| NHI BI TORS OF C-FM5 Kl NASE CROSS REFERENCE TO RELATED APPLI CATI ON
This application clains priority fromUnited States Provisional
Application Serial 5 No. 60/ 793,667, filed on April 20, 2006, the
contents of which are hereby incorporated by reference in their
entirety. BACKGROUND OF THE | NVENTI ON 10The invention relates to
novel conpounds that function [ J nase inhibitors.
More particularly, the inventP@?B?gﬁ§$£§1§§&§§g§?8§%npounds t hat
function as inhibitors of c-fnms kinase. Protein kinases are enzynes
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t hreonin e nsequence,. protei n ki nase
i bt os. o aPrn el AR 2Pl 6T SRS PEphisd SRy o ed by
physi ol ogi catferansiedithrametyof protein kinase activation. The
ovCrexpression or inappropriate expression of normal or nutant
protein kinases in mammal s has been 20 denonstrated to play

si gni fi cant BAtleGROUNDOr deraNepeEnonNef nmany di seases, i ncl udi ng
cancer and di abetes. Protein | ci nases can be divided into two
cl asses: those which preferentially phosphoryl ate tyrosine residues

(pr ot ei not yr 0Si N@hkinteiies yelaesdo hb@s Corfusds tﬁHt(ﬂIr@ﬁ@mslpaAtbm tyrosine kinase
phosphoryl ate serine and/or threonine residues

seri ne/ t hr e IO | Mawsgusticulslyy the ventiop yelajesty EOY@F?P&%@%&W dipngtion as
di ver se f ungdhiiafss dtaTmis Rehafd. om stimul ati on of cell growth and
differentiation to arrest of cell proliferation. They can be
classified as either receptor protein tyrosine kinases or

intracel lular prpbRidkihasbdsrk B&y&eﬁﬂx&ﬁ;’%welbﬁey&ﬁ Qﬁeﬁfs oPEighRdndayétRai ne
ki nases, whi ch possess an extracel | ul ar %gand i nd |ng omai n and an
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HER- |, HER- RIOIR: drd wq@%@aﬁ%kglasedﬁlﬂblgirsfanéﬁuw e Vhlugbdg tools for
bi ndi ng do”ﬁﬂs@ssm? tﬁerlﬂq%meg“ema@se sra,fgmlmnas@aérﬁﬁﬁaﬂ tﬂh@bvcmxpressm
cytoplasmic catalytic donmain. Receptor nding | eads to the
initiation 8f m?ﬁﬂﬂtﬂfﬁtﬁé@fﬁ%&%@ rlpmaépr mw%isor%@n kinases & mapaply ba begn
phosphoby! aliiRthsRitOF @I Signitafttolkeh inl tHPASEBphER BE tlny dlscRfS, qg&ﬁlﬁn
transcription. Breast, colorectal and prostate cancérs have een
linked to tPWseraadiliahete recept ors. Insulin receptor ("a") and
i nsulin-1ike gromhidin18646 cah bé 85 HRE Rto fwol c%se@&hbs@&ﬁcﬁﬁ&fé?énﬂﬁl ! y and

functionally rel ated but exert distinct biological
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prollferatlve vitreoretinopat
protein tyrosine kinases or intracellular protein tyrosine kinases. The receptor protein

tyrosine kinases, which possess an extracellular ligand binding domain and an intracellular
catalytic domain with intrinsic tyrosine kinase activity, are distributed among 20

30 subfamilies.



Fi brobl ast growmh factor ("FOR') receptors consist of four receptors
whi ch are 15 responsible for the production of blood vessels, for
limb outgromh, and for the growh and differentiation of nunerous
cell types. Vascul ar endot helial growth factor ("VEG"), a
potent mitogen of endothelial cells, is produced in el evated anounts
by many tunors, including ovarian carci nomas. The known receptors for
VEGF are desi gnatRedeptar tyrpetrrkinas¢sofitheldpidenrmbprmah facor) EGEY) MallFERviSch

(FIt-4). A CElal Sl pURIOb L PORRTAL Suod:hinloodAth dSindolthi B Ring N2V

been identified 1n vascular en emat opol et VEGF
r ecept or s halpmabe e fratsmekebehng domais end agenesildaraybpasgicegelys demain.
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ki nase act i ekprgssiohlitdSbeeh alidcinied dithbieasteadcer, sel ective and potent
o383, 799 6, sabPRsi St BB iR ERB A bedkaloR Bt el St o
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of recent attenpts .to synthesjze such inhibitors. SUMVARY THE
TNVENTY ON 5 PTG PO i LGS TS HAYH P PR I ATOI SUAR8E | ve and
pot ent pr ot aihﬁrobdéxﬁﬁh,g'fbrdsismasprr?lifﬂi’dtbb Rriﬁtl’eﬁreﬁl)bp@tg@yi di ng pot eﬂt |

i nhibitors of c-fin | nase.. The dnvention is directed to the nove
conpounds of For%f"ilaﬂ gm‘i'%‘fa%?re(aﬁ @SG%@?‘SHW%? out TEeRPIRLWhigh are
phar macast i eahdasibhcfoehe afddactivalof blobev&edls, fomiatbeirowth, and for the growth and

differentiation of numerous cell types.

Vascular endothelial growth factor (*“VEGF”), a potent mitogen of endothelial
cells, is produced in elevated amounts by many tumors, including ovarian carcinomas.
The known receptors for VEGF are designated as VEGFR-1 (Fit-1), VEGFR-2 (KDR),

20  VEGFR-3 (FIt-4). A related group of receptors, tie-1 and tie-2 kinases, have been
identified in vascular endothelium and hematopoietic cells. VEGF receptors have been
linked to vasculogenesis and angiogenesis.

Intracellular protein tyrosine kinases are also known as non-receptor protein
tyrosine kinases. Over 24 such kinases have been ideﬁﬁﬁed and have been classified info

25 11 subfamilies. The serine/threonine protein kinases, like the cellular protein tyrosine
kinases, are predominantly intracellular.

Diabetes, angiogenesis, psoriasis, restenosis, ocular diseases, schizophrenia,
rheumatoid arthritis, cardiovascular disease and cancer are exemplary of pathogenic
conditions that have been linked with abnormal protein tyrosine kinase activity, Thus, a

30  need exists for selective and potent small-molecule protein tyrdsine kinase inhibitors. U.S.
Patent Nos. 6,383,790; 6,346,625; 6,235,746; 6,100,254 and PCT International



NN 4 , or; 15 wherein each R4 is independently H F, d, Br, |, OH,
OCH3, OCH2CH3, SC(I..4)al kyl, SOCumal kyl, SO2Conal kyI C(J _3) al | cyl,
CO2Rd, CONI nf, CzCRg, or CN;, wherein Rd is H, or -00_3)a| lryl; Re is
H or -C(J 3)alkyl; Rf is H or -00_3)alkyl; and 20Rg is H, -CHZC]—I,
or -CH2CH2OH, R2 is cycloal kyl, spiro-substituted cycl oal kenyl

het er ocycl yl, spirosubstituted piperidinyl, thiophenyl,

di hydr osul foﬂﬁﬂiyatamyWO ph!emli WOI 0027320 aﬂdewoanmsmswe xdzjibatweefrecent

di hydr opyr anyl be i ndependently substituted with
one or two O @Béﬁ‘ywﬂieﬁée?l@i‘%g th5: chloro, fluoro, hydroxy,

C(1_3)alkyl, and CO.4)al kyl; Zis H F, or CH3; 5Jis CH or N
EIXIS/OGSUMMA%YOFTI{ﬂNV%ﬁION”" ....... t.Rz:/.."..m,, Rz 0,
5 The invention addresses the current need for selective and potent protein tyrosine

kinase inhibitors by providing potent inhibitors of c-fms kinase. The invention is directed

to the novel compounds of Formula I:

on
z ~ NH
X7 N7 R?
10 1

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

R4

R R ;::S
HN
Wis ;,Z;\S\w | %,Q\m ’ }t?i‘/\(N ' {i ,

N
N—N
ﬁBQR‘* Cor /L Mgt

15  whereineach R is independently H, F, Cl, Br, I, OH, OCH;, OCH,CHj, SCy.4alkyl,
SOC.qalkyl, S0,Cqaalkyl, -Cq nalkyl, CORY, CONR®R', C=CRE, or CN;
wherein R%is H, or -Cq_sjalkyl;

R%is H, or -Cq.spalkyl;
R'is H, or -C(.3alkyl; and
20 REis H, -CH,OH, or -CH,CH,OH;

R*is cycloalkyl, spiro-substituted cycloalkenyl, heterocyclyl, spirosubstituted
piperidinyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl, tetrahydropyridyl,



IR Ra wherein R is -C(IA)al kyl, -01r, -04, -NAl1A2, -S02CH3, -0001r,
-CO2CH3, -CH2- NA1A2, -CONA1A2, -CH20R3, -001.4)alky10le,

- NHCH2CH2CO2Ra, - NHCH2CH201e, - NWCH2CH2NAI A2, - 0Co- 4) al kyl NAI A2,

- OCH2CQ2Ra, -CH2CO212a, -CH2CH2S02Cl_ 10 4)al kyl, -S02CH2CH2NAI A2,

- SOCH2CH2NAI A2, - SCH2CH2NA1A2, - NHSO2CH2CH2NAI A2, phenyl ,

i mdazolyl, thiazolyl, 4H[1, 2, 41oxadi azol -5-onyl, 4H pyrrolo

[ 2, 3- b] pyr azi nyl or girydrdpyrgny], afit of3vhidlomaybeainddpghdently substituted with one or two

(13,41 i dei agor on of B SN ol R Kol BT REC Yty

-00.4)al kyl, wherein both Ra may have either syn 15or anti

st ereochem s} 1 y; ternatively both Ra in a syn relationship may be
t aken toget ﬁzelrsx_{’g%ro(ﬁ_r&ﬁ’-(CI-IZ) 11-, where nis 2 or 3; R3is H,

C(, 4) al kyl, Ja§ CH3@:kyl - CF3, CH2CH2NH2, CH2CH2ORa, -COCH3, CON142, or
coz212"; 20 Al is " Dal ky] ,Rpr CH2CH20R2; A2 ig H, -Comal kyl 7

, 20 2af reCH2 | kylf R
CH2CH2S000_ 448 | CyT, - CH2CH2$502C0. ;5 dlternatively, A
and A2 may be take §"§58t her ~yi-t'hgst hei r ached a;:ggen to forma
het erocyclic ringR¥ the foRT@wi ng® Raa rRe) _ / Re) \

R2 0 4 Ra\ _Re\Re)Th 0. rTh e Rbb nl, 11. ReaR2ReRe
wherein 18 -C(M)a]kyl, —ORa, -CN, -NACA s -SOzCH;, -COORQ, —CO:CHs, ~-CHo»-

NA'AZ? -CONA'AZ, -CH,0R?, -OC.42lkylOR?, -NHCH,CH,CO,R", -NHCH,CH,0R?, -
NRCH,CH;NA'A?, -0C4alkyINA' A%, -OCH;COR?, -CH,CO,R?, -CH,CH,S0,C.

10 galkyl,-SO.CH>CH;NA'A?, -SOCH,CH;NA'A?, -SCH;CH,NA'A?, -
NHSO:CH:CH;NA'A? phenyl, imidazolyl, thiazolyl, 4H-[1,2,4Joxadiazol-5-onyl, 4H-
pyrrolo[2,3-b]pyrazinyl, pyridinyl, [1,3,4]oxadiazolyl, 4H-[1,2,4]triazolyl, tetrazolyl,

pyrazolyl, [1,3,5]triaziny!, and [1,3,4]thiadiazolyl;
R®and R” are independently H or -Cyy.galkyl, wherein both R* may have either syn
15 or gnti stereochemistry; alternatively both R* in a sy relationship may be taken

together to form ~(CHj),-, where nis 2 or 3;

R3 is H, Cg.apalkyl, Cynalkyl-CFs, CH,CH,NH,, CH,CH,0R?, -COCHs, CONH,,
or CO,RY
20
A'is H, -Cqplkyl, or CH,CH,OR®
A?is H, —-Cquyalkyl, COR?, CH;CON(CHs),, -CH,CH;OR?, -CH;CH,SCqalkyl, -
CH,CH,SOC 19yalkyl, or -CH,CH,S0,Cq4jalkyl;



122>Th r-5- \ gl2a. INI-SN-1- N zz/ ,)-/, and 1. _.;0- ; Ra wherein le
is Hor Camalkyl; R' is Hor C(3.4)allcyl; Rob is u, _r, H,

, _.0.43al kyl, -CH2CH2OCH2CH2OCH3, - CH2CO2H, - C(O)Comal kyl, or

-CH2C(0) Conmalkyl; Herein and throughout this application, whenever a
vari able, for exanple V, appears nore 10 than once in an errbodi ment
of Fornmula 1, each such substitution is independently defined. Herein
and t hroughout this apimmely,om‘ antl héntagbmkémgemérlitlth theiattached nidroBu "

refer to nethyl, ethy|,.pro d_.but yl S )

DETAl LED DEsak PTion lfo Rt e Se et SRR IPWHE < ai v ected to
novel conpounds of For la I: %_[\or a golvate, .hydrate, tautomer or
phar maceutical |y accep e sal gare wher gi @N— l\i{ 4 Qor
wherein each R4 is msl%r% ;kgﬂtl Ree—l , NBr, J8 «}CI:HZCHB

SC0_4)al I cyl, SOCu_oal | g¥t, *SCR 4)aIRI§)y+/, Co2Ry }rr’

Ra
@“’5‘, S>>:/\“'§' , and RE\CN'g' -

RE
wherein R* is H or Cpsalkyl;

5 R™ is H or Cyqyalkyl;
R™ is H, —Cy.ayalkyl, -CH,CHOCH,CH,OCH;3, -CH,CO,H, -
C(0)Ca.nalkyl, or -CHC(0)Cyapalkyl;

Herein and throughout this application, whenever a variable, for example R", appears more

10 than once in an embodiment of Formula J, each such substitution is independently defined.
Herein and throughout this application, the terms “Me”, “Et”, “Pr”, and “Bu” refer to
methyl, ethyl, propyl, and butyl respectively.

DETAILED DESCRIPTION OF THE INVENTION

15 The invention is directed to novel compounds of Formula I:

on
z N NH
X~ N7 R2
I

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



wherein Rd is H or -C(j3)alkyl; 5leis H or -00.3)alkyl; R is H,
-C(13)alkyl; and Rg is H, -CH20OH, or -CH2CH2OH, R2 is cycl oal kyl

(i ncludi ng cycl ohexenyl, and cycl oheptenyl), spiro-substituted

10cycl oal | cenyl (including spiro[2 5]oct-5-enyl,

spiro[ 3. 5] non-6-enyl, spiro[4.5]dec-7- enyl, and

spi ro[ 5. 5] undec- 2- enyl) het er ocycl yl (|nclud|ng pi peridinyl),

spirosubstituted piperigdinyl (|nclud|ng 3-aza- sp|r0[5 5]und$ﬁany| ,

and 8-azaspiro[ 4. 5]dec yI) tH henyl , di hy, rosulfonop nyl ,

phenyl, fura g opy [ or di H opyr any|HN f whi ch
may be i ndepen ent%&\ stitOted With two o% of the
foll ow ng: chloro, quor hydroxy Cu_ 3)al kyl, and CUHaIkyI (said

substituted cycl oal kyl s i ncl ude 4, 4-di net hyl cycl ohexenyl
4, 4- di et hyl cyclohg@é%x{R4 4- met Wy cycl ohexenyl, 4-ethyi

cycl ohexenyl , 4 n%; yIt cyel xenWw , +4-i so-propyl cycl ohexenyl, and
4-tert-butyl cyclohexenyl sai d Hubstituted piperidinyls include

4- et hyl pi pﬁrerenh wy:hR &-lmddpyﬂdeﬂﬁdi,[fea dirnIyOH, @06, OCH,CH, SCq-aalkyl,

. or Ol 3 15 ChEpl Koy Epleh Gl EpinT GO, Bods ora®

_CN, - S02CH3, - CO2 @hiein- KHR H, NADAalleyDONAI A2, - CLOW - 0C(, . 4)al kyl O r,
- NHCH2CH CO21r - NHCH2 NLeCH2CH2NAI A2, - 0C04) al kyl NAI A2,

- 0CH2CRTr, - CH2COR1r, RERH 6 oy b;"("FH 5 4)al kyl, -SO2CH2CH2NAI A2, - S
0 CHZCHZNA 1A2, CH2CH2RES: HAG: -CNHSIYR G CH2NALA2, phenyl , imi dazol yl

thi azolyl, 4H41, 2, 410x | 0j 2, 3- b]pyrazinyl,
pyridinyl, [1,3,4]oxadﬁgfgﬁ?#ﬁi%ﬁﬁ%f§?£¥%¢ﬁazoIyI, tetrazol yl,
pyrazolyl, [1,3,53triazinyl, and [1,3,4]thiadiazolyl; ie and BY
are |ndepen entl ereln bot h .may, have, ei t her
syn 10or antY st rggﬁmgﬁ@@; 4 glf’lz{eé‘FWih Btteﬂyl}l rgplfché{‘BStWF\d

rel ati onghi p maycyealkak# intlogies k;ﬁfo[lﬂoét(ﬂ’-my} 6323, s]nonJM%ﬁylﬁspiro[aqss]&’ecOT-
3 R3is HO % E@% 1roﬁ%§]ul?£ec- —enyl? heterocy%ﬂmclu ing plpenl_d'zmyl CH2CH2ORa,

- COCH3, CO\IHZ
spirosubstituted piperidinyl (including 3-aza-spiro[5.5]undecanyl , and 8-aza-

spiro[4.5]decanyl), thiophenyl, dihydrosulfonopyranyl, phenyl, furanyi,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently

15 substituted with one or two of each of the following: chloro, fluoro, hydroxy, Cq.
syalkyl, and Cqzlkyl (said substituted cycloalkyls include 4,4-dimethyl
cyclohexenyl, 4,4-diethyl cyclohexenyl, 4-methyl cyclohexenyl, 4-ethyl
cyclohexenyl, 4-n-propyl cyclohexenyl, 4-iso-propyl cyclohexenyl, and 4-tert-butyl
cyclohexenyl; said substituted piperidinyls include 4-methyl piperidinyl, 4-ethyl

20 piperidinyl, 4-(1’hydroxycth-2’yDpiperidinyl, and 4,4 dimethy! piperidinyl);

ZisH,F, or CHs;
Jis CH, or N;



A3 is H -Co _cpalkyl, or CH2Cl1l-1201r; A2 is H, COPY, CH2CON(CH3) 2,

- CH2CH201r (i ncluding - CH2CH2OCH3), - CH2CH2SCOmalkyl (i ncl udi ng

- CH2CH2SCH3) , - CH2CH2S0Conmal I cyl (i ncluding - CH2CH2SOCH3), or

- CH2CH2S02Ca" pal | cyl (i ncluding - CH2CH2S02CH3); 20al ternatively, Al
and A2 may be taken together with their attached nitrogen to forma
het erocyclic ri ng sel ected fromthe foI | owi ng: Re) ThRa\ ON-g-0, 1
Ra\Ra) )-/-N NT : SR NF d’} Ra gsherein R3 is

\ FééRZSN
H or Cu_coal Xyd ; T - 4) alkyl,
-CHzCHzoCH20HzoCHB - @2(:02 15"(0) Ca’\ggg ors 2C( 0) Co_val ky1.
Zis H
wherein R' is -C(M)alkyl, —OR", -CN, -NA'A? -S0,CH;, -COOR“, -CO,CH;, ~CH,-
NA'AZ, -CONA'A? -CH,OR?, -0Cq.4alkylOR?, -NHCH,CH,CO,R?, -NHCH,CH;OR?, -
NRCH,CH,NA'A?, -OC 1 gyalkyINA' A%, -OCH,CO;3R?, -CH,CO,R?, -CH,CH,S0,Cy.

5  apalkyl,-SO,CH,CH,NA'A?, -SOCH,CH,NA'A?, -SCH,CH,NA'A?, -
NHSO0CH;CH,NA'A? phenyl, imidazolyl, thiazolyt, 4H-[1,2,4Joxadiazol-5-onyl, 4H-
pyrrolo[2,3-b]pyrazinyl, pyridinyl, [1,3,4]oxadiazolyl, 4H-[1,2,4]triazolyl, tetrazolyl,
pyrazolyl, [1,3,5]triazinyl, and [1,3,4]thiadiazolyl;

R? and RY are independently H or -Cq.qalkyl, wherein both R” may have either syn
10 or anti stereochemistry; alternatively both R” in a syx relationship may be taken
together to form —(CHa)x-, where n is 2 or 3;

R’ is H, Cu.qalkyl, Cy.3alkyl-CF; (including -CH,CFs), CH,CH,NH;,
CH,CH,0R", -COCHj;, CONHj, or COR”;
15
AlisH, -Calkyl, or CH,CH,OR?,
A?is H, -Cqgalkyl, COR®, CH,CON(CHj),, -CH,CH,OR? (including -CH,CH,0CH3), -
CH,CH,SC1-galky] (including -CH2CH,SCH3), -CH,CH2SOC.4yalkyl {including -
CH;CH2SOCHj3), or -CH,CH280,;C1.4yalkyl (including -CH,CH,SO,CHj3);
20 alternatively, A' and A% may be taken together with their attached nitrogen

to form a heterocyclic ring selected from the following:

gaa Ra>_\ .
_ ¢ M R>—\ 0, >—\ >—\
R - Ra)_/ ’ Rib—N )_/N-§-9 & )_/

REIE Ra
P
wd § N R .
N:.-./Ng . ; , and EN'E
RE

wherein R is H or Cg.ayalkyl;



10 Jis CHor NN Rl RRYRL XisRz 0 s'Y' S Rrr8RYR, or RzRzRz wherein
RlL is -OH -CN, -NA1A2, -S02CH3, -COORa, -CO2CH3, -CH2-NAlA2, -

CONAI A2, -CH20Ra, - NHCH2CH20021e, - NHCH2CH2012.a, - NHCH2CH2NAlA2, -
021.4)al | cy1INALA2, -OCH2CQ212a, or tetrazolyl; A is H or -CH3; 5A2
is H -CH2CH20CH3, -COCH3, or -CH3; alternatively, Al and A2 may be
taken together with their attached nitrogen to forma heterocyclic
ring selected fromthe folkolithet Co-pebylith 0 NI-Re Rbaym N N-1- Re,)-/

Ra 0, R™ is H, ~C1.gyalkyl, -CH,CH,OCH,CH,OCH;, -CH,CO,H, -
C(O)C(M)alkyl, or -CH2C(0)C(1.4)akal.

5
In a preferred embodiment of the invention:
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% L X . . - ,
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; SN-1- 0=SH O ReRe Re) Th S. and Ra is H or -Co..oalkyl; 10Ran
Is H or -00.4)alkyl; Rob is n _ Cumal kyl, -CH2CO2H or -COCH3; RY is
H or -CH3; Rais H -CH3, or nay be taken together as -CH2CH2-; R3
is H -COCH3, -CH2CF3, -CH3, -0M2CH3, -CONH2, or -CO2H. 15as well as
sol vates, hydrates, tautoners and pharnaceutically acceptable salts

thereof. In another enbodi ment of the invention:
wherein R is -OH, -CN, -NA'A? -S0,CH;, -COOR?, -CO,CHs, -CH,-NA'A? -

CONA'A?, -CH,OR?, -NHCH,CH,CO:R?, -NHCH,CH;0OR", -NHCH,CH,NA'A?, -
OCuyalkyINA'A% -OCH,CO5R?, or tetrazolyl;
AlisH, or -CHa;
5 A?is H, -CH,CH,0CHj3, -COCH;, or -CHs;
alternatively, A' and A® may be taken together with their attached nitrogen

to form a heterocyclic ring selected from the following:

aa Ra
R::er-g— >):/\ N Rbb—p}—-\ - o”>>3 5 o—sh

> R »
R* Ra
Ra
== — R
NE- 8 Ni- 3
W, sd ¥
R*is H, or -C(1_4)alkyl;
10 rR™ is H, or -C(M)a[kyl;

R™ is H, —-Cqr.4yalkyl, -CH,CO-H or -COCH;;
RYis H, or -CHs;
R*is H, -CH3, or may be taken together as -CH,CHo-;
R’ is H, -COCHj3, -CH,CF3, -CH;, -CO,;CH;, -CONH,, or -CO;H.

15  as well as solvates, hydratcs, tautomers and pharmaceuticaily acceptable salts thereof.

In another embodiment of the invention:



Zis 1-1; Jis al, or Xisl Ry>rON RLRYFrRzI RY .54, R Rl
.,.,"--1RY, ¢, ir N,RR RIRY R-7isc"/Nr, -....".0" 1, or , RL
Rz 5 FeRza.lze

H " H

; HNR NH, HN"Y N s N/
W is . /];?—% oy J;}-—— oy ,[ N,}—s | 3{[ I\%—S‘\O |
Cl Cl
HN) HN HN HN
'}‘s’k\Ni\::N ' };];}—Br , I%J{-,: < , %Jé’é

H
%A‘N , %EN/ 6’8“0 : },;&:Q\::N SNy =N
HN
\
, or }%@\:‘:N .

R2 is
},;OL , 3,{@ . IO . 'a,l‘o/
f‘g@o,or b
ZisH;
Jis CH, or N;
1 oy 1 @y 1 Ry R!
i },,R R },,R RY e }J,R Rle R?
=0
y i oy N\Ra ’ ¥ © 5
5 R RzO R e R e , or R

wherein R! is -OH, -CN, -NA'A?, -S0,CH;, -COOH, -CO,CHs, -CH,-NA'AZ, -
CONH,, -CON(CHs)z, -CH;0H, -OCH;CH,;N(CH;),, -NHCH,CH,CO,CH;, -
NHCH,CH,0CH;, -NHCH,CH,NA'A?, -OC.4alkyINA' A%, -OCH,CO,H, or
tetrazolyl;
10 AlisH, or -CHs;
A% is H, -CH,CH,OCHj3, -COCH3, or -CHj;

10



wherein Rl is -OH, -ON, -NA1A2, -S02CH3, -COCH, -CO2CH3, -CH2-NAlA2,
- CONH2, -CON(CH3)2, -CH20H, - OCH2CH2N(CH3) 2, - NHCH2CH2CO2CH3, -
NHCH2CH2OCH3, - NHCH2CH2NAI A2, - 0Comalkyl NAI A2, - OCH2CO2H, or
tetrazolyl;, 10 Al is H or -CH3; A2 is H -CH2CH20OCH3, -COCH3, or
-CH3; alternatively, Al and A2 may be taken together with their
attached nitrogen to forma heterocyclic ring selected fromthe

foll owi ng: r\d- Rbb- Nafemptivély, A'Gn)l AAn§ N4 tak& topathdrwilBHRGRthRd nitrogen
- COCH3; .. .
to form a heterocyclic ring selected from the following:

N O/ ™\ ==
o\_/N—ﬁ— R‘"’—NC/\N-g- X N N0

, o R N R
and \:)N'g' ;
R™ is H, -Cqayalkyl, -CH,CO.H or -COCH;;
5 RY is H, or -CHj;
R?is H, -CH3, or may be taken together as —-CH,CH,-;
R’ is H, -COCH3, -CH,CF3, -CHj, -CO,CHs, -CONH,, or -CO,H.

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

>

In another embodiment of the invention:

Wi N AN\ HN
y 18 %[;)\\N , }%A—Q\;‘N or 3{@\::'\! ;

R?is @O/ ﬁ;@ . k@i/ }{Q,O
or ‘H,’E)L

ZisH;
Jis CH, or N;
W R* R RE R
X1s o
RZO R RZ RZ ' or Rz
15 wherein R! is -OH, -CN, -NA'AZ -S0,CHs, -COOH, -CO,CHa, -CHo-NA'A?, -

CONH,, -CON(CHs)s, -CH,0H, -OCH,CH,N(CHs),, -NHCH,CH,CO,CHs, -
NHCH,CH,0CHj3, -NHCH,CH,NA'A?, -0C1.4alkyINA'A?, -OCH,CO,H, or
tetrazolyl;

Alis H, or -CHj;
20 A?is H, -CH,CH,0CH;, -COCH3, or -CH;

11



5RY is H or -CH3; leis H -CH3, or may be taken together as
-CH2CH3-; R3 is H -COCH3, -CH2CF3, -CH3, -CO2CH3, -CONH2, or -CO2H.
as well as solvates, hydrates, tautonmers and pharmaceutically
acceptabl e salts thereof. In another embodiment of the invention:
15wherein Rl is -OH, -CN, -NALA2, -S02CH3, -COOL!, -CO2CHS,
- CH2- NA1A2, - CONH2, CHS)Zl 20H OCI-lZCI—lZN(CI—B%
- NHCH2CH2CO2CHB, - rﬁiﬁm&\z by-t2kem tagethay mthAYedn akipehrppitrogen
- OCH2CO2H, or tet razo{o%mlf‘hetér%cﬂéhcﬁﬁ segéﬁd 6fARe foBodng; CH2ZCH2OCHS,
- COCH3, or alternativel y, A e taken toget her with
their attached nitrogegh W @ etgg;’_éy Ilw‘\wﬂg sel ected fromthe
fol | owi ng: rThrTh 0N—3\—’Rbp - ,CO-"\N/ “s-tv and 04- ; Rbb
is H -CH2CO2H or -COCH3; 5V is H, or -CH3; Rz |s H, -CH3, or may be
t aken together as -CH2CH2:~ i

and CN ;

R™ is H, —Cq.42lkyl, -CH;CO,H or -COCH3;
5 RYis H, or —CHsz;
Rz is H, -CH3, or may be taken together as -CH,CH,-;
R? is H, -COCH;, -CH.CFs, -CHj, -CO,CH;, -CONH,, or -CO,H;
as well as solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof,

In another embodiment of the invention:

10
Wis HN
\ /Q\
}f,fk\;}\.___N or ja,, . =N ;
RZis @ ,@L
‘zt‘ﬂ , or 1”; ;
ZisH;
JisCH, orN;
R! 4 1
f N R }s'R RZ R‘]
O 70, O
S . N3 , S
15 R '

wherein R! is -OH, -NHj, -N(CH3),, -S0,CH3;, -COOH, -CO,CHs, -CHj-
morpholinyl, -CONHz, -CON(CHj3),, -CH;OH, -OCH,CH,N(CHs);, -
NHCH;CH>0OCH3, -OCH2CO:H, morpholinyl, piperazinyl, N-methyl piperazinyl,
piperazinyl-CH,CO.H, or tetrazolyl;
20 R*is H, or -CHs;
R’ is -COCH3, -CHCF;, or -CO,H;

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

25

12



R 3 is H,

as sol vat es,

-COCH3, -CH2CF3, -CH3, -CO2CH3, -CONH2, or -CO2H, as well

hydrates, tautoners and pharnmaceutically acceptable

salts thereof. I n another enbodi nent of the invention: 10 Wis
HN--%it--%, or 3tri---N Zis H JisCH or N Xis R 0e R 15
Az; wherein R is -CH -NH2, -N(CH3)2; -S02CH3, -COOH, -CO2CH3,

- CH2-

10

15

20

In another embodiment of the invention:

R R4
‘ HN HN—) AN HN—§::§
W is %&;\S\R‘* _ ﬁ,:Q\R‘ o &,\N oAy

N-N
l‘g’[;\)\ Rf ,or l’&N»\R‘l ;
H

wherein each R? is independently H, F, Cl, Br, I, OH, OCH;, OCH;CH3, SCqaalkyl,
SOC.alkyl, SO;Caalkyl, -Ca.zalkyl, CO;RY, CONRRY, C=CRS, or CN;
whercin R%is H, or -Cp.zalkyl;
R®is H, or -Cgsyalkyl;
R¥is H, or -Cy.ayalkyl; and
R is H, -CH,0OH, or -CH,CH,0H;

R%is ecycloalkyl (including cyclohexenyl, and cycloheptenyl), spiro-substituted
cycloalkenyl (including spiro[2.5]oct-5-enyl, spiro[3.5]non-6-enyl, spiro[4.5]dec-7-
enyl, and spiro[5.5]undec-2-enyl) heterocyclyl (including piperidinyl),
spirosubstituted piperidinyl (including 3-aza-spirof5.5Jundecanyl , and 8-aza-
spiro[4.5]decanyl), 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, hydroxy, Cq.
zalkyl, and Cq.galkyl (said substituted cycloalkyls include 4,4-dimethyl
cyclohexenyl, 4,4-diethyl cyclohexenyl, 4-methyl cyclohexenyl, 4-ethyl
cyclohexenyl, 4-n-propyl cyclohexenyl, 4-iso-propyl cyclohexenyl, and 4-tert-butyl
cyclohexenyl; said substituted piperidinyls include 4-methyl piperidinyl, 4-cthyl
piperidinyl, 4-(1’hydroxyeth-2’yD)piperidinyl, and 4,4 dimethy! piperidinyl);

ZisH, F, or CH;;
JisCH,or NN,

13



nmor phol i nyl, -CONH2, -CON(CH3)2, -CH2OH, -0Cl-12CH2N(CH3) 2,
NHCH2CH2OCH3, - OCH2CO2H, nor phol i nyl, piperazinyl, N nethyl
pi per azi nyl, piperazinyl-CHCO2H, or tctrazolyl; 20 R"' is H, or
-CH3; R3 is -COCH3, -CH2CF3, or -CO2H, and solvates, hydrates,
taut omers and pharnmaceutically acceptable salts thereof. 25 In

enmbodi nrent of the invention: N-N | CCN /R4 :

slie-Niouilsegitey

wherein R! is -Cq galkyl, -OR®, -CN, -NA'AZ, -S0,CH;, -COOR®, -CO,CH;, -CH,-
NA'A?, -CONA!A?% -CH,OR?, -OC1.42lkylOR?, -NHCH,CH,CO,R? -NHCH,CH,OR?, -
NR*CH,CH,NA'A?, -0OCq 4yalkyINAA?, -OCH,CO,R?, -CH,CO:R", -CH,CH,S0,Cy.

5  galkyl,-SO,CH,CH;NA'A?, -SOCH,CH,NA'A?, -SCH,CH,NA'A?, -
NHSO,CHCH,NA'A? phenyl, imidazolyl, thiazolyl, 4H-[1,2,4]Joxadiazol-5-onyl, 4H-
pyrrolo[2,3-blpyrazinyl, pyridinyl, [1,3,4]Joxadiazolyl, 4H-[1,2,4]triazolyl, tetrazolyl,
pyrazolyl, [1,3,5]triazinyl, and [1,3,4]thiadiazolyl;

R* and RY are independently H or -Cjy.qjalkyl, wherein both R* may have either syn
10 or anti stereochemistry; alternatively both R in a syn relationship may be taken

together to form —(CHp)n-, wheren is 2 or 3;
R3 is H, C([.q)alkyl, CHzCHzNHz, CHzCHzOR“, -COCH3, CONHz, or COzRa;

15 Alis H, -Cq.alkyl, or CH,CH,OR?
A% is H, -C(galkyl, COR®, CH,CON(CH3);, -CH,CH,OR* (including -CH,CH,OCHs), -
CHoCH,SC1 yalky! (including -CH,CH,SCH3), -CH,CH,SOC; syalkyl (including -
CH;CH,SOCH3), or -CH;CH,80,Cj.9yalkyl (including -CH>CH,S0,CH3);
alternatively, A’ and A% may be taken together with their attached nitrogen

20 to form a heterocyclic ring selected from the following:

R Rah R}
RE"{:)NE- o>_/N-§- R‘“’—N)_\N'E- H >_\
ag ? R 2 >__/ 4 0 >_/
R Re
Rﬂ
- b :
N(_)N-s-’ SO e :
Ra

wherein R” is H or Cy.qalkyl;
R™ is H or Cipalkyl;

14



wherein each Rd is independently H F, d, Br, |, OH 0C113, OCH2CH3,
SC(l)al kyl, SOCo_oalicyl, SO2C0-4)al kyl, CO2Rd, COWM , C CRg, or CN,
S5wherein Rd is H or -Co _3)alkyl; Reis H or -00_3)alkyl; Rf is H,
or -C(l _3)allcyl; and Rg is H, -CH2OH or -CH2CH2OH, 10R2 is
cycloal l cyl (including cyclohexenyl, and cycloheptenyl),
spiro-substituted eyel oal kenyl (|nclud|ng spiro[ 2. 5] oct-5-enyl,

spi ro[ 3. 5] non-6-enyl , spi rRif & B]-dpcplyl, eO5 CH,@0H,CH,OCH3, -CH,CO.H, -

spiro[5.5]undec-2-eny|) he peridi nyl),

spi rosubstituted piperi di n‘;@ie @‘Md‘i’r SPL%&@Q E)LFJFIO[5 5] undecanyl
and 8-azaspiro[4.5]decanyl), thiophenyl, dihydrosulfonopyranyl,
phenyl , furanyl, 15tetrahydropyridyl, or dihydropyranyl, any of which
may be independently substituted with one or two of each of the

foll ow N  dhlag@ederrdd cdodimehyedti@ifivention: 3) al kyl , and C0. 44) al kyl
(said substituted cycloalkyls i ncl ude 4, 4- dlnethI cyclthXenyI

4, 4- di et hyl ﬁycloh?EEE%TK %Znnugﬁgh_¥clohexe N, 4 et hyl /
4-is Bﬁ J&ﬁ?_ |,

cycl ohexenyl Q 8yc|o ¥l cy and
4-tert-butyl 20cyc1ohcxeny| d substi tut perldln | s EPC ude:

4- et hyl pi peridi nyl -ethyl plperldlnyl
4- (1" hyd th 2' d 4,4 dH [ [y 1); Z
8 B TR LR “’%— By ) 2
HN"Q Ny H B
Ay , ,%;[a\?_c‘;’s“o , %A_l}\::N , 5‘5@\::“
HN
or §{£;}¥~55N .
SN e INs “INo SN o o}
OO o O
: %N: d/ 3%@:
ZisH;

JisCHorN;

Rz R?

15



Rl Rz RY R13.-/?? N3 RL Rz RY Rz, or wherein R is

-C(1_4)al kyl, -CN, -NA1A2, -S02CH3, -000le, -CO2CH3, -CH2- NALA2,

- CONAI A2, -CH2012", -0Cumalicyl O, -NHCH2CH2CO21e, - NHCH2CH20le, -
NRaCH2CH2NA1A2, -0Conmal kyl NA1A2, -OCH2CQ21r, -CH2CQ2le, - CH2CH2S02Co.
5 cnal kyl, -302CH2CH2NAI A2, - SOCH2CH2NAI A2, - SCH2CH2NAI A2, -
NHSCJZCHZCHZNAI A2, phenyl, imdazolyl, thi azol yl,

4HA1, 2, 41oxadi az cwheﬁamnyh ouﬂcmwm‘@f’-p{smge}m}@@@nz FOGYCILpYOTT N AN, -

[ 13 8] oxadi 2ol Yoy S L bl HAERIOMCOL R RRE L Y R brcg
|ndependently H @)C(mﬁ@@mﬂM?yJQC}M@Elﬂartb@ézblyR may have either syn

10or anti stereochem ;rﬁ{' al ternatively both Rz in a syn
rel ati onship may be t&kBi»Cbgétther to form-(CH2).-, where nis 2 or

3; R3 issH, C(IA) al kyh? isGHRHTNDCHGH Zﬁdm;l@ CHg;OCH3 CONH2, or

R T AT L A N SRR

CH2CH2SCGAal kyl (i ncl %dbﬂﬂ%he@#&@bﬂeﬁ@i@@elemmaﬂﬁeﬁaﬂ% {1 cyl
(including - CH2CH2SOCH3), or éaCI%20142802004) al kyl (i ncluding

- CH2CH2S02CH3) ; R >_\ Ra>_\ R3 Ra>_\
Ra‘CN_E_ 0>_/N'§' RED ”_é_ st)_/’[\ -g— O=S>_/N§—
RBE ? R * Ra ? Ra ? Ra ?
Ra
N-‘;-/Né , El>_/ 5 , and Ew-ﬁ
R
R"is H, or -C(l_q)alkyl;
10 R™is H, or ~-Cqgalkyl;

R is H, ~Ca.salkyl, -CH.CO,H or -COCH3;
RYis H, or —-CHj;
R*is H, -CH3, or may be taken together as ~-CH,CHy-;
R*is H, -COCHs, -CHs, ~CO,CH3, ~CONH,, or -CO,H.

15 as well as solvates, hydrates, tautomers and pharmaccutically acceptable salts thereof.

In another embodiment of the invention;

16



alternatively, Al and A2 nay be taken together with their attached
nitrogen 20to forma heterocyclic ring selected fromthe foll ow ng:
Ra 0)\ Irb-NNi- Ra Rai>\ rt.:\Ni-SNI- , and Ra wherein le is H or
Co.4)allcyl; R" is Hor Comal kyl; Rbb is H -CH2CH20CH2CH2OCH3,
-CH2CO2H, - C(0)C(JA) al kyl, or -CH2C(0) Comalkyl. wherein Rl is -OH,
-CN, -NA1A2, -S02CH3, -0001r, -CO2CH3, -CH2-NA1A2, - CONAI A2,

- CH2012", - NHCH2CH2CQ2r ‘I_l}IHCHZCH2012" - NHCH2E8H2NAI A2, - H

0C04) al | cyl 111 .H r\tetrazoly N I A’s H, - ;. 5A2
oDl Y Nye, MO LS bt

-vlh alterna Y, Ray be
taken together with their atta ed nltrogen oé[orma h tergpycllc

ring selected fromHhh followng: Re)Re) \
vy e 'S— J:\S

Ny AN
-Q %,[N)—C,),S\\O | }%A}\;N | %@\;\N

R*is
YOINORNS RN
,Qo,or X ;

ZisH;

Jis CH, or N;

1 1 1
R'" RY R
. Z . RZ ~ Rz
Xis f S
g=0 R3 0 S
l ] ]
RY R , or RZ

5
wherein Ri is -OH, -CN, —NAIAZ, ~80,CH;, -COOH, -CO,CH;, -CH-NA'AZ, -
CONHs, -CON(CH3);, -CH;0H, -OCH;CH;N(CH3)., -NHCH,CH,CO,CHs, -
NHCH,CH,0CHS;, -NHCH,CH,NA'A?, -OC;.4alkyINA'AZ, -OCH;CO,H, or
tetrazolyl;

10 AlisH, or-CHs;

A?is H, -CH,CH,0CH;, -COCH;, or -CHa;

17



0O=5 NI- , ReRe S, and RBRais H or -C(ht)alkyl; leais H or
-C(1.4)alkyl; Rob n _ Cu.4)alkyl, -CH2CO2H or -00C113; BY is H, or
-CH3; Rhis H -CH3, or may be taken together as -CH2CH2-; R3 is H,
-COCH3, -CH3, -CO2CH3, -CONH2, or -CO2H. 15 as well as sol vates,
hydrates, tautoners and pharmaceutically acceptable salts thereof. In

anot her enbodi ment of the invention: 2, ON Zis H
alternatively, A® and A% may be taken together with their attached nitrogen

to form a heterocyelic ring selected from the following:

le| .N"‘ bb_/—-\__ OQ-S/_\N__ Ng\ S
/ b e “\_/Ng dAs 5 , ‘-\~/N§,

5 ?

and CNé ;
R™ is H, -Cyygalkyl, -CH,CO,H or -COCHs;
5 R¥is H, or -CHg;

R”is H, -CHjs, or may be taken together as -CH,CH;-;

R’ is H, -COCHa, -CHs, -CO2CHs, -CONHa, or -CO.H.
as well as solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.
In another embodiment of the invention:
v 3‘%@\::” , ‘:L}\;‘N or ZH,]:ID\:?N .

10 ’ '

R’ is gU 32;@ , k,JO}\/ }%@..@
Lor "{@L

Zis H;
Jis CH, or N;

e T e B e PR
%50 , N N\Ra s O S ;
reC R Re A R®

15 wherein R is -OH, -CN, -NA'A?, -S0,CH;, -COOH, -CO,CH;, -CH-NA'A?,
CONHa, CON(CHa),, -CH0H, -OCHCH,N(CH3),, -NHCH,CH,CO,CH, -
NHCH,CH,0CH;, -NHCH,CH;NA'A%, -0Cy palkylNA'A?, -OCH;CO,H, or
tetrazolyl;

AlisH, or -CHj;
20 A?is H, -CH,;CH,0CH;, -COCH, or -CHj;

18



Jis CH or N RIRYRIRyRIRyRI  Xi s zR zR zR 5 RY- |

alternatively, A' and A% may be taken together with their attached nitrogen

to form a heterocyclic ring selected from the following:

O::s ng- NN

A I\
[} N-g- pbb__ 2.
N/ E R N\___./Ng (o A WA "'\*/N >

» 2
and CN'g' ;

R® is H, —C;_gyalkyl, -CH,CO,H or -COCHi;
5 RYis H, or—-CHs;
Rz is H, -CHa, or may be taken together as ~-CH2CHj-;
R*is H, -COCHs, ~CH3, -CO,CH;, -CONHa, or -CO-H;
as well as solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

In another embodiment of the invention:

10
Wis HN HN
\ 3
%A\}\\N o }g‘? M =N :
e I JOF
% Jor % ;
ZisI;
Jis CH, or N;
R} q 1
¥ LR +R R? R
o Nogs © )
15 R ;

wherein R* is -OH, -NH,, -N(CH3)3, -S0,CH3, ~COOH, -CO,CHa, -CH,-
morpholinyl, -CONH;, -CON(CHa),, -CH20H, ~-OCH,CH,N(CHa)y, -
NHCH2CH>0CH3, ~OCH,CO,H, morpholinyl, piperazinyl, N-methyl piperazinyl,
piperazinyl-CH,COH, or tetrazolyl;
20 R*is H, or -CHz;
R’ is -COCH;, or -COH;

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.
Another embodiment of the invention is a compound selected from the group consisting of:

25
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Rz 8 RY Rz NR3 Rz or ,y8 Rz wherein Rl is -OH, -CN, -S02CH3, - COQON,
-CO2CH3, -Cl112-NAlI A2, - CON1- 12, -CON(CH3)2, -CHOH,
- OCH2CH2N( CH3) 2, - NHCH2CH2C2C113, - NHCH2CH2OCH3, - NHCH2CH2NA1A2,
-0C(1.4)all cylNAI A2, -OCH2CO21-1, or tetrazolyl; 10

oI,
H HN’\<
O N\n)<~N
\N/\/O 4]
]
0 ;

o7

H HN’\<

o O
@]

HOJ‘K/ °

20



Al is H or A2 is H -CH2CH2OCH3, -COCH3, or -CH31 alternatively,
Al and A2 may be taken together with their attached nitrogen to form
a heterocyclic ring selected fromthe follow ng: orM\-1- Rbb_ dThit
Y\N-1- Na 3 1,N3-\/ , 0O \--/-6¢c---/555 and C\t ; Rt is

H, - CH2CO2H or -COCH3; 5RY is H, or -CH3; 12, is H -CH3, or may be
taken together as -CH2CH2-; R3 is H -COCH3, -CH3, -CO2CH3, -CONH2,
or -CO2H. as well |as sol vates, hydrates, tautoners and

pharmaceutical ly eptablsg salts thereof. In another enbodi nent of
the invention: i HN
o
HaN o)
0 ;
SI4
HHN\
o N,
N
QoY
O

o :
Soxd
HN‘\ H\I;ILN\
SPSA!
5 C ;

21



15wherein Rl is -OH -CN, -NA1A2, -S02CH3, -COOH, -CO2CH3,

- CH2- NA1A2, - CONH2, -CON(CH3)2, -CH20H, -OCH2CH2N(CH3) 2,

- NHCH2CH2CO2CH3, - NHCH2CH2OCH3, - NHCH2CH2NAI A2, - OCH2CO2H, or
tetrazolyl; Al is H or -CH3; 20A2 is H, -CH2CH20OCH3, -COCH3, or
alternatively, Al and A2 nay be taken together with their attached
nitrogen to forma heterocyclic ring selected fromthe follow ng. rTh
g Rob nt,44. ;s and . Rob is H, -Conmal kyl, -CH2CO2H or - COCH3;
SRY is H, orysCH3; Rz A5\H, -CH@f‘or may be taken together as
-CH2CH2-; R3 1'g=Hl, - -CH3/ - CO2CH3, -CONH2, or -CO2H, as well

as solvates, hydrates, {tautomry, and pharmaceutically acceptable
fment of the invention: 10

salts thereof. Ei??no
N

oo
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Wis , or \ or N Xis :srRI "R3l z, or 15 wherein Rl is -OH -NH2,
-N(CH3) 2, -302CH3, -COOH, -CO2CH3, -CH2- norpholinyl, -CONH2,
-CON(CH3) 2, -CH2OH, - OCH2CH2N( CH3) 2, - NHCH2CH20OCH3, - OCH2CO2H,

nmor phol i nyl, piperazinyl, N-methyl piperazinyl, piperazinyl-CH2CO2H,
or tctrazolyl; 2012." is H or -CH3; R3 is -COCH3, or -CO2H;, and
sol vates, hydrates, tautoners and pharnmaceutically acceptable salts
t hereof . Anot her €nmRodi nent of the invention is a conpound sel ected
fromthe group cstl n of : 25

H\([B\

"

A

nﬁ}\l‘N
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S and sol vates, hydrates, tautomers and pharmaceutically
acceptabl e salts thereof Another enbodinment of the inventionis a
conpound sel ected fromthe group consisting of:

N

T;'LMN

o)

H
2 T
H.N
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5and sol vates, hydrates, tautoners and pharnmaceutically acceptable
salts thereof. Another enbodi ment of the invention is a conpound

sel ected fromthe group consisting of: F3C; and sol vates,
hydrates, tautoners, and pharmaceutically acceptable salts thereof
5The invention also relates to nmethods of inhibiting protein tyrosine
ki nase activity in a manmmal by adm nistration of a therapeutically
effective anount of \agt | east one conpound of Forrmula I. A preferred
tyrosi ne kinase is hi s. The invention is considered to

i ncl ude the enanti owg¥i C, AN stereoneric and tautomeric fornms of all
conmpounds of Fornulall &s velY—as their racemc mxtures. In 10

addi tion, sone Of OMOUNds r%presented by Formulae | may be
prodrugs, i.e, At i vs of an acting drug that possess superior
delivery ca i tes and therapeutic value as conpared to the acting
drug. Prodrugs areltransfornmed into active drugs by in vivo enzymatic
or chenical procéses. 15 |.Definitions The term "al kyl" refers
to both |inear and\bpanched chain radicals of up to 12 carbon atons,
ar bon at ons, unl ess otherw se indicated, and

imted to, nmethyl, ethyl, propyl, isopropyl,
butyl, isobutyl, W yHt ’%éﬁ%;butyl, pent)'!, isopentyl, hexyl,
i sohexyl, heptyl, Nﬁfﬁi%’ =ENi et hyl pentyl, nonyl, decyl, 20
undecyl and dodec The term "cycloal kyl" refers to a
sat urat ed orHgrarkd ylﬁsmurMedringcommsaioffrmn3to 8
carbon at ons. o four alkyl substituents may optionally be present
on the ring. agypl es i nclude cyclopropyl, 1,1-dinethyl cyclobutyl,
1,2,3- trimethylcycl opentyl, cycl bhexyl, cyclopentenyl, cycl ohexenyl,
and 4, 4-di nethyl 5 cyefohexenyl.

