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WO 2007/131179PCUUS2007/068262 FACTOR XA INHIBITORS
CROSS REFERENCE TO RELATED APPLICATION [0001] This
application claims the benefit under 35 U.S.C. 119 (c) of United States
H9yisienLpplication Serial No. 60/883,667, filed Januay-9R;s20966s262
and United States Provisional Application Serial No. 60/797,954, filed May
05, 2006, both of which are hereby incorporated by reference in their
entirety. g@ AHINVENTION 10Field of
the Invention [0002] Thls |nvent|on is directed to substituted imidazolc
compounds which act as inhibitors of Factor Xa. This invention is also
directed to pharmaceutical compositions containing the substituted

Imidazole copjpgu Q‘i‘éz%%ﬁ&}?%q{ﬁﬁ&ﬂ%%%ﬂ%ﬂﬁ%ﬂr

compositions to treat a condition characterized by undesired thrombosis.

[0664E irkfantianicaipslsandivecheacldy meaiddd ot f?nékma e tbRisgTRSs
prélesered preion State Rbthe/ 493, HIO0G]:H wmmsz@be epnaloed States

bleedl rsb ical cal prope tles
Proysioes ﬁl?i‘ﬁ%th‘)ﬁa“é@ Wi’sﬁl ven%n i‘s?‘ @a%’t%?:o?‘ conc%rrenedeby

inawitiviblod tycedgedationtandewayty in which it assists in malntamlng the
integrity of 20mammalian circulation after injury, inflammation, disease,
congenital defect, dysfunction or other disruption. AIthough platelets and
blood coagulation a‘%/éﬁ&ﬁ%%%@oqﬁ TLFHY f B asis and in
thrombotic diseases, certalmmamhemwaﬁthe coagulation cascade are
primarily responsible for the amplification and acceleration of the

[0¢RIcedbissmuiondsidinere ersagytedstiohdar siemmpaupbsitids wHith are

inMAHG BY SRR INKHIreMmbRSi A6 Bhe BRSIASIS. M%L&tmat%mqmmom
involves the conversion of fibrinogen Wnn |ch &nzes mtog

CoRNBR D YESTGHE RS RSP R Rrde s Fegmpus o

coopekitded bloee vessdisdn dhrmambdtid diseakesed iheaamwers"ﬁhn wmivention is

b [ duct of a series of
alsréegé%?o%%q?ng%% qk d%% c%%%%lg%dgégg%%s%%r@ﬁ%m@ k{?n is also a key
player in activating platelets, the#p9iddaituting to thrombosis under

conditj f both art bl fl For it
R APt RReoE SRS 1B HORSSED TR R85 hilofhcient

phlseglhb@tt[ahpmélihumbfmsamte&d:tmrezﬁhdlewg;egwatlff hipfrivwambosisrticularly
%e J@Lﬁ A¥ESoY QB%{[&%@H}QM%}@“H%%QH%E‘?SQI{I?%L}{n‘%lmrﬁgq){tegﬂty of

ct thrombin (Lc. Unfractionated heparins, low-molecular weight
mﬁg@aﬁﬁgﬂf@éﬁ@ﬁ Ak g@pﬁbdﬁt}ﬁgmdtlon disease, congenital defect, dysfunction or

other disruption. Although platelets and blood coagulation are both involved in restoring

hemostasis and in thrombotic diseases, certain components of the coagulation cascade are
primarily responsible for the amplification and acceleration of the processes involved in
platelet aggregation and fibrin deposition which are major events in thrombosis and
hemostasis. |

[0004] Clot formation involves the conversion of fibrinogen to fibrin which polymerizes
into a network to restore hemostasis after injury. A similar process results in occluded blood
vessels in thrombotic diseases. The conversion of fibrinogen to fibrin is catalyzed by
thrombin, the end product of a series of reactions in the blood coagulation cascade.

Thrombin is also a key player in activating platelets, thereby contributing to thrombosis under

conditions of both arterial and venous blood flow. For these reasons, it has been postulated
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pentasaccharide and warfarin). Direct or indirect inhibition of thrombin
activity has also 5been the focus of a variety of anticoagulants in clinical
development (reviewed by Eriksson and Quinlan, Drugs 11: 1411-1429,

2\98%0@995; Prothrombin, the precursor for thrombin, is copél@/r}ga hloRinl-N

active enzyme by factor Xa. Localized activation of tissue factor/factor Vila
mediated factor Xa generatlon Is amplified, by the factor |Xalfactor. Villa

that e S FR8< t BrotHPoTbiffiss8 SESLTHRABIR ARG ptite REET™!
cldsastof Haeadyapdrirnicthe pmthioetinase datiplexidds t]mersbie @nzyme

{ESRERSING 0L SuStalned vombin farmatan e yaseulatie, fector Xa

ISasmine p tease the activate Its pr UI‘SOI’ act X.and a

DepesamsbaTisE RS e |dﬁ%ﬁﬁd$hk§d@mbém9§%m@rﬁ@cﬁ&m has also
bk %M@tﬁl"]@ ﬁﬁlc\ﬂf@f@i&&)ﬁ@%ﬂ?ﬁﬂlﬁﬁp %g@@ghﬂ@ﬁﬂﬂ;%ﬂ% yik8on

in, which ac iety of protein substrates including
an r%g ﬁ%gn]&atﬁg EA@éeé c\i/zjrs (Protease activated receptors,
[00115019 tRiothdoohiotitegsisHaetiho stasid B, 58300viBid102005)ifacioryita by factor
X?pﬁ%fﬁ &0 J&ﬂV@u@nsé@ QL%J%QX&&IH’Q&&)W hﬁ%&a@%@%%@@@%ﬂ%ﬁ is

Since one molecule of factor Xa may be able to generateﬂ%reater than

A hhgIdedisobRrERiY N e et dlcrd Shppbemiaarm sseayen

ackPdd %ﬂée@oﬁ&)to@l ikactinhibitioniof fastesniamscawa Kf iﬁldié%ﬂé’enzyme
|nh|b1£ the ftorm on of th ombtln ma 20be ntefﬂ?entta gulant
re%%?&?ég% PRI %@S 6%“‘%‘% ey 6°ﬁlfﬂe IR S B B o roth BBk ESS The

priftecmitin syviiesioand on phedsot Hmtqnml;ambm m’élpb@ﬂwﬁﬁmaiasenmm
bl&ﬂ}{g EaH{HQQ%BQAQgﬁHﬁﬁ Rt exsralh Rk ﬂ?ﬁéetvﬁ%fx‘? Q;a&l%@rﬂ% qlRfing

pathways [0006] Activated roteases such as factor Vita, factor IXti or

copguiationantave BBty ﬂc%‘eﬁw%ﬁnméﬁﬂawr?f RESVFEY BfDHfiRs including
filaaRgeA e okeRiahdap@nsient %m%&p&bm@mmp%eﬁbom
nificantly tic efficiencies. This tis
R tor AL o R SRy s AL A ey ot
na(Mammém‘@thIo%mc? @(rp)momu@ﬁ@cm&atmh@w@hem congefteatider dfan

100EBQASDERIGRERL MNRIROY 415 MirsAmALar LSRN Y§63US 150003),

nanomolar factor X) and the kinetics of activation, a smaller amount of
difegtiigREIONAN HHOMEA oW A B RHIbISE NSRBI S ERsERi &Y
be%h&ffﬁﬁ“ehmdnﬁemta@mmf afdhehypothesision Sﬁ)@é@ﬂﬁﬁl@ﬁaﬁt@re)éa as a
pIREARSHILS tugetsompared (o frampincan alsg e found b Alnical als
the reven jon of d e Vein thrombosis a &rnux, Fan anti rombln
halw d@p@@d@@ﬂdfaﬁfmr OOathn stk m@&éepﬁ@y@gaﬂ@b@rsuﬁ@mg wibnexaparin

[omdpwm%&ulla{owg@m&aﬁa@m&navmh#@&%rh&mhr%bvaaaﬁde%o@ctor

Xa) in_ four trials of orthopedic surgery (Turpie, et al., Archives Internal

PrRAUIER %CEYS‘@(;PB) i@ﬁ%"isﬂ@wéﬁééﬂm?ﬁ&gﬂ?ﬂ@ 111*‘?18%@%%@%@&8%%&
mihataempoihdsiplich selettively énhibiicfattaralmaychivivsaby) dbieffect is

ro_diagnagsti r fo utlca mini in
e Aol AL O AR ST B R B SH A vt .
Bl Bions1Eve %@énﬂé@mﬁé@ laghpbwp@qmd‘é@,ﬂdéﬁb@mﬁﬁm present in blOOd

(1m&@ﬁmgﬂlé%ﬁﬁg@ﬂf%@%b@@vﬁih@%&mm&ﬁ@iﬁpl@ﬁ@tﬁ@b@&ﬁ/dnon a
ypeptldegg%e inhibitors. Addijtjonal Fac%?r Xa_ inhibitors include small

sripbbETY R oA B eRIBR S B R REFAAT AR M e SRy Gy ant
cftom MMSIW liee/pottichibe Bubpstitnanb ffaupsX winer diariywantic target

COfrlIchp[pa(.:II(lbg ][ QiR c%tﬁl?o% @&1%8@9 %h%a&lq{’l tl%r t%(c:t}f)qrc%(c%tla&nt\cl)\fodggpltxzsmn
thrombosis. Fondaparinux, an antithrombin III dependent factor Xa inhibitor, was proven to
be superior to enoxaparin (a low molecular weight heparin that inhibits both thrombin and
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10sites. For example, WO 98/28269 describes pyrazole compounds
having a terminal C(=N11)- NH) group; WO 97/21437 describes
benzimidazole compounds substituted by a basic radical which arc
GPHRREIed it a naphthyl group via a straight or branched chaifyys2007/068262
alkylene,-C(=0) or -S(=0)2 bridging group; WO 99/10316 describes

0 unds having.a 4-phenyl-N-alkylamidinpo-piperidine and .~ . .
b, e R o vt

163 HmithadpRehy Wud e ralidivrdesitesitsisddbrhinobridge vdvidh EP

selzgﬁ%%ﬁlmm %%9%@%&@\6@9 Jitro diagnostic agents, or for therapeutic
4-phenoxy-N-alkylamidino-piperidine group connected to an

ad A TASHRFRATS Gb s Usidhriss 6 unSHbsitdfEd: sulfonamide or
[o@Embosanmia ¢ ricigitgugroitpes[BEGScdiheeexdsts @iypeadifos effectivieom
euti or the ion tasi nd fo

e st oM et ar oy R e oy
inlppgerss shddiranmd Freseiderdrbibatidaelwsly smehibitesulerpigvie seeppsisdangiich
as WBRAA @i PerticHIRNGIB RABIRMES I RE.MIRRATBL GAEAPADHS

which selectively inhibit f (@%Qr Xa or its pre ur$ors. Compounds ;Pl}at\hat\/er

8@%"&%‘8@’&% d Jﬁ&?SH’éI%rSUﬁSVé’ afy aetive

siteorfipotads jor Vo A8I98i6T duterdd sgre areeded)partisiiariyscormpoumr dE=NH)-

N%@E&Qﬁ?@'@%‘ﬁ% S %Qﬁ@ﬂ%&ﬁtﬁ%t@oﬁ%%%%&rb&f?{%%%?a Whcal

_ gree of binding to Factor Xa than to thrombin are desired,
whiehhtieieRnastssscoRIpBUbS PR EgE Bt NipaRiana bty R by SRSty o
-S BB Ebri S MOERY W 9biH B3N ENTHE bompd Q] H@ne aspect, the

' ti vid ds_haying, the following 30f la:
BT ot e AL DA e ke T DUt
cohaiagem, Clemdhoh @i aikenyd card:GRy8alky k- MieodympolRIdiF] is
79?&’%’ QOIS Gl Rlovds QR4 T 41311%}{8}9%B&Q%i%ﬁm%%éﬁg%%?ﬁﬂﬂy

selected from the croup consisting of hydrogen, halogen, CIA alkyl, "
corrtEsiarB oo NG SPRILEr RARSPIESE AT BSHRSEHEThudsBHaKS 1Y
cafRiestad tremithe:grgup consisting of hydrogen, halogen, OR4a, [err] [err]

ol each of hese 0GR T RIONEN. SRS IS N IR
and for the prevention and treatment of thrombus formation and other pathological processes
in the vasculature induced by thrombin such as restenosis and inflammation. In particular,
there continues to be a need for compounds which selectively inhibit factor Xa or its
precursors. Compounds that have different combinations of bridging groups and functional
groups than compounds previously discovered are needed, particularly compounds which
selectively or preferentially bind to Factor Xa. Compounds with a higher degree of binding
to Factor Xa than to thrombin are desired, especially those compounds having good
bioavailability and/or solubility.

BRIEF SUMMARY OF THE INVENTION
[0009] Inone aspect, the present invention provides compounds having the following

formula:
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15independently selected from the group consisting of halogen, amino,
oxo, C8 alkyl, C14, haloalkyl, hydroxy, C128 alkoxy, heterocycloalkyt,
heteroaryl, and heteroaryl-C[4 alkyl. 100141 The symbols 12.4' or R4h are
ig,q)eﬁgﬂng hydrogen or CIA alkyl, optionally substituted yyith £ 46t9e2

stituents independently selected from the group consisting of
halogen, hydroxyl, alkoxy, hetcroﬁycl |, oxo, amino, and carboxyl. The
subscript a is an integer from 0 t©' 2. 700151 The symbol R5 is selected
from the group consisting of/=—WO ;§&7ﬂ131179PCT/U82007/068262 0
0 N:\-z'?) 0 CYLN)zz - @ th : ﬁnd o

T

6 3
R R 0O

)
[6010] In formula (1), the symbol Z is selected from the group consisting of:

6{% (g{f 5{3@@]
(\, E\ _and @N—R‘a
R']

[0011] The symbol R' is selected from the group consisting of halogen, Cy.s alkyl, Ca
alkenyl, and Cy. alkynyl. The symbol R™ is hydrogen or Cy 4 alkyl.

[0012] The symbol R* and R? are independently selected from the group consisting of
hydrogen, halogen, C,4 alkyl, SR*, S(O)R*, S(ORR™, COR™, CO,R*,CONR*R*, CN, and
S(O),NR*R™.

[0013] The symbol R* represents a moiety independently selected from the group
consisting of hydrogen, halogen, OR*, SR*, S(O)R™, S(0),R™ NR™R®, CO,R™,

=COn 7

§- C> ,E-NCO, E-NCNI—! E'NDO , -%-N/_\SOH !

€~N 3 -N -E =N NH N/—\O 'S-N/_—\S

T T ™ T

O o) 0 o O

b

wherein each of these ring systems is optionally substituted with from 1 to 3 substituents

independently selected from the group consisting of halogen, amino, oxo, Cigalkyl, Cyg

haloalkyl, hydroxy, Cy g alkoxy, heterocycloalkyl, heteroaryl, and heteroaryl-C; 4 alkyl.

[0014] The symbols R* or R*" are independently hydrogen or Ci.4 alkyl, optionally

substituted with from 1 to 2 substituents independently selected from the group consisting of
4



wherein each of these ring systems is optionally substituted with from 1 to
3 substituents independently selected from the wow consisting of halogen,
C1.5 alkyl, (.21.8 haloalkyl, -NH- 5C(0)-CIS alkyl, hydroxy, amino,

RO AlkPrsyMeterocycloalkyl, heteroaryl, and 0 hetcroaryl-Glad. glowh-Withe»
the proviso that when R5 is, then there cannot be an alkyl (or substituted

alkyl) Stgﬁstit ent in the 5-position of the 12"z§§in 0016] Surprisingly, it

g SRt e TSt 5 O Sor BROHTS P s

integee @ Bond. (i.e., =0, =N-R, =5) and being attached through the nitrogen

@™ PROVESRMAGNEL ARGl RiRRetfies. [0017] The symbol
R6 is seleCted from h, group consisting of hydrogen, halogen, and C14
alkyl. 100181 The symbol leis selected from the group consisting of
hydrogen, C 1 A alkyl, cyano, optionally substituted phenyl, and C(0)R9
wherein R9 is C14 alkyl or amino. 15100191 The symbol R8 is selected
from the group consisting of hydrogen and C1.4 allcyl. 100201 The wavy
line indicates the point of attachment to the rest of the molecule. [0021]
The present invention also contemplates pharmaceutically acceptable
salts, esters, and prodrugs of the compounds of' formula I. [0022] The
present invention further provides compounds in purified forms, chemical
20intermediates, pharmaceutical compositions and methods for
preventing or treating a condition in a mammal characterized by undesired
thrombosis comprising the step of administering to the mammal a
therapeutically effective amount of a compound of the present invention.
Such conditions include but are not limited to acute coronary syndrome,
myocardial infarction, unstable angina, refractory angina, occlusive
coronary thrombus 25occurring post-thrombolytic therapy or post-coronary
angioplasty, a thrombotically mediated WO
2007/131179PCIMS2007/068262



ccrebrovascular syndrome, embolic stroke, thrombotic stroke, transient
isehemic attacks, venous thrombosis, deep venous thrombosis,
pulmonary embolus, coagulopathy, disseminated intravascular
?%llt ion Jhrombotlc thromboemopenie purpura, thrombgangiitigyses262
bliterans, t rombotic disease associated with heparin-induced
thrombocytopenla thrombotlc co pllcatlons associated |th

extracorpo iof, throm ot omp at'&éls ass d with
instrumemtati uc asCardia or r in uIarw rization
intra-aort lloon ,COro stent oY wArdiac val onditions
requiring the f|tt|ng of(prosthetlc vjces, and;t like. c{O 23] The
present i urt er rovid hods ibiti oagulatlon of
a tobloodéﬁﬂ cdmplisi nt tlng th s ple wi ha compound of
the presen¥thventions IEF D CRIPTION'OF THE DRAWINGS

[0024] Figure 1. Shows mean plgsma concegtration-timg,profiles of

compound 0% male ue- rat fte‘}?fjt mg/k,gJ avenous (0)
and 10 m I ( atj ist at| ’f—*f\lras;ba amples
were me d usi BIMS/ 0025] 'I?‘ re 2. Meanhplasima

concentration- t|me profiles of compound 10 ig male beagle dogs after 1

mg/kg intra s (*) and. 5 mg/ I (1) a&&nlrﬁgtratlon n 3 3/group).
Plasma s wer, ure ' ure 3.
Shows m lasma.coheentrat gle pro s of com 10 in male

20 rhesus monkeys after 1 mg/kghintravenou® (0) and 5 mg/kg oral (m)
administration (n = 3/group) Plasma samples Were measgred using

LC/MS/IMS AILE CRIP OF TH V\EE
1.Abbrevi efiNitiens 2 TheQerrH ! Ik ! elf or as
part of an osubst t, mean@. less othewiise’ stat a straight or

branched chain hydrocarbon radical, having the number of carbon atoms
designated (j.e. C1-5 means one to e,rght carbops). Examplgs of alkyl
groups mclgq thyI hyt, n-pro yL propr& tyI t%e{ |sobutyl
sec-butyl ex? heptyl, e

"alkenyl" refers td an urated a group is one havrng one 300r
more, preferably 1 to 3, double bonds. Similarly, the term "alkynyl" refers
to an unsat aIky havincfong or mo ferak;%\l 3, triple
bonds. Exaﬁp f u turaté'{ | gro p i Iude inyl, '
2-propcnyl, ordtyl 2- |so]s%ntenyl 2 adienyl), 200 1179PCT/L
S2007/068262 2,4- pentadlenyl 3-(1,4-pentadienyl), ethynyl I- and
3-propynyl, 3 nyl, a hlghePh ologs \n omer [0§281 The
term’ cyclo&(@t ers car e mmlr?\ number
of ring atoms\elg., C3-6 alkyl) H"belng 'ﬂt’j turate ween ring
vertices. The term "cycloalkenyl" reférs to a cycloalkyl group that has at
least one porrg)t of alkenyhungaturatign tween the ring vertices. The term
cycloallcyn stoa alkyl that h east %Qint of
alkynyl unsa bet x%r;e rlﬁg)dertlces n cycl Ikyl" Is used
in comblnatlon Wlth aIkyIS" as in C3..5 cycloalkyl- aﬁyl the eyeloalkyl
portion is meant to have the stated number of carbon atoms (e.g., from
three to five carbon atom e the Inalkyl portion is an alkylenc moiety
having from one to thre atoms (e.g., -CH2-, -CH2CH2- or
-CH2CH2CH2-). 100291 term ‘alkylcne" by itself or as part of another
substituent means a divalent radical derived from an alkane, as
exemplified by -CH2CH7CH2CH2-. Typically, an alkyl (or alkylene) group
will have from Ito 24 carbon atoms, with those groups having 10 or fewer
Iscarbon atoms being preferred in the present invention. A "lower alkyl" or
"lower alkylene is
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a shorter chain alkyl or alkylenc group, generally having four or fewer
carbon atoms. [0030] Unless stated otherwise, alkyl, alkoxy, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, and al kylene refer to both
%%M&ggﬁnd unsubstituted groups in which 1 or more, syeh a0 &262
hydrogen atoms is replaced by a substituent independently selected from
20the group consisting of =0, -S, acyl (-C(0)-10, acyloxy (-0-C(0)-R),
effkgxy alkoxyamino (-NH-0-alkyl), hydroxyamino (NH-OH), amino,

sub |tuted arr@o suc 6IH2 whe o or moré of dra% may
be IIy r@)la d ‘f‘ﬁh{?’ roup, ésﬁ#é/

di {alkyl min herent ro p ma 73 yclic a |ne ryI

he yclyl, azido (-NI}; box \(‘(# Y011), all@oxycarbpr@

(-C(0)-0-alkyl), arnido (- C(O) amlno) (eyanocycloalkyl, cycloalkenyl,

halogen, hydroxyl, nitro, sulfon ' MR)-S(O)Z-OR), aminosulfonyl

(-S(0)2-amino). sulfanyl (-S-R), sulfinyl'(-S(0)-R), sulfonyl (-S(0)2-R), and

sulfonic acid (-S(0)2-0H), wherﬁﬁ% R may independently be

hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and heterocycle. [0031] The
whenns el ycse sl farntine, isantorikvyiehigtuet ifidefieoxy)tares uzdits
indBRERAGOMEALS %%Wo@@%@fﬁfn@o@%@ﬂk%lgféﬁlklﬂs@}t;%m&ﬂ%{) tRer-

remainder of the molecule via an 0 ygen atom ( é) alkyl an am roup,

CGF & sLTGH LB NG, PRy -ASETESHERy o TRy amG
groups (typically provided as -NeRb or a variant ereof where Ra and Rb
are independently alkyl or substituted alkyl), t kyI portions can be the
WO 2007/131179PCT/US2007/068262 samg or ent and can also be

he&RMRRINEH, IOdArmia: 8id ﬂmmﬁfaﬁ@vﬂaﬁnﬁmﬁ itrogefcatardeamiete an

each is attached. Accordin roup repres as -NR.'12..b is meant
allgy] ﬁ‘?&:ﬁ’&?@“&ﬁ% Eyé}ﬁﬂll’%ll g%}/ﬁ@% EO(S: Wo??gt%%srsgﬁd optlona;ly

dditignal het roat u N, |nc but not limited to

SdE %fﬁ(}flbbﬁlydhdlnyl%en%o?% |trg§} %%ea]fé }ﬂrﬁl an %ﬁr}g ?‘ﬁ]‘”ﬁ% gt least
onmcrmsbbhdi(mé orﬁhaﬁgemSm&ms@M@é@rtmgwrﬂwfmmghleatgublsmsém,
mrl;}g%gmm%g{w p%@@d a fluorine, chlorine, bromine, or iodine

atom. Additionally, terms such as "haloalkyl,” are meant to include
[ﬂ%ahoﬁgmmyph%vdlbéﬂgﬂ%ﬂ%m thp RS sRILA HFBEY BRIAZMGEHLC

alipgrmitted. For example, the tomi "C1-8 haloalkyl" |s meant to mclude

2 2 tr ifluorget 4- chlorobut d.the
[0{1&%}1 [é%]§ 61 ell‘ﬁs?'lec réli)((%iq%);&%%)P S¥‘ I‘(pmgroh Efyl cyane,
opjoosUy Tlﬁettelrtmi mwlmemoam‘i e@@@th&w»s@lstdi@fél omapBipunsaturated,
[0819Mafig, J}M&@M@é@ﬁ%@ﬂt@@l@g fEOMiGite, &flw,gmg& ataros, wikich

can be a single ring or multiple ring (up to three rings) which are fuse
[%gleth@mqm& aisadye nefat @ﬁﬁ%ﬂﬁ@fé?&awf FERB AR Sroups
[o(m rngsy ﬁa@bﬁaﬁmmff@ aebenteripledieteoatomiscsitjeciegtitomsdits Gsters,

in the nitragep.and sulfur atoms are optionally oxidized, and
antaw%r e%r% (Szronn(1 f%r}%gopaflgna FLﬁtlz]uatemlzed A heteroaryl group can be

[0822ic h@@b mqmtr@mrrmleﬁlﬁh@h erpdslecereparody i aniiedoatem dremical
infQRUERA, '{aﬁam&@&am@e& legpgamma&wm@@@aﬂmgimiting

examples of aryl groups include phenyl, naphthyl and 20biphenyl, wh
COR St B BB B BrHat D T L RN ToBGFORE. BE0yA, 3
ddﬂMH’ Slything ﬁpyrsamtylna-pymamgdm risniditaz oyl mzﬂmmndﬁmtthpxywatwfyhe present

Xazo, zoI yI y xazolyl,
mﬁe mzo%éh C%azo ! héu%xﬁézoaly hgtgr;ﬁ%%uafy c%%ll %%ﬁ(?elgnyl
mzopammn@rpymqustmmwma zqésmmyngmapyﬁmww BIBBRYSHERRRNY
o RUHRE pSRBRAMIARZ AN DG T2 QB BEr PaHsl M5t - LBriABMIBAlY mediated

5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl. If
not specifically stated, substituents fof each of the above noted aryl and

heteroaryl ring systems arc selected from the group of acceptable
substituents described below.
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[0035] For brevity, the teiin "aryl" when used in combination with other
terms (e.g., aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl
rings as defined above. 30Thus, the term "arylalkyl" is meant to include
thaspfadigals in which an aryl group is attached to an alkyl grpye,(6:9es262
benzyl phenethyl pyridylmcthyl and the like). [0036] The term
"heterocycle” or "heteroc clyl or "hetreocyclic” refers to a saturated or
coriAOARIFY )( Wﬁoﬁ}%rﬁ‘&ﬁ heyeRk g g 8H‘Ea§"iﬁﬂ%‘§  SETSIGE SReCTrGPacks
vemitrso@emﬂmmxy@ep ﬂ@noW@zB@%éliaﬂJM&Fa@I &R0 ¢aQ08R6 Dy,
aiREeRm: LA NESIaYRIE SRR RESAIAGRARHA! A AYBlIARIR. ing

on or etematom ac eterocyc € may have one or more rlngs
thwﬁ@mﬁm plditerigs. Abeophesisrtisthwaows HediigBhtogethafsetinked
RIS pnkaghoheisrecyalsishconintal erstanedsteraaialation,

ically Ito 5 heteroatoms seI cted from nitrogen, ox ors Ifur
R U B I RSt A0 AT bR bR O o,
intﬁf@smlhnmatmnasmd@@%wg@m@thmsp&ﬂmaqnmﬁewﬂ&m thesdigeoups,
co&&i%%“r 8%&%?&%1%@ Dsch S RIS ARd (el oxygen atoms.

n-limiting exam es of heterocycle and heteroaryl groups include

mﬂéo PrieRYFRiy AR Y HBRROsORE hibE g e ooaghiation of a

bl idEZ-@n gy fiRetitiiag RO KpRGINe; P peradined sO¥RZMB ent invention.
isothiazole, pyrazolc, imidazole, oxazole, thiazole, isoxazoline, pyrazoline,
imidazoline, 1,2,3-triazole, 1,2,4-triazole, 1,3,4-oxadiazole, 1,3,4-
thiadiazole, 1,2,BBXEHIBESE RIPATHON  &didAd e DRAAYENG0Nne,

[oﬁéﬁro'iﬁ@f}@ﬁﬂ%@ﬂ@&k@gﬁ%@'&%&;ﬁr%%&é’ﬂ}%ﬂ%f G SW@ D male

thiophene, and the like. [00381 The term "heterocycloalkyl" refers to the

Sreresp e FsEtTb eyl WsimeHbOth Tk lmsdie el afiyiBisaasing (1 =
3/@sgefinRthabaver {0039 ﬂib@x&b@uﬁﬁgma\(e/g/ls aryl and "heteroaryn, in

mbo% nts, |II mclude(?qth substltu unsubgt ted forms
O S e A e G B

dopmﬁmédrt@lt@mntﬁa@mmw& aeStereie aryl w@mm@stramyn\ﬂm Fréfapvo)-

piasRsliued QrHNSUhstitdtedvareians as provided below. [00401
Substituents for the aryl, heteroar34, and heterocycle groups are varied

(0030 aFisyEh 3110 BaIRERID I: CHSROaHO TR DR SqRigunclgiin male
theRYs nohkesN ¥ty 1GQZRY inCOMRIR( e y &0 JR1/REC YN R RIMNRIGIO) R =

AL ID RS PR SR R sor, N

perfluoro(C t-C4)alkoxy, and perfluoro(CI-C4)alkyl, in a number ranging

25from zero e Aeiat HWRReRIPPPOR vieNGeIQV ierios system; and
where 12', R" and R" are independently selected from hydrogen, Chg

1. alkylAOR- 6/ tylaakad, IeRid@iallsen Y|, C2-8 alkynyi, unsubstituted aryl and

mﬁf}@ %%ge £URS %ﬂtg od dyD:Cl é&%'mbangsuﬁ E;%@MQ(M Stihwise

r suitablé s bstltuents nclude eac ove ar

staserb sttt Bhs aitbasrbgd 6hal h@m%wyraﬁcaikbww@t@m}%ﬁrrefﬁamn atoms
4SRN atonas., TUs9Rofight carbons). Examples of alkyl groups include methyl,

ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, n-pentyl, n-hexyl, n-heptyl, n-
octyl, and the like. The term “alkenyl” refers to an unsaturated alkyl group is one having one
or more, preferably 1 to 3, double bonds. Similarly, the term “alkynyl” refers to an
unsaturated alkyl group having one or more, preferably 1 to 3, triple bonds. Examples of

such unsaturated alkyl groups include vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl),
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30substituents is also used to describe the substituents for optionally
substituted phenyl. [00411 Two of the substitucnts on adjacent atoms of
the aryl or hateroaryl ring may optionally be replaced with a substituent of

q;\},% E‘BWB’P}J C(0)-(C112)-U-, wherein T and U are indepepdently,shidsae

-0-, -CH2- or a single bond, and g is an integer of from 0 to 2 WO
2007/131179PCT/ USZOO?I{OGé%ZGz[ Alter atlvely, o.of the bstl‘ige
2 dopeniafiahe SO BHRE A S Ribo ol TR A Gortaly 52 Fechies

howitlo@ substitnent of the formula -A-(CH2),-B-, wherein A and B are

[Oigjgh p?pe e%ly '_!)%Tk % teférpé E?drgga(@oh é ( %d\ u§ Mlcghca %&Mﬁof

d, an rlsa |nte ero neo esm ondso the new

ringdpEe %m@am@%&m&%w%ﬂa&%@ﬁh%& nve%brénweq The term
“cRHRIRGTIMERNs Qs épﬁ&ﬂ%%%%@ﬁtﬁa@Haﬁgﬂé&‘ﬂbﬁé%ﬁt@ffml@:ﬂﬂ’h@{aturanon

heteroaryl rin |onaIIy he |th a substlt toft
bR (ATt B SRR, PSR EFIGH ) ARG s o
leafsmneQ)d)mGQ@”hkinyi;uﬁha,tuNWn wae@(ﬁ)e ry@@)&tq,ccﬂ -B2NRloarke" is used
in §&Q§H¥Hﬁﬁt\ﬁtﬂn 5“3\/1\/ anq CS E)QC%% aﬁSJP %QQJE%IJ}Y%B%Q&C%Ht tod

unsubstituted C1-6 alkyl. 101 m|no refers to the group --
haygie s deHeninber §H6w S %ef%?@tél%%\fﬁ@&)anﬂms)w@&e fhe
alkyd ybﬁtwﬁee@dﬂdﬂendaferesyteathﬁggf@mnw WRrvbamRiand RgareH,-,

Cg}gﬁ%e [QJ C?f(%ffed from the group consisting of hydrogen, alkyl,

) enyl® yryt, & &ycloalkyl cycloalkenyl, heteroaryl, heterocyclic,
[00802- &W@rﬁoalaﬂkeﬁyby-mz"@y@ﬂ@atkyf aher mtﬁaﬂnemn@o@xamt
radI%Q d@ﬁ%%ﬂ a@lrh%(a%(g %shﬁ WS&W@@IW n‘#ﬁwﬁ[? an alkyl (or

optional yjomed together with the nitrogen bound t ereto to form a

allpylRe LEROH SABSHRITe U P AR RGO I T AT RIE AR ah 40T e

cab@ihdﬂﬁﬁel‘b@ﬁ@q%feﬁmlﬂvﬂhe ieRecatkykeatikanyh alkyaylligyciaallother alkylene” is

%I&alé{a r‘% dﬁ( groarxl and heﬁﬁfr C cllc?area define herein

1€ al ewer carbon atoms.
roge H Shd B Bikyl“the Sub d ammo group 1s

[OMOrﬁIeimated@t&mmeM@h akoatkyidenirioalityhin e laal R carlalliepy].
oy %&%ﬁt'%@a@mw%&@%@ﬁ%ﬁ@@ﬁﬁ%&%@gﬁ% in which 1 or

dialkylamino. When referring to a monosubstituted amino, it is meant that

meRREERYS 7 S HARSB P B HEP BGTh DWvHERYERSHi Mt A b psitgthfrom
thegrsng cinsismeast that-Reitye(-B( MR Ristexdyddogem-H() ahdk iCakbomyiino
(—I\rhe—lf-%ga{fym %9&%’5’%!%‘&%0&8 I-_{%% V}lrbllr?oh ISEaRha'saLte sﬁéﬁ_zg)—_Ngg where one
or more of the hydrogens may be optionally replaced by another suitable group, such as
alkylamino and dialkylamino, or wherein the amino group may be a cyclic amine, aryl,
heterocyclyl, azido (-Na), carboxyl (-C(O)OH), alkoxycarbonyl (-C(O)-O-alkyl), amido
(-C(0O)-amino), cyano (-CN), cycloalkyl, cycloalkenyl, halogen, hydroxyl, nitro,
sulfonylamino (-N(R)-S(0),-OR), aminosulfonyl (-S(O),-amino), sulfanyl (-S-R), sulfinyl
(-S(0O)-R), sulfony! (-S(0),-R), and sulfonic acid (-S(0),-OH), wherein each R may
independently be hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and heterocycle.
[0031] The terms “alkoxy,” “alkylamino,” and “alkylthio” (or thioalkoxy) are used in their
conventional sense, and refer to those alkyl groups attached to the remainder of the molecule
via an oxygen atom (-O-alkyl), an amino group, or a sulfur atom (-S-alkyl), respectively.
Additionally, for dialkylamino groups (typically provided as -NR*R® or a variant thereof,
where R" and R® are independently alkyl or substituted alkyl), the alkyl portions can be the

9
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[00451 "Cyano" refers to the group -CN. 100461 "Oxo" refers to the atom
(=0) or (-0). 100471 As used herein, the term "heteroatom” is meant to
include oxygen (0), nitrogen (N), sulfur (S) and silicon (Si). 100481 The
t@;mumgmgceutlcally acceptable salts" is meant to includgéﬁﬁgzggm&%z
active 30compounds which are prepared with relatlvely nontoxic acids or
bases, depending on the particular substituents fo n the compounds
SRS ATt VIS PE SRS ST TRE reBi SR ARG oA osen
atgielativalyhaeididsfumnciiohalties;diage, agditip mes&tssmahab eNib"thLl meddayt to
piacting heneytalform gl skeh sompounds with 8 Mfficienhanonnkef
s A S s D Sere s%ooﬁoggtz%z bgg%éld b T
such gaithtSeandet wivene Butanidiodtest SaNBASHVBPHGRH YL, morpholinyl,

az@ngﬁgp@ﬁ@g{mw acceptable inorganic bases include aluminum,

um calcium, copper, feyric, ferro s, lithium, magnesium, .
OB CEian Aot HOTALS ur, SHEReh S LT St
m@armﬂd‘;ﬁmmmhwma@@utlfﬂvaityﬁamémbléro@am orbaéms aneiudedsisalfy,
terﬂ{émﬁydﬁ%?&mwdmetﬁ{tt't%%@}mi@&%nwﬁmglm Wl%ﬁgdﬁ&l ﬂﬁ%@ the

cyclic amines, naturally- occuring amines and the like, such as aré?lnme

s SIS PP ESTA @S TR INe BRI A fries Talepdirntfrecant to
mandteﬁhm@mm&epmamh Qﬂﬂﬁﬁﬂy}@mm&mﬁﬁﬂl EHhanebhaspingnd the like.

edlaml e, N-e nor hoI| 1€, h eridine, glucaminc,
ORI IR,y CrAEinE TS AT e,
[09RéthyThkicamiiaey)] mmphohm@smpimmetamm ickhenpoiyandreqsiivs,
hyﬁf&’&ﬂ%‘ﬁ g%{[ﬁ“&ﬁl’tmﬁ%bﬁ%m@?o fuethylamings tW@ﬂ@é‘M@ B&in fgle ring or

tripropylamine, tromahamine and the like. When compounds o
R RS (R HTED FteH iR TirsitorsThction e cavbmiiaif oh Sats

“heRrb bz@le tainad Hyl canipctingitiae) newvalformont steh compacdsmitiiacted
fro UNCE %I’é]o e':[rg&tp g [%?r%)lreerg ad's Id }F ny]z Jrr';]qeaag 8;r)t|1%nal }9 g[)?' laigel %gd the
solvent. xam es of pharmaceutically accepta'bl cid"

nitrogen atom(s) are opt1onally quaternized. A heteroaryl group can be attached to the

remainder of the molecule through a hetcroatom or through a carbon atom and can contain 5

to 10 carbon atoms. Non-limiting examples of ary! groups include phenyl, naphthyl and
biphenyl, while non-limiting examples of heteroaryl groups include 1-pyrrolyl, 2-pyrrolyl, 3-
pyrrolyl, 1-pyrazolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-
oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-
thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-
pyrimidyl, 5-benzothiazolyl, purinyl, 2-benzimidazolyl, benzopyrazolyl, 5-indolyl, 1-
isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl. If not
specifically stated, substituents for each of the above noted aryl and heteroaryl ring systems
are selected from the group of acceptable substituents described below.

[6035] For brevity, the term “aryl” when used in combination with other terms (e.g.,
aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl rings as defined above.
Thus, the term “arylalkyl” is meant to include those radicals in which an aryl group is
attached to an alkyl group (e.g., benzyl, phencthyl, pyridylmethyl and the like).

