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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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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
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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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Cel gosi viwo(2Mogepdog) , an i nhi bitor of a-glucosidasel, caspaPeoionbsodit ors,
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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
conmpourtdedalderiatMly 4861 Pa09% a 1, 10 (1) or a pharmaceutical |y acceptabl e
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i ndepe entl in each occurrence hydro Cl .3 al kyl r two R6 residues on
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are Cl_sﬂch%sl@fﬂa%ﬁﬁl atqurkla@ed% é)lahhdlss RRRQIRE arkd ¥datd cdfiboundQAMtB fnfbriaer&ﬁe
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.

15

20

25

30

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),
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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
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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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( 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
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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.



s NHVE *1-81 Ove Cve3 0.

016 247.0-249.0 457 1-9 * NHvs / ? N op

CMe3 0.001 254.0-256.0 453 1-10 NHVE N OVve CMe3
WO 2010/149598 PCT/EP2010/058681
D7-
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
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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-

5 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

10  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

15 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)

20  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

25 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’ step1 R’ step 2 R
R4 R4 R4
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
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
using 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.

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.
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)2/0-(di-tert-butylphosphino)biphenyl 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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A conmpl enentary procedure for aryl am nation exploits Cul catalyzed

am nation of an aryl halide with an amne or diamne in the presence of
prol i ne awmoa1ias®ssuch as K2CO3. (D. Ma et al. O gani c PCEEP201208881
5(14):2453-55) The primary am ne can subsequently be converted to 2-
oxo-im dazolidin-l1-yl and 2-oxo-tetrahy% o-pyrimdin-1-yl radicals.
Condensation of the aryl 5 amne with 1,3 di am no-propane and cycli zation
of the HE® wéflicagortinayba enoné pﬁdﬁa&@@ﬂml vidh fulicde e dainbastesioh BEHCV NS5B
2-oxo-tetrahydro-pyrimdin-1-yl radical. Aternatively the primary an ne
can be 1@&\5?%@&'@"1 Yd”r"éf(iiﬂaéloic%mﬁﬁll%&yﬁon with a N-protected aani no-al dehyde
or 13-am no-al dehyde. Reductive am nation is preferably carried out carried

out by .conbi hi ng, an. .am ne nd carbo in the res n of a
cor! SA eomPoHHAt e RS e raB b ER B i FBST SAPBS onyar i de.
sodi UM,@paiiaPaio s dedBsmPdniCcal@r @ N ek iagiRiniSRGoH MU bé RCEE Buwbertabydr i de or
borane/ pyri di ne conveniently at a pH of 1-7. Renoval of the prot ect | ng

group &Pted érblass, diraasbh daighindiso exlapa cepraldszeadutigng hengisionsgrugkior] ed in t he
art wil] [ [ | abl e
R g e o
t et r ahyeitepyf ddmitlistieson ihblufogrottsus{ingevabad dfisrtopica ﬁard&dt‘@ﬁlel nleis an
N-Iinked heteroaryl noiety such as a 2- oxoZEl—g pyridin-1-y
6- OXO0- elviirarswwlaé.lmvsfwus sbsRgneyspFSHeTEN A (Y lyhnaﬁdncz‘uwemtrbwaz. n-1- vyl
were pry n [ e,

204 pyr g e asEh), TRk A B o M O e .
Al t HY nabmt\czed)ﬁladmlllelstmmalH@hyelﬁerrd@mauaetrlafednmnsttyelohosrpdm@éllyexﬂaltmm;gra)duce an

acetyl ene e.20 exanple 3). Nitratipn and met hyl ati on .
3 ter t SBONEDD dﬁ%&%%&%‘?ﬂ@ﬁ%@%? jiedssouheh éear%ea%ﬁagﬁl%w and

di et hylthéﬁ.@tgh@g@s&n@gfb RE apwb)inph@spfionat e under basic conditions to afford
an acetyl ene. Thi's sequence illustrates the introduction of the nitrogen by

el ectrophilic nitration of the aryl ring. Palladiumcatal yzed coupling

utili ziAgohpeundrogapbind of diedirticanmvaitiodr sswall ai aely lphaetiybenalliphsablcan be
subjected to catalytic reduction to sinmultaneously reduce 25 the nitro
group t58lts FREcHIeT Hehang of MeraeRyrie! exeiRipntetEyIers. oA RBRCITEMYRCRIIGEH P t he

N-| 15“kefﬂel iri‘)gﬁl;%gf%ﬁ?{&ﬁdc&ztﬁdpés&% déﬁi?)tns b GA a+s%ge§%he eﬂﬁ g Qoﬁ%sﬁonsme

Sonogas i ng ogashira et tr ron Lett
4467- 4410 nnKdoSgndyashnaabe @onprised efisonvent@mpaimgeedsyms mewnsentBnalM  Trost and

. F em Eds n Press, Oxford, 1991; Val r. p 521)
is achd rfe%}ﬁpwtﬁ gvrﬂ?) utddifjongl acHye FoRPQIBHdSs gbplil?cill?lﬁataeﬂ%faqu%%% nal

al kyne.g gya&dn\f ﬁ%ﬁ% LgthpRUIFdCivE Aot @S %{é%tl% n%ré?ﬁ’édt PG RER Wil the f OF
WO 2010/ 1495 8PCI/ EP2010/ 058681 - 35- exanpl e PdPh4 or PdPh2Cl2 and the

I i ke, alntén@d(ﬂapils’dgsagsamtge th be eemlmpdi eTHElPharmachualbklwompOSitiDnﬁ mbk Pt ani ne such
am ne. and the

t hyl am ne i SO %‘ trieth
Carier 4P AGhe o RER DGR ot b BN Bap bt S ibefls se e
am ne Bagtulasonk & 1RRIMSNEN & soMtidhs MubiRisBhg *RiulsiGiR VIBOEsS of AN ﬂges for
hydr ocar bons, et hers, alcohols, aqueous DVA and the |ike. SCHE
oral use; or in the form of supposﬁones or rectal or vaginal administration; or in the forrn of
sterile injectable solutions for parenteral use. 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



Compounds of general formula | can al so be prepared from di halides of
formula B-1 by a stepwi se introduction of the N-linked am ne substituent
and el abowet2oon4efst he R2 group which can be acconpl i shedThp2@0/058681

pal | adi um catal yzed coupling (e.g., exanple 13 and 16). While SCHEMVE B

depi cts the sequential introduction of-4®he am ne then the styryl noiety, on
skilled in 10 the art will appreciate that the relative reactivity of the
two | eqg¢hdigll@boudainissered freaingdtuby withenoat nibee Qiitablo@hhe@ctimirade @iisntand

el ectronic and steric perturbations arising fromother substituents and

t her ef hildents ongasriers seleaird aphaceasd fetheinenderaowe qfiadrmmistiation aplieendsid of t he

| e subsfitient Ganpg.acconpl i shed by the previously noted reactions.
Introdﬁljctl on 01} @ﬁrea RC2 substituent when the precursor is a dihalide is

typically acconplished 15 using a Suzuki reaction other a variant thereof

such as“ghfmadlchtit8ly R8&H AN mddid Shat wHiceX AT Bini plefabifg 9MeeRcBuapi cted in
exargl e 13 the styryl side chain is introduce by a Suzuki reaction with

B- [ (ALEcomppaitipy that inyacaer iy pafe.) nomrtasicptisdither Helagicpllpaeorthervass undegembimat e
esters and % l N{af'w c%h% %c &éﬁé fgr Blé]h%n]é ce[u%l ?ﬁdl%i di o

xabor i nan-Z- -VI ny fonam ‘(exanpl el5) also are
useful . 20 The Suzukl reaction is a pall adl um cat al yzed coupling of a

bor oni ¢ &g aﬁnﬁd@uﬁéa@(i’)a&eﬂﬁﬂ% Sl Hrch 8f A ¥tive rmg\fémﬂt)may 18 ﬁnla@wbnf& aVi nyl
halide or triflat wherein R = aryl or vin hal i dé or -0502CF3)

o al ordgsizabéophpon. hm(cb;mdwc éordnewmlth@mtezbmrsdmmbmmdew@w(abmmthemg@ab) 2 and
PdC12 W PdC12
Count oD g v e gt e it PR e g emR RERE oS8T PR al Rl W o

actj(e 6@t tlovaplefti@ARith @€ thel vde trrhe Brals rrﬁacguu&any?aécé?)tab\rmaﬁte ofk al., J.
Am Chem Soc. 1999 121(41):9550-9561 and A. F. Littke et al., J. Am Chem

Soc. 2@991199@@( mygns 400t 2gpharmaesutieal bt acseptabin apdthehpessesdesailie dpswired vari et y

Fol uondpEBlogal kPOt aoihontir SERRURSRE (Pfid BRI PR

aqueoudosddvweinti oaguilidatitBrsubh phiggirechterivdicid, m@arobRﬁﬂl@tabﬂnsﬂafrﬁ deydphttdd |y run
from about roomterrperature to about 150 C. Additives e.egi.P CsF, KF, T10H,
NaOEt &6H- Reaspheticaridhsnf Jhedikce pefosmed prd ceganit #9ids suvhar acchiF acid. PRPWEIunber

of par appt éx%nbfa abfiSc dﬁ“@éﬁian&@%?fghg&n%éid‘gl;’éghé‘gclé r#a?ﬁlpgélhaﬂ&tm&cp%ﬁ&nc

l'i gand, ad itives an nperatu ti mum co ons soneti nes require
opt i m zatdi surcfic 4didy mxd rcaaet, eradeif acid afugiavieacidaiartand amé,acuﬂrmmbsi, bénzoke. acld,t t ke

et al i sclgse condi.tions for .Suzu craq g.wWth
T boroi B e SRR R A § TR A TS AR s B iidou) 3 and

condi ticgNRge §u%nféra@ﬁ§'l(20éiﬁiﬂe[kﬁsﬂfonﬁr %lld 2@%r&l§%ﬂan&%‘lfﬁhﬁta@§i Yz h & M8nic
Pd( OAc) 2/ P( C6H11) 3 at ., ‘supra, disclose efficient

condi t jaow, #@hlomwnesulﬁmo a0101) %Mtha&ﬁglemlfomczacmg 4-toluenesulfonic acid,

Pd 2/ di~tert h

(o Sl SRBRR B it P AER TS R ona s fhopiie e elusphgetoaicnici

opt i mal3-gRadiptdRasc Wil Newtctinibdtic @éﬁﬂetl’e#tfﬁ‘?ﬁb@t?rla@&ic i@ 1aekrl/1 dugfufit @&ig; coupl i ng
reaction is a palladiumcatal yzed couplin an aryl or vinyl stannanes

wi t h argjycosic agidaglutsaiciagiss hproxgaphibaigl agidy selisirie asrdsstgaic akid, Suicpie apidgew,

The™ gl e 4083 s BipaPRRALH adiic braibh by RIS piftpnf corhbn iU Her iS5

Pd( PPh3}laccBdiy@Aagtal mnde. £ 24 alkal) theeativ)@n u&aﬂne H’ﬂﬂ?&ﬁﬂ,l dianlalgainds ie;erusef ul
rate accelerants if they ar not a conponent of the palladi um catal yst.
Rel &% i wePSAIsRs Y @) ‘&gﬁme Ragoral phethpiaianias. dighanalynpeolyictsne Bings eat est

rate aggelsn 1h9'Ngn\ét @{lba{}ﬁn&nﬁdﬁhefﬁgé‘shnan J. Am Chem Soc. 1991
113: 9585- 9595) . S

Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories, and

dispersible granules. A solid carrier may be one or more substances which may also act as

diluents, flavoring agents, solubilizers, lubricants, suspending agents, binders, preservatives,
30 tablet disintegrating agents, or an encapsulating material. In powders, the carrier generally is a

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



20 including Cul have been incorporated to provide rate accel erations (V.
Farina et al. J. Og. Chem 1994 59:5905-5911). The reaction is typically
run i n apwotzh/medsgent s at el evated tenperature. ReagenPSTHRPCI0ASS6ET
{butyl - RE) - 2- (di but yl - propyl - st annanyl) - vi nyl] - pr opyl st annany1} - but ane
permt stepw se construction of a diar§l~ethene two sequential Stille
condensati ons. 25 Conpounds of general forrmula | wherein R4 is a

substi tauﬁ&dcdhypanemr ety &y Bixce adit tic pareipAhBand 1ho Me@yseay biflirg: @p@ﬁtﬁﬁ, but
not limted to, 5-di br onpo- benzeneacetonjtril e (CASRN 188347- 48-0) or

3, 5- di BHEHC Qtomﬁwa&yndom@f%%éﬁl&ﬁﬁhﬁw el SieoatsRIed SR Bl 7eagyers mcmdﬁﬁuétu on
of an i i Lhady f r

ol abor af SRR ieFesirh Carbofial’ HEARGELNAORL Dt SRR A G e

t h en beataréd lgeledn ttmgiahmtlc mmet@ﬂpﬂlm@bsa,gsodhxﬂxe hgtbl@cwnmlhﬁaelhlﬂm,eaqlm&nmbymg ovaxer t ed

dlfluoroalky hy rreth substi t ut ent of the nitrile
af f 3? d SOEDULSE 584 91161 likey g RIS nwmoetfﬂerbﬂ%fl @fﬁw;@% AftiCeact i on

(J. K KeeRbné&k, @orarks, Pﬁf%rs%ﬂﬂlzeci@ooufﬂe%ﬁrtﬁ'uamxﬁd AnlR %59@2%&50 dﬁf)&@ﬁrgst he
chl oro-cycl opropane. Palladium WO 2010/ 149598PCT/ EP2010/ 058681 - 37-

cat al yzledkanetss solgbiliping agenik,tand ghebldeeoni ¢ aci d and ami nation will afford
compounds of general formula |I. The di hydrobenzofuran scaffold was

constructed by a intra-nol ecul ar. free-radjcal cyclization of an
or t ho- (29 dermuagiony plse e witahls foyeqtzkadenipisationsinglude Eguigfpranuiagion including

Di hal O%ﬁﬂlﬁl&gnsﬁ{%ﬁi Qﬁxés %&Eédlug d(ﬂﬂtl(?hs ?(ﬂfegﬁst ﬁﬁéfé nglopé(dﬁ" cREMAIMNLAR Gifd or ds a

di hal i i ch be subjected to palladi umtcata yze cross-coupling and
am Hat ippeparafioas wdlidheas@m&dlda@ td bdeneeitsd @Vajuldafolra ﬂrep}matlons shortly before use

4, 6-di tgorro.— 7- met g -one (CASRN125714-97-8) d| nmet hy

cent er H'8HANY 98U %H ?ﬁe amie P%‘?Pa?b OO * Ry a@*?odﬁé’ff%?y eB’Iel Scﬂ‘fr“ons or

T (1) G/ Mk ordiihedat APLRRANRRINGL sdBRad RbhodEde ArGoNal - AfBus esul ti ng

di brom dé can be convertéd to conpounds of 10 general fornula I' by the

pr oced uob@onlse@@rhebn@papﬁtdem dm@ll‘ymg Gomestiundempdnegeimerabr dndradding shitabde e

pr epar ed ang ousl%bg €1 llginnatlon is carried out as described (lig
exanpl &olpgan QndR g r?él 3 ISSAIE 155080 ABRO W PRPERONS S¥RPORFsRg ed by
SUbE i tdipBEsirtht RgcIRRIBANEd 4dtRE cYRPpEnddE BPRACHWRY vac8Q) Mateailabiehed natural or
cycl oi soneri zati on of acetill eni ¢ acids and esters ﬁE Genin et al., J. Am

Chem smthetzcomn& 2e{mometyiczliglosg sodiner dayboxymsHitaplllong el obieh »isHtkagwn
underg (].‘ﬁ %%ntgmd' ated 6-endo cyclization to directly afford the
desire YSOchr | -ones C-1. (E. Marchal et al., Tetrahedron 2007
63:9979-9990) Thus, the AuCl3 catal yzed cyclization of C 2 afforded Cl.

SCHEME e com@'o@&s%@’tl?e%t%&h@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



C1 The requisite acetylenic esters were prepared by a Sonogashira
coupling of a suitable substituted 20 aryl halide C-6 and an optionally
subst i t utwo 2alokpbso8r t ho- et hynyl - benzoate (C-4). As wi | | Po@/ERppalnsssBlt o one
skilled in the art, the acetylene can originate on either of the aryl

resi dues. WO 2010/ 149598PCT/ EP2010/ 058581 - 38- SCHEME D D 1D 2
Conmpounds enconpassed in the present clainms wherein the aryl ring is

subst i tthitleshidyyamd/ctHicHguigots | Noflor@NBayed R rpaRpAINeith Hyaquebe @Gtddl base and

i ntramol ecul ar cyclization of the correspondi ng cyang-acetyl ene (SCHEME B).
Hydr ol yéfldn é?nem@lﬁe. copfarang g3 g merercrp!l Spf digerfcBtsoftalylizing agénts, dispersing

hydrid

by s ci ek BRALEAESAOh Bl AR R e, Foamylations iisfor o

al ., Pltelpncai udm@ad;tﬂtrpnemitlﬁeh@ﬁh nnoduddyldmmgemm;frlsi-ﬂlg’@alvedgdﬂtst ial ﬂiﬁvomnldoase
Nitriles th Acid-, or Base Sensjtive G ou Chem,. 2004 .