O Hj;i}\lw
[N °

i ncludes, but is

H HN
N\I])Q:-:}'\::N
HO ﬂ‘; o)

. - O Nﬁ N
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The term "allcylam no” refers to an amno wth one al kyl substituent,
wherein the amino group is the point of attachnent to the rest of the
nol ecul e. The term "hcteroaryl" refers to 5- to 7-nenbered
nono- or 8- to 10-nenbered bicyclic aromatic ring systens, any ring
of which may consist of fromone to four 10 heteroatons selected from
N, O or S where the nitrogen and sul fur atons can exist in any

al | oned oxi dati on\gtate. Exanples include benzi m dazol yl,

benzot hi azol yl , zot hi enyl , benzoxazolyl, fitryl, imdazolyl,

i sot hiazolyl, isoXazol"yTy _oxazolyl, pyrazinyl, pyrazolyl, pyridyl,
pyrimdinyl, pg ui nolinyl, thiazolyl and thicnyl. The term
"het er oat ont'™ t® a nitrogen atom an oxygen atomor a sul fur
atom 15 where he nitrogen and sul fur atons can exist in any

al | owed oxi dation states. ’ The term "al koxy" refers to straight
or branched chain Kgdicals of up to 12 carbon atons, unless otherw se
i ndi cat ed, bonded #0O~an oxyg atom Exanpl es include nethoxy,

et hoxy, propoxy, ilsgpropox nd but oxy. The term
"spiro-substituted €ycHoal yl" refers to a pair of cycloal kyl rings
that 20 share a sinagleN gh atom and wherein at | east one of the

rings is parti @l y
The conpounds

satyr atded, for exanple: 25 | LTherapeutic Uses
mula | represent novel potent inhibitors of
protein tyrao i nases, such as c-fins, and may be useful in the
prevention and @Tgat nent of disorders resulting fromactions of these
ki nases. The invention al so prbvides nethods of inhibiting a protein
tyrosi ne ki nase 308ghpri sing ﬁontacting the protein tyrosine kinase
with an effective i bitoryganount of at |east one of the conpounds
of Formula I. Ap erred osine kinase is c-this. The conpounds of
the present inventipn Ere INso inhibitors of FLT3 tyrosine | dnase
activity. In one g qF%TNof inhibiting a protein tyrosine kinase,
donmwuntds of Fornula Ifs combined with a known
nhi bitor. 5In various enbodi nents of the invention,
the protein I ne kinases inhibited by the conpounds of Fornula I
are located in%ewl's, in a mamyal or in vitro. In the case of

manmmal s, whi ch i ncludes humans, a therapeutically effective anmount of
a pharmaceutically acceptable formof at |east one of the conpounds
of Formula | is adginistered. 10The invention further provides

nmet hods of treati ancer i mamals, including

at | east one of2tJ
tyrosi ne ki nase

0

H o NN
N N
5 H
5 >
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humans, by admi nistration of a therapeutically effective amount of a
pharmaceutically acceptabl e conposition of |east one conmpound of
Formula |. Exenplary cancers include, but are not limted to, acute
nyel oid | eukem a, acute |ynphocytic |eukem a, ovarian cancer, uterine
cancer, prostate cancer, lung cancer, breast cancer, colon cancer,
stomach 15 cancer,and hairy cell |eukem a. The invention also

provi des nmethods of treagting certain precancerous |esions including
nyel ofi brosis. I n one efibpdi rent of the invention, an effective
anount of at |east one pound of Fornula | is administered in

unt of a chenot herapeutic agent. The
soN treating and of preventing
cancers that include, but are not limted
to, ovarian cance Kt e¥1 ne Cancer, prostate cancer, |ung cancer,
breast cancer, ca.gp Rcer, stomach cancer, and hairy cell |eukem a.
The invention furtherOp ovi des net hodg for the treatnent

ost eoporosi s, Paget's disease, and ot her diseases in which bone
resorption nedi ate prbidity including 25rheumatoid arthritis and
other forms of inf atory arthritis, osteoartbritis, prosthesis
failure, osteol yti arcoma, nyeloma, and tunor netastasis to bone as

occurs frequently cgn i ncluding, but not limted to, breast
cancer, prostate c K Gm?§>tﬁ¢wn cancer. The invention al so
provi des net hogs re ing pain, in particular skeletal pain caused
by tunor netast Or 6%teoarthr|t|s as well as visceral,

i nfl ammat ory, 30 neurogeni ¢ pain. The invention al so
provi des net hogs“of treating cardiovascul ar, inflamuatory, and

aut oi rmune q&;egses in mammal s, including humans, by adm nistration
of a therapeutixally effective amount of a pharnaceutlcally
acceptable formof at |east one of the conpounds of Formula I.

Exanpl es of aof sedeasesshydratds, mptoinafslapdipiamorcputingipangepttblGsaitn thergd

gl omerul gnephritis, inflammatory bowel disease, prosthesis failure,
sarcoi doSi s, congestive obstructive pul nonary di sease, idiopathic

pul nonary f iAnothet smbaaigndrhel thpmmentioa is a dogipottideleritdiom dire, grppaonsisging of:
di abet es, tunor rel ated angi ogenesi s, age-rel ated macul ar
degeneration, diabetic retinopathy, restenosis, schizophrenia or

Al zhei mer' s denenti a. ese may be effectively eat ed mn h conpounds

of this invention. O 10 di sggdses that may eveffecti Iy treated
i nclude, but are not 'ted t o/ at her oscl er03|nd car
el s such as syst e cHl i

@ fftis, and other Nlnflammtory

ogre&n' s syndrone 5ulu | erosi s,

uveitis, can al so B& treated with co 8 h|s I nvention. 15The
term "therapeuti c effective armun " as us¢d herein, nmeans that
anount of active ctdfpound or pharfraceutical™cagent that elicits the

bi ol ogi cal or nedicinal response in a tissue system ani mal or human
that is being sought by a researcher, veterinarian, nedical doctor or
ot her clinician, which\ ncludeSNaIIeV| on, prewention, treatnent,
or the delay of the o t or pfogressi pf the /ynptons of the

di sease or disorder beyhgytH ed. 20

erythenatosus r heu
arthritis, psoriggis

>
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When enpl oyed as protein tyrosine kinase inhibitors, the conpounds of
the invention may be adm nistered in an effective amount within the
dosage range of about 0.5 ng to about 10 g, preferably between about
0.5 ng to about 5 g, in single or divided daily doses. The dosage
adm nistered will be affected by factors such as the route of 25

adm ni stration, the health, weight and age of the recipient, the
frequency of the treatnent and the preseRge of concurrent and

unrel ated treatnents. It is also apparent to one skilled in the
art that the therapeuticgally effective egﬁﬁ

fol_rwJ onpounds of the
present invention or a_pgfarnmacemtical %]tié%}ng{eof wll vary
ed eLE/ect. TheneTpt e‘(l(\)b}ti mal dosages to be
" e

30 according to the deg
i ni er m hd

will vary with thg par
adm ni stration, the"
In addition,Jfactors associated with the
particul ar subject bé&'ng treated, in¢lufing subject age, weight, diet
and time of admnistration, will result in the need to adjust the
dose to an appropriate rapeutic level. The above dosages are thus
5 exenpl ary of the ave case. There can, .of course, be individual
i nst ances where hi gher | Quen-qosage rangag are nmerited, and such
are within the scope of ‘bim i : J hen-qonpounds  of

d ilht 0" phar maceutiga SNtions
ac&utically asc abl g carriers. Exenplary
carriers include, are not limted t@ ~any suitable solvents,
di spersi on nedi a, 41 ngs, antibacterjalyand 10 antifungal agents
and isotonic agents. Exenplary excipié€nts that nmay al so’ be conponents
of the fornmulation include fillers, binders, disintegrating agents
and lubricants. The pharnaceutical |l y-acceptable salts of the
conpounds of Formula | include the copvwentional non-toxic salts or
the quaternary ammpnium salts which afe . forned frominorganic or
organi ¢ acids or s. Exa es of § acid addition salts include
acetate, 15 adi pat benzoat£, benzengSulg oH , Citrate, canphorate,
dodecyl sul fate, hydfocphl om-g8e, hydr obrui C , mal eat e,
met hanesul f onat e, t LRt edl okal atmg al atle, propionate, succinate,
sul fate and tapgr g Base jgal ts iAClvide ammoni um salts, alkali netal
salts such as p ané)potassi mgalts, alkaline earth netal salts
such as cal ¢y d magnesi um sal ks, salts with organic bases such as
di cycl ohexyl anippd, sal ts and salg=8,. wi th am no acids 20 such as
arginine. Also, the basic nitrogen-containing groups may be
quat eni zed whd BivafedmyRra@SRkhBomat kid phaﬁildcgﬁﬁa11yTia@e£%wsaﬁ§:ﬁ&E¢§ al
conpositions of the invention may be adm ni st'ered by any neans t hat
acconplish their intended purpose. Exanples include adm nistration by
parenteral , ASBREUHIGMSI of tBH L ANBHPIS coPbun@IMSGSH Bdm the group consisting of:
i ntraperitoneal, transdermal, buccal 25 or ocul ar routes.
Al ternatively or concurrently, adm nistration my be by the oral
route. Suitable fornmulations for parenteral adm nistration include
aqueous solutions of the active conpounds in water-soluble form for
exanpl e, water-soluble salts, acidic solutions, alkaline solutions,
dextrose-wat er sol utions, isotonic carbohydrate solutions and
cycl odextrin inclusion conplexes. 30The present invention also
enconpasses a nethod of making a pharmaceutical conposition
conprising mxing a pharmaceutically acceptable carrier with any of
the conpounds of the present invention. Additionally, the present
i nvention includes pharmaceutical conpositions nmade by m xing a
phar maceutically acceptable carrier wwth any of the conpounds of the
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5anmounts, as well as any product which results, directly or
indirectly, fromconbinations of the specified ingredients in the
speci fi ed anounts. Pol yi norphs and Sol vates 10 Furthernore, the
conpounds of the present invention rmay have one or nore pol ynorph or
anor phous crystalline forns and as such are intended to be included
in the scope of the invention. In addition, the conmpounds may form
sol vates, for exanple Yth water (i.e., hydrat es) or common organic
solvents. As used her t he tgjm "sol vate" nmeans a physi cal

associ ation of the con nds the present invention with one or
nore sol vent 15 nol eculles. physi cal associ ation invol ves varying
degrees of ionic a ' \mu\ﬂondlng i ncl udi ng hydrogen bonding. In
certain instance vabe Wi be capable of isolation, for
exanpl e when on i
crystal lattige the crystalline solid. The term"solvate" is

i ntended to feficonpass both sol uti gn-phase and i sol atabl e sol vates.
Non-limting exanpl gs of suitable solvates include 20et hanol at es,

met hanol ates, and tb& like. It is intended that the present invention
include within its pe sol vawes of the conpounds of the present

i nvention. Thus, e metipgds of treatnent of the present

invention, the termladwy nist2ring” shall enconpass the neans for
treating, aneliorgd orff prgventing a 25 syndrone, disorder or

di sease describes £ n M th the conpounds of the present invention
, wWhich woul d obviously be included within the
scope of thq/inv-ntion al beit not specifically disclosed. 30 Methods
of Preparati@a ' Schene 1 N 2 J*1- 1-1 | 1) Hal ogenation 2) R2M

O
&y
O
oSS
&)
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Schenme 1 illustrates general nethodol ogy for the preparation of
conmpounds of Formula | where BY is X (when X is available in starting
material or prepared as shown in |ater schenes) or conpounds of
Formula 1-6 where BY is a |eaving group (preferably brono, chloro, or
fluoro) that are useful internediates used in |ater schenes. To
illustrate 10 the nethodol ogy of this schenme, reagents and conditions
for the conpound where J is CH are defined. Those skilled in the art
will recognize 2 is N, mnor nodifications of the reaction
condi tions an agents may be required. Am nes of
Formul a 1-1 may-~be ga! aIIy avail abl e or can be obtained from
nitro conmpounds Ngf

nmet hodol ogy (see 15

Wley, New York, 1984)
hydr ogenati on using a paI

Nn Organic Chemistry, M Hudlicicy,
lbreferred conditions are catal ytic
-dlun1catalyst in a suitable solvent such

as net hanol or ethanol. In cases where BY is a hal ogen and not
avail abl e as am la 1-1, nitro reductions may be perfornmed
using iron or OZIMCCNI itt.abl e sol vent such as acetic acid, or

oride in ethanol and water.

Conmpounds of 2 mhere R2 is cycl oal kyl can be obtai ned by
or t hohal ogenati on, “p |y Hronlnatlon of am no conpounds of
Fornula 1-1 fol | owed b égr catal yzed coupling reactions with
boroni c acids or boromite ters (Suzuki reactions, where RRMis
R2B(OH) 2 or a boronic estdﬂ see¢ N. Myaura and A Suzuki, Chem
Rev., 595: 245 9 ukl n Co l,i n

React i on.  FRd el tdpfes MHEAES ool iRt P ESE IR GRRE. 105

or tin reagents (Stllle reactions, where RZMis R23n(a||cy1)3 see J.

K. Stifle, Ange 08- 5 986

STl Angoy ook B s oo R e RO o e
such that i ¢$namamal Wa&ihmm‘atmmbﬂ aymmlmuuéaﬂig effeive aounn of d1éeast one

netal -catal yzed ¢ i ng, r-e ctl 10 this compound is
connerciallé'ﬂvﬁpggg+ hﬂr Qﬁ '%%Wﬁ?k?8%§s$%$&the broningPion of
1-1 are N-br onosnhmhvénrmmjs coidRijeditminaludeiht aidndomaicy diastersatndricand
N,N—dinethy rnanlde dic one ..or _acetonitr

et al - cat al JERHRES G AR CmRaPE ah P RlR dh ol 5t Biaiie gt 1n ©

per f or mad ?edtmiah , Sugnd af tlsd @nqbaﬁrdis r@tdsaﬂi@]l y@Bormilael ayald prodragst e,
presence o |un1ca S

tetrakis(tr Bﬁ%’é?)“ﬁ‘f‘% é} } %?ff"tﬁ?f{”@?“‘fé‘e'(“ﬁ&( wppolles andiheripplit us
base such aQalué\ﬁmared ﬂ:dhaarmug tap Brodfoy i trasdi@thed tnid adtivedgs by in
ethanol, 1,4 dloxane(5 % qd’ et hane (DME), or DMF. Conpounds of
Formul a 1- 2 A EHRIMAS0 ore FIYPEH ami no (for exanpl e, piperidino)
can be obtai ned by nucleophlllc aromatic substitution of |eaving
groups V (p efenégL fluor or chloro) from conpounds of Formula 1-3
that are> ac ‘| vat %%quhe nitro group with 20 cycl oall cyl am nes (R2H;
for exanple, pi pﬁfatelmﬂfa)kyl Trefefi80 PGB HERE %ﬁra@hﬁi&hﬁﬁbﬁ(ﬂcm sych as

K2CG3, N, N—d| SO | am ne (Dl EA NEt ive ¢ unds, 1-4,
fol l owed by® E‘d’tﬁ@ ﬁfegﬂr‘h@{m’ 19i6tcp O@Ffeﬁﬁ uplesgyf %ff”? it 88:}%8 "ﬁﬂ’é‘
am no gr oupbitis £ NRSEN S medh F@thﬂuﬂ)r@pﬁ isorfedbyl, HosD @But?pbﬂélb@?i \Mrt-thtﬂ

het er ocycli c aC|d Pl - WCOOH correspondln salt thereo
P - WOOOMR, fféYlesqpentyl h%fl»L§°heWé hertylkgotyines4- Weﬁlﬁlpwlo‘t%l?bml
protect hg @ik ahd 8ddeptampl e 2- (trinethyl silypethoxymethyl (SEM
such as when Wis imdazole, triazole, pyrrole, or benzim dazole) or
where Pl is not present such as when Wis furan. (For a list of
protecting groups for W see Theodora W G eene and Peter G M Wits,
Protective Goups in Organic Synthesis, John Wley and Sons, Inc., NY
(1991)). The coupling can be 30 carried out according to standard

30
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(1984)) or by reaction with acid chlorides PI-WOC or activated
esters PI-WCO2V (where V is a |eaving group such as pentafl uorophenyl
or N-succinimde) to form conpounds of Forrmula 1-5. The preferred
reaction conditions for coupling with PIWCOCH or P'-WCOOWVR are: when
Wis a furan (optional protecting group PI not 5 present), oxalyl
chloride in dichloromethane (DCM with DMF as a catalyst to formthe
acid chloride WOOGE: temctcidialkytOefets tag sdtiratcl or REtRIQ RE@OR4tedring composed

triallcylam su s NWj i sopyopyl et.hyl am.ne (DTEA); n Wis a
oyT rol & ( opt T DR it o oot sdourBeah ey obtonslirbe pesest o
1- ((1 3-1 di hms*éI hwhagﬁ@maﬁ@wihf&debmdg@ybggmmtﬁﬂ e, ppi deI (EDCI)
and 1- hydroxybenzotriazol e . an n Wis ap | zol e,
pyrrol e or %ﬁfﬁﬁé&ﬁ%@@ﬁfﬁclé@% Wﬁgipewnyg FEC\S{V%}WE‘WVE ﬁ%‘sn‘fyg'g‘f"é‘?ﬂ%d
condi tiorss afyeloldxensal ri pyrrolidi nophosphoni um hexaf | uor ophosphat e
(PyBroP) and DI EA in a solvent such as DCM or DM, . Wien Win
compounds of For riif i -gkdaming} relemytogpamiieayithans elkyt suhgitg b Hyeren the
nmentioned praMh@sshyis tuetGpoﬁaafaﬁcmﬁéﬁemﬂe ralt of e ndd@uB! to give
conpounds of Fornula 1-6. For ”exang)IE%I, when Wi s imdazol e protected
on nitrogen withThe SEY Batemy!” refers Semta Bmspdeisd 819Rc108 St ni@vembgradn
ei ther aci diggeycBAEBRAE rBIgGhstéis, by ﬁﬂﬁtmﬂmeﬁa(v&oﬁéﬂt df frdiBde Rfordr! UOr i de
sources such as tetrabutyl anmoni um fl uori de (TBAF) 1(ugee G eene and

Wits aboWe) heteroatomspslggied fom N, Ocor Griheresthopitrogmand pliug afaps cfrsishin any
Formula | (ialiBwed &:9dabh Sath- BxiREsSnctideDenDim{MBI 1A ehstiliRly1, benzothienyl,
derivatized. Exanples of further derivatization, include, but are not
20 |inited th§nzonprell.demp duidarotdsisqthipsplildsoxagabils atpzrld, RyRRRyLgyeelyl
this group Iﬁﬁdﬁgpy@mﬂai@%ﬁ%lﬁ%NMiﬁiﬁMEolﬁ%@gﬁéﬁglgeI’ acidic or basic
condi tions; "when_conpounds of Formula | contain an ester, the ester
may be hydrol ysedheisme Reeteeatem” wi o RaItgrRialomyaNREY SRt ercpulfer atom
am des by t Renoft ModSoseSal kAL at%ﬁﬁ\és‘naéx%&J ix?ziﬁy%o\péa@i%d%ﬁ%ﬂ@&tésﬁ)n-_

Am des may be converted to am nes by rtius or Sc t reaction

(for review see, Thnige aloosyCrefarsite sirpight orfranched chyin radialg gf wted2 carbon
(2005)) or @l GiesiBifierseARidkdCBona¥d {o%QWdSE}geQ Broff Mﬁ@@s BeREPRethox
(Synthesis, 12, 995-6, (1988) and Chem Pharm Balt, 38(8), 2097- 16(1,
(1990)). AcicHexyiPrBey, isepiseery a8 buogbhol s, and al cohol s may be

oxi di zed to al defydes, ] : ﬁa@ﬂﬁi | : e
reduction of a cggboxy?s?gogﬁs gﬁ?egcy_ﬂgﬁ%?gfgﬁ%%% a c;?%ér%gﬂélrl %E%Sthan

i ncl ude 28odiskas bEnglh sarborcriorn ard wharsin aidpdsbensiod thedings is partiglly unsaturated, for

t et rahydrof uran ( THF}—anth al cohol oxidation can be performed using
the Dess-Martin pe'é' reagent (Adv. Syn. Catal ysis, 346,

111- 124 (200#ple: Al dist and ketones nmy be reacted with primry
or secondary anmines in the presence of a reducing agent such as
sodiumtri acet oxyborohydride (see J. Org. Chem, 61, 3849-3862,
(1996)) to give am nes by reductive animation. O efins may be reduced
by catal ytic hydrogenati on. Wien conpounds of Fornula | contain a

sul fide, either acyclic or cyclic, the sulfide can be S5flu-flier

oxi di zed>t olkhe FlrepesfiolsEsng sul f oxi des or sul fones. Sul foxi des can
be obtai ned by | i p(gmg [ is df‘lfp?o

equi val ent of nggl!tlé}-%[gk ord(y)%gr enz&gi %gligélb?él\l/g%t%ﬁ&)lﬂg{?%@ refgtﬁ é']k?le
with Nal 04 kinesss, sherasexianpind may be neaful iOHe preventiog andiigepena@6of 808y and
sul foncs ca i } : equi val ents of MCPBA or by

t reat ment wp?sﬁﬁﬂgﬁé‘?ﬁ%?%%%ggﬁ oxi de and catal ytic osm um
tetroxide (see, Thinesutiopiles prediesiietadp bl inkibiting 2 WOt fy1osBit $inaseAl so,
bot h sul,foxi . . Do i val ent
and 't vo CquraisLoRHe gAY 80 B RLARAL Gt Y MR DGRBS S HONR LR,
(D1) isopropoxide (see, for exanple, J. Chem Soc., Perkin Trans. 2,
1039- 1051 (2002)).
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Schene 2 5Schenme 2 illustrates general nethodology for the
preparation of conmpounds of RY Formula | where Xis RY Ft' where, RY
and R' are H, CO_,Dalkyl or ORE;, Eis O, NR3, S, or 502; and Rl is
CO2R, CH2OH, C(0)NA2A2 and CH2 NAI A2. For the illustration of
synthetic strategy in this scheme, reagents and conditions are 5
defined for the substrate where RY is Etz is His used in this
schene. Thosleass kid dfeélgk dompbdrels af Formmulall. Aqugrddzlﬁosihakintshes ocﬁmn"lktry is
applicable tgo all M th L m nor

modi 1 cat 1 or&riguni s pe BFenliie Ak Blid b el dhiio:
reagents ancneembodimemf athébitiiefd p‘lletdmftjn'bsmdl&nasel,lasleliﬁbﬂe ofhiby @mpouRis 68,
as previously nentione s al nder st ood t hat
simlar synt%é?&@ wg&gﬁﬁ E{EO“GTWqSQ’S 1W%Iﬁmwr%br 10 nodifications
when J iss N In véﬂmmerazodmaedt‘m:ffmw ivehtibrg ﬂﬁ)pedtaﬁh}rssyﬂe Kinaseyl ibkdbired by
cycl oal kenyl the s nce ins wth conpound 2- can be
Chtarnea by thrmmannde ot Epaa Tt pnel toge By R merdlor pLoves, Ingh tesh of
with a suit abdrenilasehicuedu®s hhiiR] 4oty bitdivel bhyimei sle ( LHVDS)

et oophi | 1 PPy o= HARIA bR % ot Pt P SpPIReGF B s

(preferably asgihuggaedr chloro) in the 4-hal onitrophenyl conpound 1- 0

as prepared in hene 1) with the resulti anlonlnterned at
f:an Ee . ai ned fsfﬁ%%"?ﬂ“PP@rﬁ’B"rﬁﬁeﬂ fFneshogs i frealing camees in mamg Ss‘f“gﬁlﬂi

synt heti c nelhesbp @dfmﬁﬁﬂﬁwﬁ%‘ﬂhlﬂ{eta?_é\.ﬁlchl& degaRiatotitmh phdrtacelically

Hudl i cky, he preferred conditions are

catal ytic hfﬁ%@@geé\évmg%r‘% asf %%H%F%ﬂﬁff@”& ¢ L) kremplany cpngqrs inghyfe

sol vent suchutse iBitianra ko, abut€inhabialeukemia, acufePfihdbficdekeMRNovgan
obt ai ned by ortho-hal ogenati on, E%lfef er abI brom nation, of am no
conpound 2- £*F<GF: Iuﬁﬂéﬂcag?frﬁf’%?fe @t lyé%eﬁn%dmswn?eédehn&ﬁ%cwfpwwh

bor oni ¢ 13Ci darder,8RAMRRPES] I68ehia. (TR IHKhticnQRG hiAITRs m\élheas%fla%aﬁdg&enam
R2B(OH) 2 or a boronic ester) or tin reagent (Stil|e reactjons, where

R2M i s R2SnEHCrRSsopsiesigns lflﬁlédlpgl%‘?lﬂ@?i?%‘i‘ dn Rag ERkogsBtisidhegvention, an

descri bed i Rff@4Re8Rodnt of at least one compound of Formula I is administered in combination

with an effective amount of a chemotherapeutic agent.
The invention further provides methods of treating and of preventing metastasis
20  arising from cancers that include, but are not limited to, ovarian cancer, uterine cancer,
prostate cancer, lung cancer, breast cancer, colon cancer, stomach cancer, and hairy celt
leukemia.
The invention further provides methods for the treatment osteoporosis, Paget's
disease, and other diseases in which bone resorption mediates morbidity including
25  rheumatoid arthritis and other forms of inflammatory arthritis, osteoarthritis, prosthesis
failure, osteolytic sarcoma, myeloma, and tumor metastasis to bone as occurs frequently in
cancers inchiding, but not limited to, breast cancer, prostate cancer, and colon cancer.
The invention also provides methods of treating pain, in particular skeletal pain
caused by tumor metastasis or osteoarthritis, as well as visceral, inflammatory, and

30  neurogenic pain.
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Wen R2 in Formula | is cycloallcylamno (for exanple, piperidino),
an alternative nethod to prepare conpound 2-4 begins with starting
material 1-4 as described in Schene 1 where Rb is preferably chloro
or fluoro. Conpound 2-5 can be obtained from1l-4 and 2- 1 by the sane
met hod as described for the conversion of conpound 1-0 to conpound
2-2. 30 Conmpound 2-4 can then be obtained from conpound 2-5 by
reduction of the Thitnventipnaisp pmwaiemg:e&xbeemfanemng)cmﬂmadcﬁlaﬂ&ﬁhmdﬁto@gymcas
described in gcheme %] for.the co ver13éon of cQup gmnd 1-0 t0 corrpound
1-1. THE piiFges g m 1 1lpdifg, ymangy byja 5‘??“8%% 1t s
Comal kyl) caherbgeutbiligieffedivé traoon? ofla pharhatichtically £:0¢Hdbildrmdbf 4 least one of
carboxylic i ds Pl b enoval, of, he 5 opt i onal
rotecting gRHERSPAETEPIAL RSP tr Rt ut Sh T aBupe Pt reat

EC henr:s 1|5f \(I)\Ar:nélﬁt& I%I@mtelbﬁdpﬁﬂtl@fnﬂinvv\./&atdﬁyc%ovﬁel dlsTase proﬂh@ﬁﬁ%ﬂﬁt}?}b@ﬂﬁﬁ&smf
ornul a ere I.S an ester i s C ap be further
hydrol yzed PRIV W“’%{?‘ém F’SW‘HI“B‘%; g‘é‘:ﬁ"‘éﬁéﬂé’ﬂf Bt 25 0di um
hydr oxi de tqaamrmn@Qmuﬁd&npﬁsoﬁwmiaaetés, WheF fldidd ah1§1o§éhes’>l§;|a§’e felatdd i s
B). 10The co oun s of For | where Rl is an am de, (R

C( 0) NAI A2) u‘sé qgsleca?fwa 1) Bmlﬂ@ﬂ@éfnrﬁéfawa@ 'rlzqutﬂoaﬁ»lzlxﬁmé RI
is an acid (defehtfa. ﬁesbmay Bé &frs%hvély galdmiith Burdip oﬂ'hlé)ﬂwenhon Other

chl or of or mat g, su as e | orof ormate, followed by trapping of
the i nt ednedhsspses ftw %Ey %?Géé?ﬁ!’iéﬁ"&l”@es\)a“f e gotdipied f aéheﬁwﬁﬁasv agg
secondary amhRech Qﬁ,%y. Simlarly, conpounds of Fornmula | where W
is a hydroxynethy roup can be 15 obt ai ned by reaction _of the sane

i nt er medi at e"*"é?i’fnm}‘&? digeasesprelens SBiernie upus W@e@ﬁpquaﬁh@ma&awm@&raéégent
such as NaBlfiﬁlefﬁﬂﬂsoff 1ﬂﬂarﬁii§% |a€thnthef3§o@1§§£i G}U@ren@@rﬂi}om@ﬂﬁit@@]sclcro&s or
(2006)) . Conpounds of Fornmula | where Rl is hydr oxynet hyl (R
is CH20H) c Acitn o dlsafsrtreatsd With compeuads ¢fdhis fyedipde 2-6 by oxi dati on
reactiong such aghteeR@pcubelly @ffedtive afbintCGRERA }§%;n nilagl%thz{]t%@lgurggf

(1980)) or perferably a Dess-Maitin peri odi nane oxidation (see,
for exanpl e aCtWéPP@H@H’#<9ﬁP1Laé1¥1§°eu“°2ba@9T§hi‘tfb‘BE)the Wylggicabremediciny respare

(1990)).  ina ns%hyglabéﬂ@aramﬁl &ﬁ@m@@thﬁtqéiﬁélﬁéjso\ﬁgﬁt i @%Ezﬁ‘é}[el- FbRrikdriaffBr Y
and secondary am nes (HNAI A2). in the presence, o?r sui tabl e reduci ng
Fng

reagents sudtedisal dosierer QS‘?C"RHBTJB'EW igyringlpdef glfexisfion, REHERtORCTC3tRcaE OF
to standar dqggpeadsibnst cfr%}?ogfé%ﬁb&%f tHEsy MBIl IF it ARadd @5 &fébx{?&d)eing roaBEeme

1, to formconpounds of Formula | whére Rl is an am nonethyl 25 group
(R is RP is CH2NALAS. It is understood that functional groups
of conpounds in Whh1§er§1§i sﬁl%'fbnbﬁ’rcfsﬂiétkhﬂf,e lqﬁm&a&ne&% P@#ﬁld@%ﬁlé ned in

Schenme 1. 30 Schene 3 Schene 3 illustrates (f:;enera met hodol 093{) for
t he prepar aflveHiosmaydg3dninier Qﬁm an effective amount within the dosage range of about 0.5

mg to about 10 g, preferably between about 0.5 mg to about 5 g, in single or divided daily
doses. The dosage administered will be affected by factors such as the route of
25  administration, the health, weight and age of the recipient, the frequency of the treatment

and the presence of concurrent and unrelated treatments.

It is also apparent to one skilled in the art that the therapeutically effective dose for
compounds of the present invention or a pharmaceutical composition thereof will vary
30 according to the desired effect. Therefore, optimal dosages to be administered may be

readily determined by one skilled in the art and will vary with the parficular compound
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_JRIRY ?NE-Rz -..x.,E EY Ft' where RY and R are H, Ca.goallcyl or
ORE;, Eis 0, NR3, S, or S@; and Rl is -CN or heteroaryl. For
the illustration of synthetic strategy in this schene, reagents and
conditions are defined for the substrate where RY is Itl is His used
in this scheme. Those skilled in the art will recognize that the
chem stry is applicable to all X, RY and R' nentioned with little or
m nor nodi f i wedsitmmode®f pdmigishetionathel steamathi of thempssparetiora dut] the edvanceimehtonfgh
reagents an - L1 r i - . . 1S
Gy 2. pr ovi o dFERELiR0E B AGE, dled e AE LI Rh R MDEE blol 2,
si m | ar synttiested oneledihgpsidjectagebecight, didt 2rditime ofrdmimeratiom avill reselt indhes
when J is N N ; y.2E8. DYy
an appropri aqege-‘{]t?r)\eat9 'E‘% te‘h‘ixg?sgi‘f%éap Plggﬁag%%hg%h%uﬁlxg%ego Fglr?ﬁ‘ﬁég‘%gf i alzFe P%

gi ve aci & 2-e2efiplaty df thetdyeragehmseadhete 2amR ofb@nrsd, be ielic dual instamts whem highest e
3-1 by standa r dures whi in ner al., . in w.th activation
of the aci d. TR EPEECHRES e, AUARTES S Rlain s PSR by

dehydr ati on (seeThé¢ commpemadgf prmhia Meal beGhamlateBi3@@PharnA8&ficd Tpmpositions
(1990)), or preferably in g syl f onani de, and
Fili i BgL 6.

. COIMNI1SIn o) Ee gc:'[ee lCB.Q% écr et%%{geant'-rwﬁh- a d S 1NC

t hi onyl chlo e Ot BB RASEIFEn SRR RS 5T FETR &’fg"é"g,
Tet r ahedr on butdrt not 128 ({edi4), anyl HM5LIO BilvenisO@BiR)ersionCosti teutings, 2ntibacterial and

bt ai f .3-1.b 5 d duct i d f bl
ot al yo 10 haayain et O Eefrlt Ao R R RS et el 550 & Siimtmonsy
3-3 (L2 is hatedemulatian idokdeBtlas, hiédeRydisinte ot agenritlulaitantpr ef er abl y
brom nation, of ine 3-2. .Preferr conditions fo e brom nation
of 3-2 are N-br oﬁg‘?’sﬁ}tﬁ@?ﬁe%% 'f“iﬁgéj%’q? ?P?%O’Lstﬁl? %ogn{s(ﬂtf \?glﬁ‘fmas{nfffﬂuéaestge
N, N- di met h?/lcf)m.feﬂﬁmiﬁﬂl&m@%}altsaﬂthd igeditrosrg emtdbainm seBGMiclodre formed from g
acetonitrile, At.this point the cyano gro n 3-3..can be, converte
o an unsat diosfauis o aresR et o sy Eaitnes et Bug e o fheRY Y oo
1, 3 di pabe adipite béhzeacbaachdnilionate, \witiake, eantbhene, dddetyeduttdiydrehdfde,

illustrated,i che 3a. The vari,ous heterocycl es that ,can be
L otuced o By EABERET iR, el e I i SRl PGS e Bt o
provi ded i nsiidematepdullfete andiffteite. (Buge sats dicludairaclofith 41BCHIRAIEMERISI®Y Huch S

onreect v© euend, b8 ARG L BB PR R AT S e

unsat ur at ed sdge; AltORiE bigaiio biseywdh bydibalobgemaiih®slts and salts willue@inb deid
3-4. Conpoun

3-5 can b oﬂ{ i ned by metal ;catal yzed, coupli.ng .
Ceact i ont ofues 5 aiginine- disc, e DasiE RS OB B A Dk SR e s with, for
reactions, whmiple, R&M lasidés2B(OH) 2 or a boronic ester) or 30 tin
reagents (Stille_reactions, V\/nere.RZMjri R2Sn( al k %)3 .. Jhe
net al - cat al yzed ’J&k&pgp%guncal compositions of the invention may be administered by any
means that accomplish their intended purpose. Examples include administration by
parenteral, subcutaneous, intravenous, intramuscular, intraperitoneal, transdermal, buccal
25  orocular routes. Alternatively or concurrently, administration may be by the oral route.
Suitable formulations for parenteral administration include aqueous solutions of the active
compounds in water-soluble form, for example, water-soluble salts, acidic solutions,
alkaline solutions, dextrose-water solutions, isotonic carbohydrate solutions and
cyclodextrin inclusion complexes.
30 The present invention also encompasses a method of making a pharmaceutical

composition comprising mixing a pharmaceutically acceptable carrier with any of the
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preferably Suzuki reactions, can be perfornmed according to standard
met hodol ogy as' described in Schene]. Wen R2 in Formula | is
cycl oal kyl am no (for exanple, piperidino), an alternative nethod to
prepare conmpound 3-5 begins with starting naterial 2-4 as prepared in
Schene 5 2. The ester 2-4 (r is Comallcyl) can be hydrol yzed by an
appropriate netal hydroxi de reagent such as sodi um hydroxi de to give
acid 2-4 (| \tompoidds ofthe pmséndinRentionaAddidommtip)tbe prestnt iovention inkled@- 6

according to edur es,. scribed for the.cgonversi of . 2-2 to
3 Compourtinge B BE a3 a8 rEASH BREE 1Bl B LR BhisF v
met hods as dagof tho edmpamds dfehamesestrisvcotiorn fAs3:s8d liepeil-tie terh® Tdomposition” is
conpounds of. Fo la | where Rl is a.nitrile .(Rl.is,.CN).can be

bt a1 nedf r GeSieE o Fhebmbei & frodcs bomeista i e ipk ek i BEmbf oy
f ol | owed 5oy atrenamieads well ab ey ppducomtath prdispditettiygorgiiditeptlyP Fromaombidbiigs bb
t he procedurgs as chscribed.iﬂ Schﬁn%m% for the conversion of 1-2 to .
1-6. Si m | arfsPeeied g AT IS PREBPRAMYN: where RI is an unsat ur at ed

het erocycl e can 15 be obtained from3-5 in tw steps, nanely coupling

with a carb rﬂz}!icfalcigéj? -WCOOH fol |l omed by renoval of the optional
protection 83( TPRLT 4288 ¥hed in Scheme 1 for the conversion of 1-2

to 1-6. It is understood that functional groups of conpounds in

this schene can be fyrther deriyvatized .as qutlined in Schenme 1. 20
Naza 7 L B0 e Berarenhl e o feb g i er GO spispAse ome oFmora pplharph or

amorphous crystalline forms and as such are intended to be included in the scope of the

invention, In addition, the compounds may form solvates, for example with water (i.e.,

hydrates) or common organic solvents. As used herein, the term "solvate™ means a

physical association of the compounds of the present invention with one or more solvent

15  molecules. This physical association involves varying degrees of ionic and covalent
bonding, including hydrogen bonding, In certain instances the solvate will be capable of
isolation, for example when one or more solvent molecules are incorporated in the crystal
lattice of the crystalline solid. The term "solvate" is intended to encompass both solution-
phase and isolatable solvates. Non-limiting examples of suitable solvates include

20  ethanolates, methanolates, and the like.

It is intended that the present invention include within. its scope solvates of the compounds
of the present invention. Thus, in the methods of treatment of the present invention, the
term “administering” shall encompass the means for treating, ameliorating or preventing a
25  syndrome, disorder or disease described herein with the compounds of the present
invention or a selvate thereof, which would obviously be included within the scope of the

invention albeit not specifically disclosed.

30
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Number Nane RI Structure Reference: 1 Imdazole HN'-" hi, 1\C
-1/4c,vN US. Pat. App! 2005101785 2 Thiazole (I I. N J. Med. Chem,
48(6), 2167-2175; (2005) 3 4H[1, 2,410xadi azol-5- one ,0-11 IC, ..t

Methods of Preparation

Scheme 1
z NO, z NHs
[ | = z NO,
RO N7 by |
RO SN
1-1

2) R°M

II Reduction Z | - NO2
R e
l 1-4

O W._P1

e

5 1-5 1-6

Scheme 1 illustrates general methodology for the preparation of compounds of

1) Halogenation 1-3 j

Formula I where R® is X (when X is available in starting material or prepared as shown in
later schemes) or compounds of Formula 1-6 where R® is a leaving group (preferably
bromo, chloro, or fluoro) that are useful intermediates used in later schemes, To illustrate
10 the methodology of this scheme, reagents and conditions for the compounds where Jis CH
are defined. Those skilled in the art will recognize that where J is N, minor modifications
of the reaction conditions and preferred reagents may be required.
Amines of Formula 1-1 may be commercially available or can be obtained from
nitro compounds of Formula 1-0 by reduction using standard synthetic methodology (see
15  Reductions in Organic Chemistry, M. Hudlicky, Wiley, New York, 1984). The preferred
conditions are catalytic hydrogenation using a palladium catalyst in a suitable solvent such
as methanol or cthanol. In cases where RP is 2 halogen and not available as amines of
Formula 1-1, nitro reductions may be performed using iron or zing in a sunitable solvent

such as acetic acid, or using iron and ammonium chloride in ethanol and water.
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N H Bi oorganic & Medicinal Chemstly, 13(6), 1989-2007 (2005) 4
4H Pyrrol o[ 2, 3- b]pyrazine H ([N) Journal of Medicinal Chem stry,
46(2), 222- 236; (2003) 5 Pyridine "1""N' N --...1... Journal of
Organic Chetnistly, 67(13), 4414-4422; (2002) 6

10

15

20

25

30

Compounds of Formula 1-2 where R? is cycloalkyl can be obtained by ortho-
halogenation, preferably bromination, of amino compounds of Forrmula 1-1 followed by
metal-catalyzed coupling reactions with boronic acids or boronate esters (Suzuki reactions,
where R*M is R2B(OH); or a boronic ester, see N. Miyaura and A, Suzuki, Chem. Rev.,
95:2457 (1995); A. Suzuki in Metal-Catalyzed Coupling Reactions, F. Deiderich, P. Stang,
Eds., Wiley-VCH, Weinheim (1988)) or tin reagents (Stille reactions, where R”M is
R2Sn(alkyl)s, see J. K. Stille, Angew. Chem, Int. Ed. Engl., 25: 508-524 (1986)) on the
intermediate halo compound. When R is Br, an iodo can be introduced such that is reacts
preferentially over the bromine in the metal-catalyzed coupling reactions (when J is CH,
this compound is commercially available). Preferred conditions for the bromination of 1-1
are N-bromosuccinimide (NBS) in a suitable solvent such as N,N-dimethylformamide
(DMF), dichloromethane (DCM) or acetonitrile. Metal-catalyzed couplings, preferably
Suzuki reactions, can be performed according to standard methodology, preferably in the
presence of a palladium catalyst such as tetrakis(iriphenylphosphine)palladium(0)
(Pd(PPh;)s), an aquecus base such aq. Na,COj3, and a suitable solvent such as toluence,
ethanol, 1,4-dioxane, dimethoxyethane (DME), or DMF.

Compounds of Formula 1-2 where R? is cycloalkylamino (for example, piperidino)
can be obtained by nucleophilic aromatic substitution of leaving groups L} (preferably
fluoro or chloro) from compounds of Formula 1-3 that are activated by the nitro group with
cycloalkylamines (R®H; for example, piperidine) in the presence of a suitable base such as
K,COs, N, N-diisopropylethylamine (DIEA) or NEt; to give compounds 1-4, followed by
reduction of the nitro group as described above.

The amino group in compounds of Formula 1-2 can then be coupled with a
heterocyclic acid P'-WCOOH (or a corresponding salt thereof P-WCOOM?, where M? is
Li, Na or K) where P' is an optional protecting group (for example 2-
(trimethylsilyl)ethoxymethyl (SEM) such as when W is imidazole, triazole, pyrrole, or
benzimidazole) or where P! is not present such as when W is furan. (For a list of
protecting groups for W, see Theodora W. Greene and Peter G. M. Wauts, Protective
Groups in Organic Synthesis, John Wiley and Sons, Inc., NY (1991)). The coupling can be
carried out according to standard procedures for amide bond formation (for a review, see:

M. Bodansky and A. Bodansky, The Practice of Peptide Synthesis, Springer-Verlag, NY
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[1, 3, 4] Oxadi azole FO N, .?.\--1 N Journal of Labelled Conpounds and
Radi ophar maceutical s, 16(5), 753-9; (1979) 7 4H[1,2,4]friazole /="11
HN, yAN i Bi oorganic & Medicinal Chem s:1ly Letters, 13(24), 4361-

4364; (2003) 8 Tetrazole )1,--NH N

(1984)) or by reaction with acid chlorides P'-WCOCI or activated esters P'~-WCO,R*
(where R is a leaving group such as pentafluorophenyl or N-succinimide) to form
cormpounds of Formula 1-5. The preferred reaction conditions for coupling with pl-
WCOOH or P'-WCOOM?are: when W is a furan (optional protecting group P' not

5  present), oxalyl chloride in dichloromethane (DCM) with DMF as a catalyst to form the
acid chloride WCOCI and then coupling in the presence of a trialkylamine such as N, N-
diisopropylethylamine (DIEA); when W is a pyrrole (optional protecting group P! not
present), 1-(3-dimethylaminopropyl)-3-ethylearbodiimide hydrochloride (EDCI) and 1-
hydroxybenzotriazole (HOBY); and when W is an imidazole, pyrrole or benzimidazole

10  (optional P! present) the preferred conditions are bromotripyrrolidinophosphonium
bexafluorophosphate (PyBroP) and DIEA in a solvent such as DCM or DMF.

When W in compounds of Formula 1-5 contain an optional protecting group P! as
mentioned previously, it can be removed at this point to give compounds of Formula 1-6.
For example, when W is imidazole protected on nitrogen with a SEM group, the SEM

15  group can be removed with either acidic reagents such as trifluoroacetic acid (TFA) or
fluoride sources such as tetrabutylammonivm fluoride (TBAF) {see Greene and Wuts
above).

Finally it is understood that in compounds of Formula I (i.e., Formula 1-6 where R°
is X) may be further derivatized. Examples of further derivatization, include, but are not

20  limited to: when compounds of Formula I contain a cyano group, this group may be
hydrolyzed to amides or acids under acidic or basic conditions; when compounds of
Formula I contain an ester, the ester may be hydrolysed to the acid, and the acid may be
converted to amides by the methods described above for amide bond formation. Amides
may be converted to amines by a Curtius or Schmidt reaction (for review see, Angew.

