin-4-yl]-2-cycl ohex-
trifluoroacetic acid salt

NcFsco2H

1- enyl - phenyl} - am de

Name

Structure

37

4-Cyano-1H-imidazole-2-
carboxylic acid [4-(1-acetyl-
piperidin-4-yl)-2-(1,1-dioxo-
1,2,3,6-tetrahydro-1 J\.G-thiopyran-
4-yl)-phenyl]-amide

38

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

38b

4-Cyano-]H-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-yi]-phenyl}-
amide




ON

0 nidazol e-2- 4-Cyano-1Hi carboxylic acid [4-0- NC
28 car banoyl net hyl - pi peri di n-4-y1) -

Name

Structure

41

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

N L
2 . T

42

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

HN
n\n/I%N\CN
, Y

OE?N\ !

©

N

43

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

Q
)
NS eae
8]

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

@ 4’5‘
H N
{
N
m o
Ho-\/\N N
i

45

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

TFA

HO\/\ N.
e

48

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 h
s
H f‘f’<
Nm)\N
3 H

YN

9]

56

N NHip



0

NH2

2-cycl ohex-1-enyl -phenyl]-am de trifluoroacetic acid salt
Nane Structure
Name Structure
0
2t3Je
L. MNH

(4-{4-[(4-Cyano-1H-imidazole-2- O
carbonyl)-amino]-3-cyclohex-1-

47

enyl-pheny!} -piperidin-1-yl)-
acetic acid trifluoroacetic acid
salt

48

4-Cyano-1H-imidazole-2-
carboxylic acid {4-[1-(3-amino-3-
methyl-butyryl)-piperidin-4-yl]-2-
cyclohex-1-enyl-phenyl}-amide
trifluoroacetic acid salt

49

4H-[1,2,4]-triazole-3-carboxylic
acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide bis
trifluoroacetic acid salt

50

5-Chloro-4H-[1,2,4]-triazole-3-
carboxylic acid (2-cyclohex-1-
enyl-4-piperidin-4-yl-phenyl)-
amide trifluoroacetic acid salt

51a

5-Cyano-1H-imidazole-2-
carboxylic acid [2-cyclohex-1-
enyl-4-(cis-2,6-dimethyl-
piperidin-4-yl)-phenylj-amide bis
trifluoroacetic acid salt

HN

57

CF3CO2H



29 4-Cyano- 1Hi m dazol e-2- carboxylic acid {2-cycl ohex-1-
enyl-441-(2-pyridin-2-yl-acetyl)- piperidin-4-A-phenyl}-am de
trifluoroacetic acid salt NC O NNHL110 NH O CF3CO2H N ,1 0).-v-ThNi
30 4-Cyano- 1H i m dazol e-2- carboxylic acid {2-cycl ohex- 1-
enyl-441-(2-pyridin-3-yl-acetyl)- piperidin-4-yll-phenyl}-amde
trifluoroacetic acid salt NCN O NH . 40 CF3CO2H

Name Structure

J
H#}CN
H

5-cyano-1H-imidazole-2-
carboxylic acid [2-cyclohex-1-

51b | enyl-4-(trans-2,6-dimethyl- O
piperidin-4-yl)-phenyl]-amide bis O
trifluoroacetic acid salt HN

2TFA

5-Cyano-1H-imidazole-2- H hr\>‘0N
carboxylic acid {2-cyclohex-1- O W/Llﬁ‘[

52 | enyl-4-[1-(R)-(1)-(2,3-dihydroxy- o
propionyl)-piperidin-4-yl]- O _N

phenyl}-amide

carboxylic acid [2-cyclohex-1-
53 | enyl-4-(1-methoxy-piperidin-4-
yl)-phenyl]-amide trifluoroacetic
acid salt

5-Cyano-1H-imidazole-2- O

4-Cyano-1H-imidazole-2- 7
carboxylic acid [6-(4,4-dimethyl- H r}l i\

54 | cyclohex-1-enyl)-1°,2°,3°,4°,5°,6°- NS N\“/LN
hexahydro-[2,4° |bipyridinyl-5- | 5 H
yl]-amide trifluoroacetic acid salt F
HN TFA

4-Cyano-1H-imidazole-2- p)
carboxylic acid [17-(2-

dimethylamino-acetyl)-6-(4,4- ﬁ b
55 | dimethyl-cyclohex-1-enyl)- N \ffl\llj
17,2°,3°,4°,5%,6’-hexahydro- =
[2,4°bipyridinyl-5-yI]-amide N
trifluoroacetic acid salt \’I"/\r TFA




./ -?_IN 31 4-Cyano-1H i m dazol e-2- carboxylic acid {2-cycl ohex-1-
enyl-441-(2-pyridin-4-yl-acetyl)- piperidin-4-yl]-phenyl) -am de
trifluoroacetic acid salt NC N NH O NH si 110 CF3CO2H / N 32

4- Cyano- 1Hi m dazol e-2- carboxylic acid (2-cycl ohex-1-
enyl-4-{142-(1-methyl - 1Hi m dazol - 4-y1) -acetyl | pi peri di n-4-y1}-phenyl
)-am de trifluoroacetic acid salt NC N O NH /10 Hail IP

Name Structure

4-Cyano-1H-imidazole-2-
carboxylic acid [6-(4,4-dimethy]-

//N
cyclohex-1-enyl)-1°-(2- H\(ﬁ(\{
N
o H

56 | methanesulfonyl-ethyl)- N7
1’,2’,3*,4,5°,6"-hexhydro- L~
[2,4°Tbipyridinyl-5-yl]-amide N
trifluoroacetic acid salt (;;S\\;\/ TRA
5-Cyano-1H-imidazole-2- ’
carboxylic acid {4-[1-(2-amino-2- TH\kN

57 | methyl-propionyl)-piperidin-4- O
yl}-2-cyclohex-1-enyl-phenyl}- NHz TFA
amide trifluoroacetic acid salt >HrN

o]

5-Cyano-1H-imidazole-2-
carboxylic acid [6-cyclohex-1- H HNY

58 | enyl-1'-(2-methanesulfonyl- N ;}\:N
ethyl)-1',2',3',4',5",6-hexahydro-
[2,4'Tbipyridinyl-5-yl]-amide Me0,s”

Example 1
5-Cyano-furan-2-carboxylic acid
Oyﬂx
o~ ~CN
5 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
10 (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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CF3CO2H NNr:::\ O7L/bi - Nane Structure 33 4-Cyano-1H i m dazol e-2-
carboxylic acid {2-cycl ohex-1-

enyl-441-(2-1H i m dazol - 4-yl acctyl) - pi peri di n-4-yd- phenyl}- am de
trifluoroacetic acid salt NCO NNHNHO N)-%-L".- 110 CF3002N
N-=:\

NMR (CD;0D; 400 MHz): § 14.05 (br s, 1H), 7.74 (d, 1H, J = 3.8 Hz), 7.42 (d, 1H, J
= 3.8 Hz).

Example 2
5 4-Cyano-1H-pyrrole-2-carboxylic acid

Hohjjtjsx
X TCN
0]
The title compound was prepared by the literature procedure (Loader and Anderson,
Canadian J. Chem. 59:2673 (1981)). 'TH-NMR (CDCls; 400 MHz): § 12.70 (br s,
1H), 7.78 (s, 1H), 7.13 (s, 1H).
10
Example 3
4-Cyano-I-(2-trimethylsilanyl-ethoxymethyl)- 1 H-imidazole-2-carboxylate

potassium salt

NC e
N OK
T
N ©
SEM
15 o 1-(2-Trimethylsilanyl-ethoxymethyl)-1 H-imidazole-4-carbonitrile

NC.__nN
Ty
N
SEM
A flask charged with imidazole-4-carbonitrile (0.5 g, 5.2 mmol) (Synthesis, 677,
2003), 2-(trimethylsilyl)ethoxymethyl chioride (SEMCI) (0.95 mL, 5.3 mmol), KyCO,
(1.40 g, 10.4 mmotl), and acetone (5 mL) was stirred for 10 h at RT. The mixture was
20  diluted with EtOAc (20 mL) and washed with water (20 mL) and brine (20 mL) and
the organic layer dried over MgSOs4. The crude product was eluted 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;oH;7N;3081,
224.1 (M+H), found 224.1.
25
b) 2-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-4-carbonitrile
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V NH 34 4-Cyano- 1H i m dazol c-2- carboxylic acid {2-cycl ohnt-1-
enyl-441- (2- nor phol i n-4-yl - ethyl)-pi peridin-4-ya-phenyl}- am de
di-trifluoroacetic acid salt (cF3CQ21-)2 is 1110 HN..O0 ...c." NNN
35 4-Cyano- 1H i m dazol e-2- carboxylic acid [2-(1, 1-di oxo-

1, 2,3, 6-tetrahydro- 1A6-t hi opyran- 4-y1l)-4-piperidin-4-yl-phenyl]-

am de 0O=s
-
Br
N

SEM

To a solution of 1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-4-carbonitrile
(0.70 g, 3.1 mmol) (as prepared in the previous step) in CCly (10 mL) was added NBS
(0.61 g, 3.4 mmol) and AIBN (cat), and the mixture heated at 60 °C for 4 h. The

5  reaction was diluted with EtOAc (30 mL) and washed with NaHCO; (2 x 30 mL) and
brine (30 mL) and the organic layer was dried over Na;SO, and then concentrated.
The title compound was eluted from a 20-g SPE cartridge (silica) with 30 %
EtOAc/hexane to give 0.73 g (77 %) of a yellow solid. Mass spectrum (CI (CHy),
m/z) Caled, for C1oH16BrN;O8i, 302.0/304.0 (M-+H), found 302.1/304.1.

NC

10
c 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)- 1H-imidazole-2-carboxylic acid

ethyl ester

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 NH,Cl, diluted with EtOAc

20 (20 mL) and washed with brine (2 x 20 mL), and the organic layer was dried over
Na,80, and then concentrated. The title compound was eluted fronm 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 CisH21N30381, 296.1 (M+H), found 296.1.

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

potassiun: salt
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T QPR

10

15

20

—

HHN\ N N CN 36 4-Cyano-1Hi m dazol e-2- carboxylic acid

oxo- 1,2, 3, 6-tetrahydro-1X6-thi opyran-

peridin-4-yl-phenyl]- amde trifluoroacetic acid salt TFA

IP HN HW N N CN

To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)- 1 7-imidazole-2-
carboxylic acid ethyl ester (0.4 g, 1.3 mmol) (as prepared in the previous step) in
ethanol (3 mL) was added a solution of 6M KOH (0.2 mL) and the reaction was
stirred for 10 min and then concentrated to give 0.40 g (100 %) of the title compound
as a yellow solid. "H-NMR (400 MHz, CD;0D) §7.98 (s, 1H), 5.92 (s, 2H), 3.62 (m,
2H), 0.94 (m, 2H), 0.00 (s, 9H). Mass spectrum (ESI-neg, m/z) Calcd. for
C11H19N3058i, 266.1 {(M-H), found 266.0.

Example 4
5-Cyano-firan-2-carboxylic acid [4-(4-methyl-piperazin-1-yl)-2-(3-methyl-thiophen-
2-yl)-phenylj-amide

-
s
N ]
O
)

MeN._J

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

2-Bromo-4-fluoronitrobenzere (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 I h, and then it was diluted with 50 mL of EtOAc
and poured into H20O (50 mL). The layers were separated and the organic layer was
washed with satd aq NaHCQs, dried (Na,S0y), and concentrated in vacuo to afford
580 mg (45 %) of the title compound as a yellow solid: Mass spectrum (ES, m/z):
Caled. for C11H;4B1N3O,, 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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Name Structure 37 4-Cyano-1H i m dazol e-2- carboxylic acid

[ 4-0-acetyl - piperidin-4-yl)-2-(1, 1-di oxo-
1,2,3,6-tetrahydro-1X6-thi opyran- 4-yl)-phenyl]-amde 1-13c,N 11 o
1:.:",p-. P Hs NHN o\ NCN

I3
Bz
(8) S/

To a stirred solution of 2-bromo-3-methythiophene (337 mg, 1.9 mmol) in 8 mL of
THF at —40 °C was added n-BuLi (0.8 mL, 2.5 M/hexanes), and the reaction was
allowed to stir for 30 min. At this time 2-isopropoxy-4,4,5,5-tetramethyl-

5 [1,3,2]dioxaborolane (775 pL, 3.8 mmol) was added, and the reaction was allowed to
warm to ambient temperature, and stirring was continued for 1 h. The reaction was
then cooled to 0 "C and quenched with satd aq NaHCO; (10 mL). The mixture was
poured into EtOAc (100 mL), washed with H,O (2 x 50 mL), dried (NazSO4) and
concentrated in vacuo. Purification of the residue by silica gel preparative thin layer

10 chromatography (20 % EtOAc-hexanes) afforded 224 mg (53 %) of the title
compound as an oil. "H- NMR (CDCls; 400 MHz): 8 1.36 (s, 12H), 2.5 (5, 3H), 6.99
(d, 1H, Y=4.8 Hz), 7.50 (d, 1H, ] = 4.8 Hz).

¢ 1-Methyl-4-[3-(3-methyl-thiophen-2-yl)-4-nitro-phenylj-piperazine

=
$
/\ o
—N N NQ
15 _/ 5

To a flask containing 1-{3-bromo-4-nifro-phenyl)-4-methyl-piperazine (68 mg, 0.2
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)q (14 mg, 6 mol %) was charged toluene (3 mL), ethanol (3 mL) and 2M

20  NazCOj; (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;SO,4) 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 Ci¢HioN30,S, 318.1 (M+H),

25 found 318.2.

d) 3-Cyano-furan-2-carboxylic acid [4-(4-methyl-piperazin-1-y[)-2-(3-methyi-
thiophen-2-y{)-phenyl]-amide
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38 4-Cyano- 1Hi m dazol e-2- carboxylic acid {2-cycl ohex-1- enyl-4-0
- (2-di net hyl am noacetyl) - pi peri di n-4-y1]-phenyl)- am de S N W
\CN N 38b 4-Cyano-1Hi m dazol e-2- carboxylic acid (2-cycl ohex-1-
enyl-4-0-(2-net hyl am no- acetyl)-piperidin-4-yll-phenyl)- am de
--N-Thr- HO ir 40 HNIIiN

4
N/

1-Methyl-4-[3-(3-methyl-thiophen-2-y1)-4-nitro-phenyl]-piperazine (60 mg, 0.18
mmol, as prepared in the previous step) was stirred with 40 mg 5 % Pd-C in MeOH (5
5  mL)under H; {1 atm) for 2 h. The reaction was filtered through Celite and
concentrated in vacuo to afford 40 mg (72 %) of 4-(4-methyl-piperazin-1-yl)-2-(3-
methyl-thiophen-2-yl)-phenylamine as a brown solid, which was used immediately
without further purification. Using a procedure similar to Example 9, step (¢), 4-(4-
methyl-piperazin-1-yl)-2-(3-methyl-thiophen-2-yi)-phenylamine (40 mg, 0.13 mmol)
10 was allowed to react with 5-cyano-furan-2-carbonyl chloride (30 mg, 0.19 mmol, as
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): 8 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=28Hz),7.06(d, 1, J=5.1 Hz), 7.15(d, 1H, ]=3.7 Hz), 7.19 (d, 1H, J=3.7 Hz),
15 7.02(dd, 1H, }=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/2): Calcd. for C2HzN40:8, 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-
20 3-vl)-phenyl]-amide

A

Y D-on
N Q
0

a) 4,4,3,5-Tetramethyi-2-(2-methyl-thiophen-3-yl)-{1,3,2] dioxaborolane

64



Ni N 39 4-{4-[(4-Cyano-1H i m dazol e- 2-

car bonyl)-am no] - 3-cycl ohex-1- enyl - phenyl ) - pi peri di ne-1- carboxylic
acid (2-hydroxy- ethyl)-amde H Ho"--Ny" o IP s NI-CN 40

4- Cyano- 1Hi m dazol e-2- carboxylic acid (2-cycl ohex-1-

enyl 4-0- (2- met hanesul fonyl - et hyl ) -pi peridin-4-yll-phenyl)- am de
,,,N"5.0"0

P
Lo

Using a procedure similar to Example 4, step (b), 3-bromo-4-methylthiophene (571
mg, 3.2 mmol) was freated with n-BuLi (1.4]1 mL, 2.5M/hexanes) and then allowed to
react with 2-isopropoxy-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane (775 pL, 3.8 mmol)
5  toafford 189 mg (26 %) of the title compound as a colorless oil. 'H-NMR (CDCls;
400 MHz): § 1.32 (s, 12H), 2.42 (s, 3H), 6.90-6.91 (m, 1H), 7.84 (d, 1H, Y=2.9 Hz).

b) I-Methyl-4-[3-(4-methyi-thiophen-3-yl)-4-nitro-phenyl]-piperazine

2
7\ o

— N N
/ ‘b

10  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-
yI)-[1,3,2]dioxaborolane (145 mg, 0.64 mmol) and Pd(PPhz), (37 mg, 6 mol %) were
aliowed to react to afford 108 mg (71%) of the title compound as a yellow solid. 'H-
NMR (CDCl3; 400 MHz): & 2.02 (s, 3H), 2.37 (s, 3H), 2.55-2.57 (m, 4H), 3.42-3.45

15 (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).

¢ 4-(4-Methyl-piperazin-1-yl)-2-(4-methyl-thiophen-3-yl)-phenviamine

oo

20  Using a procedure similar to Example 4, step (d), I-methyl-4-[3-(4-methyl-thiophen-
3-yD}-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
Ci6HNsS, 288.15 (M+H), found 288.1.

25
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40 0 O N Nane Structure 41 4-Cyano-1H i m dazol e-2- carboxylic’
acid {2-cycl ohex-1- enyl-441-(1-oxy-pyridine-4-
carbonyl) - pi peridin-4-yl1}- phenyl}-amde e e SI o mHN N3- CN 42

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

8
é\
H
O._.N
o0 R N
N//

Using a procedure similar to Example 9, step (c), 5-cyano-furan-2-carbonyl chloride

5 (64 mg, 0.41 mmol, as prepared in Example 9, step (c)) was allowed to react with 4-
(4-methyl-piperazin-1-y1)-2-(4-methyl-thiophen-3-yl)-phenylamine (80 mg, 0.27
mmol, as prepared in the previous step) in the presence of DIEA (0.10 mL, 0.59
mmol) to afford 25.8 mg (24 %) of the title compound as a yellow solid, 'H-NMR
(CDCls; 400 MHz): 8 2.09 (s, 3H), 2.37 (s, 3H), 2.59-2.60 (m, 4H}), 3.24-3.26 (m,

10 4H), 6.83 (d, 1H, J=2.9 Hz), 6.98-7.06 (m, 2H), 7.14-7.21 (m, 3H), 7.96 (s, 1H), 8.32

(d, 1H, J = 9.0 Hz). Mass spectrum (ESI, /). Calcd. for Co2H2oN40,8, 407.1
(M-+H), found 407.1.

Example 6
15 4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[I-(2-hydroxy-1-
hydroxymethyl-ethyl)-piperidin-4-yl-phenyl}-amide trifluoroacetic acid salt
O
H

‘ HNJ\{;D_L’?/CN
CJ

0
F.C-0H

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-yi]-phenyl}-amide
20
To a shurry 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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4- Cyano- 1Hi mi dazol e-2- carboxylic acid {2-cycl ohex-1-
enyl-4-[1-(1-oxy-pyridine-3- carbonyl)-piperidin-4-yl] phenyl}-am de
ae 40 0 HN\ 43 4-Cyano-1H iroidazol e-2- carboxylic acid
{2-cycl ohex-1- enyl-441-(pyridine-3-carbonyl)-
pi peri di n-4-yl kphenyl}-amde ig, it. HNi NN\ NH
in Example 14, step (b)) in CH2Cl (3 mL) was added NEt; (33 uL, 0.24 mmol). The
solution was then treated with 2,2-dimethyl-[1,3]dioxan-5-one (31 mg, 0.24 mmol)
and the reaction was allowed to stir for 3 h. At this time NaBH(OAc); (51 mg, 0.24
mmol) was added in one portion, and the reaction was allowed to stir for an additional
5 4h. Thereaction was diluted with H;O (10 mL) and extracted with EtOAc (2 x 25
mL). The organic extracts were dried (NaS04) and concentrated in vacuo.
Purification by silica gel preparative thin layer chromatography (10 % MeOH-CHCL)
afforded 22 mg (28 %) of the title compound as an off-white semi-solid. Mass
spectrum (ESI, m/z): Caled. for CogH3sNsOs, 490.2 (M+H), found 490.6.
10
b) 4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-{1-(2-hydroxy-
I-hydroxymethyl-ethyl)-piperidin-4-yl]-phenyl}-amide trifluoro-acetic acid

To a solution of 4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-

15 (2,2-dimethyl-[1,3]dioxan-5-yl)-piperidin-4-yl]-phenyl}-amide (22 mg, 0.04 mmol, as
prepared in the previous step) in THF-H;O (1 mL, 4:1 v/v) was added TFA (0.4 mL),
and the reaction was allowed to stir for I h. Removal of the solvent under vacuum
afforded 14 mg (60 %) of the title compound as an amber foam. 'H-NMR (CDs0OD,
400 MHz): 8 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), 3.46-3.53 (m, 2H}, 3.74-3.78 (m, 3H), 5.83 (s, 1H), 7.13 (d,
1H,J=2.0Hz), 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 CysHj1NsO3, 450.2 (M+H), found 450.2,

Example 7
25  4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-I-enyl-4-{I-(2-morpholin-4-yi-
acetyl)-piperidin-4-yl]-phenyl}-amide

O
N, _-CN
QAT
O



44 4-Cyano- 1H-i m dazol e-2- carboxylic acid (2-cycl ohex-1- enyl-4- { 1
-[2-(2-hydroxy- ethyl am no)-acetyl]-piperidin-4-yl}-phenyl)-am de
trifluoroacetic acid salt H TFA 40 Ho---N--ir HO N N N H 45

4- Cyano- 1Hi m dazol e-2- carboxylic acid (2-cycl ohex-1-

enyl-4-{112-(2- hydroxy-ethyl)- nethyl-am no-acetyl]pi peridin-
4-y1}-phenyl)-amde trifluoroacetic acid salt 01 TFA*
m.,...-.N....,,e. 18 NN. | NNII

To a solution of morpholin-4-yl-acetic acid ethyl ester (117 mg, 0.67 mmol) in
ethanol (4 mL) was added 6N KOH (110 pL, 0.67 mmol) via syringe and stirring was
continued for 3 h. Concentration in vacuo afforded 122 mg (100 %) of morpholin-4-
yl-acetic acid potassium salt. To a mixture of morpholin-4-yl-acetic acid potassium
5  salt (29 mg, 0.15 mmol), 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-

enyl-4-piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (65.1 mg, 0.13 mmol, as
prepared in Example 14, step (b)) and PyBroP (93 mg, 0.19 mmol) in CHxCl; (4 mL)
was added DIEA (51 uL, 0.29 mmol) and the reaction was allowed to stir overnight,
The reaction was diluted with CH,Cl; (50 mL), washed with H;O (2 x 25 mL), dried

10 (NaxS0,) and concentrated in vacuo. Purification of the crude product by silica gel
preparative TLC afforded 8.1 mg (12 %) of the title compound as a white solid. 'H-
NMR (CDCl3; 400 MHz): § 1.68-2.04 (m, SH), 2.20-2.29 (m, 45), 2.53-2.78 (m, 5H),
3.09-3.23 (m, 6H), 3.35-3.40 (m, 1H), 3.72 (br s, 4H), 4.16-4.22 (m, 1H), 4.73-4.77
(m, 1H), 5.82 (s, 1H), 7.00 (s,1H), 7.12 (dd, 1H, T = 0.6, 8.0 Hz), 7.73 (s, 1H), 8.27 (d,

15 1H,J=8.1 Hz), 9.48 (s, 1H); Mass spectrum (ESI, m/z): Calcd. for CogH3 NsOs,
503.27 (M+H), found 503.1.

Example 8
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-fI-(3-morpholin-4-yl-
20 propionyl)-piperidin-4-yl]-phenyl}-amide

‘ HN)J\HI(;,ICN

N

o)\/\N’\l

L_o
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-

25  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



.46 4-Cyano- 1H i m dazol e-2- carboxylic acid [4-(1-acetyl-

pi peridin-4-yl1)-2-(1, 2,5, 6- tetrahydro-pyridin-3-yl)-phenyl k am de
trifluoroacetic acid salt TFAHN HN NN/ / \ NH Nane
Structure 47 (4-{4-[(4-Cyano-1H i m dazol e- 2-

car bonyl) - am no] - 3- cyclohex-1- enyl - phenyl)-pi peridin-1-yl)- acetic
acid trifluoroacetic acid salt

mmol) was added DMF (4 mL). To the stirred slurry was added DIEA (157 uL, 0.9
mmo!) and the reaction was allowed fo stir overnight. The reaction was diluted with
Hy0 (10 mL) and extracted with EtOAc (2 x 25 mL). The combined organic extracts
were dried (Na;S0,), concentrated in vacuo and the crude product was purified by

5  silica gel preparative TLC to afford 10.4 mg (6 %) of the title compound as a white
solid. "H-NMR (CDCls; 400 MHz): 8 1.49-1.93 (m, 5H), 2.22-2.31 (m, 3H), 2.52 (br
s, 4H), 2.58-2.63 (m, 3H), 2.74-2.76 (m, 4H), 3.10-3.17 (m , 2H), 3.72 (br 5, 4H),
3.97-4.02 (m, 2H), 4.76-4.81 (m ,2H), 5.81-5.82 (m, 1H), 6.81-6.82 (m, 1H), 6.99-
7.00 (m, 1H), 7.09-7.13 (m, 1H), 7.70 (s, 1H), 8.26 (d, 1H, J= 8.2 Hz), 9.51 (s, 1H);

10 Mass spectrum (ESI, m/z): Caled, for CagHzsNgO3, 517.28 M+H), found 517.3.

Example 9
5-Cyano-furan-2-carboxylic acid [2“methyl-5-(4-methyl-piperazin-1-y[}-biphenyl-2-
yl]-amide
W1 Do

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
20 (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 (Na2S0O4). Concentration in vacuo and
chromatography on a 50-g silica SPE column with 1-3 % Me¢OH- dichloromethane

25 afforded 1.06 g (77 %) of the title compound as a tannish yellow solid. Mass
spectrum (ESI, m/z): Caled. for C13H4BrN;O2, 300.0 (M+H, ®Br), found 300.1.
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N NC T HN 0 CF3CX2H Lro OR 48 4-Cyano-1Him dazol e-2- carboxylic
acid (4-[1-(3-am no-3-nethyl-butyryl)-piperidin-4-yl]-2-

cycl ohex- 1-enyl - phenyl)-am de trifluoroacetic acid salt H N....,ent
NL f\ 80HN?----- t- 1 Wo TM49 4H[1,2,41-triazol e-3-carboxylic
acid (2-cycl ohex-1-enyl-4- piperidin-4-yl-phenyl)-arnide his
trifluoroacetic acid salt

b) L-Methyl-4-(2 methyl-6-nitro-biphenyl-3-yl)-piperazine

(J
e

AN
A mixture of 200mg (0.666 mmol) 1-(3-bromo-4-nitro-phenyl)-4-methyl-piperazine

5  (as prepared in the previous step), 136 mg (0.999 mmol) and 77.0 mg (0.0666 mmol)
of tetrakis(triphenylphosphine)palladium (0) under Ar was added 4.0 mL of degassed
dimethoxyethane (DME) and 400 pL (0.799 mmol) of 2.0 M aq NazCOs. The
mixture was heated with stirring under Ar at 80 °C for 14 h. The cooled (RT) mixture
was concentrated and chromatographed on a 10-g silica SPE column with 1-5 %

10 MeOH in dichloromethane-hexane (1:1). The product fractions were treated with 80
mg of decolorizing carbon, filtered, concentrated, and then rechromatographed on a
similar column with 1-3 % EtOH-dichloromethane to afford 265 mg of the title
compound as a yellow resin (75 % purity by "H-NMR as a mixture with
triphenylphosphine) that was used in the following reaction with01-1t further

15 purification: Mass spectrum (ESI, mv/z): Caled. for C1iHxN30s, 312.2 (M+H), found
312.2.

¢} 5-Cyano-furan-2-carboxylic  acid  [2"methyl-5-(4-methyl-piperazin-1-yl)-
biphenyl-2-y{]-amide

g WOI}CN
)

A mixture of 140 mg (0.337 mmol based on 75 % purity) of 1-methyl-4-(2"-methyl-6-
nitro-biphenyl-3-yl)-pipcrazine (as prepared in the previous step) and 70 mg of 10 %

20

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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RN O 1101 2TFA N-4,1, 2 N OH 50 5-Chloro-411[1, 2,41-tri azol e- 3-
carboxylic acid (2-cycl ohex-1- enyl-4-piperidin-4-yl-phenyl)- am de
trifluoroacetic acid salt 0O RN HNN'_ | N7/---ci H5la

5- Cyano-111-i m dazol e-2- carboxylic acid [2-cycl ohex- 1-
enyl-4-(cis-2,6-di nethyl pi peridi n-4-ye-phenyl]am de his
trifluoroacetic acid salt HN O

10

15

20

25

was filtered (Celite), washed with dichloromethane (2 x 2 mL), and the solution of the

resulting aniline was placed under Ar and used immediately in the following reaction.

Simultaneously to the above reduction, 55.4 mg (0.404 mmol) of 5-cyanofuran-2-
carboxylic acid (as prepared in Example 1) in 2.5 mL of anh dichloromethane under a
CaS0O, drying tube was treated with 52.9 pL (0.606 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 resulting S-cyano-furan-2-carbonyl chloride
was placed under high vacuum for 2-3 min and then immediately placed under Ar,
cooled to 0 °C in an ice bath, and freated with the aniline solution produced above
followed by 141 pL (0.808 mmol) of N,N-diisopropylethylamine (DIEA). After
stirring for 30 min at RT, the mixture was concentrated in vacuo, and the resulting
residue was chromatographed on a 20-g silica SPE column with 2-10 % EtOH-
dichloromethane to give a yellow resin (which was crystallized from EtOAc-hexane)
to afford 17.2 mg (13 %) of the pure 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 aq NaHCO3-1M K»CO; (1:1, 2 x 20 mL) and brine (20 mL), dried
(Na2804) and concentrated to afford 43.4 mg (32 %) additional title compound as a
crystalline yellow solid (fotal 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, ] = 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): Caled. for
C21H24N403, 401.2 (M+H), found 401.1.

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

C
]/\N 0

N

7



al) H NNNCNH2 TFA  Nane Structure Sib 5-cyano-1Hi m dazol e- 2-
carboxylic acid [2-eyel ohex-1-

enyl-4-(trans-2, 6- dlnethylplperldln 4-y1) - phenyl ] am de bis
trifluoroacetic acid salt HN ill 1101 N \CN

@) 1-(2“Fluoro-6-nitro-biphenyl-3-yl)-4-methyl-piperazine

(\N

N
The procedure of Example 9, step (b) was followed using 75.0 mg (0.250 mmol) 1-(3-
5  bromo-4-nitro-phenyl)-4-methyl-piperazine (as prepared in Example 9, step (2)), 136
mg (0.999 mmol) 2-fluorophenylboronic acid, 26.8 mg (0.0232 mmol) of
tetrakis(triphenylIphosphine)palladium (0} and 400 pL (0.799 mmol) of 2.0 M aq
NazCO;s in DME except the mixture was heated for 22 h. Chromatography on a 5-g
silica SPE column with 1-5 % MeOH in dichloromethane-hexane (1:1) afforded 95.0
10  mg of the title compound (76 % purity by "H-NMR as a mixture with
triphenylphosphine} as a yellow resin that was used in the following reaction without
further purification. Mass spectrum (ESI, m/z); Caled. for Ci7HsFN303, 316.1
(M-+H), found 316.2.

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

O,
~ A

N
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

20  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 pL (0.405
mmol) of oxalyl chioride, 5.0 pL of anh DMF, and 94.1 pL (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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-1 2TFA 52 5-Cyano- 1Hi m dazol e- 2-carboxylic acid {2-cycl ohex-1-

enyl-441-(R)-(+)-(2, 3-di hydroxypropi onyl) - pi peridi n-4-y1] -
phenyl}-amde 0O OH N OH O HO N N HCN 53 5-Cyano-1H i m dazol e- 2-
carboxylic acid [2-cycl ohex-1- enyl-4-(1-nethoxy-piperidin-4-
y1) - phenyl kam de trifluoroacetic acid salt MeON 1101 rt6. le HN

10

15

20

400 MHz): 8 8.04 (d, 1H, J = 9.0 Hz), 7.93 (br s, 1H), 7.434-7.48 (m, 1H), 7.37 (td,
1H, J=17.5, 1.8 Hz), 7.22-7.31 (m, 2H), 7.13, 7.18 (AB q, 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), 2.57-2.60 (m, 4H),
and 2.36 (s, 3H). Mass spectrum (ESI, m/z): Calcd. for Cy3Hy FN4O,, 405.2 (M+H),
found 405.2.

Exampie 11
5-Cyano-furan-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-methyl-piperazin-1-yl)-
phenyl]-amide

J
EIO\CN
~IT

N

a) 1-(3-Cyclohex-1-enyl-4-nitro-phenyl)-4-methyl-piperazine

(J
~ Ao

N

A mixture of 102 mg (0.340 mmol) 1-(3-bromo-4-nitro-phenyl)-4-methyl-piperazine
(as prepared in Example 9, step (2)), 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 ul (0.412 mmol) of 2.0 M degassed aq Na;CO3, 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;SO,) 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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O TFA N\ CN N H 54 4-Cyano-1Hi m dazol e-2- carboxylic acid
[ 6- (4, 4-di net hyl - cycl ohex-1-enyl)-1',2',3" ,4",5 ,6"-
hexahydro-{2, 41bi pyri dinyl-5- ylkamde trifluoroacetic acid salt HN
101 N*--- HO TFANo N\ N H 55 4-Cyano-1Hi nm dazol e-2- carboxylic
acid [1'42- di et hyl am no-acetyl)-6-(4, 4- dinethyl-cycl ohex-1-enyl)-
1',2',3 ,4,5 ,6' -hexahydro- [2,41bi pyridi nyl-5-yl1]-am de
trifluoroacctic acid salt

reaction without further purification. Mass spectrum (ESI, m/z): Caled. for

Cy7H23N303, 302.2 (M+H), found 302.2.

b} 5-Cyano-furan-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-methyl-piperazin-1-

5 yl)-phenyl]-amide
H | A
CN
Y
I/\N 0
_N

To 122 mg (0.299 mmol based on 74 % purity) of 1-(3-cyclohex-1-enyl-4-nitro-
phenyh)-4-methyl-piperazine (as prepared in the previous step) in 5.0 mL of EtOH-
water (2:1) was added 83.8 mg (1.50 mmol) of iron powder and 160 mg (2.99 mmol)

10 of NH,ClI and the mixture refluxed under Ar for 12 h. An additional 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.

15 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 CaSO4 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,

20 cooled to 0 °C in an ice bath and treated with the aniline solution produced above
followed by 104 pL (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;SOy) and concentrated in vacuo. The resulting
residue was chromatographed on a 10-g silica SPE column with 1-4 % MeOH-

25  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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TFA 5 HNN"-- .0 N1 NH Nane Structure 56

4- Cyano- 1H-i m dazol e-2- carboxylic acid [6-(4, 4-di nethyl -
cycl ohex-1-eny0-1'-(2- nethanesul fonyl -et hyl) -
1',2'",3,4,5 ,6'-hexhydro- [2,41bipyridinyl-5-yTham de
trifluoroacetic acid salt

1H), 3.20-3.22 (m, 4H), 2.57-2.59 (m, 4H), 2.36 (s, 3H), 2.23-2,30 (m, 4H) and 1.79-
1.84 (m, 4H). Mass spectrum (ESIL, m/z); Caled. for CosHaeN4O2, 391.2 (M+H),
found 391.2.

5 Example 12
5-Cyano-furan-2-carboxylic acidf2-(3,6-dihydro-2H-pyran-4-yl)-4-(4-methyi-
piperazin-1-yl)-phenyl -amide

10 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), K2CO; (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,
15 (2000)) (157 mg, 0.75 mmol) in dioxane (5 mL) was heated at 80 °C overnight under
Ar. The reaction mixture was allowed fo 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,
IH, J=9.4 Hz), 6.78 (dd, 1H, ] = 9.4, 2.6 Hz), 6.58 (m, 1H, J =2.6 Hz), 5.58 (m,
20 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 acidf2-(3,6-dikydro-2H-pyran-4-yl)-4-(4-methyl-

piperazin-1-yl)-phenyl -amide
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- NI NO" NH N-NHo TFA 57 5-Cyano-1Hi m dazol e-2- carboxylic
acid {4-{1-(2-am no-2net hyl - propi ony1l) - pi peri di n-4-

y1l] - 2-cycl ohex-1-enyl -phenyl }- am de trifluoroacetic acid salt NH2 N
10 is NN-Nrr--N o TFA 58

O
/H \
Njﬁ_m
0
N
3

1-[3-(3,6-Dihydro-2H-pyran-4-yl)-4-nitro-phenyl ]-4-methyl-piperazine (as prepared
in previous step) (80 mg, 0.26 mmol) was converted to the corresponding amine using
a procedure similar to Example 4, step (d), and coupled with 5-cyano-furan-2-
5 carbonyl chloride as prepared in Example 9, step (¢) (obtained from 137 mg, 1.00

mmol of 5-cyano-furan-2-carboxylic acid as prepared in Example 1) in CH,Cl; (2
mL) at 0 °C. The product was isolated by flash chromatography on silica (50 %
EtOAc/hexane-10 % MeOH/EtOAc) to obtain the title compound (62.2 mg, 60 %).
'H-NMR (CDCls; 400 MHz): & 8.35 (br s, 1H), 8.12 (d, 1H each, T =8.76 Hz), 7.24

10 (d,1H,J=5.08 Hz), 7.19 (d, 1H, J=5.08 Hz), 6.88 (dd, 1H, ] = 8.76, 2.7 Hz), 6.73
(d, 1H, J=2.7 Hz), 5.88 (br s, 1H), 4.34 (m, 2H), 3.94 (t, 2H, J= 5.3 Hz), 3.23 (m,
4H), 2.59 (m, 4H), 2.38 (br s, 5SH). LC-MS (ESI, nv/z): Calcd. for Cx2HaN403, 393.1
(M+H), found 393.2.

15 Example 13
4-Cyano-1H-pyrrole-2-carboxylic acid (2-cyclohex-i-enyl-4-piperidin-4-yl-phenyl)-
amide trifluoroacetic acid salt
O

Ne— ] NH
0

CF3COzH

=

20 a 4-(4-Amino-phenyl)-3,6-dikydro-2H-pyridine-I-carboxylic acid tert-butyl

ester
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5- Cyano- 1Hi m dazol e-2- carboxylic acid [6-cycl ohex-1-
enyl-1'-(2-nmethanesul fonyl- ethyl)-1',2,3,4",5,6'-hexahydro-

[ 2, 4Thi pyridi nyl-5-yl kam de neo2s 41JlumH N N o Exanple 1

5- Cyano-furan-2-carboxylic acid 5HO To a flask with a stir bar and
Vi greaux colum under Ar was added 2-fornyl-5- furancarboxylic acid
(2.8 g, 20 mml ), hydroxyl am ne hydrochloride (2.7 g, 40 mmol ), -and
dry pyridine (50 nL). The m xture was heated to 85 C, acetic
anhydri de (40 ) was added and the mi xture was stirred for 3 h.
After coolinglto 60 C, water 10 (250 nlL) was added and the m xture

was stirred for 70 h. The mxture was acidified to pH 2 with
concentrated rochloric acid and extracted with 3:1

di chl or onet hane-i sopropanol (8 x 100 nL). The conbi ned organic |ayers
wer e washed water (100 nlL), brine (100 nL), dried over anh

sodi um sul f & nd concentrated in vacuo to afford the title conpound
as a tan soliq@ (1.26 g, 46 9% . 11-1- NWR (CD30D;, 400 MHz): 3 14.05
(br s, 1H, FFT, 1H J = 3.8 Hz), 7.42 (d, 1H J = 3.8 Hz).

The title compound was prepared by Suzuki coupling of 4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenylamine with 4-trifluoromethanesulfonyloxy-3,6-
dihydro-2H-pyridine-1-carboxylic acid tert-butyl ester (Synthesis, 993, (1991))

5  according to the procedure in Example 335, step (b). Mass spectrum (ESI, m/z):
Caled. for CisH2N;,05, 275.2 (M+H), found 275.1.

b) 4-(4-Amino-phenyl)-piperidine- I-carboxylic acid tert-butyl ester
NH,

N

0)\ O,t-Bu

10 A solution of 4-(4-amino-phenyl)-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-
butyl ester (0.35 g, 1.2 mmol) (as prepared in the previous step) in methanol was
hydrogenated over 10 % Pd/C at 20 psi for 1 h, The solution was filtered and
concentrated to give 0.35 g (100 %) of the title compound as a yellow solid: Mass
spectrum (ESI, m/z): Caled. for CisH24N20z, 277.2 (M+H), found 277.1.

15
¢ 4-(4-Amino-3-bromo-phenyl)-piperidine-1-carboxylic acid tert-butyl ester

NHz
Br

)\ By
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O The title compound was prepared by the literature procedure (Loader

and Anderson, Canadian .1. Chem 59: 2673 (1981)). 'H NVR (CDC13; 400
WMHz): 512.70 (br s, 1H), 7.78 (s,7.13 (s, 1H). Exanple 3

4- Cyano- 1- (2-trimet hyl sil anyl - et hoxynet hyl ) - 1H i nzi dazol e- 2- car boxyl a
te potassiumsalt NCN,N 0-1C NIO SEM 15

a)l-(2-Trinetlzylsilanyl -ethoxynmethyl)-1Hi m dazol e-4-carbonitrile NC
"SEM A flask charged with im dazol e-4-carbonitrile (0.5 g, 5.2 nunol)
(Synthesis, 677, 2003), 2-(trinmethylsilyl)cthoxymethyl chloride

SEMC1 0. 1.4 I t
(SENEL) (0. 35 g 3 ko ARIRBAAAL Dby illepet one
Et OAc (20 mi0. ZQAQ,(:D Taseil) (asiptdparad ingthe pr2Giond Stepd oD O (&ml()ﬂs@s added ARd t he

ic | d d T d
OrIan ! Y St RE A 00 U B T R 2
% of t he t iThe scacttvipois diutad wah E@Mdlem)end wadibb witls NeHCOu{R { 1 mLI:H4)
m Cal
) 2 Br ongo- 1R HGrrieptaron oS ke BT Ep e 1180 L0808 bon
itrile compound as a yellow foam. Mass spectrum (ESI, m/z); Caled. for C6Hz3BrN2O2,
355.1 (M+H), found 355.1.

dj 4-(4-Amino-3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid tert-butyl

10 ester

Yy

N

OA\ C)/t-ESu

A flask was charged 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(PPh;s), (0.04 g, 10 mol %), aqueous 2M
15 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»>SO, and then concenirated.

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

20 spectrum (ESI, m/z): Calcd. for CpH3N2Os, 357.2 (M+H), found 357.1.

e) 4-Cyano-1H-pyrrole-2-carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yi-

phenyl)-amide trifluoroacetic acid salt
25 A flask was charged with 4-(4-amino-3-cyclohex-1-cnyl-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

78



NC N 'SEM To a sol ution of

1-(2-trimethylsilanyl-ethoxynet hyO- 1Hi m dazol e-4-carbonitrile (0.70
g, 3.1 mmol) (as prepared in the previous step) in CCl4 (10 nL) was
added NBS (0.6] g, 3.4 nmol) and A1BN (cat), and the m xture heated
at 60 Cfor 4 h. The 5 reaction was diluted with Et0Ac (30 m.) and
washed with NaHCO3 (2 x 30 nL) and brine (30 nL) and the organic

| ayer was dried over Na2SO4 and t hen concentr at ed. The title conpound

was eluted froma,20- cartrid [ Wi, t % exane
to gt o 7B FAPLIR S ). Him (8L gl DERA ()

%Z) Cal cd. r1Q.4CkehbiRlasd NENS0.5 m0ana 50 40 26 %ﬁ&,loﬁourﬁ@re@éﬁznﬂaﬁm- 1.
c) 4- Cyano- 1 lgadeq dirastly Ay ¢ 40-8 4PHA Phasessirties RRE) cartides stics)And B2, car boxy!
I2CbaCI d it ?%éb%llﬁ%g ﬂt&cﬁhle&a@ wWis @ute?ﬁ%-ﬁg %E@idﬂfh% Q‘gls corlnpound was

r ono- ri me Sj | et hox - i m dazol e

car boni t Pi | étllm%gl"gfy llhsn B3 A(%@& B’ééﬁ%fhﬁhcqnﬁ?émﬂﬁeé@?%@fﬁ%) in
THE (6 ) Rp-mpHd cﬁsmmtagmsdsm@Hgmﬁl@pmfrmz@av&h&mﬂdvgd in
THF (1 nL). The reactlon was al | owed ;o stir nm_at -40 C and

t hen cool ed &6 theziilecomapund49.A34 &, &Y &ho W@O@@dgz &D@D@ 3§ was
added. The rlﬁ?‘?tﬂﬂcm ﬂ-bl @Y@Eji ﬁﬁ') @tlgﬁhrﬁl-g% Wén qtl-le):,rffﬁﬂ(ﬁ(yl-l)lii ﬂi&d (20

reacti on was uenc

nL) and was H@&i Wt(ﬁl, E)FTI? 889((% 3@2@)1%1} 4Hin1d99c®é289 dali (@ fRY éMesias
dried ovgr %IQOMEQHE&%{‘;@O'WSEW#}N tognFPEROUNd was

el uted froma 20 SPE Cartridge (Silica) with 30 % Et OAc/ hexane to
give 0.4 g (74 %9 of a colorless 0|I l\/ass spectrum (ESI, nn/z):

Cal cd. for C13I121N303Si, 296.1 (Mem gnd 296. 1. 25

d) 4- Cyano- 1- (2-trinet hyl sil anyl - et oxynze -1Hi nzi dazol e- 2- car box

yl at e pot assi uh{Ceraot! 7-{ngdagole-2-carboxylic acid (7-cyclo ex-1-enyl-4-piperidin-4-yl-
phenyl)-amide trifluaroacetic acid salt

0
N
NG \ﬁ)LNH ‘
NH i

CF3COH

Tz

15

a) 4-(4-{[4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carbonyl]-
amino}-3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid tert-butyl ester
SEI\{I

O
T C
N
2 C

N

)\ 0,t-Bu

@]
20  To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 A-imidazole-2-
carboxylate potassium salt (3.34 g, 10.9 mmol) (as prepared in Example 3, step (d))
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0 K. To a solution of

4-cyano-1- (2-trimet hyl sil anyl - et hoxynet hyl )-1H i m dazol e- 2-
carboxylic acid ethyl ester (0.4 g, 1.3 mmol) (as prepared in the
previ ous step) in ethanol (3 nL) was added a sol ution of 6M KCH (0.2
m.) and the reaction was 5 stirred for 10 min and then concentrated
to give 0.40 g (100 %9 of the title conpound as a yellow solid.
11-1-NWMR (400 MHz, CD30D) 87.98 (s, 1H), 5.92 (s, 2H), 3.62 (m 2H)
0.94 (m 2H), 0. 00(& , 9H). Mass ectrum ( ESI-neg ra/z) Cal cd. for
Cl 1111 2N30330 20 pEAGM g pfded LUEA - 385, 8. 3 mnoland PeBipP (568, 12.0

5- Cyanoj i n- afndl), 6A4 e ¥kktidh sBfkdlat 25 °C for 15 min. Asolutlon of 4-(4-am1n0—3-
[ 4- (4- et hyl - p| pera2| n-1-yl)-2-(3-nmethyl-thi ogét(ran- - phen | kam de

MeN. ,) 1- ( 3-<Blefps=laeny] -plreaylm e-rearb@RYYiF agid 'alﬂlﬁ@eri 9g
2- Br on- 4- fln‘d‘%l?@k'\é) 9&%@&‘&%&1@49 E? édﬁéﬂe .fnmdm\ma@@&im thd) two

portions to nea ypi perazi ne C and allowed to warm

t o room Benpescten stiged fPﬂi@ by 321G oTile\mﬂ%‘ﬁf!SéHluteé E¢Qse (694 apd washad t hen
it was di | utgfl WiHdb gﬁ)x@b lmL)Qﬁdﬁ{nQ FOO% aﬂﬁ‘tﬁqugdnmlﬁ?yelf%gs 4 o) - The

| ayers were se arat 6 ganl yer was hed with satd

aq NaHCO3, &¥e; ap&ﬁlzs@mcenm d ﬁb‘éﬁrﬂoﬂmpléﬂji‘ifﬁ nuaﬁerbbytflﬁslafford 580 ny
45 ¢ ft ES!,
Yy zﬁ Cai o orpisberfapt FFRAL 55 ERONBOEM 5“”?5%%3“‘”%”” (

b) 4, 4,5, 5- Teommétamell@w(@- Adashisplectrum zp Gl for GEa@RBbor ol ane

To a stl re i r ono- 3- net hyt hi ophene (337 ng, 1.9 mmol)
in 8 rrngf ggﬁé’gﬁ Hflgo(f&ﬁ (%-62dded n-BuLi (0.8 nmL, 2.5 M hexanes), and

the reaction was allowed to stir for 30 mn. At this tine

ol ) uae. abhet. *xaet FEIERRY oo g PSRN Rk e 2 °

t enper at ure, andpletii-emidg infewrazogiicianided/tf or 1 h. The reaction was
then cooled to 0 C and quenched with satd ag NaHCO3 (10 nlL). The
m xture was poured into EtOAc (100 nL), washed with H20 (2 x 50 ni),
dried (4a2SD4p selntibrmfr‘ﬂe(éf‘{t[‘t-axaed-li(h-hﬁa@hbdsiﬂwliﬁhqxambtbﬁ)«bﬂ -imfdgzoledi due

by silica g%érb&'{y?]%%{n%}' ¢ gycrlcﬁl L e’ﬁ]yl%ﬁienyl)-plpendmc-l carboxylic acid tert-butyl
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
20 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;0D) 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, 2E), 2.92 (m, 1H), 2.30 (m,
4}, 2.10 (m, 2H), 1.75 (m, 6H). Mass spectrum (ESI, m/z): Caled. for CooHasNs0,
376.2 (M+H), found 376.2. |
25
Example 15
4-Cyano-1H-pyrrole-2-carboxylic acid [4-(1-acetyl-piperidin-4-yl)-2-cyclohex-1-
enyl-phenylf-amide
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10 chromat ography (20 % Et OAc- hexanes) afforded 224 ng (53 % of the
title conpound as an oil. 11-1- NWR (CDC13; 400 WMHz): 31.36 (s,
1211), 2.5 (s, 3H), 6.99 (d, 1H, J = 4.8 Hz), 7.50 (d, 1H, J = 4.8
Hz) .

c)1-. Afet hyl - 4- P- (3-net hyl -t hi ophen-2-y1)-4-nitro-phenya- pi perazi ne
-d "NP- 150 To a flask containing

1- (3- brono- 4-nitro-phenyl) - 4-net hyl - piperazine (68 ng, 0.2 mol, as
prepared in Exanple 4, step (a)),

4,4,5,5-tetranmet hyl-2-(3-nmethyl -thiop

(61 ny, 0.27 mol, as preparechnﬁngﬂE e step) and Pd(PPh3) 4
(14 ng, 6 ma! 9% was charged tol ue P( et hanol (3 m.) and 2M 20

-[ 1, 3, 2] di oxabor ol ane

Na2CO3 (4 m.). The resultant m xture heated at 80 "C for 2 h and
then poured into EtOAc (25 rnL). The organic | ayer was separat ed,
dried (Na2SO4) and concentrated in vacya_ Purification by silica gel
preparative thin |ayer chromatography [(Et|[0OAc) afforded 40 ng (63 %
of the title conmpound as a |ight yell owysolid. Mass spectrum
(EST,In/z): Calcd. for CL6H19N302S, 31%;\ (MtT), 25found 318. 2.