69( zlzs,%\ﬁ ypyicroge apgagaria or fagacanthypasbliey ¢ rlswa\@ﬁagté gisBigat By aRinsttim
Cont ai HafgseRhabNgtin ARf oIy ASin B ALSYS i &facﬁ“ dldl rh@t?thwa_ﬁfeﬁ 8O GR HRtaktivd 995
36(47):8657-8660), |nduced an intranol ecul ar 10 cycl ol someri zation to

af f or d mgredidetsih neditgtf ligwdghmst.i n- 1- ones D-2 occurred. The activity of the
inventive conpounds as inhibitors of HCV activity may be neasured by any of

t he suitable nmethods known to those skllled in the art, including .in vivo
and i n Necpangurdsed thapyescay yphtion mpw beoymubtes foR Afminisialion ag sUpppsitasiest he

conpou

deseri i meb kg i an MRLELH R bR MFhBNg o, ERaR 1PRRFREHE R

Vi r ) oghe 4998 ca@dBoridd8iskii§eased hRamopetcouiyntar extmye,. by sﬂlrrn\g Becagylt&@001

75: 8615-8623. Unl ess otherwi se noted, the co this i tion have
denmons tPTPEENSOHS PIES RERPINGBESd; TR BNy SN AK€ mothdﬁ ofpusdh oo ehing assays.
The HC\{,p@kynerase assay conditions used for conpounds of the present
invention are described in Exanple 8. Cell-based replicon systens for HCV
have been devel oped, in which the nonstructural proteins stably replicate
subgendific@omipbahdsF tiNfescnt wBrticdemb g bé Formutivipfon vatindladmibatfioae 1999
285:110 and K. J. Blight et al., SC|ence 2000 290Q:1972. The cell -based
repl i cdESHESh ARG FEHAS 2615epPstcsr 0amngs taYs emiainas ji addian iodbettiven ar e
des

repli ca‘?%eé(lzlglrl\ts?ﬁ g??%\rge%fas \%&r%@%ﬁ%ﬁﬁgﬁ?%e r%ﬂj%%{éhgg% cbi (t%edldgg Nhe? fent
under stiaveadtiog mafy belfennulated t&&elawﬂAdmjmmeishs Tho smlstubrtsmn ss&;pmdsless arsiapglicact i ve

reconbi nan nden rases and 25 val.idation of these
st udi edlie thf WNﬁ\?IEVpF%arYFtP’ é’r?ogi’/g‘ﬁ RSP PERE WilkD PRINPIPRGT P P& - Hov

The formulations may be provided in a single or multidose form. In the latter case of a dropper

or pipette, this may be achieved by the patient administering an appropriate, predetermined
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



pol ymerase with conpounds in vitro biochem cal assays may be vali dated
using the replicon system whereby the pol ynerase exists within a replicase
conpl ex, wWo=xo/AP™d W th other viral and cellul ar pol yp@pTiEkes 0i068681
appropriate stoichiometry. Denonstration of cell-based inhibition of WO
2010/ 149598PCT/ EP2010/ 058681 -39- HCV-#&plication nmay be nore predictive of
in vivo function than denonstration of HCV NS5B inhibitory activity in
Vitro klegiohrk c@h s3hyaysyprofeintolin euimesscodndtpdey vidiyes e rilidim@WP) O TheByw e
formulated in a wde variety of oral adm nistration dosage forns. and

car ri ercamicopall logahs #14p HeiegH Cashy. bEha POdss coPasTGM map b@pgeserée%@atnétd

t abl et f

syr ups. 8 e e B b AR P B or M) RS £ BR RO o1
when a@mwrdmsmeybdacﬂxmmﬂtéredbym%oﬁﬁn iablatemi st rat| on includi ng continuous
(intravenous drip) topical parenteral, intranuscular, intravenous,

subcut aneous, transdermal (which may |ncI ude a penetratl on enhancerrent
agen ) Wherrdssired, femanlatiansisan he prsparsH ovith g qosigescadapiar serrsastaad oanong

ot her ]cgn r(ﬁ%[der%lege a%ﬂﬂ‘llllg rgtgon%[f‘tﬂé]actltve Enaﬁ%(? &ﬁr rP%g g rthé)é V{ﬁl? Hk 8” Egl on

IS genera I'ng a conveni (O] ng gl ‘men can

adj ust qsdesa@tclﬁvambg ctu@bé Renaegera teihsddinbi @tSquiuta{bduﬁ beigpRtiv@RtdesicEesponse
to the active ingredient. A conpound or conpounds of the present invention,
as wel [Thsse dohiapsy sgﬁtgmsf@af‘e%ﬁ%tagws Vel BrEaiged fedcase plyibe KRMPFIS BEESHYY nor e

CONVeNt§0n HLPLS RancE il £ S LKA SuctlRYChipl RS hiligS | he

form of pharmaceutical conpositions and unit ages nmaceut | cal
confibsidelivng sgsteins mietfredo&ageltifaohefdsto rma skineadbhestpe scd@duppore ohvecdmmratl of

i ngredi.ents in venti on roportiaons, with or wthoyt additional active
conpouﬁlagreétrcaaﬁfﬁqgaepﬂog@m B BTGP HO L GUABERT S mAZPBE | CAFRTI2any sui t abl e

ef fect 'c‘ﬁ@loﬁéﬂ?é’rﬂ? ) tgl%ta‘?rfeﬁ'%@aée%h@%%%teﬁ@ IERSMA L8 M dnBo ddheintorRded
dai | y ddosage range to be enpl oyed. e pharmaceuti cal conpositions may be

20 errpIsob@malslaserlhycﬁsrgeswammmtwlabmt subdernfdl impldnis apsapiselgtc the pdmpduindgn a
powder s, .su ined.rel ease fornul ations r,_Liguids such as sol utiaons,
CnopendPih S HRE e 2T pUR R REb P} e B Co P &gmpOfyéaeC?woaP%r 0 the
form of suppositories for rectal or vaginal adm nistration; in the form

\(l)\; | ﬁ erdy il "ﬁ%gx%ﬁﬂ@ci%@ aﬁ)ﬂg itH B&Q&u@?@%%f’%ﬁahﬂﬁ@ﬁs arfd éfé@&&l@é arE? ic gfb@tz i on

contaln from abou out acti1ve conpoun r conpounds (W w).
The t ernmRépirmgpar: dthe Snienmaﬂmgzag@ dfdtmymasy 195 edieddeE. V6. Macinudackot h
solid and.liquid for tlons t he active.coppo. and one skil.led in the
art wil qﬁugg b Papanr o i Erven DsgROU DI oa RS FE gy
prepar fi‘ﬁdd?ﬁsthg eRanditiads @hiihge E&Eﬁﬁgs @F tﬁ@-@p&[ﬁcra’t1§1§ Hﬁpr@%e AmkRRisdesi red
dose and pharnmacoki neti c paraneters. term"exciplient" as used herein

r ef ers fomdatmmf@lmphrtmd@r rogtelpd| @.ﬂmlmwtmtlpn@p‘éﬂouh@néerptgethera@remmms of the
gener a saf e ol ogi cal ly nor

O TBp okt BRELAnib R 3t SomP i b D AR AR %% e bpt abl & 1 or

veterinary use as well as human pharmaceutical use. The conpounds of this

'28\{8?&'23% é}@%%f_}%%gg%%}% dﬁ%%g?&n?ﬂo%ﬂﬁs RUbn i therYRore 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



-40- generally be admnistered in adm xture with one or nore suitable

phar maceuti cal excipients, diluents or carriers selected wwth regard to the
i nt ended woubw/@ps9adm ni strati on and standard phar maceuPCtaiP2@oastoBTe.
"Pharmaceutical |y acceptabl e” nmeans that which is useful in preparing a
pharmaceutical 5 conposition that is géherally safe, non-toxic, and neither
bi ol ogi cally nor otherw se undesirable and includes that which is

accept 2bheitibRbf theFaic@hemaalitdnialts Wik whith'thd patieae 8Wcipakdaycdadraptahe
salt" formof an active ingredient may also initially confer a desirable
phar madeer petdreinjsirapiest and 1R Pt cages |30%G¥R?§1ﬁ§%ﬁ fithe wsfical RastEioapsENe Ve t he
non- sal £ t f (A BRP of the
actlvefﬁnéggga%ﬁﬂgﬁﬁ r%ﬁlégg 6”?%“%?§aﬁﬁ&§ahaﬁpﬁggact|vﬁ%gﬁghgt e body.
The phmvagght' pphézryrmloeldtheca@pfqprlame picabtherapgland/ooin eorslong@urtterapn s pefaeddt

t hat har maceuti cal | bl e ssesses the desired
phar%é’ﬂﬁiﬁéﬁ’%‘&? ket emapost 0. ad ﬁ%ﬁ%%@g Eaﬁb%bff?@ Waighthmorg E@gﬁiﬂﬁé Oufond (1)

aci d adgh it 190 rﬁg’ﬂcﬁ %@d;f @él@ﬁﬂaﬂ@' ﬁl@st' RILQAN] 6 2RE hﬁo%t%(iﬁg/@gbm&%ﬂ 19e"r'd§y aci d,
hydrobrom c acid, sulfuric_acid, nltrlc acid, phosphorit acid, "and the

like; dhus.dpredministiation tgmﬁ’(bkgmrd@l sheodosage aogt wouladledtbombmgm 0d diperaci d,

hexanoi ¢ a ent gne i oni.c aci.d colic Cld ruvic.acid,
ot o e RS R BB R as B B PO b P Pt e b fmnr
acid, thardhilcandd dbsagdstpt 8ay2CicHeralle NZQtRer 6 ﬁiltla@ed(\értllﬂyﬁﬁl%)dbﬁﬁ'géQWIﬂdhenZ0' c
acid, cinnam c acid, nandelic acid, nethanesul fonic acid, ethanesulfonic

aci ¥ mroless thamthedipsinlunbdose odhecomporydir Hheyeattar tessdsispgmis dncaedsed by small
benzen I t iC
benz engaibholt Gndihdopdn il eDEPAENERU OGR! focfd B SR ERES P
4- met hytchiiny ¢ikeds@s &esefibeddierain ik b& ablay Wikotlt vedwc:geriglntatibe pidinireliace dn

3- phenyl propi oni ¢ acid, trlneth | acetic acid, tertiary butylacetic acid,

| auryl PstPRirkinewigdes, cxgeticnsaped Hisiddse ijwaﬁffes anligatify & BeGaEPAt hoi ¢ aci d,
salicyl , C

For mod BRI Ca B o FRIRRR AR, Frun Bt Fulshlh ' i Pl
replaacedd pytiatnetal ion, e.g., an alkali netal ion, an al kaline earth ion,
or an alum numion; or 25 coordinates with an organic base such as

et hanol am ne, dlethanolanlne tri et hanol am ne, tronetham ne,

N- met hyn gmb@élmeﬁ@ of Abgjinyevtion; the acthes] sammosndop f splhea hegdministeradde powder s,

;ab' et %mn% bt 131’1 wﬁt%%%g P ant%%haﬁ%%t S&H%le%h\%%' \‘jﬁuelﬁo'éﬂie%éfgaroﬁ! e{r%egr anul es.
solid carr nmay be one or re  substances 0 “ac

di | uentlmlbﬂtdraumheirg{(a‘g @bh-swclsediddbpdlymerase inhibtor oaRICS)] p@t@p@mﬁm‘lgr apaihs,
bi nders, preservatlves 30 tabl et d|$|ntegrat|ng agents, or an
encaps (Ma#5tig campeyndr itsidsrivgiikser salt prsadadnisicesd 1g spmpamrfign pithgnethge

di vifle e V, ent .
1 oA a7 ARG ol g o thEER G e ek ATRAT
gener alcbybimmtion dedaps mfchtakimlmstratloarma”}aha wgcthent pe sepsaiial woihndspegt oapawift y

in SUIt bIe roport.ions a acted in th sha and si ze desired.
Sui ¢ bl B RS ERSeTiHE N e GRUCUHPE HGERTHACAS Fo LSRN AR onat &,

magnes 'aﬁﬁhﬁﬁt@eﬁfoﬁt& thet a@eﬁt’s aBHAhme hidkd B8 difRBGH 'tlﬂles d @&hﬁh@trat%tnaef %R0 ogel atin,

tragacanth, nethylcell'ul ose, sodi um carboxynet hyl cel lul ose, a |ow nelting

wax 5 nawc egerutttthe saramidme ken bé dchicvee by @ si@ﬁ%meb&oat:o@mmﬁmmmms n, in
ign.to. th or ant.s .. stabilizers buffers

el A R SR AR G R e

agent s,wigthalsihgle attikeagehd. qui d fornul ations also are suitable for ora

adm ni stration |nclué% l'iquid formulation including emlsions, syrups,

el i xirs, aqueous sol utions, aqueous suspensions. These i ncl ude solid form

10 pr epdeatinotiscahéshor HONhiIl&mdenL ascmsd:lbharainyaalsd exludos freajuient drgrophylaxis

pr epar at.i ons short | efore us ared i n.solutions,

for ex& |déﬂea%er9réoﬁ9ﬁ6@9na§saﬁgﬂe At ?ly% Tt A Ra§" L AHRCH

enul si foynp@nad@akss such as lecithin, sorbitan nonool eate, or acacia.
Aqueous” sol utions can be prepared by di ssolving the active conmponent in

wat er and addi ng suitable colorants, flavors, stabilizing, and thickening
aged s Thaqereotberappieady effistica ambentp e psudedrdily mbbnChinsgred it guirbé td tededey

di vi ded active co onent in, r with visc terial, such as natural or
synt hetsVRPIO! thedissase ﬂuT%%%ose%ﬁ%ﬁ Jélé‘ie%%}ﬁé{l yideal | ul ose, and
ot her well known suspendi ng agents The conpounds of the present invention
may be formul ated for parenteral adm nistration (e.g., by injection, for
exanpl e bolus injection or continuous infusion) and may be presented in
uni t



20 dose formin anpoules, pre-filled syringes, small volume infusion or in
mul ti-dose containers with an added preservative. The conpositions may take
such for rwoas16143§98nsi ons, sol utions, or enul sions in OPCY/EPROIQHSRSOUS
vehi cl es, for exanple solutions in aqueous polyethyl ene glycol. Exanples of
oi ly or nonaqueous carriers, diluents,-4%0lvents or vehicles include

propyl ene glycol, polyethylene glycol, vegetable oils (e.g., olive oil),
and i njreqii@ilcatsdh gaoh garesil@rcasd eTigt do@pbyin vy elighat e)de 1aigs depgndiog tipdbm
formul atory gents such as reserV|ng wett | 8 emul si fying or suspendi ng,
st abi | .nzlnwgbué %nt@ﬁs SatisPepe PG iiglithe dispgse & h% reafed. yhe %g@enéeﬁw@l heﬁgh edi ent
may be 4R Ehe %éﬂt QRtah &ﬁ@'an‘%t%ﬁﬂ%h?cﬂ thO Qt;én?ﬁ Win gst e%il fhe$Bhted {i’r by
| yophi 'l sat 1 on n1so1ut|on or constitution ore us a suitab

vehi cl Eforneo@ad,mlatsﬁ'and)mandpye ogdereficos endatericnce of tihmedsajppactd®naf invblecd.

presen v on may be_ for Iat for t |ca m ni s tio o,.the 30
epi dor %0 ol @qnﬁle%ﬂeg a %%ﬂ@éiﬁga%?ro W%ﬂ@ (i%s étbp%ﬁfiﬁ)@r% gba@xzh
O nt meRiSoRREr §4,8M081dRY%pp f@?la@iﬁmn%thep%gaﬂﬂw A Sebinatidh B&apfye

erfd
oily base"with tthe addition of suitable 2010/149598PCT/EP2 10/ 058681
- 42-  t hiadk dovang it om apehi §.hgndgemit $00 mg/lig)lomiymaqlglntembm prafeated @. Wartdn  an

aqueous, or iI ase and |1, in_ genera |n| ne. or

et ot it M0tE BouPREe 1o PugBlFed! 1P RCebRR g Dby oS Ehni By

agent s, THukl foK &dthinghtrageiMoSa 7®@kg FEKEN, Itmgdc@ggéﬁ[taﬁge &@ﬁl@ﬂeabb@tnﬁmg% ba gerf oOr
topical adm nistration in the nouth include | ozenges conprising active
agelt s day. dhe fabotasdgbesnee a@nu@at&rqdwsm%%éosag@loe@adewd%doseg%sga@mﬂﬁ

pasti e, COMPLGS RY Oée@%efa%w ¥2nb28Y, G .{:mﬁﬂhédr\%ﬁﬁ SDARE UG dF; el atin
and gl ycerin or sucr acacia;”’and nout hwasnes conpr|5|ng£%%e active

i ngr ediagnkesd tha@tigwptiatuneddse @ittt @atpouad. Th‘Ek@ﬂeg iodosdse @fmdrélaeecpbesmmm

i nvention may be fornulated for adm. nistration as suppositories.

mel t i ndnsraRents yptl the optimpmclicet for thedpdiyidyal pptigntyis sachis @pe %fdxfélaawﬁlbm is
first r
exanpl QPP ARl IRt ?é%ﬂﬁgﬁﬁé‘&%%%%gﬂ% S aACRRTRARERISldoe bR
conien |persbnﬂ|knew1mtgb Axperadricowad tHealictshires aifi thit appdiohtiati, fo/ascdii@n eonpounds  of

t he pre ent i.nv on may be f.aornul ated, for, vagi nal adm nistratio

possar agapebim Bty Ran pe e eporadt O bo RESGR ingRiyL kR gremandtieg™s n

addi ti giq hexiddpe active 15 ingredient such carriers as are known in the art
to be appropriate. The conpounds of the present invention nmay be fornul ated
for nasal adm nistration. The solutions or suspensions are applied directly
to the maeedpe@@oaillwffemnemmmm bHned mprad Df tieqire@XaimpeiionnaidoRions bpeey or

pi pette or sg The formul ations may be provided in a single or nultidose
form IPPTE B 1rla@%1épt1&%?éége¥ts as ¢t yppEt eéfﬁctﬁieﬁef%@ce thei ‘gra.lrhvdeé a%%‘ieeaved by

t heZ(Patshﬁﬁ'ﬁledwf%l’}bs?o%é Bnd APOLRRih &k Sor b PUEIR r}%ngoo%g 5, bl Pl b
soluti on or suspension. |In the case of a spray, 8 ac eve

exanpl eilﬂayloaéamhidaf bt amencﬁrhrnllgpdatb dineizfiibrgsis, p:ﬂayttlpm [rpseruril[ h@nmnpzmadds:lmndt he

present invention be fo | ated for aerosol I st.rat

Do © 1 C ARSI ARG SEUERY F Iyt Ot OO D AGTT s R o be

admi ni %kéﬁf;!aﬂﬂand'rﬂb% li ﬁﬂﬁ&?‘é@g n\MrlEér 19%%%ﬁdn)&1e‘l?éﬁ‘§m%a§&ﬁ&iTP@ﬁffch% Resuf@ for
exanpl e of the order of Tive (5) mcrons or |ess a 25 particle size

may be bybtaidaddlibicahwans. Rme@me r:mbocﬂimeatStof tlia)lmve)t@mhefﬁ@yﬂ\m tegatmentat i on.
The ctive ingredi ur| ck with a suitable
oot ik RRER e R AV ARG B o /ﬁigﬁ&

di chl or odi f| uor onet hane, trlchlorofluoronethane or

di chl Orﬂ%%Jcﬁﬁédt‘Bh%‘ﬁﬂé%QseP%o RGOt He R D ol Qﬁﬁbl | 6 &ﬁér The
aer osol may conveni entl nt aln a surftactant SUC ecit The
dose ofveblicley farwyaﬂnple;:may bokéstly abgoraplshtébye chinor 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.



