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WO 2008/058393PCT/CA2007/002064 THIOPHENE ANALOGUES FOR
THE TREATMENT OR PREVENTION OF FLAVIVIRUS INFECTIONS

TWe pregsrtanvention relates to novel compounds and a metliadderntheozoe64
treatment or 5 prevention of Flavi virus infections using novel compounds.

Hepatitis is a disepsemgouErg tucueh eoktngrmaid Tiingenerally of viral
nature, although ther titis is by far the
" RECHHEN B AR, AL TR

most common form ISNearty 750,000 Americarts are affected by
hepatitis each year, and out of those, more than 10 150,000 are infected

withthe memmtiav@nmidsusd[dt@\{o)novel lémpsrrip@sdtiy enstrapdedifdNAeatment or
prélvgfll%g'\e!)?%ogll% pn‘?eck?o 'Vlﬁgng Efec%r%ngupgs closest relatlonshlp to

he pestiviruses that inc fa Virus and bovine viral diarrhea
virus (BVDV). HCV is believed to replicate through the production of a

ommlemeatmyaaegedimnglﬁmngfwﬁhbw@mplmﬁ g@#@aﬁ@‘&f&d@@h&ﬁm atthough
th é'%'r% é 'él't%%s @\Hwon\?i % r%gg{ly? Y5 I:_tl1 %rtlgrlner%o\{lv? orm of hepatitis.

isolate rom oo uman a and sHown, Dy Electron MICIoSCopy,
Negshv8: %OeléFP@”té?”éfaéB@lﬁGSGfBGYnhﬁfP% st g@iﬁom@ igu of those, more than

156)00ferstinfaded aastiverganse Qs ¢fHavout 9,600 bp coding for a
polyprotein of 3009-3030 amino-acids, which is cleaved co and
posttransfationalty into mature viral proteins (core, El, E2, p7, NS2, N53,
NS4ACNi5 adoRiBEstRsisE RV Vi ys Eﬁéﬁ@s;aa i Hherngifnieg Samily and has closest
regljonpipteinse besidhisds dis enolvadded itsleaviialdipid GovialopeaBiatrrhea virus
) r I stpuctural core roteln
el T G RO e S Bl i SR e

S“ﬁaﬁi.Mééﬁﬁ@l%?o%fﬁé%%%t@&q{fw% wﬁsfﬁn@%@%@mgwﬁﬁ the virus, HCV
paetidysneadre frutatedrfeomyobled hinnvaruslaspicadahonmg oy elettr@if OGiessty, to have

a B?&WQE?%F‘a‘%%b{”éﬁféesﬁnpr‘%‘ﬁé‘ﬁ%\ﬁ%@h@éﬂ@c@%@s@e stram%ﬁgagé&’euggﬁsg RNA of

contamination with HCV is blood. T gﬁnltude of the ection as

about A9 BPioking farimurabarate PP 03 aminosardhg highitickayrsLesand post-
trdhelatimeaitpielccbitute G0N palthiesnaptelliBtSEANA7IEZE NE3NNEA%H S4B, NS5A, NS5B).

It RIERYROQHSHAFUBARYSALS AN %%&ﬁ?uﬁ‘i“‘éﬁxaﬁ Cé}éoemeé%gaf%&% viral lipid

wqh HCV For |ntr venous ruga users tﬁFgreva ence 30 varies from

enUEER 209 RO OURPITo BRI ER e b GO REUEV SR R 1 PSR o Protein
inteeavtH @ithirthectioalsRibs getatet] witlerposberandfesipritasTheenmtarkeddy proteins

desesideRriNately 95&915‘81@&3’ ﬁﬂﬁ@ﬁé IVARERARISTORIRRRE IRAEEER AIROTeplication
gonors ComblnatJo Y—?&% %}F\ted interferon iglus ribavirin is the treatment

NG PRI RTS8 AE HISERSH PItReSr AREhERE W6 es not provide

sustained viral response (SVR) in a majority of patients infected with the

mosﬁ'ﬁéeﬁiélﬁ%gﬁé@oéy%r(’@a%%go]ﬂb%ﬁpﬁb?rm‘?f@n@'gWﬂ@%&ﬁﬂ@d@ffﬁcﬁe HCV

vent CO nc the cyrrent reg |re Qse
‘mféec GEtidhor % /Béééigéﬁf C{’ %%7’?5?7 2ed CLI\?:Q{EH froups.  For
examRie, Sakenatyds of hpﬁémi@am@m‘rm%ntg@é@@%@émmvm@u duedaprentiofvestern
coBiitirayr atagRIBIRCHUy UR fotifiel SN GHOV Preye iMtRG el \dFUS HMREHONSe Drevalence
varies from about 28% to 70% depending on the population studied. The proportion of new HCV

infections associated with post-transfusion has been markedly reduced lately due to advances in

diagnostic tools used to screen blood donors.

Combination of pegylated interferon plus ribavirin is the treatment of choice for chronic HCV
infection. This treatment does not provide sustained viral response (SVR) in a majority of
patients infected with the most prevalent genotype (1a and 1b). Furthermore, significant side

effects prevent compliance to the current regimen and may require dose reduction or
1




In one aspect, the present invention provides a compound of formula I: (1)

ZL or pharmaceutically acceptable salts thereof; 10 wherein, R1 is C1.6

alkg20eBo8seycloalkyl, or C6.14 aryl which is substituted one s M eiMes 4

by -NH(C1.4 alkyl), -N(C1.4 alkyl)2, hydroxyl, NFlz, 3-12 member
didaeterasmeleinaeMNEIRBEeH.18 aryl; 15 Z ishalogen, C1.6 alkyl which is

unsubstituted or substituted one or more times by RICI, C2-6 alkenyl

which is unsubstituted or substituted one or more times by Rw, or C2.6

alkybeRg Hic EhRI AU B stk e ASH sigh Shr ey dprmeninefrantingalbyems £ use in

tredtifgMr BRednitht Riavsieycieaesyhsvhich is unsubstituted or substituted one

s Ormore times by R13; WO 2008/058393PCT/CA2007/002064

In one aspect, the present invention provides a compound of formula I:

(D

z X

4/\3
'—
R.__sézY

or pharmaceutically acceptable salts thereof;

10
wherein,
R' is Cygalkyl, Cy.6cycloalkyl, or Ceq aryl which is substituted one or more times by -NH(C.s
alkyl), -N(Cy.4alkyl),, hydroxyl, NH,, 3-12 member heterocycle, or NHS0,Ce.15aryl;
15
Z is H, halogen, Cy.,alkyl which is unsubstituted or substituted one or more times by R*, C,.
alkenyl which is unsubstituted or substituted one or more times by R', or C,. alkynyl
which is unsubstituted or substituted one or more times by R'%
20 Xis
\I?I/M\Rs
R®
Mis
)Ok
25

R® is cyclohexyl which is unsubstituted or substituted one or more times by R";




Y is COOR7, COCOORY7, P(0)01260Rb, S(0)OR7, 5(0)20R7, tetrazole,
CON(R)CH(R7)C00127 , CONR8129, CON(R7)-502-R7 , CONR7OH and
halpaerioEdsWand R9 are each independently H, 01.12 alkylWwhighoiS 002064
unsubstituted or substituted one or more times by R10, 02.12 alkenyl

which j upsubstituted or substituted one or more 10 times by R10, C2.12
alkynyl Which is unsubstj uted or substltuted one or more tlmes by R10,

more times by R11; 6-18 member heteroaralkyl which is unsubstituted or

R® suibstituted one or rore timesbyyRbh2EyB+li3cmensbsstivelerangcte wibiehimes by
is ungubstituted or substituted one or more times by R17, or 4-18 member
heterocycle-alkyl which is unsubstituted or substituted one or more times
by R17, or R8 and R9 aretaken together with the nitrogen atom to form a
3 to 10 member heterocycle which is unsubstituted or substituted one or

s v PYFBAIMes BOBAT Y& Grim hf%gb%w w@g&g ”éHvQQﬁ}HFﬁQ’&rOORV ,

substltuteg one or l;nore tlmes @/ nd Rd an aire ea
mdeﬁ&’i@%t&%@sﬁpﬁrgm FQNE 'i?”&lk?ici/%ﬁch is unsubstituted or

substituted one or more times by R10, 02.12 alkenyl which is

R’ URSHE R e 0h SiRpUHMSHIPRe OF %Wdﬂ tmes Q%r%&&’t%%dzoﬁg%@‘}%uted one or

‘which is unsubstltutgod or 25 substituted one or more times

aryl WRiGh $96h SudtitSte ng%s‘ﬁhﬁad%H&L&h%tﬁ%dn?ﬁéghﬁytﬁte@nwr more
10 aralksimehinhRE, Uhsybtityteehimhselostistbisttucr oo substieutiedemdyRiiofe Tihes by
memger 5661265 rWhYMH'@“dﬁsHE&?HQ?éH%?Q&EM@&'%S%P%@ %€ by R", Crie

times by 8 member het%roaralk | which is unsubstituted or,

oA HREFCP BTG b et eheslr R AIBG S R 12 member
30 uhetdrstitteshimhsisbstitulietitaied or mdrgitiness te Rt 7noredtitdes by R, 6-18
memm@m@ﬁmev&éeaﬁwmqhuﬁsumubﬁéwe&mmgtwm %?eqrmes by R,

more t| esb ndR are taken to therwn;h th

1 FRembe het? it § oxygen b
ot 18 Bembe et e DI e SISTSTh Lo one B more times by
20087675889%mmgrobw@mmqlhﬂuwmﬁmewwwngmdted whetiduted one or

m%rawgmearbe/s Bpra, @rli? aﬁambﬁstﬁzeﬁ%gﬁkmmh&wmﬁ%waﬁ%ﬁéolfzrm a3
SuUpbsttu ormorel es a en, o , " K
aIkyI)E PP B AR Rk & kg s by
NHESE: M(@lmﬁmm)@@qmwml (ich awn;qin@@&@msuwm@@tm or more
20 alkyl,thﬁég)w;{ﬂg(@aClA alkyl, carboxy, -C(0)0 C1.4 alkyl, hydroxyl, C1.4
alkoxy, nitro, nitroso, azido, cyano, -5(0)0.2H, -S(0)0.2C1.4 alkyl,
-SO2NH2, -502NH(C1.4 alkYt), -502N(C1.4 alkyl)2, - NHSO2H,

R.-RITE R kP80 indanendent | Shyssm rama|kyl, on: RMBOZTED dsalapkbstituted or
R’ltl iﬁlﬂibﬁﬂ@@dﬂltﬁé @ra”fwyéﬁalﬁ@enb\,t(:-'dgl])-@z {:}'?Mke@@ l?(»iﬂ\'i'éﬂnié' GpduBstituted or
alky Xy y CONH
conpas ey %(8 3 g y NH%@I%&W Vyﬂ)z'?k‘? Jpstuted or

25 N(ci“&sélﬂk%‘t@m‘)afaﬂ@lt‘fﬂﬁﬁiéb\élémk?f VL@/(B‘;H‘S @zm@mtutaw substituted
carbaxy, e ()& Cinds alikyR! ' hydroxysliGLyehadkoxyinfitQitotEo 39, saBitiduted one or

Cyan%or% (9%%2 RS(Q})?Z %%%ﬁe@“%er&géwgch é%’s\u_‘s(%%téfﬁgw vzlbstltuted one

-502N(C1.4 alkyl?2, -NH§0?2 %
alkyl B0 TR 4 NS, B\f NHS@&:M@W R Hirbghichxis, ensepstituted or
alkyl shisdogesdtend bt atiye C24alkenyR'C24-aikynyhbdHBetdMbH{CE-dwhich s

0 A NGHA S ONHR CONCE AN, CONEL AU o

N(Cl -4 atkyl)COH, -N(C1.4 a
aIkyI aib/édyﬁw iw@ib%*arm Utk 9@%@70@1@4@@%%@@1 and R®are
C1.6 aticmxpgnitier, withase, axzide, aymsao (M) @.2 kb 16@mderldtalsylcle which is
-SO2NH2, -SO2NH(C14 alkyl), -SO2N (C1.4 alkyt)2, -NHSO2H, -N(C1.4
alkyl)SO2H, - N(C1.4alkyl)S02C.1.4 alkyl, or -NHSO2C1.4 alkyl; F212 is
OH, halogen, C1.6-atkyl, halogenated C1.6-alkyl, C1.6-alkoxy,
halogenated C1.6-atkoxy, 25cyano, nitro, -NH2, -NH(C1.4 alkyl), -N(C1-4
alkYl)2, -CONH2, -CONH(C1.4 alkyl), -CON(C1-4




alkyl)2, -NHCOH, -N(C1.4 atkyl)COH, -N (C1.4 alkyl)COC1.4 alkyl,
-NHCOC1.4 alkyl, -C(0)H, - C(0)C1.4 alkyl, carboxy, -C(0)0 C1.4 alkyl,
-B(0)Y0@C@BH3alkyl, -SO2NH2, -502NH(C1-4 -502N (C1.4 alkyQZ;ch@ied2064
alkyl)502H, -N(C14 alky0S02C1.4 alkyl, -NHSO2C1.4 alkyl, C6.14" aryl,

Cé6. We@bﬁﬁ;&ﬁﬂmé@w&r&ﬂﬂ@bﬁ@sltg/lﬂ’?SrQJ‘B ale@gBer heteroaryl
C1. 6 Ikox 4- C1.6- aI #0 10 member
hetero%acrﬁl é/atljrﬁ%lpi%ia IS %}Sg&% cé‘éjgrf( cyc ol ki//rtgeh ?W)gehated
46-alkyl,-5(0)0.2C1.4 alkyl, 5 to 3510 member heteroaryl or C4.14-aryl. a
R’“phamgae,uzﬁmllmagcemableaww)Ihel(eetalwm CONHZ, -CONH(Cy.4 alkyl), CON(C1 4

209 39 C O res n

? mve%t%?ﬁ argﬁ—l%w ﬁﬁgmérggé POTors? %ﬁf}ﬁ g(;é Yt hasl—gceeh“?odrfd
that fH€ Eon?B@un&%’%ﬂ?dor&@%cﬂhé‘WésMﬂWb riiléﬁéb’haiﬁﬁﬁ@ aitroso, aZldO,
sr?e%vsmubstzm)amn pam%rm@dm%lt lmpmMgdhswmmueﬁa;emge%@mﬁwratkyl 2 -
thiopfiene e inhibi is t or that the
compounc&h q{(t% enaﬁlnv Etlon i@ég gx Q@m So ntlélﬁfér&%tl
treatment and preventlon of hepatitis C infections.: In another aspect,

10 R''therstdgenrayiddidia aleeack éarGr ealyIg O, PRGN T YKV ITifdaexyiFat,, -NH(C,.
mfectlgwln a tlegﬁ( Bmpgém Ni&g;;g%}%d o |1en§ %5 Hl NHCOH, -N(C:.4

therapeutlcal effectivé’to amotint 0 positi

comlﬂmﬂi@?ﬁof Hﬁ%‘ﬁﬁ%ﬂiﬁ)‘?@ 4 alkyhy aﬂﬁﬂ% a5t QH%% |5Ck9&ndelh>’b car boxy,
pharma@mﬂcaélkwm@sw@n canunrtsmgnwrdneastrom egian alyatb P8, ,H, -5(0
invengion gnd %b' %erw‘?ﬂ )U“%%”N ﬁpggble%%f‘matf » alkyl)SOzH,

excipient. 15 n another aspec there is provided a com
15 commgiﬁ@“&'%%d@m lePfhé“‘Ft@é%tf@H‘ﬂnd one or more additional

agents chosen from viral serine protease inhibitors, viral polymerase

RN, ViR, helicarg inhiBiseimeungppugulat uamgentﬁzk%}noxmbt NH(C14

agents, antlbacterlal agents herag eutic vaccines, h Atoprote

agerﬁg‘ygntlgé?ls’ea%t?igeﬁPwHFﬂb| Hif NS 4 ?oteaé@é)andmCOH -N(Cs.4
inhibityt) OPknter(fal AlgHO0G. calin SiHIBE S ky, ma)mrmm)asmm carboxy,

20 there@mwd%&&h%@%@t ac@?@@p@@n%twm@&ééaoaz% Q%’J@atg?@ , *S(O).
the in :91% on fqr_treatin Hg)reve@ér)g a Haviviridae viral infection

pati L3R5k 4Rt Cééﬁ it §1pﬂﬁb¥8@d Bk (5*(51 43”‘5’1)502"‘
comp&@ndkl‘cﬁ)ﬁﬁiésmﬂwbmw%mwﬂmme invention for inhibiting or
reducing the activity of viral polymerase in a patient. 30In still another

R“a?'sp Sﬁt ogeehS fﬁ"é tpglggsé%a% a?kyL[mC, 5 S{P&ys' gl%goernated Cy.s-alkoxy,
25 cyano, nhitro, -NH;, -NH(C,.4 alkyl), - (CM alkyl),, -CONH,, -CONH(Cy.4 atkyl), -CON(Cy.4
alkyl)z, -NHCOH, -N(Cy.4 alkyl)COH, -N(C;.,alkyl)COC,., alkyl, -NHCOC,.4alkyl, -C(O)H, -
C(0)Cy.qalkyl, carboxy, -C(0)O Cy.4alkyl, -5(0)0.,Cy.4 alkyl, -SO,NH;, -SO,NH(C.4 alkyl),
-SO2N(Cy.4 alkyl)y, -N(Cy.4 alkyl)SO;H, -N(Cy.4 alkyl)SO,Cy.4 alkyl, -NHSO,C,.4 alkyl, Cq.14-
aryl, Ce.qq-aryloxy, or Ce.14-aryloxy-Cyg-alkyl;
30
R™ is OH, halogen, Ci¢-alkoxy, Cy.g-alkyl, Cyg-alkyl-CO-NH-, C4-alkyl-CO-N(Cy4-alkyl)-, or 5
to 10 member heterocaryl; and

R™ is Cye-alkyl, C37-cycloalkyl, halogenated Cig-alkyl, Cy4-alkyl-CO-, -S(0)2Cy4 alkyl, 5 to
35 10 member heteroaryl or Cg.q4-aryl.

a pharmaceutically acceptable salt thereof.
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combination of the invention for the manufacture of a medicament for
treating or preventing a viral Flaviviridae infection in a patient. In one

amPadiments compounds of the present invention comprise HhqseWisfeHs4

the 35 following embodiments are present, either independently or in

combination. In accordance with a preferred compound or method aspect,

the compounds of 5 WO 2008/058393PCT/CA20079912064 the present

inverl B APEY et ie a8 R MG AR: TR OF Bﬂéﬁﬁ@é@&@%\ﬁﬁ?fs Surprisingly,
it hecdptabfeusd|tththetimo i GrphexBirrceardmeftX, theapdRharievastiefined having a

sp@@@y%gbtsﬁnu?ﬁsgfﬁncwﬁx grngwemm@a rarre%tﬁrrrﬁéi; r@éamgnﬁgmmm HCV
ec e u S Inv

pofgTRTA 185 Pria HELELR Bl b BHAbIE CaReMEo s el L fuygntion
hapd dxc¥lldRl pRENtaaiddR Ghareeasnuefired aimveﬁdfﬁ@fdmmm §orddciitiner

embodiment, Rl in formulas I, IA, and IS is C1.6 alkyl or C3. 6cyc|oalky|
which are unsubstituted or substituted one ar. more times by

N HCR TR ARSI oM EELTE G ST PEPAB T viidae
virRlliiefgionuiias patEphnoliBrigng addnidisyerivigith ise2mtinstubStitcapel beally effective

anHABHIHRERRIR, RPRBJNES colblRIEH I ehel HRnkid}e, or hydroxyl_

According to a further embodiment, Rl in formulas I, IA, and IB is C1.6

alkyl. According to a further embodiment, RI in formulas I, 1A, and IB

is RInsanethby seeayl, tRe piopydyideshrapmatgltiset compglsiveneaambusiig at least
one compound of the invention and at least one pharmaceutically acceptable carrier or
excipient.

In another aspect, there is provided a combination comprising a compound of the
invention and one or more additional agents chosen from viral serine protease inhibitors,
viral polymerase inhibitors, viral helicase inhibitors, immunomudulating agents, antioxidant
agents, antibacteﬁat agents, therapeutic vaccines, hepatoprotectant agents, antisense
agent, inhibitors of HCV NS2/3 protease and inhibitors of internal ribosome entry site (IRES).

in a further aspect, there is provided the use of a compound, composition or
combination of the invention for treating or preventing a Flaviviridae viral infection in a
patient.

In still another aspect, there is provided the use of a compound, composition or
combination of the invention for inhibiting or reducing the activity of viral polymerase in a
patient.

In still another aspect, there is provided the use of a compound, composition or
combination of the invention for the manufacture of a medicament for treating or preventing

a viral Flaviviridae infection in a patient.

In one embodiment, compounds of the present invention comprise those wherein the
following embodiments are present, either independently or in combination.

In accordance with a preferred compound or method aspect, the compounds of
5




WO 2008/038393PCT/CA2007/002064 According to a further
embodiment, R1 in formulas I, IA, and IB is cyclopropyl, cyclobutyl,

Gyelopaniddzar cyclohexyl. According to a further embodimenteBE3007/002064
formulas I, IA, and IB is phenyl 5 According to a further embodiment, Z
thd BANIREIAVLIRibH 1121P95R. 0k &k Ayl hich is unsubstituted or
substituted one or more times by RI. According to a further
embodiment, Z in formula | is H, halogen, or C1..4 alkyl which is io
unsubstitutééor substituted one or more times by RI. According to a
further embodiment, Z in forgaula | is H or C1.4 alkyl. According to a
further embodiment, Z4 mula | is H or methyl. 15 According to a
further embpdiment, Yifi fojmulas 1, 1A, and 1B, is COOR?, and Wis H,
Cl.12 alk)ﬁ whittTis u ttuted or substituted one or more times by
R10, C2.12 alkenyl which is unsubstituted or substituted one or more
times by Rth, C2.12 alkynyl which is unsubstituted or substituted one or
or pherearRdiacplyRasepiabie St atpeiRpich is unsubstituted or substituted one
20 or more times by R11. According to a further embodiment, Yin
formulas |, | d IR,1is COORY Feis El, CI.6 alkyl which is
s v T SR SR e by R0, or C6.14 ary
which is unsubstituted or substituted one or more times by R11. 25
Acgm&mﬁahacwwtltfrlaefﬁh?]&i rpesierét dompolag bgﬁqeawad 16hdst CRORMmpounds
nd Rris H, C1 .4 alkyl which is unsubstituted.or substituted one or more
of E}Pﬁé’sreéf/"ﬁ ?r())trwp egﬁyrle\‘/Jvrﬁ|S'c€:)]%1 tl%du% s%ééﬁﬁtgd or substituted one or more
times by R@BR0According to a%urther embodiment, Yin formulas I, 1A, and
IB, is COOR7 and R7 is H, C1.4 alkyl or phenyl. According to a further
embodiment, Yin formulas |12 IB, is COOR7 and R7 is H, methyl, or
ethyl. 35 According to4 er embodiment, Yin formulas I, IA, and 1B, is
[ [ .5 0% O§?058393PCT/CA2007/002064
embddiment, R5 in formulas I, 1A, and IB is cyclohexyl
which is un$ubstituted or substituted one or more times by OH, halogen,
1o Cl 6-alkyl, halogenated 46- alkyl, C1.6-alkoxy, halogenated C1.6-alkoxy,

cyano, nitro, -NH2, -NH{C1-4 aikYl), or -N(C1.4 alkyl )2.
or pharmaceutically acceptable salts thereof;

wherein each of X, Y, R', R®, and R® are as defined above.
15 According to a further embodiment, R' in formulas 1, IA, and IB is Cy alkyl or C;.
scycloalkyl which are unsubstituted or substituted one or more times by -NH,, NHCH;,

N(CH;),, or hydroxyl.

According to a further embodiment, R' in formulas |, IA, and 1B is Cy alkyl which is
20 unsubstituted or substituted one or more times by -NH; NHCH;, N(CHj3),, or hydroxyl.

According to a further embodiment, R' in formulas |, 1A, and 1B is Cy, atkyl.

According to a further embodiment, R' in formulas I, 1A, and 1B is R' is methyl, ethyl,
25 propyl, isopropyl, butyl, sec.-butyl, or tert.-butyl.
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5 According to further embodiment, R5 in formulas I, 1A, and IB is
cyclohexyl which is substituted in the 4-position. According to further

|pPadimentsin formulas I, IA, and 18, X is -NR6-CO-R5 ang R5dg4/002064
cyclohexyl which is substituted in the 4-position and the 4 position

SUbﬁH uﬁcﬂaé%defstnstﬁmgﬁm%we&awm ?%b% 1B is %8&8’&599 to

further embodiment, R5 in formulas I, IA, and 1B 15 cyclo exyl
CYQ PR AR DITHEIRIE K the 4- position by OH, halogen, C1.6-alkyl,
halogenated C16- 15 alkyl, C1.6-alkoxy, halogenated C1.6-alkoxy, cyano,

nltroAC[}U‘@ng WA Al Rl € llethBuias |ARCQIIBQ furfrer

embodiment, in formulas I, IA, and 1B, X is -NR6-CO-R5 5is
cyclohexyl which is unsubstltuted or substituted in the 4-position by OH,
halogetuordibeatby f@bheaogsmbitechtC 1. o Sdkyl & LiSH keksgehado genaigtwhich is

unSabsHEeHE@0r s GHaNAr i TRe MNHAre NHES biRalkyl), or -N(4.4 alkyl)2,

whereln the 4-position substituent is in the trans position relative to the
carbonyl group. According to further embodiment, R6 in formulas I,
IA, ardoiding RGaisicyeiobekytiviaith 25isosublstititéd mxeer, mo(@t&hk&&b&th is

un&dbke ARG A8RlKY: MGt HelGrs by geccording to further

embodiment, R6 in formulas I, IA, and IB is cyclohexyl which is substituted
in the 4-position. 30According to further embodiment, R6 in formulas I, IA,
and ABcisdiyg tohefyt vehieinbsdmbstitdtedf anmioka 4 ipasiticn,atiglthe
4-position substituent is in the trans position relative to the amino group.
Accordlng to further embodlrgent R6 in formulas I, 1A, and IB is cyclohexyl

whidt 9SS (R dHitREY iFRIUBBLifdR YTes bsEoBmkaky, wo

20081058393PCT/CA2007/002064 According to further embodiment, R6

in foxgrdiamb th\a ANEhER dnBodinddt, R1dfornied €4S a@‘,a 16;30R’, and R7is H,
Cy I?zazl&gﬁwﬁl dlsC urrqs&)l%{{ht%% gr %11 Itlg)u(%éc_i%@grzrgolrg t?llwlw( by%tsr%?glaﬁ(eny which
is unsubstituted or substituted one or more times by R', C,.1, alkynyl which is unsubstituted
or substituted one or more times by R', or C4.14 aryl which is unsubstituted or substituted one
or more times by R'",

According to a further embodiment, Y in formulas I, 1A, and IB, is COOR’, and R’is H,
Ci.¢ alkyl which is unsubstituted or substituted one or more times by R, or Ce.14 aryl which is
unsubstituted or substituted one or more times by R'",

According to a further embodiment, Y in formulas I, 1A, and IB, is COOR’, and R”is H,
C,.4 alkyl which is unsubstituted or substituted one or more times by R, or phenyl which is

unsubstituted or substituted one or more times by R'".

According to a further embodiment, Y in formulas I, IA, and IB, is COOR” and R7is H,
Cy.4 alkyl or phenyl.

According to a further embodiment, Y in formulas |, |A, and I8, is COOR’ and R”is H,
methyl, or ethyl.

According to a further embodiment, Y in formulas |, 1A, and 1B, is COOR” and R’ is H.
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15

20

25

30

35

14-aryl. 5 R a/ 14 According to further embodiment, R6 in formulas I, 1A,
and IB isand ea is Cm-alkyl, halogenated Cm-alkyl,

Gibzelkybd362-,-S(0)0.2C1.4 alkyl, heteroaryl or C6.14-aryl. pcr/cA2007/002064
According to further embodiment, R6 in formulas I, IA, and IS is 10 methyl,

ethyhREp@yh b I $QRFOP¥MRBINRIA RS in forfkANAiNg tQfyndher c%{clohexyi which is
St

odiment, in formulas |, or IB, R6.is ¢ which is substituted in

emb clohexyl
Ry e 48 S 6, B ey WRESR St b lgnated C.o
allyboStituelhery, imatngerabes pbsitidkorglatyvento thieramiNd.groliiCibalkyl), or -N(Cy.
ali§pgording to further embodiment, in formulas |, or IS, R6 is cyclohexyl

which is substituted in the 4-position by OH, Cm-alkyl, or C1.6-alkoxy

wherein the 4-position substituent is in the trans position relative to the

amirfsgrsins, entindsiseoyrsidinesas Whichfesrouissibstiturnd ¢8 substiohteglivhich is
subsgtde@sitian pyddkehalogen, Cm-alkyl, halogenated C1.6- 20 alkyl,

Cm-alkoxy, halogenated C1.6-alkoxy, cyano, nitro, -NH2, -NH(CI.., alkyl),

or -N(C14 alkyl)2, wherein the 4-position substituent is in the trans

posifieerreiegive fierther embustiyplegtoilpfoumaas |, 1A, and 1B, X is -NR®-CO-R® and R® is

cydBRSIPSIRIR RGUHEAREE (H0P2 B ositioNAEAREIAREE KR B RIRIEHSSin the trans

e.mbodlln}ent of tlibeecg%grr]]tl(_)n, the compounds of the present invention are

poé‘élgrt‘:trgda ]r\(/)emt he corrnpos(mds of formula (IB) and pharmaceutically

acceptable salts thereof, wherein: 5121 is C1-6 alkyt or C3-6 cycloalkyl
whgchcﬁbﬁﬁésmgﬁ?;%&ﬂwéﬁg rélriﬁtgaﬁﬂmseld,ﬁﬂs% z%?{drr‘lip'f?_@a@ﬁer which is
- . Qr roxyl: IS, cy exyl which Is
o e AP P b O BRTsRt Che i rlaepiee Cre
ally| A Glkalex R e asparsRe Xy 1- ek SYANSKtINE® .ordHor MbHE tinadey by or -N(Cy.4

alkyhl,. Hal (e.g., F), C1-4- atkoxy, C1.4-alkyl,CIA-alkyl-CO-N(CIA-alkyl)-, or
triazolyl;

According to further embodiment, in formulas 1, 1A, and 1B, X is -NR%-CO-R® and R® is
cyclohexyl which is unsubstituted or substituted in the 4-position by OH, halogen, C;.¢-atkyl,
halogenated Cy¢-alkyl, Cy¢-alkoxy, halogenated Ci¢-alkoxy, cyano, nitro, -NH,, -NH(C,.,
alkyl), or -N(Cy.4alkyl);, wherein the 4-position substituent is in the trans position relative to
the carbonyl group.

According to further embodiment, R® in formutas I, 1A, and 1B is R® is cyclohexyl which
is substituted one or more times by OH, halogen, Cy4-alkyl, or Cy.¢-alkoxy.

According to further embodiment, R® in formulas I, IA, and IB is cyclohexyl which is
substituted in the 4-position.

According to further embodiment, R® in formulas I, IA, and IB is cyclohexyl which is
substituted in the 4-position and the 4-position substituent is in the trans position relative to
the amino group.

According to further embodiment, R® in formulas |, 1A, and IB is cyclohexyl which is
substituted in the 4-position by OH or C,.4-alkoxy.
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15

20

Y is COORY7; and R7 is H, C1.12 alkyl or 414 aryl. In accordance with
a preferred embodiment of the invention, the compounds of the present

Qe IR Rse;Sselected from the compounds of formula (1B) agpélyca2007/002064
pharmaceutically 20 acceptable salts thereof, wherein: R1 is C1.6 alkyl or

CS-QCEXFAQ@Iky% furthgs_ i%%%mn]%ﬁw \_NEiChii?‘ UFB?HRE istuuFd qr, and_ IB s
substituted one or more times by OH, CiA. 25alkyl, and/or CiA-alkoxy; R6

is}%yélohexyl which is substituted one or more times by OH, Hat (e.g., F),

MLA- alkoxy, Cl1.4-Akyd, CIA-alkyl-CO-NH-, C1.4-alkyl-CO-N(C1.4-a(kyi)-,
azolyl; BOY I8 COOR7; and R7 ISC1.12 alkyl or C6.14 aryl. In
prdahcelwith another preferred embodiment of the invention, the

cbmpounds oh35 the present invention are selected from the compounds
of formula (IB)‘and pharmaceutically acceptable salts thereof, wherein:

,2008/058393PCT/CA2007/002064 R is C1.6 alkyl which js
an e et b R or @ B s IREC by S A BAraheteroars o C,

14-aY(CI-13)2, or hydroxyl; R5 is cyclohexyl which is unsubstituted or
substituted in the 4-position by OH, Cl45alkyl, and/or C14-alkoxY| R6 is
cyclohexyl which is substituted in the 4-position by OH, Hal (e.g., F),
Cl.4-atkoxY, Cl14-alkyl, C14-alkyl-CO-NH-, C14-alkyI-CO-N(CI4-§ik9I)-, or
triazolyl; 10Y is COOR7; and R7 is H, C1.12 alkyl or C6.14 aryl,N._ In
accordance with another preferred embodiment of the inventign, th
compounds of 15 the present invention are selected from the sgqmpeunds
of formula (IB) and pharmaceutically acceptable salts thereof, wherein: RI

is CAcBondkyd Wighﬂsmﬁymﬁw&e,dmrsmmeg mjheamlmtﬁre times byind R™* is
-NH2, NHCH3 H3)2, of hydroxyl, 2QRS is.cyclohexyl whichis .

G R S R e S T B e e S oot
C1A-alkoxY; '

R1 48

/
N

J

According to further embodiment, R® in formulas I, 1A, and IB is ' and R'® is
methyl, ethyl, propyl or isopropyl.

According to further embodiment, in formulas |, or 1B, R® is cyclohexyl which is
substituted in the 4-position by OH, Ci¢-alkyl, or Cis-alkoxy wherein the 4-position
substituent is in the trans position relative to the amino group.

According to further embodiment, in formulas |, or 1B, R® is cyclohexyl which is
substituted in the 4-position by OH, Cy¢-alkyl, or Cis-alkoxy wherein the 4-position
substituent is in the trans position relative to the amino group, and R’ is cyclohexyl which is
unsubstituted or substituted in the 4-position by OH, halogen, Cy4-alkyl, halogenated Ci.-
alkyl, Cy¢-alkoxy, halogenated Ci¢-alkoxy, cyano, nitro, -NH;, -NH(Cy.4 alkyl), or -N(Ci.,
alkyl);, wherein the 4-position substituent is in the trans position relative to the carbonyl
group.




