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WD 2007/ 124319 PCT/ US2007/ 066868 | NHI Bl TORS OF C- FMS
KI NASE CROSS REFERENCE TO RELATED APPLI CATI ON Thi s

wapplitzstd on clains priority from United StateBCT/US2007/066868

Provi sional 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 The..i fon rel ates
to novel conpoundgkgﬁgyﬁbggéﬁ?GﬂH§§%ﬁﬁ%&ﬁrltyrosine
ki nase inhibitors. Mre particularly, the invention

relates to novel conpounds that function as
CROHDOREBER ENCECT @ RELA RIS APIRAOAGIIANKI nases are

enzynes that serve as.ke 0 e of, si.gnal . .

1 an B epPia o sl Rris Y (0T ERRET SR provi8of Apayigption Soral
Nof 66/17€3 1667 Nfilo@bn Pipeis PDAL0B6S the FbALRB O AR hare hereby incorporated by

tri phosphate (ATP) to the hydroxy group of tyrosine,

ref@engrein Apair ¢HIEBNi ne resi dues of proteins. As a

consequence, protein kinase inhibitors and substrates

are valuable tools for assessing the physiol ogica
BAGHSEGROENIR © FOTHRMNVENTIKINIase activation. The

over expressi on or inappropriate expression of norma

or nmutant protein kinases in mammual s has been 20

denmoigt [ALRGL Q13 svd Qbﬁl?gﬁmfs t?aglgﬁﬁcti'oﬁ ak Eﬁotein tyrosine kinase

devel opnent of many glsease , Including cancer ang
indhitatoet. e MorPpatieularli, tha sesntanrekesdd wodd dompbondswbat function as

.cl.asses. those which preferentially phosphorylate
”ﬁ@?6§§ﬂ%*£ﬁ%§@ﬁ¥% (protein tyrosine ki nases) and those

whi ch preferentially phosphorylate serine and/or
threonine residues (protein serine/threonine Kkinases).
Pr ot Biateip Kirtayesou¢ przykion dve scipe p$ beyneadinoarsts of sigoalitnsduction

i ng f st i,mul at f cell h, and o
paff P net e i s B8E M sCifina) Bhromriediiy pdsposios sy
triphBspHRtCIAARY itd tiRthydfox§l drbi@ off @R Rl Oferinp aAd Siroriyd RSidA& of

ki nases or intracellular protein tyrosine kinases. The
PROEIBR DY @ pOISE@HaRCS Yot iask iHARIESS anghubpirgesae yglughle tools for

i i ndi in . .
T
oKinagygepaat expreysionasfamotiinstt orinbwtheprateidrigna0s inddammals has been

subfam lies, WD 2007/124319 PCT/ US2007/ 06686 : .
demaarsts o Prysignsigenhiadedn die daveloppienieafaInyfissipes: including
cAiRet Hd diatke®s ) famly, which

Protein kinases can be divided into two classes: those which preferentially

phosphorylate tyrosine residues (protein tyrosine kinases) and those which preferentially
phosphorylate serine and/or threonine residues (protein serine/threonine kinases). Protein
tyrosine kinases perform diverse functions ranging from stimulation of cell growth and
differentiation to arrest of cell proliferation. They can be classified as either receptor
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

subfamilies.
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i ncludes HER-1, HER-2/neu and HER-3 receptors, contain

an extracel lular binding donain, a transnenbrane
walomwaiizwdand an i ntracel | ul ar cytopl asm c cat al RET/TS2007/066868

domain. Receptor binding leads to the initiation of

mul tiple intracellular tyrosine kinase dependent 5

phosphoryl ati on processes, which ultimately results in

oncogene transcription. Breast, colorectal and

pr osRa&@araymems kiraves dielencpiderkabgrootti Ficsor (ARG FS) fomily, which

m@ﬁ%@fﬁ%ﬁa& ﬁl R E%ﬁ%% rF@tomepngfneé'mn%{t% %%rﬁup%}ng
d@rﬁgmf Mﬁ&ﬁsh%ﬁlr!lﬁ/e dohAd 864 nyntﬁmfuqar@&ﬁ)ya@ﬁﬁc &thﬁ QUG Rkin.

effects. | GF-1R over- expression en aSSOC|ated
Regaphoriimhsg leadmi@ethe injtintioh atf elvdtipld ertiageltiil gr tywshmefkamtsodependent

" PDGF ). t di at 1 t hat
bR LYigP SRRt B MBIt FoH ! SRS QR VAP Hfon. Breast
chlBfetad en PhehtRe dahers hRMesh linfRch ¥his fABIEEOHt REeptérski t)
and c-fins. These receptors have been |inked to

d| seé&ﬂé]sn ggeptones TR 3 4nd iasidind ke girewthf faggppkiesepdor IGF-1R”) are
rally %Wsﬁlﬂah 8 t%a Ib P gx%h (M%tlnc# Q}ppo llc%f Lerh o% IR over-
OI‘S cons receptors

eMbS’Sfbn&fa@b&fﬁl ds@@@&t%bv@h&)réa@fcatnb@r production of bl ood
vessels, for linb outgrowth d for the growth and

di 1 1 Bledhetidativesheromthiivisr S EDGED) Diregapiras megibcenllgfar responses that
1n§pﬁg&)gﬁgtfh1%holg IRI\Q{'?R F@tﬁ& gﬁrviva %ﬁﬂémﬁM@P%@&hé@t&ﬁ%@ﬁ factor

I al I'n el evdted anount
rdcyptnn(cykit)wnd rcsfmsl Tﬂhésa decmgtom/hHWeanerc Anlcidroisases Jinh as
receptors f Kﬁg G-.are desi.gnated as VEGFR-1
'5 Clqosis R Qn‘? Eerat.?‘(? Witegrpdl P@ﬁyt 4). Arelated
gr ouplb%blﬁs@ GERIA rfe?otort(" FGﬂ{”f"f%GGﬁtbl% cgnéiét'lﬁ$&§r’reé@¥b?s RARA arc
identified i'n vascul ar endot hel i um and hemat opoi eti c
raspdtsghle f{E@e predecptogr@ blandevebsebn for|linmkedgtopvth, and for the growth and

SIS and i ogenesis. Intracellular protein
d&&ﬁ@@? lﬂggggu 3ﬂ P¥o known as non-receptor
pr ot §iatuldr ¥h@sthélal gfdaﬁﬁ E5ctor W VEGED), aUfolenk hiIRSES o NédBthelial
been identified and have been classified into 25 11

cgdlsbisampduced in ctpeatesermansits b @Ry Wenqss. dediding Prgiascarcinomas.
Thé El?PWID FGC%?P}SLHOI&V E@i'i:oa]r d?siéﬁﬁﬁ%s I GH{ ria(n lgggﬁ?}FR -2 (KDR),

om na y Intrace nesi s,

VE@CHR agFIs-A).r astiardirsup @m‘d&e’ptordlt&eﬁﬁﬁsme-s (kinaza;phzt\%rbeam
rheumatoid arthritis, cardi ovascul ar di sease a

identiiet inarscularangethelim and hemergreirtc cdlsnd E@%W@thﬂra&have been
hﬁ&%ﬁoQﬁ&ﬁk#%ﬂgﬁgnﬁh%gmggﬁg{nal protein tyrosine kinase
n

exists for selective and
pot ehttraseiaildlr-pmﬂeﬁmyfcmmrmmaemafe yilsokinoen ks nas-ecceptor protein
t;rgsl?rllebllq&lgsreg Oy'er824 such kinases have been identified and have been classified into
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
need exists for selective and potent small-molecule protein tyrosine kinase inhibitors. U.S.

Patent Nos. 6,383,790; 6,346,625; 6,235,746; 6,100,254 and PCT International



Patent Nos. 6, 383, 790; 6, 346, 625; 6, 235, 746; 6, 100, 254
and PCT International 2 WO 2007/124319
weON/WsB007/ 066868 Applicati ons WO 01/47897, REX/US2007/066868
00/ 27820 and WD 02/ 068406 are indicative of recent
attenpts to synthesize such inhibitors. SUMVARY OF THE
I NVENTION 5 The invention addresses the current need
for selective and potent protein tyrosine Kkinase
Apphctdﬂloh@W\EO DY/4p8 YN IVAO09/2782e ahd WDORIOEB4GH at irtidatie of recent
ki nase. e inventi on is directed to the novel
%%R}%Eﬂﬁ% izg8WehipBidbjtorsoww Zz NH X J R10 1 or a
sol vate, hydrate, tautoner or pharnaceutically
acceptable salt thereof, whereini R4 RA R4 HN HN< W
SUMMARY ORATHA INVEN\TIDN\I ?Z2Z," ~ N, NNz, co R4

5 ﬁlr ';I'Th@nveg}on a}ddreas_i: W r%é%‘%%gg‘l LS nd; Egt{%gﬁepro et tyrosine

kﬁ%(éhﬁ)t@%s%oé@%@(&%ﬂ) ahkditors ofd-fimPhiahdey IThe G¥eRelon is directed

, wherein Rd is H, or
to.the 20w) gpryppundrefFermyladr - C(1.3)alkyl: Rf is H or
-C(1.3)alkyl; and 20 R9 is H, -CH2OH, or -CH2CH2COH, R2
is cycloalkyl, spiro-substituted cycl oal kenyl ,
het erocycl yl , spirosubstitutedog W

z ~ NH
NN
10 1

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

R4
R4

R4
HN HN— HN
Z%J\\;\&R“ , %Q R }ZbN e
}%/(o\>\R4 o }@/ZI\:\\E\R“

H
15  wherein each R is independently H, F, Cl, Br, I, OH, OCH3, OCH,CH3, SC1_4)alkyl,

SOC;_palkyl, SO,C_palkyl, -C13alkyl, CO,R?, CONRR', C=CRE, or CN;
wherein R®is H, or -C(;.3alkyl;
R®is H, or -C(1_3jalkyl;
R'is H, or -C(;_3jalkyl; and
20 R®is H, -CH,0H, or -CH,CH,0H;

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

phenyl, furanyl, tetrahydropyridyl, 3 WO 2007/124319
weAN/WsB007/ 066868 or di hydropyranyl, any of wETHS298Y066868

be i ndependently substituted with one or two of each

of the follow ng: chloro, fluoro, hydroxy,

C(i _3)al kyl, and C(i _4)alkyl; Zis H F, or CH3; 5 J

is CH or N RRLRY Rz RLRR Rz sRLRR Rz RLRz Xis

7~ ~oQlihyddpoRAraty1SanyRyfRyhiciRmalRbe RzdependentwaessatunedRLith ne or two

- Gt bith Sty o g Mson oot hykPa Sl nd L galkyl

-OC(1_4) al kyl ORa, - NHCH2CH2C2Ra, - NHCH2CH2ORa, -
NRaCH2CH2NAL1A2, - OC(i _4)al kyl NA' A2, - OCH2CORRa,
ZiACHBCRTGEH:; - CH2CH2SO2C(i 10 4) al kyl, - SO2CH2CH2NALAZ,
Jfﬁmq@zr\w A2, - SCH2CH2NA' A2, - NHSCRCH2CH2NA1A2,
breny?’, 4 m dazol yl, thiazolyl, 4H]

1, 2, 4] gxadiyazol - , 4H pyrrel o[ 2, 3-pi pyrazi nyl,
)féri Run R1, 3% Razol R 1, 2 i BZol yI ,
trazplyll_q pyragolyl, [1,3,5]triazinyl| and

Rz3 and e i ndepe ntly H or
-C(i _B) g4y, whRTgizn both B may h&le eitgrer syn 15
or antj stereochem stry; alternatively both Rz in a

whyrein Rl mt-Conghivh -ORY, €&V, tMkeA’, -50g6Hhe COQR €7@aCH:, -CH,-

-1 [\ 41 W0 d SN2 or . 3 ' ' al a
N RSN AT b el iR er R Hepah M Mg crior -
NRICHOCRNA 207, L‘bC(ll_%alhil%lNAj(&z,_-‘b@HKY@ZRaOIC}W,O@HZCH%SOZC(1_

is H -Cli_ 4)alkyl, , G—Q@EG—B 2, -CHR2CH2C0Ra,
elir ST HINA Ay -SOCHORPINASEG-SChy GHRYA Aor
NHIR SR el AL R3LAN  imidazolyl, thiazolyl, 4H-[1,2,4]Joxadiazol-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 -C(j.salkyl, wherein both R* may have either syn
or anti stercochemistry; alternatively both R” in a syn relationship may be taken

together to form —(CH,),-, where n is 2 or 3;

R3 iS H, C(1_4)alkyl, C(l_g)alkyl-CFg, CHZCHZNHZ, CHzCHzORa, -COCHg, CONHZ,
or CO,RY;

AlisH, —Cyalkyl, or CH,CH,OR?
A2 iS H, —C(1_4)alkyl, CORa, CHQCON(CHg)z, -CHQCHQORa, -CHZCHZSC(M)alkyl, -
CHQCHQSOC(1_4)alky1, or -CHZCHZSOZC(1_4)alkyl;
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WD 2007/ 124319 PCT/ US2007/ 066868 alternatively, A
and A2 may be taken together with their attached

wordrogem to forma heterocyclic ring sel ect eRCT/EB2007/066868

the following: Ra Raa Ra Ra Ra ON1- f- Ra N~ ~

Rob NN1 SN - 0=SN Raa Ra!, Ra>--~ 0a _j ' RaY
a ~SN- N3 >-j, and L Ra wherein Ra is
r C(i-4)alkyl; 5Raa|s Hor C(1-4)alkyl; Rbb is
C( )laérkzydvely-, GHREH2OGHR T2 @30 getﬁ‘éﬂm&lﬁlr-attached nitrogen

C(OC(1-4 O (i- alk ei n and

t hr oughou% %ﬁ%g@%pqygga%gsgé\ﬂ%é %\f‘i}gﬁ‘ﬂ%l e, for

exanpl e Ra, appearsgyore 10 than once in an

enbodi ment R For nul each? such sd“bgt_lgt uti

i ndependenpt | é}ﬁ_/ §1erb§| Re.Ou

appl i cati on, " VE® >_/N "Hr d OBy

refer to hyI et hyl , propeyl and Flﬁutyl R?

respectively. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

15 The invention isRdirected to novel conmpounds of

Formul a |: X J _I 20 Bi gl vate, hydrate,

tautomer or I‘pkxalgr}ace@t_m uncaccﬁ"é l e salt thereof,

wherein: 5

_II%)U
1 _‘-Ql

wherein R* is H or C1_4jalkyl;

R*is H or Cj_qjalkyl,

R™ is H, —C(14jalkyl, -CH,CH,0OCH,CH,0CH3, -CH,CO,H, -
C(0)Ciapalkyl, or -CH,C(O)C1-ajalkyl;

Herein and throughout this application, whenever a variable, for example R®, appears more
than once in an embodiment of Formula I, 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

The invention is directed to novel compounds of Formula I:

OYW
z ~ NH
X~ N7 R?

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



WO 2007/ 124319 PCT/ US2007/ 066868 R4 RA R4 HN-~\ _ W
isRA HRRH~NNNN -, " O\~ RAor ' R4 H
wob@rar4steach R4 is independently H F, C, BrPCT/USI0B[/066868

OCH3, OCH2CH3, SC(1_4)al kyl, SOC(1_4)al kyl,
S2C(1 _4)al kyl, -C(1_3)al kyl, CO2Rd, CONReRf, C=CR
or CN;, wherein Rdis H or -C(1 3)alkyl; 5 Re is H,

-C(1 3)alkyl; Rf is H or -C(1.3)alkyl; and R is
H - CH2CH, or CH2CH2CH R2 is cycloal kyl (includimrg

cycl ohexenyi', and cycl oheptenyl), sgiro- substlt d 10
cycloal I (|ncIu splro[24 ct 5- eny
W i robgkg% R?6-e 0[4 7- enyk

spirof undec- 2- enyl) heteroc c yI (|nclud
pi peridinyl), spirosubstituted piperidinyl (|nclud|ng
3-aza- spi 0[5 5]undq¢amy| , and 8-aza-

spiro Xl) J\h} enyI di hydr osul f onopyr anyl ,
phenyl®, Quranyr f %etNahydropyrldyI or

dlhydrogﬁganyl any ofl which may be |ndeEFndentI
whglisst sachReds wdependelyod. (. Br, Ie@HhOé}Hss & HabHs mgalkyl

Chloﬁ?Cp salgygﬁﬁé¥it ‘éﬁk aIk I@@ﬂﬁc SR or CN;

4, 4- dhmehhyllsHy@LQhﬁ%ﬁmmj 4, 4 dlethyl cycl ohexenyl ,
4- met hyl ¥§Iohexe 4- ethyl cycl ohexenyl ,
4- n- pr opyl ReyeHotfe 1@%1344 i so-propyl cyclohexenyl

and 4-tert pouty! el sai d substituted
p|per|d|nyls%{ncrugéshpﬁéﬁﬁél pi peridinyl, 4-ethyl 20

pi peri di nyR® istH( ACHyH ccy€HRCHLQH) pi peri dinyl, and 4, 4

%!ngthyl piperidinyl); Zis H F, or CH3; Jis CH or

R’ ’is cycloalkyl (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]Jundec-2-enyl) heterocyclyl (including piperidinyl),
spirosubstituted piperidinyl (including 3-aza-spiro[5.5]Jundecanyl , 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, C.-
palkyl, and C(i4jalkyl (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
piperidinyl, 4-(1’hydroxyeth-2’yl)piperidinyl, and 4,4 dimethyl piperidinyl);

Zis H, F, or CHz;
Jis CH, or N;



WD 2007/ 124319 PCT/ US2007/066868 R Ry Rz RRy Rz R Ry

Rz RRz Xis SSO, NRBOS Ry RZORy Rz Ry Rz or Rz
wWab@ra2431Rl is -C(i-4)al kyl, -ORa, -CN, -NA A2PCT/US2007/066868

-SO2CH3, -COORa, -C02CH3, -CH2- NA' A2, -CONA" A2,

-CH20Ra, -0OC(i-4)al kyl ORa, - NHCH2CH2CO2Ra,

- NHCH2CH2ORa, - NRaCH2CH2NA1A2, -OC(1-4)al kyl NA" A2,

- OCH2CQ2Ra, -CH2COR2Ra, -CH2CH2SO2C(i 5 4)al kyI

- SO2CHRCHZMALA2, RGQSHZCHzNARAZ R- SCH2
)&Ikls RALAZ, 51, i RiI, &

, 2 Lazol - 5 onyl , 4H- yrr Io[2,3- ] pyrazi nyl
pyri dipyt i [ 1,3, 4 adﬂa?azol%%i [ 1 2 4NTriazolyl,

S5Rtri

t et ra?ol . pyr z@zyl azl nyl, REnd
£1 4] t hi adi azol ?5 and Ry are independently H or
W, e(em]&)l&l kytallhe ﬂc%rNARé maf2 Gy eCOM erC @k, 16H:-

NA ABNEO 1\?/&%&29(@}@?5&35&2@(1 4)%(%&51@“1{1#{@%?90&6 I@Z-NHC@IZCHZORa -

syn el atlonéhlp ma t oget
NRCCH2 HiNA ' A D@, nba]lkle?A]aﬁr @CH&@B Hcmaosz,amwﬂzsozc@

; 4>é%?@@%%@ e e T A W

k—l?(gﬁ’ g@h%%@%@é’ Aglak§lyH4H' @21k 2dik01-5-onyl, 4H-

(i hcl udi ng

yI@HIQKZI—E—bJEH@ZlnY-l I@F@@M&@@IAMP)@IIWIYI (4H¢1.2diltnigzolyl, tetrazolyl,
- yI (including -
pM}mWW% ¥y al kyl (i ncl odi ng
- CH2 RHRRRCIR i d opn @19 HNGHt JQ(l l)akalAVh@E‘i@bﬁal RB&dhaP@ave cither syn

taken together with their attached nitrogen to forma
10 het epoeytitereoeticaystae kbemagdvdly bethtRyen f ey @Jﬂtwgshlmnwymaaken

5? - j%g%elg_f}\lr&_%iz - 3w nBRENN 3, - SNOS N 3 Ra,

1{3 i H, C(1_4)alkyl, C(l_g)alkyl-CFg (including -CHZCF}), CHZCHZNHZ,
CHzCHzORa, -COCHg, CONHZ, or COzRa;

15
AlisH, —Cyalkyl, or CH,CH,OR?
A’is H, -C(14yalkyl, COR?, CH,CON(CH3),, -CH,CH,0R* (including -CH,CH,OCH3), -
CH,CH,SC1_s)alkyl (including -CH,CH,SCH3), -CH,CH,SOC 1 _4)alkyl (including -
CH,CH,SOCH3), or -CH,CH,S0,C;.syalkyl (including -CH,CH,SO,CH3);

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

to form a heterocyclic ring selected from the following:

Raa Ra: Ra Ra
Ra

. g N Y o, )\ D
R NG Y T RN N oS NE oo=s NE

as ’ R® s >_/ ’ Oa>_/ ? a>_/ >
R R? R

Ra
== > \ R4
'\E/\N_g ) S>—/N-§_ and ENg ;

wherein R* is H or C1_4jalkyl;



Raa Ra Ra Ra Raa | NSN~ RN__ ,and Ra wherein
Ra is Hor C(i-4)al kyl; 7 WO 2007/124319
WERNUSB0D7/ 066868 s H or C(i_4)al kyl; Rbb iBCHUS2007/066868

-C(i _4)al kyl, -CH2CH2OCH2CH20OCH3, - CH2CO2H, -
C(OC(14)al kyl, or -CH2C(O C(i _4)alkyl. 5 1n a

preferred enbodi nent of the invention. HH N N Wis H

/| ~NH2 SS SS \NONNN C Cd HNBr HN:Cl HV\\ N -

N NN _ HN NROiOHVr i Mlkyl;\ ~N R2 is VCP, '~C \(

'VO, OH :
R is H, -C(1.4alkyl, -CH,CH,OCH,CH,0CH3, -CH,CO,H, -
C(O)C(1_4)alkyl, or -CHZC(O)C(1_4)alkyl.

In a preferred embodiment of the invention:
H H

Wis ;NL:,\\?—QSW’ QL}_ L JII,}_S/ | %JIZ)—S\{O
cl cl
}QE\;\g\QN’ :L; Br | ;jl:}—u | zjl;é
e RN+ G s SN 5 S
o =

NG N N SN s N e

OH |
%’O , %C( @O) z@j MOL |
%NOO }?"N: ;X ,or ﬁs@;
Zis H;

10 JisCHorN;

R R R R R R R’
Xis ¥ R R R R®
=0
% ) N\R3 ’ O S ’
RY 9] RY e RY R , or RZ

1
RZ



NN:::)-" N-N NI or Zis H 10Jis CHor N Rl

Ry RZ.: RRRy z RLRy Rz -s RLRZ Xis SONR3 OS
WQ 200/1R31RZ O RRZ Ry RZ or Rz 8 WO 2007/ 12431BCT/US2007/066868

PCT/ US2007/ 066868 wherein RL is -OH, -CN, -NA A2,

- S2CH3, -COORa, -Q02CH3, -CH2-NA' A2, - CONA' A2,

- CH20Ra, - NHCH2CH2CO2Ra, - NHCH2CH2ORa, - NHCH2CH2NA' A2,

- OC(|-4)aIkyINAA2 -OCH2CQ2Ra, or tetrazolyl; A is

H owheGHBR' 5 -0P1, FENHNA G GOOBHS; COOREHGQZGHg -CHB;NA'A?, -

alter vely y laken t her w )
hei FORA Henertts ogen B2 Ot AHEre BEOREallcigrna s
sel eoied ST ol o0 ReorRidaon Ra Ra Ra Ra N Y
Qtﬁ qu ) zgor zg@ o5 >..] Roa Ra
Ra Ra RaAals HNar- CSEJ\U R N- 3 > -j , and
5 A 18 H, -CHzCHzOCHg, -COCHg, or -CHg;
alternatively, A' and A* may be taken together with their attached nitrogen

to form a heterocyclic ring selected from the following:

a
aa R a
R R
d N P

RaRaa Né‘ Ra>_/ , Rbb;[:>_/N g, S >_/ a>_/ é:
Ra>_\
vt SHNE- " i Ot
Ra
R"is H, or -C(j_gjalkyl;
10 R* is H, or -C(j_syalkyl;

R™ is H, —C(1.4jalkyl, -CH,CO,H or -COCH3;
R’ is H, or —-CHj;
R”*is H, -CH3, or may be taken together as -CH,CH,-;
R’ is H, -COCHj3, -CH,CF3, -CHs, -CO,CHj3, -CONH,, or -CO,H.

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

In another embodiment of the invention:



Ra Ra is H or -C(1-4)alkyl; 10 Raa is H, or
-C(i-4)alkyl; Robis H -C(i-4)alkyl, -CH2CO2H or

WO BOTHBE319 R3' is H or -CH3; Rz is H -CH3, orPeEYS1H87/066868
taken together as -CH2CH2-; R3 is H, -COCH3, -CH2CF3,
-CH3, -CO2CH3, -CONH2, or -CO2H. 15 as well as
sol vates, hydrates, tautoners and pharnaceutically
acceptable salts thereof. In another enbodi nent of
the invention: 9 WO 2007/ 124319 PCT/ 382007/ 06686&1 H H

H2 N AN S 2/\\H />-S ~S \ XNNO

N Br % _H--m\/HN_ﬁNN ’ﬁ\%_%o

( RY "< '\No No Y- orl‘s |77‘5

N HN IS H J
HAN\;© | ;?%[E?—é?ﬁo | o= | A<,
D=y

R%is

SN CRNORNGS
Zis H;
Jis CH, or N;

R R R' RY R R R’
Xis R R R R®
=0 S
% ) N\R3 ’ O
RY RZo RY e RY Rz 0O R

5
wherein R' is -OH, -CN, -NA'A?, -SO,CH;, -COOH, -CO,CH3, -CH,-NA'A?, -
CONHj, -CON(CH3),, -CH,0H, -OCH,CH,N(CH3),, -NHCH,CH,CO,CHs, -
NHCH,CH,0CH;, -NHCH,CH,NA'A?, -OC;_salkyINA'A’, -OCH,CO,H, or
tetrazolyl,;

10 Alis H, or -CHs;

A%is H, -CH,CH,0CH3, -COCHjs, or -CHs;

10



RLRY RZsRILRY Rz sRLRY RZ-s RRz Xis SONR3

OS Ry RZORy RZ Ry Rz, or Rz 5 wherein R is -OH,
WO GN7/124889 A2, - SO2CH3, -000H, -CO2CH3, - CH2- NAPEARIUS2007/066868

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

- NHCH2CH2CO2CH3, - NHCH2CH2OCH3, - NHCH2CH2NA' A2,

-0OC(1_4)al kyl NA" A2, -OCH2CO2H, or tetrazolyl; 10 A

is H or -CH3;, A2 is H -CH2CH20OCH3, -COCH3, or -CHS;

10 WO 2002]&61‘2@43&3%1 ACTALSS @ixg/ 12G6I8 ogahéraritdatheirattycheA'nitrogen

and A2 ma en together with _thej t ached
ni t r ogen %/q% 650%/@ %FIB&%‘F‘F%‘P Frpﬂlgdlgéﬁ‘ IR from

thefoIIo RNI\b,-—OS -CN' and Rbb
is H - hk‘?‘tN@b—@ %ﬂ R' is H,
or -CH3 RZIS’H - or may beta entogether as
CH2CH2 R3 is H -COCH3, -CH2CF3, -CH3, -CO2CH3,
- CCE} ias well as solvates, hydrates,
taut omars gﬂ armaceuti cal ly accept abI e salts
thereof. |n apeth > ) tion: Wis
HN HN\ O\N , R lﬁlﬁ %P 4@&?%@@% t@r@ﬂ
5 R’is H, or CH3,
R”*is H, -CH3, or may be taken together as -CH,CH,-;
R3 is H, -COCHg, -CHzCFg, -CH3, -COzCHg, 'CONHZ, or 'COZH.
as well as solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

In another embodiment of the invention:

- 1\ HN HN
W is Z"z,/(o>\§N E/k\’,\}\QN N %Q\EN

or EQL;
Zis H;

Jis CH, or N;

R’ R'" RY R
Xis ¥ N S S i
=0
B Dy N‘R3, o S
RZo R Rz , or

15 wherein R' is -OH, -CN, -NA'A?, -SO,CH3, -COOH, -CO,CHj3, -CH,-NA'A?, -
CONH,, -CON(CH3),, -CH,0H, -OCH,CH,N(CH3),, -NHCH,CH,CO,CH3, -
NHCH,CH,0CH3, -NHCH,CH,NA'A?, -OC 1 4)alkyINA' A, -OCH,CO,H, or

10

tetrazolyl,;
Alis H, or -CHz;
20 A%is H, -CH,CH,0CH;, -COCHj, or -CHs;

11



10

15

20

25

ZisH JisCH or N RRERRR RZRRZRRZ Xis S
ON RBOS RZORy RZRZor RZ 15 wherein RL is -CH,

WO gN7/12489 A2, - SO2CH3, -000H, -CO2CH3, - CH2- NAPARS2007/066868

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

- NHCH2CH2CO2CH3, - NHCH2CH2OCH3, - NHCH2CH2NA' A2,
-OC(i-4)al kyl NA" A2, -OCH2CO2H, or tetrazolyl; A is

H or -CH3; 20 A2 is H -CH2CH20OCH3, -COCH3, or -CH3;

11 WO 2002]&61‘2@413}]3%1 IACEMU&?&W&Gﬁl%l&ogahéremﬂathbuahycheé\nltrogen

and A2 ma en together with_thej t ached

ni t r ogen %/q% 650%/@ %F%ﬁ%‘??teg frpﬂlgdlgéﬁ‘ S{RE fr om
the follo Rbch,N-x O NN - and CN'
Rob is H, O\gMiﬁba orr\(ﬁ\b@éCI—B; 5R' is

H, or -CH3 Rz »i s H, -CHS, or may’ be taKen together as
CHZCHZ R3is H -COCH3, -CH2CF3, -CH3, -CO2CH3,

- ias well as solvates, hydrates,

taut omars gﬂ ar maceutical |y accept abI e salts

t her eof Inaai nb Qﬁ tion: 10 W

is FlNHNNNgr “rﬁ%ﬁ%’?e%‘gbh C@PCH or N
R’ is H, or —-CHj;
Rz is H, -CH3, or may be taken together as -CH,CH,-;
R3 is H, -COCHg, -CHzCFg, -CH3, -COzCHg, 'CONHZ, or 'COZH;

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

In another embodiment of the invention:
Wis HN HN
J) S .
HSNTSN or AN =N

NG fsJOL;

Zis H;
Jis CH, or N;

T T 4
=0
i \bN\ 3 O
o ’ R™ or S
RZ ’

wherein R is -OH, -NH,, -N(CH3),, -SO,CH3, -COOH, -CO,CHj3, -CH,-
morpholinyl, -CONH,, -CON(CH3),, -CH,OH, -OCH,CH,;N(CH3),, -
NHCH,CH;0OCH3, -OCH,CO,H, morpholinyl, piperazinyl, N-methyl piperazinyl,
piperazinyl-CH,COH, or tetrazolyl;
R”is H, or -CHjs;

R* is -COCHs, -CH,CF3, or -CO,H;

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

12



1 sss RR1L :1R, Zor X is 15 wherein R1L is -OH, -NH2,
-N(CH3) 2, -S2CH3, -000H, -C2CH3, -CH2- norpholinyl,
WO GOR24319 CON( CH3) 2, - CH20H, - OCH2CH2N( CH3) 2, PCT/US2007/066868
NHCH2CH2OCH3, - OCH2CO2H, nor phol i nyl, pi perazinyl,
N- et hyl pi perazinyl, piperazinyl-CHCO®2H, or
tetrazolyl; 20 Rz is H, or -CH3; R3 is -COCHS,
-CH2CF3, or -CO2H; and sol vates, hydrates, tautomers
Ireanabthph @mivadiendnt ofdht ynvaatdept abl e salts thereof. 25 12
WD 2007/ 124319 PCT/ US2007/ 066868 | n anot her
enbodi nent @f the invention: R4 R4 B4 Wis Ra H

HN- - ~ NNV I R4 or \rBT"\'r\‘ H wher ei
4 1S endent | 4Cl
V@:*Hz é\h?@aly, &(144&@1‘ soe S
C(1_3)al kyl, CO2Rd, CONReRf, — or CN, 5\/\,here|n
Rd is H or -C(1_ 3)a|ky| Re is H or -C(1.3)al kyl; Kf
is H of \C(1.3)al kyﬂl"Nand Rl is H -CH2OH or
- CH2 Rg i% iy éﬁnﬁilkyl (i ncl uding

cyclohexenyl and cyc oheptenyl ), spiro-substituted

Wk LAk eex! mﬁg&%l g SR B2, GLOBK P B Cpt sC galkyl,

spl : 8065 aluqd@e;:@sanks)l *&LﬁﬂlbﬂyCOYRd @cmmi; @&RE, or CN;
pi perl di ny[g%d spi rosu stituted piperidinyl (including
S 3- az¥hesitt &K o5 By OGecdil: | and 8- aza-

R®is H, or -C(1_3jalkyl;
R'is H, or -C(1_3jalkyl; and
R%is H, -CH,0OH, or -CH,CH,OH;

10 R?*is cycloalkyl (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]Jundec-2-enyl) heterocyclyl (including piperidinyl),
spirosubstituted piperidinyl (including 3-aza-spiro[5.5Jundecanyl , and 8-aza-
spiro[4.5]decanyl), thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,

15 tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, hydroxy, C.-
salkyl, and C(i_4)alkyl (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

20 cyclohexenyl; said substituted piperidinyls include 4-methyl piperidinyl, 4-ethyl
piperidinyl, 4-(1’hydroxyeth-2’yl)piperidinyl, and 4,4 dimethyl piperidinyl);

Zis H, F, or CHz;
Jis CH, or N;

13



spiro[ 4. 5] decanyl ), thiophenyl, dihydrosulfonopyranyl,

phenyl , furanyl, 15 tetrahydropyridyl, or
walrtogdespyr anyl , any of which may be i ndependeP@T/¥S2007/066868

substituted with one or two of each of the follow ng:

chloro, fluoro, hydroxy, C(1_ 3)alkyl, and

C(1_4)al kyl (said substituted cycl oal kyl s include

4, 4-di met hyl cycl ohexenyl, 4, 4-diethyl cycl ohexenyl,

4-met byl gycl ohgw‘nyhy 4-ethy'  mycl ohggrehyl,

)g—n-ﬁf Bycl R’ 44 yl Renyl |
and 4- ‘ﬁ -_put yl RO yclohex nyI said s bs?ituted
pi per | ls inc perldlnyl et hyl

pipeerhﬁ%?, 4- (' droxyetﬁazRyl)plperldwﬁyl and 4, 4
dlneth I peridinyl); is
wheroga -B0bPYA S ﬁ&rﬁézéwﬁ@@‘é@@sco@ﬂ?y G-y o

N%AR @Q}B&m@ 2@%26)% éc(lé?lk%@% Cilﬁc 3 @{Iﬁ%CWCHZOR .

NRIAHACH , N SORCHBC 1 - QREREA ' A MM:OZWHNQZBZ -CH,CH,S0,C,1.

s 4>a1%ﬁé@i&@§%%ma%q§@%ﬁ RPN e Ao

LOREHR [ -
NHEOKH I\IA1A2, it Ag% AR %(.izl?zo-l ~-onyl, 4H
pwmmm@mmayrmﬁu 3 Al okagigazolyfl AHA h2 dHohxdlyl, teagolyl,
1,2.4 azal -5-0 roIo 2,3-b razin
pgsgraldh BT T Al RO {105 A P ol
tetr RZhYRY arcRid éﬂﬂelﬁﬂy H ér 3 4511(91 &thé}}ﬁn boBR” may have cither syn
[1,3,4]thiadiazolyl; Rz and are independently H or

10 - omqreﬂ Nweocmart@i, ﬁlt@@ﬂ%V%bWﬁyR W evretclatignship may bg taken
or apti r tr | tennatively both Rz in a
syn B) %%Hg é Xh?%kegzqgggether to form
-(CHQ)rl , mhere nis 2 or 3, R3is H CC(i-4)alkyl,

CH2CHZNHZ, CH2CHZ2CORa, -COCH3, CONH2, or (02Ra: 15 A" |

i's HR isdfi Cayalkxly CHEH N &rH 6ROz -§QCH;. CONHy, or CO:R';

-C(1-4)al kyl, CORa, CH2CON(CH3) 2, -CH2CH2ORa

i ncl udi ng - CH2CH20OCH3), -
15 A’ is H, -Cq.4alkyl, or CH,CH,0R?
A2 18 H, —C(1_4)alkyl, CORa, CH2CON(CH3)2, -CHzCHzORa (including -CHzCHzOCHg), -
CH2CH28C(1_4)alkyl (including -CH2CH28CH3), -CH2CH280C(1_4)alkyl (including -
CHQCHQSOCHg), or -CHQCHQSOZC(1_4)alky1 (including -CH2CH2802CH3);
alternatively, A' and A* may be taken together with their attached nitrogen

20 to form a heterocyclic ring selected from the following:

@ I SR S S
5w od

R R? R2 R2

wherein R* is H or C1_sjalkyl;
R*is H or C_syalkyl,

14



CH2CH2SC( 1- 4) al kyl (i ncl udi ng - CH2CH2SCH3) ,
- CH2CH2SOC(i1 - 4) al kyl (i ncluding - CH2CH2SOCH3), or

W0 g2@BBO2C( 1 - 4) al kyl (i ncl udi ng - CH2CH2 SO2 CH3)'T/US2007/066868
alternatively, A and A2 may be taken together with
their attached nitrogen 20 to forma heterocyclic
ring selected fromthe followwng: Ra Raa Ra Ra Ra Ra
NY Rbb-NN3- SNOSN Ra, > , O >-j >-] Raa

Ra Ra Ra Ra RR¥isN, SCN4J‘dlky1> gHzcﬂadcmcm@cagnomo@H -

gOS;I%LLBiZQalF’gﬁ%B‘OQk %fgégi C%i?( aalLb'lyl }44;/2 kyl ,

- CH2CH2OCH2CH2OCH3, - CH2CQ2H, - C(O)C(14)al kyl, or
-CH2C(O) C(i _4)alkyl. 5 1In a preferred enbodi nent of
theinvention HH NH2 NN Wis H/ \\ H~ />SS S ~N

5 Ina pfc&e deﬁlb'qdlrnent o'f_Me 1nH'}|1%IOn;HM\\ NI NNN,-- N _H

H

H
. HN N2 N N/ N/
\\% | S.
N fs?);ﬁo | faﬂ;}_ | %[N»_ > z££>_ o
cl cl
"/'E:\g\\ HN, o NN Hjl\\
N TN F%JQN , }%J*N RSN
H
,Q\;Q n [ ,\l/>_c,),3\\o | He/k\;>\:N | %/@\QN
HN
\
fe;@\iN

KoaiN e N o 2N o N

O o Cﬂ@#
YO Ne SN o AN )

Zis H;
Jis CHor N;
R' R R' RY R' R R’ ,
LG r (B Fr L8R 2R
=0
\E‘jﬁ/ , \QN/\R?) , \QO/ S :
R“L.0 R-L, RL, o e

15



NNOONOHN or Ris'~cl ~Vcp' cl "~~OL OH N

Nl::::f -N.N NNVl or -0 Zis H Jis CHor N RL
WOQUORA24389 R1L Ry Rz RL Ry RZ -s RL RZ X is S- PMI/BRQ/®6868

Ry RZORy RZ Ry RZ, or Rz 10 15 WD 2007/ 124319

PCT/ US2007/ 066868 wherein RL is -OH, -CN, -NA A2,

-SR2CH3, -COORa, -C02CH3, -CH2-NA' A2, - CONA' A2,

- CH2ORa, - NHCH2CH2CO2Ra, - NHCH2CH2ORa, - NHCH2CH2NA' A2,

- oo@hela@)mkkw-mﬂ, ARN, NOCHPCRREH0+COORT, a2 0),¢H;, -SH,SA'A?, -

¢ CFRAA ) EOR S PGB Gath AR OHePRar NHOTRCHaNA A%,

thei p ga@g}hﬁglmtb@g@ozk@ oeré'thzé'inet erocyclic ring

sel ect dfromthefol oW ng: Ra Ra Ra N 0=S N
Ra N Y RbA- i I 3--OKs;
5 A’is H, -CH,CH,OCH3, -COCH3, or -CH3;

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

to form a heterocyclic ring selected from the following:

a
aa R a
R R
d N —

R"is H, or -C(j_salkyl;
10 R* is H, or -C(j_syalkyl;
R™ is H, —C(1.4jalkyl, -CH,CO,H or -COCH3;
R’ is H, or —-CHj;
R”*is H, -CH3, or may be taken together as -CH,CH,-;
R* is H, -COCHj, -CH;, -CO,CHs, -CONH,, or -CO,H.