5- Cyano-furan-2-carboxylic acid

[ 4- (4-nzet hyﬁheﬁﬂep et Wapkdpared (R fMb- L RRBRD:- HPAY anzid
e 1- Met hyl - 83 net h Igéilophen Z-ﬁ%%#glﬁ??ro pH%%%Ikp?ﬂ%ra2|ne
(60 ng, O. 18yq%9h§r< -eagl-irp@ﬁ%%ﬁ yl-whenp B-apyiqe\iBupsoagetigacidpal (aspreppied wit h
40 My 5 % Pelr e hﬁlé\ﬁoﬁe%é)ﬁcé’ﬂf&m?ﬂﬂﬁépﬁéeauéln Bialpld 97, 'BleMRTH60

reaction was filtered t te and concentrated in vacuo to

L Tor d 46 iz SO 61082 (s e B9 . gFp A0 AP, i UoLIDa?.16 (00, 1D,
et hy| - (1 opliote Sy KrRany @ 185 4% boND, 3916 1inoh eiespysed

i mredi ately w t ho rth urification g{ procedure’ si'ml ar
to Exanple 8.70 émePi) 299 (- 4@) 2 18 (s, 3H), 1.80 (m, SH) ass spectrum (ESI, m/z):

met hyl - pi peggigh T N DﬁMﬁj phen- 2-y1) - phenyl am ne (40 ny,
0.13 mmmol) E%%mag %%é% o4 ?%n?%act &#?ﬁ 5- cyano- f ur an- 2- car bonyl

chl ori de (30 ng, 0.19 nnDI as prepared in Exanple 9, step (c)) in
the presgnce of DIEA (61 n.L, 0.34 to afford 18.9 ng (36 % of
t he tlt?g conmpound as a ye||0M/SO|F%ﬂ&@%;%-NNR (CDC13; 400 MHz):
52.13 (s, 314\ yarp.BBinidazolgtd-cardoxplic gridH- @1#8%@@6@%@8-’2&7’01@@-1411)
6.92 (d, 1H, J = 2.8 Hz), 7.06 (?WI l% m?@ 7.15 (d, 111, J =
3.7 Hz), 7.19 (d, 111, J= 3.7 Hz 5702 dd, 1H =2, 8, 9.0 Ft)
7.42 (d, 1H, J=5.1 Hz), 8.11 (s, HA 8134 (d 111, J = 9.0 Hz); Mass
spectrum (ESI, in/z): Calcd. f # 407.1 (MrH), found
407.1. Exanple 5 5- Cyano-Ti Ry ylic aC|d

(4-(4-methyl -piperazin-1-yl)-2-(4-tne
de

The title compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid (2-
15 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, CDCl3) § 13.12 (br s, 1H), 9.58 (s, 1), 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 spectrur (ESI, m/z): Caled. for
20 CypsHxNs03,418.2 (M+H), found 418.1.
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a)4, 4,5, 5-Tetranet hyl- 2- (2- net hyl -t hi ophen-3-y1)-17, 3, 2j di oxabor ol ane
Using a procedure simlar to Exanple 4, step (b),
3-brono- 4- net hyl t hi ophene (571 ng, 3.2 mmvl) was treated wth n-BuL
(1.41 nL, 2.5M hexanes) and then allowed to react with

2-1 sopropoxy-4,4,5,5-tetranmet hyl- 11, 3, 2j di oxaborol ane (775 AL, 3.8
rnmol) 5 to afford 189 ng (26 %9 of the title conpound as a col orl ess
oil. 11-1-NWR (CDC13; 400 MHz): 5 1.32 (s, 1211), 2.42 (s, 311),
6.90-6.91 (in, 111), 7.84 (d, 1H J = 2.9 Hz).

i) 1-Methyl-443-(4-nethyl -thi ophen3- -4m tro-phenyl | -piperazine
rTh -N NWNt 10 Using a procedure s;%#éé#ﬂéo Exanple 4, step (c),

1- ( 3- br onp- 44-Qyanvelipiveisedredd-carbinljc aqid Pefazathyé ckcldix-ignyB4-piberidot ) |
4,4,5, 5-tetranet hyl-2-(2- | -4 hi en-3- yl1)-1.1 3, 2] di oxabor ol ane
(145 ngy, 0.64 mmol) and F%(Eztﬁ%%’%ém'(%grg%?mgc%ﬁfc# aé/ere allowed to
react to afford 108 ng (71% of the itle conpound as a yell ow solid.
11-INMR (CDC13; 400 MHz). 5 2.02 M ) 37 (s, 311), 2.55-2.57
(d, 1
i
I

(m 411), 3.42-3.45 15(m 4I—l)"fC \6\ = 2.8 Hz), 6.87 (s,
111), 6.99-7.00 (m 111), 7.09 (d, .2 Hz), 8.13 (d, 1H, J =
9.2 Hz). c)4-(4-Methyl -pi perazin-
-yl)-2-(4- et hyl -t hi ophen-3-y1l)-phenylfam ne NH2 20 Using a procedure
simlar to Exanple 4, step (d), CF3COH

1- net hyl - 443- (4- net hyl -t hi ophen3-y1) t4- i tro- phenyl ki perazi ne (100
nyg, 0.32 rrunol) was stirred with 80 rﬂg 5 % Pd-C under H2 to afford
82 ny (8@ % of the title conpound as a dark oil, which was used

i medi at el y The titteoeempbund Wasrprepared fiiooed-Cyano4 {2 timethyl§ilE8y 1 cthmkymet@g)-c d.

for Cl5H2l N:fﬁiimlz olg‘-g-cg%%_j?lége g@lg%lgm‘?s%ﬁ '(‘ciIS'pn%gred in Example 3, step (d)) and

d) 5- Cyano- f Ur an- Z2-carboxy

[ 4- ( 4- met hy H{papawaz{4antthyl Ly ecldhdx4l-ami phenyl F-hipoflient-Grydkylipdahtgtty am de

0 NOKk? butyl ester (prepared according to the procedure in Example 13, step (d), substituting

10 4-methyl-1-cyclohex-1-enyl boronic acid for cyclohex-1-enyl boronic acid) according
to the procedure for Example 14: "H-NMR (400 MHz, CDsOD): 5 8.18 (d, 1H), 8.04
(s, 1HD), 7.22 (dd, 1H), 7.12 (d, 1K), 5.80 (m, 1H), 3.54. (m, 2H), 3.18 (m, 2H), 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, m/z): Calcd. for Cy3HaNsO, 390.2 (M+H), found 390.2.

15

Example 18
4-Cyano-1H-imidazole-2-carboxylic acid (2-cyclopent-1-enyl-4-piperidin-4-yi-

phenyl)-amide trifluoroacetic acid salt

]
N\’)J\
NC = NH
\_NH I D

N
H

CF4COH

20  The title compound was prepared from 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-
1H-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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Using a procedure simlar to Exanple 9, step (c),

5-cyano-thran-2-carbonyl chloride 5 (64 ng, 0.41 mmol, as prepared in
Exanple 9, step (c)) was allowed to react with 4-

(4- et hyl - pi perazi n-1-y1) - 2- (4- net hyl -t hi ophen- 3-y1) - phenyl am ne (80
ng, 0.27 ranol, as prepared in the previous step) in the presence of
DEA (0.10 m." 0.59 mmol ) to afford 25.8 ng (24 %9 of the title
conpound as a yellow solid. 11-1-NMR (CDC13; 400 MHz): 32.09 (s, 3H),
2.37 (s, 3H, 2.59-2.60 (m 411), 3.24-3.26 (m 104H), 6.83 (d, 111,

5. 35 () 1 lapadigotilto koot Frdtpib uf s 1) soofuihg °; o1

C22H22NA028,cydbpenten{1M Mbronfcatid dordydlolex- Exgyiypdrenib acid) according to the
154- Cyano- 1H-1 m dazol e- 2-c .C '
<y 'pfocg if’oﬂifa}p]il%?%%ﬁly{;{ b Mhiz, DMSO-dg) 5 1425 (br s, 1H), 10.00

(2-cycl ohex

hydr oxymet hys, 1,8y36)(s,AIEDET. 72d N, Y1 & (heat)f Geods et 4.17 (nyQE) 42 (og; aci d
el B O30 chlc ol 2 o 59, AL 01 B KR ekl

di nzet hyl - 11/ dhlok & CalLIN-MI3PRL (i), Fold36pDeny| Fam de

Example 19
An alternate method for the synthesis of the intermediate described in Example 1 is

10  described below.

5-Cyano-furan-2-carboxylic acid

Q}/E;}\CN

HO

15 A 250-mL, three-neck, round-bottom flask equipped with 2 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

20  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 exfracted 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 HCI solution to pH 2, saturated
with solid NaC1, and extracted with 4:1 dichloromethane /2-propanol (5 x 200 mL).

25  The combined organic extracts were dried over Na,SO, 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) Caled. for
CsH3NO3, 136.0 (M-H), found 136.1. The *H NMR spectrum was consistent with the
assigned structure.

30
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20 To a slurry of 4-eyano-1H i m dazol e-2-carboxylic acid

(2-cycl ohex-1-enyl-4- piperidin-4-yl-phenyl)-amde trifluoroacetic
acid salt (81 ng, 0.16 nmol, as prepared in Exanple 14, step (b)) in
CH2C12 (3 mL) was added NEt3 (33 ulL, 0.24 nmol). The solution was
then treated with 2, 2-dinethyl-[1, 3] di oxan-5-one (31 ng, 0.24 mol)
and the reaction was allowed to stir for 3 h. At this tinme NaBH(OQAc)3
(51 ng, 0.24 nmmol) was added in one portion, and the reaction was
allowed to stir for an additional 5 4 h. The reaction was dil uted
with 1120 (10 nL) and extracted wi@aﬁnm (2 x 25 nmL). The organic
extracts were dri ntr d i cuo ification
by silica gel pr e4S§)Fa Fa]é'” ‘%ﬁz‘?{n aff}r Imy ‘r‘irafi TPy ﬁ'?'e("‘l”hg;u{\‘/em—l- CHC13)
afforded 22 ny (28 Y% mefhakdelfinyidceryl-pipeadindi-gli-phdanyipiaiideni t e

sem -solid. Mass spectrum (ESI, m'z): {Calcd. for C281-133N503, 490. 2
(MtH), found 490.6. 10 b)4- Q/ano |h|—| zi dazo| e- 2-carboxylic acid
{2-cycl ohex-1-enyl-411-(2- hydr Qg NH

| - hydr oxynet hyl - et hyl ) - pi peri di n%LS\._ﬁ m

acid To a solution of 4-cyano-1Him dg
(2-cycl obex-1-enyl -441-

15(2, 2-di nethyl -[ 1, 3] cli oxan-5-y1) - pi peLi di n-4- A- phenyl ) -am de (22
ng, 0.04 nmmol, as prepared in the prejioys step) in THFH20 (1 inL,
4:1 v/v) was added TFA (0.4 nlL), and thg-rgaction was allowed to stir
for 1 h. Renoval of the solvent under viacu ﬁ@afforded 14 nmg (60 9% of
the title conmpound as an anber foam ™ CD30D, 400 MHz):

1.78-1.9Q ( - I 6
(m 20 191) m%a%%%lis ch% ?Pn%h%%%aﬂésu@jlél ac%hggc:(é a 2n|§_% OQQ%OI?E%I%%E;
311), 5.83 fw,0. 15_m)r;ol)7HQBt (1¢ ,mgl P10 dnmol)2 DDEAA(36, 1l 029 nrold) and D15 mD =

2.0,"0.4 Fobd sy 333, b Sk Ao o s spectum
7 25 4-Cy anmﬂﬁoia%cmt‘modyhe Did@rdycholdx Cergt-#Aepiperidin-4-yl-phenyl)- _amide TFA

P- | oh hol i n-4-vl 4- |
Endde 11y o @ e 4 ol et Bl An e B Pt ot €98 T
_efs;t gr g lg; ﬂmol)(]nﬁﬁ nmnus rbi)\f]wgs a&lﬁhﬂﬁﬁd t :t};egrléa;]dﬁhﬂ ammgﬁdﬂeﬁheﬁﬁrliﬁlﬂauﬂo
Conaent ot i G Me acBoR e ras R b 4 S ariten i afa i ieg "

yl -acetic agébdud aasdiued &th 10 %RON/EOAL W givel) 6125 a) bfe-whillsoldd:et i C

S oanos v iRy re B0 M Lt i1t (BT 0,52 65 AHLEIA IH), 774 s

eny1-4- pi penny7s04dd I BRITOBYE,) 110866, 1H, l4sareqien] 4. 08 @C2HY, £.8¢ {m,( 65. 1

0 3 ik 48 B e 58 B ubia P b S B

and the r easty), 0172\ @S 1H. |1\%®§§bebtﬁm$(ﬂ8] H¥R Caic@for CERSNE@ACEI6M Was
diluted with %&q%@lﬁ ggg washed with 1120 (2 x 25 nth), dried 10
(Na2SM™4) antM d &d |n vacuo. Purification of the crude product
by silica gel preparative TLC afforded 8.1 ng (12 %9 of the title
conpound as a white solid. IIINI\/R}&CDClB 400 MHz): 5 1.68-2.04 (m
5H), 2.20-2.29 (m 411), 2.53-2.7 *3.09-3.23 (m 613),
3.35-3. 49 (mcgb)r& IH—%nzzi)azo(’é”—c&boﬁm acié {2 ﬂ-@fcfbh(&zl @@143(11—}9}1 zdzf}—‘?]ﬂmél‘ 51—7

I n,
I(-IZ) 7H)73 (s, lH) 8. szer([@n -4-yl)- pheny? []-amide trifluor aacetzc aczd saft

p -amde irifluoro-acetic
e- 2-carboxylic acid
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151H, J = 8.1 Hz), 9.48 (s, 111); Mass spectrum (ESI, ink): Calcd.
for C28H34N603, 503.27 (MIH, found 503.1. Exanple 8

4- Cyano- | Hi nzi dazol e- 2-car boxylic acid

{2-cycl ohex- 1- enyl - 4-17-( 3-i nol photi n-4-yl 20pr opi onyl) - pi peri di n- 4-yl
J-phenyl)-anzide O To a flask containing 3-norpholin-4-yl-propionic
acid potassiumsalt (94 ng, 0.47 mmol, prepared from

3-nor pholin-4-yl-propionic acid ethyl, ester exactly as described in
Exanpl e 7, 4-cyano-1H i m dazol e- 2-cafboxylic acid

(2-cycl ohex-1-enyl-4- 25 pi peygt-di | )-am de trifluoroacetic
acid salt (179 ng, 0.36 mmvl, as PA%E Exanple 14 (b)), EDCI
(83 ng, 0.43 nmmol ), and HOBT (68 ngy, b mol ) was added DVF (4 nl).
To the stirred slurry was added D EA 7 ;AL, 0.9 mmol) and the
reaction was allowed to stir overnighty The reaction was diluted with
H20 (10 i) and extracted with EtOAc[(2]x %? g% The conbi ned
organi c extracts were dried (Na2504) ~g0nc &tPdt ed in vacuo and the

¥
crude product was purified by 5 silicd\%?%gfreparatlve TLC to afford

10.4 ng (6 @6 of the title conpound as ite solid. 11-1-NWR (CDCb;
400 MHz): 5 49193(m 5H), 2.22-2.3 311), 2.52 (Ix s,411),
2.58-2.63 (m 3H), 2.74-2.76 (m 411), 17 (m_, 211? 3.72 (br
s, 411), 3. gylapkozs ehargedmith 4cyzup- hﬂﬁ&ldmwzﬂyoxyyc goid @-gyolopex-1- 1),

6.81-6. 82 » a as D ared’in 70
P Eghylﬁﬂlbe dﬁz—&gr%h% F%l faldle Ti:AJth (86- nﬁ?oﬁs%ﬁ?\g&s %ﬂg% 5tdr in ((E ZL

i nk): Cal cdExgmple (t?,s;mm@mxndlseﬁ-c@@almlwﬂg (17ﬂ6u fa1 smpPIRNEExHhpl.e 9

(V- ety 50T A TR b e ag ol (10 05 oo mad g ak of L2 .

2) 1- (3 Br ondishlramteneadlstmodipr 10 ketSyC. Bhpsivent wes evaporsted, and the title
compound was purified by RP-HPLC (C18), eluting with 30-50 % CHsCN 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 5, 1H), 9.90 (br s, 1H), 9.79 (s, 1H), 8.72 (s, 1H), 8.36 (s, LH),

10 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 CogHigNeO, 467.2
(M-+H), found 467.2.

15 Example 22
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4-methyl-cyclohex-1-enyl)-4-(1-pyridin-
2-ylmethyl-piperidin-4-yl)-phenyi]-amide trifluoroacetic acid salt

.
-k OO

=
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Br 7NI,) To a cooled (0 C) solution of 1.00 g (4.55 nmol) of

2- brono-4-fluoronitrobenzene 20 (Gakwood) in 12 nth of EtOH was added
1.52 nmL (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 m xture was concentrated in
vacuo, dissolved in EtOAc (60 nmL), washed with water (3 x 100 nL) and
brine (100 inL), and dried (Na2SO4). Concentration in vacuo and
chromat 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 title conpound as a
t anni sh yel IThw cetpokhd Wi pe:pspé edcotding(tiHe praceduzg in Bxamgld.2 1 fieim 4-

CL1111413( N302, 300, 0 ﬁé}l\g%" Hhord B! B‘g%dpﬁ o ﬂeg%ﬁwgh&{ 4 eelnali_zlr;i)épendlnﬁ

b) 1- Met hy 1- 47491
m xture of Z00kEy)amifeGaspredared in Example 17) and pynd1nc-2—carbaldehydc "H-NMR

or evi ous. o1 gt kS AIEB 3 35 Ttk 1 B0 s T B B aB RSy ey |
B R e b N T
Na2CCB8. The TniAtd ‘%nhé &P drl £ 68 i or 14
h. The cooleedts(zFiﬁ)(mmm arle-mm;mywerlaazqﬂ; m}jlgb(@nﬁmgw@hﬁqﬁ on a
10-g silica_SPE col um w di chl or onet hane- hexane

(1:1). The Pasytpesym %F&Inrﬁp)s %F‘ef"f ??éﬁ#@@p \7\58! R (o EDefowd 494€ol ori zi ng

carbon, filtered, concentrated, and then rechromatographed on a
5|mlar col um W|th 1-3 %EtOH—dlchI oronet hane to afford 265 ng of
the titI'® conpound as a yel |l ow resEX3BRIB23, purity by ' H NVR as a

mxture with 4Cjwa9t9@@%‘1]9&525@“—J&?ﬂaﬁﬁl@fcd’%y&@%ﬂt—!-@nﬂﬂqﬁ(@Jnle

reaction without further 15 purification: MisS s ectrum(ES, tn/z)

Cal cd. for Cl1ip¥rgd3vi ”3%}2’1)21’1(’%‘1) 4‘3’5 Bhegdetr: ﬂum oacetic acid salt

N
NG “\-’)kNH
\_NH l

CF3COzH

C
Y

This compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid (2-

15  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): 5 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 CasHaeN7O, 456.2

20  (M+H), found 456.2.

Example 24
4-{4-[(4-Cyano-1H-imidazole-2-carbonyl)-aminof-3-cyclohex-1-enyl-phenyl}-
piperidine-I-carboxylic acid amide
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c) 5- Cyano-furan-2-carboxylic acid

pi - nzet hyl - 5- (4- net hyl - pi perazi n-1-y1)- biphenyl -2-yl|-anzi de A
m xture of 140 ng (0.337 mmol based on 75 % purity) of

1-net hyl - 4-(2' - met hyl - 6ni tr o- bi phenyl -3 -yl)-pi perazi ne (as prepared
in the previous step) and 70 ng of 10 % pal | adi um on carbon (Degussa
type E101-NE/W Al drich, 50 % by weight water) in 5 nL of THF was
stirred vigorously under a balloon of hydrogen for 1 h. The m xture
was filtered (Celite), washed with di ¢hl oromethane (2 x 2 nL), and
the solution of the resulting anilN placed under Ar and used
imrediately in the fol l owi ng r&%c \o . neousl y to the above
reduction, 55.4 ng (0.404 nmol) of 5-cl‘~ Fan-2- 5 carboxylic acid
(as prepared in Exanple 1) in 2.5 nL o&_anh di chl or omet hane under a
Ca804 drying tube was treated with 52.9|gL (0.606 muvol ) of oxal yl
chloride followed by 10 gL of anh DMF.~The sol ution was stirred for
25 mn and quickly concentrated in vacyo jat 20-25 C. The resulting
5-cyano- f uran- 2- carbonyl chloride was pNaced under hi gh vacuum for
2-3 min and then i medi ately placed y Ar, 10 cooled to 0 Cin an
ice bath, and treated with the anlllne sé?ution produced above

fol | owed by Alflakk phas ¢argea 8/itnfedypnam i A-iinidazbid- %—oqyb@mib edidh (2-gelohex-{-Dl EA) .

vacuo, "and ERe- sty BoPhiRhy ot JEAT it W0 SRR GRBEBLERY' 0, |,
SPE col umm Bixérhpi2 14, Qtepo(Eh, OHE @0 Ipht @b mhei)etriinethylsilg isocymateqhé ple,5| n :

09 of tne. pird il AddphahRCAL A SRR TBRIABA T TR 3y o

i npur e titl evapormdundithe Tifle coripun e why peified by m&MKB(mB)[eldtmgﬁwﬁlOBﬁL of

2 SRR H A b ko A L

addi ti onal inNm CONIHADMSOaE b Y42 8(bk &, rlel),wei@@m—sp& Bd(s(tm)t ak4 yl el d

177 SRR o el 8 e o

2H J =18. 72168 Ym, ED0A24-Ad0 (M) 1.80-9.60 (mASED, 150 (m, BHB5MRsPedtfiin 4H) |

5% it S R A e T

25Exanpl e 1D 5-Cyano-furan-2-carboxylic acid

f2' fiuoro-5-(4-inethyl-piperazin- 9- bi.phenyl-2- yl] -amde a)l-(2
- Fl uor o- 6- ni t r o- bi phenyl- 3-y1) - 4- néééﬁ@ﬁ—giperazine

4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(3,4,5,6-tetrahydro-

15 2H-[1,2']bipyridinyl-4 -yl)—pheny{]—amide trifluoroacetic acid salt

oo
ode

A flask was charged with 4-cyano-1A-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)), KoCO; (84 mg, 0.60 mmotl), 2-flucropyridine (27 uL, 0.30
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The procedure of Exanple 9, step (b) was followed using 75.0 ng
(0.250 mml) 1-(3- 5 brono-4-nitro-phenyl)-4-nmethyl-piperazine (as
prepared in Exanple 9, step (a)), 136 ng (0.999 mol)

2-fl uorophenyl boronic acid, 26.8 ng (0.0232 mol ) of

tetraki s(tri phenyl phosphi ne) pal | adi um (0) and 400 JAL (0.799 nmol) of
2.0 Mag Na2C33 in DVE except the m xture was heated for 22 h

Chr omat ography on a 5-g silica SPE colum with 1-5 % MeOH in

di chl or onet hane- hexane (1:1) afforded 95.0 10 ng of the title

SO\ i ane oY Lhe i it et gt e BB o 1295 811 ovi ng

reaction w trémuﬁn xirasrdﬁlhed wiithi Girill 6#HJ00and théxile compaind war piniled bylRP). .

g? I5C ((jy a];] gr f mFﬁgﬁ%&&@é%%ﬁsc&% Iaq, ‘; ]F?Aﬁ-lzolo%er 9 min to give 50

[ 1-f1 uor 0- 5rdgA7H 29 ohy vhitd Hd AZTLRMR 0D MIDL, OIRODY: 52:18 1d,-181)] 8J66 (m, The
o ocedi e of e b, 6 60, LU 8 0 Bl 25

1-(21- fljuor Qﬂ?ajfﬂzt(ﬁls)iﬂa), @BE(‘?}QI@- 3/166 th, zm;mwo(ngmg:zl@m(m@mﬁa 12me
prepared in e _previous ste 0 a on_car bon,
70 g (0. 2 ok 7 @ OB YRS shesam BSL AV AR5 Br SN Bt bpar o
in Exanmpl e iM+H$TFouddisb3.b. (0. 405 rrunol) of oxaIyI chloride, 5.01.th
of anh DMF, and 94.1 pi, (0.540 nmol) of DI EA. Chromat ography on a
5-g silica SPE colum with 1-4 % MeOH di chl oronet hane afforded 69. 8
mg (77 % of the titIe conpound asEgmy hgw resin 111- NMR (CDC13;
400 MHz). 8 8 (d s,, 111), 7.434-7.48
(m 111), 7. %Gya(ﬁ?dﬂ lm@zols-’-cwﬂwsﬂwfcai {wcfofrﬂd?ﬂr’ BhH- %’dvdm*ffhy& 13,
718 (ABq, 211, ) = Bpdidi) yﬂzp@%’l,( Slide Biuomodiceigad H2), 6.88 (d,
1H, 3 = 2.9 Hz), 3.24- § (m 41 .60 (m 411), and 2.36 (s,
311). Mass spectrum (ES!, nfz) Calc for C23H2IFN402 405.2 (M+H),
5 found 405.2. Exanple 11 5- rboxylic aci d [ 2-cycl
ohex- 1-enyl-4- (4- et hyl - pi per azi W-ni

OH

The title compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid (2-
15  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, 2K}, 2.92 (m,

1H), 2.30 (m, 4H), 2.20-1.98 (m, 4H), 1.96-1.74 (m, 4H). Mass spectrum (ESI, o/z):
20  Caled. for CpqHzeN50,, 420.2 (M+H), found 420.2,

Example 27
4-Cyano-1H-imidazole-2-carboxylic acid {4-[1-(2-cyano-ethyl)-piperidin-4-yij-2-
cyclohex-1-enyl-phenyl}-amide trifluorcacetic acid salt
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phenyl] -am de 10 CN

a) 1- (3- Cycl ohex- 1-enyl-4-niiro-phenyl)-4-inethyl-piperazi ne A

m xture of 102 ng (0.340 mmol)

1- (3-brono-4-nitro-phenyl)-4-net hyl - pi perazine 15 (as prepared in
Exanple 9, step (a)), 59.7 ng (0.474 ranol) cycl ohexen-| -yl boronic
acid, 43.8 ng (0.0379 mml ) of tetrakis(triphenyl phosphine)pall adi um
(0) under Ar was treated with 206 p1(0.412 nmol) of 2.0 M &gassed aq
Na2C03, 0.6 nth degassed anh tol uene nd 0.2 nlL degassed anh EtOH and
the m xture was heated at 100 M+er cooling to RT, the

m xture was poured into EtOAc \n B2 hed with brine (10 nL),
dried (Na2SO4) and concentrated in va romat ogr aphy on a 5-g
silica SPE colum with 1-3 % EtOH in ohl or onct hane af forded 126 ngy
of the title conmpound (74 % purity by RP-HPLC (C18 colum) as a

m xture with triphenyl phosphine) as agyeilow oil that was used in the
followng reaction without further puyrification. Mass spectrum (EST,
mz): Calcd. for Cl2H23N303, 302.2 (I\/H%b\,é:ﬁﬁ%ld 302. 2.

G

b) 5- Cyano-fiiran-2-carboxylic acid
[ 2-cycl ohex- 1-enyl-4- (4-tnethyl - pi perazi fgl- 5yl)-phenyl kam de To
122 nmg (0.299 mmol based 011 74 % ur| ty of
1- ( 3- cycl ohéxflapk sy ghanged with Grvaney Y- hrrarbaxyle acid Gecycloieptepar ed
in the previpys, Sh&Rin4h1- ﬂterlFmeaE TEKQI'M@IT%g, 626%)11164?@5 Adeeeh §3- 8 o
(1.50 nmmol ) of iron powder and 16 ng

Example 14, step (b)), NEt; (24 pL, 0.1 mmol), acrylomtnle (12 uL, 0.18 mmol)}, 0.1

5 mL MeOH and 1.0 mL of 1,2-dichloroethane and stirred for 1 h at 80 °C. The

reaction was concentrated and the title compound was purified by RP-HPLC (C18),

eluting with 30-50 % CH;CN in 0.1 % TFA/H,0 over 12 min to give 83 mg (95 %) of

a white solid. "H-NMR (400 MHz, CD;0D): 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),

10 2,92 (m, 1H), 2.30 (m, 4H), 2.18-1.98 (m, 4H), 1.92-1.74 (m, 4H). Mass spectrum

- (ESL m/z): Caled. for CasHaeNeO, 429.2 (M+H), found 429.2.

Example 28
4-Cyano-1H-imidazole-2-carboxylic acid {4-(1-carbamoylnethyl-piperidin-4-yi)-2-
15 cyclohex-1-enyl-phenyl]-amide trifluoroacetic acid salt

o)
NC N‘*})kNH

N~  CFsCOzH

kfo
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 (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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10 of N114 Cl _and the m xture refluxed under Ar for 12k. An

additional 83.8 ng (1.50 nmol) of iron powder was added, and the

m xture was refluxed for 1 h. The m xture was poured into Et0Ac (12
m), filtered (Celite), washed with EtOAc (2 x 4 nmL), concentrated in
vacua and dissolved in art THF (4.0 nL). The resulting aniline
solution was placed under Ar and used immedi ately in the foll ow ng
reaction. 15 61.6 ng (0.449 mmol) of 5-cyanofuran-2-carboxylic acid
(as prepared in Exanple 1) in 2.5 m, of anh dichl orotnethane under a

CaSO4 drying tybe tr { th . 0~ 688 | ). of oxalyl
chlori de foﬁ?n&%an%@§fﬂ“§ﬁ§@\g a’\élﬂn‘?%l .rgf%%zéo?'u |ec{ng\g/\/3%w%sti rred for

25 m n and goncekiraedcand clertitle abmpbund weapirified by RO-ER.(QCIE)elutigswillue was
pl aced under, .hi u - in d.then i dj I l, aced

Cnder A 560003 CHREY HER. o TS bk YR it iy BB ARl e e
aniIinefsolumhbﬁHﬂﬂﬂﬁuﬁmnMHbgMESOQkﬁeméﬂsUys;ﬂﬂ,i7&g,ﬂ@,ﬁQ@ﬂmﬁpl) of
D1EA. After iryin 0 ] r I i n
vacuo, - dpesdrnad G It amoras fished: i B Tp iSei vt debu
and PI‘I ne (5(F6ith) lHﬂBD¢§,2M2$@@ﬂL 2%[1)53.@2)(1&@?1),623808(&3,:111),\2&0%@, 4Hj:;|e

resul ting resjdue rognt ogr aphed o - i i c m

W th 1400 RS 955 bl ok Brbbrare eGS0 ava: SRR G G NQacH s
then cryst allirEgdodnd@ss Bt 20- hexane to afford 84.7 nmg (72 % of the
title conpound as a crystalline yellow solid. 11-1-NVR (CDC13; 400
MHz): 6 8.57 (br s, 111), 826 (d, 1H, J = 9.0 Hz), 7.20, 7.23 (AB q,
2H, J =18.7 Hz), 6.86 (dd, H, J = Bxdmpid2® Hz), 6.74 (d, IH J =29
Hz), 5.84-5.85 (m __IN), 3.20-3.22 (m : 2.57-2.59(gn1‘41%), 2. 36
(s, 31-1), 295Fmpo-3f-ipnazoler-cerbgpyic acigdd2-cxclahax-(repylarily(2-PRESE2ect r um
(ESI, in/2): Cal od. acklrpeddin BANIRAy) Adeifibbcerd @3 Wh301. 2.
5Exanpl e 12 5-Cyano-fturan-2-carboxyllc

aci d[ 2- (3, 6-di hydro- 2H pyran- 4-y1l) - 4j ( 4- met hyl -

pi perazin-1-yl)-phenyl -an dg NH
a)1-13-(3,6-Di hydro-2H—pyran-£??i;NA- (tr9-phenyll- 4- et hyl - pi perazin
e 0 N2 CN 1-(3-Bronp-4-nitro-phenyl nmet’hyl - pi perazi ne (as
prepared in Exanple 9, step (a)) (225%# ngy, 0.79 nunol), K2COB (310.9
ng, 2.25 mmol) and
4-(4,4,5,5-tetranmethyl [ 1, 3, 2] cl i oxabpro
n (Murata, M, et al, Synthesis, 778~
in dioxane (5 nL) was heated at 80 C t under Ar. The reaction
m xture was allowed to cool to RT, at ed, and the resulting

yhcent

B e il LT
400 MHz)5 3e®l-0ifeddinid-y!-pheny)Oanddd-FHA s@t (28 mgdldl 05 tkol)Jaspréparkd iR. 6 Hz)
) 25 3 ) Bl oDy pik e ostOadbsardnia (ot podufith ! E11
2H) . b) 5- CyBDQI {12mas) 026 eandiy) KBt (8.0 mg, 0.06 mmol), DIEA (36 pL, 0.20 mmol)
acidf 2- (3, 65n%i (;91 r?:f_,?jl\%ﬂ' :elir_x %{-1-%5' étAfS%é)férA'l-O(hAf -’Irﬁee E:egggic;n was diluted with 2 mL of

H,0 and the title compound was purified by RP-HPLC (C18), eluting with 30-50 %

20 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): 6 8.82 (d, 1H), 8.52 (1, 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 (i, 2H), 2.30 (m, 4H), 2.06-1.60 (m, 8H), Mass

spectrum (ESI, m/z); Calcd, for CaeHsoNe02, 495.2.2 (M+H), found 495.2,

aﬁ?§¥?T)-3,6-dihydro-211-pyra
00)) (157 my, 0.75 nmol)

25
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pi perazin-1-yl)-phenyl -amde OCN TN

143- (3, 6- Di hydr o- 2H pyr an-4-y1) - 4- ni tr o- pheny1] - 4- net hyl - pi per azi ne
(as prepared in previous step) (80 ng, 0.26 nmol) was converted to

t he correspondi ng am ne using a procedure simlar to Exanple 4, step
(d), and coupled with 5-cyano-furan-2- 5 carbonyl chloride as
prepared in Exanple 9, step (a) (obtained from 137 ng, 1.00 mol of
5- eyano-furan-2-carboxylic acid as prepared in Exanple 1) in CH2C12
(2 m) at 0 C. The product was isolated by flash chronat ography on
silica (50 % Et 0Ac/ hexane- 10 @6N@0EEEEEE@§ to obtain the title
conpound (62. _ - 1%

1H . 8.12 ( d 2%oeaczﬁz{ﬁazoé c:lzr (agag %{6[{4@9 I'\Qlfffl)-tﬁ [16(8) gﬁ"i_’tdfntg 2 10
(d, 1H, J = 5.08 qucew mr(dadfl yﬁﬂhewfansdemﬂu@oqceﬁaqczd 73 (d 1H, J
= 2.7 Hz), 5 88 (br s, 111), 4.34 (@ 211), 3.94 (t, 2H, J 5.3 Hz),
3.23 (m 4H), 2.59 (n1 4H) , 2.38N%Pﬂ\s LC-Ms (ESI, niz): Cal cd.
for C22H24N4A03, 393.1 (MtH), NEeynty 39%T BExanpl e 13

4- Cyano- | H pyrrol e- 2-car boxylic 0
(2-cycl ohex- 1-enyl- 4-pi peri di n-4-yl -
acid salt O 20
a) 4- (4- Am no- phenyl ) -3, 6-di hydro-2H p
ten-butyl ester NH2

nyl)- amde trifluoroacetic

i di iE3$Har boxylic acid

o N

5  Thetitle compound was prepared from 4-cyano-1 H-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:OD): § 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),
10 4.18 (5, 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 CaoH3oNgO2, 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-
15 acetyl)-piperidin-4d-ylj-pheryl}-amide trifluorcacetic acid salt

L O
CF3COzH

o [

The title compound was prepared from 4-cyano-14-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.
20 'H-NMR (400 MHz, CD;0D): 5 8.78 (d, 2H), 8.12 (d, 1K), 8.00 (m, 3H), 7.18 (dd,
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O O The title conpound was prepared by Suzuki coupling of ,
4-(4,4,5,5-tetramethyl [1, 3, 2] di oxabor ol an-2-y1) - phenyl am ne vvlth
4-tri fI uor onet hanesul f onyl oxy- 3, 6- di hydr o- 2H pyri di ne-| -carboxylic
acid tert-butyl ester (Synthesis, 993, (1991)) 5 according to the
procedure in Exanple 35, step (b). Mass spectrum (EST, nfz): Cakd.
for Cl6H22N202, 275.2 (M+H), found 275.1. b)

4- (4- Am no- phenyl) - pi peridi ne-1-carboxylic acid tert-butyl ester NH2
A-Bu 0 0 10 A solution of

4- (4-ani no- g brznyds)(d31}® siswmmﬁdo ']ﬁb 'aezzJ(s gﬁl o @H?%' 34 (m,

tertbutyl est are ptrevi ous step)
i n met hanol Mas2. Wy@i‘r édRadidan, $hke.080 7%(#«:[7 , 64 oo, 13D Ma@ﬁrspicﬂ’\lm The

sol ution wa 5 r 59 (100 % of the
title corrpoSE%II aéﬁ%qarch%ﬁ]&g 4%23@&%%%8#\9 ST, ink): Calcd.
for Cl6H24N202, 277 2 (MrH), found 277.1. 15 c)

4-(4- Am go 3- bronzo phenyl) - pi peri ﬁxm fhz¢ar boxylic acid ten-butyl
ester To a solution of 4-(4-a n | ) - pi peri di neThcar boxylic

acid tert budyvars{ Bimidazoba2-gq b@wﬁaaam&rc)ycl@h@—be@f}a{{éd?{hmwce! -IH-
t 0.13
G 071 mvol ), "R Pl PR B R ARl L oo

was diluted with EtOAc (10 ml) anmed with NaHCO3 (2 x 10 nlL) 5

and brine (10 nL). Concentratijon organi c | ayer gave 0.26 g
(100 %9 of the title corrpoun *s&ggmel am Mass spectrum (ESL

rn/z): Cared. for Cl6H23Br N202, Sy 7 found 355. 1.
4- (4- Am no- 3- cycl ahex-1-enyl - phenyl) piperi di ne-1-carboaylic acid
tert-butyl 10ester 0 O A flask was charged with

4- (4- am no- 3- br ono- phenyl) - pi peri di ng caFELOHli ¢ acid tort-butyl
ester (0.13 g, 0.36 mol) (as prepar :,- Jyn the previous step),

cycl ohex-1- enyl boronic acid (0.060 ONZI ol ), Pd(PPh3)4 (0.04
g, 10 nol %, aqueous 2M 15 Na2CO3 }&,ﬂ%}/ ethanol (1.5 niL), and
toluene (3 niL), and heated at 80 C for 3 The reaction was, diluted

Et 0Ac (10 mi-hé fitfgeompauag was mmé@ow-wamﬂﬁﬂnda%ﬂie -Brerbesiitacd(3, and
the orgagic c,mah@i 1%?1 dﬁlb%ﬂ%q-pmalﬁ%l@ﬁwéaﬁ (hs%?éi':ﬁf%ﬁ‘ix{ Blaffhle The
title conpound was_eluted froma 20-g SPE cartrid % lica) wth 30
% 14 step (b)), according to the procedure in Example 29 using 1—methy1-1H-1m1dazoI-
-yl)-acetlc acid. 'H-NMR (400 MHz, CD;OD): 58.82 (s, 1H), 8.10 (d, 1H), 8.00 (s,
1H), 7.42 (s, 1H), 7.16 (dd, 1H), 7.06 (d, 1H), 5.80 (m, 1H), 4.66 (m, 1H), 4.12 (m,
1H), 4.04 (m, 2H), 3.92 (s, 3H), 3.28 (m, 1H), 2.82 (m, 2H), 2.26 (m, 4H), 2.00-1.70
15 (m, 7H), 1.64 (m, 1H). Mass spectrum (ESI, m/z): Calcd. for CosHsiN704, 498.2

(M+H), found 498.2.

Example 33
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-{1-(2-1H-imidazol-4-
20 yl-acetyl)-piperidin-4-yij-phenyl}-amide trifluoroacetic acid sait
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Et OAc/ hexane to give 0.10 g (85 % of the title conmpound_as a yell ow
oil. Mass 20 spectrum (BSI, mz): Calcd. for C22H32N202, 357.2 (MtH),
found 357.1. e)4-Cyano-1H pyrrol e-2-carboxylic acid

(2-cycl ohex-1-enyl-4-piperidin-4-yl- phenyl)-amde trifluoroacetic
acid salt 25 A flask was charged with

4- (4- am no- 3-cycl ohex- 1- enyl - phenyl) - pi peri di ne-1- carboxylic acid
tert-butyl ester (0.050 g, 0.14 Ennol) (as prepared in the previous
step), 4-cyano-1H pyrrol e-2-carboxylic acid (0.019 g, 0.14 mmol) (as
prepared in Exanple 2), EDC (0.040~9, 0.21 mml), HOBt (0.019 g,
0.14 mol ), DIEA (0.073 m, 0.42 ), and DCM (0.5 nL) and stirred
at 25 C for 10 h. The reacti g 0 fectly on a 10-g solid
phase extraction (SPE) cartridge H iLga g the resulting
internediate was eluted with 30 % Et ( hexane. This conpound was 5
stirred at RT for 1 h in 50 % TFA/ DCV nth) and then concentrated
and purified by RP-HPLC (C18), eluting w té};aég-l_ﬁO% CH3CN in 0.1 %
TFA/ H20 over 12 min to give the titl ¢ npound2(0.052 g, 717 %.
11-1-NVR (400 MHz, CD30D): 87.59 (s, b, y&H50 (d, 1H), 7.22 (d, 1H),
7.16 (m 2H), 5.74 (m 1H), 3.54. (m _RH I NH6 (m 2H), 2.94 (m
1H, 2.29 (m 2H), 2.15 (m 413), 1.9 m 2H), 1.72 (m 413). Mass

10 spectru ?gf\gélle mg{p%id ‘%lpﬁﬁ’m’t‘% m%?,g?;g qugdﬂoﬁ?-g-cg%f%ic abi\d

375.1. Exa e 14 4-Cyano-I'Hintidazo car baxyl 1 c aci

( 2- cycl ohexcyeclahey-1-caylnt-pigetidin-A-=yirphanyl)aimideyTPA salti(aseprapexed it Bxampdeet i c
acid salt 0

o5 00 andbtep 4, according to the procedure in Bxample 29 wsing. (ypetyl- A o
r bonyl | - 5 at imifiedol-3-ybyacttisiaeid. THSMVR-(H0MIE\CIROBRTS &8 e EDchibeky! i ¢
acid tert-Dbylyls 3,8k, 5 @ 14), 7.20 (dd, 171), 7.10 (d, 1), 5.82 (m, 1K), 4.70 (m,

1H), 4.18 (m, 1H), 4.06 (m, 2H), 3.36 (m, 1H), 2.84 (m, 2H), 2.30 (m, 4H), 2.00-1.70

(m, 7H), 1.64 (m, 1H). Mass spectrum (ESI, m/z): Calcd. for Co7HzsN;O2, 484.2

(M-+H), found 484.2.
10
Example 34
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[ 1-(2-morpholin-4-yi-
ethyl)-piperidin-4-yl]-phenyl}-amide di-trifluoroacetic acid salt
H
(CF3COzH)z N fo
l HN SN
N \=(
O
15

a) 4-Cyano-I1-(2-trimethylsilanyl-ethoxymethyl)- | H-imidazole-2-carboxylic acid
{2-cyclohex-1-enyl-4-[1-(2-morpholin-4-yl-ethyl)-piperidin-4-ylj-phenyl}-

amide
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0 0 20 To a solution of
4-cyano-1-(2-trimethyl sil anyl - et hoxynet hyl )-1H i m dazol c- 2-
carboxyl ate potassiumsalt (3.34 g, 10.9 nmmol) (as prepared in
Exanple 3, step (d)) in 20 nL DCM was added DTEA (3.8 nL, 21.8
mol ) and PyBroP (5.6 g, 12.0 mmol ), and the reaction stirred at 25 C
for 15 mn. A solution of 4-(4-am no-3-

cycl ohex- 1- enyl - phenye- pi peri di ne-1-carboxylic acid tert-butyl ester
(3.9 g, 10.9 mol) (as prepared in Exanple 13, step (d)) in 10 nL DCM
was added and the 5 react stirred for 8 h at 25 C. The reaction
was diluted EtO0Ac (60 raly.snd washed wth NaHCO3 (2 x 60 nL) and
brine (100 nmL.) and the org;nlg I%yer s‘drled over Na2SO4 and then
concentrated. The title B purified by flash chomatography
(silica gel, 2 % Et0Ac o hiveg 5.5 g (85 % of the title
conmpound as a yello [ hss, spectrum (ESL1, ra/z): Calcd. for
C33HA7N504Si 4 T~ N%FD ound 606. 2.

b) 4- Cyano- 1 \Vgidazole 2-cartoxylic acid

(2-cycl ohex-1~enyl - 4-pi peri di n-4-yl - phenyl)-am de trifluoroacetic
acid salt 13Tfeskwaothatded Iwnthf4-e§dﬁb-l (2-trimethylsilanyl-ethoxymethyl)-1H-

([ 4- cyano- 1; t |Ia I azql e- 2-

car bonyl panfcﬁ't?q?zo%%e %?F%’W foB ill‘ff’ﬁtl Iﬁfé’f‘iil’fﬂ"ﬂé’%ﬁ %1?’8@?(&”1 fie
Step) N 10 M ot Bot B "2“‘1’&.2?"8@‘5’”““’“’&qé’i*?p@”?ﬁi“‘”&f‘“;’r“??\@’;ﬁ%‘ he
sol uti on3st W%S?déﬁﬂ?%f‘i’gﬁ)arﬁ%%'J' I%_l)’r e@c‘ﬁj ‘Rﬁ%mamha‘ﬂ%’d with 5 ntL
of Et OHI and gyda&m?ﬁemmtmgaugd _-manl)?axlicB§0 dmmmﬂ:&t@uaé&haidlelawd f romOI
met hanol and, et et her, .t |ve_ tle oun
as a white §quggr8 %bfgr %L‘éd‘@l ((éd]mk nd vgas ‘ii{m
111), 7.22 @stENatg0; (Fx mmm bnihé‘bS,OmEL Had (:éncerihldied 3hé3£4tlec(o o&ikﬂa}as 3.16

\ss” ambet - BTeS) ity dhomaiopaplty GiFa H@zﬁ 30ih Rk eive fng 175 Bl

376.2. 2b Easmlnee sbid. Mra&\sparfumHiERY b I@alé?cr ERRAKIN 06 SRE1T4 (MHH),
0- a- acetyl - nggﬁgéin 4-y0-2-cycl ohex- enyl - phenyl Fanzide NC 0 The

title conpo pr epar ed fron14-cyano 1H pyrrol e-2-carboxylic acid
(2- cycl ohex-1-enyl- 4-piperidin 4-y| - phenyl) anide trifluoroacetic

acid salt (as prepared in . le 13, st%P accordlqg to the
procedure i &) Exatﬁgycgaogﬁ—zmz KR- Qaﬂl(%yhc acid {2-cy olzex—j—enyl 4-f1-(2-
morpholin-4-yl-ethyl)-piperidin-4-yl[-phenyl}-amide trifluoroacetic acid salt

15
To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-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

20  toproceed 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, CDs0D): 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

25  (m, 5H), 2.30 (m, 4H), 2.20-2.00 (i, 4H), 1.90-1.74 (m, 4H). Mass spectrum (ESI,
m/z); Calcd. for CasHzsNe02, 489.2, found 489.2. '

Example 35
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5 MHz, CDC13) 5 10.82 (s, 111), 8.28 (d, 1H), 8.18 (s, 11), 7.48 (d,
1H), 7.16 (dd, 1H), 7.02 (s, 111), 6.72 (s, 110, 5.88 (m 111), 4.82
(m 1H), 3.98. (m 11), 3.20 (m 111), 2.70 (m 210, 2.29 (n, 411),
2.18 (s, 3H), 1.80 On, 810. Mass spectrum (ESI, raiz): Calcd. for
C25H23N402, 417.2 (MtH), found 417.1. 10Exanple 16

4-Cyarro-1 Hitni dazal e-2-carboxylic acid

14- (1-acetyl -pi peridin-4-yl)-2-cycl ohex-1- enyl-phenyl] 0 O The title
conpound was pj eds it -C, - F,0az0).e- 2-LCar ic.,acid (2-
Tocycl ohex. 1- CgA o kBB T B T A R AR 22 T LT
salt (as prepared in Exahipheatdy)tmperdoy§-yvopieaylfiumiget o t he procedure
in Exanple 37: 111-NWR (400 MHz, 3) 8 13.12 (br s, 110, 9.58 (s,
111), 8.34 (d, 1H), 7.76 (s, 1H), (dd, 111), 7.05 (d, 11), 5.86

(s, 111), 4.84 (m 211), 4.00 On, '2&‘§§L 111), 2.72 (m 211),
2.30 (n, 411), 2.21 (s, 311), 1.80 éll ~ Mass spectrum (ESI,
ZT%\H)‘ found 418.1. Exanple
acid

in/fz): Calcd. for 20 C241127N502,
- pijperi di n- 4-yl - phenyl kanzi de

17 4-Cyano- 1H i m dazol e- 2- car Jaox
[ 2- (4- et hyl -cycl oher - 1- eny(;_4

trifluoroacetic acid salt She title conpound was prepared from
4-cyano- 1- (2-trinmethyl sil anyl - et hoxynet hyl) -

1H i m dazol e- 2- car boxyl at e potassium salt (as prepared in Exanple 3,
step (d)x a A o mid 3 6 rdibedtie 2 EEthiomiaod .
2 [a-am fo- 3 (- RS anraline 439 DR L 1. car boxy
c acid tertbutyl estieg (prepared according to the procedure in

Exanpl e 13, Otg@ySpsubstituting 10 4-nethyl -1 -cycl ohex-1-enyl
boroni c aci & far &yol ohex-1-enyl boronic acid) according to the
procedure for anple 14: 11-1-NWR (400 MHz, CD30D): 5 8.18 (d, 111),
8.04 (s, 1HW sofutida of tdalahydrblthiopytant2-oh€l(1.0DH), 8.6D nBbIYiAN 0 dithe TBF Sdts (M

050 Bt By . ol ot A
Cal cd. for GARHAZITHOMixtuBOWasivdritido, RT sMdneirrd®fdr 8.5 hlfhekxarae—¥8°C
10 again. A solution of N-phenyltrifluoromethanesulfonimide (3.42 g, 9.47 mmol) in 10
ml of THF was added. The resulting mixture was warmed to RT and stirred for 0.5 h
under Ar. Treated with 200 ml of EtOAc, the mixture was washed with H;O (3 x 50
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 %

15  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,1=5.7,5.7
Hz), 2.58-2.64 (m, 2H). Mass spectrum (ESI, m/z): Calecd. for C¢H7F30sS,, 249.0
(M+H), found 249.3.

20 b 4-(4-Nitro-phenyl)-3,0-dihydro-2 H-thiopyran
NOz

=
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), PA(PPhs), (433 mg, 0.375 mmol) and lithium
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4- Cyano- 1H4nzi dazol e- 2- car boxyl i ¢ acid

(2-cycl opent - 1-enyl - 4- pi peri di n-4-y1- phenyo-am de trffiuoroacetic
acid salt 0 20 The title conpound was prepared from

4-cyano- 1- (2-trimet hyl sil anyl - et hoxymnet hyl ) -

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 - 1- enyI phenyl ) - pi peri di ne-| -carboxylic acid

LT DUt St e AR s RERRAR A B BLASEL G Do AP 13
cycl ohex- 1- éfayCO{rolution (3. Bahld)6. zﬁmmlgilﬁg:rhsnlﬁngemmmaduﬁmedfabﬁo Exfanpl e

536 (5. 11 o S5 epgfe BT sl iy 0l of 0BG iy st | 1

ilg)z 3.42 (\\Fﬁh I-%a@'@ x 38419 Krme((mESI ) and dﬁ@d (NEZS@} 1¥&em&ca:28c§-f]t-ﬁd:‘|-§§1v%3ﬁtg)

1 n, . SS spect r or
362. 2 ( I\/I§H) un@% fgcogppessure &é& Yed &Y flagﬁ chmmawﬁﬁplgn f iefatidue prsiicyss or
the synthesis3of Eﬁdm;fuemzﬁy g@@w ﬁg (@m mﬁ'éinﬂerboﬁasalmlaea E%Ht%r&e@l

descri bed bel OV, ano-fI a-an-2-carbo %1: ic acid 15 A

t hr ee- neck, °¥10J‘ﬁm @%%»f‘wﬁ@’kl‘l?éﬁ ED@el2li h0-A Hep JHBKA. OB TSP HRy | a
heat | h
Se?olr glngnf%ﬁﬁa%éar ;gf}ﬂdﬁg ?N%i? grﬂq% Wiﬂ{%ﬁ{f) aIﬁ/I SSpsgr Himne (60

m.) . Hydr oxyEdminfzg Gsl é@?ﬂldilﬂé@zs(@ml(%@ﬂﬁbmzd%) was added and

the m xtyre was heated to 85 C. Acetic anhydride (40 nlL) was added
and the reaction was stirred at 85 C for 3 h, after which tine the 20
sol vent was ckvapéradVie-rhendB3, Cliindrer? - dibgred Idrdeddar e. The residue
was dissolved in water, nbasified with 2.0 N NaCH solution to pH 9,

and extracted with " di chI or onet hane/ 2- propanol until the pyridine
was conpl et el y-repouetl (5 x 200 nl). The aqueous sol ution was then
acidified 3 2.J0 N HO solution to pH 2, saturated with solid NaCl,
and extract eg' “Th 4:1 dichl oromet hane /2- propanol (5x 200 nL). 25
The conbi ned or an| c extracts_ were dried over and concentrat ed

in vacuo t oAdPlpHesef 3-qaropadyhensoigadd £l %g,é@mzré%l, ft é)ﬁndl

chl or onet haai%hlbfbnmh\éﬁe \gsqtidédmw id s ﬁfﬁHHQPHl -RfoHh 11396 solid
(76% . Mass spectrum g)@@ne%, C.’é .0 Eh 06 éﬂgg 0 (MH,

found 13%. 14i me- KiviRiogep fas cerﬁpwa% mdbmrp‘;@wepmsﬁn& Rd Oasr@qunéé
structure. 30, of XM €780 under Ar, The mixture was stirred at — 78 °C for 0.5 b, and

then warmed to RT. Treated with 100 mL of EtOAc, the mixture was washed with 10
% NayS03 (2 x 15 mL), satd aq NaHCOs solution (20 mL), H20 (20 mL), brine (20
mL) and dried (NazSO4). Removal of the solvent under reduced pressure followed by

20  flash chromatography of the residue on silica gel (2-5 % EtQAc¢/DCM) gave 518 mg
(97 %) of the title compound as a white solid. *H-NMR (CDCls; 400 MHz): § 8.23
(d, 2H, I=9.0 Hz), 7.52 (d, 2H, J = 9.0 Hz), 6.04 (m, 1H), 3.86 (m, 2H), 3.26-3.31
(m, 2H), 3.18-3.23 (m, 2H).