25  Chemie nt. Ed., 44(33), 5188-5240, (2005)) or amines may be obtained by reduction of
cyano groups (Synthesis, 12, 995-6, (1988) and Chem. Pharm. Bull., 38(8), 2097-101,
(1990)). Acids may be reduced to alcohols, and alcohols may be oxidized to aldehydes
and ketones. The preferred conditions for the reduction of a carboxylic acid in the
presence of a cyano group include sodium borohydride and ethyl chloroformate in

30 tetrahydrofuran (THF); and alcohol oxidation can be performed using the Dess-Martin
periodinane reagent (Adv. Syn. Catalysis, 346, 111-124 (2004)). Aldehydes and ketones
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Eur. Pat. AppL, 648759 9 Pyrazole / NH "41 7. Journal of Organic

Chem stry, 543), 635- 40; (1989) 10 [1,3,5]Triazine rc,Nrj N ,y,-, N
"r Khi m ko- Parmatsevticheskil Zhurnal, 22(12), 1469- 75; (1988) 11

[ 1, 3, 4] Thi adi azol e

may be reacted with primary or secondary amines in the presence of a reducing agent such
as sodium triacetoxyborohydride (see J. Org, Chem., 61, 3849-3862, (1996)) to give
amines by reductive amination. Olefins may be reduced by catalytic hydrogenation.
When compounds of Formula I contain a sulfide, either acyclic or cyclic, the sulfide can be
5  further oxidized to the corresponding sulfoxides or sulfones. Sulfoxides can be obtained
by oxidation using an appropriate oxidant such as one equivalent of meta-chloroperbenzoic
acid (MCPBA) or by treatment with NalO, (see, for example, J. Med. Chenr., 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
10 application WO 01/47919). Also, both sulfoxides and sulfones can be prepared by using
one equivalent and two equivalenté of H,04 respectively, in the presence of titanium (I'V)
isopropoxide (see, for example, J. Chem. Soc., Perkin Trans. 2, 1039-1051 (2002)).
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rs N ..:). --1 NCel-. Ofen., 02004009933 1 Schene 4 descri bes
the synthesis of conpounds of Formula | where Xis RL HY . For the
purpose of illustrating the nethodol ogy, reagents and conditions are
defined in this schene for the substrates where BY and le are H, E is
0O, NR3, S, or S02; and J is CH Those skilled in the art wl|

recogni ze that the chemstry is applicable to all X, RY, R', and J
referenced above can be utilized w thSsfiemer2 nodi fications to the
reagents and conditions. The starting material, conmpound 1-6 where Rb
i s hal ogen, preferably Br, is obtained as described in Scheme 1. The
hal o conpound 1-6 can be co&gﬁf ed to al cohol 4- 51 by initial

deprotonation wth, iiP1 ab base, such aggl sopropyl magne 2um
chloride (i-grH, follo b?y"I i t h{"UNF hal ogen exchangg-wiiN®zan
( yllithiumor preflecably

appropriate lit reageat—8Such as m
tert-butyllithi 4nd then trapping of zt he organo-1ithRium
intermediate witl anzappropriate ketone. Cqopounds 4-1 is Hothia
conmpound of Forn'%l al, and can serve as a useful internedi al/e for the

synt hesi s of othgr conmpounds with different 10 groups for2-R
The tertiary hyd¥d&®yl group in conpound 4-1 can al so be conYerted to
an am no group in conpound I (Rl is NAI A2 by activating 4-1gnMth a
reagent such as thj “chalHarbgekeon ( SOC12) i
resul ting i nk¥e e(s)2wh a pgd,rar il -0
15Conpounds of Fonmul a ——wher® Rl is”

t he hydroxyl co und 4-1 by treatnen i£h acidic reagents Such as
sul furic acid or preé_?rabl y trifluoroaEeti 5_4aci d (TFA) and th%_
trapping of the resufting tertiary cath W th an al cohol 12. ?1

(where 122is CH2CH2NAI A2 or CH2CH2d e ere Al,A2 or Ra are not H).
20The hydroxyl conmpound 4-1 can al so beyreacted wth a sul fonam de
R8SO2NIni in the presence of a Lewis acid, (L. A) such as borgn

trifluoride diethyf etherate (BF3VEt2) iR aHsujtable solvent R such as
THF to afford co iyt (R i's NHSO2RgWhel g 'R i's CH2GhR

d
e where Al e are._ot H).RrR'0C # O 2,14y
z

z
£
ll | I
2 2
R 4 R*
N W N_W
0 J7x I
, hil | A g
H Z 9 2ATAN Z
—_—
7 y4
E E
2-6 |

5 Scheme 2 illustrates general methodology for the preparation of compounds of

R' RY
o

RZ
E

Formula I where Xis RY R?
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Conpounds of Fornula | where RI is a sulfide (R is SR5 can be
obtai ned from 25 conpound 4-1 by treatnment with acidic reagents such
as TFA or Lewi s acids such as BF3VEt 2and then trappi ng of the
resulting tertiary cation with a thiol R8SH (where R8 is CH2CH2NAI A2
or Ra). Compounds of Fornmula | where Rl is a sulfide (Rl is
SR8) can be further oxidized to the corresponding sul foxide (Formula

| where R i%¥heopREpndR” aeHf Gnealkylos PR Bis O, WRorS 0880Rend B is6:

accor di ng t oefrfesy SHOINAMA2aXA 88 N@PaPr ocedures as described in Scheme
1. Conpounds of Formula | where Rl is a sulfone can also be

obtained directly fromconpound 4-1 by reaction with a netal

sul finate salt REsOhNllugirsion ofsyntheligsirategy i) this sehemefrergents angxoaditigns are
Kout ek, al O cTaran f L)z : 3095 197 Y- :

of For rrul%ta Ide:ﬁ e%p_%sand %‘I”hflfrg lelﬁ)c%rllégzs %B‘% %ﬁ%@%&hgm? r 1(;1%@&1{61@?1@%'&3
cor r espondi rwlleenopuzailiat thshehemisiy is appliyableyo all ¥ekikand &imenttomed with ditttsror
according tq.ll] . far 4 : , et
e Chem sl PRERY 58 b, i BB Rl RaBes 91 5100
and Wist r ow,comfitiorstareadefinefiefor thin eubsioate where J s G5, as grevigugld gieatjoned intScheme
under st ood t;hat i ! j -hi : .fur-t her
derivati zed laggsl %glﬁlg r%@%th%?@@%g%n@heﬁl'@h‘%&h?yﬁ%c%%ﬁ@ff&e? ﬁléﬁlg{ﬁ’lﬁgr%o group
i n conpolnd med¥icetwnsivéicn émdf.ed with vari ous el ectrophiles. The am no

group can be rea i I MAARN i ]! S rd .
procedures for a?ﬁ‘}hgg Rﬁ%nn%@gr;a%t%glﬁ&@%ﬁgﬁgleggfﬁl%ﬁ(% lﬁ’%leastgﬁ\%g& begins
chl ori des owithiebinpaind@-2whieh santls obtimed ayirdél termetvfithe ageres (iibEgd i n
Schenme 1. It _ga I reac b0 4 at K ation
agent. such AR s ERCEREEE plhil A RAR BBa AR | &

t r i phosgene prdferatili thpmedisopepylimae (E34), falloehd by npjeopliiingometiOL EA.  The
i nternedi.at e .t '] e A ;TR AN e,

ani ne. 03 apvioyiiioh & BE Reihdly k GRAGE Hiola B B p SEARAENN
am no gr oup compandpd(aciprdpaedcia S clizpener1g sdth algk redultinganioa pperopdinat e
oxal yl ati on agenj h |yl chlori i [ n f,a
base, such as py£r|3 |nﬂ§e %b?ﬁﬁ%ﬁ%gynrgtrg ﬁJérg Oﬁlg ggrzrrbeBY Iée{a g“?’ﬁﬁglgg %fgnrf@rél can be
trapped w t kymhe?io nethodelogy Gee RelodivdainyOrganin€hdnaistef, Vb Hbhdbicle] @iifieylNew

comounds. B4 TRADHFs s AR PUBAR SASIRCL Mo gien, o g
r eagent 20sucitalgs iNaBiitdble solNaBhighls methayml of ethizmbl y NaBH( OAc) 3 accor di ng
Lo, St andar d Brocel R el SEMELE AL AT L0 GBE PR S5, o
Schene 5 55minb-cOmpound 2-4 followed by metal-catalyzed coupling reactions with boronic acid or

boronate ester (Suzuki reactions, where R*M is R?B(OH); or a boronic ester) or tin reagent

(Stille reactions, where R*M is R*Sn(alkyl)s) on the intermediate halo compound as

25  described in Scheme 1.
When R? in Formula I is cycloalkylamino (for example, piperidino), an alternative

method to prepare compound 2-4 begins with starting material 1-4 as described in Scheme

1 where R is preferably chloro or fluoro. Compound 2-5 can be obtained from 1-4 and 2-

1 by the same method as described for the conversion of compound 1-0 to compound 2-2.

30 Compound 2-4 can then be obtained from compound 2-5 by reduction of the nitro group
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Schenme 5 describes the synthesis of useful internediates of Formula

1-0 where Xis RL RY :sr RRX Rz. For the purpose of illustrating the
nmet hodol ogy, R3' and R' are H and Eis 0, S, 502, or NR3. Those
skilled in the art will recognize that the chem stry is applicable 10

toall X, R3 and le nentioned with only m nor nodifications to
reagents and conditions. In addition, although reagents and

condi tions aj’smgdailﬂa‘rédynfthlnc hhﬂhodc%@rta&dés@ﬁbﬁ&ﬁﬁ Behethel 1503k ca@Sersion of
previously nenti orgéa {n Scheﬁzt is al so understood that simlar
synt heti ¢ mePHBaRdl remppyd ;L o vvlth m nor nodifications when J is
N. 15 Schenme 6 Sobesrpdindd fFsinnas Pehade Rbiyhg esta (Rhie CaLakeah)aii Rvbefined

2|mdazolecrb Iate of For Ia6 r 4) al

and Rd is H, Qéﬁ‘i?%yml cogpling c&?lgs ﬁs@@o@ﬂ:ﬂ"ﬁ%m %‘/lé’gtqe
t he synt iesigptiofal p@faamwgismoﬂl aE@ﬁdlhlé @ the pbRAEredds cﬁsdriﬂib&iﬁ&bﬁne 1 for the
| rni dazol es of For 226 1 where r is Hor Cuanalkyl, and R' is H,

Comal kyl or “CTERFAY tode® commercially available or, in the case
where R ls - CNTh%@oﬁﬁtﬁﬂHdr}f%ﬁﬁﬁlﬁ airh&e RF R0 caBIRS I?slGEM}aMcy@\bath beftiBer
al dehydes %We%e Ris % reactijon Wlthhs% Pﬁ‘&)é ar ni )

fol | owed by i lesiwpm’ﬂatamg | Tgridor eaggatfpchsige mfe@g O 10
oxychl ori de cahmpae@é bEFouiKdmheR R ByhtlRRSis .77, 2003). Im dazol es of
Formula 6-1 are rotected with a suitable

ot st 1y e R toumopdsg FmptarisroR s SERTE Bt COOBALRD cbounds

of Fornula @b&n(e&ﬁﬁmﬂi&%&%ﬁn&é\bfﬁlﬁﬂ&q sk Eﬂk@{acﬁ! (w’hs ysnmal
Protective Groups in Or%Wm C ént hesis, John WIle I nc NY

(1991)). | ricefEset et sralisd hiproirgats, Suehqaéreéw chlgrofocmﬁte efP%‘“’f?&%@'éPPd’%d

with a suitaptg u&&ﬂceﬁ&%ﬁva&%byle@bdﬂa@mwﬁm hithAHP occondary amine
N-i odosucci ni m de, under either electrophilic cq nd| tions in a solvent

such as DOMBNAGBCRinger wawown&apﬁ%ﬂmélamhﬂe&ésWdfqafémﬁshébﬁwaabe

an initipat %btameérlbﬁeaamwﬂklsﬁﬁ@me%mté sdil&dd £a§tﬁ§fﬂbndté‘wﬁh mlm@t
such as CCl4 to give conmpounds of Formula 6-3 where is a |eaving

group (pref é%daﬁnglr%g s Nafidy (see-Hir sxpsmlsrd griderion %héf’r?gfélo@%@)

conpounds of For guhpnBdPofHoaihid eahirB R’ A IHALRPASBANRSE @E@H%‘dn%%
which is then reacted with a suitable electrophile to provid

conpounds ofurther ¢anverted-torthe Fidghyde dfocdyrasifaieonignatioanich gya Swem oxidation (/.

hal ogen- magngs chimn. 66, h@.@%g@tm@}? bﬁgzr@ﬁb@'a'ﬂéss-mﬁﬂﬁ%hkﬂﬁlin%%gﬁﬁ]ﬁon (see,
preferably isopropyl magnesium chloride in a suitabl'e sol vent such as

THF at 2@np&rakurid Teuekadear Lerg2% 995 (1§89); & Orgrichanr ér5e}(r3é&1990))

Aldehyde 2-6 can be reacted with appropriate primary and secondary amines
(HNA'A?) in the presence of suitable reducing reagents such as NaBH, or NaBH;CN, or
preferably NaBH{OAc)3 according to standard procedures for reductive amination as
described in Scheme 1, to form compounds of Formula I where R is an aminomethyl
25 group (R'is R!'is CH;NAA?).
It is understood that functional groups of compounds in this scheme can be further

derivatized as outlined in Scheme 1.

30
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el ectrophiles are ethyl chloroformate or ethyl cyanoformate. For
exanpl es of hal ogen- magnesi um exchange on cyanoi rai dazol es see J.
Org. Chem 65, 4618, (2000). For im dazol es of Fornula 6-2,
where 12, is not -CN, these nay be converted directly to im dazol es
of Fornula 6-4 by deprotonation with a suitable base such as an 5
alkyllithMnfoll owed by reaction with an el ectrophil e as descri bed
above for the organomagnesi um speci esSchéine3preferred conditions are
treating the imdazole with nbutyllithiumin THF at -78 C and
guenching the resultin rganollthlun1s ecuﬁ§ wi th ethyl
chl orof ormat e (f ordeXanp ’es, see Tetrafjedyon ‘Lett, 29, 341

(1988)). TheR%est For mul a_6- 4Gmyligén be hydyol
carboxylic acid is H or 10 car Jate salts EM i s{LI ZNa, or
of an aqueous hydrOX|de

K,) of Fornul a = usi ng one equi vake L

(MH) solution, pgferably potassi umhydyoxide in a i t ablse, sol vent
such as ethanol or nethanol. Synthesis of conpounds/of Fornula 6-5
where Rd is - CONH2 is acconplished by first treapfng co dﬁﬁﬂ?aﬁP
Formula 6-4 where gd. is -CN with an appzopri at g al koxi defsyzh as
pot assi um et hoxi delt ongonvert the cyano QME to an 15 im dat enggoup
(Pi nner reactlonﬂ fo 9/ f both the esterléh

im WO g al entR

aqueous net &lC
sol ution. Scheme 7, Schene 7 1 Nugtrates a route z
2-1m dazol ecar ylates of Fornula ¥gd or 7-5 where Re ~g~chloro or
bromp, and Mis Hg i, or Na that agpg used as intermedigtes in the
synt hesi s of conpounds of “grmula | wheére Wis itnidazole.
Compounds of Forfnula 7-1 are~irst prepared by protection of
comercially 5 avgtl apl e ethyl “\gi dazol gear boxyl ate accordingzto the

nmet hods outl i ned heme 6, preferably wndh a SEM group. MpPAHNds
of Formula 7-2 e prqgéred by reacti conpounds of Fo pﬁTa 7-1
with one equt ofPan appropri 0geRsti-rg— EaRE ch as
NBS or NCS i a)sgitable solvent sych CH3CN, DCM or ayp 25 C

Conmpounds of mula 7-4 are 10 prepared by reaction of ounds of
Formula 7-1 with two equivalents of an %ppropriate halogengﬁg
reagent, such as NBS or NCSin a suit BTe sol vent such as CN or
DVF at tenperatures between 30 Cto C. Im dazoles of Fornula 7-3
and 7-5 are then obtained fromthe resm@ctlve esters by hydrolysis as
described in Schenme 6. 15 Schene 8 OOPIOp%,/g&N /I MN ----- ? ----NN\N

N

5
Scheme 3 illustrates general methodology for the preparation of compounds of
R'" RY
o .
E

Formula I where Xis RY R*
where RY and R are H, Cy.qalky? or OR% Eis O, NR?, S, or S0,;and R' is -CN or
heteroaryl.
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8-18-2 Schene 8 illustrates a nethod for the preparation of

I m dazol es of Formula 8-3 20 where Rf is -SCH3, -SOCH3,or -S02CH3, M
is H Li, K or Na that are used as internediates in the synthesis of
conpounds of Formula | where Wis imdazole. | m dazole 8-1 (WO
1996011932) is protected according to the nethods described in Schene
6, preferably with a SEM protecting group,to give conpounds of

Fornmul a 8-2. Est &pr iy dlusirajion of syatheticntaisey 8 this Echsmederasnis apdcosdifaniare

gi ves conpoupgsedhr tﬁe&mgdrﬁe &hée &5 m‘&i"%{ﬂ I.R{sed # thiPsdrBme. @hbgkasqdnaa iohe art

2-met hyl t hi oi m dazol es of Fornula 8- one eqw yal ent of an
appropri at e Wilireragmize thejithehenrishy ISe@plé‘rath?Ibe% and e ansridnorg) with Littheor
procedure i %ﬁ&*}ﬁé@ﬁcﬁngﬁs%?eagéi@%li @Slﬁnﬁ:fn? FRrAktien, rtiudh faSenkd anki S

-SOCH3. Oxidation wth two equivalents of an a proprlate Ooxi dant

f ol | owed by cenditions|giegiednsrsforthy subsiraie where dis th@s preyioadlyi mentioaedinfishems
gi ves conmpoungss 84, ﬁe&ﬁ%@mﬁrsﬁnm%@ﬁ nfefhodsin @t@nhgﬁ i nihd ' ed

reagent for Oxidation is References for the conversion
of sul fi des maglifipglignswhgedisdhd sul f ones are given in Schene 1. 5

Exanpl e 1 5-Cyan a
12- Erg 4- di matq{hyl Ph %%#crﬁgx(ﬁlgs%l @%PQQ(W&&W%S '1)9' an appropriate metal

hydr oxy- t et ﬁlaﬁpulﬂ@resgﬂﬂaﬁwllawothﬁhbfdmﬂdeaﬂglde a01&§’--2 (R*is H). The acid 2-2 can
1-(2-Tr | ,ggg &gp!
N CI(\I NE %Eﬁnﬁ«]eﬁ&ﬁﬁln tﬁfe eﬂg@a}eﬁ]& c;cﬁ]ﬂr 2 (ﬁ geeﬂifglaﬁ fﬂg éétx?atlon
(0.50 g, 5 2f thewtiy, t(aggfntmpélgn énto glmmdQ@(j@ roxamate followed by dehydration (see, for
2-(trimethyl h e
K20CB (1. 40 e%”l‘%gtzf{}%%’;’ £ éggso‘ﬁé(l?éﬁyg@wgegag%?%‘%? st B e
at RT. The mithtsulfenanids add tlumnefdclmrtdq i} Qileble Se)vemt Juch wasilfeldneisedr wat er
20 m.), bri S(e7}
The orude pr Sl oydet, BIF0L sIREaONE) (O UEL 2 YR S0 RAESI VI,
30 % Et dAc/ Iae»z@niareﬂ@tlgn pcaiugs, wefeAbly Myptalyfic hyteogenation ag desprthed dn Seheme
colorless oil. Mass spectrum (Cl (CH4), nlz): Calcd. for

C301- 112N3051, 224.1 (M-H), found 224.1. b)
2- Br onp- 1- ( 2- t r i Fietdoyipeurdainy (L d¢ edoggmetanhé Pbidined byi athe diklegehatien; boni t r i

e NCN "N Zgre%;M[y bromination, of amine 3-2. Preferred conditions for the bromination of 3-2 are
N-bromosuccinimide (NBS) in a suitable solvent such as N, N-dimethylformamide (DMF),

20  dichloromethane (DCM) or acetonitrile.

At this point the cyano group in 3-3 can be converted to an unsaturated heterocycle
int 3-4 by [2+3] cycloaddition with a 1,3 dipole or [2+4] cycloaddition with a diene or
heterodiene as illustrated in Scheme 3a. The various heterocycles that can be produced are
shown in Tabie 1 using the conditions in the references provided in the table.

25 When the unsaturated heterocycle present is unreactive toward halogenation, an
alternative route to 3-4 involves treatment of nitrile 3-2 as just described to first form the
unsaturated heterocycle followed by halogenation to introduce L in 3-4.

Compound 3-5 can be obtained by metal-catalyzed coupling reactions of 3-4 with boronic
acids or boronate esters (Suzuki reactions, where R*M is R’B(OH), or a boronic ester) or

30  tin reagents (Stille reactions, where R*M is R?Sn(alkyl)s). The metal-catalyzed couplings,
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To a sol ution of

1-(2-trimethylsilanyl-ethoxynethyl)-1Hiroi dazol e-4-carbonitrile
(0.70 g, 3.1 nmmmol ) (as prepared in the previous step) in CC4 (10

nt h) was added Noronmpsuccinimde (NBS) (0.61 g, 3.4 mmol) and

azobi s(isobutyronitrile) (AWN) (cat), and the m xture was heated at
60 C for 4 h. The reaction was diluted with EtOAc (30 5 nL), washed
wi t h NaHCOB préfesabl3Gurmk) reattionsear BOpenfoimedtaoeording trstan dérd yrethodelegydasi ed
over Na2SO4 : centrated. The title conpound was el uted from
a 20-g SPE c%?q?b%%%e%c %lﬁjle'ca) wi th 30 % Et OAc/ hexane to give 0.73 g
(77 % of a yel | &Whea® idForiviaiad isqyeloblikyiam{nGl(fo¢ Stadiple, piptiidino)Cal atteknativer

C10111613r N30Si 302.0/304.0 i 02.1/3 . 10 A

o Oranor s (et 8 Bp Entagtod 315 tkeind HPHodRg ratelR x40 pehn Sctems,

|2i E aci d 1562 PZTA/ItTh_esiteﬁ-rli\m“:‘ib @{lﬂaﬂcﬁ)ﬁtﬁm be h{drolliﬂada)ﬂmlapﬁrbpﬁhlt&lhztal hydroxide

-prono- 1- -tri.ne Sl.l a -e oxyne = Lk azo. -4-

Carbomit  Geadknagené st RN b TR A el R58 S e 0 i1

t e][ r ?_hydr 011: icgﬁﬁﬁ_ec( t'Fl?l'rHiiIel'E(_S étﬁoﬁil.:n)g t?the-pﬁﬁe&_?ﬁms d&ﬁ?’ﬁrﬂ folr tﬁ@uﬂnlsi&sian gf 2t-2
utron o L= r n . e r | ON. WasS,, a 0

SOt or S0t Komhaa g B broibulhh sogSnh § Xact it B e melofes

cyanof or mat @edcib&{Yothe dof¥etizalof 3 8as3-ddded. The reaction was al | owed

to attain RT and_stirred for.._.1 h, The reactio S nched with_satd
b Na® G o R gebiro s b E e e B aSh el Biis BT R e soitingg 3
The or gani c 3lGyeinitsbupliigethodoxPiR204 PanC a0 foRdvaddyeatdvabéies The

uted freoma SU cartridge Wi _t 0 %

title comound s el 0- Sil.

L OAGi o @b e aroEctiedpuy B Jorongies (e DRuUitF 8 desstibed iy Seteme ot tham
(ESL mM 7): Gabvesbionfo®1-2G33%6121N303Si, 296. 1 (M+H), found 296. 1.

d

4? Cyano- 1- ( 2- t r i SPEEyIts egrgIds ehRarpHi Mpese B e fhingeyaied hoeraydinsey|
te potagsi ube ghaiséd froNG-NNHY Hdps InanikRs bQplBEMith a carboxylkicRl Boygboan of

4-cyano-1-(2-frinethylsil | - et hoxynet hyl )-1Hj m dazol e- 2-

o byl i o Gl AmoRa e cptons Ve or B 7 Qe DRE B Saheee | o e
previ ous st efyvelsion@f banel-¢(3 mM ) was added a solution of 6M KOH (0.2
m., 1.2 ntnol) d the reaction was stirred for 10 mn_and the
concentrated to Q?f?’tﬁ‘ﬁi’a ﬁa*(fi?fﬁm@ BGRPE HEOMPRYnds RSP sdAEe a@r%?v@rer ow
5 solid. 1HiMVRi4dR3ENin4G0SMazm: 15 7.98 (s, 111), 5.92 (s, 2H), 3.62
(m 2H),.0.94 (m 211), 0.00 (s, 9H). Mass spectrum (ESI-neg, adz):
Cal cd. #Br C111116EN303Si, 266.1 (MK), found 266.0. e)

4- Bront 0- 2- (4, 4-di met hyl - cycl ohex- | - ggygephenyl am ne

Diene
Heterodiene
or

N%%" 1,3 Dipole R! &,
- 0
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10Br
3.70 mmol ),
nmol ) ,

Pd(PPI 13)4 (0.24 g, 5 nol

9,

4. 07

and toluene (32 m) and heated at 80 C for 6 h. The reaction was
diluted with Et0Ac (100 nL) and washed with saturated aqueous NaHCO3

(2 15 x 100 m.) and brine (100 n),

and the organic |ayer dried over

A flask is charged with 4-brono-2-iodo-phenylamne (1.10 g,
4, 4- di met hyl cycl ohexcn-1-yl boronic acid (0.630 g,

2" M Na2CC8 (16 nl), EtOH (16 ni)

Na2804 and evaporated. The crude product was purified by flash silica
gel chromatography eluting with 10@6EQPAQQexanes to give 0.680 g

(66% of the title conpound as a li ght'4
Cahumtber f or
4-Cyano-142-trinﬂthy|si
acid 14- br
Tdg
4- br ono- 2- (
nmol ) (prep
4- eyano- 1- (2
et hoxynet hy
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2167-2175; (2005)
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0 tnL, 4.60

owed to stir
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nmol ) and PyBroP
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Pyrazole

Journal of Organic
Chemistry, 54(3), 635-
40; (1989)

10

[1,3,5]Triazine

Khimiko-
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Zhurnal, 22(12), 1469-
75; (1988)

11
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Ger. Offen.,
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It) 5-CyanolH i m dazol e-2-carboxylic acid
[ 2- (4, 4-di et hyl -cycl ohex- 1-enyl) - 4- (4-

|t ydroxy-tetrahydro-pyran-4-yl)-phenyl katni de To a suspensi on of

4- cyano- 1Hi m dazol e- 2- carboxylic acid [4-brono-2-(4,4- 25

di et hyl - cycl ohex- 1- enyl) - phenyl ] -am de (0.550 g, 1.38 mol)
(prepared in the previous step) in 20 nL THF at -40 C was added
i-Prvgd (1.40 lit, 2.80 nmol, 2 M inScleg 4and t he sol ution was then
warnmed to O C and stirred for 10 min. The solution was then cool ed
to -78 Cand t-BuLi (2.15 nL, 3.65 mmol, 1.7 Min pentane) was added
dropwi se over 5 mat gnd then tetrahydmd- pyran-4-one (0.650 rglL,, 7.05
tnmol ) was added i Lately thereaft NAfWer 5 mn at0-78 L Mew
reacti on was iched g th satd NHAC 0gri) and extrggg?%w/mtﬂf
Et0Ac (3 x 2 nd dried over NB2SQ4. The title 5 ¢0
purified by fhash Thromatography (Si del) eluting with &0% E 0Ac/ DCM
to give 0.460 g (79% of a white solids 111-NVR (400 MHE™ DMBO-do): 5
14.28 (s, 111), 9.%% (s, 111), 8.21 (s, 1H), 7.98 (d, & = 8.5 Hz,
111), 7.38 (dd, J = &5, 2.2 Hz, 1H), {7.34 (d§33§{"= 2

(m 111), 5.03 (s, 111 3.83;;3.66 (m| 411), 722 (m 211),

2.04- 1.92 (m 4H), 1. .4%,](m 491), 1.01 (s, 611). Mass Pctrum
(ES!', mz): calcd| for 1128% , 421.2 H), found 4 1.
Example 2 5-Cyang- 1H-i m dazg| e- 2- oxylic [

[ 4- 1442- di met hyl am no- et hoxype{r ahydr opyran-4-y11- 2- (4, 4-di net hyl -cyc
| ohex-1-enyl)-phegyl | -am de triftluoroafetjc acid salt 15 rz 410 a

suspensi on of 5-cyang- i.svdazol e- 2-;

/O %m’ejviﬁaﬁawl}- i
g 0. 114 nmolf) (prepared Tn Exanpl € 1
added 2-di net Ayt ami fipo- 20 et hanol (0.414 L,
nmol ), TFA (O. 1:?0 nth, 1.17 nun , arfd'the nixture heated to, 50 C
for 8 h. The m xture was concexAatrated and the title conpound;purified
by RP-HPLC on a C18 colym.eluting w theaoljnear gradient of|30-50%
CH3CN in 0. 1% TFA/ H20 over A2 min to gi \_/@,isig}drrg (20% of a ie
solid. 1H NWVR (400 MHz, OD: 5 8.21|(d, J =8.6 Hz, 1H), }.91 (s,
111), 7.35 (dd, J %846, 2.2 Hz, 1H), ¥.21 (d, J = 2.2 Hz, 1Hg 5.67
(m 251H), 3.83-3. wWaH), 3039-3. 88 m 411), 2.76 (s,
2.26-2.20 (in,R2HI, P. #2-1.94 &ﬁﬁiNHGJ N1 (t, J = 6.8~
1.00 (s, 6H). s [spectrum (ESI, ; cd. for C231-
492.3 (Mr11), Bfound 492.0. Exanple |3
14- 144(5- Cyano-{J Hi m dazol e- 2- carony I);- am nol - 3- (4, 4- di mE hy} - cycl oh
ex-1-enyl) - phenyl ket rahydr o- pyr an- 4-yl oxyPacetic acid CN H
RN'S N

N]

Scheme 4 describes the synthesis of compounds of Formula I where X is

R' RY R?

¥

E

R¥“ Lz . . -

R . For the purpose of illustrating the methodology, reagents and conditions are
defined in this scheme for the substrates where R and R are H; E is O, NR?, S, or SO»;

and J is CH. Those skilled in the art will recognize that the chemistry is applicable to all X,
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0 To a suspension of 5-cyano-1H i m dazol e-2-carboxylic acid

[ 2- (4, 4-di et hyl cycl ohex-1-enyl) - 4- (4- hydroxy-tetrahydro-pyran-4-yl)-
phenyl kam de (48.0 ng, 0.114 10 mol ) (prepared in Exanple 1, step
(h)) in 1 nm of DCM was added nethyl glycolate (0.215 nm, 2.78 mol),
TFA (0.036 m,, 0.464 mmol), and the m xture was stirred for 8 h at
RT. The m xture was concentrated and the nmethyl ester of the title
conpound wasRGcRYjtaadl) fefepmcad abbvegcaBBEuiitded mith mitdy nidfacki@Add the reaganss. and
The resulti\rllé (&aﬁter was dissolved in 1 nL of MeOH, 2N KOH (0.30 ni,
0.60 mmol) WRE“HH¥ed and the mixture 15 stirred for 8 h at RT. The
title compound wahe gtaiting ineridlycdRipotdidl 156 emea REithatogkny prefebbly Bods Wi t h a

| i near gradi ent qf 30-60% CN L n.0..1% TFA/ H2 ver, 12 mn.to,diVve
13" g (3005 G AR TREEO SR RS PR LSO e Conbrgs oy
8.6 Hz, ¥H),1 1% iBftial(dprofchition WithcOsuftable Babd,)snchias Jsbplog dlmagnesint dhjoride 8- Hz,
111 7.2 A =.,2.2 i .l 1 4.03-3..94

3788, 3. 0. ( IMaEhy UGS uhiiny lyloeohahdsbh vtk i pioppisie Jeim Souges i
410, 201. 60 ag hybudllithiGmbr bieferablyl fert-biityllikhi(s, ardthen thppisg SPBEbrzanv-1{{ESn,
m aangﬂ_? ]9 | i#%%ﬂ%%eﬁs ?%9%1”&%?}’8;%6%?7 Iée%tag\%oﬂﬁou{lgsuﬁ?isﬁa& 'azéom%)él?nrgpgf%oénula I,
[ 2- (4, 4- di mehdydr ey hok aveful itdtkdiatd 4ottfcZsyntBEsis of other compounds with different
met hat y- et hyl am po) 4t etrahydro-pyran-4-yl pphenyl kam de 0 To a
suspensin §F°“E§E’§ o- 1Hi m dazol e- 2- car boxylic acid

[ ﬁ ( 4|, é- di (rjret hyl wu@kﬂia@q:ga;o@m@upéln eéniﬁmdcti AN Yeah 86 'gé(})bg{r@feﬂw aimgn&%) -
ol ) 1 1. S T foreRe G (R A b e vl { maset el BybeEd mrol
under Ar. AlhBFHdSESO0L) BEH @dppitg of @k redulfing tnRe@mBdixb() WitM\esrire a9 bsbcbrdal)
'C. To the reaction was then added 2-met hoxyet hyl am ne (104 gL, 1.20

mol ) and t ABEEA D mixture was stirred at 0t for 2 h. The

m )S ure C}wgS_ di | ?Eﬁ%ﬂmﬂnﬂﬁg\fﬁ?ﬁﬁﬂafaﬁmm isaliehx o1 Ozdadmgtdbminka@toh&?g 10
I N an r. ne . er ryl ng, over, n cancentrating I n
vacua, the P@%‘P’@Gé‘”ﬁ&é‘nﬂﬁﬂi by Trsatosyt with ?ceféc &é&enﬁﬁ}l%%ﬁ;@ BT 1-4 %

ol O LR N oo gl O Ui oo B 9 e
sol i d. : , ; . : , = 8, ,
SO0 (s P e RG] (e R GINA S apSTHOHI0R et ALA” o B s
Hz), 5.77 (my 1H), 3.94 (in, 2H), 3.69 (m 2H), 3.41 (t, 2H J = 6.1
Hz). 3.28 (s. 311), 2.38 (t. 2H_J = 6.1 Hz), .2.28 (m 2H) 2. 07-2.20
(m 411¢9 1.88 (hie ooyl cpmpoundid-1 @ﬂ,aiss'béreepfsdwf&,wﬂ.forem{j‘g? FPNR KR o
Z ?gcgr um ( E8le pidsénce ofal6whs adi@ (L. 1o et ds3NR0R ludtidl dRRtHyMihdnite (BIRWEL) in
T a suitable solvent, such as THF to afford compound I (R! is NHSO,R® where R® is
CH,CH,NA'A? or R* where A’, A? or R* are not H).

Compounds of Formula I where R! is a sulfide (R! is SR®) can be obtained from

25  compound 4-1 by treatment with acidic reagents such as TFA or Lewis acids such as
BF3'QEt; and then frapping of the resulting tertiary cation with a thiol R¥SH (where R® is
CH.CH:NA'A? or R?).

Compounds of Formula I where R is a sulfide (R' is SR®) can be further oxidized
to the corresponding sulfoxide (Formula I where R' is SOR®) or sulfone { Formula I where

30 RIis SO;R®) according to the sulfide oxidation procedures as described in Scheme 1.
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Exanpl es 5-9 were prepared according to the procedure in Exanple 4
Exanpl e Name Structure Mass Spectrum 5 5- Cyano- 1H bni dazol e-
2-carboxylic acid f4-(4- anzino-tetral zydro-pyran-

4-y0-2- (4, 4-di tnet hyl - cycl ohex-1-enyl)- phenyll-am de H2N410 411 CN
HN Fi,li\ (ESI, mz): Calcd. for C24H2sNs02, 418.2 (MH), found
417.9. 6 S-Cyano-1H-im dazole- 2-carboxylic acid 1244, 4-

di nt et hyl - cycl oh&ompoursis pflJordmlad wiereR1dd 4 suifdne gph atse be altyideddipytafiond -

yl) - phenyl kac%‘m%gun% - {)_iy rlélycn%n with 2 metal sulfinate salt R*SO,M (where M is Na, or K) (see,
for example, B. Koutek, et al, Synth. Commun., 6 (4), 305-8 (1976)).

1Ry
}"RRRZ

E
Yy

Compounds of Formula I where X is R R® and R! is H can be obtained
5  from the corresponding compounds where R' is OH by a deoxygenation reaction according
to literature procedures (see, for example: Dolan, 8., ¢t al, J. Chem., Soc., Chem. Commun.,
1588-9 (1985), WO patent 98/06700 and Wustrow, D., et al, Tetrahedron Lett,, 35, 61-4
(1994)).
Tt is understood that functional groups in this scheme can be further derivatized as

10 outlined in Scheme 1. For example, the amino group in compound 4-2 can be reacted with
various electrophiles. The amino group can be reacted with carboxylic acids according to
standard procedures for amide bond formation or by reaction with acid chlorides or
activated esters to form amide compounds as described in Scheme 1. I can be also reacted
with an appropriate carbonylation agent, such as phosgene, carbonyldiimidazole or

15  preferably triphosgene, in the presence of a base, such as pyridine or DIEA. The
intermediate thus formed can be trapped with a primary or secondary amine, to afford the
corresponding urea compound. Similarly, the amino group in compound 4-2 can be
reacted with an appropriate oxalylation agent, such as oxalyl chloride, in the presence of a
base, such as pyridine or DIEA and the intermediate thus formed can be trapped with a

20  primary or secondary amine to afford oxalamide compounds. Furthermore, the amino
group can be reacted with appropriate aldehydes or ketones in the presence of suitable
reducing reagents such as NaBH; or NaBH3CN, or preferably NaBH(QAc); according to
standard procedures for reductive amination as described in Scheme 1, to form compounds
of Formula Iwhere R? is NA'A%

25
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*N--N (APCl, mz): Calcd. for C2gi
488.4. 7 S-Cyano-1H-im dazol e-
di nmet hyl am not et r ahydr o- pyr an- 4- y0- 2-

35N5035 488.3 (M H), found

2-carboxylic acid 14-(4-

(4, 4-di met hyl - cycl ohex-

1- enyo- phenyl f-anzide 46 ell OCNHHN\ No (APC, nliz): Calcd.
C26} 133N502, 446.3 (MH, found 446.5. 8 5-Cyano-1Hi m dazol e-
2-carboxylic acid (244, 4- dinethyl -cycl ohex-1- enyl)-4-14-(4-m et hyl -
pi perazi n-1-yo- tetrahydro-pyran-4-ylJphenyl kam de 40CN H HN3 N--"N *

f or

Scheme 5

NO;

=
Jz

4 L4
> J /

base

CN

51

Scheme 5 describes the synthesis of useful intermediates of Formula 1-0 where X is

R RY, RZ

¥
E
R . For the purpose of illustrating the methodology, R* and R* are H; and E is
0, 8, SO, or NR3. Those skilled in the art will recognize that the chemistry is applicable

10 toall X, RY and R® mentioned with only minor modifications to reagents and conditions.
In addition, although reagents and condifions are defined for the substrates where J is CH,
as previously mentioned in Scheme 1, it is also understood that similar synthetic methods

can be utilized with minor modifications when J is N.

15

Scheme 6
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o (APCl, nlz): Calcd. for C29}{38.N602, 501.3 (MH), found 501.4. 9
5- Cyano- 111- bni dazol e- 2-carboxylic acid [2-(4, 4-

di nmet hyl - cycl ohex- 1-el | yO- 4- 0- pi peraZl71-1-yi -

t et rahydro-pyran-4-yl)- phenyll-amde 40CNHHNS H\r o (Alt!, nlz):
Cal cd. for C281-136N602, 487.3 (MH), found 487.4. Exanple 10
(44414-[ (5- Cyano- 1H i mi dazol e- 2- car bonyl ) - anzi nol - 3- (4, 4-di met hyl - cyc
| ohex- 1-enyl) - phenykket Hahydro- pyr@ag-4- A-pi perazin.d-yl)-acetic acid
trifluoroacetic acid sgt HO TFA O IN» Tglogenatien ut'i \?f_a

5-cyano- 1H i m dazol e- %boxyl I C aci gy g AP ~N L

[ 244, 4- di et hyl cycl oRex- 1- eny1) - 4448pi pegazi n- 1-yl - Ret rg;\ydro- pyran- 4
-y1) - phenyl kam de trifl&oroacetic acigzsalt (22 ng, gg036 nrnol)
(prepared in Exanple 1, step (h)) in DCM Q.3 nL) was I

RdI N\)_{O MOH ROIN\HO

Re h\l oM R®

Scheme 6 illustrates a route to the preparation of 2-imidazolecarboxylates of
Formula 6-5 where R" is H or Cyy.salkyl, and R%is H, alkyl, -CN, or -CONH, that are used
5  asintermediates in the synthesis of compounds of Formula I where W is imidazole.
Imidazoles of Formula 6-1 where R" is H or Cq4aikyl, and R® is H, Cyalkyl or -
CN are either commercially available or, in the case where R®is -CN, are readily available
from commercially available aldehydes (6-1 where R is CHO) by reaction with
hydroxylamines followed by dehydration with a suitable reagent such as phosphorus
10 oxychloride or acetic anhydride (Synthesis, 677, 2003). Imidazoles of Formula 6-1 are
protected with a suitable group (P') such as a methoxymethylamine (MOM), or preferably
a SEM group fo give compounds of Formula 6-2 (see Theodora W. Greene and Peter G.
M. Wuts, Protective Groups in Organic Synthesis, John Wiley and Sons, Inc., NY (1991)).
Imidazoles of Formula 6-2, where R is -CN, are halogenated with a suitable
15  reagent such as N-bromosuccinimide or N-iodosuccinimide under either electrophilic
conditions in a solvent such as DCM or CH3CN or under radical conditions in the presence
of an injtiator such as azobis(isobutyronitrile) (AIBN) in a solvent such as CCly to give
compounds of Formula 6-3 where L? is a leaving group (preferably bromo or iodo).
Halogen-magnesium exchange on compounds of Formula 6-3 provides the
20 organomagnesium species, which is then reacted with a suitable electrophile to provide
compounds of Formula 6-4. The preferred conditions for halogen-magnesium exchange
are using an alkyl-magnesium reagent, preferably isopropylmagnesium chloride in a

suitable solvent such as THF at temperatures between —78 °C —to 0 °C. The preferred
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5 added NEt3 (0.015 nmL, 0.11 mmol) and ethyl bronoacetate (0.0044
InL, 0.040 mmol) and the m xture stirred for 10 h at RT. The m xture
was concentrated and the residue dissolved in 1 m, of EtOH and 7N
KOH (0.031 nL, 0.22 nmol) was added and the mixture stirred for 3 h
at RT. The m xture was diluted with 5 inL of H20, the pH adj usted to

2, and the title conmpound purifie C on C18 el uting
with a li neaﬁle% ‘g%f’ @’F’l%‘g %f%ap °'('5nai€% %585&1 °BfB" i n
to give 22 rfm %ﬁ%eﬁhalﬂge\bﬁhy@oﬁlﬁﬁdzdles Q&JJ-OJ‘ n€ ‘6@046‘1/812(20@30@ 8

8.41 (d, J = 8. 01
|||),(7 31 (d Fomﬂa&a%?ﬂp&of Fppgu 1a§28|_?‘?r?n& lfH?f 6’6363‘119'2"3(%"“*2!{5)
3.70 (s, 2H)dire@Iykd ididabldsionFordia 6-3b32@ep?ot&ﬁn6mﬂ8£§ﬁmab13bZ&-sZch% afhm

211), 2.38- m 2 2.23- J = 6.3 Hz,
211), 1. %0 @%kyﬁlé@ﬂsn folkﬁ%?é bgﬁ%@@mi(&%mmlsfs ‘?e@%ﬂ'%?é abgvg for the
C301- 138N604: aﬂ;&n%émﬁn@ﬁétl'& Tﬁé{iﬂé@r%n@tror@ﬁ?éﬁﬁaﬁné the imidazole with n-
44Cyano- 1H | m dazole- 2-carboxylic acid

12- (4, 4-di n@pwgmwég gﬁg #t178afypad )mpnelung the resulting organolithium species with
I'tydroxy- tefcfh@hmsr@fohhh@wf@amﬁrcylsacnhamdxén@ézﬂ d9 321@1-3414 (1 988) 0 a

solution of 4- cyano 1H i m dawl e- 2- car ox%‘l ic acid br ono-

di net hyl - cycl oheXbeaestsgsafFopmiaimay thegds a@ww@ﬁaw&wﬁc Bsd @ P@ or
step (90 1%9‘133%1&553.@5 #4Gs PRk or | m of FBenu®{ 6-3-HEn ne eﬁ&vﬁeﬁ{@% Eodé’as

added i sopropyl magnesi um chi ori de (165 tat, nunol .
THE) - The r aeal Brcrgns (N Lsopiomar ey P T S ton & ible svein,
cool ed to - & hGs @ﬁi@ﬁcﬂ' or ﬂi&h&d&? $Pniledls &d&ﬁ@oﬁﬁ@'%ﬂﬁlﬁhh Ak RE Ri_UM

(530 pL, 0.902 mmol, 1.7 pent ane) he resulting m xture was

stirred at CoIGIis aﬁcomehahpdwby stdrpting C@Wpeilmdﬁ ef Famphirtot where By isafNatithne
(175 mg, 1. gﬁ’aﬁpﬁﬂrpate' a'Tko;ndmsu(ﬁfas P@Essiﬂﬁﬁetﬂ&ﬁeh@&bn@&@%@cyﬁﬂ%r&u 80 an

reacti on was war ned RT and stirred under . e mxture

was t r edfedimidets gpoup i(li’ume(weas%&nm follpwed hrbpdiolyséy af bofbdhgsptep gndqimidpte

L OAC, was ngghud i B diivkibls Btan ARLuIiAMNAREofomoval of the
sol vent under treduced pressure followed by flash chromat ography of
the residue on silica gel (1-2 % MeOH DCM gave 85.0 ng (65 % of the
title conpound as a white solid. '11-N|\/R (CDC13; 400 MHz): 155 12.62
(s, 1M, 9.72 (s, 111), 8.32 (d, 1H J = 8.6 Hz), 7.74 (d, 1H J =
2.3 Hz), 7.42 (dd, IH J =18.6, 2.3 Hz)Scftmeé (d, 1H J = 2.3 Hz),
5.78 (mpglll), 3.12-3.33 (br s, 211), 2.46-2.54 (m 211), 2.26-2.33
(m 211), 2.16-2.22 (m 2H), 2. 00 2.13 (m 411) 1.79 (s 1H), 1.59

(t, 211, .1= 6.3 Hz), 1.10 (s, spﬁ on z): Cal cd.
for C24H281\1402S, 437.2 (M+H), fo &—4@ r>e—<g2

4- Cyano- 1H i m dazol e- 2- car boxylic ac’ﬂi I\l oM

12- (4, 4-di met hyl - cycl ohex- 1-efyl ) - 4- £ P!

hydr oxy- 1, 1- di oxohexahy -1 r ai opyr an- 4 y1) - phenyl z_%m de To
a solution of 4-fy 1H i mi dazol e-2% car boxyl i ¢ aci

[ 2-cycl ohex- 1-eny]\ 4- 2- hydr oxy- 1- hydr oxynet hyl - et hyp- phenyl ] - am de
(as prepared in t he' e 11, 45.0 ng, 5 0.103 rrunol) in 2 nL of
3:1 DCM 1, 4-di oxane at -78 wad d & solmgH o ~Qft-NVCPBA (57.0 ny,
0.165 nmmol) in 274l of 3:1 DCM 1, 41dp xne—?he-re\;tl ' m xt ure was
stirred at -78 C for 3 h under A" M;e war m ngRE0 0.' Mhe reaction

was treated with 2 mi. of 15 9%Ma2S208 aqueous sol utloFr’l fol | owed by
2mL of satd NaHCG3 aqueous sol ution and extracted w th EtO0OAc (2 x 30
nm). The conbined organic |ayers were dried (Na2s®™) 10 and
concentrated in vacuo. The residue was purified by flash

chromat ography on silica gel with 1-2 % MOH DCMto afford 28 ng (58
% of the title conpound as a white solid: 1H NVR (CD30D; 400 WVHz):

88.26 (d, 1H, J = 8.6 Hz), 7.83 (s, 1H), 7.40 (dd, 1H, J = 8.6, 2.3
Hz), 7.31 (d, 1H, J = 2.3 Hz), 5.74 (m521|—|), 3.57 (td, 2H, J = 13.4,



Exanpl e 13 4- Cyano- 1H-i m dazol e- 2-car boxylic acid

14- (1- ace6d- 4- am no- pi peridin-4-yl)-2-(4,4- 20

di net hyl - cycl ohex- 1- enyo- phenyl kam de acetic acid salt Ac a)

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

14- (1- acetyl - 4- azi do- pi peri di n-4-y1) - 2-

(4, 4-di net hyl - cycl ohex- 1- enyo- phenyl pam de To a m xture of
4- cyano- 1H i m daBohenc?7 itlagtiax y koute ta(i’i-Idndazolecarboxylates of Formula 7-3 or 7-5

) phenyl 1 - ant Fe VRSB PEtre: fatiiminte oo NighdRptet YRt 7

NaN3 (56. 3 th@&s&&%mﬁdﬁmﬂé ofi Rermdulai whére Wlﬁid&ﬂ)l@ 10 under Ar was
added TFA (100 g e resulting ,mxture s stirred at O
Cfor 05 b at @eupiyids SEapie et S5 pisplth O afbitafn AP FoctertbBinc

the mxtue m&bmtyeﬁmmaobcamxtﬁaw&dormglme agihedumimed tit Sobend 4,0

m.), brine (SgnL% ‘& arl? SNaZSO4) Renmoval of the sol vent under
reduced pr ed¥efFadly gy BY"F| ash chronatography of the residue .on
silica gel (1-3 YoMpdibPeMorsial g-24le edl%&e@&m@&f doh@oﬁﬂdsbﬁf‘&ﬁlmoﬁmd
as a 15 white solid. ss spectruym S mz Cal cd Sg oN802
487.3 (M+H) W hR qasigrrens of APOPLODTRIS O%Pﬁti“&r 54 %0*233&%3%6? ;ﬁ? B 3cid
14-(1-ac esy|suﬂzb?éﬂo%ﬂﬂhélﬁe[s'(§{3@N4DEfo & DMF at 25 °C. Compounds of Formula 7-4 are
(4, 4-ditnetbyl -cycl ohex-1-enyl)-phenyl | -am de acetic acid salt To a
m xt ur e 18f prepered by 193ctian of soapaunds of Komesly -l ovithdwe equivalents of an appropriate
[4-(1-acetylapy éh%hﬁjg)re ent, such as NBS or NCS in a suitable solvcnt such as CH;CN or DMF at
plperldln-4-y1§ ig di'rnet hyl - cycl ohex- 1- eny1) - phenyl kam de (as
prepared in f@lﬁl@rwgwebu@néﬂé@to YW Imidazde0gTormistol-p aahd-Szratber 54. 0
ng, 0.822 rry t d (0.40
m.). The res uﬁ&e%\gblrgn% %S éegﬁm‘/’gggtg%w hg%%\gﬁ %ﬁi;flg @(i@ cﬁﬁrﬁeglé;er Ar. The
solid was renoved by filtration on Celite and the filtrate was
concentrgted in vacuo. The residue was purified by flash

chromat ography on silica gel (10 % MeOH DCM to give 13 ng (30% of
the title conpound as a white solid. SckemiMR (CD30D;, 400 MHz): 68. 33
(d, 1H, J= 8.6 Hz), 7.91(s, 1H), 7.52 (dd, 113, J= 8.6, 2.3 Hz),
107.40 (s, IH), 577 (in, 111), 3.76-3.98 (m 213), 3.42 (m 213),
2.46 (m 211), 2.32 ( 211), 2.13 (s, B13p1 2.07 (in, @13)p

. : N93N(s,, 6H), t.N2H, J = Gy N Mass
spectrum (ES1-neg, ni/ 2l }{Bled——ior C26 gkﬁézr_AEQ. ( W+ B=R'f ound
459.5. Exanple 14 15 4- GJano- 1H i m dazol e=N2- car boxyl i c actM

12-cycl ohex-1-enyl- 4- (d4hydroxy-tetrahyd@moM opyran-4-yl3sphenyl | -amd
e

Scheme 8 illustrates a method for the preparation of imidazoles of Formula 8-3
20  where R is -SCHs, -SOCHs,0r -SO,CHa, M is H, Li, K, or Na that are used as
intermediates in the synthesis of compounds of Formula I where W is imidazole.
Imidazole 8-1 (WO 1996011932) is protected according to the methods described
in Scheme 6, preferably with a SEM protecting group to give compounds of Formula 8-2.
Ester hydrolysis according to the procedure in Scheme 6 gives compounds of Formula 8-3
25 whereRfis -SCH;. Oxidation of 2-methylthioimidazoles of Formula 8-2 with one
equivalent of an appropriate oxidant, followed by ester hydrolysis according to the
procedure in Scheme 6 gives compounds of Formula 8-3 where R is -SOCH;. Oxidation

with two equivalents of an appropriate oxidant, followed by ester hydrolysis according to
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20 a) 4- Brano- 2-cycl ol tex- 1-erryl - phenyl am ne To a m xture of
4- br ono- 2-i odo- phenyl am ne (2.00 g, 6.71 nmol ), 2-cycl ohex-1-
enyl-4,4,5 5-tetranet hyl4l, 3, 2] di oxaborol ane (1.40 g, 6.71 nmmol) and
Pd(PPI 13)4 (388 ng, 0.336 nmml) in 40 nm. of 1, 4-di oxane was added 2.0
M aq Na2CO3 solution (26.8 nL, 53.7 mml ). After stirring at 80 C for
5 h under Ar the eaction was cool ed . The, 5 m xj:ur

roat od wi t HUEPBREEIBS: P Eves enatrunrsal taselt §2 it s SO e
(20 ni). Th@r%@ﬁl’tbﬁgehﬁﬁéﬁdﬁxﬁﬁﬁn ANIEPBA MR SIY R efdchcendEMB LoBERIbnion
vacuo. The re due ME mﬂ{ gd by fl,ash g&éonﬁtography on silica gel
(10- 20 % Et CREMAERANEGXides ap splfones a4t givepdwSYemEd. 1 he titl e conpound as
a light brown oil. Mass spectrum (EST, mz): Calcd. for Cl21-114BrN,
252.0 (M+H), found 252.0. 10

b) 4- Q/an% 11%1% t Cj‘met hyl vi i anyl - et hoxyrret hyl ) - 1H bni dazol e- 2- car boxyl
ic acid (4- 2-cycl ohex-1-enyl - phenyl) -am de 15To a_m xture of
4- br ono- 2- cy%%’f@ﬂﬂ'm@ﬁwleﬁ@‘ﬁ%"dﬁﬁ (23(4-4 ’éﬁfé,l’lééldl’*?xti‘l@’yﬂr%ﬁ'ous
step, 1.23 g, dA)xﬁ-?br 4 IRbAURYI]-amide