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

In another embodiment of the invention:

16



Ra, > , O->-] >-] RaRaRaARaRa Raa ~N- S NI-
RN3 >-j , and Ra Rais H or -C(l-4)alkyl; 10 Raa
WO 800124319 - C(i -4) al kyl; Rbb is H -C(i-4)al kyl PCT/US2007/066868

-CH2C2H or -COCH3; R3" is H or -CH3; Rz is 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 pharnaceutically

accept abI e sal ts thereof. I n anotheH enbodi nent Hbf
he |nMEwN 26 Wa 124319 PCFNUS2007/ 066 o
1%%2% s \ﬁ;%ﬁrbs N>‘U3\ N N q*lcu
Cl HN®Br HN~O~,, g H--NH
NNOON

}':/'E\N\ QN, :L/,\\?_Br , J\/g;CI , z%’)\/g
H
N HN
H*N\EQ B e
HN
%/Q\QN

R%is

SN CRNORNGS
Zis H;
Jis CH, or N;

R R R' RY R R R’
Xis R R R R®
=0 S
% ) N\R3 ’ O
rR71.0 R, Rl or e

5
wherein R' is -OH, -CN, -NA'A?, -SO,CH;, -COOH, -CO,CHs, -CH,-NA'A?, -
CONHj, -CON(CH3),, -CH,0H, -OCH,CH,N(CH3),, -NHCH,CH,CO,CHs, -
NHCH,CH,0CH;, -NHCH,CH,NA'A?, -OC;_salkyINA'A’, -OCH,CO,H, or
tetrazolyl,;

10 Alis H, or -CHs;

A%is H, -CH,CH,0CH3, -COCHs, or -CHs;

17



N or R is'"~~-ONo No Yor Zis H Jis CH, orN,Rl
Ry RZs RLRy Rz s RLRYy RZ-s RRz Xis SONR3I OS
WORQUOR2NRY RZ Ry Rz , or Rz 5 wherein R is -BH/USION/066868

-NA" A2, -SQ2CH3, -000H, -CR2CH3, -CH2-NA" A2, - CONH2,
-CON(CH3) 2, -CH20OH, - OCH2CH2N( CH3) 2, - NHCH2CH2CO2CHS3,
- NHCH2CH2OCH3, - NHCH2CH2NA' A2, -OC(1_4)al kyl NA" A2,

-OCH2CO2H, or tetrazolyl; 10 A" is H or -CH3; A2 is

H, CH2CI—E1%h—B1ve}30@:I£d Adnnaycaeaakenmgmrmwmmamed nitrogen
PCT/ U82007/ 668 alternati veI g@ .may be
t aken t ogkt efellio‘iyﬁ t FI&5¢ ﬁ%tﬁ%goﬂll ¥ ing’s form a

Pﬁ (Iilr oE:ycI rc:\rg_ n&m ct edofﬁe{n t heNiﬁ?\Jl I oc(wlng) aloli\yl- S-
CH2C02Hor-C@CH3 RylsH of -0 Rz is H,
-CH3, or may be taken together as - CH2CH2- ;7 R3is H,
- COCH3, - Call-llg, EC;@;’.CI,—B, - CONH2, or -CO2H.
R is H, -C1_salkyl, -CH,CO,H or -COCHj;
5 R is H, or -CHz;
R”*is H, -CH3, or may be taken together as -CH,CH,-;
R* is H, -COCHj, -CH;, -CO,CHs, -CONH,, or -CO,H.
as well as solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

In another embodiment of the invention:

- 1\ HN HN
W is Z"z,/(o>\§N E/k\’,\}\QN N %Q\EN

or EQL;
Zis H;

Jis CH, or N;

R’ R'" RY R
Xis ¥ N S S i
=0
B Dy N‘R3, o S
RZo R Rz , or

15 wherein R' is -OH, -CN, -NA'A?, -SO,CH3, -COOH, -CO,CHj3, -CH,-NA'A?, -
CONH,, -CON(CH3),, -CH,0H, -OCH,CH,N(CH3),, -NHCH,CH,CO,CHs, -
NHCH,CH,0CH3, -NHCH,CH,NA'A?, -OC 1 4)alkyINA' A%, -OCH,CO,H, or

10

tetrazolyl,;
Alis H, or -CHz;
20 A%is H, -CH,CH,0CH;, -COCHj, or -CHs;

18



as well as solvates, hydrates, tautoners and

phar maceutically acceptable salts thereof. |n another
weniode4asent of the invention: Wis HN HN \ O \PCT/E820MI/066868

or ~N 10 R2 is N or Zis H Jis CH or N RRZR

Ry Z RRZRRZ Xis SON RBROS RZORy RZ RZ or

RZ 15 wherein RL is -OH -CN, -NA A2, -SO2CH3, -000H,

-CO2CH3, -CH2-NA' A2, - CO\|H2 - CON(CH3) 2, - CH2OH,

- OCH2CH2 Nélfd-rﬁa)tﬁfely, N—ﬁh@ @-Iﬁﬁﬁﬂﬁl-ﬂﬁken-togmﬁ)ﬁﬂh?(%iﬁttached nitrogen

- NHCH2 CH2 NA CO2H, or
tetrazol ymoml 8 fsetqrpcyakc ﬂ@g@ele%c%mtg ilo“@l&wocm
- COCH3, /_CF? ; 1;3A(\D 20@7/—1\2 319 RCT/ US2007/ 066868
al ternati fel yi* R*-and | tak nNtogether with
their attachedanltrogen i to orm a heterocycl ic ring
selected fromthe followng: CAN-J- Rob-N N - OS N-

NO\I-- and CEYLFSSQWH -C(1-4)al kyl, -CH2CO2H or
,aorCHSR2|sH- , or may be

taken § et o s OGRS, Hor CHRER, O

- CO2CH3, CO\I
5 R’isH, or CH3,

Rz is H, -CH3, or may be taken together as -CH,CH,-;
R* is H, -COCHj, -CHs, -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 HN
\ I =
3??v/k\,l\>\\N,or 2N =N
2.
R™1s @ /QL
’Ze‘» ,or 3‘9 ;
Zis H;
Jis CH, or N;
. R1 1 R1
T T " A
=0
JNCHRGILS
O ’ R™ or S
15 RZ H

wherein R is -OH, -NH,, -N(CH3),, -SO,CH3, -COOH, -CO,CHj3, -CH,-
morpholinyl, -CONH,, -CON(CH3),, -CH,OH, -OCH,CH,;N(CH3),, -
NHCH,CH;0OCH3, -OCH,CO,H, morpholinyl, piperazinyl, N-methyl piperazinyl,
piperazinyl-CH,COH, or tetrazolyl;
20 R”is H, or -CHjs;

R* is -COCH;, or -CO,H;

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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as well as solvates, hydrates, tautoners and
phar maceutically acceptable salts thereof. |n another
wepiod4sent of the invention: 10 Wis Fi N HN NP@I/0820R2066868
is NOor -0 Zis H Jis CH or N 1 sss RRlL :1R Zor X
is 15 wherein RL is -OH -NH2, -N(CH3)2, -SOQ2CH3,
-000H, -CO2CH3, -CH2- norpholinyl, -CONH2, -CON(CH3) 2,
-CH2OH, - OCH2CH2N( CH3) 2, - NHCH2CH2OCH3, - OCH2COZH,
nor phdl i nyl, piperazinyl, N-nethyl piperazinyl,
[ Az nyl - CH2 H, or tetrazolyl; 20 Rz is H or
‘ is - , or -CO2H; and sol vates, hydrates,
t aut ofvET spamiN-plar maceuti cal ly acceptable salts
. _Anotlkey enbodi nent of the invention is a
[ salected fromthe group consisting of: 25 19
124319 PCT/ US2007/ 066868 ~N H HN NY-1\N HO
HHNN NL \N O

‘ N
H HN/\<

Nm/k\N
SN O o
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2007/ 124319 PCT/ US2007/066868 \ HN H~N NN HO O S
wO2007HNG1Y \ N NN HO/ OGSO HHNC 0 N J~, - PCINUSIDOTDG66868
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WORN7/1H31Y 0 OHHN N-NN N OOOHHN\ N NCFHUSNOMG686S
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~- N HOO 5 O 24 W 2007/124319 PCT/ US2007/ 066868 HN
\ H\Y _ ONN\\N H2ZNO OHHN NyNN HOOOHHN N

W@ D1AAMHN H\N _ NN ~N HO O OHHN ONN BCT/BSI02666868
WD 2007/ 124319 PCT/ US2007/ 066868
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HHNONNNNO O/N HNNIN .. CHOOH ON H
NNN HOOH ON HNN NN HOOH 50/N / HN
WOROONIN3IHO 1 OH O 26 PCT/US2007/066868
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WD 2007/ 124319 PCT/ US2007/066868 H NNH N OO 30 O
HHN N N~ N HOI ON and solvates, hydrates,

we awroesis and pharmaceutical |y accept abl e sal BGT/US2007/066868
thereof. 5 Another enbodinent of the invention is a
conmpound sel ected fromthe group consisting of: /] /%
HHNHHNNNNN HOON-"-"O0 OONN HHNW HH

NN NY "NNY)- ZNO-N O O O 27 WO 2007/124319
PCT/ US2007/N066868 HN H \

2

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

Another embodiment of the invention is a compound selected from the group consisting of:

N N
O ul Ol
H HN/\< HoOHN
N\[(‘%N N\H/‘%N
HO O O \N/\/O O O
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O 75O 7
H HN \ H HN \
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I'jf NN~N HHNHNO\-T N~ NON O--t-O HHN NN
NHHN NN~N HOOHO11 OOOHN HHNN NN N
wOoRMO1H319-0cO O 5 and sol vates, hydrates, tauPCIESR07/066868
and pharmaceutically acceptable salts thereof. Another

enbodi nent of the invention is a conmpound sel ected
fromthe group consisting of: 28 WO 2007/124319
PCT/ US2007/ 066868 CN HN~~ NH OHON F3CCN ~H

2

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

Another embodiment of the invention is a compound selected from the group consisting of:
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NH cbCN JJ ON H and solvates, hydrates, tautoners,
and pharmaceutically acceptable salts thereof. 5 The

WO posenz43en al so rel ates to nmet hods of inhi bitiPQI/US2007/066868

protein tyrosine kinase activity in a mamual by

adm ni stration of a therapeutically effective anount

of at | east one conpound of Fornmula I. A preferred

tyrosine kinase is c-fnms. The invention is considered
to ilnclude the enantioneric, diastereoneric and

of all conpounds of Formula |I as well

m xtures. In 10 addition, sone of

epresented by Forrmulae | may be

derivatives of an acting drug that
possess up N very capabilities and therapeutic
val ue as coﬂpa(ed to the acting drug. Prodrugs are
transfornme® i nt active drugs by in vivo enzymatic or
chemical procesdes. 15 |. Definitions The term "al kyl"
refers to both Iinear and branched chain radicals of
atons, preferably up to 6 carbon

erw se indicated, and includes, but

o, nmethyl, ethyl, propyl, isopropyl,
sec-butyl, tert-butyl, pentyl,

, ohexyl heptyl, octyl,
2,2,4-tr|g§y€%§ég/' , nonyl, decyl, 20 undecyl and
dodecyl . 7/124319 PCT/U82007/066868 The term

"cycloal kyl" refers to a saturated or partially

unsaturated ring conposed of from3 to 8 carbon atons.
angpsalptgso hydralckytrutempest andphersageaiicalytdceenishly syl thereof.

present on the ring. Exanples include cyclopropyl,

1, 1-di met hyl cycl obutyl, 1,2, 3- trinethylcyclopentyl

cycl Dheyknti@yadborendsao yﬂlcthcﬁiﬁ oIf irebidny brotein (ﬂyrosme kinase activity

4, 4-di met hyl 5 cycl ohexenyl. The term."al ky 0"
inremamanal By admavstréoniof A ﬂtf’ﬁ?é)eatlﬁaﬁy ST %@mt of Q\Hé%sé Phe

cérﬁﬁound of Formula I. A preferred tyrosine kinase is c-fms.

The invention is considered to include the enantiomeric, diastereomeric and
tautomeric forms of all compounds of Formula I as well as their racemic mixtures. In
addition, some of the compounds represented by Formulae I may be prodrugs, i.e.,
derivatives of an acting drug that possess superior delivery capabilities and therapeutic
value as compared to the acting drug. Prodrugs are transformed into active drugs by in

vivo enzymatic or chemical processes.

L Definitions

The term “alkyl” refers to both linear and branched chain radicals of up to 12
carbon atoms, preferably up to 6 carbon atoms, unless otherwise indicated, and includes,
but is not limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, isopentyl, hexyl, isohexyl, heptyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl,
undecyl and dodecyl.
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am no group is the point of attachnent to the rest of

the nolecule. The term"heteroaryl"” refers to 5- to
waeenpeied nono- or 8- to | 0-nmenbered bi cycl PCT/US2007/066868

aromatic ring systens, any ring of which may consi st

of fromone to four 10 heteroatons selected fromN, O

or S where the nitrogen and sulfur atons can exist in

any allowed oxidation state. Exanpl es include

benzThe camolydloalkelizefetyitazashylatedbanmotidiiyamghturated ring composed

nzoxazol yl, furyl, imdazqlyl, isothiazolyl,
of a0 A0t v 4 ke bstipeats gy opiofyy bypresent on
WrlgMEaMplos i | i,no] uiXdtny Ity bRBEY 1 ARd
tlit%hiégnyl.a ﬁglgg%#?b%é?gﬁﬁgtény‘r%f%f@bﬁggg’nffgogen
trangshylcpalomngyd ey clthonyloey copsutehyly cytlaexenyd, addet, idmethel
nitro?eg and sul fur atons can exist in any all owed
CYSIPNEAET N states. The term "al koxy" refers to straight

or bTaehadakRning 2GR tSarPimMB vwith ik /1 REBLtit@&hORFherein the
unl ess ot herw se indicated, bonded to an oxygen atom

aEargsPesisithe paitieofrateplrsnt to Bictiost f therraplesule. i sopr opoxy
and ?Hé ?e)ﬁ%"‘hgtlg%a{”ﬁr’ ?gfgr% R4 59 fgsﬁgl%hllbte%ﬁqﬁo oY 8£ g-atlokl%r-%ler;lb ered
S'to a pair o [ Kyl "rings tha Share a

refer f cycloa
by fomatibaing afstimaatly he beivhictmdyesbisosfardth ohdi four
rings is partially unsaturated, for -~Co exanple: . 25

hetproatprsysafseiediftonBle® orieWBYRPAUMESSBY arbguHf gfoms can exist in any
a (ﬁ)%aeég&gtioﬂ%ﬁa?% S@gﬁﬁjﬁﬂés’ 1'1121%%9 h%t%ﬁ@id&golgff; g%r?ﬂloﬂli{l%y,sﬂ)éﬁgothienyl,

I nases, suc e us
barzexeoly pfurd nohitl azedt] nisothiaadlyt i sonzdy s oxazebl fyiramnfly mazolyl,
acéions.of.tﬂese rinaseﬁ, qu i nvent.i on %Iso provi des
YIRS IR AYBPBI Y 0 By biEpAP Y 8RR ki nase 30
compirhSichg “fORIAEIh N Pﬁ%g&?atg%fﬂ Q%?%h'aﬁﬁﬁf 8r W d1Ryr atom

an effective inhibitory anount "o )
whoR thg 481dgePaid BIBRGERNDGGB68I1st incanytallomed ofkidatien states.

co nds of Forgul.a |. A.preferred tyrosine kinpase |

o PN R b uBRbotitiRs b aidhs O P GRSy A oBE B 1 Zearbon
atdhiS0un | BRI Q1S iicdréd] Bohdddas aR @x kédnasem atkhmpleY indluitle methoxy,
one enbodi nent of inhibiting a protein tyrosine
clpraPEOPOZY. Iserieporaddrutaxye conmpounds of Formula | is

combi i L I OSi ki i.nht bict or;. | I

C RGP ATl Pl I 50t s v
shay¢ @sinple dsibdasiesn andivhete@tatbyast diteofabOFingsid pavfally unsaturated, for
are_located in cells, in a manmmal or in

Ne case of mammal s, which includes humans,
y effective amount of a

11. Therapeutic Uses

The compounds of Formula I represent novel potent inhibitors of protein tyrosine
kinases, such as c-fms, and may be useful in the prevention and treatment of disorders
resulting from actions of these kinases.

The invention also provides methods of inhibiting a protein tyrosine kinase

comprising contacting the protein tyrosine kinase with an effective inhibitory amount of at
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phar maceutical ly acceptable formof at |east one of
the conpounds of Formula | is admnistered. 10 The

WO paoene43en further provides nmethods of treati NBCHSZIOT/066868

in mammal s, including humans, by adm nistration of a
t herapeutically effective anmount of a pharmaceutically
accept abl e conposition of |east one conpound of
Forrmula |I. Exenplary cancers include, but are not

ldastmnbedtheo;on@ouﬁ@ ofyjferaul 1| eujefdreed taosine kinasphastnts. CThe

| euke ovarian cancer, uferine at e
CREPRUEHS Oﬁ thmgreseh EWPNtiQH ARG AP0 E’E 0%%3&3 ﬁ}’fegl E]Inase activity. In
ofd &Hl?&hm@é Jr3abiting A éé‘t@inﬁ)tﬁro%ﬁllelklﬂa%‘ K@Wa& onl® the compounds of

I nvention al so provi hods of treating certain
Fmdahwooﬂmdde&mbmknmmtwmuﬁgklmlmlﬁlbboros| s. In one

errbo i ment of .t effective a

B bRt dte B8y f prE i P E RS sy iybited by
tHéQ:@ﬁipBﬁﬁdsfo Fo¥htR 13k REAEE td &8s AMURAmMSE] & in vitro. In the case of
chenot her apeutl c agent. The i nvention further provi des

masids svhaeh inelades ngnansce terapeeicaly icffgctivstaasuaspta 20
o REORLPMERRGRTS ) BP (LAELHIG DLl 8608 el PR

ovari an ca cer i né-cancer € cancer,
adrdingstgadcer, breast cancer, col on cancer, stomach
cancer, and hai r¥1 cel | I eukem a, The i nventl on

f ur t hBe inyeRiiondaherRrAvides methodhel trgatiag eaper in mammals, including

0 ,
G BRBELARIAnEORST s s ARRE oot i 1 7R ARty
a¢ceptabitoogbositib bf leh g candomptnard dfdionmulafl. |Exéh1@mmtmcyrs include,
arthritis, osteoarthritjis, pr.ost fail

b BeYimiteddQy AHRMY R 18&4@?@%%&%@3%@%%@@%’&@? pyarian
cfeBe u?b%n@ %%e? pfrés%zgé' SRk, 14} caRBRCHISst i AfdeH AL caﬁé@r stomach

not limted to, breast cancer, prostate cancer, and
casbipmddaiyerl |aikemian VBt 1nmntla)h9tsomrwd¢$ersethedsmfd®aoﬁg certain

treatin arti ar.s eIetaI in  caused b
i Pt SErS i B e Bk Rbiy 17 oGt FmbBpt SIS HVeion, an
eME&68amlount ¢Tfak AABEINRBmpamEl 6@&@1&[@1@1@ Btiﬂﬁjrﬁ@ér@d iBdon{¥hation
2007/ 124319 PCT/ US2007/ 066868 The i nventi on al so

withowichfestiveeanryas oby chaneethrappugigre¢dvascul ar,
fl j i i . .
in %g?ﬁ\t\f&ﬁ] on ﬁ%ﬂe@gg@%ﬁ%{)?ﬁa ?tﬁtgé;a%gig Iatgd gP lg%%n%hg metastasis

i nclu umans
aftidieg ﬁrpﬁawan&ab that ﬁlfcﬁﬁe,tlw arcai lindite@fto,vpHat cameen tiicgiat kancer,
acceptable formof at |east one of the conpounds of .
PIOstaFAA2HCTT, lURR SARICE DT GRNSeIn SRI8N GRRORT, A1PMASH CaRRehtah jpairy cell

IaRERRNent

The invention further provides methods for the treatment osteoporosis, Paget's
disease, and other diseases in which bone resorption mediates morbidity including
rheumatoid arthritis and other forms of inflammatory arthritis, osteoarthritis, prosthesis
failure, osteolytic sarcoma, myeloma, and tumor metastasis to bone as occurs frequently in
cancers including, 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

neurogenic pain.
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5 include gl onerul onephritis, inflammatory bowel
di sease, prosthesis failure, sarcoidosis, congestive

wWob®rneustd ve pul nonary di sease, idiopathic pul PGIES2007/066868

fibrosis, asthma, pancreatitis, HV infection,

psoriasis, diabetes, tunor rel ated angi ogenesi s,

age-related nacul ar degeneration, diabetic

retinopathy, restenosis, schizophrenia or Al zheiner's
denefh¢ mvedii@sasaprpvides aictheds ofretating rceati @adsmildrhinflammatory, and

co ounds of this |nvent|og g%her %%@ﬁlseases t at
BENGFIpGIsES 19@%“@?%&%‘& MRS 0ges MURIT{inn o
tﬂekdi%ﬁt%ill& %ﬂ%&tﬁk%ra%&ﬁl?BPa?'bl%arﬁiQQeun%ﬁ[;%&@thME €5t 9P east one of

Aut ol muhe di seases such as system™ | upus
tlerqupenmisc&f lFQrmulladu frectmples af tisedsts withandnflamrhetoryf gmmwnent

. [ I I t
ingls BT Pttty BO%%] &S irvb S RTue cirapidosis
céﬂgﬁam%bwrﬁéiw@ YRR dREask T fophihYEN i ndRary Hbrddhe altBt)

erapeutically effective anount" as used hereln
pmméltlﬁ HaV maestien, mprla%tduabétewm@urﬁdat@d angiogenesis, age-related

Eun&c %ﬁér?t%% dﬂd%gtrllé {ekllﬂgéatti rggténsomts hs%hgogﬂlr%%a%? ‘Al eimer’s

esponsé
dcﬁﬁéﬁlﬁ Th&k ne %&fft@tlﬁﬁﬂyl g’@ite@yﬁzl‘@ dbﬁ@)@&ﬂidsmthls invention. Other
veterinari an, i cal doctor or other clinician,

dizpasenthrihmpy e §ff%ﬂtwév tEefedinclpde buhae gat limitediorabgroscgrosis and
the onset or progression of the synptons

C&?ﬁcﬁgﬁ%ﬁé% se or disorder being treated. 20 Wen

Aatgihoyed dmsasres od chi ars systemm lnpuskirpihsmaionin, bicioragyid bikritis, and

ound t he ention be a n1n|stered
oG RT Bt O inSlmmory o A ar i §§)egr?%8 s St Serosis, or
u@tﬁ Qaﬁ?‘@l‘%‘%e #0at8d w@tﬁ%ﬁﬁfp@@ﬁdﬁ dretiveRRnalput 0.5 ng to

about 5 g, In single or divided daily doses. The
dosagbe tedmi“thesarentchliy dffectres ahdwdt edussd hemot, oreensthehamount of
m.ni strati

g Beofit Gier g fiE feSh it pPlinbi Biphatd fpmeHeil response
it 4 8&LEBYLtem, ANENAINE hRFRA BNE & inCQUSH ByeNfes@iéher, veterinarian,

unrel ated treatnments. It is also apparent to one
megicp] dagtarer pHier glinicienayhiehaciudes aliesiiationapieyedfonetedtipent, or the
d%%g?%%lg ré)n§e(f %p‘Bl%gpe%i’log o%‘ Eh@ﬁsy%ﬁoﬁf@sﬂ#f ti\}\d@ ?{ﬁ&%’sg:&g dlgérd%r being treated.

according to the deS|red effect. Therefore, optinmal

dosages to be admi nistered nay be readily determ ned

by o egl@mnl@@d ap pqu%m AYPSIgR aan inhipgfpys, {fieroqmpgrnds of the

A aEbs SRIRRIE imih MRCAPD L Hithin the dosage range of about 0.5

nighte aboutd gy, hraddrablipdepreepabaiti lohmgandbodte gdvanglermedivided daily

0 .. .
doses. The dosage administered will be affected by factors such as the route of
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
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 particular compound
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t he di sease condition. In addition, factors associ ated

wWith the particular subject being treated, including
waeraz31age, weight, diet and tinme of adm ni SPCHUB29AT/066868

wWill result in the need to adjust the dose to an

appropriate therapeutic |level. The above dosages are

thus 5 exenplary of the average case. There can, of

course, be individual instances where higher or |ower
ugtdsthgenadargedmatigratien] the direragtidobthe preprention tdnidnhé fdancement of

sco e of this inveptio The conpoun, s of For
2 qupHoPatmaddion r}?:ﬂﬁ%ﬁs REROS1R SNt %rpaagcluf“ éﬂ@ect being

tr&%@ ﬁﬁc‘-ihcﬁﬁ%x@mjed{ RO, RHAT MBCRN TR MnARSERIAP W result in the

carriers. efpl ary carriers include, but aré not
n¢ddrtd tadpist the daseytosuiappriopsats dhorgruse levick pEWSﬂbOMG dewiges arc thus

coat,i n anti bacteri and 10 antifun ents an .
R e tE St s 20 e BBt e e R SR e B g higher
oCIRNRP BEYALS ran@ts dr8endrREddh@bicBrird RethindBe Eddpk @F shis 1nvent10n

bi nder s, d|S|nte?rat|ng agents and | ubricants.

phar ithe eqmpmdls 9t Bersai hlag be £¢mgllai¢d tﬂ%pmm}m@ q@Mmpositions
R bR LIS B ESPRBNFP o

buitne¢ geutingitel topdryasniteblacolasnts rdlépam mEaklamaJaaﬁg@ﬁntSjacﬁnal and
acid addition salts include acetate, 15 adi pate,

A HHBLA pEcnthHEKlAsfeRiIG AR At ExereplﬁlfyaﬁtXélpl@éﬁwtbhmw gls0 be components
ofjt‘ﬂ? ?&%{ﬁé’[ &QEﬁud@M%rQ%ﬁ&% %?smteéugﬁ%%;ﬂ a‘#ﬁ luﬁr?c% Rte,
eat e, anesul fonate, 'nitra ate, plva at e,
pr opifhmplnaarmacamicalily}ad:oeptablel shind ef tha dompmmrdabé Fofdade I include the
salts gEcIude a%ED %glsalts al kal i ne a{ts suc
CQILY CRIGNIA AP A S5 PG Ava LT Hagy ammeq|ymh e SIS fe el from
gt GBS aGd G AR @(a%%%?'sﬁ’dﬂ ac?@é&ﬁt&orf’@ltﬁ ﬁlc\l‘dcfehlcetate
organi ¢ bases such as dicyclohexylamno salts and
adipdte sbenzadte, énnmewdfoaistezﬁtrsuchnazhomtg|dndmlsubﬂa®ohydrh@ﬂorlde

oot 1R AR SRR Tt SylaP Gt B trgpionete

SUCRTTRRS kitIF@Nen dOthrtdie BAY Al ﬁaluﬂaymhﬁ)naﬂﬁrbmssmgmeﬂlem salts such
any means that acconplish their intended purpose.

apsoalitpn ead pefessiide sl ﬁlstter@rthémﬁtwaltqowb g6 6#lglum and magnesium
saifd bscallth ANEY lilgan1+ Qfllse? Xucﬂ C?lg Lic lcﬂ)'hB %%églrts and saltf with amino acids

Intraperit

sddhwts aﬁglmﬁbt Aﬂsf(bathe\lﬁhly‘ nﬁfog@ﬁ%@tﬂﬁaﬁﬁ@ gipupaslay be qﬁeft@ﬂhiz@ﬂ with, for
may be bi the oral route. Suitable formnulations for
eﬁ%ﬂﬁ%ﬁ@% halidesi ni stration include aqueous sol uti ons of

the ‘]‘Fé blY agmgﬁ%gﬁ)okf@loﬁ@&etﬁam H@J)I?m]fdg bEhdhRfistered by any

exanpl e, water-so dic so t1ons,
mhlksahamCmnpluﬂiu tbeis intchebet puqmswaEmm;ﬂeﬂ inthude sdmmssmtatmn by

car bohydrate sol uti ons and dextrln i ncl usio
PUGHTAHACUtEF O dtEVERUS | R O R B ﬁff&%@%@ab buccal
oF&LRFo@Es. RIS R1PHAEIRRESMtHYC Bdministration 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.

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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conposition conprising mxing a pharmaceutically
acceptable carrier with any of the 34 WO 2007/124319

WERN/USB0D7/ 066868 conpounds of the present |PUBHS100TI066868

Additionally, the present invention includes
phar maceuti cal conpositions nmade by m xing a
phar maceutically acceptable carrier wwth any of the
conmpounds of the present invention. As used herein,
cdrhpounes bf the pngost ihvearioni additivhelhylebk proseinaoopiaasinaludes
roduct. conprising th pecified ingrediepts in e . .
p@ﬁagemﬂéal agmoRiAT S Mads PR Fing g pamnﬁs%&&ﬁy a%ﬁm?ﬁqpe carrier with
alyBSittht §®m€(51[n‘a§ bmegﬁeslemhc&ﬁfohy AsTs M GEALIRA P ASPosition” is
the specified ingredients In the specified anounts.
inRgldgdty plvempash :Subdatt esmpdsikg tharspeoried ingréveentompbe sipbsified
of the present inventipn may, have one or. nDre ..
BN SIFIGH 2 RESROVGICR P erD P clivfraw coptpations of
thRrsBediNé ENGRAidn® fathd ffebid@dnioinishe scope of the
invention. In addition, the conpounds may form
sol vates, for exanple with water (i.e., hydrates) or
P%P”%?néﬁﬁﬁﬁﬁ{hé¥ﬂventsr As used herein, the term
oIV nsa physical association of the
conmpounds of the present invention with one or nore

sol vent 15 nol ecul es, This physical association
Fiticsmeess thegiopinognérerfrtbeBresnt ipisntiommgy Baveenerr more polymorph or

aﬁ8@ﬂhﬂgcrg§tgﬁﬂng di e Y e 9[?% D ﬁﬁlé:ﬂd@g to ﬂ)@%n%ﬁﬂ%@it{]the scope of the
I nstances the solvate w e capable o I'solatron,
infvontiax dnpdditinhahe omepamdsnray feoh vanitesidbreaxiahpse witke water (i.c.,

i npcorporated in the crystal lattice of the .
Y K cPRETBfc ﬁ@g&%rzﬁ# u 1\?5‘%1%'“?? tery selalgmens o
pBRGAMRASS R bF tROLShH QRS Bhﬁrl%‘?)r&@{fiit ihsQt@h &Rt one or more solvent

solvates. Non-limting exanples of suitable solvates
mioheehlgd eTaOplatsicahaisatietson imeolNandirging sicgrandofi iheiclani eoval¢nt

g by Sbes! ik FLisrs Bl e RS A1 i wllb g tabablc of
isbRvieAt foPBraniiéifrheh Bnd BembRtsBREAt @blcbileaiRRNorfratcden the crystal

present invention, the term"adm nistering” shall '
lagtire il ysthlbingrsel ik The terey 'sakviieg Is iateai¢dbiognicergpess both solution-

PR URP LR &R TR RGOt R e
cthaivites, enctidnotuitSohivbdhe likber eof , whi ch woul d obvi ously

be included within the scope of the invention albeit
not specifically disclosed. 30 35

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
syndrome, disorder or disease described herein with the compounds of the present
invention or a solvate thereof, which would obviously be included within the scope of the

invention albeit not specifically disclosed.
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WD 2007/ 124319 PCT/ US2007/ 066868 Met hods of

Preparation Scheme 1 Z N2 Z NH2 Z NO2 b b RJRJD
WO20714319 R J L 1-0 1) Hal ogenation 1-3 2) R2RCHBR20E7/066868

NH2 Reduction Z1 z N2 R J~- R RoJ RR 1-2 1-4

OTWPi OZNHZNH b2RbJR RJRS51-51-6

Schene 1 illustrates general nethodol ogy for the

preparation of compounds of Forrmula | where Rb is X
MetheRk oXPrépaawiéod abl e in starting material or prepared

as shown in later schenes) or conpounds of Fornul a

1-6 where Ro is a |leaving group (preferably brono,

chloro, or fluoro) that arg.psgfyl i1nternedi ates used

in later schenmes. To illustrate 10 the methodol ogy of

this schenme, reagents and conditions for the conpounds

where J Jjs CH e defingd. Th skilled in the art

Wil | recogni at whereyd R N2 mi nor nodificatieys

of the reaction comdrtigns! apd preferred reay

be reqUfredy Amines of Rorndla 1-1 may be GoAuE
avai | abl e orqgan be obtained fnnom nitro npounds of
Formula 1-0 Ly reduction usj ng)shapdaid syntBetic
nmet hodol ogy (see 15 Reduct] og%gép Organic Cheﬁri,_ﬁ;gzry,
M Hudlicky, WIley, New York, 4). The prefefred

ZI\/[NHZ Reduction < i o NO2
RP- N7 OR2 RPN OR2
12

1-4

Ox _W-p1 O W

i Z TH
Z NH S
L —

RP- N7 R2 R*7 N7 OR?
1-5 1-6

Scheme 1 illustrates general methodology for the preparation of compounds of
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
the methodology of this scheme, reagents and conditions for the compounds where J is 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
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 ethanol. In cases where R” is a halogen and not available as amines of
Formula 1-1, nitro reductions may be performed using iron or zinc in a suitable solvent

such as acetic acid, or using iron and ammonium chloride in ethanol and water.
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conditions are catal ytic hydrogenation using a

pal | adi um catal yst in a suitable solvent such as
woreaoaeuslio or et hanol . In cases where Rb is a hedDy82007/066868

and not available as amines of Formula 1-1, nitro

reductions may be performed using iron or zinc in a

sui tabl e sol vent such as acetic acid, or using iron

and amoni um chl oride in ethanol and water. 36 WD

2007C6ﬁ@8mﬁmRﬁI%hﬁﬁ@022Qﬁa&ﬁélseam@ﬂhﬂdﬂnbéoEaﬁmdmgoﬁM}

-2 where i s cycloal kyl can be obt orth
hﬁag%ﬁaﬂ%mrgﬁra Evrbgp@%lpg} YragHN A SN éP? g 21-1 followed by
n&%@%ﬁgéd &buphif 'iré!llcﬁoﬁ!s \;‘;‘ltﬁ BblofiediRYr bBRh&ecSREASYZET reactions,

coupl | rea t ns w th boronic acids or boronate
whstedt M (sRIABIRH)1 ezchdromis cstemiser 1. mwsauurzsarmﬁ( SuRi, 6rem. Rev.,

9%249{] 1%9&?3@5?%%1151% aIYle&?eHra up Hg B‘g?cgl[on%al?;fegaleéﬁh P. Stang,

EG9 UWﬂ'e?/-W BaanteindBmm (88 DRjr diartadentsRstifRé RA6onsEfBere R*M is
, V\elnhelm(lg C)) or tin reagen Sti

Rl base s badre. R e, Baso SOk 1956) on the
n?etfbjgg%)t @;@?(ﬁlhpol gi{ne\}ffﬁ%l dRa]tlg- hﬁp%dg Salggél %§W‘16§ %that is reacts

pBferei@tihlliy @dor thabrdifink M ﬂl@dﬁ&ﬁdcaﬁdllﬁﬂédtcb@ﬁhﬂg&eﬁcﬁ@ﬁﬁ §when J is CH,
preferent| ally over the bromne in the netal-cataly

thaseampaygd ieempmerisially wiaitable); ?rﬁtﬁwedmpntdmosls Frettat, %lawann%tlon of 1-1
%Wrﬁésﬂl:&ﬂm?&?hﬁﬁgj R SN_R RESOINED GO yw&&&gmﬁe

rom nati on rormsucm ni m d
(BMIFY). atitldoealettant (BAdH mscétbﬁitrde rerngUdamitymmcd@hn@Mfmably

Sd hqu%fr:lorret na eé}e%ec? ergij:gc 1%15? }%ésté%{dlp%{q@ (il E)égtp?elfgrzag% in the
ﬁ@éﬂ‘c@ E)Fﬁga@&ﬁ&h dh@g st Qich ta§mkﬂ(tﬂﬁﬁé?&ﬂﬂlloglﬂﬂme){)allla)(}isutm(O)

preferably in the “presence of a Fadi um ca
(E;iQEPlhsa@ anetqueduisdase sysh @qupzlﬁT@spmd]asslpableasdlvwn'( Q@ich astoluene,

Pd(, P, agueo Na2CC3, and a
ot Tt e e B S BRI DY ol
1, 4- dbmypai®is cﬁlmﬁhtﬂl@nypmg{@qzz(@b@malpﬂa@hﬁ (f@%%@ﬁmdﬁlpendmo)

of Forrmula 1-2 where R2 is cycloal kylam no (fo
cm@ﬁht@ne%bsp@mql@nnhdyc ar@lahtho@b@%mapm efilepying gedups bﬁ {nrefgrably

ﬂ?ﬁr%né? hﬁ)rg)gfg(? 1 O@%{;@Iﬂis %ff Fm%? Vlﬁ %Q ﬁctk'vate(dporygtil? HQ‘? é’roup with

uoro or romconp oun

cydl&uliadaminat eRFTh Yot danid, Ipi})eﬁdﬁlupmwhé Predéhce of a suitable base such as
¥c| oal kyl am nes (R2H; for exa%l pi peridine) in the

Qadhde 1{§ppré)p§l@‘[htyéaéqnge FAEN)Qs ago gixoegmpounds 1-4, followed by

S LA AR o 5 ove
gro uWhasmdwompam(ioahmuﬂeds diferanianie? gamothen ba cogpipdwith s

hgt];rolc:?crhrgu a|01d 1}1 %&(&‘SHt(oF Q cor?esggrlljcp Illge (sjal‘éMhereoPP -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. Wuts, 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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het erocyclic acid P1-WCOOH (or a correspondi ng salt
t hereof Pi-WCOOWVR, where M2 is 25 Li, Na or K) where

W®20078248m opt i onal protecting group (for exanpP@I/BS2007/066868

(trinmethylsilyl)ethoxynmethyl (SEM such as when Wis

I m dazol e, triazole, pyrrole, or benzimdazole) or
where P1 is not present such as when Wis furan. (For

a list of protecting groups for W see Theodora W
(198dp e bamchcRen eithGeid\dhldhides le&f@oejat bi a@iva@destps B'AVCO,RY

Synt.h John W I S |
(‘%%@B) ;35 a%ﬂ@nggﬁupﬁﬁo 5%@? u@f?p gy %zal &%l%@gmfﬁgn

c&Rp&InAY @lﬁp&nﬁﬂ@@ &d u["h%ﬁ)réf@fre@fgagﬁorp&ﬁ%tfo% R doplidd Pith 8-
reV|em1 see: sky and A. Bodansky, The

W@@H erd’ VOOV e Sghem Ve 34 sfurapmpng&al-pwmta@ grodp P'3rot
007/.1 19, PCT, 20 066
PRSHEE B A e iSRG aEs APCVBODIT AMERs g to form the

a@8 LRSI dEWMEOR R theNBSURInR thR pRedeBEVOMGtrid kG iPnifS GlEhas N, N-
pentafluoropheq¥ o) N-succinimde) to form conpound

digfopraryhathdaming prieneV ﬂ%@l pywele { ripngbpraicciiahgrobp nP$ not

N e i T

hpsakyengdttiordle @@Bt)ﬂaﬁdﬁ‘lvmm%ﬁs A e daESIY) pykdl dodnziasidazole
catalyst to formthe acid chloride WCOCL and then
(Qpéleml Pn @rosanty) Hie nipfegedh sendafions arg bramefiipridhidinpphpspagnium

h%aﬁ'uo%hh?@'ﬂﬁt% Qﬂllg].to ZE@DWA E}?Ll E&Lent%&ﬂas\%gﬁ/l & DYV, ol e

protectin rou rese
1 ( 3Wi16né/Vh1y tampaoyds opFoimBa étshaoneam biodptionatiprotecting group P' as
drochlorl drox benzotri azol e

Pf%\‘ﬂ%‘l éﬁqcameggraﬂvq]arﬁt $ Bpiat tOp%W? grapqyynds of Formula 1-6.
F&e&éhﬁ';'léj aAeh §v &n(l@@zueom{ec!’a oﬁrn@t%@%%h)wﬁlﬂﬁs}?ﬂ/ﬁér%ﬁﬁ 8Hec SEM

conditi ons are bronotripyrrolidino honi um
gihvar &hh borapived phtit eetheﬂy@tho Ryagantd sths tnﬂu@roscﬁtw @ntd (TFA) or

IR it oa BT ot moe My PR AR es R gRaRs

aveyi ously, it can be renoved at this point to give
compounds of Fornula 1-6. For exanple, when Wis

i mi dEinglleitgs padegiteetl bat lﬁuwmg@mds\mf lorauIREN. g r Berpula hé where R

35\41;@2?%&2%25&&%21? 96(1; |t aec K filﬁértlgégtdagzlafg%ugﬂ (fnclude but are not

llfrlhtldd)[d Gehel QUINPOSN BB WE FoaBulh € comtalit y/dyamoproupmhid group tay be
(TBAF) (see G eene and Wits above). Finally it is
hyfakyred Sotnideer 3oHSABRAPoTHHES Oblfaswﬂm@% V(henecompounds of

Fgﬁ;ﬁ% g?(l)tizltagg §tre1e t eestér % ¥ir(;1 seefrdllfé gl%;ea;cg% Ialcl)% the acid may be
comvettodie, anides By éle madthods descrlbed above for amide bond formation. Amides
may be converted to amines by a Curtius or Schmidt reaction (for review see, Angew.
Chemie Int. 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

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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20 limted to: when conmpounds of Fornula | contain a

cyano group, this group may be hydrol yzed to am des or
wa@eioda24imder aci di c or basic conditions; when POGRPS200T666868

of Formula | contain an ester, the ester nmay be

hydrol ysed to the acid, and the acid may be converted

to am des by the nethods descri bed above for am de

bond formation. Am des nmy be converted to am nes by
may Gar¢dctesl voith fadatydir seemdaiyaimiféoin thepicsmcs 6a rodng@y.agent such

25 Chem e Int. Ed.,.44(33),. 5188-5240 )
RS Mg oBEb R A By, Pagucrort 0P gt (ke eive
a0 b el tivdZmindfon. SolEA9RBY va e eheny czﬁlé‘lgﬁ%yﬁ%génaﬁon.