30 valve. Alternatively the active ingredients nmay be provided in a form of
a dry powder, for exanple a powder m x of the conpound in a suitable powder
base suctwe=oloaapisse, starch, starch WO 2010/ 149598PCTPEPAPIALO5EEB8L - 43-
derivatives such as hydroxypropyl methyl cellul ose and pol yvi nyl pyrrolidine
(PVP). The powder carrier will forma-§el in the nasal cavity. The powder
conposition may be presented in unit dose formfor exanple in capsules or
cartri dgedoldwiag @xamgles dlustrato thdyprepdretiorpaaksolbgiont shivation bfcampuliads walinbe
adm ni stered by neans of an inhaler. 5 Wien desired, fornul ati ons can be
pr epar ébF SgoPp ObhE drveation al hotg sxaarlpt el rreparatiens syHeufodpweBp pryideddor el ease
adm ni shEAL UeRe Qi Ak YEroROEIEH) el Y APHaLricd e pRARGMAGRGE the
present 1 nvention can be fornulated-in transdermaf or subéut aneous 8rug
del i verkhedsliudé sot bEheasideet iay Bnytimytht sctpeaif ¢heaid vanibageo nseralpes bsingt ai ned
relgﬁse of t.he conmpound is pecessary and when patient conpliance with a
treat megStiREYS HdhrepesaiRierdierc®onpounds in transdermal 10 delivery systems
are frequently attached to an skin-adhesive solid support. The conpound of
interest can al so be conbined with ﬂlggﬂﬁg{ation enhancer, e.g., Azone

(1- dodecyl azacycl ohept an- 2- one) . Sustal ned rel ease delivery systens are

i nser t &d(SYOLA-EReouBltyl-b 1{2-@xb acttdhg dsufydenidial- 1 ydygtenbly-viu pehynybdy

i njection, The_subder i npl ants encapsul ate the conpound in a |ipid
soIublémﬁ@ﬁﬁﬁgﬁ@@mﬁﬁdHEBSiIicone rubber, or a bi odegradabl e polymer, e.g.,
polylactic acid. 15 Suitable fornulations along with pharnmaceuti cal
carriers, diluents and excipients are descingped in Rem ngton: The Science
and Practice of Pharnmagy 1995..edjted by %;/ Martin, Mack Publishing

Conpany 2" Bdition, E h, Pennsyl yani N "fornul ati on
scienti st ”DQEEYIthe nul ati Qassw thin t eachi ngs of the
specification to provide nggerous formulations flor a particular route of

admi ni stratf¥8 wi t hout rendering the conpositioff the 20 present

i nvention_upgtablgg or conpégnising their therapeggtic activity. The
nndific££:bmmp§=kﬁﬁ)presen conpounds to render them nore soluble in water
or ot herstepahi cl e, for exanple, ry HETER™YY acconpli shed by ni nor

nmodi fications (sgt formulation, esterification, etc.), which are well

wi thin the ordi askill i gR'art. It is also well within the ordinary
skill of the arEzi route of adm nistration and dosage regi nen
of a particular ' order to manage the pharnmacokinetics of the
present eefpounds f o paxi mum beneficial effect in patients. The term

"t her apetithiccal |y ef fedti ve anount" as used herein means an anmount required
to reduce synptons of ‘e di sease in an individual. The dose will be

adj usted to the individial._reguirenents in each particular case. That
dosage can varyemmr}sg\]ﬁjgl\}}fmts dependi ng upon 30 nunerous factors such
as the severityqniE%ng d'ﬁg@@%ikp be treated, the age and general health
WO 2010/ 149598PCT/ EP20T0105 Y44~ condition of the patient, other

medi canents with which the patient is being treated, the route and form of
adm ni stration and,thefgéfferences anq experience of the nedical

pratt i sfegder TP gvelutian of B Cot &1 1 atmmalsindke@soolsd ¢ 18 (erdsgan 6 bet ween
about Qltrgc]slpﬁ&% V@ég%}iaedla&% %&&i&%ﬁ-ﬂﬁiﬂ 4 3 R 1@%\/@%@3%@@@1&%&9pr iate
apy and/or 1n co t he 5

i n nonot he I nation rapy. A preferre ally dosage is
bet weermesdbelandtht paled/cHboub WB00 wag stugedady’ 8Wwei fght .5 noFethprsetugionedhs@ddedand

about [ kg body wei and nost preferred d ut 10 ng/ kg .body
e ght TP Ty rReR P e St Rt S ooy R D Aiseraided Jab
range wWouh gnd& AR cxfratB WaR WasKedwRE bril@Ydricd 1R1o4®, ), YiltdRI2GE c6ARnRSGted in
adm ni stered as a single dosage or in divided dosages, typically between 1
andl5 desagesfioet 331008 ef 20 s angibat ment is initiated with smaller
dosages whi ch

step 2 — To a solution of 15-crown-5 (0.3 mL, 1.6 mmol) and THF cooled to 0 °C and maintained
under an Ar atmosphere was added diethyl 4-nitrobenzyl-phosphate (4.8 g, 17.7 mmol) and the
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



10 are less than the optinum dose of the conmpound. Thereafter, the dosage
is increased by small increnents until the optimmeffect for the

i ndi vi duaopatoeniosi s reached. One of ordinary skill inPCTERRIMNGYHBEases
described herein will be able, w thout undue experinmentation and in
reliance on personal know edge, experi-éhce and the di sclosures of this
application, to ascertain a therapeutically effective anount of the
conpournde nof) thdwesylties solhtidmnheind earctddrwith BiIO&N The&asiindbe@ndtspadre @athed! n
enbodi ments of the invention, the active conpound or a salt can be

admi ni SYBYRinG Arieheddoi Blered end evsperesd dricvidedroduseies Budliedly $i0savi rin,
ol ymer ausiogb PR i &n ERONDE Bl AR SH (o B8 ERBRCIHERRS 1950 200 4 or

its denfQdtsegelowsalid. are administered in conbination with another 20
antiviral agent the activity may be increased over the parent conpound.
When the treatnent is conbination therapy, such adm nistration may be
concur stnt3 odo geglusipn 0h24 (-6 B, 4.4 Syael atug updertArdn guddl evnsiadded

deri vat_j .1 } DI Lan, i j es

adri n, SESERial BRRE [FER A00 Bty R bOR0 §3 LREOLTG@PLIEY A BE

Admi ni gbll@tddasy DB-disBinoprofune (Agemt s8 aimd NETIRanE wdsnealedbndBeatahtioe$6dCby a
single formul ation containing two or. more 25 active ingredients or by

subst afvPEighy- Thertuda madyee wemoadask diseetly AntgrantSig:2 eplumsr edgdutag &vithayins wi t h
a sl F‘Q'E‘%oﬁ%ﬁﬂe)(&e £itEnt (ﬂ?%EE@AMo f6RAE RF to ?(500/%‘ ébl%dl' B&@EMG@H:N@EOW@QQ.
herein, also 1 ncludes treatnent or prophylaxis of a disease or a condition
asstri affedd M750 goif 26re tidbtéeh AY aHd¢d iimflecipeothication tekees © 4 60:¢@ll nsixtapt ofrs

t her eof %@?é%ﬁ%@l4 598PCT/ EP2010/ 058681 -45- requirenents in each
partic&ygw' §QENHKQ -dosage can vary within wide limts dependi ng upon
nunmerous factors such as the severity of the disease to be treated, the age

and general I : if ' ' 0L S W i ch
fhe pacrect- TEHhRE028101 26 38 RRAPL LR +Bh MBI ERSTE B fo b0 1
pr ef er enoas nanal) and eei regidtengodo litivd Hve@dt aateflak d6t 2 hi TheKolutiotow¥eeboldl tbRT or al
adm nistration, a daily dosage of between about 0.01 and about 1000 ny/kg

body weéPgRenqserratady wssal dhperudpprasyet weePuriichiiotHe Fapipatarermsy cluting
S0t "HHPRDICARERAY1 BCRLEIBH.AHLOH L RRa8to 15 ot HE R AR o0l (3%,

wei ght odi@8a.nost preferred 1.0 and about 10 ng/ kg body wei ght per day. Thus,

for adm nistration to a 70 kg person, the dosage range woul d be about 7 ngy
to 0.7 g per 10 day. The daily dosage can be adnm nistered as a sin

|
dosage stap 3 nTe ia\ﬁll%i@GSi@I@@ﬁé&(l%p ¥, @20 ymigHting énEtQPHHdOsvwsiégbh%@?Ugay.

Ge L Ly, tr iS5 i Nitd j t ] i | th
Che opt Tkt dSBIOERb (7B i B Hdie Rl e o RES RS e Bk L 1E St )"

smal | isotiea®at soslad td RThad Gpticdyifoadi glats filedr pap& and dieviotidataspat witht i s
reached. One of ordinary skill in treating diseases described herein wll

be 4bl &0t Adadlttaie ves ssephsdi WEhbars. drchdedHss Blterahard epncenfraied gowsio
know eqgeso X9 h lﬁ?ﬁo he afioski tes of this application, to ascertain
a thera%eu??%a?lfggg%%c iJ@ gﬁngnt%g &%ﬁe conmpounds of the present
invention for a given disease and patient. A therapeutically effective

amount s&‘fp iz T@fef@@lﬂﬁﬁn @f281’6'|(31 Ioresom 1 ﬁﬂb@rdiés@[bedar!ﬂ@mfah&m@dléd/toqnﬁi Qhas MOT €
additional antiviral agents, is an anobunt effective to reduce the viral

| oad oreddechpyidinea(75 0ls Q9Banmel apd mesylrchipisies & he geacken wjgy allayesk tglwarpdpcat or s
for a i r €, [ L1 . I I .are
ot 11 e iRl RERAGIRRRC 1ok BB btk e Blaca TR b SO Pl D
necli MitleaaM/6y:18dt DEM: ¥cOH:NRBOH yradicntQ96 t6€ 66vUDCEY aspiferd Ihheg (M0%) of
intended to b ,exeqplarg and not |im 1Q%, of a marker is serum al ani ne

t r ansmilnbde? YNdTIPWhi 0237 Rebstis 84 7BY) stafdard clinical assays. In sone
enbodi nents of the invention an effective treatnent 25 reginen i s one which
reduces ALT levels to |l ess than about 45 |U nL serum The nodification of
the present conmpounds to render them nore soluble in water or other



vehicle, for exanple, may be easily acconplished by m nor nodifications
(salt formulation, esterification, etc.), which are well within the

ordi nary wWRIi2010/i4p598he art. It is also well within the ordirreeyrookissl of the
art to nodify the route of adm nistration and dosage regi nen of a
particular 30 conpound in order to nanrdge the pharmacoki netics of the
present conpounds for maxi mum beneficial effect in patients. WO

2010/ 149598PCT/ EP2010/ 058681 - 46- ThEeafnpld DW ng exanples illustrate the

preparati nd_bi ol Qgi cal eval uatjon o onpounds W t hjn the scope of the
i nvent S\ifﬁ‘g?@é?s'Q'%ﬁfaﬁwwgg'%@’ﬁrgﬁér%‘f‘ut%WgY%rI&’ﬁlml 1nrbod>a1hénﬁd}-8my ed to

enabl epqlplggja_m%{ﬂahéﬁ@fohghﬁdgﬂ_g%t to nore clearly understand and to practice
the present” invention. They should not be considered as Iimting the scope

of the invention, but nmerely as being 5 illustrative and representative
thereof. Exanple 1 N-(4- { (E)-2- [3-tert-Butyl-5 -(2-o2-NPet rahydro
I I '

-pyrimdin-1-yl)-p h%riﬁg] -vig) J
20a: R = Br2426 gtep 20b: R = r =_4-nitro |1 _gtep 4
ol step 1 OR step3 step 4
CMe, CMe, CMe,
30 32a:R=H 34

step2 [0 3ope R = Me

38a: R"=NO
36 step 6 |: 38b: R"= NHz

step 7 [am 13; R" = NHSOMe

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



Cve, 28a: R' = NO2 step 5, 28b: R'" =NH2 step 6 1_3,.. I-i: R = NHSO2M: 10
step 1 - To a solution of 20a (3.9 g, 13.3 mvol) and Et20 cooled to -78 C
under an WO 2atomsiRer e was added slowly a solution of nPBUIEP2§15/08868L, 14.6
mmol, 2.5 Msolution in hexane) and the pale yellow solution was stirred at
-78 Cfor 1.5 h. To this solution was -4%ded DVF (2.1 nL, 26.6 mmmol ). The
reacti on was quenched with H20 (10 nL), thrice extracted with Et20 and

conmbi nechsgxtifiag bg SIBSchremiedraphy blubihg Reth KIOARhekMBpSOAfTord 0.6V @r(e40a 034
concentrated in 15 vacuo too afford 3.9 g (100%9 of 20b as an oil. step 2 -
To a sépPavrdew splid€.¢f ewWt’®- (0.3 nL, 1.6 nmol) and THF cooled to 0 C and
mai nt ai ned under an Ar atnnsphere was added diethyl 4- nltrobenzyl phosphat e

(4.8 g, 17.7 nnDI and ut| rred at for 10 mn, then
ot UieBd bR pelbuSiEor 443590 ks Hina D nd TMSOLIERA B s iR PLadtd on
stirred lik(0 Q)zmﬁfonom uench atnol, idur seb24le, @ Cl WO
2010/148 8PC?h%B£01 /%%g 81 -47- ) ]Mﬁqggtﬁg resJ%%lné¥solu§|oﬂn?%$?ce

ext riactf@épwdtbv BB glamingtpsoraaaid. ﬂuéfélgelx? maealy Wee walwahssalediant heptedhs, 1 39r’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(éall%cg, and
heated 0,150 C . aded .d t|
502 cdh DAoLt et HieeR Rt BPORL st robdu BRvolubaert seded 4 8o,

Et O tt&eh%%l@tmoaﬂd MW@%@H&&@%@M@ dm@n 4 BED Mc/BExadbs (3%5R) 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 fer 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 a1, Me&\aﬁmﬁm\eﬂ(ﬁz@nmym(ms&m (AvEBQand Joh&ér@ﬁafé@ iADBcuo. The

concentrated in vacuo to afford 110 28b (63% as an orange solid.
crude product was purified by Si0, chrornato graphy cluting with a stepwise gradient (33%

EtOAc/hexane, 100% EtOAc and 100% 60:10:1 DCM:MeOH:NH4OH) to afford 110 mg (39%)
of 38b as an oil.

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.



step 6 - To a solution of 28b (110 ng, 0.31 mmol) dissolved in DCM and
cooled to OC was added pyridine (75 [iL, 0.93 mmol) and nesyl chloride. The
reacti on wa0sa/i408d to warmto RT and stirred overni ghPCTHPR019058681i on was
concentrated and | oaded unto a 5i02 colum eluting 25 with a DCM 60: 10: 1
DCM MeOH: NHAOH gradient (95 to 66% DCMpO+o afford 54 ng (40% of 1-1 as a
solid: mp = 235.0-237.0 C, ns (MtH) = 350. WO 2010/ 149598PCT/ EP2010/ 058681
-48- Exanple 2 N-(4- { (E)-243-tert ERuiple 2- met ho xy-5-(2-0 xo -tetrahydro

3050a Ly Bahidmbge R po- BRE i 1 Fondor L3 Lie ey Brs o4l 8b98- 00 g

CASRN %ﬁ@ggffegﬁfo%}lnmlgg\/l (20 nL) at OC was added dropw se a sol ution of
Br2 (1.45 nmL) in DCM (15 nmL) over a period of 30 mn. After the addition

was conplete the reaction was stirred for 1 h then the organic volatiles

were renoved under reducegpressyf,to affrd (. 2229 of 32a as a light
yel | ow sol i d. step@- A Qi X of 32a‘32., Mel (2.32 ni) and K2CO8
(6.18 g) in DVF (50°n) was edw@ll 50 S§frk. h RER cool ed to RT and

diluted with ether and water. e organic layegpwas thrice washed with

wat er then brine, dried (I\/gSOff), *filtered and cordcentrated to afford 3.99 g
of 32b as a yell ow solid. @28 R =3b6di um hydri e (0.10 g, 2.6 nmmol, 60%

di spersion) and 15-crown- APB& yMe 0. 17 mmol )" were added to THF (5 nl) at

0O Cand stirred for 5 mn. To the reaction m xture was 15 then added

dropwi se over 5 mn, a sol #Oh of di ety _{4-AQi tL0benzyl ) phosphonate (0.52
g, 1.9 mmol) in THE:Y and stTTT*ng’ ontl nuegd—at™ O-& for 5 min. To
the reaction mxture hen add¥® Ur opwi ;¢ 10%f* a solution of 32b
(0.47 g, 1.7 mol) in TAHF ¥ nL). The reagiyon mxture was stirred for 30
mn at O Cthen for 90 & at RT. Water was carefully added, and the

m xture was partiti oned46between wat er and E80Ac. The EtO0Ac | ayer was washed

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



20 sequentially with water and brine, dried (Na2504), filtered and
concentrated. The crude residue WD 2010/ 149598PCT/ EP2010/ 058681 -49- was
purified WQ 28i00@9%98r omat ogr aphy el uting with Et OAc/ hexamreTiEr2@bfssedl 0. 67 ¢
(94% of 34 as a yellow solid (0.67 g, 94%. step 4 - To a solution of 34
(500 ng, 1.2 mmol) and DMSO under Ar i-Al-a vial was added sequentially
proline (0.030 g, 0.25 mml), K3PO4 (0.54 g, 10 mmol), Cul (0.024 g, 0.5

mol )  Serholddmwefitrayod., "Bhdlfidatowagiicapaddao (ks Rt a@,additiBnalmsl mg oG OH)alwasas
seal ed and heated to 150 C overni g}t){t. The crude m xture was taken-up in
Et 0Ac Edaednd thghxdragenaiion comtrard EHd bE30msi He ey cetapsonys Glercd snd Bkt r at ed

to 450 0 = : QN . . | ) and THF
was adggtém(e:%?%bc%y ad%cll fléncli %gg%slldeu-g((%ﬁfgglbgrskgz aﬁ?m%@ﬂg%gu% ﬁiv lt?Ilggs?lul ting

sol ut i dtORedtceahcagradieditl (IR td H0% EBOAc) Dredfosd BBitmgoof 48as cool ed to RT, 10
taken-up in DCM and purified by Si02 chronmatography eluting with a

Et OAc/ hexanes (5% to 20%to 100% Et OAc foll owed by a DCM 60:10: 1

DCM Ve GHpNHA AHodit igdliod Atchiars-prepyt 59 raomje ind Tt Mywestwged(amﬁ ovstnighta Tost ep

6 - To 1,01 of 1O N X ded
Rract (TR e SERe P b BRIk B0 i fPOTR M B RS gk b P LS
for 1 Rolufibewaghedtednt 80 Xt foF 8 hl T Haasaction hedtutowhiicovnd tHiRT, ebeekntrhtcaugh a
glass filter paper. The filtrate was diluted with Et0OAc (60 nL), washed

wi th brege elalifvtod wigh e Myesplution wasepade agitic edthcletiGaad thioigarigo. The

o adi en 350 B A O e ar KRB B I PRkl Ry o
af f or d phiifiedrgn 6 38&daravive 38D, BEC piatod¢veldped stithpEtD Ac tdaffard 9.0 g3 %) o3813.
(0.180 g, 0.47 mmol) in DCM cooled to 0 C was added pyridine (0.1 nm, 1.47

mmol ) and nmesyl chloride (35 [iL, 0.47 mmol) The solution was stirred for
1.5 h tihwagpicpaed gnadegsiusbdxeeptan sepo, Tehlgrmpopyl isogenyy wasderddogd edthd-t h a

st epwi i % A e, 100% Et : .00% i nt").
The r eanlvay S FRberAEE T AR SR b S MR B R LG s et

DCM " 6Gvifi2:1 HOOMcMeQHieNHAOH "to afford 11 25 ng (5% of 1-2: M5 (MtH) =
458. WD 2010/ 149598PCT/ EP2010/ 058681 -50- Exanple 3 N-(4- {243
-tert-Butyl-2-netho xy-5 -(2-0 xo -tetrahydro-pyrimdin-l-yl)-p henyl]
-ethyl} -phenyl)- nethanesul f onan dExamph)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)

R
Br % O R'HN AT
32b > O — —_— -5
step 1 OMe step 4 OMe step7
CMe, CMe

3

50a: R=NO 52a:R'=H
tep 2 o 2 o 3
step 50b: R = NH, step S 52b: R' =(CH,),CMe,NHBoc

step 3 [ 50c: R = NHSO,Me step 6 [ 53¢ R =(CH,),CMe,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

| orl ess step

N sorunib onthak Psdchekdt VR 3he L A0E 2 o riond B hshe R ies Rar oo

0. 255 | 1 10 g,
(() 23 %4%5111@3815@5(18@ S)IO R%C@a(lg’lfi’ﬁﬁa . KINAMD. 210 2B33918Id 1), mté;@ml g

m@é, ) 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

and ¢ nae ey ol SBPAE B B 1) R bl Bk WP gvacuat eq

10 reaction mixture was stirred overnight at RT. The crude product was purified by SiO;
chromatography eluting with an EtOAc/hexane gradient (50 to 75% EtOAc) and the partially
purified fractions pooled and rechromatographed on a SiO, column with a stepwise