4- cyano- 1- ( 2- trlnet Fanylethoxynethyl) 1H i m dazol e- 2- car boxyl at e
(as prepared in Ie 1, step (d), 1.49 g, 4.88 mmol) and

bronotri pyrrol i dj hosphor&,\pm hexaf | uor ophosphate (PyBroP) (2.27 g,
4.883 mmol ) in 25 of ENF was added N, N-dii sopropyl et hyl am ne (Dl EA)
(2.55 m., 20 14.6 |mdf) ANt er stirring at RT for 16 h, the m xture
was treated with OfN Et OAc and washed wi th H20 (2 x 30 inL),
brine (30 myp.a (Na2SO4). The organi c sol vent was evapor at ed
and the resi s purified by flash chromatography on silica gel
(5-10 % Et OAc{ hexane) to give 2.21 g (90 %9 of the title conpound as
a white solid. O(CDC13; 400 MHz): 59.70 (s, 1H), 8.26 (d, 1H, J = 8.6
;'2%) HZ) 785( %) Jﬂriﬂlrmuszéﬁd&gﬁgmgﬁwfm-m-ﬁmﬁazo?e ﬁcd#&)mn .'7e 31 (d) 1H | =
2.19-2.33 (MC , 1.75-1.88 (rn, 4H), 0.97 (t, 2H J 8 3 Hz), 0.00
(s, 9H). c)4:E§§no-lH-inidazole-z-carboxylic acid

(4- bromibz- cycl d@gﬂ)ﬂ( 1- enyl - phenyl) -

A flask charged with imidazole-4-carbonitrile (0.50 g, 5.2 mmol) (Synthesis, 677,
2003), 2-(trimethylsilyl)ethoxymethyl chloride (SEMCI) (0.95 mL, 5.3 mmol), K;CO3
(1.40 g, 10.4 mmol), and acetone (5 mL) was stirred for 10 h at RT. The mixture was
diluted with EtOAc (20 mL), washed with water (20 mL), brine (20 mL) and the organic
15  layer was dried over MgS0Q4. 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 (CHy), m/z): Caled. for C;pH7N1081, 224.1 (M+H), found 224.1.

b) 2-Bromo-I-(2-trimetiylsilanyl-ethoxymethyl)-1 H-imidazole-4-carbonifrile

NG N
\[ ‘>—Br
N

20 SEM
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am de S To a sol ution of

4-cyano-1- (2-trimet hyl sil anyl - et hoxynet hyl )-1H i m dazol e- 2-
carboxylic acid (4-brono-2-cycl ohex-1-enyl -phenyl)-am de (as prepared
in the previous step, 1.20 g, 2.39 mmol) in 10 nL of DCM (CH2C12) was
added 0.30 nL of EtOH followed by 5.0 inL of TFA. Mer stirring at RT
for 3 h, the mxture was treated with 20 10 nL of n-propanol and
concentrated i n \zamor.una'm I-@atisieBylvidmyk-¢thdxymathed- 1 - irid a4t arbahitrile d

B0 o, 4 e L St TrEs g e pisvighys Hep) it ¢4 Gl 5
S 80 (M 111)e 2 a2 2 5 () AL el T (i AT ARSS SR et um
(ES1, rak): @dfhequixipgsw f%?t?dl% é& 8”'4317 ' R%%Wﬁéﬁﬁfﬁ%‘w%ﬁt GATGh

d) 4-Cyang- 1 Iﬂan)nwd@é@{vﬁh BJaH@OD(l%ViO xﬁL)i@hﬁ’e (30 mL), the organic layer was dried over
12- cycl ohex- 1- eny

t et r ahydr o- ﬁﬁz%%mﬂaﬁhe c9a°fnffﬂ%1n;7hﬁaﬂ? eRoppid Was quted G 8 Afrg SRESartridge

prepared by (§1h@) ﬂrﬁtﬁgﬁdﬂE@ﬁ&T’he@h@@@éﬁe 4.33 H$179) JraG)BER 50110 Mass spectrum
H-i m dazol e- 2-car boxyl i c

(4- br ono- 2- EGE(CEHRVD: Qﬁlﬁfﬂ fﬁtﬂ%ﬂiﬂﬂ%ﬂ‘%ﬁ%ﬁu%ﬂ%%{%‘)“&%ﬂﬂe@uv#%’éi*%lew ous
step, 120 ng, 0.323 nmmol) and tetrahydro t hi opyran -4-one (188 ny,
1.62 mol ). Silica gel chronatogr (-3 % af f orded t he
title cdfpoghd-@apod- ?rgj’"”géyl%“"a%e"gowle%"@’)ééﬁ-’l"ﬂd"zﬁlﬁzrwﬂ%ﬂm@ et
MHz): 8 12.5f.(s, 1H), 9.66 (s, 111), 8.29 (d, 1H, J 8.6 Hz), 7.74
(d, IH J =2.5Hz), 7.42 (dd, IH J =8.6, 2.3 Hz), 7.33 25 (d, 1H,
J = 2.3 Hz), 5.86 ( 1H), 3.22 (m 211), 2.46-2.54 (m 2H)
2.22-2.33 (MNC413), @.16-2.22 (m 2H), 2.01-2.09 (m 211), 1.73-1.89
(m 511). Massys rum (ESI, in/z): Calcd. for C221124N402S, 409.2
(MrH), found 409§ 1. © Exanpl e 15 4-Cyano-1H-i m dazol e- 2- car boxylic
acid 12-cycl ohexSBMenyl- 4- (4- hydroxy-1, 1-di oxo-

hexahydr o- 126- t MO Py At ¥ blonk B My anyl-cthoxymethyl)-1H-imidazole-4-

carbonitrile (0.55 g, 1.8 mmol) (as prepared in the previous step) in tetrahydrofuran (THF)

15 (6 mL) at 40 "C was added dropwise a solution of 2 M 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 (0.30 g, 3.0 mmol) was added. The reaction was allowed to attain RT and
stirred for 1 h. The reaction was quenched with satd ag NH4Cl, dituted with EtOA¢ (20
ml), washed with brine (2 x 20 mL). The organic layer was dried over Na;SO4 and then

20  concentrated, The title compound was eluted from a 20-g SPE cartridge (silica) with 30 %
EtOAc/hexane to give 0.40 g (74 %) of a colorless oil. Mass spectrum (ESI, m/z): Caled.,
for C13H2N30:8514, 296.1 (M+H), found 296.1.

d} 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylate potassium
25  salt
NC

"

SEM
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5 CM The title conmpound was prepared by the procedure of
Exanpl e 12 using 4-eyanolH-i m dazol e-2-carboxylic acid

[ 2- cycl ohex- 1- enyl-4- (4- hydroxy-tetrahydro-thiopyran-4-

yl) -phenyl]-am de (as prepared in Exanple 14, step (d), 60.0 ny,
0.147 mmol ). Silica gel 10 chromat ography (10-40 % Et 0Ac/ DCV

LT 0 T S bRl s

(dd, 1H, 3= @rexylit. Ridrthy] esterd.4q gl,1.31irinol (as pReparetin) the previduy stgp) Id éthanol

tas 5% oits ey dada g R b onP B oder 3 Binmbhy SR Haichlad sifrey

J = 6 3 Hz) ,fod1W08in(agd tieHponchimédspeive 0 ding (EBL,) ofi theiitle Galpouhd fsaryelldw

T Gyl N o bOUE AR Tos BX PR 552 60 362 AT 9400 on

ex-1-enyl) - 2)pN§0 (s; IO M3y shectripy (B8M-nde, @8E)b ©alet) for @GHIKINBDI8Y,1266.3 (8K
20 a)4-(4- | )-tetrahydro-pyran-4-carboxylic acid nethyl

tfo-
ester l}lé{: ‘Pgé%gya solution of |ithiumdiisopropylamde (12.2
m., 220mm| 1.8 M in 40 nL of THFat -78 C was added

t et r ahydr o- p r C, ac ester (2.88 g, 20.0 nunol)
dr opwi se. ﬁg’é’m"ﬁa ?fgf éf{”ﬂ”éﬁ'@miﬂgﬁ‘nz Jail lé’ff"&’f’"“”fs C for 15 nin,
war med to RT 1, 3- pt hyl -t et rahydro- pyri m di n-2-one (2.69 g, 22.0

nmol ) was addé reaction 10 was cooled to -78 C again,

1-fl uoro-4- herAzene (3.10 g, 22.0 mmol ) was added slowy. The
resulting m re was warnmed to RT and stirred for 1 d under AL The
reaction was ¥reated with 30 m of saturated NH4ClL and extracted with
80 uil, 19f EtBAc. The organic extract was washed with 1120 (50 ni),

I L L L L s

Et 0Ac/ hexandjmdtitylgyichobextng tylgprérBOaciq (OcﬂSOtghQO‘z oo, RGP K@i24s, Sangleh), Bw

ol d. 111 M. ROy AU Bt P 2 fenc o Pk 6 e

( m 211), 2r&otidnwyasZilifed with EtOAc (100 mL) and washed with saturated aqueous NaHCO; (2

R?_é_ (4- Agi nQ-1gh 1Y Lad Igrﬁlter(%yn%) afthé c?rsffan(f(? fayer)c(ﬁ[leci Seef R %04 et d é(faptﬁ’ast%g '

The crude product was purified by flash silica gel chromatography eluting with 10%
EtOAc/hexanes to give 0.680 g (66%) of the title compound as a light yeliow oil. Mass
spectrum (ESI, m/z): Calcd. for Ci4H;sBrN, 280.1 (M+H), found 280.1.

20 ) 4-Cyano-1-C-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxyfic acid {4-

bromo-2-(4,4-dimethyl-cyclolex-1-enyl)-phenylj-amide

SEi\{i 0

- ®
<7
NC O
Br
To a suspension of 4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-phenylamine (0.640

g, 2.29 mmol) (prepared in the previous step) and 4-cyano-1-(2-trimethylsilanyl-
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A m xture of 4-(4-nitro-phenyl)-tetrahydro-pyran-4-carboxylic acid
met hyl ester (as prepared in the previous step, 2.12g, 8.00 mml) and
10 % Pd/C (1.06 g, 50 wt %9 in 20 nmL of MeOH was stirred at RT under
112 (ball oon pressure) for 2 h. The Pd catal yst 25 was renoved by
filtration on Collie and the filtrate was concentrated to give 1.69 g
(90 %9 of the title conpound as a white solid. Mass spectrum (ESL

i nk): Cal cd. etﬁdiﬁm@hﬁlbﬂﬂﬁﬂ&iaz&%wcirbbw pothssiumtka? @B70.¢g, 2,30 mmol) (prepared
4oL A no. OB BCT et DAY b SR Radka BARRR Y09 IR e

ester
4- (4-am no- mwmfl 01 2064 236 yekioD-aaY thamniduferlB0¥Y boistr ARTHoNEL ) yThe@sik e

(as prepared in, st.e 6 00 m, of
1:1 DCM Cl- 1 ﬂ&fﬁ‘? gt %dﬁ@&‘&wﬁ? ﬂ@i&%}%ﬁ%ﬁa&%?@ Wi?ﬁ“g’é % figByc
(éL 25 g, 57t Q eféﬂi}?éd)ovbm%gomnd%fm&n&até@ Mltgwmt dwd@élt hutg% fronﬁ\fa'Qﬁrg
stirring a or was treated w

Et 0Ac and walheting:t ROMbeenesio gite b 86&5&*‘ Hieititle Ctm@n%wﬁ ife solgh e
organi ¢ | ay aaségseciith GESI( MHAS: SR, @fldzsggaﬂemslamdl Wm)afda@d @ﬂle
residue was purified by flash chromatography on silica gel (1-4 %
Et OAc/DCM) to give 1.85 g (84 %9 of the title conpound as a white
?KJ/L IH;JI :c\/ass be A;Barnum;t t;-frﬁkazbl}l@-em%&dacuf LLbrbhd D=3 YRR cy ddHexOr- D) -
- oun

444- Ari nd- 3 2(tarvi-iget hyl - cycl ohex- 1- eny1) - phenyl ket r ahydr o- pyr an- 4-
carboxylic acid netpyl ester To a m xture of

4- (4-am no- 3- brqnn phenyl et r ahydr o- pyr an- 4-carboxylic acid nethyl
ester (as p R hg evious step, 1.45 g, 4.61 mol),

4, 4- di et hyl eye HE ’ | boronic acid (782 my, 5.08 mvl) and
dlchloro(l 1-bisdip | phosphi no-ferrocene palladium (I1)
(Pd(dpp0C12) di chl or gfet hane adduct (337 ng, 0.461 mmol) in 40 nL of
DMVF was added K31304E?3 91 g, 18.4 mmol ). The resulting m xture was
stirred at 70 i tTél QEolﬁtﬁmrbf '4'} ﬁfo-lp(z-tnﬁlfe fsﬂéh??!ath&%nfeﬁty Hxﬁxﬁ@azgfteiﬁtur e

was treated with and

brine (30 rrearboxwﬁéa@é@‘hhuo@oﬂa(ﬁérdim@ylonwlebexma@@@tfnﬁ amé@ﬂb%ﬁrﬁ déPed
gor (0o op EERSIEpIGEAIE WEe Btibt &4 A olE SRORT AR AARHY o B ide
Ie o\ Whiibe SOMLp(HRéLend fesspiniors S foripbs KT BiAaIG FoCRTBORbgh

344. 2 (MEH) 4ich @it Qi 0o gh 0.68 £ (95%) of a white solid: "H-NMR (400 MHz, CDCLy):
e) 444- (14-Cyéno 142-11] met Iml%&noz%fH%QESOIh F M+ﬁrgda28$e-fzcar

bottylI- 81123 (brs, 1H)9S2(brs 1H), 827(dJ 87Hz lH),772(s,1H) 7.4] (dd, J= 2.3,

am no) - 3- (4841}%5%} %Pé&%d PARX 18, S PENYLE LAY 2 s R AsstnCar h

oxylie acid
2H), 1. 08 (s, 6H). Mass spectrum (ESE, my/z): Caled. for C1oH1pBrN4O, 399.1 (M+H),

20  found 399.0.

k) 5-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimeilyl-cyclohex-1-enyl)-4-(4-
hydroxy-tetrahydro-pyran-4-yl)-phenyl]-amide
To a suspension of 4-cyano-1 H-imidazole-2-carboxylic acid [4-bromo-2-{4,4-
25  dimethyl-cyclohex-1-enyl)-phenyl]-amide (0.550 g, 1.38 mmol) (prepared in the previous
step) in 20 mL THF at —40 °C was added i-PrMgCl (1.40 mL, 2.80 mmol, 2 M in THF)

and the solution was then warmed to 0 °C and stirred for 10 min. The solution was then
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15The title conmpound was prepared by the coupling procedure of
Exanple 1, step (f) using

444- am no- 3- (4, 4-di net hyl - cycl ohex- 1- eny0- phenyl kt et r ahydr o- pyran-4-c
arboxylic acid nmethyl ester (as prepared in the previous step, 650
ng, 1.89 mmoD and pot assi um 4-

cyano-1-(2-tri thy -1H azol e- | at e
(as prepar ed°°i° GIFIea B¥%§fb@q?\é§5%§ f Pmef“’a%ﬁdaffﬁ ORese
chr omat ogr ap&wrﬁia&ﬁ\andaﬁéncmfkﬁﬁdrbip@ram dnk dssmmﬂﬁnél w@slac@ed 90 % as
gggol?)oz :vﬁ's_i)s 1%&%?}5 gr% eCt I&Hg} 5 nlligla{ —'HB{ ZC)the reactlon'wa]; %Eenc ¢ w1th satd 4Cl
f)4-14- 114- Geara:) it Atk ok Etcﬂxce(amormzc,))an@mlmve&ﬁmﬁ ’merm& hyl cyc
| ohex- 1- enyl) phenyl j -tetral zydro- pyran car hoxylic. ac th

boter 255 cchnpbunasintied SRR BTy Y RO e Hith SIS0 SEOAEDE Mo

Exanple 1, Stbgp;e@%o ?%79@9) dFa vibfle solid. 'H-NMR (400 MHz, DMSO-de): § 14,28 (s, 1H),
([ 4-cyano-1-(Z2-trine IS|Ian¥I-ethox met hyl ) - 1H'i m dazol e- 2- car bonyl
kami no) - 3- 977(s,lH),82 (s, IH), 7 S(d J=85Hz IH),7.38 (dd,J=8.5,2.2 Hz, 1H), 7.34 (d,

(4, 4-di net hyf= %%zoi‘ﬁj%:é%n“;ﬂ;)r/ {3%1}11) 583 B%@Xﬂr@wﬁ?ﬂzﬂ%%@%g&' ¢

acid nethyl ester revi ous
mol ). The t}9A{, & (zmiH)ng 019&365) Wassgp@nm(’@& méyiagledafor 1- NVR

(CDC13; 1‘600 o 21%( @42 66(s, 111), 8.34 (d, 111, J =
8.6 Hz), 7% %N“ TH, 4—?)51% 13 34 (dd, 1H, J = 8.6, 2.3 Hz),
7.18 (d, 1113:23Hz) 5.78 (m 111), 3.96 (m 211), 3.71 (s,
311), 3 57 %;ﬂé 2.54 (m 211), 2.28 (n, 211), 2.11 (n, 211), 2.0

(m 2H), .. ESI,
M z) : Cakd. ridede? -Gayhlidie “}K‘/ﬁ% 2-die b Rg 23R8 %é;x“%g){)f”e 17
4-14-114- q/a?mmniﬂb’-aa(ﬂdzlamhﬂecmi@mﬂwﬁmmmedmﬂudxmhybuigqléI ohe
x-1-enyl)- phenyl petrahydro-pyran-4-carboxylic acid 15 To a

sol ution of
4-04(4-cyano-1 H i m daz
1- enyl) - phenyl kt et r ahy®
prepared in Exahfie 16
THF/ MeOH was added 6

¢- 2- car y1) - am no] - 3- (4, 4- di net hyl cycl ohex-
0- @yﬂﬁ 4-carboxylic acid nmethyl ester (as
st 129 ng, 0.279 mmol) in 2 ntL of 1:1
-CH (4 AL 2.40 mmol ). After stirring at RT
for 2 d, the~ as” tr€ated with 10 20 nL of 1120 and washed
with EtO0Ac (3]x 10 m). The aqueous | ayer was acidified to pH =5
with 15 %6C|tr|c aslyd and extracted with 10:1 EtOAc-MeOl1ll (3 x 10
m.) . Thé”conbi ned organlc | ayers were dried (Na2SO4) and concentrated
in vacuo to afford 119 ng (95 %9 of the title conmpound as a white

(5, 111), 737 (50 gppigolEeimodtEnfobs byt i 81 e )
5.75 (m 1Hpycloigg-1enyl)¥-(4hydipxy-Bhatydia-pyrat4-yB-phenyl]-anide (8.0 4 0. L {4n
211), 2. 30 GRolfdriparedin BRarkpif 1, stebthy) intt B oPBCM was added 2-dimethylamino-
20  ethanol (0.114 mL, 1.14 mmol), TFA (0.130 mL, 1.17 mmol), and the mixture heated to 50
°C for 8 h. The mixture was concentrated and the title compound purified by RP-HPLC on
a C18 column eluting with a linear gradient of 30-50% CH;CN in 0.1% TFA/H,0 over 12
min to give 14 mg (20%) of a white solid. 'H-NMR (400 MHz, CDsOD): § 8.21 (d, J =
8.6 Hz, 1H), 7.91 (s, 1H), 7.35 (dd, J = 8.6, 2.2 Hz, 1H), 7.21 (d, J = 2.2 Hz, 1H), 5.67 (m,
25 1H), 3.83-3.66 (m, 4H), 3.30-3.15 (m, 4H), 2.76 (s, 6H), 2.26-2.20 (m, 2H), 2.12-1.94 (m,
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2H), 1.60 (t, 2H, 1= 6.1 Hz), 1.09 (s, 6H). Mass spectrum (ES1,

rn/z): Calcd. for C25H2214404, 449.2 (M+H), found 449.2. Exanple 18 5
4-(4-1(4- Cyano-1H i m dazol e- 2- car bonyl kam nol- 3- cycl ohex- 1- enyl - pheny
| ket ral zydr opyran-4-carboxylic acid

a) 4- (4- Am no- 3-cycl al sex- 1-enyl - phertyl)-tetrahydro-pyran-4-carboxyl i

c acid 10 nethyl ester The title conpound was prepared by the
Suzuki coupl ¢Hhgl-p}t 6okd ér3é‘176f3HE>l Abs, 6H). cMasstspastrpmt (ESls frfeg: Caled. for

4- (4-am no- 3¢ V-EIE B ARy - pyr an- 4- car boxylic acid nethyl
15 ester (as g@%pare In éﬁ ﬁ% 16, step (c), 380 ny, 1.21

mmol ), and 2-cycl ohex- 1-

eny1-4,4,5,§%&§%g Afethyl -1, 3, 21di oxaborol ane (277 nmg, 1.33 nmmol).
Silica gel rofmat ography (0-2 % Et 0OAc/ DCM afforded the title
conpound X 2G4-/#¥3- Q@n%lHatguéazmmr@aﬂP-dmnN&é’s@ dlaeerbydrey HS;1-anyl)z ):

Cal cd. for 316 2. 20
6) 4- (4414- cé@%ﬁﬁﬁggghiééﬁgﬁﬁ $%aﬁ% oxynethyl) 1H-i nzi dazol e- 2-c¢

ar bonyl | -
am no) - 3-cycl ohex- 1- ep phenyl ) -t etrahydro- pyran-4-carboxylic acid
met hyl ester ( i ound was prepared by the coupling

procedure of Exanple 1,
4- (4-am no- 3- cycl ohex
acid methyl 5 distegy
=not), and p#¥assiL o
trinmethylsilanyl - .tho>ynethyl)-1FL|n1dazo|e-2-carboxy|ate (as
prepared in Exanpleo , step (d), 266 ng, 0.872 nmol). Silica gel
chr omat ogr aphy ( ) ) t 348
ng, 78 %9 as a c%g Es@égﬁﬁg)&?ﬁ‘% 1}1’;‘%{&@ Z?ﬁ% ‘%E’éf&ﬁc Acﬁi z[? ?@ﬁ’qegh)ﬁf or
C301- 140 N405Sr.lg)h6565€ﬂ31)(4w4mdrmmmhm;;ﬁan—{{@l) phenyl]-amide (48.0 mg, 0.114
c)4-01(4,%y Cc i - - - phen
T terPang el AR Se 1 BERRTN LR dap ik Bty e

(0.215 mL, 2.78 mmol), TFA. (0 036 mL, 0 464 mmol), and the mixture was stirred for 8 h

at RT. The mixture was concentrated and the methyl ester of the title compound was

h usi ng
enyl) -t etrahydro- pyran-4-carboxylic

; ared in the previous step, 250 ng, 0.793
A.4="Cyano- 1- ( 2-

cluted from a 10-g SPE column with 50% EtOAc/hexanes. The resulting ester was
dissolved in 1 mL of MeOH, 2N KOH (0.30 mL, 0.60 mmol) was added and the mixture

15  stirred for 8 h at RT. The title compound was purified by RP-HPLC on a C18 column
eluting with a linear gradient of 30-60% CH;CN in 0.1% TFA/H>0 over 12 min to give 13
mg (30%) of a white solid. "H-NMR (400 MHz, CD;0D): § 8.34 (d, J = 8.6 Hz, 1H), 7.85
(s, 1H), 7.60 (s, 1H), 7.37 (dd, J = 8.6, 2.2 Hz, 1H), 7.28 (d, J = 2.2 Hz, 1H), 5.79 (m, 1H),
4.03-3.94 (m, 2H), 3.88-3.80 (m, 2H), 3.72 (s, 2H), 2.35-2.27 (m, 2H), 2.13-2.06 (i, 4H),

20 1.60(t,J=6.3 Hz, 2H), 1.11 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for CogHaoN4Os,
477.2 (M-H), found 477.2.

Example 4

4-Cyano-1H-imidazole-2-carboxylic acid {2-(4,4-dimethyl-cyclohex-1-enyl)-4-{4-(2-
25  methoxy-ethylamino)-tetraliydyo-pyran-4-yl]-phenyli-amide
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15The title conmpound was prepared by the procedure of Exanple 1, step
(g) using 4- (4-(
[ 4-cyano- 1-(2-trinmethyl silanyl -ethoxynet hyl)-1H i m dazol e- 2- car bonyl ]
-am no} -3- cycl ohex-1-enyl -phenyl kt et rahydm pyran- 4-carboxylic acid
met hyl ester (as prepared in the previous step, 339 ng, 0.600 nmmol).
The title conmpound (249 ng, 95 % is a faint yellow solid. Mss
spectrum (ESI, in/z): €kcd. for 024H26N404, 435.2 (MrH), found
20435. 2.
d) 4- 14- 1( 4- Cyano- 1H i i§ dazol e- 2- car bony1) - am nol - 3- cycl ohex- 1- enyl - ph
enyl) - tetralzydro pyra 4Hcé%6§%%#%c acid 5The title conpound was
17 using 4-{4-[(4-
on -am no] - 3-cycl ohex-1-enyl - phenyl}-tetra
- C aC|d met hyl ester (as prepared in the
previous step, 239|ng) 0.550 mmol ). The title conpound (227 ng, 98 %
is a wiite solid. 1‘ 1 NVR (CD30D; 400 MHz): 3 8.25 (d, 11-1, J = 8.6

Hz), 7.84 (s, 1 (dd.c,1H =. 8.6 3 Hz),. 7. N N
25 1) 5. 84 100k SRR 4 e R Solse Sy g g
2. 20- 2. 34 ( rgycldhdy;1-dnyD-A-{drhydidbdy-tettihytide-piira39-y{)mhedsi)-amitia s pepaed inum

Eeampl & 10 SR itk PR P Lrg D B PGB0 L wilésbaea soct

14- (4- casbanpgd pto0.360ME6D uitief AN- Aﬁetlﬁmﬁg at RT for 2 h, the m1xture was cooled to 0
cycl okex- 1- enyl Fhenyll-anld 20To a solution o

(4-[ (4- cyand=-11® thairesasen ‘éaszh%?#%r?yrfyth@memgam@e(gm ;ghé,gopmon and the

enyl - pheny Lysshfhb Me%exﬁ@ea a«ﬂo ftafopgzsy trh&mﬁ&arel we@&m@éd%ﬁ{ﬁ@pdc 30 oL,
Exanmpl e 18, step (d) was added

1 THE
O aDNE (5 andriached bl Fuigr 5 10 mRaanctiiet G oA BorgEgs 6 D80! eren
(18 jilL, O. %anem.}lgmcﬂﬂ%qemﬁfeaﬁs }éﬂiﬁfeﬁ‘wglll%@gﬂhﬁﬁgtoéﬁbﬁf(‘lﬂlg%f or 1

h, the m xture was cool ed bac Concentrated ammd

hydr oxi d8 (25Q/PCM tg ?ff%e)ﬂfkﬁ/sgmméﬁﬁaﬁm&tﬁﬁe@raé (yhitp ﬁg}ldm RNMYR was
warmed to The ac ARt t
o o LRSI PRt TUSLATE 5, Y90 1RSA 1B,
8.6, 2.3 Hz), 7.20 (d, 1H, J= 2.3 Hz), 5 77 (m, 1H), 3.94 (m, 2H), 3.69 (m, 2H), 3.41 (¢,
2H, ] = 6.1 Hz), 3.28 (s, 3H), 2.38 (t, 2H, ] = 6.1 Hz), 2.28 (m, 2H), 2.07-2.20 (m, 45D,
1.88 (m, 2H), 1.59 (1, 2H, J=6.3 Hz), 1.10 (5, 6H). Mass spectrnm (ES], m/z):; Caled. for

i5 C27H35N503, 476.3 (M-H), found 476.3.

Examples 5-9 were prepared according to the procedure in Example 4

Example Name Structure Mass
Spectrum

5 5-Cyano-1H-imidazole- (ESI, m/2z):
2-carboxylic acid [4-(4- O CN | Calcd. for
amino-tetrahydro-pyran- H HN\N\ CaaH29N50s,
4-yD)-2-(4,4-dimethryl- HoN O o 418.2 (M-H),
cyclohex-1-enyl)- found 417.9,
phenyl]-amide °
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5 ni).

The organic | ayer was dried over

Na2SO4 and concen

trated in

vacuo. The residue was purified by silica gel chromatography (1-5
MeOH DCM to afford the title conmpound (4.7 ng, 32% as a white
solid. 11-1-NWR DC13; 400 MHz): 8 12.00 (s, 111), 9.53 (s, li), 8.33
(d, IH 3 =8.6 H), 7.74 (d, 1H, 3= 2.3 Hz), 7.33 (dd, 1H, J = 8.6,
2.3 Hz), 7.20 (d, 1H, 1= 2.3 Hz), 5.85 (m 1H), 5.81 (br s, 111),
gﬁ Ebr Zi1)111)1,68§.(82 @?iyfﬂbi)zf[_,mzbm 021121;5) 2m19)2 3 p(pam Ifﬂ&jl,),
: m m S um z or
C231425N503, 420.2 ( M+ 'c“f’%?&i}'{tf“ffdgifs"Exarrple y ”“’\S SER
4- Cyano- 1H|i m dazol e- 2-| gBrdpprybitsnedaid | o N A, CsH3sN;03,
P-cycl ohex-(1- enyl- 4- (44hy drox{ymeth yl 15 ta@hy -p ran- 4 3/') (R/Penylf
-amide Tola mixture ofl €vd-4-(4-morplolin-4- 88 -H),
4-{4-[ (4-cylano- I Hirni (I@g@},@hﬁ&ﬁrmyl )t amlng] - 3- cycl ohexodnd 488.4.
enyl - phenyl|} - tetrahydro@P yran-4-carboxyljc adid (as prepared in
Exanpl e 18,| step (d), 2 ?G“G’Urfﬂ’"dﬂ 0476 nol ) and triethyl am ne
(Ebb) (7.3 [TTL, @.052 rlgrtg;a),(,_Jg_,,;mmmlgr THFat [0 T Wwas ado@@@%ﬁ’
(3.6 ng, 0.,038 Mol ). The m xture was stirred.af RT for 0.5 h ‘an
NaBH4 (5.4 |ng, 0.14 nmpPicavbasplissedds-(4f ter st ng at /RT Fabed i h,
the mxturg was treatedghdfragapl of EtPAc and 1@ r‘?'l"‘\ f J@gﬁ?;ﬁ dgric
acid. The gqueous | ayerr was “separated an 8 N h [EOAS %f()
m.). The cqnbined or ganfeém(w?efwf‘ﬂwérﬁ) h@ it satur”éﬁédM\HHCOb
aqueous soliution (10 mi), R0, e (10 m). (Aflkr44d5s5yi NG
over Na2SO4 and concent ?a ?%g é% vacuo th gesi due was pgurified ﬁ
silica gel | chromatogra J’Qﬂbezly%ﬂnw-VECl\/p to afford the title
compound (YA Tg, g 70 9 [ Mpte-soh o HNVRTCI 5 CO30DLePEL 3. 400
MHz): 5 8.24 (d. 2111, 5‘?@)@&‘%{?@?&% (Is, 7.26 (ngf("fﬁ,’hgz)':
8.6, 2.3 Hg), 7.14 (d Hegrbgxpticacid (#i#44- 5. 84 (i {%l 3.@ded( for
211), 3.57|(s, 214), 3{54-3 6 2H), 2> 1 2.4
214), 1.95|(n, 211), 1 g’g’e?%ﬁg’f%% MAS (E51, rrﬁﬁﬁrbz’
Cal cd. for |C23H26N403, Wﬂ-‘ﬁ[%mﬂvwhyﬁf ound Exanpl & 5213(MH),
4- Cyano- 1H{i m dazol e- 2 acid
12-cycl ohex- 1- enyl - 4- ( 419:20 ﬁ n 4- yhndt hyl t et r ahydr a- pyr found °§/i‘) il
enyl kam de |10 fetrakydro pymn-4 yIJ-
phenyl}-amide
9 5-Cyano-IH-imidazole- (APCI, m/z):
2-carboxylic acid [2-(44- ’ o ,{N Calcd. for
dimethyl-cyclohex-1- HN’\ n “*N\ CaaHz6NeOo,
enpl)-4-(4-piperazin-1-yl- = ° 487.3 (M-H),
tetrahydro-pyran-4-pl)- ) found 487.4.
phenyl]-amide
Example 10

(4-{4-f4-[(5-Cyano-1H-imidazole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-1-enyl)-
phenyl]-tetrahydro-pyran-4-yl}-piperazin-1-yl)-acetic acid trifluoroacetic acid salt
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a) 4- Cyano- 1H i m dazol e- 2- car boxyl i caci d[ 2- cycl ohex- 1- enyl- 4- (4-f or nyl
- tctrahydro-pyran-4-yl)-phenyl kam de 15 A m xture of

4- cyano- 1H i m dazol e- 2-carboxylic acid [2-cycl ohex-I-enyl-4-(4-

hydr oxynet hyl -t et r ahydr o- pyran-4-y1)-phenyl ] -anm de (as prepared in
Exanpl e 20, 75.4 ng, 0.185 mmol ), Dess-Martin periodinane (157 ng,
0.369 mml) and NaHCO3 (155 ng, 1.85 mmol) in 3 nL of DCM was stirred
at 0 Cfor 0.5 h, at RT 1 h. To the reaction 20 was added 2 nL of
10 % Na2S203 d the resthting nlxture was stirred vigorously for 5

nm The m xturé ; dwith2® nmL of H20 and extracted with
Et 0Ac (2 x 40 The c-nb:ifﬁzggganlc | ayers were washed with

saturated (10 n), 1120 (10 nL) and brine (10
After o] and concentrating In vacuo, the residue
mas purlfled by siTied_ g€ chromatography (10-20 % Et OAc/DCM to
afford the title coppotnd (45 ng, 60 %9 as a white solid. Mass
spectrum (ESI, ra/z)L)Cakd for C23H24N403 405. 2 (MtH), found 405. 1.

5 b) 4- Cyano- 111- carb
P- Ci/ cl % ex- 1- eny :1‘0 # s? ﬁcgpt?chﬁi¥m1dazoﬁ:—ﬁ-carboxyhc acid [2-(4,4-dimethyl-

yl nmet hyl -t etc&ﬂbhbdtl@ergy)mﬁ-lﬂpeymh@h&trﬂgrﬂio@iﬁ;ra‘h#@l}bhﬁr@l]&hude trifluoroacetic

For myl 1 ot r ARSIRLCRFAR3E RO HERGF B Enrmed (ARl PO O e’
previ ous 5st efdedIELH(ON0] 5 nl. 0715&@51)3&:1):1 ethyDbrpincdcerae (0.0444Ah1., (ID4])5nm¢mﬂtd)
and sodi um hor ohydri de

0. 0,16 | i 2 h . of 1 A THF
nas Stirred MR %Weé(f?t.lgt%g% TESmE bag faferibd Micfie fesifie ditsolved
satL g r ﬁt[_ )ed |\la1Ht:mo APUBHWS] $1§n|th l@]r03(13;£L 01232 niisl) \ﬁaetarda@taad ihfirmhtul:_etdﬁﬁed (3
X |
A b me (16 AR e SRR s STHEL S YR G b eBmeER B )
\éiagxo/ t he rigls b&?@uﬂ&ﬁ;ﬁeﬂ!bﬁfﬂ%ﬂ?ﬁﬁm snigt:aaccguﬁhn atntﬁﬂgrm‘tmmm‘gtacﬁ&ﬁoﬁo %

C (0]
corr s 1 B Blatiint fog A EREEE Be i B eifRan 1 by B o Il H. iy
(7d1711é i NI\@R@MHZ 1:[73@13()53 sifbd JZ s?@ﬂ dst) 8l (s, Jm? 7844Qdd27=38 biz).2
211y 'S 53 Hn T THT (bTr2 T e B3 ST G, 3.0 aézr?pa 2H), fs?omﬂe o4

201.77-1.98 6#&6-2'%’6 , SPELv0-9138 (ESUnM. 292 268h ), .29.2.05 (m, 4H), 1.60
C221- 133N30§£ g §? SRS f ound S 6:9. Exanple 22 (m, 450,
4- Cyano- 1H (tn{ F500e 20 da )@1)1 Maggspgetrum (APCI, n/z): Caled. for C30H3sNgOq,

(2- (4, 418i meyd g p1-9) %fohﬂ&t%.al-enyl)-444-(2H25 _
fdrazol -5-y1)-tetrahydro-pyran-4-yl | phenyl | -am de
a) 4- (4- N tro-phenyl ket rahydr o- pyr an- 4- car boxylic acid

Example 11
4-Cyano~-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(4-
Irydroxy-tetralydro-thiopyran-4-yD)-phenyl]-amide

20
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NO2 5 The title conmpound was prepared by the procedure of
Exanpl e 17 using 4-(4-nitrophenyl)-tetrahydro-pyran-4-carboxylic acid
nmet hyl ester (as prepared in the Exanple 16, step (a), 531 ng, 2.00
mmol) to afford 465 ng (92 % of a white solid. Ili-NVR (CD30D; 400
MHz): 5 8.24 (d, 1H, J = 9.1 Hz), 7.70 (d, 1H, J = 9.1 Hz), 3.93
(ddd, 2H, J = 11.9, 103.8, 3.5 Hz), 3.64 (ddd, 211, J = 11.9, 11.1,
2.3 Hz), 2.55 (m 1); 1.98 (m 2E1).
li)4-(4-Nitro-phenyy)-tetraltydro-pyran-4-carboniirile NO2 15To a

m xture of 4-(4-m o-pheg%;é-tetrahydro-pyran-4-carboxy|ic acid (as

prepared in the previ BusHsN ny251 ng, 1.00 nmol) and sul fonam de
(115 ng, 1.20 N o? sul f ol ane was added thionyl chloride
The resulting m xture was stirred at 120 C for

(80 gL, 1.1048und
ng to 0 C, the mxture was neutralized to pH 7 with

16 h. After cpdN
| N NaOH solu and treated with 30 nth of EtOAc. The organic |ayer

was separated ) and washed with 1120 (2 x 10 nL) and brine (10 ni).
After drying over Na2SO4 and concentrating in yaw, the residue was

purified by silica gel chromatography (3:7 hexane/ DCM to afford the
title conmpound (223 splytiorgd 4ogyaneslfiithidpzele-3redrbaywlic adid H-brome-RINIR4( CDC13;

400 MHz): 6843 C Hamns Z). . : = .13

(m 213) 3 ittt rgnpnmidniod b freglied e T, dere) 1o m

4- (4- Am fo- Prdfyinol) etdrmhpHFRE sy-78 AC aadsaAbens addid isombiylmagresium cllovde

4-(4-nitro- | -athet rah -, -4-C oni.t.rile (a r ed,in
the 10 pr echﬁ;ugt §%0é3 ?nﬁ%%ﬁ 18)%%8 Fﬂn%%?#&élﬁgglitﬂ ovﬁé}%—r’?Tﬁg a,nd50 wt

% in 10 rolstirref folVe Gith, waledtbi-78 8Clagain, AD thewdeturéizad hlded oabuiyilziEsm( 830

for 1 h. The_ P t al yst S r veq by filtration on.Celit e

1 trate vadle baiEnePhl doEr b Sage i lonamsyoons ittt 7 ¢ for 10

;:o mpound as ngnf Alsblutipedd tﬁWhﬁd}?iﬂdo%ﬁ@Sﬁoﬁ(Q% fiupl, M. {05 nol) B ZhL o€ HE avas

or C121114N20, ,203. MtH)., found 203. 15 .

d) 4- (4- A ﬁ%&%ﬁéﬁﬁ%@%ﬂ vét Wﬁﬁ&?g F%l-%*ﬁwcgwrfﬁd &5 05 dhiodpy 4% Tap
mixture was treated with 2 mL of saturated NH4CI followed by 20 mL of EtOAc, washed
with brine (10 mL) and dried (Na,S04). Removal of the solvent under reduced pressure
followed by flash chromatography of the residue on silica gel (1-2 % MeOH/DCM) gave
85.0 mg (65 %) of the title compound as a white solid. "H-NMR (CDCls; 400 MHz):

15 812.62(s,1H),9.72 (5, 1H),832 (d, 1H, J=8.6 Hz), 7.74 (d, 1H, J=2.3 Hz), 7.42 (dd,
1H,J=8.6,2.3 Hz), 7.33 (d, 1H, J=2.3 Hz), 5.78 (m, 1H), 3.12-3.33 (br s, 2H), 2.46-2.54
(m, 2H), 2.26-2.33 (m, 2H), 2.16-2.22 (m, 2H), 2.00-2.13 (m, 4H), 1.79 (s, 1H), 1.59 {t,
2H, J=6.3 Hz), 1.10 (s, 6H). Mass spectrum (ESI, m/z): Caled. for Ca4H,sN40,8, 437.2
(M-+H), found 437.2.

20
Exampie 12
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(4-
Irydroxy-1,1-dioxo-hexahydro-1 /16-1‘1:iopyran-tf—yl)-phen l]-amide

63



The title conpound was prepared by the procedure of Exanple 16, step
(c) using 4- 20 (4-am no-phenyl)-tetrahydro-pyran-4-carbonitrile (as
prepared in the previous step, 195 ng, 0.964 mmol). Silica gel
chromat ography (20 % Et OAc/ hexane) afforded the title conpound (166
ng, 61 % as a white solid. Mass spectrum (ESI, mz): Calcd. for
C121113Br N20, 281.0 (M+H), found 281.2. 25

e) 2- Brono- 4- 14- ( etrazol -5-yl)-tetrahydro-pyran-4-yl|-phenyl am ne
Br Am
4- (4- am no- 3- br ong
prepared in the pr

hen IN)-tetrahydro- pyran-4-carbonitrile (as
Stepey 141 ng, 0.500 mmol ),

NtL, 1.00 5 mmol) and tetrabutyl ammoni um
fluoride (654 25 |) was stirred at 120 C for 18 h under Ar.
After coolingA® , the m xture was treated with 30 nth of EtOAc and
washed with 1820J(2 x 10 nL), 15 %citric acid aqueous solution (3 Xx
10 nL) and brij% (10 nL). After drying over Na2SO4, the organic |ayer
was concentrafPed in vacuo to afford the title conmpound (147 ng, 91 %
as a faint yellow solid. Mass spectrum (ESI, na/z): Cared. 10 for
C22f 114Br N50, 32 f oun

j ) 4- Oyano- 1- (2-t 3?3@%%% 4655 Q-g@%%f@ﬁ&%ﬁfm#& P9 Baglobeol-eniAdiy |
ic acid (2- hydroxy-1-hydroxymethyl-ethyl)-phenyl]-amide (as prepared in the Example 11, 45.0 mg,
|(—f ’4?;, gj_ Il :%L 2)@]{03 ngﬁ%ﬂ gg{:& }J_CAI'\/?/?,?A Iol;l_axgee gt r—ai% QC _w5a_s gcf'd)ezi Ei gélﬁt?or;lyo? E\'i)él;ﬁlf{ a
(57.0 mg, 0.165 mmol) in 2 mL of 3:1 DCM/1 4-dioxane. The resulting mixture was
stirred at -78 °C for 3 h under Ar. After warming to 0 °C, the reaction was treated with 2
mL of 15 % NasS20; aqueous solution followed by 2mL of satd NaHCO; aqueous solution
and extracted with EtOAc (2 x 30 mL). The combined organic layers were dried (Na;S0,)
10 and concentrated in vacuo. The residue was purified by flash chromatography on silica gel
with 1-2 % MeOH/DCM to afford 28 mg (58 %) of the title compound as a white solid:
'H-NMR (CD;OD; 400 MHz): & 8.26 (d, 1H, J = 8.6 Hz), 7.83 (s, IH), 7.40 (dd, 1H, J =
8.6,2.3 Hz), 7.31 (d, 1H, I = 2.3 Hz), 5.74 (m, 1H), 3.57 (td, 2H, J = 13.4, 3.0 Hz), 2.95
(m, 2H), 2.60 (td, 2H, J = 14.4, 3.0 Hz), 2.29 (m, 2H), 2.13 (m, 2H), 2.07 (m, 2H), 1.58 {,
15 2H,J=46.3 Hz), 1.08 (s, 6H). Mass spectrum (ESI, m/z): Caled. for CoaH2sN4048S, 469.2
(M-+H), found 469.1.

