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hepatitis C virus (HCV) NS5B pol ynerase, as inhibitors of HCV replication,
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envel ope gl ycoproteins, 25 El and E2. HCV al so encodes two proteases, a
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Current and Future Ther apy for Chroni c Hepatitis C Virus Liver D sease,
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type 2 or 3 genotypes (N. N. Zein, Clin. Microbiol. Rev., 2000 13:223-235).

Viral structural proteins include a nucleocapsid core protein (C) and two envelope glycoproteins,
25 El and E2. HCV also encodes two proteases, a zinc-dependent metalloproteinase encoded by

the NS2-NS3 region and a serine protease encoded in the NS3 region. These proteases are
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toxicity and is known to 1nduce anemia. Viramidine is a ribavirin prodrug converted ribavirin by

25 adenosine deaminase to in hepatocytes. (J. Z. Wu, Antivir. Chem. Chemother. 2006 17(1):33-9)

Interferons (IFNs) have been available for the treatment of chronic hepatitis for nearly a decade.
IFNs are glycoproteins produced by immune cells in response to viral infection. Two distinct
types of interferon are recognized: Type 1 includes several interferon alphas and one interferon
beta, type 2 includes interferon gamma. Type 1 interferons are produced mainly by infected

30 cells and protect neighboring cells from de novo infection. IFNs inhibit viral replication of many

viruses, including HCV, and when used as the sole treatment for hepatitis C infection, IFN



20 absolutely essential for replication of the single-stranded, positive
sense, RNA genone. This enzyne has elicited significant interest anong

medi ci nalwohler/”p®8 Nucl eosi de i nhibitors can act eithePCagEPao10loason1

term nator or as a conpetitive inhibitor that interferes with nucleotide

bi ndi ng to the polynerase. To function-3as a chain termnator the nucl eoside
anal og nust be taken up by the cell in vivo and be converted in vivo to its
25 tri popmpiasd eri@MHCVRNAPahdet@salic ROIST Additomllyl TN penylietaseunualieot i de
binding site. This conversion to the triphosphate is connnnuy medi at ed by
cel | ul lfankﬁeﬁ‘é% J,féfel»wef@rquﬁﬁalm thg géfieets QEEN §1tert9@t>@ﬁaar Fessationafshganreaip

nucl eo f the
Girect Thaar UniBRrtsh A grl 20-0 28 R bl o VAR Koo BBh Pl Bk,

cel | - basmdh sssiay srafsferags IGWS t(Davisf Lwlde-BalkdaS sufad ent  No. 6 846, 810; C.
Pierra et al., J. Med. Chem 2006 49(22):6614-6620; WO

2010/ 149598PCT/ EP2010/ 058681 -4- J. W Tonassini et al., Antimcrob. Agents
and Chénstleitationedsadp[IBY thromuy: wap. rapid clyaganke ef thgiproteip. fravathe tprshn Clzmosa
48(17) f I t rns
and pharnenzetoRaTE S En oL IR L P kDY BRI o b SR il 15

and pr emerdvicd gha/fnfaabklhmoq&rbp@ﬁss PEGRASYBRCH habnjupepadtbitférdn G -2a aitf £40 kon,
and diseases in living hosts when used in conbination wth each other and

wi t h otbrEche] BpBemeealhaxy P prbPBGINIRONRGF agprigeaie Pt mburiarome retiands the
group GeNSHRS. Pﬂﬁ.?{#}.%i@moﬁei)ﬁg zi%t ?ﬁ%ﬂ ?}ﬁfo&%&%‘%k Pl W Ry RLRELase

i nhibitors, poly ne ase i itors ering conpounds,
antHBemséJdﬂnﬁennug’Cbnmﬂldhﬂade2&&th@$TQhﬂnle03|de anal ogs,

i mrunogl obul i ns, i nmunonodul ators, hepatoprotectants, anti-inflammtory
agents, antibiotics, antivirals and 10 antiinfective conpounds. Such

comnbi nzﬁqrninnettMrthwpm@HﬁlewﬂmUh@rlrls eng moerfadpmg. @mnﬂp@&ﬁ@lomﬁmﬂﬁbemth i on

ei t her t.| r .se t.h ot her ents .

pot ont i1 by Sondiind i E 0T PR Heh Te i S bt it dpatc S i
rel at ed4csgypep ﬁnts\&ﬁhfﬂ ?@é liHter frae SR ﬁ%p%hcﬁés 80‘9@&”01&?&1%'@ bd 3 HCV.
interferon-al pha, interferon-beta, interferon gamma and the |li ke, as well

as al t éWedites, upraysUniortupatelyt eqrehisatinncheragy plé@proaive% Sild@t ofertsrvgtieh pose
AddiSt I O?ﬁlca h%ﬁ@'egaygﬁrteismn ﬂ:{'lsl r' b It(grlnsna s(iiqn retagtlo a c e%ss?@ Wed Fith

adm™i stered i onal 290h erap east one of the

conpoungscu@incbRETAN-8. 508 themd watah@fma @isa&lateatvaﬂf @@Qﬁ&d@t@ﬁfrﬁéﬂt k¥ithirfbavirin.
devel opnment include al binterferon-a-2b (Al buferon), |FN omega wth DURGCS,

LOCTERONTmM and interferon-a-2b XL. As these and other interferons reach the
narketpiamﬁbmhﬁbbumﬁﬁmﬁﬂemﬂmﬁhnamﬁbnmmgebaﬂMmMMﬁhsmmmﬁmnhd&nqkuﬁhﬂmpeesent

For r (GohSe SRR g Nt B oo SRS HPRTBSaTe. YEDR0S Rofepa.
| DX18444 OKEGRe e BRBRPASH bt s CTHRR AL RGP RN FrivLan. G Tends.

A- 837093 and A-848837 (Abbot rck bK949614" and (bK625433
(a 250<o)absodmhﬂezsﬁaen(cmhmy@)ucat\@\oﬂt@@m@g/fnfsumﬁ p@8tiversenss, RO/ gofonteheTHICY N53

protease al sp hav een. dentified as ent | useful for treatnent of
Fiov. © pEOAnE By kal Sapae rcnt G PrurEh] et *Vac 950 (el apr vi
Vert ex), 5C}5C8034 (Broceprevir, Schering), TMc435350 (Ti botec/ Medivir) and
| TMNF 19,04 4 f8n Mifi & infiRge f
develogﬁ%ﬁ#gﬁﬁc r&ﬁ%%%ge?%é E% %Nﬂﬁyg%%§%%?§r|s flﬁigr% gqﬁ?
VBY- 37 6ntEMenco bmyl)nuclemhdﬁg(ﬁ:ﬂle(ﬁodiﬁmrxse Bl fid@ih BA (hBoehrminger Jhe VX- 500
(Vertex), PHX176 Phenq) ﬁg E010{149598PCT/EP2010 058681 .
nucleoside analog must be taken up by the cell in vivo and be converted in vivo fo its
25 triphosphate form to compete as a substrate at the polymerase nucleotide binding site. This
conversion to the triphosphate is commonly mediated by cellular kinases which impart additional
structural limitations on any nucleoside. In addition this requirement for phosphorylation limits

the direct evaluation of nucleosides as inhibitors of HCV replication to cell-based assays (J. A.

Martin et al., U.S. Patent No. 6,846,810; C. Pierra et al., J. Med. Chem. 2006 49(22):6614-6620;
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(Sci C one). 5SUMVARY OF THE | NVENTI ON Phere is currently no preventive
treatnent of Hepatitis C virus (HCV) and currently approved therapies,
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pharmaceuti cal conpounds is essential. The present invention provides a
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salt thereof wherein Itl, R2, R3, R4 R5 are as follows: leis a (i)

het er ogycl i ¢ _noi sel ected .fro .grou onS|st|n tetr hydro-
pyr i i Gt oohd pBSHRnE of LG SRR FEREaEa P S Acrmia e

2, 5- 0XQhIf a6t 4rd-akoseful maxQitink REJ pﬁb&nﬁrgydlral ﬁrf@aﬁ@nwﬁ p&ticalian hdpatltis C

1, 1- di oxo- di oxo- 15126-i sot hi azolidi n-2-yl1 and

1, 1-Xi oxdectice4ud disgisesninditiingz hassnwhenysed dmpemblastianoiyle Fachaiar ond mith other
substi t it dently sel. f omCl 6
eyt SRR L8 et ARl NS ¢ BESRRIN S R B B
consi stpepgatel uaemq@nzr(iuﬁ)mny praltaye IHibitdds, Q%thﬁdl‘a@yiﬁliuﬂﬁdﬂsnﬁﬂalylhterfermg RNA

6- oxo- 6H pyrim di n-1-yl, 2-o0xo-2H pyrazi n-1-yl and 5-

200x0- FOBPRIHaRSISpAsCZORpPP Hidsy Bircloptide agalpes. nieleovids ynalogsi igmyunesiabyhat. | y

d
st 10 Rnp oI p RSB Plo et DRG Fpuhic, il anc
- X[ 0 Rep@infiddRat eompeurels n SXcti csarﬁbimatidﬁﬁﬁeraﬂ?niag alsy dDogeRe mvﬁ% adrhydundR6 i s

i ndepe entl in each occurrence hydro Cl .3 al kyl r two R6 residues on
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either optionally substitute Rb, or,(e) benzooxazol-2-yl

benzot hidra, far-oxdmplet nearfeoprt- al@hallnbﬁrfsn@bshqtat, untederby ghiRaRiand the like, as Well as

alternate forms of interferons such as pegylated interferons. Additionally combinations of

15 ribavirin and interferon, may be administered as an additional combination therapy with at least

one of the compounds of the present invention.

Other interferons currently in development include albinterferon-a-2b (Albuferon), IFN-omega
with DUROS, LOCTERON™ and interferon-0-2b XL. As these and other interferons reach the
marketplace their use in combination therapy with compounds of the present invention is

20 anticipated.

HCV polymerase inhibitors are another target for drug discovery and compounds in development
include R-1626, R-7128, IDX184/IDX102, PF-868554 (Pfizer), VCH-759 (ViroChem), GS-9190
(Gilead), A-837093 and A-848837 (Abbot), MK-3281 (Merck), GSK949614 and GSK625433
(Glaxo), ANA598 (Anadys), VBY 708 (ViroBay).

25 Inhibitors of the HCV NS3 protease also have been identified as potentially useful for treatment
of HCV. Protease inhibitors in clinical trials include VX-950 (Telaprevir, Vertex), SCH503034
(Broceprevir, Schering), TMC435350 (Tibotec/Medivir) and ITMN-191 (Intermune). Other
protease inhibitors in earlier stages of development include MK7009 (Merck), BMS-790052
(Bristol Myers Squibb), VBY-376 (Virobay), IDXSCA/IDXSCB (Idenix), B112202

30 (Bochringer), VX-500 (Vertex), PHX1766 Phenomix).



WO 2010/ 149598PCT/ EP2010/ 058681 -6- R2' is independently in each occurrence
hydrogen, C 1 3 al kyl, cyano, carboxyl or hal ogen. R21)is independently in
each occuwoenoel4bdpdr ogen or C 1 3 al kyl, cyano, carboxyPCTEP2B0lys6e8Kyal Kyl

or G _3 alkoxy-C1 3 alkyl. R3is hydrogen Cl 6 alkoxy, G _6 alkyl, G _6
hal oal kyl, G _6 hal oal koxy or hal ogen-%r R3 5and R4a together are CHZ 0 or
(CH2) 2 and together with atoms to which they are attached forma

2, 3- di iyderabeRadbahrHONV merajp;adﬁdtﬁ- inWstigatioa)in@udd cyetophéfphihhpitorsorhith)
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al koxydacibmg)., car banoyl, N al kyl carbanoyl, N, N-di al kyl car banoyl ,
(CH2).002H, SO2NH2, C1_6 al kyl sul finyl and C1_6 al kylsulfonyl. Ra and Rb
are i ndependently hydrogen Cl 6 alkyl, C1. 6 haloalkyl, G 6 acyl, G _6

al kyi sul fonyl, 15Cl1_6 hal 0§UMMEARY [THEENYENJIONI kyl sul Fonyl, C3_7

cycl oal -Ci Vi I
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(1) i ndepepcemthigh dxydvatyeagaingt HCY , atckyrhiteat. Heﬁilgﬁ)aﬁci dévrRédfmant of héw t oget her
W th th nltro to which the f;\re attached are (CH2)2X5(CH2) 2wherein X5
's 0 oPDRIDSANCSDRIMPUNG sttt c1 3 al kyl, C1 3 acyl or C 1.3

al kyl sul fonyl . Re and Ri ndependently in each occurrence hydrogen or C 1 3
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(|) Rda, R41 and R4" are independently selected fromCl_3 alkyl, Cl_2

al koxy, Cl1_2 fluoroal kyl, G 3 hygr ox alh¥l cyano or hydroxy; or (ii) when
t aken together, Rd4a and R41 togeth al kylene and Rle is
hydrogen, Cl1_3 alkyl, Cl_2 al koxy, é? 3 hydroxyal kyl, cyano or

C _2 fluoroal kyl, or R4a and R41R] og eR mnth “the carbon to mhlch they are
attgghed are 3-oxetanyl, or t et rahydrOfuran-2-y1; or, (iii) either R5 or R3
and R4a together are CH2 0 or (CH2)2 and toget her mﬁth atons to which they
are attached forma 2, 3-di hydr o-benzof uran or an |ndane and R41 and R |l e
are C Dr3 phhinydceutically acceptable salt thereof wherein R', R%, R, R*, R® are as follows:

R' 18 a (7) heterocyclic moiety selected from the group consisting of 2-oxo-tetrahydro-
pyrimidin-1-yl, 2-oxo-imidazolin-1-yl, 2,6-dioxo-tetrahydro-pyrimidin-1-yl, 2,5-oxo-
imidazolin-1-yl, 2-oxo-piperidin-1-yl, 2-oxo-pyrrolidin-1-yl, 1,1-dioxo- dioxo-

15 1).°~isothiazolidin-2-yl and 1,1-dioxo-1A°-[1,2,6]thiadiazinan-2-yl, said heterocycle
optionally substituted with one or two substitutents independently selected from C
alkyl or halogen, or,

(if) a heteroaryl moiety selected from the group consisting of 2-oxo0-2(H)-pyridin-1-
yl, 6-0x0-6H-pyridazin-1-yl, 6-oxo-6H-pyrimidin-1-yl, 2-oxo-2H-pyrazin-1-yl and 5-

20 oxo-1,5-dihydro-[1,2,4]triazol-4-yl said heteroaryl moiety optionally independently

substituted with one or two halogen or C, 5 alkyl substitutents.

R’ is (a) -CR™=CR*Ar, (b) -(C(R*),),Ar, (c) -X[C(R®),],NR*R" wherein X is O or
NR’, R7 is hydrogen or C,_4 alkyl, R® is independently in each occurrence hydrogen,
C1.3 alkyl or two R® residues on the same carbon are Cy.s alkylene or two R® residues
25 on different carbons are C; 4 alkylene, (d) 1-oxo-1H-isochromen-7-yl or 2H-
isoquinolin-1-one either optionally substituted by NR*R”, or,(¢) benzooxazol-2-yl or

benzothiazol-2-yl either optionally substituted by NR*R".



WO 2010/ 149598PCT/ EP2010/ 058681 -7- R5i s hydrogen or hal ogen or R5 and R4a
together are CH2-0 or (CH2)2 and together with atons to which they are

att ached wormo142598- di hydr obenzof uran or an i ndane. ni sPChGPp@0OsssBly i n
each occurrence zero to three; or; a pharmaceutically acceptable salt

t hereof. 5 Conpounds of general fornul#-1 can be either neutral conpounds
or a pharmaceutically acceptable salt thereof. The present invention al so

provi dgg*a net Racddpenddntleai 4l orcdir@easgddgtie At ialliys cGand, lclibokyiGY)haloigtils
infection by adm nistering a therapeutically effective quantity of a

conmpourngt® accor Q'lﬁ&p&ﬂﬁeﬁlﬂﬂr Wé@h'oc&@r@c@ﬁ%&r@@ém bInCP;eeﬁlet &%h@oéfarbo'&'% (§Qnpound
can be adninistered al one or co-adm nistered with other 10 anti vir al

conpounds or i kyroromdeder &b erkoxsHeesplatent i nvention al so provides a net hod
for inhibiting replication of HCV in a cell by adm nistering a conpound
accor diRig t o fisdlrydt@em Gy dkoxgnbuntlket, f(@ethalpelkyd Glmﬂiabiatkobd@dr hathgempeBRant

i nvention al so yide ceu I | ti i a conpound
accoi]dl ng to f |é°$e%%‘mpea¢m2) (tdtgf?g a&ﬁg 15‘8& ﬁ@ﬁ?‘%ﬂ%
carrier, diluemtacREd fo¥miad @Jathydﬂo%@%%ﬂaﬁlar%%h?ﬂ ON OF THE | NVENTI ON The
phrase "a" or "an" entity as used herein refers to one or nore of that

entity;afor exanpl g &Iﬁﬁm?%g refers to one or nore corrpounds or at | east
one conpound. As suzlh e ternms "a" (or "an"), "one or nore", and '

| east one" can(bbé\eu@s:e:&iyli nt er changeably herein. The phrase " as def i ned
herei n above" refers t

ebr est definij.ti n.f r eac roup a ovi ded
20 1t ho_br oatBuEncRsl T i Tt g pticn g e oprdiy S BT h ohe
subgg i tuents wRjtakeGaBstRRCRE SA8NMEd framaﬁsgro%*eegdlﬁa@tofas}@m%l@& a?ilE gno,q 5
explicitly defined retain the broadest definition provided in, unmary

of the Inventidhyl, Ass hpdrdxyalkylhCs: dhexi-€i cakb’brlilab@h@t(ﬁéb)anR R’ ,tcryan@,l(flmonal

phrase or int bod of th

‘conpri sing" at eopfyca%)g Sam@f gla]fqn aV| n ﬁ\ggg H(ysi%afir %a&Hﬁ&“C% ’That
is, the terns SOENHQ We amm@m{}%ﬁ@lcwgmwﬁmg}ly wi th the phrases "having
at least” or "including at least”. Wen used in the context of a process,

the tergnang R"Tpéﬂe?rﬁdbgendéﬁﬁ? ﬁyaﬂag&n ihe aniyq)cc\i%@laloraﬁayy@% aaﬂétﬁa%ky&m%ﬂyﬁm ted

steps, but may include addiiional steps en uséd
20107 149598 PCTVZEP]ZEﬂq@kﬂ@Q@lyI (8- cycloalkylsulfonyl, C;_7 cycloalkyl-C, 5 alkyl-sulfonyl,

C s alkoxy-C) alkylsulfonyl, -SO,-NR‘R?, C,_; alkylcarbamoyl or C;.3
dialkylcarbamoyl.

R°and R? are (i) independently hydrogen, C; alkyl or (CH,),sNR°R" or (i7) together with the
nitrogen to which they are attached are (CH,),X>(CH,ewherein X° is O or NR' and
20 R' is hydrogen, C,.; alkyl, C; acyl or Cy_; alkylsulfonyl.

R® and R" are independently in each occurrence hydrogen or Cy.; alkyl.

R* is hydrogen, Ci¢ alkyl, C, haloalkyl, Cs_s cycloalkyl, halogen, C,s alkoxy, C;3
haloalkoxy or CR*R*"R** wherein: (i) R*, R*” and R* are independently selected
from C, 3 alkyl, C; alkoxy, C; fluoroalkyl, C;.; hydroxyalkyl, cyano or hydroxy; or

25 (ii) when taken together, R* and R*" together are C,4 alkylene and R* is hydrogen,
Cy3 alkyl, C;, alkoxy, halogen, C,3 hydroxyalkyl, cyano or C;_; fluoroalkyl, or R*
and R*" together with the carbon to which they are attached are 3-oxetanyl, or
tetrahydrofuran-2-yl; or, (iii) either R® or R* and R* together are CH,-O or (CH,),
and together with atoms to which they are attached form a 2,3-dihydro-benzofuran or

30 an indane and R*® and R* are C; 3 alkyl.



context of a conpound or conposition, the term"conprising"” neans that the
conpound or conposition includes at |least the recited features or
conmponentwQ 2bu140498 al so i ncl ude additional features or PCOmpenensss1 The
term "independently” is used herein to indicate that a variable is applied
in any one instance 5 without regard t¢-the presence or absence of a

vari abl e having that sane or a different definition wthin the sane
conpourRf. Thusis hytirogcf 6o drRWhid @ BgcRp eI 0l ¢ €CHRY ahé tolefhicnadthas

"i ndependentl|ly carbon or nitrogen”, both R's can be carbon, both R's can be
nitrogen, or offeMRto whichykeycae Bwrhaddorthe2 drdibydrabazeye ondadadfy vari abl e
(e.g., R1, R4a, Ar, X1 or Het) occurs nore than one tine in any noiety or
10 formul a depisaadopgndsntly deeashiogrigerco apoundycamsl oyed or clained in the
present invention, its definition on each occurrence is independent of its
def i ni taipharmaaccetieilly aotdpeablosdittherente. Al so, conbi nations of substituents
and/ or variables are permssible only if such conpounds result in stable
conpounds. The synbols "*" at the end of a bond or""drawn through a bond
each’ r &fasppougds pleecpeiahformglagk cagibegithergtputrak commoynds oionehargresypcaly ot her

chem c | t rest of the nolecule of which it is a part. Thus,
for exg‘h%ﬁrﬁg%b?%&tg%r)%g“% wherein R4 = 1,-4(1 or -FMeC(=0)0-<1 . A bond drawn
into ring system (as opposed to connected at a distinct vertex) indicates
that thee BRI HRdntiBe s h3eiach hah@It @atibddiSddid AN RIS MGirgd @BY) vals The
term"optional™ or "ogptionally" as used herein nmeans that a subsequntIy
descr i Bfectioy &npdmipisteringy hgpgyéies raffectyg fuagyf A sempeyad pgeordipgdo foraplad e
descri ptj:0n ;i ' : i : nd
et ang e R, B R B P R P e s
t hat0 t hetraptlicomablindssuatmuhomedulaiet y may i ncorporate a hydrogen or a sub
stituent. 25 The term "about" is used herein to nean approximately, in the
regi on of, roughly, or around. Wen the term"about” is used in conjunction

vvibt h aThg ms:e@tanvm)élﬁg@!wiptrmﬁé?ﬁ F method lﬁminl?ihiﬁ@@ rpglicatieeplilQy nkeccBdindari es
5070/ 14900 Be b 5B TRGL GG ing o YERURE il B dioust RIBERETG iy ™

nunerical value above and bel ow the stated value by a variance of 20% As
used hemgbRsent MeriBf hisPrloPilesQf phBrnRYERiEA] €Bnp s B8 BorhPHisird MR &ld@cdosdihdbended
to convey that the invention may be practiced with the variable equal to
any of feriwladsndasleast ergiphanmggutipadly geceptiblg sarrig, diljent:pr gxginigs e whi ch i s

i nherently discrete, the variable can be equal to any integer value of the
nu ical range, inc j - 0Ol [ imlarly, for a
variable which is i nbﬁ%@?ﬁﬁﬁ% ufgiﬁt(ﬂ'teﬁiﬁﬁ%gﬁg%ggﬂ be equal to any

real value of the nunerical range,

The phrase “a” or “an” entity as used herein refers to one or more of that entity; for example, a
compound refers to one or more compounds or at least one compound. As such, the terms “a”

(or “an”), “one or more”, and “‘at least one” can be used interchangeably herein.

The phrase "as defined herein above" refers to the broadest definition for each group as provided
20 in the broadest claim. In all other embodiments provided below, substituents which can be
present in each embodiment and which are not explicitly defined retain the broadest definition

provided in the Summary of the Invention.

As used in this specification, whether in a transitional phrase or in the body of the claim, the

terms "comprise(s)" and "comprising” are to be interpreted as having an open-ended meaning.
25 That is, the terms are to be interpreted synonymously with the phrases "having at least" or

"including at least". When used in the context of a process, the term "comprising" means that the

process includes at least the recited steps, but may include additional steps. When used in the



including the end-points of the range. As an exanple, a variable which is
descri bed as having val ues between 0 and 2, can be 0, 1 or 2 for variables
whi ch ar eworrhsyemoaBy di screte, and can be 10 0.0, 0.1, @COEP2Q0088681 or any
ot her real value for variables which are inherently continuous. Conpounds
of formula | exhibit tautonerism Tautdaeric conpounds can exist as two or
nore i nterconvertable species. Prototropic tautoners result fromthe

m gr at icofteRf ofa @wavRuedbl yorhsuden, hedeoytondirdmgh elcanethat tho cainpd®nd draut oner s
generally exist in equilibriumand attenpts to isolate an individual,

t aut onsPEPALtiaN Inglysenefdewst thedraitcadrieatities b cemrepcats) by merypssine e pddperal i es
are consisiepf ¢ (%kﬁg‘a m xture of conpounds. The position of the
equilibriumis endent on chem cal features within the nol ecul e. For
exanple, in many aliphatic al dehydes and ketones, such as acetal dehyde, the
keto f amt&inededdpaad@sly i sed héRinkBendtse tHah g vendle fsQbpl&l Bdagondiftnce
Common prototropic tautoners include keto/enol (-C(=0)-CH = -C(-0H =CH),
am de/ iwihgutregaiddo thaggregnopes absenagof @ ppeipbly haviag thet sameor a diffenmy dedupitien

- (- NH@iﬂ{ﬂi %ts%!ﬂé %ﬁ%&)&md-n}% é,% E%Bmé ! Eﬁ%}ﬁgﬁ Rl G AE i GOUMRO adfhed as

het er oary an eterocyclrc ri'ngs and the present i nvention éncompasses
al |t auirdspsridentlyoédrBor0dr difte@geOMaak RAS canl e drbdn, bethaRIcet bahie@ghy, orbae R"
skilled artisan that sone of the conpounds of formula | nay contain one or
mor e ci§R BF cerbpn apdsthg other HEFAgEBr e exist in two or nore stereoi someric
fornms. The racemates of these isoners, the individual isoners and m xtures

i ched, i . ti 4a | di ast when th t
oni ral s peirgRE e R ke Bk o< i o e e SR TS 0By soner s
ar ejoM thinfuld BEpisERPMIesdriinPERBRUNdS BMBIYEOB: clhiimod ih khdyfededf tnk@ition, its

appreci ated by the skilled artisan that substitution of the tropane ring
can be defnisipn e cadhersurrencedx sudepeidiegfuafatsidsfinitignat eveey pihesesuricnsce M ibon
cover s oA ANEAILARSanc NS PLERERL (LMMRAbIAM RSLHEES gl RS o
i ndi vi dual’ stereoi Soners e.g. Snanti omers) . racem c i xtures "o par{lally
30 r esgtabedcompoubdes of the conpounds of formulae | and, where appropriate,
the individual tautoneric forns thereof. WD 2010/ 149598PCT/ EP2010/ 058681 -
10- The racemates can be used as such or can be resolved into their

i ndi vi dikglsyinbolseF'Sat tiihend efSobandiar ¢an- df drewd tiypeglea borehéachir¢fyr touthe point

co unds,or m xtures enriched in.one or. re | somers. t hods f.or :

Sepht att AHAE Rt Beital GNP ok AUhheRpical Rpqiply @ gRsol g o RpyiBprphich. | |
" Topi cst s patteTRAC hgkahpy', Vol . 6, Wley Interscience, 1971) and include
physi cal nethods 5 such as chronmat ography using a chiral adsorbent.

| ndi vi dual isonmers can be prepared in chiral formfromchiral precursors.
Alternatively individual isogers gap, be sgparated chegcally froma m xture
by for FW[?@:@%I tEicEhnB T T t e wh% a;ﬁgaMe%ﬁQip h as the individual
enanti omers of 10-canphorsul fonic acid, canphoric acid,

. al pha. - bronocanphoric acid, tartaric acid, diacetyltartaric acid, malic

acid, pyrrolidone-5-carboxylic acid, and the like, fractionally 10

cryst alA botidhdrawhénte aingsystemdas oines¢d @eionpecsiteat grdisehvastex) ndicates dhay dep
bases, ' N ' DhHOC as obtain either or both
substa%@?gkﬁgﬁ?ﬂég&%ﬁq?%%ngﬁggygpgg%%fgﬂﬁg'forn1having an optical purity
of >95% Alternatively the racemates can be covalently linked to a chira

COMEPUNGhe (@K idptBENY of ColoRRIke e sAsaP hQLRAARINS (R h GIb LIRS RERBLALEht BY
chromat ography or by fractional crystallization after which time the chiral

auxi | i amrguistandeani &t geed et wedurt andathfidhe dedeapiper mclieematanéas meress ththe

conmpounds of fornmyla | may contain a basic. center and suitahle.acjd
ada t1 anour sl Rsiostl hd flarardn N FEFHORORCL SRS ap i ol es
of sal tsgbgtutbdOm@anithatAd sistionACy SbStitubel IﬁUiétT’;Qﬁﬁl} Ricb§Rratdy dy@bEand e,
hydr oi odi de, chloride, brom de, iodide, sulfate, bisulfate, nitrate,

phosphatkstitéglir ogen phosphat e. Exanpl es of salts of organic acids include
acetate, funarate,

25 The term "about" is used herein to mean approximately, in the region of, roughly, or around.
When the term "about" is used in conjunction with a numerical range, it modifies that range by

extending the boundaries above and below the numerical values set forth. In general, the term



20 panpate, aspartate, besyl ate, carbonate, bicarbonate, cansylate, D and
L-lactate, D and L-tartrate, esylate, nesylate, nalonate, orotate,

gl ucept atwQ 20 139398ul f at e, stearate, glucuronate, 2- napsYERL@0/05858Y]| at e,
hi benzate, nicotinate, isethionate, nmalate, naleate, citrate, gluconate,
succi nate, saccharate, benzoate, esylat%®, and panpate salts. For a review
on suitable salts see Berge et al, J. Pharm Sci., 1977 66:1-19 and G S.
Paul ek uhbouet isalsed Hercive modify m nuaQPiéalAakibo66 and Tachnhecahtcangduseyantific
terms used herein have the nmeaning comonly understood by one of skill in
the ar tV2fincg9feR” s he present invention pertains, unless otherw se defined.
Reference is made herein to various nethodol ogies and naterials known to
those of skill in _the .art. Standar.d reference ks.setti forth the
goner ar R brgireerehiap oBe SRGY S HEIeS B Eotthe s aRendsd "eor Rk He
Phar maG@lcafibs alay Bapractiobd Wi iapeifablequdidb AnEdf the Mifdeawithinl thatGaRRamhes
Inc., New York (2001). The starting materials and reagents used in

pr epar ifeige Yyaiedle whih sunbercribnéisericytharverighle pay bagmial ing mtegshvebned thd al

suppl i er . S. E]C 2 cal . L

2050/ 1 GEEHRHH S BEbR bR R R B of o o B BB o i blish i 11 e i

t he ar tinfedddt BvdonGnypueCiiie wiirkish1S edn Beddqubl torany efad K elne 65the MahRFicallrsngel eagent s

and the like to which reference are nade in the follow ng description and

exanpl éiclydiag Bistcarmemteof the snesnfre re PIMMewr weigbleprhighs s dstabedies 8aving ed.

Gener al I edur h . i-hed i I i eser

and i CADETbAgkYE0ReS LD TBY 2 BPER BRI SHARGy el GRS R B

Vol Lhed.1 0211 0.0R, 0001 laaRoyg ktheComapydhe fis ivaraliegahict afkr iahstattyaintionsys. 2nd

edition Wl ey-VCH New York 1999; Conprehensive Organic Synthesis, B. Trost

and |I. Flemng éEds.) vol . 1-9 Perganon, Oxford, 1991; Conprehensive

Het er o&paippendChbfeimsuly § exhibit tRutonkerism: tTakipmgneicampoyyds Reeexist Bdigp oPavtfanon,

Oxford. = 9; i o i R

a1 ¢ g ot gy RRARD ELSRThetEro L E0 GG BTN by 7,

O gani diyiRegatatanbstwighltey a@mSohartonengerorky cxi@ dlequiibtiumesd dterhPtsdndolaficlah be

fam liart. [ in. t tor | | - t

| nvent 1 el BERRCS Shist? ekloc Wl wnch LB RO BB Rk IR, RRSIERY

R2, | R3,witR4 ngintireRE campouads. dids ppsitiecf ercquitibrawneis dependénit omtlivercabfeliods wihins

provid 1tu alMele ' j d
‘%lge IQ(%L‘C%%’ F%i’jgafnﬂeyﬁ%%ﬁ\é\@hg& dﬁ?éﬂyﬁ’e% a (E%Z(ﬁ%g, S{l(% o8 8% é Iﬂgd%dfhgﬁgg )

whi ch are not éexplic I ne etain roadest Ition provided
i n t he pBunmretes whild rephienale titei copl. foinmpradrotihees. Evbowinpendtropfc tethengs mslodd

i nvention, there_j r Qi a ound .of faornmula l.. wh (A R.is, a.

et or o Bieh AT OGRS &Y e P RO RS s b R Dot § o Ky fafpititS e o.
pyri m dig=NRyNH- & aCXNHR)HNDdaz@omen: Thy llatte? 1Woo dicax@utdrBtdoadiyet @ heteroaryl
-pyrimdin-1-yl, 2,5 -0 x0- 20imdazo lin-1-yl, 2-0 xo -pip eridin-I-yl,

2- 0v%o anghieterpcyelis mngsapd theppresegt givgpion enpopppssey @2# BROTIGIY; fgmz& ?/fltil%md

1, 1- di QoXBounds6- [ 1,2, 6] thiadi azi nan-2-yl said heterocycle optionally

substituted wth one or two substitutents independently selected fromCl_6
al kyl, or
It will be appreciated by the skilled artisan that some of the compounds of formula I may contain

one or more chiral centers and therefore exist in two or more stereoisomeric forms. The
racemates of these isomers, the individual isomers and mixtures enriched in one enantiomer, as

25 well as diastereomers when there are two chiral centers, and mixtures partially enriched with
specific diastereomers are within the scope of the present invention. It will be further
appreciated by the skilled artisan that substitution of the tropane ring can be in either endo- or
exo-configuration, and the present invention covers both configurations. The present invention
includes all the individual stereoisomers (e.g. enantiomers), racemic mixtures or partially

30 resolved mixtures of the compounds of formulae I and, where appropriate, the individual

tautomeric forms thereof.



(ii1) a heteroaryl noiety selected fromthe group consisting of
2-0x0-2(H)-pyridin-1- 25yl, 6-0 xo -6H pyridazin-l-yl, 6-0 xo

- 6H pyri mvai2oto/9398 and 2-0 xo -2H pyrazin-|l-yl said hePreraeeyl/ons8et v
optionally independently substituted with one or two hal ogen substitutents;
R2is (a) -CR2a=CR2aAr, (b) -(C(R21)2).-M- (c)1-oxo-isochronen-3-yl
optionally substituted by NRaRb or (d) benzooxazol -2-y1l optionally

subst i tThceskematdRaRbe usd Baclaotcdidt redolwddhtoabeit indéndel abenchy driegen; R3is
hydrogen or G _6 al kOXY; WD 2010/ 149598PCT/ EP2010/ 058681 -12- Aris phenyl
wher ei AcsoMitinsAe afferd sserprhcyeally purarrsponaenen YixEupsenriched i RSN e t o

t hree | t . l-SA i C . .

nyclr oxyal iyt RO KRG Qi SrebbheRRR, IR X LG i . L in

al koxycd'doponi StercoRidmifRat”s Vol dr Bgken;Infsrstense, 19@1 g nncl@e ghyaicklymsthbdonyl ,
R3i s_ hydrogen, Cl1 6 al] koxy or. . nd. R4a together are 2-0 and, t oget her
with atsaﬁbsgstccbr%m?@arap{ws%% %C%%Rﬁ&@wéae%P}ﬂl%ﬁlzanss-or%ﬁrh%» RRBFI e Rai 5
CRAaRAIER4E r8hedifilaNpreOirkdrs RAGrerRAPe 13 MchiRdualddindrt cah B Koflarat®d ciERiBAR @AM One
of R5 or R3 and together are CH2-0"or (CH2)2 and together wth ators to

whi ch taheixtuae by drmachdidstemomerc 3a18-witthy dhicel beidz afchraa the iRdividuahehaRdomarse
Cl-3 al and. t he .ot.her. of R5 or I s, hydrogen. .R5i s hydrogen qr R5 and
Raa t oGt RePPpb BSOS et e Bh T REC R Ried FEPASagHe ot ached
form a dZac3tytthiyel e R WC R py@6lidone-5-carboxylic acid, and the like, fractionally

10  crystallizing the salts, and then freeing one or both of the resolved bases, optionally repeating the

process, so as obtain either or both substantially free of the other; i.e., in a form having an optical
purity of >95%. Alternatively the racemates can be covalently linked to a chiral compound
(auxiliary) to produce diastercomers which can be separated by chromatography or by fractional
crystallization after which time the chiral auxiliary is chemically removed to afford the pure

15 enantiomers.

The compounds of formula I may contain a basic center and suitable acid addition salts are
formed from acids which form non-toxic salts. Examples of salts of inorganic acids include the
hydrochloride, hydrobromide, hydroiodide, chloride, bromide, iodide, sulfate, bisulfate, nitrate,
phosphate, hydrogen phosphate. Examples of salts of organic acids include acetate, fumarate,

20 pamoate, aspartate, besylate, carbonate, bicarbonate, camsylate, D and L-lactate, D and L-
tartrate, esylate, mesylate, malonate, orotate, gluceptate, methylsulfate, stearate, glucuronate, 2-
napsylate, tosylate, hibenzate, nicotinate, isethionate, malate, maleate, citrate, gluconate,
succinate, saccharate, benzoate, esylate, and pamoate salts. For a review on suitable salts see
Berge et al, J. Pharm. Sci., 1977 66:1-19 and G. S. Paulekuhn et al. J. Med. Chem. 2007

25  50:6665.

Technical and scientific terms used herein have the meaning commonly understood by one of
skill in the art to which the present invention pertains, unless otherwise defined. Reference is
made herein to various methodologies and materials known to those of skill in the art. Standard
reference works setting forth the general principles of pharmacology include Goodman and

30 Gilman's The Pharmacological Basis of Therapeutics, 10th Ed., McGraw Hill Companies Inc.,
New York (2001). The starting materials and reagents used in preparing these compounds

generally are either available from commercial suppliers, such as Aldrich Chemical Co., or are



a phar

maceutical ly acceptable salt thereof. In a second enbodi nent of the

present invention there is provided a conpound according to formula |

wher ei

n RvO=0v)/1e398r ocycl i c noiety sel ected fromthe gr@op/EPo®I0sieBNng of

2- oxo-tetrahydro- 20pyrimdin-1-yl, 2-oxo-imdazolin-1-yl,
2, 6-di oxo-tetrahydro-pyrimdin-1-yl, 2]b-oxo- imdazolin-1-yl,

2- 0XO0-

pi peridin-1-yl, 2-oxo-pyrrolidin-1-yl, and 1, 1-di oxo- 1k6-

| sot hi gzeatddi By dethddrynai to thdre sRitlee oty aktefo llew Rtpreded ity salibﬁh iut ut ed with
one or two substitutents |ndependently selected fromCl_6 alk

hal oge

refermgesRIYlatctidragagentan thy likq to(re) peferapcezase pade & the fol owm

t et r ahygdr gy BXﬁ | 1 agmﬁesoegg oﬂ)faﬂfble' fmrggéﬁ%{egdlﬂ sHUREE yhI (?XA otherwise n It?l ..

di hydr o- py

I one- | oXo-tetrahy yrim

i m daz (Ganehralh eyrﬁhehcdurmadu&s Yhye lpnepehesouhbnénﬂtrmme auth as Fldr&epynd Hiemer2s one- 1- yl,

o p%féﬁ%gééﬁ o & gﬁ'ﬁai%%/fﬁeﬁl%"gﬁ E@}' AR b ‘yq%* b—@ﬁr ﬁrzbgwiﬁﬂcﬂgo%-yl W

2010/ LAmRBhTs BP0 %@ﬁﬁorm&?zon&hé e(twﬁ vme@, @CHaNléW%rk%bﬁ cR4a,
Rdb-4c K wherein R4a, R413,” R4c are Cl_3 -al R4a together’ with R5 or

R3 are
forma
5 R5is

O Ohapsive Q@)l@c éyrdhetsosg@t Aeost wid h Féetrmns (Edﬂ Jntuil.ch9 PregmeaneOafordched

Ryt SRR T ui e BeRtorh 6 & B% BRO ey tand

toget h@xﬂos\ﬂdtiym vol. 1-9; @bMPRehbR i EBrdchay: @emiaht BCAER. Kakiaks and C. W.
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i hydr obenzofuran’ or_an i ndane. In particul ar conpounds of fornula I-a
ﬁeﬂg(:@ﬂs) Pergamon, Oxford 1996, vol. 1-11; and Organic Reactions, Wiley & Sons: New

York, 1991, Volumes 1-40 and will be familiar to those skilled in the art.

In one embodiment of the present invention there is provided a compound according to formula I
wherein R, R%, R?, R* and R’ are as described here above. In all other embodiments provided
below, substituents which can be present in each embodiment and which are not explicitly

defined retain the broadest definition provided in the Summary of the Invention.

