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WD 2007/ 048088 PCT/ US2006/ 060028 TI TLE OF THE
I NVENTI ON METHOD OF | NHI BI TI NG FLT3 KINASE 5

WEROG8448BF-ERENCE TO RELATED APPLI CATI ONS Thi s PCT/US2006/060028

application clains priority to U S. Provisiona
Application for Patent No. 60/727,687, filed October
18, 2005, the entire disclosure of which is hereby 10
incorporated in its entirely. FIELD OF THE | NVENTI ON
15 The present invention relates to nmethods of
reduci ng or inhibiting kinase activity of FLT3 in a
cell or a subject, and the use of such nethods for
Brldde QH THEINVERKEION in a subject a cell
proliferative disorder and/or disorders related to
FLT3. 20 BACKGROUND OF THE | NVENTI ON Pr ot ei n ki nases
MEEBO (rN IR SRt 5KBNASEe si gnal transduction
pat hways which catalyze the transfer of the term na
phosphate from ATP to the hydroxy group of tyrosine,
serine and/or threonine residues of proteins. Thus,

[ functions
@gg@g;ﬁ ﬁﬁ%ﬂf@& r‘;af]g?té@e[gw ng fﬁﬁgﬂﬁgu ol ogi cal
consequences of protein kinase activation. The
Tine rprivationi dningy pirioaprto pUisat ErovesxcaraeSAp@matleﬁ fwrmbnt No.

nt..pL o ki.nas, s been_a top
68;72%? e nﬁsllg(\i/ e(t)s E g dﬁﬁgs QB% effia n@ﬁ@??‘ﬁ? et t"f)hlfﬂ a‘f,' hereby
ua:ospcgaueﬂumanbnmrelye in the devel opnent of many
di seases, including diabetes, angi ogenesis, psoriasis,
restenosis, 30 ocul ar diseases, schizophreni a,
rheumatoid arthritis, atherosclerosis, cardiovascul ar

HES@OF FHE DNVENTIONe cardi otoni ¢ benefits of kinase
i nhibition has al so been studied. In sum inhibitors

$_ Eroteln ki nases have particular utility in the
Top BEFsFRHEVGIionistes tomethads pArcdicine-rdnhipingtonssg 4868y of

FE@/ ihJ2200 64+ G003, ard tHa&ist bP §udh' rh@chgéfsr J%?E)Ptevehjclﬂ%ﬁle&g’atmg ina
FLT3) Ilgand FLTSL) I's one of the cytokines

b‘é?l?“éc‘t cslireligeyive dpivedar d@fl/orrdlsprctﬂreerqh@whtm@b%t ic

| i neages. These effects occur through the binding of
FLT3L to the FLT3 receptor, also referred to as fetal
l'iver kinase-2 (flk-2) and STK-1, a receptor tyrosine

BAEREROTUD OV PHISRGVERTION

Protein kinases are enzymatic components of the signal transduction pathways which
catalyze the transfer of the terminal phosphate from ATP to the hydroxy group of
tyrosine, serine and/or threonine residues of proteins. Thus, compounds which inhibit
protein kinase functions are valuable tools for assessing the physiological
consequences of protein kinase activation. The overexpression or inappropriate
expression.of normal or mutant protein kinases in mammals has been a topic of
extensive study and has been demonstrated to play a significant role in the
development of many diseases, including diabetes, angiogenesis, psoriasis, restenosis,
ocular diseases, schizophrenia, rheumatoid arthritis, atherosclerosis, cardiovascular
disease and cancer. The cardiotonic benefits of kinase inhibition has also been
studied. In sum, inhibitors of protein kinases have particular utility in the treatment of

human and animal disease.
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5 hemat opoi etic stem and progenitor cells. The FLT3
gene encodes a nenbrane-bound RTK that plays an

wopmontsst role in proliferation, differentiatPOnuszde/060028

apoptosis of cells during normal henat opoi esis. The

FLT3 gene is mainly expressed by early nyeloid and

| ynphoi d progenitor cells. See McKenna, Hilary J. et

al. Mce lacking flt3 ligand have defi ci ent

hemat opoi esi s affecting hemat opoi eti c progenitor

ceIIs 10 dendritic cells, and natural killer cells.
Jun 2000 95: 3489-3497; Drexler, H G and H

%f sisopase3HERS'3) ligerdh (BT Hnds pmcggﬁf@c cyt@kings that

alfeisQh& dé)x?e(l(%}ment ry: nﬁrlﬁﬂi@ ﬁellnhgy Bgtﬂ:: Pfhe %e-gs This eeéc;fP c c%glr
the marrow stronal ot her Tells
gwgh e uadippon Fhillgerto glrebE\LTﬁ fQIJ@P@LSaL‘GQ)r efdrigrioats detal liver

1 I t
ldgiga%g r2|f @?)Cagllﬁl S;IfK 2 : g Re 0&‘ gyroiﬁ% ?&%Q& {?Iﬁ: ngxﬂrgsSed on
icstare and Bmgsfemg caﬂ& PheFREBiggna atcodics @ metetitgand-bound

]i"h@%ﬁat?%a%z%? m?@@aﬂtqgllelﬂq grolffgratslor&,ﬂds ngre{lﬁatb%%r&ﬁmgmsg of

el op erative di.s ers
cg ssémm@oml hémaiwpoieyis.oThs FLEB)genaliginaigpinecpraysed By @arly

(f’l gﬁ '}gn%ﬁ?{g éf'g age%q\meﬁs ( %%Mcg{%&ﬁg%g%ﬁs Iet alV\f\/ltice lacking

ﬂﬂ/ égaﬂd mgieﬁme(m lhﬁi)xatopmdmp ajffyﬁ&igh&lﬂﬂaaoptﬁétﬂ: #B¥nitor RE11s,
penias i gnant S St |

AEUAREM R an AR BTP R Bga "N AOEPBS: ki 7: Drexter, 1
& 200 3). Quechitreeien(2604 P FELT JrebdptoitidHi RAI"@ldotvth Factors 22(2):
7@&3 i gnanci es." Nat Rev Cancer 3(9) 650- 65; Scheijen,

25 and J. D. Giffin (2002). "Tyrosine kinase

oncogenes in normal hemat opoi esis and henatol ogi cal

eas ene 21( 3314-33. Hemato i cal
TR PR a0 st oy ths mare iyl CBlomer ool and
sﬁl’tﬁigﬂzﬂﬂWﬂE ottfey St fadtb@ t8 RMuIRE ﬁl%‘ﬂfé‘iﬁgoﬂ Mﬁagfﬁtc'eﬁs
tissuyes. (fr eas in normal bone narrow, 30

PROSPIHQISSel s, Jendpiag £l pradingtyrag ey Cﬁlﬂ&agenl tor cel l's, in
hemat ol ogi cal malignancies, FLT3 is expressed at hlgh
| evel s _or FLT3 nutations cause an uncontrolled

Hepatnoicis digprderp arqmryanalismant disordens of thwiss sysems and include, for

1nr§ﬁ|n§é: %@fny@ﬁrﬁa%lﬁ%aﬂ@@ IRbReYs, Eﬁfh %Cthjf \{-ﬂladc 'emia essential

Henat ol 0gl ca mal | gnanci es I nc

thrgmberriess (Fbn -2psidgriin nsyal@dmaplamaaageloﬁbmm (MF),

m?g%g%gsﬁ@{etg 61@8%@121 rﬁgéaffl;mn‘gﬁﬁ){hfs) gfcr}di%pg rl}zcer%yfal(g ﬁbroms
(IVHsE meolymh@relawnqa(fﬁéy theocsdtcwhmm md(lﬂh@ah@ﬁﬂt e

m?¥1%'d érqa tlc%ﬁ#&%]ﬂ ﬁ%gg%\? Ca?{é‘lék %Enrrgcp}/ a%;&$c%ﬁ?hﬁﬁcgme role

of FLT3 in haematopmenc mahgnan01es " Nat Rev Cancer 3(9): 650-65; Scheijen, B.

and J. D. Griffin (2002). "Tyrosine kinase oncogenes in normal hematopoiesis and

hematological disease.” Oncogene 21(21): 3314-33.

Hematological malignancies are cancers of the body's blood forming and immune
systems, the bpne marrow and lymphatic tissues. Whereas in normal bone marrow,
FLT3 expression is restricted to early progenitor cells, in hematological malignancies,
FLT3 is expressed at high levels or FLT3 mutations cause an uncontrolled induction
of the FLT3 receptor and downstream molecular pathway, possibly Ras activation.

Hematological malignancies include leukemias, lymphomas (non-Hodgkin's
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nyel oid | eukema (CWM.), chronic neutrophilic |eukem a
(CNL), acute 5 undifferentiated | eukem a (AUL),

wae@ploa®ss c | arge-cel |l | ynphoma (ALCL), prol yp@ghos3oné/a0028

| eukema (PM.), juvenile m&l ononocyctic | eukem a

(JMW), adult T-cell ALL, AML with trilineage

nmyel odyspl asia (AML/ TMDS), m xed |ineage |eukem a

(ML), nyel odyspl astic syndrones (MDSs),

nmyel oproliferative disorders (WMD), multiple nmyel ona,

(MM and nyel oid sarcona. See Kottaridis, P. D., R E.

10 Gal e, et al. 2003 "FIt3 mutations and

lyaphomah Blodekn's lsg) cailod Fipflekaudy@@homuy ehdingcloma-- for

SRR Rt S1 ﬁﬁl@cﬁ@%ﬁk%ﬁ&A‘ML)ha&ETﬁl %ﬁ(? eluggﬁfa q%g\ﬁL) acute

Ansari - Lari , tati

Psryepey ticHeitanaia (A8 rrirors¢ Lysppimay b @yenmazus;e phronic
R @i @CMjLé Mt%ﬁltc'n ﬁ‘t?‘(t);ﬁﬁhg feﬁgelgﬁv ac19£et ected

i'n about 30% of patients w

updiffeseritiatesnguicensis AUIHummptasté lqpge-celh t§8np'b1drﬂ[a (&qut:B)
I od ast i

P PRRTR el BHEEPT) n BHE RER{EPeS e 1B PMML), acut
Tmeébﬁbéb A Myiwntith tdléoe@sajdelmﬂampﬁsmc(m\ﬂumm) dniliedeasase
e eI N L R AT A —
(MPJD) mmiume AFehma) $MNI) amnyemi?fto%aﬁ?u asr&t K@@%rﬁﬁs PR E.

" ce r atients) an

R, T BlooB) " shiBS e i GkePmia hBr ks tal dre A 52335,

M)&lﬂi%safcopatls eRd &BisomaTé'l’Bwﬂhl FMIBQﬂﬁtaﬂ@ﬂist Slsfet&t{bahm/ef?l Xbﬁ1 et al.
Fi’f@l ndem d%éil i.cations gm no acids with
Juxta SHRE iSATCGmat I?é“?’s ceprst O%ﬁﬂem%@lﬂ%’ ?-994 Sep.
126(697§85L91k| nase activity. Expression of a nmutant FLT3

receptor in nmurine marrow cells results in a lethal 25
nmyel oproliferative syndrone, and prelimnary studies

Mlﬁhﬂﬁﬁ of 0A2; hal® Beenl 8t Ectd®in atdd 965 o ftARENEW A oyl T3

operates wi th ot her | eukem a oncog e es to confer a
mﬁ’ﬁlPé% nofsd pekeskiy @nd Héﬁ@%lyw@bessémtfqn@ Withiapite dyrepledmatic

lekikdBiKbrAS&8o by, sgﬁﬁ,ﬁ& st ! Pafidn g@ﬁﬁg@?ﬁ Ifnﬁ%tlgﬁg tend to have a

treat ment of 0 henat opoi etic di sor
PORE OIS walh degrcaspdaisaiission tinTFBand diseec ifihistivivr.s There arc

i TN W BIpEE] 6f Q(!tfvahﬂg Wﬁm’%ﬁ% %Eg@ g %@ 81#jehc|at10n of 4-40 amino

Lestaurtinib a SO nown as
aqds m5Be juqgBembIdak kegion (Ia“@mtatm) céqhh abaplor (m30% of

pAQRMAAEALFEL LTBI AN, S 2508 00 PRl
Tl@xmte(t]onﬁ:mm’eo@lsmenhfeIsmall)tandé]i?dﬂp’lﬁﬁéoﬁd\@ﬁ dnino acids within
th@bl?ﬁgllnglplg'ﬁa%e Ldo)ﬁam 01d é?lsetrgc%pjtor and result in tyrosine kinase activity.

Expression of a mutant FLT3 receptor in murine marrow cells results in a lethal
myeloproliferative syndrome, and preliminary studies (Blood. 2002; 100: 1532-42)
suggest that mutant FLT3 cooperates with other leukemia oncogenes to confer a more

aggressive phenotype.

Specific inhibitors of FLT3 kinase present an attractive target for the treatment of

hematopoietic disorders and hematological malignancies.

FLT3 kinase inhibitors known in the art include AG1295 and AGI1296; Lestaurtinib
(also known as CEP 701, formerly KT-5555, Kyowa Hakko, licensed to Cephalon);
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(al so known as PKC 412 Novartis AG; MN 608
(MI1lenniumUSA); MN-518 (fornerly CT53518, COR

wab@ragsest i cs Inc., |icensed to MIIlennium 5 PCT/US2006/060028

Phar maceuticals Inc.); MN4%08 (MII|ennium
Pharmaceuticals Inc.); SU 1 1248 (Pfizer USA); SU-1
1657 (Pfizer USA); SU- 5416 and SU 5614; THRX- 165724
(Theravance Inc.); AM-10706 (Theravance Inc.); VX-528
and VX-680 (Vertex Pharmaceuticals USA, |icensed to
Novartis (Swtzerland), Merck & Co USA); and XL 999

Exel i xis USA). The follow ng PCT International

2 £4endREPAISSUScpbelpa) SHIRART (@étondBepdi EBFdsed IMC-

il ik Bk SBARE LI 8% ok BUAATREHIC BhBofyrin

(250 500w9 38 PKWH 1 203033 347); MION 00 IBBINEAOum\ATEA);

B0ap g gl S0t oo B 980 iAo Ao Millsnaiunn

Preongbatiods Ina0); W%BMlleMﬂﬂﬂﬁﬁﬁBﬂeﬂﬂpaMc ); SU-11248

CHgT0038035" 1o L RE NSl p PPy P REsbhe 15724

(200 3vinkcHhTR AYHAST06 (’Rhemam(:da I, IVO0528 sind SBL-660 Vel

t ot ox C m a bl asts harborin
AL B et e e S e R HAR): ana
208039 (EL85isNISAS e TKE folRiwiag PCIMkddhdtional Aﬁpﬁ&tmns and US

ted tr nsf rrtatel}ﬁ(1 by use of a tyrosine

ﬁ#%gégpﬁﬁ%}%ﬁtdbﬁﬁ osp afifidapa kinagp podyftorsy yichdingymedylgtors of

FHIM3t My aB2002088861Ss VO 20208 399] sv@ae03033069, /b 2603104631, wo
lc_and clinical activity

Rl IR O e 8 A A

Qbemm‘spa ngdmd‘i’emélﬁf)é) 201121639%”269&70 23046133801 eMp! d,
Ef fect's of MN51 A Dual FLT3 and KIT

29%(?%1?8!(‘7‘7%%0%95%1*9’% & m“pé&%ﬂﬁ’t V‘é@ 200382458iaad {US Patent

pgqu)i@ghmg}ﬂ) HMoaddpub ahead of print]; Yee, Kevin W
et al SU5416 and SU5614 inhibit kinase acti vi ty

of wld-type and nutant FLT3 receptor tyrosine

Sléé HRs ievﬁl PR PePs2004; 2df10:n pP44 &VTP%;%@‘EQF&: ﬁ[hﬂ?l bdrsis

Anne-Marie et al.  SU11248 is a nho rosi ne
slicetivedy rythiopic oracwictthygotddntkcaria iblastsyharboritig FbTandcmml

ity By gy L SSP2 MRn BF 35, 100K 3 S il o
FLdSuhtdiatsfl tanpfoavatitn by nieadfa ’r&mmﬂddmiztwl 1nh15&61_4, L&&emia. 2001
58078 o P95 Sl oA 5 Sl PR g s
1r|&11b1as‘eshdvh;| Hlologtc anld dlmidet mtaq@ah Ipatientp ethseR@sdl or refractory
SSREI3  PEL TRl K DS OSBRSS et .
Eﬂ(&@@/oﬂiMDEBl 83(281' DusPBO®H3 @6DB2B Inhibitor, on Normal and Malignant
Hematopoiesis. Blood, Jul 2004; [Epub ahead of print]; Yee, Kevin W. H. et al.
SU5416 and SU5614 inhibit kinase activity of wild-type and mutant FLT3 receptor
tyrosine kinase. Blood, Sep 2002; 100: 2941 — 294; O'Farrell, Anne-Marie et al.
SU11248 is a novel FLT3 tyrosine kinase inhibitor with potent activity in vitro and in
vivo. Blood, May 2003; 101: 3597 — 3605; Stone, R.M. et al. PKC 412 FLT3
inhibitor therapy in AML: results of a phase II trial. Ann Hematol. 2004; 83 Suppl
1:589-90; and Murata, K. et al. Selective cytotoxic mechanism of GTP-14564, a
novel tyrosine kinase inhibitor in leukemia cells expressing a constitutively active
Fms-like tyrosine kinase 3 (FLT3). J Biol Chem. 2003 Aug 29; 278(35):32892-8;
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5 Levis, Mark ct al. Novel FLT3 tyrosine kinase
inhibitors. Expert Opin. Investing. Drugs (2003)

wda2¢12)808951- 1962; Levis, Mark et al. Small MPETUB®06/060028

FLT3 Tyrosine Kinase Inhibitors. Current

Phar maceuti cal Design, 2004, 10, 1183-1193. 5 SUMVARY
OF THE I NVENTI ON The present invention provides

nmet hods of reducing or inhibiting kinase activity of
FLT3 in a cell or a subject, and the use of such

nmet hods for preventing or treating in a 10 subject a
ce]Lhﬁfoliferative di sorder and/or disorders rel ated

LeyispMpgk ciglnbipvelddilir lysosapndinesednhibiers. Bkparh@pin. Investing.
Drﬁgﬁ@bbgﬁlﬂlbj 198 af @0, (A0 f1es 90 M&ﬂ%&ge F{_,EB Tyrosine
detaile romthe

letal | ed description of the 1nvention an
KénagednhibitgrspEsurntPhaonp cmtitHBD g RO, Hidy i 1 83-112hows
the effects of oral adm nistration of Exanple #38 of
the present invention on the growth of M4-11 tunor
xenografts in nude mce. 20 Figure 2 shows shows the

Sﬁ&ﬁﬁﬁ&ﬁxﬂﬁFofﬁbJ%ﬁﬂkﬂﬁﬁ tion of Exanple #38 of the
[ t he

present invention on i nal wei ght of MW4-11 tunor
xenografts in nude mce. Figure 3 shows the effects

. .0l stration of .ex | e #38.0f. t.he present .
15k pRShe A B O BB Gt &7 s Loes Sbiviey of
Fphadsp hgby loatisobjettn arlid\/#he dike b? ﬁﬁlﬁ&nﬁhb@d foe @refv%ﬁﬁ&igﬂ)ﬁt@eaﬁélg ina
.eat e Wt a e, #38 t he present invention.
T s S R PR L AR e
DESCRI PTI ON OF THE | NVENTI ON The terns "conpri si ng”,
"contai ning". are_used herein in their

"1 ncl udi ng” nd
Ofid featines nd piyAniages ahhe MeehsiaAreibaPPoRISH figmiBe dpllowing
déreil&l desciipor of thewegtiaRBh&Woal theR&kiAke | ntended to
have the fol |l ow ng

DESCRIPTION OF THE FIGURES

Figure 1 shows the cffcects of oral administration of Examplc #38 of the present

invention on the growth of MV4-11 tumor xenografts in nude mice.

Figure 2 shows shows the effects of oral administration of Example #38 of the

present invention on the final weight of MV4-11 tumor xenografts in nude mice.

Figure 3 shows the effects of oral administration of example #38 of the present

invention on mouse body weight.

Figure 4 shows FLT3 phosphorylation in MV4-11 tumors obtained from mice treated

with Example #38 of the present invention.
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nmeani ngs (additi onal

needed t hroughout the
w@adenossose tri phosphate
DCM di chl or onet hane 15 DMF d@i et hyl f or mami de
di nct hyl sul f oxi dc

abbrevi ati ons are provi ded where
10 Specification): ATP
Boc or BOC teat - but oXpCHUBIINgD60028
DVBO
DI EA di i sopropyl et hyl am ne EDCI

1- (3-di net hyl am nopropyl ) - 3-et hyl carbodi i m de

hydr ochl ori de
acetate FBS fetal

Et QAc et hyl

EDTA et hyl enedi am net etraaceticacid 20
bovi ne serum FP

fl uorescence pol ari zati on GwW CSF gr anul ocyte and

oEFS HRe R

B- cycl odextrin

col on

SCRIPIAORY OH.Y

factor HOBT or HOBt
VENTEOMNSCD hydr oxypr opyl
HRP horse radi sh peroxi dase LC/ M5

stimulatin

ESI) Li qui d._chr omat ogr aphy/ mass spectrum

tE S Cepasing' o

th@ﬂrxﬁt%‘&is@H&netl c resonance PBS

phosphat ebuf f er edsal i ne
RT room t enperature WD 2007/ 048088

Institute

') andE Cointelating)) argl useh blere®0 id\NMeir open,

RPM Rosewel | Park Menori al

A@ﬁlﬁ ,Q%§§0028 7 RTK receptor tyrosine kinase
um dodecyl sul fate pol yacryl am d. e gel

A8 gﬁ?&a}rﬁ Qg&gihﬁlrféﬂg gl‘?rv% a]:t% " O%tge:% t | C% ﬁ%t\ebv&tg% ﬁg}]owm g

meanings (addmonal abbreviations are prov1ded where needed throughout the

Specification):

ATP adenosine triphosphate

Boc or BOC tert-butoxycarbonyl

DCM dichloromethane

DMF dimethylformamide

DMSO dimcthylsulfoxide

DIEA diisopropylethylamine

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

EDTA ethylenediaminetetraaceticacid

EtOAc ethyl acetate

FBS fetal bovine serum

FP fluorescence polarization

GM-CSF granulocyte and macrophage colony stimulating factor

HOBT or HOBt 1-hydroxybenzotriazole hydrate

HPBCD hydroxypropyl B-cyclodextrin

HRP horse radish peroxidase

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

MeOH Methyl alcohol

NMR nuclear magnetic resonance

PBS phosphatebufferedsaline

RPMI Rosewell Park Memorial Institute

RT room tcmpceraturc
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DEFTNTTTONS The term "al kyl" refers to both |inear and
branched chain radicals of up to 12 carbon atons,

w@e@iotsasy up to 6 carbon atons, unl ess ot her MBES2006/060028

i ndi cated, and includes, but 10 is not limted to,
met hyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, isopentyl, hexyl,
i sohexyl, heptyl, octyl, 2,2,4-trinethyl pentyl, nonyl,
decyl, undecyl and dodecyl. The term "hydroxyal kyl "
refers to both linear and branched chain radicals of
to 6 15 carbon atons, in which one hydrogen atom
been repl acréécl?/tpltfﬁr%mn@mgﬂcoup The term
g al kyl a r
o A oam UBELF el Ro ek BEL Bl ol Rl i
n replaced Oamcaﬁrﬂudgroup wher ei n the
rogen is th ttachment to the rest of the
nﬁﬁecule 20 Tﬁgﬁgﬁ nwﬁ%ﬁgloalkyl refers to a
g4t ur at ed or pahid Ayénchuosatographed ri ng conposed of
EN$1dRg8 carbon atonms. Up to four alky
sSubs |tuents may optionally be present on the ring.
Exanpl es i ncl ude cyclopropyl 1, 1- dlnethyl cycl obut yl

e e nt
1(113? g rgrbegn‘%yelﬁép%cy C é%?&ﬁ é?d b]é?%ah#‘il X‘r Wﬂf‘ﬁ% of3ip to 12 carbon
atoyed, phefxebiyl up 15, @arﬂ&ﬁatbﬁﬁmnlddsfdtﬂér%w iheneRy rzﬁfthcludes but

ref to the radi ca J" The te
SRR riprunyh s BliPey Bisopaust tohe 1 ﬁw%&wc-mh fert-butyl,
pbmyded)pbﬁtyamﬁxﬂafd@ﬁék v1 AP 12b @Y 28U By G2 21 Bty 1,
807/0ﬁ588 PCT/U82006/060028 8 The term' an1noa "
updgcy] &n } east one primary or secondary am no
group bonded to any carbon atom al ong an al kyl chain,
ggereiﬂ%%h al kyl group is the point of attachnent to
&P B aExyR e sae tf kothdmparanddraneha ehpinmpdienls of up to 6
chir®bf forks) it WhANIAR MitdieR R hEYbechURSLEL UG an HIE
the am no group i s\yghde%epm nt of eattgéhment tgnt he %%HB
rest of the nolecule. The term "dial kyl am no" refers
The téth ARy Ky ThrkiflB Al o SHRSES t
am no 3?3 i s"the poi r?tg%ct)? Hh? %#e%ﬁ owﬁﬁg%ggtol?%f
hydregamatenuirem the carbon chain has been replaced with an amino group,

wherein the nitrogen is the point of attachment to the rest of the molecule.

The term “cycloalkyl” refers to a saturated or partially unsaturated ring composed of
from 3 to 8 carbon atoms. Up to four alkyl substituents may optionally be present on
the ring. Examples include cyclopropyl, 1,1-dimethyl cyclobutyl, 1,2,3-
trimethylcyclopentyl, cyblohexyl, cyclopentenyl, cyclohexenyl, and 4,4-dimethyl
cyclohexenyl.

2
=

/
®
The term “dihydrosulfonopyranyl” refers to the following radical: C &

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

atom along an alkyl chain.
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10 The term "heteroaromatic" or "heteroaryl"” refers to
5- to 7-nenbered nono- or 8- to |0-nenbered bicyclic

w@e@mmisoss ri ng systens, any ring of which nay BONESENDG6/060028

of from one to four heterdgatons selected fromN, 0 or
S where the nitrogen and sul fur atons can exist in
any all owed oxidation state. Exanples include
benzi m dazol yl, 15 benzot hi azolyl, benzot hi enyl,
benzoxazol yl, furyl, imdazolyl, isothiazolyl,
I soxazol yl , oxazolyl, pyrazinyl, pyrazolyl, pyridyl,
tEyrlnrdlnyI ﬁrroly qU|noI|nyI thlazolyl and

[ amingalky B rmefor o atrlenst one et ar Sceomlany emiegroup

baha&a toadﬁy@émrht&&l%mr%r axf"all%ﬁl cthfn @}h%fgm 204 ﬁgfér% V\g éi; g point

nitrogen and sul fur atons can exrst In an

of pftachnen tos thetres of thereoleenlm " al koxy" refers to

strai ght or branched chain radicals of up to 12 carbon
atons, unless otherw se indicated, bonded to an oxygen
Thedeprm E&byrlpmes) imfiraithean areinhoxith ot dikl)dysubp(nmaﬂxwherem the

anfifp %%?)%/ th%:}) rp[%tf%ﬁ)(chment Io etrg [0 thar g ngaf ers to

nono ic or bicyclic aroma ing's
containing from®6 to 12 carbons in the ring. Alkyl

hs nal | y. be sen n the r oo
T@é%&} es llﬁkﬁ{ﬁa]rrﬁﬁé’ eOn%f} 4 nﬁh‘@ﬁéfw ﬁﬂsﬂf‘ﬁﬁﬁsewg.erem the
aﬁﬁnél’ Beup és the'pairlof yl‘rt chih&dne Ecsthe @edt o@ih_eﬁm@lek&l'e group
contai ning an aryl substituent. Exanples include
benzyl, phenylethyl or 2-naphthyl nethyl. WO

mwhﬁzr&e&aaxeﬁﬁhusaﬂ%réiswzﬁef&s e tber men%feﬁqmﬁo- or 8- to
t he wher e i s. hydrogen,

f
g%&e}{j ere(g;t}]é:lyf)]é r o%gmﬁ g&g)a?p’ ﬁtﬁns» %{}Y)}]lng %ﬁ‘éﬂq@i} jmay consist of from

ohetefona h@‘ﬂero&ﬂﬂns SRR ORERIK YD or & wisdib EM{SI’Q%éI%d sulfur atoms
ent". adds the -S(0O.2Ra, group to a nolecu WO
S 9)‘812‘6 ¥8i50 Faampiespasivilk henzimidazolyl,

bR R0l VI BN %&b% f,)r%ﬁqdﬁmeflzdfﬁ' NSy,
conpounds of Formil a | err to herein as "the
1508 nerszglyl tmd%}mélswz@lﬁb SR Pyrimidiyyl, pyrrolyl, quinolinyl,

thiazolyl and thienyl.

The term “heteroatom” refers to a nitrogen atom, an oxygen atom or a sulfur atom

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

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

methoxy, ethoxy, propoxy, isopropoxy and butoxy.

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

ring. Examples include benzene, biphenyl and napththalene.

The term “aralkyl” refers to a Cy.s alkyl group containing an aryl substituent.
Examples include benzyl, phenylethyl or 2-naphthylmethyl.



NH X "4 R2 5 1 or a solvate, hydrate, tautoner or

phar maceutically acceptable salt thereof, wherein: A
WO gooplogsogs or pyridyl, either of which nmay be PCT/US2006/060028

substituted with one of chl®ro, 10 fluoro, nethyl,

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

- al kyl), or 4- am nophenyl; Wis pyrrolyl (including
1H pyrrol -2-yl), imdazolyl, (including

1Hirnidazol -2-yl), 15 isoxazolyl, oxazolyl, 1,2,4
triazolyl, or furanyl (including furan-2-yl), any of
i%y ch may _be connected through any carbon atom

dPER nSulfpayhyictss tp the g O)2R e, Whetsizio hydirogen, alkyl,

¥RERYY, halohiidgl Jarl T hAne) ony aj DE;
R ot Y S hetealiyl W Peer RO T ing
aggnis addythees(@Re 8FPUPo ampolesuleycl oal kyl (i ncl udi ng
cycl ohexenyl, cycl opentenyl), thiophenyl,

di hydr osul f onopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which
may be independently substituted with one or two of
each of the follow ng: chloro, fluoro, and
C(1.3)al kyl (including 4, 4-dinmethyl 25 cycl ohexenyl,
4- et hyl cycl ohexenyl, 2-nmethyl thiophenyl, 3-nethyl
t hi ophenyl), with the proviso that tetrahydropyridyl
is connected to the ring A through a carbon-carbon
bond; X is WD 2007/ 048088 PCT/ US2006/ 060028 11 D2 3
D- D3R- bRBRbD1D4aEZ aEZ Y H3C
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3- D2 D2 D2 OD RWD RpN aE®62S Ra-N or Rb Z
is 5CHor N Dl and D2 are each hydrogen or taken

wo ogeisess f orm a doubl e bond to an oxygen; 10POBUSId6/060028

D4 are each 'hydrogen or taken together forma double
bond to an oxygen; D5 is hydrogen or -CH3, wherein
said -CH3 nmay be relatively oriented syn or 15 anti;
Ra and Rb are independently hydrogen, cycloallcyl,
hal oal kyl, aryl, arallcyl, heteroaryl, or _
heteroaral kyl; 20 Eis N, S, 0, SOor SO, with the
1_*provi so that E may not be Nif the following three
#6As are sinultaneously net: Qa is absent, Q@ is
absent, and R3 is an amno group or cyclic am no
radi cal wherein the point of attachnent to Eis N, 25
Ithg nreseabiwwprtion qEprises MEPEEE of using GEomMOZH OTFE:A08 8

. i = NH., 5 CH2-
(féé%ééﬁz%%@g{? Q%(Q%)g ’co%?%%sho‘;f t%%’%l%@éﬂt 11%\F|eél{1b

VI SO :may not
be C(O if Qis C(O, and fu provi ded that Qb
may not be - NH if Eis N and is absent, further

provided that Qo may not,bé
RZ
1

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

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

aminophenyl,

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

Cl, —CN, -NO,, -OMeg, or -CF3 substitution, connected to any other carbon;

R”is
cycloalkyl (including cyclohexenyl, cyclopentenyl), thiophenyl,
dihydrosulfonopyranyl, phenyl, furanyl, tetrahydropyridyl, or dihydropyranyl,
any of which may be independently substituted with one or two of each of the
following: chloro, fluoro, and C1sjalkyl (including 4,4-dimethyl
cyclohexenyl, 4-methyl cyclohexenyl, 2-methyl thiophenyl, 3-methyl
thiophenyl), with the proviso that tetrahydropyridyl is connected to the Ting A

through a carbon-carbon bond;

Xis
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whyarogess phenyl ,

5 N+ if RBis an amino group or cyclic am no radica
wherein the point of attachnment to Qo is N, R3is

2- hydroxy 10 et hyl am no), 1thydr oxyal kyl ) 2am no,

hydr oxyal kyl (al kyl )ami no (i ncl udi ng

1- hydroxyet h-2-yl (net hyl ) am no), al kylam no (i ncl udi ng
nmet hyl am no), am noal kyl (i ncluding 2-am no

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

i sopropyl, 1,2-dihydroxy ethyl), alkoxy (including
nmet hoxy) , dlalkylan1no (|nclud|ng 15 di net hyl am no) ,

hydr oxyal kyI (zl n¢l udirfg dr oxy eth-2-yl), - 0O0O0H,
CONhga_ ; ﬁ al kyl - }’m udi ng - SC2CH3), - NH2,
si

or a b5 Yher ed whjs<ch contai ns at | east
one het e and rmyé_r)gl onally contain an
addi ti onal orrmcty S cted fromsS, SO, N, and

0, and the 5 or 6 nenbered. ring may be s‘@turated, 20
partially. ungaturated or aromatlc (|n¢j1u ng

pi perdadi y Dm)r phol [ nyl1,D i m dazol yI ridyl)
V\hereln% t he 5ROL%__ ered ring
may be pr (ﬁ{zﬁd’el (i udi ng yr| dyl N-oxide),
and the 5 or nbered ri may%be optionally ;
substituted with nethyl, hal ogen, al kylam no, or

al koxy, (including 1 nmethyl 25 im dazolyl); R3 may al so
be als®nt, with the proviso that R3 is not absent
when E |s(lebg§§gen and R4 is hydrogen, -OH, al koxy,
car boxy, carboxam do, or carbanoyl. 30 WO 2007/048088
PCT/ US2006/ 060028 13 EMBCODI MENTS Enbodi nents of the
presgpgnhqygﬂiion i nclude a conpound of Fornula
wher ei n 5 a) Ais phenyl or pyridyl, either of which
may be sulsseh Yﬂregemwrtthkmtegeihemfommodoubilé be(dtp an oxygen;
met hyl, -N3, -NH2, -NH(al kyl), -N(alkyl)2, -S(alkyl),

- al kyI) 0T 4-

D* and D* arc

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

D’ is

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

anti,

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

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

Q.is

abscnt, -CHz-, ~-CH,CHz-, or C(0O);

hydr oxya&yl am no (i ncl udi ngPCT/US2006/060028
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am nophenyl; b) Ais 10 phenyl ; c¢) Ws pyrrolyl
(including 1H pyrrol-2-yl), imdazolyl, (including

wdabkborousssgz ol - 2-yl ), isoxazolyl, oxazolyl, 1,2Pdr/US2006/060028

triazolyl, or furanyl (inchading furan-2-yl), any of
15 whi ch may be connected through any carbon atom
wherein the pyrrolyl, imdazolyl, isoxazolyl,

oxazolyl, 1,2,4 triazolyl, or furanyl nmay contain one
- d, -CN, -NO2, -Owe, or -CF3 substitution, connected
to any other carbon; d) Wis furan-2-yl,

1H pyrrol -2-yl, or 1Himdazol-2-yl, any of which may
be 2 Substituted at the 4 or 5 carbons with -CN;, e)

Wis 3H 2- db@&ﬂazr@iw_cﬂrp_ ? tr
5- cyano- | H p rrol-2- 2 a‘; O@yz H’é(@j’ with the proviso that Q, may

3H 2- i nmi dasbgIC(@) a:%@m §i(Op,idnd; furtR& pggmlaed itgit Q, may not be —
cycl oal kylnfl e te
t%lophenzlﬁgﬁiﬁié rgg% gn%%%@éﬁthrgﬁ &gﬁﬂ?tﬁéﬂ%YHOtbe“

t et r ahydr GpBlr ifd¥/1is anemdndgdup py caclicd aminanydicdl witireil the point
may be |nq#%%?g?ntu¥ gybsﬁltuted with one or two of

each of the toro, fluoro, and

C(1_3)al kyl (including 4, 4-dinmethyl 30 cycl ohexenyl,
4- et yI cycl ohexenyl 2-nethy| t hi ophenyl , 3-net hyl
thiop enyl) Wi th the proviso that tetrahydropyridyl

i s connecthgdrdgent pteenki, mgdre,xymkmugﬁb En6RHBGD-BAIBRN
bond; h) / 04 PCT/ %82006/0 0028 14

0
cycl oal kyl® 311%3?“{9&2(%6 OFER %? Hetsyrgnino
whi ch may (Bichsfihg umefdrox%mahz@mﬁleﬂfyl)aﬂﬁn@( Lkﬁbaﬁluh(y (including

((:Iy 2 |C lo ﬁ glx 2 %9&?514151%11;%2 Lo oal\{q 8ncel{(1c?1r1]1g 2- ammo 1sopropy1),
dihydroxyalkyl (including 1,3-dihydroxy isopropyl, 1,2-dihydroxy
ethyl), alkoxy (including methoxy), dialkylamino (including
dimethylamino), hydroxyalkyl (including 1-hydroxy eth-2-yl), -
COOH, -CONH,, -CN, -SO,-alkyl-R* (including -SO,CHs3), -NH;, or a
5 or six membered ring which contains at least one heteroatom N and
may optionally contain an additional hctcromoicty sclected from S,
SO2, N, and O, and the 5 or 6 membered ring may b<e saturated,
partially unsaturated or aromatic (including piperidinyl, morpholinyl,
imidazolyl, and pyridyl) wherein aromatic nitrogen in the 5 or 6
membered ring may be present as N-oxide (including pyridyl N-oxide),
and the 5 or 6 membered ring may be optionally substituted with
methyl, halogen, alkylamino, or alkoxy (including 1 methyl
imidazolyl); R* may also be absent, with the proviso that R is not
absent when E is nitrogen; and

R*is

hydrogen, -OH, alkoxy, carboxy, carboxamido, or carbamoyl.
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5 cycl ohexenyl, which may substituted with one or two

C(1.3)alkyl: j) R2is cyclohexenyl, 4,4-dinethyl
waeyoiosesenyl , or 4-net hyl cycl ohexenyl; k) R2CT/BS2006/060028

cycl ohexenyl; 10 1) Xis 315 D2 D3 R b R3- %-E DD4

aB~z zZ /] HCD2 031D2D2DlL R-bDRaD1

~-N aE29g-NRa” Nor Ro n Xis 3 D5 D2 D3 R b p2

R3 %-E D1 D4 a >Z- R3- b D1 Z- Ya E H3C 15 n) Xis

D2 D3 R3. %F--E DID4 \-J Z- 0) Zis CHor N, p) Z

is 20 CH,

EMBODIMENTS

Embodiments of the present invention include a compound of Formula I wherein:

a) Ais
phenyl or pyridyl, either of which may be substituted with one of chloro,
fluoro, methyl, -Ns, -NH,, -NH(alkyl), -N(alkyl),, -S(alkyl), -O(alkyl), or 4-
aminophenyl,;

b) Ais
phenyl ;

c) Wis
pyrrolyl (including 1H-pyrrol-2-yl), imidazoljlfl, (including 1H-imidazol-2-yl),
isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl (including furan-2-yl), any of
which may be connected through any carbon atom, wherein the pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain one -
Cl, —CN, -NO,, -OMe, or -CF; substitution, connected to any other carbon;

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

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

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

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

h) R?is



g) D and D2 are each hydrogen or taken together form
a doubl e bond to an oxygen; r) D and D2 are WO
WwWQoe7/e8088 PCT/ US2006/ 060028 15 each hydr ogeem/uSE)6/060028
D3 and. D4 are each hydroge# or taken together forma
doubl e bond to an oxygen; t) D3 and D4 are 5 each
hydrogen; u) D5 is hydrogen or -CH3, wherein said
-CH3 nmay be relatively oriented syn or anti; 10 v) Ra
and Rb are independently hydrogen, cycloal kyl,
hal oal kyl, aryl, aral kyl, heteroaryl, or
heteroaral ryI w Eis N S O SO or SO2, with the
pr ovi ¥6loakkt IECMP&WFI%X%Yﬂ»fCYPW@Cﬁ@M]@Whg:h my sbstitutcd
condi#1988e I
absent, andggfgﬁf%%gﬁﬁgﬁnhn mS‘E gﬁ%h Pe pq%%%rg quﬂeﬁlyl
r adi CAFLfEETRIE t he poi nt of attachmsnt to Eis N X)
iFR?§s N, with the proviso that E may not be Nif the
following three conditions are sinultaneously net: Qa
5 is alvyelehexagylivshighsatspbsiteteR3vithsorgeroramion®, galdyp or
J)’Z Grzyclic am no radical wherein the point of
attachrrent to Eis N Y) Qis absent, -CH2-
- CH2 @Gpielohexomy(( - dimg)hyQaydchexiosgnos 4-n@'tEﬁIH&€loheienyl
k?(lgrs 25 aa) Qa 1S absent, or C(O; bb) Qais C(O;

cyclohexenyl;
10 D Xis

2 3 R*—Qs
RS"—% D1 D] D: a—-E>_\Z-—
\_/ >—/

HsC ,
D2
D!
2 O
" NS e
s ey
a —E / 23"‘N |
, OT Ry N

m) X is

5
D? p° RB_%’] D>—\
R3—%D1§_%D4 —E — R3~%
—E Z— > —E /

./ HsC

2

15 n) Xis
R*—Qy D13:gD4
i
0) Zis
CH or N;
p) Zis
20 CH;
q) D' and D? are

each hydrogen or taken together form a double bond to an oxygen;
r) D! and D? are
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CC) Q@ is 30 absent, -NH, -CH2-, -CH2CH2-, or C(O),
wWth the proviso that Qb may not be C(O if Qais
w@e@y/o4smsgl further provided that Qb may not bePe™MES2008/060028

Eis N and Qa is absent, fisirther provided that Qb may
not be NH if R3 is an amno group or cyclic am no
radi cal wherein the point of attachnment to Qb is N,
dd) Qo is WO 2007/048088 PCT/ US2006/ 060028 16 absent,
-CH2CH2-, or C(O, with the proviso that Qb nmay not be
O if QGais CO; ee) Q is absent, or (O, wth
the proviso that Qo may not be C(O if Qais C(O; 5
ff) F3ch@ygipgegen, phenyl, hydroxyal kyl am no
s icdgdbhg2- hydroxy et hyl am no),

(hydroxyal kyl') 2am no, hydroxyal kyl (al kyl')am no

( i ncl %@ﬁ hydrosény dr @kycetdgemer {drmadéntily bondiw)an oxygen;

kkx&@gynﬁ o (including methylam no), am noal kyl

(i ncludi ng 2-am no isopropyl), dihydroxyal kyl
(|nchmdhhgmmg@£dihydroxy 10 isopropyl, 1,2-dihydroxy
et hyl), al koxy (including nethoxy), dialkylam no
lwlmcmudlng di met hyl am i no), hydroxyal kyl (i ncl udi ng

1- hy drydrogee oh-QHy,| whereinGaXdH. CHC@MARe rel&liely oriented s ‘yn Or anti,

- S02- al kyl - R4 (| ncluding -SQRCH3), -NH2, or a 5 or

R(a m% %ﬁgdi\’i‘ ggiévgl ch contai ns at Ieast one

et 67 0a Yoptional |y contain an additional

het eﬂqﬂmgehycyamaﬁqﬂ dchiddliefn) &ryl, SHkylNetdffdrH; or Hererdfdlkyl;
or 6 menbered ring may be saturated, partially

t.h
ngzﬁ urated or aromatic (including piperidinyl,

mor pls, YISO bSO ZatYihe pROsdMat HYhdy MY I the following
aromati c nlchrogen in the 5 or 6 nenbered ring may be

pr es &NES SEONHERT He S REEQRAABICE 4 18 pPsert. G id epsenhmad R is

the an@mifo FRUBRYclid NLindBYdibS x@lﬁ)éréﬁmﬁ%: géﬁnt of attachment to E is
substjtuted. with nmethyl, hal ogen, m no,

al ko (including 1 net hyI 20 i m dazol yI ); R3 may al so
ngﬁbsent with the proviso that R3 is not absent

when_E is nitrogen; gg) R3 is hydrogen, phenyl,

2- hy &% o%ith the E?WVI%(?ﬁhﬂbE nmayimed boRy dithe Rliph(ingttyd Jemditiims arc

simultaneously met: Q, is absent, Qy, is absent, and R* is an amino group or
cyclic amino radical wherein the point of attachment to E is N;
y) Qais
‘ absent, -CHy~, -CH,CH,-~, or C(0);
z) Q,is
absent, -CH,CH,-, or C(O);
aa) Q,is .
absent, or C(0);
bb) Q.is
C(0);
cc) Qpis
absent, -NH-, -CH,-, -CH2CH;-, or C(O), with the proviso that Qp may not be
C(0) if Qais C(0), and further provided that Q, may not be -NH- if E is N
and Q, is absent, further provided that Q, may not be -NH- if R® is an amino
group or cyclic amino radical wherein the point of attachment to Qy, is N;
dd) Qpis
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met hyl am no, 2-am no isopropyl, 1, 3-dihydroxy
i sopropyl, 1,2-dihydroxy 25 ethyl, nethoxy,

wal2ovweispgam no, 1-hydroxy eth-2-yl, -000H, - COMHRUS20004)60028

- S2-, -S2CH3), -NH2, piperidinyl, norpholinyl,

i mdazolyl, pyridyl, pyridyl Noxide), or 1 nethyl

i mdazolyl; hh) R3 is al kylam no (including

nmet hyl am no), dial kylam no (including 30

di met hyl am no), or -S02-al kyl -R4 (including -SQ2CH3);
ii) R3 is nmethylam no, dinethylam no, or - -SO2CHS;
jj) R3 is WO 2007/048088 PCT/ US2006/ 060028 : 17

di metapyFeni-f6Ckiz), oRE(D vishithe geenise it Qameayxapt be C(O) if Qais
carb .carboxam do, or carbanoyl; and 5 11) R4 is
hydrogen; and all conbinations of a) to 11),

q¢ Cle}lee herein above 10 Preferred conpounds of

T, oy B GQESTE APBTD o BRI LR R s S
fOnBa & vvherel n A is 15 phenyl \é\lhl ch may be substituted
an

i th | | ;. Wis .
\gly rro %i? ge‘n 2’ dloryfimxgg &Y }f?bp?/ K‘“C‘Ek@ﬁ%%w}mf? sthylamino),
t L i az(byg!ﬂoxydkyl‘)%amng,l hydquy@ﬂqyl(\MkIyt)hnﬁﬁty(@ﬁuﬁ?ﬁ@flelﬁétcﬁﬁlxyeth—%
t car n.ato JoLy
1 o ard D ARERS AR A5 e o g i gairtor
fur ar(;ﬂclmthlyg 2 aniiab kopRPyl), &lhydnﬁbhumnclu@@ 1 palhy@Fo%y

Sy T LA BRERS SRSty ahym Falbsymmine
f ur afiticlude tebdtRyly iRy dytyalleN (RchUHODRL @Y cttRAN1), -
tuo GO R R a R R SRRIRGRE T BOGFi, DMncr 2 S o
six membered ring which contains at least one heteroatom N and may
optionally contain an additional heteromoiety selected from S, SO., N, and O,
and the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic (including piperidinyl, morpholinyl, imidazolyl, and pyridyl) wherein
aromatic nitrogen in the 5 or 6 membered ring may be present as N-oxide
(including pyridyl N-oxidc), and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alkoxy (including 1 methyl
imidazolyl); R® may also be absent, with the proviso that R? is not absent
when E is nitrogen;
gg) R%is
hydrogen, phenyl, 2-hydroxy ethylamino, 1-hydroxyeth-2-yl(methyl)amino,
methylamino, 2-amino isopropyl, 1,3-dihydroxy isopropyl, 1,2-dihydroxy
ethyl, methoxy, dimethylamino, 1-hydroxy eth-2-yl, -COOH, -CONH,, -CN, -
SO2-, -SO,CHs), -NH,, piperidinyl, morpholinyl, imidazolyl, pyridyl, pyridyl
N-oxide), or 1 methyl imidazolyl;
hh) R?is
alkylamino (including methylamino), dialkylamino (including
dimethylamino), or -SO,-alkyl-R* (including -SO,CH3);
ii) R%is
methylamino, dimethylamino, or - -SO,CHs;
i) R’is
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3)alkyl, with the proviso that tetrahydropyridyl is
connected to the ring A through a carbon-carbon bond;
W@000Xi0ss0B2 D3 R3- 91 D4 a E \-Z -/ and i s apCBHUE®A6/060028
to the phenyl A ring para tid the nitrogen
substituent, as depicted. in fornula Il; WO _
2007/ 048088 PCT/ US2006/ 060028 18 ONH X R2 Il Zis
CHor N 5 D and D2 are each hydrogen or taken
together forma double bond to an oxygen; D3 and D4
are hydrogen; 10 Eis Nor SC2; with the proviso that
E may_not be Nif the following three conditions are
Si rrulc%“é]l‘r‘gb’t]ﬁ"{nﬁiohet: Qa is absent, Qb is absent, and R3
Kk§ R®R, amino group or cyclic ami no radical wherein
Ze poi nt of 15 attachnent to Eis N, Qa is absent,

% hydr(%f!é%: a@éx&%box%%gﬁb%§%$g)\% I%g%a{r}?gpa& na
Ihok* ise C(O if Qais C(O, and further provided that

may not be -
@ hydrogen,

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

Preferred compounds of Formula I are those wherein W is substituted with one —CN.

Still other preferred compounds of Formula I are those wherein:

Ais
phenyl which may be substituted with one of chloro, fluoro, and methyl;

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

CL, —CN, -NOg, -OMe, or -CF5 substitution, connected to any other carbon,

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

through a carbon-carbon bond;
Xis
D2 p?
R3— b D D*
\Sieayed
N/

substituent, as depicted in formula II;

and is attached to the phenyl A ring para to the nitrogen
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NH if Eis Nand Qa is absent, further provided that
@ may not be - NH if R3 is an amno group or cyclic

wa@nioo48o8gli cal wherein the point 25 of attachP@nUs1006/060028

@ is N, and R3 is ' hydrogé&n, piperidinyl,

al kyl am no, di al kyl am no, hydroxyal kyl am no,
(hydroxyal kyl ) 2am no, im dazolyl, 1-nethyl im dazolyl,
pyridyl, 30 pyridyl N oxide, hydroxyal kyl, -COOH,
-CONH2, -CN, -SO2CH3, WD 2007/048088

PCT/ US2006/ 060028 19 NH2, norpholinyl; R3 may al so be
absent, mﬁ%p e proviso that R3 is not absent when E
i's nitrogenFL&gre preferred conpounds of Formula I are
those whereimy 5 Ais phenyl; Wis 10 pyrrolyl,

i m dazo i soxazol yl, oxazolyl, or 1,2,4 triazolyl,
any of~WhiChraray be connected through any carbon
atom wherein the pyrrolyl, imdazolyl, isoxazolyl,
oxazolyl Mor 1,2,4 triazolyl, may contain one -d

-CN, NO2, - Owe, or -CF3 substitution, connected to
any g%her carbon; 15 R2 is cycloal kyl, furanyl, or

t et r &h¥dropyri dyl, any of which may be independently
substitut qeiywk Y one or two of each of the
substituents selected fromthe group consisting of
chloro, fluoro, and C(1_3)alkyl, with the proviso that
t et r giyvdgap?ykd dyl must be connected. to the ring A

t hrough a carbon-carbon 20 bond. X is D2 D3 R3- b
D1) D4 a [Each hydroggnpritgket togethedform at dvaibiieond toAnfoixfgen;
para to the nitrogen

D* and D* are hydrogen,;

Eis
N or SO2; with the proviso that E may not be N if the following three
conditions are simultancously met: Q, is absent, Qy is absent, and R? is

an amino group or cyclic amino radical wherein the point of

attachment to E is N

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

Quis
absent, -NH-, -CHz-, -CH,CHj-, or C(O), with the proviso that Q, may
not be C(0) if Qais C(0), and further provided that Q, may not be —
NH- if E is N and Q, is absent, further provided that Qb may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point

of attachment to Qy, is N; and

R? is ‘
hydrogen, piperidinyl, alkylamino, dialkylamino, hydroxyalkylamino,
(hydroxyalkyl),amino, imidazolyl, 1-methyl imidazolyl, pyridyl,
pyridyl N-oxide, hydroxyalkyl, -COOH, -CONH,, -CN, -SO,CHs, -
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substituent, as depicted in formula Il; G W NH X R2
25 11 Z is WD 2007/ 048088 PCT/ US2006/ 060028 20 CH or

wd20070u80881d D2 are each hydrogen or taken togeptEUS1006/060028

a doubl e bond to an oxygen;19 5 D3 and D4 are hydrogen;
Eis Nor SO2; with the proviso that E may not be N if
the following three 10 conditions are sinultaneously
net: Qa is absent, Qb is absent, and R3 is an an no
group or cyclic amno radical wherein the point of
attachment to Eis N, Qa is 15 absent, -CH2-,

- CH2CH2-, aor absent, -NH, -CH2-,

- CH2CH2- ISHZ’G(‘@PhOW}tlhR?ﬁ@Y @lso\hcsﬂ(bscﬂtawﬁmlqmpwsn that R? is
be C(O if rther provided. that Qb
may not ben&bée%tl\l%glg %Hgmgl\#and a i s absent,

further provided that Qo may not be NH if R3 is an
l\q(gpe wherei n the point

f gﬁ?%igiérgﬁgon@f)?ﬂd&?T%oﬁ@ﬂgq aléea ge Wh51§nﬁy dr ogen,

pi peridinyl, al kyl am no, di al kyl am no,

Ahydr oxyal kyI am no, (hydroxyal kyl)2am no, i m dazolyl,
1-nmet hyl imdazolyl, pyridyl, pyridyl N oxide,

hydr ohymlkyl , - COON, - CONH2, -CN, -SO2CH3, - NH2,

nmor pholinyl; R3 may al so be absent, with the proviso
that R3 is not absent when E is
Wis

pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, or 1,2,4 triazolyl, any of which may
be connected through any carbon atom, wherein the pyrrolyl, imidazolyl,
isoxazolyl, oxazolyl, or 1,2,4 triazolyl, may contain one -Cl, —CN, -NO,, -

OMe, or -CFj3 substitution, connected to any other carbon;

R?is
cycloalkyl, furanyl, or tetrahydropyridyl, any of which may be independently
substituted with one or two of each of the substituents selected from the group
consisting of chloro, fluoro, and Cayalkyl, with the proviso that

tetrahydropyridyl must be connected to the ring A through a carbon-carbon
bond.

Xis
5 p* p?
R™—Qp D1\’§ A’D‘i
%a—E z—
“—/ and is attached to the phenyl A ring para to the nitro gen

substituent, as depicted in formula II;
O W

Z is
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nitrogen. 30 Even nore preferred conpounds of Formula
| are those wherein: A is W 2007/048088

weEan 8806/ 060028 21 phenyl; Wis pyrrolyl, PCT/US2006/060028

i m dazol yl, isoxazolyl, oxagolyl, or 1,2,4 triazolyl,
any of which may 5 be connected through any carbon
atom wherein the pyrrolyl, imdazolyl, isoxazolyl,

oxazolyl, or 1,2,4 triazolyl, may contain one -C,

-CN, -NO®2, - OWe, or -CF3 substitution, connected to
any other carbon; R2 is 10 cycloal kyl, furanyl, or
tetrahydro&m OII%I any of which nmay be independently
substitute ' one or two of each of the
substituents selected fromthe group consisting of
chloro, fluoro, and C(1_3)alkyl, with the proviso that
tetrdﬂy%layﬁliedyl must be connected to the ring A

through a gag kﬁ%r QP&ke}? ﬁ%%thte} ﬁ%rﬁx 5 8%1%216: gslAd FS %oxygen

D4 QaE Z ~-~ and1s attac enyl
para to the nitrogen substituent, as dep| cted in

for miha il IV afdden?C R2 11 20 Zi's

Eis
N or SO;; with the proviso that E may not be N if the following three
conditions are simultancously met: Q, is absent, Qy is absent, and R? is

an amino group or cyclic amino radical wherein the point of

attachment to E is N;

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

Qs is
absent, -NH-, -CHz-, -CH,CHz-~, or C(0), with the proviso that Qp may
not be C(O) if Qais C(0), and further provided that Qy may not be —
NH-if E is N and Q, is absent, further provided that Q, may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point
of attachment to Qy is N; and

R’ is
hydrogen, piperidinyl, alkylamino, dialkylamino, hydroxyalkylamino,
(hydroxyalkyl),amino, imidazolyl, 1-methyl imidazolyl, pyridyl, pyridyl N-
oxide, hydroxyalkyl, -COOH, -CONH,, -CN, -SO2CHs, -NH,, morpholinyl;
R’ may also be absent, with the proviso that R? is not absent when E is

nitrogen.

Even more preferred compounds of Formula I are those wherein:

Ails
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CHor N D and D2 are 25 each hydrogen or taken
toget her form a double bond to an oxygen; D3 and D4

wae@7loysesogen; WO 2007/ 048088 PCT/ US2006/ 06002BCT/RR2086/060028

is NN with the proviso thatlE may not be Nif the
followi ng three conditions are sinultaneously net:
Qa, is absent, @ is absent, and R3 is an am no group
or cyclic amno radical wherein the point of
attachnment to Eis N, 5 Qa is absent, -CH2-, -CH2CH2-,
or C(O; Q is 10 absent, -NH, -CH2-, -CH2CH2-, or
C(O, wth the proviso that Qo may not be C(O if Q
is C)Whnd further provided that Qo may not be - NH
if Eis Nand Qa is absent, further provided that Q
may not be - NH if R3 is an am no group or cyclic
Wi no radical wherein the point of attachnment to Qo

i's N;Sg%qul R3] n i Reri dinyl . al kyl am no, .
di al kpyl amlhgflﬁ%dd?%%g{‘%ﬁa?ﬁ‘%% Ardl,ﬂx tf1azol3|f‘l, arly 4 Which may
( hy drisxepanksted thaerighognyi carlebmzodm| whdreirethh plyriotyil ciaziodaslly!,

hydr I H .- =CN, -SOPCH3, - r
nor pﬁ%%%& OESZogggé?‘Ei]%r | sl DY “%?7-888 h‘&@lt%ﬁ N, -
For m{PMle| o tshipggutivig cetntctedAo iafy dthepbabyh; W's
pyrrolyl, or imdazolyl, wherein the pyrrolyl, or

im dazolyl, may contain one - C, -CN, -NO2, -Owe, or
R’@F3 substitution, connected to any ot her carbon; 30

cycloalkyl, furanyl, or tetrahydropyridyl, any of which may be independently
substituted with one or two of each of the substituents selected from the group
consisting of chloro, fluoro, and Ca-syalkyl, with the proviso that

tetrahydropyridyl must be connected to the ring A through a carbon-carbon
bond.

Xis

RS 152_@3 4

—Kb D D
%3~E z—
p— and is attached to the phenyl A ring para to the nitro gen

substituent, as depicted in formula TT;
O W

Zis
CHorN;

D! and D? are

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

D? and D* are hydrogen;
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R2 is cycloal kyl, furanyl, or tetrahydropyridyl, any
of which may be i ndependently substituted with one or

wo v 7oisoegch of the substitucnts sel ected fromPehES2006/060028

group WD 2007/ 048088 PCT/ U32006/ 060028 23 consi sting
of chloro, fluoro, and C(1.3)alkyl, with the proviso
that tetrahydropyridyl nust be connected to the ring
A through a carbon-carbon bond. 5 Xis D2 D3 R3_ b
plD4 a E Z and is attached to the phenyl A ring para
to the nitrogen substituent, as depicted in fornula
I[1; O/W NH XRZ Il 10 Zis CHor Ny D and D2 are
each hydrogen or taken together forma double bond to
Eﬁw . . . I . "'h
TR P PRA RN P e
seBErnep il meateQ. isiahsdnt.dAeis absant,rrod:R *Ga ah sriys grotp oboyclic
' Rsedy ' i p. QL cyclic 20
agﬁn?(ﬁo ragyggf@nmﬁgnﬁe?ﬁrﬁ[%?ﬁg%%ﬁ%ﬁ%ﬁ “Bitachment to Eis
N Quis CO Qb is 25 absent, -NH, -CH2-, -CH2CH2-,
or C((S))~ Wth the proviso that Qb may not be C(O if
Qais (’JEO), and further provided that Qb nmay not be -
absent, -CHj-~, -CH,CH,-, or C(0);

Quis
absent, -NH-, -CHz-, -CH,CH,-, or C(O), with the proviso that Qp, may
not be C(O) if Qais C(0), and further provided that Q, may not be —
NH-if E is N and Q, is absent, further provided that Qp, may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point
of attachment to Qp is N; and

R’ is
hydrogen, piperidinyl, alkylamino, dialkylamino, hydroxyalkylamino,
(hydroxyalkyl);amino, imidazolyl, 1-mcthyl imidazolyl, hydroxyalkyl, -
COOH, -CONH,, -CN, -SO,CHs, -NH,, or morpholinyl.

Especially preferred compounds of Formula I are those wherein:

Ais
phenyl;

W is ‘
pyrrolyl, or imidazolyl, wherein the pyrrolyl, or imidazolyl, may contain one -
CL, —CN, -NO3, -OMe, or -CF; substitution, connected to any other carbon;

R?is

cycloalkyl, furanyl, or tetrahydropyridyl, any of which may be independently
substitutcd with onc or two of cach of the substitucnts sclected from the group
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NH if Eis Nand Qa is absent, further provided that
@ may not be WD 2007/048088 PCT/ US2006/ 060028 24

WORHO7i0880R8B i s an am no group or cyclic am no redi/vgt006/060028

wherein the point of attaéhnment to Q is N, and. R3
is 5 hydrogen, piperidinyl, hydroxyal kyl am no,
(hydroxyal kyl ) 2am no, al kyl am no, di al kyl am no,

i mdazolyl, 1-nmethyl imdazolyl, pyridyl, pyridyl

AT- oxi de, hydroxyal kyl, -COOH, -CONH2, -CN, -SO2CH3,
-NH2, or norpholinyl. 10 Exanpl es of conpounds of
Fornula I include: 5-cyano-furan-2-carboxylic acid
[4 (4KW§$%9$DbﬂﬁéﬂaﬂMQﬁLay@thﬁ@SAWEﬁhﬁkﬂmhvmpmgn

yl )te{?lﬂﬁ)?l\ﬂ)llyrm ﬂﬁrst l%qgoﬁéctéa G A Q‘lII A‘rflhrou gl‘l: grcgr Xxlcar on

[4 (4hCm§t hyl - pi perazi n-1-yl)-2-(2-nethyl -thi ophen-
3-yl)-phenyl]-am de, and sol vates, hydrates, tautoners
and pharmaceutically acceptable salts thereof. 20
2Addi ti onal exanpl es of conmpounds of Formula I include:

4-cyano-| Hi rBzd ol c-2-carboxylic acid
[4-(1r \/ngb4d|n4yl) 2-(1,2,5,6-
tetrahﬂt‘i“ Ln-3-yl) phenyl] am de, 25
4- cyano- | 7ol e-2- car . .

[ 2- cycl ohex- I-enyl %Pd(.SL glg ﬁ%é’%gﬁgld%&ngpamm the nitrogen

12L 6-substopsmtars-dbpydidd imhfemythih IF;am de,
5- cyano- f upan-g- carboxylic acid
[2-cycl ohex-Y enyl - 4- (4- met hyl - pi perazin-|-yl)-

phenyl ] -arg d8H 30 5-cyano-furan-2-carboxylic acid
[2-(3,2‘§dr0-2|—|— pyran-4-yl)-4-(4-methyl -
pi perazi<1-gt) - phenyl ] -am de, WO 2007/ 048088

PCT/ USZOC}f/ 060028 25 4-cyano- |

H i m dazol e- 2- carboxylic acid

[2-(1, 1-dioxo-1, 2, 3, 6-tetrahydro-| a. 6-

t hi o%lquan-4-yl )-4-pip eridin-4-yl-phenyl] -am de,
4-cyano-1 Hinmidazol e-2-carboxylic acid
[4-(1-acetGl-opiNgeri din-4-yl)-2-(1,1-dioxo- 5 1,2, 3,
6-tetrahydro-12,6 -thiopyran-4-yl)-phenyl]-amn de,

D! and D? are

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

>

D? and D* are hydrogen;

E is N; with the proviso that E may not be N if the following three conditions arc
simultaneously met: Q, is absent, Qy, is absent, and R? is an amino group or cyclic

amino radical wherein the point of attachment to E is N;
Q.is CO

Qv is
absent, -NH-, -CH,-, -CH,CH,-, or C(O), with the proviso that Qb may
not be C(O) if Q. is C(0), and further provided that Q, may not be —
NH-if E is N and Q. is absent, further provided that Qp, may not be —
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5- cyano-furan-2-carboxylic acid
[2' - met hyl - 5- (4- net hyl - pi perazi n-1-yl) - bi phenyl - 2-
wQ@ bjosamsose, and 10 5-cyano-furan-2-carboxyl i c BCT/US2006/060028
[2'-fluoro-5-(4-nethyl-pipétazin-1 yl)-biphenyl-2-
yl]-am dc, and sol vates, hydrates, tautoners and
phar maceutical ly acceptable salts thereof. 15 Further
exanpl es of conpounds of Forrmula | are: (4-
{4-[(4-cyan-1
H- i m dazol e- 2- car bonyl ) - am no] - 3- cycl ohex-1| - enyl - pheny
'} - piperidin-1-yl)-acetic acid, 20
4- cyano- 1WNHnifda 78 pe apinggtonRr i icgclipcangino radical whercin the point
[ 4- (1- car hgnmy LpRr L di n-4-yl)-2-
cycl ohex- 1 - eny%ﬁ%@%@ﬁgﬁf élgd,'
4- cyano- 1H i m dazol e- 2- carboxylic acid
REZs (4- et hyl - cycl ohex-1 -enyl) - 4-pi peri di n-
4-yl - phenyl ] - am de, 25
4- cy apidropen, Hﬁ’@i‘é&ﬁllnjﬂehﬁdro&}'dﬂﬁydgﬂrﬁlm, &W(iﬁml(yaﬂ(yl)zanﬁno, alkylamino,
2-cC -] - -4-11-(2- ragxy-et hyl.) - .
bi por ek, M -SRI E G Binidy, pyriayt Acoxide,
4- cy amdionyaliy aZ0I08E, 2CONTIOX¢NL, cS@iHL, -NH,, or morpholinyl.
[ 2- (4-net hyl -cycl ohex-1-enyl)-4-(1-pyridin- 30
2-yl met hyl - pi peri di n-4-yl)-phenyl]-am de, WO
, 2007/ 048088 PCT/ US2006/ 060028 26
E4aeyRE 8f béinb&i FanlGaY dc acid
{2-%yc|oH%%?ﬁ%gﬁéﬁ?g?%Tg?fgﬁgﬁéoxy-I-
hydr oxynet hyl - et hyl ) - pi peri di n-4-yl]-phenyl} -am de,
4= ah- dol ol e-2- car | ] cid .
g e B ST A BB v 2 -methyl thiophen-
23)cphshald-amidpydndphenyl } - ami de, 4-cyano- 1
H i m dazol e- 2-carboxylic acid {2-cycl ohex- | -enyl-4-[
1- (2-norpholin-4-yl- ethyl)-piperidin-4-yl]-phenyl}
S-caricdBirat-chrtxaiio atid-[#(H dagthy lepiBeaainb DY) 3-@-afkif) 1-thiophen-

(RA- hex-| -enyl - 4-pi peri di n-4-yl - phenyl)-am de,
3&5€§§h%ﬂﬂﬁpﬂﬁidazole-2-carboxy|ic acid

(2-cycl ohex-1-enyl -4-] 1-(2-

net hanesul fonyl - et hyl ) - pj peri di n-4-yl]-phenyl} -am de,
ofEe ARG YRR, et albEimbesyenly dea b by fhoreot.
| -enyl-4-(1-pyridin-2-ylnethyl -

Additional examples of compounds of Formula I include:

4-cyano-1H-imidazolc-2-carboxylic acid [4-(1-acctyl-piperidin-4-y1)-2-(1,2,5,6-
tetfahydro-pyridin—?:—yl)—phenyl]-amide,

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

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

5-cyano-furan-2-carboxylic acid [2-(3,6-dihydro-2H-pyran-4-yl)-4-(4-methyl-
piperazin-1-yl)-phenyl}-amide,
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pi peridin-4-yl)-phenyl]-am de,
4- cyano- 1H i m dazol e- 2- carboxylic acid {2-cycl opent-|

WO eovylo4sbsg 1- (1- net hyl -1 H 20 PCT/US2006/060028

i m dazol - 2-yl et hyl ) - pi peri28i n- 4-yl ] - phenyl } - am de,
4-cyano-| H i m dazol e- 2- car boxyl i c acid
(2-cycl opent -1 -enyl - 4-pi peri di n-4-yl - phenyl)-am de,
25 4-cyano-| H pyrrol e-2-carboxylic acid
(2-cyc|ohex-|-eny|-4-piperidin-4-y|-pheny|)- am de,

4- cyano-| Hi m dazol e- 2-car boxylic acid
[ 2-cycl ohex-1-enyl -4-(3, 4,5, 6-tetrahydro-
dogyane- 131~ ]ml%wlﬁcﬁy ea,rbomlw a)?lqoﬁ?eﬂyl -Hiceni 1g2,3, CatrettaBtiro-1A°-

aC|d

tﬁoﬁ%@HQr&?bpy%EH&EJ%yPS%QI cyclohex | -enyl -

ace
phenyl ] -am de, WO 2007/ 048088 PCT/ US2006/ 060028 27

I h t au ut.i cal
Rt bR PR S LR R by i
1g%,3 etetmatyaird- 1&?—&11015yr4n-@1yﬂ)’l héyi]j-safRz ol e- 2- car boxylic

acid'{2-cyclohex-l-enyl-4-[1-(1-oxy-pyridine-3-
carbonyl)-pi peri din-4-yl]-ph enyl } -amde, 4-cyan-1
Sktylaib damal 2 cabeAFIRAeYd [2ndeyd-S & &)éﬁly‘f’-gﬁ?&raz]m—il eﬁz Blﬁ)ﬁféyl -2-

oxy-pyri di ne-4- carbonyl)-pi peridin-4-yl
Yhéﬁ?ﬂl y nfln” 4. cyano-1 H i m dazol e- 2- carboxylic aC|d

{2- cyclohex I -enyI-4 [ 1-(3-norpholin-4-yl-

sPro i onyl ) - pi peridin-4-yl]-phenyl} -amde, 4-
{claﬁ? r@yé.’n%g_r oxylic acid [2'-fluoro-5- (4—methy1—p1perazm— -yD)-biphenyl-2-

yitdmiigdazol e- 2- car bonyl ) - am no] - 3- cycl ohex- |
-enyl - phenyl} 15 pi peridine-1-carboxylic acid am de,

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

dl({:cg?(qg%)%@ ;lﬁ?fgf%% | Pdgl:tol%ﬂ%L Jﬁlé BHGL I nl Fx?lcdl?[ndacepta%)e salts thereof.
4-{4-[ (4-cyano- IH-|n1dazoIe 2- carbonyl) am no] - 3-cycl o

F?Eﬁ%rlea;r i es%tf%gffblp})und% di ner..L. -carboxylic acid

y-eth Zeyan e1
H i m dazol e- 2- carboxyllc aC|d

B e IS T ——

piperidin-1-yl)-acetic acid,

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

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

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

4-cyano-1H-imidazole-2-carboxylic acid [2-(4-methyl-cyclohex-1 ~enyl)-4-(1-pyridin-
2-ylmethyl-piperidin-4-yl)-phenyl]-amide,
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25 4-cyano- 1H i m dazol e- 2-car boxylic acid
{2-cycl ohex-1-enyl -4-[1-(2-pyridin-4-yl- acetyl)-pip

we@eadodionsods yl | - phenyl } -am de, PCT/US2006/060028

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

(2-cycl ohex-I-enyl -4-{ 1-[2-(1-methyl-IH 30

i m dazol -4-yl)-acetyl]-piperidin-4-yl)-phenyl)-am de,
4-cyan- 1H i m dazol e- 2- carboxylic acid

{2-cycl ohex-1-enyl -4-[1-(2-pyridin-3-yl- ac etyl)-p ip
eridin 4-yl] -phenyl } -am de, WO 2007/048088

CT/ US2006/ 060028
44"5’ %Pmdrﬂﬁ?la&z%r@wlwmb&%zpycéolmrchnyl 4-[1-(2-hydroxy-1-

h{yamecyﬁieﬂﬂz%tﬂ;d lsmlsn&nlzl-yﬂ] Fhenyl Jramige
nethanesulfonyl acetyl)=piperidin-4-yl]-phenyl}
-amde, 5 4-cyano-| H i m dazol e-2-carboxylic acid

4{ee§flagelxﬁlaji_iﬁ>&al_zo1§12yclar§?iy%c gldpw gd&z“é;?ahx' sthsAF Sipbkidih By
Cye e%b—enﬂ-pwcrhzmeiez car boxyl ic acid
[4-(1-acetyl-piperidin-4"yl)-2-cycl ohex-1 -

enyI phenyl ] -am de, 10 and sol vates, hydrates,

tce(atlmmdwlpaenamlb jaciall ﬂZyC}a;drﬂxed ]a]f]abdl}ﬂ 4s|pu| {>Smorpholin-4-yl-
F I 15
A ARG Doyt acia S
[ 2-cycl ohex-1-enyl -4-(1-{2-[ (2- hydroxy-
I - pi ..
Sy R LR o ST oy B e o LeweBlBra e mipidinds-
phenyloareids, and phar maceutically acceptable salts

thereof. 20 Another exanple conpound of Fornmula. |l is:
4-cyan- | Himdazol e-2-carboxylic acid {2-cycl ohex-

4-cgayd-1 H-ifni dazole- mcﬁﬂiol;’&yhaﬁélﬂc{ﬂ cyclohex- -enyl-4-[1-(2-
am de, 25 and

“?%ﬁ&é?@? :ﬁé%Y§ﬂ@§”“%%ﬁﬂ6kgE§l5%@nﬁkarnaceut|calIy

acceptable salts thereof Anot her exanpl e conpound of

4Fornuiﬁ éf ano-1 Him dazol e- 2-carboxylic acid
s Higpdgazofe- 2‘@?\5}107‘)411‘{ acid (2crdekarol tenyld( I -py8din-2-ylmethyl-

pipedinld-ypippeayiflafides,y! 1 - phenyl) -am de, and sol vates,
hydrat es, tautonmers and pharmaceutically acceptable

salts thereof. WO 2007/048088 PCT/US2006/ 060028 29
4-cyano-1H-imidazole-2-carboxylic acid {2-cyclopent-1-enyl-4-[1-(1-methyl-1H-
imidazol-2-ylmethyl)-piperidin-4-yl]-phenyl}-amide,

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

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

amide,

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

4-cyano-1H-pyrrole-2-carboxylic acid [4-(1-acetyl-piperidin-4-yl)-2-cyclohex-1-enyl-
phenyl]-amide, |
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Still other exanple conmpounds of fornula | arc:
4- Cyano- 1H i m dazol e- 2- carboxylic acid

W@ 400{7/045088 ani no- 3- net hyl - butyryl ) - PCT/US2006/060028

pi peridin-4-yl]-2-cycl ohex2F-enyl - phenyl }-am de
trifluoroacetic acid salt, 5
4H[ 1, 2,4]-tri azol e- 3-carboxylic acid (2-cycl ohex-
-enyl - 4- pi peri di n-4-yl -phenyl )- am de bis
trifluoroacetic acid salt,
5-Chloro-4H[1, 2,4]-triazol e-3-carboxylic acid
(2-cycl ohex-1 -enyl -4-piperidin-4-yl- 10 phenyl)-am de
angdspivaiss ot taitparcesand pharmaccutically acceptable salts thercof.
5- Cyano- 1H-i m dazol e- 2-carboxylic acid

2-cycl ohex-| -enyl -4-(ci s-2, 6-di net hyl -
(&hmxammﬂofwopppnedwq&mu@l bres trifluoroacetic acid
salt, 15 5-cyano-1H i nmi dazol e-2-carboxylic acid

[ 2-cycl ohex-1-enyl -4-(trans- 2, 6-di net hyl -
Aptypapt Idi-mmilagdlp-2obrrhytylicamid £-by dotiax- etk b AT €1 ory- e tidine-3-

- 19- k-1 m dazol. e- 2- car boxylic acid

C? QJ.°E‘§Q|P§%%°?F9€Y§£'P?‘%1Y?% ©(+)- (2, 3-

di hydr oxY- propi onYl) - Pi peridin-4-Y1 ] -phenyl } |

-am.de, ., 20. 5- no-1H i.m d e- 2-.carpoxyl | cid L
By it SRS T R 4 il Py $1 2 oy pyridine-a-
cérbphy b plieridig-4ayti-greryl ) -bintidy; oaceti ¢ acid salt,

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

[ 6- (4, 4-di met hyl -cycl ohex-I-enyl) 25
41¢yaRo 1H-irdidazole 8- caibosaiy Al {22 yt1d i Py Ehdidy] (Rmbphodi 4-y1-
i de trifluarOQ§§bi%E§c{d s%%t,
PRI PRSI Gryathenslicatpiexy | i ¢ aci d
{4-[1-(2-am no- 2- net hyl - pr opi onyl ) -

pj peridi n-4-yl]-2-cycl ohex-| -enyl - phenyl }-am de
4E VPR rSpend B daolds2sarhony rsamigol--cyclohes- 1-cnyLpheny!) -
pipeEManot bbby 1EoZ4 §matecar boxylic acid

6- cycl ohex-|-enyl -1"-(2- met hanesul f onyl -
ethyl)-1',2",3,4",5 ,6'-hexahydro-[2,4"']bi pyridinyl-5

4=echo- AW _HRidazA0Y-SP i@%Fiéih%g{y%ﬁcﬁl%ﬁ-eltr—%g{l%q%&)y?ﬂﬂqe—fi-

pharmaceuti cal Iy accept abl ts t
capory DPITERiIPETISRO06/-a808828 30 Additional exanple

conpounds of Fornula | are:
4-ﬁ%ano-lH-iqidazole-z-carboxylic acid
4{{#-[€¢-cly arre XH i darol 42 {carboRy rettiyd B3rcpdehsx- 1 -enyl-phenyl} -

P BB S i Bl o
[1‘-(ﬁ-dinethLarniPo-acetyl)-G-(4,4-
- X D e
4'-%3 %’ﬁ')] ﬁi‘“%gz," e-?—z[;al"bé)x’ygc 2 ZrySlober 3 - iy a-Hilvippidagol-4-

yl-sdelylppipgeidin-4-yl]-phenyl} -amide,

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

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

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-pyridin-3-yl-
acetyl)-piperidin-4-yl]-phenyl}-amide,
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trifluoroacetic acid salt, and 10
4- Cyano-| Hi m dazol e- 2- carboxylic acid

wQ 800044808%li net hyl - cycl ohex-1-enyl)-I"-(2- PCT/US2006/060028
nmet hanesul fonyl -ethyl )-1" 28" ,3",4",5",
6' - hexhydro-[2,4" ]bipyridinyl-5-yl]-amde
trifluoroacetic acid salt, 15 and sol vates, hydrates,
taut omers and pharmaceutically acceptable salts
thereof. As used herein, the term"the conpounds of
the present invention" shall also include solvates,
hydrates, tautoners or pharnmaceutically acceptable
salts thereof. 20 PHARVACEUTI CALLY ACCEPTABLE SALTS As
45¢yah8d - f yen
al y?{[)l be E)I?igggﬂte@? nt il aEﬂP%}?E;‘?&%&r rragé JIPF%
mtbas iy @ﬁ@WE-PlQ@dI@#~)dbeh¢Hy1h®dndn nes, the saI ts
of the conpounds of the present invention refer to
non- toxic "pharmaceutically acceptable salts.™ FDA
‘epeneni&iipidaretacect boallic poidaieptatvixel -saylt4-f D(IpyiRat2-yl-

ﬁ@%g@ 986, 33, 201-217; J. Pharm
aé%§ﬁ ]E%jgiphggﬁ{ ?"ébﬁydlnclude pharmaceutical ly
accept abl e aci di ¢/ ani onic or baS|c/cat|on|c salts. 30
ORISR LY LSRRG AT MeEh LRRB A3 S cyotonenct
eipdrtenglwiniideiat e, benzoate, bicarbonate, bitartrate,
brom de, cal cium edetate, cansylatc, carbonate,
chloride, citrate, dihydrochloridc, edetate,
amdlsdlyitas, hydestsptaatanerVeh 2 PRAHDASARAIPEI B0 6/1R6RISr
31 csylatc, fumaratc, glyccptate, gluconatc,
gl ut amat c, egcoIIyIarsanllatc hexyl r esor ci nat e,
Ahytieabadnpie cobipdudbORddfla hydr ochl ori de,
hydr oxynapht hoate, i odide, isethionate, |actate,
| act obi onate, mal ate, nal eate, nandel ate, nesyl ate,

4@&“'1@’-1@1%%16 MRSaB0xid Rt G- cggﬁ)ﬁé&ﬁ% &?h?l {@Jﬁﬁtt&dmxy—

panoat e, ant ot he

8 nitrate
agﬁ %ﬂﬂFﬁﬁﬁ@ﬂﬁgﬂ@PﬁﬁbnybﬁD@ ewylbamtide, salicyl ate,

stearate subacet ate, succinate, sulfate, tannate,
tartrate, teoclate, tosylate and tri et hiodi de.
ang $pAvHes by diatasy @amr@ramch@mmutmn}a descptibtt sulte thvotof,
limted to, hydriodic, perchloric, sulfuric,
phosphoric, propionic, glycolic, nethanesulfonic
Angidepsspentie sempbimshofEormoleal isc,  2- naphthalenesulfonlc
p-tol uenesul fonic, cycl ohexanesul fam c, saccharinic or

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

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof,
Another example compound of Formula 1 is:

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1 ~enyl-4-[1-(2-morpholin-4-y1-
acetyl)-piperidin-4-yl]-phenyl}-amide,

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.
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10 trifluoroacetic acid. Pharmaceutically acceptable
basic/cationic salts include, and are not limted to

W@bkaomionsess 2- am no- 2- hydr oxynet hyl - propane- 1, 3Pdi/vb2006/060028

(al so known as tris(hydroxgnet hyl)am nonet hane,
tromet hane or "TRI S"), ammoni a, benzathine, 15
t-butyl am ne, cal cium calciumgluconate, calcium
hydr oxi de, chl oroprocai ne, choline, choline

bi car bonate, choline chloride, cyclohexylam ne,

di et hanol am ne, ethyl enedi am ne, lithium Li Ow,
L-1ysi ne, magnesi um neglum ne, NH3, NH4OH,
Kilhethprsxampl¢ ceapeynds o fpranilall aes; pot assi um

pot assi umt - but oxi dc, potassi um hydroxi de (aqueous),
lgrocaine, qui ni ne, sodi um sodi um carbonate, 20

ol H-ignfarolre X sadwrpli¢ 88H){4-[$ o@iammbpamnethiytioyryl)-
j - 4P ' t] al so..i ncl,udes
ppin-4RTEPRAEI0ERT AL ERRG L ARRE LfloRlRgal R NGRS |

present invention. In general, such prodrugs wll be

h [ eriyatives of .the onpoun whi c r

A e a5 o & e B e P pi st heny -
afhds pisitrifludivecetetdvidisaliof treat nent of the present
invention, the term"adm nistering" shall enconpass

the nmeans for treating, aneliorating or preventing a
Ss@hidronE-[ 12,4 btrikesleB-caldbs@assid 5 6ydidled-hengl ApiWetiin-4-y1-
%hglgpgggunq§ﬁof the present invention or a prodrug 30
PPRBF E P IMRTRREE G 25¥\2BusI y be included within the
scope of the invention albeit not specifically

di.scl osed a iven conpound. Conventional procedures
ST on D ol Rt B ey Ao 6o kbyie 5 gy
piteridwnat iy heiye - S8R bidedivofoact @ aci@xanp! e, "Design of
Prodrugs", ed. H Bundgaard, Elsevier, 1985 WO

2007/ 048088 PCT/ US2006/ 060028 32 STEREOCHEM CAL

5LSNERSI-hRasdE oL &b il f&%icﬂ{zt@Mdﬂexh@&%ﬁt@n&-ﬁ?&dimethyl-
sone_conpounds of the present i'nvention” 5 have one or
PHsFdingdyhhgny-aaids bis wiflwewacetia #ed palst ruct ure. It is

i ntended that the present invention include within

its scope single enantionmer forms of the conpounds of
5t%é’f‘n9rHgémdaizﬁl?#iﬂbmiylrmtﬁ{%-cmlnhw-éﬁsnylaﬁcﬂlm-(ﬂ)—%-

dﬂfdﬁﬁﬁ&&% RLH-di Lshoa ntj.Qmeri c excess is
ppése t~. ?o %ﬁé$€%$ﬁ1gslﬁgrg%gﬂgﬁ#@%ﬁer" as used

herein defines all the possible honmochiral forns _
5 ﬂa}%galte}g’?mgagg??%g&gg%%g%%up fze-gfcrllcghelxglv—gﬂ];ll&?l -%ne otxlgr—epligeridin-
4-yl)-phenyl]-amide trifluoroacetic acid salt, ‘

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

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

5-Cyano-1H-imidazolc-2-carboxylic acid [6—cyqlohcx-1-cnyl—1'-(2—mcthancsulfony1—
ethyl)-1',2",3',4",5',6"-hexahydro-[2,4'Tbipyridinyl-5-yl]-amide,

and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof,
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quat ernary am nes, and physiologically functiona
derivatives may possess. Stereo chemcally pure

WO sonmpisoss f or ns may be obtai ned by the appli cap€DOSING/060028

art 15 known principles. Bbastereoi soners may be
separated by physical separation nethods such as
fractional crystallization and chromat ographic

techni ques, and enantioners may be separated from
each other by the selective crystallization of the

di astereoneric salts with optically active acids or
bases or by chiral chromatography. Pure stereoisoners
may al so be prepared synthetically from appropriate 20
&acﬁﬁ&mla%m?@ldoﬁlp%%&séé%&ﬂu fmterials, or by using
stereosel ective reactions The term"isoner"” refers
to conmpounds that have the same conp03|t|on and

4l s @ me@eleikt 2° k\?:lzhtbogtrjlfl%1 8Lid] é n < e S Legl engfg Q{ [ﬁ 2amsthylamino-

chem cal properties

agefirberip kkﬂ@@bﬂnd}@mudbut differ in structure. The
structural 25 difference may be in constitution
(geonetric isoners) or in an ability to rotate the
4otz - Hﬂ-ip@dlaaplez%@aiﬁogyﬁic gcem fritRadintes)ylarine-dcefyl-6-(4,4-

SR EPOTNR e 5 20 ST SNk ey

taflaorsadenic spricsalt, ant i oners and di astereoners are
exanples of 30 stereoisoners. The term™"chiral™

LA Ll St RS e S R L p AR R Wi B LR
nmtlllamesulfdmg-ethym 20 (87 /404 808BRGALIB2HG6,0E8098 5 y:f]sar];ﬂfe

rm"enantj o " refers to one of a pair of "nolecul ar
h@@‘%?%?“?ﬁﬁ?“?te mrror images of each other and are
not superinposable. 5 The term "di astereomer” refers
ah @ sSIV @S Oy SANRY, SauldiBrs Bh€ pRA Mt dti@lly lFBGSH1e I8 thereof.
synbols "R' and "S" represent the conf| ratron o
substituents around a chiral carbon aton(s) 10 The
Als@is8a hdr8He MR t8rm Ofhe Joﬁ{fi)‘?)ﬂh@s (ﬁ‘tﬁ% fe%entrlﬂe%nu%nt’ gha?I %Iso include

conp05|t|on conposed equi nol ar quantities
sQliaths iy AEese t@ﬁ@é@re or Phﬁ@rdéﬁu‘tloﬁﬂﬁ ageappdds sdlisrihdrsof.
devoid of optical activity. The term "honochiral”
refers to a state of enantlonerlc purity. 15 The term
PHARMALIEGEIGAL LY ACE : AET8egree to which a

honochi r al nDIecuIe or

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

pharmaceutically acceptable salts.