[0036] The term “heterocycle” or “heterocyclyl” or “hetreocyclic” refers to a saturated or
unsaturated non-aromatic ¢yclic group containing at least one sulfur, nitrogen or oxygen
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15addition salts include those derived from inorganic acids like
hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic,
phosphoric, monohydrogenphosphoric, dihydrogenphosphoric, sulfuric,
MR eyagensulfuric, hydriodic, or phosphorous acids ang¢qe ke Ass62
well as the salts derived from relatively nontoxic organic acids like acetic,
pioni utyric, malo c benzoic succml uberlc ari
o MR S8 D S B LG rosom
Eanhétﬁamesdﬁm&hamjomeohh@lAtszgméw@emtemeusgsfammmeab@smmﬁae
£ AERIS AN ek AT SRS OAIANG ACILS AR SNEW BRI% Btroaom

galactunorie acids and the like (see, e.g., Berge, S.M., et al,

(twmwn% deehieapaans? sIserrR PH%%M&E%PSHQH&PT@WMBGM%

gr &Iﬁ@é@l@eﬁﬁt&l nospesificeainpos iis ginthe piesentulfivention SartanBeun
qutlonalltles thext1

basi t 1€ CO
dt(%:ncl)snver%mop fr%%rel oracid a gltlonﬁ S n}%&{gjﬁ éuﬁé%fn alafbdrr%é
oxggtheteompounds may be regenerated by contacting the salt with a base
[0@5ARCIE@n Hdé&'@t&grﬁﬁﬁsoﬁ R&Ex‘é@%[&o&'&q\&b%@@rﬁ%(\!ﬁﬂtlﬁaﬁhg}@%ﬁ{e

The parent form of the compound differs from the various sal forms in
DY E IS ) ERAN propERIL-S10% AP GBIty HE pRTEA Lo oatits, iridine:
m@thermseltiaema&s sasa e itateiabdt: therpateihfolmrn @f Hﬁ&zB@;cdmmland
1so°£zto S OUROER Of e, DrEseUINVENtoH. %P&)%gslz&ea‘?ﬂ%'ﬂo&é sl
reé t invention prowdeés ‘compounds’ Which are’in'a ester torm,
thléskemfeﬂel Hritiesadizelof la2cabasiphiel adit zCOORY. oyaldistis- éﬁo@pr@emg

mmeﬁﬁmﬂmhﬁme@%q&@é thebreserhinyepHan, Riamagsutically
acceptable est sof 13 20 7/131179PCT/U 2007/068262

L R e P”é%ﬁ%}iy PESTVATEY ST natg I Gt

hemw)d:ermaiM&glmﬁaimohaisﬁm&kba@acetate or maleate, can be employed.
(0033 INMENHD.Ing LPB S,those r‘*‘%ﬁ%@%ﬂﬂc}‘t SHOURR KN IRE @A {0l ude
modifying t eso |Itfor?'1ydro ysis aractéristics for Use as

body sehtibdedetaduesehsproiarigraTefulaiBaAs ashog Ipin Rigtmiehsidginents for

cat*ﬁr{ﬁﬁ) gh%a@ﬁeet%ﬁm%m%m?%mﬁ m@{&whmﬁdem@a@w@mgcfcr
form, Prodru ¢ compounds descr erein are those compounds
toﬂﬁlgftf'glé%ﬂlgll d‘%ﬂ&‘s&uﬁ% %8?%?1%35&?&1%1?%hy5|olog|caI conditions to

[0f40) i deutihercom fouhelsrpf, theepresk nhdrwantioytl Agditionally ppeddndgse
geﬁ@ﬁl s&"e’&%’&%&%@&&?”@@““@@(@f foe m@ﬁ@mg@ve%ow ?\'ft?z, IER),R,

or biochemical methods in an ex viva envwonment For exam

-GopRoEmgS EaR b SIEWN R ShvelR dHPiRe 3k bdtvks-oftRe ?@MtR ’
-NRvemigMrgnNracedHn-aNFRNSER IMAHPAICR TeSRIYRIL With) &R SURBBIENR R~

n Qr chemi aI re 0052 ertain co fth resent .
A et R heSIHEAT o L D B o Th E o Rine
fronchading thgmtedrffom dpeg e’nem;hsmle thJ vegespisfommend r\efeq:lji&/aﬂémrld) R
aré’ﬂi%{%b‘é%%ﬁtf%@‘&t%ﬁ%@ﬁ?ﬂ% 8410, Qﬁ‘zﬁ”@ f@?&éﬁﬁ?ﬂ@%@'@lﬁ@@yﬁ@%e

of the present 15invention.” Certain compounds of the present invention

allgray). émthﬁ%ﬁ.ﬁbé g deirrAegr %ﬂﬁ%&?ﬁﬁ%‘ffé ﬁSVH\BCIWB%(h &g vagpbstituted
arploysical,farms enequivaleniionthesuseakontenptateddy the Reseinints
u(pyeaion and,ae intended (0. he within he sgone,of the present invenfion.
aln CO pOUI‘l e resen Invention possess afy etric
substrbontatoate (mpilmdﬁenterélﬁ@nmume%nd@whdlmﬁﬂm phenyl.

[0fiAPLeISRIBLHS. ARIMGHIC mayesén@&segleﬁﬂm‘%mrﬁgtmwg@ fagyners

e.g., separate enaatiomers) are all intended to b
op 10nahy be replaced with a substituent of the formula -T- C(O) -(CH2)q-U-, wherein T and U
are independently -NH-, -O-, -CH,- or a single bond, and q is an integer of from 0 to 2.
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encompassed within the scope of the present invention. The compounds
of the present invention may also contain unnatural proportions of atomic
isotopes at one or more of the atoms that constitute such compounds. For

%EMHE fhg compounds may be rad iolabel ed with radioagtiyg, SQI9PR&Ss2
such as tor example tritium (aFl), iodine-125 (125I) or carbon-14 25(MC).

All isotopic variations of the compounds of the present invention, whether
AlIPRENERVE 8Ph SIS SYRSTHESAAY TS BEEAESM ﬁﬁgé%éf WithitHeEdpe g1y
optheafiseserpimedntioin a Rubstibodiofetdohiiie JAvEiDAR, Wiempodndg B are

. [10054] In ope, aspect esgntinvgntion i C ing. :
e e U et e S
intpgosH]rarfottaiia Qne tidhsymals ndssel aaertrons thdgrsdpresosidting vbe
rcpl%@_x%lﬁdf@%[@&ﬁ@] é{k@@ﬁg&%&@kﬁd b §lﬁ| @aa@@ﬁﬁffggﬂgdﬂf&ﬂpﬁto_ﬁpﬁ of the
onsisting of halogen, alkyl, .s alkenyl, an alkyn e
R S T BT AR SO R B M3 AR are
-(Ghdppefdentyvselectentftem ihkegroumisonsisting f[dtdy droge aph X agdn,
~Nkl4 Jkﬁ@%é@ﬁ%@é Rik COR GRS ANRAARAD. e, RRY. i
105(0y21NR4'R4b. [0058] The symbol R4 represents a moiety
sclysérddEra gy swrsta thsrtrd (grotlltonsisting of hydrogen, halogen,
[063R4a; RiRAe; RINRE thSLRERAMINGRAe - 30201 iNpEAFR L] aldaMterNto
. horTh jon 15wherein each of these ring systems is optionally substituted
SUPRITHSHA™M 18 3 substituents independently selected from the group
[0@Bhsistingsaiivdl agem, apfinoiodhko gCUS-ARYR "Clthaloaikyl, hydioop cgivatly

seﬁﬁ%}{’ﬁb@ﬁ%%%%@&{si&%&%%%o%&ﬁ Qﬁ&@f&l@&ﬁ'ﬁ?%ﬁ%} aryl, cycloalkyl,
cycloalkenyl, heteroaryl, heterocyclic, -SO;-alkyl, -SO;-alkenyl, -SO,-cycloalkyl, -SO,-
cycloalkenyl, -SO,-aryl, -SO»-heteroaryl, and -SO»-heterocyclic, and wherein R" and R” are
optionally joined, together with the nitrogen bound thereto to form a heterocyclic or
substituted heterocyclic group, provided that R" and R” are both not hydrogen, and wherein
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, and heterocyclic are as
defined herein. When R’ is hydrogen and R” is alkyl, the substituted amino group is
sometimes referred to herein as alkylamino. When R’ and R” are alkyl, the substituted amino
group is sometimes referred to herein as dialkylamino. When referring to a monosubstituted
amino, it is meant that either R’ or R” is hydrogen but not both. When referring to a
disubstituted amino, it is meant that neither R’ nor R” are hydrogen.

[0044] “Carbonyl” refers to the divalent group —C(O)- which is equivalent to —~C(=0)-.
[0045] “Cyano” refers to the group —CN.

[0046] “Oxo” refers to the atom (=0) or (-O).

[0047] As used herein, the term "heteroatom" is meant to include oxygen (O), nitrogen (N),
sulfur (S) and silicon (Si).

[0048] The term "pharmaceutically acceptable salts" is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substitucnts found on the compounds described herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained
by contacting the neutral form of such compounds with a sufficient amount of the desired
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[0059] The symbols 124a or R411 are independently hydrogen or C14
alkyl, optionally substituted with from 1 to 2 substituents independently
selected from the group consisting of halogen, hydroxyl, alkoxy,
Reternsisihyoxo, amino, and carboxyl. [0060] The subscripsdris 37065262
integer from 0 to 2. 5[0061] The symbol R5 is selected from the group
/%5A %0 \ ( AA sJ LJ, 000

NA sAN-AIL
basy SURRATHGRE R S0 0T S 12N SoOPARBEEITH Gyl o

pharmaceutically-acceptable inorganic bases include aluminum, ammomum, calcium, copper,

~ ferric, ferrous, lithium, magnesium, manganic, manganous, potassium, sodium, zinc and the

like. Salts derived from pharmaceutically-acceptable organic bases include salts of primary,
sccondary and tertiary amincs, including substituted amincs, cyclic amincs, naturally-
occuring amines and the like, such as arginine, betaine, caffeine, choline, N,N’-
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethylmorpholine, N-ethylpiperidine, glucamine,
glucosamine, histidine, hydrabamine, isopropylamine, lysine, methylglucamine, morpholine,
piperazine, piperidine, polyamine resins, procaine, purines, theobromine, triethylamine,
trimethylamine, tripropylamine, tromethamine and the like. When compounds of the present
invention contain relatively basic functionalities, acid addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired acid,
either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable acid
addition salts include those derived from inorganic acids like hydrochloric, hydrobromic,
nitric, carbonic, monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic, or phosphorous acids and
the like, as well as the salts derived from relatively nontoxic organic acids like acetic,
propionic, isobutyric, malonic, benzoic, succinic, suberic, fumaric, mandelic, phthalic,
benzenesulfonic, p-tolylsulfonic, citric, tartaric, methanesulfonic, and the like. Also included
are salts of amino acids such as arginate and the like, and salts of organic acids like
glucuronic or galactunotic acids and the like (see, e.g., Berge, S.M., et al, “Pharmaceutical
Salts”, Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific compounds of
the present invention contain both basic and acidic functionalities that allow the compounds
to be converted into either base or acid addition salts.

[0049] The neutral forms of the compounds may be regenerated by contacting the salt with
a base or acid and isolating the parent compound in the conventional manner. The parent
form of the compound differs from the various salt forms in certain physical properties, such
as solubility in polar solvents, but otherwise the salts are equivalent to the parent form of the
compound for the purposes of the present invention.

[0050] In addition to salt forms, the present invention provides compounds which arc in a
ester form. For example, in the case of a carboxylic acid (-<COOH) or alcohol group being
present in the compounds of the present invention, pharmaceutically acceptable esters of
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R8NL-) wherein each of these ring systems is optionally substituted with
from 1 to 3 substituents independently selected from the group consisting
of halogen, C1_8 alkyl, Ci_g haloalkyl, -NH-C(01)-C1.8 alkyl, hydroxy,

ngn%pw{;g alkoxy, heterocycloalkyl, heteroaryl, and oJ PRUS2007/068262
heteroaryl-C14 alkyl, with the proviso that when R5 is, then there cannot

e an alky] (or, substituted alkyl) substituent in the 5-posijtion of the R5 .
co e OB D T RRotED SN BV SLP T A S ves
of seléciscsfirbmsthetgroupredrsistimgbefenydegegenT halogatoand 1Gded ho8624ters

I I 1 C It X ics for
UL S i G Sn O 0

USRS BRtAE CT00E) THE S RITPYARSSs selected from the group
[0eEINSistingdaidamd rogabrardie hrdalil (RRa6E Meyawplinednditeias: the
int of attachment 1o the rest of,the molecule.. The present inventi Iso,.
PP Ul R Seo SEHE Heiios: SNAABr e By
untieezcohepucrdsaoffo mmidapilysi2B{008 Fowlitivtl doglyovid ftremalapaireds of the

prélip hELAfGP eﬁHJﬁtl%th?, .- ?Bﬁﬂfg Qf iR FVSRHAN IO Wﬁﬁﬁs@f the present

~ embodiments, R2, R3 and R9 are hydrogen. In one group of

m‘@ﬁﬂﬁ’(’}d%%f"éﬁf%{cﬁéz"ié"fShWéakﬁé‘ﬁﬁ%ﬂWﬂi@B’?@@Wﬁ’@sg%ﬁmmple’

pr&@igsted fsosoiie grouptedrRSIsingpbhydrogtn, ket aladtiGewbd{Oiaced in a

tra st SO GNE Sl A0S RlokdiStdl) g group O
embodinien S, R selec eg ?Fom &gnglroup conssﬁn& of hydrogen,

(09 2thyTerBinmathyburBKO)Ethe thybeairieB{BYRCATERiSt ibrnooby s oo as well as

soRIRPRIMENtRIRR SHhydregen AL metyb-in Aot aronp Ahambodiments:
R6 is 5hydrogen or fluorg. In one group of emhaqdiments, R4 js selected

unf FA AP E AR ILERY IR B assa0 St le &8s 0 i) pigsent

inRidia Rder&aid 264uunds of the present invention may exist in multiple crystalline or
amorphous forms. In general, all physical forms are equivalent for the uses contemplated by
the present invention and are intended to be within the scope of the present invention.

[0053] Certain compounds of the present invention possess asymmetric carbon atoms
(optical centers) or double bonds; the racemates, diastercomers, geometric isomers,
regioisomers and individual isomers (e.g., separate enantiomers) are all intended to be
encompassed within the scope of the present invention. The compounds of the present
invention may also contain unnatural proportions of atomic isotopes at one or more of the
atoms that constitute such compounds. For example, the compounds may be radiolabeled
with radioactive isotopes, such as for example tritium (3 H), iodine-125 (1251) or carbon-14
(14C). All isotopic variations of the compounds of the present invention, whether radioactive

or not, are intended to be encompassed within the scope of the present invention.

2. Embodiments of the Invention

a. Compounds

[0054] 1Inone aspect, the present invention provides compounds having the following

formula:

14



fl *"andO-', 0 " wherein each of these ring systems is optionally substituted
with from | to 3 substituents toindependently selected from the group
consisting of halogen, amino, oxo, C j_g alkyl, C1,8 haloalkyl, hydroxy,
Galkexyheteroeyeloalkyl, heteroaryt, and heteroaryl-Claglgghistsae:
each R4a or e is independently hydrogen or CIA alkyl, optionally
substituted with hydroxyl, alkoxy, or heterocyclyl, and the wavy line
indicates the point of attachmeny'to rest of the molecule. The
superscriptnis 0, 1, and 2.4 68] | embodiment, R4 is selected
from the group con5|st|ﬁg 0 0g dro*\gl flyor, S(0)CH3,
S(0)2012" NH(CH2)20H, C CH3, £0(C 3,-0C

- H2CH(OH)CH20H, -PciRTTh NS/§%:O \0 \OD and 20[0069] In another
group of embodiments, R.: is optionally substituted with from Ito 3
substituents independently selected ffbom the group consisting of halogen,
amino, Ci_galkyl, C15 haIuaIkyI hydroxy, CI 8 alkoxy, heterocycloalkyl,

crqandt angd (gl troay 'bcijz‘%s%'e'fé’cte%%mo?k?el ]'r%%%”%%@?sﬁlﬁg‘o?"d'me”t

mventlon Cc temp es a compoun avin ormu

&

EH

[0056] The symbol R' is selected ﬁrbm the group consisting of halogen, Cy.g alkyl, Co.g

alkenyl, and C,.g alkynyl. The symbol R™ is hydrogen or C 4 alkyl.

[0057] The symbol R? and R? are independently selected from the group consisting of

hydrogen, halogen, C4 alkyl, SR*, S(O)R*, S(O),R*, COR*, CO,R*,CONR*R™, CN, and
10 S(O)NR™R™.

[0058] The symbol R* represents a moiety independently selected from the group

consisting of hydrogen, halogen, OR*, SR*, S(0)R™, S(0),R™, NR*R™, CO,R™,

§- 3 b 3 \w LINERY -E-N/——\SOH

\ ’ 3

é"N 'E /——\ 5 =N NH é Nmo %‘N/—-\S

G G G

o o} 0 0 0
15 wherein each of these ring systems is optionally substituted with from 1 to 3 substituents
independently selected from the group consisting of halogen, amino, oxo, Cigalkyl, Cy.g

haloalkyl, hydroxy, C,.g alkoxy, heterocycloalkyl, heteroaryl, and heteroaryl-Cy 4 alkyl.

15



0 and pharmaceutically acceptable salts, esters and prodrugs thereof
NON In another group of embodiments, Rs is 000 0rS % A or optionally
substituted with from 1 to 3 substituents independently selected from the

qieURSARsisHing of halogen, amino, Chg alkyl, Ci_g haloalkydyyisze07/068262
hydroxy,alkoxy, heteroeycloalkyl, heteroaryl and heicroaryl-C14 alkyl; and

subscript nis Q, 1, o,2. 10072] In another embodiment, the invention
O e R B i R 6 C et omty
subtiteplablé: Salts | esteysbatidqpte drhgs tieréofc [BOXBdintangtheregnsispngfol

ha%gkﬁlof?{é&}@g@§ BR.18 SElecsed oy 06, ghaup gonsisiog of WO _

2007/131179PCT/U S20077/068262 wherein each of these ring systems is

[0 WionEiRsebitssitEtRNIHCRBIOMS B dubstituents independently selected

[odeam thegratHplgonsistingdaf fimoge ardad doabistin N -C(0)-CL_8 alkyl,
5Chs haloalkyl, hydroxy, amino, oxo, Cl_g alkoxy, heterocycloalkyl,
heteroaryl and

16



heteroaryl-C14 alkyl and R8 is hydrogen or CIA alkyl [0074] In another
embodiment, the invention contemplates compound aving the formula
selected from the group consisting of:  5and pharmaceutically acceptable
sasoestgrsand prodnigs thereof. [0075] In one group of epaodinieissze2
R5 is N wherein R7 is selected from the group consisting of hydrogen,
C1-1 alkyl, cyan, optlonally substituted phe@yl and C(O)SRQ R9 is Cl4 alkyl

or amino. {00761 see |men nventlgh ludes
compourds dekecte frtﬂ anigﬂar I accw salts, esters
and pro there 77] In"oyfe group 0 mbod| ments, Z'is selected
from the %ou con5|§t|n of: Rj is halegen or 07_@alkynyl and Ria is

[0079] I lan; ther e ent |th§ inventj @ontemp t9 compounds
having th Formula: and phalf’haceutlcally acceptable salts, esters and
prodrugs thereof [0080] In anoth@r %:)up of@mbodlmer&s Zis:

ciles

hydrogen thy@ ]In rgro bog , Zis: or

17
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s

20

R1 and Rl is halogen or C2 8 alkynyl. WO
2007/131179PCOUS2007/068262 100811 In another group of
embodiments, Z is: Rla ; where R is halogen or C2_8 alkynyl and
Rhysipegy ey methyl. [00821 The invention contemplates CRRPAYN 65262
having the formula: 00 CI r.----NHP---NH NNN N 8' and pharmaceutically
acceptable salts, esters and prodrugs thereof. [0083] In another group of
odiments, the compound has the following forraula: (II) 10[0084] With

refereénce to fognula (I, Rhis selected from the grgupsconsisting of,

hal Rig_s_ alkyk C2N¢/ alkenyl, [@%{_8 alk nyN,p%Z Brérqj 2,
independently selgcted firony the graup ¢ nsisf?r?g/safzﬁydrogeg\h}lbgen,
C1 yl, SR%S(0)124a,and S®)2R%a; and R is selectel from the, and

group consisting of hydrogen, halogéh, OR4a, sR4a, s(0)R4a,
s(0)2R4a,NR4aR4b, O N

R8 N\)

wherein each of these ring systems is optionally substituted with from [ to 3 substituents

»

independently selected from the group consisting of halogen, C, g alkyl, C, ¢ haloalkyl,
-NH-C(O)-C4 3 alkyl, hydroxy, amino, oxo, C;_; alkoxy, heterocycloalkyl, heteroaryl, and

A

N.._
heteroaryl-C;_4 alkyl, with the proviso that when R is L/ %

(or substituted alkyl) substituent in the 5-position of the R” ring.

, then there cannot be an alkyl

[0062] The structure shown above as:

7
Ra,

)
Ni*a

F

l

includes both the cis and trans isomers, i.e.,

R7\N N R’
L &

[0063] The symbol R® s selected from the group consisting of hydrogen, halogen, and C; .4
alkyl.
[6064] The symbol R’ is selected from the group consisting of hydrogen, C 4 alkyl, cyano,
optionally substituted phenyl, and C(O)R9 wherein R” is C 4 alkyl or amino.
[6065] The symbol R® is selected from the group consisting of hydrogen and C s alkyl.
[0066] The wavy line indicates the point of attachment to the rest of the molecule. The
present invention also contemplates pharmaceutically acceptable salts, esters, and prodrugs of
the compounds of formula (1).

[0067] With the above formula, are a number of specific embodiments of the invention. In

one group of embodiments, R%, R* and R® are hydrogen. In one group of embodiments, R is
18
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25

CO2R4a, -ND -41-0 I-NC\NH W-MO 'WM ™ wherein each of
these ring systems is optionally substituted with from | to 3 substituents
independently selected from the group consisting of halogen, amino, oxo,

GRS 20049520971131179PCT/US2007/068262 alkyl, C.8 halqaikyls ausiigssts
C1_8 alkoxy, heterocycloalkyl, hetcroaryl, and heteroaryl-CIA alkyl;

each Oa or leb is independently hydrogen IA alkyl, optionally 4, "
Y MDA AR SN b (o1 ol S
Cylye COmIRIAG DL halyemNBYRIoX valkexyp étenbayiyhiexd, aminded
fro%g%ggﬁ%?é@%%? tegrom# ,%%&1&9{‘.%aﬂfs}glgf§1¥9£99§{b)z-methy1.

h the subscript n is an integer from O to 2; the wavy

In P SFRHB s istsitie oF dftEivesH bR YeshioThe TR Ricibodieents. R is
hyBhaomnacausically ascepiahle salisdiasiarsring Lradsd gsthereabupSsidng

o fﬁp %%Qeﬂa%g%ﬁ 8&@%@%@3&1@%% l{lﬁRQ"Z é%)ﬂ]yl. [00861 In another

e iment,“thé coni e fortnula: 0~ %and the invention

contemplates pharmaceutically ts. "Sylts, esters and prodrugs
Isthereof [00871 In another ﬁemb mnents, Rl is halogen. [00881

in another embodiment, the compound is selected from the group

consisting of Os — =
) 3N s0) N e
\_/ " and

o
wherein each of these ring systems is optionally substituted with from 1 to 3 substituents
independently sclected from the group consisting of halogen, amino, oxo, Cygalkyl, Cy g
haloalkyl, hydroxy, C.s alkoxy, heterocycloalkyl, heteroaryl, and heteroaryl-C, .4 alkyl; and
cach R** or R*" is independently hydrogen or Cy.4alkyl, optionally substituted with hydroxyl,
alkoxy, or heterocyclyl, and the wavy line indicates the point of attachment to the rest of the
molccule. The superscript n is 0, 1, and 2.
[0068] In one embodiment, R* is selected from the group consisting of hydrogen, hydroxyl,
fluoro, S(O)CHj3, S(0),CHa, NH(CH;),0H, -C(0),CH3, -O(CH;),OCH3,
-OCH,CH(OH)CH,O0H,

OH
TN 9= »OH 9= »NH
é-C ’ \ , \_NH2

é—NC—;NH — §~—N/_\s”o < ~
O é_N\_/S —/ \\O and NC>

[0069] In another group of embodiments, R’is

optionally substituted with from 1 to 3 substituents independently selected from the group
consisting of halogen, amino, Cjgalkyl, Cy.shaloalkyl, hydroxy, C, ¢ alkoxy,
heterocycloalkyl, heteroaryl and heteroaryl-C 4 alkyl.

[0070] In anothcr cmbodiment, the invention contemplates a compound having the formula:
19
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N 5and pharmaceutically acceptable salts, esters and prodrugs thereof.
[0089] In another group of embodiments, R4 is hydrogen. [0090] In
another embodiment, the compound has the formula: 0 0 and
ROGMassytisally acceptable salts, esters and prodrugs thegrgl {83ORdsk»
In another group of embodiments, the compound of the invention is in an

isolated and purified formg [0092] Within the present invention, the

compounds provided ip-tife exa \ ple,s\LReIow are each preferred

embodiments, along With N@r\egﬁical ceptable salts, esters
and prodrugs thereof Preferred example oﬁfg)@%@hds of formula (1)
include: [0093] ©

andrBimanoebiilly(de(2patdpyaidirdd@yd/biobery thetdit-imidazol-4-
Syl)methyl)thi ophene-2-carboxamide; [0094]

[082T hi drenkk{é: (@<@ okeomarihenoRoheny1)-1H-imidazol-4-yOrnethypthiop
hene2-carboxamide; [0095] SpChloro-N+(1-#-(2-oxopyrazin- |
(2F1)-y1)phenyl)-1H- midazol;4- y§meth nQBt;\gne-Z-carboxamide;
14[0096] 5-Chloro-IN-(4-(6¢0x0

fid zinF (6HNyOpheny yt
Imethypthiophene-2-carkpxamide; [009
5-Ch|oro-N-41-(4-(2-0xo-§-m ylpyrild(21~11-yOphenyl)- | H-imidazol-4-
oM BIRYRINARh &G RorRTRE /MEEKGents independently selected from the group
consisting of halogen, amino, Cys alkyl, C, g haloalkyl, hydroxy, C,.¢ alkoxy,

heterocycloalkyl, heteroaryl and heteroaryl-Ci_4 alkyl; and the subscriptnis 0, 1, or 2.

[0072] In another embodiment, the invention contemplates compounds having the

formulas:
5 o)
SO L
25 N N\%\/N S\ .
o)
O 3
O
& /=N
= H / \
o=s§ N-Q—N\)\/N g
o)
0 Q\S,,O N
/=N X /= H
{ fN«D—N ARG PES B
\_/ %N\(Q\CI \)\/N s > ¢
0 , o)

and pharmaceutically acceptable salts, esters and prodrugs thereof.

[0073] In another group of embodiments, R’ is selected from the group consisting of

20



100981 5-Chl oro-N-(0 -(4-(3-oxothiomoipholino)phenyl 15yl)methyl)thioph
ene-2-carbox amide; [0099]
5-Chloro-N-41-(4-(l,1-dioxo-3-oxothiomorpholino)phenyl)-1H-imidazol-4-
XE96YRthipphene-2-carboxamidc; 11:11001 5-Chloro-N-f-{ésbho7/068262
,3-dioxothiomorpholino)phenyl)-1H-imidazol-4-
yOrnethyOthiophene-2-carboxamidc; 101011

5-ChIoro-N4(1-(4-(2-oxo-tetrahydrgpyrimidin-l H)<«yDphenyl )- | o
imidazol ¥ - yOmetHy/)thiophene-2- rbgga%%n@%o
k0 IN(Q (4% 2- 29 N;%.p ryll)(-JlH-i i - HJ\N}%
ph eng-2-carboxamide; [0103] 3

{{-(4,- S4dioxop peraZin-l-yl)pheflyl)-1H-imidazol-4- )

yOmethyl)thigphene-2-carbgxamide; [0104] o
5-Chloro-N-{(1-(2;fluoro-4-42-oxopyridin|(2H)-yl)phegyl )-lLH-imidazol-4-
yI)methyI)W’gbmeﬁ%-Mﬁrﬁzgxam' e}éﬁzljogm/ %\N/U-\le
5-Chloro-N-(0- -(meth%lf}rmgm; io/xd)pyridin-l 4)-yd)pheny1)-1Hi
midazo1-4-yémethyhthioptene-2-cdrboxamide;» 30{¢2106] ;
wiRrehleonNr (2GS Ay pmtidins HR Ffiplacnybkisiggid
_azol- 4-yl)methyl)thiophene-2-carboxamide; [0107%
indgnep R INCRINA TOTO RS PRI 2] 2thiEmbes RO opRERY D)-F1s £
CRidiaztdd; Wounethypiiopher) €, 2-daskplamntaer 00 cteroaryl and
-.Cah Oro-Na(1-(4+ ridin-1(211).y1)-2-(1,1-dioxo-thiomorpholin-4-
het;:_/é Opﬂ;éor(%?f)-%&-?%C}ﬁz?gxﬁf%%%%%?ﬁ%ﬁ|o iene-2-carboxamide; 101091
(06743 hi reoRi¢ cfb@lisxopiperay iy Wniermisiesppraionde bavyigshe fympula
sclbHimidaz eldoiamerhyhthiorhenc-2-carboxamide; 5[0110]
5-Chloro-N-((1-(2-(2-hydroxyethylam o
iN0)-4- oxicligil 2H)-y|)pheny1)—]7/I:L1q|mi ol-/A&;\}/l)m ethyl )thi oph
en ee-carbOxamide; JO11l] N N N | H
5-ChISTS-N-({T{(2-hyadr H{@opyri&ﬁﬁ(z?-yo&)ehﬂhf@mzol-
4- yl)methypthiophene-2-e@rboxamige; [0112] o ,
5-ChlorogN-(0-(2-methoxycarbou y1-4-(2-gxopy ri di 0-1 (2H)-yl)ph

enyl1)-141- imidazold:yl)methy)M oph;ﬂn(e-z- ox;gn 101131
5-C OroNN ( l‘( -thio PYH i -1(2 -1)-8%%% |
e Shofppyy 1R Mgy
o) o)

0

X /N
HN N—@—N H
s \A/N /
&C,
~ P
/.\\N J==N
HN N—< >—N/ H / /
O/>_/ \-)\/NE/Q\C! Q'@’N\/)\/ﬁ\"/@\c’
, (0]

?

.0 O HO O
AN >\——j AN

CNQ_N\)\’N%}CI _ N‘Q‘N\/\/H#}Cl
0 , 0

7



yOmethyl)th lophene-2-carboxamide; 101141
N-(0-(4-(2-0xopyridin-1(2H)-yepheny11-1H- mid
azol-4-yHmethyl)-1H-indole-6- carboxamide; 15[0115]
WEHWNYhNA((1-(4-(2-oxopyridin-1 (2H)-yl)pheny1)-1H- imi gdeg@ls4ro7/068262
yOmerhyl)thiophenc-2-carboxa mid e; [01161 5-Chloro-N-(0-(4-(2-(cyano
mino)pyridin-1(21-1)-yOpheny1)-1H-imi azol-4-
yl)@cthypthlophene -2-carboxamide) hloye-N41-(4-(2-grmethyli
rreln- 1 -yl)ghenyl)\LH-im daz Q;é&hw}glﬂ ' 2-
0-WH((156-(2-(#Tnethoxypheny dmino)pyri di
n-1(2 H)- yI)ph enyl 1ngn idazol-4-yl)meth yl)th ophen e-2-Carboxamide;
[0119] N-((1 -(4-(2-(Acetyl i m ino)pyridin-1 H) yl)phen
)-1H4midazol-4-y1l)methyl)-5- chlorot hepe -cambuxanpﬂ 120]
-I-M?chI-N-I(O- -oxopy@dK (2k - cl
-h_l oxamide; [0T21] 5- Ioro 1- methy -0
-(4-(2-oxopyri - (21- 1)@Opheny1) H-d
yl)methyl)-1H- pyrrolefqziarboxamlde [0122] 5-Chloro-N-(0 -(4-(1 .1-d

ioxoth omorpholin y1)-1 H- npggl@zol +4- 3 methyl)thi ophen
e-2-carboxami d ji -f C(f oxopyri di n-4
(2H)- yl)phenyl) {dazdt- -yl)methypt oph%ne- -carboxamlde
WO 2007/131179PCT/USZOO7/068262 [012
5-Cldoro-N-((1-(4-(3-methaxy-2-oxopyridi

n-1(2H)-yl)pheny1)-1Hgjm{da - ypmohylphiopjiege-2-earboxam i de;
[0125] 5-Ch1oro;Nye(4-(8= WRiGH 4)-yl)phenyli
midazol-4- yOmethypthiophene-2-earbox amigg; 5]0126] 5-Chloro-N -(0

-(4-(3-fluoro-2-oxopyridin 1(2H)-yl)pheny1)-1H-rmidazol-4-

N—-’< AN W N
O—’—'K_JN‘ON\)\/N g7 ~Cl
OB O

0 =N H 7\
£ aless S W
OHN&N‘O‘N\)\/Q@CI ) s
o)

OH

HOH N\)\,N\ﬂ/[}\ CN@'N\)\’NW |

...—-

»

H/\

5
\_Z\t_jN—-@—N\)\/N\"/(_)\ ¢ NO S Cl’
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yl)methyl)thiophene-2-carboxamide; [0127]
5-Chloro-N41-(4-(3-methyl-2-oxopyridin- |
(211)-yOpheny1)-111-imidazol-41 - yl)methyl)thiophene-2-earboxamide;
[Q¥28 7131179 . PCT/US2007/068262
5-Chloro-N-((1-(4-(5-methy1-2-oxopyridia-1(2H)-yepheny0-1H-imidazol-4-
I OyOrnethyOthiophene-2-carbox amide; [0129]
5-Ch|oroéN-((1<§ng-£4-hydroxy-2-oxo yridin-é(zH)-ygghenyll-lH-l idazol4-

y1)methypthigphéne-2-carboxamide; 0] 5=Gforp<N
-«1@%@@@%@ @N@N%H ()
midin~I(21-I)-yl)phenyl1- 1-ﬁimf€!a7F 4-yl)methyl)thiophen [2-&arbBkam
ide 15101311 N-((1 -(4-(4-Amino-2-oxopyr
d@-l(zg)-yl)pbggyo-lH-imidazol-4-yOmethyI)-5- chbre h
opheng-2-earboxamide, [0132] 5-ChiorbeN o3

-(44(3- Wﬁ&d' ydyopyridiidi ﬁ enk{l\%—/l@Q\
imidez0l-4¥yImethyptlopngnesZ-canbo ideg133]"N- s~ ¢
-(4-(4-Amino-5-fluoro-2-oxopyrimi di n- | (2H)-yl)ph eny11-1 H-in dazol-4;
20yl irethyl)-5-chlorothiophene-2-earboxargjde; [0134] N-(O

-(4-(4-peltamidg-2 -@ﬁgﬁyrimid in-1(2H) he -1I—}§ip\?idazol-4-

b T S e O L.

5-Chloro-N-((1-(4-(2-oxopipafi (g teyl)phenyl)- | T-I-imidezoN4-'s” ¢y

yl)methypthiophene-2- earbéxamide: 25[0136] 5-ChlOrO-N 400 ,

-(4-(2-oxepyri din -1(2H)-y0-2-(2-(piperi din¢{ -yl)ethoxy)pheny11-111-
-y th

imida ypthiophene-2-earbo ide- 137}
N41-@§@@dﬁ%)-y phenyl 1_H ;&nﬂ%ﬂnd
ole-5/carboxamide; [01 C N-((2- '_?thylthio)-l- -(3Fo e
in-1(21-1)-yOpheny1)-1H-imf{dazol-4- 30 O ,
| -2-car ide; -Chl N
s 3 g A D13 Aphny)-

[oéﬁ(!mi 7'%3%%&{[%@}@&9@% g-2-carboxami de; WO
2007/131179PCT/1JS2007/068262 101401

5-Chloro-N((2-(methylsullinyt)-1-Rz(2-oxopyri din- I (2f 0-y1)phe nyl )-1
H-imidazol4-yOmethypthiophene-2-Sarboxamide,

-~

N
F

3

wherein R’ is selected from the group consisting of hydrogen, C;_4 alkyl, cyano, optionally
substituted phenyl, and C(O)R’. R’ is Cy.4 alkyl or amino.

[0076] In thosc embodiments, the invention includes compounds sclected from:

X \
4 N Y N
/=N /=N
OO 0 OO~ T -
0] , o]

23
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101411 5-Chloro-N-(0-(4-(3-hyd

roxy-2-oxopyrazin-1(2H)-yl)pheny1)-1H-imid azol-4-

yl)mcihyl)thiophene-2-carboxamide; 5[0142] 5-C

RIS QaN74 6l {4y (3-(2-hydroxycthoxy)-2-oxopyridin- 1(2H)-yl)pbepxkhvhidesaez

imidazol-4-y1)methyl)thiophene-2-carboxami de; 101431

8 Chloro-N-(0-(4-(4-ethyl1-2,3-dioxopiperazin-lI-yl)phenyl)-11[-imidazol-4
thylAiophenc-2-carboxamidc; [0141] N~(1-(4-(2-(Carbamyl no)pyri

di )-yl)pheny1)-1H-imid az014- yOme-t-W%) 1 G5-ch

loro -2-carbgx amide; [0145] 5-C

kRl el et
yhmetdyl)tNiefhend?2-c e ¢b1 ibro N5 1-
-(4-(2-oxopyrid in-1(2yi)phey1)-1H-imidazot-4-

yl)methyl)thiophene-2- c&rboxamlde 15[0147]
5-Chloro-N-((1-(4-(5- qu 0-2-oxopyridi n -

1(2H)-yl)pheny1)-2! n%th sulfiny1)- 1H-
imidazol-4- yI)methyp(@é -cafbtbkan}Lge 8]
5-Chloro-N-((1-(4-(5- 1)-2-(methylsulfon
yl)-111- imidazol-4- yemethyl)thlophenc-z-car xamide; [0149]
5-Chloro-N41-(4-(3-fluoro-2-oxopyridm-1(2H)-yl)pheny1)-2-(methylsulfiny
ang pharppepdiisiidageicataiinselisyepkio phépedugatbexamidc; [0150] 5-Ch
loro-N
[00('@-(Jqsmﬁ?@vzz%%b@ﬁiaﬁ?mf(én@af%ﬁ%ﬁmt@emﬁhm#&ﬁgfﬁmimid
iopfiet poxamide, 101511 5-Ch Foro-N
ITh e r1H- |m|dazol -4-yl

5-Chtoro-N-((1- (2 (Z-methoxys#Foxy)-4-(2- oxopnd EH) -yl)pheny1)-1H-
imid azol-4 -yl)méthypthiophehg-2-cEtrboxamid 15 ,
(R)-5-Chloro-N4(1-(2-(2,3-dihydroxypropoxy)-4-(2- oxopyrldin-l(ZH)-yI)phe
and L )is bldpeiteazOl-/idnyethy i Hiophemed: cranbtwami de; [01541

06% 5S-G 196R:Nx Jgfgﬂgn%oqlﬁgggoixgropoxy) -4-(2-oxop i din -1(2H )-yhp

H imidazol methyl)thiophenc-2-carboxamide;
= \
NH
%,
or "

[0079] In another embodiment, the invention contemplates compounds having the formula:

d-o-ats oy CrOmCn 0

and pharmaceutically acceptable salts, esters and prodrugs thereof.