In another embodiment of the present invention there is provided a compound of formula I,

wherein

R' 18 a (7) heterocyclic moiety selected from the group consisting of 2-oxo-tetrahydro-
pyrimidin-1-yl, 2-oxo-imidazolin-1-yl, 2,6-dioxo-tetrahydro-pyrimidin-1-yl, 2,5-oxo-
imidazolin-1-yl, 2-oxo-piperidin-1-yl, 2-oxo-pyrrolidin-1-yl, 1,1-dioxo-

1% sothiazolidin-2-yl and 1,1-dioxo-1A%[1,2,6]thiadiazinan-2-yl said heterocycle
optionally substituted with one or two substitutents independently selected from C
alkyl, or

(if) a heteroaryl moiety selected from the group consisting of 2-oxo0-2(H)-pyridin-1-
yl, 6-0x0-6H-pyridazin-1-yl, 6-oxo-6H-pyrimidin-1-yl and 2-oxo-2H-pyrazin-1-yl
said heteroaryl moiety optionally independently substituted with one or two halogen

substitutents;

R’ is (a) -CR*=CR*Ar, (b) -(C(R*™),)sAr (c)1-0x0-isochromen-3-yl optionally
substituted by NR*R” or (d) benzooxazol-2-yl optionally substituted by NR*R”;

2 2b -
R* and R™ in each occurrence are hydrogen;

R’ 18 hydrogen or C, alkoxy;



wherein the dotted bond is a single or a double bond; 10 le 15 is

t et rahydr o- pyri m di n-2-one-1-yl, imdazolidin-2-one-1-yl,

di hydr o- pyoi2niodi4pes2, 4- di one-1-yl, 2, 6-di oxo-tetrahydr @CpRP2OI0AFSSSL- v |

i m dazol i di ne-2, 4-di one-3-yl, piperidine-2-one-1-yl, 1H pyridin-2-one-1-yl,
2H pyri dazi n- 3-one- 1-2-yl, 3Hpyri m di rd2~one-3-yl, 1H pyrazin-2-one-1-yl or
1, 1-di oxo- 1X6-i sot hi azolidin-2-yl, said heterocycles being optionally

substi tat ed W fsiphemg vierdilk£ie paetbs id dpsioniisy Hdbgeied 1yl JubsitGled3vied dnd toor
hal ogen; Ra and Rb_are hydrogen or al kyl-S02-, R3is hydrogen or al koxy,
Rii s cR4aR4b. - thrercsubstifpiepsisplegigd from the groupgensistipecoldyies lydraxyaliyle¢ii; RS s
hydr ogen or ha . 2 an@ i t of septyi nvention
there is provi %Jg%%gcﬁ%%pu%gr@%@g& %thégg?glr'%%f %%grvt\)/ﬁég’ele{r?z eis a

het er ogycl i ¢ n}gihe ¥ %E-l ected fromthe group consisting of
2- oxot et r ahydr 0- B’y §

riem’di n-1-yl, 2-oxo-imdazolin-1-yl,

2, 6-di -tetra ro-pyrimdin-1-yl, 2,5-o0xo0i mdazolin-1-yl,

2- oxsg- gﬁgeri di ﬁ%—gﬂﬂg,@g’él %%Wé&ﬂdl n-1-yl, and

1, 1- di 0x0- 1X6-j sot hi azol i di pn-2- yl wherein the heterocycle is optionally
substi tRit ed wi HYSIREHBIC k@bt i t utent s i ndependent|y 25 sel ected from
G _6 alkyl] or hal ogen; R2 is -CR2a=CR2aAr, -(C(R2b)2),,Ar; Ar is phenyl
subst i tRitaad Rt tagsthst atsyCRuBni tegesher atith| aserss topyhiclotey axretRIshed former 2.3-
4-position V\heafﬁ'gﬁopmiz%p&%g,o. WO 2010/ 149598PCT/ EP2010/ 058681 -14- The
phrase "phenyl substituted’at |east by (CH2)NR Rd at the 4-position refers

to a sypstituent . of Wb the fornmula(i) wherein unsubstituted positions can
be furaﬁer opt’is&{gﬁ{ywl{u%’b?ﬁe%t ed.

10 (i) R*,R*" and R* are C,; alkyl, or

(ii) R* and one of R® or R* and together are CH,-O or (CH,), and together with
atoms to which they are attached form a 2,3-dihydro-benzofuran, R* and R* are C; 3

alkyl and the other of R® or R? is hydrogen.

R’ is hydrogen or R® and R** together are CH,-O and together with atoms to which they

15 are attached form a 2,3-dihydrobenzofuran; or,

a pharmaceutically acceptable salt thereof.

In a second embodiment of the present invention there is provided a compound according to

formula I wherein

R' is a heterocyclic moiety selected from the group consisting of 2-oxo-tetrahydro-
20 pyrimidin-1-yl, 2-oxo-imidazolin-1-yl, 2,6-dioxo-tetrahydro-pyrimidin-1-yl, 2,5-oxo-
imidazolin-1-yl, 2-oxo-piperidin-1-yl, 2-oxo-pyrrolidin-1-yl, and 1,1-dioxo-1A°-
isothiazolidin-2-yl wherein the heterocycle is optionally substituted with one or two

substitutents independently selected from C,¢ alkyl] or halogen; and
R’ is -CR*=CR**Ar or -(C(R*™),),Ar
25 R is tetrahydro-pyrimidin-2-one-1-yl, imidazolidin-2-one-1-yl, dihydro-pyrimidine-2,4-
dione-1-yl, 2,6-dioxo-tetrahydro-pyrimidin-1-yl, imidazolidine-2,4-dione-3-yl,
piperidine-2-one-1-yl, 1H-pyridin-2-one-1-yl, 2H-pyridazin-3-one-1-2-yl, 3H-
pyrimidin-4-one-3-yl, 1H-pyrazin-2-one-1-yl or 1,1-dioxo-1A’—isothiazolidin-2-yl

R* and R" are hydrogen or alkyl-SO.-,



I n anot her enbodi nent of the present invention there is provided a conpound
according to 5 fornula | wherein R2 is a heterocyclic noiety selected from
t he groupwoansV®piong of 2- oxotetrahydro-pyrim di n-1-yl, PCT/EP2010/058681

2- oxo-im dazolin-1-yl, 2,6-dioxo-tetrahydro-pyrimdin-1-yl,

2, 5-oxoi m dazol i n-1-yl, 2-oxo-piperidi-h3-1-yl, 2-oxo-pyrrolidin-1-yl, and

1, 1-di oxo- 1k6-i sot hiazolidin-2- yl wherein the heterocycle is optionally
subst i tRit ed wi &shy@bgener alkuxy, subst it ut ents i ndependently selected fromG _6
al kyl] or halogen; R2 is -CR2a=CR2aAr; R2a is hydrogen; R3 is hydrogen or
10 Cl_@&‘al koxyis OREPRSRE nitietctioR Tt IR ar01C, CRARRAIRIE toaetiee ivith R, or R’ aaed | e

are nethyl; Ar is phenyl substituted at |east by substituted at |east by
(CH2) "NRaRb at CHp© ar @Lézi)zt angriogiisr avith soms to, whish they 3re attachgd frya 24t f ony!l ;

and Rb is hydr _ r. i b 4 es invention there is

provi ded a con%%gn lggggggﬁgga?%ﬂggghﬁfg‘IQ&H%rEFﬂ@?@ﬁgg“a het erocyclic

noi ety | ecte p 1§34k f.. 2- - .

tetﬁ%hggfo-pyrg%$é%%%%Bﬁ?%5%¥3¥§g?%9 azo eﬁpi%ﬁﬁﬁ%rO%é(C}hhEmdtOgdhmpwnh

2, 6- di oxo-t et r abydt®whichithdydirgattaghed fainba 0,3alihydtaBalzo furdr ot an indane.

2- oxo-pi peridin-1-yl, 2-oxo-pyrrolidin-1-yl, and

1, 1- di ox@atikbhai s@hphRdObf fhrfuf-1-&| wherein the heterocycle is optionally

substituted with one or two substitutents independently selected fromGC _6

al kyl] or halogen; R2 is -CRka=CR2aAr; R2a is hydrogen; R3 is hydrogen or

Ci _6 al koxy; R4 is CRAaR#MAR'RANd Ra, Rb and le are nethyl; and Ar is

phenyl substituted 20 least by substituted at | east by (CH2)"NRaRb at
g zherein nis zero; Rais G _6 halo alkyl; and Rb is

et anot her enbodi ment of the present invention there is

provi ded a~¢onpound according to fornula | wherein R2 is a heterocyclic

noi ety selegted fromthe group consisting of

2- oxot et rahydro-pyrimdin-1-yl, 2-oxo-imdazolin-1-yl,

2, 6-di oxo-tetrahydro-pyrimdin-1-yl, 2,5-o0xo0- 25 imdazolin-I|-yl,

2- 0X0- Rileesih icdoltel bon@is@Xxddly bF ®Hbwhlabdndy| , and

1, 1-di oxo- 1k6-i sot hiazolidin-2- yl wherein the heterocycle is optionally

subgg i trited wi fsWet%g%&?pﬁﬂﬁidﬁﬂ@-%hbll%l?ﬁi%ﬂoﬁgﬁpﬁeﬁ@-@I;‘l)’di%dr_@%ﬁﬁﬁcﬁiﬁ@-@,é@ _6

al kyl] or hal ogen; i's -CR2a=CR2aAr; R2a is hydrogen; i s hydrogen or

Ci _6 al koxy; Rdiohg 1R aRlisRctcaiydRapyRbidamd -yl enadazohdinmy?l4-dend-3Arl, i s

phenyl substituted,at, WD 2010/.149598PCT/ EP. 0%%/05 681 ,-15-. Le by

Blbst i tuted at PPERUB BT EcrD) TR Mo Rd- h: FagPTTOHTARLRS AR T ero: Ra
is 2,2,2- tri fWﬁﬁﬁmmbln_é-saﬂmIﬁi_tpgtaszidly%@geﬂ-orIlm-aaasaémf—inghlma{lQ-ﬂ,f t he
present invention there is provided a conpound according to formula’l
wherein |le is sihbtteroogled baimg entiongly eusttitdd with ometoghiea pulstiteingst sclegtedf
2-0x0-2(H)- 5 ridin-l-vyl, 6-0x0-6H pyridazin-1-yl,

6- 0 o-6FprrinﬁépﬁﬂffW?déﬁBdﬁggko-2H—pyrazin-l-yl wher ein said heteroaryl
noi ety gptionally independent]y substituted with one or two hal ogen
substi#ﬁéﬁ93$ ﬁﬁéwﬁ?gFgotﬁﬁﬁ'— aAr or -(C(R21)2)Ar. In another enbodi nment
of the present invention there is provided a conpound according to formula
| wherd¥n | e i bydigeepbalk9ry.moi ety selected fromthe group consisting of
2-0x0-2(H) - 10 pyridin-1-yl, 6-poxo0-6H pyridazin-1-yl,
6-oxo-6¥¥pyrinﬁdﬁﬁ?B@BT,a%dleBﬁoRfHﬂﬁgmaihn:@kym wherei n said heteroaryl
noi ety optionally independently substituted with one or two hal ogen

substi tRlents; RhyilmgeCRPhaAGRIaAr, - (C(R21)2). Ar; Ar is phenyl substituted
at | east by substituted at |east by (CH2)"NRaRb at the 4-position wherein n
I S 2Br An another embodiment of the present invention there is provided a compound according to

formula T wherein R" is a heterocyclic moiety selected from the group consisting of 2-0xo-
tetrahydro-pyrimidin-1-yl, 2-oxo-imidazolin-1-yl, 2,6-dioxo-tetrahydro-pyrimidin-1-yl, 2,5-0xo-
imidazolin-1-yl, 2-oxo-piperidin-1-yl, 2-oxo-pyrrolidin-1-yl, and 1,1-dioxo-1A’-isothiazolidin-2-
yl wherein the heterocycle is optionally substituted with one or two substitutents independently
25  selected from Ci alkyl] or halogen;R?* is —-CR**=CR**Ar, -(C(R*"),),Ar; Ar is phenyl
substituted at least by substituted at least by (CH,),NR*R" at the 4-position wherein n is zero.



I n anot her enbodi nent of the present invention there is provided a conpound
according to 15 fornmula | wherein le is a heteroaryl noiety selected from

t he groupwoanavwbiogng of 2-oxo-2(H)- pyridin-1-yl, 6-oxoPECHEPRel0OsEEN- 1- Yyl ,
6- 0x0- 6H pyrim di n-1-yl and 2-oxo0-2H pyrazin-1-yl, wherein said heteroaryl
nmoi ety optionally independently substi-i4ted with one or two hal ogen; R2 is
-CR2a=CR2aAr; R2a is hydrogen; R3 is hydrogen or C _6 al koxy; R4 is
trifludmerpatly!l phsnyt RdRBAhR e Ivkebe(CHRAVRAY' A 4-podtien miirhyd 4 subktitusnt
phenyl substituted at | east by substituted at 20 | east by fCHZ)TNRaRb at
the 4- Poitihite faxmulagy whsreig upibgfituted rositiens eandieiiyrtheriopsiplally sukdfitpgsd; s

hydr ogen. I n another enbodi nent of the present invention there is provided
a conmpound according to fornula | wherein le is a heteroaryl noiety

sel ected fromthe group consisti,n -@ Z-gaf{@- 2&)H) - pyridin-I-yl,

6- oxo- 6H pyri dazin-1-yl, 6-0x0-6H N mdin-1-y1 and 2-oxo-2H pyrazin-1-yl
25 wherein said heteroaryl noiety optionally independently substituted with
one or two halogen; R2 is -CR2a=CR2aAr; R2a is hydrogen; R3 is hydrogen or
G _6 alikanytherRnbioslirkdd aRéteRdescanivEaionRlerd idproidad @ coBpbYdd acrbllifN toi S

phenyl substituted at |east by substituted at |east by (CH2)"NRaRb at the
4- posi towmlnhamercn R iss hasgrgeyahg mojetgpelgetsd fioa) thy igrouprrgngptingsofidsorgen.

In yet r i ent, of Fesept »inyent i re is.provi ded. a
compoutd SRR PRt Blo. hB.IEREDE 2R Al 5 EriRa Bl oY 23hR

sel ect enidarolin-i H1d [oxupipeadiat Istl, DgxofpyZrotidi- R Ehnd 1 MElioxo-11 -isothiazolidin-2-
2010/ 149598PCT/ EP2010/ 058681 .- 16- pyridin-1-yl, 6-0 xo-6H pyridazin-1-yl,
6-0 X0 PL%ES?P} thedeisracygie aeionsy W-Smt%ﬂwg% PRC pLiyp SRR e@e‘l*l‘g’t”%l?’oa_r y!
moi ety opt@Rak ¢, ) ﬂﬁﬁﬁ’%ﬁﬂﬁ@ééxﬁ! RS WOSERPUERE A, R %ﬂﬁzdR{%eh;"W ﬁ%k&ﬂ)%@ﬁ of2 18
-CR2a=CR2aAr; R2a 1s hydrogen; R3 is hydrogen or G "6 al koxy; R4 is

CRAHR4 Ii1.s-2tkoxyt RAisdrifagroRisthyl on iR IRS"RT evhertinR®; RAaat! RF atiesngshydnak is phenyl

substi t ut at |ea by substi tut I 0] 2) ".NRa 5.at.the _,
o posi SHBTHRbFUEAT by ROsSHRG it B B ORI P ol B aow{oT g i r0: R
hydr ogenc, | nikgnatibeyl; adorRYismgatogeh. t he present invention there is provided
a conpound according to fornmula | wherein R2 is -CR2a=CR2aAr and R4 is
CR4aR4blt' -' 4c wherein Rd4a together with one of R5 or R3 are CH2-0 or

( CH2) 2 TannbtRéacnabodiriint of tHGre@geinkedtiont thére at @osided awbimpbuddeyoriie tat t ached
forma 2, 3-dj hydro- henzofuran or an indane ,and R41' and R4 are Cl 3 al kyl
and t hdowRtiel Vheregt RF@ foletgrgey Cmqa?ta@elﬁd‘ieﬁ%pﬁbthegg%lpcﬁonﬁstntﬁofreﬁza%gen or

Cl_g al o0p i PRidER B8, Ol o FBimilifzoBR AL PE D, ceB Rt MR dr8p i RIIRL BSEPLS -ox0-
i nvgnt it%tn %ér.n%};ri sdpr oS/i’de%%:ln%lgrrpo%undplgc’go%%géﬁjt%oﬂrgrpﬁﬁl adll \A/Zér’esi MR is

- CR2a=0R&he lirahg/ |, RA0x @ pBRAGIRAbY ¢ 2-0xdepyarotid R4 yhadd Midiomgéifhisothaﬂtzelidiz-}

al kyl en nd.R4" .is hydrogen, 3 .al.kyl 2 al kox ha) ogen, C1,3

Py oxy SAESTeIn G S e SManabF SRk y e Bt s BRTRRT Y he
car bon stiectelhifiekh CheMk{l 6r Rilb @G RA i ArERB=-CREL AN W™ isHyddozen; R? is hydrogen or
tetrahydrofuran-2-y1 and R4 "is ngthyl. In a tenth enbodi ment of the

pr esentCiisrlkoryi BnisttRr R R™ o, dechnd R ovipogHy Laad dvidis phenyd swlstimiedat]

wh [ i S .- = d i fluor t L] other ~embodi nment
of b P oL AT BT R b PSR RERi  BE RA T B 1 -1 T o
1- 26 ofhalbARYYE and R® is hydrogen.

In yet another embodiment of the present invention there is provided a compound according to
formula T wherein R" is a heterocyclic moiety selected from the group consisting of 2-0xo-
tetrahydro-pyrimidin-1-yl, 2-oxo-imidazolin-1-yl, 2,6-dioxo-tetrahydro-pyrimidin-1-yl, 2,5-0xo-
25  imidazolin-1-yl, 2-oxo-piperidin-1-yl, 2-oxo-pyrrolidin-1-yl, and 1,1-dioxo-1A’-isothiazolidin-2-
yl wherein the heterocycle is optionally substituted with one or two substitutents independently
selected from Cy. alkyl] or halogen; R* is -CR**=CR*Ar; R* is hydrogen; R? is hydrogen or
C1 alkoxy; R* is CR*R*"R* and R*, R" and R® are methyl; and Ar is phenyl substituted at



20 I'n anot her enbodi nent of the present invention there is provide a nethod
of treating a HCV infection in a patient in need thereof conprising

adm ni st ewDreg1oa14p3s8r apeuti cally effective anount of a cecpaEr@oassser di ng to
formula | wherein RIL, R2, R3, R4 and R5 are as defined herein above. In
anot her enbodi nent of the present inveh$ion there is provide a nethod of
treating a HCV 25 infection in a patient in need thereof conprising

co- admilgssbesubsatutedt 4t @rasPBUIGIDAINR Refat eetd-yesitesionindreiain 8 ze@aROW2accor di ng
to formula | wherein R L, R2, R3, R4 and RS are as defined herein above and
at | eadtiflgniecthphantRs jsiekeg/dul at or and/or at |east one antiviral agent
that inhibits replication of HCV. WD 2010/ 149598PCT/ EP2010/ 058681 -17- In
anot her, enbodi nent,. of 't present invention there is provide a method of
roat ;b SE0 g iRy oL el REU T i T e s Sab U ER eSS 51 g
co- adnifRinglI 1 kihgro Rh %r@l&%fb!gg/ﬁhlb%tﬁﬁél&@éd ¥S&maARDEdup @bnsist ML HPOLYXA-AEIGOr di ng
to formula | wherein le le, R2, R3, R4 and R5 are as defined herein above
and %t Dygdst1-ghé-exenteysjaaiedtduorkatbrpgsndat kol rdhokalErperan -8

interl i . r rosis f . n il at . f | n.anot her
embod ot phil PR PEGAR dREhAN Rl ERARY ST E A AR petb Bl g
HCV i nfselsdtitamts; BndRP &I ERY=CR*Raest -(G@ Bpf,Aeonpri si ng co-admi nistering a
therapeutically effective anmount of a conpound according to fornula I
wherein le, R2, R3, R4 and R5 are as defined herein above and an interferon
or chereadthgr cetridimagtiitoé the mtsenf eventionltderkns povidné r cempodidaskerdafg tohe

resent. i nvention.there | royide. a h of.treating.a H i nf fon in
P o g T B REubSeBisl refends g afiie fices &Rrh s %iinert gulior ATy
ef f get ipzﬁdﬁ\mlyr}%-&Jo-@i@?ﬂ@%ﬂfﬂ-ﬁ,@@k&%%g&ﬁmﬁﬁlﬂ | @nd 2-\6@@129]'-155/rhﬂn-159, R3,
R4 and R5 are as defined herein above and another antiviral conpound
sel ect exhereip faid hetegrasyl pnaietyipsionaly isdepgndanily s bitbetee withiingior 670 halagether HCV

pol yrer, 1 nhi. bzt or np&_HEY: hel i-case i ahi pi oIy e i nhi bitor
and a I—Slﬁ%%ft%%mo# ilél’)lh(ij%i t?gd‘dpﬁ ggg[ ﬁ@?‘&gr@lo%%ﬁ&%@? Sgk?cs}/]tuﬁé& %ﬁg%séglj? i nvention
t her e issbgoit@vd eteldast be (0HE),NR*R" srahpopositios ededimg ig 2rd.or nul a | wherein e,
R2, R3, R4 and R5 are as defined herein above for treating a HCV infection.

I n anot her enbodi nent of the present invention there is provided the use of
a conpdupnbthe aemdimi¢mgf the frosenuinacntiontibereiinprogide®a coRBouracaoidiiStoar e as
defjned herein,above;for, treating.a HCV infectjon in conbi nat.,on w at
oabt CTHERIFH BRI i bR BP it SRe R StopE s RTRRE B arine st em
nmodul atyRfidmel -9 teskot 191pyHiasAi- 81,000 xd-BHEFrBMKInA1 -yl HIT-0RECHOSYrEzih-aCHOr Of
colony stinulating factor and/or at |east one antiviral agent that inhibits
repl i cathessin s4id Hegroand maqiglyl optipyal npdensndentlyisubst inted sroia @ s&o belpgri R om

t he grQuUp~p2NSH3 | 20 )] [ phi b » p@NQL: yner ase
i b1 torcRa ER) AER Cl Bt DRYLIRReERor C AR0: A iSlrolilts 6L 1

f usi on GRARBR Owherbin R ®"had REnbosicmhtA ok phbig/l pilesiantd itrysnby aubstitueddeati s
provi ded the use of, a conpound according to formula I wherein le, R2, R3,
R4 Zhd lest by MR R rié dharbpeiitictayBusinbis 20t Rrdnbif- aglkuivel sy landdRii g ament
for treahifgna HCV infection.

In another embodiment of the present invention there is provided a compound according to
formula I wherein R' is a heteroaryl moiety selected from the group consisting of 2-oxo-2(H)-
pyridin-1-yl, 6-ox0-6H-pyridazin-1-yl, 6-ox0-6H-pyrimidin-1-yl and 2-oxo-2H-pyrazin-1-yl

25  wherein said heteroaryl moiety optionally independently substituted with one or two halogen; R?
is -CR*=CR**Ar; R* is hydrogen; R? is hydrogen or Cy¢ alkoxy; R* is CR**"R*"R* and R* R"
and R® are methyl; and Ar is phenyl substituted at least by substituted at least by (CH,),NR*R"

at the 4-position wherein n is zero; R* is C1.¢ haloalkyl; and R” is hydrogen.

In yet another embodiment of the present invention there is provided a compound according to

30 formula I wherein R' is a heteroaryl moiety selected from the group consisting of 2-oxo0-2(H)-



WO 2010/ 149598PCT/ EP2010/ 058681 -18- In anot her enbodi nent of the present
invention there is provided the use of a conpound according to formula |
wherei n WO 2RA/14pB8 R4 and RS are as defined herein aboPeTEPRoMI068681

manuf acture of a medi canent for treating a HCV infection in conbination
with at | east one i mmune system nodul al@r, particularlyat |east one imune
system nodul at or selected from5 interferon, interleukin, tunor necrosis

fact or pgridinol -91)¥-col RHpatitayin-i adt ©oxeBHLSringitlin- B3bindoNexeH-pyragh- 1agent

that inhibits replication of HCV, particularly another antiviral conpoynd
sel ect ethereipgid rh@tegrra&mn%wsqpélpnﬂky igflepgnignily subttisutsd withangior o %!ﬁ%%& HCV
pol ynmer.asgptn fR2a ]F@/ £ r, 4, e+ i and
a HC,\/ %SI@%I’] In ‘%Ilotl%r B aér% %efrg%glnt)%g{ll ﬁggp 5 g‘cﬂ {rgedggﬁtﬁ an%ir%ﬁ{ d(ril'ib

t her e iaad R avd etdhyh andArasipliconyl sublsiitoidd an deavt b}edubitﬁl'utedpk leasttiyd CH RNRBEI | by

del iveri t her apeut. cal | fec noun nd of the formul a
i ot I G Bt i atrons” Sy 42 oariibp byt rad B BB0Seraan wed i th at

I east one phar maceutical ly acceptable carrier, diluent or excipient. In

anot her In %ﬁ@ﬂg’ e%tdngé ol??n %gssegpljt’hvérm/o%QB%rg rllﬁ ét%gfdgd a%oﬁggur}:ggacggghf&\; osi tion

conprising a co g 8¢ bt and R5

are as f@mﬁulmEdzhh&IiIERﬁ 1sart(m7é—¢E2Mﬁdﬂd&{4 ik ea?étR‘tBRéc phagirae etk bth one of
accept atg carrier, diluent or gexcipient., In another enbodinent of the
present .%%rﬁ?@ﬁzﬁeﬂ&fﬂézwi dedi Ra o Brseasthyr adtciamnly vhick dhemira 11

wher ei %ﬁtg&eﬁ@bﬁn E‘ yar &’iﬂﬁd}o bglﬁzc%ﬁgﬁg )éﬁglmgne afd klk’&ﬂd’R ﬁ (a%é%/el oth&:I

hal o al ko xy or hal oge t oget are -

t ogHl heif Riior IR at byrdsogan inthacdase béB ar lkeydad geacired daikmyanZheSeade bﬁ/ﬂ? obenzof ur an

or an indane; WD 2010/ 149598PCT/ EP2010/ 058681 -19- al koxy-Ci _6 al kyl,

hal ogen, (CH2)"NRaRb, cyano, Cl1_6 al kox%/car bonyl , carbanoyl ,

N-al kylle ancﬁhwm}mbodmwt@if Hioaypeear mwﬁgﬂnt QYQI%TOE@Q@I& cempMHE acgarding to

aI kyI s 2 | sybdf £yt 4b ubl is
AR oG e SR D cReRORY TR RO ERERN B'

_6 aCylalky([éne _afd Rk lsdtdeenyd s alkyl, C,., alkoxy, halogen, C1_3 hydroxyalkyl, cyano or C.;
fluoroalkyl or R** and R* together with the carbon to which they are attached are 3-oxetanyl, or

15 tetrahydrofuran-2-yl and R* is methyl.

In a tenth embodiment of the present invention there is provided a compound according to

formula T wherein R? is -CR*=CR**Ar and R* is trifluoromethyl.

In another embodiment of the present invention there is provided a compound selected from I-1
to I-26 of TABLE 1.

20 In another embodiment of the present invention there is provide a method of treating a HCV
infection in a patient in need thereof comprising administering a therapeutically effective amount
of a compound according to formula I wherein R, R% R®, R* and R® are as defined herein

above.

In another embodiment of the present invention there is provide a method of treating a HCV
25 infection in a patient in need thereof comprising co-administering a therapeutically effective

amount of a compound according to formula I wherein Rl, Rz, R3, R* and R® are as defined

herein above and at least one immune system modulator and/or at least one antiviral agent that

inhibits replication of HCV.



5C1_6 hal oal kyl sul fonyl, C3_7 cycl oal kyl sul fonyl, C37 cycloal kyl-C _3

al kyl -sul fonyl, G _6 alkoxy-C _6 al kylsulfonyl, -S02-NReRd, G _3

al kyl car baoayio/aeso€l- 3 di al kyl carbanoyl; in particul ar RaTiEP201passsgEN and
Rbis C _6 alkylsulfonyl; e and Rd are (i) independently hydrogen, Cl1_3

al kyl or (CH2)2 6NReRf or (ii) togethet7sith the nitrogen to which they are
attached are (CH2)2X5(CH2)2wherein X5 is 0 or 10NWand R is hydrogen, Cl1_3
al kyl , I&£anath@cathbodimé&st o3 thad feydeatink ention; thére igpdvide AdepRedieNddaying A daRede
occurrence hydrogen or C 1 3 alkyl; Rd4a and R41 (i) together are C2

al kyl erfdussA@YRIGY 1 & peticns iF need tadpadygompyising co-admipisieyingpthgpparbcdly R3 and
Rda to = i BHo 0 | 1 are
at t ached r o s BPa iR KR b R R T e € o e
Cl_3 aldkfihgd IRsein abydr oglet last de imndinR4gsttaged dudatoaselecEddrdin arterfd@biz) 2 and
together, with atons to which they are. attached forma 2, 3-di hydrobenzof uran
or it PLﬁgm@%ﬁﬁﬁEﬁUéﬂPF9r?%kQ¥ﬁﬂ?“H@HEﬁ gRte zero to three; or; a
pharmaceutically acceptable salt thereof. 20 The term "al kyl" as used

herei n i, f BRULe bt NGt o'f'tﬂ%rgstehf’fﬁv@[h%%"thé“e il Bo§omy! ”&B&f&‘g%ahﬁ ot

groups, denotes an uhbranched or branched chain, saturat éed, moRovar ent

hydr ocasifaeion @si phuentiantel thergf dorherisle: crbdahisdroigs thdhpedtRany cffenke al kyl "
denotes a straight or branched chain hydrocarbon residue gontaining 1 to 6
car bon 38ogRE0T 2 Ry uad rgqordigg tq,fospulsdrehsicindt eRs, Ro Ragnd R e asglepBetd of 1

to 6 cg%ﬁgfgxwg§ﬁgghgﬁFg%gﬁhﬁ?E§??9§3ﬁ§¥gﬁkgq§mpggkﬂare not limted to, 25

| ower groups I nc , propyl, i1so-propyl, n-butyl,
iert-butyl, tert-butyl, neopentyl, hexyl, and octyl. Any carbon hydrogen

bongh can ahGhéeRhiREAHN f theGRERANINJEM IR theHiDHBidMatRctiePSf trdafitlg hrreovt he
scope of the invention. The definitions described herein may be appended to

f or m chelptéan ing nadiehia peckibrisoheampidng euredmmister gt actherapiyfically pffective
"hal oal r Lo ary. I ] yl1, 2" i A

"al kox;?1 gj?é ll%lgf&ea %%ﬁc}yo 'tu H% af‘%ﬁ%{hg %}élorﬁgﬁ ﬁ%?r\?%%gﬁnxgl’ Ey’ll‘id’ |§s aﬁ@?ﬁ %g%lsadeg ﬁ% i X
f ol | owhegirasiaivband besther asiviral coptpenid adikrtd fromrthe Bivdp existkglofa HEWS i s
intended to refer to an al kyl group, .as, defined above,

N3 .as_ | ( . WO :
2010/ 189%89edikiterpamtios dH8Y pobmersssiinybiserna HG Y helisass mhibdae aBCYsimase
SUb§§iﬁMﬁﬂﬁﬁu&ﬁbﬁ?;@ﬁhﬁéﬁphhﬂ%n0ther speci fically-nanmed group. Thus, for
n y " r

exanpl e, "phenyl a efers to an al kyl group having one to two phenyl
substituents, and thus includes benzyl, phenylethyl, and biphenyl. An

"al kyl agaReiadksthbodirfierdf ckirbscd RentAaMh&e iPRevided tusaloky kamhéend
substituents. "Fydrgééalky!" j ncl udes, 2-g¥droxyethyl 2- 5 hydroxypropyl,
1- ( hy dreesgpeiag g formplakwhgrmrR py?,, R2 Ry o yapuiasdefingd Berginapavo foptiteeing a 2-

(hydr04%?ﬁ%n¥&mnl3-hydroxypropy|, and so forth. Accordingly, as used
her ei n, e term

In another embodiment of the present invention there is provided the use of a compound

20  according to formula I wherein R, R% R®, R* and R® are as defined herein above for treating a
HCYV infection in combination with at least one immune system modulator, particularlyat least
one immune system modulator selected from interferon, interleukin, tumor necrosis factor or
colony stimulating factor and/or at least one antiviral agent that inhibits replication of HCV,
particularly another antiviral compound selected from the group consisting of a HCV protease

25 inhibitor, another HCV polymerase inhibitor, a HCV helicase inhibitor, a HCV primase inhibitor
and a HCV fusion inhibitor.

In another embodiment of the present invention there is provided the use of a compound
according to formula I wherein R, R% R®, R* and R® are as defined herein above for the

manufacture of a medicament for treating a HCV infection.



"hydroxyal kyl" is used to define a subset of heteroal kyl groups defined
below. The term- (ar)alkyl refers to either an unsubstituted al kyl or an
ar al kyl gwoupio/1ipest erm (hetero)aryl or (hetero)aryl refPeTEP2@0MFtREr an
aryl or a heteroaryl group. 10 The term "al kyl ene” as used herein denotes a
di val ent saturated |linear hydrocarbon-t&dical of 1 to 10 carbon atons
(e.g., (CH2)")or a branched saturated dival ent hydrocarbon radical of 2 to
10 car hean@he@ntodirgent of Gd\iescar invEitidaHhére B prokided thelnk @$8 compeund se

i ndi cated. C0_4 alk¥lene refers,to,a linear or branched saturated dival ent
hydr oc &FBSANE R fraulchirper i RgRi-R'. Barpg R st opsdedined hereinpboyada thy cos t he

al ky! engf@tiGabrh Hoflhib o RERRRL HOVHARCASE R GmiTRkA\EAP LIPS OPeN
val ences of an al kyl'ene group are“not attached to the sane atom anpl es
of al kyhmenme spdérn atalulatal, paeculbtiyat drast oretimnnmietsgstemonoduidtbydobresd fedrhyl ene,
propyl ene, . 2-net hyl - propyl ene, 1, 1- dinethyl-ethyl ene, butyl ene,

2- et y|naialtf9rpen{é¢eﬂ¥=ﬂlélﬁt PR MEFRYR JActos o Gelea Ham g ESies Saor Bk 9Pe g1 oup,
wher ei naliylaghdt th bt NRpI@RON S EIAN pARiTREROXbth&aRG¥Yal cBmBEGRYIREYed

i -propyl oxy, n-butyloxy, i-butyloxy, t-butyloxy, 20 pentyloxy, hexyloxy,

i ncl udifrogn theegroun gowestisg of 4 B@df pratdesxiphibater, upeiichdCd poldweesenhdntonlak oxy
group w a."l ower, .al Kyl " group as .previqu f.ined., ."'Cl-10 al koxy" as
used hﬁ%@? rklepcéars%} ltflfa r’a%i-ig rwgsemslgﬁg?rnangl%¢vi Sl@il_ fhe term "hal o

al kyl" as used herein denotes a unbranched or branched chain al kyl group as
defi ne [ , . al 1 by a
nal ogen” BeAa LI be o iRl Ol oy G AD LT atdn BF R Bl

1- i ddonelteydion ohi & ¢alidryodubivbryig a therdpeutdratiprettagtive dnidunhbba corepdupnld of the

1-fl uoroet , .1-chl orget hy fl uoroet hyl, .2-chl oroet hyl , 2-

br onoetfmuﬁz bR & OB ,h'%‘? %n]d_sl-%%%rs ﬁ%ﬂ?@ﬁ@?ﬁeﬁm ghoye z“de@Bm&‘r YEHYPIC The
term " fhbonRehtlly a8&pHdRgEelilidhebesidichta hal oal kyl noiety wherein
fluorine is the halogen. WD 2010/ 149598PCT/ EP2010/ 058681 -21- The term
"hal oal koxy" as used herein refers to a group -OR where R is hal oal kyl as

def i nedn hest@érembbdémée loMthchateal kytitlinaherass proedet e compositdetEmprisigg gr oup
-SR where R is hal oal kyl as defined hergein. [The term"cycloal kyl" as used

. y A
her ei n c@BRewEkacgoding fofoenula d mdwesie R R's RngRedist B #icsg dafined hgran abgvson
at opss, i : LL.ghexyl , cycl oheptyl
or g@cﬂ%ﬁﬁ?&%¥9é 1@H§§§p§§ﬁ§§PH&§§ﬂ%§%§Eﬁg§§%ﬁB;g é@%ﬁfo an cycl oal ky
conposed of 3 to 7 carbons in the carbocyclic ring. The term "hal ogen" or
“hal 0" 138ndtEQLIMRYdRhEnt BEaRSprEdcHOmvBRionGhER i PBwvided @ TbMBourR adcofiimeo The
ternms "hydroxyal kyl" and "al koxyal kyl " as used herein denotes al kyl radi cal
as her doiulgllef i ned wherein one to three hydrogen atoms on different
carbon atons is/are replaced by hydroxyl or al koxy groups respectively. A
Cl 3 al koxy-Cl_6 al kyl nmoiety refers to a C _6 al kyl substituent in which 1
to 3 hydrogen atons are repl aggd C _3 al koxy and the point of
attachnment of the al koxy is theloxygen atom The terns "al koxycar bonyl "
and "aryl oxycarbonyras used her er érgroup of formula - 15 C(0)OR
wherein Ris alkyl or aryl respecti ad alk§ﬁ and aryl are as defined
herein. The term "cyano" as used refn refers to a carbon linked to a
nitrogen by a triple bond, i.e., -RC R'The term "nitro" as used herein
refers to a group -NO2. The tern1"carBoxy" as used herein refers to a group
-C2H. The termoxo refers to a doubly bonded oxygen ( =0)" i.e. a carbonyl

group.

wherein

20 R is hydrogen, C; alkoxy, C;s alkyl, C;s haloalkyl, Cy. haloalkoxy or halogen., or
R* and R* together are CH,-O or (CH,), and together with atoms to which they are

attached form a 2,3-dihydrobenzofuran or an indane;

Ar is (a) aryl or (b) heteroaryl, , in particular (a) aryl, wherein said aryl or said heteroaryl
are optionally independently substituted with one to three substitutents selected from

25 the group consisting of hydroxy, C; alkoxy, C;¢ alkyl, C; hydroxyalkyl, C;



20 The term "acyl" (or "al kanoyl") as used herein denotes a group of
formula -C(=0)R wherein Ris hydrogen or |ower alkyl as defined herein. The
term or ™aDkylocasisenyl " as used herein denotes a group @CTErRemlosse€( =0) R
wherein Ris alkyl as defined herein. The term G _6 acyl or "al kanoyl "
refers to a group -C(=0)R contain 1 tel% carbon atons. The C acyl group is
the formyl group wherein R = H and a C6 acyl group refers to hexanoyl when
the al kyl chai slkbsy-GnbaikythabecTHERHENRERY Syany, Cardaxytirbetyl, @ihoylas
used herein nmeans a group of fornmula C(=0)R wherein Ris an aryl group; the
t er m " benzoy| " NadkyledbamerleNiN-dilledearbang Bd 2 (E2H: Q) H:. GrotleyliiHbrdi n R
i s phenyl. 0/ /; . m "cyclic am ne" as
used herein re I%i(r)é;l' ﬁ@%ﬁéﬁ%&%‘g@ﬁ%ﬁﬁ%ﬁ%@%ﬁ%g from3 to 6

car bon at pas. defin bov ng. wher ei | past~ one .of t rbon at ons
isr epllggggﬁbygrg nﬁ({eep 8&%3?%%?’%8!%6& éd a& ry?imé]lf%‘tgloaﬁ(gzp lt?gﬁéli st9 %‘gy%‘% f%l,yrﬂo and
S, fpr exanpl eC, phiedlk@hildnyRiRecaeibMRy st PNACT 1 dieloalkyl-OMBaRlDsUlfoM],

di - oxo-t hi om)réhol i ne, pyrrolidine, razo line, 5 imdazolidine, azetidine
wherein the cyel4 %m%wgoﬂalﬁt’]éﬁ@%ﬂesg%ﬁ]&ﬁab Cy: dlpsarbempElPréy-2one or nore

substituents, - P | Shi f.. pal Q§Qroxy,
phenyl, | ower g@%&ﬁ%ﬁﬂg&éﬁ% Erglgglﬁgtr{ E—C}ﬁ@gdr%ggﬁ@gésngl%%}gg@%lgr on are both
repl ace by oxoR{a@)R®ANsén indeperaieatly bydoiere s akypop@Eithli MR RO ne(ifitd gatigren
atom can be optipnally substituted by G 6 al kyl, cyl, Cl-56

al kyl sul f onyl P thaitroge whiF ek aferegiagiod %ﬁﬁé@%ﬁ_@hﬁwﬁwm XsisQen

hergj n denot esNg! g PRPis Bl dloBEAMKH 8 alkyP(@). 2Ry MhEr €l a{ﬂiﬁsdlﬁ)ngi;kyl or aryl
respectively and al kyl ahd aryl are as deff ned herein. Thé term Cl1 3

al kyl sul f onyl aRi dwl Bsargsetdptistceiln i efcb oscureenae fydagerR8@NHkydherein Ris a
Cl1-3 al kyl group as defined herein. The ternms Cl1_6 hal oal kyl sul fonyl, C3_7
cycl oalRK bsdiRf ofytogetBd dfe €y alkgkhnkyhd R i8 Cal, Klybramilkiyl onyl or C _6 al koxy-Cl_6

al kyl sul fonyl refer to, a conpound, S$(0)2R 15 wherein R is G 6 hal oal kyl,
C3_7 cycl oal ky(”S ee’sée_r#‘c%lioaéad@l -tqgff@r A1y (B2 aal W&e@’f@ ARy

respectivel y. JhentRTBe afddosh fthd PRI AR S0 be ARG AbY bF HdhANH AP dgd gee used
herein denotes a group of f I kyl

ormul a -NR S(:O§£)GR wherein R i1s alkyl or aryl
respectively, &ec(isabydirogen or C1_3 alkyl, and alkyl and aryl are as
defined herein. 20 The ternms "al kyl sul finyl" and "aryl sul finyl"as used

her ei n Rfenot esisaydrogapooR’ hud R tagetBér=00 RHMEoe(GHR sl tagdtdr voith atowk to
respectively an are_as, defined herein. The term "carbanoyl"

.al kyl and aryl )
as used herei nwﬁﬁgr‘i]%eytaﬁ%a?%‘%?%g%rma{%ﬁlml?ydm@nﬁ?gf%@r'aﬂi%ﬂ%i cabanoyl " and
"N, N-di al kyl carbanoyl " neans a radical CONHR or CONR R' respectively
wher ei @ t he R isapdeprudegtly ipeachosciririep eeradea thrge: oirkdphagmacraticdbchentelln. The
prefix N-aryl cgarhb[ggggg%" denotes 25 the radical CONHR wherein R is an aryl
radi cal as defined héerein. The term "benzyl" as used herein refers to a

CoHLCH di cal, wherein.the phenyl. ring. which ti 1.y be. tituted
w110 oredfint S Bl el iy RERRM bR G o P B v et ' ' ©
sel ect egofpsodenbied 8 XMbrahtted or GYAARed EHak katufikddd ¥dbnolANR hyBRICABLE Bsidue

al kyl t hi o, hal ogen, hal oal kyl, hydroxyal k&:ﬂ( nitro, al koxycarbonyl, am no,

al kyl aspa@nigy hidkll earboroatompi Hisdiewy (lowgpalsykydeapich a atriight ordmgnciipdehaim ami no
ggi%} ’1&18@%%%%}#1 E%%f&})ﬁ%ﬁ%@éﬁ Edzggéllrbogh%ﬂsamb?%%ﬁ%u” ar]s¥1|sed he\f\gn refers to an
alkyl composed of 1 to 6 carbons. Examples of alkyl groups include, but are not limited to,
25 lower alkyl groups include methyl, ethyl, propyl, iso-propyl, n-butyl, iert-butyl, tert-butyl,
neopentyl, hexyl, and octyl. Any carbon hydrogen bond can be replaced by a carbon deuterium

bond with departing from the scope of the invention.