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

basic/cationic salts.

Pharmaceutically acceptable acidic/anionic salts include, and are not limited to
acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate,

camsylatc, carbonate, chloride, citrate, dihydrochloride, cdetate, cdisylatc, cstolatc,
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nonracem c m xture of chiral nolecules rotates a pl ane
of polarized light. It is to be understood that the

WO 2007098 uUbst i t uent st ereoi somers, geonetri c PEDIBI086/060028

20 and m xtures thereof useétl to prepare the conmpounds

of the present invention are either commercially
avai | abl e, can be prepared synthetically from
commercially available starting materials or can be
prepared as isonmeric mxtures and then obtai ned as

resol ved isoners using techni ques well-known to those

of ordinary skill in the art. 25 The isoneric

cgdater fumapls, elxceptaiggglugpnagg, gluismatcaglydelédrisbaithitier ei n
hfeﬁylrésﬂfﬂlﬂzﬁ& 'H}Qrab%hﬁﬁ% @19/@fdbg<§{ugl'é' %&hl&ﬁ%@at}%&% apehtlao ate,

core nol ecul € and aré Inte
ipdide, @ﬂlupmtpalﬂaqate, lactobi@are covatealektonmahdalate, mesylate,

| E P
O S AR A oo
p@W@ﬂ@ﬁmﬁLNVQDhﬂoﬁuﬂmypmﬁegmhﬂmhedua&namah@ﬂa&Lﬁa&wﬁ

sﬁﬁaQ: {e g‘xﬁ;cn%té Ilﬁffa{es%qggte Stgretr Id | I %oc %t heiettF 8Hg|tneth1od1de

reso rom’an 1 someri ¢ m X
Qregaoe 9[ mmgmkmdsqale@ mcttmieuaiei afr@l‘nm ligitkt €0, iy@do8idsgerbhloric,

r.of an.iso pal tlcal
SRR, BAGTFL- e PPiss Tirofe Dok feneiiirotloanarbissdimethitonic
ozdit, 2egphthabnEanfon, Y00Tc043088icPSIAbRXANELDERERS Baccdrinic or
ﬁ%%lrimehree base), formng an ester or amide of each
Th ﬁgrs of an isomeric pair (followed by

chronatographlc separation and. renoval of the chira
V|ng an, |s meric_mxture of either

Pﬁam%ag?q, i y%rgfe@rtqebjg L%s[w/ tqnicsa tﬁﬁ%\ﬁ@( apg piggot limited to
ahﬁﬁmﬁﬁmJamJﬂfﬁyﬁfﬁyﬁlét@@Efﬁiémﬁg é@]@@ ¥ho®h a8
Inﬁ HPLg Solunn PHS AND SOLVATES _
“E‘E‘Pﬁ SABFieYDimBopsises naemethaner ‘TrRdSEh erimendat ieppathine,
Wlalﬁﬁﬁ@ ANEuA! 1B dglﬁ@éﬂéf@ PRI hEIBLRROUS oroprocaine
as such are inhtended 10 be ’

S forms an
Ct}%’)é/]ﬁfj’é’é‘“? icaylppniatis Cé@éﬁéh&ﬂdeheycrlﬁh@ﬁwmne digthanolamine,
tBgdhédifRind g S a
evv?t nédihind % }%@%‘I&lﬁ{& l@%{né e m%g]}él %1%81111131%5 ﬁﬁa’fﬁ’h"’oH
Ns@P%hPsglu%nmemhlédl@p,rpotashelm metmlﬁsﬁt-blabaidcnmmmn

BREYBUE plaRSRILALARD, RlinhBReAAIDAURNR, lnddg. Present

i nvention w one Or nor€ ecures” This
soginiZeethy s sanoitet (SERD] snddim by droviteyirrgnadegr ees of

ionic and coval ent bondi ng, including hydrogen

bonding. In 15 certain instances the solvate wll be
PR@PRUGSof isolation, for exanpl e when one or nore

sol vent nol ecul es are incorporated in the crystal

|attice of the crystalline solid.
The present invention also includes within its scope, prodrugs of the compounds of

the present invention. In general, such prodrugs will be functional derivatives of the
compounds which are readily convertible iz vivo into an active compound. Thus, in
the methods of treatment of the present invention, the term “administering” shall
encompass the means for treating, ameliorating or preventing a syndrome, disorder or
disease described herein with the compounds of the present invention or a prodrug
thereof, which would obviously be included within the scope of the invention albeit
not specifically disclosed any given compound. Conventional procedures for the
selection and preparation of suitable prodrug derivatives are described in, for

example, “Design of Prodrugs”, ed. H. Bundgaard, Elsevier, 1985,



10

15

20

25

30

The term "sol vate" is intended to enconpass both
sol uti on- phase and isol atable solvates. Non-limting

wex@nmphsess of suitabl e sol vates incl ude et hanol BEEES2006/060028

met hanol ates, and. the |ik&2 20 It is intended that
the present invention include wthin its scope
sol vates of the conpounds of the present invention.
Thus, in the nmethods of treatnment of the present
invention, the term"adm nistering"” shall enconpass
the nmeans for treating, aneliorating or preventing a
syndronme, disord di sease described herein with
HERBQCEIME ABISOMERS present invention or a sol vate
t hereof, which woul d obviously be included within the
scope of the invention albeit not specifically
| ; . resent ..
O aRRE the B Cen el LR LRERAHRS & o S PSR TRV emtion
hex ¢ @ae pomeTd Wymantrig carbonlatowninpheic sdustes. flofs intended that the
' o L . .0l I nto..its N oxide
£ O e Eprinb bt ik 1 BB LR bl 607 58 compounas
of ghe presknd invebtion,gacdmingnikhees, shdntiknepsrlegintidmak ihwafth an

late organic or inorgani c peroxide. Appropriate
JEB ) s B U006, 080026 |35 1 nor gani ¢
peroxi des conprise, for exanple, hydrogen peroxide,
I i woetal or.earth alkali.n tal peroxides, e.g.
R P SRS e iott s u st el LB oy s Bgrioctial orms

V?ﬁQaﬂie&oplgibandifﬁ&hmwse@ﬂm{férﬁﬁmnyﬁﬂ S ﬁ'c(i;ﬂ&%@ lu@cﬁtiéﬁ salts,
or exa . €, enzenecar I 0XO0l acl g or al o
WHSEH Y E?*&besbﬁé}?ﬂg’ﬁépi?%%Ef@;esﬁl%lagéwaﬁé%maz PGSSESs.

chl or obenzenecar boper oxoi ¢ aci d, peroxoal kanoi ¢ aci ds,
S?.g. per.oxoacet i c acj%, al kyl hydr oper oxi des, e. g.
BHOSHHSAP RUBR FERIgS. forps mabibe obiinegiyatha papligagpn of art
kayaf @n’@c%lé@ﬁﬂﬁﬁsteﬂe@%he@d Iﬁ@f 8k Sepa®atd b§ bheRSl sgﬁbdatﬁd?le
| i ke, hydrocarbons, e.g. toluene, ketones, e.d.
methpds sHomas fragHiangberas aﬂ%a@ aechelyemstoggangic techniques, and
Sien0roRRhRNRE ' V i
“TAUTOVER C&lev%ar%g i n%%%hﬁ%}% agbfy P gaﬁ‘?tg‘ls? pbitizdon of the
diasiresnaie sebly vwathsptioplly active qoidsior basaston b chiral drmeatography.
i o O ‘1 the
PRECHerb 81 OB Al hRAPMID 1B ?‘Eep%f‘a‘?ﬂ éxgléhﬁhg%lwﬁgﬁ%gﬁfoﬁé&te ed

present appli

Syl Fh s N

. |Cat|0.nae|-nte u
sigrqoshemichty purspgarting mirdenials e by usingastaréasalective reactions.

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

plane of polarized light (enantiomers).

The term “stereoisomer” refers to isomers of identical constitution that differ in the
arrangement of their atoms in space. Enantiomers and diastereomers are examples of

stereoisomers.

The term “chiral” refers to the structural characteristic of a molecule that makes it

1mpossiblc to supcrimposc it on its mirror imagec.
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PREPARATI ON OF THE COMPOUNDS OF THE PRESENT | NVENTI ON
20 During any of the processes for preparation of the

waoeoopouseds of the present invention, it nmay bBCT/US2006/060028

necessary and/ or desirable3o protect sensitive or
reacti ve groups on any of the nol ecul es concerned.
This may be achi eved by neans of conventi onal
protecting groups, such as those described in
Protecting Groups, P. Kocienski, Thiene Medica
Publ i shers, 2000; and T.W Geene & PG M Wits,
Protective 25 Groups in Organic Synthesis, 3rd ed.
Wley Interscience, 1999. The protecting groups may
Het g ~
e R R D B B A1 St miveor
ipegys 12006 PiB0ERG 21e3Bt Metetrpesalle Pr epar at i on Scheme 1
NH2 X NH2 1) hal ogenation NH2 1) XH 02N L~ g | M XA |
Xgqgl 2 ALl 2) RRMR2 2) reduction R1-0 1-1 1-2 1-3
ThewgrmnFdiastensbiry” referSemetaeeolsoiekLihibr &t @t gemerialages.
nmet hodol ogy for the preparation of conpounds of
Forrmula |I. Conpounds of Forrmula 1-2 can be obtai ned by
TIBEtSbrmbhhsl "®RJ emdt"iSH represeniethe rcabfiyurbtieio Naibs Ment@ farauidiOchiral
ogelpqelel¥ of Formula 1-1 followed by netal- catal yzed
coupllng ‘eactions with boronic acids or boronate
esters (Suzuki reactions, 10 where RZMis R2B(OH) 2 or

oronlc estg Lor tin reag ent s &Stllle reactions,

ere SREGIETAXENIE [ FefeTs 0 g caipposibien cmposed of
eMllylm]iraquaﬂtltl&kiﬂtW'o, erfehdieriRPecies Ihdédlthe CdR 3591’&1014 is devoid

Stifle,. AngeM/ Chem Int. Ed. Engl , 25: 5
?f@%%é YA Suzuki in Metal - Catal yzed Coupling
Reactlons F. Deiderich, P. Stang, Eds., WIey-VCH,
?glnhe|n1(1 88))) . npounds of formula 1 1 may be

irgl; iefean o stafie of snamfwomagsvmirisal | adi um

medi at ed cross-coupling reactions descri bed above may

e used | ..
e term “optical activity” refers to the degree to which a homochiral molecule or

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

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

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

The isomeric descriptors "R," and "S" are used as described herein for indicating
atom configuration(s) relative to a core molecule and are intended to be used as
defined in the literature (JUPAC Recommendations for Fundamental Stereochemistry
(Section E), Pure Appl. Chem., 1976, 45:13-30).

The compounds of the present invention may be prepared as an individual isomer by
either isomer-specific synthesis or resolved from an isomeric mixture. Conventional
resolution techniques include forming the free base of each isomer of an isomeric pair

using an optically active salt (followed by fractional crystallization and regeneration
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to generate conmpounds of Fornula 1-1 fromstarting
material 1-0. Preferred conditions for the brom nation

w@2001/048088 € N- br onosucci ninm de (NBS) in a suiPebiUs2006/060028

sol vent such as N, N-di et hy#f or mam de (DWF),

di chl oronet hane (DCM or 20 acetonitrile.

Met al - cat al yzed couplings, preferably Suzuki
reacti ons, can be performed according to standard
nmet hodol ogy, preferably in the presence of a

pal | adi um cat al yst such as
tetrakis(tri phenyl phosphi ne) pal | adi un(0) (Pd(PPh3)4),
of the fen Raseh foraung en eptcher amisgodgachueict n%a ispmiorsibf &n isomeric pair

TR S L R
wﬂm% Al dsogfericapipdnry of eitkar agtarpng pmteml by a fisakprodnctafsing

pa%ggégf&(jllegglét) Ot hglt ag%]ac?]é&ngto %%{Mgg@r es ?10 r a m I Igrsn(lll

formation (for a review, see: M Bodansky and A

PEsC q\ngr ty,58pQf Peptide Synthesis,

prlnger- 4)) or by reaction with acid
chlorides WOOCL or 5 activated esters WCCO2Rq (vvhere Rq

v, h as pent af |.uor o
FIIL\II?%1 %%I%:Q?%l tkrﬁgg ’%f’ gl%ﬁds of P RiFP é]g TNERUEPT B 3’6?% PEY B’h’glofeo r
pebupipngr gmbiphmts]’aﬂﬁie fowhﬁﬁhd\/us §|ilcﬁ af'dﬂh&?lde@ i@iﬁé’ Included in
; | 1N W - cata st to.formthe
tﬁ:ehgcgfve (gﬁiihe 11-1%365“ M (gch/go dﬁ énqyritbfrﬁéo 2tesivE e
emfmpiemﬂa'ivkty&i' €re.,edeited) oa&oﬁhﬁyﬁ orgh1€BolWemtS. AsR¥ED REBin, the
1oI eyI am | p 3- et I car bodi i_m de

§8 v%#eiigr? 385 3§ ?é&%%ﬁ cgghadmn he compounds of the present

m]sfehly@hf witilas Z)@h{dra é&lb@nt@n&@lnﬂ@@ g FRIAY Association involves

hIorlg %(51 and when Wis an i mdazole, the
Eé"cfs ¢ padheovalcnt Berdipe rinpliding iydregsphesding. In

@Mﬂﬂ ingtAnb ek |sb‘%wm%§bl@ %Y%rog:@onaﬂg exam le when one
di i s%)r opyl et hyl am_ne nderst 00

TORGEO Y Il equbtaare éwgmqr@@@ iﬂbﬂile ;Sﬂé‘éérlﬂﬁlgﬁ Of thegrystilline solid.
Thotoiil "§ollvaiEHYs Peented B 88 pabdbdil %P%E@ﬁ tp’h@ d&l;l'a%'bﬁe

1-1 or 1-3 and, in such cases,
sqlytey Jlon Weitingaxeeies ofsuitible dolmtcsmtétrrb CIhanolatcs

n@h{aﬁ&g@tslmlmey&gl ous substituents on conpounds of
Formula 1 may be introduced in a nunber of way's

descri bed below to provide the optional substitution

l;
)00 AR 18, S, Mooy PG
capends of thetpreseyt 'Bltvelp_,tiqiu rThlg ROhSalethels bf tﬂéﬁ@ﬁbﬁ Ufthe present

inb &A¥nNE, p” r.fi.r quoroo chl or 23

mact. IY \1/1é1t ee%'é%y aqrhitistesd Xll nco&r}apaéa ganfof ?-qumg,
ameldratoyshe prcvealtﬂngcakiyntﬂ'mge dﬂ;brdm de deasdidesiibed 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.
N-OXIDES

The compounds of the present invention may be converted to the corresponding N-
oxide form following art-known procedures for converting a trivalent nitrogen into its
N-oxide form. Said N-oxidation reaction may generally be carried out by reacting the

starting material with an appropriate organic or inorganic peroxide. Appropriate
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nucl eophilic aromatic substitution by amoni a and
azi de anion or by am nes, alcohols, thiols and other

woe@reeoes | es in the presence of a suitabl e baBeT/E8IN6/060028

as K2C03, NN-diisopropyl eshyl am ne (D EA) or NEt3.
When the leaving group is 25 suitable for
nmet al - catal yzed couplings (preferably brono or
trifluoromethane- sul fonyl oxy), a nunber of
cross-coupling reactions (such as Suzuki or Stille
reactions as discussed above for the introduction of
R may be perforned. Qther netal - catal yzed coupling
Rergerie pexidracormRishorpsinayadyidrecnderayidmatliad metdl or carth
anget a Vi ews
e G R ot B P BRI B A B Bt
0pgaMdq BIORYGS RYFOIpaEiNel pSrox aCﬂdalsucvh p, far example,

ani nt.hes
s R Rl s R A B R R e -
Cbhﬂ@wwcalhopwxomwid pgroxealkbnaia acide,teg. peroxoacetic acid,

Fe BTN IR bRPRRIRIE. S e B LS ot

vmterckdwalcahbﬁsyageﬁhmol ahd e lilke, Gpdretabengplg. @laéne, ketones,
hstituti see ay,. .et al, Tetra edr on
?%‘a‘ﬁ’f* b %ﬁ(hifé&ﬁfsbonf & iR Rsthangand Ry of

ssdbsﬂvamﬁnts can be further derivatized as descri bed
belowto 5 provide the final substitution of Fornula
I. An alternative nethod for the introduction of
INTTONEHERICORORMIE Ng het erocyclic substituents onto
ring Ais to formthe heterocycle froman am no group
on ring A. The amino group may be originally present

The cbﬂ@oﬁﬁcﬁ;rdﬂﬂﬁkgpfé@élﬁ ﬁﬂl@n’ubﬂ nyﬂéH &84t86 1% th@tomeric fi s,
SH&frotected form or resulf fromthe reduction o

%méra%f&ﬁum%thall@éy dngicated ingthe paesertr angiliaatianyare intended to

bERHERH viithih AR $BE bi 73 ﬁ}@geﬁ{ indbntffn attached by a
nitration reaction. In “addition, the ami no group may
be fornmed by reduction of an a2|de group which can be
present in the starting material or may result from
nucl eophilic aromatic substitution of an activated
PREBARARION OFTHE 60OMEOENDSOE THB RRESENT ENVENTION
group may al so result from nucl eophilic aromatic
hal,i de in, f exanpl e
DS AR ey st A bick Aafitn APl P oo e SHEER
inyenties titeday hﬁnmsmrg anﬂ/\baﬂaiﬂablefto breeetsphsitivd clbltéhwt[ve groups

ntroduc ed f am ne,
o B B B i LR, TR PP SEar P ek gpevensiona
prog¢dhiod groypspsucheatiplse deswibed i Ao @tk EHbuBY PY KRS ski,
t ods Theodo eene and.
e IERE R AL Gl B £ g bre LB R M gl
Gta8 1) Orgaitie Symthesi§ Q]‘df‘ﬂm Wileaktdr@ience, 1999. The protecting groups

may be removed at a convenient subsequent stage using methods known in the art.
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i nvolves treatnent of the aniline amno group with a
suitable optionally substituted di- electrophile,

w@e@otsaks y a di hal i de or di carbonyl conpound, Peihistv06/060028

results in two substitutiéfns on the ami no group to
forman optionally substituted heterocycle. In the
case of dihalides, any of a nunber of suitable bases
can be added as an acid scavenger 25 such as potassium
car bonat e, sodi um hydroxide, or, a trialkylam ne such
as triethylamne. Thus, treatnent with a

bi s(2-hal oet hyl ) am ne such as bi s(2- chloroethyl)am ne
Methers ppPrapereféarhy| ) ami ne woul d afford a pi perazi ne
ring (see, for exanple, J. Med. Chem, 29: 640-4
(1986) and J. Med. Chein., 46: 2837 (2003)). Optional
substitution on the am ne $uben@gken of the reagent

woul d i ncorporate optional 30 substitution on the
term nal am ne of the piperazine. For exanple,

treataeitwi th AtIN-Hils ()2aiogrneticnet A | 1, 0e Woub,g
g}h N-#%rﬁ/r azimogroupx t men i a,_1
bi s("Z- hal oet hyl ) &f her o#) His( 2- hal ) t hiraettberr?
wouldo af ford a nonpholine or thionorpholine ring, 1.3
respectively. WO 2007/ 048088 PCT/ US2Q06/ 060028 39
Anot her alternative nethod to direct |substitution to
i ntroduce heterocyclic substituentsjonto ring Ais to
formthe heterocycle froman al dehydd @4 .%. from a
fornyl group on ring A). The fornyl gro may be
originally present in the starting pterial in a
protected or unprotected formor na egal t from or
any of a nunmber of fornylation reactions known in the
literature including a Vilsneier-Haadk reaction (for
Safleme ildmmatéwgamfaatﬂeﬂibdb)hgyi fot ’ggé,prématfidi oﬂ%ionfﬂoﬁhds ?E

em Rev., 87. (1987 or. ara-fornylation o
Rl QiAo SERSTR | soPrtadBRG by ORpishaloganation,
pletmbhetbatinationl 6f amidé:dpoaRAdy d%8nuia 19 B11HREL By ntetal-
I s, understpod that conpounds of Formula | may be )
HAPERS FORmEFETGtPaY WithRopeTE AFidy OF beigpatesiteaRpBuk dgactions,

whierdRINIUL R B(CH)) 8 oMY 86ted 68 Gh Al ntq st 1@ RR%Ens, where
synt het i E met hodol ogi es (Theodora W G eene and Peter
RdY/f R vatadkyLpd T Wiy, serdN- Movaira. AcSuzukily Qe Rey., ahia4s7

(783), 08 Kt RENe SHRISC Bt Bl BY tHGY gfc_rfio‘é;@éifl %?éérgg Bnd A, Suzuki in
Cco 0

Exampl es 15 of further derivaftization o ounds
Metalfeatalysed SauplingR epstions. ki Deéflerish, Rufdang; didso Widsy-¥CH,
We&hKBHA 1b3SINCRbThofndY d - '

a0 Chehelady TR 1o PRSP AL MRy Mifylg or
therabeue pallaskiury mestiated enpsageuntinguekctings dewtiribatl above may be used

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

Preferred conditions for the bromination of 1-1 are N-bromosuccinimide (NBS)in a
suitable solvent such as N, N-dimethylformamide (DMF), dichloromethane (DCM) or
acctonitrilc. Mctal-catalyzcd couplings, preferably Suzuki reactions, can be
performed according to standard methodology, preferably in the presence of a
palladium catalyst such as tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs),), an
aqueous base such ag. Na,COs, and a suitable solvent such as toluene, ethanol,
dimethoxyethane (DME), or DMF.
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triacetoxyborohydridc (see Abdel-Magid J. O g. Chem
61, pp. 3849-3862, (1996)) to reductively alkylate;

wowvdaoh/oasossl chl ori des or carboxylic acids and aPCEDBSZIE6/060028

bond. 20 form ng reagent as7described above to form
am des; with sulfonyl chlorides to form sulfonam des;
with isocyanates to formureas; with aryl- or
heteroaryl -halides in the presence of a palladium
catal yst as described above (see Buchwal d and Hartw g
ref erences above) to formaryl and heteroaryl am nes.

n additiqgn, when conpounds of Fornulae | contain an
é(?fi}l’o‘ﬁéﬁ of Eospuladcan bapyapateg) bydeactionefeopwepodnaiForapla 1-2

wigh gaﬁb@k&hic%ic%mﬁﬁta%lz B\égak%gagd%qﬁéﬁltd%?% ﬁ% Srmde bond

boronlc acids (for exanp
fegugionder aa@vmepq: B\édBamley ancbA, Barinsks, Bhe BlactéodPeptide

S(y%‘tlfé@i‘é’aéﬂmé%[‘ N&LEW g (lbggﬁ ?8&7’ %&cﬂgﬁ withoae (? ulf?l81\f"1\/§edeC0C1 or

and Fbrtmn ref erénces a en conp othds
achy#ted estens W@ﬂzaﬁl ifwheryRmis agempg gtd'upssugh asl perﬁ'&&udiephenyl or

seleag. "3 0a eAGL Sra i 5T IR Cgm o
vered Wis e dmaer seilyl oﬂilmnded&@@MwMeDMEi d¢ @ datalysbsfobm the acid

d
By R B PRAL by SRR eoe oo PRlR ae cuh poDIEA:
whentWiés a pyirdlez ¢d3 tcnmbn@lanuabprgppmdgcnglcsltvoﬁﬁfm&e@c%omonde
Sul f d t ai.ne 0oX]
B R RSBl oo e A Reb Y o e e HOBY); and
vdfen(\fﬂfm an trhidaralpethb @Hﬁ'airé‘ca&iA Itaiudé@ at;’@%&x%ﬁt ?ﬁ%ohdmo'\%hos-
nmen
P Hgp Ny Rpnphos (PREGAR) g pprogy eptemini GHEA) i DCM,
46: 4676-86 (2003)) and sulfones can be obt ai ned.
usi n ui val ents of MCPBA or by treatnment with
Ttgs HB&PT yioRd Ff&'i & PrdoRabsubaidtutir pessen G Tive Asmfigrmula I may be

pf@éﬁtﬁﬂ ltlﬁj@stat(tﬁ%@nat&%[ls ¢ X240l @ an®Gh sﬁ&péésggt\{f(ﬂ%%%\pﬁi\rrﬁg
01/ cheme 2a OR
lgogg efymibeffib PRI HD‘icfmnml Aliprgatiply Pario®s WbgHBents 4n

compounds of Formula I may be introduced in a number of ways described below to
provide the optional substitution listed for Formula I. The lcaving group “L,” present
onring A in Formula 1-0 or 1-3, can be substituted before or at any step during
Scheme 1. When such leaving groups (preferably fluoro or chloro) are activated by
the nitro group of Formula 1-3 for nucleophilic attack, they can undergo direct
nucleophilic aromatic substitution by ammonia and azide anion or by amines,
alcohols, thiols and other nucleophiles in the presence of a suitable base such as
K2CO0s, N, N-diisopropylethylamine (DIEA) or NEt;. When the leaving group is
suitable for metal-catalyzed couplings (preferably bromo or trifluoromethane-
sulfonyloxy), a number of cross-coupling reactions (such as Suzuki or Stille reactions
as discussed above for the introduction of R*) may be performed. Other metal-
catalyzed coupling reactions that can be employed include aromatic and
heteroaromatic amination and amidation (for reviews, see: S. L. Buchwald, et al, Top.
Curr. Chem., 219:131-209 (2001) and J. F. Hartwig in “Organopalladium Chemistry
Jor Organic Synthesis,” Wiley Interscience, NY (2002). Additional metal catalyzed
cross coupling reactions with 2,4,6-trimethyl-cyclotriboroxane may be employedif L,
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wherein Zis CH WO2H O or WAINH WCOCI R2 Opti onal
further O or derivatization WO02Rg as described NH Z

wo ono7eediese 2a X A Conditions as D1I~-F R2 despei/bemhoe/o60028

Schene 1 i 2-5 Schene 2a iB8lustrates a route to

conmpounds of Fornula |I. F represents -NQQR3-, - 10
0-, S, SO or S, and AA represents -NH2 or -NQ2. D
and D2 are shown for illustrative purposes only; it

i's recogni zed by those skilled in art that D5 D6 D7 D8
may also be present. Ketones of formula 2-1 can be

converted to a vinyl triflate of formula 2-2 by
1§ prosnerdogo.wi chlogo ﬁ‘éﬁWﬁFﬂgidQYe@Em it Bendsats @ptigudl nagthylubstidtion

h
Ghem. GrAPRE Y Tefralld¥on L@t%uh% reizgl %ﬂgfﬂom@%_\/\ﬂ th a

trlflatlng reagent such as anesul fonic
anhydri de 15 or preferably

Iﬁ" SQHI% RYdds! inklise: p%@tﬁ't"bﬁ@ff@ %Lxﬁ h%? deﬁ(?#‘gt S mﬁ &Léiibggpglow to

boronic  aci s or borona ers
W'Pvigibﬂterﬁliﬂlau@yh@tfonfafrﬁmnmlﬂ:2 can provi de conpounds
of formula 2-4 where Zis C (Synthesis, 993 (1991)). |
For conpounds of fornula 2-4 treatment with Pd/C can
Aredirzeatbet thethbd fol thé imrodanion @Onitrbgemtdritainidg Whertosyclic

d f formula
st bl o e S s oip 5B Bherion P it rioe A
Thermpoun gm@fmisobﬂuhgmﬁl-lﬂ pma{ten A SHHBE QO3 08 8 protected or

uﬁgwgtéJ%Zcpg S{xﬁoﬁ?ﬁ%ﬁrwﬁ% ﬁro Ae‘{}’]%nB{l F{é :3?1]«]%{ Elil'l?glfg Ivghelclg alqo can be

ettBaosridiedlyi preSahambe ktartTﬁ@nﬁtehTaDoﬂzitﬂiéHedrBy ahﬂ@i’u&&eacﬁon In
uced wit.h Pd/Ctore%uce t.he nltro and t he
aSﬁIPPn © SN0 LTOWR Feasole &Pﬁ‘éf"%r uptipal pa agjde groypgvhich can

bk @)@f&*eﬁﬂm\tﬂé btedideOn ORIt &EulFﬁ{)ﬁi-&hﬁ:le(?phﬁm( #Bifafc
%%*t%q%g{ eaglre?glg%gg'ﬁgllil&dgy gz1dngr{1(r)T;1J asa &eltlcl)nedne?bogg.r EIES rémino
group may also result from nucleophilic aromatic substitution of an activated halide
(in, for example a nitrohalo compound) by ammonia or by the anion of a protected
ammonia equivalent, for example, t-butyl carbamate. If introduced in protected form,
the amine can be deprotected according to standard litcrature methods. (For cxamplcs
of amine protecting groups and deprotection methods see: Theodora W. Greene and
Peter G. M. Wuts, John Wiley and Sons, Inc., NY (1991).) The ring-fonning reaction
involves treatment of the aniline amino group with a suitable optionally substituted di-
electrophile, preferably a dihalide or dicarbonyl compound, which results in two
substitutions on the amino group to form an optionally substituted heterocycle. Tn the
case of dihalides, any of a number of suitable bases can be added as an acid scavenger
such as potassium carbonate, sodium hydroxide, or, a trialkylamine such as
triethylamine. Thus, treatment with a bis(2-haloethyl)amine such as bis(2-
chloroethyl)amine or bis(2-bromoethyl)amine would afford a piperazine ring (see, for
example, J. Med. Chem., 29: 640-4 (1986) and J. Med. Chem., 46: 2837 (2003)).
Optional substitution on the amine nitrogen of the reagent would incorporate optional
substitution on the terminal amine of the piperazine. For example, treatment with
N, N-bis(2-chloroethyl)aniline would give an N-phenylpiperazino group. Treatment
with a bis(2-haloethyl)ether or bis(2-haloethyl)thioether would afford a morpholine or

thiomorpholine ring, respectively.
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required) as described in Scheme 1. Conpounds of
formula 2-5 may be further nodified to provide

wa@odai7oisesal conpounds 10 of Formula 1. For exe@plis2006/060028

cases where F is -NQu(R3-39Q( is a direct bond,

and R3 represents a BOC protecting group (CO2tBu), the
BCC group may be rempbved according to standard

met hodol ogy such as trifluoroactic acid (TFA) in DCM
(Geene and Wits, ibid.) to provide a secondary anine
that can then be further derivatized to provide
conpounds of Fornula |I. Further derivatization
includes, but is not limted 15 to: reactions with

AloAeesq80c KRRRas dilol A8 RLESERCRARhuA KRMELAR - |

agent such as sodiumtriacet ox
splisemiente ringak i fogform tlwmleert@”OFyqle fmnN@tﬂazehdi (i.E.from a

e ey -
n(a4eyiad éis & prajected ar @qimweteﬂ)fom opmay |r6@111¥ﬁd$l’ﬁ@tﬁ aolg S?Iﬁ (rjuen?ber of
ORI e e iR Mg o B g eSeor
(foo pmeriawlofibenydatior Ghe-anga«? @i Amlaﬁp@tyaa,l’[alﬁfﬁﬁ Ras., 87: (1987))
Eﬁf %u abt%Frlny 101‘? %Qﬁgr%a%gmg&ow d cg]gt)gﬂ:, dgfrahedron

Lty 317.3éa{5@|()19@@).subst itution reactl ons as outlined in
Schenme 1 to provide conpounds of Fornula T where F is
-NR3. (S. L. Buchwald, et al, ibid.; J. H Hartw g,

Futallg‘ i is Iﬁﬁﬂeﬁshﬁdamwexr@%aﬂ@ & F o%uﬁi’ﬂn%" b@f@ther derivatized.

?ngqeg@f?&gsl (ﬁ/ rrqr ngﬁﬁ yf lg 1%%{1@} é%} Cq)e/ Igelélgﬂayl'eié)gccordmg to standard
sﬁﬁhﬁidlﬁéiﬁbadlbgwmmaw Qﬁ@erﬁ%ﬁ%@/ 60«3 Joﬂi%Wﬂey and
Sch me W Reduction, ~ R IfR
QI%% 519%1Rg'§n@cmb%lzheg Subjocted o @rthgr g@rh‘éqﬁi@afg@ Examples
of ﬁllrl!h%f A& esizaH sk &d n@90Of inckle %t 28 4 ﬁ%ﬁgd&%s%gn

artlall unsaturate_ conpounds of Formu -
‘? ForRed dyppptain @ pri;en/ orsgoBRry ping) the :@ning Phay be

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

an appropriate oxidant such as one equivalent of (meta-chloroperbenzoicacid)
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and D2 are H), -(D and D2 are H), or -S2- (D and D2
are H, and RAA represents - NH2 or -NO2. Conpounds of

wo coomohsas®- 4 are prepared as shown in Schene 2PCT/S2086/860028

is -NO2, the nitro group n48t be reduced by a nethod

t hat does not reduce 10 ol efins, such as iron and

amoni um chloride. If R of formula 2-4 is an am no

group then no step is necessary and conpounds of

formula 2-4 are al so conmpounds of fornmula 2-7. To

prepared conpounds of fornula 2-7 where E is -SO2- or

-§C>, the oxidation of the sulfide nust be perforned

NEPBénpomnacamentyeh Natds (sce. fonepenaplc, H&sepnlpedl J. Med. Chem.,

48099 P6-86 03 4 ' ihePhsi

\'" K 4 R5H @gﬁdl_%fogﬁg %%nﬁeﬁfgﬂ%é%m@%‘%&ﬁ@fﬁﬁ "E%“%BA

Oy tragirpont wiftpd-mestyylRogphoging Nkoxidk a8d Sata3%i ovmd wiRjtaftoxide
A, -2 -{ﬁﬁﬂb ' trates the

(%?éggfgggg%ng%ﬁﬁFéfﬁg |ate§U?Z%H%he synt hesi s of

conpounds 20 of Fornula I, where ring Ais pyridyl,

and R5 is the optional su%g&%&gzion on ring A or WO

2007/ 048088 PCT/ US2006/ 06 3 one of the

het erocyclic substituents as defRRed—n Fornmul aAa K

IS NH2 or other function # gr oupB h—A%B hE2,~<;M'
or COOR ch can eventua |f\/ b&¢onvelt ed. tno
group by wn-PARt er atur t hods2.guchRas reduttions
for Ng di scussed®.>lor _Scheme Iy or TurtiusZ
rearrangement FeNTEOBH (fbr a rew BWC see Ciﬁgiicj
21 D’ F
22
\ 24
wherein Z is CH
WCO,H j’\
or W™ NH

WCOCI R?  Optional further O W
or derivatization
WCO,Rq as described NH
- 7 for scheme 2a
- X
Conditions as D%>l: :] R
D F
2-5

described in

Scheme 1 I

Scheme 2a illustrates a route to compounds of Formula I. F represents -NQ.QuR’-, -
O-, S, SO, or 8O, and AA represents —NH, or -NO,. D' and D? are shown for
illustrative purposes only; it is recognized by those skilled in art that D° D° D’ D® may
also be present. Kctones of formula 2-1 can be converted to a vinyl triflate of formula
2-2 by treatment with a non-nucleophilic base such as LDA and then trapping of the
resulting enolate with a triflating reagent such as trifluoromethanesulfonic anhydride
or preferably N-phenyltrifluoromethanesulfonimide. Suzuki coupling of boronic
acids or boronate esters of formula 2-3 to vinyl triflates of formula 2-2 can provide
compounds of formula 2-4 where Z is C (Synthesis, 993 (1991)).

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

where F represents —~SO; can be prepared from compounds of formula 2-4 where AA.
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5 Reactions, 3: 337 (1947)). L3 and L4 are hal ogens.
(Kis COOH can also be formed fromK is COOR by

W@ RowplogsoBase- or aci d-catal yzed hydrol ysi s-) | PCT/US2006/060028

general, the selectivity adtl order in introducing R2
and R5 can be achieved by the relative reactivity of
t he hal ogens L3 and L4 chosen in conpound (3-1), the
intrinsic selectivity of the heterocycle and/or the
reaction conditions enpl oyed. An exanple of 10 using
the relative reactivity of t he hal ogens L3 and L4 in

sel ectively introducin and R5 woul d include the
18rNPaendR iGnepididei(R iy bja AYislaten FEhAGCEBA ar athermcthads

de§cr%edfﬁ1 Weh&ndno lfi@le@pﬁio g} ALk %yu ; & 18'69 r&fu%gc? wi e%a?{i‘ttb \fgduce

di spl acenent of the f nucl eophi

hedh Hemitg ead the 9lefied by substltutlon of the remaining

brono group by netal -catal yzed substitution chem stry
such as Suzuki or Stille cross-coupling 15 reactions
panndh of faooli Adld Are ioMi,) S mhdnardnyerltefd oaopgondss of Formula

- n.i odo I9)
ZRgPHR sBioh oSG coBEuls orhfinlias af So gt fns are
rpguiedd) @aﬂaicylbeaﬂus&d:l&md ution chem stry (such as Suzuki

or Stille cross-coupling reactions or

Buchwal d/ Hartwi g am nati ons as further discussed

(Emhm\mds of fdrewil 026 may belfurtRh nltifeaith @redde hadition@Eopounds

e remain or. chlaoro .20
A B S BTo o BraD B ol CHR s £ T SRR B FSgheiees bond,
anﬂlRiSéprﬂie&ﬂh d BCEL"fthf&g glr GG@ztEﬁpbﬁ% B grofi® bR removed

stitut obtain co nds "~ of
Bagirfifo Satya ety ﬂag@F‘bTE‘paSEﬂ RIS 9614 EFA) in DCM (Greene
afd s Z‘Mcﬁ}jtotp}ovﬁé Ta%bébrﬁl@fﬁp%ﬁl@ tRdt ERFHEA R i%rtger derivatized to
-2 or. 3-3 can then be reacted to

ounds
Pa?‘gBT 8‘?:‘81’%1‘16 of E@r%laflu ENFEE e atigrionuneudss, bufr ifmhlimited
tS-réactibil Switheal dEHYRIES oG ERRR 'tﬂe' ﬁeé@n%@l)?g ?%@hﬁgent sufh as

tal-catal yzed am nati on of conpound of

%ldéﬁem?lwdmﬁ fe Pf%%?ﬂr@p@ndaow@mr@d@ Ebiwherierfels -

X e if
NA@mlq%’l% f(liogsezl\%td ngSa)éld %%l Qa\gﬁﬁ &cild a:ﬂ[o %’ b?Wét&WHg Pids and

apeitebend RoDHE reagant lﬁa;s d@se@quanuslwhqcm@ u@z@ R6vide compounds of
e hde & QrN%(;RSW&esuﬁgnylMJ& Fﬁée\écr(i)bed in Scheme 1) to

secondary ani ne, am Ao grou
péfq»udwnremundﬁ ofiFopnde dothede Biis MNS@Rauwith isocyanates(as described

ng/g%%% EH(# ona eecg lsotu{ehfgss&i%ﬁ% é)ﬁrv%lgg? %d?] &ﬁ/f)g@{a&bl ot

S‘b‘@] P@ﬂd tD mctal}cgﬂabupd subshiortonatactioat es oﬁﬁ@né@ﬁlm&{b&&%to provide

oun (D%?u\%lzlsw?eégctl g’ﬁﬁ) I\%gl %V\%ﬁ%ﬁv &ﬁggt &dvsJ H. Hartwig,

zlad RyiF orahd abctvb&xatnb&r Rs uhé R, TatteﬂﬁtISpe’mﬁefiiQf hyd®dgahaugl, as
C}qaga?lf(ylbﬁdloa]kyl ary ear.{‘glk]yl T3 perg ryl an%eheteroaralkyl




conpounds of Fornulae 3-2 or 3-3. 5 Conpound 3-2 can
be further converted to conpound 3-4 by a

woreaoalo4svsg al yzed Suzuki or Stille coupling asPCT/US2006/060028
descri bed above. L4 in conpdund 3-3 al so subsequently
can be substituted with R5 to obtain conpounds of
Formula 3-4, again, by a direct nucleophilic
substitution or netal -catal yzed reaction with a
nucl eophile or by the sane netal-catal yzed
cross-coupling reaction as descri bed above. Wen R5 in
the 10 fornmulae (3-2, 3-3 or 3-4) is a protected am ne
and K not an amino group, it can be deprotected to
unmask the amino functi on&cheme 2Phi s am no
functionality can then be further derivat{zed as
descri begr,j,n Scheme 1. HAken the K group,r¥pprnula 3-4
is not apn am no group (such as functionaglit

describ boyeductiqn; ¢ @ convert ed t ani no
group a di 'higat DNRmowh_L¥' t er at ur e et $ (see, for;
exanpl e rehensive 15 Q gani c Transforjmati ons:
Larodké, [R S ; WIley ‘n-q@ Inc., USA [1999) and the
r esulg'rngedn ne 3-5 oa ]

e enpl oyed pn-amg-de bond
formatiop,reactions as described in Schenme (1) to
obtai n the conpounds in Fbrmula |. When %8in Formul a
3-4 is an amno group it can be directly used in
am de coupling as descri bed above. 20 Schene 4a K 2 R
5  Schemg@hdHustrates mopificktionof\S¢h R aNoNyEthedi zd pirtiaily Rbdturated

cbmpo 0 I Tesents - 0044 %% 2 ar s !
by el iRsnfich ® fetel AR DO D arp s,

ant D Rreihs-(3r a1RE aze HR), lor N Q- RDMHanil DE 2rd H), AnBR Rsrefsents -
MLBHAND A Ao q§p?s__a and 4b .illustratg the

pre par ati on’ o?ﬁ}nﬁi? (e)f?roe I'at Zeg BRI AP I’?E?W?rt%lg?lileél&e 2. If
Ras corDndhe vitSctrene nissbaretdicrgl Byr @method that does not reduce

10 omg,hs‘:ﬁlcﬁ a8 %Qﬁtah& %&%jonggn%%flo@l%epf If IE:(OAtgﬁlfgremula 2-4 is an amino

group then no step is necessary and compounds of formula 2-4 are also compounds of
formula 2-7. To prepared compounds of formula 2-7 where E is -SO,- or -SO-, the
oxidation of the sulfide must be performed on compound 2-4 where Raa is -NO;, as

described above, followed by nitro reduction.

15
Scheme 3
R2
1 K
N
| R°H

- 1
NTX K 3-3 N K N X NH2
I S——
4 a l/ ]/
L 54 R4

L3 R
R°H /"fj/ R2M 34
RS

or R®M

3-2
Scheme 3 illustrates the preparation of intermediates for the synthesis of compounds

20  of Formula I, where ring A is pyridyl, and R® is the optional substitution on ring A or
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4-1 and 4-5 by introducing the second | eaving group
after the replacenent of the first one has been

wa@eovploggoesl. These can al so be used. for the syPthes1086/060028

of compounds of Fornula | 4%here ring Ais a pyridine

and R5 is either the optional substitution on Ring 10

A or one of the heterocyclic substituents. As in

Scheme 3, the renmining positions on the pyridine

ring can be substituted as described in Formula I. K

is NH2 or other functional groups such as NO2, COCH

or COOR which can eventually be converted to am no

Georfpthsyhgerenrclic swbstituents sredefins! suEprmagarkdicis ok or other

fgﬁctgﬂﬁf !;H)%ps El?ﬁﬁlr £saN@>§”E‘ I-?%r R'vprﬁgh §9f\1%{‘3fu%1y3be converted

and L4 are hal ogens. ese oun S

te japie giqupbyilgopnf lu,mmtm mmth@iboilmph 8% mhiua’soﬁ-fot Nﬁ’z (@adiscussed
r{\e ps. L suc

PE (SERREDIP: I Qrab CPABRPRBIP R PRl i BB see Orsanic

Rmcm:ds 3( ééé,(lff‘ﬁr)) dx aampll K ani hahi@rw (K is @00 can dlso be formed

iﬁ?ﬁﬁ{%?gﬁ%ﬁfm Sflm Stfaﬁxcornﬁo%%%%é’?eq:&(ﬁﬁwﬁ')sﬁ 1or L4 in

IE@enthh tHe &lhylvmyamﬂaﬂéexdmsmfmcﬂmﬁng R2 Sl ®TR:a8, beCathieved by the
f For ae 4-2 and 4-6. At 20 t
1.‘¥1ate reatc 4 sugg} Ole,ad 5 a];nd rrf)t&fﬁla n &orgpggndzl(%%é]ixp intrinsic

sbkecmm@ﬁme Heﬁeﬁ)o&cle&ﬁh‘d}’di@he Baetidgh ¢dhdaionsIn{isride r@bwample of

e .andar.d thods tp proyide conpounds of
ﬁ-h? Fela ﬁv VY 8 thopelg lagesp e andybrerin pelcgtivaly intgeducing R®
ami &f erdugd 1rfcﬁ&@&ﬁé sitiioafWiest, in EBh%gﬁl%cﬁﬂﬁf IQﬁ'Hﬁld P el isa
r3 (see,

ftglon hl.qni.de, PO 5, POC '3 or

b owR h0 618 Prome sy $elie v erBTHIacorogyOf B8 fforo group by a

nBal¢SpIBRS canlid aclﬁéx%'a@ollo%@ Uyds%ﬁlmtuﬁ@n %tf theaiemalrhng%q’omo group
Chem Soc. Perkin Trans (1980)) .

b, Tl CHABE g bUEWIGp Shemisiys daualay SHEREN GBI cross coupling

r@fcﬁﬂhﬂ"@g Bfhhet Quitm@Y idfow) nﬁ%dgﬁ% ﬁ{yoﬁg{oﬁg{iégf Fortn@b 3-1 where

(see _,for exanpl e, A
059 ﬁf Freend L* isjan sodpsgropp god )fl)e otifpreispr iwbaorargehloro group, selective

n%@e[l@‘ajédlﬁé% El%st@ftﬁﬁl RALLR ﬁcfl\tB?% 'S% Zgiétﬁ}gges §Eygs-coupling

sol vent” such as DCM or ace |tr
1‘@@@1@820@@)0’@6@1@28&% ammauom)@tu g thoofdifeossod] laéowz) 8nahc iodo

é %ﬁnb‘? QIO E f&lﬁ)%efdo%i %Hf&%ﬂ%%t o% ﬂfIl:Co ;ennliguaneﬁﬁ berf%OY chloro

I'ntroduction e renmal N ng grou
grcewﬁwcqnom yf}etaiycatdiyzedrmbMduordeMbed above and then
on to conpounds of Forrmula I, by the nethods
described in Schene 3 for conversion of conpounds of
Aolmttagasl 13- Sdsha;md 33-161vi1[g groap P duRcsSmas 3FD6atﬁJl)o?lﬁi'st substituted to

r nt a t.ne pres i nvention_ a
ﬁ%ﬁl §§m§ Ahe eS| s fir ege‘?{t {&avm{% 0?31"096? %Stcﬂ’é’ls*t‘mted to
ohfath exapplueis of lthﬁafaI B2, (Td’]ﬁpcflﬁlldls(BMZ g 33ecddkhen be reacted to
dl%éﬁrgghacr)y 1*to furnish the compound of Formula 3-4.

- Thus, a direct nucleophilic displacement or metal-catalyzed amination of compound

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

acids or boronates esters (Suzuki reaction, M is boronic acid group or boronate ester
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purposes only and are in no way neant to limt the
i nvention. 10 Nane Structure S,
wW®2@yamoss ur an- 2- car boxylic acid [4-(4- H CN 4PCT/US2006/060028
met hyl - pi perazin-1-yl)-2-(34nethyl- N o
t hi ophen-2-yl)-phenyl]-amde N O MN S\
5- Cyano-furan-2-carboxylic acid [4-(4- HCN ~ o0 5
nmet hyl - pi perazin-1-yl)-2-(4-methyl- N o _
t hi ophen-3-yl)-phenyl]-amide N MeNJ ON YCN j HN
HN-J 4-Cyano-1 Fl-im dazol e-2-carboxylic acid 6
2- cYcI ohex-1-enYl-4-[1-(2-hYdroxY-1
SHEY XYY PrgRuQitheapgiings (Stdlimrcactjgr, M ds SpRemwlicke R is alkyl and

o
s MBS R el ERERS 3 s P P

comRounpfy gfffjgrmulae 3-2 or 3-3.

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

amino group it can be dircctly uscd in amide coupling as described above.

Scheme 4a

2
\ Introduce 5 R
> fﬁ Y T
T4 orRMR5 I
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4- Cyano- | Hi m dazol e- 2- carboxylic acid 7
{2-cycl ohex-1-enyl -4-[ 1- ( 2- nor phol i n- 4-

W@ koodoesogs ) - pi peri di n-4-yl]-phenyl} -am de O- BCT/0S20&D60028

HN HNX 4- Cyano- 1H i m dazol4&- 2- carboxylic acid 8
{2-cycl ohex-1|-enyl - 4-[ 1- (3- nor phol i n- 4- _

yl - propi onyl)-pi peridin-4-yl]-phenyl} - amde N O N
00 5-Cyano-furan-2-carboxylic acid [2'- HCN 9
met hyl - 5- (4- net hyl - pi perazin-1-yl)- NO

bi phenyl -2-yl]-amde N O /NJ

5- Cyano-furan-2-carboxylic acid [2'- F H 10
fluoro-5-(4-nmethyl-piperazin-1-yl)- N OCN

bi phenyl -2-yl]-amde r N

5- gyang furan- 2- carboxyllécgild PZ HCN 11
cycl ohex-I -enyl - 4- (4- et hyl - pi perazin- N O

1-yl)-p ny% -amde w O ~|mhhieM012007/048088R2
PCT/ u%@f 0028 a8 /N& e ijK R /@NHZ
L* R® R5 F RS L~
45 ' 46 4-7 4.8
Schemes 4a and 4b illustrate the preparation of intermediates to be further modified
according to Scheme 3 starting from a monohalo-substituted compound of Formulae
4-1 and 4-5 by introducing the sccond Icaving group after the replacement of the first
one has been completed. These can also be used for the synthesis of compounds of
Formula I where ring A is a pyridine and R’ is either the optional substitution on Ring
A or one of the heterocyclic substituents. As in Scheme 3, the remaining positions on
the pyridine ring can be substituted as described in Formula I. K is NH; or other
functional groups such as NO,, COOH or COOR which can eventually be converted
to amino group by known literature methods such as reductions or Curtius
rearrangement as described in Scheme 3. L° and L* are halogens. In these
compounds, T is either H or is a functional group such as OH that can be converted to
leaving groups L? or L* such as halogen, triflate or mesylate by known literature
methods (see, for example, Nicolai, E., et al., J. Heterocyclic Chemistry, 31, (73),
(1994)). Displacement of L? in compound of Formula 4-1 or L* in Formula 4-5 by
methods described in Scheme 3, can yield compounds of Formulae 4-2 and 4-6. At
this point, the substituent T of compounds 4-2 or 4-6 can be converted to a leaving
group L* or L2 (preferably a halogen) by standard methods to provide compounds of
Formulae 4-3 and 4-5. For example, when T is OH, the preferred reagents to effect
this transformation are thionyl chloride, PCls, POCl; or PBr; (see, for examples,
Koldcr, den Hertog., Recl. Trav. Chim. Pays-Bas; 285, (1953), and Iddon, B, ct. al., J.
Chem. Soc. Perkin Trans. 1., 1370, (1980)). When T is H, it can be directly
halogenated (preferably brominated) to provide compounds of Formulae 4-3 or 4-7
(see, for example, Canibano, V. et al., Synthesis, 14, 2175, (2001)). The preferred

conditions for bromination are NBS in a suitable solvent such as DCM or acetonitrile.



Name Structure 0 5-Cyano-furan-2-carboxylic
acid[2-(3,6- H\ CN 12

wal2dvydusos®H- pyran-4-yl1l)-4-(4-nmethyl- N O PCT/US2006/060028
pi perazin-l-yl)-phenyl -anmdde O ~NJ O NCrH \ NH
4- Cyano-1 H pyrrol e-2-carboxylic acid 13 _
(2-cycl ohex- 1| -enyl -4-pi peridin-4-yl- pheny |)-am de
trifluoroacetic acid salt CO2H N HO NC\ NH NH
4- Cyano-| Hi m dazol e- 2-carboxylic acid 14 _
(2-cycl ohex- I -enyl - 4-pi peridin-4-yl phenyl)-am de
trifluoroacetic acid salt CFSC02H N H O NCrH
Thecpamoupds phligrarudacrt-g or ok gan ke epmivert@hiorporapounds of Formulac

4 4of J—WﬁlﬁbdQétﬂﬁlrdfqh@ re‘%na\{ﬁﬁl% é;&%ﬁg égh)g)i{ respectively, by the

1- enci/yl - pheny -am de
?gand|then on to compounds of Formula I, by the methods

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

5  compounds of Formula I.
Repressentative compounds of the present invention and their synthesis are presented
in the following chart and examples thereafter. The following are for exemplary
purposes only and are in no way meant to limit the invention.
10
Name Structure
S .z A
5-Cyano-furan-2-carboxylic acid [4-(4- H Ly~
4 | mcthyl-pipcrazin-1-y1)-2-(3-mcthyl- g
thiophen-2-yl)-phenyl]-amide K\N
' MeN \)
S
~ \
5-Cyano-furan-2-carboxylic acid [4-(4- H\“/Ec?'CN
5 | methyl-piperazin-1-y!)-2-(4-methyl- N
thiophen-3-yl)-phenyl]-amide S ©
MeN\)
i N__CN
| ‘] HNJ\H(I;_]/
4-Cyano-1H-imidazole-2-carboxylic acid O
6 {2-cyclohex-1-enyl-4-[1-(2-hydroxy-1-
hydroxymethyl-ethyl)-piperidin-4-y1]-
phenyl}-amide trifluoroacetic acid salt N F3C’LOH




Nanme Structure 0 NC\ NH s NH _
4- Cyano-| Hi m dazol e- 2-carboxylic acid 16

W 4000/04sm8%t yI - pi peridin-4-yl)-
1-enyl -phenyl] -amde N 040

2-cycl ohex- PCT/US2006/060028

NrH NC -~

4- Cyano-| Hirni dazol e- 2-carboxylic acid NH 17

[ 2- (4- met hyl - cycl ohex-1 -enyl) -

pi peri di n-4-yl - phenyl ] -am de
salt 2ZHN HO NC NrH NH 4
- Cyano-| H i m dazol e- 2- car boxy

4
trifluoroacetic acid

lic acid 18
in-4-yl - phenyl)-am de

(2-cyclopent-l-enyl-4-piperidj
f rifluor nar‘e‘wameam d Sal t

H NH_ 0 SirMGtur¥ NHr NH

4-Cyano-1H-imidazole-2-carboxylic acid

CN

HN _7/
0y

7 | {2-cyclohex-1-enyl-4-[1-(2-morpholin-4-
yl-acetyl)-piperidin-4-y1]-phenyl}-amide
N o]
7
~ CN
QT
4-Cyano-1H-imidazole-2-carboxylic acid O
8 {2-cyclohex-1-enyl-4-[1-(3-morpholin-4-
yl—prop1onyl)—p1per1dm— -yl]-phenyl} -
amide
N
O)\/\N/\
5-Cyano-furan-2-carboxylic acid [2'- CN
9 | methyl-5-(4-methyl-piperazin-1 —yl)-
biphenyl-2-yl]-amide
5-Cyano-furan-2-carboxylic acid [2'-
10| fluoro-5-(4-methyl-piperazin-1-yl)-
bipheny!-2-yl]-amide
/N
5-Cyano-furan-2-carboxylic acid [2-
11| cyclohex-1-enyl-4-(4-methyl-piperazin-

1-yD)-phenyl]-amide

e




4- Cyano- | Him dazol e-2-carboxylic acid 20
{2-cycl ohex-1-enyl -4-[ 1-( 2-

woredohamestil f onyl - acetyl ) - pi peri di n-4-yl]- phengt$/US2006/060028

-amde NO O-~\O WD 2007/ @48088 PCT/ US2006/ 060028 50
Nane Structure O NC\ T NH NH

4- Cyano-| Hi m dazol e- 2-carboxylic acid ~, 21

[ 2-cycl ohex-1-enyl -4-(1-pyridin-2

yl met hyl - pi peri di n-4-yl)-phenyl]-am de

trifluoroacetic acid salt CFBCO2ZH N |I_CN O NC\ NH
NH 4-Cyano-1H i mi dazole-2-carboxylic acid. | 22

[2-(4- et hyINaDe| ohex- | -enyl)- 4- (1- _Structure

trifluoroacetic acid salt CF3CO2H N N \' NH NH

548 Mrah-HehBbeAROl Sa3:6@Lbxyl i ¢ aci th?, w‘

pyrldln 2- yI mathyl pi peridin-j4-yl) - phe:l]-am’ de

12| dihydro-2H-pyran-4-y1)-4-(4-methyl-
piperazin-1-yl)-phenyl -amide (\
/NJ
0
eSS
. . NH
4-Cyano-1H-pyrrole-2-carboxylic acid
13} (2-cyclohex-1-enyl-4-piperidin-4-yl-
phenyl)-amide trifluoroacetic acid salt CF3CO,H
N
H
5t O
4-Cyano-1H-imidazole-2-carboxylic acid
14| (2-cyclohex-1-enyl-4-piperidin-4-yl-
phenyl)-amide trifluoroacetic acid salt CF-COWH
3C02
N
H
O
NC“G’/U\ NH
\_NH
4-Cyano-1H-pyrrole-2-carboxylic acid O
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16| [4-(1-acetyl-piperidin-4-yl)-2-cyclohex-
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A
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piperidin-4-yl-phenyl]-amide
trifluoroacetic acid salt CF3COyH
N
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O
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N
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4-Cyano-1H-imidazole-2-carboxylic acid
20 {2-cyclohex-1-enyl-4-[1-(2-
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95| [2-(4-methyl-cyclohex-1-enyl)-4-(1-
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N
N
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NH
4-Cyano-1H-imidazole-2-carboxylic acid O
23 {2-cyclopent-1-enyl-4-[1-(1-methyl-1H-
imidazol-2-ylmethyl)-piperidin-4-yl1]-
phenyl}-amide trifluoroacetic acid salt CF3COzH
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|
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o
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U NH
4-{4-[(4-Cyano-1H-imidazole-2- O
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{2-cycl ohex-1-enyl -4-[1-(2-pyridin-3-yl -

acetyl)-piperidin-4-yl]-phenyl} -amde F3 CO2H

trifluoroacetic acid salt NN O \rH NC ~ NH NH

4- Cyano-| Hirni dazol e- 2-carboxylic acid 31

{2-cycl ohex-1-enyl -4-[1-(2-pyridin-4-yl- acety

) -pipcridin-4-yl]-phenyl} -anm dc 3CO2H
trifluoroaceNemeacid salt NN O NC\ rStri¢tde

ano- 1H i m dazol e- 2-carboxylicj acid. NH ©O
(2-cycl ohex-I-enyl -4-{1-[2- (1} net hyl N

3
H i m dazol - 4-yl ) -acetyl ] - pi pefi d’i"?\-‘&&/TZlLlNH ‘

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

2
5 2H-[1,2"bipyridinyl-4-y1)-phenyl]-amide
trifluoroacetic acid salt
N GFscoH
N ’d
S |
O
N
NC \j)j\NH
\_NH .
4-Cyano-1H-imidazole-2-carboxylic acid O
26 {2-cyclohex-1-enyl-4-[1-(2-hydroxy-
ethyl)-piperidin-4-yl]-phenyl}-amide
trifluoroacetic acid salt
N CF3CO,H
OH
O
N
NC—¢ \W/U\NH
NH
4-Cyano-1H-imidazolc-2-carboxylic acid O '
o7 {4-[1-(2-cyano-ethyl)-piperidin-4-y1]-2-
cyclohex-1-cnyl-phenyl}-amidc
trifluoroacetic acid salt
N\ CF3COzH
CN
O
NC\<N:7)L NH
\_NH
4-Cyano-1H-imidazole-2-carboxylic acid O
28 [4-(1-carbamoylmethyl-piperidin-4-y1)-2-

cyclohex-1-enyl-phenyl]-amide
trifluoroacetic acid salt
N~  CF3aCOaH

Kfo

NH;
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33 {2-cyclohcx-1-cnyl -4-[15¢2-1H i m dazol -

4-yl| -acetyl)-piperidin-4-yl]-phenyl} amde

trifluoroacetic acid salt CF3C02H N N\ ~NH O

4- Cyano-| H i m dazol e- 2-carboxylic acid (CF3CO2H)2 H

{2-cycl ohcx-1-enyl -4-[1-(2-norpholin-4- NO 34

Y1l-ethyl)-p eridin-4-Y1l]-phenYl}-amide HN N ip

g—tr+fluorgacetic acid salt N ~ CN Q. . J]

A-Cyano-1 H NAM&zo0l e- 2- carboxylic acid $trae¢uweN 35
[2-(1, 1-dioxo-1, 2, 3,6-tetrahydro-1X6- N O

t hi opyr an- 4-yl ) - 4- pi peri di n-4-yl - herhyi\/])La ide 0O S
0 00 Ng*&NH W ‘
4-Cyano-1H-imidazole-2-carboxylic acid
{2-cyclohex-1-enyl-4-[1-(2-pyridin-2-yl- O
acetyl)-piperidin-4-yl]-phenyl}-amide
| l

29
trifluoroacetic acid salt CF3COzH
N ==
N
O N
®)
N
NC— %NH "
4-Cyano-1H-imidazole-2-carboxylic acid N
30 {2-cyclohex-1-enyl-4-[1-(2-pyridin-3-yl-
acetyl)-piperidin-4-yl]-phenyl}-amide CF~.CO.H
trifluoroacetic acid salt o
o N
O
N
NE—Q %NH "
4-Cyano-1H-imidazole-2-carboxylic acid N
31 {2-cyclohex-1-enyl-4-[1-(2-pyridin-4-yI-

acctyl)-pipcridin-4-yl]-phcnyl}-amide

trifluoroacetic acid salt CF3COzH

32

4-Cyano-1H-imidazole-2-carboxylic acid NH
(2-cyclohex-1-enyl-4-{1-[2-(1-methyl- O
1H-imidazol-4-yl)-acetyl]-piperidin-4-
yl}-phenyl)-amide trifluoroacetic acid
salt
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4- Cyano- 1H i m dazol e- 2-carboxylic acid Hj 37
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1,2,3,6-tetrahydro-1~,6-thiopyran-4-yl)- N O
phenyl] amde H3Cy O

-CQyano-l Himdazolc-2-carboxylic acid H H\N~ 38

SO

{9 cycl ohexNamey| - 4-[1-(2- N Structure
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di et hyl am no- acetyl ) - pi peridi

-amde NNI /N [/ 4-Cyano-|

acid HN 38b {2-cycl ohcx-| -cny
4efestangl dimnleacie Dt irbgpiirdctd n- 4- y
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4-yl-acetyl)-piperidin-4-yl]-phenyl} -
amidc trifluoroacctic acid salt
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N CN
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34

4-Cyano-1H-imidazole-2-carboxylic acid (CF3COH),
{2-cyclohex-1-cnyl-4-[1-(2-morpholin-4-
yl-ethyl)-piperidin-4-yl]-phenyl}-amide

di-trifluoroacctic acid salt HN — N
l/\N/\/N
CN
0]
4-Cyano-1H-imidazole-2-carboxylic acid I H HNT
a5| [2-(1,1-dioxo-1,2,3,6-tetrahydro-1A°- NW/K\N CN
thiopyran-4-yl)-4-piperidin-4-yl-phenyl]- O
amide ©
O=
U
o\\s,,O
4-Cyano-1H-imidazolc-2-carboxylic acid .
36| [2-(1,1-dioxo-1,2,3,6-tetrahydro-1A°- H HN
thiopyran-4-yl)-4-piperidin-d-yl-phenyl]- N\”/gN N
amide trifluoroacetic acid salt o]

TFA HN
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4-Cyano-1H-imidazolc-2-carboxylic acid H HNT
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38
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4-Cyano-1H-imidazole-2-carboxylic acid H N/\<
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~N N
H o
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CN
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4iyprogibosidgsdedacarbexlismeidst|r uct ur e X 1
41| {Feelnpex-{ gngld{[ {41 Oparporithie: i dgzol e- 2- CN
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piperidin-4-yl-phenyl)-amide
trifluoroacetic acid salt

HN

Q N—N TF

51a

5-Cyano-1H-imidazole-2-carboxylic acid
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acid (2. 8 g 20 nmmol), hydroxyl@nbne hydrochl ori de

(2.7 g, 40 ’
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5-Cyano-1H-imidazole-2-carboxylic acid H —
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5-Cyano-1H-imidazole-2-carboxylic acid
[6-cyclohex-1-enyl-1'-(2- N\n/k\ =N
methanesulfonyl-ethyl)-1'2',3' 4',5",6'- i
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Example 1
5-Cyano-furan-2-carboxylic acid

OW\
o~ ~CN

HO
To a flask with a stir bar and Vigreaux column under Ar was added 2-formyl-5-
furancarboxylic acid (2.8 g, 20 mmol), hydroxylamine hydrochloride (2.7 ¢g,40
mmol), and dry pyridine (50 mL). The mixture was heated to 85 °C, acetic anhydride
(40 mL) was added and the mixture was stirred for 3 h. After cooling to 60 °C, water
(250 mL) was added and the mixture was stirred at RT for 70 h. The mixture was
acidified to pH 2 with concentrated hydrochloric acid and extracted with 3:1
dichloromethane-isopropanol (8 x 100 mL). The combined organic layers were
washed with water (100 mL), brine (100 mL), dried over anh sodium sulfate and
concentrated in vacuo to afford the title compound as a tan solid (1.26 g, 46 %). 'H-
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mml ), and dry pyridine (50 nL). The m xture was
heated to 85 C, acetic anhydride (40 nL) was added and
wo b@7ousostire was stirred for 3 h. After cool i nBCT/OSB06/060028

C, water 10 (250 nL) was &flded and the m xture was
stirred at RT for 70 h. The m xture was acidified to
pH 2 with concentrated hydrochloric acid and extracted
with 3:1 dichl oromethane-isopropanol (8 x 100 nlL).
The conbi ned organic |ayers were washed with water
(100 nm.), brine (100 nmL), dried over anh sodi um
sul fate and concentrated in vacuo to afford the title
NYRSPRP R4 Vi) 51485 (ar 261y, 7. M6 (AH1 H, T+ WOHz), 7.42 (d, 1H, J
=2§)@14{2g48088 PCT/ US2006/ 060028 59 NMWR (CDBCD 400

6 14.05 (brs 1H, 7.74 (d, 1 H J 3.8 Hz),
7 42 (d, 1 H J = 3.8 Hz). Exanple 2 5 4- Cyano I H

pyrrol e-2-carboxylic. aci HO . Hlr CN O The title
conmpound was prepared by gﬁggﬂggérature pr ocedur e

(Loader and Andef-€havo-IBamadiiar-chrbédicucid9: 2673
(1981)). 1H NVR (CDC13; 400 MHz): 8 12.70 (br s, 1H),
7.78 (s, IH, 7.13 (s, #H . AO0O\exanple 3 4-Cyano-1-
(2-triniethylsilanyl-ethoxymertiyT§N| H-i mi dazol e- 2-caf b
oxyl ate potassiumsalt N@ N _K+ N O SEM 15 a)

The (tﬂ}e_%hﬂ%hh?l hns !{)?ééx\ﬂ'e d%}hﬂ:% yiEh iy Igrog&ilirgkﬂ@ach% grd A% &Lrson,

bonitrile | ask charge
Gaprdigs ol Ehamc é&b%@n ¢1|9B é))( BI-5NgR (GD.lemﬁOK))M(rEyrﬁ h230 ghr s,

1619,7.78 (s, 1H), 7.13 (s, 1H).

Example 3
4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-carboxylate

potassium salt

NC -
N OK
T3
N
SEM
a) I1-(2-Trimethylsilan yl—ethoxymethy{)—] H-imidazole-4-carbonitrile

NC. N
>
N
SEM
A flask charged with imidazole-4-carbonitrile (0.5 g, 5.2 mmol) (Synthesis, 677,
2003), 2-(trimethylsilyl)cthoxymcthyl chloride (SEMCI) (0.95 mL, 5.3 mmol), K,CO3
(1.40 g, 10.4 mmol), and acetone (5 mL) was stirred for 10 h at RT. The mixture was
diluted with EtOAc (20 mL) and washed with water (20 mL) and brine (20 mL) and
the organic layer dried over MgSO4. The crude product was eluted from a 20-g SPE
cartridge (silica) with 30 % EtOAc/hexane to give 0.80 g (70 %) of the title
compound as a colorless oil. Mass spectrum (CT (CH,), m/z) Caled. for Ci10H17N308Si,
224.1 (M+H), found 224.1.

b) 2-Bromo-I1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-4-carbonitrile
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2003), 2-(trincthylsilyl)cthoxyncthyl chloridc (SEM)
(0.95 nm., 5.3 mol ), K2C03 (1.40 g, 10.4 nmol ), and.

waec@wromes§ 5 nmL) was stirred. for 10 h at RT. TPET/US2006/060028

m xture was 20 diluted witl0Et QAc (20 nlL) and washed

with water (20 nlL) and brine (20 nL) and the organic

| ayer dried over MgJSO4. The crude product was el uted

froma 20-g SPE cartridge (silica) with 30 %

Et OAc/ hexane to give 0.80 g (70 %9 of the title

conmpound as a colorless oil. Mass spectrum (CT (CH4),
z) Calcd. for CLOHL7N3GCSI, 224.1 (M+H), found

25 b)
2- Bronwo=Br- (2-tritnet hyl sil anyl - et hoxymet hyl ) -1 H i m daz
ole-H carbonitrile WD 2007/ 048088 PCT/ US2006/ 060028
60 NG "' CN SEM To a sol ution of

To i ii’c;l’?lﬁ?ﬂefﬁf hxt%h@ﬂwguﬁh%lg&n%&s&md&l i iﬁﬁg%ﬁﬂ@h a5 dtrile
@07 x}smﬂ@p@as PﬁeP@(‘:—‘Mn(tll@pwyoumf@pg@dg@hMB@sml()owmadgled NBS
@64 ngDJI ﬁmﬁﬂ‘}jarﬂ .ﬁﬂil(] Q@ét% an@ ﬂlﬁ(@m@%&tga Gt Fﬁ a(té?%&ﬁfl 2‘8

Cfor 4 reaction was dilute
rRgofiog ﬂ@s\ﬁa@ww A& 16D81L) 204 vasherl yith NRHE0S (Rex @emL) and
tHak (@@ﬁ‘nﬂ r&%dQﬁQ@%aﬁlc 199’& a%eg k/gldNQ Was é{? (Rfco&c]@ntrated

t hen concentr at e title conp GU Mt
Thezlegogmouad vasichiged frgm 4 2&p SHH tnra gty siktQAcitha%k &he

el S L AR e ST

n(l/mwlcdf ﬁ?doliﬁzrmtmmsaz 0/804.©)(M-+H), found 302.1/304.1.
4- Cyano-| - (2-trimethyl siJ.anyi-et hoxyrnethyl)-1Himda
zol e-2-carboxylic acid ethyl ester NCN O SEM To a

cs A-Gparenlgf- ~t@nigthystlahy i &hostynreeliyy | Biinedwgble-2-carboxylic acid ethyl
esz%} hoxymethyl)-1 Him dazole-4 15 carbonitrile (0.55

1.8 nmmol) (as prepared in the previous step) in THE
(6 m) ay - 40 C was added drop wi se a solution of 2M
Ne.PrMyCl\{n THE (1 nL). The reaction was allowed to

r \Eorg O mnat -40 C and then cooled to -78 C, and

N

SEM
To a solution of 2-bromo-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-4-
carbonitrile (0.55 g, 1.8 mmol) (as prepared in the previous step) in THF (6 mL) at —
40 °C was added drop wise a solution of 2M i-PrMgCl in THF (1 mL). Thereaction
was allowed to stir for 10 min at —40 °C and then cooled to —78 °C, and ethyl
cyanoformate (0.3 g, 3.0 mmol) was added. The reaction allowed to attain RT and
stirred for 1 h. The reaction was quenched with satd aq NH,CY, diluted with EtOAc
(20 mL) and washed with brine (2 x 20 mL), and the organic layer was dried over
Na,SO, and then concentrated. The title compound was eluted from a 20-g SPE
cartridge (silica) with 30 % EtOAc/hexane to give 0.4 g (74 %) of a colorless oil.
Mass spectrum (ESI, m/z): Calcd. for C;3H,;N305Si, 296.1 (M+H), found 296.1.

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

potassium salt
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cyanoformate (0.3 g, 3.0 nmmol) was added. The reaction
allowed to attain RT and stirred for 1 h. The

WO e@acisoss was quenched with satd ag NHACL, di | BEBUSH06/060028
Et OAc 20 (20 nL) and washediwith brine (2 x 20 nli),
and the organic |ayer was dried over Na2SO4 and then
concentrated. The title conpound was eluted froma
20-g SPE cartridge (silica) with 30 % Et OAc/ hexane to
give 0.4 g (74 %9 of a colorless oil. Mass spectrum
(ESI, mz): Calcd. for CL3H2IN3@3Si, 296.1 (MH),
found 296.1. 25 d)
4-Q/arhs1/l-(2 tritnethylsilanyl-ethoxytnethyl)-IHimda
zol e- é car boxyl ate potassium salt WD 2007/ 048088
PCT/U 6/060028 61 N NN." O OK+ To a solution

4/%/@ (2 trimethyl sil anyl - et hoxynet hyl )-1H i m dazol
lic acid ethyl ester (0.4 g, 1.3 nmol) (as

prepared n the previous step) in ethanol (3 nL) was
added a <Okation of 6M KOH (0.2 nL) and the reaction

,Ivvaaﬁ Stl%{ gggng][‘l %gnlet{lygq t hen concentra%{gsmté%o |_\2/_e
c&tbbkjﬂhc aditl BiviR1 64610 o1 @Qﬁ@ (23 p? dge({ﬁlthé GWélb%?ep) in

ﬁ?&%%l @6@& Wﬁ?ﬁ‘%@la %?él&lorhﬁfzf)M @H&O 2fr@L) ar(stL Iemg@t; Sias

s&68&d for(1Hdh, arifdQH&{jcc%@@mQatcéQ) 5)67@@.91 élOO %%of the title compound
af;?pf%]?no f urap- 2- car box I ic acid [4-

o isplid; ;111‘)1\11“23(@0 Hg: CR4P13hH & 8 (Q, 1>H)) 5 92 (s, 2H), 3.62 (m,
2P 0094 Im oy
e t??@@ o j“r%e e et AP . or
Co By pfasSa-- quﬁﬂo o (949 ny, 4. 31 mol ) was
added. in two portl ons to neat N-nethypiperazine (8
m) at 0 C and allowed to warmto room tenperature.
Example 4

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

g;ﬁ

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

2-Bromo-4-fluoronitrobenzene (949 mg, 4.31 mmol) was added in two portions to
neat N-methypiperazine (8 mL) at 0 °C and allowed to warm to room temperature.
The reaction was heated to 60 °C for 1 h, and then it was diluted with 50 mL of EtOAc
and poured into H,O (50 mL). The layers were separated and the organic layer was
washed with satd ag NaHCOs, dried (Na;S0y), and concentrated in vacuo to afford
580 mg (45 %) of the title compound as a yellow solid: Mass spectrum (ESI, m/z):
Calcd. for C;;H14BrN30;, 300.0 (M-+H), found 300.1.

b) 4,4.5,5-Tetramethyl-2-(3-methyl-thiophen-2-yl)-[1,3,2] dioxaborolane
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The reaction was heated to 60 Cfor | h, and then it
was diluted with 50 nL of EtQAc and poured into H20

wQ@ 207048088 The | ayers were separated and the orPBemnis2006/060028

| ayer was washed with satd2aq NaHCO3, dried (Na2SO4),
and concentrated in vacuo to afford 20 580 ng (45 %
of the title conmpound as a yellow solid: Mass spectrum
(ESI, mz): Calcd. for Cl1H14Br N3O2, 300.0 (M+H),
found 300.1. D)
4,4,5, 5-Tetramet hyl - 2- (3- net hyl - t hi ophen- 2
I ) [1, 3, 2] di oxabor ol ane WO 2007/ 048088

20 6/ 060028 62 To a stirred solution of

- 3. met hyt hi ophene (337 ng, 1.9 mmol) in 8 nL of

49 C was added n-BuLi (0.8 nL, 2.5 M hexanes),

and theS action was allowed to stir for 30 mn. At
T, §m¥éd@%h§1&§ !
il 3, 2] di oxabo%g%gﬁ%;}%éLﬁhﬁ)ph%mg@ﬁ%légﬁré%b mgé“LOf
HH 2t =0 s adsded 2t Bebvid@-& oL, %érl‘rﬁhezsambla@dtthe reaction was

1B WRE AL 6r 39 nSAl {hE% t'i]%et : %ﬁgﬁ%}iﬁﬂﬁj 85é§n g{ltragne%xl-rhe

reaction was en cool e
[$3t2]diagalabiaas (’(2|50uh—l$ il wis wtlderde amme pattioadvistidwed to

TR S A b B R AP e e P 1 AibegRgion was
thdhzecaohsi tdlﬂ)ecgands@chgk&élgeith @]rfle pa rmm@e)glg( o gﬂ&a&rﬁi mdfurc was
rpAt R O oD 1. @S Rea L0 51 1L feckipiesS0) and

c()ﬁ&(ﬁir3t6d4ﬂ Oadddz Puribicdtichbof(tBe rekididk ,by%115ca(g?el Edfi)lrati@e 98n layer

et (2 PR Sn GERERAL e G 06 i tite
cgig%tegﬁ I@s ResRZMaMR EDcrMNoY M-S T863s,1bagke 5 (s, 31), 6.99
(4-1EB- Jm@ﬁgﬂl) RiPPHE- Phehy HB Haet hyl - pi per azi ne (68 ng,
O 2 mml as prepared in Exanple 4, step (a)),

5- tetrarrethyl -2-(3-nethyl -thi ophen-
02 JyM)eﬂ{st{ S APdinetpbdr aphane - ¥-migo-pbe i) wimh ¢zine
prepared in Qe previ ous step) and Pd(PPh3)4 (14 ng,
ay < arged toluene (3 L), ethanol (3 nlL)
A2C08 (4 mL). The resultant m xture was
8Q Cqor 2 h and then poured into EtQOAc (25
aﬁ'kcg | ayer was separated, dried (Na2SO4)
and concentrated in vacuo. Purification by silica gel
Treefiask abhiatihy il A3 tay@b-4-nitro-phenyl)-4-methyl-piperazine (68 mg, 0.2

mmol, as prepared in Example 4, step (a)), 4,4,5,5-tetramethyl-2-(3-methyl-thiophen-

2-y1)-[1,3,2]dioxaborolane (61 mg, 0.27 mmol, as prepared in the previous step) and
Pd(PPhs)4 (14 mg, 6 mol %) was charged toluene (3 mL), ethanol (3 mL) and 2M
NayCOs (4 mL). The resultant mixture was heated at 80 °C for 2 h and then poured
into EtOAc (25 mL). The organic layer was separated, dried (Na,SO4) and
concentrated in vacuo. Purification by silica gel preparative thin layer
chromatography (EtOAc) afforded 40 mg (63 %) of the title compound as a light
yellow solid. Mass spectrum (ESI, m/z): Calcd. for C16H19N30,S, 318.1 (M+H),
found 318.2.

d) 5-Cyano-furan-2-carboxylic acid [4-(4-methyl-piperazin-1-yl)-2-(3-methyl-
thiophen-2-yl)-phenyl]-amide
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chromat ography (Et OAc) afforded 40 ng (63 % of the
title conpound as a light vyellow solid. Mass spectrum

W@ Bil/04898% ) : Cal cd. for Cl6H, 9N302S, 318.1 ( MHPOT/USRB6/060028

found 318.2. d) 5-Cyano-fumdn-2-carboxylic acid
[4-(4-1inethyl pi perazin-1 yl)-2-(3-nethyl- thiophen-2
yl) phenyl]-am de WO 2007/ 048088 PCT/ US2006/ 060028 63
S HONONN N

1- Met hyl - 4-[ 3- (3- et hyl -t hi ophen-2-yl)-4-nitro-phenyl]
- pi perazine (60 ng, 0.18 mmol, as prepared in the
previ ous step) was stirred with 40 ng 5 % Pd-C in MeCOH
(5 5 nm) under H2 (1 atm) for 2 h. The reaction was
filtere hrough Celite and concentrated in vacuo to

4- (4-Wet Ryl - pi perazin-1-yl)-2-(3-

e} Rophen- 2-yl)-phenyl ani ne as a brown solid.,

sed i mediately wi thout further

i catT onfy ing a procedure simlar to Exanple 9,

P’ (C), 4-TNL

t hyl - pi perazi n-1-yl)-2-(3-net hyl -t hi ophen-2-yl)-phen

| am ne (40 ng, 0.13 mmwol) 10 was allowed to react

1Mﬁyﬁﬁlqﬁé(BQnéthfrl&ﬂn@k&ﬁIﬂJﬂﬁMLm&BlﬁMehﬂ? aﬂﬂe (éib n‘&g 0.18
repared i.n Exanp , Step )

“BP%ls %%B@P’fb‘?’dﬁﬁ %& HfS‘ilouiste@ Vg%@ Wd)wuﬂb 0 B¥ef % /de:g? i MgOH (5

HL@CGE)CHI(}%I = (1 mh)/gtz); be q%p@wal@n a@asqme@éd mlfg@ﬂ ¢ dite ottt NWR

én@gtrgtcé 3N F?ﬁuoiﬂ)affogd @ang (%2 0/(’)(1? %@-mcglygplmqjazm ARD-233-
met%zl&hfd%ﬁen-z 3@ﬁpl(éil1iflalllﬁlne ds 7 bﬁ)va'n %'gl)ds w%ncé%w%%raseﬁ %ﬂn‘gedlately
WJmngfur@erqqu}cathn,Arysm a g_qqcedyfg sitnil4y yo Egarhiple(% step i), 4-(4-

Calc ﬁ%ﬁﬁﬁizﬁgqgé%iggSyyﬁ%y&%ﬁ%iiﬁﬁﬁgéoun&éﬁggIﬁé%913nﬂnon
WE&&H@W@d ® @a@ywﬂos ‘f%rﬁm‘rﬁzawéfdadxyiyﬂ chlagidel(3WmE40.48 tirydl, as
p,%lﬁQI%HG}f _']é%rqr]&lgge 5 s?ep((écl:j) ey preselycg QP B?EAz(gl uLy I0)34 mmol) to
afford 18.9 mg (36 %) of the title compound as a yellow solid. 'H-NMR (CDCls; 400
MHz): 5 2.13 (s, 3H), 2.38 (s, 3H), 2.59-2.62 (m, 4H), 3.24-3.27 (m, 4H), 6.92 (d, 1H,
J=2.8Hz),7.06 (d, 1H, J = 5.1 Hz), 7.15 (d, 1H, J =3.7 Hz), 7.19 (d, 1H, J=3.7 Hz),
7.02 (dd, 1H, J=2.8, 9.0 Hz), 7.42 (d, 1H, J=5.1 Hz), 8.11 (s, 1H), 8.34 (d, 1H, J= 9.0
Hz); Mass spectrum (ESI, m/z): Calcd. for C22H2oN40,S, 407.1 (M+H), found 407.1.

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

v D—cn
N o

O

@) 4,4,5,5-Tetramethyl-2-(2-methyl-thiophen-3-yl)-[1,3,2] dioxaborolane
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CN NOO NMNJ a)
4,4,5,5-Tetranet hyl - 2- (2- et hyl -t hi ophen-3

w@ go7f048088 2] di oxabor ol ane WO 2007/ 048088 PCT/US2006/060028

PCT/ US2006/ 060028 64 BOO 6Wsi ng a procedure simlar
to Exanple 4, step (b), 3-brono-4-nethylthi ophene (571
nmg, 3.2 mol) was treated with n-BuLi (1.41 niL,

2. 5M hexanes) and then allowed to react with

2-1i sopropoxy-4,4,5, 5-tetranmet hyl -[ 1, 3, 2] di oxabor ol ane
(775 p.L, 3.8 nmmol) 5 to afford 189 ng (26 %9 of the
title conpound as a colorless oil. "H NWR (CDC13; 400

): 2 (s, 12H), 2.42 (s, 3H), 6.90-6.91 (m
1), Z.84 4d., 1H, J = 2.9 Hz). b) 1
thyl= 3-(4- et hyl -t hi ophen-3 yl)-4-nitro phenyl]

piperazine S f \ - O - ~/N/ N O 10 Using a
w@egwoedm wichiddr tb ozxﬁx@mt %te’-}). (b§ t3e9ro&ﬁ8 4- methylthmphene (571

nﬁ% 3 R%I?quwﬁﬁprl gtreg wp th n—%u}dl (1 4lnr$1L |5_1\;I)/Ihg§a{nae§)l Qnd tixen allowed to
réa04 wﬁth@-ls@ﬁ;f@ﬂﬁ&ﬁﬂ ,5 ’é)-tétgarﬁ&Bg]ytl'j %d@&&%ﬂrcﬁarse (a7 75 pL, 3.8 mmol)

1, 3, 2] di oxaboroi ane

iy of shanigiile %mm;mé as gl dobwikads p. erﬁMRt EDCls;

il (2, I 1S SR 3

(s 3H), 255257(m 4H) 34234515(m 4H), 6.66

87 1H),
th Isitehy /5 o ’%) ?wﬂlifsl AP fsﬂ% Pelyl] PIEETGnE 1)
c) 4- (4
2- (4- et hyl Athi ophen- 3- yI) phenylainine NH2 rll~ N/
20 ggdure simlar to Exanple 4, step (d),
—;Nnet“ 3nE4- et hyl -t hi ophen-
3- W 4- o-hhenyl]-piperazinc (100 ng, 0.32 nlnol)

S stirred wt. S Y%
Ijlé%g a procedure similar t Egla]mple lf, step (c), 1-(3-bromo-4-nitro-phenyl)-4-

methyl-piperazine (162 mg, 0.54 mmol), 4,4,5,5-tetramethyl-2-(2-methyl-thiophen-3-
y1)-[1,3,2]dioxaborolane (145 mg, 0.64 mmol) and Pd(PPhs), (37 mg, 6 mol %) were
allowed to react to afford 108 mg (71%) of the title compound as a yellow solid. 'H-
NMR (CDCls; 400 MHz): § 2.02 (s, 3H), 2.37 (s, 3H), 2.55-2.57 (m, 4H), 3.42-3.45
(m, 4H), 6.66 (d, 1H, J = 2.8 Hz), 6.87 (s, 1H), 6.99-7.00 (m, 1H), 7.09 (d, 1H, T=3.2
Hz), 8.13 (d, 1H, J=9.2 Hz).