38(8); 2097-101, (1990)). AcCids may be reduced t
Wlcoshoipsyndsd Fatroaladicentaaya hefide cdharedy s alcgdiy thessulfide can be

B STHERT Bt of “GPirgngink SMGEES o R p uliefides cgp bg obtined
b YRIAREH ik &Iﬂé?ﬂp‘rgﬁiawéﬁi@éﬁt RedHoRWRE icd@ivalesk &tdth-chloroperbenzoic
chloroformate in 30 tetrahydrofuran (THF); and al coho

agist (M&PBeh) @i tese trpat PiathrPéal Ou dicaglor peanmide sl Neadt Chiem., 46: 4676-86

RBEHIy s AERBCA wo Beo ST BV 50y éftmen:
WREHLMSRY P hA BRAN-oRRlY ahé citeBeit @8mnt fetfokidegsde, ffr example, PCT
secondag%%an1nes in the presence of a reducing agent

aRlichtion ¥ Q BHTHIM D r PdwebotkypBpER TRl foassean bC prgpared by using
oSy LS d D)Ly 3 88y o tnium

isopitopbyitle Csehyfdr expemde,i o Gzerher., Fempio Uhas. Of 1(BOFI0GI &2002)).
contain a sulfide, either acyclic or cyclic, the
sulfide can be 5 further oxidized to the
correspondi ng sul foxi des or sulfones. Sulfoxides can
be obtained by oxidation using an appropriate oxi dant
such as one equival ent of neta-chl oroperbenzoic acid
(MCPBA) or by treatnment with NalO4 (see, for exanple,
J. Med. Chem, 46: 4676-86 (2003)) and sul fones can
be obtained using two equi val ents of MCPBA or by
treatment with 4-nethyl norpholine N oxide and
catalytic osmumtetroxi de (see, for exanple, PCT 10
application WD 01/47919). Al so, both sulfoxides and
sul fones can be prepared by using one equival ent and
two equi val ents of H202 respectively, in the presence
of titanium (1V) isopropoxide (see, for exanple, J.
Chem Soc., Perkin Trans. 2, 1039-1051 (2002)). 39 WO
2007/ 124319 PCT/ US2007/ 066868 Scheme 2
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Scheme 2 illustrates general methodology for the preparation of compounds of

R" RY
R .
E

Formula I where Xis R’ R?
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E? 2-61 5 Schenme 2 illustrates general nethodol ogy
for the preparation of conpounds of Rl RY RZ Fornula

WO 20082431 i s RY RZ 40 WO 2007/ 124319 PCT/ US20BCT/0SB8G@6868

where, Ry and Rz are H, C(i _4)alkyl or OrRa; Eis O,
NR3, S, or SO2; and R1L is CO2Ra, CH20H, C(O NA' A2 and
CH2 NA"A2. For the illustration of synthetic strategy
in this schenme, reagents and conditions are 5 defined
where, RhamdsRlba’e{Hit(Ql sileyler RR'; Ess @ZNRS, $or $Ogsed R'nis CI0,R,

ch se S led in,the art wll recognize that
C?%Q%cnﬁég?@gr@ ar"g(Jz:ﬁBﬁN ble to all X, R3' and Rz
nmentioned with little or mnor m)dificationsto

reagent fe MNBusLaHE éyﬁﬁll%tlc Ltpat%ﬁlutnﬂélg Q?Ibe?ﬁef and conditions are

reagents and conditrons are aeSubStTat e
defired ot sulistiatcaghqpe BY isoRrSik 1 isesed ﬁmhﬂ schn:nﬁx: HEinBse sKi]led in the art

is al sQ understood.that. simn jc nmethods . .
wibh et el BEGhSm SR it HBNicAUE il X EatToRsmapatnes i ltt or
n%or%&ﬁﬁﬁ%oh@td: Igﬁé'@ﬁksaanld c'oﬁdl‘ﬁﬁﬁi 0@ alﬂ)ﬂtlo(ﬂ AHoUgh f&%enzts %nd

cycl oal kenyl), theé sequence begins wth conpoun '
cwudumscamwddfmed ihorether eldastrgttmwhem ls GH gatpmenousty mehgoned in Scheme

e S e S e

mRtE afied Wwhdnl tigiNum di i sopr opyl am de (LDA) foI | owed by
nucl eophi lic aromatic 15 substitution of the |eaving

g r ouwlﬁn Rpr Epémdbllys ¢viclsotey] Gnclgdingregyloplisensip the sequence begins
h h d
wit}1 %m% r%({]?-e el{lg ancb EHIQG lg}M gaﬁ‘%rggt ee%? ogtﬂg eglter% Zﬁels C(1

e resu |ng ant on

»ORYRIwWitch §uitaBlcbatd such asrptiure ﬁeimﬂetbyidfdﬁgllaﬁﬁd@@mm or
standard . synthetic net hodol Oigﬁ% (see Reductigns in

pl@qu&tﬂy éltl@]@rﬁlgpprypylmmq.qd&p@k owefi é)y nugleqphilg prpmatic
l#lt)%ﬁél)[l()n Ehﬁle%&flg %r%g% RO gﬁefeﬁr 1o or %Bi%lr tlh the 4- halonltrophenyl

rogenati on cata in
ccmpmmkil 1e0 Saslpwqme@umhaae ﬂr)atvithmh)d resulting hranm hntermd"pmm nd

24 530,05, OR12L0G0, O or Lok el oosnt oo meterahlY,
syt e AhSH NES sCORE R8s B Arh AR & hWint iy PRI @RIdFcBE Wiley, New
Y(())lrrk, 1984). The preferred conditions are catalytic hydrogenation using a palladium
catalyst in a suitable solvent such as methanol or ethanol.

Compound 2-4 can be obtained by ortho-halogenation, preferably bromination, of
amino 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);) on the intermediate halo compound as
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.

Compound 2-4 can then be obtained from compound 2-5 by reduction of the nitro group
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boronate ester (Suzuki reactions, where RZMis

R2B(OH)2 or a boronic ester) or tin reagent (Stille
WO e@ctizens, where RRMis R2Sn(al kyl )3) on t he PCT/US2007/066868

i nternedi ate hal o conpound as 25 described in Schene

1. Whien R2 in Formula | is cycloal kylam no (for

exanpl e, piperidino), an alternative nethod to

prepare conmpound 2-4 begins with starting naterial 1-4
usisg stesdard badhdtic riethedaogylasvdeeerébeRlin Sshapicef &rald gonversion of

chloro oy fluoro. go ound 2-5 can be obtained from
cqmpouLd - O@HPRPUPH ggrre met hod as described for the

conveps b&ﬁ AindS SFPYMILa ﬂ-wﬂer‘éQKI(ngpoéf&(j(Rz 152C(1 églkylg can be obtained
Compound 2 4 can then be obtained from conpoun by

fromdlid by emitialf coupbngivith cadposyifs acids RAOVEEHYA 124840d by rernoval of the

PCT/ S2007/ 06686 usi n t andar d sy, nt hetic .

PERBRIDIG 0 BOUR L Pl PEmair e poffespfibed in Scheme 1 for the
C&ﬁ;@i«@(ﬁﬁﬁéfqnzﬁf] gcompound 1-0 to conpound 1-1. The
compounds of Fornula | where Rl is an ester (Ra i

(i Iylgﬁel@ympowh db&oobelail mdyre Rrsranzswgr R i ﬁ>(1t4»aé1¢yl) can be further
|
B4Rl By 1 hGREROIL i AGLEAS B MR, LORLRHEHORM to give
C(&ﬁp@fnds BgFémldlewnmqeldy5@5c1a$Rﬁ@H)ri bed in Schene 1
for the conversion of 1-2 to,1-6. These, con&?)unq

For mih@cempgieds offonnulnhwheiedy i P&amsdeé& VG EDRA P }:%151 be
tal
lﬁglgfre% )[f(‘tltogﬁrhr eagggﬁl&é%?ﬁog}fulgm whRRY lﬁp LAGE r(R & Ié) ‘t\),y initial

nt such as sodi um r oxl e to
trea:tmammﬂﬂs amﬁlkEbchmﬂoﬁ)ﬂnavm such dR]athytt chlnrafonrmhté Ralloveed)y. trapping
f’lgl The co ounds gu Ffl is an amde, (R .
eztems% &thaw l%f PRt éVat ar%lﬁfﬂe RETIERRABLYTAIdsFY amine

(FIQAMHa Sim WSS, %oﬁfoout?ds%@ F@ﬁhﬁaﬁ RéhelSR Hy a%df&'yhie@ﬂyl group can be

treat ment wi t'h an al kyl chlorof ormate, such as
olethined bf oeactive of the lskmevedermediatappivagd aoflcarhenate w1th a sultable

rorinG PR Seb B MRS St SRS Mgt 65R651: 2006))
conMpouRgsuRls FFFORHNLR IIWHM@RES Rlhyidfoxdniayten @KVHEIHMH) can be

group can be 15 obtai ned by reaction of the sane
furtheeeoragited  the aidolds2-a by Ioesaiﬂb@m@aaéUWStsnckaasS%SW@mI qxidation (J.

Azr;ze?'fﬂgl n . 22@?23? f@%@%?)% é)%%@*ﬁ]é{@é@? s-Mg%o%%an She ?x1datlon (see,

fdrekanipia, Tetmﬂ;e)nmem ,29299% 08Ky MOy ICHeR. , 5i5516362DHH0)).
can be further converted to the al dehyde 2-6 by
oxi daldednds &cen 8ﬁ§ea§@émlﬁsapyr@mﬁwr&%ﬁw&nﬁéﬁ%ﬂ§m apiCs

(PﬁbgmA r it rﬁ@&ncé“%@s%tﬁﬂ’l@% ElfsesﬁapllsyN #BH, or NaBH;CN, or

peri odl nane OXI see,
preferably NaBH(OACc);s according to standard procedures for reductive amination as

described in Scheme 1, to form compounds of Formula I where R' is an aminomethyl
group (R'is R'is CH,NA'A?).
It is understood that functional groups of compounds in this scheme can be further

derivatized as outlined in Scheme 1.
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Org. Chem, 55, 1636 (1990)). Al dehyde 2-6 can be
WO gactz@1wi t h appropriate prinmary and secondar BCHEB206F066868
(HNA" A2) in the presence of suitable reducing reagents
such as NaBH4 or NaBH3CN, or preferably NaBH( OAc) 3
according to standard procedures for reductive
am nation as described in Schenme 1, to form conpounds
of Fornmula | where Rl is aSchemandnet hyl 25 group (R
iIs RLis CH2ZNA' A2). It is understood that functional
groups of conpounds in this schene can be further
5 outlined in S
RESQ7/ 124319 PCT/ US2007/ Q66868
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Scheme 3 illustrates general methodology for the preparation of compounds of
R'" R
i

RZ
E

Formula I where Xis R’ R®
where R” and R” are H, C(;4yalkyl or OR*; E is O, NR?, S, or SO,; and R' is -CN or
heteroaryl.
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EIl 3-62-4 RZ H NNCO CP ES5 Schene 3
illustrates general nethodol ogy for the preparation of

weopoeustds of R RY RZ Forrmula | where X is RYI/BR22007/066868

where Ry and Rz are H, C(i_4)alkyl or ORa; Eis O,

NR3, S, or SO2; and RL is -CN or heteroaryl. 43 WO

2007/ 124319 PCT/ US2007/ 066868 For the illustration of
synthetic strategy in this schenme, reagents and

condFboi thasihatretialedfl syethefiostritbgy mubis tselane:, wagees BEd corglitions are

sHlsusedlnthsshnE .Skilled in tk )
dejfied Tog e spRstialvheee R R e h‘é?Fr SP%@%%P &Sﬁﬂnged in the art
wtllpréébém%e thEBthe 2NE Gy TBAHpliengd Mt R RY bid R ﬁ’iEntufHeH Qith little or

rmlflcatlonstoreagents and conditions. In addition,
maharhmeedyhications)rricsgcatrchng cooditions. dm@dért@ndzéfhongldrdagmt& el

cSHRENS A0 ot B Tha T BN i haTPP AR i scheme
1 S Rt ikl FRRICAAR:S: sGRilarROnbiid inéﬁi@dy\ténfberﬂtﬂﬁéd w1th minor
nodi ficati ons when J is N. The ester 2-2 (Ra

modificatiensiyhon JdalN.be hydrol yzed by an appropri ate met al

A e S D S L P T AT
hdroRidt Eéalg@nt?sudh Bysostunndadroxjde @5 gy e 24h (Rhis H)N The acid 2-2 can

gener a in wth activation of the acid,
b¢ P%W@ﬁ@# Weztl Tde 31 Inpostadarhpi@ec Breshykielyyin gancsal begipwitk activation

bty S5 A5881 bt g SFATEL R M B gy . o
ctangde,emded. Chem., 33(10), 2828-41; (1990)), or preferably in one step by treatment
with sulfonamide and thionyl chloride in a suitable solvent such as sulfolane (see,
Tetrahedron Lett., 23(14), 1505-08; (1982)). Compound 3-2 can obtained from 3-1 by
standard reduction procedures, preferably catalytic hydrogenation as described in Scheme
L.

The compound 3-3 (L* is halogen) can be obtained by ortho-halogenation,
preferably 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),
dichloromethane (DCM) or acetonitrile.

At this point the cyano group in 3-3 can be converted to an unsaturated heterocycle
in 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 Table 1 using the conditions in the references provided in the table.

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

tin reagents (Stille reactions, where R°M is R*Sn(alkyl)s). The metal-catalyzed couplings,
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where R1 is a nitrite
can be obtained from 3-6 by initia
f ol | PEEUS19Y7/066868
the optional protecting group Pl according
cedures as described in Scheme 1 for the

of 1-2 to 1-6. Simlarly, the conpounds of
where Rl is an unsaturated heterocycle can
nanmel y coupling
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Dipole R V. EE 45 WD 2007/1124313¥PCT/ US2 n7/ 066868
Tabl @ 1 Numper NafBiagalest ruct|ur e rence:| ¥- Med. Chem., 43(6),
I mdazole '|N US. Pat. Appl | H\ 01785 2H-2175; (2005)
ThiazoteU 8(6)- J.OI 2175;
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Medi ci nal . Cheni st ry edicimal Chemistry,
' 13(6), 1989-2007
(2005)
4 4H-Pyrrolo[2,3- H Journal of Medicinal
b]pyrazine ‘§ q ] Chemistry, 46(2), 222-
NT N 236; (2003)
H H
5 Pyridine ZN Journal of Organic
. |;\ Chemistry, 67(13),
4414-4422; (2002)
6 [1,3,4]0xadiazole 9 Journal of Labelled
N\N/)\g. Compounds and
Radiopharmaceuticals,
16(5), 753-9; (1979)
7 4H-[1,2,4]Triazole /=N Bioorganic &
HN\?N Medicinal Chemistry
annr Letters, 13(24), 4361-
4364; (2003)
8 Tetrazole 3 Eur. Pat. Appl.,
SN 648759
N. .N
N
9 Pyrazole f NH Journal of Organic
QN Chemistry, 54(3), 635-
e 40; (1989)
10 [1,3,5]Triazine f/NW Khimiko-
New lN Farmatsevticheskii
e Zhurnal, 22(12), 1469-
| 75; (1988)
11 [1,3,4]Thiadiazole 8 Ger. Offen.,
N P 102004009933
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Scheme 4 describes the synthesis of compounds of Formula I where X is

¥ R'RL
ﬁ |
Ry z . . . .
R . For the purpose of illustrating the methodology, reagents and conditions are

defined in this scheme for the substrates where RY 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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11 [1, 3,4] Thi adi azole fl- S Ger.Ofen., N, 102004009933

5 46 WD 2007/ 124319 PCT/ US2007/ 066868 Schene 4 R2 H
WOR20AHIEBIH NuUWNUWN W 11 II OOJ \ H2N |/ ECRUS2007/066868

ORBI'SSO0OEZZZ 1-6 E 4-2 RBSO2M \2. O[Q E 2

R HRHR2 HNW1. SOC12 J NyWRBSH N W 2AI AN JI O

- 2. 2A NHHOIO H or LLA R8-SJI OEZZ EZ

4-1 E | | R7OH, H RBSO2NH2 Lewis Acid [0 R2 z HR

RH RF, And\UreWréhce@aBRaveta@bd uNlized with minor modifications to the reagents and

conditions.

The starting material, compound 1-6 where R is halogen, preferably Br, is
obtained as described in Scheme 1. The halo compound 1-6 can be converted to alcohol 4-
1 by initial deprotonation with a suitable base, such as isopropylmagnesium chloride (i-
PrMgCl), followed by lithtum-halogen exchange with an appropriate lithium reagent such
as n-butyllithtum or preferably tert-butyllithium, and then trapping of the organo-lithium
intermediate with an appropriate ketone. Compounds 4-1 is both a compound of Formula I,
and can serve as a useful intermediate for the synthesis of other compounds with different
groups for R'.

The tertiary hydroxyl group in compound 4-1 can also be converted to an amino
group in compound I (R' is NA'A?) by activating 4-1 with a reagent such as thionyl
chloride (SOCl;) and trapping of the resulting intermediate(s) with a primary or secondary
amine (A’A'NH).

Compounds of Formula I where R' is alkoxy (OR”) can be obtained from the
hydroxyl compound 4-1 by treatment with acidic reagents such as sulfuric acid or
preferably trifluoroacetic acid (TFA) and then trapping of the resulting tertiary cation with
an alcohol R’OH (where R’is CH,CH,NA'A? or CH,CH,OR® where A',A” or R* are not
H).

The hydroxyl compound 4-1 can also be reacted with a sulfonamide R*SO,NR*H in
the presence of a Lewis acid (L. A.) such as boron trifluoride diethyl etherate (BF;OEt,) in
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 Iwhere R' is a sulfide (R' is SR®) can be obtained from
compound 4-1 by treatment with acidic reagents such as TFA or Lewis acids such as
BF;'OEt, and then trapping of the resulting tertiary cation with a thiol R*SH (where R® is
CH,CH,NA'A” or RY).

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

R1 is SO,R®) according to the sulfide oxidation procedures as described in Scheme 1.

48



10

15

20

25

R7TOIl \S\ NyWR8-S| OR8" NHJ/ O EZZ EZEI

I I 5 Schene 4 describes the synthesis of conpounds
W@BooFae431d a | where Xis R Ry Rz E Ry Rz FopCT/hi82007/066868

pur pose of illustrating the methodol ogy, reagents and
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WD 2007/ 124319 P /USZOO 0668
C?rgwnéncgéy 5360 wiR & Bgetalﬁuz a%%%gm%%\mere M is Na, or K) (see,

faRdihpeabi ROtk % LNy )iﬁia@‘gfmn%n a@‘é4) ge5.4i( ﬁ@mjﬁ The
starting material, conpound -6 where Rb is hal ogen,

preferably Br, is obtained as Ebs rippbed in Schenme 1.
The hal o corrpound 1-6 can be e; d to al cohol 4- 5
1 by initial deprotonation withla i tabl e base, such
as isopropyl magnesi um chl ori deg(+] Pr MgCl), followed by

|'i t hCumpbal BaEFoanclaaRgRraK L an Rippr op;mdatles Hi dahibg®@btained
reagent such as n-butyllithium or preferabl Y.
frogythe ﬁ(pﬁ_rwplil(ilﬁg emlp%]és whsre R rlaﬁ)rﬂ hjga gOXyjggnation reaction according

ORGSR LU TR Pt 8 SEEPIRDILELE i Commn.

158849 cms;ew Oepaznt 880620 Ldnd Wharcme,d]) attealf Datrahbdron Lett., 35, 61-4
lfs9é2t hesi s of other compounds with different 10 groups
( The tertiary hydroxyl group in conpound 4-1

can ﬁ'@&&é@m&%@(ﬁlﬁé’ndﬂal Q{'&uﬁﬁﬂr’tﬁls sgﬁ&ﬁ@cah%e%ﬂp&%ﬁvitlzed as
(R i1s NA"A2) by activating 4 Wth a reagent such as

outhinethipl Scheimk dr iFabe cX«®@dt.2he amchot gralgpmrrg)n(p‘oun@é -2 can be reacted with
V%emsﬁﬁ lgiel(sﬁgﬁfn%t;be rl"ﬂ? grln?r{oe SPlp X\enlnt ‘tpe r%atge(i %L%a%%x?l?cca%? saarc¥ording 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. It can be also reacted
with an appropriate carbonylation agent, such as phosgene, carbonyldiimidazole or
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
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 NaBH4 or NaBH;CN, or preferably NaBH(OAc); according to
standard procedures for reductive amination as described in Scheme 1, to form compounds

of Formula I where R!is NA'AZ,
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conmpound 4-1 can also be reacted with a sul fonam de
R SO2NRaH in the presence of a Lewis acid (L. A)
such as boron trifluoride @i.gshyk etherate (BF3*CEt2)
in a suitable solvent, such as THE to afford conpound
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R is a sulfide (R NOg SR) can be gptajned from 25
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(where R8 is CH2 NA" A2 or Ra). s of Fornul a

| where R is a sulfrdd (R is SR further

oxi dized to the corresponding sul foxide (Fornula I

where R is SOR) or5gul fone ( Fornul aigwhere 30 Rl

is SO2R) according to the sul fide oxidation procedures

as described in Schene 1. 48 WO 2007/ 124319

PCT/ Fjﬁ'?e%@ 9&@&?& th ééﬁ.cgf ugéfgf:l%emﬂ:e&'ia{‘es WeREEIRE 1iPwhere X is

a sultone can al so obt ai ne Irectly Trom conpound

}FAR‘EI.R y reaction wwth a netal sulfinate salt R8SO2M
RMis Na, or K) (see, for exanple, B. Koutek,

el_atg Synth. Commun., 6 (4), 305-8 (1976)). R Ry Rz
Compounds of Fornmula | where Xis Rz and RL is H

Y
carR’be obFat e guipoké oMilubeatmerhespaadbagy, FOMAdRIGse H; and E is
where R1 is OH by a deoxygenation reaction according

O . P91 oF AtRur dhpsodkeltndria shq gewill fespezathp! e cmimnighy isipplicable
et &l pv : \: - - 88-9 ) T
Y Feldua Sobinse? it LR Roaons Rt thagions
Il &idition, 3Bhoughrdagchts 984 kdnditions 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.

Scheme 6
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It is understood that functional groups in this schene
can be further derivatized as 10 outlined in Schene

WA 200F0243¢xanpl e, the am no group in conpound 4PQI/T82001@656868
reacted with various electrophiles. The am no group
can be reacted wth carboxylic acids according to
standard procedures for am de bond fornmation or by
reaction with acid chlorides or activated esters to
form am de cdhpounds as described in Sche . It can
be also re d with an apprt)l rﬁapéaE@?mon on
agent, suc phosgene, ca yIdiim dazol e br>T$
preferabRy trl phosgene, iR the ,presence ofR¥ ba s
such as pyrigdi ne or DI EA. The P'int ernedi at e hhus
formed can be trapped with a primary or secd ary
amne, to afford the correspondiNQg urea conpgund.
Simlarly, the am no group in conpdund 4-2 can be
reacted with an appropriate oxalyl athon agent,, such as
oxalyl chloride, in the presence of a base, such as
pyridi ne or DIEE3 Ntheointer te thuk{orged gan
be trapped with a O‘$+K@ary or ondary ab ne)
afford oxalanldQ@j :Noundwl Furt her nor e, noo
group can be reacted Rii t h appropriate al de yde$s1or<e
ketones in the presgnce of suitable reducimsg reagents
such as NaBH4 or NaBH3CN, or preferably NaBH(OAc) 3
according to standard procedures for reductive
am n&themr @iludeses & gk forthSpiepanetian of dihilarol caupayludes of

PR TR0 06 Ho8 O Gerielie SRS K 4Tk UL g G Gt are used

aglinfNnEdieNs ibthe sintheds ofMPTRINSs SEEFmMubeswvhdie WBstlhﬁ@&b&

of useful internmediates of Fornula 1-0 where X is
Ry Rbnazoles of Formula 6-1 where R*is H or C(j_sjalkyl, and R® is H, C.- 4)alkyl 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
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 to give compounds of Formula 6-2 (see Theodora W. Greene and Peter G.
M. Wauts, 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
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 initiator such as azobis(isobutyronitrile) (AIBN) in a solvent such as CCl, 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
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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el t hﬂ?he cQEmBr Bblhlly 6av@by eieh®c Q@Idrollﬁzeﬂ hecarbse/10helde (1R is H) or
are readily avail able from comercially

ca&b@zml% salts{ My sty eia. qrek.) ofrpmil RO usmggne @g;iuw&l&et ¢fgi aqueous

bl Hydromde (MOH) solution, preferably potassium hydroxide in a suitable solvent
such as ethanol or methanol. Synthesis of compounds of Formula 6-5 where R® is —
CONH; is accomplished by first treating compounds of Formula 6-4 where R® is -CN with
an appropriate alkoxide such as potassium ethoxide to convert the cyano group to an
imidate group (Pinner reaction) followed by hydrolysis of both the ester and imidate

groups with two equivalents of an aqueous metal hydroxide solution.

Scheme 7

< OM

N O /
7-2 7-3

[ >~

N 0

1

" < \ RS N Y R® N O

MOH
PRI L,
rRe-N O re” N OM

P1< p'

7-4 7-5
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hydr oxyl am nes foll owed by dehydration with a suitable

reagent such as phosphorus 10 oxychloride or acetic
wa@eleydeddte (Synthesis, 677, 2003). | m dazol es PET/US2007/066868

Forrmula 6-1 are protected with a suitable group (P)

such as a net hoxynet hyl am ne (MOM, or preferably a

SEM group to give conpounds of Fornmula 6-2 (see

Theodora W Geene and Peter G M Wits, Protective

G oufshdnie Tl lyatnates Syonitdesd-Bnid dalivrakbiokehtaand FSomda 7-3 or 7-5

nc.,..NY (1991)). Inidazoles.of Fornula 6-2, where R .
Wi gre_lbx@ cl&é@q{ r%@@fﬁp%ll@\ﬂt ﬁl,%,gﬁﬁ@%@t@ré qslgd.raégé%tme iates in the
syttiEdisest DmBOAMRHEBHRLITTT A RI WNspasseci ni m de under

either electrophilic conditions in a solvent such as
DCM 6pm@bhi3@N of Formuler7- | adifostl premmeti by mnessction pheommercially

. . of initiat h . .
SO BBRETIL B s DTS R daRg e ey emtingdinSepgme 6.
plefdull it ¥SEMCRBRPUNds of Fornmula 6-3 where L8 is a
| eavi hg group (preferably brono or iodo).

Hal oferprarshediFormela dhamgeranrednpisacnn dicompewidsafdognula 7-1
R e e e S G AR

sERBRMRGS Qich B CMUCA, HM of DVP et 27T edomPBhidsioPFerh@h 7-4 are
hal oaen- magnesi um exchan are using an

e
prebiipt biragpsaion afirorepeyads pfg reratudy | with Bapeaypyal erapelean appropriate
BT et RS SR 7 o UL BReh ey ChtyCaior DMF

tWPc2ROEL B43LD30UT 4 BRO0 7 [ARRASSE ot REulONBIah@T-24:8 then

ethyl chloroformate or ethyl cyanoformate. For
okirimnp flem bF ré¢sardyeresterrynesirelnsiesedesagecdon Scheme 6.
cyanoi m dazol es see J. Og. Chem 65, 4618, (2000).
For i m dazoles of Formula 6-2, where R is not -CN,
these nay be converted directly to imdazoles of
Formul a 6-4 by deprotonation with a suitable base such
as an 5 alkyllithiumfoll 8#"®&§ reaction with an
el ectrophil e as descri bed above for the
or ganomagnesi um speci es. The preferred conditions are
treating the jinmdazole with o byhkyllithiuminOoTHEat

-78 ueﬂchi g the resullti or ganol i t hi /
specicgz%mﬁt yI__chl_or ofr ﬂ%i%or exar%d)es, | é\l/eRf
Tet r ahedr on tt., 29, 3411-344%47 (1988)). The rs
of Forrmula 6-4 may then be hydrol yzed to car boE%l iC

1°, Na,

aci ds (MisB'H) or 10 carboxylsé?te salts (Mis

or  Kycltimd®1RNtraeda methdldT8r (BB Prepathitiéa b€ Hhid@ol&bf Formula 8-3
aguegus net al hﬁdr oxi de solution, preferably

whetcds 9% vty d¥@&Haler i596HsuMkiabl. &.1.d6) aré¥ thatare Hseghss
nABRARkes O8I RARGL or HASGAL St P IPRHALSYSY gL 2
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
where Rlis -SCHs;. 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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CONH2 is acconplished by first treating conpounds of
Fornmula 6-4 where R is -CNwith an appropriate
W@RMosR43® such as pot assi um et hoxi de to converPCT/H82007/066868
cyano group to an 15 imdate group (Pinner reaction)
foll owed by hydrolysis of both the ester and i mdate
groups with two equival ents of an aqueous net al
hydr oxi de sol ution. Scheme 7 20 Re NO MH Re N~j O N
th® phbd@Muredim Richdf6 6 gNed cdmpouhds of EdrniNita B-3 WRecrbR' @ SOLCRe. The

e\ O _7-1. R.N % OM 7- 4
pm@%d??gfﬁh@mxww%éﬁgﬁé@e&hﬂ Kalierracey for t;ﬁg?r}vgf%@l of
sﬁﬁa&%%ultf&laesl MR RGA BOXy [ @sm@f Formula 7-3 or

-5 where Re is chloro or brono, and Mis H, Li, K or
Na that are used as internediates in the synthesis of
conpounds of Fornmula | where Wis imdazole. Conpounds

f la 7- 1 are first prepared by protection of
Eg ’Hﬁéjmal I avai |l abl e ethyl im dazol ecarboxyl ate

5-zﬁwaadﬁrgn aquh-é’-Mfm&s agidilRi(hddlimathgbrxoleheg; I-enyl)-4-(4-

with a npounds of Fornula 7-2
ngrox '%ezé}%’é'%"’d’%v”’”'@yf’ge” cjfgmglog)rerpounds of Formula 7-1
wi th gne equi val ent of an appropriate hal ogenating
reagen such as NBS or NCS in a suitable solvent
such CH3CN, or DMF at 25 C. Conpounds of

a) I-(2-Trimethylsilanyl-ethoxymethyl)-1 H-imidazole-4-carbonitrile

™

N

SEM

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
layer was dried over MgSO,. The crude product was cluted from a 20-g SPE cartridge
(silica) with 30 % EtOAc/hexane to give 0.80 g (70 %) of the title compound as a colorless
oil. Mass spectrum (CI (CH,4), m/z): Calcd. for CoH;7N30S1, 224.1 (M+H), found 224.1.

b) 2-Bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-4-carbonitrile

NCT::»_Br

SEM
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10 prepared by reaction of conpounds of Formula 7-1
with two equival ents of an appropriate hal ogenating
WO gagaem319 such as NBS or NCS in a suitabl e sol RERUSHOTI66868
as CH3CN or DMF at tenperatures between 30 Cto 80 C
| m dazol es of Formula 7-3 and 7-5 are then obtained
fromthe respective esters by hydrol ysis as descri bed
in Schene 6. 15 Schemre 8 OHOP1L OP1 OCNSI| N>-S
MO CTdlaRblutibin Nf N-(8-tAm8th1s8aidyl-cBakkemethy ) 1 H-usidaadlest-@rbonitrile

B e 1 P B i ST 3 O BB AR e
bidmostfeciBfnidBNBRL 0 &1 % 456639 a'nlata% oﬁﬁﬁ%ditgilé)QQIBN) (cat),

synt hesi s of corpoun of Formula | ere
anchihd azstues wad hiatkalzas16@ *€-for 4 WOThe 8601d982) dilgepwithditOad (30

cordi ng . t t hods scribed .ipn Schene, 6 .
ey Sy R QT B b PO ST Hg D G gupeDBE g Yo was drcd over
NS dBertfont@tidda Breditle dofip@lind'WHE Skl fForR e QOIS cartridge
to the procedure in Schene 6 gives conpounds of

(sHinaprwith 39-73 EtOB.ciigrans tRiived). 75K, Yodrf dselioonsalfd. Mass spectrum
) Lt hi o | A
ARSI L5 5 S Pl g 5o

ester hydrolysis according to the procedure in Schene

6 gives conpounds of Formula 8-3 where Rf is -SOCH3. |
okt Qo In(2-iimathylsiarahethogyaers) JH-anidaple-driaraplic acid ethyl
j dant, followed by ester hydrolysis according to 53

2007/ 124319 PCT/ US2007/ 066868 the procedure in

Schene %/gives conpounds of Fornula 8-3 where Rf is
NeSO N The preferred reagent for oxidation is MCPBA
inl References for the conversion of sulfides to

su xi &des and sul fones are given in Schene 1. 5

Exangk& 5- Cyano- 1Hi m dazol e- 2- car boxylic acid

[ 2- (&,4-di met hyl - cycl ohex- 1| -enyl)-4-(4-

hy dr ©% y-sbRitiba by dbeory1a2-tdmethylfhanlydthoamdey 1 CNH-imidazole-4-

carbonitrile (0.55 g, 1.8 mmol) (as prepared in the previous step) in tetrahydrofuran (THF)
(6 mL) at —40 °C was added dropwise a solution of 2 M i-PrMgCl in THF (1 mL). The

e

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 aq NH4Cl, diluted with EtOAc (20
mL), washed with brine (2 x 20 mL). The organic layer was dried over Na,;SO4 and then
concentrated. The title compound was eluted from a 20-g SPE cartridge (silica) with 30 %
EtOAc/hexane to give 0.40 g (74 %) of a colorless oil. Mass spectrum (ESI, m/z): Calcd.
for C13H,1N3058Si, 296.1 (M+H), found 296.1.

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

salt

NCL N oK
o~
N )

SEM
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a)1-(2-Trinmet hyl silanyl -et hoxynet hyl)-1H i m dazol e-4-c

waew@on23id le NC NN 10 SEM A flask charged we€hUs2007/066868

i m dazol e-4-carbonitrile (0.50 g, 5.2 mmol)

(Synthesis, 677, 2003),

2-(trimethylsilyl)ethoxynethyl chloride (SEMC1) (0.95

m., 5.3 mol), K2C03 (1.40 g, 10.4 mmol), and acetone
(5 nTp awakitieh of 4egadmt-(1bridcth/1sRny] Bl xyinsthyt)el Bvagidazole-2-

diluted w Et OA 0 \ hed with (20 )
cqgla(i)%}él%(agg %}E}jl etgrﬁa E(}f#{ﬁg,o]rn%)gﬁlp%\? ég %reé)\é\gd 1 t;gé‘flé]as $ )rm ethanol
MBEYhas ARG WHRiIORAEANE KOME Ehitt 8D RN Ad2Re BacT was stirred

cartridge (silica) with 30 % Et OAc/ hexane to give
fdy.180nig ahd Ghafconfentiaeditd give Codthp Ol ohef theddleomolmgmwsnd as a yellow

ot NEBRES I35 Bol ) ST nel Bha 70350, 188 . 200, 004

- [ i | =etyh .6l ¢la
2 R BRI, ) T RGP 1736 1 v
K200uidl 264809 PCT/ US2007/ 066868 To a sol uti on of
1-(2-trimethylsilanyl -ethoxymethyl)-1

H i m dazol e-4-carbonitrile (0.70 g, 3.1 nmol) (as
ePYUERRNRFA2 N L3R Y EY) RIIZx SILERN)-p Renlalfink 10 ML) was

);dded N- Jtgrormsucg:)iéhﬁ}i m de (ﬁ%g)b(o. 61 g, 3.4 mmol) and
azobi s{isebutyronitrile) (AIBN) (cat), and the
as heated at 60 C for 4 h. The reacti on was
with EtOCAc (30 5 nL), washed with NaHCO3 (2 x
, brine (30 nL), the organic |ayer was dried
Na2SO4 and then concentrated. The title conpound
was eluted froma 20-g SPE cartridge

A flask is charged with 4-bromo-2-iodo-phenylamine (1.10 g, 3.70 mmol), 4,4-
dimethylcyclohexen-1-ylboronic acid (0.630 g, 4.07 mmol), Pd(PPhs)4 (0.24 g, 5 mol %), 2
M Na,CO; (16 mL), EtOH (16 mL) and toluene (32 mL) and heated at 80 °C for 6 h. The
reaction was diluted with EtOAc (100 mL) and washed with saturated aqueous NaHCOs (2
x 100 mL) and brine (100 mL), and the organic layer dried over Na,SO,4 and evaporated.
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 yellow oil. Mass
spectrum (ESI, m/z): Calcd. for C4H;sBrN, 280.1 (M+H), found 280.1.

) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid [4-
bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide

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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(silica) with 30 % Et QAc/ hexane to give 0.73 g (77 %
of a yellow solid. Mass spectrum (C (CH4), m z):

w@200¢d243ior CLOH16Br N3COSi, 302.0/304.0 (M+H), PCUHOSR2007/066868

302.1/304.1. 10 c)

4- Cyano-1-(2-trimet hyl sil anyl - et hoxynet hyl )-1Hi m dazo

| e-2-carboxylic acid ethyl ester NCC, NO N O SEM

To a solution of
etﬂebymﬂhylb-l (Rintid azoid-Dychshiok alael poedskiarydakt(By0) ¢1H30 miraslx @repared

in i cpr@lcoisp ey DENT (ot bhy e et P Em B T et mmon and
P%rovfx@ 29 1@/@876%!&86 aflf ARWL 5808 A ROV 10Wir 9 R? M 101X m&:hlxmre

reaction was allowed to stir fo
wagduitad a/llth DmMCﬁamIdJ)tdménVaSb@i withNaHCI® (€ x iﬂrﬂa‘iLéalhylhe organic

f .3 3.0 . dded
1§ TR RGP ol tnt s S RORHE wiguteg from a 20-¢
ShE \Wﬂﬁ‘l 1| @I_ N/ HRRa@ $o %N’@ naaad 364 br st et 2br¥dhid as a white solid.
diluted with Et OAc n), washed with brine (2 x 20

My spettiemd E§hmive): |Cali4c@r foid o sHin B QPe 02Rd BB afrngd 138 1.

20 concentrated. The title conpound was eluted froma

20-g SPE cartridge (silica) with 30 % EtOAc/ hexane to

G NECydRodH Gmidtrdo [92-8rbax) TR aeld [Asis ool 2-(NBdin &RPICE CloWex- 1 -enyl)-
;ESI mz): Calcd. for CL3H2IN3@BSi, 296.1 (M+H)
Phauemide. 1. d)

4- Cyanopl- (2-trimet hyl sil anyl - et hoxynet hyl ) - 1H i m dazo

| e- 2- catlboxyl at e] potassium 25 salt NC N O-K+ ~NO

NS 74319 PCT/ US2007/ 066868 To a sol ution
of NH

4-cyano 2-trimethylsilanyl-ethoxynethyl)-1Him dazo
le-2 ca ylic acid ethyl ester (0.40 g, 1.3 mmol)

(as prep.=ed in the previous step) in ethanol (3 nl)
was added a sol ution of 6M KOH (0.2 nm, 1.2 nmol) and
t he Teacbiutionwis-cyhnd-i€2Hrimethylsilanyl-ethoxymethyl)-1H-imidazole-2-

carboxylic acid [4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide (0.95 g, 1.80
mmol) (prepared in the previous step) in 10 mL of DCM was added 0.4 mL of EtOH and
10 mL of TFA and the mixture stirred for 1 h at RT. The mixture was concentrated and
triturated with Et,O to give 0.68 g (95%) of a white solid: 'H-NMR (400 MHz, CDCls):

5 11.23 (brs, 1H), 9.52 (br s, 1H), 8.27 (d, J =8.7 Hz, 1H), 7.72 (s, 1H), 7.41 (dd, J =23,
8.7 Hz, 1H), 7.33 (d, J =2.3Hz, 1H), 5.82 (m, 1H), 2.28 (m, 2H), 2.10 (m, 2H), 1.58 (m,
2H), 1.08 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for CoH19BrN4O, 399.1 (M+H),
found 399.0.

h) 5-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(4-
hydroxy-tetrahydro-pyran-4-yl)-phenyl]-amide

To a suspension of 4-cyano-1H-imidazole-2-carboxylic acid [4-bromo-2-(4,4-
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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for 10 mn and then concentrated to give 0.40 g (100
% of the title conpound as a yellow 5 solid. "H NWR

W@ @O3aex31900 MHz) 6 7.98 (s, 1H), 5.92 (s, 2H)PCBUSD07/066868

(m 2H), 0.94 (m 2H), 0.00 (s, 9H). Mass spectrum
(ESI-neg, mz): Calcd. for CL1HI6KN3(3Si, 266.1 (M

K), found 266.0. e)

4-Bronn-2-(4,4-dinEthyI-cycIohex-I-enyI) phenyl am ne
cddtid H0-7Br° Charidl tald_ii(2.16 Indlr, Ged mivioh 1.7 M in pentane) Was added dropwise
4- r ono- odo- hen | am ne (1 10 g, 4-
omréépmﬂg E%tﬁ% r-pyfapst- o ©-0a0inl- (703%@3111@) was %ﬂﬁed
1%9&1)119613}3 tﬂérp Eﬁgf) ‘Af(& 52rﬂ1ngazt 53 H@'the@eactl%n \MSNﬁl R 4 Gifh satd NH,Cl

and tol uene and heated at

(2© Iﬁb) atﬁi etxtraiﬁhé w1ﬁle&&Am(r3 W\%Qsmd) hmi éldedm)\teh NepX9%e Tlm(l(lle

oo AR H TR Mo SR FeteDy e th g EdAeDCM
tdWil€6.48Y f(7©%%§9ﬂwﬁné*s&i@ﬂ@f ﬁi\/ﬁ@'@ooﬁhﬁz Dmﬁg)0§qqt28 (s, 1H),

Was puri |ed l'ash silica gel chronmatography
9817 .11k, St ks, 1H%7 ¥ @Ad/~hesdbm $HYGT .38 (dd, 0 =688 X2 He6MWY), 7.34 (d,

T T SRR T e e

1@ 1) 409,0w¥1 48@m14H£QA.01) (s, 6H). Mass spectrum (ESI, m/z): caled. for
ano-| - ( 2- trlnethyIS|IanyI et hoxynet hyl ) - | Hi'm dazo

Clz:é{zﬁ\k&ir ﬂablx% (McHaclound 421.1.
br ono- 2- (4, 4-di met hyl - cycl ohex- 1| -enyl) phenyl)-amn de
SEMO NNH N NC Br To a suspension of
E4afplno- 2- (4, 4- di met hyl - cycl ohex- I-enyl) phenyl am ne
5(cqm%QH Bnidéz A 2008PbxyliP e FY I (2 Wirh Efy RIRN)-CHDx tféﬁ)lhydro-
and 4-cyano- I-(2-tr|nethyIS|Ian | 56 W% 2007/ 12
e8P0 # el l-cyclohex-1-enyl) phenyl]—amtde trtﬂuoroacettc acid salt
et hoxynet hyl ) - 1H i m dazol e- 2- car boxyl at e pot assi um
2.30 nmol) (prepared in this exanple,
step (d)) (12 gl) was added DI PEA (0.800 niL,
4. 60 mol )

P (1.29 g, 2.76 mmol ) and the
m xfeg e al |

r at RT for 10 h. The m xture

To a suspension of 5-cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-
cyclohex-1-enyl)-4-(4-hydroxy-tetrahydro-pyran-4-yl)-phenyl]-amide (48.0 mg, 0.114
mmol)(prepared in Example 1, step (h)) in 1 mL of DCM was added 2-dimethylamino-
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, CD;OD): § 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, / = 2.2 Hz, 1H), 5.67 (m,
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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was diluted with DCM (50 nL) and washed w th NaHCO3 (2
x 50 nm.) and the organic 5 layer dried over Na2SO4 and
w@orcamsiat ed. The title conmpound was el uted fPCHUS2007/066868
20-g SPE with 1:1 DCM hexanes to give 1.04 g (86% of
the title conpound as a white solid. Mass spectrum
(ESI, mz): Calcd. for C25H33Br NMAQ2Si, 529.1 (MH)
found 529.1. g) 4-Cyano-1H i m dazol e-2-carboxylic acid
6HA- 15 lofrpF 2-6(4H4-2H kb ys, 661 c Mdse xpdctranymiES], i@): Calcd. for
NH Br To a solution of
F@Xﬁﬁdﬁ ggg(ngFLﬁﬁe'l\%HV;\%% %nyl et hoxynet hyl )-1H i m dazo
| e-2- carboxylic acid
[ 4- br ono- 2- (4, 4-di net hyl - cycl ohex-1-enyl)-phenyl]-anmd
Egasipleds g, 1.80 nnDI) (prepared in the previ ous step)

AP R P G DV sl G epay-RheT-ony)-

e Ba o SPREEDLY deaQeidriturated with Et20 to
pgﬂégpk.6gﬁg.?g5 ylﬁ&ﬁﬁhlte solid: "H NWR (400 MHz,

CDC13): 6 1 23(brs 1H, 9.52 (br s, 1H, 8 27

(d, J =8 72 (s, 1 H, 7.41 (dd, J =
2.3, 8.7 J = 2.3Hz, 1H), 5.82 (m
1H) FDHN \10 (n1 2H), 1.58 (m 2H), 1.08
(s %ﬁﬁs m(ESI, mz): Calcd. for

: 399 , 20 found 399.0. h)

HB- Ora i da2ol e- 2- carboxyllc aci d
[2-(4,@-d et hyl -cycl ohex-I-enyl)-4-(4-

hydr ox 5 et rahydro pyran-4 yl) phenyl)-am de To a

suspensi'on of 4-cyano-1H i m dazol e-2-carboxylic acid

[ 4- bTe MU%}eﬁﬂoﬂr oR5-cyano-1H-imidazole-2-carboxylic acid [2-(4,4- dlrnethyl-

di met h cl ohex- I -enyl)-phenyl]-am de (0.550

cyghehex- %EﬁYé}\;/iéK‘é@YﬂWXYﬁ@f@B’éﬂﬂ -BE-4stlephenyH-appd ‘?’r{f%ﬂ—EgaQ 114
r
o R LSS R P BB TRh l Dsco
((BI]SrnnEd2 F®mnidl),MEA (0I086 =b| 011464)mmm; ahlhére mﬁﬁr\i‘@as stirred for 8 h
007/124319 PCT/ US2007/ 066 dt 78 C a

o B E 1 Y, CORCRARGIR (he o] 3N il Gaagpound was
cREAGEhHL ABW SEE cQYURh v&itHTSO'% @?QAtchl%Qanes The resulting ester was

tetrahydro-pyran-4-one (0. 7.05 nmol ) wasS added
dissolved in 1 mL of MeOH, 2N KOH (O 30 rnL 0.60 mmol) was added and the mixture
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% CH3CN in 0.1% TFA/H,O over 12 min to give 13
mg (30%) of a white solid. "H-NMR (400 MHz, CD;OD): § 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 (m, 4H),
1.60 (t,J = 6.3 Hz, 2H), 1.11 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for C,6H30N4Os,
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-
methoxy-ethylamino)-tetrahydro-pyran-4-yl]-phenyl}-amide
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I medi ately thereafter. After 5 mn at -78 C the
reacti on was quenched with satd NH4C1 (20 nlL) and

wezirazeed with EtOAc (3 x 20 nlL) and dried ovRET/US2007/066868
Na2SO4. The title 5 conpound was purified by flash
chromat ography (Si gel) eluting with 50% Et OAc/ DCM to
give 0.460 g (79% of a white solid. 'H NVR (400 MHz,
DMSO-d6): 6 14.28 (s, 1H, 9.77 (s, | H), 8.21 (s, |
H, 7.98 (d 85 Hz, | H, 7.38 (dd, J 8.5, 2.2
Hz, | H), :22HzIH),567(mIH)
5.03 (s, | 383366(m4|—|) 2.31-2.22 (m 2H),
2. 04- 192m+4H)" Ls 1.46 (m 4H), 1.01 (s, 6H).