R6 is cyclohexyl which is substituted in the 4-position by OH, Hat (e.g., F),
Cl.4-alkoxy, C1A-alkyl, C1.4-alkyt-CO-NH-, C14-alkyl-CO-N(Cl4-alkyl)-,
ovormeeiyki2b Y is C00127; and R7 is H, C1.12 alkyl or C6.PLEGA2801612064
accordance with another preferred embodiment of the invention, the
compaansisanttheipregeatdnmed ptidrodine:seldatedifiventiting therapopmasobf the

préRua-CRhand harmpasiicRlyARSERIARIE SRis ANREMd %&?ﬁ%{%élﬁi'cﬁly

C.1.6 alkyl which is unsubstituted or substituted one or more times by
aCCRPfYe RAYE RN REETY or hydroxyl: 35 R5 is cyclohexyl which is
unsubstituted or substituted one or more times by OH, C1-4 alkyl, or

s Claglloxy W08 RRARIBREH Gl CAA0 0GR BRIt UL &M tuted one
which is suﬁ)stltuteg re times by OH, F, C1.4-alkoxy, C1.4-alkyl,

or halbG8RAIEREER 4@%%@%’@66@@ AR Yis H or C1.4 alkyl. In

accordance with another preferred embodiment of the invention, the

compaungz Bhid@ WhiereSaRSIBYSNION & e aiRGed SrRBRR OMRRUROSH, C,.,-
of for ugaa%gz E'Emda harmaceutically acceptable salts thereof, wherein:
1-4"

Rl is B¥is cyclohexyl which is unsubstituted or
10 substituted one or more times by OH, CIA-15alkyl, or C1.4-alkoxy; R6 is

cycghe%mzigyﬁ @H%ig;@ﬂs%ﬁg aaHersrtimﬁ %@%%f%%r%%ﬂm Crs
or -a ; | ; IS or . n .
accoft Oﬁé&\}\'ﬂiﬁuﬁ'j’o éraB\yéf(eaé:gHQ eﬁibbacy%gé'éﬁhgalwléht%r’i,”fﬁglyl;

compounds of 25 the present invention are selected from the compounds
of foymuladiB) aad pharmaceutically acceptable salts thereof, wherein:

15
R7 is H, C1,12 alkyl or C(,.M aryl.

In accordance with a preferred embodiment of the invention, the compounds of the
present invention are selected from the compounds of formula (IB) and pharmaceutically
20 acceptable salts thereof, wherein:

R'is Cy.alkyl or Cy.cycloalkyt;

R® is cyclohexyl which is unsubstituted or substituted one or more times by OH, Cy.s-
25 alkyt, and/or C,.4-alkoxy;

R® is cyclohexyl which is substituted one or more times by OH, Hat (e.g., F), Cisr
alkoxy, Ci4-alkyl, Cy.4-alkyl-CO-NH-, Cy4-alkyl-CO-N(Cy.4-alkyl)-, or triazolyl;

30 Y is COOR’; and
R7 is H, Cia2 alkyl or C6.14 aryl.
In accordance with another preferred embodiment of the invention, the compounds of

35 the present invention are selected from the compounds of formula (IB) and pharmaceutically

acceptable salts thereof, wherein:

10




Rl is C1.6 alkyl or C3.2 cycloatkyl which in each case is unsubstituted or
substituted one or more times by -NH2, NHCF12, N(CH3)2, or hydroxyl;
PR Ris/6lahexyl which is unsubstituted or substituted onep@r R 7/002064
times by OH, C1.4- alkyl, or C1.4-alkoxY; R6 is cyclohexyl which is

SUbSﬁtUiEe@ OB MR IMes BY itk d o Lufsalexy. e dAR Uéyltn%z?sYbF -NH,,
COORT: and WO 20081058393PCTLCA20071002064 Fe is H or C

alkylN HCHy Nl R WA Rt another preferred embodiment of the
invention, the compounds of the present invention are selected from the

COMpOUNES RHEMWIALR) @RtbbaRNACEUlEaR R AGTEREARIESHER by OH, C,..
therecgf wherein: fitl Qe C1.6 alkyl or C3.6 cycloalkyt; R5 is cyclohexyl

S whicAY AR IR fiutdd S substituted one or more times by OH, ClA-alkyl,
or Cl.4-alkoxYi R6 is cyclohexyl which is substituted one or more times by

|OH R %&yér@}lg tw«m&ﬁ%ﬁe&ﬁm&éﬁ%@@ﬁaﬁﬂ rdeHSHﬂlQE 91@8&3/1 lkoxy,
n ac ordance wi preferr e invention, the

com cbﬂﬁ Fth@qﬁYggérﬁE‘m/ Eoﬁe@%ﬁg fﬁé‘%zé’m&aounds of
formula (18) and pharmaceutlcally 2() acceptable salts thereof, wherein:

10 Rlisymetgkretiyd, propyl, isopropyl, butyl, sec. butyl, tert.-butyl,
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl which in each case is
unsubstituted or substituted one or more times by -NH2, NHCHS3,
N(CR3yM, dr nyalkwket: R5R8yls cyclohexyl which is unsubstituted or
substituted one or more times by OH CI 4" alkyl, or Cl 4-alkoxy; R6 is

cycl he |WhICh |s ubstituted r@a} times by OH, F,.C1.4-alkox

aﬁ%//olr an aoge?]né)tte ree f"Fk glmen? mb t¥1e invention, the compdunds of

15 the present invention are selected from the compounds of formula (IB) and pharmaceutically
acceptable salts thereof, wherein:

R' is Cy alkyl which is unsubstituted or substituted one or more times by -NH,,

NHCH;, N{CHs),, or hydroxyl;

20 R® is cyclohexyl which is unsubstituted or substituted in the 4-position by OH, C;.s-
alkyl, and/or Cy.4-alkoxy; '

R®is cyclohexyl which is substituted in the 4-position by OH, Hal (e.g., F), C;.s-alkoxy,
Cy.galkyl, Cy4-alkyl-CO-NH-, Cy.4-alkyl-CO-N(Cy.4-alkyl)-, or triazolyl;

25
Y is COOR’; and
R7is H, Cy.1; alkyl or Cg.14 aryl.
30 In accordance with another preferred embodiment of the invention, the compounds of

the present invention are selected from the compounds of formula (IB) and pharmaceutically
acceptable salts thereof, wherein:
R' is Cy4 alkyl which is unsubstituted or substituted one or more times by -NH;,
NHCH3, N(CHs),, or hydroxyl;
35
R® is cyclohexyl which is unsubstituted or substituted one or more times by OH, Cj.-

alkyl, or Cy.4-alkoxy;
11




Y is COORY7; and R7 is H or C1.4 alkyl. 35In accordance with another
preferred embodiment of the invention, the compounds of the present
inventinasesselected from the compounds of formula (113) eagca2007/002064
pharmaceutically acceptable salts thereof, wherein: WO
20081058393PCT/CA2007/002064 1:21 is methyl, ethyl, propyt, isopropyl,

butyl _sec.-butyl, tert.-butyl, cyclopropyl, cyclobutyl, cyclopentyl, or
cyclo%e‘ﬁyﬁ}lcv&xexgg" Ps‘cléylé;t(gﬁ{%sQﬁ’\S\? ich 752 MeRk sﬁfﬁ%ég)p rog@tiﬁﬁféﬂkoxy’ Crar
one @tore hinegeraiedf,«@kubalkyl, or C1.4-alkoxY; R6 is cyclohexyl

which is substituted one or more times by OH, F, C1.4-alkoxy, C1.4- alkyl,

or h@IQ ed r%1.4-alkyl; toY is COORY7; and H or C1.4 alkyl. In
accordance with another preferred embodiment of the invention, the

compounds of 15 the present invention are selected from the compounds
of forMmuladd @) ankypharmaceutically acceptable salts thereof, wherein: R1
is methyl, ethyl, propyl, isopropyl, butyl, sec.-butyl., tert.-butyl, cyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl which in each case is unsubstituted
In gecuigrnieithometbempertetigteenipdinent MHBHGYaR{orH 32, wrrppdndxypll the
10 prebinZind Ot 4TS s NEELEB) R e eboslirfdS db reviehR gyl aNiigRh haceutically

unsupstituted or sybstituted one or more times by OH, C1-alkyl, or
ac fﬂggfksél}(‘\s(q%ﬁ%’lg %%raghexyl which is substituted one or more times by

OH, R! £ €:428bxy, C1-4. alkyl, or halogenated C/A-alkyl; Y is COOH.
In accordance with another preferred embodiment of the invention, the

compgunds pf 30 th esent inventjon are e% cted from the compound
of fo?r%t‘ﬁe{: X E)éng (gvﬁeﬂéhﬁ%%réslﬁj |8§F|l§/{%%856¥a5 SUEHOPRETBPT A S?ngy@’ Croa

15 is meakyl; eEttylspiesy1, isopropyl, butyl, sec.-butyl, tert.-butyl, cyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl; 35R5 is cyclohexyl which is
“”S“H5¥'st‘é§/%%r9¢§x§l*&ﬁ¥'ctr‘#‘%?‘§u g&tt?treg]&[:g glm nqgretf) ¥in(2€|‘_s|’bc);]6£f, F, Cy.s-alkoxy, or Cy4-

alkyl;
20 Y is COOR’; and
R7is H or Cy.4 alkyl.

In accordance with another preferred embodiment of the invention, the compounds of
25 the present invention are selected from the compounds of formula (IB) and pharmaceutically
acceptable salts thereof, wherein:
R'is Cyalkyl or Cy. cycloalkyl which in each case is unsubstituted or substituted one
or more times by -NH,, NHCH;, N(CHs),, or hydroxyl;

30 R® is cyclohexyl which is unsubstituted or substituted one or more times by OH, Cys
alkyl, or Cy.4~alkoxy;

R® is cyclohexyl which is substituted one or more times by OH, F, Cy.4-alkoxy, or C;4
alkyt;

35
Y is COOR’; and

12




alkyl, or C1,4-alkoxy; WO 2008/058393PCT/CA2007/002064 R6 is
cyclohexyl which is substituted one or more times by OH, F, C1.4-alkoxy,

GAsalkysssyshalogenated C1.4-alkyl; Y is COON.5  In ageqigantB o264
with another preferred embodiment of the invention, the compounds of the

present inveptiopre selected from the compounds of formula (I1B) and
pharmaceutically acceptable salts thereof, wherein: Rlis C1.6 alkyl

or C36 cycloalkyl which in each case is unsubstituted or substituted one
10oimaorer times vioyh- Al it HCFe B; NGBV e ot dfyidheoiykRiBristhe compounds of

thEYRIBRMMMBIGNdR UBRIBSITERT A SSRSHIHIR CRGQIMATEHIGR M tically
5 ac%ft-%%ilfyl, and/or C14-alkoxy, R142is 0.6-alkyl, halogenated 01.6-alkyl,

RSB ECER) O HAE Kikyl, heteroaryl or C6.14-aryl: 20Y is COORT:
and R79€H aB1l-0nCallaiaratt8ll4 aryl. In accordance with another
preferred embodiment of the invention, the compounds of the 25 present
invention ari—z elected from the compounds of formula (IB) and

pharfhat&YHRARY he R A LR HETet SYORETSRC RISLCCT B RhDrSPESE: Cre

cyclaakylor Ci4-allRByis cyclohexyl which is unsubstituted or substituted
10 one or more times by OH, C1-4- 30alkyl, and/or ClIA-alkoxY; WO

2008 OE%?C gk?e(k\'y][/v(%éghogllgt?s%?gt%ﬁ oraxle or more times by OH, F, Cy.4-alkoxy, or Cy4-

alkyl;

Y is COOR’; and
15
R’is H or Cy.4 alkyl.

In accordance with another preferred embodiment of the invention, the compounds of
the present invention are selected from the compounds of formula (IB) and pharmaceutically
20 acceptable salts thereof, wherein:
R' is methyl, ethyl, propyl, isopropyl, butyl, sec.-butyl, tert.-butyl, cyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl which in each case is unsubstituted or
substituted one or more times by -NH;, NHCH;, N(CHs),, or hydroxyl;

25 R® is cyclohexyl which is unsubstituted or substituted one or more times by OH, Cy.-
alkyl, or Cy.4-alkoxy;

R® is cyclohexyl which is substituted one or more times by OH, F, Cy.s-alkoxy, Ci.-
alkyl, or halogenated Cy.4-alkyl;

30
Y is COOR’; and
R’is H or Cy.4 alkyl.
35 In accordance with another preferred embodiment of the invention, the compounds of

the present invention are selected from the compounds of formula (IB) and pharmaceutically

acceptable salts thereof, wherein:
13




14 R6is or 40 R146 is C1.6-alkyl, halogenated CI 6-alkyl,
C1.6-alkyl-00-,-S(0)0.2C1.4 alkyl, heteroaryl or C6.14-aryl; D Y is COORY7;
ano Hosakdazalkyl or C6.14 aryl. 10In accordance with anothegprefarrech2064
embodiment of the invention, the compounds of the present invention are

selegiedsfrapirihe eQMPYHER, Ofsiprapsia @@%@n%&’rﬁﬁ?@c@ﬂpcﬁb%bt cyclopropyl,

acce taltél)eg gﬁltst ereof wher%Ln' R1 1s C1-6 alkyl or C3.6 cycloal

whichin ' &5 Ffsfl}}ﬁ"s,%&f ?@%f%k; substituted one or more times by
-NH2, NHCH3, N(CH3)2, or hydroxyl; 15 R5 is cyclohexyl which is

unsuRstiteieBixSURRTHNIE AANBs BN BINRS I RN drdn @k nROE(PBH, C,.,-
Ci.4- QXT{;O&QG is 20 R1' is C1.6-alkyl or halogenated C1.6-alkyl; Y is

COO BRPIH, C1.12 alkyl or C6.14 aryl.

R® is cyclohexyl which is substituted one or more times by OH, F, Cy4-alkoxy, Ci4-
alkyl, or halogenated Cy.4-alkyl;

10 Y is COOR’; and
R7is H or Cy.s alkyl.

In accordance with another preferred embodiment of the invention, the compounds of
15 the present invention are selected from the compounds of formula (1B) and pharmaceutically
acceptable salts thereof, wherein:

R" is methyl, ethyl, propyl, isopropyl, butyl, sec.-butyl, tert.-butyl, cyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl which in each case is unsubstituted or
substituted one or more times by -NH,, NHCH;, N(CHs),, or hydroxyl -NH,,

20 NHCH;, N(CH;s),, or hydroxyl;

R® is cyclohexyl which is unsubstituted or substituted one or more times by OH, Cy.«
alkyl, or Cy.4-atkoxy;

25 R® is cyclohexyl which is substituted one or more times by OH, F, Cy4-alkoxy, Cis
alkyl, or halogenated C;.s-alkyl;

Y is COOH.
In accordance with another preferred embodiment of the invention, the compounds of
30 the present invention are selected from the compounds of formula (IB) and pharmaceutically
acceptable salts thereof, wherein:
R' is methyl, ethyl, propyl, isopropyl, butyl, sec.-butyl, tert.-butyl, cyclopropyi,
cyclobutyl, cyclopentyl, or cyclohexyl;

35 R is cyclohexyl which is unsubstituted or substituted one or more times by OH, Cy.
alkyl, or Cy.4-alkoxy;

14




WO 2008/058393PCT/CA2007/002064 In accordance with another
preferred embodiment of the invention, the compounds of the present
IVERLiRN ks, selected from the compounds of formula (18)
pharmacebutically acceptable salts thereof, wherein: 121 is ég_](glé/&z)\ﬁogg/oozom

C3.6,gycloalkyl: R5 is.cyclohexyl which is unsubstituted or substituted one

o B DIE 1 Ry AR PRI O Ao Crv
R14aky6.05 halggiasehalegéndited C1.6-alkyl; Y is COOR7; and 15R7 is

H, C1.12 alkyl or C6.14 aryl. In accordance with another preferred

emhpdi of the invention, the compounds of the present invention are

selected from the compounds of formula (1B) and pharmaceutically
5 acceptable salts thereof, wherein: 20R1 is C1.6 alkyl or C3.6 cycloalkyl

which dacerBieasRHMREP SR eI SRS HE S QRE iﬁ{}éﬁ_@f}ﬁ? WHESRYounds of
ICN IS
a

the lp\alrt'esz n'%tlﬁ%gﬁgh lyr%sg%%gé) ¥ rg%dtr}g)ex Xém?%ﬁﬁ%%%?o?ﬁ)(%q& %%k@’l‘,a%%%?ﬁ cally

unsubstituted or subs € one or mor
aceeptablcalty trsaos igherein:

R'is Cq.alkyl or Cy.4 cycloalkyl which in each case is unsubstituted or substituted one
10 or more times by -NH;, NHCH;, N{CHs),, or hydroxyl;

R’ is cyclohexyl which is unsubstituted or substituted one or more times by OH, Cy.+
alkyl, and/or Cq.4-alkoxy;

Rya
15 RS is :

R™ is Cy.¢-alkyl, halogenated Cig-alkyl, Cy.¢-alkyl-CO-,-5(0)o.,Cy.4alkyl, heteroaryl or
Ce.14-aryl;

20 Y is COOR”; and
R7 is H, C1-12 alkyl or C6-14 aryl.
In accordance with another preferred embodiment of the invention, the compounds of the
25 present invention are selected from the compounds of formula (IB) and pharmaceutically
acceptable salts thereof, wherein:

R'is Cyealkyl or Cy.4 cycloalkyl;

R® is cyclohexyl which is unsubstituted or substituted one or more times by OH, Cy.4
30 alkyl, and/or Cy.4-alkoxy;

15




R146 is 46-alkyl; WO 2008/058393PCT1CA20071002064 Y is C00127;
and H, C1.12 alkyl or C6.14 aryl. In accordance with another preferred
amtbadiknentof the invention, the compounds of the present Ve AR 064
selected from the compounds of formula (18) and pharmaceutically
acceptable s@tsathereof, wherein: Rl is C1-6 alkyl or C3.6 cycloalkyl; R5 is
cyclohexyl whiéh is unsubstituted or substituted one or more times by OH,
143 |n accordance with another preferred
he invention,the compounds of the present invention are

3 nds of formula (IS) and pharmaceutically
acceptable salts thereof, wherein: 25RI is C1.6 alkyl or C3.6 cycloalkyl
whiclréifs each case is unsubstituted or substituted one or more times by
-NH2, NHCH3, N(CH3)2, or hydroxyl; R5 is cyclohexyl which is
unsubstituted or substituted one or more times by OH, C1.4 alkyl, and/or
C1.4RalkisG - atk v DuesrebSosrutC AcUlI002668)RUa ryR6listeroaryl or
1:2143 isamethyl, ethyl, propyl, isopropyl, butyl, sec.-butyl, tert.-butyl; 5is
COORY7; and R7 is H, C1.12 alkyl or C6.14 aryl.

Y is COOR; and

R7 is H, Ci.12 alkyl or Ce.14 aryl.

In accordance with another preferred embodiment of the invention, the compounds of
the present invention are selected from the compounds of formula (IB) and pharmaceutically

acceptable salts thereof, wherein:

R" is Cyealkyl or Cy¢cycloalkyl which in each case is unsubstituted or substituted one

or more times by -NH,, NHCH;, N(CHs),, or hydroxyl;

R is cyclohexyl which is unsubstituted or substituted one or more times by OH, Cy.+
alkyl, and/or C.4-alkoxy;

; 148

R is Cy¢-alkyl or halogenated C,.-alkyl;
Y is COOR’; and

R’is H, Ci.12 alkyl or Cg.q4 aryl.

16




In accordance with another preferred embodiment of the invention, the

compounds of 10 the present invention are selected from the compounds

%B)Emy/{gé@i) and pharmaceutically acceptable salts there w@g&mmz% '

R1is C1-6 alkyl or C3-6 cycloalkyl, R5 is cyclohexyl whic

S e S BN Y O S s
thebwsﬂ?@éeymm, Q@réekﬂﬁw,fwf@ e@wdhﬁafdfqmwﬁg w@ndjprml:wtmauy
acc@ﬁté&ﬂeﬁ@‘lhﬂﬁﬁ@ﬁf)f@ﬂé@eﬁﬁ an aspect of the invention, the compounds of

the igventio R 5-(3,3-DIMETHYL-BUT- 1

-YN\BL r:l,&[ %@fﬁ%ﬁ I—R{%KQBERQ XY-CYCLOI IEXYL)-(TRANS-4-

5  METHYL- -CYCLOIIEXANECARBONYL)-AMINO]-THIOPHENE-2-CARBO
XYLKE ACIR0NAQ 2008/ QSGBABRITELS A2CAMIRE64ne or more times by OH, C.-
5-(3.3 alggl'gp(&_ B(,W;)& YNYL)-3-RTRANS-4-METHOXY-CYCLOHEXYL
)-(TRANS-4-
METHYL-CYCLOHEXANECARBONYL)-AMINO1-THIOPHENE-2-CARBO
XYLIC ACIDR !

5-(3,3- DIME&LHYL BUT-1- YNYh) % [(TRANS-4-METHYL-CYCLOHEXANE

CARBONYL)X§IS-4-

[1,2,4ITRIAZOL-1g¢L-CYCLOHEXYL)-AMINOFTHIOPHENE-2-CARBOX
YLIC ACID:
5-(3,3:DIMETHYL-BUT1-YNYL)-3- [(TRANS -4-METHYL-CYCLOHEXANE
CARBNYI,)-

10 (TRANS-441,2,47RIAZOL- 1-YL-CYCLOHEXYL)-AMINOl-TIIIOPHENE-Z-
CARBOXYLI
5- (3?{? D%I<I\E/'I( 9@%@6‘? R 57 s-4-HY DROXY-CYCLOHEXYL)-(T
RANS-LI-METHYLCYCLOHEXANECARBONYL)-AMINOFTHIOPIIENE-2-
CARBECOORICACID; 10
5-(3,3-DIMETHYL-BUT-1-YNYL)-3-[(TRANS-4-METHYL--CYCLOHEXAN
ECARBONY Ev'éét

15 METHYEPPERYDINGa Y AMINO]-THIOPHENE-2-CARBOXYLIC
ACID; HYDROCHLORIDE;

5-(3i3 QM%%%LAIO% W%ERBAH%&WIHBH&Y%%%A%MS of
CARBONYL 4-CIS[L IAZOL-1-YL-CYCLQ fornI%éYL)BAMfNO

th %’P—iﬁ‘rﬁ?:l EW %e& ?&t e compounds o [B) and pharmaceutically
ac&?&;@’»@ﬁmmme\wTE@WNYL) -34(TRANS-4-METTIYL-CYCLOHEXAN

20 ECAR‘BQN 'a?k or Ci.s cycloalkyl which in each case is unsubstituted or substituted one

(oS ﬁé&xf\@%ﬁh@ i

-YNYL)-3-KTRANS-4-FLUORO-CYCLOHEXYL)-(TRANS-4-METHYLCYC

LONERXANf{oAE AN )sAMINGt dtddQP ks diea MR BO XSt G| B: OH, ¢,
20In an emé)pdlgnen . the present invention provides a pharmaceutical
ﬁi or Cy.4-alkoxy:

composi
143
Q O -

R' is Cy.¢-alkyl;

25
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comprising at least one compound according to the invention described
herein and at least one pharmaceutically acceptable carrier or excipient.
Ivoneyemkndiment, the present invention provides a pharmaecauticab /002064
composition 25 comprising at least one compound according to the
invention described herein and at least one compound according to the
inve\r(lticc)ﬁ %ﬁ;s_cribed herein, and further comprising administering at least
one a 9 alaé‘gent chosen from viral serine protease inhibitors, viral
polymerase inhibitors, viral helicase inhibitors, immunomudulating agents,
antiexidantagenty, antiasterial agents, therapeutic vaccines,
hepatoprotectant agents, antisense 30 agents, inhibitors of HCV NS2/ 3
protease and inhibitors of internal ribosome entry site (IRES). In
anothexcesrisockrmeéiht atiotheriprpfevkicembetmdiinafitie doraptiwingha teapounds of

thO BRERIRGLIIbREFOLEIBE LA thenBverdsiapodRSCHPRINNRESIR B PRE REceutically
moy ?dd%tloal‘al a entﬁ chosen from viral serine protease inhibitors, viral
BB

Erafst HRIBRore ¢iFiM helicase 35 inhibitors, immunomudulating
agenkd iehtiokideer Ggenttnaimibacterial agents, therapeutic vaccines,
hepatoprotectant agents, antisense agent, inhibitors of HCV NS2/ 3
protease and inhibitgrs of internal ribosome eniry site (IRES). .. Ino
Com o ERBOATEN: B EaA G SHr AHintoPes B imEg By O Cor
admiplikterent Seduerlisiiy; In another combination embodiment, the
compound and additional agent are administered simultaneously. WO
20081058393PCT1CA20071002064 The combinations referred to
above may ¢ \?%niently be presented for use in the form of a
pharmaceyttal formulati ndthds pharmaceutical formulations
comprising a combinatipn as'flefined above together with a
pharmacebticalty a¥ce arrier therefore 5 comprise a further aspect
of the inventipn. The additional agents for the compositions and
combgngtions include, for example, ribavirin, amantadine, merimepodib,
Levovirin, Viramidine, and maxamine. 10The term "viral serine protease
inhibitor" as used herein means an agent that is effective to inhibit the
funcbhieftl@iifal serine protease including HCV serine protease in a
mammal. Inhibitors of HCV serine protease include, for example, those
com[%ougggges%ibed in WO 99107733 (Boehringer Ingelheim), WO
99/0773 oéﬁrlnger Ingelheim), WO 00/09558 (Boehringer Ingelheim),
WO 00/09543 (Boehringer Ingelheim), WO 00/59929 15 (Boehringer
Ingettigim) AWQRWEFB26HABMS), WO 2006039488 (Vertex), WO
2005077969 (Vertex), WO 2005035525 (Vertex), WO 2005028502
(Vertex) WO 2005007681 (Vertex), WO 2004092162 (Vertex), WO
200409298 dange Meésh aggther GusEIBIEPodineR), itednosIbeT.dbg compounds of

tHVrEax: W OH 1336Q dMedtesh ardVOABLLAG/ S eYeniax ) BRbekerfceutically
a C‘%ﬁ%ﬁglymgﬁ? '%érfﬁl'%ig%%: as used herein means an agent that is
€

ective 1o inhibit the tfunction of a viral polymerase including an HCV
polynfeigSe Al nafmaic Rt FcBibeaghgeIsaie KIS ePR ENTg@ or substituted one
non-rutctensidess tor -examplerhegggrapbydres,gescribed in: 25WO
03/010140 (Boehringer Ingelheim), WO 03/026587 (Bristol Myers Squibb);
WO 02/100846 Al, WO 02/100851 A2, WO 01/85172 Al (GSK), WO
02/09842 £YAREIK YT DENSEs S ERIEPER) DIty GS /08226 ETAVIERER)PY OH, Cioer
WO Qilk4l7 883/ 61apankebacco), WO 03/000254 (Japan Tobacco) and EP
1 256 628 A2 (Agouron). 30Furthermore other inhibitors of HCV
polymerase also include nucleoside analogs, for

18




example, those compounds described in: WO 01/90121 A2 (Idenix), WO
02/069903 A2 (Biocryst Pharmaceuticals Inc.), and WO 02/057287

A Mesrkilsis) and WO 02/057425 42 (Merck/Isis). 35Specifie0¢anipi8so64
of nucleoside inhibitors of an HCV polymerase, include R1626/ R1479
(Roche), R742 (Roche), MK-0608 (Merck), R1656, (Roche-Pharmasset)

and Valopicitdbine (Idenix), 2008/058393PCT/CA2007/002064
Specific les of inbibitqrs Bfan HCV polymerase, include
JTK-002/003 and dJrTK 09 (Japan Tobacco), HCV-796 (Viropharma),
GS-9190(&ledd), and RP-868,554 (Pfizer). 5The term "viral helicase

inhibitors” as used hereinimeans an agent that is effective to inhibit the
funatfal of a viral helicase including a Flaviviridae helicase in a mammal.
"Immunomodulatory agent” as used herein means those agents that are
effquLve to enhance or potentiate the immune sgstem response in a
mafhmisi MEMLSEMb AIRRMO S SRJERYS PEIHICHSEEP YO elembidYblass |
interferons (such as a-, [3-,8- and n- interferons, T-interferons, consensus
intepfﬁregékan%gsialo-interferons), class Il interferons (such as
y-interferons) and pegylated interferons. The term "class | interferon” as
used herein means an interferon selected from a 15 group of interferons
thatrals Bindl ipategleptar. typgll. This includes both naturally and
synthetically produced class | interferons. Examples of class | interferons
include a-, p-,8- and n- interferons, rvinterferons, consensus interferons

andhEFSRRIER AT RNOHMRE RERT AR R ROMTRS AL I ing I ERFPRe H FomPpounds of

10 thepesastanentdsfeaanssielaeteftdrotheac grouwpral iot éoferaa g It andlphanddceutically

15

20

25

acg&ﬁgﬂt@gﬂp&gre@gqmp}@ﬁ]pf class Il interferons include y-interferons. 20

Antisense agents include, for example, 1515-14803. Specific
exaripleS o PHiBiEr YF19EKY'N53 protease, include BILN-2061

(Boehringer Ingelheim) SCH-6 and
SCH5R3QRHRRPERFRANHSEREFREHE W RLIYI  REPERLE Bt VIRIES Y B, C, .
and IT N-B (InterMype),GS9132 (Gilead), TMC-435350(Tibotec/Medivir),
ITMRYY922 t%rrﬁldi%g? K-7009 (Merck). Inhibitor internal ribosome
entry site (IRES) include 1515-14803 (ISIS Pharmaceuticals) and those
compounds gesgribed in WO 2006019831 (PTC therapeutics). 30 In

one embodiphént, the additionatjzagent is interferon a, ribavirin, silybum
marianurmy Ieukine-i,;jmaﬁ‘tadine, ribozyme, thymosin, P4-acetyl
cysteine gr cyclpspprini 35Injone embodiment, the additional agent is
interferon , interfer 8

b
i

+

R®is ;

R™ is methyl, ethyl, propyl, isopropyl, butyl, sec.-butyl, tert.-butyl;
Y is COOR’; and

Ris H, Cy.12 alkyl or Ce.14 aryl.

According to an aspect of the invention, the compounds of the invention are selected
from:
5-(3,3-DIMETHYL-BUT-1-YNYL)-3-[(TRANS-4-HYDROXY-CYCLOHEX YL)-(TRANS-4-
METHYL-CYCLOHEXANECARBONYL)-AMINO]-THIOPHENE-2-CARBOXYLIC ACID;

19
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interferon a 2A, or interferon a 28. WO 2008/058393PCT/CA2007/002064
Interferon is available in pegylated and non pegylated forms. Pegylated

ipterigsansinclude PEGASYS' and Peg-intron”. 5The recommpefdgssias8oss
of PEGASYS' monotherapy for chronic hepatitis C is 180 mg (1.0 mL vial

I ﬁﬁ%ﬂr ) J( S,
A D L w?&%ﬁ%%%%{%%%ﬁ%%% :
5. (l_i? EGABYSYMBEn- us@@wn)gqmimnaaonm kpavAFi fou E?cxs-zz-

(1,4 B mg! (YI0awicMiaiex VL5 minpoafitlerh Bpmnge)- omweeﬂsﬂ(y ACID; T
5- (dér@%@ﬁmmmma(ml@wm@{ammmmCDN(YL)
(T%IWedd He4ER KO b SELhBUIPHE NI nitEN L o T QREp Hre rit AddpeRulAg

? se characterj cs enot res onse to thera
2 A -4- YL-
‘g% fﬁ?&{%‘%@%m %ﬁ@%ﬁ;@%@ aRnThe

M(Eimﬁs by advrmp aip WMUR?M@%ID HYDRUPERN ORIDE;

5- @@ DiNSEReT BUD MIALDR (Wil NsaMviBT the resemprandedsdase OkyL)-(4-CIs-

[1.BEGRRTDILrbiY Is S IR FO0Y ajnsiK/RIeERIOPHENEcne ARmbadinie mCiral

5- @ér St AFEURAIDIOF s B {ERANSIAMEEHNE -EPOte QSE MBIt RRODNS.)-
frh%ﬁFW%‘leﬁ‘eﬁ%@%ﬁHﬂ%&XF MMQMW%QEW&%@OXYUC

g@@ﬁgﬁm@g&w e B e e

inhibitor is HCV serine protease inhibitor; 30viral polymerase inhibitor is
HCV olxmer se inhi |t V|ral hetllcase énhlblt0r§ FICV helicase, .
|nh|b|F aﬁn g’?lené SdiREhE e PHOCRHTEh AP ArBgRsuLgl composition
CORITRIOE Pérlﬂaéh@ﬁg @?Wé‘&@hﬁﬁ@ﬁmbwméaévenﬁomﬁ@@‘tmﬁw&msﬁnd at least
oneRgHtRIndaeistepnb o hadiastadpidherapeutically effective amount

of at least one compound according to formula I. In one embodiment, the

viral infection is chosen from Flavivirus infections. 23
In one embodiment, the present invention provides a pharmaceutical composition

comprising at least one compound according to the invention described herein and at least
one compound according to the invention described herein, and further comprising
administering at least one additional agent chosen from viral serine protease inhibitors, viral
polymerase inhibitors, viral helicase inhibitors, immunomudulating agents, antioxidant
agents, antibacterial agents, therapeutic vaccines, hepatoprotectant agents, antisense
agents, inhibitors of HCV NS2/3 protease and inhibitors of internal ribosome entry site (IRES).

In another embodiment, there is provided a combination comprising a least one
compound according to the invention described herein and one or more additional agents
chosen from viral serine protease inhibitors, viral polymerase inhibitors, viral helicase
inhibitors, immunomudulating agents, antioxidant agents, antibacterial agents, therapeutic
vaccines, hepatoprotectant agents, antisense agent, inhibitors of HCV NS2/3 protease and
inhibitors of internal ribosome entry site (IRES).

In one combination embodiment, the compound and additional agent are
administered sequentially.

In another combination embodiment, the compound and additional agent are

administered simultaneously.
20
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WO 2008/058393P CT/CA 2007/002064 In one embodiment, the
Flavivirus infection is Hepatitis C virus (HCV), bovine viral diarrhea virus

(@%QM%/@?%fholera virus, dengue fever virus, Japanese en%ﬁ?)@&%?mozom

virus or yellow fever virus. 5 In one embodiment, the Flaviviridea vira

infection is hepatitis C viral infection (HCV). In one embodiment, the

present invention provides a method for treating or to preventing a

FlaviVitdeRmpieatiane cibel ifdat A SSOo MY Sing erifiHisREriRg 1o e Fisks in the
fotheshpe phisatyceffectiviearortioh ainat thasbarenaesipeantbaeaardiNg démprising a

: . r ol Y - Nictering a

e el e el Vi o AR AU B thererore
COfPASP BIYYRERIBRRAHISHENS, iRt KElicase inhibitors, immunomudulating

agents, antioxidant agents, antibacterial agents, therapeutic vaccines, 15

hepatgpr canti inhibitars. of. HCV. N 3
ot AR RS B e o g, D VBt et or exame
ribaippdRmaradierd R iBieRadBe £ YAutibd Tamidinsittng Givemivtg the

activity of viral polymerase in a host comprising administering a

h j A ' f.20. di .
.t eraﬂ%ﬂ{gﬂ”y \%ﬁaq b‘fﬁmé‘rﬂ%‘&?ﬁi% x%ﬂﬁt%?”h%oﬁf{é%ﬁ»‘éf&'h 'Bgaﬁ%;[/l ﬁeaé?%nt that is

C
invention described herein. n one embodiment, there is | '
effReiiNB AraTRHiBRfGRAtRSbRIcHRg el SREIDRPERGRER HElyAing BSY RerdnRGsptease in
a oﬁmmkeingqﬁﬁdttdrﬂ_stﬁringva stéremapﬁmmléy i_hff&ﬂﬁz\/efa_rmmﬂm;ﬂé,a those compounds
dSERREYNY LIS [BIERHEHARURRENBLO R, ABEIHIIE ingetneim), wo
polymera Ibitors.’In

comprising 25 admlnlsterln one or more vira ein

00 AL eniinRiBRer vIRSPBSHThe i Se §/9%r VRIS HENER A 18RIPRERAs & fh 00/59929
(Boeteriegabarietaritn iralcpOLy0KaTse (V) RMA-AOPEINIaSE RIACG!YWEIZBE077969
(V@Pcéi?),0WbWQ%”EVX&E@&PW@S?%%‘Z‘%RQ&XW%@soysE’P‘?Ver_tex), WO

combinations referred to above may convenlentlﬁ lﬁqgresente for use in

20p10%0Hh S tBRanM3 AONAEHA "R YSTARSh X4 Priveessiticf WO 03/087092
(Virtex)| A0 102 /d8Bop rivente ) 3T BIHHINZRTON s t@efined above together with

a pharmaceutically acceptable carrier therefore comprise a further aspect

of the jnvention, WO 2008/058393PCT/CA2007/002064 The _ ,

individDal T8 G T 64T R tn S e 1t SPE RN ARE Rt bl effective
tociibihatierisnotitire gbresert ipvbymtionseniyg lbdirg arinisié rpalyoititese in a mammal.
InfRfRNRILEY SiBlHanee uRIN A GRARE s kR PIBRARIARBACEHICat ompounds

formulations.
described in:

WO 03/010140 (Boehringer Ingelheim), WO 03/026587 (Bristol Myers Squibb); WO
02/100846 A1, WO 02/100851 A2, WO 01/85172 A1(GSK), WO 02/098424 A1 (GSK), WO
00/06529 (Merck), WO 02/06246 A1 (Merck), WO 01/47883 (Japan Tobacco), WO 03/000254
(Japan Tobacco) and EP 1 256 628 A2 (Agouron).

Furthermore other inhibitors of HCV polymerase also include nucleoside analogs, for
example, those compounds described in: WO 01/90121 A2 (idenix), WO 02/069903 A2
(Biocryst Pharmaceuticals Inc.), and WO 02/057287 A2(Merck/Isis) and WO 02/057425 A2
(Merck/Isis).