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

o

Using a procedure similar to Example 4, step (d), 1-methyl-4-[3-(4-methyl-thiophen-
3-yD)-4-nitro-phenyl]-pipcrazine (100 mg, 0.32 mmol) was stirred with 80 mg 5 %
Pd-C under H, to afford 82 mg (89 %) of the title compound as a dark oil, which was
used immediately without further purification spectrum (ESI, m/z): Calcd. for
Ci6H21NsS, 288.15 (M+H), found 288.1.
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Pd-C under H2 to afford 82 ng (89 % of the title

conpound as a dark oil, which was wused i medi ately
wovdaoiouwoss urt her purification spectrum (ESI, iP¢®YS2006/060028

Calcd. for Cl16H21N3S, 2886315 (MtH), found 288.1. 25

WD 2007/ 048088 PCT/ US2006/ 060028 65 d)

5- Cvano. furan-2-carboxylic acid [4-("4-nmnethyl

pi perazin-1-vl)-2-("4-nethvl -

t hi ophen-3-yl)phenyl]-ainide S HONO -NN N Using

a procedure simlar to Exanple 9, step (c),

Cﬁﬂgyano furan-2-carbonyl chloride 5 (64 ng, 0.41

B repat GlonikicEcah-&-aethat-pipelay-L wds 2 dnoasled-

th, h&agl DAy = am

(4% me y)\-% pgﬁaa2|lﬁel yl) - 2- (4-met hyl - thi ophen-3-yl ) - p
henylar (80 ng, 0.27 mmol, as prepared in the
preV|Qu‘\ ) in the presence of DIEA (0.10 nL, 0.59
mppl )ytolafford 25.8 ng (24 %9 of the title conpound
solid. 1HNVR (CDC13; 400 MHz): b 2.09
. , 3H), 2.59-2.60 (m 4H), 3.24-3.26

( 0 4H), (d, 1H, J = 2.9 Hz), 6.98-7.06 (m

; , 7.14-7. 3H), 7.96 (s, 1H), 8.32 (d, 1 H J

9.0 Hz). Mass spectrum (EST, fn/z): Calcd. for

C22H22N4028 407.1 (MtH), found 407.1. Exanple 6 15
%TT@%\H@.C]S@TF Fireider 4p Exzmplerh stepl (b Saxyiato-furan-2-carbonyl chloride

2 | [
O Ao Pitopbaih RS B0 O s oo ip ect pien &

mﬁﬁhsdammra@ndcyl&%@tme@ybdﬁhomn-W)WenﬁlaﬁimeF@U Thi, @27

mmol, as prepared in the previous step) in the presence of DIEA (0.10 mL, 0.59
mmol) to afford 25.8 mg (24 %) of the title compound as a yellow solid. H-NMR
(CDCls; 400 MHz): & 2.09 (s, 3H), 2.37 (s, 3H), 2.59-2.60 (m, 4H), 3.24-3.26 (m,
4H), 6.83 (d, 1H, J = 2.9 Hz), 6.98-7.06 (m, 2H), 7.14-7.21 (m, 3H), 7.96 (s, 1H), 8.32
(d, TH, J=9.0 Hz). Mass spectrum (ESI, m/2): Caled. for CoH,N40,8, 407.1
(M+H), found 407.1.

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

O
N, _CN
L
J

FoC—~OH

OH OH
@) 4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1 -(2,2-dimethyl-
[1,3]dioxan-5-yl)-piperidin-4-yl]-phenyl}-amide

To a slurry of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (81 mg, 0.16 mmol, as prepared



10

15

20

25

N OH OH a) 4-Cyano-I|H i m dazol e-2-carboxylic acid
{2-cycl ohex-1-enyl-4-[]-(2, 2-di net hyl -

W 2903jakosxan- 5yl ) piperidin-4 ylJ phenyl }-am decR0SH06/660028

slurry of 4-cyano-1H i m da®6l e- 2-carboxylic acid

(2-cycl ohex-I-enyl -4- piperidin-4-yl-phenyl)-am de
trifluoroacetic acid salt (81 ng, 0.16 nmmol, as

prepared WD 2007/ 048088 PCT/ US2006/ 060028 66 in

Exanple 14, step (b)) in CH2CA 2 (3 nL) was added NEt3

(33 AL, 0.24 nnDI) The solution was then treated

wth 2, 2-dineth 1,3] dioxan-5 -one (31 ng, 0.24
infgpyPleaty sten?éb%ea ik thvhmmmmsm pEof.23 nhmol) The

b@futltoﬁ '@dbtth%é\ﬁ C2)2’3d1(n§e]t d1oxan—5]—1c}%1 We(a Yvatngg ? mrnol)

In one portion, and the rea wasa
ah@ thersaetinh Wavalkdwdsl té shir foFt3eh. r Aaﬂﬁs ’@me WaBHi0AR)e 51 me, 0.24

A0 HRSAIH. 00 SHIEE LD TR0 g3 cona

Adoritlentenatiedwandihaediorith HDY (10i @B hihebyacsdd Wiela BBOAC (2 x 25

ative thin Ia chr h 10 %
BT fie Shl §EF o GRS AT At hntcndaiitpaacuo.
Pooifipatimdbyasilian gﬂfﬁrep&iﬂaﬁ\% tﬁﬁﬁhyé’@lﬂ&natb@ﬁ%h §IU3% MlémH CHClg,)
gtg_g;e, 2@12%: SC%J%g f C28H35N503, 490, 2 (MHH),
B 22158 (38 7o) &) Hhed? wqmﬁwé&ﬁénff%‘ghﬁ%ﬁm-ﬁolyc.Mass
sp&tayc(E8Tent): €ah- fbr [0y H{ 2Ny L uoE Y-(M+H), found 490.6.

hydr oxynet hyl - et hyl ) plperldln 4 y1J phenyl }-amde tr
i fluor o-acetic acid To a solution of

bﬂ-@@ﬁ&}w 1H=mmz&aze0b @a;%oﬁ?ﬁcb@aw b Cy@Bh&k-1-enyi-a4-[1-(2-hydroxy-1-

ex | - eny
h%f% iﬂ)!/’e? ?ffi)/l)ﬂvequm 65&5]@@@/(})(1@4619 érifldpne-aceyciacisheny|
}-amde (22 ng, 0.04 mmol, as prepared in the
revious step) in THF-H20 (1 nlL, 4:1 v/v) was added
PrAolwion ¢fidrcyangriditmidarelact ¢asboxsdis asld &keltblfbhﬁxst-lenyl—dr [1-

d, @fdlrgiet‘ﬁgl ﬁeﬁ‘EY&Janojf-yl? Iiﬁfezﬂlcl:ﬁé WIL#%?S} YA nq f0o A5, ol, as

of the an a er ‘oam
preparg @@E@OUS QD) I-ENF-HzO1(178L14:90v/vinwad kilded TFA (o 4mL),

a@d a3 rgacélgfl (s a%l?&wd i?_bgt?r fépz él é{eéxggv(al of %Eiel)solvgnf7 1%\.? I yacuum

afifmdeg it mg(@g%@ of theititle chrni®ufd as ad atdberifoan?. 'BI-NAMR (CD;0D,
d 0]

o 81 700 . i P a bl 220 By ??n,c%ﬁ%-a-s% (n

1Hpr3.323 4B NG 0 BL), 3156-3253( (W IH), 3. 093d74@R, 1), BX3NR] B1Y 7.13 (d,

1H, J=2.0 Hz), 7.22 (dd, 1H, J = 2.0, 8.4 Hz), 8.03 (s, 1H), 8.17 (d, 1H, J = 8.4 Hz),

Mass spectrum (ESI, m/z): Calcd. for Cz5Hi31N5Os3, 450.2 (M-+H), found 450.2.

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

O
N
steta
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25 4-Cyano-] H i m dazol e-2-carboxylic acid
{2-cycl ohex-1-enyl -4-[]-(2-rnorpholin-4yl- acetyl)

w@REenisisn- 4 yl J phenyl)-am de QcrCN N O~ O VETT/US2006/060028

2007/ 048088 PCT/ US2006/ 0600628 67 To a sol ution of

nor phol i n-4-yl -acctic acid ethyl ester (117 ng, 0.67

mol) in ethanol (4 nL) was added 6N KOH (110 L, O0.67
nmol ) via syringe and stirring was continued for 3 h.
Concentration in vacuo afforded 122 ng (100 % of

nmor phol in-4- yl-acetic acid potassiumsalt. To a

m xture of norpholin-4-yl-acetic acid potassiumb5 salt

Yoo selytion oﬁglommh)n 4-gl-eptin acitiethyticater 61 16- e cApBHoxydl) tn
621%181 %ﬁgpl g\ﬁg aﬁecidr()l;lTlKOﬁ 11(? 51La0 65 é]’]I{lOl)fVIla %yrm ea dbtn'nng was
caotidusshifor 3(1653<1nq¢g1;rat¢hn:ha vmmi affaded P22 pay (GOO%) cEB( a:lmbl&)hn-4-

%‘}Cﬁ% g‘“q%&g)%% aFy %r 9 PT%%%EWHI%II%}%%I gﬁ%tlc '%Q_%pg‘cassmm

sak &29 h@l OV]IéanaJlol)oﬂ\.eﬂaﬁcGIEtmﬁd&‘vﬁ&r PHegittloxylid h@dr(ﬁ&:@]&lbﬁék 1-

Jet et e i Tatas Rh AR Rt e Re e SR h im0 4G mimol, as

Peparkd ﬂﬁExaﬁiplefMI fiep ))akel IYBRRQD3 Bk, 919 ®ehdifin CH,Cl, (4 ml)
(12 %9 of the title

@%mﬁ’gaﬁh’lﬁg \(}:d%afofe’-%glgxerﬁ%&%ndﬁbe KRRieomes stlowebiowty pyemight.

ﬁeﬁ%a&gggﬂéz(sgﬁﬂ;ﬁéﬁk witR Ca‘@dz (% 9 Srﬁlgj v&ﬁkﬂed witR 3{2%)3(68342 éfg’gﬂ,), dried

W az$@.|)) ang cggqe@trg@d(lmvaq}}q) Pumﬁpguqn he (cml_gemquucg bgzilica gel
p(réaar&ﬂ@c TLZC Q@fo{f&dw mg (lé 3?(&%0 ity cgmﬁzlgncpags é?gﬂ ttlgahd H-

MM)R ( MHa)n& 45&2 0frz) SH)CZI12062.29 ¢m, qnsmmos (m, 5H),

S b S0 DL 1012 4737

({112-1&1_),(:5 &h(a%_lH—),eTlQO {AIH1L 7(13 (lddr ]dhol + 0-64 8y HzR Q.73 (s, 1H), 8.27 (d,
1%’, gp=| %’T%P é%g Chﬂ %/I dss sgec%np(n EESq zgz(:)‘ 8alcd?lor CH %gw (]_}!a,,

503.27 (M), found 503.1.

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

N

To a flask containing 3-morpholin-4-yl-propionic acid potassium salt (94 mg, 0.47
mmol, prepared from 3-morpholin-4-yl-propionic acid ethyl ester exactly as described
in Example 7, 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
pipcridin-4-yl-phenyl)-amide trifluoroacetic acid salt (179 mg, 0.36 mmol, as
prepared in Example 14 (b)), EDCI (83 mg, 0.43 mmol), and HOBT (68 mg, 0.5
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To a flask containing 3-norpholin-4-yl-propionic acid

potassiumsalt (94 ng, 0.47 rnnol, prepared from
W@2000/088088 | n- 4-yl -propionic acid ethyl ester erReUB30066860028

described in Exanple 7, 68

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

(2-cycl ohex- 1| -enyl -4 25 piperidin-4-yl -phenyl)-am de

trifluoroacetic acid salt (179 ng, 0.36 muol, as

prepared in Exanple 14 (b)), EDC (83 ng, 0.43 muol),

and FEBT (68 ng, 0.5 WO 2007/ 048088 PCT/ US2006/ 060028

was _added DMF (4 nlL). To the stirred slurry
W@gl)Mé‘édEﬂ‘Ele (5m0), Totly stimedishuranas srided dAdA 61r$7V1ds 0.9
n%lnbg\éﬁg tﬁé’reﬁ&ﬁcfn @M@ﬁlgﬂm to b:LIIP Svdgrﬁ&?lﬁ 'E?%f\&@&a(gn {ng{ti gﬁiuted with

extracte
ng (1011?\19) @m’tw@ttdomglaﬁt%e@ x 26 tnsl). ViBlreccosnieed orgamc extracts

e SO SRR A ST P
sﬂfoﬁ@ebpre@@raﬂvw@ Lsto%Yfood 1® Heng (@ %9 of drgitinebmBsind as a white

sty 5293 Encit MW Baodih bedm g 252 3t 89). D52 o

s( 481), 2H98-2.33 [dx, 2HT B (40, ki, 431) 13)1@31177 ((nm 21%&')3 72’3(b¥% 4H),

103 (o0 4 16 145 26, v Cong o 089:6.95 6B (1R, 6.99-
71}6)(m,71H)97 ?)917313((1&1 figkd), 7. 7?) (301}ﬁ)38 2%%%1; 18; 26 S(QHZ}P 31, TH);

2 9.51 rum
N?%*Péﬁe g (@914@1\65{)3 fSl%%E@ﬁ 21788 Iélfognd 517 3.
Exanpl e 9 5- Cyano-furan- 2- carboxyllc acid [2
'-nethyl-5-(4-inethyl-piperiazin 1 yI) bi phenyl -
yl]-amde Hj CN NOI
Schydn Az 3 Bl 16._
v A o%’ae?'?%? %‘%‘J”i%f’ﬁ%e"’%"éz y#ﬁ'éwenﬂ- >
of 2-brono- 4- quoronltrobeﬁ&@n@k 20 (Gakwood) in 12
of EtOH was added 1.52 nL {J13.7 nmol) of piperidine.
The solution was stirred 0 Cfor 0.5 h and then at
60 C for 4 h. The m xt 5

H | A\
CN
N o
Oy °
~ N \)
@) 1-(3-Bromo-4-nitro-phenyl)-4-methyl-piperazine
Br
o

AN

To a cooled (0 °C) solution of 1.00 g (4.55 mmol) of 2-bromo-4-fluoronitrobenzene
(Oakwood) in 12 mL of EtOH was added 1.52 mL (13.7 mmol) of piperidine. The
solution was stirred at 0 °C for 0.5 h and then at 60 °C for 4 h. The mixture was
concentrated in vacuo, dissolved in EtOAc (60 mL), washed with water (3 x 100 mL)
and brine (100 mL), and dried (N2,SO,). Concentration iz vacuo and
chromatography on a 50-g silica SPE column with 1-3 % MeOH- dichloromethane
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concentrated in vacuo, dissolved in EtQAc (60 ni),
washed with water (3 x 100 nL) and brine (100 niL),

wara7ousoesl (Na2SO4). Concentration in vacuo anpBCT/US2006/060028

chr omat ography on a 50-g siébica SPE colum with 1-3 %
MeOH di chl or onet hane WO 2007/ 048088 PCT/ US2006/ 060028
69 afforded 1.06 g (77 %9 of the title conpound as a
tanni sh yellow solid. Mass spectrum (ESI, nfz):

Cal cd.. for C11H14BrN302, 300.0 (M+H, 79Br), found.
300.1. Db) 1-Met hyI 4- (2' met hyl - 6- ni tr o- bi phenyl -3

yl) plperazme 02 "N5 N A mxture of 200
4ol -AengI(J7 %) of the tltlc compound as a tannish ycllow solid. Mass

z4
APy LA POEIM oeL Mg R LASHE SRS sofaon..
and 77.0 ng (0.0666 mml) of

e ( I 0) under Ar
s T B PRI PR hane (VD)
and 400474 (0. 799 rmol) of 2.0 Maq Na2CO3. The 10

m xt ur 3 heated with stirring under Ar at 80 C for
14 h. " Thd cooled (RT) m xture was concentrated and
chr omat ogwaphed on a 10-g silica SPE colum with 1-5 %
¢hl or onet hane- hexane (1:1). The product
f act:ron were treated with 80 ng of decol ori zing
i , filtered, concentrated, and then

rechromat o raphed on a_simlar colum with 1-3 %
ZEPOFVER %ﬁﬁ‘%ﬁ%{ Pemad) kf3-brognodnitig phenylhd-methykpipsrazine

(EPpRpMad @&waprmbhmqs)emm(g(@ oYy %bf)xanam g"‘(& o@é?1 fhmol)

mxture wt phosphi ne) that was use

of é@qa&@ﬁ(ﬁ@h@@‘d@h@@gmmw@@mm (® hder Apwes addedid-@mL dfbdegassed
TRR S TabietOM P el 4dF S0 D0t BRI BT ipe
nastudc 25 homth y\hthEsﬁ(ﬂngmndw IArp'mt pe f@fomléﬂ.h.y The boploé R mixturc
Was ct)% ﬁ?g;?gergrin%]ld Srg%\l %IE%N}}? ) %&P &% ?Siélo étcgﬂl?nnovait&%% %
Me(DHtlh ylichderpRictirmbykarte-(1:1). The product fractions were treated with 80
mg of decolorizing carbon, filtered, concentrated, and then rechromatographed on a

similar column with 1-3 % EtOH-dichloromethane to afford 265 mg of the title

compound as a yellow resin (75 % purity by "H-NMR as a mixture with
triphenylphosphine) that was used in the following reaction without further
purification: Mass spectrum (ESI, m/z): Calcd. for C;;H2;N30s, 312.2 (M+H), found
312.2.

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

N
O O
0
N
A mixture of 140 mg (0.337 mmol based on 75 % purity) of 1-methyl-4-(2'-methyl-6-
nitro-biphenyl-3-yl)-piperazine (as prepared in the previous step) and 70 mg of 10 %

CN
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ni tro-bi phenyl -3-yl)-pi perazine (as prepared in the
previous step) and 70 ng of 10 % WO 2007/ 048088

weEOn 8806/ 060028 70 pal | adi um on car bon ( DepCtBEES2006/060028

type E101-NE/W Aldrich, 500% by wei ght water) in 5
mL of THE was stirred. vigorously under a balloon of
hydrogen for 1 h. The mxture was filtered (Celite),
washed with dichloronmethane (2 x 2 nL), and the
solution of the resulting aniline was placed under Ar
and used imediately in the follow ng reaction. 5
hnultaneously to the above reduction, 55.4 ng (0.404

Gy o casbes, daegussantyre E LOAMHENY Aldrighi 30 %alsy picigbamatbr) in 5

AL BN A, e LK O L o

VG 1:3)5?’61‘?‘%/ ohiaghed wigh Hishkedorhgthae (2 0f malnh aDi/Ehe sbheion of the
r%htﬁfé ﬁﬁlﬂ@é’aﬂﬂ'a%@ﬁ!{u{& rArégd g%éhé?:ﬂ{i cﬂﬁ'ﬂeg; uyt%lé' Qollowmg reaction.

concentrated inh vacuo at
5-cyan-furan- 2-carbonyl chloride was placed under

e L R

cobokylidecid ki sl praparsd iEkomplpid ttuz.Sdnhboush dfchldr@metflaﬂeyunder a

ESPeRink ST e ol PR EPerol P aaridee

fOiRsy QIOB\E M LT aifedh DMV AaWe soRA8n th§ shgsy kdr' ﬁgmi]rﬁand quickly

resi due was, chrona%ggraphed on a 20-g silica S
Ce%ﬂeal’fﬁt%"ﬁ Kao15 2052 &+ Tef e AeyRBoréunen- ZQWbowl chloride

&a@% hﬁ&érﬁnéﬂ\@é&ﬁrﬂ"ﬁﬁ 2C§ Mﬁﬁ ald %ﬁ gm%cg{%cl%f I;])laccd under Ar,

hexane) to aff
C?q’ led to @ oo i ety ayé Iﬁleewism e ahiding Smlultlhnmcﬁlceqlrgbove

t L.
f&ﬂog&bs d ?41I ;.:}]ﬂ é@ 8§1§_) %?&E?HX ]\t/q gu%/\g}%ﬁ%;get%%%%r}%hg Q?l?i)a qﬁfter
stiaiHe@a: 30KR @g%’l(’)gﬂ:lb ]:guxﬁlre( W2h cmde)ltrZIB? z;bfzdfzd%@ 20thlrdsulting

n C e 0O a

by AR he T B o B0 Sl & ol eiyyEeaid Vi olE
dgchldr@ve&lah% ub gweaazlellyw:?és_in GBhith was Mlﬁ@%ﬁ Et@@@—hexane)
to’;ﬁ%g‘fgi }gs’f‘rmgﬁ]lg g(ﬂ)o’f]fi?é E%re(_ﬁale cimpo?}ndaaya yels% sohyd ?ngng with 70.3
m? (iélgf4t|1_n|2§)AB: ﬂz,lcztgdlhpohnﬁ.( Jné é‘t ilrc f?acﬁhbn(x%@ dlé!sbhvc& 111' T 58 fng; of EtOAc,
widzgt s 495 06 Bl et SopBh ey on (i my, dried
(IC&BC)Q) dﬁ@onz&t@wma A3 Mg A My %dlﬂ%ﬁﬂ%lé&ﬁnﬂomd as a

|l e ano- f uran- 2- cgrboxylic acid [2
CWP@BWG w;llew seﬁfiﬁwalmqié Aéf/ph H-)MR (CPR&n 00 MHz): § 8.32 (d,
18] 1 =80 19E 7.73 (or s, 1H), 7.34-7.54 (m, 3H), 7.25 (d, 1H, J = 7.7 Hz), 7.12,

7.14 (AB q, 2H, J = 3.7 Hz), 7.01 (dd, 1H, J = 9.0, 2.8 Hz), 3.25-3.27 (m, 4H), 2.59-
2.62 (m, 4H), 2.38 (s, 3H), and 2.15 (s, 3H). Mass spectrum (ESI, m/z): Calcd. for
C21H24N40s, 401.2 (M+H), found 401.1.

Example 10
5-Cyano-furan-2-carboxylic acid [2'fluoro-5-(4-methyl-piperazin-1 -vl)-biphenyl-2-
vIj-amide
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WD 2007/ 048088 PCT/ US2006/ 060028 71 F H N ~0 ~ CN
~N1 ON) a) I-(2 '-Fluoro-6-nitro-biphenyl-3

wQ@ kgos44svet hyl piperazine F N02 NI ~ N 5 TPheT/US2006/060028

procedure of Exanple 9, stép (b) was foll owed using
75.0 mg (0.250 mol ) 1-(3-

br ono- 4- ni tro- phenyl ) -4-net hyl - pi perazi ne (as prepared
in Exanple 9, step (a)), 136 ng (0.999 nmol)

2-fl uorophenyl boronic acid, 26.8 ng (0.0232 mmuol ) of
tetraki s(triphenyl phosphi ne) pal | adi um (0) and 400 L
(0.799 mmol) of 2.0 Mag Na2CO3 in DVE except the

m xture was heated for 22 Chr omat ogr aphy on a 5-g
10 silica SPE colum w th % MeCH i n

di chl or onet hane- hexane 71: ) difor 0O ng of the
title conpound (76 % puri Y as a mxture
with triphenyl phosphine a Il ow resin that was
used in the follow fig Meaction without further
purification. Nhss/§peétrun1(ESI, mz): Calcd. for
C17H18FN303, 316.1 (M+H), found 316.2. 15 b) 5-Cyano
furan-2-carboxylic acid [2" fluoro-5-(4-methyl

api PEIAZidol6-Wido-BiphBRNYI-p) 2 My B ~HNOCN NO
?N FJO ~NJ The pfgc’?gur%) of Ex)é@n% éé;%g%’:zestep (c) was
foll owgd Bping 93.2 ng (0.225 mmol based

N

_N

The procedure of Example 9, step (b) was followed using 75.0 mg (0.250 mmol) 1-3-
bromo-4-nitro-phenyl)-4-methyl-piperazine (as prepared in Example 9, step (a)), 136
mg (0.999 mmol) 2-fluorophenylboronic acid, 26.8 mg (0.0232 mmol) of
tetrakis(triphenylphosphine)palladium (0) and 400 pL (0.799 mmol) of 2.0 M aq
Na;COs in DME except the mixture was heated for 22 h. Chromatography on a 5-g
silica SPE column with 1-5 % MeOH in dichloromethane-hexane (1:1) afforded 95.0
mg of the title compound (76 % purity by "H-NMR as a mixture with
triphenylphosphine) as a yellow resin that was used in the following reaction without
further purification. Mass spectrum (ESI, m/z): Calcd. for C17H;sFN303, 316.1
(M+H), found 316.2.

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

D

The procedure of Example 9, step (c) was followed using 93.2 mg (0.225 mmol based
on 76 % purity) of 1-(2'-fluoro-6-nitro-biphenyl-3-yl)-4-methyl-piperazine (as
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20 on 76 %purity) of
1- (2" -fluoro-6-nitro-bi phenyl -3-yl)-4-nethyl -pi perazin
wWe 203948088 2007/ 048088 PCT/ US2006/ 060028 72 prEQHUSI06/060028
the previous step), 46 ng 62 10 % pal | adi um on car bon,
37.0 ng (0.270 nmmol) of 5-cyanofuran-2-carboxylic
acid (as prepared in Exanple 1), 35.3 L (0.405 mmol)
of oxalyl chloride, 5.0 L of anh DMF, and 94.1 pL
(0.540 mmol) of DI EA. Chromatography on a 5-g silica
SPE colum with 1-4 % MeOH di chl oronet hane 5 afforded
69. 8 Elg?% ofthetltle corrpound as a yello
PFEaref met 46 mg ot IA2Y pal@ctsure@n(%rbomﬁ 9 rag (0.270

=Cyan. T C OX C acl a 7
B 53 e g . 9, .05
npng B of ARalyl CIEbt’idcl 50 GLof el DMF Qehd(%d] pL161540 mm@l) Of DIEA.
9 Hz 4
C%Lr%?’_%)g&??l on a 5111 dgnSé)F?cé%mEl yll%h% ; @ﬂg@, ﬂéc@orrﬁ%l)efhane
aﬁEﬁie,d a@l &jng (@al%):bf the t1t1€281hiﬁdlﬁi\lf4§k2a ye‘lQ)gv %s{nWH)-NMH @CDCls;
anof f ur an- 2- car box
DR 3 B (h BT o (A g g B 2R 168257 o
19116&3/‘7 4 BRIS, 7. tb@Psh'\tnOzfﬂ v.15, ¥.18 (AB d, H.H‘/J«L:-s #)Hz), 7.02 (dd,
cl ohex- | -enyl -4-ni tro_phenyl) - 4-net hyl
IH éergg\é he H2), 88 IPNJ 2.8 Bz, %?9(13u%7e(%f4@02 5rfep-60 (m, 4H),

ah @ 230 s ). ) Mass spectru SI, m/z): Calcd. for C»sH O 5 +H
1-(3- gromn Anitro- phrelr%j}l) Z)net%)? Blrpésrazi]iqﬁ“e 2’28 %a(g/l ):

foshlded in Exanple 9, step (a)), 59.7 ny (0.474 mol)
cycl ohexen-1-yl boronic acid, 43.8 ng (0.0379 mvol ) of
tetraki s(tri phenyl phosphi ne) pal | adi um (0) under Ar

was treated with 206 L (dﬁﬂﬂﬁnhﬂﬂ]) of 2. O M degassed

degcy%% ﬁ% ga@rya{%d&@%gf?ﬁ/ﬁ?ur e ,H%VJF é‘y‘;{’lpe’ﬂ%’l &vb-

for 21 h. After cooling plenRfamide mxture was poured

into EtOAc (10 nL), I

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

o
.

_N

A mixture of 102 mg (0.340 mmol) 1-(3-bromo-4-nitro-phenyl)-4-methyl-piperazine
(as prepared in Example 9, step (a)), 59.7 mg (0.474 mmol) cyclohexen-1-ylboronic
acid, 43.8 mg (0.0379 mmol) of tetrakis(triphenylphosphine)palladium (0) under Ar
was treated with 206 puL (0.412 mmol) of 2.0 M degassed aq Na,COs, 0.6 mL
degassed anh toluene and 0.2 mL degassed anh EtOH and the mixture was heated at
100 °C for 21 h. After cooling to RT, the mixture was poured into EtOAc (10 mL),
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WD 2007/ 048088 PCT/ US2006/ 060028 73 washed with brine
(10 n.), dried (Na2SO»4) and concentrated i n vacuo.

w@hoocowgosgyr aphy on a 5-g silica SPE col um w t PCT/US2096/060028

Et OH in di chl oronmet hane afifBorded 126 ng of the title
compound (74 % purity by RP-HPLC (C18 colurnn) as a

m xture with triphenyl phosphine) as a yellow oil that
was used in the following 5 reaction w thout further
purification. Mass spectrum (ESI, mz): Calcd. for
C17H23N303, 302.2 (MH—I) found 302.2. b) 5-Cyano
furan-2-carboxylic aci

yashed wiithrhaiac) (1 @ mip. dmcc( MNarBORyamdsiopeeriter &2 yacyo.
@H@HM{%T%J%% d 5.9 sita SPENSRINN With §- 3\%%’(&)@{ i cHiBrohdhan

based on 74 % purity) of

arfE)( 261 o8 ek the. tefirygorapaving (4 ‘Vph@”ﬁylb)' BP-HRLG (18 column) as a

mf&higé L Oﬁ@hé\lgapmsgga%egs \A'jia gelgogg off Y k@y %séc% %F‘%S 'f&lo%Tl?g
reﬁctmnmtm@%ﬂetheapunﬁwwmg Massggecnmmm [BSI, :rf/z)l\lma@itc_i afmdl

T L A B S0 2 T T iar was aaded, 223
ég, Q.0

the m xture vvas refluxed for 1 h. The m xture

TR Dk o o8 LGB el 1

Phemgdlawéde | n anh THE (4.0 nmL). The resulting aniline
solutionwas placed under Ar and used i mediately in
ng reaction. 61.6 ng (0.449 mol) of

n-2-c oxylic acid (as prepared in Exanple
di chl or onet hane under a CaSO4
tPeated with 60.0 gL (0.688 nmmol) of

0X rll chior i foll owed by 10 pL of anh DWF. The
solutjon was stirred for 25 mn and quickly
< ntrated in vacuo at 20-25 C. The residue was
B e e
Pbaltsﬂ)-éﬁdethyle;aipemzmet(hs pieparadiin theq:»rsnbuﬂ stew) ipr5odind exf EtOH-

b 0
V\%?%% §%\I(ars%f1%%§ 8 rX%a‘l él) %.1110(1??1 ifon %?W?% an\%&gb mg (2.99 mmol)
of ditt€H anditlednixtureaefinxeddindsnAy éxt 12rh. EADAdiid0alnd3) 8 mg (1.50
mmgllg og iron pow%er was %&d( &nd‘the mixture was refluxed for 1 h. The mixture
was poured into EtOAc (12 mL), filtered (Celite), washed with EtOAc (2 x 4 mL),

concentrated in vacuo and dissolved in anh THF (4.0 mL). The resulting aniline

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

61.6 mg (0.449 mmol) of 5-cyanofuran-2-carboxylic acid (as prepared in Example 1)
m 2.5 mL of anh dichloromethane under a CaSQ4 drying tube was treated with 60.0
uL (0.688 mmol) of oxalyl chloride followed by 10 pL of anh DMF. The solution
was stirred for 25 min and quickly concentrated in vacuo at 20-25 °C. The residue
was placed under high vacuum for 2-3 min and then immediately placed under Ar,
cooled to 0 °C in an ice bath and treated with the aniline solution produced above
followed by 104 pL (0.598 mmol) of DIEA. After stirring 30 min at RT, the mixture
was concentrated in vacuo, dissolved in EtOAc (20 mL), washed with 1M K,CO3 (2 x
10 mL.) and brine (10 mL), dried (Na2SO4) and concentrated in vacuo. The resulting
residue was chromatographed on a 10-g silica SPE column with 1-4 % MeOH-



10

15

20

10 nL) and brine (10 nL), dried (Na2SO4) and
concentrated in vacuo. The resulting residue was

wa@ booarowsossyr aphed on a 10-g silica SPE col um weeud2046/660028

MeOH WO 2007/ 048088 PCT/ US2806/ 060028 74

di chl oronet hanc to give a yellow resin which was then

crystallized from Et 20-hexane to afford. 84.7 ng (72

% of the title conmpound as a crystalline yell ow

solid. '"H NWR (CDC13 400 MHz): 6 8.57 (br s, 1H),

8.26 (d, 1H, J 9.0 Hz), 7.20, 7.23 (AB g, 2H J =

3.7 Hz), 686(dd 1H J =9.0, 2.9 Hz), 6.74 (d, 1H,

Q}ch-log)ng:ﬂp.ﬁsc to gigve welsy osin \5h1@h|)was @hcgo:rgstgmz(;cﬂqfrom—]ﬁt;O-hcxano

t8-a -8, ( ang
Aty e Sl oy B Sl v

(C@cmquamm 8.39 (brx, (MB§.26 (4,dlhd =300 F2), FReMRe (AR g, 2H,

10
o2 B3 S T R0 75 Wk Rl S8S 85 o
IFparaAa.m meéHH}glieiM 59 &, dE),Q.36 (ENSHM 2-04.2N0@na MH) and 1.79-

R 0 M T BB a0 O 20 Eotfogy, 391.2 (v,

fdufB3Br.D.NM0- 4 ni tro- phenyl) - 4-net hyl - pi perazi ne (as
prepared in Exanple 9, step (a)) (225.1 ng, 0.79
mol ), K2C03 (310.9 ng, 2.25 mmol) and
4-(4,4,5,5-tetranet hyl - Exam 1e12
[1 3 2 dlfoxab roI an- 2-y

an- aﬁffoxy%%flﬁés(%ﬁ d#%fr -’{fmyy)4—xéi5‘7(4ﬂgerhyl—
O 75 mml) in di OX%ﬁe;QémUL}l)%énfﬁah% at 80 C
over ni ght under 20 Ar. The reacti'on m xture was
allowed to cool to RT, confeptrated, and the resulting
resi due was chrorratograp ed_on si I ica (10 %

Et OAc/ hexane - 20 % McOH ETOAXR bt%n the title
conmpound (82 ng, 36 9% . 0 MHz): 6

8.04 (d,
(\

N
@) 1-[3-(3,6-Dikydro-2H-pyran-4-yl)-4-nitro-phenyl]-4-methyl-piperazine
O
=
NO,
)
_N

1-(3-Bromo-4-nitro-phenyl)-4-methyl-piperazine (as prepared in Example 9, step @)
(225.1 mg, 0.79 mmol), K>,CO3 (310.9 mg, 2.25 mmol) and 4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-y1)-3,6-dihydro-2H-pyran (Murata, M., ct al, Synthesis, 778,
(2000)) (157 mg, 0.75 mmol) in dioxane (5 mL) was heated at 80 °C overnight under
Ar. The reaction mixture was allowed to cool to RT, concentrated, and the resulting
residue was chromatographed on silica (10 % EtOAc/hexane - 20 % MeOH/EtOAC)
to obtain the title compound (82 mg, 36 %). 'H-NMR (CDCl3; 400 MHz): & 8.04 (d,
1H, J=9.4 Hz), 6.78 (dd, 1H, J = 9.4, 2.6 Hz), 6.58 (m, 1H, J = 2.6 Hz), 5.58 (m,
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1H, J = 9.4 Hz), 6.78 (dd, 1H, J = 9.4, 2.6 Hz), 6.58
(m 1H, J = 2.6 Hz), 5.58 (m WD 2007/048088

weN8deH6/ 060028 75 1H), 4.34 (m 2H), 3.95 PCT/URL406/060028

= 5.3 Hz), 3.46 (m 4H), 2757 (m 4H), 2.38 (s, 3H)
2.30 (m 2H). b) 5-Cyan furan-2-carboxylic acid[2-(3,
6-di hydro-2H pyran-4 yl)-4-(4-nmethyl- 5 piperazin-1
yl) phenyl -amde OCN H ~01 NN o ~NJ
1-[3- (3, 6-D hydro-2H pyran-4-yl)-4-nitro-phenyl]-4-net
hyl - pi perazi ne (as prepared i n previous step) (80 ny,
0.26 _mol s converted to the correspondi ngi am
15%s ﬁé“r (5, f}plﬁbée‘)éﬁ 5T P driz)e3 B 4wp FED-£. 5§£Tép4l(lh)2 38zaﬁqd3H)
with 5-cyano-furan-2 10 carbonyl chloride as
preparea)ln Exanple 9, step (c) (obtained from 137 nyg,
1.00 mol of 5-cyan-furan-2-carboxylic acid as

r ) g
e e e g e R R G
l@%@a@W-ETQF@ﬁm@nan@klo % MeOH Et OAc) to obtaln t he
t|tIe coqpound (62.2 ng, 60 %9. 'H NWR (CDC13; 400
B5 (br s, 1H), 8.12 (d, 1H each, J = 8.76
J =508 H), 7.19 (d, 1H J =
J =8.76, 2.7 Hz), 6.73 (d,
188 (br s, 1H), 4.34 (m 2H), 3.94
Hz), 3.23 (m 4H), 2.59 (m 4H), 2.38

LC-MB (ESI, mz): Calcd. for C22H24NAO3,
3@'3/3 (MH—I) found 393. 2. 20 Exan'pl e 13

1413% ){g%é?feﬁ%ﬁ%n% %13;)21? I%% h%ﬁ}%@l pIF]l th};/r 3)1peraz1nd¢ (as prepared
i prd\flionsrsuaao €80 mga2d nsmbl) was chiyditdd te Xid-drrsSh&idiREhminc using

a procedure similar to Example 4, step (d), and coupled with 5-cyano-furan-2-

carbonyl chloride as prepared in Example 9, step (¢) (obtained from 137 mg, 1.00
mmol of 5-cyano-furan-2-carboxylic acid as prepared in Example 1) in CH,Cl, (2
mL) at 0 °C. The product was isolated by flash chromatography on silica (50 %
EtOAc/hexane-10 % MeOH/EtOAc) to obtain the title compound (62.2 mg, 60 %).
'H-NMR (CDCls; 400 MHz): 5 8.35 (br s, 1H), 8.12 (d, 1H each, J = 8.76 Hz), 7.24
(d, 1H, J=5.08 Hz), 7.19 (d, 1H, J = 5.08 Hz), 6.88 (dd, 1H, J =8.76, 2.7 Hz), 6.73
(d, 1H, J = 2.7 Hz), 5.88 (br s, 1H), 4.34 (m, 2H), 3.94 (t, 2H, J = 5.3 Hz), 3.23 (m,
4H), 2.59 (m, 4H), 2.38 (br s, 5H). LC-MS (ESI, m/z): Caled. for Cz,H4N405, 393.1
(M+H), found 393.2.

Example 13
4-Cyano-1H-pyrrole-2-carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-
amide trifluoroacetic acid salt
0]

NG NH
@,ﬁl

CF3CO,H

Iz
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4- (4- Arnino

W@ b@nphsoys 3, 6- di hydrro-2H pyri di n. e-1 - car boxyl PCT/a810d6/060028

tert-butyl, ester NH2 N D61--0t-Bu The title
conmpound. was prepared by Suzuki coupling of
4-(4,4,5,5-tetranethyl 5

[1, 3, 2] di oxabor ol an-2-yl ) -phenyl anine with
4-trifluoromet hanesul f onyl oxy- 3, 6-

di hydr o- 2H pyri di ne-| -carboxylic acid tort-butyl ester
(Synthesis, 993, (1991)) according to the procedure
in Exanple 35, step (b). Mass spectrum (ESI, m z):

%*-Z%A(nzzwphgﬁ)ﬂg AN ozﬁp;rigz’%me"ai%gkﬁn% acgj Rer Abut})oesfer

Am no phenyl’) piperidine-I|-carboxylic acid
t ~butyl ester NH2 N 0--1-0 ,t-Bu A solution of
-anino-phenyl)-3,6-dihydro-ZFprridine-I-carboxyIi
idtert- butyl ester (0.35 g, 1.2 mmol) (as
priepared in the previous step) in nmethanol was
ogenated over 10 % Pd/C at 20 psi for | h. The
olytion was filtered and 15 concentrated to give 0.35
gN'100 %9 of the title conpound as a yellow solid:
%ﬁs./mspectrun1(ESI mz): Calcd. for Cl6H24N202,
(M+H), found 277.1. c) 4-(4-Am no- 3- bronophenyl)
Thiepatd (quﬁmhd caispoepard ChyaBuAliki esuplinglofd-@sd, 8/5-d@amethyl-

gggﬁ{i gl ggb@éem gﬁx(l)eo\%l h 4—tr1ﬂuglgzme%ﬁaneyulfonyloxyﬁ 6-
d4h3(d4@62m pmmhenyéa}b@aymerabmtaﬁ-ﬂutﬁwe@(gwnt&sﬂw% (1991))

tert buty este as pr epare
o i B e Ly 1 EXBoNkE3: #E) insMabmioRsoRin (EST t/2):
Calcd for C15H22N202, 275.2 (M+H), found 275.1.

b) 4-(4-Amino-phenyl)-piperidine-1-carboxylic acid tert-butyl ester
NH»

N
041\0 ~t-Bu
A solution of 4-(4-amino-phenyl)-3,6-dihydro-2 H-pyridine-1-carboxylic acid tert-
butyl ester (0.35 g, 1.2 mmol) (as prepared in the previous step) in methanol was
hydrogenated over 10 % Pd/C at 20 psi for 1 h. The solution was filtered and
concentrated to give 0.35 g (100 %) of the title compound as a yellow solid: Mass
spectrum (ESI, m/z): Calced. for C;6H4N,0,, 277.2 (M+H), found 277.1.

¢) 4-(4-Amino-3-bromo-phenyl)-piperidine-1-carboxylic acid tert-butyl ester
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bronosu.ccinimd.e (NBS) (0.13 g, 0.71 mmol), and the
reaction stirred. at RT for 10 h. 5 The reacti on was

waldoamesdssvi t h Et OAc (10 nlL) and washed w th NaP€X2BSZ086/860028

10 mL) and brine (10 nL). 7Concentrati on of the

organi c |l ayer gave 0.26 g (100 %9 of the title

conpound as a yellow foam Mass spectrum (ESI, m z):

Calcd. for Cl6H23Br N2O2, 355.1 (M+H), found. 355.1.

10 d) 4-(4Am no- 3-cycl ohex-1-enyl phenyl)

pi peridine-l-carboxylic acid tert-butyl ester NH2f N
-Bu A flask was charged with

4- an1no 3- br ono- phenyl ) - pi peri di ne-1-carboxylic

Bfert-butyl ester (0.13 g, 0.36 nmmol) (as

ared in the previous step), cyclohex-|I 15 enyl

bdronic acid (0.060 g, 0.48 mmol), Pd(PPh3)4 (0.04 g,

| 9%, aqueous 2M Na2CO3 (1.5 nmL), ethanol (1.5

and toluene (3 nL), and heated at 80 C for 3 h.

reaction was diluted EtOAc (10 nL), washed with

| CBBu(2 x 10 nL) and brine (10 nL), and the-

orggnlc | ayer was dried over Na2SO4 and then

Tocnstuidred foth(4-athive-phdolyd -6 pemaiad-coasoxglidher tbfMiA ester

% carb rid S|I|ca with 30 % 20 Et OAc/ hexane
(G40 G Teiab e Bapoia gt TrRsipey SR AMe oA fwas addod V-
by@hbiscdithid NBS) (508 GL owmnexﬁﬁ , arl¥l th} redetbh Stk @ Eto%'g for 10 h.

H32N202, 357. 357.1. WD 2007/048
%f?d@ggﬁd@fs&g@f?ggm&ygt c ( 10 mL) and washed with NaHCO; (2 x 10 mL)

afid 6¥a8 ord i py U)ﬁ&é?ftl%ﬁ@ﬁBPﬂfé)Urgﬁu@& r gave 0. 26 g (100 %) of the title
(2-cvcl ohex-| -enyl - i peri )-arn

COMPORRY R BRI ana"eu ag%mecwrm(%}; Qﬂi@d Qf@UCsziBerOz,

345 (14N @5 3idCyssl ohex- | - enyl - phenyl ) - pi peri di ne-1 -
carboxylic acid tert- butyl ester (0.050 g, 0.14 mmol)
(as prepared in the previous 5 step),

- I 19,.9, 1
S A B LT & RO e B P e p
effgol ), HOBt (0.019 g, O. 14 nmol ), DTEA (0.073 rnL,

0.4 ol ), and DCM (0.5 rnL) and stirred at 25 C for
¢ reaction was |oaded directly on a 10-g

se extraction (SPE) cartridge (silica) and
resulting internediate was eluted with 30 %
[OAc/ hexane. This conpound was 10 stirred at RT for 1
50 % TFA/DCM (2 nL) and then concentrated and
pur{fied by RP-HPLC (C18), eluting with 30-50 % CH3CN
I'N"0.1 % TFA/ H2O over 12 min to

O)\ o/t-Bu

A flask was charged with 4-(4-amino-3-bromo-phenyl)-piperidine-1-carboxylic acid

tert-butyl ester (0.13 g, 0.36 mmol) (as prepared in the previous step), cyclohex-1-
enyl boronic acid (0.060 g, 0.48 mmol), Pd(PPhs)s (0.04 g, 10 mol %), aqueous 2M
Na,COs (1.5 mL), ethanol (1.5 mL), and toluene (3 mL), and heated at 80 °C for 3 h.
The reaction was diluted EtOAc (10 mL), washed with NaHCO; (2 x 10 mL) and
brine (10 mL), and the organic layer was dried over Na,SO, and then concentrated.
The title compound was eluted from a 20-g SPE cartridge (silica) with 30 %
EtOAc/hexane to give 0.10 g (85 %) of the title compound as a yellow oil. Mass
spectrum (ESI, m/z): Calcd. for C;,H3,N»0,, 357.2 (M+H), found 357.1.
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give the title conmpound (0.052 g, 77 %9. 'H NWVR (400
MHz, CD3OD): S 7.59 (s, |IH), 7.50 (d, 1H, 7.22 (d,

wdakho7/078086 (m 2H), 5.74 (m 1H), 3.54. (m 2HCT/BSH66/060028

(m 2H), 2.94 (m 1H), 2.29 (m 2H), 2.15 (m 4H),
1.92 (m 2H), 1.72 (m 4H). Mass 15 spectrum (ESI,
mz): Calcd. for C23H26N40, 375.2 (MtH), found 375. 1.
Exanpl e 14 4-Cyano-] H i m dazol e-2-carboxylic acid
(2-cycl ohex-I-enyl -4 piperidin-4 yl phenyl.)-arnide
trfluoroacetic acid salt O\ NH NC ? J NH CF3(CO2H
N 20 H
€} %ﬁ?vq"f%%y@ﬁlsolrﬂc%f{?f’mléﬂﬁgﬂ Srosinper-draaky i eydi-Fd
ph@ayﬁﬁmlﬁer27 GRFORRBYE deidamno) - 3- cycl ohex- | - enyl phenyl )
C

i_.peridine arboxylic acid tent-butyl ester WO
A vasoEsErtTbdGonniedons obry- Senilpheny Fmiperidinat

Btb id 52t TouRl estdO(020 509, Wt 100 R) d in th
. 130t Ty T I LRl o prpreet i i

step),-4- moughparrelqo&ca@v@rxmlm ad €0. @133/ 840. @4 rrmolﬂammpﬁred in

addgpé %P%ﬁ?rsdog) 46@m]%%%f@t gwp&yg} ga?rgrﬂgl)g@%@g 073

osL.rfhb? ymnfdhcﬂnﬂﬂéch‘/le@eft b asd pitretat}s ‘o€ 10 dr TS migtion was
R T ok - AR Premcrign () canid (vl sud e

resutinghinterimediteway au’@dg«yltmm % Et@vbé/hexXans. Fhepamagbuing was
st 8R! RT8r 1 USRIk A B T YENh Was, A9ded 308 (NS mified by
RP-HPLC (C18), eluting with 30-50 % CH;CN in 0.1 % TFA/H,0 over 12 min to
give the title compound (0.052 g, 77 %). "H-NMR (400 MHz, CDsOD): § 7.59 (s,
1H), 7.50 (d, 1H), 7.22 (d, 1H), 7.16 (m, 2H), 5.74 (m, 1H), 3.54. (m, 2H), 3.16 (m,
2H), 2.94 (m, 1H), 2.29 (m, 2ET), 2.15 (m, 4H), 1.92 (m, 2H), 1.72 (m, 4H). Mass
spectrum (ESI, m/z): Caled. for C3HzsN4O, 375.2 (M+H), found 375.1.

Example 14
4-Cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yl-

phenyl)-amide rriﬂuoroacetic acid salt

NC\</7)1\ ‘

CF3CO,H

a) 4-(4-{[4-Cyano-I1-(2-trimethylsilanyl-ethoxymethyl)- 1 H-imidazole-2-carbonyl]-
amino}-3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid tert-butyl ester



reaction stirred for 8 h at 25 T. The reaction was
diluted Et OAc (60 nL) and washed wth NaHCO3 (2 x 60
workgo7amdsori ne (100 nl) and the organic | ayer RMeBEUSI00€060028

over 10 Na2SO4 and then congentrated. The title
conmpound was purified by flash chomatography (silica
gel, 2 %EtOAc/DCM) to give 5.5 g (85 % of the title
conmpound as a yellow oil. Mass spectrum (ESI, m z):
Cal cd. for C33H47N504Si, 606.2 (M+H), found 606.2. 15
b) 4-Cyano-I1Him dazol e-2-carboxylic acid
42 cyclohex-1-enyl -4 piperidin-4 yl- phenyl)-amde tr
BMior ocetic acid salt To a solution of 4- (4-

7?;§no+l ri met hyl sil anyl - et hoxymet hyl )-1Hi m da

z 2-
rbonf am no} - 3-cycl ohex- 1 -enyl - phenyl ) - pi peri di ne-
l-carb ic acid tert-butyl ester (1.5 g, 2.5 nmol)

(as prepared in the previous step) in 10 nL of DCM and
0.3 20 Et OH was added 3 nL of TFA and the sol ution

stirred. for 3 h at 25 T. The reaction was dil uted
w th 5 of EtOH and then concentrated. The residue
was Fzed fron1nethano| and ethyl ether to

|ve O 85 70 © lt| o ound a whi

B e by rob Bl By T SR T i
chdboxlde pofasRAimg g6t (3 3% 1. 9112m(>1} (dblﬁ)spdréd ?@Ekﬁﬂmfbﬁ) xsteg @)

ity i, DG agsd Dt s Bkt o1 8 ey s B BRI 8 120

nieh@l),; arfdah€ Soactioh sed RONFY for 35 6aid. (Mdiitiord Qitm-gél 3&1@[1023—
WD 2007/ 048088 PCT/ US2006/ 060028 80 Exanp

cyceyand-tH phrrorereidiar doseyaryliaer tpu- bclbclaféf@m 9109
nth§§ @sdprepfrear i Ezarﬁml 18hg%p (1)) ﬁm/d mﬁ;hﬁm(k Wad mi@&i ddd tHhC

NH "NH'N | e conpound prepared from

repctgn ﬁB‘—’fPCF-IﬁmﬁrlF @q %’i ;_c cshqumwm:qhaneq BtOAc (60 mL) and washed
varalehew: k2 §80 mt) %@%4194 1? %%irarmﬁ@ g@ m&g& vas dried over

trifluoroacetic ac epare
Nep¥a ard then coveatttntpdt dhetidlegpowedud was puBiadby élagv

Cﬂ[&'ﬁ%ﬂ&)ﬁ9 Qs1hca gel, 2 % EtOAc/DCM) to give 5.5 g (85 %) of the title
compound as a yellow oil. Mass spectrum (ESI, m/z): Calcd. for C33H47N504S1i,
606.2 (M+H), found 606.2.

b) 4-Cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yl-
phenyl)-amide trifluoroacetic acid salt

To a solution of 4-(4- {[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carbonyl]-amino} -3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid tert-butyl
ester (1.5 g, 2.5 mmol) (as prepared in the previous step) in 10 mL of DCM and 0.3
mL EtOH was added 3 mL of TFA and the solution stirred for 3 h at 25 °C. The
reaction was diluted with 5 mL of EtOH and then concentrated. The residue was
crystallized from methanol and cthyl cther to give 0.85 g (70 %) of the titlc compound
as a white solid. "H-NMR (400 MHz, CD;0D) 5 8.18 (d, 1H), 8.04 (s, 1H), 7.22 (dd,
1H), 7.12 (d, 1H), 5.76 (m, 1H), 3.54. (m, 2H), 3.16 (m, 2H), 2.92 (m, 1H), 2.30 (m,
4H), 2.10 (m, 2H), 1.75 (m, 6H). Mass spectrum (ESI, m/z): Caled. for C2;H,5N50,
376.2 (M+H), found 376.2.



MHz, CDC13) 6 10.82 (s, 1H), 8.28 (d, 1H), 8.18 (s,

1H), 7.48 (d, 1H), 7.16 (dd, 1H), 10 7.02 (s, 1 H),
W®2002/0§888 1 H), 5.883 (m 1 H) 4.82 (m 1 H), BCP8S2006r060028

1H, 3.20(m 1 H, 2.708m 2H), 2.29 (m 4H), 2.18

(s, 3H), 1.80 (m 8H). Mass spectrum (ESI, mz): Cale

d. for C25H28N402, 417.2 (M+H), found 417.1. Exanple

16 15 4-Cyano-| H i m dazol e- 2-carboxylic acid

[4-(1-acetyl piperidin-4-yl)-2-cyclohex-I-

enyl phenyl J-ainide O NC Y11- rH NH N O The title

conpound was prepared from

4-cyan-| H i m dazol e- 2-carboxylic acid (2-

cycl ohex-1-enyl - 4- pi per i dgRafpyd thenyl ) - ani de

trifluoroacetic acid sa It‘T—pyr—:gared 20 in Exanp

13 Cxprep! Hwyyrofc ésedianlic éuflnfé—(éwee@&gwndm E}FM%CZO}WX-J-

37: 1H NMR (400 WO 200 P 2006/ 060028 81

MHz, CDC13) S 13.12 (brf””%ﬁ”g’%’%/dys s, | H), 8. 34

(d, 1 H, 7.76 (s, | H, 1H) 7.05 (d, 1H),

5.86 (s, 1H), 4.84 ( H, 3.22 (m

1H, 2.72 (m 2H), \ (s, 3H), 1.80

(m 8H). Mass spectrum (ESI, cd. for

C24H27N502, 418.2 (MH), f ounk

CF3CO2H N H N
o)\

The title compound was prepared from 4-cyano-1H-pyrrole-2-carboxylic acid (2-
cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared
in Example 13, step (e)) according to the procedure in Example 37. "H-NMR (400
MHz, CDCls) 8 10.82 (s, 1H), 8.28 (d, 1H), 8.18 (s, 1H), 7.48 (d, 1H), 7.16 (dd, 1H),

10 7.02 (s, 1H), 6.72 (s, 1H), 5.88 (m, 1H), 4.82 (m, 1H), 3.98. (m, 1H), 3.20 (m, 1H),
2.70 (m, 2H), 2.29 (m, 4H), 2.18 (s, 3H), 1.80 (m, 8H). Mass spectrum (ESI, m/z):
Calcd. for C;sH25N402, 417.2 (M+H), found 417.1.

Example 16
15 4-Cyano-1H-imidazole-2-carboxylic acid [4-(1-acetyl-piperidin-4-yl)-2-cyclohex-1-
enyl-phenyl]-amide

0
N\w)J\NH
\_NH l

N
oA~
The title compound was prepared from 4-cyano-1H4-imidazole-2-carboxylic acid (2-
cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared
20  in Example 13, step (b)) according to the procedure in Example 37: 'H-NMR (400
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10 The title conmpound was prepared from
4-cyano-| -(2-trimethyl silanyl -et hoxynet hyl ) -

wdabkborousssgz ol e- 2- car boxyl ate potassi um salt (asP@EI/EpENE0028

in Exanple 3, step (d)) ané1
4-[ 4-am no- 3- (4- et hyl -cycl ohex- I -enyl ) -phenyl ] - pi peri
di ne-1-carboxylic acid tert- butyl ester (prepared
according to the procedure in Exanple 13, step (d),
substituting 4-nethyl-I-cyclohex-I|-enyl boronic acid
for cycl ohex-I-enyl boronic acid) according 15 to the
procedur% for Exanple 14: 1H NVR (400 MHz, CDBCE%: 6
MHzeCPE-1s)i 33 15(bg 4. 1Ry 9.584p, 1HD), 884 (del 1 HLH) 76 (3, 1H).(7d21 (dd,
1H%2 7.%(8912@3.8% ; g%gi‘.‘s; @nﬁ]&ggﬁnﬁﬂ&@ .%énkﬁaég),%%z (m,
2052 3016m. 56, 241 t 368 1505, lb sMssprsium (S5 T/ Ax Gyl for
%ﬂ{ se0f of 1 82 a2 H 9 (MtH), found 390.2. 20
a%pfe£18 4&@§a%§gPﬁgig§§ézole-2-carboxy|ic aci d
(2-cycl opent-1-enyl -4 piperidin-4 yl- phenyl)-am de

trifluoroacetic acid salt 7/ 048088
PCT/ US2006/ 060028 82 O M ~ NH CF3SCO2H N H
FearpiliFtinidnpoeddcanbexypc epéh Bd(Fmethyl-cyclohex-1-enyl)-4-piperidin-

4-cyano-|-(2-tripethyl.si| anyl - et hox thyl) -
1H—inidazo|e-2f"g§%%é%?g @ﬁ%%?§£§¥ﬁ%$§gﬂﬂsﬁgs pr epar ed
in Exanple 3, step (d)) an

4- (4- am no- 3-cycl opent - Ng, Ni
boxylic acid tert-BlHyK ekter
the procedure in Exanple
cycl openten-1 -yl boronic ac
boroni c acid) according to tHe
14. 'H NVR (400 Mz, DMVBO- dg 18F3804¢br s, 1H),

10.00 (s, 1H), 8.36 (s, 1H), r.72 (d, I H, 7.18 (m

2H), 6.06 (s, 1H), 4.12 (m M), 3.42 (m 2H), 3.18

(m 2H), 3.00 (m 3H), 2.80 {lm 2H), 1.92 (m 5H).
TiesslespagtonndmakStepaldd fiddia-cyeab ad2-fridhethA B 3NSBoxymethyl)-

s found. 362.2. anple 1
1%16-12rm%a£o¥g5|)—darboxy?ate potassium sal%fasrg%eparec? in Example 3, step (d)) and
4-[4-amino-3-(4-methyl-cyclohex-1-enyl)-phenyl]-piperidine-1-carboxylic acid tert-

pi peri di ne-1|-car
pared according to
), substituting
for cycl ohex- | -enyl
procedure for Exanple

butyl ester (prepared according to the procedure in Example 13, step (d), substituting
4-methyl-1-cyclohex-1-enyl boronic acid for cyclohex-1-enyl boronic acid) according
to the procedure for Example 14: 'H-NMR (400 MHz, CD;0D): § 8.18 (d, 1H), 8.04
(s, 1H), 7.22 (dd, 1H), 7.12 (d, 1H), 5.80 (m, 1H), 3.54. (m, 2H), 3.18 (m, 2H), 2.94
(m, 1H), 2.30 (m, 3H), 2.12 (m, 2H), 1.92 (m, 5H), 1.54 (m, 1H), 1.12 (d, 3H). Mass
spectrum (EST, m/z): Calcd. for C,3HNsO, 390.2 (M+H), found 390.2.

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

phenyl)-amide trifluoroacetic acid salt
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An alternate nethod for the synthesis of the
i nternmedi ate described in Exanple | is described

whedoamsodd 5- Cyano furan-2-carboxylic acid O BCTINS2006060028

A 250-nL, three-neck, round2bottom flask equi pped with

a mechanical stirrer, a 20 heating mantle, and a
condenser was charged with 5-fornyl -2-furancarboxylic
acid (9.18 g, 65.6 mmol) and pyridine (60 ni).

Hydr oxyl am ne hydrochloride (5.01 g, 72.2 mol) was
added. and, the m xture was heated to 85 C. Acetic
anhydride (40 nL) was added and the reaction was

stirred at 85 C for 3 h, afjfer which tinme the solvent
was evaporated at 4@ C by r~Nredyeed pressure. The

resi due was dissol ved | pasified with 2.0 N
NaOH solution to pH 9, and f acted with 4:1

di chl or oret hane/ 2- pr opanol | the pyridine was

conpl etely renmoved (5 x 200 WO 2007/ 048088

PCT/ US2006/ 060028 83 The aguegus ¢HQtution was then
acidified wwth 2.0 N HC1 so Pon to pH 2, saturated

with solid. NaC 1, and extragied with 4:1

di chl bronet hane / 2-propanol (5 x 200 nmL). ~The

st erampagdivas psspargtfrembrogr i-ehtgvehy iR podethargmethyl)-
1GARGRALSIRIZELHOMAE P8t QumUaIES SrepdiRE i E§hﬁgfe IREp (d)) and
crystallized from dichl oronmet hane Fo give 6.80 g oP

4 feaminot & cydopeiploenid-phausd)mineridingol-Ferbpmaig acid ssbutyl ester
(?%%%eﬁ%%érﬁﬁg’t@qge pfycéaur%%l{ %%zhmélg n 3%&% eugsﬁﬁltﬂ

, found136.1. The pectrumvas consi St ent
axiclopenthe-1-ddwireme dcidtfpuesalehex- lEs’(IasrilrﬂlloeorQ@ agig) according to the
_ Swrged ; . .
p?%éég;i}%"%,k %&ﬁ&bgenflzf ?ﬁ\ﬁ% é?@d%ﬂéﬁ DAsB-de) 5 14.25 (br s, 1H), 10.00
(6. 8 B30s.Ul Ho AyR-(dc Bty 17) 1% (et 6.06 (5. I)phdayid, 15y 342 (m,
20, ¥eshh, 2! 908 (m, 350), 2.80 (m, 25D), 1.92 (m, 5H). Mass spectrum (EST,
m/z): Caled. for CayHysNsO, 362.2 (M-+H), found 362.2.

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

described below.

5-Cyano-furan-2-carboxylic acid

O@'
o ~CN

HO

A 250-mL, three-neck, round-bottom flask equipped with a mechanical stirrer, a
heating mantle, and a condenser was charged with 5—formyl-2-furancarboxylic acid
(9.18 g, 65.6 mmol) and pyridine (60 mL). Hydroxylamine hydrochloride (5.01 g,
72.2 mmol) was added and the mixture was heated to 85° C. Acetic anhydride (40
mL) was added and the reaction was stirred at 85° C for 3 h, after which time the
solvent was evaporated at 40° C under reduced pressure. The residue was dissolved in
water, basified with 2.0 N NaOH solution to pH 9, and extracted with 4:1
dichloromcthanc/2-propanol until the pyridine was complctely removed (5 x 200 mL).
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1-1 A flask was charged wi th nethanesul fonyl -acetic

acid (14 ng, 0.10 mol), EDCI (30 ng, 0.15 mmol),
woiemsr/0§shds ng, 0.10 mmnol ), DIEA (36 L, 0.20 nmpti/Us20d6/060028

0.5 nL 15 DCM and stirred 8 25 C. After 10 min, a

sol uti on containing 4-cyano-lH im dazol e-2-carboxylic

acid (2-cycl ohex-1-enyl -4-piperidin-4-yl-phenyl)-am de

TFA salt (40 ng, 0.08 nmol) (as prepared in Exanple

20, step (b)) and NEt3 (14 L, 0.09 nmmol) in 0.5 nL

DCM was added and the reaction allomed to proceed for

10 h at 25 C. The reaction m xtur

Tegqummssaiutionggs they aqidigpd s 3. P@T HiCtl |Se1u§9n é‘bPrIdc?u ﬁﬁuratcd

M%&id%ﬁiﬁ? \ggﬁréxﬂ@cte/& Gl E%l@ﬁfbr&rﬁe@ﬂaﬂ@/ﬂ%ro@gn&l%? ?6)0 mL).

Thsrcombingd)organis pxiracts wpge drgzd3py et HazSPy andwop,geqtgated ippyjacuo to

d%%ﬁ)(ﬁg ieglgvxe whs g%bst(aﬁlze& i) ércﬁﬁ) }_ér'ﬂbthlﬁg to élvgﬁl_%i)O g of the title
cBmpoOuid as am)hlte 30]8@ (16%%). 2M)tss s@e@mng ESKRpg. m/zgga](cdq for

o T e

ad€gnel stien2807/ 048088 PCT/ US2006/ 060028 84 Exanpl e 21
4- Cyano- | Hi m dazol e- 2-car boxylic acid

[ 2- cyclohex | -enyi-4-(1 pyridi.n-2 ylnethyl. -

pi peridin-4 yl) phenyl] - aExadplet20 f | uor oacetic acid
sal t h

i th TR b ek AT el S PLARE
( 2- cycl ohexrethranesvifonst-pidpd)-pllicridie Yyl oyl Y aratdlede  TFA
salt (88 ng, 0.18 nrnol) (as prepared in Exanple 14,
step (b)), pyridine 2-carbal gehyde (17 L, 0.21 nmol),
NEt3 (30 L, 0.21 NHL 1 toxyborohydrlde
(56 ng, O. 25 nmol ) and NH_'- di chl or oet hane
and stirred for 10 h at 25 T. b sol vent was
evaporated, and the title 10 ©eApound was purified by
RP-HPLC (C18), eluting with 3 0-50 % CH3CN in 0.1 %

o

4]’\/11,0

A flask was charged with methanesulfonyl-acetic acid (14 mg, 0.10 mmol), EDCI (30
mg, 0.15 mmol), HOBt (14 mg, 0.10 mmol), DIEA (36 uL, 0.20 mmol) and 0.5 mL
DCM and stirred at 25 °C. After 10 min, a solution containing 4-cyano-14-
imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide TFA
salt (40 mg, 0.08 mmol) (as prepared in Example 20, step (b)) and NEt; (14 uL, 0.09
mmol) in 0.5 mL DCM was added and the reaction allowed to proceed for 10 h at 25
°C. The rcaction mixturc was loadcd on a 5-g SPE cartridge (silica) and the titlc
compound was eluted with 10 % EtOH/EtOAc to give 10 mg (25 %) of a white solid.
'H-NMR (400 MHz, CDCl3): § 11.60 (br s, 1H), 9.52 (s, 1H), 8.30 (d, 1H), 7.74 (s,
1H), 7.60 (dd, 1H), 7.03 (d, 1H), 5.86 (m, 1H), 4.84 (m,1H), 4.18 (s, 2H), 4.12 (m,
1H), 3.32 (m, 1H), 3.20 (s, 3H), 2.82 (m, 2H), 2.30 (im, 4H), 1.98 (m, 2H), 1.84 (m,
5H), 1.72 (m, TH). Mass spectrum (ESI, m/z): Calcd. for C2sH20N5048S, 496.2
(M+H), found 496.2.
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TFA/ H20 over 20 min to give 81 ng (78 %9 of a white
solid. "HNWR (400 MHz, DMSO-d6): 8 14.25 (br s, 1H),

w@280/0§¢88 s, 1H), 9.79 (s, 1H), 8.72 (s, 1H), BCBES1086/060028

1H, 7.98 (m | H, 7.88 @dd, | H, 7.58 (d, | H),
7.52 (m 1H), 7.20 (m | H), 7.12 (d, | H, 5.76 (m
1 H, 4.56 (s, 2H), 3.40 (m 2H), 3.18 (m 2H), 2.88
(m 1 H, 2.20 (m 4H), 15 2.00 (m 4H), 1.72 (m 4H).
Mass spectrum (ESI, mz): Calcd. for C28H30N60, 467.2
(MrH), found 467.2. Exanple 22
4- Cyano- ] Hi m dazol e- 2- carboxylic acid
[ 2- (4- et hyl - cycl ohex- | - eByamaple 211 pyridin- 20 2

. | ] -am i 1 e
P3Ptk BT Er S sl G B e
rH NH H QZpidin-4-N)-phinyi/-eoidecuidommsenr epdrel
according to the procedure 4n Exanple 21 from 4-
cyano- 1H i m dazol e- 2- caf, \%I c acid.

yl i

[ 2-(4-met hyl -cycl o%

yl - phenyl ] -am de (as pr s
pyri di ne- 2- car bal dehyde. '
S 14.25 (br s, 1H), 9.90 (br
8.72 (s, 1H), 8.36 (s, |
1H), 7.54 (d, | H), 7.52 ( 7.20 (m 1 H,

7.12 (d, 1 H), 5.74 (m 1 / 5§F§02*2H) 3.40 (m

N
2H), 3.18 (m 2H), 2.88 (m I—I)N 2.48-2.22 (m 3H),
2.18-2.06 (m 4H), 1.98-1.82 ( , 1.52 (m 1H),
1.02 (s, 3H). Mass spectrum( L7 mz). Caled. for

8H32N60 4 % found 481.2. 10 Exanple 23

A TESTbS shiar ol oPe-3 EOBRBRA) - RS enkeatic okl (3-cyelohex-1-
eh %@ﬁe@ﬂ%{lﬂ | pREN)-Amide fliA'sQ@ $Wiig! Fhgintdb di

nmet h |-§er|gﬁ1)4yj phe y§-amdetr|1lgg%%ggém 1
E)é;@ gé},tstqp ), pyridine-2-carbaldehyde (17 pL, 0.21 mmol), NEt; (30 uL,
0.21 mmol), sodium triacetoxyborohydride (56 mg, 0.25 mmol) and 0.8 mL of 1,2-
dichloroethane and stirred for 10 h at 25 °C. The solvent was evaporated, and the title
compound was purified by RP-HPLC (C18), eluting with 30-50 % CH5CN in 0.1 %
TFA/H>0 over 20 min to give 81 mg (78 %) of a white solid. "H-NMR (400 MHz,
DMSO-ds): 5 14.25 (br s, 1H), 9.90 (br s, 1H), 9.79 (s, 1H), 8.72 (s, 1H), 8.36 (s, 1H),
7.98 (m, 1H), 7.88 (dd, 1H), 7.58 (d, 1H), 7.52 (m, 1H), 7.20 (m, 1H), 7.12 (d, 1H),
5.76 (m, 1H), 4.56 (s, 2H), 3.40 (m, 2H), 3.18 (m, 2H), 2.88 (m, 1H), 2.20 (m, 4H),
2.00 (m, 4H), 1.72 (m, 4H). Mass spectrum (ESI, m/z): Calcd. for C,3H3NgO, 467.2
(M+H), found 467.2.

xanple 17) and
5 (400 MHz, DWMBO- d6):
g, 1H), 9.79 (s, 1H),
7.98 (m I H, 7.86 (dd,

Example 22
4-Cyano-1H-imidazole-2-carboxylic acid [2-(4-methyl-cyclohex-1-enyl)-4-(1 -pyridin-
2-yImethyl-piperidin-4-yl)-phenyl]-amide trifluoroacetic acid salt
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I NC\ NHNHCF3CO2H N YI'N om 15 This conpound

was prepared from 4-cyano-I| H i m dazol e-2-carboxylic

W@ eo0d/045Dss PCT/US2006/060028
cycl opent -1 - enyl - 4- pi peri di8d- 4-yl - phenyl ) - am de TFA
salt (as prepared in Exanple 18) and
1-methyl -1 Himd. azol e- 2- car bal d. ehyde according to
the procedure in Exanple 21. 'H NWVR (400 MHz, CD3OD):
S$803(m 2H, 7.50 (d, 1H, 7.42 (s, 1H), 7.20 (m
2H), 6.02 (m 1H), 4.22 (s, 2H), 3.96 (s, 3H), 3.30
(m 2H), 2.82-2.40 WO 2007/ 048088 PCT/ US2006/ 060028
86 (m 7H), 2.13-1.84 (m Mass spectrun1(ESI
nz): Calcd. for Capt2 ; FH), found 456. 2.
Exanple 24 5 \__NH
4-{4-[ (4-Cyano-| Hitnidazol
ohex- | -enyl phenyl}- piperidige-|-carboxylic acid
anzide O \ ~NH NC < NH N 2 N-~ _OA flask was
charged with 4-cyano-1 Hinyda oIe ﬁboxyllc acid
(2-cycl ohex-I- enyl - 4-pi peridin-4- yI gﬁenyl) am de TFA
salt (51 ng, 0.10 mmol) (as epared in 10 Exanple
14, step (b)), NEt3 (22 L, O. 1), trinmethylsilyl
I socyanate (16 AL, 0.11 mmol) dJ) 1.0 n of DCM and
stirred. for 10 h at 25 C. The so¢lvent was evaporated

Tnislcarhpouridt wes ropgrodi actovdiag paliticiprésbdaye Rtk Te 0 Cb@) 4-
C%atlilct: ?ggm\ﬁmgézhoégg ﬁﬁqi%‘il%mﬂz I&QH\H?ﬁ %l(y%rg:l:cﬁjlﬁgg QGS}X)G-4—p11;:)Lend1n—4-
yl-phenyl}- amlde (as prepared in Example 17) and pyridine-2-carbaldehyde. 'H-NMR
(400 MHz, DMSO-de): 5 14.25 (br s, 1H), 9.90 (br s, 1H), 9.79 (s, 1H), 8.72 (s, 1H),
8.36 (s, 1H), 7.98 (m, 1H), 7.86 (dd, 1H), 7.54 (d, 1H), 7.52 (m, 1H), 7.20 (m, 1H),
7.12(d, TH), 5.74 (m, 1H), 4.56 (s, 2H), 3.40 (m, 2H), 3.18 (m, 2H), 2.88 (m, 1H),
2.48-2.22 (m, 3H), 2.18-2.06 (m, 4H), 1.98-1.82 (m, 3H), 1.52 (m, 1H), 1.02 (s, 3H).
Mass spectrum (ESI, m/z): Calcd. for CpsH3,N6O, 481.2 (M+H), found 481.2.

>ycartonyl ) - am no] - 3-cycl

Example 23
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclopent-1-enyl-4-[1-(I-methyl-1H-
imidazol-2-yimethyl)-piperidin-4-yl]-phenyl}-amide trifluoroacetic acid salt

Nc—ﬂ<4jT/M\NH :
CF3CO,H

Ny
Y,

This compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid 2-
cyclopent-1-cnyl-4-piperidin-4-yl-phenyl)-amide TFA salt (as preparcd in. Example
18) and 1-methyl-1H-imidazole-2-carbaldehyde according to the procedure in
Example 21. 'H-NMR (400 MHz, CD30D): 5 8.03 (m, 2H), 7.50 (d, 1H), 7.42 (s,
1H), 7.20 (m, 2H), 6.02 (m, 1H), 4.22 (s, 2H), 3.96 (s, 3H), 3.30 (m, 2H), 2.82-2.40
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1H NVR (400 MHz, DMBO-d6): 8 14.28 (br s, 1H), 9.76
(s, 1H), 8.34 (s, 1H), 7.84 15 (d, 1H), 7.18 (dd, 1H),

wQ 208/0§s988 1H), 6.00 (br s, 2H), 5.72 (m 1H), BCW8S100§/060028

2H), 2.80- 2.60 (m 3H), 2884-2.10 (m 4H), 1.80-1.60

(m 6H), 1.50 (m 2H). Mss spectrum (ESI, nfz):

Cal cd. for C23H26N60, 419.2 (MtH), found 419.0.

Exanpl e 25 20 4-Cyano-I| Hitni dazol e-2-carboxylic acid

[ 2-cycl ohex-1-enyl -4-(3, 4,5, 6-tetrahydro-

2H-[ 1, 27bi pyridinyl -4 yl) phenyl]-am de tr fuoroacetic
acid salt WO 2007/048088 PCT/ US2006/ 060028 87 O NC \

(, N 2.13-1n44 @u.EBoddiss srectpim (Bl nye)s Cekask §adCankleshN-0, 456.2
M&aypRadd kg dazol e- 2- carboxyl i ¢ acid (2-cycl ohcx-1 -

enyl’- 4- pi peri di n-4-yl - phenyl )-am d. e TFA salt (75 nu,

0.15 mmol ) (as prepared. in Exanple 14, step (b)),

K2C03 (84 ng, 0.60 mml),gplsfbloropyridine (27 L, 0.30

5 mmol) and 0.3 nL of N, acetam dc and

st #riddd¥oung- 1IEl-anidazle-P-catbeny)r @aiiof - Srcwbshesh I-atyéghenyl}-
with 3 rnL of H20 e title.co und, was purified

by RP- HPLC ((318)?’%g%ﬁ%?h]g%ﬁ%?’ﬂ’l’ﬁd’?%g“’a’o CNin 0.1 %
TFA/ H20 over 9 min to give 5 ng (75 %9 of a white
solid. "H NWR (400 Mdz, S 8448 (d, 1H), 8.06

(m 1H), 8.02 (s, 1N 7.48 (d, 2H),

7.22 (dd, 1H), 7.12 (d, ) 710 1H), 5.82 (m -
1H, 4.32 (m 2H), 3.46 (m 24 .~ 3.00 (m 1H), 2.30

(m 4H), 2.18 (m 2H), 1.96-1{74 (m 6H). Mass

spectrum (ESI, mz): Calcd. fer~C27H28N60, 453.2

(MtH), found 453. 2. Exanple 4
4- Cyano- | Hi m dazol e- 2- car boxyNi ¢ acid

{2-cycl ohex-1-enyl -4-fl-(2-hy y-ethyl)- piperidin-4
yl J phenyl }-am de trifl uor odceti ¢ aci dsalt O ~ NH

A flask was charged with 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-

enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (51 mg, 0.10 mmol) (as prepared in
Example 14, step (b)), NEt; (22 pL, 0.15 mmol), trimethylsilyl isocyanate (16 uL,
0.11 mmol) and 1.0 mL of DCM and stirred for 10 h at 25 °C. The solvent was
evaporated and the title compound was purified by RP-HPLC (C18), eluting with 35-
60 % CH3CN in 0.1 % TFA/H,0 over 11 min to give 30 mg (70 %) of a white solid.
"H-NMR (400 MHz, DMSO-de): 5 14.28 (br s, 1H), 9.76 (s, 1H), 8.34 (s, 1H), 7.84
(d, 1H), 7.18 (dd, 1H), 7.08 (d, 1H), 6.00 (br s, 2H), 5.72 (m, 1H), 4.18 (m, 2H), 2.80-
2.60 (m, 3H), 2.24-2.10 (m, 4H), 1.80-1.60 (m, 6H), 1.50 (m, 2H). Mass spectrum
(ESI, m/z): Caled. for Cp3H6N60, 419.2 (M+H), found 419.0.

Example 25
4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(3,4,5, 6-tetrahydro-
2H-[1,2]bipyridinyl-4-yl)-phenyl]-amide trifluoroacetic acid salt
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NC\ NH N CF3CO2H OH The title conmpound was prepared
from 4-cyano- 1H i m dazol e- 2-carboxylic acid (2-

W@ @b olsess 1- enyl - 4- pi peri di n-4-yl - phenyl ) - am deCTE#2006/060028

salt (as prepared in Exanplsg WD 2007/ 048088

PCT/ US2006/ 060028 88 14, step (b)), and

hydr oxy- acet al dehyde according to the procedure in
Exanple 21. 'H NWR (400 MHz, CD3OD): 6 8.18 (d, 1H),
8.02 (s, 1H), 7.22 (dd., 1H, 7.14 (d., 2H), 5.82 (m
1H, 3.94 (m 2H), 3.74 (m 2H), 3.30 (m 2H), 3.18
(t, 2H, 2.92 (m 1H), 2.30 (m 4H), 2.20-1.98 (m
4H), 1.96-1.74 (m 4H). Mas$s spectrum (ESI, rn/z): 5
Cal cd. for C24H29 2, M found 420. 2.
Exanpl e 27 4-Cyan 5 \ l_(;Jao arboxylic acid
{4-[]-(2-cyano-ethyl) pi per dmy J-2

cycl ohex- 1-enyl phenyl}-ani'deArifl uoroacetic acid
salt ON rHNC NHNCF3¢®R2H 10 CN A flask was
charged with 4-cyano-| H i nmgazel e- 2- carboxylic acid
(2-cycl ohex-1- enyl - 4-pi perl{din-4-yl - phenyl)-anm d. e

TFA salt (77 ng, 0.16 mol )i(‘g1 preaosd. in Exanple

14, step (b)), NEt3 (24 L, mrol ), acrylonitrile
(12 L, 0.18 nmmol), 0.1 nL and 1.0 nL of
1, 2-di chl or oet hane and stlrr for 1 h at 80 C. The 15

A gagt was cNascCRRE antyaabads- ﬁﬁdai&l@-ztda%cﬁcyﬁ@ ABRUR Y ORhex-1-
purified by RP-HPLC (C18) eluting with 30-50 % CH3CN

ofl-B-PiPeR A hep e de ”ﬁ% £8 (g1 Ve 83> gnp9dasgroggred in
]@(aﬁﬁilé €4 Ss@é(ﬂ @))iﬁb% 4 Esh o%gﬁd%f’e 4. 11,0.30
anpl);gH)i 0. 331111331"(]\&{\/’ Quq)cth}gaw ide aqu-[;ﬁrr@i 128 8(h at ®9)°C. Thc

o i S B i o
HB1Q (CTR), elrting ovithCIBHR NGB CH2i9. 021 t/d\/lFFWHz‘Q)qmt Ndén @, give 50
A PPYS 08 white solid. 'HI-NMR (400 MHz, CD;OD): § 8.18 (d, 1), 8.06 (m,
1H), 8.02 (s, 1H), 7.94 (dd, 1E), 7.48 (d, 2H), 7.22 (dd, 1), 7.12 (d, 1E), 6.98 (t,
1H), 5.82 (m, 1H), 4.32 (m, 2H), 3.46 (m, 2E), 3.00 (m, 1E), 2.30 (m, 4H), 2.18 (m,
2H), 1.96-1.74 (m, 6H). Mass spectrum (ESI, m/z): Calcd. for Co7H2sNgO, 453.2
(M-+H), found 453.2.

Example 26
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-{1-(2-hydroxy-ethyl)-
piperidin-4-yl]-phenyl}-amide trifluoroacetic acid salt

P
ade

N CF3COgH

OH
The title compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid (2-

cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (as prepared in Example
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4- Cyano-1 Him dazol e- 2-carboxylic acid
[4- (1-carbarnoyl nethyl piperidin-4 yl)-2-
waeyoholsess 1- enyl phenyl)-am de trifl uoroaceti cPerU82006/060028
salt WD 2007/ 048088 PCT/ US3806/ 060028 89 O NC\ NH
NH N CF3CO2H YO NH2 A flask was charged with
4-cyano-| Hinii dazol e- 2-carboxylic acid (2-cycl ohex-I -
enyl - 4- pi peri di n-4-yl - phenyl )-am de TFA salt (50 ny,
0. 10 nmol) (as prepared in Exanple 14, step (b)),
NEt 3 (32 p.L, 0.23 mml), 2-bronpacetanide (16 ny,
0.12 5 mmol ), and 0.5 nL of DCM and stirred for 4 h at
lﬂsst@ (M enddisroronacetaldehydn eequrdiag dal tharmrotdvrd int E:amplc 21.

MBI d

"SNP DR D DS s RN, 1 ogv(ézﬁsigf){?hﬂ#@dng}lg

2k, §-88 (% IHD fb%\,ﬁmt éH) SoT4 @, 218, mm((mam)mﬂg (t 2H), 2.92 (m,
78 5

PAPa8% off: o035 B | B Pl utp vt mo

CAIR F15C,BHANs08, 430.2 @+ EDHound 4202(d, 1H), 10 5.76 (m

1H), 3.94 (s, 2H), 3.58 (m 2H), 3.12 (m 2H), 2.80

(m 1H), 2.20 (m 4H), 1.98 (m 4H), 1.80 (m 4H).
Mass spectrum(ESl m z) : EGahplb27f or C24H28N6C2, 433. 2

(ME?) %8’1%"”%%0 GFof%L @%nggg#ﬁc(za@;a&o ethyl)-piperidin-4-yl]-2-
{ 2- cycl ohessdonyl-edyil ekl pyikdl udrodcwidagiaal:

pi peridin-4ylJ phenyl}-amde trii |uoroacetic acid
salt 0 \ ~NH NC’?JNHCF H N\ ON

vl 0

N CF3CO.H

CN
A flask was charged with 4-cyano-1H-imidazolc-2-carboxylic acid (2-cyclohex-1-
enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (77 mg, 0.16 mmol) (as prepared in
Example 14, step (b)), NEt; (24 L, 0.16 mmol), acrylonitrile (12 pL, 0.18 mmol), 0.1
mL MeOH and 1.0 mL of 1,2-dichloroethane and stirred for 1 h at 80 °C. The
reaction was concentrated and the title compound was purified by RP-HPLC (C18),
eluting with 30-50 % CH3CN in 0.1 % TFA/H,0 over 12 min to give 83 mg (95 %) of
a white solid. 'H-NMR (400 MHz, CD;0D): 5 8.18 (d, 1H), 8.06 (m, 1H), 7.22 (dd,
1H), 7.12 (d, 1H), 5.82 (m, 1H), 3.76 (m, 2H), 3.60 (m, 2H), 3.28 (t, 2H), 3.12 (t, 2H),
2.92 (m, 1H), 2.30 (m, 4H), 2.18-1.98 (m, 4H), 1.92-1.74 (m, 4H). Mass spectrum
(ESI, m/z): Calcd. for Co5H,sN6O, 429.2 (M+H), found 429.2.