[6080] In another group of embodiments, Z is:

Sy
Qﬁ

R’ ;
and R' is halogen or Cyg alkynyl.
24
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[0155] 5-Ch|0rd-N-(O -(2-(2-hydroxypyridin-4-y1)-4-(2-oxopyridin
(214)-yl)pheny11-1Himidazol-4-yl)methyl)thiophene-2-carboxamide;
[0156]

SVl N4l-(2-(6-hydroxypyridin-3-y1)-4-(2-oxopyridin-1 ()b et
)-1Himidazol-4-yl)methypth iophenc-2-carboxamide; [0157] N-41-(2-(6-Am
nopyridin-3-y1)-4-(2-oxopyri.din- | (21-11)-yOpheny1)-1H-irnidazol-4-

O S PRI SBRRHEES 6 fBxamide: S[0158] 5-Chloro-N-((
-(4-(4-fluoro-2-oxopyridin-1(2H)-yp M)-lH-imidazoM-
yOmethypthiophene-2-carboxamide; 1\Q1591 5-Chloro-N-((I
-(4-(6-fluoro-2-oxopyridin-1(2:113; jenyl)-1H-imidazol-4-
ylinicthypthiophene-2-carboxamidé; 10501
127 RIORQ N (€5 Ty RXORYyRr bR HERBERY!

" 10 I)mgth,yl)g'[hiopherﬁ@g’@;{rboxamide%né 101611 W

[O%S-éhl ans: Ny@&gp@gﬁrﬁ%ﬁ?&g@%gﬁv}ds having the formula:
din-1(@1-1)-yl)phenyl1)-1H-imidazol-4- yl)methyl)thiophene-2-carboxamidc.
[0462]

li

Alsfhthe rrgd, m fekerr Xan st preferreg,co nds
ted é‘JseFéthe s of @V@Eﬁ\@wpﬁ

I [
The present invention further d}lovides compositions comprising ne%r
more compounds of formuta (1) or a harmaceutically acceptable salt,
anéplenonaiadilyg ibeteosl and scpharmagsidicallshaeseptable carrier. It will
be appreciated that the compounds of formula (1) in this invention maybe
[068S]vatizedtht fanctoriahgralipste, providepprodiug defividtiveg REnwviich
arc capable of conversion back to the parent compounds in viva.
Examples of such prodyugs inclydesthe physiologically acceptable and
metabolically labile_egter derivatives) such as methoxymethyl esters,

methylthiomethylesteks, af pivaloydxy ethyl estgFS\derived fi-om a
N4 . 1.

hydroxyl group of\th: pound or ty Herived from an

amino group of the compguind. Additionally, anly physiologically

acceptable equivalents of the 25compounds of formula (1); similar to
metabolically labile esters or earba s, which are capable of producing

(0838 PaER compeuRds affarmyia () Rivve: smWithinthe seene o5tRiSogen,
invention. [0164] If pharmaceutically acceptable salts of the comE_ ounds of

CnidsrivEptialieare tifiteaihandss cififodidRdenmssatbatdesle piarefsip up
coteikvigglofironarinenganis:or, argadicasik, snd)RObases(ngtideddahanglected
such acid salts are the, following: acetatg, adi nate, aspar ab
r e S R e, R SRRl e
C@dﬁlu“phor sulfonate, cyclopcntanepropionate, digluconale, dodecylsullate,

ethanesulfonatc, fumarate, WO 7/%3 PC1/US2007/068262
E@N \

2
i

o NIV 2 W I 2n W Y e
END!;NUOyé—N\_/NHysNuO,'EN\__/SOH,

ORI O OC B0 e B
o) o o) o) o

wherein each of these ring systems is optionally substituted with from 1 to 3

substituents mdependently sclected from the group consisting of halogen, amino, oxo, Cis

25
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lucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate,
lactate, malcate, methanesulfonate, 2- naphthalenesulfonate, nicotinate,

Qx8lale,Rampate, pectinate, persulfatc, 3-phenylpropionatep @iardi6) 7068262
pivalatc, propionate, succinate, tartrate, thiocyanate, tosylate and

5 nﬁcc ogte, Base salts include onium salts, alkali metal salts
L B et i BIRah B L et S SoApeam e
allgdicium and magnesium salts, salts with organic bases, such as

dicyclohexylamine,5alts; NsRethylsalyeagune: ands: I,So\ﬁﬁlimlﬁig'ﬂpbstit_uted
acids such as arginine, lysine, and so forth, [0165] Furthermore, the basic
VithiogehiR gty SR AT he Giratet e dhigioap errs S tmes Ralosr
hyatkyl halides, isueb asipeaikyl aetihylapropybayid butyl chlorides, bromides
and iodides; dialkyt sulfates, such as dimeth iethyl, dibutyl and diamyl ..
Culfates, g R e B et e e SR
chlorides, Broshdedprandsiarlideseniraivy tealides, such as benzyl and

phenethyl promides.andapthersnVysiareneibaolihle aqisperaiblfolecule;
products are thereby obtained. 15[0166] The compounds utilized in the

compositicHé BRI AIStHEEE S £ RV By HiS & BE HES SR by

ending appropriate functionalities to,enhance selective biological

[Oﬁﬁpgﬁ@?@ﬂpﬁ %ﬁ%&%ﬁlﬁ?e&f’% %ﬁégvll?l 2 agﬁgﬂylmd include those
[0086ichlinorethsechibddgical.pha etragiomdrite thgivembiological system (e.g.,

blood, lymphatic system, gentral nervous system, etc.), increase oral

availability, increase ili allewpadministration by injection, alter
metabolism and alter 0 eltqal 10167 e pharmaceutical
compositions of the invention can be manufact&re methods well

known in the art such as conventional granl?lating, mixing, dissolving,
encapsulating, lyophilizing, or emulsifying processes, among others.
an€ HNPOSHIRAS SRR PRI pdiiead dnivanipus iprBE, NG Uding gantiesigs
th%refipitates, or particulates, powders, including freeze 25dried, rotary
ied or spray dried powders, amorphous powders, tablets, capsules,

p, suppositories, injections Isigns, elixirs, suspensions or
[Og%ﬂjtigxﬁggﬁgg?ﬁ%?gﬁ()br}g&rh%g@gﬁ %}?[glﬁls%lg?r?l%?irﬁ' stabilizers, pH modifiers,
[088fTacamsthisicavaithibitig modifie ahd sdmisihavonhogiiaseonfidag]ol

Pharmaceutical formulations may be prepared as @iquid suspensions or
sqution;@Ousii@ a sterile liquid, such as g, watér; @&eohol, and
combinatj . Pharmageytically sujjapie Surfaetants, suspending
agent§sf e ifyirﬁ%gj{g’@fge IlPd Nor=t ra@p@rﬂ all o
administration. Suspensiong may include oils, such as pean oif sesame
oil, cottonseed oil, corn oil and olive oil. Suspension preparation may also -
contain esters of fatty WO 2007/131179PC1711S2007/068262 acids,
such as ethyl loam, isopropyl myristate, fatty acid glycerides and
acetylated fatty acid glycerides. Suspension formulations may include
alcohols, such as ethanol, isopropyl alcohol, hexadecyl alcohol, glycerol
and propylene glycol. Ethers, such as poly(ethyleneglycol), petroleum
hydrocarbons, such as mineral oil and petrolatum, and water 5may also
be used in suspension formulations. 101691 Pharmaceutically acceptable
carriers that may be used in these compositions include ion exchangers,
alumina, aluminum stearate, lecithin, serum proteins, such as human
serum albumin, buffer substances, such as phosphates, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of saturated vegetable
fatty acids, water, salts or electrolytes, such 10as protarnine sulfate,
disodium hydrogen phosphate, pota§éum hydrogen phosphate, sodium




chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrroli
done, cellulose-based substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes,
RAYBIIIsHRSspolyoxypropylene-block polymers, polyethyleng-glysahatehe:
wool fat. 101701 According to a preferred embodiment, the compositions
of this invention are 15formulated for phaiinaceutieal administration to a
mammal, preferably a human being. Such ph&rmagceutical compositions of

the mvcantloh)@@gbe administered orallfs, parefteral ly, by mhalatlon
spr opicady, req@lly, nasally, bugcally % vig an jmplanted
inc epus,

res€rvoir a tent fa ' as u he
intraVenous, intramus uI fa-grticular, intra-synovial, i rastemal,
intratheeal, intrahepatic, |Htrale5|orial and 20intracranial injection or
infusion techmques Preferably, the comp03| IbRs are administered orally
or intravenou e formulations of the i |nven on may be designed as

short a mg, eleasing, or long-acting. Still fdrther, compounds can be
m -- }Qq@ rather than sy ﬁﬁ%ich S
n@ 3 e'l‘g}tlo apas ea lﬂﬁ@&q&l?ll
Sterl € |njectale orm of e%onﬁﬁosmons of this inventionrgmay be

aqueous or oleaginous suSpension.’These suspensions may be
formulatgd accgiding to techniques knowypin th ACtising suitable

dlsp 'v qettipgpagents and susp in nWe }§terll j_ectable
preparafiom\msy diselbefa siéril injectable seluion Ra
nontoxic parcnterally acceftabie diluent or solvent, for exa Ie asa ,

solution in 1,3-butanediol. 30Among the acceptable veilcles and solvents

that may be employed are water, Ringer's soluti jsotonic sodium
chloride solution. In addition, sterile, fixed oils a co ntlonally
employgd as a solvent or suspendlngq‘nz_ueﬁ\l;m Hor t?ﬁls purpose any

bland fige maysfe employee inclugin ti o- /7 \
S20077068262 oleic acid afyd ifs glyceride derivatlves arc useful in the >
preparation of injectables, as are natural pharmaceutically-acceptable oils,
such as olive oil or_castor oil, especially in éhelr po yethylated versions.

hese solutlo or suspensions ma - t@ng}ghal cohol
d|Iu t r r'ft suc as/takpoxyket QARSI s ol
disp ge nts whi€h afe @omfionly used in the formulatign of :

pharmaceutlcally acceptabl@ dosage forms including emulsions and
suspensions. Other commonly used surfactants, such as Tweens, Spans
and other emuld{!-yen’é)agents or bioavailability enhancers which are
commonly usedin the manufacture of phar, aceut%;ﬂely acceptable solid,
yther g sage forms may also

(/

nurp‘gses
@ l{%nnay formula dgexal N S -
by Injeeti o by olus Injection or corkinuous )

infusion. A unit dosage formdor injection may be in ampoules or in
multidosc containers. [0172] The pharmaceutical compositions of this
invention may be in any orally acceptable dosage form, including
capsules, tablets, aqueous suspensions or solutions. In the ease of tablets
for oral use, carriers that are commonly used include lactose and corn
starch. 15Lubricating agents, such as magnesium stearate, are also
typically added. For a capsule form,
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useful diluents include lactose and dried cornstarch. When aqueous
suspensions are required for oral use, the active ingredient is combined
with emulsifying and suspending agents. If desired, certain sweetening,
flayaning L sploring agents may also be added. [0173] Altegativelys @262
pharmaceutical compositions of this invention may be in the form 20 of
suppositories for rectal administration. These may be prepared by mixing

the ag ith_g sD}'.te le non-irritating @pi whighjs sglid room
temp atwm@%ﬁe\%@_&mpe @JS;%I\WH inthe
rectum 1o release the drugSueh frhterials include docoa b terS bdeswax
and polyethylene glycols. 1%1741 The pharmaceutical compositions of this
invention may also be in a topical form, 25especidiiy when the target of
treatmereRiludes areas or organs readily accessible by topical ,
application, jAcluding diseases of the eye, the skif™®®tthe lower intestinal

tract. Suitable topical formulations are readily prepared for each of these

areas,@r orgadrs. [0175] Topical appliciﬁor theQower intestinal tract
mggﬁe h rectal s sitory/fo g@ﬁﬁ%bom)wl a
sukable aMly- anddefma MY@@@,

be used. For topical appliggtions, the pharmaceutical composigpns may ’
be formulated in a suitable ointment containing the active component
suspended oga'%solved in one or more carriers. Carriers for topical

administration, of, t§g compounds of this invention 'wclude, but are not
limited to, migeral oil, liquid petrolatum, 36 whit§ pgtroltum, propylene

and
forMulg o opicrean)_ct iyl ts

suspended or dissolved in neor Hore pharmaceutically acceptable
carriers. Suitable carriers include 5mineral oil, sorbitan monostearatc,

armaceutical
composigéons 3\ formulated as micronjzed s sions in isotonic,
pH agj sterile,sgline, or, ferabl ons.h, isotonic, pH
adju@ 5 @ T /'f:ﬁ\e/iﬁer ith\our v%ith %ﬁ sugh\s
tobenZylalkomium chloride Alterpatitly, T5r ophthalmic uses, the S~ Cl
pharmaceutical compositiorQs may be’formulated in an ointmé%t, such as
anpgiratatisentidk7ackdfieb phang)agetstival podnpasitionst of this invention may
also be administered by nasal aerosol or inhalation. Such compositions
[088¢) prepakebagaondiigrtddénhmigLrS khodwgim the art of pharmaceutical

f“@geﬁﬂl”y%ﬁ;%oﬁé%%‘%ﬁﬁw afg%g%eﬁna%ygi%@%p@ﬂine, isemploying

or other suita eservatives, absorption promoters to
enhance bioavailability rocarbons and/or other conventional
solubilizing or dispersiig Ay of above dosage forms
containing effective amotnts are within f routine
experimentation and within the scope of the anvention. A therapeutically

alcohol_ and

“an@ifastivR daRaIPayyahyidenanding upe e rutered@dministration and

dosage form. The preferred 20compound or compounds of the invention is
[0ofgrmulationcthab exbibis s Hghtih@epeulitind of the invention is in an isolated

and purified form.
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index. 'The therapeutic index is the dose ratio between toxic and
therapeutic effects which can be expressed as the ratio between LD50
and ED50. The LD50 is the dose lethal to 50% of the population and the

RRprRjsthgdose therapeutically effective in 50% of the poiglatiRRaet&262
LD50 and ED50 are determined by standard pharmaceutical procedures

[odeFj‘”'%?t'?%ft'kg5%%&‘%%%%&8&‘%85“@%2&63 animals eﬁ%zhgeleg%s' e io8se
representative dosage forms described above, pharmaceutically
cagdepeptablecmkoibierns ateh g antie tscandidosageifalimscaret ghmeral] ysterownl

pré@rinose Skilestin e art Apd e nsides Erhanventienlt should be

understood that a Sﬁecific dosage and treatment r%g[men for any
(009 censrioarreht (il depa ey tipen £ VandsheptadBranifeting 3othe
yhaglivitytebphenspeeififoeamipgund employed, the age, body weight, general

! iet pf the patient, and the fime of administrati ¢
o S0 L SO DA 8 e

2-geberitpidéthe particular disease being treated. The amount of active

foddsrediantishilalze.deneid:inen e Raflicias. eamiaund and other
therapeutic agent., if present, in the composition. c. Methods of Use
YDA aRES &R Braidties methods of inhibiting or decreasing Factor
[000a]activityl as-Bwell(ag dreatiyg oz an elidyating «a fFrttdintdassociated
ylﬁjgﬁ?gl ymptom dis%rder %Cdisease in a patient in need thereof (e.g.,

¢ne2-carbqxamide; . . \ .
or on-ehumants.aln one embodiment, the invention provides

[0@f&thcuSorpretenting oreréarieigyarsoAaitioHind phamihalchzidaesdrized
yRewsdasindthrophesiscamprising the step of administering to the
mammal a therapeutically egfctive amount of a compound of the present
10488t Seh LR MGTE U 81E OH st MR Houte
yheanbpbtyigyrdednerimyacdrdgial infarction, unstable angina, refractory
ing, US| ry.throm ceurr hrampalytic therapy
Qi et T e e S Sttt b b DA
yDeyaibybhiepbrpordtiedesi@idtirombotic stroke, transient ischemic attacks,
[0Vmoufdm{&mgﬁiﬁ(ﬂeﬁp-&ﬁﬁ&uﬁa%ﬁiﬁ@mmh?mFiaﬁ%ﬁ@&ﬂ%dl_ls,
coagulopathy, disseminated intravascular coagulation, thrombotic
yl%‘ffﬁ@?ﬁﬁ%@%&%@ﬁﬁ?@ﬁ?ﬁﬂ & thromboangiitis obliterans, thrombotic
[0t paSeChbsodiated (With- hrepatiskindounetntid o BEoytopenid)-tHifemidetid-4-
yl)?x?é?ﬁ@ﬁ)‘fﬁgg%@?&%%g&%ﬂ{gh extracorporeal circulation, thrombotic
plications [

complications associated with instrumentation such as cardiac or other
10198y a<chiriP Ot btérZatisvmiftrelsbrat- BalsBn b ihpridaeshdry stent or
ylpﬁgm@gma}m@ng.gr@m@wﬂgyiring the fitting of prosthetic devices, and the

ike. 2 81] 'Treating" wijthin the cantext of the invention means an
O P S AR T A STCBPoLr LT HSHEL e o
ylfurtheh rogressiesrdoworsening of those symptoms, or prevention or
[0 EAPhYlaxis BiNNG 1S 8RSE A BISSIRY: 9&3’22{%98&@%1)'1%%@%1-4-

includes .or%?nlsms which express Factor xamplés of mammals
YOmethdataeRenetscHbNemiABep, pigs, goats, horses, bears, monkeys,

[0 06y, calg@bdy-2apelerablysusmans- DraRgg e q (gemishssmIichH-
iR SR AR AR SlR.Als0 Inglyded o this
[0166] 5-chloro-N-((1-(2-(methylsulfinyl)-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-
4-yDmethyl)thiophene-2-carboxamide;
[6167] 5-Chloro-N-({1-(4-(2-oxopyridin-1{2H)-yl)-2-thiomorpholinophenyl)-1H-imidazol-
4-ylymethyl)thiophene-2-carboxamide;
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definition. [0183] The inventive methods comprise administering an
effective amount of a compound or composition described herein to a
mammal or non-human animal. As used herein, "effective amount" of a

GHRRYNS @5 composition of the invention includes those ag@HPisHoEI%:2
antagonize or inhibit Factor Xa. An amount which antagonizes or inhibits

t is detectable, f an ble of determini
QT wekelnasibcr et et St dimeit sttty
yDstinh-rethodizBifective tiyighioh enay -aisboAarode;
m%@97/4.%%&&82@1%,@@9%9@%2@%1ﬂgly.fieét@%ﬁmﬁxum{wm allgyigie

~ symptoms of a Factor Xa associated disorder treatable by inhibiting Factor
imydazol B aFGH) BpRAGS Mt B EaEEST Xa” include compounds which
[0intgrastotitdhe (Faciar Xadand sotuhaie)-e-Q-oxdihitdor-t@eTpalseh ding)- 1 H-
. ability ofa s .compound.e.d.., another Factor Xa ligand, to interact
lm\}vd%ﬁoﬁfgylfﬁglg?(f)%?%}g%aﬁ%eegfa&%?%%ﬂﬁiding compounds are preferably

[0 BHtagbriibterofNFHét6r-Malr Pryettangueiyeid Pabiidl ) bhaity 1 Ebrmpdnantd-

vl kB ethy SHNBitsbinding.finiy, to the receptor) includes those compounds
WhiCK interact with Factor Xa resulting in modulation of the activit%/ of
anin

[0 tor %Al Eatidk KaBIRdMmy CompYimts HaRy Be ok ntedRing
imviteen (€-glreet dnblispbanseell dagised)addn vivo method. A description of an
invitrQ method.is provided below... 4] n ound
A A bR e DT R e
yDsugthoiethiapheatidedwetstiddle decrease in the severity of the disorder, as
[omepswed by @ny:Rbihriasrays-Jeseied N HedexAmpiescthhs-amaidotos-
Factor, Mt modulator needed will depend on the effectiveness of the
CafpetTAGr for the given cell type and the length of time required to treat
[011 8] diSeEdenylNcaita i (@ mbadindenis? e/ Dpmpy$itiBAsofthisdd Sinvention
ylﬂ@%jkﬁ%‘ Lcomprise anather therapeutic agent. When a second agent is
, the ’

use econd a%ent may be administered either as a se{)arate dosage
[03dph or sl parbdf kdgie tosagacsrdiiththe-Ebatsolds dmidazol-4-
vl pRAROsitipnsRi thistovantien. White one or more of the inventive

o e e e O g e LS e

yltnetapythicphdnicR-theesenafean 20 inventive compound or composition

mi‘ﬂﬁra@ﬂﬁl&@aﬁaﬁ).g.@ﬂm%%wnemﬁiﬁr%ﬁgﬁ&ﬁ-@@gm&&grn-1H-
_ therapeutic agents for treating the same and/or other types of disorders,
1 'W?SM%%&%VBFM?@%?'@?&W%%&%MMW includes administration of
[othe]twR-an more (hesahalitic)agents| comcynieaty pi Baguentalyy Thahy)-5-
Ch?ﬂqutrﬂts may he ministered in any order. Alternatively, the multiple

erap

RO d0énts AN e combined into a single composition that 25can

[0 b hdrhivistardentethibieNpétletit(Foronstalee( 2dsingpb pbibr ihbzedtizelt4-

1 FRIIRPSIORCRAND CaRaREisg: dhe compound or pharmaceutically
acceptable salt, ester orr&rodrugg thereof according to the formula (1)

[0 therthlerapetift dgint (& o Toveapsiraxatehl by Brp ARk doteaRy -
yl peaeptabiesatblesterbspiadeg thereof, and a pharmaceutically

ep excipient,or, carrier. 30[0185] The inventign comprises a
1042 péﬁ?ﬁ%‘gﬁ rﬁtg t%a' dilrr(lj U é"%ﬁi"g“ %%%lcl)n ?%rcﬁyaqi;ﬁg’lglﬁ%z\?g%ve
ylmostipbineptermdthotidormmdiking a pharmaceutical composition from at
1019351 GDEHIRYERIYE.CRMRRLA 2BLBlIRaRY %?Bﬁﬁ%@ﬁ%-@%&azol-cl-

acceptable carrier or excipient, and a method of using one or more

YRR IS ou U TF IR a variety of disorders, symptoms 39 WO
2007/131179PCIT52007/068262 and diseases (e.g., inflammatory,
autoimmune, neurological, neurodeg$é1erative, oncology and
cardiovascular), such as RA, osteoarthritis, irritable bowel disease 113D,
asthma, chronic obstructive pulmonary disease COPD and MS. The
inventive compounds and their pharmaceutically acceptable salts and/or
neutral compositions may be formulated together
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5with a pharmaceutically acceptable excipient or carrier and the resulting
composition may be administered in vivo to mammals, such as men,
women and animals, to treat a variety of disorders, symptoms and

dizeansssfiwthermore, the inventive compounds can be usgeiioRERRS 62

a medi.cament that is useful for treating a variety of disorders, symptoms

di o its [0186] Still ther. tofthisi tion is t
0 B e R 2O A i TS U W SRJE S firn
yhtheliphéhidivephZimaceutickl compounds, compositions and/or salts
[a%gﬁre%‘i@ﬁﬁ)%%9((‘[‘.@9@.%%&%124\8%}8@%{1 Aerulicallv.Aoespiakig camiers

reat states, disorders, symptoms and diseases wheré Factor Xa plays
yDEeEre) hip EhRPGAPREPSM87] The starting materials and reagents used in
[0 ErePas g e e COmPeUNds Oene iy dnel aieygyaiable iramdazol-4-
yl)::%cl)%% g:lallgtlljégg_lcl:erﬁé such as Aldrich Chemical Co., or are prepared by

UG 1§ IR6EE Skiiled in the art following procedures set forth in

[012TérenChdbdosudh(bs(2d FiegbylehoxPisdits FRIAgens civh)-Origamidazol-4-

v mihssis Mbley & BeRanNew York, 1967-2004, Volumes 1-22; Rodd's
Chemistry of Carbon Compounds, Elsevier Science Publishers, 1989

[0128jundsPlos A Siihpransdhtde s By At RAREEBHE W22 ddhs:
yhONewryYieriksp RERD -vatwneside;65. [0188] The starting materials and the

intemiediates of the synthetic reaction sche can be 25isglated and
QlitereseiEe R e e Rl e S
yDoetitkshionhefistitatibnzanydeallization, chromatography, and the like. Such
mf@é‘qte_rﬁa@lﬁﬁ@_pq(qt@t@q@&&%@g&&i@m;@&@/ﬁmmﬂ1@ﬁw¥pmwjm-imidazol-
eci

physical constants and spectral data. [0189] Unless specified to the
- UIReE iR hensefisALBEERdBed herein preferably are conducted under
[0 31 jnext @ nibsphenmataimpsphetie-pESsUNp Bhaljeattiaieshpeinimayl)-5-
Ch@r& e 30 of o%n?about -78 C to about 150 'V, more preferably from about

i 2= de; :
to'about 1 8(,aglﬁde most preferably and conveniently at about room

[018Rlamifidtyodniplfat{(fencihyl-2hdior 6 ¢-ddvadony PBidm- N9E)-y)phenyl)-1H-
it BRI L3 ARG dpRIROTIAERZE/iR190] Referring to the examples that

R38R G A ETHURS IGHERS S BRI the

vyt Q0 1dhldhretciopipocidsdntioidatermediates were characterized by

' rfqr ce ligui ' IS
S R ror,
Y madal)- Srefdoseiaigtealccdiernsaméte C-18 SpeedROD RP-18E Columns
[ofrn MenelsdS Sy (Rammsiadbeeimamphoilisrnatelyd characterization

wa formed ysing a Waters Unity (UPLC) system with Waters Acquit
S e Benya 5 s, A sed.

PRAXES5 ram columns. A gradient elution was used,
[01gp]catyCtarding (Wit £%o1 OacetonithilerSHrs-Wateipantinprodrabsiygptonyl)- 1 H-
im?%%%l%??ﬂﬂytﬂ%@l‘(_ h%d%‘?j-ig’ﬁb%&?nﬁﬂ&“tes for the Alliance system and 1

minute for the Acquity system. All solvents contained 0,1% trifluoroacetic
[OR¥H (TEA)-(EonfpsmEs v rebatecherby! Hitraidaret-ighteey abddrsaén’-
caffoRih@re220 or 254 mm HPLC solvents were from ENID Chemicals, Inc.

oAb e T SR G R andl L

ylexahyplbiopMx-BikedbGetb6®2.5 cm x 7.5 cm plates. TLC results
[0139] 5-Chloro-N-((2-(mcthylsulfonyl)-1-(4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-
imidazol-4-yl)methyl)thiophene-2-carboxamide;
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were readily detected visually under ultraviolet light, or by employing well
known iodine vapor and other various staining techniques. 10192] Mass
spectrometric analysis was performed on one of two Agilent 1100 series

LioMg-insirsynents with acetonitrilel water as the mobile phase Q06068262
system using TFA as 20the modifier and measures in positive ion mode

h thor formic ao :
o RS gL Lt Aot s e .
4-ybsotiamte(piviRandiysisnidas performed on some of the compounds
oYl aé@ﬂ@ﬂ&%@@1’\-3]11'-%3N%lﬁxﬁfﬁ&@%ﬁéﬁiEQ)HY-QSpﬁQEﬁSE?MﬁiﬁHQ%%

was either TMS or the known chemical shift of the solvent. 25[0194] The
YRy ShisBhsaco diebRigarfion compounds may be assessed by elemental
[0BmlysiE tRebartigonMiciolity dvagisrsk ND2)o iR %)M elting RRRisymayibe
._determingd o aboratory Devices Mel-Temp apparatus (Holliston,
1%5?%@%??.%%&%&%@8%%%\%0Eggﬁ)éarrgf%hs were carried out using either an
[0 8§l 6% ¢ihdmSYHODE¢IBetthwhiatatvaphycsysite myAptcprdpHdkaddd diica
yIRRIER Sl burghases from Teledyne Isco, (Lincoln, NE). Alternately,

compounds and intermediates were purified by flash column
[0 U tormdid Gy Gairgronien By siid68 HieSR) P brIhy ridteriaf YppshyD-
5-HiRk&hitging e LedBaemeiked phase column. Typical solvents employed

[Gi%ﬁh%Jéﬁpotﬁ@!ﬁ%@rsné%ﬁgdﬂ}q?ﬂgm%?g@i(%g[%@gi%%}:%g [ imidezol.4-

dichloromethane nol, e S/Xa tate, tone, aqueous
vl nydhakifaenivacabdabetapligenine. Typical solvents employed for the

[oieyprssecnn@%q\ft(%@tm@rﬁmqwmlg%@@nt@&bo@ﬁéwmmga%%
water with 0.1% triflyoroacetic acid. 101971 The following abbreviations

Y Y SRR SR AT HE B Smples: uLmi cro I itcr uM=micromolar
[08£fqUeCHEBORTtbénbitiazol-bxpiopdiis ((tpihyiamyine)-chasploifioy-1 H-
imrg %?%ﬂﬂ%ﬁ%’Qﬂ?ﬁﬁ%ﬁh%%gga? (%!grirlﬁ e;chloride CH2C12dichlorotnethane
[0148] 5-Chloro-N-((1-(4-(5-fluoro-2-oxopyridin-1(2H)-yl)phenyl)-2-(methylsulfonyl)-1H-
imidazol-4-yl)methyl)thiophene-2-carboxamide;

[0149] 5-Chloro-N-((1-(4-(3-fluoro-2-oxopyridin-1(2H)-yl)phenyl)-2-(methylsulfinyl)- 1H-
imidazol-4-yl)methyl)thiophene-2-carboxamide;

[0150] 5-Chloro-N-((1-(4-(3-fluoro-2-oxopyridin-1(2H)-yl)phenyl)-2-(methylsulfonyl)-1H-
imidazol-4-yl)methyl)thiophene-2-carboxamide;

[0151] 5-Chloro-N-((1-(4~(5-fluoro-2-oxopyridin-1(2H)-yl)pheny!)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide;

[0152] 5-Chloro-N-((1-(2-(2-methoxyethoxy)-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-
imidazol-4-yl)methyl)thiophene-2-carboxamide;

[0153] (R)-5-Chloro-N-((1-(2-(2,3-dihydroxypropoxy)-4-(2-oxopyridin-1 (2H)-yl)phenyl)-
1H-imidazol-4-yl)methylthiophene-2-carboxamide;

[0154] (S)-5-Chloro-N-((1-(2-(2,3-dihydroxypropoxy)-4-(2-oxopyridin-1(2H)-yDphenyl)-
1H-imidazol-4-yl)methyl)thiophene-2-carboxamide;

10155]  5-Chloro-N-{(1-(2-(2-hydroxypyridin-4-y1)-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-
imidazol-4-yl)ymethyl)thiophene-2-carboxamide;
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CH3CN=acetonitrile Cul=copper iodide DIEA=diisopropyl ethyl amine

DMFdimethyl formamide DMSO=dimethyl sulfoxide EtOAc=ethyl acetate

gram hour HATU=2-(1H-7-Azabenzotriazol-1-y1)--1,1,3,3-tetramethyl

Uy Rgrafluorophosphate HPLC=high pressure liquid CQEQWJ%E ‘g;/@&lgé/

IC50=The concentration of an inhibitor that is required for 50% inhibition o?

n in vitrg TV=intravenous K2CO3=potassium carbonate ,

O O BIAs it oSN AV AR PN FhAAP T LT B d-
imd@e BAphrobioyb hesphybehzoimaaid ddeOH=methanol mg=milligram

[0157]  N-((1-(2-(6-Aminopyridin-3-yl)-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-

yl)methyl)-5-chlorothiophene-2-carboxamide;

[0158] 5-Chloro-N-((1-(4-(4-fluoro-2-oxopyridin-1{2H)-yl)phenyl)- 1 H-imidazol-4-
yDmethyl)thiophene-2-carboxamide;

[0159] - 5-Chloro-N-((1-(4-(6-fluoro-2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide;

[0160] 5-Chloro-N-((1-(4-(5-hydroxy-2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide; and

[0161] 5-Chloro-N-((1-(4-(6-hydroxy-2-oxopyridin-1(2H)-yl)phenyl)- 1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide.

[0162] All of the preferred, more preferred, and most preferred compounds listed above are

selective inhibitors of Factor Xa.
b. Compositions

[0163] The present invention further provides compositions comprising one or more
compounds of formula (I) or a pharmaceutically acceptable salt, ester or prodrug thereof, and
a pharmaceutically acceptable carrier. It will be appreciated that the compounds of formula
(I) in this invention may be derivatized at functional groups to provide prodrug derivatives
which arc capable of conversion back to the parent compounds in vive. Examples of such
prodrugs include the physiologically acceptable and metabolically labile ester derivatives,
such as methoxymethyl esters, methylthiomethyl esters, or pivaloyloxymethyl esters derived
from a hydroxyl group of the compound or a carbamoyl moiety derived from an amino group
of the compound. Additionally, any physiologically acceptable equivalents of the
compounds of formula (I), similar to metabolically labile esters or carbamates, which are
capable of producing the parent compounds of formula (1) in vivo, are within the scope of this
invention.

[0164] If pharmaceutically acceptable salts of the compounds of this invention are utilized
in these compositions, those salts are preferably derived from inorganic or organic acids and
bases. Included among such acid salts are the following: acetate, adipate, alginate, éspartate,
benzoate, benzene sulfonate, bisulfate, bufyrate, citrate, camphorate, camphor sulfonate,

cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, fumarate,
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MHz=Mega Hertz mm=minute mL=milliliter millimeter mlvl=millimolar
mmol mOD/minmillioptical density units per minute
MP-carbonateMacropomur triethy4ammonium methylpolystyrene

GREPRNS181(S5% inorganic antistatic agent MS=Mass Spec Ngialo7/068262
NaCl=sodium chloride NaHsodium hydride NaFICO3=sodium

W Dfgatbonate WO 200711311798CP1)S20071068262 NaN-sodiyn azide
ABRRRLS &ieiRs ﬂ?eﬂ%{}ﬂﬁo 1FRIE Q54 REARTS JGiFate or’lo&l{tn-}éu anol
hydgbmindgrapdmivhdndrheterxyethanesulfonate, lactate, maleate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, oxalate, pamoate, pectinate, persulfate, 3-phenyl-
propionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, tosylate and
undccanoate. Basc salts includc ammonium salts, alkali metal salts, such as sodium and
potassium salts, alkaline earth metal salts, such as calcium and magnesium salts, salts with
organic bases, such as dicyclohexylamine salts, N-methyl-D-glucamine, and salts with amino
acids such ag arginine, lysine, and so forth.

[0165] Furthermore, the basic nitrogen-containing groups may be quaternized with agents
like lower alkyl halides, such as methyl, ethyl, propyl and butyl chlorides, bromides and
iodides; dialkyl sulfates, such as dimethyl, diethyl, dibutyl and diamyl sulfates, long chain
halides, such as decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides; aralkyl
halides, such as benzyl and phenethyl bromides and others. Water or oil-soluble or
dispersible products are thereby obtained.

[0166]  The compounds utilized in the compositions and methods of this invention may also
be modified by appending appropriate functionalities to enhance selective biological
properties. Such modifications are known in the art and include those which increase
biological penctration into a given biological system (e.g., blood, lymphatic system, central
nervous system, etc.), increase oral availability, increase solubility to allow administration by
injection, alter metabolism and alter rate of excretion.

[0167] The pharmaceutical compositions of the invention can be manufactured by methods
well known in the art such as conventional granulating, mixing, dissolving, encapsulating,
lyophilizing, or emulsifying processes, among others. Compositions may be produced in
various forms, including granules, precipitates, or particulates, powders, including freeze
dried, rotary dried or spray dried powders, amorphous powders, tablets, capsules, syrup,
suppositories, injections, emulsions, elixirs, suspensions or solutions. Formulations may
optionally contain stabilizers, pH modifiers, surfactants, bioavailability modifiers and
combinations of these.

[0168] Pharmaceutical formulations may be prepared as liquid suspensions or solutions
using a sterile liquid, such as oil, water, alcohol, and combinations thercof. Pharmaceutically
suitable surfactants, suspending agents or cmulsifying agents, may be added for oral or
parenteral administration. Suspensions may include oils, such as peanut oil, sesame oil,
cottonseed oil, corn oil and olive oil. Suspension preparation may also contain esters of fatty
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n N4nanomolar Pd(PPh3)4=tctrakis-(triphcnylphosphan)-palladium
PEG=polyethylene glycol pM=picomolar PO=oral PPh3 or Ph3P=triphcnyl
phosphine Ra-NiRainey Nickel SOC12=thionyl chloride TEA=triethylamine
[\§8 Zwﬁgqlggn citrate General methods 101981 The fOIIOW"}%ﬁ\’JQEB‘%szﬁz
reaction schemes are merely illustrative of some methods by which the
compounds of the present invention can be synthesjzed, and various 5

aciffo iR Atioh! t&lﬁﬁtsslé%g;mﬁ%ﬁ@fﬂéta@uéaﬁ%é rﬁ%e&‘éﬁst?@qﬁ&ﬁél%[ﬁ%f@& fiy acid

gljeerkleggbsipghiponeskiléshimthe aubaviag sefenadatothendlisshpsard
alcogrlf[%exa%e% a&%o%lgplI?@éleonhanghemel%ng gy L&k 4E%9L9§1%§01§sc heme |

represents the gene? syn etic'meth preparlng compounds having

potpiethinlanselycald oty to Semsateonstiiechleonsicral ok ardmstorisfaatantheater

mAMIREL 1%6&%1%&?5 saistepRraessiye: (1) halogenation such as with
chloride dlsplacement of the halide with an azide such a

Ols@éhuﬁ%%%e“&ﬁﬂ T3 CFERRARICHG PR UG BS HsF 1?HBeéW8pP51W6S include
i0r20QRAh3A, 7RG DAODAIOEBAGR:, lecithin, serum proteins, such as human serum

albumin, buffer substances, such as phosphates, glycine, sorbic acid, potassium sorbate,
partial glyceride mixtures of saturated vegetable fatty acids, water, salts or clectrolytes, such
as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-
based substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.
[0170] According to a preferred embodiment, the compositions of this invention are
formulated for pharmaceutical administration to a mammal, preferably a human being. Such
pharmaceutical compositions of the invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted reservoir.
The term “parenteral” as used herein includes subcutancous, intravenous, intramuscular,
intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and
intracranial injection or infusion techniques. Preferably, the compositions are administered
orally or intravenously. The formulations of the invention may be designed as short-acting,
fast-releasing, or long-acting. Still further, compounds can be administered in a local rather
than systemic means, such as administration (e.g., injection) as a sustained release
formulation.
[0171] Sterile injectable forms of the compositions of this invention may be aqueous or
oleaginous suspension. These suspensions may be formulated according to techniques
known in the art using suitable dispersing or wetting agents and suspending agents. The
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-
toxic parenterally acceptable diluent or solvent, for example as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils arc
conventionally employed as a solvent or suspending medium. For this purpose, any bland
fixed oil may be employed including synthetic mono- or di-glycerides. Fatty acids, such as
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2 by catalytic hydrogenation. The amine 1-2 is then coupled with the acid
Z-COOH via conventional amide formation methods, such as using
coupling reagents like BOP, to form compound 1-3, wherein Z is as

defingd hgredn. Displacement of the iodo group of compouanJf/gswgp/Jm&
correspondlng R5 moiety, such as under basic conditions, such as with
and in the presence of 8-h quinoline, and Cut provides the
oI AR B TS ARBTL LG JSfER I SN facs o
natwelgesetadmphuadcpidbmaisunabrgofivethdromedificaifionsedrdty in their
poﬁ?&%ﬂlﬁa@@%}k@&&o YR &t GBRIS L @ﬁ%@%ﬁéﬁ‘é'&% 5%53%11?9 long-chain

corresgg sulfoxide and sulfone analogues. Compound 1-1 may b
2loBeAi | ORTIERISRIE e TR BRFEM EH HB W 119@@?’1%@@111&%%%

whldir3@ cohR810 (sempaisTas hidniog SopriandoitlcMavdeprnepasshe forms
ordln to Sch me 11.0 H| azol- 4n¥ eth noI 1-1 is converted to
ndEf e

i azl%‘PﬂS SRR TS VR g e "UREIPrCHELRE BHEFS

Sp@wpiédthmh@uw@m agefnmrdnmmuhduyb@wng wm&imrm@mmy toed in
théh&%@l&%ﬁﬁ@%ﬁ@Qﬂﬂ&%&@ﬂﬂ@@@f@g&y@ Heﬁ%ﬁgﬁmtdezg%gfsm%y als

group of 2-fluoro-1,4- diiod ene by R5-H such as unde
besfrhifbis RURISOhiRItess CoePRAR e s eufted for parenteral

adﬁnh&d’é@éyw ndnascCal provideseonspouoenliinouSuhseaguentnit dosage

fom i%la%%c %gtn?z]; tl%g 1%eacond iodo %r @1 0@3 cor ?ﬁund 11-3 under similar
conditions give compouPnc}lﬁoé ompoun ® may also be

[0 pRpaféd rheouglewifivleammgttoas dibimpliiedony8e e meny apdy200:ptable

doa-%yfz GHMER0A7I0R8202 e o Rsplacament LG Bho) arouRuyh

ives the desired product 11-7, wherein R4 is as defined herein.

tahé%fm ST VoSSBT R A PP SRS A (% IS p AR hSAT: 2t#mid

Luaziohth gydymeshylthaiopheeidn stearate, are also typically added. For a capsule form,
useful diluents include lactose and dried cornstarch. When aqueous suspensions are required
for oral use, the active ingredient is combined with emulsifying and suspending agents. If
desired, écrtain sweetening, flavoring or coloring agents may also be added.