Mass spect cal cd. for 10 C24H28N403,
421. 2 ou d Exanpl e 2

\%@an'ﬂ dafol e- 2 car boxylic acid

[4-]4- di met hyl am no- et hoxy) -tetrahydro- pyran-4

4- di met hyl - cycl ohex-1-enyl) phenyl)-am de
trifluordacetic acid salt CN\ HHN- TFA\ N-N | O
15 Orda sﬁs@hﬁpﬁ 08 #-@faf-1H-imidazole-2- carboxyhc acid [2-(4,4-dimethyl-

yano- 1H i m dazol e- 2- carboxylic¢c ac
cxoiol{eg; he@ilhét(ﬁwyydroxy -tetrahydro-pyran-4-yl)- phenyl] amide (as prepared in

Heé& e 9@”{ gl %1’262@%%% mgﬂ?‘%rég%w%e’é Wads WdeaBocl,

(E@ﬂbj ®360 mafodpur(dey Ari After stirring aMfovelsh, atindﬁﬁlxture was cooled to 0
2-di net hyl am no 20 et hanol (0.114 ni, 1.14 mmol), TFA
C( oTa #e redction wey thaspidyled Zmepthgxectiiylemipe(19datled 20gnsol) agd the

resfl)ltln% h)éituIehveva r%tf% L(Jiba? O%%(ﬁ%@c ¢t rrn%gtteir% veansdd[l ul"[]eed vtvlth FR)AC (30 mL)

uri

aivd iiv%had |W1ﬂ!1€IéHO o ;ado &f1t) a@fl bade Gﬂ%nEb'B @l¥keir ﬂrﬁmgl%eTIN%SGQand
over 12 mn to glve 14 mg (20%, of a white solid.
conqeAting40 taguaz theaendys) wasshwified by gilica gel chgowatqgraphy (-4 %

MZ?*’” ?@'{%&’ %‘1 ﬁlf%ﬁbe(cggmg]; g $n3% %glgﬁf fs g%vh'é‘i)e ggﬂ% 20 NMR

(MBICD.GIB0PE1L80¢ MHAH) § X (511, 8K)12)27 262120, 130 (dd, 11, -
22&, 2.12-1. 94éém_ 58 WO 2007/ 1

86c3AIER0079 (64868 = BHz). £. By, tlH)J3 94 6m32H: 3.69m, 2H)gp41 (1,

20487 =G H-)VBSS (SPRP! 5 4R L BRI 5 =19 Ziy), $¥sGth, 2?1‘3!2.0%2.20 (m, 4H),

1.88 (m, 2H), 1.59 (t, 2H, J = 6.3 Hz), 1.10 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for
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/z):
2-carboxylic acid [4-(4- ’ CN | Calcd. for
amino-tetrahydro-pyran- H HN\ Y | CasHyoN;0,,
4-yl)-2-(4,4-dimethyl- H,N O o) " 418.2 (M-H),
cyclohex-1-enyl)- found 417.9.
phenyl]-amide ©
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C28H37N503, 492.3 (M+H), found 492.0. Exanple 3 5
{4-[4-[(5-Cyano-1H i m dazol e- 2- car bonyl ) -am noJ- 3- (4, 4

WO iora243yd - cycl ohex- | -enyl ) - phenyl J-t et r ahydr BCPYR2007/d66868
yl oxy]-acetic acid CN HHN ONIrt- N HO-OO O To a
suspensi on of 5-cyano-1H i m dazol e-2-carboxylic acid
[ 2- (4, 4-di met hyl -
cycl ohex-I-enyl)-4-(4-hydroxy-tetrahydro-pyran-4-yl)-p

henyk] - am d6-(‘5#48714311‘-1!51mz@azbledr 10 mmol )|(prepared | MPCI, m/z):

Exanpl e 1, ep.(h)) in af DCM v added L hyl

ol yool at e’ ((0-swyomlic asiB-Girb ) on?qwm\ém Chlgd, for

nmol ), and |t stlr for| 8 aty R,

Tt U e vag LaeliElHIeAeE BLTE eiVof | CRBINO:

title conpquamgt)wael-melpitodio- 4—r om N PE° col un484.3 fM-H),
er was diss%) g 28.4.

0060 Mol ) was &

50% Et CAc/ hexanes. The resul t| ng

in 1 nL of |NESEFDEREPT-30 |ni,

and the m Xt)yg hg,%l]s,;,h,rd@ed for 8 h at RT. The title
conpound S purified by RP-HRLC on a C18 col um

el ut7ng wit rﬁ-é’y&nméﬁrmgdmﬂeent % CH3CN i h(APQlen/z):

TFA/ H20 over, 12 .,mi .to. ive 13
solid. "H MI\‘/’R“("& mgéﬁ :
1H), 7.85 ((&Emethy¥dminé- 60 (S |
2.2 Hz, | H 58 J

H, 4.03-3. tgﬁalewo-zyvan-%yéaz- . 80
4H), 20 1. 6 (bua6 s,

2H), 2.35-2. 2, 13- 2.
JH): 6.3 Hz, é%&’mft@iqd"h%ﬁ—l) pectrum (EY,

S
mz): Calcd.I- bryl)-pRENENGR, |477.2 (MH), found
477 2 Exan i o- rhny\/l

. Of el 8 Q%ﬁé for
7 37H("€i| /i] ‘C%}ﬁaNsoz,
H) 0 3. 72 446.3 (M-H),

aci d8{ 2- (4,4 @mﬁ_ riné%éoémex-l “enyl ) La-[4- (21 zéAPCI, m/z):
th -eth & - IJ C
pheny! 1 - ani B i’%%ﬁ%slgpégpuw/mlq pCaled. for

HN dimethyl-cyclohex-1- N N SN | C2oHiasN6Oo,

enyl)-4-[4-(4-methyl- O To(l\ 501.3 (M-H),
piperazin-1-yl)- 0 found 501.4.
tetrahydro-pyran-4-yl|-
phenyl}-amide

9 5-Cyano-1H-imidazole- (APCI, m/z):
2-carboxylic acid [2-(4,4- ’ - /\gCN Calcd. for
dimethyl-cyclohex-1- HN NN | CasHasN6Oo,
enyl)-4-(4-piperazin-1-yl- /R O jo(k 487.3 (M-H),
tetrahydro-pyran-4-yl)- 0 found 487.4.

phenyl]-amide

Example 10
(4-{4-[4-[(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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N NCN HN/ 00 To a suspension of 4-cyano- |
H i m dazol e- 2-carboxylic acid [2-(4, 4-di net hyl -

W@ yootsxs | - enyl ) - 4- (4- hydr oxy-tetrahydr o- pyr aPcBHU§10p7/f66868
henyl]-am de (as prepared in Exanple 1, step (h),
50.0 nmg, 0.120 mmol ) in 1.5 nL of DCM at 0 C was added
SOC12 5 (26.0 L, 0.360 mmol) under Ar. After stirring
at RT for 2 h, the m xture was cooled to O V. To the
reacti on was |then added 2-nethoxyethyl am ne (104 L,

Ormol) the resulting mxture was stirred at O
D 2 h. m xtur@Nwas diluted with EtQAc (30 nl)
andﬁlashed di2ONEZ X 10 nb) and brine (10 ni).
Af t ngloveN and concentrating in vacuo,

TEAe fesi)d piiri fNed by silica gel chronatography

(1-4 N RO DCK) to afford the title conmpound (36.8
ng, 65 3s a white solid. "HNVMR (1:5 CD3OD CDCL13;

400 MHz); 6 8.31 (d, 1H, J = 8.6 Hz), 7.70 (s, 1H),

7.30 (dd,O1H, J = 8.6, 2.3 Hz), 7.20 (d, 1 H J =2.3
|(_ItZ) Tg Zluﬁgh of 54 %n@lﬁ‘knﬁ&gzol%@-cargogglc(amd [%"024’4 c’l;mfghyl-

cﬁ:lqhebdzl)-q:nﬂ) Q—$4-(p[peremﬂl) 1- yz teﬂﬁ&hgd@epy(rm 441Il-))-phenyl]81811(1¢ﬂr1ﬂuoroacetlc

a%é%l{ ﬂzﬁrﬂl% (éé?%z fﬁ@ <p@£r1f@8 in #B? pl%@ %ﬁ?ﬁ@%@gﬁ Prsmy) was

addMd W EL, (RO 76.13 miEgamd @tﬁyﬁoramwe@at@ ((eoxamefﬂL 0.040 mmol) and
according to t he procedure in Exanpl e 4 Exanpl e Nane

tl@tmla@tr@ ste“rwags 10 gpeRily (e BixBreyaneoncknirgpdaxbthe residue dissolved

ikeis oéﬁ_le% I aﬁ@% g(%/dr)%lnf_%il 2@{1@% RED Qgﬁeld 4’/111(1 tlfleo rrnlxture stirred

c)t|3)h -8, ‘ﬂhedinﬁmtlﬂ&wlas diiRNdOv il 8 nd. §NH I, the pH adjusted to 2, and the
cycl ohex-| - enyl )b found 417.9. 0 phenyl)-am de
titlé compound purified by RP-HPLC on a C18 column eluting with a hnear gradient of
20-50% CH;CN in 0.1% TFA/H,O0 over 10 min to give 22 mg (91%) of a white solid. 'H-
NMR (400 MHz, CD;OD): 6 8.41 (d, J = 8.6 Hz, 1H), 8.01 (s, 1H), 7.44 (dd, J = 8.6, 2.2
Hz, 1H), 7.31 (d, J = 2.2 Hz, 1H), 5.81 (m, 1H), 4.00-3.92 (m, 2H), 3.70 (s, 2H), 3.42-3.34
(m, 2H), 3.26-2.86 (m, 8H), 2.70-2.58 (m, 2H), 2.38-2.29 (m, 2H), 2.23-2.05 (m, 4H), 1.60
(t,J = 6.3 Hz, 2H), 1.10 (s, 6H). Mass spectrum (APCI, m/z): Calcd. for C30H3sNgOa4,

545.3 (M-H), found 545.3.
Example 11

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(4-
hydroxy-tetrahydro-thiopyran-4-yl)-phenyl]-amide
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60 WD 2007/ 124319 PCT/ US2007/ 066868 6
5- Cyano- 1Him dazole- (APCl, mz): 2-carboxylic acid

WQ 2007424819 CN Cal cd. for H HN di net hyl - cycl oheReT/USDOM66868

N C28H35N5035 enyl)-4-(4-norpholin-4- N 488.3 (MH),

yl -tetrahydro-pyran-4- 0 found 488.4. yl)

phenyl J-am de 7 5-Cyano-1H i m dazole- (APCI, nilz):

2-carboxylic acid [4-(4- CN Calcd. for H HN

di metNyl ami no- N N C26H33N5025 tetrahydro pyran-4

N O 446.3 (MH), (4, 4-dinmethyl-cycl ohex-

46.5. 1-enyl) phenylJ-am de 0 8

H- i d®szol e- (APCI, mlz): 2-carboxylic acid
€d. for dinethyl-cyclohex-I- SON N

8N6025 enyl)-4-[4-(4-methyl- N 501.3 (MH),

azin-1:yl)- o found 501.4. tetrahydro pyran-4

bhenyl }-am de 9 5-Cyano-1Hi m dazol e- (APCI,

g)- 2-carboxylic acid [2-(4,4- HHN CN Calcd. for

di met hyl - cycl ohex-1- HON N O N C28H36N6025 enyl)-4-(4

pi perazin-1 yl- 487.3 (MH), tetrahydro pyran-4 yl)-

of Olllg% sf)‘rl%Zi'oIAf of 4-%92?1?3“1I‘;l:iglri‘r(]iaggle-}carboxyIiC acid [4-bromo-2-(4,4-

dimethyl-cyclohex-1-enyl)-phenyl]-amide (as prepared in Example 1, step (g), 120 mg,
0.300 mmol) in 4 mL of THF at —78 "C under Ar was added isopropylmagnesium chloride
(165 uL, 0.331 mmol, 2.0 M in THF). The resulting mixture was warmed to RT and
stirred for 5 min, cooled to —78 °C again. To the mixture was added tert-butyllithium (530
uL, 0.902 mmol, 1.7 M in pentane) and the resulting mixture was stirred at — 78 °C for 10
min. A solution of tetrahydro-thiopyran-4-one (175 mg, 1.50 mmol) in 1 mL of THF was
then added, and the reaction was warmed to RT and stirred for 0.5 h under Ar. The
mixture was treated with 2 mL of saturated NH4Cl followed by 20 mL of EtOAc, washed
with brine (10 mL) and dried (Na;SO4). 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):

5 12.62 (s, 1H), 9.72 (s, 1H), 8.32 (d, 1H, J = 8.6 Hz), 7.74 (d, 1H, J =2.3 Hz), 7.42 (dd,
1H,J=28.6,2.3 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): Calcd. for C,4HsN4O,S, 437.2
(M+H), found 437.2.

Example 12

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(4-
hydroxy-1,1-dioxo-hexahydro-1 /16-thiopyran-4—yl)-phenyl]—amide
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Exanple 10 (4-{4-[4-[(5-Cyano-1
H i m dazol e- 2- carbonyl ) -am no) - 3- (4, 4-di nethyl -cycl oh
we@oor/1243my| ) - phenyl J-tetrahydro pyran-4 yl} PCT/US2007/066868
pi perazin-1 yl)-acetic acid trifluoroacetic acid salt
61 WD 2007/ 124319 PCT/ US2007/066868 HO O CN H HN N N
TFA'N ON- O O To a solution of
5-cyano- 1H i m dazol e- 2- carboxylic acid
di met hyl -
-1 -enyl)-4-(4-pi perazin-1-yl-tetrahydro-pyran-
penyl ] -am de trifluoroacetic acid salt (22 ng,
"1"}5 aredln Exanple 1, step (h)) in DCM
NEt3 (0.015 ni, 0.11 mmol) and
0 cetate (0.0044 m., 0.040 mmol) and the
g stitred for 10 h at RT. The m xture was
doncentrated and the residue dissolved in 1 nL of
FQOH and 7N KOH (0.031 i, 0.22 mmol) was added and
tdtegn xture stirred for 3 h at RT. The m xture was
diluted with 5 nL of H20, the pH adjusted to 2, and
the title conpound purified by RP- HPLC on a C 18
CO' UKD o ﬁogltu?g t 4 d) %llglﬁ(?afggﬁ?ﬁarﬁgxyé i agl ?o?uﬁ)iol/éenyl -4-(2-
hyﬁroﬂy \M’Hytiﬁ)x%ﬁieﬂ@l e’[hlyﬂ) VIR 1]-480d Mg pze@%@ﬂé‘r a ﬂheeEﬁnﬂ)le (d,45.0 mg,
0 210@ rnrtp.&l) in 2 }xBL ol_‘rbﬁ QPC(M/I(%dlgxglhc%at 18 C \{(ugs adgega splyfion of MCPBA

Sy P36 ALy 0N B8 Sy AT

st{miad 2HJ§ *Q 2 3-Rutfer A Adidy waim®@ to 0'C, the Fedstidn Was tr24tyd with 2
10 (s, Mass spect

(AP : I
H@&r@sﬁ@@&%ﬂ%z@wowwoﬂ IRy B0 O et E@faﬁﬂs@qﬁous solution

I r
affts %ﬁ%@%d wrye%wf%zégyf (grﬁlez- l??éé ﬁé})/ﬂl&n@& ?%amc layers were dried (Na;SO4)

artqlcblmm}ﬂ%tt@t inafaywly. oFltchicsigye was guryfidd phidash|chrammitolgra@y on silica gel
with 1-2 % MeOH/DCM to afford 28 mg (58 %) of the title compound as a white solid:

'H-NMR (CD,0D; 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 C,4HsN4,04S, 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-
dimethyl-cyclohex-1-enyl)-phenyl]-amide acetic acid salt
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62 WD 2007/ 124319 PCT/ US2007/066868 \ HNH \ NN CN
HO/ O S To a solution of 4-cyano- |

woRGm1s10l e- 2- car boxyl i ¢ aci d [ 4-brono- 2- (4, 4PCT/US2007/066868

di met hyl - cycl ohex- | -enyl ) -phenyl]-am de (as prepared
in Exanple 1, step (g), 120 ng, 5 0.300 nmmol ) in 4 nL
of THE at -78 C under Ar was added i sopropyl magnesi um
chloride (165 L, 0.331 mmol, 2.0 Min THF). The
resulting M xture was warnmed to RT and stirred for 5
m n, coole 0 -78 C again. To the m xture was added

tert-butyl hi um (530 L, 0.902 mmol, 1.7 Min
pentane) ang the H [ting m xture was stirred at - 78
Cfor 10 php, NA ?}u@'ﬁ of

t et rahydr | opyran-4-one (175 ng, 1.50 nmmol) in 1 nL
HEPC THEN then added, and the reaction was warned

to RT @gndystirred for 0.5 h under Ar. The nixture was

d wth 2 nL of saturated NH4CLl fol |l owed by 20 nL

of EtAQ washed with brine (10 nL) and dried

(Na2SO4YA¢ Renpval of the sol vent under reduced

pressure followed by flash chromatography of the

residue on silica gel (1-2 % MO/ DCM gave 85.0 ngy

al 65 Cyahoilkbimidutde-Campbonytic asidd4-iviaceybdlatido-pipdridiiR4-yl)-2-

13: 400 1 12, 62 (s, | , 9.72 (s, | ,
(%%m(téﬂ-ﬁvcﬂ%?’zﬁ—)kf@za’%yl!-aﬁ% (d,H? H o J R 2.3 é?,

7.42\(gd, 1H, J =8.6, 2.3 Hz), 7.33 (d, 1H, J = 2.3
Hz), 578 (m 1H), 3.12-3.33 (br s, 2H), 2.46-2.54

(m 2.26-2.33 (m 2H), 2.16-2.22 (m 2H),
2.00713 (pn4H), 1.79 (s, 1H), 1.59 (t, 2H, J = 6.3
Hz) , .1(ﬂ(s\6 CNMass spectrum (ESI, nfz): Calcd.

f or @r 028, 437.2 (M+H), found 437.2. 20 Exanple
N3, OranoOlH- i m dazol e- 2-carboxylic acid

nydroxy- 1, 1- di oxo- hexahydr o- 126-t hi opyran-4 yl)
phenyl | - ami de
Ac

To a mixture of 4-cyano-1H-imidazole-2-carboxylic acid [4-(1-acetyl-4-hydroxy-
piperidin-4-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide (as prepared in Example
35, 40.0 mg, 0.0867 mmol) and NaN; (56.3 mg, 0.0867 mmol) in 2 mL of DCM at 0 °C
under Ar was added TFA (100 puL, 1.30 mmol). The resulting mixture was stirred at 0 °C
for 0.5 h, at RT for 2 d under Ar. Treated with 20 mL of EtOAc, the mixture was washed
with saturated NaHCO; aqueous solution (10 mL), brine (5 mL) and dried (Na;SOy).
Removal of the solvent under reduced pressure followed by flash chromatography of the
residue on silica gel (1-3 % MeOH/DCM) gave 40.0 mg (95 %) of the title compound as a
white solid. Mass spectrum (ESI, m/z): Calcd. for C,6H3NsO,, 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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63 WO 2007/124319 PCT/ US2007/ 066868 H HN~> N ~\N CN
HO/ 0 OSO To a solution of 4-cyano- |
WoRGomM12k310| e- 2- car boxyl i ¢ acid [ 2-cycl ohex- | - ePgl/U82002066868
hydr oxy- 1 - hydr oxymnet hyl - et hyl ) - phenyl ] -am de (as
prepared in the Exanple 11, 45.0 ng, 5 0.103 mml) in
2 nL of 3:1 DCM 1, 4-di oxane at - 78 C was added a
solution of MCPBA (57.0 ng, 0.165 mml) in 2 nL of
3:1 DCM 1, 4- d| oxane. The resultlng mxture was
stlrred at for der rmn

c, the asRET 8% Wy f%a Z%Ft%cazbo icgpd1- g %%Itzls%@ldo-
pPEIHERAUSySOL (Ht4 @it 1)1 QU HeRY -2 pﬁgnﬁgﬁﬁld@@i&gg@pmed in the

gueous soI ution and’extracted W tH
pmﬁous Fiep, Holrbign@ 0822 gamil carldearer ©4veme, (ﬁBIkmn(dk}aqu@mL of THF

10 Th d ifi
gy o o R Gt T PO Qg BT LT Bt 168 under
AVEOHE GXPM £ @ﬁfo@é&ibﬁ ﬁltfwloﬁ 28 CQitodndtthe ﬁttfatté @za@@&ﬁa@mﬁed in

as a white solid: 1 MR (CD30D;, 400 MHz): 6 8.26 (d,
vao. Jhe r@idgichyas, pumﬁs@ by glash ¢hromatogrphy@n siliga ggl @0 %8. 6.

I\%C@ﬂ/ﬁﬁl\g) e %\]7'6 ?mglféb"z/)%sﬁ&?%a% gg%doélgd Z? r%tﬁ;s ol"'ﬁz’ lgb-NMR

((Clbng 24@0 MHi) 3848 43 (cB 191, Iﬁ&%s 6 I%Iz?.9/ s(m 121)07 52(&%3 1Hmr 8 6,2.3 Hz),
7(49 (s éﬂ); R/éé@ Héhét% é@imhﬁﬂ? (ncch),oB 44 Gn. 2H) 2. 32 (m, 2H),

RS, TRy S 8 1

Mads {pecac@t(ERI-Ae@ /iR @ilpd rfbldC{gHézNgb)z £59(HM-H)2@und 459.5.
di met hyl - cycl ohex- | -enyl) phenyl)-am de acetic acid
salt 64 WD 2007/124319 PCT/ US2007/066868 H HN CN N N

ENfiEN O

4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-hydroxy-tetrahydro-
thiopyran-4-yl)-phenyl]-amide

H

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

O NH,
Br
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N Ac a) 4-Cyano-1H-i m dazol e-2-carboxylic acid
[4-(1-acetyl-4-azido piperidin-4 yl)-2-

W@ 2004A23met hyl - cycl ohex-1 -enyl) phenyl)-am de PCT/NS14b7/066868

~CN N3ON 5 Ac To a mxture of 4-cyano- |

H i m dazol e- 2-carboxylic acid [4-(1-acetyl-4-hydroxy-

pi peridin-4-yl)-2-(4, 4-di net hyl -cycl ohex-1-enyl) - pheny
|]-am de (as prepared in Exanple 35, 40.0 ng, 0.0867

mol Toamaixad3f 4-bfordo-2god & phdgTanim®(2.00 g, &7 Iunafl), D@yclohex-1-

0 10 d dd TE 10 1..30 [).
oA S UPEGH od Bronaeoraient |60 & 0.0l o YyneP G PR ): (388 me,
0 @'36 Bindi9in £ Srwrdes. df%&aneTV(J%aécﬁgd wiotin Q\I 015{199%2'6.8 mL, 53.7

the mxture was washed wth saturate aqueous
mewdlut Afer tibdngrdt)80 “Orfioné h(udded Ar, allrajredcrtumdw(SN@Q@dm) RT. The

MR B ek Bt SohgOBRCE RGeS TR B Lo o
m(Li} 3113/‘2)4;@%’15%@% A aYied fa,80Pad Eon¥nt@ted i€ atid |The residue was

ound as a white solid. Mass )oectrum (ESI

pmfie)d byddasb ¢ hranaato T2 RONS e gez18170 20 pakrQAc/houne) to give 1.47 g (87
a
Ai} lhe tltP qto p%ﬁ@ %s %‘ gléllglr%gvrvﬁ ]\ﬁasg ?é&g{(&{l ('E%I %ﬁ)zsi Calcd. for
C(A—I ﬂBrN EBQ b)(l\/fﬂﬂl)pfdmhegst()enyl ) phen |)-am de acetic
acid salt 65 WO 2007/ 124319 PCT/ US2007/ 066868 To a
m xture of 4-cyano- H i mi dazol e- 2-carboxylic acid

b}pf"pé%lcgﬁﬁb-y §/24t{ﬁ;§ét/g)2s15fmgl-eth0ﬁ§rfwth¥ }%tmtdflzole-Z-c)arb()ﬁcghc acid (4-
bldmmlicgidohas 1enelgaliengt)iamidbe previ ous step, 40.0 ng,

0.0822 nmmol) and zinc (54.0 ng, 0.822 nmol) in 1.6 nL
F 5 was added acetic acid (0.40 nmL). The

resylti AgM ure was stirred at RT for 16 h under Ar.
The sollﬁﬁéw ed by filtration on Celite and the

NConcehtrated in

To a mixture of 4-bromo-2-cyclohex-1-enyl-phenylamine (as prepared in the
previous step, 1.23 g, 4.88 mmol), potassium 4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazole-2-carboxylate (as prepared in Example 1, step (d), 1.49 g,
4.88 mmol) and bromotripyrrolidinophosphonium hexafluorophosphate (PyBroP) (2.27 g,
4.88 mmol) in 25 mL of DMF was added N,N-diisopropylethylamine (DIEA) (2.55 mL,
14.6 mmol). After stirring at RT for 16 h, the mixture was treated with 100 mL of EtOAc
and washed with H,O (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): 6 9.70 (s, 1H), 8.26 (d, 1H, J = 8.6 Hz), 7.78 (s, 1H), 7.36 (dd,
1H, J=28.6,2.3 Hz), 7.31 (d, 1H, J = 2.3 Hz), 5.94 (s, 2H), 5.86 (m, 1H), 3.66 (t, 2H, J =
8.3 Hz), 2.19-2.33 (m, 4H), 1.75-1.88 (m, 4H), 0.97 (t, 2H, J = 8.3 Hz), 0.00 (s, 9H).
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vacuo. The residue was purified by flash
chromat ography on silica gel (10 % MOH/ DCM to give
WA 0024380 %9 of the title conmpound as a whit ePGDUBINNT/066868
"H-NVR (CD30D; 400 MHz): 6 8.33 (d, 1H, J = 8.6 Hz),
7.91(s, 1H), 7.52 (dd, 1H, J =8.6, 2.3 Hz), 10 7.40
(s, 1H, 5.77 (m 1H), 3.76-3.98 (m 2H), 3.42 (m
2H), 2.46 (m 2H), 2.32 (m 2H), 2.13 (s, 3H), 2.07
cm 2Hyand-I18BididdZolé-BrcaZbi)xylit ad ({-Drombi2-cytlobdx{Iteny2plhenyl)-
J.= 6.1 Hz). Mass spectrum (ESI-neg, mz): Calcd. for
aBHH32NG02, 459. 3 (MH, found 459.5. Exanple 14 15
4- Cyano- 1Hi m dazol e- 2- car boxyl i ¢ aci d
[ 2-cycl ohex- 1 -enyl - 4- (4-hydr oxy-tetrahydro-
pyran-4 yl) phenyl]-amde H73N\ NCN HO O S 20 a)
2-cycl ohex-1-enyl phenylamne X NH2 Br 66 WO
200 12|431'§N / US2007/ 066868 To a m xture of
QDN 2- “phenyl anine (2.00 g, 6.71 nmml ),
ohex- |
, 4,3, 5- tetramethyl -[ 1, 3, 2] di oxaborol ane (1.40 g,
6 71 mml) and Pd(PPh3)4 (388 ng, 0.336 mmol) in 40
nmL of 1, 4-di oxane was added 2.0 M aqg Na2CO3 sol ution

26.
l(m d e%0 E:S Olu?é %r ea |%}1 (\é/\\/aé&%to nghEd[wl %gflﬂ%m‘&rﬁ‘éf SSﬁQ 1mfd& ?Oele'z'
caaﬁsxﬁlfc@atda(dbbmmb -Et foRshek ]lO&lymp)lenyl\ﬁahﬁké (304 pthpd'r%dtﬁe prewous
and. brine r gani c

SeRe2 BB Shamab e RCEROM (GHAe) WHIR 0 g B AbEiOT
ﬁm&%’t %Rg% @M]Lfdm CRHQM%%M? i E‘ Ithé %&tﬁl%lwa{s]t%a?eg with 20

% /'hexane) to give 1
pm@alaﬂ aad ba)tgjentrhed)m’wanud) Th@&sldﬂpw‘s tritoratddShith DCM to

af&d@rﬁgﬁ mg &% %S f the it gt%r%%cr)lll\llld 3.2558.2Wh1te( sMile ’leI\(I)M[&d(D%\%g() de; 400

I t I h d 7
LY UL e v ) 52 o,
7 pBedylE), Jand. GéizS,B\/BO (m, lH) 2.12-2.25 (m, 4H), 1.61-1.77 (m, 4H). Mass

spectrum (ESI, m/z): Calcd. for C;7H;sBrN4O, 371.0 (M+H), found 371.0.

d) 4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-hydroxy-
tetrahydro-thiopyran-4-yl)-phenyl[-amide

The title compound was prepared by the procedure of Example 11 using 4-cyano-
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 % MeOH/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 = 2.5 Hz), 7.42 (dd, 1H, J = 8.6, 2.3 Hz), 7.33
(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, SH). Mass spectrum (ESI, m/z):
Calcd. for C;,H24N40;8S, 409.2 (M+H), found 409.1.
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HN NN Br 0 15 To a m xture of
4- br onp- 2- cycl ohex- I -enyl - phenyl am ne (as prepared in

W@ b@7/1p3evi ous step, 1.23 g, 4.88 mol), pot asRECTOB2007/066868

4-cyano-|-(2-trimethylsilanyl- ethoxynethyl)-

1H i m dazol e- 2-carboxyl ate (as prepared in Exanple 1,
step (d), 1.49 g, 4.88 mmol) and

bronotri pyrrolidi nophosphoni um hexaf | uor ophosphat e
Eklogplea) (2.27 g, 4.88 nmmol) in 25 nL of DVF was
435 an0- M- it A2 QPYOSTB LR RPClo R E=Pen (R4-5Bhpdrox@, 1-dioxo-
14.6 mmol ). After stirring at RT for 16 h, the mxture
hawadrydvos bh edionyran-400-nhensl-amidnc  and washed with H0
(2 x 30 mL), brine (30 nm.) and dried (Na2SO4). The
organi ¢ solvent was evaporated and the residue was

i fred by flash chromat ography on silica gel (5-10
hexane) to give 2.21 g (90 % of the title
d gs HN |te solid. "H NWMR (CDC13; 400 MHz): 6
dH) 1H, J = 8.6 Hz), 7.78 (s, 1H),
[ Zﬁj\ :8.6, 2.3 Hz), 7.31 (d, | H J =
5.04 (s 2H), 5.86 (m | H), 3.66 (t, 2H J =
2. 19 2.33 (m 4H), 1.75-1.88 (m 4H), 0.97
( PH, J = 8.3 Hz), 0.00 (s, 9H). 67 WD 2007/124319
PG‘-W USZOO?/ 066868 c)
ano- 1H i m dazol e- 2- carboxylic acid

(4-br ono- 2- cycl ohex-1-enyl phenyl)- amde HHN-~ N\
CN Br O5 To a solution of ,
4- cyaih@tltle pempeungerdsyiranarethiy thepresggurstohErkympla- [2nistgzbeyano-

1’(] inﬁdaz%% 833‘}61)%}%}? qd[2 cr}lc ohe% ;-fl-éérlﬁhgéiro(xgétetéarhggléor-tehappyran-4-

yl)phting]-pmeiei (@:uprep&b&m Eianzlﬂe a4, Qelﬁ@l),m gl O 14'Dnﬁﬁhol))f Silica gel
DCM (G—QClZiikvvas added 0,30 nL of EtOH follo

chyomatagraphy tHR40 & EEQAGDGM) #forded the tlfﬂ@rcoglpﬁunct @é i the, 40 %) as a

: ; or

W%%%@%fr gfﬁgﬁﬁ ﬁébg(gla ddlh?w/'%&l) esli g% (?V\l/akgjt rélj ur zt é%gq(}d Iﬁ)’ 740

(dACWHL 9= sed, Ry Hz)853 1178, (199 20.3aH2)f 5184 (1nf 118), s@TREUNH, s 13.4, 3.0
a white solid. 'H NVR (DMSO-d6; 400

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

C24H28N404S, 469.2 (M+H), found 469.1.

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

‘ HN
H \
CN
Nm/k\N
MeO,C o)

C

@)
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MHz): 6 9.80 (s, 1H), 8.30 (s, 1H), 7.94 (d, 1H J =
8.6 Hz), 7.50 (dd, 1H, J = 8.6, 2.3 Hz), 7.39 (d, 1H,

wWQ@20872281Hz), 5.80 (m 1H), 2.12-2.25 (m 4H),PCT/US2007/066868

1.61-1.77 (m 4H). Mass spectrum (ESI, nmz): Calcd.
for C17H15Br NdO, 371.0 (M+H), found 371.0. 15 d)

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

[ 2- cycl ohex-1-enyl - 4- (4- hydr oxy-

tetrahydro-thi opyran-4 yl) phenyl]-am de The title

conmpaound _was prepared by the procedure of Ex le 11
Ysi nﬁ(g-!\?graw&en "’F‘?%W‘?’%‘@é{’%’r‘é‘-’ Zeﬁwsmﬁ kst
(4- br ono- 2- cycl ohex- | - enyl - phenyl ) -am de (as prepared
in the previous step, 120 ng, 0.323 mmol) and
NPopyran- 4-one (188 ng, 1.62 mmol).
chr omat ography (1-3 % MeOH DCM af f or ded
¢ conmpound (82.3 ng, 62 % as a white solid.
"H NVR|(CDC13; 400 MHz): 6 12.56 (s, 1H), 9.66 (s, |
29 (d, | H J =8.6 H), 7.74 (d, | H J = 2.5
Hz), 7.42 (dd, | H J =8.6, 2.3 Hz), 7.33 25 (d, 1H
J =2.3 H), 5.86 (m 1H), 3.22 (m 2H), 2.46-2.54 (m

(" 5oy S0lufios ¢ s dlopegiont G T, Btram8eD 1) n 40 mL
ofSBHE Gt — 78 rC G2 Hddddkithy ¢4 By rman (M oxylio utid r&@RyllestcbB .88 g, 20.0

WD 2007/ 124319 PCT/ US2007/ 066868 Exanple 15
mmaty,dieowis (The aespBing-mixgue pex yiiired #ci7d "C for 15 min, warmed to RT.

-l -enyl - 4-( 4 r - ' - ,
RIS RN 8 rn S e e Fagrction
whk Ed1E00 BS Gaglid Nefltidrblienicorirartid (a6 gpp2pafimol) Bys added

the procedure of Exanple 12 using 4-cyanqg- 1
slepim Bhespeting BayBisRYAs warger do RI“aag sfigresar ! d under Ar. - The
reattion v és' tgr 't&y\gftg)ﬂf' 129 s%'ﬂ)f%@ NPH@P BXd @)H'a%fe]c_i with 80 mL of EtOAc.
y -pﬁény? -am de (as prepared in Exanpfe 4, step
Thddrgabi.cQtrag, waB WadHedwioh H,OS50 ind3), brede (PO mL), dried (Na;SO4) and

cB AN (2819 iad et B oo BeioBfany oh iaue! 620
EACROEDpPR 21,618 (50 26 ofthe thtd comoufd & £4llow sSH. (H-NMR

1H), 7.
(CDCls; 400 MHz): § 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 methyl ester
NH,

MeOzC

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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(dd, 1 H J =8.6, 2.3 Hz), 7.31 (d, 1 H J = 2.3 Hz),
5,74 (m 1 H), 3.5 7 (td, 2H, J = 13.4, 3.0 Hz), 2.95
W@ 207284819 2. 60 (td, 2H, J = 14.4, 3.0 Hz), 2.2BCT/HH2007/066868
2H), 2.13 (m 2H), 2.07 (m 2H), 1.58 (t, 2H, J = 6.3
Hz), 1.08 (s, 6H). Mass spectrum (ESI, nfz): Calcd.
for 15 C24H28N404S, 469.2 (M+H), found 469.1. Exanple
16 4-[4-[(4-Cyano-1
ofthk miitld azmbeuﬂ& asa oy dolida Mlaye sp&irudy, (ES1 dnmet Oylcd cfpe Cofi17NO;,
X- | yl J-tetrahydro pyran-4-carboxylic
251 RO %2$€EZOHHNN~\CNM:OZC/0069V\D
2007/ 124319 PCT/ US2007/ 066868 a) 4-(4-Nitro
phenyl ) -tetrahydro pyran-4-carboxylic acid nethyl
cest ed-(WAninNe320nD-p lery b -tatr gl dao-poramsd-ckbony limacid methyl ester
diisoprogylamde (12.2 niL, 22.0 mml, 1.8 M in 40 nL
of THE at - C was added
Zan- 4- car boxylic acid methyl ester (2.88
') dropwi se. The resulting m xture was
t -78 Cfor 15 min, warned to RT
1, 3{Di et hyl -t et rahydro-pyrim di n-2-one (2.69 g, 22.0
5 mol)oWwas added. The reaction 10 was cooled to - 78 C
again, 1l-fluoro-4-nitro-benzene (3.10 g, 22.0 mol)
was added slowy. The resulting m xture was warned to
RT a
o ea?g g%&}u{ﬁbf? drhqn. agf%llq)s tﬁ@?’) Hrahﬁ-ﬁp@ ngl?ﬁglcéed)l(rt@(?kgﬁ%%md methyl
csigrt(hs B@pared of thEm@Ncous sTipe 1 66 gainiOd nexol) aci00vas. oldshP@M/CH;CN

B0 Bk a0 B AP P ot

10 D@M@Fﬁt@gﬁxﬁ&mrom@t ktirgiag €0 °€ FordP5 B0 the nEk@ACH hexan@) with 50

ve 61 (30 %9 of the title conpound as a
fgﬁjﬁ)ﬁg{ﬂnddvashepql WNRH,O (2 x 30 mL) and brine H,O (20 mL). The organic

layer was dried (Na,SOj4) 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 C;3HsBrNOs, 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,
MeOzC 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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(CDC13; 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
WQpro7124356 (m 2H), 2.00 (m 2H). b) PCT/US2007/066868

4- (4- Am no- phenyl ) -t et rahydr o- pyr an- 4- car boxyl i ¢ aci d

met hyl ester NH2 McQ2C 20 O A m xture of

4- (4-nitro-phenyl)-tetrahydro-pyran-4-carboxylic acid

nmet hyl ester (as prepared in the previous step, 2.12
yidpordhi Ot 1drs2)m@ rid0 L nfid )Rahd @i ¢hloro6l gblsHQ)hMyl%osbhlinoE&Tocene

Rin (D Bl pot) e iorpeancrdrie: G7 fute 0 A8 dvaeD gy 40 mL of
DfMﬂ? Waé&dc{éﬁ 1@@09?& 9136@@11{19& Trhd fRbBn¥aix e aNHRYSd 70 °C

to give 1. 2007/ 124319 '
fd?(IS/hUSIZi@DAt 08686&o0ling ta R, thetmhistiwowpstraatcdiwith 1A intleof EtOAC,

5 W%%lg:i 4 ?{\\ﬁiﬁ? (3S ? gﬁ%ﬂ%@%‘ e é%ﬂ I%l)L) &:ﬁ!c Sl%anlc%yegﬁv%l's_' 171'6\5) 8\1212804)

arftt EheAtAQE B~REQITOT RSO wﬁ@bﬁrﬁﬁ%ﬁ%ﬂﬁé&ﬁ%ﬁf&ﬂﬁ&? silica gel
ution

ic acid nmethyl ester Br 2C'5 0 To a s

(b ‘VaEtQA@(IﬂGM) ﬁ@fﬁéqui )1-114@(r7al%)onfdh®yﬂ%tmrnpcmd@@ﬁwhl@ solid. Mass

sRhEmTRS Ry p - EHFY. HRE2BENRT 37+ B BB PR 07
vvas sI ovvly added N-brormsucm nim de ( NBS) (1 25 g,

in of 1:1 10 DCM CH3CN unde
10 e)Af t eff [ér{[ ﬂ"ffg’ &KZﬁt@e%lstl@md qﬁhowm@t’ml)xlldﬂ@t%gle-Z-carbonyl]-

bR e PPt S AR IEROR b bt acid
nﬂkthyéelctéﬂ\la2804) and concentrated in vacuo. The residue
was purfied by flash chromatography on silica gel

(1-4 % EKQAc/DCM to give 1.85 g (84 %9 of the title
conpou 5 g white solid. Mass spectrum (ESI, nmlz):
Cal cd. %or EMyeRrNOB, 314.0 15 (M+H), found 314. 2.
d) 4-[4A 'nc{l-'s 4, M-dmet hyl - cycl ohex-1 -enyl)

phenyl ] [gF) ¥ pyran-4-

MeOzC

C

@)

15 The title compound was prepared by the coupling procedure of Example 1, step (f)
using 4-[4-amino-3-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-tetrahydro-pyran-4-carboxylic
acid methyl ester (as prepared in the previous step, 650 mg, 1.89 mmol) and potassium 4-
cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylate (as prepared in
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): Calcd. for
C3,H44N40s581, 593.3 (M+H), found 593.0.