25 d) 4-(1, I-Dioxo-hexahydro-1A%-thiopyran-4-yl)-phenylanine
NH,

QOul
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4- Cyano- 11-1-i m dazol e-2-carbarylic acid (2-cycl ohex-1-enyl-411-(2-
nzet hanesul f onyl - acetyl) - pi peri di n-4-ya-phenyl )-amde 0O 5 A flask
was charged wi th nmet hanesul fonyl -acetic acid (14 ng, 0.10 mmol), EDC
(30 ng, 0.15 mmol ), HOBt (14 ngy, 0.10 nmol), D EA (36 p.L, 0.20 mmol)
and 0.5 nL DCM and stirred at 25 C. After 10 min, a solution

cont ai ni ng 4-cyano- 1H m dazol e- 2-carboxylic acid

(2- cycl ohex- 1- enyl- 4- pi peri di n-4-yl - phenyl) - am de TPA salt (40 ny

0.08 nmmol) (as.prep in (b)) .and t3(14 ti_,
0.09 10 mol ™xiurg B Brohr ol Sibhetio B hronad Ldioite G gt it o
proceed for tlié)pr@w@ds s&p, 502 nld) @ 98 e@edl) L8 IUPA(PMCQQSGElﬁg,'SO&Q%} iPr5 AL 2f 9
SPE cartrid silica) and the title conpound was eluted with 10 %

Et OHf Et OAC t vas sigrefgt RDyndgy Hp fballooppresgre)dpn 4b. The Pd qfglysiwaio Mz,
CDC13): 8 1lerRGel B%ﬁﬁranéﬂn C&it® 4nd &e filtlo w3- caﬁkeﬁﬁjated ve@]ty the (70 1H)
7.60 (dd, 111) 1 5 8 4 ( 18 (

Jhy. 4 13 (S oteeie comband ke sk yeougolds TENIR c@@cawwm
2.30 (m 41 ( 3543/

spectrum (Egh 03%;1%(] %gﬁ;))?éi(d?:%%&%gl\go 35}936%2& ound

496. 2. ExamiingtEd12. 7Qoid4d G&hﬁﬁ-lﬁﬂ,mﬁ,ﬂ&aiam) 2-3da?r455c{xryll Zaiér2e|23 (m,
P-cycl ohex- hpenyl - 4- (1- pyri di n- 2-yl ni et hyl pi peri di n-4- A- phenyl Pani de
trifluoroacetic acid salt 0 A flask was charged with

4- cyano- 1H i mi dazol e- 2-car boxylic acid (2-cycl ohex-1-

or tpar o001 nbxans s ETHR ARG ot et emtale (17 1 1 U

0. 21 nunol), NEt3 (38 pL 5 0.21 nunol), sodiumtriacetoxyborohydride
(56 nmg, 0.25 mmmol) @: 8H8 L of 1,2- dichloroethane and stirred for

10 h at 25 C The 3 ent was evaporated, and the title conpound was
purified by C18), eluting with 30-50 % CH3CN in 0.1 %

TFA/ H20 ovew=8Q_wmto give 81 ng (78% of a white solid. 11-1-NWR
(400 MHz, DVBO-d5): 8 1425 (br s, 113), 9.90 (br s, 113), 9.79 (s,

758 (a0, 1t37 ‘?Qpﬁﬂfl%ﬁ%ﬁb gl RS Bt pleflphies 1)
113), 4.56 ()&paracl-&l thSprédogsmep 24, m@ 078 nmhad) in20 31, ofB BBCMMMeQHE3} ) 2. 20
Cal od. 1or - e e (P8l 58D FRseb et paM
15  under Ar. The mixture was warmed to RT and stirred for 1 hunder Ar. Treated with
100 mL of EtOAc, the mixture was washed with H,O (2 x 20 mL), brine (20 mL}) and
dried (Na;S04). 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, I1H,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 (ES], m/z}: Calcd. for Cy;H;4BrNO,S, 304.0
(M+H), found 304.1.

25 P 2-Cyclohex-1-enyl-4-(1,1-dioxo-hexahydro-1 3 -thiopyran-4-yl)-phenylamine
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4- Cyano- 1Hi nzi dazot-e- 2- carboxylic acid

[ 2- (4-nzet hyl - cycl ohex-1-enyl)-4-0-pyridin-

2-yl met hyl - pi peridin-4-yl)-pl zenyl Pam de trffl uoroacetic acid salt
Thi s conpound was prepared according to the procedure in Exanple 21
from 4- cyano-1H i m dazol e- 2-carboxylic acid

[ 2- (4- et hyl - cycl ohex- 1-enyl) - 4-pi peridin-4- yl-phenyl]-am de (as
prepared in Exanple 17) and pyri di ne-2-carbal dehyde. 'H NVMR (400 MHz,
DMSO-d6): 5 14.25 (br s, 1H), 9.90 (br s, 1H, 9.79 (s, 111), 8.72
(s, 111), 5 8.36 ( 1H), 7.98 (in, 111), 7.86 (dd, 111), 7.54 (d,
111), 7.52 (m 111) .20 (m 111), 7.12 (d, 111), 5.74 (m 111),
4.56 (s, 2H), 3.40 211), 3.18 (m 211), 2.88 (m 1H), 2.48-2.22
(n, 311), 2.18-2.06 4 -N#4311), 1.98-1.82 (m 311), 1.52 (m 111), 1.02
(s, 311). Mass speq m(ESI, mz): Calcd. for C28H32N60, 481.2
(MtH), found 4812 Exampl e 23 4-Cyano-111-i nddazol e- 2-car boxylic
acid (2-cyclegentt1-enyl -441-(1-znet hyl -

i nzi dazol - 2-y nzet hyl kpi peri di n- 4- yIkphenyipanzide trifluoroacetic
acid salt This co

PAr
o, RSP A 285§l Bb 1 ity phenamine
cycl opent - | {(@Rycbarkd i meptedioas gtepy |1503ﬂﬂg,r0(49)3-n&ﬂ&»1ﬁey6[ﬁﬁxéﬁl—§d ltoaénipacapar ed

Lhe pr obequt @ SeghTaD S PO Y B § RE AmeBaD G Bamoreh ©
i 1%)2 ( Z Sglelzﬂs adddd 2.0 M a4 RafC0; sd1kdon (21) 1200, 4(0 fmo Hrhe4xgsd3t%1 ﬂ%tfig]ﬁés

2.13-1.84 (ﬁ‘%‘“%‘r%}gglé@@g%@%ﬁﬁfﬁﬂé%?%{?@afiﬁ&Fea&ﬁeﬂﬁgﬂﬁ 56.2 20

(MrH), f oungRE 1 mikiAdWiSvAtled with H,0 ?3 x 15 mL), brine (20 mL) and dned

4- (4-[ 14- Cyano- 1Hi nzi dazol e- 2- car bonyl ) - am no] - 3-cycl ohex- 1- enyl - phe
nyl) - p|perﬂﬂhﬁ901R€%Pﬁ%8§mPéd%%$Hmﬁh%ﬂwédPﬁ&ﬂéﬂbﬂ¢ﬁﬁm%§kﬂhas char ged
with 4- cyanenraﬁaﬂogfbmz@t& ésmrcmmeh ga @I%’E{o%&ry@m Qéve 1%0 me (8¢

enyl- 4- pi peridi n- heny1) - am de é
pr epar ed0| n ‘Vﬁﬂéﬂﬂp Ifl@e .qompcsmégﬁ g pyn solig (I‘QQRI( 19013134095\41&%6 $.89 (dd,

t t hyl | d
Ly et 8 gy 4 SACH DR 8 shf -5 Shudle ST d 90k ) Ehai 1Y 2
conpound was.7f(hrisf 3Fe3.8§-3 RP-(eP4H), 2.64 8iddd, elH,lﬂFd@ 102 1 3353.1 612), %28H3CN
in0.1%TF ' i 70e 9 i lid.
[T NVR (00 00T BN A5 . 4, ST T Bp 8- tha i A" Rig® SOUL T
111), 7.84 ¢mtetnam (5SI, m/z):8CHlekd for KihHa:NOS33q6l, (M) fousd 8. .br s, 211),
5.72 (my5111), 4.18 (m 211), 2.80-

g 4-Cyano-I-(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

S \(8
N T])I\l;;\l\>-<3r~|
(3
0=8
o
20  To amixture of 2-cyclohex-1-enyl-4-(1,1-dioxo-hexahydro-1A%-thiopyran-4-yI)-

phenylamine (as prepared in the previous step, 122 mg, 0.50 mmol), potassium 4-
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102.60 (m 3H), 2.24-2.10 (m 411), 1.80-1.60 (m 611), 1.50 (m
211). Mass spectrum (ESI, mz): Calcd. for C23H261\ 160, 419.2 (MtH),

found 419.0. Exanple 25 4- Cyano- | H i nzi dazol e- 2- car boayl i c

aci d

P-cycl ohex-1-enyl-4-(3,4,5, 6-tetrahydrol52H 17, 2" Thi pyri di nyl -4-yz9-p
henyl trifluoroacetic acid salt A flask was charged with

4- cyano- 1H i m dazol e- 2- carboxylic acid (2-cycl ohex-1-
enyl- 4-pi peridin-4-yl -phenyl)-am de TFA salt (75 ng, 0.15 nmol) (as
prepar ed i n cpxmap(Zetriinéthylsilayl-¢bdymelFDad-{nldazniy;2-Oridlylatedds)prepared

2-fl Q . .
N i ety 3 EREHE et B4 P O o R iy lpy RUiciaelehogmhop Bl as
diluted wit ihe:&ﬂnrbroph@fahdt&@yﬁmﬂ) {208 g, 0. Hé mooi)in and. ofd3MPuns ddded by
RPHPLC ( C18)._.el uti i th 30-50% % TPA/ 1120 gver, 9 min
to gi ve(50 @ng@%ﬁd%&“ﬂﬁ?t %F‘Bgnﬁﬁgﬁlvﬁs ‘Zfﬁéa%ijf T 68. 18
d, 111) 5 8.AM6ccoled tPRT1¥reald Gth sml;ldfk)tc)AZ &4mj(xt1@le dshlashedhy ABE{G!,
(214), 7?22 %dddjlli) 7)‘1f§ d, (15193 el taf)w 5 82 (m 1{H)

4.32 (m 2183x1 %%"(‘W(lﬂﬂé) ang dg QN?;S%M emoya ﬂ(erﬁpl‘f&ritil}lderz 18 (m

o2H), 1.96-1, S
C|2_|)2H28N60 sfhodd floss ﬂ;:sgﬁé ollonbies ﬂﬁ%%w%%ﬂms‘d@“%gm BOI1-3 %
A

4- Cyano- | H EtGpeR Eér%Q9|%)@fﬁ'@|t@e compoundasacolorless oil. 'H-NMR
(2- cycl ohexvépenylonhasidls 639 [ R¥0o 8.4, )= 8.4 12, 7.78 (s o7144dd
? eny i d (a’l dq The

pi peri di n- 4- anz Iu roacetic adid
title cdﬁpodeJwéé %)Rébhﬂ@é (4, rlrbizrﬂiﬂébﬁéﬂos 9Hsi 2 ﬂ&&(mh,elHZ, Xerbeylic

(55" ot apar o TEIEREX 32BN nfy B P Ry S B ol s IR S
ggcigdl(gg tlﬁnlﬂfé,bﬂbééa(met?fl);\l B(-&J&ﬁ[na, ‘&D,OEZLEMZHZMWRS(MHQ,W%Q(S méﬁgg)
(m 111y, 3k iRy, ﬂ’@lﬁflc FORThNGIS 5o W ol s gy

211), 2.92 (m 1H), 2.30 (m 4H), 220198(|n 411), 196174(in,

411) . N?oungpéel(:t %}%ﬁf?’h-zm%’aé)le-z %9: bgﬁtlz‘g gczd [2 -cyc zex-.? er'%yl? 91 7l I- :? oxo-2

(MtH) , 20
hexahydro-15-thiopyran-4-yl)-phenyl]-amide

! o HN
N\H/L\~N\ CN
O 0

0=8

’I

To a solution. of 4-cyano-1-(2-trimethyisilanyl-ethoxymethyl)-1 H-imidazole-2-
carboxylic acid [2-cyclohex-1-enyl-4-(1 ,l-dioxo-hexahydro-lhﬁ-thiopyran-fi—yl)-

20  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

25 (s, 1H), 9.60 (s, 1H), 8.35 (d, 1H, J=8.4 Hz), 7.75 (s, 1H), 7.30 (dd, I1H, 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, =
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 CpHa4N4038, 425.2 (M+H), found 425.6.
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(4-[1-(2-cyano-ethyl)-piperidin-4-yl]-2- .

cycl ohex- 1-enyl - phenyli-am de trifluoroacetic acid salt O NC cFsco2H
CN A flask was charged with 4-cyano-1Hitnidazol e-2-carboxylic acid
(2-cycl ohex-1- enyl-4-piperidin-4-yl-phenyl)-amde TFA salt (77 ng,
0.16 mml) (as prepared in Exanple 14, step (b)), NEt3 (24 pi, 0.16
nunol ), acrylonitrile (12 '"IL, 0.18 mnol), 0.1 5 nL MeOH and 1.0 nL
of 1, 2-dichloroethane and stirred for 1 h at 80C. The reaction was
concentrated and the title conmpound was purified by RP-HPLC (C18),
eluting with 30-50 % CH3CN in 0.1 % TFA/ H20 over 12 mn to give 83 ny
(95 % of a white solid. 111-NNI R Exgmpledé cp3op): 68.18 (d, 111),
8.06 (M 111) .4 Gyd- fe88hidabbl-2-cbrbbyikceidy2 X, 1-dB2, X3B-tedrbillydra 1 6 (M
211), 3.60 (m 1), 3.28 (t, 2H),” 3.12 ét, 211), 7102.92 €h1 113),
2.30 (m 411), 2thigyrandeyl}-tpipaidiy-4-yi-poyl-apdde trifluaredcetic eadsiispect r um
(ES1, mz): Calcd. for C25H281460, 42992 (M+H), found 429.2. Exanple
28 4- Cyano- 1H i mi dazol e- 2- carbgkyl i ¢ aci d

14- (1- car banzoyl nzet hyl - pi peri di n-4-lyl)} 2-

15cycl ohex- 1-enyl - phenyl Lanzi de trif™yor oacgii¢ acid salt O Lo NH2 A
flask was charged with 4-cyano-1kLinina23Fe- - oxylic acid

(2-cycl ohex-1- enyl-4-piperidin-4-yl Eny) - ani de TFA salt (50 nmg,

0. 10 nunol) (as prepared i n Exapphe-14# st@p (b)), NEt3 (32 pi, 0.23
mol ), 2-brompacet anm de (18.,m,, 0.42 mml), and 0.5 nL of DCM and
stirred for 4 h at 25 C. The reacfion was concentrated and the title
conmpound was purified by RP-HPLC (C18), eluting with 30-50% CH3CN in
0.1 % TFA/ H20 over_12 mn to give 42 n? (75 % of a white solid.

| H NVR ( 400%\Hz , 2 VBBHa)o-288 thiapyma-4-Xii-3.3- dimedpyl-[4 3 2(liqrgboripgns 9. 50

(br s,
?’jL

A mixture of trifluoromethanesulfonic acid 3,6-dihydro-2H-thiopyran-4-yl ester

10 (as prepared in Example 35, step (a), 500 mg, 2.01 mmol), bis(necpentyl
glycolato)diboron (478 mg, 2.11 mmol), Pd(dppf)Cl; (147 mg, 0.20 mmol) and KOAc
(592 mg, 6.03 mmol) in 8 mL of 1,4-dioxane was stirred at 80 ‘C for § h under Ar,
and then cooled to RT. Treated with 50 mL of FtOAc, the mixture was washed with
H,0 (2 x 10 mL), brine (10 mL) and dried (Na;SQ4). Removal of the solvent under

15  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
(CDClz; 400 MHz): 8 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 CioH1,BO,S,
213.1 (M+H), found 213.1.

20
b) 4-[4-Amino-3-(3,6-dihydro-2H-thiopyran-4-vl)-phenyl]-piperidine-1-

carboxylic acid tert-butyl ester
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5111), 8.34 (s, 111), 8.00 (s, 111), 7.88 (d, 111), 7.72 (s, 111),
7.18 (dd, 111), 7.10 (d, IIl), 5.76 (m 111), 3.94 (s, 211), 3.58 (n,
2H), 3.12 (m 2H), 2.80 (m 111), 2.20 (m 411), 1.98 (n, 411), 1.80

(m 411). Mass spectrum (ESI, in/z): Calcd. for C24H28N602, 433.2
(MtH), found 433.2. 10Exanple 29 4-Cyano-1H-intidaw e-2-carboxylic
acid (2-cycl ohex-1-enyl -4-111-(2-pyridin-2-yl -
acetyl)-piperidin-4-yl kphenyl)-am de trifluoroacetic acid salt 0 A
flask was charged w 4- cyano- 1H i m dazol e- 2- car boxyl i c acid
(2-cycl ohex-1- 15 enil- §#- pi peridin-4-yl-phenyl)-am de TFA salt (25
ng, 0.05 nmmol) (as prgpared in Exanple 14, step (b)),
pyridin-2-yl-acetic L d.NHgdrochl oride (10 ng, 0.06 nmmol ), EDC (12
ng, 0.06 nmol), HOBt 0 ng, 0.06 nunol), D EA (36 pL, 0.20 mmol)
and 0.2 n3L DWF rred at 25 C for 10 h. The reacti on was
diluted with 2, f 1120 and the title conpound was purified by
RP- HPLC (ClEf-)oc elfluting with 30-50 % 20 CH3CN in 0.1 % TFA/ H20 over

t Qfm]ﬁ)o _ 0]D)
g]8n820( gt Vif‘ﬁ))?alﬁgtugeg&ot%ft i 3\4131'&1% l}i;r tddie- %&xﬁglll) ﬂbﬁ?@ )

311), 7.20 (e (a&arsyare@nf@arwe 131_ $igp (08550@2115 915611!141)0&) 2(B@ difero ﬁf&)
j H;"Z (2 m062 EIL. l%%pﬂanlﬁg?JS}S élﬁretl@l,-[lg AllokaBbridehd Jas plepB8d fo'the Fravidus step30 (M
’ 131 Ingna 619 mimol) and Pd(PPh3)4 {65 mg, 0.056 romol) in 5 mL of 1,4-dioxane

was added 2.0 M aq NayCOj solution (2.25 mL, 4.5 mmol). The resulting mixture

was stirred at 80 °C for 7 h under Ar, and then cooled to RT. Treated with 50 mlL of
EtOAc, the mixture was washed with H;0 (3 x 15 mL), brine (20 mL) and dried

(Naz804). Removal of the solvent under reduced pressure followed by flash

10 chromatography of the residue on silica gel (15-30 % EtOAc/hexane) gave 141 mg
(67 %) of the title compound as a colorless oil. "H-NMR (CDCl;; 400 MHz): § 6.91
(dd, 1H,J =8.2, 2.2 Hz), 6.81 (d, 1H, } = 2.2 Hz), 6.65 (d, 1H, J = 8.2 Hz), 5.91 (m,
1H), 4.22 (br s, 2H), 3.66 (br s, 2H), 3.29-3.31 (m, 2H), 2.87 (dd, 2H, =57, 5.7 Hz),
2.77 (m, 2H), 2.47-2.56 (m, 3H), 1.78 (d, 2H, J = 12.6 Hz), 1.50-1.63 (m, 2H), 1.48

15 (s, 9H). Mass spectrum (ESI, m/z): Caled. for Cz1H3oN20,8, 375.2 (M+H), found
375.2.

] 4-[4-{[4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)- 1 H-imidazole-2-
carbonylf-amino}-3-(3,6-dihydro-2H-thiopyran-4-yl)-phenyl] -piperidine-1-
20 carboxylic acid tert-butyl ester

Boc
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_spectrum (EST, m z):.._Cal.cd. for C291430N60Q2,. 495.2.2 (M-H), found.
495.2. Exanple 30 4-Cyano- 1H i ndel azol e- 2- car boxyl iC

aci d(2-cycl ohex- 1-enyl -417- (2- pyri di n- 3-yl -
acetyl)-piperldin-4-yllphenyl kam de trzfluoroacetic acid salt 5 The
title conpound was prepared from 4-cyano- 1Hi m dazol e- 2- carboxylic
acid (2- cycl ohex-1-enyl-4-piperidin-4-yl-phenyl)-am de TPA salt (as
prepared in Exanple 14, step (b)), according to the procedure in
Exanpl e 29 using pyridin-3-yl-acetic acid. 1H NVR (400 MHz, CD30D):

88. 80 2 8,54 111 0 111).

Mass sg)(ranct r ﬁjr‘?za(% re ofy - a%‘%%&% %g’yér&fgll-éﬁ%?%ﬁf" %Zﬂg‘?hﬁi %’-ﬁ}“ ou)nd

495. 2. lE)ﬁanmi:eo@Lc azldie?ﬁ bﬂyl@gtamasﬂr&;ﬂarednigggmévmuzskep,rclb@mg(mmnlﬂa?nl)dhert .
2- ohex e -

o ol EPeri b kOBl e RE Vb B ektradar e’

from 4- CyanQasZ![irhpafﬂd(ﬁﬂEﬂdlﬂﬂe?S Q‘&p bd)}(élﬂ 1hg, 0l ehnfoly and PyBroP (67 mg, 0.144

cycl ohex- 1 eny phenyl)-am de TEA salt ﬁ as prepared

in ExanpPe WOJI%IP [*35L1|)_)I(‘j’4I “E"’é&%@ﬁd Ef\(g‘dh]e O el The rRsuiting pKiaren g

usi ng pyri digg Qﬁr)(e'd AR P Bedaer A120f¥éa1€d% 0AR0 oMED A3 R re a8 78
(d, 211), 8.12 1H), 8.00 311), 7.18 ,7.08 (d,

| TT), 5.80 (Mashe mth leoa(é x (Ll ()Tbr)ne (wmlz) qnd dnzé@iagsqo 1Berpenal afthg | 3. 34
(m 1H, 2. Y/ (m
111) - Nase vrfimder el ofdidepAulrorfiobRy itrastulipL T
found 495. 2 siligEed Mp? E@Aaaffwl‘dmavzléﬂ mgr(w%igf e ftlecontnauyd ds@ light d
(2-cycl gpcx
inti dazgrj ygiB%pace?n]% i per g k?e%r%)ﬁ )]Hgl’ngdzd]e(d't ]I‘I-I]fj| ugo? a?éeti c
acid salt 07TBé, ﬂH),I?elsdddmﬁ,mel 8vsaz1 ﬁz)aﬁ@rzeed 1#%; dm2.1 Hz), 6.00 (m, 1H),
4- cyano- 1H- i daz @l G2~ GAr K6k G, A5/ 19§ 5, 3.42 (m, 25, 2.92 (dd, 28, T= 5.7,
5.7 Hz), 2.79 (m, 2H), 2.63 (dddd, 1H, J = 12.3, 12.3, 3.3, 3.3 Hz), 2.49-2.56 (m, 2H),
1.82(d, 2H, I = 12.8 Hz), 1.56-1.66 (m, 2H), 1.49 (s, 9H), 0.97 (t, 2H, T = 8.2 Hz),
15 0.00 (s, 9H).

d) 4-[4-{[4-Cyano-I-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-
carbonyl-amino}-3-(1,1-dioxo-1,2,3,6-tetrahydro-12"-thiopyran-4-yl)-
phenyl]-piperidine-1-carboxylic acid tert-butyl ester

20
N,
oL Z
S 0

S §
H A\ cN
N\(&N

0
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-
25  l-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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10 cycl ohex-1-enyl- 4-piperidin-4-yl-phenyl)-am de TFA salt (as
prepared in Exanple 14, step (b)), according to the procedure in
Exanpl e 29 using (I-nmethyl-1H i m dazol 4-yl)-acetic acid. ill-NWR (400
MHz, CD30D): S 8.82 (s, 111), 8.10 (d, IN), 8.00 (s, 1H), 7.42 (s,
1E1), 7.16 (dd, 111), 7.06 (d, 111), 5.80 (m 1H), 4.66 (m 111),
4.12 (m 111), 4.04 (m 211), 3.92 (s, 3H), 3.28 (m 111), 2.82 (m
2E1), 2.26 (m 4H), 2.00-1.70 15(m 7E1), 1.64 (m 111). WMass
spectrum (ESI, ni/z): Calcd. for C281-131N702, 498.2 (M-H), found
498. 2. ExanpPenig3nd then warrgeddy Ro Tredtadivithd@2dl of BXOdgr thowjtire wagi d

oy - acet y 1) i Rar i e K ChATSAANACD, solition @ 0P 0
mL), brine (10 mL) and dried (N2;S04). Removal of the solvent under reduced
pressure followed by flash chromatography of the residue on silica gel (2-10 %

5  EtOAc/DCM) gave 85 mg (67 %) of the title compound as a colorless oil. 'H-NMR
(CDCls; 400 MHz): § 9.23 (s, 1H), 8.03 (d, 1H, J=8.3 Hz), 7.80 (s, 1H), 7.21 (dd,
1H, I=8.3,2.0Hz), 7.06 (d, 1H, J=2.0 Hz), 5.93 (5, 2H), 5.75 (t, 1H, J=4.1 Hz),
4.25 (br s, 2H), 3.86 (br s, 2H), 3.66 (t, 2H, J = 8.2 Hz), 3.29 (1, 2H, J = 6.3 Hz), 3.03
(t, 2H, J = 5.4 Hz), 2.74-2.86 (m, 2H), 2.64 (dddd, 1H, T = 12.3, 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, m/z): Calcd. for C3pHasNs0¢SSi, 656.3 (M-+H),
found 656.7.

e 4-Cyano-1H-imidazole-2-carboxylic acid [2-(1, I-dioxo-1,2,3,6-tetrahydro-
15 125-thiopyran-d4-yl)-4-piperidin-4-yl-phenyl]-amide, trifluoroacetic acid salt

O\ fp

N

x
ﬂﬁm\ oN
0]
TFA HN
To a solution of 4-[4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1#H-imidazole-2-
carbonyl]-amino}-3-(1,1-dioxo-1,2,3,6-tetrahydro-1A°-thiopyran-4-yl)-phenyl]-
20  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
(CD;0D; 400 MHz): 5 8.02 (s, 1H), 7.78 (d, 1H, = 8.3 Hz), 7.29 (dd, 1H, J=8.3,
25 2.0Hz),7.21(d, 1H,J=2.0Hz),5.71 (t, 1H, J = 4.2 Hz), 3.83 (br s, 2H), 3.51 (d, 2H,
¥=12.4Hz),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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—The ti+tte-conpound-was-prepared from
4- cyano- 1Hi m dazol e- 2-carboxylic acid (2-
cycl ohex- 1- 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 (1-nethyl-1H 5i m dazol-4-yl)-acetic acid. 111-NWVR (400 MHz,
CD3013): 5 8.88 (s, 1H), 8.12 (d, 1H), 8.02 (s, 113), 7.44 (s, 1H
7.20 (dd, 1H), 7.10 (d, 1H), 5.82 (m 1H), 4.70 (m 111), 4.18 (m
111), 4.06 (m 2H), 3.36 (in, 1H), 2.84 (m 2H), 2.30 (m 4H),
2.00-1.70 (m137313.3, 18.%4.8(18). Mhdsspedhass(ESRevEl CalcAES C, HY:K)0;5Cal cd.

for C271-129N .2 (MeH), found 484.2. 10 Exanple 34
4- Cyano- | H |4ﬂ'g'gi¥6égﬁ'?‘5@éjf%8xyl ic acid

p- cycl ohex- 1- enyl - 4- 17-( 2- nor phol i n- 4-yl -

et hyl ) - pi peri di n-4-yl kphenyl | -andde di-trilluoroacetic acid salt 15
a) 4- Cyano-1-(2-trintethyl sil anyl - @H&E&Eéathyl) 1H i m dazol e- 2- car box
ylic acig 4-Cyano-1H-imidazole-2-carboxylic acid [4-(1-acetyl-piperidin-4-yi)- 7-(1 I-dioxo-
(2-cycl ohex- 1-enyl - 441- (2- mor phol'i n-4 -yI-ethyIf pi peri 4-yli-pheny
I}- anzide 0,) A f lasdSvershdied dedvioppnan-4-)-phenyl amide

4-cyano- 1-( 2- trinethyI5|Ianyhethoxymgtbyl) 1H m dazol e- 2- car boxylic
acid (2-cycl ohex-1-enyl-4-piperidin-Z4syl - phenyl)-am de TPA salt (830
ng, 1.34 nmol) (as prepared in Exa 9, step (a)), K2CO3 (600 ny,
4.34 5 nunol), sodiumiodide (40 ng,
4- (2-chl oro-ct hyp-nor phol i ne hydroch
5.0 nilL of N, N-dinethylacetam de a
reaction was diluted with EtO0Ac
50 nm.), brine (50 nL) and Ig{%nce,\l
purified by flash chomatogra ﬁﬂy
650 ng (78 %

-'gkmmmh%‘my, 1.40 mmol ), and
irfed™or 8 h at 80 C. The
and washed with NaHCO3 (2 x

trated. The title conpound was
ilica gel, 5 % MOH DCM to give

To a suspension of 4-cyano-1H-imidazole-2-carboxylic acid [2-(1,1-dioxo-1,2,3,6-

10 tetrahydro—llﬁ-thiobyran—4-yl)—4-pip eridin-4-yl-phenyl]-amide trifiuoroacetic acid salt
(as prepared in Example 36, step (e), 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

15  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 % MeQH/DCM)
yielding 50.9 mg (95 %) of the title compound as a white solid. "H-NMR (CDCls;
400 MHz): § 13.0 (s, 1H), 9.10 (s, 1H), 8.13 (d, 1H,J=8.4Hz), 7.77(d, 1H, ] = 2.3

20 Hz), 726 (dd, 1H,J=8.4,2.0 Hz), 7.08 (d, 1H, J=2.0 Hz), 5.77 (t, IH, 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 (1,
2H, I=6.2 Hz), 3.23 (td, 18, J = 13.2, 2.5 Hz), 3.02 (m, 2H), 2.77 (dddd, 1H, =
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). Caled. for Ca3HzsNs04S, 468.2 (M+H), found

25 408.1.

Example 38
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10 of a white solid. Mass spectrum (ESI, mz): Calcd. for C34H30N603
Si, 619.4 (MtH), found 619. 3. b)4-Cyano-111-i m dazol e-2-carboxylic
acid (2-cycl ohex-benyl-4-0-(2-

nor phol i n-4-yl -et hyl ) - pi peri di n-4-y1J-phenyl)-anzide trifluoroacetic
acid salt 15 To a sol ution of

4-cyano- 1- (2-trimet hyl sil anyl - et hoxymet hy0O- 1H i m dazol e- 2- carboxylic
acid {2-cycl ohex-1-enyl-441-(2-norpholin-4-yl- ethyl) pi peridin-4-yl]-

phenyl}-am 0 ) t ep)
b o PO gk Pyl B0 B GRRRES B IE P

the reaction was all owed 2@cép)-pivecded-ilbphedylhamide25 C. The reaction
was diluted with 10 nil, of EtOH and capncentrated. The title conpound
was purified by RP-HPLC (C18), el uti ith 30- 50 % CH3CN in 0.1 %
TFA/ H20 over 9 min to give 600 ng (80%~of We solid. 111-NWR
(400 MHz, CD30D): a 8.18 (d, 1H), 8.04 (sﬁ 111) »—én24 (dd, 111), 7.14
(d, 111), 5.84 (m 1H), 3.84 (m 411); 3797 ( 211), 3.50 (m 2H),

3.30-3.10 (m 411), 2.92 25(m 5H ¥ (e 411), 2.20-2.00 (m
411), 1.90-1.74 (in, 411). I\/asstpe trum(ESI mz): Calcd. for
C28H3614602, 489.2, found . EBxanpl e 35

4- Cyano- Hbltnldazole 2- carbbx ic acid

Lo ot a5 A nge & Betaftrt BOMEGEOE 2 Saorliegid (2-gyciohex-l-cnyl4-

E) 'é’rl L I gglr Sp@bﬂaﬁdsﬂ-lphfxg:])&m teiflBorbacdtidryoilt shitZ&diﬁrépagﬂyﬂ Brurdple/H, ﬁsli er
10 n of TH?’)véké g oy g‘“&%ﬂfso LEpas et ? E’%‘%ﬂdg”%g (9%2

mmol ) in 205121mm61) ilithachlted Dfhzihinsitinoddétyl aHItmdawaruﬁﬂaoﬂm$2M/aﬁm;3 t o RT
and stirred f t.hen. cool ed t ai,n. A soLutlo of

N phenyl {11 PRSP HEPRARIGEMPE HTmeNE (0572 ThE FaEiRd oy piet
THE was addé&gifor 30ein aﬁiwubwagto Wiakth 6 RT WAGstired fed H. GoREntang réhdvid 0 f or
i th 1136 (550 8 FE S0Pk et onstbeticn e st SOl RGBS of
t he sol vent layadeds seppeiiaie drigl (Ms 50, Pantl @bh@itededd YTht kadRide cltiiagmkagr aphy
of the resi Iqllljneﬁ rcl)nss{lfczli fSa"/o?\?eOI-f }b(ﬁ\%)n to o%tam 432 mg (70 %) of the title compound

as a white solid. "H-NMR (CDCls; 400 MHz): § 9.49 (s, 1H), 8.24 (d, 1H,J=2.3

Hz), 7.70 (s, 1H), 7.12 (dd, 1H, J = 8.4, 2.1 Hz), 7.01 (s, 1H), 5.82 (m, 1H), 4.75 (d,

15  1H,J=13.4Hz),4.13 (d, 1H, J=13.4 Hz), 3.57 (d, 1H, T = 14.2 Hz), 3.18 (d, 1H, T =
14.2 Hz), 3.12 (td, 1H, J = 13.3, 2.4 Hz), 2.73 (dddd, 1H, I =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, 4FD), 1.60-1.98 (m,

8H). Mass spectrum {ESI, m/z). Calcd. for CosHaaNgO», 461.3 (M+H), found 461.2.

20 Example 38b
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-methylamino-
acetyl)-piperidin-4-ylj-phenyl}-amide



15 Et OAc/ hexane) gave 810 ng (38 % of the title conpound as a
colorless oil. 1HNWVR (CDC13; 400 MHz): 66.01 (m 1H), 3.30 (in, 211),
2.86 (dd, 2H, J =5.7, 5.7 Hz), 2.58-2.64 (m 211). Mass spectrum
(ESI, mz): Calcd. for C61-17F303S2, 249.0 (M-1-1), found 249.3. 20
b) 4- (4- Ni tro- phenyl) -3, 6-di hydro-2Ht hi opyran NO2 To a m xture of

4-ni trophenyl boronic acid (418 ng, 2.50 mol ),
trifluoronethanesul fonic acid 3, 6-di hydro-2H-thi opyran-4-yl ester (as
prepared in the previous step, 931 ng, 3.75 mmol )\ Pd(PPh3)4 (433 ny,
0.375 mml) and lithium chloride (Li( (212 T%?'S.O mml) in 20 nL

of 1, 4-di oxane was added 2.0 M aq Na2CGQzgsol ut (3.13 nth, 6.25
nnDI) The resulting m xture was stirred aﬂ 80 &for 2 h and then
cooled to RT. Treated with 200 I nL of g&t m xture was washed
with 1120 (2 x 30 nm.), brine (30 2 dr|@d bthSCﬂ) Renoval of

t he solvent 5 under reduced presdurel foll owed by flash chromat ography
of the residue on silica gety t OAc/ hexane) gave 470 ng (85 %
of the title conpound as a IHg brown oil. “11-NWR (CDC13; 400 WVHz):
88.19 (d, 211, J = 9.1 Hz), 7.48 (d, 2H, J = 9.1 Hz), 6.36 (in, 111),
3.39 (m 2H), 2.91 (t, 211, J 5.7 Hz), 2.72 (in, 211). Mass
spectrum (EﬁPLCrHuﬁhcatgﬁloﬁﬁxan{éﬂH 3ge bbbl frNeR b, srgazl%ni]ouﬁtl\éf'ﬂﬂoyarfoolmd 222. 3.
10 ¢)4-(4-Ni;tro eny hydr o- 2Ht hi opyr an 1-dioxide NO2 0 O
A sol ution &pidaz 0591@'6#"13??@’%16%9%&%ﬁi@%&ﬁﬂﬂ("lﬁd@ r@ethﬂanego g 779 in
15 niL of digbli@ha LidY) 'HaMRACBOIS! 08 B | g f
4-(4-nitro- enyI )fﬁ]‘-ﬁlﬁﬁﬁ% dr o- 2H-th| o ran (gz)is @?igajr{%dpfsn@t he

previ ous st 285, r’rg) 720719‘1 JT3|4rHZl§ ), Wdal T2 £Hgh - Ar
The m xture SEHY !

Treat ed thﬁ\%g:n il J.i@éuésﬁxm, ﬁﬁ m@)"?sgi?glfb;sé‘@g 1t hﬁnml)’?ihgﬁlig % 2803
(2 x 15 nlL) 2Hy 36 (faéHNa’#@t%l%@ dHD drB8¢ 6P (a1, PH), HXG- J(me@ffl) Messne (20
m) and dri golofNaashy %ﬂ@d’?clr@{]Hgﬁrh'.s@)z,m}?%qm—ﬂ-ﬂrfg@r[d44?@”09(1 pressure
fol | owed by 20 flash’ chronatogra t he resi due on silica gel (2-5
% Et 0Ac1HCM) gave 518 ng (97 % of the title conpound as a white
solid. 111-NMR (CDCI 3; 400 MHz): Bp@amiels. 2H J 9.0 Hz), 7.52 (d,
2H,J:9.0Hz,604(m 111), SH(T(J%Y_‘Zm ,326331§m 211),
3.18-3.23 (m %4 %o-lﬂ-lrmdazole-}ca: bonyl)-aming]-3-cyclohex-1-enyl-phenyl}-

d) 4- (1, 1- D oxo- hexahydg )71 2 ﬁngﬁyl ne NH2 A

m xture of 4-(4- nltrogéﬁgﬁéggkg%aﬂy g?:*%%o hi 5;@2%!1 1- di oxi de
(as prepared in the previous step, 50 , 1.98 mmvl) and 10 % Pd/ C
(250 ng, 50w 9% in 15 nL of MeOH wa rred at RT under H2
(bal I oon pressure) for 2 h. The Pd catalysH ’Tyﬂgnved by filtration
on Celite, and the filtrate was conce & Ngi ve 314 mg (70 5 %
of the title conmpound as a slightl lid. 11-1-NWVR (CDC13;

400 MHz): 67.03 (d, 2H, J = 8.8 6.67 (d, 2H, J = 8.3 Hz),

3.51-3.79 (br s, 2H), 3.4 AN
Y

15 a) 4-Cyano- 1-(2-trimethylsilanyl-ethoxymethyl)- | H-imidazole-2-carboxylic acid
(2-cyclohex-1-enyl-4-piperidin-4-yil-phenyl)-amide , trifluoroacetic acid salt

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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2H), 2.15-2.23 On, 2H). 10

e) 2- Brono- 1- (1, 1- di oxo- hexahydr o- 126-t hi opyr an-4-y1l) - phenyl am ne Br
NH2 cy7p To a suspensi on of

4- 0, 1- di oxo- hexahydr o- 1X6- t hi opyran-4-y1)-phenyl anine (as prepared in
the previous step, 174 ng, 0.77 mml) in 20 nth of 3:1 DCM MeOH at O
C was added N-brompsuccininmide (NBS) (137 ng, 0.77 mml) in 5 mL of
DCM 15 under Ar. The m xture was warnmed to RT and stirred for 1 h

under Ar. Tregat @§lprepdréd ih@Ramiplb 14,3fep )08 10mg, 103 MG Vg S\WaISofBNIed Wi t h

ié?Seﬁf ﬁnggYaSF d?é&%@%@&fg@we@wéﬁ% %E}‘(&tho?f?l )cTh? Ren%&%elt 2?

the residue vaB stddiae RTFS 0, ilg‘n%at%ﬁitﬁ)f@ﬁ@gyﬂmﬁﬁlo%@bﬁm ﬁ]ﬁ%fﬁ@ of the
tide corrpound as?&whlte SO|Id 11-1-NMR (CDCI 3;. 4 . 7.28 (d,

201H, J = 2K BYcpf Feflefthe mixiurg was themcongeniraiad ngfv; refigce(dcpresaqrp toy " =

8.3 Hz), s4. %?ve(af@h%t&lg y%ﬁéu& soh'a @ﬁs@e&&n&t@r&ﬁ%‘%}‘thc%{)lﬁﬁoﬁg@ﬂglhﬂ%l(f’f
Mass
d

12.1, 12. o (in
spect r um (E@ﬁ’ CFW?CM@;W@& TialS t 9h ¢ iflrangpund W'@fe(smq—l)

304.1. 25 (cpal 400 MHL 8970 1H), 9,66 (brs, 1H), 9.15 (b 829 (4, 1H, I =
f)2- Cycl ol zéx T2en ny1- z) c(il ox)é her(z;ﬁygpc’) 126 th c? y1) - pheny

i e OB 5, TS oot % L a1 .5 20, 105 4 11022 5 0, 59 s
2-b 4- 12
B e R

prepared in i ous
bor oni c 18ci @Hy, ?(Yﬁr(gl; Hﬂ),342-2rﬁ|31§1H) 4@1&9?’@05‘@13‘)@ 452(1111)41'1)00 Pn@IHo| )

in5nm of 1, IO, %Aqgfﬁ% 0 tnL, -
4.0 nunol). ?ﬁgelq@’eg'g@ﬁ n§ %ﬁ@tgun? s’tl rf 6‘5%{% (% under
Ar, and thefMtdplfend5e6.RT. Tr eated with 50 nL of EtOAc, the mixture
was washed with 1120 (3 x 15 m.), brine (20 nL) and dried (Na2SOH).
Renoval of the solvent under reduced pressure followed by flash

chr omat ogr aphy of-(#{{f-Cemp-du@-ramegiltilaae-etfolygaini)- DE-BoiddwoleE2N) gave

130 6 10 © t|

(CDCrlrg; 00 Nru/%mp%’é’s’ QS"’%% s Cf?—ﬁ%%%&g’ ’%’% Jg) g’f’g’%}”g% Jgg"’?’g]y‘_’%l 3=
2.3 Hz), 6.65 (dpdidy-eyB-agide Hz), 5.74 (m 1H), 3.74 (br s, 211),
3.08-3.17 (m 4H), 2.66 (dddd, 1H 3 = 12.1, 12.1, 3.1, 3.1 Hz),
2.29- 2.42 (m 211), 2.13 5%@ 611), 1.73-1.81 (m 211),
1.65-1.73 (m 2H). Mass speefrmeSl, nfz): Calcd. for CL7H23NORS,

)
306.1 (MrH), found 306. 1. \n/l\ CN

6]

H
Ho/\/N\IC])/N

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

20  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

25  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;S0O4). 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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15

g) 4- Cyano-1-(2-triniethylsilanyl -ethoxynet hy9-111-i nzi dazol e- 2- car box

ylic acid

P- cycl ohex- 1- enyl - 4- 0, 1- di oxo- hexahydr o- 126-t hi opyr an- 4-y1) - phenyl k

am de 20 To a m xture of

2-cycl ohex- 1-enyl-4- (1, 1-di oxo- hexahydr o- 1X6-t hi opyran-4-y1l) -

phenyl am ne (as prepared in the previous step, 122 ng, 0.50 mol),

pot assi um 4-

E:yano 1-(2- to(lsj Y5 bt Gild mpone! BQcyERESR W) lﬂmmi@ta@@zmemr bogy! at e
as prepared in

D S At Lty AL Lea i 2 S KO L B B0 PY! (05
ng, 0.44 intgoykn 33ls. M(s, sve.§ r@d@ﬁ(h@\(t\mwgs%ﬂz; 201 @)1 =The

resul ting mxture was stir under Ar. cooled to

RT. Treat ed WiPtHp-50/rffdd, GH Eréﬂ(@z)’t%@(hz%ﬁ‘ré 3\ W’s@% 2R 4n39120 (3
x 10 ) 5 bENe 10 18L) = a%chqurz ﬁotdéd\l@ﬁsfﬁiso@emy)at 60 ddhhlqﬂsg)kvent

under reduced pressur

t
e on 3o b 35 52 1oy 20k @m?é%éoﬁ@ﬁ% W 280 he

title conpo 04@ 1g B3, l}gggfpu .69
(s, 111) ngg ing@ H{Z?Sﬁgﬁhzzg jL7 78 ,6111) %%4 (dd IH J
= 8.4, 2 2 HY3): 10940{@3&1#%0@1 29 32MFsz1) foua,ld§83és 211), 5.83 (rn,
111) 3.66 (t, 2H, J 8.2 Hz), 3. 11 . 20 (m 413), 2.77 (dddd, 1H, J
= 12.1, 12.1, 3.2, 32Hz)235 S} ,217233m6|—%
1.74-1. 89 (&l 4H-{4-04dpana- IHzrfem'azoJe—z—ce anélz@umd-iaofc(oéea-gpgyi PRews
spectrum (ESI, Ca 55.2 (MtH), found
555.3. 15 h)4- Q/ﬂ 5)di”f%ajfﬁg%%i"’of“%ﬂﬁ%xyﬁ amid>S

P- cycl ohex-1-enyl -4- (1, 1- ¢i 0%0-

hexahydr o- 126-t hi opyr an- 4 - phenyl kandde To a sol ution of

4-cyano- 1-(2-trimet hyl silan I-Ht ’ke&@yl )-1H i m dazol e- 2-

car boxylic acid =N

[ 2-cycl ohex-1-enyl-4-(1, 1 gxo-gnexahydr o- 1X6-t hi opyran-4-y1)- 20
phenyl ] - am de (aSHprpared in the previous step, 145 ng, 0.261 rnnol)
in 6 rriL ofy added 0.20 nL of EtOH followed by 2 nmL of TEA
The resulting solutfon was stirred at RT for 3 h. Renoval of the

sol vent under reduced pressure followed by flash chronatography of
t he resi dueTen selitigncyd 49{&1{["( OEne3- (%Eﬂ@h&dsﬂé@bet@ametsﬂ) - U@@’@%le-%‘f t he

LIt e comoupdean s sckpbi @.eg,ﬁlph PR 0idlie, © 12,34

25(s, 111) 8.35
7.30 (dds 1hﬂdr®<y=et®1)4annﬂe@smepare mceemrdwormteps%:mg 0216@}101)513@( m

111) 3.11- 6“@@0 0.1 ﬁ'@%ﬁt}»ﬂ&&&d 1-031?, TFAZ The reul

2.40-2 ]@ f&%d @Qé 61”%) ?ﬁf ir?m%’ﬁ MBsS
spect rum ( ESilytionvwep StlltﬁllaéBT forgy h. c&@@w@gsolvmzsmﬁr(rqdm@mssure ound
425. 6. 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;OD; 400

20 MHz): 6 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 (%, 2H, ] = 5.9 Hz), 3.27-3.32 (m, 2H), 2.90
(ddd, 2H, 7=13.0, 13.0, 2.5 H2), 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, I = 12.6, 12.6, 12.6, 4.0 Hz ). Mass
spectrum (ES], m/z): Caled. for CysHsNgO3, 463.2 (M+H), found 463.2.

25

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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" Exanpl'e 36 '4-Cyano- 1Hi nzi dazol e- 2-carboxylic acid -

[ 241, 1-di oxo- 1, 2, 3, 6-tetrahydro- 126-

t hi opyran-4-yl)-4-piperidin-4-yl-phenyl kantide trifluoroacetic acid
salt O"P 'S HHN-" 7--CN 5TEA HN a)

2- (3, 6-D hydro-2Ht hi opyran-4-yl1)-5, 5-di nzet hyl | 1, 3, 2] di oxabori nane
A m xture of trifluoronethanesul fonic acid

3, 6-di hydro-2H-t hi opyran-4-y1l ester 10 (as prepared in Exanple 35,
step (a), 500 ng, 2.01 nmol), bis(neopentyl glycol ato)di boron (478
ng, 2.11 mmol), Pd(dppf)Cl2 (147 ny, 20 mmol ) and KOAc (592 nyg,
6.03 mmol) in 8 nL of 1, 4-di oxane was rred at 80 C for 8k under
Ar, and then cooled to RT. Treated vm't 56 N@‘E OAc, the m xture
was washed with H20 (2 x 10 nL), br| 30 Nand ‘dri ed (Na2SO4) .
Renmoval of the sol vent under pressure foll owed by flash
chromat ography of the residue onfsitica gel (0-5 % Et 0Ac/ DCM gave
351 ng (82 % of the titlex paindd as a colorless oil. 1H NWMR
(CDCl 3; 400 M—Iz) 36.62 (rfdH), 3.63 (s, 411) 3.2 (m 2H), 2.68
(t, 2H, .1= 6 611). Mass spectrum
(ESI, mz): % Iége)f’%aﬂfmz‘%’mg&%é f“"??ifgb ffWﬁite"found 213.1. 20 b)
4-14- Ant i n003 @ 6- dl Rydro-2H-t hi opyran-4-y1) - phenyl kpi per | di ne- 1-
carboxylic ap:$ Qutyl ester NH2 Bee To a m xture of

4- (4- am no- 3- br ono- phenyl ) - pi peri di ne-1-carboxylic acid tert-butyl
ester (as plepavlation of nistzampdutfonyd chlotidgy4§4ng, 230nmgl) 0] HEB oAREM 3t

2 (3,6 sy s AP AN kbl SRt 463 i) 4 BERAG AN (25

prepared”int reviou
folIowcd by DIEA (1.05 mL 6.05 mmol) under Ar, The mixture was warmed to RT
and stirred for 20 h under Ar. The mixture was treated with 100 mL of EtOAc and
washed with HoO (3 x 20 mL), brine (20 mL) and dried (Na2SO4). Removal of the
solvent in vacuo gave 534 g (66 %) of the title compound as a brown oil. TH-NMR
10 {CDCls; 400 MHz): 5 4.67 (d, 2H, J= 5.5 Hz), 3.46 (d, 2H, J= 5.5 Hz), 3.11 (s, 3H),
3.04 (s, 3H).

b) 4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-I-enyl-4-fI1-(2-
methanesulfonyl-ethyl)-piperidin-4-ylj-phenyl}-amide

HN
H
NT(L\\N\ CN
O

\s/\/N
22

i5 O ©
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, 0.52]1 mmol) in 3 mL of DCM at RT was
added 2- methanesulfonic acid 2-methanesulfonyl-ethyl ester (as prepared in the

20  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 H20 (2 x 20 mL), brine
(10 mL) and dried (Na;SO4). Removal of the solvent in vacuo followed by flash
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5 131 ng, 0.619 mmol) and Pd(PPh3)4 (65 ng, 0.056 mml) in 5 nL of

1, 4-di oxane was added 2.0 M aq Na2CO3 solution (2.25 nL, 4.5 mmol).
The resulting m xture was stirred at 80 C for 7 h under Ar, and then
cooled to RT. Treated with 50 nL of EtOAc, the m xture was washed
with 1120 (3 x 15 nL), brine (20 nlL) and dried (Na2304). Renoval of
t he sol vent under reduced pressure followed by flash 10

chromat ography of the residue on silica gel (15-30 @6Et0Ac/hexane)

e 1, Al P AP S R0 s i

2.2 Hz), 6. @Btheditle tompolindaBa Rhitdzeplid. 5 EBNMRHCICIE MO0 MERY: (D54 @, IHQH)

277 (m_o180® BTz Sl B bl 1156 g p s pumTgfidyus £ -

1.50-1. 63 (0 RH)5.85(m 8 H)3. 11}, 19111%65“]@,83 SPEIH)BL-ESL (8)1D) 2.9%al cd.