Example 28
4-Cyano-1H-imidazole-2-carboxylic acid [4-(1 -carbamoylmethyl-piperidin-4-yl)-2-
cyclohex-1-enyl-phenyl]-amide trifluoroacetic acid salt



A flask was charged with
4- cyano- | Hi m dazol e- 2- carboxylic acid (2-cycl ohex-1-
we@ny7/480g8 peri di n-4-yl - phenyl ) -am de TFA salt PCBURDN6/060028
0.05 nmol) (as prepared in820 Exanple 14, step (b)),
pyridin-2-yl-acetic acid hydrochloride (10 ng, 0.06
nmol ), WD 2007/ 048088 PCT/ US2006/ 060028 90 EDCT (12
ng, 0.06 nmol), HOBt (8.0 ng, 0.06 nmol), DTEA (36 L,
0.20 mol) and 0.2 nL DWF and stirred at 25 C for 10
h. The reaction was diluted with 2 nL of H2O and the
title conpound was purified by RP-HPLC (C18), eluting
with 30-50 % CH3CN in 0.1 % TFAJH20 over 9 min to
give22ng(70%o,f1 [ "H5 NVR (400 MHz,
CD3CD): 6 8.82 (d, 18) \.8/52 | 8.14 (d, 1H),
8.04 (s, 1H), 7.96 (m 3H) dd, 1H), 7.10 (d,
1H), 5.82 (m 1H), 4.68 (m &, 4.32 (m 2H), 4.18
(m 1H), 3.40 (m 1H), 2.88 (m 2H), 2.30 (m 4H),
2.06-1.60 (m 8H). Mass spgeCt um(ESI m z): Calcd.
for C29H30N602, 495.2.2 (Mt dcé% 2. 10 Exanpl e

30  4-Cyano-| Hinm dazol e-2-c boxyl f¢c acid
(2-cycl ohex-1-enyl-4-[1-(2 pyrgfn-3 yl- acetyl)

pi peridin-4 yiJ phenyl}-am de tfluoroacetic acid
salt ONH NC NH CF3CO2H N N fhe title conpound was
‘pilegawesiclargrd itk faryondHiH-midazdt-E-@rloarybioxyid - @claihex-l-

%LV%—IA %gqe%ﬂagr%g "h%% 2 hncf'e 'E?(R%r gﬁ(grng, Mllopheggﬂ)@s prepared in
Easmmpi(tjejl‘ng;tdplc(bo)ﬂ Y @ae,duma mnﬁlﬁamienﬁgcdﬂ&hf& (16 mg, o 12
in - a a
5 gl o] 3 Fpr SEBEM o g g g 454 Migieagiemoves 1
cbhcentrﬁteﬁ&n(i She htleb‘l):omﬁmixﬁi ‘\(Jﬁmpurﬂﬁ’é)d. by7Rp3{I(ICtD é@ 1) eluﬁng Qvith
3%%%((5#13 I}lbm %21 g]4T]%$,2I-1‘29_9ver 2}& ggn (c(mgwglﬁbZ mg (Z)é %), of ) wh1te
séml THEONMIR. (ﬁao Mmz aﬂwﬂsld) d%)Nﬁlsa 28 WC& ﬁm ¢ E@gs 129 50 (br s,
I cd. for_C29H30N60 5.2
st 65 31D, 8.00 (s 1H), %y 88 (. lH) 7.72°(s, lH) D98 (dd, 1H) 7.10 (d, 1H),
10 5.76 (m, 1H), 3.94 (s, 2H), 3.58 (m, 2H), 3.12 (m, 2H), 2.80 (m, 1H), 2.20 (m, 4H),
1.98 (m, 4H), 1.80 (m, 4H). Mass spectrum (ESI, m/z): Calcd. for C2sH23NsO5, 433.2
(M+H), found 433.2.

Example 29
15 4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-pyridin-2-yi-
acetyl)-piperidin-4-yl[-phenyl}-amide trifluoroacetic acid salt

NC~</\)/U\ ‘

O N
A flask was charged with 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-
enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (25 mg, 0.05 mmol) (as prepared in
20 Example 14, step (b)), pyridin-2-yl-acetic acid hydrochloride (10 mg, 0.06 mmol),
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4- Cyano- | Hi m dazol e- 2-car boxylic acid
{2-cycl ohex-1-enyl-4-[]-(2 pyridin-4 yl acetyl)

w@Renisssn- 4 yl J phenyl }-am de trifl uoroaceti cPeriU82006/060028

salt WD 2007/048088 PCT/ US2006/ 060028 91 O NH NC NJ

NH CF3CO2H N N The title conpound was prepared from

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

cycl ohex- I - enyl - 4- pi peri di n-4-yl - phenyl ) -am de TFA

salt (as prepared in Exanple 14, step (b)), according

to the procedure in Exanple 29 using

@ri di n-4-yl -acetic acid. 5 "H NWR (400 Mz, CD30OD): S
GB(1Zdme 496 ngnol), HOBL (8fymg, 8.00omme)), BIEA (3618., 0d@®, mmol)

%E?O'zzﬁbi?ﬁ%}? %nc%%_ﬁrreffﬁt’%g Eyr %(?n% - 6r:c6a 5% Zvla(lgbrﬁilud" 2v?‘ith 2 mL of

2,Qand the titld)contho00d wag ufified BHRP-HPEL ((1R), BHitingVRAR 30-50 %
(?E%%ﬁ%l Y p]ol u‘%gﬁwgﬁrézc}vi:b g%é%% Igfbv%rg?ggzng 'El%) %%%’a vél%?c szolid. 'H-

NMBy @00 MHzj GDo@DY 8.22 (BribDXY ISR ¢t, ati)i8.14 (d, 1H), 8.04 (s, 1H),

A -enyl-4-{] -] 2-(1- hyl -1H __irnidazol -
G Oy P 0 Rt ey P A s (2 1967852 G, 200,
4 NI:S\ ¢ﬂ%,humpa?4|®t(m 1a%)] 2188 @inf 28), 2D (En,gﬁ%l), mm?c.é@@%ﬁlb\l Mass

) oun s.prepared from 4-cyano-

SPETTHPLGh v8): ERFROl Gt (B 2 (D, ot 495 2.
cycl ohex- I - enyl - 4- pi peri di n-4-yl - phenyl ) -am de TFA
salt (as prepared in Exanple 14, step (b)), according
to the procedure in Exa le 30 ng
(A-CRASNY FE-dnk b 401818200 boxshii b id@QE e fp @1 oyl R A0 311
NklzC,BmCDsoo): S 8. 82 gsxﬂylH), g.gl_gk%q Jgk:f%i)”,yl g.[gd'c\@é’,'%gyl
1H), 7. 4%epd-pippyidind-yB-nhguylpayide rilb@rogcetiviarid S0
(m 1H), 4.66 (m 1H), 4.1@ (m 1H), 4.04 (m 2H),
3.92 (s, 3H), 3.28 (le\P/LLNZHSZ m 2H), 2.26 (m

4H), 2.00-1.70  NC—¢ ‘
NH l

CF3CO,H

2O
Ko e N

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

{

cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (as prepared in Example
14, step (b)), according to the procedure in Example 29 using pyridin-3-yl-acetic acid.
"H-NMR (400 MHz, CDs0D): 5 8.80 (m, 2H), 8.54 (d, 1H), 8.10 (d, 1H), 8.06 (t, 1H)
7.98 (s, 1H), 7.18 (dd, 1H), 7.08 (d, 1H), 5.78 (m, 1H), 4.68 (m, 1H), 4.20 (m, 1H),
4.18 (s, 2H), 3.36 (m, 1H), 2.84 (m, 2H), 2.28 (m, 4H), 2.06-1.70 (m, 7H), 1.62 (m,
1H). Mass spectrum (ESI, m/z): Calcd. for C20H30NsO2, 495.2 (M-+H), found 495.2.

2

Example 31
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-I1-enyl-4-[1-(2-pyridin-4-yl-
acetyl)-piperidin-4-yl[-phenyl}-amide trifluoroacetic acid salt
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15

WD 2007/ 048088 PCT/ US2006/ 060028 92 (m 7H), 1.64 (m

1H). Mass spectrum (ESI, mz): Calcd. for C28H31N7C2,
wd2@7a48088i-H) , found. 498.2. Exanple 33 5 PCT/US2006/060028

4- Cyano- | Hi nzi dazol e- 2- ca¥boxyl i ¢ aci d

{2-cycl ohex-1-enyl-4-[]-(2-1Hiinidazol -4- yl-acetyl)

pi peridin-4 ylJ phenyl}-amde trifluoroacetic acid

salt O NC\ rH JNHO®2 H NN\ NH The title

conmpound was prepared from

4-cyan-| H i m dazol e- 2-car boxyl ic acid (2-

cycl ohex-1-enyl - 4- pi peri di n-4-yl - phenyl ) - am de TFA

salt (as prepared in Exanpje 10 14, step (b)),

according to the Py, gce e 29 using
(1-methyl-1 H irni |- YL c acid. 'H NMWR
(400 MHz, CD30D): S 8.88 (9§, 3 12 (d, 1H), 8.02
(s, 1H), 7.44 (s, 1H), 7.2 d, | , 7.10 (d, 1H),

5,82 (m | H), 4.70 (m

4. 18 4.06 (m
oH), 3.36 (m 1H), 2.84 ( Cé@%m (
2.00-1.70 (m 7H), 1.64 (

, q H) Mass spectrum (ESI,
mz): Calcd. for C27H29N702,N48472 M5 (M+H), found
484. 2 Exanpl e 34 4- Q/anoofki\x@ol e- 2-car boxyl iC

2-cycl ohex-1 - eny] - 4- [] (2-morpholin-4 vy

T@{%m Ty OPEErRd s zpfiﬂaaiﬂn%w TCYERP - ledﬁF(PlﬁJr?u@ﬂ’fb‘a’@élcla@ld (2-
cf€lbHesalchyl- @fm*iﬁ-a }}'[Lphenﬂ) Bmide THA N (g\bre}?&e&)}n Example

14, step (b)), according to the procedure in Example 29 using pyridin-4-yl-acetic acid.
"H-NMR (400 MHz, CDs0D): 8 8.78 (d, 2H), 8.12 (d, 1H), 8.00 (m, 3H), 7.18 (dd,
1H), 7.08 (d, 1H), 5.80 (m, 1H), 4.66 (m, 1H), 4.22 (s, 2H), 4.18 (m, 1H), 3.34 (m,
1H), 2.84 (m, 2H), 2.24 (m, 4H), 2.00-1.70 (m, 7H), 1.64 (m, 1H). Mass spectrum
(ESI, m/z): Caled. for C2oH30N6O2, 495.2 (M+H), found 495.2.

Example 32
4-Cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-{1-2-(1-methyl-1H-
imidazol-4-yl)-acetyl] —pz’peridz'n—4—yl}-phenyl)—amz‘de trifluoroacetic acid salt

Ncij)kNH ‘
®

CF3CO.H

N N=\

- 5 )\/(\/N\
The title compound was prepared from 4-cyano-1H-imidazole-2-carboxylic acid (2-
cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (as prepared in Example
14, step (b)), according to the procedure in Example 29 using (1-methyl-1H-imidazol-
4-yl)-acetic acid. "H-NMR (400 MHz, CD;OD): 5 8.82 (s, 1H), 8.10 (d, 1H), 8.00 (s,
1H), 7.42 (s, 1H), 7.16 (dd, 1H), 7.06 (d, 1H), 5.80 (m, 1H), 4.66 (m, 1H), 4.12 (m,
1H), 4.04 (m, 2H), 3.92 (s, 3H), 3.28 (m, 1H), 2.82 (m, 2H), 2.26 (m, 4H), 2.00-1.70
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WD 2007/ 048088 PCT/ US2006/ 060028 93 a)
4- Cyano-| -(2-triinethvlsilanzyl-ethoxynethvl)-I1Himda

wa eloensosar bo)ylic acid {2- PCT/US2006/060028

cycl ohex-I-enyl -4-[]-(2-nzd% pholin-4yl-ethyl)

pi peridin-4 ylJphenyl}-amde Hif SI N ONN NNC
0'-'"J Aflask was charged with

4-cyano-| -(2-trimethyl silanyl -ethoxynethyl)-1H 5

i m dazol c-2-carboxylic acid

(2-cycl ohcx- 1-cnyl - 4- pi peri di n-4-yl - phenyl ) - am de TFA
salt (830 ng, 1.34 (as prepared in Exanple 39,

@ AP b5 (b MpeDmenunAFSh midholsd. dott b 698 2
3 Bound- 408 Jmol ), 4- (2- chloro et hyl ) - nor phol i ne
hydrochl oride (260 ng, 1.40 mmol), and 5.0 nL of

N, N- di net hyl acetam de and stirred for 8 h at 80 T.

The reaction was diluted i h ft{@Ac (50 nL) and washed
10 with NaHCO3 (2 x 50 ni (50 nL) and

téwerent! Hafredazolérd-aarboxylic Gnqa’d lZFrd/CMGX-I pamyl-#t (@Y 2bAH-imidazol-4-

fl ash ive
650 g (L TCoy PBp in et NS e el
mz): Calcd. for C34H50N60OFSi, 619.4 (MrH), found
619. 3. 15 b) 4- Cyano I <carboxylic acid
{2-cycl ohex- I-enyl -rphﬂliﬂ 4- vyl -ethyl)
piperidin-4 ylJ phenyl} an1n ol oroacetic acid
salt To a solution of

4-cyan-1-(2- trlnethyIS|IanyI et hoxynet hyl ) - 1H- i m dazo
e-2- carboxylic acid {2-cyc o‘rx-@Fﬁ%hyl-4-[
1-(2-nDrphoIin-4-y|-ethy|)-o|prr|d|n -yl]- 20
phenyl } - ani de (650 ng, Z;2§£M£;§§§ prepared in the
previous step) in 10 nL of ded 0.3 nL of
EtOH and 3.0 nL of TFA, and the reaction was all owed
The tige sewpaundwag preparedfeonc4- C'Vh&OﬂHaUmd@mlvv@scadbdxyﬂle deid (2-

chBﬁbéc&g H}'l @fp 6};\: - -Sﬁj—tg)h&%af Eﬁiﬁ%ﬁ%gﬁﬁ? lprﬁ)aﬁ%d i ]{Z)hample
1 wtels@)));/@@qsdzmgm ﬂ&: mo%dﬁFww%nqne 29 @usimign( t-metjiyi-a 7600

0 i :
g G el e G Rt ey 12
1H),140% 6, 1X1),H9.44 &, SE),(T20 (dd) ,1H3 BHO (dn1EBH .82 3m/ 6H),M.70 (m,
1850418 @R A, 08 s, 2203938 0 18] 2. 84 b, 2072 30 (em, 41), 2.00-1.70
(m, 7H), 1.64 (m, 1H). Mass spectrum (ESI, m/z): Calcd. for Co7HzoN7O5, 484 2
(M+H), found 484.2.

Example 34
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[I-(2-morpholin-4-yi-
ethyl)-piperidin-4-yl]-phenyl}-amide di-trifluoroacetic acid salt

(CF3COpH), N o
O HN f\N
[ _
o e
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WD 2007/ 048088 PCT/ US2006/ 060028 94 (m 5H), 2.30 (m
4H), 2.20-2.00 (m 4H), 1.90-1.74 (m 4H). Mass

wap@aiusess (ESI, nfz): Calcd.. for C28H36N602, PABOSRN6/060028

found. 489.2. Exanple 35 593-Cyano-1

H i rni dazol e- 2-carboxylic acid [2-(1, 1-di oxo-/, 2, 3,
6-tetrahydro-1 26- thiopyran-4 yl)-4 piperidin-4 yl
phenyl)-anmide HHN NY)\ CN OO,S O a) Tr

fl uor onet hanesu Tonic acid 3, 6-di hydro-2Hthiopyran-4

yl ester F \ O-gOF 10 S OAsoI ution of

t etrahydro-thi opyran-4-one (1.00 g, 8.61 mmol) in 10

atl 4-Stvame - Waﬂglm@/d\dezdzwbedzosm@fwlﬁrdfbﬁmdmlf( -2-aarbbxylic Bgid {2-

S ) S R el By S

then cooled to C again. A solution of
N-phenyltriflu t hanesul fonjm de (3.42 g, 9.47
mmol ) in 10 15 ofH THE vva ed. The resulting

m xture was warAeg stirred for 0.5 h wunder
Ar. Treated w { pEtOAc the m xture was
washed wi ] bri ne (50 nmL) and dried
NReroval e solvent under reduced
ressure foll owed Ngz flash chromat ography of the
due on silica gel (hexane-3 % Et OAc/ hexane) gave
g the bt e 3 S S
ANt S S b0 RERAA NS s ROR QL B 7
ifmglazok)-2-carb®aylicakid (Z-Ielycldhcx-S—cﬂyl &-pipcridin)-4-32-ph8ad)-6thidc TFA
{

%E‘@%%ﬁsi’%ﬁ 338G L Ry S T Bl T3S ER) Ka (cpg e 434

tDch)dn’ﬁn i6dide bgwmg, Qe ttitmolp,y4—62}cm¢l@m?ﬂ)%8ﬁ)&8hne

c lsozrgcp (288 (r)xgg% 40 mmol) and 5.0 mL of N, N-dimethylacetamide and
stirred for 8 h at 80 °C. The reaction was diluted with EtOAc (50 mL) and washed
with NaHCO; (2 x 50 mL), brine (50 mL) and concentrated. The title compound was
purified by flash chomatography (silica gel, 5 % MeOH/DCM) to give 650 mg (78 %)
of a white solid. Mass spectrum (ESI, m/z): Calcd. for C34HseNgOs Si, 619.4 (M+H),
found 619.3.

b) 4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-morpholin-4-
vi-ethyl)-piperidin-4-yl]-phenyl}-amide trifluoroacetic acid salt

To a solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-morpholin-4-yl-ethyl)-piperidin-4-yl]-
phenyl}-amide (650 mg, 1.05 mmol) (as prepared in the previous step) in 10 mL of
DCM was added 0.3 mL of EtOH and 3.0 mL of TFA, and the reaction was allowed
to procced for 2 h at 25 °C. The reaction was dilutcd with 10 mL of EtOH and
concentrated. The title compound was purified by RP-HPLC (C18), eluting with 30-
50 % CH3CN in 0.1 % TFA/H,O over 9 min to give 600 mg (80 %) of a white solid.
"H-NMR (400 MHz, CD;0D): 5 8.18 (d, 1H), 8.04 (s, 1H), 7.24 (dd, 1H), 7.14 (4,
1H), 5.84 (m, 1H), 3.84 (m, 4H), 3.76 (m, 2H), 3.50 (m, 2H), 3.30-3.10 (m, 4H), 2.92



NO2 S To a m xture of 4-nitrophenyl boronic acid (418
nmg, 2.50 mmol), trifluoro- niethanesul fonic acid
W@ 2@ didoggir o- 2H-t hi opyran-4-yl ester (as prepaP€musI006/060028
the previous step, 931 ng943.75 mmol), Pd(PPh3)4 (433
ng, 0.375 mmol) and lithium5 chloride (LiCl) (212 ny,
5.0 mol) in 20 nL of 1, 4-di oxane was added 2.0 M aq
Na2CO3 solution (3.13 nL, 6.25 mml). The resulting
m xture was stirred at 80°'C for 2 h and then cool ed
to RT. Treated with 200 nL of EtQAc, the m xture was
d wth HQO 2 x 30 nL brine (30 nL) and dried
%ﬁ%@c&éo (e By 2 %%1 09 e, 4B\~ 1. Trlete #EDe d déasd spectrum (ESI,
R CHIEE f6:0C] PMBd Y4 tography of the
regldue on s# |cacgg Efsj%’Sf?lfmgﬁ85'3%]!!;C)Ou:/hexane) gave 470
nmg (85 % of the title conpound as a |ight brown oi
1H-NI\/R(CDC13; 400 MHz): By , 2H, J = 9.1 Hz),
7.48 (d, 2H, J = 9.1 Hz), : 1H), 3.39 (m 2H)
2. BCyeng-1PHmidazoléss 2 Fattopyli? adid (O, 128pxo NS5 6 S eeahdddn] 1°-

(ESI, mz): L Cginm-?lrygc ljizlE';]é}ng ?yl /%eny}] zc}_el) found

222.3. 15 c¢)
phenyl)-3,6-d|hydro 2Ht hi ran 1, 1-di oxi de NO2 ~
mperoxybenzoic acid. (1.04

O=S O A solution of 3-ch

g, 4.62 mol, 77 %9 in 15 T%Lgronethane (DCM
f A

dr o- Phlopyran (as

was added slowy to a so
5 ng, 2.10 mmol) in

4- (4-nitro-phenyl)-3, 6-
prepared in the pre '
15 20 nL of DCM ab=s5. 78 C under Ar. The m xture was
stirred at- 78 Cfor 0.5 h, and then warned to RT.
Treated with 100 nL of EtOAc, the mi xture was washed
with 10 % Na2SAB (2 x 15 nlL), satd aqg NaHCO3 sol ution
al Avifhcy oméRends2Fomit: icidR, 610 (28 2 Eiihy o anghn-dryil St er
(thSCﬂ) Renoval of the solvent under reduced
pres Bl l onwed by flash chronmatography of the
rés g&o Fsilica gel (2-5 % Et OAc/ DCM gave 518 ng 25
9P df the title conpound as a white solid. 'H NWR
(CIKHS 400 MHz): S$8.23 (d, 2H, J = 9.0 Hz), 7.52
A(sglutpp ofjewmdm-mqpyrm 84ner(].00t) 8.63.1BGoDNn 1Dkl of THF was

adtied %o 3- “Pé%&?g& . §l\/}84' §2 %1% 481 mml_!.))l) 1n% 29()?[19&838878 C

PCT/ USZOO
under Ar. The mixture was warmed to RT and stirred for 0.5 h, then cooled to — 78 °C

again. A solution of N-phenyltrifluoromethanesulfonimide (3.42 g, 9.47 mmol) in 10
ml of THF was added. The resulting mixture was warmed to RT and stirred for 0.5 h
under Ar. Trcated with 200 ml of EtOAc, the mixturc was washcd with H,O B3x50
mlL), brine (50 mL) and dried (Na;SO4). Removal of the solvent under reduced
pressure followed by flash chromatography of the residue on silica gel (hexane-3 %
EtOAc/hexane) gave 810 mg (38 %) of the title compound as a colorless oil. ‘H-
NMR (CDCls; 400 MHz): § 6.01 (m, 1H), 3.30 (m, 2H), 2.86 (dd, 2H, J=5.7, 5.7
Hz), 2.58-2.64 (m, 2H). Mass spectrum (ESI, m/z): Caled. for C¢H,F3058,, 249.0
(M+H), found 249.3.

b) 4-(4-Nitro-phenyl)-3,6-dihydro-2H-thiopyran
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96 d) 4-(1, 1- D oxo-hexahydro-1A6-thi opyran-4 yl)
phenylarrzin.e NH2 O=S A m xture

w@bet7 048088 t r 0- phenyl ) - 3, 6- di hydr o- 2H-t hi opyr anPCT/US2006/060028

1,1-dioxide (as prepared i®5 the previous step, 502
ng, 1.98 mmol) and 10 % Pd/C (250 rng, 50 wt % in 15
mL of 5 MeOH was stirred at RT under H2 (ball oon
pressure) for 2 h. The Pd catal yst was renoved by
filtration on Celite, and the filtrate was
concentrated to give 314 ng (70 9% of the title
conpound as a slightly yellow solid. 'H NVR (CDC13;
400 C2. 03 (d, 2H, J = 8.3 Hz), 6.67 (d, 2H, J =
3.51-3.79 (br s, 2H), 3.11-3.17 (m 4H),
(dddd, 1H, J = 12.3, 12.3, 2.9, 2.9 Hz),
-243(m 2I—|) 2.15-2.23 (m 10 2H). e)
@Br Q7no- 4 i 0X0- hexahydro 126-t hi opyr an-

'H’éfop Fosfpgronig acy (18 1. 2. isials TléﬂquP-

ActhdnedaBb8Y @cﬂa@(@hﬂgﬂa‘fb 3 X6hiopyran-4-yl ester (as preparedl the
-t hi opyran- 13725% Iamne as 1£¥ pr epar ed |nt1f11

Pﬁ?‘é@iﬁoﬁ@v §t3é phe. P ol PRk | (133 mgz@ 3ﬁ§ rgfnold-and lithium
137@@@{@18 2@ mg’, ﬂ\@%ﬁgg‘%ﬁzb\%ﬁf QFPQLH{&JB@:'U«%%Q%@@O M aq

77 "MmD
H2%Pa Egluma% (é? mdd 6t2§ Rmodh dhstriesylEng froxtute Wasistireed 280 °C for

2TH &ﬁf @dn W%&l'%d t&g r’%ree?c% 1 w1 gﬁ?g dﬁjg/L%)t' %&r %ﬁ%%m‘?@%? washed

Wlmm x JRenby dirinef(3@ hd )0 dand (Nmﬁ&;).r Rdinoesl of the solvent
LGSR LM b2 RIEAY SR Skl s o
(188% Pﬂﬁhdxhﬁe)tgakfb @70 eapp@yand) %S_’Icha jfﬂfglcbmpaahd s a hghﬂ‘ﬂ%%nn
EI%MR Q(QDM;Z 00 %ﬂ% )_S)S(19’6(d7§H( §= 9 4Hiz), 7_4%@ 2]42)1 =9.1 Hz),
64363(?11 (I*H), 339 (ﬁi")ZH):’Q QP(tEI%IJIAd £m7 FIE') 2.7 éﬁ iﬁ}fj q‘@[ass]sgectﬂun
BSh V3t Al om0 o et tonnd B3 Bl ca.

for Cl1H14Br NO2S, 304.0 25 (M+H), found 304.1. WO

2007/ 048088 PCT/ US2006/ 060028 97
c) 4-(4-Nitro-phenyl)-3,6-dihydro-2H-thiopyran 1,1-dioxide

NO,

0=5
/
(0]

A solution of 3-chloroperoxybenzoic acid (1.04 g, 4.62 mmol, 77 %) in 15 mL of
dichloromethane (DCM) was added slowly to a solution of 4-(4-nitro-phenyl)-3,6-
dihydro-2 H-thiopyran (as prepared in the previous step, 465 mg, 2.10 mmol) in 15
mL of DCM at — 78 "C under Ar. The mixture was stirred at — 78 "C for 0.5 h, and
then warmed to RT. Treated with 100 mL of EtOAc, the mixture was washed with 10
% Na;S0s (2 x 15 mL), satd aq NaHCO;3 solution (20 mL), H>O (20 mL), brine (20
mL) and dried (Na;SO4). Removal of the solvent under reduced pressure followed by
flash chromatography of the residue on silica gel (2-5 % EtOAc/DCM) gave 518 mg
(97 %) of the title compound as a white solid. "H-NMR (CDCls; 400 MHz): 6 8.23
(d, 2H, J= 9.0 Hz), 7.52 (d, 2H, J = 9.0 Hz), 6.04 (m, 1H), 3.86 (m, 2H), 3.26-3.31
(m, 2H), 3.18-3.23 (m, 2H).
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f) 2-Cyciohex-1-enyl-4-(1, 1-di oxo- hexahydro-12. 6
thiopyran.-4 yl.) phenylarnine NH2 OS3 To a m xture

W@1007/048088 PCT/US2006/060028

2- brono- 4- (1, 1- di oxo- hexahyéro-12., 6-t hi opyran-4-yl)-p
henyl am ne (as prepared in the previous step, 150 ng,
0.493 mmol ), cycl ohexen-1-yl boronic acid 5 (70 ng,
0.542 mmol) and Pd(PPh3)4 (57 ng, 0.0493 mmol) in 5 nL
of 1,4-dioxane was added 2.0 M ag Na2CO3 sol ution
(2.0 m,, 4.0 nnDI) The resulting m xture was stirred
at 80 C for h under_ Ar, and then cooled to RT.

atr &4t édD’WQ%aWJ’d@ S -thearorer-4otephdnkiamiee was washed.
with H20 (3 w5 n), brine (20 nL) and dried.

(Na2S™4 noval of the sol vent under reduced

| owed by flash 10 chromat ography of the
d£sidde on silica gel (2-5 % EtOAc/DCM gave 130 nyg

% of the title conmpound as a bromn solid. "H NWR
CDC13; 400 MHz): 5 6.89 (dd, 1H, J 8.4, 2.3 Hz),
AS"B@”{Q:PF‘&@‘“W@}EWDHM’ dﬂﬁ’d%Z(‘ﬁthldpyh‘hﬂ 1],] ;d18x1de K®)prepared in

V) m 3
3 Igé {(0(% s gp'_%_()l?' 571 15¢ 5&1?61) B ib'))/ﬁpé/coésé 5(({‘\1? FEha 15 mL of
l\ﬁeQIzi W4 stlznq)i at RT1@wi2r Bl5 (t(anooﬁ HygssireY Bor D 18 1T(1m>d Zki)llyst was

rf o?&eéié:_b?? é%&%ﬁ%&%%@%ﬁ%ﬁ}% f% oeL :] e EeS Ittatg% tz() glvgg E mg (70
d)-adythebtle copowid avet $ightly lyaliyw-setifho }qymmmwocﬂ,rhoomlﬁ)

b
ST kel 1oy 5. €8 B 4P s 3 Fipby o 53 7860 i BBy P17
(yl 4It—1}nmem/$dddamfej,e1 +$2.37183, NoN>.9#17) N3 1.8 480, 319, 39 52 23 (m,
xture o
2 cycl ohex- 1-enyl - 4- (1, 1- di oxo- hexahydr o- 1X6-t hi opyr an
-4 yl)- phenylam ne (as prepared in the previous step,
22 ngy, 0.50 mmol pot assi um 4 WO 2007/ 048088
e/béji?i[gg%@{/ detioeshexggydro-12°-thiopyran-4-yl) -phenylamine
cyan-1-(Ztrincthyl silanyl -cthoxymet hyl)-1Hi m dazol c-
2- car box tHgas prepared in Exanple 3, step (d),
134 ny, 4 mml ) and
‘ 7yrrolidi no) phosphoni um

To a suspension of 4—(1,1—dioxo-hexahydro-17»6-thiopyran—4-y1)—phenylamine (as
prepared in the previous step, 174 mg, 0.77 mmol) in 20 mL of 3:1 DCM/MeOH at 0
"C was added N-bromosuccinimide (NBS) (137 mg, 0.77 mmol) in 5 mL of DCM
under Ar. The mixture was warmed to RT and stirred for 1 h under Ar. Treated with
100 mL of EtOAc, the mixture was washed with H,O (2 x 20 mL), brine (20 mL) and
dried (N2,SO4). Removal of the solvent under reduced pressure followed by flash
chromatography of the residue on silica gel (2-3 % EtOAc/DCM) gave 155 mg (66
%) of the title compound as a white solid. '"H-NMR (CDCls; 400 MHz): 5 7.28 (d,
1H, J=2.0 Hz), 6.97 (dd, 1H, J=8.3,2.0 Hz), 6.73 (d, 1H, J = 8.3 Hz), 4.07 (brs,
2H), 3.09-3.14 (m, 4H), 2.66 (dddd, 1H, J = 12.1, 12.1, 3.3, 3.3 Hz), 2.26-2.39 (m,
2H), 2.12-2.21 (m, 2H). Mass spectrum (ESI, n/z): Calcd. for CiH;4BrNO,S, 304.0
(M+H), found 304.1.
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20

hexaf | uor ophosphate (PyBroP) (205 ng, 0.44 mmol) in 5
nmL of DMF was added DIEA (209 L, 1.20 mmol). The

WO e®alossosgy nmi xture was stirred at RT for 18 h pem®es2086/060028

Ar, cooled to RT. Treated. %% th 50 nL of EtOAc, the
m xture was washed. with H2O (3 x 10 nlL), brine (10
m.) and dried (Na2SO4). Renoval of the sol vent under
reduced pressure followed by flash chromat ography of
the residue on silica gel (1-3 % EtOAc/DCM gave 161
ng (73 %9 of the title conpound as a colorless oil
H-NNR (CDC13; 400 MHz): 6 9.69 (s, 1H), 8.29 (d, 1H
1 2=Celaheng}-enil- 4281, { SljoxpHexaridid- 108dhiopfrat-4yl)bhemBamine
2.2 Hz), 04 (d, 1 H J =22 Hz), 595 (s, 2H), 5.83
(m 1 66 (t, 2H, J = 8.2 Hz), 3.11-3.20 (m
4H), 2. 7% dddd 1H, J =12.1, 12.1, 3.2, 3.2 Hz),
17-2.33 (m 6H), 1.74-1.89 (m
. | 8.2 Hz), 0.00 (s, 9H). Mass
Speety un /?Sl, niz) Cal cd. for C2sH3ANAOASSi, 555.2
nd 555.3. 15 h)
1o0ydno- | H- i mi dazol e- 2- carboxylic acid
[2-cycl ohex-I-enyl -4-(1, 1-di oxo-
mhgtdnemfﬂzﬁro:nm &4y ahexb hiéahptenyLFthiopyea -y NnGNmine
solutio
. %fe%aTSJ ?’fﬂf?\“%% 1%1? PP 2 0B HBRP e PHSIP e bipagrjc acid

(70:1-11% 0542 boxyl)iaad M(M’hgﬁ (57 mg, 0.0493 mmol) in 5 mL of 1,4-dioxane

hexahydr o- 1X6- t hi
R8N 2Sthae s et b e heats e ot
sttrepat S0 fo S Humfet Ammid)themc&)wa,mﬁr DMt ¥ R tAGAeRl, of

0.20 nL of EtOH fol] owed b mL of TFA. The resulting
EXAG: b e v skl it BRROr @ B L) s /dD 108) icicd

(NﬁJSG%@t RHﬁh@%l Jf%!él Q&Oelﬁ WeagUE &ucfeg, 5&%@&% ésﬁ?w%g i glgsla e

r onat ogr ap he reS| I ca ge
@%f{&é r@:@dwg)n sl %1 (2)15 % HgOic{IDEM) o o U Bl nass(86

/? W%ﬁ%ﬁgéﬁgmf%ﬂ“@ %@C[S){giég lﬁw@lgcg %_@ &@%%%%9 (dd,

1Hs ) =184}, 2.7 13D, q 8k (d, I1EET =2.3 F) 46.62 (B, 1EHZ)= 8.4.H08, £.04 (d, 1H),

ST P T Bt D i

2(4@](n2|2|H) 213-0-25 @b, 4rm, 168018 L2, Q165 173 44, 2H) Mikss

Q%Fera r&géu‘ﬁésazl)z&gﬁ%? v 2‘%@%%86‘%% %sgmé/@édozs

99 Exanple 36
g) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid [2-

||[\J

cyclohex-1-enyl-4-(1, 1-dioxo-hexahydro-1 16—thiopyran~4—yl)-phenyl] -amide
N/

_5i
1
2
ﬂ'ii Higji;>*-CN

Oc=§’S ‘

To a mixture of 2-cyclohex-1-enyl-4-(1, 1—dioxo—hexahydro-lkﬁ-thiopyran-4-y1)-

phenylaming (as prepared in the previous step, 122 mg, 0.50 mmol), potassium 4-
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4- Cyano- JH i mi dazol e- 2-car boxylic acid
[2-(1, 1-di oxo-1, 2, 3, 6-tetrahydro-| 26- .
WO boogoysoss- 4-y1) -4 pi peridin-4 yl phenyl J- am dBCT/US2006/060028
trifluoroacetic acid salt @S0\ H~ H\ NNCN / O
5 TFA HN a) 2-(_3, 6-Di hydro-2H-t hi opyran-4 .
yl)-5,5-dinmethyl-[J,3,2Jdi oxaborinane O~ B0 S A
m xture of trifluoronethanesul fonic acid
3, 6-di hydro-2Hthi opyran-4-yl ester 10 (as prepared
in Exanple 35, step (a), 500 ng, 2.01 nmol),

bls(neopent¥ | ycol at o) di boron (478 ngy, 2.11 mol),
ERRQUD }(Yist’flg?‘nbfbc’ﬂhexmcthﬂﬁ’r DH-gniglareine- C@(rb@gflaﬁg (as preparcd
i EngﬂIE@ )stépr(d? 1%y n‘i’é 0144111151150 rﬂ@ﬁ)ﬁiﬁ) r fdi n%gph%%elhomum

for t hen coo
hs&safﬂahwr@ﬂhoap@;@ (PxBr@PMMSum@ %@nmh aus wilt bof DNHDN@Q added

Na2SO4

R Aao 18 ) e G e b RO R o R By B h wncer
A1 exflecttor l&'ﬁaﬂo@ztapmfch @0 mhef Ee@Ael,fuae ﬁmxﬁmé r@a v@@ﬂled(@at@ H,0

% 2 of the tit]le conpoun

T REL Stk O 308 RN E s B e s solge pger
réd’ace& bl)essﬁre Bl dveed Maslfcl@émét@gra% of thef@sitthe o "khczl gel (1-3 %

. Mass spectrum

E?%%F/ﬂa@ Lpve é@f B (7%* 0 fob?—rﬁléeagnpom@asp ¢olptlpss oilo URENMR

o, S 1, DA S

er8-43-2 blx)) VA8 084 HRET mmo,es 2% (:0281), 1.88 (m81Nb;l23 66 (t, 2H, J
=BOS 1), 3.11-3.20 (m, 4H), 2.77 (dddd, 1H, T = 12.1,12.1, 3.2, 3.2 Hz), 2.35-2.47

(m, 2H), 2.17-2.33 (m, 6H), 1.74-1.89 (m, 4H), 0.97 (t, 2H, ] = 8.2 Hz), 0.00 (s, 9H).
Mass spectrum (ESI, m/z): Caled. for CosHasN404SSi, 555.2 (M+H), found 555.3.

h) 4-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1 -enyl-4-(1,1-dioxo-
hexahydro-1 /’Lﬁ-thiopyran-4—yl)—phenyl] -amide

H HN N\
N\H/IQN
(0]
O'—j/S
O

To a solution of 4—cyan6—l-(2—trimcthylsilanyl-cthoxymcthyl)-1H—imidazolc-2-
carboxylic acid [2-cyclohex-1-enyl-4-(1 ,l-dioxo-hexahydro—lkﬁ—thiopyran-4-yl)-
phenyl]-amide (as prepared in the previous step, 145 mg, 0.261 mmol) in 6 mL of
DCM was added 0.20 mL of EtOH followed by 2 mL of TFA. The resulting solution
was stirred at RT for 3 h. Removal of the solvent under reduced pressure followed by
flash chromatography of the residue on silica gel (20-25 % EtOAc/DCM) gave 83 mg
(90 %) of the title compound as a whitc solid. 'H-NMR. (CDCls; 400 MHz): 6 12.34
(s, 1H), 9.60 (s, 1H), 8.35 (d, 1H, J = 8.4 Hz), 7.75 (s, 1H), 7.30 (dd, 1H, J= 84,22
Hz), 7.08 (d, 1H, J=2.2 Hz), 5.86 (m, 1H), 3.11-3.23 (m, 4H), 2.80 (dddd, 1H, J =
12.2,12.2,2.8, 2.8 Hz), 2.40-2.57 (m, 2H), 2.17-2.35 (m, 6H), 1.74-1.91 (m, 4H).
Mass spectrum (ESI, m/z): Calcd. for C2H24N4038S, 425.2 (M-+H), found 425.6.
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To a m xture of

4- (4- am no- 3- br ono- phenyl ) - pi peri di ne-1 - carboxylic
wa@eood/ossess - butyl ester (as prepared in Exanpl BC/BS2006/060028

step (c), 200 ng, 0.563 rn®vl), 2-(3,6-dihydro-2H

t hi opyran-4-yl)-5,5-dinethyl-[ 1,3, 2] di oxabori nane (as

prepared in the previous step, 5 131 ny, 0.619 mol)

and Pd(PPh3)4 (65 ng, 0.056 mmol) in 5 nmL of

1, 4-di oxane was added 2.0 M ag Na2CO3 sol ution (2.25

m., 4.5 mol). The resulting mxture was stirred at

80 Cfor 7 h under Ar, and then cooled to RT. Treated

with 50 nL of EtOAc, the m xture was washed with H20

(3 x 15 nL), brine (20 nL ed (Na2SO4).

Renoval of the sol vent uﬁ§§%5ﬂgg%%ed pressure

f O¥4Cbmd—1|61§+zrﬁz]daaﬂe—ﬁesawh@:owatzoglr[ap(hy] dfoxb e, Bﬁsmdu@dw 12°-

of BTt YU AaBi I aG a0 Sy BT g i orgh o s

(CDC13; 400 Miz): S 6.91 (aldp 1H, J 8.2, 2.2 Hz),
6.81 (d, 1H, J = 2.2 Hz), 6-65 (d, 1H J = 82 Hz),

5,92 (m 1H), 4.22 (br s, 3.66 (br s, 2H)
3.29-3.31 (m 2H), 2.87 (dd,YZHJHR-57, 5.7 Hz),

2.77 (m 2H), 2.47-2.56 (m Nl CWQH J =12.6
Hz), 1.50-1.63 (m 2H), Qﬁ) Mass spectrum
(ESI, mz): Calcd. for oz@ 375.2 (MrH), found
375. 2 C) HN
4-[4-{[ 4- Cyano- I-(2 triTnet hyl silanyl -et hoxynethyl)-]H
-i m dazol e- 2- car bonyl J- am noJ- 3- (3

s R T e R B SR e A N
~-CN O Boc N WO 2007/ 048088 F’CT/ US2006/ 060028
101 T9 amxture of

ﬁ:fj/%ﬂg 0- 3- (3, 6-di hydro- 2H-t hi opyran-4-yl)-phenyl]-p
p

CD

cnidinc-1- carboxylic acid tert-butyl ester (as
prépared, in the previous step, 45 ng, 0.12 nmol),

ADPHASR éﬁﬁiﬂuoromcthancsulfomc acid 3,6-dihydr 2H t -4-y1 cst
4-cyan-|-(2-trinethylsilanyl -et ox;s/, 1 10ﬂz|{an4§cscfr

(s repupd sk ramele 30asepfap (b@lga %Omnpl),énsctlegp@ml( d),
g%ﬁ:of@o)dﬁ)o}éiﬂ\(/gg‘}g dz:gﬁ R &5 ?@&4&1}%{994@ nﬂg{‘g 50 gf}}i?&l} ahd'KOAc
(Y¥smet §-A3 gl in 8 mL of 1,4-dioxane was stirred at 80 °C for 8 h under Ar,

and then cooled to RT. Treated with 50 mL of EtOAc, the mixture was washed with
Hz0 (2 x 10 mL), brine (10 mL) and dried (Na;SO4). Removal of the solvent under
reduced pressure followed by flash chromatography of the residue on silica gel (0-5 %
EtOAc/DCM) gave 351 mg (82 %) of the titlc compound as a colorless oil. 'H-NMR
(CDCl3; 400 MHz): § 6.62 (m, 1H), 3.63 (s, 4H), 3.21 (m, 2H), 2.68 (t,2H, J= 5.8
Hz), 2.37 (m, 2H), 0.96 (s, 6H). Mass spectrum (ESI, m/z): Calcd. for CioH;7BO,S,
213.1 (M+H), found 213.1.

b) 4-[4-Amino-3-(3,6-dihydro-2H-thiopyran-4-yl)-phenyl]-piperidine-1-carboxylic
acid tert-butyl ester
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was stirred at RT for 4 h under Ar. Treated with 30 nL
of EtOAc, the m xture was washed with H20 (3 x 10

workgo7/olsosse (10 nmL) and dried (Na2SO4). RenovaPCDiUS100€060028

sol vent under reduced pressire followed by flash
chromat ography of the residue on silica gel (1-2 %

Et OAc/ DCM) gave 64 ng (85 % of the title conmpound as
alight 10 yellow oil. iH NWR (CDO 3; 400 MHz): 8 9.51
(s, 1H, 8.21 (d, 1H, J = 8.5 Hz), 7.78 (s, 1H), 7.16
(dd, 1H, J =8.5, 2.1 Hz), 7.02 (d, 1H J = 2.1 Hz),
6.00 (m 1H), 5.92 (s, 2H), 4.25 (br s, 2H), 3.66 (t,

2H, J = 3.42 (m 2H), 2.93 (dd, 2H, J = 5.7,
5.7 Hz), g (m 2H), 2.63 (dddd, 1H, J = 12.3, 12.3,
3.3, 3.3 2.49-2.56 (m 2H), 1.82(d, 2H, J = 12.8
Hz), 1.56-466Nfm 2H), 1.49 (s, 9H), 0.97 (t, 2H, J =
8.2 Hz), |15 0.00 (s, 9H). d)

A- Cyano-] - (2-trinmethyl silanyl - et hoxynet hyl ) - 1H
%)m', zol e-2-carbonyl ] - ainino}-3-(1,1-dioxo-1, 2, 3,
t et r ahydr o- 126-t hi opyran-4 yl.) phenyl)
Wé@ﬁxgdgdtgl&(4-216:|{‘rb393(-}51-drﬁ(|)\|-€1|3|6ér@/l )-grlkg biﬂx%ﬁ-cﬂlﬁbﬁflic?&ic} fert-butyl
- Si 0 ~- - - Boc sol uti on_ of
S T ITb RyFAE PRI B GORTTRID -ty dipydro-2H-
thibp%raﬁiéld-?lb—S ,lil &%ﬂ—ﬁgﬁg{ﬁa&e{aaa\ﬁiﬂa&f{as ]t:)rﬁ:pared 11t1 ’F]hel prexiilgﬁs step,
lﬁﬁ][x%g)gqgcén}pan& % (#1'312;54 Q%}rg!g, AR S A
wa3-alide 62 0 M)ed 10,230, kbiluBBY (205 1Y, 14) 5 RREAY! ThPiRElihg i ure
llic acid tert-butyl ester (as prepared In

25 1 -carbox
Wﬂ%é‘lﬁ?@ﬂ D sé/ fqrglph undey Afgandythey goolgdin RT; Treated with SOk of

X ; : ti Lre e 7
R s A 005 i e e

(Nt DaReewvelofRiTe sdlveduadenietincedredsuss foHb @Ad by tflagh

c%\% g%@a ?fl‘ t\gg‘?%gcﬂ;(evgfwh 5{;&%"{3%% ? % EgéArc]:jT)eXanse?tggvg fa1 mg
(67 %) of the title compound as a colorless oil. 'H-NMR (CDCls; 400 MHz): 8 6.91
(dd, 1H,J=8.2, 2.2 Hz), 6.81 (d, 1H, J=2.2 Hz), 6.65 (d, 1H, J = 8.2 Hz), 5.91 (m,
1H), 4.22 (br s, 2H), 3.66 (br s, 2H), 3.29-3.31 (m, 2H), 2.87 (dd, 2H, J = 5.7, 5.7 Hz)
2.77 (m, 2H), 2.47-2.56 (m, 3H), 1.78 (d, 2H, J = 12.6 Hz), 1.50-1.63 (m, 2H), 1.48
(s, 9H). Mass spectrum (ESI, m/z): Calcd. for C;;H3N,0,S, 375.2 (M+H), found

375.2. '

¢) 4-[4-{[4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carbonyl] -
amino}-3-(3,6-dikydro-2H-thiopyran-4-yl)-phenyl] -piperidine-1-carboxylic acid tert-
butyl ester

N/
_Si

S

A

0
4N
“\H/K}‘CN
o

Boc



m.), brine (10 nL) and dried (Na2SQ4). Renoval of the
sol vent under reduced pressure followed by flash
wa@ booarowsosgyr aphy of the residue on silica gel (PelOS2N&060028
Et OAc/ DCM gave 85 ng (67 ¥W1 of the title conpound as
a colorless oil. "HNVR (CDC13; 400 MHz): 8 9.23 (s,
1H), 8.03 (d, IH J =8.3 Hz), 7.80 (s, 1H), 7.21 (dd,
1H J =8.3, 2.0 Hz), 7.06 (d, 1H, J = 2.0 Hz), 5.93
(s, 2H), 5.75 (t, 1H J = 4.1 Hz), 4.25 (br s, 2H),
386(brs 2H) 366(t 2HJ 8.2 Hz), 3.29 (t,
= 5.4 Hz), 2.74-2.86

T(orﬁ mgqq)ch cé‘ 46% s(rggw@d?; (31§|-(dllgyd£0 -2P1- Ql1oma134—§3)—ghc®1]3plpm)dmc—l-
c%l%ogfyl%za&g tergtht?d] e§ter1(%s Ereﬂ@eg it ﬂ?esprlzgggi gt%é % & "\lg?nmol)
pgbe%vmlﬁrpx@srl Zirritlzr)iethﬁauemjyl eﬁ@xymmﬁmemgsazolﬁzmﬂ;oxylate
(a(s'\ékrkﬂared foERn dl@ 36 th;_) 5‘5@6 44 e, 0, 144 mmol) and PyBroP (67 me, 0.144

Cvano- I Hi mdazol e i c ac
5 I’IEIQOI() in 2 ndi. okDME #28 aﬁddchﬁ)ﬂﬂhyﬁtﬂ) ub; A28 mrisl). The resulting mixture

t hi ans e .ah lj-am de, X
DRSS BB e BRI P s v
whshel with [HIZOC(B x0f0 mL), brine (10 mL) and dried a;50y). Removal of the
‘ﬁl‘gf&é canl-2tr|rret yl sil anyl - et hoxy rretiy -1H-i
| &L LS u%e&lrmswﬂ cﬁlﬁwﬁépy flash chromatography of the residue on
silida gdl, (1= ﬂ"/@E@A@/ﬁ)C:Mﬁ ghwl 6'49113 dg9oBd ofthe t1tle co %%%(nd] as a light

X6-t hi opyr an 4é/ enyl | pi péridin-1-car
10 yg}éqvao’eler MRy @§l3eﬁ0Q é{ﬁmréﬁeﬁrle(d 1H), 8. (oly &) ibEféBSHz)

73gR 1P 1}?)17"{% ét‘%(_)f}%%& g‘?g)l #15) 9%‘(610{11%”'2‘”@[% e)a%do%d(m 1H),

5&@4&|2H)m@ 2§dbm,|2diﬂ s (tleiHr d etB.2), 3RD (ar2ED), ».93RedIRIT = 5.7,

sofie 0t 3 MRSl HEEr) 3RS 995,03 O (5%,

1@@@3@5@ JA02. 3Hz),: 1.86-8.66nd, 2H),LH)H9 (5] 9O, .97 (£ BT, J ==8.8H3),

Yo 229 (dd, 1H, J = 8.3, 25 2.0 M), 7.21 (d. 1M, J
15 O'déésc? 7), 5.71 (t, 1H J = 4.2 Hz), 3.83 (br s, 2H),
3.51 (d. 2H,J—124Hz)333(t 2HJ:. o))

1 2H, ], = 13
1 a’afg’aff by Lty <osmaig) ik i lmlﬂae@e(zdcaréwyl]-
an]zz B2 B1-Hoyo-112 ;cbilo 6 eridine-1-
PC”TO/} US(ZO]OG/ %)660072236 '%ggh_ > 34‘9%9%2/ gggg é'f%p& dine-1
CRRSIE S telinbytESistern z) : Cal cd. for C21H23N503S,

20 426.2 (MrH), found 426. 2.

/
i

o 0O

N/

g
X
O

Boc’N
A solution of 3-chloroperoxybenzoic acid (91 mg, 0.404 mmol, 77 %) in 1 mL of
DCM was added slowly to 4-[4- {[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-
imidazole-2-carbonyl]-amino}-3-(3,6-dihydro-2.4 -thiopyran-4-yl)-phenyl]-piperidine-

25  l-carboxylic acid tert-butyl ester (as prepared in the previous step, 120 mg, 0.192
mmol) in 3 mL of DCM at — 78 °C under Ar. The mixture was stirred at — 78 °C for
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Exanpl e 37 5 4-Cyano-I|H i m dazol e-2-carboxylic acid
[4-(1-acetyl piperidin-4 yl)-2-(1,1-di oxo-

wa 27848988 et r ahydro- 12 -t hi opyran-4 yl) phenl yPOFastode060028

CO SHHNC NCN O H3C O02To a suspensi on of
4-cyano-| H i m dazol c- 2- carboxylic acid
[2-(l,I-dioxo-1,2,3,6 10
t et rahydr o- 1X6-t hi opyr an- 4-yl ) - 4-pi peri di n-4-yl - phenyl
]-am de trifluoroacetic acid salt (as prepared in
Exanpl e 36, step (e), 62 ng, 0.115 nmmol) in 4 nL of
1:1 DCM DMF at RT was added DI EA (60 L, 0.345 mmol).
Fpreingpad thea woagied t¢ Rile drpeied it 40, mitadiEtOdee thcomixturc was
I (o 0 ds | O 0
P A P N ReO Lt oT e e YRR 2 lg G0 a0
nplg), boing (M) mT) end ddedN4SAQ). R ernbvaEtoDA: sdlvemt ihdérirsdudee

' 2 x 20 .nl).. The. |
PSS AEN bl Rl e et g Y SR o e
F@O@agDGM)agytm 85 ey @gc%)(bé thier ﬁieﬁf}bmﬂadﬁn‘daﬁm&ﬁldﬁﬁs o@l.l _IH—NMR
r chronat ogr a on SilicCa
GBI 109 NGB Aty 118 S BRh g B g 2T n P SERdgS gD het (e
1H, U|=e8.s,omg @164;0,?7.65 gcﬁ, 1% gt:izo.a Qizi),dsl.9'3 ks, %‘M?gﬁé’@%% J%QQI Hz),
. , , , . S, ) . ) ) =
4%?@)8?57.3% sta§» 2??4; 3.564%, 2%3 J 708%@, Sz.zﬁét, eHel) =168 Hz), 3.03
=281, 4= 24 Bizhiz) 74.3. 14 2: 23155, 6t z
4B @it ng 1 oy
183¢(d. 3, J 512.31H2)31.55-h656m, 2H),dAq 5 OH). 239 (t, 2HL3N= 812 Hz),
2, (s JoEp). 7). = 13 )
O o sl St gl ey JCuigd. Gr El i piidse Palté,
found 656.%58 (ddd, 1H, J = 12.6, 12.6, 2.9 Hz), 2.18 (s,
3H), 1.70-1.97 (m 4H). Mass spectrum (ESI, mz):
Cal cd. for C23H25N504S, 468.2 (M+H), found 25 468. 1.
G- Q00D Y480 88:z0MeT7-UBD0RG!OGRD 2B (1, 1 Mok B B1H, &3 uhydro-1.1°-

- - imd | e-.2- l.ic acid .
R T N

0. O

N/

N g N
Tl/g'\‘
O
TFA HN
To a solution of 4-[4- {[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carbonyl]-amino}-3-(1,1-dioxo-1,2,3,6-tetrahydro- lks-thiopyran-4 -yD-phenyl]-
piperidine-1-carboxylic acid tert-butyl ester (as prepared in the previous step, 81 mg,
0.123 mmol) in 6 mL of DCM was added 0.20 mL of EtOH followed by 2 mL of
TFA. The resulting solution was stirred at RT for 3 h. Removal of the solvent under
reduced pressure gave 64 mg (96 %) of the title compound as a white solid. "H-NMR
(CD;0D; 400 MHz): & 8.02 (s, 1H), 7.78 (d, 1H, J= 8.3 Hz), 7.29 (dd, 1H, J = 8.3,
2.0 Hz), 7.21 (d, 1H, J=2.0 Hz), 5.71 (t, 1H, J = 4.2 Hz), 3.83 (br s, 2H), 3.51 (d, 2H,
J=12.4 Hz), 3.33 (t, 2H, J = 6.0 Hz), 3.15 (td, 2H, J = 13.1, 2.6 Hz), 3.01 (m, 2H),
2.94 (dddd, 1H, J = 12.2, 12.2, 3.5, 3.5 Hz), 2.08 (d, 2H, J = 12.9 Hz), 1.91 (m, 2H, J
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acetyl) piperidin-4 ylJ phenyl}-arnide HHN - \,-NCN
ON( (N1 OS5 A mxture of

wd2@yamoss H- i m dazol e- 2- car boxylic acid PCT/US2006/060028

(2-cycl ohex- I -enyl -4- pi petdddi n-4-yl - phenyl ) - am de
trifluoroacetic acid salt (as prepared in Exanple 14,
step (b), 655 ng, 1.30 mml) in DCM (15 nlL) was
cooled to O'C and DIEA (0.92 nm., 5.2 mmol) was
added. D nethyl am noacetyl chloride hydrochloride (211
ng, 1.3 nol) was then added portion wi se over 10 mn.
The_reaction mxture was stirred at 10 ~C for 30 mn

a3 al3-oweid> 3% Hgar Masy porrumESL stB r edlctofor £offlz3NsOsS,
Selyvemtayasuieinyed in  vacuo and the resulting
residue was partitioned between brine and DCM The
organic |ayer was separated, dried (Na2SO4) and
concentrated. The reS|du mas purified on
silica (5 % MeOH DCM) t &5 ie%d mg (70 % of the
th € yanoc bifperidedoleadcar b iccasd |V 4-dl - acéilyll\lh@e(zﬁi)@l—&l) A0 -dioxo-
MHz): 6 | | A
7.70 (s, 1@2,&'5?.‘%%5%)&&' ,t'("fp)é”"é?4¥0fhf”¥@‘)a?1‘*f‘i 01 (s,
1H) 5.82 (m 1H), 4.75 (dolOH J = 13.4 Hz), 4.13

, IH, J = 13.4 Hz), 3.57 L9 H J = 14.2 Hz), 3.18
d, I H J= 14.2 Hz), 3. 2(d 1H J=13.3, 2.4
), 2.73 (dddd, 1 H J = TR, L1H8; 8, 3.8 Hz),
. 65 (ddd 1H, J = 13.3, 13 rﬂ %TiigNK)(s 6H) ,
2 18-2.32 (m 4H), 1.60-1. SFD Mass spectrum
(ESI, mz) Cal cd. fop % 02,0461.3(M+H), f ound
461.2. 20 Exanpl,e 389
4- Cyano- IH-|w1dazorﬁ’2 carboxylic acid
{2-cycl ohex-.1-enylO4-[7-(2-nethyl atni no- acetyl)
pi peridin-4 ylJphenyl }-am de WO 2007/ 048088
PCT/ US2006/ 060028 105 N HNNH O
To a suspension of 4-cyano- 1 H-imidazole-2-carboxylic acid [2-(1,1-dioxo-1,2,3,6-

/\/\

tetrahydro-1?us—thiopyran-4-yl)-4-piperidin—4-yl—pheny1]-amide trifluoroacetic acid salt
(as prepared in Example 36, step (¢), 62 mg, 0.115 mmol) in 4 mL of 1:1 DCM/DMF
at RT was added DIEA (60 pL, 0.345 mmol). The mixture was stirred for 5 min, then
acetic anhydride (11 pL, 0.121 mmol) was added slowly to the mixture, and the
resulting mixture was stirred at RT for 0.5 h. Treated with 40 mL of EtOAc, the
mixture was washed with H,O (2 x 20 mL). The aqueous layers were extracted with
EtOAc (4 x 10 mL). The combined organic layers were concentrated in vacuo. The
residue was purified by flash chromatography on silica gel (1-4 % MeOH/DCM)
yielding 50.9 mg (95 %) of the title compound as a white solid. ‘H-NMR (CDCl;;
400 MHz): 8 13.0 (s, 1H), 9.10 (s, 1H), 8.13 (d, 1H, J=8.4 Hz), 7.77 (d, 1H, T = 2.3
Hz), 7.26 (dd, 1H, J=8.4, 2.0 Hz), 7.08 (d, 1H, J=2.0 Hz), 5.77 (t, 1H, J=4.3 Hz),
4.84 (dt, 1H, J=13.3,2.1 Hz), 4.00 (dt, 1H, J=13.3, 2.1 Hz), 3.89 (brs, 2H), 3.31 (,
2H, J=6.2 Hz), 3.23 (td, 1H, J = 13.2, 2.5 Hz), 3.02 (m, 2H), 2.77 (dddd, 1H, ] =
11.9,11.9, 3.4, 3.4 Hz), 2.68 (ddd, 1H, J = 12.6, 12.6, 2.9 Hz), 2.18 (s, 3H), 1.70-1.97
(m, 4H). Mass spectrum (ESI, m/z): Calcd. for CypsHysN504S, 468.2 (M+H), found
468.1.
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N---YN H O HPLC purification of Exanple 38a al so
af forded a small anmount of 4-cyano-|H

WO nood/ossnss e- 2- car boxyl i ¢ aci d. PCT/US2006/060028

{2-cycl ohex- | -enyl - 4-[ 1- ( 210%et hyl am no- acetyl) 5

pi peridin-4-yl]-phenyl}-amde. 'H NVR (CD30D; 400
MHz): 6 8.02 (d, 1H, J 8.4 Hz), 7.92 (s, 1H), 7.07
(dd, 1H, J = 8.4 Hz, J 2.4 Hz), 6.98 (d, 1H J = 2.4
Hz), 5.73- 5.68 (m 1H), 4.60-4.51 (m 1H), 3.76-3.68
(m 1H), 3.20-3.11 (m IH, 2.81-2.70 (m 2H), 2.67
(s, 3H), 2.22-2.13 (m 4H), 1.88-1.66 (m 6H)
1.66-1.46 (m 2H). Mass (ESI, mz): Calcd.

fg—glﬁiag—g bﬁﬁrwggz%le—éédzrgm&% i {fZQ(%%hégJ] Lgi'zyl-glp[ 1 E()%’ltf{pzlez%ylam1.'110—

4- (4-[ (4- Cyano- | Brétvi-géaroidé-2-¢aphomwi-gmadki noJ- 3- cycl o
hex- | -enyl phenyl}- piperidipe-|-carboxylic acid

(2- hydroxy-ethyl)-am de X H 3\1 -,r NO HN

HO ,-,~NU O Il Il 15 a)
4- Cyano-| - (2-trimet hyl silanyl
| e-2-carboxylic acid (2-
cycl ohex- I -cnyl - 4- pi pcpi 7l - pPenyl ) - am dc
trifluoroacetic_acid HNN~N--CN O TFA
HNI WO 2007/ 048088 P 452006/ 060028 106

A mixture of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared in Example 14, step
(b), 655 mg, 1.30 mmol) in DCM (15 mL) was cooled to 0 "C and DIEA (0.92 mL,
5.2 mmol) was added. Dimethylaminoacetyl chloride hydrochloride (211 mg, 1.3
mol) was then added portion wise over 10 min. The reaction mixture was stirred at 0
°C for 30 min and allowed to warm to RT and stirred for 2 h. Solvent was removed in
vacuo and the resulting residue was partitioned between brine and DCM. The organic
layer was separated, dried (Na,SO4) and concentrated. The residue obtained was
purified on silica (5 % MeOH: DCM) to obtain 432 mg (70 %)) of the title compound
as a white solid. 'H-NMR (CDCls; 400 MHz): § 9.49 (s, 1H), 824 (d, 1H,J=2.3
Hz), 7.70 (s, 1H), 7.12 (dd, 1H, J = 8.4, 2.1 Hz), 7.01 (s, 1H), 5.82 (m, 1H), 4.75 (d,
1H,J=13.4Hz),4.13 (d, 1H, J = 13.4 Hz), 3.57 (d, 1H,J = 142 Hz), 3.18 (d, 1H, J =
14.2 sz, 3.12 (td, TH, J =13.3, 2.4 Hz), 2.73 (dddd, 1H,J=11.9, 11.9, 3.8, 3.8 Hz),
2.65 (ddd, 1H, J = 13.3, 13.3, 2.4 Hz), 2.40 (s, 6H), 2.18-2.32 (m, 4H), 1.60-1.98 (m,
8H). Mass spectrum (ESI, m/z): Calcd. for Cy6HsNsO,, 461.3 (M+H), found 461.2.

Example 38b
4-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-methylamino-
acetyl)-piperidin-4-yl]-phenyl}-amide



To a solution of 4-(4-{[4-cyano-1
-(2-trincthyl silanyl -ethoxynethyl)-1H i m dazol c- 2-

wa@ a00b0#8p8g - am no} - 3- cycl ohex-1 - enyl - phenyl ) - pi PET/US200€660028
| -carboxylic acid tert-but¥s ester (as prepared in
Exanpl e 14, step (a), 81 ng, 0.123 mmol) in 18 nL of
DCM was added 1 nml of EtOH followed by 5 nL of TFA at
O'C The resulting solution 5 was stirred at RT for
0.5 h, treated with 20 nL of EtOH fol |l owed by 20 niL of
n- PrOH and 5 nL of H20O, the m xture was then
concentrated under reduced pressure to give a
slightly yellow solid. Flash pmat ogr apy of the
compound on silica gel (2-4 Ve OH/ DCM) gave 0.87 ¢
(85 % of the title conpound a% apwhltNe olid. 1H-N|\/R

(CDC13; 400 MHz): 6 9.70 (s, AN r s,

9.15 (br s, 1H), 8.29 (d, IH 1 8B|Hz) 778 (s,

1H, 7.13 (dd, 1 H J . 7.2 HZ 7.03 (d, 1 H J
83(m 1H) 3.66 (t, 2H, J

2.2 Hz), 5.95 (¢
8. 4 Hz), 3.55 (A\ oM J = 12.3 Hz), 2.95-3.11 (m

2H) 2.76 (m 1H), 2.98-2.33 (m 4H), 1.99-2.15 (m
1.82 (m 4H), 0.97 (t 2H J 8.3 Hz), 0.00 (s,

P@%@Nﬁ?ﬁs %egftsl%rsfégn@% ? %@-’EO a f@iﬁiﬁe a@%@ﬂggnaw Bf 4rypue-1H-
1ﬁaﬁdﬂaz&eamamlbox{(12c zldidl m;mbﬁa ARyt e nexABh M indl acetyl)-

|
S mipe a1 LB IR AGPYOR 09 MFIAe 5 £.0ekchily - 5.4
Hé)Haniz_gs (lir)h’X/dKQéfd"lﬁ hd § 2 raniyder SEM) 6. b% R NELYE 2 Sy, 5.73-

0 A'solution of

546&:%#?% 20t heniiils gﬂefn%/ 68 & iy rﬂe%thﬁll)l (HLER; 386170 (m,

8122, -
2 062"{‘% %giéyli tzg r%apj gn 4H)e 1.88:1.66 (r)r; GH% & ;46 {m, 2H). Mass

SP?qtlfanl Fawéni cCal%ﬂ: |f‘df @al‘lbol\ée&)sc HHED éMé@i)L fountd47.3.

10 previ ous step, 116 ng, 0.192 nmol) and DI EA (134 L,
0.770 mml) in 4 nL of DCM was added slowy to
solution of triphosgene (28mple3® 0768 nmml) in 4 nL

?;é—l?gl\f( ﬁtC?yEchgg— 1 %—z%ggzrol é&-‘calgloenym -c%(;}zzlijzg -3 —cyclo%teylc—rl r eenyl p}zenyl}-

piperidine-1-carboxylic acid (2-hydroxy-ethyl)-amide

O N\”/k\N
o)

!
H

Ho/\/N\[C])/

N

15 a) 4-Cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid (2-
cyclohcx-1-cnyl-4-pipcridin-4-yl-phenyl)-amidc , trifluoroacctic acid salt

TFA HN
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25 for 15 mn, warned to RT and stirred for 15 mn and
cooled to -78 C again. A suspension of

wQ2@miomsoset hanol (350 L, 5.77 mmol) in 4 nL of PAHESWE6060028

added and the resulting niosture was warnmed to RT and
stirred for 20 h under Ar. Treated with WD 2007/ 048088

PCT/ US2006/ 060028 107 100 nmL of EtOAc, the m xture

was washed with H20O (3 x 20 nL), brine (20 nL) and

dried (Na2SO4). Renoval of the solvent in vacuo

foll owed by flash chromatography of the residue on
silica.gel (10 % Et QAc/DCM then 5 % McOH DCM gave 95

Tap sqlptonpf 41{%0YarnpfJe(%ré‘rm@hﬁblla@l@tmqut@dk 15imidazole-2-

éﬁowyﬁ-mghcﬁ%ew‘%nyl %h?_ﬁlﬁ? gﬁ)e idi g dt'):irnggﬁsc ;gcgd Efzrt-butyl

1H 8.4 Hz
estep (agpreparedm Fepmply +1|4, gep(a, §1 wig) . 153 e1n¢l3 in PHmL &£ BEM

v&aﬁ]adgl?a 1 D 8§E{(§Ig ggllé_\!ﬁ_?] by, 51 of_tf 'iié.) a% O]“(L,6 éﬂ(&rg&gw,g %)lutlon

vBas §t1ﬁg§1 at BT0r Qédd treteid W]tth:Z(Bnm ofEtDH B)lRﬁve(df by AHnLbf=-

P%?_)'ﬁ ?@_5 rn%2 @%ﬂ%n&%& e?_'ZcS)nce?%‘igﬁ nggr r@ﬁyé %_qgﬂessure to

g1ve7'25slglg1ﬂj{ y(eﬂpwedd)ld FlBR cbﬂxﬂmiadogrﬂphy df the LOmbdu od 2ili8a gel (2-4

%Eﬂ&)%}s@v@%g 9%% g((éél Vo) 2#}1% fltle &ﬁngaunc% %ﬁ, a W(I)nte gohd '"H-.NMR

(CBUHA 4186 M4Biz): 5930 &, QH&,FQ 66 tmtgnmggﬁlsl(br%) 1H), 8.29 (d, lH J=

4- le-2
S S BRE A L 2Pt e bR e T Srp 55155
2(8; 138 (ﬁXYH?WG% at ,aHI pl:e 8\4 hlzﬁbl%ﬂd'\!zﬂf\!t =GN 3 7§12.95:3.11 (m,

TR LRA12 03 oy bl WSS GanyED. &SRRy ABDHYPY 22, 1

=F$3 Mzyar.00 &, BH). Mass spectrum (EST, m/z): Calcd for CstsgNsé).zS] 506.3
rbonyl ] - ani no} - 3- cycl ohex:1 -‘enyl - phenyl 3

WH@QrBE%QﬁpélaC|d (2- hydroxy- ethyl) an1de (as

prepared in the previous step, 95 ng, 0.16 mml) in 3

mL.  of DCM was added 0.10 nL of EtOH followed by 1.0

biid-@f { HEAyarph (3 -tdmpthi s arp0-eshylxynietny Iwa El- it azobet 2 atartidfiyl]-

er. reduce ressur
80002 e B Ay PR LI 1ML UG RS -
agidej ca gel (2-8 % MOH/ DCM) gave 68 ng (92 % of t he
title conpound as.@a white solid. 1H NVR (CD30D; 400

SEM
® %

H
~_N
HO \g/

N

A solution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-
carboxylic acid (2-cyclohex—1—eny1—4—piperidin—4—y1—pheny1)—amide trifluoroacetic
acid salt (as prepared in the previous step, 116 mg, 0.192 mmol) and DIEA (134 L,
0.770 mmol) in 4 mL of DCM was added slowly to solution of triphosgene (23mg,
0.0768 mmol) in 4 mL of DCM at —78 "C undcr Ar. Thc mixturc was stirred at —78 °C
for 15 min, warmed to RT and stirred for 15 min and cooled to —78 °C again. A
suspension of 2-amino-ethanol (350 uL, 5.77 mmol) in 4 mL of THF was added and

the resulting mixture was warmed to RT and stirred for 20 h under Ar. Treated with
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MHz): S 8.09 (d, 1H, J = 8.4 Hz), 8.00 (s, 1H), 7.15
(dd, 1H, J = 8.4, 2.2 Hz), 5.79 (m 1H), 4.15 (dd,

WQ@kho7d4s0843. 3, 1.1 Hz), 3.61 (t, 2H, J = 5.9 HeQT/US2006/060028

3.27-3.32 (m 2H), 2.90 251q7ddd, 2H, J = 13.0, 13.0,

2.5 Hz), 2.73 (dddd, 1H, J = 12.1, 12.1, 2.6, 2.6 Hz),
2.26 (m 4H), 1.73-1.88 (m 6H), 1.62 (dddd, 2H, J =
12.6, 12.6, 12.6, 4.0 Hz). Mass spectrum (ESI, nfz):

Cal cd. for C25H30N603, 463.2 (MtH), found 463.2. WO

2007/ 048088 PCT/ US2006/ 060028 108 Exanple 40

4- Cyano- }Q&l m dazol e- 2- carboxylic acid

109 rely ef & =1ﬂ1%ﬁ]ﬂ<m4€ s mshedevwaﬁe@dﬁmmletmwe)(zo mL) and
d&e@?N ‘%@4 R)iéanes u@}g%%%lgg%?[gvédg f:_ﬁla‘rﬁvgcsiE;Nﬂ a8y Fhré’frf???gmphy
0§ éheerremd@somsalca g6l (1736 EtOAcRChhthefi Sr%ﬂ\hemHﬂDCM)rgéJve 95 mg

LA KO Mo Db, BBl Dol S

(syriibl)) 81215 (d,oumu 08.400N, 710 (5,aleowad (by, D, EIA= éh Q@ mu),, 7 01 (,

1§92 ) SBRRY oo B0 i o Tt 0 a0, 1 -
1W3tmz)10(75rmd@f2£§u@4\a 4508, 3 6B B O, \M=tz’93 hﬂ&? {34 t{‘ddgpzﬁl—) =5.0

nova

CRIEE G %ﬁ&ﬁ@@%ﬁ'ﬁ%% 155, 30 TR S661gdd, 11, T -

_ 34ErQ0, _
1Z<2c6r$mngi 3as. 36Hi9r@we 2033 (m, aﬁh)?%ﬁ dﬁ%ﬁh quéig/&dﬁzhd B, 7=
=3

13.9442 %dlz Zrﬁ OJHzl)5 0§7d,g, ?%I—E J $.|§5 :ﬁ) 0.00 (s 9H) Mass spectrum (ESI,

Yo4) 2 ARt
m?‘; cyclecci)]hfg&cgln}g% i [59(3?2 [ n%et aneg%% %onyl -et hyl)

pi peridin-4 yl]- phenyl] auricle HN H N CN
¢) 4-{4-[(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex-1 -enyl-phenyl}-

piperidine-1-carboxylic acid (2-hydroxy-ethyl)-amide

’ H HN
® e
O
H ‘
HO™ >y
O

N

To a solution of 4-(4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-
carbonyl]-amino}-3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid (2-
hydroxy-ethyl)-amide (as prepared in the previous step, 95 mg, 0.16 mmol) in 3 mL
of DCM was added 0.10 mL of EtOH followed by 1.0 mL of TFA. The resulting
solution was stirred at RT for 6 h. Removal of the solvent under reduced pressure
followed by flash chromatography of the residue on silica gel (2-8 % MeOH/DCM)
gave 68 mg (92 %) of the title compound as a white solid. 'H-NMR (CDsOD; 400
MHz): & 8.09 (d, 1H, J = 8.4 Hz), 8.00 (s, 1H), 7.15 (dd, 1H, J = 8.4, 2.2 Hz), 5.79 (m,
1H), 4.15 (dd, 2H, J=13.3, 1.1 Hz), 3.61 (t, 2H, J = 5.9 Hz), 3.27-3.32 (m, 2H), 2.90
(ddd, 2H, J=13.0, 13.0, 2.5 Hz), 2.73 (dddd, 1H, J = 12.1, 12.1, 2.6, 2.6 Hz), 2.26
(m, 4H), 1.73-1.88 (m, 6H), 1.62 (dddd, 2H, J = 12.6, 12.6, 12.6, 4.0 Hz ). Mass
spectrum (ESI, m/z): Calcd. for CzsH3zgNsOs, 463.2 (M-+H), found 463 .2.



~~\NCO 20 To a solution of
4- cyan- 1H i m dazol e- 2- carboxylic acid

W@ 200cpedoshex- | - enyl - 4- pi peri di n-4-yl - phenyl ) - BOT/482006/060028
trifluoroacetic acid salt (s prepared in Exanple 14,
step (b), 85 ng, 0.174 mmol) and D EA (91L, 0.521
mol) in 3 nL of DCM at RT was WO 2007/ 048088
PCT/ US2006/ 060028 109 added 2- net hancsul fonic acid
2- met hanesul fonyl -ethyl ester (as prepared in the
previous step, 42 ny, 0.208 mmol ). The resulting
m xture was stirred. at RT for 3 h. Treated with 50
nmL of EtQAc, the m xture was washed with H20 (2 x 20
m.), brine (10 nl) and dgifanlcNB2SO4) . Renoval of the
solvent _in vacuo foll owed_ﬁ_‘P‘l“a?h 5 chromat ogr aphy of
t he ré<une dhinidorela-2 @!”b@ﬂyf@ SHNEON DI~ Iyerpd-B4 - (g

(oncis: a0l MElekiFyPRBpPe ?@ln%ﬁf‘é&%{%ﬁ’ gl ;MR
8.4 Hz), 7.72 (s, 1H), 7.15.¢ad, 1H, J = 8.4, 2.0 Hz),
7.04 (d, 1H, J = 2.0 Hz), (m 1H), 3.21 (t 1H

J =6.5H), 3.09 (s, 3H), 3.p2-8 11N
(t, 2H, J = 6.5 Hz), 2.52 (dddg m}‘%g)l 1
1 208 (1. 2H J=

3.3, 3.3 Hz), 2.18-2.34 (m
10.8 Hz), 164194( it ss spectrum (ESI, mz):

Calcd. for C25 d 6. _482.2 (MtH), found 482.2. WO
2007/ 048088 PCI1U32006/ 060028 110 The fol |l owi ng

gg&fgzunds ave %ﬁ%n prepared according to the exanpl es
RFFSUYFHC acifswrethprgrfonyisethyicasteére Spect rum Found

ch@rruIa)Pr(pc 0] Ex[MH—I]+ Calcd. HHN~r N~ CN 41
/DSLN%\ ~8497 2 497.2 C28H28Ne03 29 u N. OHHNA N_
“N-CN

To a solution of methanesulfony! chloride (484 mg, 4.23 mmol) in 15 mL of DCM at

0 °C was added 2-mcthancsulfonyl-cthanol (500 mg, 4.03 mmol) in 10 mL of DCM
followed by DIEA (1.05 mL, 6.05 mmol) under Ar. The mixture was warmed to RT
and stirred for 20 h under Ar. The mixture was treated with 100 mL of EtOAc and
washed with H>O (3 x 20 mL), brine (20 mL) and dried (Na,SO,). Removal of the
solvent in vacuo gave 534 mg (66 %) of the title compound as a brown oil. 'H-NMR
(CDCls; 400 MHz): § 4.67 (d, 2H, J = 5.5 Hz), 3.46 (d, 2H, J = 5.5 Hz), 3.11 (s, 3H),
3.04 (s, 3H).

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

H HN N\
N\n/L\N
O

\S/\/N
2

O 0

To a solution of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared in Example 14, step
(b), 85 mg, 0.174 mmol) and DIEA (91uL, 0.521 mmol) in 3 mL of DCM at RT was



42 11 497.2 497.3 C28H28Na(3 29 ONt/ Nom 1O
Exanpl e 43 5 4-Cyano-| Hi m dazol e- 2-carboxylic
wa@eoodp2so88/cl ohex-J-enyl -4-[]-(pyridine- 3- PCT/US2006/060028
carbonyl ) piperidin-4 ylJ ph@nyl}-amde N HN\ NH O
N~1 Na O A solution of
4- cyano-| Hi m dazol e- 2- carboxylic acid
(2-cycl ohex-1-enyl -4 10 piperidin-4-yl-phenyl)-amn de
trifluoroacetic acid salt (as prepared in Exanple 14,
step (b), 75.0 ng, 0.15 nnDI) |n CHQCIZ (10 nmL) was
treated with Et 3N (64. 1 p. ) and cooled to
agded Z-mrethangsulfpaioggid %M%SW%{I mhcrbt:sterdw propexsdiin éhe

pRRA&RCHEDUD %@g,(@(ﬂ%ﬂgﬂ GF]:QJreML% nﬁﬂ?ré‘&/hg;gtﬁg cfl,’z%gl ®r for 3 h.

for 15 min then at room tenperat or 1
Treated with S9imb.@f @t%@, the oixbee wids mashddwishhOs(2lx 2BmL), brine

(BF ) 24 S e Bl CREAITH RS b e gbona b Hidn

cPORAtSRe ity @B@@mmm sitica 83 (UB GMeOHMDCRIS@IvE 34 mg (65 %)

of i W ity a?%%v%s)oiigSéé'l\?éIR( iy A8 sty £ o'S% 6, 1em,

8258@; THB1=8m HH)7,727(s/ Ou) 87 151('6}1; 1H7J AZq 23(7H(z)n7 (M‘bd 1H, 7=

7 4

(qﬂllz)l%)dgff (i 185- 3084 (151? 3m§5 B 0% %;H@;? 02114)11 o 2H) 2.92
t3221933=61§Hz 2.4Hdddd; 98; JZ-&§1 m.11 2f

(r}:é')z( >48H, m i‘ﬂn} ( 2.1 %!)3;381% §1§2§4§H14H)
24216 0%, @%%c%cﬁﬁ 4MPS@SHGWH911 (R Caldd. for
cgﬁidﬁﬂggxagpbqpﬁgq fo k¥4 H- i m dazol e- 2- car boxylic

aci d (2-cycl ohex-I-enyl - 4- {I [ 2- (2- hydroxy- 10

et hyl am no) - acetyl) piperidin-4 yl}phenyl)-am de
trifluoroacetic acid salt N
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HNTFANH HO11'-"N* /N H O a)
[2-(4-{4-[(4-Cyano-| H i m dazol e- 2- carbonyl ) -am no) - 3-c¢

wQ@ edoaloesoss - enyl phenyl }- piperidin-1 PCT/US2006/060028

yl)-2-o0xo-ethyl)-carbamc &a®i d tert-butyl ester N 11
OHN NH OO-~0OlIN--yN H O 15 A solution
of N BOC-glycine (0.29 g, 1.63 mmol) in CH2C12 (10 nl)
was treated with DIEA (0.85 L, 4.90 mmol ), HOBt
(0.26 g, 1.96 nmmol ), and. EDCI (0.38 g, 1.96 rmmol).
The m xture was stirred at roomtenperature for 10 mn
nq,ﬂﬁdded to a suspension of 4-cyano-

iR AP GorBRopRs BgyA hoen a&p&rqdzaq@ymn@ﬁmﬂm cpgryplod as indicated:
pi peridin-4-yl-phenyl)-amde trifluoroacetic acid salt
(as prepared in Exanple 14, step 20 (b), 0.80 g, 1.63
nol) in CH2A 2 (20 nL). The sotd3fion was stirred at
Feomrlet enper at Sretdror 17 h. SBpacenins Weured evBfaiuat edProc. Of Ex
in vacuo. Silica gel chromatgnpRkg (50 % EtOAc in
hexanes) afforded the title conpound (0.41 g, 47 %9 as
a V\,hl te solid. w@oow 048088 PCT/ US2006/ 060028 112
H NVR ( CDC13; 40&%@1&%9 53 (s 1H), 8.26 (d, IH,

J £, 8. &8H ,78\7(7T§m 1H) s, 1H)
7.%5-7. %{ﬁmi jﬁ)(L 7.06 (d, 1H497J .4§7-ﬁz)928’7'%85693( s, 29
1H), 5.83 (@rvs, 1H), 5.76 (br s, 1H), 4.78-4.68 (m
1H), 3.96-3.85 (m 2H), 3.17-3.03 (m 1H), 2.78- 2.63
(m 2H), 2.29 (br s, 2H), 2.22 (br s, 2H), 1.95-1.87
(m 2H), 1.86-1. \Zj(m 4H) ,
1 HNX‘CN

. T

o ] }’/T 497.2 497.3  CzsH2sNeO3 29

oM N

o I

Example 43

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

S
H NN
N ]
Sas
=
O

A solution of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared in Example 14, step
(b), 75.0 mg, 0.15 mmol) in CHCl> (10 mL) was treated with Et;N (64.1 uL, 0.46
mmol) and cooled to 0 °C. The mixture was treated with nicotinoyl chloride

hydrochloride (0.030 g, 0.17 mmol) and stirred at 0 °C for 15 min then at room

temperature for 17 h. The reaction mixture was adsorbed directly onto silica gel.