¥/, 4-[4-[(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-1-

enyl)-phenyl]-tetrahydro-pyran-4-carboxylic acid methyl ester
25
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carboxylic acid nethyl ester NH2 MQ2C 0 20 To a
m xt ure of

wa2{odAza31N0- 3- br ono- phenyl ) -t et r ahydr o- pyr an- APCHUR2IRY 066868

ic acid nmethyl ester (as prepared in the previous
step, 1.45 g, 4.61 mol ), 4, 4-di nmethyl cycl ohexen-1- 71
WO 2007/ 124319 PCT/ US2007/ 066868 yl boronic acid (782
ng, 5.08 nmol) and

di chrbe ofld cdmpisdivpdsgngplapdibispthic @mcfeémm@xf &rempledl, k@gi(ghasing 4-

[‘é{ljﬁ‘ (dﬂ?n(% @ppﬂleﬁ@}%ﬂ@hﬁ% o%?ygleqtm?y ni‘dd@l‘# skﬁo’frg%éow -gmino;-3-
(4;'-1513 dﬂ?némﬂl 3yclo-f1@§ lr&@RfﬂHeHQl] %tﬁw&% ﬁﬁ% gtchfﬂoﬁyh@ﬁcﬂ hethyl ester

under Ar ter” coolihg RT, the mxture
(amenareeianel@b micvibud §6p, S0 mhg, Bt%&anmﬁl)mﬁiah eitle wpmhowRI@4{ Bmg, 96

s o tma@g%ﬁl?f \BFmCBilhon 1805 B304 8 ounugas @

I I -
11(4'["8? @LHHEj 004 Mﬂf%ﬁ@?@@@?&@ﬁ@]g%g'zjH%%QGIS lH,J

26&&@051%! (Iasllél) WBiHl6t(en, 261) B71 NasE1), 3.9 iy 2, 2EBI (m, I?IHZ))Z 28 (m,

Ui 2y ard e o0 R A & P CEI R g e

(BN ﬂ@olcaic% fRIAYIYNIO,, 463.2 (M+H), found 463 2.
am noJ - 3- (4, 4-di net hyl - cycl ohex- [ - enyl)

phenyl J-tetrahydro pyran-4-carboxylic acid nethyl
ESsLel ﬁEM HNNOCN M®RCO0 0 15 The title conmpound
mﬁ pﬁrepared by the coupling procedure of Exanple 1,
4—717-?01-Cf)t)no-mltﬂ@dazole-2-carbonyl)-ammo]—3 (4,4-dimethyl-cyclohex-1-enyl)-
[ 4-am no- 3- (4, 4-di neth I-cyclohex | -enyl)-phenyl]-te
p{wrafliytefrehngrewm-é&ﬂﬂwylfv iG gcidaci d methyl ester (as
prepar\d in the previous step, 650 ng, 1.89 nmol) and

trimet hyI si l anyl - et hoxynet hyl ) - 1H i m dazol e
- 2- car byxyl atﬂN S prepared in
o CN

SN

(@)
<
QD
>
o
|
1

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/MeOH was added 6 N
NaOH (400 pL, 2.40 mmol). After stirring at RT for 2 d, the mixture was treated with 10
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 (CD;OD; 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, 1H, J = 2.3 Hz), 5.75 (m, 1H),
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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Exanple 1, step (d), 636 ng, 2.08 mmol ). Silica ge
chr omat ography (DCM afforded the 20 title conpound
W@ 2000124319 90 %9 as a colorless oil. Mass spectPCRUSHEBI 066868
mz): Calcd. for C32H44NABSi, 593.3 (M+H), found
593. 0. f)
4-[4-[ (4- Cyano- 1H i m dazol e- 2- car bonyl ) - am noJ- 3- (4, 4-
di met hyl - cycl ohex-1- enyl ) phenyl J-tetrahydro
2Ry, rla60 @-2darJbosy IH2), BO9 ¢, 6H) hivlasegicetruidSESR n): Calcd. for
2007/ 124319 PCT/ US2007/ 066868 The title conpound was
Cﬁggﬁ&%@d$%§2Qﬁgﬁﬂﬁgwggﬁ%)-of Exanple 1, step (g) using
4 [4- { [4-cyan-I-(2-trinmethylsilanyl-ethoxynmethyl)-1
H i m dazol e- 2-carbonyl] -amno } -3-
Egdmpledidnet hyl - cycl ohex- 1 - enyl ) - phenyl ] -t et rahydr 0- pyra

-4- car boxyl,i.c .aci t hyl ester a rep in t
s 4GBt gidlerSeadbedy nuiily - SR Cr e g avaro-

MHz): 6 12.14 (s, 1H), 9.66(3, 1%0, 8.34 (d, I H J
Y. 74 (d Il H J =2.5Hz), 7.34 (dd, | H J
: 18 (d, | H, J = 2.3 Hz), 5.78 (m
.6(|_m Ws 71 (s 3H), 3.57 (m 2H), 2.54

, 2,11 (m 2H), 2.0 (m 2H),

'H J 6.2 FE) 1.11 (s, 6H). Mass spectrum
: ch for C26H30N404, 463.2 (M+H), found

5-azo|e 2- carbonyl) an1no) (4 4- di met hyl - cycl oh
ex-1"-enyl)- phenyl J-tetrahydro pyran-4-carboxylic
acid HHN-~ NCN ~ HR2CO 0 15 To a solution of

4- C | H-i m dazol e- 2- car bonyl ) - am no] - 3- (4, 4-d
aj rrEet ﬁg{% m1)1/10-3-cyclolhex-Ia eznyl phenyl)a tetra2¥d20 -pyran- -carbo(xyhc acid

10 M@hg@gx | - enyl) - phenyl ] -t etrahydr o- pyran-4-car boxylic
acird nethyl ester (as prepared in

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 (¢), 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 C;oH,sNOs, 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)-tetrahydro-pyran-4-carboxylic acid methyl ester
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Exanpl e 16, step (f), 129 ng, 0.279 mmol) in 2 nL of
1:1 THF/ MeOH was added 6 N NaOH (400 L, 2.40 mmol).
woRden24s19 rring at RT for 2 d, the m xture wasPCT/E8100T066868

with 10 20 nL of H20 and washed with EtOAc (3 x 10

m.). The aqueous | ayer was acidified to pH= 5 wth

15 %citric acid and extracted with 10:1 Et OAc- MeOH (3

x 10 mL). The conbined organic |ayers were dried
(Na2SO4)y~and concentrated in vacuo to afford 119 ny

(95 % téutitl e conmpound as a white solid. 'H NWR
(CD30D; 4 )\1\6820(d 1H J = 8.8 Hz), 8.00
(s, 7WPNH J =18.8, 2.3 Hz), 7.24 (d, |
H, Hz), 5°75 (m | H), 25 3.91 (m 2H), 3.61
Mef,C 19.5 Hz), 2.49 (m 2H), 2.30 (m 2H), 2.08

(m2Hy, 1.95 (m 73 WD 2007/124319 PCT/ US2007/ 066868
2H) | 60 (t, 2H, J = 6.1 Hz), 1.09 (s, 6H). Mass
spect?um (ESI, niz): Calcd. for C25H28NAQ4, 449.2
(MrH), found 449. 2. Exanple 18 5

(4- Cyano- 1Hi m dazol e- 2- car bonyl ) - am no) - 3-cycl o

4- { 4-
hex- FL@MH: cornpewpd)wasarepaigtiyyothe gymlmgmr@@dbmgﬂﬂxcanmtq Y step ()

usnﬁ%% %I\I)an%né(% ? acp{gllgp%xal engé}pﬁ%@ggq%%%(hy 90-8 rgn é caftb%c%lel% ﬁlei methyl
c&t(@s piipred MR Gréioukhecpt 250 £12C0TPP uﬁﬁbly\aﬁd pbt@@@ﬁrﬁd %Mno 1-(2-

the Suzuki coupling procedure of Exanple 16, step
trggq:th@}sﬂanyl -cthoxymethyl)- 1H—1rn1dazole-2 carboxylate (as prepared in Exarnple I,

o B ORI S S e

thb&l,tlesi)emo(lmc) (348816)g g, %)].as&lcditmbds) pilaMhs® s ool &$1,Im/z): Calcd.

5. 2] di oxabor ol 277 my,
o Tt i 651 O QBN 5 ogr aphy (0-2 %

Et OAc/ DCM) afforded the title conpound (268 ng, 70 %
as a white solid. Mass spectrum (ESI, mz): Cal cd.
ck or EXBHPCN810- BHGu2ddzhier)-carbouyiptaBdme/23-cyclohex-1-enyl-phenyl}-

tetrahydro-pyran-4-carboxylic acid methyl ester

! HN
H A\
CN
NYk\N
0

MeOzC

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 (ESI, m/z): Calcd. for C;4HysN4Oa4, 435.2 (M+H), found
435.2.
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20 b)
4-(4-{[ 4-Cyano-]-(2-trinmethylsilanyl -ethoxynethyl)-1H
WO pdodazeiie- 2- car bonyl J- ami no] - 3- cycl ohex- | - enpCT/US2007/066868
phenyl ) -tetrahydro pyran-4-carboxylic acid nethyl
ester 74 WO 2007/ 124319 PCT/ US2007/ 066868 SEM N ~CN
N\ ~N MQR2C/ 0 O The title conpound was prepared
by the coupling procedure of Exanple 1, step (f)
d),lsi ng-{4-[(4-Cyan0-IH-tmtdazole—Z—carbonyl)—ammo]— -cyclohex-1-enyl-phenyl}-
4-am no | ohex-| - enyl - phenyl ) -t etrahydro-pyran-
teﬁ!’“ ’il'lffd%}"["i’élcgé’:‘ﬂcyfféf’flffll 5 ester (as prepared in the
step, 250 ngy, 0.793 mmol ), and potassi um
2- trinethylsilanyl et hoxynmet hyl ) -
1H i m Bazol e- Znedqr boxyl ate (as prepared in Exanple 1,

step (d), b6 cR72 mmol ). Silica gel
chro ) apﬁ&o % Et QAc- hexane) afforded the title
y , 78 %9 as a colorless oil. Mass
spe um (ESI, nmz): Calcd. for C30H4ONMOBSI, 565.3
found 565.0. 10 c)
4-{ 47 (4- Cyano- 1H i m dazol e- 2- car bonyl ) - anmi no) - 3-cycl o
hex-1-enyl phenyl)- tetrahydro pyran-4-carboxylic acid
methyl ester HHN~ NCN \ N~ M®RCO0 0 15 The
t i t I eh@ﬁﬂ@ estipou@SY BrRERE&Dbo%e R cire O taRpIRf17 using 4- {4-[(4-

, Ste
Ci[aauoclﬁrﬁm {éeﬂfqaﬁ%%nﬁi)raémn%%cy@phwymlrghe)lyli tetrahydro-pyran-4-
B R e R e e

tife b@inp@inﬁ)(tfﬁﬁﬂgﬁ% (/@3s @Wﬁpascﬁdi i TH-NMR (0DR0D48§0 MH@) 5 8.25(d,
339 ngy mmol). The title corEp und (249 nH @1
IHSJanéaHm784(s 1H), 735(dd lH J=8.6,23Hz),7.23(d, 1H, J = 23 z), 5.84
(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 C23H4N404, 421.2 (M+H), found

421.1.

Example 19
4-Cyano-1H-imidazole-2-carboxylic acid [4-(4-carbamoyl-tetrahydro-pyran-4-yl)-2-
cyclohex-1-enyl-phenyl]-amide

I HN
H \
CN
Nj(L\N
O

HoN

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 1 mL of THF was added CICO,Me (3.6 mg, 0.038 mmol). The
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yel l ow solid. Mass spectrum (ESI, mz): Calcd. for

C24H26N4A04, 435.2 (M+H), found 20 435.2. 75 WO
WQe®7n284819 PCT/ US2007/ 066868 d) PCT/US2007/066868

4-{4-[ (4- Cyano- 1H i m dazol e- 2- car bonyl ) - am no) - 3-cycl o

hex-1-enyl phenyl]- tetrahydro pyran-4-carboxylic acid

HHNCN N~ HXCO 05 The title conmpound was

prepared by the procedure of Exanple 17 using

méxtid-dsdeooldas 0-"C, DIEA (18 uL, 0.10 mmol) was added After warming to RT
Him dazol e- 2- car bon yl ) -am no] - 3- cycl ohex-

andeifring Fadyh the m&twahxﬁdrceolﬁgi Hoa@kw &ar‘%@a@ynﬁr@e%\@malomum

nb0YL CESAET0 (AR ERR! £l nd 18 BLEVI MBI LGRS 208 0 RT and

stﬁ‘réd\ﬂoir €6 80IThd reactibNiviRs ﬁ@?@@itb@@%ﬂb’b’l Ft0Rc SaP®adhdd with brine (10
=86 Hz), 7.84 35 (dd, I H J = 8.6,

5 ij) 3 Tpg prgamczigye(r apvas drigg oger—N %%@4 p,gd corpjelgqatqcbzn(qu]cuq_ Hihe residue

w% rr?d‘iﬁ%@ b}zd_%(‘?a %3 lgﬁrf&l;& %&ﬁ%ﬁ/ (% fﬁglsbﬁ/D%mto %,‘\%91’ the Bl compound

(zspﬁ@; BRI m)(aESIwhlmsb)ld GahodR (CDCIG2BBIRANAN4S, 124D(s 21H), 9.53 (s,
I\/Hr found 421.1. le 19 15
i ] mgcfalié) é-7¢ (égffﬂ)dx_yiz PdzcT.¢3 (dd, 1H, J=8.6,2.3 Hz), 7.20

2
Hfghgg Feény %ﬁen l%giﬁ? ??yﬁ@lﬂlséﬁyb%) ITH 3I§2I—51N4§I)(?38 (m,
10 2HD,2019T’L7) 34 (BlohH) 20N (@f, 2H), 1.82 (m, 2H). Mass spectrum (ESI, m/z): Calcd.

4-{4- [ n-| K im dazol e-2-carbonyl)-ami no] -3-cycl oh
f‘gé-zliﬂ% ﬁ‘% 459&@@4*}1{)& gtuiﬂgﬁ%ro pyr an- 4- car boxyl i ¢ aci d
(as prepared in Exanple 18, step (d),

Example 20
4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-hydroxymethyl-
15 tetrahydro-pyran-4-yl)-phenyl]-amide

O n#’l\}m

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 mmol) 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 NaBH, (5.4 mg, 0.14 mmol) was added. After stirring at RT for 16 h, the mixture was
treated 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 NaHCOj; aqueous solution (10 mL), H,O (10 mL) and brine (10 mL). After

drying over Na,SO4 and concentrating in vacuo, the residue was purified by silica gel
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14.5 ng, 0.0345 mmol) in 1 nL of THE was added C1CO2Me
(3.6 ng, 0.038 mmol ). The 76 WD 2007/124319

weAN/WsB007/ 066868 m xture was cooled to 0 C POI/ESR)LBH6868
L, 0.10 mmol) was added. After warmng to RT and
stirring for 1 h, the mxture was cool ed back to 0 T.
Concentrated amoni um hydroxide (25 L, 0.37 mmol) was
added and the resulting m xture was warnmed to RT and
clﬁ‘bhiaf(gthpﬂlgll(l-IG% MeOHDCHacd affordwastitls eah@aindi(thmg070rs) as a

washed with brine The or%anl

nmL
WPt B e MG S OO BOL: ARa MR Bt T Sad6, 772,

d I t
IR IE 4 BF, P 5 R M p-S23 86, ORI GRRR05 3B 0, 2m),
332 (92HDS3.84-BLGO0t (en, 261)] 2127 (mmwz(lamﬁalaﬂ) 4095 (hZH), 6.82 (m, 4H).

12. 00 , 9.5 s | , .8.33 | J = 8.6
Maps Spe?t(rbsm (F'é"?, n/z)y &si&i for @,;'}4291\;407,_ %O%d?( @éfﬁl}, fp}}ndf?@ 1.
8.6, 2.3 Hz), 7.20 (d, | H J =2.3 Hz), 5.85 (m |

H, 5.81 (br s, | H, 5.32 (br s, | H, 3.82 (m 4H),
ERaBpleZh, 10 2H), 2.19-2.34 (m 4H), 2.11 (m 2H),

4@%&@%@’%@“@%@%%( ME E’?’E{% g%{g@exﬁ -)e:g/{écﬁzlﬁﬁgioﬂo%n#-ylmethyl-

telraiey @dpyhith 41 pR&N B-anf@r boxyl i c acid
a%:éyco%yﬂ;ex-r?}gnyl yg (4- hydroxynmet hyl - 15 tetrahydro

pyran-4 phenyl]-anide HHN~ CN N ,NHOI / O O
To a m X g of

4-{4-[ (4- cyanyl HHNM\dazol e- 2- car bonyl ) - am no] - 3- cycl oh
ex-| - b et¢Mhydr o- pyr an- 4- car boxyl ic acid

(as preps in Exarrple 18, step (d), 20 20.0 ng,

T BT ard triethylamine (Et3N) (7.3 L, 0.052

Omm) injl nL of THE at 0 C was added CICO2Et (3.6
Q) mmol ). The m xture was stirred at RT for 0.5

h~ and NaBH4 (5.4 ng, 0.14 mmol) was added. After

Stll‘l‘lng at RT for 16 h, the mxture was treated wth

i of .10 %citric acid T

d
a)aqug% L&g'ap% gzo %‘2‘(93’?]38{%16‘3 and2@%t r ai% éﬁldﬁhquhre s (4-formyl-
te@&ﬁyﬂb)pyra'ﬁh&ygmhmzqm%éy anic |ayers were washed

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,O and extracted with EtOAc (2 x 40 mL).

The combined organic layers were washed with saturated NaHCO; aqueous solution (10
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25

25 wth saturated NaHCO3 aqueous solution (10 niL), H20
(10 nL.) and brine (10 nL). After drying over Na2SO4

waed7gaascent rati ng i n vacuo, the residue was peeT/UEmd7/066868

by silica gel 77 WO 2007/124319 PCT/ US2007/ 066868
chromat ography (1-2 % MeOH/DCM to afford the title
conpound (14 ng, 70 %9 as a white solid. "HNWMR (1:5
CD3CD/ CDC13; 400 MHz): 6 8.24 (d, 1H, J = 8.6 Hz),
rn'L) /LG (10 hLMnd Ur.it%f(l()dmL) 1AHer drymg&ivor N2,SOHnl codcchérating in
vcgug 7&3(: §esu‘%;q)wassnu51?2 e bg 811](80%&2%(3@;)0 gmg@ff 1 ng_@ %ZQ)O’M/ DCM) to
affORd R Divle éorﬁ%;ﬁlmé@hﬁg 66-98%s aMyhiftblid 5%?%&9%@9%@
(ESI, mz): [ cd. H26N403, 407 found
CadebrCbikdﬂﬁhe4Qi2QNﬁ$ﬁﬁbun¢M®ﬁidazole 2- carboxyllc
acid [ 2-cycl ohex-1-enyl -4-(4-norpholin-4 ylnethyl -
tetrahydro pyran-4 yl) phenyl]-amde HHNCN N ~N N O
PJ 19-Gand-14- Wﬂﬁﬁﬂé—&daﬂb&@lz@ Ll@td%Z—“cﬁélbﬁé(#JlJeﬁylaﬁ'(ﬁmorpholm-4-

2-cycl ohex-1 -eny 2
k}dﬁgtmlcvdmrpwnﬁ yhp. pme! ymydoam de HHN~ CN O ~ N
~N HO O 15 A mixture of
4-cyan- 1 H i m dazol e- 2-carboxylic acid
[ 2- cychixhg of 4ef¥ho-#H ifridazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-
hydroxynethyl-tetrahydro pyran-4-yl)-phenyl]-am de (as
fcrgmé(bg‘rtl@ayqlrﬁ p@@mﬂﬂyg -phenylgmde @gpre@a@ggn fhﬁgr?wous step, 30.5 mg,

0 @f_@%@o{l& ggorﬁ%{l n%ihﬁggﬂeo ﬁ%?}]m&?%ﬂ(ﬁ%)?d% %}h&a (6.0.mg,0.16
matiol PinQ h@rofQ.: BDICM ArHIRWak etirrdd & RTT eort3he Tl&ﬁﬁtﬂuﬁ’@ 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,O (10 mL) and brine (10 mL). After
drying over Na,SO4 and concentrating in vacuo, the residue was purified by silica gel
chromatography (10-30 % EtOAc/DCM) to afford the title compound (28 mg, 77 %) as a
white solid. "H-NMR (CDCls; 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 (m, 4H), 2.13-2.21 (m, 6H),
1.77-1.98 (m, 6H). Mass spectrum (ESI, m/z): Calcd. for C,7H33Ns03, 476.3 (M+H),
found 476.2.

Example 22

4-Cyano-1H-imidazole-2-carboxylic acid {2-(4,4-dimethyl-cyclohex-1-enyl)-4-[4-(2H-
tetrazol-5-yl)-tetrahydro-pyran-4-yl]-phenyl}-amide
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20 was added 2 nL of 10 % Na2S203 and the resulting
m xture was stirred vigorously for 5 mn. The m xture
wo®7tneea ed with 20 nh of H20 and extracted WE&HUR0CHE66868
(2 x 40 nL). The conbined organic |ayers were washed
wi th saturated NaHCO3 aqueous solution (10 78 WO
2007/ 124319 PCT/ US2007/ 066868 L), H20 (10 nmL) and
brine (10 nmL). After drying over Na2SO4 and
concentr|ying in vacuo, the residue was purified by
[ chr omat ogr aphy (10-20 % Et CAc/DCM to
af ford t|tIe corrpound (45 ng, 60 %9 as a white
sol i d. I\/Ias[s| CE—'UES mz): Calcd. for
CR3H24N403 Qi/‘% found 405.1. 5 b)
HiF |m azol e- 2-carboxylic acid
st OK nyI 4- (4- nor phol i n- 4-
-tet rahydro pyran-4 yl) phenyl]-am de A
m xt of 4-cyan-1H i m dazol e-2-carboxylic acid
[ 2-cycCl ohex-I-enyl -4-(4- 10
fornyl -tetrahydro-pyran-4-yl)-phenyl]-amde (as
)ﬁoepared in the lpreV| ous step, 30.5 rrg, 0. 0754 nmol ),
r pﬁdﬂﬂ\lf@f’(pﬁén -tehr Ay nepr8@eNliGecior ohydri de
(6.0 ,@ml)mZnLofllDCl\/l/THFwas
for 3 h. The m xture was then treated
HMLE gt at ed NaHCO3 aqueous solution (10 nL) and
ated with EtOQAc (3 x 10 nL). The conbi ned
ganyc | ayers were washed with H20 (10 nL) and brine
(10 @rL). After 15 drying over Na2SO4 and concentrating
in vacuo, the residue was purified by silica gel
chromat ogr aphy (10-30 % EtOAc/DCM to afford the title
conpdhadtl¢ 28npaind WasYirermsedaby thhipt@edwkeiol Exap MR using 4-(4-nitro-

b R0 M) O 2 BL (5, Al 9,00 (S0 T 831 1
Eﬁ &)653 12m§ ZFBO ml_nl)?oljltz) dffbrd h6é‘h1§;(9f 0/% o? a'(:l%ﬁne s’é&@ﬁ II(IJNMR (CD;0D;
4(12051\4%%)6 8242@ I(HnJ =494 Hza 7130 @l,2H, (Im9 BHy), 320 (ﬂdd?ZPL J9811.9,

s &5b adbhens b8 | Tl T A aFA RSB e P (o280

4- Cyano- 1H-i m dazol e- 2-car boxylic acid
{2-(4, 4-di net hyl - cycl ohex-I|-enyl)-4-[4-(2H 25
bx et r dd&\NiGyiprenph-tetra/pidopgrran-dgarbemevly| | - ami de 79
NO,

NC

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 puL, 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 NaOH solution and treated with 30 mL of EtOAc. The organic layer was separated
and washed with H,O (2 x 10 mL) and brine (10 mL). After drying over Na,SO4 and
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WD 2007/ 124319 PCT/ US2007/ 066868 H HN-CN N- N N HN,
O Oa) 4-(4-Nitro phenyl)-tetrahydro
w@ooan241car boxylic acid \ NO2 HXRC | / O BCIH82007/066868
title conpound was prepared by the procedure of
Exanpl e 17 using 4-(4-nitro-
phenyl ) -t etrahydro- pyran-4-carboxylic acid nethyl
ester (as prepared in the Exanple 16, step (a), 531

cd@lﬁnu?atﬂ@ imadip, the radidwar wasdfibifieg b@g;ﬂidk@gebéhramma)igt@hy (3 7
h%%fe/f?{;M) o afyr é@Dgt?P%wmoun%%% 9633 D% ¢ Eﬂ&a YGE‘PW sqlid. 'H-
Ny%%g%%:%, gc)@g/w?z&fs §'23b (d%rggr { g‘i‘i& 2’?'56 g% 1511(“?9'\[1 H %,]4.13 (m,

2Hhéh¥]Qnﬂ&ﬂ[ﬁh?@mQZHyQaW(ﬁiQ&Dbonltrl|e N2 NC O 15
To a m xture of

4- (4-nitro-phenyl)-tetrahydro-pyran-4- carboxylic acid

as ng, 1.00 nmol)

Fnd B %’Z’?ﬁpfgny 4 fardlh gydlp’;%"%&f%oi%?yf m of

sul f Nz s added thlonyl chlorlde (80 L, 1.10

N?nnl he resulting m xture was stirred at 120 C for

. ter cooling to 0 C, the m xture was

eutfalized to pH 7 with 1 N NaOH sol ution and
trgated with 30 nL of EtOAc. The organic |ayer was
separated 20 and washed with H20O (2 x 10 nlL) and brine
(10 nmL). After drying over Na2SO4 and 80 WO

2007/,124 [ US2007/ 0 686 concent r at i.n vac
Che PRBRRIE of b P e Ry R BB B SR S Bt in the
10 pfeSiols step, 223 mg, 0.960 mmol) and 10 % Pd/C (112 mg, 50 wt %) in 10 mL of McOH

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): Calcd. for C;,H4N,0,
203.1 (M+H), found 203.2.

15
d) 4-(4-Amino-3-bromo-phenyl)-tetrahydro-pyran-4-carbonitrile

Br
NH»5

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): Calcd. for
C12H13BrN,0, 281.0 (M+H), found 281.2.

25 e 2-Bromo-4-[4-(2H-tetrazol-5-yl)-tetrahydro-pyran-4-yl]-phenylamine

81
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hexane/ DCM to afford the title conpound (223 ng, 96

% as a faint yellowsolid. "H NWR (CDC13; 400 MHz):
w@2@73043(d, 1H, J = 9.1 Hz), 7.56 (d, 1H, J = BCILUSWP7T/066868

4.13 (m 2H), 3.93 (m 2H), 2.17 (m 2H), 2.07 (m

2H). 5 c) 4-(4 Am no phenyl)-tetrahydro

pyran-4-carbonitrile NH2 NC O A m xture of

4- (4-nitro-phenyl)-tetrahydro-pyran-4-carbonitrile (as

prepared Brn the 10 previous step, 223 ng, 0.960 nmol)

apd Rd/SHE 112 nmg, 50 wt %9 in 10 nL of MeOH was
Hﬁtf“ RT under H2 (balloon pressure) for 1 h. The
PiNTatalyst was renoved by filtration on Celite and

t he | rate was concentrated to give 195 ng (100 %

5 itle conmpound as a faint yellow solid. Mss
spectrum (ESI, mz): Calcd. for C12H14N20, 203.1
(MtH), found 203.2. 15 d) 4-(4 Am no- 3-brono

henyl ) -tetrahydro pyran-4-carbonitrile Br

P : NH2 NC G
0 Thenixtyre of ddtgsuinet3 waempmapar stetplydradypiot-etiipritige (as

L. e ep.(C in , : :
R St Ok LR sOp pthoh rimatyliyloridp (13340 100
mRi@ patdedtratuty BRndhith BUSTiEd @B .md 925 MBhol Ow RGfirreiat )20 °C for 18
Silica gel chromato raggy_(ZO % Et OAc/ hexane) afforded
hupdertAn |Pefter<9@ﬁlmﬁma£’£ mipgfurceyasogcated vaithnhy méd- afditOehc and

wgg%ﬁ ﬁlﬁm%ﬁ @ g 5?1(};)2 g%l Z/%mtr%%lcgtf anegﬁs sottto (§ Br M%QL) and brine (10

m2) BrAfiie-dying of @HN4,80n ako brganigl [ ydr etas abyathratoy travzcdo yo dfford the

henyl am ne 81 WD 2007/124319 PCT/ US2007/ 066868
tiHe cor}/lpound (147 mg, 91 00% asa fa:llint yellow sCoTid. Mass spectrum (ESI, m/z): Calcd.

for C1,H14BrNsO, 324.0 (M+H), found 324.1.

¥/, 4-Cyano-1-2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylic acid {2-
(4,4-dimethyl-cyclohex-1-enyl)-4-[4-(2H-tetrazol-5-yl)-tetrahydro-pyran-4-yl]-phenyl}-

() sem

H

N=N N
W T

amide

N\/N\>‘CN

To a mixture of 2-bromo-4-[4-(2H-tetrazol-5-yl)-tetrahydro-pyran-4-yl]-
phenylamine (70.0 mg, 0.216 mmol), 4,4-dimethylcyclohexen-1-ylboronic acid (36.6 mg,
0.238 mmol) and Pd(PPh;), (25.0 mg, 0.0216 mmol) in 2 mL of 1,4-dioxane was added 2.0
M aqueous Na;COjs 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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30

Br NNNH2 HNC NO A mxture of
4- (4- am no- 3- br ono- phenyl ) -t et rahydr o- pyr an- 4- car boni t

WO 2008/1243%9 prepared in the previous step, 141 PgI/US080V®6868

mmol ), trimethylsilylazide (133 L, 1.00 5 nmol) and
tetrabutyl amoni um fluoride (65 ng, 0.25 nmol) was
stirred at 120 C for 18 h under Ar. After cooling to

RT, the m xture was treated with 30 nL of Et OAc and
citvisdad agqucohs $2@Didn2and ck@acrtd withFt@Aci (8 ki 10 rak).d Taqueatiticd
solution (3 x, 10 nL) and brine (10 nl). After_dryin
ORI lagessrare gy oa?t)dﬂ%ﬂggh A ePnafALate b HEEGHP &t Pify]6 e of a
MAE PR e &L ar datahenyitd b lofe e QRO 4 AHL (201 Sy Y ctASydro-
P 2 Sy et R ol (e © n?oz):yéelcd.y ©
py@nfleyl]-ohasiapBniNGOa bBRvh @l (Mirdfrodiiciowed uS&kfor nexft)experiment

. 4- Cyanp-1 - (2-trinmethyl.silanyl -ethoxynethyl)-I1Himdazo
ipsd R, W R Pl ol
(4, ATditiedrhyd provedt A cd 4-amidthyl 4yl ibheXtkdn Irzarzo 2th I-5-yl)-
yl ?“:,;retrahydr% pyrtan-4();l J phte%yl - am d_e9§E $—| C}\Ietrazo >y
tergaly dyo+raned-y i phgnytamgnerti/ & mg; ¢a.¢¥22 mmol) in 2.5 mL of DMF was added

p&a%ﬁ?n’m:cg{a&éi K(%%‘&g&&gs,ﬁg}@g1%‘1%&%%?)@{‘%%?&%1%s“ﬁaa‘%ﬁé/;!;lmate (as

enyldm ne

prepdrediiiBLiNiple V¢ btop @R ETE drgy ) DO MaNHIG, FBEBraP (BI. g MN236 mmol) and
0.238 mml&j and Pd(PPh3)4 (25.0 ng, 0.0216 nmml) in 2
DEEA ¢1 1211k, G bxampwDaaisitgdtiaeheat R DEr f1da theapirsurpaaecagated with 20

olution {0.85 I I T sul ti.ng, M xt.une
e B Py Dol Lo S, T LorkbitE) S were
whsheBTvith HEO (BRAQDINGN) avdHrine €B0 £l ) Wi A ferkd2fon¢ 30crmla,Sanend

washed with Et QAc (2 x 10 nlL)., The_aqueous ni xture was
CONEGRiFHINEZB aguy thia residia wasymirgged by silica gel chromatography (1-3

MeOH/DCM) to afford the title compound (55 mg, 42 % for 2 steps) as a faint brown
solid. Mass spectrum (ESI, m/z): Calcd. for C3;H4;,NsO3Si, 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-yl)-tetrahydro-pyran-4-yl]-phenyl}-amide

The title compound was prepared by the procedure of Example 11, step (g) using 4-
cyano-1-(2-trimethylsilanyl-ethoxymethyl)-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
(CD;0D; 400 MHz): 6 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
(ESI, m/z): Caled. for C;sH,sNsO,, 473.2 (M+H), found 473.2.

Example 23
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WD 2007/ 124319 PCT/ US2007/ 066868 citric acid aqueous
solution and extracted with EtQAc (3 x 10 nL). The

weomwniinst® organic |ayers were dried over Na2SEHI/HIH07/066868

concentrated in vacuo to afford 76 ng of a crude

product of 2-(4,4-dinethyl-cyclohex-1-enyl)-4-

[4-(2Htetrazol -5 -yl )-tetrahydro-

pyran-4-yl]-phenyl am ne as a brown oil. The product
4\ (446 puah ok DM -pryepolle-2>xcpelionyBrimino J-8apé didiinethyl-ep ddignit [ -enyl)-

urther ur|f| cati on. To .the crude product of
P "(yﬂ-tﬁtra wewra'tgfreﬂw?éx ig eyl ) - 4- [ 4- (20 tetrazol - 5-y
- tetrahydro-pyran-4-yl]-phenylamne (76 ng, ca.

0 22 mol) in 2.5 nL of DVF was added potassium
1A(2-trimethylsilanyl-ethoxynethyl)-1H i m dazol
Oxyl ate (as prepared in Exanple 1, step (d),
PyBroP (110 ng, 0.236 nmol) and 10
). After stirring at RT for 2
5 eated with 20 nL of H20 and
W|th EtOQAc (2 x 20 nL). The conbi ned organic
#re Qnashed with H20 (2 x 10 nL) and brine (10
fter dry| ng over Na2SO4 and concentrating in
vacyg;y the residue was purified by silica gel
chromat ography (1-3 MOH/DCM to afford the title
compound (55 nmg, 42 % for 2 steps) as a faint brown 15

a,{c’:g ll L&-ﬁ\g@éy SIE)G& rpng(oﬁﬂpz‘)carlfo&)j ngag 8-(4 4 gugtmethyl-cyclohex-l -enyl)-
pﬂérﬁﬂ(ﬁt@ﬁuﬂ r;r*g{pﬁ%%@cﬁﬂ%xfﬁé bamétﬁyz@%ﬂ

| -cycl ohex- I -enyl) [4- (2H-tetrazol -
yl)-tetrnghydro pyran-4 ylJ phenyl }- amde 20 Thetltle
conmpound was prepared by the procedure of Exanple 11,

cyano- -2tHI| t anyl - et hoxynet hyl ) - 1H 1 m dazol e
I _hl;’hl I h hyl ) imd I

- 2- car boxy i (4, 4- dinethyl -cycl ohex- |

M—ﬁ) A-(2Htetrazol -5-yl)-tetrahydro-pyran-4-yl]-
e

P p am d (as prepared in the previous step,

51. 9 , 0.0850 mml ). Silica gel chromatography (1-4

' DCM afforded the title conpound (17 ng, 43 %
as a white solid. "H NWR 25 (CD30D; 400 MHz): 6 8.26

(d 1HJ:86HZ)790(S 1H, 7.22 (dd, 1 H J

= 7..12

H) ﬁxtl(oﬁ]o angn%ﬁ((?'ﬁ clhg}géthy‘{ fyglaheﬁﬁﬁz éﬂ?-phﬁnyjémrahydro-
dh- boxgrlic @cid Mhethytlester (2 prapited: Xa 1 68.71g, 0.200
% 42dd} 866 Rﬁ) 2(d3PrdpatedZhlE ﬂafe86ikn}3%&‘}58]

Mass spectrum

i d-Cybog-  EPBNEANE AT bR 39 kb e 3926736198 1), 408
rn%),( 6@86 %111%(;21),813(3-d1rnethy1arn1nopropyl)-3-ethylcarbodurmde hydrochloride (EDCI)
(57.5 mg, 0.300 mmol), hydroxybenzotriazole (HOBt) (40.5 mg, 0.300 mmol) and DIEA
(105 uL, 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 HO (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 (46 mg, 50 %) as a
white solid. Mass spectrum (ESI, m/z): Calcd. for C,7H31N304, 462.2 (M+H), found
462.2.
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WD 2007/ 124319 PCT/ US2007/ 066868 4-[4-[(4-Cyano-1H

pyrrol e-2-carbonyl ) -am noJ- 3- (4, 4-di nmet hyl - cycl ohex-1 -
we@eopz243phenyl J-t et rahydro pyran-4-carboxyl i ¢ BCT/USINOTA66868

HCN HR2C OO0 5 a) 4-[4-[(4-Cyano-1H

pyrrol e- 2-car bonyl ) - am noJ- 3- (4, 4-di net hyl - cycl ohex-1 -

enyl )- phenyl J-tetrahydro pyran-4-carboxylic acid

nmethyl ester HHN N 3-CN Me02C 0 O 10 A solution of

4-[ 4- am no- 3- (4, 4-di net hyl - cycl ohex- I-enyl) phenyl]-te

trahydro- ran 4- car oxyI

Db ettt b eaHr ol 2ok tyiming) eyt clonex-L-ony)-

arboxylic acid (Canadlan
PRIl 97’%‘%@ YHigs ﬁc%cdfgs my, 0.300 mmol),

1 (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de

Pyl 005 HORSUTPIHEAST TP S B PEALTCGT SO Rl iiH4--
c¥anBA Pﬂ-%yl(tél@@ éarb&ly@ Qnﬁﬁﬁ]lb X4 '4%1&eﬁly%y&6hé;?wl: M@ phenyl]-

stirred at under . Thé resulting " m xture
te\tvahydrpeoataél&wrfohxyl@@cwmemy esémdaSem@paa@d sothayprdyiqes &, 28.0 mg,

g

cmﬁ@égmdm@mez)t& ateisng, 1H) vag! sz)thsl 5@3@99— MB$IZ), 7.36 (dd,
urified by silica gel chromat o ra h 10- 20 %

1Bt DA&IDEN) Helo 7 0 f(dr 1. tIe2 8iH2) €700 (p dbnd - ¢U6n.nd1), 394 dan, 2H),

j [ E ; I
3% ﬁé@%@@?ﬁz%@m@??éfi%%ﬁg%u%): 30 363 1o 098
(s2618Y./ 3R43dR ciiGah/( EISE @0 7Y: QBAED $oro), > NAOL (448 Qy@imeH § bund 448.2.
pyrrol e- 2-car bonyl ) - am noJ- 3- (4, 4-di net hyl - cycl ohex-1 -

enyl ) -
Example 24

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

!!' HN
H \
CN
N\H/L\N
O

HoN

The title compound was prepared by the procedure of Example 19 using 4-[4-[(4-
cyano-1H-imidazole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-
tetrahydro-pyran-4-carboxylic acid (as prepared in Example 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 8.27 (d, 1H, J = 8.6 Hz), 7.91 (s, 1H),
7.35(dd, 1H, J =8.6, 2.3 Hz), 7.24 (d, 1H, J = 2.3 Hz), 5.76 (m, 1H), 3.81-3.89 (m, 2H),
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 (t, 2H, J
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phenyl J-tetrahydro pyran-4-carboxylic acid 5 The title
conpound was prepared by the procedure of Exanple 17

W@ 200mg24819 4- [ (4- cyano-1 PCT/US2007/066868

H pyrrol e- 2- car bonyl ) - am no] - 3- (4, 4-di net hyl - cycl ohex-

| -enyl)-phenyl]- tetrahydro-pyran-4-carboxylic acid

nmet hyl ester (as prepared in the previous step, 28.0

ng, 0.0607 mml). The title conpound (11.1 ng, 41 %

=63 Hz)M]ilK)E(s S dMlass sp&diian( (EST, mGPCL3IcEDRO0, sHLON;04H438.2 (M+H),
6 1H, J = 8.6 Hz), 7.51 (d, 1H J = 1.5 Hz),

fOPnéé‘géd 101 H J =28.6 2.3 Hz), 7.26 (d, 1 H J =

2.3 Hz), 7.04 (s, 1 H, 569 (m 1 H, 3.94 (m 2H),

3.65 (m 2H), 2.53 (m 2H), 2.29 (m 2H), 1.91-2.01

E@Wﬂpl@w 1.50 (t, 2H, J 6.3 Hz), 0.98 (s, 6H). Mass

AR o R T RN Pe-10s

‘oRehMtetrihflB8 Yy Parl 4 SBL IR idniag d
1&2 4- ca%lglgrioyﬁ?tleyfvrahy.g}?%y?én l 4 yl)-2-(4,4-

cycl ohex-1-enyl) phenylJ-amde HN H~ CN O
0 The title corrpound was prepared by the

cyan- 1H{i mHia Ie\2 g{a\rbonyl) am no] 3- (4, 4-di net hyl -
% t et rahydr o- pyran 4- car boxyl i c
rered in Exarrple 17, 13.0 ng, 0.0290
HDIMo> Ilica gel chromatography (5 % MeOH DCM
aforedthetltle compound (40rTg, 31 %9 as a white
rg ' H NWVR (CD30OD;, 400 MHz): 6 8.27 (d, 1H, J = 8.6
Hz), 7.91 (s, 1H), 735(ddIHJ:86 2.3 Hz),
724(d|H,J=23Hz)576m||—|),381389

(2m26%H)a 2[51%’5’?3 i)g%;[ﬁ?-[ %r% I%Byqﬂ%e-éﬁ)a%ooi}y]é 61%1{10]}-_%-& 4- jilrnethyl-
039650%@- 1260,1)- 111264@11] 9&6‘[5’%&53%@4%@&5@116 aﬁd:indﬂ@l,estbr {9 prepared in
Mass spectrum (()ESI Cal cd.

for
@fsmgi%tﬁs steM@z 30Q wrH)-649 m@m%barm@éa%au Exa g, 8 2#gmmol) 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
H,O and extracted with EtOAc (3 x 20 mL). The combined organic layers were washed
with H,O (20 mL), brine (10 mL), dried (Na,SO4) 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: 6 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), 1.90-1.99 (m, 2H), 1.59 (t,
2H, J = 6.3 Hz), 1.08 (s, 6H). Mass Spectrum (ESI, m/z): Calcd. for C,5H30N4O3, 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-tetrahydro-pyran-4-yl)-phenyl]-amide
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5 4-Cyano- 1H i m dazol e- 2- carboxylic acid
[ 2- (4, 4-di net hyl -cycl ohex-1-enyl)-4-(4-
whywroxsnet hyl -t et rahydro pyran-4 yl) phenyl J-Bei/tis20pi7/066868

HN~ CN \ N NHO O O To a m xture of
4-[4-[(4-cyano-| H pyrrol e-2-carbonyl)-am no] - 3-(4, 4-d
nmet hyl - 10
cycl ohex-1-enyl)-phenyl]-tetrahydro-pyran-4-carboxylic

4

acid neth ester (as prepared in the Exanple 16,

step (f) 0 ng, 0.649 mmol) and NaBH4 (123 ng, 3.24
mol ) in of t-BuOH at 80 C was added MeOH (1. 30
nm.) over 20 m-|n|'| resultlng m xture was stirred at
80 C for CNﬁdter cooling to RT, the

m xture tre ted with 15 % citric acid aqueous

@ pH of 5. The mixture was then treated
] of 15 H20 and extracted with EtOQAc (3 x 20
g/ conbi ned organic | ayers were washed wth H2O

(20 nmL brine (10 nmL), dried (Na2SO4) and
concentrated i n vacuo. The resi due was purified by
flash chronatography on silica

a o affgrgoddirimidgal eé—%bqwhe ﬁ@%t[hﬁf d- ‘{!Wﬁ%bﬂc:‘fl‘é(?xal-e"yl)-4-(4-

féégyyf?e;ﬁagtkk%dpﬁ ?4])9)Hjen f@s 8 6 |7'|Z)19 (7d,951|(—|,8 JI _

5.75 (m | H), 3 80 (m 2%0, 3.47 20 3.57 (m

ZFD, (s, 2H), 2.32 (m 2H), 2.05-2.17 (m 4H),
1. 90- (m 2H), 1.59 (t, 2H, J = 6.3 Hz), 1.08 (s,
6H) . NMNym (ESI, miz): Calcd. for C25H30N403,

n&N435. 1. Exanple 26 25

|H-|w1dazole 2-carboxylic acid

di m& hyl - cycl ohex- | - enyl ) - 4- ( 4-

oI|n 4yl met hyl - t et rahydro pyran-4yl )

| J-am de 86 WD 2007/124319 PCT/ US2007/ 066868 \ H
NNCN ~N/ O

The title compound was prepared by the procedure of Example 21, step (a) using 4-
cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(4-
hydroxymethyl-tetrahydro-pyran-4-yl)-phenyl]-amide (as prepared in Example 25, 40.0
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): Caled. for C;sH,3sN4O3, 433.2 (M+H),
found 433.4.