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.



removed by filtration. The filtrate was returned to the Parr, an additional
75 mg of Pd(OH)2 was added and t he hydrogenation continued for 2 h (50 psi
H2). The watalywpsmas filtered and the filtrated concenPcaiErdoiansBsshe
residue purified by Si02 chromatography eluting with an Et OAc/ hexane
gradient (10 to 50% EtOAc) to afford 8331y of 48. 5 step 4 - A solution of
3-chl oro-propyl isocyanate in THF (4 nL) was stirred at RT overnight. To

t he redlhetsbhigios Glabtwiod waslkcdadietl, & didd((Baps),), filldded anddvapamctdKQte (chdle Ny)
and the resulting solution was heated at 80 C for 5 h. The reaction m xture
was codredict waRmrifigiehpicairadva $i0q ddboplatdicurippedwithe hERwAkexanpgnd the

sol uti Wel 1 ] } r ed, dried
(Nazson T TR R frahed e A h 0B R EPT 3 g B3 e s s 10
purified on a preparative Si02 TLC plate devel oped with EtO0OAc to afford
39.9 ng (39% of 1-3. 1-4 was prepakgampnas ogously except in step 6

3-chl oro-propyl isocyanate was replaced with 2- chloro-ethyl isocyanate.
The Yr &&(931{2&%@”{;@&4%15&&,%10&0% yrerpywanidingb yiprZemsthexephevdl-ethzb-wi t h 2: 1
Et OAc/ ] : N (4- { (E)-2- [3-tert-Butyl-5
_(4,4_Eﬁé@?ﬁg%ﬁ%@%$¥§n@?%§§gﬁ dro -pyrimdin-l-yl)-2-metho xy-p henyl] -

vi ny1l} - phenyl) - net hanesul fonam de (1-5) step 2 step 350a: R =NQ2 50b: R =
NH21-0". 52b: R =(CH2) NHBoc 50c: R = N Cg%@ step 6 E. 52c: R

=(CH2) 2CMe2NH2 step 5(EP2a: R = HA = 4 ansul f onyl ani do- phenyl step
1 - Condensation ﬂé (i § ! (4-ni N -phosphonat e was
carried8imeeemrd Wth the cedure—t+r=tepg 3 xanpl e 1. The crude
product wa&hlrified by Si Mhr or#Pdgr aphy eWdtiome wi t h 5% Et 0Ac/ hexane
to afford 2.70 g (98% of S5@ae,step 2 - Reductioamef 50 a was carried out
in accord with the proceEg&ggiqpsmep 5 of exanpl ¢6¢1l. The crude product was
used wi t hout further“ﬁﬁ% ' AroAH AP 20mhEhahdQEERR@idoERéH10/ 058681 - 52-
step 3 - The conversion of 50b to the sulfonam de 50c in accord with the
procedure described in step 6 of exanple 1. step 4 - A flask was charged

with 50c (1.00 g, 2.283 nmol), benzophenone imne (0.625 g, 3.724 mmo) 1,
Pd2( dbé;za_l(iessogpgl,on@.f #880.A89 ) 0. 261 o Ly amd zthiyl § - isgryamgoprrpinoaten40 +le 808y

mmol, CASRN 5100-34-5) in THF (5 mL) was stirred overnight. The reaction mixture was

10 concentrated and purified by SiO, chromatography cluting with an EtOAc/hexane gradient to
afford 0.085 g (63%) of 54a as a solid.

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.



5 (0.486 g, 5.057 mmol) and degassed with vacuum Ar cycles. Toluene (20 ni)
was added and the resulting solution heated at 80 C overnight. The reaction
was cool edoant/g¥st i onal aliquots of Pd2(dba)3 (97 ng PpCcame2@bMeg8s( 140 ny)
wer e added and heated conti nued overni ght. The reaction m xture was cool ed
and filtered through CELITE(r) and the344iltrate concentrated. The residue
was dissolved in MeOH (20 nL) and 50% aq. NH2OH (4 nlL) was added and the 10
reaction mxture was stirred overni ghtmple ®&T. The crude product was

purifi y. S 02 chromatography e] uti wi.th an Et OAc/ hexan adi ent (50
to 75%?\%{‘g;&%%-éﬁferfipwiép@rf?ihaw-ymd&??114}1%-& -sfl}-gm%w-wavﬁﬁ%ﬁhgﬁenyl)-

r echr onp4RH-aRRSI R i 02 colum with a stepw se Et OAc/ hexane gradi ent
(10, 25 and 40% Et OAC(?‘ o afford 695 ng of 52a as an orange oil. step 5 -
To a solution of 52a (0.311 ny, 0.832 mmol ), tert-butyl (1,1-dinethyl-3- 15
oxopropyl ) carbamate (0.205 gg 1,020 mml, CASRN 1B1646-38-8) and DCE (10
m.) was added HOAc (3 dropg) ¥Ad the resulting spiftion stirred at RT for
75 min. To the resultingt@el HiNgapeas added NaB S g 1.661 mmol)
and the solutidf strrr®d overni @ at RT. —TFtre®™r egct i S quenched with
sat'd. ag. NaHCOB ¥fRi! stirred foly TdMe Th&®B? gani c ph¥SEoMs separ at ed,
dried (Na2SO4), filtered and evapmMeat ed. The crude product was purified by
Si 02 20 chromat ography el uting wissh an Et OAc/ hexane ghiadient (10 to 25%

Et 0Ac) to afford 0.253 g (54% of 52b. step_6 - j | f 52b (0.085
g, 0.152 mmol) and DCM (5 nL) cooled to Ogg %gthgl%éggﬁﬂﬁh% E%nﬁL) and the

reacti o tored, in.a fregze or, 72 h. The . re i PARIE- iC ad

o achodsa SCaich et oL 48 5L pbR 4,560 tup it S TR SBN A0 i o FBRE SR ( 120
nL) addedican@t Aacsbidrwithges O exusgsle For 24 h. Finally an additional 20 nt,
of TFA was added and stirred for an additional 1 h. The reaction m xture

was diluted with DCM and washed with sat'd. aq. NaHCO3, dried (Na2SOH4),
filteratpindTewaporiah ef5é m AHF ¢t Hmbd cogled 8504 C ofas 5@dcdiialt 4 3nvmg). uBled Wi t hout

addi tional. purificatjon. 2010/ 149598PCT/ EP2010/ 0586 -53-. The solution
tes twitEaBSHRA Y e Hge, lﬁr%caloma%&ff “Bop %éﬁaalpﬁﬁ*ﬁed&@%ﬁarﬁeﬁtmfws The
crude RILAESt MEINBYHEd BA 300 An RIGRMALIIY R of REHTBEnR) 8 adgMel ey th
2: 1 Et OAc/ hexane and the crude product rechomat ographed with the sane

sol Mbntconfcim@ﬂfoaﬁmigtﬁ.. ghwg:a(:ti@/&li?ﬂre Ivslzats qExaaiodl evith BN ﬁql(lt H{Lal%d dﬂeuﬁdrﬁhrt y1-5
2(2, 6-di . - pyrimdin-l-y1)- 2. i ) i
oo Efatn TisEb RS X an B WA dehs, SRPETRSS R, PCRAp g orted

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



step 30 OveOWe CMWe, CMe, step 254a: R = Et1-6 54b: R = HAr =

4- met hanesul f onyl am do- phenyl step 1 - A solution of 48 (0.100 g, O.266
nmol ) andwet2hy/148398socyanat opr opanoate (40 [iL, 0.304 mror/EPGABRBSE681
5100-34-5) in THF (5 nlL) was stirred overnight. The reaction m xture was 10
concentrated and purified by Si02 chroebf&t ography eluting with an

Et OAc/ hexane gradient to afford 0.085 g (63% of 54a as a solid. step 2 -

To a saqloptli -oAndhatwhafG0c b @rridd odit GvithiBehYophendidhinide 4dd)PB(Ibalidf a¢dordrl) was
added powdered KOH (0.121 g) and the resulting solution stirred for 2 h at
RT. ThéV@%%ﬁﬂﬂéﬁe¥¥W¥%4§)W§§dé@ncentrated and partitioned between Et0Ac and
HCl1. The organi ¢ phase was dried 15 (Na2SO»4), filtered and concentrated to

afford 0.80 7599. of .54 a sol i.d t - uti.on of,54b (80
o, 0° 168 e f SuinTpes® fuTE Gl A0 a0ebi TERGSP 18 A OIS el G 8R! g
at 120 a@dédu-Brdrh@ ity chReidwi 10D J@,@m-r&har) kindl HiRPcactdd rhiRALE halstvas fopol ed
to RT, concentrated and the crude product was purified on a prﬁfaratlv%4TLC
NaHfg§); an

pl at®e delll B witstadded andetho apganisxdnge scoatatodangd washer wigh ext'd1acg

2010/ 1 8RCT/ EP /058681 . - 54- - - - 2,5
200 LR BRI ANRR e EAA APy B S B P
met hanesgid6onatiede (1-7) HN Si...-N 0 Ove step 20w

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



CMe3CWe3 561-7 Ar = 4-net hanesul fonyl am do- phenyl 5 step 1 - Condensation
of 48 and ethyl 4 isocyanatoacetate (CASRN 2949-22-6) to afford 56 was
carried owD20m/i@e398rd with step 1 of exanple 5. step 2 PCT®EP2a0190O5'68i on of
56 in THF (15 nL) cooled to 0 C was added NaH (45 ng). The reacti on was
stirred for 1 h. The reacti on appeared3@bout 50% conpl ete. The reacti on was
warnmed to RT and stirred for 3 h. An additional aliquot of NaH (35 ng) was
added apghrstbd,rdricd QMRS OG R Miltcrudesid @uadontraifdtl in Fagol Gac thudld plddictives p@sficd by
guenched with 1IN HC1 (4 nL) and di|luted with Et0Ac. The EtOAc_sol ution was
washed Pt HBPRIErapdy .e@ame M&Mtwﬁ/wé%araawat todioed Aele8 g ofikd- cr ude
product was purified on a preparative Si 02 TLC pl ate devel oped with 2:1

Et OAc/ then dried nd rerup Wt Et 0Ac/ hexane. ess pol ar
band wadear ftsbE Sat Pisfed AR BER Bt PR B e EEBARY M ane o
af ford cdfh Euﬁmm(ph%é’&he@fs i1d (%u@ﬂ) z(fm)ﬁﬁldahe)t €13 @B (28)-plriddziGR, PASRA ed

anal ogously exce in step 1, eth I socyanat oacet ate was repI aced with
athyl Z0nIchahdL bi@Hpparioubion NS00, b3 (6l hiprideinont, GASRN |
(E)- 2- 0t6§r9t Butyl-2-metho xy-5 -(2-0 xo-pip eridin-1-yl)-p henyl]
-vinyl} - Ay - 20 net hanesul fonam de (1-8) step 1 50c: R = Br60 1. 58:
R = NH2Ar = 4- rret hanesul f onyl am do- phenyl WO 2010/ 149598PCT/ EP2010/ 058681
-55- step 1 - Ami nation of 50c was @ahfpfdo Oout wi th benzophenone i mne and
Pd2(dba)3 in accord with step 4 of exanple 4 to afford 58. step 2 - To a
sol ut i ofr {6)-58-(epi-Batyl-g; m@hosmSwﬁ%wg» 2Hrpazig0 -y)-phemtldviDgit ool ed to 0 C
was added, 4- br but chlorid 0.373 mml ) and the reaction
mi xtur e \?v%asnes 1oy rre ?l?g%g%zoic %méme&ﬁ'g esQ 's;llsgldded and the organi c phase
separated and vvashed with sat'd. aq. NaHCOB and brine. The organi c phase
was dried (Na2SO4), filtered and concentrated ig~aRuo to afford 178 ng
(9699 of 60. step 3 - To a soll\{ﬁllon cH 60 (0 1 0. 328 nmmol ) and DMF (10
m.) cooled to 0 C yas, add ’(56_1y, Y 60f% 0i | gersion) and the
sol ution was war med 't 0,R stistped 18 gwerni gho Rls icated there
was partial conversion to prpguct. An adMlonaI allquot of
2

63 64a: R =H, R'=NO,
ste 2|
P 64b: R = Me, R'=NO,

tep 3
Ztip 4:64c R =Me, R' =NH,
10 P4 Lo G4d: 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



NaH (46 ng) was added and stirring continued. The reaction was quenched
with H0 and extracted with Et 0OAc. The organi ¢ phase was washed with 1N
HCLlt hen twibceloi4p398bri ne. The extract was dried (Na2SO4PpCTIEPRA16/06SHSENI
concentrated in vacuo to afford 136 ng of crude product. The crude product
was purified on a preparative Si02 TLEP ate developed with 2:1 15

Et OAc/ hexane to afford 19.5 ng of |-8 as a white solid. N-(4- { (E)-2-

[ 3- t er tredBltinglsugpdiEioh Qvas Yiltered(tBrough @ paf CELITEaAd thelfilfratp dilgwy lvlithr EdOAwy | }
- phenyl) - net hanesul f onam de_can_ be Pre ared anal ogously except in step 2,

4- br omsbiReWasped with dringedricd (Napy Qo dltaisd andopedrsiqshis prery | Therregs ryaduct

Exanpl : > 3 ) negrads 0

o pyr ARy 1Y SO OB b K TRl R a2 e A
vi al wae afftvar &8 dngv G40 5f®4¢ 250 yolipw Goadn¥6 nmol ), 1H pyri di n-2-one (82 ny,
0.863 mml ), Cul (0.11 ng), K2COB (236 ny),

4,7-dinethoxg;[l,10]phenanthro|ine (21 ng, CASRN 92149- 25 07-0) and DWMSO
(2 M) stopelr ddic msthanesudignamislg Wwas pacnsr s iacaementnd19de witdrmesg! giBorids or 5 h.

The re .Qn . | L O Wt £20. The

or gani dcosddatiie BRGHRs by b BEDRRH L 0REF R EREEs R eRRT0 8, g

( MySOHA chrdndtd @agiey cithgcw il @ BrOAtAGxae gradiein.(10 ke3 0 BUeAPY diffoid eeBmgur i fi ed
by Si 02 _chromat ography eluting with an Et OAc/ hexane gradient to afford

0. 128 §7%70)efP4dne fol | owi ng were prepared anal ogously except
2- hydr oxy-pyridi ne was replaced by the conpound in parenthesis: |-10

(5-fluoro-2( i,done), . l1-11 2H).- i dazi e, CASRN 5 504-30-3), 1-12
(a3 ST 1 bt Rl Enebivaatanionha ot ok o S0 PSS piriad P aoes it e
6270 63Ir&edimeanpkamSle 82xcdpt 6B Iwad refldedtvaift tEBUzm22 ko Xy-5 - (2-0 _
X0- 2H-pyrazi n-1-yl)-phenyl] -vinyl} -5 - nethanesul fonyl am no-benzoic acid
net hyl ester (1-15) 10 step 264a: R=H R = N2 63 step 364b: R= M, R
= NO2 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 464c: R = M, R = NH2 64d: R= M, R = NHSO2Me step 1 - A solution of
32b (4.17 g, 15.39 Mol ), 63 (2.00 g, 10.26 mml), DBU (3.1 nL, 20.73 mmol)
and DVSO woQorkiowas stirred overni ght at RT then heat e#CTEP2Q0Q5$68r 1 h.
To the solution was added 1N NaOH and the resulting solid filtered. The
filtrate was acidified with 6N HC1 ext-p&cted with Et0Ac and the conbi ned
extracts dried (Na2SO4), filtered and evaporated to 15 afford 2.51 g of
64a. SR cdmbindde@irbdts %rdlfne@‘(Na;(SX)@Gil@:;re&arﬁl(b&aﬁMﬁieh Hﬂié@f[ﬁi"efp%‘tﬁlc( &za@5 .,
16.87 mmol), K2CO3 (1.92 and DVF (

over ni gHti 13@ bR‘q?lOrr%om@t@maph}ﬁ @1u§16$ Wtﬂihc?ﬁ %’Mheﬁ@@r &radlalﬁcﬁf) %59%Iﬁt9ét°ét0\/\/as

dilute nd bri ne. The

or gani %f%&h%%@ﬁ\%\lg??é\f?zggﬁ?%@%gﬁg%% }t@bg%z ‘gf}]e'('tjﬂb %h%lleé‘% a’!%gl in vacuo to

af f or d hid@&ymethyl-pBettd } -oftiadérulfohapids (66)To a sol ution of 64b (1.42 g, 3.18

mml) in DV (10 nmL) and EtO0Ac (10 nlL) was added SnCl2 (2.87 g, 12.72 nmol)

and the resulti n%sol ution stirred at RT overnlg] The reaction m xture
dﬁC

was Tooted t+ dhop aénmnﬁ@t/ehé%@pwng P60$ toaffaril drl 798 cargied maﬂ-l@@c?rd IWﬂh)ch The
WO 201 -
t hr ougﬁ/%“%ﬁa%qg%ﬁftg%g %Z%?%Sfréﬁ e%?émdﬁ“&g’*e%@mﬁ){%ﬁgg BA\(,:V?St hri f:gr vashed

with brine, dried (Na2SO™4), filtered and concentrated in vacuo. The crude
product was purified by Si 02 chromgg g@ y eluting with a Et0Ac/ hexane
gradient (10 to 20% Et0Ac) to afford 84 (64% of 64c as a yell ow foam
5 st ep M(4-{(Ene- Eﬁetehtala@tybﬂfrmtbmyd%@va@ﬁHemm@lbbﬂ)-ph@ezﬂ]ﬁﬁnyl}tff 64c with

mesyl chloride | e in step 6 of exanple 1. The
crude grl%goxcytmet S purl aBesughBangﬁf(FM ography eluting with a

Et OAc/ hexane gr adi ent (10 to 30% Et0Ac) to afford 697 ng (704% of 64d.
step 5 - The pall adi um catal yzad_o@ypl ing of 64d to Qffvumel [-15 is carried
out in accord with ]ghe 10 rein exarrple 8 et 62 was repl aced

W th 1H-pyra2|n20ne. iXTUYE 1-15 (0PPeTaw aned” 1IN aq. LIiOH (1.5 nl)
in THE (2 nff® JEIH ( i at ed @1,00 (o1 5. The
reaction mxture is coqlec orgm M50l at’il es are renmpved in
vacuo. The aqueous Iaye(frspllz %ool ed to 0 CantM&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 (pIHAYo afsblution edesnd .£logcent ﬂhﬁtﬁe)ChnHOFHiF f4rflLacstil¢d oromiC x“vas’LﬁolldeEEx;arrpl e
10 N N-( 243 -tert-Butyl-2-netho xy-5 -(2-0 xo -2H pyrazin-l-yl)-p
henyl | LlBHm% 2363 9-46191&}0&@%%;&8%1&%9@510%@@%@ PoHaATdBRIEN] at 1A p

reaction mixture was cooled to 0 °C and quenched by adding sat'd. aq. NH4Cl. The solution was