Example 13

4-Cyano-1H-imidazole-2-carboxylic acid [4-(1-acetyl-4-amino-piperidin-4-yl)-2-(4,4-
20  dimethiyl-cyclohex-1-enyl)-phenylj-amide acetic acid salt
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To a m xture of

2- brono-444-(2Htetrazol -5-y1)-tetrahydro- pyran-4-ylJphenyl anai ne
(70.0 nmg, 0.216 nmol ), 4, 4-dinethyl cycl ohexen-1-yl boronic acid (36.6
ng, 0.238 mmol.) and Pd(PPh3)4 (25.0 ng, 0.0216 nmol) in 2 nL of |

, 4- di oxane was added 2.0 20 M aqueous Na2CO2 solution (0.85 nL, 1.7
mol ). The resulting mxture was stirred at 80 C for 2 d under Ar.
After cooling to RT, tResreaction was treated wwth H20 (20 nlL) and
washed with Et0Ac (2 ¥) nL). The aqueous m xture was neutralized to
PH 6 with 15 % «citrig acid aqgueous solution and extracted with

Et OAc (3 x 10 nL). The 'ombl d}gﬂg?nlc | ayers were dried over Na2SO4
and concentrated in v or of a crude product of

2- (4, 4-di nethyl - $y§lo nyl) 444- (ZFFtetrazoI-5-y1)-tetrahydn}
pyr an- 4- ylkphenyl DY as a brown oil. The product was used for next
experi ment 5|nned|-te y without further purification. To the
crude product of
2- (4, 4-di net hyl - eyeh@hex l-enyl)-4-{4-(2Htetrazol -5-yl)-

t et rahydr o- pyran-4-yl kphenyl am ne (76 ng, ca. 0.22 nunol) in 2.5 nL
of DMF was added potassi um

4-cyano- 1- (Zgtri VH%MLQHLJﬂa%‘zal@l?l&@%)éﬁﬁicf&}z‘z‘d)ﬁ-?i]:bée@lﬂ@%ﬂb—?rp@nﬂﬁfﬁﬂ)ﬂﬂ at
n

e (as prepared | ny PyBroP (110
nmy, 0.236 mfﬁl")d”éﬂ lfﬁlﬁf@ﬁ( f”l’bé’"ﬂﬂ’)@’"&S nunol ). After stirring at
RT for 2 d, the ture was treated with 20 nL of 1120 and extracted
with Et0Ac (2 X ). The conbi ned organic | ayers were washed with
1120 (2 x 10 nl) d brine (10 nth). After drying over Na2SO4 and
concentrating in Yacyo,Hy reS|due was purified by silica gel

chr omat ogr aphy ( Nto afford the title conmpound (55 ng, 42
% for 2 stegg) g nt brown 15 solid. Mass spectrum (ESL nfz):

Cal cd. for 1803Si, 603.3 (M+H), found 602.9.

g) 4- Cyano- 11 i dazol e- 2-carboxylic acid

12- (4, 4-di mettwyT - cycl ohex- 1- enyl) - 4- 14-

(2H-Mrazol -5-A¢l) -t etrahydr e-pyran-4-yl1J-phenyl ) -amnm de 20The title
conpound was prepared by the procedure of Exanple 11, step (g) using
4-

cyago{l (2- trLneT@yhﬁhhﬂmﬁhw@ﬁbqumﬁwhaklb&Mk&ﬁmﬂﬁknﬁQLiwﬁ&mb@ﬁukyc
aci 244, 4 I.m . )

et hyl - cycl oRPSHANERIE-(hrdimesiyl-peqhgs dreny)-phgyilapidadstrepapfin el ) -
phenyl } - anBgeto((aag,0BpRN@I) aad Nans (sse\ﬁlgg 09861 Riol) 3 2 ZLaf DM AP T
mol ) . Slllca gel chronatogrﬁﬁ %e Yo MeOH/ DCM) af forded the t|tIe
conpound0( 1 #ndyAr was agded TFA ({01 éanaPD Ffirwmn%m(f@mw 6t W% ) -
ag) 2 67( 22 g-H)r 05 Ip a@R’ﬁ fdi‘é)d unac)ﬂ%} ﬁ?eate%i Rith 26 n%?of(lﬂéAc]this rm]xhn'e &a@was%g@
211), 2.70 Mt swted ?JaeréJQs Aquepysisplution @@ nelr}. %rmen)(S ) evr}l t{rlﬁi (B2:50q)- 1. 58
(t, 2H J= ﬁeﬁo‘iﬂ ))f thé s&@en( ﬁnde%huceﬂ%@%u%%ﬁédmy(fﬁgﬂ-cmﬂogrgﬁ& Sflthe f OT
C25H28N802, 473 f ound

444-114- q/arﬂtsldmwwk?acgcwzl %@#W@&Wﬁan%i&%mg@M%bpﬁth@tlmom@md@n 8x-
1-enyl) 1sphmut kiRt MRy SeOnRY (a7 1z TaRAXMHE CEHGN,E,, 487.3 (M+H), found

487.0.

b) 4-Cyano-1H-imidazole-2-carboxylic acid [4-(1-acetyl-4-amino-piperidin-4-yl)-2-
(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide acetic acid salt
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a) 4444( 4- Cyano- 1H pyrrol e- 2- car bonyl ) - am nol - 3- (4, 4-di nzet hyl - cycl ohe
x-1-enyl)- phenyl|-tetrahydro-pyran-4-carboxylic acid nethyl ester
10A sol ution of

444- am no- 3- (4, 4-di net hyl - cycl ohex- 1- eny1l) - phenyl Bet r ahydr o-

pyr an-4-carboxylic acid nmethyl ester (as prepared in Exanple 16, step
(d), 68.7 ng, 0.200 nmol), 4-cyano-1H pyrrole-2-carboxylic acid
(Canadi an Chem 59, 2673 (1981) 40.8 ny, 0.300 mml),

1- (3-di net hyl am nopr opyO- 3- et hyl car bodi i ni de hydrochlorlde (E %b
(57.5 my, 0.300 rREITPXURsRfrosYyRsHEdttidpaoliot-arpauoi gei¢ ol seehy-4-eridno
nunol) and dfeﬁdﬂn&( 413954, 4lda:netﬁyl SloRaxDI- ényl)fbhgnﬁ] dilid®fas %ar&@ﬁ t1§6 ar ed

at RT for 2 der Ar. The resulting m was treated wt

(20 nl) and BREUsSERA0) Mg GASGARICY) apd 2150 ﬁﬁﬂ)O mgp S22 Fnihiad- %Q%TEF
layers wey e ywashed avitchcid20.46 +0). e 2fthid rnhﬂﬁre(vla@ stHedd at RITtSY 16H WdBO

over Na2SO4 and concentrati ngbl h vacua, the residue was purified by

silica gel oM dhasdigreasngmqved bpfltugion eneslitsavy thedilinte egicangenteied ine

d (4 ST, m
e ot BRI S R R )

b) 4- 14- 1( 4- @;J%Qféfnqmmng@|lénag(é%8’ﬁeﬁwpﬂfamp@undaﬂswmtcdplfﬁet Ay¥MBy c| oh

ex- 1-enyl I Jant a a T,

compount wadCoRo oDy tE s BYS L0 1L BR s g R, 752004 1 S84 B

cyano- 1HOpy r7edi (&-12D CHTFhon Y H), 346128 (8 2k} ,3442d1i11nﬁﬁ)a?/-¥16 (. ADHH232 (n,8HY,1) -

phenyl k tet rafy - rdac | Iy ly a par ed

in the prewzgﬂll}s(gi 3?%@676‘%]’21{%3 %?%;6@2%%0%?@%% fgﬁt’f)mgﬂ(%%g (11.1
, 41 9% i Maas syectnen §E81indg, 11/2): 1CaNNRIf Ezsﬂsmaﬁmﬂﬂ) 08d 4495

37.65 (d, 1H, J = 8.6 Hz), 7.51 (d, IH J = 1.5 Hz), 736(dd 101H,

J=8.6, 2.3 Hz), 7.26 (d, 1H, J = 2.3 Hz), 7.04 (s, Hi), 5.69 (in,

1H), 3.94 (mExa@phei43.65 (m 2H), 2.53 (m 211), 2.29 (m 211),

spect (OIS Ha segtonop s e B R Syl
448. 2. Exanphiepy2dn-1-5i)phepdloniifet | m dazol e- 2- carboxylic acid

14- (4- car banoyl -t et r ahydr o- pyran-4-y0-2- (4, 4-
di nei hyl - cyc(ohex-renyl ) - phenyl kani de

! W HN
NW/IR-N\ CN
O 0

HO

20 a) 4-Bromo-2-cyclohex-1-enyl-phenylamine

‘ NH2
Br
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The title conmpound was prepared by the procedure of Exanple 19 using
4-14-1(4- 20

cyano- 1H i m dazol e- 2- carbonyl) - am no] - 3- (4, 4- di net hyl - cycl ohex- 1-enyl
) - phenyl ] - tctrahydro-pyran-4-carboxylic acid (as prepared in Exanple
17, 13.0 ngy, 0.0290 nmol). Silica gel chronmatography (5 % MeOH DCM
afforded the title conpound (4.0 ng, 31 % as a white solid. 'H NWR
Eg(?30?;21.14g0 Mgz) To2 n%xﬁl_ge dfdrbréhb—?alodﬁilﬁlf@létﬂihe (22700%1 Hg§7$ mrﬂ(il5 7)%)21@510&%1-
551 3. 0 (ks sl {HE dhmisie (b4he 5 lsp TP L B s
(m 211), 1.0863aked) (M0 Ml &9 1,4-dioRshebbas adddd 2.0M Gq Blajd);s0ldtidd26.8 mIG 6B 7
Mass spectrum ( C25H29N503, 448. 2 (M+H), found

gSl m.z): Calcd, for (

448. 2. ExanpneoBsABerstiving 3580,1G fop? ga&@rér,éhf‘cra?mw gooleditgRT. The
12-(4,4-di rr&jﬁbmlreméq}eetéeMmmxéaménmz,-washed with H,O (3 x 30 mL) and brine (20
hydr oxynet hyl -t et r ahydr opyran-4-yl g enyl kamde = To a_m xture of
444-[ (4- cyaritl1 hpreasip @yzr-‘ﬁﬂérdﬂs%ﬁa; Quipiongntrated ingfagist, iy sesifge was

cycl ohex- 1- giifdd RRAN brohebiadnQiRY ka1 dl2¢ ArHOXKhbtndab give&.uhxgl(w
ester (as prepared in the Exanpl'e 16, step (f), 300 ng, 0.649 mmol)
and NaBH4 ( Pepfihy titls comporig ey gﬁ&ht PU’VWL‘“‘oﬁ‘P%SS e ES o) eddcda e d

MeOH (1. 30 t(f&}h}Bz‘?i\,/sz.(??.{@iilﬂfoumgsi@.sU' ting mxture was stirred at 80
C for 32 h under Ar. After cooling to RT, the m xture was treated

with 1545 citric acid aqueous solution until a pH of 5. The mixture

h d g\t 2-¥m stianpieth ethip)-1 i b b2y aeid (4
was then tregate 4%5%.?.9. Wyt A (- LB %ﬁm bl ﬁggﬁ&méz% *

20 nmL). The conbi néd organic I'ayer's were wdashed wth H20 (

bri ne (10 nibyemati-ceadelexdompnlcaaréiscent rated i n vacuo. The residue
was purified b | ash chromat ography on silica gel with 2-3 %

MeOH DCM t o af ﬁ]ng(%% of the title conpound as a white

solid: 8 8.19 (% 1H W—% 8.6 Hz), 7.95 (s, 110, 7.31 (dd, 1H, J =
8.6, 2.3 Hz), 7 9»(%,%‘@: 2.3 Hz), 5.75 (m 1H), 3.80 (m 2H),
3.47- 20 3.57 2E§), .52 (s, 2H), 2.32 (m 211), 2.05-2.17 (m
411), 1.90- 5@RFm £11), 1.59 (t, 2H, J = 6.3 Hz), 1.08 (s, 611).

Mass Spectrum (ESI, rn/z): Cakd. for C25H30N403, 435.2 (MtH), found
435.1. Exanple 26 25 4-Cyano-I11lt-im dazol e-2-carboxylic acid

p- (4, 4- dsnet hyl - Ty s h@hers ot 48Ry} 2-dyc{dhex-1-enyl-phenylamine (as prepared in the
AN I I S S AT A
12- (4, ?,- di ”B‘ﬂhb%‘mé_ﬁ)y@- I}?L;ﬁiﬁ'_dizoﬁ_:&)@ar‘ﬂm?'ﬁte (as dprepared in Example 1, step (d), 1.49 g,
Fonnyl-tetr ggg mrn?oljog{lrd%?on?otgél)noﬁgﬁggho&%?niug hexafluorophosphate (PyBroP) (2.27 g,
4.88 mmol) in 25 mL of DMF was added N, N-diisopropylethylamine (DIEA) (2.55 mL,
20  14.6 mmol). After stirring at RT for 16 h, the mixture was treated with 100 mL of EtOAc
and washed with H0 (2 x 30 mL), brine (30 mL) and dried (Na;SO4). The organic
solvent was evaporated and the residue was purified by flash chromatography on silica gel
(5-10 % EtOAc/hexane) to give 2.21 g (90 %) of the title compound as a white solid. 'H-
NMR (CDCls; 400 MHz): 8 9.70 (s, 1H), 8.26 (d, 1H, J =8.6 Hz), 7.78 (s, 1H), 7.36 (dd,
25 1H,J=8.6,23Hz),7.31({d, 1H, J=2.3 Hz), 5.94 (s, 2H), 5.86 (m, 1H), 3.66 (1, 2H, T =
8.3 Hz), 2.19-2.33 (m, 4H), 1.75-1.88 (mn, 4H), 0.97 (t, 2H, J = 8.3 Hz), 0.00 (s, 9H).
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5 The title conmpound was prepared by the procedure of Exanple
21, step (a) using 4- cyano-1H i m dazol e-2-carboxylic acid

[ 2- (4, 4-di net hyl -cycl ohex- 1-enyl) - 4- (4-

hydr oxynet hyl -t et r ahydr o- pyran-4-y1)-phenyl ] -anm de (as prepared in
Exanmpl e 25, 40.0 10 ng, 0.0921 mmol) and Dess-Martin periodi nane
(80.5 ng, 0.184 mmol). The title conmpound (40 ng, 100 %9 was obtai ned
as a white sgli d/abenad&tinidezoloc-aneboxyiit cepl @bk dbvaat-choloiteldrenyl-phenyl)-
purlflcatlon ?hss spectrum (ESI, mz): Calcd. for C25H281' 1403,

433. 2 (hAFI) bund 433.4. 15 b)4 Cyano-111-inti dazol e-2-carbosylic
acid 12-(4, 4-dintethyl -cycl ohex-1-enyl)-4-(4-

nor phol i n-4-ybnet hyl -t et rahydr o- pyran-4-y1l) - phenyl kam de The
title conpound prepared by the procedure of Exanple 21, step (b)

usi ng 4- cyano-%b |ﬁ1¢@p§L§CZ carboxylic acid
cyﬁl cienyl) -4-(4-fornyl- 20

[ 2- (4, 4-di net hyl

t et rahydr o- pyr 4 - -plenyl ]-anmi de (as prepared in the previous
step, 40.0 Q092D nmol ), norpholine (13 pL, 0.14 nunol) and
sodium tri acet oxyborohydride (5.2 ng, 0.14 mol). Silica gel

chr omat ogr aphy (10-20 % Et OAc/ DCM t hen 1-2 % MeOH DCM af f orded t he

Mi)© 6 15 61 (s o1 Tapdier ey Pl fyRu P frlin hintdino (00, o

(s, 111), 7.ca®ofuid acid(4-brodno=2-gc®he2]BnphenyD)-abBdq @s prephredlinthedprevidus) |

078 (M, by, 5209 200 1y 3 ot o TR o P, 2,40

2H, J = 6. 3 feliowed by 59 nils of THAL) Aftdviatising peRT farthb( E8mixtiez)as t@eedcwlith 2@r

oIS, i At A Sl ol AR ARy

No. Nanme St efford#se mgr(%%daf@c Redé e:mqmed as a white solid. '"H-NMR (DMSO- d&, 400
MH?z): 5 9.80 (s, 1H), 8.30 (s, 1H), 7.94 (d, 1H, T = 8.6 Hz), 7.50 (dd, 1H, J = 8.6, 2.3 Hz),
7.39 (d, 1H, I = 2.3 Hz), 5.80 (m, 1H), 2.12-2.25 (m, 4H), 1.61-1.77 (m, 4H). Mass

spectrum (ESI, m/z): Caled. for Cy7H;sBrN4O, 371.0 (M+H), found 371.0.

15
d) 4-Cyano-IH-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-hydroxy-
tetralydro-thiopyran-4-yl)-phenylj-amide

The title compound was prepared by the procedure of Example 11 using 4-cyano-

20  1H-imidazole-2-carboxylic acid (4-bromo-2-cyclohex-1-enyl-phenyl)-amide (as prepared
in the previous step, 120 mg, 0.323 mmol) and tetrahydro-thiopyran-4-one (188 mg, 1.62
mmol). Silica gel chromatography (1-3 % McOH/DCM) afforded the title compound
(82.3 mg, 62 %) as a white solid. 'H-NMR (CDCls; 400 MHz): § 12.56 (s, 1H), 9.66 (s,
1H), 8.29 (d, 1H, J=8.6 Hz), 7.74 (d, 1H, J=2.5Hz), 7.42 (dd, IH, J= 8.6, 2.3 Hz), 7.33

25  (d, 1H, J=2.3 Hz), 5.86 {m, 1H), 3.22 (m, 2H), 2.46-2.54 (m, 2H), 2.22-2.33 (m, 4H),
2,16-2.22 (m, 2H), 2.01-2,09 (m, 2H), 1.73-1.89 (m, 5H). Mass spectrum (ESI, m/z):
Caled. for CaHaaN405S, 409.2 (M+H), found 409.1.
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Mass Spectrum 27 4-Cyano-1H m dazol e-2- carboxylic acid 12-

cycl ol zex-1-enyl -4-(4- hydroxy-tetrahydro- pyran-4-yl)-phenyll- am de
SOHHN\ N siNCN HORP Exanple 14, step (d) (ESI, ink)Calcd. for
C22H24N403, 393.2 (ML-14), found 393.1. 28 4-Cyano- 1lHi tni dazol e- 2-
carboxylic acid [2- cycl ohex-1-enyl-4- (4dinethyl earbanoyl -
tetrahydro-pyran-4- yl)-phenyll-amde O ihiiHN.3._ow O ne2N

Example 15
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-(4-hydroxy-1,1-dioxo-

hexahydro-1A*-thiopyran-4-yl)-phenyij-amide

‘ Wy HN
erikg CN
HO O O

R

The title compound was prepared by the procedure of Example 12 using 4-cyano-
1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-hydroxy-tetrahydro-thiopyran-4-
yl)-phenyl]-amide (as prepared in Example 14, step (d), 60.0 mg, 0.147 mmol). Silica gel

10 chromatography (10-40 % EtOAc/DCM) afforded the title compound (25.7 mg, 40 %) as a
white solid. '"H-NMR (CDsOD; 400 MHz): & 8.26 (d, 1H, J = 8.6 Hz), 7.83 (s, 1H), 7.40
(dd, 1H,J=8.6,2.3 Hz), 7.31 (d, 1H, J =2.3 Hz), 5.74 (m, 1H), 3.57 (td, 2H, J=13.4, 3.0
Hz), 2.95 (m, 2H), 2.60 (td, 2H, J = 14.4, 3.0 Hz), 2.29 (m, 2H), 2.13 (m, 2H), 2.07 (m,
2H), 1.58 (t, 2H, J = 6.3 Hz), 1.08 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for

15 CyeHagN4O48S, 4692 (M+H), found 469.1.

Example 16
4-[4-[(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-1-enyl)-
phenyl]-tetraliydvo-pyran-4-carboxylic acid methy! ester

20
! y RN
NﬁN\ ON
MBOzc O O
(0]
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Example 19 (ESI, mz) Calcd. for C2sH29NsO 3, 448.2 (MtH), found

29 4-Cyano- 1H m dazol e-2- carboxylic acid [4-(4-

di net hyl car banzoyl - tetrahydro-pyran-4-

y1) - 2- (4, 4-di et hyl cycl ohex- 1-enyl)- phenyli-amde O me2N O HO NJ/C
HN \ Exanpl e 24 Cakd. for (EST, m z) C27E1331%031 476.3 (M+H), found

448. 2.

476. 2.

10

15

20

25

a) 4-(4-Nitro-phenyl)-tetralydro-pyran-4-carboxylic acid methyl ester

NO,
MBOZC

To a solution of lithium diisopropylamide (12.2 mL, 22.0 mmol, 1.8 M) in 40 mL
of THF at — 78 °C was added tetrahydro-pyran-4-carboxylic acid methy! ester (2.88 g, 20.0
mmol) dropwise. The resulting mixture was stirred at —78 °C for 15 min, warmed to RT,
1,3-Dimethyl-tetrahydro-pyrimidin-2-one (2.69 g, 22.0 mmol) was added. The reaction
was cooled to — 78 °C again, 1-fluoro-4-nitro-benzene (3.10 g, 22.0 mmoi) was added
slowly. The resuiting mixture was warmed to RT and stirred for 1 d under Ar. The
reaction was freated with 30 mL of saturated NH4Cl and extracted with 80 mL of EtOAc,
The organic extract was washed with H20 (50 mL), brine (20 mL), dried (Na;S0O,) and
concentrated. The residue was purified by flash chromatography on silica gel (5-20 %
EtOAc/hexane) to give 1.61 g (30 %) of the title compound as & yellow solid. "H-NMR
(CDCl3; 400 MHz): 6 8.21 (d, 1H, J=9.0 Hz), 7.56 (d, 1H, J= 9.0 Hz), 3.97 (m, 2H), 3.70
(s, 3H), 3.57 (m, 2H), 2.56 (m, 2H), 2.00 (m, 2H).

b) 4-(4-Amino-phenyl)-tetrahydro-pyran-4-carboxylic acid methy! ester
NH,

MeO,C

A mixture of 4-(4-nitro-phenyl)-tetrahydro-pyran-4-carboxylic acid methyl ester
(as prepared in the previous step, 2.12 g, 8.00 mmol) and 10 % Pd/C (1.06 g, 50 wt %) in
20 mL of MeOH was stirred at RT under H; (balloon pressure) for 2 h. The Pd catalyst
was removed by filtration on Celite and the filtrate was concentrated to give 1.69 g (90 %)
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Exanpl es 30 and 31 4-Cyano-1H i m cl azok- 2-carboxylic acid

[ 2- (4, 4-di met hyl - cycl ohex- 1-eny0-4-(cis-4- 5

hydr oxy-ci s- 2, 6-di net hyl -tetral zydr o- pyran- 4-y0- phenyl Pam de and

4- cyano- 1H i nzi dazol e- 2-earboxylic acid

[ 2- (4, 4-di met hyl - cycl ohex- 1- enyl) -4-(trans-4-hydroxy-ci s2, 6-di net hyt -
t et rahydro- pyran-4-yl)-phenyl | -am de 103132 The title
conpounds WegrehdftRRaMBSLnA%s 8 GBRE og dMaks FXAR! @SH m/)t ERIch or OSHNBOS:
cyano- 1H i m dazol e- 2- car boxyli c acid

[ 4- br ono- 2- (X804- (MRt IRYrd 30 ohex- 1-cnyl ) - phenyl ] -ani de (as prepared
in Exanple 1 (step g)) and cis-2,6- dinethyltetrahydropyrdn4-one
(Monat shefte fuer Chenzie, 136(7), 1197-1203 , (2005)) . 15 31: Mass
spectrum (ESY, r dHPymivypdeoma-phengh-mprdroayranzcaph cid mefipcester
449.2. 32: Mass specgrum (EST, mz): Calcd. for C26H32N403, 449.2
(MtH), found 449. 2. a;p]FI e 32 4-Cyano-1H i m dazole-2-carboxylic
acid 12-(4, 4-di net cycl ohex- 1-enyl) - 6- (4-

bydr oxy- Ci s-Me®BCd| yl -t ei rahydro- pyran-4-yo-pyridin-3-ylframde 5
a) 6-Brono-2-io¢o-pyridin-3-ylamne NH2 Br 10

5 O

To a solution of 4-(4-amino-phenyl)-tetrahydro-pyran-4-carboxylic acid methyl

ester (as prepared in the previous step, 1.65 g, 7.01 mmol) in 100 mL of 1:1 DCM/CH;CN
at 0 “C was slowly added N-bromosuccinimide (NBS) (1.25 g, 7.01 mmol) in 25 mL of 1:1

10 DCM/CHsCN under Ar, After stirring at 0 'C for 0.5 h, the mixture was treated with 50
mL of EtOAc and washed with H,O (2 x 30 mL) and brine H;O (20 mL). The organic
layer was dried (Na;SO4) and concentrated in vacuo. The residue was purified by flash
chromatography on silica gel (1-4 % EtOAc¢/DCM) to give 1.85 g (84 %) of the title
compound as a white solid, Mass spectrum (ESI, m/z); Calcd. for Cy3H;6BrNOs, 314.0

15 (M-+H), found 314.2.

d) 4-{4-Amino-3-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-tetrahydro-pyran-4-

carboxylic acid methyl ester

NH,
MeO,C O

O
20
To a mixture of 4-(4-amino-3-bromo-phenyl)-tetrahydro-pyran-4-carboxylic acid methyl
ester (as prepared in the previous step, 1.45 g, 4.61 mmol), 4,4-dimethylcyclohexen-1-
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To a stirred solution of 6-brono-pyridin-3-ylamne (10.2 g, 0.0580
nol) and Ag2SO4 (18.1 g, 0.0580 nol) in EtOH (150 nm) was added 12
(7.59 g, 0.0580 nol) and the reaction was allowed to stir overnight.
At this tinme hexane (200 nL) was added and the resultant m xture was
filtered through Celite. The sol vent was renoved in vacuo, dissolved
in 15 CHCE3 (200 nL), washed with aqueous saturated Na2S203 (100

i nL), water yboronid&id (MR} mgafds durioBdnd NaR&O), 1-biftiphenglptesphinadsrocene
concentrated jn.va d cesi due was.di s ved, j N _hot.. Et OA 00
ry T per dalgiE IR AR R Sl rRsY MR A PR AR 417
g (65 % of IMBmasadddd Kepos @l igdl 8% dmpl)aTheesdngmishirt @astiysd &l 70i‘de
material. 1 | 3; 400 e 3. 10 (d H, =.8.2 Hz 74
(d, 11-1, J l?-gr WW—I&%%Z _%%er 6?ﬂ11]}1/|§_|%3 l%’g_,%le m1§51§%‘34as]ﬁeateﬁ w1thq 58 mL c?f Et(?Ac,

6- Br ono- 3- ( 4vadhadivithetl ity (3-xc30ah D HiineeB39 L) pYhd dltpaiStaydr avs Bted\INE,SBr,) 90
A solution of  6-bronp-2-iodo-pyridirt-3-ylamn a repared in the
O ovi ous. St B COPOBIATY T3 VESH0, TR Sy S PURLARD Uy Sy T g o e 51
m) was tregheds BIOA/BCN) M etbriNg 200872 % Bofihdtitle cdfpSundi® b Wwhirdighlid. Mass

i ur o was SREYRESES. 0V CHRR R G Op 24La AL o M et oa i th

Pd(PPh3)4 (271 ng, 0.234 mmol), and heated to 80 C for 5 h. The

cool ed m xture jluted with Et QA 00 nl) washed with er
(2 x 5018L) ¢ Th?‘i‘b‘%‘u ap0-4 éﬂﬂ@}tx’%{%@ﬁ’é”w&i"@e‘@??é’c‘f'wzwyﬁ“ﬁo\gﬁ% (1
x 100 ni). Bh&:@grvajmﬁem]vg@,mﬁaé-ﬁy@ﬂﬁpmyrpre%hﬁdo?y@h-Mﬁ%mfd
concentrated in vacuo. Silica gel chromatography of the residue on a
Varian 10 MEHBOAPIEl ut 50-g colum with 10 % Et OAc- hexane aff or ded
668 ng (71 % of 6-
br ono- 2- (4, 4- di et cycl ohex-1-enyl)-pyridin-3-ylam ne as a tan
solid. 11-1-NMR (;SEIMQ MHz): 37.06 (d, 1H, J = 8.3 Hz), 6.85 (d,
IH J = 8.3 Hz), H '&)_LQ.SG(br s, 2H), 2.43-2.39 (m 2H),
1.99-1.97 (m 214) N “,‘NZI—E: J =6.4 Hz), 0.99 (s, 614). 15 ¢)
4- Cyano- 1- ( 2rbld e si lgnyl - et hoxynet hyl ) - 1H-i m dazol e- 2- car boxylic
acid [ 6- brono-22%4,4-di net hyl - cycl ohex- 1-enyl) - pyridi n- 3-yl kam de Br
The title conpoundjwas prepared from
6- br onp- 2- (4, 4- diAret hyl - cycl ohex- 1-enyl) - 20 pyridin-3-ylanm ne (as
prepared in the previous step, 60 ng, 0.21 mml), potassium 4-
cyano-1-(2-trinet hyl sil anyl - et hoxynet hyl )-1H i m dazol e- 2- car boxyl at e
(as prepared in Beditislcempoundmeap prepyred wy1tho cowglingprogduiged Exampy Brsisp (D
(157 nmg, O. Rl ) and4 Bl 1 1. ¢ O or.di .
procedure i ﬁg‘%’&%‘%‘% ?gd(g’[q e%égt{fgl?'glﬂﬁ)ér?gl %@%Wﬂd%% _‘%girp%ggg
MHz) :  69. 91aqigmethylester Gis Grepdndd inithg prgwios seepHHS0, meg 189 niruol) antlpptassiure 8-
(d, 251H, Jz (bt N .1 D y :
s emt 2 1%5a1§0—§_(‘{?T%ﬁy@%ﬁlf@ﬂi&%élmﬂ? 120 fzo1é 2 DhrbosyI S (& Preptdin

Example 1, step (d), 636 mg, 2.08 mmol). Silica gel chromatography (DCM) afforded the

20 title compound (1.01 g, 90 %) as a colorless oil. Mass spectrum (ESI, m/z): Caled. for

C32H44N,O581, 593.3 (M+H), found 593.0.

/]

D 4-{4-[(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-1-
enyl)-phenyl]-tetrahydro-pyran-4-carboxylic acid metlhyl ester
25
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(t, 214, J = 6.3 Hz), 1.12 (s, 6H), 0.98 (m 214). d)

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

[ 6- br onp- 2- (4, 4-di nei hyl -cycl okex-. 1-enyl)- pyridin-3-y]-am de Br 5
The title conpound was prepared from

4-cyano- 1- (2-trimet hyl sil anyl et hoxynmet hyl ) - 1Hi m dazol e- 2- car boxylic
acid [6-hrono-2-(4, 4-di net hyl -cycl ohex-1- enyl)-pyridin-3-yl]-am de
(as prepared in t : i ek i

Beampl o 1. step (o5 104 SHIRUR DLRpaRaTE (K Fiklite bPBGRIRE D Byltng -y
Hz), 8.03 (s[ﬂ-{f‘bg)ﬁpc,rl-7(2vmnfthwlm@wl-eJhoxmtetsylmgi:mﬁsiaaﬂe-&cg@orm&amq}ﬁ~

2.48-2.40 ( rﬂ4,42dﬂémyl%é1§?t%a%§n<yﬁr:}gﬂlhf%ﬂ-—%etralijydcgzallpeé%n»ﬁ%—ga]rﬂoxlrﬂc oiPmOmbekter

1.09 (s, 611). Mass’s L z). or CI18H13Er NoU,
400. 1 ( MrH) ,(as prepreeddn themrevious step)550 mey &AL mgHoD i kfetitlsl compoungr(hbpe,ifo

id 12- , 4o - n - ! .
i oo S P TRhE Yorcae Y MR KRR 0N B2y 812 £P(s 10 0.66(s, ), 8.34 (0,
The title cdfphderd Has7.pt Epiidd 28 Fip ISdi(hd dH| = B6andHe), 7,18$d,6F, [ H)

usi ng 4-cyano; 1H m.gdaz -2z Lcar | 4,C ind
L2 Dror no. 2 X8 arsEbne: EERhABE AT Cu it 37 (D2 S 2208 (s
8_r epﬂ] eflti ntmﬂﬁdbr(auaﬁmﬁm(hepﬁ),arﬁ@ (t;QH;Iz?G.;'z I—sz), 1.11 (s&:’aH). Mass slp?fgt(ggm

i met hyl ter Va4 0 enzi e, :
1197- 1203 @%‘%@%3- F@gfé‘%&%rp@gﬁlﬁ%ﬂ?@%?%(iﬂ‘%z%? HBE Tor 25HR11\ 1503,
450.2 (MeH), found 450.2. Exanple 33
4- Cyano- 1Hi,m da -2-carboxylic acid
P- ?411 4- di me V'Pé’?gfohex- 1-enyl)-6-(4- 25 .
hydr oxyat et r4a{r4yd¢-quagﬂamEngdqz&z)e_-ngwghqidya-aadrydﬂlfs-(drfi-d:'?ethylg'dg)elohcx_t-l-@eyl)-
conpound was ,prepa as_describhed. in Exanple 1 step usi ng
2 Cyano- 11t PHRPIRSLIRIS R by DTS AP

[ 4- br onp- 2- (4, 4-di Xgf hyl - cycl ohex-1-enyl) - pyridi ne-3-yl]-

15
To a solution of 4-[4-[(4-cyano-1H-imidazole-2-carbonyl)-amino]-3-(4,4-dimethyl-

cyclohex-1-enyl)-phenyl]-tetrahydro-pyran-4-carboxylic acid methyl ester (as prepared in
Example 16, step (f), 129 mg, 0.279 mmol) in 2 mL of 1:1 THF/MeQH was added 6 N
NaOH (400 pL, 2.40 mmol). After stirring at RT for 2 d, the mixture was treated with 10

20 mL of H;O and washed with EtOAc (3 x 10 mL). The aqueous layer was acidified to pH =
5 with 15 % citric acid and extracted with 10:1 EtOAc-MeOH (3 x 10 mL). The combined
organic layers were dried (Na;SO4) and concentrated in vacuo to afford 119 mg (95 %) of
the title compound as a white solid. "H-NMR (CDsOD; 400 MHz): § 8.20 (d, 1H, J = 8.8
Hz), 8.00 (s, 1H), 7.37 (dd, 1H, J =8.8, 2.3 Hz), 7.24 (d, IH, J=2.3 Hz), 5.75 (m, 1H),

25  3.91(m,2H),3.61 (t, 2H, J=11.5 Hz), 2.49 (m, 2H), 2.30 (m, 2H), 2.08 (m, 2H), 1.95 (m,
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5 am de (as prepared in the Exanple 32 steps (d)) and

t et rahydr opyr an- 4-one. Mass spectrum (ESI, rn/z): Calcd. for

C23112719%93, 422.2 (MtH), found 422.2. Exanple 34

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

[ 2-cycl ohex- 1- enyl 4- (4-inet hanesul fonyl 10

t et r ahydr o- eﬁﬂ é&% hen |l -am de To a m xture of

5-cyano- 1H- | RSO (28 Tt %&ﬂpaﬁa@ﬂhTﬂ?“é@@ﬁ@h@%ﬂmm@hy@ﬂqdG@L

hydr oxy-tetr ].-am de (as prepared in Exanple

27, 75 ny, 63 QN 49¥ﬁﬁ?@&ﬂ%ﬂ§gg?%ﬂ¥%ethylsulflnate (195 ny, 1.90

nnDI) in 4 nth of met hanol was added 0.28 nL (3.80 nmol) of TFA. The

m xt ure was ﬂd”eeg overnight at 70 C and then concentrated i n vacuo.

The crude reésida partitioned in Et0OAc (20 nth) and saturated

aqueous NaH@H- [(@quﬁof-l)H-zWW@O&@W@HM&WWMQCWI%&e@rmmfe&mdrO-

t hen concent d? g6¥@£ UaggThe residue was purified by preparative

TLC on SI|I % etﬁ acetate- 20 hexane) to afford the title

conmpound as a Ilg 3r own 0|I (18 nmg, 21 % . 11-1-NWR (CDC13; 400

MHz): 59.64 (s, 1), 8. 32 1H, J =8.0), 7.71 (s, 1H), 7.33 (m

111), 7.23 (d, | H[J H ’%§_ 5. 87 (s, 1H), 3.90-3.81 (m 411),

3.01 (s, 3H), 2.3072 '2.07-1.79 (m 8H). Example 35 5

4- Cyano- 111-ympdaz boxyllc aci d

14-(1-acety1-f- oxy plperldln 4-y0-2-(4, 4-

dhnet hyl -cycl ol[ze¥- 1 -enyl) - phenyl fram de 10 The title conpound was

prepared by the ®rocedure of Exanple 11 using 4-cyano-111-

i m dazol e- 2-carboxylic acid

[ 4- br onp- 2- (4, 4-di net hyl - cycl ohex-1-enyl) - phenyli-am de (as prepared

in Exanpl e 3) st é&#-doino-Qrdeheyl-@y@nvivitrphyinepyran-4-carboxylic acid

1-acetylyy p|gﬁ&b€%@-4-one (123 p.1,, 1.00 nmol ). Silica gel

chronatograp %'96N@0FV[X10 afforded the title conpound (59.1 ny,
64% as a colorlesg”ofl. 111-NWVR (CD30D; 400 MHz): a 8.18 (d, 151H, J

= 8.6 Hz), 8.00 (s/ 0, 7.39 (dd, 111, J = 8.6, 2.3 Hz), 7.35 (d,

111, J= 2.3 Hz), 5.7 (m 11), 4.45 (m 111), 3.84 (m 111), 3.60 (m

1H, 3.11 (m 111) ~&,282.35 (m 211), 2.15 (s, 311), 1.91-2.10 (m

411), 1.76 (Jgo,211 .59 (t, 211, J =6.3 Hz), 1.09 (s, 611). Mass

spectrum (ESI, "p#®) 7 Cal cd. for C26H31 N503, 462.2 (M+H), found 462.0.

20 The fol ng exanpl es are produced according to procedures

of previous exanples with the corresponding reagents as indicated in

t he table bel ow 25

The title compound was prepared by the Suzuki coupling procedure of Example 16,
step (d) using 4-(4-amino-3-bromo-phenyl)-tetrahydro-pyran-4-carboxylic acid methyl
15  ester (as prepared in the Example 16, step (c), 380 mg, 1.21 mmol), and 2-cyclohex-1-
enyl-4,4,5,5-tetramethyl-[1,3,2 ]dioxaborolane (277 mg, 1.33 mmol). Silica gel
chromatography (0-2 % EtOAc/DCM) afforded the title compound (268 mg, 70 %) as a
white solid. Mass spectrum (ESI, m/z): Calcd. for C19HzsNO;, 316.2 (M+H), found 316.2.

20 B 4-(4-{{4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl}-1 H-imidazole-2-carbonyl]-
amino}-3-cyclohex-1-enyl-phenyl)-fetrahydro-pyran-4-carboxylic acid methyl ester
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Ex- anple No. Nanme Structure Procedure Reference Reagents 36

4- Cyano- 1H-i m dazol e-2- carboxylic acid (2-(4,4- dinethyl-cyclohl)
ex-1-eiry- 4-14-(2-pyrrolidin-1-yl-

et hyl am no) -t et rahydr opyran-4-yl | - phenyl kam de \=-2 'Zr oz Exanple 4
| NH2 ON 37 4-Cyano- 1H i m dazol e-2- carboxylic acid [444-(2-

acol am no- et hyl am no) - tetrahydro-pyran-4-3,11-24

4, 4-di met hyl -cycl o g - enyl)-phenyl kam de Exanpl e 4

SEM‘N
ﬁﬁ}‘CN
MeQ,C O 0]
O

The title compound was prepared by the coupling procedure of Example 1, step (f)

using 4-(4-amino-3-cyclohex-1-enyi-phenyl)-tetrahydro-pyran-4-carboxylic acid methyl

5  ester (as prepared in the previous step, 250 mg, 0.793 mmol), and potassium 4-cyano-1-(2-
trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylate (as prepared in Example 1,
step (d), 266 mg, 0.872 mmol). Silica gel chromatography (20 % EtOAc-hexane) afforded
the title compound (348 mg, 78 %) as a colorless oil, Mass spectrum (ESI, m/z); Calcd.
for C3pH4N40s585i0, 565.3 (M+H), found 565.0.

10

c) 4-{4-[{(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex-1-enyl-phenyl}-
tetrahydro-pyran-4-carboxylic acid metiyl ester

’ HN
H A\
CN
0 N\I_('{-N
0]

MeO,C

15 The title compound was prepared by the procedure of Example 1, step (g) using 4-
(4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carbonyl)-amino}-3-
cyclohex-1-enyl-phenyl)-tetrahydro-pyran-4-carboxylic acid methyl ester (as prepared in
the previous step, 339 mg, 0.600 mmol). The title compound (249 mg, 95 %) is a faint
yellow solid. Mass spectrum (ES], m/z): Caled. for CoaHasNgOq, 435.2 (M+H), found

20 4352

75



f NH2 HN o 38 4-Cyano-1H i m dazol e-2- carboxylic acid (4-1442-

acet dam no- et hyl am no) - tetrahydro-pyran-4-yl11-2-

cycl ohex- 1-enyl -phenyl) amde C )=-_z zo Exanple 4 H-.TMNH 2 o 39
4- Cyano- 1H pyrrol e-2- carboxylic acid (2-(4, 4-

di met hyl - cycl ohex- 1- enyo- 4-14-(2- net hoxy-

ethylan1no) tetrahydropyran 4-yl | -phenyltam de HO NI NC

0.t d)” 4-{%[?# Cyano-1H-imidazole-2-carbonyl)-aminoj-3-cyclohex-I-enyl-phenyl}-
tetrahydro-pyran-4-carboxylic acid

I HN
H N
CN
o]

HOLC

5 The title compound was prepared by the procedure of Example 17 using 4-{4-[(4-
cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex-1-enyl-phenyl} -tetrahydro-pyran-4-
carboxylic acid methyl ester (as prepared in the previous step, 239 mg, 0.550 mmol). The
title compound (227 mg, 98 %) is a white solid. "H-NMR (CD;0D; 400 MHz): 5 8.25 (d,
1H, J= 8.6 Hz), 7.84 (5, 1H), 7.35 (dd, 1H, J=8.6, 2.3 Hz), 7.23 (d, IH, J=2.3 Hz), 5.84

10 (m, 1H), 3.94 (m, 2H), 3.66 (m, 2H), 2.54 {m, 2H}, 2.20-2.34 (m, 4H), 1.97 (m, 2H), 1.74-
1.89 (m, 4H). Mass spectrum (ESI, m/z): Calcd. for Cy3H24N404, 421.2 (M+H), found
421.1.

Example 19
15 4-Cyano-1H-imidazole-2-carboxylic acid f4-(4-carbamoyl-tetralydro-pyran-4-pl)-2-
cyclohex-1-enyl-phenyl]-amide

20 To a solution of 4- {4-[(4-cyano-1H-imidazole-2-carbonyl}-amino]-3-cyclohex-1-
enyl-phenyl}-tetrahydro-pyran-4-carboxylic acid (as prepared in Example 18, step (d),
14.5 mg, 0.0345 mmol) in ] mL of THF was added CICO2Me (3.6 mg, 0.038 mmol). The
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NH io O Exanple 1, steps (0, (11); Exanple 4 p i\ NCOH (Canadi an
J. Chem 59, 2673 (1981)); (NH2 ..) O I

mixture was cooled to 0 °C, DIEA (18 pL, 0.10 mmol) was added. After warming to RT
and stirring for 1 h, the mixture was cooled back to 0 °C. Concentrated ammonium
hydroxide (25 pL, 0.37 mmol) was added and the resulting mixture was warmed to RT and
stirred for 16 h. The reaction was treated with 30 mL of EtOAc and washed with brine (10
5 mL). The organic layer was dried over Na;SOq4 and concentrated ir vaciro. The residue

was purified by silica gel chromatography (1-5 MeOH/DCM) to afford the title compound
(4.7 mg, 32 %) as a white solid. 'H-NMR (CDClz; 400 MHz): 8 12.00 (s, 1H), 9.53 (s,
1H), 8.33 (d, IH, = 8.6 Hz), 7.74 (d, 1H, J=2.3 Hz), 7.33 (dd, 1H, J = 8.6, 2.3 Hz), 7.20
(d, 1H, J=2.3 Hz), 5.85 (m, 1H), 5.81 (br s, 1H), 5.32 (br s, 1H), 3.82 (m, 4H), 2.38 (m,

10 2H), 2.19-2.34 (m, 4H), 2.11 (m, 2H), 1.82 (m, 2H). Mass spectrum (ESI, m/z): Calcd.
for Cy3HasN3s03, 420.2 (M+H), found 420.1.

Example 20
4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-I-enyl-4-(4-hydroxymethyl-
15 tetralydro-pyran-4-yi)-phenylf-amide

l HN
H N
CN
0 C

HO

To a mixture of 4-{4-[(4-cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex-1-
enyl-phenyl}-tetrahydro-pyran-4-carboxylic acid (as prepared in Example 18, step (d),

20  20.0 mg, 0.0476 mmot) and triethylamine {EtsN) (7.3 pL, 0.052 mmol) in 1 mL of THF at
0 °C was added CICO,Et (3.6 mg, 0.038 mmol). The mixture was stirred at RT for 0.5 h
and NaBHy (5.4 mg, 0.14 mmol) was added. After stirring at RT for 16 h, the mixture was
trcated with 30 mL of EtOAc and 10 ml of 10 % citric acid. The aqueous layer was
separated and extracted with EtOAc (10 mL). The combined organic layers were washed

25  with saturated NaHCO; aqueous solution (10 mL), H»O (10 mL) and brine (10 mL). After

drying over Na,S0, and concentrating in vacuo, the residue was purified by silica gel
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40 4-Cyano-111-im dazol e-2- carboxylic acid 144444-

ace01l- pi perazi n-1- YO et r ahydr o- pyran- 4-y11- 2-

(4, 4-di net hyl -cycl ohex-1- enyl)-phenylfam de o --) * Exanple 4 c\ Z
Z-c 41 4-Cyano-1H i m dazole-2- carboxylic acid 1444- am no-1, 1-di oxo-
hexahydr o- 126-t hi opyran- 4-y1)-2-(4, 4-di net hyl -

cycl ohex- 1-enyl) - phenyl |- amde HO \Nl NC1110 H2ZN NH b Exanple 12;

Exanpl e 4

10

15

20

chromatography (1-2 % MeOH/DCM} to afford the title compound (14 mg, 70 %) as a
white solid. "H-NMR. (1:5 CD:0D/CDCly; 400 MHEz): § 8.24 (d, 1H, J = 8.6 Hz), 7.72(s,
1H), 7.26 (dd, 1H, J = 8.6, 2.3 Hz), 7.14 (d, 1H, J=2.3 Hz), 5.84 (m, 1H), 3.82 (m, 2H),
3.57 (s, 2H), 3.54-3.60 (m, 2H), 2.27 (m, 4H), 2.14 (m, 2H), 1.95 (m, 2H), 1.82 (m, 4H).
Mass spectram (ESI, m/z): Caled. for Ca3HasN4O3, 407.2 (M+H), found 407.1.

Example 21
4-Cyano-1B-imidazole-2-carboxylic acid [2-cyclohex-I-enyl-4-(4-morpholin-4-ylhnethyl-
tetrahydro-pyran-4-yh)-phenylj-amide

Ho AN
@“m*‘N o
(9]

N
'S

O

a) 4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-formyl-
tetrahydro-pyran-4-yl)-phenyl]-amide

. HN
H \\ CN
0 O N
H o)

(@)

A mixture of 4-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-
hydroxymethyl-tetrahydro-pyran-4-yl)-phenyl]-amide (as prepared in Example 20, 75.4
mg, 0.185 mmol), Dess-Martin periodinane {157 mg, 0.369 mmol) and NaHCO; (155 mg,
1.85 mmol) in 3 mL of DCM was stirred at 0 °C for 0.5 h, at RT for 1 h. To the reaction
was added 2 mL of 10 % Na,S,0; and the resulting mixture was stirred vigorously for 5
min. The mixture was treated with 20 mL of H,0O and extracted with EtOAc (2 x 40 mL).

The combined organic layers were washed with saturated NaHCO; aqueous solution (10
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Nl 4401-1 42 4-Cyano-11-1-im dazol e-2- carboxylic acid 14-(4-

di met hylam no- 1, 1- di oxo- hexahydro-126-t hi opyr an-

4-yl)-2-(4, 4-di net hyl -cycl ohex-1-enyl)-phenyll-amde 0/ \ Exanple

12; Exanple 4 UNMe2 43 4-Cyano- 1H i m dazol e-2- carboxylic acid 14-(1-

acetyl -4-clinmethyl am no- piperidin-4-y0-2-(4,4-

di met hyl - cycl ohex- 1-enyl) - phenyl kam de 0 Cz) Exanple 35; Exanple 4

11NMVE2 mlL), H,O (10 mL) and brine (10 mL). After drying over Na;SO4 and concentrating in
vacuo, the residue was purified by silica gel chromatography (10-20 % EtOAc/DCM) to
afford the title compound (45 mg, 60C %) as a white solid. Mass spectrum (ESI, m/z):

Caled. for C;3Hp4N4Os, 405.2 (M+H), found 405.1,

b) 4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-morpholin-4-
Yimethyl-tetrahydro-pyran-4-yl)-phenylj-amide

A mixture of 4-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-

10 formyl-tetrahydro-pyran-4-yl)-phenyl]-amide (as prepared in the previous step, 30.5 mg,
0.0754 mmol), morpholine (14 pL, 0.15 mmol) and sodium borohydride (6.0 mg, 0.16
mimol) in 2 mL of 1:1 DCM /THF was stirred at RT for 3 h. The mixture was then treated
with saturated NaHCO; aqueous solution (10 mL) and extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with H,0 (10 mL) and brine (10 mL). After

15  drying over Na;SO,4 and concentrating ir vacuo, the residue was purified by silica gel
chromatography (10-30 % EtOAc/DCM) to afford the title compound (28 mg, 77 %) as a
white solid. "H-NMR. (CDCl3; 400 MHz): 8 12.61 (s, 1H), 9.66 (s, 1H), 8.31 (d, 1H, = 8.6
Hz), 7.76 (s, 1H), 7.28 (dd, 1H, J= 8.6, 2.3 Hz), 7.17 (d, 1H, J = 2.3 Hz), 5.86 (m, 1H),
3.79 (m, 2H), 3.59 (m, 2H), 3.53 (m, 4H), 2.45 (s, 2H), 2.29 (i, 4H), 2.13-2.21 (m, 6H),

20 1.77-1.98 (m, 6H). Mass spectrum (ESI, m/z): Calcd. for C27H33Ns03, 476.3 (M+H),
found 476.2.

Example 22

4-Cyano-1H-imidazole-2-carboxylic acid {2-(4,4-dimethyl-cyclohex-1-enyl)-4-f4-(2H-
25  [fetrazol-5-yl)-tetrahydro-pyran-4-ylj-phenyl}-amide
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44 4- Cyano-| H hni dazol e-2- carboxylic acid {2-(4,4-

di et hyl - cycl ohex- 1- enYO-
4-14-(2-pyrrolidin-1-yl-ethoxy)-tetrahydro-pyran-4-yll-phenyll-am de
HN\ INNCO NH(110 Exanple 2 Htril--) 45 4-Cyano-I|H pyrrol e-2-
carboxylic acid {244, 4- diniethyl-cycl ohex-1-enyl)-
444-0-pyrrolidin-1-yl- ethoxyPetrahydro-pyran- 4-yll-phenyl)-am de HO
NINNCs H(1981)) Exanple 1, steps 0), oo ;

I HN
I —cn
‘N::N N
HN, _ o

N

a) 4-(4-Nitro-phenyl)-tetrahydro-pyran-4-carboxylic acid
NO,
HOLC

The title compound was prepared by the procedure of Example 17 using 4-(4-nitro-
phenyl)-tetrahydro-pyran-4-carboxylic acid methyl ester (as prepared in the Example 16,
step (a), 531 mg, 2.00 mmol) to afford 465 mg (92 %) of a white solid. "H-NMR (CD0D;
400 MHz): § 8.24 (d, 1H, J=9.1 Hz), 7.70 (d, 1H, J= 9.1 Hz), 3.93 (ddd, 2H, J=11.9,

10 3.8,3.5 Hz), 3.64 (ddd, 2H, J=11.9, 11.1, 2.3 Hz), 2.55 (m, 2H), 1.98 (m, 2H).

b) 4-(4-Nitro-phenvD-tetralyydro-pyran-4-carbonitrile
NQOo
NC

15 To a mixture of 4-(4-nitro-phenyl)-tetrahydro-pyran-4-carboxylic acid (as prepared
_in the previous step, 251 mg, 1.00 mmol) and sulfonamide (115 mg, 1.20 mmol) in 1 mL
of sulfolane was added thionyl chloride (80 uL, 1.10 mmol), The resulting mixture was
stirred at 120 °C for 16 h. After cooling to 0 °C, the mixture was neutralized to pH 7 with
1 N NaCH solution and treated with 30 mL of EtOAc. The organic layer was separated
20  and washed with FI,O (2 x 10 mL) and brine (10 mL), After drying over Na;SQy4 and
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Example 2 ,NO i NCOH (Canadi an J. Chen:. 59, 2673 HO 46

4- Cyano- 1H-pyrrol e-2- carboxylic acid (1-14-(2-

di nzet hyl am no- et hoxy) - tetrahydro-pyran-4-yl1-2- (4,4-dim

et hyl - cycl ohex-1- enyO-phenyl | -am de Exanmple 1, steps (0, (h);

Exanpl e 2
concentrating in vacuo, the residue was purified by silica gel chromatography (3:7
hexane/DCM) to afford the title compound (223 mg, 96 %) as a faint yellow solid. 'H-
NMR (CDCl3; 400 MHz): § 8.30 (d, 1H, J=9.1 Hz), 7.56 (d, 1H, J= 9.1 Hz), 4.13 (m,

2H), 3.93 (m, 2H), 2.17 (m, 2H), 2.07 (m, 2H).

c) 4-(4-Amino-phenyl)-tetrahydro-pyran-4-carbonitrile
NH,
NC

A mixture of 4-(4-nitro-phenyl)-tetrahydro-pyran-4-carbonitrile (as prepared in the
10 previous step, 223 mg, 0.960 mmol) and 10 % Pd/C (112 mg, 50 wt %) in 10 mL of MeOH
was stirred at RT under H; (balloon pressure) for 1 h. The Pd catalyst was removed by
filtration on Celite and the filtrate was concentrated to give 195 mg (100 %) of the title
compound as a faint yellow solid. Mass spectrum (ESI, m/z): Caled. for Cj2H4N>O,
203.1 (M+H), found 203.2.
15
d) 4-(4-Amino-3-bromo-phenyl)-tetrakydro-pyran-4-carboniirile

Br
NH2

NC

The title compound was prepared by the procedure of Example 16, step {(¢) using 4-
20  (4-amino-phenyl)-tetrahydro-pyran-4-carbonitrile (as prepared in the previous step, 195
mg, 0.964 mmol). Silica gel chromatography (20 % EtOAc/hexane) afforded the title
compound (166 mg, 61 %) as a white solid. Mass spectrum (ESI, m/z): Caled. for
C12H,3BrN20, 281.0 (M+H), found 281.2.