Specific examples of nucleoside inhibitors of an HCV polymerase, include
R1626/R1479 (Roche), R7128(Roche), MK-0608 (Merck), R1656, (Roche-Pharmasset) and

Valopicitabine (idenix).
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5In one embodiment, the present invention provides the use of a
compound according to the invention described herein for treating or

preyantingskiaviviridae viral infection in a host. In one gmbrAEN 2064
the present invention provides the use of a compound according 10 to the
invention described herein for the manufacture of a medicament for

treating oQr. preventing a.viral Flaviyiridge jnfection in a host. In one

embORFA L BT LT B B GBS H 158 JPe et 9 005 and Tk
10actmatingtiacton inVértiohViresbritred Her PG itehibitang ditré68ioirg(Riiger).

activity of viral polymerase in 15 a host. It will be appreciated by

those skilled in.the art that the compounds in accordance with the present

v B DCe SRR Cre {58 QST OB A S B orectve to
inhieit hetfiatiriobmditehhe)canel ioowftinmafitrviiikinn bed (apeidd amohmmal.

equatorial). All such 20 stereoisomers are included in the scope of the

present inventign. It will be appreciated by those skilled in the art that |

the o BT SeL e RR A e e e S & Tecive (o
enbhriml cemee_nﬂat_e dmﬁpwndmfefmmwamv thoerist. itmienonedaftary agents
indiliRT&0} QRIIGRIISORISISiAE f47aneT uk RRABHOBI SInAbSHH 4R ons, r-interferons,

enantiomers and mixtures thereof including racemic mixtures are included
CopSRAMHIRE WETHB A thastAR B FPRY) skt b BHEHERSBMSHT BnkiRtgHrgPns) and
pegglatbe nbisieredsby method well known in the art, such as chiral HPLC,
enzymatic resolution and chiral auxiliary. In one embodiment, the
compounds of the present invention are provided in the form 30 of a single
enanfiBmE Bt i3St Y5V R SR S0Y RS PRI IESSPD Y, HiEEBfoselected from a
grogsrespotwliiagenantioatiebind tdrrectptire typmodinienhdhaesobpbundupdlly and
' i red 1) [ St9p% o o
o e Sl PRI AL I o -0
angh EcoRIPAEIASof A PFBERIt IFRBRNSH dREelfefRBsfane afitteiptgrierons. The term

"cRpaNtigaesahleasistd Hefeae méihe £OTHesPaRH IR DearsHAMPsuR 2 Wierferons

thgto Ql?%%%%%%%%gg\r/&%g 9?/8(%21'\0?5'5 of claIQs q ?Hg:rgr] erroeﬁ]%%girge%ggﬁerons.
compound o present invention are 1n'the form of the (+) enantiomer at
least 99% free of the corresponding (-) enantiomer. 5In a further

embagimene Hieomaadadeobthaneesnt ypgention are in the form of
the (-) enantiomer at least 95% free of the corresponding (+) enantiomer.

In a further embodiment the compound of the present invention are in the

form SReHEq-PaRRttiobh PREPTRAS 0O NGNS or ekrassoriedpdm@ihl 201 (Boehringer
in@nR&tHONIen-40and stR-3d3uthes Reedinenirthe menrp Ui ahthessesatvertex)

invention are in the form o -) enantiomer at % free of th )
angor?ﬁﬁéhn dlnnée(r-l&-ﬁugﬁ%ntio%egr%& ?&?ead?, q'rM% J?%%ﬂbotecﬁl\emw%, ITMN-191
(InterMune), MK-7009 (Merck).

inhibitor internal ribosome entry site (IRES) include 15IS-14803 (ISIS Pharmaceuticals)
and those compounds described in WO 2006019831 (PTC therapeutics).

In one embodiment, the additional agent is interferon «, ribavirin, silybum
marianum, interleukine-12, amantadine, ribozyme, thymosin, N-acetyl cysteine or
cyclosporin,

in one embodiment, the additional agent is interferon o 1A, interferon o 1B,

interferon o 2A, or interferon o 2B.
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There is also provided pharmaceutically acceptable salts of the
compounds of the 15 present invention. By the term pharmaceutically
%%B%R@ﬁ?lts of compounds are meant those derived frorg T/CA2007/002064

pharmaceutically acceptable inorganic and organic acids an %ases.

Examples of suitable acids include hydrochloric, hydrobromic, sulphuric,

nitric, perchloric, fumaric, maleic, phosphoric, glycollic, lactic, salicylic,

succinterfgisuiseaypisatitshimire aeatad cnscesic peiMlasesatsetis, Ciedrated interferons
indnEtherEsHhemedeiRtienvenzoic, matonic, zo naphthalene-2-sulphonic

and benzenesulphonic acids. Other acids such as oxalic, while not

themselves pharmaceutically acceptable, may be useful as intermediates

in obfamnsgomaasieheesedel FEFASYRVemaoetkaiarh&r shenisshenatitialky is 180 mg
(1 aceqptablecacidsaglition Sris. ssatise desivedveeRryariNasGidslareyaladcutaneous
2 dir‘q%ggrggogei%ﬂlfé%%i&innee, (I)_r-hi{s'ne). 25 Salts derived from

appropriate bases nclude alkal metals (e.g. sodium, lithium, potassium),

alkaline earth metals (e.g. calcium, magnesium), ammonium, NR4+

(WhetpeRrig drinéhaddybosalts, mm“aﬂ%ﬁf@mmm@ﬁ#ﬁ%ﬁdﬁﬁﬁf@\”%avirin for
hereipafter to.a c ound.a corc‘in t tthla invention inclydes that

g R s R b ST e
embodiment of the invention, the pharmaceutically acceptable salt is a

sodiurResgdtly3os¥Véd RBaDis B0 THe A2 QR0ELRR2RGK nisterkd ORRLY in two divided
mbadiment of, the inventian, the. pharmagceutically acceptable salt is :
O e o T B e AT PR o Baefhe isase
charrataTisEist {Rally2areidpeibiespansista hejarysaithidlanability ¢hthasegimen.
embodiment of the invention, the pharmaceutically acceptable salt is a
tromethamine salt. 100 on odiment of the invention, th
prari B et AR PR SR MY B e cubeaneousy

foppppeepitddbyRtodedtibe admirieteredirathes ¥patRLrfdaarvaekordance

with the present invention can exist in different polymorphic forms. As

knowﬁdgnt%%rﬁﬂisgéﬁpmngg _k%@o‘? @ﬂt@ﬁ:y%%?t%%mggow&?ded dose of PEG-

crystallize as more than one distinct crystalline or™"polymorphic” species.
INKOR Aty hroFBH 98rared 8/ ¢r$—%alline phase of a compound with at least two

different arrangements or polymorphic forms of that compound molecule

in thQrﬁQHQ §Fﬁ’6§diﬁ1@h@p%ﬁhi§emm&ggﬁy i QliuYtﬁEbF(?{nao ?Hg,\gi ﬁ&ge(_j?efmw%dprotease

_ b%_the same chemical formula or composition and are as distinct in
inRRiical structure as crystalline structures of two 20 different chemical
compowndsmbodiment, viral polymerase inhibitor is a flaviviridae polymerase inhibitor.

In one embodiment, viral helicase inhibitor is a flaviviridae helicase inhibitor.

In further embodiments:
viral serine protease inhibitor is HCV serine protease inhibitor;
viral polymerase inhibitor is HCV polymerase inhibitor;

viral helicase inhibitor is HCV helicase inhibitor.

In one embodiment, the present invention provides a method for treating or
preventing a Flaviviridae viral infection in a host comprising administering to the host a

therapeutically effective amount of at least one compound according to formula 1.

In one embodiment, the viral infection is chosen from Flavivirus infections.
23




It will further be appreciated by those skilled in the art that the compounds

in accordance with the present invention can exist in different solvate

farasofarsexample hydrates. Solvates of the compounds of therguentianzos4

may also form when solvent molecules 25 are incorporated into the

crystalline lattice structure of the compound molecule during the

crystallization process. Unless otherwise defined, all technical and

scienBiffN fefRERGEBeEN hetREn DA S AMEBEaMmiS M%%ﬂ‘ilH@ QyiEhififoriybovine viral
diairdarstaad Hpeyenod ohdlnaryiskd|l dertbes devio wihish tipsrieseeaticaphalitis virus or
e@ 9S, Al publications, patent applications, patents, and other

references mentioned herein are incorporated by reference in their

entirety. In case of conflict, the present specification, including definitions,

will cantied. Bmaddiitient, thisenfédesialdeaeittad dsfeanidre xahgplastar€ viral infection
HH[}Etrative only and not intended to be limiting. 35 The term "alkyl"

represents a linear, branched or cyclic hydrocarbon moiety. The terms

"alkenyl" and "atkynyl" represent a linear, branched or cyclic hydrocarbon

moiety whicle@Bodiviar2 1) 0&/0h@Sa3 PGVdRAR0PmE02064 Inathothefar treating or
1o pr) és?% 3%@9&%&%%5 fifendy nm&'eaeamﬁ%gngp%%m&mgaék%ﬂxthost a

t groups |nc ut are not limited to methyl, ethyl, propy
th%ﬁ%ﬁ%lbﬁﬁeﬁ%ﬂoé@k Hubfl, RATLLRRG! BEWEHD GB%Q{ﬁ}Pgné%ﬁEﬁtwve“t‘on
dekeribpentiytetexyld kothexydompodiexgbraitydtaringlaatealkylenytaddhideslydgent chosen
fr&ﬁoa?ﬁy%ehqf%p B? %Yé HiGRY 'WV&?&%@}@@%&MQ};}QP% icase inhibitors,

pentenyl, pentadienyt, hexenyl, hexadienyt, hexatrienyt, hepten
“W@b‘%{m@H t’%ﬁ&ﬁ%ém?f‘t@éféﬁ% %ﬁ&uéﬁlb%ﬁiﬁbﬁ%”&t%@f@éwﬁ vaccines,
15 hapeopyroyéchuity ayénpe niytivghdacaganys, dylclaipsopy, WCINMIp@ehsblandnymbltors
oqu%%ﬁ%fﬂm@&%y&{8hm$ Where indicated the "alkyl," "alkenyt," and

Ikynyt" can be optionally substituted such as in the case of hatoalkyls in
which one or more hydrogen atom is replaced by a halogen, e.g., an 10
alkylhaisde .cbrbadipkes  ofhbed oabeplsdedtla de thiat! doe inbiblitinigest teducing the activity
oftoﬁgpfssm%ﬁﬂxée wly%mxh gemﬁmm Cahtlh@FQE@@lety effective amount of

dich orometh chloromethyt, trif uoroet@/ Iuoroet yl, fluoroethyl,
20 2 REMBHBR AT B CB G SR BB AR o omethy!.
chlorodifluoromethyl, dichloroftuoroethyt. Aside from halogens, where

indicategh g alighaikenyt @¥s%§i®<ﬁ3’éaﬁ£%&%&@%ﬁlﬁ%}ﬁ&%H@@U&’mg the activity
substituted by, for exam le, 0x0, -NRdRe, - 15 CONRdRe, =NO-

© Nﬁﬁ‘é@‘ﬁ@e@éﬂ)‘a@“08(’59(1‘#%58)’53@8@1“‘5&%88% &%ﬁbapé‘it‘éaéwlfé%}“iﬁza'@°“m of
a atieempdoxy, @26 difieynydoxtiie -NERaO(=NRsIRIR getejarad, hitrder comprising
25 o IRRNROCNE e SRre HiONBa, COI0Ra , NRIC(ORe,
SO2NRaRb, NRaS0212b, NR,SO02NReRc, CRaN=0ORe, and/or
NR,COORD, wherein 12"-R1 are each independently H, C1.4 alkyl, C2.4
alkeniyt areGhdodikyamyt. V2QT b yimemase' oy I avksitTd aand rat polgaléeng
represent a cyclic hydrocarbon alkyl or alkenyl respectively, and are

meant to include monoc loh iro, (e. piro
2 S BRAERERTE g  RLBHE Ol o R A DB T R e
30 bicyclo[2.2.1] he ptanyl) hydrocarbon moieties. 25The terms "atkoxy,"
"atkeny ReYemBBEinfik/ YN0 RRFESERHIY Alitlymaik@nyt or aticynyl
moiety, respectively, which is covatently bonded to the adjacent atom
through an oxygen atom. Like the alkyl, alkenyt and alkynyi groups, where
indicatbel tembkitiasions aikienadxy ahevalRypyytoryegieipssanrassotee for use in the

fo‘?ﬂ'@ﬂ%”wfa%ﬁ%&%{ WB‘@&;'%ﬁ@gg@%g@i%&@u“ﬂae%ﬁﬁm@m@%mpnsmg a
ethox ro iISORro oX isobutox c-buto
35 cqgﬁl 8%7?;85%/ g) gbb&éﬁﬁ) ’pl go%@mwﬁg %%?Yp%crﬁﬂ%@e carrier therefore

cmMymwqutd)hexwamftmlﬁmummhoxy and neohexyloxy. The alkoxy,
alkenytoxy, and alkynytoxy groups can be optionally substituted by, for
example, halogens, oxo, -NRdRe, -COMRdRe, -NReCORe, carboxy,
-C(=NRd)NfteRf, azido, cyano, - N(Re)C(=NROHRIfRg, hydroxyl, nitro,
nitroso, C1.6 alkyl, C2.6 atkenyt, C2.6 alkynyl, - 35 N(Rh)CONR,R),
S(0)0.2Re, C(0)R,, C(0)OR,, =NO-Re, NR,C(0)Rb, SO2NRaRb,
NR,SO02Rb, NRaSO2NRek, CRaN=0ORe, and/or NRaCOORe, wherein
Re-R.5 are each independently H, C1-4 alkyl, C2.4 alkenyt or C2.4

Aallexrnyvl The tarm "arvl" renracante a carbhoevelic moietyy containinA at
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5 not Limited to phenyl, totyl, dimethylphenyl, aminophenyl, anitinyt,
naphthyl, anthryl, phenanthryl or biphenyl. The aryl groups can be

qptionallyssulstituted by, for example, halogens, -NRdRe, -GENRERE 1002064
-NR<LCORa, carboxy, -C(=NRd)NRA, azido, cyano, -

N(RDC(ZNE i vk pitrg, Nitrese, -~ Ri 6.alkyl.
CZ-& éﬁﬁ%&\éﬁe gﬁ%y %1%%%%’%@%?%92 .'%M 6(1[ en%g%g, @Egé he 'MY_‘EO” or
comDALRTRY 05 (8)8. ARESEBptibMENY BULBAYLRE RO SErREnfiichetepysRyially or
singttoraliytysinbstituted &-dBnieadodrheteroairalkipnogtioaally substituted ~

3-12 member heterocycle, optionally substituted 4-18 member

heterocycle-alkyl, C(0)R,, C(0)ORa, NRaC(0)Ra, SO2NReRb, NReS02Rb,

NRaBEOR EBRIER N LTRSS SRR SO s Wieres P Ra GRBRYEE 4eFPrding
to itrebejpeettemtlyebdriGdi ralieph, ©F Healienyl aro2ndiadliiayilkiddae virthnfection in a
hosgralkyl" represents an aryl group attached to the adjacent atom by an

alkyl, alkenyl or alkynyl. Like the aryl groups, where indicated the aralkyt

groups can also be optionally substituted. Examples include but are not

limitdd tadbembydidenz ird myedeity inpberietipybvBieheeybprar\d compound according
to ZIRNERURIGRY e e yiuRy APd 20 AR eviractyL. YRS IR ating or

the aralkyl groups can be optionally substituted by, for example, halogens,
PreXERUIRE? YEBRIRAHEIANRIGEBRY 288bxy, -C(41Rd)NRaRY, azido,
cyano, -N(Rd)C(=NRe)NR,Rg, hydroxyl, nitro, nitroso,-11(ROCONR,RI,

CL.6)alkyd Lo SaERRYENE BrBsalitiRVnidh & AU bRk BEMID d according

C2.6 alkynyloxy, 5(0)0.2Ra, optionally substituted 5-12 member .
o LGRSO ATSAHRY CEuh o IR, RS R oS o3 sy ase
a lmgbstituted 3-12 member heterocycle, optionally substituted 4-18 member

heterocycle-alkyl, C(0)Re, C(0)OR, NRaC(0)Rb, SO2NReRb, NRe502Ra,
NReS0-4NRbk, CReN=0Rb, and/or NRACOORa, wherein Ra-R, are each
e by EPrEE IR RSB FRIBE{) P A g TR Gafppoccordance
witheteg opseskatt ripypationtsam ofiie riallstedoivmess, (fronexpowiatipsisalrdtednd -),
geBhpattally sauAted M arRin sMisheYelbnANGishkis IRRURMEdRYAREIRASt All such

one. heteroatom e%egtecé from OXYgen 0 sutlfur éSQ.or nitrogen (N).
sttﬁe(%isomers are incluged in the SC%I?E e Sei\ mven IOIL__L .

eterocyclés may be monocyclic or polycyclic rings. Examples include but

are not limited to azetidinyl, dioxolanyl, morpholinyl, morpholino, oxetanyl,

piperazinyl bpipgsidilateparidige kil CPPGRIARYIRAOIMb compounds in accordance

wity %l%oer%ts%?%‘?%v‘@k&'io%ycéﬁ%%g i %a%a\’v@%{eer.‘W‘?Jcactoeﬁ?gf}ﬁ‘n%shg%efa‘?%?é‘%way thus
groups can be optionally substituted by, for example, halogens, oXo,
eXNRURBC fHRRgREve Niffaent- RRiGEORE et bHEXyHC=NReNNEeRers). All such

erddtion@yand, miEurbi(Baredf-NRUIRERecddravytureirareiEQsi2d within the scope

-N(R! Rj, Cl1.6 alkyl C2-6 atk .6 alkynyl, C7.12 aralkyl
of e e R P BB B b R etnod veu
knewd ¥otBRArtCBIaDAaRTBRYHELS 1 aresikyEseletinn angidbital auxigiyxy,

C(0)Ra, C(0)OR,, NRaC(0)Rb, 502NRaRb, NRaSO2Rb, NRaSO2NRE,R,,

CR.N=QRb . . o .

Ol e e RS, BRIEhi: BRI - EBRRRAT e o
ofvp StRgl5cHRIBLINGF Feiesehte ah ptlo zZﬁlyl?”SJB‘s{ﬁﬁe%P%éfé?o%fyHPé grEgpPonding
eratitioimed to the adjacent atom by an alkyl, alkenyl or alkynyt group. It is

understood that in a 5-18 member heterocycle-alkyl moiety, the 5-18

member 10 represent the atoms that are present in both the heterocycle

moiet) A" the ARAOUREM HS HRAYNYrBUE SFIFSRARHRIL PR 671 diRg form of
thgreyipsat®eacatipas 96 Hyeao? tmecobestuetingcyctasabithérepresents

the attachment point): CH3 CS)) CC:)\--\ 15Where indicated the

heterocycle-alkyl groups can be optionally substituted by, for example,

halog8rfs [ RPN ARERARBOUNIRRIC SRS eteapifxgntion are in the form of
theQ(4 EReYINReRat dezisto 76y ame of YR ) ¢ Risb R Resripererxy|, nitro,

nitroso, -N(Rh)CONRIRI, C1.6 alkyl, C2.6 atkenyt, C2.6 alkynyt, C-1.6

alkyloxy, C2.6 atkenytoxy, C2.6 alkynyloxy, S(0)0.2R8, C6.10 arYi, C6. 10

aryloxy, C7.10 arytalkyl, C6.10 aryt-C1.10 alkyloxy, C(0)Ra, C(0)0122,

NRaC(0)Re, =NO-Re,
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20 SO2NRS8tit" NRaS0212,,, NR,S02NReRc, CRaN=0ORb, and/or
NR,COORe, wherein Ra-Ri are each independently H, C1.4 alkyl, C2-4
atkenybrs6sg:4 alkynyl. The term "heteroaryt" represent$ap ca2007/002064
optionally substituted aromatic cyclic moiety wherein said cyclic moiety is
interrupted by at Ieast one heteroatom selected 25 from oxygen (0), sulfur

(S) or nitrogen (N). teroar Is ma yclic or polycyclic rings.

ExaribRA TR OO BRI L D ST gB e T e form of
th@lﬁﬁ@pmymfdﬁhmdﬁzﬁﬁw ﬂ‘maﬁé‘mr@w refipoizdiogyt; ) femarjerisooxazolyt,

isothiazotyl imidazotyt oxadiazolyt, oxiranyt, oxazinyt, oxazolyt, pyrazinyt, -

pyrid zm rimi rigyl olyt rro rrolidin

thlatr? Foly tr%z% %dﬂa}/zo{)%%gtpgéﬁy éwf Y&ﬁ"@ Pare Whe form of
th@etrhqrﬁytlcmmchhhqm}t?ﬁ%afmmf thmmﬁmsn@ndméﬁﬂnmmm@kazolyt,

imidazothiazolyt thienoisothiazolyt, thienothiazotyl, imidazopyrazolyt,

pyrrojop t th| nothle t thladlazot P rlmldln thlazolothlazmy

s T T ST RO S o ATt BYEBByRgithe form of
thbéﬁmﬁcmb@dmwwwyl Qféhz@mrazmyﬂimuﬁs)z@wmwl purinyt,

pyrazolopyrimidinyt, imidazopyridinyl, benzimidazolyl, indazolyl,

Ibsirllrfg())(ﬁ rtl?/d{o uelg'o%%nzrﬁlzdl%)églﬁé Q:%rr}wzp%gilrtl Iol, lhéng%ézemyvhvggt?gy >ére in the form of
thi foppaaiioenablerstrBiSeascaf ibricarigbpanstinhimiendmigmartenopyridyt, 5

benzothienyt, benzoxazinyl, benzothiazinyt, quinazotinyl, naphthyridinyl,

TG OGS A e AR Zhtnse SRSy of the
Presfystitaientipy, ﬁyr@kane@hvamw§,caWRmépta@®M§ij CNFOTRae meant
th@aéb@éeyve@wgmaéua@m @@a@am@(ﬁdb@ﬂ%&@)%&ﬂﬂ% ByidEoxid bases.

nltr nltr RQ [k Ike .6 alk
D e A ek SRR SRR e ghiori
fuawlwxy,"@t_t’.‘% @ﬂﬂ%ﬂwcc@%@#mciammk;sﬁbwyh@(o)mn@(oye\awe p-sulphonic,

taNawE(O)E%ﬁ;@QZxNEba&beWaS@lZRQﬂE&Ré@&Jlth@Ra forRaN=62R%ic, malonic,
E‘ée?r?&gp%rgc M}ﬁﬁ%ﬂ%&g@ RIG 8L 699‘?”‘%‘?#}“%'5!1 G4 ?ﬁléylwmle not

ynyt. 15ThHe term Steroa represents

”@ﬁﬁ@ﬁﬁﬂfé@!ﬁ%ﬁﬁ@ﬂ@@aff%té%%ﬁﬂ%@oW&tﬁcH@&%%@%j&%@hﬁeétﬁ?rPBSﬂmmg the
canpaliigs edkeayivenadkyand giet phaiherestndicaiedeieieteioatlikidn salts.

groups can be optionally substituted by, for example, halogens,- NFtdRe,

-CONRdRe, -NRdCORe, carboxy, -C(=NRd)NReRr, azido, cyano,

_N(RARSEAemiSNFOTRMIRRIREISS 2FR Rl iRFBEsd - mbyeeiNirar;; Ledne)-

alkyl, C2.6atkenyt, C2-6 alkynyt, C1.6 alkyloxy, 20 C24 atkenytoxy, C2.6

alkynyloxy

It RS g T R el
PO SR S NRASOINTRIRS RS ESRENCTYRT o ARASERIRIE ORI el (where R is
CB ﬂ@r%@@%mﬂggﬁ@@@ﬂ{yﬂjnﬁw4 alkyl, C2.4 alkenyt or C2-4 alkynyl.

It Is understood that in a 6-18 member heteroaratkyl moiety, the 6-18

member represents the atoms that are present in both the heterocycle

moiety aoidihrealkyleRaraikenys aoalpymyd geopasing @b axamplentbe includes that
cIRIRS IR A ELRRII SR8 L gember heteroaralkyl

represents the attachment point): NCH3 "Halogen atom" is
specifically a fluorine atom, chlorine atom, bromine atom or 30 iodine
atom.in\bak 26084838 3GTCIREC ZORTIR0 206 pharmaceutically acceptable salt is a

sodium salt.

26
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The term "amidino” represents -C(=NRd)NReRf wherein Rd, Re and Rf
are each independently selected from H, C1.10 alkyl, C2-10 alkenyl,
o%!!b%}% C6-12 aryl and C7.12 aralkyl, or Re and Rf ar. %@(}07/0

02064
together with the nltrogen to which they are attached to form an optlonalfy "
subsptuted 4t heter cle(% an optionally. l,(I[bStItuteg g

€ em en he 1nv J) phdarmaceu ca y~ acceptable sat is a
memBerrheteroary “Theterm guahl INo represen

ltb\IREIE (=NRe)NRats wherein Rd, Re, Rf and are each independently
selected from H, C1.10 alkyl, C2.10 alkenyl, C2 10 alkynyt, C6.12 aryl and
C7. 1%35 Kyl BERRANARL Y %@é?%?iogt%@‘ é@@t@é Q&E AR s a
they are | attached to form an optionally su stltute ber
POkRsEBIe or an optionally substituted 5-12 member heteroaryl The
term "amido" represents -CONRdRe and -NRdCORe, wherein Rd and Re

o AT B D SRS Y o

tr%tﬁé’tﬁ'@i“\ﬁn’ih“the nitrogen to which they are attached (or the nitrogen atom
and CO group in the case of -NRdJCORe) to form an optlonally substituted
410 10 Eﬂ@g@%&%@f@‘&)’% ‘?ﬁﬁe'ﬂt%?m“%@”yh%m?&' HRdR 4 ‘%QBPeeEalt is an L-
heteroaryt e term "amino” represents a derivative o ami on|a
argipiagrndétf by substituting one or more hydrogen atom and includes
-NRdlte, wherein Rd and Re are each independently selected from H,

CL1q %Ylbg:gpat%ﬂg@%% skl ﬂl@d“%l &bt a{éﬁ @%dcgt%p]o%x%rsamﬂc&rrdance

Rd and Re are taken together with the nitrogen to which they are attached

wigh W%%ﬂﬁ%ﬁ?’%&ﬁgtﬁﬁ‘@drh%fﬁ'@'?ﬁé’m%f"ﬁ)@lérf%%te 85 Apown in the art,
pabptiomaliynsislastifbiléty 865:5ctPpoemibechsteliirryk more Thantenmdistinct crystalline

or %WQQSHQL%?SEB%%NE%Q%@ st%%%gof\%% Lﬁ’\g @Rq at least

Re are each independe selected from lkyl, C2-1 alken

e ATt LaRY AV a@é”ﬁ?é‘térﬂ QHH'&GfH‘Z‘Ca&{WI of gl 8?18"&‘@"‘3@%?12@# W the sola
staoge thrdyradthhihdanitogfeanyoziverictotiprad @0 afteeh byl tefoammeariemical formula
orORSAR RURSItE dhé dR R MANRRENnREIREACIR s AEHRRIIRRA Y ructures of two
ubstltuted 5- tz memb r heteroaryl. When there is a sulfur atom
%Fég%f BRUC3LRIPRSMcan be at different oxidation levels, i.e., 5, SO, or
502. All such oxidation levels are within the scope of the present 35
'nvenHOWﬂlW@@%M@T@AQQQ7@Q@QG$ theTaJ?? {84Mthe compounds in
mdagenden y" means that a substituent ca 31¥Per or aPI
e

fferent
SRR T LB TVerFS (o Gt U1 o r e R g example
hmﬁrar@%rsfémweptdhemmﬂ@dhm,tbﬁadtﬂégeemmwaimjfprm whemaitipent molecules

ar@ﬁﬁé@ﬁﬁ@ﬁ@@éhﬂi&hﬁe%ﬂ@mﬁx@ aeaR peundef shenthventomeeadlerdioduring the

Crugtell [%%trr}egets\slvﬂl vary not only with the particular compound selected
BUfarED Witk 85€°Youte of administration, the nature of the condition for
which treatment is required and the io age and condition of the patient and
will be ultimately at the discretion of the attendant physician or

veteriy rlan genera itable dose will.be In the ran
{
from a E o about %\gm / ecté‘%df}”we% ntﬁ)écr%ay o‘f%%g}%’ﬁg have the

K

saffe fa?@@nefmcmmwgm@mvog bjo P o prEINeT hEkith iy dhef #S 20 which this
inmgtigideslods T heldpsiedtitiose padshconyiriaiihy bepeassnied ibthesingferences
m‘éRESnBB ﬁ%r%t}t'%?éj ﬂ?&%&ggb‘t&l%‘?gr c%pﬂf?ﬁélﬁt&tﬂlﬁy’a&? cf%r DRI, the

as two, three, four or more doses per oun

PISPRcTRRTHigRsiamiinGshiag tt%fuﬁtt%ﬁ&b%ﬁwl foR é%metaerﬁtatﬁwésmethods
ait@ &atpmoareanve eyl 1604400 thragdenasteanviginigently 50 to 700 mg

of 20 active ingredient per unit dosage form.
The term "alkyl" represents a linear, branched or cyclic hydrocarbon moiety. The

terms "alkenyl” and "alkynyl" represent a linear, branched or cyclic hydrocarbon moiety which
27
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Ideally the active ingredient should be administered to achieve peak

plasma concentrations of the active compound of from about 1 to about

Topbbpaixasts2 to 50 pM, about 3 to about 30 pM. This may e achimved)2064

for example, by the intravenous injection of 25 a 0.1 to 5% solution of the
hasaeiyeringsieddenbloptnnally trisaltimdenoralycasimimeiemesas alag|uskenyl, and

alkg&tgjc?u@ 9&8&% %}Lﬁoa??%'tt Wg%?@o%lﬂﬁ ?C&K lﬂ?? fe{% Slraotﬂlt lblsobutyl

S may be maintaine a continuou A tOYg Vlde a

SECobGEMo*aﬁohe}ttglo%@Mg/ﬁea?favlbwﬁ?@w&emrfnm@whs% aiffRgabdiaehexyl,
all@, Avievabadbtlemy/ke oflehe agtiupeind)edipnspSONY hisut ¢he c@mmamds @éxenyl,
bu%eﬂwsﬁé}k%ﬂw%Qﬂa%&ﬁhﬂ%jf}%%u%%%%%ﬁ lt% Eal r@ Eeptadlenyl

used In combination with a second therapeutic 'agent act

heRtatHEN LS HSBYHoSE B8R N 86%&5‘6[]% %&%%@ﬁﬂerﬁﬁ’@%hé’%% pentynyl,
hexdiffgs frgatophainyhepctheuedimpeciobeienge dcatdstexdiepyopaiate coisasxmlill Where

1ndk?cea &gﬁé\’ aRﬁrECAﬂJ&%lbya%O%?k§MeQaH"g%‘n g?{é tﬁlgyl ?]L\nlbesri}]{ggv%%m%'& as in the case

e that, for use in’therapy, a com

of aBPH?th&%r‘éd”ﬁ%%é’?%vx?"cﬁ%%ﬁcﬁmf@%}e?@?@blé {SRiRsee it %&fﬁ%ﬂ e.g.,
atkinadhentasnalds3 oW (h200BIR5HFRAZRCHUCAROOLOXGG4H to tnfluoromethyl

d1fRB?6E§I&ﬁ§1U4ﬁQJr&%ER?LS'FR&JJ%%&EW”%‘?&M%}UE@HW"eEtﬂB?chWe‘%ﬁﬁ trifluoroethyl,

harmaceutical composition comprisin %com ounds of the presen

i RaR Ry oMU RSP Ha IS LoARE Bk NS (AOMREHY (SHRTREHAREtY,
chlorr&iﬁhummﬂbh&r@it&ﬁmﬁh@ﬂyeﬂqﬂep&mhh&fu:ambamyeasemeramﬁhlcated the alkyl,

alk‘é%‘)&ﬁgh&y&}h FoUE;‘?@‘Q?HEB BRYRE AR WIRGHE DY SHIRSI SRR oxo, “NRAR.,

carrier s&mus be "acceptable” in the sénse of belng compati eW|

COYfBr ingiQetentiRsf Bie fo?ﬁ’i'ﬁﬂai’l’on HrbiRabiReRee tafibRs ﬁ}’ ihe réclplépﬁ’loxy* C2 6
alkdretenf, C,.. alRirgtongcal(Repl(edRapBRIRG iy drmlyid @ithn setsusita IERNC @MAIR;, S(O),.
RIEER)RIasab eRIcaANElHRIg BbgaaR2 ”ﬂ@?@ﬁ' QHQ'MW‘ﬁge@R%ORb, and/or

va |naI or arenteral mclud t0| tramuscu ar sub-cutaneous and
e habishite el chei S o e v T

inhalation or insufflation. The formulatlons may, where appropriate, be

conveniepiinPreRapiadin dircreleisarage yapand m%@@ RUBREHRYatkyl or
aﬂﬁ{ﬁ of the met ods %{r\:ell known in the art of har hods mclude

B 5 2L T ROR RUBEE B rer VB SRR P (.
spicarridis ondiaet) divifisddsolitecarriersorclobtit idetaoyl) if 15ndecdyidgsd  (e.g.,

biSRAPNE 1R REPIYH UHR dhe A asirageiormulation. Pharmaceutical

compositions suitable for oral administration may conveniently be
presented as discrete units such as capsules, cachets or tablets each
contdifRrigranpraletsr mademdmslRnef aie e rapresdieinn adkal pawaigl or

aii@hﬁra@wﬁss raspacsRhie ownarm %um@mw@a@sta&maﬁt%t H?ﬁn%fﬂb!@gh
|n redlen may Elléoﬁ% Fnt Ak do al.ﬁ’(;‘ llectuar or aste Tab ets

and %apsu & for ora adm| istratiol may Eontdtin E8nvantio ﬁal é)?éfﬁt&qt
@Eh e RN §nalREINBY RN e oRsrieanats oS RS tpratits sdistifetedg Syempdes

chm tajdletsrnapbairnaiedtacesrding tosnailypdsriikn @Nﬁraﬂdia,e alitoxy,
II|qU|d eparati be in the form of. for.e ample a us or

1so lll nspséer(i%%oﬁog So?eﬂoﬁé%%eﬁﬁulg?o& 10X ‘prfg%o@fm néogr?rt] ?Oxlgé tert-

pep%@gauéafaéoév@iryﬁraamvrorteﬁﬁgﬁwnﬁ w.mr\ﬁ/amepfaﬂxwwr suTtm@lkoxy,

alkeghiclg, beﬁ@F%l&ﬁ@l&ujcgrbqpuddéfﬁ[b@@b@ﬂﬁam&)éumﬂt@t@cﬁﬁwemoéﬂmp

ves ing IS] on-agueous
ha%gglll\gl’ef({\?ﬂhmh ' iifay mcid%‘ié eg%?ea g"ﬂs) a(r)%r p% #vq%%% ﬁest}O'Fﬁ]e » yano, -
%deW&Paccw Pyko BEdnvVEHaEh rRay alist befoatkantedar alkynyl, -
(RPCONIERA! SgmirRs rationR(e. @(bwmeewméiorwa(gm@ bR mecw@rs@{Rb,
us Jnfusipn resente nit
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alkyh 5dc@ﬁeﬁ}‘b§'éﬁvaﬁ\}‘ém¥ﬁhe composm%]s may take such forms as
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suspensions, solutions, or emulsions in oily or aqueous vehicles, and may
contain formutatory 35 agents such as suspending, stabilizing and/or
deparsingagents. Alternatively, the active ingredient may bedn,BQWEEE2064
form, obtained by aseptic isolation of sterile solid or by WO
2008/058393PCT/CA2007/002064 lyophilization from solution, for
constiLtion, w '”rl a?éfﬂ?é?@%k(&h'&"%ﬁ%&ﬁ?{ "%aﬁ’é&ﬁ?%%ﬂié“r‘n‘? ‘g’aé?“t?a%

use. For topica tration to the epidermis, the CO&,& ds accord mg
be‘ﬁ@ﬂ?@éﬁﬁ?/éﬁﬁdh%d?%é’?dﬂ?ﬁﬂ@f@&&é B‘H"Pf?ﬁé‘t‘ﬁ?a b umishov st iHgligted
mag$a dpainsady mdkpaithl Siticlhtcansdermabpatetias. niaymgbtahtiude but are

no@ﬁHﬁU&W%%@?%ﬂ? 5%&&%&&1’1’%@&{9%&%‘6@1@%\ %Hﬁ?l &l lrh?ie%'? v,

d t-anethole. Ointments and creams m?%/ for examplé, be formu ate

Ph%ﬁﬂtﬁw 4 RIS B‘il? HALEovRA AR RRIBRGINRRIY st ‘ilét?ﬁuékeff?ﬁ ﬁxéﬁt%r
halgeding agents. LadimRmaphedRrmuatatesyyitiC anRgNRAYS atidoly base,

NN ”%Wr&ﬁ'%&f?”ﬁ%&?e IQ(Rm@é%f?Q‘Ut MBS enyl, Cro
stab |I|2|n g%wu dispersing agents, suspending’agents, thickenin
gt ERGar g AKRMIES Co PR 0RO R BTGRP Etuted 5

12 atknibésttatiervanytheptiondhyinchstieutere Ag8snoemberising @atizeyingretbhesty
suithid faysurer Hase, HSWAlY SHCIRsRANY a%%@rdtaamm&r%mw&é

com rlsm?_,ihe active m&)redlent in an inert base such as gelatin and

3ty CéPRo S BB Brid DBt Mot iias Ne BeliRidtis ity NARachURY or

NRdGaERIiewhaeansBit&bler ¢i crach cadepenBévetiyn Hee LticakltpinGosititasyl or Cp.4

algHjiable for rectal administration wherein the carrier is 20 a solid are for
example presented as unit dose suppositories. Suitable carriers include
cocoa butter and other materials commonly used in the art, and the
suppOsittmies mnaintie cuasanientyrfbgnoep dyeatiedixiute of jietciioe by an

all&QrER@HﬁdoWHm?mﬁ Salensd £y edind, cardrs (Rufeliuuerkby AiiBg @Rcan
ZSCompﬁgang]([)Bgs sun bIe (g)r va%nal a m|n| tration

h
o P et R BT O a5 10t D o PR
besgiredrs|cotritithinphienatiultiod- pbehdrsenle |ﬁgﬁ€&!llént0mbh ¢pirionibatyrend

nabﬂ@Wﬁw@ﬂhUle\?ﬁEF@ PriepREYRHALErAO EﬂH@ﬁ@iﬁ@b%di%ﬁiﬁwt@Bthed by,
com the |n on e u all

forol’?s,xaergl(l&e Swdet or |ﬁﬁlﬁh {Egrm %‘f dr%%sc g%?bngr{%\ag; bﬁorl}‘éﬁ gféﬂ szﬁo
cyawaq\uadge—wea%%qubas@omwemt&ﬁ@ﬁﬁ@%& rhorelisgersifgnyl,
cz.agﬁmy@olmiliamﬁ@@en@ prawwin@pbg%mﬁamwd SRV arSpnonauy
subSQIVEY %”Fg/e e")é‘é”% oar %H% Oﬂ?@éct"t%t Dk 3gministration b

Inhalation the com oun e mventlon are convenlen

OPHeNYSr syt as i %fﬂ&fﬁpﬁ‘hé’BEﬁF?éYC(B?’aOﬁFé%@Usté'BSEéE&%%ﬁdﬁlé'ﬂember
heegrovReatkyneans)af,de0somg ARAL0NSH| SOLAR, R eSRBIERY PATKS MR,
CRCQ'BE”S%Q/%P'W@%Bﬁi?@l%%ﬁ%h RS AIGLGIQIHRRAMEINANS. |, atyt, ¢,

trichlotofluoromethan
alkenyl or C;.; alkynyt.