£ 410-0- B b 2ay 2o s bk A, I 0333 33 0, 218254 (refDo - 2-

ggr bogy | k?nmm@) 28; (31638 mt.b.mm;-mﬁr , BH3] mx&m@mﬁr ?h@nﬂa¥cd for

car boxyl i y c' 0 a mxture o

444- am no- 3%%§fégﬁ¥§ﬁ%?g%%#k9ﬁ@ﬂgﬁﬁgﬁ 4-y1) - phenyl kpi peri di ne- 1-
carboxylic acid tert-butyl ester (as prepared in the previous step,
45 nmg, 0.12 nunol), potassium

4-cyano- 1- (2-trimet hyl sil anyl - et hoxymet hyl ) - 1H i m dazol e- 2- car boxyl at
e (as prepared in Exanple 3, step (d), 44 ng, 0.144 mol) and PyBroP
(67 ng, 0.144 5 mol) in 2 nL of DVF was added DI EA (42 4, 0.24
mol ). The resulting m xture was stirred at RT for 4 h under Ar.
Treated with 30 nL of EtOAc, the m xture was washed with 1120 (3 x 10
m.), brine (10 nL) and dried (Na2SQ4). Renoval of the solvent under
reduced pressure followed by flash chromatography of the residue on
silica gel (1-2 % EtO0OAc/DCM gave 64 ng (85 % of the title conpound
as a light 10 yellow oil. 311-NWR (CDC13; 400 MHz): 5 9.51 (s, 1H),
8.21 (d, F1, J = 8.5 Ft) 7.78 (s, 111), 7.16 (dd, 1H J = 8.5, 2.1
Hz), 7.02 (d, 1H, J = Hz 6.00 (m IH, 5.92 (s, 210, 4.25 (br
s, 211), 3.66 (t, 2H, 3 3.42 (m 211), 2.93 (dd, 2H, 3 = 5.7,
5.7 Hz), 2.79 (m 2H), 2. dd, IH 3= 12,3, 12.3, 3.3, 3.3 Hz),
2.49-2.56 (m 2H), 1.82(d, 3 =12.8 Hz), 1.56-1.66 (m 2H), 1.49
(s, 9H), 0.97 (t, 2H, J = 8.2 Hz), 150.00 (s, 911).

d) 4-[4174- Cyano- 1- (2-trinzet hyl sil anyl - et haxynet hyl ) - 1Hi m dazol e- 2-
car bonyl j-anzino}-3-(1, 1-di oxo-1, 2, 3, 6-tetrahydro-1

26-t hi opyran-4-yl)- phenyl] -piperldine-|-carboxylic acid tert-butyl
ester 20 CN BoV A solution of 3-chl oroperoxybenzoic acid (91 ng,
0.404 mmol, 77 %9 in 1 mM, of DCM was added slowy to 444-

{[4-cyano- 1- (2-trimet hyl sil anyhet hoxynet hyl )-1H i m dazol c- 2- car bonyl ]
-am no} - 3- (3, 6-di hydro- 2H-t hi opyr an-4-y1l) - phenyl ki peridirte-
251-carboxylic acid tert-butyl ester (as prepared in the previous
step, 120 ng, O0.192

InN—-

)
2)
(d

8.
63

2H,
8.2
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mmol) in 3 nL of DCMat - 78 C under Ar. The m xture was stiffed at -
78 t for 15 mn, and then warnmed to RT. Treated with 40 nth of

Et OAc, the m xture was washed with 15 % Na2S03 (5 nL), satd aq NaHCO3
solution (2 x 10 m.), H20 (10 nL), brine (10 nlL) and dried (Na2SO4).
Renoval of the solvent under reduced pressure followed by flash
chromat ography of the residue on silica gel (2-10 %5 EtO0Ac/ DCM gave
85 ng (67 %9 of the title conpound as a colorless oil. 111-NWR

( COCI3; 400 m@zauov@% Repbids m)oee.\agrqyarequcc&amg (e éia&piegas malczﬁ&l (s,
111), 7.21 (dd, 1H, 8 3, 7.06 (d Hz) , .93
(s, 2H), 5.75 (t, 1H, J =4.1 Hz), 4.25 (br s, 2H) 3.86(br S, 2H),
3.66 (t, 2H J= 8.2 Hz), 3 29 (t, 2H, JmesH.3 Hz), 3.03 (t, 21ff, J
5.4 Hz), 6 (m 2 64 (dddd 2. 3,

Hz), 10 1.8 zét(aﬁ'upg 'é}r%ct %pe%“& (Fﬁur‘;]d rr;]u% 1 4Fér§% %‘FE)BH)
0.98 (t, 2H, J=8.2 Hz) 0.01 (s 9H) Nia%cdspectrum(Eg m z):

-Cal cd. for C32H431\ 1306SS1,"§56.3 (MtH), found 656. 7.

4- Cyano- 1Hi nti dazol e- 2- car
12-(1, 1-di oxo-1, 2, 3, 6- tetr
yl - phenylranzMje %lﬁ
a solution of 444-
([ 4-cyano-1-(2-trinethylsilanyl-ethoxynethyl)-1Hitnidazol e-2-

car bonyl ]-am no)-3-(1, 1-di oxo-1, 2, 3, 6-tetrahydro- 1X6-t hi opyran-4-yl) -
phenyli- 20 piperidine-I|-c oxylic acid tert-butyl ester (as
prepared in the previous st w 0.123 mmol) in 6 nL of DCM was
added 0.20 nL of EtOH folla H\"bly,} nth of TEA. The resulting

sol ution was spi rreg,\at h. M3l of49}§1e0§gwggt ungger
reduced pressure g (96 % of the title conpound as a ite
solid. 1H NWR ( 00 MHz): 8 8.02 (s, 1H), 7.78 (d, 1H, J = 8.3
Hz), 7.29 (dd, 1H, J = 8.3, 252.0 Hz), 7.21 (d, 1H, 3 = 2.0 Hz), 5.7
(t, 1H, J = 4.2 Hz), 3.83 (br s, 211), 3.51 (d, 211,

x.,yhu}am d
173, 6- t hi opyr an- 4- y0- 4- pi peri di n- 4-
et°i c acid 432 HIHR CxHeaNOs TFAIHN To

1

Example 43
5 4-Cyano-1H-imidazole-2-carboxylic acid{2-cyclohex-1-enyl-4-[1-(pyridine-3-
carbonyl)-piperidin-4-yl]-phenylj-amide

N
n
T
o)

A, solution of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-

10 piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared in Example 14, step
(b), 75.0 mg, 0.15 mmof) in CH,Cl, (10 mL) was treated with EtsN (64.1 uL, 0.46
mmol) and cooled ta 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.

15  Silica gel chromatography (10 % MeOH in EtOAc) afforded the title compound (61.0
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J. =12.4 Hz), 3.33 (t, 211, J = 6.0 Hz), 3.15 (td, 211, =

K
Hz), 3.01 (m 2H), 2.94 (dddd, 1H, J = 12.2, 12.2, 3.5, 3.5
(d, 2H, J =12.9 Hz), 1.92 (m 2H, I = 13.3, 13.3, 13.3, 3.8
Mass spectrum (ES!', nlz): Calcd. for C211-123N503S, 426.2 (l\/HrH)
found 426. 2. Exarrpl e 37 54-Cyano-1H i nzi dazol e- 2-carboxylic

f 4- 0- aceVl - pi peridi n-4-y1)-2-(1, 1-di oxo-
1,2,3,6-tetrahydro-126-thi opyran-4-yi 9- phenyl Fami de C) To a
suspensi on of 4-cyano-1H i m dazol e-2-carboxylic acid

2- (1, 1-di oxo
Lot r ahydr o- PRS2 P30S PANE 0. AR (GRG0 MR A OF p AR
trifl uoroacdaH)8. @es.66 &allH),(&3 (dy Bhdr=8H He), Exarnsuemsﬁi) gre(, (4),, 62

07345 ! ) R ik P S Bk P o 07 i NGB8 1 Whnyar e

(11 tL, 0.21208nm8 (m, MEL, 3ebelchesd (=d, OM), .20, 1h(e, NET) L1982, 86amgi 110)) ©.86-

resultin inred 0] rnie
of Et OAcg tﬁé&ﬂ ﬁf?ﬁ?é%@@sﬁ%l\ﬁg{%@owﬁgéeﬁﬁw b%ﬁ%(% dqueous
| ayers wer e Cetl,ia0k 81 Bi(VR-HkfOWa 484.3x 10 mid). The conbi ned organic

| ayers were concentrated in vacuo. The residue was purified by flash
chromat ography on silica gel (1-4 % MeOH DCM yielding 50.9 ng (95 %
of the title conpound as a vvhi te snkilﬂglexal NVR (CDC13; 400 MHz)

13.0 (s, 1H), 1H, J
= 2.3 20Hz), %w(fﬁ%m“{qﬁo e-car é»w cazn%ﬁ ﬁﬁ’oh#-fo@%%ﬂ-ﬁj -’@Slwmz

Hz), 5.1@ (t, Jenirioace YperiAinSeylf-Shenyamidk trllododretidactd ddk) , 400
(dt, 1H, J:13.§, ZféaHz?)%f %19 JZ’@I—.I;ﬁI ﬂ(, 2H, 3= 6.2 Hz),
3.23 (td, I H | =13.2, 2.5 Hz) 302( (dddd 1H, J =
11.9, 11.9, 3.4, 3.4 Hz), 2.68 (ddd, 11
2.18 (s, 3H), 1.70-1.97 (m 411). Mass sp ctrI-Um
for C231-125N504S, 468.2 (MtH), found 2 i\
4- Cyano- 1H ani dazol e- 2- car boxyFic acid
(2-cycl ohex-1-enyl -411- (2-di nt et hyl@n
acetyl) - piperidin4yirpH@nyI~Lm\ﬁw\l A m xture of

4- cyano- 1Hi m dazol e- 2- car boxyhi 5 acid (2-cycl ohex-1-enyl-4-

a) [2-(4-{4-{(4- Cyano—l H-imidazole-2-carbonyl)-amino]-3-cyclohex-1-enyl-
phenyl}-piperidin-1-yl)-2-oxo-ethyl]-carbamic acid tert-butyl ester

O, J
, (T
JLE/\(H),N

15 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

20 (), 0.80 g, 1.63 mmol) in CH,Cl; (20 mL). The solution was stirred at room
temperature for 17 h. Solvenis 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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5 piperidin-4-yl-phenyl)-amde trifluoroacetic acid salt (as prepared
in Exanple 14, step (b), 655 ng, 1.30 ranol) in DCM (15 nlL) was
cooled to OC and DIEA (0.92 nL, 5.2 mml) was added.

D net hyl am noacetyl chloride hydrochloride (211 ng, 1.3 nol) was then
added portion wise over 10 min The reaction mxture was stirred at 0
Cfor 30 mn and allowed to warmto RT and stirred for 2 h. Sol vent
was renoved in 10 vacuo and t he resulti ng residue was partitioned
between brine and DCM rgani ¢ é)er was separated, dried

(Na2504) ande}UHBéﬁPP&sé@MﬁIﬁ)e?)?ééu(%& SRO4rTEN I mled Bk 7-80-848 67
silica (5 % 1(9@'&4) £5-9h3 ghn {5,044k hi, 8. ound
as a white s?)?% ‘F 7iCDgh 1-63720%52(3—/9 )tmg(g E&l,gg%(d
1H, J = 2. 31ﬁ2,)5767cb17$31{{§4 Eh48 (my 1} 304 51@112H)13478303(m2 B, @78 7.01
(s. 111) 5. % 111,
(s, 12Y sz%%é H)@ébibr@ﬁ%ﬁ%(b]‘@%lds T8t 4214;'21)86 f1721%r(4ﬂi)

3.12 (td? 1H~|703155(mr32§) 1445, 981). LO-MS a) q d. for Cpl@e04 133 3 8,
38Hz)2§ﬁg§l IhhoJ = 13.3, 13.3, 24Hz)240(s 611),
2.18-2.32 (in, 4’11 1.80-1.98 (m 8H). Mss spectrum (ESI, rn/z):
Cal cd. for C261- 132N602 461.3 (MrH), found 461.2. 20Exanpl e 38b

4- Cyano- 1H ippdda b 3 . 3
12- cycl ohex- )]1_ en)Z/' T 11&%19%%%?% Fl%?r%(&%)ﬂcaad {4-[1-(2-amino-acetyl)-piperidin-4
acetyl) - pi peri dix 34y¢1¢’phérvﬁj’ledmxﬁeaﬂﬂd@ﬁﬁ@n@ap@mlaﬁnd@"aft| on of Exanple
38a also afforded a small anpunt of 4-gyano-1H m dazol e- 2-carboxylic
acid (2-cycl ohex-1-enyl-441 nmet hyl am no-acetyl)- 5

pi peri di n-4-yl kphenyl1}-am de H N CD30D; 400 MHz): 68.02 (d, 1H,
J =8.4 Hz), 7.92 (s, 1H), 7]J077ddy BH J = 8.4 Hz, 3= 2.4 Hz), 6.98
(d, 1H, J = 2.4 Hz), 5.73- B " 460451 (in, 1H), 3.76-3.68
(m 1H), 3.20-3.11 (m _1 18162. 1O (m 2H), 2.67 (s, 3H),
2.22-2.13 (in, 4H), 1.88- 66(m 611), 1.66-1.46 (m 211). Mass
spectrum(E$EAn11-g:)1/\ﬁﬁ'T' . for Cul | 30N602, 447.2 (M+H), found 447.3.
10 Exangpe 39

L O s el ot o e

?) 4- Cyago %&&b?wﬁz}qhﬁeddﬁ-i@mzLoeren@lgmaﬁsd akidkéht-big ARZ Rk pregars@r boxy
n n
L 1 uor oaciy HEPREPE S 04 SEN) T sy (20 k5 whs hedfed i om

(0.2 mL) and TFA (6 mL). The mixture stirred at room temperature for 45 min, and

15  the solvents were evaporated in vacuo. The crude material was used directly in the
next step. LC-MS (ES], m/z): Caled. for CagHasNeO2 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
20 acid salt

N
ol
H f}’<
N\r(’\N
TFA O 5 H
HO(_~ N
N
T
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To a solution of

4-(4-([4-cyano- 1- (2 trinmet hyl sil anyl - et hoxynmet hyl )-1Hi m dazol e- 2-
car bonyl ] - am no} - 3- cycl ohex- 1- enyl - phenyl) - pi peri di ne- 1- car boxylic
acid tert-butyl ester (as prepared in Exanple 14, step (a), 81 ngy,
0.123 mml) in 18 nL of DCM was added 1 rnL of EtOH followed by 5 md
of TFA at 0 C The resulting solution was stirred at RT for 0.5 h,
treated with 20 nL of EtOH foll owed by 20 nmL of n- n-OH and 5 nL of
1120, the m xture was then concentrat ed under reduced pressure to 5

i1 Tea gel “Copion Bl e 1gaudtes P PR At i b g

as a white piperidin-4i]L2 MpRoHeEDGHS]pieaf]-dd} trifhBroatetic acid sdlfgas pﬁpzﬁﬁi (br

, 111), 9. 15 b 111 d, 7 13
Caar Tl 3 Pt Slovbusdtp bua§ Rl fipod i ol B il wleg Bty o
8.3 Hz). 0. BA(0A)HH 1033 YaSE rnePiddusnd Stxal @062, 00ahesbl), e

C28H39N5Q2Si ,. 506, 34%{:‘4@ foundé%g%é’i ,

b) 4- ( 4- 02 Cy FHEUE SEBER 3 ORR IFPERUEHAOT | Bead fip felvemy s gvarprafed 42 ticue 2.
15car bonyl | Tﬁa"re@i@heﬁaﬁylednqipeﬁmbfmnkhersbmﬁlﬂéﬁabﬁr ardithefilkaearhoxyl i ¢
& tyano. 1“{%‘&@,3 Ry PP n RS PRBR R o 0T (ROTARIs.
carboxylic aé‘dt&ltﬁ%‘lﬁ%ieﬁhrﬁnﬂl‘% ¥ A-oAedBORER) Hiohded 1hd titRREMybundB I e
trlfluoroacetlc 20 acid salt ga repajed in the previous step, 116
mo, 0.102 mth I° HrRreTspEAtpYSs 2 Ahied ity ERRGR OO 4RR MitR: DA 588
added sligW ym!BDS O mOfi) 7.0 qgnmii OI£6H85.84167) (h1p, Nl
G 19" ol mapoles bogeh) 1 sasuaTmoL 2500 BRSPS,

at
mm  war med 582ﬁ'ﬁzéﬁdlgl’ﬁ2f‘éc?lf(6’r2fi)53§?ﬁ e %ﬁé&?’tlé (mﬁ{)sé%ga. n. A
suspensi on vagénan)@z@waami), 1560080 km, 2@1)717891F‘?$Q1n|4ﬂ) 41.74-1.8% (I HE was
added and 25the resutln m Xt ure _was and stirred for
20 h under AH) H 5 Calng- f?FQZGBIPﬂ\E@OW(?Z%"’éi)nf"%?%W@ Zvas washed
with H0 (3 x 20 rrL) br| ne (20 nmL) and dried (Na2SO4). Renoval of
the solvent in vacuo followed by flash chromatography of the residue
on silid& gel (10% Et0Ac/ DCM t hen Exampled$y pcy) gave 95 ng (83 % of
the title co Qfﬁsmada%@ﬁe@téa% 1 deid (bR A}%
9.68 (s, 111;30% 5 (d &iy (ME% g& {be?
1F1, J = 8.4¢ JZ)'QI3452’)'9"11’!0'6@[30(%5’4’?1‘41”'5J’ PZ’E’Q’M’}IJE Bﬂgﬂ’o(’ée“c?i’ﬂ)m” 5. 83
(mlll) 4.96 (t, 1H, J 5.6 Hz), 4.11 (d, 2H, J & 13.3 Hz), 3.75
(ddd, 2H, J =4.4 Hz), 3. 66 (t, 211,3 = § Hz), Aé@ (ddd, 211,3 =

5.0 5Hz), 3.36 (t, 111,3 4.6 Hz), 2.91 (‘dgd = 13.0, 2.2 Hz),
2.66 (dddd, 1H, J= 12.2, 12.2, 3.3, 3.3 33 (m 411),
1.75-1.91 (m 611), 1.67 (dddd, 2H, J = 12.9, 4.0 H ),
0.97 (t, 2H, J = 8.3 Hz), 0.00THAs, 9 pis s @pe trum(ESI, i nk) :
Cal cd. for C311 144N604S!_| 593. 3 (

0 H)] found 593.1. 10
c) 4- (41(4- Cyano- 1H i nddaZ, bJ/\lﬂ’bﬂ'f befiy1) - am no] - 3- cycl ohex- 1- enyl - ph
enyl) -

A solution of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-{1-[2-(2-
20  hydroxy-ethylamino)-acetyl]-piperidin-4-yl}-phenyl}-amide trifluoroacetic acid salt
(as prepared in Example 44, step (c), 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 puL, 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 % to0 50 %
25  acetonitrile in water with 0.1 % TFA over 30 mir) afforded the title compound (19.5
mg, 47 %) as a white solid. "H-NMR (CD:OD; 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, /= 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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pi peri di ne-1-carboxylic acid (2-hydroxy-ethyl)-anilde To a solution
of 444-{0-cyano-1-(2-trinethylsilanyl-ethoxynethyl)-1H i m dazol e- 2-
car bonyl kam no} - 3- cycl ohex- 1- enyl - phenyl) - pi peri di ne- 1- car boxylic
acid (2- 15 hydroxy-ethyl)-am de (as prepared in the previous step,
95 ng, 0.16 mml) in 3 nL of DCM was added 0.10 nL of EtOH foll owed
by 1.0 nil, of TFA. The resulting solution was stirred at RT for 6 h.
Renoval of the solvent under reduced pressure followed by flash

chromat ogr apiys_ 094 () &HH,SV2dIE) @) 260,121 0 9, (41?1? %@IW@M hgave 330

my (92 % of the title conpound as’’a white sSolid.

20MHz) :  68. GF6((ar, SH 1.781.52 (g, FIHAC-MS 8L pz): ORled. for GaHNe0D: 4043 J. =
8.4, 2.2 Hz)y4+Pn 4BuddMo1 11), 4.15 (dd, 2H, J = 13.3, 1.1 Hz), 3.61
(t, 2H, J. l Sﬁ% 47 , 3.27-3.32 (m 2E1), 2.90 (ddd, 211, 3= 13.0,
13.0, 2.5 Hz), 2.73 (dddd, 1H, J = 12.1, 12.1, 2.6, 2.6 Hz), 2.26 (m
411), 1.7%23-1.88 (m 6H), 1.62 (ddd =12.6, 12.6, 12.6, 4.0 Hz
). Mass §pectrum (ESI, mz): Cal cdi'—x%%l'MSI—BONGO& 463. 2 (MtH),
found 463.2. 28y@cahpinidd®/e-Ae@penrlic 44 [Hildacetyl-pipdidind ydxdlliZs,&ci d
{2-cycl ohex-1-enyl1-441-¢2- .. . . S TP

et hanesul T ony! - et Fl LG BRI hep-apde Giromaceic acff safy

Met hanesul foni c acid 2- met hanesgRnylg yl est g o"p op To a solution
of net hanesul fonyl chloride (484 ng, 3 mol ) in 15 nL of DCM at 5
06C was added 2-rnet hanesul fonyl - et ha , 4.03 mol) in 10 nL
of DCM followed by DIEA (1.05 nm, 6.0 der Ar. The m xture
was warnmed to RT and stirred for detl Ary The m xture was
treated with 100 nL of Et0Ac an

wi Ph 1120 (3 x 20 nL), brine
(20 nth) and dried (Na2S»4)..Renoval of the solvent in vacuo gave 534
My (66 %9 of the title conpoufid as a brown oil. 111-NWVR 10 (CDC13;
400 MHz): 54.67 (d, 2H, J = 59 Hz), 3.46 (d, 2H, J= 5.5 Hz), 3.11
(s, 311), 3.04 (s, 311). b) 4-Cyano-1H hni dazol e-2-carboxylic acid

(2-cyc|ohex-l-eq¥I14.11-(2- ) o o
nzet hanéQul #ony| - Sifuargmashaersapron-3 o dibydiend{frovridiredeanbyxyiicpsidy

sol ution of 4-cygRoudltesdn dazol e- 2- carboxylic acid
(2-cycl ohex-1-enyl-4- piperidin-4-yl-phenyl)-amde trifluoroacetic
acid salt (as prepqéfqlk? Exanpl e 14, step

N~ O

S )

Fos0

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-

15  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-
triftuoro-N-phenyl-N-[{trifluocromethyl)sulfonylJmethanesulfonimide (12.5 g, 35.1
mmol) as 2 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

20 NaHCOj;, diluted with Et,0, and washed with water. The organic layer was dried
over MgSQ; 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): § 5.97-5.89 (m, 1H), 4.09-4.01 (m, 2H), 3.54-3.45 (m, 2H), 2.36-
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(b), 85 ng, 0.174 mmol) and DI EA (91A, 0.521 mml) in 3 nL of DCM at
RT was added 2- nethanesul fonic acid 2-net hanesul fonyl -ethyl ester
(as prepared in the 20 previous step, 42 ng, 0.208 mol). The
resulting mxture was stirred at RT for 3 h. Treated with 50 rnt, of
Et 0OAc, the m xture was washed with 1120 (2 x 20 nL), brine (10 nL)
and dried (Na2SO4). Renoval of the solvent in vacuo followed by flash
chromat ography of the residue on silica gel (1-3 % MeOH DCM gave 54
(65 % of2.26h(en, Ri}, 1 &8 ¢x OHR UNC-MS (EST,wWik): eCatcal foe C HFFIMRS(3BRTh; 400

.5 25 (d, 1H, J = 8.4 Hz), 7.72 (s, 111), 7.15
(dd lH J il‘éﬁlfl‘g‘?"o’ﬁrﬂ (7 04 (d, 1H, J -- )2.0 Hz),(§.85 (3n 1H),
3.21 (t, 1HJ--65Hz)309(s 311)302311(m2|—|) 292
5(t, 211, J .= 6.5 = 12
> 182,31 (¥ 411)(5% )é51%"(”6“3‘&‘%49}}"J‘%O’féo’é&”%z%%) 3 Sgrag (’W‘?’

Mass speat rum ( ESlrboxplizdcid ferl e edtepr  C25113134503S, 482. 2 (N%FD
found 482.2. The follow ng conpounds have been prepared according to

t he exanpl es as indicated: Mass Exanpl eStructureSpectrum
FoundFor mul aProc.o Of ) Ex [M -Ht Cal cd. Exanpl e 43

54- Cyano- 1H i dh - 2-carboxylic
aci d(2-cycl opex N7- Qnyl 411- (pyri di ne- 3-
car bonyl) - pi di n-4-yl i phenyl}-am de

=N
0" D

PdCldppf (0.16 g, 0.22 mmol), KOAc (2.18 g, 22.2 mmol), 4,4,5,5,4°,4°,5°,5°-
octamethyl-[2,2°]bi[[1,3,2]dioxaborolanyl] (2.07 g, 8.13 mmol), and dppf (0.12 g,

10 0.22 mmol) were placed in a round-bottomed flask, and the flask was flushed with Ar.
A degassed solution of 5-trifluoromethanesulfonyloxy-3,6-dihydro-2H-pyridine-1-
carboxylic acid 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

15  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): 8 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 (ESL, m/z): Caled. for CysHysBNO, 310.2
(M+H), found 311.0.

20
¢) 4-(4-Nitro-phenyl)-3,6-dihydro-2 H-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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0O A solution of 4-cyano-1Hi m dazol e-2-carboxylic acid

(2-cycl ohex-1-enyl-4- 10 piperidin-4-yl-phenyl)-amde trifluoroacetic
acid salt (as prepared in Exanple 14, step (b), 75.0 ng, 0.15 mmol)
in CH2C12 (10 nlL) was treated with Et3N (64.1 pL, 0.46 mol) and
cooled to 0 C. The m xture was treated with nicotinoyl chloride
hydrochl oride (0.030 g, 0.17 nrnol) and stirred at 0 C for 15 mn
then at roomtenperature for 17 h. The reaction m xture was adsor bed
directly on t OHin
1 0AG) 411 or Ly ThaRrPEIonioa el 9‘{%%0@“%@“ Al P o 1 .
1H NMR ( CDCEger (Aa)memmd)mEsa@plsﬁ (stsp , 29818, 180 mrnqls Silidagel 8. 70 8. 66

Pho 7 a7 (R 0 PO sty ity b Gmplurilo? 50

5.87-5. 82 (%)a&bi)o114I-DB?MﬁR@D((lm40(Uvin)5&1@-(ﬂ ﬂﬂJ(=rﬁ8HIh)),75(B((29H3¥=l8

(1m941H) V5 ( ﬁi% %?%623( s %@) ‘ééf‘S%Dz? ﬁg&%%ﬁ)n% 8%@355‘%1]2 ). £1r8n1. 311) ’

(MrH), found 481. 3. Exanpl e 44

?Zqésglooﬁéidjlt eii%"?’il_”if? Bﬁ#ﬁflg')’??cﬂgﬁ%'fogﬁm no) - acetyl | - pi peridin

-4-yl) - phenyl)-am de NHpior oacetic acid salt TFA H 8
a)[2-(4-{4-114- i ntidazol e-2-carbonyl) - anzi nal - 3-cycl ahex- 1-e
nyl - phenyli - pi =1 -yl)-2-o0xo-ethyl kcarbanzic acid tert-butyl
ester 11l N ONZ?2./ OA NThr HO 15 A solution of N BOC-glycine (0.29
g, 1.63 mmol )]in CH2C12 (10 nL) was treated with D1EA (0.85 nL, 4.90
nunol ), HOBt (0.26 g, 1.96 mml.), and EDCI (0.38 g, 1.96 mmol). The
m xt ure wasAsplutipreef af4- Iﬁb@nﬁlm&é&Cﬁh)(ﬂf@illﬂwridi@e-ﬂricnrbandﬁcadd dagt-budyla

(2 byo dex Merbispaabiine ROBEeNs SorBE XNOGLED B0 £ 1opureof. oy
acid salt (REMITEHAHmL) Waﬁmamteomtemcréwr@@r% bpnd @né@nirgted.1TIBE3 ol )
in CH2C12 (£0:afl-Yas dHIB 1Pt 6%&1%@%&%1&@? T GAe) gftflfﬁfn% sure for

17 h. Sol vents were evapor at vacuo omat ogr aphy
(50 % Et 0Accaoledhief 40.eT) thisf sobutichs Et-INV@SQ uL,I?enmol}mmaﬂiied@roﬁimy, 47 % as

a white sol {‘oﬂowed by acetic anhydride (102 puL, 1 mmol). The resulting mixture was stirred at

15 0°Cfor1 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=28.4Hz), 6.64 (d, 2H, I = 8.4 Hz), 4.75 (m, 1H), 3.93 (m, 1H), 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-Amino-3-bromo-phenyl)-piperidin-1-yl] -ethanone

NH,
Br
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—11:1-NVR{€DCE3 400—MHz) . 39.53 (s, —1B)~ 8:26(d, | H J = 8:4-Hz) -
H |

7.80-7.78 (in, IH, 7.71 (s, |H), 7.45-7.43 (m 111), 7.06 (d, 1

= 8.4 Hz), 7.00 (s, 111), 5.83 (br s, 11-1), 5.76 (br s, 111),
4.78-4.68 (m 1H), 3.96-3.85 (m 211), 3.17-3.03 (m 111), 2.78- 2.63
(m 211), 2.29 (br s, 211), 222 (br s, 211), 1.95-1.87 (m 211),
1.86-1.72 (m 411), 51.70-1.55 (m 211), 1.44 (s, 9H). LC-MS (ESL
rn/z): Calcd. for C29H36N604 533.3 (M+H), found 532.9. b)

4- Cyano- 1H bni dazol e- 2- car boxyl i ¢ acid

(411- (2- am rfoscttishyk |- p{4p@ninciphengh-piperidin-1-yl]-ethanone (as prepared in the

YLl 2-cycl oo shis S0y, 0. 16 hhlolyin LRLER T it Aeas oot fo 276 oLl 100 A

[ 2- (4-{4- [ (4reat¢@tith MeSi (018l %,zmmogaé banydnyor i ORJCI 4| ahex- 1-

enyl - phenyl) - pl_$erl di n- 1-ty - 2- oxo-et hyl | - car béam acid tert-butyl
ester (as prEiSHPEHESAOVAEOHEY (GREMITBRsratEye 414 Yir iy 39 Mifmbieresdiotp Cl 2
(20 L) was wakakiedhwith CH,EH SHd ABhod With) safiffledTdgfeduS NEHLO;. THR: digattcur e

stirred at roomtepperature for 45 mn, and 15 the solvents were
evapor at ed il#yeu¥esfsied or MgSh andeangsatrated ey ckhegrude atafepal wasppd next
step. LC- M5 dfrbsdlyin Bt kit 10K (BB1 HRSNERRd 4533¢ 2u kD, 207 qund
433.2. ©) 4-@/ano- 1H bni dazol e- 2- car boxyl'ic acid

(2- cycl ohex{NE-Ehpund 267.4o_ ( 2-

hydr oxy- et hyl ai ni no) -acetyl | - pi peridi n-4-y0-phenyl)-am de trifluoro
acetic 20acid salt H A suspension of _

4- cyanol®H Pni daFét-E-4eetbpivesiginite/atwaing whany{is, Giilmd o aéemyidine-1-

pi peri di n-4-y11- 27630k oReXepaly bdphenyl kami de trifl uoroacetic acid
salt (as prepared in the_previous step, 0.42 g, 0.77 mmol) in CH2O 2
(20 nmL) was treated wi t hfNa c)3BH (0.33 g, 1.54 mmol ) and solid

gl yoxal (44.6 ny, O. m%‘rqj ~ The 5 m xture stirred at room
tenperature for 1 hJl add the solvent was evaporated in vacuo. The
resi due was taken up fn MeOH and the solids filtered off, and the
filtrate was concentsatedHi n vacuo. Reverse phase HPLC (C- 18 col um)
(20 %to 60 % aceto ilein water with 0.1 % TEA over 30 m n)
afforded the tiffl & coffpound (83 ng, 19 % over two steps) as a white
solid. 1H NMR _QNCD30D; 400 MHz): 5 8.16-8.09 10(m 1H), 8.05-8.01 (m
1H, 7.22-7.106 (m 1H), 7.11-7.06 (m 1H), 5.84-5.79 (m 111),
4.72-4.62 (m°111), 4.24-3.91 (m 211), 3.89-3.80 (m 2H), 3.28-3.18
(m 211), 2A93tign of5-(4M,5, 2ttram2thdq 1 GBI disxabdrbleh;2-1l)-98-dihy@®-ZHn 211),

L89-1.76 (o) codedBe &Gy Sl hGalBid Bl i GG 1O

15 g, 2.02 mmol) and 1-[4-(4-amino-3-bromo-phenyl)-piperidin-1-yl]-ethanone (as

prepared 1n 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)4 (54
mg, 0.05 mmol), and stirred at 80 °C for 4.5 h. The reaction was cooled to room

20 temperature, diluted with EtOAc, and washed with saturated aqueous NaHCO;. The
organic layer was dried over MgSO;4 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
C23H3aN303 422.2 (M+Na), found 422.0.

25 g 3-(5-(1-Acetyl-piperidin-4-yl)-2-{{4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)- I H-imidazole-2-carbonylf-amino}-phenyl)-3,6-dihydro-2H-
pyridine-1-carboxylic acid tert-butyl ester
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_1bExanple 45 4-Cyano-IH inidazole-2-carboaylic acid . . — _—

(2-cycl ohex-1-eny)-4-(1-12-(2- hydr oxy-

et hyl ) - met hyl - am no- acei y11- pi peri di n-4-y1l)-phenyl)-am de
trifluoroacetic acid salt TFA g A sol ution of

4- cyano- 1H i m dazol e- 2-car boxylic acid (2-cycl ohex-1-enyl-4-(142-(2-
20hydr oxy- et hyl am no) - acetyl ] pi peri di n-4-y1}-phenyl)-am de
trifluoroacetic acid salt (as prepared in Exanple 44, step (c), 50.0
ng, 0.085 mmol) in MeOH (3 nmL.) was treated with Na(OAc)3BH (39.5 nmg,
0.19 rnnol) and 37 % aqueous fornmal dehyde (8.2 gL, 0.10 nmol). The

m xture was stirred at roon1tenperature for 5.5 h, and the solvents
were renoved in vacuo, ‘ﬁxg phase HPLC (C- 18 colunn) (10 %to 50 %

25 acetonitrile in wa Nl % TEA over 30 nmin) afforded the
title conpound (19.5 a white solid. 111-NWVR (CD30D; 400
MHz): 5 8.12 (d, 1H, , 8.02 (s, 111), 7.19 (dd, 111, J=

.0 Hz), 5.84-5.79 (m 111), 4.72-4.64
(m 1H), 4.39-4.23 (

Zlﬂgif? 84-3.79 (m 1H), 3.31-3.21 (m 111),

3.03-2.94 (n1 > - Oo(m 211), 2.32-2.24 (m 4H), 2.00-1.90

(m 211), 90N 1076 (m 5H)} 1. 78 1.59 (m 2H). LC-Ms (EST, mz):

Cal cd. for 1134N603 491. § (M+ found 491. 2. 5Exanpl e 46

4- Cyano- 1H—|d%|dazole 2-car ayllc aci d

[4-(1-acetyl -piperidin-4-y1)-2-(1,2,5, 6-

t et r ahydr o- gysoluiomof3s- ﬁl@l-@h@hplpm -treDranfinerpheoald6t6-Gheko-8Hsal t  TFA

HN 10

a) 5- Tri | uoPBrEthaneoarToayT SHyoy? 65 FRPIPEG R e PrYione P 827 Boxyl i ¢

aci d t er f- bQ®6§ imnacd)} 1ng]EDC1i|v@s treated with PyBroP (0.44 g, 0.94 mmol) and 4-cyano-1-
(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid, potassium salt (as

8.4, 2.0 Hz), 7.09 (

prepared in Example 3, step (d), 0.21 g, 0.69 mmol}. The resulting slurry was cooled
to 0 °C and treated with DIEA (0.33 mL, 1.88 mmol). The ice bath was removed and
the mixture stirred at room temperature for 18 h. ‘The reaction was diluted with

10  CH;Cl; and washed with saturated aqueous NaHCO;. The organic layer was dried
over MgSQO, and concentrated in vacuo. Silica gel chromatography (25-45 % EtOAc
in hexanes then 100 % EtOAc) afforded the title compound (399 mg, 98 %) as a white
solid. LC-MS (ESI, m/z): Caled. for CssHasNeOsSi 649.4 (M-+H), found 649.9.

15 &) 4-Cyano-1H-imizazole-2-carboxylic acid [4-(1-acetyi-piperidin-4-yl)-2-
(1,2,5,6-tetrahydro-pyridin-3-yl)-phenylj-amide trifluoroacetic acid sait

TFA  HN i
2
H ﬂ‘<
NT(LN
o H

YN
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-
20  l-carboxylic acid tert-butyl ester (as prepared in the previous step, 0.40 g, 0.61 mmol)
in CH>Clz (20 mL) and EtOH (0.4 mL) was treated with TFA (3 mL). The solution
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F A0"0O Asolution of LDA (23.4 m,, 35 1 nunol, 1.5 Min cycl ohex)
in THF (50 nL) was cooled to -78 C under Ar. The solution was treated
W th 3-oxo-piperidine-1- 15carboxylic acid tert-butyl ester (5.00 g,
25.1 mmol) as a solution in THF (15 nth) via drop wi se addition and
stirred for 15 mn. The m xture was treated with 1,1, 1-
trifluoro-N-phenyl-NRtrifluoronethypsul fonythnethanesul fordm de
(12.5 g, 35.1 mmol) as a solution in THE (40 ralL). The m xture was
allowed to warmto roomtenperature and stir 2.5 h. The reaction was
quenched wi t#s Streshad Feom ts@peeiys ford. NaHBmmsolvgnts wewsgvanoratedsp 2ecuoand

washed with (A i i

concentr at ec?}ll\?ﬁl%&%séd;%%agi [ caﬁegﬂé%)é%[]urﬁcl)‘ﬁ%tt%r(apﬁg %@s%@%iﬁ@?oﬁll
hexanes) af fhorldie dolutirm wastcbrsentoatqugin mabu¢.2nd hegesidie Wik taken wp indlthClhess
oil. "HNVR ﬁ@?ﬁﬁd% Y efn 3l 9icR SEA T nt 5D TR O sl
211), 3.54-5%4 A 1A > M), G Teatig ¥ Sed (g
(ESzl', m 2) : amabmdgrlnlﬁana%?@lﬂtﬂl?ﬂﬁm&dj&g}m]}w@@mﬁhmﬁcmERegerseb)
5-(4,4,5, 5- I - i ol an=2:vy0- 3, 6-0 - 2H-pyri di
neE 1- 5car bg’%sf’?@ig%?y St%rz"ﬁ%@ﬁé@g‘fgézs tomﬁ‘%’ A’Ya-t?r\miggj bé’gl;% Ov(eb'fpél/GQ,
o ety Ll o by oy (0 gD La o

oct anet hy 143,24 [y o <1 Ghoxeey ot anvh 46208 915813 SRl 3 o A
dppf (0. 12g, : 1 e plracedi ¥ & 6tto ’ F%\ k, and
the flask wag),f6l I9sheso(ril Hiy 441-4.6% (e QH3 sad -4 (o, 1H)) 3665 (s, 2H), 3.50-3.37
5-tiiflygronethan f I 5 -di.h 05 i di.nes 1s rb lic
aci d terd: bUtyiucese 2 B0 d ) e Y busBrap 288 Y. o
][TTT'D| )16i E diTGXél(lgBHY,(l.%Ll)Sé/m med@iﬂ-ltihn (htlEIr—]Ij.I [a&Ml &(@S;,hﬂ?{; GICiilc¥10f080| Ct

or : e ur er. rough a glass-fritted funnel to
remove the Wﬁeﬁ@*@ﬁ*ﬂ é'n?lgﬁ'#'ate 15 was concentrated in vacuo.
Silica gel chromatography (5 % EtO0OAc in hexanes) afforded the title

conpound (1.62 g, 71 %9 as a colorless 1oil,. 111-NWR (CDCl 3; 400 MHz):
86.69-6.60 (m 111), 3.98 (br s, 25—%%‘—" De2119-3.42 (m 211), 2.24-2.16
(m 21135 1. 474-84-[(38pand | B-itRlazoled-2yrbotyD-ddBnd JEStycloéz ) -enyTahanghi- f or
C13H2313N04 310.2 (MtH), f ,updl311..0., O‘g;{é)' ricacid s

4- (4-Nitro-phenyl) -3, 'HF’I‘@@I’ FVACFR A THEOroeedic g6yt ¢ aci d

tert-butyl ester

o
Nﬁ)LNH

CF3C0O.H

O
CH

A flask was charged with 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-
20  enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (33 mg, 0.067 mmol) (as prepared in

Example 14, step (b)), t-butyl bromeacetate (10 pL, 9.067 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
25  tert-butyl ester was eluted with 25 % EtOAc/DCM. This compound was dissolved in

1 mL of DCM and 20 pL of EtOH and 1 mL of TFA were added and the reaction
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N2 The title conmpound was prepared by the Suzuki coupling procedure
of Exanple 35, step (b) using 4-nitrophenyl boronic acid (167 ng, 1.00
rnnol ) and 4-
trifluoronethanesul f onyl oxy- 3, 6-di hydr o- 2H pyri di ne- 1- car boxyl i ¢ acid
tert-butyl ester (as prepared in Exanple 13, step (a), 295 ny, 1.00
mmol ). Silica gel chromatography (10 % Et OAc i n hexanes) afforded the
title conpound (273 ng, 90 @@ as an oil. 11-1-NWR (CDC13; 400 MHz): 5
8.19 (d, 2H, J = 8. 5) 7.50 (d, 2H, _1=58.8 Hz 623§ 1H),
4.12 (m 2E§91rredj'05$h atd QZH)The gtlgqpn(mpnm@punﬁeda,@ HP@Q)(CI ), elutingg)

1-[4-(4- Am o | ution
of [ 4- §4 nit ?‘gﬂl%??r%’%h%mmﬁ A’;‘%@H-ﬁz S;?f%?ﬁg 1car b&g ‘ﬁ C (Z% d

tert-butyl ¥hiteseliy I(IMBI(@%MH@G:DEQD)@&)}@(@I H®58§2€§p1HB@22@,, 1. 00

Tgorr;))er iatnufle %’?'?(ﬁ’tlﬁﬁ'co%?g%’%ég%b?g@?ﬁt3ﬁ@ggﬁﬁ fdétp@ vacua

over ni ght, S 22 en4d) 2i1A (@142C1-22 (0N Messspectmes(ESh o/ Celod.dorC. - To

this soluti , |) was added drop wi se, followed
by acetic a%ﬁmdﬁs 4%%21\49%0 fi“’rﬁﬁm; The resulting mxture was

stirred at 15 0 Cfor 1 h and allowed to warmto room tenperature.

The reaction m xture was washed w and the organic | ayer was
separated, dried and concentrat ed. 4 fquultl ng product was reduced
t o obtai n t Heymig-I B-inidhades BrdarpaxdBe ngfd {651-Wyamigo-Bgreshypbowebyimeriging | ar

to Examphe 4, step 1HE NIVIR 13, 400 M3z): 5 6. 97 211, J =
8. 4 HZ;T%6 64 (d, 5(1}’?}?'2' oA h?.“ﬁ'"f-’&%%%e’ﬁ’??‘g’”?%%%’fffméf’%}% ’%’ﬁq 1H . 3.13
(m 311), 2.66 20(m 211), 2.12 (s, 1.84 (m 211), 1.57 (in,
211). e) |- 0-(4-Am no- 3-bronzo-phen pi peridin- |-ylrethanone NH2
Br A solution of 114-(4-amni no-phenyl)pi per*i'm | ket hanone (as
prepared in the previous step, 0.36 g3 66 1w )Tﬁ CH2C12 (10 | a)
was cooled to -78 C and treated wiith (0528 g, 1.58 mol) as a
suspension in CH2C12 (4 nL). Thefregction was allowed to warmto room
tenperature and stir forHZB}grﬁ\g,N Ihe reactionlP was diluted with

CH2C6 and washed with satu aqueous NaHCO3. The organic | ayer was
dried over MJSO4 and concentrated in vacuo. The crude material was
used directby in{3-FefinekCyraroald-inddazoleC-NBbdrSbyinl-3)cycltledreldenyt-or
C131-67Br N20 2971

Cootis (o oot o aaem b P, Baneli. 3 o propul-coranie e sembugt | o

ne- 1- ester

o
H HN:\>_*:N
H L
>r0\g/N7<ﬁc])/N

To a mixture of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide triflnoroacetic acid salt (as prepared in Example 14, step
(b), 40.0 mg, 0.0818 mmol), 3-tert-butoxycarbonylamino-3-methyl-butyric acid (/.
Med. Chem., 34(2), 633-642, (1991), 21.4 mg, 0.0981 mmol) and PyBroP (55.0 mg,
20  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,SO4

and then concentrated in vacuo. The residue was purified by flash chomatography
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.carboxylic acid_tert-butyl ester )O_L.. N NH2Z A sol ution of _
5-(4,4,5,5-tetranethyl -[ 1, 3, 2] di oxabor ol an- 2- y1) -3, 6-di hydro- 2prr|d|
ne-I-carboxyIic acid tert-butyl ester (as prepared in Exanple 46,

step (b), 0.62 15 g, 102 nmol) and

144- (4- am no- 3- brono- phenyl) - pi peri di n-1 -yl ket hanone (as prepared in
the previous step, 0.20 g, 0.67 mmol) in toluene:EtOH (2:1, 9 nL) was
treated with 2.0 M aqueous Na2CO3 (2.7 nmL, 5.38 mmol) and was
degassed Wi th sonication under Ar. The mi xture was heated to 80 C,
treated wt oSt i

a5 he The. rUlAT oo O PP Tl el 0 Dl et Bombnf el
Et 0Ac, and welstled oili Massspbtetruat @81, agz)e Calsd. m&%zNgDaeS’Ing[Mﬁfﬁ, foayder
was dried o%géswgscn and concentrated in vacuo to afford the title
conmpound (O g, 93 %9 as an off-white solid. LCGM (EST, m z):

Cal cd. for 0231 63N303 422.2 (MtNa), found 422.0. 25

g) 5- (5-0-.A

et hoxymet hyI yI I%I gyn T"éd‘%oj%é'fﬁ’(%ﬁ?lhﬁ3%?26’%1'%@15@76}5’? lé?’i’i’ly'}’ Pol 2H

pyri di ne- 1-car bopz)bkﬂuﬁn-a@ﬂ]dZ elohed Lieni-p RSl BiamideQriffucs-0ddédli¢ Qo sdit
5-[5-(1-acetyl -piperidin-4-yl)-2-am no-phenyl]-3, 6-di hydro- 2Hpyri di ne
-1l-carboxylic acid tert-butyl eg (as prepared in the previous
step, 0.25 g, 5 0.63 nmml) in CHRCI2 wag-treated with PyBroP (0.44 g,
0.94 mol ) and 4-cyano- 1- H 3

(2-trinethyl silanyl -et hoxynet hyI

potassium salt (as prepared

mol ). The rf];égﬂlng slurr as cooled to 0 C and treated with D EA

(0.33 m,, m e€ bath was renpved and the m xture
ratuse

stirred at roomterrp for 18 h. The reaction was diluted W th
10 CH2C12 a shed ur at aqueo H . |c | ayer
wns i ed ol8r SReEe R SR e rminal g el -

chr omat ogr am-pﬁa@iwﬁp%dﬁt-%g lllndlhleﬁhél!ﬂ:and-ﬁtepyI]L&@ba%1Eh@d3@h lﬁfyflor ded

et e SRR e Dibs RBinmal o5 pechareq i s Py B MR iSS L of GOV bnd

h) 4- Cyano- 1bﬂo Az ZEDdt @-°2vaa hduea Y 0intL 8CTHA, the mixture was warmed to RT and
[40acety| ridin-4-

[ 4 0 acety LB B Mot 0: e i h mh PERPIGH PSRRI ol

salt TFA  inwvacuo. 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-
15 NMR (400 MHz, CDCl;): & 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, T=8.6,1.7 Hz), 6.98 (d, 1H, T = 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, 61). Mass spectrum (ESI,
m/z): Caled, for Cp7H34N603, 475.3 (M+H), found 475.1.

=N
zol e- 2- car boxylic acid,
Ie)3 step (d), 0.21 g, 0.69

20

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 "f\) 2TFA
N\n/L
N
O o "
HN
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0 A solution of

5-(5-(1-acetyl -piperidin-4-yl)-2-{[4-cyano-1-(2-trimethylsilanyl-etho

xynmet hyl ) - 1H- i m dazol e- 2- car bonyl ] - am no} - phenyl ) - 3, 6-di hydr o- 2H pyri

di ne- 201-carboxylic acid tert-butyl ester (as prepared in the

previ ous step, 0.40 g, 0.61 mmol) in CH2Cl12 (20 ralL) and EtOH (0.4

m) was treated with TFA (3 nL). The solution was stirred at room

tenperature for 0.5 h. The solvents were evaporated in vacuo, and the

residue was inmediately taken up in EtOH (25 nL) and stored at 5 C

for 11 Ii. The solution was concentrated in vacuo, and the residue

was taken u@in EgSipedpigiawhethgraneboi #4!.4 4rinazeladrathogdicadidni t h

TFA (6 nL). The peaptden was stirred 5 at roomtenperature for 2 h,

and the solvents were evaporated in vacua Reverse phase HPLC (C- 18

colum) (10 to 80% acetogftrile in water with 0.1 % TEA over 30 mn)

afforded the title co und (56.9 ng, 22 %9 as a white solid. 111-NWR

(CDC13; 400 MHz): 38.86 (s, 111), 7.81 (d, 1H, J= 8.4 Hz), 7.32 (d,

111, J= 8.4 Hz), 7.72 (s, 111), 6.10-6.03 (m I|11), 4.74-4.64 (m

2H), 4.11-4.02 (nm—'}l 1), 3.95 (s,3.50-3.37 10(m 211), 3.29-3.20 (m

1H), 2.93-2.ma\é,dLN El), 2.80-2.69 (m 111), 2.62-2.53 (m 211), 2.16

(s, 3H, 1.98-1I84"(m 211), 1.78-1.54 (m 211). LCGM (ES1, nlz):

Cal cd. for C231926N602 419.2 (MtH), found 419.2. Exanpl e 47

15( 4- (4- 31476y nedskdn JTNGAZ 0% ddp& AP0 the, 3V0IRAD BrIBME(OREXatl enyl -

phenyO- pi pe |ds|a£1-,1-ﬁé%l-§éetl c.acid trffluoroacetic acid salt O

Lto OH A fl dok sqidon fapgd-15 bhdadazplsersoorplate (b 3fme Sl0mmal BRMF; ¢

?g |3 d (2- 8 yggs%hsxwfg)ad(aéh &wsé-mg @@ﬁui%g( Elrsf}?n‘éio% ?&@&%ﬂ'&h'&&'gb %letTFQ tsa: t
ng, O. o prepared in anpl e step , t-huty

br onpacet at EPEFhugg for 865 BHyenfshipd W?(E%M(%g @%ﬂ_f,‘i{ﬁ-(l@&?m&nﬁ? regien® . 25

m .4 of DCMschittbnSadsshiesl & R f&BoMmmiatindpouted chRFics. CRRlpr QR ct el RtewasS

| oaded on a 5& SPE _cartri d&ﬁ?ési | ica) and 23 9

- 3 g (7 of
(4-{4-[ (9 cyaRehaP R4 dbocRernismyiore samties. @eém%%ané- enyl - phen
y1} - pi peri didhcdmt¥del iR6R0b. CTIRGES ue obtained was chromatographed on silica (10%

EtOAc/hexane) to obtain the title compound (530 mg, 41 %). Mass spectrum (ESI,
m/z): Calcd. for CmH]_gN_‘gO;Si, 258.1 (M+H), found 258.2.