[0173] Alternatively, the pharmaceutical compositions of this invention may be in the fofm
of suppositories for rectal administration. These may be prepared by mixing the agent with a
suitable non-irritating excipient which is solid at room temperature but liquid at rectal
temperature and therefore will melt in the rectum to release the drug. Such materials include
cocoa butter, beeswax and polyethylene glycols.

[0174] The pharmaceutical compositions of this invention may also be in a topical form,
especially when the target of treatment includes areas or organs readily accessible by topical
application, including diseases of the eye, the skin, or the lower intestinal tract. Suitable
topical formulations are readily prepared for each of these areas or organs.

[0175] Topical application for the lower intestinal tract may be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation. Topically-
transdermal patches may also be used. For topical applications, the pharmaceutical
compositions may be formulated in a suitable ointment containing the active component
suspended or dissolved in one or more carriers. Carriers for topical administration of the
compounds of this invention include, but are not limited to, mineral oil, liquid petrolatum,

36



10

15

25

30

carboxamidc (10) 102011 Scheme | represents a synthetic method for the
synthesis of compound 10. Scheme 2 represents an alternative method
for the synthesis of compound I-1. SCHEME 1 5Step!: [0202] A mixture of

Lv8-stiodgakanzene 1-1 (4.00 g, 12.1 nunol), 4- (hydroxyrneyail 819@9!562
11-1(1.20 g, 12.2 mmol), 8-hydroxyquinoline (0.176 g, 1.21 mmggE

K2CO3 (1. 69 122 m MSO (12 mL) was degassed before being
Wik hgEd x%f%%%cgi PIYHINGHY FRE RO SEaRRIBEwas
enhgafed gt 1866 Wier 2807hidddy, gﬁ%qméldﬁaﬁﬁw)&ﬁﬁgﬁ&oum mgy]be

forMALEL ARG, ';J%%vv&fgn%%ﬁq gt C%Nél%%fed he gf it layer

was separated, then appl |e to a SI |ca column, w was eluted with

digyobezdNIeTNa 9A Wﬁg{@@@@ﬁy@g@w}ﬁé@mpm Su1table carriers include

m&c(ér@dgafnﬁﬁulﬂmﬁ@@z&h@clp&1§@oﬁ§h% @D, M5, B01.R, Mk Hktwt@BoRe 162031
com n 4- eth | 1-(4- |odophenyl)|m|dazolc I-1 (0.810 g,

h
00?’% Mino vveé%yél %éé# 612 (6 mL). The solution was stirred at
[0136IM fenmmainecfmelﬁimmmmmmwnmnﬂmw Ire ﬁaﬁuﬁaﬁdas

miESIEHE WiRs-Ratiianad:Aatvaend @Q@&%ﬁ%@{ﬁ&% d TRE QIaBNG,

_ layer was separated, dried over Na2S04, concentrated |n oto give

isojonta BRotAAH Sie lppERgofRE ol ea aTEsepIii O, smé) #. MS

bem&&ﬂdﬁaﬁl&nﬂé(mﬂﬁﬁkwﬁﬁ o) o‘étﬁ]ﬁhﬁmWJ thhghepnapaios
4-chlarometh do hen mtuda%ol % §\f % , 2.45 mmol) was

© %%%%\?3 i ﬁﬁﬁ ?_ mI'Ecl)t RSV NE % g, 8.00 mmol)

0474k aﬁmﬂlm@ebwﬁgcsmg@anmémlsemfpemaumywle@mg hdviraser ainiely

nafi0AGWESE RS AT %M&&ﬂy%e\%@% 28 %@B?ﬂng 'ibegc%{ﬁ{ues known

Na2S04, concentrated in vacuo to give 4-azidomethyl

in $he i i BB RERAASHIsALD SR Ripmand BENPEEPPE S AL BT RIL%) Step

enfiﬂwﬁ@aa]eﬁzgmwmm of éﬁaildﬁmﬂ&hybséévlﬁd&p heayhimidagalgctsdo(Ehildke
over Ra- N| 0% ag. slurr in. MeOH (12 mL) was

R e e S

[0lﬁ%uWEEfLHEEbWNM@me@md@@ﬁw waouotiergivéthin the bounds

OI T cctiv
ofg%%%g%v@%%ﬂgnlfggggﬁag@rﬁ%ﬁ% 205 R0 QAR M Srrective

doES SRS TR W&ﬂ@@@&%&%&%&@@@@@ PP Ipsags STy 4The preferred
coanminoine thyhpddaitddpieinyfiria azoferimd pkepate exabove (b A& gpduds

ind" qlﬂeaﬁgr;lr]%@hc index is the dose ratio between toxic and therapeutic effects which
can be expressed as the ratio between LDsy and EDsg. The LDs is the dose lethal to 50% of
the population and the EDsy is the dose therapeutically effective in 50% of the population.
The LDsp and EDsp are determined by standard pharmaceutical procedures in animal cell
cultures or experimental animals.

[0179] Besides those representative dosage forms described above, pharmaceutically
acceptable excipients and carriers and dosage forms are generally known to those skilled in
the art and are included in the invention. It should be understood that a specific dosage and
treatment regimen for any particular patient will depend upon a variety of factors, including
the activity of the specific compound employed, the age, body weight, general health, sex and
dict of the paticnt, and the time of administration, rate of cxerction, drug combination,

judgment of the treating physician and severity of the particular disease being treated. The

37



10

15

20

25

30

R YR NN SN

25 (0.670 mL, 4.82 mmol) in DMF (10 mL), BOP (1.03 g, 2.33 mmoh was
added. The mixture was then stirred at room temperature overnight. Water
and EtOAc were added. The organic layer was separated, washed with

5% DlaksR% dried over Na2S0O4, concentrated in vacu,o t@@M&a007/068262
5-chloro-N-(0-(4- iodophenyl) 11-1- imidazol 4- yOmethypthiophene -2-earb

oxamide 1 6asa sogj % ﬁ ich wa found t ure e for
empll of Seitid ingreipas il 358 e S PR

thqmmuh@ aﬁent if present, in the compomtlon

5-chloro-N-(0-(4-iodopheny1)-1H-imidazol-4-yOmethypthiophene-2-
carbofamla 155 déed above (0.270 g, 0.609 mmol),

2-hydroxypyridine 1-7 éo 115 g, 47 WO
71189 PrsBeprey W&@Ssﬁflﬂﬁbmﬁ%&s decreinedrsih S isiost
w@ |, 3. B%lﬁ@fﬁﬂhﬁ&hdlhﬂ@@%‘ (G@%gss%éérdﬁlmé) H&lﬁ}%ﬁ@(&)tﬁdﬂ)divaﬁease in

apa elﬁslg%eegf@lre bF L%) ag grvr\{gg mm @0%58(% Q3 05d1r1?3ﬁm ?l)che mvention
mixture in a se e was heate overnlg e ‘mixture was

prefistsspueHieds by mwep@@&mé Qh@ﬂt@@@ﬁmmd 100D R4 bY.0

un@B Al BBV boippatienint sitpdt MR MR MSQ- b 400 MERIBOudla@tically
eféll) 808(s H), 7.87 ( ?d%%o 7.69 (d, I H), 7.65 (m. 3H), 7.51 (tn, 1H),

Ci‘éfﬁ(ami}lﬁt A8°AH REF&“EEFB"%%E‘ (dguﬁﬁﬁo‘%%&ﬁf%%‘%e ‘but ae
noSLﬁmmad\kc@qfe@r@mmm|mmpherayaﬂfdum;dambn»mmempmmy
an plgnc%&us(f%lgg ?lm 1%11519 %1[%%@0“@%1@8}&3%@%&&%ei%glcioﬁslt)-égrgnary

ask was washed with hexane. To the flask, cooled in an

angiolgn ortiombRSisHHinG cHerdmorTRIRT A RS ecbP iy s

thidehad e HaskhdwRWasHIRR Rk {efle {0 richipiti Y LN 98Sombosis,
volved The thlck sItLgrré/ was then cool din an ice-bath, and a ; Imi}on of

H‘%lﬁﬁ?ﬁ%’ﬁa R To s Ef%%%itj%a N
thrﬁhécre,saop@ncmmre tiastheatedtatotdftepedfartithmbmiaditeers fifterédedaegh

nefl LG WRS CAPSSIIEAESL IR VACHAT A VS AN Qi MNICR WaS RUATISS DY Boreal
short silica gel column, eluted with EtOAc/MeOH (95/5) to give

Cirg A PBNEIPBPR S SOTRIHtE W S ) “[@mﬂrmwiaﬁa?é Yeh as cardiac or

ot&lcm@rmﬂu@r&tm&@ﬁmmﬂhb&dmméwﬂma&wmwg@mgdlaevalve,
earboxamide 1- %J)P? are %.%n;le 1 33 074 mmol),
t

CO 1t10m CCUITITL I'Oit CVICCES
3 ﬁ olino prepar%a above mmol) 8-hydroxyquinoline
[0 ($1dng, Dredi8ghmid)rethd &RCO; O(t’i@cmgfcm@mmmm@h) il MBD (Dspomioms

asé’é(@ﬁtg@g@tﬁsaeﬂs%ﬁf&r Qrta?églgecbﬁﬁgﬁ%ﬂﬂg g}ﬂr&?&&lgn QrQJcﬁs@}mg lgf -Ma?e

mixture in a sealed tube was heated at 130 "C. overnight. The mixture
SYWRIS e PR HIMERE G Thedfitfase Shibtifd: (3 mg). MS 417.0

[oB8Y] 4190 dM+hafahpatiacn)ded X AMRLEiSh express Factor Xa. Examples of
mammals include mice, rats, cows, sheep, pigs, goats, horses, bears, monkeys, dogs, cats and,
preferably, humans. Transgenic organisms which express Factor Xa are also included in this
definition.

[0183] The inventive methods comprise administering an effective amount of a compound
or composition described herein to a mammal or non-human animal. As used herein,
“effective amount” of a compound or composition of the invention includes those amounts
that antagonize or inhibit Factor Xa. An amount which antagonizes or inhibits Factor Xa is
detectable, for example, by any assay capable of determining Factor Xa activity, including

the one described below as an illustrative testing method. Effective amounts may also
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5-Chloro-N-(( I -(4-(2-oxopyrazin- | (214)-yOphenyl)-1H-imi zol-4-yl)m
ethyl)thiop hene-2- earboxamide (12) [0210] To a solution of glycinamide
hydrochloride (1.10 g, 10.0 mmol) in 5 N NaOH (6 ml_) at room

tRHBGIAIY Pwalyoxal (40% in H20, 1.5 mL, 13.1 mmol) was gedeshJiRs262
solution was stirred at room temperature overnight The product was

inclin rat?lto%g e]:rom Ehe f?'cc]ﬁleﬁew Olutl%g \%{?fn %ctor gsétcr)]ma?%%%g_}(gr %raatable
was concentrated In vacua roxypyrazme asaw

by(BIEDigy)s [OR it PA. mﬁxcgré@ly, “antagonists of Factor Xa” include compounds which

intereQ5Rr M Fhddradanhenyblaldl: idazed «f &’Q%Q‘M@Q&%Q%@Q Reond

carboxamide 1-6 prepared in Example 1 ( 100t21 [:I? 23 mmol

cogllmfb)gw% Iﬁ%ﬁa}{@dlaﬂ&,’g) C&?rﬁ% w(gt ?ﬁ%ﬁr Xa. The Factor Xa

bn&iﬂgdmxwmmsxﬂm@ﬂ&mg DAEHANRQY mmgmdm&m @ra&%mmol)
DMSO bef cha wit

S ST T O el b R e Do

windkeiighe! THe Fadseurevras!thannpuedidetiby of FiLe@qf@vgmf fFastifl&a. Factor Xa

blﬂ%ﬁ E@LQ(@ Hﬂa%)bM@cﬂﬂ-geQ @ﬂ%ﬁﬂz‘)ﬂ%@% d “'gcbcﬁﬁﬂﬁf%n—cell based) or in

"”S) @m‘eﬁ% K- feesp ooy a4 o e ey RIpASHU N M:imidazol-4-y
[0)Bﬁthy‘n)erﬁ@phmémaﬁtmmmidm@ajemaZt@cnmmme'anﬁ described herein
shgﬁ? %rsou 1 ni 8 %pahc? éégfg}% eHch:rcql %?xgl %ergr %t sI %]c% as measured
carpoxamiae prepare Xample mmog
by3uny ek i asyridazisaliabinibe o@BiHn oT)h%aW%}Pé%}& BeE e SuiAigT Oceded
ng%ia&la@g L;'ﬁ% Q@ﬁn@%ﬁé’s%@ £ gl% d[?r{i’tg})ﬂﬁ tg@ Wg%&(kﬂ%ﬁ%ﬁﬂﬁﬁ length of
egasse efore nejn ea wi m mmo mixture
i QUL WAL N Hoe f ZH0C UGN PR MDA L I
inpuntibechnby fuiffleCctongiie thethitielcompoisndditS Wibgn MSh@ (Famd; 43:4,0he
%eg\/fh?] gecf\il R %E@drﬁmwgﬂ‘eﬁﬂ?ﬁ:r as a separate doqage form or as art of a single

loro-N-({1-(4-(6-methy1-2-oxopyridin-1(2H)-yl phenylzl H-imidazol-4-
dopag fieraty ﬁb@ﬁﬁ@ﬁ@uzdéamamm@rmﬁ ijtNestien}. While one or more of

the inventive compounds can be used in an application of monotherapy to treat a disorder,
disease or symptom, they also may be used in combination therapy, in which the use of an
inventive compound or composition (therapeutic agent) is combined with the use of one or
more other therapeutic agents for treating the same and/or other types of disorders, symptoms
and diseases. Combination therapy includes administration of the two or more therapeutic
agents concurrently or sequentially. The agents may be administered in any order.
Alternatively, the multiple therapeutic agents can be combined into a single composition that
can be administered to the patient. For instance, a single pharmaceutical composition could
comprise the compound or pharmaceutically acceptable salt, ester or prodrug thereof
according to the formula (I), another therapeutic agent (e.g., methotrexate) or a
pharmaceutically acceptable salt, ester or prodrug thereof, and a pharmaceutically acceptable
excipient or carrier.

[0185] The invention comprises a compound having the formula (I), a method for making
an inventive compound, a method for making a pharmaccutical composition from at Icast onc
inventive compound and at least one pharmaceutically acceptable carrier or excipient, and a
method of using one or more inventive compounds to treat a variety of disorders, symptoms
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~ WO 2007/131179PCT/US2007/068262 10213] A mixture of 5
-chloro-N-((1 -(4- io d ophenyl)- | H-i rn dazol-4-yOm ethyl)th iophene-2-
carbox amide 1-6 (100 mg, 0.22 mmol), 2-hydroxy-6-methylpyridine (60
MY Hear37%90l), 8- hydroxyquinoline (20 mg, 0.14 mmol) apg-KeGE306:49
mg, 1.01 inmol) in DMSO (3 mL) was degassed with Ar before being

_charged with Cy] (28 mg, 0.15 mmol). The mixture in a 5scaled tube was

Rttt e R R s S e

antheitlitedscolanpourtdapRag) st S PG s iareb b0 bk dcks OBpa ey, chronic

ob%éwg) Mlﬁ&i %&9@9&‘%@%&4«1@1\@)(%@ m%mn/e compounds and their

lino)phenyl)-1H-imidazol-4 -yOmethyl)thiophene-2- carboxamidc (15)
phg_mcfggygilﬁaﬁqﬁ&%c&p]ts and/or neutral compositions may be formulated together

wibreplaionN(Qr{ditiosepheny bdibl dinidazel4 -y me thylliigRbenesdon may be

_.carboxamide 1-6 prepared in Exam le 1 (230 fig, 0.518 ol .
adgl_lﬂ%% Oerlﬁé?gﬁgicl)ntg r%a 151?3 SUc adénr%]%m\}éﬁr?nil}én%cpénlmdljls {8 {peat) 4 variety of

mg, -trans-diaminocyclohexane
dig@@ept; Grantamnol) disdakBP D4t raghd ik ntioD ipaiosasre P2 med to

priff@s degaRseR WAL hefarebaing Fhardad yatutidO Mapd a2

~mmol). The mixture in a scaled tube was heated at 110 C overnight. It was
disgsts purified by HPLC to give the title compound (58 mg). MS 433.1 and
435.0. (M-KKifsl. pattern). EXAMPLE 7

[0 fﬁ&h'%gﬁr %&(&%ﬂg&%&a@%&&%&ﬂg QBNGY DRIPRGHNL: Bcfimigiazol-4-
yemethyethiophene-2-carboxamide (16) and . ,
cop@BATHIbPGINE Ak 2e3. ATBSESRIBEBYPHET) PRy cal compounds,
combdsindigiazlotsyiyaatyh tiaRbent-ansaaoxamidsnithiicQuiR21P dcIG@ble
' solqtion th 5t-'e[1‘I0ég-N4$1(4- 3-oxothi ?Qrpwhglirhc?ggen Pe-)%l -irnidazol-4-
PSSP aRe S Cat é%‘ﬁj%l% eparedy ‘i‘*ﬁ%‘ Mgy 6:13
mmol) in acetone 25 (3 mL) at room temperature, mCP BA (38 mg,
70-77%, 0.15 mmol) was addedg{ A¥apiStigred at room temperature for 1
h. HPLC showed foiniation of the sulfone and sulfoxide in a ratio of 2 to 1.
[O@Q,T’LS? oD NES SRRERNIATRL.IN VSR ARG NG, [GRIdUE WS RATTISLON, are
cither available from commercial suppliers, such as Aldrich Chemical Co., or are prepared by
methods known to those skilled in the art following procedures set forth in references such as
Fieser and Fieser’s Reagents for Organic Synthesis; Wilcy & Sons: New York, 1967-2004,
Volumes 1-22; Rodd’s Chemistry of Carbon Compounds, Elsevier Science Publishers, 1989,
Volumes 1-5 and Supplementals; and Organic Reactions, Wiley & Sons: New York, 2005,
Volumes 1-65.
[0188] The starting materials and the intermediates of the synthetic reaction schemes can be
isolated and purified if desired using conventional techniques, including but not limited to,
filtration, distillation, crystallization, chromatography, and the like. Such materials can be
characterized using conventional means, including physical constants and spectral data.
[0189] Unless specified to the contrary, the reactions described herein preferably are
conducted under an inert atmosphere at atmospheric pressure at a reaction temperature range
of from about -78 °C to about 150 °C, more preferably from about 0 °C to about 125 °C, and

most preferably and conveniently at about room (or ambient) temperature, e.g., about 20 °C

to about 75 °C.
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WO 2007/131179PCPUS2007/068262 give the sulfone (6 mg) and the
sulfoxide (3 mg). MS 465.0 and 467.0 (M+1-1, Cl pattern) for the sulfone
and 449.1 and 451.0 (M+H, CI pattern) for the sulfoxidc. EXAMPLE 8

SvohlRraMidd PCT/US2007/068262
-(4-(2-oxo-tetrahydropyrimidin-1(2H)-yl)pheny1)-1ll-imidazol-4-

thio C: 2 ca (18 L|NF | C 10216 A mi ixture of
e B e R b, S e e R 5
syeihieposrdntide heansrephrduintesanipe ar e@aﬁhﬁ@et@ﬂs wlmblyre well known in
thdGikahydro-2-pyrimidinone (54 mg, 0.54 mmol),
1.24rans-diaminocyclohexane (13 !AL. 0.11 mmol) and K3PO4 (100 mgI
[0 lo 4% 5HeRP 1B AR FICTRE IS e SLuaeHHRACAY BarbRs samgnee tiquid
cheharge ikl PR mge OVatmiiddhed higanixtogephyesgeateditule 6vas

sl ﬁfo%zgcﬁ%\k’lff%m'%sé V3 g PR isehhy, HELG %%}/@eéﬁ%ﬂ% 18E

ompoun 4 mg S 416 and 418.1 (M+11, CI pattern) EXAMPLE 9
ColupptdionNyeick KGaA (Darmstadt, Germany) Altemately, characterization was

perfddtoxaipidazalidionly ioheaydysthi-indazabA-yomalhybtttienhener2 1
150frboxam|de (19) "4,).[102 7JAm|xture of 5- ch

A dB’BﬁSH%“?LI—ﬁﬁW é%lclt‘ iﬁﬁr%%%%dﬁhcé‘ﬁ iarff&%b‘%%éﬁ( ide 1-6
acgvepEiedvh Examplé fto@osmy; ©.98mmoh;eihydeaeuredo (40 g4y for the

Aiﬂy&% mys"te%ﬁéﬁ‘ﬁ‘% 8&%@9&%%@%;0 ?y(;%e?n'v'zﬁi BiRMmmal.Aed 403

g, 0.72 mmol) 20 in DIM 1 mL) was degassed with Ar before
tri @Pﬁ@%‘ér@é‘&(ﬁfﬁ)dﬁﬂ@e‘ﬁfﬁ V@mdﬁﬁﬁeqi) by HErpviRte Eah £S0AbtpRiED at

cith@@ feateshatnl 10C overnighty Hré(\@&ﬂf]ﬂﬂ[]ﬁ@ﬂﬁﬁx@cﬁly IR (@H@s@we tK® . In
so%t%(e &R%gi%g L%%%t@wgg gssesse t:lhgrl]gye“i‘()c%r%rl(xl\qograp y Plaﬁ%‘) using glass backed

sils<Clalqriated- §(Lh(4s(RyBedimxopi pRMBzZ it ay@P 1661}/ pri M -TrhidazditdsyHretiults

w&@%%ﬂ?%@%&%&da@&%mﬁmqgr@@et@%ﬂ@l;fb%"@ﬁw@yg well known iodine
5-chloro-N-((1-(4-iodophcny1)-1H-imidazol-4-yHmethyl)thiophene-2-

vapgl Bk bRt E OB aRAte TS ple (80 mg, 0.18 mmol), glycine

[oBoTydvide éﬁ&ﬁdﬂu@r@ﬁﬂﬁ]@ﬁﬂ)wﬂs aomaﬂﬁcdlaﬁmn@ayamW (86 Bdsics
|mn l) in HMS
LR s e PR S TR, T e e =
th@fﬁhélﬁqmu#enwwge alagdtive wamdrsateditht qmer@smthw Frmiovesitien

anﬂl\i;ﬂl&g‘lé% Qg/:elﬁt@ t'g[&i RQiveethg tisle FAMPORAHELA MO MR A30-1 and 432.1
[0593] Nuclea?glagggglc resonance (NMR) analysis was performed on some of the

compounds with a Varian 400 MHz NMR (Palo Alto, Calif.). The spectral reference was
cither TMS or the known chemical shift of the solvent.

[0194] The purity of some of the invention compounds may be assessed by elemental
analysis (Robertson Microlit, Madison NJ.).

[0195] Melting points may be determined on a Laboratory Devices Mel-Temp apparatus
(Holliston, Mass.).

[0196] Preparative separations were carried out using either an Sq16x or an Sgl100c
chromatography system and prepackaged silica gel columns all purchased from Teledyne
Isco, (Lincoln, NE). Altcrnately, compounds and intermediates werce purificd by flash
column chromatography using silica gel (230-400 mesh) packing material, or by HPLC using
a C-18 reversed phase column. Typical solvents employed for the Isco systems and flash
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EXAMPLE 11 5-Chloro-N-((1-(2-fluoro-4-(2-oxopyri din -1
(2H)-yhpheny1)-1H-imidazol -4- yHmethyl)thiophene-2-earboxamide (21)
10 SCHEME 3 SCHEME 4 [02191 A mixture of 2,5-diiodofluorobenzene

K 403 Q7. 75 mmol), 2-hydroxypyridine 1-7 (0,546 g, 5.6mued6s262
8-hydroxyquinoline (0.083 g, 0.57 mmol) and K2CO3 (1.00 g, 7.255

mmol) in DMSO.(10 mL).was degassed hefar ing charged with Cul
o R P S R R TR e
aqespepriphiowaercand Eetod emerelaaebolisetpimpley sdder fileredrsHdase
HROIRIG lRyeh washsepakted them appled dasilica 9el Laltmbonddiehacid.
was cluted with 0-70% EtOAc in hexane to give 1 -ijodo-2-fluoro-4-(2-

013 py iR AR FHBEHASNE 415 Y S IT YRS 81 580 ). 12102201 To
a suspension af.4-hydroxymeitwglimtdazole II-1 (1.09 g, 11.1 mmol) in
CH3CN (12 mi¥, SOC12 (5 mtspmwelgradded. After being stirred at room
temperature f@A30 mif, the susPEBhsion became clear. After stirring for
additional 2 BQRe solttion waszesieehirew i varushagnne arésiphonium
which was then dissolved inPD¥EPISPRENNAEE the solution, NaN3 (2.16 g,
33.2 mmol) Was’added. Aftel: ﬁf’-:}rf’n‘f;?{ ‘was stin-ed at room temperature
IA:might, i and Et0AC ) r;.;é;@%te%[}ethen 5% ag. NaTIC,02 was also
added. The 6@1qnic layer W%a§; O%éf%reggd, dried over Na2S04,
concentrategjvacuato givgi4azi r&g@bggﬁygazole as a solid (0.759 g).
MS 124,1 (Mywh, [0221] A mixtwg 0t dragigernethylimidazole prepared
above (0.7681906.17 mmol) apdiRas &80 slurry in H20, 900 mg) in
MeON (15 pabjwas hydrogesmatestamder H2 balloon 53 WO
2007/131179P@T/US2007/06&8262

h = hour

1.

HATU 2-(1H-7-Azabenzotriazol-1-y1)--1,1,3,3-tetramethyl
uronium hexafluorophosphate
HPLC = high pressure liquid chromatography
ICso = The concentration of an inhibitor that is required for
50% inhibition of an enzyme in vitro
v = intravenous
K>CO, = potassium carbonate
KiPO4 = Potassium phosphate
kg = kilogram
M = molar
m/z = mass to charge ratio
mCPBA = m-chloropcroxybenzoic acid
MeOH = methanol
mg = milligram
MHz = Mega Hertz
min = minute
mL = milliliter
mm = millimeter
mM = millimolar
mmol = millimole
mOD/min = millioptical density units per minute

i

MP-carbonate Macroporour triethylammonium methylpolystyrene

carbonate (0.5% inorganic antistatic agent

MS = Mass Spec
N = Normal
NaCl = sodium chloride
NaH = sodium hydride
NaHCO4 = sodium bicarbonate
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10

overnight. The mixture was then filtered through CLUTE The flifrate was
concentrated in inituo to give 4-aminomethylimidazole 11-2 (0.604 g).
[0222] To a solution of 5-chlorothiophene-2-carboxylic acid 1-5 (1.10 g,
&veneland TEA (2.0 mL, 14.4 mmol) in DMF (12 mL), BRQR s8R &a62
7.45 mmol) was added. After 5 being mixed for 5 min, the solution was
added to th pound 4- amlgometh&/hmldazole [I-2 prepared above
(0.604 g, Immol) na ro%@g}i@iﬁgm E%?p‘fa he mixture was then stirred
at room terplggﬁature avernighk [H Was: rlfledt y HPLC to give

5-chloro- I\lngg(bhlmldazol -4- yj@mg{@yl)thlophene -2-carboxamide 3-1 (1.52
). MS 242.0 apd 2440 (M-lloihpattern). [0223] A mixture of
5-chloro-N-((IHrhidazok-4-yOmagshpthiophenc-2-carboxamide 3-1
10prepared ahsve (0.940 a,ndfadoimol),

1-iodo-2Pfigird: 4 - (2-oxopyriderak({2(tpTnpheehend2iprdpared above
(0.820 g, 2.6BEAMol), 8-hydrokyduitolngy®@I1066 g, 0.45 mmol) and
K2CO3 (0.630%, 4.56mmolyiie NSO (8 mL) was degassed with Ar
before belng rged Wwith CYF(0.090 g, 0.47 mmol). The mixture in a

sealed tt}b%r\}\)}é‘g heated at ﬂ’%‘@ o "ft was then purified by HPLC
to give the ompound ( 3%y Qh > 429.0 and 431.0 (M+H, Cl
15pattern). 41 AIternatlve? fjlce)wn in Scheme 4,

1-iodo-2-fluorgsA-(2-oxopyri éie i{ -yRbenzene 3-2 prepared as above,
is treated with 4-hydroxymethylimidazole 1I-1 in the presence of
8-hydroxyquinolinc, and K2CO3 in DMSO. The resulting mixture is
cArgassemhhgfore being charged with Cul to give
4-hydroxymethyl-(2-fluoro-4-(2-oxopyridin-1(2H)- 20yl)phenyl)imidazole
[0fod). T’h&@@ﬂ@ﬁ%@%ti@ %@@I@I@S\ﬁﬂ%ﬁ@i%ﬁmrj%ﬁ@twy 8fbome methods

chloro (2-fluorp-4-(2-oxopyridin en m|d zole which is
b B RO FOBLITHETon (ah B2 SRR o
metkdizidomathiyled2 sfutrid=2-axopyadies T2 Y-y phanyiidangleve? fo one

skT]Igg 1%%1%%14 ]?a%%exg%?%g W Ime Féﬂ@%sm eq%ﬁtamed i this application
4-aminomethyl-(2-fluoro-4-(2-oxopyridin- 1 (2H)-yl)phenyl)imidazole 4-3.

The compound 4-3 is then treated wih orothiophene-2- 25carboxylic
acigL=5 to give the title compound 21 _EXAMPLE 12

~5-Lhlory:N4(#8-(methylsulfony 0D KeNy(2H)-y L)phesyt-1H-i
mitazof4- yi)methypthiophene-2-caxp

Jme phe Agmide\(22) and 5-chloro-N-(0
-(2-(methylsulfinyy)-4-(2-oxopyridin-1(2H)-yl)phenyB:1H-imidazol-4-

yOmethyOthi e-2-carboxamide (23) WO HoN
20117'E31179PCT/US2007/068262 0 [0R25] A sblution of
5-chloro-N4(1-(2-fluoro-4-(2-oxopyridin-1(2H)- yI)phcnyI) 1H|midazol-4-yO

met pthiophene-2-carboxamide 21 prepared in Exa 1 (96 mg, 0.22
mydol) ad Na&Wte (68 mg, 0.97 mmal) in DMSQs(2 as hedfdd at
"80°g foy/A h. (@{/ \=__</
\(

14

[6199] Scheme I represents the general synthetic method for preparing compounds having
formula I-4. According to Scheme 1, the alcohol I-1 is transformed to the amine I-2 via a
three-step procedure: (1) halogenation such as with thionyl chloride, (2) displacement of the

halide with an azide such as sodium azide, and (3) reduction of the azide to form the amine I-
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S5mixture was purified by HP LC to give
5-chloro-N4(1-(2-(methylthio)-4-(2-oxopyridin-
1(2H)-yl)phenyl)-1H-imidazol1-4-yl)methypthiophenc-2-carboxinnide (16
M@ 200914870 and 459.0 (M+H, ClI pattern) [0226] To a solgtien; 9507068262
5 chloro-N-(0-(2-(methylthio)-4-(2- oxopyridin 1(21-0-yl)phenyl)-

Innethy h|o rboxa epared
2 A Bk B T R e R 2l
comtam@bdm&ﬁ&mém:g stithedsasydom lt@tnaoémhné fere8Uhice B6E niddirre

COYM purified Ry diPE (¢ d0 Bive the.Rulfoxidad.ma) sndSuliens mwo%nd
3.0 and 475. O§M+H Cl pattern) for sulfoxide and 489.0 and 91,0

I-Stmwhé%ﬁa?ﬁ RS RS URSITE): EYER REPRECH Y8 SO RRS- RS2t VR
andii- ﬂh@lrt)ggdoezyﬁlammwpmmmWhﬁﬁﬂ)ﬂjﬂrbmmzdbsfircyrquim{d 14,

hi 2 d t o6l o
s BT e

mefhfisHefe- @éé*%ﬂ%ﬁé@%é@ﬁﬁ@%&énﬂ'{WQXFﬁgeé tﬂzéqmﬁbm 20

coBBshEaMARRRLNe.(d Wl AMSR B was heaietal1R0% I3 days cither
The mlxt§§ Was ;T% |f|ed by HP LC to give the title compound (25 mg). MS
(

SeBI3 SAABERDIRIEH, Ci pattern). EXAMPLE 14
5-Chloro-N-01-(4-(2-oxopyri din-1Sa&dimgl}J12-(1 ,1-dioxo-thiomorphol
-4-yl)ph en y1)-111 - 25i da zol -4-yl)meth yl )thi oph en e-2-carboxam id e
(25) WO 2007/131179PCT/U82007/068262 [0,338/1\'@ a solution of
SrelflordIN-((1-(4-(2-oxepyriditnL (2H)- yl&@%or% hen 1) | H-

@%‘g l_g”tﬁ?’f)t% oxam i de prep ple 13
(22 mg, 0 mrnol) in acetone ml) m(IPHA (70%, 32 m
mmolrwas 5added. After Being stirred at room temperéture for(% h the

mixture was pugified by HPLC to give the title co}r_:npound (8 ing). MS 544.1
and 546.1 (11/1H, ClI pattern). EXAMPLE 15

R>-I1 RS | ‘\

1-5 /

R4
4
RS Y R-H RS Y
H ¥ H
\ZQ/N\H/Z \:k/N\H/Z
0 O

11-7 1I-6

[0200] Compounds having formula II-7 may be prepared according to Scheme II. (1H-
imidazol-4-ylymethanol II-1 is converted to (1 H-imidazol-4-yl)methanamine I1-2 via a three-
step procedure and coupled with Z-COOH to form compound II-3 using conditions similar to
that described above. Meanwhile, selective displacement of the 4-iodo group of 2-fluoro-1,4-
diiodobenzene by R°-H such as under basic conditions, such as with K,COs, and in the
presence of 8-hydroxyquinoline and Cul provides compound 1-5. Subscquent displacement
of the second iodo group with compound II-3 under similar conditions gives compound 11-6.

Compound II-6 may also be prepared through a linear route as exemplified by Scheme 4
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5-Chloro-N-((1-(2-(3-oxopiperazin-1-y1)-4-(2-oxopyridin-1(2H)-y1)

phenyl)-1H-imidazol -4- y Orn ethypth ioph en e-2- carbox am i de (26) 0

N NH 100 102291 A solution of

RN 169-(2-fluoro-4-(2-oxopyridin-1(2H)-yl) pheny1)-1Hignid ’2 @) Asyb2

methypthiophene-2-earboxamidc prepared in Example 11 (70 mg, 0.16

nd200 erazine 565 % 85 mm
b B R o T B b B

R tiﬁlé&d?ﬁﬂ@é@ﬁtflem mg). MS 509.0 and 511.0 is(MA-H, Cl pattern).

EXAMPLE 16 EXAMPLE 1

5-Chloro-N- (%L &0(2 hydrox ethylamino)-4-(2- oxopyrldln 1(2H yﬁém@hene ).

Sehipyerih XﬁWﬂ‘r‘i’e Ry triopiTane: e %Wgh.d@
2010230] A solution of carboxamide (10)

Oﬁ)ﬁhl(ggx%hgé r{%r% %t% é%t‘f?@%%&g }&2‘&_@ %@yojf) I&rkéound 10. Scheme

Imidaz henc-2-carboxamide prepared xample 11
2 1epseaRs BMIareHIF Y 5B P0hY s1sheror compsrdd7i068262 and
cthanolamine (1.5 mL) in DMSOg@pahigma seated tube was heated at

150 eC overnight. The mixture was purified by HP 0 give the title
compound (}3=mg). MS ﬁm’ﬁhndeZ 0 (TM- H tterMMPLE
1 )

17 S5-Ghlog 0 H_yd oxy ] . O H-Ouinoling |

eny1)-1H-i 4 -4- yHmet thfﬁi hhetie 2carboxam|de(
1-1 4 HO
111
O
12
OH
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0 [0231] A solution of
5-chloro-N-((1-(2-fluoro-4-(2-oxopyridin-1(2H)-yl)pheny1)-1Eimidazol-4-yO
methyl)thiophene-2-earboxamide prepared in Example 11 (80 mg, 0.19
el H3and 5 N ag. NaOH (0.5 mL, 2 5 mmol) in HMSO gy Aes262
sealed tube was heated at 130 C. overnight. The mixture was purified by
HPLC to give the fitle compound (5 mg). MS§ 427.0 and 429.0 (M-1-H, ClI
pattern). | N EXAM RLE RN
5-Chloro-N-((1-(2~¥aethox bonyl-4-(2e opyri #1(2H)-yl)phenyl1)-11-
1-imidazol-4- 15yl)methyl)thiogphene-2-carboxa 9) 0CO2CH3 0NN
102321 To a solution of 2,8%iiodobenzoic aeid|( 1 60 g, 2.67 mmol) in
anhydrous Me,OH (15 m L) cooled in an ice-b h SOCI2 (0.50 ml, 6.85
mmol) was caued%exoth@rmw ~After the addition, the
solution vvas heat ref vernlght It Othen foncentrated in
vacuo to give methyl 2,5-diiodgbenzoate (1.04 g). [0233] A mixture of
methyl 2,5-diiodobenzoate prépared above (1.04 g, 267 mmol), 2-
hydroxypyridinc 1-7 (0. 254 0,-2.67 mmol), 8-hydroxyquinoline (0.077 g,
0.53 mmol) andk3R04 )4 o 3 d\ 5.33 mmol) in dioxane (8 mL) was
degassed with Ar before elng charged with Cul (0.101 g. 0.53 mmol).