The term “"heterocycle” represents an optionally substituted, non aromatic,
saturated or partially saturated wherein said cyclic moiety is interrupted by at least
one heteroatom selected from oxygen (O), sulfur (S) or nitrogen (N). Heterocycies may
be monocyclic or polycyclic rings. Examples include but are not limited to azetidinyl,
dioxolanyl, morpholinyl, morpholino, oxetanyl, piperazinyl, piperidyl, piperidino,
cyclopentapyrazolyl, cyclopentaoxazinyl, cyclopentafuranyl. Where indicated, the
heterocyclic groups can be optionally substituted by, for example, halogens, oxo, -

NRgRe, -CONRgRe, =NO-R., -NR4COR., carboxy, -C(=NRyNReR;, azido, cyano,
29




WO 2008/058393PCT/CA2007/002064 dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol the

desageswsitsnay be determined by providing a valve to delivegg/metRiedoss
amount. S5Alternatively, for administration by inhalation or insufflation, the

NOEERARANASACHIEARA 1, HAE, IRUEHRON (g Ct@,bg,y)edgrgg@t ac?JXtQé’rme&.é

composition, for'example a powder mix of the compound and a suita
a”%%/d@ﬂbé@é‘%b&ﬁ"aé%cfwé%wgfér&iW%%&Me@zeém&%nsﬁ%‘yﬂ% Co.
10 Jybsenisthilounit dosadel fntim, Jort-ExamikdooafHolRs, of (CRORICHRIID)R,,
sogng-ag,elm;@dg%blmsrom&a TERIYRICTL HAg P QAR TRAY, S BRAINIS tere

““with 10 the aid of an inhalator or insufflator. When desired the’above
5 INASRERPRILY f3rirudti¥nS wdlisted % Grod S Wained release of the active

ingredient may be employed. 15A compound of formula (I) may be

PreparRdEpy RGNS A CORIPURS S LAENIR [ ona ROl MOl Pheterocycle
ze".27CH 20 I

compound of the formula: R1 ze". under conventiona .
erayB it adiGta o ifiRgIacTit AT Rnaialkdistendritedlpulearfyp. 1t is
undg@atnpde tRIRGCO-REB mRINIRE drt:REyate @kydefiniethhetiein 5P, isddter

10 rete8REIMDUROREWIEURNE M Bl R Aibi6:ficoieR) hATHHE Gl

emﬁ?odiment, Pg, is methoxy or tert-butoxy. In a further embodiment, Pgi
T AL € 8B S5 SRR BUHT G HAEAB R R SSERBIRFERS b @ 7
mambthde o prdduading(auetdemes 30ecameahmegtqainpounds. Conditions for
such coupling are wellknown in the art and can,@e foqﬂg for example in

g

the examples of the“present gppligation in Yama i etal (Synlett 1999,
. 0) or [n Tykwinsk| I, Angew. |Chen. Int. Ed. 2003, 42,

* *

15 Where indicated the heterocycle-alkyl groups can be optionally substituted by,
for example, halogens, oxo, -NRGR., -CONR4R., -NR4COR., carboxy, -C(=NRg)NR.R;,
azido, cyano, -N(Rg)C(=NR)NRR,, hydroxyl, nitro, nitroso, -N(Ry)CONRR;, Cy.¢atkyl, Cpe
alkenyl, Cy¢alkynyl, Cycalkyloxy, C,.¢alkenyloxy, Cyalkynyloxy, $(0)e2Ra, Ce.10aryl, Ce.
10 aryloxy, Cy.qo arylalkyl, Ce.10 aryt-Cy.qo alkyloxy, C(O)R,, C(O)OR,, NR,C{O)R;, =NO-R,,

20 SO;NR,R,, NR,SO;R,, NR,SO,NRyR., CR,N=0R;, and/or NR,COOR;, wherein Ra-R; are each
independently H, Ci.4alkyl, C,.4 alkenyl or C;.4alkynyl,

The term “heteroaryl” represents an optionally substituted aromatic cyclic

moiety wherein said cyclic moiety is interrupted by at least one heteroatom selected

25 from oxygen (0), sulfur (S) or nitrogen (N). Heteroaryls may be monocyclic or
polycyclic rings. Examples include but are not limited to azepinyl, aziridinyl, azetyl,
diazepinyl, dithiadiazinyl, dioxazepinyl, dithiazolyl, furanyl, isooxazolyl, isothiazolyl,
imidazolyl, oxadiazolyl, oxiranyl, oxazinyl, oxazolyl, pyrazinyl, pyridazinyl, pyrimidinyl,
pyridyl, pyranyl, pyrazolyl, pyrrolyl, pyrrolidinyl, thiatriazolyl, tetrazolyl, thiadiazolyl,
30 triazolyl, thiazolyl, thienyl, tetrazinyl, thiadiazinyl, triazinyl, thiazinyl, thiopyranyl,
furoisoxazolyl, imidazothiazolyl, thienoisothiazolyl, thienothiazolyl, imidazopyrazolyl,
pyrrolopyrrolyl, thienothienyl, thiadiazolopyrimidinyl, thiazolothiazinyl,

thiazolopyrimidinyl, thiazolopyridinyl, oxazolopyrimidinyl, oxazolopyridyt,
' 30




WO 20081058393PCIVCA2007/002064 The present invention also
includes intermediates that can be useful in the synthesis of the

CRORANRds;f formula (1). Certain intermediates are represegEelqc?)ﬁowlgm 64

formula W HP, Pg, 5 wherein; R2 H or amino protecting group

be(nt%é Xycabggzqyozhlazo%)((ben Xt%arb yD) ai?n\gp I}%a(%l[hyoi( o IDurmyl

carboxy brotectln group H a further emb fmen

PYfareloRYsRy dinvh fummzemﬁéwhen?ep@nwgqﬁéyhoxyvqm»mrtﬁmnzoxatmoly
beemabidityentb&2dsitHiolpt 2 Mﬁﬂw@mba@umﬁm RebisdBees L Sopasifididingl,
L SBAS  ADI C SRRRRIAY AR

5 begz)‘)’lt’f‘t?fé(hs benrdRity SR ﬁg&y,lboqu ¥iyib]-Baphthyridinyl, quinolinyl,
isaqaiaclivioh hensoR-casbopytididdaratylyhestgridapgrimidinyl.  Where indicated
the heteroaryl groups can be optionally substituted by, for example, halogens, -NRgR., -
CONR¢Re, -NR4COR., carboxy, -C(=NRg)NR.R;, azido, cyano, -N(Rg)C(=NR¢)NR{R,,
hydroxyl, nitro, nitroso, -N(R,JCONRR;, Ci.¢alkyl, Cy.s alkenyl, Cy.qalkynyl, Cy.alkyloxy,

10 Cy¢ alkenyloxy, Cy6alkynyloxy, S(O)s.zRa, Css0aryl, Ceroaryloxy, Cr.yoarylalkyl, Ce.qoaryt-
Cy.0 alkyloxy, C(O)R,, C(O)OR,, NR,C(O)Ry, SO,NR,Ry, NR,SO,Rp, NR,SO,NRyR., CR;N=0R,,
and/or NR,COOR;, wherein R,-R; are each independently H, Cy.4alkyl, C,.4alkenyl or Cp4
alkynyl.

15 The term "heteroaralkyl" represents an optionally substituted heteroaryl group
attached to the adjacent atom by an alkyl, alkenyl or alkynyl group. Where indicated
the heteroaralkyl groups can be optionally substituted by, for example, halogens,-
NRaRe, -CONRGR., -NR4COR,, carboxy, -C(=NR4)NRR;, azido, cyano, -N(Rq)C(=NR.)NR(R,,
hydroxyl, nitro, nitroso, -N(R,)CONRR;, Cy.alkyl, Coalkenyl, Cyqalkynyl, Cy.qalkyloxy,

20 Cyg alkenyloxy, Cyalkynyloxy, S(O)oaRa, Cetoaryl, Ceioaryloxy, Crygarylalkyl, Cgqoaryl-
Ci.10 atkyloxy, C(O)R,, C(O)OR,, NR,C(O)Rs, SO;:NRsRy, NR,SO2Ry, NR:SO;NRyR., CR,N=0OR,
and/or NR,COOR;, wherein R,-R; are each independently H, Cqalkyl, C;.4alkenyl or Cy4
alkynyl. It is understood that in a 6-18 member heteroaralkyl moiety, the 6-18 member
represents the atoms that are present in both the heterocycle moiety and the alkyt,

25 alkenyl or alkynyl groups. For example, the following groups are encompassed by a 7
member heteroaralkyl (* represents the attachment point):

RS

"Halogen atom"” is specifically a fluorine atom, chlorine atom, bromine atom or
30 iodine atom.
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) N NH A: 5-(3,3-dimethyl-but-1 -ynyl)- 3-(4-0

,2,3)triazol-1-yl-cyclohexylamino)-thiophene-2-carboxylicacidmethyl ester
I 0WHek 30081 058393PCT/CA2007/002064 Poi 0/ 5- PCT/CA2007/002064
(3,3-dimethyl-but-1 -ynyl)- 3-(4-[l ,2,4]triazo1-1

-ylqu4ﬁ%1%é9¥4@mam)ﬂ$‘i%§3?é}@%§aéw%'iﬁ@§fdW&%FB{L %t,eﬁes%d R are each
independently selected from H, Ci.io alkyl, Co.1p alkenyl, Cy.4o alkynyl, Cs.1; aryl and Cy.1,
aralkyl, or R, and Ry are taken together with the nitrogen to which they are attached to
form an optionally substituted 4 to 10 member heterocycle or an optionally substituted
5-12 member heteroaryl.

The term “guanidino” represents -N(Rq)C(=NR¢)NR(R; wherein Ry, Re, Rt and R,
are each independently selected from H, Cy.10 alkyl, Cy.1p alkenyl, Cp.40 alkynyl, Ce.s; aryl
and Cy.q; aralkyl, or Ry and R; are taken together with the nitrogen to which they are
attached to form an optionally substituted 4 to 10 member heterocycle or an optionally
substituted 5-12 member heteroaryl.

The term “amido” represents -CONRgR. and -NR4COR., wherein Ry and R, are
each independently selected from H, Cy.qo alkyl, Cy.40 alkenyl, Cy.49 alkynyl, Ce.s; aryl and
Cr.12 aralkyl, or Ry and R. are taken together with the nitrogen to which they are
attached (or the nitrogen atom and CO group in the case of -NR4«COR,) to form an
optionally substituted 4 to 10 member heterocycle or an optionally substituted 5-12
member heteroaryl.

The term “amino” represents a derivative of ammonia obtained by substituting
one or more hydrogen atom and includes -NR4R., wherein Ry and R. are each
independently selected from H, Cy.1o alkyl, Cy.10 alkenyl, Cy.10 alkynyl, Ce.1» aryl and Cr.q;
aralkyl, or Ry and R, are taken together with the nitrogen to which they are attached to
form an optionally substituted 4 to 10 member heterocycle or an optionally substituted
5-12 member heteroaryl.

The term “sulfonamido” represents SO,NR¢R., and -NRsSO,R., wherein Ry and R
are each independently selected from H, Cy.yo alkyl, Cy.4q alkenyl, C;.4 alkynyl, Ce-1z aryl
and Cy.1; aralkyl, or Ry and R, are taken together with the nitrogen to which they are
attached to form an optionally substituted 4 to 10 member heterocycle or an optionally
substituted 5-12 member heteroaryl.

When there is a sulfur atom present, the sulfur atom can be at different oxidation

levels, i.e., S, SO, or SO,. All such oxidation levels are within the scope of the present

invention.
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/ HBoc o0 0 5- (3,3-dimethyl-but-1 -ynyl)- 3- (tert-
butoxycarbonyl)aminothiophene-2-carboxylicacid methyl ester 9a 1 NH

Qvo 363 iazdimethyl-but-1-ynyl)- 3-amino-thiophene-2- Carboﬁ%&‘ii&mo(m)(, 4
methyl ester 9b 0 o-..

The term "independently” means that a substituent can be the same or a different

definition for each item.

The terms “host” or “patient” mean human male or female, for example child,
adolescent or adult.

It will be appreciated that the amount of a compound of the invention required for
use in treatment will vary not only with the particular compound selected but also with the
route of administration, the nature of the condition for which treatment is required and the
age and condition of the patient and will be ultimately at the discretion of the attendant
physician or veterinarian. In general however a suitable dose will be in the range of from
about 0.1 to about 750 mg/kg of body weight per day, for example, in the range of 0.5 to 60
mg/kg/day, or, for example, in the range of 1 to 20 mg/kg/day.

The desired dose may conveniently be presented in a single dose or as divided dose
administered at appropriate intervals, for example as two, three, four or more doses per
day.

The compound is conveniently administered in unit dosage form; for example
containing 10 to 1500 mg, conveniently 20 to 1000 mg, most conveniently 50 to 700 mg of
active ingredient per unit dosage form.

Ideally the active ingredient should be administered to achieve peak plasma
concentrations of the active compourid of from about 1 to about 75puM, about 2 to 50 pM,
about 3 to about 30 pM. This may be achieved, for example, by the intravenous injection of
a 0.1 to 5% solution of the active ingredient, optionally in saline, or orally administered as a
bolus containing about 1 to about 500 mg of the active ingredient. Desirable blood levels
may be maintained by a continuous infusion to provide about 0.01 to about 5.0 mg/kg/hour

or by intermittent infusions containing about 0.4 to about 15 mg/kg of the active ingredient.

When the compounds of the present invention or a pharmaceutically acceptable salts
thereof is used in combination with a second therapeutic agent active against the same virus
the dose of each compound may be either the same as or differ from that when the
compound is used alone. Appropriate doses will be readily appreciated by those skilled in
the art.

While it is possible that, for use in therapy, a compound of the invention may be

administered as the raw chemical it is preferable to present the active ingredient as a
33
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0 3-[(trans-4-hydroxy- cyclohexyl)-(trans-4-methylcyclohexanecarbonyl)-
amino]-5-iodo-thiophene-2- carboxylic acid methyl ester 10a HO O
3u[(transedsidydroxy- cyclohexyl)-(trans-4-methyicyclohexaneearkonyb:)o2064
amino]-5-trimethylsilanylethynyl-thiophene-2- carboxylic acid methyl ester
phiobadetaedingptapasftioiherhepeact@ititris iventontibereris/jakavidingharmaceutical

f | f compou on here
R TS BT oo

%lH@”W@%d@%’/@%%ﬁ@ﬁ'l&%@d@f/d@z@@&e Phgmﬁga{éy gacceptable
cafiethehaspeet afdchsphvatifionttirerthés apouidingdgrooesy fatithingredients.  The

caﬁ(@r@ﬁrﬁﬂ?@b@f CAIRAbRATH ARV MR eIBiSe with the other ingredients of

dlmeth [-but-1-y nP/t comprising using an intermediate of formula 9a or
thebf:prmu atwon and not deleterious to the recipient thereof.

Pharmaceutical compositions include those suitable for oral, rectal, nasal, topical
(including buccal and sub-lingual), transdermal, vaginal or parenteral (including
intramuscular, sub-cutaneous and intravenous) administration or in a form suitable for
administration by inhalation or insufflation. The formulations may, where appropriate, be
conveniently presented in discrete dosage units and may be prepared by any of the methods
well known in the art of pharmacy. All methods include the step of bringing into association
the active compound with liquid carriers or finely divided solid carriers or both and then, if
necessary, shaping the product into the desired formulation.

Pharmaceutical compositions suitable for oral administration may conveniently be
presented as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as a solution, a
suspension or as an emulsion. The active ingredient may also be presented as a bolus,
electuary or paste. Tablets and capsules for oral administration rﬁay contain conventional
excipients such as binding agents, fillers, lubricants, disintegrants, or wetting agents. The
tablets may be coated according to methods well known in the art. Oral liquid preparations
may be in the form of, for example, aqueous or oily suspensions, solutions; emulsions, syrups
or elixirs, or may be presented as a dry product for constitution with water or other suitable
vehicle before use. Such liquid preparations may contain conventional additives such as

suspending agents, emulsifying agents, non-aqueous vehicles (which may include edible oils),
or preservatives,

The compounds according to the invention may also be formulated for parenteral
administration (e.g. by injection, for example bolus injection or continuous infusion) and may
be presented in unit dose form in ampoules, pre-filled syringes, small volume infusion or in
multi-dose containers with an added preservative. The compositions may take such forms as
suspensions, solutions, or emulsions in oily or aqueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing agents. Alternatively, the active
ingredient may be in powder form, obtained by aseptic isolation of sterile solid or by
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5According to a further aspect of this invention there is providing a
process for the preparation of compounds of formula | wherein R1 is

Jversinagtayisbut-1-ynyl and R6 is 4- [1,2,3]triazol-1-yl-cyclohexyb 007002064
comprising using an intermediate of formula 4a, According to a

lyo%tﬂ%fi@ﬁppo% QBM%AE“%SPEBH&EHG&%ASVHEHVédéUQa%ltE? r@&ﬁﬁ%,f%r. s}h@té‘r(?le, pyrogen-

preparation of compounds of formula | wherein R1 is
freg Walim ORI B L-ynyt and R6 is 4- [1,2,4]triazol-1-yl-cyclohexyl
comprising using an intermediate of formula 5a. The following general

schemes Atk eXRMPIRE A6PRVidRd &fﬁw{é}tw@r%&mepd&m%ﬁgm the

. the present invention and shalt not be considered as limiting in scope.
‘”V\‘Rﬁﬁ@% BRY ¥  GETAHAL B BEESY kil T IS SF Aot REr EotnSBUHAE ™ Patch.
Suthepregemiahyettien cay lsenditaiped igtiubstibating theaeme ivalbplprcarvacrol,

thypRciigally drsqrbedrgacinripand/arererdingFandliansHseddp Memple, be
following examples. Synthesjs methods to obtain thiophene compounds »
forgulairch HRR b ARt R RGO 6 AAAPIS SERgle7ihickgaiagand!or

gellind7araz2 fiktidecmniociotR088;dUBE B\l 4214542 fillydbdssnaadywill in general

als8 @8R L% W%mg%fﬂgﬁw,%%i%ﬂ%gwg% §§g}a Rts, suspending
2004-0,]13.6509, W02004/052885, US 2005-0009804, W02004/052879 and

ABRNE IS ﬂ%??&ﬂfocﬁ S ﬁﬂﬁs'compounds are also disclosed in
WO 2006/072347 and WO 2006/072348. In the foregoing and in the

followingpeapnelasitabilemperaiiRsARisetRIah 35 WRCQHSRIEdHAUde lozenges
rees Celsius; and, unlesa other\gﬁe |nd|cat(fd allé)arts

d , d .
COBEHMRATUCIEST LihE TRHETORRE BUPLV AR ) KeciRes Hasecanth
pastillesvsoBOBwBRIceh attiXg cadnetighDB GO, Inelit yeltsheuai cerigedlimided glycerin or

sudPGE hrdr dichiaropihans fRbAdicRigpMetBane active ingredient in a suitable liquid
DIPEAN,N-cliisopropytethylamine 35DMFtsl,N-dimethylformamide

CEFGACEthyl acetate Halhalogen WO 2008/058393PCT/CA2007/002064
LAMIithium aluminium hydride MeOHMethanol TFAtrifluoroacetic acid

Pharmaceutical compositions suitable for rectal administration wherein the carrier is
a solid are for example presented as unit dose suppositories. Suitable carriers include cocoa
butter and other materials commonly used in the art, and the suppositories may be
conveniently formed by admixture of the active compound with the softened or melted
carrier(s) followed by chilling and shaping in moutds.

Compositions suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or sprays containing in addition to the active ingredient

such carriers as are known in the art to be appropriate.

For intra-nasal administration the compounds of the invention may be used as a liquid
spray or dispersible powder or in the form of drops. Drops may be formulated with an
aqueous or non-aqueous base also comprising one more dispersing agents, solubilizing agents

or suspending agents. Liquid sprays are conveniently delivered from pressurized packs.

For administration by inhalation the compounds according to the invention are
conveniently delivered from an insufflator, nebulizer or a pressurized pack or other
convenient means of delivering an aerosol spray. Pressurized packs may comprise a suitable

propellant such as dichlorodifluoromethane, trichlorofluoromethane,
35




THFtetrahydrofuran SLDAlithium diisopropylamide TLCthin layer
choromatography RBOround bottom flask 10Purifications by HPLC were

al pesfermsebusing reverse phase C18 column packed with Bd'mcA2007/002064
particles. Column diameter was 19 mm and length was 100 mm. Eluent

dichi@® b ANRePHAIR Qé@ﬁﬁ@rﬂ@ﬁfx&f&e&@ @iﬁﬁié‘f—‘ ﬁfl@M@@%E Withﬁe&ﬁB%HQbressunzed

concentr t|on Ex 1 re tion of5 -Di me
aerosol é?\@ 4? > a%e lﬂ\ Xbec )c/jz I oehexy L aP]rO\ﬂ i n$eﬁ1 )}/la%/fcltg%c}ehver a metered

am@‘%&necarbonyo amln okthlophene -2-carboxylic acid Step | 20 WO

20081058393PCT/CA2007/002064 A Suspension of

Sq’n%tpvei@o tg‘f&’&‘eﬁ%tfa?% %ri%ﬁf%ﬂ?ct?ny'ﬁs%}% [0 Bie’ 2 Gmpounds

E |s reated exane one’

acq@fémsetwi@n@mr(maz kAke 7*280‘%@1‘) afémo\w/@ﬂdsy enppsAtieHidpicTi@aple a
powded 38 0B. ﬁxénmm;)oﬁfaearﬁjral@m@élﬁmﬂ(su@aeb(e&ewuams?&&ml)starch The

added and the reaction mi i ver ht at ro Qm 5
powder “com 051{] %ft@ra%g gnef’rsgt{&as i U%g wle, capsules or

temperature. onc e I‘E‘SI SSO]Vé

caryyiggRE Qr it RRIFHDCS BB HPRRES Ww@&ﬁléhﬁw@ééwﬁﬁea?fawwe&d with

10 theNBSQ4 ifiltesest anthepnsenirated. The crude material is diluted in

15

20

25

hexane (500 mL). After filtration, the mother liquor is evaporated to
dryness to give

5-brifhenaiearaddibxabgyr slesees rpmiations. adenind e vesuseiprd release of

theagidvaatmddestentlbe%ampiRdyield). io Ref: W02004/052885 Step Il A-

Preparation of trans-4-methylcyclohexyl carboxylic acid chloride: Oxalyl
chloride (2M in DCM, 117 mL) is added drop wise to a suspension of

trand Qﬁ"ﬁ%ﬂfﬁ&’%@kmﬁifa‘%m@ ety (E86iRF A $9mBPHB) oh foramia (11):
(33 mL) and DMF (0.1 mL), and the reaction mixture is stirred 3h at room
temperatuye. DCM is removed under reduced pressure and the residue is
ated with DCM. The residue is dissolved in toluene to make a

1M sdluthn. 268 B- Preparation of the target compound: The 1M solution of

5-bromo-3-(pefl-dioxa-spiro[4.5]dec-8-ylamino)-thiophene-2-carboxylic
acid methyl ester {2479 g, 65 mmol) in toluene(25 mL) followed by
wittidinentpodBdni thelf&mutaol), The resulting mixture is then stirred for 16
h at/rqflyx. The reaction mixture is diluted with

Z

R1

under conventional Sonogashira coupling conditions;

wherein;.

X is as defined above, for example, -NR¢-CO-Rs,

R1, Rg and Rs are as defined herein, Pg, is OH or a carboxyl protecting group, Hal is Cl, Br,

or |l {e.g., Br),

In a further embodiment, Pg; is methoxy or tert-butoxy.

In a further embodiment, Pg, is methoxy.

The Sonogashira coupling reaction is a well established method for producing acetylene

30 containing compounds. Conditions for such coupling are well known in the art and can be

found for example in the examples of the present application in Yamaguchi et al (Synlett
1999, No. 5, 549-550) or in Tykwinski et al, Angew. Chem. Int. Ed. 2003, 42, 1566-1568.
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10

15

25 toluene (60 mL) and cooled down to 5C. After the addition of pyridine
(12 mL) and MeOH (5.6 mL), the mixture is stirred 2h at 5C. The white
syepengiends filtered off and the toluene is added to the mothandigriasoo2064
The organic phase is washed with 10 % citric acid, ag. Sat NaHCO3, dried
(Na2504) and concentrated. The residue is triturated in boiling hexane
The reaction mixfure is allowed ool dow 0 room
B A B R R B R R R tRs sipvagis o e
compogudenh feumitks ébnoﬁemr@@r@rﬁdmsw&mammeédw fosxake(225
mL). The solig,is purified by silica get column chromatography using 20%
EtOAchexaqe ag eluent to furnish the final compound
5 -choxasplro[4 5] dec -8-yl)- (trans-4- methyl- cyc
necarbo?ryl) ami no]. thi ophene-2- carboxylic acid methyl ester
(10.5 g, 32%). 35 Step 11l WO 2008/058393PCT/CA20071002064 5-
Bromo- 3- [(1,4-dioxa -spi ro[4. 5] dec-8-yl)-( trans-4 - methylcyc
Lohexané-carbonyl)-amino] - thiophene-2-carboxylic acid methyl ester
(8.6 g, 17 mmol) is dissolved in tetrahydrofuran (100 mL) and treated with
@heH@! solution (50 mL). The reaction is stirred at 40C for 3 h. The

] n T,
e o o (B S N Ry S B Rl carbomy
and Roa OMhPER @%&rﬁfQEFCSW§§r8HPNaZSO4 filtered and concentrated to
piaefurther embodiment, Pg, is methoxy or tert-butoxy.

B Q%P@h’e?emﬁ%‘iﬁwélnmﬁ 3{ %thfxanecarbonyl) (4-oxocyclohexyl)-amin
o}-thiophene-2-carb OXé ¢ acid me hyl ester as a solid (7.4 g, 95%). Step

\R‘/ﬁ@”ﬁ&f%@@bﬁ&%ﬁé% ol of

B+ briontice Beftivadisndnin &thigl Bogclohexanecarbonyl)-(4-oxocyclohexyl)-amin
o]-thiophene-2-carboxylic acid methyl ester (5.9 g, 12.9 mmol) in 50 mL of
MeOH under a N2 atmosphere, NaBH4 (250 mg, 6.4 mmol) is added
portion wise (approx. 30 min). After the addition is completed and checked
ferembiciivaroadiptetionlbgeiuC a6 ribletmitedBtDnnpolndiGisred of FHBI286

is added and stirred for 15 min. The reaction mixture is concentrated
under vacuum to dryness. The reaction mixture is recuperated with water
(25 mL) and extracted with EtOAC. The organic phases are combined and
dried over Mg504 and concentrafaule(Adryness. The residue is purified by

sili¢ ‘Stﬂﬁjtbl‘@u””' chromatogregifdrsmny EtoAc:hexane(tt)asetuent to
obtain 5:-bromo-3-[(trans-4-hydroxy- rvrlnhval\ (rrans 41 20

methyPeyclohexane-carbonyl)3akiA: ‘ﬂ‘ﬁaﬁh‘ tgyg ?.‘Eh bok¥fic acid methyl

esteP#S\g, 77% yleld) asa sg)(j_\ %@ o bf compoungs
5-bromy [(tr Hydroxy1Gy \éﬁé ylic

4-methyl-gy{o xanecarbon ene -2-carboxylic acid methyl
ester ( mMge 1.09 mmol) a1d 3, 3 Dlmethyt but-1-yne (385 mg, 4.69
mmol (O 5 mL), triethylamine (1.06 mL) and

tris drbenzvllgeneacetone) dipalladium (0) (70 mg, 0.08 mmol) are added
and theyf@gction mixture is stirdé: %rﬁt!%f?tfeﬂéxtcbﬁwtion s40r 16 h urjder a
N2|atmdsfyhere. DMF and trie ved under reduced
prelssure he residue is gayt %%o é& "P)O é"é’ r and ethyl

acetate. Thegrganic layer is|sgp, eyd drled (Na’B X& concentrated and
thelresidue jsurified by CO|L mn chromatography using ethyl acetate and

hexane (1; luent to obtain
5-(8, ethyl-bit-1-ynyl)-3i[(trans-4-hydroxy-cyclohexyl)-
(trans-4-methyl-cyclohexanetarbonyl)-aminoFthiophene-2-carboxylic acid
methytesterasasotid; 330 Mg (66%6). 35 Step Vi—WO
2008/058393PCI/CA2007/002064
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5- (3,3-Di methyl- but-1 -ynyl)-3- [( trans-4- hydroxy-cyclohexyl)-
(trans-4-methylcyclohexanecarbonyl)-amino] -thiophene-2-carboxylic acid
methylsastep0.10 g, 0.22 mmol) is dissolved in a 3:2:1 mixtwerafA2007/002064
THF:methanol:H20 (5.0 mL) and treated with a 1N solution of LiOH.H20 (
0.65 Wi, 0.65 mmal). After 2 i @f strmaehat G - fhg redgion mixture is 5
ted under reduced pressuiedtmiaobtayy- evapdrator. The mixture
d between ethyl pexsiatextrinivatcihivpheneater layer is agidified
usjng 0.J4\ Ha The EtOAc layefiseepiratéiandfiby over Na2504.
Fillratién anél removal of the| S5K&nt under reduced pregsure on a ratary
evaporator followed by purification by column chromatography using
thanol and giERtdrometharfe(f13olimsteldyt tb\ivtiin| 92
334§t trglns-4- hydroxy-cyclohexyl)- (
¥ Lf{i? . _r@)ﬁo'B Ic]fhi %@‘}aene-z- carboxylic
. Eyl - H 3. Example 2:
eparation of

5-(3,3-Dimethyl-bui]-ynyl)-34({eamaidetigisucy s Sysighexs)-(tfrans-4- 15
methyl-cycloh ecarbonyl)3amimojthiopiweree22-carboxylic acid Step I:
20|To a soluti O~ " | carboxylic acid methy!l ester
5-(B,3+di yt-1But-1-ynyl)-3-[(trans-4-hydroxy-cyclohexyl)-(trans-4-methyl
anecarbonyl)-aming]-thiophene-2-carboxylic acid methyl ester

, 0.435 mmot) in dry| DMF (2.0 mL) is added iodpmethane (0.136

mL 2.1 mmaot) tha mivtiealic canlod an H (EQ0, crichnan Ion In
,m-ﬂ-u ||||||U|.l’ e TTITIZATUT O CATTU TYCAT'T \ . v JU\JPUIIJ

to.0C d.Nao
oil, 35\%7 deg ﬁgﬁé@%ggyrﬂ@emw Themixture |s
stitred at O€’f min, angdidgeghirahsshiy. additian of water and
acidified 25With 3N Ha The miineg- fsistibebprgnethyl pcetate and
washed Wity Drije. The organcarayetisaseparatgtiedeaed over Na2504,
conmcentrated under reduced|pressure. The residue is puyrified by column

chiomagycaphy on sitica ge| éilifirgsmthoraB0% ethyl adékate in hexane
to give 5- (83xd| yl- but- Xy Jg’gﬁﬁﬁ -NHBhoky-cyclohexyl)- (

Y 9 4
trahs-4-mejhf/ickiclo hexa necAthOIVARER f@\ Yhiopheng-2- carboxylic
acigd yl'&stdr (65 mg, 32 & {ﬁ'hi Rne-2-
2008/058393PCT/CA2007 100200 B (- iddmbthynetad- but- 1 -ynyht3- [(

trans-4- methoxy- cyclohexyl)- (trans- 4- methyl- cyclohexa neca rbonyl)-

aminol- thiophene -2 -carboxyli ¢ acid methyl ester from step | is

hydrolysed as previously described (Scheme 1, step VI) to give

5-(3, ACaRifinR rn £ DAY BsBeqt RhHsA N R lo RERYNINg tRapreeess for the

methyl-cyc lohexa neca rbonyl)- ami no] -thi o, -2 - 5 carbgxylic acid

as a solid (65 mg, 32 %). ESI" (M-H): 458.3. Exam Mﬁ

5-(3,3-Dimethyl-but-1-ynyl)-3-[(trans-4-hydroxy-cyclohexytk(tr&ns-4-methy
PreppeRsionxeinerarBi hieire)lthl oprsaie- X darboxylic acid 10 comprising

5 using an intermediate of formula 3a or 10a or 10b.

According to a further aspect of this invention there is providing a process for the

Ho\%\
/NM
- o}

preparation of compounds of formula | wherein X is comprising
using an intermediate of formula 3a or 10a or 10b.
10
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Step | A suspension of 3-amino-thiophene-2-carboxylic acid methyl ester
(5.0 g, 31.85 mmol) in dry 15 THE (9 mi..) is treated with

Warsyslehgxanedione monoethylene ketal (5.0 g, 32.05 mmgt) followea o4
by dibutyltin dichloride (482 mg, 1.59 mmol). After 5 min, phenyl silane

(4 3 t Y rocess ror e
over'gl]g tatg?g%mr?‘gr%gé%g%g G D2%’0 1%%%%@%(: 8 ém'rﬁe71(‘)’02064f .

PreRaFieb itefPRROAIhES rédiaye is Hfé%’@l@e%ﬂ|H5E%®35£’@ﬁﬁ“%&ghéd’\)\)’hﬁomp”s’“g
usiiNedd GOBrfebdowe df byrbiites aléredbrganic layer is separated, dried

(Na2504), filtered and concentrated. The residue is purified by column

chromatography using 30% ethyl acetate in hexane as eluent to give 3-

(1,4 6?89(59 18950 81'&%%’ gsperhRlolRinit RN Zhetrols BRI Eg nRipRRss for the
prmtetx(;d bfgsoimddubdyiefdjoritéanatitier piro e diard; 3-dimethyl-but-1-ynyl and R6 is 4-

13- APBRNOREDE:2 PoERmIS AR PN ARE(E Bk issplved

orome ane followed by 1,4-cyclohexanedione monoethylene acetal

(2 eq.) to obtain a slightly yellow 10 solution. This solution is added to the
suspensidingtdlaBtitEA P42t D thisimdenhiar uhreth &ngrovideticaapidcERsdfor the
preep%r)a{%ﬁ‘%‘i‘ec%:ﬂ BBP{W?%P%‘?H@ REHA i R IMN 3 HIG FRsk1iBg: SH rh?i&% is 4-

is stirred at 20-25C under N2 for 24h. The reaction is quenched dding
1’\?\/31&155%13%%8[?8?’1}'1[ @EHTBMW?&%‘[&%P?Q@&%B 5?€Hu‘t?er’éted with

water again and stirred for another Th. The dichloromethane layer is

SePafﬁée%ﬂ&gﬁéj%%ﬁe‘ﬂlas%ﬁé'r&{@éegw%#%%O%OB@AEE%C’ &t ﬂélstr?_]te various

20-25C for 20 min. Some of the white residual solids are filtered and

e ReRR B 1P e R Y RSN R TR CRR R ST EP aF IR AR SRRS - 1 wil
beisrpdetaat¢d bpethesidiiekihih hvapardtdotbargerepsuthefrgsiduesmntdkerntiion can

beCbBR&HANG) 2B tiiEshAhe BeRta] Ner SHsREASIAN '&vé%éamré%@&ﬁ?s and/or
and the re ultlng filt red S??f"i IS washed W|th colcﬁ_ﬁ etha I

The
oPEARI ARG TRABF S 7 P SEoTER SRRt TBH o oA ehtophene
Coﬁﬂ’@msc@mpcbndd@mrNﬁAmPpemﬁamnlmatmsmmmrcymomﬁw 741, USSN

1087090y inRci chipadeoxalysaloride(dM méﬁqgmg-m@é%t)@ dsEI9/i883, 749

g8l o P R et TRTMORIERRI L 0 0009904,

W@@Oﬂms)zﬁheméaét?@ﬁﬁﬁ’b&m@ »sTbmwb@nﬁwl@métcmmy@ramélsmn@d in WO

2090)8Mes7assdremQuest tindes reduced pressure to obtain the crude acid
chloride which is used directly for the next reaction. 30 B-

trans-4-Methylcyclohexyl carboxylic acid chloride is added to a solution of
3-(1,4ndibseforegoing and in the following examples, all temperatures are set forth

uncorrected in degrees Celsius; and, unless otherwise indicated, all parts and percentages
are by weight.