15 b 4-(3-Cyclohex-1-enyl-4-{[1-(2-trimethylisilanyl-ethoxymethyl)-1H-[1,2,4-
Jtriazole-3-carbonylj-amino}-phenyl)-piperidine-1-carboxylic acid tert-butyl

ester

}Si/
/_0/\/ \
~N
H N
I 2
O

20  Toa 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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25 tert-butyl ester was eluted with 25 % Et 0OAc/DCM Thi s conpound was
dissolved in 1 niL of DCM and 20 duL of EtOH and 1 niL of TFA were
added and the reaction stirred for 3 h at 25C. The title conpound
was purified by RP-HPLC (C18), eluting with 30-50% CH3CN in 0.1 %
TFA/ H20 over 12 min to give 10 ng (40 %9 of a white solid. 1H NWR
(400 MHz, CD30D): 88.16 (d, 1H), 8.02 (s, 1H), 7.22 (dd, 1H), 7.10
(d, 1H, 5.72 (n, 1H), 4.04. (s, 2H, 3.76 (m 2H), 3 22 (m 2H),
2.90 (m 51 2,29 (m 4 2..10_( 1.82 (in

spect rum ( EQO"‘ hmsomeaﬁt%?r 5 - @?ﬁbfrmeﬁéen #5970 ”(Lmay p and B

434. 2. Exanpésiths residue wadddAFHOt Helth bithih 32 @liBetRyl G REPICMOX BiefFl) qIH-
11-1-1-(3-ai nino-3-nethyl -butysyl)- plper|d|n104 11-2-cycl ohex- 1-enyl

- pheny9- ani dib%]—frfaﬁ%ﬁc?a@éﬂlw agidipgtagsym salf (§73mpgy S %0) which was directly

a) [ 3-(4- 111ﬁlﬂed@x%kaﬂdreprwlﬂlamh?ﬁ%msﬁguﬁgea&oh anzi nol - 3- cycl ohex- 1- eny
| - phenyl)-piperidin-1-yl)-1, 1-di net hyl - 3- oxo- propyl | -carbanzic acid

tert- but?l ester HHN O/NyN 150 \ To a m xture of

4-cyano- 1h iAthGRzobEL. &-Gilclglihdyf o Bblythel B ONE] 101 &nazofeﬂyéarﬂox ylic
pi peridin-4-yl -phenyl)-anmdé trifluor oacetl c acid salt (as pr epar ed

i n Exanpl e 2dd petessiin i)t (sxigemradybo e, 2Has qumol), DIEA (34 L, 0.20

305y, o33 Sy PR DR HHEEL b forile -t fihid BB

20 0.0981 nmwr)(as prephiashin @ywnglhamtep )i ¥8.9 mpes] (daieal) mB@m(sae 0.25

The. i xtir e 0 S5 oD BIok) Uil A8 slid & R &0 12t erbuofiBE)

10 nm), Er i s dihBedwith DEM @dnlg\eed whihi2&®@ith aatarateth equeousri‘ééi@@ﬁ}l @ohL) n I
ica ge

vacua. The AU PHLLLAS B Ueal SRR AR o | 0 061

a col or| ess caickntraiilss vagpe cThepnodiéiSias chrotaioprafiadad silice (2082464 2N6 04,

575.3 (MH) Etd@c%'eg(al?eg f'o‘ <§5tain the title compound (31.9 mg, 55 %). Mass psectrum (ESI,

15 m/z): Caled. for C31He7NsO48i, 481.2 (M-BOC+2H), found. 481.2,

c) 4H-[1,2,4-]-triazole-3-carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yl-

phenyli-amide bis trifluoroacetic acid salt

(J
H Ty 2TFA
Yo

O o H

20 HN

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
25 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 vacuurn for 1
h, suspended in ether (10 mL) and sonicated for 5 min. The solid formed was
collected by suction filiration to obtain the title compound (56 mg, 68 %). 'H-NMR
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5 194- Cyano- 1H i nzi dazol e- 2-car boxylic acid

{417- (3-am no- 3-net hyl - butyryl) -

pi peridi n-4-yl11-2-cycl ohex- 1-enyl - phenyl }-am de trifl uoroacetic acid
salt CF3CO2H H2NN O To a sol ution of

[3-(4-{4-[ (4-cyano- 1H i m dazol e- 2- car bony1l) - am no] - 3- cycl ohex- 1-

enyl - pheny1l) - pi peridin-1-y1)-1, 1-di met hyl - 3- oxo- propyl | -carbam c acid
tert-butyl 10 ester (33.0 ng, 0.0574 rnnol) (as prepared in the

o Trathe Pl doaedia Rt iteorke I o oAbl AT RS0 T

reaction wag, ld]H?U? My =82, |1nHz) afg3 M, O, 326 ([T, EW@@QH)%%M n
vacuo. The residue was purified by flash chonatograp silica gel

3765 Neory DR Ay g 339 (. 36D, PHSHASD 7S (TP ik SERS O e B
whi te sol i d.caldd: fod BIMRNA0852! +}§Q§|11§j)3525 13.3 (s, 111), 9.52 (s,
1H), 8.57 (br s,311), 8.26 (dM-dMIH J=8.6H), 7.69 (s, 111), 7.02
(dd, 1H %) = 8.6, 1.7 Hz), 6.98 (d, 1H, J = 1.7 H), 5.78 (m 111),
4.67 (br d, 1H J = 13 4 Hz), 3. 88E&g& d.501H, J = 13.4 Hz), 3 10 (m
111), 2.55- 2.85 2% 2.23 nl 1.72-2.01 (m 8H), 1.50 (s,
611). Mass spé&élorer (léé {-tiigzpie-3-q QaHic Wf’@d?@&ﬂawl 4—@!?@!@%‘&#14)
found 475.1. 20 Exanpl e 49 carboxylic acid
(2-cycl ohex- 1-enyl- 4- pi perl;g%;b &mgifag ;&a%ﬁtf}z&)&?ﬁ[ bi s
trifluoroacetic acid salt
a)1l-(2-Trinethyl silanyl-ethoxymethyl)-1H11,2,41-triazol e- 3-car boxyl i
c acid nethyl ester \ ric O NN I O

N—N TFA

\WJL >~a

O o "

10 HN
aj 5-Chloro-1-(2-trimethylsilanyl-ethoxymethyl)-1H-[1,2,4] -triazole-3-

carboxylic acid methyl ester

\Si’
N‘N
Meo\n)'\N)\C!

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-1A4-[1,2,4}-riazole-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 cther layers were combined, dried (Na;SO4) 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): Caled. for
CioH1gCIN3058i, 292.0 and 294.0 (M+H), found 291.5 and 293.6.

25
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~5 To a suspensionof Nar( 60% di spersion)” (200 ng; 5.00 mol ) in DVF
(5 n) at 0 a solution of nmethyl-1H1, 2, 4-tri azol ecarboxyl ate (635
nmg, 5.00 nmmol) in DVF (5 nmL.) was added dropw se. The resulting
suspensi on was stirred at the sane tenperature for 30 nmand treated
with SEMCI (0.90 nL, 5.0 rinnol). The resulting solution was stirred
at RT for 30 mn and poured onto ice. The product was extracted 10
with ether (3 x 20 nmL). The ether |ayers were conbined, dried
(Na2SO™4) and concentrated in vacuo. The residue obtained was
chr omat ogr aphed 4¢3} Clderot 1% e G peliduekethm)metbylb b 41,8, 4-rénzolet3 e

conmpound (530 ny um,(ESI ., m z),: lcd. ,for.

C10l i 19N303Si | E‘gﬂ%”y(ﬂl\ﬁﬂ&@%g QS LA bk Fine- S iyl Yot
b)4-(3-CycIohex Erenyplestd] 1- (2-tri met hy) sil anyl - et hoxynet hyl ) - 1H11, 2,
4- firiazol e-3-carbonyl | -am no) - phenyli pl peri di ne- 1-carboxylic acid
tert-butyl ester NN L&QO i N 20To a,sokyti on of

1-(2-trimethylsilanyl oxynethy+6/\?h1 2,4] -triazol e-3-carboxylic
acid nethyl ester (as pfe red n t he previous step, 257 ng, 1.00
mmol) in DOH (2 m), 2 mL mol ) was added. The resulting
solution was stirred § or 0 m n and concentrated in vacuo. The
resi due obt ai ned . Sugpenlfed in ether (10 nL) and sonicated for 5
m n. The ethes wRs flhen renoved in vacuo and the resulting residue
was dried for hr”to obtain

1-(2-trimeth | anyl - et hoxynet hyl )-1H 1, 2, 4] -tri azol e- 3-car boxylic
acid potassifumsalt (273 ng, 97 @@ which was directly used in the

next step w. thout .any f %iger flca i on. E @ mxttll_‘%5 e_of

1- (2-tri rret APRSPIREMALA éffJ‘ )mfm Igrlapyhsthqryme 45éH3 car boxyl i c

aﬁl dopgg ass [mm}wdzmem&rw@wc%abﬁwer (BSprBfhredQn & phavRIu} step2BA (34
ol

qu ( 4- ami no- @gc%%%ebin B Conlong B K 60 # mib> A8 mmelhwesadded- Thici o

tert-butyl eshifhg £cﬁk&wﬁﬁa%9§ﬁrﬁ-ﬁ atm"mg a&dﬂoonsén&ate&i@;)vac&ﬁ Phé, 0.100
rnnol ) and PyBroP (69,9 10 was stirred

150 I
at RT for 1%siue q’ﬂﬁ@ﬂ?ﬂ'@&@@lﬂ%&ﬁﬂ%ﬁm ﬁh@(ﬂém ﬁmd&%eﬁt% fPhS mﬂh& ey and

washed wpt hygainks ﬁhfademuwssumﬁ@@?dué 1as Bldd iR REbubBEreh to bBrafilg-4- The
organic Iayer was segarated drie nd. concentrated in vacua

The product thRerdlosen hdsigay- cawxmthséhl%—ib%bnwh%%b%k%& to

obtain t he 6t§§sf@ln§s@ Hﬁg 6880y nidh, w@%u‘e@tly S tlﬁ%@ﬁtsfe? RihEslan
15rn/ z): for -142N304S1, 481. 2" (M-BOC+2H) ound. 431.

4H 17, 2, 44- aﬂﬁmgﬂﬁméarboxyllc acid
(2- cyclohex 1-enyl- 4- plperldln 4-y| phenyl) - anzi de bis atl uoroacetic
acid salt To a solutio

4- ( 3- cy & ohéoixtugs Rf-(4- {ﬁ ilﬂ‘erg-lr@rfﬁél@ﬁw%qwhﬁmxmmwHe[tlﬁﬁ]) 1H 1, 2, 4
]-triazol c- élagﬁéhsaa%bwa@ﬁboramyén)(apjsr&%éd%é% 35 ﬁgrd)ﬂmﬁbs aci d

tort-butyl ester (as prepared in the previous step, 9 ny, 0. 140
mmol) in DCM%(E whi, 0,19 marad), 4-(4-amino-3-cyclobex-1-enyl-phenyl)-piperidine-1-

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
20  h. The reaction mixture was diluted with DCM (5 mL) and washed with saturated

aqueous NaHCO; (10 mL) and water (10 mL). The organic layer was separated, dried

(NazS04) and concentrated in vacuo, The product was chromatographed on silica

(2040 % EtOAc/hexane) to obtain the title compound (52 mg, 85 %), 'H-NMR

(CDCl3; 400 MHz): 8 9.60 (s, 1H), 8.29 (d, 1H, J=8.4 Hz), 7.18 (dd, 1H,J =84, 2.2
25 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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25 EtOH.(13 gL), was added TFA (0.13 nlL)..The resulting solution.was....__._
stirred at RT for 3 h and concentrated in vacua. The residue obtained

was dried under vacuum for 1 h, suspended in ether (10 ni) and

sonicated for 5 mn. The solid forned was col |l ected by suction

filtration to obtain the title conmpound (56 ng, 68 % .111- NWVR

(CD300; 400 MHz): 88.53 (br s, 111), 8.20 (d, 1H, J= 8.4 Hz), 7.21

(dd, 111, J =8.4, 2.1 Hz), 7.11 (d, 1H, J = 2.1 Hz), 5.83 (br s,

111), 3.45 (m 211), 3.19 (m 211), 2.98 (m 111), 2.28 (m 411),

2.14 (m 2Hy, d 5 ( 1)z Gt i ;

Cal oo, Tor | CISTBEREL RRS 1t Ry 7342l (MR, 29855 Wi o ot

5- Chl or o- 4H6H),11,35- UG5 on,i280.01.49-(3-55By G¥RE.P8 (m,28) .10 (s, SH).

(2-cycl ohex-1-enyl - 4-pi peri di n-4-yl - phenyl)-am de trifluoroacetic
acid salt 10 TFA

a) 5- Chl or o- &} ( 2- f+Grivret Ayl Si4-migkeleSirarboyyhe abid|(J-exlobet [ 2pAd-t ri azol e-

3- carbaxylic acid nethyl ester X 121--N\ 0. 5 To a suspension of
NaH (605081 sper SF B PRt b BRES i at 0 G a
solution of 5-chloro-1H1[1,2,4]-triazol e-3-carboxylic acid nethyl
ester (Bull. Phann_.Sc., 20(0: 47-61, (1997), 218 ng, 1.35 muol) in

DVF (10 m.) was & d dropwi se. The resulting suspension was stirred
at the sanme tenpe rE f Qf-NBIO nmTRAand then treated with SEMCL (0. 24

m., 1.4 mol). The | tilhg}sgl ution was stirred 20 at RT for 30 min
and poured onto i ( myture was extracted with ether (3 x 20 nL)
and the ether s~wer@ conbi ned, dried (Na2SO4) and concentrated
in vacuo. Thg

Et OAc/ hexane 0 obtain the title conpound (227 ng, 58 % . Mass
spectrum (ESL mlz): Calcd. for C10l113CI N303Si, 292.0 and 294.0

(MtH), found 291.5 and 293.6. 25
To a solution of 4-(4-{[5-chloro-1-(2-trimethylsilanyl-ethoxymethyl)-1H-[1,2,4]-

10 triazole-3-carbonyl]-amino}-3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid
tert-butyl ester (as prepared in the previous step, 63.3 mg, 0.102 mmol) in DCM (0.5
mL) and EtOH (11 pL) was added TFA (0.1 mL). After stirring the resulting mixture
at RT for 12 h, another 0.1 mL of TFA was added. The reaction mixture was stirred
for an additional 5 h at RT, the solvents were evaporated, and the title compound was

15 purified by RP-HPLC (C18) eluting with 20-70 % CH:CN in 0.1 % TFA/H,O over 20
min to obtain the title compound (30 mg, 58 %). 'H-NMR (CD;OD; 400 MHz): &
8.14 (d, 1H, = 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 CoeH24CINsO, 386.1 and

20 388.1 (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-
pz}yeridin-4—yl)~phenyﬂ—amide bis trifluoroacetic acid salt, and
25 3-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(trans-2,6-dimethyl-
Diperidin-4-yl)-phenyl]-amide bis trifluoroacetic acid salt

127



b) 4- (44115- Chl oro-1-(2-trinzethyl sil anyl -et hozymet hyl )-1H 17,2, 41-tri
azol e- 3-

car bonyl Tai ni no) - 3- cycl ohex- 1- enyl - phenyl) - pi peri di ne- 1- car boxylic
acid tert-butyl ester >r0 5To a solution of
4-(4-([5-chloro-1-(2-trinethylsilanyl-ethoxynethyl)-1H
[1,2,4]triazol e-3-carboxylic acid nethyl ester (as prepared in the
previous step, 227 ng, 0.780 ranol) in EtOH (2 nm.), 2 N KCH (0.4 m_,
0.8 mmol) was added.~Jhe resulting solution was stir{ed at RT for 20
m n and concentrat ¢ n vacuo The resi due obtain :lg*s suspended in
ether (10 nL) and s‘f C teﬂ 5 mMmm The ether 10™&s th enoved

and the resulting dlum/\&@ Nedln vacuo for 4tﬂ3ﬂ}”\ cl- (4-
Si I']'Emyl ct hoxymet hyl ) - 1H azol e-3-c¢c

([5-chloro-1-(2-tr

arboxylic a 3 sz umSBsalt (223 ng, 91 %
in the next ep|wi thout any further purifiG; .15 A m xture of
4-(4-0-chloro- X (2-trinmethifAsi | anyl - et hoxynet hyl ) - 1H-[ 1, 2FAl-

triazol e-3-carboxylie acid potassiumsalt (as prepared above, 35 ny,
0.10 mmol ), DIEA (34 gL, 0.10 nmol),

4- (4- am no- 3-cycl ohex- 1- enyl - phenyl) - pi peri di ne-1- carboxylic acid
tert-butyl esterClasmpe.édamedyhtoegepapdaelldcarbixel dchi)tertdbtybesray, 0. 100
mrol ) and PyBregf (69.9 ng, 0.150 nraol) in DCM (2 nL) was stirred at
11T for 12 20 H. The reaction mxture was diluted with DCM (5 inL)
and washed w aturated aqueous NaHCO3 (10 ralL) and water (10 ni).
The organic was separated, dried (Na2SO4) and concentrated in
vacuo. The product was chromat ographed on silica (20-40 %

Et OAc/ hexane)o%;) obtain the title conmpound (52 ng, 85 % . 1H NWR
(cpa 3; 400 M—iz _89.60 (s, 111), 8.29 (d, 1H, J = 8.4 Hz), 7.18 (dd,
1H, J =8.4, 2.2 25Hz), 7.13 (d, I H J = 2.2 Hz), 5.99 (s, 2H), 5.84

b , 1 3. 76 211 8-2.67
b 2Ae*a&l phof s 25 dinedyiggersinonich rratpliors Sopmng 1)
1 55 1 65 (BrEI1)2HH32-41, 4936(5;1z%;tmoﬁn%qﬁ)eta&(Qman)Z&ak)rsea@dWhém 9H) .

(2- oyol onext 2 T ot i e BGEYR BNy 1 et The rervmminent

acid salt dstitred R fop 8 Bif. Thc ether layer was scparated, drxcd and concentrated. The

4- (44[ 5-chl or b%ﬁéf'lz tr rreth gf%\-s@f%%qe(% ORTELIVL) o S s

triazol e-3-%
-enyl - pmenybc)mﬂa,umﬁmmgwse b5) CleT-BS(EST, n9'Z)AChIdd. e ¢ sHpAE), 1881 evi- (as

prepared in revi tep, 63.3 ng, 0 102 muol) in DCM (0.5 nL)
and Et OH (lﬁbgﬁ% 332% TEA (0.1 nL). After stirring the resulting

m xture at RT for 12 h, anot her 0.1 nL of TFA vvas added. The reaction
m xture was stlrredfor dditional 5 h a t he sol vents were
evapor at ed, Yand fH#&APer e’éy el -v%@"‘f@ylpﬂ?‘?’faf"@dl bR goidterrc1 8)

el uting W|th 20-p481 Yor&H3CN in 0.1 % TFA/ 1120 over 20 mmto obtain the
title conpound (30, nmg, 58 % . 111-NWVR (CD30D; 400 WHz): 8 8.14 (d,

1H, J = 8.4 Hz)g 7. (d 111, J =8.4, 2.1 Hz), 7.13 (d, 1H, J =
2.1 Hz), 5.8 (@L M (in, 2H), 3.19 (m 2H), 2.98 (m
111), 2.28 4 2H), and 1,95-1.75 (m 611). Mass
spectrubd (ESI} rn/3Zz): Cal cd. for C20H24C1N30, 386.1 and 20 388.1

(MH), foung s&géox?of%ﬁﬂm%§ﬁ' Bloc-zl_%ﬁfﬁmé{h?l ridinone (as prepared in the previous
5- Cyano- 1H i nti dazol e- 2-car %?%I i ¢ acli

12- cycl ohexstep, é.ﬂg £ &;OQ @p@l)gn ,(l%ﬁgqu)wrds cooled to -78 °C and treated with LDA
(1.5 M solution in cyclohex, THF and cthylbenzene, 4.4 mL, 6.5 mmol) under Ar.

The resulting mixture was stirred at the same teraperature for 30 min and treated with
20 N-phenyltrifluoromethanesuifonimide (2.34 g, 6.55 mmo!) in THF (20 mL). The

reaction mixture was stirred for another 30 min and allowed to warm to RT. After 30

AL

128



pi peri di n-494) - phenyl Pam de bis n-Wtoroacetic acid salt, and

255- cyano- 1H- bni dazol e- 2- car boxylic acid

[ 2. -cycl ohex-1-enyl -4-(trans-2, 6-di nt et hyl -

pi peri di n-4- A-phenyl | -anzide bis tdfluoroacetic acid salt a)

C s/trans 2, 6-Di net hyl -4-o0zo-pi peridine-|-carboaylic acid tert-butyl
ester 0 JRNI11 0.J.0 5 A solution of

ci skrans- 2, 6-di net hyl pi peri di none (Coll. Czech. Chem Conmun.:
31(11), 4432-41, (1966), 1.27g. 10.0 mml) in ether (100 nlL) was
treated wi tmincgt RTihevgmitiop mixtprgivas cantentrated in vasdo ¢RQAD) Roid¢epwasgakgn 10. 0
mmol ). The r, | ' r ' t her

| ayer was sé‘g?f‘lat%‘ée‘g;% ﬂ?(%dél ‘garﬁg&lcvgiwc%%aﬁ?aat?rg% ﬂ%j ) régie%lélaé\%?’ag

chr omat ogr aghiediMaSQ4) kdeon¢chOad Bt afdodet elsémns-2,6-dinsdthydidn the title 10

conpound (1 . AE 1y l.gd,, : i 128.1
(Voo vy | o dphitatofndly 4 Ealar ooyl i a8 M)

2, 6- di methy lestpi (824 g, 49¢%) wigiels Waskditertly wed th negtrstdput yl ester 15 NH2 A
solution of cis/trans N-Boc-2, 6-di net hyl pi peri di none (as prepared in
the previous step, 1.14g, 5.00 mmvol) in THF (20 nlL) was cooled to -78

C and t r eat dtte tifl¢ ¢onipodnd WasShdd sedacetiactording oyied Sitzebd couptikg prodedure of
et hyl benzen 4. .4.0t 5. | ). under. Ar. Th sul .t L Xt ure was
stirred at %ﬁaem%lg?r%’ SF:'g r@eu rsglgufagh?o@ﬂerg omlcaﬁﬁ@ligg’eldd O\I/%fq?‘ﬁb ﬁ?fF
N- phenyl t ri tistens?étenieddHfifndrometbaneA:1B4ylgxy-B6-GhydwedD-pyridine= ( 20
m.). The,reaciion m.xtur.e tirred for another. 30 m d al | owed
to war mifo- Rrooity drd e Sipt S8erdas ipsied Bl il il Ol e B
concent r at edhromatogepity @020 HEBIQAes hakenesyeffordcalkie@-artjind-pheayipess- (20 nl)
and washed wi t ld.water  (2.x 10nl). The .ether |ayer s drjed
(2501 antmenE S pRLE s vfps P datonhie fef b G461 0 e 3746
t ri fl uor omeMuansgpsethlo@BRI,aiy): Balod doTeM N4, P93.2 VRED fousd3d3axyl i ¢ aci d
] . : . .
ts,? ;:) butyl i s%ﬁﬁfigrq oi(té&(-)amng-pﬁe%ﬁﬁ,@mﬁ%l%yl\i\?,g-dgllycrir%sﬁg-gyn%lsn%- -éargbor)]i?ﬁ%
15  acid tert-butyl ester (as prepared above, 380 mg, 1.25 mmol) in MeOH (10 mL) was

hydrogenated over 10% Pd/C (190 mg) at 20 psi for 1h. The solution was filtered

through a pad of Celite and concentrated to give the title compound (360 mg, 94 %).

Mass spectrum (ESI, m/z): Caled. for CisHagN202, 305.2 (M+H), found 305.6.

20 ¢ 4-(4-Amino-3-cyclohex-I-enyl-phenyl)-cis/rans 2,6-dimethyl-piperidine-1-

carboxylic acid tert-butyl ester

@ NH,

O N
i
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
25  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 NaHCO;3 (10 mL} and water (10 mL). The organic layer was separated, dried
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The title conmpound was then prepared according to the Suzuld coupling
procedure of Exanple 35, step (b) using 4-am nophenyl boronic acid
(219 ng, 1.00 mml) and

cis/trans-2, 6-di nethyl-4-trifluoronet hanesul f onyl oxy- 3, 6-di hydro-2Hp
yridine-1- 10carboxylic acid tert-butyl ester (as prepared above, 321
ng, 1.00 nmol). Silica gel chromatography (10-20 % Et OAc/ hexanes)

af f orded 4-(4-am no-pheny0- 2, 6-

di met hy1l- 3, 6-di hydr o-2H pyri di ne-1-carboxylic acid tert-butyl ester

172 Yy, 57%a ; : 303. 2
E e g, 57 @ngF&g%g%%EﬁiﬂnﬁE&lﬁo 8 Ain 4 E@hftho-I-BomEHRERHNRM s

4- (4- ani no- %ﬁm}hﬂzplﬁﬂéﬂlﬁﬁel pAyaox3liGacid tegiuty] enter§347 rog. §é %4 Massr boxy| i ¢
15 idt
10 s o o ool |

MeOH (10 ni) was drogénat ed over or

| h. The sol 32V.8andd2B.2.1 | tered t hrough a pad of Celite and

concentrgt ed to give the title conpound (360 ngy, 94 % . Mass spectrum
(ESL mz): Calcd. for C18E1281\1202, 305.2 (M+tH), found 305.6. 20

c) 4- (4- Ami ndhgtitdy edrepeund wasthed prpyaeqdypt)or@mgfqthgﬁgukl coupling procedure of

2,0 1ot b it SO AR AR R 95 Sl o 2
acid tert- Iét(ﬂy!trmws%-bmn(oaﬂlemrl)ehéﬂgnbthyirpmeﬂmn@dlsa!@bamc a@étlerlt-bml 1 09
ngtl:% i 132 m X tgr:(gs ﬁp&%“@?%gé%‘ﬁg’wf gligé%%méoég %)ac o%llhcr%h ur e was
di | ut ed 10 t FEtEOMhedadesyitd afford 2krsh &6 %). tNiass anmmnéﬁslam@cﬁ;&dl\ht-lcm (10
m.) and wat 3245%%%9%‘1_3842@%@r%%3§85@yer was separated, dried

(Na2sSO™4) an rate vacua o obtain
4- (4- am no- 3- br ono- phenyl)-ci s/trans-

26d|rrethl i idter r, (367 ny,
87 % MRS sBeE?lﬂ ?(:4@?? 9275?”‘ e S {257 0 hog
329.0 (Mt - Bu+H)gar bwﬂdzn%} %cwhﬂex%&aygph@yl}hﬂ-l d-dz“r.’aezhglqmmm"m-MaS

t hen prepared accg e uki n edur

12 sFenBla) vt P eYR ik T PR S B R RS T s
and 4- (4-am no- Setkmpmhjdhéﬁyﬂzada%feﬁldwﬂmt;b]&&mipo,bﬁmdhhm!-]en)d@hb@iﬂyI iC

gﬁ:, grr;[atez);r gngL‘ tes {I’ ng g‘(l%zenqz- —cba(?‘go%jﬂzggc%dm bu%:l es(l)ermml ) and

20 A mixture of 4-cyano-1-(2-frimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid, potassium salt (as prepared in Example 3, step (d), 384 mg, 1.00
mmol), DIEA (0.34 pL, 2.0 mmol), 4-(4-amino-3-cyclohex-1-enyl-phenyl)-2,6-
dimethyl-piperidine-1-carboxylic acid tert-buty] ester (as prepared in the previous
step, 384 mg, 1.00 mmol) and PyBroP (699 mg, 1.50 mmol) in DCM (20 mL) was

25  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
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10 Et OAc/ hexanes) to afford 254 ng (66 % . Mass spectrum (ESI, mz):
Cal cd. for C24H36N202, 384.2 (M+H), found 385. 1.
4-(4-0-Cyano-1-(2-trintethylsilanyl - ethoxynzethyl) 1H i nzi dazol e- 2-
car bonyl kanti no) - 3- cycl ohex- | - enyl - phenyl ) - ci s- 2, 6-di met hyl - pi peri din
e-1- 15carboxylic acid tert-butyl ester; and

4- (4-0-cyano-1-(2-trinzethylsilanyl -

et hoaynt et hyl ) - 1H-i nzi dazol e- 2- car bonyl kam no} - 3- cycl ohex- 1- enyl - phen
gé) :A\ H )6(‘,[] 3 . d %ay% QM‘&LBXM RiRE fﬂa%(@fl\ and 00%58918)(%& 1nCVagfo tg obfiintd Pty ester
4-cyano- 1- (af thmahmtehwb $itlt eomyoundsh(BXlyme 30y %). TFieinnkdlsezeodse - 2-

gg;b%yl I]_Co%ﬁfr%nr%‘ G%TBP%I r?t?agi{)t 20( f%@{&aﬁar eq to gbtam e nl:lcﬁvigﬁal %hg p (d),

4- (4- am no- 3empaindhex- 1- enyl phenyl)-2, 6-

di et hyl -_pi peri di ne- 1-carboxylic acid tcrt butyl ester (as prepared
in the pPeV|ous step, 384 ng, 1.00 mmol) and PyBroP (699 ngy, 1 50
mrol ) in DCMH@ZM- msta)]oqu tiftbetBglbilabrgektlaikyfdth§1pn HididazoldFDeabedE i on

m xture was dil uted ed wi,th saturated.

Reous. NahERHo) ORI @b D et Ao e T TR i s

separ at ed, ddri-Rdyl(Na2BSThY). sk HORABBSHnPE): Colcd, I HINMSRIMLE a
m xture of %gﬁ 33§%@ title conpounds (321 ng, 50 7 %, The

m xture was *RHyRY éﬁgghed on silica (10-20 % Et OAc/ hexane) to

obt ai n tilbe individual title conpounds 5 4444 [4 -cyano-1
-(2-trimethy

ani no} -3 éii%{t)‘ﬁ@yﬁn‘ilz% %ﬁgﬂg )ef}}%’g)‘@mg}%ﬁé‘“i‘?@f’% ;r‘jg)rbgn%'

i peridine- 1aﬁﬁi)§1@¥cyb[bﬁexapbr@l-§)ﬁd’n§/ mstzgds dﬁfeﬂ?[ {péridineg)- carB&@ﬁc ﬁdi@féhr um

ESI f 4 4.1. 1
El (84 mz): butyl ecsgar conct)arnnnate wit 10 P 4-{4- ?[4 -cyano-1 (2|-_21methyﬁﬂanyf33 0

([ 4-cyano- 1eﬂaaxﬁﬁdtwmirﬁlumm-cﬁs&i@mﬂmd};d ayclbhbx IUeﬂSﬂIfJQérgrl )araagr bonyf
|

| am no cycl ghex-1-en cls th eri di ne-1-carbo
xylic Ld?a ¥@r4“8€f§l}'rpllé"§%@|el H%égﬁlf%éitdéﬁﬁgw 6?3)81“1% Mass spectrum
4- (44] 4- Cyatﬂsllm/(z?ﬂawdrrﬁm;gtﬁndsgml532|tzrmmgefomyaag4j4m rni dazol e- 2- car

bonyl ] - am no) - 3- cycl ohex- 1- enyl - phenyl ) -t rans-

152, 6-di met hyl - pi peri di ne- 1-carboxylic acid tert-butyl ester (290
ng) . Mass spect rﬁ@&lﬁ&'ﬁ-nﬂll&bfe— Ledrbdhylid &id B35kRAR N aRA Pl bis-984. 3
(MtH), found 634, 1. 15- Cyano-111-jnti dazol e- 2- carboxylic acid

[ 2- CyCI ohex- 1| -e rfgpplet[;yl(pgqegz - &yl)-phenyl]-amide bis trifluoroacetic acid salt and 5-

di ni et hyd- pi peri&iks- ﬂqy;kbdamﬂx&ﬂb ;gm &g [hbﬁlo%é)!-fJeM%Q@ﬁ%U&- aci d

salt and 5- 20cyano-| H.i nzi dazol e-2-carb l'ic aci

P-cycl ohex- | - eny‘f”"@ YR inot-pl-olaril éf’?ffﬂ blsp’ﬂﬂé‘?’l"@‘ieﬁc axids@iheny| r ani de

bis trifluoroacetic acid salt 25 The title conpounds were prepared

from290 nmg (0.457 nmol) of 4-(4-114-cyano-1-
i Mhoxynet hyl ) - 1H hni dazol e- 2- cg

gnyl kam no) - 3- cyc

| ohex-1- enyl - phe Ci s- 6 dlnethyl pi peri di ne gar boxylic acid
tert-butyl ester ang 3H 8 mol ) of H 'f%§‘cm
4- (44] 4- cyano- 1- ( 2= Tp1ey ' nyl-ethoxynethyl) y 'ﬂﬁFiZMIe-
0 o M
2TFA

25  The title compounds were prepared from 290 mg (0.457 mmol) of 4-(4-{[4-cyano~1-
(2-trimethylsilanyl-ethoxymethyl)- 1H-imidazole-2-carbony!]-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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-2- carbonyti-am no} — - = - oo -
- 3-cycl ohex- 1- enyl - phenyl) -trans- 2, 6- dlnethyl plperldlne 1-

carboxylic acid tert-butyl ester accordlng to the procedure in

Exanpl e 14, step (b). 5-Cyano-1H i m dazol e-2-carboxylic acid

[ 2-cycl ohex-1-enyl-4-(cis-2,6-dinmethyl- 5

pi peridin-4-yl)-phenyl}am de bis trifluoroacetic acid salt (93 ng, 32

%: 'H NWR (CD30D; 400 MHz): 8 8.17 (d, 1H, J = 8.4 Hz), 8.03 (s,

IH), 7.22 (d, 1H, .1= 8.4 Hz), 7.11 (s, 111), 5.72 (br s, 1H, 3.87

(m 111), 3.27@&rkonyl}-dibino}-33ydbhdxni-enlyHphen@l)-23ng 2y6-dinkdthyl-pipeddifenl - Hi ) ,

2.22 (in, 4 2. 3 1. 37
(i 6i1) Nikbofg et M Silescofgeddtuitp i nd Fopciirtis B3R 1o iy 5
(MtH), found 404 2. 10 5-Cyano-1H i m dazol e- 2-carboxylic acid

2- | oh 2, 6- thyl - . ]
D per 1 dt ne SR gt BRI Sl Sy 3 g,
(56 0/? " ( @DC}:ﬁp,e?dhﬁ@—Mmyl&aﬂﬁle$1s(tﬁﬂudioacéﬁd)a,cidJsQlt ?)3&1@, 38 %)111-1]=NMIG aS

S r.s, y
S5 45 o (epidty abbveds 7 (LT 5.4 Vb §ionis a2 ot 1 F =3><m
111), 3.59 (7"!11 (s 1), 5 ﬁ (ﬂrﬁlﬁ) (3@7 (AI,HbH), 3, 7%5(11'12114)23(45'(11161'%); 3.23 88, 1%1)
(m 614), 1,62 (d (d Hz) .
spect rum (Eé'p (Iﬁ‘igp!zé%@cﬂmf%ig @Qﬂﬁél@ﬁl 9y 45)’(1%-@“ 3434 (12104 2.

Exanpl e 52 2
( Zagcleohex 6%?2\?\{%[ @%@r{&?xﬁF(EF%P zﬁégz Qlla%d ot @4 POAKO! S042L0MH), found 404.2,

di hydr oX{- pr opi onyo- pi peri di n- 4- le phenyl) anzide OH

a) 5- Cyano- 1$cha£b7-maﬁ£Ha§olé’-z£e%9%m¥ Léig [R&Jcthex-1-cnyl-4-(trans-2,6-dimethyl-
(2-cycl ohex-1-enyl-4-17- (R

25di net hyl - piperdigitgopherd]-anidg @éﬁ#@‘-lofoaﬁﬂﬁé‘ﬁiddﬁlh(lﬂ%ﬂl%ljé FonyE N Mint i de
To a sol uti

(R (Do, PP IS 10 (e 1D, 103 Cr iy I 8 DAL @ 1 I
in MeOH (2 &ﬂ)HZ),Z?N (- LHD 7E26rfld, I&I,h&mzp s71éc{de1ﬁ I‘Hi’eHz)e%ﬁﬂ &r ng

| uti d Th
Fost dua s o il 3 Hs0 86 185,41 Ba Rl apoResR b Rhrsty Sos ik, 00
mn. The et hE), 16a<d,Bked ?éﬁb&séaﬂdﬂ%@ﬂ, fre6.8 &k IMass gpectman (B, méay dri ed

n vacuo fo -
hlﬁéthul 1, S:%?g?%2£%3 nggé§§%§ﬁ}gag§ﬁga%btassiun1sa|t (173 ng, 94%

whi ch was dlrectly used in the next step without purification. To a

sol ution of 4-cyano-1H i m dazol e- 2¢ lic acid
(2-cycl ohex- 1-enyl- 4- EXShpIe 5Y

20 5-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-{1-(R)-(+)-(2,3-
dihydroxy-propionyl)-piperidin-4-ylj-phenyl}-amide

@
@ H\ol({\’l\}CN

al 5-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-{1-(R)-(+)2,2-
25 dimethyl-{1,3]dioxolane-4-carbonyl)-piperidin-4-yl]-phenyl}-amide
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| Opi peridin-4-yl-phenyl)-amde, trifluoroacetic acid salt (as
prepared in Exanple 14, step (b), 40 ng, 0.08 nrnol) in DCM (1.5 ni)
was added to a m xture of (R -(+)-2, 2-

di rnct hyl- 1, 3-di oxal anc-4-carboxylic acid potassiumsalt (as prepared
above, 18 ng, 0.090 nunol), EDCI (18.8 ng, 0.0900 nmmol), HOBt (13.2
ng, 0.0900 nmmol) and DI EA (42 ulL, 0.24 mmol ). The resulting m xture
was stirred at RT for 6 h. Water (10 15 nlL) was added and DCM | ayer
was separated, dried (Na2SO4) and concentrated. The residue obtained
was chromat ogr aphed on $ilica (2 % MeOH DCM to obtain title conpound
(47 mg, 97 % WMass spgetrum L mz): Calcd. for C281-133N504, 504.2
(M+H), found 503.9. 2( ale-g\t- i m dazol e- 2-car boxylic acid
{2-cycl ohex- 1- enyl- ;
(2, 3- dihydroxy P '

1) -pip |d|n 4-yli-phenyl panzi de OH To a

(R) (2, 2- dlne hy141, 3] cl i oxol ane- 4-car bonyl ) - pi peri di n-4-yli-phenyl}-
am de (as 5 preépared in the previous step, 45 ng, 0.090 nmol) in MeOH
(1 nL) was a@U;E-aq 2 NNC (2 m). The resulting m xture was stirred
at RT for 12 h Sol vents were renoved in vacuo and the resulting

resi due was Tdralsﬁldnér%f Aetii] (ﬁ)b(e)-@tzttﬁxﬁetﬁﬂm zrumxm& agdgesyRir¢oseRILcat ed

for 5 Mfm The ether was _renoved in vacuo and the resjdue mas_drled

for 12 h to'SFrBehin O me) 2 EOEHE-5 (k. lamipgl) vgsadded. The resulting

(DVBG, 400 @&uﬁﬂﬂz&as s&%édalR@%rﬁ)mé'ﬂhd c&c&ﬁra(eﬁm%@ 8hdresidge 1H),
792 (d, 1H J= 8 Hz) , 18 (dd, 1H, = 8.4 3 (d, 1H

, 7.1
= 2.1 Pr) Obtsm?@wwsgendeﬁpw ethar @&H@@ndm)ucafad @35@% f)ﬁe}her wasen j
lH) 3.55 ( @moktl andethéh%mﬁﬁﬁ r@ﬂuev?&s@ﬁedmvaédﬂ)for 25 Blobtain (RJ)id}yzé’- 63 (n,
1H), 2.12-2.24 (m H). mass spectrum (

rn/z): Cal cdimethy- lézf%w!msﬁzparbwdwzm@mﬂﬁﬂum eﬂlfr[él'l%ea: o %)Exla?kpw 53

5- Cyano- 1H H&é&lﬁ%@éﬂh@fh@'ﬂ@;@%&ﬁﬂt‘hbﬂ ﬁﬁﬁéﬁnon
12- cycloher-l-eny 4- (1-t net hoxy- pi peri di n- ng phenyl kam de
trifluoroacaPpse a@qncpfgaqyfmo-1H—1m1dazolc—2 -carboxylic acid (2Z-cyclohex-1-enyl-4-

a) 4- 0- Mgy hois%flélm@ﬁya ghér@r)raamedﬁmeabaéeéb chdlssrtl()aslﬁbﬁamadlﬁ% e 14 NH2 A

sol ution of met hoxy éridi none : 6, 186 1961) ,

650 ng, 5. OffepiipidP ni!aq 013 Emqlpin REM 1 m) ww@aﬂ fop HHFBII@faG’d -(t}-23t ed
with LDA (1g2neMyd@hUidxaRne-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 pL, 0.24 mmol). The resulting mixture was stirred at RT for 6 h. Water (10

15  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 CasH33NsO4, 504.2
(M-+H), found 503.9.

20 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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-5 in-eyclohex, THE and ethyl benzene, 4. 3.0, 6.4 mpl-)-under Ar..The .

resulting mxture was stirred at same tenperature for 30 mm and
treated with Nphenyltrifluoronethanesulfonimde (2.3 g, 6.4 mmol) in
THE (20 nL). The reaction m xture was stirred for another 30 mn and
allowed to warmto RT. After 30 mn at RT, the reaction m xture was
concentrated in vacuo and the residue obtained was 10 taken up in

Et OAc (20 nmlL) and washed with cold water (2 x 10nL). EtOAc | ayer was
dried (Na2SO4) and concentrated to afforded trifl uoromethanesul fonic
acid 1- nwt hoxy-1, 2, -tetrahydro-pyridin-4-yl ester (980 ng , 71 %
as a white foam whic as directly used in next step. 15 The title
conpound was then pr r g an rding to Suzuki coupling procedure of
Exanpl e 35, step (b) ) V henyl boroni ¢ acid (219 ng, 1.00
mol ) and trifl uoroni :ne‘ul nic acid

1- met hoxy- 1, 2, 3 6>{€ ydPo- pyri di n-4-y1 ester (as prepared above,
261 ng, 1.0Q, Silica gel chromatography (20-50 % Et OAc/
hexanes) aff 60 ng (29 %9. Mass spectrum (ESI, mz): Calcd. for
C12H161?120,;E; 05.1 (M+H), found 205. 2.

b) 2- Cycl ohex | - y1- 4-0- met hozy- pi peri di n-4-y1)-phenyl at ni ne NH2 MeON
A sol ution of"

4- (1-met hoxy-1, 2, 3, 6-t et rahydro-pyridin-4-yl)-phenyl arnine (as 25

o
Py ar ogonat 6d0GvErSbaE T Re-t Fomiargs 2 i SoT i era P ioioRe LGBl ut | on
\Al\,la? 1f Inla: er e@r}- @[M@hﬁh%l—ﬁ@@dz@ioéaﬁeﬁeﬁarﬁo%lepiﬂgrgdiﬂil@@ﬂ‘ﬂtp’lﬁ%}&}iﬁ?ieﬁdsves

directly usﬁﬁ’g?rpg g Pfé‘%f’ pﬁ?\i”éhogﬁo r‘ﬁ'ﬂ&? ’F‘i“g%tﬂil gﬁmfgrﬁasaadéﬁ%\& on of
4- (1- met hox ¥ BCRE mIdi nrhémsihl)tmg ettt s &ere(dasmlf@namedsabmsewerﬁ S5 ng,

0.20 mmol) in S ). .and the
reacti on mi W@Vﬂg@c‘ﬁ gngl F'E"(fe%ﬁ“ﬁlreSKES 'l ag%qﬁﬁo‘%}é er e?&?? ‘%‘Frwatﬁr e
was di | ut edaduetl And %o chit fortshhhin A MHe Wi el remoivbd iﬁ%wo&h@ theREHtRIO Was

Nl oa ( \Bosisd A fE b ihbBin ta fufbordpoymt Ga Setb spda P-Rb TSGR °¢

2brorm-éMtghp1x 12 4 @1 rrahy g r I e (43
T A S ot

The title céﬁpbn%ﬂ:%bgiiﬂéﬁ($ﬂ§bér8dIﬁﬁd%ﬁﬁbhglﬁb4SUiﬁk H) 43 inng

E)rz gcgd% e gﬁﬂﬁ&qwﬁelﬁﬁs 58 LRPIE)J3.4316h,N81), V08 @) 800, 83Tl 11900884, aci d
br ono- 4- ( 1- 'Mémd%yz- (0, 45 1331 grel | G Hp yraswiipactann(BSL ik Galed f8 (as
prepared 15¢ %?¥ 0%464§B“+ ,¥oudduRh ). and chromat ographed on silica
(20-50 % EtO hexanes) afforded

2-cycl o@x- 1- eny1- 4- ( 1- met hoxy- pi peri di n-4-y1) - phenyl ani ne (33 ng, 74
% . Mass spectrum (ESI, raiz): Cakﬁgnlggg C13H261\ 120, 287.2 (M+H),
found 286. 8.

c) 4- Cyano- 15(@are-{ Henidgrcds-L-sanpoodic neird y frexcrojiex-ianiliini! deethobo-pipeddirboxy |
ic acid

20[ 2- cyc/ ohex-f-eny/ - 4- a- fg&hﬁg%-amrfﬁ%tégmgloacemgﬁd'ﬁ henyl | - am de

(-
O “\[()(E}CN

MeON

20
a) 4-(1-Methoxy-1,2,3,6-tetrahydro-pyridin-4-yl)-phenylamine
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N)--CN O MeON A m xture of

4-cyano-1- (2-trimet hyl sil anyl - et hoxynet hyl )-1H i m dazol e- 2-
carboxylic acid, potassiumsalt (as prepared in Exanple 3, step (d),
35.6 ng, 0.100 nunol), D EA (0.34 pi, 0.20 nmol),

2-cycl ohex-1-enyl-4- (1 -mgthoxy-piperidin-4- 25 yl)-phenyl am ne (as
prepared in previou p,228.6 ng, 0.1 mmol) and PyBroP (69.9 ny,
0.150 mml) in ) was stirred at RT for 12 h. The reaction

m xture was ithd with DCM (10 m.) and washed with saturated
aqueous NaH m.) and water (10 nlL). The organic |ayer was
separated, dried (Na2SO4) and concentrated in vacua The product was

chromat ographed on silica (20-40 % Et OAc/ hexane) to obtain the title
conpound ( 26 spijtion 8f Mymethypypiperisinone WhrOfESlkeny, 26, 18¢A K08 1), 68t mg, 5.00

C29HO1\ 1503ﬁ§m01)5i%g&ﬁ= ,](25(!;[;1))) W;S%Qg? 2363 g‘f é% treated with LDA (1.5 M solution

d) 5- Cyano- I H1tni dazol e carboxylic a
p- cycl ohéx- in eidhex) THE and ethilbenzengy # Fenlh, §idmuol) thdep AenYicTasvitihg

trifizeoroa ' [ FA | g i .

4- cyano- 1-( gﬁ%ﬂrnl%n‘%fg ﬁ@?ialad{gar@ : _eﬁ%@%ﬁ%@y’ﬁ@ﬁ%&?ﬁd altzho e-2- ‘

car boxyl i c abénglirifluoromethanesulfonimide (2.3 g, 6.4 mmol) in THF (20 mL). The reaction

[ 2- cycl ohex- 1- - 4o Lperjdin-4-yl) - I L de %as 10
prepared i nnﬁ%@%gﬁﬁ%}%@%ﬁ%%g%aggﬂéﬁ%%l%{w%ﬁp%g;y(‘%Jﬂegmr)r| t and
Et OH (11 ;| BY, thesecaaticledixiiFw{sEofcantrdted iihvecuoesnd Hiciresidue oblainedwasnas

and ¢ he estiet fnPsdna R E AR e B ot G T KRRER R GAE LT (55"

m.) and sonweadrd (Ne:S(a) androndengatsdiol affofded mfthomastinadshidatieatidl-

suction filtrati ) .0 the tit]e coapound, (17, L eD8 %0
1H NVR 15 (W@&ﬁgﬁé%%@d?é‘%y‘?@m(%,f ‘%96 @@f‘%qt s/é]’af %I)V,E{Héif"é’é‘"( B H,
1= 8.4 Hz) wagdifettly dsed hthexdstep.8. 4 Hz), 7.05 (s, 1H), 5.71 (br
s,11-1), 3.30-3.55 (m 5H), 2.41-2.62 (m 2H), 2.12- 2.19 (m 411),
1.60-1.85 (m 8H). Mass spectrum (ESL rn/z): Calcd. for C231l 27N502,
406. 2 ( W6 FHIhe fittaaothpdOGl vias R pxapayet ecdddling to Suzuki coupling procedure of

4- Cyano- 1H i.nti dazol e- 2-car boxyl.ic, aci.d . .
(o- (4, 4 ai nEREHE 2508 ERSSHE Fplopndhibpnic goid 2194mg, .00 o) and
- hexahydr o- frifludrbiictimnesdiftnid ackd inttharg-tle,te-tefrdhyroapeidinicylaster(as al t
5-Nitro-3 ' 6;-dih -2 H12 .4 1.bi idinyl-1'- i id
? Zar - blut ;lo gngeg?d ﬂ;glye)&_ghgng, 1.0d+ minol). éd?éa%%{ éhrcl)nll’]a\fography %ﬁt%o%%tbﬁf ¢l
hexanes) afforded 60 mg (29 %). Mass spectrum (ESI, m/z): Caled, for C2HigNz0,

20 205.1 (M+H), found 205.2,

b) 2-Cyclohex-1-enyl-4-(1-methoxy-piperidin-4-yl)-phenylamine

i NH,

A solution of 4-(1-methoxy-1,2,3,6-tetrahydro-pyridin-4-yl)-phenylamine (as

MeON

25  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

135



Nre, 05 Asolution of 202 nmg (0.994 mml ) 2-brono-5-nitropyridine
in 4 inL of toluene and 2 nL of Et014 was treated with 338 ng (1.09
nmol )

4-trifluoronethane-sul fonyl oxy3, 6-di hydro 2H pyri di ne- 1- car boxylic
acid tert-butyl ester (Synt hesis, 993, 991)) and 1.49 nL (2.981
nmmol ) 2 M adritppad W@wtedmﬁlvmiw@omglp jerd s8cbhedaminn (3308, 83,

pl aced undery, ALEO wad d; ntthe 29 ded Wit é]{}lﬁg ) Pd(PPh3)4 and
10 heatedto)g% for 4 Tefr?nexture was th Et OAc and

washed with water. The or ganl c layer was dried over I\/gSO4 and

concent r at ed, - ' , d on a
50-g sili caq‘\%&?}gg&klgfgtégﬁgﬁ did égg a@%ﬂﬁld@%@ﬁﬁ%% %S,&g{)‘ﬁeg%ne to
afford 226 m,OZBn%OlﬁDHQi\é(2illwaa&:@dprBI(3ﬁs,21ag,Iqmm91éh¢dihﬁ sol i d:
Mass spectr Eﬁ]@ §g§ f ound
305.7. b) 59%51&n0 Qﬂg%aqsbgﬁje%gt% a%dro 1J\%;?%r;l/r f Qfﬁ car oxylic
acid ten- biRGM (H)smb}andmsmds’othwammd@tluamﬁNmﬁjC@Q(Wml)muﬁwbt)er(10
5-nitro-3", d ridi GaCI
tert-butyl gnlp lrlg%/&é&lglag%re ‘&é‘pta}a éar%rd 3* %Zgé ﬁ @J&Qﬁ% efl gf\(/]eOll
was treated omam-urmmgaaﬂeﬂ%xmm ¢ Bﬁghgsim}pmmetl&m@heﬂ‘gﬁ‘m&m QABaIrrg, ch,

50 % by i g n m t. rature for 18 h. The
m xture l%s ? )”‘fg»%hé&) w%r g%%ﬁ%eqelﬂtzstep W 8“&3%‘“%’%% ter cake was washed
wi th MeOH Concentration afforded 220 ng 25(107% of the title
conpound as | orl ess sy soli tru
Cal ed. for - s TBL R s B lie st 0 3G it miecaller
5- Am' no- 6- blEmmp:le B2,'stef (d), u’§mg cyclohex-l enyl boronic acid (27 9 mg, 1,00 mmol) and 2-
',6'-tetrah ridinyl-1'.-.c i.c_acid tert-butyl
ester Br ﬁf’”ﬁ '(l"m%tg? t(aE 0’2% 3 MEB% o~|%r 1%16917335313%?311% (as prepared
5-am n0-13' dbavh, 44Ghg, DA mahylylamd-cRidmhatographed on silica (20-50 % EtOAc/ hexanes)
afforded 2-cyclohex-1-enyl-4-(1-methoxy-piperidin-4-yl)-phenylamine (33 mg, 74
%). Mass spectrum, (ESI, m/z); Calcd. for CisHasN,0, 287.2 (M-+H), found 286.8.

c 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid
20 [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 pL, 0.20 mmol), 2-cyclohex-1-enyl-4-(1-methoxy-piperidin-4-
25  yD-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 NaHCO3 (10 mL)
and water (1|0 mL). The organic layer was separated, dried (Na;SOq) and

136



5[2,4" ] bipyridinyl-1"-carboxylic acid tert-butyl ester (as prepared
in the previous step) in 10 nL CH2C12 was treated wth 134 ng (0.753
nmol ) N-bronosucci nimde at roomtenperature for 20 mn. The m xture

was diluted w Cl2 and.washed with saturated ueQus HCO3. The
organic |ay e%’éfn\%\eglg g_'&fnev c%ovgr e%ogﬁfi 1 8hr8’8%8%rﬁ? gpggﬁfﬁ&gﬁ‘@%.