The definitions described herein may be appended to form chemically-relevant combinations,
such as “heteroalkylaryl,” “haloalkylheteroaryl,” “arylalkylheterocyclyl,” “alkylcarbonyl,”

30 “alkoxyalkyl,” and the like. When the term “alkyl” is used as a suffix following another term, as
in “phenylalkyl,” or “hydroxyalkyl,” this is intended to refer to an alkyl group, as defined above,



aryl am nosul fonyl, al kyl sul fonyl am do, aryl sul fonyl am do, carbanoyl,

al kyl car banoyl and di al kyl car banoyl, aryl carbanoyl, al kyl carbonyl am no,
aryl car bowgl2amnaesosunl ess ot herwi se i ndi cated. The ter mpCingPeoioasssBl as
used herein wthout additional definition or limtation refers to 5
"pyridinyl", "pyrazinyl" and "pyridazi-84 " rings. The term "pyridi ne"
("pyridinyl) refers to a six- nenbered heteroaromatic ring with one

ni t r og®dingtsabatitdiae withrote to pys bubstiupes sélpyted Fodh thy biher Sy fRaIIPBAmed group.
("pyrazinyl™) and "pyridazine" ("pyridazinyl") refer to a six-nenbered

nonf us ddupdPepsamdtraPhevialng” wifens t a2kt eioge AP ARC i tepadeaylisubgitucnts, g
1,4 an t] ' | The, « | g-ad] are
- par cng ks RS ohRAT MR ERRE SR Ky, 20 PR hLURYLACHE By TS

(t et r athydingfoue snto alkyldmirtoetubstityeinto pyH wird xyallet't moipdeopyhydmoxkthylk 2f er to a
f fi d sjx- d -f h | i ' : ively, h
cont hi (G SHEP B JBHIar BT h G- PPN TORBE 1op S A AT BBUL 2 ur ¢ her
I m t ath@RokRh&hY).[RhRRSMroRN, MARBLENL - AIRRATERTRs {dedl héreth, X tehRL r ahydr o
-pyrimdin-1-yl, z’i 1) 2-0 xo-imdazo lin-T-yl, (ii1) 2,6-di'o xo - 15

t et r ahytydropyalkyh’ i used toydigfinciasubgrt 6 betrwalky hgrdapoddfingd beloy. , THevprne- o xo- pi p
6. 1 SBRHkera g s P Red R F g o B R %6 o
67 ox0- Ghk by T gt T T () 6 oo Ly i n1- )Y and ()

2- 0X0- 2H pyrazin-1-yl re{‘er to the following noieties: C0 eyO NONrO
NYAAAL%8The term "alkylene" as used herein denotes a divalent saturated linear hydrocarbon radical of 1

to 10 carbon atoms (e.g., (CHy)p)or a branched saturated divalent hydrocarbon radical of 2 to 10
carbon atoms (e.g., -CHMe- or -CH,CH(i-Pr)CH,-), unless otherwise indicated. Co4 alkylene
refers to a linear or branched saturated divalent hydrocarbon radical comprising 1-4 carbon
atoms or, in the case of Cy, the alkylene radical is omitted. Except in the case of methylene, the
15 open valences of an alkylene group are not attached to the same atom. Examples of alkylene
radicals include, but are not limited to, methylene, ethylene, propylene, 2-methyl-propylene, 1,1-

dimethyl-ethylene, butylene, 2-ethylbutylene.

The term "alkoxy" as used herein means an -O-alkyl group, wherein alkyl is as defined above
such as methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, #-butyloxy,

20 pentyloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "C;-1¢ alkoxy" as used herein refers to

an-O-alkyl wherein alkyl is Cy.j¢.

The term “haloalkyl” as used herein denotes a unbranched or branched chain alkyl group as
defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples
25 are 1-fluoromethyl, 1-chloromethyl, 1-bromomethyl, 1-iodomethyl, difluoromethyl,
trifluoromethyl, trichloromethyl, 1-fluoroethyl, 1-chloroethyl, 1 2-fluoroethyl, 2-chloroethyl, 2-
bromoethyl, 2,2-dichloroethyl, 3-bromopropyl or 2,2,2-trifluoroethyl. The term “fluoroalkyl” as

used herein refers to a haloalkyl moiety wherein fluorine is the halogen.



¥ 20(viii)(ix)(x)(xi) WD 2010/149598PCT/ EP2010/ 058681 -24- To avoid
anbiguity, the follow ng nonencl ature and nunbering systens are used:

1- oxo- 1H wochrooies»81l -one (A), 2Hiso quino lin-1 -one @BY/EP2010/058681
benzooxazol -2-y1 (C). benzot hi aol-2-yl (D) and di hydrobenzofuran (E). 44
ABCDE 5 Conpounds of the present invenl-on and their isoneric forns and
phar maceutically acceptable salts thereof are also useful in treating and
pr eventlilagervi Maloalkvkethd @s&a hetein Réfrb tcap@iup -ORPalidre RSis Galbatkelcdsi definednd

di seases in living hosts en used in conbination with each other and with
ot her @ietﬂnbgﬂef‘aqerrp h%!@@ll?ﬂtfa@e%ﬂ@ed hereinggferytopugrond tSK whetedd isthslaaterl g5 oup
conS|stﬁgap&ﬂ%Hterferon a pegylated interferon, ribavirin, protease

i nhi bitors, polynerase inhibitors, small interfering RNA 10 conpounds,

anti sense conpounds, nucl eotide analogs nucl eosi de anal ogs,

I mrunogthelétn 1Mycloh UNANREVh@tI&nofes B 34taREQL @EBRNEIS ridédntdifihk 3wt or y
agents, antibiotics, antivirals and anti-infective conpounds. Such

conbl naefben atdves: Apycyrieyranyb syelohyl, sEClppanyyldeyedp haxylo pysdehetityd r e¥rdodcixlent i on
ei ther "%0”8§crléaefku§1" ¥s ﬁ’sred &&'I?Petfér@‘ kd %P X%cﬁo'&y% @Sﬁlﬁg&ﬂ' g's 8k 960t 5 |E

pot enti ator aV|r|n an amantadi ne- and

rel at ecdatboojdicnitg, varlous interferons such 15 as, for exanple,
interferon-al pha, interferon-beta, interferon gamma and the |ike, as well
as alternate fornms of interferons such as pegylated interferons.

Addi t i divgltényn Yeidgenaei ‘dak" @b usdddmvéin imeanntudnmeeelilerian brorape e iading.ni st er ed
as an additional conbination therapy with at | east one of the conpounds of
the present invention. In one enbodinent, the conpounds of the present

i nvent |14 teraso hudregyalylf 6?411'31“@9"!3’&5%’& aggiser h@{elzioiee@%alh&k ﬁaéwawsmer%@ her
act 1 e d%?ﬁé@@ﬁ&%fn%ﬂe g Jﬁ%gﬁ}%bq‘é%eﬁrat@rg?% diffePert C&Bbn Qﬁ)trﬂsqg'/tat% r ltagbd

V|ra ection. Accor present |nvent|on the active t erapeutlc
i ngr edihgdtoxyb@dhlkaxycoipsmratpeotivaly.t A Ctlbelﬂmm[(mrulkﬂfrnmétg refessentCiisalkght i on

can be ent havin her apeuti c effect. wh used in, conbination with
t he coﬁﬁa%%w%afn ‘E’Fﬂéhértgégw kg B o T ik&ﬁﬁf éaipma%%ﬁwemégém used
I N conitRGHM@R oMHRIKORS ICORRRUNG fdm! he present invention can be

interferons, ribavirin anal ogs, HCV NS3 25 protease inhibitors, nucl eoside

i nhi bitors of HCV pol ynerase, non-nucl eosi de inhibitors of HCV pol ynerase,

and ot hge tehimgg'sikbeycai @l dand "HENO xyolirbBh it 4snsed héremadthoteV@group of formula -

2010/ 149598PCT/ EP2010/ 058681 - 25-
15 C(=0O)OR wherein R 1s alkyl or aryl respectively and alkyl and aryl are as defined herein.

The term "cyano" as used herein refers to a carbon linked to a nitrogen by a triple bond, i.e., -
C=N. The term "nitro" as used herein refers to a group -NO,. The term “carboxy” as used

herein refers to a group —CO,H.
The term oxo refers to a doubly bonded oxygen ( =0),, i.e. a carbonyl group.

20  The term “acyl” (or "alkanoyl") as used herein denotes a group of formula -C(=O)R wherein R is
hydrogen or lower alkyl as defined herein. The term or "alkylcarbonyl" as used herein denotes a
group of formula C(=O)R wherein R is alkyl as defined herein. The term C, acyl or "alkanoyl"
refers to a group -C(=O)R contain 1 to 6 carbon atoms. The C; acyl group is the formyl group
wherein R = H and a C6 acyl group refers to hexanoyl when the alkyl chain is unbranched. The

25 term "arylcarbonyl" or "aroyl" as used herein means a group of formula C(=O)R wherein R is an
aryl group; the term "benzoyl" as used herein an "arylcarbonyl" or "aroyl" group wherein R is

phenyl.
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(Pfizer), GS-9190 (G lead), A-837093 and A848837 (Abbot Laboratories),
ANA598 ( Anadys Pharmaceutical s); G.1068%7 (G\LB/ NVS), VBY 708 5 (ViroBay),
benzi m dazol e derivatives (H Hashinoto et al. WO 01/47833, H Hashi noto et
al . WOTh3/1880254lic nink" aBeRUlhetin fiferato a WRLARIQALOAQind2¢oaining B@aBltd 6u et
al. US 6,448,281 Bl;. P. L. Beauljeu et al. W _03/007945 Al),

benzo- Faon afqisasi dedipebabye; 4y whesain @bleasenn oK thercaghon ajgmyptsremaced by £ | ed

5/ 10/ 2 f b inak et al.

w0 05 Sagidbm SR laf e SHRETEANGA . 6%‘?‘98%2 R BB AT Fii e

5/ 23/ zmﬁz;razhﬂe Mrﬁolﬁa;thy)nmrpladllnevmaﬁ@aﬁmaﬁﬁholﬁmj earaidigppasddineD. Chai et
@Gg 052312, Ied 6/ 24{1 , D.Chai et al aﬁ 040523 % filed

12/ 13/ 2 mwzvii dingWhgrofithe cyRhis satheBgtosts arF ppuehaly S4aT BHEREbY pye vt

Hut chi RSAR <@t iflentsVOFQOR0RGh Wo orblip B6hsihe b2 RDBsen) hyJﬁ‘ox? ﬁreﬁylefow%lr alk‘ﬁp

2004/ 041018 AL TLepts) SR el 200% T.1-di 6xo- 4HF bénzo| 1° 4] thl azin- 3-y

deri Vaﬂ(l)W@S’le(Q}(.y o 2-IBtdada@enetorad on a parbbn g bog eptacebp bm éFE(Db nWhBQt)@@QBWSS

and 1, 1-di oxo-henzol[ d]i sot hazol - 1 15 F. . Bl ak t al n U.

A L S e TR e i e AR K

i nhi bi ;ans/Idushyde, but are not |im ted to SCH 503034 (Schering, SCH 7),

VX-950 (telaprevir, Vertex), BILN 2065 (Boehringer-1ngel heim BMS605339

(Bristol Myers Squibb), and I TM\191 (Intermune). Exanples of the

i nt 5 f dihenamisrialkytbelfotlt amd &rylet]fdnyiti 4saded berpmgichateed grdupdfdbypinda 2b,

| at | FN- h , FN- al pha 2h, FN—Ih 2 | FN
ngﬁaa(s n‘f)iz%grhﬁ)remﬁ%fg&waé&%ir%a&tagﬁﬁépﬁé%ygﬁ%%y %r%@r: %@@}e?qqﬁ? iln@en and
acti mmygg, c| Fik gﬁﬁ?ﬂy‘lﬁrﬁﬁo UREE hepdiP RIS @ a glrcﬁff)t C&IHA’V@&&%’T@B a@ebif,

oral interferon aI pha, | FNal pha-2b XL, AVI - nf ergen, and pegyl at ed
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tert-but oxycarbonyl (Boc), di-tert-butyl pyrocarbonate or boc anhydrid
( BOC20)respB&H#N- ( Bn) , butyI (Bu), Chem cal Abstracts Registration Nunber
(CASRN), benzyl oxycarbonyl (CBZ or Z), carbonyl diim dazole (CDI) 30
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azodi car boxyl at e di -i so- propylazodi car boxyl a DI AD
di -i soalﬂwﬂyn@ﬁlwhﬁm@ﬁﬁyﬁlqud@ﬂ(lml BAL or DI BAL-H), di-iso-propylethylan ne
(DI PEA), N, N-di met hyl acet arri de (DI\/A) 4- N, N-di net hyI am nopyri di ne ( DVAP),

N N-di net hyl f or ram de i met hyl sul foxi de (
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(Et20), O-(7- azabenzotrl azole-1-y1)-N, N,N N -tetranet hyl uroni um

hexaf | ugkegho AL yBCAtiséd ﬁ&bﬂ théd He radie @t CONIG] ArHeHi#8Y YN-alkylcabamoyl"
1- N-hydr ox benzotrlazole (HOBt), high pressure |iquid chromatograph

(HPLC) andl &Y. Norlepbaenrbamea] mepest theadisel € 'or ﬁ?é)l‘ﬁ Y?ﬁ@PﬁtVe(Wﬁ erelvé R

30 oy S OO H i b g onoe.

Ne2hy lthoragival CONHR\MHereuNRnBtaInwrjayadlodllaédlﬁne(dl\lll\sﬂ)m phenyl (Ph) propyl
(Pr), iso-propyl (iPr), pounds per square inch (psi), pyridine (pyr), room
tenperature (rt or RT), satd. (saturated), tert-butyldinethylsilyl or

t - BuMe 23ic temBivByyl" oy uset igteamiofiers (oTERIDsCHEr BNical whdreingheplgmyl ring which can

optionally be substituted with one or more, preferably one or three substituents independently

selected from hydroxy, thio, cyano, alkyl, alkoxy, lower haloalkoxy, alkylthio, halogen ,
haloalkyl, hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, dialkylamino, aminoalkyl,
30 alkylaminoalkyl, and dialkylaminoalkyl, alkylsulfonyl, arylsulfinyl, alkylaminosulfonyl,



CF3S02- (TO, trifluoroacetic acid (TFA),
0-benzotriazol -1-yl-N, N, N , N -tetranet hyl uronium 15 tetrafl uoroborate
(TBTU), twWorroioamesoschr omat ogr aphy (TLC), tetrahydr of ur alrCI7ERE)10/058681

t etramet hyl et hyl enedi ami ne (TMEDA), trinethylsilyl or Me3Si (TMS),

p-tol uenesul fonic acid nmonohydrate (Ts@H or pTsOH), 4- Me- C6H4502- or tosyl
(Ts), N-urethane-Ncarboxyanhydride (UNCA). Conventional nonencl ature

i ncl udiapgathti@ syl eds/ 10 ARk midy, hryldunflamido, se®amdal, YlkiRatbamoyt &id i ary
(tert-) and neo- have their customary meani ng when used with an al kyl

noi ety dw(ﬂsylcazbarmda%ra&ﬁaﬁ}%awml aﬁiyl%rmwmwﬁﬂﬁ%rbamwmpnu@%%ja%heéwwe
Chenls%%M MPAC 1979 Perganon Press, Oxford.). Exanples of representative
conpounds enconpassed by the present invention and within the scope of the
invention are provided in the follow ng Table. These exanpl es and

prepar athc@8sn Mt arlolak QY diceein athbdes dit na @ n@idh @19 Bnisdtionlre@rd 8 t he art
to nore clearly understand and to 25 practice the present i nvention. They
shoul d "apidipel"coniziet cnda pyridaninylh gngSheTf@d@tme”mldmé( pw@myd)dﬁfer&)@ta fer el y
as bei n e b,
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Bei | st epgrakins't {"pytaging Dyt nylrﬁeﬂnsy(spﬁmafzmm Y hﬁeg@rmiﬁmeﬁmefﬁd oRAEH
systematic nonenclature. If there is a dlscrepancy bet ween a_ depi cted
st r uct GeETeateMatiGEReWEh fwn nitipgen §w&lwpée el 308 hdpneede stafigethiv e is to

be accqg gg erN it tivd Rapddidh RN, Stereochem stry of a structure
or a por#ﬁoh f a sfg%%fﬁre ?S not |ﬁ3% %ﬁhm%th for exanple, bold or

dashed lines, the structure or portion of the structure is to be

i nt gy p%&@&n@?oﬁ&ﬁmaﬁ&m@ aﬂe’tral&}d@éﬁﬂins QI¥RLSyded fukdnyl) and PetrkiRlebpyra®pd. No.
| Csol (I-LM np nms I-1 0* NHVs
(tetrahydropyranyl") refer to a four, ﬁve and six-membered non-fused heterocyclic ring

respectively, each containing one oxygen atom.
The term "aryl" as used herein without further limitation refers to phenyl or naphthyl.

The terms (i) 2-oxo-tetrahydro-pyrimidin-1-yl, (if) 2-oxo-imidazolin-1-yl, (iii) 2,6-dioxo-
15 tetrahydro-pyrimidin-1-yl, (iv) 2,5-oxo-imidazolin-1-yl, (v) 2-oxo-piperidin-1-yl, (vi) 2-oxo-
pyrrolidin-1-yl, and (vii) 1,1-dioxo-1A’~isothiazolidin-2-yl, refer to the following moieties:

sdegegegiogegies

% *

) ) (m) (i) W) (vi) (vii)

The terms (viii) 2-oxo0-2(H)-pyridin-1-yl, (ix) 6-oxo-6H-pyridazin-1-yl, (x) 6-oxo-6H-pyrimidin-
1-yl and (xi) 2-ox0-2H-pyrazin-1-yl refer to the following moieties:

o C o OF
XN, AN, NN, K/N\ .

*

20 (viii) (&x) () (x7)
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4.

To avoid ambiguity, the following nomenclature and numbering systems are used: 1-oxo-1H-
isochromen-1-one (A), 2H-isoquinolin-1-one (B), benzooxazol-2-yl (C). benzothiaol-2-yl (D)
and dihydrobenzofuran (E).

1 1
7 7 2 N 7 2 N 5 5
00 0 <0 {0 60
*\ *\ O S O
4 4

A B C D E

Compounds of the present invention and their isomeric forms and pharmaceutically acceptable
salts thereof are also useful in treating and preventing viral infections, in particular, hepatitis C
infection, and diseases in living hosts when used in combination with each other and with other
biologically active agents, including but not limited to the group consisting of interferon, a
pegylated interferon, ribavirin, protease inhibitors, polymerase inhibitors, small interfering RNA
compounds, antisense compounds, nucleotide analogs, nucleoside analogs, immunoglobulins,
immunomodulators, hepatoprotectants, anti-inflammatory agents, antibiotics, antivirals and anti-
infective compounds. Such combination therapy may also comprise providing a compound of
the invention either concurrently or sequentially with other medicinal agents or potentiators, such
as ribavirin and related compounds, amantadine and related compounds, various interferons such
as, for example, interferon-alpha, interferon-beta, interferon gamma and the like, as well as
alternate forms of interferons such as pegylated interferons. Additionally combinations of
ribavirin and interferon, may be administered as an additional combination therapy with at least

one of the compounds of the present invention.

In one embodiment, the compounds of the present invention according to formula I are used in
combination with other active therapeutic ingredients or agents to treat patients with an HCV viral
infection. According to the present invention, the active therapeutic ingredient used in combination with
the compound of the present invention can be any agent having a therapeutic effect when used in
combination with the compound of the present invention. For example, the active agent used in
combination with the compound of the present invention can be interferons, ribavirin analogs, HCV NS3
protease inhibitors, nucleoside inhibitors of HCV polymerase, non-nucleoside inhibitors of HCV

polymerase, and other drugs for treating HCV, or mixtures thereof.

Examples of the nucleoside NS5b polymerase inhibitors include, but are not limited to NM-283,
valopicitabine, R1626, PSI-6130 (R1656), IDX184 and IDX102 (Idenix) BILB 1941.
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5.

Examples of the non-nucleoside NS5b polymerase inhibitors include, but are not limited to HCV-796
(ViroPharma and Wyeth) ,MK-0608, MK-3281 (Merck), NM-107, R7128 (R4048), VCH-759,
GSK625433 and GSK625433 (Glaxo), PF-868554 (Pfizer), GS-9190 (Gilead), A-837093 and A848837
(Abbot Laboratories), ANAS98 (Anadys Pharmaceuticals); GL100597 (GNLB/NVS), VBY 708
5 (ViroBay), benzimidazole derivatives (H. Hashimoto et a/. WO 01/47833, H. Hashimoto et al. WO

03/000254, P. L. Beaulicu ef al. WO 03/020240 A2; P. L. Beaulicu ef al. US 6,448,281 B1; P. L.
Beaulieu et al. WO 03/007945 Al), benzo-1,2,4-thiadiazine derivatives (D. Dhanak et al. WO
01/85172 A1, filed 5/10/2001; D. Chai et al., W02002098424, filed 6/7/2002, D. Dhanak et al.
WO 03/037262 A2, filed 10/28/2002; K. J. Duffy et al. WO03/099801 Al, filed 5/23/2003, M.

10 G. Darcy et al. W0O2003059356, filed 10/28/2002; D.Chai ef al. WO 2004052312, filed
6/24/2004, D.Chai et al. W02004052313, filed 12/13/2003; D. M. Fitch et al., W02004058150,
filed 12/11/2003; D. K. Hutchinson et al. W02005019191, filed 8/19/2004; J. K. Pratt et al. WO
2004/041818 Al, filed 10/31/2003), 1,1-dioxo-4H-benzo[1,4]thiazin-3-yl derivatives (J. F. Blake
et al. in U. S. Patent Publication US20060252785 and 1,1-dioxo-benzo[d]isothazol-3-yl

15 compounds (J. F. Blake et al. in U. S. Patent Publication 2006040927).

Examples of the HCV NS3 protease inhibitors include, but are not limited to SCH-503034
(Schering, SCH-7), VX-950 (telaprevir, Vertex), BILN-2065 (Bochringer-Ingelheim, BMS-
605339 (Bristol Myers Squibb), and ITMN-191 (Intermune).

Examples of the interferons include, but are not limited to pegylated rIFN-alpha 2b, pegylated

20 rIFN-alpha 2a, rIFN-alpha 2b, rIFN-alpha 2a, consensus IFN alpha (infergen), feron, reaferon,
intermax alpha, r-IFN-beta, infergen and actimmune, IFN-omega with DUROS, albuferon,
locteron, Albuferon, Rebif, oral interferon alpha, IFNalpha-2b XL, AVI-005, PEG-Infergen, and
pegylated IFN-beta.

Ribavirin analogs and the ribavirin prodrug viramidine (taribavirin) have been administered with

25 interferons to control HCV.

Commonly used abbreviations include: acetyl (Ac), aqueous (aq.), atmospheres (Atm), 2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl (BINAP), tert-butoxycarbonyl (Boc), di-tert-butyl
pyrocarbonate or boc anhydride (BOC20), benzyl (Bn), butyl (Bu), Chemical Abstracts
Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole (CDI),
30 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), N,N'-
dicyclohexylcarbodiimide (DCC), 1,2-dichloroethane (DCE), dichloromethane (DCM), diethyl
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6-

azodicarboxylate (DEAD), di-iso-propylazodicarboxylate (DIAD), di-iso-butylaluminumhydride
(DIBAL or DIBAL-H), di-iso-propylethylamine (DIPEA), N,N-dimethyl acetamide (DMA), 4-
N,N-dimethylaminopyridine (DMAP), N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), ethyl (Et),
ethyl acetate (EtOAc), ethanol (EtOH), 2-cthoxy-2H-quinoline-1-carboxylic acid ethyl ester
(EEDQ), diethyl ether (Et,0), O-(7-azabenzotriazole-1-yl)-N, N,N’N’-tetramethyluronium
hexafluorophosphate acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole
(HOBY), high pressure liquid chromatography (HPLC), iso-propanol (IPA), methanol (MeOH),
melting point (mp), MeSO,- (mesyl or Ms), methyl (Me), acetonitrile (MeCN), m-
chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl zerz-butyl ether (MTBE), N-
methylmorpholine (NMM), N-methylpyrrolidone (NMP), phenyl (Ph), propyl (Pr), iso-propyl (i-
Pr), pounds per square inch (psi), pyridine (pyr), room temperature (rt or RT), satd. (saturated),
tert-butyldimethylsilyl or t-BuMe,Si (TBDMS), triethylamine (TEA or Et;N), triflate or
CF3S0;- (Tf), trifluoroacetic acid (TFA), O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF),
tetramethylethylenediamine (TMEDA), trimethylsilyl or MesSi (TMS), p-toluenesulfonic acid
monohydrate (TsOH or pTsOH), 4-Me-CsH4SO;- or tosyl (Ts), N-urethane-N-carboxyanhydride
(UNCA). Conventional nomenclature including the prefixes normal (n-), iso (i-), secondary
(sec-), tertiary (tert-) and neo- have their customary meaning when used with an alkyl moiety. (J.
Rigaudy and D. P. Klesney, Nomenclature in Organic Chemistry, [UPAC 1979 Pergamon Press,
Oxford.).

Examples of representative compounds encompassed by the present invention and within the
scope of the invention are provided in the following Table. These examples and preparations
which follow are provided to enable those skilled in the art to more clearly understand and to
practice the present invention. They should not be considered as limiting the scope of the

invention, but merely as being illustrative and representative thereof.

In general, the nomenclature used in this Application is based on AUTONOM™ v.4.0, a
Beilstein Institute computerized system for the generation of [IUPAC systematic nomenclature.
If there is a discrepancy between a depicted structure and a name given that structure, the
depicted structure is to be accorded more weight. In addition, if the stereochemistry of a
structure or a portion of a structure is not indicated with, for example, bold or dashed lines, the

structure or portion of the structure is to be interpreted as encompassing all stereoisomers of it.
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TABLE I
Cpd. ICso'
No. (UM) mp ms
I-1 0.015% | 235.0-237.0 | 428
12 0.010 458
1-3 0.013% | 244.0-246.0 | 460
1-4 0.032% | 229.0-231.0 | 446
I-5 0.001 486
1-6 0.063 474
1-7 0.015 | 230.0-231.0 | 460

Oove
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Cpd. ICso'

No. (UM) mp ms

O NHMs
L
I-8 O 0.016 247.0-249.0 457
OMe

I-9 0.001 254.0-256.0 453
I-10 0.005 248.0-250.0 471
I-11 0.00038 | 260.0-262.0 454
I-12 0.001 202.0-204.0 454
I-13 0.00031 | 214.0-216.0 454
1-14 000042 498
I-15 0.001 512




1-13 NrO0. NHV ., INT W Owve Cve3 0.00031 214.0-216.0 454 1-14 N r0. NHWs
., INT W Ove CH20Me CMe3 000042 498 1-15 N r0O. NHVMs ., INT W Ove CO2Me

CMe3 0. 00WO 2812149598 PCT/EP2010/058681
20,

Cpd. ICso'

No. (UM) mp ms
I-16 0.00039 | 176.0-179.0 498
1-17 0.00049 | 238.0-240.0 484
I-18 0.005 404
I-19 0.002 405
1-20 0.083 83.0-86.0 481
I-21 0.00023 | 275.0-278.0 502
1-22 0.003 272.0-275.0 496




-29- Cpd. No. I1GCsol (I-LM np ms 1-16 Nr. NHVE ., INT W OVECO2H CMe,
0.00039 176.0-179.0 498 1-17 N r0. NHVs ., INT
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-30-
Cpd. ICso'
No. (UM) mp ms

1-23 0.00037 | 285-288 484
y @

1-24 (/N ' o 0.0633 473

1-25 0.019* | 211.0-212.0 | 474

1-26 255.0-257.0 | 494

&N
27| Y O 0.003 289291 | 457

1.HCV Polymerase Assay
2. 20 nm cIRES

Compounds of the present invention can be made by a variety of methods depicted in the
illustrative synthetic reaction schemes shown and described below. The starting materials and
reagents used in preparing these compounds generally are either available from commercial

5 suppliers, such as Aldrich Chemical Co., or are prepared by methods known to those skilled in
the art following procedures set forth in references such as Fieser and Fieser’s Reagents for
Organic Synthesis; Wiley & Sons: New York, Volumes 1-21; R. C. LaRock, Comprehensive
Organic Transformations, 2nd edition Wiley-VCH, New York 1999; Comprehensive Organic
Synthesis, B. Trost and I. Fleming (Eds.) vol. 1-9 Pergamon, Oxford, 1991; Comprehensive
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Heterocyclic Chemistry, A. R. Katritzky and C. W. Rees (Eds) Pergamon, Oxford 1984, vol. 1-9;
Comprehensive Heterocyclic Chemistry 11, A. R. Katritzky and C. W. Rees (Eds) Pergamon,
Oxford 1996, vol. 1-11; and Organic Reactions, Wiley & Sons: New York, 1991, Volumes 1-40.
The following synthetic reaction schemes are merely illustrative of some methods by which the
compounds of the present invention can be synthesized, and various modifications to these
synthetic reaction schemes can be made and will be suggested to one skilled in the art having

referred to the disclosure contained in this Application.

The starting materials and the intermediates of the synthetic reaction schemes can be isolated and
purified if desired using conventional techniques, including but not limited to, filtration,
distillation, crystallization, chromatography, and the like. Such materials can be characterized

using conventional means, including physical constants and spectral data.

Unless specified to the contrary, the reactions described herein preferably are conducted under
an inert atmosphere at atmospheric pressure at a reaction temperature range of from about -78 °C
to about 150 °C, more preferably from about 0°C to about 125 °C, and most preferably and

conveniently at about room (or ambient) temperature, ¢.g., about 20 °C.

Some compounds in following schemes are depicted with generalized substituents; however, one
skilled in the art will immediately appreciate that the nature of the R groups can varied to afford
the various compounds contemplated in this invention. Moreover, the reaction conditions are
exemplary and alternative conditions are well known. The reaction sequences in the following

examples are not meant to limit the scope of the invention as set forth in the claims.

SCHEME A
R'

r@i

Ph,P

Br CHO ™ Ar R'R"N. AT
4

v
(EO),P| R" A3
o
A5

Compounds of general formula I within the scope of the current claims are characterized by an

aryl ring with an N-linked optionally substituted heterocyclic ring or an optionally substituted
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-32-

heteroaryl ring as defined herein above as the R" substituent. 3-Halo-benzaldehydes (or a
benzaldehyde with a functionally equivalent leaving group such as trifluorosulfonyloxy
substitutent)) are useful precursors that permit the stepwise elaboration of the R' and R?
substituents. Alternately meta dihalo benzene derivatives are amenable to similar strategy

employing alternative synthetic methodology as described below. (SCHEME B).

Appropriately substituted m-bromobenzaldehyde derivatives including, but not limited to, 5-
bromo-3-(1,1-dimethylethyl)-2-methoxy-benzaldehyde (A-1, R* = OMe, R* = CMes;, CASRN
417717-87-8) or 5-bromo-3-(1,1-dimethylethyl)-benzaldehyde (A-1, R* = H, R* = CMes,
CASRN 241155-85-1) are useful precursors to compounds within the scope of the invention.
The styryl side chain can be introduced by a Wittig condensation with a benzylidene-A’-
phosphane (A-4) or a Wadsworth-Horner-Emmons condensation with the conjugate base of a
diethyl benzyl-phosphonate (A-5) to afford A-2. The preparation of aryl substituted analogs is
readily accomplished using aryl substituted benzyl halides. Diethyl (4-nitro-benzyl)phosphonate
is a suitable precursor for compounds of the present invention substituted with a amine which
can, in turn, be optionally sulfonylated. Selective reduction of the nitro group can be carried out
with a variety of well-known reducing agents. For example an activated metal such as activated
iron, zinc or tin (produced for example by washing iron powder with a dilute acid solution such
as dilute hydrochloric acid). Concomitant reduction of the nitro substituent and the olefinic or
acetylenic linker is easily accomplished by catalytic hydrogenation affording (4-amino-phenyl)-
ethyl derivatives which are HCV polymerase inhibitors or which can be used as intermediates to

other compounds of formula I within the scope of the invention

The Wittig reaction is the reaction of an aldehyde or ketone with a triphenyl phosphonium ylide
to afford an alkene and triphenylphosphine oxide. (A. Maercker, Org. React. 1965, 14, 270-490;.
A. W. Carruthers, Some Modern Methods of Organic Synthesis, Cambridge University Press,
Cambridge, UK, 1971, pp 81-90) Wittig reactions are most commonly used to couple aldehydes
and ketones to singly substituted phosphine ylides. The Wittig reagent is usually prepared from
a phosphonium salt, which is in turn made by the reaction of Phs;P with an alkyl halide. To form
the Wittig reagent (ylide), the phosphonium salt is suspended in a solvent such as Et,O or THF
and a strong base such as phenyl lithium or n-butyllithium is added. With simple ylides, the
product is usually mainly the Z-isomer, although a lesser amount of the E-isomer also is often
formed. This is particularly true when ketones are used. If the reaction is performed in DMF in

the presence of Lil or Nal, the product is almost exclusively the Z-isomer. If the E-isomer is the
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desired product, the Schlosser modification may be used. With stabilized ylides (phosphonate
acrbanions) the product is mainly the E-isomer . Alternatively The Horner-Wadsworth-Emmons
reaction (B. E. Maryanoff and A. B. Reitz, Chem Rev. 1989 89:863-927) is the chemical reaction
of stabilized phosphonate carbanions with aldehydes (or ketones) to produce predominantly E-
alkenes. The Horner-Wadsworth-Emmons reaction (or HWE reaction) is the condensation of
stabilized phosphonate carbanions with aldehydes (or ketones) to produce predominantly E-
alkenes. In contrast to phosphonium ylides used in the Wittig reaction, phosphonate-stabilized

carbanions are more nucleophilic and more basic.

Compounds wherein R? is an ((E)-styryl)-phenyl moiety also be prepared by condensation of
substituted toluene derivatives with al aldehyde such as 32b. This is most practical when toluene
is substituted with electronegative groups which increase the acidity of protons on the methyl
group and allow deprotonation of the methyl and addition to the aldehyde to afford a carbinol

that undergoes subsequent dehydration. (see e.g., example 9)

Methodology for efficient amination of aryl halides has been extensively investigated. The
conversion of an aryl halide to aniline can be accomplished a palladium-catalyzed amination
with benzophenone imine with PdA(OAc), or Pd,(dba)s in the presence of BINAP and a basic
additive such as NaO-tert-Bu or Cs,COs . (J. P. Wolfe et al., Tetrahedron Lett. 1997
38(36):6367-70) and followed by hydrolysis of the imine. Direct amination with ammonia also
has been reported. (D.S. Surry and S.L. Buchwald, J. Am. Chem. Soc. 2007 129(34):100354)

The primary amine can subsequently be converted to lactams such as pyrrolidones and
piperidones by acylation of the amine with a 2-bromo-propanoic acid or 3-bromo-butyric acid
derivatives and subsequent cyclization by intramolecular displacement of the halide to afford the
lactam. Acylation is accomplished by established procedures using activated intermediates, acid
chlorides or acid anhydrides. . One skilled in the art will appreciate the availability of a variety

of substituted halo acids which can be used analogously.

The primary amine can subsequently be converted to 2,4-dioxo-dihydro-pyrimidin-3-yl and 2,4-
dioxo-imidazolidin-3-yl substituents by acylation with 3-chloro-propyl isocyanate or 2-chloro-
ethyl isocyanate respectively. Condensation of the isocyanate radical with the primary amine

affords a urea which is subsequently cyclized to the targeted heterocycles.
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A complementary procedure for aryl amination exploits Cul catalyzed amination of an aryl
halide with an amine or diamine in the presence of proline and a base such as K,COs. (D. Ma et
al. Organic Lett. 2003 5(14):2453-55) The primary amine can subsequently be converted to 2-
oxo-imidazolidin-1-yl and 2-oxo-tetrahydro-pyrimidin-1-yl radicals. Condensation of the aryl
amine with 1,3 diamino-propane and cyclization of the resulting diamine with carbonyl

diimidazole affords the 2-oxo-tetrahydro-pyrimidin-1-yl radical.

Alternatively the primary amine can be subjected to reductive amination with a N-protected a-
amino-aldehyde or f-amino-aldehyde. Reductive amination is preferably carried out carried out
by combining an amine and carbonyl compound in the presence of a complex metal hydride such
as sodium borohydride, lithium borohydride, sodium cyanoborohydride, zinc borohydride,
sodium triacetoxyborohydride or borane/pyridine conveniently at a pH of 1-7. Removal of the
protecting group affords a diamine which can be cyclized with CDI. One skilled in the art will
recognize that substituted amino aldehydes are readily available from o amino acids which

afford substituted imidazolidines and tetrahydropyrimidines.

Compounds of general formula I wherein R! is an N-linked heteroaryl moiety such as a 2-oxo-
2(H)-pyridin-1-yl, 6-ox0-6H-pyridazin-1-yl, 6-ox0-6H-pyrimidin-1-yl and 2-oxo-2H-pyrazin-1-
yl were prepared by Cul amination of an aryl halide by 1H-pyridin-2-one, 2H-pyridazin-3-one,
3H-pyrimidin-4-one and 1H-pyrazin-2-one respectively.

Alternatively the benzaldehyde derivative can be homologated to produce an acetylene (e.g., see
example 3). Nitration and methylation of 3-tert-butyl-2-hydroxy-benzaldehyde afford 42b
which was reacted with diethyl (1-diazo-2-oxo-propyl)-phosphonate under basic conditions to
afford an acetylene. This sequence illustrates the introduction of the nitrogen by electrophilic
nitration of the aryl ring. Palladium-catalyzed coupling utilizing the Sonogashira conditions
affords a diarylacetylene which can be subjected to catalytic reduction to simultancously reduce
the nitro group to the amine and the acetylene to an ethyl linker. Elaboration of the N-linked

heterocyclic substituent is carried out as described above.

The Sonogashira coupling (K. Sonogashira et al., Tetrahedron Lett. 1975 4467-4470; K.
Sonogashira, Comprehensive Organic Synthesis; B. M. Trost and 1. Fleming Eds.; Pergamon
Press, Oxford, 1991; Vol. 3, Chapter 2.4, p 521) is a cross-coupling aryl or vinyl halide (or

triflate) and a terminal alkyne. Typically carried out in the presence of a palladium catalyst, for
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example PdPhy or PdPh,Cl; and the like, and a cuprous salt, for example Cul, a dialkyl- or
trialkylamine such as diethylamine, diisopropylamine, tricthylamine and the like at temperature
from RT to 100° C. The reaction can be carried out using the amine base as the solvent or with

other organic solvents invluding hydrocarbons, ethers, alcohols, aqueous DMA and the like.

SCHEME B
Br Br RS Br RS AT
— —
R step 1 = step 2 R
R4 R4 R4
5 B-1 B-2 B-3

Compounds of general formula I can also be prepared from dihalides of formula B-1 by a
stepwise introduction of the N-linked amine substituent and elaboration of the R? group which
can be accomplished by a palladium-catalyzed coupling (e.g., example 13 and 16). While
SCHEME B depicts the sequential introduction of the amine then the styryl moiety, on skilled in
10  the art will appreciate that the relative reactivity of the two leaving groups is effected by the
nature of the leaving groups and electronic and steric perturbations arising from other
substituents and therefore it may be desirable to reverse the sequence. introduction of the R'

substituent can be accomplished by the previously noted reactions.