Silica gel chromatography (10 % MeOH in EtOAc) afforded the title compound (61.0



51.70-1.55 (m 2H), 1.44 (s, 9H). LG Ms (ESI, nlz):

Cal cd. for C29H36N604 533.3 (M+H), found 532.9. b)
wd2@yamoss H- i m dazol e- 2- carboxylic acid PCT/US2006/060028

{4-[]-(2-am no-acetyl) piperidin-4 ylJ-

2-cycl ohex-J-enyl phenyl]-amde trifluoroacetic acid

salt N CHNNOMH TFA H2NN 10 O A sol ution of

[2-(4-{4-[ (4-cyan-| Him d. azol e- 2-carbonyl ) -am no] - 3-¢c

ycl ohex- | -

enyl - phenyl } - pi peri di n-1-yl)-2-oxo0-ethyl]-carbamc

aci d Lert- but yl est%ﬁ(as &re ared in the previous

%3, Yop 2 wiitc ok B i - Shdlr & &kt ®d7 (s,

1t Ngy TFA T ] Xt

St)l ?ggtd%é Iégloffg)n t'gﬁea)2 gr gIt_Iu'rFe 8(% 43g 80 El%lg}ﬁ?d( 1%’9%%(5’ 1H),

TV St Welp €7 - &Y Eb dFhted8 #iHx)at 06-7. %ém,cﬁﬁodé.&?ai.éz (@l 1H),

495145, ST A1 180, S5510 ) B LS Bl 25

241eCranidd)} B131a. 2@ o) ﬁiﬂ-lcf&#-bdg)ﬁﬁi gHaLCL(E-MS (ESI, m/z): Calcd. for
2 -

dzzﬁzg?q;m(z)’%)f 2 g\gﬁﬁb ]fg}lré)dcle?%ﬁl g 4 zl ;S)r%nyl ) -am de

trlfl uoroacetic aC|d salt N HNTFANOH HO-~N' 20

H O A suspension of 4- cyﬁo- 1|—k iﬂ: dazol e- 2- car boxylic

acid {4-[1-(2-am no-acet
pmfé/lmndum 471%}0[2—-%%&%@*)&1& dczcem&wwh@myl-&%gf[&ggé 8dro
tri uor o Cl | t are

pCTFURBEEE )3 i - 1@2@’?5@2’5@6{5@ Z\Q?@Wwee%za salt
0.77 nmmol) in CH2C12 (20 nL) was+t

Na( OAc) 3BH (0.33 g, 1.54 mmol)
(44.6 ng, 0.77 mol ). The

TFA

a) [2-(4-{4-[(4-Cyano-1H-imidazole-2-carbonyl)-amino]-3-cyclohex-1-enyl-phenyl}-
piperidin-1-yl)-2-oxo-ethyl]-carbamic acid tert-butyl ester

W
. T+
)J\H/\[C])/N

A solution of N-BOC-glycinc (0.29 g, 1.63 mmol) in CH,Cl, (10 mL) was trcatcd
with DIEA (0.85 mL, 4.90 mmol), HOBt (0.26 g, 1.96 mmol), and EDCI (0.38 g, 1.96
mmol). The mixture was stirred at room temperature for 10 min and added to a
suspension of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared in Example 14, step
(b), 0.80 g, 1.63 mmol) in CH2Cl, (20 mL). The solution was stirred at room
temperature for 17 h. Solvents were evaporated in vacuo. Silica gel chromatography

(50 % EtOAc in hexanes) afforded the title compound (0.41 g, 47 %) as a white solid.
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m xture stirred at roomtenperature for 1 h, and the
sol vent was evaporated in vacuo. The residue was

WO 2002048088 i N MeOH and the solids filtered of f, PenuS100€060028
filtrate was 5 concentrateti2in vacuo. Reverse phase
HPLC (C-18 columm) (20 %to 60 % acetonitrile in
water with 0.1 % TFA over 30 mn) afforded the title
compound (83 ngy, 19 %over two steps) as a white
solid. 1H NWMR (CD30D; 400 MHz): 6 8.16-8.09 (m 1H),
8.05-8.01 (m 1H), 7.22-7.15 (m 1H), 7.11-7.06 (m
1 5.84-5.79 1H), 4.72-4.62 (m_ 1H), 4.24-3.91
BB CDG T 600 MBak 055145 1) Sek(c 8 e o536 778 (e,
120)79.70 ', 121)) 7.48.7285 (Rr119), 749, T 2B=%.Ph( M .
8071 e m' 4h) P, T8 (%m gﬁ)%. Lcéwwg)og@sll},{)’sgg’ (brs,
1Dz 76 € £ d )5 b7 S-cxdHmpNGD33.298.-35 (e, 3f10uh&3 4m71H), 2.78-
SRR B 135 28 | $hb R J878! £o3- | ¢ g3Ci
R T 2 (YDA, 2 U 250, Easrty GO, 5,586 on, am),
LetGyds5 Yoy EHat IndA Csa Ao LECMISIES Lpinfrar Calad- or CooHagNsO4 533.3

WP RIH)5381g1i de trifluoroacetic acid salt NHN N
GEAZ I3 /N 1 0 A sol ution of

4-cyano-| H i m dazol e- 2- carboxyl i c acid

= - »4-{1-[2-(2- . N
GG LR ARING) “BRYS S G el ogepen-piverdin--31-
2-atagk) -aayl-ghertylfi-dmiderigfioetoacetacedd sakt  (as prepared
in Exanple 44, step (c), 50.0ynmg, 0.085 mmol) in MeCOH
(3 L) was 20 treated with Nl OAc)3BH (39.5 ng, O.19
mmol ) and 37 % agquesus for dehyde (8.2 L, 0.10
nol ). The m xture vvasHstiE rgd at roomtenperature for

5.5 h, and the T Ne renoved in vacuo.
Rever se phase. HP - coHum) (10 %to 50 %
acetonitril¢ imwater wwth 0.1 % TFA over 30 mn)

taebaf o[ rtl e conpound (19.5 ng, 47 %9 as a
white“sol jjd. 'H NMR (CD3CD; 400 MHz): S 8.12 (d, 1H,

J= 8.4 Hz), 25 8.02 (s, 1H), 7.19 (dd, 1H, J= 8.4, 2.0
Apolution @ 2¢(¢; {41lif-cyan 1 H-iHr}lazobe-84afhongl)(amino -Bcyclohex-1-

oAyl Bkt e - Pl ot tghbiady Gl Bl grsparea
i the p2efipuPst@R 021124 O 7 maddl) inZCHHCH (BOm Mwadtheatell. vaith TOH
((?9 %)Oa%%ol%‘sA %’é:l' m/LSJSZI%(e) (151'/119(191(1)79 gt?rreci" 'c:llﬁ‘oom temperature for 45 min, and

the solvents were evaporated in vacuo. The crude material was used directly in the
next step. LC-MS (ESI, m/z): Calcd. for Cp4HzsN602 433.2 (M-+H), found 433.2.

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

N
o,
H ",‘<
N\n/'\N
TFA O S H
HO_~. N
N
VT

A suspension of 4-cyano-1 H-imidazole-2-carboxylic acid {4-[1-(2-amino-acetyl)-

piperidin-4-yl]-2-cyclohex-1-enyl-phenyl]-amide trifluoroacetic acid salt (as prepared
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1.76 (m 5H), 1.78-1.59 (m 2H). LCGMs (ESI, nm2z):

Calcd. for C27H34N603 491.3 (M+H), found 491. 2.
wWEx@Mphsessié 5 4- Cyano- | H-i m dazol e- 2- car boxyl i BCHUBZNNG/060028

[4-(1-acetyl piperidin-4 yi-2-(1,2,5,6- tetrahydro

pyridin-3 yl) phenyl]-amde trifluoroacetic acid salt

N TFAHN~N H I I A\ NOH -YNO a) 5-Trii

| uor onet hanesul f onyl oxy- 3,

6- di hydr o- 2Hpyri di ne-| -carboxylic acid tert- 10 butyl

ester O F, F NFSO OO Asolution of LDA (23.4 ni,

35.1 mmol, 5 Min c¥cl ohex) in THE (50 nL) was

ip dest g vioys StPBa EAUBdRr 7 Armoly e CEbClt (26 midawas rendecewith

Fggttgxrégmgo B5 R} lsd kb ga@&%gﬂgo Qs her éﬂ;ﬂ%{{@ e
Tgjxgure EBrreqi etprom@nmamturp dor bhoarsth thc seld efitowasléy appmated Theacuo.
Tﬂexxreéiﬁﬁ was a?&ﬁ ﬁ? ?ﬁl M’@df@ ?%d he]so t#ﬁoercrigotfﬁ and thei f,;lltrate was

N- ph eny I 'uor onret anesultonrm
apacqubatel ig, va%o 1Revarsd phaas Hé’ls:bdmﬂ B ©0luinm) TRIE % 4050 .

L.xt-ur S.ahl,q) 0 erature
LU SR BhIAIA BT SRR ETRRA b o
ragit 19 %toedr trstops) as Nati@EGsolidi |1HtreMRA(¢m3cmD2moo MHE): § 8. 16 8.09

R L, T8 P90 g, U DR 5 2059450, 1,

A TR- 188 1(0g 1 EPIY.24-3. 95 (o, ORD), B.189-3heXanes), afz‘so_v, U8 dmt bE), 2.92-

43 SR Gt T, B LA SRS 6157

2410 9-GME (ESD, m2t)) ,Caded 4or3CAH:MNRO: 27,2 Q488D found 477.2.

Example 45
4-Cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-{1-[2-(2-hydroxy-
ethyl)-methyl-amino-acetyl]-piperidin-4-yl}-phenyl)-amide trifluoroacetic acid salt

J
H "I’/\<
NYKN
TFA O o H
HO\/\ N
N
Y

A solution of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-{1-[2-(2-
hydroxy-ethylamino)-acetyl]-piperidin-4-y1} -phenyl)-amide trifluoroacetic acid salt
(as prepared in Example 44, step (c), 50.0 mg, 0.085 mmol) in MeOH (3 mL) was
treated with Na(OAc):BH (39.5 mg, 0.19 mmol) and 37 % aqueous formaldehyde
(8.2 uL, 0.10 mmol). The mixture was stirred at room temperature for 5.5 h, and the
solvents were removed in vacuo. Reverse phase HPLC (C-18 column) (10 % to 50 %
acetonitrile in water with 0.1 % TFA over 30 min) afforded the title compound (19.5
mg, 47 %) as a white solid. 'H-NMR (CD;OD; 400 MHz): § 8.12 (d, 1H, J=8.4 Hz),
8.02 (s, 1H), 7.19 (dd, 1H, J= 8.4, 2.0 Hz), 7.09 (d, 1H, J = 2.0 Hz), 5.84-5.79 (m,
1H), 4.72-4.64 (m, 1H), 4.39-4.23 (m, 2H), 3.84-3.79 (m, 1H), 3.31-3.21 (m, 1H),
3.03-2.94 (m, 6H), 2.92-2.80 (m, 2H), 2.32-2.24 (m, 4H), 2.00-1.90 (m, 2H), 1.90-
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2.26 (m 2H), 1.48 (s, 9H. LCGMs (ESI, nmz): Calcd.

for CL1HI6F3NGBS 332.1 (M+H), found 332.1. WO
wWQo07/8088 PCT/ US2006/ 060028 115 b) PCT/US2006/060028

5-(4, 4,5, 5-Tet carnet hyl -[ 118, 2] di oxabor ol an- 2

yl)-3, 6-di hydro-2H pyridin.e-1- carboxylic acid

tert-butyl ester O N)t- O AOBO0 5 Z~+ Pdd 2dppf

(0.16 g, 0.22 mml), KOAc (2.18 g, 22.2 nmol),

4,4,5,5,4 ,4 ,5 |5 -

octanethyl-[2,2']bi[[1,3,2]dioxaboro|any|] (2.07 g,

8.13 mml ), and dppf (0.12 g, 0.22 ) were placed

76 Gns A Bol B REA2H abkMEESL e/ G8ledns GrldsNeds 4913

(W), Abund 4v1degassed sol ution of

5-trifluoronethanesu. | fonyl oxy-3, 6-d. i hydro-2H pyridin

e-1 10 carboxylic acid tert-butyl ester (as prepared

in the previous step, 2. . nmol ) in di oxane

(70 m.) was added to the{E§%§Bi§ﬁ§ heated to 80 C for

16-GyarthéHriinidago ke-2-saidofcylic @rié -+ haceryhppegias431)i2-(ed 5,6-

concent [ A AR LAE P! éf?e'ﬁaw& R B

Et CAc i n hexanes) affgr
71 %9 as a colorless mﬁ
S 6.69-6.60 (m I|H), 398(b/
2H), 2.24-2.16 (m 2H), 1.
LC-M5 (ESI, mz): Calcd. f
found 311.0. c) 4-(4-
phenyl) - 3, 6-di hydrQ-2 yridine-|-carboxylic acid
tert-butyl ester \ OY N 20 The title conpound
was prepared by the Guzuki coupling procedure of
Exanpl e 35, step (b) using 4-nitrophenyl boronic acid
167 ny, 1.00 nmol) and 4-
r-H¥riffeersmesthanesslir byt s&yiiy dée-dHhspdidin &H-qoybaxilin gcitl-tert-
l&gggg% I|c acid tert-butyl ester (as prepared in
e step (a), 295 ng, 1.00 mmol). Silica ge
WO 2007{%&89ﬁ% PCT/U82006/060028

(O
S

// A\

9-3.42 (m
.27 (s, 12H).
310.2  (MH),

A solution of LDA (23.4 mL, 35.1 mmol, 1.5 M in cyclohex) in THF (50 mL) was
cooled to —78 °C under Ar. The solution was treated with 3-oxo-piperidine-1-
carboxylic acid tert-butyl ester (5.00 g, 25.1 mmol) as a solution in THF (15 mL) via
drop wise addition and stirred for 15 min. The mixture was treated with 1,1,1-
trifluoro-N-phenyl-N-[(trifluoromethyl)sulfonylmethanesulfonimide (12.5 g, 35.1
mmol) as a solution in THF (40 mL). The mixture was allowed to warm to room
temperature and stir 2.5 h. The reaction was quenched with saturated aqueous
NaHCO;3, diluted with Et;O, and washed with water. The organic layer was dried
over MgSO, and concentrated in vacuo. Silica gel chromatography (5 % EtOAc in
hexanes) afforded the title compound (2.45 g, 30 %) as a colorless oil. ‘H-NMR
(CDCls; 400 MHz): 6 5.97-5.89 (m, 1H), 4.09-4.01 (m, 2H), 3.54-3.45 (m, 2H), 2.36-
2.26 (m, 2H), 1.48 (s, 9H). LC-MS (ESI, m/z): Calcd. for C;;H6FsNOsS 332.1
(M+H), found 332.1.
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116 chromat ography (10 % Et CAc i n hexanes) afforded
the title conpound (273 ng, 90 % as an oil. "H NWR

W@ gche088100 MHz): 6 8.19 (d, 2H, J = 8.8 Hz), PC1/582006060028

2H, J = 8.8 Hz), 6.23 (m1wH), 4.12 (m 2H), 3.66 (m
2H), 2.54 (m 2H), 1.49 (s, 9H). 5 d) 1-[4-(4-Am no
phenyl .) piperidin-1 ylJ-ethanone NH2 [|l:~" OIN A
sol ution of

4- (4-nitro-phenyl)-3, 6-di hydro-2H pyri di ne-1| - car boxyl i
c acid tert-butyl ester (as prepared in the previous
step, 304 ng, 1.00 mol) ina 1. 1 mxture of DCMTFA
(10 m.) was stirred at roomtenperature for 3 h and

(o) . C . 7.
R e s SRR R S SV R pyridine-
cotlpbelc ngdGe@buFdestar s sol ution, Et3N (280 AL, 2 mmol)
was added drop wise, followed by acetic anhydride
(102 L, 1 mmol). The resulting m xture was stirred at
0 ijl?a 1/h and allowed to warmto room tenperature.

T \ (C‘)t/'r%n m xture was washed with brine, and the
rgani c | ayer was separated, dried and concentrat ed.
15 resulting product was reduced to obtain the

tisl e conpound (143 ng, 65 % using a procedure
im3ar to Exanple 4, step (d). 1H NVR (CDC13; 400
. 6 6.97 (d, 2H, J = 8.4 Hz), 6.64 (d, 2H J =
8.4 Hz), 4.75 (m 1H), 3.93 (m 1H), 3.13 (m 3H),
PAGSIppS (0.1€2E) 0.22mb2ol§, K OAH)2.18 2842 Crmmah) 4,415,954 415°,5-

i g P ety T 0BT b sl it bt 0122
027 Aan{ocl)d ﬁ@c@;&ﬁ&ﬂﬁ'rburm—&ﬂf(irﬂédﬁﬂ%sk%%ﬂd Bl rlmgle R@is (ﬂ;ﬁ;@hc_d with Ar.
repare 1N, e yevi ous._. st ep, . , o o rn
s spliAm O STEREB R R S Ao R 6- S hudio et e -
cMBOx (e gﬁd@ert—i;uglﬁe a} pRharedSHIRERSVRAs kikp G1361527 46 mmol)
mL). The WO 2007/ 048088 PCT/ US2006/ 060028 ~ 117 ,
ip dpeeno {7Qad ) ardsedded tothgdlepk ard hended toedfher Baruldeh. ahfep mixture

wrs #{1tef th?cg)ugrlrﬂ leas-ghﬁit{ea %&ﬁﬂeﬁ)ﬂ) remove the solid KOAc, and the filtrate
was concentrated in vacuo. Silica gel chromatography (5 % EtOAc in hexanes)
afforded the title compound (1.62 g, 71 %) as a colorless oil. "H-NMR (CDCls; 400
MHz): & 6.69-6.60 (m, 1H), 3.98 (br s, 2H), 3.49-3.42 (m, 2H), 2.24-2.16 (m, 2H),
1.47 (s, 9H), 1.27 (s, 12H). LC-MS (ESI, m/z): Caled. for C13H2sBNO4 310.2
(M+H), found 311.0.

¢c) 4-(4-Nitro-phenyl)-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-butyl ester
NO,

OYN |

o
The title compound was prepared by the Suzuki coupling procedure of Example 35,
step (b) using 4-nitrophenylboronic acid (167 mg, 1.00 mmol) and 4-
trifluoromethanesulfonyloxy-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-butyl
ester (as prepared in Example 13, step (2), 295 mg, 1.00 mmol). Silica gel
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was diluted with CH2Cl2 and. washed. with saturated
aqueous NaHCC3. The organic |ayer was dried over

wo®Dd4sasgl concentrated in vacuo. The crude naP€r/U81006/060028

was used directly in the next reaction. LG M (ESI,

mz): Calcd. for C13HL7BrN20 297.1 5 (M+H), found

297.1. f) 5-[5-(1 Acetyl piperidin-4

yl ) -2-ai ni nophenyl J- 3, 6- di hydr o- 2H pyri di ne-1 -

carboxylic acid tert-butyl ester O N NH O 10 A
solution of 5-(4,4,5,5-tetranethyl -]

1, 3, 2] di oxabor ol an-2-yl ) -3, 6-di hydr o- 2H

hyemefererhy ¢HY okl e indiorangss pfforsied phe Hte epmpeund (273 mg, 90

R] BPA &8 i NRARNRISCid10050RR)(P8.10 00 841, 18- 8% 1929, THBIY, 21, 7 =

818 Ha) (642 (rndd B 4bi2dmp 20D eh b YmpRHerd. 64 (125, [1-49t (k9Tdne
(as prepared in the previous step, 0.20 g, 0.67 nmol)
in toluene:EtOH (2:1, 9 ML) was treated with 2.0 M
aAAqlrébi4-MNar CpBekyd)-pipatidins]-3F-erhioneand was degassed
wth 15 soni cam_,on under Ar. The m xture was heated to
80 C, tre S W € h Pd(PPh3)4 (54 ngy, 0.05 nmol), and
stirpe © Cfor 4.5 h. The reaction was cooled to

! Q
- %

00 nperature, diluted with Et OAc, and washed wth
%(u at’ed aqueous NaHCO3. The organic |ayer was dried
over MgSO4 and concentrated in vacuo to afford the

Ao ST i e AR 8
e§ 1ok Keprefaseshih t42 Préyiou)steh, 664 (gAt @Oyhmpipa i Wilmmikture of

e A0 PNl B By AR S Rt il The
r&sididyay di@Hnpwacid bnanlght, ceastiaken ipcin G, (BY bl D uhd kvas

c%s{fe 'r’_tp ﬁISCVNQO,Z\T%?Js/o w 180(1)1,8Et3§ ( /SH %Li?g%l%g %aSS ad:cligg dro% VDIISG,
followed by acetic anhydride (102 pL, 1 mmol). The resulting mixture was stirred at
0 °C for 1 h and allowed to warm to room temperature. The reaction mixture was
washed with brine, and the organic layer was separated, dried and concentrated. The
resulting product was reduced to obtain the title compound (143 mg, 65 %) using a
procedure similar to Example 4, step (d). "H-NMR (CDCls; 400 MHz): 3 6.97 (d, 2H,
J=8.4Hz), 6.64 (d, 2H, J = 8.4 Hz), 4.75 (m, 1H), 3.93 (m, 1H), 3.13 (m, 3H), 2.66
(m, 2H), 2.12 (s, 3H), 1.84 (m, 2H), 1.57 (m, 2H).

e) I-[4-(4-Amino-3-bromo-phenyl)-piperidin-1-ylj-ethanone

NH,
Br

N
Ao
A solution of 1-[4-(4-amino-phenyl)-piperidin-1-yl]-ethanone (as prepared in the
previous step, 0.36 g, 1.66 mmol) in CH,Cl, (10 mL) was cooled to —78 °C and
treated with NBS (0.28 g, 1.58 mmol) as a suspension in CH,Cl, (4 mL). The
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- /INO ,Si, A solution of
5-[5-(1-acetyl - pi peridin-4-yl)-2-am no-phenyl]-3,6-dih
WQ doogH 24688 pyri di ne-| -carboxylic acid tert-but yPCEEEEN6/060028
(as prepared in the previouww step, 0.25 g, 0.63 nmol)
in CH2A 2 was treated with PyBroP (0.44 g, 0.94 mol)
and. 4-cyano-| 5
(2-trimethylsilanyl -ethoxynethyl)-1Himdazol e-2-carbo
xylic acid, potassiumsalt (as prepared in Exanple 3,
step (d), 0.21 g, 0.69 mmol). The resulting slurry was
cooled to O C and treated with DIEA (0.33 ni, 1.88
TRRRBION Wapadlofved to e iR 50qe isRaatyriand e ford 3@ mim The reaction
id; t f i -
e e P A e R ARG, U BBanic
Iayeriees drisdever MehOs apdgenceptisted i sacuol pvarnddyS@tiabnds used

> ' CUQ= ok I I
GG R PR R N (b0 GG SRR s 207
(M), Faund 299 npound. (399 ng, 98 % as a white solid.
LC-M5 (ESI, mz): Calcd. for C34H48N6CBSI 649.4 (M-H),
found 649.9. h) 4-Cyano-IHim zazol e-2-carboxylic acid
A 8-[51¢latateyll piperpdnidyh-2daninp-pkefil] -3, & d ey dhdb 2 Hepyi-alvyed 1 0
c%bri d'.nzzcsl. %le;)t%%%%lf]: amde trifluoroacetic acid salt
KA § &) ¥ NOH -yNO A solution of
5-(5-(1-acetyl® pi peridin-4-yl)-2-{[4-cyano-|-(2-trinet
hyl si | any thyl)-1Hi m dazol e- 2- car bonyl ]
-am no } nyl”) -3, 6-di hydro-2H pyri di ne-

1-carboxyTH€ acid tert-butyl ester (as prepared in the
previ ous PNHD). 40 g, 0.61 nmmol) 20 in CH2A 2 (20 nl)
and Et OH m.) was treated with TFA (3 nL). The

sol g ~wé&s stirred at roomtenperature for 0.5 h.
Theysollvents were evaporated in vacuo, WO 2007/048088
bﬂﬁ'/ 0S2006/ 060028 119 and the residue was inmedi ately
t@ken up in EtOH (25 nL) and stored at 5 C for 11

A solution of 5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-
pyridine-1-carboxylic acid tert-butyl ester (as prepared in Example 46, step (b), 0.62
g, 2.02 mmol) and 1-[4-(4-amino-3-bromo-phenyl)-piperidin-1-yl]-ethanone (as
prepared in the previous step, 0.20 g, 0.67 mmol) in toluene:EtOH (2:1, 9 mL) was
treated with 2.0 M aqueous Na;COs (2.7 mL, 5.38 mmol) and was degassed with
sonication under Ar. The mixture was heated to 80 °C, treated with Pd(PPh3), (54
mg, 0.05 mmol), and stirred at 80 °C for 4.5 h. The reaction was cooled to room
temperature, diluted with EtOAc, and washed with saturated aqueous NaHCO;. The
organic layer was dried over MgSO, and concentrated in vacuo to afford the title
compound (0.25 g, 93 %) as an off-white solid. LC-MS (ESI, m/z): Calcd. for
C23H33N305 422.2 (M+Na), found 422.0.

g 5-(5-(1-Acetyl-piperidin-4-yl)-2-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-
1 H-imidazole-2-carbonyl]-amino}-phenyl)-3, 6-dihydro-2H-pyridine-1-carboxylic

acid tert-butyl ester
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h. The sol ution was concentrated in vacuo, and the
resi due was taken up in CH2C12 (20 nL) and EtOH (0.4

workgo7oisess t reated with TFA (6 nmL). The reacti OPCTVES2006/060028

stirred at roomtenperatut® for 2 h, and the solvents
were evaporated in vacuo. Reverse 5 phase HPLC (C 18
colum) (10 to 80 % acetonitrile in water with 0.1 %
TFA over 30 mn) afforded the title conpound (56.9
ng, 22 % as a white solid. 'H NWR (CDC13; 400 MHz):
6 8.06 (s, 1H) 7 81 (d 1H, J= 8.4 Hz), 7.32 (d, 1H,

J= 8.4 Hz), ,6.10-6.03(m I H),
474464(m 11 4.02 (m 1H), 3.95 (s, 2H),

. 9320(m 1 H), 2.93-2.82 (m
1 H, 69 (m , 2.62-2.53 (m 2H), 10 2.16
(s, 1798+. 8 2H) 1.78-1.54 (m 2H). LC-MS
( ESI : for C23H26N602 419.2 (M+H), found
419. 2 7

phenyl - 15 piperidin-1 yl)-acetic acid tr
?Eﬁoroacehc acid{salt O ~ NC\ _Y NH 11- rCF3N CO
2H H N YO A fl¥sk was charged with

yano-| H-i m dazol e- 2-carboxylic acid (2- c%/cl ohex-| -

Ae%ﬂl}m%l o pEr- wpertal-pipendiari v 2asminoephpmallshé-dilydso-RH-
p%@ﬁz 1T88bdx RS RS %Raﬁ | és’ibr%& ﬁ%@ﬁ@& 6 th pr§$1§ﬁ’s s(t%) 025 g,

- butyl bronpacetate
0(?3113510 )rmtﬁfiz%‘a'a@trzf&ew%rPWéﬂdm pPﬂéGmPBran@G ~¢yano-1-
(@-ﬁn%@thglsﬂyﬂﬁ &ﬁﬁ%&ﬁ&ﬁ&m‘lﬁ ﬁlﬁlﬁa%@é 2- % Prﬁ%?ﬁc 20, fotairhKalt (as
cartri I cd) and.
p{e@a{@_lp%’aﬂmb gten (d) 0. 21 g, 0 69 rnmol) The resultmg slurry was cooled
o I h
td 6n @%8 tl%a?eld}%ﬁpﬁw (8 %g]rrﬁl_lg It ?8 o C'?f]a(ec ios ba%heYVflS_ Em%yled and
tl@@inecrtuaneﬂ ut mbmzvtetrtpe%m%ﬂit A/ HXEb’lrea'Ehbﬁ mmﬂatbﬂdmth

d | 580l Swg? @%&gﬂ%ga’éq???@wg% he orgamc egr_e'r %vg% d%wd
over MgSO4 and concentrated in vacuo. Silica gel chromatography (25-45 % EtOAc
in hexanes then 100 % EtOAc) afforded the title compound (399 mg, 98 %) as a white
solid. LC-MS (ESI, m/z): Calcd. for C34HsNgOsSi 649.4 (M+H), found 649.9.

h) 4-Cyano-1H-imizazole-2-carboxylic acid [4-(I1-acetyl-piperidin-4-yl)-2-(1,2,5,6-
tetrahydro-pyridin-3-yl)-phenyl]-amide trifluoroacetic acid salt

TFA HN

/i
H '\,"\<
N\n/kN
& H
\ﬂ/N '

O
A solution of 5-(5-(1-acetyl-piperidin-4-yl)-2- {[4-cyano-1-(2-trimethylsilany]l-
ethoxymethyl)-1H-imidazole-2-carbonyl]-amino } -phenyl)-3,6-dihydro-2 H-pyridine-
1-carboxylic acid tert-butyl ester (as prepared in the previous step, 0.40 g, 0.61 mmol)
in CH,Cl; (20 mL) and EtOH (0.4 mL) was treated with TFA (3 mL). The solution

was stirred at room temperature for 0.5 h. The solvents were evaporated in vacuo,
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stirred for 3 hat 25 T. The title conpound was
purified by RP-HPLC (C18), eluting WO 2007/ 048088

weN 08806/ 060028 120 with 30-50 % CH3CN i n BCT/U32006/060028

TFA/ H20 over 12 min to givel9l0 ng (40 %9 of a white
solid. "H NWR (400 MHz, CD30D): S 8.16 (d., 1H), 8.02

(s, 1H), 7.22 (dd, 1H), 7.10 (d, 1H), 5.72 (m 1H),

4.04. (s, 2H), 3.76 (m 2H), 3.22 (m 2H), 2.90 (m

IH, 2229 (m 4H), 2.10 (m 4H), 1.82 (m 4H). Mass
spectrum (ESI, mz): Calcd. for 5 C24H27N503, 434.2
(M+tH), found 434.2. Exanple 48
azpd@cmq&gldppmam1@gzeépaéely_t@]ggnbmy |Et@Ha@|5dnL) and stored at 5 °C for 11

h{ 4T1’[€| 506&1@%&0 q?h cﬁé{& fwen c ? y é P&id u%lv‘pdb tﬁken ué)tm CH,Cl,

cycl ohex tritluor
(a@ trrcL)saalthtQH{Orn\mnuhen tr@temzmth <TF/A\[6ﬁEA) TBe @aa)mn was stirred
5?’00(11% Ec{rrAf ra(érc%?ﬁ%, g!i \ivcrc CH yﬁ)oratﬁd In raﬁcuo Rcverse

ghlapeHPHCr(Cll & bQludn} (1 me&(h%l acB’eoGn(tﬁlq)mO)p@tbﬂwﬂhi()Ua‘m TFA over 30
a&gﬁ& % e%i _tl?%@elbcc?nsr,%oeuédzbg p&}l%, i(% ‘bl-) asa wh1te boi\ld QH NM\R (CDCl3;
400QyHR): BH.06(JaH)) B8 R(d,ath by § I4CH£)§317 (32 (d, 1H, J=8.4 Hz), 7.22 (s,

57 PATLOE R 1 Mo L P € Bt s BRI T 5053

(81, ¢pl), 1.09-3.200n0), 1Y, 2@3%&:8(@1&#{) 2. 80 2.69 (m, 1H), 2.62-2.53 (m, 2H),

M o S 43, sl sk s G, AN [sToversited. or

GE@%N@M]@E@MH{)(Mmz 0.0981 mmol) in
di chl oroet hane (2 nL) was added. DIEA (43 L, 0.25

mmol) and. the resulting mxture was stirred at RT
for 1 day under Ar. The nixiMpR s diluted with

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

piperidin-1-yl)-acetic acid trifluoroacetic acid salt

CF3CO,H

O

OH
A flask was charged with 4-cyano-1H-imidazolc-2-carboxylic acid (2-cyclohex-1-
enyl-4-piperidin-4-yl-phenyl)-amide TFA salt (33 mg, 0.067 mmol) (as prepared in
Example 14, step (b)), t-butyl bromoacetate (10 puL, 0.067 mmol), NEt; (20 uL, 0.135
mmol) and 0.25 mL of DCM and stirred for 10 h at 25 °C. The rcaction mixturc was
loaded on a 5g SPE cartridge (silica) and 23 mg (70 %) of (4-{4-[(4-cyano-1H-
imidazole-2-carbonyl)-amino]-3-cyclohex-1-enyl-phenyl}-piperidin-1-yl)-acetic acid
tert-butyl ester was eluted with 25 % EtOAc/DCM. This compound was dissolved in
1 mL of DCM and 20 pL of EtOH and 1 mL of TFA were added and the reaction
stirred for 3 h at 25 °C. The title compound was purified by RP-HPLC (C18), eluting
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20 EtOAc (30 nL) and washed with H2O (2 x 10 nL),

brine (10 nL), dried over Na2SO4 and then
wa@oencemosat ed i n vacuo. The residue was purifiBOI/D§2006/060028

flash chomat ography (silit® gel, 10-40 %

Et OAc/ hexane) to give 33.0 ng (70 %9 of the title

conpound as a WD 2007/ 048088 PCT/ US2006/ 060028 121

colorless oil. Mass spectrum (ESI, nmz): Calcd. for

C32H42N604, 575.3 (M+H), found 574.8. b)

4- Cyano- | Hi m dazol e- 2-car boxylic acid
_-£I-é3ann03rnethyl but yr yl%l 5 piperidin .
i3G50 e (ShER @ hyh TEREHSP pyeid @lﬂqglmé%sgc@@. %) ofa
v?gtedsfﬁg:ntlﬂmm Mob Mierz; cpoD? §%-36@HEHR Mb2/(N 189), 2.22 (dd,

ut i

1B, 140 (- T4 5 el -LEDy 4R ezl 3776c@m 2o Ry B2 4> RBY-239¢ (m,

|
1 @B 7, 2FD), 2. 4 2
1—% §)€ H}? 1% gnrll dH)n 1|8_ ﬁm 4H) I\gass Ctrum (%%Iong%)o gﬁcd for

(}zalﬂaNb@mAé4e?cﬁl\d+HerfDmbirfr§A2 ester (33. O rrg, 0. 0574
mol ) (as prepared in the previous step) in 3 nL of
DCM and 10 0.10 nit EtOH at 0 C was added 1.0 nit of
TFA, the m xture was vvarrmlwﬂﬁand stirred for 3

J’ﬁ)é z i]ﬁe%z%dzg{é-%‘-’%éfiﬂb%%ig% (ggd \?%.Iql (§ ant -meﬂey%qﬂf)%e%lpeﬂdm-

oncen pur
by fl asH-dhermativdesny hgny(—ﬁhdenyé}aa;g&ie, trgﬂu&rd%ceﬁdeﬁzw RaX)
to give 33.5 ng (99 %9 of the{itle conmpound as a
white solid. "H NWR (400 CDC13): 8 13.3 (s, 1H
8

9.52 (s, 1H), 8.57 (br s, 3H}B. 26 1H J 15 = 8.6
)

Hz), 7.69 (s, 1H), 7.02 (dd,
6.98 (d, 1H, J = 1.7 Hz), 5. m\”/ll\lhb, 4.67 (br d,
1K J=13.4 H),

1H J=13.4 Hz), 3.8 8
3.10(m 1 H, 2.55 - 5 (m 4H), 12F23(m4l—l)
6H). Mass fpect rum (ESI,

N

1.72-2.01 (m '8 B0~
M z2): Calcd for/C271B4NG02, 475.3 (M+H), found 475. 1.

9 4H- 2.4 ol e-3-c Xyl
[53‘??%142‘& Yanasifrimgd ﬁf]r?{ferrar 74l) wmﬁrf % 2 }02%’% z*.eagl phenyl}-
DS idik A -yIf-I YONRREBII3CoxBCh S p Aty Bdnbic Wl 187 Fb%ttyl\eSMH

@
) S—
,., i
>|/O\g/N><\g/N

To a mixturc of 4-cyano-1H-imidazolc-2-carboxylic acid (2-cyclohcx-1-cnyl-4-
piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt (as prepared in Example 14, step
(b), 40.0 mg, 0.0818 mmol), 3-tert-butoxycarbonylamino-3-methyl-butyric acid (J.
Med. Chem., 34(2), 633-642, (1991), 21.4 mg, 0.0981 mmol) and PyBroP (55.0 mg,
0.0981 mmol) in dichloroethane (2 mL) was added DIEA (43 uL, 0.25 mmol) and the
resulting mixture was stirred at RT for 1 day under Ar. The mixture was diluted with
EtOAc (30 mL) and washed with H,O (2 x 10 mL), brine (10 mL), dried over Na,SO;4
and then concentrated in vacuo. The residue was purified by flash chomatography
(silica gel, 10-40 % EtOAc/hexane) to give 33.0 mg (70 %) of the title compound as a
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/O HN WD 2007/ 048088 PCT/ US2006/ 060028 122 a)
1-(2-Tr-irnethylsil anyl
wetdanysoset hyl , ) -LH[ 1, 2, 4] -tri azol e- 3- car boxyPCT/USZNNE060028
methyl ester Si >-j 0 NN MOo> N O5 To a
suspensi on of NaH (60% di spersion) (200 ng, 5.00 mol)
in DMV (5 nL) at 0O C, a solution of
nmet hyl -1H 1, 2, 4-tri azol ecar boxyl ate (635 ng, 5.00
nmmol) in DM (5 nL) was added dropw se. The resulting
suspensi on was stirred at the sane tenperature for 30
mn and treated with SEMCI (0.90 n_, 5.0 nmmol). Th
cotastog$ 0ilndlass spestiush(EsmED; &?]éé- for GrFledOg éﬁrﬁr%%d)» found
570 red onto ice. The product was extracted 10 with
efher (3 x 20 nL). The ether |ayers were conbi ned,
dried (Na2SO4) and concentrated in vacuo. The residue
obt ai ne S. ch . i_bd_ca: (189 -
O Lo L L et e
pipRridiNessl] Speciaham It &SV-phenylpymidedrifldor dagetic acid salt
C1OH19N3(3Si, 258.1 (Mtd), found 258.2. 15 b)
4- ( 3- Cycl ohex- | - enyl - I -(2-trinmethylsilanyl-etlioxy
methyl)-1H[1, 2,4 Jtrigzol e- ;3q€arbonyl . ]-amn no}
phenyl .) piperidine-|-clarbxylig 6Nt ent - butyl ester
-0 - NNNN O)~oy OYTo M sol ution of
1- (2-trimethyl si Lanyl~ethoxy@ethyl )-1H[1, 2,4]-tri azol
e- 3-carboxylic

CF3CO3H H2N><\H/N

O

To a solution of [3-(4-{4-[(4-cyano-1H-imidazole-2-catbonyl)-amino] -3-cyclohex-1-
enyl-phenyl}-piperidin-1-y1)-1,1-dimethyl-3-oxo-propyl]-carbamic acid tert-butyl
ester (33.0 mg, 0.0574 mmol) (as prepared in the previous step) in 3 mL of DCM and
0.10 mL EtOH at 0 °C was added 1.0 mL of TFA, the mixture was warmed to RT and
stirred for 3 h. The reaction was diluted with 3 mL of n-PrOH and then concentrated
in vacuo. The residue was purified by flash chomatography (silica gel, 3-8 %
MeOE/DCM) to give 33.5 mg (99 %) of the title compound as a white solid. H-
NMR (400 MHz, CDCls): § 13.3 (s, 1H), 9.52 (s, 1H), 8.57 (br s, 3H), 8.26 (d, 1H,7J
= 8.6 Hz), 7.69 (s, 1H), 7.02 (dd, 1H, J = 8.6, 1.7 Hz), 6.98 (d, 1H, ] = 1.7 Hz), 5.78
(m, 1H), 4.67 (br d, 1H, J=13.4 Hz), 3.88 (br d, 1H, J=13.4 Hz), 3.10 (m, 1H), 2.55-
2.85 (m, 4H), 2.23 (m, 4H), 1.72-2.01 (m, 8H), 1.50 (s, 6H). Mass spectrum (ESI,
m/z): Caled. for Co7H34N6O02, 475.3 (M+H), found 475.1. ’

Example 49
4H-[1,2,4]-triazole-3-carboxylic acid (2-cyclohex-1 -enyl-4-piperidin-4-yl-phenyl)-

amide bis trifluoroacetic acid salt

J
H ",‘ S 2TFA
N\n/kN
O o H
HN :
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20 acid nethyl ester (as prepared in the previous

step, 257 ng, 1.00 mol) in EtOH (2 nL), 2 NKOH (0.5
workgo70489801 ) was added. The resulting sol uti onP@EES2006/060028

stirred at RT for 20 m n #d concentrated in vacuo.

The residue obtained was suspended in ether (10 nL)

and sonicated for 5 mn. The ether was then renoved in

vacuo and the WD 2007/ 048088 PCT/ US2006/ 060028 123

resulting residue was dried for 4 hr to obtain

1-(2-trinmethylsilanyl-ethoxynethyl)-1H [

1,2,4]-triazol e-3-carboxylic acid potassiumsalt (273

ng, 97 %9 which was directly wused in the next step

AZ) ] . b i Bridxol-31cFBox®fic acid methyl

a3t ?%%’f%’?ﬂ{#g F’g%?ﬁh%}tz%getng?ﬁhﬂ )y-1H[ 1, 2, 4]x?t fiazol
esgr3-carboxylic acid potassiumsalt (as prepared

above, 28 ng, 0.10 rnnol), DIEA (34 L, 0.20 mml),

4- (4-am no- 3¢ycl ohex-1 -enyl - phenyl ) - pi peridi ne-I-carb

oxylic aci ert-butyl ester (as prepared in Exanple

14, step.©b), 35.6 ny, 0.100 mol) and PyBroP (69.9

ny, 0.356 nmmol) in DCM (2 nL) was stirred at RT for 12

h. ThHe 'neaction m xture 10 was diluted with DCM (5 ni)
M ed with saturated aqueous NaHCO3 (10 niL) and

watler (10 nmL). The organic | ayer was separated, dried

(Na2SO4) and concentrated in vacuo. The product

[ S
Tehsepansign aphet GA%sdispeson2@o2080> -8 omIthidaiE) (L) at 0
.~obtain. ot 1€y 16 Qrpour He, MRS Emol) in DMF
C‘SE@%‘WI&WE@P&“ LE ?;ﬂo@%‘?ﬁ c g@%@?‘%ﬁ%%ﬁa , 505
(5(dt. B@as 2dded dropwite. 48¢ r@ultmg spppension was stirred at the same

44 2.4 st riazol e-3-car Ik ' 1

E5bby L3S T ot RRRICH G0 iy 20 ol Tt
sobitiort wad dtirmerdoa Rt for 3Qahid agdpoutedonpo A The prpdpct wapjRktracted

2 t f X .
iR 8% R O S R o T P SR i S0 8By
cdcbiytkdted itk vdcuo. The residue obtained was chromatographed on silica (10%
1,2, 4]-trj | c- 3-carbonvl 1 - ani ] e ..
mip Ebises) et dis By Sy (el B 01 ot MBS Bty s
ol 4)ECRICE Vo TSR0, B 12 8. TV+0D) 1#%0ndr@68 2. i n DCM (0. 4

m) and. EtOH (13 L), was added TFA (0.13 nL). The
resulting solution was stirred at RT

b) 4-(3-Cyclohex-1-enyl-4-{[1-(2-trimethyls ilanyl-ethoxymethyl)-1H-[1,2,4-]triazole-
3-carbonyl]-amino}-phenyl)-piperidine-1-carboxylic acid tert-butyl ester

\
/\/Sl
/O \
N43

E I 4
Sas
;x(oignq

To a solution of 1-(2-trimethylsilanyl-ethoxymethyl)-1H-[1 ,2,4]-triazole-3-carboxylic
acid methyl ester (as prepared in the previous step, 257 mg, 1.00 mmol) in EtOH (2
mL), 2 N KOH (0.5 mL, 1 mmol) was added. The resulting solution was stirred at RT

for 20 min and concentrated in vacuo. The residue obtained was suspended in ether

(10 mL) and sonicated for 5 min. The ether was then removed in vacuo and the
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25 for 3 h and concentrated in vacuo. The residue

obt ai ned was dried under vacuumfor 1 h, suspended in
we@eden4089 nl) and sonicated for 5 mn. The soPCTIUS2006/060028

formed. was collected by #3ction filtration to obtain

the title conmpound (56 ng, 68 % . 1H NWVR (CD3OD; 400

MHz): 6 8.53 (br s, 1H), 8.20 (d, 1H, J = 8.4 Hz),

7.21 (dd, IH J = 8.4, WD 2007/ 048088

PCT/ US2006/ 060028 124 2.1 Hz), 7.11 (d, IH J = 2.1

Hz) , i 83 (2br288, IHZ‘r, 3.45 (m 2H), 3.19 (m 2H), 2.98
o ingAp i8S SORELIOF (1 (ESPEiT ] 43T B hosymothyD)-1H-
[%,%E%%%ﬁ%?%})%ylﬁ%&i& pofa@éiﬁlﬂ s%ﬁ%Z’ZS me, &X%’ﬂlgl@lcﬁ Qvas directly

) Z4] -tiiazol e-3-carboxylic aci
ugezlin ¢ Bt gtep-vaiiput anyfusder pimboptipn. ~ phenyl ) - ani de
trifluoroacetic acid salt HNNTFA g N ~N~Cl O H
HN 10 a) 5-Chloro-|

Aot af le@htyinsithd sijany b ethoxymadwhyl H=[ | R 4]ftriazge-3-carboxylic

bRt S Bl b 28 e T i R i oo

nﬁﬁclalﬁ 4rg4—aril]icriﬂ>43-ﬂ3|:ﬂbhe>i— b-eDNFpi{ehytitpiparidife-1idari@xydic acid tert-butyl
sol ut i 5-chl -1H Al AL - 3- '
oS5 S REREAGAC B SPR LBl ion (B3 e $180 Fa A SV B o0.9
n%l@ﬂz_)),mﬁlg r;'HQ)CNI.(|35r_1lj)’mhs) stirredDVIR T @ 121h). Tessreackthedmixture

r Qpw se. . resul tin [
B e B A0 P PR ARl Mot
aﬁmergm 24.)MThe brdani@ly¢r wds¥ephatdd, Giib@ (NoISCL) and was

stirred, at RT for 30 mn and poured _onto ice. The .
oRRSERFASBYaRIe: TRE RIS VRS SR tqegaphed pn it ()zgé‘ﬁdA’
Eftdjﬁcﬁieta%et) kS Ba B Hitle CORPLMEL(3 10 ingd 56 Mey2 $A} padeeum (EST,

concentrated i n_vacuo. T

id b d
o Giptich G oS 1553 (VEBONE AR PR AEY 21 o obt ai n

¢) 4H-f1,2,4-]-triazole-3-carboxylic acid (2-cyclohex-1-enyl-4-piperidin-4-yl-

phenyl)-amide bis trifluoroacetic acid salt

o
Ho Ty 2 TFA
N\n/‘\
N
O o H
HN

To a solution of 4-(3-cyclohex-1-enyl-4- {[1-(2-trimethylsilanyl-ethoxymethyl)-1H-
[1,2,4]-triazolc-3-carbonyl]-amino}-phenyl)-piperidine-1-carboxylic acid tert-butyl
ester (as prepared in the previous step, 81.9 mg, 0.140 mmol) in DCM (0.4 mL) and
EtOH (13 uL), was added TFA (0.13 mL). The resulting solution was stirred at RT
for 3 h and concentrated in vacuo. The residuc obtained was dricd under vacuum for 1
h, suspended in ether (10 mL) and sonicated for 5 min. The solid formed was
collected by suction filtration to obtain the title compound (56 mg, 68 %). '"H-NMR
(CD;OD; 400 MHz): § 8.53 (br s, 1H), 8.20 (d, 1H, J= 8.4 Hz), 7.21 (dd, 1H, J =8.4,
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the title compound (227 ng, 58 % . Mass spectrum (ESI,
mz): Calcd. for CloH18CIN3M3Si, 292.0 and 294.0

w@ koFp4808oOUNd 291.5 and 293. 6. WD 2007/ 048088 PCT/US2006/060028
PCT/ US2006/ 060028 125 b) 124
4-(4-{[5-Chloro-I-(2-trinzethylsilanyl -etho)
yrnetliyl)-1H][I,2,43-triazol e- 3-
car bonyl J- am no) - 3-cycl ohex-1-enyl phenyl.)
piperidr. ' n.e-l-carboxylic acid tert-butyl ester NN
NO Oy/N>10 5 To a solution of

4- (4-{[5-chl | -(2- hyl | - h |
159, 5,15 @ B &SP Rk P B A SaDepY B 258 .
D B e b ) e g, The. ™
qaé@ufqu%H@éth Pohd NS ED, faund35312-RT for 20 nin and

concentrated in vacuo. The residue obtained was
suspended in ether (10 nL) and sonicated for 5 mn.
The ether 10 was then rerﬁ‘éﬁﬂlﬂ&rﬂthe resul ting

M@?zdzi'ﬁz% B-NAGU0 IR achd - 1O -Bof-A fiperidin-4-yI-
~E[S chl 2 trzél)rretﬁ&%nfar?fl-gh%xynet hylﬁ ézl-Pm 7Y
,4]triazol e- 3- carhb@yéyhm@iaatcaf@w‘ma@ﬂcm@élt (223 nm,
91 % which was directly used in the next step w thout
any further purification. 15 A m xture of
4-(4-{[5-chloro-I-(2-tgtmet hyl sil anyl - et hoxymet hyl ) - 1H
-[1,2,4]- triazol e-3-ch xyI|c id pot ium sal t

o) DA

(as prepared above, 35 1o, rm)g (34 L,
0.10 mmol), ’ %
4- (4-ami no- 3-cycl ohex- @ yI herryl ) - pi peridine-| -

bu ester (as prepared in
Exanpl e 14, stepN(b 35.6 ng, 0.100 nmol) and PyBroP
(69.9 ng, 0.150 mmmol) in DCM (2 nmL) was stirred at RT
for 12 20 h. The reaction mixture was diluted. with

?yrﬁ‘d)-gaﬁgn .lz_'z%;lyl— oy mahph atred, 2%9@92@6—%110

110 m.) an ter he of gani ¢ layer was
aswhyaetgykgterdr i ed (Na2804) and concentrated in vacuo.
The product was chr omat ographed on silica (20-40 %
Et OAc/ hexan)h%mbt ain the title conpound (52 ng, 85
% . 1H NWRO 23; 400 MHz): S 9.60 (s, 1H), 8.29 (d,
1H JInN=M8 4 Hz) 7.18 (dd, 1H, J = 8.4, 2.2
MeO\n/“\/ cl

N

O
To a suspension of NaH (60% dispersion, 53.9 mg, 1.34 mumol) in DMF (5 mL) at 0
°C, a solution of 5-chloro-1H-[1,2,4]-triazole-3-carboxylic acid methyl ester (Bull.
Pharm. Sci., 20(1): 47-61, (1997), 218 mg, 1.35 mmol) in DMF (10 mL) was addcd
dropwise. The resulting suspension was stirred at the same temperature for 30 min
and then treated with SEMCI1 (0.24 mL., 1.4 mmol). The resulting solution was stirred
at RT for 30 min and poured onto ice. The mixture was extracted with ether 3 x 20
mL) and the ether layers were combined, dried (Na2SO4) and concentrated in vacuo.
The residue obtained was chromatographed on silica (10% EtOAc/hexane) to obtain
the title compound (227 mg, 58 %). Mass spectrum (ESI, m/z): Calcd. for

C10H15CIN5058i, 292.0 and 294.0 (M+H), found 291.5 and 293.6.
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25 Hz), 7.13 (d, 1H, J = 2.2 Hz), 5.99 (s, 2H), 5.84
(br s, 1H), 4.18-4.25 (m 2H), 3.72 WO 2007/048088
wEan 08806/ 060028 126 3.76 (m 2H), 2.58-2. 6FCT/IE2006/060028
2H), 2.51-2.64 (m 1H), 2.18-2.33 (m 4H), 1.78-1.92
(m 6H), 1.55-1.65 (m 2H), 1.49 (s, 9H), 0.93-0.98
(m 2H), 0.10 (s, 9H). c)
5-Chloro-]H[1,2,4-]-triazol e-3-carboxylic acid
(2-cycl ohex-I-enyl -4 piperidin-4- 5 yl phenyl)-amde tr
fl uoroacetic acid salt / NNNHTFA N ~N~CI | / O HN
To a sol ution

b)ad{(4- {{f@@ﬂo&@-ﬁﬂ(zgthrhlw%mﬂ%?méﬂw bR 5 TH
-3- ~ _phenyl)-piperidine-1-carboxylic acid tert-butyl

Cmb&rggo?e 3- cga?)ﬁcéon};elx]l-gnr%l;]hvo} -y)gflocl ohex- I-en§/9|; phenyl ) - ¥
espirper i di ne-1 -carboxylic acid tert-butyl ester (as
prepared in the previous steR 63.3 ng, 0.102 mmol) in
DCM (0.5 pb) and Et OH (1,1\)Snwas added TFA (0.1 nL).
After stir the resut@ing nmixture at RT for 12 h,
anot her 0. ,qf TEAwas added. The reaction mixture
was stirred mﬁd’\@{ﬁm@n onal 5 h at RT, the solvents
wer e evapo nd the title compound was 15

puri "HPL.C (C 18) eluting with 20-70 % CH3CN
i Opl %

TFA/H20O over 20 nmin to obtain the title
coﬁﬁou d (30 ng, 58 %9. 'H NWR (CD3CD; 400 MHz): 8
AA (d, 1H, J = 8.4 Hz), 7.20 (dd, 1H, J = 8.4, 2.1

:%F), 7.13 (d, 1H, J =2.1 Hz), 5.82 (br s, 1H), 3.45

2H), 3.19 . 2.98 .28 AH)
Té Tm@”ep oy dstiorb s Criraceraty-<tosr ekl
Qg)xiaiﬂlékuca% c af:iarmgﬁ9f€s4&3(&§ﬁep&86 id thengeZousa88p, 027

| e
R 5s-9PD 5P o S0V KO (0.8 Thley 4 mamol) was added. The

szﬁ tﬁ%%bﬁﬂl%ﬁ \Jzas%ﬁ}‘ﬂcd%t £ 8¢ 20 Grifl bhd 8bkthtratell REKhdion- Bhe
henyl J-am de bis trifluoroacetic acid aIt n’ﬂ‘xeether

r@siledoyaam Yrs suspensed|ie cther Giygky PR & Sogggaged for 5 i
W[a% tﬁ%@‘h&{gﬁé dﬂ@@%lrﬁﬁﬂ&ﬁé égﬁlug wRs Qi A et Byduo B PeIth @bfiit4-(4-

amde bis trifluoroacetic acid salt

WO
{@dﬂbm&&&srlm@hﬁlggg@ﬂmtb@mhyugﬂ ] M]Ipp\pole. -3-carboxylic acid

potassium salt (223 mg, 91 %) which was directly used in the next step without any

 further purification.

A mixture of 4-(4-{[5-chloro-1-(2-trimethylsilanyl-ethoxymethyl)-1H-[1,2,4]-
triazole-3-carboxylic acid potassium salt (as prepared above, 35 mg, 0.10 mmol),
DIEA (34 pL, 0.10 mmol), 4-(4-amino-3-cyclohex-1-enyl-phenyl)-piperidine-1-
carboxylic acid tert-butyl ester (as prepared in Example 14, step (b), 35.6 mg, 0.100
mmol) and PyBroP (69.9 mg, 0.150 mmol) in DCM (2 mL) was stirred at RT for 12
h. The reaction mixture was diluted with DCM (5 mL) and washed with saturated
aqueous NaHCO; (10 mL) and water (10 mL). The organic layer was separated, dried
(Na,SO4) and concentrated in vacuo, The product was chromatographed on silica
(20-40 % EtOAc/hexane) to obtain the title compound (52 mg, 85 %). '"H-NMR
(CDCls; 400 MHz): 8 9.60 (s, 1H), 8.29 (d, 1H, J=8.4Hz), 7.18 (dd, 1H, J=8.4,2.2
Hz), 7.13 (d, 1H, J=2.2 Hz), 5.99 (s, 2H), 5.84 (br s, 1H), 4.18-4.25 (m, 2H), 3.72-
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NNCNNNO'""CN ~H HOHNHN 2 TFA 2TFA a)
Cs/trans 2, 6-D nethyl-4-o0xo piperidine-I-carboxylic

wa@eood/ossess - butyl ester O AN O0-r-1\0 5 A sol pCT/082008/060028

ci s/ trans-2, 6-di nct hyl pi petdédi nonc (Coll. Czech. Chem
Conmun. : 31(11), 4432-41, (1966), 1.27 g, 10.0 mmol)
in ether (100 nmL) was treated with ag 1 N NaOH (11
m., 11 nmol) and (BOC)20 (2.18 g, 10.0 mmol ). The
resulting mxture as stirred at RT for 48 hr. The

et her | ayer was separated, dried and concentrated. The

i d h t hed ilica (10 %
LB s o B L e b i 4, 165592 o,
5. , Z r 128. 1

9 SO R oY e gl RIS
Am nophenyl ) -ci s/trans I

, et by D et i nes k- Lo aci byl
3, ECHAB BURSREL e PR (B ol 8- i
Wirbeelpargiddi dubydasehensidisalbne (as prepared in the
previous step, 1.14 g, 5.00 mmol) in THE (20 nL) was

cooled to -78 C and treated with LDA (1.5 Msolution
i n cyclohex, THE and et hyl benzene, 4.4 nL, 6.5 mmol)

under % The rezgi;i ng mxture was stirred at the

30 mMn and treated with 20
fet Whnesul foni nide (2.34 g, 6.55
nol ) | E £20 nL). The reaction m xture was

To a solution of 4-(4-{[5-chloro-1-(2-trimethylsilanyl-ethoxymethyl)-1H-[1,2,4]-
triazole-3-carbonyl]-amino}-3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid
tert-butyl ester (as prepared in the previous step, 63.3 mg, 0.102 mmol) in DCM (0.5
mL) and EtOH (11 pL) was added TFA (0.1 mL). After stirring the resulting mixture
at RT for 12 h, another 0.1 mL of TFA was added. The reaction mixture was stirred
for an additional 5 h at RT, the solvents were evaporated, and the title compound was
purified by RP-HPLC (C18) eluting with 20-70 % CH3CN in 0.1 % TFA/H20 over 20
min to obtain the title compound (30 mg, 58 %). 'H-NMR (CD;OD; 400 MHz): 8
8.14 (d, 1H,J = 8.4 Hz), 7.20 (dd, 1H, J = 8.4,2.1 Hz), 7.13 (d, 1H, ] =2.1 Hz), 5.82
(brs, 1H), 3.45 (m, 2H), 3.19 (m, 2H), 2.98 (m, 1H), 2.28 (m, 4H), 2.14 (m, 2H), and
1.95-1.75 (m, 6H). Mass spectrum (ESI, m/z): Calcd. for Cp0H24CIN;O, 386.1 and
388.1 (M+H), found 386.2 and 388.1.

Example 51
5-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(cis-2, o-dimethyl-
piperidin-4-yl)-phenyl]-amide bis trifluoroacetic acid salt, and
3-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(trans-2,6-dimethyl-
Diperidin-4-yl)-phenylf-amide bis trifluoroacetic acid salt
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128 min. at RT the reaction m xture was concentrated
in vacuo and the residue was taken wup in ether (20

workgo7amdss washed. with cold. water (2 x | QL) PCTN82006/060028

ether layer was dried (Nak30O4) and concentrated to

af forded cis/trans-2, 6-di net hyl -
trifluoronethanesul f onyl oxy- 3, 6-di hydro- 2H pyri di ne- 1-
carboxylic acid tert-butyl 5 ester (890 ng, 49 %
which was directly used in next step. The title
conmpound was then prepared according to the Suzuki
coupling _procedure of Exanple 35, step (b) using

Nyl boronic acid (219 ng, 1.00
ci s/ trarns=2,

6- di met hy|l - 45t ri ¥ TNor onet hanesul f onyl oxy- 3, H N
6- di hydg 055 ’gﬁgﬁge 10 carboxylic acj N ’?}X‘CN
ester (hs prepared abov 321 0 H

i ca gel chr omat ogr aphy (19-2
ares) af f or degg,4- (4- am no- phenyl jiN Ea
-3, 6- d|hyéro-ZFprridine-I-carpoxyIic acid

tent-butyl ester (172 ny, 57%: WMass spectrum (ESI,
mz): Calcd. for C18H26N2Q2, 303.2 (M+H) found 303. 1.

af‘ éz‘z?/{tigz?qn!s %25 meth 6 4—§x% D CPerldf’?’]ey]l ~cqr bé’xall%@(&fi 66}‘?@'_14%, PG n

carboxyllc 15 acid tert-butyl ester (as prepared
a , 380 ng, 1.25 nmmol) in MeOH (10 nlL) was

hydr oggenat ed over 10% Pd/ C (190 ng) at 20 psi for 1 h.
heNsortution was filtered through a pad of Celite and
qgﬁkgntrated to give the title conpound (360 ng, 94
9% . Omass spectrum (ESI, mfz): Caled. for Cl8H28N202,
30 MtH), found 305. 6. 20 C)

4- (4 Am no- 3-cycl ohex- | -enyl phenyl)-cis/trans

AZSoﬁxtCBd’EﬁtdW{raﬁ-@ 6fd11@1bﬂ1%ri 1pcrﬁﬁﬁ$}f&x()ddlﬁ c@géhd CHERt RN

3 ﬁa(lh %‘Eﬁ%l p(ﬁ%@@t 323 g61@| pm@&ﬁ pthgefmﬂ)u mb) vag tiedok yith aq 1
Ng;li(cht% % %&E -1 1%&%%) a@ﬁt(%fod)% [%fw% %"i‘ 66% Hsaﬂxwg ef‘ﬁfg%&ét g mixture
AN Qd12g éuhﬁﬂ 48 hgo Thﬂﬁth)el" ém@r whe smaatcd Gﬂmemandi aorcentisted. The

re%fd'u% KR BforRlto I%I%/F édzorggfc@ ﬁl éf p -h u & ¥‘é§{l the title

iluted wth sm

caamlmglél NAHCSE %X 3-GrMS (BSTdmigit €alo@1ﬂ>rlﬁ;)H21NﬁB DRgR Ve

R gMﬁggﬁgggdated dried WO 2007/ 048088
us2

b) 4-(4-Amino-phenyl)-cis/trans 2,6-dimethyl-piperidine-I -carboxylic acid tert-butyl

ester

Q
JXFCQL—N NH,

A solution of cis/trans N-Boc-2,6-dimethylpiperidinone (as prepared in the previous
step, 1.14 g, 5.00 mmol) in THF (20 mL) was cooled to -78 °C and treated with LDA
(1.5 M solution in cyclohex, THF and ethylbenzene, 4.4 mL, 6.5 mmol) under Ar.
The resulting mixture was stirred at the same temperature for 30 min and treated with
N-phenyltrifluoromethanesulfonimide (2.34 g, 6.55 mmol) in THF (20 mL). The

reaction mixture was stirred for another 30 min and allowed to warm to RT. After 30
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129 (Na2SO4) and concentrated in vacuo to obtain
4- (4- am no- 3- br ono- phenyl ) -ci s/ trans-

WQ2@70isves hyl - pi peri di ne-1-carboxylic acid terpebus3ne060028

ester (367 ng, 87 % . Massli28spectrum (ESI, rn/z):
Cal cd. for C18H27Br N2Q2, 327.0 and 329.0 (Mt-Bu+H),
found 327.0 and 328.9. 5 The title conpound was then
prepared according to the Suzuki coupling procedure of
Exanpl e 12, step (d) using cycl ohexan-I-enyl boronic
acid (157 ng, 1.25 mml) and
4- (4-am no- 3- br onp- phenyl ) - 2, 6- di net hyl - p eridi ne-1-c¢
mipph & T the 1gagtipry @Wullsmiﬁl congatisiod(insapueprg e ratiduewas taken
up3e s (J0 08, AHB koasBw it ?&nﬂ
0 Et OO«(:/ hexanes) to afﬂggﬁ%ﬁ{%@ ? Phy ét‘ﬁ@rﬁ%h{as
dgisd 6NAR4) B congeptratedsp afforded pls/t@a%@mwhth 2
tl(lﬁ/ll(fd'l'})m[eﬁféﬂe%rll%%?lo;{g g dlh P}gﬁ%} e etci%lrbox%lslf A d)te]]t hutyl
Spiaf Ine- %&Mﬁmings d1rect1y used in next step.
am no) - 3-cycl ohex- 1 -enyl phenyl ) -cis-2, 6-di nethyl
pi peridine-l-carboxylic acid tert- 15 butyl ester and
The (tmle{c[omp@yaﬁ ol tife@- prepared hgdosdlhg twthe&izhbmqamphhg procetlure of

P L 50 B A 05 O e an

C@(tralilst2e6—thrbethy]-4@5ﬂe®rokﬂetlﬁhesﬂfon§z10xy5 6Jd11Nd¥o—@E{—f)yrE11né 1-

colnlc S BB Fh ety R PR e o Rgabyl 00 Tobathy Silisg o

cmnmompwwLimvmmc/mkm) wffdrgad - (@aﬁmaa@maﬁﬁ;tzlaﬂ
d}fn&g%f an%srcire %I—{—%glhdi%gdi ggboxyhc a01ﬂglpt-gutyl ester ({72 mg, 57%):

M]asé 4pamunoea:smwi)o@epcdl foemH;m@a)yl 30322 @vI+H) found 303.1.
eridine-l-carboxylic acid tert- ester
AU R D od by 2 S urorgpi-pyrigipe. carbosyi
adfitlﬁﬁﬂt)ou@m dstBy @k @Peﬂa@&paﬁw'e 3@059%‘1@5 }nrh(%'l QpMe(ﬁ—? fd—ﬁnL) was
e reaction m x

325 %{lrred at RT for 12 ure
e SETUOTHE BEMLP el 28 et oAl hdde wplution was filtered

tlﬁré\&glf@ £dloPOMB0 WS NeHCHR afd % RO YRLBhE IO 3BE)ng, 94 %
The organl c WD 2007/ 048088 P U82006/ 060 % ( 8 94%).
Mass spectrum (EST, m/z): Caled. for CisHsN202, 305.2 (M+H), found 305.6.

¢) 4-(4-Amino-3-cyclohex-1-enyl-phenyl)-cis/trans 2,6-dimethyl-piperidine-1-
carboxylic acid tert-butyl ester

i NH,

OYN
e
To a solution of 4-(4-amino-phenyl)-2,6-dimethyl-piperidine-1-carboxylic acid tert-
butyl ester (as prepared in previous step, 334 mg, 1.09 mmol) in DCM (10 mlL) was
added NBS (195 mg, 1.09 mmol) and the reaction mixture was stirred at RT for 12 h.

The reaction mixture was diluted with DCM (10 mL) and washed with saturated
aqueous NaHCOj; (10 mL) and water (10 mL). The organic layer was separated, dried
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130 | ayer was separated, dried (Na2SO4) and
concentrated in vacuo to obtained a m xture of the

W@bwvm4g08® title conmpounds (321 ng, 50.7 % . TPET/US2006/060028

m xture was chromat ograph&® on silica (10-20 %
Et OAc/ hexane) to obtain the individual title
conpounds. 5 4-(4- {[4-cyano-|-(2-trimethyl silany]
-et hoxynet hyl )-1 H i m dazol e- 2- car bonyl ] -
am no} - 3-cycl ohex- 1- enyl - phenyl ) -trans- 2, 6-di net hyl - pp
eridine-1-carboxylic aci d tert-butyl ester (31nm).
(%s rumrérESI .mz): Calcd. for C35H5INSOASI
5%4 P&CC Bteddn afsauOlfO optpin 4(¢(4-aryipg=3-hrpmen-phenyl)-cis/trans-
26anhéthmelslbyh&hleanadrb&Eﬂ%}é{ﬁ%ﬂ)ﬂ&ylJé#ér BERAS! €7 %) CRbs

baﬁ?fms!}l (BSle P feked fesfyisHpBaNyP), - ¥70 20320 révintyBupHpfound

Wi Hrdrgear boxylic acid tert- butyl ester
contam nated with 10% of

4- (4-([4-cyano-1-(2-trinethylsilanyl-

TR, H‘E%hfi v&;laHtfl lgfaé agco('}@lq‘ngqqé‘lé S arqﬁn ggup]ing procedure of

- 3- cyclo - eny )-tran

Exagipdi btstepl (dpinpeg |cdc1nhe>@nelaeﬂo;d>bptomc acii 15 2mig; lbaﬁylhmol) and

ELFRIZE g B Sl TS B L by

eSteC{parpuedaked abhavazd®2zmg; t.a0 boxyl) land akiﬂodTatographed odn s1hca 20 %
. i rnet - erjdi

B BOHES 1 B 251 B P datebretue (BSL SeRigict. or

(RaldyNBO-,| 3842 (MiH#Hz fifuad 386.12- car boxyl i ¢ aci d

[ 2-cycl ohex-1-enyl -4-(trans-2, 6-di net hyl piperidin-4

yl) phenyl J- ainide bis trifluoroacetic acid salt N H

dH 4-M-¥[4=ClaN - (szneﬂybzlanﬂet@xﬁ@hbll) HX i lels-edieDny i) -

25 Th It nds were prepared, from 290
a(?%nq,{s W‘ﬁx g—Fn fnylhchs %gé@'}getfyl piperidine-/-car brorgvlzc acid tert-
bl E&tbﬂl%im-l(&i{y&@)y&mel 'Z'Mﬂ?ﬂzf&klhﬂyletho ﬁmeth[yl) -1H-imidazole-2-

H i m dazol e lr%onl -am no} -3-cC
carbony. amzno cyc ohex-1-enyl-phenyl)-trans-2,6-dimethyl-piperidine-1-

carboxylic acid tert-butyl ester

L \
8 I R ‘ 8 I S
HY&}‘CN Q H \”/I\L\}-CN
o) o)
il

A mixture of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-

carboxylic acid, potassium salt (as prepared in Example 3, step (d), 384 mg, 1.00
mmol), DIEA (0.34 uL, 2.0 mmol), 4-(4-amino-3-cyclohex-1-enyl-phenyl)-2,6-
dimethyl-piperidine-1-carboxylic acid tert-butyl ester (as prepared in the previous
step, 384 mg, 1.00 mmol) and PyBroP (699 mg, 1.50 mmol) in DCM (20 mL) was
stirred at RT for 12 h. The reaction mixture was diluted with DCM (10 mL) and
washed with saturated aqueous NaHCOs5 (10 mL) and water (10 mL). The organic
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enyl - phenyl ) -ci s- 2, 6-di net hyl - pi peri di ne-|-carboxylic
acid tert-butyl ester and 31 ng (0.048 mmol) of 4-(4-

wd@ 20040e8p8810- | - (2-trinethylsilanyl-ethoxynet hpe¥/U$2006/060028

H i m dazol e WO 2007/ 048088138CT/ US2006/ 060028 131

2- car bonyl ] - am no}

- 3-cycl ohex- 1-cnyl - phcnyl ) -trans- 2, 6-di et hyl - pi pcrid
nc-1- carboxylic acid tert-butyl ester according to

the procedure in Exanple 14, step (b). 5-Cyano-1

H i m dazol e- 2-carboxylic acid [2-cycl ohex- |

-enyl -4-(cis-2 6-dineth%l 5 ) ) )
1i§f%§‘ﬁs GPRAratedy JricgHARPPP 1)l @enesnsratad; in vagraotecabiainedie ndxturc
of &hd ato93 tWH tit1d 20dbouddd BYRmd SH3AR) ' 8.17
gld, 1H, J = 8.4_@")0, 8.%13 (sg,g i)’ '7&%‘2“?%?3}61‘&%83 =
cgromatpgrapher an sitiga (10-39 %o BtOfsc/hipyang) tol obiin th: Bdividyal kitle
chhpodd®. (M 1H), 3.45 (m | H), 3.23 (m | H, 3.07
(m 1H), 2.22 (m 4H), 2.19 (m 2H), 1.75-1.92 (m

4H), 1.56 (m 3H), 1.37 (m 6H). Mass spectrum EST,

el Rt LR 1y ot oy

) carboxy
appnqlygicyplekes-1 emyl-phenyl - trs-2 6 Gk thgt-pigeridine-1-carboxylic acid

= Wy eTohe i o e b s teif : !
tBLBES) QB RIS ST ARl 5 GREFN DS G40
D s found63410. 3 (br s, IH), 9.98 (s, 1H), 8.41 (d,

IH, J = 8.4 Hz), 7.75 (br's, 1 H), 7.26 (dd, 1 H,

J=8.4, 2.0 Hz), 7.15 (d, 1 H J = 2 Hz), 5.92 (br 15

494~ {{ Mcyardo-122{trimetly)lsilaBy BOhoxgmdttyl)- 131-imBaBol6D-caAbdnyl]-
sty Gihii S phendfr s Doty Pipprb gl acid ter
bfyBbstendan}amin@rl 6eith 1% o€24H2805F and 942 3rifMHiPIsilahgund

04. 2. l.Le.52 20 5-Cyano-|Him dazol e-2-carboxylic
ei@ﬁgﬂf@%—a@gﬁzpé&wb goyl-appyale3-pyplohex-1-enyl-pheriyl)-trans-
24y SHHOMRP QRIANY chiioR§Tié 8 14 t-¥lyl BRENEhd +ATH HfasCstdcum

1%% N g\l . EL HN O4d _OHa)
(3 IeiuAl Celadi fardaddsidlsQatia 0363y M tH )y dpepd 634.1.

{2-cycl ohex-I-enyl-4-[]-(R)-(+)2,2- 25 dinethyl-[I

3] di_.oxol ane-4-carbonyl) piperidin-4 ylJ phenyl}-amde
e) 5-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1 -enyl-4-(cis-2,6-dimethyl-
piperidin-4-yl)-phenyl]-amide bis trifluoroacetic acid salt and 5-cyano-1H-imidazole-
2-carboxylic acid [2-cyclohex-1-enyl-4-(trans-2,6-dimethyl-piperidin-4-yl)-phenyl] -

amide bis trifluoroacetic acid salt

H - H .
N CN N CN
O O

HN
2TFA AN 2TEA

The title compounds were prepared from 290 mg (0.457 mmol) of 4-(4- {[4-cyano-1-
(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carbonyl]-amino }-3-cyclohex-1-
enyl-phenyl)-cis-2,6-dimethyl-piperidine-1-carboxylic acid tert-butyl ester and 31 mg
(0.048 mmol) of 4-(4- {[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)- 1H-imidazole-



WD 2007/ 048088 PCT/ US2006/ 060028 132 N H y--CN
N'~AH O ON O To a solution of nethyl
W@ R)07048082, 2- di et hyl - 1, 3- di oxol ane- 4- car boxy| B BUSDNA/660028
m., 1.0 mmol) in McOH (2 m31, 2 NKOH (0.5 nL, 1 nmol)
was added. The resulting solution was stirred at RT
for 20 mn and concentrated in vacuo. The residue 5
obt ai ned was suspended in ether (10 nlL) and soni cated
for 5 mn. The ether was then renoved and the
resulting residue was dried in vacuo for 4 h to obtain
(EF\R‘-H)I 2,2- _di mstggl-l 3- di oxol ane-4-carboxylic acid
et ayilliAmnge) r3-pxctehrg L -covl-phenyhitemswae dirgothepipgridised -
chiboligc BEY kerbbeR1 Wit
of 4ialcyan 1Hi mﬁldgézol %égrdglgér J“’fnﬁ‘_\% %F%&Humgg E@caﬁl%iéﬂzi S ©).
(2-cycl ohex-I| -enyl -4- 10 pi peridin-4-yl-phenyl)-am de,
sty duol ] e | 414
% ot gqqa&&izbfe @%al%oﬁﬁhé <§xéfzn e%cggﬁg(x fl ghﬂﬁf&?ﬁ Eqhemy-

step ng% Was " a
pmyrlglq-rﬁml)]p]@e e(ma)je(b*.s) trifluproacetic acid salt (93 mg, 32 %): 'H-NMR

CEmsb b bt o0 A0 Tu S BN 5056 ApP 2O - 5.0 ko,
7(1ﬂ&s,81hi)g 5. 7(2((1)9@,01Iﬂr);rl3l&7 (oQBD), IR @n,MgY), 848960 1MD3 23 (m, 110),

Ao duDip by 40 o g, 1851 28 % HIS hactura (om

6EENMhsygecitias, ESDai/a):edalcd rﬂoeciz‘(maﬁ@%m@mm found 404.2.
10 concentrated. The residue obtained was

chr omat ogr aphed on silica (2 % MO/ DCM to obtain

5t@dne- 11 anau e -A-84b 6%y liHk SRERYILALRA .
8%%?\150411% 2 AgRSD S Bds-d 6-dimethy]

rriz.)d: ) bclg} fﬁaﬂgﬁ (M
PRYEIE-+y8)- ey L H—i—“ﬂh‘PH’&ﬁ‘?ﬂ‘éﬂ@d sadf Ga@mg&@%)d H-NMR
BOLyY 4
(Gpeoyabahms oo ] Inf ML) ko on 1, ) o 1=
8002 Médgss RED %BQ@@@/ 4609628, ZIBHZ) A1 (el LKCN * zmz), 5.92 (br

15 s, 1H),4.12 (m, 1H), 3.59 (m, 1H), 3.1-3.3 (m, 4H), 2.25-2.42 (m, 6H), 2.05-1.78 (m,
6H), 1.62 (d, 3H, J= 7.1 Hz), 1.43 (d, 3H, J= 6.3 Hz). Mass spectrum (ESI, m/z):
Calcd. for C4H2oN50, 404.2 (M-+H), found 404 .2.

Example 52
20 3-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(R)-(+)-(2,3-
dihydroxy-propionyl)-piperidin-4-yl]-phenyl}-amide

‘ N
H\"/“\;N\>\CN
O o H
OH

OH

a) 5-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1 ~-(R)-(+)2,2-
25 dimethyl-[1,3] dioxolane-4-carbonyl)-piperidin-4-yl]-phenyl}-amide
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oH ONOHd OH To a solution of
5-cyano-| Hi m dazol e- 2-car boxylic acid
wé 2000pedoshex- | -enyl -4-[1- (R)-(2, 2-di nmet hyl -[ PCT/US2006/060028
1, 3] di oxol ane- 4- car bonyl ) - p¥2peri di n-4-yl ] - phenyl }-am d
e (as 5 prepared in the previous step, 45 ng, 0.090
mol) in MeOH (1 nL) was added ag 2 N HA (2 nlL). The
resulting mxture was stirred at RT for 12 hr.
Sol vents were renoved in vacuo and the resulting
residue was dried for 4 h. The ether (10 nL) was
added and sgnicated for 5 mn. The ether was renoved
in vacuo the residue was dried for 12 h to obtain
the titl e~ce ooundN 1.3 mg, 52 %9. 'H NWR (DVSO 400
10 MHz): 6[14.T (b afd., 9.85 (s, 1H), 8.32 (s,
N 8.4 Hz), 7.18 (dd, | H J =
7.33 (0, 1 H-J =21 Hz), 572 (br s,
I H, 4.33 (m 1H), 4.15 (m 1H), 3.55
3.43 (m 1H), 3.08 (m 1H), 2.81 (m 1H),
263 (m 1H), 2.12-2.24 (m 4H), 1.31-1.38 (m 10 H).
s® spectrum (ESI, mz): Calcd. for C25H29N504,
5 35

~2 (MrH), found 464.1. 15 Exanple 53
- Cyano- 1 Hi m dazol e- 2-carboxylic acid

1 . 1y Y _| el Ny
16 ek an o g s RO BLARAR cionyis g .

lg\pm(ol)nn c@BE(2pbN 2 NE&G@H (0.5 mL, 1 nqmgl) was added. The resulting
<y A BB o e e
ogﬁ'pqdbw suspended in ether (10 mL) and sonicated for 5 min. The ether was then
removed and the resulting residue was dried in vacuo for 4 h to obtain (R)-(+)-2,2-
dimethyl-1,3-dioxolane-4-carboxylic acid potassium salt (173 mg, 94 %) which was
directly used in the next step without purification.

To a solution of 4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-
piperidin-4-yl-phenyl)-amide, trifluoroacetic acid salt (as prepared in Example 14,
step (b), 40 mg, 0.08 mmol) in DCM (1.5 mL) was added to a mixture of R)-(+)-2,2-
dimethyl-1,3-dioxalane-4-carboxylic acid potassium salt (as prepared above, 18 mg,
0.090 mmol), EDCI (18.8 mg, 0.0900 mmol), HOBt (13.2 mg, 0.0900 mmol) and
DIEA (42 pL, 0.24 mmol). The resulting mixture was stirred at RT for 6 h. Water (10
mL) was added and DCM layer was separated, dried (Na;SO4) and concentrated. The
residue obtained was chromatographed on silica (2 % MeOH/DCM) to obtain title
compound (47 mg, 97 %). Mass spectrum (ESI, m/z): Calcd. for C,sH33NsO4, 504.2
(M+H), found 503.9.

b) 5-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1 ~-(R)-(+)-(2,3-
dihydroxy-propionyl)-piperidin-4-yl]-phenyl}-amide
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A sol ution of N nethoxypiperidinone (J. Org. Chem,
26, 1867, (1961), 650 ng, 5.00 mmol) in THE (20 nl))

worm7omsosed to -78 C and treated with LDA (1. 5P@M/US2006/060028

solution 5 in cycl ohex, THB3and et hyl benzene, 4.3 ni,
6.4 mol ) under Ar. The resulting mxture was stirred
at sane tenperature for 30 mn and treated with N
phenyl trifl uoronmet hanesul foninmde (2.3 g, 6.4 mol) in
THE (20 nlL). The reaction mxture was stirred for
another 30 mn and allowed to warmto RT. After 30 mn
at RT, the_reaction m xture was concentrated in vacuo

and the rgsi dque obtained was 10 taken up in EtQAc (20
nm.) and bed Wt oId water (2 x | Orm). EtOAc

| ayer was dr| E}d ( and concentrated to afforded
trifluoropge Nni c aC|d 1-

nmet hg 3, 6- et rrAhydr o- pyri di n-4-yl ester (980 ny

ep. 15 The title conmpound was then prepared
acordi ng to Suzuki coupling procedure of Exanple 35,
te®H b) using 4-anm nophenyl boronic acid (219 ng, 1.00

orol ) and trifluoronethanesul fonic acid

1- met hoxy-1, 2, 3, 6-tetrahydro-pyridin-4-yl ester (as
prepared above, 261 ng, 1.00 mmol). Silica gel

Trha sotatiog bﬁﬁ)hyar(d_lﬂ)Hﬁﬁliﬂ/azEIéE\QJarbohgiﬁélﬁ]ﬁa ){2afy£whe;ed -1-4-[1-

2 a3 ] BB e Pon g R G-y T phrd}-amide (as

rRefred ﬁimx pkevecmd ste, 43 nid) @t mwﬁbmhIMéOHA(IM) was added aq 2

N N A sol
) G a0 B repuGing T A BEEy Pt L3 Sy e
remavécaﬁl \?a'éu@ BAP A inPF BRI R W s T RA)fof 44 &h%the@ éﬁpﬁm) was
MeOH (5 nmL) was hydrogenated over 10% P
%Egd anW1%e T §dping ghhey eﬂrﬁr wisdemgr e inoyrcua gng thetrayidye was
dRaqUOID B 1986kl th%ﬂ%%@&?@&&@?ﬁ Phl, 552808H0RIAZ BonistR: 400

Cclite and concentrated ive
MHg): okt h65eys, pHpc-82 (5 1HD\8. 32 pdhyl a9 ok 1ERS =n@4 1), 7.18 (dd,
14, jabg ghy %@?z)dtr[%?g&,'sﬁﬁ useqd 1'1—”1@55“%2?8?% 18heR s YN MS, 433 (m,

puri fication Ut i on

15T)¢ 1r15ré1md)lidy -P5Heénj HH)] 3443y(n).- [iDe BYR A, 1ED)( 281 (e PAY, @63 (m,

RO 2% o8 1. 171 aF TR, o et sl (ESF s gt for

GtxolNeO 4,804 RT(M-6H), fdutnd 4&he. reacti on m xture was
diluted with DCM (10 nL) and washed w th saturated
aqueous NaHCC3 (10 nL) and water (10

Example 53
5-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(1-methoxy-piperidin-
4-yl)-phenyl] —amide trifluoroacetic acid salt

‘ N
N\"/m}\CN
O o H
MeON

a) 4-(1-Methoxy-1,2,3, 6-tetrahydro-pyridin-4-yl)-phenylamine
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niL). The organic | ayer was separated, dried (Na2SO4)
and concentrated in vacuo to obtain

WQ@ 207 0m088l- ( 1- met hoxy- 1, 2, 3, 6-t etrahydro- pyri dPeF/AS300§/060028

phenyl am ne (43 ng, 10 74.84% which was used in the
next step without purification. The title conpound was
then prepared according to Suzuki coupling procedure
of Exanple 12, step (d) using cycl ohex-I-enyl boronic
acid (27.9 ng, 1.00 mol ) and 2-

br ono- 4- (1- net hoxy- 1, 2, 3, 6-tetrahydro-pyridi n-4-yl)-ph
enyl am ne (as l[lepared 15 above, 44 ny, 0.15 mmol) and
chr omat ogyraphed on silica (20-50 % Et OAc/ hexanes)

2-C clqhex | - enyl - 4- (1- met hoxy- pi peridi n-4-yl)-phenyl a
MeAl<33 nmy, 74 9% . Mass spectrum (ESI, nmlz): Calcd.

for C 8H26N20, 287.2 (MtH), found 286.8. «¢)

4- Cyano-1-(2-trirnethyl silanyl.