Chr onat ogr apEtPActhexdne) woebiathtle titte cdmpOung (36 iz 048 ")UﬁMaS@pé&ruMB@B,Oﬂd

El ut col um wt -39 % E : s_.affor 209 mg (74 % of the
title conpounéigg&g”éﬁ?ﬁﬁﬂggégbggégﬁﬁg ’ﬁﬂmd%ggRWR (CDC13; 400 MHz):
56.97 (d, 111, J = 8.0 Hz), 6.91 (d, 111, J = 8.0 Hz), 4.28-4.15 (br
T 02183 (M) 2y ORIl cabopie pe i Fesionst dyemis peony:
5- Ami no- 6- (4, 4- dpipedtihyiylcymelinenidd rpkduedic be skt 5, 6 ' -t etrahydro- 2

"H [2,4 "Thipyridinyl-1 '-carboxylic acid tert-buog ester A
solution of 209 ng ( 87 mol )

5- am no- 6- brono- 3", 6' -j.etrahydro-2'H
cahboﬂc gcid tert-butyl ester (as prepared
ﬁ?ﬁ of
6

20[ 2, 41bi pyri di ny1-1' I
in the previous ste t obgene and 2.5 nil, of EtOH was
nffol ) 4, 4- di cycl ohex- 1 - enyl bor oni ¢ aci d

treated with 99 .
and 2. 34 lnll\gs d: 69 mvol) 2 M aqueous Na2CO3. The m xture was degassed
Vi a soni cat i o, aced under argon, treated with 47.4 ng (0.0410

mol ) Pd( PP [ h... T 1xture di luted

Wit h) Et g)Ac Hg)ﬁéol\}\lgs ed h%?‘%I%F%?eﬁyﬁgﬂy%%ﬁg&%&%&% IR0l 3 act ed

wi t h addi t i eshoxyle avid [2-epetbhert&-emd il madhoy-gimtidintdaylp plenyemiddase d
.rated J.n v . r.0 of e.lesidue

on = 5036 < PruEPBRNARYED 2y e 0rh el R ARRL SRR snd b W ames

af f orded 156vasgideSBFAYN0.0nlh) hEhd fesulitngGopenme sisredatR ok 58, fiRany solid

pass Spect LA o i Was oSaleSSited 3'actd e tht bebultng esaus was ek FoP

e) 5- ([ 4- Cyahoudpefiddtin btharel wilLp iddadyitatet 0as yiveeraybiid bnédzisdazol e- 2- ¢
TG . edlershpursio it b Hedmin (L LR FENRG
tert-butyl E3M60;400 MHz): §9.70 (s, 1H), 8.30 (s, 1H), 7.83 (d, 1H, J = 8.4 Hz), 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, m/z); Calcd. for Cz3Hz7N50,,

406.2 (M+H), found 406.1.

20 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-y1]-amide trifluoroacetic acid salt

N
!

//N
{ '?<
N
Y \I(LN
J o H
HN TFA
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>royN 0Sl, A solution of 150 ng (0.389 tnnol)

5- am no- 6- (4, 4-di net hyl - cycl ohex- 1-enyl) -

3,4 ,5 ,6"-tetrahydro-2' H[ 2, 41bi pyridinyl-1'-carboxylic acid
tert-butyl ester (as prepared in the previous step) in 15 nL of
CH2C12 was treated with 131 ng (0.428 15 mmol) of

4- eyano- 1-( 2- trinethylsilanyl ethoxynethyl) 1H—|n1dazole 2- car boxyl at
e potaSS|un1saIt (as pr.epared n@y )) 272 (0 584
mol ) PyBroB and- Jif@“@%ﬁ (fﬁﬂ&@r»?n%%’j‘ 7 JF_-'xa(Haf{- r%?ﬁw Gt BER f or 3
h. The m xture wagedi |l uted with CH2A 2 and washed mnth sat ur at ed
aqueous NaHCO3. The organic Jayer was dried over MgSOH4 and
concentrated i n vacuo. ography of the residue on a 20 50-g
silica Varian MegaBond colum with 50 % Et OAc- hexanes af f orded
215 ng (87 % of the fitl'e conpound as a white solid. Mass spectrum
(EST, in/z): r C34a50N604Si, 635.4 (MtH), found 635. 3.

f)4- Cyano- | m azole 2-carboxylic aC|d

[ 6- (4, 4-di net hyl -cyclohex-Fenyl)- 251 ,2 ,3 ,

- hex ahyd|50 AP0, n99%2@31@919953%%@5@-&#1&@%%ae‘émﬁ@fa&me i A

sol ution of tr&ltﬁ' E@@H(\ﬁs%‘éﬁedm 338111 1.09 mmol 4 mﬂuoromethane-sulfonyloxy-
54[ 4-cyano-1-(2-trinethyl sil oxymet [

H-i mi dazol e3®- Cblwdbfb%@wmﬁilhb‘}:a @c}@m agd éﬁrﬁ'ﬂﬂmwterd§m’fbméx99§7@ﬂ9/h)) 3
4,5, 6" - o ff, &931?%% 93 ﬁmﬁo{g% M%Q&eﬁ&(sr NACBY Ik nuﬁ@ﬁ‘é)»@?@@e%&séﬁq}ﬁj

tert butyI ester repar previ ous ste nt h of
CH20. 2 was soniction p{mdmdm@@ndﬁr@pﬁd VWARHO 3amel (P 0700 mmDé’d(RPda@mand

t enper atyr eyl plq ¢4 gfloc %Q'ﬂ (T?an%ltﬂre)‘(/)@g?mﬂﬂﬁQr B e AR %Qéh\éﬁg&tﬁ water.

evaporated I n vacuo. ronatograph due on a g silica
Vari an MegalBoergari layeroais dried avict Mg3096ndisorecTR@iin vaduoo TessEtitg ny

(2o o st o Ry Lo AT R 100

by Hz), 6. 0025 %gB0pAmhetme)o afford 826Gma §5() ofzwxﬂeszgmp@m@asehghtsm

2.54-2.42 ( 1 ectrum
(ESL m z): g%’i 3’21}% 1"i!or d%%%ggﬁéggi Egzé Eﬂf%ﬁﬁﬁﬁigﬁ% xanpl e 55
154- Cyand- 1fundd@dbzol e- 2-carboxylic acid [1

) - (2-di et hyl anzi no- acetyl)-6-(4, 4- dinzethyl-cycl ohex-1-enyl)-.1 ;2
;3 ',4",5 '-hexahydro-[2,4 pyridinyl-5-yll -am de trNuoroacetic acid
salt A suspensibamnib-326.9, digenadydo3 Mafd¥ Ypidindd (-bybablieaddterm 4 nlL
CH2Cl2 was butyl ester

N NH,

[ RS
=
OTN

T

20 A solution of 226 mg (0.740 mmol) 5-nitro-3°,6’-dihydro-2"H-[2,4°Jbipyridinyi-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

25 (107 %) of the title compound as a colorless glassy solid. Mass spectrum (ESI, m/z):
Calcd. for C;sH23N304, 278.2 (M+H), found 278.0.
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20 treated with 49.8 ng (0.197 mmol)
bi s(2- oxo- 3-oxazol i di nyOphosphinic chloride (BOP-Cl) and 754 (0.54
nmmol ) Et3N at roomtenperature for Ih. The m xture was then treated
with 70.0 nmg (0.135 mml ) 4-cyano-1H i m dazol e-2-carboxylic acid [6-
(4 4- di met hy hex Ry A e - .
5 o - Wexangd e SO D R KA TR Rt 5 egaee at o
(as prepared i N Redvepl-Raf4sterst ep(0) at roomtenperature for 18 h. The
m xture was diluted with 2C12 and washed with water. The organic
| ayer was dried over MyS concentrated in vacuo. The residue was
purified by RPHPLC (C1 210-80% CH3CN in 0.1 % TFAJH20 over 30
mn to afford 34.9 3% of the title conpound as a white
solid. 1H NWR (CD3DD; [400 MHz): 8 8.38 (d, 111, J = 8.4 Hz), 8.05 (s,

1H), 7.33 ( ,N = 8.4 Hz), 6.05-5.98 (m 1H), 4.68 (d, 1H J =
15.2 Hz), 3.8 , 1H, J= 15.2 Hz), 316305(m 1H), 3.01-2.94 (in,
6H) , 252240 m 210, 2.39 (s, 611), 2. iji,_ 21), 2.09-1.87
(m 211), 1Aesplutionof 230 me{y}93 mmalp5 e@mé }5 ﬁ\ﬂé@ﬁ%‘e& Hum (ESI,

nz): CaBCd 2 Il’%lpy%zrﬂyQEEﬂﬁB{yhé&@d éﬁ%ﬁﬁer@p@éﬁ%ﬂ ifH90 pfkwoﬁé@éﬁ?' e 56
4- Cyano- h4|n2|dazole -carboxylic acid

[6- (4, 4-di nﬂrbim (el e freated withy b4me (077253 mmeal b beasngspesipimidehy | ) - 1

2,3 ", r&n?@ﬁb&!ﬂf@f‘o;@o tﬁmp "Iﬁ’&,‘ Eﬂzﬂ'hﬂax'rﬂas éﬂﬂfed(@m Cﬁ 12 and washed with
15tr|fluoroacet|c acid sal sol ution of ) (0.135
mol ) 4- cyafsuryed PW@\@%&@C% cTélPBteawﬂ%fera\easdinpemngS& an

i met hyl -cyc 'c&ﬁ@f&ra'ted in vacuo. Chromatogra hy of the rc51due on a 50- sﬂwa Varian
-eny0-1',2' 5', 6' - hexahy E 41bi p di ny 1 élFanlde

pr epar ed0i nNmM@IE&OIUWé’ﬁfh(]@)?JSI Ei@Amexencseﬁ@e@zZ g(?"eé)‘%‘fdh% th
32.7 my 20 (e éo%?po{rﬁwis)adsférﬂa%fh?a%w Joﬁa" 'h-w;@'gc%dg%@&ﬁwlé@w{g et hyl

ester (as prepared nunol )

ep
DI EA at rooﬁﬂtbrrﬁ@rﬂﬂ),lﬁr%l (f-ioer 8 %Ofﬁﬁe“ ﬂtléﬂe'sm ﬁt%—é@@&mv@fﬁ)a CH2C12
and washed MRbe an I r S
concentrateg@Fg vacu%HL¥?ZZSEgl ﬂg)&ggqéﬁr %%%hgglggﬁﬁﬁhgﬁ?éig? wi th
20- 60 %)CHB@ﬁDln 0.1 % TFA/H20 over 30 mn to afford 48 ng (85 % 25
of the gitle conpound as a white solid. 1H NVR (CD30D;, 400 MHz):
68. 65 (é 111, J 8.4 Hz 8.05 (s, 1H), 7.34 (d, 111, J = 8.4 Hz),
6.05-5.98 (M 11&947::1!@ @, BligshpharclohgaBynyl)S. 295 serrapwiro21H) |

4100, 2 152 10 B PR B %0 S e

Hz), 1.11 (s, 611).
Mass spectrum (ESL ml z) NCal cd. for C261- 134N603S, 511.2 (Mt), found
511. 3. Exanple 57 55- -1H-i m dazol e- 2-car boxylic acid
0-11-( 2- am no- 2- net hyl -\ee®pi onyl) -
pi peridi n-4-y11-2-cycl ohex- kHenyI phenyl)-antide trifluoroacetic acid
sal t N

A solution of 209 mg (0.587 mmol) 5-amino-6-bromo-3°,4",5°,6’-tetrahydro-2"H-

20 [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-enylborenic acid and 2.34 mL (4.69 mmotl) 2 M aqueous Na,CO;. The
mixture was degassed via sonication, placed under argon, treated with 47.4 mg
(0.0410 mmol) Pd(PPh;)a, and heated to 80 °C for 16 h. The mixture was diluted with
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a){2-14-(4-{[4-Cyano-1-(2-trintethylsilanyl-ethozynmethyO-1H i nzi dazol
e- 2-

10car bonyl | - am no) - 3- cycl ohex- 1- enyl - phenyl ) - pi peridin-1-y1J-1, 1-di nt
et hyl -2- oxo-ethyl)-carbatnic acid tert-butyl ester To a solution of
4- (44 4-cyano-142-tri et hyl si |l anyl - et hoxynet hyl ) - 1H-i m dazol e- 2-
15car bonyl kditPAeFudbwaspeq wisbyaien é[(yli*y PAYsRESTS e Wb pidiepted b additigmBboxy | i ¢
acid tert-bylghcasl Bl chBhedBtoar BRYs WERlated &% Mp8BM R oh&nfrted Rl ©
14, step (a)) in 2.5 nL of DCf%/I and 0.4 nL EtOH was added 700 pL of
TFA and t he va@ouGhematagraphis of thefesigugons SBgsilica Yarian MageBendrElvias

di | uted wi t Rofrivfish 23fo; BIOAL-Rethds BRBraEPTRARS (ROHDLHR 1l YoinfAmd 3s 2 1

m xture of

5- cyano- 3- ( nhite formysohid i Mags ypecorm 5§tz Cyled. Hpri GriHsl¥:6)2e388 . 3dH§bx y | i ¢
20aci d (2-cyg|.aRex31-enyl-4-piperidin-4-yl-phenyl)-am de
trifluoroacetic acid salt to starting material by 1H NVR and LC/ M5
whi ch was used in the following step without further purification.

The m xture _jn 3: t t of .
2-tert-but of)ycar %gﬁ&gg}% 'ngf%ﬁrr%tt%ﬁg{ag%eo 6?%?@%&%? Qf"?‘%@le#éc,w o
mol ), DI EA ( 122anmkno}-@(4oGinethyl-gychohek- PyBijoP, 4,1 44-tercphy@o30H- ol ) in 3

m, of and t pe, b QN; A pr ) .overnight. The
reacti onas di I{J‘f‘#ef(f%%?h&% \&\%gbo%tfo{ﬁ%%]?tgﬁ e\'/\gltg'shed with satd aq
NaHCO3 (1 x 25 nL) and bxine (25 my) and the organic 5 | ayer was
dried over Na2SO4 and tfhen concentyated. Purification of the residue
by preparative TLC (50%.E#0Ac-
title conpound as a whiteg i
C371155N605Si, 691.3 (M
b) 5- Cyana- | H i t ni daaQl &< 2~ car ox)l ic acid (4-17-(2-am no- 2-net hyl -
propi onyl) - pi peri dj n-§-y1J- 2- cygl ohez- 1- enyl - phenyl) - am de

trifl uoroace)'g@ atd"salt To a sol ution of

(244- (44 4-cyanop1- (2-tri net hzﬂ%‘ﬂl anyl - et hoxynet hyl )-1H 15im dazol
e-2-carbonyl ] -am no) -3- cycl ehex-1-enyl - phenyl)-piperidin-1-y1]-1, 1-
di met hy1- 2- j it ekt bl < 40.115. 0. 050
i ol )i 2 s e IS0 @6 e ph b e ER IR, 5 Tea
The sol uti of4R@s6steirghydw-3"8r[23 Thipaidipd-1Ccaripyylic ecid tartrity? esier (8§ Et OH
and concent | E i t.k ! i er
af f or ded 8.%1% a%jd]‘&218%2)\&?}0 tsﬁgegﬁjtl?l'lti FZ:{LC%I—%E}%&;& géd #l?%aﬂs%gl((g&% H 20
NVR ( CD3%D 1 ®f Krqy jno- 6E-ttimeihglsilany t-cthoxymeghyl)- i imidgolgR-¢ashoxtliade, 7. 16

(d, 1H, J = : . i m
1H), 3.30 ( E‘?asgli‘ﬁf%h £a§ 8 8&}3‘.(3@1711 %&E’l}?)“,zg E‘_))ZS?%‘% %0'##1%2‘11%’ ?&f?’%- 1.93
(in, 211), andPe3pLEBIT mmobrPIEAlat Gapritedperaiure, fop3ih.) The mixture was diluted

with CH,Cl, and washed with saturated aqueous NaHCOs, The organic layer was

nes) afforded 40 ng (15% of the
ss Spectrum (ESL m/z: Calcd. for
iy, YoulNd 691.1. 10

dried over MgSO4 and concentrated in vacuo. Chromatography of the residuc ona

20  50-gsilica 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 C34HseNs0481, 635.4 (M+H), found 635.3.

P 4-Cvano-1H-imidazole-2-carboxylic acid [6-(4,4-dimethyl-cyclohex-1-enyl)-

25 1.,2°,3°,4°,5°,6 -hexahydro-[2,4 ] bipyridinyl-5-yl]-amide trifluoroacetic acid

salt
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Mass Spectrum (ESL nth): Calcd. for C26H33N602, 461.2 (M-H), found
461. 3. 25Exanple 58 5-Cyano-IHintidazol e-2-carbarylic acid

[ 6- cycl oheac-1-enyl -1"'-(2-ntethanesul fonyl -
ethyl)-1',21,31,41,5 ,6" - het cahydro-f2,47b4, yridi nyl -5-y1T-am de
MB029  a)

5- Ami no- 6- cycl ohex-¥;enyl -3' , 411, 5: 6' -tetrahydro-2'H P, 41bi pyridinyl -1
'- carboxylic aci rt buty//ester N2 >\,-0,i-N50 To a m xture of
5-am no- 6- brono-3' 7, 5 , 6 etrahydro-2'H—[2,41Thipyridinyl-l'carbox
ylic acid tert-but eﬁ&EﬂLﬁ 31 ng, 0.93 nmol) (as prepared in

Exampl e 54, step anfl cycl ohexen-1-ylboronic acid (141 ng, 1.11

nmmol) in 5 i of Et@H ,©10 nL of toluene and 5 nL of 2 M Na2CO8, was
added Pd(PPh3) 4 K107 nmgga0.0930 mmol ) 10 and the result was heated at
SO C for 16 he reaction was diluted with 100 nL of ether and 100

nL of brine sghtbhier JEvEE @. m&ﬁncﬂ)eﬂl@[ﬁ%@ﬁb—l iri:@m@ﬂg@nar@l-ktﬁyﬁmefm

dried (Na2SO4). and caoncentrated in vacuo. Purification of the residue

by col um cHHd%qaéﬂF'&mﬁibo(‘g] -tigg} -6t 448’@“’%%‘%?*}%1' -4&0And's) 041 f or ded

248 749 bt - .
248 )rrg (Ca | C/%etxta]ti'%jrré RAH- %43@%%?1 PScafdxylicRld b fﬁ%’e’glnégielé abﬁ’eb@et{ f%he

5- { 14- CydnoPEviops %t?n)tﬂhbqw§v|°§I(Jﬁa@ywa%w&féyﬁwhryedrfpﬁl}dﬁ%&m&@ car bony

i - TFA at room temperature for 4 h. MeOH (10 mL) was added and the solvents
anm no) - 6- cycl ohex-1-eny1-3',41,5', 6 -temaq%gro-Z H P, 47bi pyridinyl -1"

_ carboxyl | evaperatedinyacie, Elpmalegtaphy of tiorrsidrcps ag0gilise Veramf

4- eyano- 1-( R'IergﬁBéﬁﬁtﬂMflcﬁhhﬁ R)fih-19teh Wéﬁ%@; affdrddd @?n?gc(b?zrg gf the title

car boxyl at e potassi um salt Zggﬁﬂab

Exanpl e 3, &¥eppupgi3sa vhitegol @Da@@eﬂloqjﬂ %@é&? (QiH 1= %Iﬁrﬁnl )

and PyBrgP §34%, My, 7288 11, 1= 8.4 Hz), 6.02-5.93 (m, 1H), 3.58-3 .48 (m, 2H), 3.32-3.03
(m, 3H), 2.54-2.42 (m, 2H), 2.23-2.02 (m, 6H), 1.11 (s, 6H). Mass spectrum (ESI,

m/z): Caled. for CpsHasNeO, 405.2 (M+H), found 405.2.

Example S5
15 4-Cyano-1H-imidazole-2-carboxylic acid [1’-(2-dimethylamino-acetyl)-6-(4,4-
dimethyl-cyclohex-I-eny()-1°,2',3°,4°,5°,6 -hexahydro-{ 2,4 ‘[ bipyridinyl-5-ylj-amide

trifluoroacetic acid salt

//N
H ","\{
N\‘_KKN
o) H

~ N TEA
T

A suspension of 20.9 mg (0.203 mmol) N, N-dimethylglycine in 4 mL CH,Cl, was

20  treated with 49.8 mg (0.197 mmol) bis(2-oxo-3-oxazolidinyl)phosphinic chloride
(BOP-CI) and 75 pL (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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5 mol), and the reaction was stirred at 25 C for 15 mn A solution
of 5-am no- 6-

cycl ohex-1-enyl-3',4',5 ,6-tetrahydro-2'H[2, 41bi pyri di nyl - P- car boxyl
ic acid tertbutyl ester (233 ng, 0.65 nmol) (as prepared in the
previous step). in_4 nL DCM was added and the reaction stirred

over ni ght atends teifluoppreeiatedas nrepgredas Examnlg b sRpOn atperntenpertugg for 4% d
washed Wt iNaHORRxtdrt whs i RO, 0Y AidSydsREL WAl w AR ThDGigdle Al gan C

| ayer was dried over and then concentrat ed. e resi dué was
purified by was dded eispMigb BgensdisRycepisated is yagyel Theogsiupppsamaiied bst BP-af f or d
167 ng (40%pgm@ ' > o TR 4 (s m
(ESL 1 2y (eI B AR n 03 0 T ! D ey A9

c) 5- Cyand- | I3 hiiefthotite oompaynslps ¢ white selidd 1 SCBHEL-400 dfHyA)-3 83D 3
4:5;6' - hex = N ThOh N T el 5 = i 4 dal 41O ke acid
cal i+ b TRET LS ROl T (oL 2 B g hid 6 RIARATK

([ 4- eyano- 11H2) £ A5 A&iznA 8i (tadl I = 15.2 Hz), 3.16-3.05 (m, 1H), 3.01-2.94 (m, 6H),

et hoxymet hyl)= LHrqi 41 lag~2 =Eambany. 10606 k- -3, 4
5oL 20 1 AP AR IS A e s A GETHE N N6 AP T
tert-butyl &8).drl2(&.6H)nlylasperumBfl misi figled. for CoBabn@, 4903 (\tH), o
Exanpl e 134, fﬁ%@%}g) to afford 57 ng (43% of the title conpound as a
white solid. - (ESI, mz): Calcd. for C21H24N60, 377.2 (MH),
found 377.2. d)5-Cyano-IHim dazol e-2-carboxylic acid

[ 6-cycl ohex-1-enyl -14' 2- nzet hanes ~ethyl)-11, 2; 31, 4;

51, 6' - hexahydr 012, 47bi pyri di nyl -S-M)igg 5 To a shirty of

5- cyano- 1H i Mi@Qarol8-ididesiodxyPoxyliaacid [6-(4,4-dimethyl-cyclohex-1-enyl)-1’-(2-

(6-cycl ohex- 1- B A 1D 20 NEX O-L 2»41] Bi-Dyri @i ny.l-5-y1) -
o LI o gf‘@téﬁ*%%ﬁ%ﬁ%ﬂﬁgﬁﬁmﬁﬁ? UYL BN S0
was addéd DI EA (50.4 pi, 0.290 tifimdryacktst daihed by 30.5 ng (0.150 nmol)
of net hanesul fonic acid 2-net hanesul fopy)-ethyl ester (as prepared in
Exanpl e 40, step(a)). The reaction was~4all owed t9Nsti r overnight,
diluted 10 with 20 inL of DCM washed h satd Ag NaHCO3 (1 x 20 niL)
and dried over Na2SO4. Purification by pregar&t®ve TLC (silica gel,
40% Et OAc- hexanes) afforded 22.3 ny l."(‘g i _dhe’title conmpound as a
white solid. 1H NVR (DVSG 400 MHz): j10.02 l(s,p111), 8.24 (s, 1H),
8.11 (d, 1H, J =8.4 Hz), 7.18 (¢~ F = & a Hz), 5.96 (s, 1H),
3.04 (s, 311), 3.02-2.99 (g 211N 2.73 (LTA211, J = 2.7 Hz),
2.39-2.37 (m 211), 152.1152%.05 (ny 411), 1785-1.64 (m 10H). Mass
Spectrum (ESI, mz): Calcd. for C24H311946038, 483.2 (M+H), found
483. 3. Exanplselubsh of 70.0 tAg (0ad 36 etridl) 6-cyanb llinfidizoletPecatiorivesid{6-04,41 he

i nternmedi ate, described in l.e. 3...5,20 descrihed bel ow .
o Oyano. 1. ( STEEV SRR 1L e faf SrBeRIT oLt AT 2245 poxy
ic acid pot @s piepafed il Example 54, step (£) in 10 mL of CH>Cl; was treated with 32,7 mg
20  (0.162 mmol) methanesulfonic acid 2-methanesulfonyl-ethyl ester (as prepared in
Example 40, step (a)) and 70.5 pL (0.405 mmol) DIEA at room temperature for 6 h.

The mixture was diluted with CH2Cl, and washed with water. The organic layer was
dried over MgSQO, 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 %)
25  of the title compound as a white solid. 'H-NMR (CDs0D; 400 MHz): 8 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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NNO- K+ N 'S EM 25 a) 1H Bni dazol e-4-cartionitrile A 22-L, four-neck,
round- bottom fl ask equi pped with a mechanical stirrer, a 30

t enperature probe, a condenser, and an addition funnel with a
nitrogen inlet was charged with I Hin dazol e-4-carboxal dehyde
(Aldrich, 1.d404¥p2.153. 1 mPh), 1%@@ mfﬂii:s Pz, 3. 1@(§—6H§ ﬁaﬁ@be)ctruﬂ;he
reaction flask was cooled to an ice bath and hydroxyl am ne
hydr ochl or i dESk gv): &alcizf'(’%cmﬂi4§qﬁ%§s5léé’dé4ﬂ‘94 f@WIlC!/Shln" portions to

mai ntain the internal tenperature below 30 C. The reaction was
allowed to cool to 5 anbient tenperature and stirred for 2 h at

anbi ent terrper ature. The resul ti ngExampleSJe| | ow sol uti on was heat ed
to 80 C i &, Jm: & 4 ki . 6 nol)
was addegi dropvvl scg’tool\?lg?’ 20 e %Fl%o mal %t{gﬁzq?ﬂ@’%e b % }?)l '%él ow 110
C during the addinerigin-4mhe- cw@eleemlcﬂnyimhwdk@msdagdheeaae@zcarczdr@tb C for
30 min, after which tine it was allowed to cool to anbient
terrperature and then further 10 cool in an i ce bath. The pH was
adjusted to 8.0 (pH neter) by the ad® 25vvt NaOH (5.5 L) at
such a rate that the internal tenpera urﬁm@% ai ned bel ow 30 C
The reaction m xture was then transf ¥ a 22-L separ at ors/
funnel and extracted with et Pgl G (80 L). The conbi ned organic
| ayer was washed with bri , dri &h over MpSO4, filtered,
and concentrated to dryne de 15 reduced pressure at 35 Cto give
the crude product as a yellowsem solid. The resulting sem solid was
suspended in toluene (3.0 L) and stirred for 1 h, after which tine it
was filtered to give a light yellow solid, which was resuspended in
tol uene (3.0 L) &nd-(4i{4ECruofiof-tlimbehyTHmyk abuyniethy)- SH-unidgzoias:

the t1 118 comporr Bl iR SORRES Ml iR ah iy Bogpiy a1 V@
and "C NWVR spect ma-enpliecackomes etidmtt-bupt bsterhe assi gned structure.

b)1- (2-7' rinet hyl sil anyl - et haryntet hyl ) - 1H bni dazol e-4-carbonitrile
and 3-(2- trinzethylsilanylrethoxynet hyI )-3H i m dazol e-4-carbonitrile

NC N N -yCN l 0’\,5.

¢
®

%%N
>L0JOLN><(N

H o
To a solution of 4-(4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
15  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 pL 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
20 acid (2-cyclohex—1-enyl—4-piperidin-4-y1—phenyl)—an*_1idc 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

143



N,, N SEM SEM 25 A 22-L, four-neck, round-bottomflask equi pped with
a nmechanical stirrer, a tenperature probe, and an addition funnel
with a nitrogen inlet was charged with 1H m dazol e-4-carbonitrile
(830 g, 8.91 nol, as prepared in the previous step) pot assi um
carbonate (2.47 k 17.8 nol), and acetone (6.0 L)._ Agitation

D ed G e R PR AR BB 3 TR .0 B e 0
SENCL (1. 50, kg1 Hffahd pyse pldesl bBOOHBR) e maci i nd ol over

210 min to |nta|nt e intern errperatu ow 15 C. The
reacti on waseactawasistimeda 26 6C wearightol herrericBon wesedipted atiBEAOAR 5smnk) r ed

At ambi ent LETRERS) Ui ) RO, 1305 ol BGHAA0E b OB T bk o v

then cooled In an ice uenche addi ti on
of wat er 5( 8l@yenwyasaivied 080 NayiQs@ndrticm tacentiated. Runifl eatwalof thempsetuabyur e

bel 30 C -
separatory PEAREAS opnsochtnfiy 485bd Ay PLAG bR o Bnuna
conbi ned or gamvkite sotid.eMasyfipecttunafESd m!a):i@alcd doh Gt NsB85 693 @I+BE C to
gi ve the cr?qledgélopuct as a dark brown oil, which was purified

t hrough a pl'ug ot "gel (16.5 x 20 cm 2.4 kg silica gel) using 2:1
hept andet hyl acetate (15 L) as el uent. The fractions containing the

pr oduct co entr te nder, ue essure at

35 C to@ef g)r n}o#? urem(’)I % %ca(fnﬁ)g[}g(ggaﬁum 1”“6%{ br own oi l
[1785 g, 90% . Thepibki) mawpe@mwm EowbplengiMannidetttifiddnencasgsi gned
structure and |nd|(}:a§ed the presence of a 64:36 ratio of

regi oi soners.
c) 2-Bronp-1-(2-trinzethylsilanyl -et hwnzet hyl)-1H i m dazol e- 4-car bon

W th a wechine sapia e 4 gl G et R e P s oo Pt
i- ?Izt [ (r)igﬁgt Eiﬂﬂ&ble%ﬂﬁﬁi@ﬂgﬁﬂw}}}iycbhmKbnn;;ll-gl;@fyl)-plpendm; t;3(;1] I1 t1-I e and
(o Lo ety R R s b GRG0 rlE 08EkRRR R Ritcerl Boo

g, 2.69 nol Dcmeana@omﬁﬁaateﬂ wab adde@ 13MmEV b0TFA. %e@c)lutﬁjmdwdéaﬁlbanblﬂh
tetrachl oride Ql tation was Imtlat(fﬁ’l and the xtflé&ee
nol )

heated to 682 ,e&ﬂ%qch“gt ot RIQBH dsenrepiraishin yaouPs Bz g oo

was added I&ma@e/@ft@éthmrfotdems 4G ERIRPofthdtitleMdpBurdas W viiie sélid. an-
exothenn to 74 C. The reaction was allowed to cool to 60 C and

furt her2&t i NME(GR:080 480 MHz)13 %10 tin B rJeut Hgh S <s, dHD-nkdd di 161 Tol

lowy t t lhtdg
il tered antl TR 1 AT ale Neohal i Sra Arce e i, 1)
The or gani c3weAt-2gadmet D hO6UA (@, HiDu & 364 83 i(mj &), §6#-1(68 (5. 2H). cm
silica gel; \QG ﬁgﬁqggg Dt% % CARRY B¢ ﬁl?%ﬁédz,?ﬁe} s el uent.

The fractions tain e pr o ased on TLC anaPyS|§? wer e
conbi ned and concentrated under reduced pressure to give a

crystalbine light yellow solid, mht%&@ then filtered and washed
S5-Cyano-1H-imidazole-2-carboxylic acid [6-cyclohex-1-enyl-1'-(2-methanesuifonyl-
ethyl)-1',2'3" 4", 5,6 “hexahydro-{2,4'] bipyridinyl-5-ylj-amide
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30 with heptane (500 roL) to give the title conmpound as a crystalline
white solid [593 g, 73% . The 111 and 13C NVR spectra were
consistent with the assigned structure and showed no evi dence of the
m nor regi oi somer.

d) 4- Cyano- 1- (2-trial et hyl sil anyl - et hoxypet hyl ) - 1H bni dazol e- 2- car boxy

lic acid S5ethyl ester OEt )-4r) N - ' A 12-L, four-neck,
round-bottom fl ask equi pped with a ne i ca irrer, a tenperature
probe, and an addition funnel with a nrtrd@en i t=vas charged with
2- N =N

brono-1-(2-trinmethyl sil anyl - et hox ] - 18- 1 m dazol e-4-carbonitrile
[390 g, 1.29 10 nol, as prepared inJthe previous step) and anhydrous
t et rahydrof uran (4. 0 L) ﬁ% s initiated and the reaction

m xture was cooled to % usi ng a dry icel/acetone bath.

| sopr opyl magnesi um chl orrde (2.0 Min THF, 760 inL, 1.52 nol) was

added t hrou add| ' t

i nternal teﬂgera%edpg’ befygv@h 8‘9’@},' gscdrgéa}ic %}ﬂ“\%"’k @J{}gﬁ rbgr a
further 30 m n atarbdPlicycidloridhtyéestanhi ch time it was cooled to -78 C
Et hyl chloroformate (210.0L, 2.20 nol) was added through the addition
funnel over 10 mn to ne ain the internal tenperature below -60 C
The reaction was stirredxtor a further 40 mn at -70 C, at which
point the dry ice/acetong b%rzr was renoved and the reaction was

iNNNBY"t efiper at ure over 1.5 h. The reaction

e 20 bath to 0 C and quenched by the sl ow
iumchloride solution (1.8 L) at such a rate

t hat the mt}r‘? perature was mai ntai ned below 10 C. The reaction
m xture erred into a 12 L separatory funnel, diluted with

et hyl aceta 4.0 L and \gani ¢

| ayer was Wé?ﬁéﬂ"wet%fsmﬂ% ?) a%ﬁof Py ﬁldérg%? ﬁ’a‘%’égﬁﬁ% er
reduced pressUseliatcid erlhing egen@3 nmg,rmammar) GisIprepdiee ik xadplecidl stoms

di ssol ved in dichl oronet 300 and tggiraphy
(15 x 22 cm? c)) angl oy 0%*@%?13’?@05&3&‘“%1 "% %)Rgnigopqgtsaneﬁi{ ﬁﬁ]a g%g“t at e)
to ﬁi \ée a yefilohish®idd,s mbbﬂmwuagmsmlaum dePPEs)O@I@'lmgoo 09ﬂ_0)mmd1i)l ut ed
W t eptane 0 r r| rat I

resul tir F‘E‘%‘ﬁ Wlél]iwf“ %ﬁ CE‘% \}gh e %’odﬂu&d “ﬁth%o Hior
crystall | ne et 4nd 19@h{[£bf(bﬂrﬂaargl th@l&%rs w@x’eeep]ai-dtan d‘h&&@anm/Rymédti a
were consistent with the as ed 1 the residue

e) 4- Gyano- 1{{'&> Pﬁ)raﬁéf‘?ﬂﬂe%tfaf%dgﬁ%cflﬂ' 1W9I°§ P ESSI9HE BASOT R 2. car boxyl i
C aci d pot agpiopiosAbhy MEcSEHE0-6086 Ethvtr-hexanes) afforded 248 mg (74%) the title

compound as an light brown oil LC-MS (ESI, m/z): Caled. for CaiHiN3;O0z (M+H),
15  358.2, found 358.1.

m xture was cool ed_i
addi ti on of satd

b) S5-{{4-Cyano-1- (2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carbonyl] -
amino}-6-cyclohex-1-enyl-3',4' 5", 6 tetrahydro-2'H-{2,4 Jbipyridinyl-I'-

carboxylic acid tert-butyl ester
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5 A 5-L, three-neck, round-bottom flask equi pped with a nechani cal
stirrer, a tenperature probe, and an addition fume! with a nitrogen
inlet was charged with 5 [400 g, 1.35 nol) and ethanol (4.0 L).
Agitation was initiated and a water bath was applied after all of the
solid had dissolved. A's ,AQLla-N KOH (214.0 i, 1.29 nol) was
added through the addit eGker 15 nin to maintain the
internal 10 tenperature C and the reaction was stirred for 5
mn at room tenperature. ~aanwas then concentrated to

resulting solid wa 3
and stirred for lm ,
the filter ()‘( ed with MIBE (1.0 L) to give the title conpound
as a white so |do whi ch was 15 further dried under vacuum at anbi ent

terrperaturefor 4d | EL . NVR .1 nmass
spectra wer 9888y nfc}'@ﬁ%{' H@ﬁ%eé&yzse%%athg’f%e“@ﬁﬁ I%rq?ﬁd% |l ed for
G i 14161CN3Qatbxylats podesdbn skl (2621, 0170 dimol)q(as fropar in Exandgile 3 7SIcpH

oo i R Rkl 20, b T T L 1

I n deterg nigiy Al the %h&lohwab Sttedat 29%0 fov 14 mnofAmoﬁaﬂm&d% of
Formula |. They are given to illustrate Aé]t*ohe i.nventi

non- | i mi ti ngyoldhexilsAY-H418-¢-tetralidreddb e Elomaridinyl ‘f’?rg?f‘yh(f’ AddErtassay 30

The conpoungsyQistet (383 RAeC8. Qﬂﬁuddmgﬁﬁrbﬁ&dﬂﬁ ehe@hdvidub BEWiih # ell DOMOIOT S
of c-Kit. Selection of preferre

ounds _of Formul a use as
c-Kit inhi bpddsd §n4/\fﬁ§f°ﬁ%t}°lﬂ(§?“i"fﬁj°‘ieﬁn$tﬁét %509 gﬁf F‘F@Ct}?ﬁh‘ﬁléfhhﬁgqo an in

vitro IcinaggpAs@sw) ‘Bn([fﬁ%ﬁbld ®ith REHEOL (10,0253&&} 4@ bris@(23tmEAd kil ERS e
domai n of the human ¢-k receptor in | uorescence 5pol ari za ec[on

(FP) prdPoc nganl¢ﬁ§eléyﬁ§|dflefb§‘§é 2304 Ial’%@&ﬂ F‘?’l’ée“F‘]al‘i@r Lhrresidug s pUB

phosphopept b?ﬁasmﬂoﬁl&zsgreﬁhkl(mm%ph% MEQHICIECIQNS hiagd Y 67 Aglandexbrite t he
Panvera Phospho-Tyrosine Kinase Ki t Gree:l& sup | edﬁgé%l nvi trogen.

When c- kit bﬂ%@ﬂﬂﬂ?ﬂ%%@éﬂu‘?ﬁ@ﬂp&l?s@‘ﬁm #i68-d¥%ei n- | abel ed

phosphopept i g@ﬁ@ gjl@plﬁ foom dope. ant i - phosphotyr05| ne anti body

by the phosphoryl ated pol'y 10 d uzi Tyr, thus decreasing the FP val ue.

The c-kit kinase reaction was incubated at roomtenperature for 45

m nut es th I nd Achel7-dn p@yays_e,g | ot

SPOO5). 15' Q{g / 598%84; mdrg?azgﬂ@déatrbﬁﬁcac{zéﬁ%&DWCl RL

0. 01%rween 20, 1o EvEE- Hﬂ]ém@aﬂé r%aﬁd@mﬁm@ﬁé@waﬁﬁsqks The ki nase
>3 wWith the addition of EDTA. The

pgadedin nmethyl t-butyl ether (MIBE, 4.0 L)
after which tine the slurry was filtered and

: 5 phosphopeptide and the anti-phosphotyrosine
anti body were addeu i bated for 30 m nutes at roomtenperature
and fluorescence polarnzat read. Data points were an average
of trlpllcate sanmgl e§. Inhhihition and I C50 data analysis were done
reAlsi Y a non-linear regression fit with a
si gni oi dal dose-response (vari abl e sl ope) equati on.
The 1 C50 for I nase inhibition 20 represents the dose of a conpound
that resul t gfe iith cnipofnd wdsiphiphicd froaf 5-Kit nga®- B@Himethylsdanypar ed t o DVBO
vehicle C0nte15'1(c))>|{y1:ne’ch§,r¥I ltH-mndazofgf Sar bonyl]-amino}-6-cyclohex-1-enyl-3',4',5',6"-
20  tetrahydro-2'H-[2,4'Tbipyridinyl-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
titie compound as a white solid. LC-MS (ESI, m/z): Caled. for C3 HaaNsO, 377.2

(M+H), found 377.2.
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25 BR-1 cells are a dog naastocytoma |line that expresses a
constitutive-active nutant KIT (Ma Y., B.J. Longley, X Wng, J.L.

Bl ount, K. Langley, G H Caughey. Custering of activating nutations
in c-kit's juxtanmenbrane coding region in canine nast cell neopl asns.
J Invest Dermatol 112: 165-170, 1999.). Proliferation of BR-1 cells
can be inhibited by KIT inhibitors, and a good rel ationship exists

bet ween conmpound _3 ncy, i | T enzyne sa anpd i 'bition of
BR-1 proli fé/?atl 6r‘£’ )%)eo}éggzé(gzo?- T P?’iyé%a‘ﬁ‘f?%ﬁg}@%’:épﬁ ()'?l('}h feration,
BR-1 cells are sispensgfbnplepll' 204l i 12, z&le;)alslaﬂp@mz@res

Modi fied Eagle's Media) containing 10%CS, and 100 pl/well are
plated into clear-bottonmed 96 well culture plates (CoStar 3610)

cont ai ni By %a@lu:@foftsf@axﬁaaimmm&b&-ﬁmxwﬁmce@ Mtlokexspérdyal dil utions
of test conpound | nred ael%/&bfollovmn plat (tinme zer 6vve||s

cont ai ni ng def ’?54 & riishexabygres 2. AUbimaridippl- 3y -smide it cet)apid ‘FF‘% &ra
reagent andpj Q@Pﬂ{.ﬁdib 191@ ﬂ&ﬂtM'hﬁQ@d%ﬁ'ﬁﬂEAfktﬁ4 ﬁL'd‘i%%%h&lyfo%wwe

Cel | TlterGo Si gha g sec/well) 1s determned using | um nonet er.

The remai ni hy3@é Iﬂtgs(oé @ manglraf methamgulfenig aeid %me@a@ﬁ@lfca%@m pster (as
Fol | owi ng t gf‘eg%%d ﬂﬂé&gegﬁ%’%&é@wlﬁg Ye@{:ﬂon%%g aﬂ+wéﬁfto Etfr%m p?ﬁﬁtcd

Titerdo re Is a ch wel at es arel ubat ed an
addi ti od@l Mhﬂﬂm@’@@mwaséwhwln@tchmﬂaﬂ@a ﬁéﬁyﬂwn@ﬂnqdwefeull

Titerdo o Cel |
1|0 prol i ler att on(%ﬁ%%mgg}%ﬁu%%% @l nlg@ﬁg%%ée%r% tl ?r%edzer 0
and time 722B3mg $0%Gnef the tltlm@pvmdues wkrite sadist 'R (RMS 02 Q0 MHz):

| cul at ed ht bi f
crowh 15 Brolel BTSRRI (B FRUG Y PL A %
activity of (s5 €HE Gi0d ds, GHyBA2AED (of, 3Hh . 7315 8HNI = RM\Hen 2. 302.35(np 2H3 ent ed

uncert annt i edr 2 s 188 o Viet, A0S A R e Rl At ier

Fl uor escenc€,/MMNR0s%, d83. 2 (MR Boupti 48).3.C-KIT BR-1 Proliferation |1 C50
(p.-M 4 5-Cyano-furan-2-carboxylic acid

[ 4- (4- et hyl - pi perazin-1-yl)-2-(3- nethyl-thiophen-2-yl)-phenyl | am de
ND Example 59

An alternate method for the synthesis of the intermediate described in Example 3 is
20  described below.

4-Cyano-1-(2-trimethylsilanyi-ethoxymethyl)- 1 H-imidazole-2-carboxylic acid

potassivm salt

ot
<
N
SEM
25

aj 1H-Imidazole-4-carbonitrile
NC N
Oy
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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R 5 5-Cyano-furan-2-carboxylic acid

[ 4- (4- et hyl - pi perazin-1-yl)-2-(4- nmethyl-thiophen-3-yl)-phenyl k

am de ND ND 6 4-Cyano-1H i m dazol e-2- carboxylic acid {2-cycl ohex-1-
enyl-411-(2- hydroxy-1- hydroxynet hyl -ethyl)-pi peridin-4- ND ND

Compound N.Thgge R T L ok BSERIARC PRAM, 136N % L0 C NI T
pyridine (3.0 L, 3.0 mol). The reaction flask was cooled to 8 °C with an ice bath and
hydroxylamine hydrochloride (871 g, 12.5 mol) was added slowly in portions to
maintain the internal temperature below 30 °C. The reaction was allowed to cool to

5  ambient temperature and stirred for 2 h at ambient temperature. The resulting thick

yellow solution was heated to 80 °C with a heating mantle and acetic anhydride (2.04
L, 21.6 mol) was added dropwise over 200 min to maintain the temperature below
110 °C during the addition. The reaction mixture was heated at 100 °C for 30 min,
after which time it was allowed to cool to ambient temperature and then further

10 cooled in an ice bath. The pH was adjusted to 8.0 (pH meter) by the addition of 25 wt
% NaOH (5.5 L) at such a rate that the internal temperature was maintained below 30
°C. The reaction mixture was then transferred into a 22-L separatory funnel and
extracted with ethyl acetate (6.0 L). The combined organic layer was washed with
brine (2 x 4.0 L), dried over MgSOQy, filtered, and concentrated to dryness under

15 reduced pressure at 35 °C to give the crude product as a yellow semisolid. The
resulting semisolid was suspended in toluene (3.0 L) and stirred for 1 h, after which
time it was filtered to give a light yellow solid, which was resuspended in toluene (3.0
L) and stirred for 1 h. The resulting slurry was filtered and the filter cake washed
with toluene (2 x 500 mL) to give the title compound as a light yellow solid [870 g,

20  82%). The 'H and *C NMR specira were consistent with the assigned structure.

b) 1-(2-Trimerhylsilanyl-ethoxymethyl})-1 H-imidazole-4-carbonitrile and 3-(2-
trimethylsilanyl-ethoxymethyl)-3H-imidazole-4-carbonitrile

N\ N™ y.—~CN
LEES

“SEM M

NC

25
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
30  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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4- Cyano- 1Hi m dazol e- 2- carboxylic acid {2-cycl ohex-1-
cnyl-441- (2- nor phol i n- 4-yl acetyl) - pi peri di n-4-y1]-phenyl}- ND ND 8
4- Cyano- 1H i m dazol e- 2- carboxylic acid {2-cycl ohex-1-

enyl-441- ( 3- or p hol i n- 4- ropi onye- pi peridi n-4-yl kphenyl)- 0.042 ND
9 E’-‘g Q/ano(fu’iea’ﬁ P mi}g Pq: ﬁ@lrﬁﬁcv@w%hqﬂﬂlo‘ﬁeqﬁ?mmm érper azi n- 1-

vl - 1 acid
[0 oo ek i oyt g A RS 15T 1,

5- Cyano- f i t rERWe Pat erksaoied imes ige path toyid) *Craed qmenelm;d]:yzthe slotx miitioyilof
pi perazin-1-yl)s (@.@T%l/ér WIS QaikRinNR internal temperature below 30 °C. The
5 resulting mixture was transferred to a 22-L separatory funnel and extracted with ethyl
acetate (2 x 7.0 L). The combined organics were concentrated under reduced pressure
at 35 °C to give the crde product as a dark brown oil, which was purified through a
plug of'silica gel (16.5 x 20 cm, 2.4 kg silica gel) using 2:1 heptanc/ethyl acetate (15
L) as eluent. The fractions containing the product were combined and concentrated
10 under reduced pressure at 35 °C to afford a mixture of the title compounds as a light
brown oil [1785 g, 90%). The 'H NMR spectrum was consistent with the assigned

structure and indicated the presence of a 64:36 ratio of regioisomers.

c) 2-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-4-carbonitrile

NC\{T?\’B"

15 SEM
A 22-1, four-neck, round-bottom flask equipped with a mechanical stirrer, a
temperature probe, and a condenser with a nitrogen inlet was charged with a mixture
of 1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-4-carbonitrile and 3-(2-
trimethylsilanyl-cthoxymethyl)-3H-imidazole-4-carbonitrile [600 g, 2.69 mol, as

20 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
8, 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

25 the resulting slurry was filtered and the filtrate washed with satd NaHCO; 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

30  with heptane (500 mL) to give the title compound as a crystalline white solid [593 g,
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12 5-Cyano-furan-2-carboxylic acid[2-

(3, 6-di hydro-2H pyran-4-y1)-4-(4- nethyl-piperazin-|-yl)-phenyl -
am de >0.25 ND 13 4- Cyano- 1H- pyrrol e-2-carboxylic acid

(2-cycl ohex-1-enyl-4- pi peridi n-4-yl -phenyl)-am de trifluoroacetic
acid salt 0.26 ND 14 4-Cyano- 1H i m dazol e-2- carboxylic acid

(2- cycl ohex 7i/fén%%ﬂ)‘?ﬂﬂerqHmwﬁ‘gﬁrwpq’i%?ﬁ?ﬁl‘ftﬂﬁnﬁ@éh‘t ppignedstreeteernd acid

salt 0071 Nidr b-deiig ot ol goideniar boxyl i aci d
[4-(1-acetyl - piperidin-4-yl)-2- cyc ex- 1- enyl - phenyl kam de ND ND 16

4- Cyano- 1H i mi dazol e-2- carboxylic aC| d

[4-(1-acetylpi pegii . ) Adicdniiah 2 BBty 1RGPk re 3o R il
5 ethyl ester
OEt

th 7&

A 12-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 2-
bromo-1-(2-trimethylsilanyl-ethoxymethyl)- 1 H-imidazole-4-carbonitrile {390 g, 1.29
10  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,
15  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
20  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
25  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 shurry was filtered to give the
title compound as a crystalline white solid (141 g, 37%). The ‘H and *C NMR

30  spectra were consistent with the assigned structure.
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ND  Conpound Nunmber Name C-KIT Fl uorescence Pol ari zation |1 C50 (AM
CKTBRI Proliferation IC50 (p.M 17 4-Cyano-1H-i m dazol e- 2-
carboxylic acid [2-(4-nethyl cyclohex-1-cnyl)-4-piperidin-4-yl-
phenyl kam de trifluoroacetic acid ND ND 18 4-Cyano-1Hi nm dazol e- 2-
carboxylic acid (2-cyclopent-1- enyl-4-piperidin-4-yl-pheny0- am de
trifluoroacetic acid salt ND

e 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid
potassium salt

- ot
N OK

Nc\\E HO

5 A S5-L, three-neck, round-bottom flagk equipped with a mechanical stirrer, a

temperature probe, and an addition funnel with a nitrogen inlet was charged with 5
[400 g, 1.35 mol) and ethanol (4.0 L). Agitation was initiated and a water bath was
applied after all of the solid had dissolved. A solution of 6 N KOH (214.0 mL, 1.29
mol) was added through the addition funnel over 135 min to maintain the internal

10  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
2 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

15  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,
Caled for C,1H)gKN:0381: C, 43.25; H, 5.28; N, 13.76. Found: C, 42.77; H, 5.15; N,
13.37. Karl Fisher: 1.3% H0.

20
BIOLOGICAL ACTIVITY

In Vitro Assays
25  The following representative in vitro assays were performed in determining the
C-KIT biological activity of the compounds of Formula 1. They are given to illustrate

the invention in a non-limiting fashion.