The following abbreviations may be used as follows:

Boc tert-butoxycarbonyl

DCC 1,3-dicyclohexylcarbodiimide
DCE 1,2-dichloroethane

DCM dichloromethane

DIPEA N,N-diisopropylethylamine
DMF N,N-dimethylformamide
EToAc Ethyl acetate

Hal halogen
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spiro(4.5)clectylamino)-thiophene-2-carboxylic acid methyl ester (2.4 g,
8.08 mmol) in toluene (18 mL) followed by pyridine (0.7 mL). The resulting
migteresiessben stirred for 16 h at reflux. The reaction mixturerisadubear/002064
with toluene (7 mL) and cooled to 5C. After the addition of pyridine (1.5
mt) and MeOH (0itBionh pldheninintyéridestirred 2h at 5C. The white 35 solid
is filteragh and washed with toluene. The filtrate is washed with 10 % citric
acid, aqg. NaHC03 dried (Na2504) and concentrated. The solid is purified
by si siffch gel col rlluefﬁ‘?ﬁﬁ*é‘fc?@’ﬂphy using 20% EtOAc:hexane as eluent
to oljtdin 3-[(1,4divataydpiitoph 53dec-8- 45 WO

s 200§1058393PGRIGA2007(002064 4o

yl)-(trans-4-methyl-cyclohexanécarbonyt)-aminoFthiophene-2-carboxylic
acid thethyl este‘j\4 D éyﬁr%@f‘)mﬂﬁ’éfﬁ%ﬁ/e procedure: 5 To a solution of
tran®Bemethylcyolotebottaarfiaskylic acid (1.8 eq.) in toluene under
nitrogen is added anhydrous DMF. The reaction mixture is stirred and
thionyl chloride (2.16 eq.) is added over 3-5 min. The mixture is then
stirred for 3h at rt. When the reaction is completed, toluene is added to the

10 reacﬂonf’rmmnebirhms«alwﬁm adl therfoeviap orstgdrenviier phdsec€dnitohgem packed

wutW%jﬁH;SaF? dalf Cﬁ ﬁm %P%«??H‘é“ﬁ%ﬂw'%r%%ﬁﬂé‘(ﬁ@«k@ TG, Frvent was an

obtain orl

l 10 & olution
apmnr,wrmﬁa@ﬁ.ﬂi[aqst]%mé&;ﬂwa&rtwa&}phéﬁ@@%ﬂ%ﬁ%&%&ﬁ methy!
- ester (1 eqg.) and pyridine (2 eq.) are added to the acid chloride (1N)
S l'éop The reaction mixture is stirred at reflux for 15h. Once the reaction
Ex
leted, the reaction mixture is cooled to room 15 temperature, and

15 PrepaiatifRthapbl aiPdnpinetaykhiddting s Hieansabtuaranayelabexyhstrans-4-
mdthyl-tjciihéand @dbaiwiiading)edusheokHlomiidaMNECa2jds added. The
organic layer is separat d, dried (NaZSO and evaporated to about 4
volumes of solvent. T solution is ad dm volumes of heptane white
stirring. f)e reaction fa% immersed |nt ce bath and stirred for 120

min; |geosoI|§1“1'§ filtexed off anﬁﬁ&ﬁshe ane_._‘ﬁfi‘éllll dried

20E & t In the vacuunpoven to obtain the C mpound Step Il
n-BulLi (2 eq ) is added dgopwise.for 10 min h:L( 40C) solution of
diisopropylamine (1 eg dry HF. The & |xture is stirred at the

same temperature for 30 i

. Then a
Step ,V Step v M/ Step VI
N N e

Bf o)

HO

Step |

20
40
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25 solution of
3-[(1,4-dioxa-spiro[4.5]dec-8-y1)-(trions-4-methyl-cyclohexane-carbonyl)-a
Ribalifsieghene-2-carboxylic acid methyl ester (1 eq.) in THReradded 002064
dropwise (35 min) keeping the internal temperature around -40C. The
A é’@s@@ﬂﬂBn”HKtBlfﬁﬂﬁw@@rllﬁdrf@ftﬁ%ﬁﬁdh@eﬂd;&lﬁﬁkﬁlf&ofa@d’i iading|(246r) (17.0 g, 72.0
Eis ad wise, stirred for. 3 the e tempe befar
mmol_} g gd’de Pa%rgt%é Iﬁtltorﬁad% ﬁ?ﬁq I13‘1cecreac ?dﬁr%dr]r?& ure‘%‘gﬁﬁﬁen& q(oh? (1.3
mgzd?e%wa&ét&tt&oaﬁd Radbutdnatishkiedayd 8 b phfateichhd ieishadn, phenyl
silanitho%4 sodiom thmmIi‘ﬁtaeimlLmﬁthheaet@amﬁﬂayens&ﬁ&par@Ied néli@@t room
tenQNear%ép ) apg %V.%p%'% agg S‘#@Bsu '%” h 0 2Pesd hv? faneyith Siatco,

s ension is stirrea O min, ter d washed W|th e tane to
thnghgmegj'[hf gtgﬂ@;@éagﬁ{mﬁg}gégeg ﬁped on NaZSO4, filtered and concentrated The

crm(@@amstérmeifmy\luce@:tahexan@mmmmmmaﬂrﬁamdqﬁhia@heneq&@amoxybmted

acid m | gt +H). 548 Co
o R R 2 A T Ao e I oo aci
mekiybedey, G4 (10 £ AdkYi&go[4.5]clec-8-yI)-(trans-4-methyl-
RefywlotweMarsgasbonyl)-amino]-5-iodo-thiophene-2-carboxylic acid methyl
stEsher (1 eq.), copper iodide (0.025 eq.) and tris(dibenzylideneacetone)
Ipalladium (0) (0.01 eq.) are taken. DMF, 5 triethylamine (2.5 eq.) and

3,3-dimethyl-but-1 -yne (2 eq.) are added and the reaction mixture is
A- ghisracagibd 0C fas2hriagigicacBeatinesphisir. akhedeastieon mixture is
OXQlﬁ]r‘éﬂl&the@@e%‘doWﬂsﬁ‘%‘? i %thﬁ]&ft{'N&) N eﬁ?&“ﬁ%&%ﬁ Lb[ﬁdof trans-4-

water and extracted 2 times with e acetate. The organic
methulerebfsacarPEsReY $'6rfids w.zﬁwzﬁ%éﬁnﬂ@’\o@aﬁia RRfePHE (0.1 mL), and
theaparatedmikied (Nagged )3ewapotaiedipanout? DiW anddhend nidef teduced

pr&‘?ﬁ’ﬁé‘%ﬁdscr?edpe%%uﬂ IS EyADNAIEAAQ.Aat Bok 2L GRAIRE I ARIGE LA oluene to

he formed white solid is filtered, washed with heptane and dried in oven
m%e(?o%ﬁoﬂ-'t‘@% -dirnethyl-but-1- ynyl)-3-[(1,4-dioxa-spiro[4. 5jdec-8-y1)-(
trans-4 -methyl-cyclohexaneca rbonyl)- ami nolthiophene-2-carboxylic

I
e- 38 %%gﬁﬁﬁga%§é?w§£€1 4-dioxa- splro[4 5}dec-8-yl)-(trans-4-meth

T LR BT AR T TR AR o AR gl tion o
5-Glomg: pis! distiotaenii|te Fakydrofaranatiidpberted with &BiN HOGONtdY  ester
23_ he Eeaﬁ'%délﬁqﬁrqgl@éré% fﬁ’l‘[ﬁrﬂolangaﬁ?rﬁrmﬁl@ qgid,(gd,ﬁ_ndﬁg mmol). The

reaction mixture is cooled to room emp e@&ure The reaction mixture is

BRI With & HITaeRiERE (9'x'So ¥ cOROiRRTeR g S diluted with
tolearsh &) with 2% méolsidadpreotrs &&uMmtmmmmwdpzmm ik ofl) and MeOH

(5 e, e 9{9&9@ JAYFiSICORCRNERRIEHHO Fifick QllABd PR rﬂké?fed off and the
to@ﬁ tane to the mijxture ﬁ}%rempltat the desired compaound

GIOENEF 8943 Hin StEb A af M"‘@f&rﬁﬁé’ Aor?ééfﬁ’% acid, aq.
SaQ@Jchog, dned (Na,504) and concentrated. The residue is triturated in boiling hexane

1mhbﬁ&&@%@éh@ﬂﬂﬁ%@%@&m@h%m@mﬁmieeh%geﬁétmexyﬁs reaction
d meth %e ster. St%p VI 5 tra

6h

fla& 1S ]mn]ecyc (l)rh é’ )gg% B rbon f)ﬁr(& OXO ?C 8 o ex ]Be tered off and washed
wigiminlsl '”Dlﬁn@phéﬁ%ﬁzﬂébrﬁbﬁﬁ@@féeﬁdDHﬁél?@/lbésVdéﬁf\!lgelqc))h@rms@‘lfmat%raphy using
205HE:ON Rk s adse RRAO the reastiontREXtHAE! aradnfml@@i 19-be&ho-3-[(1,4-dioxa-

0. is added paortion |se mai mperature b o
PR T e SER o o S BRI S BRARAEd & PR
meiyitrskers(ibarmed o room temperature. The phases are separated and
the aqueous layer is washed with EtOAC. The organic phases are

ot bined and washed with brine and dried over Na2504 and
EBh entrated to dryness to give 5-(3,3-dimethyl-but-1-ynyl)- 35 3-[ (4 - hyd
roxy -cyclohexyl)- (trans-4 - methyl- cyclohexa neca rbonyl)- ami no] -thi
ophene-2- carboxylic acid methyl estefas a 93:7 mixture of isomers. The
crude cis/ trans mixture is recrystallized in methanol to obtain > 99% the
trans isomer.
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47 WO 2008/058393PCUCA2007/002064 Step VII The same procedure
as reported earlier (example 1, step VI) is followed to obtain 5-(3,3-
dirpetigloinavsl -ynyt)-3-[(trons-4-hydroxy-cyclohexyl)-(trons-4egietingbeyaiencs
hexanecarbonyl). 5 aminol-thiophene-2-carboxylic acid. MS found

5- KﬁﬁﬁﬁtB%p,ﬂﬂM)eXMsM)o 4454}&&8(@01@@1145 41Gnetihylcyclohexane carbonyl)-amino]-
thyl-but-1-y met cyC carbon c
tmip‘[ 2tn§nz<))y li %?/cﬁ")hi %E |oli2/her¥e§-car SOlVdem %]t)raqggmfuran
(109. (Btzaﬁmfé?ﬁgﬁslmlhy?rwfé E&Yﬁ?@ﬁﬁ]éﬂwlId}ﬁ:r@ﬁé&@hé-éﬁfﬁﬁﬁnﬁﬁlfﬁ?ﬁaf?f 3 h.
Thé%&ﬁﬁﬂﬁﬁi&ﬂﬂiﬂMW@M%&@UO@&GWQ@M@B%@%@@WlW&V@@ in EtOAC

solutj
an%@epshég_ %‘?}) %q égp aH O solutlo ?{8%13%{%/5;' is se 8%‘%}-% r%"éﬁ%i ?n Na;S0,,

di me rboxy
fﬂt@g@grmm@gﬂ@@gq gwg é%ﬁwﬁaﬂgans 4-methyl- cyclohexanecarbonyl) (4-oxo0-

cyééilaxyBlHiarRol-thighRystonexanayie: (did frgtHCe2QMEihia gdry EHSIS.
added dibutyltin dichloride (0.024 g, 0.080 mmol) followed by phenytsitane
(0.276 ml, 2.2 mmot). The mixture is stirred overnight at room

SteBiNperature. Solvent is evaporated under reduced pressure, and the
residue is diluted with ethyl acetate. The organic Iayer is washed with

roterA1c e SRRSOl sl st A0 COmRSIBIS N oo

reauce ssure & residué 1s pur mn chiroma ograp
cyghpbepdbaningiztneehane Asadeybioosid methyl ester (5.9 g, 12. 9 mmol) in 50 mL of

MeOH under a N, atmosphere, NaBH4 (250 mg, 6.4 mmol) is added portion wise (approx. 30
min). After the addition is completed and checked for reaction completion by TLC
(hexane:EtOAc 1:1), 10 mL of HCl 2% is added and stirred for 15 min. The reaction mixture is
concentrated under vacuum to dryness. The reaction mixture is recuperated with water (25
mL) and extracted with EtOAC. The organic phases are combined and dried over MgS0O, and
concentrated to dryness. The residue is purified by silica gel column chromatography using
EtOAc:thexane (1:1) as eluent to obtain 5-bromo-3-[(trans-4-hydroxy-cyclohexyl)-(trans-4-
methyl-cyclohexane-carbonyl)-amino]-thiophene-2-carboxylic acid methyl ester (4.5 g, 77%
yield) as a solid.

Step V

To a solution of compounds 5-bromo-3-[(trans-4-hydroxy-cyctohexyl)-(trans-
4-methyl-cyclohexanecarbonyl)-amino]-thiophene-2-carboxylic acid methyl ester (500 mg,
1.09 mmol) and 3,3-Dimethyl-but-1-yne (385 mg, 4.69 mmol) in DMF (0.5 mL), triethylamine
(1.06 mL) and tris(dibenzylideneacetone) dipalladium (0) (70 mg, 0.08 mmol) are added and
the reaction mixture is stirred under reflux conditions for 16 h under a N, atmosphere. DMF
and triethylamine are removed under reduced pressure and the residue is partitioned
between water and ethyl acetate. The organic layer is separated, dried (Na,SO.),
concentrated and the residue is purified by column chromatography using ethyl acetate and
hexane (1:2) as eluent to obtain 5-(3,3-dimethyl-but-1-ynyl)-3-[(trans-4-hydroxy-cyclohexyl)-
(trans-4-methyl-cyclohexanecarbonyl)-amino]-thiophene-2-carboxylic acid methyl ester as a
solid, 330 mg (66%).

Step Vi
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silica gel using gradient 50-100% ethyl acetate in hexane to afford

5-(3,3-dimethyl-but-1-

wiyodsfetddo, 31triazol-1-yl-cyclohexylamino)-thiophene-2-qgarbexylic;acids4

methyl ester. Step II: 5 To a solution of 5- (3,3- dimethy 1- but-1 -ynyl)-3-
5-(i‘§4§;]mgth%ﬂ 6\3@\2%% 3(3{/&}%53?%1lﬁd‘i‘?&?@fdbﬁ@@?e@ﬁ‘angaﬁﬁmwwi tc acid

ethyl es mol).in tglu eda ion 0

Cyc%ﬁ’é Eﬂ&qu%%gﬂgx 8%?? r(‘)%()%llc 3?:? ﬁl KI8H )rf%i{}ﬁ ‘qu%nqo;% mmol)
is déﬂﬁ@iWridmé@UWMG @B@iﬁimmb\arrwé*nﬁxmené sitmﬂefdeémmghtaam solution

of ﬂa@ﬁ%&m@ olidgtad WitbseHwoacetate. T Reoprganiclayais, vxtas,h@dcwm mixture is
QP332 10.a0d brine, The 01030ic IAVCL 10,15 Aripd Wi S0, e

conceﬂ‘taf1 red and’ %eon en rlgFe under n%lué’ep ressure. eI'H]e resi d‘seP gHtion

betmﬁhéﬂwy@ﬁtﬁ@é@%@mﬁn CheonsesJraphip @M)@f@ﬁh%@%@tété‘/lﬁ'ékaﬁ@ EtOAc

layd® é@é}%ém@whﬁamt@ J%l:ome%sbpma%bﬂeﬂid f@ﬁl‘?bdah@@etﬂteéolot;ﬂt\/@nder reduced

3,3-dimet ut-1 tran ohexanecarbon
pre 0 Ao e ol oty A SNBSS BRIk SHHY using
meph@mwa@gtem_cmg)lgf@gr@ngg g ‘i r@feth%‘;‘lebht@ obtain 5-(3,3- dimethyl -but-1-ynyl)-3-

trMi}yl)f@dKéE@I@&o) ﬁé@&bﬁctwhﬁxﬁm&q@r&mﬂeﬁﬁ%;ﬁ)ﬁmﬁ@(dmophenea-
amina)-thio 0 acid methyl ester (0.13 g,
carg ég{'rcn?ﬁ]o%yls hy rb yzeg wi I|t$1 Qﬂﬁ@/drx‘%e as previously described
(example 1, step VI) to give after 20
ﬂﬂg purificationthepureisomer5-(3,3-dimethyl-but-1-ynyt)-3-[(Erons-4-me

Pre(? eraohexanecarb 3h§/|?lf?il thﬂlf lét g]ﬁng nyt/rlagfclo etg\/ 5%3‘8&%?’ Mtrans “+
meﬁl@ygcggwr@%magmmo] thiophene-2-carboxylic aci

(3,3-dimethyl-but-1-ynyl)-3-[(trons-4-methyt-cyclohexanecajbonyl)-(trans-4
- [1, 293)tri azol-1-yl-cyclohexyly-ami noLthlophene-Z-carbB ylic acid. MS

met t-i-ynyl)-3-[(t ns yé cye Iohexane
} F |ophene -2-carboxyli

ic acid WO 2008/058398PCT/CA2007/002064

Step It

To a solution of 5-(3,3-dimethyl-but-1-ynyl)-3-[(trans-4-hydroxy-cyclohexyl)-(trans-4-methyl-
cyclohexanecarbonyl)-amino]-thiophene-2-carboxylic acid methyl ester (0.200 g, 0.435 mmol)
in dry DMF (2.0 mL) is added iodomethane ( 0.136 mL, 2.18 mmol), the mixture is cooled to
0°C, and NaH (60% suspension in oil, 35 mg, 0.87 mmol) is added in portions over 5 min. The
mixture is stirred at 0°C for 1h 40 min, and it is quenched by addition of water and acidified
with 2N HCl. The mixture is diluted with ethyl acetate and washed with brine. The organic
layer is separated, dried over Na,SO,, concentrated under reduced pressure. The residue is
purified by column chromatography on silica gel eluting with 0—50% ethyl acetate in hexane
to give 5-(3,3-dimethyl-but-1-ynyl)-3-[(trans-4-methoxy-cyclohexyl)- (trans-4-methyl-
cyclohexanecarbonyl)-amino]-thiophene-2-carboxylic acid methyl ester (65 mg, 32 %).

Step I
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Step I: Reductive amination of
3-amino-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl
estero@/237%vg, 1.0 mmol) and 441,2,4]triazol-1-yl-cyclohexamomac 202 700g64
1.0 mmol) 515 performed under the same conditions previously described

5- (&Srmnﬁﬁwayﬁm dighloridR e -phesyiedang hetye - (trans-4-methyl-
cy of%)%ndegn glﬁ%ﬂﬁ(gr})ﬁ%ﬁéﬂ 5%aﬂ>t5 9' Jacﬁlf Cﬁ%ﬂ&?%%@'”ﬁ%m step | s

ene oxylic aci

met yl ester
th‘fféYﬁ%‘fi Bbtarfwgaweeamffdz(iﬁmfa%dmtm %15 doRERythiTgmehy-but-1-ynyl)-3-

[(taphenasZhoayayzidie:al)d metwhestet - dahex hadmungl) ammeyl eirghaiis 2-

5 Ca{gggﬁ;éamgmygc%ggwmgggmgg Afid)chigride as previously described
0 give

10

: [1 2, 4lriazol-1- gf&Mclohex ;)»famlr},quthlophen

5-(3,3-dimethyl-but-1-ynyl)-34(trans-4-methylcyclohexanecarbonyl)-(441,2,

Exdfipaz®i-1-yl-cyclohexyl)-amino)-thiophene-2-carboxylic acid 15 methyl

& ILiez1( Y

gféaé*ﬁ' B b o e e erong ettt

Hhﬁ%ﬂ&ﬁ?ifﬁﬁ@ﬂé a?"l‘éﬂrﬁ@??h@%\%ﬁf ?ﬂ@’tﬁﬁlé's?éicto 244 g, 0.45 mmol) is
20 hydrolysed with lithium hydroxide as previously described (example 1,
step VI) to give after HPLCpurificationthepure isomer
5-(3,3-Dimethyl-but-1-ynyt)-3-[(trans-4-methyl- cyclohexanecarbonyt)-
(cis-441,2 4]triazot-1-y“Cyclohexyl)-amingltgiophene-2-carboxylic
acidand5-(3, 3-Dimet t- 1 -ynyl)-3- s-4-methyl-cyclohexanec a
rbonyl)- ( trans-4-

oxylic acigleZp MS
(electrosprayy. (M 49y .4 O 20 58393PCI/CA200£/002064
p 6: 5- -(3, 3-Di mettyl-® ut-1 -ynyO-
(trans -4-methyl-cyclohexanecarbonyl)-(trans- 4-
[1,2,3]triazoki-yr-cyclohexyl)-amino)-thiophene-2-carboxylic acid

Step Vi

P————

Step |

A suspension of 3-amino-thiophene-2-carboxylic acid methyl ester (5.0 g, 31.85 mmol) in dry

15 THF (9 ml) is treated with 1,4-cyclohexanedione monoethylene ketal (5.0 g, 32.05 mmol),

followed by dibutyltin dichloride (482 mg, 1.59 mmol). After 5 min, phenyl silane (4.3 mL,

34.96 mmol) is added and the reaction mixture is stirred overnight at room temperature.
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Step I: To a solution of

5-(3,3-dimethyl-but-1-ynyl)-3-[(cis-4-hydroxy-cyclohexyl)-(trans-4-methyl-

]\g&y&jg)/hb%gpecarbonyl) -aminol-thiophene-2-carboxylic aciq, methyh este e
0.92 g, 2.0 'mot) in 10 ml of CH2CI2 is added at 0C methanesulfonyl

Aft%‘?"%ﬁi%ﬁ@a%]or{“%e 2saa. 8?448%0’&9 REEgnYaWRS L8 é?n—% lch% » followed by

mmo he reactlon mixture is stirred at room temperature
bripgalb ERMGARSEr ThieRRAIu ST R Qar diltered aPHeSIGRAtGIFICTRE residue

is finéfiodgandollaye kiswhitedgvaiphysading raosutfdie  dikerediandxaoaceritatado give 3-
(1 Wtﬁ&‘{a GRS PIESE G0 S Ridoherie(3: §a¢6€lé§ﬂ%y'a%t ilneth ester (4.5 g, 47%

-ynyl)-3-[(cis-4-methanesulfonyloxy-cyclohexyl)-(frons-4-met yIcycIohexan
yi @arbonyl) -amino)-thiophene-2-carboxylic acid methyl ester. Step Il: To a
solution of

AlREad Ep&tgmrgut 1-yny1)-3-[(cis-4-methanesulfonyloxy-cyclohexyl)-(tra
ns4-methyl-cyclohexanecarbonyl)-aminol- thlophene -2-carboxylic acid

3- MR NERBR T 2 6REP N6 AfitbITFMTb §hieHt b F: slsaaagavgsdtmrw%tm@(ethane
folloeedy bl O mnyolphdlemadiactiononuxthykeie stored {ore¢Shtat @@&n Bhetightly yellow
somt%&tlar?rté ShlptRA w'yaa%fé% arelalseNRENGdHlimRe atthzvxat?tnaat%%&hane

with brine, The organic layer is dried with sodium sulfate, filtered and 51
Aclie 3 b8 APRIPRE ARRITIB2EBE RETRGAlrARHITindRs Fatidpg suspension is
stipresstiP@-2h fivender N, for 24h. The reaction is quenched by adding water and stirred for

1h31H Hﬂ&%xﬁeﬂ?ﬂﬂé’t‘&}’&‘Qb?éﬁg)a@é‘”ﬁe%t@t?mWWE{QPQﬁﬂ%ﬁ@rﬁﬂ%)f@v@mﬁer th.

g( dimethyl-but-1- ynyl)-thlop ene-2-carboxylic acid methyl ester. 5
Trgt 1§hl|<?r%\n§8]arff>0}?¥ﬁr is separated and added to a Saturated NaHCO; solution, stirred at

2032 tcafrs- ZDarmnloSmyelohﬁwwuemwumemw@elotmmmmanmgqgmc layer

s Ogegar@é%f d'm‘%ﬁ“y FQ%S‘O} YRYY-HRigrR 9(@9 ZM“étFFA%V“@ aigemethhesteidue and
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mmol meth |SI| Iene 4 ml, 10 mmot) js treate

e\’%ﬁ%ﬁié&% dvg €*’r %‘ “.é’c 8&?&?&?&8 aWcE e‘sa&ééat 0°C. The
sugressoFdsaadutime- fémchsﬂeammhafrewtiy\slmrgét@ewlmﬂhed with cold methanol.
THHREIQBEAR e MR Reat i hexane 1R LA R HMACSIRIE Wrord the title

afford 5-(3,3- di methyl-but-1 -ynyl)- 3-{( trans- 4-
Comg?ﬁn -cyctohexanecarbonyl)- [trans-4- (4 -trimethylsi

lanyl[1,2,31triazol-111)-cyclohexyli-amino)-thiophene-2-carboxylic acid
stapethyl ester. Step IV: 15 To a solution of

met Ibut It ans eth I-cyclohex necarbonyINtrans

j: ip?rl"rgrtte Isﬁgrhs ‘t' 'ﬁ%@ﬁf cﬁx O)go%eééhcgﬁn%ol -thiophene-2-car
Oﬁdxv;&wt&fa@a %tﬁﬂ'@ﬁ%ﬁm%f@; 078‘2%11164’}’% PrPY(Beoterd)siserigisn of trans-4-
matﬁﬁ&at@t&ﬂyirtéﬁﬁ&;(ac%’&amtmas 1Bnahnol iR Eﬁ@qammmh@wqésmrm DMF (0.1

I‘]s) 4h and.treated with vgate at rated ammonlum Iorltilec§o utio

h S ﬁ € voliall

€ réaction mxture 1s stirr m tem er S are removed
ueous Layer IS extrac ed W hy acetae organic layer Is

ur\féars GRILPISATES dpicbtaintihsosivin @ﬂﬁattéovﬂﬁ@re@%th@ émc@mﬁateépr the next
redagier. reduced pressure. The residue is purified by silica gel column
chromatography (50% ethyl acetate/hexane to 100% ethyl acetate) to give
5-(3,3-dimethyl-but-1- { y)-3- [t ans-4-
B ey fARIHEsEoNsEA tsaﬂg%y (Eranis-4R'Pridsitiaderd S RcsRiSIRExgT)3- (1,4-dioxa-
spéroiin 6]d¢hisopiheire)2 kicpitboscplcaswigy e tiid astehyRestdeq4 g, 8.08 mmol) in
toluene (18 mL) followed by pyridine (0.7 mL). The resulting mixture is then stirred for 16 h
at reflux. The reaction mixture is diluted with toluene (7 mL) and cooled to 5°C. After the
addition of pyridine (1.5 mL) and MeOH (0.8 mL), the mixture is stirred 2h at 5°C. The white
solid is filtered and washed with toluene. The filtrate is washed with 10 % citric acid, aq.
NaHCO;, dried (Na,SO4) and concentrated. The solid is purified by silica gel column

chromatography using 20% EtOAc:hexane as eluent to obtain 3-[(1,4-dioxa-spiro[4.5]dec-8-
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5- (3,3- Di methyl- but-1 -yny1)- 3- [( trans- 4- methyl
-cyclohexanecarbonyl)- (trons-4- [1,2, 3)tri azot1-yl-cyctohexyl)- amino]
-thbopianess -carboxylic acid methyl ester (0.27 g, 0.52 mmeQrisA2007/002064
hydrolysed with lithium hydroxide as previously described (example 1,

yhsteenvl-te-aive SHBha3Qrd Rhle flﬁﬁﬁﬁ@[@?%h&@mmﬁkyt?@taéd methyl ester
(Z-gnyg - [( trons-4 - methyl-cyc ohexa necarbonyl). ( trans-4 41

d20l-1-yl-cyclohexyl)-amino]-thiophene-2-carboxylic acid. MS found
(eLectrospray): (M+H): 497.4 Intermediate 2: 441,2,
Al@}t,ﬁiﬁmlp}&bgy@ohexanone 35 WO 20081058393PCT/CA200 0 2064 N
’PCN mlxt of m sulfo
To 1803 Sl AL ey CHO B 1%‘?&@&?%&Pé"séﬂ%r"ﬁrH”SErdEtmge”
is (Bigs! gmsxad@mrﬁb}ﬁ in fﬁ)rﬁﬂst@ﬁmwwlﬁs%ﬂmﬁbaﬁm popnat ddodendde eq.) is
adaitiagen 3 Enaifinpldmduireis mgqmdqmﬁwaemﬂéwtﬂé YERE i RERBLeted,

nd extra with three tlon he organic portions are
tol%gmeblﬁ @&%I%cf tgw\;emcé Be c él[%ra %o%‘ evaporated under reduced
nitgogeidprassrditxaalhab i Spiletand. hm@wépnnsmmmwofto uene to obtain a 1N

acH@Rig84d Gdisra-spiro[4.51decane (1.00 g, 5.43 mmol) and 1-
(trimethylsityt)propyne (3,76 mL, 27.1 mmol) is submitted to microwave at

120C for 2h. The mixture is concentrated under vacuum to remove the

3-ExddiexafspieihiddagiSivapiopyiiophrnedidertoxylic acid methyl ester (1 eq.) and
pydiediQRrSRiFeltiddales Bry ettt ey \aHBRYtctigd TR SHb4REBN Sk ture is stirred
ator%%?tmefgf Jfg‘]w Once the reaction is completed, the reaction mixture is cooled to room
temperature, and then methanol and toluene are added to it. The reaction mixture is stirred
for th at rt and a saturated aqueous solution of NaHCO; is added. The organic layer is
separated, dried (Na;50,) and evaporated to about 4 volumes of solvent. To the solution is
added 4 volumes of heptane white stirring. The reaction flask is immersed into an ice bath
and stirred for 120 min; a beige solid is filtered off and washed with cold heptane, then dried
over night in the vacuum oven to obtain the title compound.

Step llI

n-Buli (2 eq.) is added dropwise for 10 min to a cold (-40°C) solution of diisopropylamine (1
eq.) in dry THF. The reaction mixture is stirred at the same temperature for 30 min. Then a
solution of 3-[(1,4-dioxa-spiro[4.5]dec-8-yl)- (trans-4-methyl-cyclohexane-carbonyl)-amino}-
thiophene-2-carboxylic acid methyl ester (1 eq.) in THF is added dropwise (35 min) keeping
the internal temperature around -40°C. The reaction mixture is stirred for 30 min and a
solution of iodine (2 eq.) in THF is added dropwise, stirred for 30 min at the same
temperature before being added a sat. solution of NH,Cl. The reaction mixture is diluted with
ethyl acetate and water. The organic layer is separated and washed with 5% sodium
thiosulfate solution. The organic layer is separated, dried (Na;SO,) and evaporated to a
suspension and then added heptane. The suspension is stirred at 0°C for 30 min, filtered and
washed with heptane to obtain 3-[(1,4-dioxa-spiro[4.5]dec-8-yl)-  (trans-4-methyl-cyclo-
hexanecarbonyl)-amino}-5-iodo-thiophene-2-carboxylic acid methyl ester.

MS found (electrospray): (M+H): 548.21
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Step IlI: A solution of
1-(1,4-dioxa-spiro[4.5]clec-8-yl)-4-trimethylsilanyl-1H41,2,31-triazole (1.60

Gv8 £99/8s%5 ML of dry THE is treated by a 1M solution of  pcr/ca2007/002064
tetrabutylammonium fluoride in THE (9.0 mL, 9.0 mmol). The resulting

Sterm)@ture is stirred for 48h at room temperature under 20 nitrogen. It is

diluted with EtOAc, washed with saturated aqueous ammonium chlorlde
Towated andbrifEF dri Sy eriNiase8o 43 & AGiRearRERIG bdgR& vV- (trans-4-methyl-
cydefib)brdicachenpliyaiding tiede8eytichhiefik;2; 83thargie aStbmdthyRBster (1 eq.), copper

1od1ﬂél 61@50%@758150145@Fﬂ)%ﬁgyb@eﬂré'é@t&w@)t%é%%l(ﬂno@ %O%Q%dﬂ@@)t'a?(en DMF,

su mltted to the same procedure as for mtermedlate 1'step Il to afford

trioty G 7t oy 1 I S HEHIERE BUE R S dif) gl added and the reaction
ml@ﬂ@ﬁﬂ@SﬁB@&ECMA@OWWﬁ@ZNHHWUHFE The reaction mixture is filtered on

ce:ﬁlt%la%u‘lmml “dithl- EWPQ@%‘L%@@”%@?&JHMQ?%H”\QHW R and extracted 2

dioxa-spiro[4.5]dec-8-yl ester is prepared according to; Cheng, Chen
tg YR, MR ERTEN: DR AR GRS PR ERE ORTARE LRt d Tt h veter.
The aingamcUayver, iT agperatdindiedIdlashid)peMedieindl tCabnusayn(1982 hen 8 mL of

heptiells 2ddhd: /it 10 9B Hicd §9|?QOHLOEHH%Q§§H|HEW&%% The formed white
4-digxa-spiro[4.5]clec-8-yl ester (567 m 2.40 mm &nand 1,2,4-triazole

50'(53’2 Pr\ber ‘3¢ Fﬁpﬁﬂl)"ﬂ’frbl WVI‘& (%‘,“bé“?ﬁ ‘Ps PERLR fﬁ“%c?d‘én”l WW% -but-1-
yn@DBe[(1 26diop - it &f #riifriely- amtmmmmmmwre/dntieranﬁwgmnylﬂammo]
thispreliing. L Bue ddia WEQEQSC for 72h. It is poured in ice water (75

ns o

mL), extracted 3 portio 75 mL of EtOAc. The organic portions are

combined, dried over anhydrous Na2S0O4 and concentrated. The solid is

purified by silica gel column chromatography using a gradient from 100%
&AC to 5% MeOH:EtOAc as eluent to furnish the final compound

> é élpo‘%wdé%@bzf S S S O R IEBrE (g, 181
cypirhelpieadibooiieanimal Imonhmrércﬁrtmvliam@wmyla@@@wsesdlwti@iasolved in
tetFaRPldoflRA ERRUIFNGN It i§ RtRAALISC fak SBadvestiotthed kFatBC for 5h.
WD R AT e, NS R NG N RS et aliZ8Te. The reaction
mixture is extracted with ethyl acetate (2 x 50 mL). The combined extracts are washed with
25 mbL of aqueous saturated NaHCO; and 2 x 50 mbL of water. The organic layer is
concentrated to a thick oil and 50 mL of heptane is added to the mixture to precipitate the
desired compound which is filtered to give of 5-(3,3-dimethyl-but-1-ynyl)-3-[(trans-4-methyl-
cyclohexanecarbonyl)- (4-oxo-cyclohexyl)-amino]-thiophene-2-carboxylic acid methyl ester.