A sbloxiyet Mnethokybibsiidiased € &rg.aChoxybé,cs8¢) d9k2), 620 mg, 5.00

%bﬂh ﬁﬁlj]- Qg)r#/lh%) Wssdaon‘iéiqt%x# e ke Iﬁ%laf(%ﬂ%"lﬁh NRAG L 3hsohution

1mc>ybluhe< QfHF and ethylbenzene, 4.3 mL, 6.4 mmol) under Ar. The resulting
trimethylsilanyl - et hoxynet hyl ) - 1H-i m dazol

an- | -
ec‘,"ﬁrsﬁgﬂ?ﬁ Absams TrpsFRtwe PN wan png E@atﬁ‘il R i n

L%?éﬁﬂﬁgiglﬁ?g}%ﬂﬁﬁesﬁl@omrﬁi@e 6289, 6& r%ﬁg)l) AL oL 1 @A e 3éhction

IR M éi'éffled &oryanother 30 meintig ;ﬂlwsé tq wrrm o BF. After 30 min at

m,)th@ hapibamingrd R8s RiRPAAL | H“va%@‘éh@ﬂ?e é&fﬂﬁ o&%n%d was
and_ PyBr o mol ) DCM

mol
tflze%ﬂ) mv%FQPsC% @p rnéTel) gnd Wsht(eé Wlttlchrl:g Whkes (2 éal@ml@n EtO_Ac layer
LTS R PP kot gt o
Rpthof-g. 36 » @wtea}nefdrqm‘srl@eﬁayms@d (9%} ingd 7( NQRBO4Jvhite foatOwhich

Q{04 gﬁg&lﬁ(&gx gﬂge/ 060028 136 concentrated in

vacuo. s chromat ographed on silica
(20-40 % Et QAc/ hexane) to obtain the title conpound

"lﬁ%%_&%ﬁgﬁ)g&i Waa%%ﬁ SG! crl lajuir;n QE‘ ine g% guzﬁgi :gogg%r?gdproggd’ure of

EGanwliﬁ Iskép (o) dsing Me&rﬂalop]ﬂémerd)mc acidd219 mg, 1.00 mmol) and

ey eI o PR T2 L P po Priakoda cstr as

prepared above, 261 mg, 1.00 mmol). Silica gel chromatography (20-50 % EtOAc/
hexanes) afforded 60 mg (29 %). Mass spectrum (ESI, m/z): Caled. for C12H6N,O,
205.1 (M+H), found 205.2.

b) 2-Cyclohex-1-enyl-4-(1-methoxy-piperidin-4-yl)-phenylamine

l NH,

A solution of 4-(1-methoxy-1,2,3,6-tetrahydro-pyridin-4-yl)-phenylamine (as

MeON

prepared in previous step) (40.8 mg, 0.200 mmol) in MeOH (5 mL) was hydrogenated
over 10% Pd/C (20.4 mg) at 20 psi for 1h. The solution was filtered through a pad of
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HCN N~-NCNJ]~" TFA 1 o HMON To a solution of
4-cyan-1-(2-trinmethyl sil anyl - et hoxynet hyl)-1H i m dazol

we2®7/0¢smspoxyl i ¢ aci d PCT/US2006/060028

[ 2-cycl ohex- I -enyl - 4- (1- met3soxy- pi peri di n-4-yl) - phenyl
]-am de (as 10 prepared in previous step, 31 ng, 0.020
mol) in DCM (0.5 nL) and EtOH (11 L) was added TFA
(0.1 nm.). The resulting solution was stirred at RT for
6 h. The reaction mxture was concentrated in vacuo
and the resulting residue was dried for 1 h,

sgeeﬂged in ether (10 nL) and sonicated for 5 mn.
Gsﬁﬁ% &yt PRpcrBitpted) tongiye 4c(érm@fé19éﬁpu3ﬁﬂ§l}bﬂﬂéhphqnb’iwp&18 mg, 92

i A " H NVR
q{’gw?%%/s%fk (31 g&%ﬂm%fnﬁtﬁgﬁ%@eﬂ%ﬁ&t@lnﬁgﬁ(oﬁ 1 T 8s
(d, 1H J = 8.4 Hz), 7.14 (d, 1H J = 8.4 Hz), 7.05

i%@a s@lEglon af Z—%l&ﬁé&h&y—&b@m%ﬁ 4?’%) %&@xﬁyl&@ fga'l g}’_ﬁaagél:baa%o@g 42

8530 mmqlEm DCM. 63 ml(xasra@ @dd¢bNBSA3 61271115,(1220 m40@) 2nd the
r@MﬂE& 'mlfx aHe ?vraé ggrrgs lgTC O L Tﬁe reactlc()jn mixture was diluted with

4- Cyano- azo xyI I'C ac
I[’@M( a 04n1;1) mdewmbledo;yldi wihexrted-agngdus NaFQO; GLQ #L) 5nd water (10

: L di v ’ “d .
tri f’lh?g(&%ac e? ?)Ee? gvéas égﬂsag%t% 4, dfrl]ﬁ\é (N%ﬁy (kis aﬁld rl%lkflgqntr/ateé I VaRyo fo

ObFain WDI‘Q@@W -QUBRERXRPAT2 BE26a6HAH0IBidinl8 % pphdryNntine (8 mg,

74% 3‘%{8} was P%el_el;d 1{1%\ e ?%rvslnglou}/punﬁca%ar boxylic acid

ter

The title compound was then prepared according to Suzuki coupling procedure of
Example 12, step (d) using cyclohex-1-enyl boronic acid (27.9 mg, 1.00 mmol) and 2-
bromo-4-(1-methoxy-1,2,3,6-tetrahydro-pyridin-4-yl)-phenylamine (as prepared
above, 44 mg, 0.15 mmol) and chromatographed on silica (20-50 % EtOAc/ hexanes)
afforded 2-cyclohex-1-enyl-4-(1-methoxy-piperidin-4-yl)-phenylamine (33 mg, 74 |
%). Mass spectrum, (ESI, m/z): Caled. for CisHa6N,0, 287.2 (M+H), found 286.8.

c) 4-Cyano-I-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylic acid [2-
cyclohex-1-enyl-4-(1-methoxy-piperidin-4-yl)-phenyl]-amide

MeON

A mixture of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1 H-imidazole-2-
carboxylic acid, potassium salt (as prepared in Example 3, step (d), 35.6 mg, 0.100
mmol), DIEA (0.34 pL, 0.20 mmol), 2-cyclohex-1-enyl-4-(1-methoxy-piperidin-4-
yD-phenylamine (as prepared in previous step, 28.6 mg, 0.1 mmol) and PyBroP (69.9
mg, 0.150 mmol) in DCM (2 mL) was stirred at RT for 12 h. The reaction mixture
was diluted with DCM (10 mL) and washed with saturated aqueous NaHCO; (10 mL)
and water (10 mL). The organic layer was separated, dried (Na;SO,) and
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O A solution of 202 ng (0.994 mmol)
2-brono-5-nitropyridine in 4 nL of toluene and 2 5 nL

w@booEn@dssvas treated with 338 ng (1.09 mmol ) PCT/US2006/060028

4-trifluoromethane-sul f onyl¥®xy-

3, 6-di hydro-2H pyridi ne-1-carboxylic acid tert-butyl
ester (Synthesis, 993, (1991)) and 1.49 nlL (2.981
nmmol ) 2 M aqueous Na2CO3. The m xture was degassed via
soni cation, placed under argon, treated with 80.3 ny
(0.00700 nmol) Pd(PPh3)4 and heated to 80 C for 4 h.
The n1xture was dlluted wi th_ Et OAc and washed with
cRAPEHratofgn RENYr HanProdpdyes shaamyperpheden sw@s@p Ao

m@ﬂ&ﬁ[&cﬁ@)&g obfaiy B URLe cT)Hﬁ)oﬁzﬁé 24 3048 BHSMIE YR Bum (ESI,
I]a}wromatt ghed on a 5063‘ | ica Vari an MegaBond El u
&) SrAtcdmihC2 g N385, B8 R (Midih fieundS3%3-or d 226 g (75

% of the t|tIe compound as a |ight ye||OMISO|Id
Mass spectrum (ESI, mz): Calcd. for C15HI9N304, 306.1
de W@ano—(@mdcg@@e 2-ca1ﬁ3pxm§zc gcz/(rﬁZmyc@hex].-] ewyl-4-(1- methoxy—

piferidiftlyt ﬁﬁ%ﬁé,{};z]%ﬁak%rﬁﬁg,%l'_g&w % |\?¥Jf p ' -carboxylic

acid tent-butyl ester ICl A solution
of 226 . 740 nmol )
5-nitro- -di hydro-2'H[2,4"]bipyridinyl-1'"- 20

carboxyl i claciHd tgr N bukyl ester (as prepared in the
previ ous ' was treated with 110 ny
10 % Pd/ guisa ltlype iy NE/W Aldrich, 50 % by
water) and 1 atmH2 at roomtenperature for 18
m xt ure was filtered through Celite, and the
filter. cake was washe Concentration

Tor% Wefw Srboygo-1- i%mm)@thﬁlsﬂmé ethaxyeetiiyd Hrignidazole-2-

DoVl . Jedlv1-M
6 55%1 ce%gcri gic@%%%% 2eﬁy12 Ng§ %&p&gl ﬁlgghélﬁd% ) gjh%)lyl‘]/\%ﬁnde (as
pmwdonmowmsz G%/mm@&ol)lszGM (0.5 mL) and EtOH (11 uL)

g A TEA TARORLY T bl st s et g RE Jor . The
repctidn ntiente tvas yoncestrgrd Br vadio b2 the resulting residue was dried for 1
h, suspended in ether (10 mL) and sonicated for 5 min. The solid formed was
collected by suction filtration to obtain the title compound (17.3 mg, 58 %). 'H-NMR
(DMSO; 400 MHz): 8 9.70 (s, 1H), 8.30 (s, 1H), 7.83 (d, 1H, J = 8.4 Hz), 7.14 (d, 1H,
J=8.4Hz), 7.05 (s, 1H), 5.71 (br s, 1H), 3.30-3.55 (m, 5H), 2.41-2.62 (m, 2H), 2.12-
2.19 (m, 4H), 1.60-1.85 (m, 8H). Mass spectrum (ESI, m/z): Calcd. for Cp3Hz7NsOo,
406.2 (M+H), found 406.1.

Example 54
4-Cyano-1 H-imidazole-2-carboxylic acid [6-(4,4-dimethyl-cyclohex-1-enyl)-
1°,2°,3°,4°,5°,6 -hexahydro-[ 2,4’ [ bipyridinyl-5-yl]-amide trifluoroacetic acid salt

,S?N
H N

!

N

I])/k

I/
HN
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I OI N O A solution of 220 nmg (0. 793 muol)
5-amno-3',4",5 ,6'-tctrahydro-2'"H 5

WO 2904/03808%pyri d. i nyl -1'-carboxylic acid. tert-betyUS2006/060028

ester (as prepared in the p¥7evious step) in 10 nL
CH2C12 was treated with 134 ng (0.753 mmol)

N- br omosucci nim de at roomtenperature for 20 mn.
The m xture was diluted with CH2C12 and washed wth
saturat ed aqueous NaHCCO3. The organic |ayer was dried
over MgSO4 and concentrated in vacuo. Chromatography
of the residue on a 50-g silica Vvarian 10 MegaBond

El ut colum with 10-35 % Et QAc- hexanes afforded 209 ngy

T8N0 OF, 6t Dy dtd bt
agol Mo 3 B cocf% EW’%’Q’ 3 c@zpztaa{(h@é&d%ﬁ%%/ ester

8.0 Hz), :80I—|z)428415(brs

2H), 4.0 . 2.85-2.75 (m 2H), 2.77-2.68
(molH), .83 (m 2H), 1.68-1.54 (m 2H), 1.47
%rrri -6- (4, 4-di net hyl -cycl ohex-1-enyl)-3 4 ,5

;6'-tetrahydro-2 H [2,4 Jhipyridinyl-]'-carboxylic
Aagoldtiom of 20 itng| (0894 enmdl) RHombk 5-hiNroPyridinech dtrhbf tfluene and 2
PO 335 me 1.0 g iy oo
35(2;ﬁ41‘y]ibj—%l§lrpwhdm;d Hearboayboxgil itat-aetytl edter (Syhibieyis, ¥t €1991))

t reV| ou ) of tol uen
b ]9 EPRP35 b e BNG R TG Yoo B e via

somiohtiond plhced nager| apdoay {ﬂ:ate& bagti o {OL] mg @0070a nEnadl) PA(FRhs), and

el B b B TR Bt AL DA ¥ o atith vt

Thietongahic lihyBQWMﬁQDcN&Mémz; &I édﬂs&ﬁ%é@ﬁ%%ﬁo Tﬁ@resultmg
0410 | ) P%}EPhS and_heated to 80 C for

%ﬁﬁ%“erﬁ% edPBA e plicEVepan Megahqah Eut qmnw with

mease% E(O:-BE40 usa fréyien owas (7390%') A€ HRAIW donRAME bk 9Nht
% nd t he conbined organic layers were ‘dried over

WOIA Mass srastpay L /2y &elrs: TarofaiNogra3ifyl GA+H),
f& Rl 30357.due on a 50-g silica Varian MegaBond El ut

b) 5-Amino-3°,4°,5°,6 -tetrahydro-2"H-[ 2,4 [ bipyridinyl-1’-carboxylic acid tert-butyl
ester

N NH,

N
-
0) N
T
A solution of 226 mg (0.740 mmol) 5-nitro-3°,6’-dihydro-2°H-[2,4Tbipyridinyl-1’-
carboxylic acid tert-butyl ester (as prepared in the previous step) in 15 mL MeOH was
treated with 110 mg 10 % Pd/C (Degussa type E101-NE/W, Aldrich, 50 % by weight
water) and 1 atm H; at room temperature for 18 h. The mixture was filtered through
Celite, and the filter cake was washed with MeOH. Concentration afforded 220 mg
(107 %) of the title compound as a colorless glassy solid. Mass spectrum (ESI, m/z):
Calcd. for CysH23N30,, 278.2 (M+H), found 278.0.
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5 colum with 25 % Et OAc- hexanes afforded 150 ng (66
% of the title conpound as a white foany solid. Mass

wap@aiusess (EST, m z): Calcd. for C23H35N302, 3BGI/8S2006/060028

(MtH), found 386.3. e) 138
S-{[4-Cyano-I|-(2-trinethylsilanyl-ethoxyfnethyl)-1Him
i dazol e- 2-carbonyl J- 10
am no}-6- (4, 4-di net hyl -cycl ohex-1-enyl)-3 ,4 ,5
.6'-tetrahydro-2"H [2, 4 7bipyridinyl-1 "'-carboxylic
acid tert-butyl ester ~N HNI \ NNN OO .\/ON
~| |/ S_A solution of 150 0. 389 _mol
Q. SrHoGE D ot g e GOraRe o Loty s idingl-1 -carbosylic acid
13 t-Bityl%ste' -t et rahydro-2' H[2, 4" ] bi pyridinyl -1' - car box
ylic acid tertBbutyI ester (as 15 prepared in the
previ ous step)Tin 15 nm. of CH2Cl2 was treated with 131
ng (0.428 My
4-cyano- L ( It/Lmat hyI sil anyl - et hoxynet hyl)-1Hirrrida
zol e- 2-[carjoxyTate potassiumsalt (as prepared in
%aﬁgllg@ step (b)), 272 nmg (0.584 mml) PyBroP, and

3 (1.17 mmol ) DI EA at roomtenperature for 3 h.
The m xture was diluted wth CH2CO 2 and washed with
A selytion ef22(ued (S OBlamMael .5-ahmoat’ gayi 6’ - arady dma®’ FR0

b en
o BB AP SRRIATL8 et B gRE R dhe wiog st
e g alo ﬁ?@ﬁzalmammwvmum 5t 06. E30ArdhEX sresioaidearithedt at

e deBerttt, K olapl Pk i QAR AR s QG s veshod witn
s@@Bated @‘MBH)W NﬁH@Q}, a3t &garg5 layd) was dn(ejd over MgSO?j and
ar,no |C a | L m

oI e 6:

P‘F%%a%% Vﬁ%‘%? | *éfﬁmafogfapﬁf oifae 2?8 an%ﬂi&ﬁ ¥eolaiang
NidxgiaBoni dHilmtydol iy I“d&mn ge s Et(]')Aciheiaﬁﬁﬁ QEfbfleacioy @14 Wof the
¢ 007/ 0480§8 PCT/ q6/ 060028, 140  ~N ~
1fle compound as a colorless glassy solid. "H-NMR (CDCls; 400 MHz): § 6.97 (d,
1H, J=8.0 Hz), 6.91 (d, 1H, J = 8.0 Hz), 4.28-4.15 (br s, 2H), 4.06-3.90 (m, 2H),
2.85-2.75 (m, 2H), 2.77-2.68 (m, 1H), 1.92-1.83 (m, 2H), 1.68-1.54 (m, 2), 1.47 (s,

OH).

d) 5-Amino-6-(4,4-dimethyl-cyclohex-1-enyl)-3°,4°,5°,6 -tetrahydro-2 "H-
(2.4 ]bipyridinyl-1’-carboxylic acid tert-buty! ester

NH,

—Z
\ 7

\i/o\n/N

O
A solution of 209 mg (0.587 mmol) 5-amino-6-bromo-3°,4’,5°,6’-tetrahydro-2’H-
[2.4’]bipyridinyl-1’-carboxylic acid tert-butyl ester (as prepared in the previous step)
in 5 mL of toluene and 2.5 mL of EtOH was treated with 99.3 mg (0.645 mmol) 4,4-

dicyclohex-1-enylboronic acid and 2.34 mL (4.69 mmol) 2 M aqueous Na,COs. The

mixturc was degasscd via sonication, placed under argon, treated with 47.4 mg
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HY N\ NN1, OH HNTFA A solution of 215 ng
(0.339 mmol)

wo2qofH4s08@n- | - (2-trunet hyl si | anyl - et hoxynet hyl PET/1S2006/060028
H i mi dazol e- 2- car bonyl ] - am3%o}
-6- (4, 4-di net hyl -cycl ohex-1-enyl)-3",4",5 ,6"-
tetrahydro-2'H[2,4"]bi pyridinyl-1'"-carboxylic acid
tert-butyl ester (as prepared in the 5 previous step)
in 10 nmL of CH2CI2 was treated with three drops MeCH
and 3 nit TFA at roomtenperature for 4 h. MeOH (10

S e nd the solvents evaporated in vacuo, )
Qnbaiasgh SRt monsaled G0 G0k 16. orrsrmi ok dilited with
BegeRafityilhel val water Wkdadiiols MpEH 3 RE 2l {2k S&ftional

0 97 % aof the title conpound as_a white solid. i
@hﬁ%@ EsFembIRsowrBY 125 8WE dripd over MESOsging qpyentrated in
vhOud- Bfrdrsato %ﬁélghy & 8 réfaucldd 2 405 Hidh Virlan ﬁ[E'%gBélcpﬁhlt

(m 1H), 3.58-3.48 (m 2H), 3.32-3.03 }m 3Hy,

colugan with?2 S Bt c-hexanes gifgyged A0 619)(66 Lo)af the titlgspmpound as a
: ' L6d..f

v{()mw?esfo,ﬁ%?%ouﬁg%%?%?ecaa Wépﬁsg(?@éﬁl chdl 5SS, A% Avm),

fauiy 3%31 H i mi dazol e- 2-carboxylic acid [I '-(2-dim

et hyl af ni no- acetyl)-6-(4, 4-

di net hyl -cycl ohex-1-enyl)-1 ,2 ;3 ,4 ;S

&) 65-{ HeSadmpd{ @2 {tamatiplilpyyli dhanpinetiBYh- ] Hamidbeole-2-carbonyl] -

i of | j t ~N,,H N A, 1/ | H
igflammeesiig g Loy 6 A il Sl
[R AN bdinmeditmylt kit opebaverlic weill teks-MoHd@s2rwas 20 treat ed
with 49.8 ng (0,197 muol)

roomtenperature for 1h.
eated with 70.0 ng (0. 135

/Si\
A solution of 150 mg (0.389 mmol) 5-amino-6-(4,4-dimethyl-cyclohex-1-enyl)-
3’,4°,5,6’-tetrahydro-2"H-[2,4’[bipyridinyl-1°-carboxylic acid tert-butyl ester (as
prepared in the previous step) in 15 mL of CH,Cl, was treated with 131 mg (0.428
mmol) of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-carboxylate
potassium salt (as prepared in Example 3, step (b)), 272 mg (0.584 mmol) PyBroP,
and 203 pL (1.17 mmol) DIEA at room temperature for 3 h. The mixture was diluted
with CH,Cl; and washed with saturated aqueous NaHCO;. The organic layer was
dried over MgSQOj4 and concentrated in vacuo. Chromatography of the residue on a
50-g silica Varian MegaBond Elut column with 50 % EtOAc-hexanes afforded 215
mg (87 %) of the title compound as a white solid. Mass spectrum (ESI, m/z): Calcd.
for C3HsoNeO4Si, 635.4 (M+H), found 635.3.

J) 4-Cyano-1H-imidazole-2-carboxylic acid [6-(4,4-dimethyl-cyclohex-1 -enyl)-ﬂ
1,2°,3°,4°,5°,6 -hexahydro-[2,4 | bipyridinyl-5-yl]-amide trifluoroacetic acid salt
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(4, 4-di net hyl -cycl ohex- | -enyl)-1",2",3 ,4",5",

6' - hexahydro-[2,4" ]bipyridinyl-5-yl] W 2007/048088
w8806/ 060028 141 ami de trifl uoroacet at ePCEES2006/060028

prepared in Exanple 54, st#&(f)) at roomtenperature

for 18 h. The m xture was diluted with CH2C12 and

washed with water. The organic |ayer was dried over

MySO4 and concentrated in vacuo. The residue was

purified by RP- HPLC (C18) with 10-80 %% CH3CN in 0.1 %

TFA/ H20O over 30 mn to afford 34.9 ng 5 (53 % of the

title conpound as a white solid. 'H NVR (CD30D; 400

MHz): 6>€ 38 (d, 1nH, J = 8.4 Hz), 8.05 (s, 1 H),
7.33 ( H J /4 Hz), 6.05-5.98 (m 1 H), 4.68
(d, 1 15N {Hz), 3.82 (d, 1H J = 15.2 Hz),

3.01-2.94 (m 6H), 2.52-2.40 (m

2H), 2N39%(s, 6H)m 2.17-2.10 (m 2H), 2.09-1.87 (m
2

~621.59 (m 2H), 1.12 (s, 6H). Mass spectrum
m z): {gal cd. for C27H35N702, 490.3 (MtH), 10
'd 490. 4. Exanpl e 56

Aérsc%(ﬁ&poff i‘i’ﬂ ﬂﬁ dez8b %u%oﬁ aL {[@@&Eh&- 1 5{9'—tﬁmethylsllanyl-ethoxymethyl)—

£6-(4,4 | -cycl ohéx-

lﬁ‘rg{uﬁgﬁg@grqa@myl]eqrﬁwo} 6r(4, 4—gm1 yhcycgo ex-l enyl)-3°,4°,5%,6’-
tet@ahgfaﬁ@"l—ﬂ Iy92118; %&MW bQﬂbBXﬁﬁlc i telf- W@s’ﬁ%&s IﬁgB\areg\ in the

trifluor oacetl c acid
DEIQMS HIP) dip 1(7@1[@01}@1—]@@12]}% tm@tﬁd)wﬁh three drops MeOH and 3 mL

".[‘RAE: 5(15}’39111 Eh%@aqﬁ'é &1 h: ?fe{(?@?yd Jé';i) %&As%&hg%énd e solvents

di nmet hyl - I ohex- -en
ev@or et & ahy@nuo [Cgqum}ul@gmnh]ydxf thd reSidyé pn afi0ee silica ¥ arian

t I gglth%t:}: Wé% 13)4% Ié[%@?l( §h)i%]2 al%forﬁ%ﬁ ltO Ofg (9_@6(): o%the title

comphambas g fvbite solidt i ]d{—NMﬁt(ﬁima@th)ﬁ M Hz R 6H8/59 &dt1el, J %4 Hz),

AR 2 TP A 362531, ) 903 Ml 8090 0

(waSHY 2. 34-2 di2wirt, BHGH2 £3-2 .o, @Hh &.d 1w, tdi)weNiays. spééaum (ESI,

DR i Oy R R Ny SR, reLC

Example 55
4-Cyano-1H-imidazole-2-carboxylic acid [1’-(2-dimethylamino-acetyl)-6-(4,4-
dimethyl-cyclohex-1-enyl)-1°,2",3°,4°,5°,6 -hexahydro-{2,4 ] bipyridinyl-5-yl]-amide

trifluoroacetic acid salt

//N
H ",‘/\<
le/l\N
O H

\;l\,/\g/"' TFA

A suspension of 20.9 mg (0.203 mmol) N, N-dimethylglycine in 4 mIL. CH,Cl, was
treated with 49.8 mg (0.197 mmol) bis(2-ox0-3-oxazolidinyl)phosphinic chloride
(BOP-Cl) and 75 pL (0.54 mmol) EtsN at room temperature for 1h. The mixture was
then treated with 70.0 mg (0.135 mmol) 4-cyano-1H-imidazole-2-carboxylic acid [6-
(4,4-dimethyl-cyclobex-1-eny1)-1°,2°,3°,4°,5°,6’-hexahydro-[2,4” Jbipyridinyl-5-yl]-
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(C18) with 20-60 % CH3CN in 0.1 % TFA/ H20 over 30 mn
to afford 48 ng (85 % 25 of the title conpound as a

wobkiowe4es i d. ' H NVR (CD30D; 400 MHz): 6 8. 65 Pdr/udidpe/d60028

= 8.4 Hz), 8.05 (s, 1H), 7184 (d, 1H, J = 8.4 Hz),
6.05-5.98 (m 1H), 3.85-3.66 (m ©6H), 3.29-3.21 (m
2H), 3.20-3.01 (m 1H), 3.14 (s, 3H), 2.53-2.45 (m
2H), 2.30-2.15 WD 2007/ 048088 PCT/ US2006/ 060028 142
(m 4H), 2.15-2.10 (m 2H), 1.62 (t, 2H, J = 6.4 Hz),
1.11 (s, 6H). Mass spectrum (ESI, n12) Cal cd.. for
H34 !5\116038 511.2 (M+H), found, 511 Exanpl e 57 5
asmg? rpgqcfﬁtca@tg(ﬂr%pag: %%mlg o4 ,aséqu)) at room tcmpcraturc for 18
H 4Fiid nﬂ)@u@%ﬁ%ﬂltm CHCRPARINY hohed with water.  The organic layer

pi peridin-4-yl J-2-cycl ohex-J-enyl phenyl}-am de
wasi driedorveaMaSQs meicancemtmtod ipacyp. Thaesidng wRFBUTifigs! byRP-

HPAC (C1$)Qvﬁﬂ 10%0lAdeychl 4 &aBQT}A/f{%Otd:vef 30 gun to afford 34.9 mg

i met hyl si |l anyl - et hoxyr nethyl)-I'H1mdaz

€2 /dmfyhguawmyowc@s@l whisksdlide n§I-NpHR 6§ DyPDp 400 BiFiz)15 8.38
| Py L5 L i I - hylp) 5 € C

L ol RO G T Y1 CH AR B S, . 4.8

1%|Jm1@aﬁ;9 3.82 (d, 1H, J = 15.2 Hz), 3.16-3.05 (m, 1H), 3.01-2.94 (m, 6H),

34{)[( éégﬁ@%é t 6uh,3. 7o @AY L 08 NeF¥e Y e 50 (m,

Qéﬁr baAys,|6cEBNMas-sBeatsnoh (BB nlz)e nYdled fen@,F: N0y #20. BEM-E),
fl)m&f fpxylic acid tert-butyl ester (231 ng, 0.380

% (as prepared in Exanple 14, step (a)) in 2.5 nL
of DCM and 0.4 nlL Et OH was added 700 p.L of TFA and

the solution stirred for h T. The reaction
was diluted with 4 nbL of %@ﬁéﬁthen concentrated to
- @am]HamﬁddzoldTiZ—)CtzkHﬁyﬁé a&idY o dz*mez‘hyl—cyclohex—l enyl)-1"-(2-

N AR k)ér?)b%@et PN o124 Tbipyridinyt-sy1]-amide

trifluoroacetic acid salt

//N
L xd
o) H

S >~N TFA
0™y

A solution of 70.0 mg (0.135 mmol) 4-cyano-1H-imidazole-2-carboxylic acid [6-(4,4-
dimcthyl-cyclohex-1-cnyl)-1°,2°,3%,4°,5%,6’-hexahydro-[ 2,4 bipyridinyl-5-y1]-amidc
(as prepared in Example 54, step (f)) in 10 mL of CH,Cl, was treated with 32.7 mg
(0.162 mmol) methanesulfonic acid 2-methanesulfonyl-ethyl ester (as prepared in
Example 40, step (2)) and 70.5 pL (0.405 mmol) DIEA at room temperature for 6 h.
The mixture was diluted with CH,Cl, and washed with water. The organic layer was
dried over MgSQ, and concentrated in vacuo. The residue was purified by RP-HPLC
(C18) with 20-60 % CH3CN in 0.1 % TFA/H>O over 30 min to afford 48 mg (85 %)
of the title compound as a white solid. "H-NMR (CD;OD; 400 MHz): 3 8.65(d, 1H,J
= 8.4 Hz), 8.05 (s, 1H), 7.34 (d, 1H, J= 8.4 Hz), 6.05-5.98 (m, 1H), 3.85-3.66 (m,
6H), 3.29-3.21 (m, 2H), 3.20-3.01 (m, 1H), 3.14 (s, 3H), 2.53-2.45 (m, 2H), 2.30-2.15



20 acid
(2-cycl ohex- 1| -enyl - 4- pi peri di n-4-yl - phenyl ) - am de
wo pooi7lousespacetic acid salt to starting materi BET/D§2006/060028

"H NMR and LC/ M5 which wasi4?zsed in the follow ng step

wi thout further purification. The mxture in 3 nL of

DCM was added to a solution of WO 2007/048088

PCT/ US2006/ 060028 143

2-tert-butoxycarbony|anino-z-nethyl-propionic acid (53
ng, 0.70 mol ), D EA (122 L 0 700 nmol ) and PyBroP

G dtor P15 duten FIBk St e 6ARD ) DAL (3 GRDwAGaSs specirum

@SILuhey Ghlch. ﬁr@%&l&&@og&)m@r(g«vmnih@&lwnhz satd ag
NaHCC3 (1 x 25 nlL) and brine and the organic 5

| ayer was dried. over Na2SO4 and then concentr at ed.
Purification of the residggalahie £f eparative TLC (50%

Et OAc- hexanes) af forded 40 ng of the title
5 conpoidier [ thiridagpielecarbpidic 6t amita- LBy Lprayionyl)-
Cal tperiaLn- m2= -€ e aceric’'a
i 3SR 9 LI s

{4 [] (2-am no- 2-i net hyl -

yl J-2-cycl ohex- I -enyl phen

acid salt To a sol ution of .

{2-[ 4- (4-{[ 4- cyano-| - (2-t r et adhsitagy] — N

-et hoxymet hyl )-1H inii_. daz - 2-5ar bonyl ]-am no }

- 3-cycl ohex- | tgﬂ;?iohe yly=piperidig-l -yl]-1,1 15

di net hyl - 2- oxo- e I INgarbamic acid tert-butyl ester

(40 ng, 0.050 nnnl)oin 2 mL of DCMand 20 L of EtOH

mas added 1.5 nL of "TFA. The solution was stirred for
at 25 C, diluted wwth 2 nL of EtOH and

0 e ( fur tion of S

%&Chf” R G TR G s R oy e e dana
10 casbamyifhinieosGldydiotett - d%,%@ﬁ)@@abvei 10 - M(ﬁél)l -dbn &l Q-oxo-
1H, J.= 8.4 8.00 (s, 1 7.16 , 1H, J = 20

e%’ﬁ‘%??mf%d(%%%%e“%’ 79 (s, 1H), 4.55 -4.48 (m
IH), 3.30 (s, 6H), 2.89-2.87 (n1 2H), 2.40-2.25 (m
4H), 1.96-1.93 (m 2H), 1.86-1.83 (m 6H), 1.64-1.61
(m 2H). Mass Speetwum (B @{,z) Cal cd. for
C26H33N602, 461.2 H), (ound "461. 3. Exanple 58 25

5- Cyano- | H i m dazolg- 2+car b lic acid

[ 6- cycl ohex- 1- enyl 'ﬁ§%‘E§UIfonyl ethyl)-1 ,2
3.4'". 5 .. 6'-hexghyd 7bi pyridinyl-S yl]-am de

HHNO N N
j%LOJKN N
H

To a solution of 4-(4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-

~onyl ) - piperidin-4
am de trifluoroacetic

15 carbonyl}-amino}-3-cyclohex-1-enyl-phenyl)-piperidine-1-carboxylic acid tert-butyl
cster (231 mg, 0.380 mmol) (as preparcd in Example 14, step (a)) in 2.5 mL of DCM
and 0.4 mL EtOH was added 700 uL of TFA and the solution stirred for 3 h at 25 °C.
The reaction was diluted with 4 mL of EtOH and then concentrated to give ca. a 2:1
mixture of 5-cyano-1-(2-trimcthylsilanyl-cthoxymcthyl)- 1 H-imidazolc-2-carboxylic

20  acid (2-cyclohex-1-enyl-4-piperidin-4-yl-phenyl)-amide trifluoroacetic acid salt to
starting material by "H-NMR and LC/MS which was used in the following step
without further purification. The mixture in 3 mL of DCM was added to a solution of
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N MO2S~~ WO 2007/048088 PCT/ US2006/ 060028 144 a) S
Anzi no- 6-cycl ohex-1-enyl-3 , 4 , S, 6'-tetrahydz

W@2R7i4g088 47bi pyridinyl-1 '- carboxylic acid PCT/US2006/060028

tent-butyl ester NNH2 OYi44 O 5 To a m xture of

5-am no-6-brono-3',4',5 ,6"'-tctrahydro-2'H[2,4'] bi pyr
idinyl-1 carboxylic acid, tert-butyl ester (331 ny,

0.93 nmol) (as prepared, in Exanple 54, step (c)) and

cycl ohexen-1-yl boronic acid (141 ng, 1.11 mmol) in 5

mL of EtOH, 10 nL of toluene and 5 m. of 2 M Na2CCB

was added Pd(PPh3)4 (107 ng 0.0930 mmol) and t

T EEipytonrarhonyiasyhen2-methyl-prpiaee Acid {he mee A i r@moma@IEA (122

;ﬂl |M@ﬁnﬂoﬁﬁnﬁ%ﬂﬂﬁ Qi44191§te 585 nﬂ’Hglggrp e Cbﬁ BEH\E Eﬁ&lﬁae

and the |ayers Were separ ayer was
rgRgtion W%SN@ESCM} 25Md oa'cm@m Tlat redction Wa?cahmted with EtOAc (25 mL)

t { h
T e e e
1€W%astdﬁ@dmﬁ Nazsﬁammd lihlﬁ:h ascamrdted)Rurification of the k&idvs by
p%%?rﬁju\;y %TZ%)(%% %Ogc%exanebl)_egfj\s cg% 4&)%@(1 5%)3c?f8 the ' nﬂﬁ: %g%%ound
a5 -af WHiiteQyodido M ass Bpectrure  BF1, sin/Ep GalleE FHROZ Y NI, &bt Z TM-+H),

car bonyl j - ainino)-6-cycl ohex-1 -enyl-3 ,
ég%féflfetrahydro 2'H|[ 2, 47b|pyr|d|nyl 1 '-carboxyllc

acid tent- butyl ester H \" NNN O>IQUN IlAl 20

bX -?gﬁ 1%" lfﬂ{f%%%wr@wﬁg}ffdefﬁr{éx(;?r@emt Ymeill-progicre’)-
Piger 2ig-AniIp-2ydy alof e IS E bRy §Rk hide 39 dﬁumac&zc%@dmml )

(as prepared in Exanple 3, step in 8 nL DCM was
added DI EA (291 L, 1.72 mol) and PyBroP (512 ng, 1.10

To a solution of {2-[4-(4-{[4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-
imidazole-2-carbonyl]-amino } -3-cyclohex-1-enyl-phenyl)-piperidin-1-y1]-1,1-
dimethyl-2-oxo-ethyl}-carbamic acid tert-butyl ester (40 mg, 0.050 mmol) in 2 mL of
DCM and 20 pL of EtOH was added 1.5 mL of TFA. The solution was stirred for 3 h
at 25 °C, diluted with 2 mL of EtOH and concentrated in vacuo. Trituration of the
residue with ether afforded 8.4 mg (29%) of the title compound as a white solid. 'H-
NMR (CD30D ; 400 MHz): 5 8.10 (d, 1H, J = 8.4 Hz), 8.00 (s, 1H), 7.16 (d, 1H, J =
8.4 Hz), 7.07 (s, 1H), 5.79 (s, 1H), 4.55 -4.48 (m, 1H), 3.30 (s, 6H), 2.89-2.87 (m,
2H), 2.40-2.25 (m, 4H), 1.96-1.93 (m, 2H), 1.86-1.83 (m, 6H), 1.64-1.61 (m, 2H).
Mass Spectrum (ESI, m/z): Calcd. for CosH33Ne0», 461.2 (M+H), found 461.3.

Example 58
5-Cyano-1H-imidazole-2-carboxylic acid [6-cyclohex-1-enyl-1'-(2-methanesulfonyi-
ethyl)-1',2"3"4',5",6"-hexahydro-[ 2,4 '] bipyridinyl-5-yl] -amide



WO 2007/ 048088 PCT/ US2006/ 060028 145 nmol ), and the
reaction was stirred at 25 C for 15 mn. A solution of
WG 2@ 8086 - PCT/US2006/060028
cycl ohex-I-enyl -3',4' 5", 61#t et rahydro-2' H[ 2, 41] bi pyr
idinyl-1"-carboxylic acid. tert- butyl ester (233 ng,
0.65 mmol) (as prepared in the previous step) in 4 nL
DCM was added and the reaction stirred overnight at
25 T. The reaction was diluted with 5 EtOAc (25 nlL)
and washed with NaHCO3 (1 x 25 nL) and brine (25 nL)
and the organic |layer was dried over Na2SO4 and t hen
concentrated. The residue was purified by flash
@ "Dt agsapbIbhEsiILd R 398ls! 65/%%9#0%
167 2481’53/h of thg9 t?fle conmpound asygﬁﬁﬁkégégﬂ
rr%jo tlflrfﬁ‘mb(@é@tem z): Calcd. for C32H46N6OASH,
nd 607.3. 10 c)
5- Cyano- | Hi zol e-2-carboxylic acid
(6-cycl ohex- nyl-1;2,3,4,5;6"-
hexahydro-[ 2, 4Jbi pwsi di nyl -5 yl)-am de trfluoroacetic
acid salt \ 11 N~ NN _NO H HN The title
: Fepared from
-{b4- anm-l (2-trinmethylsilanyl 15
hoXymethyl ) - 1Hi mi dazol e- 2- car bonyl | - ani no} - 6- cycl oh
ex-|-@nyl-3',4",5 ,6'-
A f52 yLid f i.c a
> T:O?rt bu%yﬁse%@%% %JP% > 4{’8 égxgr%dﬁ QPE?%XJ]QPW myl'l }
cpbosrlderad sirtrblityt ester (Ei hm:g 6 9]34mm$)11)e(|as bi‘bpated in fixam@le55, step

V\,h
QR aheheiSy VopdiE 4ERTERY 5 13RO35 7331 of gt 10
ofmlmfme:}md 52mLzﬁ?2cM Iﬁazcﬂl}nWaé tﬂdem RigPPh-9r Q00 ahid) 0<0d30Gnmol)
afRY tl}] Ifeguhp %(/fl al%ed(ﬁth (F yé Ior ]? h "nge re%tlon ViE3S. diluted with 100 mL of

anesu
10 efiler ek w(ymﬂ_mf[&n e4nd blh Phred Ivﬂ#b sépaydtdd aThe bf@nic By was dried

(I? %2%?;% F%‘{]%S c Xtéeﬂ?ﬁl 11)21‘,5al_c|-ulo r?’ur?fzc%ltlgn %f %h%rrggl)c%é !b)cr: Cglclfllrnclj'l
clifop2itogaptd/ (sﬂ1ca Get, BOXGUYY %@r—hgx&ei)tufﬂ)‘fﬂécﬂﬁmﬂng§7¥4/} ﬂé‘ﬁﬂe
ide trjflu etlc aC|d sal t

ofyfibegts CEnEst 5 T eormtiaNi0n (ML),
35%D) owed358.1.

607.3 (M+H),

15
b) 5-{[4-Cyano-1 -(2-trimethylsilanyl-ethoxymethyl)- 1 H-imidazole-2-carbonyl] -
amino}-6-cyclohex-1-enyl-3'4"5"6 “tetrahydro-2'H-[2,4] bipyridinyl-1'-carboxylic
acid tert-butyl ester

O/\/Sl/

«Q\
>r0\[CI)/N

20  To asolution of 4-cyano-1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-2-

carboxylate potassium salt (296 mg, 0.970 mmol) (as prepared in Example 3, step
(d)) in 8 mL DCM was added DIEA (291 pL, 1.72 mmol) and PyBroP (512 mg, 1.10
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by 30.5 ng (0.150 mmol) of nethanesul fonic acid
2- nmet hanesul fonyl -ethyl ester (as prepared in Exanple

wdoo7eiseg a) ). The reaction was all owed to stiPCT/US2006/060028

overni ght, diluted WO 200714648088 PCT/ US2006/ 060028
146 with 20 nL of DCM washed with satd ag NaHCO3 (1 x
20 nL) and dried over Na2SO4. Purification by
preparative TLC (silica gel, 40% Et OAc- hexanes)
afforded 22.3 ng (40% of the title conpound as a
vvhite solid 1HN|\/R(DI\/SO 400 I\/Hz) 810 02 (s, 1
rgpﬂ 8.11 = 8.4 Hz), 7.18 (d,
b, %Ildihs rﬁaCPEI)I was S@%’O@af(%ﬁ' Qﬁ)r 153n@14 A golutipy of 5-amino-6-
o?cﬂ?le%l)l %%y(m 43 E& +te@al%;§]r(§ Q‘H Ei‘h éb%p%n&n}l Hzéarb(%}_yfﬁ% Néd?’cht-
bsbéc??‘ieﬂ éﬁ3éesg ) oF Eamo ?céﬂbcmepamﬂr in tmnr@m@@&@ i1$32DCM was

aﬁ%’d’ﬁnd Hhevogids §t1§ec% g&%ﬂ@lh? a2 40 . Al Et% %? gﬁﬁg(ﬁ] quth

for the synthesis ntermediate descri
FEQ&?;(% H§~)| and versbed MseANGECOwW(1 x 25 mL) and brine (25 mL) and the

39 ngdﬁéd SR ! §b| ?ﬂy 4hc§ tcl«%)c %rn%&hﬁa)z ﬂle ‘?(%S puﬂf ed

ar oxy i c aci assli um sa
bgglashphgmpqogra@lay mlhcmg@ai%dwec)ﬁ-wcm@o AFFGHd NT 2@ (40%) of the

d omfla p th a
(K hmpb i a0 ke SHE A LB FET H  E  rencer
GddusBeO el do @ 7. b(i\/IfHB})n‘ielund/i&)hSa ni trogen inlet was
charged with 1H i m dazol e-4-car boxal dehyde (Al drich,

1.10 kg, 11.5 nol) and pyridine (3.0 L, 3.0 nol). The
ot éaé'ycimn]}fﬂzaﬁdbzmhsz-emtﬂoeﬁhd aid (@cy&lbﬁbxﬁﬂehﬁel 'attyranel-

X hIorld 12.5 nol) was
%‘%é’g J(ﬂ\%]/{;/f’?’ﬁ% VQn%mlldg 3 g?ﬁtff‘f?l‘?%ﬁ nt er nal
t enper e below 30 C. The reaction was allowed to
cool t nbi ent terrperature and stirred for 2 h at

anbi ent errp| The resulting thick vyellow
sol ut i @A FoN80 C with a heating mantle and
acet i C|an ydr 2.04 L, 21.6 nol) was added

“over 200 mn to maintain the tenperature

The title compound was prepared from 5-{[4-cyano-1-(2-trimethylsilanyl-
ethoxymethyl)-1H-imidazole-2-carbonyl]-amino}-6-cyclohex-1-enyl-3',4',5",6'-
tetrahydro-2'H-[2,4'Jbipyridinyl-1'-carboxylic acid tert-butyl ester (167 mg, 0.27
mmol) using a procedure similar to Example 14, step (b) to afford 57 mg (43%) of the
title compound as a white solid. LC-MS (ESI, m/z): Caled. for C;;H24NgO, 377.2
(M+H), found 377.2.

d) 5-Cyano-1H-imidazole-2-carboxylic acid [6-cyclohex-1-enyl-1"-(2-
methanesulfonyl-ethyl)-1'2',3",4",5',6"-hexahydro-[2,4 '] bipyridinyl-5-yl]-amide

To a slurry of 5-cyano-1H-imidazolc-2-carboxylic acid (6-cyclohex-1-cnyl-
1,2',3',4',5',6"-hexahydro-[2,4'"Tbipyridinyl-5-yl)-amide trifluoroacetic acid salt (57
mg, 0.11 mmol) in 5 mL of DCM was added DIEA (50.4 pL, 0.290 mmol) followed
by 30.5 mg (0.150 mmol) of methancsulfonic acid 2-mcthancsulfonyl-cthyl cster (as

prepared in Example 40, step(a)). The reaction was allowed to stir overnight, diluted
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110 C during the addition. The reaction m xture was
heated at 100 C for 30 mn, 30 after which tinme it was

w@bdoamesdsg o cool to ambient tenperature and t heOT/US2006/060028

further WD 2007/ 048088 PCT14¢S2006/ 060028 147 cool ed
in an ice bath. The pH was adjusted to 8.0 (pH neter)
by the addition of 25 wt % NaOH (5.5 L) at such a
rate that the internal tenperature was maintai ned
below 30 C. The reaction m xture was then transferred
into a 22-L separatory funnel and extracted with

t h t 6. ... Th nbi ned ic. |
THEpbaTapt ACBrivihed ithsri 61 RHCAR Gos el Mlisd over
Nd, 508! Behificfidn byQReRRMHAIE (GL YNess, lmé%-h&%ﬂééﬁ &ftorded
ressu O%t 35 C'to give the crude product as a yellow
ﬁéﬁ%@&fﬁ of the tittemrquRg 28 8nhits so@dmg-lgu%eah@é); 490 MHz):
: | f f ichg 4t
3 R.ue0e 165, 2k )s, 30, 41 (4 ad, i 8.3/1 o, AIERE, 134’11'%;3.&11-'17[5?5.96

It. wa ered to'give a ow s

(ovald 1), 8 petiiled. 02r2.09 (me i), 2373X(t, 2B, bnd. Tk, 28®-2.87 (th, 2H),

B t}Rg.4S \; s kiltered a he filte
R e S R e S S R B
G2 & OsPptBrI(Ms Hp, oimgh#83/2l | ow solid [870 g, 82%.
The 'H and 13C NMR spectra were consistent with the
assi gned structure. b)
1-(2-Trirnethyl silanyl - etihoampri3syl ) - | H i m dazol e-4-ca

cbonitrile a -(2- . i . . . .
4 BO0E et h B B i ef i ismerivtr o bt indwemml 5
descriteddelow.: ~ + AN CN 15 N SEM ' SEM A 22-L,
four-neck, round-bottom flask equi pped with a
mechani cal stirrer, a tenperature probe, and an
4aCigirto- Dm-ft;um@ﬂ;lylswkzhﬁ—éz\hdkbzﬁz%ﬂ@? 07 T @daz¥RS2-ENL9REE Wiy h
1H jmdazol e-4-carbonitrile (830 g, 8.91 nol, "as
PRISY4TE i n the previous step), 20 potassium carbonate
N a1 kg,o&7.8 nol), and acetone (6.0 L). Agitation
wasy i Lt{ated and the m xture was cooled to 10 Cw th
an % baoh. SEMCI (1.50 kg, 9.00 nol) was added
t hrougenm he addition funnel over 210 min to maintain
the internal tenperature below 15 C. The reacti on was
then allowed to warmto anbient tenperature and
aB IRl Al ®PLisRPer at ur e overnight (20 h). The
Nreachi on 25 m xture was then cooled. in an ice bath to

nd quenched. by the slow addition of water (8.0
L) 30 mn to maintain the internal tenperature
below 30 C. The resulting m xture was transferred to
a 22-L separatory funnel and extracted with ethyl
AEEL AFRr-hdcl réutt-bdttorh MBsIE Qﬁgﬁsﬁﬁvﬂs o efl A hEn i Firrer, a

concentrated under reduced pre:
temperature probe, a condenser, and an addition funnel with a nitrogen inlet was

charged with 1H-imidazole-4-carboxaldehyde (Aldrich, 1.10 kg, 11.5 mol) and
pyridine (3.0 L, 3.0 mol). The reaction flask was cooled to 8 °C with an ice bath and
hydroxylamine hydrochloride (871 g, 12.5 mol) was added slowly in portions to
maintain the internal temperature below 30 °C. The reaction was allowed to cool to
ambient temperature and stirred for 2 h at ambient temperature. The resulting thicic
yellow solution was heated to 80 °C with a heating mantle and acetic anhydride 2.04
L, 21.6 mol) was added dropwise over 200 min to maintain the temperature below
110 °C during the addition. The reaction mixture was heated at 100 °C for 30 min,

after which time it was allowed to cool to ambient temperature and then further
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at 35 Cto give the crude product as a dark brown oil
whi ch was purified through a 30 plug of silica ge

W@ 1875480820 cm 2.4 kg silica gel) using 2:1 PCT/US2006/060028

hept ane/ et hyl acetate (15 147) as eluent. The fractions
contai ning the product were conbined and concentrated
WD 2007/ 048088 PCT/ US2006/ 060028 148 under reduced
pressure at 35 Cto afford a m xture of the title
conpounds as a light brown oil [1785 g, 90% . The 1H
NMR spectrum was consi stent with the assigned

stfﬁeture nd |nd|cated the presence of a 64:36 ratio
cgplefdg ppit gp%l)was adjusted to 8.0 (pH mctcer) by the addition of 25 wt

03 NBOH (2 (£91 1h) ¢ gucrhra RSB hS rﬁte&aytenﬁrewrzsgamata)&nédttetow 30

O.'rrzr zol e-4-carbonitril
£»-The reagijongaiiure veas iaenboansérdd insle 22 q@paatamy fiimrel and
an |t ir , ur e robe
co n%e nsk?gt?l W tlhac{'éttg{rrtC Q) v e(riﬁlp n‘{ %%med rgﬁglrcd@'ocr\ﬁ 3 ﬁ”as?hc’d with
bing (2 ket.0 B), dried over MgSO4, filtered, and concentrated to dryness under

B bTRE QYL JE% Yo th SXNTBhotict as'a il adoiseiid Fhe
résultiteg oylislicand suspraeu @it Gid 1 rixiaorea ir €47 B bhich

ril repared in the previous
B % 52@"%&‘#8&’1"% %ﬁgh@t&ﬁﬁa pseég(‘rhlgh [yas rﬂ@SP%ﬁdeénn Vgene (3.0
Li)antl isaired fandn. t e fdsxliabel B@ﬁttégd taﬁd @9: £iterRhkd gl %'ted
vﬁﬁt EV Z§ succi ni m de %5 2 . nmol ) was ad

QUPRP &t X pOP tlohe svasthe @erﬁpﬁlpomt eﬁa tlshmlbaf $0kdd 870 g,

8e¥%n! MaerHted A
e R FAC SR Mot RAf e dn YR R W hoh R0 il

reaction was allowed to cool slowy to anbi ent

b} qﬂ@eT A }?l.s%gyl Jtﬂ&cyy&%}ﬂ) t}']ggm?%y - o%tl’zji’ee%r%ﬂ%?ﬂd

ltrate washed with

”EWemﬂﬁéaﬁﬂg@h%@@e%@ﬁeﬂﬁa@E@@OkhrGU@hnEﬂﬁlug of silica

N8 x 15 ¢ silica gel; 600 g) using 2:1
N%?ﬁgg?e/ethgijétéﬁbte (6.0 L) as eluent. The fractions
con \nlng t roduct (based on TLC analysis) were
conmbi n8dVand coﬁ%@ntrated under reduced 20 pressure to

give a crystallrne l'ight yellow solid, which was then
ered a ed w_th hcptane (500 nL) to give the
At#jt L £ gﬁﬁa %fj;b%ﬁ%tl;ﬂélt%m%@%t(ﬂt @ r%faﬂhmc?lsmreg a
tefjP4ra tu%}ﬁ’oﬂé" adB@n Jaa&;nNM%lé{é@ wt{haa t‘fﬁ%ge& %'ﬁs@ﬁ%@%%th 1H-

the %SSI ghed structure and showed evi dence o
e-ﬂeqﬁrlggrg‘g% 83025 81 mol, as prepared in the previous step),

Pftg%@ggﬁ)b'ggﬁelt(g '4Zg<ltgh Y8 'rﬁ(ﬁ?‘ ¥nd %E&Bﬁé/ b E)fl %g}tyﬁ&mvggﬁﬁtlated
and thc mixturc was cooled to 10 °C w1th an 1cc bath SEMCI (1.50 kg, 9.00 mol)
was added through the addition funnel over 210 min to maintain the internal
temperature below 15 °C. The reaction was then allowed to warm to ambient
temperature and stirred at ambient temperature overnight (20 h). The reaction
mixture was then cooled in an ice bath to 10 °C and quenched by the slow addition of
water (8.0 L) over 30 min to maintain the internal temperature below 30 °C. The
resulting mixture was transferred to a 22-L separatory funnel and extracted with ethyl
acetate (2 x 7.0 L). The combined organics were concentrated under reduced pressure
at 35 °C to give the crude product as a dark brown oil, which was purified through a
plug of silica gel (16.5 x 20 cm, 2.4 kg silica gel) using 2:1 heptane/ethyl acetate (15

L) as eluent. The fractions containing the product were combined and concentrated
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NEt NC1O QN '"SEM A 12-L, four-neck,
round- bottom fl ask equi pped with a nmechanical stirrer,

W@20000m068 at ur e probe, and an addition funnel PET/OSH06/060028

nitrogen inlet was chargedidgith 2 WO 2007/ 048088

PCT/ US2006/ 060028 149

bronmo-I-(2-trinethylsilanyl-cthoxyncthyl)-1Himdazolc

-4-carbonitrilc [390 g, 1.29 nol, as prepared in the

previ ous step) and, anhydrous tetrahydrofuran (4.0 L).

Agitation was initiated and the reaction m xture was
oleg to, -5 a dry icc/acetone bath.

0 C usj
S’Mﬁ BeAdRIGHwEs %%5% B aftad eoniptuve of ufﬁmﬂem@wmndslamhght
BiBdh ot e85 @@iﬁ/@) tﬂ{&%m&ﬂ% @é#x%'rﬁ &40 cé&%@% \)%Yl?lrh b%gned

mn to majntain the internal nperature
StHEUFe Rt méwat@sth@, presensy oa“@r64a36‘ nano Iméregiéllsamnﬂrsat - 43
C, after which tine it was cooled to -78 C. Ethyl
chl oroformate (210 nmi, 2.20 nol) was added through
o WeBaetto1lr @ririnatdsilanybethygymethyll-d Hieidbailadidaebonitrile
N temal tenperature below -60 C. The reacti on was
r&d®or a further 40 nin at -70 C, at 10 which
p0| ntNt he dry ice/acetone bath was renoved and the
reacti @ﬁ"/bvas allowed to warmto anbient tenperature

L09PAL, Totlr-teck, H30nd- 8865 IMAMLsKebiBh &1 Wak SGA0LE! | ge
bath to 0 C and quenchedsb 4 Efé sl owaaddl t?lghp%t fer, 29

RS R ORE IR OB PReF B T!I.ltrsgfﬂ) indgt V%Ghalgeda‘nél a rmxture
of manz thﬁ%thﬂ@lﬁh?ﬂéth&%@tﬁ?f) Ui VRS W%b&ﬁ&u@ i‘&@g’ (%0

reaction mxture was transferred into
t%l@ﬁ@%/h%wl @ftmﬁr}'@pethsdb13§kmdwoﬂ¢r4e1aﬁwnlm$e éﬁ@@tgatze@(mon as
RNd R
pv\h?apsar AT ﬁfé%'ﬁtﬁkf?%@ 5 ?"ﬁ%@cﬁﬁ&?{eﬁéaﬂyngg §?tajﬂ xgas
ijfated apgd gmgmg‘pé’g@mtedtto 86 °C. tig tgnS\pelra ]\bmeR)sumlhumde (502
hIoro han

sTosa s Saphlaatdhasolyn 2ol OO D0,

ektgh@ﬁn 8 T4 %@ g?ee reaﬂ:ﬂoﬂwta@ auox&ememoamaf 60 Iy bn@ €@tak Sfirred at

W oi | i ssol ved. in EtQAc
) 3630 B ThEFticBn Srasia R oot 560 Pybicsh teranesitaes end
therresulting slugevedsdiltekat add Me filtagie RSHd WiE sSNIYCHASolution
tl e conpound _as a crystalline

d o 19egs P%%n%ﬁeré 55%575 shrowgfea DRiZ! dilica @i 15 suic sifiga gel:
60 £ Pusifn S i1 Hepine ittty abdiste 36 DIIPNRA hE UPh&fi8etions containing the
product (based on TLC analysis) were combined and concentrated under reduced
pressure to give a crystalline light yellow solid, which was then filtered and washed
with heptanc (500 mL) to give the titlc compound as a crystallinc whitc solid [593 g,
73%). The 'H and *C NMR spectra were consistent with the assigned structure and

showed no evidence of the minor regioisomer.

d) 4-Cyano-1 —(Z—Zrz'mez‘hylsz'lanyl—ez‘koxymez‘hyl)-jH—z'mz’dazole—Z—carboxylz’c acid
ethyl ester
OEt

NC\E M

A12-L, four—neck, round-bottom flask equipped with a mechanical stirrer, a

temperature probe, and an addition funnel with a nitrogen inlet was charged with 2-
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e)
4- Cyano-| -(2-trirnethylsilanyl-ethoxynethyl)-1Himdaz

W@b@7/248088 boxylic acid 25 potassium salt NC NeOI/KS2006060028

0O SEM A 5-L, three-neck, t8und-bottom flask equi pped

with a nmechanical stirrer, a tenperature probe, and

an addition funnel with a nitrogen inlet was charged

with 5 [400 g, 1.35 nol) and ethanol (4.0 L).

Agitation was initiated and a water bath was 30

applied after all of the sol id had dissolved. A

solution of 6 N KOH (214.0 1.29 WD 2007/ 048088
bﬁ@?meg?oﬁml@bﬂ@é@nﬂf WC}h%éHaauwot%ﬂ@a@wnﬁh@ [390 g, 1.29

A6idlhd pr@Parel M Ble A¥GLud Sef) J}ldta‘i’)hWOHE B rlah ). 6

tenperature bel ow 25 C and the feaction S st rre
Agitatigniyas laﬁlatedm@dtthmmp‘mmm@iturema; ®olaglt uoerﬁowaisusmh@m dry

SO AR ELSED BTN 10
szadéﬂdiédough fine taldgtition -fhure) bvert 3(19111]11( M'Eﬁﬁntaﬁl theAnteynaand

1 d ft whi ch
T AT T i

after {vﬁuﬁl titfe theastdobled 16 QrTROUN RS c@ilﬂi’ﬂf&rﬁqa 211 iV @@mol)
rther dried under vacuum at anbient tenperature

wa§ rad&e%th[f%%l the addigipn frmpel oppr IQVRIn to3@inaR therittermad s
[S tr,uct u °

R e

wigclypoinfhgrildy iag/acsng bathHyasret®yvedland e rdBctDn. wdﬁaﬂlowed to

9 CTIVI.TY .Iln Vitro As
vt ampleni Weblednl b S0 -1hs Kalhidn py i Godied BV e
bpémrtbgﬁfednd quetkehed ?y ?el’k{l}mfr h@clh’abf{ Ef sdill @hP@riidh cACdridéi sb¥ution
t C ounds .FOor a ey are lven
PO 5 ST R B i Y eS T Higed bO d.°C. The
r&@;’ulbﬂ hhbﬂufé @8s ﬁﬁréﬁ‘%ﬁ% ﬁﬂ'i;(f ¥r gE-I_aﬁéph&E&yJ ﬁlxﬁﬁ@it dituted w1t|h e];chyl
ro | O a oS or atl on exe y

abgae eéﬁ @&%r pad YhgHEYRRs sTe opaisted. ﬁLh%@réquzy iarentias washed with

bEiftk (21k aro Lrﬁmgﬁﬁét@@hn@err ?ecgﬁgfﬂ %].fr ?{]3E bd %o g1ve a brown

activity nhi biti on of Baf3 cel eration

oilsdde agude? qibwes dissqtyeriing md@p:@nmqne@%nﬂxua@d tpymﬁéﬂ by
cﬁorﬁa@@grmlsgi%f 81&1?1 3 k%tbwlllca gel, 10:1 to 4:1 heptane/cthyl acetate) to

give a yellow oil, which was dissolved in EtOAc (100 mL), diluted with heptane (2.0

=

L), and stored in a refrigerator for 5 h. The resulting slurry was filtered to give the
title compound as a crystalline white solid (141 g, 37%). The 'H and *C NMR

spcctra were consistent with the assigned structure.

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

potassium salt

NC N O-K+
T
N (@]
SEM
A 5-L, three-neck, round-bottom flask equipped with a mechanical stirrer, a
temperature probe, and an addition funnel with a nitrogen inlet was charged with 5
[400 g, 1.35 mol) and ethanol (4.0 L). Agitation was initiated and a water bath was
applied after all of the solid had dissolved. A solution of 6 N KOH (214.0 mL, 1.29
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significant and specific inhibition of the FLT3 ki nase

and FLT3-dependent cellular 25 responses. The
waeeovpousess of the present invention are al so cetT/US2006/060028

permeabl e. FLT3 Fl uorescen®e Pol ari zati on Ki nase

Assay To determ ne the activity of the conpounds of

the present invention in an in vitro 30 kinase assay,

inhibition of the isolated kinase dormain of the human

FLT3 receptor (a.a. 571-993) was perfornmed using the

foll ow ng fluorescence polarization (FP) protocol.

1ﬂg FLT3, FP assay utilizes the fluorescein-| abel ed

D91, ¥Bh BTt thErueR the aqrlitiony Rrmmnclonss A siprte ataietaimthe Bdepal

téripdraedbl w15 Cany Bk 3. o8 RRQ-THL9 | '

0187{ 048088 PCT/ US2006/ oeoozg‘m f%%é(?%ﬁ%ﬁ Eﬁ‘égﬁ@sﬁm\é?m
Thgpptutiegaves thereepncentsaterhosiiaessluadesregutol@ressTya at 2017€ to give
afWhigy R%@eiThe! i d6n frad)

geimelraletigdsJHaos ?%ggsn %%ﬂ‘g}rl]zﬁh@& fhef Y¥BE, 4.0

the anti-phosphotyrosine an ’

Ly 1984 giged fat30anise pifeavbigiryime thh shingeveeisérnd andtheMRter cake
. j i IS | bat.ed r.0Q
St BP0 Bt LER Bhobnd BV ARET R VR ves
fadhrtidricd moden vacnivinRlt I@LERL @B TatB Ul #id [366 ¢, %A TYhe 'H
u 9 in Q. .The, ki nase

NIRRT, SIS E A TR MG L0 K55S
CeladdpeSedl sk NaBsie €, BB @SpHD 58t Nol@3 460 Fohed:aat #2.77; H, 5.15; N,

lgggggggiyﬁ&ginggpgbbody are added and i ncubated for
m nu

es at rvoont tenperature. 10 Data points are an
average of triplicate sanples- Inhibition and I C50

Bﬁétli?éi@ﬁﬁj&gjﬂg@ivﬂone wi th GraphPad Prismusing a
reg o

non-Tri1néear nfit wth a nultiparamter,
si gnoi dal dose-response (variabl e sl ope) equation. The
I;L? ) for _kinase inhibition represents the dose of
LSBT ™ hat results in a 50%i nhibition of 15 ki nase
activity conpared to DMSO vehicle control. Inhibition
T (gkﬁ:ll Cell Proliferation To assess the cellul ar
BIURKI NG FRIBIFBENG Y W7 orasesrvede Rerfpmashipi dsiermiming the FLT3
bivhegédl betividOohe Wbhpb kst . '
e o ol oL e oA DT ARBQE IR SHE Bph b fifrate he
myeatom mapqnsligiingi@shigad from a patient with chil dhood
acute nyel ononocytic |eukema with an | 1g23
translocation resulting in a ML gene rearrangenent

Inhifgtion ghEhT A icAgyran aftiviy, MO pzeliforationnhd HBabi-pE3
le%i)ﬁéw?a)tion exemplify the specific inhibition of the FLT3 enzyme and cellular
processes that are dependent on FLT3 activity. Inhibition of Baf3 cell proliferation is
used as a test of FLT3 independent cytotoxicity. All of the examples herein show
significant and specific inhibition of the FLT3 kinase and FLT3-dependent cellular

responses. The compounds of the present invention are also cell permeable.
FLT3 Fluorescence Polarization Kinase Assay

To determine the activity of the compounds of the present invention in an ix vizro
kinase assay, inhibition of the isolated kinase domain of the human FLT3 receptor
(a.a. 571-993) was performed using the following fluorescence polarization ¥p)
protocol. The FLT3 FP assay utilizes the fluorescein-labeled phosphopeptide and the
anti-phosphotyrosine antibody included in the Panvera Phospho-Tyrosine Kinase Kit
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MV4-11 cells cannot grow and survive w thout active
FLT3I TD. 25 The |IL-3 dependent, nurine b-cell |ynphoma

wa@edor/okgosee, Baf3, were used as a control to cpeif/USIMG/060028

the selectivity of conpountsli nhi bition of
proliferation for representatives of the present

i nvention by neasuring non-specific growth inhibition
by the conmpounds of the present invention (data not
shown). 30 To neasure proliferation inhibition by
conmpounds of the present invention, the |luciferase

ase CeIIT|terG o reagent (Pronega), which quantifies
(%6? sgRled M%sz%mﬁm 1yB2GOBNY6bRaTsT, the
cellular. trat| , Was
£ SAR 20L O Sha et oo eng "GRG MspbiamP Srppine
apberdylbyothei phokidry lredi gl e @M@yﬁ,l thgs pededssig BB FPERYd Blhe

and. ing/m GW CSF or ing/m IL-3 for MW4-11 and Baf 3
Py ]E"%S@%%Céloi“\}%IWUbge@:éWiﬁ@UhfdﬂWﬁtajr@ne(fn@ (bmn(mt;t_s % DWVBE

£6 M&in |c8n81%h£ Q'WFET@%%%%OQ ﬁg{&ﬂ% HO%M ATP,

are allowed to grow for holr s at

SdIECIleoneld torapsund3n BMSE/OER kinasEdacasit is‘&'t(;ﬁf)ed with the
measurenents in MV4-11 cells grown in 50% pl asnm,

additioy ofE' A The @uatescqedlmmedqéiorsshcm@pweamd fhe aatid: 1

I
e fhe SR AT AR AR LTS R e
tegpaartugel ume of Cel I Titerd o 10 reagent was added to
each well, according to the manufacturer's
instructions, and |um nescence was quantified. Total

Dagd poigiseut bn wegagrialitipliced sasplehe Idhibftenemndddsydata ana1y51s
relative |.ight un of cell
Wl BREREE eaB RN Prleh b e Ul i, it & Doy
nBllf(iﬁaZam@ﬂer sslgmmgpmmh-rmmhw (v@tﬁﬁme YRebe} é@@%ﬂﬁ ntu)he @@for
ercent | ro efi ned
A o i B et ose Pl ot ook i & S0V eighibrtion of
kirabe dinti\m@movmrdiﬂi)l]}mmﬁekﬁd&le obitkdlsi gnal for the DMSO

vehicle control at Day 3 of gromh. Data points are an
average of triplicate sanples. The 1C50 for growth

Inlibitiin OPMVIgRreaertaifeRaigiose of a conpound of the
present invention that results in a 50% 20 inhibition

of total cell growth at day 3 of the DVSO vehicle
T6@BdekOlhe deﬂﬁlab]‘grﬂeﬁ@y 8N&bmpdens 99&1@ h‘é’ﬁ'vérﬂ@ls Fﬂq?x%{)emﬁc

ISmusing a non- | ear reg ression

aphPad
“ftﬂ _lrj'uwp MRS, n §hegh%km|c cqlidie ﬁ\éyﬁdds(ewcc Number:
cRvaosab! 8rehapelieaiéaldrRBd from a patient with childhood acute

myelomonocytic leukemia with an 1123 translocation resulting in a MLL gene
rearrangement and containing an FLT3-ITD mutation (AML subtype M4)(1,2).
MV4-11 cells cannot grow and survive without active FLT3ITD.

The IL-3 dependent, murine b-cell lymphoma cell line, Baf3, were used as a control
to confirm the selectivity of compound inhibition of proliferation for representatives
of the present invention by measuring non-specific growth inhibition by the

compounds of the present invention (data not shown).

To measure proliferation inhibition by compounds of the present invention, the

luciferase based CellTiterGlo reagent (Promega), which quantifies total cell number
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MV4-11 cells express the FLT3 internal tandem
duplication nmutation, and thus are 25 entirely

walepend®st upon FLT3 activity for growth. StroPgr/us2006/060028

activity against the W4- 12 cells is anticipated to

be a desirable quality of the invention. In contrast,

the Baf3 cell proliferations is driven by the

cytokine IL-3 and thus are used as a non-specific
toxicity control. Exanple #38 of the present invention
showed < 50% inhibition at a 3 Mdose (data is not

i ncl uded), suggesting that it is not cytotoxic and has
l@@@ﬂom@)t@leicénlar WIRcongentFitind, wiDuREI0 TV dl4 868plated at 10,000 cclls

IR e

GA‘BE dr iygiel BLBXopMiEHtld apt &Raifd oellswaspenadur ed i n t he

foll owi ng manner: Baf3 FLT3 cells overexpressing the

FLT3 5 receptor were obtained fromDr. M chael
(Edahmurﬂrmhﬁbegomo HeaDbMS @.tekhiele eﬁ@t&ﬂ) kiriadded td ¢ells ahlighe cells
Baf 3 FLT3 cell were create

T alievetio gRvdPr Bgﬁamsat stapdarg cgld g W%awﬂﬁwﬁ%@ 3% CO).

BoripheiRmehAReHORE RERNE4-ON c&l@(%%%qw%% ﬂ)llasfﬁa f&:[ls were plated at

rovvth with wild-type FLT3 s were sel ected for
iPET Yol fba df vithretqf@rma@sr@ﬁ@é apg hpman plasena; (final

Jdnﬁnp bESEIRE). O’ro ﬁ{ez’s’urb kaane g}-@w@a&@ecﬁﬁi USTMRI &F CellTiterGlo

mai nt ai ned in 40 with % FBS, penn/strep and
TREE! s agderl tp @3%#1 web\x acgvrd@g wofiemanyfichEarymnstrastionst and

f I
1h&'ﬂe@bédc@ rx‘va@ ;]Iu.tarlﬁ?ﬁé/&i Tjota h% \ﬁgﬁ@&@a%lﬁ%g as Ttﬂevdlf%rence in

p osp or ation a san
lu@mswé goungp mela@rve flight lhmtﬁeR@I@ @i opkb dumber StAsr0 Rgared to

LD AR s BTEERTS oy LML, on

kamdrf@l @tcenh gmuinnm o8gifoprth 16ddioed ss pn ERCI;U tquitalhoio the Day 0

SRR ARG By ORI Meaas AR A s

v@ﬁ&l@b@ntfodmtm@y.’,mfrgmmh 37 C. Cel s were pelleted,
washed and |lysed in 100 uL lysis buffer (50 mM Hepes,
150 MM Nad, 10% G ycerol, 1% Triton -X-100, 10 nmM
INad poihtsdve BRERAcragd of triplicie i Es. 1DhadWBs\Nfad growth inhibition

hosp suppl enent wi th ph hat ase igma_
BB R Bp S iR Pl e B i sl TS 50%
1#188}34)@)01‘ tbiB edIBSroWeN &t ddyeﬁbﬁﬁ%e mll\l/IS@e&Fl Hht[dlé &atdl OMiabition and
ysates were

000x r .5 mnutes
(%.s %é?g @?ﬂ?}é%s P65 s with \%PPhHJ’GWé?SFn hiieg sPPRdcigsgicgsion fit
w804 Slultdpah@8tet QatrRsi di¥ ddie26kpoBéa®bHaBB klopE)-dahation.

MV4-11 cells express the FLT3 internal tandem duplication mutation, and thus are
entirely dependent upon FLT3 activity for growth. Strong activity against the MV4-
11 cells is anticipated to be a desirable quality of the invention. In contrast, the Baf3
cell proliferations is driven by the cytokine IL-3 and thus are used as a non-specific
toxicity control. Example #38 of the present invention showed < 50% inhibition at a
3 uM dose (data is not included), suggesting that it is not cytotoxic and has good
selectivity for FLT3.
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anti body (Santa Cruz Cat# sc-480) and bl ocked with
SeaBl ock reagent (Pierce 25 Cat#37527). Lysates were

wo paabatoegl at 4 C for 2 hours. Plates were washe@muS2006/060028

with 200 uL/well PBS/0.1%% Triton-X-100. Pl ates were
then incubated with 1:8000 dilution of HRP-conjugated
anti - phosphot yrosi ne anti body (Cl one 4Gl10, Upstate
Bi ot echnol ogy Cat #16-105) for 1 hour at room
tenperature. Plates were washed 3x w th 200 ulL/wel |
PBS/ 0. 1% Triton-X-100. Signal detection with Super
i.gpal Pi O reagent (Pierce Cat#37070) was done
i%%g?ﬁ%f?éﬁﬁﬁﬂfoécﬂllﬁaer' s instruction with a
Berthold microplate | um noneter. WO 2007/ 048088
CT/.US2006/ 060028 154 Data points are an average of
perifeicelylar whhitien of FRE lisandindusedwildetypé Fhi3 phpshorylation
wdRBlhdasuRtl ifrtie fol1g SibiafBy! aLed FLEEI%II?&RQ&QQ)?%@QI%&hg BrT3
was defin as

in the presence of 0.1 % DMSO contro
TOUPIORAYSE bigined depm BuoMictsebi einoich @segh dldatth ahd Bcldnods

Unisatie) mhkhs | .oHt nhi.kition, and | G50 .dat
anal y]gsi’)s was é%)ﬁéﬁq%l cteﬁ ]%ggﬁba‘gje%re %i lls‘?ﬁsbaﬁ Pentéang?egm" oF parental
Baghcdlisneamurieg Bestilpmphoma line Heperntuhit drpthe agrmlcte, 1L-3 for

' LGaldose-r | abl.e .slope), .equation.
o e BRI B R e B o] B B e e
absegreaf H--B pne hrothe pEedenct ofIBL Eatipshibok. Acadeni c Pres:
San Di ego, CA, 2000. 2. Quentneier H Reinhardt J,

Zaborski M .Drexler HG FLT3 nutations in acute
Bafretcbisdvire nlegnthincd &l RPMINe®0 wiel KEXIFBS, 2083/ sdéhand 10ng/ml

PR P o s RRL° Moo digect Wbpiigh gt e mild type FLT3

rekBptoy 8étsvigfandgiHegst driitatingl H ¢ MvEER BZ IR AR Wagh.éx%ﬁ]oped

W.th a. Hi h-]’hrou hput Ki nase Receptor Activation
SIEH%\; IR s RN hiFE eEER RS A4y 200k of BaEHILT3 cells

Bi10Yhe yivedrs Y1 ' dfdsi : : o

(IOt g dfiic 235l kAt B ekl 0
nglipintli-¢ 491 Lehouss grot ter bgglrrmqmn@@nd ohBAEBO erhigireinkitmitiod.

CEIRWBRSRRNitRS 5@){%/11%9 Fitqgga{ricg@g%ﬁ%%t&ﬁe Cat#t 308-FK) for 10

col on¥-st| mul ati ng factor- yrosine
gt BY £er §ells JveBt pelbased, Brashdysn dMitdtnidsL00200K7sis buffer (50 mM

E8FesO P50 vt Rla€t Yoty QI 02 TriBn 252906 0 12k Rk O] g Ebra,
1.5 mM MgCl,, 10 mM Na Pyrophosphate) supplemented with phosphatase (Sigma
Cat# P2850) and protease inhibitors (Sigma Cat #P8340). Lysates were cleared by
centrifugation at 1000xg for 5 minutes at 4 °C. Cell lysates were transferred to white
wall 96well microtiter (Costar #9018) plates coated with 50 ng/well anti-FL T3
antibody (Santa Cruz Cat# sc-480) and blocked with SeaBlock reagent (Pierce
Cati#37527). Lysates were incubated at 4 °C for 2 hours. Plates were washed 3x with
200 uL/well PBS/0.1% Triton-X-100. Plates were then incubated with 1:8000
dilution of HRP-conjugated anti-phosphotyrosine antibody (Clone 4G10, Upstate
Biotechnology Cat#16-105) for 1 hour at room temperature. Plates were washed 3x
with 200 ul/well PBS/0.1% Triton-X-100. Signal detection with Super Signal Pico
reagent (Pierce Cat#37070) was done according to manufacturer’s instruction with a

Berthold microplate luminometer.
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The activity of selected conpounds of the present
invention is presented below. Al activities are in M

wan@7ioasnes t he foll ow ng uncertainties: FLT3 ki PEB®ES2006/060028

+10% M4-11 and Baf 3- FLT84 + 20% 30 Preferred

conmpounds of the present invention are Exanples 5, 17,

23, 34, 38, and 51. WO 2007/048088 PCT/US2006/ 060028

155 FIt-3 M4-11 Baf 3-FLT3 Structure Kinase | C50 (pM

IC50 (NM IGO0 pMSHI CN NO 5\ 1 ON MN 0.01

0.666 NIA O HN' \ NNQCN\ 6 O F3G-OH NI I OH
.082 NNANA O ~(NCN HNHN~~/ 7

]%:Ja %m%ts arc an avcrage of trl(plicatc samplcs. The total rclative light units (RLU)

of Flt ligand stimulated FLT3 phosphorylation in the presence of 0.1% DMSO control

was defined as 0% inhibition and 100% inhibition was the total RLU of lysate in the

basal state. Inhibition and ICs, data analysis was done with GraphPad Prism using a

non-linear regression fit with a multiparamater, sigmoidal dose-response (variable

slope) equation.
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3. Sadick, MD, Sliwkowski, MX, Nuijens, A, Bald, L, Chiang, N, Lofgren, JA,

Wong WLT. Analysis of Heregulin-Induced ErbB2 Phosphorylation with a
High-Throughput Kinase Receptor Activation Enzyme-Linked Immunsorbent
Assay, Analytical Biochcmistry. 1996; 235:207-214.

4. Baumann CA, Zeng L, Donatelli RR, Maroney AC. Development of a
quantitative, high-throughput cell-based enzyme-linked immunosorbent assay
for detection of colony-stimulating factor-1 receptor tyrosine kinase inhibitors.
J Biochem Biophys Methods. 2004; 60:69-79.

BIOLOGICAL DATA
Biological Data for FLT3

The activity of selected compounds of the present invention is presented below. All
activities are in uM and have the following uncertainties: FLT3 kinase: +1 0%,;
MV4-11 and Baf3-FLT3: + 20%.

Preferred compounds of the present invention are Examples 5, 17, 23, 34, 38, and 51.
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In Vivo Assays

The following representative iz vivo assay was performed in determining the
biological activity of Example #38 of the present invention. They are given to

illust;;ate the invention in a non-limiting fashion.
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O TFA 0*,b 0.14 YA NA 1In Vivo Assays 5 The
follow ng representative in vivo assay was perforned

WO ood®isessri ni ng the biological activity of ExeapuUs2088&0028

of the present invention. T¥ley are given to

illustrate the invention in a non-limting fashion. WO
2007/ 048088 PCT/ US2006/ 060028 161 The oral anti-tunor

ef fi cacy of Exanple #38 of the present invention was

eval uated in vivo using a nude nouse W4-11 hunan

tunor xenograft regression nodel. Femal e athym c nude
Tnice (CD-1, nu/nu, 9-10 weeks ol d) were obtained from

BC eFpd i dumoy efficegy of Bxenple 438wl itha prgsanh invnyiommes weateatcd in

ARt HechcAReMeNME- 1 Ondhih rsiANdRs Hsn AifRofar e
vgrougﬁ%oused (56nice/cage) ungér cﬁ% n-F%%%%%%h%P?@bns
in sterile mcro-isolator cages on a 12-hour

iafat l e i ) it ai 1-,22 nd
FBBL ARl Ul (8- { S0 LS B i 08
GhgdesmRivgr beberatgrige (Wilmiagtoh) A amd wAlrk naiiitaiks avetéing to NIH

i . i | _Mediciine facility that.. . ]
SR, M e SRR B o RSkt o
stag eaninreitolaicages pe dillatduo tight/dark abalk di @ kyorARhdRkined at 21-

. rrocedur es, I nv.ol vj ni S re
2 ondnc 2 b, MRESTHE R Ry Chdiet Pl e sna water

abipiumn d\lUsenats adre hatesdyin aAnibeedtsryaningll Vi ahe eRllfy that is
Care and Use

roved by an Internal. Anj mal L
BT S KRt AR iR 0T Btneshhcntnd Appreciption of
LhbaretowadnihslaCare JARAIMA CeA AFesdedars Tﬁé\ﬁﬁvigg |ahiﬂf1ﬁ% were
| | ect.ian (ATCC Numper.: L- 95 1#@an propagated in
C‘%ﬁf‘%ﬁégf %‘}ﬁeavi’lﬂf% legg&‘iﬁgég’( e 5841 (e o énbrpptory
AsinthiHamgdirpro@dolShetcREbronsa be M) IntcM@ AtmEPELS anffife
deri.ved fr a patient with chil dhood, acute
Cﬂﬁ@?ﬁﬁ%ﬁéﬁﬁﬁ&% | eukemia with an 20 11 23
transl ocation resulting in a ML gene rearrangenent
nd containing an FLT3- |1TD nutation (AM. subtype
Tﬁm@g&e&i@wﬁﬂ% bl pell Bapwasebiend diom thevdingrieast Ty Culture
ColeERAGATICY Rtk TRIEDBD P ddsofadafith R Nm hisfim containing
natural |y occurring FLT3/I1'TD ‘
10% FBS (fctal bovine scrum) and 5 ng/ml. GM-CSF (R&D Systcms). MV4-11 cclls
are derived from a patient with childhood acute myelomonocytic leukemia with an
11923 translocation resulting in a MLL gene rearrangement and containing an FL.T3-
ITD mutation (AML subtype M4)(1,2). MV4-11 cells express constitutively active
phosphorylated FLT3 receptor as a result of this naturally occurring FLT3/ITD
mutation. Strong anti-tumor activity against MV4-11 tumor growth in the nude

mouse tumor xenograft model is a desirable quality of the invention.

In pilot growth studies, the following conditions were identified as permitting MV4-
11 cell growth in nude mice as subcutaneous solid tumor xenografts. Immediately
prior to injection, cells were washed in PBS and counted, suspended 1:1 in a mixture
of PBS:Matrigel (BD Biosciences) and then loaded into pre-chilled 1 cc syringes
equipped with 25 gauge needles. Female athymic nude mice weighing no less than
20-21 grams were inoculated subcutaneously in the left inguinal region of the thi gh
with 5 x 10° tumor cellsin a delivery volume of 0.2 mL. For regression studies, the

tumors were allowed to grow to a pre-determined size prior to initiation of dosing.
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nmutation. Strong anti-tunor activity agai nst MW4-11
tunor growth in the nude nouse tunor xenograft nodel

WO 300a/0a8888 r abl e quality of the invention. 25 |PCPUBDING/060028

growm h studies, the foll ow4lg conditions were

identified as permtting M4- 11 cell growh in nude

m ce as subcutaneous solid tunor xenografts.

| Mmediately prior to injection, cells were washed in

PBS and counted, suspended 1:1 in a mxture of

PBS: Matri gel (BD Bi osciences) and then | oaded into

[%‘rg)e- chi | Ileg 1 c&?(yri nges 30 equi pped Wi th 25 gauge
AGFERCIE S RGoES AR HIOT Seld Enasriagonenissibegring subsgtancous

tihers ra2fing In Gr@FRMVEI(Rto! IBBGHAA IR il Wi ?ﬁ%ﬂ#%gf 288 +

lltjge I gféwi ngui nal region of the thigh w
o 6P} weieandonelyiayipyed ol trrstment poupsriuch Hot all treatment
QP isisSENY BBilat D tink WL SuNEE 901@411'6? Wﬁgf %?h/ﬁgeov\(fvere dosed

to a pre-determned size prior to initratron
ol i bigeavinee DotrvebirgoGenty 0ERO28 at ¢GDus doses twice-

dAp W?éﬂ%hﬁh Y \»@&kﬁmd%tcg-rd?ﬂm A& dekEAQe %gﬁtlé%?&a? om

m ce Deari ng subcpt aneous ranging In
ceniinucd fopbl prrseqBeays depettdingon drdenetivsait teho2@8wth and

stk 3 f ifors %plle%ﬁ%—etra{a]?éadc%%%l l%ifel gig glqnctbrg il%,] eacton QI mice reached ~

8rou S SUC|’] t hat treat nen rou
18¥ i body cedight (si2n0 bmmsitthe studg wasan bé tminatel. UPRSnple #38 of

: d llLy b W hi ¢l
oL e, S LYo Bsvag it b et
oLy il BO0%e. HPACTAING WopH 13e4 veethepndtablRoORhdaE hiyd fdithnided
o S R R B i B s Bt o g iersfgree tims-
asyel (M, WURDIsing éllemecll’ﬂic !Venﬁéle@lliﬁérg.c qli‘ﬁf%d?/ |VofMﬂg@ gnﬂnﬁ) was

In the.contr reacned - % 0 0
HHIBER wphe3hS eGP L x e iy lnddorsh bempePdWat with

(sBretepldést#38 iofniPoftthe hRRES Rdy xvé&%mﬁldv&;mg%?r% @R tﬁges)—a-

fresh daily.as a clear solution ( 5 a /L
weh Stibi [op BERPBEFIEBEr 10% "B weher s incicabie of biskol eompound
toderabitieln Uhsdoepteble t6%idity Wadde SESICsi HORY \@&Qﬂﬁoss@' 569 %uring the

tge .udy, tunmor growth was neasured three tinmes
Sf&%eﬁlc% roglosely ¢repppcchilaibt at saste dassrar evortelinipa signs of

advergel dvelidieedHaBirmas cal cul ated using the formul a
(L x W2/2, where L = length (mMm) and W= width 15
(shortest distance in mm of the tunor. Body wei ght

OWdise & 7 : S, of - b .

vei Wﬁ%ﬁ%@g@ﬂ ggéyaﬁz)f ndi l((lglatt%|ng>}; @g#l?ﬁea%% %?a? By weight

wesiaRERRel o1 pichraalmali Byice birae cebabbbuting 1 60%,CORd tmors
def] . ; ' > 209 ring the st :

S 2y TS e e

sepiiag es g priplacatilicagnendppint.

The time course of the inhibitory effects of Example #38 of the present invention on
the growth of MV4-11 tumors is illustrated in Figure 1. Values represent the mean (=
sem) of 15 mice per treatment group. Percent inhibition (%I) of tumor growth was
calculated versus tumor growth in the vehicle-treated Control group on the last study
day. Statistical significance versus Control was determined by Analysis of Variance
(ANOVA) followed by Dunnett’s t-test: * p < 0.05; ** p <0.01.
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adverse, drug-related side effects. 20 On the day of
study termnation (Day 12), a final tunor vol une and

wo Rovalo4gosgly wei ght were obtai ned on each ani natT/URM00€060028

wer e eut hani zed using 100944302 and tunors were

I medi atel y excised intact and wei ghed, with final
tunor wet weight (grans) serving as a primry

ef fi cacy endpoint. 25 The tinme course of the
inhibitory effects of Exanple #38 of the present
invention on the growth of MA4-11 tunors is
|IIustr%1 ed in_Fi gure 1. VaI ues represent the nmean (

‘Aéseﬁ?f l_gsll‘ﬁ]].CEX%p ciBR rc@n@ upfcnp@rp @dntinistered orally by
glaﬁzi‘gemmbﬁlﬁ di%f0) 5@ fnd VPRGN 19281 o6 Ht:l@éoeag; st

growth in the vehi cI e-treated
btaﬂéﬂ?a&ytbl@tlﬁa%m Jtpseragpendent inbibitear ofgrgmth oﬁmwbl Versars

g@ﬂﬁ EcuRsosley &l fﬂ(fé%cpy O?ﬂgé A cctasspgf &@Jﬂn@ﬁ't(ﬁ)dg 1 lgwgn%an

(ANOVA) fol |l owed Dunnet t
tumey, Mumwazwwwmgsm@cwwa@ﬁme@aﬂﬁ 100%:3nkibitiap <

oldm?'a%&@es%rr @%ﬁﬂ(ﬁ) ﬁ@%& I:oré&a?etf{ do%%eanf t%glt'{z@ahlgrﬂfthe

adni ni stered or Ses o
Vimglenﬁgf’iak@i grobpd Exalﬁlpk-r #B8 of Ginspresdrit ireveniays proufuoediiithr

it t.~dosge- de nh b on
PSR AR D CERETHL T kL
deerdesesrp £ 88%0and $3Y%l, aeﬂpe@tavselﬁfvetsne laitelmd&‘tmg lﬁ@é&nlﬂﬁlorh & akhes on
t ent creased wt
DRl TR ol B 080 simi B BNy RS e S T fssp van
oh%ver@d@arcxbmhe &dhlbla-ttd'aﬁedm&ol gﬂﬁ? ;’Vﬁhéﬂ@)s‘iﬂg \t'vﬁlsﬁstopped
e presen

arrpl e #38
o Bk e e PO e i donF Byatanighe simarobesalbpvesigo re-grov,
oniy/61p mick shaazeﬁgfabgﬂe whéRusehBleitginbeah kiudgidapihi cant
decreases of 98% and 93% respectively, versus the
starting mean tunor volunmes on 10 Day 1. At the | owest

Edasplet/astefdhOpreddht i/ ck8om Brodh 88 ‘f/l'riﬁgl'l‘& c&ﬁﬁMJ‘re%%lsﬁXn of
was observed C ared to the vehicle-treated ntr ol

S S el RS Sihlg semamiumey HgudsHe Ao (See

Figyfrk @).t Beatednhd gﬁl?hgff %@@@reﬁﬁ%eﬂtqmgﬁee‘ﬁﬁﬁe 5 uf&éﬁﬁ §fe per

re-grow, only 2 m ce showed papa
”?%YWBP" FRUBLAY §hoarﬁy tigac was nggignifiant @ rofsctin Enplrtesentveight at

thieN0EREAB R, Qgﬂﬁﬁgnt\%ﬁﬁ H%l tll%lgpgg‘iﬂl’n%t(ﬁb{ s o gﬁ% ? tﬁgtthe dose of

tunor nmess as i ndi cat ed measur a
SQimedie, there s b?atrﬁmben(egem thEigraphesiie. thaarvsasam hémsurable

1:u9r[cfi1 Rkhs® Hefsb@bleSin 2hdsE LGS S brdh NG S Rnis @ EM it {nel ONPISES

regressmn of tumor volume noted in Figure 1. The 100 mg/kg dose group is not
represented on this graph since these mice were taken off drug and remnant tumor

was allowed to regrow as stated above.