¢-Kit Fluorescence Polarization Kinase Assay
30
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ND 20 4-Cyano- 1H i m dazol e-2- carboxylic acid {2-cycl ohex-1-

enyl -441- (2- met hanesul fonyl - ND ND acetyl)-piperidin-4 A-phenyl).-
21 4-Cyano-1H i m dazol e-2- carboxylic acid

[ 2- cycl ohex- 1-eny| 4- (1- pyridin-2-yl net hyl - pi peri di n4-yD- phenyl ] - am de

11 1 001 02Ct 50 B2 G DIAMATY £ 1D SRERL Ao DR 1 © 21
[2-(4- rrethylcc -pyrid
yi met hyl - pi peleridinmi preffred isempdupds WOWIQBfMuMN&lmbﬁaSMOI e- 2-

performed in the following manner using an in vitro kinase assay to measure
inhibition of the isolated kinase domain of the human c-kit receptor in a fluorescence
5  polarization (FP) protocol. The c-kit assay utilized the fluorescein-labeled

phosphopeptide and the anti-phosphotyrosine antibody included in the Panvera
Phospho-Tyrosine Kinase Kit (Green) supplied by Invitrogen. When c-kit
phosphorylated the poly GlugTyr, the fluorescein-labeled phosphopeptide was
displaced from the anti-phosphotyrosine antibody by the phosphorylated poly

10 GlugTyr, thus decreasing the FP value. The c-kit kinase reaction was incubated at
room temperature for 45 minutes under the following conditions: InM c-kit
(ProQinase, lot SP005), 100ug/mL poly GlugTyr, 50uM ATP, SmM MgClp 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

15 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 ICsq data analysis were done
with GraphPad Prism using a non-linear regression fit with a multiparamater,
sigmoidal dose-response (variable slope) equation. The ICsg for kinase inhibition

20  represents the dose of a compound that resulted in a 50% inhibition of kinase activity

compared to DMSO vehicle confrol.
c-Kit BR-1 Assay

25  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. T Invest Dermatol 112: 165-170, 1999.). Proliferation of BR-1 cells can
be inhibited by KIT inhibitors, and a good relationship exists between compound

30 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 plfwell

152



carboxylic acid {2-cycl opent-1-
enyl-411- (|l -nmet hyl - 1Hi m dazol 2-yl net hyl ) - pi peridi n-4-y11- ND ND 24
4- {4-[(4-Cyano-1H i m dazol e-2- carbonyl)-am no] - 3-cycl ohex- 1-
enyl - phenyl ) - pi peri di ne-1- carboxylic acid am de ND ND 25
4- Cyano- 1H i;i8 flag@ings dearbatddRsivieildginde Elates (CoStar 3610) containing 50 61
[ 2- cycl ohex-1-enyl 4-(3, 4,5, 6-tetrahydro-2H 1, 2] bi pyri di nyl-4-y0-pheny
|1- ND ND 26fhecymnmedipsinpienspted with seriat dilusions ofitest eaepguyds- cycl ohex- 1-
eny1- 441- ( 24RufliQey Wi -Ia{ai%\ﬁ e ALy, 4wl chfaRYS bR PedRaldd YR ND 27
4- Cyano-1Him dazoI}SIe- 2- IC%FI_DO |Hg ac?’é © é e dietiva
{411- (2- cyari8@hgfiBromégadicll diitorCGle seagenpamhintubhted 1 Amirewist shpkiepyThe- ami de
trifluor gac %tén%ity of the Cell TiterGlo signal (1 sec/well) is determined using a luminometer,

The remaining celis are cultured 72 hours (37 °C and 5% CO;). Following the 72-

hour growth interval, 100 pl of Promega Cell TiterGlo reagent is added to each well.

The plates are incubated an additional 10 minutes with shaking and the intensity of

the Cell TiterGlo signal (1 sec/well) is determined using a luminometer. Cell

10  proliferation is defined by the difference between the time zero and tire 72 hour
signals. ICsp values of test compounds are calculated as the concentrations resulting

in 50% inhibition of growth.

15 BIOLOGICAL DATA
Biological Data for C-KIT

The activity of selected compounds of the present invention is presented below. All

20  activities are in uM and have the following uncertainties: C-KIT kinase: +10%.

C-KIT
Compound N Fluorescence
Number ame Polarization

1050 (v | IGO0 (M)

C-KIT BR-1
Proliferation|

5-Cyano-furan-2-carboxylic acid
[4-(4-methyl-piperazin-1-y1)-2-(3-
methyl-thiophen-2-yl)-phenyl]-
arnide
5-Cyano-furan-2-carboxylic acid
[4-(4-methyl-piperazin-1-yl)-2-(4-
methyl-thiophen-3-yl)-phenyl]}-
amide

4-Cyanc-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
enyl-4-[1-(2-hydroxy-1-
hydroxymethyl-ethyl)-piperidin-4-

ND ND

ND ND

153



0.080 ND  Conpound Nunmber Name C-KI T Fluorescence Pol arization |1C50
(p-1\4) GKIT BR-1 Proliferation 1C50 (p.M 28

4- Cyano- 1H i m dazol e-2- carboxylic acid [441-

car banoylnet hyl - pi peri di n-4-y1)-2- cycl ohex-1-enyl - phenyl ]-an de ND
ND 29 4-Cyano-1Him dazole-2- carboxylic acid {2-cyc|ohex-1-
enyl-411- (2-pyridin-2-yl -acet yppi peri di n- 4- ylﬂ-ﬁﬁ%nyamrglgﬁ
Compound Fluorescence Proliferation

Name e
Number Polarization 1C50 (M)

IC50 (uM)

4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-

7 enyl-4-[1-2-morpholin-4-yl- ND ND
acetyl)-piperidin-4-yl1]-phenyl } -
4-Cyano-1H-imidazole-2-

g carboxylic acid {2-cyclohex-1- 0.042 ND

enyl-4-[1-(3-morpholin-4-yl-
propionyl)-piperidin-4-yi]-phenyl}-

5-Cyano-furan-2-carboxylic acid
9 [2"-methyl-5-(4-methyl-piperazin-1- ND ND
yD)-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-
(3,6-dihydro-2H-pyran-4-yl)-4-(4-
methyl-piperazin-1-yl)-phenyl -
amide
4-Cyano-1H-pyrrole-2-carboxylic
acid (2-cyclohex-1-enyl-4-

piperidin-4-yl-phenyl)-amide 026 ND
trifluoroacetic acid salt
4-Cyano-1H-imidazole-2-
carboxylic acid (2-cyclohex-1-enyl-
4-piperidin-4-yl-phenyl)-amide 0.071 ND
trifluoroacetic acid salt

12 >0.25 ND

13

14

4-Cyano-1H-pyrrole-2-carboxylic
15 acid [4-(1-acetyl-piperidin-4-yI)-2- ND ND
cyclohex-1-enyl-phenyl]-amide

4-Cyano-1H-imidazole-2-
carboxylic acid [4-(1-acetyl-
piperidin-4-yl)-2-cyclohex-1-enyl- 0.057 ND
phenyl]-amide

16
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ND ND 30 4-Cyano- 1H i m dazol e-2- carboxylic acid {2-cycl ohex- 1-

enyl-441-(2-pyridin-3-yl-acetyl)- piperidin-4 yll-phenyl}-am de ND ND

31 4-Cyano-1H-i mi dazol e-2- carboxylic acid {2-cycl ohex-1-

enyl -4-[1-(2-pyridin-4-yl-acetyl)- piperidin-4-y1]-phenyll-am de ND

ND 32 4-Cyano- 1H 1 i dazol e-2- carboxylic aci dcxiT

(2- cycl ohex-Chn@pByddd- { 112- (1-net hy1- 1H- i ni dazdlordeence [C i) BR-1

y1) - acetyl kpiupget difn- 4-y1} - ph®#FFk ND ND | Polarization | -OLioration
1C50 (M) ICS0 (pM)

4-Cyano-1H-imidazole-2-
carboxylic acid [2-(4-methyl-
cyclohex-1-cnyl)-4-piperidin-4-yl-
phenyl}-amide trifluoroacetic acid
4-Cyano-1H-imidazole-2-
carboxylic acid (2-cyclopent-1-
enyl-4-piperidin-4-yl-phenyl)- ND ND
amide trifluoroacetic acid salt
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
enyl-4-[1-(2-methanesulfonyl-
acetyl)-piperidin-4-yl]-phenyl}-
4-Cyano-1H-imidazole-2-
carboxylic acid [2-cyclohex-1-enyl-
4-(1-pyridin-2-ylmethyl-piperidin-
4-yl)-phenyl]-amide trifluoroacetic
4-Cyano-1H-imidazole-2-
carboxylic acid [2-(4-methyl-
cyclohex-1-enyl}-4-(1-pyridin-2-
ylmethyl-piperidin-4-yI)-phenyl]-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclopent-1-
enyl-4-[1-(1-methyl-1H-imidazol-
2-yImethyl)-piperidin-4-yl]-
4-{4-[(4-Cyano-1H-imidazole-2-
carbonyl)-ammp]—3_—c.yclohex- 1- ND ND
enyl-phenyl}-piperidine-1-
carboxylic acid amide
4-Cyano-1H-imidazole-2-
25 carboxylic acid [2-cyclohex-1-enyl-
4-(3,4,5,6-tetrahydro-2H-
[1,2'Tbipyridinyl-4-yl)-phenyl]-
4-Cyano-1H-imidazole-2-
6 carboxylic acid {2-cyclohex-1-
2 enyl-4-[1-(2-hydroxy-ethyl)-
piperidin-4-yl]-phenyl}-amide
4-Cyano-1H-imidazole-2-
carboxylic acid {4-[1-(2-cyano-
ethyl)-piperidin-4-yl]-2-cyclohex-1-
enyl-phenyl}-amide trifluoroacetic

17 ND ND

18

20

21 0.05 ND

22 ND ND

23 ND ND

24

ND ND

0.026 ND

27 0.080 ND
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33 4-Cyano- 1Hi m dazol e-2- carboxylic acid {2-cycl ohex- 1-
enyl-441-(2-1H i m dazol - 4-yl acet yp- pi peri di n-4-y1] -phenyl)- ND ND 34
4- Cyano- 1H i m dazol e-2- carboxylic acid {2-cycl ohex-1-
enyl-441- (2-norpholin-4-yl-ethyl)- piperidin-4-yl]-phenyl)-an de di-
0. 052 ND 35 4-Cyano-1Hi m dazol e-2- carboxylic acid
[2-(1, 1-di pxo01, 2, 3]6-tetrahydro- 1X6-t hi opyrlan-KIT
y1) - 4- pi pef idindodirdy| - phenyl ] ami de 0. 073 ND %Q{Jes@ﬁa@‘g;aﬂl?’%ﬁldazol e- 2-
car boxyl i c| aminbed 21 (1, 1- di oxd¥a™M€2 '3 6.t et|reeidstonll SOLEFHIBbyr an- 4-
y1) - 4- pi pefi di n-4- 34- phenyl ] am de ND ND 1C50 (uM) 1C50 (uM)
4-Cyano-1H-imidazole-2-
carboxylic acid [4-(1-
carbamoylmethyi-piperidin-4-yl)-2- ND ND
cyclohex-1-enyl-phenyl]-amide
4-Cyano-1H-imidazole-2-
29 carboxylic acid {2-cyclohex-1-
enyl-4-[1-(2-pyridin-2-yl-acetyl)~
piperidin-4-y1]-phenyl }-amide
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
30 enyl-4-[1-(2-pyridin-3-yl-acetyl)-
piperidin-4-y1]-phenyl}-amide
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
31 enyl-4-[1-(2-pyridin-4-yl-acetyl)-
piperidin-4-yl]-phenyl}-amide
4-Cyano-~1H-imidazole-2-
32 carboxylic acid (2-cyclohex-1-enyl-
4-{1-[2-(1-methyl-1H-imidazol-4-
yl)-acetyl]-piperidin-4-y!1}-phenyl)-
4-Cyano-1H-imidazole-2-
3 carboxylic acid {2-cyclohex-1-
enyl-4-[1-(2-1H-imidazol-4-yl-
acetyl)-piperidin-4-yl]-phenyl}-
4-Cyano-1H-imidazole-2-
34 carboxylic acid {2-cyclohex-1-
enyl-4-[ 1-(2-morpholin-4-yl-ethyl)-
piperidin-4-yl]-phenyl}-amide di-
4-Cyano-1H-imidazole-2-
carboxylic acid [2-(1,1-dioxo-
1,2,3,6-tetrahydro-1A°-thiopyran-4-
yl)-4-piperidin-4-yl-phenyl]-amide
4-Cyano-1H-imidazole-2-
carboxylic acid [2-(1,1-dioxo-
1,2,3,6-tetrahydro-1 ?»E-thiopyran-tl-
yI)-4-piperidin-4-yl-phenyl]-amide
4-Cyano-1H-imidazole-2-
carboxylic acid [4-(1-acetyl-
piperidin-4-yl)-2-(1,1-dioxo-
1,2,3,6-tetrahydro-1A’-thiopyran-4-

28

ND ND

ND ND

0.052 ND

35 0.073 ND

36 ND ND

37 >0.25 ND
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37 4-Cyano- 1H i m dazol e-2- carboxylic acid

[4-(1-acetyl piperidin-4-y1)-2-(1, 1-di oxol, 2, 3, 6-tetrahydro-1X6-t hi opy

ran-4- >0.25 ND Conpound Number Nane C-KIT Fl uorescence

Pol ari zation 1050 (gM CGKIT BR-1 Proliferation I1C50 (KM 38

4- Cyano- 1Himi dazole-2- carboxylic acid {2-cyclohex-1-

enyl1- 441- ( 2-di met hyl ani noacetyl ) - pi peri di n-@4- y&KIbhepyhyrgR.1039 0. 09
Compound Fluorescence Proliferation

Name .
Number Polarization 1C50 (uM)

IC50 (uM)

4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
enyl-4-[1-(2-dimethylamino-
acetyl)-piperidin-4-yl]-phenyl}-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
enyl-4-[1-(2-methylamino-acetyl)- ND ND
piperidin-4-yl]-phenyl}-amide
4-{4-[(4-Cyano-1H-imidazole-2-
carbonyl)-amino}-3-¢yclohex-1-
enyl-phenyl}-piperidine-1-
carboxylic acid (2-hydroxy-ethyl)-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
enyl-4-{ 1-(2-methanesulfonyl-
cthyl)-piperidin-4-yl]-phenyl}-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
enyl-4-{1-(1-oxy-pyridine-4-
carbonyl)-piperidin-4-ylj-phenyl}-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-
enyl-4-[1-(1-oxy-pyridine-3-
carbonyl)-piperidin-4-yl]-phenyl}-
4-Cyano-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-enyl-
4-[1-(pyridine-3-carbonyl)- ND ND
piperidin-4-yl]-phenyl}-amide
4-Cyano-1H-imidazole-2-
carboxylic acid (2-cyclohex-1-enyl-
4-{1-[2-(2-hydroxy-ethylamino)-
acetyl}-piperidin-4-yl}-phenyl)-
4-Cyano-1H-imidazole-2-
45 carboxylic acid (2-cyclohex-1-enyl-
4-{1-[2-(2-hydroxy-ethyl)-methyl-
amino-acetyl]-piperidin-4-yl}-
4-Cyano-1H-imidazole-2-
carboxylic acid [4-(1-acetyl-
piperidin-4-y1)-2-(1,2,5,6-
tetrahydro-pyridin-3-yl)-phenyl]-

38 0.039 0.09

38b

39 ND ND

40 0.16 0.25

41 0.035 ND

42

43

44 ND ND

ND ND

46 ND ND
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38b 4-Cyano-1H i m dazol e-2- carboxylic acid {2-cycl ohex-1-
enyl-441-(2-met hyl am no-acetyl .)- piperidin-4-yll-phenyl)-am de ND ND
39 4-{4-[(4-Cyano-1H i m dazol e-2- carbonyl)-am nol - 3-cycl ohex- 1-

enyl - phenyl ) - pi peri di ne-1- carboxylic acid (2-hydroxy-ethyl)- ND ND
40 4-Cyano-1H-irnidazale-2- carboxylic acid {2-cycl ohex-1-

enyl-4-[ 1-(2- met hanesul f onyl et hyl ) - pi peri di|n- 4K - p
41 4- Cyanoj Udmpmirdiazol e- 2- caﬁﬁgéyl i ¢ aci d |{Fuorsscdnoh
enyl. - 441- ( Numbgr pyri di ne-4- car bonyl) - pi pgrPakirizationy

ND 42 4-Cyano-1H i dazol e- 2- 1C50 (uM)
(4-{4-[(4-Cyano-1H-imidazole-2-
47 carbonyl)-amino]-3-cyclohex-1- 0.1 ND

enyl-phenyl}-piperidin-1-yl)-acetic
acid trifluoroacetic acid salt
4-Cyano-1H-imidazole-2-
carboxylic acid {4-[1-(3-amino-3-

48 methyl-butyryl)-piperidin-4-yl]-2- 0.005 ND
cyclohex-1-enyl-phenyl}-amide
4H-[1,2,4]-triazole-3-carboxylic
acid (2-cyclohex-1-enyl-4- ND ND

49 piperidin-4-yl-phenyl)-amide bis
triflucroacetic acid salt
5-Chloro-4H-[1,2,4]-triazole-3-
50 carboxylic acid (2-cyclohex-1-enyl- ND ND

4-piperidin-4-yl-phenyl)-amide
trifluoroacetic acid salt
5-Cyano-1H-imidazole-2-
5la carboxylic acid [2-cyclohex-1-enyl-
4-(cis-2,6-dimethyl-piperidin-4-yl)-
phenylj-amide bis trifluoroacetic
5-cyano-1H-imidazole-2-carboxylic
acid [2-cyclohex-1-enyl-4-(trans-
2,6-dimethyl-piperidin-4-yl)-
phenyl]-amide bis trifluoroacetic
5-Cyano-1H-imidazole-2-
5 carboxylic acid {2-cyclohex-1-
enyl-4-[1-(R)~(+)-(2,3-dihydroxy-
propionyl)-piperidin-4-y1]-phenyl}-
5-Cyano-1H-imidazole-2-
carboxylic acid [2-cyclohex-1-enyl-
4-(1-methoxy-piperidin-4-yl)-
phenyl]-amide trifluoroacetic acid
4-Cyano-1H-imidazole-2-
" carboxylic acid [6-(4,4-dimethyl-
cyclohex-1-enyl)-1°,2°,3’ 4°,5° 6°-
hexahydro-[2,4’|bipyridiny}-5-yl]-
4-Cyano-1H-imidazole-2-
carboxylic acid [1°-(2-
dimethylamino-acetyl)-6-(4,4-
dimethyl-cyclohex-1-enyl)-

0.0043 ND

51b ND ND

0.008 ND

53 ND ND

ND 0.9

. 55 0.012 0.25
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carboxylic acid (2-cyclohex-1- cnyl-441-0-oxy-pyridi ne- 3-

car bonyl) - pi peri di n-4-yl kpli eny1}-

carboxylic acid{2-cycl ohex-1-enyl 441- (pyri di ne- 3-car bonyl) -
pi peri di n-4-yl kphenyl}-am de ND ND 44 4-Cyano- 1H i nni dazol e- 2-

carboxylic acid (2-cyclohex-1-enyl4-{142-(2-hydroxy-ethyl ani no)-
acetyl ki peri di n-4- '

carboxylic
(2-cycl ohe
in-4-y1}-

[4-(1-acet
tetrahydro

10

15

20

ND ND 43 4- Cyano- 1H-i m dazol e- 2-

1} - phenyl) - ND ND 45 4- QyanbKIFt i dozgl et 2-
oirghound Fluorescence |5 jer o
Nungey | -{142-(2-h§ﬂ?8xy-ethyl)-mmﬂhyhﬁmiiﬁgg%ﬁg? kpi peri d
\D ND 46|4- Cyano- 1Hi mi dazol e- 2- |carsaquwm)i
/T pIpert di4c fmy- H-idtidatolé2>, ©-

pyri di n-
56

RatbbiyiReRYS-4,ANBmethyl-
cyclohex-1-enyl)-1°-(2-
methanesulfonyl-ethyl)-

0.039

0.5

57

5-Cyano-1H-imidazole-2-

carboxylic acid {4-[1-(2-amino-2-
methyl-propionyl)-piperidin-4-yl]-
2-cyclohex-1-enyl-phenyl}-amide

ND

58

5-Cyano-1H-imidazole-2-
carboxylic acid [6-cyclohex-1-enyl-
I'<(2-methanesulfonyl-ethyl)-

1,2',3'.4",5" 6'-hexahydro-

METHODS OF TREATMENT / PREVENTION

The present invention comprises the use of the compounds of the present invention to

inhibit C-KIT kinase activity in a cell or a subject, or to treat disorders related to

C-KIT kinase activity or expression in a subject.

In one embodiment to this aspect, the present invention provides a method for

reducing or inhibiting the kinase activity of C-KIT in a cell comprising the step of

contacting the cell with a compound of the present invention. The present invention

also provides a method for reducing or inhibiting the kinase activity of C-KIT in a

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 2 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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ND Compound Nunmber Nane C-KIT Fl uorescence Pol arization I C50 (gM
C-JUT BR-1 Proliferation IC50 (JIM 47 (4-

{4-] (4-Cyano- 1H i m dazol e-2- carbonyl)-am no] - 3-cycl ohex- 1-

enyl - phenyl ) - pi peridin-1-yl)-acetic acid trifluoroacetic acid salt
0.1 ND 48 4-Cyano- 1H i m dazol e-2- carboxylic acid {4-[1-(3-am no- 3-

et Ny - but Y dbkeril Bithddng A-uked iefein, A6k QIR ackaiRiBelroBifdo QI e
' that compound is taken up by the cell.

5 Inother embodiments to this aspect, the present invention provides both prophylactic
and therapeutic methods for treating a subject at risk of (or susceptible to) developing

a cell proliferative disorder or a disorder related to C-KIT.

In one example, the invention provides methods for preventing in a subject a cell

10  proliferative disorder or 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 and a pharmaceutically acceptable
carrier. Administration of said prophylactic agent can occur prior to the manifestation
of symptoms characteristic of the cell proliferative disorder or disorder related to

15  C-KIT, such that a disease or disorder is prevented or, alternatively, delayed in its

progression.

In another example, the invention pertains to methods of treating in a subject a cell

proliferative disorder or a disorder related to C-KIT comprising administering to the
20 subject a therapeutically effective amount of 2 pharmacentical composition

comprising a compound of the present invention and a pharmaceutically acceptable

carrier. Administration of said therapeutic agent can occur concurrently with the

manifestation of symptoms characteristic of the disorder, such that said therapeutic

agent serves as a therapy to compensate for the cell proliferative disorder or disorders
25  related to C-KIT.

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.

30
The term “therapeutically effective amount™ as wsed 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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ND 49 4H[1,2,4]-triazol c-3-carboxylic acid (2-cycl ohex-1-enyl-4-

pi peri din-4-yl -phenyl)-am de bis trifluoroacetic acid salt ND ND 50
5-Chloro-4H11,2,41-triazol e-3- carboxylic acid

(2-cycl ohex-1-enyl 4-pi perj din-4-yl -phenyl)-am de trifluoroacetic acid
sal't ND ND Prathst eipigins mcgmhﬂafz%he@a@n Hessrpioms ohihp disease or

[ 2- cycl ohex-dlsoedYbdnd £éaded2, 6- di met hyl - pi peri di n-4-y1)- phenyl]-am de
his trifluoroacetic 0.0043 ND 51b 5-cyano-1H i m dazol e-2-car boxylic
acid [2-cycl ohex-1-enyl-4-(trans2, 6-di net hyl - pi peridin-4-y1l)-

phenyl ] -am dgerid frd felhﬁﬁgnfgage?&ﬁe&i&% MR pephyrbiaipedibdadazet e- 2-

carboxylic acid {2-_0;?0 ohex- . ] .
eny 1- 4115( Rphgrmacquicad cempRsitions Gpmmsising s yrempering of the ipresent {Aiventisnarsy 1} -

disclosed herein and known in the art,

As used herein, the term “composition” is intended to encompass a product
comprising the specified ingredients in the specified amounts, as well as any product
10 which results, directly or indirectly, from combinations of the specified ingredients in

the specified amounts.

As used herein, the terms “disorders related to C-KIT”, or “disorders related to C-KIT
receptor™, or “disorders related to C-KIT receptor tyrosine kinase * shall include

15  diseases associated with or implicating C-KIT activity, for example, the overactivity
of C-KIT, and conditions that accompany with these discases. The term "overactivity
of C-KIT " refers to either 1) C-KIT expression in cells which normally do not
express C-KIT; 2) C-KIT expression by cells which normally do not express C-KIT;
3) increased C-KIT expression leading to unwanted cell proliferation; or 4) mutations

20 leading to constitutive activation of C-KIT. Examples of “disorders related to C-KIT”
include disorders resulting from over stimulation of C-KIT due to abnormally high
amount of C-KIT or mutations in C-KIT, or disorders resulting from abnormally high
amount of C-KIT activity due to abnormally high amount of C-KIT or mutations in
C-KIT. Itis known that overactivity of C-KIT has been implicated in the

25  pathogenesis of a number of diseases, including the cell proliferative disorders,

neoplastic disorders and cancers listed below.

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
30 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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0.008 ND 53 5-Cyano- 1Hirni dazol e-2- carboxylic acid
[ 2-cycl ohex-]-enyl 4- (1- met hoxy- pi peri di n-4-y1)- phenyl]-am de

trifluoroacetic acid ND ND 54 4-Cyano-1H i m dazol e- 2-
[ 6- (4, 4-di met hyl cycl ohex-1-enyl1)-1',2",3 ',4",5 ,6" -
I bi pyridinyl-5-ylk ND 0.9 55 4-Cyano-1Hi m dazol e-2- carboxylic acid

[1'-(2- di metshptdimrsin-adoedpldslic disqrdsr) refels toet thmbrrespétingt faws dbnomyal pr
0.012 0.25 unm(ﬁ‘%‘gﬁgdj&ﬂuI'a}lyﬁJg\%{h. %%ples of neoplastic disorders include, but are not

10

15

20

25

30

limited to, hematopoietic disorders such as, for instance, the myeloproliferative
disorders, such as thrombocythemia, essential thrombocytosis (ET), agnogenic
myeloid metaplasia, myelofibrosis (MF), myelofibrosis with myeloid metaplasia
(MMM), chronic idiopathic myelofibrosis (IMF), and polycythemia vera (PV), the
cytopenias, and pre-malignant myelodysplastic syndromes; cancers such as glioma
cancers, lung cancers, breast cancers, colorectal cancers, prostate cancers, gastric
cancers, gastrointestinal stromal tumors (GIST), esophageal cancers, colon cancers,
pancreatic cancers, ovarian cancers, and hematoglogical malignancies, including
myelodysplasia, multiple myeloma, leukemias and lymphomas. Examples of
hematological malignancies include, for instance, leukemias, lymphomas (non-
Hodgkin's lymphoma), Hodgkin's disease (also called Hodgkin's lymphoma), and
myeloma -- for instance, acute lymphocytic leukemia (ALL), acute myeloid leukemia
(AML), acute promyelocytic leukemia (APL), chronic lymphocytic leukemia (CLL),
chronic myeloid leukemia (CML), chronic neutrophilic leukemia (CNL), acute
undifferentiated leukemia (AUL), anaplastic large-cell lymphoma (ALCL),
protymphocytic leukemia (PML), juvenile myelomonocyctic leukemia (JMML), adult
T-cell ALL, AML with trilineage myelodysplasia (AML/TMDS), mixed lineage
leukemia (MLL), myelodysplastic syndromes (MDSs), myeloproliferative disorders
(MPD), and multiple myeloma, (MM).

In a further embodiment to this aspect, the invention encompasses a combination
therapy for treating or inhibiting the onset of a cell proliferative disorder or a disorder
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
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C-KIT Fluorescence Polarization IC50 (p.M CKIT BR-1 Proliferation

| C50 (pM 56 4-Cyano-1H i m dazol e-2- carboxylic acid

[ 6- (4, 4-di net hyl cycl ohex-1-enyl)-1 '-(2- methanesul fonyl-ethyl) 0.039
0.5 57 5-Cyano-1H i m dazol e-2- carboxylic acid {4-[1-(2-am no-2-

met hyl - pr opiterynl ) Cenpthieiagéutic 4gantd contdmglaeddial exembiagy) Yachiab iy bdenagri de ND
58 5- Cyano- JIH-.i H1 c;lapiol e-2- carboxylic acid , e

[ 6- cycl ohex-IHERY: PAYESMAOMRAIASS (-§-G1plAUTL CRpatatin, oxaliplatin); taxanc

1", 2,3, 4" ,compSumd@ea ielit@ceNBbcetaxol); campotothecin compounds (irinotecan,

topotecan); ; vinca alkaloids (e.g., vincristine, vinblastine, vinorelbine); anti-tumor
5 nucleoside derivatives (e.g., 5-fluorouracil, leucovorin, gemcitabine, capecitabine) ;
alkylating agents (e.g., cyclophosphamide, carmustine, lomustine, thiotepa);
epipodophyllotoxins / podophyllotoxins (e.g. etoposide, teniposide); aromatase
inhibitors (e.g., anastrozole, letrozole, exemestane); anti-estrogen compounds (e.g.,
tamoxifen, fulvestrant), antifolates (e.g., premetrexed disodium); hypomethylating

10 agents (e.g., azacitidine);, biologics (e.g., gemtuzamab, cetuximab, rituximab,
pertuzumab, trastuzumab, bevacizumab, erlotinib); antibiotics/anthracyclines (e.g.
idarubicin, actinomycin D, bleomycin, daunorubicin, doxorubicin, mitomycin C,
dactinomycin, carminomycin, daunomycin); antimetabolites (e.g., aminopterin,
clofarabine, cytosine arabinoside, methotrexate); tubulin-binding agents (e.g.

15  combretastatin, colchicine, nocodazole); topoisomerase inhibitors (e.g.,
camptothecin). Further useful agents include verapamil, a calcium antagonist found
to be useful in combination with antineoplastic agents to establish chemosensitivity in
tumor cells resistant to accepted chemotherapeutic agents and to potentiate the
efficacy of such compounds in drug-sensitive malignancies. See Simpson WG, The

20  calcium channel blocker verapamil and cancer chemotherapy. Cell Calcium, 1985
Dec;6(6):449-67. Additionally, yet to emerge chemotherapeutic agents are
contemplated as being useful in combination with a compound of the present

invention.

25  Inanother embodiment of the present invention, the compounds of the present
invention may be administered in combination with radiation therapy. As used
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

30  clinical therapies wherein the radiation therapy is used alone or in combination with

other chemotherapeutics.
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1 METHODS OF TREATMENT / PREVENTION 5 The present invention
conprises the use of the conpounds of the present invention to
inhibit GKIT Icinase activity in a cell or a subject, or to treat
di sorders related to CG-KIT kinase activity or expression in a
subject. 10 In one enbodinent to this aspect, the present invention
provi des a reemgherkmbodimentiof thg praserit iiverdsion] the cathukdsd de pagseitvi ty  of
CHIT in 2 GalhGONRY belithilddes B SRpALGAPHACKD IS AELleaybbh, 2
conmpound of Yie present 1 nventi on. e present 1 nventioh also

provi des a rfetdedhbriny’’ rafed tocd thepamyr taigntiinigaintparigulhhgenks inedeedde tumart y  of

CKTin a subject r4,si n he step .of. adm.nisteri.n onpound of
Che present SPTEHeE T oRabis st ey SRy S indS R Bt BBl R BRHE L t her
provi des 5a reddenthhibitodyrgends) dellignsdettion pr thrsfeetiat withnaritisenae DNIAI

i Si t he st f tacti th |1 with f .th
o ovent | T o o «oits BEouR Bive g S RrAOPCH s o
subj ect can shaegatsacinisribdzinyes RI0A dektoy s anP@nssahdsseaprBNAgunt bRalar t |

such as the.C-KIT kina say described h |n..The term "subject”
2sused hor ariierng KPR BRI erofa Fhd B S e e Bihml | rost
preferably a human, who has been the object of treatnent, observation

or experiment.. The term"contacting” as used herein, refers to the
Sdat 1 orlOor T GARACEI T TS QGO fisSBBRBOL AT teak BRI Bt he
cell. d5 I B @F\Bﬁﬁinﬁﬁt‘ﬁddhﬁﬁﬂﬁiﬁatbﬁwﬁthiaﬁhﬁﬁmﬁﬁﬁerapyﬂﬁgm}ﬁ%ﬁin,i nvention
provi des both pro ti.c and therapeutic nethods for treating a
Dby ecr at PaRiglels? ikt §itheraty BT A aGErdb g Tt oy
proliferati devetipiRhided aibodlesHpsdfickelsushgratiad Hod exampld] mohstisnae

exanpl e, the [nvention ‘Fro ideg rTFt hods_ f or %reventi ng.in a subject a
cel | 10 profPiftefiss pRpImstvAsHy 4 ehdagielial eovith fagtar hava bepnopsefl i trsatingr

conpri siipg agheeMi stering to the subject a prophylactically effective
anount of a pharnaceutical conposition conprising a conpound of the
present invention and a pharmaceutically acceptable carrier.

Admi ni st rat pgirdd seSatidbhinpdiitAed ised MASEtOS B REPHindITHRprésentt he

mani festation of s to characteristic of the cell proliferative
di sorder or MFYERAEF %WE{%‘?‘E‘B&[&B’@VR‘Fﬁl‘l}m&!c‘fE?FthSH%.‘t“aaeoélFlKé“a%éﬂ or

di sorder i ssdpu@uaitufithrd EompsiiBhs) sdquitially indstheddekr, 40 g}bﬁr&irﬁét@lgrt&_%i on.
I n anot her exanple, the invention pertains to nethods of treating in
a subj edP asaR tms, PHPY feaialedoungichetulss, Inghe Lattercagsy the Fve empoardst o

CKI'T conpr gl Bihdaiibidied WethinhGetisd 40d8n &0amslRk S maAnbB{taP M diadd Y
ef fective anmount_ of a_ pharnmaceutical _conmpasition conprising a
conpound of “HSHE ﬂEﬁ‘ A% aHAnRERPENPY SYRFTRIFtF @eW&Fq’Fﬁé’E‘ht# wil Wpaf@@éfsé abl e

carrier. Adfaithsplefirc® theibd 8 &HddrREhARBIrAonABE MHe r&BELLOS Edthge
concurrently with the manifestation of _synptons characteristic of the

di sorder, swRehisARE regimep foreach pRmponent ahdin combipation vill depepdient Bipy to
conpensate j@fiofiten&dtheriyettid do8hdking @dini@dEh cOfjutisPHAR TR

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
30  chemotherapeutic agents will be generally similar to or less than those alrcady
employed in clinical therapies wherein the chemotherapeutics are administered alone

or in combination with other chemotherapeutics.
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25 related to CG-LOT. The term "prophylactically effective amunt”
refers to an anount of active conpound or pharnmaceutical agent that
inhibits or delays in a subject the onset of a disorder as being
sought by a researcher, veterinarian, nmedical doctor or other
clinician. 30 The term"therapeutically effective amount” as used

herein, r1efefg obOmad oMM Rhd et hitRisGAAAME theUosd2B HnTRALI r&@the
ci nal. response,in. a,subject

agent that elicits,fhe biplogical d
ot is pei i Sotsatity Gyl Gkl Fihdat g QRveafiat mahoug oy
or ot her cl iimviewand thewifountionedtoutdsresd.| evi ati on of the synptons of the

di sease or disorder being treated. Met hods for determ ning
therapeutyi cgd |y, apd, HEAPOM! 3¢k Galb¥p Ghies 5&@%&%&%@ %ﬁnﬁmétered in,
phar maceut i cal é(orrpomLh ong conpri sﬂﬁg a _conpound 0 e presen?

i nventi on ardesagt s£] s nipyreesqua@mebtde rogdm?) of bblheswafate arées farseoniiestei n,

the term"c itian” is intended.to enconpass roduct, conpri si ng
the spect 1 St tanicdih K REPRL B kRSO R RS TR R P02 oy
product 10 whbeplatireia abdis 30ahg/mt pdryowase sindatrent |Gispldtindsmat olssbibedt i ons

of the specified ingredients i.n.the specified anmounts. use
ner 61, & o of fnd P o Rl PRt SR G PR o at e
to C- Kl Tor edeptunicrsllywr idtab&ioxtellys rel ated to G KI T receptor tyrosine

ki nase "shall include 15 diseases associated with or inplicating
C-KIT activity, for exanple, the overactivity of CGKIT, and

e ) . Civit
or"C T B Bey R SRR ixiud ARGy 383 By Bl e V! 1Y
normal |y do 9ps3ee e5d9rie Q0 me rerpquays meterdme/ay of bady; YHaespreaelor exapmlec h
normal |y do7feat25@ny/ed paficklbiTy foBpadlitgeldns dobags dflabowxfis exxsDany/headi ng
to unwanked, el ikl i it ‘Po"lltio %96 %@5@& HukL B trélmtfadi ng to

constitutive activation of C es of "disorders related to
C-KIT" include disorders resulting fromover stinulation of CKIT due
t o abnor nal By vy gheamplminhg tanptéthdcirogommotiatsiacrslvemagSeutlyTadmaristered

o abnor mal [y e uREUITOPAE Pt BkGHCARYRE bRl sttt /1Y own
AR R L AN ST T
of a nuiber mgfmthind Eardemiecamiolabalitrldo 2 ng/m’ater cpwssi af freatmeitve di sor der's,
ne. opl astic disorders and cancers listed below The term"cell

proliferatiye. di sPrder " refers l{‘? nwa te% cel | oldi f.eration of one
or mor e subbYMe P Bl quly g slieloy ey bescypseco S WABHAEA 1 har m
(i.e., di scaeshesef 20 3@medst sauars auptdr (Igmekgfdedwsweipye aren, particularly for

mul ticel | ul ambesthioi adsagdeFlaboudt @ 17 @E/all, e vilicEand6ih g d6aBe Gt 11 N

AT N R T e MR ey

herein, a "Ae¥NeMstic disorder” refers to a tunor resulting from
abnormal or uncontrolled cellular growth. Exanples of neoplastic

di sorders | B§ Wg Gf e;&fﬁ%lead’nfy, Qﬁf-tumor nucleoside derivatives may be advantageously

administercd in a dosage of 200 to 2500 mg per square meter (mg/m?) of body surface

30  area, for example 700 tol1500 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,

35
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limted to, hematopoietic disorders such as, for instance, the
nyel oproliferative disorders, such as thronbocythem a, essenti al

t hronbocytosis (ET), agnogenic 5 nyeloid netaplasia, nyelofibrosis
(MF), nyelofibrosis with nyeloid netaplasia (MWI), chronic

i di opat hi c rBiel&fdthxaniie oﬁly,l\dﬁay,latiaE dgeRting e HevEnRgMREIR alitMisterdd 18 2

cytopeni as, G%Eagggff‘qogﬁ%(glgﬁ@%errsgh% 89%?{?:’.@? io‘fbééér“sg df5ea, SR OGIOR such

as glioma canc | reas cers,” ‘colorecta cers,
prostate car@@es200gagimy,particuladi fos cyqlepbespbimitle ind dosaecof Plswhl 00rta 809 s
(G ST), esophggeabr cldianbwil it @dovgeenbeadt9.] 3 0.2pamkd fliokly weighc &% S,

ovari an gan .an | el i ngj L d

nyel odysgl ag:?@ﬁrlr% I ?‘.arﬁ%e %glf‘l%gn%@l tggﬁde%g@g’ gtkcgﬁf ‘;?#%ﬁ%“%a@%@ia&%ﬁf es
of henat ol o@l’@ﬁlw%llﬁgﬁEﬁElKéc?qﬁﬁﬁﬁéﬁ}fmﬁfér i nstance, | eukeni as,

| ynphomas (non-Hodgkin's | ynphoma), Hodgkin's disease (also called
Hodgkin's | Wni . ' hocytic
| eukem a (ALL), %Eﬁgﬂﬂ éj% dﬁé@c}@ﬂo&ﬁuﬁ&e&ﬁ'ﬂgﬁﬁgbg%{dgﬁ ér‘%%el ocytic
| eukeni a (APEI}ﬂ,mSéqﬁ?ddﬁ?%faﬁﬁﬁmfyép%msm&éwame (myg/mehetdry surires oi d
| eukemi d0( Cheteh, fordxamplecsOne D50 mphi’) pactichiarik foriempésiddin 2 daeiye of about 35

undi fferenti Ui, Yo i t = apestal

(ALCL), proltfir@ﬂ% lglti c | gtue&@!r#aae1?%%,5@]&)3\?2rﬁ%g%gﬁg%ﬁ)éﬁocyc?ﬁ%

| eukemia (JMW), adult T-cell ALL, AML with trilineage nyel odyspl asi a
(AML/ TVDS) , Byiwagehf Examedgmnly @nihewjkading derivMivey mayrpebdwiytapdoady i c

syndrones ( MaSRisterdifh ABLagt bf R BY5 YV r?@f S5 fleler (AYBRP) ofREy fiitatd Pl e
nyel oma,, _( VWM ne

( . Jn a further enpaqdi tqQ this aspect, the jnpvention
ehconpadsss et o BRmRIE 190 BHEB D, P G ey S P bR ospes gD
onset of a ¢T3 mgpmb)fof dunerblicindn s dewdesr of@bout 28 icstimuén’, 26d foefdatubigint o
CKITin a subjgsde of Ib&it ¢@HIsNAG/I® PerlcBREAIrRH¥RE | Ses admi ni stering
to the subject a therapeutically or prophylactically effective anount
of a conmpound of the present invention, and one or nore other
anti-cel | pBsMWayof example anhe eripgstiogen agdipeends maynbe rivanipgeousladi at i on
ther ap%/ 20 9eb@ninRFANY 2 abd g¢ 6541&6?“1?5 heUraDsily tagpehming tal_l &ﬁ‘@edkﬂrgmgeﬁf the
present invenfion. .a conppound e..pr-esent. i nvention. na .

D st er edy e Gaofiof BFREHEsed raREiehl i RPNl BAEY hrplsf IR iy n
chenot her ap§ desagerfsd oS0 g prsfesahly 140 3P wgtyics adhn weutiaingeatherapyfgent .
A vari ety ofuffitiemaiiees aghédvt atd Agianinca tieypehtic ¢ffRf Tdicthifige¢Onbi ned

AL ! b ; e
contenp) at ofVARHZol A ARRRdVRIR il GHEOR BRI BBFY bhee ARG olgpuing
conmpound? ( thegherapy doy syticipnt Gmae fagishigys agd mynigin  fherapeytic offsgtane
conmpounds ( Anapirpzddei ladtaarngeduslyddmétiserad grallycia mplosagt bfdiont mah@eeads

(irinotecan ' ararlh Ql J L&t L Be,

vi nbl ast i nedayf‘/?ﬁgl%g? :3 ﬁse dva aé ?ﬁstlﬂr#ér% @%ﬁ@f)&g%%d%doég%ﬁ%?%gg (e.g.,
5-f | uor our ad94me e 8330 Halpxiigasis pdvapiegrously adrainisiexsd grally in 2 dpsaggfat i ng
agent s ( e. gatout§lmgphe s ginai-dmestarrisadvintapgepudominshistersd otdlly ai £ pa) ;

epi podoghy!| hﬁ%%e?gf%odt S’Lﬂggﬁ)&%'da toxins (e.g. etoposide, teniposide);
aromat ase inhibitors %e. ., anastrozole, letrozole, exenestane);
anti-estrogen conmpounds (e.g., tanoxifen, fulvestrant), antifolates
(e.g., prenBymexefexinplzdniyypicldgice onp bhydvaitegegustPadypeinisereden gdosage
azaci tidi ne)s.»Bhal :9gi @Mﬂg@ﬁ@ﬁ, L vor bd Edd¥n
pertuzumab, ?51‘%5}?915?&?8 ngg;ge‘gqel%mcrinéz*una . er gflfﬁl}rgaééb %Q,O,IBA ] Hle
Bnti bi ot | csPhitd Sfefc FPHR@mpE; (yashizpmah jp povaptageuly Admipisferedrin a dosage

bl eonycBh, odlutodrmgding particwdarkol tobimg/m’ pertducssyot irpat@entdact i nomyci n,
canni nonyci n, daunomycin); antinetabolites (e.g., am nopterin,

cl of ar abi ne, cytosi ne arabi nosi de, nethotrexate); tubulin-binding
agents (e.g. 15conbretastatin, col chicine, nocodazol e); topoisonerase
inhibitors (e.g., canptothecin). Further useful agents include

verapam |, a cal cium antagoni st found to be useful in conbination
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20 cal ci um channel bl ocker verapam | and cancer chenotherapy. Cell
Cal cium 1985 Dec; 6(6):449-67. Additionally, yet to emerge

chenot herapeuti c agents are contenpl ated as being useful in
conbination with a conpound of the present invention. 25 In another
enbodi nent of the present. invention, the conpounds of the present

i nvent i on neYospEss aiida pdpiaisieErd; for SEWHMRICE GHICOPT HORE 26F @IS AL t her apy.
As used her arcatment, adichtmagtbe rdpeitaPior cxa@iphs Srelyd, 84, 2NeF 2Pyaybhat

conpri ses exposing the subject in need thereof to radiation. Such
therapy is _ skill-ed i. . - The r.Qpri ate schene
of radiati oﬁ%tg %@Pg%ﬁhgﬁﬁﬁc %Egcgél 1rﬁn9cin§§n %ag%te %%%%U%Pcﬁé&gggu@%ﬁl oyed in
30cl i ni cdl tshsternipalbys fonkeangily inthaeencasly, avdllynsubbianamsly, sitramestult,one or

i n combi nat i; i r herapeuties. |In. another e i ment
of the. pr esdiralieblof bt f "EhOHRREHMGF e et BRRIE b AR Ron ney
be adm ni st edmdhisteredtomisibjedt lavaliyi Ndn-bniieg exdnipés apipcal Aslivesesystems ei n,

"gene therapy. fer 0 t hera r get j.n n,particul ar,_genes
i nvol ved in" cbuﬁ%?hedlgggf%%neu%fn%f%g&s{%aﬁ % "&{é‘ﬁ‘g’l@ﬂ%‘*ﬁﬁ{&?’ai‘i"lﬁé{h@gi es
i ncl ude t he delietyocatitetees) wirts, gbdreatologicabstemsadrendotinhinat avipgganes, cel |

transduction or trapsfection with antisense.DNA coyresponding to
Genos cdf ngoreng BB A4l bl BPhHERDR SambiSRLo SIS O
strat egi es sombinatonwitheztyrgeits aghitdo abhioy bigh Riilicofrearativh 9$ & BERFouliNAS

and small inferferin NA, (Si ). ol ecul es and t.he so-call ed

Moui o1 de. gerege e S, Rpndionce bomiruniact e ea iRoBR AR he

conpounds offortritgdfassiireleae endlowhelemy whie tha dbje ttha of mathtditing thebupat | on

with an inmunot hera used, herei.n, "i. nat herapy" refers to a

therapy. t ar GERiERS i CEHL B L A PP BOE PR PP Goy S prrant

via antilpodi es specific to such protein. For exanple, nonocl onal

ant i bodi es q,gai nst .\/as%.ul a];s end@t hel i al gro h factor have been used

in treating  ISPETOLIYCHoN Al PR Ve HRNT TSR COmPPRL™ qomprEiag2| n

addi tion tocemsoendofthcipient Meeiof MCBbocidiiye With @ BharinBeutivdly acceptable

phar maceuti cal.s e _adm.ni st er ed. si nul t anepusl e.g..in separate
Jotp dabpicty

or unitary E8HPo FOeU B EFTRROSINOY RK Ctdh BEWE mg and
appr oxi mat ehgoothg pRdfersisibdut IE) to GO0 B, SFRRAdoaipBurdipsidgayshoddinged | n

the latter case, the t ompounds w. | ] . be. adninistered within a
peri od éﬁd ?nﬁ°%‘}¥ft8%§ﬁ4\é\ﬁﬁgﬂi%ﬂ‘gﬂf\é\@m%m§&%?t -ent to ensure that

an advant ageous or synergistic effect is achieved. It wll be
appreci ated bh t the preferred nethqd apd order of adm nistration and
the respect F9EPHHEa table TRISES 19 pRleau]aieniifsis8fient of the

conmbi nat i oncahpdsitieRPRMAURBE frbuce an Bietst,GUERIC of BEEDINGIAPdticn agent
bei ng adm ni at ered in gonj unction with the conpound of the present

i nvention, PRE3IOPRHEEd it anapal ARlNmAR3S apnEepristey (Vietelinay WERET bei ng
treat edzgndecm%, PRltédCwWIEA tHROSlentdRi 0 "pHanAdcBBicalf\Padtbitibl PFoididiosd 0od
|

by those of ,ordinary skill in the art, the appropriate doses of
30chenmt her ke fomilations donfoth cligisal pd/lor ¥teripagiuss- ar to or | ess than

t hose al ready enployed in clinical therapies wherein the

chenot herapeutjcs are adm ni stered al one or in conmbination with other
chenot her apegtiggdncludepecesysn sadivererhazercamtigal sreipientsinguing butmoht i on
and the dospgfeARDRcEs, SRPerddfiY BEntS AbribStd, AARknYs, SlRipisned by those
skilled in the art using conventional nethods and in view of the

i nf or maB® onprseervagivgs, dyes.cingd 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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5 By way of exanple only, platinum conpounds are advantageously

adm nistered in a dosage of 1 to 500 ng per square neter (ng/nR) of
body surface area, for exanple 50 to 400 ng/nR2, particularly for
cisplatin in a dosage of about 75 ng/n2 and for carboplatin in about
300nmg/ n2 per course of treatnment. Cisplatin is not absorbed orally
and nust t hasepliperasentarafpayisgtion izclndg gertle sintions, payisiontiyndy |

subcut aneoug|Menst@isntratunoral |y or intraperitoneally. By way of
exanpl e only, "taxane conpounds are advantageously adm nistered in a
dosage of 50 to 400 ng per square neter (ng/nR) of body surface area,
for exanple y ; ' : : Is in a dosage
of about 175ﬂ] té gﬁ%ggé%@ngdﬁipg Sgiggg#fgfrlgIgééggtt%‘%g?&?ﬁgdé%out a75 to 150
my/ 2 ped cobirgeceyticsl compayision forlowgleassiof dhesappeandndithe prasept ot heci n

conpounds ar; j04 ' . ! 400
o por squart R TR Gt ATl SUG Rk i ASPRAN polrpetd) )

300 ny/ n2, parien)ewd ardmpoing of the proteatiavention.a dosage of about 100 to

350 20 ng/n2 and for topotecan in about 1 to 2 ng/nR per course of

treatment. By way of exanple only, vinca al kal oi ds may be

advant ageouSlow gitaseriisiegndadld qarerckos wgkd kadwilin the 280 TiresepermEepipds e

meter (ng/ rti f inblastine in a
dosage g? %&%BB{SPO?%%%%H%% %gca,sﬁlf‘%;l ergl?lr?éra ?tswtei%éﬁé‘y?uﬁg@ aé]gs%g)ge of about
1 25 to 2 nyegrie/dssdlvé ondeva nokkle bhimnmantdegagmears, i) basid) etcparBi0

ng/ n2 per cqulr. r {.. | & onl -t unor
nucl eosi de gnéfel §g§’§r %%éﬁ%@gg e“ggé}iﬁ?é%@%ﬁg%ﬁ%&ﬁ%’en@# 8?@355 ithﬁr%n'dos age
of 200 to 238Oparticleeare prgfesbly mmoprticesyi.ani) thefrarige dfateutr F @G60 3 iar ea,

for exanpl e.70Q, 1 %%e?&?blf%c}%?so-%(f lrﬁ?ngcggntle%&i zlmd(lédﬁgp%f;eira ly%gg?}ﬁgb ¥mysed

via intravenous admnistratron w ses tangl 0
500ng/ n2fpr eéfdamdery. from 3 to 15 ng/ kg/ day). CGentitabine is
advant ageously adm nistered in a dosage of about 800 to 1200 ng/n®
and capecitabi ne i s advantageously adm nistered in about 1000 to 2500
ng/ M2 per c@he meseof intentian avmprovidss mBiodsaypreparethapidrmacentiga] al kyl ati ng
agents may be adx{l.ang aus| ¥ adm ni stereg{c in a, gosange of .,100.to 500
ng per squa?%nlf?& 8?? /%n ot &Wp%uﬂ?j]o é‘gprgfél Vg IPn’e%?gf’ﬁﬂcrévelZO to
200 ng/ n2, perddicoy isdndiryatélpudmixed wjth e phdrmnatedtcal carderdoadjeg @f about 100
to 500 g/ n2, faor chlorambuci.l in a dosage of abqut 0.1 to 0.2 .00/ kg
of body Hei Givertonf BpRI G cnmPy felrE iSRS P ppe: T g o 3P
mg/ n2, and frateht afiforatsidegending an detageoftfrepatatiti d<kO fopadbifistigHonPe.ner
course of treatnent . of exanpl.e onl odophy.l.l ot.oxi
dor 1 vat | ves LS THERSER Sk 20 BGaeRs B AT PrielF oRes HEBR D AosSEs ¢ o
300 ny per fofpdr® ofte@bual pliprEdeutidal Mediy iy bé afslodd. TheR forlliquiddwanpl e
50 to 250 ng/n2, .q%arti culfarl%/ for et ogosi el nd% gosage.of about 35
to 100 mg/ mPRRaSsuthas fySErRic; SHOREARONS: St5xs erdrabOARy sHiteple CAEERr se
gf t{j eapsrenind ﬁ}sﬁu\mgnaﬁdmapél@coqmbys, alastioly; ﬂ@\abﬁf ihg fRnicprtscalatives May
e advant agequs adm ni stered in a dosage.of 10 to, 75 per uare
meter (ng/ THOHE" aﬁ&lﬁ%ﬁr@lﬁ% @@eg’ié‘ﬁﬁr"égiﬂ% Fig: S % TesoeBDlsopaTtne,
particul arl yapk@eés, ekgmer phtph Bnd W@bios dRagecAiersidWbdidtstiflud stiihe®, for
daunorubicin in g dosage of about 25 to 45ng/nR, and for idarubicin
in a dos ageS‘{SFrSdBB‘E‘%"S’ﬂ?nfl'dtlll%ag?ﬁysﬂﬁbfﬁfé?ts Sediptegpling apaptp and the

like. Because of their ease in administration, tablets and capsules represent the most

30 advantagcous 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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By way of exanple only, anti-estrogen conpounds nay be advantageously
20 adm nistered in a dosage of about 1 to 100ng daily dependi ng on
the particular agent and the condition being treated. Tanoxifen is
advant ageously adm nistered orally in a dosage of 5 to 50 ng,
preferably Dbbeseryatkm, mgy bevncladel. diggctabdosuspensiomsgnaytadsotbh erepmpd,fimwhich

sufficient t] [:ev .0t ain UL | ff .