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-
tetrahydro-pyran-4-yl)-phenyl]-amide (as prepared in the previous step, 40.0 mg, 0.0921
mmol), morpholine (13 pL, 0.14 mmol) and sodium triacetoxyborohydride (5.2 mg, 0.14
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Q 0 a) 4-Cyano-1Hi m dazol e-2-carboxylic acid

[ 2- (4, 4- di net hyl

-cycl ohex-1 -enyl)-4-(4-

WO o00mite43t®et r ahydro pyran-4 yl) phenyl J-am de ~PCHUSNOTNG6868

\'N_I N O~

prepared by the procedure of Exanple 21,

usi ng 4- cyano- |

[ 2- (4, 4- di met hyl

H/ O 5 0 The title conmpound was

step (a)

H i m dazol e- 2- carboxyllc acid
-cycl ohex-1-enyl)-4-(4-
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H i m dazol e- 2-carboxylic acid
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‘Hz), 7.75 (s, 1H),[7.28 (dd, 1H J = 8.,
4-Cyano-1H-
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Examples 30 and 31

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(cis-4-

hydroxy-cis-2,6-dimethyl-tetrahydro-pyran-4-yl)-phenyl]-amide and 4-cyano-1H-

imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(trans-4-hydroxy-cis-

2,6-dimethyl-tetrahydro-pyran-4-yl)-phenyl[-amide

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 cis-2,6- dimethyltetrahydropyran-

4-one (Monatshefte fuer Chemie, 136(7), 1197-1203 , (2005)) .
31: Mass spectrum (ESI, m/z): Calcd. for C;6H3,N403, 449.2 (M+H), found 449.2.
32: Mass spectrum (ESI, m/z): Calcd. for C,6H3,N405, 449.2 (M+H), found 449.2.
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di met hyl car banoyl - Me2N 0 C27H33N5035
tetrahydro-pyran-4- 0 476.3 (M+H)
W@ R)07/224349 4- di met hyl - found 476.2. cycl ohex- 1P€nys3007/066868
phenyl J-am de Exanples 30 and 31
4- Cyano- 1H-i m dazol e- 2-car boxylic acid
[2-(4, 4-di net hyl -cycl ohex-1-enyl)-4-(cis-4- 5
hydr oxy- ci s- 2, 6-di net hyl -tetrahydro pyran-4 yl)
phenyl J-am de and 4-cyano-1H i m dazol e-2-carboxylic
aci d
EF?”%¢f5¥ di met hyl - cycl ohex-1-enyl)-4-(trans-4- hydroxy C
i 87 L ? Y k98-
4 CC%an 118 trgidﬁ% 15y ca@ﬁJJyﬁp)ﬁgﬂ'ngZ%}l 4atﬂm%tcljﬂuk }O&%V%QB)ZQ _Iﬁ
hﬁhvkeCheﬂﬁﬂbmd&wh&m@hpwwgavad4ad)gﬂ$wnﬁbdﬂamthxanple
1, step (h) using 4- cyano-lH-im dazol e-2-carboxylic
acid [ 4-brono-2-(4, 4-di net hyd-cycl ohex-1-enyl) -
phenyl ] -ani de (as prepared ExawplecN (step g)) and
cis-2,6- dinethyltetrahydr an-

(anatsheftefuer Chem e, 136(7)“ 1 7\1203 , (2005)).
2H

15 31: Mass spectrun1(ESI : . for

C26H32N403, 449.2 ( M+HfQ fu d 449.2H 32: Mass

spectrum (ESI, mz): Csz . Tor C26H32N403, 449.2

(MtH), found 449. 2. { 2007/ 124319

PCT/ US2007/ 066868 Exanpte

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

[ 2- (4, 4-di et hyl -cycl ohex- I -enyl)-6-(4-

hydr oxy- G s- 2, 6-di net hyl -tetrahydro pyran-4 yl)
aP§-Br8ind=Bioflb-py A g-yfabhink! N

|

NN NH2

|
Br =

To a stirred solution of 6-bromo-pyridin-3-ylamine (10.2 g, 0.0580 mol) and Ag,SO, (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
CHCl; (200 mL), washed with aqueous saturated Na,S,03 (100 mL), water (1 x 100 mL),
and dried (Na;SO4). 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): & 7.10 (d, 1H, J =8.2 Hz), 6.74 (d, 1H, J = 8.2 Hz), 4.06 (br s, 2H).

b) 6-Bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-ylamine
NH,

AN
N

Br
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~ N.. C HONOH O5 a) 6-Bronp-2-iodo pyridin-3

ylamne | NNH2 Br 10 To a stirred sol ution of
wW@20ropsi1pyri di n- 3-yl am ne (10.2 g, 0.0580 nol PCEHO/R007/066868

Ag2SOH4 (18.1 g, 0.0580 nol) in EtOH (150 nL) was

added 12 (7.59 g, 0.0580 nol) and the reaction was

allowed to stir overnight. At this tine hexane (200

nm.) was added and the resultant mixture was filtered

t hrough Celite. The solvent was renoved in vacuo,

di ssolved in 15 CHC13 (200 nL), washed wi th aqueous
As@tutioatof d@-INe 82 d 6P ei dink) -y laneihe(as pieparctdn thd previoangtep, 1.00 g,

s aaonlb it ebiah 2 TED) SR S ot e (58 g Na:CO:

( lgiaé{/ fé}i& %gg %ggol? %g@g%%d(gwemw%éﬁ&% -Qﬂ'}qgoﬂgh% acfd dSB‘? ‘ﬁ{g, RIS
mBaddy. G Bixited ovapylegabsett da yoramitioa, placal widiet Ar, treated with Pd(PPhs)y

(2%1%%&,?)93'4%&@0 E ainrdlgl?elf‘ie'd'gé_l- 80 g&ggr % ﬁ%%boégg%%zwgs diluted with

EO RO (100'mB) ardashed Xithwater (2 x 50 mL). The combined aqueous layers were
6- Brono- 2-( 4, 4-di met hyl - cycl ohex-1|-enyl) pyridin-3

extragtadrieith Ke@A¢ N x BP0 o) Whhe oombingdigrpgnic layers were dried over MgSO,4

PCT/ US2007/ 066868 A,.sol ytion of . .
i gL Baat by bR hephyotspepraitugon s Yarien
MEBbRUEIuS 5@, colun@Owith 1036 320 AWk} arienfloeddded®8 i (7 1) of 6-

and EtOH (13.5 nL) was treated with 2,0 Maq Na2C3
bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-ylamine as a tan solid. H-NMR
(CDCls; 400 MHz): § 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)-1 H-imidazole-2-carboxylic acid [6-
bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-pyridin-3-yl[-amide

CN

H '\,‘/\g

N
ShE
| SEM

The title compound was prepared from 6-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-
pyridin-3-ylamine (as prepared in the previous step, 60 mg, 0.21 mmol), potassium 4-
cyano-1-(2-trimethylsilanyl-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 (f) (84 mg, 78 %).
'H-NMR (CDCls; 400 MHz): 8 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, J =6.3 Hz), 1.12 (s, 6H), 0.98 (m, 2H).
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(13.4 nL, 26.8 mmol ) and
4, 4- di et hyl - cycl ohex- I -enyl boronic acid (567 ng, 3.68
WG 200024319 The mi xture was degassed vi a soni cat PORPS2007/066868
pl aced under Ar, treated with Pd(PPh3)4 (271 nu,
0.234 mmol ), and heated to 80 C for 5 h. The cool ed
m xture was diluted wwth EtOAc (100 nlL) and washed
with water (2 x 50 nL). The conbi ned aqueous | ayers
were extracted with EtOAc (1 x 100 nL). The comnbi ned
organi c layers were dried over MgSO4 and concentr at ed
d) +Cyare\d H-ioilisode-Qur by Beadio 96-b powo-Of (414dimelBl-dydo x-1-enyl)-
a Varian 1Q MegaBond El ut 50-g colum with 10 %
Y- af f or ded 668 ng (71 % of 6-
4- di met hyl - cyclohex-l-enyl)-pyridin-3-y|am
solid. "HHNWVR (CDC13; 400 MHz): 6 7.06

(d, 1H, 8.3 Hz), 6.85 (d, 1H J = 8.3 Hz), 5.95
(m 1H), 8ﬁ /E%T‘Q? 2.43-2.39 (m 2H), 1.99-1.97
(m ZFDN : 6.4 Hz), 0.99 (s, 6H). 15
C)

4-Cyg A 2- ﬁ?lnethyIS|IanyI et hoxymet hyl ) - 1H i m dazo

| e-2-carboxylic acid [6-

br ono- 2- (4, 4-di et hyl - cycl ohex-1-enyl) pyridin-3
ylJ-amde CN HNN NN SEMO Br The title conpound
was phepte eempoushwas prepared from 4-cyano-1-(2-trimethylsilanyl-

et%g%mﬁ%ﬁy]%—_l%ﬁgn&d%zgﬁ%ggx%og% (1"(! % (? i%'nlb]ioﬁxw &?(4 4%aneth¥ Céyclohex 1-

are €vi ous

et@@) ﬁﬁ,ldlﬂ-ﬁ}il] Hﬁiﬁ:de) (as pebass hrumelbrewous step) accordlng to the procedure in
ano- | - ( nethﬁr |Iapy -eth yl)-1H 1 m dazol e
Ex%fn@ﬁrlb%?@/(@t PR (B AP 409 MH@xéﬁéﬁéd,ﬂH slt@§8(faa) 8.03 (s,

9 gﬁqgj 5
1%%!‘:[%‘% iﬁO?L% 0 2§ 04@%8501((%)%4%%(2 t’he )br ocedur > 2H),
1i6n (ELHNPFe.AHzs t1e)® (6F9HY SMassgpeABYESI, inkk) NKRIoICRET3;H 1 sBrN;O,
1 8.64 (d, 1H, J = 8.6 Hz),
4988@%%@ fPPblg“‘gOl%s (d, H?zs | H, S = 8.6 Hz), 6.00 )(m |
, 5.92 (s, 2H), 3.67 (m 2H), 2.46 (m 2H), 2.14 (m

2H), 1 62 (t, 2H, J = 6.3 Hz), 1.12 (s, 6H), 0.98 (m
el|4|)Cyam-M(ai:@amdIQ-ZAMQoW/au@Z@WMaﬁ@@&@l-cyclohex-I-enyl)-6-(4-

hydroxy-cis-2,6-dimethyl-tetrahydro-pyran-4-yl)-pyridin-3-yl[-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, m/z): Calcd. for C;sH31NsOs, 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-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amide
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d) 5-Cyano-1H i m dazol e- 2-carboxylic acid
[ 6- brono- 2- (4, 4-di net hyl - cycl ohex-1-enyl)- pyridin-3

wQb@d7aeddsde Fi NN NNN Br | OHS5 The title PCHPSONT066868

was prepared from 4-cyano-|-(2-trinethylsilanyl-

et hoxynet hyl ) - 1Hi m dazol e- 2- car boxyl i c aci d

[ 6- brono- 2- (4, 4-di net hyl - cycl ohex-1 -

enyl)-pyridin-3-yl]-am de (as prepared in the previous

according to the procedure in Exanple 1, step

M- NVR (CQ%&D 400 MHz): 6 8.53 (d, 1H, J = 8.8
7.48 (d, 1H, J = 8.8 Hz),

: 2 48 2.40 (m 2H), 2.13-2.08 (m

. ' H J 6.0 Hz), 1.09 (s, 6H). Mass

iseqt ru (SI Hmz) Cal cd. for C18H18Br N5O, 400. 1

WA~ oulld 400. 0. e)

,ano 1H i m dazol e- 2- car boxylic acid

2=/(4, 4- di net hyl - cycl ohex-1-enyl)-6-(4- 15

hydr oxy- ci s- 2, 6-di net hyl -tetrahydro pyran-4 yl)

pyridin-3 ylJ-am de The title conpound was prepared as

Tﬁﬁf ﬁéé(grrelgoﬂﬁl é)%larsk})g&mrqdiés %ﬂ) glh1)1 Exarnp stely @5] usmg 4 -cyano-1H-
irhifla R QMRadok$lidaddl l[qabmfﬂlo-gé(@ hohigsthlyt- @wéﬁexpueﬁﬂ) Pyr&tiMé-3-y1]-

]- amde (as prepared in the preV|ous step) and
ajds-(23 weparidnut thy [Fxamplendddgns(dn - apdotegralpdropyran-4-one. Mass

siREUTLEEEDEln el 0L Syt e s B e AR b 2
(M+H), found 450.2. Exanple 33

4- Cyano 1H i m dazol e- 2- car boxylic acid
Exgmple 4. di net hyl - cycl ohex- 1 -enyl ) - 6- (4- 25

S S SR ST &QW’&EF-?'" AR Ryitfonst-

tetrahydro-pyran-4-yl)-phenyl]-amide

MeO,S O

0]

N

H

N%}\:N
I

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 methylsulfinate (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 NaHCOs; (20 mL). The organic layer was dried (Na,SO4) and then concentrated in
vacuo. The residue was purified by preparative TLC on silica gel (20 % ethyl acetate-
hexane) to afford the title compound as a light brown oil (18 mg, 21 %). 'H-NMR (CDCl;;
400 MHz): § 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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HO1 OH O The title conpound was prepared as

described in Exanple 1 step (h) using 4-cyano-| H
WO pdodazeie- 2- car boxylic acid PCT/US2007/066868

[ 4- brono- 2- (4, 4-di net hyl - cycl ohex-1-enyl)-pyridine-3-y

I]- 5 am de (as prepared in the Exanple 32 steps (d))

and tetrahydropyran-4-one. Mass spectrum (ESI, m z):

Cal cd. for C25H27N503, 422.2 (M+H), found 422. 2.

1 BXtaayp$.87 83} 15D.Cy 203 81 Kim, AHOlz@1 @; ZHE 2r3ve pi(m, dHi),d.07-1.79 (m,

cycl ohex- 1| -enyl - 4- (4- met hanesul fonyl - 10 tetrahydro

Séiran 4 yl) phenyl]-amde HN" A\ N NN M02S/ H

O OTo a mxture of 5 -cyano- |

H- i m dazol e- 2- carboxylic acid [2-cycl ohex-I|-enyl -4-(4-
Exngmiplexdp- t et r ahydr o- pyran 4-yl)-phenyl]-an de (as

SRR e P iaphbtic 48 1 S ISl R4 gp-2- (44

AR RARLIoNBS 19498 1en PR aidd 3. 80 mmol ) of TFA. The

m xture was stirred overnight at 70 C and then
concentrated in vacuo. The crude residue was
partityoned in EtOQAc (20 nL) and saturated aqueous
O mL). The organic layer was dried (Na2SO4)
concentrated in vacuo. The residue was
puri fived b¥|p|q rative TLC on silica gel (20 % et hyl
@pg}\(tm) afford the title conpound as a

i ght 11'N18 ng, 21 %. 'H-NI\/R(CDC13; 400

; 9.640(s, 1 H, 8.32 (d, 1 H J 8.0), 7.71
7.33 (m 1 H), 7.23 (d, 1 H, J: 93 WO
207/ 124319 PCT/ US2007/ 066868 1.8 Hz), 5.87 (s, 1H),
3.80-3.81 (m 4H), 3.01 (s, 3H), 2.30-2.25 (m 4H),
024Q7 1.79 (m 8H). Exanple 35

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 uL, 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,
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 (m, 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): Calcd. for C,6H31NsOs, 462.2 (M+H), found 462.0.

The following examples are produced according to procedures of previous

examples with the corresponding reagents as indicated in the table below:
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5 4-Cyano-] H i m dazol e- 2- carboxylic acid

[4-

(1-acetyl

-4-hydroxy piperidin-4 yl)-2-(4,4-

walewetuws cycl ohex- 1 -enyl ) phenyl)-am de H HN PEI/UBR0CHMIG66868

IIIr

HOO N O==~

by the procedure of Exanple 11 using 4-cyano-|H
i m dazol e- 2-carboxylic acid

10 The title conmpound was prepared

[4- brono-2-(4, 4-di net hyl - cycl ohex-1-enyl)-phenyl]-am d
e |(as prepared in Exanple 1, step (g), 80.0 ny, 0f200
mml ) and 1-acetyl -pipgridin-4-one (123 L, 1.00
Exyrgl ). Si1iNamgel chr omat ogr apHycteee: 5 o Medpesorye Reagents
fflorded the title corpound (59.1 ny, 64|%.fas
a3 lor L ess oil. * H NVR (cD3OD; 400 MHz): 68,18 'Z%, 15
Nd.H,J 86Hz)800(s,|H),739(dd|H,J=
8_ g 2 L) 7 2B [ 2 ; 74 (m I
H) 44611‘8'0(:44{”{"’44?0’335 84 | H, 3|11
34% m clarlhpxyltgagtg ({Z—(QQ— (m ’Exlm?ﬂe'@l (1)8
(s, @Hythyk@g@hespbmﬂbn ( | for NH:
C26 'he foll ow ng J/
exa E&y\@ Ié‘)l"éﬁff’b'éﬂ’ ed 3 Ires of @N
pr aw oM t g|reagents|a
I nqi cat ed in the tabl e |bel ow. 25 94 WD 2007/ 124319
PCT/rveroéd//adedst-aride |Nane Structure Procgedure
Re r(L—:l nge—No. 4p Cyano-{Hinidazotei 2=
HQ KiV Z’iﬁ% plec?ad |d{2H%)k4 N rH Exanmple 4 NH2
37 n&hhb/dxyﬁa@&zalzrmfyzsnyl ) §IﬁCN NH Example 4
acetylamino-ethylamino)- NC O J/NHz
H
tetrahydro-pyran-4-ylJ-2-( \[]/N NN HN
4,4-dimethyl-cyclohex-1- o) H O)\
enyl)-phenyl]-amide
4-Cyano-1H-imidazole-2- H 9
N
38 | carboxylic acid {4-[4-(2- S\/, NH ‘ Example 4
N
acetylamino-ethylamino)- NC O H
NN,
tetrahydro-pyran-4-yl]-2- H S
N
cyclohex-1-enyl-phenyl}- \ﬂ/ \/\m
o]
amide
4-Cyano-1H-pyrrole-2- H 9 H o
N
39 | carboxylic acid {2-(4,4- i\j)‘\ NH ‘ Example WOH
dimethyl-cyclohex-1-enyl)- | | O 1, steps NC
4-[4-(2-methoxy- ®, (), | (Canadian
0
ethylamino)-tetrahydro- d \/\” 0 Example 4 Chem. 59, 2673
pyran-4-yl]-phenyl}-amide (1981));
J/NH2
O
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4-14-(2 pyrrolidin-1 yl- ON'~ethylam no)-tetrahydro- C

pyran-4 ylJ phenyl}-am de 4-Cyano-]Himdazole-2- Ho

woL®7/1281boxylic acid [4-[4-(2- $_I N rH Exanpl BCHUS2007/066868

acetyl am no-ethylam no)- NC NH2 tetrahydro pyran 4
ylJ-2 ( 4 NIl '"~N H- 4, 4-dinethyl-cycl ohex-1- OHO
nyl) phenyl)-am de e 4-Cyano-]Him dazole-2- HO 38
car boxylic aC|d{4[4(2 CII NH Exanple 4 N YN

ac gt4Cpmo DHE iyl zale-1ho)|- t et rahydro|pyran-4
| st Y ol|e °h%:N" O NN sl
S g S e et e
( )| rerkdis@ro-pea@-4-et/idy| ani no) te Exanpl e 4 [ j
Chsg r?4,4§t%meﬂglzfcr}(-)#e-\_(_ Zphen (1981)); /NH2 N
enyl)-phenyl]-amide /go
4-Cyano-1H-imidazole-2-

41 carboxylic acid [4-(4- Example
amino-1,1-dioxo- 12; NH4,OH
hexahydro-1A°-thiopyran- Example 4
4-yl)-2-(4,4-dimethyl-
cyclohex-1-enyl)-phenyl|]-
amide
4-Cyano-1H-imidazole-2-

42 carboxylic acid [4-(4- Example
dimethylamino-1,1-dioxo- 12; HNMe,
hexahydro-1A°-thiopyran- Example 4
4-yl)-2-(4,4-dimethyl-
cyclohex-1-enyl)-phenyl|]-
amide
4-Cyano-1H-imidazole-2- H O

43 | carboxylic acid [4-(1- S\Nju)kNH ‘ Example
acetyl-4-dimethylamino- NC O 35; HNMe,
piperidin-4-yl)-2-(4,4- Example 4
dimethyl-cyclohex-1-enyl)- \||\1 \
phenyl]-amide \g/
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QAlr

WO 2007424349 N ||
tetrahydro pyran-
-cycl ohex-1 -

yl)- H
(4, 4- di net hyl

95 WD 2007/ 124319 PCT/ US2007/ 066868
4- Cyano-] Hi m dazol e-2- H O 40 carboxylic acid
pi PRCEHEBI907066868

H

rN-~) Exanple 4 N acetyl
4 ylJ-2- NCN)
N enyl) phenyl)-amde O

4- Cyano- ] H i m dazole-2- H O 41 carboxylic acid [4-(4-

N rH Exanple amino-1,l-dioxo- NC N 12; NHACH
hex ama‘ﬂdmr-LHEithhizopyJ.ar ExanPle 4 4
%I 44d|rret1(g nenyl ) -
44| gar oavlEg 464 47 i da % Exa@ple
car|hpx vl Ecasb bl Aok 1, 1- di oxp-
NC kl\ifql}é”yﬁﬂ%gﬁx e:%jyc Exanpl e 4|4 D
yl )-42!46@2 Pl‘*"ehlm-ﬂym— cy wl)- 0 amires >
4-( ﬁﬁ azol e- 2- i¢ acid [4(1-
N r|i 1y dlOsRXy i1 . N 35; HNVEZ
Pi ReLjliphedyiyhiide (4, 4-
di 'etjé@-lp cé]/yc}iLohex [ - enyl )
4-Cyano-1H-pyrrole-2- H o
45 | carboxylic acid {2-(4,4- Example L/)—/(OH
dimethyl-cyclohex-1-enyl)- 1, steps NC
4-[4-(2-pyrrolidin-1-yl- @), (), | (Canadian.)
ethoxy)-tetrahydro-pyran- Example 2 Chem. 59, 2673
4-yl]-phenyl}-amide (1981));
HO™ ™~ D
4-Cyano-1H-pyrrole-2- H o
46 | carboxylic acid [4-[4-(2- e Example D—/(OH
dimethylamino-ethoxy)- S\NJ)‘\ NH ‘ 1, steps NC
tetrahydro-pyran-4-yl]-2- NC O (), (h); (Canadian J.
(4,4-dimethyl-cyclohex-1- || Example 2 Chem. 59, 2673
enyl)-phenyl]-amide 5 o N~ (1981));
|
HO™ SN~
4-Cyano-1H-imidazole-2- H 0 NH, O/
47 | carboxylic acid {2-(4- S\/ﬁNH O/ Example N
methyl-piperidin-1-yl)-4- NC 1, steps
-(2- idin-1-yl- -(h); Br
[4-(2-pyrrolidin-1-yl C\N N ()-(h);
ethylamino)-tetrahydro- H 0 Example 4 (US
pyran-4-ylj-phenyl}-amide 2005131022
Al);

C\N\/\NHZ
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phenyl)-amde 11 0 96 WO 2007/124319
PCT/ US2007/ 066868 4- Cyano- 1Hi m dazole-2- Ho ~NH 44
wW@2000024819 ¢ acid {2-(4,4-Exanple 2 N d

i met hyl

-cycl ohex-1 - enyl

)_

PCT/US2007/066868

NC 4-[4-(2 pyrrolidin-1 yl-

HO-~ N ethoxy)-tetrahydro pyran- 4yl J phenyl}-am de

4- Cyano- 1H pyrrol e-2-

{2-(4,4- H O Exanple N NC OH

HNO 45 carboxylic acid

di nm-h}/&nacllHl-mJﬁmzolebnyl )- NH 1, steps 4-[4-(2 NH,
yrirolidin-1 yl- , (h); g)Canadi an J| Chem b9, N
4 ?arlg{"vfﬂﬁﬁ‘ﬁ’dtfﬁ‘(ﬁydr o- pyﬁan Exanpl e 2 |4Example
IYI Fhemrld m de p O¢~N ?[8115 - (Q¥ANOT
pyr|r +} g} mmﬁl 0 46 cgrboXyln }- é?- ?—?no
Exa mﬂzﬂamzmtetmhydtmyl ani 1,(Nstheps | NE'
tetjr 0 n- 4yl J- 2- '< : US
(4,4 W(‘ﬁ fex-|l rﬁ;‘a%@%e“zsn (
p,per,dm_ I_y,)_pheny,]_ NN 2005131022
amide Al);
\
~ " NH,
4-Cyano-1H-imidazole-2- H @ NH, O/
N
49 | carboxylic acid [4-[4-(2- S\/, NH O/ Example N
N N
dimethylamino-ethoxy)- NC 1, steps
tetrahydro-pyran-4-ylJ-2- \ (H)-(h); Br
. . ge ~ N\/\O (US
(4-methyl-piperidin-1-yl)- 0 Example 2
phenyl]-amide 2005131022
Al);
\
~No™on
4-Cyano-1H-imidazole-2- A 0 NH, O/
50 | carboxylic acid {2-(4- §\Ju NH O/ Example N
methyl-piperidin-1-yl)-4- NC 1, steps
_ _ o ge _7_ - _ . Br
[4-(2-pyrrolidin-1-yl. G\l\/\o (H)-(h);
ethoxy)-tetrahydro-pyran- 0 Example 2 (US
4-yl]-phenyl}-amide 2005131022
Al);
C\N\/\OH
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enyl ) phenyl)-am de (1981));
4- Cyano- 1Hi m dazole-2- H O NH2 N 47 carboxyl ic acid

W@ 2000424319 NH Exanple N $-N N net hyl
yl)-
(f)-

4- NC |
(h); Br

1,

HO - N

ON "~

(US pyran-4ylJ phenyl }-am de 2005131022 Al);
ON--/~NH2 97 WD 2007/124319 PCT/ US2007/ 066868

pi peri di PET/US2007/066868
steps [4-(2 pyrrolidin-1 yl-

N et hyl am no)-tetrahydro- H O Exanple 4

- QyRCparld-t Honddzolee2-2- Nl—g 48 car boxyl iclacid NH, O/
4-[ O Exanpl e N A1, step I
5& caéémlléﬁ?lﬂd‘f ({fet r ah | W%{ﬁp 4 ©/N
i’ ‘Ser. R L e R
4- Qylapip2Ah-rmerhdaz ol e- 2- (H-(h); Br
piperidin-1-yl)-phenyl]- Example 4 (US
amide 2005131022
Al);
NH,OH
4-Cyano-1H-imidazole-2- H O NH, O/

52 | carboxylic acid [4-(4- g\Nj,)kNH O/ Example ©/N
dimethylamino- NC 1, Steps
tetrahydro-pyran-4-yl)-2- \ (H-(h); Br
(4-methyl-piperidin-1-yl)- N Example 4 (Us
phenylj-amide o 2005131022

Al);
HNMe,
NH,

53 | 4-Cyano-1H-imidazole-2- H O Example '\O/
carboxylic acid [2-(4- §\N/\‘\l;)kNH O/ 1, Steps
methyl-piperidin-1-yl)-4- NC (H)-(h); Br
(4-pyrrolidin-1-yl- Example 4 (US
tetrahydro-pyran-4-yl)- CN% 2005131022
phenyl]-amide O Al);

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

54 | carboxylic acid [4-(1,1- \Nj,N)kNH O/ Example ©/ O/
dioxo-4-pyrrolidin-1-yl- NC 1, Steps
hexahydro-1A°-thiopyran- (H)-(h);
4-ypl)-2-(4-methyl- CN Example (US
piperidin-1-yl)-phenyl]- . 12 2005131022
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49 carboxylic acid [4-[4-(2- NIT NH Exanple N dine

Zi

WQ@IaN248ye J- 2- |

t hyl am no- et hoxy) -

(f)-(h)

~N N 1 steps NC tet
o N-

rahydro

(4- net hyl pi per PAi/HSM07/066868

yl)- ~Exanple 2 (US phenyl J-an de 2005131022 Al);
~,~OH 4-Cyano-1Him dazole-2- H O NH2 N 50 carboxylic
acid {2-(4- jr NH N r~~ Exanple N
net hyl -pi peridin-1-yl)-4- NC 1, steps
[ 4-|(a2mgerolidin-1 yl- (f)-(h); Br O Example 4 Al),
et hoxy) -t etrahydropyran- 0 Exanple 2 (US o
4yl|Jphenyl ) - am de 2005131022 Al); ON'~OH |98 WD
20Q7/ 124319 PCT/ US2007//066868 4- Cyano- 1H{i m dazol e- 2-
H Q NH 2 51 carboxylic |acid [4-(4- N H Exanple N [~
amfno-tetrah dro-pyran [N N - 1, Steps y INC S
4-yl)-2-(4-methyl - (f)-|(h); Br piperidinil yl) .
phegnyl J- H2N O Exanple |4 (US MCPBA,;
CNH
4-Cyano-1H-imidazole-2- H O NH, O/
55 | carboxylic acid [4-(1- §\N/\”)kNH O/ Example N
acetyl-4-pyrrolidin-1-yl- NC N 1, Steps
piperidin-4-pl)-2-(4- (H)-(h); Br
i O ws
methyl-piperidin-1-yl)- Example 4
phenylj-amide N»/ 2005131022
0 Al);
0O
fb
o)\
O
4-Cyano-1H-imidazole-2- H O
56 | carboxylic acid [2-(4,4- \N\”)kNH ‘ Example
N
dimethyl-cyclohex-1-enyl)- 26, st
imethyl-cyclohex-1-enyl) NC O step CNH
4-(4-pyrrolidin-1- (b)

yimethyl-tetrahydro-
pyran-4-yl)-phenyl]-amide
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am

Wa@lRoveti 3 am no-
tetrahydro-pyran-4-yl)-2-
(4-met hyl pi peridin-1 yl)-
phenyl J-am de O 2005131022 Al);
4- Cyano-]Himdazole-2- H O Exanple N

de 2005131022 Al);

1, Steps

NHAOH 4- Cyano- 1H-i m dazol e- 2-
HONH 2 52 carboxylic acid [4-(4- NH Exanple N N NI
PCT/US2007/066868

y NC |

(f)-(h); Br

~N Exanple 4 (US
HNMVe2 NH2 r~
car boxylic acid

53

[2- (ACydvd-1 HNniitldzpleR-e0S th)ﬂ p| per| dinql yl)-4-|N N
Shollzusbshe aclitdhyar o L;l gﬁ' T, Bgeg
S it o I
di qQxerrdiyys-potandd-phL-yl|- N N 1, (b)
(4,4-dimethyl-cyclohex-1- —N
enyl)-phenyl]-amide \
4-Cyano-1H-imidazole-2- Example CO,Me
58 carboxylic acid [4-(4- 16; step
dimethylaminomethyl-1,1- (a); S
dioxo-hexahydro-12°- Example (Phosphorus,
thiopyran-4-yl)-2-(4,4- 12; Sulfur and
dimethyl-cyclohex-1-enyl)- 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,
(a)-(b)
4-Cyano-1H-imidazole-2- O
59 carboxylic acid [2-(4,4- Ex. 1, step /ﬁi
dimethyl-cyclohex-1-enyl)- (h) S
4-(4-hydroxy-2,6-dimethyl Khimiya
-tetrahydro-thiopyran-4- Geterotsikliches
yl)-phenyl]-amide kikh Soedinenii,
Sbornik, No. 2
(Kislorodsoderz
hashchie
Geterotsikly),

174-80, (1970)
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NC
4yl

W@ kdophz3yd J-
PCT/ US2007/ 066868

| hexahydro-126 thi opyran-

) -2-(4- et hyl -

(f)-(h); Br

CN Exanple (US piperidin-1
5=0 12 2005131022 0 99 WD 2007/ 12aBUS2007/066868
am de Exanple 4 Al);

O S MCPBA

CNH 4-Cyano-1H i m dazole-2- H O NH 2 55 carboxylic

acid [4-(1- NH Exanple N acetZ-4-pYrrolidin-1-YZ- N
N1, Steps J' NC | piperidin-4-yl)-2-(4- C (f)-(h); Br
N rij?q/rbo-DHpemldi:me yl) - HExai)TpI e 4 (US o)
lﬁhe am de, N 2005131 OH
60y Q\H X]VPF el dacsbre- 2- &c% & step
[-gﬁ%ﬁ,- X3P - -enyh) - NC
| 26, st g{;@gﬁ( Getony) o &
4-(4-hydroxy-2,6-dimethyl
FEOXY J; Journal of the
-1,1-dioxo-hexahydro-14"- _
American
thiopyran-4-yl)-phenyl]- .
Chemical
amide
Society, 97(13),
3666-72,
(1975).
4-Cyano-1H-imidazole-2- H 9 O
61 carboxylic acid [2-(4,4- S\N/W)kNH ‘ Ex. 1, step { ;;
N =3
imethyl- hex-1- - h 3
dimethyl-cyclohex-1-enyl) NC O (h) o)
4-(3-hydroxy-8,8-dioxo-8 Heterocycles
A’-thia-bicyclo[3.2.1]oct- 13 (Spec Issue),
3-yl)-phenyl]-amide 293-6, (1979),
62 4-Cyano-1H-imidazole-2- O
carboxylic acid [2-(4,4- Ex. 1, step { ;;
N
dimethyl-cyclohex-1-enyl)- (h) 4
4-(3-hydroxy-8-methyl-8-a
za-bicyclo[3.2.1]oct-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
Organic

hyl-piperidin-4-yl)-
phenyl]-amide

Chemistry, 15
337-42, (1950)
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4-

4 pyrrolidin-I- (b)

yl met hyl -t et r ahydr o-

yl) phenyl]-am de 10 0 WO 2007/ 124319
weAN/WsB007/ 066868 4- Cyano-| H i m dazol e- 2- H E'BVS2007/066868
carboxylic acid [4-(4- N NH Exanpl e

N pyran-4

di met hyl am nonet hyl - NC N 26, step HNMez tetrahydro
pyran-4 yl)-2- (b) (4, 4-dinethyl-cyclohex-1- _N enyl)
phenyl)-am de A O 4-Cyano-1Hinidazole-2- H O Exanple
6 LM Cydnty-LH DGR aEblec2-adi d [[4- ((3- N N H 16; step C 6
di et hyl am nonet h%/l -1, 1- NEM%
di cﬁd!'%/f’é%ﬁyﬁf’@{ ¢ Exangl & (Phbsp Ex. 1, step \
thi | QRMEARL YRR L omfy- | N/E25 T h g
di met hy -c%(oﬁwex-?’zy%ylm [ anpl e Silfi co%)and t he
0 phefyh)draxn-04.2,2166-p8t gps Rel at (b)-(f); Elenents,EP 729947
47(]1- EXx le 2), 157-64 25; 00N) ;  Exanpl e MCPBA;
26, @elgﬁ@%wz?’mcéwm 4 | Hi ni dazol e-2- H 0 0
Ex. plzenfl?—%ﬂzi@eg car boxyl|i c 2-(4,4- N|fH
di met hyl - cycl ohex-1-enyl)- NC N‘(h) As
65 | 4-Cyano-1H-imidazole-2- O
carboxylic acid {2-(4,4- Ex. 1, step /ﬁi
dimethyl-cyclohex-1-enyl)- (h) Py
4-[4-(2-methoxy-
- 4 Journal of the
ethylamin
American
0)-2,6-dimethyl-1,1-dioxo-
. Chemical
hexahydro-1A"-thiopyran- ‘
Society, 97(13),
4-yl]-phenyl}-amid
Yi-phenylj-amide 3666-72.
(1975).
OMe
HoN
66 | 4-Cyano-1H-imidazole-2- O
carboxylic acid {2-(4,4- Ex. 1, step
N
dimethyl-cyclohex-1-enyl)- (h) 4
4-[1,2,2,6,6-pentamethyl- EP 729947
4-(2-morpholin-4-yl-
ethylamino)-piperidin-4- (\O
Vl]-phenyl}-amide N\)
’ N/\/
2
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mya 4-(4-hydroxy-2, 6-di net hyl

Khi

-tetrahydro-thi opyran-4- Geterotsikliches

W@ kophatsyd J- am de ki kh Soedi neni i,
hashchi e Geterotsikly),
101 WO 2007/ 124319 PCT/ US2007/ 066868

(Ki

(1970)

sl or odsoder z

Sbor ni k,

NoPCRUS2007/066868

174- 80,

4- Cyano- | Hi m dazole-2- HO O 60 carboxylic acid

[2-(4,4- rHEx. 1, step dinethyl-cyclohex-1-enyl)- NC
611 |(N)M--[01-Brad-Tigdr oXy- 24 6-Qi net hyI Jour naI of t he 0
-1,|1- di oxo- hexahydr o- 126 4 yl)
phe ﬁmwfﬂw@h%ﬁqréany D-ani c e So Egeé@t@pz \
gg‘“ﬁmof':ﬁ’ %Qrmmlem:]ﬂ- lca(r:@lgxyl c 7
cl qhgxlokexeh-dnyh- thile]—O—S y Journal of
4-(3 1, 5] Xctlltll%)((!}Ihyiplperl%m- "8k Organic
4-ylamino}-propionic acid Chemistry, 15
methyl ester 337-42, (1950)
O
OMe
H,N
68 | 4-Cyano-1H-imidazole-2- O
carboxylic acid (2-(4,4- Ex. 1, step /ﬁjj\
dimethyl-cyclohex-1-enyl)- (h) S
O O
4-{2,6-dimethyl-4-[2-(4-m
g Journal of the
ethyl-piperazin-1-yl)-
American
ethylamino/-1,1-dioxo-
. Chemical
hexahydro-1A"-thiopyran- ‘
Society, 97(13),
4-yl}-phenyl)-amid
Vij-phenyl)-amide 3666-72.
(1975).
(\N/
N/\/N
69 4-Cyano-1H-imidazole-2- o) Ex. 14, 0
carboxylic acid [2- g/w)kNH step (d)
N
cyclohex-1-enyl-4-(4- N 4
hydroxy-1,2,6-trimethyl- Journal of
piperidin-4-yl)-phenyl]- Organic

amide

Chemistry, 15
337-42, (1950)
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-thi a-bicycl o[ 3. 2. 1Joct -
yl) phenyl J-am de O 0 293-6,
wa2@yam319 H i m dazole-2- HO O

13 (Spec. |ssue),
(1979), 62

A6 3

car boxyl i ¢ aci BICT/US2007/066868

[2-(4,4- NfHEx. (I , step
di net hyl - cycl ohex- 1-enyl ) - -:N (h) NC
4- (3- hydroxy-8-net hyl -8-a bicyclo[3.2.1Joct-3 yl)- za
phenyl J- am de 63 4- Cyano- I H-i m dazole-2- HO O
7€ ar|bgydnoc 1 Handddzdtet 2, 4- 1, step -q: ,Edilaeth O
| -dycl ohex-1-enyl)- $ (|h) NNC
4-(LF“HW6€(9"’¥{ 6-tri met\ ur pal @ O ganistep (d) \
hyl Bhbdir! I-X-) @em r @ phienyl J+{amiggde, /
33'%@, 16%0? {d%’ 4319 PCT/ US¢’007?066858
64 4ri@pﬂt}¢41(ﬂ-mmwaﬁm g- 2- H Q| _car rbp\y ic acid Journal of
[2-|(4, A- r N Ex. % Zt di e -cycI'Y) l-en 1)-{$ h '
N | §PEEtREI-PPerifin-g- i dr oxyNi(2, 2. 6, By |EP 72094F  Organic
nt g MHypRidegei din-4 \yl) phenyl J-am de 65 - 1
0 Gy e e S -2 H 0”0 Chemisiry. 15
337-42, (1950)
71 | 4-Cyano-1H-imidazole-2- H 9 O
carboxylic acid {2- WN)J\NH Ex. 14,
N
cyclohex-1-enyl-4-[1,2,6- step (d) 4
trimethyl-4-(2-pyrrolidin- Ex.2 Journal of
1-yl-ethoxy)-piperidin-4- Organic
yl]-phenyl}-amide Chemistry, 15
337-42, (1950)
72 | 4-Cyano-1H-imidazole-2- H © 0
carboxylic acid (2- W)kNH Ex. 14,
N N
cyclohex-1-enyl-4-{4-[2- step (d) 4
(1,1-dioxo-1A"- Ex.2 Journal of
thiomorpholin-4-yl)- Organic
ethoxy/-1,2,6-trimethyl- Chemistry, 15
piperidin-4-yl}-phenyl)- 337-42, (1950)
amide SO,
2
(ChemPacific)
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10