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



step 1 - To a solution of 64d (0.500 g, 1.00 nmmol) in THF (10 nmL) cooled to
0 C was added LiBH4 (70 ng) and the resulting solution allowed to stir at
RT over niybt2n10raessseact i on still contai ned 64d and an a®dirtErenoabsesguot of
Li BH4 (60 ng) was added and stirring continued overnight. A third aliquot
of Li BH4 was added and the reaction hed®ed to 50 C for 2 h. The 25 reaction
was cooled to O C and quenched with sat'd. ag. NaHCO3 and extracted with

Et OAc. waddREHOhAA42h YFRCTEERRALEY AbB6Sthric®ashth evitobrXicn édeE@N4,801)S fikece
dried (Na2SO4), filtered and evaporated. The crude product was purified by
Si 02 cRP&FRRGEHIERHY wcue thafeitlod ah7ta contymnay amall gmaante ot DMD t 0 50% Et 0AC)
to afford 261 ng of N

{4-[(E)s2-(5-braonp-3-tert-butyl-2-. oxy-phenyl) -.vi nyl ], - 3- dro

byt AT RBMATTES i L G i BREC B 58y (Y BloReaure

pal | adidegarbal M 18 6 of exthp89. ahe @@pﬁe@-c@tfafiﬁédjcdupliﬁ o 708t ARt QU4 ik Bardieg Or d
Wi th the procedure in exanple 8 excegt 62 was rep?aced wth

1H pyr &2 m-azcdeavitleshg wpreedure inexample 8 eryepg 62 vaw relaceptii LR-pieagio2ye.5
-(2-0 x0 -2Hpyrazin-1-yl)-p henyl] -vinyl} -3 -

met hoxynet hyl - pheny1l) - net hanesul f onam de (%— 14) step 1 - To a solution
of 64a (1.41 g, 3.15 mmol) and THF ¥¥MPe)2co0l ed to 0 C was added Li BH4

(0. 206 29¢(E9-2 -t@nlmtymﬁletmyrse@%id-m-pwzum%ay»;wﬁygldémp@eﬁ&ics&did (I-17)
(0]

over ni ght at . The reaction m xture was coole and quenched by
addi ng sat'd. ag. NH4Cl. The solution was extracted with Et0Ac and the
conbi nattpelxt Assolisionas inethyh2tliro o methyl-tenzedtc((R@2F0D4} .6 imbl) anéd and 15

o Rt Peb T SR Tl BRe Tha ! BUFEIS, 51

Waf51(ﬂd%gle&'%"R(FQh&Flﬁlrg‘leidg%OO@iﬂ% @ﬁ"oﬂ{atdgrépélgité BEGRI ON35 o 3@?—6%@4%%' on was

stirred for 20 mn ‘an nmet hane was ded (500 ulL; 8. ). The

sol ut i phospherdmicthybebcaroiRacilanctyl25tech(i2den recoo led to 0 C and quenched
with brine. The resulting solution was extracted with Et0Ac and 20 the
conbi ned extracts twi ce washed with brine, dried (Na2SM), filtered and
concentskRZedA sl g sharacdvits Nt (474 g 6OF 0 wasraloildisnsraioig, Bankeigst wih di d not

requir earéolﬁra{nﬁ%ﬁe Rl (fiép%?stid.tpfﬂrice washed with hexane then suspended in THF (100 mL). The

suspension was cooled to 0 °C and 15-crown-5 (0.34 g, 1.75 mmol) and 72 (4.88 g, 17.0 mmol)

15 were 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.



step 3 - To a solution of 68b (1.389 g, 3.20 mvl) in EtOAc (20 nlL) and DW
(20m.) was added SnCl2.2H20 (2.91 g) and the resulting solution was stirred
at RT ovewo0i2giii1495PBe sol ution was cooled to 0 C and t heprceawélonssgsenched
with sat'd. aq. NaHCO3. The resulting suspension WD

2010/ 149598PCT/ EP2010/ 058681 -59- was -604 t ered t hrough CELI TEO and t he
filtrate thrice washed with brine, dried (Na2S®™), filtered and
concentis1atvesh proparetamldgoust eRedpt dn Ged, [F0pyeMtBOAS Was SpRictd airUM-pyrafin DVF.
Conversjion of the amne to the sul fonam de 70b was carried out in accord
\Mtf1tf%@$ﬁocedure described in step 6 of exanple 1. The copper-catal yzed
coupling of 70b to afford 1-14 is carried 5 out in accord with the
procedure in exanple 8 except 62 re ed with 1H pyrazin-2-one.

Bxanpl e 12 2- W8 bl d5

{ (E) - 248(4-¢(1t)- Bpx (5/2214 &mhamﬁ%@zm@raﬁdﬁylaj@mn&twy phdfiycthylVa, Byl }
-benzoi ¢ acid - st ep olution of neth brononethyl benzoat e
(9. 99 ¢ihysizo éenﬁ?&ryn-éwé] YmVBrWPﬁlaﬂgfﬁhﬂn@w(omlz@egﬂl- .6 mmol ) was heated to
150 C for 5 h. The reaction m xture as 10 cooled to RT then purified by

Si 02 chromat ography to af ord 11. 55 of

2-(diethoxyphosph fw er Tsl®3 2 - A flask
was charged mn 74 g nlneral sper ]planketed W th
argon and the SO|I dlsperS| hr hdd W h hékage tHen suspended in
THF (100 nL). The suspe cooled to (:and 15- ﬂ%%h 5(0.34 g, 1.75
mmol) and 72 (4.88 g, 17.0 I) 15 were adlfed and the Meol ution stirred for
15 min. To the resgy ting m xtuge was added gzsolut -2l (4.20 g, (1.55

mmol ) and THF (10 nlL) and the reaction m xture sti ds@tRGMe for 15 mn
the warmed to RT apd stirred overnight. The pgaction was quenched w th H20,

concentrated an@ esidue partitioned H20 and Et OAc. The agueous
phase was tw ce 2%;£ cted gﬂth Et 0, 6and th c nblned\o%ganlc extracts

washed wi th H20, SO4—H+ered a o rated in vacuo .
The crude product was i fied by Og;chronat eluting with an
Et 0Ac/ hexane gradi en g%M%GHQEB to affo yﬁféw& of ethyl
2- RE) - 245- br ono- 3-t ert b\ y1- 2- nethq%y phenyl) -vin benzoate (74) step 3

- 2- {(B)-2[3-tert-buty]l-2- netho
( 2- oxo- 2H pyr azi n- 1-y1}g ph yf}m aﬂwlf}’“anﬂ‘é%%‘llyc dcd methyl ester (76) was
pr epar ed by pal | adi um catal yzed coupling of 74 and 1H pyrazin-2- 25 one in

accord ced e Pr3 ol ut i.on ,of 76 . 260 g,
6 ot p At R R 78 1 O R Se e R Bt DGR Berils (o e

at 70 @It Yokasthdded 'ﬂ&oﬁolz%empl M@ﬁ %qlmmmn&omudduh@&smﬁ@ nhii@rd s L)

and the pH adjusted to ca. 1 HCl. The resulting precipitate was

filter dgatahat wilreavenighp Clhqreactipacoiriire wap ceJedis BT @nd camgnigated in vargoas a

t an}OS Obpplesi iR \ggs]p%&t 9}%8 %&%%%E_%@A@ 207 %fé/gl:—lld 60re gqu%g% V‘@g a%%t@]?ﬁgted and

ana ogously except razin-2-one was:r
1H pyr iefliraedwéth 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,



Exanpl e 13 N (4-

{(B)-2-[7-(2, 4-Di oxo- 3, 4-di hydro- 2H pyri m di n- 1-y1) - 4- net hoxy- 3, 3-di net hy1-
2,3- 5 diwopdonwytaessso furan-5 -yl] -vinyl} -phenyl)-net haoesp2dionsssstde
(1-23) 86Ar = 4-nethansul fonam do-phenyl 1-23 step 1 - To a solution of 78
(5.512 g, 28 mml), K2CO3 (3.128 g, 236lml) and acetone (60 nL) was added
3-brono- 2- net hyl - propene (1.90 nL. 19 mmol ) and the resulting m xture was

heat ed catonidgraphyosieting ghih an Eb@At/Aacine @adidnt (0te] Wa £t020) ©chffoad KE02d
concentrated I n vacuo. 10 The residue was partitioned between Et0Ac and 1M
HCL. Tﬁ@ém@%%“l‘éi%?s% separated and extracted with Et0Ac and the
conbi ned organlc extracts were washed with brine, dried (Na2SO4), filtered
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af f or d tfendX ﬁd&@ 799%} 123&11%@) a9 82 (hioohy, 63&&11)9\1%% hddedBe§icffal®y. -THEO a

sol ution of 80 . and benzene (45 nlL) was added selguentl ally

Bussﬁer@wltsmgngtture Wﬁuu)rechﬁdi fN I oTngensmnM%rfﬂteyedathﬂmghé?E JERt andg
| | ed
sol uti ?f%bﬁ%g qj%e%g&i v&ﬁtth r(l)g—y ter]ﬁ'é gllgrlat evaﬁ@rﬁ{etci%ﬂd '{ﬂexérH(ﬁe e;g‘é@&ctcoo ed to

RT and was a resultin Ion stirr Vi gorously

for 2 tpurﬂﬁh@bpB@ﬁ&udﬁﬁt@gﬁ@p@emlﬁgwaﬁhdmtme)A@mg@fLeSgr@dnaﬁtao\a&schxvI(agbed Wt h
Et 0OAc. The conbi ned organic extracts were washed with brine, dried 20
(I\la280§)4aa$?l3’?]@r"é81 and concentrated in vacuo. The crude product was
purified by Si02 WD 2010/ 149598PCT/ EP2010/ 058681 -61- chronat ography

(8659 " Sieb 185 30hpipt aPEETTIC 8 455300 SR Fif 840 it et Sl Uizt dg
Wi t 1) 12nk8t %Qﬁd—lcﬁlonéffha%r(ﬂ 120Gk @n@ﬂ aﬁlé@héﬁekulﬁﬂgi thZt@fb M@ Herndhf QBRm, 12

mmol ) and 82 (1.00 6 mol ) were added sequentially. The 5 resulting
m xt ur dhgaeacsipn mlétureawamuen@bedwhh H1Q and gxfpeotesd with ﬁé%l) f The etuseus laya vy

CELI TEQ.ADHlal Uy Rack MBS isRdo vl ELRAGH LA, TUR il A0y VAR PYRRAY 2t o

and the pr oduc uri romat ogr aphy

Et OAc/ hﬁx@%h@hﬁdl d&rd (NQZS(M) Cﬁlféréld ahticogc@ftrabedlan &scudd ty %ﬁ’oﬂ‘il\ll 047 go$Béipadta- To
a sol utlon of .84a (1.710 g, 4 mmol) and DMF (12 nL) was added K2CO3 (1.42
g, 10 26l ‘Pr‘ﬁﬁ?l)‘ -and i odonet hane (0.817 g, 6 nmol) and the resulting m xture
stirred overnight at RT. The reaction m xture was quenched with H20 and
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brine, (@nbsd, (hﬁ?&m(z gydnbgmgl)gmahmq@m 08t 2. 1mnMﬁﬁ)J@c3P94eMmglzl 747 ¢

of 84b as a yel | ow soli ste - A dry 3-necked round-bottom fl ask was

char gedniph kngdty PMSEHE HL). 1Th<hﬂfltS)k W%r@ézéwatf(dmnﬂiéleé with Agrgid) Ar was slowly
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et Y AERRERRKL S SherIAT0 £y O A T8 Sl ol s [ EC A Gl 8 B T

sI owl y abd Ieﬁhhtulfg mugtnretshﬁe& SRS overnight. Phe feattionlWad dv@ 1ol t¥ IRAT ﬁld\/}ﬁﬁn‘@ddEd
(0. 018 and. the resultin (gjﬁérgxture stirred at

overthi ghP HAHEDHaTMN RSUBEORACE ) BT BIHP R RGAIGI0 ThaFe I PPEoRL) and
the pH&"ﬂlt{v&fc% gtraﬁeﬁ@n‘[hgit@)&c%gg'e;ﬂr&?vﬁg wabfidd hﬁ"@ & & N@ECF‘B&(Y 2“ Was

twice extracte Ac and extract was was
NHACL (aB0 brhg (ZAndLpr Thecr@ined gxtradtsevareo dhedlé‘éhzﬁm)r ﬁhergd\aml eomblenteaiec@ Ma2SO4) ,

filtered and,concentrated in he, crude ct was Si 02
chr onatVGGanS C@dﬁth‘?fE’CW%plgﬁa eétttUA%ﬁh ShomRtQar %Ersébfé%‘f/g%@et 0
a1 or d a6 k3594 PR ABPoATIOR| Wi 1301 a2 SHSR B1d. A m cf ovave Vi 8
was charged wth 86 (0.048 g, , 88 (0.039 g, 0.16 mml, CASRN

1132942- 08- 5), Pd(PPh3)4 (0. 013 g) choe (0.037 g, 0.35 mmol), MeOH (1.4

ML) 25:andtdpd Uanaictdvakeigl .wakRBarged &ithd8s (f)JO%IS Igﬂi‘d 1\1\6 hﬁno‘}\)’, 38geaBed, amd mmol,
irradiated in a mcrowave synthesizer at mn. The m xture was

cool ed RN 8734700 ee): BEtRIbeh (B &h&QQél(Q:H?’%éeQ %é ﬁmllﬂl)f MOR 4 dgrlekpndo pH
4. 6. The,aaHBOHSLP MBREWNB S aS BRMALGh ANdcA¥] LAFHEMiaMd il 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.



30 DCM The conbi ned organic extracts were dried (Na2SO4), filtered and
concentrated in vacuo. WO 2010/ 149598PCT/ EP2010/ 058681 -62- The crude
product wae 2puri4p39ed by Si 02 chronmat ography el uti ng w t IRCREPENIOASIREXaNe
gradient (0 to 80% Et0Ac) to afford a brown solid which was triturated with
Et 20/ Et 0Ac/ heptane (1:1:1) to afford 202ng (52% of 1-23 as a brown powder.
Exanple 14 5 N(4- { (E)-2- [3-(1-Di fluoronethyl- cyc | opropyl)-2-netho

Xy- 5- ( 2he cxtePrbduyce indk puﬂlﬁe}dllby &da G:Bwn]lato grulbhyyélﬁtmgo\hﬁm yﬂl EtOAc/hexane gradlent

met hanesul f onam de (10 = H1--1 step

Ooa K31 BEBADAG) to G afreviag e was Sitapnsowh EXOEEAC hoptang (| 40
= CHO 35 8o @%Pnd 1355 o485 a0k FroPFRwdE AT Step 11

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



step 996a: R = H98 96b: R = 1% Ar = 4-net hansul f onam do- phenyl step 1 - To
a solution of 90a (10.0 g, 49.7 mol) in DMF (100 nL) at RT was added K2CO3
(13.7 g, wo.201mmed98 f ol | owed by chl oronet hyl nethyl et hecT(apecio/osgeate, 5.2
m., 54.7 mml). 10 The reaction mxture was stirred at RT overnight then
qguenched with H20 and thrice extractedt th Et OAc. The conbi ned extracts
were thrice washed with H20, dried (MgSO4), filtered and concentrated to
af ford (3d.nf.)gvas 2684d ii3r Q@b g@.84 8 nyrabll) amd thelreactib@ pniRture Was @irfedl dg RiTofor 0th. 90b
(11.6 g, 47.3 mm%éﬂ 100 L) at 0 C was slovm%erdadded NaBH4 (1.87 g,
49. 6 m=f‘o§()1ut1°ﬂ1‘efN ﬁ@eﬁ@%tm@l)\}th 2Q(§ mlaavagslogipadésnd. usipg pmiss bathefched
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m xturelfml@glgrorfelgrlfe(ymlasa}telﬂg@(gpenched with H20 and extracted with DCM
The extracts were 20 dried (MgySO4), filtered and concentrated to a |ight

yellow oil. To a solution of this oil in DWW WO
2010/ 148H98PLd 4 E;Baﬁd:%m'ﬂﬁ@% g,08-1 ﬁﬁ{&l)mh)DM/E@ﬁdﬂlgdt OiOBrWa(s%d&ecgNaH%(Mmml )
andthereactlon m xture was stirred at RT for 1 olution o

(3.0
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m xture was stirr en qu thrice
ext tac tléldami dtinrcEt AL h(tlﬁan)quef[ctt&dfwldnﬁm amdjthence eacdcsedneitie EtOAC.cEhavahed wit h
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The reaction mxture was strrred at for 0.5 h then fz di br onoet hane
(0. 96 mif 944 as a yehrot Pilwas added dr opwi se. The reaction mixture was warned to
10 RT and stirred for 1 h then quenched with H20 and thrice extracted W th
Et OAc. The organi ¢ phase was thrice washed with H20 then dried

filteratepandlearebiiopef 8da (rhber s e WERCNLArmkLathy8 & ovas eﬁqi g%%ﬁép hy
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oil. sol ut|
C was azddeltzl[e@ifb(@vﬁ o) dfd @hﬁr&&d t@]RD?Arshtura?tedLsammmof Rmhelﬂeéasa:lt @A miLxvar e was
stirred

78 C f 2 h then quenched with H.(O and warned to RT.
A sat u@&geida@&hettp ?ﬁl%@lﬁ&%qu@reﬁgéaws fogﬁg f%és Tﬁagh%ﬂeawaret%arsteﬁhas. c
m Xt ur g aﬁ%b&ds%aé’é W @c‘t‘ékﬁédfwﬁ{h 13@1\/[“ The AHIRIBSERCNEIBe 86 Méfﬁ%a”d
t he aqueous ase was extracted wth The conbi ned extracts were dried

( MySOA Yfiltefdd) atné.rcedceattrdtedo Abe nmdatr@aﬁue'm?e rorifige by SsO deleomam gpaphy £lugidg withSj 02
c hrﬂ{ra E%E?(BKX/D%M% Moy lt.J[b g (81%) of 94b as a pale yellow oil.

step 6 - To a solution 0f 94b (4.9 g, 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



20 2% Et OAc/DCM to afford 1.49 g (81% of 94b as a pale yellow oil. step 6
- To a solution of 94b (4.9 g, 17.2 mml) in DCM (80 nL) was slowy added
(di et hyl awDreodoggbfoar trifluoride (6.8 ni, 51.6 nmol). TiRET/EPaCIOS8S8M Xt ur e
was stirred at RT overnight then quenched by slowy pouring the reaction

m xture onto ice. The m xture was dil ubéd with H20 and extracted with DCM
The conbi ned extracts were dried (MJSO4), filtered 25 and concentrated. The
crude meg), dried WASSOL 'ﬁfté:xed ahy ciclmtrarbd. oTiRd @gdeRBidue thas 'ptmgﬁemi bﬁsm%

Et 0Ac/ hexanes to afford 4. 07 ?g77° of 94c as a colorless oil, 7 - To
a sol utchginasegrophy qlutl%wgh an §1Q ﬁ‘hmneugﬁadmwk%th*ZMaEtO@cttwﬁﬁoréa ® 4A
powder g) followed by TMSBr (5.2 nli, 39.6 mmol). The
reacti ggzwéf%ér%ﬁ ﬁégﬂ%ﬁ” g to warmto RT and stirred overnight then
filtered to remove the sieves 30 which were rinsed with DCM The filtrate
was washe® Sesibeatiich by9N2LYS & a0 gmmde). in NAI By sAMECNUED mL) was added TEA

2010/ 149598PCT/ EP2010/ 058681 - 64- H20, dried (MgSM), filtered and

concent(? &treld, 40Themed ) deGle bl e e mped), fndpambiprop behyder(@Rdtods 08I ut i ng
w th an,Et n 0% Bt DAG) of
05 as. A A ar WP A artAHafRe AP ey A3EhiE RO e Bqi8Y By i ugsRicd, |
in an hyo(ziﬂpue M/E@\éo(@ﬁlort)rhmﬁxtaﬁd\eah thizée éct(aﬁte@thhEm&thMe)mn{wféﬂZ (1.54

g, 16.2 mmol), and paraformal dehyde (2.27 eg 75.6 . The bri ght eI | ow
react | @ﬁtrﬁetwmeedrwééMﬁ@&%bcﬁ @fedraélfiweacqn&uat Hhe ﬁ@-ﬁieé UV s URICd R

uench Qg“ﬁpﬁ.% NG« e
th OAc ft%ﬁle ﬁ%}%@r%ﬁn d extractsaé{é a[ﬂc?m Q(?A)%%éil?m%ﬁt?é&% ggg g%ﬁ%
conbentof @6 ds anfbf-vdritedelid.esi due was purified by Si 02 chromatography el uting

an Et OAc/ hexane gradi ent (10%to 20% Et OAc) to afford 1.04 g (33% 10 of
96a as an off-white solid. step 9 - To a solution of 96a (1.04 3.6 nmol )

i n DVF step® 9 aMgtl@m@l%%achﬁ@@ @16 1pmgD) i7 DMFnbt 1L sias edad FnCQ d)n@t7h?ane

(0. 27 I C £ f en
Guenchaimf 1o ind e h BRI L3 W™ En e Byt Sy HAETS
wer e t Hoi £ 8 thsasjuenchst twithH2MD astt iheide EXMpRd) with EtO&¢. E"Gih@ditdnlﬁiﬁﬂt@nfal’cfstveﬁet 0
afford 1.06 g as a _pale yellow solid which requir

f urt herths wrwslhechw%ﬂ{zorﬁﬁe%\‘{g%@s)p Bltersd a%aort%nt@aée%w;fioréér%tfe(%a{q)ﬁf 86’0 out
in 19530% d WeR1LH oﬁﬁ%%%g&ﬂ%%hﬁ drfﬁc%cﬁps 2, 5 and 6 of exanple 1.