Step VI

5-(3,3-Dimethyl-but-1-ynyl)-3-[{trans-4-methyl-cyclohexanecarbonyl)- (4-oxo-cyclohexyl)-
amino]-thiophene-2-carboxylic acid methyl ester (1 eq.) is dissolved in THF. Water is added
to the reaction mixture and cooled to -25°C. NaBH, (0.5 eq.) is added portion wise
maintaining the temperature below -20°C. The mixture is stirred for 2h at -25°C, 2N HCl is
then added and the solution is warmed to room temperature. The phases are separated and
the aqueous layer is washed with EtOAC. The organic phases are combined and washed with
brine and dried over Na;SO, and concentrated to dryness to give 5-(3,3-dimethyl-but-1-ynyl)-
3-[(4-hydroxy-cyclohexyl)-(trans-4-methyl-cyclohexanecarbonyl)-amino]-thiophene-2-
carboxytic acid methyl ester as a 93:7 mixture of isomers. The crude cis/trans mixture is

recrystallized in methanol to obtain > 99% the trans isomer.
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25 using a 3N NaOH aqueous solution until a basic pH is reached. It is
extracted with 3 portions of 10 mL of dichloromethane. The organic

podtimng @ssssombined, dried over anhydrous Na2S04 and cerimentriatee 2064

to afford 411,2,4]triazot-1-yl-cyclohexanone as a white waxy solid. 30

Example 7:

SteP(ﬁ arationof5-(3,3-dimethyl-but-1-ynyl)-3-[(trans-4-fluoro-cyclohexyl)-(tra
Rs-4- methyl-cyclohexanecarbonyl)-aminol-thiophene-2-carboxylic acid
ThaAs@RODBIFE8BO3P CRACH e D 0286 nrEH! 5 stepaVilisptatisiver ofosobtain 5-(3,3-

dirdSeRyabmeitydybus-Larayd) addrscf Y Iyt e Sanexyi(Katts e oihviaysbny ) -

phexanecarbqnyl)-aminoFthiophene-2-carboxylic acid (102 mg, 0.23
5 o B TR W CRFETT D5 e added DAST

MS (oisthiglastimssiaph(ftifiuéde) (90 pL, 0.69 mmol), and the mixture is
stirred for 4h at room temperature. Then it is diluted with CH2Clz, water is
added to the mixture, and it is vigorously stirred for 20 min. Organic
fraction is separated, dried over 10 Na2S0O4, concentrated, and the

Exaewitdué is purified by preparative HPLC to give 5-(3,3-

10 5-(@lEmﬁiﬁigth#ltﬂu#ﬁl%@=W@Bﬁs%ﬂ%ﬁ%ﬁ%ﬁ@h@%E(Hecfaglﬁﬁf?ﬁlﬁci;-4-
/I-Cyclonexanecaroony()- INOj-thiophene-2-carnoxylic aciq. .
T Vo) O S P LS AP Dt Bfiog of - Dimethyl-
bus{(IBbicnEitgrbdtmeyhyligysiohexared-methytatpoitiettineedrbbayditriazol-1-yl-
cycsHEHRIRsHe o henBlaciipRRpRO et carboxylic acid hydrochloride: 20
WO 2008/058393PCT/CA2007/002064 1 step I

15

0 0

NH,
’ \ P Step | b Step Il NQ (v 5 .
4 S /o""‘“‘——'“" NH ———— Y
[ f [ o
= S e 7z S 0

Step Il NZ ~ % %\ /‘g%/

B e a9

Step I

To a solution of 3-amino-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl

ester (example 9)(0.387 g, 1.6 mmol) and 4-[1,2,3)triazol-1-yl-cyclohexanone (0.27 g, 1.6
20 mmol) in dry THF is added dibutyltin dichloride (0.024 g, 0.080 mmol) followed by

phenylsilane (0.276 ml, 2.2 mmol). The mixture is stirred overnight at room temperature.

Solvent is evaporated under reduced pressure, and the residue is diluted with ethyl acetate.

The organic layer is washed with water and brine, dried with sodium sulfate, filtered and

concentrated under reduced pressure, The residue is purified by column chromatography on
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step VI Step I: To a solution of
3-(tert-butoxycarbonyl)amino-5-bromo-thiophene-2-carboxylic acid methyl

WRSI6Ns(6s9H9 9, 13.58 mmol) in dry DMF (40 mL) are addedg@REh(Ho2064
iodide (52 mg, 0.27 mmol) Pd2dba3 (622 mg, 0.68 mmol) and

5111%6%'9&”@%&%‘%9 1315 %HWOQ?S?&%%GH&XM“% @W?@%wa but-1-

nitrogen throu tion min. Then tert utylacetylene

- ynyl: i) 2534t§22mMi)%k?*mwwmmﬁahqnw RRRSNVHFAGddRRt Y dider.
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mixture, and it is heated at 60C overnight under nitrogen. The mixture is
t&Ailyted with CH2C12 10 and filtered through celite washing with CH2CI2.
iltrate is washed with brine, orgianlc fraction is separated, dried over

T°Ne?2569f“88ﬁce‘?{tra§e@ LA RtV Widridd BytisiasninT -Yi-cyclohexylamino)-
thiohheneslegirapkytionddicse sl elsttngonthggyradiEmnadlEiDAclirfzekant)td added a

solgw&oéﬁfﬁg’ng"t methylcyclohexyl carboxylic acid chloride 1 M (1.0 ml, 1 0 l) and
dimethyl-but-I -yny % tert- bu¥oxycar8/onyl)am|no thlophen(e 2- gar mo) an

PYBEIBE A Bt s oK TR D) IS 2057206 B0 (950 3ne @iited with
etlgl &bdtel. TheDrddnic Bt {bwsshbd With MSitoynd(lelectidsiray)THd/brkhic layer
is g Jv%tﬁ%%&”m-gglﬁéowﬂgféﬁ)fa?d concentrated under reduce pressure, The residue is

3-dimethyl-but-1-ynyt)-3-(tert-butoxycarbonyl)amino-thiophene-2-

(3,
P“E’é‘r%@hé‘%?ﬂd%ﬁiefﬁi}lf%%téw HOpTEP y5é2%n€at|lyyh ifﬁ?%ﬂﬁ‘?é@“m%é(’(’% ethyl
acathﬂe(ﬂottd‘kﬂdrba(léﬁNEOWM{B&mhﬁemmm&wﬁm&byﬂrm &ynyOm-[(trans-4-

méﬂ%{)‘lp&[&%@a%%%gml &Q?ﬁ‘ i 5RURoIFied B ANEE AR aEdgslue

is redissolved in CH and washed with aqueous NaHC D3 and brine.
Ca@f’éé%caﬁlﬂé‘ﬁ%ﬁi?%%?ﬁarated dried over Na2S04, and concentrated to
give 56 WO 2008/058303PCT/CA2007/002064 3.135 g of crude
St (ﬁ 3-dimethyl-but-1-ynyl)-3-amino-thiophene-2-carboxylic acid methyl

S AL R P PR L2015 S, 300 6,200 58 OO .
cyclohexyl -amino]-thiophene-2-carboxylic acid methyl ester (0.13 g, 0.25 mmol) is
hydrolyzed with lithium hydroxide as previously described (example 1, step Vi) to give after
HPLC  purification the pure isomer 5-(3,3-dimethyl-but-1-ynyl)-3-[(trans-4-methyl-
cyclohexanecarbonyl)-(cis-4-[1,2,3]triazol-1-yl-cyclohexyl)-amino]-thiophene-2-carboxylic
acid and 5-(3,3-dimethyl-but-1-ynyl)-3-[(trans-4-methyl-cyclohexanecarbonyl)-(trans-4-
[1,2,3]triazol-1-yl-cyclohexyl)-amino]-thiophene-2-carboxylic acid.

MS found (electrospray): (M+H): 497.4

Example 5:

5-(3,3-Dimethyl-but-1-ynyl)-3-[(trans-4-methyl-cyclohexanecarbonyl)-(cis-4-
[1,2,4]triazol-1-yl-cyclohexyl)-amino]-thiophene-2-carboxylic acid and 5-(3,3-Dimethyi-
but-1-ynyl)-3-[(trans-4-methyl-cyclohexane-
carbonyl)-(trans-4-[1,2,4]triazol-1-yl-cyclohexyl)-amino]-thiophene-2-carboxylic acid
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Step Ill: To a solution of
5-(3,3-dimethyl-but-1-ynyt)-3-amino-thiophene-2-carboxylic acid methyl
ssten(d/BERy, 5.97 mmol) and N-tert-butoxycarbonyl-piperi@tieiF4-&1967/002064
(1.189 g, 5.97 mmol) 10 in 2 mL of dry THF is added dibutyltin dichloride
(181 mg, 0.60 mmol), apd the mixture is stlrred‘ﬁfd[J 10 min at room
temperature under nitrogen. Then phenylsnane\(% 0 pL, 6.57 mmol) is
added*and the mixture is g“t;z_ed for 24h at room erature. Additional
N-test+butoxyca Ml-p peritin-4-one, yltin
lotidePand 405 pL of ph Isgane are added, a th% mixture is stirred
for another 24h. Then the ' is 15 diluted Vﬂ CI2 washed with
brine, organic fractiony §eparated, dried ov 22S04/’and concentrated
to give 5.142 g of crud
5-(3,3-dimethyl-but-1-yny0-3-(N-tert-butoxycarbonytpiperidin-4-yl)amino-th
iophene-2-carboxylic acid methyl ester. Step IV: 20
trans-4-Methylcyclghexyl carboxylic acid.chloride (23.88 mmol) and

pyridine (2. 89;@@2 We added t\c%dutl
5- (@ﬁtdlmethyj;but- -y -(N-tert-butoxycarbo '

iophene-2-carboxylicfayid fnethyl ester from ste 142 g) in dry
toluene (50 mL). Bae mixture is refluxed it is brought to
room temperatuye, and additional amount of pyridine (1.0 mL) and MeOH
St &, mL) are added. Then the mixture is 25 diluted with CH2CI2, washed
h brine, organic fraction is separated, dried over Na2S04, and
Redimiventasningtiongivé 53 P98Ng-6f @sddimethyl-but-1-ynyl)- thmphene -2-carboxylic acid

me'él’!@éit@m@mwgmtd bmYB)) Sl thrans 2441664By-1 -yt cyclohexanone (0.170 g, 1.0 mmol)
is p (r)rhn% u'?x%cgrtlﬂongl\é%él\c%wc}ﬁdxttp utogx g%rt?s nXeJ%'RErfP 'ur:];14 y(P B‘r@y[} o J‘ cﬂ%nde and
rboxylic acid methyl ester Ontaining Varia
ph@w@mm@thg{ygum%ﬂmg -ynyl)- 3 (4-{1,2 4]tnazol 1-yl-cyclohexylamino)-
thiBpRENELTYElebRRNRIAERY]etpiperidin-4-yl)-aminoFthiophene-2-carboxyli
¢ acid methyl 30 ester. Step V: The product from step IV (5.198 g) is
dissolved in 30 mL of CH2C12 and treated with 20 mL of trifluoroacetic
SteRdél. The mixture is stirred at room temperature overnight, then it is 35
evaporated to dryness, obtained residue is redissolved in CH2C12 and

f t
jé‘%%téﬁ’%k%%@%@n e ﬁ] r}t?g te%“{‘?t gE&&f/&g‘yt%\%@‘tﬁoﬁﬁéﬁé% rboxylic
ac@ooeybgseggp(@?m@@@zm@zbaa S Uat5B Bibréiges-4 methyicyclohexyl carborylic

acia- (:3!13riﬁén&t|ﬁ>yé\bu¢rsﬂy)d@y&=;34(ﬁm@vé maytieyiohexaregathporytyans-4-methyl-
i : 2- I I v .
cr A e e IR 2 oie e
medulAL§lis added formaldehyde (1.94 mL of 37% aqueous solution, 23.88
mmol), followed by sodium triacetoxyborohydride (2.403 g, 11.34 mmol) in
St oﬂions over 20 min. The mixture is stirred at room temperature
vernight, then water is added to the mixture, and it is extracted with
> @ﬁ‘i’@f”@@&ﬁu& YPbrdih¢ %%éﬁ%ﬁ%ltﬁyéﬁ%&%%%@&é“aﬁdzb"rmém‘ 1yt
cydukad(xzi‘)ﬂanﬂda%lépﬁﬂmdrmhumm anid pueifigtl leyteoluytitd4 g, 0.48 mmol) is

hyGHY 9@@@%@%%9{1 R&‘iggla@lHF%&‘W&%Q%@@?M&QHGM Cs'f!e%qg E@ §r1ve after

peridin-4-ypamino-th

ivé 5-(3,3- dlmeth ut-1-ynyl)-3-[(trans-4-methyl-cyclohexanecarb
P fm@m R0y )P4 ARG phard R Ny S AT VAT @Gtk methy

cyclohexanecarbonyl)-(cis-4-[1,2,4]triazol-1-yl-cyclohexyl)-amino]-thiophene-2-carboxylic
acid and  5-(3,3-Dimethyl-but-1-ynyl)-3-[(trans-4-methyl-cyclohexanecarbonyl)-(trans-4-
[1,2,4]triazol-1-yl-cyclohexyl)-amino}-thiophene-2-carboxytic acid.

MS found (electrospray): (M+H): 497.4
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Step VII: 15 The product from Step VI (281 mg, 0.61 mmol) is hydrolysed
with lithium hydroxide as previously described (example 1, step VI) to give

aflgnhibbdespyrification PCT/CA2007/002064
5-(3,3-dimethyl-butl-ynyl)-3-[(trans-4-methyl-cyclohexanecarbonyl)-
Exg;,g[@guyl piperidin-4-0)- amino] thiophene2-carboxylic acid hydrochloride.

ound (electrospra 445.29 m 2-(3,3-Di m ethy
p%pwe%ﬁu&-kﬁ%gg I ra 8@'8%‘8@3 % %necarbo‘wyl (trans-
[1.13; B eivs-al- mymymwmémmmwanarﬂmmpn enid-2-carboxylic
acid WO 2008/058393 00 HO Step IV '

AW P
,\ g ’__bsmps ¢ q A %
Z S p Z 5 p
\Sl< lStep ]
b‘ib: N“\%\
Step I .
\%\ M-«——-m—-— M
A [~
el :
lSlepN
0y 0y
N~N N~N
\%\,gm/ Step V \%\ /M
f A o , A\ O
7S ) = % on
Step It

To a solution of 5-(3,3-dimethyl-but-1-ynyl)-3-[{cis-4-hydroxy-cyclohexyl)-(trans-4-methyl-
cyclohexanecarbonyl)-amino]-thiophene-2-carboxylic acid methyl ester (0.92 g, 2.0 mmol) in
10 ml of CH,Cl, is added at 0°C methanesulfonyl chloride( 0.31 mL, 4.0 mmol) followed by
triethylamine (0.56 ml, 4.0 mmol). The reaction mixture is stirred at room temperature for
24h and treated with water. The aqueous layer is extracted 2 times with CH,Cl;. The organic
layer is dried with sodium sulfate, filtered and concentrated under reduced pressure to give
5-(3,3-dimethyl-but-1-ynyl)-3-[(cis-4-methanesulfonyloxy-cyclohexyt)- (trans-4-methyl-
cyclohexanecarbonyl)-amino]-thiophene-2-carboxylic acid methyl ester.

Step II:

To a solution of 5-(3,3-dimethyl-but-1-ynyl)-3-[(cis-4-methanesulfonyloxy-cyclohexyl)-(trans-
4-methyl-cyclohexanecarbonyl)-amino]-thiophene-2-carboxylic acid methyl ester (1.16 g,
2.00 mmol) in 10 m! of DMF is added sodium azide ( 0.65 g, 10 mmol). The reaction mixture is
stirred for 48h at 50°C. The mixture is diluted with ethyl acetate, washed 3 times with water
and 1 time with brine. The organic layer is dried with sodium sulfate, filtered and
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Step | 3-[(1 ,4 -Dioxa-spi ro[4 5] dec-8-yl)-( trans- 4- methyl-
cyc(ohexanecarbonyl)-amino ]-5-iodo-thiophene-2-carboxylic acid methyl
ester(osasexample 3) is dissolved in 5 tetrahydrofuran and rreatedoaitiv2o64
3N HU solution. The reaction is stirred at 40C for 3 h. The reaction mixture

congeavapedatadenndancedirendreressyve. Jneranixieeiih dizaoheeg Nt FIRACmethyl-
I rganic layer
o e AT oA 2 B i et
est&hmpound. 10 Step Il To a cold (OC) solution of
5-iodo-3-[(trans-4-methyl-cyclohexanecarbonyl)-(4-oxocyclohexyl)-aminol-
igphene-2-carboxylic acid methyl ester in MeOH under a N2
atmosphere Nal31-14 is added portion wise and is stirred. After the

A salkifin Gk ddhitFaBitiazigh a0 Rhabldr apramaty tsyciehmtanerargonyl)- amino]-5

(3, ediotimhytritereyigigoniophiratact abdeyiacdidnietis/ desesss The, residugnol) in
t t
AR5 L AEN T TORE B BT, e

drie he reS| ue Is purl

mixhHES, i§FRBRIHALEAHRYSEER%SRY @5%@@@1&6 HascAAHdyg &tlé#ﬁ‘ﬁ'@%%mhca gel
colirertitheorrmopaiphd. (Stegilll WEa2H024An8393RCT KEARRANRLA6AFed@ 5-(3,3-

d
1r§ Wl%ipfl nygrox{(%’agfod,h methy k %lghdexr%rge%arlb l] tg)z(rgalsnzze BmetWisﬂanyl

trans-4-
(1.3 S dé/b qﬁ@ﬁﬁ@ﬁb@&@%ﬂ@i@ﬂl@&%l&%@ﬁm‘éﬁ@ﬁ @mhyl ester.
ethynyl- trlmethyt -sitane in DMF, triethylamine and tris(dibenzytideneace-
Stgsr\e) dipalladium (0) are added and the reaction mixture is stirred at 60C
for 16h under a N2 5 atmosphere. DMF and triethylamine are removed
TohaiHTeR et (BrisimrnhBuh yadiatidfeapaimshd- Betphssansereionn [trans-
4- @tbynatstiatanylHe, o/ 3janizdl ey gl)-sysepexgleamiitpch(dph2 e hrboxylic acid

mGRAPCERLAIE RN RE HeRifLE, wuaft?m COMBIYRRFOMARRH 3RIRY, ;%ml 1.23

eth | acetate and hexane (1:2) as eluent to obtain the title compoun

mrgq@p \Vhe. &‘?&H%M”PJIVHFSXV é%fﬁﬁe%l)zﬂr&qg Areated with water and saturated
ammetiyh cyidloftexao@tiarbonihy aguenad {5yt is extracted with ethyl acetate. The

oré‘gﬁg"l’é%@@y |@§§MQ¥ lieReRe-4ear Y icAGH ety %ﬁt@reg%d concentrated

uné chloro-2-methyl ‘Fn T3ne are taken in dichloromethané and added freshly

B FAECPIRTRTR BHGRLE-PRAIRE PYiGhH SRCRINNTS ARat g™ ﬂﬁ’@y (50%

- et raeetateferang ¢ fdi06H eThk aeetetiointongitare (3, pdimethglbintd-wated-[(trans-4-

manytteglcw@xqmmwm%ﬁs Ahe praanicdeysL. eaepé{ﬁf%ﬂsueﬁtmphene 2-
C!?\lja 2H1 g Ecentrated The residue is purified by column

AN AT 5 F?V &g ethyl acetate and hexane to obtain the title
compound. Ref.: J. Chem. Soc., Chem. Commun., 1982, 959-960, 20

Stept®Pp V 5- (3,3-Di methyl- but-1 -ynyl)-3- [( trans-4 - hyd roxy-cyclohexyl)- (

-4 -met y anecarbon thiophene-2-carboxylic
5 Py B ORI S B AP B A s ozl
1-treseaheyith-aninp soninrhe st Licarbprabc Afcid 2etifystiesiey 40.80Q, thé2 mmol) is
hyBRaGERI VIS US: wemw&e%m@eﬂmeﬁ%@r@%ﬂ&@m Ak af J ive after
water.

aporat r. The 25 smixtute Is partitio efween e tate
HF %e éjtre]:r gt)}%r} is 3¢ # SN %“& %W&Mﬁ (fp %%Ry rCY§l§ mbony( )
(trapg4dtied Hmmtammydm@wwemﬂ@ thieriead-ardriviésidise is purified

MGl vast gbsermatagranhysrsing methanol and dlchloromethane (1:9) as
eluent to obtain the title compound.

Intermediate 2: 4-[1,2,3]triazol-1-yl-cyclohexanone
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30 Table 1 List of compounds in accordance with the present invention
Structure Chemical Name Mass WO 2008/058393PCT/CA20071002064
Stvstgssoemical Name Mass OH H3c\8 scOHH C PCT/CA2007/002064
5-(3,3-DIMETHYL-BUT-I - YNYL)-3-RTRANS-4-

—HYDROXY- Q¥€;LOHEXYL)——\

2XANECARBONYL)-
ACID (M-H):

Step It

A mixture of methanesulfonic acid 1,4-dioxa-spiro[4.5]dec-8-yl ester (2.80 g, 11.9 mmol) and
5 sodium azide (3.86 g, 59.3 mmol) in 50 mbL of dry DMF is stirred for 20h at 100°C under

nitrogen. The final mixture is cooled to room temperature diluted with brine and extracted

with three portions of ether. The organic portions are combined, dried over Na,50, and

concentrated to give 8-azido-1,4-dioxa-spiro[4.5]decane.

10 Step Il
A mixture of 8-azido-1,4-dioxa-spiro[4.5]decane (1.00 ¢, 5.43 mmol) and 1-
(trimethylsilyl)propyne (3,76 mL, 27.1 mmol) is submitted to microwave at 120°C for 2h. The
mixture is concentrated under vacuum to remove the excess of 1-(trimethylsilyl)propyne and
crude 1-(1,4-dioxa-spiro[4.5]dec-8-yl)-4-trimethylsilanyl-1H-[1,2,3]triazole is obtained.

15
Step 1l
A solution of 1-(1,4-dioxa-spiro[4.5]dec-8-yl)-4-trimethylsilanyl-1H-[1,2,3]-triazole (1.60 g,
5.68) in 41 mL of dry THF is treated by a 1M solution of tetrabutylammonium fluoride in THF
(9.0 mL, 9.0 mmol). The resulting mixture is stirred for 48h at room temperature under

20 nitrogen. It is diluted with EtOAc, washed with saturated aqueous ammonium chloride,
water and brine, dried over Na,S0O, and concentrated to give 1-(1,4-dioxa-spiro[4.5)dec-8-yl)-
1H-[1,2,3]triazole.

Step IV:

25 1-(1,4-Dioxa-spiro[4.5]dec-8-yl)-1H-[1,2,3]triazole (1.06 g, 5.06 mmol) is submitted to the
same procedure as for intermediate 1 step Ill to afford 4-[1,2,3]triazol-1-yl-cyclohexanone as
a white solid.
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444.3 C'i . CR Hac CH,"fs \8 OH 0,0 5-(3,3-DLMETHYL-BUT-1-
YNYL)-3-[(TRANS-4- METHOXY-CYCLOHEXYL)- (TRANS-4-METHYL-

GYELNAEASANECARBONYL)- AMINOFTIIOPIIENE-2- CARB@%X1d63/002064
ACID (M-H): 458.3. 111"--\N., VN 0 0 OH H,C 5-(3,3-DIMETHYL-BUT-1-
YNYL)-3-RTRANS-4-METHYLCYCLOHEXANECARBONYL)-

i A T o

/ \ 9]
O/“—_\O o[—\o 0._.0
i; Step | @ Step Nl Q Step I}
0O, N N
OH N N~
% 2 il

v O
N

Step 1:

Methanesulfonic acid 1,4-dioxa-spiro[4.5]dec-8-yl ester is prepared according to: Cheng, Chen
Yu; Wu, Shou Chien; Hsin, Ling Wei;, Tam, S. William. Coll. Med., Natl. Taiwan Univ.,
Taipei, Taiwan. Journal of Medicinal Chemistry (1992), 35(12), 2243-7.

Step |l

A solution of methanesulfonic acid 1,4-dioxa-spiro[4.5]dec-8-yl ester (567 mg, 2.40 mmol)
and 1,2,4-triazole (232 mg, 3.36 mmol) in dry DMF (5.00 mL) is treated with sodium hydride
60% (125 mg, 3.12 mmol) at room temperature under nitrogen. The resulting mixture is
stirred at 65°C for 72h. It is poured in ice water (75 mL), extracted 3 portions of 75 mL of
EtOAc. The organic portions are combined, dried over anhydrous Na;SO4 and concentrated.
The solid is purified by silica gel column chromatography using a gradient from 100% EtOAc to
5% MeOH:EtOAc as eluent to furnish the final compound 1-(1,4-dioxa-spiro[4.5]dec-8-yl)-1H-
[1,2,4]triazole as a white solid.

Step HI:

1-(1,4-Dioxa-spiro[4.5]dec-8-yl)-1H-{1,2,4]triazole (379 mg, 1.81 mmol) is dissolved in a 1:1
mixture of THF and 3N HCl aqueous solution (9 mL). The resulting mixture is stirred at 40°C
for 5h. Most of the THF is removed under vacuum then the remaining mixture is neutralized
using a 3N NaOH aqueous solution until a basic pH is reached. It is extracted with 3 portions
of 10 mL of dichloromethane. The organic portions are combined, dried over anhydrous
Na;SO, and concentrated to afford 4-[1,2,4]triazol-1-yl-cyclohexanone as a white waxy solid.

Example 7:
Preparation of 5-(3,3-dimethyl-but-1-ynyl)-3-[ (trans-4-fluoro-cyclohexyl)-(trans-4-
methyl-cyclohexanecarbonyl)-amino]-thiophene-2-carboxylic acid
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- N 3HsO H Cfr.--ar OH H,C 5-(3,3-DIMETHYL-BUT-1-
YNYL)-34(TRANS-4-METHYLCYCLOHEXANECARBONYL)-

(HRANSEL2, 4 TRIAZOL-1- YL-CYCLOHEXYL)-AMINOF pc1/cA2007/002064
THIOPHENE-2-CARBOXYLIC ACID (M+H): 497.4 itH 2M™ o RIC--is \O

CH,OH 11,0 5-(3,3-DIMETHYL-BUT-1-
YNYL)-3-RCIS-4-HYDROXYCYCLOHEXYL)-(TRANS-4- METHYL-
METHYL-gCISbHEXANECARBONYL - AMINGL-TIIIOPHENE-2-

CARBOX %M-H): 444.52

e M
)(’/[sif" [ e

OH

== g
OH

To a suspension of 5-(3,3-dimethyl-but-1-ynyl)-3-[(cis-4-hydroxy-cyclohexyl)- (trans-4-methyl-
cyclohexanecarbonyl)-amino]-thiophene-2-carboxylic acid (102 mg, 0.23 mmol) in dry CH,Cl,
(2 mL) is added DAST (Diethylaminosulphurtrifluoride) (90 uL, 0.69 mmol), and the mixture is
stirred for 4h at room temperature. Then it is diluted with CH,Cl;, water is added to the
mixture, and it is vigorously stirred for 20 min. Organic fraction is separated, dried over
Na,S0,4, concentrated, and the residue is purified by preparative HPLC to give 5-(3,3-
dimethyl-but-1-ynyl)-3-[(trans-4-fluoro-cyclohexyl)-(trans-4-methyl-cyclohexanecarbonyl)-
amino]-thiophene-2-carboxylic acid.

MS found (electrospray): [M+H]: 448.30

Example 8:
Preparation of 5-(3,3-dimethyl-but-1-ynyl)-3-[(trans-4-methyl-cyclohexanecarbonyi)-(1-
methyl-piperidin-4-yl)-amino]-thiophene-2-carboxylic acid hydrochloride:
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WO 20081058393PCT/CA20071002064 Structure Chemical Name Mass
6 HC H.,..ci .0 OH c 1 5-(3,3-DIMETHYL-BUT-1-

YWY 10pBofFRANS-4-METHYLCYCLOHEXANECARBONY LP@1/CA2007/002064
-METHYL-PIPERIDIN-4-Y14- AMINO]-THIOPHENE-2- CARBOXYLIC

ACJI}[%@:&;&YD&QQHLORI ’E°2145.295t2p J-13C .NN N."/A N
R
S

o N O~ — f

Br o]

M/ step V N step iV QNH
[ -
[ i\ 00 " ] A\ O~ ] N\ O~
pa S # S o # 5 o

step VI I

\ \

DM step VI D‘« -
] N\ OO , 3\ OOH
Z % % A Z ° o
Step I:

To a solution of 3-(tert-butoxycarbonyl)amino-5-bromo-thiophene-2-carboxylic acid methyl
ester (4.566 g, 13.58 mmol) in dry DMF (40 mL) are added copper (I) iodide (52 mg, 0.27
mmol), Pd,dba; (622 mg, 0.68 mmol) and triethylamine (9.46 mL, 67.9 mmol), and the
mixture is deoxygenated by bubbling nitrogen through solution for 10 min. Then tert-
butylacetylene (6.62 mL, 54.32 mmol) and BINAP (676 mg, 1.09 mmol) are added to the
mixture, and it is heated at 60°C overnight under nitrogen. The mixture is diluted with CH.Cl,
and filtered through celite washing with CH,Cl,. Filtrate is washed with brine, organic
fraction is separated, dried over Na;S0O,, concentrated, and the residue is purified by column
chromatography on silica gel eluting with gradient of EtOAc in hexane to give of 5-(3,3-
dimethyl-but-1-ynyl)-3-(tert-butoxycarbonyl)amino-thiophene-2-carboxylic acid methyl ester.
"H NMR (CDCl3) 8, ppm: 1.27 (s, 9H), 1.51 (s, 9H), 3.84 (s, 3H), 7.87 (s, 1H), 9.24 (br.s, 1H)
MS found (electrospray): [M+H] 338.17

Step Ik

To a solution of 5-(3,3-dimethyl-but-1-ynyl)-3-(tert-butoxycarbonyl)amino-thiophene-2-
carboxylic acid methyl ester (4.344 g, 9.58 mmol} in CH,Cl; (30 mL) is added trifluoroacetic
acid (30 mL), and the mixture is stirred at room temperature overnight. Then it is
evaporated to dryness, obtained residue is redissolved in CH,Cl, and washed with aqueous

NaHCO; and brine. Organic fraction is separated, dried over Na,;SO,4, and concentrated to give
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\ OH CH3 5-(3,3-MMETHYL-BUT-1-
YNYL)-3-[(TRANS-4-METHYLCYCLOHEXANECARBONYL)-

(S IRrdAs8s3 TRIAZOL-1-YL- CYCLOHEXYL)-AMINO]  pcrica2007/002064
TH1OPHENE-2-CARBOXYLIC ACID 497.4 8 Nnhi N-- N ,,0iteCFla___i

3. 13350 bt HA%e3 51@836%\( Y. C%%T'ﬂ-a{'mmo -thiophene-2-carboxylic acid methyl
L)-3-RTRANS-4-METHYLCYCLOHEXANECARBONYL)-

Yel‘tRANS 441,2,31TRIAZOL-1- YL-CYCLOHEXYL)-AMINO]-
THINROR BEMNE 2 GARBOX YHIC3ACIB), GHxH)36465.4, IH3E49 (s, 1H)

MS found (electrospray): [M+H] 238.11

Step Il

To a solution of 5-(3,3-dimethyl-but-1-ynyl)-3-amino-thiophene-2-carboxylic acid methyl
ester (1.512 g, 5.97 mmol} and N-tert-butoxycarbonyl-piperidin-4-one (1.189 g, 5.97 mmol)
in 2 mL of dry THF is added dibutyltin dichloride (181 mg, 0.60 mmol), and the mixture is
stirred for 10 min at room temperature under nitrogen. Then phenylsilane (810 pL, 6.57
mmol) is added, and the mixture is stirred for 24h at room temperature. Additional 595 mg of
N-tert-butoxycarbonyl-piperidin-4-one, 90 mg of dibutyltin dichloride and 405 pL of
phenylsilane are added, and the mixture is stirred for another 24h. Then the mixture is
diluted with CH,Cl;, washed with brine, organic fraction is separated, dried over Na;50,, and
concentrated to give 5.142 g of crude 5-(3,3-dimethyl-but-1-ynyl)-3-(N-tert-butoxycarbonyl-
piperidin-4-yl)amino-thiophene-2-carboxylic acid methyl ester.

Step 1V:

trans-4-Methylcyclohexyl carboxylic acid chloride (23.88 mmol) and pyridine (2.89 mL, 35.82
mmol) are added to a solution of 5-(3,3-dimethyl-but-1-ynyl)-3-(N-tert-butoxycarbonyl-
piperidin-4-yl)amino-thiophene-2-carboxylic acid methyl ester from step il (5.142 g) in dry
toluene (50 mL). The mixture is refluxed for 24 h, then it’ is brought to room temperature,
and additional amount of pyridine (1.0 mL) and MeOH (5 mL) are added. Then the mixture is
diluted with CH,Cl,, washed with brine, organic fraction is separated, dried over Na,;50,, and
concentrated to give 5.198 g of crude 5-(3,3-dimethyl-but-1-ynyl)-3-[(trans-4-methyl-
cyclohexanecarbonyl)-(N-tert-butoxycarbonyl-piperidin-4-yl)amino}l-thiophene-2-carboxylic
acid methyl ester containing variable amounts of 5-(3,3-dimethyl-but-1-ynyl}-3-[(trans-4-
methyl-cyclohexanecarbonyl)- (piperidin-4-yl)-amino]-thiophene-2-carboxylic acid methyt
ester.

Step V:

The product from step IV (5.198 g) is dissolved in 30 mL of CH,Cl; and treated with 20 mL of
trifluoroacetic acid. The mixture is stirred at room temperature overnight, then it is
evaporated to dryness, obtained residue is redissolved in CH,Cl, and washed with aqueous

NaHCO; and brine. Organic fraction is separated, dried over Na,50,4, and concentrated to give
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N CH,OH CHa 5-(3,3-DNETHYL-BUT-1- YNYL)-3-[(TRANS-4-FLUORO-
CYCLOHEXYL)-(TRANS-4- METHYL- CYCLOHEXANECARBONYL)-
AVING$/JdsHPHENE-2- CARBOXYLIC ACID (M+H): 448.30d0@as2007/002064
spectral analyses are recorded using electrospray mass spectrometry. 5
5. gzs?ngpl%floc/iaualuattgmeil‘lﬁemﬁ%u?dsmnyse w@)#ﬁmtaﬁ%ﬁféag&aﬁé\é&bonyw
olvmerase Ass ollawing referenc all incorporated by
pllp efrecr@‘{ ?ammo %e re%s a@ )%m %hyl‘:%%éesco R. (1996)
EMBO 15, 12-22 2. Harlow, E, and Lane, D. (1988) Antibodies: A
‘Sté@bpratory Manual. Cold Spring ioHarbord Laboratory. Cold Spring

Tova s@u(mn 0 thﬁ| Orré #Qg%rg 58§%Q;r écﬁg &2 30%%6(5%@6\93 L9 h§n mE is added

fogmaldeRydes (1.94 Amiopies, mﬁQUSCSOSémhrm 8, D@pk)anaékwed? by sodium

tn@E@t&@Hﬂé@ﬂWN (11883, 11\?4%5151)4@1&5&%5 &ver 20%H"?¢1‘ér}q§<@ﬁ% is stirred
valuated us nin VI ro polymerase a containj urifi

o e P TR R Aol o I B e el i e

C"fx@ﬁ@@@@r&ﬁ@@ﬂriﬁn‘géﬁ’[eé’enétbsﬁﬁ@@lﬂédﬂﬁHﬁﬁlame@mI@vmaschWer Na,S04,

co\ﬂ@é‘-ﬂ}@ratgﬁl%ﬁ?(%ﬁﬂﬁ@ﬂw @wﬁmmsﬁgmmrglﬁn&egg&mmmﬁn@h0% of

ific of the re ed below
N R e B LRI o
(1d'@ﬁﬁmdmjdm -4-yl) ammo] th1ophene -2- carboxyhc acid methyl ester

Step Vii:

The product from Step VI (281 mg, 0.61 mmol) is hydrolysed with lithium hydroxide as
previously described (example 1, step VI) to give after HPLC purification 5-(3,3-dimethyl-but-
1 —yny{)-3-[(trans-4-methyl-cydohexanecarbonyl)- (1-methyl-piperidin-4-yl)-amino]-thiophene-
2-carboxylic acid hydrochloride.