15

20

carboxylic acid {2-(4,4- N YNH Ex. 1, step NA :,
di net hyl -cycl ohex-1-enyl)- NC (h) ~ OO

wa2qdAate1met hoxy- H ethylam n N'-°~Ove Jour nal POF/US1987/066868

O Anerican 0)-2,6-dinethyl-1,1-di oxo- 0 Chemni cal

hexahydr o- 126-t hi opyran Soci ety, 97(13), 4ylJ

phenyl }-am de 3666-72. (1975). /Owe H2N 66

4- Cyano- 1H i m dazole-2- HO O Ex. 1, step r'N

carboxylic acid {2-(4,4 /N dinethyl-cycl ohex-I-enyl)-
n,4-[1,2,26,6 pentamethyl - EP 729947

Eﬁ‘-”(’élerﬁfr phol i n- 4y| O ethylam no) piperidin-4- /-0

AR hdda20Te 98 dWo B NaciliQ3- (4-aminomethyl-tetrahydro-pyran-4-yl)-2-
(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide

N
)
N
“Y&
O N
N o "
2
(@)

a) 4-(4-Nitro-phenyl)-tetrahydro-pyran-4-carbonitrile
NO,
N

C
O
A slurry of NaH (95%, dry, 2.4 eq) in DMSO is treated with 4-(nitro-phenyl)-
acetonitrile (1 eq) portionwise and stirred at RT until H, evolution ceases. The mixture is
treated with 1-bromo-2-(2-bromo-cthoxy)-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.
b) C-[4-(4-Nitro-phenyl)-tetrahydro-pyran-4-yl]-methylamine

NO,

HoN

A solution of 4-(4-nitro-phenyl)-tetrahydro-pyran-4-carbonitrile (as prepared in the
previous step) in THF is treated with ZrCly and NaBH,4 (Synthesis, (12), 995-6 (1988)) at
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WD 2007/ 124319 PCT/ US2007/ 066868 67

3-{4-[4-[(4-Cyano-1H H O i mdazol e-2-carbonyl)-
WO-E007/124315t ep r/ N am nod- 3- (4, 4-di net hyl - NC $¢i)/UB007/066868

cycl ohex-I-enyl) phenyl J- Journal of2Me

1,2,6-trinmethyl piperidin- Oganic 4 ylam no)propionic

acid Chemstry, 15 nethyl ester 337-42, (1950) 0 Owe

H2N 68 4- Cyano-1Him dazole-2- H 0 carboxylic acid
R{I2-Thé dix tuk NNk dBxith EtOA¢ el washed with water. The organic layer is dried

(lgllg H@tnﬁypz y ln?rgt%%i 41|1 i_uﬁ?quaolol@g G5t I’é 1%f§ur11f|é]}|eéi by silica gel chromatography

weh i PSSR ent |0 arrig nNLETRA ok

et hyl am noJ-1, 1- di oxo- Chem cal
hexahydr o- 126- th| opyran SOCI ety, 97(13),

5 c)ﬁ&?ﬁ gryw_lzqnﬁﬂl dcgfgﬁyf (z-pyrl_a'no4 glgt I%%{]—cgbamtc acid ter? butyl ester
G 5 J(N o
H

A solution of C-[4-(4-nitro-phenyl)-tetrahydro-pyran-4-yl]-methylamine (as
prepared in the previous step) in THF is treated with BOC,0 at RT. The mixture is diluted
10 with EtOAc and washed with water. The organic layer is dried (MgSO,) 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-
15 4-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide

The title compound is prepared from [4-(4-nitro-phenyl)-tetrahydro-pyran-4-
ylmethyl]-carbamic acid tert-butyl ester (as prepared in the previous step) according the

procedure in Example 22 step (¢) and Example 1, steps (e)—(g).
20  Example 74

4-Cyano-1H-imidazole-2-carboxylic acid [4-(4-carbamoyl-1,1-dioxo-hexahydro-
1/16thiopyran-4—yl)-2—(4,4—dimethyl—cyclohex-1 -enyl)-phenyl]-amide
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carboxylic acid [2- NIl N Hstep (d) -~/]j
cycl ohex-1-enyl-4-(4- N N NC, hydroxy-1,2,6-tinethyl-

wqaomwrnzd31of  pi peridin-4yl ) phenyl J- OH O gani cPCHIEB2087/066868

I'N Chem stry, 15 337-42, (1950) 104 WD 2007/124319
PCT/ US2007/ 066868 70 4- Cyano-|Him dazole-2- H O Ex.
14, 0 carboxylic acid {2- N TIN step (d)

cycl ohex-1-enyl-4-[1,2,6- Nc Ex.2 N

trinmet hyl<4-(2-nmorppol i n- NJournal of 4 yl-ethoxy)
pi peri giny4- Lo Organic vyl Jphenyl]-am de Chem stry,
(1950) / O HO,-,,,iNT71

4- Cyano-| H iHM dfizg] e-2- H OO carboxylic acid {2- N

$EX, 14N ycl ohex-1-enyl--4-[1,2,6- NC step (d
tri 4- (Bpyrgolidin- N Ex. 2 Journal of 1
HyN< esd0xy) pi peridin-4- Organic Z henyl}-am de yJp
Chejm stry, 15 337-42, (1950) ~r:~ HO

//S\

0" o

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-1/16—thiopyran-4-carboxylic acid amide

NO,
0

HoN

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 NaBOs (Synthetic
Communications, 20(4), 563-71, (1990)). The mixture is diluted with EtOAc and washed
with water. The organic layer is dried (MgSQO4) 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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72 4-Cyano-IHimdazole-2- HOO N carboxylic acid
(2- ~NH | Ex. 14, /N cyclohex-1-enyl-4-{4-[2- NC step
W@ 2007/1243¢9L, 1- di oxo-126- 0 Ex. 2 Journal of ~~BSEDUS2007/066868
t hi onor pholin-4-yl)- N Organic
et hoxyJ-1,2,6-trinmethyl- / Chem stry, 15
pi peridin-4-yl]-phenyl)- 337-42, (1950) am de Sl ot
H2N~~N ( ChenPacific) 105 WD 2007/124319
PLEOY W2 OHZint) B8 2 -chortancpli€act@ [4-(4-carbamoyl-1,1-dioxo-hexahydro-

LA R o DG e gl Pt l-gmide

4, 4 |
( Tﬁé Hﬁé B&rh%&iﬁ‘a v@ﬁ?ﬁeﬂ&rﬁ‘%&% ﬁg@%ﬁ)ﬁbt élt@fri% ﬂef 1Niiofo-Fb-Nhydro-

lbyﬁlwpymneéhpaxbmylrcl deal arfNdR (a‘ﬂ\pwpar@l inAhs pltst:lerJas eﬁep)\maordmg to the
tre t ed

5 pl%)_ Q1ri: P%ﬁzﬁﬂ@ﬁlﬁ |2? qs)tep &) xarnple 1,8 eps (ey\n(

Example 75
4-Cyano-1H-imidazole-2-carboxylic acid (2-(4,4-dimethyl-cyclohex-1-enyl)-4-{4-[(2-
methoxy-ethylamino)-methyl]-tetrahydro-pyran-4-yl}-phenyl)-amide

N
5, ¢
H o DY
N\H/I\N
o O o H
H
0

10
a) (2-Methoxy-ethyl)-[4-(4-nitro-phenyl)-tetrahydro-pyran-4-ylmethyl]-amine
NO,
H
O
15 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-cthane and
TEA. 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.
20
b) 4-Cyano-1H-imidazole-2-carboxylic acid (2-(4,4-dimethyl-cyclohex-1-enyl)-4-
{4-[(2-methoxy-ethylamino)-methyl]-tetrahydro-pyran-4-yl}-phenyl)-amide
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10 acetonitrile (1 eq) portionw se and stirred at RT
until H2 evolution ceases. The m xture is treated
W@REM/1243109 ono- 2- ( 2- br onp- et hoxy) - et hane (1.2 epQT/HAW07/066868

stirred at 70 C for 3 h. The solution is diluted with

Et OAc and washed with water. The organic |ayer is

dried (MySO4) and concentrated in vacuo. The residue

is purified by silica gel chromatography wth an

appr ©pe tiié eorapdundris picparall fiond(2-hethbk y-cthybedpdurigo-phényl)-

e)t,\%aqufgtpﬁ%na#y%%o %nyl ) atg-j?ﬁergglg E{Igﬁedﬁervggﬁs step) according to the
ﬁ)cécﬁlr@ ! EQ&n%l@ Ry |s‘368t(@)td'nﬁrf}ﬁq{n%l@y lsgps ﬂe)cgg_bonl trile (as

prepared inthe previ ous st ep) is treated
vvlth Zr C14 and NaBH4 ( Synt hesi s, (12) 995-6 (1988))
%6 WO 2007/ 124319 PCT/ U82007/ 066868 RT. The
ﬁ‘i"ﬂ’ is diluted with Et OAc and washed with water.
4- '@Hﬁnﬁflgﬁnh&lalzo"lé’-ﬂcab’ﬁo@hb Qeid [QJYQ,SQ%eﬁ@ﬂcW%DLé@Ilﬁﬂ-M-
in vacuo. The residue is purified by silica gel
metydmainowetp¥rietrafiy dro-pivan-oyl)-ppenyik-@nslgl vent to afford
the titde conmpound. 5 c) [4 (4-Nitro
trahydroprr an-4 yl nmet hyl J-carbam c acid
ester NO2 N H O A solution of
to- pheqyl ) -t etrahydro- pyran-4-yl ] - net hyl am
rep]aredzl the previous step) in THE is
treat ed OCX0 at RT. The mixture is diluted 10
m‘ QAe an(d vvé'%hed with water. The organic |ayer is
i @

MySO4) and concentrated in vacuo. The residue
is purjfied by silica gel chromatography with the
apprOpriate solvent to afford the title conmpound. d)
4- Cyano- 1H-i m dazol e- 2-car boxylic acid
[4- (4-am nonet hyl -t etrahydro-pyran- 15

apNeyiry2{ {44-hitch-pRinyy) tetykpdvbpyrdn- 23 metipijeiiine- ami de

NO,

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 (MgSQ4) 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-tetrahydro-pyran-4-yl)-phenyl]-amide
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The title conmpound is prepared from
[4-(4-nitro-phenyl)-tetrahydro-pyran-4-

wQ@kewetitwglg - carbam c acid tert-butyl ester (as PCEPS208U066868

in the previous step) according the procedure in
Exanple 22 step (c) and Exanple 1, steps (e)-(g). 20
Exanpl e 74 4-Cyano-1H i m dazol e- 2-carboxylic acid
[ 4- (4-carbanoyl -1, 1- di oxo- hexahydr o-
| 26t Mhopye asmpgnd-iR plopardd diomebshlyt-G4-C4-oit@xpHenglidtyahydro-pyran-
phenyl )-am de 107 WO 2007/ 124319 PCT/ US2007/ 066868 N .
4qyl-mnethyl kpryne (¢ prepagedin T%e Ors Vi s];,p_pe AcoQFqipg to the procedures in
- o PR -
E??ﬁﬂg%rsgaeﬁﬁ?%ar bgﬁﬁffii]%lsgépg@(% /| 0 SO5 The title
conmpound i s prepared from

4- (nj tro-phenyl)-acetonitrile and 1-brono- 2-
Efﬁéﬁkﬁﬁg-ethanesulfonyl)-ethane according to the
450058 FH -Dnidaz SIE2000 BoxHlic a§tﬂ?@-{f-@t}etyp)-nfetﬁﬂaiwiﬂo%&thyl- iperidin-4-
henyl ) -1, 1- di oxo- hexahydro-12 -t hi opyran-4-carboxylic
Vi@, Jadinmvehylggo bex-Herylppdenylikempdes ol ut i on of
4- (4-nigrp-phenyl)-1, 1- di oxo- hexahydr o-
X6- t hi ! an-4-car/ nitrile

a) 4-(4-Nitro-phenyl)-piperidine-4-carbonitrile
NO,

The title compound is prepared from 4-(nitro-phenyl)-acetonitrile and

mechlorethamine hydrochloride according to the procedure in Example 73, step (a).

b) I-Acetyl-4-(4-nitro-phenyl)-piperidine-4-carbonitrile
NO,

Nx

N

oA
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(as prepared in the previous step) in ethanol and
water is treated with NaBO3 (Synthetic
w@eored3eat i ons, 20(4), 563-71, (1990)). The MPEI/USMOT/666868
diluted with Et OAc and washed 15 with water. The
organic layer is dried (MJSOX) and concentrated in
vacuo. The residue is purified by silica gel
chromat ography with the appropriate solvent to afford
t he Al doligion@dApdutido-phO8/ 1 )ABp2adidé-I48dditrile (as prepared in the
PCT/ US2007/

PIEVISyS So I o dreated i bHRGPLEandPHEA. The mixture is washed with

wLu%r (aﬁd(ﬂ?é' H3IMY¥ Naykr i@ RO ?Mo‘ﬂceﬂtl?a@édhh QANA nl’lfb residue is
(4, 4-di met'hyl - cycl ohex enyl ) phenyl)-am de The

plumiﬁddebycs)htpmgﬁh dhreasitqgraparveth theappropriate solvent to afford the title
34@54- Hi tro-phenyl)-1, 1- di oxo- hexahydro 1
opyran 4-carboxylic acid am de (as prepared in
c)tilﬁc ¥J mr&bﬁﬂ) 1REHOF FinoY-tdPbbHRic aeidor ocedur e of
step (c) and Exanple 1, steps (e)-(9).

Exgrrpl 250y ano- 1H i m dazol e- 2- carboxyl i ¢ aci d
(2 (4, nmet hyl - cycl ohex-1-enyl)-4-{4-[ (2-

DX y>€et hyl am no) - met hyl ) -t et rahydro
4yl } phenyl)-amide N HNH H 10 O a)

Mgt hoxy- et hyl ) -[4-(4-nitrophenyl)-tetrahydropyran-4
ylmgt hylJ-amne NO 2 HO 15 A solution of
C—p 4-ni tro-phenyl)-tetrahydro-pyran-4-yl]-nethylam

rr eafen R Sr ha s e oy Vet huin ot et gySprepared in

tHApREHES stép) it EtdI dndvadiieolid NAOHRIR hevas REG WA T lThovBiGlire is treated
The organic layer is dried ( SO4) and concentr at ed

with agaeays HCitwad catsacierbwith EfAAL£ Thejofganisilpyes &s dréqd over MgSO,4 and
concentrated in vacuo. The residue is purified by reverse phase chromatography to afford

the title compound.
d) 4-Cyano-1H-imidazole-2-carboxylic acid [4-(1-acetyl-4-methylaminomethyl-piperidin-
4-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide

The title compound is prepared from 1-acetyl-4-(4-nitro-phenyl)-piperidine-4-
carboxylic acid (as prepared in the previous step) according to the procedures in Example

20, Example 21 steps (a)-(b), Example 22 steps (c)-(d), and Example 1 steps (¢)-(g).
Example 78

4-Cyano-4-[4-[(4-cyano-1H-imidazole-2-carbonyl)-amino]-3-(4,4-dimethyl-cyclohex-1-
enyl)-phenyl]-piperidine-1-carboxylic acid amide
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chromat ography with the appropriate solvent to afford

the title conpound. 20 b)
wa2yamm319.H- i m dazol e- 2-carboxylic acid PCT/US2007/066868

(2-(4, 4-di met hyl -cycl ohex- I -enyl) - 4-

{4-[(2-net hoxy- et hyl am no) - met hyl ) -t et rahydro

pyr an- 4yl } phenyl ) -am de 109 WO 2007/ 124319

PCT/ US2007/ 066868 The title conpound is prepared from
hoxy- et hyl ) [ 4- (4-nitro-phenyl)

previlg st ep) cording to the procedure in Exanple
22 step ( and\exanple 1, steps (e)-(g). 5 Exanple 76
4- Cyapog JHN A ol e-2-carboxylic acid
t hyl- cycl ohex-1-enyl) - 4-(4-

normet hyl -t etrahydro pyran-4 yl) phenyl J-am de
2wl -[4- (4-ni trophenyl)-tetrahydropyran-4yl -nethyl) -
ampne NO2 N H O A solution of
HCN 4-ni tro-phenyl)-tetrahydro-pyran-4-yl]-nmethylam
ne (as prepared in Exanple 73, step (b)) in DCMis
treated with formal dehyde according to the literature

d f d,i . g. , .61, 3849:3862,
PSR P P s R o
i tNOanvat er. The organic layer is dried (MSO4)

Nand ntrated in vacuo. The residue is purified by
kCaAgel chromatography with the appropriate sol vent

The title compound is prepared from 4-(4-nitro-phenyl)-piperidine-4-carbonitrile
(as prepared in Example 77, step (a)) using 4-nitro-phenyl chloroformate and ammonia in
1,4-dioxane according to the procedure in OSAR & Combinatorial Science, 23(10), 854-
858 (2004).

b) 4-Cyano-4-[4-[(4-cyano-1H-imidazole-2-carbonyl)-amino]-3-(4,4-dimethyl-
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

Example 22 step (c¢) and Example 1, steps (e)—(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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to afford the title conpound. D)
4- Cyano- 1H i m dazol e- 2- carboxylic acid

WO 200042481di et hyl - cycl ohex-1-enyl)-4- 20 PCT/US2007/066868
(4- et hyl am nonet hyl -t et rahydr opyr an- 4yl ) phenyl J- am de
110 WD 2007/ 124319 PCT/ US2007/ 066868 The title
conpound is prepared from
net hyl -[4- (4-nitro-phenyl)-tetrahydro-pyran

Ex4- )|l - met hyl Naraei ne (as |pr epar 8duétoret he pr eHrocglugt £p)
acdording to the procedures in Exanple 22 step (c
amplpd Exanple 1, steps (8)-(g). 5 Exanple 77 Reference
N&- Qyano-] Hi m dazol e- 2-|car boxylic acid
?4-(1- acetyl - 4- et hyl ami nonet hyl pi peridi n-4-

| )ExafiBde| N
phenyl

y| )|-RC(dnot 1 Hiimsddrgle-2y d
ne RS @-

4 petrhintc deidigeh 11

COMpRERthminoIn&RAI-ed fr (¢); Ex.

4- (Ini t F o- phenyl )™-acet on et ham ne o’B\o

hy driefedlyolvo-gieraaet-oll - ng n 2Exsepl e M

73, st a) . 5 b)1 A ne

e el g W dn
enyl)-phenyl]-amide Ex. 1, (WO

steps (¢)- | 2005063705)
(2)

4-Cyano-1H-pyrrole-2-
80 carboxylic acid [4-(1-

Ex. 77,
steps (a)
and (b)

acetyl-4- B
methylaminomethyl- Qo
piperidin-4-yl)-2-(4,4- N M
diethyl-cyclohex-1-enyl)- I (WO
phenyl]-amide 2005063705)
H o)
@)HJH
NC
(Canadian J.
Chem. 59, 2673
(1981))
81 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-1°- (d); Ex.
thiopyran-4-yl)-phenyl]- 0 76, step

114



N 111 WO 2007/124319 PCT/ US2007/ 066868 A sol ution of

4- (4-nitro-phenyl)-piperidine-4-carbonitrile (as
W@e@parew i n the previous step) in CH2CL2 is tPEHUSW07/066868

wi th CH30001 and DI EA. The mi xture is washed with

water, and the organic layer is dried (MgSO™) and

concentrated in vacuo. The residue is purified by

silica gel chromatography with the appropriate solvent

to|afford tdmideitl e 5 donpound. c)1 Acetyl-4-(&4-nifro
HO-N

nhdnvl) nineridine-A4-carhoxvliec acid O_NOP D ~
phenyl)—piperiaine-4-carboxyi1 c—acla O NUOL

A sol ution of

1-acetyl -4-(4-nitro-phenyl)-piperidine-4-carbonitrile
(as frenpledd in the previous step) in EtOH and
aqueous NaOH is heated to reflux. The m xture is

tr eaﬂ@anqdfwrvwaad@é’wsbmc aeid {ex# A alimethylicxdlo Iexcaenyl)-6-[4-
Th d trated
A o R A

chr omat ogr aphy to afford the title conpound. d)
4- Cy dlfq- i nbdazol e- 2-carboxylic acid
[4-(1-aEeﬁyL4@-ne i nonet hyl pi peridin- 4
yl)-2-(4; [ yCl ohex-1 -enyl) phenyl)-am de 15
The titl eHcoppay prepared from
: g%ro-phenyl)-piperidine-4- carboxylic
acid (as prepaf in the previous step) according to
t he procedure qﬁ_Egawple 20, Example 21 steps
(a)-(b), amphe \22/steps (c)-(d), and Exanple 1 steps
5 (e)-(g). p 20 o .
4- Cyano- 4- [4 [(4 cyano- 1H i m dazol e- 2- car bonyl ) - am no)

o R YGRS b TR KRR styor depgher+
hﬁl}?}fcjd&?ﬁ)ih}ll%@ﬂfiﬁ# )M) -pyridin-3-yl]-amide

NCN 0
\[:>_JZNH

N
H | X
=N
OH
0]
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)-tetrahydro-pyran-4-yl]-pyridin-3-yl}-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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HN N H NO NH2N 11~1'
phenyl ) pi peridi ne-1-carboxylic acid am de

NC2 N

O a) 4-Cyano-4-(4-nitro

N

wW@007MB319 5 The title conmpound is prepared froPET/US2007/066868

4-(4-nitro-phenyl)-piperidine-4-carbonitrile

prepared in Exanple 77,

chl orof ormate and ammoni a in
the procedure in QSAR & Conbi natori al

pRbédur8EBEX2Q0d). 10 b)
4- Cyano-4-[4-[(4-cyano-1 Him dazol e- 2- car bonyl ) - am no)

(as

step (a)) using 4-nitro-phenyl

23(

1, 4-di oxane according to
Sci ence,

10),

-3-(4,4-dj net hyl - cl ohex- | - enyl ) phenyl .
oi ped heTHlov b Lo 4 P G ke Peoerres shpstinys
examELRRR a1 cfohféﬁﬁondin reagents as indicated in the table below:
4- yano-4-(4-n|tro-pﬁerﬁ%)-plperldlne-l- arboxylicg¢
acild am de (as prepared in the previous step)
acdording tg the procedures i 5 Exanpl ¢ 22 step|(c
Exind Exanpl eﬁirflest eps (d)-(g). gt’mémfeol | owi ngE%%(eziHﬁpa )Reagents
ampé § produced according |to procedures of prewifedsce
exdnples wth the corrgspondi ng reagents as indicated
N@.n [the table bel ow. Redgents 113 WO 2007/124319
PCI PR200 71566868 —Ex=—Name—StguctureProgedure—anpte
o Ref|dF Ehdno 1H=imidazole-2- H e
carboxylic acid {2-(4,4- 3\/ 7~ NH xample
dimethyl-cyclohex-1-enyl)- NT N 82
. NC P B(OH),
6-[4-(2-morpholin-4-yl- (Combi-Blocks)
ethylamino)-tetrahydro-
o)
pyran-4-yl]-pyridin-3-yl}-
. SN,
amide
4-Cyano-1H-imidazole-2-
8| carboxylic acid 2-(4.4- Example
diethyl-cyclohex-1-enyl)- 82, step 5
6-[4-(3-dimethylamino- @) Qo
propoxy)-tetrahydro- Ex.2 M
pyran-4-yl[-pyridin-3-yl}- (WO
) 2005063705)
amide
HO
\I\/NMez
4-Cyano-1H-imidazole-2-
85| carboxylic acid §2-(4,4- Ex. 82
dimethyl-cyclohex-1-enyl)-
yl-cy . . yl) BOH),
6-[4-(4-ethyl-piperazin-1 (Combi-Blocks)
-yl)-tetrahydro-pyran-4- Et
Yl]-pyridin-3-yl}-amide [ j
N
H
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No. 4-Cyano-1H-im dazole-2- H O Ex.73, 79 carboxylic
acid [4-[(4- N N H steps (a)- acetyl am no-nethyl)- NC
wWORqoeh243Ex. B tetrahydro pyran-4 ylJ-2- 22, stR@I/05206166868
(4, 4-di et hyl cycl ohex-1- (c) and O enyl)phenyl J-am de
HN~O Ex. 1, (WD steps (e)- 2005063705) (9)
4- Cyano-I1H pyrrole-2- HO Ex. 77, 80 carboxylic acid
[4-(1- NH steps (a) acetyl-4- NC and (b) -BOO
met hyl ami nonet hyl - H O pi peridin-4yl)-2-(4,4- ~N Nv
di et hyl - cycl ohex-1-enyl)- 0 (WD phenyl)-am de
2005063705) HO N OH NC (Canadian J. Chem 59, 2673
EkdaRple)® 81 4-Cyano- 1Him dazole-2- H 0 Ex. 74,
G i gfdgg-ggg%réfgxﬁp yg}dmg(%@@ﬁzﬁeﬁdm-1-yl)-4-(4.pyrmlidin-1-
= LA i ei byl 3 b) -
VAR RO SRR D

1, 1-di oxo- dro-1

a) 4-[3-(4-Methyl-piperidin-1-yl)-4-nitro-phenyl|-tetrahydro-pyran-4-carboxylic

acid methyl ester

$

N
NO,

MeOzC

The title compound is prepared by the procedure of Example 16, step (a) using
tetrahydro-pyran-4-carboxylic acid methyl ester and 1-(5-bromo-2-nitro-phenyl)-4-methyl-
piperidine (US 2005131022 Al).

b) 4-[4-Amino-3-(4-methyl-piperidin-1-yl)-phenyl]-tetrahydro-pyran-4-carboxylic

acid methyl ester
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t hi opyran- 4yl ) phenylj- O 76, step 114 WO 2007/124319
PCT/ US2007/ 066868 ami de (a) Exanple 82

wa2yamm319.H- i m dazol e- 2-carboxylic acid PCT/US2007/066868

{2- (4, 4-di net hyl - cycl ohex-1-enyl)-6-[4- (4-nethyl

pi perazin-1 yl)-tetrahydro pyran-4 ylJ pyridin-3
yl]-amde NC NO NH H5 a)

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

[ 2- (4, 4-di met hyl -cycl ohex- I -enyl)-6-(4-

hydr oxy rahydro pyran-4 yl) pyridin-3 ylJ-am de NC
N O Nf|H 10 The title conpound was prepared from
5-cyano-"NI' Hi m dazol e- 2- carboxylic acid [6-

4, 4li met hyl - cycl ohex-1-enyl)-pyridin-3-yl]-a
m de ( epared in Exanple 32, step (d)) and
Me&r€abydre pyran- 4- one according to the procedure in
Exapply 1, step (h). b)

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

{2- (4 4- di net hyl - cycl ohex- | -enyl)-6-[4-(4- nethyl

pi perazin-1 yl)-tetrahydro pyran-4 ylJ pyridin-3
yl]-am de 15 The title conmpound is prepared from

4- Cyﬁh@)titld: cmpmlxdazpﬂepa@dbartmyﬁi(m pragiddre of Example 16, step (b)

i meth e dro tetra
ufifeddytim Ahsghﬁylpeﬁgﬂ?ﬁri-ytfé i Dy e P St e acid
nkﬁgq@ﬁ &ggm)ﬂ@ Nouwkdwy! pi perazi ne according to
thé 115 07/1243 9 PCT/ US2007/ 066868 procedure in

Exanpl e 4. The fol | owi ng exanpl es are produced

For r e panat g LU E BB B RO R Gl oy
aed V8- (Enet OB eSII LY Db ey Ipeariiy@rBeagrt-Sarboxylic acid methyl

ester

Me02

The title compound is prepared by the procedure of Example 16, step (¢) 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-

ethoxymethyl)-1H-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)-
phenyl]-tetrahydro-pyran-4-carboxylic acid methyl ester
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anpl e Reference No. 4-Cyano-1Him dazole-2- H O 83
carboxylic acid {2-(4,4- N -TI NH Exanple

walewetwle cycl ohex- 1-enyl)- \ -N 82 PCT/US2007/066868
6-[4-(2-nmorpholin-4 yl- NC N B(OH)2 (Conbi - Bl ocks)
et hyl am no)-tetrahydro- O NH pyran-4 ylJ pyridin-3
yl}- O \~N\ NH2 amde \O 4-Cyano-1Hi m dazole-2- H
0 84 carboxylic acid {2-(4,4- N 11 NH Exanple
di et hyl - ¢ycl ohex-1-enyl)- / 82, step rN
6-[4-(3~diyrethylamno- NC N (a); 0,6 0
propoxy) -tetrahydro- Ex. 2 0 O pyran-4 ylj pyridin-3
yl}- NVENCWO, Hdee 2005063705) HO 1--, 1 Nwe2
4- Cyano-1H iN d CR- HO Ex. 82 85 carboxylic acid
{2-(4, f NH N M~ di net hyl - cycl ohex-1-enyl ) NC
M8 4 4- et hyl piperazin-1 (Conbi-Bl ocks)

The title compound is prepared by the procedure of Example 16, step (f) using 4-
[4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-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).

e 4-Cyano-1H-imidazole-2-carboxylic acid [4-(4-hydroxymethyl-tetrahydro-pyran-
4-yl)-2-(4-methyl-piperidin-1-yl)-phenyl]-amide

¢ 4 HN
NW/&N\ CN
Ho/E ©
0

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).

¥/, 4-Cyano-1H-imidazole-2-carboxylic acid [4-(4-formyl-tetrahydro-pyran-4-yl)-2-
(4-methyl-piperidin-1-yl)-phenyl]-amide
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yl)-tetrahydro pyran-4- Et (N) ZYIPYridin-3-Y}Il-am de
N H 116 WO 2007/ 124319 PCT/ US2007/ 066868 Exanpl e 86
wal2@yamm31d H i m dazol e- 2-carboxylic acid [ 2- (4-PEL/H§1007/066868
piperidin-1yl)-4-(4 pyrrolidin-1- 5
yl met hyl -tetrahydro pyran-4 yl) phenylJ-amde HON
NHrr N NCO a) 4-[3-(4-Methyl piperidin-1
yl)-4-nitro phenyl]-tetrahydro pyran-4-carboxylic 10
acid thyl ester 6 NNX M®RCC 0 The title
conpa is prepared by the procedure of Exanple 16,
step |(a) | usi ng tetrahydro-pyran-4-carboxylic acid
nethy N st r Hal 1- (5- brono- 2-ni tro- phenyl) - 4- et hyl -

pi peri Q%L{ zl05131022 Al). b)
O[4 (4-YNethyl piperidin-1
] ©et rahydro pyran-4-carboxylic acid nethyl
117 WD 2007/ 124319 PCT/ US2007/ 066868

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)-phenyl]-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-1H-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-hexahydro-1/16-
thiopyran-4-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl[-amide

34

a) 4-(4-Nitro-phenyl)-1,1-dioxo-hexahydro-11°-thiopyran-4-carbonitrile
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15

20

6 NNH2 M®RC C O The title conmpound is prepared by
the reaction procedure of Exanple 16, step (b) using

wa2(4034¢4819et hyl - pi peri di n-1-yl ) -4-ni tr o- phenyl PET/E520811§66868

dr o- pyran-4-carboxylic acid 5 nethyl ester (as
prepared in the previous step). c¢)

4-[4-{[ 4-Cyano-]-(2-trinethylsilanyl -ethoxynethyl)-1H
i m dazol e- 2-carbonyl J- am no] -3-(4-nmethyl piperidin-1

yl) ﬁhenyl NGahydr o pyran-4-carboxylic acid nethyl
estefg® S N}FCN McQ2C 0 10 O The title conpound is
prepar he procedure of Exanple 16, step (e)
usi ng @-

[ 4-am -(4- et hyl - pi peridin-1-yl)-phenyl]-tetrahydr

0- pyr ag ¥y carboxylic acid methyl ester (as prepared

in the previous step) and potassi um

4-cyan-|-é» trimethylsilanyl 15

et hoxymet yﬂh)rrmﬁ Nahl azéIme, 2.70anibok PP & dispersiopy mpdMd@® (3 mL)

o T Ry g SRR i ndos eyt 2 e Oy ool
afdWrredi Ap RITi i Bndiny 14) soltearfl1Ibrbeilbor By Biioghoethanesulfonyl)-ethane
ran- 4- carboxyllc acid nethyl ester 118 WO

(Z2200m¢, P2P31r9mpl T UEHUGMbbeassided, aqdihgminu vy heptedpes70 °C for

1 /5 h0 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 MgSO4 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): 6 8.33 (d, 2H, J = 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-11°-thiopyran-4-carbonitrile

NH,

7N\

O
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 NH4ClI (204 mg, 3.66 mmol) 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 MgSO4 and concentrated in vacuo. Silica gel
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O The title conmpound is prepared by the procedure of
Exanpl e 16, step (f) using 4- [4-
WO 200e24319 - (2- t ri met hyl si | anyl - et hoxynet hyl ) - IPCT/US2007/066868
H i m dazol e-2-carbonyl] -amno } -3-(4 5
met hyl - pi peridin-1-yl)-phenyl]-tetrahydro-pyran-4-carb
oxylic acid nethyl ester (as prepared in the previous
step). e) 4-Cyano-1H i m dazol e-2-carboxylic acid
clﬁrém(a%gi’@p(ﬁy oXyheatfiglhe dred BmgmrmnME@Boné Elut SPE column with 50 %

B AT fetae Moy d5c Tod efersmquint 61 %ﬁw%”%aq@ o S?ls%au%s A Mass
spdguRr G(ESFQH/%)? @élcmf@;zﬁlﬁ@dﬁ'm ﬂ(MﬁHk(fﬂunchﬁ@ 1

H1 m dazol e-2- car bonyl )-amnoJ - 3- (4- et hyl - pi peridin-|
-yl)-phenyl ] - tetrahydro- pyr an- 4-car boxylic acid

t hyl este as epar n the evi,pus, step). 15 f) .
5 ot -Grdnte 1&4%"34%@#@5% Iﬁngseiw'@?f%@wl 'zox(yzraﬁ-"-wrgomzrlle
fornylgtetrahydro pyran-4 yl)-2- (4-nethyl piperidin-1
yl) phenyhdyam de 119 WO 2007/124319 PCT/ US2007/ 066868
NG N ON'NCN HOOThe title conpound is
by the procedure of Exanple 26, step (a)
4- cyano- 1H i m dazol e- 2-carboxylic acid
- hydr oxynet hyl -t et r ahydr o- pyran-4-yl)-2-(4-

A solution of 4-(4-amino-phenyl)-1,1-dioxo-hexahydro-11°-thiopyran-4-

carbonitrile (114 mg, 0.455 mmol, as prepared in the previous step) in CH,Cl, (15 mL)
was cooled to 0 °C, treated with solid NBS (77.0 mg, 0.433 mmol), and stirred at that

10 temperature for 30 min. The mixture was diluted with CH,Cl, (20 mL) and washed with
satd aqg NaHCOs (1 x 20 mL). The aqueous layer was extracted with CH,Cl; (1 x 20 mL).
The combined organic layers were dried over MgSO4 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

15 (CDCls; 400 MHz): 6 7.53 (d, 1H, J =2.0 Hz), 7.23 (dd, 1H, J = 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—Amin0-3-(4,4—dimethyl—cyclohex-I-enyl)-phenyl]-l,1-di0x0-hexahydr0-1/16-
20  thiopyran-4-carbonitrile

NH,
O

N\

Z
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5 nethyl -pi peridin-I-yl)-phenyl]-amde (as prepared in
the previous step). Q)
wWal2@yamm319H i m dazol e- 2-carboxylic acid [ 2- (4-PEL/H§1007/066868
piperidin-1 yl)-4-(4- pyrrolidin-1 ylnethyl-tetrahydro
pyran-4 yl) phenylJ-anm de 10 The title conmpound is
prepared by the procedure of Exanple 26, step (b)
usi ng 4- cyano-1H i m dazol e- 2-carboxylic acid
[ 4 (A- sfoﬁftiamlo-f ﬂ%(ﬂraalhﬁdﬁ%rpmwp’heﬂyly-ll)l- diokd-horihiyito- 1A°-thiopyran-4-

peri di n- 8 nyl]-am de (as prepared in the
caﬁla@wra@ §l 0&%) ﬁd’nw} @8 PFpRred . in t@dﬁﬁ’ﬁp@s $4p)1s DMF (4 mL) was

tr? i%/ %ﬂcy;(# 4 W@éﬁogcl% exa%;ﬁ/gl? I4', 'S5 3%@3(%6‘%%1)11 3 2] iiloxaborolane

(94.) m2; Q. §9&Hﬂm0T)3ﬁﬂqu-N%ﬂOgl(e)32lrnIe,my66 mptod 0 M)amhdemkture was
N ~.N.N O )
5 dqgaﬁ&fgml% Ml%ﬂeﬁw%ceﬂ! uﬁ%ﬁ %3( gemed A idedrps:ly @403@%&910314 mmol),
SRR 12, 19,200 B EASEORTIDREER o
a@ieﬁﬁﬁraséme)s dxirabiBQithFE A (4and Thtkorhbined proanis layeeated dricd
RTINS AT ER N
f
c%%g%ao%mﬁia&%&zﬂz@ﬁf? S SRR 5 pron
10  hewase hfatded theatitROco@foond (m95mg 100He) as xwhitesohas Mass spectrum

B4 RREY 58 oned ndsed (WD, H0LSNT ayer was
extracted Mﬁth EtOAc (1 x 50 nL). The conbined
organic layers were dried over MgSO™ and concentrat ed

e) ﬁCwmé (2$rimedwlsg?@nyl-@h¢wl@d) é{iw'yniéazoma%—cméfwﬂiﬁea@cﬁ[4-(4-
cyano-l 22 dltosx(?)l- exahj)3 ro- topyran 4}1 yl} 9 (Iél 4-t7/ met l—%ychlo}t(ex-; enyl)-

15  phenyl]-amide

34

//\\

A solution of 4-[4-amino-3-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-1,1-dioxo-
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 CH,ClI, (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 NaHCOj; (1 x 30 mL). The aqueous layer was extracted with CH,Cl, (1 x 30
mL), and the combined organic layers were dried over MgSQO4 and concentrated in vacuo.

25  Silica gel chromatography of the residue on a 20-g Isolute SPE column (FlashMaster
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10 afforded the title conpound (205 ng, 98 % as a
white solid. "H NWR (CDC13; 400 MHz): 6 8.33 (d, 2H,
wWQ200782814Hz), 7.75 (d, 2H, J = 8.8 Hz), 3. 64- 3PGRUSINN7T/066868
2H), 3.29-3.19 (m 2H), 2.88-2.76 (m 2H), 2.54-2.44
(m 2H). b)
4- (4- Am no- phenyl ) -1, 1- di oxo- hexahydr o- 1X6-t hi opyr an-4
-carbonitrile NH2 N O0SO 15 A suspension of
sybtard)-wiith t @2 e ByD Ae-hedandiadfoedddehativecanpound (193 mg, 95 %) as an

el Bt MRS (o ey <P (B pe b Srs ST+,
fdﬁﬁh%bg‘(’ﬁ) m.) was treated with solid NH4ACL(204 ng, 3.66

mol ) and Fe powder (392 ng, 7.31 nmol) and heated to
50 Cfor 1.5 h. The cooled mxture was filtered

rou lite, d the fil cake
3 NE ,90],{]&9, ﬁ’t‘g v@e&lmﬁa eﬁraﬂﬂ-lvﬁ@%%ﬁ@'gyw b1
1g_WRs_ @iyl t extract ed
ﬂ{/lvl Igwé? C&? ( 2’‘Ix[h"télgglr%gJE %M ﬁg’ggrrbp hmg)]o%g’ﬁl c layers
wer e Advolweehn@f éFcyMys(])42anmetixyimlemylF@hcecd'meﬂly\lr)abfdomldazole-z-

ca?ia' LG4RS Y0 el B TRV - 350G RAr W -(4.4-dimethy-
§01n gn)ﬁqgﬁen?ﬁ%nﬁ% ﬁgguﬁ%tm3 Bomitol, BY %a&ﬁ’iﬁ‘ Bfe pplrleveious step) in

rded tle co (114 ny as a
10 %Clzd\hﬂ sdl)ivchs tivaed withgEltA |(IJml() Bst ,stlmﬁtctat RT:ﬁirdch EtOH (5 mL) was

Hl4 028 251.1
‘1%1% %“%XtBF i‘ﬁ%Fga*ﬁd P n&%lﬂ%ﬁgﬁ% g ke wp BpCHaCl
anyd @aﬁ‘efﬁﬂ? Wa@l%ﬁl' \Izllﬂi La@d a(?NaHﬁbg (Nx§ B2 fqu%@hé"lta%r%é%fextracted with

- am no- pheny di oxo- hexahydr o- 1X6-1 hi opyr an-4

CHzéhr(ib@shland |t11lee00(nlb1md@,ue@4s415f¢rmte drpg qypie]ms&d dnd coheentrated
2 b
RS AT LR Py SKBEP oA e R ol

15  (HidhMBebr ystéhpiitd Q515070 @R@IAU%XMH afRfdddd tﬁe tifl8 €omipesinidr (80.4 mg,
was diluted with CHCL2 (20 rrL?) and washed w th
33 %) as a white solid. "H-NMR (CD;OD; 400 MHz): 6 8.39 (d lH J=8.8 Hz), 8.01 (s,
1H), 7.53 (dd, 1H, J = 8.8, 2.0 Hz), 7.42 (d, 1H, J =2.0 Hz), 5.85-5.80 (m, 1H), 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 C,5H,7N5058S,

20 478.2 (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-tetramethyl-tetrahydro-pyran-4-yl)-phenyl]-amide

o
H '\,‘/\g
O N%N
o H
25

124



10

15

20

satd ag NaHCO3 (1 x 20 nlL). The aqueous | ayer was

extracted with CH2C12 (1 x 20 nL). The conbi ned
woe@anz4s19 ayers were dried over MgpSO4 and concRCE/D8108T066868

in vacuo. Silica gel chromatography of the residue on

a 50-g Varian MegaBond El ut SPE colum with 50 %

Et OAc- hexane afforded the title conmpound (136 ng, 90

%9 as a white solid. "H NWR 15 (CDC13; 400 MHz): 6

7. 53Thdtitld tbmpoumd2v3 prizgaredras2Bsdribed id Elxarﬂpl% 18stédp (1D).Bing 4-

Hz), 6.79 : 0-4.1 b
cy\;an)gonglragia%(ﬂ?meboxgh?801@?41-@ ngﬁ) éi -dim -le@ghe(xﬁpenyl)
p@éﬂ%rj -argid® LasprdBurddin Bdhnpld), step o(ﬁ) and 2 2 6 6 tetrarnethyl

Am no- 3-( 4, 4-di net hyl - cycl ofiex- | -’en
topdabydrop yrhn-4- cd1ec§W19 BeGHH QAR ®)- iH\NMRZ@EDSOD 400 MHz): 6 8.16 (d, 1H, J

~SobAPh I8 &%&?%&é%%ﬁégs%@% UBh e, 1 720 1), 574 s,

3 I
1ﬂ)@4§ |2%§r%2@ -nggfgonl r|I %%%3q§§§98 Xﬁg%ﬁ%@H) e

6ﬁbepared in the previous step) in DMV (4 L) was
treated with
2- (4, 4-di met hyl - cycl ohex-1-enyl)-4,4,5,5-tetramnet hyl - [
E;éa,?, R]godi oxaborol ane (94.1 rTg, 0.398 mvol ) and ag
(1.32 nL, 2.66 mmol, 2.0 M. The m xture was
@gaedéﬂtmﬁdazdeﬁr@abowhc ag]dz{ééé4tdméthykrycl«tlre@a&-elavl)nﬂ{(ﬁ-

STt gl ey R 4ot B e O ©

and wate he aqueous Iayer was extracted with Et OAc
(4 x). Theé>eonbi ned organic |ayers were dried over
MySO4 and concentra in vacuo. Purification of the
residue by sijhic | chromat ography on a 10-g

| solute Sk V) Fl ashMaster system) with 25 %

Et QAg010 an afﬂorded the title compound (119 ny,
1599 & whie solid. Mass spectrum (ESI, nz):

: C20H26N202S, 359.2 (M+H), found 359.3. e)
FQo-1-(2-trimethylsilanyl-ethoxynethyl)-1Him dazo

| e-24carboxylic acid [4-(4-

cyano-1, 1- di oxo- hexahydr o- 126-t hi opyran- 4

yl')-2-(4, 4-di met hyl -cycl ohex-I-enyl) 15 phenyl)-am de

N  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)-
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): 5 8.21(d, 1H, J = 8.4 Hz),
8.01 (s, 1H), 7.45 (dd, 1H, J =8.4,2.0 Hz), 7.37 (d, 1H, J=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).
Mass spectrum (ESI, m/z): Caled. for C,o0H30NsOs, 506.3 (M+H), found 506.3.