The t|t e co oun IS prepared by copper-cata yzed coupling of 98 and
1H pyridin-2-one in accord with the procedure in exanple 8. WD

2010/ 14928 6el4i6r3P96H RaPfRdps-BR be EX@Bbat thRuccord 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.



N(4- { (BE)-2- [4-Metho xy-3 ,3 -dinethyl-7-(2-0 xo -2Hpyridin-1-y1)-2,3
-di hydro -benzo furan-5-yl1]- vinyl}-phenyl) -nethanesul fonam de (114) Ar =
4- met hanswiDf2oramm»a®e- phenyl 5 step 1 - To a solution of PO2/RP2014573681 14
mol ) and acetone (75 nL) was added K2CO3 (4.907 g, 36 nmol) and

3-brono- 1- met hyl propene (2.0 nL, 20 mhdl) and the resulting solution was
heated at reflux overnight. The reaction m xture was cool ed and
concentrated in vacuo. The residue RgsmpRrsi ti oned between Et0Ac (150 nl)

and H2Q (4 The aqueous. phase was extracted w.t t 0Ac and the conpi ned
or gani %—i&&'ﬁ@&“-b@r Xé&%&@ﬂﬂy%\%ﬁ-w@w- m@-ﬁé-%éwﬁr% Pie] rala-gevgﬁ
(Na2SO%)ny1f bhésnednanshec@RaRRide0184) | N vacuo. The residue was purified by
Si 02 chronmat ography eluting with a )Et OAc/ hexane gradient (0 to 5% Et0Ac) to

afford 3.34 g (98.5% of 104. step 2 - To a solution of 104 (3.33 g, 15

mrol ) and benzene Ostee) in rige | a asteadded nt¢rd | y Bu3SnH
(6.625 g, 22 nmmo d Al BN (@1 g) and p resulti ol utTon heated 15
at reflux overHPghi. The rea®fi¥n m xt ur@ RT, a 10% KF

sol uti on was added®and tMéggisuBti ng two-phade m xture\SMérred vi gorously
for 2 h. The phases were sdparated and the M ganic phas¥ was sequentially
washed with sat'd fygHCO3 (50 mjgy and brineysThe conbi ngg organic extracts
were dried (Na2SO4), filtered and evaporated. The crudg, product was
purified by Si02 chromatography eluting with a eXane gradient (0 to
10% DCM) to af fR 65 Repy (BBWR o GAT D6 N AT
2010/ 149598PCT/ EP}

)/ 058684 - 66- 30 nm.) and Et20
(150 nL). The aqiedus | aydt! was s ith Et20 (150 ml).
The organic extrathisMewere thrice wastreg with H20 than ong@lewi th brine. The
conbi ned organic eMeaacts were dri edM¢Na2SO4), filtered ¥dd concentrated in
vacuo. The residueiwas adsorbed on Si192, added to the top4of a Si 02 col um
and eluted with 5 hexanes to afford 0.9 GQm%QO?n of 108. step 4 - To a

sol ution of 108 (0.956 g, 4 mml?' SHAEBRE™U8PEYL) cooled to 0 oC was

added a dropw se solution of Br2 (3201AL, 6 mml) and HOAc (2 nlL) over a 10

rae Dol THS SEAGh PRI XEE MaRahlbd BUAKTR LD pdiledfly K30BTAR6Y OF
vacuo. gJhe ntzrmsl') a3 -\hﬁﬁnq}axrhéthjzlmepbnb €2 een 200mibPAind ﬂgwrendlbingmléﬁﬁ_ Wﬂs ,

C000 miBatod ferc Bk AHTB el T Bt B B e M58 SEAIP G BT F TR e KGRI 20, o)
and onGgiaietp gﬁ%ﬁo}l 8b%@h@?§A@{H§ﬂg‘Iﬁ§aﬂ@H§Oq&b %ft)(ﬂ@@%g%us ﬁﬂa%é %giognd

evapor at ed. Tahs resi due was adsor be Si 02, added’'to t top of a
col umm catracted with EtQAL nth eheamvedinad afinoe dxtiacB2w¢rd 58qQueofiallyl@ashed wsthdil@ -

ool d st prte ueh e EuPe hlidethnd teneRtucdiy wiuf. LBimsiae v’ aifhid 8ewas
r epl acefowichid dbldorasty@utbhg willng EtOALBe £HRLIIEht I(§ td5 B ROAY) RYafford 3,34 g

copper-catal yzed coupling of 114 and 1H pyridin-2- one in accord with the
proceduP&Simoéxehple 8. N {4- [(E)-2-(4,4,6-Trimethyl- [1,3,2] dio
xabori nan-2-yl)-vinyl] -phenyl} -nmethanesul fonam de

step 2 — To a solution of 104 (3.33 g, 15 mmol) and benzene (150 mL) in a dried flask was added
sequentially Bu3SnH (6.625 g, 22 mmol) and AIBN (0.241 g) and the resulting solution heated

Apafat ed and extract €d

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



20 (111)- To a solution of Pd(QAc)2 (0.076 g), tris-(ortho-tolyl)-phosphine

(0.246 g, 1 mmol) and toluene (16 nL) were added sequentially

N- (4- i odowphreryi4ysoset hanesul f onami de (2.00 g, 7 muol, CREREPXABANESHI-7),

tributyl amne (1.92 nL) and 4,4, 6-trinethyl-2-vinyl[1, 3, 2]di oxabori nane

(1.244 g, 8 nmmol, CASRN 4627-10-5). Thebtteacti on was heated at reflux for

72 h, cooled to RT and partitioned between Et20 (100 nL) and 1M HCl (20
Theartfonadbedidsn Hasbe(BO\maS) A tHIDO VS0 @Dy The &xicoackesd wistsopdrhizd andhe

or ganl c phases were washed sequentl ally with H2Q and brine. The extracts

were c@ a%avvltaﬁf%(a(kfr@a@sbﬁ e@rgﬁlﬂleﬁéfaa%we@\ihrwr\awa withd12Q dea9achas

S b S S SOUBIR OB 00 B L EIEABiRI o L2

-67- Exaoq. eTHeGeddicdway ac(sEl)beﬁon[SiDZ 1adahd Grthe typcofladpiOAEp jmiRantetlhied xyiths- ( 2- 0

X0- 2 ra2| n- | ) - phenyl) - met hanesul f onam de (122)
1221 4 ?aneS&’ ?‘fé‘%ﬁ&r@%%@%ﬁﬂ% O%enyl 5 step 1 - To a sol ution of
2 4 di br onophenyl -acetonitrile (116, 16 nmol; CASRN 188347-48-0) in DVF (80

q L : " .
i xt ur S0 TP Aol SRR 41 B naRE Hh L i Bt i SR8 0R Bt o
is sl O\dro’pva@@ﬁﬂution%fBiQt(BMEt@ﬂ]ﬂﬁﬂXa?ndﬁ{@AcI@rﬂﬂjﬁiv):r &N0lnit périddIdTtes

continued for 1 h. H20 is added and the m xture extracted with Et20. The

or gani ¢easkiPR Mixtureswims iiesd Qverasie at R¥ellegacHonpes awched preaddiiqreef o
Na2S c

[(Z)UI’I f ?quazgﬁbgt(g(%ﬁﬂﬂ}%g%r@%ﬁy {)ﬁegll ﬂr%gla%ﬁ’t h tYSSEi(;ﬁex lt?((g)&gf %{Wégﬁllsa.

st eLO 2 Et20@1@0 mLyand/savtd. 4 BaHCO3620 mID4 Thewlghedus [EteOitag Eﬁ)ante)d arel extidetdd an

2 7 ooraaoRaT heptarbiitaq ere YAoK whg, DEHRRNLAD Fdteda

pr essury@caRsth ¢S entd &dln ROMERUR W& dfisd é@lﬁ%@)@tﬁ@r&l 4R dapdrakea. tie
solution acidic. The precipitate is recovered by filtration and washed with

hexane resodusfwasradisarbedh on §1@h agded HahatoplafrarSiOdfco u@handa:lutad Withi exgeesdene

(150 m_ i@ (1.4 g, 34 mmol), and nitrogen gas is bubbl ed

througﬁ1 @ﬁ%lgggﬁﬁ’*% ]1191 xture for 10 mn. Pb(OAc)4 (15 g, 34 mmol) is

added and nltrogen gas is again bubbled through the resulting m xture for
I in@lor i 60 L1 1190 afr caftch o0 i hccidl Gt
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Et OAc tﬁapmcmwddaqubddalﬂ@@pfi(sf eadnhpd:,l&mepnwmasaep]sce‘dl\wleﬂbd again, WO

2010/ 149598PCT/ EP2010/ 058681

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.



-68- and the layers are separated. The organic |ayer is washed with brine,
dried (Na2SO4), filtered, and then concentrated in vacuo. The crude

mat eri al We 2puri4pioed by Si 02 chronmat ography el uti ng w t IRCEEPA@OI08868Ne t O
afford 118c. step 4 - Pall adium catal yzed cross-coupling of 118c and 88
is carried out in accord with the 5 pr6¢edure described in step 6 of
exanpl e 13. The crude residue is purified by Si 02 chromatography eluting
wi th Et OAc/ hexane. step 5 - The tikisnplmeound 1-122 is prepared by

e e R b R W T
X0 - 2HpyiidtRHanyshlfoRai@RY1d2)- vinyl } -p henyl)- 10 nethanesul f onam de

(124) can 'be prepared anal ogously utilizing 118a in place of 118c, omtting
steps 2 and 3, and replacing 1H pyrazin-2-one in step 5 with

1H pyridi n- 2-one. EBa Bf N Br Birert - 8O Xy-5 -(2-0
X0-1, 2-di hydro- pyri diﬁ@én_ﬁhe- . nyl -OSEe s

ro man-7-
y1} - met hanesul f onam de 4- br OD “OBket ert - bu *@é 0 do - phenol
(126a) To a ice-cold s ion of 4- no-2-tert-

Nél phenol (2.8 g, 86
wt % dissolved in MeOH cortai ni ng Na (%. 28 g) an b (0.88 g) was added

an ag. solution of NaOGle(4. Seapt2? 81845R AICN. The aghgi ti on was conti nued
until yellow col or persisted @ml%ﬁem. To the resulting 20

sol uti on was added sat'd. aq.® 1(8&0R L) and HOAc (2.5 nlL) which
resulted in the WD 2010/149598PCT/ EP2010/ 058681 -69- formation of a

preci pitate. The MOH was ated and the #Hue suspended in H20 (50
m.) and aged at 40 C for 2 JAe solid was
filtered, washed wit %20 and dn overnight to afford
6.74 g (87% of 126a. nmethyl 2-e MW 5- et hanes AN no-benzoat e
(136b) 5 step a -To a mixture K132 (1.5 g, 5.8 | , CASRN 100959- 29- 6)
and NH4C1 (3.1 g, 58 nmol) in MeWHY50 nl) and H2OV($Y nl) heated to 70C
was added iron powder (1.62 g, 29,,,mol) over a perjpd of 60 mn. After
addition was conpleted, stirring yas,contin for 45 mn, and then cool ed.
The reaction m xture was filtere th‘# %lgtéléune +ﬁ|9'1TJ'Esziﬁnd?V\ashed with MeOH The
filty atseepwas Toasoknion af @dl-dihdnmphtnytliaoetedlithlet(Wee i 6 200 a A IRN ABE34THES-0)

or9ant G, pmr (80 mL) is added sodium hydride (49 mmol, 60% in mineral oil) and the resulting

in vacuo at 5

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,



10 phase was washed with brine, dried (MgSO), filtered and concentrated to
afford 1.34 g (100% of nethyl 2-brono-5-am no-benzoate (133). step b - To
a sol uti owoah1013%5981. 34 g, 5.8 mmmol) in DCM (30 nlL) coolre/rPe015/088688s added
TEA (4.04 m, 2.52 g, 29 mol ), followed by dropwi se addition of a solution
of met hanesul fonyl chloride (1.08 m., -886 g, 14 mmol) in DCM (10 nL) over a
period of 15 min. The reaction 15 mxture was stirred at RT overnight,
quenchedd i layas weadsardidd HChe oq;radlcex}telf a@c\tzsghe&\wlﬁh U@ Adricd (N2, SObfilREEd,
extracts were washed with brine, dried filtered and concentrated
to af f 3pdthensogeentiated ippacims . @wétdeénaterr% 1Sapl§tfiq§tHY§10@Phﬁoﬁ@tography cluting
(triet e, ng, 4.5 mol) in DVF (25 nlL) was added Cul
(57 mwjbﬁ%ﬂdné%ﬁég%g %%th?Q%O ng, 0.06 nmol ). This solution m xture was
purged 20 with argon for 5 mn then PdC12(PPh3)2 (15.4 ng, 0.02 mmol) was
added fs@lplowed|dayum-34talyked Eros-cifPingoPl 1 8cadid 8BEACARidd Bl in 206 3QRvitkase bubbl ed
t hrough the solution and the reaction mxture was heated at 75C for 6 h
under a@rocsdyisricsarhsd phetee 6 of prample fldr dhoeside senidag, is pureiesHBtS ikt h aqueous 1IN
HC1 an The organi c solution was washed
sequent%lhlta%g/g%{ngﬁ};%t&)&g\ﬁﬁhElr&?%é@lpsgr| ed (MgS™¥), filtered and concentrat ed.
The crude 25 material was purified by Si02 chronmatography eluting with an
Et OAc/ iy engarﬁtfe &tpoua@ o129 1541(%@&!%5@6\9); Aﬁﬁér%gtfag&gd ém@ﬁ Fgofé’:@%ﬁd pfi- 136a.
step d - To a solution of 136 75 nlL) cooled -30
C was aqtketh-2oopw asordowieh the nreeddort infexarBplei®n, a sol ution of

tetrabutyl amoni um fluoride (5 nm., 1Msolution in THF). The reaction

m xture vvas stirred RT overnight and poured into aqg. sat'd. 30 NHAC1

sol ut i Sh(4-THe- T BsUrtvag-osloprerm- @vé%*%@c@ﬁa@t@dnw&tlhplﬁn@ﬂﬂ@ﬁ& Ris8YBxt ract s

v B2 GO L PSR IR PRE B L T, e

chr omatstgs dphy 3ebnd ieplgcing tl M-pyrakh QAcdchiextpe it dHemtridiik0%nto 60% Et OAC) to
afford 0.889 g (78% of 136b. step 1 - To a solution of 126a (4.40 g, 12.4
mmol ), iodonethane (7.7 m., 17.6 g, 124 mmol) in acetone (80 nL) was added
the K2CO3 (8.60 g, 62 mml) and theEX@SDlletlﬂng sol ution was 5 stoppered and

t t t d 100
n) | ana ihe Ty R R tPS.03A6H, S0k HhRubag FhHLFEI-Pio RobERES
concentyﬂ}ahﬁdlahesuﬁbﬁmtdlezﬂ 8)g (100% of 126b step 2- A solution 136b (230

, 0.91 mmol), 126b (400 ny, 0.11 nmol), Cul (17 ng, 0.091 mmol),
PdC12( PPh3)2 (130 ny, 0.18 mmI)M§E‘$ (5 %}Min DMF (10 nmL) was stirred at

70 C 10 for 2 h. The nixture was ¢od quenched wit§ ag. 1N HC1 and twi ce
extracted with Et OAc. The conbi ned ex#sgets were was n eI BN ally with
H20 and bri mg Lad (MyaOABr i L&fed and cangenil 3¢ @ e crude materi al
was purified b 02 chragat og hy el uting. wt Et OAC/ hexage gr adi ent
(10%to 70% Et Jr0 a&kpord 19 DMe42%ep 8 123 SHRR 3 - septaube was
char ged vvitth %2 MeQ78 ng, 19.8 (we] ), AuCl3 (30 e,and TFA (4 L),

ste

P 126a: R=H 128 130

126b: R =Me

NHMs MeO,C NO, MeO,C NHMs
—_—
Br step ¢ Y 4
R'
T 13%R=NO, stepd [ 1363 R'= Et3SI
134: R = NHMs 136b: R'=

15 stepsa &b

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



15 sealed and irradiated in a mcrowave reactor at 100C for 45 mn. The

m xture was cool ed and concentrated. The crude product was purified by Si02
chr omat ogwapbhw/@bigsi ng wi t h an Et 0Ac/ hexane gradi ent (10¢atEP2@08658680AC) toO
afford 0.95 g (100% of 130. step 4 - Cu-catal yzed amnation of 130 to
afford 1-22 was carried our in accord-6ft+h the procedure in exanple 8
except 62 was replaced with 1H pyrazin-2-one. WO

2010/ 149523865 ER2QIH05 S%Meﬁﬂ-w@@ﬁpdn@teﬁ&nwﬂ{e&esﬁﬁe suspeideBut YhO ZS(DTE'[ h 0

- 2. - -1-y1) -b I
ot han €Sl Tt AL L a7 15 enalondy copiot i Tndbe eolid gadbiTeh Ssohed 1

2- 2 9% d EtOH d
Sobut .”2#’ e g5 Bl o 307 Brerbich MR HR A 0320 e a1 00 ca
over ni I'Ehe[ re:iwst 19 aﬁ'@suffﬂefar‘x"ﬁ% beﬁ?l t3‘8b and concentr at ed in vacuo.