Introduction of the R* substituent when the precursor is a dihalide is typically accomplished

15 wusing a Suzuki reaction other a variant thereof such as the Stille reaction. Thus, for example in
the sequence depicted in example 13 the styryl side chain is introduce by a Suzuki reaction with
B-[(1E)-2-[4-[(methylsulfonyl)amino|phenyl]ethenyl] boronic acid. Boronate esters such as N-
{4-[(E)-2-(4,4,6-trimethyl-[1,3,2]dioxaborinan-2-yl)-vinyl]-phenyl } -methanesulfonamide

(examplel5) also are useful.

20  The Suzuki reaction is a palladium-catalyzed coupling of a boronic acid (R-B(OH),) wherein R
is aryl or vinyl) with an aryl or vinyl halide or triflate (RY wherein R' = aryl or vinyl; Y = halide
or -OS0O,CF;) o afford a compound R-R'. Typical catalysts include Pd(PPhs)s, PA(OAc), and
PdCL(dppf). With PdCL(dppf), primary alkyl borane compounds can be coupled to aryl or vinyl
halide or triflate without B-elimination. Highly active catalysts have been identified (see, e.g. J.

25 P.Wolfe et al., J. Am. Chem. Soc. 1999 121(41):9550-9561 and A. F. Littke et al., J. Am. Chem.
Soc. 2000 122(17):4020-4028). The reaction can be carried out in a variety of organic solvents
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10 coupling utilizing Pd(OAc)2/o- (dl-tert-butylphosphlno)blphenyl or o-
(dicyclohexylyphosphino)biphenyl. One skilled in the art can determine optimal conditions

without undue experimentation.

The Stille cross-coupling reaction is a palladium-catalyzed coupling of an aryl or vinyl stannanes
with aryl or vinyl halides or -sulfonyloxy compoumds (J. K. Stille Angew. Chem. Int. Ed. 1986
15 25:508-524; A. F. Littke andd G. C. Fu Angew. Chem. Int. Ed. 1999, 38:2411-2413).
Commercially available Pd reagents including Pd(PPhs)4, Pd(OAc); and Pd,(dba); can be used.
Phosphine ligands are useful rate accelerants if they ar not a component of the palladium
catalyst. Relatively poorly electron-donating ligands tend to provide the greatest rate
acceleration (V. Farina and B. Krishnan, J. Am. Chem. Soc. 1991 113:9585-9595). Additives
20 including Cul have been incorporated to provide rate accelerations (V. Farina et al. J. Org.
Chem. 1994 59:5905-5911). The reaction is typically run in aprotic solvents at elevated
temperature. Reagents such as 1-{butyl-[(E)-2-(dibutyl-propyl-stannanyl)-vinyl]-propyl-
stannanyl}-butane permit stepwise construction of a diaryl-ethene two sequential Stille

condensations.

25  Compounds of general formula T wherein R* is a substituted cyclopropane are readily prepared
from precursors such as, but not limited to, 3,5-dibromo-benzencacetonitrile (CASRN 188347-
48-0) or 3,5-dibromo-2-methoxy-benzeneacetonitrile (CASRN 75098-07-6). Dialkylation of an
arylacetonitrile with 1,2-dibromoethane is a general procedure to elaborate the cyclopropane ring
(sce, e.g., example 14). The nitrile can then be reduced to the corresponding aldehyde and

30 subsequently converted to a difluoroalkyl or hydroxymethyl substitutent. Hydrolysis of the
nitrile affords the carboxylic acid which can be subjected to the Kochi reaction (J.K. Kochi ef al.

J. Am. Chem. Soc. 1965 87(11):2500-2502) to afford the chloro-cyclopropane. Palladium-
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The requisite acetylenic esters were prepared by a Sonogashira coupling of a suitable substituted
20 aryl halide C-6 and an optionally substituted alkyl ortho-ethynyl-benzoate (C-4). As will be

apparent to one skilled in the art, the acetylene can originate on cither of the aryl residues.
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convenﬂ%mkﬁwyé@nﬁﬁﬁﬂ‘ﬂﬁ7?m?‘“ﬁé#ﬁ@ﬁb*of the protecting group affords a

di am ne which can be cyclized with CDI. One skilled in the art wll

recognize that s 3 tituted, am no aldeﬂ%f re read:l& avallab e froma

am no FETRAIER LRGSRl Y PRI B ?ddPr?e‘%ldS griety of 3R

t et r ahydh@iydtidhHoBae- forks {RINRREEIGSOR] a8RRRStAkIoh @hiTHE M the WIET &tAblk®, i S an

N-1inked heteroaryl noiety such as a 2-oxo02(H)-pyridin-1-yl,

6- 0Xo- GPRigY tabiRis idragtesy jhar ﬁ@ﬂmapjwpﬁu&mnwiut}ﬂpsmlgow SYIPPE. 9§t azi n- 1- vl
. _h

\é\ﬁ_r ;e)yPIr %I{lg ggéb gCr]o%{lgojﬁ_ﬂl n?ﬁlm?) des%t 4&\7 X ar %béa%?ou%XvﬁlenfB Illlgt &dz‘o Cottiﬁe\}r ly

Al ter nabm@d)ﬁ/adhhﬁlsbeﬂmhdlahmgeod@muo\aa(mevshaﬁs &@)h@pi@&lqgadne&an o pr oduce an
acetyl ene (e. g see 20 exanple 3). Nitration and nethyl ation of
3-t er t IHEANUSCD hy@f%%w%eﬁﬂs&mewﬂetr%iw (rolcivmay Anclde & Reastralirr t h

di et hyle, fw?nc%@@%gém‘zx&c%% IBQQEBHQM&I%@H ﬁ’ ﬁﬁhs‘%raﬁBH?d tdhg’b?héro afford

an acety ene equence | fUstrat es t duction o ni trogen by
eIehlrmpﬁnibﬁwhmﬁmﬁann’HEIﬂh&nadyhnnmnﬂadﬁahh&dbun&ga&aﬂ@zeﬂmsmgml|ng

utilizing the ogashi ra. condj tions ords a i.ch can be
subj ect 8" Bt 0N G TR P@Eq%iwgﬂﬁ%a@ o derestartiehne o
group QQ3%ﬂ§ngﬂk HRondOe thbecideahylk@Re.t 0 an ethyl Ilnker El aborati on of the

N-Iinked heterocyclic substituent is carried out as described above. The
Sonogashira coupling (K Sonogashira et al., Tetrahedron Lett. 1975

4467- 44\790m1|ﬁ)un8®'ﬂ@@ﬂ1§&infda,of%lm&S%hEiih&éﬁtﬁ)nQisgﬁBlil as t‘ﬁymtphasﬁaﬁzeut&allwseﬁmst and
l. Flenlng Eds.; Perganon Press, xford, 1991; Vol. Chapt er p 521)

is a cralsIQasthsr Mt oRe or moFe amgRtiona| i”ﬁ?épl%lﬁf" cREyiaY, of riavféyts é‘??d b& It %qeﬁhnﬁm

al kyqe. for
vo 5h10) S5 R eblrERBHE o ks r 2R BEESERER, iy PRI SRS,

like, amduaﬁdugge@wm&ﬂﬂybdmnm@kadpfanﬁhmxmahmgﬁd@msnmmmtmﬂmhﬁylanlne such
as di et hyl am ne, i SO lam ne, trieth m ne .and the like.a

t enper TR o iR BB Omhgict e DI e BBl e ﬂmfm&fiqsa%f t he

am ne Gese Ay tdifaif ahy ﬁﬂ{abfér eﬂ@cﬁbe phb&it o@ﬁ%adé’tl% SRk oRM: %ohlﬁiéhkiﬁiht@ ngth the

hydr ocar bons,” et hers, ™ al cohol s, aqueous DVA and the |ike.

Corrpounla;tsn@rd @émépmgeﬁmwb he pmplryed The p@rmaeqmalpelcbotrmwldnswmhy bes of

fo la B-1 e se. iLntrod |on b tituent
) Zieron SRh REAS ot B0 APl bRt B FapEpngt Rt

pal | adifpiimgatiods yaradueRURth Bosol®idds, su@p@mhe chitilaon, dirs, WillQl REHEMEOB

depicts the sequent] al introducti on of the am ne then the styryl noiety, on

ski | | e@rilmsa;@rimthedprm af suppagipriss feqtrectelnatvagial sdanigisirgtéor; easr thoiferyn of t he
two | e%Yerllegln?é’cPa%P 0'11?[10%]; ffoercpta?&t&m &se. A typical preparation will contain from about 5%

to about 95% active compound or compounds (w/w). The term "preparation" or "dosage form"

25 is intended to include both solid and liquid formulations of the active compound and one skilled
in the art will appreciate that an active ingredient can exist in different preparations depending on

the target organ or tissue and on the desired dose and pharmacokinetic parameters.

The term “excipient” as used herein refers to a compound that is useful in preparing a
pharmaceutical composition, generally safe, non-toxic and neither biologically nor otherwise
30 undesirable, and includes excipients that are acceptable for veterinary use as well as human

pharmaceutical use. The compounds of this invention can be administered alone but will



nature of the |eaving groups and el ectronic and steric perturbations
arising fromother substituents and therefore it nay be desirable to
reverse twe 08u4es»se. introduction of the | e substituenPCTar2ie/058681
acconpl i shed by the previously noted reactions. Introduction of the R2
substituent when the precursor is a di-h@dide is typically acconplished 15
using a Suzuki reaction other a variant thereof such as the Stille

react i @ancrditybe adrainistoradrl /Iniktutdeith @gel enseraeibek @daﬂnﬁacemaﬂpém@&ns he
styryl side chain is introduce by a Suzuki reaction w.t

B- [ ( LEydilgentaof earpietyelscipd Wﬁiﬁlr?%i){ foihe h@ﬁ@defiémeﬁﬁ chlm%%t@ﬁ% apdtgndagdy onat e
esters ﬁ%%%c 1&ﬁ? ,{ E)-2-(4,4,6-trimethyl- [1,3,2] dio

xabor i -viny - phenyl } _met hanesul f onani de (exanpl el5) also are
useful . 20 The Suzuki reaction is a palladiumcatal yzed coupling of a

bor oni caaiHadeti& b dptMIeT Bbdhs Rhdt SviRétyds uQsfulinréparith tatphafinakticapr Vi ny
halide or triflate (RY wherein R = aryl or vinyl; Y = halide or -0502CF3)
o af¥ orcampositemtiahts eRugRally Wipi noattoxigt andypitier MthwellpaQWhemse pdemble? and

PACL2( ity 4Nl RAERBE SRR A AR, Ahdibhe PRETE. COMPOUNDS can be

coupl e o aryl or viny e or “13-elinination. H ghly
active catal ysts have been identified (see, e.g. J 25 P. Wlfe et al., J.
Am  Cheqv Ophﬁ%a 111’8@&9 ¢ 920 Fo R 6 arPGivA indt edleﬂttrﬁe%ﬁal?df in®ally cdnfefM Chem
Soc. 2000 122(17): 4 02 . The reaction can be carried out“in a variety

of or gainsu:abéa)phﬂema@kmmc @mmma@em/e Emeduamtoﬂa%were%lsemmth@mongialt

t ol uen THF, di oxane than nd. ac
hqueoudosbi ot Aty SRR sty BITEAE] SkaRdnghies o Rl e BN el V&F“é%ﬁpw un
frop aheut tHeppRutiCMRRitin R Yod allfﬁélbhrla&o“lﬁéarrﬁwéhﬁéa\ﬂ %c&@téble of KF, T10H,
NaOEt and KCQ frequently acce?,er ate the coup g((ig here are a | arge nunber
of par &RBEPE mnartsr?esakslﬁlijkﬁ phaé@éQqu@ﬂallYn@IC@Iﬁﬁbiga thaepgra¢ssesdihaArsisdr ce,

l'i gand, pt equire
opt m PuEbIobRa) Ry SPRELAL SoRRsylD Sy TR I PuchPRRRGIPRIC Y, | S
et al . fogtgdrvaith dmsgalnmldscsndh hd l@ﬂﬁocﬂﬂﬁrlc&&dﬂh dbestic @oidphilAigicvcid) nitric

aryl boroni c acids in_hi yi.eld at RT utilizing Pd2(dba)3/P(tert-bu)3 and
condi t i%6sPhespheticoacdd, @agﬁn Itk Bf foalfnyqi wﬁamg%u‘n%ld& Juch papessic geid) prepiegic

Pd( ) )i
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Pd( QAc )a21/d051(od1n1¢ arnd,-rhaltcydcph maﬂrhc mel,tﬁupiaanytbldptartar-lc acid, citric acid, benzoic acid,

(dicyclo exy|l osphi.no) bi pheny One skilled.in.the rt can .det.erm ne

opt i ral? R ARR Pkt %Ffﬂ&@né%?‘il ndlic il TRehegesyianic fids - coupl i ng
reacti %’Elmh@su@foﬁﬁlalcﬁfj | ‘Qné‘tﬁﬁfeadléﬁﬂ%%cc&‘t@ LI ye?rﬁn@éilﬁhni@racf(ﬂ Bé’ﬂzeﬁésﬁﬁﬂﬁ’i@es
with aryl or vinyl halides or -sulfonyloxXy compounds (J. K. | 1 e Angew.

Chem lapid, 4E:hlorqmsetm5ﬂﬁﬁn6ﬂ8d szaphﬂualdﬁesu_fomd@lchﬁddh@le@fomu aAldgeW Chem
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rate accgleaypdSonié adibeyindth tid aGiaRAReN but@facttieadidl il sumusiatady st .
Rel ative y poorly el ect ron- donat i n i gands tend to provide the greatest

rate acdusosicacid glutamicpgid; hfsdramla hthgjciasith a#icylc agigh statisrpcidsgriconigggid,

113: 95 \/
provi dglﬁr 2? 2@5&8 Slﬂ @ﬁ%@\%%‘%&ﬁ@g gf&i&f Bl%ge%t E_’fﬁ{é p&% %95&%@@1&8%1&& s
59: 5905¢88&H )by aTrhetar ﬁﬁCé £.08n hlkali yrtat add, un alkalihdeaafdrioh. ¢ ag@luneintis iad; or
el evat ed tenperature. Reagents such as
{ buty| crRpydimiqsqy iy %Iwrgamegw %lﬁlaﬁ%%thmammﬁy@?thbwwnet HisHRRY eIyt ane
per m t (3N | -ethene two sequential Stille
condenstlz)tl onsnﬁﬁezg@%%ttnﬁn%lhgégﬂlg aélgngéra 6yfornul al wherein R4 is a
substituted cycl opropane are readily prepared from precursors such as, but
not | i HoligdotnPpregaratichstih@iBe PeNdeseas el oL, lchpstlds CASRMNs 18Bgdkiorid3akl or
3, 5-di br ono- 2- net hoxy- benzeneacetonitrile (CASRN 75098-07-6). D al kyl ati on
of an alispeesitle sianules. A spiid Karticpmyy e orD eF MarresUbstaacey aviichamayplse aduise t o
el abor 1 can
t hen bgi&lﬁeergpqlag&ﬁléé) F%eglpsgg(rﬁ}lgelglg%% dlﬁ&’?Can sy dt?&rgé:gée%ts &)nder-ghfre&r\ga{tweéa

30 tablet disintegrating agents, or an encapsulatmg rnaterlal In powders, the carrier generally is a

finely divided solid which is a mixture with the finely divided active component. In tablets, the



30 subsequently converted to a difluoroal kyl or hydroxynethyl substitutent.
Hydrol ysis of the nitrile affords the carboxylic acid which can be

subj ect edwbaot@oy®chi reaction (J. K. Kochi et al. J. ArRCTEreon/o0Sks81 1965
87(11):2500-2502) to afford the chloro-cycl opropane. Palladium WO

2010/ 149598PCT/ EP2010/ 058681 -37- cat aftl{~zed cross-coupling with a boronic
acid and amnation will afford conpounds of general fornmula |I. The

di hydr ebgvnza@mifoaonts@atlatl ¢ wasd editsthe vatRthdyngthe rmteds@asam Ib@flidgadapacity in
free-radi cal cyclization of an ortho-(2-nethyl-ally aﬁ brono_benzene

(see, @ugpble EB@Q%P@S g1ay) corm%éﬂddgéh?atha%ar& S%qféesseé e%lm afgrriers include but
3, 3-di fa?éﬁa{'hnq{éa%ﬁ'yz gg%fcwbeﬁat@%%%an éi'éé?&ls tgféhéfé@ﬂg a2, P&tiR Wik, €d

to pal l'adi um cata cross-coupl am nat e correspondi ng
| ndane stasclagallatlm,hta@aéandmrmatlﬁylchltmﬂcmamoﬂiumtd’rbmﬁmenhiﬂuelnﬂm,ea low melting wax,
125714

97-8)... The gen center is intro addi tional of

| CFoagice andih dga@ %r’(ﬂl Rﬁléiﬁ}ozﬁm %ﬁ@f%ﬂ%@jcf @éﬁ%ﬁweof t he
te” ' arcMn?bﬁ&ﬁ%olorIxﬂ@ ﬂa%l%' btahGz&ls biert dert R RRd ﬁ&ﬁfﬁ%&z@éﬂer{e?s %%BP[@MRQS of
10 general formula | by thé procedures descri bed previously. Cbnpounds of

gener althitkangrs, solubilizing agerdpand thealidesl ogously but the amination is carried
out as described in exanple 13. Conpounds of the present invention with an

i sochronene substituent on the phenyl ring were prepared
gol d- 05{1%19 Faaudationg a@eﬁf@rﬁuﬂa‘?h@ dor gl adeuipipiralinreinglufey Qq@ﬁéowl%tt@ ipgludipgnj n

et al., jgggpkhé l;
2-pheny ynyf ﬁzéa?gg gg?§%§%% %%é&%énﬁéﬁgg?%d a%ﬁnéw%V?Pﬁgg??on to
di rHrt Ipyepafzftmnsiwthivé ademtarneldd ts b tomeomet ﬂo—lmm&isfo@hﬂpre;(ai?aﬁohd&shrhay beforatise,

Tet r ahedrgn 2007 63: 9979-999 Thu t he AuCl3 cat al 3{ |l tion of C2
afford lonsgRa- p@paredég tmsQ T Agargple, n@qyeous pr py ene glycol solutions or

may contain emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous
solutions can be prepared by dissolving the active component in water and adding suitable
colorants, flavors, stabilizing, and thickening agents. Aqueous suspensions can be prepared by
15 dispersing the finely divided active component in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, and other well known

suspending agents.

The compounds of the present invention may be formulated for parenteral administration (e.g.,
by injection, for example bolus injection or continuous infusion) and may be presented in unit

20  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, for example solutions in aqueous polyethylene glycol.
Examples of oily or nonaqueous carriers, diluents, solvents or vehicles include propylene glycol,
polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters (e.g., ethyl

25 oleate), and may contain formulatory agents such as preserving, wetting, emulsifying or
suspending, stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in
powder form, obtained by aseptic isolation of sterile solid or by lyophilisation from solution for

constitution before use with a suitable vehicle, e.g., sterile, pyrogen-free water.

The compounds of the present invention may be formulated for topical administration to the
30 epidermis as ointments, creams or lotions, or as a transdermal patch. Ointments and creams

may, for example, be formulated with an aqueous or oily base with the addition of suitable



The requisite acetylenic esters were prepared by a Sonogashira coupling of
a suitable substituted 20 aryl halide C-6 and an optionally substituted

al kyl or two-2etomospB- benzoate (C-4). As will be apparent PCo/Er2@09ES6B1 ed i n
the art, the acetylene can originate on either of the aryl residues. WO
2010/ 149598PCT/ EP2010/ 058681 -38- SCHEME D D 1D- 2 Conpounds enconpassed
in the present clains wherein the aryl ring is substituted by a

2H soquhiokdnin dndddrezeiipeagpiite ) 2baehshiayabd RirdbRebd with an®juecwd @foiMaké 2@t i on
of the correspondlng cyano- acetylene (SCHEME B). Hydrolysis of the nitrile
(D-1) il tl%éel}ﬁr?éeé@ﬁé@n fNiBg ARART HOEENHEL Fyjn §I§hﬁtﬁIéiII§m&@g%Ilt$¢Iﬂ)‘S[PﬁSﬁHIgogen

bi s(di I P {d 3 t
ol - P R0y SRk A b e SR RN g9 ©
Nitri I esplwltahmkustch{loonn Bagseo$hk mmlude\leze@mmﬁmprﬂsmgaogve @henitg in2004ored base,

69(7): 2327 31; T. graffar and A Par ki ns, .A New Honngen us. Pl at.i num
Conthi APTRYIYCEHELORS a8 ?%Plaﬂ%éfagﬁf&%k pajilley,eomprising s actiws PRIFAEALR AdPEE 1995

36(47) TG BA0001ntid AHHEISEkrAL AEOIBAERALA! anbnGUShUROBBAAAL AR dbfivc

afford the desired 2H—ISO§UIHO in-1-ones D-2 occurred. The activity of the
i nvent ingrediontpoandgatds liquiichirteor s of HCV activity may be neasured by any of
the suitable nmethods known to those skilled in the art, including in vivo
and in vitro assays. For exanple, the HCV NS5B i nhi bi t or activity of the
conpourtds comppprdnatahg preseat Hueion Maybeorpy ladsdion adminisie §9n BY BPRARIfosiss-

descri I Q@&g

Vi r ol 035%%@§%gﬁ§ﬁlga m I%%'BII)I %Itﬁ%%%%agénags %2000%29 gﬁ ogyﬁl I(I)%CI and

75: BB15h8628¢ chmperssit mtdlmemedéonngmpusﬂp,efoc oxguaplady sofritdi Bhd m(vhasnt i on have
denonstrated in vi.tro HCV NS5B .i.nhi bitory act such st rd assays.
The HOVOBBEGHROMSEUXHESS 1@ ARYrad; IBI‘?sCOBE%XIF SIZG‘IHI‘?I% ?Ig%” St OtCH% té)e nt
|nvent@9nh§;e described in Exanple 8. Cell-based replicon systens for HCV
have been devel oped, in which the nonstructural proteins stably replicate

subgenom c viral 20 RNA in Huh7 cells (V. Lohmann et al., Science 1999

285: 110herdmiSourkls dBlthghresedt indkntionSahEbE forafd (e 200 vdfda adidstegioh- based
replicon assay conditions used for conpounds of the present invention are

descr i BEAfES BAPRISecraams, gelshpastassOABS ob ForaypRantainiag in 4ddiéan torthe agtioy
f {
Ijﬁgejr gﬁgﬁaﬁ‘ﬁgﬁ%&?ﬁ Iﬁeﬁﬂe& as Yhd BHowdaR e £rd! Beretg)Ip cgﬂﬂteh ?ﬁ& C ?&gIIdQ%f thRYresent

viviridae RNA synthesi roms es using active
reconbmm&mhoﬁmwwdwﬂQMNHMBdEmmmsﬂhymmnﬂse$naﬂMe&ﬂuMmmkﬂauﬂmnyomsmhe@phai

studies,.in. the HCV 8§' on s stenl | nhibjtion coa@vnant urified HCV
pol ymerdSe it the BBV AR (AP BR BRI hRT Exm eswo@g PHePPSIT HatEd-
usi ng the HeRI1AEAR nSX ST W ﬁlbaymﬁ%l@ oPﬁIul’tIH%@@ﬁﬁnﬁX[h%ﬁe’slaI’Iérté&h@o@a d@ppdcase
conpl ex, associated with other vira | ul ar pol ypeptides in
appr opror aipsttettbis ardydreetchieveeythegtatienti admlmﬁteneg hn bprepridte hirgdetdrownedf

20  volume of the solution or suspension. In the case of a spray, this may be achieved for example

by means of a metering atomizing spray pump.

The compounds of the present invention may be formulated for acrosol administration,
particularly to the respiratory tract and including intranasal administration. The compound will
generally have a small particle size for example of the order of five (5) microns or less. Such a

25 particle size may be obtained by means known in the art, for example by micronization. The

active ingredient is provided in a pressurized pack with a suitable propellant such as a
chlorofluorocarbon (CFC), for example, dichlorodifluoromethane, trichlorofluoromethane, or
dichlorotetrafluoroethane, or carbon dioxide or other suitable gas. The aerosol may conveniently
also contain a surfactant such as lecithin. The dose of drug may be controlled by a metered

30 wvalve. Alternatively the active ingredients may be provided in a form of a dry powder, for

example a powder mix of the compound in a suitable powder base such as lactose, starch, starch



WO 2010/ 149598PCT/ EP2010/ 058681 -39- HCV replication may be nore predictive
of in vivo function than denonstration of HCV NS5B i nhibitory activity in
vitro bi owbenicc@bssassays. The conpounds of the present PoT@ErRé1005868Yy be
fornmulated in a wde variety of oral adm nistration dosage forns and
carriers. Oral administration can be i-A3the formof tablets, 5 coated
tabl ets, dragees, hard and soft gelatin capsules, solutions, enulsions,
SYr ups defivatBids Peihsds iidroxCHMp Plindisy| @ELIKIDE JndeReinylpweslidiParrg. aht beadérous
when adm ni stered by other routes of adm nistration includi ng continuous
(i nt r aFaiBHy g fqrE)a g%h}‘il Eheinasad carifier Bie PQWeF sprnBeliaN may ke presetied i unit
Suboul Aok, ibf ARSI laplHl GaREN I UAS R ACRENCE b, BRRAVRRITANL
gent) uccal , nasa AR tion an dmm stration, anong
other xGWMﬁumeﬁb@ﬁmadmmﬂeébyaknmmofﬂhmh@meferred manner of adnlnlstratlon
is generally oral using a convenient daily dosing regi nren which can be
adj usted according to the degree of affliction and the patient's response

to the Vben dasirpthdpieiletinns can bonispeisd voth enteioieatingsordapted ferrsesteined pavent i on,
as wel lcoﬁt%ol?era 'efeaf%ha%nﬂ?ﬁt? nco%ltilé/ actfﬁzg%”r?dl&ﬁl tP%r e;t(a%ggﬁé hlﬁ% cé% unag| §f t%g fmor e
conventrona ) carr t he

form ofpr@hﬁrlﬁv@ﬁbhlc@@be &Qﬁ‘mﬁﬁebd 1anfh$15c&JﬂﬁhaLt511 mbdasmawrughehmgﬁeﬁc@ﬂ i cal
conp03|t|ons and unit dosage fornms nay be conprised of conventjonal

i ngr ediléRtcsdsliveryonyiers sl vapaggor tYIsRSustHnehrediasap t the GpmaINY s BpEASSAX L i ve
compounds wien BiiaH bl fancB Mt el HORRAG LAEAP CRYpGEARLH RaRB¥yl 80! e
effective ano f e active I ngredi ent connensurate W t e 1 ntended
dai 10y dbhagysyﬂmgemtdkhamﬁbpﬁﬂyhﬁhoEhekmhahmnmeuﬂﬂcmbp@nnﬁbsuﬂmmnmdmﬁy be

20 enpl.oyed as so such as tablets or, filled psu e Sde S m sol i ds,
powder éntel‘seatsqaa.ai%doe combined W@} HhFnstRURR SnhgReqr; ¢ ég cd##at i ons,

Sus pen%‘yélﬂﬁepteﬁ{rﬂ'lo%b}) NSustaBildPrbledse Rlivdrylsh §8ms %%Hie?t%dfsﬁ’&cu%n@éus%ﬁno Rthén the
form of “suppositories for rectal or vaginal adm nistration,; in the form
of st ersulbc@rma] legeraiyl sgrwoy eut inmego.oFhgsubdeitneal anplasie en@plsylptedhd: ccpmpcpaudan RO n
wll c LA from bgut %1 abo % 596 hlvgzﬁfgﬁg or COEE é

The te ‘% e Sr}w’ 8% oS &E rdr A ?%r Jableehrlegey &< -hopiitk CB‘B{dh
solid and I|qU|d formul ati ons of the active conpound and one skilled in the
art l§u1t9‘&9rf ng BRh %\Hﬁgﬁﬁkﬁ{a@cehﬂgeﬁggﬂrﬁfkt dﬁ%tseéﬂds p%ngé %E ﬂgﬁ?ﬁoed
preparations pen ng of target organ of tissue and esired
dose aﬂdRahagn&cheﬁéknaz@@W%mmh@nﬁ?%ﬁh@a@eﬂhﬁ ediet ydhtw. Mbﬂmgbﬁwhereln

refers t .8 .conpound t s usef ul epari armaceuti cal.

compos FupkishingCRRpAL: 93%@10% o Hepn S A R GRG, BT ORISFig IR may

ot her W'n%ﬁhi%lQhé‘ ﬁﬂ%‘la&ﬁ% @mthf'ﬁ”tﬁe 'té&@lluﬁgse@f tR& %&nﬁ%@n% vREGuReRRRt abl e for
veterinary use as wel human pharmaceutical use. The conpounds of this

i nvent ifomudatipnly éommrm:l,é@rgpg@ oA ladmanigsrationiwithowgrendering the compositions of the
20 14Q%9§ﬁCT/ EZO%Q/ 28681 -40-. .ge ﬂ%“%LHX b ” €11|stered in adm xture
omE™6F oY e8I ARl & pHaPr At El® I'tdl %xB?ﬁ.éﬁ 6"Ydi | uents or carriers

selected with regard to the intended route of administration and standard
phar macgits £t RHASE teSpresent compounds to render them more soluble in water or other

vehicle, for example, may be easily accomplished by minor modifications (salt formulation,

esterification, etc.), which are well within the ordinary skill in the art. It is also well within the
ordinary skill of the art to modify the route of administration and dosage regimen of a particular
25 compound in order to manage the pharmacokinetics of the present compounds for maximum

beneficial effect in patients.

The term "therapeutically effective amount” as used herein means an amount required to reduce
symptoms of the disease in an individual. The dose will be adjusted to the individual
requirements in each particular case. That dosage can vary within wide limits depending upon

30 numerous factors such as the severity of the disease to be treated, the age and general health



"Pharmaceutical |l y acceptabl e” nmeans that which is useful in preparing a
phar maceutical 5 conposition that is generally safe, non-toxic, and neither
bi ol ogi caWbyorar9sher wi se undesirabl e and i ncl udes t haPCriEPeI0i0S8681
acceptabl e for human pharnaceutical use. A "pharnmaceutically acceptable
salt" formof an active ingredient nmay44d so initially confer a desirable
phar macoki neti c property on the active ingredient which were absent in the
non- salcbndiciobf & Pati@l, @G MEHEhdrvewith afhichahe bitenp Beeimcosydiaicasutefant he
active ingredjent with respect. 10 to its therapeutic activity in the body.
The phriggeof yhainisgatn anddhe prefaeesss and expeaicnee ofithgmedisplaunditioagniavelved) t

that i atlcal | S i
pharna%gFgggca ﬁg%%@@+?%¢%§Q§ﬁ%&gg?gﬁﬁgg%ﬁ%&éﬂ%{é@ﬁ%ﬁﬁ%%ﬁ?;ﬁ?ﬁ%%ﬁ%%: (D)
aci d addiiglitprr dal shenldfterappbprsatehin immmogerdpy aadiod sn sunathin@snhticupe A preffaralci d,
hydr obroni ¢ acid,, sulfuric id, nitric acid, phosphoric acid, .and the

i ke _&lﬁﬂ} 3?%58 RS PRH @?aes? aow é@ﬁ_ SRty eI al_,orepws];ﬁr@ﬂfécl 1 acid,
hexanoi,go@ciod. gug b@d%ﬁ%igﬁﬁﬁ{d%bﬁ!ﬁk&e@éd fo afll Y6k i110 n?é?kéjbod_%b’\!ixéigh dﬁ%lhﬂ’ _

| actic acid, malonic ‘acid, succinic acid, malic acid, nalei'c acid, fumaric
aci d, tTws.dpi edraimisttatien tord €0 kg persorh ¢hrezdsisegeangs; waull behapantokpbenddyd Pdsenzoi ¢
acid, cinnamc .acid, mandelic .acid,, nmethanesul fonic acid, ,et hanesul f.onic
not o B 3P B ue TBR R TS dien B B PO aepd Bpicaliy
benzengstldeani a@ld%r:ddéagép@ha%x oRasaRNasdtrh@iiCinafitdd wih Brapid-kiskeresmidhoni ¢
acid, 4-toluenesulfonic acid, 20 canphorsulfonic acid,

4- nEd hyrolesstdhn fhe optiplunpdqse 2f dipecompozng obhigrqagten shatdosagais dtregrseh by smell d,

3- phen CoL = : o anid tertl , il
syt PR B REb iy STRLEL AR ThAFigRE e HaBhos, RSORTES BALEE |
sal i cylticatigeiideassd dRctilgedartddn willboable, wthalit vadet déxdperimeki@tio®ind d)reSalct on
formed when an acidic proton present in the parent conpound either is

r epl ac@arspyaldnapicdpe, @perigicg and gig dijclagires pbtlhs anndisation fupseatdine earth i on,
or an ' : -

ot hanol s harCy sty &m0 6RO H iR o PR AT IR o S tcase

N nEt hyhdlpattati ne, and the like. Solid form preparations include powders,
tablets, pills, capsules, cachets, suppositories, and dispersible granul es.

A solid carrier may be one or nore substances which may al so act as

di | uent!s embpéigenisy thgyanewions diegkiivd cosnppunil gp piselhpanshe alpgpisteaidig agent s,
bi nder i . 1 Y .at i r
encapsaP B Rg e aiGher iR lcfia Bt BatiRh PRI polinere,
di vi dednlsbitordandthetHG 8 nansmuxleogide poltmetabe ivhibiehk yr HICM piettageinhibstoe oWhenent .
In tablets, the WO 2010/ 149598PCT/ EP2010/ Q58681 -41- act.ive conponent

gener althgaqtiyc gpmepeung arHtsidsevtarerararlt AeAdRYnistEed B cewbmaiionvilisRgthenpaci t y
in gyi : :

ui Tap DS PEGRIAS LA BRG IFAIRERLED rint PR RboANg RIRS PR LR et
magnesicaombgtacan dteegpyt slch,adstigstratiohasdyolseconpecerit oy sapxitial withstsrectito th@lodt i n,
tragacant h, net hyl cel l ul ose, sodi um carboxypet hyl cel l.ul ose, a | ow nelting
v, 5 (RORISIEOS e HrvVatlyg T anehiTR SAagr ety A Prdarie IBRASHEFS Cont ai n. 1 n
addi ti QAnfifstt NPT VR RQIPARER e iR a8 Biffererdt Hid¥Q! Adnithi¥PhddnZNiRo opuf fers,
artificial and natural” sweeteners, dispersants, thickeners, solubilizing
agent s mapdgetieat thkeamd fimeicen borahidvad bynsinglle pranktiguicortbinegftoo aymadre

adm ni stration include |jquid,.faor ation jincludin nmul si ons,, Syrups,
o190 SehE BB AE A by ST BB SR R R oS o B8 B o1
10 prepattad §i0gls avdiveCdpear e i ntended to be converted to liquid form
preparations shortly before use. Enul sions nmay be prepared in sol utions,
for exanple, in aqueous propylene glycol solutions or nmay contain

emul si fihengnagentmsenlicfn HEM mbictibn,ms usat hdrtianalsomobidestregtmont argacpheylaxis
Aqueous .sol.utions can. be prepared by dissolyi he. active copponent in

vt or 268 dinieety st s aSeehgrantsor hrdae &y TR Hingt b RHER; ckent ng
agent s gyAgiRRUScRYsPENsi ons can be prepared by 15 dispersing the finely

di vided active conponent in water with viscous material, such as natural or
synt hetic guns, resins, nethylcellul ose, sodium carboxynethyl cel | ul ose, and
ot hﬁ{) \m;lle|teth’ln'(1m§§ﬁ;lﬁipellt§déﬂf@:tia@ e]:ﬂlbﬁlét" 1 escddigpon ﬁﬂ?nsﬁefn etrﬁtg,mlﬂ Fepand td ﬂ@\zl&c]lcflat i on
may be formul ated for parentera inistration (e.qg., by injection, for
exanpl 8YBBIoR 9fihedissasn sn %Wﬂdlﬁﬂ onﬁe dove d@h&ﬁ)ﬁd@ﬁ@g faihepedigiddglent ed in
unit 20 dose formin anpoules, pre-filled syringes, small vol une infusion
or in nulti-dose containers with an added preservative. The conpositions
may take such fornms as suspensions, solutions, or enulsions in oily or
aqueous vehicles, for exanple solutions in aqueous pol yethyl ene glycol.
Exanpl es of oily or nonaqueous carriers, diluents, solvents or vehicles



pol yet hyl ene glycol, vegetable oils (e.g., olive oil), and injectable
organic esters (e.g., ethyl 25 oleate), and may contain fornul atory agents
such as pwe=erwispggs wetting, enul sifying or suspendi ng, PETAIPRO100588§1 and/ or
di spersing agents. Alternatively, the active ingredient nmay be in powder
form obtained by aseptic isolation of4sterile solid or by |yophilisation
fromsolution for constitution before use with a suitable vehicle, e.g.,
steri | eequihRgsiin bideparadudir.case. Thehdo@Qepalngs withit Welcatmseddpehdingnporon may

be formul ated for topical admnistration to the 30 epiderm s as ointnents,
cr eans "YPCrQsifegiars speh %ﬁsth%lsqvleaws%féh%ﬁnseq@aﬁ%he tregted, ﬁ@ﬂ@ A gcrgrldieglthay, for

Curt abre e B0 17080 e Ee R i pRERE AL R Bl

agent s folnobdf ahmsinivaytidearfdothoptcdtrenceniahd cgperiageeadfitbe oredohl pradiamacaindowed.l i n

0Ll 220, SORLLE 00, B0 BB ST 2L R SReRt s SR g, o>
agent s . it it @ty BB1dHE dppRipRiafcah nt@BitkalpyadmioRi 'u§&61§61hé%ibn' Rerh pnpf&vé}red

i nclude | 0zenges conprising active agents“in a flavored base, usual |
sucr osaladndosigads Eetweent a’oaga@éran@ abpu SO0 Imgdeg bsldypvfrlglntnglomwlere&md@el and

i ngr edi t e such as gel cer suc ose .and
ncact a. o st ke AShey BB NmR Bon o CLD Pod Mo HaREkE oy SHEHTRERE

|'i qui d 9@ I fofEdmihRkeaGONTROLTEIRg Pérsdh) ehddRE&NMan/ m@@hntfé%mw Re té ormipat ed
for administration as suppositories. A low nelting wax, such as a m xture

of ¥t thpyadheldeflydaspeciens hgradaneistgrasiastasingle dgsage or lﬂéiwlé@ri derdeaotyprallact i ve
corponghdet A ARAI R IRIRAZRRUANY. b XARL e B SHLAL el DLt o7
onbgeneous m X he our e (g canveni en wed to

cool , andlckothawtheiptiynuml Mewﬂmmuﬁd Iﬁ‘eﬁeaﬁegﬂ&ndlosagme liddr&Redriy srlnell
fornulated for vagi nal _adm ni stratiaon, Pessarjes, npons, Creans,

past es,NarerapRes Bptildpe apEmedeitsrtion e mdlwéﬁlm%lﬁn%rqaﬁ%eda&mw ofdinpy, bnne nt
such ¢ B dle) 6 of
he. pr osanfl Fis RN il B Bl Ryl AR AR R B ATERACE S
sol 18 i pessooa] knuselgs, cxpsriarce aaqbﬁieuhsztlaﬂ;uree@f this am)htchteomasaadcemtamat y by
convent onal f.or exanp with a dr ette ay The

For mul bR D SRl agR o e Oayre SRt BIBEnHS A by S sorst e
case ogn@ ghQqpper or pipette, this may be achieved by the patient
adnlnlsterlng an appropriate, predeterm ned 20 vol une of the solution or
suspension. In the case of a spray, this may be achi eved for exanpl e by
means of therapetiterallpgfaston anougt P4 eymying.of thengeeampomis, add dfionplesendr

i nvention may be fornul ated for aerosol_adm nistration, % rticularly to the
respi r ARWF gddirigral antivral aasniviinen AR Es IV edameducs theatiiabload pRachisteround

\(N' l)iO g%ﬂﬁﬁl‘%& ¥1repq¥ oﬁs%ﬁh&a@arlﬁée@ﬁﬁn bgtgrsffgf a ?ﬂ%@eg}?é eﬁjongé"gn g&gﬁén Rfthfi ve

m crons or Such a 25 artlc e size obtai néd by neans known
i n the vaat ],oadi orchebeabqilage it lmmtetdctn ilizet fitonsis Tdkevaaom inverumgraesinandscilsvepr ani ded

in a pressurjzed pack wth .ui t abl e ro el l ant such as a

chi or bFFUBHSEARSRO ety s e Sieceo RSPt PO Breerdsdo be

trichl Qrahh ey HEIN&RBinSof Q'n?a*ﬂlk&r@&e%ﬁl%ia!nﬂfért%"sﬂ@&@e (RETFRIRAR Abaxtde or
ot her suitabl'e gas. The aerosol may conveniently al so contain a surfactant

such adylseoiderdicinicthesseios dn sdme emgodizentef tloniny aitioadnisyfetiveetreatwent30 val ve.
Alternati.vely the activ ients be.pro d.ina formof a dry
poutor TegifEh s Sy e RSO R RS RSB W Sufbal o povder base

such as |actose, starch, starch
The modification of the present compounds to render them more soluble in water or other

vehicle, for example, may be easily accomplished by minor modifications (salt formulation,

esterification, etc.), which are well within the ordinary skill in the art. It is also well within the

ordinary skill of the art to modify the route of administration and dosage regimen of a particular
30 compound in order to manage the pharmacokinetics of the present compounds for maximum

beneficial effect in patients.