The mixture in a sealed tube was heated at 130 "C overnight. ->slt was

then purified b HPLC to we\\z iodo-5-(2-oxopyridin-1 -yObenzoic
acid (0.220 g). M % 023@ mixture gf 1

2-iodo-5-(2- oxopyrldln 1,,(2"') rep r ove (220 mg,
0.65 mmol), 4-hydroxymethylimidazéle El-1 1 29 mmol),
8-hydroxyquinoline WO 2007/1311'beCT/11820 ﬁgﬁbz (19 mg, 0.13
mmol) and K2CO3 (29 mg, 2.10 mmol) in DMS (?%L) was degassed
with Ar before belrzﬂ{;ﬂi ith CK(ZS mg, 0.13 mmol). The mixture in

a sealed tube was\hea N ve |ght It then purified by HPLC
to give W{Zlﬁ\
2-(4-(hydroxy-methyl)- -1Himidaz0l-1- -y1)-5-(2%oxopyridth-1(2H)-34)benzoic
acid (92 mg). MS 312.1 (M+H). 5[0235] To a $olution of

2-(4-(hydroxymethyl)-1fhimidazol-1-y1)-5-(2-oxopyridin-1(211)- yObenzoic
acid prepared above (92 mg, 0.3¢-ippqh 1 MeOH (4 mL) and dioxane (2

mL) at room temperature, (ftimethylsilyDdiazomethane (2 M in ether, 0.30
mL, 0 60 ry was addgg#Aiter th&ﬁﬁ]&ure was sfirred t roon\
tempPelat rnu’jht mdye ( |H1etli?ylgll’yﬂdla£o in ether,
0.40 mL, 0.80mmol) added, After stirring

2-1 2. 28 NaBH, CHO

MeOH
) H,y/Pd-C

2) NaNO,/HCl
— TN <2 OZN‘@‘N/\N

11 \—_g 2-4 \_g

HO HO

Step 1:
[0202] A mixture of 1, 4-diiodobenzene 1-1 (4.00 g, 12.1 mmol), 4-
(hydroxymethyl)imidazole II-1 (1.20 g, 12.2 mmol), 8-hydroxyquinoline (0.176 g, 1.21
mmol) and K»CO3 (1.69 g, 12.2 mmol) in DMSO (12 mL) was degassed before being
charged with Cul (0.230 g, 1.21 mmol). The mixture in a sealed tube was heated at 130 °C
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Ofor another day, the solution was concentrated in vacua to give a
residue. The residue was dissolved in SOC12 (4 mL). The solution was
stirred at room temperature for 20 min before it was concentrated in vacua

R @hRAsasidue, which was then dissolved in DMF (3 mL).pfetR8407/068262
solution, NaN3 (65 mg, 1.0 mmol) was added. After the mixture was

stirr room rature f water and EtQAc were added, then 5%
o B g e B e G S
seiNaRB0hcoonpbedratediivasd galtorgivedrighettaplcdugl with 0-5% MeOH in CH,Cl,
to (ARIAC &%%ll)ﬂ&!ﬂ"”ﬂi A7 Q5 Y rﬁﬁ(%ﬂé%olyii k16 lt&@?s*@@&z(%@lﬁ 25
%Zé). (I%/I{E)S 351.1 (|K/%+|ff[02§6] 0 a solution o@rﬁet%ﬁ' ﬁ
Steyp. 4-(azidomethyl)-1H-imidazol-1-y1)-5-(2-oxopyridin1(2H)-yl)benzoate
[0y parad abgei@8-grdgidinmagh-ioddphenid)imtidaacid HE(})(@log&mu,
ml%&j;-éa%“ nal B3R 4 '%%Bf‘fh”@.@ﬂl&’}’la%aé%%gd piter b‘?érﬁ‘\x‘}!e%'{{% A5
room temperaefure overhight, the mixture was concentrated in vacua to
migjvé W@éﬁhyn concentrated in vacuo. The residue was partitioned between EtOAc and 5%

aq 2daminpmeriviElonidazeldada; ar&rexepxdo; 1{kayRanz 988, to
_as a crude mixture, which was then used in the next transformation, MS
e CRIpOrRENY [0 24 7P TR LIRS SLehfs rotRIBPNE i8-8 X i 4t -
(M, @G mg;r0.25 mmol) and 25 TEA (0.068 mL, 0.49 mmol) hi DMF (2
S,{fgnl?). BOP (142 mg, 0.32 mmol) was added. After 5 min of mixing, the
olution was added to the sample methyl

[02041 - (Ahsi aomnoui E chiorawspil 1-(Ariodophasdititane e (bR {0y 3B &nZ datamol)

wd@rﬁﬁs@n?@habm_ghﬁmd g yi?éﬁg@@&m@m ai&mg?oaézmgm.@ed@@l @W&&J&{e&h
efore It was purie to give the title c oun m

A RSP E R P CH S SF S oS RIASE B g GAC pdid The

orgntieNi (s phracdpyticdiviet NaySOu, concentrated in vacuo to give 4-azidomethyl

1%&%@@%@7 Fﬁ%lfa?z'dé'PJP%9lféié@%%‘%ﬂ)ﬁbﬂ@@%@%ﬁ%ﬁ?fboxamide (30)

31179PCTIU52007/ 102381 A mixture of
Step A:diiodobenzene 1-1 (2.00 g, 6,06 mmol), 2-hydroxymidine 1-7 (0.576 g,
[0£096 mealiSrdydraxyeapine (0QRS@noLihinme)1and K2CO3 10 8401
, 6.30. ) in DMSQO (8 mL ssed with Ar before bejn
o Bl R 0B 6 e T mten e s i s o
fohehl gdmmmv@nn@m .tMlE@r%EMEOE@Wét@taddledoﬂ'dwetmbdmm@acuo to
oivas,filissad ihiough GRMTR ThaQreanis Jayss a8 s8Pa ARt d e+

applied to a silica gel column, which was eluted with 0-70% EtOAc in
ane to give 1-(4- iodophenyl)pridin-2(11-1)-one as a solid (0.760 g).
(0248 298.0 ddkhiry of023Adrékixikke Dt dritdkivid aphieny Qpy#icin 22(1 mrene4-
repare ve,(0,760.g, 2.56.0 mmol), NaHCO3 5 g, 25.6 mmol
o T B B e BB e T e oD S A
(06Vemlg HtSAﬁ@u(be@Wcﬂéﬁ%%diﬁﬁ (érﬁbe;atﬁfrer}mnile’ra_amdd@ﬂ Z@;mixture
walV 16 34GEH . BEPIANIL BN W RERRLAeEh Myasedwwith fiige1dEethanic

over Na2S04, concentrated in vacua to give .
layeriy s eRBpERy Ny RRARE L oT ) AHoRe 48 QtiidND Sy gRomgaatsigyacuo to
o (VLR o AT QRAQL i AdopbigB-OF lirtdtiaciop Ay ilisrCL -Hhignenide 1-6
as %?&%%%??3}{%&%%95 found to be pure enough for next reaction. MS 443.9 and
445.9 (M+H, Cl pattern).
Step 6:
[0207] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 prepared above (0.270 g, 0.609 mmol), 2-hydroxypyridine 1-7 (0.115 g,
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0.21 mmol),
5-chloro-N-((IH-imidazo1-4-yOmethyl)thiophene-2-earboxamide 3-1
prepared in Example 11 (65 mg, 0.18 mmol), 8-hydroxyquinoline (10 rug,

GRPAHHMMPIand K2CO3 (75 mg, 0.54 mmol) in DMSO (2 rBkxy@o7nes262
clegassed with Ar before being charged with Cul (27 mg, 0.14 mmol). The

ixture, i aled tube was heat 130 C. overnight.. If Wwas then :
1 S R R e S R P 235 B gy
DYM®H2 oLpatefayasddivfptetdonbeged with Cul (0.058 g, 0.305 mmol). The
mirAeX QRYIdinL{2ERNR Y3 Pd L3:imigazeléyQmethyDalddindale-6;
carboxamide (31) 250 102411 To a solution of inclole-6-carboxylic acid |
HIBS ng6 Bedihtrsmp i hEhiathsr M 245b43pAehyifvd: Siepptisrm); H
NMre faresion/ - 1eimalez15(2.26 ang 20455 simol) and7TEAKO, Y50 il H)0865 (m,

S 22 e g R e Ch ot room
temperature overnight, water afdXBi#RE - #ére added. The organic layer
WS RRP 0. esheshiih o fteNAHEQR: @Hed0Meh MRARRsbhene-2-

concentrated in vacuo to give _
N-q1-(4-iodopheny1)-1H-imid 2B EWY1) -1 H-indolc-6-carboxamide
as a crude sample, which @as used in the next reaction without further
purification. MS 443.0 . 4gﬁﬁNmi§ture f N-(( I -(4-iodopheny1)-1
Elimidazol-4-yOmethyN--VH4 c-G%!a.(me@‘%epared above,
2-hydroxypyridine 1-7 (130 mg, 1.37 mmol), 8- t?ydroxyquinoline (30 mgq,
021 mmol) and K2CO3 (246 mg, 1.78 mmol) in DMSO (2 mL) was
[0 2538 (8f6ré-beirt] Bt dutnitClaswesheg 0t SHivfol)! orite Mkure
cotiled Bealectlbbe, wadutiealettahid@minyeraight, T8 wasothenipuefieidynl) was

ad@mgﬁﬁg r\‘fx%qt iﬁ'&tggg%egﬁ&dfg‘rol(é %m %%Till\/ln% ﬁ%ga% é%?_\}gd The thick slurry
w-Bemaeplad {0aidc2baopitit elaiompfy@hrishiorpareiol 481 médhypinpiophe
iR F3ROXAI LBLBAnNALH M Rurl QAR LA RN G PT By as then

5-bromo-thiophene-2-carboxylate (500 mg, 2.13 mmaol),

filtered. The filtrate was concentrated in vacuo to give an oil, which was purified by a short

silica gel column, eluted with EtOAc/MeOH (95/5) to give 3-morpholinone as a white solid
(1.9 g).
[0209] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 prepared in Example 1 (33 mg, 0.074 mmol), 3-morpholinone prepared
above (22 mg, 0.218 mmol), 8-hydroxyquinoline (7 mg, 0.048 mmol) and K,CO; (30 mg,
0.217 mmol) in DMSO (0.5 mL) was degassed before being charged with Cul (14 mg, 0.073
mmol). The mixture in a sealed tube was heated at 130 °C overnight. The mixture was then
purified by HPLC to give the title compound (3 mg). MS 417.0 and 419.0 (M+H, Cl pattern).
EXAMPLE 3
5-Chloro-N-((1-(4-(2-oxopyrazin-1(2H)-yDphenyl)-1H-imidazol-4-y)methyl)thiophene-2-

carboxamide (12)
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trimerhylsilylacetylene (0.445 mll" 3.2 rnmol), Pd(PP113)4 (15 mg) and
Cul (10 mg) in diisopropylamine (10 rnL) was heated at 80 C for 2 h. After
being cooled to room temperature, the mixture was filtered through

Gr)4dEn b the filtrate was poured into water. The productppg &siramiaeh
with EtOAc. The EtOAc solution was washed with brine, dried 20over

4. concentr in va tq give ethy .
o S, HOShaRE o LB i NS
miVeEpR oAt Tous, shyatior( BPethA) (2 rindethy isitynelhyes- added. The

sof¥idathignieng 4 @@m@fyé@t%@%@%@b% FRERNGa LA 0ah R RHE
(20 mL), IN ag. LiOIT (7.0 mt., 7 .0 mmol) was added. After the mixture

2qARUSAER YD BB UGV g HECit R b BURE WD AR Hb 2 B g uioo¥e -
hyselutigyrasias acidified awitth (DML to pH 1. The product was extracted

[O%\A%IQE}\Of%&U};Q%f%tQ 81‘3%&?—'}4’—\{@38@%?12&?1!}’1 ﬁg%qlépﬂ%ge thiophene-2-

O4, concentared In vacuo to gi th3nyl-thiopherie-2-carboxylie
cagheier(3 e hig)reresd SaEwRpLy. h 0083ne/0 mtipelbf2-hydroxypyrazine prepared
abév@kﬁ?%ﬁbﬁwﬁmwmtﬁ;ﬁ%wy@lﬁlﬁo%{%gﬁggmﬁg%%ﬁﬂb 00 | 0@, @3BMmg,

mol), 4-hydroxymethylimidazole |I-1 (O. g, 3. mol),
O A A7 S50 5 AT AR RICOD L B 25 01
mim ol DMSOi(A myewmmgah@eeﬂ_wﬁtm AtMeforaigieinthemaryed witithen
puﬁﬁla&%g%@@@% 5@%‘%&1&%&&8%&%% ) SGMER ubg Wap, hested &
130C overnight."Water and EtOAc were added. The mixture was filtered

PafFﬁ*’é@Jgh CELI1TE. The organic layer was separated, dried over Na2S04,
concentrated in vacua. The residxe wag purified by HPLC to give

S S AR Do N Sl T B SOBE O G e 2
1-(4-(4-(hydroxymethyl)-1H-imiddmsbiig@t3enyl) pyridin- 2(111)-one
prepared above (335 mg, 4.25 mmol) in CH3CN (20 mL), SOC12 (5.0 mL)
was added. After the Wre stiggg at room temperature for 211, it
was concentrated in v ."@'e’é‘i whs thendissolved in DMF (20
mL). To the solution, N aN3 (244 mg, 3.75 mimo$y W&s added. After the
mixture was stirred at room temperature ove‘?night, water and io EtOAC

[02ieie adaedurtioé BryamncNayer wasiqepayitet -ivashed4mtimbdydthiophene-2-

, , | Q . ; ST

R ol e S Byridecps gy me

0 4ag)mais BozdFRHCiDe 4T e & Womieh #id K2CO: (123 mg, 0.89 mmol) in

Dﬂd‘f(é‘@’raﬁéi@@m(%&g%@k&ﬂgﬁgé%ﬁfé'ch)ﬁQMH%M%M " l).lg))éﬁoﬂgl). "ghe
repared ahoye : ol) in Me mL) and Et0OAc (6.mL),
S SHBBEO AP MEATS hh UL REchl AR SO TS
HPeGted:ic tbfltid fopdrivuitdvas mgnhcéht dldtaiml vaé e M, (dsiettenvas
purified by HP LC to give EXAMPLE 5
1-(4-(4-(aminomethyl)-1Himidazol-1-yOphen I)pyridin-2(1l;|1)70r_1e (145
mg). ﬁr@l%ﬁr%ﬁxﬁ@x@;ﬁ@-@@@%@@@}dﬁbkﬁ%}b-yl)phenyb-1 -imidazol-4-
5-ethynyl-thiophene-gigaibomicpeild (B gkt tnyol) and TEA (0.15
mL, 1.1 mmol) in DMF (4 rBL), HATO (228 mg, 0.60 mmol) was added.
After 20being stirred at ropm temperature for 30 min, a solution of
1-0-(4-(aminomethyl)- LlNN%nyl) idin-2(1H)-one prepared
above (145 mg, 0.54 r;1<r:2) nd TEA (0. mr[,gém\mmol) in DMF (8 mL)
was added. The mixture was stirred at roomQemperature overnight. Tt

was then purified by HPLC to give the title compound (65 mg). MS 401
(M+H).
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EXAMPLE 22 05(E)-5-chloro-N -41-(4-(2-(cyanoimino)pyridin
-1(2H)-yhpheny1)- | H-imidazol-4- yemethypthiophene-2-carboxamide
(33) INO 2007/131179PCPUS2007/068262 [0249] To a solution of

vehirdenkhenyl)pyridinc-2(1H)-thione (180 me, 0.575 mmopdfyskid&ilysze2
(15 mL), CH3I (0,50 mL, 8 0 mmol) was added, After being stirred at room

[05 %" PP yxtu @q&tﬂt lﬁ @ dﬁﬂ"%d%%%\?%gﬁgqy)%g% Ql gt)gtlo%}%ne -2~

d T eso Was To the solutio

ca@yananﬁd@(@@@ PRy, Mﬁenmnlab@ Bty ety Birihendrare 001 oomeli., 8-
hy&&@mmt)]mnen@gd@qd rﬁ\tter) @@dn@@@rgr@ﬂ@htgqm tempeyatwerder @ i)

the mixture was urified

e By i e A AT OV RT EH Iy S

scafaiktube Wiy kda(dd @-18 0 6P eny@pyrithe-2ixH)ylide lﬂez)n:yazmﬁm ibfeHRBArtg give
theoﬁ92§ gunc?é %1%71@ 4951 and 427. 1(M+H, Cl pattern

H-imidazol-4-y y1)thiophene-2-carboxamide 3- 1 (65 mg, 0.18
IDmmol), 8-hydroxy-quinoline (FXMYFS:-B& mmol) and K2CO3 (75 mg,

Q.S rmel) InHNLSQ flombiphamepaasspdrnithi &y fefaneheingkhprgasd:-
with Cu! (15 mg, 0.079 mmol) T e mlx(%glr@ég a sealed tube was heated at
130C overnight. It was then pun eédt‘)ly to give the titled compound

(10 mg), MS 435.1 and 437.0 (M+H CI pattern) EXAMPLE 23

15(E)-5-chloro-N-(( | ¢
-(4-(2- (methyllmlno)pyhdm y idazol-4-
yOmethyDthiophene-2-carboxamide (34) 2 02%1] To a solution of

4-iodophenyl pyrldlne 2( E)-thione (98 m mmol) in CH
l“%ﬁtb st tfff% PRI gtm&@%aitm 2

catbtnpeidiure pepsrid Ittt Ehenptle(tt(aéw\mg @oifi@efnmated 4rhtmammpmt¢ngme @21
m%S‘%“é?z To8: éot 9. tt’a%% H%%% YeotimMa4¢ fEL@t ARG oMtORd; A3 442

6 nauol) was add . After beln stlrred at room

1.4¢ mﬁ@tm @aw&ﬁgn#)twesm%ﬂitedm@ pritREdDEfee E@rgstovgth/éul (40 mg,
0. iEhMo@ﬂé%%P&ﬁM)@é‘[@l A WH) pdidang) methapaming: (RvaGhen purified

by R TG A RS T A L A Vs PRI, 14

mmol), 5 Chloro-N-((1H-imidazZek4NM®hizthyl)thiophene-2-carboxamide

3-1 (63 rt%tn@ﬂg )1%*ax@r%xatanetm&&%%me%%mmmwd

K2CO3 (100 mg, 0.7 mm%l)uln DMSO (1 mL) was degassed with Ar
before being char@é@tﬁﬁ}tﬁl P?T@Pné'cﬂ‘t??@%?ﬁélf)%the mixture in a

5-eapirANUbRWas hertedhaira@io RUgIRIgND- It wasdbon punfietiyiitBhéac-2-
to give the titled compound (1 carbg?{am%ﬁ%.l and 426.1 (M1l I, CI

pattern)
\((1 © S\"""/N N\ék/ﬂ\r(é}ct
0

/—‘<
[0215] To a solution of 5-chloro-N-((1-(4-(3-oxothiomorpholino)phenyl)-1H-imidazol-4-
yhmethyl)thiophene-2-carboxamide prepared in Example 6 (56 mg, 0.13 mmol) in acetone
(3 mL) at room temperature, mCPBA (38 mg, 70-77%, 0.15 mmol) was added. It was stirred
at room temperature for 1 h. HPLC showed formation of the sulfonc and sulfoxide in a ratio

of 2 to 1. The solution was concentrated in vacuo, and the residue was purified by HPLC to
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WO 2007/131179PCT/US2007/068262 EXAMPLE 24
(E)-5-ehloro-N-01-(4-(2-(4-methoxyphenyl
imino)pyridin-1(2H)-yl)pheny1)-1H-imidazol-4-

yRmseshybthophenc-2-carboxamidc (35) 5 102531 To a sqlgtiRMh7/068262
1441o0dophenyl)pyridinc-2(1H)4h one (192 mg, 0.61 mmol) in CII3CN (5

.mL), CH31 (0.40.mL, 6.4 mmol s added. After bei ticred af.yoom
o S i e T Rl RS R S R o
thesalithnT hedstifdlvwad 406N E Ipaskam (8riihie)sufiostide. solution,

p-anisidine (317 mg, 2.6 mmol) yagnpfledy After being stirred at 100 "C

overnight, the mixture was purified by HPLC to give (E)-1\1-0-(4-

iodSpHER it -5tk g-yATeeHEs A HRIHBs b ER e Rarie B gy qodsa)
A mixture of (E)-N-(IA{éthgoptiophyticopyridhox2(idy-pisdenc)-4-
methoxybenzenamine (904ng, 0.17 mmol), 5-Chloro-N-((I H-imidazol-4- yl
)methyl)thiophene-z-c;alb(jxae 34{(2 mg, 0.17 mmol),

8-hydroxyquinoline (14 mgi-@ q@%ﬁ@ﬁgs (100 mg, 0.72
mmol) in HMSO (2 mL) was degassed with A before!being charged with
Cut (20 mg, 0.10 namol). The mixture in a s€aled tube was heated at
[033)C Qvarmighbitswastbenpuifieddphdif)-Clogive dhe jitledipampeside-2-
5 mag). 516.0 and 51K1 (M-1H, Cl pattern). 20EXAMPLE 25 .
o 0 T A e S T L G
mg 1) B-rohidyotilaphenie®iseshiskanide ((36)L. POPSENPD anddekion(dP0 me,
0.4 580 R BRI fiQLﬁ%v%(@léégés)s'éB I00g 3840 ndia3 (RN A& TBGR) me,
(10 mL), CH31 (0.80 mT" 12.8 mmol) was added, After being stirred at
0.1hggol). The mixture in a sealed tube was heated at 110 °C overnight. It was then purified
by HPLC to give the title compound (4 mg). MS 416.1 and 418.1 (M+H, Cl pattern).
' EXAMPLE 9
5-Chloro-N-((1-(4-(2-oxoimidazolidin-1-yl)phenyl)-1H-imidazol-4-yl ) methyl)thiophenc-2-
carboxamide (19)
0

Ly
0

[0217] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 prepared in Example 1 (80 mg, 0.18 mmol), ethyleneurea (40 mg, 0.47
mmol), 1,2-trans-diaminocyclohexane (15 pL, 0.12 mmol) and K,CO3 (100 mg, 0.72 mmol)
in DMSO (1 mL) was degassed with Ar before being charged with Cul (20 mg, 0.11 mmol).
The mixture in a sealed tube was heated at 110 °C overnight. It was then purified by HPLC to
give the title compound (5 mg). MS 402.1 and 404.1 (M+H, Cl pattern).
EXAMPLE 10
5-Chloro-N-((1-(4-(2,5-dioxopiperazin- 1 -yl )phenyl)- | H-imidazol-4-yl)methyl)thiophene-2-
carboxamide (20)
O

~ /=N
HN N—< >—N/ H f
o)—/ \/K’N‘yc)((sl‘ce
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WO 2007/131179PCT/u520071068262 temperature overnight, the mixture
was concentrated in vacua to give a solid. The solid was dissolved in DMF
(6 mL). To the solution, NH3 in Me011 (7N, 3.0 inL, 21.0 mmol) and

tHefhylamingy (1.5 inL, 10.8 nunol) were added. After being $iFaa LR
temperature overnight, the mixture was purified by IIPLC to give a solid.

The solid.was dissolved i ridine, (3, mL CH2C mL). th
028 e e O e b e A kg e 2
casbtirradidt toppetempardxme dyé iy s the Smixtabe shasnpenfistiiby HPLE, ©35
mE (BlEla{dipdepnararRyEgitr20H)-Wilsn aaseelgR 6149 578 mmol)
[0 %&6; A mixture of ' , . v
in BNIE @-phibspireaspyritinobaien Raiae Aracdihida | (2mad - blopmoD.
The MijtarGhlosealNd (AL vimidazod-4- y Qrie ihydihion hens: treasboxadideBET to

. (109 ma, to 0.30 al), 8-hydroxyquinpli 0.10 mmol) and
gl‘&%c@qé%(i%pr%‘b‘fég%@n?g%%%ﬁg‘&(%; f)(%gépd%ggégg ' with Ar before
being charged with Cul (24 mgEXAMPAoN The mixture in a seated tube
was healgghaid @-@zfﬁﬁédhl-'@\l\éﬁ%gﬁ‘?&h{lw 'fﬂﬁédyﬁ}fﬂéﬁ’;l-}?ﬁ@-%‘[@deZiﬂ|ed
compound (8 mg). MS 152.0 and 454.0 (MAL, CI pattern). EXAMPLE 26
154-chloro-1-rnethy XNAE RS RSB HAAS AR S pReny0-1H-imidazol-4
-yOmethyl)-1H- pynnle-2-carboxamide (37) 20[0257] A mixture
ofl,4-diiodobenzene 1-1 (4.00 gs(1:%i ), 2-hydroxypyridine 1-7 (1.15
g, 12.1 mmol), 8-hydroxyquinoline mg, 1.21 rnmol) and K2CO3 (1.74
g, 12.6 mmol) in DMSO (16 inL) was degas with Ar before being
charged vyi\\th CU (2399ng, 1.21 mmol). T mixtdre in a sealed tube was

heated au{%gc overaight=A ftéﬂ% ceolette¥o amﬁ\"ﬁénﬁ)er re, H20
and EtOAc Weré addéiit was filte g”fhroﬁ@ﬁ celite. The Oygasic phase
was separiited, driédfevBrNa2s84, concentrated in vacua®The residue
was purified by a silica gel column, eMted with EtOAC in hexanes (0-70%
EtOAC) togiwée 1-(4- iodopheny-Opyridifi-20F0-on .3@9). 102581 To a
solution @'\/‘methyl- = carm&(@ mimol) in MeOll
(5 rah) and dioxane (5 mL) at roogigmpgraiure,
trimethylsifyldiazomethane (2M in;gtler, 5.0 30irE 100 mmoi) was added.
Atter beingostirr§d at room temperature for 1 In, the mixture was
concentrated - vacua to give methyl 1-methyl-2-pyrrolecarboxylate as a
volatile QILfY- @4 ;' [02591 To a solution of methyl:
1-methy#-2-ps+mplecarboxyl at€fE14 d, 8.@7} in aherH(lo mL) at 0
C, S02C12 (0.800 mL, 9 9@ sorahes adeed. r%e_?hgmtu@&ag,room
temperaiyre for 13mm, the aixturassas concentrated in vac a. The
residue was purifi 'a sificacgel column, elided with 5% EtOAc in
hexane ta.give r%ethyl 4-chloro-1-methyl-1H- 5pyrrole-2-carboxyl ate
(0.13 g). The fractions containing methyl 5-chloro-1-methyl-1H-
pyrrole-2-carboxylate were further purified by HPLC to give the
5-chloro-isomer.
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102601 To a solution of methyl
4-chloro-I-methyl-111-pyrrole-2-carboxylate (130 mg, 0.75 mmol) in MeOH
(4 nit), all. IN NaOH (3 mL) was added. After being stirred at room
tQranRsFatdie,pvernight, the mixture was acidified with IN HCJ4p Rl L-8cs62
The product was 10extracted with 111t0Ac. The EtOAc phase was
separated, dried over Na2S04, %onc=ntrated in vacua to give 4-chloro- 1
-methyl-111-pyrrole-2-carboxylic LS %Ea solid (Il mg). 102611 To a
solution of 4-chloro-1 -methgl-11-I-pyrrole-2-carboxylic acid (55 mg, 0.34
mmol) and griethylaming/ (00 @z, 0.72 mmol) i DMF (2 mL), BOP (217

mg, 0.49 oI) was adted. After 5 min of st lution of

4-amiriomethy imidazolg 8 2 (1007 md, 1.03 DMF (2 ml,) was
added. After being stlrr l§mperature ov rnlght the mixture was
purified by '"HP1.0to g|v ZJIJg.m idazo] #NyOme hyDsH-chloro-I-methyl-

IH- pyno | e-2-carbox ami de, (81 mg). 1026~2LQH ixttireCofluinoline
N-(OH-imidazol-4-yOmethy0-4-chloro-1 -methyl-1H-Byfio;/ &89S0
carboxamide (81 mg, 0.23 mmol), 1-(4-iodophenyl)pykidif-2(111)-one
(100 mg, @33 mimol), 20 8-hydroxyquinoline (1% mgr0.10 mmol) and
K2CO 3 1.48ymmol) in DMSD: (2 m ga,ssﬁrd with Ar

before Ng rgedﬁqm Cu] {PQ 0.1 & tuggin a
sealed tube was heated at 130 C overhight. It wa s.then purified by FIPLC

to give the i gtge gompound (25 mg). MS 408.1 and 410.1 (M+H, CI
pattern) EXAMPLE 27 255- chloro 1-methyl-N-(0
-(4-(2-oxopyridin-1(2H)- ye H |m|dazol 4- Hmethyl) -1H-

pyrrole-2-garbo amlde (38) (%526 T |t| ound was prepared
analogbu a‘r tlon (Zrox r| din-1
(2H)-yl 1 HYMidAol- 4-1:3@meth 1H pyrrole 2- a of

Example 26 MS 408.1 and 410.1 (Midi, Cl patterr). 65 WO ©

2007/131179Pent S2007/068262
[0219] A mixture of 2,5-diiodofluorobenzene II-4 (2.00 g, 5.75 mmol), 2-hydroxypyridine

1-7 (0.546 g, 5.75 mmol), 8-hydroxyquinoline (0.083 g, 0.57 mmol) and K»COs (1.00 g, 7.25
mmol) in DMSO (10 mL) was degassed before being charged with Cul (0.109 g, 0.57 mmol).
The mixture in a sealed tube was heated at 130 °C overnight. Water and EtOAc were added.
The mixture was filtered. The organic layer was separated, then applied to a silica gel
column, which was cluted with 0-70% EtOAc in hexane to give 1-iodo-2-fluoro-4-(2-
oxopyridin-1(2H)-yl)benzene 3-2 (0.820 g). MS 315.8 (M-+H).

[0220] To a suspension of 4-hydroxymethylimidazole II-1 (1.09 g, 11.1 mmol) in CH;CN
(12mL), SOCl, (5 mL) was added. After being stirred at room temperature for 30 min, the
suspension became clear. After stirring for additional 2 h, the solution was concentrated in
vacuo to give a solid, which was then dissolved in DMF (15 mL). To the solution, NaN;
(2.16 g, 33.2 mmol) was added. After the mixturc was stirred at room temperature overnight,
water and EtOAc were added, then 5% aq. NaHCO; was also added. The organic layer was
separated, dried over Na; SOy, concentrated in vacuo to give 4-azidomethylimidazole as a
solid (0.759 g). MS 124.1 (M+H).

[0221] A mixture of 4-azidomethylimidazole prepared above (0.759 g, 6.17 mmol) and Ra-
Ni (50% slurry in H,0, 900 mg) in MeOH (15 mL) was hydrogenated under H, balloon
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EXAMPLE 28 5-chloro-N-((1-(4-(1,1-dioxothiomorpholino)phetiy1)-1H-i id
ol-4-yl)inethyl)thiopliene-2- carbxamide (39) [0264] A mixture of
5-ehloro-N-((1 -(4-iodopheny1)-1H-imidazol-4-yl)methylnhiophene-2-

GREPRY#MIde 1-6 (56 mg, 0.10 mmol), 1,4-butanesultam (52 gy S03Sues262
mmol). 8- hydroxyquinollne (6 mg 0.040 mmol) and K2CO3 (50 mg, 0.36

DMSO d h d with Cul (10
o RSB 5 N YR R LPE T CRLIod e v HGSeB AP
vaoyeimnight ATdnae nvixttimd iwals able A IgLICiEH Igy FIPLC to give the titled
[0E2PSY 'A%&%ﬂ&ﬁ‘gks'vc'ﬁo‘}é&&p%%%&%&ﬂé agh Haitﬂmb{ AMERE)2Rd

5-c h loro-N-(()-(341 uom-4- éz oxop |d|n 81 6‘521 eny1)-TH-irn idazol-4-
TEs hdehypthipale it A b%)%{rh RA8PMp2ebrmnplivtigrerdded. After

behdrsitodefiuprabanzenatibh-462 5@ t6.4:8 Eﬁm@)}nﬂﬂ -aminomcthylimidazole TI-

2 R RO RATRCA O TOA o0 Tt Ao A RS T RBR s

at m@M@@%@anmva@dégmsemﬁﬁ%bxrfﬁéiﬁr@ lseing-chlarget(Withi@idazol-4-
Shiche- b JhRdabiturein A weales fuhg Was eate datiR00

over dght After belnag? cooled to room temperature, 1130 and EtOAC Were
02 fhed® rlvaecricrslormNGH daftil el o anie ke sps saapsaislc 3-1
préiﬂeﬁl aw«emoa%@zz @beenty ﬁtﬁaf@leﬂL\tﬁiwaQTmIE@Sﬂiiue(M)Sﬂ)bﬂﬁlﬁde 3-2

I | OH i I
P e R R M R o AR
(0 4% & eHsionad) mnmsmr@mmmmmqmmfm hﬁarm:hargﬁli with Cul

(0 500han9l (.39, and %&@@Qﬂbl&%ﬁ&%ﬁéﬂb& 220 &%ﬁﬂ@ﬁo Wasgs
added, Uagton the addltlorheet@eSSOsuspensmn ecame clear. It was then

o PR T b8 i P AT WA (ki 58 QAR 10 ©

patitalN3 (0.32 g, 4.92 mmol) was added. The mixture was stlrred at room

pefature rn| LH20 I‘tlld EtQAC.were gdded, The or e
L R e A S gl PRS-

ylbspessfadercnigdeaabrie residind wak ﬂteéféweféiﬁﬁhw@#ﬁ%elﬁlbl, RAbN;
pré&% st indkIAinoRA0) £ XKWEG,36 Bads G he MR id8ne\WaRture is degassed

hydro enated alloon H2 for 2 h. It was then filtered throu it
befl"ﬁ‘é‘}ﬁ & c%ﬁ’cg TN R RN TR, é}i\Yg?z At (- OX"PYI’“%““?&H)‘
vl i éByflinrzbliotidpHanydinpddhinidag obded/ Hitethangdmbheids ta siotid-

chi&&@@c}% 1([ ﬁ@ZJoTP 3.5 égmméﬁ?ﬁgﬁ%}o@%ﬂ%g@m%ﬂ'%ﬂ%&e L

01 nunol and tfiethylamin 2.16 mmol) in DIVIF

ngaWew}gqﬁbazldem Werogfrddgxopyridin-1(2H)-yl)phenyl)imidazole
4-2. The azide 4-2 is reduced with PhsP to give 4-aminomethyl-(2-fluoro-4-(2-oxopyridin-

1(2H)-yl)phenyl)imidazole 4-3. The compound 4-3 is then treated with S-chlorothiophene-2-
carboxylic acid 1-8 to give the title compound 21.
EXAMPLE 12
5-Chloro-N-((1-(2-(methylsulfonyl)-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (22) and
5-chloro-N-((1-(2-(methylsulfinyl)-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (23)
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10After 5 min of stirring, a solution of
(1-(3-fluoro-4-iodopheny1)-111-imidazol-4- yOmethanamine (268 mg,
0.845 mmol) in DWI (4 mi,) was added. The mixture was stirred at room

teiypgratsreovernight. H20 and EitOAc were added. The organ{&iiae&:s2
was separated, washed with 5% NaHCO3, dried over Na,S0O4,

concentrated in vacua. The residue was purified by HPLC to give
5 ch@ro IQ *g1-(3-fluoro-4-iodopheny1)-1H- |m|d@zol-

)thﬁq@ene -2-carboxamide (83 .o. Ahrthure of
‘ES uo{(}o -44o@opheny1)-1H- ﬁ

7\
yI)methyI)thlophene “2-Yarlsoxaphide (83 mg, 0.14 mmol), AN 71/(1
2-hydroxypyridine 1-7 &0 mg, 0.31 mmol), 8-hydroxyquinoline (1% mg,

m?sqagmmmdmnﬁmmsb@@mﬂmmmﬁtbmummpmmhm) 1H-
. ore ne C Ol
oS R R I S S I

mmphifiad WSMP (T t@gg%ﬁménﬂﬁéa RORPdE i {arsig)caies 4 86 & 5%143 1o
mxgwn'e*w%ll: A %E{Ey EXAMB lLE 3. arelb large Nt (dr{dniBamathaxysdop9ranyri
in-1 eny
o 3 RN sm?mﬁwﬁm%emws 457.0 and
455@:%{1 I‘(EJ(ﬁziﬁézﬂnDodophenyl) 1H-imidazol.-4-yl)methyl)thiophene-2-
w?fép%m%&og é%?%mago R34 mmallSyme! tlp.{y &Mﬁim&'ﬁs’ lg%ﬁ%ﬁyn-

8 mmo1l), 30 8-hydroxyquinoline’( 20m 4'mmol) an

lfmgihagl wmma@uw ezbﬁaiLMamg@ra@géa‘w&ngb%f&%rb@mgm
ac&h@éqe%mthq@pﬂzéz@mg 1943 Wik mixtaedn sraariad fibeiwasom

ted at 130 C for 4 IL Th t ified LCt
RN B <8 MG RS AL S a0 (hAL L G e and
suEOOA M PIGE RE 473 .0 2BdcHI6@EN=(K, Cl pattern) for sulfoxide and 489.0 dnd 491.0

(M@{(gﬂmg S QXRRyridin-1(2H)-yOphenyl H- daze | 4-
methyl)thlophenc -2- earboxamlde (L2) [*--1'1 14,,5& NH in -11MNCI 0
MPLE 13
5-Chloro-N-((1-(4-(2-oxopyridin-1(2H)-yl)-2-thiomorpholinophenyl)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (24)

S
5 G/
arasey

[0227] A solution of 5-chloro-N-((1-(2-fluoro-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-
imidazol-4-yl)methyl)thiophene-2-carboxamide prepared in Example 11 (70 mg, 0.16 mmol)
and thiomorpholine (1 mL) in DMSO (1 mL) was heated at 150 °C for 3 days. The mixture
was purified by HPLC to give the title compound (25 mg). MS 512.0 and 514.0 (M+H, Cl
pattern).
EXAMPLE 14
5-Chloro-N-((1-(4-(2-oxopyridin-1(2H)-y1)-2-(1,1-dioxo-thiomorpholin-4-yl)phenyl)-1H-
imidazol-4-yl)methyl)thiophene-2-carboxamide (25)
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[0270] To a solution of
5-chloro-N-((1-(4-(3-methoxy-2-oxopyridin-1(2H)-yOpheny1)-1H-
10imidazol-4-yOmethyl)thiophene-2-carboxamide (75 mg, 0.14 mmol) in

G2k Z {4 i,), BBr3 (0.365 mL, 3.8 mmol) was added. The-faiHenedvas:
stirred at room temperature for | h. It was concentrated in vacuo. The

residue was purified by HP LC to gjve the titled compound (40 mg). MS
427.0 and 429.0 (M+H., ClI patter ‘EXAMPLE 32
155-ehloro-N-(0-(4-(3-fluoro- 2 r|d|n -1(2H)-y1)pheny1)-1H-imidazol-4
- yOmethyOthiophene-2-¢grbox e (43) SCI 20102711 A mixture of
5-chloro-N-((1-(4- iod@ﬁ h4 yQ ethyl)thiophene-2-
earboxamide 1-6 (66 mo droxypyridine (46 mg,
0.40 mniol), 8- hydroxyquinoline (10 mg O 9 mmol) and K2CO3 (50 mg,

| d b harged
0338 RIS 6 S et e p e el G e was homiod
thmhﬁﬂﬁmﬂeml@h&lﬁt&mndtmé-mmh@mlphmbbmWH@b@mlgw%th@m
Exti ‘i’e% @m%m'}{'l%%%&%'@ 4230, ¥ER. S’fo'o/é’%ti%rg‘)ﬁ'%%ME’l%aq

-chl oro- -Hl (4-(3-methy1-2-oxopyridin-1(2F1)-yOphenyl
adﬁ%faézfmmrmmﬂwmmﬁwrzt@ar é% affhaén(a © wepmpigd phie- to
i theahloir(dd & iedpphenyd ) Lkt imidazal-4ryQmeatpthiophene-2-

carboxamide 1-6 (66 mg, 0.15 p ), 2- groxy-S-tnethyIpyridine (45 mgq,
0.41 mmol), 8- Shydroxyquinolirne mg, 0.069 inmol) and K2CO3 (50
5191080 38-(HHIDIP inNd MIB O Z{1-tnyl)-hé3 chegss ded WAHH Ab Before- Déigidazol-4

charged with Cal (15 fpg, g%gogﬂg;gl_)z IR MixtEeIg)a scaled tube was

heated at 130 C overmght he mixture was then purlfled by HPLC to give
the titled compound (10 mg). M§425.0 and 427.0 OVI-H, Cl pattern).
EXAMPLE 34

to5-chloro-N-((1-(4- (5<mjefhyl -2-8x0pyridin-1(2H)-yOphenyl)-1H-imidazol-
4- /=N

S Cli

o)

[0229] A solution of 5-chloro-N-((1-(2-fluoro-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-
imidazol-4-yl)methyl)thiophene-2-carboxamide prepared in Example 11 (70 mg, 0.16 mmol)
and 2-oxopiperazine (565 mg, 5.65 mmol) in DMSO (1 mL) was heated at 150 °C for 2 days.
The mixture was purificd by HPLC to give the title compound (14 mg). MS 509.0 and 511.0
(M+H, CI1 pattern). |
EXAMPLE 16
5-Chloro-N-((1-(2-(2-hydroxyethylamino)-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-
yDmethylthiophene-2-carboxamide (27)
HO

O NH
/=N
CN O N\//\,Hﬂ
S Cl
O

[0230] A solution of 5-chloro-N-((1-(2-fluoro-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-
imidazol-4-yl)methyl)thiophene-2-carboxamide prepared in Example 11 (75 mg, 0.17 mmol)
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yOmethyl)thiopliene-2-carboxamide (45) 0 15[0273i A mixture of
5-chloro-N4( I -(4-iodopheny1)-1H-imidazol-4-ylimediAthiophenc-2-
carboxamide 1-6 (56 mg, 0.13 mmol). 2-hydroxy-5-methylpyridine (45 mg,

WoéLme)y8- hydroxyquinohne (10 mg, 0.069 mmol) and K2£63245068262
mg, 0.36 rnmol) in HMSO (1 mL) was degassed with Ar before being

h r W|th t 7 oI) Tg > mixture | ale was.
a e%tg 8(]: C% [&j m%r\&leh@m urg ?/\e/aia:}l()a%r? B,S?'}@j a4 H%Bu?feo Hight.
The m@cmmﬂweﬂf@drhw@h@ (8 ghey) w1514 2eor e 4 Poroae) M@SW@ and 472.0

(VRELte e AMPLE 35
5-chloro-N-((1-(4-(4-hydroxy-2-oxopyridin-1(2H)-yl)pheny1)-1I-1-imidazol-4
- yOmethyl)thiophene-2- carboXah P(A%)rﬁt" N SCI 0 102741 A mixture
of 5-5klireeNN((1~2-odophyehy2-pAddsirdida 0 H4-yil) mettythiophenke42- -

carboxamide 1-6 (G%Sr?f(%‘t {%0 %%'&z%ﬁ@d%ﬁ?&’%ﬁ”di”e (45 mg, 0.41

mmol), 8- hydroxyq 0.069 mmo K2CO3 (50 mg,

0.36 mmol) in DIMS (1 was% gassed with Ar before being charged
with Cul (15 rug, 0.07€ m ﬁ%turﬁ in aled tube was heated at
130 'C overnight. The MiXture#as t iﬁ@dPLC to give the titled
compound (6 mg) MS 427.0 and 429.0 (14eH, G pattern). EXAMPLE 36
[Ol}ﬁhl%% I}I 41 -chloro- 1= or din-1{2H)-yDpheny!)-1H-
|oxo§ ropyrlmldﬁg 1g(2ﬂl y%ph(enyxé)pﬂ |m|c1(a 3Iy}lp Y
1mymme%hy}§ﬂqtbﬂbréml@r@a%@m@d@mypg@1 in Example 11 (80 mg, 0.19 mmol)
and 5 N aq. NaOH (0.5 mL, 2.5 mmol) in DMSO (2 mL) in a sealed tube was heated at 130

°C overnight. The mixture was purified by HPLC to give the title compound (5 mg). MS
427.0 and 429.0 (M+H, Cl pattern).
EXAMPLE 18
5-Chloro-N-{(1-(2-mcthoxycarbony!-4-(2-oxopyridin-1(2H)-yl)phenyl)- 1 H-imidazol-4-
yhmethyl)thiophene-2-carboxamide (29)
CO,CH3

i q.