Torem T ene 1 agbSRRECEEraRy TRoPAMbald A APBG EichBled 1
60y once a popyraticrofor slowirelepsa stdwereichsercamier, fypicaliy b polgmenid cariennti @
achi eve and Crr][x%i AN ﬁ]'bﬁtha teher %Be%ti %reé{f,telt 1 Aepasdt rorz“i(:)?lhel_lilsr i

advant ageousPYPAGHOR IS PEFEH T FRIOP 7 S IR EEE IBPERBET 2 P nce a
day. Drolsoxisbleae. The claaissdtcagpaimsshiioninheniaddodrind anaqlebys sohutien @osage of

about 20- 10 once a day. Ral oxifene i dvant agequsl| dm ni st ered
orally in a BoRaenge i o somG oan B du e e stdve frdldd
advant ageoustryacadetiveiagtm(sp Bubseghdnyly] the argiific sihweaie eedpoakd donthagil-once

a day. By way of exanple onl .biologj cs may. be. advant ageousl

e R B A L A R L gt o R
of body sur klaeaclaise @arriey and Shekddipburidiof tikegraedt inviehticl f f erent . For
exanpl e, trastuzumab i s advantageously adm nistered in a dosage 35 of
l1tob &B/mz particularly 2 to 4ng/ n2 per course of treatnent.

Dosages ][ray The pleehih d&hﬁm%aefcﬁhﬂaosiﬁ&’lfos lﬁ?@ﬁf@ill&o@ﬁ?@per HWa@@tlnﬁf, e @D EaBlener
course of treatnent, i.ch may be eated for exanpl e every 7, 14,
21 or 28 daf@PSUeROWEEHUGHOR "%?I"’Pﬁ‘raf&dé{é »?“rﬂ?é’ﬁ‘ﬂr%ﬁhecaéﬁv%e

adn‘: Ini ster gﬂ'lgi‘ddieat mfésaﬂo &s‘ﬁ‘:ﬁértaﬁr&flﬁc&ivb Mpsefaﬁﬂ%seﬁmlﬁb@we. maé r avenouF: Y,
oral ly, subcutaneoysly, intrarmuscu , i ntrader , or. parenterally.
The corrpounagarmcem@%? P TG T 5o DErvEt SBReesT Essf%fﬂéd to a
subj ect 150cadpsile, g¥oded, irﬁﬂ'cﬁd')ﬂ]gu[?&s'i , @fspbnfuDadlthel@de] ¥&h Wby 6.0€ i

i nclude the use of intral unjg&ﬁ e ic%l c{ev' ces t_hg_tﬁ chI udg

i ntravascul 920 r"Eﬁjk |bogVeishtpendave Feetergply.dhe rapgeds RIPBYOLAN st ent s
and endol unksiat 10054E/RE of hyd} Qefp@iRe URE nkt gréteraBly SBRMhbduny.851d sBButC an
further be adm nistered tqQ a subject in conmbination with a targeting

agent to ach? B@&eif Bey wisht perdiive his compapndgnaybeaginiTed ot 2 el par get
site. In adgfticFtimdsher &h@ﬁﬂfﬁé’Hﬁiﬁ%&jh&m@%rpﬁlmﬁﬁd‘&@eﬂdi@uﬁﬁ%ebe

fornmul ated for fast-release or slowrelease with thé objective of

mai nt ai RP ngraanEenntithe patispts thessey ety ghihie eqndifiop fheing frepdsd Al dcyes for a
period rangkdispduhd(s) tifisletnplddedVerleSise deithBieially SaRAlstrit Y @R hbsRBerft)dRO
provi des a pharmaceutical conposition conprising a conpound of the
present inv ganey s cawiyed-ati on with a pharnaceutical ly acceptable
carrier. The pharmaceutical conposition may contain between about 0.1
nmg and 1000 , preferably about 100 to 500 ng, of the conpound, and
may be cons?ﬁr;?elﬁ%béﬁthm COmPRsitipRy are & WaikdAseasriPrensnth a5 fublap gidls.grpsules,

adm ni sbs at b&ﬁhe&eb‘%ﬁﬁléf‘s‘?_stex?ﬁ@Ean’@ﬁtgﬁP&lﬁ%ﬁﬂ@éﬁﬁ@p@h&émﬁ%&té’re@&&@d&lélb| e

refers to nolecular enfities and _ _ o
liquid sprays, drops, ampoules, auto-injector devices or suppositories; for oral

parenteral, intranasal, sublingual or rectal administration, or for administration by
inhalation or insufflation. Alternatively, the composition may be presented in a form
suitable for once-weekly or once-monthly administration; for example, an insoluble
30  saltof 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, tale,

169



conpositions that do not produce an adverse, allergic or other
untoward reacti on when adm nistered to an animal, or a human, as
appropriate. Veterinary uses are 25 equal | y i ncluded within the
i nvention and "pharmaceutically accept abI e" formul ati ons include
formul ations faor both clinical H’ﬁﬁlor \ er| nary use. Cﬁlrrlers

i ncl ude necé‘?%?%f” FRESTSSIPY StSRrss MRS RDQFPHAt OF Biash#Rd ofisie | udi ng, but

not |im ted phemabufies dfuentil6 Qemlsr,rta fergedotid plefdimbAsH complobiaMor ant s,
sweet eners, 30 preservatives, and coatings. Copposjtions

suitabl e forroBRANES s%?%ﬁ%tﬁre.qteP%@teepf@epeﬁmmveﬁpﬁ %E pills,

tabl ets, caph@tRceutiad§Ub@ptabRaaANhERSE WiheAGefc B MAER pbBAREon t | NBd
rel ease and sustajned rel ease fornul ations), granules, and powders,

and |iquPd COPRRSItionfaThogoRes P it dyfacantihpt fhidctivg ngredient ipdispessedns, and

SUSPENSi oNS eydrly MFoughti®ine borftﬁﬁsnﬁﬁ'é@ﬂltaﬁh@borﬁ’ﬁm?tteh ﬁttaf/ 9& feo1y sﬂEdMﬁ@d
sterile solutions, enulsions and suspensi ons, phar maceut i cal

conposi t i ondntpeaueHieifciedasagefommispaas aabies, pHis PE‘H@P&IIEE§ phigselitteut i cal

conposi tion 1p_te@<;mﬁla9w1 ERhR&86n eftheh@%&fﬂaaaq%%ﬁ%sag@euﬁtaﬁﬁ&@p
| nvent1 on. he C%%gSI tion includes a slow rel easé carri er

(typical |y, descpbrdpaberq @n@wnefan) 0.3 trepbauicimen pfdhasctivaiagpdienof the
inventiqp. phMit [SERRAC TR fad%@ %ﬁﬁkﬁ%ﬁp&@aﬂﬂo@tﬁg fhie Y& nhoatmn b4y the
art. These are materials ormparticles t at capture
therein an b@tsqa»teé %eﬁmmp@pomad f@lp@wcip peadenutisding de adianiesa
suitabl e en t 0 r eby
degr ade/ di s\sﬁd ac“ﬁ]y QFPF ﬁlﬁg{g%aﬁg ’tarbge(E glgﬁslg C%Iﬁ&%ia)c ts ? a\?‘te‘ﬁ%%ﬁ%%%é %}?

t herein. Then pl&?ltdogagewap@epr & titadicingria thygonm efenesvelape ever tha the
range of ab O nmin
di aneter, an rr%srlt 96‘? gfg(enrq@g %E%gtg ép%%t&ed%%ﬁ% %‘%?é}a%emtagﬁm)smﬁﬁg

pr esent 15 nv easist djﬁnfam@rpn(ﬂ\ﬁmcmmﬁ&tbe prenramponentiophwsireteut i cal
conposi ti O“Et&ﬁlehﬁ'c?dghtﬂﬂ 5o 2 Beta ny% ‘EIP{H%I%&“‘}; Ohrie nﬁtﬁgﬁ?&ﬁbé aRE on,
as the active ingredient, is intinmte adm X harmaceutlcal
carrier accouchiengrie byqeomnmwmue@hmdumaa m;raber@ﬁmiwum aqigs
techni ques, WOGGH GRldals S G, halkf aRollh 86 dioSd el Tor M dependi ng
on the form preparation e§|r or admnrstration, e.g., oral or
parent eral such as |ntrarruscul ar. In preparing the conpositions in

or al ge g&é
enpl oy eg@ #‘ | q ul h@iﬁg“rééﬁg‘tné‘ ngg?}g?ﬁ% gﬁ{t{ﬁ‘%@é%%% ]%o X garqr%
suspensi onsfor eﬂmmnstrstlcmmdalls@lr by injaetion Mol biweoussohitions sui@blydlavated t i ves

i ncl ude wat in?psg q’ﬂg&lls dt oﬁ’Hs einsx%sc %ﬂféla%ml'ed eﬁ‘ﬂ@@npgﬂggiﬁgﬁ §%Isa ﬁuch as

preservativ oring
pr epar at i onseotonsshd aid,, sesfamn oémn@iueollmmnstl as ot ab eismsampdimﬂ&

gel caps and b r n Lyes
st ar ches, ﬁgag?éscgﬁt? }‘E%H 3 g%fagﬁtﬁj fsggl%lﬁlé %% %g%e[ngmé Ia%% alr%]tueous bi nder s,
di si nt e@$ at susgenalgm; irslude sh;ntlie&c hncﬂmturzﬁgumm s.&hcat tragaeamth, easiz, alginate,

adm ni stratjon,, tapl Slepand. acsig"lgs% heRy iiﬁlﬂ;[ L8 f ldone or
advant ageous xor sl dosagg ATt ot sr it | egdRYLpriyrrondoneo

phar maceut i gaﬂtmc dihe liguid foame unbﬂihmuﬂévyoradmp&ppmhdg od cﬁspdleﬁlg neghts thabl et s
may be sugar d or _ent.erigc ted sta hni ques.. For
parenteral s’ lct’ﬂ R %M: drﬁﬁ"ﬂag 3%%5‘??‘8 %‘faf‘% cﬁg?’é?ethﬂhough
ot her i ngr ectllelobsandfiny likex aoppaentetd ad:pﬁtsu@ﬁcms sterile bus@&lsfbhd&ﬂﬁgolutlons

sol ubi I;l5 or for s’gr eservation, gacﬁ be included.. |njectable
suspenst OnsTRAGFTEL-SHOBYC BIeEFAIDY ¥Hch SipArHl ORER U OBFTRELYS FHui d
carriers, setﬁ;nefudmnen&@ﬁ{?dnausaaaduﬁmﬁnbmi@elemﬂ be enpl oyed. In
preparation for slow release, a slowrelease carrier, typically a
polyneric carrier, and a conpound of the present i nvention are first

di ssol ved or dispersed in an organic 5 solvent. The obtained organic
solution is then added into an aqueous solution to obtain an
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10 The pharnmaceutical conpositions herein will contain, per dosage
unit, e.g., tablet, capsule, powder, injection, teaspoonful and the

| i ke, an ampbunt of the active ingredient necessary to deliver an
effective dose as described above. The pharmaceutical conpositions
herei n wil | Adantagequsiydhe agrippungs ebtye pigsant inventign may hppdminises:ddmpsul e,
powder, i nj &fllcQily SRR BaYd g RlsbAE id d bout
0.01 ng to 28%3 ngﬂig o?‘?bod 'a\/vealJl ﬁ?ﬁgﬁﬁ%ggya rgyggzlidbt?lgl,ﬁedtic%%:ggﬁge IS
f rom about (wo.3hieeor falwoimes daidy. niyrthermofe, bengounds afltite pesentdumentionoen
preferably, Lt : Aol el r day.
The conpound aauanit s ol O opkdL S of e Hthedoiles 0T
day. The Sdoviafeansdenoalskia patchesywebdnown toghiosd epedharygkilijo that fre Tdbe

requi renment .gf . & i & e ifl ej
{reated and ‘pifetBdRiTorl Bn ARk kA SRSt R, | |
admi ni st r at ivol, afcoygses be @atinuus catlto tham ptemajtichie henghooythd dodRgefeginahl vy
these conpositions are in unit dosage forns such as tablets, pills,
capsul es, 25 powders, granules, sterile parenteral solutions or
suspensi ons Fonipstercedfonemnioslolinistratibn tuthafosp oby mbletisrapssuleathp active grug

aut o-i nj,gct qr Vi.C or suppositories: for qral t ent er al .

"t ranaddl " A GEEpO RIS el Houy s MfnacBRiGH &obravle inert
adm ni st r at icametspch asrediaasdli gipcensl, wataahd thetlikenMolov e wikdni desited,or t he
conposition_nmay be presented.in.a formsuitable for, once-weekly or
once- mont h § AT AeFE BRARS: ictus A eee g et P e S S o r ¢ ne
acti ve conpelsmte insarpdraiad iridvhe arictamo 8titablditdersingiudeewnitaptiedation,

provi de a depo aration for .intramuscul ar injection. For

D epari ng. sorit SuRbaert Ser et R ARPET Se@laatt S terme aerl e

i ngredi éft ksl syntheit ginisuch heacineaiatintadr s6ditmiobiate, &dihm gewpaent i onal
tableting ingredients such.as.corn starch, | actgse,, sucrose, ..

sorbi tol .t BPEeogiHichte SoHifth pérpigs daftim et Soim by 20 by ke
phosphat e oDigieBgiora frtlualt heithophlamifabion, $tardhainettliy ] deilbS, aglr, entwlteer , toO
forma solid refonnucliﬁ,ﬁrei1 n conposition containing a honbgeneous

m xture of X i fre present invention, or a pharmaceutically
acceptabl e salt thereof. Wen referring to these prefornulation 5

conposi ] ons, as .hanogengous, it is neant .that the active ingredi ent
s d spé¢ seihf‘efffélﬁﬁ%ﬂgﬁ?ﬁﬁaﬁ%mcﬂt?fséhe@aﬁﬁfe}gﬁ%w Tagy Rengricd ger 2 wide
]tc:orrposi ti ﬁnrang%/frdgxls 1 {t@mﬁo!n?rg ﬁdﬂbaigmudﬁd pfﬂﬂa?. g_&}tﬁdﬂaﬂrln_ﬁlgﬁhﬁﬁér% e df)s ?ge
orns such as tahlets, and, capsul es. iis soli r rul ation
conposi t i on®qPFHEN %?Hgfeﬁlbg’éﬁc’\“ﬁdd‘? ifprmfd S‘f%‘?%“%l"%ﬂﬁé’s&be
descri bed absyEeo,cont 8j 10.0)95.0) 2500, 80.0, 100, 500200, 24 0en@B 0O niliB@mA 6f thy €
i ngredient of the gi,o rgéeﬁgnt invention. The tablets or pills of the
conposi t i onE¥e PREASRHORE sYmRigRticaAsta iR theglopaes to the petirat Ribse
conpounged fréutddl A ciRcttvedapamorh esmpcahd of b plsdnhBvafivA N RdRar0)

prol onged acti on. For exampl the tablet or pill _can conprise an
i nner dosag¥Pakd aéﬁg‘bsﬂg%]te‘g%BEQ aboyt B Ohastke te glout %quésfkggﬁp‘wgﬁ n the

formof an ﬁéig@p@p&y@?@ﬂicﬁlmy,ft&rrﬁ%ﬁ-is 1418 aboP0. 09 FRABAN g B oM dy
separated by an'enteric |ayer which serves to 15 resi st

di si nt egr at VeiRhtiPaT dayeandirpnrapartionirlypBomiabant 0198 tq #heut 10mefkepfody t o pass
i ntact i nt owkifh URge M BRI HGHAYAtcidith AR Gamthidatd sty of
material can Pe used for such enteric layers or coatings, suc

mat eri af% | KeIMgALA L RurTse tioes pro iphpicfasabicofistoitinies percdsymat eri al s
as shellac, acetyl alcohol and cellul ose acetate. 20 The liquid forns
in which a conpound of the present invention may be incorporated for

adni ni st r at Optmal desagss to be adminisjetedmaybe readityidisermangd by dwse ekilindiinthe,
suitably fl : i ' -angd fl avored
enul si ons wﬁ%%ﬁi‘gﬁlﬁ%ﬁﬁ g@@%&@ﬁ@%&@gﬂn&x r‘llgéeazglgg'ﬂd? Bgaéds amg,l\tr %’Pﬁ,t%

coconut oil or peanut oil, as well as elixirs and simlar
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Advant ageously, the conpounds of the present invention may be
admnistered in a single daily dose, or the total daily dosage may be
adm ni stered in divided doses of two, three or four tinmes daily.
Furthernore, conpounds of the present invention can be adninistered
in intranas | es,

or 5 vi a1 angey SEHe BrebeRichithe 3G 5 aihfiicaiind shdnt Ao U

ski |l in thaliseasetcondidorhdn aditifion, Sctorseasoriated iwdth filorpartisiilaapaticatisthgr nal

cont | nuous. FErig bR AR 0 Bl et Sl

For i nst ancehe feod tooydalst dodegeni stration in the formof a tablet or
capsul e, (the active drug 10 conponent can be conbined with an oral,
non-t oxi ¢ pharmaceutically acceptable inert carrier such as ethanol,
gl ycerol , wdthecorapmintef the jresentvbreatoresan. zlsh boadbeisistessd iothe lﬁamafs ary,

su Lol e T gaDh Jot SO0 B PSR AR BREL LB ER 00

i ncl ude, w tvhoeles, hadmbldlameligr vedides N ipageied dan be foried fidbmawgaetgoBuch as

I ef t t I nd het i
oo AR g0 S SO LBl ARl RS L
magnesi um smﬂan@herphmphwphabéﬁaﬁmoﬁnummhuphaﬁmﬂt:k&ihﬁes, sodibkigiag; hl or i de

oty cel | BPORB G By S Sealh ARyt S P BRI B3 o

dai | y dosagdiaefl tiitaethpinatidting mpdpahesedipdyd dimthyl ameeoiiiund propies,had var i ed

over a w de range. from er adul t h day,, For oral
admi ni st rat is% HY llolﬁflqs 38%&“5‘?% Fidgse3ndispm B?tb‘?ﬂ%g@lf?o? nli¥e form
of tablets &Q,pteﬁﬂldﬂbﬁkgamGh&ésteeol%maﬁbé.cho&sféxol-ﬁe& 2.5, 5.0, 10.0,

15. 0, 22 0, 50.0, 100, 150, 200, 250 and 500 mlligrams of the active
i ngr edi ﬁt for the synptonatic adjustnent of the dosage to the
patient to Beofér diteatitnetivi f.ef éd&aﬁﬁlwﬁng&ﬁ@wﬁpoaﬁdsa;fmﬁwm 18y Behe
present invention i.s ordina ysu lied a osaelevel of from
bout 0. 01 RO FRB et e BRPDOo f P R e 0y ichAReTA i cors el € s

Parti cul ar | jnteddb®sifeai g@iohSi.ef, &@vasahﬁtehd&hémal dens,@bfwcbm&cheHg/ Kghof body
wei ght per da and, nore rticul arl m about Eo abgut 10
19/ kg of bolTEREY gHmopaRtitedy aradhe ¢ SR ﬁﬁ&dﬂﬁ edB7APerHG ent i on
may be agim ﬂitﬁr&cﬁh‘bﬁdeﬁ@er&h@argeﬁ@g i’@ﬂt dﬂ@ xtE @orfe@ptfndﬁg bmair@ p*ahﬂi@&heper day,
preferably of 1t%%f2t|mes a]g 5

adni ni st er eEORAME AL theprgsent; nH@P@? ﬁ‘i“r%"cfd’é‘ynﬁ“ﬁ%‘é“ Righ ‘@Ell ‘i"ﬂcef‘ﬁ%“’éﬁt
and W Il vagtorkedri tirh@ sPadrdithislthts aRMRHREat Wisthpel N6 rBRAGFRfively.

adm nistration, the strength of the preparation, the node of

adm ni stration, and the advancenent of the di sease condition. In

addi tion, fapd eﬂﬁo@&&%magta%exmnkmé Bﬁb&ﬁéstdr%ﬁg%ﬁ—bﬁﬂiﬂg% 5Nng
treated, including patient age, weig diet and tine o

adni ni &9 at fhersor, war ing E’sﬁfﬁ*ﬁge‘iawef’h%cc?ﬁé@tf compenent fte tagengglstumer  The
conpounds  0fastilfuid! SSEMb: shBMENtTHe ma%abebﬁec%lbmxig,béén@f&q thrfort he
formof |iposone del | very systens, such as small_ unilanellar

vesicl es, | efllyBmenvissHaTer tiraagisepras is mfarammatsmpreﬁse@sésﬁf&ees

Li posorres cedaeéaméersmefwcemea cHQP]érﬁﬁtY 18t 2 bBH;d ehﬁgﬁeﬂfs 3gobut not
limted to anphipathic Iipids suc hosphat’ d nes,

10sphi ngo ny@lpn‘?-‘ﬁ% antibpdiesn aﬂﬁlmfbmmmfﬁ ﬁ@rcof) H@F)hlaﬂ it intasellules
car di ol @i Ngym ;Bh%m%'rgws&?ﬁ'b @Secer W dﬁc@%rmfﬁlﬂhﬁ tihodies are.

phosphati dic phosphat i dyli no | ac anmoni um

pr opanes, dmamgplondi m‘vchi}f}SamhgamhlmentS ﬁmbogtthylﬂmnnméublneut ral
l'i pi ds such;

ei ther cont %‘?%C(ﬁclﬁllaﬁien}sﬁgg{@%%?m%&HE %f'ﬁ er 8‘? Rerreg’%mfgﬁﬁno{%}eﬁr
alternative nmethod for adm nistering the conmpounds of the invention
may be by conjugating a conpound to a targeting agent which directs
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intended site of action, i.e., to vascular endothelial cells, or to
tunmor cells. Both antibody and non-anti body targeting agents nmay be
used. Because of the specific 20 interaction between the targeting
agent and its correspondi ng bi nding partner, the conpound of the
present inv i Wl r i I I ntrations
B or mear & Par ot P A O i el B b AR prBBRERC 2 et
site nore efetessible eh the eXtesornfnptooad living ceisiof mgamgeht s i ncl ude

anti bodi es or antigen-binding fragnents 25 thereof, that bind to a
targetabl e or accessi bl e conmponent of a tunor cell, tunor

vascul at ur e Asorised heman, the tomm’ anfibmly” isanigaded itd efeo broadly ésaiylimenveclngionent

of a tumgr ¢ell r oV | at I stro i s prefer y a
sur f ace[rg)xp;%éngéﬂgc??gﬁ??hggiéw’e{g%g%gi’ &Eé%éggé’&r é’é@%ﬂ eﬁtzsélﬁh as aL ?
conponent . Fhk Rabt ashodlyas eagigetddrgtiagien tschak seombiadni detitadies,bodi es or

anti gen-bi nding.fra nts t.her.eof, .that bind,.to.an intracell ul.ar
S0coamonont HpRsibd AR SHEHASkarons sl BR ke B apiF SR us i,
fsuch ant i boﬁieqmly?toaalﬁmm?migalbmﬂ{ﬁmbllﬁgﬁilgl;wmpmloﬁﬂﬁﬁ Ilgemrrbd. MHengs a( )
ragments thereof, that. bi.nd.to inso intracellular anti.gen(s
oy adomt E ' T PR e MBS pbRR & et e Fer e B osisel o
ghosts ab sn&trsmm_!lisladfdcy oﬁﬁl*tué]@@hﬁr@@ltdtﬁmﬁﬂ@per@gglﬂﬂhnml#_ f 'Bableﬁﬂ are not
resent or accessi .on the exterior nor Vv s of. a
el e G086 Iomel ainS0ed f8° e tndef in G B KB 5.5 8ehdo Thrns il
:)r OEdI )lé( t 8' M;yhddm_ﬂtﬁd:\?gio&hc?e bikineti i?@l@@tﬁtﬂbroﬂt&&@n&%glagﬁnﬁbtﬂﬁs ahﬂﬁstl I
. E, a u en uch as Fa ab, as we
ag engi neer é‘lﬁmézﬁela’%?aé?t i\{qe{f%g?@? Eb'gt}?ﬁﬁeﬁéﬂv a&‘ﬁ?ﬁ B Bfﬁptégo!?&ﬁﬂ%?éﬁit% ed
anti bodi es, Thorppealf.i ¢ anti bodi es, and the |ike. The antibody can be

ei t her ége pol ycl onal or the nonocl onal, although the nonoclonal is
preferred. There is a very broad array of antibodies known in the art

t hat hﬁ/e i TeaM h@gbﬁ@inj@@zﬂcgi thérspelic hdiefQb ﬁdwdigfirb well khGie l(sza‘e, |

Bt bodi o Fér ABspct (HOPd ARTolies e TRE SSRGS et

al )i Met hod Fhekisy" i OAdhoblOndl RAERo S| ArdeThntdd ThétspyaRbisfeR RO HASS, ppnd
o oot bS8 RRsETL I ot D g3 it S b Dy s
Ko, Bee g D oy oo Pk () EBesY Wharl © vl
1nmunot ar gepFlﬁ'ﬁQa“" b‘%)?&sﬁﬂpwedéﬁﬁfépdrrﬁ%@ﬁ%w Cyloloxpasaisdm &rucaht i bodi es
And Cancer Tﬁ&iggpx,ReR@w,fiﬁmnséloﬁdl An{iBslifes)84: BRlogiABAnPElfiflIan R

Liss, Inc. 1985); Hellstromef{ a ies For Drug Delivery",

L. "ANti bodi es Fc
20 in Cont r BPPlEations, fngheraicy alr (pd3-5 R @é‘gﬁl,é (ﬁ%@p-nglﬁﬂa@?c%que’( @@slsp pp.
623- 53 ( Mar gedppReddk @ftach!BfporkdS It the ma{g%ﬁ 10 %voﬁ%ii%arg@{n%ia%ﬁs. 9

Cytotoxic Agents I n Cancer Therapy: A Review', in nocl ona

Ant i bod?es Tigse sipfled ip ghea willdgoww ar e eble togsirminacmehads obforaivgr a et al .
(eds.), PP cdhfizateffich hiitnibodySufBelidy oobRENBHMER R ARIBLBC e appl i ed
to attach conpounds of the inventionto non-antibody targeting
agents. 25 qliEeBtides. poleycsharidaseorpther pplyaniqeirmmperndse able to

determ ne, nethods of form ng conjugates wi th non-antibody targeting

agents, such as small nol ecul es, oligopeptides, polysaccharides, or
ot her pol yafltewiek andinkigrekicty Alat isaergbnakinstablerik blogd, wani kgt ysed todinkithe

reasonakg y i MeTelo BENoF-To Lo | . ofe] ds of
the pr egs)(%ant I vgﬁsiog%hg %g%ﬁé ta}%g F‘%ggﬁgg)ﬁta géﬁﬁ."?ﬁ‘%&%@ﬁ?ﬁ%% easabl e
bonds and/ opongdeiraléariselediiyely iclsavabl spacepanr dinkeroare bicfeked.s"Bivklegisalbf er r ed.
"Bi ol ogi cal |.y- ble, . . “selectively gl abl e_s ers or
| Fnicer o oy ielepsepleB8RAT st AARHR el RvariC R o flber B AER SarSPR o, o
r el easabl e, stdfilggiatht eirantatioy,duoirg zelislsblg nleyvable or hydrolyzable only or
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preferentially under certain conditions, i.e., within a certain

environment, or in contact with a particular agent. Such bonds

i nclude, for exanple, disulfide and trisulfide bonds and acid-labile

bonds, as described in U S. Pat. Nos. 5, 474,765 and 5, 762,918 and

enzyme- Sens i enhandider LBEHANBAORE PLI H6yiPODMRIN HokHfnt, BT 155

phosphodi est'ers ; g Tle§005| des ag)?sgescr:ab g "LT%E t%gkldcgﬁ ot

5,474, 765 arvdiths ppstzsumsgensmh b@ndemciuyle,-fmedxelasle, diedfidgrand bxvlides

facilitate h f s at

t he intende?gﬁéasraahgtggd lfbldgg%ﬁsqasrc%%g% |nven f%q%g @%4@9%9'?%’\9/%%1%

met hod of traaétnzugleaénsal‘rd bsmdsoiatcluchag pdptide b@d&est@stesgwospmdkaemy a

t unor, npr. b, t ticcal |y

ef fect | v§ a%%@@osfu‘éwde%@%@%ﬁag ﬁo‘ér%@r@g%@%ﬁ |olr$ gb‘%} ugated to

a targeting selgr&wb-rel%edespgnd‘emreﬂsfashtate sastalaedmbmdloéﬂlemmgmmm from

factors, or jpol i d as 15 targeting agents, they are

pref erabl y é{P X%géigsragcfwu%gl%qﬁed%fr%e?%geof i nj ectabl e conpositions. The

i njectable anti body soI uti on will be admnistered into a vein, artery
i nal ui.d r the tes

i h j b
95 ot e, 18F bR ep B S hifafes deril of Ml gl s >
i nt raderifral CaRIT, patitdardyva tumby, celpishgsddididistaingas 8 subjscanthagpauizaliyor

t t d t t I 20. f.th Ki
TS oS B B B P S SRRt o1

adm ni stratagnﬁs may be used for tunors |located in the brain. A
therapeutically effective dose of a conpound of the present invention
conjugated to a targeting agent depends on the individual, the
di sease typwhehbﬁ)tdhmahsﬂ aatibddéss of Q@wﬂﬁfaﬁfeismqjo@f;acaﬁhm% & batliapn and

ot her cl vari a The .ef.f ecti.vy are.rea
Setor m iab) Bl B8 o BT SOl ateg P B s pr esent ed
herein. Wi t@npdsiioh® rmmgagambédy@atumemwﬂe&cdaﬁmmed nitd 0edipl es of

t he present invent xanp oyLded f.or the purpose of

1T Ut art ofFY o o e spitel ST or R O R BB P A P
invention epe@bdstas 1akd 200hinhRe MTeAdin VaES, dinkiiaal snd apkedvitens and/ or
m)dlflcatlonqs as conme within the scope of the foll vvlng clallms and

their equi vATRASEationgze advaytageous for mmﬂ“ﬁ%“f%‘?ﬂi BT AP 4 subj ect
a disorder feploat efthé ﬂufbﬁ&ﬁfﬁaﬁﬁﬂdﬂ%dﬁ@ﬂ&eﬁﬁﬂhdmﬁé@[rlﬁ'aﬂleésﬂ) t he

subj ect a th%%ﬁ!peutl cal | g eff g{:ﬁti ve ‘gﬂl of a pharnmaceuti cal

conposi t i on?CYHSTFGHER PE B &R Amess "F@F hehrain. o 5 sol vate,
hydrate, tautonmer or pharmaceutically acceptable salt thereof,

wherein: M . . . . .
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
25  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
30  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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phenyl or pyridyl, either of which may be substituted with one of
chloro, fluor, nethyl, -N3, -NH2, -NH(allcyl), -N(alkyl)2, -S(alkyl),

-0(allcyl), or 4- am nophenyl; Wis pyrrolyl, imdazolyl, isoxazolyl,
oxazolyl, 1,2,4 triazolyl, or furanyl, any of which may be connected
t hrough any carbon atom wherein the pyrrolyl, imdazolyl,

i soxazol yl, oxazolyl, 1,2,4 triazolyl, or furanyl nmay contain one -
A, -CN, -NO2, -OMe, or -CF3 substitution, connected to any ot her
carbon; R2 is cycloalkyl, t hi ophenyl , di hydrosul fonopyranyl, phenyl,
furanyl, tety E{opyridyl or di hydropyranyl, any of which may be
|ndependently substituted with one or two of each of the foll ow ng:
chloro, fluoro, and Co_ 3)alkyl, wth the proviso that
tetrahydropyridyl is connected to the ring A through a carbon-carbon
bond; Xis 2 is &khetirodif trBiting ik B eetraadimadeh rdtgtett to F&A3IGKIT akmprising

together fo n re _each.hydrogen
or "t aken t oS REHB e Sl P o e BB Eb RS el o
- CH3, wher eromzmitidn c@rFisingys dompowldaif Fombafa bri ented syn or anti; Ra

and Rb are independently hydrogen, cycloal kyl, hal oal kyl, aryl,
aral kyl, heteroaryl, or heteroaralkyl; Eis N S, 0, SOor SO, with

the proviso that E may not be Nif the ow ng three conditions are
sinmultaneously nmet: Qa is absent, Qs sent, and 113 is an am no
group or cyclic am no radical whelxe point of attachment to Eis
N; R2

I

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

Alis
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, -NOg, -OMe, or -CF3 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¢;
ayalkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;

Xis
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Q is absent, -CH2-, -CH2CH2-, or Qb iS absent, -NH, -CH2-,
-CH2CH2-, or C(0), with the proviso that Qb may not be C(0) if Q 1is
C(0), and fiwther provided that Qo may not be - NH if Eis Nand Qa
is absent, further provided that Ql, may not be - NH if R3 is an
am no group or cyclic am no radical wherein the point of at tachment
to Qo is N, R3 is hydrogen, hydroxyal kyl am no, (hydroxyal ky1) 2ar ni no,
all cyl am no, am noall cyl, dihydroxyal kyl, al koxy, diallcylam no,
hydroxyal kyl, - COOH, -CONH2, -CN, -NHa, or a 5 or six nmenbered ring
whi ch contains at |east ong heRer@at o and may optionally contain
an addi tional heRéroppl.gty s¢l ect ed_fgomzS, 802, N, and 0, and the 5
or 6 nenbered ring y Jge _turateda, parptially unsaturated or

aromati c, wherein ardhaii nltrogeanm the 5 or 6 menbered ring may
be present as N-oxide, and thé 5 or 6 rrerrbered r| ng may be optionally
substituted wth nethyl, hal ogen, alkylam no, koxy; R3 may al so
be absent, with the propmt so that R$2i s not ab en E is nitrogen;
R4 is oxy, car bo N c xam do, or

car banoyl . 2. The mo% of cI alc‘m3 erei alVHﬁ ph | or pyridyl; Xs

02 Ra \ a2s-NRaN ,

Zis
CHorN;

D! and D? are

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

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

D’ is |
hydrogen or -CHs, wherein said ~CH; may be relatively oriented syn or
antt,

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

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

Q.18

absent, -CHz-, -CH,CH:-, or C(O);
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para with respect to -NHCOW 3. The nethod of claim2 wherein Wis
3H 2-im dazol yl-4-carbonitrile. 4. The method of claim3 wherein R2
I s cycl ohexenyl which may be substituted with one or two nethyl
groups. S.The nethod of claim4 wherein: Xis D5 D3 A) R3- DD FIN
a-E._jZ- or H3D) Zis CH, DI and D2 are each hydrogen; D3 and
D4 are each hydrogen; Ds is -CH3, wherein said -CH3 may be relatively
oriented syn or anti; Eis N Q is

Qpis
absent, -NH-, ~-CHz-, -CH;CH,-, or C(O), with the proviso that Q, may
not be C(0) if Q. is C(0), and further provided that Q, may not be ~
NH-if E is N and Q, is absent, further provided that Qp may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point

of attachment to Qp is N;
Ris

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONHa, -CN, -80;-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 carbamoyl.

2. The method of claim 1, wherein
Alis

phenyl or pyridyl;
Xis
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absent, -CH2-, -CH2CH2-, or C(0), with the proviso that Qo may not be
C(0) if Q is C(0), further provided that Qb may not be -NH if R3 is
an am no group or cyclic amno radical wherein the point of

attachnent to @ is N, and 113 is hydrogen, hydroxyal kyl am no,
(hydr oxyal ky1) 2ani no, al kyl ami no, ani noalkyl, dihydroxyalicyl,

al koxy, di al kyl am no, hydroxyal kyl, -COOH, -CONH2, - CN, -S02-CH3,
-NH2, pyridyl, pyridyl-Noxide, or nmor phol i nyl. 6. The nethod of claim
5 wherein: Xis 7. The nethod o clal 6, further conprising

adm nistration of a che ,{r,neraﬁeﬂ nt. 8. The nethod of claim
6, further correr§+ mpp$trati _ﬂn- f e therapy. 9. The nethod
of claim®6, further rising adm ni tion of i mmunotherapy. 10.
The net hod of cl ai m her conpiGi ng adm nistration of radiation

therapy. 11.A net hod for the'treatnent of a di sorzder related to
CKITin a subject conprising admnistering to t subj ect a conpound

of Formula I: or _a soI pate, hydr at[ja t aut ome® ar rraceutl cally
accept abl e salt R vvher@ nD1 S phen I &—N yr , either of
whi ch may be substlt or o, a“fN uoro; rret hyl, - N3,
-NH2, -NH(al lcyl), - S( yl )er - 0(REBI kyl'), O#nd4s oriented
am nophenyl Wis rroI i m dazal yI I soxazol yl, oxazolyl, 1,2,4
triazolyl, or fu&’“éﬂ ith r §§Ft5’f W@Qﬁvﬂay be connect ed t hrough any
carbon atom wherein t he pyrrolyl, imdazolyl, | soxazol yI oxazol yl ,

1,2,4 triazqglyl,_or furanyl may contain _one. - -OMe, or
_CF3 subst i fut i oha® re%h?iiégt%an?&'haw Btk Sft- %5?15%13’1'&235@“159@ oal I cyl ,
t hi ophenyl, di hydrosul f onopyranyl, phenyl furanyl

tetrahydropyridyl, or djhydr ogyr anyl ., any of which
i ndependent fly subRerpethaded clat 1§W995‘er§&]c‘ﬁhl€?m§¥1‘é¢ fB#titged ng:

chloro, fl ugiifonfstldwE&enethd) @blipsl . W th the proviso that
tetrahydropyridyl is connected to the ring A through a carbon-carbon

bond; Xi s

5, The method of claim 4 wherein:
Xis
o8
5 D? p*
CR—Qp D"MD" HN
MNibvansid
Zis
CH;
D* and D? are
each hydrogen;

D? and D are

each hydrogen;

D’is

-CHs, wherein said —CHz may be relatively oriented syn or anti;
Eis

N;
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n5 R3- D2 D3R3- e4 Z- Zis CHor N, DI and D2 are each hydrogen
or taken together forma double bond to an oxygen; D3 and D4 are each
hydr ogen or taken together forma double bond to an oxygen; DS is
hydrogen or -CH3, wherein said -CH3 may be relatively oriented. syn or
anti; Ra and Rb are independently hydrogen, cycloallcyl, haloallcyl,
aryl, aral kyl, heteroaryl, or heteroaral kyl; Eis

Qp is

absent, -CH,-, -CH,CHz-, or C(0O), with the proviso that Qp 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 Qp is N; and
R? is hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,

aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -COOH, -CONHa, -
CN, -SO,-CH3, -NHa, pyridyl, pyridyl-N-oxide, or morpholinyl.

EE

]

6. The method of claim 5 wherein:

Xis
H

s
N N

OH -, or OH

HO

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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N, S 0, SOor SQ2, with the proviso that E nay not be Nif the
followng three conditions are sinmultaneously net: Qa is absent, Qo
is absent, and R3 is an am no group or cyclic am no radical wherein
the point of attachment to Eis N, Q is absent, -CH2-, -CH2CH2-, or
C(0); Q is absent, -NH, -CH2-, -CH2Cl-12-, or C(0), -with the
proviso that @ may not be C(0) if Q is C(0), and further provided
that Qo may not be - NH if Eis Nand Q is absent, further provided
that Qo may jq0t be - NH_if R3 is an amno group or cyclic amno
radi cal wherein tféngindder the treatmens phedisordes redted to QIR 4 sibjegidr ogen,
hydr oxyal ky| astp@ino(daysiie I, ] | am noal | cyl ,

d hydr oxyal kel P a) kgf)xy, ﬁﬁ%ﬁ %?tgﬁ?fﬁf‘léj%gf%rﬁ‘?la} COOH, - CONH,
-CN, -S02-alkyl-R4, -NH2, or a 5 or six menbered ring which contains
at | east one heteroatom N and may optioﬁa+ww contain an additional
het eronoi ety selected fromS. S02, N, and @, and the 5 or 6 nenbered
ring may be saturated, partially upsa ]. d or aromatic, wherein
aromatic nitrogen in the 5 or 6 nmenbered rjng may be present as
N-oxi de, and the 5 or 6 nenbered ring nabee optionally substituted
with nethyl, hal ogen, alkylam no, or aljkoxy; R3 may al so be absent,
with the-proviso that R3 is not absent when Eis nitrogen; R4 is
hydr ogen, -OH, al koxy, carboxy, carboxam do, or carbanoyl; in a

t her apeut i calTByopeeldrare tautarien or Pprmdveuticallyt zcobptabil wlk kiever,ywHayein:

rel ease froman intralum nal nedical device of said conmpound. 12.
The nmethod of _claim 10, wherein said intralum nal nedical device
conprises af#ent. 13. The nethod of claimlif.wherein said

i ntral urninal nedical device conprises a stent. 14. . A nethod of
treating. of a di phangbsr pyetiy] ddiet of wBidkiifayi e sabssitiyjdeith aewpelileiong

son 21, og i 3Rl S PSAGEAL DS Shagmieh o

phar maceuti cal | yagfiepidnghl e salt thereof, wherein: Ais

W is
pytrolyl, 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,, -OMe, or -CF3 substitution, connected to any other carbon;

RZis
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, pheryl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and C.
syalkyl, with the proviso that tetrahydropyridy! is connected fo the ring A

through a carbon-carbon bond;

Xis _
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phenyl or pyridyl, either of which may be substituted with one of
chloro, fluoro, methyl, -N3, -NH2, -NH(alkyl), -N(alkyl)2, -S(alkyl),

-0(allcyl), or 4- am nophenyl; pyrrolyl, imdazolyl, isoxazolyl,
oxazolyl, 1,2,4 triazolyl, or furanyl, any of which may be connected
t hr ough any car boh atom wherein the pyrronI i m dazol yl, )

i soxazol yl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain one -
a, -CN -BKE, -OMe, or -CF3 substitution, connected to any other
carbon; cycloal kyl, thiophenyl, dihygrosulfonopyranyl’, phenyl,
furanyl, tetrahydropyridyl, or dlhydr gpyranyl, any of which may be

|ndependently substltuteﬁ thRmt of each of the foll ow ng:
chloro, fluoro, cyl, _t provi so that

t et rahydropyri dyI i co%i%red to the g A through a carbon-carbon
bond; Xis D5 D2 D3 h AD-B&- Z- H3C Zis CHor N, DI and

D2 are each hydrogen or taken’together fornia double bond to an
oxygen; D3 and D4 are each hydrogen or taken togebher form a double

bond to an oxygen; Ds |§2hydrogen ¢z - CH3, whaeg aid -CH3 may be
relatively ori enRedQs Qr antg,; and Rb areyhmdep ently
d Ry
a—E / zs—N 1
; yor  Ro ;
Zis
CHorN;
D' and D? are
each hydrogen or taken together form a double bond to an oxygen;
D* and D* are
each hydrogen or taken together form a double bond to an oxygen;
D’is
hydrogen or -CHs, wherein said —CHs may be relatively oriented syn or
antt;

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

heteroaralkyl;

Eis
N, S, O, SO or 80,, with the proviso that E may not be N if the
following three conditions are simmultaneously 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, -CHy-, -CH,CHa-, or C(0);
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hydr ogen, cycl oal kyl, hal oal kyl, aryl, aral kyl, heteroaryl, or
heteroaral kyl; Eis N, S, 0, SOor SO2, with the proviso that E may
not be Nif the followng three conditions are sinmultaneously net: Qa
is absent, Qb is absent, and R3 is an am no group or cyclic am no,
radi cal whereln the poi nt of attachment to Eis N, Q is absent,
-CH2-, -CH2CH2-, or C(0); @, is absent, -NH, -CH2-, -CH2CHr, or
C(0), wth the proviso that Qo nay not be C(O) if Q is C(0), and
further provi dengl&at QG may not be - NH if Eis Nand Qis absent,
further provided that b may not be - NH if R3 is an amino group or

cyclic amino radical ¥erteMiltRE:pdFHClof oat(Qiewitbihe prayisgphat Qo ey R3

i s hydrogen, hydroxy%%@t@maﬂsw}’ m&h&w@@mﬂa@ baaaymft%@_no
am noal kyl , di hydroxyal kyl, di al | l%/héam no, hydroxyallcyl, -

COOH, - CONH2, -CN, - S8H- ﬁrEklyN amcza Isngbsent, Sirther Bowidedsthat Quepiyaloebe T i ng
whi ch contains at | eagfy #RedHleaf fromc%ﬂﬂ aﬁﬁﬂoﬁﬂﬁdlmllek%h&g&ﬁta' n

an additional heteronoicty selecte 302, N, and 0, an

or 6 menbered ring medfafechawnitp & éd; partial ly 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 optionally
substituted w t hRmst hyl , hal ogen, al kyl ami no, or al koxy; R3 may al so
be absent, with the proviso that R3 is not absent when E is nitrogen:
R4 is _ hydr ogen, -OH, all coxy, carboxy, carboxam do, or
car bamoyl ; conj ugat edwydegan, hadrgeraikylmans (ydroxgalky lhenhodlittamineduci ng
| ci nase activity of i t ntacti ng
the cell with a conp(?lnﬁgél;uh@ gﬁl%k{’] (r)@&%‘? &m}r(%%@H h?ﬁlyg{{uatll%gn

NThr 0 or a solvate, (E@GHa{C@NPE@tﬁl‘bﬁ&@z-dkylfihaﬂ\ﬁhcmi Qrasiﬂr;lembm@pt abl e
salt thereof. .16. d f GKIT
in a cell corrpri Si ngAﬁfn%S’B s@ecﬁkﬂksggg spbrieh%gr&h&?@g??ﬁvé %{#Oéal onpound
~of the present inventdontain anadditldﬁﬁhhet¢r6mm|etyaelsctbd/ﬁ0reS $y£Naand 0, and

taut omer or pharmaceutically accecPt abl e salt thereof
the 5 or 6 inembered 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, alkylamina, 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 carbamoyl;

in a therapeutically effective amount by the controlled delivery by release from an

intraluminal medical deviee of said compound.

12, The method of claim 10, wherein said intraluminal medical device COmprises a

stent,

13, The method of claim "_ﬂ;': wherein said intraluminal medical device comprises a

stent.

14 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
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17. A method for reducing kinase activity of GKIT in a subject
conprising the step of admi nistering a conpound of the present
invention: '"try o or a solvate, hydrate, tautoner or pharmaceutically
acceptabl e salt thereof, to the subject. 18. A nethod for inhibiting
ki nase activity of GKIT in a subject conprising the step of = " =
adm ni stering a conpound of the present invention: CN --1"J"Thr 10 or
a solvate, hydrate,. tautoner or pharmaceutically acceptable salt

t hereof, to Hohmulglibj ect. 19. A nethod for preventing in a subject a-
di sorder related to CKIT conprising adm nistering to the subject a
prophylactically effective anmount of a phagnmaceuti cal conposition
conprising a conpound of the present invﬁﬁtion: |8 or a solvate, -
hydrate, tautomer or pharnmaceuticall) ppt abl e salt thereof, and a
pharmaceutically acceptabl e carri ex:
subject a disorder related to CGKIT RRSing adm nistering to the
subject a therapeutically effective anount of a pharnaceuti cal
conposi tion conprising a conpound of the present invention: CN

Thsi Thr 10

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, ~Nai, -NHa, -NH(alkyl), -N(alkyl)s, -S(alkyl), -O(alkyl), or 4-

) aminophenyl;

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

Cl, —CN, -NO,, -OMe, or -CF3 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;
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or a solvate, hydrate, tautonmer or pharmaceutically acceptable salt

t hereof, and a pharnaceutically acceptable carrier. .21. / The ntthod

of claim20; further conprising adm nistration of a chenotherapeutic

agent. 22. The method of claim20,, further conprising .. o

adnmi ni strati-on of gene therapy. 23. The nethod of claim 20, further

conprising adm nistration of inmmunotherapy. 24. The nethod of claim

20 further conpr?sgng adm nistration of radiation therapy. 25. A

met hod for the tf&tment of a cell proliferative disorder in a

subj ect conprising addHmrtBdtering to the subject a conpound of the

present -invention: or a solvate, hydrate, tautoner or

phar maceutically acceptable salt thereof, in a therapeutically

ef fective anount Dbyndreareontrol | ed delivery by rel ease from an

i ntral um nal nedical degkéﬁ of sajd co o?nd.(éG. g QFthod for the

treatment of a di sor d8F" PETORER AT BEeIosqiaer fqrm 2 dope bend t@ ARfFYeehing

adm nistering to the subject a conpound of the present invention:

“"NThr 10 or a sobyat 4h¥drate, t aut omer or pharmaceutically

acceptabl e salt th fin a therapeutically effective anount by the

control l ed delivery hyck Bldeaseof fldn tagkttiep forlaWalinabode ks alyeevi ce of

sai d conpound. 27- The nethod of claim25 wherein said intral um nal

medi cal device copprises a stent. The nethod of claim26; wherein

said intral um nat ¥edical device conprises a stent. A et hod of

treating of a cell proliferative disorder conprising admnistering to

a subject a therapeutically effective anount of a conpound of the

present invention: Chuydden ot {LCH;, wherein said ~CH; may be relatively oriented syr or
anti;

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

heteroaralkyl;

Eis
N, S, O, 8O or SO;, with the proviso that E may not be N if the

h following three conditions are simultaneously 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;

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

Qb is

absent, -NH-, ~CHj-, -CH;CHz-, or C(O), with the proviso that Q, may
not be C(0) if Q,is C(O), and further provided that Qp may not be —
NH- if Eis 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;
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or a solvate, hydrate, tautonmer or pharmaceutically acceptable salt
t hereof, conjugated to a targeting agent. 30. A nethod of treating
of a disorder related to CGKIT conprising admnistering to a subject
a therapeutically effective anount of a conpound of the present
invention: NI[11 0 or a solvate, hydrate, tautoner or ’
pharmaceutically acceptable salt thereof, conjugated to a targeting

agent .
R%is

hydrogen, hydroxyalkylamino, (hydroxyalkyl);amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOQH, -CONHj, -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 heteromoicty sclected 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 carbamoyl;

.-

. conjugated to a targeting agent.

I5. A method for reducing kinase activity of C-KIT in a cell comprising the step

of contacting the cell with a compound the compound of the present invention:

HN
H N
CN
o]

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof.

‘16.' A methed 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 N
CN
ﬂ'i! erJ*N
O

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof.
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17- A method for reducing kinase activity of C-KIT in a subject comprising the
step of administering a compound of the present invention:

! HN
Ao
0 8]

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, to the

subject.

18. A method for inhibiting kinase activity of C-KIT in a subject comprising the

step of administering a compound of the present invention:

I HN
Ao
O O

~ N
Y

o

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, to the

subject.
19. A method for preventing in a subject a disorder related to C-iIT comprising

administering to the subject a prophylactically effective amount of a phammaceutical

composition comprising a compound of the present invention:

I HN
HY&N\ oN
O )
~ N
N
Y

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carricr.

186



20. 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:

I HN
H \
CN
N Y&\N
O O

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

21.1  Themethod of claim 20, further comprising administration of a

chemotherapeutic agent.

22..  The method of claim 2.0;, further comprising administration of gene therapy.
23, The method of claim 20, further comprising administration of immunotherapy.

24, The method of claim 20, further comprising administration of radiation

therapy.

=~ 25.  Amethod for the treatment of a cell proliferative disorder in a subject

comprising administering to the subject a compound of the present invention:

HN
H\H/AN\ CN
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.

26. 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:

I HN
H N
CN
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.

27. The method of claim 25, wherein said intraluminal medical device comprises a

stent.

28..  The method of claim 26, wherein said intraluminal medical device comprises a

stent.

29.. 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 N
CN
N\I(L\\N
O O

invention:

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, conjugated

to a targeting agent.
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300 A method of treating of a disorder related to C-KIT comprising administering

to a subject a therapeutically effective amount of 2 compound of the present

I HN
H \
CN
O O

invention:

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, conjugated

to a targeting agent.
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