WO 2010/ 149598PCT/ EP2010/ 058681 -43- derivatives such as
hydr oxypr opyl met hyl cell ul ose and pol yvi nyl pyrrolidine (PVP). The powder
carrier wbl2ofoorps9a gel in the nasal cavity. The powder PCOMPo&oNSISA1 may be
presented in unit dose formfor exanple in capsules or cartridges of e.g.,
gelatin or blister packs from which thépowder may be adm ni stered by means
of an inhaler. 5 Wen desired, fornulations can be prepared with enteric
coat i nghedelikpliag ckanplsy Hhugirae thoprepantionddaso o gleglaselvadon of Ginifun@wahint he
active jngredient. For exanple, the conpounds of the present invention can
be f or kg o of heirvention r hegse sraraplpt wdapiepiations gl follouraje genyideddo These
del | verof 5y HlosURALLirAfY ARt AR AAMEHERA A% ELEASH BlostngAiBOUNd 15
necessary an en patient conpliance wth a treatnent reginen is crucial.
Conpourithey ishoutld aotsteberonsidertd asl Ghitirey the syegtecefsheainecrftioegbie mdrylyat baioped t o an
ski n- adhesi ve s%bjd support. The conpound of interest can al so be conbi ned
wit P a heHatysn ﬁp@ﬁﬂgﬁg@th689§. Azone (1-dodecyl azacycl ohept an- 2-one) .
Sust ai ned rel ease delivery systens are inserted subcutaneously into to the
fﬁbdernal Igyer bylsurgeryloglinjec &QQQkIpe subde[nal inplggts encapsul at e
e conpound in a lipid soluble nmenbfane, e.g., silicone rubber, or a
bi odegMa¢aihB-PpH-weneButykSg2-oxpattydhgdto-gyranidch- 1 -4H-Henyigiiey] f-phenyl)at i ons
along wit ph% maceytical carriers, diluents and excipients are described
in Rewmﬁﬁf@ﬁ@l%WQmﬁgﬂéﬂge and Practice of Pharmacy 1995, edited by E. W
Martin, Mack Publishing Conpany, 19th edition, Easton, Pennsylvania. A
skilled fornulation scientist may nodify t formul ations within the

t eachi ngs of the speci §jcali o_.tQ,provi de [numerous fornulations for a

particu Re of adm ratl on_wi t hout Sngenfite conpositions of

the 20 pr t ig%fgfion tabl e Qfpgonproni siQgltheir therapeutic

activity. The nodi |cationcﬂ%1the present conpounds to render them nore
e

solubl e in W€er or other v cle, for exanple, &My be easily acconplished
by m nor__nogj.f kcali ons (sak formul ation, esterh{ication, etc.), which are
vel | wi fhisnsghe —qud nary skill in the arfl. It is also well within the

ordi narytepki | | of the art to modPy " PHE&PPEt e of administration and dosage
regimen of a partjcular 25 conpound in order to manage the pharmacokinetics
of the present ¢ nds for_xsgxR'nmum beneficial effect in patients. The
tern1"therapeut]ca£l § anount” as used herein neans an anount
required to redu il e the disease in an individual. The dose w ||l
be adj ustet*0 the il i requi renents in each particular case. That
dosage c#p4ary withim wide linmts dependi ng upon 30 numerous factors such
as the severity of t h&Mi sease to be treated, the age and general health
WO 2010/ 149598PCT/ EP2010/ 058681 -44- condition of the patient, other

medi canent s mﬁﬁhﬁMEEEQS,QQ_Rﬁflent is being treated, the route and form of

adni ni strati onstgnelThe pref. s and experience of the nedica
practitioner invoIvedﬁJF r_ﬁﬁgﬂﬁgdninistration, a daily dosage of between

about 0.01 and about 1000 ny/ kg body wei ght per day shoul d be appropriate
in nonothera&y and/or in conbination therapy. A preferred 5 daily dosage is

bet {feertRbout 0¢.seluliRp 0ap¥ut’ g0l mymey by bicgritd throtle (rtcerr &d 0.1 and
about Ja%oéméﬂégmﬁ%ﬁﬁed"?b REa @fictidistt,-BLET €58 %, 14® ARG, 30PN soldidiBh kg body
wei ght per day. Thus, for "admnistration to a /0 kg person, the dosage
range \boxdnd) bied tho pate y2lloy sbution wvag spieed atay’8 “Thier tlail. yTolbsagbitivawasadded

adm ni a i ngl sage .or in divided. , ically between 1
ond 5 SR Berrehliiad iRy Ohor S aiistee M RPT Drnh) T afartFut
dosagesityhcdcokbiRéEedtRSE WAaPashfewaR bEHAY Mrla$ RS0, |, TBtcRAMRAYBRkentrated in
Thereafter, the dosage is increased by small increments until the optinmum
ef f BTt vhoro torélorhgiong d08to) ph2Pleptan gil.r eached. One of ordinary skill in
treating di seases described herein will be able, w thout undue
experinentation and in_reliance on personal knomﬂedggﬂggxpegience and t he

di scl osifPes— 8p aspiusionspi 2-caon (0-f 3 ladcemmeoliang Rk Fegleditr @y ryd Bpingergdye
amount \Afier AACRMBYAS R addift dRARIAMitrbEHEPLHRAPARL (48 @) VRN nfhAPARFRLS and

patient.
red solution was stirred at 0 °C for 10 min, then a solution 20b (3.9 g, 16.1 mmol) and THF was

added and the reaction stirred at RT for 72 h. The reaction was quenched with sat'd. aq. NH4Cl



I n enbodi nents of the invention, the active conpound or a salt can be
adm ni stered in conbination with another antiviral agent such as ribavirin,
a nucl eoswoeotddw9398l yner ase i nhi bi tor, anot her HCV non- ROTIEPRGI0MES6S1

pol ynerase inhibitor or HCV protease inhibitor. Wen the active conpound or
its derivative or salt are adm nistered’7in conbination wth another 20
antiviral agent the activity may be increased over the parent conpound.
When t g0 hilgalid®BiltihG sclod theite extrdchelreigty EtGAE TR nIbisdd @dtfaoly Wy whashed
concurrent. or sequential with respect to that of the nucl eoside

der i vatitherine: dpb¥ep). Bltrirhrad papppied. ddegsuls medust wap Rudfigdi 3iks

adm ni ' | te Baf tii 0

i ni ST B Gl S E AP P TR PR R BT,y o
si ngl e off @4 meih ytilon selaht ai ning two or nore 25 active ingredients or by
substantially simnultaneous adm nistration of two or nore dosage forns with
a single active agent. The term"treatnent"” of a HCV infection, as used

her & n ste@l3soTp acbluties of 24 at-frant.4 armeh enhPMSQ snddr Ay igiasedsesadded condi ti on

associ it h_ar. hof e i pkect i an hA ons

Fher o R b dinSBEAEHED ook KsPORERS Basrioth Sy E00% £3.4 7R

par ti cublgwarsel,3 Hiahindgsagde (@n4y ar y mmol Ni Thewriglevdsisealts askepend tod 500N
nunerous factors such as the severity of the di.sease to be treated, the age

and geraF@ighhedhe Arude RUriUTOMaDiPadadedifsstly enio, ancgtie Folhpdi dudalnied Wil whi ch
t he patg j i r o f Ri. 4 t he
br of oy AOALHeRo el Aol SHUBHOAL RE1 6L ERORB | A8y 0 DML BRI OR o 10
adm i sffoat 0.560 gaf 26i I'Soluimadeaofschat teespeaifiostiorOrets and6@ bt tmitdOofy/ kg

body { ght day.shoul d be appropriate in nonotherapy and/or in
conbinikggdwgﬁgyggy?ﬁA preferred daily dosage is between about 0.1 and
about 500 ng/ kg body weight, nore preferred 0.1 and about 100 ny/ kg body

wei ght n i.oht Thus,
For “acritst 1aeBhEPE 28 430 & GO uBR b Pl de Rt i A BB SR 070 0
to 0.7 gg0@8rmmhl) day therbaltiad doyutibasraed aarcflie fadhniraé ssledbmwadcsildigbR T
dosage or in divided dosages, typically between 1 and 5 dosages ?er day.
Gener alan§ conrceplptad it v4cgoi Ahe paide grafuehvanirificd byodQyelyompiaghirky €lutwgs t han

t he; pptipdh At RIPRY 3 teSe 41 16, o By
smatllsl0 itvéﬁlcr erre@ﬁ?/goggtli IP@%\/ﬁe opt'%%]:gﬁg%{ﬁ@g}m tész i ndi \g}(l? E‘Zﬁd lggt [ ﬁ?gl/g
reachedf28me of ordinary skill in treating diseases described herein wll
be abl e, w thout undue experinentation and in reliance on 15 personal

know edge, experience and the disclosures of this a to ascertain

| ication
a t her apeux + dalalsysnsnsiee of 38a AP urs: 0010 mmeDdp &ﬁoﬁﬁ%&%@ wascaddeNEREL (70
i nventi r. [ ise tient .. . i cal fagti
anount 59 48 sReRbUEr B AR Ep B BR e et B AR B SR ¥y Ploh MR
addi t i gomtioAmntak vodlad toaREMIS filtbed alroagioglats itdr apdrvad tiee Jotiduweshédwitii r al
| oad or_achieve a 20 sustained viral resPonse tQ therapy. Useful indicators

for2th QA& dbg filteaipaias ashed withybiinc Aried (MaaOy) filiered andiconsentipied mpgcuar e
not |i Qg tQolhy&F 280 3988 an B b@p in serumtransam nase |evels and
necroig%%gﬁ%%t8rf¥§cﬁgt§?§éf§a?%é%%?%%?P One comon exanple, which is
intended to be exenplary and not Iimting, of a marker is serum al ani ne

tranSUkﬂ@&E—TAhEbmﬁthBZSE(ﬂB&mgﬁﬁﬂl@Muﬁﬁﬁﬁﬁﬁkdi@tkﬂh@ﬁ&c&ﬁaﬂﬁﬂ)%Iﬂm§0nﬁ_
enbodi nents of the invention an effective treatnment 25 reglnen i's one which

r educegddedmyrigiied 51, 0E3gnmpk and Fssy! cbridgy ihe seaction wih alloyph toiveam ton of

t he pr n o] - l.e. i . O -

e e A S L T e
(sat3 fvartnaiDaM/60;108sbeM: McOal:NenOHegradient @8ite BOBBCMB kd afférdifidmg (M0%) of
ordinary skill in the art, It is also well within the ordinary skill of the
art to Inodfi § Splidherrotitsel-d¢ 7 Adfi w8 M Ebi 5458nd dosage reginen of a
particul ar 30 conpound in order to manage the pharmacoki netics of the
present conpounds for naxi mum beneficial effect in patients.



WO 2010/ 149598PCT/ EP2010/ 058681 -46- The followi ng exanples illustrate the
preparation and biol ogi cal eval uati on of conpounds wthin the scope of the
i nvent i orwORhegg9I®Ranpl es and preparati ons whi ch fol | owrPaT&PpI10MEsHET t O

enabl e those skilled in the art to nore clearly understand and to practice
the present invention. They shoul d not-4®e considered as linmting the scope

of the invention, but nerely as being 5 illustrative and representative
t her eof . Exarrple 1 N(4- { (E) 2 [E-xhﬁllpueﬁutyl 5 -(2-0 xo -tetrahydro
-pyrim - phen met han m

20a: NSRS %@@fpg&tygéﬁnet xo-Letig %ﬁﬁirPrIB’“&H wyi VB féf @bwlﬁ CMe,

28a: I:\yphe‘n;hpglethanesulfonarnlde (I1-2)

CHO Br CHO Br
—_— —_—
ol step 1 OR step3
CMe, CMe,
30 32a:R=H 34

step2 [0 35h R = Me

i’ 1D 6 Lo L0 o it

step7 o 15, pv = NHSO,Me

5 step 1 -To a solution 0of 30 (5.00 g, CASRN 24623-65-2) and DCM (20 mL) at 0° C was added
dropwise a solution of Br; (1.45 mL) in DCM (15 mL) over a period of 30 min. After the
addition was complete the reaction was stirred for 1 h then the organic volatiles were removed

under reduced pressure to afford 7.23 g of 32a as a light yellow solid.

step 2 - A mixture of 32a (3.83 g), Mel (2.32 mL) and K,COs (6.18 g ) in DMF (50 mL) was

10 heated at 50 °C for 1 h then cooled to RT and diluted with ether and water. The organic layer
was thrice washed with water then brine, dried (MgSQ,), filtered and concentrated to afford 3.99
g of 32b as a yellow solid.

step 3: Sodium hydride (0.10 g, 2.6 mmol, 60% dispersion) and 15-crown-5 (0.038 g, 0.17
mmol) were added to THF (5 mL) at 0°C and stirred for 5 min. To the reaction mixture was

15 then added dropwise over 5 min, a solution of diethyl (4-nitrobenzyl)phosphonate (0.52 g, 1.9
mmol) in THF (5 mL) and stirring was continued at 0 C for 5 min. To the reaction mixture was
then added dropwise over 10 min a solution of 32b (0.47 g, 1.7 mmol) in THF (10 mL). The
reaction mixture was stirred for 30 min at 0 °C then for 90 min at RT. Water was carefully
added, and the mixture was partitioned between water and EtOAc. The EtOAc layer was washed

20 sequentially with water and brine, dried (Na,S0Oys), filtered and concentrated. The crude residue



step 5, 28b: R'" =NH2 step 6 1_3,.. I-i: R = NHSO2Me 10 step 1 - To a
solution of 20a (3.9 g, 13.3 nmol ) and Et20 cooled to -78 C under an Ar

at nospherwowan/agkded sl oWy a solution of n-BuLi (5.8 neCTEPL2@00RER] 2.5 M
solution in hexane) and the pale yellow solution was stirred at -78 C for
1.5 h. To this solution was added DMF-#2 1 nlL, 26.6 mmol ). The reaction was
quenched with H20 (10 nL), thrice extracted with Et20 and conbi ned extracts
was washspuviitd bp SiMechréthatedrapMy Sdng whth! Btoretheamtt ©aiffoeh 6ategd49opolls4 vacuo
to afford 3,9 g 100 of 20b as an oil. step 2 - To a solution of

15-cr O\R/ﬁaS’e](l@VSOI#L 47 % Wot) and THF cooled to O C and nai ntai ned under an
Ar atnnsphere was added diethyl 4-nitrobenzyl-phosphate (4.8 g, 17 7 mol)

and the d qutlon rred at 0,.C f t hen . solu n 20b
0ot DSich 8 TR SO0 A BOD AL ] o nrn BinSPaal af ML viR & for 72
h. Thegp ha Mﬂﬁe %Qﬂzsvmhial)smm (034.g, Ny¥fadol), \WI (0.024 g, o 5 mmol)

2010/ 149 P201 058681 -47 (40 nmL) the resultlng sol uti on thrlce

ext riactf@épwdtbv Ef glamingrsorsmai? hédgek? miealy e walwiatsedlediant heptedhie, 158 Ced
e’} Si 02
e omarcyeiriah T o AR pTYARON AL Gl 0 SO BTSN Sl M ) Eft R,

affordcﬁw&(M@SZEP&MQ%n&#ma&ﬁaomethWESOK9M4)5 step 3 - To a solution of 24
(1.6 g, 4.4 mol) and DVBO under Ar in a vial was added sequentially
proline (0.092 g, 0.8 mml ), K3PO4 (1.6 g, 8 nmol ), Cul (0.075 g, 0.4 mmol)
f ol | owsttphy To th%dﬂﬁﬁagarhé o 40d g HFBernﬂd)ad caflhenydldalmldmles@all%cg, and
heated 0,150 .C ov . crude, m x aded directl|

502" od Dol bRERG fesdinecA R EPORL PSR B Bt Subuetoaetied 1 Ber

Et ORe tt&eh%%l@tmoaﬂd M&QQ&N%@H&&@%@M@ dm@n 4 BRO Mc/AExadbs (5% ution

A" as used in this specification refers to m xture of

DCM Me GRY/NIadl@970 Exie Bllowpd by ad M6 & H): Q@QM MG,@H@}\IH@)E%WQ(%WSWF was
added %ﬁ?gﬁﬁi?ﬁgh ﬂb%§5ﬁ59?%93910 g, 0.43 mmol) and the resulting solution
et l'ux for .

heat ed a he“sol uti on was cooled to RT and concentrated in
vacuo. The crude product was purified by Si02 chromatography eluting 15

Wth ag 5% Ja%uépe%%% VBSEA (Yo &g, 9T BALRRY) ik %@onéHz?ﬁ%’ BCMS a{dﬁedifoHCﬂ(lb%O mg

(10099 o - To a suspension of
Et OH/ HZIig)waé n@dd)@d/le-@QQ gy 0 Tilng ymizstee was)lnﬁamlvaﬂ e¢ﬂ1(X7f0r ﬂr@, The Zeaw:ttom )nvemnb t he

| lux far 1 h. T | ut to RT
bt IeeRtet io B R aEta ik Ehp G Blepbor LR R SRR ERES A e oA,
The fil&o airg, washcdasthasind(RM )i dieod (V1dses),), (AR and Joh&ér@ﬁafé@ iARGcuo. The

concentrated in vacuo to afford 110 ng of 28b (63% as an orange solid.
step 6 crude@redushvias penfiesk byBIR: clomategraghyzlutingoy ith distepwiisgedadiont ©&Noand

00l e 18I R, F65ed BUL LA 1804, {0 p Ry ST AN RN 1 RTS8 The

reacti on was and Stirrec i on’ was
concentof3d8kds amdill oaded unto a 5i 02 colum eluting 25 with a DCM 60: 10: 1
DCM MeOH: NHACH gradient (95 to 66% DCM to afford 54 ng (40% of 1-1 as a
solid: nmp = 235.0-237.0 C, nms (MtH) = 350.

20 step 7 — To a solution of 38b (0.180 g, 0.47 mmol) in DCM cooled to 0 °C was added pyridine

(0.1 mL, 1.47 mmol) and mesyl chloride (35 pL, 0.47 mmol) The solution was stirred for 1.5 h

than directly applied to a SiO, column (40 — 80 g) and cluted with a stepwise gradient (25%

EtOAc/hexane, 100% EtOAc and 100% "magic solvent"). The recovered material was

rechromatographed on SiO; and eluted with DCM/"60:10:1 DCM:MeOH:NH4OH " to afford 11
25  mg (5%) of I-2: MS (M+H)" = 458.



WO 2010/ 149598PCT/ EP2010/ 058681 -48- Exanple 2 N-(4- {
(E)-243-tert-Butyl-2-nmetho xy-5-(2-o0 xo -tetrahydro -pyrimdin-I-yl)-p

henyl ] -woybio/u9pkenyl ) - met hanesul f onam de (1-2) 30B2a/EPR16/05868t ep 2
32b: R= M 34 5 step 1 - To a solution of 30 (5.00 g, CASRN 24623-65-2)
and DCM (20 nL) at OC was added dropwi-§¢ a solution of Br2 (1.45 nL) in DCM
(15 nL) over a period of 30 min. After the addition was conplete the
reaction was stirred for 1 h then tERample®i c vol atiles were reaned under

reduce re for 7.23.9 of 32a as a.l]j el | ow_sol i d. p 2 -
At OB bt tﬂomﬁ {prggey oo b < bkepEh i
was 10an@ﬁ@gﬂﬁEaggkqlhg 1 h then cooled to RT and dlluted W t h ether and

wat er. The organic layer was thrice washed with water then brine, dried
(MgS™), filtered and concentrated to afford 3.99 g of 32b as a yell ow

solid. step 3: Sodium hydside (O0.c4 9. 2.8 , % di spersion) and
15-crown-5 (0.038 0.17 wer e_added’ t (5m) gt 0 Cand stirred
for 5 mn. To the reaction Wageplo th g drepw se over 5 mn, a

sol ution of diethyl (4-nitrobgrgyl)phosphonatgy\9.52 g, 1.9 mml) in THF (5
m.) and stirring was continued at 0 C for 5 mn. “To the reaction nixture
was then added dropw se o H0a: Ri-rH a solution‘pf 32b (0.47 g, 1.7 mol) in
THF (10 nl). The reaction Tetdr&-wWds stirred for 30 mn at 0 C then for 90
mn at RT. Water was carefull added, and the m xture was partitioned

bet ween wat er and EtOAc OAc Iayﬁ@q ashed 20 sequentially with
wat er and bri ne, 04), 'frfFEred concenrrafedP3The crude
resi due

48
46

Ar = 4-methanesulfonylamido-phenyl

5 step 1 —To a solution of 42b (0.981 g, 4.14 mmol, CASRN 107342-30-3) cooled to -78 °C was
added sodium methoxide (17 mL, 8.5 mmol, 0.5 M solution in NaOMe) followed by a solution
of diethyl (1-diazo-2-oxo-propyl)-phosphonate (10.105 g, 6.21 mmol) in MeOH (8 mL). The
solution was gradually warmed to RT and stirred overnight. The reaction was quenched with
satd. aq. NaHCOs then concentrated in vacuo. The residue was diluted with EtOAc, washed

10 sequentially with sat'd. aq. NaHCOs, water and brine. The combined extracts were dried
(Na;SQ,), filtered and concentrated in vacuo. The crude product was purified by SiO;
chromatography eluting with an EtOAc/hexane gradient (0 to 3% EtOAc) to afford 0.851 g
(88%) of 44 as a colorless oil.

step 2 — A solution 0of 44 (0.101 g, 0.433 mmol), N-(iodophenyl)-methansulfonamide (0.255 g,
15  0.859 mmol), PdCL,(PPhs), (15 mg, 0.021 mmol), Cul (0.010 g, 0.053 mmol), EtOH (3 mL) and

THF (3 mL) was stirred overnight at RT under an Ar atmosphere. The reaction was then heated

to 60 °C for 3 h. An additional aliquot of PAC1,(PPhs), (17 mg) was added and heating was

continued overnight. The crude reaction mixture was concentrated and the crude product was

purified by SiO, chromatography eluting with an EtOAc/hexane gradient (20 to 30% EtOAc) to
20 afford 47 mg of 46.

step 3 — A mixture of 46, Pd(OH), (116 mg), MeOH (5 mL) and EtOAc (5mL) was
hydrogenated in a Parr shaker at 45 psi. After 5 h the flask was evacuated and the catalyst



WO 2010/ 149598PCT/ EP2010/ 058681 -49- was purified by Si 02 chromatography
eluting with Et 0OAc/ hexane to afford 0.67 g (94% of 34 as a yellow solid
(0.67 g, WO/ 4 - To a solution of 34 (500 ng, 1reTmPeéip/oasedl DVSO
under Ar in a vial was added sequentially proline (0.030 g, 0.25 mmuol),
K3PO4 (0.54 g, 10 nmol), Cul (0.024 g,-50-5 mml) 5 foll owed by

1, 3-di am no-propane (0.140 g, 1.9 mol). The vial was seal ed and heated to
150 C oumbvdddit filtrhtien. cThtdﬁltm@(\waemm tbalkeeParumniandﬁbﬁﬂas(rﬁ@oﬁtd(om@md
with water and brine, dried and concentrated t mg of 36 (91%.

steps -2ddyl apddae hydrggemton 9011451@6@ f0r12 by (3Prist Hz)aﬁﬂl@mtﬂlx&ésvaa&lﬂ@fad &ad Bsny |

diim dg; ed at

et 1 ux For e et Ga ol he TS phr00 b} S50  ARnb AP RR MBS 2

puri fi édOBy/hSk@R grhdiomel O gy é@%gEt@lAu) foredfondl 8B nay &Ht48Ac/ hexanes (5% to 20% to
100% Et OAc fol |l owed by a DCM 60: 10: 1 DCM MeOH: NHAOH gradi ent (95 to 25%
DCM to afford 300 (739 of 38a. step 6 - To a suspension of 38a (300
my, 0. BEPro)sofutiontod Brqhigo (o) ispexenattde d TNHAGIL] veostirgyd akd @Y%mglptovﬁer
100 t re f r re 15
wms cogt e BRI T R IR OB Sl L s RSB L PO R k]

was di lsuluéion Wiab hedtb D AR (COforrt )h, m%@ﬁommtdatutmegacdom tolRT, cdﬁ¢e(ﬁda1(eﬂ/@804)
filtered and concentrated i n_vacuo. The crude roduct was purlfl ed by Si02

chr omatagifoapiydibfad Wity EipAe Ehesalwignswasynads asidic pathok X Aand dhceerganis 00,
Et OA 0
oit | . C Qse%g%%ép?ﬁgd ai\sIo utr’ on oy ﬁﬁg’%%eﬁtfg%a%%o%ﬂ%@%@ %%I\)?coo?:da? o]

0 Cl(]/vaspuaﬂekédn pyrdpaiatee SO0 ThC plate ddvetpel WwithnictOestylafford 89.P deg (33%)[oif ;3. 0. 47
mol ) The solution was stirred for 1.5 h than directly applied to a Si 02
colum (40 - 80 g) and eluted with a ste se gradi ent (25% Et OAc/ hexane,
100% Edtinyaspigparod 9salogayisty e§9¢memﬁt‘ep 0, 3’1@&01?%@@@@1( iseryienate Waarephgesd with 2-

;?? 2: S%E%Q(g-gﬁlﬁgl%?%@aﬂa@ % %Po ‘?&%&V}%&W R)/%Qt’l\;e% 1&) % Mtgdew_lg'}%d

2010/ 149808 PCTOBR2Q14Hc058681 -50- Exanple 3 N-(4- {243 -tert-Butyl-2-netho
Xy-5 -(2-0 xo0 -tetrahydro-pyrimdin-l-yl)-p henyl] -ethyl} -phenyl)-
met hanesul f onam de (1-3)

Example 4

15 N-(4-{(E)-2-[3-tert-Butyl-5-(4,4-dimethyl-2-oxo-tetrahydro-pyrimidin-1-yl)-2-methoxy-phenyl]-
vinyl}-phenyl)-methanesulfonamide (I-5)

Br % O R'HN AT

1-5
32hp —p
step 1 Me step4 OMe step7
CMe,
S0a: R =NO, 52a: R' =
tep 2
P2 Lo Sop: R =N step 5 Lo 5p: (CHZ)ZCMeZNHBoc

step 3 [ 50c: R = NHSO,Me 5P & Lo 5262 R =(CH,),OMe,NH,
Ar = 4-methansulfonylamido-phenyl
step 1 — Condensation of 32 b and diethyl (4-nitro-benzyl)-phosphonate was carried in accord

with the procedure in step 3 of example 1. The crude product was purified by SiO;
20 chromatography eluting with 5% EtOAc/hexane to afford 2.70 g (98%) of S50a.

step 2 — Reduction of 50 a was carried out in accord with the procedure in step 5 of example 1.

The crude product was used without further purification.



42a: R = H 11.42b: R = Me44 Ar = 4-met hanesul f onyl am do- phenyl 5 step 1
- To a solution of 42b (0.981 g, 4.14 mmol, CASRN 107342-30-3) cooled to
-78 C waswaddwd4s3di um net hoxi de (17 nlL, 8.5 nmol, 0.5 RCIaEPeai0ossesn NaOMe)
foll owed by a solution of diethyl (1-diazo-2-o0xo-propyl)-phosphonate
(10.105 g, 6.21 nmmol) in MeOH (8 mL). -F&e sol ution was gradually warnmed to
RT and stirred overnight. The reaction was quenched with satd. aq. NaHCC3

then corent Mat echvichidBeLEDD thhike sitdhamelcVsds iflidodtEdititlidprbtdihes desasteidn10
sequent i aIIy with sat'd. aq. NaHCO3, water and brine. The conbi ned extracts
wer e drSFe@dS‘(I‘@éQ@dﬁl,- filtered and concentrated in vacuo. The crude product
was purified by Si02 chromatography eluting with an Et 0Ac/ hexane gr adi ent

0 to 3% Et OA fford, 0. 8% 44 | | t -
W sob uskbi oft ek oS ebSefs NaRahs Prade 2R pisal BrieflsSheniebers am do
(() 00325 3972|4§r§m@t18§c925dﬁ3€%|8)10 R%C@a(lg’lfi’ﬁﬁa Elmmmzﬁ @2)133@1}%))1) mtwwo g,

nmo

mg ) was stirred overni ght RT under
o A ADAEEEHGPS M dedbinord with vEmEAHagy el 1 BolgonCE2 R v added and
ddi t B d ti

cont i nonaresaPe bt trER s IC el The MRuaP AR ARALRE s igurt

crude m)lftl?d}(dba)y\/@)ﬂ gl bihd BINJ&P (&m&gp%mm{tie@ar&pﬂmat@ll whtlm@dmvbhu@m The
Et 0Ac/ hexane gradient (20 to 30% EtO ch 0 20.affo of 46. step 3 -
A ni xt tsastign npgurepypscrgpeied anddiliegnd thipsgh GE-IRE) aa%&leéilmt@ C(’B‘P@)”Wﬁs The

hyd o, 2B I ted
ondl ¢ RSN fRn OANELAL IR ERS 1) NIRRT e AREg WRPEVacUat €
fi |10 atreawnon Thetufd Wiy @iredwersrnigtt ut R&€d Ttho ctude pRaduct wasnipaddidtbydhieh 75 ng of
Pd 2. was add nd the h ation contipued f 50 i, . The
cat al ySbTEEP DG 68 b SR Prre B 6 Ratieh FARAch e TER U
purifi %‘{lnm!d %&%&?BQE&%R@F&H%&&%&M& dNaté‘iO%oﬁhﬁﬁ%lﬁ‘%@B%&r adient (10

to 50% EtO0Ac) to a
EtOAc/hexane gradient (10, 25 and 40% EtOAc) to afford 695 mg of 52a as an orange oil.

step 5 — To a solution of 52a (0.311 mg, 0.832 mmol), fert-butyl (1,1-dimethyl-3-

15 oxopropyl)carbamate (0.205 g, 1.020 mmol, CASRN 181646-38-8) and DCE (10 mL) was
added HOACc (3 drops) and the resulting solution stirred at RT for 75 min. To the resulting
solution was added NaBH(OACc); (0.352 g 1.661 mmol) and the solution stirred overnight at RT.
The reaction was quenched with sat'd. aq. NaHCOs and stirred for 1 h. The organic phase was
separated, dried (Na;SQs), filtered and evaporated. The crude product was purified by SiO;

20 chromatography eluting with an EtOAc/hexane gradient (10 to 25% EtOAc) to afford 0.253 g
(54%) of 52b.

step 6 — To a solution of 52b (0.085 g, 0.152 mmol) and DCM (5 mL) cooled to 0 °C was added
TFA (60 pL) and the reaction stored in a freezer for 72 h. The reaction mixture, which had
proceeded to ca. 30% conversion was warmed to RT and an additional TFA (120 pL) added and
25  stirring continued for 24 h. Finally an additional 20 pL of TFA was added and stirred for an
additional 1 h. The reaction mixture was diluted with DCM and washed with sat'd. aq. NaHCOs,
dried (Na,S0Oy), filtered and evaporated to afford 66 mg (95%) of 52¢ which was used without

additional purification.

step 7 — A solution of 52¢ (66 mg, 0.144 mmol), CDI (0.107 g, 0.660 mmol) and THF (10 mL)

30 was heated overnight at reflux. The solution was cooled, concentrated and diluted with EtOAc.



5 step 4 - A solution of 3-chloro-propyl isocyanate in THF (4 nL) was
stirred at RT overnight. To the resulting solution was added EtOH (3 ni),
H20 (3 mwoand/He#948( 135 ngy) and the resulting solution wra3/Hre@boes8cat 80 C
for 5 h. The reaction m xture was cooled to RT, concentrated in vacuo and
diluted with Et0Ac. The solution was mad#e acidic with 1 N HC1 and the
organi ¢ phase renoved, dried (Na2SO4), filtered and concentrated in vacuo.
The cr ude spruoidh Glas Wafse mslimdr\m&li Hglooaneai (Na%raf)aﬁlieted S apbiatdal athe cageel oped
with EtOAc to afford 39.9 s prepar ed anal ogousl

of wa y
except Predust wps purifgedgy aopr@p%%wil% éré@yhlﬁ@tdéveiaeedr wih acle‘ér%q/liﬁxzne and the
chl oro- f isve Si 02 TLC
L S S M A IS L S L Lt o
[3-tert-Butyl-5 -(4,4-dinethyl-2-0 xo -tetrahydro -pyrimdin-I-yl)-2-netho
Xy-p henyl] - vinyl}- phenyl) nethangguh,qhgnide (1-5) step 2 step 350a: R
=NO2_ 50b: = NH21-0". =(CH 2NHBoc 50c: R = NHSO2Me step 6 E.
52¢:5 RN- Qt @.&; St ByNgS- @t@ﬁlogoﬁtragzgm mrinidig- Jyy[)=2-methoxy-phenyl]-ethyl} -
4- et h tep 1 - Condensation of 32 b and di et hyl
(4-nit§ﬁ§%%%§% aﬁ&%OS ﬁ%ﬁ%XL s carried in accord with the procedure in
step 3 of exanple 1. The crude product was purified by Si 02 20
chromat ography el uting 8 5@6Et0Ac/hexane fford 2.70 g (98% of 50a.
step 2 - Reduction ot}é%%é was carried out ‘T%ccord Wit h the procedure in
s LAQuUiArf ur t her
[gg step 3 - The conversion

step 5 of exanple é paduct was
purifi ciat i er—=wng® &10/ 149F08CT/ EP264+6+-858
of 50b to #fR! sul fonani de aMaccof®3wi t I t heyprooedur e described in
step 6 of exanple 1. step 4cmk§ flask was chargedme, th 50c (1.00 g, 2.283

mol ), benzophenone inigﬁgégmﬁaﬁqg, 3.724 mmo) 1, 1l8d2(dba)3 (108 ng, 0.118
mmol ), BINAP (0.211 P ABOL D, NaG-4 éthanBiuilfbny((GhidbGheg1 5. 057 nmmol ) and
degassed with vacuum Ar cycles. Toluene (20 nL) was added and the resulting
solution heated at 80 C overnight The reaction was cool ed and additi onal

al i quots of Pd2§dba) g ) and BI NAP (140 ng) were added and heat ed
cont i nstR lovarseiugien of #8£0.1@ ei(?%%mm@ﬂm@qﬂ@wdwye@atempmatee(ﬂ@mﬂﬂ%gh

CELI TE ha S n MeOH
(20 oy HRACesISs e b S R M S i BT s Rl IRE Bt e v
stirg edom&aieg hhd plirifidd by, Sﬁ)zcﬁhttdﬂat@gt@ﬁhgcéluﬂ\@@wﬂh &h Et@AC/thyxacﬂe%Zadlent to
chronat%% 8 g eluting with an Et 0Ac/ hexane gradient (50 to 75% Et OAc) and
the parfios V-{8Da(9+0bef ¥4az6128HS pool ed and rechr omat ogr aphed on a Si 02
colum with a stepw se

step 2 — To a solution of 54a (0.112 g, 0.216 mmol) in THF (5 mL) and H,O (5 mL) was added
powdered KOH (0.121 g) and the resulting solution stirred for 2 h at RT. The reaction mixture
was concentrated and partitioned between EtOAc and HCIL. The organic phase was dried

15 (NaySOy), filtered and concentrated to afford 0.80 g (75%) of 54b as a tan solid.

step 3 — A solution of 54b (80 mg, 0.163 mmol), con HC1 (1.5 mL) and toluene (15 mL) was
heated overnight at 120 °C in a flask fitted with a Dean-Stark trap. The reaction was cooled to

RT, concentrated and the crude product was purified on a preparative TLC plate developed with

2:1 EtOAc/hexane to afford 11.7 mg of I-6.



Et OAc/ hexane gradient (10, 25 and 40% EtO0Ac) to afford 695 ng of 52a as an
orange oil. step 5 - To a solution of 52a (0.311 ng, 0.832 nmol),
tert - but yWo(Qa10lMei9set hy1- 3- 15 oxopropyl ) carbamate (0. 206TEP201002£8n10I |
CASRN 181646-38-8) and DCE (10 nL) was added HOAc (3 drops) and the
resulting solution stirred at RT for #54mn. To the resulting solution was
added NaBH(OAc)3 (0.352 g 1.661 mmol ) and the solution stirred overni ght at
RT. The reaction was quenched with mhh?leaq. NaHCO3 and stirred for 1 h.

1

The or I ase was separated, . drie 2504), filtered and evapor at ed.
The cr 3324-33-@ Wf-%ﬁép@r?@mﬂwa@ @Nﬂtﬁ'r‘%‘%%ﬁ?’ﬁ’gﬁ’@b‘ﬁ -eéhyai-i)ﬁaw&h h an
Et OAc/ hexRiRsdfRdhEM (1730 to 25% Et OAc) to afford 0.253 g (54% of 52b.
step 6 - To a solution 6f 52b (0.085 g, 0.152 mMmmol) and DCM (5 nlL) cool ed
to 0 C was added TFA (60 nL) and the reaction stored in a freezer for 72 h.

The reaction mxture, which had,proceeded to ca. IB0% conversion was war ned
to RT and an additional TFA (20 nL) added and ~ftirring continued for 24

h. Finally an additi onalEtQ@ HEN, Aras addedyaN i rfor an
additional 1 h4The—remction m e was drtu®edpw t and washed with
sat' d. ag. NaHCOB, SRl ed (Na2SONY” Yot er &8P And evapoYateme o afford 66 ny

(959 of 52c which was used w t haMe,addi tional purifi cat,on. W
2010/ 149598PCT/ EP2010/ 058681 -53-56The sol uti on was twiee washed with H20,

dried (Na2SO4), filtered and evapor at ed. e ; rified on
o oo ve) 510 o onea i AR AR P g 1

a preparative Si02 TLC plate devel oped wt exan d the crude

S e GoReRg R of 434nd Py iR R STk ARRR AT P! 20 s

- pyr i mcgirfedlouy &) acRordBiOst¥y 1 Rf Bamyile 5- et hyl } - phenyl) - met hanesul f onani de
(1-6) HH ri NTO 1IN O RO2C. 0.1 HNArcN step 30 OveOw

step 2 — To a solution of 56 in THF (15 mL) cooled to 0 °C was added NaH (45 mg). The
reaction was stirred for 1 h. The reaction appeared about 50% complete. The reaction was
warmed to RT and stirred for 3 h. An additional aliquot of NaH (35 mg) was added and stirring
10 continued overnight. The reaction mixture was quenched with 1IN HCI (4 mL) and diluted with
EtOAc. The EtOAc solution was washed with brine, dried (Na,SO,), filtered and evaporated.
The crude product was purified on a preparative Si0, TLC plate developed with 2:1
EtOAc/hexane, then dried and rerun with 4:1 EtOAc/hexane. The less polar band was eluted and
rechromatographed on a plate with 1:1 EtOAc/hexane to afford 18.7 mg (15%) of I-7 as an off
15  white solid.

I-25 was prepared analogously except in step 1, ethyl 4 isocyanatoacetate was replaced with

ethyl 2-isocyanato-propanoate (CASRN 13794-28-0).

Example 7
N-(4-{(E)-2-[3-tert-Butyl-2-methoxy-5-(2-oxo0-piperidin-1-yl)-phenyl]-vinyl } -phenyl)-
20 methanesulfonamide (I-8)

O
R Ar QI-\INK AT
—_— \q\/ —_— 8

OMe step 2 Br OMe step3

CMe, CMe,

step 1
50c: R=Br 60

; 58: R = NH, Ar = 4-methanesulfonylamido-phenyl



Cve, CMe, step 254a: R = Et1-6 54b: R = HAr = 4-net hanesul f onyl am do- phenyl
step 1 - Asolution of 48 (0.100 g, 0.266 mpl) and et hyl

3- i socyamsbaproopesseat e (40 [iL, 0.304 mmol, CASRN 5100- B¢TEP2010/038dB1 (5 nl)
was stirred overnight. The reaction mxture was 10 concentrated and
purified by Si02 chromatography eluting>wi th an Et OAc/ hexane gradient to
afford 0.085 g (63% of 54a as a solid. step 2 - To a solution of 54a

(0. 112 sgpp 10- 2hGnatiznl of 508 Widkcatrfeddu) waththehiZéphehorElipninesndaett) @iba pandesoed] KOH
(0.121 g) and the resulting saolution stirred for 2 h at RT. The reaction

mi xt ur Vifeder b AE SIS &0 d8rtitioned between Et 0Ac and HCl. The organic
phase was dried 15 (Na2SO4), filtered and concentrated to afford 0.80 g

ol ), Segrt P e bSReT S ob 0D pagviEE A a0 SR i Vo

in a flaagdd 4-bidslbudyi cRloba ot ar, k. 3manmoHhad tiRaehdtRn MREre /@b sekrdPRT,
concentrated and the crude product was purified on a preparative TLC plate

devel opedhwiWaterovas agdopgdbg arganichase ssperatietl apd pypslagd witlg sat'dyyg. NaHCO; and

2010 I AL ERRO BTl AR g P (2

met hanesgidonatisde (1-7) HN Si...-N O OMe step 20ve CMe3CMe3 561- 7

step 3 — To a solution of 60 (0.176 g, 0.328 mmol) and DMF (10 mL) cooled to 0 °C was added
NaH (56 mg, 60% mineral oil dispersion) and the solution was warmed to RT and stirred

10  overnight. LCMS indicated there was partial conversion to product. An additional aliquot of
NaH (46 mg) was added and stirring continued. The reaction was quenched with H,O and
extracted with EtOAc. The organic phase was washed with 1N HCI then twice with brine. The
extract was dried (Na,;SOy), filtered and concentrated in vacuo to afford 136 mg of crude
product. The crude product was purified on a preparative SiO, TLC plate developed with 2:1

15 EtOAc/hexane to afford 19.5 mg of I-8 as a white solid.

N-(4-{(E)-2-[3-tert-Butyl-2-methoxy-5-(2-oxo-pyrrolidin-1-yl)-phenyl]- vinyl}-phenyl)-
methanesulfonamide can be prepared analogously except in step 2, 4-bromo-butyryl chloride is

replaced with 3-bromo-propionyl chloride.