[0232] To a solution of 2,5-diiodobenzoic acid (1.00 g, 2.67 mmol) in anhydrous MeOH
(15 mL) cooled in an ice-bath, SOCI, (0.50 mL, 6.85 mmol) was cautiously added
(exothermal reaction). After the addition, the solution was heated at reflux overnight. It was
then concentrated in vacuo to give methyl 2,5-dilodobenzoate (1.04 g).

[0233] A mixturc of mcthyl 2,5-diiodobenzoate prepared above (1.04 g, 2.67 mmol), 2-
hydroxypyridine 1-7 (0.254 g, 2.67 mmol), 8-hydroxyquinoline (0.077 g, 0.53 mmol) and
K3PO4 (1.13 g, 5.33 mmol) in dioxane (8 mL) was degassed with Ar before being charged
with Cul (0.101 g, 0.53 mmol). The mixture in a sealed tube was heated at 130 °C overnight.
It was then purified by HPLC to give 2-iodo-5-(2-oxopyridin-1(2H)-yl)benzoic acid (0.220
g). MS 342.0 (M+H).

[0234] A mixture of 2-iodo-5-(2-oxopyridin-1(2H)-yl)benzoic acid prepared above (220
mg, 0.65 mmol), 4-hydroxymethylimidazole II-1 (126 mg, 1.29 mmol), 8-hydroxyquinoline
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ID [0275] A mixture of
5-chloro-N-01-(4-iodopheny1l)-1H-imidazol-4-y1)methypthiophcne-2-
carboxamide 1-6 (66 mg, 0.15 mmol), uracil (46 mg, 0.41 mmaol),

oydienyauinoline (10 mg, 0.069 mmol) and K2CO3 (50 mgg-Pi38eimabs:
in DM50 (1 mL) was degassed with Ar before being charged with CM (15

. al) T, | ale 130C
O%%/%F%i' %tnu%rg m)l&%?Jice@ ’%L?rﬁfleaq%y %nge%t ﬁvw%b tﬁ%d’ pecd with
Aré@?ﬁrfdam@g(@@rmé)wmxuz@@%d) 43000+ Fhe@hipatte ). EXAMPE R 87
heNsdHde ﬁ%d‘lgmgigal)t IED was then u:ﬁ_lﬁed bé HPITC;r to Elwe ,’%h(él -(hydroxymethyl)-1H-

-oxopyrimidin yOphen inudazol-4-yHme
e e
[02355- cﬁhxeehh(éﬁ«éﬂ%d@wmm@dﬂrﬂmidazmtk&kql@mlemymopyr&he—KQH)
yl)g%?&x%%d[ere:b @e@%@gg% T rﬁ%)&?m%t %rfhldgwgé)(z mL) at

ydroxyqum ine (10 25 mg, 0.069 mmo 50 mg, 0.36
W%W5@f@ﬁﬁhﬁ¥\b&%@§ﬁ@§é@mﬁwﬁm ﬁé%r‘éwémg RieargE iths

addyl Axrmg, r&ﬁ&% o Qhkcting Mu&&g@@@@@eﬁﬁgﬁe NS heatecli zt 130
Covern The |xtu as then | HP LC to giv tle
(riggs el ‘s(‘f @%"f tf/‘ﬁd 4%@ ‘Tﬁmﬁ) P RALEC %A ter stirring

fOIZiD@WdSmIY@E’@TdUﬁZ’@ﬁ?@@ﬁ@Zﬁ@CEXMWPUE B8 a residue. The residue was

dléo%@&’ ‘fﬂ'é\])&l l((éflln{y6%@&1@1&)@@3&%&%&%&%@ Péfﬁ&%‘é%%elf&‘%mfi %@W@ it

1)-1H-imidazo methypthlog)hene 2-carboxamicle (
was concentrated in vacuo to give a residue, which was then dlssolvcd in DMF (3 mL). To

the solution, NaNj (65 mg, 1.0 mmol) was added. After the mixture was stirred at room
temperature for 2 h, water and EtOAc were added, then 5% aq. NaHCO; was added. The
organic layer was separated, dried over Na,SOs, concentrated in vacuo to give methyl 2-(4-
(azidomethyl)-1H-imidazol-1-y1)-5-(2-oxopyridin-1(2H)-yl)benzoate (25 mg). MS 351.1
(M+H).
[0236] To a solution of methyl 2-(4-(azidomethyl)-1 H-imidazo!-1-y1)-5-(2-oxopyridin-
1(2H)-ylbenzoate prepared above (25 mg, 0.071 mmol) in THF (I mL) and H,0 (0.025 mL,
1.4 mmol), PhsP (64 mg, 0.24 mmol) was added. After being stirred at room temperature
overnight, the mixture was concentrated in vacuo to give methyl 2-(4-(aminomethyl)-1H-
imidazol-1-yl)-5-(2-oxopyridin-1(2H)-yl)benzoate as a crude mixture, which was then used
in the next transformation. MS 325.1 (M+H).
[0237] To a solution of 5-chlorothiophene-2-carboxylic acid 1-5 (40 mg, 0.25 mmol) and
TEA (0.068 mL, 0.49 mmol) in DMF (2 mL), BOP (142 mg, 0.32 mmol) was added. After 5
min of mixing, the solution was added to the sample methyl 2-(4-(aminomethyl)-1H-
imidazol-1-y1)-5-(2-oxopyridin-1(2H)-yl)benzoate prepared above. The mixture was then
stirred at room temperature for 1 h before it was purified by HPLC to give the title compound
(4 mg). MS 469.0 and 471.0 (M+H, CI pattern).

EXAMPLE 19
5-Chloro-N-~((1-(4-(2-thioxopyridin-1(2H)-yl)phcnyl)-1H-imidazol-4-yl)methyl thiophenc-2-

carboxamide (30)
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5 Nlra SCI0 102771 A mixture of 5-chloro-N-((1-(4-iodopheny1)-1H-i m
iclazol-4-yl)methyl)thiophene-2- carboxamide 1-6 (66 mg, 0.15 mmol),
3-methyluracil (60 mg, 0.48 mmol), 8- hydroxyquinoline (10 mg, 0.069

Riyeh)andk2CO3 (60 mg, 0.43 mmol) in DMSO (1 m L) topias §R0acseeh
with Ar before being charged with Cul (15 mg, 0.079 mmol). The mixture

in a sealed tube was heatgd at 130C overnight. The mixture was then
purified by 14PLC to giye4he gitled cggwound (15 mg). MS 442.2 and

444.2 (N1+-11, CI pafiern). 39“}%‘(3\-(4-(4-amin0-5-ﬂ

itoro-2-oxopyrimidin-1(2H)-yl)ph eny1)-I11-mf dazo £-4-yOm ethyl)-5-

15chlorothioplume-2-earboxamide (50) 102781 A mixture of
[0Bghlatanv4d<(4findapbesychl-ddd1n G 4-y0 mathy pthiaphepsrdtine 1-7

O a0, B Py AL (L 00 BB i B0 eSO s 6%
mma o VISMSO (2 wik Kiveasseibgitasbtbofitte A¢1b@tthﬁegbémgknﬁdrgédlwm 61

mifrt), B2 MG GO RAQDTOG [OREHER I B Fealed De Woashealet Gl 3re
tovernight. The mixture was then purified by FIP LC to give the titled

addednPURE s Yg)! lmgdth@lzghﬁg khﬁ,EzT(‘m QIR Igugtaray serrRis thenso
apNi€Qlo(4 (fcagelantithin 2xbiapy sisridind W 2)-y) phemyAQ-ihHeidaz al-dve 1-(4-

mﬁgge%yy)%%gﬁfh@@plorphaesraes(ﬁlg%%é '19195 @%)0 WQ%QO?/BM?QPCT/U
[0239] A mixture of 1-(4-iodophenyl)pyridin-2(1H)-one prepared above (0.760 g, 2.56
mmol), NaHCO; (2.15 g, 25.6 mmol) and P»S5 (2.27 g, 10.2 mmol) in dioxane (20 mL) was
heated at 80 °C overnight. After being cooled to room temperature, water and CH,Cl, were
added. The organic layer was separated, washed with brine, dried over Na,SOy4, concentrated
in vacuo to give 1-(4-iodophenyl)pyridine-2(1H)-thione as a solid (0.752 g). MS 313.8
(M+H).
[0240] A mixture of 1-(4-iodophenyl)pyridine-2(1H)-thione prepared above (65 mg,
0.21 mmol), 5-chloro-N-((1H-imidazol-4-ylymethyl)thiophene-2-carboxamide 3-1 prepared
in Example 11 (65 mg, 0.18 mmol), 8-hydroxyquinoline (10 mg, 0.069 mmol) and K,CO;
(75 mg, 0.54 mmol) in DMSO (2 mL) was degassed with Ar before being charged with Cul
(27 mg, 0.14 mmol). The mixture in a sealed tube was heated at 130 °C overnight. It was then
purified by HPLC to give the title compound (15 mg). MS 427.0 and 429.0 (M+H, Cl
pattcrn).
EXAMPLE 20
N-((1-(4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-ylymethyl)-1H-indole-6-

carboxamide (31)

0
4 _<>_/§N
dN N\?\’HW\/@:}
H
0

[6241] To a solution of indole-6-carboxylic acid (85 mg, 0.528 mmol), 4-aminomethyl 1-
(4-iodophenyl)imidazole I-2 prepared in Example 1 (136 mg, 0.455 mmol) and TEA (0.150
mL, 1.08 mmol) in DMF (4 mL), BOP (280 mg, 0.633 mmol) was added. After the mixture
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Qictl_ S 0 102791 A mixture of
5-chloro-N-(0-(4-iodopheny1)-1H-imidazo1-4-yOmethyDthiophene-2-
carboxamide 1-6 (80 me, 0.18 mmol.), N4-acetyleytosine (65 mg, 0.42

ey B33-Aydroxyquinolinc (12 mg, 0.083 mmol) and K2GR4AR0PHes262
0. 43 mmol) in DMSO (2 mE) was degassed with Ar before being charged

I (15 0.079 mmol). he mi xtu sealed as heate
O iisediiitiie R s
wagsanpataddv(@shed v ithS 469. NaHE Gz driedmver, m%@atem)ce@)@m PB4 to

gnlpﬁ ﬁ'ﬂ'@f Qbbb ZIB&%BHA% shayd) ?nﬂlﬁnﬂikle'@@%&!aﬁu)dl)ﬁ‘gmwﬂé
hiophene-2- carboxamide (52) O 15[0280] A mixture of

SAAD(g- wmﬁw&F&rmmmﬁ&amwwbﬂeﬁmﬁw gitosc ) H MHH).
[Otwroah{ﬁﬂde: ENQ - @-2Qiepheal) ad-Rddez¢La%])B ktimb) iH-Med6(6

cafib) was c%ﬁ?)ro%ﬁ %ﬁ%rdajt-le %ﬁj ballogn 1 ll?gfygrnr&l htgit Wasl)théan filtered

throug centrate in vacuo to give

hymygwamamaw)zimarmida%@%&féﬁyed@@mmnew@mm

ng%%&%hmee;s;éthh Iafgéd%l%r@u k glr\z‘»% ﬁﬁﬁngth qulzée &%ﬂ%{éag
mmol) and triethylam m in

t”?i%brh‘@attg 30 %ﬂnSl?Wﬁ’éi&dia‘dasA%‘é? %“Hﬁﬁg }?n% G5 & 16 Gpewound

(5@dgedvid 4 8olidisadple of 1-(4-(4- (amlnomethyl)

1H-imidazol-1- yOphenprlpenE% ?( mg, 0.18 mmol) in a flask.
After being stirred at room temperature for 2 h, the mixture was purified by
SHtvey kNG e (the wHeBvE s RApGEHY e g s dezsl-#-shehyd hignbpe-2-
Cl pattern) EXAMPLE 42 carboxamide (32)

5-chloro-N4(1-(4-(2- oxopy ridin-1(2H)-y1)-2-(2-(piperidin-1-yDethoxy)phen

yl)-1H-imidazol- 4- ylnzim hj he}le -2- earboxamlde (53)
\

\

[0243] A mixture of ethyl 5-bromo-thiophene-2-carboxylate (500 mg, 2.13 mmol),
trimethylsilylacetylene (0.445 mL, 3.2 mmol), Pd(PPhs)s (15 mg) and Cul (10 mg) in
diisopropylamine (10 mL) was heated at 80 °C for 2 h. After being cooled to room
temperature, the mixture was filtered through CELITE, and the filtrate was poured into water.
The product was extracted with EtOAc. The EtOAc solution was washed with brine, dried
over MgSQy4, concentrated in vacuo to give ethyl 5-(2-trimethylsilyl-ethyn-1-yl)-thiophene-2-
carboxylate (529 mg). MS 253 (M+H).

[0244] To a solution of ethyl 5-(2-trimethylsilyl-ethyn-1 -yl)-—thiophene¥2-carboxylate
prepared above (529 mg, 2.10 mmol) in THF (20 mL), 1N aq. LiOH (7.0 mL, 7 .0 mmol) was
added. After the mixture was stirred at 40 °C overnight, it was poured into water. The
aqueous solution was acidified with IN HCI to pH 1. The product was extracted with EtOAc.
The EtOAc solution was washed with brine, dried over MgSQy, concentared in vacuo to give
5-ethynyl-thiophene-2-carboxylic acid (316 mg). MS 153 (M+H).

[0245] A mixture of 1-(4-iodophenyl)pyridin-2(1H)-one prepared in Example 19 (1.00 g,
3.37 mmol), 4-hydroxymethylimidazole II-1 (0.330 g, 3.37 mmol), 8-hydroxyquinoline
(0.073 g, 0.50 mmol) and K,CO3 (1.00 g, 7.25 mmol) in DMSO (7 mL) was degassed with

Ar before being charged with Cul (0.100 g, 0.52 mmol). The mixture in a scaled tube was
60
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WO 20071131179KIT/US2007/068262 (NG fir:11 WINS CI 0 [0282] A
mixture of 2-fluoro-4-iodoaniline (3.00 g, 12.6 mmol), 2-hydroxypyridine
1-7 (1.20 g, 12.6 mmul), 8-hydroxyquinoline (0.184 g, 1.26 mmol) and

K203/(348 g, 25.3 5mmol) in DMSO (20 int) was degasspgj\mglg(ﬁ{msz&
before being charged with Cul (0.241 g, 1.27 mmol). The mixture in a

hegieg %q gbl b@ g\’r%;snh at%% 13(%%%Vemlghctld ételrhbem)gu%g \gvlgbdf ﬂﬁ}g@ tBlou h
room temperatur iwere added € organic pnase wa §
legéfgﬁrgt}g@or‘g@fqi@émpaw@ ifenAaeiad, gblgi\ﬁe/er Na,SQy, concentrated in vacuo. The

resld{@-~A0INR:R:Hugrapheny s rf(tm@!é%fa %ﬁ@ﬁﬂlﬂl{@d’aﬁog} 10[0283]

To a solution of trifluoroacctic anhydri nth, 71 mmol) in CH2C12 (25
YORREI EbiEa R0 ) Prs 6D el X 2% T Hy2 mmol) was added
[02g) pvilise. shdpen stinrsfgl 4t @Qlfﬁrdthﬂﬂbyaarﬂpiﬁlﬂﬁiol 1- yl)phcnyl)pyndm

2(1'% glﬁ%lgrgp rQA‘%E?E?@g@é or%i( ArTne %ﬁzé& ’O z |) gN@S il ded

1IN SOll m portlon |t|on th mIX re Wa gra u
addednHfistthomaie waﬁ@@mefbaﬁﬁ@mmn@eaﬁwﬁﬂra%ksmw a@xr@f@mted m

va&%nQﬁé@%f&@%&ﬂlﬂa‘ﬁtdﬂ&ﬂv@@lMQﬂMFQSOVﬁ‘mP‘I%QHQ AR, WaNDE 44 mg, 3.75
due qI—flggJ s added to induce, precipitation, which was collected and

R Fo A RO A B ESEE AS T #4)- Rl 2nd
EtQA3wg) {0284 Thomesuspeynsionsekparated, washed with 5% aq. NaHC 0s, dried

ovdr ik f%ﬁ@ﬁ&%@&ﬂ%@%%@%%ﬁg e G AITRL

anhydrous T at roomtem e, a pre- |xed SO utlon of I -

yi)ﬁ%ﬁéﬂd?ﬁéétﬁ&hﬁﬂ@%%ﬁi@b%ﬁ#ﬁé| MhbNail (60%, 157 mg, 3.92
[oxmmolTeaphyidrais 20 HEAR e Rdses-6fte s Belditian, Jii8n-2(1H)-one

P TR L B A A e TGl halgr 0

(34revmixstisokiion ofdiqlipsitiditieetiane (@s4@ aial to3@Rxford haind AaH
cokB9dP7, %& %@ga@&l&amys%@%ﬁﬁfdf}o 1) was adde d% %ft% Dy

of stlrrlna he reaction was completed. FLO and tOAe were a

imisizahitc plrisevivey diparHieuna/ddhsteh it NMiE03, dried over
[0M8R STV snEanbrRdethim Y@ iengiY&arboxylic acid (83 mg, 0.54 mmol) and

T e B PRV B e GafePhner

m
bemgmm@éﬁ(gl(;gmmmbfﬂeiﬁm)phehywpwfdﬂwz((ﬂ -Hyagroen(@h@7-b1.08
lmmmh mesp@% HNeNdDMeR MRk eantaining G FA%MQA% 15

3 was enated on a Parr shaker under 45 psi of H2 overnight. It
iy dd (R RN Wdﬂbhwweﬁ%?bfe&wgpwejg@é@fﬂ%“szmea%e
ova_rh%ﬁtlt[ﬂfﬁWH&qmﬁ‘%ﬂm@tHGLE ¥ gRC U tdfdEnpound (65 mg). MS 401 (M+H).

1-(4-amino-3-(2-(piperidin- Iyl)emﬁfﬁ%ﬁ)pyndm 2(1H)-one (0.44 g).
102861 To a solution of

1- (4Earieidosa{B=(pigériditerapostiioxy)pideny Y HoirhaiH) Fiei(aza44g,

1.08 mmol) in conc. HiEL3MkIrAbA-C. & 5alUliaR.QEHaNO2 (75 mg, 1.08
mmol) in H20 (2 mL) was added dropwise. After 30 min of stirring at 0 C,

Nat (0.76 g, 5.07 nano]) in H20 (2 ml) was added. After being stirred at 0
C for 30 min, the mixturl&was removed to

Y
</ N—< >—N/iN H
- VK/N%J‘Q
O
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room temperature and was stirred at room temperature for 4 h. The
solution was basified with 5 N NaOH to pH 10-12. The product was
extracted with EtOAc, washed with 5% NaHCO3, dried over Na2S04,

Gpocetiaies in vacua. The residue was purified by HPLC tocifgiyetn6dzé2
odo-3-(2-(piperidin-1 -yl)ethoxy)ph enyl)pyri d in-2(111)-one (116 mg).

o B R S s s el

C]’:@@j fhérol)). CHsl (0.50 mL, 8.0 mmol) was added. After being stirred at room

tcﬁgbéffﬁW%ﬁﬁ@hﬂfﬁ(@&@hﬁf@755&356?2@&@8%@1#3%&&% Rﬁad}r(%%% 3thd 8Si@as
mmol| roxy inolin mg, mmol) an

e ike dasy 3 S Qe VR i BERRE Eh g e
m(wrthyﬂmto((mlmgmn JZ(I)ﬁrmmt)) tedrb eddustusdten l&mgatechmwa$ohgmteidrc

rofd K3C RIS s happeiicbrHPLE B bR AR et o,

compound (10 mg). MS 538.2 and 540
ylw%@cw@n&@o@rmm 1(213)-yl)pheny1)-111-imidazol-4-yOmethy0-1H-ind

[0239_55-ﬁc@m@i@mr@s)(@él(%ZQdd&?e%%])f[ﬁlalﬁm%m?r\yﬁﬁéﬁ@f%éﬁrﬁﬁmxmg 0.078
ac , U.Z20 MMoO et ne n

e R MR etk AN T
mrhe(d-§4kgamirygmisthnt)¢ 1Hwipniti6cd iy D phekyPy (ithm 2( 2 15 -one 1) in DMSO
(1 R QEDIRuIde (33 00 g mmah: s adderh Ihe ile 1% SilTediat

room temperature overnight, it was then purified by HPLC to give the titled

m%w@%aég@tﬁly@)wm Gealgd {M) 19 CEsenghp GEV@& then purified by HPLC to
g eislaredNdgdme thylthig) -4 2 j0xapys idonaliid, ryerhgnyl)-1H-imida

zol-4- yHmethyHthiophene-2-c %ﬁ%@{% 55) WO
2007/131179PCTIUS2007106 E]‘2 0 a suspension of ethyl
2-m@capipoNiidazGlébbahvorglaye {n.0024) 288 henyiol) hisdéteriel(30
mL) at room temperagyreVigh(8 M 363 Hpmallqwag pdded. During Sfirst

10 min of stirring, thé suspéension became clear, then it turned cloudy as
product began to precipitate out. After being stirred at room temperature
overnight, the precipitate’yas collected, dried on vacuum to give ethyl

2-(methylthio)-1H-imidzz4gle- rbo;gyhate (3 47 g). [02901 A mixture of

1,4-diiodobenzene 1-X(4.0 Mool )
2-(methylthio)-1Himidazole-4-carboxylat¥ ( 6. L mmol),

8-hydroxyguinoline (270 mg, 1.86 mmol) an& 10 K2CO3 (3.40 g, 24.6
mmol) in DMSO (12 mL) was degassed with Ar before being charged with
(023D} (386 Mgulicdo Mehih dbpesnybxbyrrlin 2 Aehledduh@svag bsateshat) 130

cﬁI8f\13(§j r?'l)ﬁ,' CH3I (0.25 mL, 4.0 mmol) was added. After being stirred at room
temperature overnight, the mixture was concentrated in vacuo to give a solid. The solid was
dissolved in MeOH (7 mL). To the solution, CH3NH, (2M in THF, 0.80 mL, 1.6 mmol) was
added. After being stirred at room temperature overnight, the mixture was purified by HPLC
to give (E)-N-(1-(4-iodophenyl)pyridin-2(1H)-ylidene)methanamine (59 mg).

[0252] A mixture of (E)-N-(1-(4-iodophenyl)pyridin-2(1H)-ylidene)methanamine (59 mg,
0.14 mmol), 5-Chloro-N-((1H-imidazol-4-yl)methyl)thiophene-2-carboxamide 3-1 (63 mg,
0.18 mmol), 8-hydroxyquinoline (10 mg, 0.069 mmol) and K,CO4 (100 mg, 0.72 mmol) in
DMSO (1 mL) was degassed with Ar before being charged with Cul (15 mg, 0.079 mmol).
The mixture in a sealed tube was heated at 130 °C overnight. It was then purified by HPLC

to give the titled compound (15 mg). MS 424.1 and 426.1 (M+H, Cl pattern).
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After cooling down, 1120 and EtOAc were added. After being filtered
through cclitc, the organic phase was separated, dried over Na2S04,
concentrated in vacua. The residue was purified by a silica gel column,
slajegyyvitiEt0AC in hexane (10-35% EtOAC) to give ethyl perius2007/068262
151-(4-iodophenyl)-2-(methylthio)-11I-imidazole-4-carboxylate (0.49 g).
[0291] To a solution of ethyl
1-(4-iodophenyl)-2-(methylthio?Wr%%d%%leA-carboxylate (0.49 g, 1.26
(Ehdiareantlydrb(is(FHetietynhich dimdonmte diped (Athrel) phemh)-(ivitr dazol-4-

THF, 3.2 mL, 6.4 mr{]:@ll}é%%ﬁ@l flpa TN RRE WS F?tlrred at room
temperature overnight and EtOAc were added. The organic phase
was separated, wash8d with 5% NaHCO3, dried over 20Na2S04,
concentrated in vacua jve

(1-(4-iodopheny1)-2-( Ithlo)-lH-imidazoI-4- ylinnethanol (0.41 g).
102921 To a solution of

(1-(4-iodopheny1)-2- (m@h -vadlazol -4-yl)methanol (0.41 g, 1.18
mmol) in anhydrous dio oshh ryI azide (0.80 mL,

3.71 rnmol) and DBU (0.600 mL, 4. 02 mmol) ersé a(fded The mixture in
a sealed tube was 25 heated at 110 OC: for 3 h. After being cooled down,

(o430 amla%tﬁésw&fe—@otd@&bhmﬁ)gmm@-mgsems @@9%@@% WashB6h

b e LA SR SO ATR ohes (ot EXOAL T K

ter{P 2@ Ubcl@ATENO Gmixture was concentrated in vacuo to give a sohd The solid was

du,wﬁ%&%ﬂfﬁﬂ@(@ i *HQ&Q“&%&%‘({B%M@@?H{Q, HYRRBIP R 33k, After

93] To a solution of
bew-%éﬁra%ﬂﬁé%ﬂﬁ}l)cl‘!(f&%%%qu}%WIBUEQ@ﬁ%éth‘%f%}’ﬂﬁpmd%iﬁiﬁ@@(ﬁ 26 (dr;
m&a&ili@mhd%ldﬁtmcvﬁa@ﬂa)%ﬂdﬂﬂi}&amaﬁlﬂmlvdﬁagg (g 63 g, 2f8

mo WaS a e ture was ux 1or mm. After

|hg cé“éfétﬁr%lé%ef ) lgdn (gl-?%’hﬁf\)’gp %“?7%@7@ 8‘?]?652007/068262
m¢thoxyltenveasraidel €. i) Whitenot diitdteonad fieredaaffl through celite.
y1m%%5%9%§£w%&%ﬂ%@qq69w QYPINRESO FORRRRENEA 12 me,

vacuo to give 11(%4 iodophe
i

0.0 ety KGRt ione- Q&WﬁhMWWw%mﬁgaiwémmon
befrb1ahlgrarhiephened-carbexylinagicol)- 51(1%311@119 44 sl a@rRdvas heated

icthylamine,(0.150 m 110 oI ' NIF 5 P 235 0.5
o L ST e oo AR g R b lieg g v
5 1the salnh ptel eMiHA-I Gdttpményl)-z-
(methylthio)-1H-imidazol-4-yHmggtRapaijing (127 mg, 0 37 mmol) in a
flask. After being stirred at room temperature overnight, H20 and EtOAc
wersRdded: @hzaeqa&m@m&%@w%éesarafealmgsﬁrééwh‘lsd)&nﬂhﬂ) 5
NaHCO3, dried over Nal&GOHiopbacshraiac imidacae) The residue inwas
dissolved in CITiCN ml.), 1120 (10 ml) was added to induce precipitation,
which was collected and gdyied on vacuum to give 5-chloro-N-((
-(4-iodopheny1)-2-(meth{lthio)-111-
imidazol-4-yOrnethypthiophene-2- carboxamlde (56 mg). 102951 A
mixture of 5-chloro-N-{{(1-{g=isdo}

@ Qn )-2r(m Ithio)-1H-imidazol-4-
yOmethyOthiophenc-2X¢drboXa ide\{5 N ol),
2-hydroxypyridine (30 mg, 0.32 15 mmol), 8ehydroxyquinoline (8 mg,
0.055 mmol) and K2C011 (100 mg, 0.72 mmol) in DMSO0 (1 m I.) was

[02EjasEed withio pEbeforedbeingy Onarged With Dbi(@S Hd ngz07.23mmol).in

CcH] @v@ét%'@ﬁéﬁﬁﬁé@%@b@‘é’ SAIGd Al dBO R QRIPIARE BWAR dpen

purified by HPLC to give the titled compound (22 mg). MS 457.0 and
459.0 (M-FH, ClI pattern). EXAMPLE 45
5-chloro-N-((2-(methylsulfony1)-1-(4-(2-oxopyridin-1(2H)-y1)phenyl1-1H-i
midazol-4-
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yHmethyOthiophene-2-carboxamide (56) and
5-chloro-N-42-(methytsulfiny1)-1-(4-(2-oxopyridin-1(2H)-y1)phenyl)-11-1-i
midazol-4- yOmethyl)thiophene-2-carboxamide (57) [0296] To a solution

9 §HMAserN4(24(methylthio)-1-(4-(2-oxopy-ridin-1(2H)-yl)phamydalr/06s262
1H-imidaLol-4-yOmethyl)lhiophene-2-carboxami de (42 mg, 0.092 minol)

terg]%eg% Eeﬁylgrlnr#\%ﬁ %%t}g&tﬁlt&:oégsngo%— §r£pe%’ i9'§a%159%0|?\.r@a]st§|1§9 %&Qlﬂ%\%s

xture was stirred at 30room temperature overnight. It was

disgerei M K MP)LErdhgrrdubioth b BUMSREL(G )0 aHe 3Uaxiar)(@d

triH PHRAYEIS VS 8 Bhan & 421K EM A Ch PREGT R Ak BBIRISHAARIR
and 475.0 (M+H, CI pat% for sulfoxide).

). . . XAMPLE
OV BB G BRI 2 P Bxﬁ&’l&@p%)?fﬁﬁﬁ@#%ﬂﬁ%lﬂﬁ@%ﬁ&%‘fﬁ#ﬂ
pytlaizotdsBy Eidathigih @mherbo2hcarbhaionint el (BR)rHO(K 260 DLN2N Sribl)
ARt i C ature overni mixrwa‘uril
o ha T R gramish o miur s pyied by
HPge & 5504 e (1-6H(8dorfynolps idivm () tpyrhgmel s amésie 66 iven. 44
[ozlsgpzol)q ﬁﬁungmumpﬂ@&amﬁ@%ﬁimm oﬁﬁnaéﬁgﬁ&%ﬁﬁm mg g,
n .ml)w ass Wi I perore pei I
R e T e i e e R R
0.3030r@ FoR hyiirdheuimixtinee IFasgHeHpurifiddrisyiHEQA 100give GHE titted ) in
mgg@ POHRY (R0 MR $78-0: 3R AIURMEELd GHPEHERY i BXAMBLE
The RETGHS-R L OUAIUHE NGB FSRIFSHROIAP - 5- B ophribiityae (en BisEid Ry Al to
givdazoldedydpmpsont) thiepghenes 2cavhoxamideNtd), Cl pattern).
EXAMPLE 26
4-chloro-1-methyl-N-((1-(4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-ylymethyl)-1H-

pyrrole-2-carboxamide (37)

9
3 /=N Cl
CNON%HY@
o |

[0257] A mixture of 1,4-diiodobenzene 1-1 (4.00 g, 12.1 mmol), 2-hydroxypyridine 1-7
(1.15 g, 12.1 mmol), 8-hydroxyquinoline (176 mg, 1.21 mmol) and K,CO1 (1.74 g, 12.6
mmol) in DMSO (16 mL) was dcgasscd with Ar before being charged with Cul (230 mg,
1.21 mmol). The mixture in a sealed tube was heated at 130 °C overnight. After being
cooled to room temperature, H,O and EtOAc were added. It was filtered through celite. The
organic phase was separated, dried over Na,SO4, concentrated in vacuo. The residue was
purified by a silica gel column, eluted with EtOAc in hexanes (0-70% EtOAc) to give 1-(4-
iodophenyl)pyridin-2(1H)-one (1.30 g).