MS found (electrospray): [M+H]: 445.29

Example 9:

5-(3,3-Dimethyl-but-1-ynyl)-3-[(trans-4-hydroxy-cyclohexyl)-(trans-4-methyl-
cyclohexane-carbonyl)-amino}-thiophene-2-carboxylic acid
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Expression of the HCV NS5B protein in insect cells: 15The cDNA

encoding the entire NS5B protein of HCV-BK strain, genotype Ib, was
amplfind RY,PCR using the primers NS5Nhe5' PCT/CA2007/002064
(5'-GCTAGCGCTAGCTCAATGTCCTACACATGG3I') and XhoNS53'
5'-CTCGAGCTCGAGCGTCCATCGGTTGGGGAG-3') and the plasmid

L pED 3.8- 9.4 as templaf (Tomei et at, 1993). NS5Nhe5' and XhoNS53'
Wel and Xites (u Iinedmwwely, at
the(r 5/ ~The amplifieckD gment was 2 ed~arihe bacterial

€ssion plagtf’ﬁfd PET- A &Novagesﬁe)pﬂetween Nrdstriction sites Nhel

Ay fol, to generatca,i@lfﬁid pET/NSEB. 'I;Wé:&a{ﬂﬁd was later used

as template to PCR-amplify the NS5B coding region, using the primers
NS5B-H9 (5'- ATACATATGGCTAGCATGICAATGICCTACACATGG-3)

and NS5BidR4(5'- GGATCCGGATCCCEGGTRCATCGGTIGGGGAG-3)).
NSBB-l-lQ%MB nucle%%p@ t id pET-21b
followed by the tra ion initiation codon (ATG)afd 8 nucleotides
§i3?r‘l§spor\1gir1g)to[t_gs\sﬁgend ol'thE NS5B codidg Xegion (nt. 7590-7607 in
the HCV s)%'qﬁenc% h the accession iimberiM58335). NS5B-R4
contains two BamHI sites (underlined) followed by 18 nucleotides
corresponding to the region around the stop codon in the HCV genome

(nt. 9365-9347). The 5%%%% f 1.8 kb, was digested with

Nhel and 3Q,8amHI and li | to digested pBlueBacll plasmid

(Invitrogen)Fhesresulting re bimant plasmid was designated
pBac/NS5B. Sf9 cellw&é}gfected with 3 p.ig of pBac/NS58,
together with 1 u.g of linearized Baculovirus DNA (Invitrogen), as
described in the manufacturer's protocol.Following two rounds of plaque
purification, an NS5B- recombinant baculovirus, BacNS5B, was isolated.
The presence of the recombinant NS5B 35 protein was determined by
western blot analysis (Harlow and Lane, 1988) of BacNS5Binfected Sf9
S ce,ls, using a rabbit polyclonat antiserum (anti-NS5B) raised against a
is-tagged version of the NS5B protein expressed in E. coti. Infections of
3-[§ratQungaiRialis IRV W B oD BIESS SYS PR TR CA oM e DU
1-5pidtibativinemavBrapesitiimadidn arenliterespinn@rdiasksaaipeced) densitysolfed in
te&ﬁm}%ﬁ&@r&ﬁﬁ% LaRg @i%%ﬂ%@%&ﬁi‘&ﬁ??ﬂ@’?&%éaf TERABYAR KB for 3 h. The
uble p S19 cel f d

sol recombinant NS5B protein: 5 cells were infected as
reE BB LB IV S HREF AU B SRIHFBE TS XERs Theraph R dtetistRlyRd in EtOAC
anwvaakied twiteayitaphasiabate btifier Baliog{RB Byl ttadpnated) sdviedever Na,S0,,
rRplplized Az descibedifhPINORRR ebAbddaR7) with some

modifications. In brief, proteins were extracted in three steps, 51, 52, 53,

using lysis buffers (LB) I, LB Il and LB Ill (Lohmann 10 et al, 1997). The
Stgwmposition of LBIl was modified to contain 0.1 % triton X-100 and 150
ToMY Nagd togegucg tiigormerntofas sibilized Nae RraiabhaliussEeRy 1 4-oxo-

addition, sonication of cell extracts was avoided throughout the 8rotoco| to

] . | . .
YRR WA ISR e PBRElS sRGturBe Y UffERLdh JfeOH under a N,
atmesphebinaRBNSS Bdsihgorasnpriseimiids tivkrbrtitgrapreaFmLIC rompleted, 2%

HANURIgN SRBsaratginin hgir3 frRcUARWASHlkied R AV HREINRTEr vacuum to
concentration to 300 mM, tgjn it incubated bg?%ms with D

I hal B8 AL ALY PHSTARIS) FOF 21 a H@féé%%'ééﬁbé&wfated’
dridgéhrerrsatal. {9 96)ctnbtaterhtondaterial Waes reledire dsiputOecebyrifiligatieh column
chiBmhoBipiRF dng @t R MQIRMUSING S SVt oot (ReCsmRhdl ne

supernatant was further diluted to lower the NaCl concentration to 200

mM and subsequently loaded, with a flow rate of 1 ml/ min, on a 5 ml
SteétiTkap(r) heparin column (AmershamPharmacia) connected to an FPLC(r)

system (Amersham-Pharmacia). Bound proteins were eluted in 1 ml

fractions, using a continuous Had gradient of 0.2 to 1 M, over a 25 ml

volume.
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25

30

25 NS5B-containing fractions were identified by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SOS-PAGE), followed by western
biavtzegswsiags the anti-NS5B antiserum at a dilution of 1:200Q:d3nsitiver/002064
fractions were pooled and the elution buffer was exchanged against a 50

Tomi NalB€vh plof 7.8.[ 2ufe- @JW Qy1Bhdritgn Q@A@ﬁln@aulmtjewh@&ﬁecarbonyt
e. W
anﬁﬁoé%jogo:)th:l'gpﬁgrl‘lél_“ E(f%g' [% E}(% L e% emersha r}gﬂtnmgt%%)m?ar{% in DMF,

ontoalm armaci
trigthyamiageoas A Hﬁq’ﬁﬂmt‘%ﬁﬁéeprotelns were eluted using a continuous 0

tote) HighNaithgajdientdvet ad bhailrvadtioremixtuied Setietiong \weefansdyizeder a N,
atr%s&%ﬁa Pﬁ&?%r@ﬂt@tﬁg S%U? QQ@%M%U%WHV?I}%& Q}Q{Sﬁygt%%eandé e residue is

visualized, foll owmge y silver staining usin ilver

Papiingd (sesnya aégérﬂs@d Bgﬁﬂ%§mﬁntﬁ5&9mﬁetav%§uﬁ%afaéeﬁoﬁ@ed (N2;504),
comerartasteshibthr dRplactivipyr{tee belaignanchtom mash Ry activeedi@Scetate and

I . solution at -70C. WO
heg%téeg%% %%t%%g%%@%%?&%%%ﬁﬁf%tm HCV RdRp Flashplate

scintillation proximity assay (STREP-FLASH ASSAY) used to evaluate
Stemblogues: This assay consists on measuring the incorporation of

3- f&'?'anrsag%@U%HOFEXW)B(@%%(T%%}W{% ﬁle% 9 d-tl%-o%er% lﬁtﬁg% nmethyl

captured on the Surface of strepta |ncoate scm

S“ﬁﬁ‘té?éht@Y‘lim%mﬂa%e%Wbmﬁn pR @&Qﬁée‘eﬁiﬂsdm‘tﬁﬁelw methylmane are
talOBA). dittiviefhetHOR ramp| goidbd A reshificobivedrahmimidhaemasd at -78°C. The

regﬂﬂoﬂcmx\t‘(ﬁé {P%ﬁﬁe&%% QrOlmEM gﬂrgjfcp' gaﬁg}g Q-E@ Afure is poured

he temp ate and primers were denature m nutes

mtﬁé«ﬁ‘i%%%tt@& ‘Sﬂtéﬁ‘@tBWWWﬁHEtJ@eM%éGYFéHﬁﬁ?éEaIWpﬂﬁ?é‘rﬁNaZSO:s ) and
conere ratiy eThee nebjddiduie guriféed rig- delwonteaiinong tagHehandingaied teetate and
heRipd 18 %@pt@wécmrgggmmghplates overnight. Unbound material was

glscar ed; compounds were added in a 10 pl solution followed by a 10 pl
Rele o s%hﬁﬂbé%n%ﬁ{mgc%rﬁw M%lz‘?%‘o’gmvl Tris-HCI pH 7.5, 250 mM
NaC1l and 5 mM MT. The enzymatic reaction was initiated upon addition
st&f & 30 pl solution containing the enzyme and substrate to obtain the
{ Io m&aﬁ con %[n ZS‘PM UTP, 31(&%0 [31-1] UTP and 100 nM
gcom Y H&Eép R HEXTRE b (s ‘Bretukeyriehsxane-
camgrut)r@omoﬁettmpetnat@ré edtboxyhichcigatisthed reston shdissthek itimels Anitmiature of

Tt%(ﬂ@{-h%d@ o Mnblafeh&Qution ’aa1Ndsroﬁﬁ1§!‘i %7 S@ﬁ%%t@?%@%ﬁmg at 60°C,
q§e C|nt|Ilat|on Counter Wallcgar]_ cro nlex Perkln Elmer, M

BERAMHe S TS E.f& ét§8 REBOHE PICY BRI evaPOFatOF The
MRS d&tﬁ’@ﬁm@%@ ipseeninihy Tretetmprounate uf The watsehyamvisrtitified using
0. 81 MWH@M@&E&@&MQ@M&@EHH‘@S&/D@ ld1g6, bern Javad t@%ttb%ed and

thgom Poténs $ .a6co gQL the resent invention an &Favmg a specific
BRfittc P PaLER: y Lﬂﬂt‘é B SYER T PSR MR L AAERIR R sthse (1:9)

astﬁiéﬂiﬁéﬁ@téh@lé@mégeﬂémm@ell lines Huh-7, 5.2 and ET which are

derived from the Huh-7 30 hepatocarcinoma cell line were maintained in

culture as generally described in Krieger, N; Lohmann, V; Bartenschlager,

R. Enhancement of hepatitis C virus RNA replication by cell

Ea&‘@r:é-adaptive mutations. .1. Vim?. 2001, 75, 4614-4624 . The Huh-7,

bid oelisnasuuiads ithe: bieticealli cuithir gragaptaderRiCON

1389luc-ubi-neo/NS3-375.1 construct that carries, in addition to the

neomycin gene, an integrated copy to the firefly luciferase gene (Krieger,

N; 35 LohtmmtureV; Bartenschlager, RClientiahdement of hepatitis CMassis
RNA replication by cell culture-adaptive mutations. J. Viral. 2001,|75,
4614-4624). This cell tine allows measurement of HCV RNA replication

and translation by measuring luciferase activity. It has 65 WO
2008/058393PCI/CA2007/002064 been previously shown that the
luciferase activity tightly follows the refificon RNA level in these cells
(Krieger, N; Lohmann, V; Bartenschlager, R. Enhancement of hepatitis C
virus RNA replication by cell culture-adaptive mutations. J. Viral. 2001, 75,
4614-4624). The Huh-7, ET cell line has the same features as those
mentioned for Huh-7, 5.2 cell line, except 5 that ET cells are more robust

and contain an adaptative mutation in the HCV NS4B gene instead of
N<EA Rnth call linece weare maintainead in criltiiree at a crith-confliiant lavel




to 1% sodium pyruvate, 1% non-essential amino acids, and 350 ug/mt of
G418 final concentration. Cells were incubated at 37C, in an atmosphere

5% fe/Rd:and passaged twice a week to maintain sub-confldeRCeeo7/002064
Approximately 3000 viable Huh-7, 5.2 or ET cells (100 pl) were plated per

wettimn
used fq
contair]

&t Jie opague 96-wetl
br the assay was the same a
s no G418 and no phenol re

+.27
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20 NS5B genotype Ib strain BK enzyme (Tomei et at, 1993) containing an
N-terminal hexahistidine tag was cloned and expressed in Escherichia coli
BL320(8653)93T he truncated enzyme was purified as describegcind.esbusgoss
et al.(1999) and Ferrari et al.(1999) with minor modifications. Briefly,

Solubig RaGELE ysates were 1oadgo gl hkaP Nickel chelatingass”
affinity column (GE Healthcare, Baie d'Urfe, QC, Canada). The bpund

enzyme was eluted 25 using an imigazole gradient Imidazole was then

IUIIIUVtU IIUIII LI IbHUUIIUI UI LIIE‘ [JUUI"S] %IEMW%U&FWQ PB=16

desalting columns He hcare, dterQ&sGanagdayFurther
purification was'ackie running ¢he POMEIANEPARBETENYIFOUgh a
cation exchange HiTr sephar¢$e Mol (GEERSaNHeEN g, B arm +H):

d'Urfe, QC, Canada){sing a NaCl dradie¥p idteRRIBANE-Rereafter, buﬁqrg
was changed 1o 16 is pH 7.5, W& ACHY mM DTT,|600 mM
NaCt usrhfg 5 PD-10 column. Positive | &%nf:ested for

RNA-dépendent polymerase activity and the most active fractiong were

pootedjand stored at - TN VITo NGB B 9L -sUuTMeasurgment of
the inhipitory effec thtpcnurpds oMmRY) NEGR A0tymeEZHNDA activity
was pefformed by ua the ameMtIGTHEY ibNHARBONHL)-
incorpofrated by the gﬁn ane Mrlg thésied/ RN Udthg a | (M+H):
homopolymerlc R plate/primer< Brief E§¥>I7) IHENO]- 497.4
2008105% 007/002064 [L31er 5 Biotirgiated DA
oligonuct |de (oligo 8T) primer anpealed to a homopolymeric poly rA
RNA template is captured on the sufface of streptavidin-coated bead (GE

Healthgare, B I@'Urfe, QC, Canadgj-(EssentiaiyyTapupounds were
tested at a variégrof concentrations| (@005 -fol ACANEMME BHfal volume
of 50 pl. reaction tflixture_cffsisting &W@WW@BW)S 5 mM
MgCI2,|1 mM DT, M(@ﬁéracr 50 @%@%M% 25wty )of
polyrA/oligodT15 (Irwirogen, Burling -pM 417.4
nonradipaetNg Bd 1 pCi of [s -ﬁﬁg’ 3000 Ci/mmot; GE
Healthcar g ale%l Uste, QC, Canada). The polymerization activity of the
HCV N‘>SB enzyme is guantified by measuring the incorDoration of

9 radiotabeted [3H]IITP lsubstrate ontd the: r@lM 1'5‘1end and
detectign is achieveg(to by countingit 3 d)§9i‘nt llation
counter|(Wallac Mi ftax, Perki E?Wr) %f&)

10

PH1Thymidine In ration Assay L5y, éﬂ%@&%}@%@L 0Q (M+H):
cells/wellkare 96-well clustexdishgsrin@pyainme. of 150 pl‘b‘?&m
DMEM (Lifg Féchnoldjies, Inc., GaitheastBogyMd. xsmpplemented with

10% FBS (HyClone Laboratories, In¢., Logan, Utah) and 2 mM glutamine

(Life Technologies Inc.). Penicillin and streptomycin (Life Technologies,

Inc.) are added to 500 U/mL and 20 50 pg/mL final concentrations,

respectively. After an incubation of 18 h at 37 C in an atmosphere of 5%

G3% §B&GB¢QM‘%§§M@W@E@% ﬁ%@l@@ﬁgswgiﬁ RO dited in

culture mediu ix serial two-fold dilutions of drugs are tested in

trlpllcate After further 72 h |ncubat|on a volume of 50 pL of a 10 pCi/mL
Eodartipke &0 1B v ipke eneHiiy Rifa-Brnendent RNA Polimogoase Assay
Helghts I.; 2 Cr/mmot) in culture medrum is added 25 and the plates are
incubat ? r g further a 18 h at 7 C. Celts are th n washed with
oS HE LS BUEHE EAE B BSTERTEA 08 Fificand collected onto

a fibergldssHiteenssing EoMeimtechedir frmmasest . (TIGREEMBR dAgE-CTonn.).

Filters arg digehat %7a90f%r1eh@nrt régrﬁﬁtm&e,@sbaqaxﬁrbéoﬁ(mbn%t'qeb% Spring
scintillation cocktail WaIIac %‘ﬁéﬁﬂ% Finland). The accumulation of [3H]
r

metFRAhyARRIAE e SRS 2RHR ePlicating cells, 30 is measured
using a liquid scintillation counter (1450-Microbeta; Wattac Oy), Ref. SOP:
265- 162-03. For this experiment, the céll lines used are; Huh-7 ET (cells
derived from the Huh-7 cell tine (hepatocellular carcinoma, human) and
containing a HCV sub-genomic replicon), Molt-4 (peripheral blood, acute
lymphoblastic leukemia, human), DU-145 (prostate carcinoma, metastasis
to brain, human), Hep-G2 (hepatocellular carcinoma, human), and 35

SH-SY5Y (neuroblastoma, human) cells. WO
29°0NQ/NEQR0WCT/CA2007/0N0D0RA
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Data Analysis The 50% cytotoxic concentrations (CC50s) for cell
toxicity are determined from dose response curves using six to eight

CRICRPLIAUoRS per compound in triplicate. Curves are fitted tp 4ata RRIMS 064

using non-linear regression analysis, and IC50 values are interpolated 5

from the resyl C i r d,Pri ign :
o LS8 ST R ) . v

0056165948 HCv repticon cells (Huh-7 ET cells) from example 12. When
the compolindsiare tektitid, mioreSthastioince., tihe dvenagedwf Rhe aldida Monica, N.

p(%\égqu;lg 67. 408PkgR lists the therapeutic indexes (Tis) of selected
compounds representative of the invention relative to other thiophene

HCV poylymerase inhibitors. Table 2 Compound Tl ++++++ 2 +++ 3
+++-Compebundst-are evaluated using an in vitro polymerase assay containing purified

recombinant HCV RNA-dependent RNA polymerase (NS5B protein). HCV NS5B is expressed in
insect cells using a recombinant baculovirus as vector. The experimental procedures used
for the cloning, expression and purification of the HCV NS5B protein are described below.
Follows, are details of the RNA-dependent RNA polymerase assays for testing the
compounds.

Expression of the HCV NS5B protein in insect cells:

The cDNA encoding the entire NS5B protein of HCV-Bk strain, genotype 1b, was
amplified by PCR using the primers NS5Nhe5’ (5'-GCTAGCGCTAGCTCAATGTCCTACACATGG-
3’y and XhoNS53' (5'-CTCGAGCTCGAGCGTCCATCGGTTGGGGAG-3’) and the plasmid pCD 3.8-
9.4 as template (Tomei et al, 1993). NS5Nhe5’ and XhoNS53’ contain two Nhel and Xhol sites
(undertined sequences), respectively, at their 5’ end. The amplified DNA fragment was

cloned in the bacterial expression plasmid pET-21b (Novagen) between the restriction sites
Nhel and Xhol, to generate the plasmid pET/NS5B. This plasmid was later used as template
to PCR-amplify the NS5B coding region, wusing the primers NS5B-H9 (5'-
ATACATATGGCTAGCATGTCAATGTCCTACACATGG-3’) and NS5B-R4 (5'-
GGATCCGGATCCCGTTCATCGGTTGGGGAG-3"). NS5B-H9 spans a region of 15 nucleotides in
the plasmid pET-21b followed by the translation initiation codon (ATG) and 8 nucleotides
corresponding to the 5’ end of the NS5B coding region (nt. 7590-7607 in the HCV sequence
with the accession number M58335). NS5B-R4 contains two BamHIl sites (underlined)

followed by 18 nucleotides corresponding to the region around the stop codon in the HCV
genome (nt. 9365-9347). The amplified sequence, of 1.8 kb, was digested with Nhel and
BamH! and ligated to a predigested pBlueBacll plasmid (Invitrogen). The resulting

recombinant plasmid was designated pBac/NS5B. 5f9 cells were co-transfected with 3 g of

pBac/NS5B, together with 1 ug of linearized baculovirus DNA (Invitrogen), as described in
the manufacturer’s protocol. Following two rounds of plaque purification, an NS5B-
recombinant baculovirus, BacNS5B, was isolated. The presence of the recombinant NS5B
protein- was determined by western blot analysis (Harlow and Lane, 1988) of BacNS5B-
infected 5f9 cells, using a rabbit polyclonal antiserum (anti-NS5B) raised against a His-tagged

version of the NS5B protein expressed in E. coli. Infections of Sf9 cells with this plaque
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purified virus were performed in one-liter spinner flasks at a cell density of 1.2 x 10°
cells/ml and a multiplicity of infection of 5.

Preparation of a soluble recombinant NS5B protein:

Sf9 cells were infected as described above. Sixty hours post-infection, cells were
harvested then washed twice with phosphate buffer saline (PBS). Total proteins were
solubilized as described in Lohmann et al. (1997) with some modifications. In brief, proteins
were extracted in three steps, S1, 52, S3, using lysis buffers (LB) I, LB Il and LB il (Lohmann

10 et al, 1997). The composition of LBIl was modified to contain 0.1 % triton X-100 and 150 mM
NaCl to reduce the amount of solubilized NS5B protein at this step. In addition, sonication
of cell extracts was avoided throughout the protocol to preserve the integrity of the protein
structure.

15 Purification of recombinant NS5B using fast protein liquid chromatography (FPLC):

Soluble NS5B protein in the S3 fraction was diluted to lower the NaCl concentration
to 300 mM, then it incubated batchwise with DEAE sepharose beads (Amersham-Pharmacia)

for 2 hrs at 4°C, as described by Behrens et al. (1996). Unbound material was cleared by

20 centrifugation for 15 min at 4°C, at 25 000 rpm using a SW41 rotor (Beckman). The
supernatant was further diluted to lower the NaCl concentration to 200 mM and subsequently
loaded, with a flow rate of 1 ml/min, on a 5 ml HiTrap® heparin column (Amersham-
Pharmacia) connectedAto an FPLC® system (Amersham-Pharmacia). Bound proteins were
eluted in 1 ml fractions, using a continuous NaCl gradient of 0.2 to 1 M, over a 25 m! volume.

25 NS5B-containing fractions were identified by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), followed by western blotting using the anti-NS5B antiserum at a
dilution of 1:2000. Positive fractions were pooled and the elution buffer was exchanged
against a 50 mM NaPO, pH 7.0, 20 % glycerol, 0.5 % triton X-100 and 10 mM DTT, using a PD-
10 column (Amersham-Pharmacia). The sample was then loaded onto a 1 ml HiTrap® SP

30 column (Amersham-Pharmacia), with a flow rate of 0.1 ml/min. Bound proteins were eluted
using a continuous 0 to 1 M NaCl gradient over a 15 ml volume. Eluted fractions were
analyzed by SDS-PAGE and western blotting.  Alternatively, proteins were visualized,
following SDS-PAGE, by silver staining using the Silver Stain Plus kit (BioRad) as described by
the manufacturer. Positive fractions were tested for RdRp activity (see below) and the most

35 active ones were pooled, and stored as a 40 % glycerol solution at -70°C.
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In vitro HCV RdRp Flashplate scintillation proximity assay (STREP-FLASH ASSAY) used
to evaluate analogues:

This assay consists on measuring the incorporation of [*H] radiolabelled UTP in a
polyrA/ biotinylated-oligo dT template-primer, captured on the surface of streptavidin-
coated scintillant-embeded microtiter Flashplates™ (NEN Life Science Products inc, MA, USA,
SMP 103A). In brief, a 400 ng/pl polyrA solution (Amersham Pharmacia Biotech) was mixed
volume-to-volume with 5’ biotin-oligo dTs at 20 pmol/pl. The template and primers were
denatured at 95 C for 5 minutes then incubated at 37 C for 10 minutes. Annealed template-
primers were subsequently diluted in a Tris-HCl containing buffer and allowed to bind to
streptavidin-coated flashplates overnight. Unbound material was discarded; compounds
were added in a 10 pl solution followed by a 10 ul of a solution containing 50 mM MgCl,, 100
mM Tris-HCL pH 7.5, 250 mM NaCl and 5 mM DTT. The enzymatic reaction was initiated upon
addition of a 30 pl solution containing the enzyme and substrate to obtain the following
concentrations: 25 pM UTP, 1 uCi [’H] UTP and 100 nM recombinant HCV NS5B. RdRp
reactions were allowed to proceed for 2 hrs at room temperature after which wells were
washed three times with a 250pL of 0.15 M NaCl solution, air dried at 37 C, and counted
using a liquid scintillation counter (Wallac Microbeta Trilex, Perkin-Elmer, MA, USA).

Example 11
Cell-Based Luciferase Reporter HCY RNA Replication Assay Cell Culture

The compounds of the present invention are HCV polymerase inhibitors. Surprinsigly,
it has been found that the compounds according to the present invention and having a
specific substitution pattern, exhibit an improved therapeutic index relative to other
thiophene analogues.

Replicon cell lines Huh-7, 5.2and ET which are derived from the Huh-7
hepatocarcinoma cell line were maintained in culture as generally described in Krieger, N;
Lohmann, V; Bartenschlager, R. Enhancement of hepatitis C virus RNA replication by cell
culture-adaptive mutations. J. Virol. 2001, 75, 4614-4624 . The Huh-7, 5.2 cells contain
the highly cell culture-adapted replicon lygluc-ubi-neo/NS3-3’/5.1 construct that carries, in
addition to the neomycin gene, an integrated copy to the firefly luciferase gene (Krieger, N;
Lohmann, V; Bartenschlager, R. Enhancement of hepatitis C virus RNA replication by cell
culture-adaptive mutations. J. Virol. 2001, 75, 4614-4624). This cell line allows

measurement of HCV RNA replication and translation by measuring luciferase activity. it has
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been previously shown that the luciferase activity tightly follows the replicon RNA level in
these cells (Krieger, N; Lohmann, V; Bartenschlager, R. Enhancement of hepatitis C virus
RNA replication by cell culture-adaptive mutations. J. Virol. 2001, 75, 4614-4624). The
Huh-7, ET cell line has the same features as those mentioned for Huh-7, 5.2 cell line, except
that ET cells are more robust and contain an adaptative mutation in the HCV NS4B gene
instead of NS5A. Both cell lines were maintained in cultures at a sub-confluent level (<85%)
as the level of replicon RNA is highest in actively proliferating cells. The culture media used
for cell passaging consist of DMEM (Gibco BRL Laboratories, Mississauga, ON, Canada)
supplemented with 10% foetal bovine serum with 1% penicilin/streptomycin, 1% glutamine,
1% sodium pyruvate, 1% non-essential amino acids, and 350 ug/ml of G418 final
concentration. Cells were incubated at 37°C, in an atmosphere of 5% CO, and passaged
twice a week to maintain sub-confluence.

Approximately 3000 viable Huh-7, 5.2 or ET cells (100 pl) were plated per well in a
white opaque 96-well microtiter plate. The cell culture media used for the assay was the
same as described above except that it contains no G418 and no phenol red. After an
incubation period of 3-4 hours at 37° C in a 5% CO, incubator, compounds (100 ul) were
added at various concentrations. Cells were then further incubated for 4 days at 37° Cin a
5% CO, incubator. Thereafter, the culture media was removed and cells were lysed by the
addition of 95 pL of the luciferase buffer (luciferin substrate in buffered detergent). Cell
lysates were incubated at room temperature and protected from direct light for at least 10
minutes. Plates were read for luciferase counts using a luminometer (Wallac MicroBeta
Trilux, Perkin Elmer™, MA, USA).

The 50% inhibitory concentrations (ICss) for inhibitory effect were determined from dose
response curves using eleven concentrations per compound in duplicate. Curves were fitted to
data points using nonlinear regression analysis, and 1Csos were interpolated from the resulting

curve using GraphPad Prism software, version 2.0 (GraphPad Software Inc., San Diego, CA, USA).

Example 12: Evaluation of compounds in 21 amino acid C-terminal truncated HCV NS5B

genotype 1b strain BK enzyme Assay

The following references are all incorporated by reference:

o Tomei, L., Failla, C., Santolini, E., De Francesco, R., and La Monica, N.
(1993) J Virol 67, 4017-4026
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o Lesburg, C. A. et al. Crystal structure of the RNA-dependent RNA
polymerasefrom hepatitis C virus reveals a fully encircled active site. Nat.
Struct. Biol. 6, 937-943 (1999).

o Ferrari, E. et al. Characterization of soluble hepatitis C virus RNA-
dependent RNA polymerase expressed in Escherichia coli. J. Virol. 73,
1649-1654 (1999).

Compounds are evaluated using an in vitro polymerase assay containing purified
recombinant HCV RNA-dependent RNA polymerase (NS5B protein) expressed in bacterial
cells. The experimental procedures used for the cloning, expression and purification of the
HCV NS5B protein are described below. Follows, are details of the RNA-dependent RNA
polymerase assays for testing the compounds.

Expression of the HCV NS5B protein in insect cells:

Expression and purification of HCV NS5B protein

A recombinant soluble form representing a 21 amino acid C-terminal truncated HCV
NS5B genotype 1b strain BK enzyme (Tomei et al, 1993) containing an N-terminal
hexahistidine tag was cloned and expressed in Escherichia coli BL21 (DE3). The truncated
enzyme was purified as described in Lesburg et al.(1999) and Ferrari et al.(1999) with minor
modifications. Briefly, soluble bacterial lysates were loaded onto a HiTrap nickel chelating
affinity column (GE Healthcare, Baie d'Urfe, QC, Canada). The bound enzyme was eluted
using an imidazole gradient. Imidazole was then removed from the buffer of the pooled
active fractions using PD-10 desalting columns (GE Healthcare, Baie d’Urfe, QC, Canada).
Further purification was achieved by running the protein preparation through a cation
exchange HiTrap SP sepharose column (GE Healthcare, Baie d’Urfe, QC, Canada) using a NaCl
gradient for elution. Thereafter, buffer was changed to 10 mM Tris pH 7.5, 10% glycerol, 5
mM DTT, 600 mM NaCl using a PD-10 column. Positive fractions were tested for RNA-

dependent polymerase activity and the most active fractions were pooled and stored
at -70°C.

In Vitro NS5B Assay

Measurement of the inhibitory effect of compounds on HCV NS5B polymerization
activity was performed by evaluating the amount of radiolabeled UTP incorporated by the
enzyme in a newly synthesized RNA using a homopolymeric RNA template/primer. Briefly, a
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15-mer 5’ biotinylated DNA oligonucleotide (oligo dT) primer annealed to a homopolymeric
poly rA RNA template is captured on the surface of streptavidin-coated bead (GE Healthcare,
Baie d’Urfe, QC, Canada). Essentially, compounds were tested at a variety of concentrations
(0.005 to 200 uM) in a final volume of 50 pl reaction mixture consisting of 20 mM Tris-HCl pH

575, 5 mM MgCl2, 1 mM DTT, 50 mM NaCl, 50 nM purified NS5B enzyme, 250 ng of
polyrA/otigodT15 (Invitrogen, Burlington, Ontario, Canada), 15-uM of nonradioactive UTP,
and 1 uCi of [*HJUTP (3000 Ci/mmol; GE Healthcare., Baie d’Urfe, QC, Canada). The
polymerization activity of the HCV NS5B enzyme is quantified by measuring the incorporation
of radiolabeled [3H]JUTP substrate onto the growing primer 3' end and detection is achieved

10 by counting the signal using a liquid scintillation counter (Wallac MicroBeta Trilux, Perkin
Elmer™, MA, USA).

[3H1Thymidine Incorporation Assay

15
A total of 1,000 - 2,000 cells/well are seeded in 96-well ctuster dishes in a volume of
150 pl of DMEM (Life Technologies, Inc., Gaithersburg, Md.) supplemented with 10% FBS
(HyClone Laboratories, Inc., Logan, Utah) and 2 mM glutamine (Life Technologies,
Inc.). Penicillin and streptomycin (Life Technologies, inc.) are added to 500 U/mL and
20 50 pg/mL final concentrations, respectively. After an incubation of 18 h at 37 °C in an
atmosphere of 5% CO2, the medium iss removed and replaced with compounds diluted in
culture medium. Six serial two-fold dilutions of drugs are tested in triplicate. After further
72-h incubation, a volume of 50 pL of a 10 pCi/mL solution of [3H] methyl thymidine
(Amersham Life Science, Inc., Arlington Heights, Ill.; 2 Ci/mmol) in culture medium is added
25 and the plates are incubated for a further a 18 h at 37 *C. Cells are then washed with
phosphate-buffered saline (PBS), trypsinized for 2 min, and collected onto a fiberglass filter
using a Tomtec cell harvester (Tomtec, Orange, Conn.). Filters are dried at 37 °C for 1 h
and placed into a bag with 4.5 mL of liquid scintillation cocktail (Wallac Oy, Turku,
Finland). The accumulation of [3H] methyl thymidine, representing viable replicating cells,
30 is measured using a liquid scintillation counter (1450-Microbeta; Wallac Oy). Ref. SOP: 265-
162-03. For this experiment, the cell lines used are; Huh-7 ET (cells derived from the Huh-7
cell line (hepatocellular carcinoma, human) and containing a HCV sub-genomic replicon),
Molt-4 (peripheral blood, acute lymphoblastic leukemia, human), DU-145 (prostate
carcinoma, metastasis to brain, human), Hep-G2 (hepatocellular carcinoma, human), and
35 SH-SY5Y (neuroblastoma, human) cells.
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Compounds A to | can be synthesized as described in US Patent No. 6,881,741,
WO002/100851, W02004/052885, or WO 2006/072347.

Example 13 Stability in Human and Rat Microsomes and Induction in cultured

human hepatocytes
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hepatocytes are synthesized from total RNA using M-MLV Reverse
Transcriptase (Invitrogen, Carlbad, CA) with universal primer (Roche

Riggugsiigsdaermany). Analysis of specific mMRNA expressiopdf;¢atab R4
samples is performed by quantitative real time PCR using Applied
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18S mRNA (VIC) with real time detection. Data analysis and statistical
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compound in a 0-minute mcubatmn x100.

Induction in cuttured human hepatocytes

The induction is performed in cryopreserved or fresh cultured- human
hepatocytes. The cells are cultured on collagen for 48 hours. Following this period, the
cells are dosed with freshly spiked incubation media containing the test compound or the
positive control inducer, rifampicin. Final concentrations of the test compounds in the
incubations are 1, 10 and 100 mM while the positive control is tested at 10 mM. Negative
controls (NC) consisted of incubating the cells with 0.1% DMSO final content. The cell
treatment is pursued for a total of 48 hours with fresh incubation media spiked with test
compound or control inducer replaced daily. At the end of the induction period, the media
containing the inducer is removed and cells are washed twice with 200 ulL Krebs-Henseleit
buffer containing 12 mM HEPES, pH 7.4 (KH buffer). The induction of CYP3A4 is then
measured by activity using testosterone as substrate’ and by mRNA levels. For CYP3A4
activity, fresh KH buffer, spiked with the 200 mM testosterone is added and the cells are
incubated for 30 minutes at 37 °C. At the end of the incubation period, the media is
removed and analyzed by HPLC/MS for 6-beta-hydroxy testosterone determination. The
maximal induction (100% induction) is determined with the 10 mM Rifampicin
treatment. The potential for test compounds to cause CYP3A Induction is described as a
percentage of maximal induction obtained with the classic inducer. For mRNA level
determination, hepatocytes are harvested and total RNA is prepared using Qiagen RNeasy

Purification Kit (Mississauga, ON) according to manufacturer’s instructions. The ¢DNAs of the
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halogen,. C1.6 alkyl, halogenated C1.6 alkyl, C2.6 alkenyl, C2.6 alkynyl,

Cl.6 alkoxy,-NH2, - NH(C1.4 alkyl), -N(C1.4 alkyl)2, -CONH2,

-CONH(C1,4 alkyl), -CON(C1.4 alkyl)2, -NHCOH, -N(C1.4 alkyl)COH,

-N(C1.4 alkyl)COC1.4 alkyl, -NHCOC1.4 alkyl, -C(0)H, -C(0)C1.4 alkyl,

carboxy, -C(0)0 C1.4 alkyl, hydroxyl, C1.6 alkoxy, nitro, nitroso, azido,

cyano, -5(0)0.2H, -S(0)0.2C1.4 alkyl, - 502NH2, -SO2NH(CI.4 alkyl),

-SO2N(C1.4 alkyl)2, -NHSO2H, -N(C1.4 alkyl)502H, -N(C1.4

alkyt)502C1-4 alkyl, or -NHS0O2C1.4 alkyl; WO

20081058393PCDCA20117/002064 75 -N(C14 alkyl)COC34 alkyl,

-NHCOC1.4 atkyt, -C(0)H, -C(0)C3.4 alkyl, carboxy, -C(0)0 C1. alkyl,

hydroxyl, C1.6 alkoxy, nitro, nitroso, azido, cyano, -S(0)0.2H, -S(0)0.2C1.4

alkyl, -SO2NH2, - SO2NH(C1..4 alkyl), -SO2N(C1.4 alkyl)2, -NHSO2H,

-N(C1.4 alkyt)S02H, -N(C1.4 alkyl)502C14 alkyl, or - NHSO2C1.4 alkyl;

R13 is OH, halogen, C1.6-alkyl, halogenated C14-alkyl, C1.6-alkoxy,

halogenated C1.6-atkoxy, cyano, nitro, -NH2, -NH(C3.4 alkyl), -N(C1.4

alkyl), -CONFI2, -CONH(C1.4 alkyl), -CON(C1.4 alkyl)2, -NHCOH,

-N(C3.4 alkyl)COH, -N(C3.4 alkyl)C0C3.4 alkyl, -NHCOCI.4 alkyl, -C(0)H,

-C(0)C1.4 alkyl, carboxy, -C(0)0 C1.4 alkyl, -S(0)0.201.4 alkyl, -502NH2,

-SO2NH(C1.4 alkyl), -SO2N(Cl4 alkYt)2, - N(C3.4 alkyl)502H, -N(C3-4
Alk!YORN2C1 A alkev/7l AT1T11B02C1 A alkvyl CA 1A-arvl CARAA-arviiovy, or



heteroaryt; and R1' is C1.6-alkyl, C3.7-cycloalkyl, halogenated C14-atky1, N
C16-alkyl-CO-, -S(0)0.201.4 alkyl, heteroaryt or C6.14-aryt; or a MCSLLP
RhgMALssigally acceptable salt thereof. 2. A compound acegrdingde 002064
claim 1 wherein Y is COOR7 and leis3H, methyl, or ethyl. 3. A compound

we @ggording to claim 2 wherein Y is COOR7 and R7 is H. 4. A compound
according to ?Iaim , 2 or 3 wherein R14 is OH, fluor, C1.6-alkoxy, or

1. tﬁé%’t%‘?‘% Rc@mﬁiﬁhﬁ according to claim 4 wherein RH is OH,-OCH3,

1,2,3 thazote or 1244 thazote. 6. A compound according to anyone of
claims 1 to 5, wherein 121 is C1.6 alkyl or C3.6cycloalkyl which are

unsubstituted or substituted one oy'more times by -NH2, NHCR3,
N(CHS3)2, or hydroxyl. 7. A co p(\ hd according to claim 6 wherein R1 is
Ci.a alkyl or C3.6R} —Nies ¥ 8.A compound according to claim

6 wherein R1 is methyl, ethyl,spﬁopyfl, isopropyl, butyl, sec-butyl, tert-buty
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl. 59.A compound
according to claim 6 wherein R1 is methyl, ethyl, propyl, isopropyl, butyl,
Wh§é‘?ifbutyl or tert-butyl. 10.A compound according to anyone of claims 1 to
9 wherein X is -NR6- CO-R5 and R5 is cyclohexyl which is unsubstituted
R QM subgﬁt_yg li&t@}e_ éyégggﬁl’tion by OH, halogen, C15-alkyl, halogenated
- C1..6-alkyl, C1_5- fkoxy, halogenated C1_5-alkoxy, cyano, nitro, -NH2,
-NH(C1.4 alkyl), or -N(C1.4 alky02, wherein the 4-position substituent is in
X ithe trans position relative to the carbonyl group. 1511A compound
accordng to claims 10 wherein R5 is cyclohexyl which is unsubstituted or
suhs\qifutédz?)ne or more times by OH, halogen, C1.5-alkyl, halogenated
C15J kyl, C1_5-alkoxy, halogenated C1.5-alkoxy, cyano, nitro, -NH2,
-NH(C14 alkyl), or -N(C1_4alkyl)2.