25 ¢ 2-Bromo-4-[4-(2H-tetrazol-5-yl)-tetrahydro-pyran-4-ylj-phenyviamine
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HO 1

NCOH (Canadian | Chen:. 59, 2673 (1981)); | Ho----'N"' 47

4- Cyano-1.11-i m dazol e-2- carboxylic acid {2-(4-
I net hyl - pi peri di n-1-y0- 4-
14- (2-pyrrolidin-1-yl ethylainino)-tetrahydro-

pyran-4-yl|-phenyl)-amde ;I -TANNO ,---1NI NC ss ON N
Br
Nan NH,
HN, _
N
()

10

15

20

A mixture of 4-(4-amino-3-bromo-phenyl)-tetrahydro-pyran-4-carbonitrile (as
prepared in the previous step, 141 mg, 0.500 mmol), trimethylsilylazide (133 pL, 1.00
mmol) and tetrabutylammonium fluoride (65 mg, 0.25 mmol) was stirred at 120 °C for 18
hunder Ar. After cooling to RT, the mixture was treated with 30 mL of EtOAc and
washed with H20 (2 x 10 mL), 15 % citric acid aqueous solution (3 x 10 mL) and brine (10
mL), After drying over Na, 30y, the organic layer was concentrated in vacuo to afford the
title compound (147 mg, 91 %) as a faint yellow solid. Mass spectrum (ESI, m/z): Caled.
for Ci2H;14BrNsO, 324.0 (M-+H), found 324.1.

y/i 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid {2-
(4,4-dimethyl-cyclohex-I-enyl)-4-[4-(2H-tetrazol-5-pl)-tetraliydro-pyran-4-yll-phenyl}-

(J son
N
N=n
HN\N, o

amide

t}cu

To a mixture of 2-bromo-4-[4-(2H-tetrazol-5-yl}-tetrahydro-pyran-4-yl]-
phenylamine (70.0 mg, 0.216 mumol), 4,4-dimethylcyclohexen-1-ylboronic acid (36.6 mg,
0.238 mmol) and Pd(PPhs)4 (25.0 mg, 0.0216 mmol) in 2 mL of 1,4-dioxane was added 2.0
M aqueous Na;COj solution (0.85 mL, 1.7 mmol). The resulting mixture was stirred at 80
°C for 2 d under Ar. After cooling to RT, the reaction was treated with H,O (20 mL}) and
washed with EtOAc (2 x 10 mL). The aqueous mixture was neutralized to PH 6 with 15 %
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Hry Example (0-(h); Exanple 4 1, steps NHr"---- Br (US 2005131022

Al); CIN-""NH 48 4-Cyano-1H i m dazol e-2- di net hyl am no-

et hyl am no) -tetrahydro- pyran-4-yl J-2-(4-nethyl -

;)II ﬁer i di n-1-yo-phenyl] am de carboxylic acid [4 4442- 0 H , N, (11..
citric acid aqueous solution and extracted with EtQOAc (3 x 10 mL). The combined
organic layers were dried over NaxSO, and concentrated in vacuo to afford 76 mgofa
crude product of 2-(4,4-dimethyl-cyclohex-1-enyl)-4-[4-(2H-tetrazol-5-yl)-tetrahydro-
pyran-4-yl]-phenylamine as a brown oil. The product was used for next experiment

5 immediately without further purification,

To the crude product of 2-(4,4-dimethyl-cyclohex-1-enyl)-4-[4-(2H-tetrazol-5-yl)-
tetrahydro-pyran-4-yl]-phenylamine (76 mg, ca. 0.22 mmol) in 2.5 mL of DMF was added
potassium 4-cyano-1-(2-trimethylsilanyl-cthoxymethyl)-1 A-imidazole-2-carboxylate (as
prepared in Example 1, step (d), 72 mg, 0.24 mmol), PyBroP (110 mg, 0.236 mmol) and

10 DIEA (112 pL, 0.645 mmol). After stirring at RT for 2 d, the mixture was treated with 20
mL of HzO and extracted with EtOAc (2 x 20 mL). The combined organic layers were
washed with H0 (2 x 10 mL} and brine (10 mL). After drying over Na,S04 and
concentrating in vacuo, the residue was purified by silica gel chromatography {1-3
MeOH/DCM) to afford the title compound (55 mg, 42 % for 2 steps) as a faint brown

15  solid. Mass spectrum {(ESI, m/z): Calcd. for Cs3;HyaNsO1Si, 603.3 (M+H), found 602.9.

2 4-Cyano-1H-imidazole-2-carboxylic acid {2-{4,4-dimethyl-cyclohex-1-enyl)-4-[4-
(2H-tetrazol-5-y)-tetralydro-pyvan-4-ylf-phenyl}-amide

20 The title compound was prepared by the procedure of Example 11, step (g) using 4-
cyano-1-(2-trimethylsilanyl-cthoxymethyl)-1H-imidazole-2-carboxylic acid {2-(4,4-
dimethyl-cyclohex-1-enyl)-4-[4-(2H-tetrazol-5-yl)-tetrahydro-pyran-4-yl]-phenyl } -amide
(as prepared in the previous step, 51.2 mg, 0.0850 mmol). Silica gel chromatography (1-4
% MeOH/DCM) afforded the title compound (17 mg, 43 %) as a white solid. 'H-NMR

25 (CD:OD; 400 MHz): 8 8.26 (d, 1H, J= 8.6 Hz), 7.90 (s, 1H), 7.22 (dd, 1H, J = 8.6, 2.3
Hz), 7.12 (d, 1H, J=2.3 Hz), 5.73 (m, 1H), 3.95 (m, 2H), 3.54 (m, 2H), 2.70 (m, 2H), 2.42
(m, 2H), 2.26 (m, 2H), 2.08 (m, 2H), 1.58 (t, 2H, J= 6.3 Hz), 1.09 (s, 6H). Mass spectrum
(ESL, m/z): Calcd. for CasHaeNg02, 473.2 (M+H), found 473.2,

30 Example 23
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NC.OI HNHiia". Exanple ,, steps M)); Exanmple 4 NH2 r."- ---

N .... ---

(US 2005131022 Al); 1 --"N'--.-NH2 49

4- Cyano- 1H i nddazol e-2- carboxylic acid [44442-
di t net hfi cti ni no-et hoxy)- tetrahydro-pyran-4-yll-2-

(4- et hyl

10

15

20

-pi peridin-1-yl)- phenyll-amde idO

4-{4-{(4-Cyano-1H-pyrrole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-I-enyl)-
phenyl]-tetrahydro-pyran-4-carboxpylic acid

! HN
EYQCN
HOLC O o
o)

a) 4-[4-f(4-Cyano-1H-pyrrole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-1-enyl)}-
phenyl]-tetraliydro-pyran-4-carboxylic acid meilyl ester

MeQ,C

A solution of 4-[4-amino-3-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-tetrahydro-
pyran-4-carboxylic acid methyl ester (as prepared in Example 16, step (d), 68.7 mg, 0.200
mmol), 4-cyano-1H-pyrrole-2-carboxylic acid (Canadian J. Chem. 59, 2673 (1981), 40.8
mg, 0.300 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCT)
(57.5 mg, 0.300 mmol), hydroxybenzotriazole (HOBt) (40.5 mg, 0.300 mmol) and DIEA
{105 puL, 0.600 mmol) in 2.5 mL of DMF was stirred at RT for 2 d under Ar. The resulting
mixture was treated with H,O (20 mL) and extracted with EtOAc (2 x 25 mL). The
combined organic layers were washed with H;O (10 mL) and brine (10 mL). After drying
over Na;SQ4 and concentrating in vacuo, the residue was purified by silica gel
chromatography (10-20 % EtOAc/DCM) to afford the title compound (46 mg, 50 %) as a
whife solid. Mass spectrum (ESI, m/z): Calcd. for C;7H; N304, 462.2 (M+H), found
4622,
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N\ ITANH SN-N40 NC1 ."....N,..... "... CD' Exanple 1, steps
(f)-(h); Example 2 NI-12(-"--- Br (US 2005131022 Al); | ---NOCH 50
4- Cyano- 1H hni dat ol e-2- carboxylic acid (2-(4-

mel | zyl - pi peridin-1-y0-4- 11-(2-pyrrolidin-1-yl-

et hoxy) -t et rahydr o- pyran- 4-y1J-phenyl)-am de Ho N Net-40

b 4-[4-[(4-Cyano-1H-pyrrole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-I-enyl)-
phenylj-tetraliydro-pyran-4-carboxylic acid

5 The title compound was prepared by the procedure of Example 17 using 4-[4-[(4-
cyano-1H-pyrrole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-
tetrahydro-pyran-4-carboxylic acid methyl ester (as prepared in the previous step, 28.0 mg,
0.0607 mmol). The title compound (11.1 mg, 41 %) is a white solid. "H-NMR (1:1
CDCl/CD10D; 400 MHz): 8 7.65 (d, 1H, J = 8.6 Hz), 7.51 (d, 1H, J = 1.5 Hz), 7.36 (dd,

10 1H,J=8.6,2.3 Hz),7.26 (d, 1H, J = 2.3 Hz), 7.04 (s, 1H), 5.69 (m, 1H), 3.94 (m, 2H),
3.65 (m, 2H), 2.53 (m, 2H), 2.29 {m, 2H), 1.91-2.01 (m, 4H), 1.50 {t, 2H, 7= 6.3 Hz), 0.98
(s, 6H). Mass spectrum (ESI, m/z): Calcd. for CogtlaoN304, 448.2 (M+H), found 448.2.

Example 24
15 4-Cyano-1H-imidazele-2-carboxylic acid [4-(4-carbamoyl-tetralydro-pyran-4-yl)-2-(4,4-
dimethyl-cyclohex-1-enyl)-phenyl-amide

I HN
H N
CN
N 0

O

Ha

The title compound was prepared by the procedure of Example 19 using 4-[4-[(4-
20  cyano-1H-imidazole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-
tetrahydro-pyran-4-carboxylic acid (as prepared in Exampie 17, 13.0 mg, 0.0290 mmol).
Silica gel chromatography (5 % MeOH/DCM) afforded the title compound (4.0 mg, 31 %)
as a white solid. 'H-NMR (CD;0D; 400 MHz): § 8.27 (d, 1H, J = 8.6 Hz), 7.91 (s, 1H),
7.35(dd, 1H, 1=8.6, 2.3 Hz), 7.24 (d, 1H, ] =2.3 Hz), 5.76 (m, 1H), 3.81-3.89 (m, ZH),
25  3.68-3.76 (m, 2H), 2.42-2.50 (m, 2H), 2.26-2.36 (m, 2H), 1.98-2.12 (m, 4H), 1.60 (1, 2H, J
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ON.,,--? NH N Exanple |, steps M)); Exanple 2 NH21.*--s-%"..... .0
NN ---" Br (US 2005131022 Al); a.-V---OH 51 4-Cyano-1H-i m dazol e- 2-
carboxylic acid [4-(4- am no-tetrahydro-pyran4-y0-244- et hyl -

pi peridin-1-yo-phenyll- am de HO N \I

10

15

20

25

= 6.3 Hz), 1.10 (s, 6H). Mass spectrum (ESI, m/z); Caled. for CasHzeNsO3, 448.2 (M+H),
found 448.2.

Example 25
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-I-enyl)-4-(4-
hrydroxymethyl-tefrahydro-pyran-4-yl)-phenylj-amide

sii
NTKK\N\ CN
0

HO

To a mixture of 4-[4-[(4-cyano-1H-pyrrole-2-carbonyl)-amino]-3-(4,4-dimethyl-
cyclohex-1-enyl)-phenyl]-tetrahydro-pyran-4-carboxylic acid methyl ester (as prepared in
the Example 16, step (f), 300 mg, 0.649 mmol} and NaBH, (123 mg, 3.24 mmol} in 10 mL
of +-BuOH at 80 °C was added MeOH (1.30 mL) over 20 min. The resulting mixture was
stirred at 80 °C for 32 h under Ar. After cooling to RT, the mixture was treated with 15 %
citric acid aqueous solution until a pH of 5. The mixture was then treated with 30 mL of
HzO and extracted with EtOAc (3 x 20 mL). The combined organic layers were washed
with H20 (20 mL), brine (10 mL), dried (Na,SO,) and concentrated in vacuo. The residue
was purified by flash chromatography on silica gel with 2-3 % MeOH/DCM to afford 107
mg (38 %) of the title compound as a white solid: & 8.19 (d, 1H, J= 8.6 Hz), 7.95 (s, 1H),
7.31(dd, 1H, J = 8.6, 2.3 Hz), 7.19 (d, 1H, J=2.3 Hz), 5.75 (m, 1H), 3.80 (m, 2H), 3.47-
3.57 (m, 2H), 3.52 (s, 2H), 2.32 (m, 2H), 2.05-2.17 (m, 4H), 1.90-1.9% (m, 2H), 1.59 (1,
2H,J=6.3 Hz), 1.08 (s, 6H). Mass Spectrum (ESI, m/z): Caled. for CysH3zoN4O3, 435.2
(M+H), found 435.1.

Example 26
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-{4-

morpholin-4-ylmethyl-tetraltydro-pyran-4-yi)-phenyll-amide
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NC H2N NHr------ N.... " Example 1, Steps (0-(h); Exanple 4 NH2 | b N
Br (US 2005131022 Al'); NHAOH 52 4-Cyano- 1H-i m dazol e-2- carboxylic
acid 14-(4- dinethylam no- teirahydro-pyran-4-y0-2-

(4- et hyl - pi peridin-1-yl)- phenylkamde b_ ... Iz")., ..""

IHHN\
Nm/kxw CN
S T

O

a) 4-Cyano-1H-intidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(4-
Jormyl-tetrahydro-pyran-4-yi)-phenyi]-amide

H HN\
CN
O
H 0
5 (0]

The title compound was prepared by the procedure of Example 21, step (2) using 4-
cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyi-cyclohex-1-enyl)-4-(4-
hydroxymethyl-tetrahydro-pyran-4-yl)-phenyi}-amide (as prepared in Exampie 25, 40.0

10  mg, 0.0921 mmol) and Dess-Martin periodinane (80.5 mg, 0.184 mmol). The title
compound (40 mg, 100 %) was obtained as a white solid and used in the next step without
further purification. Mass spectrum (ESI, m/z): Calcd. for C2sH2sN4O3, 433.2 (M+H),
found 433.4.

15 b 4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(4-
morpholin-4-ylmethyl-tetrahydro-pyran-4-yl)-phenyl]-amide

The title compound was prepared by the procedure of Example 21, step (b) using 4-
cyano-1H-imidazole-2-carboxylic acid [2~(4,4-dimethyl-cyclohex-1-enyl)-4-(4-formyl-
20  tefrahydro-pyran-4-yl)-phenyl]-amide (as prepared in the previous step, 40.0 mg, 0.0921
mmol), morpholine (13 nL, 0.14 mmoel) and sodium ftriacetoxyborohydride (5.2 mg, 0.14
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0 Z N/ Exanple 1, Steps (0-(h); Exanple 4 NHr".Z so B (US
2005131022 Al); HNwe2 53 4-Cyano- 1H i m dazol e-2- carboxylic acid
12-(4- nethyl -piperidin-1-y0-4- (4-pyrrolidin-21-yl-

t e(rahydro- pyran-4-y1l)- phenyl kam de

mmol). Silica gel chromatography {10-20 % EtOAc/DCM then 1-2 % MeOH/DCM)
afforded the title compound (20 mg, 43 %) as a white solid. "H-NMR (CDCls; 400 MHz):
3 12.61 (s, 1H), 9.70 (s, 1H), 8.33 (d, 1H, Y=8.6 Hz), 7.75 (s, 1H), 7.28 (dd, 1H, I = 8.6,
2.3 Hz), 7.16 (d, 1H, J=2.3 Hz), 5.78 (m, 1H), 3.79 (m, 2H), 3.59 (m, 2H), 3.50-3.62 (m,

5 4H),2.45 (s, 2H), 2.25-2.31 (m, 2H}, 2.11-2.22 (m, 8H), 1.93 (m, 2H), 1.61 (t,2H, ] = 6.3
Hz), 1.13 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for C;0H37Ns03, 504.3 (M+H), found
504.3.

The following compounds have been prepared according to the examples as indicated:

10
Ex- Name Structure Procedurc | Mass Spectrum
ample Reference
No. '

4-Cyano-1H- 9

27 | imidazole-2- H RN N Example | (ESI, m/z)
N o
cavboxylic acid [2- HG @ Wcﬁ” 14, step | Calced. for

cyclohex-1-enpl-4-(4- (d) CoHoaN4Os,
hydroxy-tetralydro- O 393.2 (M+H),
pyran-4-pl)-phenyl]- found 393.1.
amide

4-Cyano-1H-

28 | imidazole-2- H HN\ Yy Example | (ESL m/z)
carboxylic acid {2- o O I N 19 Caled. for
cyclohex-1-enyl-4- MeN C25Hz9Ns03,
(4dimethylcarbamoyl- o 448.2 (M+H),
tetrahydro-pyran-4- found 448.2.
yh)-phenyl]-amide
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b Exanpl e 2005131022 1, Steps (t)-(h); Exanple 4 NH 40 N Sr (US Al);
OH 54 4-Cyano-1H i m dazol e-2- carboxylic acid 1441, 1-

di oxo-4-pyrrolidin-1-yl- hexahydro-126-thi opyran- 4-y0-2-(4-nethyl -
pi peridin-1-yl)-phenylp b 0 " Exanple 1, Steps (t)-(h);

4-Cyano-1H-

29 | imidazole-2- 9 ! HN—‘\>_ Example | (ESI, m/z)
carboxylic acid [4-(4- o N\'(RN CN 24 Caled. for
dimethylcarbamoyl- | ye,N O © Cz7H33N503,
tetralydro-pyran-4- o 476.3 (M-+H),
Y-2-(4,4-dimethyl- found 476.2.
cyclohex-1-enyl)-
phenylf-amide

Examples 30 and 31

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-I1-enyl)-4-(cis-4-

5  hydroxy-cis-2,6-dimethyl-tetraliydro-pyran-4-yl)-phenyl]-amide and 4-cyano-1H-
inidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl}-4-(trans-d-liydroxy-cis-
2,6-dimethyl-tetraltyydro-pyran-4-yl)-phenyl]-amide

CN
H '}"g
sas
HQ 5 H
o)
10 31 32

The title compounds were prepared as described in Example 1, step (h) using 4-
cyano-1H-imidazole-2-carboxylic acid [4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-
phenyl]-amide (as prepared in Example 1 (step g)) and c¢is-2,6- dimethyltetrabydropyran-
4-one (Monatshefte fuer Chemie, 136(7), 1197-1203 , (2005)).

15 31: Mass spectrum (ESI, m/z): Caled. for CasHz2N403, 449.2 (M+H), found 449.2.
32: Mass spectrum (EST, m/z): Caled. for CagHsN403, 449.2 (M+H), found 449.2.
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Exanmple 12 NHf .---- N O .../ Br (US 2005131022 am de Exanple 4
Al); 0 a- s MCPBA; OH 55 4-Cyano-1H i m dazol e-2- carboxylic acid
[4-(1- acetyl-4-pyrrolidin-1-ylpiperldin-4-yl)-2-(4-

mer hyl - pi peridin-1-yl)- phenyl fram de HO

Example 32
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enylD)-6-(4-
lydroxy-Cis-2,6-dimetliyl-tetrahydro-pyran-4-yl)-pyridin-3-yij-amide

CN
H '}"\g
N
N \H/LN
HQ I J & H

5 0]
a) 6-Bromo-2-iodo-pyridin-3-plamnine
]
NN
[
Br &
10

To a stirred solution of 6-bromo-pyridin-3-ylamine (10.2 g, 0.0580 mol) and Ag,S04 (18.1
g, 0.0580 mol) in EtOH (150 mL) was added I (7.59 g, 0.0580 mol) and the reaction was
allowed to stir overnight. At this time hexane (200 mL) was added and the resultant
mixture was filtered through Celite. The solvent was removed in vacuo, dissolved in
15 CHCI; (200 mL), washed with aqueous saturated Na;S;0; (100 mL), water (1 x 100 mL),
and dried (Na,SOy4). The solvent was concentrated in vacuo and the residue was dissolved
in hot EtOAc (100 mL), filtered and treated with hexanes (100 mL}). Filtration gave 11.2 g
(65 %) of 6-bromo-2-iodo-pyridin-3-ylamine as a white crystalline material. 'H- NMR
(CDCls; 400 MHz): 8 7.10 (d, 1H, J=8.2 Hz), 6.74 (d, 1H, J= 8.2 Hz), 4.06 (br s, 2H).
20
b) 6-Bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-ylamine

NH>

=
=N

Br

|
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N-r-JL NH --

SN O a NC O Exanple 1, Steps (00)1 Exanple 4 NI-12 iii,"

N 4P-P Br (US 2005131022 Al); 0 a- N QA OH 56 4-Cyano- 1H bni dazol e- 2-
carboxylic acid P-(4,4- dinethyl-tycl ohex-1-enyo- 4-(4-pyrrolidin-1-

yl medzyl -t et

10

15

20

25

rahydr opyr an- 4-y1) - phenyl Pam de

A solution of 6-bromo-2-iodo-pyridin-3-ylamine (as prepared in the previous step, 1.00 g,
3.35 mmol) in toluene (27 ml) and EtOH (13.5 mL) was treated with 2.0 M aq Na,COs
(13.4 mL, 26.8 mmol}) and 4,4-dimethyl-cyclohex-1-enylboronic acid (567 mg, 3.68
mmol). The mixture was degassed via sonication, placed under Ar, treated with Pd(PPhs)q
(271 mg, 0.234 mmol), and heated to 80 °C for 5 h. The cooled mixture was diluted with
EtOAc (100 mL) and washed with water (2 x 50 mL). The combined aqueous layers were
extracted with EtOAc (1 x 100 mL). The combined organic layers were dried over MgSO4
and concentrated in vacuo. Silica gel chromatography of the residue on a Varian
MegaBond Elut 50-g colurmnn with 10 % EtOAc-hexane afforded 668 mg (71 %) of 6-
bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-ylamine as a tan solid. "H-NMR
(CDCl;; 400 MHz): 8 7.06 (d, 1H, J = 8.3 Hz), 6.85 (d, 1H, J = 8.3 Hz), 5.95 (m, 1H), 3.86
(br s, 2H), 2.43-2.39 (m, 2H), 1.99-1.97 {m, 2H), 1.51 (t, 2H, J = 6.4 Hz), 0.99 (s, 6H).

¢) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid [6-
bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-ylj-amide

CN
H '}”\S
N
A Ay
I/ o) SEM
Br

The title compound was prepared from 6-bromo-2-(4,4-dimethyi-cyclohex-1-enyl)-
pyridin-3-ylamine (as prepared in the previous step, 60 mg, 0.21 mmol), potassium 4-
cyano-1-(2-frimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylate (as prepared in
Example 1, step (d), 91.0 mg, 0.290 mmol}, PyBroP (157 mg, 0.330 mmol) and DIEA
(91.0 uL, 0.520 mmol) according to the procedure in Example 1, step () (84 mg, 78 %).
'H-NMR (CDCls; 400 MHz): § 9.91 (s, 1H), 8.64 (d, 1H, J = 8.6 Hz), 7.79 (s, 1H), 7.38 (d,
1H, J= 8.6 Hz), 6.00 (m, 1H), 5.92 (s, 2H), 3.67 (m, 2H), 2.46 (m, 2H), 2.14 (m, 2H), 1.62
(t,2H, 1=6.3 Hz), 1.12 (s, 6H), 0.98 (m, 2H).
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zm 0 c.)

Exanpl e 26, step (b) CNN 57 4-Cyano-111-i m dazol e- 2-

carboxylic acid 1444- di et hyl am nonet hyl t etrahydr o- pyran-4-yl) - 2-
(4, 4-di nmet hyl -cycl ohex-1- enyl)-phenyl kami de HO N\ | NH110 NC110

Exanpl e

10

15

20

25

d) 5-Cyano-I1H-imidazole-2-carboxylic acid [6-bromo-2-(4,4-dimethyl-cyclohex-I-enyl)-
pyridin-3-yl]-amide

The title compound was prepared from 4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazole-2-carboxylic acid [6-bromo-2-{4,4-dimethyl-cyclohex-1-
enyl)-pyridin-3-yl]-amide (as prepared in the previous step) according to the procedure in
Example 1, step (g). "H-NMR (CD;0D; 400 MHz): § 8.53 (d, 1H, J = 8.8 Hz), 8.03 (s,
1H), 7.48 (d, 1H, ] = 8.8 Hz), 6.04-5.99 (m, 1H), 2.48-2.40 (m, 2H), 2.13-2.08 (m, 2H),
1.61 (t, 2H, J= 6.0 Hz), 1.09 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for CigH,3BrNsO,
400.1 (M+H), found 400.0.

e) 4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(4-
hydroxy-cis-2,6-dimethyl-tetraltydro-pyran-4-yb)-pyridin-3-yi]-amide

The title compound was prepared as described in Example 1, step (h) using 4-cyano-1H-
imidazole-2-carboxylic acid [4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-yl]-
amide (as prepared in the previous step) and cis-2,6- dimethyltertahydopyran-4-one
(Monatshefte fuer Chemie, 136(7), 1197-1203, (2005)).

Mass spectrum (ESI, nﬂz): Caled. for Cy5H31N503, 450.2 (M+H), found 450.2.

Example 33

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(4-
hydroxy-tetralydro-pyran-4-yl)-pyridin-3-yl]-amide
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26, step (b) ENwe2 -N\ 58 4-Cyano- 11l -i m dazol e-2- carboxylic

acid 1444- dintethyl anzi nonet hyl -1, 1- di oxo- hexahydro-1. 1. 6-
tl zi opyran-4-y0-2-(4,4- dinethyl-cyclohex-1-enyl2- phenyl:I-am de

Lc / \) Exanple 16, step (a); Exanple 12; Exanple 16, Steps

10

15

CN
H '}"§
N
NT™= }H\N
Ro )i J § H

&)

The title compound was prepared as described in Example 1 step (h) using 4-cyane-1H-
imidazole-2-carboxylic acid [4-bromo-2-(4,4-dimethyi-cyclohex-1-enyl)-pyridine-3-yl]-
amide (as prepared in the Example 32 steps (d)) and tefrahydropyran-4-one. Mass
spectrum (ESI, m/z): Caled. for CasHzNsOs, 422.2 (M+H), found 422.2.

Example 34
5-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-I-enyl-4-(4-methanesulfonyl-
tetralydro-pyran-4-yl)-phenyl]-amide

MeO,S O

0

H N
N \“/l% N
o H

To a mixture of 5-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-
hydroxy-tetrahydro-pyran-4-yl}-phenyl]-amide (as prepared in Example 27, 75 mg, 0.19
mmol) and sodium methylsuifinate (195 mg, 1,90 mmol) in 4 mL of methanol was added
0.28 mL (3.80 mmol) of TFA. The mixture was stirred overnight at 70 °C and then
concentrated in vacuo. The crude residue was partitioned in EtOAc (20 mL) and saturated
aqueous NaHCO; (20 mL). The organic layer was dried (Na;S04) and then concentrated in
vacuo. The residue was purified by preparative TLC on silica gel (20 % ethyl acctate-
hexane) to afford the title compound as a light brown oil (18 mg, 21 %). 'H-NMR (CDCls;
400 MHz): 8 9.64 (s, 1H), 8.32 (d, 1H, J =8.0), 7.71 (s, 1H), 7.33 (m, 1H), 7.23 (d, 1H, J =
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(b)-(0; Exanple 25; Exanple 26, steps (a)-(b) CO2Me S (Phosphorus,
Sul fur and Silicon and the Rel ated El enents, 47(1- 2), 157-64
(1990)); MCPBA; HNMe2 59 4-Cyano- 1H bni dazol e-2- carboxylic acid
P- (4, 4- di met hyl -cycl ohex- 1- enyl) - 4- ( 4- hydr oxy- 2, 6- di net hyl
-tetrahydro-thi opyran-4- yb-phenyl Famide HO N NC O

1.8 Hz), 5.87 (s, 1H), 3.90-3.81 (m, 4H), 3.01 (s, 3H), 2,30-2.25 (m, 4H), 2.07-1.79 (m,

8H).

Example 35
5  4-Cyano-I1H-imidazole-2-carboxylic acid [4-(1-acetyl-4-hydroxy-piperidin-4-yl}-2-(4,4-
dimethyl-cyclohex-I-enyl)-phenyl]-mmnide

! MN
H A
CN
. N SN
HO b

2

10  The title compound was prepared by the procedure of Example 11 using 4-cyano-1H-
imidazole-2-carboxylic acid [4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide
(as prepared in Example 1, step (g), 80.0 mg, 0.200 mmol) and 1-acetyl-piperidin-4-one
(123 pL, 1.00 mmol). Silica gel chromatography (2-5 % MeOH/DCM) afforded the title
compound (59.1 mg, 64 %) as a colorless oil. 'H-NMR (CD;OD; 400 MHz): § 8.18 (d,

15 1H, J=8.6 Hz), 8.00 (s, 1H), 7.39 (dd, 1H, J= 8.6, 2.3 Hz), 7.35 (d, 1H, J= 2.3 Hz), 5.74
(m, 1H), 4.45 (m, 1H), 3.84 (i, 1H), 3.60 (m, 1H), 3.11 (m, 1H), 2.28-2.35 (m, 2H), 2.15
(s, 3H), 1.91-2.10 (m, 4H), 1.76 (m, 2H), 1.59 (t, 2H, J= 6.3 Hz), 1.09 (s, 6H). Mass
spectrum (ESI, m/z): Caled. for Cy6H3Ns03, 462.2 (M+H), found 462.0.

20

The following examples are produced according to procedures of previous
examples with the corresponding reagents as indicated in the table below:
25
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s NH OH (r) Ex.

ki kh Soedi neni i

Geterotsikly),
acid [2-(4,4- dinethyl-cycl ohex-1-enyl)- 444-hydroxy-2, 6-di nzet hyl
-1, 1-di oxo-1texahydro-1.1.6- tlziopyran-4-y0-plzenyik amde 1-10 N\

NC

1, step O ...-"---
No. 2 (Kislorodsoden hashchie
60 4-Cyano-1H i m dazol e-2- carboxylic

Sbor ni k,

174-80, (1970)

--i11--

Khi m ya Geterotsikliches

Ex- Name Structure Procedure Reagents
ample Reference
No.
4-Cyano-1H-imidazole-2-

36 | carboxylic acid {2-(4,4- Example 4
dimethyl-cyclohex-1-enyl)- NH3
4-{4-(2-pyrrolidin-1-pl- C,N/r
ethylamino)-fefrahydro-
pyran-4-pl]-phenyl}-amide
4-Cyano-1H-imidazole-2- H

37 | carboxylic acid [4-[4-(2- §N,1N NH Example 4
acetylamino-ethylamine)- NC Q NH;
tfetraliydro-pyrvan-4-ylj-2-( YE ~n HNI
4, 4-dimethyl-cyclohex-1- o) H o)\
enyl)-phenylj-amide
4-Cyano-1H-imidazole-2- g 9

38 | carboxylic acid {4-[4-(2- S\N/;\l NH Example 4
acetplamino-ethylaming)- NE O “\/\
tetraliydro-pyran-4-yl}-2- H \lg NH,
cyclohex-I-enyl-phenyl}- \[rN\/\l':‘I
amide ©
4-Cyano-1H-pyrrole-2- H @ “ o

39 | carboxplic acid {2-(44- \N N Example /E,)——’{
dimethyl-cyclohex-I-enyl)- | | O 1, steps NC oH
4-[4-(2-methoxy- (D, (h); (Canadian J.
ethylamino)-tetrahydro- /0\/\2 0 Example 4 Chem. 39,2673
pyran-4-pl]-phenyl}-amide (1981));

NH,
J
|
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NH . OH Ex.

Aneri can Chem cal

step (h) 0 A "..

Society, 9703),

Q-- PO Jour nal

3666-72, (1975).

01 0

of the

40

4-Cyano-1H-imidazole-2-
carboxylic acid [4-{4-(4-
acetyl-piperagin-1-yl)-
tetrahydro-pyran-4-ylj-2-
(4,4-dimethyl-cyclohex-1-
enyl)-phenyl]-amide

Example 4

41

4-Cyano-1H-imidazole-2-
carboxylic acid [4-(4-
amino-1,1-dioxo-
hexalydro-1A"thiopyran-
4-pl)-2-(4,4-dimethyl-
cyclohex-1-enyl)-phenyl]-

amide

Example
12;
Example 4

NH40H

42

4-Cyano-IH-imidazole-2-
carboxylic acid [4-(4-
dimethylamino-1,1-dioxo-
hexalydro-1A%-thiopyran-
4-pl)-2-(4,4-dimerhyl-
cyclohex-1-enyl)-phenylj-

antide

Example
12;
Example 4

HNMCg

43

4-Cyano-I1H-imidazole-2-
carboxylic acid [4-(1-
acetyl-4-dimethylamino-
piperidin-4-yl)-2-(4,4-
dimethyl-cyclohex-1-enyl)-
phenyl[-amide

Example
35,
Example 4

HNMe,
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61 4-Cyatto-1Him dazol e-2- carboxylic acid 1244, 4-

di et hyl - cycl ohex- 1-enyl) - 4(3-hydroxy-8, 8-di oxo-8

2fi -t hia-bicyclo[3.2.1joct-

NH * 0 OH
(1979),

EXx.

3-y0-phenyl:1-amde HO N \I
step (h) 01 0O Heterocycles 13 (Spee.lssue),
62 4-Cyano- 1Hintidazol e-2- carboxylic acid 1244, 4-

di nt et hyl - cycl ohex- 1-enyl) - 4(3-hydroxy-8-nethyl-8-a

NC pi,

010
293-6,

za- bi cycl

N~ S~ Y

S e T o T A midghad 1] T 0%

44 | carboxylic acid {2-(4,4- ﬁﬁ”“ O Example 2
dimethyl-cyclohex-1-enyl)- | \d O O
4-f4-(2-pyrrolidin-1-yl- o~ D HO™ N
ethoxy)-tetrahydro-pyran- o]
4-yl]-phenyl}-amide
4-Cyano-I1H-pyrrole-2- E o

45 | carboxylic acid {2-(4,4- Il:ll Q Example WOH
dimethyl-cyclohex-I-eny)- | (] INH O 1, steps NC
4-[4-Qpyrrolidin-1yl- | O @, @; | Canadian).
ethoxy)-tetrahydro-pyran- O Example 2 Chenz. 59, 2673
4-ylj-phenyl}-amide s} o™ (1981));

A
4-Cyano-1H-pyrrole-2- E[j o

46 | carboxylic acid [4-{4-(2- H © Example D—(
dimethylamino-ethoxy)- §NJ/L NH ‘ 1, steps NC . o
tetrahydro-pyran-4-ylj-2- N O ), (); Cii::“fgw;;g‘
(4,4-dimethyl-cyclohex-1- ] Example 2 T
enyl)-phenylj-amide 5 o~~~ (1981));

N
4-Cyano-1H-imidazole-2- H 1% NH, O/

47 | carboxylic acid {2-(4- &ﬁ”*‘ U Example ©/N
methyl-piperidin-1-yi)-4- NC 1, steps
[4-(2-pyrrolidin-1-yl- O"\/\N @-h); | 6
ethylamino)-tetrahydro- H 0 Example 4 (Us
pyran-4-yll-phenyl}-amide 2005131022

Al),

C}q\/\NHz
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HO N\

INH NCO 7', *
4- Cyano- 1H bni dazol e-2- carboxylic acid |

di net hyl - cycl ohex- 1- enyo444- hydr oxy-1, 2, 6-
Ityl-piperidin-4-yl)-

OH Ex. 1,

step (h) N

2

-P
- (4, 4-
trinmet

phenyl kam de HO N NCO

63

4-Cyano-1H-imidazole-2- NH, O/
48 | carboxylic acid [4-[4-(2- h © Example N
dimethylamino- ﬁf\f"” U 1, steps
etliylamino)-tetralydro- NC (B-(h); Br
pyran-4-yl]-2-(4-methyl- ! Example 4 us
piperidin-1-pl)-phenyl)- ”N\/\E ) 2005131022
amide Al);
1
AN,
4-Cyanog-1H-imidazole-2- v NH, O/
49 | carboxylic acid [4-[4-(2- §N¢f\l NH U Example @N
dimethylaming-ethoxy)- ne 1, steps
tetralydro-pyran-4-ylj-2- \ -(h); Br
(4-methyl-piperidin-1p)- |~ e O Example 2 (Us
phenyl]-amide 2005131022
Al);
\
~No~on
4-Cyano-1H-imidazole-2- “ Q NHs O/
50 | carboxylic acid {2-(4- §’fN NH @/ Example @/N
methyl-piperidin-I1-yl)-4- NG 1, steps
[4-(2-pyrrolidin-1-yl- @%O @), | Br
ethoxy)-tetraliydro-pyran- 0 Example 2 (Us
4-yl]-phenyl}-amide 2005131022
Al);
<::L\’/\OH
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OH Ex. 1,
(1950)

ni amet hyl - pi peri di n-4-y1) -

step (h) O it Journal

of Organic Chem stry,

15 337-42,

64 4-Cyano-111-i m dazol e-2- carboxylic acid P-(4,4-
di net hyl - cycl ohex- 1-enyl)- 4-(4-hydroxy-1, 2, 2,6, 6-pe

phenyl kam de HO N

4-Cyano-1H-imidazole-2- H 9 NH,

51 | carboxylic acid [4-(4- i\N,\{!j)LNH g Example @J‘O/
amino-tefralydro-pyran- N 1, Steps
4-pl)-2-(4-methtyl- H-(h); Br
piperidin-1-pl)-phenyl]- H 2N% Example 4 Us
amide 2005131022

Al);
NH,OH
4-Cyano-1H-imidazole-2- H © NH,

52 carboxylic acid [4-(4- s\N’YLNH O/ Example ’O/
dimethylamino- NG N %N 1, Steps
tetrahydro-pyran-4-yl)-2- \ (H-(h); Br
(4-methyl-piperidin-1-yi)- /N Example 4 Us
phenyl]-amide © 2005131022

Al
HiNMe,
NH,

53 | 4-Cyano-1H-imidazole-2- H ¢ Example O/
carboxylic acid [2-(4- ﬁﬁwﬁ 'O/ 1, Steps
methyl-piperidin-1-yl)-4- . ®-(h); Br
(4-pyrrolidin-1-yi- Example 4 Us
tetralydro-pyran-4-yi)- CN% 2005131022
phenyl]-amide 0o Al);

CNH
4-Cyano-1H-imidazole-2- H @ NHo

54 | carboxylic acid {4-(1,1- S\N,?\I)LNH hO/ Example @.«'O/
dioxo-4-pyrrolidin-1-yl- N 1, Steps
hexahydro-1A*-thiopyran- C (H-(h); Br
4-yl)-2-(4-methyl- N Example (Us
piperidin-1-yl)-phenyl]- ESI):O 12 2005131022
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\' NC NH Si

101 OH Ex.

1,

step (h) 0 /N EP 729947

4- Cyano- 1H-i m dazol e-2- carboxylic acid P-(4,4-

di net hyl - cycl ohex- 1-enyl) - 444-(2- met hoxy-

0)-2,6-dinmethyl-1, 1-di oxo-

et hyl am n

65

hexahydr o- 126-t hi opyran4-yl|l-plienyl)-amde HO N\l NC
amide Example 4 Al);
O
@
MCPBA;
O
4-Cyano-1H-imidazole-2- H @ NH, O/

55 | carboxylic acid {4-(1- S\N’\,HLNH O/ Example N
acetyl-4-pyrrolidin-I-yl- NG N N 1, Steps
piperidin-4-yl)-2-(4- C (- Br
methyl-piperidin-I-yl)- N Example 4 (US
phenyl]-amide N)]” 2005131022

o Al);
0
¢
oA
O
4-Cyano-1H-imidazole-2- H @

56 | carboxylic acid [2-(4,4- 3\‘1, NH ‘ Exemple
dimethyl-cyclohex-I-enyl)- NC N O 26, step CNH
4-(4-pyrrolidin-I- (b)
Yimethyl-tetralydro- N
pyran-4-yl}-phenyl]-amide l ) o
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01 NH 410 *
Chem cal

H N Ow Ex.
Soci ety,

1,

97(13), 3666-72.

step (h) 0 O
(1975) .

"0 Jour nal

carboxylic acid (244, 4- dinethyl -cycl ohex- 1- eny1) -
411, 2, 2, 6, 6- pent anet hyl - 4- (2- nor phol i n-4-yl et hy(am no) - pi peri di n- 4-
yl'l - phenyl | -am de N

of the American

H2N 66

4-Cyano-1H-imidazole-2-

H 0
57 | carboxylic acid {4-(4- S\N,LHJ\NH O Example
dimethylaminemerhyl- NC O 26, step HNMe;
tetraliydro-pyran-4-yl)-2- (b)
(4,4-dimethyl-cyclohex-1- N
enyl)-phenyl]-amide \ o
4-Cyano-1H-imidazole-2- H 9 Example GOMe
58 | carboxylic acid [4-(4- i\N,\pq)LNH I. 16; step
dimethylaminomethyl-1,1- . O (a); S
dioxo-hexalydro-14°- Example | (Phosphorus,
thiopyran-4-yl)-2-(4,4- _N 12; Sulfur and
dimethyl-cyclohex-I-enyl)- \ (181;0 Example | Silicon and the
phenyl]-amide 16, Steps Related
(b)-(f); | Elements, 47(1-
Example 2), 157-64
25, (1990));
Example MCPBA;
26, steps HNMe,
()-(b)
4-Cyano-1H-imidazole-2- H © 0
59 | carboxylic acid [2-(4,4- S\l\j\l)kNH O Ex. 1, step /ﬁ]j\
dimethyl-cyclohex-1-enyl)- NG O (h) S
4-(4-hydroxy-2,6-dimethyl oH Khimiya
~tetraltydro-thiopyran-4- Geterotsikliches
yi)-phenyl]-amide S kikh Soedinenii,
Sbornik, No. 2
(Kislorodsoderz
hashchie
Geterotsikly),

174-80, (1970)
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1 N wei o 4-Cyano- 1H- bni dazol e-2- NH H Ex.
67 3-01-14-[(4-Cyano-1H

729947 ro ,

H2N

1,

am nd- 3- (4, 4-di nzet hyl - cycl ohex-1-eny1l) - phenyl I -

step (h)
I m dazol e- 2-car bonyl) -

I'N EP

1,2,6-trinethyl-piperldin- 4-ylamnol-propionic acid nethyl ester HN
I
4-Cyano-1H-imidazole-2- 0
00 | carboxylic acid [2-(4,4- Ex. 1, step rk/l\
dimethyl-cyclohex-1-enyl)- (h) oY
00
4-(4d-frydroxy-2,6-dimethyl
EeTs J; Journal of the
-1,1-dioxo-hexahydro-1A'- )
American
thiopyran-4-yl)-phenylf- .
Chemical
amide
Society, 97(13),
3666-72,
(1975).
4-Cyano-1H-imidazole-2- H @ O
61 | carboxylic acid [2-(4,4- ﬁwﬂ\m ‘ Ex. 1, step ¢ ;i
=3
dimethybcyclohex-T-emD- | _ . N O (b i
4-(3-Iydroxy-8,8-dioxo-8 Heterocycles
OH
Ab-thia-bicyclof3.2. Ijoct- ’3 13 (Spec lssue),
3-pl)-phenyl]-amide 73 293-6, (1979),
62 | 4-Cyano-1H-imidazole-2- H @ 0
carboxylic acid [2-(4,4- g\i\,()LNH _ Ex. 1, step { S;
N
dimethyl-cyclohex-1-enyl)- N N O (h) 7
4-(3-hydroxy-8-methyl-8-a
za-bicyelof3.2.1foct-3-yl)-
phenyl]-amide
63 | 4-Cyano-1H-imidazole-2- O
carboxylic acid [2-(4,4- Ex. 1, step
N
dimethyl-cyclohex-1-enyl)- (h) 4
4-(4-hydroxy-1,2,6-trimet Journal of
e Organic
Iyl- din-4-yl)- 8
epipert uﬁ ) Chemistry, 15
phenyl]-anide 337-42, (1950)
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AN NC O 1101 NH H N..
Organi ¢ Chenzistly, 15 337-42,

ca2mwe Ex. |,

step 0) O ..
(1950) 0 Owve H2N

/ N Jour nal

of

64 | 4-Cyano-lH-imidazole-2- O
carboxylic acid [2-(4,4- Ex. 1, step
N
dimethyl-cyclohex-1-enyl)- (h) 4
4-(4-hydroxy-1,2,2,6,6-pe EP 729947
ntamethyl-piperidin-4-ylj-
phenylj-amide
65 | 4-Cyano-I1H-imidazole-2- 0
carboxylic acid {2-(4,4- Ex. 1, step
dimethyl-cyclohex-1-enyl)- (h) 5L
O 0
4-f4-(2-methoxy-
g Journal of the
ethylamin
American
0)-2,6-dimethyl-1,I-dioxo-
p Chenical
hexahydro-1A’-thiopyran-
ooyl y Society, 97(13),
dvll- P
yij-phenyl}-amide 3666-72.
(1975).
OMe
. S~
66 | 4-Cyano-1H-imidazole-2- o
carboxylic acid {2-(4,4- Ex. 1, step
N
dimethyl-cyclohex-1-enyl)- (h) s
4-{1,2,2,6,6-pentametihyl- EP 729947
4-(2-morpholin-4-yl-
ethylamino)-piperidin-4- (\0
Ylj-phenyli-amide N\)
N I~
2
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68 4- Cyano-111-i nzi dazol e-2- carboxylic acid (2-01, 4-

di met hyl - cycl ohex- 1-enyl)- 4-12, 6-di net hyl-442-(4-m

etl zyl - pi perazin-1-yl)-
et hyl am nal - 1, 1- di oxohexahydr o- 126-t hi opyran4-yl) - phenyl) - am de

A

Soci ety,

Ex. I, step (h) 0 *S\. 0 0 Journal of the American Chem cal
97(13),
67 | 3-{4-[4-f(4-Cyano-1H- H @ 0
N
imidazole-2-carbonyl)- s\:INHLNH Ex. 1, step
N
armino]-3-(4,4-dimethyl- | nC @ (h) /<
H
cyclohex-1-enyl)-phenyl]- NV\CO y Journal of
&
1,2,6-trimethyl-piperidin- ‘ Organic
4-ylamino}-propionic acid Chemistry, 15
methyl ester 337-42, (1950)
0
/\)'L OMe
HoN
68 | 4-Cvano-1H-imidazole-2- O
carboxylic acid (2-(4,4- Ex. 1, step /fi
dimethyl-cyclohex-1-enyl)- (h) > 'S\\O
O
4-12,6-dimetlyl-4-[2-(4-m
£ V- Journal of the
ethyl-piperazin-1-yl)-
American
ethylaminof-1,1-dioxo-
5 Chemical
hexahydro-12"-thiopyran- )
. ] Society, 97(13),
ylj-phenyl)-amid
-yl}-plienyl)-amide 166672,
(1975).
(\N/
HZN/\/N\)
69 | 4-Cyano-1H-imidazole-2- H 0 Ex. 14, 0
carboxylic acid [2- \,;)LNH step (d)

N N
cyclohex-1-enyl-4-(4- /
hydroxy-1,2,6-trimethyl- Journal of
piperidin-4-pl)-phenylj- Organic
amide Chemistry, 15

337-42, (1950)
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3666- 72.

(1975).

r-Nr-

HON-----. N ---j
carboxylic acid [2- cycl ohex-1-enyl-4-

69 4-Cyano- 1H i m dazol e- 2-
(4- hydroxy-1,2,6-trinethyl-

pWi di n-4-yo-phenyll- amde HN\I NCO NHO CHip Ex. 14, step (d) O
---1N1 Journal of Organic
70 | 4-Cyano-1H-imidazole-2- Ex. 14, 0
" | carboxylic acid {2- step (d)
cyclohex-1-enyl-4-[1,2,6- Ex.2 AN
trimetlyl-4-(2-morpholin- Journal of
4-yl-ethoxy)-piperidin-4- Organic
ylj-phenyl}-amide Chemistry, 15
337-42, (1950)
@]
HO/\/N\)
71 | 4-Cyano-IH-imidazole-2- H O 0
carboxylic acid {2- TI)LNH Ex. 14,
cyclohex-1-enyl-4-[1,2,6- step (d) %
trimetlyi-4-(2-pyrrolidin- Ex.2 Journal of
I-yl-ethoxy)-piperidin-4- Organic
Yl-phenylj-amide Chemistry, 15
337-42, (1950)
Ho’“\/Li>>
72 | 4-Cyano-1H-imidazole-2- H © O
carboxylic acid (2- S/T))k NH Ex. 14,
eyclohex-I-enyl-4-{4-[2- step (d) A
(1,1-dioxo-13°- Ex. 2 Journal of
thiomorpholin-4-yl)- Organic
ethoxy]-1,2,6-trimethyl- Chemistiy, 15
Piperidin-4-yl}-phenyl)- 337-42, (1950)
amide (\soz
NN
(ChemPacific)
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Chezni stly, 15 337-42, (1950) 70 4-Cyano- 1H i nzi dazol e-2- carboxylic
acid [2- cycl ohex-1-enyl-441,2,6- trinmethyl-4-(2-norpholin-

4-yl| - et hoxy9-pi peridin-4- yll-phenyl)-anzide Ho N\l NCNHj$ AO oo
Ex. 14, step (d) Ex. 2 0 --(11 / Journal of Organic Chenzisny, 15

Example 73
4-Cyano-1H-imidagole-2-carboxylic acid [4-(4-aminomethyl-tefralydro-pyran-4-yl)-2-
(4, 4-dimethyl-cyclohex-1-enyl)-phenyl]-amide

HoN

a) 4-(4-Nitro-phenylj-tefrahydro-pyran-4-carbonitrile
NO,
Na

O
A slurry of NaH (95%, dry, 2.4 eq) in DMSO is treated with 4-(nitro-phenyl)-

10 acetonitrile {1 eq) portionwise and stirred at RT until H; evolution ceases, The mixture is
treated with 1-bromo-2-(2-bromo-ethoxy)-ethane (1.2 eq) and stirred at 70 °C for 3 h, The
solution is diluted with EtOAc and washed with water. The organic layer is dried

_{MgS04) and concentrated in vacuo. The residue is purified by silica gel chromatography
with an appropriate solvent to afford the title compound.