[0258] To a solution of 1-methyl-2-pyrrolecarboxylic acid (1.03 g, 8.22 mmol) in MeOH (5
mL) and dioxane (5 mL) at room temperature, trimethylsilyldiazomethane (2M 1n ether, 5.0
mL, 10.0 mmol) was added. After being stirred at room temperature for 1 h, the mixture was

concentrated in vacuo to give methyl 1-methyl-2-pyrrolecarboxylate as a volatile oil (1.14 g).
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OH iirttN S CI 0 20 [0298] A mixture of 5-ehloro-N-(0
-(4-(3-hydroxy-2-oxopyridin-1(2H)-yl)pheny1)-1/4-
imidazol-4-yl)methyllthiophene-2-carboxamide (30 mg, 0.070 mmol),

erapesthanol (0.020 nit, 0.28 mmol) and Cs2CO3 (90 M@ 48 Rese2
in DMSO (1 mL) was stirred at 60 C for 1 h. It was then purified by HPLC

[ingg tievrn(}t ra‘.% ﬂ%?ﬁ"%%gp 9—1(115etﬂ]}9-)2—'|1:\)/|y§r0 670151%03531 aé?(%f%%i%fﬂ’n?nlaol) in ether
(1Grah) 120 fo-NAD{EL 400 2, 3-Aiowopiperazifiddy Bibdryle dd-leinidazol-4

teﬁ}}y&gml%tﬁij iy lgf?lb BIG A GAY RXBILRRD i v DO N RGO &%%16% by

o SIS ST Py AP iAo e ARty -
py€iBIbaxatudaal-60(TO aTis Hadtmabudeihpiparsing-3-3-giang-4b
P RS B A RS T EVILD L k) S BN L) was
02182 Sedswlittioaobefote iy shamed svitH-@ut ¢2e2mer bOs LB M EHB 5
mAUSH SRR pealer § bﬁx)’@ﬁ)@ﬁ@t&fiﬁk%%&&Vﬁﬁég%ngﬁﬁwiw&}ﬂas
N then E)u’rlfle(rj by HPL ,t? give the titled cci)trgm ouf?qlﬂlo mﬁz’. |\4§74§8.1 ?ngﬂ
RGN L Beifte Y DG RFptiEe g g ith IN HCL o pH e product was
ex Dbd i (i (2B (Carbame D oy pydidivesl (il pheaydye1 Nahsiniazel cdnyredsder
Vaggglgésg_iv%hjrgrﬁg%q?%@Qﬁ&?—ﬁ%’i@%ﬁ?&%ﬁt&%&ﬁc acid as a solid (111 mg).
[0261] To a solution of 4-chloro-1-methyl-1H-pyrrole-2-carboxylic acid (55 mg, 0.34
mmol) and triethylamine (0.100 mL, 0.72 mmol) in DMF (2 mL), BOP (217 mg, 0.49 mmol)
was added. After 5 min of stirring, a solution of 4-aminomethylimidazole 11-2 (100 mg, 1.03
mmol) in DMF (2 mL) was added. After being stirred at room temperature overnight, the
mixture was purified by HPLC to give N-((1H-imidazol-4-yl)methyl)-4-chloro-1-methyl-1H-
pyrrole-2-carboxamide (81 mg).
[0262] A mixture of N-((1H-imidazol-4-yl)methyl)-4-chloro-1-methyl-1H-pyrrole-2-
carboxamide (81 mg, 0.23 mmol), 1-(4-iodophenyl)pyridin-2(1H)-one (100 mg, 0.33 mmol),
8-hydroxyquinoline (15 mg, 0.10 mmol) and K,CO3 (193 mg, 1.40 mmol) in DMSO (2 mL)
was degassed with Ar before being charged with Cul (21 mg, 0.11 mmol). The mixture in a
sealed tube was heated at 130 °C overnight. It was then purified by HPLC to give the titled
compound (25 mg). MS 408.1 and 410.1 (M+H, Cl pattern).
EXAMPLE 27
5-chloro-1-methyl-N-((1-(4-(2-0xopyridin-1(2H)-yl)phenyl)- 1 H-imidazol-4-yl)methyl)-1H-
pyrrole-2-carboxamide (38)

O
C“’ S
Ok f(?‘lo'

[0263] The titled compound was prepared analogously to preparation of 4-chloro-1-methyl-
N-((1-(4-(2-oxopyridin- 1 (2H)-yl)phenyl)-1H-imidazol-4-yl)methyl)- 1 H-pyrrole-2-

carboxamide of Example 26. MS 408.1 and 410.1 (M+H, Cl pattern).
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O H2 NA N 15 103001 A solution of
(E)-5-chloro-N4(1-(4-(2-cyanamidopyridin-1(2H)-yl)pheny1)-1Himidazol-4-
yOmethypthiophene-2-carboxamide (5 mg, 0 011 mmol) in TFA (0.30 mL)

523284030 mL) was stirred at room temperature for 4 darli8o07/068262
solvents were removed in vacua The residue was purified by HPLC to

give the titled compound (2 mgﬁ%@%ﬁ%%mand 455.1 (Mill, CI pattern).
EXAMPLE 50 5-Chloro-N((2-methy1-1- -oxopyri din -1(2H)-yOph
S-eHg) 1 HHirt-Ga 2 oliaxofiHemetinghiihio phend-2ttarbhdaaicd) g2 Ohgphene-2-
Step!: 5[0301] The illiX21.1re ggljo,gﬁgﬂgc@@ﬁenzene 1-1 (600 fig, 1.8
minol), 2-methyl-1H-imidazole- 4-earbaldehyde (200 mg, 1.8 mrnol),
K2C101 (503 mg, 3.6 nz)m(g)l), Cu! (105 mg, 0.55 mmol) and
8-hydroxyquinoline (8 g, 0 mo)i;\ln 5 mL D1v180 and 5 mL (-Hexane
in a sealed tube was s @ a@%mo giwas cooled to rt, and to
it was added 60 mL wafer. The mixture wAssti for 30 min and filtered
through a celite layer. The filtrate was IDcorfcentrated in vacuo and
subjected to reverse phase Fﬁig(eg)arative HPLC to isolate 144-

102680 pheririyroahestiyrrorithidaZefenheytb Akdmde -4y Mesfodibiqghene-2-
caGHEHALIHRO5MAHDH 8 53:01)StephaiR3021T I aarrmesiashprepared in
hy%%gyc?u%&%g](%cr)ng} %’(9161 %@0@%9(1%%828(%8%%? dr}%g rrrmeol) in DMSO (1 mL) was
degassed before being charged with Cul (10 mg, 0.052 mmol). The mixture in a sealed tube
was heated at 130 °C overnight, The mixture was then purified by HPLC to give the titled
compound (10 mg). MS 451.1 and 453.1 (M+H, Cl pattern).
EXAMPLE 29
5-chloro-N-((1-(3-fluoro-4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (40)

O
/ /SN
C-O-Cli_a
E 3 Cl

[0265] A mixture of 2,5-diiodofluorobenzene H-4 (2.50 g, 7.18 mmol), 4-
hydroxymethylimidazole hydrochloride (0.967 g, 7.18 mmol), 8-hydroxyquinoline (0.104 g,
0.717 mmol) and K,CO4 (2.00 g, 14.5 mmol) in DMSO (12 mL) was degassed with Ar
before being charged with Cul (0.136 g, 0.716 mmol). The mixture in a sealed tube was
heated at 130 °C overnight. After being cooled to room temperature, HoO and EtOAc¢ were
added. It was filtered through celite. The organic phase was separated, dried over Na,;SOy,

concentrated in vacuo. The residue was purified by a silica gel column, eluted with MeOH in

" CHsCl; (0-5% MeOH) to give (1-(3-fluoro-4-iodophenyl)-1H-imidazol-4-yl)methanol (0.39

g)-
[0266] To a suspension of (1-(3-fluoro-4-iodophenyl)-1H-imidazol-4-yl)methanol (0.39 g,
1.23 mmol) in CH:CN (7 mL), SOCl, (2.5 mL) was added. Upon the addition, the

suspension became clear. It was then concentrated in vacuo. The residuc was dissolved in
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15methanol and stirred at rt. To it was added NaBH4 (26 1112, 0.67
rnmol). The mixture was stirred for 30 min and subjected to preparative
HPLC to isolate (1-(4-iodophenyl)-2-methy1- 1H-imidazol1l4-yl)methanol
wd Mo faynd for Cul-itiIN20 (4-41)+ 315.0. Step 3: [0303] poe;compayvsrd:
prepared in above step (126 mg, 0.40 mmol) was dissolved in 4 mL 20 dry

DI\?E%L%%H Il%a-&o Q%QGd 2 \%atgh I dl\enrglgd-l;g Sh0 I }P S V¥as stirred
or m h an onc ’ntrate acuo ry residue Wast en ssolved

terpatEe e DI %Qt%@t@é@eﬂegb@ﬂéﬁd ablgeemieghatheamisparecdas
wastibrediat f fitkdt,and.d WE@@JWEbEEQﬁt%sl ta@swashednyith-brnefour

times, dried and concentrated in vacua tozqove crude 4- WO _
dmé@]d%flg Mefé% W&%%&\}yéﬁé@g@rry m H20, ~200 mg) was added. The mixture

wz(salzydmgn&thydi)ﬂhddr iodioptiényfa)-2hmetivgl thbirfilttazotersugh MStfodind fittrate

we UHEANG (M1, 3408 S1en 419501 Bhs, ABRYE i SRRe ciude

compoun was dissolved in 2'mL ethanol tnL 5acetic acid. Iron
yDpeibgerie ag} to4d EHHEERIn. The mixture was stirred in 90C bath for 30

[omw Igwﬁagdﬂﬂml@wmI%QQTmJ{h}i?@mmImM&w@idA@s gm@il @anedlaﬂﬂol) and
eda.t ell r | (0] n ed In vacua
m%t %g%r&gca %rét?\/?e“i"f%i [ég/gg alf%% EE)% &% mg, 1.07 mmo was added.

Aftdr @modmiﬂﬂ@myg)azalnemwf 1Hhlderet-doydrhethlaridimingfo-MS found
yiiRE i 1&%%3&/'6%%%48%% L[?Q;’QsSJdEQ&‘ aﬁ%‘{%ﬁ[ﬁ@w &Qtirred

compound was disSolved in 50 mL m nd treated with

at P PRSTRES(Q0ERIR T hE it @%‘@%ﬁﬂgi@ﬁrréa@rerw BlHgeritteTed.
seﬂam&dtwghwa&mmm rivacyar I0:GHeE, tb&x@&ftﬁ&f@lﬂ@ﬁl cingdreme residue

4 3 ). It d L Dl\/l
S GURTE DA (o D1 HIRS) i ot FA O 14 pISAERRe
Ylﬁlehbd}ththphpheﬁ@@boaubmd@/[@md 1-5 (24 mg 0 15 mmo1l) was
[ﬂlfjldg OJXQQLM'HBWMQW@%ﬂ%%?o@g%%@rﬁéﬁﬁ)@@ R dgmmol) and

%57 mg, 0.15 mmol). The mixture was stirfed for 10 min. It was
YDt B RRCE M AT BBTTEIE S5 eer A e id- DI Ry Rk Sl
0. ﬂlﬂie@mszgmmqmd@mb jactad to. pre panaliveHRICD 10sisalate. 56 aitol) in

DS ety A e RS e S ens: Q7 sl

The BI208 WS feuad for3C i@ H3CHNBOBdot -1.-0t M%@ m:@cf)i@l Stéh e to

gl&Q%ﬁltlTéa% PIERALALOIMPOURM 439 Mer-Q0¢ rpmahywas dissolved
in 2 mL DMSO in a sealed tube. To it were added 2- hydroxypyrldlne 1-7
(20 mgq, 0.21 mmol), potassmm%&?%ﬁﬁf?ef’@m mg, 0.35 mmol), Cul (8 mg,
0.04 mmalband(ﬁ{hg(drmxyqugnmm@ m'g 19208-pmypiehyhhelmixtdselwas
stirred in 130 C bath for og 5_8 ture was )‘ﬁi ered and subjected
to reverse phase preyparaE o |sglrate the ti t|t ompound. MS
found for C211417CLN402S (M+H)+ 425 1,427.1. EXAMPLE 51

din -1(21- 0- yOphenyl) A4jmidapl-qgTN
30yOmethyl)thiophene-2=¢ (Mid&T N\?@O@/lSll?QPCTlU
S20071068262 0

[0269] A mixture of S-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 (150 mg, 0.34 mmol), 3-methoxy-2-hydroxypyridine (85 mg, 0.68 mmol),

8-hydroxyquinoline (20 mg, 0.14 mmol) and K,CO; (100 mg, 0.72 mmol) in DMSO (2 mL)
was degassed with Ar before being charged with Cul (25 mg, 0.13 mmol). The mixture in a
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SCHEME 6 6-16-26-3 6-46-5 CI 5 Step |: 10307]
1-(4-lodophenyl)pyridin-2(1H)-one 6-1 (200 mg, 0.67 mmol) was dissolved
in 4 mL DMSO in a sealed tube, To it were added

wieshyisiidemidazole-4-carbaldehyde (300 mg, 2.7 mmol) p&R G368 2
mg, 3.4 intnol) Cul (65 mg, 0.34 mmol) and 8- hydroxyquinoline (50 tomg,

seage%%urlp tgﬁlz)&t lfg% M&af%r % E{eﬂl?%%%% &asjégﬁt g%rgﬂ

luted Wltﬁ 100 mL acetonitrile, well stirred, an a |V|I

Utll%@/@ﬁ.nll’ﬁélﬁI@?&t@%a&“@dﬁé&ﬁﬁété@é}@ﬂé@bj@ht@&%)prep HPLC to isolate

5-methy1-1-(4-(2-oxopyridin-1(&kMPLE 31
YOPhenI)éI) -1H-imidazole-4-earbaldeh e 6-2. MS foun

S s e A D
compound (120 mg, }ﬂ))mathnybtbiophm%mbbmmﬁlmmmethanol at RT.
NaBFI4 (25 mg, 0.64 mmol) was added. The mixture was stirred for 1 hr
and WO 20071131148PC§IUS21107A1611262 subjected to prep HPLC
to isolate 1-(4-(4-(hydrMﬁt \5- mewyl 1H-imidazol- 1-
YHPhenYHpyridin-2(1 rmd EHI5SN302 (M-rH)+
2811. Step 3: [0309] The above prepare cofhpatind>(80 mg, 0.28 mmol)

was stirred in 4 mL acetonltrlle 5and 4 mL th%nyl chloride. The mixture

037 SHEELol0ich W 3N SRNRETHRIST MYRGHS L0 yridin-1(2H)-ylyphenyl)-1H-

imidazol-4-yl)methyl)thiophene-2-carboxamide (75 mg, 0.14 mmol) in CH,Cl, (4 mL), BBr3

I%we the

(0.365 mL, 3.8 mmol) was added. The mixture was stirred at room temperature for I h. It
was concentrated in vacuo. The residue was purified by HPLC to give the titled compound
(40 mg). MS 427.0 and 429.0 (M+H, Cl pattern).
EXAMPLE 32
5-chloro-N-((1-(4-(3-fluoro-2-oxopyridin-1(2ZH)-yl)phenyl)-1H-1midazol-4-
yDmethyl)thiophene-2-carboxamide (43)

R O
C“@‘“@UY@
S” °Cl
O

[0271] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 (66 mg, 0.15 mmol), 3-fluoro-2-hydroxypyridine (46 mg, 0.40 mmol), 8-
hydroxyquinoline (10 mg, 0.069 mmol) and K;CO3 (50 mg, 0.36 mmol) in DMSO (1 mL)
was degassed with Ar before being charged with Cul (15 mg, 0.079 mmol). The mixture in a
sealed tube was heated at 130 °C overnight. The mixture was then purified by HPLC to give
the titled compound (8 mg). MS 429.0 and 431.0 (M+H, CI pattern).
EXAMPLE 33
5-chloro-N-((1-(4-(3-methyl-2-oxopyridin-1(2H)-yl)phenyl)-1 H-imidazo!-4- |
yDmethyl)thiophene-2-carboxamide (44)
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dry residue was then dissolved in 3 rift DMSO. To it was added sodium
azide (10 eq). The mixture was stirred for 10 min and subjected to prep
HPLC to isolate 1-(4-(4-(azidomethyl)-
Sy el iskk-imidazol-1-y1)phenyOpyridin-2(1H)-one 6-4. M&foshash k262
CI6Hi4N60 (M+H)+ 3071 toStep 4: [03101 The above prepared compound
(48 mg, 0.16 mmol) was dissolved in 1.5 mL ethanol and 3 mL acetic acid.
To it was added iron p 45 mg,QNSO mmol). The mixture was stirred
at 80 C for 20 min and ; WHWred and subjected to
prep HPLC to isolate | s7>cl
-(4-(4-(aminomethyl)-5-methy1-11T-imidazd® 1-yOphenyl)pyridin-2(1H)-on
e 6-5. 15MS found for C1L6H16N40 (10+H%+ 281.1. Step 5:[03111 The
[02Hbve PrpErea’ corfbumt s (RESBBY i ot Rk tmairdnd tiaateer-2-

cawithaMidedasli6tiate, (L0 amd e myxiare-Aas detitlyi stirr é4b har, L4 andbl), 8-

filtered. The filtrate ncentrated i-vacuo to give the cor in
T TR AR S SRR

waydezatiad s 1 A igerabomzeinrees rahd slittedm RE79mthelmEhntkxéurc in a
seaahiprofhiorhene 2 s@roQdisi ae d b 328 Gvd3- 28 BMBVBIPLC to give

dissolved in 3 dry DME. To it w ded DMA (36 pt, 0.20 mmol) and
th?—m%ce?@?ﬁﬁf{g{gﬁlﬁ%inﬁg%@ ﬁﬁi%ﬁ%em+§ir@83f6‘?% min. It was
added to the stirred solution of B}AfMRIE e in DMF. The mixture was
stirred heand subj to rafi d Isplate the ditle 4
25(:02’1gi}){f]%noglk.(I N %32? %ﬁ%%% C%HNVIL%EE %%E%ﬁ??%@?‘}%? 1.
EXAMPLE 52 yDmethyl)thiophene-2-carboxamide (45)
5-chloro-N-((1-(4-(5-fluoro-2-oxopyridin-1(2H)-yOphcny1)-2-(methylsulfiny
1)-11-1-dazo I- 4-yHmethyluhiophene-2-carboxamide (64) and
5-chloro-N-((1-(4-(5-flypro-2- jdim-1(21-)-yOpheny1)-2-(methylsulfon
y0-1H-imidazol304-y '\%@gﬁeﬁé\; a mide (65) WO
20071131179PCT/US2007/068262 103121 A mixtue of 5
-ehloro-N-((1-(4-iodopheny1)-2-(methylth io)-1H-imidazo I-4-
(oYM emm&mm@i%@mb@ww&ﬁﬁ&WI 0.10:49m pb-yl)methyl) thiophene-2-
5-fluoro-2-hydroxypyridine (30 5 mg, 0.26 mmaol), 8-hydroxyquinoline (10
camaswéd-r%/ 8?}‘511}81@2‘8’5%99’(2/6 x5 SE BN B VIS ep il o) 8-
hydegagsadiinitil A mgetovedheing charg O ith) Gy, (136 menol). 0vBMEOGl).mL)
T ixture. | e.yvas heate right. After being.
was'&%%'%%cgwni{bﬁ %&%&%%é%%c %&‘@%%ﬁé%@%ﬁ%@}m@% TB&in o

cool wn to room temperature, uce

seplpddipieatioriionicH IWas e oreatsdtardamedushwasdhempo i duBoid @sive

0l 4033 Fordusoludonof the s9fd (3814148840 in DINF (3
mL), a solution o oxone (145 mg,0.47 mmaol) in 1-120 (2 mL) was added.
The mixture was stirred at roongm}e)}gtﬁse overnight. It was then
purifigahiyrddRIC (8- Giviey hothythe ssyiforde-(52H gy Bplt syllfd Xdenidhrolgd -
products. MS 507.0 e?fg%ﬁ%ﬁ%%n%&%%%%{%% ne); 491.0 and
rn, oxide

493.0 (MTH, ClI patt or’sulf ). 15EXAMPLE'5

O
HO‘CN N/iN H 7
O 1((310.

[0274] A mixture of 5-chloro-N-((1-(4-10dophenyl)-1H-imidazol-4-yl)methyl )thiophene-2-
carboxamide 1-6 (66 mg, 0.15 mmol), 2,4-dihydroxypyridine (45 mg, 0.41 mmol), 8-
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5-chloro-N-((1-(4-(3-fluoro-2-oxopyridin-1(2H)-yOpheny0-2-(methylsulfiny1l
)-1H-imidazol- 4-yHmethyl)thiophene-2-earboxamidc (66) and
5-ehloro-N-((1-(4-(3-fluoro-2-oxopyridin-1(211)-y1)phenyl)-2-(methylsulfon

Wolddoimigazol- 4-yHmethyl)thiophene-2-carboxamide (67) QG034 Hfs62
mixture of 5-chloro-N-(11-(4- |odopheny1) -2-( ethylthio)-1H-imidazol-4-

G o iy S o R B TR

W%@%%@Mﬁh@)bafmemﬁmﬂi@ @ed‘lgltm(Bﬂ thinoB, i MBS LY wasixture in a
seslegrBsed With:&r hefrecdsingicharerd yith Cul(@8: Ma&%g%ﬁﬂ% T 0Re

mixture in a sealed tube was heated at 130 C. overnight. After
theBite quRanath(Papm (iR pertund 4426 (B (hagisided to induce

precipitation, which was collectes amPdrexd on vacuum to give a solid (34

olution, gf s oI|d Ino DMF
%hlgrsoolu?% oiérlloex r%% CWB’ E?%glmlr%gT?ﬁ%q—ﬁféég l;'wa%mé Q4+

The mixture was ster@math@@mmémpéraadw&@wdﬂ@ﬁl It was then
purified by HPLC to give both the sulfone (2 mg and sulfoxide (4 mg)
products. MS 507.0 and 508 0 (Ml 11, CI pattern, for sulfone); 491.0 and
5493.0 (M+H, CI pattefiy debEXAMPLE 54
5-ehloro-N-(0-(4-(5-fH Wo 2H)-y RNy 1)-1H-imidazol-4-
yDrnethyl)thiophenc-2- carboxamlde ( 8)0S g | 10¢0316] A mixture of
5-chloro-N-41-(4-ioclopheny1)-1H-imidazol-4-yOmethyl)thiophene-2-

[0?@3%@@%&0%@@1&?&1\9 @1%‘1%%&91&‘f?f‘?n%&'&é’&l@’&%ﬁé(&g{gg éé&lgﬂg 2-

mmol), 8- hydroxyquinoline (10 m 069 mmol) and K2

Ca@%%ﬁiﬁam@m& ](ﬁfﬁﬁww%ﬂédé%& fhtrme Betdvatiosnityien lﬂgébp
myy o uh(bD mg, 10,039 BImel) 0B enm@nulﬁemgol@%@be&damté@a\é@a hepted

be%"-re:l' §gnglcchg¥g%rc{1v9ﬂ} ('T rl]?l 5'1'%%‘,‘5%%6‘%%%” JP n]rcxlﬁgtlllj 111_1| E%&%lga % e was
heated at 130 °C overnight. The mixture was then purified by HPLC to give the titled
compound (25 mg). MS 428.0 and 430.0 (M+H, Cl pattern).
EXAMPLE 37
N-((1-(4-(4-amino-2-oxopyrimidin-1(2H)-yl)phenyl)-1H-imidazol-4-yl )ymethyl)-5-
chlorothiophene-2-carboxamide (48)

O
N <
HZN_GN_QN&“%J\@
O

[0276] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 (66 mg, 0.15 mmol), cytosine (46 mg, 0.41 mmol), 8-hydroxyquinoline (10
mg, 0.069 mmol) and K2CO3 (50 mg, 0.36 mmol) in DMSO (1 mL) was degassed with Ar
before being charged with Cul (15 mg, 0.079 mmol). The mixture in a scaled tube was
heated at 130 °C overnight. The mixture was then purified by HPLC to give the titled
compound (10 mg). MS 427.1 and 429.1 (M+H, Cl pattern).
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the titled compound (6 mg). MS 429.0 and 431.0 (M41, ClI pattern). [0317]
The compounds in the following Table 1 may be prepared using methods
similar to those above. Table 1: No. Structure Name 69 H3CO34)K.0 S

Q' N/ Psetoro-N-((1 -(2-(2- methoxyethoxy)-4-(2- oxopyr|dfteﬁq“gg;(;Jc,)ﬁ%8262
yljpheny1)-1H-imidazol-4- yOmethyl)thiophene-2 earboxamlde Pc-NH

Cooveeee N EXAMPLE 38
5-chloro-N-((1-(4-(3-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)phenyl)-1H-imidazol-
4-yl)methyl)thiophene-2-carboxamide (49)

v O
N~ /=
=IO Cli_0
cl
o

[0277] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-y)methyl)thiophene-2-
carboxamide 1-6 (66 mg, 0.15 mmol), 3-methyluracil (60 mg, 0.48 mmol), 8-
hydroxyquinoline (10 mg, 0.069 mmol) and KoCO: (60 mg, 0.43 mmol) in DMSO (1 mL)
was degassed with Ar before being charged with Cul (15 mg, 0.079 mmol). The mixture in a
sealed tube was heated at 130 °C overnight. The mixture was then purified by HPLC to give
the titled compound (15 mg). MS 442.2 and 444.2 (M+H, Cl pattern).
EXAMPLE 39
N-((1-(4-(4-amino-5-fluoro-2-oxopyrimidin-1(2H)-yl)phenyl)-1H-imidazol-4-yl)methyl)-5- .

chlorothiophene-2-carboxamide (50)

O
AT el
2 —S-_—:/ == / \
N
. \'&/ E/Q\CI

[0278] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 (80 mg, 0.18 mmol), 5-fluorocytosine (60 mg, 0.46 mmol), 8-
hydroxyquinoline (12 mg, 0.083 mmol) and K,COs (60 mg, 0.43 mmol) in DMSO (2 mL)
wags degassed with Ar before being charged with Cul (15 mg, 0.079 mmol). The mixture in a
sealed tube was heated at 130 °C overnight. The mixture was then purified by HPLC to give
the titled compound (15 mg). MS 445.2 and 447.2 (M+H, Cl pattern).
EXAMPLE 40
N-((1-(4-(4-acctamido-2-oxopyrimidin-1(2H)-yDphenyl)-1H-imidazol-4-ylymcthyl)-5-

chlorothiophene-2-carboxamide (51)
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170 OH OH CI (R)-5-chloro-N4(1-(2-(2,3- dihydroxypropoxy)-4-(2-
oxopyridin-1(2H)- yl)pheny1)-1H-imidazo1-4- yl)tnethypthioplienc-2-
carboxamide Pc--N1.1 S

WO 2007/131179 PCT/US2007/068262

o O
HN—LN N B 7T
\/\,N\[()((Sj\m

[0279] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 (80 mg, 0.18 mmol), N4-acetylcytosine (65 mg, 0.42 mmol), 8-
hydroxyquinoline (12 mg, 0.083 mmol) and K,COa (60 mg, 0.43 mmol) in DMSO (2 mL)
was degasscd with Ar before being charged with Cul (15 mg, 0.079 mmol). The mixturc in a
sealed tube was heated at 130 °C overnight. The mixture was then purified by HPLC to give
the titled compound (3 mg). MS 469.3 and 471.2 (M+H, Cl pattern).
EXAMPLE 41
5-chloro-N-((1-(4-(2-oxopiperidin-1-yl)phenyl)- 1 H-imidazol-4-ylymethyl)thiophene-2-

carboxamide (52)

)
OO
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[0280] A mixture of 1-(4-(4-(aminomethyl)-1H-imidazol-1-yl)phenyl)pyridin-2(1H)-one
hydrochloride (60 mg, 0.20 mmol) and Pd-C (10%, 31 mg) in MeOH (6 mL) was
hydrogenated under balloon H, overnight. 1t was then filtered through celite. The filtrate
was concentrated in vacuo to give 1-(4-(4-(aminomethyl)-1H-imidazol-1-yl)phenyl)piperidin-
2-one (54 mg).
[0281] To a solution of 5-chloro-thiophene-2-carboxylic acid 1-5 (43 mg, 0.26 mmol) and
tricthylamine (0.200 mL, 1.43 mmol) in DMF (2 mL), BOP (130 mg, 0.29 mmol) was added.
After 5 min of stirring, the solution was added to a solid sample of 1-(4-(4-(aminomethyl)-
1H-imidazol-1-yl)phenyl)piperidin-2-one (54 mg, 0.18 mmol) in a flask. After being stirred
at room temperature for 2 h, the mixture was purified by HPLC to give the titled compound
(45 mg). MS 415.1 and 417.1 (M+H, Cl pattern).
EXAMPLE 42

5-chloro-N-((1-(4-(2-oxopyridin-1(2H)-y1)-2-(2-(piperidin-1-yl)ethoxy)phenyl)-1H-imidazol-

4-ylymethyl)thiophene-2-carboxamide (53)
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[0282] A mixture of 2-fluoro-4-iodoaniline (3.00 g, 12.6 mmol), 2-hydroxypyridine 1-7
(1.20 g, 12.6 mmol), 8-hydroxyquinoline (0.184 g, 1.26 mmol) and K,CO4 (3.49 g, 25.3
mmol) in DMSO (20 mL) was degassed with Ar before being charged with Cul (0.241 g,
1.27 mmol). The mixture in a sealed tube was heated at 130 °C overnight. After being
cooled down to room temperature, H,O and nBuOH werce added. The organic phasc was
separated, concentrated in vacuo to give 1-(4-amino-3-fluorophenyl)pyridin-2(1H)-one as a
solid (2.31 g).

[0283] To a solution of trifluoroacetic anhydride (10 mL, 71 mmol) in CH,Cl; (25 mL)
cooled at 0 °C, Hy0, (50% aq., 4.4 mL, 72 mmol) was added dropwise. After stirring at 0 °C
for 1 h, the sample of 1-(4-amino-3-fluorophenyl)pyridin-2(1H)-one (2.31 g, 11.3 mmol) was
added in solid form portion by portion. After addition, the mixture was gradually removed
from 0 °C to room temperature, and it was stirred at room temperature overnight. The solvent
was removed in vacuo. To the residue, H,O was added to induce precipitation, which was
collected and dried on vacuum to give 1-(3-fluoro-4-nitrophenyl)pyridin-2(1H)-one (1.37 g).
[0284] To a suspension of 1-(3-fluoro-4-nitrophenyl)pyridin-2(1H)-one (0.70 g, 2.99
mmol) in anhydrous THF (6 mL) at room temperature, a pre-mixed solution of 1-
piperidinecthanol (0.40 mL, 3.02 mmol) and NaH (60%, 157 mg, 3.92 mmol) in anhydrous
THE (8 mL) was added. After addition, the suspension became clear, The mixture was
stirred at room temperature overnight. HPLC showed that the reaction was incomplete.
Another pre-mixed solution of 1-piperidineethanol (0.40 mL, 3.02 mmol) and NaH (60%,
157 mg, 3.92 mmol) in anhydrous THF (5 mL) was added. After 1 h of stirring, the reaction
was completed. H,O and EtOAc were added. The organic phase was separated, washed with
5% NaHCQj3, dried over Na,SOy, concentrated iz vacuo to give 1-(4-nitro-3-(2-(piperidin-1-
yhethoxy)phenyl)pyridin-2(1H)-one (0.74 g).

[0285] A mixture of 1-(4-nitro-3-(2-(piperidin-1-yhethoxy)phenyl)pyridin-2(1H)-one (0.37
g, 1.08 mmol) and Pd-C (10%, 65 mg) in MeOH (15 mL) containing 6N HCI (0.5 mL) was
hydrogenated on a Parr shaker under 45 psi of H, overnight. It was then filtered through
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celite. The filtrate was concentrated in vacuo to five 1-(4-amino-3-(2-(piperidin-1-
yDethoxy)phenyl)pyridin-2(1H)-one (0.44 g).
[0286] To a solution of 1-(4-amino-3-(2-(piperidin-1-yl)ethoxy)phenyl)pyridin-2(1H)-one
(0.44 g, 1.08 mmol) in conc. HCl (3 mL) at 0 °C, a solution of NaNO, (75 mg, 1.08 mmol) in
H,0 (2 mL) was added dropwisc. After 30 min of stirring at 0 °C, Nal (0.76 g, 5.07 mmol) in
H,0 (2 mL) was added. After being stirred at 0 °C for 30 min, the mixture was removed to
room temperature and was stirred at room temperature for 4 h. The solution was basified
with 5 N NaOH to pH 10-12. The product was extracted with EtOAc, washed with 5%
NaHCQ;, dried over Na,SOy, concentrated in vacuo. The residue was purified by HPLC to
give 1-(4-iodo-3-(2-(piperidin-1-yhethoxy)pheny)pyridin-2(1H)-one (116 mg).
[0287] A mixture of 1-(4-iodo-3-(2-(piperidin-1-yl)ethoxy)phenyl)pyridin-2(1H)-one (116
mg, 0.22 mmol), N-((1H-imidazol-4-yl)methyl)-5-chlorothiophene-2-carboxamide 3-1 (85
mg, 0.24 mmol), 8-hydroxyquinoline (14 mg, 0.10 mmol) and K,CO; (200 mg, 1.45 mmol)
in DMSO (3 mL) was degassed with Ar before being charged with Cul (19 mg, 0.10 mmol).
The mixture in a sealed tube was heated at 130 °C overnight. It was then purified by HPLC
to give the titled compound (10 mg). MS 538.2 and 540.2 (M+H, CI pattern).
EXAMPLE 43
N-((1-(4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-yl)mcthyl)-1H-indole-5-

carboxamide (54)

avays: “
SO OO
O

[0288] To a solution of indole-5-carboxylic acid (40 mg, 0.25 mmol) and triethylamine
(0.150 mL, 1.08 mmol) in DMF (2mL), BOP (135 mg, 0.30 mmol) was added. After 5 min
of stirring, 1-(4-(4-(aminomethyl)-1H-imidazol-1-yl)phenyl)pyridin-2(1H)-one hydrochloride
(53 mg, 0.18 mmol) was added. The mixture was stirred at room temperature overnight. It
was then purified by HPLC to give the titled compound (30 mg). MS 410.2 (M+H).
EXAMPLE 44
5-chloro-N-((2-(methylthio)-1-(4-(2-oxopyridin-1(2H)-yl)phenyl)- 1H-imidazol-4-
yhmethyhthiophene-2-carboxamide (55)
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[0289] To a suspension of cthyl 2-mercapto-1H-imidazole-4-carboxylate (4.00 g, 23.3
mmol) in acetone (30 mL) at room temperature, Mel (6 mL, 96.3 mmol) was added. During
first 10 min of stirring, the suspension became clear, then it turned cloudy as product began to
precipitate out. After being stirred at room temperature overnight, the precipitate was
collected, dried on vacuum to give ethyl 2-(methylthio)-1H-imidazole-4-carboxylate (3.47 g).
[0290] A mixture of 1,4-diiodobenzene 1-1 (4.00 g, 12.1 mmol), ethyl 2-(methylthio)-1H-
imidazole-4-carboxylate (2.26 g, 12.1 mmol), 8-hydroxyquinoline (270 mg, 1.86 mmol) and
K,CO3 (3.40 g, 24.6 mmol) in DMSO (12 mL) was degassed with Ar before being charged
with Cul (345 mg, 1.82 mmol). The mixture in a sealed tube was heated at 130 °C for 3 days.
After cooling down, H,O and EtOAc were added. After being filtered through celite, the
organic phase was separated, dried over Na,SOy4, concentrated in vacuo. The residue was
purified by a silica gel column, eluted with EtOAc in hexane (10-35% EtOAc) to give ethyl
1-(4-iodophenyl)-2-(methylthio)-1H-imidazole-4-carboxylate (0.49 g).
[0291] To a solution of cthyl 1-(4-iodophenyl)-2~(methylthio)-1H-imidazole-4-carboxylate
(0.49 g, 1.26 mmol) in anhydrous THF (10 mL) at room temperature, LiBH4 (2M in THF, 3.2
mL, 6.4 mmol) was added. The mixture was stirred at room temperature overnight. H,O and
EtOAc were added. The organic phase was separated, washed with 5% NaHCO3, dried over
NaySQy, concentrated in vacuo to give (1-(4-iodophenyl)-2-(methylthio)-1H-imidazol-4-
yDmethanol (0.41 g).
[0292] To a solution of (1-(4-iodophenyl)-2-(methylthio)-1H-imidazol-4-yl)methanol (0.41
g, 1.18 mmol) in anhydrous dioxane (10 mL), diphenylphosphoryl azide (0.80 mL, 3.71
mmol) and DBU (0.600 mL, 4.02 mmol) were added. The mixture in a sealed tube was
heated at 110 °C for 3 h. After being cooled down, H,O and EtOAc were added. The organic
phase was separated, washed with 5% NaHCOj3, dried over Na;SOy, concentrated in vacuo.
The residue was purified by a silica gel column, eluted with EtOAc in hexane (0-20%
EtOAc) to give 4-(azidomethyl)-1-(4-iodophenyl)-2-(methylthio)-1H-imidazole (0.39 g).
[0293] To a solution of 4-(azidomethyl)-1-(4-iodophenyl)-2-(mcthylthio)-1H-imidazole
(0.26 g, 0.70 mmol) in EtOAc (10 mL), Tin(II) chloride dihydrate (0.63 g, 2.8 mmol) was
added. The mixture was heated at reflux for 10 min. After being cooled down, IN NaOH
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(10mL) was added. The white precipitate was filtered off through celite. The EtOAc phase
was separated, dried over Na,SQOy, concentrated in vacuo to give (1-(4-iodophenyl)-2-
(methylthio)-1H-imidazol-4-yl)methanamine (127 mg).
[0294] To a solution of 5-chloro-thiophene-2-carboxylic acid 1-5 (72 mg, 0.44 mmol) and
tricthylamine (0.150 mL, 1.10 mmol}) in DMF (5 mL), BOP (235 mg, 0.53 mmol) was added.
After 5 min of stirring, the solution was added to the sample of (1-(4-iodophenyl)-2-
(methylthio)-1H-imidazol-4-yl)methanamine (127 mg, 0.37 mmol) in a flagsk. After being
stirred at room temperature overnight, H,O and EtOAc were added. The organic phase was
scparated, washed with 5% NaHCOs3, dried over Na,SOy, concentrated in vacuo. The residue
was dissolved in CHaCN (8 mL), H,O (10 mL) was added to induce precipitation, which was
collected and dried on vacuum to give 5-chloro-N-((1-(4-iodophenyl)-2-(methylthio)-1H-
imidazol-4-yl)methylthiophene-2-carboxamide (56 mg).
[0295] A mixture of 5-chloro-N-((1-(4-iodophenyl)-2-(methylthio)-1H-imidazol-4-
ylmethyl)thiophene-2-carboxamide (56 mg, 0.11 mmol), 2-hydroxypyridine (30 mg, 0.32
mmol), 8-hydroxyquinoline (8 mg, 0.055 mmol) and K,CO3 (100 mg, 0.72 mmol) in DMSO
(1 mL) was degassed with Ar before being charged with Cul (15 mg, 0.079 mmol). The
mixture in a sealed tube was heated at 130 °C overnight. It was then purified by HPLC to
give the titled compound (22 mg). MS 457.0 and 459.0 (M+H, Cl pattern).
EXAMPLE 45
5-chloro-N-((2-(methylsulfonyl)-1-(4-(2-oxopyridin-1(2H)-yDphenyl)-1H-imidazol-4-
yhmethyl)thiophene-2-carboxamide (56) and
5-chloro-N~((2-(methylsulfinyl)- 1-(4-(2-oxopyridin-1(2H)-yl)phenyl)-1 H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (57)

Os/ Oz’
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[0296] To a solution of 5-chloro-N-((2-(methylthio)-1-(4-(2-oxopyridin-1(2H)-yl)phenyl)-
1H-imidazol-4-yl)methyl)thiophene-2-carboxamide (42 mg, 0.092 mmol) in DMF (3 mL), a
solution of oxone (155 mg, 0.50 mmol) in H,O (2 mL) was added. The mixture was stirred at

room temperature overnight. It was then purified by HPLC to give both the sulfone (6 mg)
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and sulfoxide (5 mg) products. MS 489.0 and 491.0 (M+H, Cl pattern, for sulfone); 473.0
and 475.0 (M+H, Cl pattern, for sulfoxide).
EXAMPLE 46
5-chloro-N-((1-(4-(3-hydroxy-2-oxopyrazin-1(2H)-yl)phenyl)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (58)

HO O
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[0297] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 (80 mg, 0.18 mmol), pyrazine-2,3-diol (50 mg, 0.44 mmol), 8-
hydroxyquinoline (12 mg, 0.083 mmol) and K,CO; (100 mg, 0.72 mmol) in DMSO (1 mL)
was degassed with Ar before being charged with Cul (15 mg, 0.079 mmol). The mixture in a
sealed tube was heated at 130 °C for 4 h. The mixture was then purified by HPLC to give the
titled compound (5 mg). MS 428.0 and 430.0 (M+H, Cl pattern).
EXAMPLE 47
5-chloro-N-((1-(4-(3-(2-hydroxyethoxy)-2-oxopyridin-1(2H)-yl)phenyl)-1 H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (59)

OH
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[0298] A mixture of 5-chloro-N-((1-(4-(3-hydroxy-2-oxopyridin-1(2H)-yl)phenyl)-1H-
imidazol-4-yl)methyl)thiophene-2-carboxamide (30 mg, 0.070 mmol), 2-bromoethanol
(0.020 mL, 0.28 mmol) and Cs,CO; (90 mg, 0.28 mmol) in DMSO (1 mL) was stirred at 60
°C for 1 h. It was then purified by HPLC to give the titled compound (5 mg). MS 471.0 and
473.0 (M+H, Cl pattern).
EXAMPLE 48
5-chloro-N-((1-(4-(4-ethyl-2,3-dioxopiperazin-1-yl)phenyl)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (60)
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[0299] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 (70 mg, 0.16 mmol), N-ethylpiperazine-2,3-dione (45 mg, 0.32 mmol),

5 N,N’-dimethylethylenediamine (0.020 mL, 0.19 mmol) and K,COz (65 mg, 0.47 mmol) in
DMSO (1 mL) and dioxanc (1 mL) was dcgassed with Ar before being charged with Cul (20
mg, 0.10 mmol). The mixture in a sealed tube was heated at 110 °C overnight. The mixture
was then purified by HPLC to give the titled compound (10 mg). MS 458.1 and 460.1(M+H,
Cl pattern).

10 EXAMPLE 49

N-((1-(4-(2~(carbamoylimino)pyridin-1(2H)-yl)phenyl)-1H-imidazol-4-yl)methyl)-5-
chlorothiophene-2-carboxamide (61)

§ ¢

15
[0300] A solution of (E)-5-chloro-N-((1~(4-(2-cyanamidopyridin-1(2H)-yl)phenyl)-1H-

imidazol-4-yl)methyl)thiophene-2-carboxamide (5 mg, 0.011 mmol) in TFA (0.30 mL) and
H,0 (0.030 mL) was stirred at room temperature for 4 h. The solvents were removed in
vacuo. The residue was purified by HPLC to give the titled compound (2 mg). MS 453.0
20  and 455.1 (M+H, Cl pattern).
EXAMPLE 50
5-Chloro-N-((2-methyl-1-(4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (62)

éobwé
i

25
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Stepl:

[0301] The mixture of 1,4-diiodobenzene 1-1 (600 mg, 1.8 mmol), 2-methyl-1H-imidazole-
4—carbkaldehyde (200 mg, 1.8 mmol), K,CO3 (503 mg, 3.6 mmol), Cul (105 mg, 0.55 mmol)
and 8-hydroxyquinoline (80 mg, 0.55 mol) in 5 mL DMSO and 5 mL dioxane in a sealed
tube was stirred for 2 days at 120°C. It was cooled to rt, and to it was added 60 mL water.
The mixture was stirred for 30 min and filtered through a celite layer. The filtrate was
concentrated in vacuo and subjected to reverse phase preparative HPLC to isolate 1-(4-
iodophenyl)-2-methyl-1H-imidazole-4-carbaldehyde 5-1. MS found for C;HoIN,O (M+H)+
313.0.