Mis
0

A

R®is cyclohexyl which is unsubstituted or substituted one or more times by R";

?143

Ry

or cyclohexyl which is substituted in the 4 position by

Y is COOR’, COCOOR’, P(O)OR0OR®, S(O)OR’, S(O),0R’ tetrazole, CON(R")CH(R")COOR’ ,
CONR®R®, CON(R’)-SO,-R” , CONR’OH and halogen;

R’, R®%and R’ are each independently H, Ci.1, alkyl which is unsubstituted or substituted one
or more times by R'®, C,.i, alkenyl which is unsubstituted or substituted one or more times by
R™, C,.4, atkynyl which is unsubstituted or substituted one or more times by R'®, Cq.14 aryt

which is unsubstituted or substituted one or more times by R', C,. aralkyl which is




2012.A compound according to claim 10 wherein R5 is cyclohexyl which is

substituted in the 4-position one or more times by OH, halogen, MCSLLP
GioGeafkodsnalogenated C1_5-alkyl, 016-alkoxy, halogenate@cr/cA2007/002064
C1.6-alkoxy, cyano, nitro, -NH2, -NH{&1 4 alkyl), or -N(Ci..4 alkyl)2.

ur@éﬁs@;ﬁﬁt{é@%?%&]ﬂéﬁﬁﬁ@@;gﬁéggﬁorﬁlﬁmﬂ?%WB?rﬁm %an%gmwc?m@h ¥hich is
Supstitu In the Iton a oun cordin

R L R ot TR ST AR o B e e hyehich i
unmwatumsmpwwmsdAon@mpmm Hossriing'to Ay onemblee | hftesortglel which is
uﬁéuhﬁf&mé%%ks %{Qn@a/bw@l&h iRuUBShEdte RNe QF MAreHMES hefideycle-alkyl

halogen, C or C 516.A compo cording to claim
R, B R R AT 2 BRSO L T o e taen
togedhertimih tﬁp@wtmm@@mmwsm| oricio dlhikexyhen theterocycle which is

ufz0BRaved @fcgmmﬁé@ GHRIRH FRonh@rRin By RIGEXCHIEEMIAICRdroaryl which is
ubstituted in the osmon and the 4- Bﬁ(%‘“on substituent is in the trans

“'ng?ﬁ‘&l.t? I%?/‘ébfgttlﬁt il 8?8[? und according to claim

15 wherein R6 is cyclohexyl which is substituted in the 4-position by OH or
RO&ne- ﬁgk%/ eﬂa%hl%d%;féﬂmwn&@s@pmg 0 @m{namémm&sﬁms%dﬁbsmuted or

e RS R D TP s o
OltieEoZE fhiersti O B ,OGHBkynyl Wthh is unsubstituted or substituted one or more times by
R, Ce.14 aryl which is unsubstituted or substituted one or more times by R'', C;.4 aralkyl
which is unsubstituted or substituted one or more times by R', 5-12 member heteroaryl
which is unsubstituted or substituted one or more times by R"', 6-18 member heteroaralkyl
which is unsubstituted or substituted one or more times by R", 3-12 member heterocycle
which is unsubstituted or substituted one or more times by R', or 4-18 member heterocycle-
alkyl which is unsubstituted or substituted one or more times by R™, or R? and R® are taken
together with the oxygen atoms to form a 5 to 10 member heterocycle which is
unsubstituted or substituted one or more times by R'%r a 5-12 member heteroaryl which is

unsubstituted or substituted one or more times by R'';

R™ is halogen, oxo, -NH;, -NH(Cy.4alkyl), -N(Cy.4 alkyl);, -CONH,, -CONH(Cy.4 alkyl), -CON(Cy.4
alkyl);, -NHCOH, -N(Cy.4alkyl)COH, -N(Cy.4 alkyl)COC,.4alkyl, -NHCOC,.,alkyl, -C(O)H, -C(0)C;.
salkyl, carboxy, -C{0)0O Cy4alkyl, hydroxyl, Cy.salkoxy, nitro, nitroso, azido, cyano, -5(0)s..H,
-5(0)02C1.4 alkyl, -SO;NH;, -SO:NH(Cy.4 alkyl), -SON(Cy.4 alkyl),, -NHSO;H, -N(C,.4 atkyl)SO;H, -
N{Cs.4alkyl}S0,Cy 4 alkyl, or -NHSO,C; .4 alkyl;

R' is halogen, Ci, alkyl, halogenated Ci, alkyl, Cys alkenyl, Cy.c alkynyl, Cy.¢ alkoxy,-NH,, -
NH(Cy.4 alkyl), -N(Cy.4 alkyl);, -CONH,, -CONH(C.4 alkyl), -CON(Cy.4 alkyl);, -NHCOH, -N(C;.
alkyl)COH, -N(Cy.4 alkyt)COC,y.4 alkyl, -NHCOC.4 alkyl, -C(O)H, -C(0)Cy.4 alkyl, carboxy, -C(0)0
Cy.4 alkyl, hydroxyl, Cy alkoxy, nitro, nitroso, azido, cyano, -S(Q)poH, -S(0)g.2Ci4 alkyl, -
SOzNH,, -SO;NH(Cy.4 alkyl), -SO;N(Cy.4 alkyl);, -NHSO,H, -N(Cy.4 alkyl)SO;H, -N(Cy.4 alkyl)S0,Cy.4
alkyl, or -NHSO,C,.4 alkyl;

R™ is halogen, oxo, Cialkyl, halogenated Cy alkyl, Cy.alkenyl, Co atkynyl, -NH,, -NH(Cy.4
alkyl), -N(C;.4alkyl)s, ~CONH;, -CONH(Cy.4alkyl), -CON(C14alkyl),, -NHCOH, -N(Cy.4 alkyl)COH,



21.A compound according to claim 17 wherein R6 is cyclohexyl which is ‘
substituted in the 4-position by OH or C1_6-alkoxy. 2522.A compound MCSLLP
ageandingdolaim 17 wherein R6 is cyclohexyl which is substittiedimitieoss
4-position by OH. 23. A compound dgcording to claim 17 wherein R6 is

@19'91*&%&’6 SFMP SNRskit S\RW“@ 6)90$El@'&b)’a@<9"'§ar%9x@4-c{’o?o Coaaliyl,

compound accord ing to clalm or.2 wherein: )X
hY%‘iWﬁM‘ p?@p?\k?éépmﬁﬁr BUHYFOs et Bhary ¥ Aeht. 18&‘?% 2%yc&$8?6 It allgl, SO, -
SOgYyiI6burtidy by JOpEhtyhlby Ry chdtidkil; REis aeliiakyl Wﬁmhbyi SO.Cy.4alkyl, or -
NHiBStbslitted or substituted one or more times by OH, Cm-alkyl, or
C1_4-alkoxy; R6 is cyclohexyl which is substituted by OH, F, Cm-alkoxy,
Cm-alkyl; or halogenated C14-alkyl; ioY is COOH. 25.A compound:
R 54'escmmwgwwwmhammaaagmmwmymmma@@ﬂ Eoxavalkoxy,

cyhdo LRitro, -NH,, -N L alkyl), -N(Cy.4 alkyl),, -CONH,, -CONH(Cy.q alkyl), ~CON(C,.4 alkyl)s,

C
TRANS-4-M L CY LO ECA B AMI
S e O R .
Caﬁﬁ)m C@mﬂ@&ﬁd alkyl (O)o 2C1 4 alkyl SOZNHz, SOzNH Ci. 4 alkyl) SOzN(C1.4 alkyl)z, -

NGRS T Y A0SO/ Y bkt R IRESIG-AME QUL Gy Cr ¢, e

WS HKMETHY L-CYCLOHEXANECARBONYL)-AMINOFTHIOPHENE
-2- CARBOXYLIC ACID, or 25

R" is OH, halogen, Ci¢-alkoxy, Cig-alkyl, Cyg-alkyl-CO-NH-, Cyq-alkyl-CO-N(Cy4-alkyl)-, or
heteroaryl; and

R is Cye-alkyl, Cyr-cycloalkyl, halogenated Cy¢-alkyl, Cy¢-alkyl-CO-, -5(0)o.,C1.4 alkyl,
heteroaryl or C.q4-aryl; or

a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 wherein Y is COOR’ and R’is H, methyl, or ethyl.
3. A compound according to claim 2 wherein Y is COOR’ and R”is H.

4. A compound according to claim 1, 2 or 3 wherein R" is OH, fluoro, Ci4-alkoxy, or
triazole.

5. A compound according to claim 4 wherein R™ is OH,-OCH,, 1,2,3 triazole or 1,2,4
triazole.

6. A compound according to anyone of claims 1 to 5, wherein R’ is Cy alkyl or Cy4cycloalkyl
which are unsubstituted or substituted one or more times by -NH;, NHCH;, N(CHs);, or

hydroxyl.

7. A compound according to claim 6 wherein R' is Cy alkyl or Cyecycloalkyl,
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a pharmaceutically acceptable salt thereof. 27. A compound 30
5-(3,3-DIMETHYL-BUT-1-YNYL)-3-RTRANS-4-METHYLCYCLOHEXANE
CARBONYL)-(CIS-4-11,2,41TRIAZOL-1-YL-CYCLOHEXYL)-
AMINO]-THIOPHENE-2-CARBOXYLIC ACID,or WICSL.LP79a
pharmaceutically acceptable salt theredf. 28. A compound 5
5-(3,3-DIMETHYLBUT-1-YNYL 34 TRANS 4-METHYL-CYCLOHEXANE
@ARB@»WE}W&A@C%@'@Q] 16 1‘“&?\?@%50!#93@?@!%% ReFRTopYl,
QPbi;ﬁN%@ngAB&CB&YwQé@&tﬁr@abgrwewy@kb%amemw@%aﬁw or
thereof 10 29. A compound
Y UOBHMETHYL-BUT-1-YNYL)-34(CIS-4-HYDROXY-CYCLOHEXYL)-
(TRANS-4-METHYL-CYCLOHEXANECARBONYL)-AMINO]-THIOPHENE-
G0 n EorBTRMIEE. Accoring 18" G WEEHA KRR A, ‘BT propy!,
dBrpyI M SeBblftyl of Neft-pBH(TRANS-4-METHYLCYCLOHEXANE
CARBONYL)-(1-METHYL-PIPERIDIN-4-YL)-AMINOJ-
THIOPHENE-2-CARBOXYLIC ACID; HYDROCHLORIDE, or 25a
pharmaceutigatiyrat ceptatlingais thryeok 3fAckimpdutel 9 wherein X is ~NR®-

éégfé%%lrwz EH\% lg’yUCT &%Y%%hRLRﬁ\%%&M&E'&'Y& substituted in the 4-

positon by OH, halogen, Cig-alkyl, halogenated Cig-alkyl, Cig-alkoxy,

MCSLLP

halogenated Cq.g-alkoxy, cyano, nitro, -NH,, =NH(C1.4 alkyl), or —=N(C4.4 alkyl)z,
wherein the 4-position substituent is in the trans position relative to the carbonyl

group.

11. A compound according to claims 10 wherein R® is cyclohexyl which is
unsubstituted or substituted one or more times by OH, halogen, Ci¢-alkyl,
halogenated Cq.s-alkyl, Cs¢-alkoxy, halogenated C4.¢-alkoxy, cyano, nitro, -NH,
~NH(C1.4 alkyl), or —=N(C1.4 alkyl)a.

12. A compound according to claim 10 wherein R°® is cyclohexyl which is
substituted in the 4-position one or more times by OH, halogen, C4s-alkyl,
halogenated Cqs-alkyl, Ci¢-alkoxy, halogenated Cq.-alkoxy, cyano, nitro, -NH,
—NH(C1.4 alkyl), or =N(C1.4 alkyl)2.

13. A compound according to claim 10 wherein R® is cyclohexy! which is

substituted in the 4-position by C¢-alkyl.

14. A compound according to claim 10 wherein R® is cyclohexyl which is
substituted in the 4-position by —CHs.
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30
CYCLOHEXANECARBONYL)-(4-CIS-[1,2,37RIAZOL-1-YL-CYCLOHEXY

L)- AMINO1-THIOPHENE-2-CARBOXYLIC ACID,or CS1.P80a MCSLLP

pharmaceutically acceptable salt thereof. 32. A compound
5-(3,3-DIMETHYL-BUT-l-YNYL)-S-RfﬁANSA-METHYL-CYCLOHEXAN
ECARBONYL)-(TRANS-441,2,3FRIAZOL-1-YL-CYCLOHEXYL)-AMINg}]i-T 5 .
RIOPAERETREAR BRRYIB N EDA YA BhafnfR ks Aok prdiEeinR ™ s

BRI\ QTIPS one or more times by OH, halogen, C1.e-alkyl, or

-(3,3-DIMETHYL-BUT-1-YNYL)-3-RTRANS-4-FLUORO-CYCLOHEXYL)
C46-alkoxy.
(TRANS-4-METHYL-CYCLOHEXANECARBONYL)-AMINOFTHIOPHENE

-2- CARBOXYLIC ACID, or.a pharmaceutically acceptable salt thereqf. . .
B0 T GRERRH SR A b 8 it 1 A e By oL 39, wgich is
subetieineshid sadtdspositidinmneats entitteiuimsalbya@ididssiogesal,a-alkyl, or C+.
trnﬂgﬁ(&hamine salt, an L-argenine salt, an L-lysine salt, a calcium salt, a

5if sium salt, an ammonium salt, an NR4+ salt, or a choline salt,
wherein R4 is Ctet alkyl. 2535.The pharmaceutically acceptable salt of

y onge of claims 1 to 33 ergin _sai t ~argeni .
Iysinle%‘es%ﬂmfbo."llﬂe Sﬁg%%yﬁ]%u%ca%@cﬁp@fgéaﬁ %f 2%1;/% gﬁg %&gimgmh 'S
slibs®Btedvherdiresdighsaitits aaudiitihe satpesitiniuns wadtjtagutassimmthe frans

Egsltﬂign?’.roetrgtrir\} tpgm%wér%%toﬁ%ﬂgum salt, a magnesium salt, an
an W

ammonium salt, 4+ sa rein R4 is C14 alkyl, or a choline salt.

18. A compound according to claim 15 wherein R® is cyclohexy! which is
substituted in the 4-position by OH or Cq.s-alkoxy.

19. A compound according to claim 15 wherein R® is cyclohexyl which is
substituted in the 4-position by OH.

20. A compound according to claim 15 wherein R® is cyclohexy! which is
substituted in the 4-position by OCHs.

21. A compound according to claim 17 wherein R® is cyclohexyl which is
substituted in the 4-position by OH or Cq.s-alkoxy.

22. A compound according to claim 17 wherein R® is cyclohexyl which is
substituted in the 4-position by OH.

23. A compound according to claim 17 wherein R® is cyclohexyl which is
substituted in the 4-position by OCHs.

24. A compound according to claim 1 or 2 wherein:
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81 37. The pharmaceutically acceptable salt of any one of claims 1 to 33,

wherein said salt is a sodium salt. 38. The pharmaceutically acceptable

salt of any one of claims 1 to 33, 5wherein said salt is a lithium salt. 39. ,~q/ ¢
) . MCSLLP

The pharmaceutically acceptable salt of any one of claims 1 to 33,

wherein said salt is a potassium salt. 7640.The pharmaceutically

acceptaple salt of any one of claims 1 to 33, wherein said salt js a

trometRanihe88HY41 e pIRR¥EcIRRRIRPYE e S8R SRy JREH-butyl
ofcaims 1 g ophginSRIdal I Scbp g op GRloRBAR. A

pharmaceutical composition comprising at least one compound according
to any one of claims 1 to 41 and at least one pharmaceutically acceptable

carrierrgy gxgjRestieR0l 4 siphariincestiorieeoarinaittesinpisiog alore times
least one corap&: FE'? ccorl(grlg to§ny o&; of claims 1 to 41 and at least

one addition é t A4 R Phafthadeti@&Pombination according to claim

43, wherein said at least one additional agent is selected from viral serine
proteasg inhibitors, viral 25  polymerase,inhibit viral\helicase inhibitor
ST e R RS R e s ARy, o
therapeutic vaetigesdiepdopraliedtant agents, antisense agents,

inhibitors of HCV NS2/3 protease and inhibitors of internal ribosome entry

site (IRES). MCSLLP 82 46,A pharmaceutical combination according to

claim A3jsP@&@Hn. said at least one additional agent is selected from
ribavirin and pegylated interferon-a.

25. A compound:

5-(3,3-DIMETHYL-BUT-1-YNYL)-3-[(TRANS-4-HYDROXY-CYCLOHEXYL)-
(TRANS-4-METHYL-CYCLOHEXANECARBONYL)-AMINO]-THIOPHENE-2-
CARBOXYLIC ACID, or

a pharmaceutically acceptable salt thereof.

26. A compound
5-(3,3-DIMETHYL-BUT-1-YNYL)-3-[(TRANS-4-METHOXY-CYCLOHEXYL)-
(TRANS-4-METHYL-CYCLOHEXANECARBONYL)-AMINO]-THIOPHENE-2-
CARBOXYLIC ACID, or

a pharmaceutically acceptable salt thereof.

27. A compound
5-(3,3-DIMETHYL-BUT-1-YNYL)-3-[(TRANS-4-METHYL-

CYCLOHEXANECARBONYL)-(CIS-4-[1,2, 4]TRIAZOL-1-YL-CYCLOHEXYL)-
AMINO]-THIOPHENE-2-CARBOXYLIC ACID, or
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47. A compound according to any one of claims 1 to 41 for use in treating
a S5Hepatitis C viral infection in a host. 48. The compound according to

claim 47, wherein the compound is for administration with at least one  picsiLp

additional agent. lo 49.The compound according to claim 48 wherein said
at least one additional agent is selectePfrom viral serine protease
inhibitors, viral polymerase inhibitors, viral helicase inhibitors,

arhiRRRGHIANPsGeRteb s B HEE.bents, antibacterial agents,

therapeutic vaccines, hepatoprotectant agents, antisense agents,
inhibitgrs of HCV NS213 protease and inhibitors of internal 15ribosome
Zhtry $tEURREENE0 The compound according to claim 48, wherein said
at least one additional agent is selected from ribavirin and interferon-a .

. u C 10g.t | ' id at least one
’i‘gil%zmﬁf' %EE%%Bs%%cﬁ?ﬂ&%%%iﬁ@%ﬁ%ﬁbﬁm'inte rferon-a, 52.A
CYDpOH X E&ECHRE BOMNYLOAT RANSMY 42 %) BRIAREHRIA-id host is

' of claims 1
%?ﬁ%@i@ﬁ%@@ﬁ%&ﬁﬁﬁ |cam%h %?r{ rtesa iﬁg@ﬁg@ﬁé C viral
infection in a host. 54. The use according to claim 53, further comprising
administering. at |east iti ent 55. The use according to
acl%g]r%rg]f gv%bglr%?rqys%é%%%?é?s%%%g%p dﬁ?())qhal agent is selected from viral

serine protease inhibitors, viral polymerase inhibitors, viral MCSLLP 83

i‘@lica &BH'H'BiER{r?d immunomudulating agents, antioxidant agents,
antibacterial

5-(3,3-DIMETHYL-BUT-1-YNYL)-3-[(CIS-4-HYDROXY-CYCLOHEXYL)-
(TRANS-4-METHYL-CYCLOHEXANECARBONYL)-AMINO]-THIOPHENE-2-
CARBOXYLIC ACID, or

a pharmaceutically acceptable salt thereof.

30. A compound
5-(3,3-DIMETHYL-BUT-1-YNYL)-3-[(TRANS-4-METHYL-
CYCLOHEXANECARBONYL)-(1-METHYL-PIPERIDIN-4-YL)-AMINO]-
THIOPHENE-2-CARBOXYLIC ACID; HYDROCHLORIDE, or

a pharmaceutically acceptable salt thereof.

31. A compound
5-(3,3-DIMETHYL-BUT-1-YNYL)-3-[(TRANS-4-METHYL-

CYCLOHEXANECARBONYL)-(4-C1S-[1,2,3]TRIAZOL-1-YL-CYCLOHEXYL)-
AMINO]-THIOPHENE-2-CARBOXYLIC ACID, or
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agents, therapeutic vaccines, hepatoprotectant agents, antisense agents,
inhibitors of HCV NS2/3 protease and inhibitors of internal ribosome entry
site (I RES). 5 56. The use according to claim 54, wherein said at least
one additional agent is selected from ribavirin and interferon-a . 57. The MCSLLP
use of claim 54, wherein said at least ¢ additional agent is ioselected
from ribavirin and pegylated interferon-a . 58. A use according to any one
aftlaime s tissivarcrntpbissABSDR®dman. 1559.A compound selected
from:
3-[(1,4-dioxa-spiro[4.5]clec-8-ylktrans-4-methyl-cyclo-hexanecarbonyl)-
%%]IHO]A‘SC@H@Q;H hene-2-carboxylic acid methyl ester;
5-(3,3-dimethyl-but-1-yny1)-3-(441,2,3]triazol-1-yl-cyclohexylamino)-
20thiophene-2-carboxylic acid meth

8: @ & d Q?MéﬁﬁYﬂulBinnyﬁ%Y@ﬁ 4ﬁ&ﬁiwﬁgﬁ\(&ﬁexylamino)-
mmr@n%m@@mB@wmquMq 1,2,3]TRIAZOL-1-YL-

A )RR PR >

255 -(3,3-dimethyl-but-1-ynyl)-3-amino-thiophene-2-carboxylic acid methyl

ester; .
%-'f(g%{ﬂ%@&-er‘rﬂ}%%?c%?@ﬁ%?(ﬁ)%L%W?—rﬁ%’ethyl-cyclohexanecarbonyl)-
amino]-5-iodo-thiophene-2-carboxylic acid methyl ester; or
g-l(trans -4-Hydroxy-cyclohexyl)-(trans-4-methyl-cyclohexanecarbonyl)-

amlr‘ﬁ)f%r? etyI- -silanylethynyl-thiophene-2-carboxylic acid methyl
ester. MC SL P84 60. The use of a compound

5-(3,3-DIMETHYL-BUT-1-YNYL)-3-[(TRANS-4-FLUORO-CYCLOHEXYL)-
(TRANS-4-METHYL-CYCLOHEXANECARBONYL)-AMINO]-THIOPHENE-2-
CARBOXYLIC ACID, or

a pharmaceutically acceptable salt thereof.

34. The pharmaceutically acceptable salt of any one of claims 1 to 33,
wherein said salt is a sodium salt, a lithium salt, a potassium salt, a
tromethamine salt, an L-argenine salt, an L-lysine salt, a calcium salt, a
magnesium salt, an ammonium salt, an NR*" salt, or a choline salt, wherein R*

is Cy.4 alkyl.

35. The pharmaceutically acceptable salt of any one of claims 1 to 33,

wherein said salt is an L-argenine salt or an L-lysine salt.

36. The pharmaceutically acceptable salt of any one of claims 1 to 33,
wherein said salt is a sodium salt, a lithium salt, a potassium sailt, a
tromethamine salt, a calcium salt, a magnesium salt, an ammonium salt, an

NR* salt wherein R* is C1.4 alkyl, or a choline salt.
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3-R1,4-dioxa-spiro[4.5]dec-8-y-(trans-4-methyl-cyclo-hexanecarbonyl)-a
minol5-iodo-thiophene-2-carboxylic acid methyl ester;

55-(3,3-dimethyl-but-1-yny1)-3-(441,2,3]triazol-1-yl-cyclohexylamino)-th.o MCSLLP

phene- 2-carboxylic acid methyl ester;
5-(3,3- dlmethyl -but-1-yny1)-3-(411,2 4$t?|azol 1-yl-cyclohexylamino)-thioph
ene2-carbox % ic acid methyl ester;

¥ (3,3 timeaharpiaceyicalvs ?F&?%Gfﬂﬁyééﬂacﬂfyﬁabhiﬂaﬁhfgpﬁ@in@@-&afo 33,

WRXMIR QasidsAIetBYd esi@iim salt.
5-(3,3-dimethyl-but-I-yny1)-3-amino-thiophene-2-carboxylic acid methyl
ester;

SB[ (tramsrd-hydiens cyichryyHdtapsapigashll-cy clolyexare edrtapiy-amio 33,
nol-5- iodo-thiophene- -carbo I|c acid methyl ester; or

WRRAsaY %Eo Vi.\ (trans -4-methyl-cyclohexanecarbonyl)-a
mino]- 155-trimethyl- sﬂanylethynyl thiophene-2-carboxylic acid methyl

ter. rthes nthesis of com |ne |n claims 1to 33, 61..A
iU F0 CRBRLCAN sREBRARD B SRimeh 2 L] a1 1o 33

wPhemsipeaindsadicisrdipgtssianms&b-33 and at least one pharmaceutically
acceptable carrier or excipient. 62. A pharmaceutical combination

according to claim 43 comprising the compound according to claims 25-33

4hd atTémstpdnwraddEinﬁrzdlbtgantélﬁaBte. Agihainacgutivel chnetaimaton to 33,

cord| m 62, W 9 §% east one additional agent is
%gteds%rom Yirar saetrllrﬁe protease %litbitors, viral polymerase inhibitors,
V|raI helicase inhibitors, |mmunornodulating agents, antioxidant agents,
tibagtpria AP RS 1 to 33
aﬂtlseiﬁeéaéggﬁﬂ %qhé |tors o%&é%lgg?)s%ﬁotgase@ |nh| itors o ° %
whtemaél sbskeaitieainl sitggRBES palks

42. A pharmaceutical composition comprising at least one compound
according to any one of claims 1 to 41 and at least one pharmaceutically

acceptable carrier or excipient.

43. A pharmaceutical combination comprising at least one compound

according to any one of claims 1 to 41 and at least one additional agent.

44. A pharmaceutical combination according to claim 43, wherein said at
least one additional agent is selected from viral serine protease inhibitors, viral
polymerase inhibitors, viral helicase inhibitors, immunomudulating agents,
antioxidant agents, antibacterial agents, therapeutic vaccines, hepatoprotectant
agents, antisense agents, inhibitors of HCV NS2/3 protease and inhibitors of

internal ribosome entry site (IRES).

45. A pharmaceutical combination according to claim 43, wherein said at

least one additional agent is selected from ribavirin and interferon-« .
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64,A pharmaceutical combination according to claim 62, wherein said at

least one additional agent is selected from ribavirin and interferon-a . 65. MCSLLP

A pharmaceutical combination according to claim 62, wherein said at least
one additional agent is selected from ribavirin and pegylated interferon-a.
66. A compound according to claims 28233 for use in treating a Hepatitis
C viral infection in a host. 10 67.The compound according to_claim

. .10 ) 66, :
4fnereih PRAEBIABBUHERI FOMRINAHN ASATHIRY a0calalBnd JdtiRBralp said at
BeENbriBatiamieRa ACSBISH e GHIAb BV pswjthasdansitaren- o

additional agent is selected from viral serine protease inhibitors, viral Is
polymerase inhibitors, viral helicase inhibitors, immunomodulating agents,

antioxiflassApenitl AREBAEHRSIb aggNimdheraRamic Vasane®r use in treating a
hepatoprotectant agents, antisense agents, inhibitors of HCV NS213

Hesatide Qi iiREHS BifReMRSHribosome entry site (IRES). 2069.The

compound according to claim 67, wherein said at least one additional

agent is selected from ribavirin and interferon-a. 70. The compound ,
%gcordmﬁtc?emﬁﬁlgga vﬁ?@%ﬁ'@%i(j}oatcﬁgé@t gfe XSl a%e%?rir%pound is for
selanird-feon ubavitnenyd pegdditionadHgant-a. 25 71. A

pharmaceutically acceptable salt of any one of claims 34 to 41, wherein

the compound is 86MCSLIP OH

49.  The compound according to claim 48 wherein said at least one additional
agent is selected from viral serine protease inhibitors, viral polymerase
inhibitors, viral helicase inhibitors, immunomudulating agents, antioxidant
agents, antibacterial agents, therapeutic vaccines, hepatoprotectant agents,
antisense agents, inhibitors of HCV NS2/3 protease and inhibitors of internal
ribosome entry site (IRES).

50. The compound according to claim 48, wherein said at least one

additional agent is selected from ribavirin and interferon-« .

51. The compound according to claim 48, wherein said at least one

additional agent is selected from ribavirin and pegylated interferon-« .

52. A compound according to any one of claims 47 to 51 wherein said host is

human.

53. The use of a compound according to any one of claims 1 to 41 in the

manufacture of a medicament for treating a Hepatitis C viral infection in a host.

54. The use according to claim 53, further comprising administering at least
one additional agent.
55.  The use according to claim 54 wherein said at least one additional agent

is selected from viral serine protease inhibitors, viral polymerase inhibitors, viral
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CHsOH CH 72.A compound according to claim 1, wherein the compound

is OH 5 73.A pharmaceutical combination according to claim 43,

wherein the pharmaceutical combination comprises: OH CH3 CH3 co3 a) MCSLLp
the compound CH3 b) pegylated interf8e§on-and toc)ribavirin. IVICSLL.P

helicase inhibitors, immunomudulating agents, antioxidant agents, antibacterial
agents, therapeutic vaccines, hepatoprotectant agents, antisense agents,
inhibitors of HCV NS2/3 protease and inhibitors of internal ribosome entry site
(IRES).

56. The use according to claim 54, wherein said at least one additional agent

is selected from ribavirin and interferon-o .

57. The use of claim 54, wherein said at least one additional agent is

selected from ribavirin and pegylated interferon-« .

58. A use according to any one of claims 53 to 57 wherein said host is

human.
59. A compound selected from:

3-[(1,4-dioxa-spiro[4.5]dec-8-yl)-(trans-4-methyl-cyclo-hexanecarbonyl)-
amino]-5-iodo-thiophene-2-carboxylic acid methyl ester,
5-(3,3-dimethyl-but-1-ynyl)-3-(4-[1,2,3]triazol-1-yl-cyclohexylamino)-
thiophene-2-carboxylic acid methyl ester;
5-(3,3-dimethyl-but-1-ynyl)-3-(4-[1,2 4]triazol-1-yl-cyclohexylamino)-
thiophene-2-carboxylic acid methy! ester;
5-(3,3-dimethyl-but-1-ynyl)-3-(fert-butoxycarbonyl)amino-thiophene-2-
carboxylic acid methyl ester;
5-(3,3-dimethyl-but-1-ynyl)-3-amino-thiophene-2-carboxylic acid methyl
ester;
3-[(trans-4-hydroxy-cyclohexyl)-(trans-4-methyl-cyclohexanecarbonyl)-
amino]-5-iodo-thiophene-2-carboxylic acid methyl ester; or
3-[(trans-4-Hydroxy-cyclohexyl)-(frans-4-methyl-cyclohexanecarbonyl)-
amino]-5-trimethyl-silanylethynyl-thiophene-2-carboxylic acid methyl

ester.
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87 74.A compound according to claim 47, wherein the compound is OH
CH3 CH30H, and wherein the compound is for administration with a)
pegylated interferon-a; and b) ribavirin.

84

60. The use of a compound

3-[(1,4-dioxa-spiro[4.5]dec-8-yl)-(trans-4-methyl-cyclo-hexanecarbonyl)-amino}-
5-iodo-thiophene-2-carboxylic acid methyl ester;
5-(3,3-dimethyl-but-1-ynyl)-3-(4-[1,2,3]triazol-1-yl-cyclohexylamino)-thiophene-
2-carboxylic acid methyl ester;
5-(3,3-dimethyl-but-1-ynyl)-3-(4-[1,2,4]triazol-1-yl-cyclohexylamino)-thiophene-
2-carboxylic acid methyl ester,
5-(3,3-dimethyl-but-1-ynyl)-3-(terf-butoxycarbonyl)amino-thiophene-2-carboxylic
acid methyl ester;

5-(3,3-dimethyl-but-1-ynyl)-3-amino-thiophene-2-carboxylic acid methyl ester;
3-[(trans-4-hydroxy-cyclohexyl)-(trans-4-methyl-cyclohexanecarbonyl)-amino]-5-
iodo-thiophene-2-carboxylic acid methyl ester; or
3-[(trans-4-Hydroxy-cyclohexyl)-(trans-4-methyl-cyclohexanecarbonyl)-amino]-

5-trimethyl-silanylethynyl-thiophene-2-carboxylic acid methyl ester.

for the synthesis of a compound as defined in claims 1 to 33.

61. A pharmaceutical composition according to claim 42 comprising the
compound according to claims 25-33 and at least one pharmaceutically

acceptable carrier or excipient.

62. A pharmaceutical combination according to claim 43 comprising the

compound according to claims 25-33 and at least one additional agent.

63. A pharmaceutical combination according to claim 62, wherein said at
least one additional agent is selected from viral serine protease inhibitors, viral
polymerase inhibitors, viral helicase inhibitors, immunomodulating agents,
antioxidant agents, antibacterial agents, therapeutic vaccines, hepatoprotectant
agents, antisense agents, inhibitors of HCV NS2/3 protease and inhibitors of

internal ribosome entry site (IRES).

MCSLLP
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64. A pharmaceutical combination according to claim 62, wherein said at

least one additional agent is selected from ribavirin and interferon-« .

65. A pharmaceutical combination according to claim 62, wherein said at

least one additional agent is selected from ribavirin and pegylated interferon-« .

66. A compound according to claims 25-33 for use in treating a Hepatitis C

viral infection in a host.

67. The compound according to claim 66, wherein the compound is for

administration with at least one additional agent.

68. The compound according to claim 67, wherein said at least one
additional agent is selected from viral serine protease inhibitors, viral
polymerase inhibitors, viral helicase inhibitors, immunomodulating agents,
antioxidant agents, antibacterial agents, therapeutic vaccines, hepatoprotectant
agents, antisense agents, inhibitors of HCV NS2/3 protease and inhibitors of

internal ribosome entry site (IRES).

69. The compound according to claim 67, wherein said at least one

additional agent is selected from ribavirin and interferon-« .

70. The compound according to claim 67, wherein said at least one

additional agent is selected from ribavirin and pegylated interferon-« .

71. A pharmaceutically acceptable salt of any one of claims 34 to 41,

wherein the compound is
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86 MCSLLP

OH

CH3
N
[o]

B

== s

CH3 OH
CHs

CHj

72. A compound according to claim 1, wherein the compound is

OH

CH3
N

B

CHs OH
CHs

CHa
==

73. A pharmaceutical combination according to claim 43, wherein the

pharmaceutical combination comprises:

OH

OO

/o

CH,
= s

CH3 OH
a) the compound ¢k ;

b) pegylated interferon-« ; and

c) ribavirin.
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74. A compound according to claim 47, wherein the compound is

OH

CHs
NM
o

B

== s

CHa OH
CHs

CHs

and wherein the compound is for

3

administration with
a) pegylated interferon-« ; and

b) ribavirin.