The re treated with

di chd orseepdi Jslsoamnﬂuﬂenﬂrlez(ﬂs% 8.8 rﬁméll OASYRN 100959s28-61 drdNMES] (Stlig,5ed at RT
for 1 h, then diluted w DCM Wéandtvvlce washed with 10 sat'd. ag.
NaHCO3 "3l i MeOH (59 rﬁL)ﬁéinQ( &ter to K0 ¢ty @dd eaiﬂeprbmmﬂé% &9 n

- Er AL RALHATRPRANED W ARG LRI PhHEeFl APhE et T8 ey

2 -Af Irmiakandahercbmﬂgbdrhm Ibirctmﬁamé(ﬂué)ﬁzagﬁlt&eétMB CEDEMZ eppheadheeé withi ne (0. 7

Rao-t or(eGH] (5‘3%&9%? Las Sonsty §te§ﬁ%do LA A T 113@?%%%0’

Tol Henenhb &0y dtia asted witt Sede At dt M IS, ‘ﬂlk!r&ﬁan%%ﬁ&én%teﬁ%@faﬁﬁrdalt 380 (£00%)

overni ght. The reaction mxture was cooled and filtered taken-up in Et OAc
was hed ofiintcthyth 2i remoef-amuho(idn B4 (138).1 t er ed and concentrated. The resi due
was di ssolved in MeOH (70 nL) and 50% aq. NH2OH (10 nL) was added and the
react i gteprh XTaua eoludsn of 133r (@ B4aqy Sr&ingiot) ialD(I‘Mc(Brﬂ) dnpeolkat tw & °C The addeddEEA

product was p d by Si chr.onpt ogr aphy. .el u wi th an 20 Ac/ hexane
gr adi et Oésnlthé@o/ Erd) f?@%qdfhy oRge Agdigen Qﬁf@so utyy of methancsu Fony

2010/ 1%%%%5’? To&FRA04 % gﬁ&%orﬂ@n@wpo l?rml)BQelaa lodtdra8 nh. %Qréaguéﬁpo g
1.1 mol) and THF was added 3-chl oropropyl -i socyanate (120 [iL ,

CASRN IJBi@tlm@ ﬂygs rreaned RTheveswkbit aencbed witk dqiaous 4ANHEL and RﬂfracﬂéldemsloEtﬁA@n

was dil E OH eat d w K 12 nmL). . The
Fesul t i ORI atries MRgarhe SR R isga Mgl I 0 BRI 640 oot ed
to RT amdrd hBiger00R¥Edraged Et20 and the 5 conbi ned extracts dried (MSH),
filtered and concentrated in vacuo. The crude product was purified to Si02
chromat ography eluting with a gradi ent of EtOAc/hexanes (20%to 50% Et OAc)

to 60: k@pk DV M@hd NEAOH(t(2DO BG Ly b et drer (@3 0 mb0 8. 5gnihaB ) DOMF (262al) sheps 4 &
5 - Red n of the nitr Q sul f | ati gn.of the resulting am ne
wer e c&ﬁﬁ?deﬁ I e Ozcpiod) A hg ﬁ‘%ﬁ%&@@%@?%éfé&sr)%lan.rwxg%wgs %urgﬁ% 6
of ﬁ?‘a%{lﬁar%oﬁ R)r%%ﬁ’irtﬁerilP&’élg(Pﬁhgz %ﬁ @ﬁ@dy @b n‘ﬁ’ﬁélg) RM4E 'a&de%l%ﬁé/wéi 9%134 é—ll 16
chriomat ography eluting wth a gradient of

t o 50%g 3.0090mDPNhd TECaqEIreL 11 %rgbt( was l@ul:(bEd-tBrou[gBtlneesoﬂutMtapdﬂ& refdtjob- di o xo
-1k6-[ 1

phe nyI 1@%§H%E%t$%ﬁ%m(a ioryﬁ}lz 5 egg}l gpgoﬁ%trﬁosp%n% ']fhe rmxr%%{re was cooled,

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;



15 To a solution of 52a (0.144 g, 0.385 mmol) in DCM (8 nL) and TEA (1.0
m.) cooled to 5 oC was added N-(3-chl oropropyl)sul fanmoyl chloride (0.085 g,
0. 44 mol WOCABRMOHR065- 72-5) and the resul ting sol uti onPsTiRPR@EU/ 08868 RT
overnight. The solution was diluted with Et OAc, washed sequentially with 1IN
HC1 and brine, dried and concentrated-7® vacuo. The resi due was dissol ved
in DVSO (3 nmL) and K2COB (0.16 g, 1.0 mmol) was added at RT then heated to
70 C unrhidmdtbi@agly dlemgt Wik avB&s0 A0MPL ik gradidie (5 td 60% PVAA\cE aoifedd arss9 g
partitioned between Et 0OAc and 1N HCl. The aqueous phase was separated and
re- ext (a8Peef Wobh Et 0Ac. The conbined or ganic extracts were washed with
brine, dried, filtered and concentrated in vacuo. The crude product was

1T A i 9K P L gt 508 TG i
triturat@enNgomEs wis aidd did reat (. 08adof ©1ed ndio 1§ an® tH¥GeRfitilg dfutich- vy was

prepared anal ogously except N-(3-chloropropyl)sul fanoyl chloride was
r eplacetbpipict and strecho wroghty IRLs ulearesfionanikioire wes dibrskNitbdezancs (L0 mL) WO

2010/ 45 AARCLREROLONORAGRY, 4 it PXATPL AN Hias o BhiBed o aord 4.6 ¢

[ 1, 2, 4](100%)yef 126by 1) - phenyl]-vinyl} -p henyl)-methane sul fonani de (1-27)
To a solution of 58 (374 nmg) in MeCN (9.5 nL) abd MeOH (0.5 nL) was added
MeC(OEt)3 5 (0.20 ni, 1.1 equiv.), nethyl hydrazi necarboxylate (0.100 Q)
and p- B&EpH HRBoluGomi3o @3 Otrng Or Bsmimoln §2 (400 inega Ol smine bt €ul @7 mg 0L

overnight. T S i was .cQol ed. .t o _RT _and . s .added,.(2,0 0.5M
Naone. HAROMCIABEM a0 1 4 ATt ERS oAb e B RS SR C The

sol 1 i gor MRS TAE hidkthiedagddoldHRG cRADWRREY | IN P dnd Bl bEefrddll it EFYAAC. The
aqueous | ayer was extracted with Et0Ac and the conbi ne Et0Ac fractions were

dri ed divg combasdeatiptamers washodsaguentifly witluHeO gré duise, dizest (MeSQ4).ddtassd Si 02

chr omat qgr | Wt i . i..&en % t he

rec overagg Cgl?%étﬁ%te al'f1tn11{r%tgchr¥é\&re ‘gﬁtrglflm%@wa%?gﬁ“ﬁ &Fé?% 9 5%3% irl\ég@? i“g{riilganeach of
whi ch Wao Apthekirncggadiontd 1 0¥.ap d08d EtORA Sit® 2fprdelvamag (42¢o)lfake. devel oped with
5% MeOH DCM The recovered product fromthe plates afford 145 ng of 1-27.
Exanpl e 21 15HCV NS5B RNA Pol ynerase Activity The enzymatic activity of HCV
pol ymesteped ( ASBRSV@rhaxget Wwithak28@28 mee di9. 8 snmble, AvClofHbmg) amhToA (4 mL),

radj ol abel ed nucl.eoti.de monophosphat es. | acid.i | ubl e RNA products.

Uni Ko orpor Sty f Gstraararaeruee 00t et oub "B PicEe o shofdne

sci nti Ichagdntrard. adeesde préduet washadicans S0, etkohiatdg@iphiglcdltRigGeirt &l ni ng radi o
| abel ed RNA product. The anpunt of RNA product 28}pg)ener ated by NS5B570- Conl

at t he ERdchrexaneeerpdigrit(l O taR8 i tiOAq) Ity allprdfb? & oHRorad 188e anount of i ght
emtted by the scintillant. The N-term nal 6-histidine tagged HCV

pol ynerase, derived from HCV sty.ain,..genot | b. (NS5B570n- Conl )
Pont ai miePg! 2 ceRG e HEn of § Shio qrﬁijlé- SR & %CtCPVgW’_cﬂ?Jﬂ‘tehe

ful'l- | epgcbufdGY cRAhYIERIRE&Ht 3D vasasp Rk Wit fy - 0gel | strain BL21( DE)
pLysS. "The construct,



25 contai ning the codi ng sequence of HCV NS5B Conl (GenBank accession
nunber AJ242654) was inserted into the plasm d construct pET17b, downstream
of a T7 pwoOrztoer9®Rpr essi on cassette and transforned i nPOTEP2@0/05868A si ngl e
col ony was grown overnight as a starter culture and | ater used inoculate 10
L of LB nedia supplenented with 100 ug/Z7h. anpicillin at 37 C. Protein
expression was i nduced by the addition of 0.25 nmM

i sopropyl - 13- D-t hi ogal act opyr anosi dexaifiplke/IBTG when optical density at 600

nM of th |ture was between 0.6 and Q.8 and. cell re_harvested after 16
Lo 18 Nz dereBuniamss H&cgr{ﬂ-%a-st% yrim-@zﬂfl%inﬁéwibﬁ%ﬂ]Qﬂea%‘?mzoj-% ee-
WO 201Q4 iR AARG MER2GbA) 058681 - 74- step protocol including subsequent

col um chr omat ogr aphy on” Ni - NTA, SP- Sepharose HP and Superdex 75 resins.
Each 50 pl enzymatic reaction contained 20 nM RNA tenpl ate derived fromthe
conpl enentary sequence of the InteFQl Ri bosone Entry B (clRES), 20 nM
NS5B570n- Conl enzynme, 0.5 |LIG 0f NO:i at ed UTP ((PEY mer cat al og
no. TRK-412; specific acBiyAY q S sol ution
concentrati on 3®porm—x10- 5 : UM each AFP—&¥P, and GIP,
40 mM Tris-HCL pHstep D, 40 Adaye 4 rfPBTT (di thfoidMei t ol ytep ¥ nM MyCl2,
and 5 pl of conpound serial dututed in DMSO ReadM«qn m xtures were
assenbled in 96-well filter plates (cat # l\/ADVNCB1 MI1lipore Co.) and

i ncubated for 2 h at 30 C. Réhctions were stopped ‘wy 10 addition of 10%

final (v/v) trichjoroacetic id and incubated for 40 mn at 4 C. Reactions
were filtered, W t gtion volunes of 10% (v/v) trichloroacetic
acetic acid, 4 rleagtion vQl s of 70% (v/v) ethanol, air dried, and 25 pl

of scintillant ( N20, Perkin-El nmer) was added to each reaction
wel | . The anmount o emtted fromthe scintillant was converted to
counts per mnute (CP % 15 TopcountO pl ate reader (Perkin-El ner,

Ener gy Range: Low, Eff'l\g%ency Mode: Normal, Count Tine: 1 mn, Background
Subtract: none,stegr ighkr £gdUction: O f). Data was anal yzed in Excel (r)
(Mcrosoft(r)) a é iblyBage (idbsO). The reaction in the absence of
enzyne was usedtd [dgt gpamicnegifie background signal, which was subtracted
fromthe enzymatic reactions. Positive control reactions were performed in

t he absence qf. conpound, 20..fromwhi t he bhackgr pun rrected acticihty
e o RER Blbo RRe MR acdt il SO0 o et P R £ 2L BT ERaC CsE Y e

of the 990%i-0) and FrOR 4r@l a sol®NGAIRBUDA o€ OTGaMbI)ahd BIOHL seMydeihdthbgted at 90
enzyme-cat al yzed rate of RNA synthesis was reduced by 50 % (1 C50) was

cal cul atéxyemyehti The rpcepuaiteis was)coplsdin B Tmd gonprafratedin yacrog, lige esultimg Max
- M Ny G oil was taldén ug ih DUMP AR Srehted 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.



25 corresponds to the relative enzyne activity (in %, " %n" is the
residual relative activity at saturating conpound concentration, "%hXx" is
t he rel atwoeornandivem enzymatic activity, "X' correspond®Cr@prréie/ostsapound
concentration, and "S" is the H |l coefficient (or slope). WO

2010/ 149598PCT/ EP2010/ 058681 - 75- Example 22 HCV Replicon assay This assay
nmeasures the ability of the conpounds of fornmula Ito inhibit HCV RNA

repli catdp®n Toaamd)httfaﬁroe‘fmoeo noepr1. Dﬁtrﬁcﬂ) had THFIv&astayldédH chibgpré@atisgeninaed HCV
i nfections. assay utilizes a reporter as a sinple readout for

i nt racéMQJHIa’rl H@mqle ASEOh! INA- ]l9eQ)élnd tl‘rwhrtmﬂﬁrrﬁdﬁerc‘}?éraé% ddeolugign
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i mredi atslhgatad tercflih evérntght. néhe solli@mones @otodyto Kt end(thiREeS)xtimed ditL R andcathd
pept] dGOPRTE GHTQON Sh ARSI b SO AEO PRI Ry Ao 00 BRGUE YENB0
1994 10,,1i8tdHo S8 cM&to fﬁﬁ%l%f el iR @ #a{d"i’éﬁ% Bf E@A@He%alﬂ@s (¥, 59 EtOAC),

el ectroporated into human héepat oma Huh | s, and (418-resi stant col onies
wer e i sobarled RON: M@é&hﬁéﬂOHS(tlﬁﬁ%y tgeffent @d0@g23%]) ¢l 42209- 23 cont ai ns
replicative HCV subgenom c RNA, and the activity of Renilla luciferase
expressed hy the repI icon reflects its RNA level in the cells. The assay
was cariped Sar Redugtign olcthe sity gpwr andondlonilagpmatiae mﬁuit@g&ﬂan%Wérq Gyrried

trans pq)rme{}ltaccg,@ Vgi{ f & I%} §Hés%rﬁ>%?mas 55V n]Eig: ofiXa ﬁé v {ot 25, The

cytotoxicity o orrpoun ara ensu I ng t served
act 10vi tpyodust wet puifeedttyy Si@@ chasetbgraply ghutolg Wil aptadienoof B@M/ﬁ@ IOdI | deat h.

wer e e HRDROPR AR haale RPN Gen car no. 10560-010) with 5%’

fetal bovine serum (FBS, Invitrogen cat. no. 10082-147) and plated onto a
96-wel | plate at 5000 cells per We'%x 'ﬁﬂ ncubat ed 20 overni ght.
Twenty-four hours later, different YU oRs of cheni cal conmpounds in the
gr owt h Neth{ (- 2aE3- &rzaﬂﬁigds{(tb ltdiexac el Hd,2 ,Shiatiaziedne? yhehnfethokpehenylpubngtied at
37C for_ three q\? ﬁgg)fof the incubation tine, the cells in white
pl at es RieTd)- & el( erase activity was neasured by using the R

| uci f erase Assay system (Promega cat no. E2820). Al the reagents described

|0 fefol Lowiag R3L300aph yeke LNl dRe @ e AL RERURSL: Sidi < end the

25 wanu urer's’i ructi ons” wer I prep ratl ns o

r eagentvaas adtk@l NE(Blc&iﬂdwprepmﬁeﬁhopmmm&(b 086@, 04k nerholplasRNLZOAIUTY-6) 2
saline (pH 7. per well and |lysed with 20 ul of I x R luciferase
Assay Ithsiesul Hag ﬁ%lld“% $t5Fedt36 RlTrfb‘i?H&glilto A hgsolugemmas dleed tithedEtdyc: peshedn. The

pl ate %{\lglp}rnegpﬁ RL8E étﬂit lﬁ‘lr%ogrlé;f d:;c%&batl%@e% ZWV%Z/%D lﬂfeqregl%{[%\?%rr@%\sggved

(Bert ho ogl es ucl ferase Assay
i nj ect edDIMSO (2adh awélKlzC@@(ﬂO f6eg, s0gmadl) weaaddeeicht R thsn heptad @-HeCondil ded ay,

For S adteh g W G EH | BRep g SO0PHS aaPTOHoTg toReesank Pl Iaelc
cont r olrpéalH&us paEsREas s%r%@&@ﬁ&f’&é&&%@ﬁ/vﬁﬁ?@@&@ SBR&bmbined 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).



-76- calculated fromthe plot of percentage reduction of the |uciferase
activity vs. drug concentration as described above. WST-1 reagent from
Roche D agoasti@9ivsat no. 1644807) was used for the cyt @CoOAPeIPSWSEay. Ten
mcroliter of WST-1 reagent was added to each well of the transparent
plates including wells 5 that contain-Ai&di a al one as bl anks. Cells were
then incubated for 2 h at 37 C, and the OD val ue was neasured using the MX
Revel ation mcrotiter plate reader Kiahplowsten) at 450 nm (reference filter
he,.dr ug for reducing

at 650 _nm . Agajn 0, fthe conc ration of . ire

cel | pPOTHUOSE is EB b or O 50 - LA Bk Gal CNT e b val e,
can be ; tage reduction of the WST-1 val ue
VS. drgg%%ﬁt%%ﬁ?%}%eﬁg?%%ﬁﬁgggﬁn%];enclj&%(ggl\?z 10Tabl e 1l Conpound No. HCV

Replicon Activity I1C50 (LIM Cytotoxic Activity CC50 (LIM 1-130.018621.4

1- 50. 0 11:BscfutrasTziRe 3 28 migh &1 MRCBUDI Tal.) CRMPREIH (00NMIYHvak hed&UMEEDEL)3
Compounds for admnistration via several routes were prepared as descri bed
i n thi $0EQaMpIlel cauchmpiylthydrzmeearbpgylatadonl 9 st andin-SHOHAI2Q hymedechthes
Wt/ wt . iveringr.edi 9+HB% ' ~a%pNhe

I ngr edireesﬁl\lfTt Esdgef?édtirzﬁgﬁ hg%agtl %%%Jﬁgg%:fﬂ?gﬁt? OTQ%%%%?%Sﬁogﬁﬁgﬁ %'glolﬁt@wgo ngy
each; o addg@b@ Emho0lSY NppMexinrMt@Hawhothddeddad lthe dhe@pehcateddX reflux
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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-



Ingredient% wt./w. Active ingredi ent20. 0% Magnesi um st ear at e0. 5%
Crosscarnel | ose sodi unR. 0% Lact ose76. 5% PVP (pol yvi nyl pyrrolidine)l. 0% The
i ngredi erwe 2aroe14¢98bi ned and granul ated using a sol vent PsutP2@s/0sss8hanol .
The formulation is then dried and forned into tablets (containing about 20
nmg of active conpound) with an 5 approp4i ate tabl et nachi ne. Conposition
for Oal Admnistration (C Ingredient% w./wt. Active conpoundl.0 g

Fumar i gtepqiretdcd ifclSdifi Hibseilcdt teledn @heprided fryiphypat MbBIMA, BP-Sephu@ey HP and

par aben0. 05 g Granul ated sugar25.5 g Sorbitol (70% solution)12.85 g Veegum
K (Vand®Pgidex 7&5eSi8. 0 g Fl avoring0. 035 m Col orings0.5 ng Distilled
waterg.s. to 100 m

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).