Step 2:

[0302] The compound prepared in above step (140 mg, 0.45 mmol) was dissolved in 5 mL
methanol and stirred at rt. To it was added NaBH4 (26 mg, 0.67 mmol). The mixture was
stirred for 30 min and subjected to preparative HPLC to isolate (1-(4-iodophenyl)-2-methyl-
1H-imidazol-4-yl)methanol 5-2. MS found for C;;H;;IN,O (M+H)+ 315.0.

Step 3:

[0303] The compound prepared in above step (126 mg, 0.40 mmol) was dissolved in 4 mL
dry acetonitrile. To it was added 2 mL thionyl chloride. The mixture was stirred for 40 min
and concentrated in vacuo. The dry residue was then dissolved in 4 mL dry DMF. To it was
added sodium azide (>5 eq). The mixture was stirred at rt for 1 hr and diluted with EtOAc. It

was washed with brine four times, dried and concentrated in vacuo to give crude 4-
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(azidomethyl)-1-(4-iodophenyl)-2-methyl-1H-imidazole 5-3. MS found for C;H;oINs
(M+H)+ 340.0.
Step 4:
[0304] The above prepared crude compound was dissolved in 2 mL ethanol and 2 mL
acctic acid. Iron powder (10 eq) was added in. The mixture was stirred in 90°C bath for 30
min. It was diluted with 20 mL water. The mixture was well stirred and filtered thru a celite
layer. The filtrate was concentrated in vacuo and subjected to preparative HPLC to isolate
(1-(4-iodophenyl)-2-methyl-1H-imidazol-4-yl)methanamine 5-4. MS found for C;;H»IN;
(M+H)+ 314.0.
Step 5:
[0305] The above prepared compound was dissolved in 50 mL methanol and treated with
MP-carbonate (10eq). The mixture was gently stirred for 1 hr and filtered. The filtrate was
concentrated in vacuo to give the corresponding free amine (40 mg, 0.13 mmol). It was
dissolved in 2 mL DMF. To it was added DIEA (16 uL, 0.15 mmol) and stirred at RT. In the
meantime, 5-chlorothiophenc-2-carboxylic acid 1-5 (24 mg, 0.15 mmol) was dissolved in 2
mL dry DMF. To it was added DIEA (16 uL, 0.15 mmol) and HATU (57 mg, 0.15 mmol).
The mixture was stirred for 10 min. It was added to the stirred solution of the free amine in
DMF. The mixture was stirred for 20 min and subjected to preparative HPLC to isolate 5-
chloro-N-((1-(4-iodophenyl)-2-methyl-1H-imidazol-4-yl)methyl)thiophene-2-carboxamide 5-
5. MS found for CigH3CIIN;OS (M+H)+ 458.0, 460.0.
Step 6:
[0306] The above prepared compound (30 mg, 0.07 mmol) was dissolved in 2 mL DMSO
in a sealed tube. To it were added 2-hydroxypyridine 1-7 (20 mg,i 0.21 mmol), potassium
carbonate (48 mg, 0.35 mmol), Cul (8 mg, 0.04 mmol) and 8-hydroxyquinoline (6 mg, 0.04
mmol). The mixture was stirred in 130 °C bath for overnight. The mixture was filtered and
subjected to reverse phase preparative HPLC to isolate the title compound. MS found for
CyH7CINGO,S (M+H)+ 425.1, 427.1.
EXAMPLE 51
5-Chloro-N-((5-methyl-1-(4-(2-oxopyridin-1(2H)-yl)phenyl)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (63)
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Step 1
[0307] 1-(4-lodophenyl)pyridin-2(1H)-one 6-1 (200 mg, 0.67 mmol) was dissolved in 4 mL
DMSO in a sealed tube. To it were added 5-methyl-1H-imidazole-4-carbaldehyde (300 mg,
2.7 mmol), KoCO3 (470 mg, 3.4 mmol), Cul (65 mg, 0.34 mmol) and 8-hydroxyquinoline (50
10 mg, 0.34 mol). The mixture was stirred at 130 °C for 16 hrs. The mixture was diluted with
100 mL acctonitrile, well stirred, and filtered through a celite layer. The filtrate was
concentrated and subjected to prep HPLC to isolate S-methyl-l-(4—(2-oxopyridin—l(2H)—
yDphenyl)-1H-imidazole-4-carbaldehyde 6-2. MS found for CisH13N3Oy (M+H)+ 280.1,
Step 2:
15 [0308] The above prepared compound (120 mg, 0.43 mmol) was stirred in 10 mL methanol
at RT. NaBH, (25 mg, 0.64 mmol) was added. The mixture was stirred for 1 hr and

81



10

15

20

25

30

/'S " a 5-chloro-N 40 -(4-(5- hydroxy-2-oxopyridin1(2H
)-yl)phenyl)-1Himidazol-4- ypmethypthiophene-2- carbox am i de /

HO

WO 2007/131179 PCT/US2007/068262

subjected to prep HPLC to isolate 1-(4-(4-(hydroxymethyl)-5-methyl-1H-imidazol-1-
yDphenyl)pyridin-2(1H)-one 6-3. MS found for C¢H;sN3O, (M+H)+ 283.1.

Step 3:

[0309] The above prepared compound (80 mg, 0.28 mmol) was stirred in 4 mL acetonitrile
and 4 mL thionyl chloride. The mixture was stirred for 1 hr and concentrated in vacuo. The
dry residue was then dissolved in 3 mL DMSO. To it was added sodium azide (10 eq). The
mixture was stirred for 10 min and subjected to prep HPLC to isolate 1-(4-(4-(azidomethyl)-
5-methyl-1H-imidazol-1-yl)phenyl)pyridin-2(1H)-one 6-4. MS found for C;sH;4NcO
(M+H)+ 307.1.

Step 4:

[0310] The above prepared compound (48 mg, 0.16 mmol) was dissolved in 1.5 mL ethanol
and 3 mL acetic acid. To it was added iron powder (45 mg, 0.80 mmol). The mixture was
stirred at 80 °C for 20 min and diluted with water. It was filtered and subjected to prep HPLC
to isolate 1-(4-(4-(aminomethyl)-5-methyl-1H-imidazol-1-yDphenyl)pyridin-2(1H)-one 6-5.
MS found for Ci¢H1sN4O (M+H)+ 281.1.

Step 5.

[0311] The above prepared compound was dissolved in 30 mL methano! and treated with
MP-carbonate (10eq). The mixture was gently stirred for 1 hr and filtered. The filtrate was
concentrated in vacuo to give the corresponding free amine (45 mg, 0.16 mmol). It was
dissolved in 3 mL DMF. To it was added DIEA (36 pL, 0.20 mmol) and stirred at RT. Inthe
meantime, 5-chlorothiophene-2-carboxylic acid 1-5 (32 mg, 0.20 mmol) was dissolved in 3
mL dry DMF. To it was added DIEA (36 pL, 0.20 mmol) and HATU (76 mg, 0.20 mmol).
The mixture was stirred for 10 min. It was added to the stirred solution of the free amine in
DMEF. The mixture was stirred for 1 hr and subjected to preparative HPLC to isolate the title
compound. MS found for Cp1Hi7CIN4O,S (M+H)+425.1, 427.1.

EXAMPLE 52
S-chloro-N-((1-(4-(5-fluoro-2-oxopyridin-1(2H)-yl)phenyl)-2-(methylsulfinyl)-1H-imidazol-
4-yhmethyl)thiophene-2-carboxamide (64) and
5-chloro-N-((1-(4-(5-fluoro-2-oxopyridin-1(2H)-yl)phenyl)-2-(methylsulfonyl)-1H-imidazol-
4-ylymethyl)thiophene-2-carboxamide (65)
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78 0™ NH/S1CIl 5-chloro-N4 | -(446- hydroxy-2-oxopyridinl (2H)-y1
)phenyl)-1Himidazol-4- yOmethypthiophene-2- carboxamide

WO 2007/131179 PCT/US2007/068262

0 o=sji | 0 g;‘s)i
Vi =N J =N
C-O-Cli_a, Cr-O-C_a,
. T s F s o

[0312] A mixture of 5-chloro-N-((1-(4-iodophenyl)-2-(methylthio)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (50 mg, 0.10 mmol), 5-fluoro-2-hydroxypyridine (30
mg, 0.26 mmol), 8-hydroxyquinoline (10 mg, 0.069 mmol) and K,CO; (70 mg, 0.50 mmol)
in DMSO (2 mL) was degassed with Ar before being charged with Cul (14 mg, 0.073 mmol).
The mixture in a sealed tube was heated at 130 °C overnight. After being cooled down to
room temperature, H,O (5 mL) was added to induce precipitation, which was collected and
dried on vacuum to give a solid (38 mg).
[0313] To a solution of the solid (38 mg, 0.080 mmol) in DMF (3 mL), a solution of oxone
(145 mg, 0.47 mmol) in H,0 (2 mL) was added. The mixture was stirred at room
temperature overnight. It was then purified by HPLC to give both the sulfone (5 mg) and
sulfoxide (4 mg) products. MS 507.0 and 509.0 (M+H, CI pattern, for sulfone); 491.0 and
493.0 (M-+H, Cl pattern, for sulfoxide).
EXAMPLE 53
5-chloro-N-((1-(4-(3-fluoro-2-oxopyridin-1(2H)-yl)phenyl)-2-(methylsulfinyl)- 1H-imidazol-
4-ylymethyl)thiophene-2-carboxamide (66) and
5-chloro-N-((1-(4-(3-fluoro-2-oxopyridin-1(2H)-yl)phenyl)-2-(methylsulfonyl)-1H-imidazol-
4-yl)methyl)thiophene-2-carboxamide (67)

[0314] A mixture of 5-chloro-N-((1-(4-iodophenyl)-2-(methylthio)-1H-imidazol-4-
yDmethyl)thiophene-2-carboxamide (50 mg, 0.10 mmol), 3-fluoro-2-hydroxypyridine (30
mg, 0.26 mmol), 8-hydroxyquinoline (10 mg, 0.069 mmol) and K2CO; (70 mg, 0.50 mmol)
in DMSO (2 mL) was degassed with Ar before being charged with Cul (28 mg, 0.15 mmol).
The mixturc in a scaled tube was heated at 130 °C overnight. After being cooled down to
room temperature, H,O (5 mL) was added to induce precipitation, which was collected and
dried on vacuum to give a solid (34 mg).
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OH EXAMPLE 55 10318] This example illustrates methods for
evaluating the compounds of the invention, along with results obtained for
such assays. The in vitro and in vivo human Factor Xa activities of the

ANEMIVR3¢Ppounds can be determined by various procedpggsKapwesdhe:
the art, such as a test for their ability to inhibit the activity of human

I Factor Xa..The po affinities for hum or_Xa inhibition
O B e R T B e A Bl L MR e
Q)67 hemid 50 Vafd Sisiheves adéadtr diiermiid vy otstirecdompound

terf AR SR RHMIAE: F0GHPRIRHARY, hyPnan S Ao SRR QeI agk\iiy-

he Insmaller the IC50 value, the more active (potent) is a compound for
subiomiBfidgreasteiues atiA) Haro) R Vitho ety ol Uetianis Ahko and

49peaduHnNgliphibiipfoaatitiiidayainst Factor Xa is as follows: /Cso and Ki
Determinations: 15Substrate: Rh]’,bg F}S‘Fbstrate S-2765
(Z-D-Arg-Gly-Arg-pNAHCI) was obtained from Diapharma (West Chester,
OH). EnblprmeN-((1{GRG{lme-tnoreabirshas it protehsiabto Xeaidaag!-4-

purchased from HaemaladpgicisMitechralegiam{sgex Junction, VT).
WO 2007/131179PCT/US%S’(%WO%ZGZ

CNON@UW

[0316] A mixture of 5-chloro-N-((1-(4-iodophenyl)-1H-imidazol-4-yl)methyl)thiophene-2-
carboxamide 1-6 (66 mg, 0.15 mmol), 5-fluoro-2-hydroxypyridine (46 mg, 0.40 mmol), 8-
hydroxyquinoline (10 mg, 0.069 mmol) and K,COs (50 mg, 0.36 mmol) in DMSO (1 mL)
was degassed with Ar before being charged with Cul (15 mg, 0.079 mmol). The mixture in a
sealed tube was heated at 130 °C overnight. The mixture was then purified by HPLC to give
the titled compound (6 mg). MS 429.0 and 431.0 (M+H, CI pattern).

[0317] The compounds in the following Table 1 may be prepared using methods similar to

those above.

Table 1:
No. | Structure Name
69 H3CO 5-chloro-N-((1-(2-(2-
methoxyethoxy)-4-(2-
‘ 2 oxopyridin-1(2H)-
0 0 yl)phenyl)-1H-imidazol-4-
/~N ylymethyl)thiophene-2-
/ N N \)\/ H /\ carboxamide
= s Cl
O
70 OH (R)-5-chloro-N-((1-(2-(2,3-
dihydroxypropoxy)-4-(2-
OH oxopyridin-1(2H)-
yl)phenyl)-1H-imidazol-4-
0 O yl)methyl)thiophene-2-
/=N carboxamide
== s Cl
0




Methods: 1050 determinations 103221 AR assays, which are performed in
96-well microliter plates, measure proteolytic activity of the enzyme (factor
Xa) by following cleavage of a paranitroanilide peptide substrate. The

Fas A uteroused for protcolytic assays was Tris buffered salipecdPabdae:
Tris, 150mM NaCl, 5mM CacCl2, 0.1% Bovine serum albumin (BSA) 5%

Dimethh uu\.uudc BMSOSYpH+4)1ra96-well IIIIbIULILCI |aLc inhibiter
o s ¢ P ) ﬁ- P
was-s¢t |8.||y unutcu ﬁglvc atange of-finatco usnu ||a IN) 197 v to
101.1M. Duplicate gets of wells were assayed a E]:‘a LFB \/glé%out
inhibitof were included; Bpzyme was added tp gggg% Xa
10concentration = %M), the plate was shaken for, gie}qpm sqandAhen
incubated for$ minuges at room temperature| S<ifeotiashasgeest(100 p.N
final) and plate{vas ,&b[ake&gor 5.seconds (fragboaldme in each well

was 200R1). Rhi g rolysis was measured at 405 mm
on a Thermomax plate reader (Mblecw Iar@e ices, Sunnyvale CA) for 2

=

ctrata olas foraae

iﬂ';;ac‘.'. The-initiad VT\jG\, ties-ef-sdbstrate—cle Tl |||~ ) TI ofeacn
rangé€ af inhibitor LconcOhtrations, were fltted tﬁ) amxy ar %
equation usirtg Soft data analysis software. ]é?pr derlve

from the r, dto they@%@ﬁmﬁlﬂo&f@&z@ﬂf

maximal S ' 85‘ 08231l adsshn butter for
this serjes of assays was Hepes uff ed almec(az&mmadepes 20150m]

NaC1l, 5mM CaC12, 0.1% PEG-8000, pH 7.4). In a 96-well miermiter
platezinhibitor was serialtyrgliluted in a duplicatessgfielwells (@ gbe a
range df final concengragions from 5pM to 31IMhGhntrplsiwitkoylinkibito
(8 wellg) were included. Rhe enzyme, factor Xa (fnpyrddindebitation = 1niM)
was adged t he wefls: /‘t%he substrate 5-2765 (fixrh)ivﬂlcmg;b:éhtﬁgtidazd -4-
200pM 3 degree bstrate}fhmlfrth sisqphenmeasure
at 405nm glrépla miithesisihg Softmax
software. Inltlal velocities (mOD/mjn) were analyzed by non-linear least
squaees regression in theNRlate Ki software (BioKH( L-td;(Patiim@py iy 3-
[Kusmig, et al., iyiical Biochemistry 281: 62-§7-42068Jopkhidimb@él)-
used fof fitting the i ibifbr dose-response cupved)phasyibe fAorrkenl-4-

o

=

=

N

equati 1[1 . (Kit) was determineg. ﬁﬁi@etﬂ%é}éﬁ K1 was
calculate Wi g 3eq n: Ki4 | cfgpradierbges-2-
2007/131 erelS |sC BEHAEE concentration

(200RM) and K",, the Michaelis cgnstant for $2765. [0324] The following
exaffples e?d Factor Xa IC50 values less tharoor-Bei&l(fe(4-0doro-
/
N

2-oxopyridin-1(2H)-
‘QN\/\/ Y@ yDyphenyl)-1H-imidazol-4-

yl)methyl)thiophene-2-
carboxamide

76 O 5-chloro-N-((1-(4-(6-fluoro-

j N‘@"NRN H 2-oxopyridin-1(2H)-
_ =N 7((/1 yl)pheny!)-1H-imidazol-4-
F S” °Cl yl)methyl)thiophene-2-
O carboxamide
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nM: 10-12, 14, 15, 18, 21-27, 30, 32, 33-36, 39-45, 47-53, 55-59, 61-62,
and 64-67. 103251 The following examples exhibited Factor Xa IC50
values greater than 100 nM and 5less than 500 tiM: 17, 19, 28, and 46.
[R2047 kA following examples exhibited Factor Xa IC50 valges; sieaik 262
than or equal to 500 nM: 13, 16, 20, 29, 31, 37-38, 54, 60, and 63.

E‘ ANMPL E EA rn’)')71 r‘nmnr\l Tavel
AY \ALI = UTTT urTa

No. | Structore ;-5 AV
INtH ,FI ouS(rv ahaorfar (o) =

p=| a0 10

U C U UIII|J un
mg/Kg, resp Oer nas prepared. The IV dose%w S so thﬁfz%dzgn 50%
PEGBO)to@d/J gggpmmo 1.0 g/ ﬁﬁv pi-rof5 13
The PO dos€ was suspen e yl ,elﬁﬂligggo a concentratlon
of 2.0 ML with a final pH of 2.79. [0328] Forhadeg)anshbRaakey
study, Compound 10 was also used. An IV and P& eesgLf 15 Compound
10(1.0 and 5.0 mg/kg, respectively) was prepared. The IV dose was

forrmgated smmlarly to that used in the rat studly £39%&&30Q @ water). )
The PO/ d spengled in 0.5% methylcellyliseyal-axeppegintration
1 A t

na 1end n tho. rat |n\laehn:a i An
\IVMQ UQ\.« I LI I\.a TUALITTV O IsuLIUI L) l_\ll

£ N l’lnnn
o

I

&

of 1.0 mg |t i of Mately 3. 502 Btytiyh BetigH -
20[032¢ gl of six male Spriigus-Dawley|ratwidez8/dosing group) from

Charles River Laboratories (Holfster, CA), thrieevhrakehisbtiipebdngs from
Marshall BioResources (North Rose, NY) and tHi#&%taiédthesus monkey
were utilized. All surgical procedures in rat (femoral and jugular vein
catheterizations) were performed 8 days prior to utilization in the study
and rats were acclimated in- ho@éé%‘é’é%ﬁa‘nor to utilization Dogs were
95hguse at le ven d ior to utlllza nd were
i R S A A B D B on
al(wer\eltbdﬁsiu@tebi%geénﬁoeﬁuslit@Wtréibﬁ lborateng. medmmﬁralﬁﬂmaléimre
acmaesic#@m heafie AR RISLIA RV INHRIGH 1AWR UL RASHEIRREN the

(approximately 18 hours). Water was provided ad libitum. All animal

art, SHPR @3 PFat 6% 155 %a}w 9y H*MafrwEﬁaeétzefpbwaﬁéamﬁa@ﬁ e The
pommmﬂfngmﬁse‘amMme thﬁiémammmi&ww&wmghedwﬁawemﬁﬁaimsl can be

n

mégsgl%%r Vd ue(g ere ext ri rlzglchrrljtd ptta heg}‘s pecess
ports. ogs Were wei ave 51000 sampling a a't d%smg

coginegnA IS Bo e@md&l@o%ahs%zﬁhe ﬁﬁb@w haptar08RIvtadalsiAstIstvetae
snf0sed DRSEJAn i ncividial Weighbewith 8 A QRAYA9S YIUmEeOf 20 Rh/kg

and an IV bolus dose volume of 1.0 inlikg. Blood samples were obtained
°B1{%8:89% TSC (1:10 dilution) over a 24, 56, and 96 hour period post-dosing

[03aPltheArat; divg, apg fodkeytjrespestivelyinBiobihisanmplés twegeinst Factor Xa is
'guged for platelet poor plasma, and 5resulting plasma was stored at

as 5. . .
-20 C until sample analysis. Rat urine samples were collected
ICsp and Ki Determinations:

Substrate:

[0320] The substrate S-2765 (Z-D-Arg-Gly-Arg-pNA-HCI) was obtained from Diapharma
(West Chester, OH).

Enzyme:

[0321] The human plasma protein factor Xa was purchased from Haematologic

Technologies (Essex Junction, VT).
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on 200 piL of 2% boric acid from animals in the IV group at 0 (overnight),
10, and 24 hours post-dose. At collection times, urine volume and water
consumption W IS recorded. Urine samples were stored at -20 'V until
SRewleapahgsis. Sample Analysis i0[03321 Plasma and uripgSasealesesaez
were analyzed for Compound 10 concentration using a liquid
c&ro([natography tandem mass spectrometry (LC/MS/MS). In brief, plasma

dUine samples were processed in a 96-well Captivalm filter plate (0.2
um, Mavideteiméangalo Alto, CA). Aliquots of plasma samples were

[Gﬁ C'PA@%@M“&«@%&E@Q5@%&9&&%@%@%&5&%&ﬁﬁdtes measme '\I]uroteolync
-(2-(5- chloropyrldln -2- Icarbaomoyl) -41- methoxyphen yl)-4

acﬁ rﬁ%‘ﬁ?ﬁﬁ&é}‘ﬁ’ﬁrﬁﬂﬁm by foligrape seairte af‘d’ﬁ’i"f@ﬂﬁ%ﬁ%?&ﬁ@é?&de
Bkl«qw)tsmf Assnehbaenplkes vepeocitiiad ity plasiadiefitse dixing (\M)ﬁiﬁM Tris,

taininginterpal standard.. The vorte
L L I T D e

(Dmmar@ whisfifered Imaaigenkédl ilkictionap keréal lyseliRfdreaivag range
oflmﬁpz%qcemtﬁﬁq&%wﬁ@@@oLx@{MS/MI%@%Ipaggﬂwéhbw&@b@@@my

ce. 20Compound 10 a
coRlig 8 EAORL hif@fwéatrks%f&eﬁesw%%tw&&%#&n@ff% (K g factor Xa
codtmmetitydoarbhamhintid plly-Raf ubsbbefozdmidedvere! separatédtehfar Pheirmios at

ro&lx P& t? T g%stg%?%%sﬁ&%?bﬁ %(1%866. éijle ﬂl@é v? 'Il} g% r}glt 5 onds

Scientific, Houston, TX ase nt'mixture A)mo

(ﬁﬁﬁa‘%‘mﬁ(@@@ﬁ%‘f‘?ﬂlﬁ‘ﬁc?@%ﬂméﬁ%?)daﬁéelﬁ%?ﬁé%ﬁ ayshiplgsi Ve, glaa@sured at
4ofpﬁmIs@mlw&qmmmﬂm&@&r@mmmoba&eﬁal@p@gﬁm mafﬂnabé@r

2.8 mi Th ak areas of the 0 product io ou
T A RS T AU H088 GO 76 BB T
cofisefBaftorh Iwmfaldinekﬁoa[bmmyk)}malon using Softmax data analysis software.
T RIRGRReNNCh: s (b N AEMEPERAIT AR B ILPIRRRNEARIELR or
ositive ion mode. The analytical range was 0.500 to 10,000 ng/mL. Data
ha, ﬁﬁ?@@l%h@g%i@sﬁnple Compound 10 concentrations below the lower
limit gf guaantitation (LLQ) were reported as < 0.500 ng/mL. These values

ted for, ph ti I t
A b s B 0341 L0 CROCTY) s AR
150antdimietels MMe@;aneré tal CbEt80Byphbhéb nip adeniiah ametiysis lafet ghibitor
ef&'@é‘f@ﬁ’f@ﬂﬁ&mﬁﬁttﬂiﬁﬂwg RaL WsiRg, @W&&&M%ﬁﬁ%ﬁé&(@fﬂ%gm

1). Terminal elimination rate constant (K) was calculated as the absolute
SeMAIGe BMnE WBpls wfthﬂ@aﬁl%@gtféééwﬁi triaetardodaritn ) Betor Xa
(fpbasm@eﬁeaﬁ@nﬂaam) RYergustin@ouEng the gaﬂarﬁtm@ls:msse(ﬁmhe

con ion-tim rofI arer tt rmi h -life (TO values
o R oM S o eR B4 U ABY he PHEA BB S B
405 rofilen (A Npattae g leve redé@tlﬁwaiemrusﬂaglm Iﬁm@matrap@wetdalmiel velocities

fIPAkiM s were calculgtachlpmAme AR e dme of thedas! delegiahle

concentration. Athlo inc] values were calculated as the sum of the
(BigfiadgdringRUT AN Eirtife tast-rouéiEetabiectoritantratiotr dividea0hy The
mdsbysie mictelpgran deh(Eio) Wias- ﬁaﬁnﬂ&teme@mdk\ﬂ@qxs@/pﬁdd CQuaition. An
anyme okdiskiotion,(v2) was colayiated from 1Y, Besellk it m, id
p\% ume fion at stea y-sState 553 was caFcu‘Ila]t rom &Wmﬁ/lean
cqRasitience Time. Maximum plasma concentrations (C,) and time to reach

Cnn, (T™,x) were recorded as observeg; Percentage oral bioavailability

was calculated by taking the ratiéof dosm

14—
Km
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15normalized AUCo _iie values (ALIC/D) following PO and IV
administration. The results are shown in Tables 2-3 and the Figures
below. Table 2. Phannacokinetic parameters of Compound 10 in rat, dog,
ang mpnkeyafter intravenous administration determined byperusz007/068262
noncompartmental analysis ParameterUnit Mean SD Dog Rat Monkey

RS eE S e e e o]
0827134 NisShllkoging68 a0 0@t s é XerateN anichanigedl¢ss tnimad. 2481 to 100
nM:Q832, 14, 15, 18, 21-27, 30, 32, 33-36, 39-45, 47-53, 55-39, 61-62, and 64-67.
[0325] The following examples exhibited Factor Xa ICso values greater than 100 nM and
less than 500 nM: 17, 19, 28, and 46.
[0326] The following examples exhibited Factor Xa 1Cso values greater than or equal to 500
nM: 13, 16, 20, 29, 31, 37-38, 54, 60, and 63.

EXAMPLE 56

[0327] Compound 10 was used in the rat investigation. An intravenous (IV) and oral (PO)
dose of Compound 10 (1.0 and 10 mg/kg, respectively) was prepared. The IV dose was
solubilized in 50% PEG300 to yicld a final concentration of 1.0 mg/mL with a final pH of
5.13. The PO dose was suspended in 0.5% methylcellulose at a concentration of 2.0 mg/mL
with a final pH of 2.70.

[0328] For the dog and monkey study, Compound 10 was also used. An IV and PO dose of
Compound 10 (1.0 and 5.0 mg/kg, respectively) was prepared. The IV dosc was formulated
similarly to that used in the rat study (50% PEG300 in water). The PO dose was suspended
in 0.5% methylcellulose at a concentration of 1.0 mg/mL with a final pH of approximately
3.50.

Study Design

[0329] A total of six male Sprague-Dawley rats (n=3/dosing group) from Charles River
Laboratories (Hollister, CA), three male beagle dogs from Marshall BioResources (North
Rose, NY) and three male rhesus monkeys were utilized. All surgical procedures in rat
(femoral and jugular vein catheterizations) were performed 8 days prior to utilization in thé
study and rats were acclimated in-house 5 days prior to utilization. Dogs were acclimated in-
house at least seven days prior to utilization and were returned to the colony at the
completion of the study. Monkey studies were conducted by an off-site contract laboratory.
[0330] All animals were fasted from the afternoon prior to study initiation to two hours
post-dose (approximately 18 hours). Water was provided ad libitum. All animal rooms were
on a 12 hour light-dark cycles (6 A.M. to 6 P.M.). On the morning of experimentation,
animals were weighed. Rat femoral and jugular (IV only) vein blood lines were exteriorized
and attached to access ports. Dogs were weighed and shaved at blood sampling and 1V

dosing sites (along both cephalic and saphenous veins).
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1615 360 1622 363 2.73 2.45 10.7 = 2.69 0.843 + 0.288 12550 5995
12560 5998 2.31 1.71 1.66 1.06 0.353 0.059  Noncompartmental
analysis was performed using Watson LI1VIS software (version 7.1).

20J w7 Tarminal half-life AUC: Area under the plasma concgnffadiamSs262
time curve Vz: Volume of distribution CL: Systemic clearance Vss: Volume

0%11%5 ““0” Etxx?étea%&ﬁté‘éqe on1 D14 1%@% g‘%h'”%e AR VG St
oun In rat, aog, an mon eya ero a |n|str Ion

5 -(hr@!ékmﬁé@rbwmmmv@hmaféﬂams/ 12 P Blandetanilanity vk eliginghon
3 ParRog YeakewBRReMAKSE6, and 96 hour period post-dosing for the rat, dog, and

monkey, respectively. Blood samples were centrifuged for platelet poor plasma, and
resulting plasma was stored at -20 °C until sample analysis. Rat urine samples were collected
on 200 uL of 2% boric acid from animals in the IV group at 0 (overnight), 10, and 24 hours
post-dose. At collection times, urine volume and water consumption was recorded. Urine
samples were stored at -20 °C until sample analysis.

Sample Analysis

[0332] Plasma and urine samples were analyzed for Compound 10 concentration using a
liquid chromatography tandem mass spcctrometry (LC/MS/MS). In bricf, plasma and urine
samples were processed in a 96-well Captiva™ filter plate (0.2 pm, Varian, Inc., Palo Alto,
CA). Aliquots of plasma samples were precipitated with acctonitrile containing 500 ng/mL
of N-(2-(5-chloropyridin-2-ylcarbaomoyl)-4-methoxyphenyl)-4-(N,N-
dimethylcarbamimidoyl)-2-fluorobenzamide, an internal standard. Aliquots of urine samples
were diluted with plasma before mixing with acetonitrile containing internal standard. The
mixture was vortexed and refrigerated at 4 °C for 30 minutes to allow complete protein
precipitation. The mixture was filtered into a 96-well collection plate. The filtrate was
injected onto a Sciex AP13000 LC/MS/MS equipped with a turbo-ion spray source.
Compound 10 and N-(2-(5-chloropyridin-2-ylcarbaomoyl)-4-methoxyphenyl)-4-(N,N-
dimethylcarbamimidoyl)-2-fluorobenzamide were separated on a Thermo Hypersil-Keystone
Betasil Cig column (4.6 x 100 mm, Sum; Fisher Scientific, Houston, TX). A mobile phase
gradient mixture of 90% mobile phase A (0.5% formic acid in water) and 10% mobile phase
B (0.5% formic acid in 90% acetonitrile) to 40% mobile phase B (programmed over 2.8
minutes). The peak areas of the m/z 411 — 250 product ion (Compound 10) were measured
against those of the m/z 470 — 342 product ion (N-(2-(5-chloropyridin-2-ylcarbaomoyl)-4-
methoxyphenyl)-4-(N,N-dimethylcarbamimidoyl)-2-fluorobenzamide) in positive ion mode.
The analytical range was 0.500 to 10,000 ng/mL.

Data Analysis

[0333] Samplc Compound 10 concentrations below the lower limit of quantitation (LLQ)
were reported as < 0.500 ng/mL. These values were treated as zero for pharmacokinetic
calculations.
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1055T172 hr 2.720.29 Tm", (max hr ng/mL 0.250 0.00 28890 1 2084
0.583 0.382 2717 474 2.00 0.00 6041 1877 ATJC nehr/m1, 68510
12510 54641 1471

WO 2007/131179 PCT/US2007/068262

[0334] Compound 10 pharmacokinetic parameter values were calculated by
noncompartmental analysis of the plasma concentration-time data using Watson LIMS
software (version 7.1). Terminal elimination rate constant (k) was calculated as the absolute
value of the slope of linear regression of the natural logarithm (In) of plasma concentration
versus time during the terminal phasc of the plasma concentration-time profile. Apparcnt
terminal half-life (T.;) values were calculated as In(2)/k. Area under the plasma
concentration-time profile (AUC) values were estimated using the linear trapezoidal rule.
AUC,y values were calculated from time 0 to the time of the last detectable concentration.
AUC .inp values were calculated as the sum of the corresponding AUC,y and the last
detectable concentration divided by k. Systemic clearance (CL) was calculated from IV
Dose/AUC .. Volume of distribution (Vz) was calculated from TV Dose/[k ® AUC q.inp].
Volume of distribution at steady-state (Vss) was calculated from CL* Mean Residence Time.
Maximum plasma concentrations (Cpmax) and time to reach Comax (Tmax)’were recorded as
observed. Percentage oral bioavailability was calculated by taking the ratio of dose-
normalized AUC g.inr) values (AUC/D) following PO and IV administration. The results are
shown in Tables 2-3 and the Figures below.

Table 2. Pharmacokinetic parameters of Compound 10 in rat, dog, and monkey after
intravenous administration determined by noncompartmental analysis

Parameter Unit Mean + SD
Rat Dog Monkey

Dose mg/kg 1 1 1
T]/z hr 2.86+1.40
AUCqy ng*hr/mL 5376+ 1186 1615+360 12550 4 5995
AUC 0.in) ng*hr/mL 5404 £ 1163 1622 £363 12560 + 5998
Vz L/kg 0.757+£0.328  2.73+£245 231171
CL mL/min/kg  3.19+0.734 10.7 £2.69 1.66 £ 1.06
Vss L/kg 0.368+£0.026 0.843+0.288 0.353+0.059
Dose excreted unchanged in
urine % 0.248 £0.019

Noncompartmental analysis was performed using Watson LIMS software (version 7.1).
T1: Terminal half-life

AUC: Area under the plasma concentration vs. time curve

Vz: Volume of distribution

CL: Systemic clearance

Vss: Volume of distribution at steady-state
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42140 17240 ALICo-inn ngThrim L 68590 12490 5475+ 1475 42150
17250 AUC/D kg*hrimL 6859 1249 1095 295 8430 3449 127 23.168.5
15.571.6 18.1 Noncompartmcntal analysis was performed using Watson

WM Sysoftwate (version 7.1). T12: Tenninal 5T"x: Time to regeh Baniiale:
plasma concentration G.: Maximal plasma concentration AUG: Area under

Table Bl SRS AR IR Ghots 8D 1 R A SR HAPINY: oral

administration determined by noncompartmental analysis

Parameter Unit Mean+ SD
Rat Dog Monkey

Dose meg/kg 10 5 5
T]/z hr 2.72+0.29
T inax hr 0.250 £ 0.00 0.583 £ 0.382 2.00+0.00
Cinax ng/mL 28890 + 2084 2717+ 474 6041+ 1877
AUCy ng*hr/mL 68510+ 12510 5464 + 1471 42140 + 17240
AUC0-infy ng*hr/mL 68590 + 12490 5475+ 1475 42150 4+ 17250
AUC/D kg*hr/mL 6859 + 1249 1095 + 295 8430 + 3449
F % 127 4 23.1 685+ 15.5 71.6+18.1

Noncompartmental analysis was performed using Watson LIMS software (version 7.1).

Tn: Terminal half-life

Trax: Time to reach maximal plasma concentration

Coax: Maximal plasma concentration

AUC: Arca under the plasma concentration vs. time curve

%F: Absolute bioavailability

[0335] The present invention provides a number of embodiments. It is apparent that the
examples may be altered to provide other embodiments of this invention. Therefore, it will
be appreciated that the scope of this invention is to be defined by the appended claims rather

than by the specific embodiments, which have been represented by way of example.
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[0335] The present invention provides a number of embodiments. It is
apparent that the examples may be altered to provide other embodiments
of this invention. Therefore, it will be appreciated that the scope of this
invention is to be defined by the appended claims rather than by the MCSLLP
CLagagsic embodiments, which have been represented by way of example.
MCSL CLAIMS: 1.A compound of the formula: 0 5or a pharmaceutically
| accgpg%lrz)rlleosuanlt %rf%%% 1;h%rlepf. 2. A pharmaceutical composition
' comprlsmg ap armaceultl?caﬁy acceptable excipient and the compound of
claim 1. 3. The compound of claim | wherein the pharmaceutically
acceptable saltgs a pharmaceutically acceptable acid addition salt.
104.The co un claipe:g wherein the acid addition salt is derived
from anin C .\Lla{fchﬁmp ngl of claim 4, wherein the
inorganic acid is selected fromthe Jroigs céisisting of hydrochloric,
hydrobromic, nitric, carbonic, mondhydrogencarbonic, phosphoric,
or aphachycradgehiyhasphabt; sihydregengbasihoric, sulfuric,
15monohydrogensulfuric, hydriodic, or phosphorous acids. 6. The
2. C°”‘R§> an%f SIRIBAReO %@‘fﬂbﬁh&)}ﬂ%@iﬂé{g% gﬁh‘%ﬂf&’&ﬁﬁ%ﬂ 16 85 hibfe ipient
compoun of claim 3 wherein the acid addition salt is derived from an
andgigagricpeivid 8f Thercdmpound of claim 7, wherein the organic acid is
selected from the group 20consisting of acetic, propionic, isobutyric,
3. mal%&&%ga%a SHEGIRIE SWRGHS: Awnmdtirmmandelicy ABAlG e salt is a
benzenesulfonic, p-tolylsulfonic, citric, tartaric and methanesulfonic. 9.
phaykaceyhsaHRasPERImasidaddiErn #dtorganic acid is methanesulfonic.
10. A pharmaceutical composition comprising a pharmaceutically
4. accapiablenpyaiplerftoiichad fasidaiehsaltaf dhd wompaaunddradadrtiie an inorganic
formula:

acid.

5. The compound of claim 4, wherein the inorganic acid is selected from the group
consisting of hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic,
phosphoric, monohydrogenphosphoric, dihydrogenphosphoric, sulfuric,

monohydrogensulfuric, hydriodic, or phosphorous acids.

6. The compound of claim 5, wherein the inorganic acid is phosphoric acid.

7. The compound of claim 3 wherein the acid addition salt is derived from an organic
acid.

8. The compound of claim 7, wherein the organic acid is selected from the group

consisting of acetic, propionic, isobutyric, malonic, benzoic, succinic, suberic, fumaric,

mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric and methanesulfonic.
9. The compound of claim 8, wherein the organic acid is methanesulfonic.
10. A pharmaceutical composition comprising a pharmaceutically acceptable excipient

and a mesylate salt of the compound having the formula:
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MCSI.LP 11.A pharmaceutical composition comprising a
pharmaceutically acceptable excipient and a phosphate salt of the
compound having the formula: 0

MCSLLP
O
4 /SN
OO Wal
X s Cl
O .
11. A pharmaceutical composition comprising a pharmaceutically acceptable excipient

and a phosphate salt of the compound having the formula:

)
/=N
CN’QN\?\/H a
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