Following eleven consecutive days of oral dosing, Example #38 of the present
invention produced dose-dependent reductions of final tumor weight compared to the
mean tumor weight of the vehicle-treated group, with complete regression of tumor

mass noted at the 50 mg/kg dose. (See Figure 2).

Mice were weighed three times each week (M, W, F) during the study and were
examined daily at the time of dosing for overt clinical signs of any adverse, drug-

related side effects. No overt toxicity was noted for Example #38 of the present
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treatment group. As shown, there was no significant
decrease in final tunor weight at the 10 ng/ kg dose,
wa@ongiosgoeit with the tunor vol une data in Fi guPET/LIS2006/060028

the dose of 20 50 ng/kg, th®@re is no bar represented

on the graph since there was no measurable tunor mass

detectable in these mce at termnation, consistent

with the conplete regression of tumor volune noted in

Figure 1. The 100 ng/ kg dose group is not represented

on this graph since these mce were taken off drug and
enmant al | owed to regrow as stated above.

1%““&8?‘ |a86hnﬁ g}@ﬁ%@@h adesrerifpctsan pdysweishiowalc abseived during the

1Ex@uyTtatdidd ffiol REJBNE 880 200 Hl‘gﬁza}%/aé%ﬂgsgé @‘img&%%l) Overall, across

e dependent reducti ons of
g‘dﬁﬁ Beyps dhegevashosmenifinmit lassiogodp fveighe compared to the starting

bead it marbesk ﬂ{aPEQamﬂet#38%? Een':c GALRT5h O gJell—tolerated.
CEee" Firglre

tunor mass noted at the 5
2). 30 Mce were wei ghed three tlnes each meek (M W

ﬁes%hk}p %ﬁsﬂ%? thak @QXm@e A \gec{f%he gl)é?éﬂt %exsjen Qn T ré/acﬂgd %he expected

tine of dosing for o
ta{gvldp demonissye, the l%b@fﬁlﬂbpMSbhctﬁatthnmmabt nisux obtained

g e b AL T A

the pyaseni dnentienlisshewnet Figire 4orFdvahiy phenngh;bdy@rrmc cTtudy, a sub-
ay tr.eat nent per oses
O L M e B SR N DR i i divee
gedups oﬁgmlgfr oeh and tﬁmﬁmammaﬁdtw ddse aﬂtzeﬁleles)r%mheﬂﬁ/d (10
to the tart
i Ol R R Aok e e Belenoreh eoven v
amssmmt bf Fbira pabgﬂhorylaﬁob;e%ﬁeln Bibtsf urt her t hat

Exanpl e #38 of the present invention reached the
expected target in tunor tissue, the |evel of FLT3

H;ahmﬁh otipbatWas fidzel BRDprdckEsd GoraRinRidoBht aiamgﬂs of FLT3
and coppound-treated ni ce was measured

pli’%?h E atjogyn ghe ipllowinemapger: 99@%@%@ﬁpr|%mwabodpunge

hehoyshitad ifrilgys eufﬁer (50 nN1NiISHeB, W%bmpﬂ)(@? S g;‘i%‘é)‘ol f% Triton
1 set of mice fromthe vehicle-treated cont
% 1219 Gerd agﬂad'ﬁMzE*]aTiAﬂtles miv} MeeClyriQupht EﬁPSZmph@Sphatch

s@@%rﬁéﬁ%a Mtﬁ @h@.q)h\étafs@ (ﬁgﬂﬁa@%ﬁé ?%@) %ha é%]tleggeqﬁl?%ﬁors (Sigma

unor were harves

Cat %ﬁ%ﬁé‘) | %lrd 1§rf19 §ﬁ 348 femmeed tyorentrafogassna 000 o3
mRARSRRAryd a(tjfegl%dqysa‘ﬂ%‘c(tl 56,3 kLS potein at 10mg/ml in lysis buffer)
were incubated with 10pg of agarose conjugated anti-FLT3 antibody, clone C-20
(Santa Cruz cat # sc-479ac), for 2 hours at 4 °C with gentle agitation.
Immunoprecipitated FLT3 from tumor lysates were then washed four times with lysis
buffer and separated by SDS-PAGE. The SDS-PAGE gel was transfered to
nitrocellulose and immunoblotted with anti-phosphotyrosine antibody (clone-4G10,
UBI cat. #05-777), followed by alkaline phosphatase-conjugated goat anti-mouse
secondary antibody (Novagen cat. # 401212). Detection of protein was done by
measuring the fluorescent product of the alkaline phosphatase reaction with the
substrate 9H-(1,3-dichloro-9,9- dimethylacridin-2-one-7-yl) phosphate, diammonium
salt (DDAO phosphate) (Molecular Probes cat. # D 6487) using a Molecular
Dynamics Typhoon Imaging system (Molecular Dynamics, Sunyvale, CA). Blots
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15 Harvested tunors were frozen and processed for
i mmunobl ot anal ysis of FLT3 phosphorylation in the

wo oo ovdosgy nanner: 200 ng of tunor tissue was BOLMSE06/060028

honogeni zed in |ysis buffete5(50 mM Hepes, 150 nM Nad ,
10% d ycerol, 1% Triton X-100, 10 nM NaF, 1 mM EDTA,
1.5 mM MgC12, 10 mM NaPyrophosphatc) suppl enent ed.

wi th phosphat ase (Signa Cat# P2850) and. protease
inhibitors (Sigma 20 Cat #P8340). Insol uble debris was
removed by centrifugation at 1000 x g for 5 mnutes
at 4 C Cleared | ysates. 15n%?of total potein at
VSRR StRPdya seprgbedwith aglrd T innithade fonmarmaliengionfol
phgapesHaaensgaat ed anti-FLT3 anti body, clone C 20
(Santa Cruz cat # sc-479ac), for 2 hours at 4 Cwth
gentle agitation. |Inmunoprecipitated FLT3 from tunor

h ) . . . 5
i ered B PigueT, 495D e MR 88 b et BRepjigp o
10P apefke peaiiuced a hiclegieadlyl signi§eard metivictinm irothledt ved o f WILTH
o h NEm@P5 i -_4%‘0 CUB.& L
D b BORa i P8 e ! BT AFaets colpirgdp aamors
figgavehipler trentadsmice (owmmdaamyl 2n(lidda BBL T3NS whgen i e boftom plot.)
i t.ei .d b [
e T e BE! Aol e T R P e il 1omeie
of tectoinue wm_t(tm_ntomg—m ﬁlgk)&'stesﬁ]tseﬂh 19tﬂieh( derdortbin@atd B80OthE cOmound of
! -dl h--2--0ne-./7/-vyl. ; at e, I nium

R R RE R P b B bt TS e g ymor.
using a Mol ecular Dynam cs Typhoon | nmagi ng system

(Mol ecul ar Dynami cs, Sunyvale, CA) _ Blots WO

MR HBS D A REA NI BRSO EN S0, T or normml 1 26t or

of phosphorylation signals. As illustrated in Figure
The peessntrighentidasenPlisExasRbEo B8 cBhpbhiSdsRIraRe Bf:els?nt invention to
y

.1 nv. ion.at 5. 100 ng/ kg produced a biol ogi ca
ingf WP P D kirse et ia i Gl OF Reubiyapr B rgag garders rolated to FLT3
kiphosphitylcdlek PRsdib R Hadglce. tumor 5 and 6) in MA4-11

tunors conpared to tunors fromvehicle-treated mce
(tumor 1 and 2). (Total FLT3 is shown in the bottom

Inb1¥ enhbodiMBhEIOWRIS agheep ’cl"i’?T PRt %vegﬁgmﬁ' ?t}dv?%eﬁgef; ?athog for

phosphorylation in aninal's treate
rediging ofpRubidng thaipass-agiivitT hEERTS dés aloels comptibieg the step of

ccﬂﬁi@ﬂ?%ﬁ@&ﬁl %vﬂﬁtafcg)g‘g)oﬁﬂﬁgyﬁg lp?%sg&%m%%t%%%r ©380 tg&etseérbt invention

invention is in I nteract’ e exp

algy povidgsganethad fdraeduping or inMETHEDEe G aSREATNENE FLT3 in a
sUBREYENTL SN Bl ' ntion c rises the use

Of&%t\{h 0 ko o % L ne S@% }f?f a?iﬁﬂ%}éé'glé% éolm Oélﬁlg:ggﬁh? Jgesent mvention to
the subject. The present invention further provides a method of inhibiting cell

proliferation in a cell comprising the step of contacting the cell with a compound of

the present invention.

The kinase activity of FLT3 in a cell or a subject can be determined by procedures

well known in the art, such as the FLT3 kinase assay described herein.

The term “subject” as used herein, refers to an animal, preferably a mammal, most

preferably a human, who has been the object of treatment, observation or experiment.
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inhibit FLT3 kinase activity in a cell or a subject,
or to treat disorders related to FLT3 kinase activity

W@R00GNE808%Si on i n a subject. In one enbodi nent PEDUSIM06060028

aspect, the present inventi@n provides a nethod for 20

reducing or inhibiting the kinase activity of FLT3 in

a cell conprising the step of contacting the cel

with a conpound of the present invention. The present
invention also provides a nethod for reducing or
inhibiting the kinase activity of FLT3 in a subject
onprisin he, ste q{ adm ni stering a conpound of the

TFEdRm e " Bizcd hop il To1iBY iecthe AdwEiop 08 gempound to cells such

thatwenipooid fsuakdieip By deicdgs a method of inhibiting cell

25 proliferation in a cell conprising the step of
contacting the cell with a conpound of the present

Ih BHRAEMBOinTdhes i tARSSHRE thy | £ ion | ;
subj ect can be deter %pﬁg’éh%gf%errgé% u?iggbpom‘gfl{se%ﬁ%%c’p?‘#acm

3{11% éﬂeéi‘ﬁe}ltlg fRghhods forgeqting2 suibjesbat riskgd\(odesceptibdelto) developing

RN YrdYiferdBivE R oty Tt 2 AL RS brola R t(l)J%EQ"?;her ein refers
b manmal

to an animal, preferably a , oSt preferably a
human, who has been the object of treatnent,

1OBREEVAL1ONHO] ' @/é% 48088 -
PCT/ US2006/ beuss gﬁ@%%%ﬁ% & r‘grf‘g'(}é%ﬁ’ieg%‘%a‘?n@n a gubjpct.a cell
prdiferative disprdes or o disheleaddited cnFOT3 coompoisie 4dm@eidrig to the
L.s taken up by the cell. In other
TR 5O IRITRRD Bftel R ol Ty RPa Barkidieditia comrpomion
CoPpUSiae e chotpupd opthylpacsenicinyEntantinidhestap@utduticay hadstable
vt - subject at .risk of (or susceptible to .
cyel R ot b a4 B -8 e i 1 e manifestation
oll$yzuptdens chadaateaistid of the E&épidf‘lifélﬁﬂv@d@ﬁiﬁﬂeﬁ or 86rder rekl)ated to
Fayention proevides thods for preventing in a subject
F%@é ’e%bICh ?%art S1TFRP AL VOTHPSD Paf‘éan%fi 0% @Htegf&?%d’élrya felexgdip its
progrdskid8, conpri sing adm nistering to the 10 subject a
prophyl actically effective anount of a pharnmaceuti cal
conposi tion conprising a conpound of the present
Ini amotidrieRamARIHR iPRARIBR $eHAING &) m¥i1RAS SPEBRIE inG8ub]e8l a cell
A??1néstéat|on of sai d prophyl actic agent can_occur
PO BRI Y ppprder i fisadsy ioked torFlsihprropisios admirtissering focthe
subfect Beht@pdutiRaIO) bFeRL bMBull SO HEH-mALe l,ated
to ,FLngigdchgthat a disgase.or dig%?g%?ﬂ%ga%Fggghted
cogrRTisig B PovaPP st 9f theiaresgu duyention gnd 8 phaogrcestcaly. ackeptable
cadA& NRdmBXAABLE of LA tﬂe%(y%g]{i:c APeRRhh BLOF c%gcﬁérﬁgrdéltﬁ) [he

treating in a subject ace
manifestation of symptoms characteristic of the disorder, such that said therapeutic

agent serves as a therapy to compensate for the cell proliferative disorder or disorders

related to FLT3.

The term “prophylactically effective amount” refers to an amount of active compound

or pharmaceutical agent that inhibits or delays in a subject the onset of a disorder as

being sought by a researcher, veterinarian, medical doctor or other clinician.

The term “therapeutically effective amount’ as used herein, refers to an amount of

active compound or pharmaceutical agent that elicits the biological or medicinal

response in a subject that is being sought by a researcher, veterinarian, medical doctor
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proliferative disorder or a disorder related to FLT3
conprising admnistering to the subject a

wo beragsest i cal |y ef fective anount of a phar maceor/UsSEN06/060028

conmposition 20 conprising #&7conpound of the present

i nvention and a pharnaceutically acceptable carrier.
Adm ni stration of said therapeutic agent can occur
concurrently with the nmanifestation of synptons
characteristic of the disorder, such that said
therapeutic agent serves as a therapy to conpensate
for. the cell gllferat|ve di sorder or disorders

o othsr & thBmFE’%SC inglugprealicgiation of ghsnspinantems f fhe discasc or

dedorésticusy pement " refers to an amount of active
conmpound or pharmaceutical agent that inhibits or

delays in a subject the onset of a disorder as being

MEUBN foPYeRrhAS LA He utu‘éaegf%'hh:%%ﬂ}ﬁﬁ]actﬁ 8 ﬁtﬁf%%%%s for

or other clinician. ter er ape
pepRRoeeR] sampasitiopscarsprtinge epmpouraf @fthe ptesamt 1ammuuoh are

aak1 @&Bb%ﬁl&ﬂfﬂﬁHﬂg armaceuti cal agent that
elfglts the bio oglcaﬁ i nmedi ci nal response in a

subj ect that is being sought by a researcher,
A8IEE I di 07/ 048088

PCT/ US%%E)% Pt Cﬁ%é%ﬁor ﬁ%tFn%ﬁ% iR ARPaRR REpduct
comprisice shexbpesificst mgmdi@htstlhl dlessp&mﬁaﬁﬁinﬁfuntsb gs teHeasky Product

| Met hods. f.or termn
AP RELM SRRy, AL s R BB P usdicnts in
ﬂ&amemﬁsphammameutlcal conpositions conprising a

compound of -the present invention are disclosed
herein and known in the art. As used herein, the term

Asamsapbsietr, 6y tefras rcm@ﬂsl@delmd&@ EOIBASS R Blated to FLT3

¢S|no.th i ed |ngred|ents in the ,specified
—aﬁ‘%ﬁt’gr SASOTES pledto, ggGeRtor tyrpsupg lsinasecsfiatignelude

dBedses bispciated \mﬂh bﬁﬁﬁﬁﬁbaﬁﬁg ome Qe RRH PSSR, ttH@ overact1v1ty of
FE@Z IH‘Jeed Ln%ts edients in the sp ecifi ed anmount S

it e rqrapangivegh @@fesdllb%ase eBhg t@anme_rec_@mf_f
FLUBS QR ® didkAl PRLTD ekibrdBiod BCRAL W hich Mrma ﬂk%llgrlfé)? Express

related to FLT3 receptor tyrosine kinase
FLLé) tdfd- ik canressionely epllsarieh sermliyrdaoticnprasg BLTALR) increasced

FEE3 %xﬁl‘éﬁshé{ﬂl 184did, tgﬁff) uB%aARE Gen %Hﬁﬁgﬁéﬁf)ﬁ%lj antﬂtag(gns leFelrd}-%%t

and conditions at acconpan 'ese “di seases

canshifitivg et waitama L 6% E)@mp@eS'ofr“éimmM” frichitle
d@dﬂ%%%bﬂﬂn%ﬁoﬁ?&ve? sﬂﬁhﬁtﬁgﬁ g?ll%yd\}\ﬁ% Egltlm%%( gcib%mount of

FLT3; 3 expression nor e
Flhb3 og ;gmtegg)gs p:m_FBT3 39r dlsm‘d@'asmltmg from abnormally h1gh amount of

FLT3 activity due to abnormally high amount of FLT3 or mutations in FLT3. Ttis

known that overactivity of FLT3 has been implicated in the pathogenesis of a number
of diseases, including the cell proliferative disorders, neoplastic disorders and cancers

listed below.

The term “cell proliferative disorders” refers to unwanted cell proliferation of one or

more subset of cells in a multicellular organism resulting in harm (i.e., discomfort or
decreased life expectancy) to the multicellular organisms. Cell proliferative disorders
can occur in différent types of animals and humans. As used herein “cell proliferative

disorders” include neoplastic disorders.
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FLT3 expression | eading to unwanted cel
proliferation; or 4) nmutations |leading to 20

wa@oemsigoss i ve activation of FLT3. Exanpl es of PCT/US2006/060028

"disorders related to FLT3168 ncl ude disorders
resulting fromover stinulation of FLT3 due to
abnormal |y high anount of FLT3 or nutations in FLT3,
or disorders resulting from abnormally high anount of
FLT3 activity due to abnormally high amount of FLT3 or
mutations in FLT3. Tt is known that overactivity of
'$%T3 has _been inplicated in the pathogenesis of a

g herin. o nepplagiicdisordar?| roftrig a twecg epsulting from abnormal or

ROt IR el MBr §HvRth d8%8mp e QP
cancers. |ist reg* bel ow. The telﬁl?ngﬁ%sg cddl%{}g?&?%cr@%dbmaren"t

Itk igeheamatppeigic disprdgrwch es forinstapee the myatoporifefative
dNRIQE, sub® El@ﬂﬁ&gﬁ@éytﬁ’émﬁeéés?ﬁia@ tkﬁoxﬁiﬁh@tﬁﬁg kl?bi‘ja an%,c%ﬁznlc

anismresulting in harm
r@@gﬁ’@mwlwlﬂ’@lﬁ@@ﬁbmaﬁ M)t myelhﬁbm,sist Wﬂh‘ hiyeldd metaplasia
(W]\QWI éi%mc%#otatﬂ I:]SF' ’FIF s}éﬁd\qﬁz %m(%c%%%lr(g% the

différent type use
cy@@pmaf)ra@m pﬁ:@fraqhgu@t mbrai@dydp}asﬂlc symdlrmrde‘s Rewnekasich@s glioma

/
cHh P ﬁlﬁ{ can\é\Qs ZIS%QZJt g?x?c% S, col gﬁ%iers? 2)?%5%336 tc%r?cgrﬁ, gﬁ%pc

us e el n, nco
CARGSE, teSQPgijlagtéd rwawm Icnhbln oanoersu rpaﬁcfrbﬁﬁxi tdeBebiyatanrcancers, and

Jes of ne astic dis rders i.ncl ude, but
h%?lgwf%b“tg@ ieEdndits. g Z%?%%F@g Teig sRdtpl myhmas.
lmmlrl]arsmdriymphtbmm nipednaeobf He@ﬁaﬁ&lbgng;al ﬁaﬁ@mﬁer@ m@a@ for

t hr essent ro SIS
1rgsgaﬁlge el%lﬁg ng%%} Bﬁ%m% Tl-g&cl ,olg(pggl?lp‘/p:)hsease (also
catjeel kibd diin's Lygnptiobn)aiel myaoﬂiataﬂiraﬁstameg AM 1yreiHoR R E
i di opat hi el ofi br. ? and pol ycyt hem a vera
lecag%nﬁ) {4:[615) g% 85@1’?? g 5 @1%@4%| 3y pmyelocytlc leukemia
(AVE), elymid BSifhocHyRuRERR: (CEA) CHESnis BERIAY 1&114e9{1§(CML)

ncers, |ung, cancer breast cancers,” col orectal
oAt BIrophIiE fakemiaiaih s, Aodsspiieronnrieskemia (AUL),

ﬁﬁﬂ{b’ﬁ@%@é c@H‘%ﬁﬁ}B&m&?&]Q%LY PRAGTPho BARAE ganCI g ;ﬁ%emle

rian cancers, and emat ogl ogi cal mal | gn
H}Yﬁ oYt ey ATMIa), adwult Tiosll e%In@,etﬁMianthltehm@gc as
bd WQ XA ]
m?lﬁcl B fg?M L|/nst ancgﬁXé[H u%%g;@te‘akg yn@ﬁmrzrg m}gqu I%Sﬁc
] @Meiﬂm‘l’t]@ﬁ?ﬂ)ﬁve Id@dgl@rm(MPﬂl),%ldSBul(t@IESMyeloma
@iled degkln s | ynphoma), and nyeloma -- for
|nstance acute | ynphocytic |eukem a (ALL), acute
nmyel oid | eukem a (AML), acute pronyelocytic | eukem a

I O BT R (TRBAR L I B atmorce foStRBox
th@@lNlY)fOI‘ fa@a!lmg oy mldllfllﬁlegehﬂ omseedf 4 edlikeuoliferdtAdl disorder or a disorder
related to FLT3 in a subject. The combination therapy comprises administering to the
subject a therapeutically or prophylactically effective amount of a compound of the
present invention, and one or more other anti-cell proliferation therapy including

chemotherapy, radiation therapy, gene therapy and immunotherapy.

In an embodiment of the present invention, a compound of the present invention may
be administered in combination with chemotherapy. As used herein, chemotherapy
refers to a therapy involving a chemotherapeutic agent. A variety of

chemotherapeutic agents may be used in the combined treatment methods disclosed
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anapl astic large-cell |ynmphoma (ALCL), prolynphocytic
| eukema (PM.), juvenile nyclononocyctic | eukem a

w@ dovioygosadul t T-cell ALL, AML with trilincagePCT/US2006/060028

nyel odyspl asia (AML/ TVMDS) , 16% xed. |ineage | eukem a

(ML), nyel odyspl astic 20 syndrones (MDSs),

nmyel oproliferative disorders (MPD), and nultiple

nmyeloma, (MVW. In a further enbodinment to this

aspect, the invention enconpasses a conbi nation

therapy for treating or inhibiting the onset of a cel

k@rolif rative disorder or a disorder 25 related to

o3 FROBOSHDSETC agmés exnipmplatclen oxereplapy iedwgn. bytasc not

LRGHREdNOS tpedtindith SSnpABdS DL SGep1Aid, fa%fbggﬁm Gahi Yorfd): taxane

prophyl actically effective amunt of " a conpound oOf the

BPESHRTs (eriratfclitirceladeretrreDosampatetheeinsompounds@tibotecan,

tE¥Abdah P ALA QISR RY o), BElcHiNT vi ine): anti-

ggdigi?on.therapy, Siﬁé ?ﬁerapyVgﬁggﬁﬁﬁﬁﬁﬁﬁﬁ%Pﬁﬂy?“%@nmr

nuglegside Apddtivente-af Sttherorredk htuchnerintgeowitabine orapecitathine) ;
14+ e i ' DB m nistered,i )

ag{gnbli?%a%eo%%%&t’ﬁggﬁg%%ﬁ%r apy(.: ugﬁ%eé (%Io et g‘lehlfhl&ep a);

cpivedopidlogsins £ pddopiyaiosins freg. apypdsieptenipugida); aromatase

. a ' g . A variety .of ..chenotherapeuti

e e A D T i S R

tanexfans 8dvaNBaB 00 TdRER e BCHHdiT2AR64 A600R8);, AHfomethylating

' .her tic,agents conte ated as .
oBLE LT SPUEITRANG BRI (08 BB RRH PRaA e By
pedmpuat] sraftezgnals itepidikimab, eA6hop);aitibiotioyahthlctlifts(e.g.

. ne onpound .g.,.paclitaxcel, docetaxol); .
R0 RN R bttt Aot SHER, doreBpbE Be qHfomycin C.
dedtimoany@lik kahiasmyeing daunonfiin)s hitifetabo1tBd @Sd.| diflinopterin,
vi.no elbln%%% antj -tuynor nucl eosi de derivatives
CPRETGOInC S ONRS FaPRErife. MefeEBidnubyBmbindipg prents (c.g.
coimpRedstabi, belthicinedhddddakd100 tdeRdherd L ifhibitors (e.g.,

cycl gphospham de, carnustine, |onustine, thiotepa);
C%‘%P‘ﬁggeﬁﬂﬁy Eﬁg‘}%‘s&i&ﬁ L pegri BisHiAe] vstapgils & calogim antagonist found
tEbORRFIAE coBRaPOR ) antRENWRIRSBents 1Y bRUS ML HofroSensitivity in

anastrozol e, letrozole, exenestane); anti-estrogen

Unasisant go accopigdrmbirmeticrapghije sgangnand togotdntiotcahe s
effRa8y of RIKRTBHRNEG ﬂ!cﬁﬁ%‘s%ﬁﬂt%sﬂ?ﬁﬂ%ﬁﬁ&%g.%& @gmf)g)on WG, The
agents (e.q;, azacitidine);, biolodics (€.g.,
cyentuchamasl bledten yerawnilrant gsigen bhempibetapy UGelbCalcium. 1985
Dt B HIIBR, ABGYiBH] g@@m LR -
ant?@iotics/aggﬁ?%%ég inegﬁ%%g%&ﬁh?ﬁ%?ﬁgﬁgwﬁgmﬂsmw
cepgemnletadcdsibeig uslefd my combinddomweiithbi aninmoud dof thebpresent
i@ cin G dactinonycin, carminonycin, daunonycin);
antinmetabolites (e.g., arninopterin, clofarabine,
cytosi ne arabi noside, nethotrexate); tubulin-binding

HPAHR RS e{neo'ogiment of the present invention, the compounds of the present
invention may be administered in combination with radiation therapy. Asused

herein, “radiation therapy™ refers to a therapy that comprises exposing the subject in

need thereof to radiation. Such therapy is known to those skilled in the art. The
appro_priate scheme of radiation therapy will be similar to those already employed in
clinical therapies wherein the radiation therapy is used alone or in combination with

other chemotherapeutics.
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15 conbretastatin, colchicine, nocodazole);

t opoi sonerase inhibitors (e.g., canptothecin).
wo-orlogsostisef ul agents include verapam |, a caPCi/uUf2006/060028

ant agoni st found to be us&ful in conbination with

anti neopl astic agents to establish chenbsensitivity in

tunor cells resistant to accepted chenot herapeutic

agents and to potentiate the efficacy of such

conpounds in drug-sensitive malignancies. See Sinpson

WG, The 20 cal ci um channel bl ocker verapam | and

Cell Calcium 1985 Dec;

cancer ch t he
g CBY D e, Eg& {ﬁ)x{) 1%(16 REFSCY 1nv%pttmpothé:r9g]m@@unds of the present
ioVeeitioh ReLyelReAtinhi@i seged irS chBina Ny RAR|RhE {;Be?agnb eAﬁQsed herein,
usef ul |n”e%nb|nat|on with a conmpound of the present
ERGeerany” TOfETS 1) 24RO 1T PSP RERGC U Homes prvebedtn tumor
detdiepinket), PdsEiBleCRMB ISy Qfatdh& ﬁEﬁﬁ@ rebBYRIL o?r&eﬁéla%ve
be adm nistered in _conbination wt f ation thera
cpRoeRhibitprT NS, coll dgnsductian ph‘éwéscnoneﬁdr sntisense DNA
cbh@ﬁp%ﬁ&ﬁgl'l@tgeﬁ&rﬂ?)rd'n?geﬁw 'fgcgogsrh%dﬁ EIE” L tf)rs ?h?\ﬁg “based

thereof to radiation. herapy I's
siptepics gusihas Hozmes, RiHé de&p]l)ir epiiseasemssseege RINAs and small

11’1@1‘3‘&1@&@ RIA @ rﬂm&!ul tﬁe Loa Lalld Equ Eg g?%ergead‘y

enpl oyed in inical erapl es ere n
radi ati on therapy is used alone or in conbination with

i T T T
bp pdmansteiadvie npmbmatlbh evithompioundsothrapsh eAp ﬁ@éﬁﬂ[&rem

e nLstere I N 0 on w.t
I ERLL ORI rdE S S BP Fiifink BeG@b PheriByroty i B tgmor
dmlepmmmgmtb@u@etspmﬂo Y mhtplr@tehﬁr FEEHmplERbnsRhral

s SEHE! PRETR snd Tt etaf E e da Bleruscd i et

caunner-lnhlbltory genes, cell transduction or

transfection with anti sense DNA corresponding to

genes coding for growth factors and their receptors,

ViRldfe basead phinadceglies iSuel iR 8ddilibR %Y MBSmp&t HEEQ¥usent

antlseqle nessenger RNAs and snal | |nterfer|ng
HovoRhFrmaceutigals feayshs: administrredsinviligacapshei: g. in

seﬁb@ralt&oﬂﬁﬂi&ﬁ’y ESEBEHI BN SelentifMiySinl é?%ﬁ%p&ﬂdgg at Eﬂﬁ'ommately the

co ounds of the present invention na
WP&@%%?P?W%@W}MP@HW Itlﬁh%\hiﬁﬁhmsndhh éwagympAends

WHSB@ adifir@dtéred w1ﬂﬁEF'H RELibELAPH ar gﬁc‘i’ nﬁnhgeﬁgp¥ sufficient to

targeting particul ar rotelrn |nVO In tu
e%@(?eqh@ﬁfb‘ﬁg’amaﬁecﬂﬁtqr Isegraistic pEedtiis GCIIIQ)V eslu th[iif be¢ eppTemated
thEpﬂhe?EéGRE@mem%h%@ér of%ﬁinlngg’fg% a%gq d %sp%/ e oa@ge

endothelial growt h factor have been use
amounts and reglmes for each component of the combination will depend on the

particular chemotherapeutic agent being administered in conjunction with the
compound of the present invention, their route of administration, the particular tumor

being treated and the particular host being treated.

As will be understood by those of ordinary skill in the art, the appropriate doses of
chemotherapeutic agents will be generally similar to or less than those already
employed in clinical therapies wherein the chemotherapeutics are administered alone

or in combination with other chemotherapeutics.
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15 cancers. Where a second pharmaceutical is used in
addition to a conpound of the present invention, the

wo a7 phsassraceut i cal s may be adm ni st ered si mul PENES86/§60028

(e.g. in separate or unit#&ry conpositions)

sequentially in either order, at approximtely the 20

sane tinme, or on separate dosing schedules. In the

| atter case, the two conmpounds w Il be adm nistered
within a period and in an anmount and manner that is
sufficient to ensure that an advantageous or

synergistic effect is achieved. It wll be appreciated
Thesaptmpen prathicet aretondet dldinsinBtraticieandihe Adsd gl asﬁdlﬁﬁd &M regime

cﬁﬁd)etr&ﬁiﬁy%&@ﬁﬁﬁé@bydﬂ%@ﬁ{lﬂml{g% ﬁrt"i']lrs]ﬁg Cfgg{f%mna methods and

conb] nat |

B3 a?fggd?g?m%ﬁﬁ%’mﬂgﬂéﬁéﬁ‘tl c agent being

adm nistered in conjunction with the conpound of the

By @agof cxdivfle bhBA) plain iy cd'r@&%d@greadg%rﬁéééoh ?, %Fhlmtsﬂﬁeed ina
articul ar_tunor being treated and the part
"'?78%&6 e o Wrea pesquprs mpter (@&/Huhaﬁb@tymfaby atchofe egdmple 50

t@ ndo Aaym> Sﬂﬁlrﬁduléﬂﬂy tReipldiin ik Q%o@%&&%bﬁ'tt c{ for

chenot herapeut| c agents wil e genera y SI

Cfl optatinga ebew 9 0meimepe qoelawft@mwe Eisptatol is muotdisorbed
o418 Al rﬁﬁst‘ﬂ?&éﬁﬂr@ bk Bal&e?@tp@ltaﬁﬁgétﬂﬁluﬁ'trgéent%ﬁg& %uébrcutaneously,

adm ni stered al one in conbination W
itrrve Tl 95 deftanesitong@l2007/ 048088 PCT/ US2006/ 060028

171 The opti num met hod and order of adm nistration and
the dosage ampunts and reginme can be readily

Biewvey 6F Haehpwy oﬁll?ofaﬁal%(édrh&Qm'dQ alter}ﬁivéﬁtta ﬁgadmmlstered ina

f hod d
e ek M
78 s ﬁk%marpél‘tamhrm fag waciithxel ad adnsape @f etoutrl 73 to 266 agem?
afd fok doBetaRd) HEbHRI75%8U3D %%’EP Skr &J{Eééﬁ@f)ty%naﬁﬁiy

surface area, for exanple
particularly for cisplatinin a dosage of about 75
BW?W"%@’F&MPZ# oty tropitethicpiniconpbonds B68dvImaepesly aathisistered

ir0d dédagabiBNtto 460SRE A srdluku% H&Qks @}?gﬁingfjbocﬂfr QYo MY for
lethg %or Iae del i Vi‘bfﬁf .Mia 1hjectjon
é SV eRAUSIE s RS I‘K}mte‘i*’él ingrdospgme dbopy 1¢f} to 350
gnY alﬁbquﬁmahyn aByutviay 2ohgeianplceusa by ireitaxane
corrpounds are advant ageously adm nistered in a dosage
o8B0 Pl LBl 2 ered
fpﬁ&g@ PEALRPY g er sgaart mesremg/m o fitosingerfade abayarticiferly for
vinbla2fk # dddagel6f kit B s 19 AXEdr Vifk:-RRAY in 42058l %bout 1
to@ﬁgym:p Clnd Y v1$n%req{)1ne in aosage of about 10 to 30 mg/m* per course of
treatment.

By way of example only, anti-tumor nucleoside derivatives may be advantageously
administered in a dosage of 200 to 2500 mg per squarc mcter (mg/m?) of body surfacc
area, for example 700 to1500 mg/m®. 5-fluorouracil (5-FU) is commonly used via
intravenous administration with doses ranging from 200 to 500mg/m> (preferably
from 3 to 15 mg/kg/day). Gemcitabine is advantageously administered in a dosage of
about 800 to 1200 mg/m? and capecitabine is advantageously administered in about
1000 to 2500 mg/m” per course of treatment.
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By way of exanple only, canptothecin conpounds are
advant ageously adm nistered in a dosage of 0.1 to 400

worgoopessosgiuare neter (ng/ n2) of body surface apPerpS1006/060028

exanple 1 to 300 ng/ n2, pat®Ricularly for irinotecan in

a dosage of about 100 to 350 20 ng/rn2 and for

topotecan in about 1 to 2 ng/n2 per course of

treatnment. By way of exanple only, vinca al kal oi ds may

be advant ageously adnministered in a dosage of 2 to 30

ng per square neter (ng/ nm2) of body surface area,
particularly for vinblastine in a dosage of about 3
Byywap ofigkarplcfonty, wlkytatingt dgosts irﬂihy&a&’eﬁﬁ@@l@g&fus@@ﬂﬁiniht&@d ina
doRage JEN00Z0 50825k HA's Méﬂ%?ﬁ&gp@rﬂzﬂ?id@o@% ce '%%g Yo %}E)ample

er .cour
@%%PW zappaéﬁ‘flﬂaﬁ% CYRGEhepEpatdeda e dpa@gfve%ah@ayl (§eto 500
mﬂ’vantf@g@dmmbucﬂlm dosdge €dbout 0al tho®2ae/RE o?&:Qi}I @31 ht, for
ogﬁﬁlg)stﬂig he! d&gg@BFaHHﬁ{ €50 g;‘%for rﬁ%/ﬁ-gf a%‘a?(? urc'omusfrjl o, ip 3 dosage of

or our

or. exa tol
? a]& tPslsgd‘ﬂ%hlpg?r Ryele Qf%eﬁﬁﬁﬁmavenous admi ni stration
wi th doses ranging from 200 to 500ng/rn2 (preferabl y

Ef}f@E@' 3f b BRIK 96 110 {BC&%R}Q' iﬂqu%% 99 %g
@f bpdy surface

m n| stered in"a
gﬂl&‘% SradredlssaeE ¢ t%ﬁ?fﬁu?%?ﬁ‘h(@g/@ﬁé
agdsofar cxa0pl: i(btomngl’gi arfiewlafl ddrsomdsidd 1ﬁ&td@$§é‘§o of3Dout 35

tm(iﬁ%h@éﬁpﬁﬁ t@%ﬁ‘»} slr@%%oa%gﬁﬂ%%o%@nﬁy f treatment.
exanpl'e only, alkylating agents ma eran 80 &
admnistered in a dosage of 100 to 500 ng per square

Byeveyr of emgindy onlfy, bubypcgdlifcalzevates, miyobe mﬁwg@ouslﬁo
all iR QOrGh 'l%os%r df 19ub a7r5|1§fg faéir Sf]n%l%l Iﬁgth gl?\n} 9 ocg/ qurface

dosage of ab
ared, %g 86%8% ]%f 6@3963 g, Ral’flﬁu arly fqu(;lqggnnglmg@@? dpgdggied about 40
td 8 miy/ warfaudtinoentiicinan d assgge oFhbakdst to H3thd/62 200 HBidaRibicin

ina Mgg OF abQIMUBLtH 1S rhdInP lpgpécﬁﬂEeB&f trea%ggx!#t 100 to 150

ng/ n2 per course of tTeatnent way of “exanple only,
podophyl | ot oxi n derivatives may be advant ageousl y

Bydrayneistxempie mniyaardﬁmgcmﬁorﬁﬁoﬁmis I BDadv@htaS ML
adﬁfr@s&e&!ﬂﬁ H%))sz%te o? %gy 0 ﬁ‘)?ﬁllg Ja%g%e?gncfiéﬁg on %es%r%léggar agent

parti CU

a‘b‘? thg 68{}111 Sg%ﬁ’dlgftﬁ? %ﬁigﬂ??én nfig) ‘{a@FﬁgE@éﬁl}d adimipigergd orally in
a gosage of 500 7 /g, ppefcrabiyut G & 2uf miglt@ideeddy, coﬁj/nu\ﬁ@g’th@ ftherapy for

s@fﬁ@i‘éﬁi #mend ){chl@xfg at}quﬁ%ﬁjta!u{] g g%%ﬂ Nk nggcst ?nu%anei is 75

osa

nt ageou tere
‘ﬁﬁ &P° 5&%‘?@“&%@8 0{ 1ReY Oé?geo‘afcabogw g ence a day, continuing

the therapy for sufficient time to achieve and maintain a therapeutic effect.
Anastrozole is advantageously administered orally in a dosage of about 1mg once a
day. Droloxifene is advantageously administered orally in a dosage of about 20-
100mg once a day. Raloxifene is advantageously administered orally in a dosage of
about 60mg once a day. Exemestane is advantageously administered orally in a
dosage of about 25mg once a day.

By way of example only, biologics may be advantageously administered in a dosage
of about 1 to 5 mg per square meter (mg/m”) of body surface area, or as known in the
art, if different. For example, trastuzumab is advantageously administered in a dosage
of 1 to 5 mg/m* particularly 2 to 4mg/m” per course of treatment.
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15 area, for exanple 15 to 60 ng/n2, particularly for
doxorubicin in a dosage of about 40 to 75 ng/nk, for

wa@l2001048088 ci n i n a dosage of about 25 to 45ny/P@T/USIVA6/060028

for idarubicin in a dosag#3of about 10 to 15 ng/nR
per course of treatnent. By way of exanple only,
anti -estrogen conpounds nmay be advant ageously 20
adm nistered in a dosage of about 1 to 100ng daily
depending on the particul ar agent and the condition
bei ng treated. Tanoxifen is advantageously
adm nistered orally in a dosage of 5 to 50 ng,
I?j;@é@rrabjf/l be admimst@dnipr exiaplodndatvidWtrheidipds cbilise of
HdA8h [ | 2V, intain a
e R S P b AR D0, 2T R €

dm nistered orally in a dosage of about 60ng once a
i@ﬁV@“@Bﬁ?¢Hﬁﬁﬁ@P“?Smﬂﬂ%mﬁﬁ@ﬂﬁbyeﬁ@mﬂgﬂﬁﬂﬁép@thbbhﬁ to
sqebin@¥ By e cf@hple i ~
_znastrogole 'S g%véﬁ?23§%§§?§§§gh$ﬁ§§%§§éﬁb%PEFF?“?H“%
pfirdsaalo pr paseterallyy Sheeompoundy of thegirescnf mwentian can also be
2BAVARERUNE S ROBLAS  RERH AL | of
S PR S Qe Sl bl Po L BEAUROLsy systoms
indydaihe yevosingrabaminal medicd dlevicas that inchaledusagecudir drug

c T, ires ac i & a. S0y, ant a |
A o e Do Bhnc Rl RN BRI Y

adm ni stered oral’ osage of a
camgaynd gfthoayesoft isxentipnean fiuyher hicakogiissraiay dxbject in

. 0. N [ in a dosage of about.1 to
c%ﬂ‘ﬁgﬁ‘ﬂ%é? %g%&?a%lé&?f'g% gg%tﬁa %g%lfveolf% gg gw Sepseatration (é%a cqgppound
agithe iargeirsiten In hdditiant the cdbmgbdds o€niie pregint exRATLE may be

[ vantageously .adninistered_in._a dosage
e R SO Ry B Bty i B drues
opfgdntsaatavetact wiDt2QO7H R4E0B8 o PET6UE2C0H AEQAR8rs t kocks.

Dosages may be admi ni stered, for exanple once, tw ce

or nore per course of treatnent, which nmay be
The peatedniatiof adSrévidves Pharmadduticdlchpd@idRycnprisiiiea
conpoun of the present I nvention can %e adm ni st ered
C?Igggun;élfgjstg%pregelg YEUGOR AR p§pocipigen @ﬁtgml&maceuucally acceptable
cirfibt, aptenshishiiceical dotpostRBUhANSSHShHY t\i«é&lfa%ﬁyﬁ& '
]kﬂgraderFal, or parenﬁérally.aghe congounds o fﬁéﬁgand

{6 EUBRTI AN EPRT (Ohrio a9 andp e thedvammosnds asd may be constituted
inol Biefelnd eablbYor NERnddeBladREni S AR &Fecply | ocal

delivery systens include the use of i1ntral um na

medi cal devices that include intravascul ar drug

THEPhYES YoraAhehBES1y Wcé@blep lf@éfggg o‘f%l‘faqlenﬁ{igsﬂ%r?d and
endol um nal pavi ng. conpound 0 e presen

COmRRSHiquShat s mot pradece be adwimie R engicent dtberamsangrdatadtion

whEHTRIAAEHQ8d W L aﬁﬂai;&%tﬂﬂngﬁsﬁ%;prggﬁa%g PRSI es are

| ocal concentration of a conp
equally included within the invention and "pharmaceutically acceptable” formulations

include formulations for both clinical and/or veterinary use.

Carriers include necessary and inert pharmaceutical excipients, including, but not

limited to, binders, suspending agents, lubricants, flavorants, sweeteners,
preservatives, dyes, and coatings. Compositions suitable for oral administration
include solid forms, such as pills, tablets, caplets, capsulcs (cach including immcdiatc
release, timed release and sustained release formulations), granules, and powders, and

liquid forms, such as solutions, syrups, elixirs, emulsions, and suspensions. Forms
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at the target site. In addition, the conpounds of the
present invention nmay be fornulated for fast-rel ease
w@ro0sloesass el ease with the objective of naintai PETYS100€060028

drugs or agents in contact74w th target tissues for a
period ranging fromhours to weeks. 15 The present

i nvention al so provides a pharnaceutical conposition
conprising a conpound of the present invention in
association with a pharmaceutically acceptable
carrier. The pharmaceutical conposition nmay contain
g@yfen about 0.1 and_ 1000 , preferably about

upeiy! {9 PeerRRicrg! adgpinisiation shiiectordn solragns emulsinstsiandt ed

sdbpenBioas.any formsuitable for the node of

adm ni stration selected. The phrase "pharmaceutically
acceptable" refers to nolecular entities and

T%'ﬂh@ﬁhideﬁﬁ@altcﬁﬁ%ogﬁoﬂ@&f e ‘ﬂ\%ﬁé@ﬁt 1?[931@1({%% in 81%{1«13 graic

or other untoward reaction en adm ni s ere
PARipREeUtio campositien forslap prlegpeicdtie: cdvlﬂicmndmafme qnsmnt

1@Je$1t1815 ?ﬂy’%]lné? 11‘.;81]5 g%gfﬁ(ewﬁsm Jd8. gVeephl O]%aﬁéﬁﬁf eric

‘phar maceuti c foFhu
cpiBiemAng 4 eympdund Ob?dshmlorckem iv@ntiamd/ or veterinary use.
Carriers include necessary and inert pharmaceutica

exci pients, including, but not limted to, binders,
St perse hipdrgerdtisle dattans a@ntal] kidvavorheahe, THeeeie Relisrals

BB 18 S 4y R r SRURIE) P,
dggr@d]e/dssqdvd: hﬁderta&;hh’c&“blﬁ enﬁﬁ@xﬁlﬁ&ﬁ (e gARGURS, {R&6Mbasic, etc) and
tlgegérllyu e/&‘%ggg Y&dn &’89?‘(@1115]? aélﬂgtflleg%scg% gql:tgvéscomund(s) therein.
Tgle}pihlerrcisaas am‘lﬂreféralﬂylrﬁné%uﬂslﬂgs gﬁ Plégge 20 ékt)ﬂ aﬂﬂ)ﬁt 13Y58¢%8m in
I T T A

up@mﬂmﬁfyal adm ni stration include sterile solutions,
ermul si ons and suspensions. The pharnmaceuti ca
conpositions of the present invention also include a 5

TRO BflB@ G dntiah akePREwiIEd @BhhAE to%r%is\él% Efetnbealils

conmpounds of the present invention. € conmposition
CRIHRYSHERNS of tlag BrNcHtEIe o somppwndef the \ppcrsclaﬂ ihyenten, as the active

RIS s Sntirh AL L) ix 8D I g%gg?g%gg 11 % REESE ng to

i nvention. Slow rel ease e carrirers a
CQRYERtIS RhaTECeicak cempaUnsiRg tecleniqudsewhithsardd hdyatake a wide

R Ok AT S B i, .
org.hqnt ]gﬁgprgel@h guohmg mam(lse:ugm Iaprepariisg thacotipositibAsinCeral dosage
fo?inC An)ag'idthe usual pharmaceutical media may be employed. Thus, for liquid oral
preparations, such as for example, suspensions, elixirs and solutions, suitable carriers
and additives include water, glycols, oils, alcohols, flavoring agents, preservatives,
coloring agents and the like; for solid oral preparations such as, for example, powders,
capsules, caplets, gelcaps and tablets, suitable carriers and additives include starches,
sugars, diluents, granulating agents, lubricants, binders, disintegrating agents and the
like. Because of their ease in administration, tablets and capsules represent the most
advantageous oral dosage unit form, in which case solid pharmaceutical carriers are
obviously employed. If desired, tablets may be sugar coated or enteric coated by
standard techniques. For parenterals, the carrier will usually comprise sterile water,

though other ingredients, for example, for purposes such as aiding solubility or for
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t her eby degrade/ di ssolve in body fluids and rel ease
the active conpound(s) therein. The particles are

w@e@otsaks y nanoparticles (i.e., in the range pET/aRING/060028

1to 500 nmin dianmeter, piseferably about 50-200 nm
in diameter, and nost preferably about 100 nm 15 in
di aneter). The present invention al so provides nethods
to prepare the pharnaceutical conpositions of the

i nvention. A compound of the present invention, as the
active ingredient is intimtely adm xed. with a
I:Eharrm\_ceutlc carrier accordlng to 20 conventi ona

FREFHRCBURFE 3F RS HBicAgG Icesppingioas mantalsstbaprepared, in which
cﬁBé/ appdsSride WG caM@drs %BYpe‘i’ifchJ‘gO{gggg deg ?l[[@jl'ﬂgfgmgg bk Ql%é)loyed In

f or m of rep aration de3|re mnistratio
PEERAratin aﬁlem istoape, i seledsqcrminusiypically a lpnlmnmg:acramg and a

oot RIBL et Q25 fn@eﬁﬁcﬂ darg ?ﬁﬂgl?%sofv%& 'Zﬁ}f d?sg%rs%mr} for. anic

usualépharnaceutlca la my
splvgat lgqqﬁtampql emnwt sobrion is theh adéed mito ex aqqEoes solutlon to

0%%1319 enstion %va,tgtj ﬁ'ﬁu?s‘é}% SPJe#étréb‘-’f& the gjlilllleto%g lis? él% ion n c?udcés

5 and addltlv wat er
sgrfg@h@qtg/e aRErt(Or Sp,‘gsmgemt}s theprregmic \saltvemes evagohted iffog the oil-

I or al arations. such
lﬁ%@%ﬁ?ﬁéel grghﬁﬁ)e 1!0 l%%t ¢ Soﬁ81dalds ap%lgel a]étﬂ, es ‘&@F%ﬁlﬁg the
skocirelenise edrsier sud thahdompomldl bﬁths paeménﬂehdeﬁﬁdtes i ncl ude

starches, sugars, diluents, granul ating agents,
| ubricants, binders, disintegrating agents and the

T]hlelp@armmmgé coﬂhpbhabns lemsia will cad i) é)&f Hedak® nit! &L, ﬁibﬁet
ent t ant ageous Ora

Ies repre st 30 a
un| o T fﬂ ARG agggbe g ey aB’r?é}Pﬁ‘é%@E ffiévg
imeahmﬁrr&o&fs&ry toldelioersdnyefRIFEV OYSE. asldbs el aBlve. t BRY €t S

sugar coated or enteric coated by standard
b YL B i direih AV CoRME. P ¥THEROMES Rnlicta) foplet

CaEsf, pSﬁdéﬂ; ﬁfjbétﬁ)nV\@I@bsﬁorzh@h%oﬁﬁﬂ 8hd tHAneJeRt a'?‘bout 8101 mg

as aiding solubifity or for

I poses suc
wﬁ@%@wx&@gﬁ%’f@@ ég)sl Brstragdy, til? Bareds &opmatoyh 0.03 to
alb®yt 106 mgmé aﬂs@dy WBigBEh&Rag, ﬁH&&ﬁ@éfa%p;qw 2BLED o about

repar ed, which “case appropriate carriers,
@a%gélé%af 'Pfﬁiya‘ﬁe‘ﬂh“spcéfrﬁjéy f'he cpinkeunrhmay bc edplmytertd.onl awogimen
oPI ePSkiids QBr Iié%r ”Pll.l@él'\ﬁsra sSHSWevd, 1?159 Be (fgllme(flgee eg ]Eglut%%h the

typlcally a yneric arrler
regrEsEaRt 9 ﬁbemﬁl@fﬁs theseipritytofdhe saiditieh bﬂ'mgitrsqﬁed sedithien

[ r sol ution
o O R S B O BRI I oBe Do
desing may haeewleyede enul si on. Preferably, the aqueous

sol ution includes surface-active agent(s).

Subsequently, the organic solvent is evaporated from
Prefieralely |th¢sn cnenpesitipypereemuhisidosagedonin ich a8 tatdbts Qiillg|capsules,

poWEdE r}ﬁ‘érﬁpe fsteﬁ%ﬁar&lltgrsal goquac?rllsnor%gspensmns metered aerosol or
liquid sprays, drops, ampoules, auto-injector devices or suppositories; for oral
parenteral, intranasal, sublingual or rectal administration, or for administration by
inhalation or insufflation. Alternatively, the composition may be presented in a form
suitable for once-weekly or once-monthly administration; for example, an insoluble
salt of the active compound, such as the decanoate salt, may be adapted to provide a
depot preparation for intramuscular injection. For preparing solid compositions such
as tablets, the principal active ingredient is mixed with a pharmaceutical carrier, e.g.

conventional tableting ingredients such as corn starch, lactose, sucrose, sorbitol, talc,
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slow rel ease carrier and the conpound of the present
i nvention. 10 The pharnmaceutical conpositions herein

wowdo/oesoss ai n, per dosage unit, e.g., tablet, PCEHPSM0€)60028

powder, injection, teaspootfoul and the |ike, an anount
of the active ingredient necessary to deliver an

ef fective dose as descri bed above. The pharnmaceutica
conpositions herein will contain, per unit dosage
unit, e.g., tablet, 15 capsule, powder, injection,
suppository, teaspoonful and the like, fromabout 0.01
q&gl of body wei ght per day. Preferably,
H¢reicragt énar%w?l\*@m’f%m iealoigm Iehosabmpr 200s.gdiaghaf

BRea et diRehtsdaY, Wﬁ'f&s t’co RSB § fo%ﬁm%.ﬂ@ﬁ%%&p%sglgn
to about = 10 ng/ kg of wel g
©BRIR G hempesaceus rﬁﬂﬁﬂg? e @dompoun @‘ghﬁpmsemfm&tentmng—sor a

%ﬂgggﬁcgﬁﬁgalgaé’cc gtlagle%gﬁ ?%g?ﬁfr m E%)fo Hl%Fé/ ﬁrretf rmutlﬁ%on

COBINSBItIOYS é$ PmegysAYs, tif lemdaet thgt theeahmhngmzﬂmhes dispersed
&Qﬁ'&qmqgﬁgthﬁé Q(gm[g 4( & that tﬂg C(l)’lrsrlg)os%lar? Irgah eb& reacm}y subdivided

adnmini stration or per i odi
lewmqwl@d ctfpytbfealoaideyforhe &e:hmsmdﬂsusi plﬁm sndit#psulesUThis solid

t I
A0RAAROA TG0 B L OPLE P obd Bt SEPRE R e o
dgmr;b@dsboms comanmgefmbm@r bwadboat 500 mgwfdhéswﬁrys&‘mgxéﬂi@ﬁﬁof the

autg-injector es or su itories;

rBERRHE S e AbER i B SuBPpRBBERT b Hrescobinvontion can
badwhteid ot bﬂtemm;a compﬁﬁﬂideﬁdmpﬁix&dd’ ﬁﬂbﬁi@e Byrm b FOiBd iheRdvantage

r(l’lnr§LJeffI ALl o Al t er.na %L6y rie conposition may be

ARIRe PR o P YR s (Pl pp bO&ORRISE 70 dpmer dosage and

anmeef momgaa kMY, GlerlakdrORing 18 th S AU ARelops 8L 4he
f30 saITtIbrﬁ the active corrpound such as the decanoate
YRR 3W BEORHIPEES CHbPGHIHITatRS by anjeeric syephwhishiseryes to

résﬁ)sft disMtE SAUEE il Bl stdth&bldn@berhRd tHRIBRACbRADoAOM! 8 pass intact
ﬁi‘f ons such as tablets, the principal active
“i‘tﬂ Sﬁee umor o be delgyehingelonsg: nhvetiey ofimatenialican be used for

s€ctJenterfPIRY R QBAInds: aﬁcﬁ%eﬁ&uﬂ@ﬁl ﬁﬁllﬁé‘% ﬁuﬁl‘i}\%hoﬂ'%lﬁﬁgﬁc acids

starch, |actose, sucrose, sorbitol
wIHoTCh ARt peThten 06rTbUod®! and eclitlesr dostabei d,
magnesi um st ear ate, dical ci um phosphate or guns, and
ot her pharmaceutical diluents, e.g. water, to forma
Tag ﬂlﬂﬂldﬁgm nhighi wnmmpé of themnesembmvanmm@ay be incorporated

FQRURGRRSANS Salil UE By E %tql 4 aﬁ{l qclqg]:aous ro%% esg]%tflbly flavored

I nvention, or a cce
SYTHES. @@Reousns nllrsgsmlomg and flalversd qmﬂélonmmhtedme bils such as

(gtgl{ﬁlgge;d (?1%%?% ? (grﬁ,} e peorr %oe%nut osl gs? \%Q]tl ats Qla>t<1'rst Qned similar
pharmaceutical vehlcles Sultable dispersing or suspending agents for aqueous
suspensions, include synthetic and natural gums such as tragacanth, acacia, alginate,
dextran, sodium carboxymethylcellulose, methylcellulose, polyvinyl-pyrrolidone or
gelatin. The liquid forms in suitably flavored suspending or dispersing agents may
also include the synthetic and natural gums, for example, tragacanth, acacia, methyl-
cellulose and the like. For parenteral administration, sterile suspensions and solutions
are desired. Isotonic preparations which generally contain suitable preservatives are

employed when intravenous administration is desired.
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evenly throughout the conposition so that the
conposition may be readily subdivided into equally

webdogoisose dosage forms such as tablets, pill sPenuds2006/060028

capsules. This solid pref&fmul ati on conposition is

then subdivided into unit dosage fornms of the type

descri bed above containing fromO0.1 to about 500 ng of

the active ingredient of the 10 present invention. The
tablets or pills of the conposition of the present

i nvention can be coated or otherw se conpounded to
4ov%%e aldgga e formaffording the advantage of

AB VEPBIRGRY adhs crmpeEds ok Hipdirescnt inwcntitl mey be agininistorpd in a

SERMPAABLIRB, bIAE Eot@l%ﬁgeio@&é_ m%ﬂbé?y(gxﬁ{nis‘#éigé%divided doses of
conponent, the latter being inthe formof an envel ope

bWQeIre Y Pk Wees dailye Ruithcrmersoprmpeindant te messat atvedtion can

b8 YdeiniSHRERY ihGnd ' L} suf ' :

di si ntegrati on ?ﬁ@?ﬁéﬁgfgzgﬁﬁﬁgﬁﬁ<§gyﬁﬁ¥é%ﬁﬁ%5%%ﬁg@£b&<w

Vit ermal skinqnaiches meldmownrtp shaseef dutivkeysiilbin thet &8 To be

208ha iz . ' f pateri an be used .
O S P b Yol PR T e g tration

Wil ourss. Be pentisaounfathsy|tyeameintecmittant throwdtdut fheadvsage regimen.
materi als as shellac, acetyl alcohol and cellul ose
acetate. 20 The liquid fornms in which a conpound of

Fphimsisnes dpt ofahsdantnisntionyn the bt of padtastes capdille, the active drug

1, ' rally.,or by injectiop include, aqueous .
s o?ﬁ%ng%él?gé g(lg}flg 5§ “%{ﬁha%no?%]d n°§'§??85 B ga“é‘k?ﬁ%tﬂf?uéf [acgfntable inert
cayuspewnhi agreghanal gljfdeml,_o\;vetﬁr aiﬂHhsilmsls mr&s\v&,dwm;@fi@ghlea or
. COt . , t

n%éeég%u ,Ssgllt%l?letggnr&sv?gﬁ% ﬁubg;;cagﬁsis S&%@gﬁ%@gﬁﬁﬁ% %?1% cof)olringoargents can
alpb e mecoepirbied ints ehé tliatre. SiitaBRItEndHrs BRI tRbut limitation,
mg%%pquknqgﬁgents for aqueous 25 suspensions, include

synt Bt alsuegs spely _Er‘h%‘u%%ﬁ?r?r bstarlpglgste SAThSWestensr s patural
el gintisdte, gunthaith ag acasng hﬁ?ﬂc@ﬁﬂlﬁﬁ&ﬂﬁ%&l@%! Ld&i@rﬁ%tearate,

met h Ice%[qlose . pol yvinyl-pyrrolidone or Eelatln.
TRRLCSTYY G1eAT S PRI g pIofim acsttesosisp ehigridg ad the like.
Dikirstp@iators hoRURNvHhBBNImRdtRR, sFhUARHD Ce1BYBiN géérc?%ﬂgnite

natural gums, for exanple, fragacanth, acaci a, nethyl-
xeuthqn gure andithe ikige | i ke. For parenteral administration

sterile suspensions and solutions 30 are desired.

Is&éonic preparations which generally contain suitable
T Brdespgs ekthy pProdusippifdlepresgms mnventiomweiychesvaried over a wide

st . : . 21048088, . . .

raP%F/ uggiogﬁ%a!oo]‘%?mdﬁ%{ v%{lx@éégg'uégﬁz‘,%? Rl aRle

CopPasHiong pessrsferably gravided indlye femadithblesteeneathihg, G01,0.05, 0.1,
ingl hl f lcndayd 0s may. be

O Iy el S5 230: 3091003507204 5025 R et orthe

ao.pnggn.@rgpmtfpr thrsyhg)tqmt.é:, adfwstpontrufshofiosale tpthegRkitnt to be

trefte oy oG anidrPEE} BV RIS ol PRei ORiedion s ordlnaiy

topi cal use o ;

‘supplied at a dosage level of from about 0.01 mg/kg to about 200 mg/kg of body

Weight per day. Particularly, the range is from about 0.03 to about 15 mg/kg of body
weight per day, and more particularly, from about 0.05 to about 10 mg/kg of body
weight per day. The compounds of the present invention may be administered on a

regimen up to four or more times per day, preferably of 1 to 2 times per day.

Optimal dosages to be administered may be readily determined by those skilled in the

art, and will vary with the particular compound used, the mode of administration, the
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5 via transdermal skin patches well known to those of
ordinary skill in that art. To be admnistered in the

wo eoomoedosa t ransdermal del i very system the doBeEm®ES2006/060028

adm nistration wll, of ctl¥rse, be continuous rather
than intermttent throughout the dosage reginmen. For
i nstance, for oral admnistration in the formof a
tabl et or capsule, the active drug 10 conmponent can be
conbined with an oral, non-toxic pharmaceutically
acceptable inert <carrier such as ethanol, glycerol,

Mor eover, when deS|red or

t d the |ike.
ﬁ@&& §g  PISpRpten-dhemrde pEadmigistiatigntand the advancement of the
dﬁheSé;d’kchl@ftﬁiﬂ e 2RI Sadifls £RbQk1H %ﬂgﬁg tp%rt&%par S@h&ﬁ b@ﬁlg

|ncarpo ated into the m xture. Suitabl
tregie udifs pR}Ot pgorverhitalict andttame of adgeingsitiation, naillneslt in

ikt So SHRBE @ssagducose or beta-lactose, corn

sweet eners, natural 15 and synthetic guns such as

acaci a, tragacanth or sodi um ol eate, sodium stearate,
TRRYBRDLURASS AR Lumacet ate
sodlﬁ%IChIorldéﬁgﬁgﬁqﬁg%wgtggpggﬁ %ﬁﬁa g?@“?%%fﬁ@
ligpsaesudelivieny septdron suet z shall umtameulaceémlbsg d@ge agiimellar
baaLon KA dai |

V! 8 'nH‘?nulH lﬂ?(}es%’lgg aﬂ%ﬂéoqges dai'h t P%%(EE-P H%V«%gf

osage of e products of fesen
lipigsi ingdluding but nat Hmited &m gmphlpa)tﬂnlclhltlds SdGsmhopstatidghchblines,

[ dnln
st Pl Bosp Ao BB AR SHPRiAr D ietphEes srrsicgipins,
ph@&phemcéylmme&u phiosphatidyRly@rd§, phdsphatid . %é%s]- pgossgﬁa@d linositols,
an

W IR S T

steyuytnoine,t rietitratlfipislt Swoht as&ﬁglyb@nd&;sﬂﬁ&drﬁfmh&ﬁnﬁaﬁér@m TRy
nmount of a conpound of

tre t.ed effecti
“Fﬁg%g? nie Qéﬁ?ﬁ%ﬂngyéF&&WﬁﬁpFﬁfh?uppl|ed at a
dosage | evel of from about 0.01 ng/kg to about 200

f bod ht r.da Particularly, the range
A@éﬁ’ Slﬁﬁr&ﬁtb\(%me’éﬁgéq’?f&dgﬁamen%s theypamremds @%ﬂle lm@@gmgmdy be
bﬁedsmd@ahngwcbﬂmlﬁldnaﬁtw@adu@g A%ém &5@1@ (ﬁ&%tthQ &ﬁp%&e to its
out 10 ny of body weigh
1“6?“‘3?1% élt?)ng“é’r?P }?rv@n‘faiS@HaWOB@ laldcmllm G;:Ittert@mb&rplb wth

aﬂtﬂ)@ﬂ?ﬁﬁd WBnlaQtihGWY taﬂg'etlﬁg I a)ﬂt %rsecij aﬁecatﬂgggﬁ{h%%bgmﬁc

to 2 tinmes per osa es

méf‘dﬁ‘it}ﬂﬂs}teé‘h’@?}l ‘ili*ﬁ)f/arsétur%wnt Vlddlé& @Imbp@ldh@g/ biodbggepartner, the
co’ﬂﬁbd&nﬁ%f e H&@en’c %exteﬁg A or}"f)é %flrﬁl%@fer\éﬁ Lt IHS? ﬁo%r {l\ﬁn%legtﬁ*atmns

onpound used m ni stration
a’fz’@ 0P BOBY smmme 08ABEI0HAGorde78 the taegeytsite afort bffectively.
preparation, the node of adm nistration, and the
advancenent of the disease condition. In addition,
Theantibedy tergeitigagsatsinelnde hitpaidsior ahagembjtmdmgtfr@nmgs

th%%e@?é%&ﬁ%c?frbgﬂk atﬁéa{) ng.].:tgsS i ? ’c01|3,]1p019 W org! o 1, Eaimnc?r
vasculature, or tumor stroma. The "targetable or accessible component"” of a tumor
cell, tumor vasculature or tumor stroma, is preferably a surface-expressed, surface-
accessible or surface-localized component. The antibody targeting agents also
include antibodies or antigen-binding fragments thereof, that bind to an intracellular
component that is released from a necrotic tumor cell. Preferably such antibodies are
monoclonal antibodies, or antigen-binding fragments thereof, that bind to insoluble

intracellular antigen(s) present in cells that may be induced to be permeable, or in cell
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the need to adjust dosages. 5 The conpounds of the
present invention can also be adm nistered in the form

w@boo7loigpesone del i very systens, such as smal | PCT/US2006/060028

uni l amel | ar vesicles, |arg&dunilanellar vesicles, and
mul til amel |l ar vesicles. Liposones can be fornmed froma
variety of lipids, including but not limted to
anphi pathic |ipids such as phosphatidyl cholines, 10
sphi ngonyel i ns, phosphati dyl et hanol am nes,
phophatidylcholines cardi ol i pi ns,

osp atl Iserlnes hosphati dyl gl ycerol s,
AR i

ntialfy aliaicoplgiping napel eadlsi bwlase notdirassyk or
atceeeg@méwxh HEERRIrFOR h@ﬁﬁmmngé@& W a% y| anmoni um
propanes, and stearylanine,” neutral [1pi ds such as

triglycerides, and conblnatlons thereof. They may

2§ LB hefNt h terol-free.. .

ARSI RO Rt ASBARL S o R URLRSH ) s
béndipg agras sueh asieG, Mnigf‘adgﬁal;?(ab 92, daym&a)lnpu@ﬁmﬂg sach as Fab’,

S ich_direct

Cg?% gitg ev@e?]oé%l ér%fl%%#tdreldglg%g(% §1\1®Hoafs TS otm‘t%ma ggom?%

hygesized antibetbes éispad:lﬂc@hhqumxr atdtheliletr Tiel dnabo&o&ath be either

et| n nts
R0k PR BORoANL R RIS GRS sl e
veheboad gety namiediesandwintis thmarrt‘ thaphadi ifindiolelibd specificity
esent i nventi on can be

B30k RPL ol SRR G S BB e o ey dibron

newcloaal artipetlies ftresodidduinbiisin ULPAtEnt NG, 38 D861 Plorbb&: al).

effectively. The ntlbody targeting

h’é%fé% Y %?%ng B0t Hlea {0t exie PreficnPha iSokpte alatgbsaémsSagamst
t@hot daeﬁr EIS Patthieitlo 5193, 866 @ Tharek abl #dans @ﬁf‘eﬁ?fﬂbm $4,2219 0
T@~ﬁ%9 pt of a tunor cell, tunor vasculature,

8 }ona The ' targetable or accessible conponent

of a tunor cell, tunor vasculature or tunor stronma
Tjﬁngref ably a surface expressed, surface- accessible
SIS B’éccr%lé%fhﬂgélaerem%@mﬂy tisatibertieyyd yvet biengentri. G8ee,
egagenhén 8 89 "Mlﬁio@@%a@@ﬁﬁ@ﬁés%r%uﬁﬁfo'teg &i 6fb@tggs3[8 Cancer

fragnents thereof, that bind to an Intr3ce
ThemBY ndhManesionpApbedieetingd Coanscs Trinerarpm Reisfoldror alc(e:ldk ), Pp.

2% ef P@QIIIR E%@ h]nénwﬁgd!{@ﬁsh%%? t all 0 gﬁlﬂ?ﬁﬁ% I%l CBe(:elw’ery

or an aen- bi ndi ng fragnents t here
i GeeralisAdorugRelivest (2pdad.JaRobipee s) alpiedsdnip. 6@3-(56|(M§arcel

o508 80160 I A RSBl

Therpay ahRiesie), &l Monedphalsntibodied '$1b Bislogival Aad Cilicar C
ABBItl ca@l'bﬁéqﬂﬁch%ga et al. (eds.), pp. 475-506 (1985)). Similar techniques can also

be applied to attach compounds of the invention to non-antibody targeting agents.

ol

Those skilled in the art will know, or be able to determine, methods of forming
conjugates with non-antibody targeting agents, such as small molecules,

oligopeptides, polysaccharides, or other polyanionic compounds.

Although any linking moiety that is reasonably stable in blood, can be used to link the
compounds of the present invention to the targeting agent, biologically-releasable
bonds and/or selectively cleavable spacers or linkers are preferred. "Biologically-
releasable bonds" and "selectively cleavable spacers or linkers" still have reasonable

stability in the circulation, but are releasable, cleavable or hydrolyzable only or
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accessi ble on the exterior of normal living cells of a
mamal . As used herein, the term"anti body" is
WO paogfoasees t o refer broadly to any i nmmunol ogi ¢ PGI/US2006/060028

bi ndi ng agent such as 1gG 180gM |1gA I1gE, F(ab')2, a

uni val ent fragnent such as Fab', Fab, Dab, as well as

engi neered anti bodi es such as reconbi nant anti bodi es,

humani zed anti bodi es, bispecific antibodies, and the

i ke. The anti body can be either the polyclonal or

the nonoclonal, although the nonoclonal is preferred.

T re.iﬁ a .very broad. array of antibodies known in
prgigregiplly Haderestfanicopditions dice avithin e eprtpiaionyiragmens of inecontact
vﬁ&i 4 psichiae eg@ft Bl B dsindhde, SO éan{pMEsuifY&em{&ﬁ@urﬁde

%g%gycwi%ée on rnonocl onal antibodies for solid
3 todoadt: andiesibed 51 Bew Reb Novop p 4T6%dnd 5,762,918
a%%ﬁ%ﬁe-@ér@ﬁi@é%d& QntiRes éﬁbﬂl&é &hds! nestté?g Ailled ghosphugresters

produce and i sol ate anti bodi s agal nst  tunor
ae@gérwmries %5 &ngrigwbinte.STRer Pes ei,%a 765 @nids, U2, 9&% efitch

sé\@ct@feﬁr‘el e?agé- 885?1%} Fezﬁﬁéé)ﬁcﬁrttat@ lsugtamg'cis reTeea%g nl‘" Hrléec%n&w%un 1:1_1 from

conjugating t apeutic noiety ant | es
theneinsatsed the iatagded farpet sée. aI " Monocl onal

Anti bodi es For | munot argeti ng CI Drugs In Cancer
Therapy", in Monoclonal Antibodies And Cancer Therapy,
The msersenfdn@cntmn fu(tbdspr)wldppa mePt ofEtﬁ:a(lAg afla Risokdes s¢lated to

met.a
F!Lﬁ‘lé {)/él’%%%ﬂ% Wn% C {nlp&%}ng &dﬁg}ﬁé‘%@:ﬁgg ??/ grsébj %rfr?dtggﬁgfuhcally
effg@;wmnptmt ofih cm(npdsmj of thp pré&2d-ibderiBroogjugalddhtd @rargeting
aé@ﬁ. 1987); Thorpe, "Antibody Carriers O Cytotoxic
gents In Cancer Therapy: A Review', in Mnocl onal
Anti bodi es '84: Biological And C inical Appl i cati ons,
inche a et 475-506 (1985)). Simlar
Vﬁé&?ﬁ? &H@&“&@ A 5‘5@8‘113&&% ihefactpts: gx PR sRcEkASS AERsusH as
tdrfieinigragetits] ey b }ﬁ@fbrﬂﬂi' 'a@ﬁﬁﬁstte@ﬂgﬁftﬂenﬁnﬁ%%ﬁﬁéctaglé
Those .ski | know, or be abl'e to

cBDR e OIS o ORPAREOT ) by AgERPIeH into  vein,

atﬂ]@ﬁr-oa Riito BRElYpihArTERY boe A @6\5@@ oBHER BSimARI th about 45 minutes,
ysacchari des, or other

cul e ol i gopept i des,
P%g?rfﬂélgﬁ fEﬂSWé 0¢9 6‘51%5@8 Iy qﬁ%ﬂgﬁasasa yntrardszkmﬂgmrdune@qmtary
adiiRdistia$ioh @ASANARIaYeSIABE Rinhdts BlsBfded GARRG 148 ptaﬁlcu}]ar

link the 30 conpounds of the present invention

regifng of ithryskig and/or mnﬂrb@uerdmdy-qaerheashw@hnm mdtsatherdl or
adiRinB&lakiR ha gbe%\gapf& tﬁrg&% barlll mgrl@{sgag@]dgr e

preferred i ol ogi cal easa
"sel ectively cleavabl e spacers or i nkers" still have

AHﬁ@l‘%ﬂ&ﬁQBﬁy efEaRe! ots¥ offec {qlrtﬂg h?ére% t n?xliletnt%b conjugated to

rel easabl e, cleavable or
a Q@mmgmgigj@@mﬁw@@dﬁ@@@ﬁm}a the dlsease type, the disease state, the

method of administration and other clinical variables. The effective dosages are

readily determinable using data from animal models, including those presented herein.

While the foregoing specification teaches the principles of the present invention, with
examples provided for the purpose of illustration, it will be understood that the
practice of the invention encompasses all of the usual variations, adaptations and/or

modifications as come within the scope of the following claims and their equivalents.



180 preferentially under certain conditions, i.e.,

within a certain environnent, or in contact wth a
w@aoorioeseBar agent. Such bonds include, for exaP@l/@$2006/060028

disulfide and trisulfid.e 183onds and acid-Ilabile

bonds, as described in U S. Pat. Nos. 5, 474,765 and

5,762,918 O and enzyne-sensitive bonds, including

pepti de bonds, esters, am des, phosphodiesters 5 and

gl ycosi des as described in U S. Pat. Nos. 5,474,765

and 5,762,918. Such selective-rel ease design features

facilitate sustained rel ease of the conpounds from

the conjugates at the intended target site. The
Werdaiant i nvention further provides a nethod of

treating of a disorder related to 10 FLTS3,

particularly a tunor, conprising admnistering to a
1.5ubj g%%tﬂo{i lf'(?rr 1%81%1{1% EabdactRid, ST M8 if IZIL[‘Eléﬁtcoﬁfpr@ing the step of

compound O he preSent 1nvention conjugated to a
cdndaqiagithgcelbgéhta. cotfpenngpbteimydaduch as anti bodi es or

grom h factors, or polysaccharides are used as 15

targeting agents, they are pr§feb?bly adm nistered in

the formof injectable conpo ions. The injectable

anti body solution will be adg mustered into a vein,

artery or into the spi natﬂ“over t he course of

from2 mnutes to about 45umnubes, preferably from

10 to 20 mnutes. In certain cases, intradermal and

intracavitary admnistratioh are advantageous for

tunors restricted. to areas close to particular 20

regions of the skin and{or to particular. bo .
Orcth LRI DY A ORISS AT PpTpPHERLY “Saol St hpreghgvherein:

may be used for tunors located in the brain. A

therapeutically effective dose of a conpound of the
Aﬁ?esent i nvention conjugated to a targeting agent

depepdsy9Rr P?ﬁd}blngﬂtﬁé‘r dealhich Mgy Bt saRSaItEYREh dhb®f chloro,

di sease ‘state, the 25 method of adn1n|str%%| n %qg

ot heruerd, mesl, e FRBpeR HplieDe M @boiie SiakugeStakeD, or 4-

readhﬁgm tgyii nabl e using data from ani mal nodel s,

i ncludi ng those presented herein. Wile the foregoing

specification teaches the principles of the present
wiyvention, with exanples provided for the purpose of

I Mustration, it will be understood that the 30

pr ac pywelydfintiiezolylyisotdzolyl.arreeriyhdshé traazolys on fyeanyl @ay of

vari ati [ nd/ if ] j

i t o g BE SBA S e B ol L MASER, e pFROB

equi valdentlyl, iMBa26I97 /0348088 1 RATIriagelod 6 eeoignay guntain one -

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

R*is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may bc indcpendently
substituted with one or two of each of the following: chloro, fluoro, and Cq-
syalkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;

Xis
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W claim 5 1. A nethod for reducing kinase activity
of FLT3 in a cell conprising the step of contacting

WO b@7oedoB8 Wi t h a conmpound of Forrmula I: O\/WPCHUS206060028

R2 | 10 or a solvate, hydt®te, tautoner or
pharmaceutically acceptable salt thereof, wherein: A
i s phenyl or pyridyl, either of which may be
substituted. with one of chloro, fluoro, methyl, -N3,
-NH2, -NH(al kyl), -N(alkyl)2, -S(alkyl), -Q(alkyl), or
4- 15 am nophenyl; Wis pyrrolyl, imdazolyl,

i soxazol yl, oxazolyl, 1, 2 4 triazolyl, or furanyl, any

of which nmay be conmé rough any carbon atom

wher g, % gyrfb |n1 azol yl, isoxazolyl,

oxazolyléiQ |azonIa f anyl may contain one
or -CF3 substitution, connected

to any ot her carbon= R i® cycl oakkyl thiophenyl,
di hydr osul f onopyranyl, phenyl, furanyl,

tetrahydropyri,dyl, or dih ropyranyl of ich may
be i E ﬁ%ly substéf ed with ong%z¥i:?§_gf each
of the f 3 o gy, H¥eor 0, oro, ) al kyl ,

atOt5etN ahydropyri dyl is connect ed
to the ring hrough a ¢ onaeﬁrbon bond; 30:Xis WO
2007/ 048088 PCT/ US2006/ 060028 182 2 s R s- b D5 Dp
R3- kkl[gl\]m a EZ- ~a E zZ- |/

CHorN;

D! and D? are

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

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

heteroaralkyl,

Eis
N, 8, O, SO or SO, with the proviso that E may not be N if the
following three conditions are simultaneously met: Q, is absent, Qp is
absent, and R” is an amino group or cyclic amino radical wherein the
point of attachment to E is N;

Q. 1is

absent, -CHj-, ~-CH,CH>-, or C(O);
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HBC D D2 2 ODR®WD RaD N DRam N 62S-NR Z
is5CHor N D and D2 are each hydrogen or taken

wo ogeisess f orm a doubl e bond to an oxygen; 10POBUSId6/060028

D4 are each hydrogen or tak®n together forma double
bond to an oxygen; DS is hydrogen or -CH3, wherein
said -CH3 may be relatively oriented ,syn or 15 anti;
R and Rb are independently hydrogen, cycl oal kyl,
hal oal kyl , aryl, aral kyl, heteroaryl, or

heteroaralkyl; 20 Eis N, S, O SOor S®, with the
provi so. t hat E may not be Nif the following three
condi ¥¢¥ns are simul taneously net: Qa is absent, Qo is

absent, anghsBst, LINHANCMIL NCECRHD R1C(OY, CJVitl?tH%rﬁrBleo that Qb may
r adi cal vvherel n the 25 point of attachrrent to IS
Qa i s abseRttP %@-lanEl-&@-)zand @tham)o‘ﬂ%ﬂ%@dmab%@@e—

PCT/ USZOOGN%Q@@% Nla%a Qa%’ ab&nfRS8RLrp o%ﬁ%&thagj% may not be —
- CH2CHz- Cf( h“the proviso th
NH- R®is an ammo group or cyclic amino radical wherein the point

of attachment to Qy, is N;
R? is

hydrogen, hydroxyalkylamino, (hydroxyalkyl);amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONHy, -CN, -SO,-alkyl-R?, -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO,, N, and O, and
the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alkoxy; R? may also
be absent, with the proviso that R? is not absent when E is nitrogen;
R*is

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

2. A method for inhibiting kinase activity of FLT3 in a cell comprising the step

of contacting the cell with a compound of Formula I:

O W

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

Ais
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not be C(O if Qais C(O, and further provided that
Q may not be - NH if Eis Nand Qa is absent,

wo aoozioesospr ovi ded that Qo nay not be 5 NH i f PERBUSRO&N60028

am no group or cyclic am n#84radi cal wherein the point
of attachnment to Q is N, R3 is 10 hydrogen,

hydr oxyal kyl am no, (hydroxyal kyl)2am no, al kyl am no,
am noal kyl , di hydroxyal kyl, al koxy, dial kyl am no,
hydr oxyal kyl , - 000H, -CONH2, -CN, -S02-alkyl-R4,
-NH2, or a 5 or six menbered ring which contains at
| east .one heteroatom Nand may optionally contain an

addi tPhSHE otrkyh eithet of which praydbof subshitgtcd Sagh o ofidoro,

0, anhcks, thbdyb -RE, Sriereared 5, b r i
partial]y unsgtur at egﬁgr ga?gy (t 1 c?%zérgﬁan a??on'gat%?%)’ or 4
ni t r AFEEOPIEYWHe 5 or 6 nenmbered ring may be present

as N-oxide, and the 5 or 6 nenbered ring may be
optionally substituted with nethyl, hal ogen,

Wiikyl ami no, or al koxy; R3 may also be absent, with

t he i Ojptbi . ] bsent E I.S, ni t.r ogen:;
o AP oA, LS KB i iRy o
or cavijalkmply beZonpeated tooughomyi aattidni dtbmgwlibiRasthe pyrrolyl,

acti vt E ' el [iSi t st 25 of
cont ;{g%uli/a% gfytl’hlgJ %ez f)ﬁl\?ﬁ Xt%ﬁc’lgl’ ggi;g 8 Pyg’f of FWF%W Copagpne -
X gl H2-0ON,eNQa, daMieadve-CH ydbsitetion, doi@FRid t0any other carbon;

pharmaceutically acceptable salt thereof, wherein: 30
A is WD 2007/048088 PCT/ US2006/ 060028 184 phenyl or

lﬁ%y’xidyl, ei ther of which nmay be substituted with one

of chl or fl.uoro hyl, N3, -NH2, -NH(alkyl),

N a:lkr?/l‘o%l%’yl, jlg.egﬁiwll,)nﬁfly%f%ﬂlmyyragﬂ,z Rhenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and Ca-
syalkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;

X118
D5
R3—
D2 D3 %] )
—E Z— >
, HaC
D2
2 2 o D’
D D
3_ 1
R e, O Ra\,\}\—?\}
—E O,S—N )
> , Or Ry ;
Z is
CHorN;

D! and D? are

each hydrogen or taken together form a double bond to an oxygen;
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am nophenyl; 5 Wis pyrrolyl, imdazolyl, isoxazolyl,
oxazolyl, 1,2,4 triazolyl, or furanyl, any of which

worgo7loesosonnect ed t hrough any carbon atom wheP€i/nS100&060028

pyrrolyl, imdazolyl, isox8zolyl, oxazolyl, 1,2,4
triazolyl, or furanyl may contain one - C, -CN, -NQO2,
-Ove, or -CF3 substitution, connected to any ot her
carbon; 10 R2 is cycloal kyl, thiophenyl,

di hydr osul f onopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may
be ind;pendgntly substituted with one or two of each
of the” #ml Powicng: chloro, fluoro, and C(1 15 3)al kyl,

with the p [ t hat [ [ dyil ] ne )
to the i ngon opisegRen HEh I RAE EoptR ORGRPEL en
D3R- bD5 R %Y~ED- D43 aE\ 2HCD D2Dz O
DI R D1 Ra D -N2SN Ra-N 20 or Kb Zis CH or

N, 25 Dl lanbtogs ar-€iachefydsaid)eGHe maydicemaldtivgBtdited syn or
forma doudtzg bond to an oxygen; WD 2007/048088

PCT/ US2006/ 060028 185 D3 and D4 are each hydrogen or

t akernr} aget:hee iidepshdentigubl e bond to an oxygen; D5 is
hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

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

point of attachment to E is N;

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

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

of attachment to Qy is N
R is

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

contain an additional hetcromoicty scleeted from S, SO,, N, and O, and



5 hydrogen or -CH3, wherein said -CH3 may be
relatively oriented syn or anti; Ra and Rb are
wo naepesedent | y hydrogen, cycl oal kyl, hal oal kyl PCEU§1006/060028
aral kyl, heteroaryl, or 1@éheteroaralkyl; Eis N, S
O SOor S2, with the proviso that E may not be N if
the followng three conditions are sinultaneously
net: Qa is absent, Qb is 15 absent, and R3 is an
am no group or cyclic am no radical wherein the point
of attachnment to E is N, Qa is absent, -CH2-,
Tgl:rcC(%; is absent,, -NH, -CH2-

St mcmbt?w g BRODE sutakedt pabiaHAymsatakted or
be C( O) i far@mh@ \%Q}l’n ﬁ’%aﬁyﬁm En ﬂ{ﬁﬁ\ng&dG &Jﬁ%e{gﬁ ring may
may not be - Eis IS a
provi ded tIPFaErewt ﬁﬂ&{)’ Ch’@flea dﬂZ@SS N6 nicfimtR3ed sngumagrtienptionally
group or c nt 3
2t achment o A AR I oURELEL RS, B UWy; R may aiso

5 hydroxyal k8A ﬁmwomtphly@pmmnkwg mmm:bseaﬂ WiydreBiiswitrogen;
am ng@ad kyl , di hydroxyal kyl, al koxy, dial kyl am no
hydr oxyal kyI, - 000H, CO\|H2 -CN, -S02-al kyl -

-NH2, or Si ered. ring which cont a| ns a
| east oneq}@tr (g%egét omnﬁﬂg’% Carboxg’p"t%ﬂ&??‘é’m go. wsatheMmeYhn
addi tional heteronoicty selected fromsS, S02, N, and

10 39, am¥ MM7tm8ﬁ@&mlamm@masa ?Llﬂkﬁ&tbbﬁlpﬁsﬁé the

10 Y, aturate rt [ y

s@gﬁ?ﬁ% 1gtgr1n %{g{?o P2 SR lc ni trogen in
the 5 or 6 nenbered ring may be present as N-oxi de,
and the 5 or 6 nmenbered ring Wwe optionally
substituted with nethyl, hal ogeni, alkylam no, or

al koxy; R3 may al so XNH
R2

I

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

Alls
phenyl or pyridyl, either of which may be substituted with one of chloro,

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

Wis
pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl, any of
which may be connected through any carbon atom, wherein the pyrrolyl,
25 imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain onc -
Cl, —CN, -NO,, -OMe, or -CFj3 substitution, connected to any other carbon;
R?is

cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
30 tetrahydropyridyl, or dihydropyranyl, any of which may be independ ently

substituted with one or two of each of the following: chloro, fluoro, and Ca-
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5 be absent, with the proviso that R3 is not absent
when E is nitrogen; R4 is hydrogen, -OH, al koxy,

W@ 200008088 car boxanm do, or carbanoyl. 10 3. A nethos200€060028

reduci ng ki nase activity of87FLT3 in a subject
conprising the step of admnistering to the subject a
conpound of Formula 1: O NH X-( R2 | 15 or a

sol vate, hydrate, tautoner or pharnaceutically
acceptabl e salt thereof, wherein: A is phenyl or
pyridyl, either of which may be substituted wth one
of chl q | uor o, . net hy -NH2, -NH(al kyl),

N( al 3@]{:)5 2W1t §Ecaprowp)that t@%@y;@y}p)mdﬁ} isgonpggted to the ring A
am NaphRBY la; caWdnScdd Bdnd, . 1 M dazol yl, isoxazol yl,
oxazolyl, 1,2,4 triazolyl, or furanyl, any of mhich
may be connect ed through any carbon atom wherein the

sowrrolyl, 25 imdazolyl, isoxazolyl, oxazolyl, 1,2,4
triazol yl, or furanyl nay contain one - O, -CN -NC,
Ove, or -CF3 substlgﬁut on, D'&onnect ed to any ot her

car bgng R2 D3 henyl

di hy OSQQ %nyl anyl 30

t et rahydr i dyt-— or d| hydr pyranyl any of which may
be i ndependent+y substit(t&d with,one or two of each
of the follow ng: chloro, fluoro, and C(1, WO

2007/ 048088 PCT/ US2006/ 060028 187 3)alftyt, with the

provi ctrahydropy®? dyl is confect o the
r| ng {; i@a_cﬁab&ﬂ\é&ﬁg boRd\%EX .