Example 8
20  N-(4-{(E)-2-[3-tert-Butyl-2-methoxy-5-(2-ox0-2H-pyridin-1-yl)-phenyl]-vinyl} -phenyl)-

methanesulfonamide (1-9)

O
d
ey
X N AT
62
50¢ ——p

M
step 1 OMe

CMe,
Ar = 4-methanesulfonylamido-phenyl 1-9
A vial was charged with 50¢ (250 mg, 0.576 mmol), 1H-pyridin-2-one (82 mg, 0.863 mmol),
Cul (0.11 mg), K,COs (236 mg), 4,7-dimethoxy-[1,10]phenanthroline (21 mg, CASRN 92149-
25 07-0) and DMSO (2 mL), sealed and irradiated in a microwave synthesizer to 150 °C for 5 h.

The reaction was cooled to RT and partitioned between EtOAc and H,O. The organic phase was



Ar = 4-nmet hanesul f onyl am do- phenyl 5 step 1 - Condensation of 48 and et hyl
4 isocyanat oacetate (CASRN 2949-22-6) to afford 56 was carried out in
accord wiwb 2etoegosof exanple 5. step 2 - To a sol uti onPofi/EPG010/05SHRIE ( 15
m.) cooled to 0O C was added NaH (45 ng). The reaction was stirred for 1 h.
The reacti on appeared about 50% conpl eb&. The reaction was warned to RT and
stirred for 3 h. An additional aliquot of NaH (35 ng) was added and

sti rri Repakited,aitict MMESOQ), &ittateghind cdh@ntre@dlih oid1 Thyktidetodidenedipeifdtyy 1IN
HC1 (4 nl) and diluted with EtOAc. The Et OAc sol uti on was washed with

bri ne, P gHoREeEEOlY cluting mdthern oM diexpby aipdignt tordfosd 9d88|8r0661?ct Was

purified on a preparative Si02 TLC plate devel oped with 2:1 Et0Ac/ hexane,
th dr, d. th4 Et OAc/ h The | I b | ut ed
bnd' edtEoREN R Sireerbicd Had oA A e i 8% %50&10?539%%2 7y
(159 Qmeandiﬁl Iﬁfbrﬂ{efsmlﬁlw@ ﬂ@o@i('lﬂ)pﬁrd%ﬁe)‘"@-‘-lIEB@Pﬁfﬁﬁdﬁiﬁdﬁgg%Sm except

in step 1, eth i socyanat oacet ate was repl ace

2- si)cﬁ@ﬂé@cﬁ)pflééﬁ{éblﬂ@y(lmmq@z%@wz@ﬁéjﬂ @x&&%l(%(lﬂ)pyrldamneme QAR - 2-
[3-terts %% 2-metho xy-5 -(2-0 xo-pip eridin-1-yl)-p henyl] -vinyl} -p
heny1) - hanesul fonam de (1-8) step 1 50c: R = Br60 1. 58: R = NH2Ar =
4- met hanesul f onyl am do- phenyl WO 2010/ 149598PCT/ EP2010/ 058681 -55- step 1
- Amination of 50c was carried out hewzophenone im ne and Pd2(dba)3 in
accord with step 4 of exanﬁle 4 to affOth 58. step 2 - To a solution of 58
(0.127 %r{(@ Z%Eﬂ)taffﬁﬁu‘t)yl 2] ‘QPBG5-KZ-D)(OdH:IPWdoYiD@EGID@]-Wnyi}vxfas added

4- br onp- Ior 100 { | ) and the reaction m xture was
stirred I%gﬁ}?ngp ?/\g %Zgolcma/acé ad é’gesgng(lmgg or gani ¢ phase separated and
washed vvlth sat'd. aq. NaHCO3 and brine. The organic phase was dried
(Na2SO™4), filtered and concentrated in vacuo to=a{fRrd 178 ng (96% of 60.
step 3 - To a solution of 60 176 g, 0.328\ ) and DVF (10 nL) cool ed
to 0 C was added I\BE{_‘SG 0 i Qer' di Spersion) and the sol ution
was warnmed to RT an | 10 qupnni gn GV tOR caped there was parti al
conversion to product. tional alid of NaH (46 ng) was added and
stirring continued. The reactll on was quenc Jed with H20 and extracted with
Et 0OAc. The organi c phase was wash d&gﬁwm@;m@mgw ce with brine. The

extract was dried (Na2S®™4), filte chiomcent.rated i n vacuo to afford
136 ng of crude product. The crud¥e Glic: \gagwpﬁugnqed on a preparative
Si 0120 TLC pl ate devel oped with 2: 1Step4 o 61a: R=Me, R' = NHSO,Me

step 1 — A solution of 32b (4.17 g, 15.39 mmol), 63 (2.00 g, 10.26 mmol), DBU (3.1 mL, 20.73

mmol) and DMSO (10 mL) was stirred overnight at RT then heated to 50 °C for 1 h. To the

solution was added IN NaOH and the resulting solid filtered. The filtrate was acidified with 6N

HCl extracted with EtOAc and the combined extracts dried (Na,SQOy), filtered and evaporated to
15 afford 2.51 gof 64a.

step 2 — A solution of 64a (2.00 g, 4.608 mmol) iodomethane (1.05 mL, 16.87 mmol), K,COs
(1.92 g, 13.89 mmol) and DMF (10 mL) was stirred overnight at RT. The resulting solution was
filtered and the filtrate was diluted with EtOAc and washed sequentially with 1IN HCI, H,O and

brine. The organic phase was dried (Na,SQOy), filtered and concentrated in vacuo to afford 1.94 g
20 (94%) of 64b.

step 3 — To a solution of 64b (1.42 g, 3.18 mmol) in DMF (10 mL) and EtOAc (10 mL) was
added SnCl; (2.87 g, 12.72 mmol) and the resulting solution stirred at RT overnight. The
reaction mixture was cooled to 0 °C and quenched by slow addition of aq. NaHCO; (4 mL). The



15 Et OAc/ hexane to afford 19.5 ng of -8 as a white solid. N-(4- { (E)-2-
[3-tert-Butyl-2-nmetho xy-5 -(2-0 xo -pyrro lidin-1-y1l)-p henyl] - vinyl}

- phenyl) -woebtvaremal f onam de can be prepared anal ogous| PCeFPeMb/05888Et ep 2,
4-brono-butyryl chloride is replaced with 3-brono-propionyl chloride.
Exanple 8 20 N-(4- { (E)-243-tert-Butyl?2-netho xy-5-(2-0 xo
-2Hpyridin-1-y1l)-p henyl] -vinyl} -phenyl)- nethanesul fonam de (1-9) A

vi al  wassutthgyr @sgtnvioh Rvas GittefedSOrogh aPad 66 CEMUTY and thedittiatdidilntd evith Kt83Ad)D,
0.863 nmml), Cul (0.11 ng), K2CA3 (236 ng), ,

4, 7- di igsox3shed 1@]%@?%@&\1@13% filteredhgd congmatrateshin gacirs He-qgydegiadysiso

(2 m), : h T ' ' M Gr: ' h.
TR A e S S S

or gani ¢o pfiasieB43asg (6AH)20HAL 14 9 FOBRCTdaP2010/ 058681 -56- separated, dried
(MS™), filtered and concentrated in vacuo. The crude product was purified
by Si 02 chronmat ography eluting with an Et OAc/ hexane gradient to afford

0. 128 g¢tenf4 1 Toe neHunesilfoapinidg wasmecnsresiat eenrtment|od @de siith rassybghtloride in

2- hydr - QY.L d [ C i r 1S d:~10

(511 uar Bty hO RSt GPAT Y Sanbgle 1 HIECHAL st SR ETRIBRG S9073) | 1.1
(4( 3H) chyomhdtd ghptondutGASRIth 4 30A2heine ghadiént((2¢ 1) VY Bt0AZ) oQifdrd CHERN
6270-63:9) Exanple 9 2- { (E)-2- [3 -tert-Butyl-2-nmetho xy-5 -(2-0

x0- 2H pYY42) 9949y 1) - phenyl ] -vinyl} -5 - nethanesul f onyl am no- benzoi ¢ aci d
met hyl ester (1-15) 10 step 264a: R=H R = N2 63 step 364b: R= M, R

= N2 Ss‘EeepF)S 4 ?ﬂg i)alﬁldi:uml\{%éta{?zed: col\llllg%mg 401964(5‘[:0 al}%rd lil_lg ié\l cHaSrrolg%ut in accord with the

10 procedure in example 8 except 62 was replaced with 1H-pyrazin-2-one.

A mixture I-15 (0.28 mmol) and 1N aq. LiOH (1.5 mL) in THF (2 mL), MeOH (2 mL) and H,O
(2 mL) is heated at 70 °C for 5 h. The reaction mixture is cooled to RT and the organic volatiles
are removed in vacuo. The aqueous layer is cooled to 0 °C and acidified with 1 N aq. HCI to ca.
pH 6.5 and the resulting white precipitate is collected by suction filtration and dried to afford I-

15 16 as a white solid. The filtrate is further extracted with EtOAc. The organic layer is washed
with H,O, brine, dried (MgSO,), filtered and concentrated to afford additional 1-16.

Example 10
N N-(4-{(E)-2-[3-tert-Butyl-2-methoxy-5-(2-0x0-2H-pyrazin-1-yl)-phenyl]-vinyl} -3-
hydroxymethyl-phenyl)-methanesulfonamide (I-17)

20 66

step 1 - To a solution of 64d (0.500 g, 1.00 mmol) in THF (10 mL) cooled to 0 °C was added
LiBH;4 (70 mg) and the resulting solution allowed to stir at RT overnight. The reaction still
contained 64d and an addition aliquot of LiBH,4 (60 mg) was added and stirring continued
overnight. A third aliquot of LiBH4 was added and the reaction heated to 50 °C for 2 h. The
25  reaction was cooled to 0 °C and quenched with sat'd. aq. NaHCO; and extracted with EtOAc.



step 1 - A solution of 32b (4.17 g, 15.39 mmol), 63 (2.00 g, 10.26 nmol),
DBU (3.1 nmL, 20.73 mmol) and DVSO (10 nL) was stirred overnight at RT then
heat ed t owbQo@/f403981 h. To the sol ution was added 1N Na@darawrdomwiossesesul ti ng
solid filtered. The filtrate was acidified with 6N HClL extracted with EtO0Ac
and the conbined extracts dried (Na2S®3§- filtered and evaporated to 15
afford 2.51 g of 64a. step 2 - A solution of 64a (2.00 g, 4.608 mmol)
i odometTherembinc@exirhats ilv@re&ﬁleﬂT(Nh)SOJﬁZQ@ec( dnd%Raporated, 8%e I&m@lle)pr@diﬂtw (10
was stirred. overnight at The resulting solution was |tered a

mL

th)e fi IPuFifed Még)mmw@agwbheletlowﬁaﬁa EiRdysauxanscrradient{20 yo aﬁ)%rEt@ﬁcH@l
d
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sol ut i duydwikytthy(- ﬂ!hdt@l}gmeﬂlaﬂl&uﬁfnmmldm@@l\ﬂ: (10 nL) and Et OAc (10 nL) was
added SnCl2 (2.87 g, 12.72 mmol) and the resulting solution stirred at RT
overnight. The reaction m xture was cooled to 0 C and quenched by sl ow

addi¥ i 6tenck — Zhe paliedions cgtalyaed coupliag WHHG afford Qflgapcﬂrrlabsz@tllg/ag@gé sth thg -
| t | TE and the filtrat
Tt ed e HRE BRANe KR cor e SR B P S Ros0n - 11 tered and

concentrated in vacuo. The crude product was purified by Si02

chromat ography eluting with a Et OAcEgﬁﬁﬁggqlgradi ent (10 to 20% Et OAc) to
afford 843 (64% of 64c as a yellowToam 5 step 4 - The

met hané$@-f %ﬂ@mﬁ@%?%ﬁm@ 2-predHnpyrezipl BG)chWYﬂ]thh@lésﬂ chloride in
accord wi.th th in.s 6. of nple 1. The crude product was
purifi enéet Oxygl %?Rc? nj; ethrag% rlfegmdergl %fth a Et OAc/ hexane gradient (10 to
30% Et OAc) to afford 697 ny (704% of 64d step 5 - The

pal I adi um cat al yzed coupling Ad,to afford [-15 af'i ed out in accord
with the 10 procedulg.e in e>@ TN i
1H-pyra2|n20ne A e 7. Li OH 15n1_)in
THF (2 ), a2 it L—IZ@H(ZQRmrs Q! at ci)ofief oy 5 h'*The
reaction mxture is cogQ 1&\ 0 RT and tlr)1e orngM\?oI at’i | es are removed in
vacuo. The aqueous Iaye(frspllz %ool ed to 0 C antt™&cidified with 1 N aq. HClto
ca. pH 6.5 and thg2 ifhghwhite prggi t7@éa:R&=8ol | ect ed by suction
filfgation and dri e'(;'e;uwéf?‘ow |- 15 1é4g;:7miRt@M§ol id. The filtrate is
further extracted with Et0Ac. The organic |layer is washed wth H20, brine,
dried (MpIHATo afsblution edesnd .£log e matod)chnd ol Fif {4y €L ackstléd wrRIC dadeddeExanpl e

10 N N-( 243 -tert-Butyl-2-netho xy-5 -(2-0 xo -2H pyrazin-l-yl)-p
henyl] LlBHm% ?36@94 Wﬁﬁiég%msu]ﬁlﬂéﬁ?ﬂﬂ}lo?r@@ﬁé‘ﬁ& PoHaATdBRIEN] at 1A p step

1- é@aé:ﬁgh Wik@R: 9hs &%d(8-0°€ 0 qu%n&lgd mhéhng @at-'la_"éq (I‘lﬁ ALTHE 81BN WA 0 C

was ad
extracted with EtOAc and the combined extracts washed with brine, dried (Na,SO.), filtered and

15 concentrated in vacuo to afford 0.96 g (72%) of 68a as a yellow solid.

step 2 — To a solution of 68a (1.344 g, 3.2 mmol) and DMF (15 mL) cooled to 0 °C was added

NaH (0.276 g, 60% mineral oil dispersion). The solution was stirred for 20 min and

iodomethane was added (500 pL, 8.03 mmol). The solution was stirred at RT for 2.25 h then

recooled to 0 °C and quenched with brine. The resulting solution was extracted with EtOAc and
20 the combined extracts twice washed with brine, dried (Na,SO,), filtered and concentrated in

vacuo to afford 1.47 g of 68b as a yellow oil which did not require further purification.

step 3 — To a solution of 68b (1.389 g, 3.20 mmol) in EtOAc (20 mL) and DMF (20mL) was

added SnCl;-2H,0 (2.91 g) and the resulting solution was stirred at RT overnight. The solution

was cooled to 0 °C and the reaction quenched with sat'd. aq. NaHCOs. The resulting suspension



LiBH4 (70 ng) and the resulting solution allowed to stir at RT overnight.
The reaction still contained 64d and an addition aliquot of LiBH4 (60 ng)
was addedwerrdist4p39si ng conti nued overnight. A third ali quotEPodiolosdsbit was
added and the reaction heated to 50 Cfor 2 h. The 25 reacti on was cool ed
to 0 C and quenched with sat'd. ag. NaP&O3 and extracted with Et0Ac. WO
2010/ 149598PCT/ EP2010/ 058681 -58- The conbi ned extracts were dried

( Na2SO4yas fflictddehengh CE18VBRMmdttRefiltrbhetheice dasted adtichrinvadrigN, 8 e, AjterSi 02

chromat ography eluting with _an EtOAc/ hexane gradjent (20 to 50% Et OAc) to
afford agg j;orllﬁﬁn‘ggtemzn vdacuo to afford 1.6 of 70a containing small amounts of DM

{4-](E)-2-(5-brono-3-tert-butyl-2-nmethoxy-phenyl)-vinyl]-3- hydro

t hy t h d te
Ea{'?ad.%%fae”y s R A7 TR SulspRaRus S0k RAY pared $5Pnaciond Mt ghe procpdigccor o
tht el .
\iml—l- pyr g?lsdgfb?ongéﬁgogﬁﬁ%ﬂﬁge@ ? ?ié‘wjf%t)%zw[@%‘fp?g? ? @E?R g,uléﬁbr%tlﬁgs )C(i,med

- (2-2 oot Inyqceydrvairt the preceyluss in éqqa)mgle 8\eregnt 2 v@s replaced with 1H-pyrazin-2-one.

met hoxynet hyl - pheny1l) - net hanesul f onam de (1-14) step 1 - To a solution
of 64a (1.41 g, 3.15 mmol) and THF é40 m_) cooled to 0 C was added Li BH4
(0.206 g, 9.46 mmol) and the resul tFYMREildti on was allowed to stir

over ni ghf(FAD-[Blrer Hy Baktiok 2x(s>w SHUWS SR 0yep ey - vin A Ne shoensdied-
addi ng sg(t d. ag. NHACL. Thes} olution was extracted gﬁth t 0Ac and 9hteJM

conmbi ned extracts washed with brine, dried (Na2SH), fil tered and 15
concentstept led Ai solw@a Wwd nicthyd 2f@o tho ey l-e{z6284(9 9P 683 6asmal)wad | ow sol i d. step

2 - T | i 8 .34 mol d 1 | ed
was agaﬁﬁ by t' 9%%% ¥ (/m a%h%ftha.lééeag%fw Tg%eag Iu%:l%weev%étso 0 ¢
stifgedobrl t@ﬁTrﬂléh ﬁﬁﬂie‘d%dﬁ]{’@% elggglgv@g%%@g%qﬁ@m g 082 g&e@m) The

solution was stirred n recoo led’to C and quenched
wi t h biphngphomethgdheniaig asidInthdrestené72ext r act ed wi th Et 0Ac and 20 t he
conbi ned extracts tw ce washed with brine, dried (Na2S™4), filtered and
concentrated in vacuo to afford 1.47 g of 68b as _a yellow oil whjch did not
requi r &tepurt Adfashias charaed with Natb(9 ”s4g, 6P minegledl dspesvogghlagketaleity 3. 20

ol ) E% L AGhd &lhiailocRiith dME %Q%Mlﬂﬁ%exﬁﬂ%&@n%gé deRIH190 ), A L he

resul ti 1 On Was Stir over ni ution ole

0 C andugrkesioeaat cavledioehtbead Vi-tiowsas (0134 g,ql 7 NaoDBand TH2e(4r88sy 117 i0mgmol)

Sus 5ensxxlfe(1)rg added and the solution stirred for 15 min. To the resulting mixture was added a solution of
32b (4.20 g, (1.55 mmol) and THF (10 mL) and the reaction mixture stirred at 0 °C for 15 min
the warmed to RT and stirred overnight. The reaction was quenched with H,O, concentrated and
the residue partitioned between H,O and EtOAc. The aqueous phase was twice extracted with
EtOAc and the combined organic extracts washed with H,O, dried (Na,S0O,), filtered and

20 concentrated in vacuo. The crude product was purified by SiO, chromatography eluting with an

EtOAc/hexane gradient (4 to 40% EtOAc) to afford 3.79 g of ethyl 2-[(E)-2-(5-bromo-3-tert-

butyl-2-methoxy-phenyl)-vinyl]-benzoate (74)

step 3 - 2-{(E)-2-[3-tert-butyl-2-methoxy-5- (2-0x0-2H-pyrazin-1-yl)-phenyl]-vinyl}-benzoic
acid methyl ester (76) was prepared by palladium-catalyzed coupling of 74 and 1H-pyrazin-2-

25 one in accord with the procedure in example 8.

step 4 — A solution of 76 (0.260 g, 0.6 mmol), NaOH (0.8 mL, 4.0M NaOH solution) and MeOH
(6.0 mL) was heated at 70 °C for 4 h. The solution was cooled to 0 °C, diluted with H,O (15
mL) and the pH adjusted to ca. 1 with 6M HCI. The resulting precipitate was filtered and dried

at 70 °C in a vacuum oven to afford 0.198 g of I-17 as a tan solid.



WO 2010/ 149598PCT/ EP2010/ 058681 -59- was filtered through CELI TEO and the
filtrate thrice washed with brine, dried (Na2S®™), filtered and
concent r aveadoio4ymsuo to afford 1.6 of 70a containi ng smrar/EParmowstes1 of DVF.
Conversion of the amne to the sul fonam de 70b was carried out in accord
with the procedure described in step 66@f exanple 1. The copper-catal yzed
coupling of 70b to afford 1-14 is carried 5 out in accord with the
g( oc efiun%\imzs el fhatbgeusiepkeh?inasy 3.eiH-pordind-bhe Wik Rylaeed WitB-18Ppyridin-

anpl e -
{ (E) - 243%%%r t - But y1- 2- met hoxy- 542- oxo- 2H pyr azi n- 1- y1) - pheny1] - vi nyl }
-benzoic acid (1-17) step 1 - A solution of nethyl 2-brononethyl-benzoate
(9.99 g, 43.6 nmol ) and tri ethyl phgﬁ%t@é?. 25 g, 43.6 mol) was heated to
150 C for 5 h. The reaction m xtur R ooled to RT then purified by
Si 02 cN-orBEY-FR(Ry4-Ddo sk 3 ardihytto S 8l-gyrihidin-1-yl)-4-methoxy-3,3-dimethyl-2,3-
2- (di et hoxyphosphoryl net hyp-benzojc acid nethyl ester (72) step 2 - A flask

I
was SChéiﬂI@’éiﬁowlﬂﬁltmﬁWS(ﬁl WYB'PIG‘G@QTW%@%PM&“PW%@# ion), blanketed with

argon and the solid dispersion thri ce washed wi th hexane then suspended in
THF (100 nmL). The suspe s on was cogQ gd to O Cg g 115 cr own 0.34 g, 1.75

mmol ) and 72 (4.8 5 stirred for
15 min. To the ﬁf m Xt ‘@w add qjgutlo (4. 20 g, (1.55
mml)andTHF](IO )andth rac xfur @5t i r rRd Jat Cfor 15 mn
the warmed to RT and stif! ov8F ni ght Thd Meact i on Meuenched with H20,
concentrated and the resid partitioned b&ween I—PO aflf Et0Ac. The aqueous
phase was tw ce exjgacted w thgft OAc and thg, conbi® hoRRBiC extracts
washed with H20, dried (Na2804), filtered and 20 c egypt Rtak i N vacuo .
The crude product was purified by Si 02 chronmgfography eluting with an

Et OAc/ hexane gragj (4 to 40% EtOAc) to 3.79 g of ethyl

2- RE) - 245- br ono- St\tgﬁ)but yll- 2- met %-phenytz-ii nyl ] ,Qeg;oate (74) step 3
- 2- {(B)-2[3-tert™Dbu

(2- oxo0- 2H pyrazi n- 1-

1] Vi ben20|8 xe/d net hyl ester (76) was

prepared by pall adi éHOQBup |ng of 74 yrazin-2- 25 one in
accord with the procedu in exanplgg 8. step 4 - AsSolution of 76 (0.260 g,
0.6 mmol ), NaCH (0.8 ni, 4.0M NaOH soq| uti and MeOH (6.0 nL) was heated
at 70 C for 4 h. The s8f uti¥n "vx'/a“éh”c?éfg@ ‘?ogl’(ﬁ“’@: W uted with H20 (15 ni)
and the pH adjusted to ca. 1 with 6M HClL. The resulting precipitate was

filt d-.d t f 8 of |-

an sonra T Gpuaenh s588 s eractarbsbasr Coblt & el sf afiiphsi b °° °
anal 09@1&!5) Vaseaided B-bréms 126 etByl- ﬂ-rld'p@li/ﬁ‘f @Z0NmE- PNAn@SandeRd ASERindntikture was

1H— pyri di n2-one. Exanple 13

( E) - 2 hpated at wilpk exegnmhy- Bhwaw@nzmxﬁw wig @p9led to/RY and gendsatsgied imvagieret hy 1-
]-2935 T YGE R vpfs%?tltflolﬁ ARetvee Broa¥ Ry 1k nehepyd Qqu%‘gﬁﬂg{)&%s sgﬂa%@eﬁi Gnd
extracted with EtOAc and the combined organic extracts were washed with brine, dried
(Na;SQ,), filtered and concentrated in vacuo. The crude product was purified by SiO;
chromatography eluting with an EtOAc/hexane gradient (0 to 10% EtOAc) to afford 2.57 g
(56.12%) of 80 as a light yellow oil.

15 step 2 — To a solution of 80 (1.0 g, 4 mmol) and benzene (45 mL) was added sequentially
Bus;SnH (1.839 g, 6 mmol) and AIBN (0.068 g, 0.4 mmol) and the resulting solution was heated
at reflux overnight. The reaction mixture was cooled to RT and 10% aq. KF was added and the
resulting solution stirred vigorously for 2 h. The phases were separated and the aqueous phase
was extracted with EtOAc. The combined organic extracts were washed with brine, dried

20 (Na,SOy), filtered and concentrated in vacuo. The crude product was purified by SiO,



86Ar = 4-nmet hansul f onam do- phenyl 1-23 step 1 - To a solution of 78 (5.512
g, 28 mml ), K2CO8 (3.128 g, 23 mmol ) and acetone (60 nlL) was added

3- br ono- 2woentwisssopene (1.90 nL. 19 mmol ) and t he res®BCTIRPGOIIOZE6BT € Was
heated at reflux overnight. The reaction m xture was cooled to RT and
concentrated in vacuo. 10 The residue-ts partitioned between Et 0Ac and 1M
HCl1. The aqueous | ayer was separated and extracted with Et OAc and the
conbi nedromigegrishyexitiacs &h we FeOna/abethe Wridiedd (0 el 0% Brodcf MadSai). 608 ig t er ed
and concentrated in vacuo. The crude product was purified by Si02

chr omat®Yraph§? & uvhitgsalid h an Et 0Ac/ hexane gradient (0 to 10% Et 0Ac) to
afford 2.57 g (56.12% of 80 as a light yellowoil. 15 step 2 - To a

solutio f 80 (1 | ) .and be n 5 uentially
o3 onH o a s ot el e BREGTEE S G 008 2 Trlnt ST afEHL CROEE by

sol uti eRenRS, SR AL 98 at 17 Shlolxand\82rMiodh, 6 nlhel) RAChddRd sBduehtisls,. WAt cool ed to
RT and 10% aq. KF was added and the resulting solution stirred vigorously

for 2 Hesulting playe svapstisedagal fredh ahler tuspenawuamsdilisredstravgs (ElldE& ad wi t h
Et OAc. J r i C S e h it i i 20
(a2l Pod PRGBS a0 RO el R Rttt Ble e fUPGRE

puri fi egribyd 5 820, MDD apAP BRERCHiITERAGKO/ARARES gradientabrébrt DII@ER LY
eluting with an Et QAc/ hexane gradient (0 to 10% Et0Ac) to afford 0.602 g
(89% agayelloy @i te solid. step 3 - A round-bottom flask was char ged
with 12 (3.091 g, 12 mmol) and EtOH (40 nlL) and then Ag2SO4 (3.798 g, 12

et ur SRR Toit P RS Pl Pl S U BRH SR IR T s plfRIR LS B0
CEL] (TEG@BHY ahd @ deatHyas (6.8 s % Mogi 4l ORCBE18hE mik@rd dtiried dfvern@s aeREpor at ed

and the crude product purified by 02 chr omat og_raEh eluting with an
Et 0Ac/ Hdwaerstigh adktarm wasoquenelndavith 10 agd extragesd wih ti}l%l Tegpaicpus layapvas - To

o, " 10" ToRE p Rl i 4,07 Thos o SRt Ok MR PEREEWIR RO 0ok U

stirr ednoyeithibgiat, dicd RNa,Shg, fileael dmarcontoditatel inascudue ncbadl w1 b ofi8fb ang
extracted with Et20. The aqueous | ayer was separated and re-extracted with
Et 20. TREO¥ASM ned extracts were thrice washed with H20 and once with
brine, dried (Na2SO4), filtered and concentrated in vacuo to afford 1.747 g

o 0 5 K o T 1 G DA AR RS Lhesk vas

N-( 2- cxa.ngp%ep?mg',w 1-Bguib fleeny OpREAnGnide (3.6417810.)9 mﬂaﬁgm{gé@z‘ §i5lﬁ% 22 nmol )
I

and dry DMS he flask was evacuated and filled with and Ar was

sl owl y TynobRadi deHPMSEh(G mb).s Thg Barkivers avaeuapgl andrilletavithar smdd\umas slewladded
cul (0. 09 . ting.m xt ' 8
over ni SO Byl TNty A0 B 7 doldh BETUAGHE SR LB A0 Bmed and

t he pHaadjhesicadtii®mbaurc3tibgd adgh 6C onecrdigh? MMt actidiew isaswlddito R Saldpduedl was
tw ce extracted wt c and extract, was washed with H2 sat'd. aq

h Et OA 0, ¢ aqg.
NHaL (0 HrO) (29ﬁﬂL)oarqdﬁf@e pHadipsted tre Thntldiéan ehdM atkls ThereutimzsalyRa2sos) ,
filter %&%e%%ﬁ&@& Gv‘&h%l‘o'ﬁ@ a}é&‘ k'tgact THE waE Gy H%C&E'%@a@oﬂgfé% 'I(:,t%gAC SI 02

chromat ography eluting wth an Et 0Ac/ hexane gradi ént to
af f or d ab@ bnge (203mP4). Olic Bnlasedextactsevesoiied (LSO e filtéred add ndrcentngedinvi al

h dwth 86 .048 ¢, .0.116.. , 88 .039.9, 0.16 | CASRN
ﬁ?zgz@?g@- gﬁ',e cpied ( hweb?%fgedéy,slﬁgo e%%%%%ygefu@%gfsﬁ%FW%é@@n% 1.4
) angd iRddiens $@ EiOhL) wEtRrd s9goNas of ) dtgsed aw il Hlid, seal ed and

irradiated in a mcrowave synthesizer at 120 C for 60 mn. The m xture was
cool ed and partitioned between DCM and sodi um acetate buffer adjusted to pH
4. 625 Thepaguaodrphaseidasssapgedivid 88110.048fgf adl € ehnvdl}, 18830.0BCY 0. Ténmol,

conbi ned organic extracts were dried Na28042) filtered and concentrated in
vacuo. CASRN 1132942-08-5), Pd(PPhs)s (0.013 g), K,CO5 (0.037 g, 0.35 mmol), MeOH (1.4 mL) and
toluene (0.7 mL). The tube was flushed with Ar, sealed and irradiated in a microwave
synthesizer at 120 °C for 60 min. The mixture was cooled and partitioned between DCM and
sodium acetate buffer adjusted to pH 4.6. The aqueous phase was separated and extracted with

30 DCM. The combined organic extracts were dried (Na,SQOy), filtered and concentrated in vacuo.



WO 2010/ 149598PCT/ EP2010/ 058681 -62- The crude product was purified by Si02
chromat ography eluting with an Et 0Ac/ hexane gradient (0 to 80% Et0Ac) to

af ford a woaowmv/medo8d which was triturated with Et20/ Et ORCThPpaianssefl: 1: 1)
to afford 20 ng (52% of 1-23 as a brown powder. Exanple 14 5 N (4- {
(E)-2- [3-(1-Difluoronethyl- cyc |opref3l)-2-nmetho xy-5-(2-0
X0-2Hpyridin-1-yl)-p henyl] - vinyl} -phenyl)- nethanesul fonam de (100)

1- 90a: ThB cFudd p'i:odtﬂc@wa@ﬁﬁrlﬁda 3% SEE@QM&ma&& Q@ph]y elutlng w1th an Egi%a/hexa)ﬁe gra@rﬁfa‘l
22?11 (@2&80%( Et8é|q):‘2) afﬁar&,a%?q%so?ﬂ(@ wglp]éﬁ/aggggrateﬁ w1tlp.|§gO/EtOAc/heptane (l 1 1)

to afford 20 mg (52%) of I-23 as a brown powder.
Example 14

5 N-(4-{(E)-2-[3-(1-Difluoromethyl-cyclopropyl)-2-methoxy-5-(2-0x0-2H-pyridin-1-yl)-phenyl]-
vinyl}-phenyl)- methanesulfonamide (100)

step 2 Br step 4 step 7 Br
OCH,OMe OCH,OMe
CH,X

90a:R = H 92a: X = CH,OH step S [ 94a: X =
I—_>90b R = CHOM |: 92b: X = CN 94b: X = CHO
step 1 step 3 step 6 |: ¢:X = CHF,
O
step 8 Br: step 10 r?\/ step 11 ?\/Ar
H 98 100

96a: R
e |: 96b:R = M Ar = 4-methansulfonamido-phenyl
step 1 - To a solution of 90a (10.0 g, 49.7 mmol) in DMF (100 mL) at RT was added K,CO3
(13.7 g, 99.4 mmol) followed by chloromethyl methyl ether (tech grade, 5.2 mL, 54.7 mmol).
10 The reaction mixture was stirred at RT overnight then quenched with H,O and thrice extracted
with EtOAc. The combined extracts were thrice washed with H,O, dried (MgSO,), filtered and

concentrated to afford 11.6 g (96%) of 90b as a yellow oil.

step 2 - To a solution 0of 90b (11.6 g, 47.3 mmol) in MeOH (100 mL) at 0 °C was slowly added
NaBH,4 (1.87 g, 49.6 mmol). The reaction mixture was stirred at 0 °C for 1 h then quenched with

15 H;0 and brine. The resulting mixture was thrice extracted with EtOAc, dried (MgSQO,), filtered
and concentrated to afford 11.3 g (97%) of alcohol 92a as a pale yellow oil.

step 3 - To a solution of alcohol 92a (10.0 g, 40.5 mmol) in DCM (80 mL) at 0 °C were added
TEA (7.3 mL, 52.6 mmol) and methanesulfonyl chloride (3.4 mL, 44.5 mmol). The reaction
mixture was stirred for 1 h then quenched with H,O and extracted with DCM. The extracts were

20  dried (MgS0Oy), filtered and concentrated to a light yellow oil. To a solution of this oil in DMF



96b: R = 1% Ar = 4-net hansul f onam do- phenyl step 1 - To a solution of 90a
(10.0 g, 49.7 mml) in DMF (100 nL) at RT was added K2C33 (13.7 g, 99.4
mrol ) folwowed)/fayssshl or omet hyl net hyl ether (tech gradepPCh/EP20m0/058581 7
mol ). 10 The reaction mxture was stirred at RT overni ght then quenched
with H20 and thrice extracted with Et 388 The conbined extracts were thrice
washed with H20, dried (MgSO4), filtered and concentrated to afford 11.6 g

(969 @0 81 vas adde}&]LﬂHﬂ\(\B QigL 44 Stn@fol} and the raacsioh wiiktre Qﬁs Q0fed(at RT6fog ] K47. 3
mml)ln MeOH ( was . sl owl gadded NaBH4 (1.87 g, 49.6 mol).
The redttq wpwf)%‘ﬂ%ﬁl‘é( §, é@ ﬂmra@l)atHd)&: iy W KIopHEACRRSE HERG A iGeRIS 120

db t t d
Vo soon Btol el A Al ORI §8 SNIaE) &F (ol et 6
a pal e syigbd avR Bifdr. 1 lsthep qlenchtd wathddiQuandothriod exttactdolit PREOALGBx). Fhe 40. 5
t. QC T 7 52.6 | d
néemlgwﬂwtr&w QF?@&@I%%WW Wahi‘zdﬁg)ﬁﬁ@fi %Mgéf-?é) f@a@@.aamﬁz@v%?téd s

stl rredsbrd 1ds Otflﬁﬁmmae}@ll%tdql H20 and extracted with DCM The extracts
were 20 dried (MySO4), filtered and concentrated to a light yellowoil. To

a solution of this oil in DVF WO 2010/ 149598PCT/ EP2010/ 058681 -63- (50 nl)

was adgeg 41 B a tSuogof 92b @.613010) 1 @Rt iAONMEFLS hid)) atrd) Xcum awéd NhH6®d at
RT for . 1 h. A solution_of NaCN 308, 60.7 nmol ). in H %1 was_ sl owy
added, ugRRgalML 0K HAZR myohordie srac 1%%%@5{%\@%%]@6@@&& Céw 0.an¢then e

addi ti t t then
quencha g EATDOS nt | PELERAG) AT SR AETAR AP Bu el atma o

ext reactrsl WQMeUrfonbhmMJmldnmeﬂ twith?19,0 dnd talic¢ My8049d with Et@AedThndrganic
concent atedt af ford, 1Q. trile b_.as | 1 ow oil ep 4 - To a
sol ut | GHaFVYS I%szwh@d %ﬁi%@ ﬁh%&%?)zﬁ??ﬁ?? o cpeeniaisd Aot s (60%
in m n%a@'puﬁﬁled bQS?@z ébror%@to%r EﬂPleﬂltmg Uﬁthrl%%’E{@ﬂc/Héﬁﬁh%  aMR3d SR d(%@‘@t 0C
for 0.5 h'then 1] 2- br onoet 0796 ni, .1 muol) was added dropw se.
The reatOdans wedlqwellwas warned to 10 RT and stl rred for 1 h then quenched
with H20 and thrice extracted vvith EtOAc The organi c phase was thrice
washed with H20 then dried g/_g iltered and concentrated. The residue

was purﬁtﬁﬂzéeuch? sajugion o Okl 1l|tni IAGMA40rmE ol E¥ (AdyaR @ddadediopyise

aff f B I 94a
9 ot 0 200 7 TnldS, 18 ?ﬁ%ﬂ iRl rasSifg B 781 Br 28 i Alpigd

(1 27 mith M:e(l)H}(t@Dﬂ L) maawaamtuom nissturgcdagutidn afrmnthame s 8t @0frok) Rash t hen
h nL d d t . A sat d sol ut f

Soenel vt bl FERRUR: il ST bR Glpaan 1SS Bt kbl

vi gor Otaﬁhmefée,;i]leéﬁ Imagb wad &t RBRE §RVBC R SERACR A BOEab R Sy RAHEQLAM 1 |$m 5€ was

extracted wt he conbi ned extracts were dried (MgSO4), ed and
conce ntfﬂ@michnd‘ﬁhece@ltratté Mds icthde resadncpyasi ffurididd by SSDi)ﬂlremat@geﬂpbg chyping vathut i ng

2 0 IHD(ftl\/l f re. 1,4 (81% ,0f .94b .as a pale yellow oil.
ste%b S LA N b 4%?§lzﬁ’b°9fg9,gbf?.aé/9a¥%ﬁiﬂ? WOiPDom (80 nl) was sl owly
added (diethylam no)sul fur trifluoride (6.8 mL, 51.6 nmol). The reaction
m xt ur g @ B4 L §81600Rbf 93b (4.9 ¢, 17.2 mmol) in DCM (80 mL) was slowly added

(diethylamino)sulfur trifluoride (6.8 mL, 51.6 mmol). The reaction mixture was stirred at RT
overnight then quenched by slowly pouring the reaction mixture onto ice. The mixture was
diluted with H,O and extracted with DCM. The combined extracts were dried (MgSQy), filtered

25 and concentrated. The crude residue was purified by SiO; chromatography eluting with 10%
EtOAc/hexanes to afford 4.07 g (77%) of 94¢ as a colorless oil.

step 7 - To a solution of 94¢ (4.05 g, 13.2 mmol) in DCM (60 mL) at 0 °C was added 4A
powdered molecular sieves (4 g) followed by TMSBr (5.2 mL, 39.6 mmol). The reaction
mixture was allowed to warm to RT and stirred overnight then filtered to remove the sieves

30  which were rinsed with DCM. The filtrate was washed sequentially with sat'd. aq. NaHCO; and



overni ght then quenched by slowy pouring the reaction m xture onto ice.
The m xture was diluted with H20 and extracted with DCM The conbi ned
extracts wonelodpdd (MySO4), filtered 25 and concentr at @GT/EPh@0os86dE
residue was purified by Si 02 chromat ography eluting with 10% Et OAc/ hexanes
to afford 4.07 g (77% of 94c as a col-64d ess oil. step 7 - To a solution of
94c (4.05 g, 13.2 mmol) in DCM (60 nL) at 0 C was added 4A powder ed

mol eculm®O, giiey @dg$0.,)giltéral h@&\&dlcbmréE&éBBrhe(&u& rekidud Rab piitdd by JiB reacti on
m xture was allowed to war RT and stirred overnlqght then filtered to

r enove ShipanatoagRly defingnyith aK)\EF@AP/Pﬁ’S@é‘G ghadignt OEVe tor BBt PACH taatipnd 2iashed

sequen @y ¥ gggiha’\gﬂé §|1 w8 NaHCO8 and WO 2010/ 149598PCT/ EP2010/ 058681
- 64- g% drfed S( SOl ,0 flglltered and concentrated. The crude residue was

purified by Si02 chromatography eluting with an Et OAc/ hexane gradi ent (10%
t o 20%skEp®ACio a@olaﬁ&pépb?(z% g 10%2&@nogfm%§hﬁﬁo@ et R 6lrrl19VWé%|a|ddec$TER 8 -

To a solution of 95 i n anhydr ous was added

. nmol
TEA S (B.661kR140. ﬁmnwlhﬁvigqlz ?h@mzlqangzglb and parg qm@ldyhydevr(a @r, aﬁ érmmplde hyde
2. 27
e e PP SR eac AR B B L G ERRLLPE, ) e R DA hedr

m Xt ur evies, OMaq@@uem athe dn)dmfd’!wﬁtﬁﬂce &heptddhatichion oiken extdoatiisedwer e
dried ( filtered and. concentrated. The crude residue was purified by

Si 02 cr??'\‘/gﬁ‘ﬁﬁ viteasieg (MeSQandilisredang senerakiates- &ﬁla@néiﬁtreqwﬂmezwuz@w BYSA) to

afford inb o ion
of ' 6a {101y ey kil PR A0 GL Pl B B8 gy 1943 Gt §

f ol 1wed 9by as adeffetth@nelid.0. 27 nL, 4.3 mml ). The reaction m xture was
stirred at RT for 4 h then quenched with H20 and thrice extracted with

Et 0OAc. The conbi ned extracts were thrice washed with H20, dried (MSOH4

filter ettpdhdl¢anelatien af Ae &16)469‘#3&1@311191)06 DYV @@y@wage@deﬂsl@é:@sa(l&ag g 2ye| | ow

solid "X‘&h&g fél?oqx%drbgrgo &H&ﬁer@rmp -3 %ﬂ%lg "Thd, &‘E%tﬁo% e Qs Q eng?@?t i}

steps can be carri I'n accor procedures "descri b

2, 5 affgr £h eenapuangtee V\thh Hme atid thiriec eﬁnammdnh Et(D)Ae pah@ebrbmn@cbmﬁrctsczaéral yz ed
coupl i ng of 98 and 1H in-2-one in accord wt procedure in _exanp

ashobygpdth FlgeCiGﬂe%@es)afﬁ.ltere@an%wsméatg@tq\@ffoad 1{06(e07 %) o[fgﬁ%t ho
' 3s a%iaf@e)lemfév sbtid %Jh?ch;ﬂ%qul?éd' @ﬁhﬂér’bfdrlf%%ﬁo , 3 -di hydro -benzo

furan 5-y1]- “vinyl}-pheny anes onam de (114) Ar =
4- met hansul f onam do- phenyl

The conversion of 96b to 98 steps can be carried out in accord with the procedures described in
steps 2, 5 and 6 of example 1. The title compound is prepared by copper-catalyzed coupling of

98 and 1H-pyridin-2-one in accord with the procedure in example 8.