15
b) C-f4-(4-Nitro-phenyl)-tetrahydro-pyran-4-ylj-methylaming

NO;

H,N

A solution of 4-(4-nitro-pheny!)-tetrahydro-pyran-4-carbonitrile (as prepared in the
20  previous step) in THF is treated with ZrCly and NaBH, (Synthesis, (12), 995-6 (1988)) at
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337-42,
0

(1950) CO HO ---NL--) 71 4-Cyano-1H i m dazole-2- HO

10

15

20

RT. The mixture is diluted with EtOAc and washed with water. The organic layer is dried
(MgSO4) and concentrated in vacuo. The residue is purified by silica gel chromatography

with the appropriate solvent to afford the title compound.

c¢) [4-(4-Nitro-phenyl)-tetrahydro-pyran-é-plmethylf-carbamic acid feréi-butyl ester

A( 0 NO,
47\1
H

O

O

A solution of C-[4-(4-nitro-phenyl}-tetrahydro-pyran-4-yl]-methylamine (as
prepared in the previous step) in THF is freated with BOC20 at RT. The mixture is diluted
with EtOAc and washed with water. The organic layer is dried (MgSO4) and concentrated
in vacuo. The residue is purified by silica gel chromatography with the appropriate solvent

to afford the title compound.

d) 4-Cyano-1H-imidazole-2-carboxylic acid [4-(4-aminomethyl-tetrahydro-pyran-
4-yD)-2-(4,4-dimethyl-cyclolex-I-enyl)-phenyl]-amide

The title compound is prepared from [4-(4-nifro-phenyl)-tetrahydro-pyran-4-
ylmethylj-carbamic acid tert-butyl ester (as prepared in the previous step) according the

procedure in Example 22 step (c) and Example 1, steps (e)-(g).
Example 74

4-Cyano-1H-imidazele-2-carboxylic acid [4-(4-carbamoyl-1,1-dioxo-hexahydro-
D2thiopyran-4-ypl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenylj-amide

107



carboxylic acid [2- cycl ohex-1-enyl-4-11, 2, 6-
trimethyl-4-(2-pyrrolidin- N1 N1 NH 10 Ex. 14, step (d) Ex. 2

Jow nal of 1-yl-eihoxyl)-piperidin-4- ylj-plienylitainide Organi ¢
Chem st 01, 15 337-42, (1950)

o)

N
oI,
H §’§:

HoN ©

’/S\\

C o

a) 4-(4-Nitro-phenyl)-1,1-dioxo-hexalydro-13*-thiopyran-4-carbonitrile
NO,

The title compound is prepared from 4-(nitro-phenyl)-acetonitrile and 1-bromo-2-

(2-bromo-ethanesulfonyl)-ethane according to the procedure in Example 73, step (a).

b) 4-(4-Nitro-phenyl)-1,1-dioxo-hexahydro-125-thioppran-4-carboxylic acid amide

NO,
0

H,N

10 o
A solution of 4-(4-nitro-phenyl)-1,1-dioxo-hexahydro-1A%-thiopyran-4-carbonitrile
(as prepared in the previous step) in ethanol and water is treated with NaBO3 (Synthetic
Communications, 20(4), 563-71, (1990)). The mixture is diluted with EtOAc and washed
15  with water. The organic layer is dried (MgS0,) and concentrated in vacuo. The residue is
purified by silica gel chromatography with the appropriate solvent to afford the title

compound,
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HeN 2\ 13 72 4-Cyano-1Him dazole-2- HO O N carboxylic acid (2-
cycl ohex-1-enyl1l-4-1442-[2 (1,1-dioxo-/A6- \ IN NC . NH 110 Ex. 14,

step (d)

10

15

20

¢) 4-Cyano-1H-imidazole-2-carboxylic acid {4-(4-carbamaoyl-1,1-dioxo-hexahydro-
LSthiopyran-4-yl)-2-(4,4-dimethyl-cyclohex-I1-enyl-phenyl]-amide

The title compound was prepared from 4-(4-nitro-phenyl)-1,1-dioxo-hexahydro-
1A5-thiopyran-4-carboxylic acid amide (as prepared in the previous step) according to the

procedure of Example 22, step (¢) and Example 1, steps (e)—(g).

Example 75
4-Cyano-1H-imidazole-2-carboxylic acid (2-(4,4-dimethyl-cyclohex-1-enyl)-4-{4-[(2-
methoxy-ethylamino)-methyl]-tetralipdro-pyran-4-ylj-phenyl)-amide

Q "
N
O~y 0 o M
H
O

a) (2-Methoxy-etiyl)-[4-(4-nitro-phenyl)-tetralydro-pyran-4-ylmethyl]-amine
NO,

/O\/\N
H

A solution of C-[4-(4-nitro-phenyl)-tetrahydro-pyran-4-yl]-methylamine (as
prepared in Example 73, step (b)) in THF is treated with 1-bromo-2-methoxy-ethane and
TEA. The mixture is diluted with EtOAc and washed with water. The organic layer is
dried (MgS0Q;) and concentrated in vacuo. The residue is purified by silica gel
chromatography with the appropriate solvent to afford the title compound.

b) 4-Cyano-1H-imidazole-2-carboxylic acid (2-(4,4-dimethyl-cyclohex-I-enyl)-4-
{4-[(2-methoxy-ethylamino)-methyl]-tetraliydro-pyran-4-yl}-phenyi)-amide
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Ex. 2 ..,,t?--q. Journal of thiontorpholin-4-yl)-

et hoxyl -1, 2,6-trinmethyl - piperidin-4-yl)-phenyl)- am de NL, so2
Organic Chemi stiy, 15 337-42, (1950) (--9%/&02 H2NN' )
(ChenPaci fic)

10

I5

20

The title compound is prepared from (2-methoxy-ethyl)-[4-(4-nitro-phenyl)-
tetrahydro-pyran-4-ylmethyl]-amine (as prepared in the previous step) according to the
procedure in Example 22 step (¢) and Example 1, steps (e)—(g).

Example 76
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(4-
methylaminomethyl-tetrahydro-pyran-4-yl)-phenyl]-amide

N
G
H '}*"<
N\“/LN
N 0 O H
H
Q

a) Methyl-{4-(4-nitro-phenyl)-tetrahydro-pyran-4-yi-methylj-amine
NO,

=z

O

A solution of C-[4-(4-nitro-phenyl)-tetrahydro-pyran-4-yl]-methylamine (as
prepared in Example 73, step (b)) in DCM is treated with formaldehyde according to the
literature procedure found in J. Org. Chem., 61, 3849-3862, (1996). The mixture is diluted
with EtOAc and washed with water. The organic layer is dried (MgS0O,) and concentrated
in vacuo. The residue is purified by silica gel chromatography with the appropriate solvent

to afford the title compound.

b} 4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-
(4-methylaminomethyl-tetraliydro-pyran-4-yl)-phenylj-amide
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Exanpl e 73 4-Cyano- 1H i m dazol e- 2-car boxylic acid

(4- (4-am nanet hyl - | et rahydr o- pyran-4-y1l) - 2-

(4, 4-di net hyl -cycl ohex-1-enyl) - phenyl f-am de 5 H2N a)
4-(4-Ni tro-phenyl)-tetrahydro-pyran-4-carbonitrile NO2 A slurry of
NaH (95% dry, 2.4 eq) in DMSOis treated with 4-(nitro-phenyl)- 10
acetonitrile (1 eq) portionwise and stirred at RT until Hy evolution

ceases. The m xt :| 1 Tl 21.£427:95 900 Bl o ne
(12 00 and sti req Eeihes phbliss SolleRABLE: Leakb pImy Bl ARy Fys?
Et 0Ac and wakHagethyli-pming (asprepFisd inothepisviouy sigpe pecorlingrtp & pfavgSegs)inand
concentr at edy,] j ' irif i ed by silica gel

chr onmat ograg%%? &Rn}é?%légﬁ @%gcrlggﬁlg%g’ Sse%f @ng%)tto afford the title
conmpound. 15 b)

C-0-(4-Nigr %QQE ) - M rahydra- pyran-4-yl | -nethyl am ne NO2 H2N

A sol uti ojtn 0 E ?%/1%7ni tro- phenyO-tetrahydro-pyran-4-carbonitrile (as
prepar ed i n 4 Qe thingdimles?-enrbpylic ecid MR Tiagelyk £ wethglowinom elyCpipeiddid-4-

wtn £t oA At it e ke el 20T 1T G (hoson)

and concentrated i myacuo. The residue is purified by silica gel
chromat ography w t e appizriate solvent to afford the title
N

conmpound. 5 ¢) N
[4-(4-Nitro-phenyl)-tetmah d
tert-butyl ester OfN&P st ution of

CPl-(4-nitrQ-[ tebrarﬂ/dro- pyr an- 4-yl kmet hyl am ne (as prepared
in the previoysgste in THF is treated with BOC20 at RT. The m xture

-pyran-4-yl met hyl | - car bank aci d

10  a) 4-(4-Nitro-phenyl)-piperidine-4-carbonitrile

NO;
Na

N
H

The title compound is prepared from 4-(nitro-phenyl)-acetonitrile and

mechlorethamine hydrochloride according to the procedure in Example 73, step (a).

15 b) I-Acetyl-4-(4-nitro-phenyl)-piperidine-4-carbonitrile
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10 with Et0Ac and washed with water. The organic layer is dried
(MgS™) and concentrated in vacuo. The residue is purified by silica
gel chromat ography with the appropriate solvent to afford the title

conpound. d) 4- Cyano- 1H i m dazol e- 2- car boxyl i ¢ acid
[ 4- (4- anzi nont et hyl -t et rahydr o- pyranl5
4-y1)-2-(4, 4-di met hyl - cycl ol zex- 1- enyl') - phenyl kam de The title

conpound is prepg Mﬁi‘oh%ﬁh{ﬂm@rﬂﬂﬁbﬂﬂ)%ﬁﬁ?ﬂ%@ca?&h&@@ Y:ers%gaﬁﬁé& arhé-

yl met hyl kcar bamic acjid tert-but ester (as prepared in the preV|ous
st ep) accor ditffgousiterhinddbllrisirg deseﬁlrﬁﬁs& % ang %%A{ chheapigtueis fpthed with
steps (e)-( garaterzﬁd@fé&g&ﬁ’cl rds dea 0o éd:!; I3 &ﬁé&#u@fea np%;tpwﬂelrsmﬁe ld
[4-(4- carbanny di oxo- | exahydro 26th|opyran ylz - (4, 4-di nmet hy
| - cycl ohex- I 94‘@){ %h@,gﬁ: ¢hregpategsaphy with ﬂleaa)ppropnate solvént to afford the title

4- (4- N tra- phepy&igl, 1- di oxo- hexahydro-1. 16-t hi opyran-4-carbonitrile
NO2 The title conpound is prepared from 4-(nitro-phenyl)-acetonitrile
and 1- br ono-Q I-4celybf-Ghuitgthamdspiperidine-cebmafe agdcor ding to the
procedure in Exanpl g 73o,step (a). h)

4-(4-Nitra-phefy 1- di oxo- hexahydro-126-t hi opyran-4-carboxylic
acid am de 3 A sol ution of

4-(4-nitro-phe yl -1, 1- di oxo- hexahydr o- 1X6- t hi opyran-4-carbonitrile
(as prepared i ﬂ'e previ ous step) in ethanol and water is treated

wi th NaBO3 (Synthetic Conmunications, 20(4), 563-71, (1990)). The
mxture is diloed with Et0Ac and washed 15 with water. The organic

| ayer is dried (MQ%} gﬂfjac%g?ﬁglrﬂyt% ﬁgny}lﬂptig Tditic:d- ;ﬂ?ﬁonftﬁ% é%ﬁ)%fﬂafed in

purified by silica ge ppropria vent to
afford t he thejreviosEplmdEtOd)andadbgarndiaOH is headedto rehl - The osurt isdreated d

14- (4 crba | - - gl t b - M - o yl
oyl ondl 1 hgect; HCPBR SEEIAINA ALY TheBEhAR et iy YR ORh
prepared fr (omcentrated in vacuo. The residue is purified by reverse phase chromatography to afford
4-(4-nitro- %Q én%.&%dloxo hexahydr 01X6-t hi opyr an- 4-carboxylic acid
am de (as prepare he previous step) according to the 5 procedure
of Exanpl e 224-CyumplHepidarae-Bcerbpkidic beidd{-€hacelyly-mayylaminomethyl-piperidin-

DI 2ok T T
met | wxy-16t hyl ani ”ﬁh@tattemohlpbﬂndueprelmr&tdyfdmml-pyatglm—@-giﬂrd-plpﬂngln}y)tp)epidiné-dle 10

carboxylic acid {as prepared in the previous step) according to the procedures in Example
20, Example 21 steps (2)-(b), Example 22 steps (¢)-(d), and Example 1 steps (€)-(g).

Example 78
20  4-Cyano-4-[4-[(4-cyano-1H-imidazole-2-carbonyl)-aminol-3-(4,4-dimethyl-cyclohex-1-
enyl)-phenyl]-piperidine-1-carboxylic acid amide
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a)
(2- Met hoxy-ei hyl)-14-(4-nitro-phenyl)-tetrahydro-pyran-4-yhnet hyl fam
ne NO2 O 15A solution of
C-[4-(4-nitro-phenyl)-tetrahydro-pyran-4-yl]-nethylamne (as prepared
in Exanple 73, step (b)) in THF is treated with
1- br ono- 2- met hoxy- et hane and TEA. The m xture is diluted with EtOAc
and washed with was€r. The ownganic |ayer is dried (MSO4) and
concentrated in v . The rléésidue is purified by silica gel
chr omat ogr aphy wi tg appLopriate solvent to afford the title
compound. 20 4) 4- 01H-i m dazol e- 2- carboxylic acid
(2- (4, 4-di meghy! - oh\p?l-’lgeenyl ) - 4-
(44( 2- met hoxy=et hylsm n®) - net hyl | -t et rahydr o- pyran- 4-y1) - phenyl)-am d
e The (it e conpound is prepared from
(2- met hoxy- et -[4-(4-nitro-phenyl)-
t et rahydro- pyrap-4-yl methyl]-am ne (as prepared in the previous step)
accordi ng t g4NHE@rocedure in Exanple 22 step (c) and Exanple 1,
steps (e)-(g). 5 Exanple 76 4-Cyano-1Him dazol e-2-carboxylic acid
[ 2- (4, 4-di et hyl -cycl ohex-1-enyl) -4-(4-
met hyl am no nd-21a3 TR VA= a by N |l 10 a)
Vet hy114-(4[a%}4%-{)h1e(‘?1 W#@t%ﬁ?gﬁ-%ﬁgﬁ?ﬁ‘%lab@t ﬁ'ﬁal _amine NO2 0
A solution of C1 r o- phenyl)-tetrahydro- pyran-4-yl ket hyl am ne
(as prepared“' le 73, step (b)) in DCMis treated with
f or mal dehyde ing to the literature procedure found in J. Og.
Chem, 61, 3849-3862, (1996). The m xture is diluted IS with EtO0Ac
and washed witwater. The organic layer is dried (MgS™) and
concentrat ed bﬂl\mcuo. The residue is purified by silica gel
chr omat ogr aphy w th the appropriate solvent to afford the title
conmpound5 b) 4-Cyano- 1H i m dazol e- 2-carboxylic acid
12- (4, 4-di met hyl ~ ohex-1-.eny0-4-, 20 . o .
(4 et iy am nowel T TP A Bt S b ahombipaisnefeaoris
conpound i s (g3rpeqpared dh ExamplaER, btyid tad)-uside Ainitr@phphelohbrefomtatedng dmmopiarian -
4-yl - met hyl i.ne St ed in,the Vi ous,step),accor di t he
pr ocedur es iii%m&xaa Pr%)%‘é: 0%?%26@6 vt @@n‘% %mﬂm g F‘)gﬁo%ze(’ & 9%(3?)’ %%"
Exanpl e 77 858 (2004).

10

b} 4-Cyano-4-{4-{(4-cyano-1 H-imidazole-2-carbonyl)-aminoj-3-(4,4-dimethy!-
cyclohex-1-enyl)-phenyl]-piperidine-1-carboxylic acid amide

The title compound is prepared from 4-cyano-4-(4-nitro-phenyl)-piperidine-1-
carboxylic acid amide (as prepared in the previous step) according to the procedures in

15  Example 22 step (c) and Example 1, steps (¢)—(g).

The following examples are produced according to procedures of previous

examples with the corresponding reagents as indicated in the table below:

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

14- (1- acetyl
y0- 2- (4, 4- di net hyl

- 4- met hyl am nonet hyl

-cycloltex-1-ert

- pi peridin-4-

y1l) - phenyl fram de

A0 10 a)
4-(4-Ni tro-phenyl)-pi peri dMe-4-carbonitrile NO2 The title compound is
prepared from 4-(nitro-phenyl)-acetonitrile and mechl or et ham ne

hydr ochl ori de according to the procedure in Exanple 73, step (a). 15
b) 1-Acetyl E4- (- nil ro-ydmenyl ) - pi peri di rizmdtutzar boni | PiokeiubdCP
A sol utiop of 4t (4-nitro-phenyl)-giperidi ne-4-carbonb‘%t%i |l e (as
prepared | A™ke| previous step) in|CH2A 2 is treated ¥eH3CcocL and
DI EA. The|mNsture is washed with Water, and the organic |layer is
dri ed (Mypo—apd—concepntrated—intracto—Fhre—esdde—+s-puryfied by
silica ge| chro FW&QH’V’WW%M ap[;Pro riate solvienkxt& af f or d¢he
title 5 cpnpgun a:btﬁc}lzc acid {4-[(4- £ 3 NH ~ | steps (a)-
1- Acetyl -B-(4-njtro ) Bﬁ er|d| N4- dar big ifcfl acid N2 O
A sol utioh of 1- ‘&6@#’{31’"”4’”(34‘1’ tr nyl | i ne-&X% E3r boni t r ig e
(as prepafed in ,g}p@,,}gf(ﬁmjrﬂug_yglzep In Et and aqugouys, is BeaPed
to reflux| The [m xture is treated|10 w aqueous HC1 and extr
with Et0Ac. The| @roeidaicleser-ii s driediover ndCtBcent r at'ed Vi n
vacuo. The resi %Djpﬁewd,;mgd by revers ongk ogr aphy tWO
afford the titlje conpound d) 4-Cyano-1Hitnidazolle-2- carbo>9/
aci d steps {e)- 005063705)
14- (1- acej yl - 4-|net hyl anmi nonet hyl - pi peri di n4-y0- 2- (4, 4- giynmet|hyl - cycl oh
ex-1-enyl)-phenyl|l-am de 15The tifle conpound is prlepared flrom
1- acet y1-{4- (4- rli4€xpHdhpridelper | c Bl (|
prepared | nghhe RLRYMRURSUR) ace Cefi &F
acetyl-4- and (b)
methylaminometiryl-
piperidin-d-yl)-2-(4,4-
diethyl-cyclohex-I-enyl)- (WO
phenylj-amide 2005063705)
qH 9
N OH
\
NC
(Canadian J.
Chem. 59, 2673
(1981))
87 4-Cyano-1H-imidazole-2- Ex. 74,
carboxylic acid [2-(4,4- step (a);
dimethyl-cyclohex-1-enyl)- Ex. 73,
4-(4-methylaminomethyl- step (b)-
1,1-dioxo-hexahydro-12°- (d); Ex.
thiopyran-d=yl)-phenylf- 76, step
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20, Exanple 21 steps (a)-(b), Exanple 22 steps (c)-(d), and Exanple 1
steps (e)-(g). Exanple 78 20

4- Cyana- 444-114-cyano- M i m dazel e- 2- car bonyl ) - am nol - 3- (4, 4-di net hyl -
cycl ohex- 1- enyo- phenyl Ppi peri di ne-1-carboxylic acid am de a)

4- Cyano- 4- (4-ni tro-phenyl) - pi peridi ne-1-carboxylic acid amde S N2

The title conmpound is prepared from

4- (4-ni tr -phenyT)-pr Peiide ne-4-cagrbonitrile (as paﬁpar@d N Exanpl e

77, step a)) uki ng-4- nitro- nhpnvl chloroformate a amopnih in

1, 4- di oxane accordlng to the procedure in SAR & Conbi natori al
Sci ence, 23(10), 854- 858 (2004). 10
b) 4- Cyano- 4- 14- [(YZF‘"(’J}’ 486- 1H i ni dazol e- 2- car bonyl) am nol- 3- (4, 4- di net

-T—K le ¢ %/ IC ![ ?)Qe)é 0 ;Lrp g 3 Y g?}]ago-zﬁn‘ é ét%aé@ﬁ clggﬁox}?kc]bc%a {5—(49 é ¥1J:mefhy -%.Ivgol?ex-lgen yl)-6-f4-

4- cyano- 4- ( 44 ppbriil )-yiptehanydib-pprat-4-2pg pidky s yB-aagdsd am de (as
prepared in the previous step) according to the procedures in 15
Exanpl e 22 step anple 1, steps (e)-(9). The foll ow ng
exanpl es are produ t,0 procedures of previous exanples
with the correspond indicated in the table bel ow
Reagent s Ex- anpl e ructure Procedure

a) 4-Cyang-1 H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclofiex-1-enyl)-6-(4-
hydroxy-tetrahydro-pyran-4-yl)-pyridin-3-yij-amide

10 The title compound was prepared from 5-cyano-1H-imidazole-2-carboxylic acid [6-
bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-yl]-amide (as prepared in Example 32,
step (d)) and tetrahydro-pyran-4-one according to the procedure in Example 1, step (h).

b) 4-Cyano-1H-imidazole-2-carboxylic acid {2-(4,4-dimethyl-cyclohex-1-enyl)-6-[4-(4-
methyl-piperazin-1-yl)-tetraltydro-pyran-4-ylj-pyridin-3-yi}-amide

15 The title compound is prepared from 4-cyano-1H-imidazole-2-carboxylic
acid [2-(4,4-dimethyl-cyclohex-1-enyl)-6-(4-hydroxy-tetrahydro-pyran-4-yl)-pyridin-3-yl]-

amide (as prepared in the previous step) and N-methylpiperazine according to the
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Ref er ence

aceO4antino-nethyl)- tetral tydro-pyran-4-y41-2-

(4, 4-di et hyl cycl ohex- 1-
steps (a)-

Ex. 73,
e, 000

(c);, Ex. 22,

procedure in Example 4,

1,

79 4-Cyano- 1H i m dazol e-2- carboxylic acid [44(4-

enyl ) - phenyl kantide HO \ N NC101 NH i

step (c¢) and Ex. steps (e)-

HNy O
(8) 41

The following examples are produced according to procedures of previous

exarmples with the corresponding reagents as indicated in the table below:

Ex- Name Structure Procedure Reagents

ample Reference

No.
4-Cyano-IH-imidazole-2- H ©

83 , N Example
carboxylic acid {2-(4,4- & ; NH
. N 82
dimethyl-cyclohex-I-enyl)- =
imethyl-cy vl) NC | I BOH),
6-[4-(2-morpholin-4-pl- (Combi-Blocks)
ethylamino)-tetrahydro-
O
pyran-4-yl[-pyridin-3-yl}-
. L\’N\/”\Mﬁ
amide
4-Cyano-1H-imidazole-2-
8 .

4 carboxylic acid {2-(4,4- Example
diethyl-cyclohex-I-enyl)- 82, step &
6-[4-(3-dimethylamino- @ QP
propoxy)-fetralydro- Ex.2
pyran-4-ylJ-pyridin-3-pl}- (WO

’ 2005063705)
amide
HO

LNMEZ

4-Cyano-1H-imidazole-2-
85 carboxylic acid {2-(4,4- Ex. 82
dimethyl-cyclohex-1-enyl)-
yheycloher1-eny L oH

6-[4-(4-ethyl-piperazin-1 (Combi-Blocks)
~yl)-tetralydro-pyran-4- Et
Yi-pyridin-3-yl}-amide E j

N

H
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A- (WD 2005063705) 80 4-Cyano-111-pyrrol e-2- carboxylic acid [441-
ace04- 4- inethyl am nonet hyl pi peri di n-4-y0-2- (4, 4-

di et hyl
(b) 411

-cycl ohex- 1- eny0- phenyl kam de [ iz Ex. 77, steps (a) and
(WD 2005063705) O N

Example 86
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4-methyl-piperidin-1-yl)-4-(4-pyrrolidin-1-
5  yimethyl-tetraltydro-pyran-4-yl)-phenyl]-amide

Y O
LA,
Sy S
NC

0§ U

a) 4-[3-(4-Methyl-piperidin-1-yl)-4-nitro-phenyl-tetralydro-pyran-4-carboxylic
10 acid metiyl ester

®

N
NO,

MeQ,C

The title compound is prepared by the procedure of Example 16, step (2) using
tetrahydro-pyran-4-carboxylic acid methyl ester and 1-(5-bromo-2-nitro-phenyl)-4-methyl-
15  piperidine (US 2005131022 Al).

h) 4-[4-Amino-3-(4-methyl-piperidin-1-yl)-phenyl]-tetrahydro-pyran-4-carhoxylic

acid methyl ester

117



OH \i NC (Canadian .1 Chew. 59, 2673 (1981)) 81

4- Cyano- 1H-i m dazol e- 2- carboxylic acid [2-(4, 4-

di met hAcydohex-/-enyi)- 4-(4-nmet hyl am nonet hyl -

1, 1- di oxo- herahydro-126- il zi opyran-4-yo-phenyl]- ; [/ \ Ex. 74,
(a); Ex. 73, step (b)- (d); Ex. 76, step am de(a) Exanple 82
4- Cyano- 1H-i m dazol e- 2- car boxylic acid

(2-(4, 4-di ntethyl -cyg¢l ohex- 1-enyl) - 6-14-

(4-tnethy|-piperaziﬁiﬁ

N
NHp

MeO,C

step

-y1l)-tetrahydro-pyran-4-yll-pyridin-3-yll-amde

The title compound is prepared by the reaction procedure of Example 16, step (b)

using 4-[3-(4-methyl-piperidin-1-yl)-4-nitro-phenyl]-tetraliydro-pyran-4-carboxylic acid

5  methyl ester (as prepared in the previous step).

c) 4-f4-{[4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carbonyl]-
amino}-3-(4-methyl-piperidin-1-yl)-phenyl]-tetrahydro-pyran-4-carboxylic acid methyl

esier

N N
ﬁﬁ}‘m
O

MeO,C

10 )

The title compound is prepared by the procedure of Example 16, step (e) using 4-

[4-amino-3-(4-methyl-piperidin-1-yl)-phenyl]-tetrahydro-pyran-4-carboxylic acid methyl

ester (as prepared in the previous step) and potassium 4-cyano-1-(2-trimethylsilanyl-
15 cthoxymethyl)-1.H-imidazole-2-carboxylate (as prepared in Example 1, step (d)).

d) 4-[4-[(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-(4-methyl-piperidin-1-yl)-

phenylj-tetralyydro-pyran-4-carboxylic acid methyl ester
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a) 4-Cyano-111-im dazol e-2-carboxylic acid

12- (4, 4-di met hyl - cycl ohex- 1-enyl) - 6- ( 4-

hydr oxy-t etrahydro-pyran-4-yl)-pyridin-3-yll-amde 10The title
conmpound was prepared from 5-cyano-1H i m dazol e- 2-carboxylic acid [6-
br ono- 2- (4, 4- di met hyl - cycl ohex- 1-enyl) - pyridin-3-yl]-am de (as
prepared in Exanple 32, step (d)) and tetrahydro-pyran-4-one
according to the progedure in Exanple 1, step (h). b)

4- Cyano- 111-i m dazot'e=R- car boxylic acid

12- (4, 4-di nzet hyl - | tex-1-enyl)-6-14-(4-

met hyl - pi perazin-1-yQ-tétr '?§L, gPyran-4-yll-pyridin-3-34)-anm de
15The title conpou } par e from

4- cyano- 1Hiyslazol boxylic acid

[ 2- (4, 4-di met hyl cl'ohex- 1- enyl) - 6- (4- hydr oxy-t et rahydro- pyran-4-yl)
-pyridin-3-ylk amge (as prepared in the previous step) and

N- net hyl pi perazi rfé¢ according to the procedure in Exanple 4. The
fol l owi ng exanpl es are produced according to procedures of previous
exanples with the corresponding reagents as indicated in the table
bel ow. Ex- anpl e Thiptitlepmpoundds prgpar @mp@e@hﬂe@f Ratople ho.stepéBiyeing 4- 83
élll %?R;l 111 ﬁd%{fé -§: é@hlr&éﬁkps?m{)h-eﬁw <ty 4iﬁmﬁldazole-?.-carbonyl]-ammo}-3-(4-
et hyl ani 150) m@éhylabyddm-l ﬁwlmylllrieyrghxﬁwpmmé 3ali;gxyhaﬁ¢1d@ethyl ester (as

prepared in the previous step).

e) 4-Cyano-1H-imidazole-2-carboxykic acid {4-(4-hydroxymethyl-tetrahydro-pyran-
4-yl)-2-(4-methyl-piperidin-1-yl}-phenyi]-amide

H HN A
CN
Nm/&N
O

HO

10 o

The title compound is prepared by the procedure of Example 25 using 4-[4-[(4-
cyano-1H-imidazole-2-carbonyl)-amino]-3-(4-methyl-piperidin-1-yl)-phenyl]-tetrahydro-
pyran-4-carboxylic acid methyl ester (as prepared in the previous step).

15
P 4-Cyano-1H-imidazole-2-carboxylic acid {4-(4-formyl-tefrahydro-pyran-4-pl)-2-
(4-methyl-piperidin-1-yl)-phenyi]-amide
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HN A\ NC1O01I1 NHip .- /NHv..... /0 1---...N Th Exanpl e 82 opi
B(OH) 2 (Conbi - Bl ocks) O M 84 4-Cyano-1Hi m dazol e-2- carboxylic acid
(2-(4, 4- diethyl-cycl ohex-1-enyg-

614- ( 3-di nwt hyl am nopr opoxy) -t et rahydr opyran-4-yl ppyridi n-3-yg- am de
H N

N H HN A
CN
N]]/‘{»N
0]

The title compound is prepared by the procedure of Example 26, step (a) using 4-
cyano- 1H-imidazole-2-carboxylic acid [4-(4-hydroxymethyl-tetrahydro-pyran-4-yl)-2-(4-
5  methyl-piperidin-1-yl)-pheny!]-amide (as prepared in the previous step).

g 4-Cyano-1H-imidazole-2-carboxylic acid [2-(4-methyl-piperidin-1-yl)-4-(4-
pyrrolidin-1-ylmethyl-tetrahydro-pyran-4-yl)-phenyl]-amide

10 The title compound is prepared by the procedure of Example 26, step (b) using 4-
cyano- 1 H-imidazole-2-carboxylic acid [4-(4-formyl-tetrahydro-pyran-4-yl}-2-(4-methyl-

piperidin-1-yl)-phenyl]-amide (as prepared in the previous step) and pyrrolidine.

Example 87

15 4-Cyano-1H-imidazole-2-carboxylic acid [4-(4-cyano-1,1-dioxo-hexalydro-14°-
thiopyran-4-yl)-2-(4,4-dimetiyl-cyclohex-1-enyl)-phenylj-amide

N
0.4
1S
N
T
S
oo

Za\Y

a) 4-(4-Nitro-phenyl)-1,1-dioxo-hexahydro-1A°-thiopyran-4-carbonitrile
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\' NC ONHio -- (NMe2 Exanple 82, step (a); Ex. 2 41 0"0 2
(WD 2005063705) HO NM e2

10

15

20

NOy

N\\

oo

A slurry of NaH (71.4 mg, 1.79 mmol, 60 % dispersion) in DMSO (3 mL)
and THF (1 mL) was treated with solid (4-nitro-phenyl)-acetonitrile (121 mg, 0.744 mmol)
and stirred at RT for 3 min. A solution of 1-bromo-2-(2-bromosthanesulfonyl)-ethane
(250 mg, 0.893 mmol) in THF (3 mL) was added, and the mixture was heated to 70 °C for
1.5 h. The mixture was partitioned between EtOAc (100 mL) and water (75 mL), and
brine (25 mL) was added. The aqueous layer was extracted with EtOAc (1 x 50 mL). The
combined organic layers were dried over MgSO, and concentrated in vacuo. Silica gel
chromatography of the residue on a 20-g Isolute SPE column with 10-50¢ % EtOAc-hexane
afforded the title compound (205 mg, 98 %) as a white solid. "H-NMR (CDCls; 400
MHz): 3 8.33 (d, 2H, = 8.8 Hz), 7.75 (d, 2H, J = 8.8 Hz), 3.64-3.52 (m, 2H), 3.29-3.19
(m, 2H), 2.88-2.76 (m, 2H), 2.54-2.44 (m, 2H).

b) 4-(4-Amino-phenyl}-1,1 -dioxo-hexahydro-1A°-thiopyran-4-carbonitrile

NHa

o/ \\0
A suspension of 4-(4-nitro-phenyl)-1,1-dioxo-hexahydro-1A%-thiopyran-4-
carbonitrile (205 mg, 0.731 mmol, as prepared in the previous step) in EtOH (5 mL} and
water (5 mL) was treated with solid NH4Cl (204 mg, 3.66 mmotl) and Fe powder (392 mg,
7.31 mmol) and heated to 50 °C for 1.5 h. The cooled mixture was filtered through Celite,
and the filter cake was washed with MeOH. The solvents were evaporated in vacuo. The
residue was diluted with water (30 mL) and extracted with EtOAc (2 x 30 mL). The

combined organic layers were dried over MgSO, and concentrated in vacuo. Silica gel
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85 4-Cyano- 1Hi m dazol e-2- carboxylic acid (2-(4, 4-
di meffifi-cyckhex-1-eny0- 644-(4-ethyl-piperazin-1

-yg-tetrahydro-pyran-4- yll-pyridin-3-yg-amde H N

N ti MNEt L.,

10

15

20

\ NCI Ol NHI
Ex. 82 0 B(OH)2 (Conbi-Blocks) Et NC) NH
chromatography of the residue on a 50-g Varian MegaBond Elut SPE column with 50 %
EtQAc-hexane afforded the title compound (114 mg, 62 %) as a pale yellow solid. Mass
spectrum (ESI, m/z):; Caled. for C12H14N20,8, 251.1 (M+H), found 251.2.

¢) 4-(4-Amino-3-bromo-phenyl)-1,1-dioxo-hexahydro-1A°-thiopyran-4-carbonitrile

Br

NH;

AN

L

0 o
A solution of 4-(4-amino-phenyl)-1,1-dioxo-hexahydro-14°%-thiopyran-4-

carbonitrile (114 mg, 0.455 mmol, as prepared in the previous step) in CH,Cl, (15 mlL)
was cooled to 0 °C, treated with solid NBS (77.0 mg, 0.433 mmol), and stirred at that
temperature for 30 min. The mixture was diluted with CH2Cl, (20 mL) and washed with
satd aq NaHCO; (1 x 20 mL). The aqueous layer was extracted with CH>Cl, (1 x 20 mL).
The combined organic layers were dried over MgSQOs and concentrated in vacuo. Silica
gel chromatography of the residue on a 50-g Varian MegaBond Elut SPE column with 50
% EtOAc-hexane afforded the title compound (136 mg, 90 %) as a white solid. *H-NMR
(CDCl3; 400 MHz): 8 7.53 (d, 1H, J=2.0 Hz), 7.23 (dd, 1H, ) =8.4, 2.0 Hz), 6.79 (d, 1H,
J=18.0 Hz), 4.40-4.15 (br s, 2H), 3.60-3.45 (m, 2H), 3.26-3.11 {m, 2H), 2.78-2.63 (m, 2H),
2.51-2.38 (m, 2H).

d) 4-{4-Amino-3-(4,4-dimethyl-cyclohex-I-enyl)-phenyl]-1,1-dioxo-hexahydro-14°-

thiopyran-4-carbonitrile

NH,
" O
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Exanpl e 86 4- Cyano- M hni dazol e- 2- carboxylic acid

12- (4- et hyl - pi peridi n-1-y0-4-(4-pyrrolidin-1- 5

yl met hyl -t et rahydr a- pyran-4-yl)-phenyl | -am de

a) 443- (4- Met hyl - pi peri di n-1-y0-4-ni tro-phenyl kt et rahydro- pyran-4-carb
oxylic 10 acid nethyl ester The title conpound is
prepared by the procedure of Exanple 16, step (a) using

t et rahydr o- pyr an -Msohaioh @R §44- Emmo-IBGbrmdi-bb!dnyBStledho:aﬂhhxahydro-l?u -thlopyran-4-

i - Ao o cstbontesls IS e i3 il % arbpltsd by Moot sRar GaRdE Rt oo ..
[) boxKI i ¢ aci tgbaf&&hﬂ?t&ib%;?ﬂ&ﬁet}?yl%gohﬁx- ﬁﬂw -4,4,5) B&[eé{émiﬁﬂgpmm]&iwa&ﬁamw
yt e react gn r ure_o e te | .

243- ( 4- ot hy @4 ge D WmpDgad agNgkOp %ﬁﬁ?ﬁ LAY ath- T miFue s bo
xylic acigd He t;etawla sicafior| placadu@anedrdatdd i@ PA( yi)glmalss ﬁg,)o 034 mmol),

C) 444-114- Q/ano (2-irirnethylsilanyl-ethoxynei g )-1Hi nddazol e- 2-c
ar bonyl | - and hedted 10 60 °C for 24 h. The cooléd mixture was diluted with EtOAc and water. The

anzi no) - 3- (AgRkbidyerhiRRkkalid wi o RBENY| Rhetsmhdicedn AR banRRXY

ic acid rrethyl ester he tit npound s prepdared by the
procedur e Ofovg')@ggwceanggon@@wd@@yaqym ﬁ@ﬁpatmn of the residue by 3111ca gel

[ 4-am no- 3- (cﬁro%&@’agh? bRE 1 b- gt[éﬁlul'e SPE col yoon (F Iashl\é[aster s%st )w1th 25 % EtOAc-

-y1) - phenyl ] t et rallydro- pyr an- 4- car oxy | ¢ acl ester (as
pr epar edl0 n hpr@e pff@rdpd)ihtg t1§eg @qgf)poglmj(lg)%mgsg}om as a white sohd Mass spectrum

4-cyano- 1- ( Ihédcﬁ'fb S, 359.2 (M+H), found 359.3.
et hoxynet hyl I{Il-]?gﬁm dazol e-2- kgzoxyl at%d I-gs OBIF epared in Exanple 1,

step (d)).

§i>1f144;1( 4- Oy PRk d- P A ABRU R a R AR der ATy A iz 1 2 D Vol M aRla 8 i 1
cyano-1,I-dioxo-hexalydr 0-14°. -thiopyran-4-ylj-2-(4,4-dimethyl-cyclohex-1-enyl)-

15 phenyll-amide

Eﬁf{

//\\

A solution of 4-[4-amino-3-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-1,1-dioxc-
hexahydro-1A%-thiopyran-4-carbonitrile (119 mg, 0.332 mmol, as prepared in the previous
step) and 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylate

20  potassium salt (123 mg, 0.398 mmol, as prepared in Example 1, step (d)) in CH2Cl2 (10
mL) was treated with PyBroP (217 mg, 0.465 mmol) and DIEA (231 uL, 1.33 mmol) at
room temperature for 45 min. The mixture was diluted with CH,Cl; (30 mL) and washed
with satd aqg NaHCO; (1 x 30 mL). The aqueous layer was extracted with CH,Cl» (1 x 30
mL), and the combined organic [ayers were dried over MgS04 and concentrated in vacuo.

25  Silica gel chromatography of the residue on a 20-g Isclute SPE column (FlashMaster
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pl i enyl kt ef rahydr o- pyran-4-carboxylic acid nethyl ester The
title conpound is prepared by the procedure of Exanple 16, step (f)
usi ng 4-

[4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H i m dazol e-2-carbo
nyl]-am no}-3-(4- 5

met hyl - pi peridin-1-y1)-phenyli-tetrahydro-pyran-4-carboxylic acid

met hyl est ersyftes) pite pe2e b EtPActexqe effordedths tipgompound (193 mg, 95 %) as an

e) 4- Cyano-1 i .
bl dro%@%ﬂ%&ﬁhtgﬁﬁ %ﬁ@’ of £ 09! Galed. for CsiHuNs04SSi, 608.3 (M+H),

4-y1) - 2- (4- nieadd40831 peri di n-1-y1)- phenyll- am de 10 15 The
title conpound is prepared by the procedure of Exanple 25 using
4141-[ (4-

cyano- 1H4 ni ﬂia@hmmqmdamw;mﬁaim]acaﬂ#mbwjI-mmekézﬂkym 3-13/1) - phe

nyII-tctrahy ter, (as prepared in
t he previ ous’ ﬁ%‘)’%ﬂ)"z’?fﬁ éﬁ%g"f&?‘ﬁ” |863§2é‘{""é’1@‘ apidenoxyl i ¢ aci d

[ 4- (4-forntyl -t etarsahyidi af@Waﬁﬂ-l42%'331&%151lanyl-ethoxymethyl) 1H-1m1dazole—2-

(4-al edzyl -piperidin-1-yl)- tle conﬁ

i s prepar ed BPO¥HE ﬂﬁl#d%éﬁ&yaéo éfl Mdﬁrﬁ@yg@ 17‘31*‘@3’3’{%4 Mléﬁr(d thyt- "

cyano- 1H i mgagmlxer alyﬁfﬁh@x%?(}lidl@e Aok ﬁlg, 0. 318 mmol as pr%paredmthe previous step) in
[4-(4- hydrox nmet h I-tetra ydr o- pyr an-

ot hyl - OperGECh (10 k) wanatadreith I Q-’-aéfl)ﬁp@ga?eél@t R forrich. JHOH (3d.) was

step). 0)4- QY@Oankikis mi¥ndagal &n&nﬁ@t@@%ﬂe& 3% Fesidue was taken up in CH,Cl,
[ 2- (4-rmet hyl - pi peridin-|-

pyrrol i di n- 2ogparefully washed wa%wi éﬂ NeHGR: € x)-0Thsrrangauk lipigeas epmastedpyith) o
conpound i s (i, egaz gf aftehb B&ntﬁﬁéﬁ%ﬁ%ﬁ?]aﬁ’ém FXRMPLEov? MeB08 Piné Banckiit -0

4- cyano-1H1m - carboxyli'c aci d
[ 4- (4-f or myin Yaspe. aﬁy@ﬁsﬂ glwaﬁogra@lmofﬂmwc}mmyﬁ&ga@}lweﬁﬂEEolyrml phenyl
kam de (;3s reﬁ@m{a%r é;@teHj'%H Q%b%ﬁtcﬁn{&%aﬂ&%ﬂ%& frltib1d cBYRpoul BIBRI Rg,87

154- CyanolH i m dazol e- 2- carboxylic acid
H- (4- cyano- B3 %)a@5 axbitheolid) 2R (GREID; 400 MHzZ): 5 8.39 (d, 1H, J = 8.8 Hz), 8.01 (s,

thi opyran- 4¥§-7253(4d, Axdh MRIY 015y, QNEXTH, 780 Piz)PH 8518 8b 1AM 1€3.59-3.46
{m, 2H), 2.81-2.69 (m, 2H), 2.62-2.52 (m, 2H), 2.39-2.32 (m, 2H), 2.17-2.10 (m, 2H),
1.68-1.58 (m, 4H), 1.13 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for CysHaz7Ns05S,
20 4782 (M+H), found 478.2.

Example 88
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(4-
hydroxy-2,2,6,6-teframethyl-tetrahydro-pyran-4-yl)-phenylj-amide

o
H '\,"g
N\I_(l\N
O o H
25
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a)

4- (4-Ni tro-phenyl)-1, 1-di oxo- hexahydr o- 12?25-t hi opyran-4-carbonitrile
NO2 A slurry of NaH (71.4 ng, 1.79 mmol, 60% di spersion)
in HWSO (3 niL) and THE (1 nL) was treated with solid
(4-nitro-phenyl)-acetonitrile (121 ng, 0.744 mvol) and stirred at RT
for 3 mn. A solution of 1-brono-2-(2-bronoethanesul fonyl)-ethane 5
(250 ng, 0.893 ndhokille campbiiEl W8 préperodas desduleed in Exehpldhb step X)msioghias

heaed Lo 10l bl o ThGGSLUNE IS B U SOREC, BERIEED L 0%

| ayer was exghesyd}-soidedas preper@in ExbmpleS0step () ankhik2,6,6+iramethybr gani ¢

cht amat ogr adrgror el 0 B 2068 § R (o olE el i e 4o

% Et OAc- exang4 1Q), afoBqs, el 7t38qdd, i 16, =cannowma) 7(33Q4 1y J =39 199), 54 @rs,

whi t l'id.

7757 (o, o 1D £ 2 g At Y5 5 135155 o) h B pnipl
2.88-2.76 2.54-2.44 2 b

4- (4- Am no(phenyl) 1, 1- di oxo- grenxah;%ro )1X6 t hi opyran-4-carbonitrile

Nl -12 ¢ 150 A suspensi on of
4-(4-nit ro pgi}@f),ﬁg)ggl 1- di oxo- hexahydr o- 1 X6-t hi opyran-4- carbonitrile

(205 ny, p ared n the relosste tOH (5

| nL) andlovvat4 %yaes-lﬁ{»;f%g{etZ? sl ga 2o drhdim iy fe&eﬂnf ?f@"’j ‘8(466
ol ) and FeypoWelmdidRg-21006, 6-fetrdheiyDpi ei%ﬁifl eyt ouaeC for 1.5 h.
The cooled m xt)lﬁffie was rlzft’qﬁered throug%u Cel |?2%@%}énd the filter
cake was washed with OH The sol vents were evaporated in vacuo. The
resi due was dil uted wat er o300 nmL) and extracted with EtOAc (2 x
30 nmL). The conbi ned~gfgani gy-+@yers were dried over My304 and
concentrated in vacuQ S | i a el chromat ography of the residue on a
50-g Varian Mg PENcol umm with 50 % Et OAc- hexane af f or ded
the title conpqu 4 nmf? 650 as a pale yellow solid Mass

spect rum ( E§l.q Cal cd. for C121- 441' 1202S, 251.1 (M+H), found
251.2. 5 ¢)
4- (4- Ami no- 3-bront o- phettyl)-1, | -di oxo- hexahydro- 146-t hi opyran-4-carb
onitrile Br

The title compound was prepared as described in Exarmnple 1 step (h) using 4-

15  cyano-1H-imidazole-2-carboxylic acid [4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-
phenyl]-amide (as prepared in Example 1, step (g) and 1-methoxy-2,2,6,6-tetramethyl-
piperidin-4-one (WO 9854174). 'H-NMR (CD;0D; 400 MHz): & 8.21(d, 1H, J = 8.4 Hz),
8.01 (s, 1H), 7.45 (dd, 1H, ] = 8.4, 2.0 Hz), 7.37 (d, 1H, = 2.0 Hz), 5.75 (br s, 1H), 4.08
(s, 3H), 2.35 (m, 4H), 2.09 (m, 4H), 1.72 (s, 6H), 1.61 (m, 2H), 1.50 (s, 6H), 1.10 (s, 6H).

20  Mass spectrum (ESI, m/z): Caled. for CooHagNsQOs, 506.3 (M+H), found 506.3.

Example 90

4-Cyano-1H-imidazole-2-carboxylic acid {2-(4,4-dimethyl-cyclohex-1-enpl)-4-{4-
hydroxy-1-(2,2,2-frifluoro-ethyl)-piperidin-4-yl]-p henyl}-amide
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NH2 A sol ution of

4- (4- am no- phenyl) -1, 1- di oxo- hexahydr o- 1X6-t hi opyran. 4. carbonitrile
(114 ng, 0.455 mmol, as prepared in the previous step) in CH2A 2 (15
m.) was cooled to 0 C, treated with solid NBS (77.0 ng, 0.433 nmol)
and stirred at that 10 tenperature for 30 mn. The m xture was
diluted with CH2C12 (20 nL) and washed with satd ag NaHCO3 (1 x 20
nth). The aqueous | ayexwas extracted with CH2A 2 (1 x 20 nmL). The
conbi ned organic | aye re dricggd over MgSO4 and concentrated in
vacuo. Silica gel qpr% of the residue on a 50-g Varian
MegaBond El ut SPE % Et OAc- hexane afforded the title
conpound (136 ny, sj{r’\ ite solid. 1H— NVR 15( CDC13; 400 WHz):
S 7.53 (d, 1H, J 22" )07 3 (dd, 1H, J = 8.4, 2.0 Hz), 6.79 (d,
1H, J = 8.0 Hz), 4.40-4.15 (br s, 2H), 3.60- 3.45 (m 2H), 3.26-3.11
(m 2H), 2.78-/Z. (m 2H), 2.51-2.38 (m 2H). (1)

4- 14- Ami no- Fs€4, 4- di net hyl - cycl ohex- 1-eny1) - phenyl | - 1, 1- di oxo- hexahyd
ro-126- 20 thiopyran-4-carbonifrile A sol ution of

4- (4- am no- 3- br ono- phenyl ) - 1, 1- di oxo- hexahydr o- 1X6-t hi opyr an- 4-
carbonitril e (10Fheritle @n@a@ndwasiprepasd ps dysanted in Fxatdpte lpstep (Y using tdep)

in DVF (4
2" (4, a- i mockyT 2y e EREE hdehyyo sigucbramp-2¢4 ittt pycghegyl-eny-
di oxabor 6| ampeeryfj4ntidnfgs pepBeBinHretpled ndepe(g) Mad GCR2,2-1rif@rd-ethyl)-Ripeidin-

A r oat ed SPERVESANER o M (CPRE 260 b B iy Bef oL 55

C for 24 h. (Fhel, sedl4et) .63 @ BOWASE clid] Li,ed- 81,000 IEz)QAm @in (YR 20 HzThe

paucous |2y e L AHSHEALA R T8 b YRGS B L6
of the resi dHg MyssSpidam (BS], ned)r Oted. GGTEENYF.NE0A 5805 gMHER fodrd SOPE.
colum (,Fl ashMaster systenm) with 25 % Et 0Ac- 10 hexane afforded the

title c&ﬂpound (119 ny, 100 %9 as a white solid. Mass spectrum (ESI,
m z): Cal cdExh@mple®@0F126N202S, 359.2 (M+H), found 359. 3.