The ingredients are mxed to forma suspension for oral admnistration. W
2010/ 149598PCT/ EP2010/ 058681 -78- Parenteral Formulation (D) Ingredient%
wt./wt. AvDizoB/idpieBedi ent 0. 25 g Sodi um Chl ori degs t o nulPETIEPOM10/058581\At er

for injection tol00 m The active ingredient is dissolved in a portion of
the water for injection. A sufficient -grantity of sodiumchloride is then
added with stirring to nake the solution isotonic. The solution is nade 5
up to weight with the remai nder of Ekemplater for injection, filtered
through a 0.2 mcron nmenbrane fi Hce\;Rgrhdc Hacskaged under sterile conditions.
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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
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Clains 1. A conmpound according to fornula I wherein: 5R is (i) a
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al koxy-Cl1_3 al kyl ; R3 is hydrogen, Cl_6 al koxy, C1_6 al kyl, C1 6
hal gal kyl, G _6 haloalkoxy or hal ogemapie IR3 and Rd4a together are CH2-0 or
(CH2) 2 and fogether with atons to which they are attached 25forma

2, 3- di hyd€Cotmpomaf Noan HCV&ReplinataAetivitVIOSRAL01)14 QYy8R8EGT AERRD1 0088680 - 80-
Ar is (a)arylor (b} hetergaryl wherein saild aryl or saild hetergaryl are
optional Iy i n#dBendent!ly substiOflé6 with one to three sistitutents

sel ected T ,
Cl 6 hydroxyal'kyl, Cl1_3 al koxy- al kyl , halogen (CH2) ﬁhaRb, cyano,
C _6 al kdxycarponyl, carbanoyl, N al Kyl earbanoyl, N N

Example 23
Pharmaceutical compositions of the subject Compounds for administration via several routes

were prepared as described in this Example.

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.



5di al kyl ear banoyl, (CH2), CO2H, SO2NH2, Cl1_6 al kyl sulfinyl and C1_6

al kyl sul fonyl; Ra and Rb are independently hydrogen, C 6 al kyl,

C _6hal oavkyb10/1@9598 acyl, Cl-6 al kyl sul fonyl, Cl1_6 hal o&aChydrsaofosssgl , C3 7
eyel oal kyl sul fonyl, C3_7 eyel oal kyl -C1_3 al kyl sul fonyl, Cl1_6 al koxy-Cl_6

al kyl sul fonyl, -S02-NReRd, Ci _3al kyl eafbanoyl or Cl-3 dial kyl ear banoyl ;

10l e and Rd are (i) independently hydrogen, Cl 3 al kyl or (CH2)2 6NReRf or
(ii) together with the ni Coagesitibe fordahAteystedtdndBy ached are

(CH2) 2X5(CH2) 2wherein X5 1s O or NWand R is hydrogen C1 3 alkyl, C1_3
acyl or Cl1_3 al kylsgi¢edigiyl ; Re and Ri ndeperidently in each occurrence
hydrogen or Cl_3-gHeyt - Ré4—S oo —6—8 —Cl 6

hal oal kyl , C3 5 c{¢h¥almeAdietia) ogen, o ¥-%r°koxy, CIl-3 15hal oal koxy or
CRAaRAbRAc wher ei Riagnbdium3#aratc 41) and Rfsyare independently selected from
Cl_3 alkyl, G _2 alkoxy, Cl1_2 fluoroal kyl, Cl1_3 hydroxyal kyl, cyano or
hydroxy; or, (iiFressemnmelgssrsodoget her, 7% and R41 together are C2_4

al kyl ene and Rde is thg/drogen, Cl 3 al kyI76 §}_2 al koxy, hal ogen, C1_3

hydr oxyal kyl, cyamd“8%° G _2 fluoroal kyl ,’°0t"°R4a 20and R41 together with the

carbon to which t gy @bEvalipehediney e 3-08%t anyl, or tetrahydrofuran-2-yl;
or, (i) eithec_Ra or R3 and R4a together are CH?2-0 or (CH2)2 and

together with atons to which they are attached forma
2, 3-di hydr o- benzofuran or an indane and R41 and Rd4e are Cl1_3 al kyl; 25R5 is

hydrogen or hal ogen or R5 and R4a together are CH2-0 or (CH2)2 and toget her
wi t h atldgeangredigns ere qomyneshad gramdaiediusiog asalvent sueh #ymetBuz dhe foymugitiogn

i ndane;; LSyl j - : ; :

2010/ 11bESBREH EREEREFBLLE i S ROMARRLASRNSE e iQcki® LHRRng ity o0
pharimaaeptopaateltgbletouapirebl e salt thereof. 2. A conpound according to claim
1 wherein leis a (i) heterocyclic noiety selected fromthe group

consi sting of 2-oxo-tetrahydro-pyrimdin-1-yl, 2-oxo-imdazolin-1-yl,

2, 6- di oxot et r ahydr o- pyri nfémﬂﬂ_ﬁlyll forOml AdeunisiadigndC) n- 1- yl |

2- 0XO0- pl peri di n- = —2=—O%0~ SAAR ot Fl-y: arrret
1, 1- di 0X0- 1X6- | sol Teredignti di n- 2- yl; and, TRt CRoa=CRR1Ar o

-(A(R21) 2) . Ar. 37AAGG fggaccording t9gJarm 2 wherern Ar 1s phenyl
substituted at Ieast1 ﬁy (%HZ) "NRaRb at the%4- position wherein n is zero. 4.

A conpound accor dFngatioagtiai m 3 wherein: 0.5g

U CA Y

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.



R2 is -CRRa=CR2aAr, 10R2a is hydrogen, Ra is G _6 al kylsulfonyl, Rb is

hydr ogen, R3 is hydrogen or G _6 alkoxy, R4 is trifluoronethyl or
CRAaRAbRMwOVhEYEPISRa, Rb and le are nmethyl. 15 5. A comrpdmrdoianssssdi ng to
claiml wherein le is a heteroaryl noiety selected fromthe group

consi sting of 2-oxo-2(H)-pyridin-1-yl , 76 oxo-6H pyridazin-1-yl,

6- 0x0- 6H pyri m di n-1-yl and 2-oxo-2H pyrazin-1-yl; and R2 is - CRRa=CR2aAr
or-(C(R21)2) . Ar. 6. A conpoundpaemeratFagnuilaion @)m 5 wherein Ar is phenyl
substi t ut ed at_least h\/ substituted at | east h\/ ((‘H?\ "NRaRb at the
4-position mheﬂé@ﬁdwnts zero. 20 7. A9é®ﬁﬁ@Und accordlng to claimé6
wherein: R2 is atkyl sul fonyl; Rb
i s hydrogen:; 25“’“@§n$§ i OXY - RA is trlfluoronethyl or
CR4aR 4bRdc; anghdifachipind le are ”ﬁﬁ fhake MBonic

2010/ 149598PCT/ EP2010/ 058681 -82- 8. compound according to claim1
wherein R2 is -\ERzafgr2gstiordnd R4 is dB@amR4bR4c wherein R4a together with
one of RS or RE—are—CEH2—O0—-or—(CH22—eanrd—T4a—and—RS—e+—R3—+toegether with
atons to which they are attached forma 2, 3-di hydro-benzofuran or an indane
and R41 and R4 are Cl1_3 alkyl and the other of R5 or R3 is hydrogen in the

f
oo o armiRele FNIPRNRENGH e LKL S5 5P e hn o s SRV
Rda andofRdh dhhgeichiethearddéPwah kiiriageo ande B solisiohyshtage nTheCéolalcﬁi kydadeC _2

al koxy, hal ogen, Cl 3 hydroxyal kyl ano or Cl1 2 f| uoroal or Rd4a and
R41 % odtity @felgkxt pithet R reaapingdsh of @emt@ﬁy of wisstian.dlEredihpaugh aroeﬁl BU@RBt anyl , or

t et r ahygr of 5 ARrG-ahd paddeBf unde? stRidMonditions.

The features disclosed in the foregoing 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



10 10. A conpound according to claim1 wherein R2 is -CR2a=CR21Ar and R4 is
trifluoronmethyl. 11. A conpound according to claiml selected fromthe

group comsDingodB: N (4- PCT/EP2010/058681
{2-[3-tert-butyl-2-net hoxy-5-(2-o0xo-tetrahydro-pyrimdin-1-yl)-phenyl]-ethy
|} - phenyl)-nethanesul f onam de; -79- N-(4- {2- [3 -tert-butyl-2-netho

Xy-5 -(2-0 xo-imdazo lidin-1-yl)-p henyl] -ethyl} -p henyl)-

15net hanesul f onam de; N (4-

{2-[3-tert-butyl-5-(2, 6-di oxo-tetrahydro-pyrimdin-1-yl)-2-nmethoxy-phenyl]-
ethyl} - phenyl)-nethanesul fonam de; (Maids {2- [3 -tert-butyl-5 -(2,5 -dio
xo-imdazo lidin-1 -yl)-2-netho xy-p henyl] -ethyl} -phenyl)-

met hangs ul dopipith@ecco?@h (Aformula I wherein:

{2-[3-tert-butyl-2-net hoxy-5-(4-nethyl-2,5-di oxo-imdazolidin-1-yl)-phenyl]
- ethyl} -p henyl)-nethane sulfonamde ; N-(4-
{(E)-2-[3-tert-butyl-2-nethoxy-5r os’et r ahydr o- pyri m di n-1-y1) - phenyl] -
vinyl} - phenyl)-net hanesul f onam d oN-(4- {(B)-2- [3-tert-butyl-5
-(2-0 xo-tetrahydro-pyrimdin-| X ] -vinyl} -p henyl)-

25met hanesul f onam de; N-(4- .
{(E)-243-tert-butyl-2- met hoxy- 5- (2- oRo- 2H pyri di n- 1- y1) - pheny1] - vi nyl }
-phenyl) - net hanesul f onam de; N-(4-
{(E)-2-[3-tgrt-butyl-5-(5-fluoro-2-qgx0-2H pyridin-|-yl)-2-nmethoxy-phenyl]-v
inyly - phi,wt ) et rRRud AR TR e ST sl Al
N-( 4- yrimidin-1-yl, 2-oxo-imidazolin-1-yl, 2,6-dioxo-tetrahydro-pyrimidin-1-yl, 2,5-0xo-
{(E)-2-][3- Per t - but y1- 2- net hoxy- 5- ( g 0X0- 6H pyri m din-1-y1l)-phenyl]-vinyl}-
phenyl ) - mreithaaesin- f-gh&roxdepipdtidid-1-yl, 2-oxo-pyrrolidin-1-yl, 1,1-dioxo-1i’~isothiazolidin-
{(E)-243-tert-b - 2- et hoxy- 5- (.2-.0X0: 2 razin-1- - phenyl ]. -vjnyl}
by 1) - o0 b giRarian ot Tandiga a8 by AGorucks Sy Mssbingd Wb &
-(2-0 XO0- PoRe 6F twd dﬁbktl’tﬁt%htsﬂn&?@ﬂd&ltly\ééleé’tle& froRN€fYallyl; £t hanesul f onami de; N
{3-[3-tert-butyl-2-net hoxy-5-(2-oxo-2H pyrazin-1- ylg- phenyl] - 1- oxo- 1Hi soch
romen7-y1} -nethanesul f onam de; N-(4- {(E)-2-

[ 3-1Cert - buly)la Rtereidybmisict pseld@edofraun-tRdEoyp @d@nstisting I P-gxok¥ By dplyrid vk Iyl, -

- 310net hoxynet hyl - pheny] ) - net hanesul f opanm de; N (4- .
{(E)-2-[3- 9@9@%{*@2@: {4 g-ayerrtRyHminy ol _%wa%;'am%g}-rlmﬁhaaﬁé:%w 9= 2- et
hoxyphenyl hih’yﬁfdl P’ll,i ,4]119&%'[‘-5113)1 'sﬁ@h@t@&gﬁi'lj Mo‘fé@}agﬂtg)ﬁélly independently substituted with

one or two halogen or C, 3 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;



2- { (B)-2- [3 -tert-butyl-2-nmetho xy-5 -(2-0 xo -2H pyrazin-I-y1)-phenyl]
-vinyl} -5 - nethanesul fonyl am no-benzoic acid nethyl ester; 152- { (E)-2-
[3 -tert-wot2910/29398t ho xy-5 -(2-0 X0 -2H pyrazin-|-yl) - pogmpkjroovseayl } -5 -
met hanesul f onyl am no- benzoic acid; N(4- {(E)-2- [3-tert-butyl-2-nmetho xy-5
-(2-0 xo0-2Hpyrazin-1-yl)-p henyl] -vi-B§H} -3 -

hydr oxynet hyl - pheny1l) - net hanesul f onam de; 2-

{l(3 E)-2-[3- wgg (dguf;ybr 2o)metdaeutyHbhdrein @%id-a2y e whid dieterdaryllare ppaonally - vi nyl }

- benzoi c aci

20
{(E)-2-]3- ﬂréi:epe@ﬁfwsww%Wh guq to-thies Solpstigfends pelected, Fomihe aroup CoRisFINE

-benzoic a
(o5t or ESpAL g allony Cro gl Cuo bydrowyalio, © s alkory-Gy ¢ alklbalogen,
hyI} phe(‘@H))T.NRf‘]hlémgmd opalkosgcariny], chiBpmdyl, [[\BalkykeaﬂbabnnyN- met ho xy-5

8 SRR SO DRt e S

{(E) 2 [ 7- (2, 4- di oxo- 3, 4 di hydr o- 2H pyri m di n-1-y1) - 4- rrethoxy 3, 3 di met hy1-

2,3- dihyd d d,
N-{ 2- [|3 %/er a%&)ﬁ .‘ZlLl%ZlIl %e%&ly%y%i?g‘éf}(or@%} ra’ny‘tﬁﬂgloﬁy E%;ﬂmphgny:?]n be

nzooxazol - 5H<yl€ﬂ1}fonﬁ}3©h@mﬂ@dllk§flﬁﬂﬁﬁiyd€3 7@§rcloﬂkpll§1allfd@¢€@§t7l @abhﬂﬁy&(:@@@m@bl e
salt thereof. 30 12. A nethod for treatl ng}q é) itis C\frus(HC,\/)
i nfection &¢I é?lﬁg"%ﬁ@iﬂsatﬂ@fmlﬂ@nb’b PR Bnt lr3rﬁ‘uWé@6 sl @bF 1 a

t her apeuti gpalug neoé;l ve quantity of a conpound according to claim WO
2010/ 14959 CEPZO /1058681 -84- 13. The nmethod of claim 12 further
co-conprising adm ni stering at | east one i Mmune system nodul at or and/ or at

| eagy one RILAVRMale (ﬁ)gﬁd'gpeﬁdbi\ﬁlﬁlhﬂbﬂo%bﬁfC rgalmiyl @@(@HBZ gNR*ﬂ(%r (zlﬂogébhwlhpd
for inhibiting replication of HCV in a cel delivering a compound

accordi ng thy miragamte WIBChl@eY Pgeattgehedare @Iéﬁz?ﬁéﬁﬁd)z‘é[hﬁé rﬂgQ@ﬂERafi%E for
t t Tl t | 15 of d
reating a. '11%6 Le§ ég?&hgr @%aé%g; Qlfféjdépg o claim of a conpoun

accordi ng £ tion in conbination wth at
| east one i nmune system rmdul ator and/or at |east one antiviral agent that

inhibits replhhgR L@ pehlichtly in eacla%ccfﬁ@@nc@%?dl%fgeﬁof:@f'})ﬂléﬂd according to
claim1 for the manufacture of a medicanent for 10treating a HCV i nfection.

18. The use according to claim17 of a conmpound according to claim1 for

the manuf a®'u kydebgen, TRgdalkament hiloalkyy, €3t ichgoalkialbgdne €Y s alikoky) @anbi nat i on
with at |east one i mupe , ,system nodul ator, and/or at |east one antiviral

ageht that hplagkexy or ¢Bp R d&t eI Hov.
(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 Cy3 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,



19. A conposition conprising a conpound according to claim1l adm xed with
at | east one l1l5pharnmaceutically acceptable carrier, diluent or excipient.
20. A compounty/aeserding to fornmula Il wherein: H OyNyOPNTRR301RAS86814b 4cC
R3 is hydrogen, Cl_6 al koxy, Cl1_6 alkyl, Cl1_6 haloal kyl, C _6 hal oal koxy or
hal ogen., or R3 and R4a together are GBI~0 or (CH2)2 and together wth
atons to which they are attached 20form a 2, 3-di hydrobenzofuran or an

i ndane; Ar aipharfn@cedticnlly acceptaplchatteicwasfyl wherein said aryl or said

het eroaryl are optionally independently substituted with one to three
substitutents sel ected fromthe group consisting of hydroxy, G _6 al koxy,
Ci _6 alxkyA coranowddragdrrdingdb Icgallrn 1Gth@eia R ds g {({The@raalykld motesy sedgsted from the

CH2) " NRaRb b b kyl I, N N
o v BB EHE e b A SRR o P 2R il ok P

al ky1SU f gthiydro gmﬁ—q 4@5&&8%1&33Qﬂ—qlﬁ5§-@§6—prp%51dm|3ﬂ-yﬁ@d0}8bp cf-hdm-

i ndependent |y hydrogen, 6 al ky 6 haLoaIkyI ClL 6 acy

al kyd sul f biykland €11 - @Ohta-lliyahﬁiojhlgmlfd@n%yl “and, R by STRATRRI A omﬁ(}(R )zi&Ar
eyel oal kyl -C1_3 al kyl sul fonyl, Cl1_6 al koxy- C1 6 aIkyIsquonyI - S02- NReRd,

C _3 al kyl earbamoyl or Ci1-3 dlalk | ear bamoyl ; 5le and Rd a &a%
i ndeperdehePPPodraseRrdingcte chim2yhergin Arapphonyd nrstfutes at(1i=485 by DINR'RY ¢t h

the nitr t cattached are (CH2) 2X5( CH2) 2wherein X5 is 0
or hNVan%ggﬁélgnﬁﬂgfg%% *E% g‘alkyl Cl 3 acyl or C1_3 alkylsulfonyl. Re

and Ri ndependently in each occurrence hydrogen or Cl1_3 alkyl. R4a and R4l

(0 toget heeom Eghd@%c&hﬂﬁﬂQﬂ%bﬁﬁ@\ﬁkﬁgn's Ci 2 fluoroal kyl or, 10(ii) either
R5 or R3 and Rd4a together are CH2 or (CH2)2 and toget her with atons to

whi ch theypgare_ @k&@@@gQAJorn1a 2, 3-di hydro-benzofuran or an indane and R4l
and Rle are Cl1_3 al kyl

10 * is hydrogen,
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.



R5 is hydrogen or R5 and R4a together are CH2-0 or (CH2)2 and together with
atons to which they are attached forma 2, 3-di hydrobenzof uran or an i ndane;
15n is i nsloperdemidBy i n each occurrence zero to three; ®CI/ER2010/058681

pharmaceutically acceptable salt thereof.
-82-

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

5 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  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)-
15 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;

20 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)-
25 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;

30 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.