5 step 1 - To a solution of 102 (2.457 g, 14 mol) and acetone (75 nlL) was
added K2CO3 (4.907 g, 36 mmol) and 3-brono- 1-nethyl propene (2.0 nm., 20
nmol ) andwoOhelwesisBt i ng sol uti on was heated at refl ux oPETmPI/058FRE
reaction m xture was cool ed and concentrated in vacuo. The residue was
partitioned between Et0Ac (150 nmL) and6$#20 (40 nL) The aqueous phase was
extracted wwth Et 0OAc and the conbi ned organic extracts were sequentially
washed with H20 10 and brine, driedEXdaglo®s), fiItered and concentrated in

ifi by Si 02 _ch I
E+ ool ekl g HiMelfony O L by aafianr o 31 S bogob g -t ep
2 - To \ghyg0ohHtd rggthél&gulfo%aﬁgd 114 mmol ) and benzene (150 nL) in a dried

fl ask was added sequentially Bu (6.625 g, 22 mmol) and AIBN (0.241 g)
and the resulting solution heat ed 15 at reflux overnight. The reaction

m xture was cool e ISEPPla 10 .\ %mzutl §teaéded ang-Brhderdesul ting
t wo- phase m xt ur rred vi g e phvvere Separ ated and
t he organi c phi€e s sequen®i a y vvash th sat’ qHCO3 (50 nmlL) and

bri ne. The conbi nef "orgaM xt Bacts were dqr¥Med (Na2 0‘ Mefiltered and
evapor ated. The crude prod was purifiedMsy Si02 chrdtat ography el uting
w th a DCM hexane @sadi ent (0 f@ 10% DCM tog afford 148985 20 g (85% of
106. WD 2010/ 149598PCT/ EP2010/ 058681 -66- partitioned jpetween H20 (30 nl)
and Et20 (150 nL). The aqueous |ayer was separated 'én extract ed with Et20
(150 mL). The obgamG-Rext staess WBr
brine. The conbi nrgam-r'ext ract
concentrated i n §adto. Thd!tesidu added to the top
of a Si02 colum ‘anuMel uted with 5 nes to afford 0.9¥8B (90% of 108.
step 4 - To a sol utMeon of 108 (0.956Mg, 4 mmol) and HOAcME8.0 nl) cooled to
0 oC was added a dimpwi se sol ution 01flzBr2 (3201AL 6 nmohd) and HOAc (2 nl)
over a 10 m n period. The reagtla)n maxt gas stirred overnight at RT. The
reaction was quenched by addit} on" 6" Tb g?b%'yf( 10 nL) then HOAc was
renoved in vacuo. The residue was partitioned between 10 Et20 (100 niL) and
sat .Na A

w 1 ECOD 100 e oo At ler CARTA It e BNE Lt R R R R oga kR baRa e
NaHCOB g( 260 mithgl) a3 -brozeo-WMrhdthyi3Popehb €2 Odmmlzmedmelgtamda:tteSreMmg slutaeh was
Nazs% filt red and evapor ated. The resi (ﬂe \éﬁi adsor bed on Si 02 added
to the Megpd gfre wsptse“ntgar uhbf TSACHoR) MixEde Wap KO concentegiedyyaqua o Thesey  of

110. 13-4 C}E:RV% part%?dne@@b%ﬁ #t6WY¥ 785D HPYRId R90QH0 Mk @ﬁ@ac&t%&ust a@é faed 114

is carried out 1n accord wth the procedure descri bed exanpl e
13 exceptra@&l wab Et@pk aoe thewionibirictllorgstie pxtéacts Were st:qltehealt}osmhaah d/mhdﬁﬁi epar ed

t | ] f 114 and 1 di ith
LRI R ES A B M DL B LR
b %
o) s gl | R b ol g

mol ) &A85torhddk (16 m.) were added sequentially
N- (4-1 odo- phenyl) - net hanesul fonam de (2.00 g, 7 mmol, CASRN 102294-59-7),

ib | i 92 d 6- h 2- | d b
Erll. 22%&@? ﬁﬁﬁf@fueﬂsgkl}%@&ﬂi@%)mﬁ@ ﬁ%é%%@%ﬁ%mﬁ ]éFdl as @‘f%rﬁlﬂa‘? ner
72 h, Tﬁg@teﬁqalt@tﬁfslﬁt\em%rg,'ztz'rﬁttsg AREMBRN0BUZQ) Grddhe Fhau @R ok Mot atedO

m.) .
15  at reflux overnight. The reaction mixture was cooled to RT, a 10% KF solution was added and

the resulting two-phase mixture stirred vigorously for 2 h. The phases were separated and the

organic phase was sequentially washed with sat’d NaHCO3 (50 mL) and brine. The combined

organic extracts were dried (Na2S04), filtered and evaporated. The crude product was purified

by Si02 chromatography eluting with a DCM/hexane gradient (0 to 10% DCM) to afford 1.855
20 g(85%) of 106.

step 3 — To a solution of 106 (0.700 g, 5 mmol) and DMF (50 mL) in a dried flask was added

NBS (1.765 g, 10 mmol) and the reaction was stirred overnight at RT. The reaction mixture was



25 aqueous | ayer was withdrawn and re-extracted with Et20. The organic
phases were washed sequentially with H20 and brine. The extracts were

conbi ned, wonoexi4¢34a2S04), filtered and evaporated. The PeSiERa@omwassspurified
by Si 02 chromatography eluting with an Et 0Ac/ hexane gradient (0 to 30%
EtOAc) to afford 1.4 g (58% of!!!. \W¥-2010/ 149598PCT/ EP2010/ 058681 -67-
Exanple 16 N-(4- { (E)-2- [3-(1-Chloro-cyc |opropyl)-2-nmetho xy-5-(2-0

X0- 2H @Mftﬁibh@d betWwkin FRONBD ImI-)vind WHt20+1 ﬂh@]l}' I Thaa;d&aﬁwlayérfmasep dete 1)
122124 Ar = 4-net hanesul f am do- phenyl step 1 - a solutlon of

2, 4- di BrEROpheH)EIHR 61 ¥nmEy)i The Qrﬂl@c eifeaqﬁwme t@@w@s@mt GRnioRCOIVF (80
= 4 |
) 1S afpgsh Seque i r%%l Og%tnflﬁ %ﬁg@lwerggt{%%g\ldgsgﬁ')gﬁhe? IndBAcdded /gyl tng

thUI’GIS stlrre I ng su ereactlon m Xt ure
i s sl owhyucadbtededid@s wa afsorhodbhi@2,(4ld5d g, tht omofl JiO&nd et and elgteil svith

cont ed for 0 is added and the m xture extracted with Et20. The
orgé% geﬁ%FF&b?ﬁﬂé(ﬂggﬂégpgbﬂ atively with H20 and brine, dried 10
(Na2SO™4), filtered, and concentrated in vacuo . The crude product is
purifi by | uti X ffaor a.
our L SBo F09% BRI QSUERAL. o hbolt I FHOBE SB35 4 o LR lgdge,
aqg. SO|dlﬂ(B]giv(ZlEb Slﬂut&dﬁﬁ‘ﬂli‘rZF(%O AR, Griamol AdhdMIOAY (2 1§ ovesalll 0 hiigperiod. Urte i s

stirred and heated at reflux for 16 h. The EtOH is renoved under reguced
pr essurEACHAR MEHHECHRY Bkl cagimeBt st RiEL Tihg repgtien Was qeenchechby aiditinreot 1o

sol uti qg,,36¢ ?%rrﬁ efﬁr}‘?@AE'v&a%‘tr@?b%drlﬁ‘"v%ﬁur et}ﬁ%é \%/%saéfdnrgﬁ@eﬂ%e Hed W th

hexane to a step 3 o a slurry o enzene
(1500 mMBt20 <1 e0haéd ahd @1’ d( 4q. MaHCO34(20mull)) , Tharaduetus lgge wag) @aramd)aﬂdtrlxadcted

th h t f 10 m 0Ac) 4 (15
adfjgﬁg V&H{}ﬁﬁhe@ﬁét g eéigaégcaqx(ﬁgasﬁmrp%%a%hﬁaé WS Vflﬂésa% égﬁﬁﬁéﬁ)m ;aldra@df or
10 m n,onkolkRweD. bl?‘hezébrﬁlﬁﬁéd OGradts W& liHdd Henshay m@@d arfdi etvapa%d /m,er

cooling to RT, the mxture is filtered and the Solids are washed w th
Et 0Ac. rSadusnatsedseayed dla BIETR addechiddbelfoptie 5102 calenn andfdlutcdmeti baganes,to WO

2010/ 14 58681 -68- and the | ayers are separated. The organic
I ayer ?5H£§%%&§§?}%P@$lne, dried (Na2SO4), filtered, and then concentrated
in vacuo. The crude nmaterial is purified by Si 02 chronmatography el uting

Wi tfy Ets%c.‘/ b?él?aﬂﬁnﬁ-%aﬁfyfz% goﬁlp:hﬁg of 110 and 111 to afford 114 is carried out in accord with

the procedure described in step 6 of example 13 except 88 was replaced with 111.

step 6 - The title compound is prepared by copper-catalyzed coupling of 114 and 1H-pyridin-2-

one in accord with the procedure in example 8.

N-{4-[(E)-2-(4.4,6-Trimethyl-[ 1,3.2]dioxaborinan-2-yl)-vinyl]-phenyl } -methanesulfonamide
20 (111)- To a solution of Pd(OAc), (0.076 g), tris-(ortho-tolyl)-phosphine (0.246 g, 1 mmol) and

toluene (16 mL) were added sequentially N-(4-iodo-phenyl)-methanesulfonamide (2.00 g, 7
mmol, CASRN 102294-59-7), tributyl amine (1.92 mL) and 4,4,6-trimethyl-2-vinyl-
[1,3,2]dioxaborinane (1.244 g, 8 mmol, CASRN 4627-10-5). The reaction was heated at reflux
for 72 h, cooled to RT and partitioned between Et,O (100 mL) and 1M HCI (20 mL). The

25 aqueous layer was withdrawn and re-extracted with Et,O. The organic phases were washed
sequentially with H,O and brine. The extracts were combined, dried (Na;SQOy), filtered and
evaporated. The residue was purified by SiO, chromatography eluting with an EtOAc/hexane
gradient (0 to 30% EtOAc) to afford 1.4 g (58%) of 111.



step 4 - Pall adiumcatal yzed cross-coupling of 118c and 88 is carried out
in accord with the 5 procedure described in step 6 of exanple 13. The crude
resi due iwopoaro/ipm®d by Si 02 chromat ography el uti ng wi t hPETORCI0ARHBE. St ep
5 - The title conmpound 1-122 is prepared by copper-catal yzed coupling of
98 and 1Hpyrazin-2-one in accord with-6he procedure in exanple 8. N-(4- {
(BE)-2- [3-(1-Cyano -cyc lopropyl)-5 -(2-0 x0 -2Hpyridin-1-yl)-p henyl]
-vinyl} -p henyl)- 10 met hanesul fonmmlﬂple(ﬂsm) can be prepar ed anal ogously

utilizin n place of 118c, ' eps .2 and d re IaC|ng

1H pyré&?‘}]i’éi%i?r]b I C@pgbcysclwrtwlk FW 5 OéﬁéH-@sza%ﬁﬁﬂeﬁg lﬂamyl}[s
-tert - Butyhy gleﬁﬁhggalﬁﬁarﬁldeQﬂzﬂ X0- 1 2 di hydro-pyridin-3 -yl1)-phenyl] -1-0
X0 -1S0 chro man-7- yl1}-nethanesul f onam de (1-9) 4- br ono
-2-tert-butyl-6-io do -phenol (126a) To a ice-cold solution of

4- br ono- 2-tert - but yBrhaggo!Br( pel ®Br f Af£O0H cont ai ni ng
Nal (3.28 g) and NaOH ion of NaOCl (4.5 wm %
68.75 nL). The additio aemeont i nue DMe yel | o Or@Mme persisted (1.6
equi val ents). To the red %i ng 20 soip ' fat' d. ag. Na2S03 (10
nL) and HOAC (2.5 nL) whi%h resulted¥i mithe WO ¢

2010/ 149598PCT/ EP2010/ 0681 g@%@ﬂmtR@ENOf a pregipitate. The MeOH was

evapor ated and the resi due suspe 118: 20050 nml) and aged at 40 C for 2
h. then slowy cooled to RT. ievwasctiltered, washed with H20 and
dried in vacuo at 50 C overni ght to afford 6.74 g (87°/c) of 126a. net hyl

2- et hyny1-5- met hanesul f onylnér benzoate (13& 5 step a -To a m xture of
132 (1.5 g, 5.8 mmol, SRNl : NJar 58 Mol ) in MeOH
(50 nmL) and H20 (25 f Eeat ed t OC was added i powder (1.62 g, 29
mol ) over a period of 6 Mvgt ed, stirring was
continued for 45 mn, and then Ied The reacti v m xture was filtered

t hrough CELI TE and washed with a$Nconcentrated and

405! The filtrate
partitioned between H20 and Et OAg,, The organic 10 ghase was washed with
i

brine, dried (MgSO™4), filtered a fford 1.34 g (1009 of
nmet hyl 2- bronp-5-am no- benzoate ?mgt% &es‘ﬁ'tb%ldofgeng solution of 133 (1.34

g, 5 8stopoll) Tora SDﬁIﬂO(l@(ﬁ%ﬂLc}ibm@pbdn}tl@c&oﬁltm}a{lm:JdédnﬁﬁEACASRN 188347-48-0)
in DMF (80 mL) is added sodium hydride (49 mmol, 60% in mineral oil) and the resulting
mixture is stirred at RT until bubbling subsided. To the reaction mixture is slowly added 1,2-
dibromoethane (3.5 g, 18 mmol) and stirring is continued for 1 h. H,O is added and the mixture
extracted with Et;O. The organic extract is washed consecutively with H,O and brine, dried
10 (Na,S0Oy), filtered, and concentrated in vacuo. The crude product is purified by SiO;
chromatography eluting with EtOAc/hexane to afford 118a.

step 2 - To a slurry of 118a (4.6 g, 14 mmol) in EtOH (50 mL) is added an aq. solution of NaOH
(25%, 22 mL, 140 mmol). The resulting mixture is stirred and heated at reflux for 16 h. The
EtOH is removed under reduced pressure and concentrated aqueous HCl is added at 0 °C to

15 make the solution acidic. The precipitate is recovered by filtration and washed with hexane to

afford 118b.

step 3 - To a slurry of 118b (6 mmol) in benzene (150 mL) is added LiCl (1.4 g, 34 mmol), and
nitrogen gas is bubbled through the resulting mixture for 10 min. Pb(OAc)4 (15 g, 34 mmol) is
added, and nitrogen gas is again bubbled through the resulting mixture for 10 min, followed by
20 heating at reflux for 4 d under nitrogen. After cooling to RT, the mixture is filtered and the
solids are washed with EtOAc. Saturated aq. NaHCOs is added, the mixture is filtered again,



(4.04 mM, 2.52 g, 29 mmol), followed by dropw se addition of a solution of
nmet hanesul fonyl chloride (1.08 m., 1.6 g, 14 nmmol) in DCM (10 nL) over a
peri od ofwO20m139598he reaction 15 m xture was stirred aPCREPoMeOnNssoght ,
guenched wi th aqueous 1N HCl, and extracted with Et0Ac. The conbi ned
extracts were washed with brine, dried6§dgSO4), filtered and concentrated
to afford 4.5 g(100% of 134. step ¢ - To a solution of the

(tri et hyd shd yyoraaetsypaned( 68O o@mc‘laﬁtr th)heﬂ ﬁ/ltBMﬁn(eZdhdﬁil(N ayB6,) affieecd, Cul

(57 nmg, 0.3 mmol) and PPh3 (420 mmol ). This solution m xture was
pur ged 226 ﬂwntqen%ﬂg@w fity wacameTrhetCﬁék w@riaé (lmﬁafjeﬁ Q13504 clyigmagogyaphyfditingnas
added fn 3.0 mol) and TEA (12 nL). Argon was bubbl ed
t hr ough J’Edh %/Igét%a%%%aa(nﬁnéﬁégcr eaction m xture was heated at 75C for 6 h
under an argon atnosphere. The m xture was cool ed, quenched w th aqueous 1N

HC1 andidp € pal@Xiyraeh@f ¥ tddsEtA Ming N E18Y HAMNYSCis S Ul bONinWasoruaIas.
sequentially with H20 and brine, dried (MgSO4), filtered and concentrat ed.

The %r m@j@ceggreréﬁﬁcérheélmmmﬁ%m@la 1By ThE omde KesidvatinpuraitdybyebiGei ng with an
Et OAc/ OAc) to afford 1.66 g (70% of 136a.
step df}ﬁ}@%‘%gg@g}% é%&l@%@%@?{%a@% g,)4. 5 mol) in THF ((75 n/1()_) cool ed -30

C was added dropw se, over a period of 15 mn, a solution of

tetrab I T on

L DU AR AR 1926, kMg OO TE T Pog R OT

sol ut i pprazith2-one sudacprigwibthetnroeedwesinexamplet®ed with Et OAc and the extracts
washed with brine, dried (MJSO4), filtered and concentrated. The crude
material was purified by Si02 WD 2010/ 149598PCT/ EP2010/058681 - 70-

chr omatNt-afiny2-6i- Gr?M@OWWWP&PY@rﬁ%Pﬁ%%W&%&ﬂ%P hqnyHogy gl }em%lzk)OAc) to

afford G48é 2.4
ol TR Bl o4y Ryl OISR ARRS e dafg? S
t he KZ@@S(Z&nGG and BRlaoinp|1H- pyrdzmneorteelmstetplﬁn\glt]sd)Hbﬁyrmlm -dasme5 st oppered and
stirred overnight at RT. The reaction mxture was diluted with hexanes (100

m.) and the m xture was filtered over a plug of Si02. The filtrated was
concentrat ed to afford 4.6 g (1009 Exfmpledf. step 2- A solution 136b (230

Pac12( PSS TERS NG &éﬁ%"@n{%(’%"“&%ﬁm&féﬂ’nﬁ* ISR ey o

70 C 10Q1f- nreth%nésulﬁhmmibﬂ @y e was cool ed, quenched with ag. 1IN HCl1 and tw ce
extracted with Et 0Ac. The conbi ned extracts were washed sequentially with
H20 and brine, dried (MgSO™4), fi%grced andNI%Q[ncentrat d. The crude materi al
was purified by Si02 chromatography?e @1 g W th an EJOAc/ hexane gr adi ent

(10%to 70% Et0Ac) to afford 191 ny of 128. 2 be was
charged wi t IBrl2R (278 np, 18r8 A AuCl3 (B3Q Q) A DA (4 L), 15
sealed and irrj ted LAz ve reactqgr at DC T or 45_m'..u The

m xture was coo0 (ﬂndst@pmcent N COMeThgepude PREMGE. Was upr4i fied by Si02
chr omat ogr aPhy vl i ng with an EM@Ac/ hexane gr adlcwﬁt (10% to 60% Et OAc) to
afford 0.95tegl (1]2 0¢ 130. stgg 4 - Cu-catal yzeg anmi nation of 130 to
afford 1- ZZIJTQ.S %d our i tord with the pr Yedure in exanple 8
except 62 was rep ‘aced wi th 1H pyrazin-2-one.

NHMs MeO,C NO, MeO,C NHMs
—_—
Br step ¢ Y 4

|: 132: R=NO, step d |: 136a: R'= Et381
134: R = NHMs 136b: R' =
stepsa &b

15

4-bromo-2-tert-butyl-6-iodo-phenol (126a)

To a ice-cold solution of 4-bromo-2-tert-butyl phenol (2.8 g, 86 wt%) dissolved in MeOH
containing Nal (3.28 g) and NaOH (0.88 g) was added an aq. solution of NaOCl (4.5 wt%, 68.75
mL). The addition was continued until yellow color persisted (1.6 equivalents). To the resulting

20  solution was added sat'd. aq. Na,SO; (10 mL) and HOAc (2.5 mL) which resulted in the



WO 2010/ 149598PCT/ EP2010/ 058681 -71- Exanple 18 N-{2- [3
-tert-Butyl-2-netho xy-5 -(2-0 xo-tetrahydro -pyrimdin-|-yl)-phenyl]
-benzo o wezolw/@959¢1} - net hanesul f onam de (1-24) 5 st epCI/EP20100064581 Was
charged with solution of 2-am no-4-nitro-phenol (1.2 g, 7.7 nmol, CASRN
99-57-0) and EtOH and a solution of 3209{2.1 g, 7.7 mmol) and EtOH, seal ed
and heated at 90 C overnight. The reaction m xture was cooled to RT and

concentfs@i@idniof a\pmpitateThﬁlerlasdefsgevlap@md@hh tlvmsmaé@mpumeﬂ in BCWY(std
treated with dichloro-di cyano-qui none The sol ution was

sti rr edilatandpgedpt 40 §¢ for B, thepslpvdy CWPIFWQ%%I (Téeﬁﬂzl}d ‘é(?ﬁjﬁkt%‘%é"%ﬁ%‘éf& with
10 sat o aqNaHOPR. A gﬂe%vgj\enﬁ%ml@&dm hroMepPdga [iltered and

concent rat I N vacuo. cru oduct was y Si02

chr omat %q% 61'%%; el Llltl I’lng Sul’@n 1t I%Og{eheg(a na3%f1d| ent (0 to 5% Et0OAc) to
afford charged with 138 (1.00 g,
2. 4|5§nm’c8ebl ﬁAbleﬂazP mph@rrewquzm B, §8.nfmel, c&ﬁzm959m€paﬂ)mﬂicaqw§g 59 10
mo

0. -B
f1 ushedn@ph i fﬂf (ﬁ%AmL):W B0 (%%mhéh%atqdzﬂ@ 7r9|L“f§ “Wé§d%ljd&ll %qmder Ida 63 és%ﬂ t i ng
| ut d

i1 ter SRR Ahiod iR AP haaiiF kb BATEH Re By ROR REB0S ana
concentniiat @dl. thdiheoal@as | Twarcramndnistnt wes filterclgibuglvOERDE amtiw &M% agth NH2 OH
§ é&&é@%ﬁé Hiaeric e GriUet has! BUrPiadeny-Si Bighog A ut i ng

HQOGLBE ¥ AN B Ak 3&1&3"{&[%5‘5)45 Cﬁh%@eé’ al%td%ﬁéenftr‘ateﬁft(@ 9ff9rd4p§)4 g‘éld?f‘VA)MO
V\D 201 /149598PCT/ EP2010/ 058681 - To a solution of g,

1. 1 moif Incand 2TtHrmess amoiddatngeath (133p pr opyI -| socyanate (120 [i L 1. 1 mol ,
CASRN 13010-19-0) and the solution stirred for 4.5 h at RT. The sol ution
was di Istiped- Té b bolEiGi-b{ 133 (T3¢ gmd% mmedtie dOW(BO ad.) cddlc&@ (Q 2vasiajidedTHEA

I ti I t fl Th | ed
Lo R 40 o 56 Sed Pl i g arion i 8181 P o b sra bl Son)
fi1ter eioriad (EORRANIIAL Y hitolfak ¥R TEng ) I PERRUTr 1935, PURE ffé #£flof 0 Si 02

chronat ogr aphy el ut'i ng a 'gradi ent of "Et OAc/ hexanes (20%to 50% Et OAc)
t o BD: DOxturOEH NeCid; aummemgmomumh@d Woh dq@ot® ONGH(CR 384 exsfactedidmith Et@ps 4 &

5 - Re ctio of, the nitro of th resulti am ne
ver e TR crkielt bt e HiR TP st S duRraskat R ble o 2 e
of Exargpﬂogi45tg@1(ﬂjfo/gmf(13l 25. The 10 product was pUI’IfI ed by Si 02

chromat ography eluting with a gradient of DCM 60: 10: 1 DCM MeOH:. NHACH ( 80%

to 50%to 0% DCM) . Exanple 19 N(4- { (E)-2- [3-tert-Butyl-5 -(1,1-dio xo
- 1k6- [ btcp,B] Ta aditai sithe rigthytsHyNadehydency(6p0 henyISmmul) iy DMEF (25 mL) was

ol ATELAR 6 s, SonampBATa PR (3D et aimet s Tt gionaare vadpurged
N- (Fy chligy Qgéﬁmf's)rﬁhﬂ tﬁa{%’éb@%% (ﬁse4 &%T@% ¥o ) was a&a[E!a| foll&OSFDY fe’?ng5r67 2-5)

and the resulting solution stirred overni ght. The solution wa
di | ut e, %i0trhmgt)@Ad TE&a@ﬁedL);éngnWasbuhblw thipupN tikGDb hated dodithercactioned and

Come e AL P T TS SR BB PR PR T 2
quenched with aqueous 1N HCI and twice extracted with EtOAc. The organic solution was
washed sequentially with H,O and brine, dried (MgSO,), filtered and concentrated. The crude

25 material was purified by SiO, chromatography eluting with an EtOAc/hexane gradient (10% to
45% EtOAc) to afford 1.66 g (70%) of 136a.

step d - To a solution of 136a (1.66 g, 4.5 mmol) in THF (75 mL) cooled —30 °C was added
dropwise, over a period of 15 min, a solution of tetrabutylammonium fluoride (5 mL, 1M
solution in THF). The reaction mixture was stirred RT overnight and poured into aq. sat'd.

30 NH4Cl solution. The resulting solution was extracted with EtOAc and the extracts washed with
brine, dried (MgS0,), filtered and concentrated. The crude material was purified by SiO;



20 reaction was conplete. The solution was cool ed and partitioned between
Et OAc and 1N HCl. The aqueous phase was separated and re-extracted with

Et 0Ac. Thwocombi4p®®d or gani c extracts were washed wi th bPCREP2@0068681
filtered and concentrated in vacuo. The crude product was split unto 4
aliquots and each purified on a prepara$i ve Si 02 TLC pl ate devel oped with
60% Et OAc/ hexane and the recovered solid conbined, triturated with Et20 and
dried tchrohdtOFraphlOs1imbw i1l a@ EtDABexabe 2Badiast (D196 RA6EX ROACH GO 0e880gPt
N-(3-chl oropropyl) sul famoyl chloride was replaced with

N- ( 2- chiordet sul fanoyl chloride (CASRN 53627-11-5). WO

2010/ 149598PCT/ EP2010/ 058681 -73- Exanple 20 N-(4- { (E)-2-

3tertBt 1-5 -0 x0:1, 5-dj hyd - :

L3 5 hsieptea b £ o bR A0 6 Bt i A Ao B s L6 3niad mEoping 7y
To a S%étbh@goqﬁﬁ%as(a?dﬁéd R KICONBDY ¢, 92 b)) addehelYeRilidgsotutMa)wias added
MeC(OEt)3 5 (0. 20 , 1.1 equiv.), methyl hydrazi necarboxylate (0.100 g)
and Y- PePPeIadEnd stirigy) o‘e@mgl@twé Rle sthetriesnion anigturoyyandduthe sitb dicsancs él‘QOlmL)
over ni T I 0. 5M
T b o R S T
sol uti ghomarofadedli fi ed with HOAc and partitioned between H20 and Et OAc. The
aqueous | ayer was extracted with Et0Ac and the conbi ne Et0Ac fractions were
dried and 10 concentrated in vacuo. The crude product was purified by Si02

chr onmistapr2xphyolelion 1 Heh @30z ONSORTDOM 2tREi08mg, 00l 1tromo DY Me0A remd.AHe

wht oo fu At RRh 30 e WLl ROn A8 b AF a0 Bita e SEGeT Bt «
5% NeOKHDEM ThE ﬁnﬁtﬁfeoxv@sf@@lddr qehehed WRRLE NEN PIALES tviibE oxtehAHOWIEMAL - 27.

Exanpl e 21 15HCV NS5B RNA Pof merase Activity The enzymatic activity of HCV
pol y nerTé@@omgﬁésmwtwme)wmgd prsisfiadly vaich th@ apeh g odriad (AfeSEs), filtered

r adi ol oduct s.

Uni noonporSitelttid e ydn el it il B 3,0 itals 3Rk e s,

sci nt i [Htonk/hersneagadientt(©®0%he 70RO @ nel afisideld 1 frgd (4206)alfdR8. cont ai ni ng radi o
| abel ed RNA product. The anmount of RNA product 20 generated by NS5B570- Conl
at the end of the reaction was directly proportional to the amount of |ight
emtt ed_emé 1 Adulwoian dhbtged withTIS (/78 mgrril%mueolh,i ArClHi(Hemg hyye GF ACYmL),

| [ f. HCV Conl NS5B570 |
Do saEd il e i AhigaR Bl o LI E IR TR PG R Gop Rl ahd
full -I Bty mat ¥ARE %&%uamhy@&lf&umyfsleg chiogiitdarah@! dlut SilghvaitinaBL 21 ( DE)
pLysS. The construct, cont ai ni ng the codi nég% 1@@1.@?nce of HCV NS5B Conl

( GenBarﬁtOééﬁ@§§lecﬁdia¢i9Wt{é9%A9 PAPEEMA G affpred). /0 afHd0pl asmi d construct

pET17b, downstream of a T7 pronoter expression cassette and transfor med

into E. coli Ie col ony gr.own ernight as a star ulture and
| otor sisB 1 huaihred foton Oiﬁ@oﬁ@réa% thsHTisd S EheceBst W HE

anpi ci |p|rd>d‘éd§11e1§3x IPRQL IR 62%5@%&&6%11‘1 adoRyet he add' tion of 0.25
nmM i sopropyl - 13- Dt%l ogal act opyranosi de 30 (I'PTG when optical density at
600 nM of the culture was between 0.6 and 0.8 and cells were harvested
after 16 to 18 h at 30 C. NS5B570n-Conl was purified to honpbgeneity using a
t hr ee-



WO 2010/ 149598PCT/ EP2010/ 058681 - 74- step protocol including subsequent

col um chromat ography on N - NTA, SP-Sepharose HP and Superdex 75 resins.
Each 50 pwvoenmymeisBc reacti on contai ned 20 nM RNA t enpl aCe/Eperionsssst r om t he
conpl enentary sequence of the Internal Ri bosonme Entry Site (clRES), 20 nM
NS5B570n- Conl enzyne, 0.5 ILIC 5 of t¥Vitiated UTP (Perkin El ner catal og
no. TRK-412; specific activity: 30 to 60 C/muvol; stock solution
concentratlon fron17 5x10-5 Mto 20EfamipredsV), |iuMeach ATP, CTP, and GIP,

40 mM Tri 0, 40 mV NaCl, 4 DTT dlthl r 12,
and 5 {21{ LR SdPrqaﬂpéatr?hw ofor s g 311
assenb%§gmh@$g§nﬁﬁ%de@gj4 er plates (cat # NADVNCB, MIlipore Co.) and

i ncubated for 2 Reactions were stopped by 10 addition of 10%
final (v/v) trichloroacetic acid and incubated for 40 mn at 4 C. Reactions

were filtered, washed with 8 reac vol umes of 10% ( trichl oroacetic
acetic acid, 4 reaction vol unes90 37N ¢/ v) et hanolQ {12’1W9ed and 25 p
Qid®q‘t 0 each reaction

of scintillant (M crosci Bt NG

wel | . The amapnt—efsl i ght 'tted f Form#he sc | | ant was—e®nverted to
counts per mnutes¢PM on ayiBoNMepcoufPG pl at e NWeaumMe ( Per K3 El mer
Energy Range: Low, Efficiencgmdpbde: Nornmal, CountCMd,me: 1 min, Background
Subtract: none, Cross tal k reduction: Cff). Dat a ywas anal yzed in Excel (r)
(Mcrosoft(r)) and ActivityBd%se (idbsO). The reaction in the absence of
enzynme was used t determ ne :he background signal, which was subtracted

fromthe enzyna @act i Ri tive control reactions were performed in
t he absence of om whi ch the background corrected activity
was set as 100@6 eﬁbct|V|ty Al'l data was expressed as a percentage
of the positive cont e conmpound concentration at which the
enzyne-catal yzed rate synthesis was reduced by 50 % (1 C50) was
calculated by fitting ation (i) to the data where"Y" Y = % Mn + (% Max

- wMn) (i) st ﬁgggbhaﬁzggg S | 25 corresponds to the relative
[

enzynme activity 142b: VR is the residual relative activity at
saturating conpéun? pg@@Lﬁ@ﬁM@n, "OvBx" is the relative maxi num enzynatic
activity, "X' corresponds to the conmpound concentration, and "S" is the

H1l COF A ! CIA svas charé)égie\)/lth solution of 2-amino-4-nitro-phenol (1.2 g, 7.7 mmol, CASRN
99-57-0) and EtOH and a solution of 32b (2.1 g, 7.7 mmol) and EtOH, sealed and heated at 90
°C overnight. The reaction mixture was cooled to RT and concentrated in vacuo. The resulting
brown oil was taken up in DCM and treated with dichloro-dicyano-quinone (1.9 g, 8.4 mmol).
The solution was stirred at RT for 1 h, then diluted with DCM (60mL) and twice washed with

10 sat'd. ag. NaHCOs and once with brine, dried (MgSQOy), filtered and concentrated in vacuo. The
crude product was purified by SiO; chromatography eluting with an EtOAc/hexane gradient (0 to
5% EtOAc) to afford 1.0 g (31%) of 138.

step 2 —A flask was charged with 138 (1.00 g, 2.4 mmol), benzophenone imine (0.7 g, 3.9 mmol,
Pd,(dba)s (90 mg, 0.10 mmol), BINAP (0.74 g, 0.10 mmol), NaO-ter#-Bu (0.32 g, 3.3 mmol) and
15 flushed with vacuum-Ar cycles. Toluene (40 mL) was added and the resulting solution heated at
80 °C overnight. The reaction mixture was cooled and filtered taken-up in EtOAc, washed with
brine, dried (MgSQ,), filtered and concentrated. The residue was dissolved in MeOH (70 mL)
and 50% aq. NH,OH (10 mL) was added and the reaction mixture was stirred overnight at room
temperature. The crude product was purified by SiO, chromatography eluting with an

20 EtOAc/hexane gradient (5 to 20% EtOAc) to afford 400 mg of 140.



WO 2010/ 149598PCT/ EP2010/ 058681 - 75- Exanple 22 HCV Replicon assay This
assay neasures the ability of the conpounds of fornula Ito inhibit HCV RNA
repli catiwo,20emid9idBer efore their potential utility for Phe/RPe@atswsat of HCV
infections. The assay utilizes a 5 reporter as a sinple readout for
intracellular HCV replicon RNA | evel. -The Renilla luciferase gene was
introduced into the first open reading frame of a genotype |Ib replicon
const r yedp INHD. alsofionloTi1aQ€s.460 gal.1 mndol) Mid DHF wA9QddotbX-ERbioppdphi-isocyanate
imrediately after the internal ribosonme entry site (IRES) sequence, and

fused Wi2hiknlk! AEeheASRIhBIHADOr Qrred dhesadutionstirieyl fofehe hwat RTa 1dgisplitipeavage

eptid . . i Lr n O
h50e 105 IeagulPBoIRnel FRYLAY GLAELREN KA. 1A KOAI2 RO The fonuldh 8 o1
el ect r opshated ai retlox bueraighh eplad @ietidduas celddso RAnchd A& exemictst ditfO awl thoi es
wer e_ i sol teal and e %{;&\?d t abl %(ase ect ed ce({l i ne fﬁZOQ-gS cqnt ai ns
repld c&PTVEC evtrg%éﬁ_ & Pl iltetdyancheongeniraied 47 veuRe i 9radq RrefyE Mase
expr essRa by td §©), CRRInL apiff di@GiSwith § oBl¥tnt 6¥ BIOAINDBL@OY S0 SDIFERSRSY

was carried out in duplicaté plates, one in opaque white and one in
t ranspde éatl0:li IB\CM:N@DH:NHZQ&ISEI%%& He afiatd 0.V90 ak2306) eick429i ty and
cytotoxicity of a chem cal conpound in parallel ensuring the observed
activity is not due to decreased cell proliferation or due to cell death.
HCV r eéépédn&éa Reductiomof the yitro,gpum ardyioszlatampf thy resyfiingemise wewyoriek |
were c r 14N, ' : it { - it %
ot al - Sub Sl N REE R MR SR T BB s P RN 128, IR &
96- kel Ipreduat easpurfddbyciD], shperatoghphy cdurtchg withub gtadibn? 6f DCd/A0.d D11

Twent y- r..haurs later —differe i lutions of chem cal conpounds in the
gr owth4@%‘%#@@4%@9%%Spﬁ%tog)tﬁé/f’ﬁél\%}/\hi ch were then further incubated at
37C for three days. At the end of the incubation tinme, the cells in white
pl ates were harvested and | uci ferafxaa}ﬁoéfeé'?ty was neasured by using the R

| uci f erase Assay system (Promega cat no. 820). Al the reagents described
in t he N-O4-i{ By R [B-par Boty ki 1 \etiexd-tcHu de6]thindisdisana@ugy ) aatethoay- phekyl}-yvinghid t he
25 manuftacturer's instructi were followed for preparations of the

r eagent? ?nﬁh@egﬁp?@?%?rﬁldﬁégﬁéh once with 100 ill of phosphate buffered
saline (pH 7.0) (PBS) per well and lysed with 20 ul of Ix R luciferase
Ass lysi ff I o | atJ o00Mm t refor i The
o art S S R by R e RD RERTLYE T b e e

( Ber t hat=d adeéedNaBatloesprop AN fAROyLEhIeideR0.088 @l b an asBo IACABR N UL F65E7208)5and
injected into each well and_the signal neasured 30 using 2-second del ay,

2- secorbF ipeElEng sotaien Biegraam! esoght Hdesplybianviaadilegd éwthtaﬁfé)% wgshedqui r ed

cont 1 o sl R SR GUR R QAR AsBR bRl HEESRGRaCRolied, o1,
the pl 6t DMSPES adntad&,C0de.d s gnl Ofmmbl wasaidelrafd thet hatited/tov), "Chuni the

concentrat.i on as descried above. .
fO reaction was cornplséte ¢ solution was cooled and partitioned between EtOAc and 1N HCI.

The aqueous phase was separated and re-extracted with EtOAc. The combined organic extracts

were washed with brine, dried, filtered and concentrated in vacuo. The crude product was split

unto 4 aliquots and each purified on a preparative SiO, TLC plate developed with 60%

EtOAc/hexane and the recovered solid combined, triturated with Et,O and dried to afford 10.8
25 mgofl-26.

I-20 was prepared analogously except N-(3-chloropropyl)sulfamoyl chloride was replaced with
N-(2-chloroethyl)sulfamoyl chloride (CASRN 53627-11-5).



W5T-1 reagent from Roche Diagnostic (cat no. 1644807) was used for the
cytotoxicity assay. Ten mcroliter of WST-1 reagent was added to each well
of the traogparamspl ates including wells 5 that contai RCEERR@0ABSSRE as
bl anks. Cells were then incubated for 2 h at 37 C, and the OD val ue was
measured using the MRX Revel ation micré3iter plate reader (Lab System at
450 nm (reference filter at 650 nm. Again CC50, the concentration of the
drug required for reducing cell proE;k;flﬂ?ﬁtzioon by 50%in relation to the

untrea |.I. contral | ue, cap be cal cul at from |.ot of percentage
reduct ioRofrne BTy i MCTH tat 15 cd’ dbove.

uct M-S HE Rl Siehe S S T Rtmcr Fard bers - gdderasda o
10Tabl epbhyi .mdtMcRaR) HafR: AXAVvity 1C50 (LIM Cytotoxic Activity
50 (1) My%%8%§g§f4 R e @20 2l e 23 Phar maceut | cal
conpositions of the subject Conpounds for administration via several routes

wer e pripagodictionsof@8874 hedlid MeCh (9. BnapbEM OB C@NPasI) tagadder MECEDEL)3
Adm nistration (A) .Ingredient% w./w. Active ingredient20.0% Lactose79.5%
Vagnesi(@aP stledr he@ny- bopcthd hydgezagrahesylae £0-A0% shangd it TePE gEH £mghprgd the

capeulSey g LI A3 1RSS5y 08 SARRH Nl OB B TOBE®
Oral Adwasniddéd @0 mih, 0 BM Na@MxdinevieOblyvvas wddedAat] itheesolut@hdathted taP 0%
overnight. The solution was acidified with HOAc and partitioned between H20 and EtOAc.
The aqueous layer was extracted with EtOAc and the combine EtOAc fractions were dried and
10 concentrated in vacuo. The crude product was purified by SiO2 chromatography eluting with a
NeOH/DCM gradient (0 to 10% MeOH and the recovered product further purified by dividing
into four fractions each of which was purified on a preparative Si02 preparative plate developed

with 5% MeOH/DCM. The recovered product from the plates afford 145 mg of 1-27.