D p2
0,5—N

, Or

Z 18
CHor N;

D! and D? are

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

D? and D* are
each hydrogen or taken together form a double bond to an oxygen;
D’ is
hydrogen or -CH3, wherein said ~-CH; may be relatively oriented syn or
anti;
R. and Ry, are independently

hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

Eis
N, S, O, SO or SO,, with the proviso that E may not be N if the
following three conditions are simultaneously met: Q, is absent, Qb is
absent, and R> is an amino group or cyclic amino radical wherein the

point of attachment to E is N;
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R3- D1 % EZ- ~a E Z- /| 5 H3C D2 D2 D2 O D~ R3- b D
Ra DL N a ECSNRa N/ or Rob Zis CHor N 10 D

wane7/o0bdsar e each hydrogen or taken together fBPECTVIS2006/060028

doubl e bond to an oxygen; 183 and D4 are 15 each
hydrogen or taken together forma double bond to an
oxygen; D5 is hydrogen or -CH3, wherein said -CH3 may
be relatively oriented syn or anti; 20 Ra and Rb are
i ndependent |y hydrogen, cycloal kyl, haloal kyl, aryl,
aral kyl, heteroaryl, or heteroaralkyl; 25 Eis N, S,
0, SOor S2, with the proviso that E may not be N if
the followi ng three conditions are simultaneously
met: @pisi s absent, b is absent, and R3 is an amnino
group or cyclic am no_radical wherein the point of

at t achment®entE-Gid-NCRHo0m ©4B088 PCT/ US2006/ 060028

188 Qa is
Qv is
absent, -NH-, ~-CHz-, -CH,CH,-, or C(0), with the proviso that Qb may
not be C(0) if Q. is C(0), and further provided that Q, may not be —
NH- if E is N and Q, is absent, further provided that Q, may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point
of attachment to Qy is N;

R*is

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONHz, -CN, -SO,-alkyl-R*, -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional hetcromoicty sclected from S, SO, N, and O, and
the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alk‘oxy; R? may also
be absent, with the proviso that R® is not absent when E is nitrogen;

R is

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

4. A method for inhibiting kinase activity of FLT3 in a subject comprising the

step of administering to the subject a compound of Formula I:



10

15

20

absent, -CH2-, -CH2CH2-, or C(O); 5 Qb is absent,
-NH, -CH2-, -CH2CH2-, or C(O, with the proviso that

waooraysossiot be C(O if Qa is C(O, and furthePCT/US2006/060028

provided that Qo may not b#89- NH if Eis Nand Qa is
absent, further provided that Qb may not be - NH if
R3 is an am no group or cyclic amno radical wherein
the point 10 of attachnment to Q@ is N, R3is

hydr ogen, hydroxyal kyl am no, (hydroxyal kyl) 2am no,

al kyl am no, 15 am noal kyl, di hydroxyal kyl, al koxy,

di al kyl am no, hydroxyal kyl, - OOOH - CONH2, - CN,
-S02-al kyl -R4, -NH2, or a 5 orPsi¥ menber ed ring

whi ch contains at |east one-hetgjpatom N and may
optionally contain an aatal het eronvi cty
selected fromsS, SO, N, a the 5 or 6
menbered ring may be saturat ed partl ally unsaturated
or 20 aromatic, wherein arondatic nitrogen in the 5 or
6 menbered ri ng may be present as N-oxide, and the 5

ere n opti qnal | substituted with
o Sﬂﬁfn?eﬁﬁ uf‘g‘r‘w? éi%aﬁsgceaﬁcaém%@ptaﬂs sa fheggafowherein:
be absent, W|th the proviso that R3 is not absent when
E.is nitrogen; R4 is 25 hydrogen, -OH, alkoxy,
ACgr boxy, carboxam do, or carbarnoyl. 4. A nethod for

i nhi hjhbhﬂ@r@yﬁd?ﬁ efRdr M cIPnal bl JubBithted WAESHe of chloro,
conprjsing the step of admniStering to the subject &

conp aod’fle thgh it a2 @w@mmﬂe@mmsswum) —O(alkyl) or 4-
PCT/ USARGKHA60028 189 QYW NH x al R2 |

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

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

R?is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and Ca-

salkyl, with the proviso that tetrahydropyridyl is connected to the ring A

through a carbon-carbon bond;

X is
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or a solvate, hydrate, tautomer or pharmaceutically
acceptable salt thereof, wherein: 5 As phenyl or

w@yoo7aydoss ei t her of which nmay be substituted wehuswes/060028

of chloro, fluoro, nethyl190-N3, -NH2, -NH(al kyl),
-N(al kyl)2, -S(al kyl), -Q(al kyl), or 4- am xi ophenyl;
10 Wis pyrrolyl, imdazolyl, isoxazolyl, oxazolyl,
1,2,4 triazolyl, or furanyl, any of which may be
connected through any carbon atom wherein the
pyrrolyl, imdazolyl, isoxazolyl, oxazolyl, 1,24
triazonI or furanyl nay contaln one - O, -CN -NO,
Owve, or -CF3,substi R3tpn, Dconnected to any ot her
carbggs 1? s eycl oal kyl j ophenyl,
di hyadr os ranyl prenyl , ranyl ,
tetrahygﬁgﬁyﬁ dy¥5—or dih pyranyl, any of which may
be |ndependeﬁfrj substitut’ed with-one or two of each
of the follow ng: chloro, fluoro, and CX 20 3)al kyl,

with the prov5so t hat tetrghydropyrld connect ed
to the throu ar bon- car bo bﬁiﬁngLs VO

2007/ 04%2 E§ 190R3<{ 2 A3 R -
R3bDIaDZ!5ba/ DZDk p220R3b
D~ Ra ~--N aE*62S-N Ra=N -°f
Zis
CH or N;

D! and D? are

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

>

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

heteroaralkyl,

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

Q. 1s

absent, ~-CHp-, -CH,CHs-, or C(O);



or Rb Zis 5CHor NN D and D2 are each hydrogen or
taken together forma double bond to an oxygen; 10 D3
wane748088 e each hydrogen or taken together foP@OT/ES2006/060028
doubl e bond. to an oxygen; 191D5 i s hydrogen or - CH3,
wherein said -CH3 may be relatively oriented syn or
15 anti; Ra and Rb are independently hydrogen,
cycl oal kyl, hal oal kyl, aryl, aralkyl, heteroaryl, or
heteroaral kyl; 20 Eis N, S, 0, SOor S, with the
proviso that E may not be Nif the followng three
condi tions are Ssi rrultaneously met: Qa is absent, Qb is
absen(é Sand R3 is an amino group or cyclic am no

gd: gagb\sﬁgﬁ{s&hﬂ&ﬁﬁe -C2B- pg_l—gtﬂgf o?g%? h%hfg)g‘}\%ﬁ %gl b Mmay

PCT/ US20067088648) lfl@alb )i andefiysiient provided that Qiangy not be

- CH2CH2-, t .

be GO i f G %@SN%?%HE rad ﬁ’g@fl%eqoth?ﬁék“%éﬂmtbe
5 may not beNH- R isfnmnjigo Blrcalmd)r@clucsarabweram,calfwhérbmrthe point

provi ded tJ}%Hamn&?Mo@fﬂsﬂe 5 NH if R3is an amno

group or cyclic amno *adi ¢al wherein the poi nt  of
attachment to Qo is N, R3 is 10 hydrogen, _
hydr geyal kyl am no, (hydroxyal kyl ) 2am no, al kyl am no,

10 hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONH_, -CN, -SO,-alkyl-R*, -NH_, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO, N, and O, and

15 the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substitutcd with methyl, halogen, alkylamino, or alkoxy; R® may also
be absent, with the proviso that R? is not absent when E is nitrogen,;

20 R’ is

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

5. A method for preventing in a subject a disorder related to FLT3 comprising
25  administering to the subject a prophylactically effective amount of a pharmaceutical

composition comprising a compound of Formula I:
O W
NH
2l
RZ
I

30 or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, wherein:
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am noal kyl, di hydroxyal kyl , al koxy, dial kyl am no,
hydr oxyal kyl , - 000H, -CONH2, -CN, -S02-alkyl -

WO bi2/048988 a 5 or six menbered ring which cont BETIESENG/060028

| east one heteroatom N andi9tay optionally contain an
addi tional heteronoiety selected fromS, SO, N, and
0, and 15 the 5 or 6 nenbered ring may be saturated,
partially unsaturated or aromatic, wherein aromatic
nitrogen in the 5 or 6 nenbered ring may be present
as N-oxide, and the 5 or 6 nenbered ring may be
lgFtionally substituted with methyl, hal ogen
ylanino or al koxy; R3 nmay also be absent, with

t he gmuym Iiylmayl B&hér%ﬂ%ml@?@a?% s%ﬁﬂut%d 'v%tkmﬂef ibro

20 R4 is dro koxy, carboxy, carboxam

or - caﬂ‘i?é fthy ‘NJA W&zhdﬂHfaélﬁyleré%hﬂDmgSGchyé) s@@ﬂe'd) or 4-
a dls@mﬁg@uhgiated to FLT3 conprising 25

adm nistering to the subject a prophylactically
effective anmount of a pharmaceutical conposition

wedrpri sing a conmpound of Fornmula I: O'W NH X Al R2

| 30 or a solvate, hydrate, tautoner or

phar aeell iezidasple isemrzalyleosablyl h%,ﬂeoﬁzolyihen' ﬁumymay of

yr 1y iy i ot Ay chifon bl e Frmolt:

chl oﬂ@ldazf)l}’ﬂ;bdﬁ@azﬁ]ﬁ't hylazolyl\B 2,4 tiid2olyl Niri(fatakiyl I}lay contain one -
- N( al | | k ]

W |( 2 dgyr ro y]l\Jég a)z%rl ;ﬁ% %I 3%1%120611 y?nne8%§]f% I"”%’ O%r ‘Z‘argon

triazolyl, or furanyl any of which may be connected
through any carbon atom wherein the pyrrolyl,

I mdazol yl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or
f ur amyé¢loatityl, ttaopizingl, ahiey drosulfonopyranyl, phenyl, furanyl,

tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and Ca-
palkyl, with the proviso that tetrahydropyridyl is connected to the Ting A

through a carbon-carbon bond;

Xis

D* p? RS_%’Q a

, Or Rp

CHorN;

D! and D? are

cach hydrogen or taken together form a doublc bond to an oxygen;
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10 d, -CN, -N&2, -Owe, or -CF3 substitution,
connected to any other carbon; R2 is cycloalkyl,

wo boogphsess/| , di hydrosul f onopyranyl, phenyl, furemnyk2006/060028

tetrahydropyridyl, or di hy#opyranyl, any of which may
be i ndependently 15 substituted with one or two of
each of the followng: chloro, fluoro, and C(1_

3)al kyl, with the proviso that tetrahydropyridyl is
connected to the ring A through a carbon-carbon bond;
XissD D2D3RbR3- bDDM-EZ % E Z 20 H3C
D2 p2 p2 OR3_ b D Ra\\ DI ~--N % E 2SN Ra~ or Rb
Zis CHor N, 25 D and D2 are each hydrogen or taken
t ogetibeind Of ea doubl e bond to an oxygen; WO

2007/ 048088 PCT/ US2006/ 060028 193 D3 and D4 are each
hydr ogen ofachaxerpgen getaken taasthrr fomoa dpeblb bnud toamexygen;
oxygen; 5 D5 is hydrogen or -CH3, wherein said -CH3
may bgs el atively oriented syn or anti; Ra and Rb are

i ndependenfJdfopen or -CHa, wherein said —CHj; may be relatively oriented syn or
anti;
R. and Ry, are independently
hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl,

Eis
N, S, O, SO or 8O,, with the proviso that E may not be N if the
following three conditions are simultaneously met: Q, is absent, Qy is
absent, and R? is an amino group or cyclic amino radical wherein the

point of attachment to E is N;

Q.1s
absent, -CH,-, -CH,CH,-, or C(O);

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

R3is

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONHz, -CN, -S0,-alkyl-R*, -NH,, or a 5 or six membered

ring which contains at Icast onc heteroatom N and may optionally



10 hydrogen, cycloal kyl, hal oal kyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; Eis N S, O SO or
weaR7/owdosh t he proviso that E nay not be N if poEULE06/060028

followi ng three conditionsi®r e sinultaneously net: Qa

Is absent, b is absent, and R3 is an am no group or

cyclic amno radical wherein the point of attachnent

to Eis N Qis 20 absent, -CH2-, -CH2CH2-, or C(O;

Q@ is absent, -NH, -CH2-,' -CH2CH2-, or C(O, wth

the proviso that Qo may not be C(O if Qais C(O,

and further provided that Qb may not be - 25 NH if E

is N and (ﬁon{)aén g additionsl heforemorstinsalester! fromeS, §F2nlyand O, and

not be NHhe 5forB3ndmbaad & CYyflil '

radi cal wherein the poi nt%g%%fﬁgﬁ%ﬁfyﬁém&@%%?md o

R3 is 30 FYardgerereip arunsii kirpasn inghe 5 or 6 membered ring may

(hydr oxyal LA ] ﬁq@qjﬂ .

di hydr oxy aﬁé %(ﬂ;%%ﬁg?ykjgxoﬂ %%g?%ﬁ%%o’ 3 gérdolg%/ga?%f Ibe optionally
5 000H, - coMpbstituewithomethyl,alogrn, alkipRing or alkbxpy R Sinxy also

menber ed brigge]%%,ﬁﬁt | tysl.east cone het croat.om
Nand ray optional 'y V%%%p&%&g%%ﬁhfﬁgdgﬁ‘g%ﬁdﬁ ogen;
194 &oAtain an additional hetcromoicty sclcctcd from
S, 502, N, and O, and the 5 or 6 nenbered ring may be
sat ur at ed hypagenalOY, alkeat, vakbeyl, @rboxanidg b carbamesei n
10 aromatic nitrogen in the 5 or 6 nenbered ring may be
11 X d the 5 or 6 nenbered ring nay
aﬁegﬁgﬁ%aﬁi?%ﬁ ag‘g S AT i h et hyl, hal ogen,
al kyl am no, or al koxy; R3 may al so be absent, with
t he provi hat..R3.is not absen en E is_nitrogen;
a1 B AEB g b Sty S Bt teclip B o etie
adraiviaeninyg to the subject a therapeutically effective amount of a pharmaceutical

15 composition comprising a compound of Formula I:
O W
NH
{1
R2
I

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

20
Ais
phenyl or pyridyl, either of which may be substituted with one of chloro,
fluoro, methyl, -Nj3, -NH,, -NH(alkyl), -N(alkyl),, -S(alkyl), -O(alkyl), or 4-
aminophenyl;
25
W is

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

30 Cl, —CN, -NO,, -OMe, or -CF3 substitution, connected to any other carbon;
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Wo-2003/0¢898%r | Si ng

10 and a pharmaceutically acceptable carrier. 6. A

met hod of treating in a subject a disorder related to
adm ni stering to the subj ectPar/us2006/060028
therapeutically effective #8fount of a pharmaceutica

15 conposition conprising a conpound of Formula I: O-W
NH X Al R2 | or a solvate, hydrate, tautomer or
pharmaceutically acceptable salt thereof, wherein: 20

A is phenyl or pyridyl, either of which may be
substituted with one of chloro, fluoro, nethyl, -N3,
-NH2, -NH(al kyl), N(al kyl)2, -S(alkyl), -Q(al kyl), or
]ﬁlsaninophenyl 25 Wis pyrrolyl, inidazolyl,

i sox abgfalouhcyl QKi@%HéﬁéJl dlﬂyd}oéulraﬂoﬁﬁhyi phylf fﬂ.&aﬁg

of which connected t through any carb

wher é?‘ﬁa}tm@mylﬁe/b oy dihydroRyaemyd) apy of ivdostamey P ; mdependenﬂy
0Xxaz @uidtitutkd vith (ﬁzt%y , y t 0
3001 Wb fth e AL realf of K RNV AR RO, AlBkCRTACa
to amﬁﬂathhwh dhgrmreniso ﬂ@t m@w@m&eeylpwmsm@ﬁb GEOORBA
195 1iehush 6%aHRALEYon Bdligopheny!

dlhydrosulfonopyranqn enyl , furanyl

tetrahydropyridyl, or dlhydropyranyl any of which may

sbg i ndependently substituted with one or two of each

of the follow ng: chloro, fluoro, and C(1_ 5 3)alkyl,

with the proviso tha kst dropyridyl is connected
to th% rlqg1B@ Dﬁrough §b carbon bond; X is

a
3

2 ]

“whowh O

>

AT
CHor N;

D! and D? are

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

D? and D* are

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

D’ is

hydrogen or -CHjs, wherein said —CHj may be relatively oriented syn or

anti,

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

Eis
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sD- D2D3R _% R3- bD D4 -EZ % E Z- | \--/
H3C D2 D2 D2 0O PN R3- b D Ra D a E a2s-NRa-N t>

waooon4daB8 Z is CH or N, 15 D andD2are each hpdrogmne/060028

or taken together forma dtwsbl e bond to an oxygen; D3
and D4 are each hydrogen or taken together forma
doubl e bond to an oxygen; 20 D5 is hydrogen or -CH3,
wherein said -CH3 may be relatively oriented syn or
anti; 25 Ra and Rh are independently hydrogen,
cycl oal kyl, hal oal kyl, aryl, aral kyl, heteroaryl, or
heteroaraH%;é %$? 2007/048088 PCT/ US2006/ 060028
196 N, S & P 058P Witk Hrome vise shat Eomenast te Nafthe

not be N ithlbweg thelel &Wﬂﬁﬂmﬁ Qﬁees'?mﬁﬁﬂf@ohélg'?ﬁet Cis absea'lt Qo is
S|nultanegﬁgly net : is absent, Qb is “absen

R3 is an plSGlFl 29YBY BT sy Ciaatning radisel wherein the
t he point of attachment to E is N;

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

Qbis
absent, ~NH-, -CH;-, -CH>CHs-, or C(O), with the proviso that Q, may
not be C(O) if Qais C(0), and further provided that Q, may not be —
NH-if E is N and Q, is absent, further provided that Q, may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point
of attachment to Qp, is N;

R?is

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONH_, -CN, -SO,-alkyl-R*, -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO, N, and O, and
the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alkoxy; R3 may also
be absent, with the proviso that R? is not absent when E is nitrogen;
R'is

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

and a pharmaceutically acceptable carrier.
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poi nt of attachnment to Eis N, 5 Qa is absent, -CH2-,
-CH2CH2-, or C(O; (Qbis 10 absent, -NH, -CH2-,

wo ari20kEdss or C(O), with the proviso that Qb nMRYT/URIING/060028

be C(O if Qais C(O, andifurther provided that Qb

may not be - NH if Eis Nand Qa is absent, further
provided that Qb may not be - NH if R3 is an am no
group or cyclic am no radical wherein the point of

attachment to Q@ is N, 15 R3 is hydrogen,

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

m nogl kyl i hydroxyal kyl , al koxy, diallcylam no,

var oreippd of st ShBmer eompp b edmisBion A - Ra,
chbidthedpeati®a@dntsi X nenbered ring which contains at

| east one heteroatom N and may optionally contain an

addi tional heteronmpiety selected fromS, SO, N, and
8, anthe thb@od 0 tlafin ¥ NRAIR dofmbAGnFBYRG i SBtonare8ne therapy.
partially unsaturated or aromaticC, wherein aromatic
nitrogen in the 5 or 6 nenbered ring may 25 be present
92 N-Pd Ml8ino@BH clafiff 65BN §h&damiiG-4R%

optionally 0subgtitufed fffﬁ%ﬁgthgl, na%ggenf#%nmunmhmapy
a&yl am no, or al koxy; R3 may also be absent, with the
10! OVIFR h88bd BP clafin B0 st doh Q9§ Riaft

is 30 hydrogen,CP%%?’arggiggkgﬁgggfg@hgggg%éégﬁ 6?§gphaapy
carbanoyl; and a pharmaceutically acceptable carrier
MO 20 4808 06/.060028.-197 7. The .met hod of
cfaiﬁ?é%gkurtﬁggg%%#gégégﬁﬁgg ﬁ?%%gg?%f*%ﬁagﬁngsu%ed
compmsingewdapeistcriog dgthetsubfSct Tbempedrhiosf Refrmalzl: m 6,
further conprising adm nistration of gene therapy. 5

O W

' NH
(1
R2
1

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

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

aminophenyl;

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

Cl, —CN, -NO,, -OMe, or -CF3 substitution, cornected to any other carbon;

R?is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
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9. The nmethod of claim®6, further conprising
adm ni stration of inmunotherapy. 10. The nethod of

wa@bk@7ougss f urt her conpri sing adm ni strati on of PCT/US2006/060028

radi ation therapy. 10 11.198 nethod for the treatnent
of a cell proliferative disorder in a subject
conprising admnistering to the subject a conpound of
Formula I: O NH XA R2 1 15 or a solvate, hydrate,
taut omer or pharmaceutically acceptable salt thereof,
wherein: A is phenyl or pyridyl, either of which may
be substit uted wi th one of chIoro fluoro, nethyl,
SN, S Cdmﬁfhaq)lp@qﬂ)two Ncarkof the fo]lcg(/mgk 91]11))r0 fluoro, and Cyy.
- al 1, with t#k préQi |
et sox%zoS?@‘ﬂ%ﬁ*ﬁgﬁffﬁ’l‘é&%S%“ﬁ%éﬁ&m origs A
furarf c”ggﬁfW¥°“WWﬁ%h %y be connected through any
carbon atom wherein the pyrrolyl, 25 im dazolyl,
| soxazol yl, oxazolyl, 1,2,4 triazolyl, or furanyl may

X®Bntain one - d, -CN, -NO®2, -Ow, or -CF3

substltutlon connected to gay ot her carbon; R2 is
cycl oal kyl @henﬁ rosul f onopyranyl, phenyl,
furan#k;t3@1 aﬁydrop LdE L_dlhydropyranyl any
of mhlcn3%$ ndependently_yl)2007/048088

PCT/ US20 198 subs uted with one or two of
each of the fO||0MAhg chloro flubro, and C(1_
3)alkyl, with the proviso that tetrahydrapgyridyl is

connected to the ring A through a cap rbon bond;
5 Xi R%s- @ B [M%-Ezy—
—E 623—N ‘ Ra~N
% > , OF Rb ;

Zis
CH or N;

D! and D? are

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

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

hydrogen or -CH3, wherein said ~CH; may be relatively oriented Syn or
anti,

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

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

following three conditions are simultaneously met: Q, is absent, Qv is
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~aZ Y HC3 D2 D220 R %l RaD ~-NEf-~2:
RaN or Ro Zis 10 CH or N D and D2 are each

whyarogess or taken together form a doubl e bondPtDUSZV06/060028

oxygen; 15 D3 and D4 are &dch hydrogen or taken
together forma double bond to an oxygen; D5 is
hydrogen or -CH3, wherein said -CH3 may be relatively
oriented syn or 20 anti; Ra and Rb are independently
hydrogen, cycloal kyl, hal oal kyl, aryl, aral kyl,
heteroaryl, or heteroaral kyl; 25 E IE N,N Sf t0h SO or
S, with the proviso that E may not be N i he )
fol | owi ng i‘tP?F’éfea’&%ﬁgi‘St PpREINgreEowt erychin eniig spdigsl wheeein the
i s absent, pdht 6SatdiEhAORA6FARQB8 PCT/ US2006/ 060028 199
absent, and R3 is an amno group or cyclic am no

radi cal wherein the point of attachment to Eis N Qa
is 5 @pgent, -CH2-, -CH2CH2-, or C(O; Qo is absent,
-NH, -CH2-, -CH2CH2-, or C(O, with the proviso that
Q may absent, -CHz-, -CH,CHp-, or C(O);

Quis
absent, -NH-, -CH,-, -CH,CH,-, or C(O), with the proviso that Qp, may
not be C(O) if Qais C(0), and further provided that Q, may not be —
NH- if E is N and Q. is absent, further provided that Q, may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point
of attachment to Qg is N

R’is

hydrogen, hydroxyalkylamino, (hydroxyalkyl)gamino‘, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONHz, -CN, -S0.-alkyl-R’, -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO, N, and O, and
the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alkoxy; R> may also
be absent, with the proviso that R? is not absent when E is nitrogen;
R*is

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

in a therapeutically effective amount by the controlled delivery by release from an

intraluminal medical device of said compound.

12. A method for the treatment of a disorder related to FLT3 in a subject

comprising administering to the subject a compound of Formula I:



not be C(O if Qais C(O, and further provided that
@ may not be 10 NH if Eis N and Qa is absent,

wo oovioesospr ovi ded that Qb nmay not be - NH i f R3I/US20861060028
am no group or cyclic am n2oor adi cal wherein the point
of attachnment to Q@ is N, R3 is 15 hydrogen,
hydr oxyal kyl am no, (hydroxyal kyl)2am no, al kyl am no,
am noal kyl , di hydroxyal kyl, al koxy, dial kyl am no,
hydr oxyal kyl , - 000H, -CONH2, -CN, -S02-alkyl -
-NH2, or a 5 or six menbered ring which contains at
| east one heteroatom N and. may optionally 20 contain
an additional heteronpiety selected fromS. SO, N,
and 0, and the 5 or 6 nenberéﬁﬁp ng may be saturated,
partially unsaturated or aromafic, wherein aromatic
nitrogen in the 5 or 6 npNberyd r|ng may be present
as N-oxide, and the 5 or 6 Hered ring maybe
optionally substituted wth neﬁhyl hal ogen,
al kyl am no, or al koxy; R3 may al so 25 be absent, with
the proviso that R3 is not absent when E is nitrogen,;
R4 is hydrogen, -OH, al koxy, carboxy, carboxam do, or
OF & FRx Ay Ny draE, tantomertys phpodceutdally actépsalile salt tropt} whyrein:
the controlled delivery by release from an
intralum nal nedical device of said conpound. 12. A

thod for the treatnment of a disorder rel at ed to FLT3

o PR by AR of GG RL B Sl PSR B,
PCT/ £/8200&i<is0028:, -I900, -DF KAk, -N(akyﬂeg S(a]ﬂyl)a-O(alkyl) or 4-

sol val e @ate, tautomer or pharmaceutically
accept égﬁm¥ It thereof, wherein: 5

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

Cl, —CN, -NO;, -OMEe, or -CF3 substitution, connected to any other carbon;

R?is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and Ca-

salkyl, with the proviso that tetrahydropyridyl is connected to the ring A
through a carbon-carbon bond;

Xis
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A is phenyl or pyridyl, either of which may be
substituted with one of chloro, fluoro, nethyl, -N3,

wo bidz/0480884( al kyl ), N(al kyl )2, -S(al kyl), -Q(al Rgt/)s2006/060028

4- am nophenyl; 10 Wis pyeeiol yl, im dazolyl,

I soxazol yl, oxazolyl, 1,2,4 triazolyl, or furanyl, any
of which nmay be connected through any carbon atom
wherein the pyrrolyl, imdazolyl, isoxazolyl,
oxazolyl, 1,2,4 triazolyl, or furanyl may contain one
15 d, -CN, -NO2, -Owe, or -CF3 substitution,

connected to any other carbopn, R2 is cycIoaIkyI
thlophenyl dhhy r osgbt op9 anyI phenyl , furanyl,

tetrap 3| gly‘or di\nydr.op anyl, any of which may
be |ndep 20 subStTEuted W th one or two of
each of B ol | &wi ng: chl fluoro, and C(1_

3) al kyl , MAtﬁ‘rﬁe pfOVISOFgﬁat tetrahydropyridyl is

connected to the ring A through a carbo zcarbon bond,;

Xis V\D 2007/ 948088 PCT/ US2006/ 060028 3 D D2 p3
D4 Rps_ 1 a E Z- Z H3C D2 O
D~ Ra D' akE 2 - N orRBbN
Z1is
CHorN;

D! and D? are

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

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

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

Ra and Ry are independently
hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or

heteroaralkyl;

Eis
N, 8, O, SO or SO,, with the proviso that E may not be N if the
following three conditions are simultaneously met: Q, is absent, Qb is
absent, and R is an amino group or cyclic amino radical wherein the
point of attachment to E is N;

Q. is

absent, ~-CHj-, -CH,CH;-, or C(O);
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5 CHor N, Dl and D2 are each hydrogen or taken
together forma double bond to an oxygen; 10 D3 and

wdooanesoeach hydrogen or taken together form aPdDubt0e6/060028

bond. to an oxygen; D5 is2@ydrogen or -CH3, wherein

said -CH3 nmay be relatively oriented syn or 15 anti;

Ra and Rb are independently hydrogen, cycl oal kyl,
hal oal kyl, aryl, aral kyl, heteroaryl, or

heteroaral kyl; 20 Eis N, S, 0, SO or SO2, wth the
proviso that E may not be Nif the follow ng three
conduilons are simultaneously nmet: Qa is absent, Qo is
absent®®and R3 is an anmi no group or cyclic amno

radi cal whéseitn-NHe -CEb-,pontCHS, oatj((a R thetpRosd fhalQy, may

I s absent 2007/048088
BCT] Usp0061BBE5IE) 1585 %8)1 @%fg‘g%ﬁftpmv that Qymay not be —

- CH2CH2-, WH- HIOls Nl ) tlb%@ﬁOMrbwlda thaf®Y mal ot be —
be C(O if 1S, C(O, .and further provided that

may not beNE- iR’ ispnpmigo RrORR QT QicliGemgipoandical wherpeythe point

provi ded tdraltatbmB®toRliske 5 NH if R3 is an am no
group or cyclic am no radi cal wherein the point of

attachment to Q@ is N, R3 is 10 hydrogen,

hydr qa¢y;al kyl am no, (hydroxyal kyl ) 2am no, al kyl am no,
am noal kyl , di hydroxyal kyl, al koxy, dial kyl am no,
hydroxyal kyl , - 000H, -CONH2, -CN, -S02-alkyl -

-NH2, or %y%r&ﬁen?hﬁfdrgﬁmlgﬁtjno, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
COOH, -CONHz, -CN, -80,-alkyl-R*, -NH,, or a 5 or six membered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO, N, and O, and
the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring may be optionally
substituted with methyl, halogen, alkylamino, or alkoxy; R’ may also
be absent, with the proviso that R? is not absent when E is nitrogen,;

R%is

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

in a therapeutically effective amount by the controlled delivery by release from an

intraluminal medical device of said compound.

13. The method of claim 11, wherein said intraluminal medical device comprises a

stent.

14. The method of claim 12, wherein said intraluminal medical device comprises a

stent.
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ring which contains at |east one heteroatoin N and may
optionally contain an additional heteronvoiety

waeleoigds from S, SO2, N, and 0, and 15 the 5 PECT/6S2006/060028

menbered ring may be saturaided, partially unsaturated
or aromatic, wherein aromatic nitrogen in the 5 or 6
nmenbered ring may be present as N-oxide, and the 5 or
6 nmenbered ring nay be optionally substituted with
met hyl , hal ogen, al kyl am no, or al koxy; R3 may al so

be absent, with the proviso that R3 is not absent when

Is pitrogen;, 20 R4 _is hydrogen, -OH al koxy,
1Ear bdgﬁ}}cﬂ&“g’r?f&%ﬁfla gfagpll @&rlﬁgali@ﬁyc dispydlcg in 2 subjcct comprising
atigiseabE ke klsMbRES @ﬂﬂéfa‘b%uﬁ(fﬂ?l‘;/mffekeﬁvé NE-GR raq,Jogxﬁ)%u d of
medrcar

delivi(y by rel ease from an 5 intralumna
Feoyrled: of said compound. 13. The method of claim 11,
wherein said intralum nal nedical device conprises a
stent. 30 14. The nmet hod of claithz, wherei n said
intralum nal nedical device co Ises a stent. WO

2007/ 048088 PCT/ US2006/ 060028 93 15. A nethod of
treating of a cell prol iXe di sorder in a subject
conprising admnistering to-thg2subject a
therapeutically effective amount of a conpound. of
Formula 1: O/W NH x Al RRI 51 or a solvate,
hydrate, tautomer or pharnmaceutically acceptable salt

1 hesienf., ;s s, 10 phenyl. or ridyl,  either
of F 8615, R Haltiom ot Py Rt bt ol SWorein:
fluoro, nethyl, -N3, -NH2, -NH(al kyl), -N(al kyl) 2,
Aptalkyl), -Q(al kyl), or 4- am nophenyl; Wis
phenyl or pyridyl, either of which may be substituted with one of chloro,
fluoro, methyl, -N3, -NH,, -NH(alkyl), -N(alkyl),, -S(alkyl), -O(alkyl), or 4-

aminophenyl;

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

Cl, —CN, -NO,, -OMe, or -CF;3 substitution, connected to any other carbon;

R”is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and Ca-
syalkyl, with the proviso that tctrahydropyridyl is connccted to the ring A

through a carbon-carbon bond;

X is
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15 pyrrolyl, imdazolyl, isoxazolyl, oxazolyl, 1,2,4
triazolyl, or furanyl, any of which may be connected

WO boogloggesany car bon atom wherein the pyrrol yl PCT/US2006/060028

i m dazol yl, isoxazolyl, oxa®olyl, 1,2,4 triazolyl, or
furanyl may contain one - C, -CN, -NO2, -Owe, or -CF3
substitution, connected to any other carbon;, 20 R2

is cycloal kyl, thiophenyl, dihydrosul fonopyranyl,
phenyl, furanyl, tetrahydropyridyl, or

di hydr opyranyl, any of which nmay be independently
substi tuted Mﬁth one or two af each of the follow ng:

chloro, fluorg, gnd @ 3) kyI with the proviso

t hat ydlozyé4dyl i ne ted to the ring A 25
through(%argr ar bon s WD 2007/ 048088

PCT/ US2 0028— 204 3 DSR- bR3- (~\b
DI D4 a E Z- [=aE H3C D2 D2 D2 © D R3 b DI Ra D1-N

a 62S-NRa-Nor Ro Zis 5 CHor N D2 are

each hydrogen or t aken toget her forn1 bIe bond to
re each hyd Q%:;;TLaken
0 an eg¥

an o and q%
together% or dou (g
2S—N

Z is

CH or N;

D! and D? are

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

{

D? and D? arc

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

D’ is

hydrogen or -CHs, wherein said —-CH; may be relatively oriented syn or

anti;

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

heteroaralkyl;

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

Q. 1s

absent, -CH,-, -CH,;CHy-, or C(O);
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hydrogen or -CH3, wherein said -CH3 may be relatively
oriented syn or 15 anti; Ra and Rb are independently

wohyarogess cycl oal kyl, hal oal kyl, aryl, aral kyPCT/US2006/060028

heteroaryl, or heteroaralkesl; 20 Eis N, S, 0, SO or
SO2, with the proviso that E may not be Nif the
follow ng three conditions are sinultaneously net: Q
is absent, Qo is absent, and R3 is an am no group or
cyclic am no radical wherein the 25 point of
attachnment to Eis N, Qa is absent, -CH2-, -CH2CHz-

or C(O,; WD 2007/048088 PCT/ US2006/ 060028 205 Q@ is
abserf® 18- NH-, -CH2-, -CH2CH2-, or C(O), with the

provi so t haj.£b \Ey "C?%E) éﬁz@f‘l@ ‘BE(@ vh_ﬁl E!%%OViQ@ﬂfat Qo may

further provided tHat
and Qa is I&ﬁé’élﬁ(o)ﬂmih&(%fm ﬁdéheltmmd@thmﬁbnmwmm—

5 N+ if
cherein t a5 M AR OWen il o800 B8 P RS B ve -
hydr ogen, N ok Yyialak peinmigromp of leydioaymlokydlisZawherein the point

al | &yl am' N di hydr oxyal kyl, al koxy,
di al kyl am noﬁaﬁyra?nggog Nd - COCH, -CONH2, -CN,

- S02- al kyl - -NH2, or a 5 or six nenbered ring
whi ch,scont a| ns at Ieast one heteroatom N and may
opt i ondr | y contain an additional heteronoiety

sel ected from S, 802 N and 0, and 15.the 5 or 6

menbered rin rat ed tiall unsatu

or ar omat 619 HX% ﬁ&f&ﬁ@@ﬁkﬁha?lﬁ@ S an@mo

menber ed ralmgomyl db@rdﬁf)@&ﬂ@i a@l&oxN' apau@eamﬁadlé}d}axy%ueﬂ -

6 nmenber ed é gﬁ t| naI §ubst|tute

met hyl , hat 8 2|’ a R‘O)@I 2REF hrR T Sikgpembered
ring which contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S, SO, N, and O, and
the 5 or 6 membered ring may be saturated, partially unsaturated or
aromatic, wherein aromatic nitrogen in the 5 or 6 membered ring may
be present as N-oxide, and the 5 or 6 membered ring inay be optionally
substituted with mcthyl, halogen, alkylamino, or alkoxy; R® may also
be absent, with the proviso that R’ is not absent when E is nitrogen;
R*is

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

conjugated to a targeting agent.

16. A method of treating of a disorder related to FLT3 in a subject comprising
administering to the subject a therapeutically effective amount of a compound of

Formula I:
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be absent, with the proviso that R3 is not absent when

E is nitrogen; 20 R4is hydrogen, -OH, al koxy, carboxy,
w@ a00boxsass do, or carbanoyl; conjugated to a tBCTES2006060028

agent. 25 16. A nethod of 20eeating of a disorder

related to FLT3 in a subject conprising admnistering

to the subject a therapeutically effective anobunt of a

compound of Fornmula 1: ONH X A R2 30 1 WO

2007/ 048088 PCT/ US2006/ 060028 206 or a sol vate,

hydrate tautomor or pharmaceutical ly acceptable salt

t her eof . Ais _phenyl or pyridyl, either of

Wi S{:’ﬁ ;‘}Y%ré{% %?b%‘%rfl‘f&&réﬂlavﬁl%%ueﬁfé Iyptecempblegalt rargafowherein:

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

-CXaIkyI), or 4- aninophenyl; Wis pyrrolyl,

41ﬁdazo|y| i soxazol yl, oxazolyl, 1,2,4 triazolyl, or

fur armllenylaﬁ)pyﬁﬁyl @Qh%f%l@@ﬁla?%e%ﬁﬂﬁ%]&gﬁ @&Ilfmfn%mhﬁﬂx

carbon atom wherein the rro azo

i soxdFOTMethylaAdt. yNH21- M (plie), aN(ﬂHyjl’l)z, o‘i(aﬂwt)af@(laﬂqy&)j or 4-
cont afin@inyl; A, - CN, N02 -Owve, or -CF3

substi tut’i on; ’connect ed t o any other carbon; R2 is 15
cycl oal kyl , thlophenyl dlhydrosulfonopyranyl, phenyl ,
wug anyl , tetrahydropyridyl, or di hydropyranyl, any of
whi ch may be i ndependently substituted with one or

two @vreddhinudazobyd, fsokdzolywlngkazolyl.dn4 trﬁ:hzmd)yloor ﬁlﬁ(hy‘l;(a,ny of

3) al K;&’Hwh Mag IBethSné%Ee% k?qigﬁ%%% c%r t h3 %o‘ﬁ %Trgl ﬁPYI‘I‘olyl

connected t
bond imidazolyl, 1soxazoly1 oxazolyl 1,2 4 triazolyl, or furanyl may contain one -

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

R? is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may be independently
substituted with one or two of each of the following: chloro, fluoro, and Ca-
nalkyl, with the proviso that tctrahydropyridyl is connccted to the ring A

through a carbon-carbon bond;
Xis

p? pd R Qv
e
\__/

3

Zis
CHorN;
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20 X is s-

D> D2 Ds RR3- %--ED D %E~Z\--2Z- |/

H3C D D2 p2D 3 R-D Ra) ~~-N b- t~_a bE

w@2e0M0Ba~N or Ro 25 Zis CH or N, WO 2007/ pdB08B06/060028
PCT/ US2006/ 060028 207 Dil2eand D2 are each hydrogen or
taken together forma double bond to an oxygen; D3
and D4 are 5 each hydrogen or taken together forma
doubl e bond to an oxygen; D5 is hydrogen or -CH3,
wherein said -CH3 may be relatively oriented syn or
anti; 10 Ra and Rb are independently hydrogen,

cycl oa] ky|
het erdagnd

., haloal kyl, aryl, arallkyl, heteroaryl, or
Rypre 15 Ei s

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

D? and D* are

D’is

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

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

R, and Ry, are independently

Eis

Q.is

Qb is

RYis

hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl;

N, S, O, SO or SO,, with the proviso that E may not be N if the
following thrce conditions arc simultancously mct: Q. is absent, Qy is
absent, and R” is an amino group or cyclic amino radical wherein the

point of attachment to E is N;

absent, -CHj-, -CH,CHz-~, or C(O);

absent, -NH-, -CH>-, -CH2CHz-, or C(O), with the proviso that Q, may
not be C(0O) if Q. is C(0O), and further provided that Q, may not be —
NH- if E is N and Q, is absent, further provided that Q, may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point

of attachment to Qs is N;

hydrogen, hydroxyalkylamino, (hydroxyalkyl),amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino, hydroxyalkyl, -
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N, SS O SOor SO2, with the proviso that E may not be
Nif the following three conditions are

waowlossaseously net: Qa is absent, Qb is absentT/USIU06/060028
R3 is an am no group or cy28i c am no radi cal wherein
the point of attachment to Eis N, 20 Qa 1S absent,
-CH2-, -CH2CH2-, or C(O; Q@ is 25 absent, -NH,
-CH2-, -CH2CH2-, or C(O, with the proviso that Q nay
not be C(O if Qais C(O, and further provided that Q
may not be - NH if Eis N and Qa is absent, further

provi ded tegb}go not be - if R3 is an am no
group or c SN G C%(PT'@JII%]FB‘I 1TNHre OHd P 9t sixgpembered
at t achment rif@whlehi conMling3 16283t bre ALRQEIN and tay opt1ona11y

hydr oxyal k | am no, (hydroxyal kyl)2am no
am noal kyl OnEﬁ“ﬁ%I P6‘§< iigpal\heteramRisiy selerted ﬁ?lﬂa%;l% N, and O, and

hydr oxy %ﬁ’lle 5 orW?flgIgQ%I{gQ gﬁ%%a}%réalf@%%gqé&ﬁgﬂgﬁnsamgted or
menber ed  HPREHGHY h,qnel@@mraatﬂsnlapg@easthe &ne thetwbozt oing may
N and may &Oﬁrb&%f‘hé ¥-0:G80 LAY the gﬂqo%lag ﬁ{e%b% dé’ﬁonn%m&y bte optionally

het eronoi ety selected fromsS

5 or 6 menvbptddtedimigy mﬂlméameuraikﬂdmupamlah\&obcy, R? may also
unsat ur at gsrﬂe e o, TR #&ms\@hﬁe[& Ns %spéﬁ%éﬁtcwﬂe'r}ﬁ Miiftogen;
N-oxﬁﬂ'els and the 5'or 6 rrerrbered ri ng rray be

optionally substituted with' nmethyl, hal ogen,

al kyl am ndiydorgea) Ko yalk&ay, mm;boajr,&xarbd&@nﬁdimemtcarbahbm;
the provi so that R3 is not absent when E is nitrogen,;

h%fgé'tl OH, al koxy, carboxy, carboxam do,
am)y %eugat ed to a targeting agent.

}

17. The method of any of Claims 1-16 wherein:

Ais
phenyl which may be substituted with one of chloro, fluoro, or methyl,
Wis
pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl any of
which may be connected through any carbon atom, wherein the pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl may contain one -
Cl, -CN, -NO3, -OMe, or -CF; substitution, connected to any other carbon;
R? is

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

through a carbon-carbon bond;

Xis
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15 17. The nethod of any of Clains 1-16 wherein: Ais
phenyl which may be substituted with one of chloro,

wo baoanegosor nmethyl; 20 Wis pyrrolyl, im dazoPgt/1sS2006/060028

i soxazol yl, oxazolyl, 1,2,20triazolyl, or furanyl any
of which may be connected through any carbon atom
wherein the pyrrolyl, imdazolyl, isoxazolyl,
oxazolyl, 1,2,4 triazolyl, or furanyl nmay contain one
- d, -CN, N®2, -Owe, or -CF3 substitution, connected
to any other carbon; 25 R2 is cycloal kyl, thiophenyl,
d|hydrosulfonopyranyl phenyl, furanyl,

tetrafyd &yr d}?b4or di hydr opyranyl, any of which nay
be i ndep&h e substituted with one or two of each
of the fofl gZ—<chl oro, fluoro, and C&l 30 3)al kyl,
with the pr OV| t hand setteeliedde dhspheady| Airmgyommde thehitrogen
to t hgkiiidn f%s&&ﬁ&ﬁ@ﬂ}ﬂmﬁlzPﬁn carbon bond; X is WO
2007/ 048088 PCT/ US2006 060 8 209 D2 D3 R3- DID4 ~a
E and i s atYseMed to the phenyl Aring para to the

nitrogen _sukstituent, as depicted in forrmula I1; OTW
NH X;@RZII 5Zis CHor NN D1 and D2 are
each b pzor taken together forma double bond to
an oxygen;
i
Z is
CHorN;

D! and D? are

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

D’ and D* are hydrogen;

Eis
N or SO»; with the proviso that E may nbt be N if the following three
conditions are simultaneously met: Q, is absent, Qy is absent, and R? is
an amino group or cyclic amino radical wherein the point of

attachment to E is N;

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

Qv is
absent, -NH-, -CHz-, -CH2CHj,-, or C(O), with the proviso that Q, may
not be C(O) if Qais C(O), and further provided that Q, may not be —
NH- if E is N and Q. is absent, further provided that Qp may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point

of attachment to Qp is N; and



10 D3 and D4 are hydrogen; E is Nor SO2; wth the

proviso that E nmay not be Nif the following three 15
wa@eoudiossoss are sinul taneously net: Qa is absePtT/USID06/660028

absent, and R3 is an am ndlogroup or cyclic am no

radi cal wherein the point of attachncnt to Eis N, Qa

is 20 absent, -CH2-, -CH2CH2-, or C(O; @ is absent,

-NH, -CH2-, -CH2CH2-, or C(O, with the proviso that

Q@ my not be C(O if Qais C(O, and further

provided that Q may not be - 25 N+ if Eis Nand Qa

S a?gent further provided that o may not be NH if

am no group or cyclic am no radical wherein

the poi nt hyio BABRL, L

2007/ 04808 }@gc%a'in L e inigS, NGl 1 i bger lylamino,

pi peri d. i iydroxyaisy lyamino, 1611@3&10%314 hmﬁ'ﬁl@d 1m1 azolyl, pyridyl,

hydr oxyal ky-aii Nioox1de(, my@ﬁ%x kybb%%@“ -@Q)NHZ, -é@@ %¥lens,, -
1-met hyl i'mi_dazol yrid ’
hydr oxyal KyHz, m mﬂcﬁmy a seﬂpe abe@zomah thESprNb‘Bp that R® is

nnrphollnykﬁaﬁ%ng@%matqg g%Qsent with the proviso
that R3 is not absent is nitrogen. 18. The

met hod of any of O ains 1 16 wherein: 10 A is phenyl;
1?“81@%&5&110(}1 ﬂ?@?éﬁ@% 1bSowaagl yl . oxazolyl, or

2,4 triaz any o ch may ~ 15 be connected
A frough any carbon atom wherein the pyrrolyl,
|n1dazolyl i soxazol yl, oxazolyl, or 1,2,4 trlazolyl
may obengdin one -G, -CON, -NCR2, - OWe, or -CF3
substitution, connected to any other carbon;

W is
pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, or 1,2,4 triazolyl, any of which may
be connected through any carbon atom, wherein the pyrrolyl, imidazolyl,
isoxazolyl, oxazolyl, or 1,2,4 triazolyl, may contain onc -Cl, —CN, -NO,, -

OMe, or -CF; substitution, connected to any other carbon;

R’ is
cycloalkyl, furanyl, or tetrahydropyridyl, any of which may be independently
substituted with one or two of each of the substituents selected from the group
consisting of chloro, fluoro, and C(1.3yalkyl, with the proviso that
tetrahydropyridyl must be connected to the ring A through a carbon-carbon
bond.

X is

% D1§—%
and is attached to the phenyl A ring para to the nitrogen
substitucnt, as depicted in formula IT;
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R2 is 20 cycloal kyl, furanyl, or tetrahydropyridyl,
any of which may be independently substituted. wth

wor®7ous0Bsv0 of each of the substituents sel ect rdI/UsTING/060028

the group consisting of cbilloro, fluoro, and
C(1.3)alkyl, with the proviso that tetrahydropyridyl
must be connected to the ring A through a
carbon-carbon bond. 25 Xis D2 D3 R3- DI D4 -~a E
~-~and is attached to the phenyl Aring para to the

nitrogen substitucnt, as depicted in forrmula Il; WO
2007/ 048088 PGI/ US2006/ 060028 211 O'WNH X R2 11
Zis CHor 5 D and D2 are each hydrogen or taken

are hyd kn; 10 Eis Nor SO2; with the proviso that

E mayxnot-DerN if the following three conditions are

simultaneously net: Qa is absent, Qo is absent, and R3
is an anino group or cyclic amino radical wherein the
poi nt of 15 attachnent to Eis N

Zis

t oget her : orLRHa doubl e bond to an oxygen; D3 and D4

CH or N;

D! and D? are

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

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

attachment to E is N

Q.18
absent, -CHj,~, -CH,CH,-~, or C(O);

Qv is
absent, -NH-, -CHy-, -CH,CH,-, or C(O), with the proviso that Qv may
not be C(O) if Qais C(0), and further provided that Qp, may not be —
NH- if E is N and Q. is abscnt, further provided that Q, may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point

of attachment to Q,, is N; and

R3is

hydrogen, piperidinyl, alkylamino, dialkylamino, hydroxyalkylamino,
(hydroxyalkyl);amino, imidazolyl, 1-methyl imidazolyl, pyridyl, pyridyl N-



Qa is absent, -CH2-, -CH2CH2-, or C(O; 20 Qb is

absent, -NH, -CH2-, -CH2CH2-, or C(O, with the
w@e@viossnsg hat Qb may not be C(O if Qa is C(QCT/ARIING/060028
further provided that Qo ngs2 not be - NH if Eis N

and Qa is absent, further provided that Qb may not be

- NH if R3is an am no group or cyclic am no radi cal
wherein the point 25 of attachment to Qo is N, and R3

i s hydrogen, piperidinyl, alkylamno, dialkylamno,

hydr oxyal kyl am no, (hydroxyal kyl ) 2am no, i m dazol yl,

1-nmeth i m dazol y| , ridyl yridyl N WO 2007/048088

pCT) A5 BP 0 65y s SBUEL - HONIRy i b SPIGH, NBgrpprohobny:

- CONHZ, mayhiso bS@BEIHB, withiR prdREPHRE RMY not aﬁﬁmmeﬁlﬁ@

be absent, with the proviso that R3 is not absent en

E i s "RP8gen. 5 19. The method of any of Clainms 1-16
wherein: A is phenyl; 10 Wis pyrrolyl, imdazolyl,

I soxazol yl , oxazolyl, or 1,2,4 triazolyl, any of which
ny e reehedef aw effeloimgh 1 deyvlsaeibon at om wherein t he

pyrrolyl, imdazolyl, isoxazolyl, oxazolyl, or 1,2,4
APBjazolyl, may contain one -d, -CN, -NO2, - Ow, or

- CF3 titution, connected to any other carbon; 15

R2 i s cycloal kyl, furanyl, or tetrahydropyridyl, any

of which ymay be independently substituted with one or
wwo of each of the substituents selected fromthe

group consisting of chloro, fluoro, and C(1_3)al kyl,

wi t h pytrelypriovd sl hiaox 2013t stxaablytlroo 0y 4 dydzolisinyst which may

conngg tcg&éc?edttﬂ%urgh %%y%a%b%%%%‘(gg, W ecréalrnk%ﬁg b;‘?r?&% I’}mi aozlg vl,

isoxazolyl, oxazolyl, or 1,2,4 triazolyl, may contain one -Cl, —CN, -NO,, -

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

R?is
cycloalkyl, furanyl, or tetrahydropyridyl, any of which may be independently
substituted with one or two of each of the substituents selected from the group
consisting of chloro, fluoro, and Cu-syalkyl, with the proviso that
tetrahydropyridyl must be connected to the ring A through a carbon-carbon
bond.

Xis

o D2 p? .

—K D \,5 @/D
%8—5 z—
/" and is attached to the phenyl A ring para to the nitro gen

substituent, as depicted in formula IT;
O W

Zis



Xis D2 D3 R3_ b D1+4-D4 aE Z \-/ and is attached to
the phenyl Aring para to the nitrogen 25
wanbgigosent, as depicted in formula I'1; O-W NH/UXRBR060028
Il Zis WO 2007/048088 PCT213S2006/ 060028 213 CH or
N, DI and D2 are each hydrogen or taken together form
a doubl e bond to an oxygen; 5 D3 and D4 are hydrogen;
Eis N with the proviso that E may not be Nif the
followi ng three conditions are simultaneously nmet: Qa
Is absent, Qb is absent, and R3 is an am no group or
cyclic 10_am no radical wherein the point of
attachmentCEOTRi s N, Qa is absent, -CH2-, -CH2CH2-,
or C(O; 15 @ is absent, -NH, -CH2-, -CH2CH2-, or
C(O, with the proviso that Qb may not be C(O if Qa
i s canddXgaeurt her provided that Qo may not be - NH

if Eis NaBflnh{drobsn 8PRREA togklel Rt LEQUIZEEL] 3 (%rgen'
may not be - I'f R3 1s am amno group or cyclic ?
3 am no radi cal wherein the point 20 of attachnent to

QD | HNLRFS des %]gggrgen, pi peridinyl, alkyl am no,
di al kyl am no, R roxyal kyl am no,

E is N; with the proviso that E may not be N if the following three conditions are

simultaneously met: Q, is absent, Qy, is absent, and R is an amino group or cyclic

10 amino radical wherein the point of attachment to E is N;

Q.1s
absent, -CHz-, -CH,CH,-, or C(O);

15 Qs
absent, -NH-, -CHy-, -CH,CH,-~, or C(O), with the proviso that Qp may
not be C(0O) if Q.is C(O), and further provided that Q, may not be —
NH-if E is N and Qa is abscnt, further provided that Q, may not be —
NH- if R? is an amino group or cyclic amino radical wherein the point
20 of attachment to Qy is N

R’ is
hydrogen, piperidinyl, alkylamino, dialkylamino, hydroxyalkylamino,
(hydroxyalkyl),amino, imidazolyl, 1-methyl imidazolyl, hydroxyalkyl, -
25 COOH, ~-CONH,, -CN, -SO,CH;, -NH,, or morpholinyl.

20. The method of any of Claims 1-16 wherein:

30 Ais
phenyl;

Wis



(hydroxyal kyl ) 2am no, i m dazolyl, 1-nmethyl im dazolyl,

hydr oxyal kyl , - 25 COOH, -CONH2, -CN, -SQ2CH3, - NH2,
waoroomosgol i nyl . 20. The met hod of any of C ai PET/LSH66/060028

wherein: 30 Ais phenyl; 2MWis WO 2007/048088

PCT/ US2006/ 060028 214 pyrrolyl, or imdazolyl,

wherein the pyrrolyl, or imdazolyl, may contain one -

a, -CN, N2, -Owe, or -CF3 substitution, connected.

to any other carbon; R2 is 5 cycloal kyl, furanyl, or

tetrahydropyridyl, any of which nmay be independently

substituted with one or two of each of the

substAYERét or seifierotddwheisin theeygobikpor invdarobili mgy oéntain onc -
chl or@, _&NUoGB,, -eide, drloR) Q\Lﬂ%ﬁh}tiow,' é&m‘é?‘.ﬁ% P(E %?g&%elt &?f)on;

t et rahydropyridyl mist be connected to
t hrough a carbon-carbon bond. 10 Xis D2 D3 R3- D1D4
g23sE \-/ and is attached to the phenyl Aring para to
the nitrogen substituent, as depicted in formula II
5 O NH cyXlopikyl,|firangb o tatsuh@itopyrifiyl, afy ofambich2neartee independently

substituted with one or two of each of the substituents selected from the group
consisting of chloro, fluoro, and C¢y.syalkyl, with the proviso that
tetrahydropyridyl must be connected to the ring A through a carbon-carbon
bond.
10
Xis

—& D D
Ml ansid
N/ and is attached to the phenyl A ring para to the nitrogen

substituent, as depicted in formula II;
O w

15
Zis
CHorN;

D! and D? are

20 each hydrogen or taken together form a double bond to an oxygen;
D’ and D* are hydrogen;
E is N; with the proviso that E may not be N if the following three conditions are

25  simultaneously met: Q, is absent, Qy is absent, and R* is an amino group or cyclic

amino radical wherein the point of attachment to E is N;
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20 each hydrogen or taken together form a doubl e bond
to an oxygen; D3 and D4 are hydrogen; Eis N, with
wWo b@7/usm88 so that E may not be N if the foll owamusimeas0028
conditions are 25 sinultakously net: Qa is absent,
Q is absent, and R3 is an ami no group or cyclic
am no radi cal wherein the point of attachnent to Eis
N, WD 2007/048088 PCT/ US2006/ 060028 215 Q 1S CO Qb
is absent, -NH, -CH2-, -CH2CH2-, or C(O, with the
proviso that Qo may 5 not be C(O if Qais C(O, and
further. provided that Qb may not be - NH if Eis N
and é&”§§x%bsent further provided that Qo may not be
- NH if RBis an amino group or cyclic am no radica
wherein the point of attachnent to Q@ is N, and R3 is
10 hﬁ@%@gen piperidinyl hydroxyalkylanino,
(hydr oxyalJoyba:2apno 'saéh or CHOR Wikl BT A0 that Q, may

i m dazolyl, 1- net hy |n1daz

N- oxi de, HWB? M?hfﬂ@d is C(QOIBHd ﬁlﬂmﬂlﬁowd@l\l;hat ot be —
-NH2, or Pﬁ% stIW%mti #g sngsetq}h% e% Epd (9 %‘yqt?’%fﬁ’{‘ﬂ%be _

Cains 1- mherel npoun O LR
group con é\JHt iRy ipfn EHm;(agmup or aysclib- ammb oxaditdloviaetid the point

[ 4- (4- netQ%kFQ&R&%%%ég% Kﬂ;éﬁ (3- nethyl-thlophen-

% yl) - pheny o-furan- 2- carboxylic
Rags d.

4- h
R B ks TP BB s i
aCI d dﬁatlk}(lam&me inldapolypt I‘ll—Iﬂbihyl‘rmylld)tzcﬂyl( ﬂ)yﬁdﬁ; Byrid® N-oxide,

4 cy DRTFRYE dEORNEE - S ORRc i 156K s 988, or morphotingt.

[ 2- cyclohex | -enyl -4-(1, 1- di oxo- hexahydro- 1?
6-t hi opyran-4-yl)-phenyl]-am de, 30
25- cyame d&ﬁﬁbﬁm@&ff@éﬂﬁd L-18GkBerein the compoundI 1)s selected from the

cl.ohex enyl - 4- (4- nethy pi perazin-1-y
el AR AR o,

5-cyano-furan-2-carboxylic acid [4-(4-methyl-piperazin-1-yl)-2-(3-methyl-thiophen-
2-yl)-phenyl]-amide,

5—cyano—ﬁ1ran—2-ca;‘boxylic acid [4-(4-methyl-piperazin-1-yl)-2-(2-methyl-thiophen-
3-yl)-phenyl]-amide, |

4-cyano-1H-imidazole-2-carboxylic acid [4-(1 -acetyl-piperidin-4-yl1)-2-(1,2,5,6-
tetrahydro-pyridin-3-yl)-phenyl]-amide,

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

5-cyano-furan-2-carboxylic acid [2-cyclohex-1-enyl-4-(4-methyl-piperazin-1-yl)-
phenyl]-amide,
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WD 2007/ 048088 PCT/ US2006/ 060028 216
5- cyano-furan-2-carboxylic acid

WO 200084898%li hydr o- 2H pyran- 4-yl ) -4-(4-net hyl -  PCT/US2006/060028

pi perazin-1-yl)-phenyl ] -amige,
4-cyano-| H i m dazol e- 2- car boxyl i c acid
[2-(1, 1-di oxo-1, 2, 3,6-tetrahydro-1X6- 5
t hi opyran-4-yl)-4-pip eridin-4-yl-phenyl] -amd e,
4-cyano-1 H i m dazol e-2-carboxylic acid
[4 (1 acetyl -pi peridin-4-yl)-2-(1, 1- dioxo-
tetrahydro-1_X6-thi opyran-4-yl)- am de,

I%V%lo %ﬂﬁ‘@i'F?ﬁb%Y I qoid b?oﬁc’yﬁﬂéh}’é’é@ﬁﬂ-pyran—‘l-yl) ~4- 8 —mcthyl-
ph&ﬂmﬁﬂﬂh%brﬁg&ﬂ}ﬂﬁ&hﬂ'-plperaZIn 1-yl) - bi phenyl -

yl ]-am de, 5-cyano-furan-2- carboxyllc acid
[2 -fluoro-5-(4- nethyl pi per azi n-1-yl) - bi phenyl -
4¥<|:§}ah6mfﬂﬁmd%§oléfh'— )%3(11% “a¥ (]1 1- dloxP ]HZ 3 q tetrahydro 125~

H'1 m dazol e- 2- car -amn
thléﬁyﬂanﬂhﬁlhﬁl}@elpdlpér Vldphanjll]ydmlda,c et ic acid,
4- cyano-| Hi m dazol e- 2- carboxylic acid
[ 4- (1- car banmoyl net hyl - pi peri din-4-yl)-2- 20
4c§b@lngﬂékuhidem/1b 2p¢wbmiy]licaln’icﬁ[e,—(l -acetyl-piperidin-4-y1)-2-(1,1-dioxo-
5 zol e- boxyljc acid
1[A22$’¥3€trat{yl}%ﬁ 18??3%“143’3.5@% —Vﬁi ~Hrpslr i di n-
4-yl - phenyl] an1de 25
carboxyllc acid
{‘i‘*’a\éﬂ} g_x‘ce}mb%ﬂgzhc aﬁl‘{z [--peethxldr Grypetehpiperazin-p-yD-biphenyl-2-
yBrdmlids- 4-yl ] - phenyl -am de, 4-cyano-1
H-inidazolc-z-carboxyllc acid [ 2-(4-met hyl -cycl ohex- |
-cnyl ) -4-(1-pyridin-
52y miray 12~ RirbSE1R RdrY o RS Y e &ﬁﬁera??lg 1-y])-biphenyl-2-

4- cyano-| Hi m dazol e- 2- car boxyl'i ¢ aci
yHlARide) ohex- | - enyl - 4- [ 1- ( 2- hydr oxy- | -
hydr oxynet hyl - et hyl ) - pi peri di n-4-yl]-phenyl} -am de,
WO 2007/ 048088 PCT/ US2006/ 060028 217
(4 ty eneanpriHhinaizedle-22carbeiyd e ginimp detytlohex-1 ~enyl-phenyl}-
hyl ) - pi peridin-4-yl]-2-

pﬁﬁ?hﬁhéél%¥%ﬂ§F8% henyl} -anide, 5

4-cyano-| Hi m dazol e- 2-car boxylic acid

4-{c§aﬁ&l (fhoiﬂﬁéaéolee Eycarb%ngﬂ‘c gmdrm (P I'E:gll‘blagloyh}{ethyl—mpendln— 4-y1)-2-
cyclohex-1-enyl-phenyl]-amide,

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

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

4-cyano-1H-imidazolc-2-carboxylic acid [2-(4-mcthyl-cyclohcx-1 -cnyl)-4-(1-pyridin-
2-ylmethyl-piperidin-4-yl)-phenyl]-amide,

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1 -(2-hydroxy-1-
hydroxymethyl-ethyl)-piperidin-4-yl]-phenyl}-amide,
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et hyl ) - pi peri di n-4-yl]-phenyl } -am de,
4- cyano-| Hi m dazol e- 2- carboxylic acid

wQ 2e0aedoshex- | - enyl - 4- pi peridin-4-yl phenyl) - pOT/U82004:060028

4-cyano-1 H i m dazol e- 2-caeBoxylic acid {2-cycl ohex- |
-enyl -4-1 1-(2-

nmet hanesul fonyl - et hyl ) - pi peri di n-4-yl]-phenyl} -am de,
4-cyano-| H i m dazol e- 2- carboxyl i c acid

[ 2-cycl ohex- I -enyl -4-(1-pyridin-2-yl methyl - 15

pi peridin-4-yl)-phenyl]-am de,

4-cyan-| H i m dazol e- 2- carboxylic acid
{2-cyclopent-1|-enyl-4-[1-(1-nethyl-IH

4@&@2@ ualq»smgtz!wérﬁo 1R a%ﬁag eg_xié J?gﬂy Inkper RH-4517-2-

4-cyano-| H 1 m daz e 2 ca
%@k%WEHGEWhPhWB@h?hum%pIperldln 4 yl - phenyl) - ani de
4-cyano-] H pyrrol e-2-carboxylic acid (2-cycl ohex-
-enyl - 4- pi peri di n-4-yl - phenyl )- am de, 25
deyrpanidi- ﬁlhﬂdamldézcﬂrbe@liceuctlb{@#bj'cdom tkenyl-4-[1-(2-morpholin-4-yl-

clo I 3.4,5, 6-tetrahydro- 2H |

%f%ﬂffﬁm6§?h4‘ﬂyﬁ¥%y§ %ﬂ Enyl] am de, 4- cyan 1

H pyrrol e- 2- carboxyllc acid [4- (1 -acetyl

r|d| pheny m. de

GO e PSS e ari BRiclarea an-‘fqzéJ }slysvslﬁé"x-ylw
phenyl)-athide, 1- ( 1- oxy- pyri di ne- 3-

car bonyl ) - pi peridi n-4-yl]-phenyl} -am de, WO

2007/ 048088 PCT/ US2006/ 060028 218
446§fa)ﬁanl<H-hﬁdaﬁ@l@@l@ir@m%rliéa{chp{glby&olﬁﬁd—Iienyl 4-[1-(2-

PR efat P llnglfr ek de. s

4- cyano- 1H—|n1dazole -carboxylic acid
{2-cycl ohex- I-e2¥l (3-norpholin-4-y
&1

-4-[1-
rEBP IR mdgrel %ﬁrkapwlw a]cuuﬁewlohpxdnmé -4-(j-pyridin-2-ylmethyl-
ph%ﬂmgﬁ4%¥ﬁﬁgm$ﬁyhﬁwgazoIe 2-car bonyl ) -am no] - 3-cycl ohe

X-1 -enyl-phenyl } pi peri di ne- 1- car boxyli ¢ acid
am de, 10 4-cyano-1 H i m dazol e-2-carboxylic acid

4{-gyaﬁbfglll-pﬂﬁfﬁ'azéle—'ﬁ&\ﬁ)o'x%ﬂ{c abid WE}C%&%’L—% ~enyl-4-[1-(1-methyl-1H-

imidazol-2-ylmcthyl)-pipcridin-4-yl]-phcenyl} -amidc,

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

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

amide,

4-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(3,4,5,6-tetrahydro-
2H-[1,2"Tbipyridinyl-4-yl)-phenyl}-amide,

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

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(1-oxy-pyridine-3-
carbonyl)-piperidin-4-yl}-phenyl}-amide,
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car bonyl ) - pi peridi n-4-yl]-phenyl} -amde, 4-
{4-[(4-cyano-1

waokioriogssol e- 2- car bonyl ) - ami no] - 3- cycl ohex- | PCT/US2006/060028

-enyl - phenyl} - 15 pi peri de18e- 1- carboxylic acid

(2- hydroxy-ethyl)-am de, 4-cyan-1

H i m dazol e- 2-carboxylic acid {2-cycl ohex-1 -enyl-4-]

1-(2-3Himdazol -4- yl-acetyl)-piperidin-4-yl]-phenyl}

-am de, 20 4-cyano-1H i m dazol e-2-carboxylic acid

{2-cycl ohex-1-enyl -4-[1-(2-pyridin-4-yl- ac etyl)-pip

eridi n-4-yl]-phenyl } -am de, 4-cyano-1

H i mi dazol e- 2- carboxylic acid (2-cycl ohex-1-enyl-4-{

Acyladol1H-Maidaydieb- - - 4.

| r)E o] (LB - g&cﬂé?xyhc_aglld é cyclohex 1- e?yl -4-[1-(1-oxy-pyridine-4
Bﬁ%%?ﬂyp%nﬁwméﬂdhshali aﬂ@dQ.++||n dazole 2-carboxylic

acid {2-cyclohex- | -enyl-4-][ 1-(2-pyridin-3 -yl-

acetyl) pi peri di n-4-yl]-phenyl} -am de, 4-cyan-1
depsiappddi-snslazole-gr trokepilic aaish (2- @Q}lclyaal-bh@d- 4 1-(madrplblin-4-yl-

né§ﬁ§ﬂggﬁwP8H§4ﬁ%k% S |peTidin-4-yI]-phenyI)

-am de, 4- cyano 1 H-|W|dazole 2- carboxylic acid

{ i
4 %[ &4@9&&? )iHe rrxln Sil)fé Zyﬁa.}bonﬁgn )ﬂ%¥l c%clg)ggx\}\ﬁnyl—phenyl}—
meI@AB@&&oEﬂTd W@ﬁ:ﬁieO60028 219

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

[4-(1-acetyl -piperidin-4-yl)-2-cycl ohex-I -
460)1ylh9-[1lﬁbn§tlld]azcﬂd§md®rb(&yhc acid {Z—Tyclohex-ldenyl -4-[1-(pyridine-3-

0 car oxy i C aci

CTTEO}{?I@]P&?&?“} 4@%1’%@3’?}1 % ( 2- hydr oxy-

et hyl) - met hyl - an1no] acetyl }-piperidin-4-yl

)= 1H—|n1dazole 2-carboxylic
A Q%% ILQ/ iﬁdﬁgiaqol%ﬁvﬂ%@ny@ -] ipheri g L-Heeny -
pReyidjrepl -parbbk HickcAd Y)-hyBeN¥Ihy})-ardillede, 10

4-cyan- | Hi mdazol e- 2-car boxyl'ic acid
{2-cycl ohex-1| -enyl -4-[1-(2-norpholin-4 yl- ac

4Qiyiﬂ1() 1Pi- @mﬁﬁio@é D= (ﬁf%)&khc Q&ﬁr{ﬁl-cy}clo'lﬁg‘ ld&yl 4-[1-(2-3H-imidazol-4-
Cyano- 1Hi m dazol e- 2- car boxyl'i ¢ aci

y{ acqtsil) PRCEiGYB-pResramideyryl ) - 15
pi peridin-4-yl]-2-cycl ohex-I-enyl - phenyl }-am de
trifluoroacetic acid salt,

4-ppenor 1H- m}ldﬁql%%ﬂamyhaﬂ@d>{9+qy010évcxd ~¢3l-eyld - @heyridid-4-y1-
ac ??lp%nﬁhpﬁwl]dﬁﬂbnﬁ; Saﬁ;gnyl) ani de his

tri uor oacet’i'c
4-cyano-1H-imidazole-2-carboxylic acid (2-cyclohex-1-enyl-4-{1-[2-(1 -methyl-1H-

imidazol-4-yl)-acetyl]-piperidin-4-y1}-phenyl)-amide,

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

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

4-cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1-(2-pyridin-2 ~yl-
acetyl)-piperidin-4-yl]-phenyl } -amide,
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20 5-Chloro-4H1[1,2,4]-triazol e-3-carboxylic acid
(2-cycl ohex- 1| -enyl - 4-pi peridin-4-yl - phenyl)-am de

wo pif7louges®aceti c acid salt, PCT/US2006/060028

5- Cyano-| Hi m dazol e- 2-carboxylic acid

[ 2- cycl ohex-1-enyl -4-(cis-2,6-dinet hyl -

pi peridin-4-yl)-phenyl]-amde his trifluoroacetic acid

salt, 25 5-cyano-1H i nm dazol e-2-carboxylic acid

[ 2-cycl ohex-1-enyl -4-(trans- 2, 6-di net hyl -

pi peridin-4-yl)-phenyl]-amde bis trifluoroacetic acid

salt, 5-Cyano-1Him dazol e-2-carboxylic acid

{2-cycl ohex-1-enyl-4-[1-(R)-(+)-(2,3 30

4déshyer 10K m il adl b 20y boRj1R G 45 P@g@m 151 -
mano 1 H-| m dazol )RJZ cgirdtj)ﬂgg(;/llﬁ%{}}é 1°d. Ill‘hcy;/urjl abhex !

epylgmyw #rpigenet hoxy- pi peri di n- 4-yl)-phenyl ] - an1de

trifluoroacetic acid salt, WO 2007/048088

PCT/ US2006/ 060028 220

myeyaﬁél-mdiamléa?z@lr@mi@apiﬂdzycmch)has+1denyl-4-(1-{2-[(2-hydroxy-

Ch@fﬂ%eéyﬂﬁmﬂgn%%egﬁph@ ?g%ﬂkf% pyﬁg%inyl-S-yl]-am

ide trifluoroacetic aC|d salt

4?:1%(?{1?—&]1“&%19 &Irlfci%é i %ﬁo %yc (?Isex—ldenyl 4-[1-(2-dimethylamino-

am no-
apritplamipkiridink4ystl]-pRergV e hmithx I - enyI phenyl } - ani de
trifluoroacetic acid salt,
5- Cyano- 1H-i m dazol e- 2-car boxylic acid
4 §rany-d FoineidatoleBydarioxy(i2 aciet ﬂiamiiﬂe&qnyﬂyIA [1-(2-morpholin-4-yl-

I h hyd 2, bi di nyl -5
S rlpchiaa -ﬁ%b‘iﬂ@aﬁ% e ol & 2 chr boxyl (G 26 ¢
{2 cyclohex | -enyl-4-]1-(2- nethylanino-
d enyl}. -
T T RISk S—
p{p&nd(n24-@’l]ﬂ3bwblaﬂiﬂ- NenyiC Iiﬁ{eﬁ&])} ﬁnfdé tﬁﬂﬁé‘oacetw acid salt,

di met hyl - cycl ohex- I - enyl) , 6' - hexahydr o-
[2,4"]Dbipyridinyl-5-yl]- an1de trlfluoroacetlc acid

4H6[11§2 4 itz Sl Gy edFBodittcl d@l(ﬁ@zéyc?oléxglaém Wﬁf‘pgn@ﬁ' A lyl-phenyl)-

! 4 4- neth I-cyclohex | "enyl)
lcé‘PthW §.1',2,3 ,4' 5'

6' hexhydro [2,4" ]bipyridinyl-5- yI] anide 20
trifluoroacetic acid salt, and sol vates, hydrates,
5{CerorHi-4 L.asd- tHpeplera cathaxylie Iaylde(éwploab*f} aal-piperidin-4-yl-

plidhoneohide &dfludiBEcJiRt fodsaf, any of daims 116, wherein

t hée "conpound 1s sel ected romthe 25 group consisting
of

5-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(cis-2,6-dimethyl- ’

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

5-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(trans-2,6-dimethyl-
piperidin-4-yl)-phenyl]-amide bis trifluoroacetic acid salt,

5-Cyano-1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[1 -R)-(+H)-(2,3-
dihydroxy-propionyl)-piperidin-4-yl]-phenyl}-amide,

5-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4 -(1-methoxy-piperidin-
4-yl)-phenyl]-amide trifluoroacetic acid salt,
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5- Cyano-furan-2-carboxylic acid
[4-(4- et hyl - pi perazin-1-yl)-2-(4-nmethyl -thi ophen-

w@2007)p4g0Benyl ] - am de, 30 PCT/US2006/060028

4- Cyano- | Hi m dazol e- 2-car 22xyl i c acid

[ 2- (4- et hyl - cycl ohex-1-enyl) - 4-pi peri di n-

4-yl - phenyl]-am de trifluoroacetic acid salt, WO
2007/ 048088 PCT/ US2006/ 060028 221

4- Cyano- | Hi m dazol c- 2-car boxylic acid
{2-cyclopcnt-I-cnyl-4-[1-(1-nethyl -1 H

i m dazol - 2-yl met hyl ) - pi perid.in-4-yl]-phenyl}-am de

|fluiﬁoac cid. salt . )

SO B Tiothed Grbosy B e £G4 -ciethyl-oyclobex-1-enyl)-

1{ 2 GS/,@i ShEXhdxaRytb-[4 4P 1b11§§31dﬁ9§1@391]1aﬁl1&e WhRroacetic acid salt,
et hyl ) - pi peri di n- 4- yI] -phenyl } -am de
di-trifluoroacetic acid salt,

A€y OH Lk ddﬂo(@Z-@l&%og%{ﬁ@Qé?@ XY Irh (‘(2 64%190-2-m ethyl-propionyl)-
{2-cycl ohex-1-enyl - di net hyl

PiRestdip--3 Bt—?ﬁ’P’d’lhﬁX 4 W—pbmgragm@ﬁrdbmmnduq@md salt,

5- Cyano-| H i m dazol e- 2- carboxylic acid

5[2 cycl ohex- 1| -en 4-(cis-2,6-di net hyl -
ptpritor Hilimddagple- %‘ﬁ@ﬂWK}’lﬂafml@ ES-bydohex-1 -Ieuy)lr— s a(@ehenhamuﬁonyl—

e%ﬁ’éﬁé?ﬂﬁ‘% ?2%“?3‘9%%&33?? &]?gggh ?ne% : 15 23. A

nethod for reducing kinase act|V|ty of FLT3 in a cel

% 46153 g&bgj(%l%cc fe pr gcrlg AT i ﬁ&@L?T[xﬂK.&pﬁﬁa’fﬂQaﬂiﬂO-

conpou e conpoun

aN*?Dﬂ@@Gﬂ@HNHsdehmna}anﬁmﬂte hydrate, tautoner or
pharmaceutically acceptable salt thereof. 20 24. A
met hod for inhibiting kinase activity of FLT3 in a

4e@ydnoeGigpmidsizolg-2-babst@ir ackd [ICADiRGkiNYiRe-aeekl)-o

SRR S BB e BSBbAS L5 s i

trlﬂuoroacetlc acid salt, and

4-Cyano-1H-imidazole-2-carboxylic acid [6-(4,4-dimethyl-cyclohex-1-enyl)-1°-(2-
methanesulfonyl-ethyl)-1°,2°,3°,4°,5°,6°-hexhydro-[2,4’ Jbipyridinyl-5-yl]-amide

trifluoroacetic acid salt,
and solvates, hydrates, tautomers and pharmaceutically acceptable salts thereof.

22, The method of any of Claims 1-16, wherein the compound is selected from the

group consisting of:

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

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



222 or a solvate, hydrate, tautontr or
phar maceutically acceptable salt thereof. 25. A nethod
wo evo70esd8ci ng ki nase activity of FLT3 in a subPe€r1S2006/060028
conprising the step of adedinistering a conpound of
the present invention: 5 HHN ~--CN \ N'~ / O N Na
| o or a solvate, hydrate, tautoner or
pharmaceutically acceptable salt thereof, to the
subject. 10 26. A nmethod for inhibiting kinase
activity of FLT3 in a subject conprising the step of
adm ni stering a conpound of the present invention: H

4Kyane-1 Heppidgoty-2 werhexgbe geidd2- cwmpanfel cndlod-Oiné-mothyl- 1H-
1%%&9%&!6&@%—%@@&&59{ 91? p%eﬂg@ ankifi€ Erﬁﬁrdroz{c%%‘t: N&id sgrﬁ

subj ect thod fo nting in | ect
di sorder related to FLT3 conprising adm nistering to

4—E§a§&@fﬁ%d?ﬁo@é’-g%€gﬁﬁé géﬂil{é-c Io%%gz 1- eehy?— = g(éﬁrgglgiolin-él-yl—

ph rmaceuti ca | On CO I‘ sSing a“co
5  etind)-piresidin-4-iyhivigheny Gramizie mﬂmﬁaﬁ@sﬁa@sﬁi salt,
PCT/ US2006/ 060028 223 HHN N CN O

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

10 5-Cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(cis-2,6-dimethyl-
piperidin-4-yl)-phenyl]-amide bis trifluoroacetic acid salt.

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

15 23. A method for reducing kinase activity of FLT3 in a cell comprising the step of

contacting the cell with a compound the compound of the present invention:

Y .
(J 7
\N/\H/N
I O

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof.
20

24, A method for inhibiting kinase activity of FLT3 in a cell comprising the step

of contacting the cell with a compound of the present invention:

o AN
Sha
O

N
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N-~~ N 1 Oor a solvate, hydrate, tautoner or
phar maceutically acceptable salt thereof, and a
w@bavowsoetit i cal |y acceptable carrier. 5 28. A Per/Osmoeb60028
treating in a subject a digdrder related to FLT3
conprising admnistering to the subject a
therapeutically effective anount of a pharnmaceuti cal
conposition conprising a conpound of the present
inventionn. HHN NCN ON O 10 or a solvate,
hydrate, tautoner or pharmaceutically acceptable salt
thereof, and a pharnaceutically acceptable carrier.
o9 solVhte, mplrhtedtapfonudrair phasactutidazrceapighle salhicrcof.
adm ni stration of a chenotherapeutic agent. 15 30.
The met hod of claim 28, further conprising
280 i siethatli fonrediicipe ténasd ectayity. of FIIL3 ifirpesulgtch ooimprising the

clai.m. 28. further co i Sin dmi.ni s tion of
sErdtueisahe 4 SomadR e BPRE B T8, tur ther
conprising adm nistration of radiation therapy. WO
2007/ 048088 PCT/ US2006/ 060028 224 33. A nethod for
the treatnment of a cell pro rative disorder in a
subj ect conprising admnis ng tgythe subject a
conpound. of the present inv I @Qn:
(N 10 or a solvate, hydrateg

An: JH N N---CN O
aut reN or
phar maceuti cal | y acceptah] eXsa¥t thereof, in a

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, to the

subject.

26. A method for inhibiting kinase activity of FLT3 in a subject comprising the

step of administering a compound of the present invention:

$
(J 3
\N/ﬁrN
| 0]

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, to the

subject.

27. A method for preventing in a subject a disorder related to FLT3 comprising
administering to the subject a prophylactically effective amount of a pharmaceutical

composition comprising a compound of the present invention:



5 therapeutically effective anount by the controlled

delivery by release froman intralum nal nedica
walenoe8088 sai d conmpound. 34. A nethod for thePCT/US2006/060028

treatnment of a disorder rekted to FLT3 in a subject

conprising admnistering to the subject a conmpound of

the present inventionn. HHNC\ Nj ~---CN O (N 10 ~

O or a solvate, hydrate, tautoner or pharmaceutically

acceptable salt thereof, in a therapeutically

effective amount by the controlled delivery by rel ease

froman intralum nal nedical device of said conpound.

15 35. The nethod of claim 3 erein said

i ntralum nal nedi cal devicelg vorlses a stent. 36.

The nethod of claim 34, whereln $%H26\ rg&enlnm

nmedi cal device conprises a net hod of

treating of a cell proli g S order conpri sing

adm nistering to a supjeqt a“therapeutically

ef fecti ve anmounts MqQupound of the present

i nvention: W) 20Q7/ 048088 PCT/ US2006/ 060028 225 9X" H

HN ~CN 11 O O or a Solvate, hydrate, tautomer or

gphaoivate hydxaaﬂ tant@oeeptpibtreasatitallyharceahble colt fhigaifeshd a
38. A nethod of treating of a

Iﬁasoyzgﬁgﬁ %%gﬁncﬁf$§ conprising adm nistering to

a subject a therapeutlcally ef fective amount of a
2° np% method opu?ea%{lg ?I? Qtsubj ecrz]cv ecﬂsorger reta{te'zuo FLT3 comprising
administering to the subject a therapeutically effective amount of a pharmaceutical

composition comprising a compound of the present invention:

o ANTY
N\n/k\N
(J
\N N
T

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

29. The method of claim 28, further comprising administration of a

chemotherapeutic agent.
30. The method of claim 28, further comprising administration of gene therapy.
31. The method of claim 28, further comprising administration of immunotherapy.

32. The method of claim 28, further comprising administration of radiation

therapy.
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N ~N$-CN O N Oor a solvate, hydrate, tautomer or

phar maceutically acceptable salt thereof, conjugated

wda oo o4sasg ar geti ng agent. PCT/US2006/060028

224

33. A mcthod for the treatment of a ccll prolifcrative disorder in a subject

comprising administering to the subject a compound of the present invention:

’ HN
H A\
CN
O

~ N
N
-
or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, in a

therapeutically effective amount by the controllied delivery by release from an

intraluminal medical device of said compound.

34, A method for the treatment of a disorder related to FLT3 in a subject

comprising administcring to the subjcct a compound of the present invention:

I HN
H A\
CN
N\H/'%N
O (@]

\N/\H/N
o
or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, in a

therapeutically effective amount by the controlled delivery by release from an

intraluminal medical device of said compound.

3s. The method of claim 33, wherein said intraluminal medical device comprises a

stent.

36. The method of claim 34, wherein said intraluminal medical device comprises a

stent.

37. A method of treating of a cell proliferative disorder comprising administering
to a subject a therapeutically effective amount of a compound of the present

invention:



WO 2007/048088 PCT/US2006/060028
225

@
1o
(J 1
\N/\n,N
| O

or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, conjugated

to a targeting agent.

5 38. A method of treating of a disorder related to FL.T3 comprising administering

to a subject a therapeutically effective amount of a compound of the present

HN
“\IKK\N\ CN
O

invention:

~ N
N
Y
or a solvate, hydrate, tautomer or pharmaceutically acceptable salt thereof, conjugated

10  to a targeting agent.