€ Oy B R A I i S SR 22 PO

eyano-1, 1- dVzﬁmlnhax,amzdmﬂétkﬂmmm@Wuéroy&f)yl)?ﬁﬁm%ﬂw@ﬂ@ﬂzbyw-w%ehef -
1-eny1)- 15 phenylfrantide O A sol ution of

444-am no- 3- (4, 4-di nmet hyl - cycl ohex 1-enyl)-phenyl | -1, 1- di oxohexahydro
- 1X6-t hi opyran-4-caxponitrile (119 ng, 0.332 nrnol, as prepared in

t he previous step) ¢
4-cyano-1-(2-tri methysi | anyl <%t hoxynet hyl ) - 1H i m dazol e- 2- car boxyl at
e 20 potassiumsalt (123 , ¥). 398 mol, as prepared in Exanple 1,
step (d)) in CH2Cl2 % N'was treated with PyBroP (217 ng, 0.465
nunol ) and DyA oy , 3Hnmmol) at roomtenperature for 45 mn.
The m xture ted with CH2C12 (30 nL) and washed with satd aq
NaHCO3 (1 x F The aqueous | ayer was extracted with CH2Cl2 (1 x
30 nl), andithg Ttombi ned organic |ayers were dried over MgSO4 and
concent fat eg ? n vacuo. 25 Silica gel chromatography of the residue on
a 20-g | sol gt 2,5 covinatipi-1-FE Dt @ethyl piveddhi-dorich 10- 25 %

Et OAc- hexane afforded the title conmpound (193 ng, 95 % as an

of f-white soli F, spectrum (ESL mlz): Calcd. for C311: 141N304SSi ,
608. 3 ( MrH) o=f{ound—608. 3
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5 j) 4-Cyano-1H i m dazol e-2-carboxylic acid

14- (4-cyano- 1, 1- di oxo- hexahydro-1. 1. 6-

t hl opyran-4-yl)-2-(4, 4-di nmet hyl - cycl ohex- 1- enyl) - phenyl kam de A
sol ution of

4-cyano- 1- (2-trimet hyl sil anyl - et hoxynet hyl ) - 1Hi m dazol e- 2-
carboxylic acid

[ 4- (4- cyano-To asaltitioref %ﬁmywm =(Z,Ri2dp{lncrpcthyl) p)pezdlpﬁ-oi(aﬁﬂrmg ByAScy
cl ohez- 1- eny, ep t he
previ ous step 1.02 1%1 O%FZQC%@ ?Sm%g%%@ggmgcw?ﬁ T ,@\%%2 &Hgﬁ and
stirred at RJTv‘an@nan@ (ho g5 Z)HD(O‘B 4@) yivcdsere(pds 346, Aht 1242004 kvasraddedas
concentrate

careful ly ng 0%1%3 gﬁ&sat gﬂ%egu@ﬁ%gm%af%%%éﬂg %%guq;a?]ﬁemgh gatd

extract eds wiNdHCOHIE A1) dndxyas eamebteddhvethcdOHi (B e dS agu)e b?hlsorgayelayemmm

dried d h t h
of the'resi daEvsea sEARERaNRT Shemleifit o aht BBl oy ot er
Wi th 25-50 %hicinffgr mulaiaf(mﬁBdEtommaxhﬂeetquﬁomadﬂé &ﬁnpfl)mm:sm&ﬁg%

fo) % b1 ( 20 et shebh (TR I %31%?ﬁ@1(&+@%anda¥l 5 -

2.0 Hz), 5.85-5.80 (m 111), 3.59-3.46 (m 211), 2.81-2.69 (m 2H),

2 522 56 U s R At b g B

C231127N303 &yd:%@y-é 2iF, Reetrbhnbifiyl- F-RUID e ri2ethyJEpipondliB-43F -phenyl}-amide

g ((,Zazo dll m; }Iilwlt %ﬁ%ﬁﬁg(%%rﬁ%%dlag d?s(élla'l?edm Example 1, step (h) using 4-cyano-1H-
hydr oxy- 2, 2 uﬁld@zcﬂ@ﬁ-bﬁﬁ&iﬁhy heill [BRbyahioe- @wa@mtﬁywcypm@yi-km}piﬁnﬁ?anﬁdxhe
e B BESLEC, 350 5368 R AT oSBT 70
[4-br omqu eﬁd.elwmefaa@ fehqb@aé 1ENVR) (cugbsnydolmam d8.2038, 107, ¢pI4d
in Exanp ste Q%&ng 6 t et r apet hyl tetrah drogﬁran 4- one
(WO 20050121%)7 $1s 3(@3‘@5@ 2082, 7.5 @, 1HE J £ 0 Hp), .33 Gr sglkp,
;'zzj HZ) 985( ?;]8§ﬂaliﬂ), 72854 411;.542 0% ( $H)4 1;33361(3'56)1;58@%&)( @42@:!# L 61, =
20 ) 5o LskoR) Wi b oGy £ Sap i B3 GRS g
10 4- Cyano- sighi m dazol e- 2-car boxylic acid

[2-(4, 4- dlnethyl cycl ohex-1-enyl)-4- (4-

hydr oxy 20- et hoxy- 2, 2, 6, 6-t et ranet hyl - pi peri di n-4-y0- phenyl | -am de
The title cggmggg@zmas prepared as descri bed |n Exanple 1 step (h)
usi ng 4- 15cyano-| Him dazol e-2-carboxylic aci

[ 4- br ono- 2- ¢yaeeti Hdtwdprelegrndhseyicncd r{éff 4—dzmeﬂzyl—cyclolzex—l-enyb-4—(3-

hydroxy-8-oxa-bicyclof3.2. IJoct-3-yl)-phenyl]-amide

5 e
IS
S ORe

25
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phenyl]-am de (as prepared in Exanple 1, step (g) and

1- met hoxy- 2, 2, 6, 6-tetranet hyl pi peri di n-4-one (WD 9854174). 1H NMR
(CD30D; 400 MHz): 5 8.21(d, 111, J= 8.4 Hz), 8.01 (s, 111), 7.45 (dd,
111, J = 8.4, 2.0 Hz), 7.37 (d, 1H, J = 2.0 Hz), 5.75 (br s, 1H),
4.08 (s, 311), 2.35 (m 4H), 2.09 (m 411), 1.72 (s, 611), 1.61 (m

2H), 1.50 (s, 611 10 (s, 20 Nh s spectrum (ESI ). Cal cd.
for C29H39N503, 5"35’6% nd?’gpiﬂﬁ 2 sopbed i T step () thing ©

4- Cyano- 1Hi dyeﬁcamluﬂrdazd;@m&myus a@@[zﬂbromo-z (4,4-dimethyl-cyclohex-1-enyl)-
(2.-(4,4- dlnethyl cycl ehex- 1-

hydr oxy- 1- ( Phenyll-prpidp (as prepatst mﬁ%ﬂwér sen (@)a 284 §-o3rhisrglof 3.2 ogfan-3-opg
The title compaiRdMas: &Peﬂaﬁ@ch)a@-sctmﬁ)l bﬁqqm(émgpmmzﬁ*s@psmr

usi ng 4- cyano- I11-i m dazol e-

[ b omo-5 (4 i BiSs . 539 g = B AT 70 Ghiy T8 i 6 T ki
Ex le 1y t

'(\rAD ) 349, @%%)3 Bs’» 3 136‘?‘ i A 549l %1?! ia@mmfn (?

1H), 8.21 (37, 2H).2. 38—%&6@) 20 243 2(037 (i 2H), 2. 0? 13% ((nd@lH),iﬁi-l 7§ (m,

2.0 Hz), 7.2

2.91-3. 23 (rr114 575112512 éﬂgﬁief%%% a%%l’?&”%p@? >z gjk%ilﬁ?f‘}’%?ggﬁf“%%’ 2
Mass spectr UM und@47)l: Cal cd. for C26H30F3N502, 502.5 (M+H), found
502. 2. 1{ Exanpl e 91 4-Cyano- 1H—insidazole-2-carboxy|ic acid

(2-(4, 4-di met hyl -cycl ohex- 1-enyl)-4J4-

hydr oxy- 2, 2 Xxagwplet3r anet hyl - 1- (2 2,2-trifluoro-ethyl)-piperidin-4-yik

phenylfratnl [ _ 3

D2 5. 6 1 et r achsphs Pl Bl Bl scid 24 gty peeecl-gulid-Gr
3. 25 nunol : I@m&fy-l,@dgner@lﬁﬁma-ﬁ@@@ﬁ,z m&r—&ﬂﬂém&)ﬂ)}um DCM (50 ml)
Dess-Nhrtin periodigQape (1.6 g, 3.2 mmol; Adv. Syn. Catalysis, 346,
111-124 (2004)) wa dded portionwise at 0 C. The resulting m xture
was stirred at RT f 48 h, d Nuted with satd 5 NaHCO3 (50 nL) and
was extracted with DEM {3 The organic | ayers were conbi ned,
dried (Na2SO4) and §rﬂa d |n vacuo. The resulting oil was

chr omat ogr aphed @m iC ﬂ 50% Et OAc/ hexane) to obtain the title
conmpound 309 _nx 0% Mas3d spectrum (ESL nfz): Calcd. for Cl1H18F3N,
238.1 (M+H), f 238.0. 10 b)4- Cyano4H hni dazol e- 2-carboxylic acid
12- (4, 4-di nmeth
hydr oxy-2, 2,6, 6-tetranethyl -1-(2,2,2-tiffluoro-ethyl)-piperidin-4-y1J
- phenyl 1sam de The title conpound was prepared as described in
Exanple 1, step (h). using 4-cyano-114- jm ol e-2-car li¢ acid

[ 4- br ono- 2- (4, 4- FWFIPWSI“BﬁQB?P%e%MSC"Sﬁ‘iWﬁXPmB 1 %ep()f/l using 4

cyano-1H-imidazole-2~carboxylic acid {4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-

phenyl]-amide (as prepared in Example 1, step (g)) and 1,5-dimethyl-8-oxa-
bicyclo[3.2.1]octan-3-one (J. Org. Chem., 64(10), 3398-3408 (1999)). 'H-NMR (DMSO-

20 ds; 400 MHz): d 14.25 (bs, 1H), 9.72 (s, 1H), 8.29 (s, 1H), 7.90 (d, 1H, J= 8.3 Hz), 7.33
(dd, 1H,J=23, 8.6 Hz), 7.27 (m, 1H), 5.65 (m, 1H), 4.88 (s, 1H), 2.42-2.37 (m, 2H),
2.26-2.22 (m, 2H), 1.95 (m, 2H), 1.81-1.71 (m, 4H), 1.53 -1.47 (m, 4H), 1.23 (s, 65), 1.00
(s, 6H). Mass spectrum (ESI, m/z): Caled. for CosH3aN4Q3, 475.2 (M+1), found 475.1.
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(as prepared in Exanple 1, step (g) and
2,2,6,6-tetramethyl-1-(2,2,2-trifluoro-ethyl)- 15 piperidin-4-one (as
prepared above). 1H NMR (CD30D; 400 MHz): 38.22 (d, 1K, J = 8.4 Hz),
7.98 (s, 1H), 7.43 (dd, 1H, J =8.4, 2.0 Hz), 7.33 (d, 1H J = 2.0
Hz), 5.73 (br s, 1H), 4.18 (m 2H), 2.28- 2.36 (n, 4H), 2.08 (n, 4H),
1.73 (s, 6H), 1.58 (m 2H), 1.42 (m 6H), 1.08 (s, 6H). Mass spectrum
(ESI, tn/z): Calcd. for C301138F3N502, 558.3 (Mt11l), found 558.0. 20
Exanpl e 92 4pfyaneed 11-i m dazol e- 2- carboxylic acid

[ 2- (4, 4-di met hyl'-cycl ol tex- 1-enyl) - 4- ( 3- i

hydr oxy- 8- ox‘érﬁﬁlr -Bhigaplentreqrb@oiia yoig HefFyyrembdadimalyl-8uxe- t i t | e
conpound washigcloph?. daciakyiiedédidiedtinig dofendranyd-phey¥oridy  usi ng 4-
cyano- 1H i m dazo| e- 2- car boxylic acid

[ 4- br onmo- 2- (4, 4-di -cyqgl ohex-1-enyl) - phenyl]-am de (as prepared
in Example 1, ¥.83- oxa- bi cycl o[ 3. 2. 1] oct an- 3- one (Li ebigs
Annal en der -5 (1987)). 11-1-NMR (CDC13; 400 MHz): 8
11.69 (br 5s7 1 s, 111), 8.36 (d, 1H, J= 8.4 Hz), 7.70 (s,
1H), 7.48 (dd, / “ by 2.Q,H2), 7.30 (d, 1H J = 2.0 Hz),
5.79-5.74 (m 1H), 4. 58)4_€Cjﬂm 2H), 2.48-2.41 (m 2El), 2.40- 2.37
(m 2H), 2.32-2.25 (mO213\;” 2.12-2.07 (in, 2E1), 2.05-1.96 (m 2H),
1.83-1.76 (m 213), 1.57-1H53 (m 211), 1.10 (s, 613). Mass spectrum
(ESI, mz): Calcd. for C261-133N403, 447.2 (M+H), found 447.1. 10
Exanmpl e 93 4-CyanolH-i m dazol e-2-carboxylic acid

[ 2- (4, 4- di mEiopdlurayafidatyanc- TH-dnidpaoleq2-c@boxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-
hydr oxy- 1, 5-4diar 1&- i |- Ly 3/ I th:a(ﬂl The
title corrpouﬂg %@%}%pﬁ%@gﬁaﬁ-gﬁe@é r }oﬁ%#@%ﬁ&&ﬁ%ﬁ%ﬂ%ﬂlst epg%hg'é%si ng
4- cyano- 1Hmmoldzspodpered imExampieA3) énlagl of DCM at 0 °C was added TMSCN (25 uL,

[ 4- br omp2- (&od- di hex- 1+ - - a1y ared
[4-br o2 Gho RNk 6 SIQNEich o 87 ¥bhan BAGRYA b A8 AE of BEVP TRE

1, 5- di met hy les8tiaxas veymbdfoIodn khpetaane ddapan (rdatedSvigh 25 e of TMBSN RO ,

shsi-2i08, (12RR), (I (RS ROUEi ] Witla Sdfutnle, 10,
3= 2.3, 8.6 hbiapgendoud 1 nflopf NIAON wabadiled (dlfowed b} 2 md. & 8vales., THeldhikture was
2.42-2.31 ( réQirreZdl_R)f 5 min, CHCI3 (5 mL) was added and the layers were separated. The organic
15  layer was dried (Na,SQ4) and concentrated in vacuo. Purification of the residue twice by
preparative TLC (5% MeOH-CHClI3, then 50% EtOAc-hexanes) afforded the title
compound (6 mg, 28%). 'H-NMR (CD3;0D; 400 MHz): & 8.09 (d, 1H, J = 8.3 Hz), 7.70 (s,
1H), 7.27-7.23 (m, 1H), 7.16-7.12 (m, 1H), 5.66-5.64 (m, 1H), 2.80-2.56 (m, 4H), 2.22-
2.14 (m, 2H), 2.02-1.97 (m, 2H), 1.81-1.77 (m, 4H), 1.51-1.46 (m, 2H), 1.25 (s, 3H), 1.25
20 (s, 1H), 0.98 (5, 6H). Mass spectrum (ESI, m/z): Caled. for C;oH33N;s0,
484.2 (M+1), found 484.0.

Example 95

4-Cyano-1H-imidazole-2-carboxylic acid [4-(4-cyano-2,2,6,6-tetramethyl-refralydro-
25  pyran-4-ypl)-2-(4,4-dimethyi-cyclohex-1-enyl)-phenylj-amide
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2.26-2.22 (m 213), 1.95 (m 213), 1.81-1.71 (m 4H), 1.53 -1.47 (m
4H), 1.23 (s, 613), 1.00 (s, 611). Mss spectrum (ESI, mz): Calcd.
for C281-134N403, 475.2 (M+l), found 475.1. Exanple 94

4- Cyano- 1Hi m dazol e- 2- car boxyl i c acid
(4-(3-cyano-1, 5-di net hyl- 8- oxabi cycl 013. 2. 1Joct - 3-y0- 2- (4, 4-di net hyl -
cycl ohex- benyo- phenyl famde 5 To a slurry of

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

[ 2- (4, 4-di met hyl - :
4- ( 3- hydr oxy- 1, 5-difreth
(21 ng, 0.044 mmol, as

‘ blcyclo[3 2. 1] oct-3-yl)-phenyTham de
ared in Exanple 93) inl nL of DCMat 0 C
was added TMSCN (25 pL, E"i?\l N) followed by SnCl4 (4 ng, 0.01
nunol ) dissolved in 0.08 rn The reaction was warnmed to room
tenperature and again treated With 25 AL of TMSCN and then SnCl4 (8
ng, 0.02 innol) in 0.2 nL of After the reaction becane
honogeneous 1 na, of MeOH was added followed by 2 nL of water. The

m xture was stirred for 5 nm CHCb (5 nm.) was added and the | ayers
were separated. Thetigy ﬁﬁ[ﬂoﬁncﬂﬁas'p@éb@fedﬂ@&eséﬁﬂe@ih Eﬂ?ﬂ%musﬁq d4-cyano-1H-

concentrated in vacuo, Purification of th tw c

preparative Iﬂdequs%cmewlww (4 ﬁ@ﬁleﬁﬂ%ﬂ@%lﬁé)@&ﬁéﬁly‘gﬁbb? 484-tetre

titl 88%n- 1 gmﬁ 1H,

3 L g 5 rpy Mshol ffiByre fifan- i AP @@@?ﬂf‘@@ oS 1,

5.66-5. 64 (&?Daqli,)‘lOOzAIé@ @%@(MH 4"f§)6 Hp, 60 82111)476Mdd214)l J 72@ a. 97
2 1. 7 2

(2 8]( K H)111) ﬁiz)%ség(nﬁ ﬁfl{%%b&)( izgﬁ%a%g:hr@ 6&”4(12 f'bs@ ?;f-ﬁ Cg% 1§é&% 25 BR-

C291133N502 1FSAmp8 I £5 (s,ﬁthdéSL(MHm M@samnquESI m/z): Caled. for

4- Cyano- 1H| ggygl,_%ﬁg Yid &eaci d
[4-(4- cyano%mf tetral }ga?%llf fggl rahydro- 25
pyr an- 4&%) 2-(4, 4-diinedzyl - cycl ohex- 1- enyo- phenyl kam de The

title c ound was prepared as described in Exanple 94 using
4- cyano- 1Hi Wi daRBeduéts 2- car boxyl i ¢ aci d

e R 1 e
88): 11-1-NWR (C&i@lﬁpp}@@;ﬂlom}lztﬁon fofdregoentedpoldizatich comBetRiohinmufioaldy (s

> 53. 5 45 ( e gheicaht ey Sor S phipiopt Thiphedy el ooyt
811), 1.145 Eei;rmﬁalﬂ.)'llhe hssﬁﬁwésmrﬁﬂxﬁ@d lh/hhsk peet mimolEs (LJ BibBystéiad) CThe

for C29H33 [ l.uor.escence
Pol ari zat i g% bé? u%ed(vﬁls F@Tq‘m ML oxye hyl)%nperazme él”xjanesul onic acu?

(HEPES) pH 7.5,1mM 1 4—d1th10-DL-threltoI (DTT), 0.01 % (v/v) Tween-20.
Compounds were diluted in assay buffer containing 4 % dimethylsulfoxide (DMSO) just

prior to the assay. To each well, 5 pL. of compound were added followed by the addition of

20 3 pL of a mix containing 33 nM c-fms (Johnson & Johnson PRD) and 16.7 mM MgCl,
(Sigma) in assay buffer. The kinase reaction was initiated by adding 2 ulL. of 5 mM ATP
(Sigma) in assay buffer. The final concentrations in the assay were 10 nM c-fims, 1 mM
ATP, 5 mM MgCl,, 2 % DMSO. Control reactions were ran in each plate: in positive and
negative control wells, assay buffer (made 4 % in DMSQO) was substituted for the

25  compound; in addition, positive control wells received 1.2 uL of 50 mM
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An aut ophosphoryl ation, fluorescence pol arization conpetition

i mmunoassay was used to determine the potency for c-fns inhibition
exhi bited by sel ected conpounds of 15 Fornula |I. The assay was
performed in black 96-well mcroplates (LJL Bi oSystens). The assay
buffer used was 100 nM 4-( 2- hydr oxyet hyppi per azi ne 1-ethanesul fonic
aci d ( HEPES) DL-threitol (DTT), 0.01 % (v/v)
Twecn- 20. Coe"th@ene 1sag'f\}\llleer%%ma eﬁtﬁcﬁigtbﬁAgssay buffer containing 4 %

di net hyl sul fOXI dérf(eli)l\m)wq'mt:ubpred@rrobmténli}ﬁramﬁrsﬁjﬂlsii@n @afﬁl{b éﬂﬂb{‘the5 itL

of conpound ner.e .adde Ilowed ’%“E igdl tion of 20 3 ' of a mx
cont ai ni ng 35CbaRp, § ??JB?FrfE-‘S g4 Wi %%MRET%EPTMmz
(Sigma) in asiaytoans ﬁtﬁftwe EhirokiRIBSE thisa RG] L0aNRS). IFBILEW R 89-12Y 1RHHHBE,

2 sL of 5 mM ATP ESlg in assay buffer. The final concentrations in
the assay wefeel voll refired 10yl ofp ks ATPﬁ“feS’memg@PMOSEe%IMm 108oRTKol
reactions é‘ertf’aeﬂfb)éf H){EH‘E L |

wel | s, ass\gﬁérblilf T (ma % ; )a Fdlﬁt{bn)ma%gs}eg SStlt g@ﬁ-lf%arﬁv,‘[éﬁ aE%
conpound: i rP 2&3@1- tTlhBﬁlafepWﬁWW ingvhated|fondd) rhig atreelelfmrﬂut@ ahdthe of 50
m et hyl eneglioaRbded SdidBac&E b &3eddhn R ’

i ncubat ed at rooom terrper at ur eegi’?ord%}ilSt yskgh%}?Stnm%tPJfﬂigg%e&e 485 nm

i ncubat i on, %pitatipn Sles mmmumﬁmuz mgm middle loAveltfG S0ton . BD Thder
(EDTA veg) NQhes@dsilioh® h ee
above). Foll o?/fn ng a b Qt J]ﬁ?gé& nft:% f(!)Cﬁa ‘%’ey\ﬁ#k §S}t§%§%@g‘§ga§% %&ﬁ‘)l?
1:1:3 mxt ur@r@#ppmmdtﬁihé%mlyﬁﬂogsmetnam antdowbys uskd 6 deBlidthg10@% and 0 %
tracer, 10X ;tMBELEXS t {Jevel all from
PanVera, cat. P283g% ﬂ%:regdtuf T%}eg&%g?/(gjlp 5%8%%%%?&?6%# h&?e 30 mn
at room terrp@iea@nsip@wr@m@fa‘l uorescence pol ari zation was read on the
Anal yst. The instrunent settings were: 485 nmexcitation filter; 530
nm em ssion filt esp.1ZNah Mise BhibEr&) DUBN MR rd ARl hsss 93 Under
10 these conditions, the flTuorescence polarizatlon val ues for
positive_and negative controqls re approxi mtely 300 and 150,

r espect ﬁéel y, an a%@?@gﬁ%aéﬁlg e&@f FHETIREBOUSS GO, RHEPVOIABIANENM i on of
the c-fins ts@"p(tdme@t&d wiihe 0%EHTE 4radho nEHal r%@hﬁﬁ&t%cﬁs@@@ﬂ" -AGeBacRtiofopiee
|ndependent re nt]s1 CSF- 1- gg@ven Mouse Bone- Marrow Derive

Macr ophages ;;) fgﬂ’g dphRgEePhages Hefstiched om dishesypashgd. spdizsuspended
marrow in a'tdﬂmasﬁﬁ%muﬂh@ lﬂd\amd&ma F0% @ryl Gk mEdRl ul of cell
reconbi nant nouse CSF- 1 LF?K&?? | ol o i shes. On the sixth day,

macr ophages SuspeRstpa ALE iR ‘Oﬁkﬂ’é‘ﬁm%‘éﬁ r Wellssase fuatber t o 0. 05

mllion2gel hlﬁﬁ)l&nehtﬂd ahtﬁfﬂarawﬁ%ﬁafls(ﬁnmeﬂﬁ cdninEs noRe cRends g ul of
cel | suspen re dl%é%c’gm ed per well into 6 well culfure plates.
I

Wlls are f Pi‘é o)) ag ﬁé&lﬁf@& sqiieg RE testsompennds. chhesellszme enltuppd dor30
cont ai ni ng A anyy d¥greeimals G0 l\foxhdﬁé%@ﬁmﬁk Hmuréféglnﬁé a% U%pﬂh‘[IBHEd it

series of test congounds The cells are culturéd

degr ees and®b¥igtipnalgiml plmediecanfaining & 1:R00 & luHen Ofdmwdemﬂ@e (BIDU)
suppl enent eds e th Grthslituke RS, ¢ @%ﬂésﬁéspﬂﬁgﬂmo@ﬁﬁwfo | Bt ahd 198wl

di | ution_of bropodeoxyuridine. ( he end ture

peri od, 2% heCigretisis remdved ith agireh udacntaord wsh 150 wiof fixeiva seluti@dfon] haus @f
media isr efBBHﬁ&nﬁUri‘rﬁwaTﬁé Rdive dndntfd @ﬁe%q:r&ﬁ? B prhrQ aﬁu th9 E’ﬁ{eg Xt %o
solution for hour @room t enper at urg g tive en

di spel | ed f?lbﬁiﬁft Freorppetion ot into the ﬁ%@sd@dlcwvedqmantlﬁﬂrusmgw specific

I ncorporatipgpysaf BrDU into the fixed, dried cells is quantified using
a specific ELISA. Table 2 lists the assay results for representative
conpounds of the invention.
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TABLE 2 Exanmple # 1 nMc-fins; peptide Pi

driven proliferation BVDM ( Mouse)
0. 00042 0.0022 3 0.0017 NVA 4

Table 2 lists the assay results for representative compounds of the invention.

assay | G50 (uM nCSF
IC-50 (uM 1 0.0007 0.004 2

TABLE 2

Exampie 1nM c-fms; | mCSF driven

# peptide Pi proliferation
assay BMDM
IC-50 (uM) | (Mouse)

IC-50 (uM)

1 0.0007 0.004

2 0.00042 0.0022

3 0.0017 N/A

4 0.0018 0.014

5 0.0005 0.0024

6 0.0016 0.015

7 0.00067 0.011

8 0.004 0.015

9 0.0019 0.1

10 0.0079 >0.3

11 0.0029 0.035

12 0.0011 0.031

13 0.0008 0.0081
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0.0018 0.014 5 0.0005 0.0024 6 0.0016 0.015 7 0.00067 0.011 8
0.004 0.015 9

14 0.0039 0.0095
15 0.0029 0.014
16 0.00067 0.046
17 0.00056 >0.3
18 0.0036 0.3

19 0.0018 0.019
20 0.0018 0.02
21 0.0016 0.0079
22 0.0008 >0.3
23 0.0064 >0.3
24 0.0008 0.014
25 0.00049 0.0065
26 0.003 0.0053
27 0.0029 0.0045
28 0.0084 0.028
29 0.0016 0.011
30 0.0032 0.007
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0.0019 0.1 10 0.0079 >0.3 11 0.0029 0.035 12 0.0011 0.031 13
0.0008 0.0081 14

31 0.0014 0.003
32 0.0032 0.019
33 0.0037 0.033
34 0.0015 0.0172
35 0.0007 0.0058
87 0.0011 0.0082
88 0.0024 0.0064
89 0.013 0.02
90 0.0065 0.04
o1 ~0.21 0.061
92 0.0022 0.012
93 0.0029 0.0089
94 0.082 >0.1
95 0.026 0.029

While the foregoing specification teaches the principles of the present invention, with
exarnples provided for the purpose of illustration, it will be understood that the practice of the
5  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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0.0039 0.0095 15 0.0029 0.014 16 0.00067 0.046 17 0.00056 >0.3 18
0.0036 0.3 19 0.0018

All publications disclosed in the above specification are hereby incorporated by reference in
full,
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0.019 20 0.0018 0.02 21 0.0016 0.0079 22 0.0008 >0.3 23 0.0064
>0.3 24 0.0008 0.014

The claimed invention is:

1. The novel compounds of Formula I

oﬁ,w
z ~ NH
5 X7 NP R?
1

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

R4

R R*
HN HN A
_ { 3 HN—
Wis E;Q:I;S\R“ . 3‘.,’@\ RY AN , %J*‘N ,

\ NN
}B@\R“ or ,/&N»\R“ ;
H

wherein each R* is independently H, F, Cl, Br, I, OH, OCH;, OCH;CHj, SC.2lkyl,
SOCqu.galkyl, SO:Cq.ayalkyl, ~Ca-sjalkyl, CO3RY, CONRch, C=CRE, or CN;
wherein RYis H, or -Cy3yalkyl;
R®is H, or -Cq.aalkyl;
15 Rlis H, or -C.zalkyl; and
R8s H, -CH,0H, or -CH,CH,0H;

10

R%*is cycloalkyl, spiro-substituted cycloalkenyl, heterocyclyl, spirosubstituted
piperidinyl, thiophenyl, dikydrosulfonopyranyl, phenyl, furanyl, tetrahydropyridyl,
20 or dihydropyranyl, any of which may be independently substituted with one or two
of each of the following: chloro, fluoro, hydroxy, Ca.sjalkyl, and Cqgyalkyl;

ZisH, F, or CHs;
JisCH, or N;
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25 0.00049 0.0065 26 0.003 0.0053 27 0.0029 0.0045 28 0.0084
0.028 29 0.0016 0.011 30

10

15

20

wie R B LB R
=0
) '?a‘ ’ , N‘R3- , O S .
R 120 R, RL o fe

wherein R' is -Cp.aalkyl, -OR?, -CN, -NA'A? -S0,CHa, -COOR?, -C0,CHj, ~CHy-

NA'A% -CONA'A? -CH0R?, -OC(1.42lkylOR?, -NHCH,CH,CO;R?, -NHCH,CH,0R?, -
NR*CH,CH,NA'A?, -0C;.4alkyINA'A?, -OCH,CO,R?, -CH,CO,R?, -CH,CH,S0,C.
aalkyl, -SO,CH,CH,NA'A?, -SOCH,CH,NA'A?, -SCH,CH;NA'A? -
NHSO,CH,CH,NA'A? phenyl, imidazolyl, thiazolyl, 4H-[1,2,4]oxadiazol-5-onyl, 4H-

pyrrolo[2,3-b]pyrazinyl, pyridinyl, [1,3,4]oxadiazolyl, 4H-[1,2,4]triazolyl, tetrazolyl,
pyrazolyl, [1,3,5]triazinyl, and [1,3,4]thiadiazolyl;
R*and R” are independently H or -Cp.qjalkyl, wherein both R* may have either syn
or anti stereochemistry; alternatively both R” in a syn relationship may be taken

together to form —(CHz),-, where nis 2 or 3;

R3 iS H, C(M)alkyl, C(l.g)alkyl—CFa, CH2CH2NH2, CHzCHzORa, —COCH3, CONHz,
or CORY,

Alis H, ~Cqpalkyl, or CH,CH,OR?,;
A%is H, -Cygalkyl, COR®, CH,CON(CH3),, -CH,CH,OR®, -CH,CH,SCpqyalkyl, -
CH2CH:S0C 1.)alkyl, or -CH,CH2S0,C.gpalkyl;

alternatively, A! and A? may be taken together with their attached nitrogen

to form a heterocyclic ring selected from the following:

Raa a RA R
Ra
. el
=/ Ra>_/ ) and ;

wherein R*is H or Cyqjlkyl;
R™is H or Cqrealkyl; and
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R® is H, -Cq.gyalkyl, ~-CH;CH,OCH;CH,OCHs, -CH,CO;H, -C(0)Cq.42lkyl, or -
CHZC(O)C(M)alky (

2. A Compound of Claim 1 wherein

H
is AN Nz HNTR N/
W EQ,J;HO . EJ;"?— , fz,;[ l\f>—S

N
/
RV
{ °’ °'
HN
A\ — HN- HN"\ HN"y
S,TAN SN ZQ,J;I\?—Br | 3'1,J§N ol | E,J;NS
H
HN N/ RN R
%J*;Q | }L’,EN/ 5’3“0 ’ fa.;k\;>\::N | }L‘)Q\::N

[iNO\
,or—\ ::N;

SNe NG S INs SN o N o)
CH

»

o 0.
% AN Y Jor % ;
1 Y 1 Y 1 ¥ R1
s }S.R RRZ }fR RRZ },.R RRZ & RZ
=0
ﬁ 1 N\Rs » o S :
RY RZo RY ¥ RY hz . or R

wherein R is -OH, -CN, -NA'A?, -80,CHj, -COOR?, -CO,CHs, -CH,-NA'A?, -
10 CONA'A?% -CH,0R?, -NHCH,CH,CO:R?, -NHCH,CH,0R®, -NHCH,CH,NA'A?, -
OCy42lkyINA'A?, -OCH,CO;R?, or tetrazolyl;
AlisH, or -CHs;

ZisH;
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A?is H, -CH,CH,0CH, -COCHs, or -CHy;
alternatively, A" and A% may be taken together with their attached nitrogen

to form a heterocyclic ring selected from the following:

Raa Ra>_\
RaACN.g_ O>_/N'§° - 3 O>:>_\
R

> R > ? > >_/ *
Raa RB
Ra
K\N-f- s 4 R £
WL o and M
5 R*is H, or -Cy.qalkyl;

R™is H, or -Cy.galkyl;
R™ is H, -Cq.4yalkyl, -CH;CO.H or -COCHa;
R¥is H, or —CH3;
R?is H, -CHj, or may be taken together as —-CH,CHj-;
10 R?is H, -CH,CF;, -COCH3;, -CHj, -CO,CH;, -CONH3y, or -CO2H.

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

3. A compound of Claim 2 wherein

NOINGRNSRN S

15 ,@O ,d/

wherein R1 is -OH, -CN, -NAIAZ, -Soch3, -COOH, -CO,CH;, -CHz-NA'AZ, -
CONH,, -CON(CHi), -CH>0H, -OCH;CH;N(CH3),, -NHCH,CH>CO,CH, -

2.
R 1s
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0. 026 0.029 VWil e the foregoing specification teaches the
principles of the present invention, with exanples provided for the
purpose of illustration, it will be understood that the practice of

the 5 invention enconpasses all of the usual variations, adaptations

and/ or modi f i cat gfeHRSSRHE, WHCH,euiie SCoR Aliyhieal Cblcpibagr Grai m
and their equivalents.
tetrazolyl;
AlisH, or -CHj;

A? is H, -CH,CH,OCHs, -COCH3, or -CHa;

5 alternatively, A' and A% may be taken together with their attached nitrogen
to form a heterocyclic ring selected from the following:
/TN O,/ \ =N\
o NE g 2 N W NN
7 ’ N\_/N§’ a '53 ‘{_./NE,
and N’;' .

:
R™ is H, —-Cy1.ayalkyl, -CH,CO,H or -COCHj;
R’ is H, or —CHj;
10 R*is H, -CHj3, or may be taken together as -CH,CHo-;
R’ is H, -CH>CF3, -COCHj, -CH;, -CO,CH;, -CONH,, or -CO,H.

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

4. A compund of Claim 3 wherein

: ) HN
Vil 0, 0

15 0 =N

e JT 0O P
Ney

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

20 5. A compund of Claim 4 wherein

Wis HN HN
N \
VG SN § S
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Al'l publications disclosed in the above specification are hereby

incorporated by reference in full. The clained invention is: 1. The
novel conpounds of Fornula | or a solvate, hydrate, tautonmer or
pharmaceutically acceptable salt thereof, wherein: NN4 , or 10
wherein each R4 is independently H F, d, Br, |, OH OCH3, OCH2CH3,
SCuJoal kyl, SOC(1_4)al kyl, SO2CO;4)aLkyl, -Co.3)al kyl, CO2Rd, CONaf,
C=CRg, or CN gwher@jd IS -00_3)alkyl; leis H or

-C(1 _3)al kyl R PF5RE, , o Or 3)alkyl; and Rs is H -CH2OH, or

- CH2CH20OH,

P R ¥ R’ & R’ RZ R
Xis \O =0 \Cy \Q pol
6 ' re ’ 0 or \bs
RZ
wherein R' is -OH, -NH,, -N(CHa),, -SO,CHs, -COOH, -CO,CH;, -CH,-
morpholinyl, -CONHa, -CON(CH3)s, -CH;OH, -OCH,CHaN(CHz),, -
5 NHCH,CH,OCHj3, -OCH;CO,H, morpholinyi, piperazinyl, N-methyl piperazinyl,

piperazinyl-CHz2CO,H, or tetrazolyl;

R%*is H, or -CH3;
R? is -COCH3, -CH,CF3, or -CO,H;

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

6. A compound selected from the group consisting of;

S
H HN/\<
O NW/K\N
HO o)
o ;
15
N
S
H HN{
O N%N
\N/\/O O
|
O -

L]
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R2 is cycl oal kyl, spiro-substituted cycl oal kenyl, heterocyclyl,
spirosubstituted piperidinyl, thiophenyl, dihydrosulfonopyranyl,
phenyl , furanyl, tetrahydropyridyl, 20or dihydropyranyl, any of which
may be independently substituted with one or two of each of the
foll owi ng: chloro, fluoro, hydroxy, Co..3)alkyl, and CO.4)al kyl; Z is
H F, or CH3; J is CH, N; wherein 121 is -Comal kyl, ORa, -CN,
-NA1A2, -S02CH3, cooaa,.<:CO2CH3, gCH2- NA1A2, - CONAlA2, -CH2CRa

- 0Coaoal kyl ORa, - NHCHPCH2COPRa, #NHCH2CH201r, - NRaCH2CH2NAI A2,

- 0Conal ky1NA1A2, - OCCHZE 2uN—H2CO21r, - CH2CH2S02Co_ 5 Loal I ryl,

- SO2CH2CH2NA1A2, - SOCH2C %ﬁIAI - SCH2CH2NA1A2, - NHSOQ2CH2CH2NAI A2,
phenyl, imdazgf yl, t 7ol il , &1141,2,4]0xadiazol-5-ony|,

4H | Yaol of 2,34 Az > p@idinyl, [1,3,4]oxadiazolyl,

4H[ 1, 2, 4] triazol yf’, Yetrazolyl, pyrazolyl, [1,3,5]triazinyl, and

[1, 3, 4] thi adi azol yi | e and RY are independently H or

-00.4)al kyl, wherein both Itz may have either syn 10or anti
stereochem stry; alter ively both Rz in a syn relationship my be
taken together to for CH2),,-, wherenis 2 or 3; R3is H,
C0_4)alkyl, C(I_3)alk , CH2CH2NH2, CH2CH201r, -COCH3, CONH2, or
C2le; 15 At is H, -C(1)al RyHN ngCHZCRS; A2 is H, CORa,

CH2CON( CH3) 2, -CH%QHZ N 2SC(L_4)alkyl, - CH2CH2SO0Comal kyl, or
- CH2CH2S02Capral kY| o alternatively, Al and A2 may be

t aken t oget he? wit err attached nitrogen 20to forma heterocyclic
ring selected fro followng: Rs) \ Ra).Th 0111- )-/

O 3
S
H HN N\
N N
HzN 0 &)
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Rs (3--\Rs)Th )sNI- 0.sNJ- Re 0/,,
or C(14)al kyl;

Rir,Rl RY ,n

RY--1'" R >i

S, of

N’»

S

HO\F ’<

H

HO

N,\

O

H\n/l\’BcN

Rs $)
Ira is Hor Co_4)alkyl;
H, - CH2CH2OCH2CH2OCH3, - CH2CO2H,
CH2C(0) Conmalkyl. 2. A Corrpound of Claim1l wherein

_INtN_ 1- Rs wherein le is H
and Rbb is

-C(0) Co_4oal kyl, or -

Zis H Xs
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Rl Ry or Rz wherein le is -OH, -CN, -302CH3, -00011", -CO2CH3,

- CH2- NA1A2, - 10CONAI A2, -CH201r, -NHCH2CH2CO21le, - NHCH2CH20128,

- NHCH2CH2NAI A2, - 0C(j . 4)al kyl NAI A2, -OCH2CQ21r, or tetrazolyl; A is
H or -CH3; A2 is H -CH2CH20OCH3, -COCH3, or -Cl13; alternatively,
Al and A2 may be taken together with their attached nitrogen to form
a heterocyclic ringselected fromthe follow ng: RaaRa) \ Ra\Ra ONT
1,,, )Th ?Ra) _Th R Nt CO/ RaaRaRaRa Ra Ra rc:\N4-S, ) _Th

HN

H
L=
HoN 0 0

N

o

N\H/“'\\N =N
w0, LT

O H;&%N
HO O

SN

HOHNT
o O N\")%}“—N
0

~o

0
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Ni zil, 1, and, Ra 5Ra is H, or -Comalkyl; R' is H, or -Co_coalicyl;
Rob is H _ RYis H or -Cl13; le is B, -CH3, or may be taken
together as -CH2CH2-; 10R3 is H, -CH2CF3, -COCH3, -CH3, -CO2CHS,
-CONH2, or -CO2H. as well as solvates, hydrates, tautoners and
pharmaceutically acceptable salts thereof. 3. A conpound of Claim 2
wher ei n 1RYgRY RY wherein Rl is -OH, -CN, -S02CH3, - COCH,

- CO2CH3, - CH2- NAI A2 CONH2, -CON(CH3) 2, -CH2OH, - OCH2CH2N( CH3) 2,

- NHCH2CH2CO2CH3, - NHCH2CH2OCH3, - NHCH2CH2NA1A2, - 0Co_dual kyl NAI A2,

- OCH2CO2H, or tetrazol y; HN
Mﬂm,&s\::

N

145



A is H or -CH3;, A2 is H -CH2CH20OCH3, -COCH3, or -CH3;
alternatively, Al and A2 may be taken together with their attached
nitrogen to forma heterocyclic ring selected fromthe foll ow ng:
onNt Rbb-NnNt , SCAN-1- NCN-1- 3 5 and CN1" is _ 1-2 Co_oalLkyl,
-CH2CO2H or -COCH3; RY is 1-1, or -CH3; 10ltz is H -CH3, or may be
taken together as -CN2€H2-; 12.3 is H, -CH2CF3, -COCH3, -CH3,
-CO2CH3, -CONH2, or PH. as well as solvates, hydrates, tautoners
and pharmaceuti cal | ceptable salts thereof. 4. A conpund of C aim

3 wherein as el H Sk I\@t es, hydrates, tautoners and
phar maceut i cal Nyyac b rt‘her eof. 20 5. A conmpund of Claim4
wherein WISHN o o
0 ;
y HN A
o N o=y =N
HO s ©

146



R Xis", RL Sc-C8 "', or wherein Rl

is -OH

-S02CH3, -COOH, -CO2CH3, -CH2- norpholinyl,

- CH2OH, - OCH2CH2N( CH3) 2,
pi perazi nyl, N-methyl

tetrazolyl; leis H or

sol vat es, hydrat¢g
thereof 6. A co s-a-

pi perazi nyl,
-CH3; R3 is -COCH3, -CH2CF3,
taut omers and pharnmaceutically acceptable salts
cted fromthe group consisting of:

N
N\ﬂ/'%N\ =N
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-N(C113) 2,

- CON( CH3) 2,

- 5NHCH2CH2OCH3, - OCH2CO2H, nor phol i nyl,

pi per azi nyl - CH2CO2H, or

- CO2H;, 10and



7 and sol vates, hydrates, tautomers and pharmaceutically
acceptable salts thereof. 7. A conpound of Claim6 selected fromthe
group consi sting of , and sol vates, hydrates, tautoners and
pharmaceutically acceptable salts thereof. 8. A conpound sel ected from

the group consistin ;

G N
WOl _J & H
0 ;
!HN
NT]/”\%—N
['E] o H
o -0
AN .
>
y HN
N

»

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

7. A compound of Claim 6 selected from the group consisting of:
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r F3c ; and sol vates, hydrates, tautomers, and pharnaceutically
acceptabl e salts thereof 5 9. A pharmaceutical conposition, conprising
a conpound of Claim1l and a pharmaceutically acceptable carrier. 10
10. A pharnaceutical dosage form conprising a pharmaceutically
acceptable carrier and fromabout 0.5 ng to about 10 g of at |east
one conpound of Claim1] .11. A met hod for i nhi bit|ing proteln tyrosi ne
ki nase activity, conprtsSkng contgtting the kln a.W th a effectlve

i nhi bitory amount of & east 0 conmpound of ml. él

A nmet hod according to cfaim \ erein the pro e|n4tym i ne klnase
is c-fns.

7
H HN’{
\ \"/h"N\ HzN
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13. A nethod of treating inflammtion in a manmal, conpri sing
adm nistering to the 5 manmal a therapeutically effective anmount of
at | east one conpound of Claiml. 14- . A nethod of treating cancer
in a manmal , conprising admnistering to the mammal a therapeutically
effective anmount of at |east one conpound of Claim1. 10 15. A nmet hod
of treating cardiovascul ar di sease in g mral , conpri sing
adm nistering to the mmal a therapegtirsally effective anmount of at
| east one compound 0 CIain1I4516.. A i hod of treating di seases
with an inflammto including 15 g Gﬁng!onephritis,
i nfl ammat ory bowel ost hesi s~%atNeyy sardoi dosi s,

@ i @i opat hi ¢ pul nonary

congestive obstructtw
fibrosis, asthri® | iths, HAYnfection, psoriasis, diabetes,
tunor rel ated anc age-r¢l afed nmacul ar degenerati on,
restenosis, Mchi zophrenia or Al zheiner's
denmentia in a ndmgl, conprisin@=adninistering to the nanmal a
therapeutically effective anourdt of at 20 | east one eonpound of Cl aim
1. - A metdodlveits, hydrates, taytqnedrsandipheridedubicnl FleedeplaBle sRither&zused by
tunor netastasis or osteoarthritis, or visceral, 1nflamatory, and
neurogenic pain in a mamal, conprising admnistering to the manmal

in need of stich 4 @mipwemt seikctel GoabeiploaRtdnyisiafgfogCt i ve anount 25 of at
| east one conpound of . C,aim1l. 18. A nethod of treating

ost eoporosi s, Paget's i sease, and ot her diseases in which bone
resorption nedi ates dity i@ uding rheumatoid arthritis, and
other forms of inflammtopy avt{ritis, osteoarthritis, prosthesis
failure, osteolytic s , | oma, and 30 tunor netastasis to

bone, conprising adn terll ngyto the mammal in need of such

|1y effective anmount of at |east one conpound
y.nEt hod of treating and of preventing netastasis from
ovarian cangef, uterine cancer, breast cancer, prostate cancer, lung
cancer, €ol oi”cancer, stomach canter, and hairy cell |eukem a,
conprising adm nisterkng to the manmal in need of such treatnent a 5
t herapeutical ly ef fective anmount of at | east one conmpound of Caiml.
20. A nmet hod of treatigdg autg%fﬂune di seases such as systemic | upus

eryt hemat osus, r hefumag oi thritis, and other forns of
i nfl ammatory art hrit4
scl erosi s, e
10 of such tr
one conpoun

N jrasis, Sjogren's syndrone, nultiple

c rising adm nistering to the mammal in need
a thNerapeutically effective anbunt of at | east
Claiml. 15
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and solvates, hydrates, tautomers, and pharmacentically acceptable salts thereof,
9. A pharmaceutical composition, comprising 2 compound of Claim I and a
pharmaceutically acceptable carrier.

10. A pharmaceutical dosage form comprising a pharmaceutically acceptable carrier
and from about 0.5 mg to about 10 g of at least one compound of Claim 1.

11. A method for inhibiting protein tyrosine kinage activity, comprising contacting the

kinase with an effective inhibitory amount of at least one compound of Claim 1,

151



10

15

20

25

30

12. A method according to claim 11, wherein the protein tyrosine kinase is c-fins.

13. A method of treating inflammation in a mammal, comprising administering to the

mammal a therapeutically effective amount of at least one compound of Claim 1.

14. A method of treating cancer in 2 mammal, comprising administering to the

mammal a therapeutically effective amount of at least one compound of Claim 1.

15. A method of treating cardiovascular disease in a mamimal, comprising
administering to the mammal a therapeutically effective amount of at least one compound

of Claim 1,

16. " Amethod of treating diseases with an inflammatory component including
glm:nerulonephﬁtis, inflammatory bowel discase, prosthesis failure, sarcoidosis, congestive
obstructive pulmonary disease, idiopathic pulmonary fibrosis, asthma, pancreatitis, HIV
infection, psoriasis, diabetes, tumor refated angiogenesis, age-related macular
degeneration, diabetic retinopathy, restenosis, schizophrenia or Alzheimer’s dementiaina
mammal, comprising administering to the mammal a therapentically effective amount of at

least one compound of Claim 1.

V1. A method of treating pain, including skeletal pain caused by tumor metastasis or
osteoarthritis, or visceral, inflammatory, and neurogenic pain in 2 mammal, comprising
administering to the mammal in need of such treatment a therapentically effective amount

of at [east one compound of Claim 1.

18. A method of treating osteoporosis, Paget's disease, and other diseases in which
bone resorption mediates morbidity including rtheumatoid arthritis, and other forms of
inflammatory arthritis, osteoarthritis, prosthesis failure, osteolytic sarcoma, myeloma, and
turnor metastasis to bone, comprising administering to the mammal in need of such

freatment a therapentically effective amount of at least one compound of Claim 1.
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19. A method of treating and of preventing metastasis from ovarian cancer, uterine
cancer, breast cancer, prostate cancer, lung cancer, colon cancer, stomach cancer, and hairy
cell lenkemia, comprising administering to the mammal in need of such treatment a

therapeutically effective amount of at least one compound of Claim 1.

20. A method of ireating autoimmune diseases such as systemic lupus erythematosus,
rheumatoid arthritis, and other forms of inflammatory arthritis, psoriasis, Sjogren's
syndrome, multiple sclerosis, or uveitis, comprising administering to the mammal in need

of such treatment a therapentically effective amount of at Jeast one compound of Claim 1,
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