Example 21
15 HCV NS5B RNA Polymerase Activity
The enzymatic activity of HCV polymerase (NS5B570n-Conl) was measured as the
incorporation of radiolabeled nucleotide monophosphates into acid insoluble RNA products.
Unincorporated radiolabeled substrate was removed by filtration and scintillant was added to the
washed and dried filter plate containing radiolabeled RNA product. The amount of RNA product
20 generated by NS5B570-Conl at the end of the reaction was directly proportional to the amount
of light emitted by the scintillant.

The N-terminal 6-histidine tagged HCV polymerase, derived from HCV Conl strain, genotype
1b (NS5B570n-Conl) contains a 21 amino acid deletion at the C-terminus relative to the full-
length HCV polymerase and was purified from E. coli strain BL21(DE) pLysS. The construct,
25 containing the coding sequence of HCV NS5B Conl (GenBank accession number AJ242654)
was inserted into the plasmid construct pET17b, downstream of a T7 promoter expression
cassette and transformed into E. coli. A single colony was grown overnight as a starter culture
and later used inoculate 10 L of LB media supplemented with 100 ug/mL ampicillin at 37° C.
Protein expression was induced by the addition of 0.25 mM isopropyl-B-D-thiogalactopyranoside
30 (IPTG) when optical density at 600 nM of the culture was between 0.6 and 0.8 and cells were
harvested after 16 to 18 h at 30° C. NS5B570n-Conl was purified to homogeneity using a three-



Magnesi um st ear at e0. 5% Crosscar nel | ose sodi un2. 0% Lact ose76. 5% PVP

(pol yvinyl pyrrolidine)l. 0% The ingredients are conbined and granul at ed
usi ng a swbwvenri4sissh as net hanol. The fornul ation i s theaTdre@dosssdl f or ned
into tablets (containing about 20 ng of active conpound) with an 5
appropriate tablet machine. Conpositioefor Oral Administration (C
Ingredient% wt./w. Active conpoundl.0 g Fumaric acid0.5 g Sodi um

chl ori desp.PotgcdBhdlyding alitRberdt d8ugin Rhapydto @rapiabani-8F AQ SCrSuphh@teHP and
sugar 25. 5 Saorbitol (70% solution)12.85 g Veegum K (Vanderbilt Co.)1.0 g
Fl avor iWgede855 #3510l orings0.5 my Distilled waterg.s. to 100 ni  The

i ngredients are mxed to forma suspension for oral adm nistration.

Each 50 pl enzymatic reaction contained 20 nM RNA template derived from the complementary
sequence of the Internal Ribosome Entry Site (¢cIRES), 20 nM NS5B570n-Conl enzyme, 0.5 nCi
5 oftritiated UTP (Perkin Elmer catalog no. TRK-412; specific activity: 30 to 60 Ci/mmol; stock

solution concentration from 7.5x10-5 M to 20.6x10-6 M), 1 uM each ATP, CTP, and GTP, 40
mM Tris-HCI pH 8.0, 40 mM NaCl, 4 mM DTT (dithiothreitol), 4 mM MgCI2, and 5 pl of
compound serial diluted in DMSO. Reaction mixtures were assembled in 96-well filter plates
(cat # MADVNOB, Millipore Co.) and incubated for 2 h at 30° C. Reactions were stopped by

10  addition of 10% final (v/v) trichloroacetic acid and incubated for 40 min at 4° C. Reactions were
filtered, washed with 8 reaction volumes of 10% (v/v) trichloroacetic acetic acid, 4 reaction
volumes of 70% (v/v) ethanol, air dried, and 25 pl of scintillant (Microscint 20, Perkin-Elmer)

was added to each reaction well.

The amount of light emitted from the scintillant was converted to counts per minute (CPM) on a
15  Topcount® plate reader (Perkin-Elmer, Energy Range: Low, Efficiency Mode: Normal, Count

Time: 1 min, Background Subtract: none, Cross talk reduction: Off).

Data was analyzed in Excel® (Microsoft®) and ActivityBase® (idbs®). The reaction in the
absence of enzyme was used to determine the background signal, which was subtracted from the
enzymatic reactions. Positive control reactions were performed in the absence of compound,

20 from which the background corrected activity was set as 100% polymerase activity. All data was
expressed as a percentage of the positive control. The compound concentration at which the
enzyme-catalyzed rate of RNA synthesis was reduced by 50 % (ICso) was calculated by fitting

equation (7) to the data where*“Y”

(% Max - %Min)
Y =% Min + @)

X
1+ —-
[ (1Cy)° ]

25  corresponds to the relative enzyme activity (in %), “ %Min” is the residual relative activity at

saturating compound concentration, “%Max” is the relative maximum enzymatic activity, “X”

corresponds to the compound concentration, and “S” is the Hill coefficient (or slope).



WO 2010/ 149598PCT/ EP2010/ 058681 -78- Parenteral Formulation (D) Ingredient%
wt./wt. Active ingredient0.25 g Sodium Chloridegs to nmake isotonic Water

for injecwDamw@d®® m The active ingredient is dissolvedTiEr2@opssssi on of
the water for injection. A sufficient quantity of sodiumchloride is then
added with stirring to nake the sol uti-8% i sotonic. The solution is made 5
up to weight with the remai nder of the water for injection, filtered
through a 0.2 mcron nenbrane filteExanplepackaged under sterile conditions.
The features disclosed in the fo?ﬁgp;}gﬁicdrelsscsgi ption, or the follow ng
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due to decreased cell proliferation or due to cell death.

HCYV replicon cells (2209-23), which express Renilla luciferase reporter, were cultured in
Dulbecco’s MEM (Invitrogen cat no. 10569-010) with 5% fetal bovine serum (FBS, Invitrogen
cat. no. 10082-147) and plated onto a 96-well plate at 5000 cells per well, and incubated

20 overnight. Twenty-four hours later, different dilutions of chemical compounds in the growth
medium were added to the cells, which were then further incubated at 37°C for three days. At
the end of the incubation time, the cells in white plates were harvested and luciferase activity
was measured by using the R. luciferase Assay system (Promega cat no. E2820). All the
reagents described in the following paragraph were included in the manufacturer's kit, and the

25 manufacturer’s instructions were followed for preparations of the reagents. The cells were
washed once with 100 ul of phosphate buffered saline (pH 7.0) (PBS) per well and lysed with 20
ul of 1x R. luciferase Assay lysis buffer prior to incubation at room temperature for 20 min. The
plate was then inserted into the Centro LB 960 microplate luminometer (Berthold Technologies),
and 100 ul of R. luciferase Assay buffer was injected into each well and the signal measured

30 using a 2-second delay, 2-second measurement program. ICsy, the concentration of the drug

required for reducing replicon level by 50% in relation to the untreated cell control value, can be



Clainms 1. A conpound according to formula |I wherein: 5R is (i) a

het erocyclic noiety selected fromthe group consisting of 2-oxo-tetrahydro-
pyri m di rw@-2910/142598x0-i m dazol i n-1-yl, 2, 6-di oxo-t et r ahpdTEPpywiossedi n- 1- yl ,
2, 5- oxoi m dazolin-1-yl, 2-oxo-piperidin-1-yl, 2-oxo-pyrrolidin-1-yl,

1, 1- di ox0- 126-i sot hi azol i di n2-y1 and 176~ di oxo- 12641, 2, 6]t hi adi azi nan-2-y1
said heterocycle optionally substituted with one or two substitutents

i ndepenrdetlated fich eat solt $ipRrochiagh ralukidn ofthe Wikdetak) a@ivitgtver drag Ybno¥biretion
selected fromthe group consisting of 2-oxo-2(H)-pyridin-1-yl, 6- 0 xo

- 6H py s deEriRed 8BAVe. 6-0 xo -6H-pyrimidin-1-yl, 2-0 xo-2H pyrazin-1-yl and
5-0 x0 -1, 5 di hydro-[1, 2,4]triazol-4-yl said heteroaryl noiety optionally

i nd h i 3 alkyl.
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i's mdeg@e‘ndently i n each occurrence hydrogen, or two R6 Tresidues

on the (banenia et abec G2bank K54 onestoficr ws ke 81 Huebs B e fraRnale
carbong are | e
2§ sostiorgirhed shE PR AQluo R RAPHAE o Shehm o 430 o

benzooxafabna-fiifer af 630emant Np#a 0IC:4 thelcopictlation pf th&nﬁhg yequlted fdrtredledlgmell
NRaRb; 20R2a is |ndependentlé2| n each occurrence hydrogen, Cl 3

cyano, PERlHBELgR by pOtainsglation Rthe untseatoirsfenaank yajus parebirledated ff@ﬁ‘ct
hyd |
o oy Tt Y pErkpta f6blorgkIR, WERLPORKE vy GhugcdNEAKNBRIK e RF L abfye,

hal oal kyl , C _6 hal oal koxy or hal ogen or R3 and R4a together are CH2-0 or
(CHQ)Z and together with atons to whitghletihey are attached 25form a

, 3-di hydrobenzofuran or an indane. WO 2010/ 149593PCT/ EP2010/ 058681 - 80-
Ar is (a)CampbumtN¢b) }m@VeRapacqﬂ Amﬂmt}e]i(]iOs(aM) acyrtotmmc Mhdltjn@(:ét)(ﬁaM)I are
opti onal ndependen M-t-h—one—t-o—t-hree—subs -
sel ected fronmftBe group consi strorﬂjgéf hydroxy, G 6 al ko>2y14 G _6 aI kyI
Cl 6 hyd O X Ry R R - ’|— :w O,
G _6 al koxycarIE)onyI car bam)yl \ a Kyl ear bamoyl , N N- 5d1| al kyl ear bam)yl
(CH2), COPH, SOZNFZ, CIL. G alkylsultrnyl _and CL 6 al Kylsultonyl . Ra and Rb
are independently hydrogen Ci_6 alkyl, G 6haloalkyl, Cl1_6 acyI Cl 6
al kyl sul fonyl, Cl_6 hal oal kyl sul fonEXampB 23 eyel oal kyI sul fonyl ,
eyel oal f ReRd,
G 3al Ky é%lar %%{?%1?%&%#&%1&3 rg%k gta ?%&ﬁ%lyng%ef ad%h}ﬁ\é!rgt![gn \QQXéVera] ?&ResN

were prepared as described in this Exarnple

15 Composition for Oral Administration (A)
Ingredient % wt./wt.
Active ingredient 20.0%
Lactose 79.5%
Magnesium stearate 0.5%

The ingredients are mixed and dispensed into capsules containing about 100 mg each; one

capsule would approximate a total daily dosage.



10l e and Rd are (i) independently hydrogen, Cl1_3 al kyl or (CH2)2 6NReRf or
(ii) together with the nitrogen to which they are attached are

(CH2) 2X5(vbizpvtaesoein X5 is O or NWand R is hydrogen, PCI/ER2@kydes1 C1_3
acyl or Cl1_3 alkylsulfonyl; Re and Ri ndependently in each occurrence
hydrogen or Cl1_3 al kyl; R4 i s7hydrogen, Cl 6 alkyl, ClL 6

hal oal kyl, C3_5 cycl oaI kyl , hal ogen, G _6 al koxy, Cl1-3 15hal oal koxy or

CR4aR4bR4C wher ei n: (1) Réﬁmposiﬂi&ﬂ farOraRAdmatigritibdgBgndent |y sel ected from
CL 3 al kyl, G 2.-al l(nyv Cl 2 fluoroal l(\/l cl1 2 h\/rir nyval l(\/l cyano or

hydroxy; or, (ii)ngstdigntt aken toget her, ‘Réd./ahd R41 together are C2_4

al kyl ene and R4eﬂ+m—elﬁ—zﬁ—kﬁw—d—kﬁ*y—hﬂl—ﬁgen, Cl 3
hydr oxyal kyl , cyan&tigr D&Y | yoroal kyi °R4a 20and R41 together with the

carbon to which t n@g}@m@{eta@a@@ed are 3-@xgtanyl, or tetrahydrofuran-2-yl;
or, (iii) either or R3 and Rd4a together are CHZ 0 or (CH2)2 and

toget her with atoﬁﬁos{scﬂrmﬂl@ﬂﬁ? soigyn are at3@hed form a

2, 3-di hydr o- benzoélértan or an indane and ,}%4510/and Rde are Cl1_3 alkyl; 25R5 is
hydr ogen or hal og “8° R5 and R4a t oget her”dre CH2-0 or (CH2)2 and toget her
wth atons to whi ptht@swval@q)y%ulaﬁleyd form,a 2, 3-di hydrobenzofuran or an
indane; nis independently in each occurrence zero to three: or, WO

2010/ 149598PCT/ EP2010/ 058681 -81- a
pharmaceutical ly accept able salt thereof. 2. A conpound according to claim
1 wherein le is (i) heterocyclic nmpiety selected fromthe

oup :
consi sﬂihﬁgngff:dlentéw oty @rypated wying ?stentzueik%ﬁ mﬁhﬁlﬁ)ﬂo&hﬁ formpyation
2, 6-di :
2,6-di gﬁﬁggp Bl B it gdb%ytsggcxhaggnrg '%E‘%? ?Hgg%ehwc&mydund) with an
1, 1-di cappropb(@tenaimthnmmel din-2-y1; and, R2 is -CR2a=CR21Ar or
-(C(R21)2) . Ar. 3. A conpound according to claim2 wherein Ar is phenyl
substituted at |least by (CH2)"NRaRh at the 4-position wherein n is zero. 4.
A conpound accordi ng to clampestioné&rddigl Agminigiratiortg>Cr2aAr, 10R2a is
hydr ogen,

Ingredient % wt./wt.
Active compound 1.0g
Fumaric acid 05¢g
Sodium chloride 20¢g
Methyl paraben 0.15¢g
Propyl paraben 005¢g
Granulated sugar 255¢g
Sorbitol (70% solution) 1285 ¢
Veegum K (Vanderbilt Co.) 1.0g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water q.s. to 100 ml

The ingredients are mixed to form a suspension for oral administration.



Ra is C _6 alkylsulfonyl, Ro is hydrogen, R3 is hydrogen or G _6 al koxy, R4
is trifluoronmethyl or CR4AaR4AbR4Ac wherein Ra, Rb and |le are nethyl. 15 5. A
conpound wocorudi4pggst o claim 1l wherein le is a heteroarylPCrixPea1p/0S8BECt ed
fromthe group consisting of 2-oxo-2(H)-pyridin-1-yl,

6- oxo- 6H pyri dazi n-1-yl, 6-oxo-6H pyri-#di n-1-yl and 2-oxo-2H pyrazi n- 1-y1;
and R2 is -CR2a=CR2aAr or-(C(R21)2).Ar. 6. A conpound according to claim5
wherein Ar is phenyl substitutege@tral Basiulétjons@stituted at | east by
(CH2)"NRaRb at—the 4-position wherein n is zero 20 7 A hnn‘pound accordi ng
to claimé mheﬂé@ﬁdwRQ is -CRea= CR2aAﬂ6WR2ﬁ is hydrogen Rais C_6

al kyl sul fonyl ; —Rb YO te re-oger E—6—atkoxy; R4 is
trlfluoronethyl R R and, Rg® &b and Ie are nmethyl. WO
2010/149598PCTA§E@QQQ&Q§§@81 -82- 8. @Sggﬂggy@gnﬁgcordlng toclaiml
wherein R2 is -CR2a=CR2aAr and R4 is cR4aR4bR4Ac wherein Rda together with
one of R5 or R3Waice fagHgicctiarto( CH2) 2 and0”Rda and R5 or R3 together with
atonms to whi ch—they—eare—atteached—orma—2—3—a-hydro—benzoefdran or an indane
and R41 and R4" are Cl1_3 alkyl and the other of R5 or R3 is hydrogen in the
case of R5 or 5hydrogen or C1_6 alkoxy in the case of R3. 9. A conpound

accor di S C d
2O Ry B lche NIGSELy R s b MER AR e g B o BHERARRIR3E
al koxy ,sodihahﬂgﬂmldeﬁé th%nhyldéd)wyﬁ kﬂﬁying t6 yake tier sotitiod 1§dt¢tﬁd§ 0Ah&kydlution Rbaadand

R41 together wth the carbon to which they are attached are 3-oxetanyl, or
t et rahy@rte Mg wthhe rompinder of élen*&t%fpr mmth@ filtlgredoifghd Be Bl ng t o

claim 1, uwhet &l fi&lnk ]%E%? 12D Rk S trifluoromethyl. 11. A
conpou%% accorg%ngntéac m | %@%Ete f%ghlthe group consisting of: N-(4-
{2-[3-tert-butyl-2-nethoxy-5-(2-oxo-tetrahydro-pyrindin-1-yl)-phenyl]-ethy
'} - pheRYtatadstRaBSSLh NI dRg description, or the following claims, expressed in their

specific forms or in terms of a means for performing the disclosed function, or a method or

process for attaining the disclosed result, as appropriate, may, separately, or in any combination

10 of such features, be utilized for realizing the invention in diverse forms thereof.

The foregoing invention has been described in some detail by way of illustration and example,
for purposes of clarity and understanding. It will be obvious to one of skill in the art that
changes and modifications may be practiced within the scope of the appended claims. Therefore,
it is to be understood that the above description is intended to be illustrative and not restrictive.
15  The scope of the invention should, therefore, be determined not with reference to the above
description, but should instead be determined with reference to the following appended claims,

along with the full scope of equivalents to which such claims are entitled.

The patents, published applications, and scientific literature referred to herein establish the
knowledge of those skilled in the art and are hereby incorporated by reference in their entirety to
20 the same extent as if each was specifically and individually indicated to be incorporated by
reference. Any conflict between any reference cited herein and the specific teachings of this
specifications shall be resolved in favor of the latter. Likewise, any conflict between an art-
understood definition of a word or phrase and a definition of the word or phrase as specifically

taught in this specification shall be resolved in favor of the latter.

25



N-(4- {2- [3 -tert-butyl-2-nmetho xy-5 -(2-0 xo-imdazo lidin-I-yl1l)-p henyl]

-ethyl} -p henyl)- 15net hanesul f onam de; N (4-

{2-[ 3-t erwolatoyis9®8( 2, 6- di oxo-t et rahydro-pyri m di n- 1- ylpc2mareeloozsssphenyl] -

ethyl} - phenyl)-nethanesul fonam de; N-(4- {2- [3 -tert-butyl-5 -(2,5 -dio

xo-imdazo lidin-1 -yl)-2-netho xy-p hétyl] -ethyl} -phenyl)-

nmet hanesul f onam de; 20N (4-

{2-[3-tert-butyl-2-nethoxy-5-(4-nethyl-2,5-di oxo-imdazolidin-1-yl)-phenyl]

- ethyl} -p henyl)-nethane sulfonam de ; N-(4-

{(E)-2-[3-tert-butyl-2-nmethoxy-5-(2- @amhet r ahydr o- pyri m di n-1-y1) - phenyl] -

vinyl} - phenyl)-net hanesul f onam de; N-(4- {(B)-2- [3-tert-butyl-5
- (2- 0 XOA! @nipdud heopying fafé,lnﬁiula-lyvlﬁer@inhenyll -vinyl} -p henyl)-

25nmet hanesul f onam de;

{(E)-243-tert-butyl-2- nethoxy 5- (2- oxo- ZFprrldln 1-y1)-phenyl]-vinyl}

-phenyl) met hanesul f onam de; N-RY- R’

{(E)-2-[3-tert-butyl-5-(5-fluoro-2- 2H- pyr@di n-1 -y1) - 2- met hoxy- phenyl] - v
inyl} - phenyl)-net hanesul f onam g : £010/149598PCT/EP2010/058681 - 83-
N (4- 4

{(E)-2-[3-tert-butyl-2-net hoxy-5-(6-8xo- 6H pyri ni di n-1-y1) - pheny1] - vi ny1}-
phenyl ) - met hanesul f onan de; N—(4-

{(E)-243-tent - hut t hoxy- 5- pyrazi n enyl vi nyl }

-phehy1) - Ketthdh RS ra%lety eeteaxfﬂﬂz z»rowzscqnéﬁstlgg)éf PRSIy - 5
-(2-0 Xx0- pbgrlﬁidlmnyﬂzw-uﬁldaﬁaﬁ{1 1, A loko-tBR&H ?’Ml%)- {]Fﬁ{‘d'ﬂfi[‘- ul §.gpam de; N

{3-[3-tert tyl- 2-met hoxy- 5- ( 2- ox0- 2H pyr azi n- y1 - pheny1T-'1-oxo- 1H i soch
romen7-yl} 1rnralezd’imﬂbslu 12f @mapipetedin-1-yl, 2-oxo-piroUdin{l(-§) 1 2- leXO 1)’~isothiazolidin-

! glgﬁét hg)lj %%éfl%ﬁbﬂ%ﬁ?& ?%%ﬁ%%%é‘g%?ﬂ?“g%g ! gﬁhetﬁo%%}g o&o@ﬁﬂ}’ Slletlg.lltend}/ w}th

{ (E) - 2- [ 3- bAs br it JubsthuleflisdndHpbRddin s@o@¥@ fiosl cpﬁwﬂymﬂoyr imdin-1-yl)-2-met
hoxyphenyl] -vinyl} -phenyl)-nethanesul fonam de; 2- E)-2- [3
-tert-butyl-2-nmetho xy-5 -(2-0 xo -2H pyrazin- I-yl) phenyl] -vinyl} -5 -
met anesul {ionyhawroagt merrzp'seﬂeca@d ﬁlorlf[&hehgﬂoupsbmstmg5)22 dxo(XFHPyriflid-1-yl, 6-

-tert-butyl -2-nmet ho Xxy- 2-0 x0 -2H-pyra | 1) - phenyl ] -vi_nyl 5 -
yoxo 6H- pyr?dazm-l yl % -ox0-6H- pyr21rn1 1y- I-yl, H) p}iprazm-yl 3]11 and 5- oyxo}l 5-

dihydro-[1,2,4]triazol-4-yl said heteroaryl moiety optionally independently substituted with
one or two halogen or C;_; alkyl substitutents;

R’ is (a) -CR™=CR*Ar, (b) -(C(R*))sAr, (c) -X[C(R®),],NR*R" wherein X is O or NR’,

15 R’ is hydrogen or Cy4 alkyl, R® is independently in each occurrence hydrogen, C;.; alkyl or
two R® residues on the same carbon are C,.s alkylene or two R® residues on different
carbons are C; 4 alkylene, (d) 1-oxo-1H-isochromen-7-yl or 2H-isoquinolin-1-one either
optionally substituted by NR*R®, or, (¢) benzooxazol-2-yl or benzothiazol-2-yl either
optionally substituted by NR*R";

20 R* is independently in each occurrence hydrogen, C;; alkyl, cyano, carboxyl or halogen;

R?" is independently in each occurrence hydrogen or C, alkyl, cyano, carboxyl, C; .

hyroxyalkyl or C;3 alkoxy-C, .3 alkyl;

R} is hydrogen, C;¢ alkoxy, C;5 alkyl, Ci haloalkyl, C; haloalkoxy or halogen or R*
and R* together are CH,-O or (CH,), and together with atoms to which they are attached

25 form a 2,3-dihydrobenzofuran or an indane;



met hanesul f onyl am no- benzoic acid; N(4- {(E)-2- [3-tert-butyl-2-nmetho xy-5
-(2-0 x0-2H pyrazin-l-yl)-p henyl] -vinyl} -3 -

hydr oxy mewbybtoplaessg 1) - net hanesul f onam de; 2-  PCT/EP2010/058681
{(E)-2-[3-tert-butyl-2-methoxy-5-(2-0xo-2H pyridin-1-yl)-phenyl]-vinyl}

- benzoi c acid; 202- -80-
{(E)-2-[3-tert-butyl-2-nethoxy-5-(2-o0xo0-2H pyrazin-1-y1l)-phenyl]-vinyl}

- benzoi ¢ aqirds (d)ratyor (b) heteroaryl wherein said aryl or said heteroaryl are optionally
{2-[3-tert-butyl-5-(1,1 oxo0- 1k6-i sot hi azol i di n-2-y é 2- met hoxy- pheny1] - et
hyl} - pheﬁﬂeycr}%tl%ﬂ&@uw%\m fes tozhre{s splpsfitugentp selegt fromb%mzp ﬁ@@%lﬂgy 5
-(2-0 x0 - I di Vi

nmet hanesul {/(?mr/ﬁdncg%g% |n¢:1 6a2{(}1|§}(’1l &j gﬁi Q’g’% G MA}JY Cl 6 alkyl, halogen,

{(E) 2-[7- (QH%NRER‘bc@aﬁb mlhyﬂtb@yc%kbqwt icatbdimoyll Nrdlkykarbetoghk W, 8; 3- di met hy1-

N- { 25 ?ghggﬁfauﬁ’gﬁ%an?ym%%ﬁ §O\é]§'g[yt(é*t6ra§lﬂa§}ﬁléz'¥)lﬁlb R:Iag ﬁg’:l “%51 phenyi]ndbe

nzooxazol -5- yl} -nethanesul fonam de; or, a pharnaceutically acceptable

sal t ther eg an(?’ﬂb gﬁr% 1n£é gﬁ&é}l g/hlyla &%%9@1 rﬁgf %a‘lﬁ ls%l %a%[gll, ebf( HCV)

i nfection Conprising adm ni s

t her apeut i aklylsylfedfleCt dodkydnilionyl, of; 7&y©10ﬁ|11391@@l@01@¢ Oty alkgl-Cl gaamnyl VO
2010/ 149598PCT/ EP2010/ 058681 -84- 13. The nethod of claim 12 further

co- conpr i sPHEPREK RSy g allylyuliosy!. 0$@2 N%Bnéjls?)?éliyé%ﬂ??é’éﬂ}’l 8t 613 and/ or at

| east one apfiyd @% @gent that inhibits replication of HCV. 14. A nethod
for |nh|b|t|ndx eplication of HCV in a cell be delivering a conpound
according to claiml1. 5 15. The use of a conpound according to claim1 for

trepding ardeM Rﬁﬁl%qt)h@dbpeﬂcﬁent@fh@dﬂé%@n Glsac‘gcaﬂl@ll 08 (¢, CINRIR'E? (9f togetﬁ&rmqund
according to claiml for treating a HCV infection in conbjnation wt

least one Fhamitiecsh/s tdbey MatbRcdrof CRt-X é@gumh@em’fwwggmm hat

inhibits r a conpound according to
claim1 for?% (?ér:[alhuf Hfﬂ ) Oirtéﬁfcaﬁeﬁl?&% or 10treating a HCV infection.
18. The use according to claim17 of a compound according to claim1 for

the manuf ageyh@ ROfireand®Ehed Hﬁezﬁdﬁroc%ﬁ@é}{cb'hgdl% rCP{zﬁEﬁ‘ on in conbination
with at |east one inmmune system nodul ator, and/or at |east one antiviral

agent that inhibits replication of HCV. 19. A conposition conprising a

conmpound a®’d¥ BydagednOCel alkin, Eladﬁﬂbxlegl \§; & bydbalk glabilogire Clophakyracaut i cal |y
acceptable carrier, dil.u qglt“c eXCI p| ent. 20. A conpound according to
forkul a |1 hipalkexnor CRR where

(i) R*,R*" and R* are independently selected from Cy; alkyl, C;., alkoxy, Ci-
fluoroalkyl, C;_3 hydroxyalkyl, cyano or hydroxy; or,

(ii) when taken together, R* and R*" together are C,4 alkylene and R* is hydrogen,
Cy3 alkyl, C;, alkoxy, halogen, C,3 hydroxyalkyl, cyano or C;_; fluoroalkyl, or R*

20 and R*" together with the carbon to which they are attached are 3-oxetanyl, or
tetrahydrofuran-2-yl; or,

(iii) either R’ or R* and R* together are CH,-O or (CH,), and together with atoms to
which they are attached form a 2,3-dihydro-benzofuran or an indane and R*” and R*

are C; 3 alkyl;

25 R’ is hydrogen or halogen or R® and R* together are CH,-O or (CH,), and together with

atoms to which they are attached form a 2,3-dihydrobenzofuran or an indane;

n is independently in each occurrence zero to three; or,



H OyNyO N RR3 Rd4a 114b 4c R3 is hydrogen, Cl_6 al koxy, Cl1_6 al kyl,
Cl 6 hal oal kyl, C _6 hal oal koxy or hal ogen., or R3 and R4a together are
CH2- 0 or waHRB)2z1499%d t ogether with atons to which t hey areTare@ohssssP0f orm a
2, 3-di hydr obenzofuran or an indane; Ar is (a) aryl or (b) heteroaryl
wherein said aryl or said heteroaryl aB& optionally independently
substituted with one to three substitutents selected fromthe group

consi st i nga@hary@degionlly Geceptableakyherédf, 6 al kyl, Cl_6 hydroxyal kyl, C1_3

al koxy-Cl1_6 al kyl, hal ogen, (CH2)"NRaRb, cyano, C _6 al koxycarbonyl,

car banoyl , N—alkylcarbanDyI N, N- 25d|alkylcarbannyl (CH2) . 0OO2H, SCQNHZ

G 6 al2ky$ sernpoung| acearding o @laahldyx&]&ﬂtmdi liy 4 (7) hV@ocychc moiety selected frorn the

2010/ 149598PCT/ EP2010/.05868 e i ndependent | ydr ogen,
G 6 al kyFoUErs! b G Rir R o rinT i TRy B Ry BT REAGE T P2 B0

hal oal ky| guhhRiypyrifidif-1ey1eh Salxeyihdlzb amiLyl, £3xd-pReiinal k= Gh- gyrr lidin-
alkylsurfonyl Ufy% alkg§¥'C1 glkyﬁsul?&% I - 88% NReRd yz oneim

al kyd ear baybyhd drl- @QX@lalﬂdidtW@dtdhmMI andEReISaWZI?QaCBr Ar( - (C(_'l%lzehhﬁdent |y
hydrogen, C1_3 al kyl or (CH2)2_6NReRf or (ii) together mnth t he nltrogen to
whi ch they are attached are (CH2)2X5(CH2)2wherein X5 is or NW and B

hydr ogén, A eampoupidiagpordg tg clagy 2 \ghergin Ay ig pkenyd splssifed at@Shhn(CHz)nNR

Ri ndepen%gﬂkh%%kﬁf sgﬂﬂgﬁgpgrgﬁpe hydrogen or C1_3 alkyl. R4a and R41 (O

t oget her are 'ene and e is G _2 fluoroalkyl or, 10(ii) either R5
or R3 and Rda together are CH2-0 or (CH2)2 and toget her mnth atons to which

they awue Rtéaphed dedrdin 8 cBifinysbrenbenzof uran or an indane and R4l and
Rle are C1_3 alkyl R5 is hydrogen or R5 and R4a together are CH2-0 or

(CH2) 2 andquga@ﬁem(mny.atons to which they are attached forma
2, 3-di hydr obenzofuran or "an i ndane; 15n is independently in each occurrence

zergytot hrReels h?lﬁrogen,

R"is C; alkylsulfonyl,
R" is hydrogen,
R? is hydrogen or Cy alkoxy,

R* is trifluoromethyl or CR*R*"R* wherein R?, R” and R® are methyl .

15 5. A compound according to claim 1 wherein R' is a heteroaryl moiety selected from the group
consisting of 2-oxo-2(H)-pyridin-1-yl, 6-oxo-6H-pyridazin-1-yl, 6-oxo-6H-pyrimidin-1-yl
and 2-ox0-2H-pyrazin-1-yl; and R? is —-CR**=CR**Ar or-(C(R*"),)Ar.

6. A compound according to claim 5 wherein Ar is phenyl substituted at least by substituted at

least by (CH,).NR"R" at the 4-position wherein n is zero.

20 7. A compound according to claim 6 wherein:
R? is —-CR*=CR™Ar,
R* is hydrogen;
R"is C, alkylsulfonyl,
R’ is hydrogen;
25 R? is hydrogen or Cy alkoxy;
R* is trifluoromethyl or CR*R*R*; and,
R?, R" and R® are methyl.
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8. A compound according to claim 1 wherein R? is -CR**=CR**Ar and R* is CR*R*"R*
wherein R* together with one of R or R? are CH,-O or (CH,), and R** and R® or R®
together with atoms to which they are attached form a 2,3-dihydro-benzofuran or an indane
and R* and R* are C, alkyl and the other of R® or R? is hydrogen in the case of R® or

hydrogen or Cy alkoxy in the case of R,

9. A compound according to claim 1 wherein R? is -CR*=CR**Ar and R* is CR**R*"R* and
R* and R*" together are C, alkylene and R* is hydrogen, C,.; alkyl, C;_, alkoxy, halogen,
C 1.3 hydroxyalkyl, cyano or C,. fluoroalkyl or R** and R*" together with the carbon to which
they are attached are 3-oxetanyl, or tetrahydrofuran-2-yl and R* is methyl.

10. A compound according to claim 1 wherein R* is -CR**=CR**Ar and R is trifluoromethyl.

11. A compound according to claim I selected from the group consisting of:

N-(4-{2-[3-tert-butyl-2-methoxy-5-(2-oxo-tetrahydro-pyrimidin-1-yl)-phenyl]-ethyl} -
phenyl)-methanesulfonamide;

N-(4-{2-[3-tert-butyl-2-methoxy-5-(2-oxo-imidazolidin-1-yl)-phenyl]-ethyl } -phenyl)-
methanesulfonamide;

N-(4-{2-[3-tert-butyl-5-(2,6-dioxo-tetrahydro-pyrimidin-1-yl)-2-methoxy-phenyl]-ethyl } -
phenyl)-methanesulfonamide;

N-(4-{2-[3-tert-butyl-5-(2,5-dioxo-imidazolidin-1-yl)-2-methoxy-phenyl]-ethyl } -phenyl)-
methanesulfonamide;

N-(4-{2-[3-tert-butyl-2-methoxy-5-(4-methyl-2,5-dioxo-imidazolidin-1-yl)-phenyl]-
ethyl}-phenyl)-methanesulfonamide;

N-(4-{(E)-2-[ 3-tert-butyl-2-methoxy-5-(2-oxo-tetrahydro-pyrimidin-1-yl)-phenyl]-vinyl} -
phenyl)-methanesulfonamide;

N-(4-{(E)-2-[3-tert-butyl-5-(2-oxo-tetrahydro-pyrimidin-1-yl)-phenyl]-vinyl} -phenyl)-
methanesulfonamide;

N-(4-{(E)-2-[3-tert-butyl-2-methoxy-5-(2-0x0-2 H-pyridin-1-yl)-phenyl]-vinyl} -phenyl)-
methanesulfonamide;

N-(4-{(E)-2-[3-tert-butyl-5-(5-fluoro-2-oxo0-2 H-pyridin-1-yl)-2-methoxy-phenyl]-vinyl} -
phenyl)-methanesulfonamide;

N-(4-{(E)-2-[3-tert-butyl-2-methoxy-5-(6-ox0-6 H-pyridazin-1-yl)-phenyl]-vinyl} -phenyl)-
methanesulfonamide;
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N-(4-{(E)-2-|3-tert-butyl-2-methoxy-5-(6-0x0-6 H-pyrimidin-1-yl)-phenyl]-vinyl} -
phenyl)-methanesulfonamide;

N-(4-{(E)-2-|3-tert-butyl-2-methoxy-5-(2-0x0-2 H-pyrazin-1-yl)-phenyl]-vinyl } -phenyl)-
methanesulfonamide;

N-(4-{(E)-2-[3-tert-butyl-2-methoxy-5-(2-oxo-piperidin-1-yl)-phenyl]-vinyl}-phenyl)-
methanesulfonamide;

N-{3-[3-tert-butyl-2-methoxy-5-(2-0x0-2 H-pyrazin-1-yl)-phenyl]-1-oxo-1H-isochromen-
7-yl}-methanesulfonamide;

N-(4-{(E)-2-[ 3-tert-butyl-2-methoxy-5-(2-0x0-2 H-pyrazin-1-yl)-phenyl]-vinyl} -3-
methoxymethyl-phenyl)-methanesulfonamide;

N-(4-{(E)-2-[ 3-tert-butyl-5-(4,4-dimethyl-2-oxo-tetrahydro-pyrimidin- 1-yl)-2-methoxy-
phenyl]-vinyl}-phenyl)-methanesulfonamide;

2-{(E)-2-[3-tert-butyl-2-methoxy-5-(2-0x0-2 H-pyrazin-1-yl)-phenyl]-vinyl} -5-
methanesulfonylamino-benzoic acid methyl ester;

2-{(E)-2-[3-tert-butyl-2-methoxy-5-(2-0x0-2 H-pyrazin-1-yl)-phenyl]-vinyl} -5-
methanesulfonylamino-benzoic acid;

N-(4-{(E)-2-[3-tert-butyl-2-methoxy-5-(2-0x0-2 H-pyrazin-1-yl)-phenyl]-vinyl } -3-
hydroxymethyl-phenyl)-methanesulfonamide;

2-{(E)-2-[3-tert-butyl-2-methoxy-5-(2-0x0-2 H-pyridin-1-yl)-phenyl]-vinyl} -benzoic acid;
2-{(E)-2-[3-tert-butyl-2-methoxy-5-(2-0x0-2 H-pyrazin-1-yl)-phenyl]-vinyl } -benzoic acid;

N-(4-{2-[3-tert-butyl-5-(1,1-dioxo-1A6-isothiazolidin-2-yl)-2-methoxy-phenyl]-ethyl} -
phenyl)-methanesulfonamide;

2-{(E)-2-[3-tert-butyl-2-methoxy-5-(2-oxo-tetrahydro-pyrimidin-1-yl)-phenyl]-vinyl}-5-
methanesulfonylamino-benzoic acid; and,

N-(4-{(E)-2-[7-(2,4-diox0-3,4-dihydro-2H-pyrimidin-1-yl)-4-methoxy-3,3-dimethyl-2,3-
dihydro-benzofuran-5-yl]-vinyl}-phenyl)-methanesulfonamide; and ,

N-{2-[3-tert-butyl-2-methoxy-5-(2-0xo-tetrahydro-pyrimidin-1-yl)-phenyl]-benzooxazol-5-
yl}-methanesulfonamide; or,

a pharmaceutically acceptable salt thereof.

12. A method for treating a Hepatitis C Virus (HCV) infection comprising administering to a

patient in need thereof, a therapeutically effective quantity of a compound according to claim
1.
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13. The method of claim 12 further co-comprising administering at least one immune system

modulator and/or at least one antiviral agent that inhibits replication of HCV.

14. A method for inhibiting replication of HCV in a cell be delivering a compound according to

claim 1.

15. The use of a compound according to claim 1 for treating a HCV infection.

16. The use according to claim 15 of a compound according to claim 1 for treating a HCV
infection in combination with at least one immune system modulator and/or at least one

antiviral agent that inhibits replication of HCV.

17. The use of a compound according to claim 1 for the manufacture of a medicament for

treating a HCV infection.

18. The use according to claim 17 of a compound according to claim 1 for the manufacture of a
medicament for treating a HCV infection in combination with at least one immune system

modulator, and/or at least one antiviral agent that inhibits replication of HCV.

19. A composition comprising a compound according to claim 1 admixed with at least one

pharmaceutically acceptable carrier, diluent or excipient.

20. A compound according to formula Il wherein:

r\,N AT
I
R’ R’
R4 a R4c

R} is hydrogen, C;¢ alkoxy, C,5 alkyl, Ci haloalkyl, C, haloalkoxy or halogen., or R*
and R* together are CH,-O or (CH,), and together with atoms to which they are attached

form a 2,3-dihydrobenzofuran or an indane;

Ar is (a) aryl or (b) heteroaryl wherein said aryl or said heteroaryl are optionally
independently substituted with one to three substitutents selected from the group consisting
of hydroxy, C; alkoxy, C; alkyl, C;¢ hydroxyalkyl, C,3 alkoxy-C,s alkyl, halogen,
(CH,)oNR"R, cyano, C,. alkoxycarbonyl, carbamoyl, N-alkylcarbamoyl, N,N-
dialkylcarbamoyl, (CH;),CO,H, SO,NH;, C; alkylsulfinyl and C, ¢ alkylsulfonyl;
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R*and R are independently hydrogen, Cy alkyl, Cshaloalkyl, Cisacyl, Ci.
alkylsulfonyl, C; haloalkylsulfonyl, Cs7 cycloalkylsulfonyl, Cs_; cycloalkyl-C; 5 alkyl-
sulfonyl, C1 alkoxy-C; alkylsulfonyl, -SO,-NRR?, C;_; alkylcarbamoyl or C.3
dialkylcarbamoyl;

R°and R%are (i) independently hydrogen, C,_; alkyl or (CH,),sNRR" or (ii) together with
the nitrogen to which they are attached are (CH,),X>(CH, ) wherein X° is O or NR' and R
18 hydrogen, C; 3 alkyl, C;_3 acyl or C,.; alkylsulfonyl.

R® and R are independently in each occurrence hydrogen or C.; alkyl.
R* and R*" (i) together are C; alkylene and R* is C;_, fluoroalkyl or,

(i) either R® or R* and R** together are CH,-O or (CH,), and together with
atoms to which they are attached form a 2,3-dihydro-benzofuran or an indane

and R* and R* are C, alkyl

R’ is hydrogen or R® and R** together are CH,-O or (CH,), and together with atoms to

which they are attached form a 2,3-dihydrobenzofuran or an indane;
n is independently in each occurrence zero to three; or,

a pharmaceutically acceptable salt thereof.