Example 90

4-Cyano-1H-imidazole-2-carboxylic acid {2-(4,4-dimethyl-cyclohex-1-enyl)-4-[4-
hydroxy-1-(2,2,2-trifluoro-ethyl)-piperidin-4-yl]-phenyl}-amide
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10

15

Il HN NNNI1 O/ O //S\ OO Si, A solution of
4-[ 4- am no- 3- (4, 4-di net hyl -cycl ohex-1-enyl) - phenyl ] -1,

WA 2@7024319 hexahydr o- 1X6-t hi opyr an- 4- car boni t r i PET/(32097/066868

ng, 0.332 mmol, as prepared in the previous step) and
4-cyano-|-(2-trinmethylsilanyl-ethoxynethyl)-1Him dazo
| e-2-carboxylate 20 potassiumsalt (123 ny, 0.398
nmol , as prepared in Exanple 1, step (d)) in CH2C12
(10 n) g treated with PyBroP (217 ng, 0.465 nmol)
and DI EA L, 1.33 mol) at roomtenperature for
45 m n. I Xture s diluted with CH2C12 (30 nl)
and washed] wix h n\ aq NaHCO3 (1 x 30 nlL). The
aqueous | racted with CH2C12 (1 x 30 nL),
and t heow organlc | ayers were dried over MgSO4
and e er ate in vacuo. 25 Silica ge

v

(Fl ashMaster 123 WD 2007/ 124319

FBCT/ US2007/ 066868 systen) with 10-25 % Et OAc- hexane
afforded the title conmpound (193 ng, 95 % as an

off-white solid. Mass spectrum (ESI, mz): Calcd. for
C31HARNGIY &GShposd8va3 prdfakrdd as (f@@(tﬂ‘[ﬂ:d@ﬂ)&xﬁmpﬁ If ytep (h) using 4-
4- Cyano- 1Hi m dazol e- 2-carboxylic a

cmo(lﬁ syidagele-21caghary e ped dfnpermee-L 46+ o dlmeﬁwpaﬁohpx 1-enyl)-

pléfén}r Zainglﬁe gafsqﬂrgﬁaagwlln'ﬁééﬁlp@pgfép (@5%{121 IRB %@J[r)ﬂlﬁ%-gﬂ?lyﬁ‘-plpendin-
44meywm) bex1252).i mENMR sCDaDp] 46 Mibky et hl (br HH)M d27911H), 8.21

- carboxylic

(d[ AH( 4=dyhhz 7163&50%), RSRARG-ED T x4t 1P gy Tttt @l ) 150 Ha),
Vo | dmpheny g (
Sg?g?%Lgﬁépy agﬁﬁggkgsédﬂ%ﬁg¥ﬁgnpyggl%%%ag%ep 1%%%¥g9£0 LO8 G,
OEH2NIBRs (prerurh Y ESBsn/t): €atod dfoniChdH-IRAN02, 60).5 avicdHyt found602.2.
at RT for 3 h. EtCH (5 nL) was added, and the m xture
was concentrated to dryness. The residue was taken up
Exkfmpléil2 and carefully washed with satd aqg NaHC®3 (1

X). The aqueous | ayer was extracted with
4-Cyano-1H-imidazole-2-carboxylic acid {2-(4,4-dimethyl-cyclohex-1-enyl)-4-[4-

hydroxy-2,2,6,6-tetramethyl-1-(2,2,2-trifluoro-ethyl)-piperidin-4-yl]-phenyl}-amide

oI,
1 b
N
OH TKK
O o H

(N

CF3

a) 2,2,6,6-Tetramethyl-1-(2,2,2-trifluoro-ethyl)-piperidin-4-one

CFsy
0 N—/
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CH2C12 (1 x), and the conbi ned aqueous | ayers were

dried over MgSO4 and concentrated 1in vacuo. Silica
w@eio7a3enat ogr aphy of the residue on a 20-g |BGI/US®07/066868

SPE colum 15 (Fl ashMaster systenm) with 25-50 %

Et OAc- hexane afforded the title conmpound (50.4 ng, 33

%9 as a white solid. "H NWR (CD30D; 400 MHz): 6 8. 39

(d, 1H J = 8.8 Hz), 8.01 (s, 1H), 7.53 (dd, 1H J =

T8 a8plufiof) oFi2 2,6,6- teiﬁn(ethyl ]1I=(2 2]2-¥rlﬂhdﬂo-bﬂ1)yl) Iﬁp&ﬁiﬁ4&ﬂ (780 mg, 3.25

rré"(;gl;’ &Eﬁ’}’?yszgﬁ Ciwgzz 1(6?{') %ﬁ) 1?21 (22)9?)3 111@%( (&W) %ess-NEu’tln

. 683 3¢
o BRI S B S oo

pdiTidn®ise aEY) 8@p Tae 8SukimGyrainoxd as Sltlud@izaleél" for é&rhbdvkmbcﬂ with satd

2-(4, 4 hyl h | -
Nﬁ%ﬁlﬁ@o (9112 an 'ergeétef%étqt%\ﬁwﬂﬁﬁ%ﬁfl &4 F%w&% %%am fayers were
gAYl )Rl aﬂ'c! NnbbferatdN inH2d. Phe %s%ﬁl ZH W2
2007/ 12431 S2007/ 066868 The title compound was

clpoeptgenhad ol elilca ( Bes0% Et@Aahpkanc) fo clitaip tidwitlasimppuad 309 mg,

yano- Him ol ex 2-car hoxyl j.c aci
A Bsnoes (R L S8t Snrr Segty M1, found 238.0.
phenyl]-am de (as prepared in Exanple 1, st ep (g) and
2,2,6,6-tetranet hyl tetrahydropyran-4-one
bpS0n0:2 himiduialadiiatlomBlDyCid 62 (WWaljmetyBeyy h(ed— )41+
hglr_x)is_l%?,g:%)tég 417n( i?yl(lS ﬁ é 3—'?9 -ﬂﬁzﬁ)ss ,§l§j dg)e%{m(-% Iyl];phenﬂgﬁamtde
TBe 88¢ Compatidd, wad. &&)aﬁréﬂ asZidbcribkd 8 EktpKH) step (1DGrsihg58-cyano-1H-
.(m 8H), 1.56 (s, GHL, 1.21 (s, GH?. Exanpl e 89 .
imidazole-2-carboxylic acid [4-bromo-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide
(as prepared in Example 1, step (g) and 2,2,6,6-tetramethyl-1-(2,2,2-trifluoro-cthyl)-
piperidin-4-one (as prepared above). "H-NMR (CD;0D; 400 MHz): 5 8.22 (d, 1H, 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 (m, 4H), 2.08 (m, 4H), 1.73 (s, 6H), 1.58 (m, 2H), 1.42 (m, 6H),
1.08 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for C3H3sF3NsO,, 558.3 (M+H), found

558.0.
Example 92

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(3-
hydroxy-8-oxa-bicyclo[3.2.1]oct-3-yl)-phenyl]-amide
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10 4-Cyano-1H-i m dazol e-2-carboxylic acid
[ 2- (4, 4- di et hyl - cycl ohex- | - enyl ) - 4- (4-

Woydroxp19 - met hoxy- 2, 2, 6, 6-tetranet hyl pi peri dPEF/BS300)/066868

phenyl]-amide CN H N~ HONH O MON The title
conmpound was prepared as described in Exanple 1 step

(h) using 4- 15 cyan-I1H i m dazol e-2-carboxylic acid

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

phen¥h¢ tidetaepguasl Vms@qj’aedi asrdekotivep lie Exampliedp steg ) h)athg 4-
1- met hox)

BB P e R DR C KOS PR - sy pfersl-enyl)-
pﬁen?l]"gﬁlde (& é)oélpa(r&i 1n|Ex'§9rrZole7 1 ‘hgb)p((gg' aild EHoxa] bmygloﬁ?) 2. ?]o@tan 3-one

(l(zsbzgﬁﬁhnalé’n a5 Cromidil)), 125 Q98T H-I%BMR:I(CEEIQ 34006Nﬂlz) 5 11 69 (br

5. o500 50k (& F 0y dar iz gy T S S RES 400,508 g 8.4, 2.0 H),

g fou -
7(36’@*)611%} @@Fﬁzggszz?g P gg?%lgngggl 4.50 (m, 2H), 2.48-2.41 (m, 2H), 2.40

282 ((424),d. 372 By Kmc Yid), @hiéx2.07 émy2Hi), 2-0541.96 (m, 2H), 1.83-1.76 (m, 2H),
r - 142 -trifluoro-ethyl [ idin- J

L3S gL T35 sy Doy sl bl ek trlaa N 4472
NVHN) \dund42H . H N F3C The title conpound was prepared

as d’escn bed in Exanple 1, step (h) using 4- cyano- |

Hi m dazol e- 2-carboxylic acid

gfﬁlkl))ie%ga- 2- (4, 4-di met hyl - cycl ohex-1 -enyl)

4-Cyano-1H-imidazole-2-carboxylic acid [2-(4,4-dimethyl-cyclohex-1-enyl)-4-(3-

hydroxy-1,5-dimethyl-8-oxa-bicyclo[3.2.1]oct-3-yl)-phenyl]-amide

ol
H '\,‘/\g
Nj(l\N
HOH O o "

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)-
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-
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=2.3, 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, 6H), 1.00
(s, 6H). Mass spectrum (ESI, m/z): Calcd. for CysH34N403, 475.2 (M+1), found 475.1.
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5 phenyl]-am de (as prepared in Exanple 1, step (Q)
and 1-(2,2,2-trifluoro-ethyl)-piperidin- 4-one (WO

wQ@e™I4ABBY9 ' H-NVR (CD30D;, 400 MHz): 6 12. 9 (brCEHPSB/N66868

9.62 (s, 1H), 8.21 (d, | H J = 8.4 Hz), 7.63 (s, |
H, 7.38 (dd, | H J =8.4, 2.0 Hz), 7.24 (d, | H J =
2.0 Hz), 5.73 (br s, 1H), 4.13 (m 2H), 2.91-3.23 (m
4H), 1.93- 2.32 (m 4H), 1.53 (m 2H), 1.08 (s, 6H).
Mass spectrum (ESI, mz): Calcd. for C26H30F3N502,
502. H), found 502.2. 10 Exanple 91

Example it 11 i ni dazol e- 2- carboxyl i ¢ acid

{8 31D LAY 2- GV 6o cﬂd W e)aks b A=dimethyl-8-oxa-
AR R e

/IN 15 CF3 a)
et hyl -1-(2,2,2-trifluoro-ethyl)

rarrethyl-l-(2,2,2-trif|uoro-ethyl)-pi peri di
v nmmol ; J. Phys. Og. Chem,
16(3), 175- 382<T ) in DCM (50 nL) Dess-Martin

peri odi nang” (1569, 3.2 mmol; Adv. Syn. Catalysis,
346, 111-124 (2904)) was added portionw se at 0 C
The resulting m xture was stirred at RT for 48 h,
diluted with satd 5 NaHCG8 (50 nl) and was extracted

T R b bl 2 AUPRDLE ST ¥R S lohor Lem-

4 Thérydesyitlt 5-dgnahyl-8xasa-bichelofBed. bbcab!yeeblmnyl:}-lammm(zl rng, 0.044
(10 50% Et OAc/ hexane% to obtain the title conpoun

miRpl. asqgparabia S xapwis YUrin | Bk of DM at 0K was addsel TSN s L.

0GR Py AN e OYPEh 2P Q1 8,08 mL. of DM, The

réaetidriwds @hddny rody edrofextule-adlghindreathd with 25 uL of TMSCN and
hydr oxy- 2, 2, 6, 6-t et ranet hyl - 6222tr|fluoro et hyl)
th@p r§§pll4c(18 A0 03)(?2\]mg}q>@r19 |0]2_ @ﬁ, M. After the reaction becarne

homogeneous 1 mL of MeOH was added followed by 2 mL of water. The mixture was

stirred for 5 min, CHCl; (5 mL) was added and the layers were separated. The organic
layer was dried (Na,SO4) and concentrated in vacuo. Purification of the residue twice by
preparative TLC (5% MeOH-CHClIs, then 50% EtOAc-hexanes) afforded the title
compound (6 mg, 28%). "H-NMR (CD;OD; 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
(s, 1H), 0.98 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for C,9H33N50,

484.2 (M+1), found 484.0.

Example 95

4-Cyano-1H-imidazole-2-carboxylic acid [4-(4-cyano-2,2,6,6-tetramethyl-tetrahydro-
pyran-4-yl)-2-(4,4-dimethyl-cyclohex-1-enyl)-phenyl]-amide
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The title conpound was prepared as described in
Exanple 1, step (h) using 4-cyano-|H
WO pdodazeie- 2- car boxylic acid PCT/US2007/066868
[ 4- br ono- 2- (4, 4-di net hyl - cycl ohex-1-enyl)-phenyl]-anmd
e (as prepared in Exanple 1, step (g) and
2,2,6,6-tetranethyl -1-(2,2,2-trifluoro-ethyl) 15
plper|d|n 4-one (as prepared above). 'H NVR ( CD3OD;
; H J 8.4 Hz), 7.98 (s, | H,
7.43 (gd 3/4, 2.0 Hz), 7.33 (d, | H J = 2.0

He) | T 4.18 (m 2H), 2.28- 2.36 (m
4H) | .73 (s, 6H), 1.58 (m 2H), 1.42
(m 6H), i 6H). Mass spectrum (ESI, m z):

Cal cd. for C30H3 ?% CN558.3 (M+H), found 558.0. 20

Exanpl e 92 4-Cy - Hlinidazole-Z-carboxyIic acid

[ 2- (4, 4-di met hyt - cyc¢) ohex- 1| -enyl)-4-(3-

hydr oxy- 8- oxa- bi cycl0[ 3. 2.1 Joct-3 yl) phenyl]-am de CN
HNJOHNH O 25 127 WD 2007/124319

PCT/ US2007/ 066868 The title conpound was prepared as

des ﬁfl‘b%gﬂ? %OIEP%LQI:EP %%?ﬁr?p@%eéﬁ%) d]‘ehgrlbea i %xg'mgl%mqfsinlg 4-cyano-1H-
1Iﬁlﬂaﬂﬂélmaﬁm&§fhc4a@iﬁ [@(47¥Jdlrﬁ¥tﬁ&10<%§lﬁlﬂeizﬂ%fyl)'4 -(4- hydroxy 2 2 6 6-tetra-
npl e

phenyl ]-am de (as prepared in

SAIARAN IR Lo B8 Sl AT et A TR IR L ST
Al o7 &P (ERRT fRR 102550
Hg'_&47ﬂz(}§n 1?1)7994?{| 1Hj‘|2 5372 4@(&%@) %2*5' (mlmg& B-129Qm, 2H), 1.79-

1 75k, 3159 ms Gl 135 (s, Mo srpecyym (ESI Jecan (fen

12-2.07 (m 2H), 2.05-1.96
ﬁﬁ%z’&léz%@éﬁ@qsfo‘w@%ﬁ 1.57-1.53 (m 2H), 1.10
(s 6H). Mass spectrum (ESI, nlz): Calcd. for
C26H30N403, 447.2 (MH), found 447.1. 10

IV. Results

Fluorescence Polarization Competition Immunoassay

An autophosphorylation, fluorescence polarization competition immunoassay was
used to determine the potency for c-fms inhibition exhibited by selected compounds of
Formula I. The assay was performed in black 96-well microplates (LJL BioSystems). The
assay buffer used was 100 mM 4-(2-hydroxyethyl)piperazine 1-ethanesulfonic acid
(HEPES), pH 7.5, 1 mM 1,4-dithio-DL-threitol (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 uL of compound were added followed by the addition of
3 uL 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 uL. of 5 mM ATP
(Sigma) in assay buffer. The final concentrations in the assay were 10 nM c¢-fms, 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

compound; in addition, positive control wells received 1.2 uL of 50 mM
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Exanpl e 93 4-Cyano- 1H i m dazol e- 2-car boxylic acid
[ 2- (4, 4-di net hyl -cycl ohex-1-enyl)-4-(3- hydroxy-1,

wWG22erehy| - 8- oxa- bi cycl o[ 3. 2. [ Joct-3 yl) PCT/US2007/066868

phenyl]-amde CN HN1\ Od \ NN O O15 The title
conmpound was prepared as described in Exanple 1, step
(h) using 4- cyano- | Himdazol e-2-carboxylic acid
[ 4- br ono- 2- (4, 4-di net hyl - cycl ohex-1-enyl) -
ei}hblhﬂydiﬂtmﬁﬂiedeac(eﬁswimi dgiaray i n Exanpl e 1, step (g)) and
m%hrreth yl - 8- pxa- %Lcycl o[ 3. 2. 140 - 3-.0ne %f
e B],gfttef(%ere Hsybat @go?q_lgggmra urq {OK| n(1 g@nqj the

e et 5 i .75y By i

aded to ﬂle@obhl)va c@’ntl?o'fl v(erﬁls at thid) poift; 6& dbove)l HdllowhBB85-qEn idcubation,
, 2. 2. 26-
eazl;%lq)welllregq}yq_d lyq_u]%mf a4H) 3 mixtyrp Qf:@ngp(kpmhomsmq_aggoogg, 10X, PTK

28 racks O iR P BB GORALCE bttty e om B, car. #

P2€BY7/ TR4 Bh&: WSTdouS2A0inc b 6®r 3Exdnpt ®ofvtemperature and the
4- Cyano- | Hi.m dazol e- -ca boxylic_acid .
flporcyognes befprization gasEs %93% Lysty T@?/ HSBPBeBt seifgs were: 485 nm
e¥dithtidn ﬁf]te ng(') Hﬁtéﬁ}[lkm&y ﬁ t&h Phic %h?q}fﬂdhlemll h’i%@ﬂo‘rm) 63, Under
NC NH , NJ 10 a slurry of 4- cyano-
thidsg mluiétm,dh@ ﬂuanelsnmyet Q:lalazatldn values for positive and negatlve controls
w[efze_a %h%(lrgllatngr ﬂ%)l %%%bor%gﬁ(eclt&eelgy a{n)d_were used to define the 100 % and 0 %
inhibition of the c-fms reaction. The reported ICs, values are averages of three

independent measurements.

CSF-1-Driven Mouse Bone-Marrow Derived Macrophages Assay

Macrophages are derived by culturing mouse bone marrow in alpha-MEM
supplemented with 10% FCS and 50 ng/ml recombinant mouse CSF-1 in bacteriologic
dishes. On the sixth day, macrophages are detached from dishes, washed, and resuspended
to 0.05 million cells/ml in alpha-MEM containing 10% FCS. One hundred ul of cell
suspension are distributed per well into 96 well culture plates. Wells are further
supplemented with the addition of 50 ul media containing 15 ng/ml CSF-1, 3 uM
Indomethacin, and 3X of a dilution series of test compounds. The cells are cultured for 30
hrs at 37 degrees and 5%CO2. During the final six hours, cultures are supplemented with
an additional 30 ul of media containing a 1:500 dilution of bromodeoxyuridine (BrDU).

At the end of the culture period, the plates are spun at 1000 RPM for 1 minute and 130 ul
of media is removed with a pipet and replaced with 150 ul of fixative solution for 1 hour @
room temperature. The fixative is then dispelled from the plates and the plates allowed to
air dry. Incorporation of BrDU into the fixed, dried cells is quantified using a specific

ELISA.
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29 0.0016 0.011 30 0.0032 0.007 133 WD 2007/124319
PCT/ US2007/ 066868 31 0.0014 0.003 32 0.0032 0.019 33

W@2®03%4302 033 34 0.0015 0.0172 35 0.0007 0. 0PGBUSBF7/066868
0. 0011 0.0082 88 0.0024 0.0064 89 0.013 0.02 90
0.0065 0.04 91 -0.21 0.061 92 0.0022 0.012 93
0.0029 0.0089 94 0.082 >0.1 95 0.026 0.029 Wiile the
foregoi ng specification teaches the principles of the
The elaamdd innsteiohiion, with exanpl es provided for the
purpose of illustration, it will be understood that
the practice of the 5 invention enconpasses all of

1t BBe H§HRcoMiBb ks P RSrm@gapt at i ons and/ or nodifications
as come wthin the scope of the follow ng clains and
their equivalents. 134 WO 2007/124319
PCT/ US2007/ 066868 Al | publichiomp di scl osed in the
above specification are hereby ?pborporated by

reference in full. 135 07/NH4319
PCT/ US2007/ 066868 The claipe i nvention is:
5 X~ N7 R?
1

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

R4
R4

R4
‘ HN—§;\ HN— HN— HN

N-N
3/[;§\R4,Or 3JLN§\R4
H

wherein each R* is independently H, F, Cl, Br, I, OH, OCH3, OCH,CH3, SC1.4)alkyl,
SOC 1aalkyl, SO.C1aalkyl, -C(13,alkyl, COR?, CONRCR', C=CRE, or CN;

10

wherein R%is H, or -C(1_3jalkyl;
R®is H, or -C(1_3jalkyl;
15 R'is H, or -C(1_3jalkyl; and
R®is H, -CH,0H, or -CH,CH,0H;

R”is cycloalkyl, spiro-substituted cycloalkenyl, heterocyclyl, spirosubstituted
piperidinyl, thiophenyl, dihydrosulfonopyranyl, 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, C(.3jalkyl, and C(;.syalkyl;

ZisH, F, or CHs;
Jis CH, or N;
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1. The novel compounds of Formula | O Z NH 5 X J R

or a solvate, hydrate, tautoner or pharmaceutically
waewepeeind e salt thereof, wherein: R4 R4 - ( RAPCTAUBZ0 66868

HRA HNV\" HN/ N' NNVI OR4, or \r N R4 10 H

wherein each R4 is independently H F, d, Br, |, OH,

OCH3, OCH2CH3, SC(1_4)al kyl, SOC(1_4)al kyl,

S2C(1_4)al kyl, -C(1_3)al kyl, CO2Rd, CONReRf, C=CRI,

or CN,R'Weerein Rd igrH, or RO(Ir@B)al kylR'Re is H, or
o1 RY 18 RsRH, of .'%)al%é} ~ar R is

%—t- C]—LS;@r- QJ%RZisccloalky,

Spi ro-shost i t ut cfmal-ken et erocychyl,

spi rogutpgtq t ut ed% Zperi di nyFix, Rt hi oﬁﬁenyl ,R?

di hydr psul f onopyranyl, phenyl, furanyl .
whereiaRy #rbpyalkais-OK 26Nk Ay By HanG ORIy CHin G-
2bed bst | ' & a
N SO Re T o T nao ey MR CpEGRER |, RCRLCH.OR'
NR(CHIEINAIA, add Galky Y Al Ay HOCH,C@,RY, -TH, G, REHEH ,CH,56,C 1.

S oA RAGRURLTRENA A RORILGILRATR L SCRCANAPRS
NHSO,CH,CH,NA'A? phenyl, imidazolyl, thiazolyl, 4H-[1,2,4]Joxadiazol-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 -C(j.galkyl, wherein both R* may have either syn
10 or anti stereochemistry; alternatively both R* in a syn relationship may be taken

together to form —(CH;),-, where nis 2 or 3;

R’ is H, C(1aalkyl, C(13,alkyl-CF3, CH,CH,NH,, CH,CH,OR?, -COCH;, CONH,,
or CO,RY;
15
AlisH, —Cyalkyl, or CH,CH,OR?
A’is H, -C(14)alkyl, COR?, CH,CON(CH3),, -CH,CH,0R?, -CH,CH,SC;_4jalkyl, -
CH,CH,SOC1-syalkyl, or -CH,CH,SO,C1-4)alkyl;
alternatively, A' and A* may be taken together with their attached nitrogen

20 to form a heterocyclic ring selected from the following:

Raa R Ra Ra
Ra
= > \ R®
NS s Né- \CN_g_
N =/ . Ra>_/ . and ;

wherein R* is H or C1_sjalkyl;
R* is H or C1.4yalkyl; and
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SSO, NRBOS Ry RZORy Rz Ry Rz or Rz wherein Rl is
-C(i-4)alkyl, -ORa, -CN, -NA" A2, -SO2CH3, -COORa,

WO GO2/@319 - CH2- NA' A2, -CONA' A2, -CH2QRa, PCT/US2007/066868
-OC(i-4)al kyl OrRa, - NHCH2CH2CQ2Ra, - NHCH2CH2CRa, -
NRaCH2CH2NA1A2, - OC(1-4)al kyl NA' A2, - OCH2CO2Ra,
-CH2CX2Ra, -CH2CH2S2C(i 5 4)al kyl, -S02CH2CH2NA1A2,

- SOCH2CH2NA' A2, - SCH2CH2NA' A2, - NHSO2CH2CH2NAL1AZ2,
kaemyLc(114mmz.mCHzoﬁm@HwCH3,446H2c02H, -C(0)C1ayalkyl, or -
é%}qcﬁw zoI -5-onyl, 4H pyrrol o[ 2, 3-b] pyrazi nyl,

CBI} M)a 1 3, 4] oxadi azolyl, 4H[ 1,2,4]triazolyl,
tetrazolyl, pyrazolyl, [1,3,5]triazinyl, and
[1, 3, 4] thi adi azolyl; Rz and R3' are independently H or
2- §(Comtpalnidydf Cloher siharerot h Rz may have either syn 10
or anti stereochem stry; alternativeHy both Rz i rH a

V§ n reHa\/&g%ngé MaH taken t og Ner I/o_for >_
}/ 3)§nk§|- ren |2§l\é or 3; R3 jﬁl—l?_@(l 4)@5

(i -
or CO2Ra; 15 A" is H, C(l 4)a| kyI | CHZCHZCRa
|s H, H -4)a|ky| CH2

\
IkyI ,
S C(|- )alk '\blternatlvy?%' A and Azz%mal\)‘/ be
taken together with the|r attached nitrogen 20 to

form aHhet€ yclic Nhg sel ect edH m the foll

R a Raa/Ra*Rg Ra %bNN— % N
, O~ 33 N>--j Raaf ~NSNN

,and Ra

A=y
Noallo AN e SN o

O 8 o Cﬁd
YO INe SN e N 0}

R R R' RY R R R’
i PR R® & RE R ¥ R
1S
t;sfto ﬁrﬁ ’ \QO/ S
R 1.0 R, Rl or e

wherein R' is -OH, -CN, -NA'A?, -SO,CH;, -COOR?, -CO,CHj3, -CH,-NA'A?, -
10 CONA'A?, -CH,0R?, -NHCH,CH,CO,R?, -NHCH,CH,OR", -NHCH,CH,NA'A?, -
OCaalkyINA'A%, -OCH,CO,R?, or tetrazolyl;

Alis H, or -CHz;

Zis H;
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wherein Ra is Hor C(i-4)alkyl; Raa is H or

C(i-4)al kyl; and 137 WD 2007/124319 PCT/ US2007/ 066868
wWORW7NS43H - C(i _4)al kyl, - CH2CH2O0CH2CH2OCHS3, - EBHRUSB/066868

-C(OC(i_4)alkyl, or - CH2C(O C(i_4)alkyl. 2. A

Compound of Cdaiml1l wherein HH NH2 NN Wis H H\~

/>-Sj [/>s -N/ \WO\ N\ NNO C C HNBr HN-C

HMW\ N NN?z~~ N_N H--NHNNGC-~2Z2 N NOONO

HN Z, ~NA’%Hy- (R&GPEOOI—II;,#‘CG)EH;,MrI\CHE\!N N | or 0 Z

is H Rl Rz IS
mematlvelyRk and may b@ltaken togetﬁe]ir wit thér attached nitrogen

to form a heterocyclic ring selected from the following:

Raa R? a a
Ra
== > \ R%
NS s, N \C 4
NQ/ . >_/ and N g ;
Ra
5 R"is H, or -C(j_salkyl;

R* is H, or -C(j_syalkyl;
R™ is H, —C(1.4jalkyl, -CH,CO,H or -COCH3;
R’ is H, or —-CHj;
R”*is H, -CH3, or may be taken together as -CH,CH,-;
10 R’ is H, -CH,CF;, -COCH3, -CH,, -CO,CHj3, -CONH,, or -CO,H.

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

3. A compound of Claim 2 wherein

SSRINSENS NS

15 -
R R R' RY R R R’ ,
p R* R R® ¥ R
\E?IS;O \QN/‘R?’ \g °
R 1.0 R, Rl or e

wherein R is -OH, -CN, -NA'A?, -S0,CHj3, -COOH, -CO,CHjs, -CH,-NA'A?, -
CONHS,, -CON(CHjz),, -CH,OH, -OCH,CH,N(CHj3),, -NHCH,CH,CO,CHs, -

2.
R 1s
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SSON 30S RR O, Ry Ry, or Rz Rz Rz Rz wherein
RLis -OH -CN, -NA A2, -SO2CH3, -COORa, -0C02CH3,

WO GH2ANBTIA2, 10 CONA' A2, -CH20Ra, - NHCH2CH2CO2EES2007/066868
- NHCH2CH2ORa, - NHCH2CH2NA' A2, - OC(i _4)al kyl NA" A2,
-OCH2CQ2Ra, or tetrazolyl; A is H or -CH3; 138 WO
2007/ 124319 PCT/ US2007/ 066868 A2 is H, -CH2CH2OCHS,
-COCH3, or -CH3; alternatively, A and A2 nay be taken
t ogeNHGHMGH OGHe iNHEH, QB A ' AT, t©0gajplkyl®AT &T, OEH,CO,H, or
heterocycljc ring selected fromthe followi ng: R a Raa
Ra RETALYIa N Y Rob-N N-3- iSNO=SN Ra O >--~
~--~ Raa Ra;A3 faclRa @ NS NRN3- >-j ,and Ra 5
Rais H or -C(1-4)alkyl; Raais H or -C(i-4)alkyl;
Rob is H, A? GH,-OROH0CH:CHOQCHH wrCHEOCH3; R3' is H,

S o B A et OB R PRIy R rivocen
- CONH2,  0fp folfHietcdScyoBt Hin@Scls@by BbASthe hﬂﬁfv@ﬁ?&
taut omers and pharmaceuti cglgl_y} acceptable salts
d a
o\

t her eof . o@@_m@?f ,@92 N\iﬁ/%[g_e;i n

and CNé :
R is H, -C1_salkyl, -CH,CO,H or -COCHj;
R’ is H, or -CHj;
10 R”*is H, -CH3, or may be taken together as -CH,CH,-;
R’ is H, -CH,CF,, -COCH3, -CH,, -CO,CH3, -CONH,, or -CO,H.

as well as solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.
4. A compund of Claim 3 wherein

Wi \ HN HN
is }%[O;\QN’ E/&;\>\:N o N

N

R is %z;l@/ },7@ , E,JOl/ 31@,@
or ﬁg@L

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

15

20 5. A compund of Claim 4 wherein

Wis HN HN
\_ \
3??7/A\,l\>\\N , or jz27/Q\§N ;
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10

15

R2is NDN::::)-'"-- , or 15 RL Ry RZ Rl Ry RZ Rl Ry
RZRLRZ Xis 7ZYAO, NRBOS RZRy RZRy RZ , or Rz

wWoL@7Ta431R1 is -OH -CN, -NA A2, -SO2CH3, -000R{T/US2007/066868

-CO2CH3, -CH2-NA" A2, - CONH2, -CON(CH3)2, -CH2CH,

- OCH2CH2N( CH3) 2, - NHCH2CH2CO2CH3, - 139 WD 2007/ 124319
PCT/ US2007/ 066868 NHCH2CH20CH3, - NHCH2CH2NA' A2,
OC(i-4)aIkyINAA2 -OCH2CO2H, or tetrazolyl; A is

H, or -CH3; CH2CHZOCH3 -COCH3, or -CH3; 5
Itern er, A may be taken together with
sel r; en to forma heterocyclic ring

selected1fromthefollovv|ng CAN-J- - NN- - N - ON
N- CN and Rob is H o¢C(1-4)al kyl, -CH2CO2H or
mgg@ IS;H,R r -CH3;;F RFSHR—CH3 or may
X t ake her Jas } CH2CH2{; is I—Pf

- COCH3, - N ;53CONH2; - CO2H. asvaeII as
sol vates, hydrates, tautoners d pharmaceutically
accept abl e sal ts thereof. 4. conpund of Claim3

wher ehareili B' SNGHCANHZ: -NCHN,, -SO,CH, -COOH, -CO,CH3, -CH,-
morpholinyl, -CONH,, -CON(CH3),, -CH,OH, -OCH,CH,N(CH3),, -
NHCH,CH;0OCH3, -OCH,CO,H, morpholinyl, piperazinyl, N-methyl piperazinyl,
piperazinyl-CH,COH, or tetrazolyl;
R”is H, or -CHj;
R* is -COCHs, -CH,CF3, or -COH;

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof

6. A compound selected from the group consisting of:

HO
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15 or, Reis .Nor N as well as solvates, hydrates,
tautoners and pharnmaceutically acceptable salts

wo b@ranf319 20 5. A conpund of C aim4 wherei n RCT/ESIOMG66868
HN N N or 140 WD 2007/ 124319 PCT/ US2007/ 066868 R2 is
or N, sRRLRILRz RL Xis SS0-bN 30S :or
wherein RL is -OH, -NH2, -N(CH3)2, -SO2CH3, -000H,
-C2CH3, -CH2- norpholinyl, -CONH2, -CON(CH3) 2,
- CH20H, - OQH2CH2N(CHB) 2, 5 NHCH2CH2OCH3, - OCH2COZH,
nmor phol i n pi perazi pMl, N-net hyl pi perazinyl,
pi perazin JH2CO2H, /or tetrazolyl; Rz is H or -CH3;
R3 is - COCM3 , or -CO2H; 10 and sol vat es,

H .
hydr at es, nmer d pharmaceutically acceptabl e
satts the of A'\l:on'pound sel ected fromthe group
HEeSL &N A N> HHN NY-I\N HOO O 15 N
O ;
‘ HN
H :\>\:N
PORE
\O/\/N o)
O ;
o
H HN \
Nj(l%N
w7
0
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HHNN Nlr \ \N O 0 141 WO 2007/ 124319

PCT/ US2007/ 066868 N HHN ONrt - HO-O O O H H\-N
WORMN71H43M 0 O ~N HHN Nr-I\N H2ZN OO0 N H PN/NBR007/066868

nN) OO~N HHNNN

N
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N O5 0 142 WD 2007/ 124319 PCT/ US2007/ 066868 /N / H
HN~\ \ NN NOO/N HHNHNNI N N OON HOO
WORMRI2HI N N ~N O O\ HHN~- \ NI N HO O SPEIMES2007/066868

HO O

144



HN N HO OGSO 5 143 WO 2007/124319
PCT/ US2007/ 066868 HN H\ N N-~N H2N/ O N\ H HN %

WO 200)IN3 HO 1O S\ HHN NN HO O OGSO H HN RCTMESIN07/G56868
N OO O 144

HO ©
0 ;
HN
H
:\>EN
0 N
H,N ©
o

JT
HO
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WD 2007/ 124319 PCT/ US2007/ 066868 H HN\ O NN N HO/

OOHHNONNN HOO OHHN N ONNHNO OHN
WOR0W07/INEIS-N HO/ 0 OH HN LyNyQN N O O 5 CPABBSAMI/066868

2007/ 124319 PCT/ US2007/066868 H HN\ N=N N N HN, | /

O

H HN/\>\\
IN:N N \N =N
HN\N/ o)

(@]
H HN A\ —
N NS =N
PP
HO)E ©
(@]

0 N XN =N
HoN °

0)

2

2

HN
H
NW/&}\QN

HO ‘ °

N O \[o(k

N
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O\VHN H ONNHOO OHHN NON H2NO OHHN

NNN HOOOHHN\ NN~N NO O Ob O146 WO
WQe@7N224819 PCT/ US2007/ 066868 HN H _ NN ~N PEIOUS200T/W66868

H HN
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ONONO OHHNONjJjNO O~N HNNN HOI OH O

~N HNNN HOOH OS5 147 WO 2007/124319

WERN/USB007/ 066868 N HN NNN HO 1/ OH EDNS208/066868
N NN

N
I
Ho N7
N
SRS
HO Il J & H
O .
N
7
H'\Il/\<
N
N j(l\N
HO Il ) § H
o ;

IN

HO

2

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

N
H
Nj(%N
o) H

)
N\[(‘%N =N
0]

7. A compound of Claim 6 selected from the group consisting of:
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HO1 OH OHN NN OH OOO\ HHN NN'NN HO

O N 5 and solvates, hydrates, tautoners and
webarineseut i cal |y acceptable salts thereof. 7PCHUS2007/066868

conpound of Claim6 selected fromthe group consisting

of : 148 WD 2007/ 124319 PCT/ US2007/ 066868 /j N H HN H

HN N~NNN HOON-'iO0OO NN HHWM\ HHNN N~ N

Nr) HNO -NO OO

N

’ 7 ’ I
H HN/\< H HN/\<

O N\[(‘%N O NTKK\N
HO o) NN o)

O N O s
N
J o/ o/
Nm/k\N / N Ay
HoN o) - o)
(6 O

149



O-0 HHNN

HN H\ j NN-~NHHN HN O N ON
9 WO 2007/ 124319

N ~
NNHHN NNN~-N HOOHOOOO 5 14

weaN/Wsaop7/ 066868 H NH HNNNN N HO N CPCHISIO0HI66868
N O O and sol vates, hydrates, tautoners and
pharmaceutically acceptable salts thereof. 8. A
conpound sel ected fromthe group consisting of: CN H

N

’ HN’\>\\
NYK\N =N
HO I

o |

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

8. A compound selected from the group consisting of:
CN
H '\,‘/\g
o
o) H
N
//
FsC :
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10

15

OH HN N5 F3CCN HNNN OHH
~\ OHI ' N NH O

wWERN/USB007/ 066868 CN
NIl H

| / 0O CF3 CN NH
O 150 WD 2007/ 124319
H 1\ I \ NOH PUT/OsNC/®6868

CN

o
I

(J
@O

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

9. A pharmaceutical composition, comprising a compound of Claim 1 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 dosage form according to Claim 10 adapted for parenteral or oral administration.

12. A method for inhibiting protein tyrosine kinase activity, comprising contacting the

kinase with an effective inhibitory amount of at least one compound of Claim 1.
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10

15

20

25

30

OCNNHN-CN ONH and solvates, hydrates,
tautoners, and pharmaceutically acceptable salts
W b@revf319 5 9. A pharmaceutical conposition, PCT/US2007/066868
conprising a conmpound of Claiml and a
pharmaceutically acceptable carrier. 10 10. A
phar maceuti cal dosage form conprising a
pharmaceutically acceptable carrier and from about
0.5 ng to about 10 g of at |east one conpound of C aim

. 11. A dosage,formaccording.to Caim210 adapted.for
I%ar e#r@?tap(? BICOBHBE (ORI 5 OYETSIB fhe Pratgimyiyrosie it o-ms.
for inhibiting protein tyrosine kinase activity,
conprising contacting the kinase with an effective
14.nhi Bimethgd afiveating arfiflaamhtecsin aonemme hwoundsiog a@ingiistering to the

151 007/ 124319 PCT/ US2007/.066868 13. A nethod
MR it edaﬁe&%S;lg’i ‘?%fefg;re 9&%8‘1"1%05 at g 6’P8P%TPR°1{‘W°53$W81 L

kinase is c-fns. 14. A nethod of treating inflammtion

in a mammal, conprising adm nistering to the 5 mammal
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conpound of Claiml1. 10 16. A nethod of treating
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mammal, comprising administering to the mammal a therapeutically effective amount of at

least one compound of Claim 1.

18. A method of treating pain, including skeletal pain caused by tumor metastasis or
osteoarthritis, or visceral, inflammatory, and neurogenic pain in a mammal, comprising
administering to the mammal in need of such treatment a therapeutically effective amount

of at least one compound of Claim 1.

19. A method of treating osteoporosis, Paget's disease, and other diseases in which
bone resorption mediates morbidity including rheumatoid arthritis, and other forms of
inflammatory arthritis, osteoarthritis, prosthesis failure, osteolytic sarcoma, myeloma, and
tumor metastasis to bone, comprising administering to the mammal in need of such

treatment a therapeutically effective amount of at least one compound of Claim 1.
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manmal , conprising admnistering to the manmal a

therapeutically effective anount of at 20 |east one
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i ncludi ng skel etal pain caused by tunor netastasis or

osteoarthritis, or visceral, inflammatory, and

neurogenic pain in a mamal, conprising admnistering

to the mammal in need of such treatnent a

therapeutically effective amount 25 of at |east one
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21. A nethod of treating autoi mune di seases such as
system c | upus erythematosus, rheunmatoid arthritis,
and other forms of inflamatory arthritis, psoriasis,
Sjogren's syndronme, nultiple sclerosis, or uveitis,
conprising admnistering to the manmal in need 10 of
such treatnent a therapeutically effective anount of
at | east one compound of Claiml1l. 15 153
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